


KBAAPAT B KOHBEPTE

JTa ronoBOAOMKA COCTOMT BCEr0 W3 JABYX YacTeif:
KBAZpaTHOM NAACTUHKK 1 NPAMOYrONbHOTO KOHBEPTHUKA.
Bawa 3agaya - nNOAHOCTLIO yNakoBaTb NAACTUHKY B
KOHBEpT. [1pn 3TOM Henb3A rHYTb MAACTUHKY MAN elwe
Kak-Hubyab ee nedopmuposarts. [la u BoobLye, npume-
HATb GONbLWYID CUAY B 3TOI TONOBONOMKE HE HYMHO.
Pewexune coctout u3 AByx 3tanos. CHayana npugertca
MOHATD, KaKkylo QOpMY NpUAATL KOHBEPTUKY. A 3aTeM —
ynakoBaTb B Hero nnacTUHKY. lpegocTepexem Bac, 4To
OCHOBHAA CNOXHOCTb FONIOBOJIOMKM 3aK/IOYEHA UMEHHO
B 3TOM, MOCKO/bKY pa3mepsl yacTtei 3pech nogobpaubl
OYeHb TOYHO. ByAb KOHBEPTMK XOTb HEMHOFO MEHbLUE,
NNAacTUHKA B HErO HM 33 YTO HE MoMecTUnach Obl.

(Mpodomuenue - a cmpanuye 36 BHympU XypHana)
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< OTKpbITMIO BO30Ha XWrTca

B.PYBAKOB

ETBEPTOI'O NIOJIA 2012 TOZIA ITPON3OIIIO CO-

6bITHE, MIMeToTIee BbIAAoNIeecs 3HAYEHNE I COB-

Bpemennoit ¢dusuku: B IIEPHe — Espomneiickom
IEHTPE S/IEPHBIX MCCIEI0BaHMi — OBLIO OOBSABJICHO 00
OTKPBITHN HOBOHM YaCTHIIbI, CBOWCTBA KOTOPOH, KaK OCTO-
POJKHO 3aSIBJISTIOT ABTOPBI OTKPBITHSI, COOTBETCTBYIOT OXKHU-
JIaeMbIM CBONCTBAM TEOPETUYECKU TPEACKAZAHHOTO dJie-
MeHTapHOro 6o3ona CraHgapTHON Monenn (GU3NKUA dac-
tur. Cuefysi pacrnpocTpaHeHHol TepMUHOJOTHH, ITOT
6030H 4acTO HA3bIBAIOT 6030HOM XUTTCA, XOTSI ITO Ha3Ba-
HIe He BIIOJIHE a/lekBaTHO. Kak 6bl TO HU 6BLIO, pedb UjieT
06 OTKDBITUU OJIHOTO M3 IEHTPAIbHBIX 00BEKTOB (hyH/Ia-
MEHTAJTbHOI (PU3NKY, He IMETOIIer0 aHATIOTOB CPe/IN N3Be-
CTHBIX 3JIEMEHTAPHBIX YACTHI[ U 3aHIMAIOIIETr0 YHUKAb-
HOe MecTo B (PM3WIECKOil KapTHHE MUpa.

[lepBbie yKasaHWs Ha CYIIECTBOBaHWE HOBOTO 0030HA
ObLIIN TTIOJTyueHbl etre B gekabpe 2011 roga B akciepuMen-
Tax, BBITIOJHAEMBIX Ha BoJbiiom aiponHOM KoJLIaiiiepe B
IHEPHe. Kpome TOro, He3amoiro g0 oGbsBIEHHS 00

OTKPBITHU TOSIBUJIOCH COOOIIEHWE O TOM, YTO JaHHbIE,
MOJIy4eHHbIE Ha MPOTOH-aHTUIIPOTOHHOM KOJLIaiizepe
Tevatron (CIIIA), TaksKe yKa3bIBalOT Ha CyNIECTBOBAHME
HOBOro 6030Ha. Beero aToro 6b1710 HELOCTATOYHO JJISI TOTO,
4TOOBI MOJKHO OBLJIO TOBOPUTDH 00 OTKPBITUH, HO C JIeKaOpsi
KOJ/JIM4YEeCTBO JaHHDbIX, HaépaHHbIX Ha BOJHJH_IOM a[[pOHHOM
KOJLIaliiepe, yABOUIOCH i, KPOME TOTO, ObLIN yCOBEPIIEH-
CTBOBAHbI MeTOAbI X 00paboTKu. Pesysbrar okasascs
BIIEYATSIONINM: B KaJK/JIOM M3 9KCIIEPUMEHTOB CTATHCTH-
YecKasi IOCTOBEPHOCTb CUTHAJA JIOCTUTJIA YPOBHSI, KOTO-
pbiil B (hU3HMKe HI€MEHTAPHBIX YACTHI[ CYUTAETCS YPOBHEM
OTKPBITHS.

Uto npepcraBnseT cobom HoBasi YacTULa

Hpemﬂe BCETO CKa)XeM, 4YTO MUHUMaJIbHasd BEPCUA TE€O-
pun MUKpOMHPa HOCUT HEYKJIIOJKEE Ha3BaHUE CTaHZ[apT-
HOM MO/eJIn. ITa TE€OpHA OITMCbIBA€T BCE HN3BECTHbBIE
dJIEMEHTapHbIEC YaCTUIIbI 1 BCE N3BECTHDIE BSaHMOZ[efICTBHH

bosIbLIOY GAPOHHBIVI KOJIIaVAED
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Meskay HuMd.! Bo3on Xurrca ObLT eIMHCTBEHHBIM He
OTKPBITBIM /IO [TOCJIe/IHETO BpeMeHn ajieMeHToM CranaapT-
HOIl MOJIEJIU.

Mpbl Ha3Bau ATy MOJEIb MUHUMAJIbHON MMEHHO TIOTO-
My, 4YTO [PYIHX 3JIEMEHTAPHBIX YacTHIl B Heil Her. B
YACTHOCTU, B HEil MMeeTcd OJUH U TOJIbKO OJUH 6O30H
Xurrca, u OH SIBJISIETCSI 3JIEeMEHTapHOI, a He COCTaBHON
yactutieii. borbmmuceTBo acriekToB CTaHAAPTHON MO/IeH,
32 WCKJIIOYEHUEM TOW ee YacTW, KOTOPOW NPUHAIIEKUT
6030 XWurrca, MpoOBEPEHbl B MHOTOUNCJIEHHBIX 9KCIIEPH-
MeHTaxX, 1 TJaBHasd 3a7avya BoJbIroro afjpoHHOTO KOJIIati-
Jilepa — BBISICHUTD, JEWCTBUTEIBHO JIN B IPUPO/IE PEATU3Y-
eTCcsl MUHUMAJIbHBII BaPUAHT TEOPUU M HACKOJIBKO IOJHO
5Ta TeopHs OIUCHIBAET MUKPOMUP.2

BriostHe ecTecTBEHHO, UTO TporpamMma TOMCKa 6030Ha
Xurrca 6plja ¢ caMoro HavaJia O/{HON 13 TJIaBHBIX, €CJIU He
camoii TyiaBHOl, Ha BousbmioMm ajiponHoM KoJsutaiisepe. B
XO/Ie BBINIOJHEHHUST 3TON IMPOrpamMMbl U Oblja OTKPBITA
HoBasi yactuiia. OHa [OBOJBHO TSKEJAAsT 110 MepKaM
$usukn Mukpomupa. B 310l 061acT HAyKK Maccy uame-
PSIOT B €IMHUIIAX SHEPruH, UMesT B BUY CBsidb E = me?
MEK/y Maccoil M sHepruei mokosi. B kauecTBe eaMHUITHI
SHEPIHU HCHOJb3YIOT 2JeKTPoHBOIBT (5B) — smepruio,
KOTOPYIO TIPUOGPETAET HJEKTPOH, TTPOXO/S PA3HOCTD IMO-
TeHNaJ0B 1 BOJIBT, W TPOU3BOJHBIE eAWHUIBI — MaB
(vunmnon anexrporBosbt, 10° 5B), I'sB (Mmmmapn
anexrponBosibt, 10° 2B), TaB (TpHUIIMOH 3/EKTPOH-
BOJIBT, 10" sB). Macca 2JICKTPOHA B 9TUX €JUHUIIAX
pasua 0,5 MaB, niporona — npumepno 1 3B, macca camoii
TSIKENION U3BECTHOM 3JIeMEeHTAPHON YacTHIIbI, (-KBapKa, —
173 I'sB. Tak BoT, Macca HOBOI1 YacTHIlbI cocTaBageT 125—
126 I'sB (meonpeaeseHHOCTh CBSA3aHA C IOIPENIHOCTHIO
u3MepeHnii).

JTa HOBas YacTWIla, Ha30BeM ee H, He UMeeT 3JEKTPH-
yeckoro 3apsizia. OHa HecTaGUIbHA U MOXKET PaciialaTbCst
no-pazaomy. Ha DBosbimom agponHOM KoJutaiizepe ee
OTKPBLIN, U3ydasd pacra/ipl B iBa hotona: H ° 7Yy uBBe
napbl 3JEKTPOH-TIO3UTPOH U,/ UJIU MIOOH-aHTUMIOOH:
H®° e‘eee, H° e'eu'u”, H° p'uu'u . Bro-
po¥l THIT TIPOIECCOB 3amuchiBaloT Kak I ° 4l, tae [
o6o3Hauaer ogHy U3 vactuil e’ , e, ut wim pT — ux
KOJUIEKTMBHO HasbIBaloT JienroHamMu. VIMeoTca Takike
COOOIIEHUsT O HEKOTOPOM H3OBITKE COOBITUI, KOTOPbIi
MOJKHO OOBSICHUTD pacniagaMu H — 2[2v , tae v — HellT-
pUHO. ITOT U3OBITOK, BIIPOYEM, TIOKA HE MMEET BBICOKOM
CTaTUCTHYECKOM JJOCTOBEPHOCTH.

HanomuuM, 9TO 37€eMeHTapHbIe YacTUIIbI MOTYT 00Ja-
JIaThb CIIMHOM — BHYTPEHHUM YTJOBBIM MOMeHTOM. CIWH
YACTHUIIBI MOKET OBITh I[€JIBIM, BKJIIOYAs HOJIb, MU MOJIY-
1eJIbIM B efuHUIAX IocrostHHou Ilmanka 7. YacTtuiml c
LIEJIBIM U TIOJIYIeJIBIM CIIMHOM HA3bIBAIOTCS GO30HAME U

! T'paBuTammonHoe B3anmMo/eHCTBIE CTONT OCOGHSIKOM: He3a-
BUCHMO OT TOTO, Kakue ObIBAIOT dJIeMEHTAPHbIE YACTHUIbI, OHO
OIUChIBAETCsT OOIIEN Teopueil OTHOCUTENbHOCTH DifHIITeTHA.

2 CrangapTHas MOJie/Tb Ha caMOM JIeJie 3aBeflOMO HerloJIHa, HO
3TO TIPEAMET OTAETbHOTO pa3roBopa. OTMETHM TOJIBKO, UTO O ee
HEIIOJIHOTE CBU/IETEJbCTBYIOT JaHHbIE KOCMOJIOTMHA — HAyKU O
Bcenennoii. Ilpossurcsa nu uenonnora CraHmapTHOU Mojean
TIpU 9HEPTUSAX DBoJbIIoro ajipoHHOTO KOJTaiiepa — OTKPBITHII
W WHTPUTYIOIUI BOTIPOC.

dgepMrOHAMU COOTBETCTBEHHO. Bee n3BeCTHBIE /10 TOCTE-
HETO BPEMEHU HJIEMEHTAPHbIE YACTHIIBI UMEIOT HEHYJIEBOI
CIWH; TaK, CIUH 3JeKTpoHa paBeH 1,2, a cnun dorona
pasen 1. U3 cymecrtBoBanusi 06CYKIABIIUXCS PACIAI0B
CJIeIy€eT, YTO CITMH HOBOI YaCTHUIIBI II€JIbII — OHA SIBJISIETCS
6030H0M. KpoMme TOro, ee cliuH He MOKET ObITh PaBHBIM
eIMHUTIE — YACTHIIA CO CITMHOM 1 He MOJKET pacrajaThCs Ha
nBa ¢orona. Ocraercs crma 0, 2 wiam Bbie. XOTs
MPSIMOTO HKCIEPUMEHTATBHOTO U3MEPEHUS CITMHA HOBOI
YaCTHIIbI [TOKA HET, KpailHe MaJIOBEPOSITHO, YTO Mbl HMEeM
JIeJI0 ¢ YacTuile co crnuuaoM 2 wan 6osbine. [loutn
HaBepHsKa cinH H paBeH Hy 0. Kak Mbl yBUANM, IMEHHO
TaKUM JI0JI3KeH ObITh 6030H Xurrea.

Boobmie Bce, uTO ceifuac M3BECTHO O HOBOH YaCTHIE,
corjiacyeTcs ¢ ee MHTepIIpeTaiueii kak 603ona Xurrca,
npeackazanioro CtaHZapTHOW MOJEIbI0 MakpoMupa. B
paMKax 3TOI MOJIE/T MOKHO BBIYUCJIUTH KAK BEPOSITHOCTD
poskenust 6030Ha XWrrca B MPOTOH-TTPOTOHHBIX CTOJTKHO-
BEHUSIX, TaK U BEPOSITHOCTH €T0 PACIIAJIOB — U TEM CAMbIM
MPe/ICKAa3aTh YUCIO OXKUAAEMbBIX COOBITUI. DTH TIPe/CKa-
3aHUS W TIOATBEPIKJAIOTCS JKCIIEPUMEHTOM, KOHEYHO B
mpesieax dKCIEPUMEHTATBHBIX TOTPEITHOCTEH. ITU TIO-
TPEIIHOCTH TIOKA BEJIMKHU, Jla U U3MEPEHHBIX BEJIMYIH MTOKA
coBceM HeMHOTO. Tem He MeHee, TPYJHO COMHEBATLCS B
TOM, YTO OTKPBIT UMEHHO 6030H XUTTCA WM YTO-TO OYEHD
noxoskee Ha Hero. OcoGeHHo, eC/iu YIeCcTb, YTO PACHAIBI
H*° vyyw H° 4l 70/mKHbI ObITH OUYEHDb PEAKAMU: HA /[BA
dorona pacranaercs 2 uz 1000 6030108 Xurrca, a Ha JBe
ee” u/mm uu~ mapsr — 1 us 10000.

Bosee yem B mos10BUHE ciryyaes 6030H Xurrca J0JKEH
pacnajarbcs Ha napy b-kBapk—b-aHTukBapk: H ° bb .
Posxaenne napbl bb B IMPOTOH-TIPOTOHHBIX (M IPOTOH-
AHTHITPOTOHHBIX ) CTOJIKHOBEHUSIX — SIBJICHIE OYeHb YaCTOE
n 6e3 BcAKOro 603omHa XWUITCA, W BBIJAEJUTb CUTHAT OT
6ozona Xurrca 13 a1oro <irymMa» (husuk roopsr «poHas )
B 3KCHEepUMeHTaX Ha DoJbIloM aJ[poHHOM KoJIalijiepe
MOKa He y/1aJi0Ch.

3akaHunBast ONMMCaHNe N3BECTHBIX CBOMCTB HOBOM YaCTH-
IIbI, CKa’KeM, YTO JKMBET OHA JOBOJILHO JOJTO TIO0 MepKaM
¢usuku mukpomupa. Ha ocHoBe mMeionuxcst aKcepu-
MEHTATbHBIX JAHHBIX MOMKHO MOJYYUTb OIEHKY CHU3Y Ha
ee BpeMsl JKM3HU: Ty 2 107 C, YTO HE TMPOTUBOPEUYUT
npe/ckazannio Crangapraoit mogesm: Ty =1,6- 1072 ¢ .
[lns cpaBHeHWs], BpeMsl JKU3HM (-KBapKa COCTaBJISIET
T, =3 1072 ¢ . OrMernm, 4TO IpsIMOe U3MepeHne BpeMe-
HU JKU3HU HOBOW 4YaCTHUIbI HA BoJbIIOM apOHHOM KOJI-
Jlaiijiepe Bpsi/l JI BO3MOYKHO.

3ayeM HyXXeH HOBbIi GO30H?

B xBanTOBOI (pU3MKe Kaxkgas sJeMEHTapHAs YacTHIIA
SABJIAETCS KBAHTOM HEKOTOPOTO MOJIS 1, Ha060POT, KaX10-
My IIOJIIO COOTBETCTBYeT cBOsI yacTuua-kBanT. HamGousee
U3BECTHDIN IIpUMEP: 3IEKTPOMArHUTHOE TOJIe U ero KBaHT
oton. Iloatomy Borpoc, TocTaBICHHDIN B 3arJIaBUN 3TOTO
pasjiesia, MOXKHO 1epeOpMy/IMPOBaTh Tak: 3a4eM HY KHO
HOBOE T0JIe ¥ KaKOBBI €r0 OXKI/IaeMble CBOIHCTBA?

KpaTkwmit 0TBET COCTOUT B TOM, YTO CUMMETPHU TEOPUH
MuKpomupa — 6yab To CrangapTHas MOJeNb MU KaKas-
TO GoJiee CJIOXKHAS TeOPUS — 3allPelialoT dJeMeHTapHbIM
YacTHUI[aM HMeTb MacCbhl, a HOBOE IIOJe HapyIIaeT 3TH




4 KBAHT

CUMMETPUH W OGECTIEYMBAET CYIECTBOBAHUE MacC 4Yac-
THII.

Paccmorpum, X0Tst 6bI B OOIINX YepTax, POJU CHMMET-
puii B ¢pusnke MUKPOMUPA.

CumMeTpuu, 3aKOHBI coxpaHeHUs H 3amperbl. O6-
UM CBOWCTBOM (PUBUYECKUX TEOPHii, 6Y/b TO HHIOTOHO-
Ba MEXaHWKA, MEXaHUKA CIIEIUAJIbHOIl TEOPUU OTHOCH-
TEJIbHOCTH, KBAHTOBAs MEXAHWKA WJIH TEOPHST MIKPOMI-
pa, SBJISETCS TO, YTO KaXKJAOH CUMMETPUU COOTBETCTBYET
CBOIT 3aKOH coXpaHeHus. Hampumep, cMMMeTpuUu OTHO-
CHUTEJBHO CABUTOB BO Bpemenu (T.e. ToMy 06CTOSTEND-
CTBY, YTO 3aKOHBI (DM3UKHW OJMHAKOBBI B KaXKIBIH MO-
MEHT BPEMEHM) COOTBETCTBYET 3aKOH COXPAHEHUS HHEP-
I'Ud, CHMMETPUU OTHOCUTEJNBHO CABHUTOB B IIPOCTPAHCTBE
— 3aKOH COXpaHeHUsI MMIYJIbCA, & CUMMETPUH OTHOCHU-
TEJIbHO TIOBOPOTOB B MpocTpaHcTBe (Bce HampaBJeHus B
[POCTPAHCTBE PABHOIPABHBI) — 3aKOH COXPAHEHHs yTI-
JIOBOTO MOMEHTAa. 3aKOHBI COXPAHEHUs] MOKHO WHTep-
MPEeTUPOBATh M KaK 3alpeThbl: MepevrCJeHHbIe CUMMET-
pUH 3ampelanT N3MeHeHHe 3»Hepruu, H3MeHEeHWe WNM-
MyJIbCa W U3MEHEHNe YTJIOBOTO MOMEHTA 3aMKHYTOI CHC-
TEMBI TIPU €€ HBOJIIOIUH.

Hao6opot, Kask10My 3aKOHY COXPAaHEHUS COOTBETCTBYET
CBOSI CUMMETPWUSI; 3TO YTBEPIK/CHUE SBJSETCS TOUYHBIM B
KBaHTOBOI Teopuu. CrpaninBaercs, Kakas ke CUMMEeTPUST
COOTBETCTBYET 3aKOHY COXPAHEHUS 3JIEKTPUIECKOTO 3aps-
na? fcHo, 4To CUMMETPUU IIPOCTPAHCTBA U BPEMEHU 3/IECH
uu npu deMm. Tem He Menee, Heo6XOJUMas CHMMeTPHs
umeetcst. /les1o B TOM, 4TO TOMUMO OUEBHUIHBIX ITPOCTPAH-
CTBEHHO-BPEMEHHBIX CHMMETPHUIl CYIIECTBYIOT HEOYEBU/I-
HbIe, «<BHYTpeHHHUe» cuMMeTpru. OIHA U3 HUX U TPUBOIUT
K COXPaHEHWIO 3JIEKTPUIECKOTO 3apsiga. [y Hac BaskHO,
YTO 9Ta ’Ke BHYyTPEHHSA cuMMeTpust (TOIbKO moHnMaeMast
B PAaCHIMPEHHOM CMbIcsIe — (DU3UKK YIOTPEOJISIOT TEPMUH
«Ka/MOPOBOYHAS MHBAPMAHTHOCTB» ) OGBACHSET M TOT
dakTt, uro y dortoHa HeT Macchl. OTCYyTCTBHE MacChl y
dorona B cBOIO 0Yepeib TECHO CBSI3aHO C T€M, YTO Y CBETa
MOryT ObITh TOJIbKO JIBA THUIIA TOJIAPU3AIMUA — JIEBAS U
npasasi.

UTo6bl TOSICHUTD 3Ty CBSI3b MEXK/IY HAJUYUEM TOJBKO
JIBYX THIIOB TOJISIPU3AIIUN CBETA U OTCYTCTBHEM MACChI Y
dorona, oTBIEUEMCS HA BpEMsI OT PasroBOpa O CUMMET-
pPUSIX U CHOBA HAIIOMHUM, YTO 3JIEMEHTApPHBbIE YACTHIIBI
XapaKTEePU3YIOTCS CITMHOM, KOTOPBII MOKET OBbITh TOJIy-
neabiM un neabiM (B eamannax nocrosunoil [lnanka).
Anementapupie GepMUOHDBI (YACTUIIBI C TTOMYIEABIM CITH-
HOM) WMEIOT CImH 1,/2. JTO 2JIEKTPOH €, SIEKTPOHHOE
HEeHTPUHO V,, TsDKeJble aHAJIOTH 3JeKTPOHA — MIOOH M
W T-JIENTOH, WX HEATPMHO Vy W V., KBapKM IIECTH
THIOB U, d, ¢, S, t, b W COOTBETCTBYIOIIE BCEM UM
anTndactuibl (03uTpoH e’ , aHTHHEHTpUHO V,, aHTH-
KBapK # u T.1.). KBapku u u d — Jjerkue, u u3 HUX
cocroar npotoH (KBapKOBBIA cocTaB uud) U HEHTPOH
(udd). Ocranbubie KBapku — 60J€€ TAKENbIE, OHU BXO-
AT B COCTaB KOPOTKOXKUBYINIUX YACTHI[, HAIPUMeEP
K-Me30HOB.

YacTuripl ¢ 1esTbIM CIIMHOM Ha3bIBAIOT 6030HAMU. K HIIM
otHocutcst (GoToH, OH uMeeT crud 1. EAMHUYHBIM CITHHOM
00J1a1aT0T W TJIIOOHBI — OTJaJIeHHbIe aHajoru (oToHa,
OTBEYATONNE 32 B3aWMOJICHCTBUS MEX/Iy KBapKaMu U
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CBSA3BIBAIOIINE UX B IPOTOH, HEUTPOH U JIPYTHe COCTABHbBIE
yacTuilbl. Kpome T0Oro, ecTb ele Tpu YacTUllbl ¢ eJMHIY-
HBIM CIIMHOM —3JIEKTPHYECKH 3apsiKeHHbile W' - W7 -
6O30HBI 1 HENTPAJIBHBIH Z-6030H. O HUX eTle TOW/IET PeUb
Briepenu. Hy a vactuma Xurrca /JoJKHA UMETb HYJIEBOI
CIIUH.

3aMeTnM, KCTaTh, YTO MbI TOJbKO UTO MEPEUUCIIUIN BCE
aJleMeHTapHble YacTuipl, umemomuecs B CranmapTHON
MOJIEJIN.

Auexmpon. Jlenmomvl ( ¢ ), ( " )7 (T )
Ve AV Ve
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Keapxu,
271100 HbL

3/7€M€HT3,0Hb/€ Yacruybl/ CT&H,H&,DTHO/j MoLfesIN MUKPOMUPAa

Bepnemca k cBoiicTBaM yacTuil co ciuHOM. MaccuBHag
yactuiia co crnuaoM s (B egunaumax # ) umeer (2s + 1)
COCTOSIHWIA C PAa3HBIMU ITPOEKIUSIME CIITHA HA 33J[aHHYIO
och (CIMH — HTO BEKTOP, TaK 4TO IOHATHE €r0 MPOEKIN
Ha 3a/JaHHYI0 OCb WMeeT OObIYHbINA cMbica). Hampumep,
CITMH 3JIEKTPOHA B €TO CUCTEME MTOKOSI MOKET ObITh HATIPaB-
JieH BBepX: S, =+1/2 wau BHM3: s, =—1/2. Boson Z
o6ajjaeT HEHYJIeBOH Maccoil m cmmHOM s = 1, moaTomy
COCTOSTHWI € Pa3HBIMM MPOEKIUSIMU CIIMHA Y HErO TPH:
s, =+1, 0 wmm —1. CosepureHno nHaue 06CTOUT [EJIO C
6e3MaccOBbIMI YacTHIaMu. IlOCKOJNBbKY OHH JIeTaloT COo
CKOPOCTBIO CBeTa, MEPEHTH B CHCTEMY OTCUETa, T/ie TaKas
YaCTHUIIA MOKOUTCSI, Hesb3si. TeM He MeHee, MOXKHO TOBO-
PUTDH O TIPOEKIINNU CIIUHA Ha HarpaBJ/enne aBmxenus. Tax
BOT, HECMOTPs Ha TO 4TO cruH (DOTOHA paBeH eIUHUIIE,
TAKUX MIPOEKIUIT MOKET ObITh BCETO JIBE — B/IOJIb U IIPOTUB
HATIPaBJIeHNs [[BU)KEHUsI. JTO U eCTb [paBasi U JeBas
nossipusanuu ¢porona (csera). TpeTbe COCTOSIHUE € HyJIe-
BOI1 TIpoeKIneil crmHa, KoTopoe 06513aH0 6bLTO OBl CyIIIe-
CTBOBaTh, 6yab y (OTOHA Macca, 3anpeujeno TIyOOKOi
BHYTPEHHEH CUMMETPHEN HJIeKTPOJANHAMUKH, TOH caMoit
CUMMETPHEN, YTO TPUBOJIUT K COXPAHEHUIO AJIEKTPHUECKO-
ro 3apsaa. TakuM o6pasoM, sTa BHYTPEHHSS CHMMETPHS
3arpeniaer M CyIIeCTBOBaHNE Macchl y (oToHA!

Yro-to He Tak! KitoueBbiMu /1 HAC ABJISIOTCS, OHA-
Ko, He oToHbI, a W*- u Z-6030HbI. DTH YACTHI[BI,
oTKpbITEIE B 1983 rof1y 1 33/10JIT0 10 3TOTO NPeCKa3aHHbIe
TeopeTHKaMu, 06JIa1ail0T CIIHHOM | 1 I0BOJIBHO GOJIBIIOL
maccoit: W* -6ozonbl umetor Maccy 80 I'sB (r.e. omu
npuMepHo B 80 pas TsKesee MpoToHa), a Z-6030H MMeeT
maccy 91 T'sB. CsoiictBa W™ - u Z-6030H0B ceiiuac
XOPOIIIO M3BECTHBI, BOCHOBHOM OJ1aroiapsi KCIiepUMEHTaM
Ha 3JIEKTPOH-TIO3UTPOHHOM U TIPOTOH-aHTHITPOTOHHOM KOJI-
Jaiijiepax: TOYHOCTb MU3MEPEHWId 11eJI0T0 Psi/la BEJYNH,



otHOocsmuUXCcs K W7 - u Z-6030Ham, ayutre 0,1%. dtn
CBOICTBA, KaK M CBOWCTBA [APYTMX YacCTHI], MPEKPACHO
onuceiBaioTes CrangapTHoil Mozesbio. Ilocaennee 3ame-
YaHue OTHOCUTCS 1 K B3anMozieicTBusim W - it Z-6030H0B
C 9JIEKTPOHOM, HEUTPUHO, KBAPKAMU U [PYTUMH YaCTHUIIA-
MHU. ITU B3aUMOJEUCTBUSI, KCTaTH, HA3BIBAIOT CJAOBIMHU.
OHu n3y4eHbl BO BCEX JETAJIX; O/IUH U3 JABHO U3BECTHDIX
OPUMEPOB UX MPOSIBJEHUS — 9T0 P -pacmaabl MIOOHA,
HEUTpOHA U s/iep.

2nektpomartitHoe (a) u crnabwie (6, B) B3anmonesicrams

Kak MbI y’ke TOBOPHJIN, Kask/blii 13 W™ - 1 Z-6030H0B
MOKeT HaXOJWTBhCS B TPEX CIMHOBBIX COCTOSHUSX, a He B
IBYX, Kak ¢oron. Tem He MeHee, UX B3aUMOJENCTBUS C
(epmuonamu (HERTPUHO, KBapKaMu, 3JIEKTPOHOM U T.]1.)
YCTPOEHBI B TIPUHIIMAIE TaK K€, KaK B3aUMOIEUCTBUE
dorona. Hapumep, dboTon B3anMoseicTByeT ¢ 91€KTPH-
YeCKUM 3aps/iOM 3JIEKTPOHA ¥ 9JIEKTPUUYECKUM TOKOM,
KOTOPBII CO3/IaeT [BUKYIIMICS 2JeKTPOH. TouHO Tak xe
Z-6030H B3aUMOJIENICTBYET C HEKOTOPBIM 3apsI/IOM 2JIEKT-
pPOHA U TOKOM, BO3HUKAIOIIUM IIPH [BUKEHUN 2JIEKTPOHA,
TOJIBKO 3T 3aPsI/] U TOK HE COBIIA/IAIOT C 3JIEKTPUIECKUMI.
C TOYHOCTBIO JI0 BAXKHOI 0COGEHHOCTH, O KOTOPOII Moi1eT
BCKOpe peub, aHajgorus OyaeT TOJHOI, ecu TTOMHUMO
AJIEKTPUUYECKOTO 3apsi/la 3JEKTPOHY TPUIHCATL elle U
z-3apsa. CBowmMHU z-3apsgaMu O6JAJAl0T W KBapKW, W
HEUTPUHO.

AHAJIOTH € 37IeKTPOAMHAMUKON IPOCTUPAECTCS €TIIe /IATb-
me. Tax sxe, kak u Teopus ¢orona, Teopus W*- u
Z-603010B 06JajiaeT TAy6OKOI BHYTPEHHEl cCMMeTpUeil,
6JIU3KON K TOM, YTO HPUBOAUT K 3aKOHY COXPAHEHUs
9JIEKTPUYECKOro 3apsia. B momnoit ananornu ¢ hpoToHoM,
9Ta BHYTPEHHSS cuMMeTpus 3anpemaer W u Z-603onam
UMETH TPETHIO MOJIIPU3AIINIO, a CTalo OBITh U Maccy. Bor
TYT ¥ TIOJy9aeTCs HECTBIKOBKA: CHMMETPUITHBIN 3ampeT Ha
Maccy YacTHUIbl cO clMHOM 1 JeiicTBUTeIbHO paboTaeT B
caydae GpoToHa, a B caydae W - 1 Z-6030HOB 9TOT 3ampeT
ne pabomaem!

Janbiie — 6osbiie. Cabble B3anMO/IEHCTBUS — B3aUMO-
JeViCTBHST 9JIEKTPOHOB, HEUTPUHO, KBAPKOB M JPYTUX
wactur, ¢ W7 - i Z-6030HaMH — yCTPOEHBI TaK, KaK ecJIn
6b1 9111 (DEPMUOHDI He UMen HUKaKoit Macchl. /leso 3aech
He B YKCJIe MOJIIPU3AIMA: 1 Y MACCUBHBIX, U y 6€3Macco-
BbIX (hepMUOHOB Toasgpusanuii (HanpasaeHuii cruHa)
MOKeT GbITh POBHO /[BE. A B TOM, KaK MIMEHHO B3aMMO/Ieli-
ctByioT depmuonst ¢ W - u Z-6030HaMu.

UTo6BI OSICHUTD CYTh MPOGJIEMBI, BBIKITIOUUM CHAYaIa
Maccy a71eKTpoHa (B TeOpUE TaKoe MO3BOJIEHO) 1 PACCMOT-
pUM BOOGpa’kaeMblii MHUp, B KOTOPOM Macca 3JIeKTPOHA
paBHa HyJI0. B TakoM Mupe aJ€KTPOH JIETaeT CO CKOPOC-

THIO CBeTa U MOKeT UMeTb CIIMH, HAllPaBJIEHHbIH BOJIb
HallpaBJIeHys ABMYKEeHUs WU IIPOTUB Hero. Tax sxe, Kak u
Jist POTOHA, B IEPBOM CJIyYae MMeeT CMbICJ TOBOPUTH 00
3JIEKTPOHE C TIPABON TTOJISpU3aIeil W, Kopoye, o Tpa-
BOM 3JIEKTPOHE, BO BTOPOM — O JIEBOM 3JIEKTPOHE.

[TockosbKy MBI XOPOIIO 3HAeM, KaK yCTPOEHbBI 3JIEKTPO-
MarHUTHbIE U caalble B3auMmojeiicTBus (TOJBKO B HHUX
9JIEKTPOH U y4acTBYET), MbI BIIOJIHE CIIOCOGHBI OIHUCATH
CBOICTBA 2JIEKTPOHA B HAIIIEM BOOOPAsKAeMOM MUpe. A OHI
TakOBBbI. Bo-TIepBbIX, B 3TOM MHUpe TIPaBbIl ¥ JEBBIH
9JIEKTPOHDBI — /IBE€ COBEPLICHHO Pa3Hble YaCTHIIbL: IIPaBblil
3JIEKTPOH HUKOT/IA He TIpeBpamiaeTcsl B JIeBBIH, 1 HA060-
port. lelicTBUTEMbHO, TIPpEBPAIlEHIE TIPABOTO 3JEKTPOHA B
JIeBblii Ha JIeTy 3allpelleHo 3aKOHOM COXPaHeHys yIJI0BOro
MoMmeHTa (B JaHHOM CJIydae CIIMHA), a B3auMOAEHCTBUS
aJekTpoHa ¢ (OTOHOM u Z-6030HOM HE MEHSIOT €ro
noJigpu3alnio. Bo-BTOPbBIX, B3auMo/ieiicTBHE 3JIEKTPOHA C
W-6030HOM WCITBITBIBAET TOJIBKO JIEBbIT 3JIEKTPOH, a TIpa-
BbIii B HeM BooOGIIe He ydacTByeT. Tperbeil BaskHOI
0CO06EHHOCTDIO, 0 KOTOPOil MBI OOMOJIBUJIVCE BBIIIE, SBJIS-
eTcs B 9TOH KapTuHe TO, YTO Z-3apsi/ibl JIEBOI'O U IIPaBOIO
9JIEKTPOHOB PAa3JIMUHbl — JIEBbIH 3JIEKTPOH B3auMo/eil-
CTBYET ¢ Z-0030HOM CHUJIbHEE, YeM TIPaBblii. AHATOTUYHbBIE
CBOICTBA UMEIOTCA U Y

MIOOHA, U y Tay-Jell- /
TOHA, U Y KBapKOB.

[TonmuepkneM, 4TO B
BOOGPAKAEMOM MUPE C

6e3MaccoBbIMU (hepMu- — Q
OHAMM HET HUKAKHUX no
npobJjieM ¢ TeM, 4YTo
JIeBble U [IPaBbIE AJICK- ~a
TPOHBI B3auMO/eii-
ctBytor ¢ W- u Z-60-
30HaMU TI0-Pa3HOMY, B
YACTHOCTH UTO <Jie-
BbIii» U <«IIpaBbIil» z-3apsi/ibl pasjuyHbl. B atom Mupe
JIeBbIe W TIPaBble HJIEKTPOHBI — 3TO pa3Hble YaCTHIIbI, U
Jeno ¢ kouinoM. Hac ke He yamBiser, 4TO PpasHbIe
YaCTHUIIbI, HAIIPUMEP 2JIEKTPOH M HEHTPUHO, UMEIOT pa3-
Hble dJeKTpudeckue 3apsabl (B gannom ciaydae —1 u 0).
[Toripo6yeM Temepb BKJIOUUTH MAcCy 3JIEKTPOHA — U
HEeMe/IJICHHO IIpU/leM K IIpOTUBOpeunio. BeicTpo aBMKy-
MIUHCS AJEKTPOH, CKOPOCTb KOTOPOTO GJIM3Ka K CKOPOCTH
CBeTa, a CIMH HallpaBJIeH IIPOTUB HAIpaBJICHUS JIBUIKe-
HUS, BBITJSIUT TMOYTH TaK JKe, KaK JIEBBIH 2JIEKTPOH W3
Haiero Boo6paxkaeMoro Mupa. VM B3anMo/ieiicTBOBaTh OH
JIOJIKeH TouTh Tak yxe.S Ecim 970 B3auMoielicTBIE CBsI3a-
HO C 2-3aPSIJIOM, TO 3TOT OBICTPBIN 3JIEKTPOH JOJIKEH UMETh
«JleBoe» 3HaueHue z-3apsja — Takoe jKe, Kak z-3apsj
JIEBOTO 9JIEKTPOHA B HallleM BooGpaskaemoM mupe. OHaKko
CKOPOCTH MAaCCUBHOTO 3JIEKTPOHA BCE-TAKKU MEHBIIIE CKOPO-
CTH CBeTa, W BCETJa MOXKHO TEPENTH B CHCTEMY OTCUeTa,

HeusMeHHOCTb  PpoeKLmr  CrIMHA
/1IEKTPOHA 1P UCTTYCKaHUM OTO-
Ha wm Z-6030Ha

3 B peanbioM Mupe s orpanngennoro (Ho TOILKO orpami-
YEHHOTO!) KpyTa IIPOIIECCOB TaK OHO 1 OKasbiBaeTcs. Hanmpumep,
B3auMojieiicTBIE GBICTPOr0 MaCCUBHOTO 3JIEKTPOHA, CIIMH KOTO-
POTO HalpaBJ/IeH [IPOTHB HAIIPABJEHUS [BUKEHUS, C NOKOAUCT-
ca unu mednenno Jsusyuweticss MATEeHblo (CKaskeM, aTOMHBIM
APOM) IIPAKTUYECKU HE OTJIMYAETCA OT B3aUMOAEIICTBUSA JIEBOIO
6€3MacCcoOBOro 2JEeKTPOHA.




6 KBAHT

JBIDKYTIYIOCs erie GpicTpee. B HOBOII cucreme HanpasJie-
HUe JIBUJKEHUS 9JIEKTPOHA U3MEHUTCS HA TTPOTUBOTIOJIOXK-
HOe, a HalpaBJIeHWe CIUHA OocTaHeTcs npexxuuM. [Ipoek-
U CIIMHA HAa HalpaBjeHue ABIKeHUs Oy/JeT Terepb
MOJIOXKUTEJIbHO, ¥ TAKOIl 91€KTPOH OY/IeT BBITJISIETD KaK
IpaBblil, a He Kak JeBblil.* COOTBETCTBEHHO, 1 Z-3aPsl/] €T0
JI0JKeH ObITb TAKUM JKe, KaK y IPABOr0 JIEKTPOHA W3
HaIero BooGpaxkaeMoro mMupa. Takoro He MoKeT ObITb:
3HAYeHne 3aps/a He JOJIKHO 3aBUCETh OT CHCTEMbBI OTCUe-
ta. [IporuBopeune Hauio. [loguepkHem, 4TO MbI IIPUIILINA
K HeMy, TIpe/roJiaras, 4To z-3apsji COXPaHSEeTCs; eCcJu
3apsiji He COXpaHseTcs, TO O €ro 3HauYeHUuu /s JAHHOM
YaCTUIbI U TOBOPUTH HE MPUXOUTCS.

ITO MPOTUBOpPEUNe MMOKa3biBaer, uto cummerpun Cran-
naptHOi Mozesn (1151 onpeieIeHHOCTH Gy 1eM TOBOPUTD O
Hell, XOTd Bce CKa3aHHOEe OTHOCHUTCS K JIIOOOMY JPYTOMY
BapUAHTy TEOPUM) JOJKHbBI ObLIM Obl 3allpelaTh Cylle-
CTBOBaHME Macc He TOJAbKo y W - 1 Z-6030HOB, HO U Y
¢epmuonos. IIpu yem Tyt cummerpun? Ilpu ToMm, uto oHn
JIOJKHBI ObLTA ObI MIPUBOJIMTD K COXPAHEHUIO Z-3apsi/ia.
W3mepuB z-3apsiji 9JEKTPOHA, MBI CMOTJIA ObI OJTHO3HAYHO
CKa3aTb, JEBBIH 3TOT 3JIEKTPOH WJIM TPaBbiii. A 3TO
BO3MOJKHO TOJIBKO TOT/IA, KOIJla Macca 3JeKTPOHA paBHA
HYJTIO.

Taxum o6pasom, B Mmupe, rje Bce cumMmerpun Crangapr-
HOII MO/IeJIN PeasTn30BbIBAUCH Obl TAK JKe, KaK B 3JIEKTPO-
JINHAMVKE, BCE dIeMeHTapHbIe YaCTHIIBI TOJIKHDBI OBbLIN ObI
MUMeTDb HyJIEBbIe MAacChl. B pealbHOM MUpe 9TH MacChl €CTb,
3HauuT, ¢ cumMerpusiMu CTaHJAapTHONH MOJIEIM YTO-TO
JIOJIKHO TIPOUCXO/IUTD.

Hapymenue cummerpuu. ['0Bops 0 CBSI3W CUMMETPUH C
3aKOHAMU COXPAHEHWsI W 3alpeTaMiu, Mbl YIIYCTUIN W3
BU/LY OJTHO O6CTOATENBCTBO. OHO 3aKJII0YAETCS B TOM, UTO
3aKOHbI COXPaHEHUS U CUMMETPHUITHBIE 3AIIPETHI BBITIOJIHSI-
I0TCS TOJIBKO TOT/Ia, KOTIa CHMMETPUS TPUCYTCTBYET SIBHO.
O/HaKO CUMMETPHUU MOTYT ObITh W HapylieHHbIMu. Ha-
MpuUMep, B OJTHOPOHOM 0Opasile KeJie3a MPpU KOMHATHOM
TeMIlepaType BCErjia UMeeTcss MarHuTHOe TI0Jie, Halpas-
JIEHHOE B KaKyI0-TO CTOPOHY; 06paselr Ipe/ICTaBJIsIeT cOO0
Maruut. Ecsm 6bl cylecTBoBain MUKPOCKOIINYECKUE CY-
IECTBA, >KUBYIHE BHYTPH JTOTO0 MArHUTa, TO OHHU Obl
OOHAPY’KUJIN, YTO HE BCE HANPABJEHUS TPOCTPAHCTBA
BOKDPYT HUX PaBHOIIPABHBI: HA 9JIEKTPOH, JIETSINNI TIOTIe-
PEK MarHUTHOTO TIOJISI, JIEHCTBYET CHUJIA CO CTOPOHBI Mar-
HUTHOTO T10J1sT — cuJia JlopeHia, a Ha 3JIEKTPOH, JIETSIIHi
BJIOJIb TI0J15T, cuJia He fieiicTByeT. COOTBETCTBEHHO, JIBUKeE-
HUE 3JIEKTPOHA BIOJIb MATHUTHOTO TIOJISI IPOMCXO/AUT 10
MPSIMOIA, TIOTIEPEK TOJISI — TI0 OKPYKHOCTH, a B OOIIEM
caydae — mo crupaiu. Crano ObITb, MarHUTHOE IOJIE
BHYTpU 0O0pasilia HapyllaeT CUMMETPHUIO OTHOCHTEJIHHO
BpalllecHUil B TPOCTpaHcTBe. B ¢BA3M ¢ 3TUM BHYTpHU
MarHuTa He BBIMOJTHIAETCS U 3aKOH COXPAHEHUS YTIJIOBOTO
MOMEHTA: TPU JIBVXKEHUH 3JIEKTPOHA 10 CITUPAJU TTPOEK-
U yTJI0BOTO MOMEHTA Ha OCh, TIEPIEeH/INKYISPHYIO Mar-

4 TIporusopeuns ¢ yTBepsK/IeHNeM, C/IeJTaHHbIM B IIPe/bI1yIIei
CHOCKE, 3/IeCh HET: B HOBOII CHCTEME MUIIIEHD JBIKETCST GbICTPEe
AJIEKTPOHA, U B PEAJHbHOM MUPE B3aUMOJIENICTBHE IJTEKTPOHA C
Hell CYIIeCTBEHHO OTJIMYAETCS OT B3aMMO/IEHCTBUS C TIOKOSIIIEH-
Csl MUIIIEHBIO.
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HUTHOMY TIOJIIO, MEHSIETCS CO Bpe-
MEHEM.

311echb MbI IMeEM JIeJIO CO CROH-
MAnHbIM HAPYIIIEHUEM CUMMET-
puu. B orcyrcTBHe BHENIHMX
BosjeictBuil (Hanpumep, Mar-
HUTHOTO 10JIst 3eMJIH) B PA3HbIX
ob6pasmax ’kejae3a MaTHHUTHOE
oJIe MOKeT ObITh HATIPABJIEHO B
pasHble CTOPOHBI, U HU OJTHO U3
9TUX HalpaBJeHuit He OyaeT
MpenouTuTeNbHEE JPYTOTO.
Wcxonnag cuMMeTpus OTHOCH-
TeJIbHO BpAIlleHUH IO-TIpesKHe-
MY UMeeTCs, U ITPOSIBJIIETCS OHA
B TOM, YTO MAarHMTHOE I0Jie B 06pasile MOJKeT ObITb
HampasJeHo kyza yroano. Ho pas ysx MaruutHoe moJie
BO3HUKJIO, IOABUJIOCH W BbIJEJEHHOE HAIpaBJeHUEe, U
CUMMETPUS BHYTPU MarHuTa okasajachb Hapyuiennoii. Ha
6osee (popMasbHOM YPOBHE: YpdasHenus, YIPaBJSIONINeE
B3aMMO/IEHICTBIEM aTOMOB KeJjle3a MeXXIy cOoOOH 1 ¢ Mar-
HUTHBIM TI0JIEM, CUMMEMPUYHb, OTHOCUTEIBHO BPAIICHUI
B IIPOCTPAHCTBE, HO COCMOSAHUE CUCTEMBbI 3THX aTOMOB —
o6pasIa sxejaesa — HecumMmempuuno. B 3TOM 1 cocTOUT
SBJICHNE CTIOHTAHHOTO HApYyIIeHnd cuMMeTpun. OTMETHM,
YTO MBI 3/IeChb TOBOPUM O HanboJiee BBITOJHOM COCTOSHIH,
uMeroleM HaMMEHbIIYI0 9HEPIUIo; TAaKOe COCTOSIHUE Ha3bl-
BalOT OCHOBHbBIM. VIMEHHO B HEM OKaXKeTCs B KOHIIE KOHIIOB
o6paserr JkeJiesa, 1axke ecJii N3HAYaIbHO OH ObLJT HeHaMar-
HUYEHHBIM.

a)\ /

LIBurxxeHme 371ek TPOHa o
cnvpann B MarHUTHOM
riosnie
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CrIOHTaHHOE HapyLLEHNE CUMMETPUM B 06pasye Xene3a B
MPUCYTCTBIM MArHUTHOIO 1075

Wrak, cnoHTanHOE HApYyIIEHHE HEKOTOPOil CUMMETPUN
UMeeT MECTO TOT/IA, KOT/Ia YPABHEHUST TEOPUH CUMMETPHY-
HbI, a OCHOBHOE cocTostHue — HeT. CJIOBO «CITOHTaHHOE»
yHOTPeOISIOT B ATOM CJIydae B CBSI3H C TEM, YTO CHCTEMa
cama, 6e3 HaIero yd4acTus, BBIOWPAET HECUMMETPHUHOE
COCTOSTHHE, MOCKOJbKY UMEHHO OHO SBJISETCS 9HEPTETH-
yecku HanbGoJiee BbITOJHBIM. 13 NpUBEIEHHOTO TTPUMepa
SCHO, YTO €CJU CUMMETPHS CIOHTAaHHO HApYIIeHa, TO
BBITEKAIONINE U3 Hee 3aKOHBI COXPAHEHUST W 3alpeThl He
paboTaioT; B HAIIeM TPUMeEpE 3TO OTHOCHTCS K COXpaHe-
HUIO YIJI0BOTO MOMeHTa. [loguepKHeM, 4To MOJTHAsT CUM-
METPHST TEOPUH MOKET GbITh HApYIIeHA JIUIIb YACTUIHO: B
HallleM TpUMepe M3 IMOJHOW CUMMETPHH OTHOCHTETHHO
BCEX BpAlIEHUIl B MPOCTPAHCTBE OCTAETCS HEHAPYIEHHON
CUMMETPHUS OTHOCHTEJIbHO BpalIeHU BOKPYT HalpaBJie-
HUST MATHUTHOTO TI0JIS.

MUKpPOCKOTTMUECKHE CYIIECTBA, SKUBYIME BHYTPH Mar-
HUTaA, MOTJIN ObI 3a/1aTh cebe BOIPOC: «B Haiiem Mupe He
BCE HAIMpPaBJICHUS PABHOMPABHbBI, YIJIOBOW MOMEHT He
COXPAaHSETCs, HO SIBJMETCS JIN TTPOCTPAHCTBO (PyHIaMEH-



TaJIbHO HECUMMETPUYHBIM OTHOCHUTEJIbHO Bpa].[[eHHfI?»
I/IBy‘II/IB JABUKEHNE IJICKTPOHOB U TTOCTPOUB COOTBETCTBY -
foryio teopuio (B JaHHOM CJydae 5JEKTPOANHAMUKY ),
onu Obl MOHSLIN, YTO OTBET HA ATOT BOIPOC OTPUIATEJIEH:
YDPaBHEH ATOI TEOPHU CUMMETPUYHBI, HO 9TA CHMMETPHS
CITOHTAHHO HApPYIIEHA 32 CYET «PA3JUTOr0» BOKPYT HUX
MarHUTHOTO 110Jis1. Pa3BuBas aTy TEOPHIO /laJibliie, OHI Obl
Mpe/ICKA3au, 4ToO T0Jie, OTBeYaollee 3a CIIOHTAHHOE Ha-
pyllleHre CUMMETPUH, JOJUKHO MMEThb CBOM KBaHTbI. U
TIOCTPOMB BHYTPU MarHWTAa MaJIEHbKUN YCKOPHUTENb, C
PAZOCTBIO YOEIUIHUCH OB, YTO 9TH KBAHTBI JIEHCTBUTETHHO
CYIIECTBYIOT — OHH POKAAIOTCS B CTOJKHOBEHUSIX HJIEKT-
poHoB!

B o6ux yeprax curyanus B (usMKe JeMEHTAPHBIX
YACTUIl OX0XKA HA TY, YTO MbI TOJIbKO 4TO omucaau. Ho
€CTb M BaKHbIE OTJIHYNS.

Bo-niepBbix, HE 0 Kakoil cpejie Hamogo6ue KpucTasin-
YeCKOil pelreTk aTOMOB 3KeJie3a TOBOPUTD yiKe He TIPUXO0-
qutcsi. CocTosTHMEeM ¢ HaWHU3INEH sHeprueil B mpupojie
assiercss BakyyM (1o onpezesienuio!). ITo He 03HaYaer,
YTO B BaKyyMeé — OCHOBHOM COCTOSIHHM TIPUPOJIbI — He
MOKeT ObITh OHOPOIHO <«PA3JUTHIX» TIOJIEHN, MOMIOOHBIX
MarHUTHOMY TOJTIO B HareM nipuMepe. HaoGopor, HecTbI-
KOBKH, O KOTOPbIX Mbl TOBOPUJIN, CBUAETE/TIBCTBYIOT O TOM,
yro cummerpun Cranmaprnoi Mmogean (Tounee, X 4acThb)
JOJIKHBI 6bITI) CIIOHTAHHO HapYHICHHbIMU, a 3TO IPEAIO-
JIATaeT, 4TO B BaKyyMe MMeeTcsl KaKoe-TO 110Je, obeciie-
YHBalollee ITO HAPYIIeHue.

Bo-BTOpbIX, peub UeT He O IPOCTPAHCTBEHHO-BPEMEH-
HBIX, KaK B HAIIIEM TIPUMEPE, & 0 BHYTPEHHUX CUMMETPHSIX.
ITpocTpaHCTBEHHO-BpEMEHHbBIE CUMMETPHH, HA060pOT, HE
JTOJKHBI HAPYIIATHCS N3-32 TPUCYTCTBUS TIOJISI B BAKYYME.
Ortciofa cjetyer BasKHbIH BBIBOJL O TOM, YTO, B OTJIMYUE OT
MATHUTHOTO, 3TO TIOJIe He JOJDKHO BBIAEJSATh HUKAKOTO
HanpaBJeHus B npocTpanctee (TouHee, B MPOCTPAHCTBE-
BpEMEHH, TIOCKOJIbKY Mbl UMEEM JIEJIO C PESITHBUCTCKON
dusnkoit). Tlosst ¢ TakuM CBOICTBOM HA3bIBAIOT CKALSD-
HbIMU; UM COOTBETCTBYIOT 4acTuilpl co crimuoM 0. Craso
ObITb, TI0JIe, <«PA3JUTOE» B BaKyyMe U IIPUBOJIIIEE K
HAPYIIEHUIO CUMMETPUH, JOKHO ObITh HOBbIM. [leficTBu-
TEJHHO, W3BECTHBIM TIOJISIM, O KOTOPBIX MBI SIBHO WJIN
HESIBHO YIIOMMHAJIU BBIIE — 3JEKTPOMATHUTHOMY IOJIIO,
nosM W*- u Z-6030HOB, IJIIOOHOB — COOTBETCTBYIOT
YACTHUIIBI CO CIIUHOM 1, TaKue MOJIst BBIJIEJISIOT HATIpaBJie-
HUS B TTPOCTPAHCTBE-BPEMEHN U HA3BIBAIOTCS 8EKMOPHbI-
Mu, aHaM Tpebyercst ckajsiproe. [lost, cooTBeTCTBYOMTHE
dbepmuonam (crmu 1,/2), ToKe He rOAATCA.

B-Tperbux, HOBOE T0JIE TOJKHO HAPYIIATh CUMMETPUN
CTaH,[IapTHOIl/,I MO/iesin HE MOJIHOCTbIO, BHYTPEHHAA CUM-
MeTPHsl JIEKTPOAUHAMUKE [[OJIKHA OCTABATHCS HEHAPY-
TIEHHOM.

Haxkomerr, 1 5T0 camMoe r1aBHOE, B3aMO/IENCTBIE HOBOTO
1I0JIS1, «Pa3/NTOro» B Bakyyme, ¢ W*- u Z-6o3omnamu,
9JIEKTPOHAMU U JPYTUMU (PepMUOHAMU JOJKHO IIPUBO-
JITH K TIOSIBJIEHUIO MAcC y 3TUX YaCTHII.

MexaHuam reHepanuym Macc 4acTuil co cnuHoM 1 — B
npupozie 310 W* - n Z-6030HBI — 3a CYET CIIOHTAHHOTO
HapyIIeHWs CUMMETPUN ObLT TPEAJOKEeH B KOHTEKCTE
puU3MKN 3JIeMEHTAPHBIX YaCTUI] TeOpeTnuKamMu 13 bprocce-
asg Opancya Iuriaepom u PobGeprom bpaytom u 4yTh

no3:xe dusuxkom uz Iaunbypra [Turepom Xwurrcom. IIpo-
n3onLio 310 B 1964 rony. OHM onupaJnch Ha IpeicTaBIe-
HHE O CTIOHTAaHHOM HapylieHnu cuMMeTprn (HO B TEOPHSIX
6e3 BEKTOPHBIX MoJiell, T.e. 6Ge3 dacTuil co crnmHoM 1),
KOTOPOe GbLTO BBEJEHO B (DUBKMKY HTEMEHTAPHBIX YACTHUI]
B 1960-1961 rogax B pa6orax M.Ham6y, .Ham6y n
Tk Mona-JTazunmo, B.T. Bakcan A. N.Jlapkuna, /[>x.Toa-
croyna. (1. Ham6y, coBmectio ¢ M. Ko6asmm u T.Macka-
Ba, osry4n 3a 910 HoGenesckyio npemuio B 2008 roy.)
B otsmume ot mpeapiymux aBropoB, JHTAep, bpayrt n
Xwurrc pacemorpenn Teopuio (B TO BpeMsi yMO3PHTE/b-
HYIO), B KOTOPOH MPUCYTCTBYET Kak ckansproe (crmm 0),
tak n Bekroproe (crmu 1) nose. B aroii Teopun umeercs
BHYTPEHHSISI CHUMMETPISI, BIIOJIHE AHAJIOTUYHAS TOU CHM-
METPUH 3JIEKTPOIUHAMUKY, KOTOPAsI IPUBOJINT K COXPaHe-
HUIO 9JIEKTPUUYECKOTO 3apsi/ia U 3aIpeTy Macchl (OTOHA,
HO, B OTJIYE OT AJIEKTPOIUHAMUKY, BHYTPEHHSISI CUMMET-
pUst CIIOHTAHHO HAapYyIIeHa OJHOPOIHBIM CKAJSIPHBIM IT0-
JIeM, IMEOIIMMCS B BakyyMe. 3aMevaTeTbHbIM Pe3yJIbTa-
ToM DHrJIepa, bpayra u Xurrca crajia JeMOHCTPAIIS TOTO
dakra, 9T0 3TO HApyIIEHWE CUMMETPUU aBTOMATHYECKI
BJIEYET 32 COOOH MOSBJICHIE MACChI Y YACTUIIBI CO CITMHOM
1 — KBaHTa BEKTOPHOTO TOJIs!

JloBOJIbHO TIpsIMOJTMHENHOE 00001IeHe MeEXaHu3Ma JH-
raepa—bpayra—Xurrca, cBs3aHHOE C BKJIIOYEHHEM B Teo-
puio GepMUOHOB U UX B3aUMOENCTBUS ¢ HAPYIIAIOIIUM
CHMMETPHIO CKAJISIPHBIM TI0JIEM, MPUBOAUT K TOMY, UTO
MAacChI MOSBJIAIOTCS Uy (pepMuoHOB. Bee mauunaer cramo-
BUTbCSI Ha cBom Mecra. CraHAapTHas MOJENb Terepb
MIOJIy4aeTcsl B pe3yIbTaTe JaIbHeiinero 0606IeH s Ty TeM
BKJTIOYEHUST HE OJTHOTO, & HECKOJIbKIX BEKTOPHBIX TTOJIEl —
dorona, W* - 1 Z-6030HOB 1 Pa3HbIX THIIOB (DEPMIOHOB.
[Tocnemumit mar Ha caMoM JieJie BeCbMa HETPUBUAJEH; 32
GOpMyMPOBKY TOJHOI TEOpUU CJIAObIX W 3JEKTPOMAr-
HUTHBIX B3aumoeiicTBuil CtuBen BaitnGepr, [lennon Jlu
Fmamoy n A6nyc Canam nonyunsu B 1979 roay HobGenes-
CKYIO TIPEMUIO.

Bepuemcs B 1964 rop1. [lyis uccienoBanusi CBOMCTB CBOeM
Teopuu Juryep u bpayT ucrob3oBasu [OBOJIBHO BBIUYP-
HBIiT 110 CETOHANIHUM MepKaM 1moaxo/. Haseproe 1moato-
MY OHU He 3aMeTHJIU, YTO HAPS/AY C MACCUBHON YacTHUIlel
co crniuHOM 1 aTa Teopus IPEeJCKA3bIBAET CYIIECTBOBAHUE
elie ojiHO# yactuilpl — 6o3oHa co crimaoM 0. A BoT Xurrce
3aMeTHJI, U ceffuac aTy HOBYIO 6ECCITMHOBYIO YACTHUILY YaCTO
HasbIBaIOT 6030HOM Xwurrca. Kak 6b110 oTMeUeHO B Havare
CTaTbW, TaKask TEPMUHOJIOTHS MPEJACTABISICTCS HEe BIIOJTHE
KOPPEKTHOIT: KJII0YeBOE TTPE/JIOKEHNE HCITOTb30BATh CKa-
JISPHOE TI0JIe JIJISi CIIOHTAHHOTO HAPYIIEHUS CHMMETPUHT 1
TeHepaIy Macc YacTUI[ co CUHOM 1 BIIepBbIe cie1aIu Bee
ke dursep u bpayr. He BraBasich 6oJibliie B TEpMUHOJIO-
I'HIO, MOYePKHEM, YTO HOBbIN 6GO30H C HYJIEBBIM CIIMHOM
SIBJISIETCST KBAHTOM TOTO CaMOTO CKAJISIPHOTO I10JisT, KOTO-
poe HapymiaeT cuMMeTpuio. V1 B 9TOM €ro YHUKaJIbHOCTD.

31ech HYKHO c/iesiaTh yTounenue. [loropum, uro ecan
6bl CITOHTAHHOTO HAPYIIEHUS CUMMETPUH He ObLIO, TO
W*- u Z-6030mbr Gbuti GbI Ge3MaccOBbIMU. Kaskabrii
13 Tpex 6030HOB W*, W™, Z umen 6ol 1Be [OJIAPU3ALINY,
Kak ¢ortoH. VTOTO, CcYMTas YACTHIBI C PA3HBIMU MOJIS-
PHU3AISIMI PAa3HBIMH, MBI Obl nMeJgn 2X3 =6 THIIOB
W*- u Z-6030m0B. B CranpaptHoil Mozenm W*- u




8 KBAHT

Z-6030HbI — MAaCCUBHbIE, KKl M3 HUX HMEET TPH
CTIMHOBBIX COCTOSTHUSI, T.€e. TPW TOJSPHU3AINUU, HUTOTO
3% 3 =9 Tumos yacTuIil — KBaHTOB 1oJieli. CripanmBaeTcs,
OTKY/la B3SJIMCh TPU <«JHITHUX» TUMa KBaHTOB? [leso
3aKJio4aercs B ToM, uto B CTaHJapTHON Mojies i HeoOXOo-
JINMO BBECTH HE OJIHO, & YeThIPE CKATSPHBIX MOJIS DHIJIe-
pa—bpayra—Xwurrca. Kpaut ogHoro u3 uux — ato 6030H
Xurrca, HOBag yacTtuiia, otkpbitasg B IIEPHe. A xBantb
TpeX JPYruX TOoJiell B pe3yJbTaTe CIIOHTAHHOTO Hapylile-
HUS CUMMETPUU KaK pa3 M MPEBPAIIAIOTCS B TPU <JIUIII-
HUX» KBaHTa, UMEIONIXCS Y MAacCUBHBIX W -, Z-6030HOB.
Wckatb nx 6ecrioie3H0, OHM yiKe JaBHO HAWJIEHbBI, KOJIb
CKOPO U3BECTHO, 40 W - 11 Z-6030HbI UIMEIOT MACCy: TpH
JIMIIHUX> CIIMHOBBIX coctosnug Wr-, W™ -u Z-6030H0B
— 3TO OHU U €CTb.

Jra apudmernka, KCTaTH, COTJIACYETCS C T€M, YTO BCE
yeTbIpe ToJisg JHraepa—bpayra—Xurrca — ckaJaspHble, UX
KBAHTbI MMEIOT HyJIeBOil crmH. Beamaccosbie W*- u Z-
6030HBI UMesnn Obl TPOEKIMM CIUHA Ha HalpaBJeHne
JnBkenust, pasubie —1 u +1. [[yig MaccuBHBIX W*u Z-
6O30HOB 3TH TIPOEKINU TPUHUMAIOT 3HaveHust —1, 0 u +1,
T.€. «JIMIIHUE» KBAHTbI UMEIOT HYJIEBYIO IIPOeKInio. Tpu
nosst JHraepa—bpayra—Xurrca, M3 KOTOPBIX 3TH <JIHIII-
HUEe» KBAHTbI MOJYYAIOTCS, TOKE UMEIOT HYJIEBYTO TTPOEK-
M0 CTIMHA Ha HAIpaBJIeHUE JBUKEHUs TPOCTO TOTOMY,
YTO WX BEKTOP CIMHA paBeH HyJo. Bee cxomures.

WNrak, 60300 Xurrca — 3TO KBaHT OJ{HOTO U3 YETHIPEX
cKaJIapubIX noJiell duruepa—bpayra—Xurrca, cyuecrsy-
fornmx B CranpapTtHoil Mozesn. Tpu Apyrux moearTcs
(mayunprii repmun!) W+ - 1 Z-6030HaMu, NpeBpamasich B
WX TPETbU, HEJIOCTAIONINE CITUHOBbIE COCTOSTHUS.

A [eNcTBUTENbHO NN HY>KeH HOBbIN 6GO30H?

CamMoe ynuBUTETHHOE B TON MCTOPUU 3aKJIOYAETCS B
TOM, UYTO CETO/HS Mbl TIOHUMaeM: MeXaHu3M JHTJepa—
bpayra—Xurrca — oTHIOb HE eIMHCTBEHHDII BO3MOXHDBIH
MEXaHU3M HapylIeHus CUMMETPUH B (PU3NKe MUKPOMUPA
U reHepaIuy Macc 3JeMEeHTapHbIX YacTull, a 6030H XHrrca
Mor ObI U He CYTIECTBOBATL. ITOMY HAC YUUT, B YaCTHOCTH,
(pusmKa KoHEHCHPOBAHHBIX cpes (KUAKOCTER, TBEpIbIX
Texn). B meil mMeeTcsS MHOKECTBO IIPUMEPOB CIOHTAHHOTO
HapyIIeHUs CAMMETPHUN 1 Pa3HOOOpa3ne MeXaHu3MOB 3TO-
ro napyirenusi. V B GOJIBITMHCTBE CJIyYaeB HIYETO MOX0-
JKero Ha 6030H XHITCA B 9TUX MPUMEpPAxX HeT.

bmxaiiimuM TBepAOTEJbHBIM AHAJIOTOM CIIOHTAHHOTO
Hapymienus cummerpun CTaHAApTHOW MOJein B Bakyy-
Me SIBJISETCS CIIOHTAHHOE HapyllieHWe BHYTPEHHEH CuM-
METPUH 3JIEKTPOAMHAMUKHN B TOJIIE CBEPXITPOBOIHUKA.
OHO TPUBOJIAT K TOMY, YTO B CBEPXITPOBO/IHNKE (DOTOH B
onpejeNeHHoM cMbicse o6mamaer Maccon (Kak W u
Z-6030ub1 B Bakyyme). IIpossisgercs sto B sddekre
MeiiccHepa — BbITAJIKUBAHUN MarHUTHOTO TOJISI U3 CBEPX-
npoBogHUKa. MDOTOH HEe XOYeT MPOHUKATh BHYTPh CBEPX-
MIPOBOJIHUKA, T/l OH CTAHOBUTCS MACCUBHBIM: €My TaM
<TSKETIO», €My SHEPreTUYeCKH HEBBITOJHO TaM HaXo-
autbest (Bemomuute E = mc® ). Marnuthoe mose, KOTO-
poe MOKHO HECKOJIbKO YCJOBHO BOCIIPUHUMATL KaK Ha-
60p doToHOB, 06IAIAET TEM K€ CBOICTBOM: OHO B CBEPX-
IIPOBOJIHUK HE MPOHMKaeT. JTo U ecTb addert Meiice-
Hepa.
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IbdexTuBHAS TEOPUS CBEPXIPOBOJUMOCTH, TEOPUS
I'muszbypra—/lanaay, 4pe3BblYaiiHO MOXOXKa HA TEOPHIO
Iuraepa—bpayra—Xurrca (toutee Hao60poT: Teopust [nH3-
6ypra—Jlangay na 14 et crapuie). B reopun TunsGypra—
Jlanpay Toxe ecTb CKaJIgpHOE 110Jie, KOTOPOE OHOPOHO
«Pas3JUTO» IO CBEPXIIPOBOJHUKY M IIPUBOJUT K CIIOHTAH-
HOMY Hapyleauio cumMMeTpuu. Oanaxko teopuio I'muzoyp-
ra—Jlangay HeapoM Ha3bIBAIOT a(PHEKTUBHOI: OHA yXBa-
TBIBAET, 06Pa3HO TOBOPSI, BHEIIHIOO CTOPOHY SIBJIEHUS, HO
COBEPIIEHHO HeaJIeKBaTHA JJis MOHWMaHUS (DyHIaMeH-
TAJbHBIX, MUKPOCKOMUYECKUX MPUYNH BO3HUKHOBEHWS
CBepXTIPOBOANMOCTH. HUKaKoOro craJsspHOTO OIS B CBEPX-
MIPOBO/IHUKE HA CAMOM /JieJie HET, B HeM eCTb 3JIEKTPOHBI 1
KPHUCTAJLJINYECKAS PENIeTKA, a CBEPXIIPOBOIUMOCTD 06yC-
JIoBJIeHAa 0COOBIMU CBOIICTBAMU OCHOBHOTO COCTOSIHUSI CH-
CTEMBI 3JIEKTPOHOB, BO3HUKAIONMMHU OJarojiapsi B3auMo-
JIEHCTBUIO MEK/y HUMHU.

He mosxer s momo6Hast KapTHHA WMeTb MECTO W B
mukpomupe? He MoxkeT nm 6bITb Tak, YTO HUKAKOTO
(pyHIAMEHTAIBHOTO CKAJSPHOTO TOJIS, <PAa3JUTOTO> B
BakyyMe, HeT, a CIIOHTaHHOe HapyllleHue CUMMETPUU Bbl3-
BaHO COBEPIIECHHO MHBIMY NTpuYnHamMu? Ecin paccyskaath
YUCTO TEOPETUYECKU W He 0oOpaliaTh BHUMAHWS HA 9KCIIe-
pUMeHTa bHbIE (DAKTBI, TO OTBET HA ATOT BOIIPOC — yTBEP-
quTeabHbIi. [IpuMepoM MosKeT CoryKNTh Tak HazblBaeMast
MOJIeJTb TEXHUIBETa, TpeiokenHas B 1979 romy yske
yrnomunasiumcs Crusenom Baitn6eprom u He3aBHCHMO
Jleonapaom Cacckunzgom. B neit Het HuKakux dyHaaMeH-
TAJBHBIX CKAJISPHBIX MMOJIEell, HeT 1 6030Ha Xwurrca. Bmecto
9TOT0 €CTb MHOT'O HOBBIX 3JIEMEHTAPHbBIX YaCTHUIL, TI0 CBOUM
CBOICTBAM HAIIOMMHAIONIMX M3BECTHbIe KBapKu. Baaumo-
JIefiCTBUE MEX/TY 9TUMH HOBBIMU YaCTUI[AMK U IIPUBOJIUT K
CTIOHTAHHOMY HapYIIEHUIO CUMMETPUHM W K TeHepalrun
macc W™ - i Z-603010B. C MaccaMit M3BECTHBIX (pepMIO-
HOB, HAIpUMeEP 2JIEKTPOHA, JeJI0 OOCTOUT XYKe, HO U 3Ty
Mpo6JIeMy MOKHO PENIUTDb 32 CUET YCJIOKHEHWS TEOPUH.

BaumarteabHBIN YnTaTEIb MOKET 33/1aTh BOMPOC: «A Kak
JKe ¢ apTyMEHTaM¥, TOBOPSIIUME, YTO HAPYIIATh CUMMET-
PUIO JIOJDKHO UIMEHHO CKaJIsIpHOe Tiosie?» Jlaseiika 3/1ech B
TOM, UTO 3TO CKAJAPHOE TI0JIe MOXKET ObITb COCMAGHBIM —
B TOM CMBICJIE, YTO COOTBETCTBYIOIIME €MY YaCTHIIbI-
KBAHTbI HE 2JIeMEHTAPHbI, HO COCTOSAT U3 APYTUX, dJIeMeH-
TapHbIX YaCTHII.

[laBaiiTe BCIIOMHUM B 9TOW CBA3M KBAaHTOBO-MeEXaHUYeC-
KOe COOTHOIIeHNe HeompeaeneHHocTeil [eiisen6epra
Ax-Ap 2 h,rne Ax m Ap — HeollpeseJIeHHOCTH KOO/~
HATbl U UMILYJIbCA COOTBETCTBEHHO. OIHO U3 €ro IPosBJIe-
HUI COCTOUT B TOM, YTO CTPYKTYPa COCTABHBIX OGBEKTOB C
XapaKTePHBbIM BHYTPEHHUM pPasMepoM Ax TIPOSIBJISIETCS
JIWTITD B TIPOIECCAX, T/le YYaCTBYIOT YACTHIIBI C JJOCTATOUYHO
BBICOKUMHU UMITYJIbCaMu ) = /i/ Ax , a 3HAYNT, ¢ BBICOKUMHI
9HEPTUsMU. 3/leCh YMECTHO HAnoMHUTH O Pesepdopie,
KOTOPbIN 60MOAPUPOBAJI ATOMbI 3JIEKTPOHAMU BBICOKHMX
110 TeM BpeMeHaM dHEPTUil U TaKUM 06PA30M BBISICHUJI, YTO
ATOMBI COCTOSIT M3 S7iep M 3JEKTPOHOB. PasrisnbiBas
aTOMBI B MUKPOCKOTI JIJa’Ke ¢ caMOl COBEPIIIeHHON ONTUKON
(1.e. ucronb3ys cBer — GOTOHDI HUZKUX SHEPIHUii), o6Ha-
DPY’KUTb, YTO aTOMbl — COCTaBHblE, a He 3dJeMeHTapHbIE,
TOYEYHbIE YACTHUIIbI, HEBO3MOKHO: He XBaTaeT paspele-
HUS.



Takum 06pa3oM, TTpU HU3KUX SHEPTUSIX COCTaBHAS yac-
THUIA BBITJISAAT Kak sjeMeHTapHas. [ adpdexktuBroro
ONMCAHUS TAKWX YACTUI[ TIPU HU3KUX HHEPIHUSAX BIOJHE
MOJKHO CUUTATh, YTO OHU SABJISIOTCS KBAHTAMHI HEKOTOPOTO
nossi. Eci crimH coCcTaBHOM YacCTUIbI paBeH HYJIO, TO 3TO
noJie Gy/IeT CKAJISIPHBIM.

[Tomo6uas curyaiust peanusyercst, Hapumep, B HusmKe
7 -mMe30H0B — yactuil co cnunoM 0. /lo cepexunbr 60-x
TO/IOB TIPOIILIOTO BeKa He ObLIO M3BECTHO, UTO Tt -ME30HbBI
COCTOSIT M3 KBApPKOB M aHTHUKBApKOB. Torga 7 -Me30HbBI
OTIHMCBHIBAJINCH 2JIEMEHTAPHBIMU CKAJISIPHBIME MTOJIsIME. Te-
Tepb MbI 3HAEM, YTO TT-ME30HbI — COCTaBHbIE YACTHUIIBI, HO
«crapasy» I0JeBas TeOpUsl T-ME30HOB OCTaeTCd B CHUJIE
MOCTOJIBKY, TIOCKOJIbKY PacCMaTPUBAIOTCS MTPOIIECCHI TIPH
HU3KUX sHeprugx. Jlumb npu sHeprugx nopsaka 1 I'sB n
BBIIIIE HAYMHAET TPOSBJIATHCS KBAPKOBAas CTPYKTypa
T -ME30HOB, U 9T TEOPHsI IepecTaeT paboTaTh. JHEPreTH-
vyeckuii Macintal 1 ['9B 3mech mostBIIICS He cIyvaiiHo: 9TO
MacinTab CUIbHBIX B3aNMO/IEHCTBUN, CBSI3BIBAIOIINX KBaP-
KU B T -Me30HBI, TIPOTOH, HEUTPOH M T.JA., 3TO MacuiTal
MacC CUJIbHOB3aUMO/IEHCTBYIOIIIX YACTUIL, HATIPUMED TIPO-
ToHa. OTMETUM, YTO CaMU T -ME3OHBI CTOST OCOGHSIKOM —
0 TIPUYUHE, O KOTOPOIi MBI He OY/IeM 3/1eCh TOBOPHUTD, OHU
MIMEIOT TOPA3/I0 MEHDIIIE MACCBL: M+ = 140 M5B, m, =
=135 MaB.

Wrak, craJspHbIE MOJIs, OTBETCTBEHHbBIE 32 CIIOHTAHHOE
HapylleHne CHMMETPUH, MOTYT B TIPUHIIUTIE OBITH COCTAB-
HbIMU. VIMEHHO TaKas CUTyalus MpenoaracTcs B Mo/ie-
Ju TexHuIBera. lIpwm sTOM Tpm OeCCIIMHOBBIX KBaHTA,
KOTOpBbIE ToeatoTcs W* - 1 Z-6030HaMy U CTaHOBSITCS MX
HEOCTAIONTIMA CITUHOBBIMEU COCTOSTHUSIMU, UMEIOT GJIN3-
Kyl0 aHaIOTHio ¢ T -, T - | 7’ -mezomamu.  ToJbKO
Terepb COOTBETCTBYIONIHI dHEPreTHYeCKUl MaciiTad — He
1 T'sB, a neckonbko TaB. B Takoii kapTune oxkujaercs
CYIIECTBOBAaHME MHOKECTBA HOBBIX COCTABHBIX YACTHUI[ —
AQHAJIOTOB MPOTOHA, HEMTPOHA U T.JI. — ¢ MAaccaMu B 00J1aCTH
HeckobKUX TaB. CpaBHUTENBHO Jierkuii 6030H Xurrca B
Hell, Hao60poT, OTCyTCTByeT. Eme ofHa 0COOCHHOCTD
MOZiesI B TOM, 9T0 W™ - 1 Z-6G030HBI SIBJISIOTCS B Heil
OTYACTU COCTABHBIMH YaCTHI[AMU, TOCKOJDbKY, KaK MbI
CKa3aJii, HEKOTOPble WX KOMIIOHEHTbl AHAJOTUYHbI T -
Me30HaM. ITO JIOJIKHO ObLIO Obl TIPOSIBJISITHCS BO B3aUMO-
neiicrBusix W¥ - u Z-6030HO0B.

Nmento moce/iee o6CTOSATENBCTBO TIPUBETIO K TOMY,
4TO MOJe/b TexHuIBera (110 KpailHeil Mepe B ee n3HaYalb-
HOM (hOPMYJIMPOBKE) Oblila OTBEPTHYTA 3210110 /10 He/laB-
HETO 9KCIEPUMEHTATBHOTO 06HAPYKEHUsT HOBOTO GO30HA:
TOUHBIE M3MepeHus cBoiictB W™ - 1 Z-6030H0B He cora-
CYIOTCSI ¢ TIpe/ickazanusiMu Mojiesin. OTKPBITHE JKe HOBOTO
6030Ha OKOHYATEJHHO MOCTABUJIO KPECT HA MOJENN TeX-
HuiBera. KpacuBas teopust Oblia pasrpoMJieHa YIIPsIMbI-
MU 3KcrepuMenTaabHbiMu (haktamu! Tem He MeHee, MHe,
KaK ¥ Py JPYruX TEOPETHKOB, HJES O COCTABHBIX
CKAJISIPHBIX TOJISAX TIPE/ICTABIsIeTCS GOJIee TPUBJICKATE b=
HOIi TI0 cpaBHEHMIO ¢ Teopuell Duraepa—bpayra—Xwurrca,
UCTIOJIb3YIOIEll dIeMeHTapible CKasIpHble moJisd. Koneu-
no, nocsie otkpbitisi B [IIEPHe HoBOro 6o3ona miess o
COCTaBJIEHHOCTH 0Ka3aJ1ach B 60Jiee TPY/THOM TI0JIOKEHU N,
YeM paHbllle: eCJIM 9Ta YacTUIlA COCTAaBHAs, OHA JIOJKHA
JIOCTATOYHO YCIIEITHO MUMUKPUPOBATD TTO/T 2JIEMEHTAPHBIN

6030H Xwurrca. V1 Bce ke MO/I03K/AeM, YTO CKAXKYT 110 3TOMY
MOBOJY SKCIIEPUMEHTHI Ha BosbIoM afpoHHOM Kosaiize-
pe, B IIepBYI0 o4yepe/ib — 60Jiee TOYHbIE U3MEPEHUS CBOIICTB
HOBOTO 6030HAa.

OTKpbITUE caenaHo. YTo panbue?

Bepnewmcst, B KadecTBe paboveii THIIOTE3bI, K MUHIMAJIb-
HO# Bepcun Teopun — K CTaHAAPTHOW MOJAENN C OIHUM
sneMenTapubiM 603oH0M Xwurrca. Ilockosbky B 3T0it Teo-
pun umenHo mose (rounee, nossi) Iuraepa—bpayra—
Xurrca 1aeT Macchl BCEM 3JIEMEHTAPHBIM YacTHIIAM, B3au-
MoOJIeficTBUE KaK/0OW M3 3TUX YacTuil ¢ 6030HOM XWITca
JKecTKO (pukcupoBano. YeM GoJibliie Macca YaCTHIIbI, TeM
CUJIbHEE B3aUMO/ICHICTBUE; YeM CUJIbHEE B3aMMO/IENCTBIE,
TeM 6oJiee BeposiTeH pacnajg 6030Ha XWITCa Ha Mapy
yacTHIl JaHHoro copTa. Pacrabl 6030oHa Xurrca Ha mapbl
peabHbIX YacTull ¢f , ZZ u WW ™~ 3anpelieHbl 3aKOHOM
COXPAHEHWS JHEPTUH, KOTOPBIN TpeOyeT, 4ToObI CyMMa
Macc TPOYKTOB pacia/ia ObLIa MEHbIIE MacChl PACaIaio-
meticst wactuisl (ongTh BenoMmHaeM E = mc? ), a y Hac,
HanoMHuM, my =125 I'sB, m; =173 IsB, m, =91 I'sB
u my, =80 I'sB. Cremyommum o Macce CTouT b-KBapK ¢
Maccoit my, =4 I'aB, n nMeHHO O3TOMY, KaK Mbl FOBOPH-
s, 6030H XHUITCa OXOTHEE BCEro Pacla/laeTcsl Ha napy
bb . Untepecen u paciazg 6o3ona Xurrca Ha mapy JT0BOJIb-
HO TsKeJIbIX T-jentono: H — 17t (m, =1,8 TaB); on
JIOJKEH MTPOMCXO/UTH C BEPOSITHOCTBIO 6% (2T0 03Havaer,
4O Tak pacrnagaiorcs 6 6ozonos Xurrca nz 100). Pacnasn
H°u "u (my, =106 MsB) 1o/mken IPOUCXOUTD C ellle
MEHbIIIEiT, HO BCe ellle Hercuesatoleil BeposTHocThio 0,02%.
[MTomumo o6cysxpaBmuxcss Boie pacrnagoB H ° vy,
H*° 4l w H — 2[2v, ormerum eme pactag H ° Zvy,
BEPOSITHOCTb KOTOPOTO J0JIKHA cocTtaBisath 0,15%. Bcee
9TU BEPOSITHOCTU MOKHO Oy/leT M3MepuTb Ha boJbinom
aJI[POHHOM KOJLTaliiepe, M J000€e OTKJIOHEHWE OT 3TUX
npe/cKazaHuil 6y/ieT 03Havarh, YTO HaIIa pabovas rUI0-
tesa — CranpaptHas Mojenb — HeBepHa. I Hao6oporT,
cormacue ¢ ipejckazanusiMu CtanapTHoit Mojiesin 6yer
Bce 60JbIIe 1 6OJTbIIe YOEsK/1aTh HAC B €€ CIIPABE/IJTHTBOCTH.

To »xe MOXKHO cKazaTb U 0 POKIAeHUn 6030Ha XUrrca B
CTOJIKHOBEHUSIX MPOTOHOB Ha DBOJIBIIIOM a[pOHHOM KOJI-
naiiepe. bozor Xurrca MoskeT poXIATbCS B OJMHOUKY,
WJIM BMECTE C Iapoil JIETKUX KBAPKOB BBICOKUX JHEPTHUIA,
nm BMecTe ¢ oguHuM W- uiaun Z-6030HOM, HaKOHEL], BMECTe
¢ mapoii tf . YacTHIpl, POKAAONIIECS BMECTe ¢ 6030HOM
Xwurrca, MOKHO JIETEKTUPOBATH U OTOXK/IECTBJISATD, 109TO-
My pasible MeXaHHU3MbI POKIEHUST MOXKHO M3ydyaTb Ha
BosbioM agpoHHOM KoOJTaiijiepe 1o OTAe bHOCTH. Tem
CaMbIM MOJKHO W3BJIEKATh MH(OPMAIUIO O B3aUMO/Ieli-
cTBuN 6030Ha Xurrca ¢ W= -, Z-6030HaMl 1 {-KBapKOM.

Haxowerr, BaskHbIM cBOIICTBOM 6030Ha XWUTTCA SIBJISIETCS
€ro B3auMo/ieiictue ¢ caMuM co6oii. OHO TOJKHO MPOSIB-
JsiThest B miportecce H' °© HH , rae H® — BupryanbHas
yactuia. B CrargapTHOIl MO/ies i CBOMCTBA ATOTO B3aNMO-
JIENCTBUS TOXKE OTHO3HAYHO MTPEJICKA3bIBAIOTCS. Bripouem,
€T0 U3y4YeHHe — JIeJI0 OTAAJTEHHOTO GyAyIIero.

Wrax, na bBosabmom agpoHHOM KoJutaiiiepe UMeeTcsS
obIIpHas TporpaMMa HUCCJe/I0BaHus B3aMMOJIENCTBUI
noBoro 6oszona. B pesysbrare ee BbINOJHEHHS CTAaHET
6oJiee WM MeHee SICHO, OMUChIBaeTcst Jim pupojga CraH-
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JaPTHOI MO/IEJIbIO UJIK MbL UMEEM JIeJI0 C KaKOi-TO APYTroii,
6oaiee coxuoi (a MokeT GbITh, U GoJIee TPOCTON ) TEOPH-
eil. lanpHeiilee Tpo/BM>KeHIE CBSI3aHO C CYIIeCTBEHHBIM
MOBBIIIIEHNEM TOYHOCTH M3MePeHuil; OHO ToTpeGyeT CTpo-
UTEIbCTBA HOBOTO €' € -KoJLlaiiiepa ¢ PeKopAHoi /st
9TOTO THIIA MAIIH dHeprueil. OueHb MOXKeT ObITb, UYTO HA
3TOM IIyTH HAC MO/KU/IAET Macca CIOPIIPU30B.

BmecTo 3aknoyeHuns: B NOMCKax «HOBOM CpVI3I/IKI/I»

C «rexHmueckoii» Touku 3peHusi, Crangapras MOJIETb
BHYTPEHHE HENPOTHUBOPEYNBA. JTO O3HAYAET, UYTO B €€
paMKax MOKHO — XOTsI Obl B IPUHIINIIE, a KaK TPABUJIO U
HA TIPAKTUKE — BBIYUCJIUTD JI06YT0 HDU3MIECKYIO BETUIUHY
(pasymeercst, OTHOCANLYIOCS K TeM SIBJEHUSAM, KOTOPbIE
npusBana onucbiBath CTaHapTHAsA MOJIEJb) W PE3YJIbTAT
He GyneT comepskarb Heompeaenernnocreii. Tem e meree,
MHOTHE, XOTS U He BCE, TEOPETUKHU CUUTAIOT TTOJIOKEHWE
nest B CtaH/1apTHOM MO/1e/I He BIIOJIHE Y/IOBJIETBOPUTEb-
HBIM, MSITKO TOBOps. M cBSI3aHO TO B TIEPBYIO OYEPED C
ee AHEPreTUIeCKUM MaCIITaGoOM.

Kaxk sicHo w3 npebIIyIero, sHepreTuYecKuii Macirad
CranjapTHoil Mozsesn umeer nopsgok M, = 100 I'sB
(MBI 3/16CH HE TOBOPUM O CUJIbHBIX B3aMMOJEHCTBHAX C
MacmTaboMm 1 I'sB, ¢ atuM MacmTa6oM Bee mporie). ITo
macura6 mace W - i Z-6030H08 1 6o3ona Xurrca. Muoro
a0 i Majno? C 3KCIMepUMEHTATbHON TOYKU 3PEHUS —
HEMAJo, a BOT C TEOPETUYECKOM. ..

B ¢usuke nmeercs eme onun Macmtab sHepruit. OH
CBsI3aH C TPaBUTAINEN U PaBeH MJIaHKOBCKON Macce Mp =
=10" TI»B. I[Ipy HUBKUX 2HEPTUSAX TpPaBUTAIMOHHbIE
B3aMMO/IEICTBIS MEX/y YacTHIIAME MPEHEeOPEKUMO CJIa-
Obl, HO OHU YCUJHMBAIOTCS C POCTOM 3HEPTUU, U TIPU
9HEprusax nopsaka Mp rpaBuTalis CTAHOBUTCS CUJIBHOI.
O6mactb sHepruil Boiie Mp — 3T0 061aCTh KBAHTOBOIM
rpaBuTaiiu, 4to Obl OHA U3 cebsl He TpejcTaBisaaa. s
Hac BayKHO, YTO TPABUTAIUS — camoe, ToxKaiyi, gpyHma-
MEHTAJbHOE B3aWMO/IeNICTBUE, W IPABUTAIIMOHHBIN MacIII-
tab Mp — camblil PyH/IAMEHTATBHBIN MaCIITa0 dHEPTuii.
[Towemy :xe Torma macmra6 CTaHAAPTHON MOJEJN Tak
JlajieK OT TPaBUTAIMOHHOTO Maciitaba?

Y o6o3HaueHHON TPOOJEMbI €CTh ele OuH, O6ojee
tToHkuil acriekT. OH CBSI3aH CO CBOWCTBAMU (PU3NUYECKOTO
BakyyMa. B KBaHTOBO#l TeOpuHM BaKyyM — OCHOBHOE CO-
CTOSTHUE TIPUPO/IbI — YCTPOEH COBCEM HETPUBHUAIBHO. B
HEM BCe BPEMs POKJAIOTCS M YHUUTOXKAIOTCS BUPTYAJh-
HbIEe YaCTHIIbl, MHBIMU CJIOBaMM, 06Pa3yioTCs M UCUE3AT0T
duykryarmu nosieii. HemocpegcTBeHHO HAGJIIOAATD 9TH
MPOIIECCHl MBI HE MOKEM, HO OHM OKa3bIBAIOT BJIUSTHUE
Ha HaGJIO/IaeMble CBOIICTBA 3JIEMEHTAPHBIX YACTHUI[, aTO-
MOB u T.1. Hampumep, B3anmojeiicTBue 3JieKTpOHA B
aToMe C BUPTYAJbHBIMU 3JEKTPOHAMEU W (DOTOHAMU TIPH-
BOJIIUT K HAGJIOAEMOMY B ATOMHBIX CIIEKTPaX SBJICHUIO
— JaM60BCcKOMY czaBury. [pyroii nmpumep — IompaBKa K
MariHUTHOMY MOMEHTY 3JIEKTPOHA MM MiooHa (aHOMaJib-
HBII MarHUTHBIA MOMEHT) TOK€ OOGYCJIOBJEHA B3aUMO-
JIEHICTBUEM C BHUPTYaJbHBIMU YACTHIIAMU. IJTH U 101006~
nble 5QQeKThl BbIYUCAeHbl M u3Mepenbl (B yKasaHHbIX
caydagx ¢ (aHTaCTUYECKOH TOYHOCTBIO!), TaK 4TO MBI
MOJKeM OBITb YBEPEHDBI, YTO UMEEM MPABUJIbHYIO KapTHHY
u3mIecKoro Bakyyma.

2012/Neb5-6

B a1oil KapTuHEe 6ce mapameTpbl, M3HAYAJIbHO 3aKJja-
JIbIBaeMble B TEOPHUIO, TOJIYUYaloT TIONPAaBKH, CBSI3aHHbIE C
B3aUMO/ICICTBUEM € BUPTyaJbHbIMU yacTuilamMu. VX Ha-
3bIBAIOT PA/IMAIMOHHBIMU TIOTpaBKaMu. B KBaHTOBOM
9JIEKTPOJAMHAMUKE 3TU IIOIPABKU MaJbl, a BOT B TEOPUU
duryiepa—bpayra—Xwurrca onm orpomubl. TakoBa oco-
6EHHOCTb 9JIEMEHTAPHBIX CKAJSIPHBIX TOJIEH; Y APYTux
roJieii aToro cpoiicTBa HeT. [maBHbBIN 2 deEKT 31€ch Co-
CTOUT B TOM, YTO PaJMAIMOHHBIE TOMPABKU CTPEMSITCS
<TIOATSHYTh» dHepreTudecknit Macmrad CraHAapTHOM
MOJIeTH K TpaBUTAIMOHHOMY Maciitaly. Ecim ocraBaTh-
ca B pamikax CTaHZapTHON MOJAENHN, TO eIWHCTBEHHDBIN
BBIXO/I — 1OA006PaTh H3HAYAJIbHBIE ITAPAMETPHI TEOPUU
TakK, 4T0Obl BMECTE C PAIUAIMOHHBIMU IMOIPABKAMHU OHU
MPUBOJUIN K TIPaBUJIbHOMY 3HaueHuio M, , . Ilpu atom

C.M.
BbIACHAETCA, YTO TOYHOCTDb IIOJATOHKHM [JOJ/IKHA COCTaB-

JIATh BeJMYNHY, OJM3KYI0 K OTHOIIEHHIO MfM / Mﬁ =

=101 B sroM u cocTour BTOpOil ACIeKT mpPOGIeMb
aHepreTHyeckoro Macitaba CtaHIapTHOI MoOJesu: TIpe/-
CTaBJIIETCS HEIPaBIOIOA00HBIM, YTO TaKas MOATOHKA
UMeeT MeCTO B TIPHPO/IE.

Muorne (XO0TsI, MOBTOPUM, HE BCE) TEOPETHKH CUUTA-
10T, 4TO 9Ta MpobJeMa OJHO3HAYHO CBUJIETETHCTBYET O
HeoOXOIMMOCTH BbIXo/a 3a pamku CraHgapTHO Mojie-
gu. [leiictButesbHo, ecau CranmgapTHas MOEb Tepe-
cTaeT paboTaTh UM CYNIECTBEHHO PACHIMPSETCS Ha dHEP-
reTyeckoM Maciutabe HOBOU usuku M, 4 , TO apry-
MEHT O PaJUAIMOHHBIX TOMPaBKaX MOAUMUIMPYETCS.
TpebGyemast TOUHOCTD TIOJTOHKN TTAPAMETPOB B 3TOM CJIy-

4yae cocTaBisger, rpy6o roBops, MfM / Mfl_q)_, a Ha ca-

MOM JleJie Ha Tapy MopsiikoB ciaabee. Eciu cuurtarb, 4TO
TOHKOHN TIOJICTPONKM IapaMeTpoB B TMPUPOJIe HET, TO
OTCIO/Ia CJIEJIy€eT, UTO MacHITab «HOBOH (PUBMKN» JTOJKEH
gexatb B obsactu 1-2 TaB, T.e. Kak pa3 B ob6iacTy,
JIOCTYITHOM JIIST MCCJIeIOBaHUST Ha DBoJIbIoM aJ[pOHHOM
KoJLTaitaepe!

Kaxoit morsia 661 ObITh «HOBast puankas? ExamHcTBa y
TEOPETUKOB 10 3TOMY TMOBOAY HeT. OJUH Bapwant —
cocTaBHAs IPUPO/IA CKAISIPHBIX TI0JIEN, 06ECTIeUnBAIOIINX
CTIOHTaHHOEe HapylleHue cumMeTpun. O HeM MBI yiKe
rosopusin. [Ipyras, toxe nomnyJssapHas (1oka?) BO3MOXK-
HOCTb — cynepcuMMerpusi. Ha Heil Mbl ocTaHaBIMBATHCS
He Gy/ieM; CKaKeM TOJIbKO, YTO CYTIePCUMMETPUSI TIPe/ICKa-
3bIBAET IIEJIbIl 3001apK HOBBIX YaCTUI[ C MaccaMu B
ob6aactu cotel I'3B — neckoabkux TaB. O6cyxaaores n
BeCbMa 9K30THYECKIE BaPUAHTBI BPOJIE JOTOTHUTETHbHBIX
W3MepeHNI TTPOCTPAHCTBA.

Hecmotpst Ha Bce ycumms, 10 CUX TTOP HUKAKUX 9KCIIe-
PUMEHTATbHBIX YKA3aHUI HA «HOBYIO (PUBUKY > TTOJTYIEHO
He ObLT0. JTO, BOOOIE-TO, y:Ke HAUMHAET BHYIIATb TPEBO-
Ty: a IPaBUJIbHO JI Mbl Bce TIOHnMaeM? BriosiHe BO3MOXK-
HO, BIIPOYEM, YTO MbI elle He JA06paJuch 0 <«HOBOMH
(usuku» 1O sHEPrUU U MO KOJIUIECTBY HAOPAHHBIX [aH-
HBIX U Y4TO UMEHHO C Heil Oy/yT CBs3aHbl HOBbIE, PEBOJIIO-
IIMOHHDBIE OTKPbITHSI. OCHOBHBIE HAJIEXK/IBI 3/1€Ch BO3JIara-
IOTCST ONATH-TaKM Ha DBOoJbIION afipoHHBIN KoJLIali/ep,
KOTOPBII 4epes MoaTopa ro/la HadvHeT paboTaTh HA TIOJTHYIO
snepruio 13—14 TaB u 6b1cTpo HAabUpaTh ganHbie. Tak uTo
cJeinTe 3a HOBOCTSIMN!
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O KOopoBax, NMMHeMHoOW anrebpe
I MHOFOMEPHbIX MPOCTPaHCTBAX

C.4OPUYEHKO

3aBsi3Ka

Byayuu crygenrom nepsoro kypca mexmara MIY g
yCJIbIIIAT OT OIHOKYPCHUKOB HHTEPecHyIo 3aady. Bor ee
yCJIOBHE.

B cmade 101 wxoposa. Ecau yeecmu mobyio o0ony
KOpPOB8Y, MO OCMABUWUXCS MOXKHO pd3desumv HaA 0se
yacmu no 50 Kopose 6 KaxK0ou max, 4mo CyMMapHvlil 6ec
KOpo8 nepeoil wacmu 6ydem pasen CyMMAaApHoMmy 6ecy
KOpos dpyeoil uacmu. [Jokaxume, umo 6ce KOpoevl 8eCsim
00UHAaAK060.

3azmava Mie OueHb MOHPABUIACD, 1 S JTOBOJBHO ObICTPO
OPUIYMAJ paccy’k/eHne, KOTOpoe, KaK MHE MMOKA3aI0Ch,
pemaso aty 3ajauy. Bor aTo paccy:xieHue.

Bo-11epBbIX, Bce Beca KOPOB MOXKHO TIO/IEJUTD Ha JII060€
(HeHyseBoe) uymMCI0 — 3ajada JUISl HOBOTO craja Oyjer
9KBUBAJIEHTHA NCXOHOI.

Bo-BTOPBIX, MOJKHO OT Beca KasKJOH KOPOBBI OTHSTH
OJTHO T TO K€ UNCJI0 — JISI HOBOTO CTa/1a OYAYT BBITTOJTHEHBI
YCJIOBUST NCXO/THON 3a/1aun. Beab ecom panbIiie MbI MOTJIH

pasemTh JTo6ble CTO KOPOB Ha /iBe yacTh 1o 50 KopoB B
KaK/JI01l C OJMHAKOBBIM CYMMapHBIM BECOM, TO U Tellepb
TOJISITCST 9T K€ YACTH: U3 CYMMapHOTO Beca KaKIO0H yacTn
BBIUTETCS OJTHO W TO Ke, a uMeHHo 50a, TAe a — To camoe
YHUCJI0, HA KOTOPOE MBI YMEHBIIUIN BeC KasK/[0il KOPOBDI.
Tak uTo permnTh 33/1a4y 151 HOBOTO CTa/[a — BCE PaBHO, YTO
PEIIUTD IS CTaporo.

[ToaroMy MOXKHO cuuTaTh, 4TO Y HAC €CTb KOPOBA C
HyJ1eBbIM BecoM (yMEHbIINM BCe Beca Ha BeC caMoii JIErKoi
kopoBbl). Torma cymmapubiii Bec octasumxcst 100 Kopos,
OYEBH/IHO, Y€TEH — Be/lb UX MOXKHO Pa3/IeIUTh Ha JIBE YaCTH
C PaBHBIM BECOM.

Bynem temepn mesnth Beca BceX KOPOB Ha 2 — J0 TeX
MOp, TIOKA BCE OHU OCTAIOTCS IEJIBIMH. SICHO, YTO KaK bl
pa3 OyIyT MOJIy4aThCst KOPOBBI, YIOBJIETBOPSIONINE YCJIO-
BUIO 33/1a4H, IPHYEM CyMMapHbIN X BeC GY/IET OCTaBATHCST
yeTHBIM (MTOCKOJIbKY €CTh «HyJIeBasg» KOPOBa).

Mpbl He cMOKeM JIeTUTh Ha 2 10 6ECKOHEUHOCTH — KPOMe
cy4asi, KOrjla Bce Beca HyJW. A B 3TOM cJaydae 3ajada
peliiena — KOPOBbI BeCsAT ofiuHaKoBO. Eciu ke ecTb XOTh
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O/INH HEHYJICBOW BeC, TO B KAKOH-TO MOMEHT TOSBUTCS
HEYeTHBIH Bec. YBe/eM U3 CTajia KOPOBY C 3TUM BECOM —
TOT/J]a BeC OCTaBIIMXCs OyeT yeTeH. 3HAYUT, OGNl BeC
BCEX KOPOB HeueTeH — IPOTUBOpedne!

Bonpoc. Bephoe st 310 perenne?

Korpa s pasoctHo pacckasaJs pelieHie 0[HOKY PCHUKAM,
OHU OTOPYMJIN MEHs — OKAa3bIBAETCSI, s HE BIIOJIHE TIOHSLT
YCJIOBYIE U PEIITILT 33/1a4y JINIIb B YACTHOM caydae. B MoeM
pelreHn! MOTYAINBO TPETIOIAraioch, 4YTO Beca KOPOB —
nesple ynciaa. W o Takux BecoB oHO BepHoe. Ho B
MCXOHON 3a/1aue Beca MOTJIN OBITh TIPOM3BOJBHBIMU JIEHi-
CTBUTEJHHBIMU UYHUCJIAMU.

MepBble 0606L1eHUS

Kak :xe 6biTb? KoHeWHO, JIErKO pemmmTh 3ajady s
JIIOOBIX PAIMOHAIBHBIX BECOB — IMMPOCTO JOMHOMKUTH HA UX
o0l 3HAMEHaTeJ b U CBECTH K IIEJIbIM BecaM. A ecJyiu
Cpe/l BECOB €CTh MPPAIMOHAIbHbBIE?

Cxo/ty HEMOHSTHO OBLIO, UTO JIeJIaTh ¢ OOIIMM CJIydaeM,
KaK IepeiTn OT palmoOHaJbHBIX ynces K jo6biM. U Bce-
Taky MHE OYeHb II0BE3JI0, U4TO g CHadaja omuocs. Beap
pPa3oOpaHHbIil cJydail — 3TO YK€ CYIIECTBEHHAs 4YacTb
pelienusi, MOKHO cKa3aTh — roJijesa. Tenepb Ha/0 ObLIO
mpo6OBaTh JIBUTATHCS JAJbIIIE.

Hamnpunmep, ecai 6bI Bce Beca UMENTH BHA 7~/2 , T1e 7 —
palMoHaJbHOe, Mbl Obl TOYKE CIPABUJINCH MTHOBEHHO
(coxparus Ha 2 ).

[Toripo6yeM HEMHOTO pPaCHIMPUTH MHOXKECTBO BO3MOXK-
HBIX BecoB. /lomycTuM, uTO Bec 060N KOPOBBI — YUCJIO
BUA d + b«/i ¢ parnoHaJpHbIMu @ 1 b. Bec i-it o cuery
KOPOBDBI 3aIUIIEM KaK d; + bi«/i . YcoBre 3a/1a4l COCTOUT
B TOM, YTO BBITIOJHEHbI HEKOTOPbIE PABEHCTBA: CKAXKEM,
yBoist 101-10 KOPOBY, MbI MOJKEM KaK-TO Pa3OUTh OCTAJb-
HBIX Ha 4acTu 110 5O KOPOB € OJIMHAKOBBIM CYMMapHBIM
BecOM. MOJKHO CUNTATh, YTO 3TO PABEHCTBO BBITJISI/IUT TaK:

(a1 +b1«/§) +... +(a50 +b50\/§) -

= (@51 +b5y2) + ...+ (@0 +bioov2) -

HepenI/IH_[eM €ro B /IpyromMm BHU/IE, IIEPEHECA BCE HUCJIa C
MHOKUTEIEM /2 BIIpaBO, a 6e3 Hero BJIEBO, 1 CTPYIIINUPO-
BaB:

(d1 +...+aso)_(a51 +...+a100) =

= ((bsg + ...+ biog) = (by +...+ bsg ) )N2 .

3aMeTbTe: ceBa CTOUT 3aBEOMO PAIlMOHATBHOE YHCJIO0. A
cpaBa — Ju60 HOJb, OO HWPPAIMOHAJBHOE YHCJIO.
[TocrerHEE HEBO3MOIKHO, 1, 3HAYUT, CJIEBA U CITPABA CTOSIT
HYJIU, T.€. BBIIIOJHEHDbI PABEHCTBA

Ll1 +...+CZSO = a51 +...+a100,
b1 ++b50 =b51 ++b100

CmMoTpuTe, Kak 3/[0pOBO MOJIYUYAETCS: PABEHCTBO U3 YCJIO-
BUS 3a[a9YH BBITIOJHIETCS OT/IECJbHO ST «PAIlMOHATHHDBIX
yacTell» BECOB HAIIUX KOPOB U OTAEJIbHO — IS «Uppallil-
OHAJbHBIX». TeM caMbIM, MOXKHO CUUTATb, YTO Y HAC €CTh
Kak Obl /IBa HOBBIX CTaJla: B OJJHOM KOPOBbI UMEIOT Beca
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ay,..., 4101, @ B ApYroM — by,..., byy. Ilpuuem yciaosue
3a/1au¥l BBIITOJHEHO JIJIS1 KaXK/I0TO HOBOTO CTa/la B OT/IEJIb-
Hoctu. Ho Besib B HOBBIX CTaj1aX Beca KOPOB paIMoHab-
HbBI. A 3a/1auy /U1l PAIlMOHAJIBHBIX BECOB MBI Y3K€ PEIINIH,
W, 3HAYNT, B KAJK/JIOM HOBOM CTa/le Beca KOPOB O/[MHAKOBDI:
a=...=a 1 b =...=by. Ho torna u Beca xopos B
MCXO/THOM CTa/Ie PABHBI JIPYT JAPYTY.

Wrax, Mbl permmJin 3a/1ady B CJIydae, KOT/Ia Beca NMEIOT
BUL a + b2 .

Yro ke masmpiie? MoKHO, Hampumep, TONPoOOBATH
PEIINTD 33/1a4y /ISl CIydasi, KOT/la Beca KOPOB UMEIOT BU/L
a+b2 + /3 . Bapyr Tam Toxe OKaxeTcs, UTO PaBeH-
CTBA BBINOJIHAIOTCS <IIOKOMIIOHEHTHO»: OT/ICJIbHO — JIJISI
yacTeil 6e3 MPPAIMOHAJIbHBIX MHOXHTEJEH, OT/eIbHO —
JUTSL HacTeil ¢ MHOXKUTEIEM +/2 W OTAEJIbHO — /LIS 4acTei
¢ MHOXHTETEM /3 ?

ana;m-lel-me. Pemure 3a/lady B 9TOM CJIydae.

Ho no nosmmoro CJIydasd IIpOon3BOJIbHbIX JIEHCTBUTEIbHBIX
quceJsr BCe paBHO 6y[[€'l' CIIIe OY€Hb JaJIEKO.

Pewalowee coobpakeHne

JlaBaiiTe BepHEMCS HEMHOTO Ha3aj W MPOAHATU3UPYEM
Hallle peleHne /IS BeCOB BHAa d + b2 . Slcwo, uto
BMECTO /2 MbI MO Gbl B34Thb BOOGIIE J1060e nupparm-
oHaJbHOE yucso Y . MaKTuuecKu rjiaBHoe CBOICTBO, KOTO-
PBIM MbI BOCIIOJTb30BAJIUCH, OBLIO TAKUM:

ecau uucio a+by, 20e a u b pauuonarvuol, pasmo
Hyt0, mo a = b = 0.

Ecnu mMb1 6ynem Gpath umcaa Buaad + by +c¢d, 1o 1o-
JIOUIYT y2Ke He JoOble /1Ba UPPAIMOHANBHBIX Yncaa Y U
6. Ho ecim Bapyr Gymer BBIOJHEHO CBOWCTBO, YTO
a+by+c¢d =0 ronpko B ciydae @ = b =c = (), MbI CHOBa
pelmM 3a/a4y HAIUM METOOM.

Tyt camoe BpeMsi OTBJIEYbCS HEMHOTO HA TEPMHHOJIO-
r'uio. 3aIuch BUjia /0y + %0, + ... + 7,0, C PAIlMOHATbHbI-
MU #,...,%, HA3BIBAETCS JUHCUHOU KOMOUHAUUET UuUCes
Oy, ..., O, C PAUUOHATLHOIMU KOIGDPULUeHmamu.

Harmpumep, samuch a + b2 , TIe a, b parmoHa bHbI,

6yzeT JuHeitHoit KoMmGuHatmeil yncesn 1 u \/5 ¢ panuo-
HATbHBIMI Koadunmentamu @ u b. Kcrati, MHOKeCTBO
BCEX PAIMOHAJIBHBIX YUCET 0003HAUAETCS CUMBOJIOM Q .
Terepp MOkHO €hOPMYIUPOBATD KJIOUEBOE OIIPE/IEie-
HHE.

Yucna oy,..., 0, Ha3bIBAIOTCA JUHEUHO HE3AGUCUMbBIMU
Had Q , ecy UX JIMHEHAS KOMOMHAIUS C PAIlMOHAJIbHbI-
MU ko3 puImeHTaMu paBHAETCS HYJIO TOJBKO B OJHOM
caydae — Korja Bee ot koaddurments Hysiesbie. (CroBa
«HaJ Q » 03HAYAIOT, YTO PEYDb U/IET UMEHHO O KOMOMHAIM-
AX € PalMOHAJIbHBIME KOd(DpUIleHTaMu. )

Hamm npeapiaymie paccyskaeHns pakTHIecKn JOKa3bl-
BAIOT TaKyI0 TEOPEMY:

ITycmv wucaa oy ,..., o, JUHEUHO He3dsucuMobl HaA0 Q ,
U nYcmv 6ec KaK00U KOPOGHL AGAAEMCSL IUHEUHOU KOMOU-
Hayuel IMux Yuces ¢ payuonaIbHviMu Ko3gppuyuenma-
mu. Toeda ece pasencmesa, ouxmyemvle ycaiosuem 3adavu
01151 6ecos Kopog, OYOym GuiNOIHAMYCI OMOCALHO 0I5
K03hpunuenmos npu 0 Yy 3Mux 6ecos, 0moebHo — 01
K03hPpuyuenmos npu o, u max daee.



Tem cambiM, Bce K0a(DPUITMEHTDI TPH Oy ¥ BECOB KOPOB
GyyT OAMHAKOBDL, IIPU O, — TOXKeE, U TaK Jajee. A 3HAYUT,
Gy/lyT paBHBI cCaMi Beca KOPOB.

UYro6bl penmuTh OOIIYIO 3a/1auy, OCTAI0Ch HAWTH TaKue
JIMHEHHO He3aBucuMble HaJ Q 4ymcsa, 4TO BEC KasK/OM
KOPOBBI Yepe3 HUX BbIPAKAETCS KaK JMHEHAas KOMOMHA-
1 C PAIlMOHAJIbHBIME KO3(PDUIEHTAMN.

MocnegHun pbiBOK

Ha mepBbril B3TJISA, COBEPIIEHHO HE SICHO, KaK TaKue
grcaa uckath. Ho modemy OB He paccMOTpPeTh caMu Beca
kopos? Koneuno! BosbmeM Bec @ nepBoit Koposbl. Eciiu
BCe OCTaJIbHbIE Beca Yepe3 Hero BhipaxkaoTcst (JIoMHOsKe-
HUEM Ha PallMOHAJbHbIE YHC/Ia), TO 3ajiaua pemeHa. Ecim
HET — BO3bMEM TOT BeC, KOTOPbBIN HE BBIPAXKAETCS, MyCTh
3TO OyZIEeT a,. 3aMeTbTe, UTO UNCIA ¢ U d, aBTOMAaTH4ec-
KW TOJIYYUJTUCh JUHEHHO HedaBucuMbl! Ecam octanbabie
BeCa BBIPAJKAIOTCS Yepe3 HUX HYXKHBIM 06pa3oM — CHOBA
3ajava pemiena. Eciu HeT — onsdTh HaiijieM Bec, KOTOPDIil
He BBIPA’KACTCS Yepes MpebIAyIe, CKakeM dy . OnAaTh
MOJIyYrM JIMHEHHO HezaBucuMble uncia. (B camom gerne,
NYCThb 7a; +1ha, +13a;3 =0, re 17, #,, 73 PAIMOHAJIbHBI.

n p)
Ecmt r3 20, 10 ag = _r_d1 —r—az , T.€. d3 BbIpasKkaercs
yepes @ U @, 9TO HpOTSI/IBope‘?I/IT BbIOOPY a3 . Ecam ke
r3 =0, TO @ U @, JIuHeHO 3aBUCUMbI — CHOBA IIPOTUBO-
peune.)

Bynem mpomosmkath aTy mporeaypy. ScHo, WTto Ha
KaKOM-TO IIIare Mbl BIIEPBbIE TOTyYNM HaGOp BECOB, Yepe3
KOTOPbIE BBIPAKAIOTCS OcTasbhbie (910 mpounsoiizer yx
TOYHO He M03Ke coToro mara). 1 atu Beca GyyT JuHEHO
HE3aBHCUMBIMH. A 3TO 3HAYUT, YTO HAIlla 3a/1a4a M0JHOC-
ThiO perenal

3apava. [lycmo p, py,..., p, — pA3IudHbIe NPOCMDLE

yucaa. /lokaxume, umo uucad 1, \/;1, \/;2, . \/;n
AuHelno nezasucumvl nad Q.

Ykazanue. Kak wHor/a ObIBaer, Jierde penruTb Gojee
OO0IIyI0 3a/lauy: JOKQJKHTE, YTO €CJAM K BBIOPAHHOMY
Haéopy 1, \/;1 , \/;2 s \/;n JI00ABUTD ellle KBa[paTHbIE
KOPHU 13 BCEBO3MOKHbBIX IIPOU3BEJIEHWIT 110 /[Ba, TPH, ...,
7 Pa3JMYHbIX YUCET U3 Py, Py, ..., P,, TO HOJyUeHHDbIC
uncaa OyayT JmHeliHo HesaBucumbl Hajg Q. (Takum
o6pasoM, /LI n = 3, HATIPUMED, JUHEHHO He3aBUCUMBIMU

OynyT umcra 1, \/;17 \/Ezv \/;3: \/P1P2 ) \/P1P3 ) \/P2P3 )
N piPaps -) Ho n takast 3aiaya odenp HempocTa. Perenne

MOKHO TpouynTath B cTaThe JI. KamueBa «Vpparmonasinb-
HOCTb CYyMMBI pafinkanoB» B «KBaute» Ne2 3a 1972 rog.

Opyron nopxopn,

3ajjaua 0 KOPOBaX MHE HACTOJIbKO MOHPABUJIACH, YTO S
pacckasbiBaJl ee BCeM CBOMM 3HAKOMBIM, WHTEPECYIONIM-
cst MmaTeMaTukoit. U ognaxanl Asnexcanap Edumos, Torga
ernie OJAMHHAIATUKIACCHUK, a Telepb y)Ke H3BECTHbIH
MaTeMaThK, B OTBET PAacCKa3aj MHE CBOE pelleHue 3TOoi
3amaun. OH TOKe BbIBEJ OOIIHIl caydail 3a/1aun 0 KOPOBax
n3 caydas, KOT/la NX Beca palMmoHaIbHbI, HO COBEPIIEHHO
JIpyrum croco6oM. OKa3bIBaeTcst, BCE PeliaeT O/lHa 3aMe-
YyaTeJbHas TeopeMa, K (OpPMyJUpPOBKE KOTOPOH MBI U
TTePEeXOINM.

IIycTb ganbl IPOU3BOJIbLbIE JeiiCTBUTEIbHbIe YUCAA Cf ,
¢y, ..., C,. Bcerna s MOXXHO JOMHOKUTb UX Ha OAHO U
TO JKe HATYPaJbHOE YMCJIO TAK, YTOOBI MOJYYNIUCH <[TOYTH
1eJibies yucsa? bosee To4HO — 4TOOBI KaxK/10€ TOTyYeHHOe

YUCJIO OTJIMYAJIOCHh OT OJMKaillero K HEMY II€J0ro He
1

1000’
IpUYeM MOXKHO [OOHUTBCS, YTOOBI TONTYUUJINCH <IIOUTH
IeJble» Yucia ¢ Jio6oi Harepe 3a/laHHO TOYHOCTHIO.
Chopmysnpyem teopeMy 6oJiee 4€TKO:

Teopema. ITycmv danvl npouseosvhoie delicmeumesnv-
Hble YUCAd Cy, Cy, ..., C,. T020a, Kaxoe ObL NOAOKUMENb-
HOe YUCA0 € Mbl HU 835U, NAUOEMCs Maxoe Hamypaiv-
noe uucao M, umo kaxdoe u3 uucenr ¢M, ..., c¢,M
6ydem omauwamvcs om OJUXATULE20 K HEMY UEN020
qucaa He 6oavuLe Yem Hd €.

[Ipesxe uemM pasob6paTbCsi ¢ 3TOM TEOpEMONl, JaBaiite
moiiMeM: a TpW 4YeM JKe TyT 3ajlaya o KopoBax? Kak
BBIBECTU €€ U3 TeOPEeMbl?

A Botr kak. Ilyctp ay,...,aqy — Beca HalUX KOPOB.
JloMHOXKMM UX Ha TaKoe HaTypaJbHoe M, 4TOOBI KasK/IbIil

HOBbII Bec ;M oOT/aMYaJICa OT HEKOIO LeJIOro 4ucaa c¢;
1

He 6OoJIbIlle YeM Ha 100 [pyrumu ciaoBamu, 4TOOBI JJIS

kaxoro Homepa ¢ ot 1 g0 101 BbITOIHAIOCH PABEHCTBO

a;M =c; +¢€;, rne ¢{,...,¢p — HEKOTOPbIE IEJIbIC YUC-

Ja, a Kakjasd M3 <«JA00aBOK»> €,...,€; [0 MOJYJIO
1

MEHbIIIe m .

[laBafiTe paccMOTpUM HOBOE CTal0, B KOTOPOM Beca
KOPOB PaBHBI C; , Cy , ..., Cjpy COOTBETCTBEHHO. /7151 cTaporo
CTa/la BBIMOJHAJIOCh, HAIPUMEP, TAKOE YCJIOBUE: €CJu
yBectu 101-10 KOpPOBY, OCTaBUINXCST yAacTcs pa3buTh Ha
gactu 1m0 50 KOpPOB € OJUHAKOBBIM CYMMapHBIM BECOM.
MoOKHO cYMTaTh, YTO ATO YCJOBHE 3AMICHIBAETCS TaK:

60JIbllIe YeM Ha nanpumep? OkasbiBaeTcs, Ja,

a1 +02 +...+d50 = 051 +CZ52 +...+a100.

[omuOXUM 370 paBeHcTtBO Ha M. Tak kak kaxjoe u3
yyces ;M paBHOC; + €; , IOJly4eHHOE PaBEHCTBO IIepely-
CbIBaeTCda B BU/C

(ci +&)+...+(c50 +&50) = (c51 +€51) + ... + (00 +E100) -

CobepeM OTIEJbHO TIeJble YUCIa W OTAENbHO — <«100aB-
KI»:

(c1+.o4cs50) = (C51 .o+ C100) =

1eJioe 4ucJjo

= (851 +...+8100)— (81 +...+850) .

MOJLyJ1b MeHbie 1/2

1eJjioe 4Yyncio

MOJLyJ1b MeHbite 1/2

B seBoil wactm TocsieiHETo paBeHCTBA CTOWUT Pa3HOCTD

JIBYX TIeJIbIX YHCEJI, T.€. IIeJIoe YUCJJI0. A B IIPaBOil 4acTh

1

CTOUT PA3HOCTD /IBYX YHCEJ, MEHDbIINX 10 MO/IYJIO YEM E

(Benb 062 oHY cKIIAIbIBAIOTCA U3 50 «106aBOK >, 1 KaXK/[as

«106aBKay 110 MOJIYJIIO MEHbIIIe m). Ho pasnoctb AByX

1
quceJsr, 1o MOJAYJII0 MEHbIINX 5, MOYKET OBITh IeJIbIM




14 KBAHT

YUCJOM TOJIbKO €CJan 3dTa Pa3HOCTb HYJIEBad. 3Ha‘{I/IT,
BbBIITIOJTHEHO PaBEHCTBO

(C1 +...+650)—(C51 +...+C100) = Oy

T.€. B€Ca HOBBIX KOPOB yAOBJECTBOPAIOT TAKOMY K€ COOT-
HOMIEHWIO, YTO W BeCa CTapbIX:

C1 +"'+650 2651 +...+C100.

Takoe >xe paccysk/eHue MOKHO [TOBTOPUTD JIJISL OCTab-
HBIX PAaBEHCTB, BBIMOJIHSAIONUXCS /ST CTAporo crajia. Mbl
HoJyyaeM, 4TO /sl HOBOIO CTajla TAaKKE BBIIIOJHEHO
ycJIoBHe 33jJlaun. A MOCKOJbKY B HOBOM CTajie Beca BCeX
KOPOB IleJIble, TO BCE HOBbIE KOPOBbBI BECAT OAMHAKOBO:
€l =Cy=...=Cp =C.

Taxnm o6pasom, Kaxkjoe n3 yncea @;M paBHO ¢ +¢€;,
OTKya J1o6ble aBa uncaa ¢;M w a;M oramyaiorcs apyr

2
OT JIpyra MeHbIIIe YeM Ha 100" Torna a; n a; Tem 6onee

2
OTJINYAIOTCA APYT OT [IpyTa MEHbBIIE YEM Ha m .

Ho Besb MOXHO OBLJIO JOMHOXKHTDH CTapble Beca d,...
..., (41 Ha TAaKOE HATyPAJIbHOE YHCJI0, YTOOBI MOy YNBIIHI-

1
ecs uncaa OBLIM TEJBIMH C TOYHOCTBIO ———— , WJH C
1 1000

m, 1 Tak gaJsee. Tormga aHaJIOrMYIHBIMU

PaACCYKJICHUSAME MBI MOJYYrHJn Obl, 4TO JIIOObIE /[Ba Beca
2

1000’

n Tak gajsee. Taknum

TOYHOCTbHIO

a;, n dj OTJIMYAIOTCA IPYT OT APpyTa MEHDbIIIE Y€EM Ha
2
10000 ’
06pa30M, OHM OTJIMYAIOTCA APYT OT /Ipyra MEHbIIIEC Y€M Ha
J11060€e TIOJIOKUTEIbHOE YUCJIO — a 3TO 3Ha4YUT, 4YTO OHU
BOBCE HE OT/IMYAIOTCA: d; = d]- . CJIGI[OBaTeJII)HO, CTapble
B€Ca KOPOB BCE€ O/IMHAKOBbI — M CHOBa 3a/iada pemeHaI
Ocranoch /I0Ka3aTb TEOpEMY.

a TaKJXe MeHbIIe 4YeM Ha

Teopema Ana O4HOro 4yudnia

Teopema BoITISAUT Jaxke 6oJiee HENPUCTYITHOH, 4yeM
3ajlada PO KOPOB, TT0ATOMY paszbepeMcs cHayaJa C Mpo-
CTBIMU ee cJaydyasiMu. Hampumep, myctb MMeeTcs BCETO
0/HO uncyo a u 3axaHo € > (. IToueMy MOXXHO BBIGpATDH
Takoe HarypadbHoe M, 4to aM OGyner OTIMYaTbhCs OT
6/IMKAIIIIero K HeMy IeJIoro yucJa me 6oJblie 4eM Ha € ?

Tak Kak Hac MHTEPECYeT pacCTOsHuE 10 OJUMKANUIIEero
I[eJIOTO, TO d MOXKHO CPa3y 3aMeHUTb Ha €ro ApoOHYIO
4acTb, T.€. CUUTATh, YTO @ Menble 1. PaccMoTpum ynciia
a, 2a, 3a, ... OHN TOHAYAJy PACIIOJIATAIOTCS HA OTPE3Ke
D NN [0;1]. MbI Kak 6bI BBIXOIUM

13 JIEBOTO KOHIIA 3TOTO OT-

0 pe3Ka 1 ujeM 1o HarpasJie-
Puc. 1 HUIO K IIPaBOMY KOHILY IIa-
ramMu JUIMHBL @. Touku or-

peska [0;1], B KOTOpBIE MBI IPM 3TOM TOTazaeM, OyaeM
otMevath kpacHbiM 1BetoM (puc.1). Ha xaxom-to mare
MbI TToT1a/ieM B 1 nim nepeckoyn™ yepes 1 — Toraa, nmpesk/ie
_____ TS T 4eM KpacuTb, CABH-
bt * HeMmcs Ha 1 BieBO W
[IOKPaCUM TOYKY, B
Puc 2 KOTOPYIO 0TI /[eM I10C-
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Jie cjiBura — oHa cHoBa Gyzer Ha otpeske [0;1] (puc.2). 1
IIPOJIOJIKUM JIBUSKEHME BIIPABO ITaraMu JIHbI @ (OIsITh
caBuragch Ha 1 BJeBO B cuaydyae monafanus B 1 wiam
IIEPECKOKA) .

Herpyano coo6pasuthb, 4TO HauMeHbIllee U3 PacCTOs-
HUIl OT KpacHOW TOUYKM, MMOJYYeHHOI Ha R-M Imare, 0
KOHIIOB OTPE3Ka — 3TO paccTosHue oT Ra [0 GJikaiiire-
ro nesoro yucyaa. Hama 3azaya cBesach Torja K Takoil:
HA/IO /I0Ka3aTh, YTO KaKag-TO KpacHas TOYKA OKaxKeTcs
Ha PACCTOSTHUWM MeHbIe YeM € OT OJIHOTO W3 KOHIIOB
oTpesKa.

Paspemum otpesok [0;1] ma N paBHBIX OTpeskoB, re

1
— < €, 9TH OTPE3KH 6yl[€M Ha3bIBaTh MajieHbKuUMu. Ecin

MbI czesaeM Gouibnre, yem N 0 1
maros (a Mbl MOXKEM cjie- / \

JIATh X CKOJIb YTOHO MHO- a, aq

ro), Kakue-T0 JBe Kpacuble A4C 3

TOYKM NONaAyT B OAMH MaJeHbKuii orpesok (puc.3).
ITycTb oiHa U3 9THX TOYEK Gblia MOKpallleHa Ha k-M miare,
a gpyras — Ha [-M, tae k > [. 910 3HaUUT, 4YTO Ra = ¢ + 0.,
la =d+B, rae ¢ ud uenple, a HeOTpUIATEIbHBIE JOGABKI
o 1 B MenbIte 1 1 OTJIMYAIOTCS APYT OT JAPYTa MEHBIIE YeM
Ha ¢. Torma kpacHas Touka, mosydyeHHas Ha irare R — [,
UCKOMAs: YHCJIO0

(k=Da=(c—d)+(o-P)
OTJIMYAETCST OT IEJIOTO YKcaa ¢ — d MEHbIle YeM Ha €.

CJ’IGI[OBB.TGJHJHO, Tp86OBaHI/HO TEOPEMbI Y/IOBJIETBOPACT
M=Fk—-1

Teopema pns gByx uucen

A Kax ObITH B CJIydYae IBYX UncCesa @ U d,?

CHOBa /17151 HATJIAAHOCTH Gy/IeM CUUTATD, YTO 00a Yncia
MOJIOXKUTEJIbHBI 1 He rpeBocxoaaTr 1. ITo amanormm co
CIydaeM O/IHOTO YHCJa TeHepb CJeIyeT paccMaTpHBaTh
napst (ay,a,), (2a,2a,) , (3a;,3a,) , ... Ho 510 e mipocTo
BEKTOPDBI Ha TIOCKOCTHU. [1epBbIil BEKTOP JIEKUT B KBaIpa-
te ¢ Bepummnamu (0;0),

O, 0y, (). By- L S
JeM WATH 10 3TOMY 4
KBAQJIpaTy U3 BEPIIUHbBI
(0;0), KaXXIbIM TIIArOM
CABUTASCh HA BEKTOP

(ay,a,), u xpacutb TOU-
KI, B KOTOpBIE TOMaa-
eMm (puc.4). Uto menarb
B CJIyYae <IePECKOKa» —
KOrja oJHa U3 KOOP/H-
HaT Hameii TOUKM MIH (4 o) (1:0)
Jlaske 06e IOCTUTHYT UJIH

npesbicst 1? TlougaTao — puc. 4

CABUHYTHCS Ha 1 BJIEBO, €CJIM <IEPECKOYMIA» €IUHUILY
abercca, n Ha 1 BHU3 — €C/IM <IIEPECKOYMIIa» €IHHUILY
opaunara (ec/m <«IepeckoYnan» 06e KOOPAUHATBI, C/BU-
raemcd Ha 1 ¥ BJI€BO, U BHU3).

AHAJIOTUYHO TOJy4aeM, YTO HAWMEHbIIEe U3 PACCTOsI-
Huil OT a0CIUCChl KPACHOI TOYKU, IIOJYYeHHOH Ha R-M
mare, 0 aOCIUCC BEPIIMH KBajJpaTa — 3TO PACCTOSHUE
or ka; no GausKaiiiero 1eJoro 4mc/ia, a HauMeHbliee n3




pACCTOSHUN OT OPAMHATHI ATOIl TOYKH IO OPIWHAT BEp-
HIMH KBaJpara — 3TO paccTosiuue ot Ra, /10 GJvskaiiiie-
o 1esoro uncaa. U 3amada cBesach K TAKOW: 0KA3ath,
YTO y KAKOH-TO KPacHOil TOYKM 00a 9TH PACCTOSHUS
OKa)KyTCsI MEHbIIIE € .

Kak gokasbiBatb? Hajio /ieficTBOBaTh aHATOTUYHO CJIy-
yaio oTpeska. Pasmennm mam kBagpar Ha N2 paBHBIX

1
KBaJI[PATUKOB, T/I€ ﬁ < & . Ecsi Mbl cziesiaeM 6OJIbIIIE, YeM

2
N7 maros, kakue-To [[Be KpacHble TOUKU TOMALYT B OJUH
kBajgpatuk (puc.5). Ilycrtb omHa M3 9TUX TOYEK Gblia

(0;1) (1;1)
akﬁ e|d;
(0;0) (1;0)
Puc. 5

MOKpallieHa Ha R-M 1rare, a pyrast — Ha [-M, tae k> [. 910
3HAUUT, YTO

(ka1, ka2) = (C1 +061, C2 +(X2),
(lay, lay) = (di + By, dy +By),

rue ¢, ¢, di, d, 1enple, a HeoTpUIATEIbHBIE 100aBKH
0y, Oy, By, By Menbie 1, mpuyem o orinyaercs ot Py
MEHDITE YeM HA € U Oy OTJHYAETCS OT [, MeHbIle 4eM Ha
e. Torpa uncno (k—1)a; = (¢; —d;)+(0; —By) — nemnoe ¢
TOYHOCTBIO JI0 € U uncao (k—1I)a, — Toxe. 1 cHOBa
TpeGOBAHUIO TEOPEMbI yaoBieTBopsier M = k — [.

n-MepHoe NpoCcTPaHCTBO

SAcHo, 9TO MBI JIOKQXKEM TEOpeMy U IS caydas Tpex
yices: Hajno OyleT paccMaTpUBaTh eJIUHUYHBIN Ky6 B
TPeXMepPHOM IIPOCTPAHCTBE, Pa36UBATh ero Ha KyOUKU. .. A
Kak ke ObITb B obmieM caydae? Hajgo He mo6osTbhes n
paccMoTpeTh n-MepHoe mpocTpancTBo. Ho uto 1o Takoe?
Mosket ObITh, Y Bac noTpsicamliee reoMeTpuieckoe Boo6-
paskeHue, U Bbl CMOKeTe cebe TaKkoe MPOCTPAHCTBO TMPE/I-
CTaBUTDL. A ecam HEeT — He oropyaiiTecb. MOKHO eHCTBO-
BaTh 110 aHajoruu. Yro Takoe TpexMepHOe IIPOCTPAHCTBO?
JIto6ast ero Touka 3asaeTcst TpeMst KoopanHaTaMu. MOKHO
CYMTaTh, YTO TPEXMEPHOE IPOCTPAHCTBO — 3TO IPOCTO
MHOZKECTBO BCEBO3MOKHBIX HAOOPOB M3 TpeX JIE€HCTBU-
TEJBbHBIX YHCEJ, T.e. MHOJKECTBO Tpoek Buma (x,y,z) .

OripesieluM n-MepHOe MPOCTPAHCTBO KAaK MHOKECTBO
BCEBO3MOKHBIX HAGOPOB U3 7 IEHCTBUTENbHBIX YUCE, T.€.
MHOKECTBO BCEBO3MOXKHDBIX «1-0K» Bua (X, 4y, ..., X, ),
riae Xy, Xy, ..., X, — JCHCTBUTEJbHBIC YHCJIA.

Hanpumep, ueTbipexMepHOe MPOCTPAHCTBO 3a/A€TCSI

weTBepKamMu (X, Xy, X3, 44 ). UTO TAKOE € IMHUYHDBII YeThI-
peXMepHbIi Ky6? ITO TTPOCTO MHOXKECTBO TAKUX YETBEPOK

(y, 29, 23, X4 ), Y KOTOPBIX BCE KOOPAMHATBI HEOTPHUI[A-
TeJIbHBI ¥ He IPeBOCXOAAT eAuHUIbL: 0 < x4, 29,23, 44 < 1.
Ero MokHO pas3éuth Ha N* uerbipexmepHbIX KyOUKOB €O

1
CTOPOHOI N < € ¥ MOJIHOCTBIO TIEPEHECTH PaCCyKIACHUE

M3 TPEJBIIYINETO pas/esa Ha aToT caydaii. [TompoGyiite
MIPOBECTH PACCYKIEHUE BO BCEX JIETAJISIX CAMOCTOSTENBHO.

Wtak, TeopeMy MOKHO CUUTATH JIOKA3aHHOU JIJIST TI0O0TO
KOJIMYECTBA YHCEJ, a 3HAYUT, 3ajlada O KOPOBaxX CHOBA
pelieHa.

A MoXHO nn npoue?

Ho meyxemm 3Ta 3ajauya pemraercsl TOJBKO TaKIMHU
cJIoKHbIMU MeTosiamMu? HeJib3s ji HANTH MOAXO0/1 TOTIPO-
ne? Hampumep, npocro 3anucarb cucremy us 101-ro
ypasHenus ot 101-it HensBecTHOI @y, ..., @y ¥ TONPOGO-
Barh pemuthb? Ho MBI ke He 3HaeM, Kakue KOHKpPETHbIE
ypaBHEHUS TaM OYAYT — SICHO TOJIBKO, UTO KAJK/0€ ypaB-
HeHne 6yZeT IMETh TAKO! B/ MATHAECSAT KaKUX-TO Mepe-
MEHHbIX MUHYC IATbJeCAT JApyrux pasHo HyJo. Hy
XOpOTIIO, a KaKk BOOOIIE PelaTh Takyio cuctemy? /la oueHb
IIPOCTO: BbIpaskaeM O/IHY IIepeMeHHYI0 U3 IIePBOro ypaBHe-
HUS ¥ ToJIcTaBsieM B octasibhbie. [losyunm 100 ypasae-
HU, B KOTOPBIX urypupyor yxe 100 mepeMeHHBIX.
Bepem oHO 13 HUX, BBIpa)kKaeM M3 HETO KaKyIO-TO Tepe-
MEHHYI0 Yepe3 OCTajbHble IepeMennble (3aMeTnM, 4To
BbIPA3UTCSI OHA KAaK UX JINHelHas KOMOMHAIUS C PaIno-
HaJbHbIMU KO (MUIIMEHTAMI) 1 [IOICTABJISEM B OCTaBIIN-
ecs ypastenus. Ioayunm 99 ypasnenuil or 99 nepemen-
HpIX. M Tak nasee. UeM ke Bce 9TO MOKET 3aKOHUUTHCS?

Bo3M0kHO, B KaKUX-TO ypaBHEHUAX I10CJIE [10/ICTAHOBKI
Bce cokpaTutes, n onu npumMyT B 0 = 0; He ctpanrao. Ho
MBI HIKOT/Ia He TTOJTyYNM ypaBHEHWS Buia @; = (0, BeZlb MBI
y)Ke 3HaeM, UTO CHCcTeMa MMeeT 6eCKOHEUHO MHOTO pelrle-
Hull: 10001 HAGOp OJIMHAKOBBIX YHCEJ TTOAXO/INUT.

B mocaietHeM ypaBHEHNH, B KOTOPOM He BCE COKPATHTCS,
TeM caMbiM OyayT XoTsi Obl [Be IepeMeHnbie. Bbipasum
O/IHy W3 HUX Yepe3 OCTaBIINeCd B 3TOM YPaBHEHWH:
NOJIYYNM YTO-TO BPOJIE YPABHEHUS @; =7,d; W XKe
a; =1;a; +...+ 1A, 1€ 1}, ..., 7}, ~ KaKNe-TO HeHyJIeBble
koaddunmentsr (o6parute BHUMaHKE: 5TH KOdh UImeH-
ThI, KOHEYHO JKe, GY/1y T PAIMOHATBHBIMIE) . ITO 3HAYUT, YTO
NepeMeHHbBIM d; ,...,d; MBI MOJKEM TIPHUAATH J06ble 3Ha-
YeHHUsT — TaKkue IepeMeHHbIe Ha3bIBAIOTCS «CBOOOTHBIMUS .
ITo ux smauyenusM Mbl OJIHO3HAYHO HaiijleM 3HaueHue g .
IToncraBuB yske HaiijieHnble 3HaYeHUs B IIPeJblIylue
YpaBHeHUsI, Hali/ileM 3HaueHue O4epe/[HOH TIepeMeHHOH, 1
Tak gajiee. Berpeuatonmecs: o gopore cBOGOIHBIE TIepe-
MeHHbIe MOKHO 3aMeHSTb JIOOBIMU YHUCIAMU.

Wtak, B uTOre BCE NEpeMeHHbIe BHIPA3ATCA 4Yepe3 KO-
HEeYHbIlI HA60P CBOOOAHBIX IIEPEMEHHDBIX, KOTOPBIM MbI
MOKeM TIpUIaBaTh JroOble 3HaueHus. Bompoc BOT B ueM:
KaKUM MOKeT GBbITb KOJIMYECTBO ATUX CBOOO/HBIX Iepe-
MeHHBIX? MosKeT i, HanpuMep, uX 6bITh /[Be UJIH 6OJIb-
nre? OxkasbiBaetcs, HeT. [leiicTBUTENIBHO, MTyCTh CBOOO/I-
HBIX TIEPEeMEHHBIX XOTs ObI aBe. Torma MOXKHO MpHIATh
UM HEe OJMHAKOBBIE pAIMOHAJbHBIC 3HAUECHWS — HAIpPH-
Mep, OJHY B3sITb paBHOW 1, Apyryfo paBHOH 2 W Tak
nanee. Ho Beab ocranbHbIE TepeMeHHBIE BBIPAYKAIOTCS B
BUJI€ JUHENHBIX KOMOMHAIUN CBOOOIHBIX MMEPEMEHHBIX C
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parroHaIbHBIMU KO3 duitmenTamMu! ITO 3HAUNT, UTO 3HA-
YeHUS] OCTAJbHBIX MMEPEMEHHBIX TOXKe Oy/IyT parroHab-
HBIMA — W MBI TIOJYYUM pelieHre Haleil CUcTeMbl B
palMoOHAJIbHBIX YHCJAaX, CPEAU KOTOPbIX HE BCE OJMHA-
KOBBI. A 3TO MPOTHUBOPEYUT [TOKA3AHHOMY CJIy4aiO IS
palroHAJbHBIX BECOB.

3uaunt, cBOGOHAS TlepeMeHHas POBHO OJHA, W BCE
OCTaJIbHBIE Yepe3 Hee BBIPAKAIOTCS, T.€. el MPOIMopINo-
HAJIbHBI, TIPUYEM € PaAIMOHAJbHBIMU Koa(duimentamu.
SAcuo, uto Bce 3TH KO3GDDUIUEHTHI TPOTIOPITHOHATHHOC-
T paBHbl 1 — WHa4Ye MBI CHOBAa Obl HAILJIW PeENICHUE C
Pa3HBIMHU pallMOHAJbHBIME Becamu. Ho Torma Bce mepe-
MEHHbIE TOJIy4YaloTcsi paBHbIMU. M cHOBa 3ajavya pere-
Ha. Bce paBHO He Tak y:K W MPOCTO, HO 6GOJee MPOCTOTO
pelienus s He 3HAIO.

BmecTo 3aknioyeHus

Ha mpumepe 3aaun o KOpoBax MblI ¢ BaMH TTO3HAKOMHU-
JIICH C HECKOJIbKMMU OYeHb BAKHBIMU ITOHSTUSIMU B MaTe-
MaTuKe.

C nMHEITHO} He3aBUCHMOCTbBIO BbI CTAJKUBAJNCH B IIKO-
Jie. BozbMeM Ha MJIOCKOCTH JTIO6bIE /[BA HEKOJITIHEAPHDIX
BekTOpa u u v, Haripumep (0;1) u (1;0) . Takue BeKTOPDI,
BO-TIEPBBIX, OYYT JUHEUHO He3dsucumvimu Had R — ux
JIMHelHasg KoMOuHanus o + Bo ¢ aeiicTBUTeIbHBIMI KO-
s dunneHTaMu oo ¥  paBHA HYJEBOMY BEKTOPY TOJBKO
B ciyyae o =3 = 0. Bo-Bropbix, /11060ii BEKTOp Ha MJI0C-
KOCTH 3alMCBhIBaeTCsS Kak JMHeHHas KOMOMHAINS BEKTO-
POB % T © — HAJI0 TOJBKO BBIOPATDh MOAXOASIINE KO3 du-
meHTel o 1 P . JIo60ii Habop BEKTOPOB € TAKUMHU JIBYMsI
CBOICTBAMU HA3bIBAETCS OA3UCOM HA TJIOCKOCTH. AHAJIO-
TUYHO OTpe/iesisieTcsl MoHsATHe 6asuca JJis TPeXMePHOro
NPOCTPAaHCTBA M Jlaske It n-MepHoro. OxasbIBaeTcs,
CIIPaBe/IJINBA 3aMeyaTe/bHasl TeopeMa:

KOJUUECMBO BEKMOPO8 6 1000M Od3uce n-mepHozo
nPoOCMpancmed 6cezod PAsHo n.

OHa He Tak MpOCTa, KaK MOKET TOKa3aTbCsl, C ATOMH
TeopeMbl (PaKTIHIECKN HAYMHACTCS T1eJIast HayKa — JMHel-
Has anre6pa, KOTOpyTo N3ydaroT Ha MepBOM Kypce MaTeMa-
THYecKUX PpakyabTeToB. llompobyiiTe 10Ka3ath aTy Teope-
My XOT$I OBl /LIS IIJIOCKOCTH 1 TPEXMEPHOTO TPOCTPAHCTBA.

Hame myrermectsue no orpesky [0;1] maramu sl o
yI06HO [IJIsi HATJISITHOCTH TIPECTABIATh cebe Tak, GyaTo
MBI «COTHY.I» 0TPe30K [0;1] B OKPY»KHOCTD, COEJIMHUB €10
KOHIIbBI, 1 JIEM 110 OKPY>KHOCTH BCE BPEMSI B OJIHY CTOPOHY
maramMu JInHbl @ (JUIMHA mara — 9To JIMHA COOTBETCTBY -
foeii syri). O6 9TOM Iy TeleCTBUN MOKHO CKa3aTh Yy Th
60JTbIITEe, YeM MBI YK€ YCITeJIH.

Ecom 4meso @ panmoHaJbHO, TO MBI Uepe3 KaKoe-TO
YICJIO TIATOB MOMA/IeM B HAYaTbHYIO TOUKY U gajee OyaeM
XOJIUTD TI0 TeM K€ CaMbIM TOUKaM, UTO y’Ke TTOKPACUJIN K
aToMy MoMeHTy. OKasbIBaeTcsI, KpacHbIe TOUKH OyIyT B
3TOM CJIydYae PACHOJIOKEHBI B BEPIIMHAX IIPABUJIBHOTO
MHOTOYTOJIbHUKA.

Ecan ke umcio @ uppanumoHaabHO, Mbl HUKOTJA B
UCXO/HYIO TOYKY HE BEPHEMCS — 3TO IIOYTH OYEBHUJIHO.
Bosee Ttoro, kpacHbie TOuKH OyAyT pacIoJaraTbCs Ha
OKPYIKHOCTU 8CHOJY NJIOMHO — 3TO 3HAYUT, YTO B JIOOYIO
JYTy Hallleil OKPY>KHOCTH, CKOJIb GbI MaJIOI OHa HU 6bLTA,
nomnazeT XoTh ojiHa KpacHast Touka (1 gaske 6eCKOHEYHOe
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KOJIMYECTBO KPACHBIX
touek). Ilpexne dem

YUTATD JIAJIBIIIE, TIOTIPO-

6yiiTe 10Ka3aTh 3TO yT-

Bepkaenue. He yzep-

JKyCh U IIPUBE/LY pellre-

HIle, HEMHOTO OTJIIYa-

IoITieecs OT HaIITX TIpe-

JBIIYIAX  paccysk/e-

Huii. Itak, MbI 1araem

10 OKPY’KHOCTH IITara-

MU [UIUHBI @ B OJHY

CTOPOHY, HAYAB U3 TOY-  p, - 5

ku O (puc.6). Paccmor-

pUM MOMEHT, KOTJ[a Mbl BIIEpBbIE IepeckounM yepes O.
[Tyctb A — npeapiayas Kpacuas Touka (J10 mepeckoka),
a B — caenyomas (mocue nepeckoka). Touka O JeKUT Ha
nyre AB jumnbl a. 3uauut, onna us ayr OA win OB ne
AauHHee a/2 — myctb aTo nyra OA. Urtak, nocJe HEKOero
YHCJIa IaroB Mbl CABUHYJINUCDH OT TOUKH O 10 OKPY’KHOCTH
B TOUKY A Ha paccrosinue, e mnpespiiaoniee @/2 . Cuenas
elre CTOJIBKO JKe Iaros, Mbl, OYE€BU/HO, CHOBA C/IBUHEMCS
B Ty ’K€ CTOPOHY Ha TaKoe € paccTosinue. IJBpuKal
MO3KHO cUnTaTh, YTO MBI TETEPD MAraeM M0 OKPYKHOCTH
B OJIHY CTOPOHY XOTSI Obl BIIOJIOBUHY MEHBIIUMU ITaTaMu
(puc.7): caBur Ha Kax-

JIbII HOBBIH 111ar nmoJstyva-

eTCsl, eCJI C/IeJaTb Ofl-
pellesieHHOe YUCJIO CTa-

pbIX IIaroB, a [JJUHA

HOBOTO Iara He 60JIblile

a/2 . CuoBa Tpoujs

KpYT, MOXHO OyaeT
YMEHBIIUTD IIar efnfe

XoTs ObI B /[Ba pasa, u

Tak ganee. Korma-au-

Oy/Zib Mbl HAYYHMCS XO-

JUATH IaraMM MeHbIled . -
JUTHHBI, 4eM II0HA IYTH,

B KOTOPYIO HAaM HA/I0 TIONACTD, U, 3HAYUT, YK TOUHO ee He
IIPOCKOYHM.

OkasbIBaercsi, TOJDBKO YTO [[OKA3aHHOE YTBEpXKeHue
MOYKHO YTOYHUTH: JIOJISI KPACHBIX TOUEK, IIOIABIINX B
Mo6yIo BbIOpaHHyio ayry O, OyJerT TpONopIuoHaJbHa
JUTHe 370 ayru. Bosee TouHO, paccMOTpUM OTHOIIIEHWE

N

O

YUCJIO KPAaCHbIX TOYEK, TIOTIaBIINX B d 3a TepBbie N 1maros
N .

[Tpenen aroro orHomenust pu N cTpeMsiieMcst K 6eCKo-
HEYHOCTH CYIIECTBYET U PaBeH JJIUHE AYTH O . ITO yTBEP-
JKIeHne HasbiBaeTcs JemMMoll Befinsg. 3 Hee MOXKHO
BBIBECTH MHOKECTBO WHTEPECHBIX YTBEPIK/CHUIA, HAIIPH-
Mep, HaliTh, KaKas JOoJIsI cTelleHell IBovkn 2, 4, 8, 16, 32,
64, ... HaunHaetca Ha 5. ChopMyaupyiTe 3TOT BOIPOC
CTPOTO U TOTPOOYIiTe HANTH OTBET. A €llie MOKHO TIOMbI-
TaTbCcsl 0000MUTH JieMMy Beiing na caydail n-MepHOTO
mpocrpancTsa. [ n =2 MbI cBepHEM KBaapaT B TOp (Tax
HA3bIBAIOT B MaTeMaTHKe TIOBEPXHOCTb Gy6anka) u GyieMm
IyJSTH 10 3TOi noBepxHocTH. Ho 060 BceM 3TOM — Kak-
HuGy b B IPYroii pas.
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Unmoctpaum

Ha bepery okeaHa Hemo3HaHHOrO:
MINO31S MPOCTOThI

M.KATAHOB

PEJBIAYIININ PA3JIEJ - 9TO OTCTYILIEHUE.
Bepremcs x TeMe cTaThbu.

Kaxpiii ypoBeHb B Tabsmie 1 1O cMbICTy
BKJIIOYAET HE TOJHKO MPUHIMITHAIBHO TTO3HAHHbBIEC 00BEK-
TbI, HO U MCCJIE/IOBAHNS BCETO TOTO, YeMy Ha 3TOM YPOBHE
MoJIaraeTcss HaXOAUTLCSA. ITO OTHOCUTCSA W K TPaHUIAM
MaTepuKa TTO3HAHHOTO — K YPOBHAM Bceiennas u diexm-
POHDL, NPOMOHDL, HEUMPOHDL.

Ceituac peub moiijiler o HuwkHeM ypoBHe. Ilo wjuee, on
OXBaTbIBaET 06J1aCTh PUBHUKH, B KOTOPOIT 00BEKTOM HCCJIe-
JIOBaHMS CJIYKAT caMble MEJIKUE IIPEJCTaBUTEIN MaTepy-
abHOTO MHPA — JJIEMEHTAPHDIC  wpmrrrssy
yacTtuiipl. Ha3Banme Tpex u3 HUX % 2
MBI ToMecTu/in Ha cxeme. OHH
3TOTO 3aCJIy>KUBAIOT: 3JIEKTPOHBI,
IIPOTOHBI, HEWTPOHBI — CTPOU-
TeJIbHBIN MarepuaJs BceseHHON.
Bce, 4to pacroJioskeHo u uccJe-
nyercst Ha 6oJiee BBICOKIX YPOB-
HSX, TIOCTPOEHO U3 HUX.

Panbpiie yeM HMpUBOAUTDL CIIU-
COK 32JIeMEHTapHbIX YacTUIl, Bbl-
SICHUM, KaKoil cMbICa (DU3UKH
BKJIQ/IbIBAIOT B [IOHATHE 3/1eMEH-
mapmwle 4acmuybL.

IlepBoe. Cumrtaercsd, 4TO u3
3JIEMEHTAPHBIX YAaCTHUI] BCE TOCT-
POEHO, UTO OHM — MeJibvyaiIiue
Kpynuibl Matepuu. B pasHoe
BpeMsl IIpeTeH/IeHTaMU Ha <«3Ba- \

HUe» dJIeMEHTApHBbIX ObLIN Pas- SRR k

uble yactuipl. B kone XIX — navane XX BeKoB ajeMeH-
TApPHBIMU CYUTAINCH amomul. [IpaBia, ux GbLIO CIUITKOM
MHOTO. M31peBJie Ka3aoch, YTO TPOCTEHININX CYIITHOCTEH,
13 KOTOPBIX BCE MOCTPOEHO, JOJUKHO OBITH HEMHOTO. A
aToOMOB OBLJIO M3BECTHO OK0JI0 cTa. Celfyac, ¢ M30TOTTaMH,
UX OTKPBITO 3HAYUTETHHO GOJIbIIE.

Bropoe. [Ipeamomaraercs, 94To sjieMeHTapHBIE YaCTHITBI
UCTUHHO 3JIEMEHTAPHBI, [[PYTUMU CJIOBAMHU IIPOCTBI, YTO
onn — tpenes apobJenus Matepun. Korja BbISICHIIIOCH,
YTO aTOM COCTOWUT M3 Spa W 3JEKTPOHHOW 000JIOYKH, a
AP0 COCTOUT U3 TTPOTOHOB M HEHTPOHOB, ATOMBI TOTEPSLIN
TUTYJI 3JIEMEHTAPHBIX. VIX TUTYJT yHACTIEIOBATH 3JIEKTPO-
HbI, IIPOTOHBI U HEUTPOHBI.

CMeHa 1npeTeH/IeHTOB Ha 3J1IeMEeHTapPHOCTDb He OCTAHOBHJIA
MCCJIeIOBAHNH caMblX MeJkuX yactuil marepun. C pasBu-

Oxonuanue. Hauano — 6 npedvidywem Homepe KypHaid.
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THEM TEXHUKU YCKOPEHUS W BCETO MHCTPYMEHTAPUS 9KCIIe-
PUMEHTATbHON (DU3UKHU TEMIT UCCIEIOBAHUS BO3POC U C
HEeOObIYHOI OBICTPOTON HAYAT HPUHOCUTD ILIOABI: OBLIO
OTKPBITO MHOKECTBO YACTHUIl, HECOMHEHHO UMEIONNX 3a-
KOHHOE IIPABO0 PACIIOIAraThCs HA TOM JKe CAMOM YPOBHE, T/Ie
HAXOJATCST 9JIEKTPOHBI, MIPOTOHBI U HEUTPOHBI. Bropomy
NPU3HAKY OHU 3aBe/IOMO COOTBETCTBOBAJIM. Bce HOBOOTK-
PBITBIE YACTHUIIBI TaK U UMEHOBAJUCDH — 3eMEHMAPHLIMU.

OTKPBLICS TIEJIBII MUP CyOMUKPOCKOTTNYECKUX YACTHUII.
ToJIbKO TP U3 HUX CJYKAT MATEPUAJIOM CTPOEHUS COCTAB-
HBIX OGBEKTOB MarepuabHOro mupa. CucreMaTusanus
CyOMUKPOCKOITIYECKITX YACTHUI IT0-
TpeOOBaTa HOBBIX XapaKTEPUCTUK
OTKPBITBIX U OTKPBIBAEMBIX 4Yac-
tur. CTajo MOIHBIM HCIOJb30-
BaTh /JisI HAUMEHOBAHUS ITUX
HOBBIX XAPaKTEPUCTUK CJIOBA U3
HeU3IYeCKOro JJEKCUKOHA: CTPaH-
HOCTb, IIApM, IIBET, apomar... [1o-
SIBIJTUCD I[BETHBIE, CTPAHHBIE Yac-
THIIBI, ¢ TapMoM 1 6e3. 11 ko Bcem
JaCTHUIIaM, OKa3aI0ch, Ha/I0 106a-
BUTDb U UX aHTWUYACTHIIBI: aHTHYA-
CTHIIA 3JEKTPOHA — TMO3UTPOH,
MPOTOHA — aHTUNIPOTOH. U mo3uT-
POH, ¥ aHTUIIPOTOH MMEIOT 3apsi-
JIbl TIPOTUBOIIOJIOXKHOTO 3HAKA TI0
CPaBHEHUIO C COOTBETCTBY IOIIMMU
yactuiiamu. Ho ectb antuyacTu-
I[bl ¥ Y HEHTPAJbHBIX YACTHIL: Y
HENTPOHA — AHTUHENTPOH, Y Heli-
TPHUHO — aHTHHENHTprHO. CHCTEeMaTH3aIs CO3/1aeT NJLITIO-
3WI0 TIOHMMaHW, HO He ToJbKo. Kak mpaBmio, oHa ecTb
Ba)KHBIN TIar Ha MyTH K NOHUMaHWio. [l moHUMaHus
OUYEHb BaKHO MPUBBIKAHWE, MHOT/[A TPUBbIKAHNE 3AMEHSIET
nonumanue. Ho, He OyqeM 3a6erath BIepe/.

OcraHoBUMCS ¥ ele pa3 B3rasgHeM Ha cxeMmy. Ha
HUJKHEM YPOBHE BCETO TPHU XOPOIIO U JaBHO 3HAKOMbIE
gacTuilbl. Mbl K HUM HPUBBIKJIU. A TOrO, YTO MbI O HUX
3HaeM, I0CTATOYHO JIJIsS IOHUMAHUS WX, TOKAIYil, TJaB-
HOU pOJIN — POJIU CTPOUTEIBHOTO MAaTepHajia BCErO BO
Bcesiennoii, Bcero, 4to Mbl PasMeCTUIN HAO HUKHUM
YPOBHEM.

[lo6aBuM Ha HIDKHUI YPOBEHD (homonsl N Hetimpuno. B
MUPOBOM TIPOCTPAHCTBE U TEX, U IPYTUX OUeHb MHOTO. He
HAa3BaB MX, MBI ONYCTU/IN OBl HEUTO CTAOMIBHO CYTECTBY-
foree Bo BcesleHHON U, KCTaTH, AaBHO OOHAPYKEHHOE U
xoponio n3ydeHHoe. MOTOHBI U HEHTPUHO HE BXOMST B

Y N
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BHU/IC COCTABHBIX YaCTell B aTOMBI, MOJIEKYJIbI UJIU B KaKWe-
Ju6o JIpyrue CJIOXKHbIE MarepuaabHble 00beKThl. Cyie-
CTBYIOT OHU B BHJIC Ta30B, 3aII0JHSAS MUPOBOE MPOCTPAH-
ctBo. O6 5THX razax MHOTOe n3BectHO. OCOOEHHO O Tase
(OTOHOB, MMEHYEMOM PEJUKTOBbIM u3aydeHueM (0 HeMm
y3Ke YIIOMUHAJIOCH).

Bor renepb JeiicTBUTENbHO Ha3BaHbl BCE YACTHUIIbI, U3
KOTOPBIX COCTOUT, IIOCTPOEH OKpysKawouwmii Hac Mup.
[TpaBna, B mocJeHIEe TOABI Bce 6oJiee CEPbe3HO M3YUaioT
HEeuTO, 4TO Has3Bal MeMHOU Mamepuell, cocmosweti u3
MeMHOU MACChl T MeMHOU IHepeuu, TOTUEPKHYB TeM
CaMbIM OTCYTCTBUE OCBEJOMJEHHOCTH O TPHUPOJE ITUX
cyOcraniuii. [IpusHaioch, KOr/ia BepBbIe YCIBIIIAT O TOM,
4TO TeMHasl MaTepusi cocrtasiser Gosiee 90% Marepuu
Bcenennoii, s yBepenno 3aaBut: «Paccocercs!s> Ho BoT B
npoiioM rogy HobGeseBckyio mpemuio 1o pusuke moJy-
YN YYEeHbIe, CBOUME ACTPOHOMUYECKUMU HAGJIIOIeHNUSI-
MU ¥ pacyeTaM¥ IIPEJOCTaBUBIINE Ba’KHDBIN apryMeHT B
M0JIb3Y CYIIeCTBOBaHMS TeMHOI aHeprun. CylecTBoBanue
TEMHOI1 MacChl, I0X0XKe, TOXe He
BbI3bIBAET CEPbE3HBIX COMHEHUI.
[Ipugercst 06 aToM He 3a0bIBATD.
OHM ecTb — 3HAYWT, MPUHAJJIE-
skar Bceenennoit. Ho kyna ux
otHecTtu? Ilpoiie Bcero canTaTh,
YTO OHU HAXOJATCH B OKeaHe He-
no3HanHoro. Korzpa mbr Oynem
3aHNUMATbCSd CAMbIM BEPXHUM
YPOBHEM, Mbl BCIOMHHUM O TEM-
HOI Marepuu.

Bepuemcs Ha HIDKHU YPOBEHD.
[Toxka MbI paccMaTpuBaeM ero Kak
6eperoByIo YepPTy OKeaHa Hero3-
HanHoro. [loBTOpUM: BIevaTIs-
IOIAEe OTKPBITUS, MPOUCXO/UB-
IT1e B OCHOBHOM BO BTOPOII TTOJIO-
Bute XX BeKa, 3al0JIHUIN ITOT
YPOBEHDb HECKOJBKUMU COTHSIMU
YacTUI[ U OTKPBUIN CPelu HUX
HEeOoObIYHbIE YACTHUIIBI, ITO-HACTO-
amemy crpannble. CtaJso scHO: Bce OHU He MOTYT IIpeTeH-
JI0OBaTb Ha TUTYJ 3JeMEHTapHbIX. VX CJAMIIKOM MHOTO.
Kak onn nosgsumich tam? OTKya OHU B3SIJINACH?

Metadopa «6eperoBasi yepTa OKeaHa HEMO3HAHHOTO»
O6yut BooGpakeHne. OHa HATTOMUHAET 00 HKCIEUTTNSX,
o l'enpuxe MopemraBarese. He 3Ha10, Kak BBI, a 1 CMOTPIO
C BOCTOPTOM HE TOJIbKO Ha MHOTOMAYTOBOE TapyCHOE
CYITHO, HO 1 Ha HEOOJIBINYTO SXTY, KOT/Ia OHA MAHEBPUPYET
y coBceM HeMeTadopudeckoro 6epera AHTJIAHTUKH, Hela-
JIEKO OT KOTOPOTO 5 JKUBY MOCJEHIE TO/IbI.

KoHeuHo, OTKPbITHE HEM3BECTHDBIX /[0 TOTO YaCTHUI] 00XO0-
qutest 6e3 T1aBaHus 10 Heu3BeJaHHbIM MOpsM. [lJist aToro
HYKHO 7R0IbKO PAa30THATh Kakue-au60 U3 U3BECTHDBIX
MHUKPOYACTHIl, 3aCTaBUTb MX CTOJKHYTbCS C JAPYIHUMHU
YacTUIIAMU — TIOZOGHBIME MJIN ApyTOro copra. He Tosbko
CTOJIKHYTH, HO M TOCMOTPETb, YTO U3 ITOTO MOJYIHTCS.
MoskeT HIYETO HOBOTO He TIoJyunuThes. Ho nHoraa uccie-
JIOBATEJIIM COIMYTCTBYET yJada, W UM Y/AeTCs YBU/ETDb
HEYTO, 4ero He BUesJ HUKTO. V3 OKeaHa HEMO3HAHHOTO
HamboJsee y/au/uBble MCCTIEIOBATENN, KaK U B JlaBHUE
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BpeMeHa X JlajieKue TPE/IeCTBeHHUKH, TPUBO3AT 30J10-
TO: OTKPBITHE HOBOH YacTUIIbI HepeKo 3aBepiraeTtcs Ho-
6eJIEBCKOII TTpeMUEN.

CpaBHeHUe 3KCIEpUMEHTOB 0 OOGHAPYKEHUIO paHee
HEM3BECTHDBIX YACTHIL C IKCIIEUIUSAME [IPOILJIOr0, OTKPbI-
BaBIIMMM HEU3BECTHBIC 3E€MJIM, KOMY-TO IHOKaXKETCS KO-
HIYHCTBeHHBbIM. MHe He Kakercs. B onpaBjanue cKaxy:
HEeJaBHO B MHTEPHETE YBUJIEJ CTATUCTHUKY TI0 To/IaM paboT
¢ GOJIBITUM YHUCJIOM COABTOPOB. PeKopi NMPUHAIIEKUT
(busuueckoii pabore, B KOTOpoil yuactBoBasiu 2512 veso-
Bek (2006 1.). YBepen, ona GblLaa ceIana Ha TUTAHTCKOM
yCKOpHTEJIE.

CTOJIKHOBEHUST ATOMHbBIX U CyOATOMHBIX YaCTHI[ OBIBAIOT
camble pasuble. OHU TOX0KHU HA CTOJKHOBEHUS YIIPYTUX
HIAPOB: CTOJIKHYJUCDH U pasJieTesquch. Jpyrue nanoMuHa-
10T pasbuBaHne KaKuX-Ju60 IPeJMETOB.

Paspymus MoJsiekyJsly, Mbl OXKHIAaeM, 4YTO OCKOJKaMU
6yIyT ee 4YacTH — TO, U3 YEro OHA cocmoum. Mosexysry
CPaBHUTEJBHO JIETKO Ppas3/lesiuTb Ha aTOMbl WJIM MOHDI.
ClieioBaTeIbHO, MOJIEKYJTA COCTO-
UT W3 aroMoB njan noHoB. OT
aToMa Jerde OTAeJUTb 060JIOUKY
T 13 2JIEKTPOHOB, 4YeM Pa3/eJUTh
:“"':"}.:ﬁ} ‘&i\.&*}ff& aapo aroma. OTcofa: aTOMBI CO-
S ",S.‘;u_‘.f-\‘*'ﬁ‘*"":'-‘{':'{ W CTOAT W3 S/EP W DJEKTPOHOB.
o b A Aapa atoMOB COCTOSIT U3 HYKJIO-
HOB.

A Kak 06CTOUT JIeJIO C DJIEMEH-
TapHbIME YacTuiamMu? OHU, Kak
MBI JlyMaeM, HU W3 Yero He co-
CTOST. 3HAYUT JIX ITO, YTO CTOJI-
KHOBEHUST MEXK/y 3JIeMEeHTapHbI-
MU YacTHI[AMU BCETJa TOXOXKH
HA CTOJIKHOBEHUSI OUJIbSIPIHBIX
nmrapoB? Her! Her, X015 asemen-
TapHble YaCTUIBI U HE MOTYT
ObITb pas/ieleHbl HAa COCTABHBIE
yactu. YausurteabHoe neno. C
OJIHOI CTOPOHBI, yTBEpKaeTcs,
uTO Yactuia sjiemeHtapHa (T.e.
poCTa, HeAeauMa), a € JAPYroii — YTo TPH CTOJKHOBE-
HUM ¢ WHOH vactuieil (Toske s1eMeHTapHOI!) MOABIAIOT-
cst apyrue vactuisl. Jlio6eie? Her, ToJabKO Takue, mosiB-
senue (pojkaeHne) KOTOPBIX HE HAPYIIAET 3aKOHOB CO-
xpaHerus. KoHedyHO, 3aKOHOB COXpaHEHWS SHEPTUU U
UMITYJIbCa, HO He TOJbKO. COXPaHAITCS 3apsjbl, TPH-
YyeM 3JIeKTPUYeCKUil He McueplbIBaeT BeexX 3aps/oB. EcTb
GApUOHHDBIN W JIENTOHHDLIN 3aps/bl. DapuoHHbBIN 3aps
YKa3blBaeT Ha MIPUHA/JICSKHOCTD YaCTHIIbI K HEKOMY KJIAcCy
YaCcTHIl, & MMEHHO K KJaccy GapMOHOB — YaCTHI[ TUIA
IpoToHa M HelTpoHa. JIeNTOHHBIH 3aps/ yKasblBaeT Ha
NPUHAJIEKHOCTD K KJaccy JeNTOHOB — YacTHIl THIIA
9JIEKTPOHA, MO3UTPOHA. K 3TOMY KJlaccy NPUHAIIEKUT U
HEUTpUHO. Y MPOTOHA MW HeWTpoHa OAPUOHHBIN 3apsij
paBen +1, a y ux antnuactuil oH paBeH —1. JlemToOHHDBIH
3apsi/l y Bcex GApUOHOB paBeH HYJIO. AHAJIOTUYHO, Y
3JIEKTPOHA U HEUTPWHO JIENTOHHBIN 3apsii paBeH +1, a 'y
MO3UTPOHA W aHTUHEHTPUHO OH paBeH —1. Y Bcex JenTo-
HoB OGapuoHHbI 3apsa paBen Hymaio. CyIIecTByioT y
gacTuil u 60Jiee 9K30THUYECKIE XAPAKTEPUCTUKU. Mbl Ux
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Ha3bIBAJIN: IIBET, CTPAHHOCTD Hexoropble xapakte-
PUCTUKM TIPU PEAKINSIX MEK1y YacTHIlaMH CTPOTO CO-
XPaHSIOTC, [Pyrue MOTYT WM3peKa HapylaTbes, 4YTO
MIPUBOJIUT K PA3JINYHUIO B BEPOATHOCTSX TIOSBJICHUS Pa3-
HBIX YaCTHII.

OO6usne yacTul] Ha HIKHEM YPOBHE, 60I0Ch, ILIOXO
yBA3bIBaeTCs ¢ TeM, 4To Mup, Hac OKPY’KaIoIHii, COCTOUT
TOJIbKO U3 TPEX YacTHil. /[es0 B TOM, 4TO GOTBITHHCTBO 13
COTEH HOBOOTKDBITBIX YaCTHUI] HECTAGUJIbHBI — OHU CaMo-
MIPOM3BOJIBHO pacmafaioTcs. Bot ogmH npuMep. Mol yike
TOBOPWJIH, YTO HEUTPOH B CBOGOHOM COCTOSTHUN paciaja-
erca. Cxema ero pacliazia TakoBa:

HEUTPOH — MPOTOH + 3JIEKTPOH + aHTUHEHTPUHO.

Y HeiiTpoHa u nMpoToHa GAPUOHHBIE 3aPSI/Ibl OJIUHAKOBBI,
WX JICTITOHHBIE 3aPS/Ibl PABHBI HYJIIO, 9JIEKTPOH W AaHTHHE-
TPUHO UMEIOT JIEIITOHHbIE 3apsi/ibl [POTHBOIIOJIOKHBIX
3HaKOB. Bce mepeuncrientbie 3aKOHbI COXPAHEHUs, KaK U
CJIEZIOBAJIO OXKU/IaTh, BBIMOJIHSIOTCS. Pamblile, TOBOPS O
pacrajie HEHTpOHa, Mbl HE YTOYHUJIM, YTO POKIACTCS
AHTUHEUTPUHO. Posk1a10ch ObI HENTPUHO, HE BBITTOTHSIICS
Obl 3aKOH COXPAHEHUS JIETITOHHOTO 3apsi/la. 3aMeTHM, 4TO
110 CPABHEHUTO C COTHSIMU HOBOOTKPBITHIX YACTUI] HEHTPOH
JKUBET OYEHb-OUYEHD JIOJITO, a BHYTPU HEPATMOAKTHBHBIX
sa/iep HEUTPOH U BoBce ctabuyen. Mbl ToBopuM 06 3TOM,
9TOGBI BCSI MaTepus He Kazajiach HecTaOUIbHOI.

WNrak, Bce dYacTuilpl, KpoMe TPEX, paclaJanTcs, a
¢oTOH M HENTPUHO, POAMBIINCH B KAKOH-ING0 SIEePHOI
peakiuu, yJaeTaloT B KOCMOC WJIM TOTJIOMAIOTCS Bellle-
ctBoM. OHM He eCTb CTPOUTEJIbHBIN MaTepuas MaTepuH.
A kak geno obcrout ¢ antnyactuiamu? IlosutpoH, aH-
TUIIPOTOH W AHTUHEHTPOH CTOJIb K€ CTaOWJIbHbBI, Kak
AJIEKTPOH, TPOTOH U HelTpoH. [louemy ke HeT B mpupo-
ne aatumarepun? Ilotomy, 4TO TIpM BCTpede 4YacTUI H
AHTUYACTHI] TTPOUCXONT MX aHHUTUJIANM. Borpoc, 1o-
yeMy JKe CYIIeCTBYeT MaTepusi, He TaKOH Mpas3IHbIi, Kak
MOKeT ToKazaThes. [louemy-to mpu o6GpaszoBanun Bce-
JICHHOI, B MOMEHT bBoJbIioro B3pbiBa WM B TIEPBBIE
MTHOBEHHUS TIOCJIe 3TOTO, POAMIOCH GOJbINE YACTHIL, YeM
aHTHYacThil. [IpenmMyIecTBo 4acTuIl Hajl aHTHYACTUTIAMET
COXPAaHSIIOCh, YTO OB MOTOM HE Tpoucxoaumao. Ilocre-
MEHHO AHTUYACTHIIbI «BbIMepJny». COXPaHUJIUCH TOJbBKO
yacTuilpl. To, 4TO aHTUYACTUI[BI — HE BBIIYMKA, TOJ-
TBEPIKIAETCS HKCIEpUMEHTOM. [103UTPOH ObLIT OTKPBIT
MPU HUCCIAEIOBAaHIK KOCMUYECKUX Jydeil. He u3 ruy6un
Bcesiennoit mpusieres oH, a MOSIBUJICS HA CBET B PE3YJib-
TaTe CTOJKHOBEHUS TEPBUYHON YACTUIBI C KaKWM-HU-
OyZib M3 aTOMOB 3eMHOI aTMocdepbl. B maboparopusx
AHTUYACTHIIBI POKIAIOTCS TPU CTOJKHOBEHUSX WM pacria-
Jlax Hapsay ¢ dactuiamu. Ecim ux y6epeub OT BCTpedn
C YaCTHUIIAMHU, TO MOKHO CJIeJIaThb aHTUYACTHUIIHI YYACTHU-
KaM# 9KCIIEPUMEHTOB U CO3JaTh aHTHATOMBI. JTO C/eJia-
HO! A BOT MOHATD, TOYEMY IIPU POXJAeHUN BceseHHOI
HapyIIUJIach CUMMETPHUS MEXJy YacTUIAMHU M aHTHYac-
TUIIAMU, HACKOJIBKO 5 3HAIO, HE Y/IaeTCs.

To, uto Mbl moMecTusin (DOTOHBI HA HUKHUN YPOBEHD,
OTIPaB/IaHO TeM, YTO B KOCMUYECKOM IIPOCTPAHCTBE CYIIle-
crByer ra3 ¢oronos (pemkrosoe nsaydenue). OH ecTb.
EcTb B KOCMIUECKOM TIPOCTPAHCTBE W HEHTPUHO. DOTOHBI
He CJy>KaT CTPOWTEJTbHBIM MaTepHajoM MaTepuu, HO B

BO3HUKHOBEHUU W3 HJIEMEHTAPHBIX YACTUI[ CTPYKTYP OHU
UTPAIOT BAXKHYIO POJIb — OHU OCYIIECTBJSIOT B3aUMOJIEH-
CTBUE MEX/Y 3apSIKCHBIMU YaCTHIIAMHU.

B aToM Mecre uyTb 3aJepsKUMCS, YTOOBI BIyMaTbCS.
Teopust OTHOCUTEIBHOCTH YTBEPSKIAET, YTO HUKAKOW CUT-
HAJ HE MOXKET PaCIpOCTPAHATLCS ObICTpee, 4YeM CBeT.
3HAYNT, B IPUPOJIe HE MOXKET OBbITh JAJbHOAENCTBUS. A
KakK ke 3akoH KyJioHa, corsiacHo KOTOpOMY CUJIa, IeHCTBY-
0TSt MEXK/TY ABYMSI 3apsiiaMi, 00pPaTHO MTPOMOPITHOHAb-
Ha KBaJpary paccroauus Mesxay Humu? UyTb cABUHY/IU
OJIUH U3 3apA/l0B, CUJIAa MEX/y HUMU u3Menunacoh. Ilomy-
YyaeTcsl, BTOPOW 3apsi/i MTHOBEHHO «ITOUYBCTBOBAJ» M3Me-
Henue cuiibl? Takoro 6biTh He MoskeT. VI rakoro Her. /leso
B TOM, 4YTO 3akoH KyJioHa, cTpOro roBopsi, TOYEH JJisd
HETOJBMKHBIX YacTull. Ecjn 4acTuilbl ABUAKYTCS, 3aKOH
Kysona crnpasegus npubaimKeHHO — TeM JIydllle, YeM
CKOPOCTb JIBUKEHUS 3aps/l0B JIPYT OTHOCUTEJBHO Jpyra
Menblile. CpaBHUBATb HA/I0 CKOPOCTH YaCTHIl CO CKOPOC-
TbIO cBeTa. ['oBopaT Tak: 3akon KyJsiona — HepessITUBUCT-
CKuit mpefes 60Jiee TOYHOTO BBIPASKEHIIS, TTOTyIaeMOTO B
Keanmosoll diexmpodunamuxe. CTpOro U yIUBUTEIHHO
TouHO 3akoH Kysona onuceiBaer azexmpocmamuueckoe
B3aUMOJICHCTBUE. «Y IUBUTEJIBbHO> YIOTPEOUT S BIOJHE
ocostanno. ITo-MoeMy, HECOMHEHHO 3aCJ/LyKUBACT y[UB-
JICHWUST CYIIECTBOBaHME TOYHOTO 3aKOHA, KOTOPBIN CIIpa-
BE/IJTMB U HAa KOCMMYECKUX PACCTOSTHUSIX, W BHYTPHU aTo-
MoB. TakoB 3akon Kysona.

Kak sxe omucbIBaeT KBAaHTOBAs 2JIEKTPOMHAMMIKA B3au-
Mo/ielicTBre 3apsyKeHHbIX YacTUIL APYyT ¢ Apyrom? Xots
BBIBOJ popMy.J1 TpeGyeT IPUMEHEHH BIIOJIHE CEPbE3HbBIX
MaTeMaTUYeCKUX BbIYMCJICHUH, IIOHATh IIPUPOJLY B3aUMO-
JleiflcTBUA MeXKly 3apsilaMu He CJIUIIKOM TpyAHo. KBanro-
Bas YacTHUIIA He OCTAeTCs B TIOKoe, OHa (PJIYKTYHPYeT, T.€.
KoJieGJIeTCS BO3JIE CBOETO TMOJOKEHUST paBHOBecus. Ko-
J1e6JIACh, 3apsiKeHHas yacTuia n3aydaet Gotonbl. CTporo
TOBOPSI, HAa 3TO y Hee HeT SHepruu, HO 3TO HUYero. 3apsij
He TOJIbKO HCITycKaeT (POTOHDBI, HO M Torjoiaer. Vcmy-
IEHHbII POTOH 1T0YTH cpa3y GyIeT MOrJIOolIeH, U Hapylie-
HUS 3aKOHA COXpaHeHUs sHepruu He npousoiiger. Moro-
HbI, O KOTOPBIX Mbl TOBOPUM, Ha3bIBAIOT UPIMYALbHBIMU.
Ecan Ha HEKOTOPOM pacCTOSHUU OT OJIHOTO 3apsi/la €CTb
ele OJWH 3apsiji, TO IOTJOTUTh BUPTYaJbHBINH (HOTOH
MOJKET He TOT 3aps/, KOTOPBIii ero ucirycTud, a ipyroii. Ho
1 OH UCIycKaeT (POTOH, KOTOPBIH MOKET MOTJIOTUTH HE OH.
[Mpoucxomut Kak 6bI 0OOMEH BUPTYAJbHBIMU (POTOHAMU.
ITO BIIOJIHE PEAJTbHDIN TTPOTIECC, KOTOPDIN M3MEHSIET SHEp-
THIO CUCTEMBI U3 [IBYX 3JIEKTPOHOB, MPUYEM BHHEPTUS
B3aMMO/IEHCTBISI 00PATHO MIPOMOPITMOHAIBHA PACCTOSTHUIO
MEK/y 3apsi/laMi, a TeM CaMbIM CHJIA B3auMO/ICHCTBUS
MeK/y HUMU OOPATHO IMPOIMOPIIMOHAIbHA KBAIpaTy pac-
cTOSAAHUA. Bblunciaenns 1mokasblBalOT — 3HAK CUJIbI TaKOi,
Kak TpebyeT 3akoH KysoHa: ofHONMEHHbIE 3apsI/Ibl OTTAJI-
KUBAIOTCA, & PA3HOMMEHHbIE IIPUTATUBAIOTCS.

KyJsonosckoe (aJiekTpocTaTnyeckoe) B3anMojeicTBie
He eIMHCTBEHHOE MEeK/y cyOaTOMHBIME YacTuiiamMu. Hyx-
JIOHBI B s/paxX TIPUTATUBAIOTCS APYT K JPYTy C TaKoOu
CUJIOH, 4YTO IIPEOL0JeBAIOT OTTAJKUBAHUE OJHOUMEHHO
3apsKeHHBIX [MPOTOHOB APYT OT Apyra. BaaummoseiicTBue
MesK/ly HyKJIOHAMU O(DUITATbHO Ha3BaIH cuibHbiM. [lode-
My K€, €CJIi OHO TaK BEJUKO, OHO HAMHU He OILyNIaeTcs?



20 KBAHT

[Totomy, 4TO cHMIBHOE B3aMMO/IeliCcTBIE BOOOIIE HE TTPOSIB-
JIIETCST Ha MaKPOCKONMMIecKnx Macmrtadax. OHo geficTBy-
€T TOJIbKO Ha SIIEPHBIX MAacliTabaxX: ecJu pacCTosiHue
MeKy dacTUIaMu Topsgaka 107° M uiu MeHble, OHO
JIeliCTBYeT, a ecii PacCTOsiHUe 3aMETHO GOJIbIEe, TO HET.
Kasasocp 6b1, Masio 06IIIETO € JIEKTPOCTATUYECKUM B3au-
MOJIEHICTBUEM — HANPUMED, HYKJOHBI TOJIbKO IIPUTITUBA-
foTcst. [la, coBcem mMasto o61iero, Ho Bee e ecTb. CuibHOe
B3aMO/ICHCTBIIE — TOKE Pe3yJIbTaT 06MEHA BUPTYAJIbHbI-
mu yactuiiamMu. Her, He hoTOHAMY, KOHEUHO, a HACMOS-
wumy gacturamu. HacTosimumu TOJbKO B TOM CMBICJTE,
YTO Macca YaCTHIl, OTBETCTBEHHDIX 32 CUJILHOE B3anMO/IeH-
CTBHE, He paBHA HyJIO, Kak y ¢oroHa. [Ipenckazam mx
cymiectBoBanme snonckmii pusuk Xupsku IOxasa B 1935
rozy, a B Konile 40-X roJIoB ero rpecKa3aHue moITBep/Iu-
JIOCh — TIPE/ICKA3aHHbIe YACTUIbI ObLIN OTKPBITHI U TIOJIY-
YN HAa3BaHUS T -Me30H06. I'pe-
4ecKylo OYKBY T JJOGABUJIM, TaK
Kak paHee ObLI OTKPBIT ME3OH,
KOTOPBIi 0603HAYATN TPEUECKOI
OYKBOIi L, TTepBOIi GYKBOI /IpeB-
Herpeyeckoro cjoBa WHec § —
IIpoMeXkyTounblit, cpeanuit. Ilo-
yeMy J06aBUJIM MMEHHO OYKBY
7, He 3Ha10. O6e yacTUIbI Ha3Ba-
JIU ME30HAMU, T.€. TPOMEKYTOU-
HBIMHU, CPEIHUMHU, TaK KaK UX
Maccht 6OJIbIIE MACCHI 9JIEKTPOHA
U MEeHbIle MacChl IIpoToHA. Mac-
ca [-Me30Ha IPUGIU3UTENBHO B
207 pas mpeBbllIaeT Maccy dJeK-
TPOHA, a T-Me30Ha — B 273 pasa,
torga kak mporoH B 1800 pas
TsKesee aJIeKTpoHa. Yacto - 1
TT-MEe30HBI HA3bIBAIOT MIOOHAMU
n nmonamu. B 1949 rony 3a mpe-
CKa3aHHe CYN[ECTBOBAHUS MeE30-
HoB IOkaBa Obu1 ymoctoen HobGeseBckoii mpeMun 10
Jusnxe.

Maccy n-mesona IOkaBa npeckasas JOBOJBHO TOYHO.
Ou 3HaJ1, YTO CUJIBHOE B3ANMO/IEIICTBIE 3aTyXa€ET C PACCTO-
STHUEM 9KCITOHEHITMAIbHO, & MEXK/Y PAIUYCOM B3aMMO/Ieii-
CTBUS #, M MACCOI YaCTUI[bI-TIEPEHOCYNKA 7 CYIECTBYET
npocroe cootHomenue: m ~ h/(r,c). 3neco i — nocrosn-
Hag Ilmanka, a ¢ — ckopocTb cBeta. Ecam momacraButh
3HAYEHWS] BEJTMYNH, OKAXKETCS, YTO 3HAUYEHWE 71 HEILITOXO0
COBHAJIET C MACCON T-Me30HAa. XOTSI ME30HDI TPUTATUBAIOT
JIo6bIe HyKJIOHBI, a UX JIBa — IIPOTOH W HEHTPOH, ME30HOB
0Ka3aJ10Ch TPH: [[Ba 3apsKeHHBbIX (¢ 3apsigamu +e u -e) u
OWH HeUTpaJbHbIM. Macchl 3apsKeHHBIX T -ME30HOB
HECKOJIBKO GOJIbIIle MACChl HEHTPATHHOTO.

Bce m-Me30HDBI ecTeCTBEHHO IOMECTUTb Ha HWXHUN
ypOBeHb cxeMbl Tabauilbl 1, Kak HOTOHBI U HEUTPUHO.

CooTHollleHne MKy paJNyCOM B3aUMOJENCTBUS U
MAacCoil YacTHIIbI, KOTOPAs OCYIIECTBJISIET B3AMOJIENCTBIE,
0OBSICHSIET, TI0UeMy KYJOHOBCKOE 3JIEKTPOCTATHYECKOE
B3aMO/ICHCTBIIE TaK MEJJIEHHO 3aTyXaeT C PACCTOSTHUEM,
9TO MPOSIBJISIET cebsl B MakpoMupe: y (OTOHA Macca paBHA
Hym0, a npu m = 0 paanyc B3aUMOIEUCTBUS paBeH
6ECKOHEUHOCTH.
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Acno, uyTO ecam ecThb cusvHOe B3aMMOJEHCTBHUE, TO
JIOJGKHO ObITh 1 ciaboe. OHO JIeHCTBUTEIBHO €CTh, M MBI
0 HEeM yiKe TOBOPMJIM, He Ha3biBas ero. OHO MpOSBJIsSET
ce0sT B ONMCAHHOM HaMU pacrajie Heiitpona. [loHumaro,
YTO 3BYUUT HECKOJIBKO CTPAHHO: B3aUMO/IENCTBUE TTPOSB-
qsiet ce6st B pactiazie. Ho npescrasbre cebe, 4TO MPOU30-
1res1 O6pPaTHBIN TIPOIECC: CTOJKHYJIUCH TPOTOH, 3JEKTPOH
U aHTUHEHTPWHO W oOpasoBaju Helitpon. TyTt Brosne
YMeCTHO J0OABUTD: Gyiarofaps c1a6oMy B3auMO/IEHCTBUIO.

B nanexuit 1934 roq dupuro MepMu MOCTPOUT TEOPHIO
B -pacmazia Ha OCHOBe IIPEICKAa3aHHOTO UM paciiaja HelT-
poHa. Bousee mecstn Jiet MpoOILIO J0 TOTO, KaK pacraj
HelTpoHna ObLT OTKPBIT. CoryacHo Teopun Mepmu, 4TOObI
ciaaboe B3auMojielicTBIe ceOsl TPOSIBJISIO, BCE YACTHUIIHI
JIOJDKHBI HAXOAUTbcd B ofHON Touke. IlpaBma, Torma
TepMuHA caaboe e3aumodeticmeue eie He ObLIo. Bo
. BTOPOIi OJIOBUHE TTPOIILJIOTO BEKa
cyaboe B3aMMO/IENCTBYE TTPUBJIE-
KaJo K cebe BHuUManue. Terepb
TEOpHst c1a60T0 B3aUMOIEHCTBUS
Kap/IMHAJbHO M3MeHuJach. 1 eo-
puio OepMu Jaxke TTepenMeHOBA-
Jau B modear Depmu, 4eM MOHU-
3 ee panr. OTMeTuM aBa 00-
CTOATEJBCTBA.

[TepBoe. Cuaboe B3auMojieii-
cTBUE 0OPEJIO pasuyc JAeiCTBusd,
u OBLIM OTKPBITHI YaCTHIIBI-TIE-
penocunku. Mx naspaaum W- u
Z-me3onamu. HaspiBaTb ux Me-
30HAMW BPO/JI€ CTPAHHO: OHU TIO-
gyt B 100 pas tsa:xesee mporo-
Ha. 3HAUUT, pajuyc JAeHCTBUS
€J1a60TO B3aUMOJICHCTBUS 3HAUN-
TEJTHHO MEHbBINE PAINyCa CUJIb-
HOTO B3aWMOJCHCTBUS TIPUMEP-
wo B 100 pasz. Itu W- u
Z-Me30HbI, eCTeCTBEHHO, TTONa/[al0T Ha HUKHIN YPOBEHb.

Bropoe. Okaszajioch, 4To /iBa TAKMX HETIOXOKUX B3aUMO-
JIENCTBUS — HJIEKTPOMArHUTHOE U cJa60e — eCcTb PasJjimny-
Hble MPOSBJEHUS eIMHOro B3auMo/ielictus. [Ipu snepru-
AX BbIlIe sHeprun o6beannenus (ona nopsaka 10> T'aB)
00a B3aMMO/IENCTBYSI, 3JEKTPOMArHUTHOE U cJaaboe, CJu-
BAIOTCSI B €JTMHOE 2IEKMPOCcaaboe g3aumodeiicmaue. Mexy
YaCTUIAMU-TIEPEHOCYNKAMHU €CTh pacipeeienne o6s3aH-
HOCTEIl: TEPEeHOCUNKH DJIEKTPOMArHUTHOTO B3auMO/IeH-
cTBUSI — 3T0 (DOTOHDBI 1 W-Me30HbI, a c1aboro B3auMoieii-
ctBusi — W- u Z-mesonbl. To, 4TOo y HUX ecTb 0OuMit
MEPEHOCYWK, JIEMOHCTPUPYET €MHCTBO JBYX B3aUMOJIEH-
CTBUH.

OO6beanHeHne 3IeKTPOMATHUTHOTO U ¢1ab0TO B3anMO-
JleiicTBUI MOX0Ke Ha XOPOIIIo u3BecTHOe co BpeMen Dapa-
Jest 1 MakceBesiia o0 beIMHEHNE IEKTPUIECKUX U MaTHUT-
HBIX CBOICTB B 3JIEKTPOMArHuTHbIE. B cTaTnueckux ycJio-
BUSIX 3JIEKTPUYECKUE ¥ MAarHUTHbBIE CBOWCTBA HE CBS3aHbI
Meskty co6oii. Korga-to u He mpemosiaraim, 4to cylie-
CTBYIOT 3JIEKTPOMArHUTHbBIE BOJTHDI.

Ycenex o6beAMHEHUST AJEKTPOMATHUTHOTO W CJ1ab0TO
B3aUMO/ICHCTBUN T00ABJSET ONTHMU3MA TIOMBITKAM 00be-
JIMHUTH Bce (DYHaMEeHTAJbHbIE B3aUMOJIEHCTBUS B OJTHO,
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UCTUHHO (DyHIAMEHTATBHOE, KOTOPOE TI0-PA3HOMY TIPOSIB-
asier cebst B pasHbIX yeaoBuAX (IIpU PasHbIX SHEPIUAX).
Bceex B3aumMopeiicTBUil BCero yeTbipe, a Terepb CTaI0 TPHU:
anekTpocaaboe, cUIbHOe W TpaBuTaimonHoe. Iloxosxke,
IV 6eAUK020 00Be0UHeHUss — UMEHHO TaK WMEHYIOT
06be/IITHEHIE TPEX B3AUMO/IENCTBHUIT 6€3 TPABUTAIIMOHHOTO
— IIPEJICTOUT €11le MHOTO KCIIEIMIIUH 110 OKeaHy Hell03HaH-
HOTO.

Koneuno, cosganue Teopuum 3JeKTPOCTA60TO B3aMMO-
JleficTBUS — 3aMevaTesbHoe foctskerne. Oxo B 1979 romy
orMeueno HobGemeBckoit mpemueil o Gusmke, KOTOPYIO
npucyanim ee TBopiam engony JIn [namoy, Cruseny
Baiin6epry (CIITA) u A6aycy Camamy (Muausa). Ho,
JIOJUKEH MPU3HATLCS, Ha MeHsI 6oJiee CIIbHOE BIeYaTJIeHNe
IIPOM3BEJIO JIPyroe COObITHE: OTKpbITHE K6apros. IIpouc-
xojdiiee B pusnke sneMeHTapHbiX yactuil B 60-e — 70-e
TO/IbI MTPOIIJIOTO BeKa BOJHOBAJIO
MHOTHX, Jla’Ke TeX, KTo paboTas B
COBCEM [JIpyToil 06J1acTH, KaK ¥ 5.
OTKpbITHE HOBBIX YaCTUI BbI3bl-
BaJIo uHTEepec. BbigcHuioch: HO-
BOOTKPBITBIE YACTUIIBI, UX CBOII-
CTBA, B3aUMOJIEHCTBUS, PaCHaIbl
VTIOPSIIOUNBATOTCST, @ HYKJIOHBI 3a-
HUMAIOT €CTECTBEHHOE MECTO B
MHOT000PA3UT HOBOOTKPBITHIX Ya-
CTHIL, €CJH TIPEJIIOJOXKUTD, YTO
HYKJIOHBI 1 HOBOOTKPBITbIE Yac-
THUIIbI HE 2JIEMEHTAPHDI, & COCTOAT
13 4aCTHIL, KOTOPbIX HUKOT/1a HUK-
To He Ha6moxan. Mx-To n HasBa-
JIM KBapKaMu. EcTecTBEeHHO, BO3-
HUKJIM JUCKYCCUU: CYIIECTBYIOT
KBapKW WJIM OHU JIUIIb YI00Has
MaTeMaTuueckas moneab? K ru-
noretnyecknm (Moka) cyGHYKJIOH-
HBIM YaCTUI[AM TIPUBJIEKAJIO BCE:
OT HUKOT/Ia HE BCTPEYABIIErocs [POOHOTO 3JIEKTPUIECKOTO
sapsina (on kpaten e /3, rae e — 3apsjl 9JEKTPOHA) /10
HazBanus. B 1969 rogy amepukanckuil (pUsUK-TeOPETUK
Mioppeii I'esn-Mann osnyunsa HobGeseBekyio npemMuio 1mo
(usnke 3a OTKpbITHE KJIACCU(DUKAIMU HOBOOTKDPBITHIX
9JIeMEHTAPHDBIX YaCTHUI[, a TaKKe HX B3auMO/lelCTBUA
MesKIy co6oit 1 ¢ HykaoHaMu. Kimacendukaris moryania
HAa3BaHNE BOCOMEPUUHLLI NYmMb, B3ITOe W3 OYIAN3MA.
Teopernxu (mpexzge Bcero lemn-ManH, HO He OH OZUH)
MOHSJTH, 9TO ATy 3aKOHOMEPHOCTb MOKHO 000CHOBATD TEM,
4TO HEKOTOPBIE dJIeMEHTapHble 4acThIbl (Cpein HUX HyK-
JIOHBI) COCTOAT U3 Gosiee (PyHAMEHTATBHBIX CTPYKTYP-
ubix equnuil. VIx-to l'enn-Mann u Ha3Bag KBapKaMu.

BocbMmepuunblii myTh, 6yaau3M, KBapku... PoMaHTHKA
CONPOBOXK/JAMa U 6e3 TOTO WHTEPECHEHIe OTKPbITUS.
Havanucp 6e3sycrieninbie MOMCKH CBOOOIHBIX KBAPKOB —
BHE «OBIBIINX» 3JIEMEHTAPHBIX YaCTHI[. [ /1e TObKO UX HU
nckaun... Ho monckm oxasasnmnch GeaycremHbiMu. A pe-
AJbHOCTD KBApKOB BHYTPH YACTHI[ JeJjajach Bce 6osee
oueBn/IHOM. Umncsio KBapKoB yBemumioch. VX cBoiicTBa
YTOYHUJINCH, BBISCHUJIOCH, YTO U3 ce0sl MPEeICTaBJISIOT
YaCTUIIBI-TIEPEHOCYNKH. VIX Ha3BaJu 24100HAMU, OT AHT-
Jiickoro cioBa glue — kueit. OueHb yaunoe Ha3BaHUE:

OHU TaK CKJIEUBAIOT KBAPKHU, UYTO PACIIENUTD UX HE Y/AeTC.
Bre yacTuil oHM BCerjia CKJIEeHbI, B YACTHOCTU TaK, UTO
3apsi/i UX PaBeH B TOYHOCTH 3apsily 3JEKTPOHA WJIU
nporona. [JTi00Hb! HAGII0/IaTh B CBOOOHOM TIOJIETE, TIOXO-
JKe, TOXKE He YJIaeTcsl, HO eCcTh (haKTbl, KOTOPbIE CJY’KaT,
M0 CJIOBaM CIIEIMAMCTOB, CTPOIMM JI0KAa3aTeJIbCTBOM CY-
I[ECTBOBAHUS TJIIOOHOB.

[Tonumanme CBOWCTB KBApKOB W TJIIOOHOB TIO3BOJIHIO
€o3/1aTh HOBYIO HayKy. OHa Ha3BaHa KEAHMOBOU XPOMOOU-
namuxoi — KXJI. OcHoBaHHas Ha KBAHTOBO-MeXaHUYEC-
kux npuHiminax, KX/ onuceiBaer mopasJsioniee 60Jb-
MNIMHCTBO 3KCIEPUMEHTATBHBIX (PAKTOB, OTHOCSIIUXCS K
nanbosee (Ha CeroAHANIHUI JeHb) TIyGOKOMY YPOBHIO
crpoenust Mmatepuu. OGbeKTb KBAHTOBOW XPOMOIMHAMUKN
— YACTHIIbI, KOTOPbIE B HACTOSIIIIEE BPEMSI TPUHSTO CUUTATH
seMeHTapubpiMu. HasBanue XpoMoouHamura — ot JIpeB-
HETPEYECKOro ugem. PasHbIMU
I[BETAMU HA3bIBAIOT crierrduyec-
K€ 3apsijibl KBADKOB U TJIIOOHOB.
[IBeTa KBapkOB HEe MMEIOT OTHO-
NIeHnsT K OObIYHOMY TIBeTy. Bbi-
60p HaWMEHOBAHWII OTpaB/IaH
TEM, YTO CMECH IIBETOB TPEX KBap-
KOB, COCTaBJIAIONIUX HYKJIOHBI,
G6ecrBeTHa. lIBeTHBIE 3apsi/bl
KBapKOB U TJIIOOHOB OTBETCTBEH-
HbBI 3a CHJIbHOE B3auMoOJlelicTBIe
— QHAJIOTMYHO TOMY, KaK 3apsi/Ibl
9JIEKTPOHA 1 IPOTOHA OTBETCTBEH-
HbI 3a 3JIEKTPUUYECKOE B3anMMO-
JICHCTBHE.

B mesiom, MoxHO cKa3aTb, 4TO
KBapKOBasi MO/IeJib U BCe, 4TO U3
Hee BbITekaeT (B UYAaCTHOCTH,

o = KX/I), — nau6oJjee oOmenpuHs-

Sivesd : Tass TEOPHsT CTPOEHUST aJ[POHOB

(Tak Ha3BIBAIOT YACTHUIBI, MOJ-
BJIACTHBIE CUJIBHOMY B3aMMOJEHCTBHIO), KOTOpast Cocos-
Ha OOGDBSICHUTD MMEIOIINECS dKCIIEPUMEHTAJIbHBIE JIaHHbIE.
[lpyroii onpocTy Her.

Kpome KBapkoB W TJIIOOHOB Ha HOBbIW, HbIHE CaMBbIi
HUKHUI YPOBEHD HAJIO TIEPEHECTH 2JIEKTPOH, WL -ME30H, 1
HOBOOTKPBITBIN T-M€30H BMECTE CO CBOMMHU HEHTPHUHO. Y
Ka)XJIOTO U3 JIEITOHOB c60e Heiitpuno. K aneMentapuoctn
JIETITOHOB TIOKa TIpeTeH3uil Het. YacTuirpl, KOTopbie TpH-
HSATO CYMUTATh 3JIEMEHTaPHBIMU, B KBAaPKOBO-JEITOHHOI
Teopur — Touku. [1o3:Ke MbI yIIOMSHEM TEOPHIO, MbBITATO-
HIYIOCST OTKA3aThCS OT HTOTO MPEITOJIOKCHMUS.

Ha pucynke, B3sitom u3 crarbu B Buxurmemuu, o603ua-
4YeHbl BCE YACTUIIbI, KOTOPbIE CUMTAIOTCS 3JIEMEHTAPHbI-
MH. ITO IMeCTh KBAPKOB, OHU HOCSAT Ha3BaHus u, d, ¢, s,
t, b — 1o nepBbIM OYKBaM aHIJMICKUX cJI0B up, down,
charm, strange, top, bottom. IIporonsi, HeliTpousI, sapa
BCEX aTOMOB, BCE€, YTO MbI BU/UM, YeM IOJb3yeMCs, U
MbI CAaMH — BCE€ COCTOUT M3 CaMbIX JIETKUX # U d KBap-
KOB; OCTaJIbHbIE POKJAIOTCS TOJHKO Ha KOPOTKOE BpEMsi
MPU CTOJTKHOBEHUU YACTHUI[ HA YCKOPUTEJSX TIPU BBICO-
KuX aHeprusix. V3 mectu JIeNTOHOB, KOTOPBIMU SIBJISIOT-
CST AJIEKTPOH, MIOOH, T-JIENTOH W TPU THIIA COOTBETCTBY-
IOHIMX HEUTPUHO, B OOBIYHON MaTepUU BCTPEYAIOTCS TOJIb-
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KO 2JIEKTPOHBI, BXO/ISIIIE BO BCE aTOMbBI. 3aMETUM, YTO
- U T-ME30HbBI MepecTaJu Ha3biBaThbcss Me3oHamu. OHH
— 1moso6usT 3JIEKTPOHOB, TOJBKO 3aMeTHO OoJiee TsKe-
JIbIE. «.]II/I]_HHI/IG» KBapKI/I 1 JICIITOHDI, KOTOpre HE BCTpe-
YJalTCd B HpI/IpOI[e, Hy)KHbI HE <«/JIsd TTOJTHOTbI JKUBOTHO-
TO MapCTBa», OHU BJUSIOT HA PeANbHBIN MUD U HEOOXO-
JIUMBI JI7IST TOTO, YTOGBI TIOHSITH, KaK pPeajbHBIN MUD
yerpoen. [IpaBaa, yeM «3aHUMAIOTCST» MIOOH U Tay-Jiell-
TOH, s1 He 3Hat0. HaBepHoe, MCTUHHBIM CIEIMATUCTAM B
TEOPUHU 3JEMEHTAPHBIX YaCTHUIl 3TO u3BecTHO. OJHO MHe
MOHSTHO: BCSI KapTHHA CyOMHKPOMHUpPA TIPU UX YYaCTUU
mopaskaer cBoeil cummerpueii. B mpaBom crosibiie mpuBe-
JICHHOTO PUCYHKa TIOMEIIEHbI MEPEHOCUYNKH AJIEKTPOCTa-
60TO U CHJIBHOTO B3amMOAeNcTBUil. /11 TpaBUTAITMOHHO-
TO B3aMMOJIEHCTBUSI MeCTa IIOKa He HAILIOCh. DoJbInH-
CTBO (DU3UKOB-CIEIUAINCTOB yYBEPEHDI, YTO I'PABUTAIIN-
OHHOE B3aWMO/IENICTBHE MEPEHOCUT 0cobast YacTHia —
IPABUTOH, Macca KOTOPOH, Kak y (OoToHA, paBHA HY.JIIO,
a crwH paBeH 2. Ho KBaHTOBOW TeOpWM TpaBUTAINN
[OKA HET, U TPABUTOHBI ellle He OOHAPY KeHbI.

3a cuIbHOE B3aMMOJIEHCTBUE OTBETCTBEHHBI KBapKU U
TJTIOOHBI. A Kak e 7 -Me30HbI? VIX poJib BO B3auMo/iei-
CTBUU HYKJIOHOB MOJKET GBbITh @bl6edeHnd, NCXO/IS U3 3Ha-
HUST CTPOEHMS] HYKJOHOB M CaMUX T-ME30HOB M3 KBap-
KOB.

Temepb MBI MOKEM OKOHUYATENBHO BBIGPATH, KOTO TOCE-
JINTH HA HYKJOHHO-3JIEKTPOHHDINA YPOBEHb: TIPOTOHDI, Heli-
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TPOHBI, 3JEKTPOHDBI, (POTOHBI, HEUTPU-
HO 1 m-Me30HbI. lIpaBnaa, ato yxe He
cambIil HIKHUN ypoBenb. Ilog HUM —
KBapKoBbIii. BeperoBasg yepra matepu-
Ka IMO3HAHHOTO 3aMETHO C/IBUHYJIACD.
Paspernm cebe u Ha HbIHE CAMBIil HIDK-
HUNl ypOBEHb IIOMECTUTb 3JIEKTPOHBI,
Heiitpuno u doronbl. Beab Mbl 3HaeM,
410 6€3 HUX HE <IOCTPOWIIb» 3JEKT-
pocyiaboe B3aumo/ieiictBre. Ha HbrHer-
HEM BTOPOM <3Ta)kKe» OHM BBICTYMAIOT
B JIpyroii poJm: 6e3 5JeKTPOHOB HET
aTOMOB W, 3HAYWT, BCETO CYIIETO, a
ra3pl (POTOHOB U HEHTPHUHO MTPOCTO eCcmb
B KOCMOCe.

KapTuna, KOTOPYI0 Mbl HapuCOBAJH
(KaK BbI 0Ta/IbIBAETECH, IOBOJBHO IPY-
60), HOoCUT HasBanue Cmandapmmoil
modeau muxpomupa.' OHa Tak XOpOIIO
OIIMCBIBAET IKCIIEPUMEHTBI, YTO (HU3N-
KH-TEOPETUKHU BbIPAsKAIOT HEI0BOJIbCTBO:
TPY/AHO HAlTH, <K 4eMy IIPUJPaATbC»,
YTO IIOJCKAXKET, KaK IBUraThCs JlaJIblile.

MoskeT BO3HUKHYTDH BOIIPOC: 3aueM?
[Tpeskme Bcero, masant GoJiee Tiry60KOe
nonnmanue. [loka He ymanoch moctpo-
uTh BeJmKoe o0benunenue. TeopeTukn
YBEPEHbI, YTO JEKTPOcJaboe U CUJIb-
HOE B3aMMOJIEHCTBIS — PasHble POsB-
JieHust ofHOTO 6oJiee ByHIAMEHTATbHO-
ro. HacTtosibKo yBepeHbl, 4To 3aCTaBUIN
[IOBEPUTD U HKCIIEPUMEHTATOPOB, KOTO-
pble YIIOPHO MIIYT CJIE/CTBUS BEJUKOTO
o0benHeHrs. B 9acTHOCTH, KOHEUHOCTH BPEMEHW SKI3HU
nporona. Ecim Besmkoe oObeiuHEHWE CYIIECTBYET, TO,
Kak obOpatuy BHUManue AHzapeit /[ImutpueBmu Caxapos,
MIPOTOH [JIOJUKEH PACIACTbCsT HA 0OJiee JIETKHe YaCTHIIbI.
[IpaBga, BpeMs pacrajia MO OIEHKAM OYEHDb BEJUKO.
[Toxoske, naxke 60Jiblile, YeM COTJIACHO C/IEJTAHHBIM OIIE€H-
kam. Bo BcskoM cirydae, oka paciaji IpoToHa He o6Hapy-
SKEH.

A Beab ecTb 1 6oJiee aMOUITNO3HAS TI€JIb — MEOPUsi 6Cez0.
Iro oduMaIbHOE Ha3dBaHWEe TEOPUU, KOTOPasl IIpU3BaHa
0ObEIMHNTD BCE UYETBIPE B3aMMO/ICHCTBUS, T.€. C TpeMs
B3aUMO/ICHCTBUSAMY, JICHCTBYIOIIUMU B MUKPOMUpE, CBS-
3aTh TPABUTAIIMOHHOE, YIIPABJISIONIee [BUKEHUEM IIJIaHET,
3Be3/l ¥ 3HAKOMOE HaM He TI0 y4eOHHKaM, a C CaMoTo
PaHHEro JIeTCTBA MO HAOGUTBHIM CUHSKAM W MmuKaM. EcTb
JI BO3MOXKHOCTD TIPEACTABUTDL cebe, KaK /aJIeKO B OKeaH
HEMIO3HAHHOTO HAJ0 MPOJBUHYTHCS B HANECKIE NOCTHYDL
skestanHoON 1esn? Ilepexo/i oT u3ydeHusd atomMa K usyue-
HUIO CTPOEHMs HYKJIOHA O3HAYAeT Mepexoji OT 0O0BHEKTOB
pasmepa ~ 107" MeTpa k o6bexTam pasmepa ~ 10717 Mer-
pa. O kakux macmrabax HaIO AyMaTb, €CJH IMbITATHCS
cO3/1aBaTh TEOPHUIO BCETO?

ucmeuil

bosonwst — NeperHocuuUxu 83aumode

! 9ra craTha 6bima HamcaHa 10 OTKPBITHA 603oHa XWTTCA,
KOTOprfI, II0 MHEHHIO CIIEIHUaJHUCTOB, JOJIJKECH yBe]II/I‘H/ITI) Ha-
nesknocts CrangapTHoit Mojenn mukpomupa. Ilogpobree 06
aToM 6030He pacckasbiBaercss B cratbe B.PyGakosa (B atom
HoMepe kypHamna). (ITpum.ped.)
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Bynem mcxomuThb m3 TOTO, 4TO TEOPUS BCETO MOJKHA
CTPOUTHCS, KaK W BCE TPEJbIAYININE TEOPUU, HA OCHOBE
TEOPUM OTHOCUTEJIbHOCTH M KBAHTOBON MeXaHUKN. M bl yiKe
oTMevaJu: TMoKa (DU3WKM He BCTPETHIUCH ¢ (haKkTaMu,
KOTOpBIE 3aCTaBUJN Obl COMHEBATHCSI B TAKOW BO3MOKHO-
ctu. Teopust rpaBuTanuu DWHIITENHA, NN 061 TEOPUS
OTHOCUTEJIbHOCTH, — PEJIITUBUCTCKAST, HO IO CAMOU CBO€
CyTH KJIacCMYecKas HayKa, He YUUThIBAIONAsl KBAHTOBBIE
acpderTvr. Ho Besb pocTpancTBO-BpeMst — (pU3MUECKUI
00BEKT, 3HAYNT, U €T0 CBONCTBA 00.1KkHbl OBITH TIOUMHEHDI
KBaHTOBBIM 3aKOHaM. XOTs, HECMOTPSI Ha MHOTHE TIOTIbIT-
KW, JI0 CHX TTOP HE Y/IaJ0Ch TPOKBAHTOBATH ITPOCTPAHCTBO-
BpeMsI, KBAHTOBASI TEOPUSI TPABUTAIIUY JOIKHA CYTIECTBO-
BaTh, 1 MbI MOkeM f1aske (1) oleHnTDb, Ha KaKnX MaciTabax
JIOJDKHA TIPOSIBUTBCS KBAaHTOBAsl IPUpPo/ia TpaBuTaiuu. B
HaIlleM PACIOPSKEHUH TPU MUPOBbIE KOHCTAHTBI: TIOCTOSTH-
Hag [lmanka %, ckopocTb cBeTa ¢ W TIpaBUTAIMOHHAS
nocrosunas G. VIx snauenus npusejenbl B tabauie 3 (B
nepBoii yacTu crarbi). M3 HUX MOKHO [IOCTPOUTH KOMOU-
HAIMIO C Pa3MEPHOCTBIO [UIMHBI — NIAHKOGCKYIO OJUNHY

1/2
LP=(hG/ 03) . I?o MOPSI/IKY BEJUYMHDBI ITLJIAaHKOBCKAs

JUTMHA paBHA 1075 MeTpa, T.e. Ha ABAJIATh MOPSIKOB
MEHbIIIe, YeM pa3Mep HyKJIoHa. B MaciTabe maaHKOBCKOI
JUITHBl HYKJIOH 3aHMMaeT OIPOMHOE ITIPOCTPAHCTBO, B
KOTOPOM HaXOJSATCS KBAPKU U TJIIOOHBI. MOXKHO JIn UX €
TOYHOCTBIO, KaKOi Tpe6yeT MJIAHKOBCKAs JJINHA, CYUTATD
toukamu? He snato. U, gymalo, 1oka HUKTO He 3HaeT.

[TapasnesbHO APYrUM HAIIPABJEHUSM TEOPUU dJIEMEH-
TapHbIX YaCTUI] aKTUBHO Pa3BUBAJIACh MMEOPUL CMPYH, B
KOTODPBIX 3JIEMEHTAPHBIE YACTHIIBI — JIMHEHHBIE 0OBEKTHI
MactTaba MJIAaHKOBCKOH JTMHBI. BypHO pasBuBasich, Teo-
PUS CTPYH MPEBPATUIACH B CAMOCTOSTENbHYTO TUCITATLIN-
Hy, He UMEONIYI0 BBIXO/a K 9KCIepuMenty. Bo3MokHo,
nmoka... IlpusHaioch, S Tak Jajex oT TPo6JeM Teopuu
CTPYH, UTO, CTPOTO TOBOPSI, HE MMEIO MpaBa Jake Ha 9TH
HECKOJIBKO CTPOK O TEOPUH, KOTOPOI 3aHATO MHOTO TaJIaH-
TJUBBIX (PU3UKOB-TCOPETUKOB U MATEMATHKOB.

[Ipexkie yeM TOKWHYTH HWDKHHUE YPOBHH, TIO/IBE/IEM
He4To BpoOjie uTora. B Tabmiuile Ha MPUBEJEHHOM PHCYHKE
1IeCTb KBAapKoB. /[Ba, caMbIX JIETKUX, CJIYKaT «KUpInYa-
Mu». /13 HUX MOCTPOEHbBI TPOTOH U HEUTPOH. V3 HUX u u3
60J1ee TSKETBIX KBAPKOB TIOCTPOEHBI BCE T€ COTHHU YaCTHII,
KOTOPBIE HA3bIBAIOT 2JIEMEHTAPHBIMU. UeMy yIUBISATHCS ?
Anapa aromMoB, a WX C yY4eTOM HE TOJDBKO CTAOUJIBHBIX
M30TOTIOB, HO W PaJIMOaKTUBHBIX, 3BecTHO OoJiee 2000,
BCE MOCTPOEHBI U3 YACTHUI[ BCETO JIBYX TUIIOB — MPOTOHOB
1 HEHTPOHOB. A KBaPKOB B PACIOPSI’KEHUH TPUPO/IbI BTPOE
6oupiiie. Ho...

Ho nperepriesin nusmMmenenue, Ka3auaoch Obl, TaKHIE BIIOJHE
OYEBHUJIHbIE TIOHATUS, KaK COCMABHAS YACMb, COCMOUM
#3... MOXHO JIM CYUTATb, YTO HYKJOHDBI COCTOAT U3
KBapKOB, a KBAPKU — COCTaBHbIE YACTH HYKJIOHOB, €CJIM OHI
BHE HYKJIOHOB MJIM JPYTUX aJ[POHOB ITPOCTO HE CYIIECTBY-
for? Jla  4TO 3TO 3a CTPOUTENBHBIN MaTepuasa — YeTbIpe
TSKEJIBIX KBapKa, €CJIM OHU HEYCTONYUBBI U ITOYTH MTHO-
BEHHO pacralaloTcs Ha 6oJiee JIETKIe YaCTUITh ?

Eme onHo HenmpuBBIYHOE OGCTOATENLCTBO: HEKOTOPDIE
KBapKH TsKeJee aJIPOHOB, «4aCThbI0 KOTOPBIX SBJISIOTCS> .
3HAUNT, MEXKIY KBAPKAMU MPUTSKEHHUE OYEHD BEJUKO.

OHo, /1eliCTBUTENBHO, TAKOE, YTO deghekm MAcCC TUKBUIU-
pPYeT 3TO HECOOTBETCTBUE.

Ectb B KBapKOBO-TJIIOOHHOW TEOPUU M TEXHUYECKHUE
cjoxHOCTH: He padoraioT B KX /| MHOTHE MeTO/bI pacye-
TOB, MIPEKPACHO 3aPEKOMEHI0BaBINNE ce6sl B 3JIEKTPOHHO-
¢ oTOHHOI KBaHTOBOH 3JeKTpoaAnHaMuKe. Pa3Burtne BbI-
YUCJUTEIbHON TEXHUKH, [[yMalo, IOMOTraeT C 3TOW TPY/IHO-
CTBIO CIIPABJISATLCS.

Teopust — cozmanue yenoBeueckoro yma. OHa JT0JKHA
HEYTO OOBSACHATH, JJs aTOro OHa co3faercs. Ho, kak
BCAKOE YeJTOBEYECKOEe TBOPEHHE, TEOPUS JOLKHA K TOMY
JKe HpaBUThCA. Kak yacto, XBaJssi TeOpUio, TPOU3HOCHUTCS:
«Ona xpacusas!> CioBa 3TH caIyKaT yOeaUTeTbHBIM
apryMeHTOM B 110J1b3y HOBO Teopuu. IIpu Bceil snerant-
Hoctu Cmandapmuoil modesu Muxpomupa oHa He 6e3yr-
peyHa ¢ 3CTETHYECKON TOYKU 3PEHUS: CJUIIKOM MHOTO B
Hell mapaMerpoB, 10006pantbix Tak, YTOObI HYKJOHBI,
9JIEKTPOHDI, HOCUTEJIM B3aUMO/IEHCTBUI — Bce, YTO n3Me-
PEHO U CJIY>KUT CTPOUTEIbHBIM MaTepuaJioM /s Beesen-
HOI, OBLJIO CJIEJCTBUEM STOU MOJIEJIH.

3Has, Ky/la B OKeaH HETO3HAHHOTO CTPEMUTCS MBICJIb
TEOPETUKOB, MOHUMAEM, YTO KBAPKOBO-TJIIOOHHAS TEOPUS
6m3Ka K Oepery Marepuka Mmo3HaHHOro. Ecan yik 3/7ech
OTKPBLIOCH CTOJBKO COBCEM HOBOTO, TO YTO MOKHO OXKH-
JIaTh Ha Ty TH K meopuu 6cezo! Komymo6, skeas HalTH myTh
B Unamio, otkpoin AMepuky. W He Hazmo 3a0bIBaTh, 4TO
PYKOBOJMJIO UM [OHMMaHUe HAYYHOW MCTUHBL: OH 3HAI,
yto 3emust — cepa. Jluib HemHorne B XV BeKe MOTIJH
3a/lyMaTb 9KCIIEJIUINIO, OCHOBBIBASICH HA 9TOM HAYYHOM
daxkre.

k ok ok

Temnepn nepeiizeM K caMOMy BepXHeMy YPOBHIO — Bce-
JeHHASL.

[lo6aBuTh Kakne-gn60 YPOBHU, IPUMBIKAIONINE K CaMO-
My BEPXHEMY, Ka3aJoch Obl, MOJKHO TOJIBKO 200 HUM: BE/lb
BEPXHUIl ypOBeHb conep:kut ce. Oauako, 6yjeM OCTO-
POKHBI C BBIBOJIAMH.

Kak yske ynmoMmHa0Ch, CPaBHUTEJIbHO HEJABHO £ TIO-
3HAKOMMJICS C HAyYHbIMH TEpMUHAMM, KOTOpbIe MEHS
CMYTHUJIM HE TOJbKO TeM, YTO B HUX IPUCYTCTBYET SIUTET
«TeMHasl»: MeMHAs Mamepus, COCTOSLIAs U3 MeMHOU
anepeuu M memnou maccol. SIcHO: 0603HAUEHHOE ATUMU
TepMUHAMW, HEBUIUMO, T.¢. HE U3JIy4aeT W He OTPasKaeT
9JIEKTPOMATHUTHBIE BOJHBI. KoHeWHO, Jydlne gaBaTh Ha-
3BaHue He 10 OTCYTCTBYIOLIEMY CBOMCTBY, a 110 CBOUCTBY,
KoTopoe ecThb. IlepBoOTKpBIBATEN TOYYBCTBOBAJIN, CKO-
pee BCeTo, 4TO He TIOHUMAIOT, € YeM OHU CTOJIKHYJIUCH, 1
XOTeJIM OTKPOBEHHO MPU3HATHCA B 3TOM. Moe cMylieHue,
a BHauaJie U HeJ0BEpHUE, BBI3bIBAJIO TO, YTO TeMHAs dHEP-
TUst ¥ TEMHAasi Macca COCTABJISIIOT ROOABASIOUYHO UdACTb
maccoi-anepeuu Beenennoti. Kak Tyt He cmytutbes? He-
y2KeJIn Hallle 3HAHKe, KOTOPOE OXBATBIBAET CTOJIb PA3HOO00-
pasHble CTPYKTYPBI, 3aTOJIHSIONNE HEOO03PIMBIH OKeaH
MO3HAHHOTO, TIO3BOJISIONIEE TTOHATh CaMble MPUYYITHBBIE
SIBJIEHUST IPIPO/IBI, 3TO BCETO JIMIITH MaJIast 1015 Oy TIyTIIero
3HaHMS O TpUpoie? MoskeT ObITh, JAelicTBUTENbHO Tak. Ho
He GymeM 3a6bIBaTh, YTO COBPeEMEHHAs HAyKa KOHCEpBa-
TUBHA: HUKTO HE OTHUMET W He MI3MEHUT JIOOBITOTO 3HAHUS,
a TeMHasl MaTepus MPOSBJsieT ceOs TaKuM 06pas3oM, 4To,
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MOXO0’Ke, HUKOT/IA YeJIOBEKY He TIPU/IETCS BCTYIUTD ¢ Hell
B HETIOCPEJICTBEHHBINI KOHTAKT. JTO HEe 3HAUNT, 4TO YeJ0-
BEYECTBO OCTABUT TIOTIBITKH TOHITH, YTO U3 ceOsl IPEICTaB-
Jger temuasi Mmatepusi? Her, koneuno!

O TeMHOII MaTepuu yske MOXKHO [IPOYECTb HE TOJIbKO B
OPUTHMHAJBHBIX CTAaThsIX ¥ HAyYHbIX 0630paX, HO U B
HAyYHO-TIOMYJISPHBIX XKypHasax. 1 orpanuyycb HECKOJIb-
KUMH ppaszamu. TeMHas MaTepus MPOSIBJSET ce6sT TOJTBKO
110 I'PABUTAIIMOHHOMY BO3/ICHCTBUIO B KOCMMYECKUX Mac-
nrrabax, IpUYeM TeMHasl SHEPTUS U TeMHAsi Macca MpOosiB-
JISTIOT ce6sT Pa3JINdIHoO.

Temuast sHEPTHs 3aMOJHSIET BCE KOCMIYECKOE TPOCTPaH-
CTBO, U €€ HOCUTEJIb TI0 MPETION0KEHIIO 00Ia1aeT Y ANBH-
TEJTbHBIM CBOWCTBOM — aHTUTPAaBUTAIINEH, Oar0o1aps yeMy
pacimupenne Beesennoil yckopsiercs. CorJiacHO TeopuH,
Bceesennaa BosHuKJIa B pesyJsbraTe BoJblioro B3pbiBa
npu6IU3NTETbHO 14 MUJIMAPAOB JIET HA3a/ U C TeX TI0p
pacimpsieTcs, Ipyu 3TOM pPasJieT
BCEro, UTO B Hell 06pa3oBajioch,
IIPOUCXO/UT CO CKOPOCTDIO, IIPO-
IOPIUOHAJbHON PACCTOSAHUIO
MEK/y KOCMUYECKUMHU O0OBEKTa-
M. YeMm pajibiiie OHU JIPYyT OT
JIpyra, TeM CKOPOCTHb OGOJbIIIE.
[Ipeamonaranu, 4T0 MOXHO OY-
JeT OOHAPYXUTb yMeHbIIeHHe
CKOPOCTH pasJjieTa, BbI3BaHHOE
NPUTAKEHUEM KOCMHUYECKUX
00bekToB. OOHAPYKUIU... CO-
BCEM HE TO: CKOPOCTb HE yMEHb-
maercst, a Boapacraer. Hobemes-
ckas npemus o ¢usmuke B 2011
TO/Iy IPUCY3KIEHA TPEM aCTPOHO-
maM — Couy [lepamyrrepy, bpaii-
any IMImuary u Agamy Puccy —
32 OTKPBITHE YCKOPEHHOTO pac-
mupenusi Bcenennoil mocpen-
CTBOM HAOJIOMEHUS [JaTbHUX
CBEPXHOBBIX 3Be3/l. 3HAUEHNE OTKPBITUS MTOYCPKUBACTCS
TeM, YTO ACTPOHOMUS HE BXOJHUT B MEpevYeHb HAyK, y10C-
tauBalonxcst Ho6eneckoii mpemun. Hecomuenno, 661710
IIPUHATO BO BHUMAHKE TO, YTO OTKPbITUE — OYEHb BASKHDII
niar B IoHUMaHuu pu3nyuecKoil npupojbl ucropun Bee-
JIEHHO.

Temuasi Macca HEOJTHOPO/THO pacIipe/iesieHa B TPOCTPaH-
crBe. OHa ecTb TaM ke, rJle U BUAUMBbIE OOBEKTbL B BU/E
rajo BOKPYT TaJaKTUK W UX ckomsennii. [Ipucyrcreue ee
OOHAPYIKUBAETCS TT0 CKOPOCTH BPAIEHUS HAOJIO[aeMbIX
o6bekToB. Ho me TOJIBKO 10 Bpamienuio. Muorue us
KOCMUUECKUX OOBEKTOB UIPAIOT POJIb 2PAGUMAUUOHHBLY
JUM3, UCKPUBJISS CBETOBbIE Jy4d — CJeJCTBUE OOIeit
TEOPUU OTHOCHUTEJbHOCTH, TPE/CKa3aHHOe DWHIITEHHOM.
[leiicTBre rpaBUTAIIMOHHON JIMH3bI 3aBUCUT OT pacipejie-
JIEHUST Macchl — 6e3pa3INyHO, BUANMAs OHA MJIN TEeMHAsl.
I'paBurannonnble JUH3BI MOATBEPIKIAAIOT CYIECTBOBAHUE
rajio 3 TEMHON MacChl.

Nrak, ecTh Bce OCHOBAHUS CUNTATD, YTO TEMHASI MATEPUST
cymectByer. Kyna ee momectuth? Kazasmoch Obl, HUKE
BepxHero yposHst (Beib OH JIOJBDKEH cozepKarh 6ce). Ho
OPU 9TOM CTPYKTypa CcXeMbl Oy/IeT HapylleHa: Mbl He
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3HaeM, U3 4ero TeMHas MaTepust coctout. OcTaBUM TeM-
HYIO0 MaTepuio BHE cXeMbl. MoxeT ObITh, MOKa.

* ok ok

Ectp HayuHble COOGBITHSI, KOTOpBIE IMOTPSICAIOT JasKe
TOr/1a, KOI/Jla COBEPIICHHO He 3aTparnBaioT TBOIO KU3HbD,
JKM3HD TBOMX OJM3KNX U Jaske BooOie Jogeil. OaHo u3
Takux coOpITnii (Tounee, MEMoYKKM COGBITHIT) — BBISACHEHHE
TOTO, 4TO GBITIO BPEMSsI, KOT/la HIYero He GbLI0, TOTO, YTO
Bcenennas Bo3HUKJIAa B pe3ysbrarte Bosbioro B3pbiBa,
TOTO, YTO BO3MOKEH HAY4YHBIM clieHapuil pasButusi Bce-
JIEHHOHN, yBEPEHHOCTb B TOM, YTO €CThb HaOJI0/[aeMble
CJIe/IbI TTPOUCIIIE/IIIEro B TIepBble MOMEHTBI TIocJie bosbiio-
IO B3pbIBA U CPelU HUX eCTb HamboJiee BIIEUYATJISIONUI
cjes — pesqnkToBOE u3saydenue. He 3Halo, kKak Apyrux, HO
MeHd Bce 3TO 1oTp4cao. [laxe Ha TOro, KOMy He 110 CHJIaM
pas3o6parhbCs B JJOTUKE HAYYHBIX TIOCBIJIOK U CJIE/ICTBHIT U3
HUX, YBepeH, IIPOU3Be/leT CUJIb-
Hoe BrieuaTsieHme KHura Hobe-
JeBckoro Jaypeatra CTuBeHa
BaiinGepra (o nem y»ke roBopu-
Jock) «IlepBble TpU MUHYTBI» €
Mo/13aT0JOBKOM  « COBPEMEHHBIH
B3IJISI/I HA TTpoucXox/ieHne Bee-
JEHHOW» . AHHOTAINS KHUTU 3a-
KaHumBaetcs caoBamu: « [Lis un-
TaTesiei, MHTEPeCyIOIUXCs MPo-
6seMaMu KocMoJioruuy» . Takux,
KOTOPBIE 3aNHTEPECOBAJINCH, U HE
TOJIHKO Ha3BaHWEM, OKa3aJoCh
MHOTO: KHHUTA CTaJa MHUPOBBIM
6ecTcesIepoM.

CepbesHoe 06CysK/IeHIe KOCMO-
JIOTUN — 32 PaMKaMHU 3TOM CTaTbu.
Ho neckombko ¢dpas Bce xe 10-
3BOJTIO cebe.

Tak kak o6pasoBabiiasicst Bee-
JICHHAs1 B TIepBble MTHOBEHbS He-
B0OOGPA3NMO rOpsiya, BO3HUKINNE B HEHl YacTUIIbI 06.1a/1a-
I0T 9HEPIUAMU, KOTOPble HEBO3MOKHO /IOCTUYb Ha YCKO-
pUTEJAX M BOOOIIE B 3€MHBIX yCJOBHUAX. YacTHIbI cTa-
KUBAIOTCS, TPOMCXO/AT PEAKINH, Pe3yJIbTaThl KOTOPBIX
MOJKET MpeICKa3aTh Teopusi. Teopusi, K TOMY e, MOKET
Mpe/ickas3aTh, Kak Oy/JyT pa3BUBATHCS COOBITHS TIO Mepe
octbiBaHusl Bceenennoil. Kakme-To NPOAYKTHI peakiynu
BBIKUBYT U, CUHTE3UPYSCh, CO3JaAYT BCE TO, YTO yKaza-
HO B Tabumie 1. CBoiictBa 3TUX OOBEKTOB, SBJIEHUS,
KOTOpBbIE € TIOMOIIBIO COBPEMEHHON Teopun MOryT ObITh
0ObSICHEHDI, He TOJBKO TIOKA3BIBAIOT, CHPABE/IUBBI UJIH
HeT HaIlM [PEANOJOXKEHUSI U BBIBO/JbI, HO U JAlOT BO3-
MOYKHOCTb YCTaHOBUTD, KaK BEAYT ce6sT YACTUIBI B CTOJIb
BQJKHDBIX [IJI1 TEOPUU 3IKCTPEMAJIbHBIX YCJIOBUAX. Bce-
JeHHAsL CALA YHUKAILHOU Jdbopamopuetl huauxu sjie-
MEHMAPHBLX UACTUY,

[pousomio a10 He cpasdy. OUEHKH MOKa3bIBAIOT, 4TO
JIOJDKHO ObLJIO TIPOMTH BPeMs TOPSI/IKA 107 CEeKYH/IbI,
npeskzie yeM Bceslennas BCTynm/a Ha TOT IIyTh, IepBble
TPU MUHYTBI KOTOPOTO onucanbl B kKHure CtuBeHa Baitn-
6epra. C TpyoM s 3acTaBUI ce6s yOTpeOUTh OOBIYHbBIE
CJIOBA: He Cpa3y, npexde U NPOUMU K CTOJb HEBHAUYNTEb-
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HOMY WHTEPBAJIY: 1079 cexkynpl! Ho smmmb MesbKHY T
ATOT WHTEPBAJI, ¥ BCE, YTO TTPOUCXONUIIO JAJbIINE, TTOIH-
HSAJIOCH 3aKOHAM, KOTOPbIE JICHCTBYIOT /10 CUX MOpP, KOTO-
pbie 6bLIH CHOPMYTUPOBAHBI HA 3eMJie JIIOIbME, COBCEM
HeJaBHO crTynuBimME Ha JIyHy — Ha 6umiskaiiiiee Kk 3emie
KOCMMYECKOe TeJo, Ha CIlyTHUK 3eMJu. PacecMoTpernb, uTo
IIPOMCXO/IUJIO B IIepBble MITHOBEHUS, He Y/laeTcs He MOTO-
My, YTO TOT/Ia He JeiicTBOBaMM 3eMHble 3aKOHbI (TaK, 1mo-
MOEMY He JIyMaeT HUKTO), a TIOTOMY, Y4TO He YMEIOT MOKa
00BEIMHUTD OGIIYIO TEOPUIO OTHOCUTETHHOCTH U KBAHTO-
BYIO MEXaHUKY — CO3/1aThb K8AHMOBYIO MEOPUIO ZPAGUMA-
yuu. MbI TIO HTOMY TIOBOJLY ViK€ CETOBAJIH.

Heob6xoanMocTb co3anus KBaHTOBOM TeOPUH TPAaBUTA-
MM Bo3pacTaeT. B KBaHTOBOW Teopum pOK/eHNe HOBBIX
(usnveckux 06bEKTOB — He penkocTb. Hazmo, xoneuno,
4TOOBI OBLIN BBIIIOJHEHDBI 3AKOHBI COXpaHeHusi, Ho (GoToH
MOXKET «/IaTh KM3Hb» 3JEKTPOHY U MO3UTPOHY, YaCTHIlEe U
antuyactuite. OTKyza OHM MOSBUJINCH? «V13 BakyymMay, —
orBevatoT Gpusuku. g pesaTuBUCTCKON KBaHTOBOH Me-
XaHUKU 6dKyyM He IyCTOTa, HEe HUYTO B JKUTEHCKOM
CMbICJIE CJIOBA, a HauHu3lIee 110 9Hepruy, OCHOBHOE COCTO-
SHUE BCEX MATEPUATbHBIX YACTHUI], KOTOPbIE CYTIECTBYIOT,
T.e. 6cezo. CoTrJacHO NIC0JIOTUH PENSITHBUCTCKON KBAHTO-
BOI MEXaHWKU, CBOOOJIHBIN 2JEKTPOH HE <«ITa/laeT» B
COCTOSTHUS C OTPUTIATEbHON sHeprueii (a OHU y aJIeKTPOHA
ecTb!) TOTOMY, 4YTO BCE COCTOSAHHUS C OTPUIATEIBHOI
sHeprueii 3aHgaTbl. OHU COCTABJLIOT BakyyM. [IByX aJjiex-
TPOHOB B OJIHOM COCTOSTHUM GBITH HE MOKET. JTO 3alpelile-
HO OJIHMM M3 CTPOIMX CJIEJICTBUI KBAHTOBON MEXaHUKU —
npuninoM [laysu. A BoT ecim Kakoi-HUGY b 2JIEKTPOH
C OTpHUIIATEJIbHOI dHEprueii MOorJ0TUT dHEPTUIo GOTOHA U
OyJZieT U3 BaKyyMa W3BJICYEH, TO BMECTE C HUM IOSIBUTCS
cBOOO/IHOE MecTo — ibipka. OHa BefieT ce0st KaK TOJIOKH-
TEJbHO 3apsiKeHHAsl JacTuila. JTO — MO3UTPOH. Takyto
kaptuny HapucoBaJs [losb /Iupak ayis pazbsicHenns daxra
CTAIIMOHAPHOTO COCTOSTHUS AJIEKTPOHA ¢ HAMMEHbBINEHN T0-
JIOXKUTEJbHOW 3Hepruei.

YnoMuHaHUe O POXKICHUY 3JIEKTPOH-TTO3UTPOHHDBIX ap
CJIY3KUT JIJIs TOTO, YTOOBI CKA3aTh: ecJIu poxkaenue Beeen-
HOIl MPOMCXOJUT TIO KBAHTOBBIM 3aKOHaM, TO CJEIYyeT
CUUTATh, UTO poduiacy Bcenennas us eaxyyma. 3naduut
JU 3TO, YTO 10 PpoxJeHud Bcesennoii, torpa, Korja
peasbHO He GBLIO HIYEro, He CYIIECTBOBAJIO HU MaTepUH
B M3BECTHBIX HaM (hopMax, HU MPOCTPAHCTBA U BPEMEHH,
6 nomenyuu 6vl10 6ce? A KaKOBBI 3aKOHbBI, KOTOPBIM
O6ydem noduunamvcs Mup, KOTAAQ OH POAUTCS ¥ TIO
KOTOPBIM poskaaercsa? OHU OvLau 10 BCEro, 4TO IPOU30i-
JIeT TTOTOM?

s He 3HAI0O OTBETOB Ha 3TH BOIPOCHI. bBoioch, aTn
BOIIPOCHI HaBcerja ocTanyTtcss 6e3 orBeta. Bo3MOXKHO,
KaK/Iplil 6y/IeT NCKATh OTBET CAMOCTOSITENBHO. ..

C Japyroil CTOpPOHBI, KOE-4TO O KBAaHTOBOM BaKyyMe
BcenenHo# MOKHO cuuTaTh ¢ GOJBINOI /[0JI€l BEPOSTHOC-
i u3BecTHBIM. [lo-BuanMOMy, BakyyM — BecbMa HEOObIU-
Has cy6cTaHImsg. B yacTHOCTH, OYeHb BEpOSITHO, YTO OH
o0J1ajlaeT aHTUrpaBuTamyeii. Ecim tak, To UMEHHO 8aKyyM
u ecmv memmas auepzus. OH, BaKyyM, TIPOSBJISET cebs
TOJIBKO TeM, YTO ycKopsieT pacimupenue. Ho ecam ato Tak,
TO BakyyM HaOmogaem! MHe KakeTcs, cefidac TakoBa
TOCIO/ICTBYIONIAsl TOUKA 3pEHUsI. A BOT O TEMHON Macce,

IIO0-MOEMY, H3BECTHO €II€ MEHDbIIIE. HpeI_IHOJIOHQQHI/IC (6]
CBEPXTAKEJIbIX HeﬁTpHHO NJN 0 KaKNX-TO APYTUX HU C YEM
He BSaHMOLIefICTByIOHIHX JaCTullaX IIPEeACTaBJIAETCA (baH-
TAaCTUYHDbIM. OlIHaKO, BCA UCTOPHUA HaYKU yéemaaeT, 4qTo
HeOébI‘-IHOCTb, JlaxKe (paHTaCTI/I‘-IHOCTb HOBOI TEoOpruun HeE
apryMEHT IIpOTUB Hee, a, CKopee, /I0Ka3aTeJbCTBO €€
IIpaBUJIbHOCTH. BPEMH ITOKa’KeT.

* ok ok

Hy Bot, 4 ckasasn 1moutu Bce, 4to Xotes. Bepio, uro
YyHUTaTeJb BMECTE CO MHOH MOGBIBAJI Ha 6Geperax OKeaHa
HETIO3HAHHOTO. A BOT 00 WJITIO3UU TIPOCTOTBI MPSMO HE
ckazano. /lymMaio, HECKOJbKO OB HA/IO0 N06aBuTh. [1po-
crora — He o0beKTuBHOEe noHarue. Koneuno, oObeguHe-
HUE Pa3HbIX B3aMMOJIEHCTBUI YIIPOCTUT KapTUHY MUPA,
HO KaKoil IieHoil jocTturaercd obbeauHeHue? Y MeHs
3aKPa/IbIBAETCS KPAMOJIbHASI MBbICJIDb: ecau Obl MOKHO
ObLTIO0 «OCTAHOBUTHCS» HA TOM YPOBHE, Tlle BCETO TPH
YaCTUIBI: TPOTOH, HEUTPOH U 3JEKTPOH, TO g MEHS
Mup 6bL1 6bI TIpOIe, YeM Telepb, KOrja s 3Halo, 4To
110/l 9TUM YPOBHEM HaXO/STCS KBapKu, IJIOOHDI, JIENTO-
Hbl U OKeaH HelO3HAHHOIO MaHUT HOBBIMU OTKPbITHAMHU.
A cawmblii BepxHMii ypoBenb?! Kak s pajoBajics, uTo
Bceenennas — Beco Mup — gocrynen ngyuennio. U takoe
pazovapoBaHue: TeMHasi Matepus. He oveHb moxosxe,
YTO BOT-BOT BCE CTaHeT MpocThbiM. OKasbIBaeTcs, HA Ma-
TepuKe MO3HAHHOTO HAXOJUTCS JIUIIb Majas J0Js TOTO,
4TO €CTh....

[Tocsiesee BpeMsi S MHOTO JyMaJl, IBITasiCh OCO3HATD
COBPEMEHHYIO KapTUHY Heopranuyeckoro Mmupa. [loatomy,
BO3MOKHO, 60Jiee 4acTo, YeM Hy>KHO, UCITOIb30BaJ B ATOI
cTaTbe IepBOE JIMIO eJAMHCTBEHHOro uncia. $1 msmaraio
cBoe BuJeHUe. Y ApYyrux (PU3UKOB OHO MOJKET OBbITH
JIPYTUM.

%k ok ok

Hewmuoro o nocssienun crarbu. Jlnna Haranosuu Po-
3CHIIBEUT — MOI GJU3KUI JIPYT, OH yMep, KOTJa Mbl 00a
6b1 MOJIO/Ibl. TamaHTauBblil (PUSUK-TEOPETUK, OH He
yCIlesT MOJIHOCTBIO MPOSIBUTh cBou crioco6uoctu. [locie-
JTHUE TO/IbI CBOEH JKM3HU OH ObLT 3aHAT MPOOJIEMOI Kpac-
HOrO cMerieHust — aPdeKTy, MOCTYKUBIIEMY JTOKA3aTe N b-
cTBOM paciiupenust Beenennoii. ¥ Hero 6blaa CBOsI TOUKa
3peHns Ha KpacHOe CMellleHWe, OHa He COoBMIajana C
npunAToit. OH He cuuTas, yTo BeesleHHas pacuiupseTcs.
[lymast, 4To TIpu pacnpocTpaHeHun U3 AaJTeKnX o6acTei
Bcenennoit (OTOHBI «CTapeioTy — TEPSIOT HSHEPTUIO M3-32
paccesguus Ha QIIYKTyaMsaX MJIOTHOCTH MaTePUK B KOCMU-
YeCKOM MPOCTPAHCTBE M YTO ATO U MPUBOJUT K KPACHOMY
cMentennio. Ovenb TpyoeMkmii pacuet Jluma HatanoBuu
He JIOBeJI /10 KOHIla. B HacTosIiee BpeMs, MOX0xKe, oOHa-
pyskeHbl (bakTbl, KOTOPbIE IIPOTUBOPEYAT TEOPUU CTape-
nust poronos. Torpa takue GakTbl He GBI U3BECTHDI.

* %k

A BpIpakaio uckpenHioo 6smarogapiocts A. M. Topony,
3.1 .Karanosoii, 1.M.Karanosoii, M.JI./IuTuackoii, Ko-
TOpBIE TIPOYUTATN CTATBIO /10 TTyOJUKAIMN U BBICKA3AJU
CBOW 3aMeYaHusa. 3aMedaHns ObLIN MHE TTOJE3HbI, W I UX
MOCTAPAJICST YUECTD.
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3a0a4u
no MaTemaTuke m dunsnke

JroT pasgen Begercs y Hac U3 HOMepa B HOMEP C MOMEHTa OCHOBaHWS XXypHana. [lybnukyemble B HeM 3agaqyv
HeCTaHAAapTHbI, HO AJIS UX PELUeHUs He TPebyeTcs 3HaHUI, BbIXOASLUNX 3a PaMKU LKOIbHOM MporpamMmsl. Hanbonee TpyaHsie
3a4a4M oTMeYaroTcs 38e3404Kou. [Tocrie popmymMpoBKY 3aAa4m Mbl 0bbIYHO YKA3LIBAEM, KTO HAM ee rpeanoxul. Pazymeercs,
He Bce 3Tu 3a[a4u MyosImKyIoTcs BriepBble.

PelueHns 3agay n3 3Toro Homepa diegyer oTnpas/iaTe o aapecy: 119296 Mocksa, JleHnHckmii rpocnekT, 64-A, «KBaHT».
PeLuerns 3aaa4 N3 pPasHbIX HOMEPOB XXYPHAIAa NN 10 PasHbIM rpegmeTam (MaTeMaTnke 1 QU3NKe) MpuUcbIanTe B pasHbiX
KoHBepTax. Ha korHBepre B rpagpe «Komy» Hanuwmre: «3aga4Huk «KBaHta» Ne5-6-2012» u Homepa 3a[a4, PeLLUEHUST KOTOPbIX
Bb1 noceinaere, Hanpumep «M2276» unn «@P2283», B rpaghe «OT KOro» gpamusinio v uMs rpocum rnmucateb pazbopyuso. B nucbmo
BJIOXXUTE KOHBEPT C HAMUCAHHBbIM Ha HeM Baluvm agpecom n Heobxogumbiii HAbop Mapok (B 3TOM KOHBeEpTe Bbl ronyynte
PE3YNIbTaTbI MPOBEPKU peLueHUY]). PelueHns 3aaa4 1o mMaremMartvuke v @u3NKe MOXHO MPUCLIIATb TakXKe 110 3/1eKTPOHHBIM
aapecam math@kvant.ras.ru n phys@kvant.ras.ru coorBeTcTBEHHO.

YcnoBus kaxcgovi opurviHanbHoOV 3aga4yu, rpeanaraemMori s rnybnvkaumm, npucbliaite B oT4e/IbHOM KOHBEPTE B ABYX
3K3emrigpax BMecTe ¢ Bawwmm pelwieHnem 3Tovi 3aaaq4u (Ha KoHBeEpTe romertsre: «3agayHuk «KBaHTa», HoBas 3aga4a o
pusnke» nam «3agaqdHnk «KBaHta», HoBasi 3agaydya o MareMaTrke»).

B Haydane Kaxxgoro rnucbMa rpocuM yKasblBaTb HOMEP LUKOJ/IbI U K/1acC, B KOTOPOM Bbl y4yurecs.

3agayn M2278-M2281, M2285 npegnarannce Ha 3akiouyntesibHom 3tane XXXVII Bcepoccuvickosi onumnmasbl LWKOTbHUKOB
o matemarvke, 3aga4ya M2276 — Ha XV Kybke namstv A.H.Konmoroposa, 3agayn M2283, M2284 - Ha VIl IOxHoM MaTemaTnyeckom

TYPHUpPE.

3apaun M2276-M2285, ©2283-P2292

M2276. Ha xkJietuaTtoil IOCKE€ OTMEYEHO HECKOJbKO KJIe-
TOK. Jla/ibgd XOAUT TOJBKO IO OTMEUEHHBIM KieTkaM (Bo3-
MO3KHO, IEPENPHITMBast uepes HeoTMedeHnbie) . MsBectHo,
YTO 9Ta JIaJbs MOKET JJOMTH OT JI0001 OTMEUYEHHON KJIETKI
10 JII060T IpyTOii 3a iBa Xo/a. /lIoKaXkuTe, 4To CyIecTByeT
TOPU30HTAJb, HAa KOTOPYIO JaJbs MOMKET TIONacTb W3
1106011 orMeuennoit kiaetku 3a oxu xox. (Hamomuum, uto
JIaJIbsl XOJIUT 110 TOPUBOHTAJN WJIM BEPTUKAJIU Ha JH060€e
YUCJIO KJIETOK.)

C.Boauénxoe

M2277. Ilyctb k = 2 — narypasbhoe uncao. Haiigure Bce
HaTypaJbHble 1 Takue, 4to uymcao 1" +2" +3" + 4" + ...

n
et (2k — 1) JIeTUTCST Ha 2k
11.Kosxxeenurxos

M2278. 3navanbHo Ha ctoJe jgexar 111 kyckoB mmacTn-
JIMHA OJUHAKOBOHM Macchl. 3a OJAHY Olepaluio MOXHO
BBIOPATH HECKOIBKO rpym (BO3MOKHO, O/HY) 1O OMHA-
KOBOMY KOJITYECTBY KYCKOB W B KaJK/JOH TPYIIe Bech
IJIACTUJINH CJIETIUTD B OJUH KYCOK. 32 KAKOe HauMeHblIIee
KOJIMYECTBO OTIepallnii MOXKHO TTOJIYYUTb POBHO 11 KyCKOB,
Jo6bIe /[BA M3 KOTOPLIX UMEIOT PA3JUYHbIE MACCHI?
H.Bbozdanos

M2279. [lan mapanaenorpamm ABCD c¢ tynbiM yriom A.
Touka H — ocHOBaHMe NePIEHINKYISPA, OMYTEHHOTO U3
toukn A na BC. Ilpojosskenne MeuaHbl TPeyroJbHUKA
ABC, nposesieHHOll 13 BepimHbl C, IepecekaeT OlucaH-
HYI0 OKOJIO Hero OKpy»HocTb B Touke K. JJokaxkure, uTo
touku K, H, C u D jnexxar Ha OJHOH OKPYKHOCTH.
@.Henes

M2280. Jlwo6ble aBa u3 [AEeHCTBUTENBHBIX UUCE]
a, @y, as, d;, ds orJudalorcs He Menee yeM Ha 1. Oxasa-

JIOCh, UTO JIJISI HEKOTOPOTO JEHCTBUTETHHOTO R BHITTOTHEHBI
paBeHcTBa

a ¥ ay +as+a, +as =2k v al +a; +a3 +a; +at =2k

Jloxaxure, uto k? > 25/3 .
U.Bozdanoe

M2281. Ha koopamHATHON TIJIOCKOCTH HApPUCOBAHBI 7
mapaboJ1, SBJSIONXCS TpaduKkaMu KBapaTHLIX TpexuJie-
HOB; HHUKaKWe J[Be M3 HHUX He Kacatorcs. OHU JessT
IJIOCKOCTb HA HECKOJIbKO O0JacTeil, o/lHa M3 KOTOPBIX
pacriosioskena naj Bcemu napabosamu. [lokaskute, 4To y
rpanuipl 910l obtactu we Gostee 2(n—1) yrmos (r.e.
TOUYEK TIepeceueHuns mapbl mapabos).

P.Kapaces

M2282. a) Haiinure Bce HATypaJbHbBIC C, JJIA KOTOPBIX
CYIIECTBYIOT Pa3/IMYHbIE HATYPAJIbHbIE YUCIa d 1 b Takue,
yto ab neourtca Ha a + cuHa b + c.
6) Jlokaskute, 4TO JIJIS KaXK/[0T0 HATYPAIBHOTO ¢ MHOKe-
cTBO Tap uucen (@, b) u3 MyHKTa a) KOHEYHO.
B) Ilycts n > 3. Jlokaskure, 4TO AJISL JOOBIX HATYpalb-
HBIX € U R CYIIECTBYIOT TIOTMIAPHO PA3JINYHbIE HATYPATbHBIE
qucsaa dy, dy, ..., d,, GOJbIINe R, TaKKe, 4TO TIPON3BEIEHIE
aydy ...d, JETATCS HA KaXkI0€ M3 YUCeN dq +C, dy +C, ...
vy @y +C .

B.Cendepos

M2283. HaGop JOMHUHO COCTOUT U3 7 >4 JTOMHUHOIIEK.
Kaxxplit  KBaJpaTHK IIOMEYEH YNCJIOM U3 MHOMKECTBA
{1, 2, ..., n}, IpUYEM KaXK/JbIM YHCJOM ITOMEYEHO POBHO
JBa kBajipatnka. Ilo mpaBuiaM Urpbl JBE JIOMUHOIIKU
MOZKHO TIPUCTABUTD JAPYT K JAPYTY KBAJAPATUKAMHY, €CJIH ITH
KBaJIpAaTUKN TIOMEYEHbI YUCAaMU, OTJnYaionmMucs Ha 1
uau Ha n — 1. JlokakuTe, 4TO 1O TAKUM MPaBUJIaM MOKHO
BBLJIOJKHUTD BCE JJOMUHOIIKN B OHY 3aMKHYTYIO IETTh.

. Don-Llep-Daraacc
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M2284. CymiectByer i GeCKOHEUHAsl BO3paCTaIONast
MIOCJIe/IOBATEIbHOCTD HATYPAJBHBIX YHCET dy, dy, ds, ...
Takas, 4To /s Jo6oil Bo3pacraolieil apupMeTHIecKoi
nporpeccust by, by, by, ... ¢ HaTypasIbHbIMH YJIEHAMHU [10C-
JIeJIOBATEJIBHOCTD @y + by, ay +by, a3 +by, ... conepxur
JIMIIb KOHEYHOE YUCJO0 TPOCThIX unces (BO3MOKHO, HU
OJIHOTO0) ?

A.Tonoeanos

M2285". Jlana mupamuga SA;A,...A,, ocHOBaHHe KO-
TOPOIl — BbIIYKJIbll MHOroyroJabuuk A ... A, . [lia kax-
poro i =1, 2, ..., n B IJIOCKOCTU OCHOBAHUS IIOCTPOUJIU
TpeyroabHuk X;A;A; {, PaBHbIA TPeyroibHuKy SA;A; 4
n Jekaluil 1o Ty ke cTopony oT npamoit A;A;,, dro
u ocuopauue (cumrtaem, uro A, = A;). [lokaxure,
YTO TIOCTPOEHHBIE TPEYTOJbHUKHU IOKPBLIBAIOT BCE OCHO-
BaHue.

H.Ilax

®2283. Kamennb GpoliieH co CKOPOCTHIO 0,=10 ™ /¢ moj,
yrioM o = 30° K TOPH30HTY ¢ BbICOKOI Garman. Haidigure
BpeMs t, 4epe3 KOTOPOe CKOPOCTb KaMHSI CTAHET IepIieH-
JIUKYJISIPHA HAYAIbHOU. Y CKOpeHue cBOGOIHOTO MaleH s
TIPUHATD PaBHBIM ¢g =10 M/ ¢, COILIDOTUBJIEHUE BO3/1yXa
HE y‘{I/ITI)IBaTb.

/1. Anexcanopos

®2284. MasneHbKnil MacCUBHBIN ITAPUK 3aKperJieH Ha
KOHIIe JIETKOTO JKEeCTKOTO CTEepXKHS JJWHON R, npyroit
KOHeIl KOTOPOTO MPUKPETJIeH K HeITOBIKHOMY IIapHUPY .
Tpenne B mapraupe orcytcTtByer. lllapuk co ctep:kHEM
JBIDKYTCS TI0 WHEPIUH TaK, YTO TPAEKTOPUS IABIKEHUS
IMIapruKa — 3TO OKPY’KHOCTD, JIEXKAlasi B BEPTHKAJBHOMN
miaockocT. Ha mpoxosk/ienne HIKHel TTOJTOBIHDBI OKPY K-
HOCTH TMIAPUK 3aTpaunBaeT 49% Bpemenn o60poTa, a Ha
IPOXOJK/IEHIE BEPXHEN MOJOBUHBI OKPYKHOCTH — 51%.
Uemy paBeH mepuoz o6parieHus?

C.Bapaamos

®2285. Bapon MionxrayseH BepXOM Ha MyIIKE 3aBUC
HeloJBUKHO otHocuTenbHo CoJHia rae-to Mesxay Map-
com n IOnurepom. Mcnonn3ys sakonnr Kersiepa, momorn-
Te GApOHy OIIpPe/IeJNTh, B KAKOM HAIPABJIEHNN eMy Heob-
XOJINMO BBICTPEJNTD, UYTOOBI TIEPHOA OOpAIEeHUs siapa
Bokpyr CoJiHia Gbla: a) MUHHMAajeH; ) MaKCHMAJEH.
UeMy paBHBI 3TH IIEPHO/IbI, €CJIH PACCTOSIHIE %, OT 6apoHa
no ComHnla B o0 = 4 pasa 60JblIe pagnyca opouThl 3eMan
(7, = aR3, Ry =1 a.e. =150 MJIH KM ), a HAYAJIbHAS CKO-
pocTb siipa vy B B = 2 pasa MeHble CKOPOCTH 3eMJII
(vy =v3/B, v3 =30 km/c). Cuuraiire simpo u Counie
TOYKAMHU, B3aUMOJIENCTBYIONIMME 110 3aKOHY BCEMHPHOTIO
tarorenus. Sapo Ha CouHile He najaer. Bausinue nianer
Ha JIBIKEHUE s/Ipa HE YYUTHIBATD.

/1. Anexcanopos

®2286. /lepesinnas JuHeiika aauboir L = 40 cM, ¢
MTOCTOSTHHBIM TIOTIEPEYHBIM CEYeHNEM BJIOJIb BCEH JITMHBI,
MaJIaeT, COXPAaHSIS MOJOKEHIE, TTPU KOTOPOM €€ JITHHHAST
CTOPOHA OCTaeTcsl BepTHUKaJbHOI. HauamabHas cKopocTb
JINHEKKY paBHA HYJIO, [0 MOMEHTa y/Aapa O >KeCTKYIO
TOPU3OHTAJIBHYIO TIOBEPXHOCTH JIMHENHKA yCIIeBaeT MpoJie-
TeTh B Bozayxe paccrostiue d = 5 cM. CKOPOCTb pacipo-

cTpaHeHus 3ByKa B fiepese v = 3,6 KM/ c. Bo cKoJIbKO pa3
BeC JIMHEHKN BO BpeMs yaapa 60JIbIlle CHUJIbI TSKECTH ?
Onpedenenus. Bec Tena ato cymMma BceX CHUJI HEIPaBUTa-
IIMOHHOTO TIPONCXOXK/IEHNS, ¢ KOTOPBIMU 3TO Teso Jieii-
cTByeT Ha apyrue Tejaa. Cnmiaa TSLKECTH Tesa 9TO CyMMa
BCEX CHJI TPABUTAIIIOHHOTO IPONCXOXK/ICHHS, C KOTOPBIMI
Jpyrue Teja AeHCTBYIOT HA 3TO TEJIO.

C.Bapaamos

®2287. Ilpu mnojBejeHUN KOJMYECTBA TEIJIOTBI Q =
=600 /I>x K cMecH TeJinsl 1 a30Ta IPHU IIOCTOSTHHOM 00beMe
cMech HarpeBaercs Ha At = 15 K, a ecom 1O Xe
KOJIMYECTBO TETJIOTHI TIOJBECTU K TOMY YK€ KOJMUECTBY TOMH
3Ke CMECH TIPU MTOCTOSTHHOM JIaBJICHWH, TEMIIEPATypa CMech
noBbicuTes Ha At, = 10 K. Hafiaure otHomenne ymncia
MOJIEKYJI a30Ta K YUCJY MOJIEKYJ TeJus B CMECH.

. Anexcandpos

®2288. Myxa-llokoTyxa, HayInBIIAsICS JeTaTh MO 9KBHU-
MOTEHINAIBHBIM IIOBEPXHOCTAM (B SJIEKTPOCTATHYECKUX
HOJIAX ), IPOJIETAET YePe3 YeIMHEHHDINA MTOCKUI KOH/IeH-
catop Ha paccrosgauu 799d /1600 ot oxHoit U3 €ro Kpyr-
JIBIX TLJIACTUH, TJe d — pacCTOsHUEe MEXy IJIACTHHAMM,
MHOTO MeHbIllee X PaJuycoB R. 3apsjbl Ha MJACTHHAX
paBubl +Q 1 —Q. Ha kakoe MakcuMaJsibHOE PAcCTOSTHUE ¥
OT KOHJleHcaTopa MoKeT yaamutbes: Myxa-I{okoryxa mpu
JaJbHENIeM IBUKEHNN ?

B.I1nuc

®2289. Koo paguycom R 0lHOPOIHO 3apsiyKeHo 3apsi-
qoM Q. BycuHka ¢ TeM ke 10 3HaKy 3apsiioM ¢ MOXKeT
¢BOOO/IHO CKOJIb3UTHb 110 TOHKOU CIIHIE, COBIAJAAIONEN ¢
JquamerpoM KoJiblia. Haiinurte mepuon T Masibix KoJeba-
HUIT Gy CUHKN OTHOCUTENTLHO TTOJTOJKEH NS paBHOBecust. Macca
6ycurkn m. KoJsbllo 3aKperieHo.

B.1luc

@®2290. B asiekTpudecKoii
1enu, m306pa’keHHONH Ha
pucynke 1, Bce a1€MeHTbI
MOJKHO CUHTATh wuicaib- - C 2R e
HbIMU. B HEKOTOpbBIT MO-
MEHT II0CJie 3aMBbIKaHWI
KJTIOYA TEMJIOBbIE MOIIHO-
CTH, BBIJIEJSIONINECS Ha
pe3ucTopax CoONpOTUBJIE-
nugmMu R u 2R, pasubt 9 Bt u 2 Bt coorBerctBenno. C
KaKOH CKOPOCTBIO B 3TOT MOMEHT PACTET dHEPTUS KOH/ICH-
caropa?

Puc. 1

/. Anexcandpos

®2291. B cxeme, TOKa3aHHOI HA PUCYHKe 2, BCE dJI€MEH-
TBI MOJKHO CUMTATh WUE€AJbHBIME, TTAPAMETPHI HJIEMEHTOB
yKazaHbl Ha pucynke. /[o
3aMbBIKaHUS KJIOYa TOK B
menu orcyTerBoBas. Kitou il_
3aMBIKAIOT Ha HEKOTOpOe 5

BpeMSI, a 3aTeM Pa3MbIKa- I
or. OKa3aJjoch, YTO BEJH-
YIHA TOKA Yepe3 Pe3UucTop
conpoTuBJienneM R Heroc-
PENCTBEHHO Tepel Pa3Mbl-
KaHueM KJioua ¥ Cpasy

Puc. 2
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1ocJie pasMblKaHMs KJIoda ofHa u Ta xke. Kakoe koJmnue-
CTBO TEIIJIOTblI BbIJAEJIUTCA B ILEIN I10CJI€ pPa3MbIKaHUA
KJo4a’?

A.ILlleponos

®2292. Onrtudueckast cucremMa, COCTOSIIAS M3 PACIOJIO-
JKEHHBIX Ha OOIIeil ONTHYecKOoil ocHM HAa PACCTOSTHUM [ =
=10 cM ApyT OT Apyra cobuparIieil JuH3bI ¢ (POKYCHBIM
paccrosganeM F = 15 cM m paccenmBamomeil JIWH3BI C
doxycubiM pacctosnuem | Fy | = 5 ¢, cosnaer nso6paske-
HIHe TIpe/iMeTa, PACHOJIOXKEHHOTO MePIEHANKYISPHO ONTH-
4YeCKOoIl ocH Ha HEKOTOPOM PACCTOSTHUN TIepe/i cobuparonieit
smn30i. Bo cKoJIBKO pa3 m3MeHuTcst pazMep uzobOpake-
HUsI, €CJIU JIMH3bI TIOMEHSITh MeCTaMu?

/. Anexcanopos

PeweHunsa 3apgau M2261-M2268,
d2268-D2274

M2261. Pewume 6 uesvlx wuciax ypasnenue

10 1
—=x+ T
7 Yt
z
Orger: (1, 2, 3), (2, -2, 4).
Ipeos 10-7x =z
peo6pa3yeM JJaHHOE PABEHCTBO K BU/LY —7 gl
Termepp B JeBOW W TIpaBOM YacTIX — HECOKpPATHMbIE

apobu, tak kak HOJ(10-7x,7)=HO/[(10,7)=1 un

HO/(z, yz+1)=HO/(z,1)=1. 3nauur, paBeHCTBO
Apo6eil BO3MOKHO TOJIBKO B TOM CJlydae, KOrja MX YKC-
JUTENM U 3HAMEHATEJM COOTBETCTBEHHO PaBHbBI JUGO

MIPOTUBOTIOJIOKHDI.
B nepBom ciiyuae mmeem
10-7x = ¢z,
7=yz+1,
I
10—z = 7x,
yz =6.

N3 BTOporo ypaBHEHHS TOJy4aeM BO3MOKHbBIE 3HAYEHUS
z: 1, £2, 43, +6 . V3 Bcex BapHaHTOB TOJBKO MPH Z =
=3 uncno 10 — z gemurcss vHa 7. Otcronaz =3, y =6/z =
=2, x=(10-2)/7=1.

Bo BTOopoMm cayuae nmeem

10-7x = -2,

-7 =yz+1,
nin

10+ 2z ="7x,

yz =-8.

N3 BTOpOTO ypaBHEHUS TTOJy4YaeM BO3MOKHbBIC 3HAYCHUS
z: #1, +2, 4, £8 . 13 Bcex BapuaHTOB TOJIBKO IIPU Z =
=4 yucimo 10 + z pemuress #Ha 7. Orciopa z = 4,
y=(-8)/z=-2, x=(10+2)/7=2.

B.Cendepos

M2262. B svnyxaom namuyzoavuuxe ABCDE uzeecm-
no: LA=/C=90", AB = AE, CB = CD, AC = 1.
Haiidume naowadv amozo nsimuyzoivHuKd.

2012/Ne5-6

Ortser: 1 /2.
[Tockosbky cymMMa yIJyIoB IATUYTOJbHUKA paBHa 540°, TO
4B+ ZE + £D = 360° . CaenoBaresibho, Ha orpeske AC
Haiimercst Takast Touka X, uro yrasl ABX n CBX mpomoJ-
Haior g0 180° yrabr E

B
n D coOoTBETCTBEHHO
(em. pucynok). ITosep- 4
HeM TpeyroJbHuK ABX
BOKPYT Bepimibl A Ha X C

90° rtak, yTO6BI TOUKA
B nepeniia B Touky E.
[Tyctp mpu TakoM 1o-
BOpoOTe Touka X 1epeil- Y I3 5 7
JleT B TOYKY Y, Jiexa-
myto Ha psamoit DE u Takyto, uTo AY | AX - AHajormy-
HO nioBepHeM TpeyroabHUK CBX Bokpyr BepmmHbl C Ha
90° Tak, yto Tpeyroabank CBX nepeiijier B TpeyTroJbHIK
CDZ. Torna YACZ — npsaMoyroJibHas Tpaneius, B KOTo-
poii Boicota AC paBHa 1 u cymma ocHoBaunit AY + CZ =
=AX + CX = AC = 1. Ilnomaab UCXOAHOTO MATHYTOJIb-
HUKA paBHa IO Tparenuu u pasua 1,/2.
Kpome 1ipuBe/ieHHOTO pelieHust, CyuecTByioT MHOTO JpY-
rux. 3ajaya pelraeTcs HecJOXKHbIM BbIYMCJIEHUEM C HC-
10JIb30BAHMEM TeopeMbl KocuuycoB AC? =a’ +b? —
—2abcoso, rnea=AB=AE,b=CB=CD, o= ZABC.
[lpyroe usdiHoe reoMeTpuYecKoe peleHrue BbITEKaeT U3
caenytomiero dakra. Ecim M — cepequna DE, to Tpey-
rosbHUK ACM — TpPSMOYTOJIbHBIH W paBHOGEIPEHHDII
(AM = CM); npudem ecam tpeyroapunkn AEM, CDM n
ABC otpa3utb oTHOocuTedbHO cTopon AM, CM, AC
COOTBETCTBEHHO, TO OHU MOKPOIOT TpeyroabHuk ACM 6e3
HasokeHuit. /lokasaThb aTOT (haKT MOKHO, paccMaTpuBast
KOMITO3UINIO TT0BOPoTOB Ha 90° Bokpyr Touek A n C.
1O. baunxos

M2263. Bumnyxawviii 999-yeorvnux pasbuiu nenepecexa-
OUWUMUCS QUAZOHANAMU HA mpeyzoavHuku. Tlocae amoeo
k mpeyeonvrnuxoe okpacunu 6 uepHuill yeem, a OCMASULU-
ecst | — 6 benwlil ygem max, 4mo mpeyzorvHuKU, epanuid-
wue no cmopoue, okpauleHvl 6 pasuvie ueema. Kawoe

Haubowuee 3HaAUeHUue MoKem npuHUMAams evipaKenue
k—1?

OrtBert: 333.

[Monoxxum N = 999 = 3n. Kaxkzaa cropona TpeyrojbHuka
13 pazbueHus ABJAeTCs 60 CTOPOHOI MHOTOYTOJIbHUKA,
b0 OJIHON W3 TPOBe/leHHbIX JuaroHasei. [Ipu atom
KasK/ast TIPOBEIEHHAsT IMarOHAJb SIBJISIETCSI CTOPOHON POB-
HO OJTHOTO YEPHOTO TPEYTOJbHUKA U POBHO OJTHOTO 6EJI0T0,
a kaxaast u3 N ctopoH N-yroJbHUKA SIBJISIETCSI CTOPOHOM
POBHO OJHOrO Tpeyrosbhuka (depHoro am6o Geaoro).
Takum o6pazoM, o61iee YNCTO CTOPOH YEPHBIX TPEYTOJIb-
HUKOB OTJIMYAETCS OT OOIIEro Yhcja CTOPOH OesbIX Tpey-
TOJBbHUKOB He Gosnee yemM Ha N: 3k—3[< N, oTkyna
k—1<n=333.

[Tpumep pa3buenus 3n-yrodbHUKA, [IJS KOTOPOTO
k — [ = n, MOKHO TOCTPOUTH WMHAYKIUeH 1o n. basa
UHAYKIW: 7 = 1 — OAWH YepHBIN TPEYroJbHUK. UToObI
c/ienaTb MHAYKIMOHHDBIA Iepexo/l, IPeINOJ0KUM, UTO
HYKHBII npumep aus 3(n —1)-yroJbHuKa CylecTByer.
Ot nanHOTO 37-yrOJbHUKA OTPE’KEM TPU TPEYTOJbHUKA —
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3n—1 3n
371_2 1

3(n—-1)

JIBa YEPHBIX M OAWH Gesiblil (M. PUCYHOK), OCTaBIIHiics
3(n—1)-yrosbHuk paso6beM COMIACHO TIPE/ONOKEHUIO
uHayKuu. [lomydeHHbrii mpuMep, 04eBUIHO, YAOBJIETBO-
pstet BceM ycaousiM (ipu niepexozie ot 7 — 1 K 7 BeinduuHa
k — [ ysemmumnacw Ha 1).
Sameuanue. Eciu B gannoil sagaue 999-yronpuux same-
nuTh Ha N-yroabHuk, To npu N = 3n + 2 MakcuMaJbHOE
sHauenne k — [ pasro n (onenka k—1[ < n nosyuaercs Tak
JKe, KaK B TIPUBEIEHHOM peIIeHui, a MPUMeP CTPOUTCS
WHYKIMeH 1o n). Ecim sxe N = 3n + 1, To orBer pasen
n — 1. B saToMm caryuae onenka k—[ < n yayumaercs Ha 1,
TaK KaK PaBeHCTBO R — [ = n IPOTHUBOPEUYHUT PABEHCTBY
k +1=3n— 1 (o61mee 4ncjI0 TPEYroJbHUKOB B Pa3OueHnn
pasto N — 2).
YToMsHeM cJIe YoMy o H3BECTHYIO POJCTBEHHYIO 33/1a4y .
Bce zpanu muozozpannuxa — mpeyzorvnuxu, npuiem ece
ZPAHU MOKHO OKPACUMb 6 UePHBIL U Geavlil ysema max,
4mobvL cocednue epanu Ovlau OKPAeHsl 8 PA3Hbie Yeemd.
Tpebyemcs dokasamo, umo KOAULECNEA UePHBLY U OESbIX
zpameii pasol.
31ech ToJICUET ABYMS criocobaMu BceX pebep MHOTOTPaH-
HIKa cpasy NPHUBOJUT K HY>KHOMY paBeHCTBY. B Hareii
3agaue M2263 «iedexrs k — [ MOKeT ObITb HEHYJIEBBIM N3~
3a TOTO, YTO HEKOTOPbIE TPEYTOIbHUKY PA36UEHUST BbIXO-
JIAT HA TPAHWUILy MHOTOYTOJbHUKA.

I1. Koxeenuxos

M2264. 2500 xopoaeii paccmasienvt 6 Kiemrax 0OCKu
100x100 max, umo nuxaxue 0éa xKopois ne 6viom opyez
opyza u 6 kaxoom psady (6 cmoabue uru cmpoxe)
Haxodumcs posno 25 xopoaeu. Haiidume xosuuecmeo
MaAKUx Paccmano8ox.

Ortser: 2.

PaccMoTpuM HEKOTOPYIO PacCTaHOBKY, yIOBJIETBOPSIO-
HIyIo ycJoBuIio 3aia4n. Pazobpem pocky Ha 6JoKH 2X 2 .
B kaxzgom 6moxe He Gojee ogHoro xopoJs (mHade asa
KOPOJIst U3 OJIHOTO 6JI0Ka ObIOT APYT APYyTa); CJe0BaTe b-
HO, B KasKJ0M GJIOKE JIOJIZKEH CTOSATh POBHO OMH KOPOJIb.
[Tpunmem kazxaomy 610Ky 6ykBy T wim B,! ecoim kopoJib
pacrioyiokeH B BepXHell WM HIJKHE MoJioBuHE 6JI0Ka
COOTBETCTBEHHO. AHAJOTUYHO, MPUITUIIEM KasKI0My 6J10-
Ky 6ykBy L mu R,? ecsit KOpoJib pactiosioskeH B JIEBOI HIn
mpaBoil mojioBUHE GJIOKAa COOTBETCTBEHHO. Takum o6pa-
30M, Mbl oupegemuan T-6aoxku, B-6aoxu, L-6a0xu n
R-6a0xu. Hazosem 6510k TL-610K%0M, €Cii OH OJHOBPE-
MeHHO aBjsgercda T-6710koM 1 L-6/10KOM. AHaJIOrMYHBIM

! Cokpamenme ot cios top u bottom.
2 Coxparmenne ot cqioB left m right.

o6pa3oM oTpeaeauM
TR-6a0xu, BL-610Ku
n BR-6a0xu (puc.1).
Ecimm MBr 3maem mpo TL TR
KaK/IbIil OJI0K, KaKkoro p,- 7

OH THIIA, TO PACCTAHOB-

Ka KOPOJIEN OTHO3HAYHO OIPe/IesIeHa; MOITOMY Jajiee MbI
roBopuM o focke 50 x 50 , pazéutoii na 6joku. Hymepyem
6nokn mapamu (i, j), rae i — Homep cTpokn (CTpokm
HyMepyeM CBepXy BHU3), a j — HoMep cToJ61a (cTo61bl
HyMepyeM cJeBa Hanpaso), i, j € {1,2,...,50}.

Bepubl cieayiornine yTBepyKIeHs.

1) Ecau (i, j) — B-6s10k, To (i+1, j) — Taxske B-6a0k
(MHAYE KOPOJIH B OTHX COCEAHUX GJ0KaX OyAyT GUTH APYT
apyra). Auanoruuno: ecan (i, ) — T-61ok, To (i —1, j) =
T-6a10k; ecau (i, j) — L-6a0k, 10 (4, j —1) — L-6u10K; ecan
(4, ) — R-6a0k, 10 (7, j +1) — R-6a0k.

2) B xaxxgoMm cTo6ue posHO 25 L-610K0B 1 25 R-610K0B,
a B KaxaoM psiay posuo 25 T-6iokoB u 25 B-6soxoB. B
YacTHOCTH, o0miee KoamuectBo L-60koB (kak u R-6i0-
k0B, T-6;10Kk0B, wmm B-610k0B) pasuo 25 50 = 1250 .
Hycrs (1, 7) — B-6aok. U3 1) cremyer, uto Bce 6JI0KU
j-To crosbna — B-6yokn; TakuM 06pasoM, UMeeM IebIi
B-cmoabey uz B-6okos. Coraacho 2), y Hac 25 B-610k08B
B IIEPBOM CTPOKE, ¥, 3HAYHUT, uMeeTcst 25 B-croabios. Itu
25 B-cronbuos comepskar 1250 B-6s0k0B, 3Ha4yuT, BCe
ocTaJibHbie GJIOKU B OCTABIIUXCST CTOJOIAX 00513aHbI OBITh
T-6s0Kkamut, U MbI oJtydaeM 25 T-cmoabyo6. AHAJIOTHYHO
MOKa3bIBAEM, UTO UMEETCSI POBHO 25 L-cmpok u POBHO 25
R-cmpox.

Temepb paccMOTPUM HEKOTOPYIO Mapy COCEMHUX CTOJO-
I[0B, O/INH U3 KOTOPBIX sABJsieTcsl T-cTo61nOoM, a APYToit —
B-crosi61iom; mycTh aTO CTOJONBI ¢ HOMepaMu J u ] + 1.
Cayuai 1. llpeamosioxum, 4to j-ii cTONGEl] — 3TO
T-croaben, a (j+1)-ii cron6en — sro B-crosnben. [ycrp
1-s1 CTPOKa SIBJISIETCST CaMOl BepxHell cpe/in BceX L-cTpok;
torna (i, j+1) — aro BL-6nok. Tlostomy (i+1, j) wne

BL

BR

mosker 6bith TR-6mokom (puc.2), nostomy (i+1,j) —
TL-610k, cnenosatenpno, (i+1)-a cTpoka fABAAETCA
jit1

T|B
T|B
T|B
i|LIL|TLBL|L|L|L| L
i+1 T?
T
T
T

Puc. 2

L-ctpoxoii. [Ipomoskast paccyskaarh TaKUM sKe 0Opa3oM,
JIOKa3bIBaeM, UTO BCE CTPOKHU € i-il 10 50-10 SIBJSIOTCS
L-ctpokamu. Tak kKak y Hac JTOJKHO ObITh POBHO 25
L-cTpox, osrydaem, 4to cTpoku ¢ 1-ii mo 25-10 — R-cTpoxu,
a cTpoku ¢ 26-it o 50-10 — L-ctpoku.

Ternepb paccMOTPUM COCEHUE CTPOKHU, OJIHA U3 KOTOPBIX
aBasgercst R-cTpoxkoii, a apyras — L-crpoxkoit (t.e. 25-10 n
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TR|TR|TR|TR|BR|BR[BR(BR BL|{BL|BL|BL|TL|TL|TL|TL
TR|TR|TR|TR|BR|BR[BR(BR BL|{BL|BL|BL|TL|TL|TL|TL
TR|TR|TR|TR|BR|BR[BR(BR BL|{BL|BL|BL|TL|TL|TL|TL
TR|TR|TR|TR|BR|BR[BR(BR BL|{BL|BL|BL|TL|TL|TL|TL
TL{TL|TL|TL|BL|BL(BL(BL| [BR[BR|BR|BR|TR|TR|TR|TR
TL|TL|TLITL{BL{BL|BL|BL| |BR|BR|BR[BR|TR|TR|TR|TR
TL|TL|TLITL{BL{BL|BL|BL| |BR|BR|BR[BR|TR|TR|TR|TR
TL{TL|TL|TL|BL|BL(BL(BL| [BR[BR|BR|BR|TR|TR|TR|TR

Puc. 3 Puc. 4

26-10 cTpoKHM). 3aMeHss B NPEAbIAYIIEM PACCYKIACHUN
CTPOKH Ha CTOJIOIBI U HA0GOPOT, TIOJIyYaeM, YTO CTOJIOIIBI
¢ 1-ro o 25-if — T-croab1ibl, a croJousl ¢ 26-ro no S0-i
— B-crosi6upl. TakuM o0pas3oM, TOJydyaeM €IMHCTBEHHO
BO3MOKHOE Ppaciosoxkenne 610koB (puc.3). Jlerko Bu-
JIETD, YTO COOTBETCTBYIOIIEE PACIIOJIOMKEHIE KOPOJIeit y10B-
JIETBOPSIET YCJIOBUIO.
Cayuaii 2. Ilyctb Temepb j-it cronbenr — B-croaber, a
( J +1)-it — T-cronGer. ToBropsis paccy KACHUS IS CITy-
vyag 1, Mbl o6HAPYKUM, 4TO CTpoKU ¢ 1-it mo 25-10 310
L-ctpoku (a ocraibHble CTPOKKM — R-cTpOKH), CTOAGLBI €
1-ro mo 25-it — B-cron6usr (a ocraibHble CTONOIBI —
T-croi6upl), TakuM 06Pa3soM, Mbl HAXOJAMM €Ile OHO
pacnoJioskenne 6JIOKOB U COOTBETCTBYIOIIEE PACIIOJIONKe-
HES KOPOJIeii, yaoBaeTsopsiomnee ycaosuio (puc.4).
C.Bepaos, H.Bozdanos

M2265. Cyuecmeyiom au 0éa muozoyzoaviuxa (He 06a-
3amesvHo GLINYKABLX ), 00AA0AIOUUX CALOYIOUUM CEOlL-
cmeom: npukaadvieas ux opye x opyzy (6es naroxenus),
MOKHO NOJYUUMD MHOZOYZOJVHUKU C JIOOBIM  YUCTOM
cmopon om 3 do 100 exaouumenvio?

O1BeT: cymuiecTByIOT.

[IpeabsBuM 1npuMep TaKUX MHOTrOyTroJbHUKOB. IlycTb
MHOrOyroJapHuk M = AA,...As; Ttaxos, 4yro AA, =
=AyAy = ... = A5y A5y u LAAY A = LAY AZA, = ...
o= LA AsgAsy =179° (kak Ha pucyrke caesa). IToct-
pouM Tpeyrosbiuk A4 As B, copepxaimii M 1 Takoi, 4To
LAsgAs51B =1°,a £ZBAA, > 1°. Mbl yTBepakaaeM, uto M
n N = BAA, ... A5y — napa Tpe6yeMbIX MHOTOYTOJbHIH-
koB. M 1 N B 06beMHEHNN AAIOT TPEYTOJIbHUK. UTOOBI
nosyuntb (2k +1) -yromsuux (npu 2 < k <49 ), nosep-
HeMm M Tak, 4TOOBI OTPE30K A, A, TEpemes B 0TPe3oK
A Ay . I106b1 ostyuntsb 2k-yrospauk (ipu 2 < k <50 ),
nosepueM M Tak, 4ToGpl OTpe3ok AA, mepemen B
orpe3ok A, A, . ITocse Takoro nosopora oHa U3 CTOpoH
MHOTOYTOJIbHUKA M TiepenjieT B OTPE30K, SIBJISIONUNCS
npoJoJskenueM orpeska BAs,, 1ostoMy B caMoM Jese B
00beIMHEHUN TIOJYYAETCSI MHOTOYTOJIBHUK ¢ 2R BepIInHA-

B

2012/Ne5-6

mu. Ha pucynke mokasano, kak mnoJsydatores 3-, 7- u 6-
YTOJIbHUKH.
C.Bepaos, H.Bozdanos, C.Bouénkos

M2266. Jokaxume, umo cyuecmeyiom 6eCKoHeuHo MHO-
n

20 namyparvnolx uucen n maxux, umo 2> ' +1 derumcs

nan, a 2" + 1 ne deaumcs na n.

Bce uncsa, koTopble (DUTYPUPYIOT B PEIICHUH, SBJSIOTCS
HaTypaJbHbIMU. IlooxknM b, = 23" 1. Ham nonano6st-
cs caemyronie QPaKThl.

1) Ecau neuemmnoe a deaumcs na b, mo x* +1 odeaumcs
na x°+1.

JList oKas3aresbeTBa JJ0CTaTOYHO BOCIIOIb30BAThCS PAa3JIo-
JKeHueM yk +1=(y +1)(y’H —yH +...-y+ 1) , rae
a=kbu y=2x".

2) Maumnas teopema DepMa: ecau p — RPOCMOe YUCLO, MO
x” = x(mod p).

3) b, deaumcs na 3%

ITO MOXKHO J0KazaTh uHayKimeid mo k. Ilpm k = 1
yTBepsK/eHre BepHo. CresiaeM MHIYKIMOHHBIN 1EPEXO:

e o (R

= bk((?k )2 T 1).

Terepb 10CTaTOUHO 3aMETUTH, YTO BTOPON COMHOKUTEJIb
Jeaurcs Ha 3.

4) Haidemcs npocmoe uucio p, makoe, u4mo by,
deaumcsi wa py, a b, — nem.

0\2
[TpomomkumM paboTaTth ¢ paBeHCTBOM by = b, (23 ) -

. 2
— 27 +1]. Nnmeem (23k) —23k+1:(bk—1)2—bk+25
3/? 2 3k
=3(modb,), smaunr, HOZ[(bk,(Z ) -2 +1J=3, a

3\ 3 3t [03F

MTOCKOJIbKY YHCJIO (2 ) -2 +1=2 (2 - 1) + 1 Heuer-
HO u GoJibliie 3, OHO MMeET MCKOMBIN IPOCTON JeTUTE b
Py > 3.
Temepb MBI TOTOBBI TPEABIBUTH OGECKOHEUHYIO CEPHIO
YUCEJI 72, YIOBJIETBOPSIONIUX YCJIOBUIO, TOJOKUB 7 = 3* Dy
(k — mpoM3BOIBHOE HATYPATBHOE YHCJIO).
W3 wmamoii teopempr Mepma caeayer, uro 2" +1=

),
= (231? )” +1=2% +1= b, (mod py), smauur, 2" +1 me
JeNTCS Ha P, W, CJIeJ0BaTesNbHO, He JeJUTCS Ha n.
C apyroii croponbl, Tak Kak 2" +1 peiutcs Ha 23k +1,
KOTOPOE B CBOIO OUYEPE/b JIEJUTCS Ha 3k , 10 (M. pakr
1) 22 41 pemntes wa 227 +1=b,,,. Tak xax by,
22”+1

k
JeJUTCs U Ha 3", M HA Py, TO +1 geswres na n.

3ameuanue. 3aa4a UMeEeT MHOTO Pa3HbIX petennii. [Ipu-
BeJIEM ellle KpacuBOe paccy:k/eHue, npejyoxentnoe [y-
manoM JRykuuem.

[loctatouno mpuBecTH XOTS OBl OJHO TOAXOJSIIEE 7
(ckaxeMm, n = 57 IOAXOAUT) M JI0KAa3aTb, UYTO €CJIH
HEYETHOE YNCJO 1 YOBJETBOPSET YCJIOBHUIO 3a/1a4H, TO U
N =2"+1>n — toxe. U3 toro urto N He jfejurcs Ha 7,
HecJI0KHO BbiBecTH, uto 2V +1 ne gesmresi na N = 2" +1
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(BooGme, aad HedeTHBIX @ W b clIpaBegIuBO
HOII(2“ +1,2° + 1) = QHOM@b) 44 ). C apyroii cropomsl,

n
uncno M =2V +1=22"*"41 genurca ma n, u HodTOMY

oM L= 92"+ 4y nemutcst Ha 2" +1=N .

YuraTtesb MOJKET IIPOCJIEIUTD, KAK U/, BOSHUKAIOIINE B
penienusax 3ajaun M2266, nepekaMKaioTcd CO CTarbei
«CTtenenn n u n-e crerneHns» , OMy6JINKOBaHHOI B « KBaHTE»
Ne1 3a 2012 roz.

B.Cendepos

M2267. B uncmumyme Coyuanvnoil cnpagediugocmu
um. I1.11. I apuxosa pabomaiom 15 nayumnoix compyonu-
K06, Kaxovlii us nux usnauaivno noayuaem om 1 0o 9
doanapos 6 mecsy. Kaxoviii mecsay dupexmop uncmumy-
ma nosviwaem sapnaamy 11 compyonuxam na 1 doarap
6 MECAY, NO CB0EMY YCMOMPEHUIW. 3d KAKOE MUHUMATLHOE
YUCIIO MECAUCE O 2APANNUPOBANHO MOXKEM COeNamb 6ce
3apnaamol pasHvLMu?

OrtBer: 39.

Haunewm ¢ nabmionenusi. OT yBeJIMUeHUsT HJIN YMEHbIITeHUST
3apIIaThl BCEM COTPY/IHUKAM HA OJTHO U TO XK€ YUCJIO IS
Harreii 3ajiaun Hudero He Mensiercst.! Iloaromy oneparmio
nojrbeMa 3apriatel Ha 1 gosuiap 11 JogsiM 3aMeHuM Ha
OTIEPAIINIO MOHMIKEHUST 3aPILJIATHI OCTABIINMCS 4 COTPY/I-
HuKaM. [[oXOIbI MOKHO OTUYNTHIBATH B OOPATHOM HalPaB-
aenun (3amenuTh 3apmaary B R gosnapos Ha 10 — k).
[Toaromy 3a/iaua CBOAUTCA K CJIydYalo OMeparyy mo/beMa
3apIiarel 4 coTpyaHuKaM Ha 1 mosmap.

W3o6paxars ycioBue 3aauu yA06HO CleayionM o6pa-
30M: uMeercd tabauna u3 15 KjaeTd4aTbIX CTOJIOUKOB, B
KaXX/JIOM CTOJIOMKE CTOJbKO KJIETOK, KaKOBa 3aplliara
COOTBETCTBYIOIIErO COTPYAHUKA. 3a OJIMH X0/ MbI J106aB-
JIsIeM B 4 Pa3HbIX CTOJIONKA 4 K1eTKu. TpebyeTcst ypaBHATD
KOJIMYECTBA KJIETOK BO BCEX CTOJIOMKAX.

Jlns Hayasa moiiMeM, 4TO BOOOIIE YPAaBHATH CTOJGUKH 32
HECKOJIbKO XO/I0B Bcerja Bo3MOKHO (He3aBHUCHMO OT Ha-
YaIbHOTO TOJIOKeHus).? [leficTBUTEIbHO, 3a 4 omeparyun
MOYKHO B OZIMH U3 CTOJIONKOB 06aBUTD 2 KJIETKH, a BO BCe
oCTaJbHBbIE — IO OJIHON KJIeTKe. JDTO /IefiCTBIe PABHOCUJIb-
HO J00aBJIEHNIO OJHON KJIETKU B 3aJaHHBIN cToa6mKk. Ho
TAKUMHU OTIEPAIUSIMU, OUEBUIHO, MOKHO JOOUTHCS Tpeby-
eMOoT0.

[Iycrp n3navanbho B croabukax 9, 2, 1, 1, ..., 1 kieTok
(cMm. pucynok). TTokaxeMm, 4to MeHblie 4eM 3a 39 XO0/I0B
YPaBHATb KOJMYECTBO KJIETOK HEBO3MOXKHO. [lycTh mocie
YPaBHUBAHUS B KaXKJIOM CTOJIOMKE CTAJO IO 7 KJETOK.
CyMMapHoe HavaJbHOE KOJMYECTBO KJIeTOK (24) KpaTHO
4, snaunt, 1 koneunoe (157) —Toxe. Torga 74 , mostomy
r =12 . 3HaunT, ob11ee ynca0 106aBIEHHDBIX KJIETOK 3a BCe

XO]II)11 H162 MeHbIlle 4YeM 15 12—-24, a 4YucCJ0 XO0/0B
k>

S5 12-24
——=39.

4
Octaercs Hambosiee TpyAHAS YaCTb PEIIEHWUS: HYKHO
JI0Ka3aTb, 4TO MTPU 000N HAYaJbHOH CHUTYaIl[ll 711
ypaBHUBaHUSA XBaTuUT He Gosee 39 omeparuii.

' U ¢ Touxn 3penns commambHoiil cripaBemBocTi Tosxke(!).

2 D10 M3BeCTHAA 3a/aua, CTABIIAS Y3Ke KJAaCCHKOil. UuTarean Moxer
JloKasaTb aT0T akT B o61eil popme — 71 7 CTOJIOUKOB U J00aBICHUS
3a X0/ m kJ1erok, rae HOA(m,n) = 1.

o lw [ o o [~ oo e |2 2 | Sapnaama

11213145678 9]10/11]12/13/14]15
Compyonuxu

Bynem ctpoutb mpolielypy BbIPaBHUBAHUS B [[BA dTalla.
1) Buauasie ocyliecTBUM BbIpaBHUBAHHE, «3a0bIB», UTO
HY’KHO 100aBJIATb 4 KJIETKU B pasuble ctot6uku (T.e. 3a
X0/ I06aBJIsIEM 4 KJIETKHU, MTPU 3TOM, BO3MOKHO B HEKOTO-
pble cTo6ukn gobasasercs Gojee OAHON KJIETKH).

ITO chesathb HeCJIOXKHO 32 k <39 xomoB.” Ilycte M —
HanboJIblllee HayaJbHOE YICJIO KJIETOK B CTOJIOHKe, a .S —
HAYaJbHOE CyMMapHOE YHCJI0 KieTok (scHo, uto M <9,
u S>M+14). Jlo6aBUM KJIETOK Tak, YTOObI B KaXK/IOM
croibie ux crago M + t. Jlo6aBieHne BO3MOKHO, €CJIN
R=15(M +t)-S penurcs ua 4, mosromy Oepem
te{0,1, 2,3} rak, uro6sr t =15M — .S (mod 4) . [Tpu sTom
YHCJIO0 XO/0B

R_ 15(M +3)— (M +14)
4

k:

14M +31 14 9+ 31
= < <
4 4

Ecam uncio Xo/10B /10 BBIDABHUBAHUS OKA3aI0CH CITUIITKOM
Masio (He Goupire 11), TO Heca0KHO 106aBUTh 15 XO0B
Tak, 4roObl CHOBa BO BCEX CTOJOHMKAaX KJETOK ObLIO
nopoBHy.4 Takum 06pa3oM, MOKHO CYUTATh, YTO MBI
BBITIOJIHUJIN BBIpAaBHUBaHUE 32 R XOMOB, T1e 11< k< 39.
2) Tenepb WCIpaBUM MPOLEAYPY BbIpaBHHBanus. Iloka-
JKEM, YTO MOJKHO M3MEHUTH IPOLEAYyPY u3 k XOI0B Tak,
4yTOOBI OHa CTasa paspemennoil (T.e. 3a Kakapli xox 4
KJIETKH JOOABJIAINCH B PA3HbIE CTOIOUKM).

CxaykeM, 4TO CTOJOUK YYIaCTBOBAJ B XOJIe M Pa3, €CJin 3a
3TOT XO/I B HETO 06aBIEHO M KJIETOK. X0/ 3alNChIBaeM B
Buzie 4eTBepKu uncesl (OPSIOK B YETBEPKE HE BAYKEH).
KaxxgioMy Xojy TPHUCBOMM napamemp n — KOJHYECTBO
rmap paBHbBIX YKCEJ B COOTBETCTBYIOINel verBepke. Ha-
mpuvep, 7(1,2,1,1)=3, n(1,1,2,2)=2, n(1,1,1,1)=6,
n(1,2,3,4)=0. Cpeau Bcex mpoleayp BbIDABHUBAHUS
3a k XOIOB paccCMOTPHUM IIPOIEAYPY C MUHHMAJbHOIL
cymmoit P mapamerpoB Bcex k x0/0B. B ciemyomux

40 .

3 Mo3KHO CPaBHHTD CJIC/LYIONIYIO OLEHKY ¢ 000CHOBAHHEM TIPEIbAB-
JIEHHOTO BBIIIE MPIMEPA.
4910 coobpaxenue Gyjaer BaHO jajiee, B yTBEPKACHUN 2.
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JIBYX YTBEP:KAECHUSX JO0KasbiBaeTcst, uto P = 0, T.e. MbI
moJiyumsiv TpeGyemoe.
Yreepxkaenue 1. Ecau P > 0, mo naiidemcs cmoadux,
KOMOPbLIL YUuacmeosd 8 KAXO0M Xo0e.
[oxkasareabcTBo. [lycTh 0MH U3 CTOIOMKOB yIaCTBOBAJT
B KAKOM-TO XO/I€ TPVIK/IbI WJIN YETBIPEK/IBI, CKasKeM, OBLI
cnenan xon (1,1,1, @). Ilokaxem, 4To B TakoM ciyyae
crosibuk 1 yuacTBOBaJ BO Beex xojax. Ec/m 310 He Tak, TO
oM u3 X0/108 Obla (b, ¢, d, e), te b, ¢, d, e He paBHbI
1. Torga 3amena sToii mapnl xoj0B nHa mapy (1,1, b, a),
(1,c,d,e) ymenbpmaer P (rax xax n(l, 1,1 a)+
+n(b,c,d,e)>n(1,1,b,a)+n(1,¢c,d e). IporuBope-
ype.
[TpeamooKuM Tenepb, 4TO HU OAWH CTOJOUK HE y4acTBO-
BaJI HU B OJHOM Xoje GoJsiee ueM 2 pasa.
[Tyctb oaun u3 cton6ukos (ckaxem, cros6uk 1) yyacTBo-
BaJl B HEKOTOPOM XO/I€ ABAK/IbI, & JBA APYTUX CTOJIOMKA —
0 OHOMY pasy, cKaxkeM, ObL1 czaenan xon (1, 1,2, 3).
CHOBa TOKa)keM, 4TO CTOJOUK 1 ydacTBOBaJ BO BCeX
xozax. IlycTb ecTb X0/1, B KOTOPOM CTOJIGUK 1 He y4acTBO-
Basi. Ecam B HeM ofMH M3 CTOJOMKOB 2, 3 yuyacTBOBAT
JBAXK/IbI, CKakeM, ObL1 cienan xoxa (2,2, a,b), Torna
n(1,1,23)+n(2,2ab)>n(1,223)+n(1,2,a,b), a
aT0 TpoTuBOpeune. Eciam ke B HeM cTONOMKH 2 u 3
y4acTBOBaJIM He 6oJiee OIHOTO pa3da, CKaskeM, ObLI ceIaH
xon (a, b, ¢, d) , rpe a ornmuuno or 1, 2,3, 10 n(1,1, 2, 3) +
+n(a, b c,d)>n(a 1,2 3)+n(1b, ¢, d)— uporusopeune.
Hakowerr, 1myctb jiBa CTOJIOMKA yYacTBOBAJIM B HEKOTO-
pOM Xoj/le 10 JBa pasa, CKakeM, ObLI CJeJaH XOJ
(1,1,2,2). Ilycts ectb Xox, B KOTOpoM cTosi6MK 1 He
yuactBoBas, ckaskeM, xof1 (a, b, ¢, d), rne a #1,2, torna
n(1,1,2,2)+n(a, b, c,d)>n(a1,22)+n(1,bc,d), n
CHOBA TIOJTy4aeM IIPOTUBOPEYNE.
YTBepskaeHne JOKa3aHo.
YrBepkaenune 2. Ecau uucno xodos k=11, mo P = 0.
HoxazarteabcrBo. CormiacHo yrBep:kaenuto 1, ecan P> 0,
TO OftnH U3 cToI6nKoB (craxeM, ctor6uk 1) yuactBoBaa
BO BCEX XOJIaX W IOCJe kR XO[0B B HeM Gy/leT He MeHblIie
k+ 1 kaetox. B ocTanbubix cTOI6MKAX 32 k XO/I0B B cCyMMe
mpubaBuIoCh He 60stee 3k KIETOK, HO JIJIst yPABHUBAHUSI CO
ctos6ukoM 1 [O/KHO ObLIO TPUOABUTHCS HE MEHbIIe
(k+1-9)14 kaerok. Ommako (k+1-9)14 >3k 1upu
k >11. IIporuBopeune.

A.Benos, A.Kosanwoxu

M2268". B mpeyzoavnuxe ABC okpyxnocmo npoxodum
uepes B, C u xacaemcs 6nucanmoi okpyKHOCMU 6 mouxe
A", Ananozuuno onpedensiomcs mouxu B, C’. [loxa-
sume, umo npamve AA’, BB, CC’ nepecexaiomcs 6
00HOTL ouKe.

ITyctp Ay, By, C; — TOYKM KacaHMA BIMCAHHON OKPY»KHO-
ctu Y co croponamu BC, CA u AB cOOTBETCTBEHHO
(puc.1). lpambie A/A”, BB u C,C" GyayT nepecexarnb-
¢S B OJTHOM TOUKe. JTOT (DAKT SABJAETCH YACTHBIM CIydaeM
sagaun M2244 («Kpant» Ne5—6 3a 2011 1.).!

! 311ech TpU 13 OKPYKHOCTEIH, 0 KOTOPBIX HJIET Peub B YCJAOBUM 332Ul
M2244, Boiposkaaiorcs B npsaMbie. Pemenne zagaun (cm. «Kpant» No2
3a 2012 r.) npu aTOM coxpansiercs: 6e3 N3MEHEHNUH.

2012/Ne5-6

Temepsb s perieHust
3a/1aun J0CTATOYHO JI0-
Ka3aThb CJeIyomui 06-
muit paxr. 11 mpons-
BosibHbIX Touek A", B,
C’ okpyskHOCTH Y TIPS
moie AA, BB u
C,C" mnepecekaiorcsi B
O/IHOIl TOYKEe WJU IIa-
paJuieibHbl TOrjga W
TOJIBKO TOrja, KOorja
npambeie AA’”, BB,
CC’ rtakske Tepeceka-
I0TCSI B OAHOI TOUYKe
an6o mapaJijiesbHbl
(puc.2).

I[To Teopeme YeBnl B
(hopme cuHyCOB IpsIMBIE
AA", BB, CC’ nepe-
CeKaroTCd B OJHOU TOY-
Ke 60 Tapasie bHbI
TOrJla U TOJIbKO TOT/Ia,
KOr/a

sin ZC,AA” sin ZABB' sin ZB,CC’
sin ZB{AA" sin ZC,BB’ sin ZA,CC’
AHAJIOTHYHO, YCJIOBHUE HEPecedeHns: B OJHON TOUKe 160
napasienproctr npsimbix A4 A", BB u C,C” axBuBasen-
THO COOTHOIIEHNUIO
sin ZCy A4 A" sin ZAB,B" sin ZBC,C" _ e
sin ZB;A;A” sin ZC,B,B" sin ZA,C,C"
U3 reopembl cunycoB st TpeyrobinkoB AB A" u AC,A
sin ZCiAA”  C,A'sin ZAC A
sin /ZBAA"  B,A’sin ZAB,A""
woit u xopge LACA = LC A A" w LABA = ZBAA .
CA BA
K ) ’ = ’ = 21/ ) -
PONE T GnZC A4 T sin ZBAA e
pajyc okpyskrocTi Y. Orciona
CA'sin ZACLA”  C,A’sin ZC A A" sin® ZC A A
B A’sin ZABiA" B, A’sin ZBAA"  sin® ZBAA
sin ZCAA” _sin® ZC A A’
sin ZBiAA” sin® ZC A A’
sin ZA,BB’ _ sin* ZA,B,B’
sin £C,\BB"  sin* ZC,B,B’

=1. (1

ITo Teopeme o xacaTesb-

Takum o6pasom, . AHajornd-

n

HO TI0JTy4a€eM COOTHOMIIECHUA

sin ZA,CC"_ sin® ZA,C,C’
sin ZBCC"  sin® ZB,C,C’
cs TPM paBeHCTBa, BUAUM, 4To cooTHomenus (1) u (2)
PaBHOCUJIBHBI.

3ameuanue. MaxT u3 GOPMYIUPOBKHU ITOH 3a/]aUN TAKIKE
damernsi D.VBaes. OH Ke TPeAIOKII APYTYIO 3aMeda-
TesbHyI0 3aaa4y (MexxayHapoaHas oaumnuaaa Romanian
Masters of Mathematics-2012, cm., manpumep, http: //
rmm.Ibi.ro) 06 OKpPY>KHOCTSIX, Kacaioumuxcs BIMCAHHON
OKPYJKHOCTU ¥ HPOXOJSIINX Yepe3 [IBe BepIINHbI TPey-
rOJIbHUKA.

. HepeMHO)KI/IB ToJsryunBuine-

I1. Kosxeenuxos, /l.1llsey06
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®2268. [Tupamov. cmpensiom u3 nYwru no 3auUmHUKaM
Gepezosoil kpenocmu. Pucynox nokasvieaem e63aummoe
pacnonoxenue Kopabs, nywKu, s0pa u cmenvl Kpenoc-
mu 6 nexuil momenm epemenu. Ilpenebpezas conpomus-
JeHueM 6030yxd, Haudume mMecmo Hd cmeue, 8 Komopoe
nonadem sadpo. Iynxmupnas aunus nokavieaem oco
CUMMEMPUU 3AKPENTEHHOU NYUWIKL.

A
-1

L

r3

-4

5 I

-6

=7

5
Sasasic

N3 pucyHKa BH/IHO, Y4TO K JJAHHOMY MOMEHTY BPEMEHHU I10
rOPU3OHTAJH SIPO TpoJieTesio Becero 1,/3 paccrosinust 10
crenbl. [Ipu 3TOM 10 BEPTUKAIM OHO OTKJIOHUJOCH OT
MyHKTUPHON JHny Ha 1,5 kaerku. CrenoBaTesabHO, TIPO-
JIETEB BCE PACCTOSTHWE TIO TOPU3OHTAJHU /IO CTEHDI, SIPO
OTKJIOHUTCS OT MTyHKTUPHON JIMHUU HA paccTosiHue B 9 pa3
6oJipiiiee. Takum 06pa3oM, SI/IPO YAAPUTCS B CTEHY BOJTU3N
orMeTKu 6,5.

k. Cunveep

®2269. B yuundpuueckoil xecmanoil 6aike Haxooumcs
HeGA3KUT KUOKUI HANUMOK, OCHOBHOE COOEPIKUMOE KO-
mopoeo — eoda. Banxe, sanoanennod nanumxom, npeio-
CMABUNU BO3MOKHOCb CKAMUMBCSL 6e3 NPOCKAIb3bI6A-
HUS N0 HAKJIOMHOU NAOCKOCMU C HYJe60U HAUALLHOU
CKOPOCMBIO U 3AMEPUNU BPEMSL CKAMBIGANUS Ty . 3amem 6
banxe coeranu 08a MAACHOKUX OMEEPCMUSL, UePe3 HUX
nososuny nanumxa cauau (Ui 6vinu), omeepcmus.
3aKACUNU CKOMUEM U Menepb YKe NOAYnYcmyo Oauxy
cHOB8A omnycmuau 6e3 HAUAILHOU CKOPOCIU C 020 Ke
Mecma na moti xe HakAonnou naockocmu. Ha npoxosxde-
Hue Mozo e Mapupyma norynycmas 6anKa 3ampamuida
spems t =1,2t,. Kaxoe epems nompebyemcs na npoxox-
denue mozo e MaApwupyma npu mex Ke HAUAILHHIX
YCAOBUAX Ol COBCEM NYCMOU OAHKU?

JKuzkoctp B GaHKE UMEET OUY€Hb MAJYIO BSI3KOCTb, TI03TO-
My TIpH CKaThIBaHUU GAHKHM 10 HAKJIOHHOU IJIOCKOCTH
JKUAKOCTh BHYTPH COCYy/la HE «KATHTCS», a CKOJB3HUT MO
CTEHKaM IUJINHAPUYECKON OaHKH W B IEJIOM BUYKETCS
nocTymnareabHo. KOHeYHO, B HEMOHON GaHKe MMEIOT Me-
CTO KoJIeGaHUsT KU/IKOCTH BOJIN3KM PABHOBECHOTO TIOJIOKE-
HUS, KOTOPbBIE [eJIAl0T YCKOpeHne ocu GAHKU HEIOCTOSH-
HBIM, HO 3TUM 3(P(PEKTOM MbI NIPEHEOPEKEM.

[Tpu ckaTpiBanuM GAHKHU MTPOCKAIb3BIBAHUS HET, U PabOTa
CHJIBI TSIKECTU TPEBPAIAETCS B KUHETHUYECKYIO SHEPIHIO
Boabl (HanuTka) u camoil Ganku. Kunerndeckas sHEPrus
BO/IbI TTPOTNIOPIIMOHATbHA Macce Bo/ibl M 1 B HIDKHEN TOUKe
HAKJOHHOW IOBEPXHOCTH IIPONOPIMOHAJIbHA BEJHYMHE
(L/t)2 , e L — JTMHA HAKJIOHHOM TITIOCKOCTH, ¢ — BpeMs

ckatpiBaHusA. KuHernueckast sHeprust 6AaHKH MTPOMOPIIHO-
HaJbHA TOH ’Ke BeJIWInHe (L/t)2 n Macce GaHKHU m,
YMHOKEHHO# Ha HeU3BeCTHbIH Ko03bOUIUEHT
o= (1 + I/(mR2 )), rae [ — 9T0 MOMEHT uHepIuu GaHKU
OTHOCHUTEJIBHO ee OCH cuMMeTpuu. Eciu mpeanosioRuTh,
4TO BCSI Macca GAHKU PABHOMEDPHO paciipe/ieieHa TOJIbKO
o ee IHMJMHIPHMYECKIM CTeHKaM, To o =2. Ecam xe
CUNTATh, YTO CTEHKN GAHKM HEBECOMBI, & Macca paBHOMED-
HO pacripejieJieHa 1o Topiam Kopiryca 6anku, to o =1,5.
Y peanbHO#l 6aHKK KOA(DOUITMEHT o HAXOAUTCS B IHaria-
soHe 1,5<a<2.

3anuiem ycI0Bre N3MEHEH S KHHETHYECKOU SHEPTUH [JIsT
pasubix curyanuii. Ecim 6anka moJHasi, T0

(M +m)gh = (M+m0t)%,

ecJim 6aHKa HaHOJIOBI/IHy HyCTa, TO
20/1,02¢, )
(%+m)gh = [%+mo¢)M

2 )
ecsi ke GaHKa COBCEM mycrad, To

(2L/ty’

mgh = mo.——— .
2
Hy:xno wnaiitm 3Hauenune Bpemenu t. IIpuHSAB KpaiiHue
3Havyenns koaddunnenta o o0 =1,5 U o0 =2 u pemus
COOTBETCTBYIOIIIE CHCTEMbl YPAaBHEHUI, MOXKHO yKa3aTb,
B KaKOM JHara3oHe HaXoauTcsl Bennunna t. O603HaUNM
m/M = . Cucrema ypaBHeHUil [js1 3HaueHus o = 1,3
UMeeT BU/[L

2 1+1,58 217

1+ gh
2 5 _ (1/2)+1,5p 217
RO =725 gh

Orcioia HAXO UM
B=0,11731, n ¢t = 1,19¢, .

CooTtBercTByIOIIasi CUCTEMa YPaBHEHWN [JIs1 3HAYEHUS
o =2 Jaer

B=0,048643, n t = 1,38, .

Takum 06pa3oM, BpeMst CKaTbIBAaHUS ITyCTON OaHKHA MOYKET
HaXOAUTbCA B MHTEpPBaJie

1,19¢, <t <1,38¢,.
b.Anxun

®2270. I[Ikorvnux Bacs y3wan, umo snepzus écezdd
COXPAHACTNCA U 4MO PAOOMA MOKEm NPeepawyamvcs 6
menno. OW HaAIUL 6 Cmaxkam 600y npu KOMHAMHOU
memnepamype u HAudlL ee UHMEHCUGHO PAIMeUUCAND
4aiinol 10xxxoi. Yacmoma 0eusxenuil 10KKu 6vlid 0KOA0
5 I'u. Iocae 5 munym pabomuv. Bacs pewun usmepumo, na
CKOIbKO NOOHANACH memnepamypa 600vi. Kaxoi donxna
Obimy UYECMEUMENLHOCb MePMOMempPd, Umobvl 3aPux-
cuposamv amo usmenenue memnepamypvl? Pasmepu
CMAKana u J0XXKuU evlbepume camu.
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CrangaprHble pa3Mepbl CTaKaHa i YaiiHON JIOXKKH TAKOBbI:
o6bem crakana V ~ 0,2 s, ero BHYTPEHHUI auameTp
D ~ 6 cM, maomaap nonepednoro (HanGoJbuero) ceye-
Hust 10KKH S ~ 10 em? . IIpH IepHONYECKOM JABUKEHIN
JIOKKK B Bojie ¢ wactotoii f (f =5 T1) ee ckopocTh umeer
MOPSIZIOK BEJIMYUHBI O ~ TfD , U JIOJKKA WCIBITHIBAET CO
CTOPOHBI BOJIBI CUJTY COITPOTUBJIEHUSI, TIPOIIOPIIMOHATBHY 10
TLJIOTIA/TH TIOTIEPEYHOTO CEUEHUS JIOKKILS , TLIIOTHOCTH BOJIBI
P ¥ KBA/IpaTy CKOPOCTHU JABUKEHUS JIOXKKU OTHOCHTEILHO
skugkoct 0 . Ciie/[oBaTeIbHO, MOIIIHOCTD CHJI, ¢ KOTOPBI-
Mu Bacs pgeiicTByeT Ha JIOXKKY, HMeeT TMOPSIIOK
N ~ Sp (TEDf)S. 3a spema t (t = 300 c¢) B xuakoctu (B
BO/I€) BBIIEJIUTCS KOJMYECTBO TEILIOThHI, UMEIOTIEE TIOPSAIOK
BeauunHbl Nt. TernmnoeMKoCTbIO0 CTEHOK CTaKaHa MOKHO
peHe6peyb B CPABHEHHH C TETLIOEMKOCTBIO BOJIBI, TIO3TOMY
TEILJIOEMKOCTD CTAKAHA C BOJION MOKHO OI[EHUTD BEJTMIUHOI
cpV ,taec (¢ =4200 ZI}K/(K Kr) ) —yaeﬂbﬁaﬂ TerJI0eM-
kocth Bojbl. Otcrofa mosydaeM (hopMyJy Ui ONEHKH
BeJIMYNHBI U3MEHEHUsT TeMIiepaTypbl Bojbl AT B crakane
MOCJIe MHTEHCHBHOTO €€ Pa3MeluBaHusT YallHOW JIO3KKO:

3
Sp(nDf)’ t ~ cpVAT .
B paccmarpuBaeMoit cUTyaluu U3MEHEHHE TEeMITEPATYPhI
BeCbMa MaJo:
3
S(nDf)’t
c

[l71s1 peructpaiu aToro U3MeHeHUsT TEMIIEPATY PbI JaTUNK
JIOJIKEH UMETD UyBCTBUTENbHOCTD TAKOTO JKe MOPS/IKA, T.€.
10° K. A TEPMOMETPBI C TAKMMHU CBOIICTBAMU B OBITY He
UCTIOTb3YTIOTCS.

AT ~ ~107° K.

B.Aces

D2271. Pesunosas 06010uKa 6030yui1020 Wapuxa umeem
maccy m =3 2. O60J0UKY 3ANOIHSION 20PIOUUM 2A30M —
memanom CHy, komopoiii umeem xomnamuyro memnepa-
mypy. Ilpu xakom duamempe wapux ¢ Memanom Haumem
<«BCNABIBAMbY> 6 6030Yyxe? Pasnuuetl dasienuil eHympu
WAPUKA U CHAPY KU MOKHO NpeHedpeun.

[TockosibKy B yCJIOBUE Hpe/araercs: npene6pedb OTJIu-
YyeM JIaBJIEeHNUS Ta3a BHYTPH IAPUKA U CHAPY’KH, TO TIPU
otHoii u ToM ke (KomHaTHOI) Temmeparype T = 300 K
CHApY’KM ¥ BHYTPHU IIAPUK C METAHOM HAuyHET BCILIbIBATD
B BO3/lyXe TIPU YCJOBUM PABEHCTBA HYJIO CYMMBI BCEX
CuJI, AEMCTBYIONNX HA HETO CO CTOPOHBI 3eMJU U OKPY-
JKAIOIIEro Bo3ayxa. IJTo Oy/IeT UMEThb MECTO TP PaBeH-
CTBe CpejiHell IJIOTHOCTU IIapuKa ¢ METAHOM U ILJIOTHOC-
i Bo3fyxXa. [LnoTHocTb rasa ¢ MoJiApHOil Maccoit M mpu
armocdepHoM gaBienun p =10° [la u Temmeparype
T =300 K Haxomautcsi u3 3akoHa MengeneeBa—Kuia-
meipoHa: p = Mp/ (RT). O6bem mapuka V BBIpaKa-
ercss depe3 ero guamerp D dopmymaoin V = nD3/6 .
CpenHee 3HaueHME MOJIIPHOM Macchl Bo3nyxa €, =
=0,029 kr/mMosb, a 3HaUYEHUE MOJIIPHOW MacChl MeTaHa
€, =0,016 kr/moab. OTciofa caeayer

p€M + m :ﬁB
RT D?/6 RT '’

nJn

6mRT
np(€B _€M)

C.Memanun

D=3 =23 cM.

2012/Ne5-6

®2272. B snexmpuueckoil
cxeme, U300PAKEHHOU HA
pucynke 1, ece 6amapeii-
KU o0uHaxoswvie, uodednv- LT R -
note u umerom /JC & =
=1 B kasxdas. Bce pe3u-
CMOpPuvL MOsKe 00UHAKOBYLE
U umerm conpomugietue
R =10 Om xasxovui. Haii- Prc 7

dume moxu, mexyuue ue-

pes Kaxoyio Gamapeixy u uepes KAKObl pPe3ucmop
(Hymepayuio s1emenmos eeedume camu).

PackpoeMm «cekper» NMpHUIyMbIBaHNS TAKHX cXeM. Bpije-
JIUM B 33/IAaHHOI CXeMe KPACHDBIM I[BETOM 3aMKHYTYIO II€ITb
— CHayaja aBTOPOM pH-

cyeTcss MMEHHO OHa 1
(puc.2). dra nenb npe- |
crapasger coboit 3 (umc- 1
JIO MOKET OBbITb GOJIbIIE T
U 4acTO JOCTHTAET 3Ha- ¢ ——

YeHUs, COBITA/IAONIETO C 2] I
KaJeHIapHBIM TO0M,

YTO MOTJO COCTaBUTH |
2012 B aTOM TOMY) TIOC- '
JieoBaTeTbHO BKJAOUEH-  Puc 2

Hble [JPyr 3a [IpPyromM

nmapbl: 6arapeiika + pesuctop. [loHATHO, YTO TIPU TaAKOM
BKJIIOUEHUH Ha KaXK/OM PE3UCTOPE, BXOJSINEM B COCTAB
napbl, MaJlaeT HanpsiKeHne, papHoe Kak pa3 I /[C oaHoii
Garapeiiku. [loaToMy TOTEHIIMAJNBI TOYEK, OTMEYEHHBIX
CUMBOJIOM 1 B paMOYKe, PaBHbI APYT APYTY, U TOTEHIHAIIbI
TOYEK, OTMEYEHHBIX CMBOJIOM 2 B PAMOYKE, TOYKE PABHbI
apyr apyry. Creayouuil mar cocTaBleHUs <«XUTPOW»
CXEMbI TaKOI: MEXIY TOYKAMU, OTMEYEHHBIMU OJMHAKO-
BBIMU CHUMBOJIAMU, MJIA UMEIOIUMU OJITUHAKOBBIE TIOTEHITH-
aJIbl, MOKHO BKJIIOYaTh (BCTaBJATH) JIOObBIE ITACCHBHBIE
3JIEMEHTBI PAJAMOTEXHNYECKUX Iereir. K HuM oTHOCSATCS
PE3UCTOPDI € TPOU3BOJHHBIMU 3HAUEHHUSIMU COTIPOTHBJIE-
HUIT, [UOBI, KATYIIKM UHIYKTHBHOCTH, KOHIEHCATOPDI,
JIAaMTIOYKY HAKAJTUBAHUS WJIA Ta30Pa3psiIHbIe JTAMITIOUKHU 1
Tak jlajee — T.e. BCE, YTO HE COJEPKUT BHYTPEHHUX
UCTOYHUKOB TUTaHusI. M TOCKOJIbKY TIOTEHIIUAJIbI HA BbI-
BOJIaX TAKUX 2JIEMEHTOB OJIMHAKOBBI, TOK IO HUM HE TeYeT
(pes3nucToppl, JJTaMIIOYKK U KaTyIIKN) M HEe HaKaIlJIMBAETCS
sueprusa (kongencaropsr). Iloce Takoro «pas6opa» 3ama-
Ya PENaeTcss «B yMe».

KoneyHo, MOXHO pemmmTh 3Ty 3374y M <«4ecTHO». Jlis
9TOTO y100H€ee BCErO BOCIIOIb30BATHCS METOIOM «Y3JIOBBIX
MOTEHINATOBY, KOTOPBII HEOHOKPATHO OBLIT OIMUCAH B
peleHusx 3aa4 «3ajaunnka « KBanras.

Wrak, yepes Kax/Iblil 971EMEHT «KPACHOW» TIeNN TeYeT TOK
I= 35/ (3R)=0,1 A, a 4epe3 ocTalbHbIC HJIEMEHTDI TOK
He Tever.

]
—

C.Xemoe

®2273. B kxamepe Buivcona 3apezucmpuposanvl noc.ieo-
CMBUS CMONKHOBEHUS 0L -4ACTUYDL U NOKOUSUEZOCS 00
yoapa npomona. B 00nopodnom maznummnom noe nepnen-
QUKYAAPHO BEKMOPY €20 UHOYKUUU NOCAE YOAPA YACTULDL
deuzanucey no oxpysxnocmsam ¢ paduycamu R u 0,75R.
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Kaxum 6oin paduyc R, mpaexmopuu o -wacmuyvt 00
yoapa?

N3 coobpaskenunii pa3MepHOCTH OTBET JIOJIPKEH BbIPAYKATh-
cs1 uepes paguyc R u 6e3pasmephbiii koadduiment B =
=0,75. Emte, koHEUYHO, HYXKHO YYUTbIBATh CBOHCTBa -
YACTHIIBI ¥ TIPOTOHA: MX MACCHI OTJIMYAIOTCS TIPUMEPHO B 4
pasa, a aJIeKTpuYecKue 3apsiibl — B 2 pasa.
[TycTb B MCXOMHON cHCTEME OTCUETa CKOPOCTh O, ~4aCTHIIHI
paBHa v, a UHAYKIHUA MATHUTHOTO 1o/t (TlepreHanKy s p-
Has BEKTOPY cKopoct) paBHa B. CKopocTn wactuil /10
ylapa M TocJie yjaapa CBSI3aHbl JPYT C JIPDYTOM JIBYMs
3aKOHAMW COXPAHEHWS: UMIYJIbCca U SHEPTUU. Y 10OHON
CHCTEeMOH oOTcueTa [/ pellleHns 3ajad [po YIpyrue
CTOJIKHOBEHUS SIBJIIETCS TAKASA CUCTEMA OTCUETA, TJI€ TIEHTP
MacC CHCTEMBbI CTAAKUBAIOMIMXCI YACTHUI[ TOKOUTCS, T.€.
CyMMapHbIii UMITYJIbC YACTUI] PABEH HYJIIO, a UX UMITYJIbChI
PaBHbBI 10 BEJWYWHE U MPOTHBOIIOJIOXKHBI 10 HAIpaBJe-
Huio. O4YeBUIHO, YTO MOCJIE CTOJKHOBEHUS MX MMITYJIbChI
ToKe OYIyT OJMHAKOBBI 110 BeJimunHe. B ucxoHoii cucre-
Me OTcYeTa IocJie CTOTKHOBEHNUS C O -UaCTHUTIEH BeJTMUNHA
CKOPOCTH TIPOTOHA, TOKOUBIIETOCS /10 Y/Iapa, MOKeT HaXo-
JIUThcs B auamnaszone orT 0 [0 MaKCHMaJbHO BO3MOKHOI
BEeJIMYMHBI, PABHOHM YJABOEHHOH CKOPOCTH IIEHTPAa Macc
CHUCTEMBI O -9aCTHUIA + TTPOTOH. JTO JIETKO JOKA3bIBACTCS
METOJIOM «JIByX T1aroB». [lepBbIil «immars» — aTo nepecajika
B CHCTeMYy OTCYeTa, B KOTOPOH IEHTP Macc MoKouTcs. B
3TON cHCTeMe OTcUeTa Y TIOKOUBIIETOCs /10 y/iapa MIPoToHa
6blyIa CKOPOCTD, paBHAs —Uy,, a HOcJe JOGOBOTO yaapa
OHa paBHa +0y, . Bropoit «imar» — ato o6parHas nepecaj-
Ka B UCXOJHYIO cucteMy orcyeta. IlepeHocHass cKOpoCTb
paBHa ¥, U OTHOCUTEIbHASI CKOPOCTD TOKE paBHA +0,,
MMOATOMY TI0 OTHOTIEHWIO K WCXOJHOW CHCTeMe OTcyeTa
nporor (n moGast apyrasg Yactuia), MOKOMBLIMICS J10
yJapa, rmocJje abCcoJIOTHO YIIPYTOTO JJOGOBOTO yaapa NMeeT
ckopocTh +2v,, . IIoCKOMbKY oL -9acThIla MMeeT Maccy B
4 pas 6oJibIlle, YeM Macca MOKOWBIIETOCS MPOTOHA, TO,
COOTBETCTBEHHO, MaKCHUMAaJbHAs TIO0 BEJMYUHE CKOPOCTDH
mpoToHa TIoCTe coymapenus Oyrmer paBHa 8u/5, a y
0L -4aCTUIIBI CKOPOCTDb OyzieT paBHa 3v/5 .
Pamnyc Ttpaexktopum ABWKYyIeHcss B MarHUTHOM TIoJie
AJIEKTPUUYECKU 3aPSKEHHOW YACTHIIbI MPU B3AaUMHO I€p-
MEHUKYJJISPHOM PACIOJIOXKEHUN BEKTOPOB €€ CKOPOCTH
" WHYKITUM MATHUTHOTO TIOJIST OTIPE/IEJISIETCST COOTHOTIIE-
HUEM
_mu

qB~
[Toaromy Tocse I0OGOBOTO yapa pacCMaTpUBACMBIX Yac-
THUI] TTOJYYalOTCA TaKMe PAJIyChl TPACKTOPHIL:

R

8mo 12mo  6mo
?T5eB " " T 10eB  5eB
e e e
3aMeTnM, 4TO HaM ITI0BE3JI0 M OJHO M3 PEIIeHI COOTBET-
crByet s106oBoMy yaapy: Ry /R, =0,75. 3nauut, Goub-
wmii paguyc y nporona u ou pasen R =8muo/(5eB). [lo
yAapa paJimyc TPAeKTOPUHI O ~9aCTUI[bI B MATHUTHOM T10JIE
6b11 Ry = 4mv/(2eB). OTciofa cietyer OTBeT IS OJHOTO
13 BO3MOXKHBIX DEIIeHMNI:
Ry

[ToHATHO, YTO BTOpPOE PENIEHUE COOTBETCTBYET CJIYYalo,
Korjga ynap He ObLl JIOOOBBIM U PAJUYC TPAEKTOPUU Yy
0L -4acCTHUIIbI TIOCJe yaapa Obu1 60JIbllle, YeM y MPOTOHA.
ITO pellleHe, eCTECTBEHHO, TOpasio 6oJiee TPYI0EeMKOE,
TaK KaK I0CJe y/lapa Y YacTHIl MOSBJISIOTCS COCTABJISIO-
IIMe UMITYJIbCOB, TEepPHeHUKYIIPHbIE TePBOHAYATHHOMY
HaINpaBJIeHUIO JBWXKeHUS o -4acTuilbl. OHAKO € MTOMO-
I[HI0 3aKOHOB COXPAHEHUs] UMITYJIbCA W SHEPTHH MOKHO
MOJIYYUTDh OTBET U B 3TOM cJuydae. Cpesaiite 3T0 caMOCTO-
ATEJIbHO.

Y. Buavcon

®2274. /15 uonusayuu amoma 6000pooda, Haxoosiu,ez0cs
8 OCHOBHOM COCMOsHUU, mpebyemcs 3Hepzus E =
=13,6 3B = 10 2B . Ouenume 3nepzuto, KOMOpas Hyxnd,
4mobbl NOJHOCINBIO UOHUIUPOGA® 00UH AMOM YPAHd
g U.

YcTpoiicTBO MHOTO3JIEKTPOHHBIX CUCTEM He OObSICHSIETCS B
KJaccuyeckoii usuke. OJHAKO M3BECTHO, UTO SHEPTUU
MOHUBAINH /17151 GOJIBITNHCTBA HEUTPATHHBIX AaTOMOB HAXO-
JATCS B JI0OCTaTOYHO Y3KOM auanasone — or 3 3B (mas
IIEJIOYHBIX MeTayaoB) o 24 3B (jiaa aroma resms).
Teopust Bopa mosBoJiseT paccYnTaTh SHEPTUIO0 NOHU3AIIH
TOJIBKO /171 aToMa Bojopoja: E; = 13,6 »B nmm nns tak
Ha3bIBAEMbIX BOJIOPOONOA00HBIX ATOMOB: E, = k2 E,,
rae k — sapsna sapa B eMHNUIIAX 3apsja MPOTOHA, U He B
COCTOSTHUU OODBICHUTD CBOMCTBA Jla’Ke TAKOH <ITPOCTOI»
CHCTEMBI, COCTOSINEN BCETO M3 TPEX YACTHUI[, KaK aToM
TEJIH.

Ha ypokax dbusukn i XuMun paccKa3biBaeTcst O pa3pelen-
HbIX ypOBHHX SHGPI‘I/II/I A SJIGKTPOHOB, BXOAAIIIUX B
COCTaB aTOMOB, TOBOPUTCSI O HAJTUYNK HECKOJIHKUX KBaH-
TOBBIX YHCEJI, HEOOXOIUMbIX JIJIs1 OTTMCAHUST Pa3pPeIeHHbIX
COCTOSTHUI 3JIEKTPOHA B atoMe. Tak, TiaBHOE KBAaHTOBOE
YUCJO 7 XapaKTEepPU3yeT HHEPIHi0 CBS3U JJIEKTPOHA C
SIZIPOM, WJIM CPeJHEe PACCTOSTHUE OT 3JIEKTPOHA JI0 S/pa,
op6UTATBHOE KBAHTOBOE YHCJIO [ XapaKTepu3yeT aGCoJIioT-
HyIO BeJH/ILII/IHy Op6HTa]IbHOFO MOMEHTa I/IMHyJIbCa IJIEKT-
poma, a MAarHUTHOE KBAHTOBOE YHCJO 77 XapaKTEPHU3yeT
MIPOEKIIUIO ITOrO MOMEHTA MMIIYJIbCA HA HEKOTOPOE BBbIO-
paHHOEe B MPOCTPAHCTBE HAIllpaBJEHNE, HATIPUMED Ha Ha-
HpaBJIeHI/Ie BHCIIHETO MArHuTHOI'O II0JIA. ECTb TaK>Xe
CIIMHOBOE KBAHTOBOE YUCJIO, XapaKTePHU3YIOllee IMPOeK-
1110 COOCTBEHHOIO MOMEHTA KOJIMYECTBA JBUKEHWS DJIEK-
TpOHa Ha HANIpaBJIeHWe BHENTHEr0 MarHuTHOTO 110Jist. OKa-
3BIBAETCSI, YTO HU B KAKOH KBAaHTOBOW CUCTEME HE MOTYT
CYIIECTBOBATH 3JIEKTPOHDI, Y KOTOPBIX ObLIN Gbl OJIMHAKO-
BBIMU BCE YeTbIPe KBAaHTOBBIX uncaa. COBOKYITHOCTD 3JI€K-
TpOHOB B aTOME C O/[HUM U TeM K€ T'JIaBHbIM KBAHTOBbBIM
YUCJIOM 72 Ha3bIBAIOT AJIEKTPOHHOI 060/109KO0i. O60/I0UKHI
o6osnavaior 6yksamu K, L, M, N, O, ... Aunanorudto,
AJIEKTPOHBI C OJHUM ¥ TEM K€ 3HaUeHHeM OpOUTAJbHOTO
KBAHTOBOTO 4ucJja [ 06pasyior mogo6oa04ky. Ilogo6omod-
K1 0603HavaoT 6yKBamMu s, p, d, f, g ¢ ykazaHneM rJaBHOTO
KBaHTOBOTO yncJja — Harnpumep, 1s, 2s, 2p, 3d u 1.1
[l1st pacyera suepruy MOHU3AIUE BO30YIKIEHHOTO BOIO-
POJIOIIOI06HOTO ATOMA C AJIEKTPOHOM, JKUBYIIIUM HA YPOB-
HE SHGPFI/II/I C I'NlaBHbIM KBaHTOBbIM Y1 CJIOM 72, HpI/IMeHHeT'

cst popmyaa Ej, = (k2/n) E,.
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[Tpu pemenwnu Haieit 3a7aun 06 OIlEHKe SHEPTHH, HE0OXO-
JUMO¥T JIJIST TIOJTHOH MOHM3AIlMK atoMa ypaHa, TpoBeJeM
OTIEHKY «CHU3Y» W OIEHKY «CBepXy». [lJIg OlleHKU «CHU-
3y» OyJieM CUUTaTh, YTO KaXK/blil yIaJseMblil U3 COCTaBa
aToMa 3JIEKTPOH BeJleT ce0sT KaK He3aBUCHMBIH, HAXO/IsI-
iicd B TIOJie TOYEYHOTO 3apsifia, COOTBETCTBYIOIIETO
3apsi/ly aToMa 3a BbIYETOM 3apsijia 9TOTO CaMOTO 3JIEKTPO-
Ha. Torga Hy)XHas SHEPrUs HAXOAUTCS CYyMMUPOBAHUEM:

E

CHU3Y

92
E; Y k* =136 5B 263810 = 3,6 MaB.
1

[l71s1 onleHKn «CcBepXy» OyJIeEM CUNTATh, YTO BCE OCTABIIIN-
€ecst OKOJIO sijipa aTOMa HJIEKTPOHBI, XKUBYIIIE Ha 060JI0Y-
KaX C MEHbIIMMN 3HAYCHHUAMUN YHCEJI n1 n l1 , HaCTUYHO
IKPAHMPYIOT 3aPsi/l S1/ipa aTOMA OT JIEKTPOHOB, SKUBYIINX
Ha 060JI04KaX ¢ OOJIbIINMU 3HAUCHUSIMU Yuces 1y u [, . U
olleHKa Oy/IeT elle TOYHee, €CJM CYUTATh, YTO KasK/blil
3JIEKTPOH, SKUBYIIMI HA HEKOTOPOI MOJ000JI04Ke, B3a-
MOJIEICTBYET € 3JIEKTPOHAMHU, SKUBYIIMMH Ha TOH Ke
1101060JI09Ke, B COOTBETCTBUU ¢ 3akoHOM Kysona. Ilpu
9TOM Cpe/[Hee PACCTOSTHUE MEXK/IY JBYMSI 3JEKTPOHAMU
KaKoi-160 1oJ060J0UKH TPUMEPHO B TIOJITOPA pasa
6OJIbITE PACCTOSTHISI MEK/TY STHMU 9JIEKTPOHAMHE U SIZIPOM
atoma. [[eBSHOCTO JiBa 5JIEKTPOHA aTOMa ypaHa pacrpe/ie-
JIEHBI 110 0607109KaM (rJIaBHBIM KBAHTOBBIM YHCJIAM 72) W
nozgo6omoukam (OpGUTATLHBIM KBAHTOBBIM YncaaM [) Tak,
KaK [10Ka3aHo Ha pucyHke. l[BeTaMmu oTMedeHbl 3a10/IHEeH-
HbIe YPOBHU SHEPTUU aTOMOB: KPACHDBIH — rejinii, rory6oii
— HeOH, PO3OBBIN — aproH, CUHUI — KPUIITOH, 3€JTeHbIH —
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KCEHOH, OPaHXKeBbIN — PAJIOH, XKeJATbIH — ypaH. Kaxprii
U3 [EePEYNCTEHHBIX ATOMOB COJIEPKUT BHYTPH CeOsT CTPYK-
TYPY, COOTBETCTBYIOIIYIO TIPEAbIAYIIEMY aTOMy B 3TOM
cricke. Jlumib y resus HeT TpealniecTBeHHUKA. [lomHOC-
TBIO 3aIIOJIHEHBI 3JIEKTPOHAMHU TOJIBKO TePBbIe 4 000J0YKH
atoma ypaHa. C y4eToM paclipe/ieIeHust 3JeKTPOHOB 110
MO/LyPOBHSIM OIEHKA «CBEPXY» JIJIsI SHEPrUr MOHU3AIMH
aToMa ypaHa OyJeT TaKkoi:

Eepepsy = Ei (922 +(92-2/3)" +90% +
+ (90 —-2/3) + ...+ (907 2/3) +...+82% +
+(82-2/3)" +...+2°+(2-2/3)") = 4 MaB .

Pacuer, ectecTBeHHO, IIPOBOANJICS HE BPYYHYIO, a C HC-
[10JIb30BaHUeM KOMIIbIOTEpa.
[TousaTHO, YTO BKJIA/] B OOIILYI0 CyMMY TOW 4aCcTH SHEPTUH,
KOTOpasi HeOOXOANMA ISl Y/IaJieHUsT BHEITHUX 3JIEKTPO-
HOB, TOPa3/[0 MEHbIIE YACTH SHEPTUH, HEOOXOAUMOI st
yAalIeHNs 3JIeKTPOHOB, HAXOAMNXCsI OJIIDKE BCETO K SIPY
atoma. [10aTOMY OIIEHKN «CBEPXY» U «CHU3Y» OKa3aJUCh
Bce-Taku OJM3KUMU JPYT K JAPYTY.

V.Panos

KOAJEKIOHNA TOJOBOJJOMOK

KBap,paT B KOHBepTe

(Ha4ano cm. Ha 2-vi CTparumLe oboxki)

H]IaCTI/IHKy JIyqiie n3roToBuTb n3 TOHKOro u Irpo4yHoro
TJTaCTUKA, HO MOYKHO TaKyKe MCII0JIb30BaTh KapTOH, cbaHe—
Py uam MeTrajia. rﬂaBHOC, yTOOBl OHA HE THyJ/JaCcb OT
He6O0JIbIIOTO ycuans. KOHBepT cJie1aiite M3 He3JTACTUIHOM
TKaHH! UJIN 6yMarI/I. I[JIH KBaI[paTHOﬁ IJIACTUHKH CO CTOPO-

. a
HOIl @ KOHBEPT JI0JDKEH UMETh JUTHHY d~/2 ¥ ITHpPHHY —= .

Ho ato — 6e3 yuera tosmmunsl miactuuku. [Ipo nee tOXke
He CTOMT 3a0bIBaTh: K pasMepaM KoHpeptuka (JinHe u
IUPUHE) HAJ0 MPUOABUTH TOJIINHY TLTACTUHKH.

Ectb 1 6071€e 061uil — NpsAMOYTOJIbHbBII — BADUAHT 3TOMN
rOJIOBOJIOMKH. Pa3Mepbl KOHBEpTa /UL IJIACTUHKH @ X b
npejilaraeM BBIYUCINTH B KauecTBe ynpaxkHenns (Kpas-
PaTHBII cIy4ail CIYKUT MOACKA3KOIT). ¥ 106HO B KauecTBe
IJIACTHHKY B35ATh IJIACTHKOBYIO Kapty (Hampumep, Kpe-
quTHYt0). OGBIYHO Takue KapTbl — MPSMOYTOJbHUKH
85,6 x 53,98 MM Tosunoii 0,76 mm. Ha kaprax ckpyrJis-
10T YIJIbI, HO CHJIbHO IIPOIIE OT 3TOTO TOJIOBOJIOMKA HE
craHeT. BepXHuil NnpsSMOYrOJbHUK Ha PUCYHKe HMeeT
pasMepbl IIaCTUKOBOI KapThl, a HUKHUN — IOAXOASIIEr0
kouBepra (6€3 yJera TOJIIMHDL).

ABTOp 2TOl 3aMeuaTeTbHON 3aaun Xupokasy VBacasa
MOJIyYUJI 32 Hee [OYETHbIN MPHU3 3PUTEIbCKUX CUMIIATHI
na XXXII Coesfe sobutesieil rOI0BOJTOMOK, TTPOXOUB-
mem B asrycte 2012 roza B Bammunrrone.

E.Enuganos
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1. MapTbiwka, Ocen n Kosen 3aTtesnu Cbirpatb TPUO.
Ycennce 4mHHO B pdan, MapTtbilwka cnpasa. Yaapunu B
CMbIYKW, OEPYT, @ TONKY HeT. [ToOMeHANnce Mectamu, npwu
sTom Ocen 0Kaszanca B LieHTpe. A TpMO BCe HEMAET Ha Naa.
Mepecenu elue pas. [Mpy 3TOM 0Ka3anock, YTo Kaxapiv 13
TPeX «My3blKaHTOB» ycCnen nocnaeTb 1 CfeBa, 1 Cnpasa,
n B LeHTpe. KTo rae cupen Ha Tpetumn pas?

Y. PackuHa

Z. Ha kneTt4atom nncre Gymary ObiNo 3akpalleHo He-
CKOJIbKO KJ1EeTOK Tak, YTO MOSy4YMBLIAACS PUrypa He 1merna
ocer CMMMeTpUU. BaHA 3akpacun elle OfHYy KIeTky.
Morno nn y nonydmBliencs urypbl okasatbcs 4 ocu
cummeTpumn? (Mprmep hurypbl C OAHOM OCbI0 CUMMETPUN
NPUBELEH Ha PUCYHKE, OCb CUMMETPUM MOKa3aHa NyHKTA-
pOM.)

Y Aerko

3. Koe-kto B Kknacce cmoTpuT dyTbon, Koe-kTo —
MYJIbTUKW, HO HET TaKKX, KTO HE CMOTPWUT HW TO, HY [ pyroe.
Y niobutenen MynbTUKOB cpefHuit 6ann no mMatemaTtuke
MeHblle 4, y nobutenen cdytbona — Toxe MeHblle 4.
MoxeT nu cpefiHMr Gann Bcero knacca no mMatematmke

3TV 3afa4v nNpefHasHadeHbl npexae BCero yvawmmca 6—38
K/laccoB. 3apadvn npepflaranncb Ha XXXV TypHupe MMeHM
M.B.JlomoHocoBa.

ObiTb Gonblue 4? (CpegHee HECKOMbKUX YMCEN — 3TO
CyMMa 3TUX YMCen, AefIeHHas Ha UX KOMNYeCTBO.)
A.LllaroBasnos

4. PaBHOOEAPEHHbIN TpeyronbHKK ¢ yrnom 120° cro-
>KeH POBHO 13 Tpex crnoes bymaru. TpeyronbHUK pa3sep-
HYIM — U NONYYUNCS NPSMOYronbHUK. HapucymTe Takow
NPSMOYTONbHUK M MOKaXuTe NMyHKTUPOM NIUHUK Crinba.
[-Mep3oH

5. BepHo nn, 4TO B BeplUMHax obOro TpeyronbHMKa
MOXHO pPacCTaBUTb MOSOXUTENbHbIE YMCNa TaK, YTOObI
CYMMa 4MCeN B KOHLAX KaXAoW CTOPOHbI TPeyrofbHM1Ka
paBHANACb AfMHE 3TON CTOPOHbI?

Qosnbkiop
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epcefec 3a Tpems OBepAMU
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C.HAOPUYEHKO

A Hauvanocb Bce...

— lpencraBngellb, Kpydy S 3TO MPOKIATOE KOJSIeCo, U
BLAPYr BbiMafaeT CcekTop «npw3»! — bunn ¢ ropawmmn
rnasamu pacckasbliBas CBOeMy CTapoMy Apyry [>KOHy, Kak
HelaBHO MobbiBan Ha urpe «Koneco opTyHbI».

— §l, KoHe4Ho, obpafoBancs. A BedylLM NOABOAMNT
MeHS K TpeM [BepaM W1 roBopuT: «He BCe Tak MpocTo. 3a
OHOW 13 ABepent — Mepcefec. 1 OH MOXET CTaTb TBOUM,
Bunn. Beibunpan niobyio aBepb». A ax BeCb BCMOTEN OT
HanpsxxeHus. Hy, aymato, Obina He Obina, 1 NokasbiBato Ha
Ty, 4YTO cnpaBa. A OH BAPYr MOET K LEHTPanbHOM U
pacnaxveaetr ee. A TaM nycro. «Buguwb nn, bunn, —
NPOLOIIKaeT OH, — A pewnn Tebe HEMHOro MOMOYb.
3Halo, rae cnpsitaH mMepceaec. W, 4Tobbl MOBLICUTL TBOW
LUAHCbI, OTKPbIT OAHY M3 ABEpen, 3a KoTopow nycTto». [a,
ZyMato, cnacnbo, HO MHe-TO YTO TOSKY? A TyT OH U BbIAAET:
«A Tenepb, bunn, rmaBHoe — A paspeLlato Tebe 3MeHNTb
BbIDOP. MoXeLLb yKa3aTb Ha ApYyryto ABepb. ECnm xo4yellb,
KoHeyHo. Pewwam!» TyT MeHs NpsMo B APOXb Opocmno.
PaHblUe-TO Y MeHsi Kakve ObINn LWaHChl — OAMH K TPeMm,
NMoHATHOe Aeno. A Terepb OBe ABepU OCTalnCb — NeBas n
npaBas. 3Ha4uT, LAHCh! y>e oauH K AByM. Obpazosancs
rnoHavany, a NnotoM MPUKMUObIBAD — HYy W Kakad Torga
pa3sHMLA, Kakyto ABepb OTKpbiBaThb? LLaHchbI-TO Tenepb
ofuHakoBble. MoxeT, mymato, 3anyToiBaet? 1 He cTan
BbIOOP MEHSTb — OTKPbI, Kak 1 XoTen, npasyto Asepb. U
HWYero He BbIMrpan. A BOT Tenepb My4aloCb — 3TO MPOCTO
MHe He NoBe3J10 1K BCe-Takm Hago ObIno NeByto Aepratb?

OTBeT )KOHa

— CpaeTcs MHe, CrnoxoBasn Tel, OpaTel, — nokadan
ronosown OxoH. — LLlaHcbl ctanm 6bl Kyna 6onbluie, M3MeHn
Tbl CBOE peLleHue.

— Kak 370, >XOH? Befb octanucb ABe OBEpU, 3H3UUT,
LAHCbl OMHAKOBbIE.

— Tak BeAb BefyllMn Bcerga MOr OTKPbITb M3 ABYX
OBEpPEN OfHY, 338 KOTOPOW MyCTO. 3HAYUT, MPO TBOIO ABEPb
OH Tebe POBHbIM CHETOM HU4Yero He coobwmn. TaM Kak
Obina BepoATHOCTL 1/3, Tak U ocTanach.

— Her, 370 epyHAa. Pa3 3a OTKPbITOV ABEPbIO HAYETO HET,
TO TaM Cpa3y BepoATHOCTL O nosly4aeTcs. 3Ha4uuT, 3a ABYMS
apyrumm — no 1/2.

— lNMoyemMy NopoBHY-TO? JlaaHoO, AaBan He crnella pa3be-
pemcs. BosbmeM Te OBe OBepu, KoTopble Tbl He Bbibparn. C
KaKOW BEPOSTHOCTbIO MepcefeC HaxoauTCs 3a HUMK?

— JTO NMOKa HK4Yero He oTkpbIBatoT? a Bpoae Kak 2/3
noJsly4aercs.

— [paBunbHO. A TyT BedylWUn OOHY M3 3TUX OBEpPeN
OTKpbIBaeT, BblIOMpas Ty, 3@ KOTOPOW HW4ero HeT. U oH,
MOHATHO, BCEr4a 3T0 MOXeT CAeNaTb. 3Ha4YnT, OH MPOCTO

BriepBble onybnmkoBaHo B XypHane «KBaHTuk» N273a 2012 rog,

Unmoctpauymm B.lTaTkuvHa
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TeDe NPOSICHSET, 4TO BOT, MOJI, 3@ 3TOM ABEPbIO 13 TEX ABYX
HeT Mepcefeca. Ho BepoAaTHOCTb, 4TO 3a TeMU [BYyMSA
LBepsAMU Mepcefiec, — no-npexHemy 2/3. Uy 1ebs He
NOSBAETCSH HMKAKOW MHMOPMaLMN NPo BbIOpPaHHYO To-
Ooto aBepb. Bcs HeonpeneneHHOCTb — rae MMeHHO Mep-
cepec, 3a TeMu ABYMS OBEpSIMU UM 33 TOW, YTO Thl
BblOpan, — coxpaHunacs!

— DTO 4TO Xe Torga nony4aerca? Pas 3t 2/3 cupar no-
NpexHemy B Tex ABYX ABEPAX, HO 3@ OOHOM U3 HMX TOYHO
nycTo, TO 3T1 2/3 BCe LeNMKOM Ha APYryto ABepb Nepexo-
nar?

— Hy ma. A y TBOem uCXogHO BbIOpaHHOM [ABepu
BeposTHOCTb 1/3 octaetcs. — J>koH nobefHO OTKMHYyNCA
Ha CTyne 1 NOTAHYNCA 3a KoKTennem. A bunn 3agymancs.

BTopas nonbiTka

— HaBepHoe, A yxe JaBHO [ONIXKEH OblN BCe MOHATb, —
CKa3an nocJsie JoMIroro pasmbllneHns bunn, — Ho 4 B 3TnX
BEPOATHOCTAX HEe CUJIEH, 1 YTO-TO BCE-TaKM KaK-TO MHe He
BEPUTCA...

— TepneHwe, rmaBHOe — TeprneHue, — 4YyTb CIbILHO
npobopmoTan [xkoH. OH HaYan NOTUXOHbKY BbIXOAUTb 13
cebsa. — Xopouwo, bunn, gasan nonpobyem mno-gpyromy.
BoT npencraBb cebe, Oynellb Tbl LEMbIN Mecsl, XOAUTb Ha
3Ty Urpy, KaxabIVl pa3 COBEPLUEHHO CNy4alrHo BbIbUpaThb
OBepb 1 OTKPbIBaTh ee. CKOMbKO MepceeCcoB Tbl BbIMIPa-
ewp?

— Ecnu ©e3 XXynbHMYeCTBa C MX CTOPOHbI, Tak 3a 30 AHen
NPUMEPHO AecsToK HabepeTcs.

— BepHo. DT0 1 3Ha4MT, 4TO WaHcbl TBOM OyayT 10 K 30,
nnn 1k 3, Kopode, BepoATHOCTL — 1/3.

— TONbKO A He MOWMY, K YeMy Tbl KITOHULLUb.

— Hy, BoT npeacTaBb cebe, xoOuLlb Thl LEMbIN MecsL, Ha
3Ty urpy. Beibupaellb cnydanHo ABepb. M Kak ynepTbin,
BbIOOP He MeHselb. Beoywmii Tam CyeTUTCs, 4TO-TO
npemnaraer, a Tbl 3HaW CTOMWb Ha cBoeM. CKOMbKO
MepCeaecoB Tbl BbIUrpaellb?

— [la Bpofe OKOJfIo fecaTka MosyymnTcs.

— A 4TO Xe Tbl MHe PaccKasblBasl, YTO KOraa BedyLumin
O[IHY [Bepb packpblif, y Teds LWaHCbl NOBLICMINCL?

— Hy fa, pa3 octanncb ABe 3aKpbiTble ABEPU, TO LLAHCHI
ctanu no 1/2 Ha Kaxgyto.

— Ho Toraa BbIXOAMWT, eCNn BeAyLWMIA KaxK bl pa3 OyneT
OOHY W3 fOBepen pacnaxuBaTb, Tbl 3a Mecdal yxe 15
MepcenecoB 3anMeellb?

— BbIxoguT, Tak, — HeyBepeHHO MPOTAHY [IXKOH.

— Tak Begb AnA Tebs HUYEero Xxe He M3MEeHWNocb! —
[I>oH ene nepxkan cebs B pykax. — [la nycTb OH XOTb TBOIO
[IBepb pacraxHeT, XOoTb BCe TPW: Tbl e CBOW BbIOOP He
MeHseLLb!

— 2w, nonpuaepXw nowagen, npuatens. Ecim oH
pacnaxHeT Moo ABepb, A Cpa3ly Nmbo BbiMrpato, nrbo
npourpato.

— [a, bunn, aa. B kaxaoM KOHKPeTHOM clydae Tbl nbo
npovrpaelb, NMbo BbiMrpaelb. Ho ecin Lenbin MecsL,
Oymewb yKka3blBaTb ClyYanHylO ABEPb W He CTaHellb
MeHSTb CBOM BbIOOP, YTO Obl TaM MOTOM HWU OTKPbIBAX,
BblMrpaeLlb Tbl NpuMepHO 10 Mepceecos.

— HeyxT0 npaspa?

— Tebe e U paHblle dakTM4eck Bce TpU OBepU
OTKpbIBanK, YTOObI TBOW BLIOOP NPOBEPUTL. A TEMEPb HTO-

TO OTKPbIBAIOT YyTb PaHblle: KOrAa Tbl yXKe BblOpas, HO
ellle Kak Obl He 10 KOHLA. Ho Tbl ke BbIOOp He MeHsiellb.
Moxellb CYUTaTb, YTO 3TO OHW ABEPU OTKPbIBaTb Ha4asu,
4TOObI MPOBEPUTD, Yrafan Tbl UV HET.

— [loxoxe, 5 1 BNpaBAy 3a MeCAL TOT Xe LecaToK
Habepy, XOTa 1 Yy[AHO 3TO KaK-To.

— OTnmyHo! — [>KOH yTep BCMOTEBLLMI 0D NNaTKOM. —
A Tenepb, bunn, HaNPArMcL 1 OTBETL: CKONbKO Mepceae-
COB Tbl BbIMrpaellb, ecnin Kaxabl pa3 Oyaellb MeHsTb
CBOW BbIOOpP?

— OtkyZa Xe 9 3Hato?

— O'ken, gaBaw caenaem Tak. MpeactaBb cebe, YTO Mbl
C TODOOW XOOMM Ha 3Ty HYepToBY UIrpy BMecTe. Bbibmpaellb
[IBepb Kaxapl pa3 Tbl 1 BbIOOP CBOW He MeHsielb. A BOT
1, HAODOPOT, Nocne NpeasoXeHUs BeayLLero TBOV BbIOOP
KaXXAbl pa3 MEHSO — Hy, MbIC/IEHHO KaK Obl. Tbl TOraa
Habepelb 10 MepcefiecoB 3a Mecsill, Tak?

— [Ha Bpoge Tak, [XoH.

— A ckonbko Habepy 5i?

— Tbl? DTO MbIC/IEHHO, 3HAYUT?

— [1a, MbIC/IEHHO, MbIC/IEHHO.

— A Tbl.. Hy ecnu 4 Bbinrpan, Tol YXOAULb HU C 4eM. A
eI MHe He MOBEe3/10, TO Mepcedec, 3Ha4YnUT, 3a Apyron
3aKpbITON [ABepbio. D1, Tak OH Xe Tebe Toraa AocTaHeTcs!
Bcero mepcepnecos 30, a Bbinrpan 10. 3Ha4mT, Tbl BbIUIPa-
elb... 20? Ho 310 HevecTHO, [>KOH!

— A Tbl Yero xoTten? HacravBas Ha cBoeM BbIOOpe, Tbl
OTKPbIBaellb OAHY Cly4arHylo ABEPb M3 Tpex — 3HauuT,
CBOIO TPETb MepCefecoB v NoNy4uLLb. A MeHss Bbibop, Thl
Kak Obl OTKpPbIBaELLb [1Be OCTaBLUMECS ABEpU: OOHY 3a Tebs
OTKPbIBaEeT BeAyLMI, @ BTOPYIO — Tbl cCam. BMecTo ogHom
Cy4anHOW ABepu — Lefbix ABe. HYero X TyT yaMBAATLCS,
YTO LIAHCbl YABOWIINCH?

— ['eHManbHO, — BOCKJIKHYN BUIn 1 CHoBa NOrpy3msics
B pa3mblluneHus. Ero o3apeHHoe foragkown avuo nocre-
neHHo Mpa4vHeno. [IXXOH ¢ TpeBorow cnegun 3a bunnom.
HakoHeL, bunn HepelmnTensHO U Kak Obl U3BUHSAACH Bblidan
[>xoHy crnepytoLLee.

MocnepHun posop,

— [Ha, I>XoH, noxoxe Tbl MpaB. Tbl O4eHb MOHATHO TYT
TONKOBaJS1, HO BCE Xe A He BMOJSIHE MOHSI...

— Bbunn! — [xxoHa noytn xBaTtun ymap. — Pagwn ©Gora,
mMonum! f1 mpuoyman, s Tebe cenyvac BCe npenenbHo
noxoa4mBo obbsAcHo. MpeacTtaBb, YTO Ha 3Ton Urpe 100
OBepen.

— Oro, uenbix 100, 310 300p0BO. TONLKO TOrAa HUKAKMX
LLIAQHCOB.

— [a, bunn, 100 aBepent. TONbKO He «HMKAKMX LUAHCOBY,
a 1/100 — manoBato, HO BCe Xe Koe-4To. Tak BOT, bunn,
nocse Toro Kak Tbl BbiOpan iBepb, 400OPbIN 1 BCE3HAOLLMA
BEOYLIMA OTKPbIBAaeT — CKOMbKO Obl Tbl gyman — 98
OBepen, 3a KoTopbiMU HMYero HeT! [1a, bunn, pacnaxveaet
BCe ABepW, Kpome ABYX — TOW, YTO Tbl BbiOpan, 1 elle
ofHOW Kakon-To ABepw. VI npennaraer Tebe NomeHsTb
BbIOOP, MO0 HacTamBaTb Ha CBOeM. YTo Thbl caenaells?

— Y710 9 coenato, [I>xoH? Tak Begb ecnu g MOMEHSo
BbIOOP, TO yrafjato B Tex crydvasx, Koroa Mepcegec Obin 3a
TemMu 99 nBepsMK, KpoMe ToW, YTO s BblIOpan cHavana. A
eCfi He MOMeHSIo, TO yrafalo, TOMbKO eCi MHe Cpasy
nosesno. Ho, KOHeYHOo Xe, Mepcefec ckopee 3a TemMu 99
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OBEPAMM, HYEM 33 TOW OLHOW, KyAa f CIy4aWHO TKHyIN
nanbLem. Tak 4TO HaflO MEHATb, 3TO OypaKy ACHO.

— Hy, KaxeTcs, Tbl XOTb YTO-TO MOHSAM. TONbKO 3Haellb,
XBaTWUT Ha CErofHs BeposTHocTen, MHe nopa. — W [xKoH
nocrnewwHo pacnpoLlanca ¢ bunnom, Noka TOT CHOBa He
3aCOMHeBancs.

HoBas 3arapka

Haytpo Bunn Bneten Kk [>XOHY M npagmMo C nopora
B3axNeb CTan pacckasbiBaTh.

— [>XoH, TyT Takasa ncropus. Y Ta3aa, KOTopbin Hag3unpa-
Tenem paboTaeT, B TIopbMe TPOe AABHULLHMX 3aKOYeH-

2012/Ne5-6

HbIX, TaK [IBOMX PELIMIN 0CBOOOANTb OOCPOYHO. A KOro
VIMEHHO — MOKa MM He roBOpAT. T34-TO 3HAeT, HO CKa3aTb
He MmeeT npaBa. A OLOMH W13 3aKIIOYEHHbIX — MpUATESb
Tapa — BCe ero ynpawmusaeT. «[1po MeHA He Xo4ellb
OTBETUTb — HE Hafo, HO Ha30BW MHe XOTb OLHOro, KOro
0ocBODOAAT». o y>Ke NoYTU Cornacuics, a ero NpusTenb
BAPYr nepegyman: «Het, ctom! Ceryac y MeHs LIAHChI
0cBOOOAMTLCA 2/3, @ Kak A y3Halo MPO OfHOro M3 Tex
pebAT, 4TO ero BbIMyCKatoT, TaK MO LWaHChI cpa3y fo 1/2
ynanyt». [IKOH, a i MOHAN, rae 3ToT napeHb owmnbes!
A Bbl NOHANN?

Ronkypc nmenn A.ll.CaBuHa
«MaTtemaTtmka 6—8»

Mbi nposomxaem o4epegHON KOHKYPC M0 PELLEHUIO MAaTeEMATUYECKMX 3aAaY A/S yYalunxcs 6-8 knaccos. PeweHus 3agaq
BbICBIIAATE B TEYEHUE MECALA 10CIe [10/IyYEHUS 3TOr0 HOMEPA XXYpHana rno agpecy: 119296 Mocksa, JIeHNHCKUM IPOCIIEKT,
64-A, «KBaHT» mum 1o 371eKTPOHHOMY agpecy: math@kvantras.ru (c nomerkou «KoHkypc «Martematmka 6-8»). He 3abygbte

YKa3artb nms, Kiaacc 1 AOMaLLHUY agpec.

Kak n npexxae, Mbl rpUBETCTBYEM yHacThe B KOHKYPCE HE TOJIbKO OTAE/bHBIX LUKO/IbHUKOB, HO Y MATEMAaTHUYECKUX KPYIKKOB.
PykoBoaureniesi Kpy>KKOB MPpOoCcuM yKa3ath JIEKTPOHHBIA aAapec v KOHTaKTHbIV TenegoH. [To TpaanLmm, Kpyxxku-nobeanresm
330YHOIo KOHKYpCa MPUITIAaLLAIOTCA Ha QUHATIBHBIN OYHbIA TYPHUP.

6. Ha pucyHke un3o0paxeHa
KBaZpaTHasa pamka TOMALLMHOW Tpr
KneTkn. PaspexbTe ee Mo CTOpPO-
HaM KNeTOK Ha BOCEMb [BeHaLa-
TUYrONbHMKOB OOMHAKOBOW Mi0-

waan.

[. XKykos

7. MNawa Hanwcan B pag N pas-
HbIX HaTypanbHbIX YMCEN, He npe-
Bocxogawmx 1000. 3ateM OH nofgenuns BTOpoe YUCIO Ha
nepBoe, TpeTbe — Ha BTOPOE, YETBEPTOE — Ha TPETLE, ...
., nocnegHee — Ha npegnocnedHee. Kaxabii pas B
pesynbTaTte AeneHns Moyy4anocb OOHO 1 TO >Ke YUCIO.
Hangute Hanbornbluee BO3IMOXHOE 3HadeHue .

[T KoxeBH1KOB

8. Ha pucyHke n3obpakeH

A KpWCTann, BMWUCaHHbIA B KyD
{ eanHnYHoro obbemMa. Havaute
obbem kpuctanna. (C kakom

PeTb Ha KPUCTans, OH yCTPOeH
OOMHAKOBO. BepLunHbl Kpuc-
Tanna, nexatime Ha pebpax
Kyba, menar ux nononam.)

H. ABuioB

> Obl CTOPOHbI KyHa HM MOCMOT-

N

9. Moyt coTHIO pa3 cpaxanuce Llepnok Xonmc um
npodeccop MopunapTi Ha obpbiBe Yy PerxeHbaxckoro
Bogonafa. bonee yem B 27% noenmHkos nobeamn Xonmc,
cbpocms npodeccopa B Boay (Npasaa, TOT BCEraa Bbiniibl-
Basl). MopwvapTv ofepskan B nontopa pasa MeHbLue nobeq,
(npu 3ToM B BoAy nafdan Xonmc). OcTanbHble BCTpeYn
3aKOHYMAUCH BHMYbLIO (Namanu oba).

3a kaxmgon nobepon Mopuapti cnepgoBana nobena
Xonmca, a nocne kaxgow nobenibl Xonmca nponcxoaunim
XOTa Obl ABe HUYbU.

C KakMM pe3ynbTaTOM 3aKOHYWM1acb TPETbA MO CHeTy

CXBaTKa?
U Akyimd

10. BoceMb MpaBUiIbHbIX TPEYTrONbHVKOB Pacronoxe-
Hbl, KaK MOKa3aHO Ha PUCYHKe.

Hanpunte cymMmMy ABYX OTMEYEHHbIX YrOB.
E. bakaes
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A.CTACEHKO

Ho rnyrioBuel Toxe 6w cebe Ha yme. IHeprim
LELICTBIS OHM C BOJIBLLIOIO HAXOAYMBOCTLIO ITPOTHBOITO-
CTaBuIN SHEPrIO 6E3AEVICTBUS.

M.E.CantbikoB-LLleapuH. ctopuns ogHoro ropofa

Busi? A BOT m ectb! OHa Ha3bIBaeTcs MOTEHIIMAIbHOI
sueprueii (ot anru. potential — BozmoxkmubIil). Coxarast npysKu-
Ha, BBICOKOTOPHDIN CHEKHBIN TIJIACT, MJIACTHHDBI 3apsiKEHHOTO
KOHJ/IEHCATOPA, COIMATbHOE PACCIOeHUe — BOT TIPUMEPDI
UCTOYHUKOB MOTEHI[UAJIBHOI SHEPTHH, KOTOPAs MOYKET TepeiT
B KUHETUYECKYIO, UJIH, KAK TOBOPUJIN B CPE/IHIE BEKA, B «JKUBYIO
cuiry». Tak, Ipy’KnHa TOJIKaeT Tpy3, CHEsKHAsS JTABUHA CMETaeT
BCE HA CBOEM IyTH, Pa3psKAONIMICS KOHJEHCATOP HarpeBaer
9JIEKTPUIECKOE COTIPOTHBJIEHUE, PYCCKUN GYHT — «OeCCMbICIEH-
Hplit u Gecnomazanpiii», Kak ero uasbiBaer A.C.IIymxun B
nosectnn «Kanmranckas [oukas, — ypaBHUBAaeT B GeJHOCTH
OCTaBINXCS B JKUBBIX.

Dusnke, KOTOpas cTpeMUTCs K (PyHIAMEHTATIbHOI TIPOCTOTE,
CUJIBHO II0OBE3JIO: Ba’KHeNIne 3aKOHbI B3aUMOJIEHCTBUSA TeJ 1
3aPS/IOB OIHCHIBAIOTCS YAMBUTEIBHO TIPOCTBIMU 3aBHCHMOCTSIMU
CHJIBI M 9HEPTUM OT PACCTOSTHUS 7 MEXKAY 9TUMH (TOYEUHBIMIT)
TeJaMHu W 3apsiiaMu.

BCIOMHUM 3aKOH BCEMUPHOTO TsiroTeHust HbIOTOHA M 3aKOH
Kynona: cumia B3auMoeiicTBUsSI OOPATHO IIPOIOPIIMOHAIbHA
KBAJIPATy PAaCCTOSIHUS, a TIOTEHINAJ, T.€. TOTEHI[HATbHAST HEP-
IS B pacyeTe Ha eJIMHUILY MacChl UM 3apsi/ia, 00pPaTHO IPOTIOP-
[MOHAJIEH TIEPBOIl CTEIIEHN PACCTOSTHUS:

Fotd o4
21
r

ﬂlA PA3BE ECTb TAKAS SHEPTUS — 9HEPTUS BE3/IENCT-

N |-

31ech 3HAK «ILTIOC» TOBOPUT 06 OTTAJKUBAHUU OHOUMEHHDBIX
3aps/I0B, A 3HAK «MUHYC» — O TIPUTSKEHUN PAa3HOMMEHHDBIX. JTO
— B cJlyyae 3JIEKTPOCTATHKU. I'paBUTHpYIONINE e Tejaa Beeraa
MPUTATUBAIOTCS, ¥ IS HUX B IPHUBEJEHHBIX COOTHOMIEHUSAX
CIIPABE/IIMB TOJIBKO 3HAK «MUHYC».

A BOT 2151 pacTanyToi (MM cKaTol) MPYKMHBI CHJIA TPOTIOP-
IIMOHAJIbHA TIePBOI cTeneHn JedopMaIii # U 00s3aTeJbHO CO
3HAKOM «MUHYC» — Be/lb

) 510 Bosppamaomas (1)
2 i 2 -
. i ’ CUJIa, A TIOTEHI[UAT [IPO
PN TOPINHOHAICH KBa/IPATy
/ \ aToil pedpopmannu:
// \\ F 1 o 2
~-r ~re.
1,/7.- N1 ’

OTH TPOCTENTIe To-
0 7 renmmannt (IOBTOPHM —
IIOTECHIIMAJIbHbBIE SHEP-
T B pacyere Ha e/u-
HUILy MacChl WJIM 3aps-
J1a) M300paskeHbl Ha PH-
cyake 1. Paccmarpusas
9TOT PHUCYHOK, MOXHO

Puc. 1. [ToteHumassl rpaBUTaLMOHHOro u
1eKTPOCTaTMYecKoro B3aumonevicram v NIOHATD, OTKyZda 'y bu-
[10TeHLMAN AePOpMaLn 3UKOB BO3HUK 006pas

<IIOTEHIUATLHON  siMbl». [IpuBeseHnble Kpusble (CILIONIHbBIE
JIMHUM) TIOXOKM HAa CEYEHHE CTEHOK COCY/d, MO KOTOPBHIM
«IIapUK» — TOYEUHAsl Macca WM 3aps] IIPOTHBOIOJIOMKHOTO
3HAKa — CTPEMUTCSI COCKOJIBb3HYTb HA JHO. AHATOTHYHO, CJIY-
Yail pacTaJKUBAHUS OJHOMMEHHBIX 3aPSIZIOB COOTBETCTBYET CO-
CKaJb3bIBaHUI0 € «TOpKu» (myHkTupHbIe Juaun). OGpaTum
BHUMaHHE Ha TO, YTO KOOpJAUHATA 7 CJeBa OT HYJsI BOBCe He
oTpHIlATeIbHA — HA PUCYHKE MMOKA3aHO CeueHue Teja Bparie-
HUSI, UMEIOIIETO OCh °

MOXXHO HATJISJHO PEAN30BaTh <IIOTEHI[HAJIBHYIO SIMy» TPH
IIOMOIIY MOKPOTO KyCKa MblJIa, IOMECTUB ero IepBOHAUAIbHO Y
BEPXHEro Kpas BaHHbl 1 OTHycTuB. Ecsiu Obl He TOTEpU dHEPrUn
Ha TpeHHe W CONPOTUBJIEHHE BO3/yXa, KOJeOaHUs KyCKa MbLIA
MIPOIOJIKATNCH OBl BEUHO.

Ho ectb u 6oJiee CJI0XKHBIE 3aBUCUMOCTU — HAIIPUMeDP, IIOTEH-
muasnbias sHeprust (mortenrman ° ) B3auMOJIEHCTBHS Hapbl
mouteky.1 (puc.2). ITomsr-

HO, YTO 3HAYEHHE PACCTO- PA
SHUS 7,, MEX]y IeHTpa-
MU 9TUX MOJIEKYJI, COOT-
BETCTBYIOIIeE MUHUMYMY 0
MOTEHINAJIbHO 9HEPTUH,
OIHUCBbIBaeT KOHJEHCAT.
TIpu GOsbIINX paccTosi-
nuax (r > 7, ) mpomcxo-
JIIT B3aNMHOE TIPUTSDKE-
HHe MOJIeKYJI ra3a, 3/ecb

o

~—r—6 . I[Ipu menbmux
paccrosnuax (r < 7, ),
KOTJa Ta3 CTAHOBUTCS
SKMJIKOCTDBIO MJIN TBEP/IbIM
TEJIOM, TIOTIBITKA COJIM3UTD
3TH MOJIEKYJIbl TIPUBOJUT K PE3KOMY IPOTHUBOJCHCTBHUIO: MM
CHOBA NPE/JIAraloT BEPHYTbCS B HOTEHIUAIbHYIO AMy. UT0ObI
MIO/YEPKHYTh OYEHDb PE3KYI0 3aBUCHUMOCTb OT 7 Ha 3TOH BETBU

Puc. 2. [loreHiman B3auMonevicTBus
ABYX MOJIEeKy1

. 1
KPHUBOIi, NPEATOKEHO B3ATb ° ~ —7 . B 1Henom sTa kpubas

r .
3aBHCUMOCTH ° OT 7 NPEACTaBJIAECT TaK Ha3bIBAEMbIN TTOTEHIINAJT

Jlennapna-/Ixxonca.

A 4TO 3TO 3a IYHKTHUPHAs KpHUBas HAa PHUCYyHKe 2? IJTO —
napaboJia, HallOMUHAION[As HOTeHIUAIbHYI0 sHepruio aedop-
MupoBarHoi pyskutbl (cM. puc.1). [leso B ToM, uto dpusnkam
O4YeHb HPABATCS MPOCTbIe KoJeOaHNsT — FapMOHUYECKHE, TIPOUC-
XOJIAIIIEe BHYTPU 11apabondeckoii sMpl. VI OTKJIOHEHNEe peasib-
HOHN TOTEHIINATBHON SIMBI OT apaboInueckoil (bu3nkm Ha3BaIn
Mepoii anrapmMonnyrocTi. Ho smo6bie Kosie6anust — aTo Tepexoj
oztHOM sHeprin (HanmpuMep, MOTEHIMAMBHON) B ApyTryo (KuHe-
TUYECKYI0) NPU COXPAHEHUM HX CYMMBI. OTO U €CTh 3aKOH
COXPaHEHUs MeXaHUUeCKol aneprun (ec/m npeneGpeun ee more-
pamMu).

1 omare senomunaercss A.C.Iymkun (mosma «Pycman u
Jhoammaas ):

...J1 B TOIl mosinHe JBa KJoya:
OauH TedeT BOJHOM 2KUB010,
[To xamusAM Becesio Xypua,
Tot sbercss mepmeoio BOJLOIO. ..

Tounee 6110 bl CKa3aTh, 4T0 BTOPOii («TOT») KJII0Y HAIIOMUHA-
€T BOZOXPaHUJINIIE, UuTaolee aaekTpoctannuio. Oguako, oba
KJII0Ya IIoMorJI Xpabpomy Pyciany — koHe4HO, He 6€3 HOMOII[H
kosmyna. [Toxosxe, TOT OBLT (PUUKOM...
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Y ANBUTENbHbIV
VroJ1 NageHns

A.CTACEHKO

Kak m3BECTHO, BaMIIvpbl CTAHOBATCA K 3€pKally nog
YITioM bprocrepa.

OpHaxnapbl Ha nexkumm 8 MOTU

STON ITIYTKE JJEKTOP VCITOJIb30OBAJI HAPO/ITHOE ITOBE-
pHe 0 TOM, KaK BBISIBUTH BaMITMPa CPe/IN JKUBBIX JIOJE: OH
HE OTPa’kaeTcsi B 3epKaJie.

Oxka3sbiBaeTcs, 1moJJoOHOe SBJIEHUE BIIOJHE BO3MOXKHO B (hU3u-
Ke — 5JIEKTPOMArHUTHAasI BOJIHA, B YACTHOCTH ONTHYECKOTO J[Ha-
Ma3oHa, T.e. CBET, IIPU OTPe/IeJIEHHBIX YCJIOBUSIX HE OTPasKaercst
OT TJIA/IKOI MOBEPXHOCTH, IEJTMKOM ITPOXO/sl BHYTPD Tesa. UTo
JKe 3TO 3a yCJIOBUS ?

PaceMoTpuM Bee 110 TOPSIIKY . Y 3K €CJIn BOJIHA 9JIEKTPOMArHUT-
Hast, TO B Hell JIOJKHBI ObITh HJIEKTPHUECKOE M MATHUTHOE T10JISI.
Jlasee, H3BECTHO, YTO BEKTOPbI HIYKIIMH MATHUTHOIO OIS B
I HAIIPSKEHHOCTH 5JIeKTPUYECKOro oA F B IIOCKOI Geryimeit
BOJIHE TIEPHEHIUKYIAPHDI APYT APYTY M HAIPaBJICHUIO ¢e pac-
MPOCTPAHEHUsT — TaK HAa3bIBAEMOMY BOJIHOBOMY BEKTOPY kR
(puc.1). Tlocaemnmit (akT O3HAYACT, YTO BOJIHA MOMEPEYHO
MOJISIPU30BaHa, MPUYEM BO3MOJKHBI JIBA HE3aBUCHUMbBIX HalPaB-
Jienus nosgpusanun. Hanpumep, pucyHox 1 mokasbiBaer, 4To B

a) E 6) B
E B E
B R E

Pucl. EE'I'J/LLIHH JIEKTPOMArHUTHAA BOJIHaG MOXXeT ObITH [10J17p130BaHa
B O4HOM U3 AByX HaﬂpaBﬂEHMﬁ

9TUX HANpPaBJeHHsIX MoJsipu3aiun Bekrop E Mosxer kose6aTn-
csg B BEPTHKAJbHOH WJM B TOPU3OHTATIbHON TIOcKocTh. U,
OKa3bIBAETCS, BOJIHBI C PA3HBIMU HAIIPABJICHUAMHU MOJISPU3AIAN
HEO/IMHAKOBO B3aUMO/ICHICTBYIOT C TOBEPXHOCTDBIO TBEPOTO TeJIa.

OGparumcst Tenepb K pucyHKy 2. B ciydae @) msoGpaskeHo
MarHuTHOE T10Jie GECKOHEYHOTO TPOBOJHUKA C TOKOM CHJION I.
JIluHUM BeKTOpa MAarHUTHOH HMHAYKIIMM — OKPY’KHOCTH, caM
BEKTOP MMOJIs KacaTeJeH K HUM U UMeeT efnHcTBeHnyo (azumy-
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TAJIbHYI0) COCTABJSAIONLYI0 B, , OAMHAKOBYIO [0 MOJYJIO Ha
OJTHOM U TOM 3K€ PACCTOSIHUY 7| OT MpoBojia. KasKblit OTITHYHUK
3HAET, 4TO JIJIsI GECKOHEYHOTO TPOBOJIA

B -1

an

Boigesnm terepb HeGOTBIION yUaCTOK TIPOBO/IA IJTHHOM [ ¢ TeM
xe TokoM I, T.e. paccMorpuM saement Toka Il (puc.2,6).
TIOHATHO, YTO JMHEM T0/s1 B Gy/IyT HO-IPEKHEMY OKPYKHOC-
tamu. Ho Takke NOHATHO, 4TO Temepb MOAyJdb B. Oyner
HEOJIMHAKOB HA PACCTOSTHUSAX 7| U 7. MOYKHO CKa3aTb, 4TO TpU
(bUKCUPOBAHHOM 7| OH [IOJIKEH YMEHDBIATHCS C YMEHbIIEHITEM
yraa @, a Ha npojoskennu orpeska [ (mpu 6 = 0) o6pamarbes

.
B Homb (Jerko BuaeTh, 4to ——= =sin® ). W Bmosme pasymHO

MIPEATIOIOKNTD, YTO Mal‘HI/ITHOGrHOJIe Oy/leT TIo-TIPesKHEMY TIPO-
MOPIMOHAIBHO CHJIE TOKa [, HO Tenepb TakyKe U JJINHE OTPE3Ka
[. B pesyibrare 9THX HABOISIIUX PACCYKAEHUIT MBI TIPUIEM K
BBIBOJLY, UTO /LISl JIeMeHTa TOKa

B ~ [—lsine .

)
K aToMy sKe BBIBO/LY HECKOIBKO PAHbIIIe HAC TPUIILIN 1 HECKOIb-
KO 3HAMEHUTDLIX (PU3UKOB, OTYErO MOJTyYEHHOE BbIPAKEHUE Ha-
3bIBaeTcs 3akoHOoM bmo—Casapa—J/lammaca.

Ha pucynke 2,6 TpHUBeJeHO COTMOCTABICHNE CO CTATHYECKIM
SIEKTPHYCCKIM TI0JIeM E TOUETHOTO 3apsa g. HampsKeHHOCTD
3TOTO TI0JISL TOXKE TIPSIMO TIPOIIOPIINOHAIBHA MTOPOSKAIOIIEMY €ro
areHTy — 3apsay, o6paTHO MPOMOPINOHAIbHA KBaIPATy PaccTo-
SHUA OT HEeTO, HO HampaBieHa 10 PAAnyCy:

E-Z
-

Ha camoMm jesie, Bce, 4TO HaM HYXXHO U3 3THX PACCY KJCHUI
JUTS IOHUMAHUS ONTUKI BaMIINPOB, — 3TO TO, YTO 3JIEMEHT TOKa
Il me co3/aeT MarHUTHOTO MOJIS B HANPABJIEHHH TOKA.

Ho MoskeT Ju cyliecTBOBaTb TaKOil «Kycouek Tokas? Koneu-
HO, B CTaTHYECKUX yCJOBUAX — HeT. Iloatomy cBskeM ero c
KosTe6aTebHBIM JBIKEHIEM 3aps/ia ¢ CO CKOPOCTBIO 0:

Il = qgo.

[leiicTBUTEIHHO, 110 KpaiiHell Mepe, cJIeBa 1 crpaBa Pa3MepHOCTH
OJIMHAKOBBI:
A.M:&.M:KH.M!
c c

Tombko Takoe IBMKEHNE U MOKET TIOPO/IUTD 2JIEKTPOMArHUTHY IO
BostHY. HO MOKeT JIn OHa pacipocTpaHsITbCS BJIOJIb HATIpaBJie-
Huit, coorsercTByomux yraam 0 = 0 win 0 = ? Tlpeamnoso-
SKUM, Kak JpeBHue rpexu (J0Ka3areabCTBO OT IIPOTUBHOIO), YTO
mosket. Ho torma BexTOp E nomken GbITh TIepPIeH/INKYJITPeH
oM HarnpasjenusM (eM. puc.1,a). A Kak oH GyeT HallpaBJjeH?
B muockoctu pucynka 2,6? Wi nepreHauky/sipHo eil? Vum
1o/ KakuM-To yryom? [losydaercs, 4To eIMHCTBEHHAS /LIS HETO

)

Puc.2. Cratmdeckne MarHuTHoe v S/IeKTPUYECKoe 110Jis

Il .
B, sin®



BO3MOKHOCTD — ObITb PABHBIM HYJTIO. ITO
paccysk/ieHue emie pas II0ATBEpKaerT,
YTO aHTeHHA WU KOJIeOJIIONUIICS JUII0Ib
HE M3JIy4aloT SHEPTUIO B/IOJb [IBUKCHUS

0 sapsanos (puc.3).
Termepbp MBI JIETKO TIOWMEM, UYTO CBET
BOKPYI Hac IOJIIPH30BaH, BO BCSKOM
cJydae yactuuHo. JlefictBuTeIbHO, B3TJIS-
HeM Ha He0O B HAIPABJICHUU, MEPIEH/IN-
KyasgpHoM JTydam coarna (puc.4). B atux
JydaX B PaBHBIX KOJIMYECTBAX IIPUCYT-
Puc3. KoneGmowmics CTBYIOT dJIEKTPOMArHHTHbIC KoJIe6aHus ¢
qunons (antenra) He OOOMMI HAIPABJICHHUSMIL IOJSPU3AIINN,
U3/IyHaer B Harpassie- 3JIeKTpI/I‘IeCIiI/H/I BEKTOP KOTOPBIX KaK ITa-
Hum Kosebarmi paJLiesieH (E}), Tax U IepIeH/ Ky ISpeH
( E, ) Bepruxambnoii 1miockoctu. Baau-
MO/ICHCTBYSI CO CTYCTKAMM MOJIEKYJI, COJIHEUHDII CBET ITpeBpala-
er ux B u3ayvaninme Aunogn (Kak TrOBOPUTCS, MPOMCXOIUT
paccestie Ha (DJIYKTyalusX MJIOTHOCTH MOJieKy. ). Ho B BbiG-
PAHHOM HaMH HAlPABJIECHUU STU MAJIEHbKUE <«aHTEHHbI», BO3-

Gysxnennpie moxem E,

E fi{” He TTOCBLJIAIOT K HaM dHep-

TUI0, & Te <aHTEHHBI»,

k KOTOpbIe BO36GYIK/EHbI

EH E, BEKTOPOM E |, — IOCBI-

qatot. [loatomy, Kak Jser-

k k KO yOeIuThCs, UMEHHO B

9TOM HAallpaBJeHnu HeGOo

MMeeT CaMblii CHHUIA I1BeT.

Ho, xoneuno, ato pe3y.ib-

TaT MHOTOKPATHOT'O pac-

ﬁ, i; cestHYIsE, U HAGJTIO/[AeMbIii

HAMH CBET MOJISIPH30BaH
JINIIb YaCTHUYHO.

A 4TO TIOJIyuuTCs, ecan
3apaHee IOJISIPU30BAH-
HBIIT CBET E” (B BEpTUKAJIBHON MIOCKOCTH) TIA/IA€T HA TJIaJIKYIO
MOBEPXHOCTD TesTa ¢ Koaddunumentom npetomaenns n (puc.5)?
Tyt gcHO BujeH cirydvall, KOTfa yros MexIy NPeJOMJIEHHDIM
ayaom k, (s AC) n orpaskennbiv ayuom k' (mumns AD)

Puc4. ConHeYHbIi CBET COAEPXIT 06a
HArpaBsIeHs MOFPU3ALIN

MOJKET OKa3aThCS PaBHBIM A
90°. OTO 3HAYUT, UYTO E
JIATIOJIM  BEIECTBA, BO3- I
Oy>KJIeHHbIe TAJATONINM
CBETOM, HUYETO He U3JY-
yaloT B HatpasjaeHuun AD.
DHeprus yijer moJHoC-
TBIO B IPEJOMJIEHHDII
JIyd. n
Jlerko mnosyunTb 3HaA-
UeHue yrJja majeHusa o,
1IpH  KOTOPOM TIPOU30ii-
JIET 3TO NHTEPECHOE SIBJIE- n
Hue. CorylacHO 3aKOHY
npenomaenusa (3akony
Cuesumnyca), HampasJie-
HUS TIQJAI0IIET0 W TIpe-
JIOMJICHHOTO JIyueil cBs-
3aHBl COOTHOIIEHUEM

Puc.5. BosiHa, rosispu30B8aHHas B rioc-
KOCTV 1aAEHMSA, HE OTPaXaercs, ecim
Yron nageHvs yaoBaeTBOpAET Y io-
B0 bprocrepa

. sin o
sinol, =

, 4 HallpaBJIeHUE OTPAKEHHOTO JIy4da OlpeIeAaeT-

Csl 3aKOHOM OTpaskeHust o = 0. (yroJ majieHust paseH yruy
OTPaKEHUS). A KPOME TOTO, KAK MbI YK€ MOHSIM, YTOJI MEKLY
OTpPa’keHHbIM U TTPEJOMIEHHBIM JTyYaMU JI0JIKEH GbITh MPSIMbIM:
ZCAD =90°, tak urto o, =Tt—0 —7/2 =mn/2—0o.. Ilojcras-
JIAS TIOCTIE/IHEE COOTHONIEHUE B 3aKOH MPEJOMJICHUS, TOJTyYHM

sin o

. T
SIN| —— 0O |[=CcosO =
2 ’

n

njan
tgo=mn.

ITO MPOCTOE BBIPAsKEHUE, HA3bIBacMOe 3aKOHOM Bprocrepa (B
YecTb OTKPBIBIIETO 3TOT 3aKOH aHrsmiickoro ¢pusuka [leiiBuaa
Bpiocrepa), 1103BOJSET, B YACTHOCTH, UBMEPATH KOIPDUIHEHT
IIPeJIOMJIEHNUST JlaXke HETPO3PAavHbIX BelecTB. Hampasbre Jyd,
HOJIHPI/ISOB&HHBIﬁ B IVIOCKOCTH TIaJCHUA, Ha IMOBEPXHOCTH TeEJia
1, U3MEHss YroJl ero IajleHusl, 3aMeTbTe, KOIZla HCUYe3HET
OTPaKEHHBIN JIyd. DTOT YroJl U OKasbIBaeTcs yriom bpiocrepa.
Ouenb MHTEPECHDIN yroJ 1ajieHus!

' lpegenbl TOYHOCTY
«TOYHbIX» HaykK

A.CTACEHKO

A He mory obbacHuTs, novemy llpupoda Beger cebs
7aK, a He uHa4e.. Tak 470 1 Ha[EKCh, YTO Bbl CMOXETe
MIPUHATL IPUPOLY TAKOY, Kak OHa eCTb — «abCypaHOM».

P.®erHMaH

HABEPHOE, HOBOCEJIbI YAUBU/INCH bbl, Y3HAB, UTO
yeM OCTOPOXKHee OHM HecyT POsijib, TeM MeHbIIe HIaHCOB
MONacTh B JBEPb. A Be/ib (DU3NMKA YTBEPKIAET UMEHHO 3TO.
Haunem ¢ Toro, 4to cyiiecTByeT Tak Ha3bIBA€MbIH ITPUHIINII
Heomnpe/eeHHocTn (MM COOTHOIIEHNE HEOIPEIeNeHHOCTEN ),
KOTOPDBIIf TOBOPUT, YTO HEBO3MOKHO OJIHOBPEMEHHO TOYHO Y3-
HATbh UMITYJIbC TeJla 1 €ro TOJI0XKeHne B npocTpancTse. Dusnkn

YKa3bIBAIOT U Mepy aToil HeompezeaeHHocTH. Ecam Heompese-
JIEHHOCTb B M3MEPEHUH UMITYJIbca P, = M0, 00603HAYUTH Yepe3
Py, @ HEONPE/IENEHHOCTD KOOPJMHATBI X — Yepe3 X , TO UX
MIPOU3BE/ICHUE OKA3BIBAETCSI TECHO CBSIBAHHBIM € OJIHON U3 (PyH-
JaMeHTaJIbHBIX KOHCTAHT — ¢ mocTtogHHol Ilnanka 7 :

h
peAx > -, )

2
Ira OCTOSIHHASL — OU€Hb MaJIast BeJIMUMHA, OHA TPHOIN3NTETHHO
pasaa 1074 JIsk-c, HO Bce-takm He nymo! ITloatomy, ecin
[PE/TIOIOKUTD, UT0 posaab umeer maccy m (m ~ 100 xr), us
coorrorenust (1) moayYuM HEONPEETEHHOCTh €ro KOOPANHA-
TBI: X ~

m o
X
IIeHNsT POsSLISE U3BecTHAa aGCOJIOTHO TOYHO, T.e. Av, — 0, TO

orciofia cienyer x — . VIHbiMu cioBamMu, BOOOGIIE HEU3BECT-
HO, TJ/ie HAXOJUTCS POSLJIb.

[ToguepkHeM, YTO 9TO COOTHOIICHUE HEONPEACICHHOCTEN He
CBSI3aHO C TOYHOCTBIO KaKUX-JT100 M3MEePUTENbHBIX TIPUOOPOB, a
saBusiercss (GYHIAMEHTAJBLHBIM CBOHCTBOM MAaTepuu: TIPUPOJA
3alPeTHia HaM 3HATb, YTO HAXOAUTCS B MPSMOYTOJbHUKE TLIO-
MAabi0 TOPSAKA &, HApUCOBAHHOM B IJIOCKOCTH C OCSIME
koopaunar p, u x (puc.1).

. U ecu kTO-TO 324BUT, YTO CKOPOCTbD I1epeme-
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A Hanomuaum, uro uve-
pe3  TOCTOSHHYIO
Ilnanka BbIpaskaercs
9HEPTHs KBAHTA U3JIY-
yeHusd hw, rae o —
ero kpyrosas (1uK/m-
yeckas) vacrtora. Ko-
HEYHO, He CJydaiiHo
aTy (YyHIAMEHTATb-
0 Ax, HYI0 KOHCTaHTY BeJIi-
Ax, Kue (QUBUKY «<He 3aMe-
yaany» 0 XX Beka:
OHa TOSIBUJIACH TOJIb-
KO C Pa3BUTHEM Te€O-
pUM PaBHOBECHOTO
TEIJIOBOTO U3JIYYEHHs
— 3HAYWT, HAM y’Ke He 060iTuch 6e3 MOoHATUs TeMiepaTypbr 7.

W tyT BcnoMuHaeTcs apyroi Besukuii pusuk — boapuman. C
€ro MMeHeM CBsI3aHa ere oHa HyHIaMEeHTATbHAS KOHCTAHTA —
rnocTostiHast BosibiiMana R, ¢ MOMOIIBIO KOTOPOI MOKHO BbIpa-
3UTb CPEJHIO HHEPTUIO XAOTHYECKOTO TEIJIOBOTO JIBUKEHUS
J060T0 Testa BAOJb OHON N3 KOOPANHAT, HATIPUMEP B/OJIb TOIT
5Ke OCH X

Ap.,
Ap,,
Bl

i /

Puc.l. Wmmoctpaymsa rnpyHLmng Heorpesge-
JIEHHOCTU Ha IT/10CKOCTU UIMITYJTbC—KOOPAM -
Hata. Oba rpamMoyrosibH1Ka UMeT [1/10-
wane MOPAAKa h~ p. Xg Py, X

m<vx>2 _ kT

2 2

ATa KoHCTaHTa Toxe Heennka: R =1,4-107 [ix/K .

OkxkasbiBaercsi, J060e TeJo, HaXO/SIINeecss B PABHOBECHH C
OKPYJKaIOIIel Cpe/ioil, He MOKeT IIPeObIBATh B [IOKOE: ero IEeHTP
MacC XAOTHYECKNM MEYeTCsi BO BCEX HAIPABJIEHUSX, TAK 4YTO
CPEHUH 110 BPEMEHH KBAJ[PAT CKOPOCTH PaBeH

()= (0 + (o) + (e =20

m
3Ha‘II/IT, 1 IIEHTP MacC podJid, CTPOTrO roBOpd, HE HAXO/UTCA B
TIOKOE; €Tr0 «TEeIlJI0OBadA» CKOPOCTb 6y[[€T mopAaaka

v:@: /3’% ~ 1071 /e

(spech mpl npunam T = 300 K).

KoHeuHO, Takoe XaoTHYeCKOe MeTaHWe POsiisi HEe3aMETHO B
HareM Makpomupe. Ho cTouT nepeiiT B MUKPOMUDP U PACCMOT-
peTb, HalpuMep, MOJIEKYJIY KHCJIOPOJa, Macca KOTOPOWl paBHA
IpUGIN3UTEIBHO TPUALIATH ABYM MaccaM IPOTOHA: M, = 32mp =
=32-1,67- 10727 kr , KAK CKOPOCTb €€ XaOTUYEeCKOTO /IBIKEHUs
HOJIYYUM PABHOM COTHAM MeTpOB B cekyHy (110/cTaBbTe 3Haue-
Hie M, B npeabiayuyio ¢gopmy.ay). VI UMEHHO B MUpPE aTOMOB
«3anrpaeT» B MOJHYIO CUJIY NPUHIIAI HEONPEJAeJEHHOCTH: eCJIH
[MOMHOKUTH pa3Mep aToma, B 00beMe KOTOPOrO HaXOUTCS
HJIEKTPOH, Ha CKOPOCTh aJieKTpoHa (HalijieHy10, HalpuMep, U3
YCJIOBUS, YTO HEHTPOCTPEMUTEBHOE YCKOPEHUE AJIEKTPOHY CO-
o6IaeT cuIa KyJOHOBCKOTO MPUTSKEHUS K sIIPY aToMa) W Ha
MAacCy 2JIEKTPOHA, TO KaK pa3 MOJTyYrM BEeJUYHHY HOPSAKA 7 .
ITOT Pe3yJIbTaT U MPUBEJ K 3aKTIOUEHUIO, YTO HIKAKUX «OPOUT>
(yHUi ¢ HyJIeBOI TOJIIMHOIT) 3JIeKTpoHAa B atoMe ObITh He
MOJKET.

Kcratn 0 <«MUKpoMupe». IDTOT TepMHH ObL1 BBEJEH /IS
OIUCAHMs TIOBEJIEHNsT aTOMOB M MOJIEKYJI B Te€ BpeMeHa, KOria
npucraBka «Mukpo» (107 ) mpurmcsianach demy-to mpesieb-
HO Masiomy. Ho, Kak okasasoch, pasMepbl MUKPOYACTHIL CKOpee
COOTBETCTBYIOT HAHOJUAIA30HY, T.€. 107 (8 equnnax CU).
Tak 4TO y’Ke COTHIO JIeT Has3aJ TouHee ObLIO Obl TOBOPUTH O
«HAHOMUPE», /Ia 3TO CJOBO U GOJIbIIIE COOTBETCTBYET COBPEMEH-
HBIM TPU3BIBAM K «UHHOBAIMSAM> U «HAHOTEXHOJOTHSIM> .

Ho pa3 MbI 3aroBOPHIIN O TEMIIEPATYPE, O TEILJIOBOM Xa0Ce, TO
HeJb3sl He BCIIOMHUTH 3aMeyaTesibHbI TepMOUHAMUYECKU

2012/Ne5-6

mkJa KapHo, KoTopbrii co- pPA
CTOUT U3 JIBYX U30TEPM U
aByx ammabar (puc.2,a).
3amMeuaTesbHOE CBOHCTBO
9TOTO IMKJA COCTOUT B
TOM, YTO MaiuHa, pabo-
Taonas 1o Hemy, o6Jajia-
er HauGopIuM K03 hu-
IIUEHTOM II0JIC3HOTO Jiefi-
CTBUS
_0-0, _T-T, ,
Nmax = Q - T . 0 T2
1 1 Puc2 a) Lukn KapHo B KoopauHarax

U 3necb BOSHUKAET IPDUH-  gapserme—remneparypa; 6,) oykTyaimm
III/IHI/Ia]TbeIﬁ BOHpOC: Ka- TeMﬂepaTJ/pb/ Ha ((M307'EID/|//E))
KM 06pa3oM KOJNYECTBO
TerJIOTbI Q) OT Harpesaresisi, MUMeIONero Ttemreparypy 7Tj,
nepesiaetcsl paGovyeMy TeJy TeTJIOBOW MAIIMHBI, TOXKe MMeolle-
My Temrepatypy 1;? W TouHO Tak ke — 3a4eM KOJUYECTBY
TerioTel Q, mpu Temmeparype I, yTekarb W3 MAIIUHBI B
OKpy2Kalolee pocTpancTBO (B XOMOANIBHUK) € TOIl 5Ke TeMiie-
parypoii? Beapb HyseBoe Hauasio TepmoguHaMuky (B 9TOH HayKe
HeT MoJieJieil, a ecThb «Hadaday U <«IPUHIUIIBI», YTO JIEJIaeT ee
camoit obmieii n3 Bcex (PUBUUECKUX HAYK) TOBOPUT O TOM, 4TO
TEIIo nepejaercst ot 6oJjiee HarpeToro Tea K MeHee HarpeTomy.
Kaxk ke B TakoM cirydae pabOTaeT TeIIoBasi MallnHa Ha U30Tep-
max T m T, ? (3amermm, uTO JBa APYTUX OTPE3Ka IUKJIa HE
MIPOITYCKAIOT TEIJIO: He CJYYaiiHO OHM Ha3bIBAIOTCS TIO-TPEYECKU
ajuabataMu, T.e. HEIEePEXOJANMbIMHU. )

OnHO 13 06BSCHEHNH MCHOIb3YeT MOHATHE (DIYKTyaInl TeM-
neparypbl. OKa3bIBA€TCsI, CYIIECTBYET MPUHIIUI, CBSI3bIBAIONINI
HEOIPEe/IEJIEHHOCTD 9HEPTHH 1 HEOTIPE/IeJICHHOCTD TEMIIEPATYPhI:

1
E- —=k. 2
T (2)

3aech moctosinHasg DBoJbliMana WTpaeT poJib, AHATOTHIHYIO
poan iocrostrnoil [lnanka B coornonternu (1). ITOT TIpUHITHI
ObLT «HAIyaH» erte ['m66coM 1 M3JI0KeH B €r0 3aMedyaTeIbHOI
monorpadun (1902 1.), 3aBepmmBIIEd CO3/aHNE KIACCHIECKOI
CTATUCTUYECKON (DUBUKH, C TIBIITHBIM HA3BAHIEM, HAOMUHAIO-
UM CPe/iHeBEKOBbIE TPAKTAThI: « OCHOBHBIE TIPUHIUIILI CTATH-
CTUYECKON MEXaHWKH, M3JaraeMble CO CIIEIHAJbHbIM IPUMeHe-
HHEM K PalMOHAJTbHOMY OOGOCHOBAHUIO TEPMOANHAMUKIS .

Koneuno, I'n66c¢ erie He 3HaJ MOHATUS «IIOCTOSTHHAST DOJIbII-
MaHa», Tak uTo B hopme (2) a1oT npuHmun 611 chopMy TUpOBaH
nosHee JiiniTeliHoM. Termepb MbI MOKeM TIPe/ICTaBUTH cebe
n30TepMy He B BHJe mpsMoit suamn 1; = const, a B BuUze
HEKOTOpOit JioManoii (puc.2,6): B Kakue-TO MOMEHTBI BPEMEHU
u3-3a (QayKkTyaruii Temreparypbl pabouee TeJO CTAHOBHUTCS
IyTb-UyTh XOJIO/IHEE HATPEBATEJIS 1 €70 TEIIO TeyeT K paboyeMy
TesTy TemioBoi Mammnbl (Ha yyactke AB); B ApyTre MOMEHTBI
TEJIO CTAHOBUTCSI Yy Th-4yTh FOPsiuee HATPEBATEIST, U YaCTb TETLIa
yxoaut Hazaj (yuactok BC). AHATOTUYHBII POIECC TTPOUCKO-
mat Ha uzorepme T5 , Ha KOTOPOIi TEIJIO OTBOIUTCST OT Paboyero
Tesa K XOJOJUIbHUKY.

Wrax, aBe pynmaMentanpibie HusndeckKue KOHCTAHTBI — /[BA
MIPUHITHIIA HEOTIPE/IEIEHHOCTH.

Ho tospko s B ¢usnuke o6HAPY KEHDI TaKue MPHHIMIBI? B
1931 roxy aBcTpuiicKuil JJOTHK, MaTeMaThK 1 ¢puaocod MareMa-
tukn Kypr T'énenp mokasan TeopeMy, CMbICT KOTOPOIT BKpaTIie
MOJKHO BBIPA3UTh TaK: HEBO3MOYKHO CO3/aTh CHUCTEMY AKCHOM
OJTHOBPEMEHHO TOJHYTO U HEPOTHBOPEUNBYI0. Ecii ocsieHme
JIBa TIOHATHUSI MOXKHO OBLJIO ObI BBIPA3UTh B BHJIE YHCEJ, TO Ha
COOTBETCTBYIOMEH T10cKocTH (puc.3), BEPOATHO, BOZHUKIA GBI
3arpeTHas 30Ha, AHAJOTUYHAS [TPSIMOYTOJbHUKAM Ha pucyHKe 1.
B pesyJbraTe OMH U3 3aMeyaTENbHBIX YYEHBIX, aHAJU3UPYS
MCTOPHIO N METOIOJIOTHIO MATEMATHKH, COBCEM OBLIO PACCTPOUIT-



A ca: «JlokaszaresnbcTBoO,
a0COJIIOTHAS CTPOTOCTD 1
TOMY TIO/TOOHBIE TIOHATUS
— OJIysKIatole Orotb-
KU, XVMepbl, "He nMelo-
1ye TPUCTAHUIIA B Ma-
TeMaTuyeckoM Mupe..."
Teopema T'énens BbI3Ba-
Jla CMATEHHe B psijiaxX Ma-
temaTukoB. [locriemryto-
ifee pasBuTHEe COOBITHI
IIPUBEJIO K HOBBIM OCJIOK-
nenuaM... Wrak, craryc
MaTeMaTUKN HUYEM He
Jrydiie craryca GpusnKuy
(M.Kaaiin. MatemaTuka. YTpara ONpPeIeeHHOCTH).

Ho Tak jm y:X IJI0XO, YTO HaM 3allpelleHo YTO-JH00 3HATh
CJMIIKOM TOYHO? BOT uTO HMIIyT 110 9TOMY HOBOJLY B OJIHOM
¢unocodekom coopHuKe: «B HacTosIee BpeMsi MOXKHO CUUTATD

Cucmema axcuom

Ionnoma

Henpomusopeuusocmv

Puc.3. Ummoctpaums HeorpeneneHHoc-
TeU B [I0OCKOCTU [TOHSATUN  [10/THOTa—
HErMpOTUBOPEYUBOCTS

JIOKA3aHHOW HECBOJAUMOCTD 3HAHUS K Ujieasy abCOMOTHO CTPO-
roctu... Bece aTo cBHETEIBCTBYET HE TOJBKO O TOM, 4TO Jr00ast
CUCTEMa YeJI0BEYECKOrO 3HAHUS BKJIOYaeT B ceGs 9JeMEHTbI, He
Moryiue ObITb 000CHOBAHHBIMU TEOPETHYECKUMU CPEJCTBAMU
BOOOIIE, HO 1 O TOM, 4TO 0e3 HaJIu4us MOZ0GHOTO POJIa dJIeMeH-
TOB HE MOMKET CYIIECTBOBATH HUKAKAs HAy4YHAs CHCTeMa 3Ha-
HUST> .

B03MOo:KHO, cTaB GOJIBIIUMHU, BbI IOCTAPAETECH TIPUHSATH 3TOT
BBI30B lIpWposbl M TPOHUKHYTH B 3alpeTHbIE 30HBI, KOTOPbIE
MaHAT JM0G03HATEIbHBIX CBOEIl IMPHHIMIINAIBHON HEeIOCTUXKI-
MOCTBIO.

A kak xe possinp? Ero Bce-taku mportammian B asepn! Emy,
MAKPOCKONUUECKOMY, TIPUHIIAI HEOIPECJCHHOCTH HUIIOYCM.
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ABTOD NPUHOCUT U3BUHEHUS YUTATEJIO 32 CTOJIb HECKPOMHOE
HasBaHUe CTAaTbU. JTO CAETAHO YMBIIIEHHO C I[eJbI0 TPUBICYD
BHUMAMIE MaKCUMAJIbHO IIIPOKON ayANTOPHH K 3HAKOMCTBY C
u3saraeMoil Hike MHMOpManuei.

MbI Ha IpuMepe ypaBHEHUI ¢ MOJLYJIEM IIOIBITAEMCS TI0Ka3aTh
BO3MOXKHOCTH JIeT4e I 6BbICTpee IPHUIITH K OTBETY, KOTOPBIE YacTO
YIIYCKAIOT 13 BIIY.

Yuraresab MO3HAKOMUTCS C TPEMsI OCHOBHBIMU METOJIAMU Pe-
LIeHUs] ypaBHEeHUil ¢ MoAgyJeM. JTOo

— METOJT HHTEPBAJIOB,

— Mero/ iepeGopa,

— METOJI cHennpeob6pasoBaHHuii.

MeTo/1 HHTEPBAJIOB U3JI03KEH BO BCEX MIKOIbLHBIX YUeOHUKAX 1
MHOTOYMCJICHHBIX TIOCOOUAX /IS TTOCTYTAIONINX B BY3bI CTPAHDI,
MO3TOMY SKeJalolie ero MOTyT Tpomyctutb. Hamma, ommaxko,
06sI3aHHOCTD COCTOHT B TOM, YTOOBI yKa3aTh HA TC MOMEHTBI IIPH
PEIICHUN JAHHLIM METO/IOM, KOTOPbIE ITO3BOJISAIOT BBIMTPBIBATD
BpeMs, CTOJIb IIEHHOE Ha JTIOOBIX MaTEeMATHYECKUX HCIBITAHUAX.

Metoa mepe6opa BTepBbIC M3araeTcs Kak METOA, KOTOPDIi
JUIST TIEJIOT0 KJjacca 3aJad ¢ MOAYJIEeM 3HAUUTEJbHO MOIIHee
MeTo/a nHTepBasoB. Cpasy OTMETHM, YTO OH a6COJIOTHO JIOCTY-
HeH JI060MY YHTaTeJIo.

U, makomer;, MeTo/ cHeInpeo6pa3oBanil TpeHa3HaYeH /1T
PCIICHUS 33/1a4 CKOpee OJIMMIINAHOTO YPOBHS. DTOT METOJ,
ecJIl OH IPUMEHNM, SIBHO CHJIbHEE MEePBBIX JBYX.

B cratbe paccMaTpHBalOTCS CJIEAYIONNE TPH YPaBHEHU:

(A) |x2 +x—90|+2|x2 —9|+3|x2 —27x+180| =

= |x2 +55% — 468| )
(B) |x2 —3x—78|+2|x2 —4x—6|+3|x2 —23x + 106| =
= |x2 +51x —526| ,

(©) 2[x? +2x—36|+3|x2 —6x—28|+2|x2 —14x+12| =
= |x2 +26x — 124| .
MBI CIICIIMaJIbHO HCIIOJIb30BaJIn KBaHpaTI/ILIHbIe Bpra}KeHI/Iﬂ B
STUX YPaBHEHUSX, YTOOBI OGECHIEUNTD JAOCTYITHOCTD N3JI0KEHHsT
mKoJbHIUKaM 7—11 Kjaccos.

IIpesk/ie yeM 3HAKOMUTBCS € PEIICHUSAME, Ipe/IIaraeM YuTare-
JIIO MONPOGOBATh CAMOCTOSITENIBHO CIIPABUThCS € yPaBHEHUSMU
(A) u (B). VYpasuenue (C) npekpacHO pelaercs MeTOL0M
crenpeo6pasoBatuii.

PeweHne metoaom nHTepBanos ypasHeHus (A)

Ha IIEPBOM Illare penieHusa ypaBHEHHUS METOJOM HNHTEPBAJIOB
OIIpEae/IAI0TCA BCC 3HAYCHUSA HEW3BECTHOI HepeMeHHOI';I, npu
KOTOPbBIX oépamanTca B HOJIb TIOAMO/YJbHbBIC BbIDAYKCHUA:

P +x-90=0=x =-10,1,=9;

22-9=0=1x3=-3,x,=3;

22 =27x+180=0 = x5 =12, x5 =15;
-55—/4897 _ —=55++/4897
2 2 ’
Ha BTOpOM mIare mostyyeHHbIE BOCEMb KOPHEH MBI JIOJIXKHBI
PACTIOJIOKUTD TI0 BO3PACTAHUIO HA YUCJIOBOW OCH TTEPEMEHHON X
OueBHHO, YTO

—55 —~/4897
2

224550 —468=0= x; = , Xg

<-10<-3<3<9<12<15,
T.€.
X7 <Xy < X3 <Ay <Xy < Xs < Xg

Opnako HaM TIOKa HEU3BECTHO, KaK Ha OCH nepeMeHHoﬁ X

—35 + /4897
2

pacroJiaraeTcda sHauyenmue xXg = . O6b1yHO oneHunBa-

10T IPUOJIMIKEHHO JlaHHoe 3HaveHne. Harpumep, sicHo, 4to 65 =

—35++/4225 <
2

= /4225 < \J4897 < /4900 = 70 . Tloatomy 5 =

-55++/4900

<xg < — - 7,5, OTKy/ia CJE/LyeT, 4To

Xy < Xg < Xy.
3TO, HaKOHEI, ITO3BOJISIET HaM BCE€ KOPHU TTIOAMOAYJ/JIbHDBIX BbIpa-

x;, =10 -3 3 x 9 12 15 «x

Puc. 1




46 KBAHT

SKEHWIT  PACIOJIOKUTh HAa UYHCJOBOH TPSIMOil B HPABUJIBHOM
nopazake (puc.1).

ABTOPBI TITKOJIBHBIX YYeOHUKOB Jlajiee MPe/IaraioT peraTh
MCXO/IHOE YPAaBHEHUE HA KAXKIOM U3 JAEBSATH TTOJTyYeHHbIX YUCJI0-
BBIX MPOMEKYTKOB. MbI XOTUM MPEJIOKUTH YUTATEJIO CYIIe-
CTBEHHO COKOHOMUTDb CBOU YCUJIHS, YKa3aB HA HEKOTOPbIE HIarH,
He omnucaHHple B ydeOGHuKax. [l1sg aToro HaM HEO0OXOAUMO
MOMHUMO OTBICKAHUSI KOPHEIl yCTAHOBUTD 3HAKM TTOIMO/IYIbHBIX
BBIPAJKEHUI HA BCEX YMCJIOBBIX MPOMEXKYTKAX U TOJYYEHHYIO
MHOOPMAINIO TIPE/ICTABUTD B BUjie TaOJIHIIbI:

x,-10 -3 3 x 9 12 15 «x

+

¥ —27x+180 +
& = 55x + 468 +

+ o+t o+

Ira TabIuI[a MTHOBEHHO [10/ICKAa3bIBAET, UTO B CIJTY COBIA/ICHUS
3HAKOB ITO/[MO/LYTHHBIX BBIPAKEHNI HA MPOMEXyTKax (— ; ¥7],
(912] u (15 ) B 9THX CJy4asgx MOJYYUTCS OJHO M TO Ke
ypaBHeHne. AHAJIOTHYHAS CUTYalnsl CKJIAIbIBACTCS M IS 1IPO-
MexyTKoB (—10; —=3] u (3; 23] . Otcrona cmenyer, uto ypasHe-
HIe HAJI0 PeriaTh BCEro Ha MIECTH MPOMEKYTKAX.

Bameuanue. YMEHBIINTD YUCIO CIYYaeB TaK, KaK ObLIO MOKa-
3aHO, YaCTO OKa3bIBAETCSI BO3MOKHBIM IIPU PEUIEHUN JIIOOBIX
ypaBHEeHUIl 1 HEPABEHCTB ¢ MOJYJIeM METOJ[OM MHTEPBAJIOB.

Caenyronmii apdexrublii X014 00ycaoBieH crenudukoi o6-
cyxziaemMoro ypasuenus. Eciu B3rstnyTh Ha TaGJIMIly, TO MOXK-
HO OOHApY’KHUTb, YTO IIPH IHepexoze oT npomexyTtka (—3; 3]
IIPOMEXKYTKY (12; 15] BC€ [10JAMO/1yIbHDIE BbIPAYKCHU OJHOBPE-
MEHHO MEHSIIOT 3HaK Ha IIPOTUBONOJIOXKHBIN. VexonHoe ypaBHe-
nue na npomexytke (—3; 3] npurnmaer Buz

—(2® +2-90)-2(x” —9)+3(x* - 27x +180) =

—(%* + 550 - 468)
a Ha npomexytke (12;15] —
2’ +x-90+2(x® =9)=3(x* - 27x +180) = x* + 55x — 468.
ScHo, 4TO 9TH [Ba ypaBHEHUST PABHOCUJIBHBI, TIOCKOJIBKY OJHO
MOJIyYaeTcss M3 JPYyroro yMHOXKeHumeM o6Genx vacreil Ha —1.

[ToaTomy Ha caMOM Jiesie Hy>KHO PelIaTh Hallle ypaBHEHHE TOJIbKO
Ha IATH IPOMEXKYTKaX:

(_ 55— \/489]

X e

(% 12]U(15+ ),

55 -AS9T _ o g

e (-10; —3]u(3; 55 +2\/4897]’
e (-3;3]U(12;15],

-35 +2\/4897 < €9

CoryiacHO TabJmIle I/ YKA3aHHBIX MHTEPBAJIOB PACKPbIBAEM
Bce Moay . [lomywaercsa ciegyionias COBOKYITHOCTb CHCTEM:

xe{— , 55— V4897 V489 ]U(9;12]U(15; ),

(A1)
S(xz —27x + 180) =0;
~55 — /4897 <z €0,
2 (A.2)

7x% —25x — 36 = 0;

2012/Ne5-6

e (10, 31U 3 55+\/489 ,
(A.3)

5x% = 27x +144 = 0;
xe (=3;3]U(12;15],

( Ju( | (A.4)
2% = 27x+180 = 0;
—55 + /4897
72 <x €9, (A5)

3x% —137x + 1080 = 0.

JIMCKPUMUHAHT KBAPATHOTO TPEXUJICHA B YPABHCHUH CUCTEMbI
(A.3) orpunaresnesn, T.e. OHa pelieHuil He UMeeT. A KBaJpaTHbIE
ypasuenus cucreM (A.1) u (A.4) sksuBanentusl. I[TosTomy
MOKHO HEMHOTO YIPOCTUTH COBOKYITHOCTb, BBIKHHYB CHCTEMY
(A.3) n o6peunus npomeskyTkn cucteM (A.1) m (A.4). B urore
MOJIyYaeM, UTO MCXO/HOE ypaBHEHHE PABHOCUJIBHO TaKoil COBO-

KyHHOCTI/IZ
°| 55+ /4897
I TNTOI cx €9,
9 (A.6)
322 —137x +1080 = 0;
velo 2= “489 U330 ),
(A7)
2% = 27x+180 = 0;
=55 - /4897 <x €40,
9 (A.8)
| [72* - 252 - 36 =0.

I'paduk neBoii yacTu ypaBHEeHUS 3x% —137x+ 1080 = 0 B
cucreme (A.6) — ato mMapaGosia ¢ BETBAMHU, HANPABJICHHBIMU
137

6
ApyTOit cToposl, mpu & = 10 mveem 312 —137x + 1080 = 300 —
— 1370 + 1080 = 10 > 0. Orcio/1a KOPHN YPABHEHUS U3 CUCTEMDbI
(A.6) Goapuie 10, a 3HAUMT, CHCTEMA HEe MMEET PelIeHuii.

Vpasuenue cucrembt (A.7) MbI yKe peniain, KOrjaa ornpe/iess-
JIN TIPOMEXKYTKH, TI09TOMY

e[_ 55 - \/489:|

BBepX. AGcIicca ee BEPIINHBI PaBHA , uto Gospiire 20. C

-3;3 9, ),
AT f (=3 3]JU( )f
x e {12;15}
f o= 12uwmx =15,

Ananus cucrempr (A.8) nokaspisaet, 9to rpaduk JEBOH yacTn
ypaBHEHUA 7x% —=25x—36 =0 ecTb mapa6osa ¢ BeTBAMH, Ha-

25
[IPaBJEHHBIMU BBEpX, C BEPIIMHOI, nuMeolieil abeiumecy 7R u
C TIOJIOKUTEJIBHOI Op/H-

Hatoii mpu x = —10
(puc.2). osromy cucre- \

1
{25 /
ma (A.8) pemennii He __ il >~
VIMEeT. —55-4897 -10 W x
YcranoButb, 4TO CHC- 2 !

tema (A.8) He umeer pe- :

MIEHNH, MOSKHO U TT0-ApYy-  A1C 2 '

romy. Hampumep, mo te-

opeme Buera o6HapyskuBaeMm, 4TO NPOU3BE/ICHIE KOPHEH ypas-
Henust, pasuoe —36, orputiatesnbno. Cie10BaTeIbHO, pellleHueM
cucrembl (A.8) Moer ObITb TOJBKO OTPUIIATE/IbHBII KOPEHDb

25-+/1633

X = —————, TaK KaK IIPOMEYTOK 3HAUCHHII [IEPEMEHHOIT X

B cucreme (A.8) comepKuT TOJIBKO OTpHUIATEbHBIE 3HAYCHUS.



25-+/1633 S 25-41681  25-41 S

OueBUHO, UTO -10 .

14 14 14
Toatomy cucrema (A.8) pemrennii ne nmeer.
Wrak, ncxo/Hoe ypaBHeHne umeer Kopuu x = 12 u x = 15.
Omeem: {12;15}.

PelwieHne meTogom nepebopa ypaBHeHus (B)

Mol i1 y6eINTeIbHOCTH B3s1IK GoJiee TsKesloe ypaBHeHne, B
KOTOPOM BC€ IMOJIMO/IY/IbHbIE BBIPAMKEHUST UMEIOT UPPAIIMOHATb-
Hble KOpHU. VIMEHHO 10 3TOW TMpUYMHE €ro HeyJ0OGHO pemiaTh
METOJIOM MHTEPBAJIOB.

Vpastenue (B) cogep:xut yerbipe MojyJist. [Toatomy, ecaiu He
BHUKATb BO B3AaUMOCBSI3H MEK/Y MOJAMO/IYIbHBIME BbIPAYKEHNUSI-
Mi1, BO3MOKHO TosiBenne mectnamarn (21 =16) PA3JIITIHbIX
ypaBHeHHuil 1ocje PacKpbITHS BCEX MOALYJeH:

1. (+++4+) 5. (+—++) 9. (—+++) 13, (—++)
2. (+++-) 6. (H—+-) 100 () 14 ()
3.(++=+) T .(+——+) 11 (—+=+) 15 (—+)
4. (++—) 8. (+———) 12. (—+—) 16. (—)

B cxoOKax ykasaHbl 3HAKN OJMO/LY/IbHBIX BbIPAKEHUIT B 9TOM
Bapuanre. PaccMOTpUM Bce BapuHaHTHI.

Bapuant 1 (++++)

JIOJKHDI BBITIOJIHSTBHCS] TAKHE HEPABEHCTBA:

x?—3x-7820,
22 —4x-620,
2 =23x+106 = 0,
2% +51x - 526 > 0.

(B.1)

[Ipu stux ycaousax ypasuenne (B) nmpunmMaer Bun
<x2 —3x—78)+2(x2 —4x—6)+3(x2 —23x +106) =
=22 +51-526 f 5x%-131x+754=0.

ITockombky quckpumunar D = 1312 =20-754 = 2081 > 0, mpu-
JIETCST BBISICHSTD, KaKue U3 IByX KOpHell ypaBHeHus yI0BIeTBO-
paor cucteMe HepaeHcTB (B.1), T.e. MbI JOJOKHBI PELINTH
CMENIAHHYIO0 CUCTEMY

42 -3xr-78>0,

22 —4x-620,

x% = 23x +106 > 0,
2% +51x - 526 >0,
522 1312 + 754 = 0.

(B.1a)

Ha mepBblil B3rJIsi/I cucTeMa BbI3bIBAET TOCKY M yHbiHHe. Ho
MBI TIDUMEHUM YAUBUTEJbHBINH <«(QUHT», KOTOPBII MO3BOJHT
OBICTPO € Hell PazodpaThes.

O‘IeBI/II[HO, 4TO peluIieHnueM CUCTeEMbI MOTYT 6I)ITI) TOJIBKO KOpHU
YPaBHEHUS, KOTOPOE TJIACHUT: K8AOpam KOpHS eCMmb JUHElHAs
(1) ¢pynryus 3mozo xopus, x* = (131x —754)/5 .

Taknm 06pasoM, ypaBHEHHE MOXKHO TOJKOBATb Kak (hopMyLy
nouuKenus cmenenu ero KOPHsA. A TOTJa CHUCTEMa JIeTKO U
OBICTPO YIIPOIIAETCS.

Urak, nmeem

131 — 754/5 - 3x — 78 2 0, 116x > 1144,

1312 = 754/5 — 4x — 6 2 0, 111x > 784,

1312 = 754/5 — 232 + 106 2 0, < {161 > 224, f
1312 = 754/5 + 512 =526 > 0, | 386x > 3384,

5x% —131x + 754 =0 502 =131+ 754=0

meax{@;@;M;@}, x =14,
29 111 193 ] f { 5
27 131047542 0 502 —131x + 754 = 0.
(B.16)
CorJtacutech, I0POTOii YUTATEIb, UTO U/Iesl TOHMKEHUS CTerle-
HM KOpHS pe3ko ympoctuia cucremy (B.1a). Ocranocs pazo6-
parbest, Kakoil U3 KOpHeH ypaBHEHUS yIOBJICTBOPSIET HEPABEH-
ctBy x 214 . Ilyers f(x) = 5x% —131x + 754 , Torma oGHapy-
sxuBaeM, uto f(14)=-100 < 0. U1 Tax xak crapmuii koaddu-
1EeHT GOJIbIIE HYJIS, TO TOJBKO GOJIbIINNA KOPEHb YPaBHEHUS
apygerca pemenneM cucrembl (B.16), a sHauur, u peureHueMm
ucxoanoro ypasuenus (B) npu Bapuante 1.

_ 131+ /2081

10
BenioMHuM Tenepb, 4TO Hallle ypaBHeHHe 00J1aaeT TeM CBOIi-

CTBOM, YTO [IPU OJIHOBPEMEHHOM U3MEHEHUHU 3HAKOB BCEX YETbI-
pex MOAMOJYJIbHBIX BBIPAKEHUI Ha MPOTHBOMOJIOKHBIE MBI
TOJIyIaeM PAaBHOCUIbHOE ypaBHeHne. 3HAUNT, YPABHEHUE, BAPH-
anta 1 coBmazaer ¢ ypaBHenuem BapuaHTa 16. Jrtor dakr
[03BOJISIET €Pa3y O0OBSIBUTD, YTO Mpu BapuaHte 16 MbI JOJBKHbBI
PEIIUTD CJIEAYIONIYIO CUCTEMY':

Omeem eapuanma 1: x

116x < 1144,
111x < 784, ) {286 784 1692}

x<miny—-—;—; 14; ——¢,
16x < 224, f 29 " 111 193 ' f
386 < 3384, 522 —131x +754=0

54 —131x +754 =0
784

x [—
f 11
5x2 —131x + 754 = 0.
Kax u B Bapmante 1, ycranaBamBaeM, 9to 06a KOPHs yPABHEHUS

784
JIe)KaT BHE TIPOMEXYTKa | — T1q |7 et yxe smaen, uto
f(14) <0, manee zamedaem, uro f(8)>0, oTKyaa Bce KOPHH
784
ypagHenusi 6oJibie 8, HO T <8.

Omeem eapuanma 16: pemenuii HeT.

[Tockompky BbI, moporoit untaTesnb, TO3HAKOMUJINCDH C njeei
pemienusg BapuanToB 1 1 16, TO 110 OCTaJbHBIM BapuaHTaM Mbl
JlaeM KOHCIIEKTBI TIOJydeHus] X OTBETOB.

Bapuanrst 2 (+++—) u 15 (———+)

Vpasuenue (B) mpeo6pasyercst B 7x4° —29x —298 =0, T.c.
7x% =29x +298 . Torga s BapuaHTa 2 CUCTeMa HEPABEHCTB
MIPUHIMAET BU[

(29x +298) + 7 (<3x - 78) 2 0,
(29 +298) + 7 (—4x - 6) > 0,
(29x +298) + 7 (-23x +106) > 0,
(29 +298) + 7 (51x — 526) 2 0

x> 31,
+256 >0,
f * S xed, TaKKaK31>@.
x €260/33, 33
193x <1692

Anajsiornuto, Jist Bapuanra 15:
7x? —29x — 298 =0,
x <31,
x < =256,
x> 260/33,
193x > 1692

(Mpogornxexnmne cm. Ha ¢. 50)

f xed.




- YPAHOBbIE J1y1... MOTYT [POHMKATL YEPE3 TOHKNE METAST-
JIMYECKNE SKPAHbI, Y OHU PA3PAXKAIOT HAIIEKTPUIOBAHHAIC
resa.

Mapwns Cknogosckas-Kiopu

..BEPOATHOCTb TOIO, YTO a/1bPa-4aCTHLA MOXET [IPETEPIIETH
paccesiHme B 06PaTHOM HAMPAaBIEHUM, HUYTOXHO MAasa.

SpHecT Pesepdops

.3TU CTPAHHBIE 3DPEKTbI OOF3aHbBI CBOVIM [1PONCXOXAEHM-
eM HeUTPAaIbHON YacTLe, MHE y[a/I0Ch TakXKe U3IMEPUTL ee
maccy.

[xenmc Yengsuk

Humemnuit Boimyck <«Kageiijockonas HelapoMm I1o-
CBSIIEH 3THM (PU3UUECKUM TepCOHAKAM.

Bo-TiepBBbIX, OAWH 3a APYTUM TIPONLTH CTOJICTHHUE
106MJIen BBIIAIOMNXCS OTKPBITHH, KapAWHATbHO M3Me-
HUBITX 0OJUK CJOKIBINEHCS K Hadasy X X BeKa HAyKH.
OO6HapysKeHue PEHTTEHOBCKUX JIyuell, 3JeKTpoHa, pa-
JINOAKTUBHOCTH, ATOMHOTO S/Ipa, CO3/[aHNe TeOPUHU OTHO-
CUTEJBHOCTH OYKBAJBHO HA IJ1a3aX U3YMJEHHBIX yde-
HbIX TI€EPEBOPAYNBAJIH YCTOSIBIIMECS TIPEICTABIEHIS 00
yCTpOIiCTBE KaK MUKPOMUDA, TaK 1 BceseHHoil B 11e/10M,
Tpe6oBas N306PETEHUST HOBOTO <«SI3bIKA» [IJIs U3MEHWB-
mrefics peasbHocTH. A nepHas dpusnka u pusnka aseMeH-
TAPHBIX YACTHUI] OKA3AJICh HA OCTPUE ATON ATTOXATbHON
nepectpoiiku. Bce aBTOpBI TpUBeAEHHBIX B anurpade
BBICKA3bIBAHUI — YYaCTHUKHM HCTOPUYECKUX COOBITHII,
TBOPIIBI HOBOIT KapTuHbI Mupa, yrocroennbie Hobeses-
CKOW mpeMuu. A CKOJIbKUX elie OJECTSIMX YYEHbIX,
KTO, TIPON/IS Yepe3 COMHEHUS U Pa30oyapoBaHUs, IPO-
JTOJKAJIN U TTPOJIOJIKAIOT «IOPUCOBBIBATDHY 3TO MTOPA3U-
TeJIbHOE MOJOTHO, MBI HE B CHJIAX YHOMSHYTD!

Bo-BTOpBIX, TIOX03KE, YTO HAJIEK/IbI YIEHDBIX Ha JI0CTO-
BEPHOCTb ITOU COTJIACOBAHHOI KAapTHHbBI YCTPOHCTBA
HAIllero MUPO3/aHus — TaK HasbiBaeMoil CraHnapTHOM
MO/IEJIN, OIMCHIBAIONIEH ¢ OOIUX TO3UINI B3aUMO/Ei-
CTBYE MEXK/IY JI€MEHTAPHBIMHU YACTUIIAMU, MOTYT COBITH-
ca 6ykBaabHo B Hamm auu. Vs [IEPHa (EBpomneiicknii
HEHTP MO SIIEPHBIM WCCAEOBAHUAM), TAE ACHCTBYET
CaMbIil MOTITHBIN COBPEMEHHBIN ycKopuTe b — Bombimoi
aJJPOHHBIN KOJIIaliep, MPHUIILIO COOGIIEHNE O BO3MOIK-
HOM OTKPBITHU [IaBHO TMPE/ICKA3aHHOM, HO JI0 CUX TIOP
HEYJIOBUMOI, HeJlocTatomIeH /1714 TogHOThI CTaHAapTHOM
Mojiesin yactuirbl — 6ozona Xwurrca. Takoe sxcriepumen-
TAJbHOE TIOJTBEPIKIEHNE CO3/IaBAEMON IIOKOJIEHUSIMU
(pU3UKOB TEOPUNU CTAIO GBI MEPBOCTETIEHHBIM COOBITHEM
B y3Ke 60Jiee 4yeM CTOJIETHel MCTOPUY HOBOW HAYKH.

N B-tperbux, «@®usnuecknii «Kameiimockony Toxe
€KPQMHO CIIpaBJISeT CBOW 06Ul — 9TO €ro CcOTbIil
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KAJIEMJIOCKOII «<KBAHTA»

[locrne ¢oToHOB YacTuLamu, J1yYLIe BCEro U3BECTHLIMU 13
SKCIIEPUIMEHTA 1 JIyHLUIE LPYIVIX OfACHIBAEMBIMY TEOPUEH,
ABJIFIOTCH I/IEKTPOHB! U [103UTPOHB.

SHpurko Depmun

[Toncku  MPponcxXoXaerns AAEPHbIX Cll PUBOAAT HAc K
HOBBIM 4acTULaM, HO BCE 3TV OTKPbITUS BbI3bIBAIOT TO/ILKO
3aMeLLaTesbCTBO. Y HaC HET MOJIHOro MOHUMAaHNS X B3ayM-
HbIX OTHOLLEHMM, XOTS B HEKOTOPLIX [10PAIUTELHBIX CBA3AX
MEXLY HUMU Mbl yKe yOeammich.

Prvyapn ®erHmaH

A Tak JI1 XOPOIIO 3HAK

I BaM
YaCTWLb! WA ﬂupa(?b

BbITycK! Mbr 6ymeM pajpl, ecau Ha 3TOT Pa3 CMOXKEM
JTOTIOJTHUTD BaIlli 3HAHWS O YacTHIAX U sSapax.

Bonpocbl 1 3apauvn

1. Y KaKoro XuMHUYECKOTO 3JIEMEHTA PA/INYC ATOMHOTO
SJIpa MPUMEPHO B/IBOe OOJIbINE, YeM Y yTrJepomaa?

2. TIpowusoiies caMOIPOU3BOJIbHBIN paciajl sjpa.
Bbijiemmaach niim morJaoTuaach SHEPTUsl BO BPEMSI 9TOrO
mpoiiecca?

3. Kaxas 1011 0T GOJIBIIOTO KOJIMYECTBA PAIUOAKTUB-
HBIX aTOMOB OCTAeTCsI HepacIaBIIelcs yepe3 MHTepBaJ
BpeMEeHU, PABHBII ABYM TI€PHO/AM TIOJIypacaja?

4. Papwii, nepuoj nosrypaciajia kotoporo 1620 mer,
Ka3aJyoch Obl, YIKe J0JIKeH ObLI MOJHOCTBIO PACTIACTHCS .
Kakum 06pazoM OH «JI0KUJI» /10 HAIIUX JTHEN?

5. Tlocse ckopkux ajbda-pacrnajoB ¥ CKOJbKUX
6eTa-pacraioB M30TOI paanst “s0Ra NpPeBpamaercs B
M30TOI CBUHILA Zgng ?

6. Ot vero 3aBUCHT NEPHOJ TTOJIYPACIIaIa S/IEP, UCITYC-
KaIoMuX aabda-qyacTuirs?

7. llocne simepHOTO B3pBIBA B aTMocQepy IOMaIN B
PaBHBIX KOJIMYECTBAX PA/[MOAKTUBHbBIE M30TOIbI C Pa3-
HBIMH TIEPUOJaMU ToTypaciaia. Kakue n3 HUX Tagr B
ce6e HarOOJIBIINYI0 GHOJIOTHYECKYIO OMACHOCTD ?

8. OmunakoBbl JM sJepHbIE CHJIBI, JCHCTBYIONUE
MEK/y JABYMs TIPOTOHAMM, IByMs HETpOHAMHU, MPOTO-
HOM W HEHTPOHOM?

9. OTKpbITHE MOIIHBIX SIIEPHBIX CUJI TIO3BOJIIIIO OOBSIC-
HUTH, MOYEMYy aTOMHBIE sI/ipa HE <«B3PBIBAIOTCS» TIOJ
JleficTBUEM KYJIOHOBCKUX CHUJI OTTaikuBaHus. Ho moue-
MYy JKe TOT/a si/ipa He CKUMAIOTCS GecTpe/ieTbHO ?

10. OTtuero MejsieHHbIE HENTPOHBI CUJIBHO TIOTJIONIA-
I0TCSI SI/[paMu aTOMOB, HAIIpuUMep 60pa, KajMus, JTUTHS,
a ObICTpPbIe HEUTPOHBI — IMOTJIONIAIOTCS C1ab0?

11. Kak oObsicHuTh, 4T0 B KaMepe Buibcona Gera-
YACTHUIIBI OT OJTHOTO ¥ TOTO YK€ PAIMOAKTUBHOTO U30TOIA
He 06J1aIal0T OJTHOW U TOI JKe JIJIMHON Tpobera?



12. Yro 6b110 GoMOapAupyIoIieil YacTuileil B UCTOpH-
YeCcKM MEePBOH sI/IEPHON peaKIun

+ 1IN = [0+ 1p,
ocyiecTBaenHoi Pesepdopmom?

13. MoxeT i HelITpaIbHAS YaCcTUIIA PACTIAATHCS Ha
HEeYeTHOE YHCJIO 3aPSKEHHDBIX 2JIeMEHTAPHBIX YACTHIL?

14. CBoGOIHDBIE HENTPOHBI IIPEBPAIIATOTCST B TIPOTOHBI.
[Toyemy o6patHbIii POIIECC BO3MOXKEH TOJIBKO BHYTPHU
ATOMHBIX sijiep?

15. UeM oTsimyaercst TPEK MPOTOHA OT TPEKa MO3UTPO-
Ha B Kamepe Buibcona?

16. OTuero s7iepHbIe PeaKIy ¢ HEHTPOHAME B KOCMHU-
YeCKHUX YCJOBUSAX MPOMCXO/AT OYeHDb PEAKO, XOTS Hell-
TPOH, B OTJIMYHE OT TPOTOHA, MOKET TTOJIONTH K Py HA
JM060€e paccTosTHuE?

17. ITlouemy BO Bcesiennoit mpeo6iamaioT sijiepHbIC
PEaKIUU CHHTE3a, a HE PEAKIH JIeTeHUS ?

18. Mosker i OJMH TaMMa-KBAaHT TIPEBPATUTHCS B
napy 2JIeKTPOH—TIO3UTPOH?

MukpoonbIT

3apsuTe 3JIeKTPOCKOT JIOOBIM HAJIEKTPU30BAHHBIM
TEJIOM, XOTS Obl PAcyecKoii, MPOBEIEHHON TO CyXUM
BOJIOCAM, U MOHAGJIOaliTe 32 MOBEJIEHNEM €r0 JIeecT-
KoB. B uem, mo-Bamemy, nmpuunHa OTHOCUTENBHO OBICT-
POIl pa3psiIKM 3JIEKTPOCKOIIA?

Jlio6onbITHO, YTO...

...00beM, TPUXOSANIMICS HAa KOKAYIO BHYTPHSED-
HYTO 4aCTHUILy, BO BCEX S/[pax MPAKTHYECKU OJWH U TOT
xe. Pagmyc sinpa mensiercs ot 0,5 - 107" M y BoZOpoa
0 8-107° M y ypana. B sjepHoil ¢pusnke B kauectse
e/IMHUIIBI JITMHBI BBEJCHA cIielnajbHagd BejgndnHa 1
depyu: 1 dm = 107 M, maspammas Tak B uecTb
BEJIMKOTO UTATbIHCKOTO pusnka Jupuko Depmu.

...B 1897 rony mocJie copoka JietT sKCIepuMeHTATbHbIX
VCUJIMI TIOJIyuu/ia «IIpaBa Tpa)kJaHCcTBay liepBas dJie-
MeHTapHas yactula — a/jekTpoH. Kak u aroM, npusnanu
ee He cpasy. Tax, anrmuiicknit puszux Oamsep Jlomwx,
M3BECTHBII CBOUM JIOKA3aTeTbCTBOM HECOCTOSI TETBHOCTI
Teopun aupa, CANTAT JTEKTPOH YUCTO TUTTOTCTUIECKITM
3aps/I0M, U30JUPOBAHHBIM OT aroMa. A 3HAMEHUTBIN
Buabrensm Penrtren (Gosee npasuabno — Péntren) —
nepsbiii Ho6eneBckumii taypear cpei pU3UKOB — [OYTU
JI0 KOHI[A >KM3HU COMHEBAJICA B €0 CyIIECTBOBAHUHU.

...B JIBAJIIIaTbIE TO/bI IIPOIIIOTO BEKA, €Ile 10 OTKPbI-
THS HeHTPOoHA, BO3HMKJA IPOTOHHO-3JIEKTPOHHAS MO-
JleJTb AaTOMHOT'0 4/1pa, Ipe/loyarapiias HaJlnyue BHYTpU
sa7pa 2JeKTPOHOB. Tak, SApo Teans JOLKHO OBLIO
COCTOATb U3 YeThIPeX IIPOTOHOB U /IBYX 2JIEKTPOHOB.

...Ha BEPOSITHOCTHDBIH, CIyYallHbIN XapaKkTep pajnoaK-
tuBHOCTH OGpaTus Buumanue eine B 1905 roxy aBcrpuii-
ckuit ¢pusux drou HIBeiimnep. D10 GbLIO MEPBBIM CBH-
JIeTeTbCTBOM KBAHTOBBIX OCOOEHHOCTEN BHYTPUSIEP-
HBIX TIPOIECCOB. A K KOHILY /IBQ/IIIATBIX TO/I0B OCHOBHDBIE
[Ipe/ICTaBJeHUS KBAHTOBON MEXaHUKU CTAJN HA/IeKHON
OCHOBOI HayKH O BCeX $SIBJIEHUSAX aTOMHOH U s/1epHON
usuku.

...CosiHIIe He B3pbIBaeTcs, KaKk BoJOpoaHas 6Gomb6a,
XOTS1 B 060OMX CJIy4asX SHEPTHUs BBIAEJSETCS 3a CUYeT

TEPMOS/IEPHBIX PEAKINil TIpeBpalienusl BOJA0po/ia B Te-
jguii. OTauune CBSI3aHO € TeM, YTO B ATUX PEAKITUSX
Y4acTBYIOT PasHble M30TOIbI Bogopoaa. B 6ombe wnc-
TTOJTb3YIOTCS CTIENNAIbHO HaKallJIMBaeMble JeHTepuil m
TPUTHH. A B 3Be3/lax JeWTepuil ycres JaBHBIM-IaBHO
«CTOpETh» B HEJIPaxX CBETUJIA, TPUTHI JKe PAIMOAKTHBCH
¢ IeproIoM Torypacnaza 12,5 iet, u B Ipupo/ie ero HeT.

...TIporecc, 06PaTHBIN AHHUTUJISAIIUN — IPEBPAIIEHUIO
AJIEKTPOHA ¥ TO3UTPOHA B JIBA TaMMa-KBaHTa, BIEPBbIE
yaanoch Habmogatb B 1971 romy B yCcKOpuUTeIX Ha
BCTPEYHBIX ITyYKaX, I'/le BbICOKOAHepreTniyeckue GoTo-
HBI, IIPOB3aMMO/IEHICTBOBAB, TIOPOK/IAJIH [1apy YacTUIA—
aHTUYACTHUIA. B KOHIE TPOINILIOro Beka dKCIepuMeHTa-
TOpaM y/1aJI0Ch Ha MUJIJTHAP/HBIE JIOJTN CEKYH/IbI CO3/1aTh
13 AaHTUIIPOTOHOB ¥ MO3UTPOHOB ATOMBI AHTUBO/IOPO/IA,
a COBCEM HEaBHO € TMOMOIIbIO BOoJbIIoro agpoHHOTO
KOJLJIaliZiepa ATy aHTUMATEPHIO HE TOJbKO MTPOU3BEH, HO
U CyMeJH yliepsKaTh 6oJiee YeM Ha ThICSYY CEKYH/I.

...U3UKN U3 TOAMOCKOBHOH JlyGHBI COBMECTHO C
aMEPUKAHCKUMHU KOJIJIETaMH BIIEPBbIC CMOTJIH CUHTE3U-
posarb 117-ii anement tabauint Meneneesa. [lomyuen-
HbIe MICKYCCTBEHHO paHee 3JIeMEHThI ¢ aTOMHBIMU HOMe-
pamu 114 u 116 atoit BecHoiT 3aHs/1 B TaGJIUIE MECTa HA
3aKOHHBIX OCHOBAHUSIX, KOT/a OBLIM YTBEPIKIEHDBI UX
HazBaHus — (hJIEPOBUN U JTMBEPMOPUIL. A B TIOCJEIHIE
TOJIBI POCCUIICKUE YUEeHbIE, UCCIELys] METEOPUTDI, 00Ha-
PYJKMJIN B T€X CJEbl ATUX CBEPXTSIXKEJBIX 3JIEMEHTOB,
YTO CBUJETETBCTBYET 00 WX HAJIUYMH B KOCMUYECKUX
JIydax.

...OJTVIH N3 MHOTOYMCJIEHHBIX TTPUMEPOB MPAKTUYECKO-
TO UCIIOJIb30BAHUS IOCTIDKEHUH (DyHAaMEeHTaIbHON Ha-
VKU — HeWTpOHHbIE ncceoBanust. HeliTponbl npumensi-
10TCsT B pa3paboTKe MeTo/[0B 6OPbObI C PAKOM, B H3yde-
HUU TIpOTlecca CTapeHus KJIETOK, B CO3JaHUU HOBBIX
MaTepUaJIOB ¢ HEOOBIYHBIMU CBOMCTBAMU W JaKe... IS
noucka Bojabl Ha Mapce. VICTMHHO WHHOBAITMOHHBIM
pEeIllleHreM CTajI0 CO3/laHKe JIeTEKTOPA B3PbIBUYATHIX M
HApKOTWYECKUX BEIIECTB HAa OCHOBE METO/Ia MEUYEHBIX
HEUTPOHOB.

...3aMEHNB «MasgTHUK» B aTOMHBIX Yacax C 3JIEKTPOHA,
o0palrnamerocst BOKPYT s/ipa, Ha HEWTPOH, pacioJara-
TOIIHIICS B sI/[pe, y/1aI0Cch Ha /[BA TIOPSIJIKA TPEB30UTH 10
TOYHOCTH JIyYIlIie COBPEMEHHDbIE ATOMHbBIE «XPOHOMET-
poi». Terepb HETOYHOCTD COCTABJISAET MOPSA/IKA OJIHOI
JeCATOl CeKyH/IbI 3a 14 Munap08 Jiet (910 CpaBHUMO
¢ Bo3pacToM Bcenennoii).

Yro uutatb B «KBaHTe» 0 yactMuax n agpax
(ry6rvKaLmm rnocneqHx ner)

«IIpemus 3a wapymenus»> — 2009, Net, ¢.19;
«Kaneiijockon «Ksanra» — 2009, Nel, ¢.32;
«Ycrpourenu crorkuoBermit> — 2009, Ne2, ¢.19;
«Mmuorosukuit iporon» — 2009, Ne5, ¢.7;
«Yro takoe AMP-romorpadus?s — 2010, Nel, ¢.8;
. «KBanroBbie n BostHOBbIE siBIenus B HaHomupes» — 2010,
Ne3, ¢.17;
7. «dnepubie B3poBbl» — 2010, IIpnmoxenne Ne3, ¢.83;
8. «AToMHBIE A/ipay, <«DJEMEHTapHble YaCTHIbI U CHJIb
mexay numuy» — 2011, Ilpunoxenne Ne4, .51, 55. "

> W~

Mamepuan nodzomosun A.Jleonosuy,



50 KBAHT

(Hayano cm. Ha ¢ 45)

Omeem eapuanmos 2 u 15: pelieHuil HET.
Bapuantst 3 (++—+) u 14 (——+-)

2 —7x-118=0,

4x +40 20, 4x +40 <0,
3x +112 20, 3x+112<0, f
nim
—16x +224 <0, —16x +224 >0,
S58x —408 =0 58x —408 <0

x>14mux<—112/3f 2

7 ++/521
—

{ & -Tx-118=0, . 7+521

Omeem eapuanmos 3 u 14: x =

Bapuanrst 4 (++——) u 13 (——++)

22 +109x — 934 =0,

1122 + 856 > 0, 1122 + 856 < 0,
928 — 113x > 0, 928 —113x <0, f re@.
1320 41040 <0, T )=132x + 1040 > 0,
_58x + 408 < 0 _58x + 408 >0

Omeem sapuanmos 4 u 13: peuiennii Her.
Bapuaurst 5 (+—++) u 12 (—+—-)

2% —115x + 778 = 0,

112x — 856 > 0, 112x — 856 < 0,
111x — 784 < 0, 1112 —784 >0, f
92x—67220, ) 92x—672<0,
166x — 1304 > 0 166x — 1304 < 0
22 - 11520 +778 = 0, 115 - Ji01T3
e D wm xe [784 168]f x= 5 .
411723
Omeem sapuanmos 5 u 12: x 115 210“
Bapuauret 6 (+—+—) u 11 (—+—+)
3x% —13x - 274 =0,
4x +40 >0, 4x +40 <0,
x+ 256 <0, x+256>0, f
562 4+592>0, ) =561 +592 <0,
164x — 1304 < 0 164x — 1304 < 0
; {33(2 ~13v-274=0, o
xe D wmxed
Omesem sapuanmos 6 u 11: pelieHuit Het.
Bapuautet 7 (+——+) u 10 (—++-)
5x% —23x —142 = 0,
8x — 248 > 0, 8x — 248 <0,
3xr+112<0, 3x+112>0, f
920 +672<0, 924+ 67220,
278x — 2488 >0 278x — 2488 < 0
5x2—23x—142=0 23— J3369
! re D wm —37 €x €7lf - 10

23

2012/Ne5-6

23 —+/3369

Omeem eapuanmos 7 u 10: x =

1
Bapuantbt 8 (+———) u 9 (—+++) ’
3x% 1252 +910 = 0,
1162 — 1144 > 0, 116x — 1144 < 0,
113x — 928 < 0, 113x - 928 >0, f
562 -592<0, ) 56x-592>0,
278x — 2488 < 0 278x — 2488 2 0

2— =
{Sx 125+ 910 o,f o

xe@umxed

Omeem eapuanmos 8 u 9: pelleHHil HET.
OO0beAnHS OTBETHI BCEX BAPHAHTOB, TIOJIy4aeM OTBET yPaBHe-
nus (B):

e{131+\/2081,7+«/521,23 V3369 115 -+/10113 }
10 T2 10 2

PelueHre mMeTogom crieunpeobpasoBaHui ypaBHeHus (C)

) )

Wtax, Hy’>KHO pelINTb ypaBHEHHUE
2\x2 +2x—36‘ +3‘x2 —6x—28‘ +2‘x2 —14x+12‘ -
= ‘xQ +26x — 124\ _

Camass MOITHAs KOHCTPYKLHUS, SKCILIyaTHpyeMas aBTOpaMu
3a/1a4 TOBBIIIEHHON CJIOXKHOCTH 110 TeMe «AOGCOTIOTHAS BEJTYH-
Ha», — cymma mody.eti. IToT (akT 00YCJOBJEH CJielyrolleit
TEOpeMoii.

Teopema. Cymma modyneil pasna mooyio dizedpauuecko
CYMMbL NOOMOOYNbHBIX BbIPAXKEHUL Mo2dad U MOIbKO Mmozod,
K0zda éce nooMOOYabHble BLIPAKEHUS NPUHUMATOM MOM 3HAK,
C KOMOPLIM OHU BOWAU 6 AN2eOPAUUECKYIO CYMMY, U0 8ce
00HOBPEMEHHO NPUHUMAIOM NPOTNUBONOLOKHBLU IHAK.

ITO O3HAYAET, UTO €CJH O € {11} TO

om; =0,

Z\m\ ‘Zocm‘f Vi o;m; €0.

W3 a10il TeopeMbl cleayer, YTO ecau o € [—1;1], TO MBI
JIOJKHBI BBUIETHTD CJIaraeMble, y KOoTopbix o € {~1;1}, n cia-
raemble, y Kotopoix o, € (—1;1) . [lus conydas, korga o, € {-1;1},
copmympoBanHag TeopeMa Bce OObBABUIIA. A IS ciyyas,
korza o, € (-1;1), scezda m; =0 .

Npero pokasarenbeTBa 9TOro (hakTa MPOUJIIIOCTPUPYEM Ha
npoctoM npumepe. Ilyctsb

jal + 1] =

1
a+->b|. ®
5 ‘ (=)
Torama

° 1

mywa=a+éb, Ya—a)+(b—zb)=
f

ol + =0~ 20 (a+a)+(b+;b]=

B JeBbIX YACTAX MOJIYYEHHBIX YPaBHEHHII B CKOOKAaX CTOST
HEOTPHUIIATEIbHBIC BEJINYMHDBI 1Ipn Jo6bix @ u b. U Tak xax
CyMMa HeOTpHIlaTe/IbHbIX BeJINYUH paBHa HYyJIIO TOTAA U TOJIbKO
TOr/la, KOrjla BCe BEJMYMHbBI OHOBPEMEHHO PaBHbI HYJIO, TO

Ge) f

|a| —a =0, |a| +a =0,

* ) & nian ~
) |M—%b:0 |M+%b:0

a>0, a<0, ae R,
f bZOI/IJII/I f .



B ypasuenun (C) cjeBa IpUCyTCTBYeT cyMMa MOJLyJIei

my =2(x2 +2x—36)=2x2 +4x-72,

my =3(x* - 6x - 28) = 3x* —18x -84,

my = 2(x* —14x +12) = 2x” = 28x + 24,
T.e. OHO UMEET BH[

[y + | + g =] ()]

[ToaTomy, ecmm HaM moBe3eT 1 [(x) OKaXKeTcst IMHEHHOH KOMOH-
HaIeil BeJIMYUH My, My W M3, TO MBI OBICTPO U JIUXO PELINM
ypasuenue (C). A ecim He moBeser, TO Mbl OOpEYEHbI Ha
TSDKETYI0 PYTHHHYIO PaboTy ¢ HEM3BECTHBIMHU IIAHCAMH Ha
ycrex. llnade TOBOpsi, CTaHAApTHAS PEKOMEH/JAINS B 9TOM
CJIy4ae COCTOHT B CJICYIONIEM: eCall 8 YPAGHEHUU NPUCYMCINEY-
em cymma modyaeil, Mo NOAE3HO Nonpobosamyv GviACHUMD,
MOKHO U 8bIPAKEHUE, KOMOPOE HAXOOUMCS BHE CYMMbL MOOY-
Jetl, 8uipA3umy 6 ude AUHETUHOU KOMOUHAUUU NOOMOOYIbHIX
BUIDAKEHUL CAAZACMBIY CYMMbL MOOY.Lell.

B nareMm ciydae HaM HeOOXO/IMO BBISICHUTD, CYIIECTBYIOT JIN
Takue yucsaa o, B, Y, uTo

22 +26x —124 = oc(2x2 +4x—72)+

+ B(3x” —18x - 84) + v(20% - 28x + 24)
I BCEX 3Ha‘~IeHI/II71 X, T.e. lITOéI)I 9TO paBeHCTBO 6bIJIO TOX e~
CTBOM. ECTI) ABa HyTI/I IMONCKa OTBETa Ha 3TOT BOHpOC.

Hymb neprllj. PacxpoeM B HpaBOﬁ YaCcTHu TOXKIECTBa BCeE
CKOOKHU U IIpuBe/ieM HOZ[OéHbIe YJIEHDbI. HonyqaeM

x% +26x =124 = (200+ 3B - 2y) x% +
+ (400 —18B — 28y) x + (=720 — 84B + 247) .
Kaxk HU3BECTHO, /IBa MHOro4JieHa TOYXKJIECTBEHHO paBHbI TOI'/la 1

TOJIBKO TOT/Ia, KOra nxX Koahduimentsr paBubl. OTKy1a nuMeeM
TAKyI0 CHCTEMY:

a=1
1=20+ 3B -2y, 1
26 = 40, — 188 — 28, & B=§,
—124 = 7200~ 84B+ 24y |y =

Iymv emopoti. B Tox/1eCTBO MOACTABUTD TPU YAOOHBIX JIJIs
cueta 3HAYeHUs1 M JIOObIM M3BECTHBIM CIIOCOOOM PEIHUTH MOJIY-
YEHHYIO JIMHEHHYIO CUCTEMY OTHOCHTEJbHO o, B U Y.

[Momyuaem, uto Hame ypasuerne (C) umeer Buj

[y + o + || =

1
m1+§m2—m3

CorJiacHo TeopeMe, TIoCJeAHEE PAaBCHCTBO PaBHOCHUJIBHO COBO-
KYITHOCTN CHUCTEM

|m1| =my, |m1| =-my,
|ms| = —my, wm {|ms| = my, <
m2 = 0 m2 = 0
my 20, my <0, {mﬂﬂg <0,
o imy <0, mm ym3 20, &
m2 = O

m2 = 0 m2 = 0
A torga ypasnenne (C) paBHOCHJIBHO cHCTEMe
{(2x2 +4x = 72) (20 - 28x +24) <0,
=

322 —18x -84 =0
{(xz +2x = 36) (x? — 142 +12) <0,
=

> —6x-28=0.

BuumatenbHbIil ynTaTe b MOYKET MTHOBEHHO I10/[CKa3aTh aB-
TOPY: BOCIIOJIb3YHTECh Mieell TTOHIKEHNs CTelleHN KOPHS ypaB-
Hennst! [leiicTBUTEIBHO, x> =6x+28. [loaToMy HepaBeHcTBO
MOJKHO CBecTH K JiHeiinoMmy. Mmeem

(% + 220 = 36) (x* —14x +12) =
= ((6x +28)+ 2x — 36) ((6x +28) — 14x +12) =
= (8x = 8)(-8x + 40) = =64 (x* — 6x +5) =

=—64 ((6x +28) —6x +5)=-64-33<0.
OTkyna
(O x?-6x-28=0 x=3++/37.

Omeem: {3—@;3+\/§}.

Yupaknenus

1. Jlokaxure, 4TO
0 o+ = ] 72
My |+ o] + [ms| = [y + my + g myms 2 0;
2) |my| + [my| + |my| = |my —my +ms| &
o {m1m2 < 0, o {mﬂng > Ov
mymsz < 0 mymy < 0;
M1m2 < 0
3) [mu] +[mal + [ms| = [y —my —ms| & {mzms > 0’;

b )
4) 2 36| +2|c| =2 b
) 2|a|+3|b| +2|c| =2]|a+ b+ ¢| & {aczo;

5) 2la|+3[p|+ 2|c| =|a—b-c| & a=b=c=0.
2. Pemmmre ypaBHEHHS
1) 2(|x2—16x+48|+|x2—30x+200|)+3|x2—24x+119|=
= [6x? — 134 +653].
2) 2(ja? + 52 - 6] + [x* = 5 — 14 - 2| + 62 - 29]) +
+ 3la? —x—20[=0.
3*. Pemmre ypaBHeHus
1) 2|x” = 50 + 4 + 3|2 = 7o + 6 + 2| — 112 + 30| = 20;
2) |(x = 1) (x = 6)[ (2] — 4] + 3| = 3]) +
+2|(x—2)(x—5)(x—7)| =|x-7;
3) 2|’ —102” + 23x - 14] + 3[x® — 112" + 312 - 21+
+2[x* —132% + 522 - 69| = 5|x - 5[;
£ |(x = 1) (x = 7)[ (2] = 3]+ 3] — 4) +
+2|(x = 3)(x = 5)(x - 6) =8lx —6|;
5) 2|a® = 9x” +23x — 15[+ 3|’ — 1027 + 31x - 30 +
2[x% — 122% + 392 - 28] = 8| - 4];
6) |(x=3)(x=5)[(2|]x =1 +3|x - 2)+
+2|(x =2)(x —4)(x - 6)| =3]x—4].
Vkazanue:

wuy <0,

2|u1| + 3|u2| + 2|u3| = |2U1 — 3u2 + u3| =1 {
Uz = 0.
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Kak coctaBnsitb ypasHeHus smnpa (C)
Omnopnas nadopmanus:
o |ml=mem=0;
o |m|=-meom<0;

* |ml=omem=0, ecmn o #*1;

|m| — o >0 pns mobbix m u oe [-11];
e pu o; € [-11]
2|l = X oim; i ] = om;

IIpesiaraeM OJMH U3 BapUAHTOB.
1) BosbMem s ys06¢TBa JI06ble YeThIpe 1IEJbIX YKCaa Ha
4yKCI0BON ocu nepemenHoii x (puc. 3).

Ry

k [ m n
Puc. 3

2) Pazo6beM aTn YeThIpe Yncia Ha ABe TTapbl KOpHeit Oy Iy X
MIPUBE/IEHHBIX KBAJPATHBIX TPEXUJIEHOB. BO3MOXKHBI TPU CJIy-
vad.

Cayuaii 1 (puc. 4):

P=(x—-k)(x-1)=x*—(k+1)x+kl
O=(x-m)(x—n)=x*~(m+n)x+mn.

e o] o o] |
NV

Puc. 4

2

Cayuai 2 (puc. 5):
P=(x-k)(x—m)=x*~(k+m)x+km

Cayuaii 3 (puc. 6):
P:(x—k)(x—n)=x2—(k+n)x+kn

=(x=0)(x-m) x—l+mx+lm.
PMC6\_/

3) Ha kaskoM 13 [SITH HHTEPBAJIOB BO BCEX CJYYasX T0JIyda-
€Tcsl CBOSI KOMOMHAIS 3HAKOMOCTOSTHCTBA OOOUX TPEXUJICHOB.
Hanpumep, ans cayuas 1 aTo mokasaHo Ha pHCYHKe 7. 371ech

\ ]

o B\l o MG e @

Puc. 7

TepBBI 3HAK — 3HAK MHOTOYJIEHa P, a BTOPOH 3HaK — 3HAK
muorousena Q. IloatoMy /7151 mostyyenns HalKUX ypaBHEHUIT BO

2012/Ne5-6

BCEX CaIydasX OObsABJSAEM YKa3aHHBIM CIOCOGOM KOMOMHAIMH
3HAKOIMOCTOSTHCTBA MHOTOUJIEHOB P 1 Q.

4) Tlycte Xy m Xy — Gynymue kopan ypasuerns (C).

B KaxJ0oM ciydae Mbl MOXKEM Pa3MECTUTh 5TH KODHH Ha
MOOBIX MHTEPBaJaX 3HAKOMOCTOSHCTBA MHOTOYJIEHOB P 1 Q.
[TosToMy NpUHUMATE CAMOCTOATEJNBHO PENIEHHe, KaK J1ajiee
nopoxaarh ypasuenne (C). Mbl A1 TpEMepa paccMOTPUM
TOJIBKO OJIH BApPUAHT.

5) Tonyuenune ypasuenusi (C) s caydas 1.

PaciiosioxkuM Ha 0CH IepeMeHHOl X KOpHU Xy u Xy (puc. 8).

U3 pucynxa BuaHo, 4to P (x)<0 u Q(x)>0, a P(x,)>0

[

[ m n x

Puc. 8

u O (xy)>0. OGo3HaunM TpeXUsleH ¢ KOPHIMH X; U Xy Kak
R(x), T.e.

R(x)z(x—x1)(x—x2)=x2 — (2 + 29) 0 + 2005 .

Bepem mi06y10 TIPOCTENTINYIO JTUHEHHYI0 KOMOUHAIIUIO MOJY.JIei
muorounenos P, Q u R. Hanpumep, 2|P|+3|Q|+2|R|. Ilo-
CKOJIbKY MBI XOTHUM. YTOOBI OTBETOM GbLIM KOPHU MHOTOYJIEHA R
(06a KOpHS MM OJIMH U3 HUX), MbI GEPeM JIMHEITHYI0 KOMOUHA-
IIII0 MHOTOWJIEHOB P, Q 1 R, coXpaHsst Moy i K0a(DUITEeHTOB
JJIs1 MHOTOWIeHOB P u Q 1 yMeHbIast MOAyJb Koadduimenra
NI MHOTOUJIeHa R. BO3HUKAIOT cJjeyioniye BapuaHTbI:
1.2P +30 + R,

2.2P +30 - R,
3.2P - 30 + R,
4.2P - 30 - R.

Mpbr ne BapbupoBamm 3HaK y P, Tak Kak jgagee Mbl OyaeM
paccMarpuBaTbh MOJYJIM IIOJIyYeHHbIX JIMHEHHBIX KOMOUHAIMIL.
Kaxxaplil BapuaHT HaM I03BOJIsIeT HallucaThb ypaBHeHHe BUa

(C):
1. 2|P|+3|0| +2|R| =
2. 2‘P‘+3‘Q‘+2‘R‘:
3. 2|P|+3|0|+2|R| =
4. 2|P|+3|Q| +2|R| =|2P - 30 - R|.

Yunpaxuenue 4. Onmpasich Ha cOPMyTMPOBAHHYIO BBIIIE TEOPE-
My, JIOKQXUTE, YTO
R =0,
PO >0
R =0,
PO <0.

1) Bapuant 1 < Bapuanry 2 < {

2) BapuanT 3 & BapuanTy 4 < {

Orkyna caemnyer, 4yto B Bapuantax 1 u 2 orBeroM OyjeT
X =X, aBBapuanTax 3 mu 4 — x = x;.

OcTasoch ypaBHEHNS BCeX BAPUAHTOB 3allUCATD B IBHOM BHJE,
HAIpHUMEp, B IEPBOM BAPHAHTE HOJIYYUTCS

2P + 30 + R = 2(x* = (k+1)x+kl)+
+ 3(x2 —(m+n)x+mn)+(x2 = (x +x2)x+x1x2).
Orcioza
2027 = (k+ ) x+ ki +
+ 3‘3(2—(m+n)x+mn‘+2‘x2—(x1+x2)x+x1x2‘=
:‘ze—(Z(k+l)+3(m+n)+(x1+x2))x+2k1+3mn+x1x2‘.

Omeem: x = x,.



MATEMATUYECKHUHN KPYXOK

pa3pe3aHunm
BbIMYKbIX
MHOrOYrofIbHUKOB

A.3AC/IABCKUU

AJTAYN HA PASPE3AHUE BJIATOJIAPA ITPOCTOTE U HATJIA-

JHOCTH UX (DOPMYJIMPOBOK BCET/la MOJIb30BAJIICDH TOIYJISP-
HOCTBIO y JiiobOuTesieii MateMatuku. [Ipw 2TOM HEKOTOpbIE U3
9THX 33/1a4 OKa3bIBAIOTCS BechbMa cyioskubiMu. Harpumep, cdop-
MYJIMPOBaHHAs B HavaJe IPOILJIOT0 BeKa 3a/1a4a 0 pa3pe3aHuu
KBa/[pata Ha MOTIAPHO PA3IMYHbIE KBA/[PATHI MEHBIINX PA3MEPOB
OblLJTa PelIeHa TOJBKO CITYCTSI HECKOJIbKO JEeCSATHIIETHI, TpHIeM
JUUIS1 ee pellieHnsT ObLI pa3paGoTaH CHelHaTbHBIN METO/I, OCHOBAH-
HbBIIT Ha (DU3UYECKON MHTEPIIPETAINN Pa3pe3aHus. Y AMBUTEIb-
HO, HO 9THM JX€ METOJIOM MOKHO PElINTb ¥, Ka3aJoch Obl, He
MMEIONIYI0 HUKAKOTO OTHOIIEHUS K pa3pesaHusaM 3a/ady o
cayyvaitnom 6aysknanuu. [TogpoGHee 06 5TOM MOKHO TTPOUNTATD
B kHure M.I'apanepa « MaTtemMarnieckue roJloBOJIOMKH 1 pa3BJie-
yenus» (M.: Mup, 1999) uim B cratbe M. Cronenkosa, M. IIpa-
conoBa u C.J/lopnuenko «Paspe3anis MeTaIIMYeCKOro MpsMo-
yroapuuka» («Kpant»> Ne3 3a 2011 rom). Cremyer Takxke
3aMETHTD, YTO BOIIPOC O HAUMEHDBIIEM YUCJIE PA3JNYHBIX KBaJl-
paToB, Ha KOTOPbIe MOXKHO paspe3aTb KBAJApaT, [0 CUX IOp
OCTAETCST OTKPBITHIM.

HeoXuIaHHO CIOKHBIME MOTYT OKA3aThCsI U 33/IaU O pa3pe-
3aHMKU MHOTOYTOJIbBHUKOB Ha TpeyrosibHuku. Hanpumep, He ns-
BECTHO AJIEMEHTAPHOE peleHe CAeAYIONell 3a/[aui: MOKHO JIH
paspesarb KBa/IpaT Ha HEYETHOE YHUCJIO PABHOBEINKHUX TPEYTOJIb-
HUKOB. [lomnpoOyiiTe caMOCTOSITEIbHO PEINIUTD JIBE BIIOJIHE dJie-
MEHTApHbIC, HO TOJKE HE OYCHDb ITPOCTDBIC 3a/1a4H.

Yupaxxunenus

1. [lokaskute, 4TO JFO60I MHOTOYTOJBHUK MOKHO pa3pes3aTh Ha
a) mpAMOyrosbHbIe; 6) PaBHOGEAPEHHBIE; B) TYNOYTOJbHBIC;
I') OCTPOYTOJIbHBIE TPEYTOJIbHUKH.

2. Ha xaxkoe HamMeHbIIIee YNCJIO TYMOYTOJBHBIX TPEYTOJbLHIKOB
MOJKHO paspesaTb KBaapar?

B a710ii cTarbe Mbl Oy/ieM pa3pe3arhb BBIITYKJbIe MHOTOYTOJIb-
HUKM Ha BBIIYKJble MHOTOYTOJBHUKN C HONAPHO PasJIMuyHbIM
YICJIOM CTOPOH. Bompoc, Ha KOTOPBIt MbI Obl XOTeJW HANTH
OTBET, MOKHO c(OPMYJIMPOBATDH TaK.

Merazanava. /an evinyxaviii n-yeoavhux. Ilpu kaxux k ezo
MOKHO paspe3amv Ha R 8biNYKAbIX MHOZOY20JbHUKOE C NONAPHO
PASNUUHBIM YUCTIOM CTOPOH?

K cosxanennto, mMotHOTO pemeHust Meras3a/iaqn aBTop Mpejiyio-
JKUTh 4YUTaTeIsIM He MoxeT. TeM He MeHee, Mbl JOKaKeM
HECKOJIBKO JIIOOOIBITHBIX Pe3yJbTaToOB, & UMEHHO:

1. Ans xaxdozo k cywecmsyem maxoe wucio 0, 4mo
MHOZOYZONOHUKU, UMEIOWUE MEHbULE Ny, CIMOPOH, HeAb3s Pa3pe-
3amo na k MHO20Y20/bHUKOB, A MHOZOY20ILHUKIU, UMEIOWUE Ny,
wiu 6obuLe CIMOPOH, — MOKHO.

2. [lnsiuucen ny, 6yo0ym noayueHvl 6eprHUE U HUKHUE OUECHKU,
xomopvie npu k < 17 oxasvleaiomes paguvimu. Imo no3eoiiem
damy omeem na eonpoc mezazadauu npu ecex n <100.

Pa36op cnyyasa n =3

[l n = 3 Merazaziava npejsarajach B «3ajgaunuke « Kpanras
(M1807). HamoMuuM ee perienue.

ITyctb m — HamnboJiblliee U3 YUCEJ CTOPOH MHOTOYTOJIbBHUKOB
pasbuenns. Tak Kak COOTBETCTBYIOIIMI MHOTOYTOJbHUK BbBITYK-
JIBIf, K TPaHUIle TPEYTroJbHHUKA MPHUMbIKaeT He Gosiee 3 ero
ctopoH (jiBe CTOPOHDBI BBIMYKJIOTO MHOTOYTOJbHUKA HE MOTYT
JIeKaTh HA OJTHOM TIPSIMOIi, 3HAYUT, K KaXK/0H CTOPOHE TPEYTOJIb-
HWKa NPUMBIKAET He 60JIee O[HON CTOPOHBI MHOTOYTOJIbHIKA). B
CHJTY BBIYKJIOCTU OCTAJIBHBIX R — 1 MHOTOYTOJBHIKOB KasK/IbIi
13 HUX FPAHIYHT He GoJiee YeM € OJTHOIT CTOPOHOIT /m-yTOJMbHUKA.
CunenoBatesnbHo, m < k+2, U, 3HAYUT, €CTb €AMHCTBEHHAS
BO3MOKHOCTD: TPEYTOJBHUK Pa3pe3aH Ha k MHOTOYTOJbHUKOB C
YUCJIOM CTOPOH OT 3 10 R + 2.

Tak xkak (k + 2)-yroJbHUK TPAHUYUT C TPEMsSI CTOPOHAMU
MCXOHOTO TpeyroabHuka, (k + 1)-yToIbHIK MOKET TPaHIYNTh
TOIbKO ¢ aAByMs u3 Hux (puc.1). CrrepoBarenbHo, OH JOJIKEH
IPAHUYHUTH CO BCEMH OCTAJIBHBIMU MHOTOYTOJbHUKAMU. AHAJIO-
THYHO, R-YTOJBHUK MOXKET TPAHUYUTD JIUIIb C OJHON CTOPOHOI
HUCXO/IHOTO TPEyTOJbHUKA
M, 3HAYUT, TPAHUYUT CO
BCEMHU OCTAJbHBIMU MHO-
royrojgpHukamu. Hako-
ner, (k — 1)-yroJpHuk He
MOJKET TPAHUYUTD CO CTO-
pOHAMU TPEYTOJbHUKA,

TAaK KaK B IIPOTHBHOM CJIy-

Jae OH He OyJeT I'PaHH-

YUTh C KAKMM-TO U3 TPeX k+2
NpeAbIAYIIINX MHOTO-
YTOJIBHUKOB, TTOITOMY OH
IPAHUYUT CO BCEMU MHO-
TOYTOJIbHUKAMU.

Taxum 06pa3oM, TIpu k > 4 sATh MHOTOYTOJBHUKOB ¢ HANGOJTb-
[IMM YUCJIOM CTOPOH MOMAPHO rpanuyar Apyr ¢ apyrom. Ho na
IJIOCKOCTH TSITD MONAPHO PaHUYaInX 00JacTeil CymecTBOBaTh
ne moryr,! caenoBarenb-
HO, tipu kB > 4 uckomoe
paspesanHue HEBO3MOYKHO.
[Ipumep paspesanus c
k = 4 mpuBeieH HA PUCYH-
ke 2. IlocTpoenue npume-
POB [uIst B = 2, 3 He nipe/i-
CTaBJISIET CJIOXKHOCTEH.

K cosxkasenuio, 1onbit-
Ka PacnpoCTPAHUTD MPH-
BeJleHHOE pacCy’KeHne
Jaxke Ha ciaydail n = 4
MPUBOJUT K HEOOXOIMMO-
ctu niepebopa GOJIBIIOrO YKMCJa BapUAHTOB. PemuThb ke Takum
C1r0co00M 3a/1a4y /IS 12 > 4, CKOpee BCero, BOOOIIE HEBO3MOKHO.
[Toatomy Gynem JieiicTBOBAaTH MHAYE.

3amaua 1. Joxaxume, umo ecau na R mMHnoz20yz01oHUKO0E
MOKHO pPa3pe3amv N-yz0NbHUK, MO MOXKHO MAK pa3pe3ambv u
MHOZOY2OJIHUKU € OONOUUM YUCTOM CINOPOH.

Pemenne. /locTaTOYHO TTOKA3aTh, KAK MOXKHO M3 Pa3pe3aHusl
N-yrOJbHUKA TIOJTyunTh paspesanne (n + 1)-yrompruka. Ilycts
MHOTOYTOJMBHUK Aj...A, paszpe3an Ha MHOTOYrOJbHUKHI
P, ..., P,, umeommne my <...<m, CTOPOH COOTBETCTBEHHO.
Paccy:xzas Tak ke, Kak B cIydae 7 = 3, MOXKHO yOeIUTBbCS, UTO
MHOTOYTOJIbBHUK P}, COAepKUT O/IHYy M3 CTOPOH HCXOJHOTO 7-
yrosbHuka. MOXHO cyuTaTb, 4TOo 310 cTOpoHa A,A; MHOroO-
yrosbHuKa. BosbmeM Touky A, BHe MHOTOyTOJIbHUKA A ... A,
U J0CTaTouHO OJm3Ko K cepeaumne A,A; Tak, 4TOOBI YTJIbI

Puc. 1

Puc. 2

1 06 srom MosxHO npovecTh, Hanpumep, B kuure B.I. Boarsanckoro n
B.A.Edpemosnua «Harasgauas tonogorusi» (Bubimoreuka «KsaHT»,
BBIT.21).
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A, A Ay m A, A,A,_; 6b1n Menbitie 18(° . Tora BbITyKJIbIIT
MHOTOYTOJIbHUK Ay ... A,,; Oyner paspe3aH Ha R BbITYKJbBIX
MHOTOYTOIHUKOB: P, ..., P,_{ U MHOTOYTOJBHUK, TIOJTyYCHHBIIT
u3 P, 3amenoit croponbr A,A; na nomanyio A,A,,A4;. Yucnao
CTOPOH 3TOTO IOCJE[HET0 MHOTOYTOJbHUKA paBHO My, +1, T.e.
6oJibllie, yeM y J11060ro U3 MHOTOYTOJIbHUKOB P, ..., P,_; .

Taxum 06pasoM, [IJIsT KaK/I0TO R CYIECTBYET TAKOE YHCIO 7y,
YTO MHOTOYTOJIbBHUKH, UMEIOIINE MEHDIIE YeM 7, CTOPOH, HEJIb3sT
paspesaTb Ha kR MHOTOYTOJBHUKOB, & MHOTOYTOJbHUKH, UMETO-
e 7y, 1iau GoJIbIlle CTOPOH, — MOKHO. By/ieM ucKaTh OleHKN
JUISL 9HCesT Ny, .

HwuXHAa oueHka n,

[TycTb n-yroJbHUK pasdpe3at Ha R MHOTOYTroJbHIKOB. O603Ha-
YHIM Yepe3 .S CyMMY YIJIOB 3THX MHOTOYTOJbHIKOB, H3MEPEHHYIO
B Pa3BEpPHYTLIX yriax. Tak Kak MHOTOYTOJIbHUKN MMEIOT TIoap-

k(k+1)
HO PasJInyHOEe YUCJO CTOPOH, TO S = ——=.

BepimuHbl MHOTOYTOJBHUKOB Pa30HEeHHsT OTHOCATCSI K OTHOMY
13 CIEAYIOMUX THUIIOB.

1) BepIuunbl HCXOAHOTO MHOTOYTOIGHUKA, SBJISAIONNECS Bep-
IIMHAME POBHO OJTHOTO MHOTOYTOJIbHUKA Pa3OUEeHUsI.

2) BepImmHbI HCXOHOTO MHOTOYTOTBHUKA, SIBJSIONINECS Bep-
MIMHAMEI HEeCKOJIbKUX MHOTOYTOJIbHHKOB pasbuenus. OG6o3Ha-
YUM WX YHCJO Yepe3 m, TOrja BEepHIMH MepBOro Tuiia Oyaer
n—m.

3) BepmmHsl, Jexarnme Ha CTOPOHAX UCXOHOTO MHOTOYTOJIb-
nuka. O603HAYNM WX YHCJIO YEpes3 X.

4) BepumuHol, JeKaime Ha CTOPOHAX MHOTOYTOJBHUKOB Pas-
6uenns (u He copnajzawlme ¢ ux BepinHamu). O603HAUNM UX
YICJIO Yepes Y.

5) BepumHbl, He JexKaime Ha CTOPOHAX HCXOAHOTO MHOTO-
VTOJbHUKA 1 MHOIOYTOJIbHHKOB pasbueHus. OG6G03HauMM UX
YHCJIO Yepes Z.

3aMeTHM, YTO CyMMa YIJIOB MHOTOYTOJIbHHKOB pa3OueHust B
BepIIMHAX TPETHETO 1 YeTBEPTOTO THIIOB PAaBHA T , & B BEPIIIHAX
ngroro tuna — 21. Orcioja 1oay4yaeM paBeHCTBO

S=n-24+x+y+2z. 1)

[lanee, kax/as U3 BepIIMH BTOPOIO, TPETbEro UJU YeTBepToro
THIIOB IPUHAJIEKUT XOTSI ObI ABYM, a ISTOTO — XOTSI OBl TpeM
MHOTOYTrOJIbHIKaM paséuenust. [losTomy /151 CyMMapHOTO KOJIH-
4YecTBa BEPIIMH 3TUX MHOTOYTOJBLHHKOB, paBHOro S + 2k,
TOJTy4aeM HEePaBEeHCTBO

S+2k=(n-m)+2m+2x+2y+3z. 2)
Borunrast (1) usz (2), nonyuaem
24m+x+y+z<2k.

C apyroit cropoubl, yMHOXKUB paBeHcTBO (1) Ha 2 U BbIUTS U3
nero (2), momy4aem

n—-4-m+z=>8-2k.

Iyctb [ = m + X — KOJMYIECTBO MHOTOYTOJIBHUKOB Pa3Ouenusi,
rpaHUYaNUX € BHEIIHOCTBIO HCXOJHOTO n-yrosbHuka. Torsa,
06beiNHsIsE JIBA MOJTyYEeHHbIX HEPABEHCTBA, HOJydaeM

S—2k-n+4<z<2k-1.
U, suauwur,

n21+5—4k+621+w,

3

3amernM Temepsw, uTo [ = 3, u ecaum yopaTh | MHOTOYTOJIBHI-
KOB, 006pa3yIoIuX IPAHUILY 7-YTOJbHUKA, TO TOJIYYUM 06JIACTD,
OrpaHIYeHHyIo [ BBITYKJIBIMU BHYTPH €€ JJOMAHbIMU 1 Pa3pe3an-
Hylio Ha k — [ MHOTOYTOIBHUKOB. IIpoaedopMupoBaB aTu MHOTO-
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YTOJBHUKH, MOKHO MPEBPATUTH 06JIACTb B BBIMYKJIBIH [-yrosb-
nuk. Caegosarenbto, [ 2 ny,_; . [loacrasiss B (3) MUHEMaIbHOE
[, ynoBIIeTBOpSIONIEe TOMY HEPABEHCTBY, MOJIYUYNM PEKYPPEHT-
HOe BbIpaXKeHue A1 7, . BocrosbdyeMcst UM JJs1 BBIYUCIEHHS
HECKOJIbKUX TIePBBIX 3HAYEHUI:

k| ng| ! k| n, | I
<40 3|3 f11|34]6
5043 12(42]6
61 6|3 || 13[52]7
71 9314|638
8|14 4 | 15]75] 9
9 |19 4 || 1687 ] 9
10 26| 5 17 | 101] 10

W3syuast ary TaG/MIy, MOKHO 3aMETHTD CJIE/YIONHEe 3aKOHO-
MEpPHOCTH.

Ecisint k yBesmmumBaercst Ha 1, T0o [ 1160 TaksKe yBEJIMUINBAETCS
Ha 1, 60 ocraercst 6e3 uaMeHeHust. I1pu 9ToM, ecJIi NCKITIOYNTD
MaJjible 3HAYeHWs k, TPU KOTOPBIX [ = 3, MHTEPBAJBI MENKIY
MOMEHTaMU COXpaHeHusi [ Bo3pacraior. ITy 3aKOHOMEPHOCTD
MOKHO [IOKa3aTb 110 WHIYKITHN.

Ha camom siesie, TIPOBEIEHHOE HAMU PACCYIK/IEHIE COAEPIKHUT
JIOBOJIBHO CYIIECTBEHHDIN 1TPo6eJ. Y TBEp:K/IeHNEe, YTO 06JIACTD,
OrpaHyeHHyIo / BBITYKJIbIMU BHYTPb JIOMAHBIMU, MOKHO IIPO/JIe-
(opMupOBaTH B BBIMYKJIBIN [-yTOIBHUK, COXPAHIS CTPYKTYPY €€
paspesaHus, Hy>KIaeTcs B lokasaTebeTBe. bosee Toro, ctporo-
TO MAaTEMaTHYECKOT0 JI0KA3aTeIbCTBA ATOro (haKTa aBTOPY HAUTH
He yzaajsoch. B kadectBe HepOPMAJIBHOrO apryMeHTa B IMOJIb3Y
€TO CIPaBe/JINBOCTU TIPUBEJEM CJIEAYIONIYIo (DU3MYeCKyto MH-
TepupeTtaiyio Tpedyemoil gedopmarmn.

HpeL[HOJIO)KI/IM, YTO CTOPOHDBI BHEHIHUX JIOMAHbIX — JKECTKHE
ITaJI04KN, COe/INHEHHDIC IIapHUPaMU B BEPIINHAX, a BHyTPEHHUE
CTOPOHBI OCTAJIbHBIX MHOTOYTOJIbHIKOB C/IEJIAHBI M3 TIPYKUHOK,
KOTOpPbIE MOI'YT PaCTATrnBATbCA (MeHHTb jI]H/IHy), HO HE MOryT

crubatbest. B roukax Ci, ..., C; — KOHIIaX JIOMaHbIX, OTPAHUYN-
Balolmux 06./'121CT]E)7 — HaJIOYKM M[PUKPEIVIEHbI K IJIOCKOCTHU.
Teneps 6yaem asurarb Toukn Cy, ..., C;, yBemunBas paccrosi-

Hue MeAay HuMu. Torma coefmHsioniue 9TH TOYKU JIOMAHbIE
OyayT TpUOIMKATHCS K OTPE3KaM TIPSAMBIX, U B Ipe/ese Mbl
[OJIyYUM BBILYKJIbIT [-yrosbauk. [Ipu 5TOM BHYTPEHHUE IPY-
JKUHKU TO-TIPEsKHEMY OyyT 00pa3oBbIBATD BBIMYKJIbIE MHOTO-
YTOJIbHUKH.

BerHﬂSl OoueHKa I7k

O11eHKy CBepXy /ISl YUCeJ 1y, TakKe Oy/IeM CTPOUTDH PEKyp-
PEHTHO, YBEJUYNBASI YHCJIO MHOTOYTOIbHIKOB pa3ouenus. [1yctb
n-yroibHuk A ... A, paspesan Ha B MHOTOYTOJBHUKOB, MMeEIO-
mux 3, 4, ..., B + 2 cropon. Eciu Ha Kakoii-to ctopore A;A;,4
n-yroJIbHUKA JIesKaT JiBe BeplMHbl By, By MHOTOYTOJbHUKOB
pasbuenusi, To npoaedOPMUPYEM ITU MHOTOYTOJIBHUKHU, CIBH-
nyB By, By BuyTpb n-yroipauka A4;...A, . B pesyabrare BMecTO
cTopoHbl A;A;,{ MBI OJIyYUM BBITYKJIYIO BHYTPb 7-yTOJbHUKA
Tpex3BeHnyto Jomanyio A;BiByA;, . Tenepb Bo3bMeM Ha TIPO-
noJokennn cropon A;_(A; m A A 3a Ay m Ajy toukn Cp n
Cy_y u coepunum ux jomanoit C;...C,_; u3 k — 2 3BeHbEB TaK,
4TOObI MOJIYYUJICS BBITTY KJIBI i MHOTOYTOJbHUK
Ay A GG Ajy .. A, ¢ n + B — 3 cropoHamu. DTOT
MHOTOYTOJIBHUK OY/IET pa3pe3an Ha MHOTOYTOJbHUKH, UMEIOIIHe
or 3 10 k + 3 cropoun. Ilpu arom 4ucjo [ MHOTOYTOJBHUKOB,
BBIXOJISIIINX HAa TPAHUILy, HE M3MEHUTCS, TOCKOJbKY MHOTO-
YTOJIbHUK, COJepIKaliuil ctopony BB, , 13 rpaHUYHOTO CTaHeT
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BuyTpenuum. Ha pucyn-
Ke 3 TOKasaHo, Kak,
TTOJTB3YSICh TUM AJTOPUT-
MOM, TOJYYUTb JIEBSATH-
YTOJIbHUK, Pa3pe3aHHblil
Ha CeMb MHOTOYTOJIbHH-
koB. O/THAKO /1aJbIIe Aeli-
CTBOBATH TaK HE yIACTCS,
MOTOMY 4TO CTOPOH, CO-
Puc 3 JIepsKalX J[Be BEPIIH-
HbI, He ocraHercs. Ilo-
ATOMY TIPUIETCS BBIGPATH OJHY U3 CTOPOH, COMAEPIKAIINX OIHY
BEPIIMHY, 1 PUCTPOUTD HOBbII MHOTOYTOJIbHUK K Hell. Torzaa [
YBEJMUUTCS Ha 1, a 4MCJI0 CTOPOH MHOTOYTOJIbHUKA — HA kR — 2.
[Tpu TPOIOIKEHUI ATOTO MPOTIECCA JBE CTOPOHBI, COEPIKATITIE
BEpIIUHbBI pa3Ouenusi, OyAyT COMMKATLCS, U B KAKOW-TO MOMEHT
CHOBA BO3HUKHET CTOPOHA, COJEPIKAIIAs JIBE BEPIINHDI, TAK UTO
Ha CJIEAYIOIIEM ITare MOKHO Oy/ieT 06oiTuch 6Ge3 yBesandeHus /.
[lns k <17 MOXKHO BBIOMPATH CTOPOHBI, K KOTOPBIM TPUCTPAN-
BAETCsT HOBBIIT MHOTOYTOJIBHUK, TaK, YTOOBI 9TH MOMEHTBI COBIIA-
JIAT ¢ MOMEHTaMH coxXpaHeHust [ B mpuBe/ieHHOIl Tabmuie. B
pesyJibTate sl BCEX OTHX 3HAUCHUI R BEpXHSS M HIDKHSS
oteHKu 6yIyT coBmagath. OCTAETCsI JIM 9TO BEPHBIM TIPH BCex K,
aBTOPY HEW3BeCTHO. BosMmoskno, umrtaresn <«KBanta» cMOryT
HATH OTBET Ha 3TOT BOIIPOC.

MopBenem ntorn

Wtak, XOTs pemnTh NoCTaBJeHHYIO Merasajady HaM He yja-
JIOCH, MBI BCE K€ CMOTJIN MPOJBUHYTHCSA B 9TOM HaIlpPaBJICHUN.
TIpeskzie Bcero, n3 pesyJbrara 3ajaun 1 ciaeayer, 4To 4ucao R
MHOTOYTOJIbHIKOB, Ha KOTOPbIe MOXXHO pa3pe3aThb BBIILYKJIbIil 12-
YTOJIBHUK, JIOJIZKHO JIEKATh MEK/Y 2 U HEKOTOPLIM 3aBUCSIIIM
OT 1 YUCJIOM k,naX . IIpu aToM mpeasToKeHHbBIE HAMU AJITOPUTMBI
TTO3BOJISTIOT OTIEHUTD 3TO YNCJIO KaK CBepXy, Tak M CHU3y. boJee
TOTO, JIJII PACCMOTPEHHBIX 3HAUeHUN 7 <100 BEPXHSI M HUIXK-
HSST OI[EHK! OKA3aJIUCh PABHBIMM, TaK YTO JIJIST OTUX 3HAYEHUI
3ajlada perreHa MmoJIHOCTDHIO.

[IpuBeneM HECKOJBKO BO3MOXKHBIX HAIIPABJIEHNHN JaIbHeTIe-
ro UccJeloBaHus Merasajiadi.

1. IIpeioskeHHbIE aJrOPUTMbI HE JIAI0T SABHYIO (POPMYJIY LIS
HIDKHUX U BEPXHUX OIEHOK YHCET 7, , a TOJbKO IO3BOJISIOT
MIOCTIEZI0BATEIPHO BBIUNCJATD 9TH OIEHKH. SBHasg dopmysa
1103BoJIIIa GbI HAXO/UTDH OLEHKHU /IS JJAHHOTO R HEHOCpeacT-
BEHHO.

2. Bprumenss s MaspIX 3HAYEHWH R BepXHHE W HIDKHEE
OIIEHKH, MBI OOHAPYKIJIN, YTO COOTBETCTBYIOIINE 3HAUEHHS [ BO
BCeX CJIy4asX COBIAJAIOT. JTO, B CBOIO Ouepe/ib, 06ecieunBaeT
U COBIQJCHUE CaMUX OLeHOK. Ecum coBnajenue 3nHadeHuii [
VZACcTCsT IoKa3aTh W JJISI OCTAJIbHBIX 3HAYEHHI R, Merazajgada
Oy/ieT MOJHOCTBIO PelleHa.

BoamoxkHO, unTatenmm CcMOTYT IHPOJBHMHYTBCSI B YKa3aHHBIX
HAlpaBJICHUSAX WMJM HAWTH JAPyTrHe MYyTH K OKOHYATEJbHOMY
PeIICHUIO Mera3ajayui.

Ewie HecKonbKo 3agay

B 3axJiiouenue npuBeieM erie HeCKOJIbKO JJOBOJIBHO CJIOMKHBIX
3a/1a4, GJU3KUX K pazoOpanHoii. [lepBble jiBe B3STbI U3 CTaTbH
O.Mxo6oaauna u JI.Kypasnaunka «PaspeskeM Ha TpeyroJibHuU-
k> («KBant» Ne5 3a 1996 r.), TpeTbio aBTOp pemain, Gyaydn
ITKOJbHUKOM Ha MOCKOBCKOW MaTeMaTHYeCKOH OJMMIINa/e B
1975 roay, yerBepras B3dra u3 3ajayHuka «Kpanrar.

3anauu

2. BpinykJIblit MHOTOYTOJIbHUK pa3pesaH Ha Tpeyrosbnuku. /oka-
SKUTE, YTO CPE/IN ATUX TPEYroJbHUKOB HaiijieTcst XoTsh Obl OJIUH, HA
TpaHMIle KOTOPOTO HET BEPIINH JAPYTHUX TPEYTOTbHUKOB.

3. IIpu xkakuX 7 BBIMYKJIbIH 7-yTOJBHUK MOXKeT ObITb pa3pe3ai Ha
TPEYTOJIbHUKHU TaK, YTOObI HU Y KAKHUX J[BYX U3 TUX TPEYTOJbHUKOB
He ObLI0 00IIeil CTOPOHDI?

4. CymiecTByeT JII BBITYKJIbIII MHOTOYTOJIBHUK, KOTOPBIH MOXHO
paspe3arb HA HEBBIITYKJIbIE YETbIPEXYTrOJbHUKN ?

5 (M484). Tlpu Kakux n CyUIECTBYeT BBITYKJbIi 7-yrOJbHHUK,
KOTOPBIII MOXKHO paspesaTb Ha HECKOJIBKO IIPABUJIBHBIX MHOTO-
YTOJbHUKOB?

d>XHaf JIEMMd

A.LUBEL{OB

MATEMATUKE I10/] JIEMMOI OBBIYHO IIOHUMAIOT VT-

BepIKJIEHNE, TI0JIE3HOE He caMo 110 cebe, a He0OXOAUMOE JIJIst

JIOKA3aTebCTBA APYTUX GoJiee BAKHBIX U KPACUBBIX TeopeM. B

Halleil cratbe pedb Toiiner 06 OHON TaKOoil JeMMe, Ba)KHOCTD

KOTOPOI TTocTapaeMcsl TOKa3aTh.

Teopema o cpegHell uHUM U3BECTHA IMIKOJbHUKAM HAYWHAS C

8-To KJacca, a BOT yTBep-

B JK/IeHNE, 0 KOTOPOM pPevb

ToiiieT HIKe, 3a4acTyio
YCKOJIb3aeT OT HUX.

Baknast niemma. [1ycmo

O — uenwmp onucanmoil

OKPYKHOCIU MPEY20.Jib-

nuxa ABC, H — ezo opmo-

o oy uenmp, P — cepeduna cmo-
porvt AC (puc. 1). Tozda
BH =20P .
A ' P ' C JlokaszareabpcTtBo. /lo-

Puc. 1 MOJIHUM PpHUCYHOK 1, a

WMEHHO OTMETHM TOUYKH
K, L, M — cepenusbl
orpeskoB AB, BH, CH
cootBeTcTBeHHO (pric. 2).
3amerum, qTo
OK | AB, Tak kak O —
TOYKa TIepeceveHust cepe-
JIMHHBIX TIePIEHINKY JIsI-
poB (IIeHTp omMCaHHON
OKPYKHOCTH), HO 0
CH 1 AB, mnostomy
CH || OK. Amajormuno A
y6exkpaemcs, q9T0  Puc 2
OP || BH . Janee, KP —
cpenusg smHus Tpeyrosbuuka ABC, mostomy KP||BC n

KP = EBC. A LM — cpenngs smnus tpeyroabHuka BHC,

1
caeposarenbio, LM || BC u LM =—BC . Ilomryuaem, 4to y

tpeyrosbHnkoB KOP u M HL cTOpOHBI TOIIapHO HapaJsiesbHbl,
cleloBaTesbHO, WX yribl monapuo pasubl (mouemy?). Ho

KP = %BC =LM , rt.e. AKOP=ALMH . TIlostomy
OP = LH = — BH , ueM ¥ 3aBepIIaeTcs J0Ka3aTeJbCTBO.

OxaspIBaeTCs, UTO JaHHAS KOHCTPYKIUS U300IIyeT napaJiie-
JIOTPAMMaMU U CPETHUMU JUHUSAMH. B 0003HAUEHUSX PUCYHKA
2 JIOKa)KUTE TaKHe YTBEPKCHUS.
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Yupakuenus

1. Orpesok PL paBeH paauycy OIUCAHHOI OKPY>KHOCTH TPEY-
rospHuKa ABC.

2. Touxa, cuMmmerpmyHasg Touke O OTHOCHUTEJIBHO CEPEIMHBI
Mesuanbl BP, jexut Ha Bbicote TpeyrosbHuka ABC.

3. Ilycrp GuccekTpuca yria B mepecekaeT oTpe3ok PL B Touke N.
Torna

a) NL = BL;

6) ZHNB =90°.

4. Ilpamas PL meprneHANKYJ/ISIpPHA KacaTeJIbHOI, TPOBEICHHON K
OIMCAHHON OKpYsKHOCTU TpeyrosbHuka ABC B TOuke B.

Bosiee Toro, Baxxnad JieMMa I03BOJISIET JIOBOJIBHO IIPOCTO
JIOKa3aTh TaKylo M3BECTHYIO TEOpEMY.

Teopema 1. Opmouenmp H, uenmp onucannoii okpyxuocmu
O u mouxa nepeceuenus meduan M aexam na 00Hot npsamou
(npamoit Jinepa).

HoxazatenbctBo. Ilyctp npamas OH mnepecekaeT Meanamy
BP 8 touke G (puc. 3). 3amernm, uto tpeyroapuukn OPG u

B HBG 1ofio6HbI 110 JIBYM yT-

BG BH
aam. lIloatomy —— =—.
GP OP

[To BasxmHOI JleMMe TOJTydYa-

BH BG
eM,4yT0 —— =2 = —— =
or GP
Takum o6pasoM, moJydaem,
O 4yT0 TouKa G JISKUT HA ME/IH-
ane BP n nennT ee B OTHOIIIE-
Huu 2:1, cuyurtas OT BepIIu-
_ HBI, 1103TOMY TOoYKa G ABJIA-
A P C eTcs TOUKOH Tlepecevyenns Me-
Puc 3 nnan tpeyroabHnka ABC.
[Ipsimas Ditnepa TecHO CBSI-
3aHa € JPYroil sKeMuy>KUHON 3/eMeHTapHON reoMeTpHH.
Teopema 2. Cepedurvl cmopoH, 0CHOBAHUSL 8bICOM U Cepedu-
HbL OMPe3Kos, COCOUHSIOUUX BEPUUHDL C OPMOUECHMPOM, Jle-
Kam Ha 0OHOU OKPYKHOCTU.
ITy OKPY)KHOCTb HA3BIBAIOT OKPYHKHOCMbIO 0essmu mouex
b0 oKpyKHOCMLIO Dilepa.

Ha nepsbrit B3rasy ka-
JKETCS, YTO TAKOE YTBEPIK-
JleHue JIOJDKHO JIOKa3bl-
BaTbCS OYEHD TPYAHO, HO
OKa3bIBAETCsI, YTO ITO HE
coBceMm tak. Ilycrp Ay,
Ay, Ay — cepenuHbl OT-
peskoB AH, BC n ocHOBa-
HUE BBICOTHI U3 BEPIIUHDBI
A. AHaJOTUYHO oOITpe/e-
aum toukn By, By, By n
Cy, Ci, C, (puc.4).
TTokaxem, 4To Bce yKa-
Puc 4 3aHHDIE JIEBSATD TOYEK Jie-
3KaT Ha OKPY>KHOCTH C JiHa-
merpoMm ByB;. 3amerum,
yro £ByB,B; =90°, 1o-
aTOMy TOYKa B, Jexur
Ha 3TOH OKpy:KHOCTH. B
tpeyroabuuke AHC orpe-
30k AyBy siBaisiercs cpei-
Hell JWHWeW, T03TOMY
AyB/||CH (puc. 5). B
tpeyrosbinke AHB AyB,
— Cpe/IHAs JIMHU, T103TO-

my AyBy || AB . C mpyroit
cropouni, CH L AB,
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cJIe/IoBaTesIbHO, U TIapaJi- B
JieTlbHble UM TpsiMble Gy-
JyT B3aUMHO IEPIIEH/INKY-
JApHBL, T.e. Z£BAyB) = B)
=90°, a3naunr, Touka A,
TaK’Ke JIEXKUT Ha OKPYIKHO- Cif
cti ¢ quamerpom ByB; . A

[MToxoxum ob6pasom :

JOoKa3bIBaeTcs, 4TO H
4B,C,B; =90° (puc. 6).
[eiictBurensuo, CB; — 4 .
CPeNHss JIUHUSA IS Tpe- B, B,
yroabuuka ABC, nostomy Puc 6
CB, || CB ,a Ci{B, —cpen-
HSS JIMHUS 71 TpeyrosbHuKa AHB, oTKy[a 3akjodaeM, 4To
CiBy | AH . Ho AH 1 BC, crepoBarenvio, u C;B; L C\B, ,
t.e. ZBCiBy = 90° , u, 3naunt, Touka C; JEKUT HA OKPYKHOCTH
¢ quamerpoM ByB; .

Temepp mokaxeM, uto u £BCy,By = 90° (puc. 7). 3amernm,
yro C,B; — Meamana npsgmoyrosbHoro tpeyrosabauka AC,C
[POBE/ICHHAS K T'HIIOTe-
Hyse, noatomy /B,C,C =
= /C,CB,. O6osnauum
9TH yIJIbl uepes o, . Torzaa
13 MPSIMOYTOJIbHOTO Tpe-
yroapauka CB,H waii-
nem, uro ZB,HC =
=90°-o ,n0 £C,HB, =
=Z4B,HC «xak BepTH-
kasbhbie, T.e. ZCyHBy =
=90° - o . C mpyroii cTo-
poubl, CyBy — Menmana 4
NpPAMOYTOJBHOTO Tpe-
yroapauka HC,B , npo-
BeJieHHas K runorenyse BH, nostomy £B,C,H = ZC,HB, =
=90° - o . CrenoBarenvio, £BC,B, =90°.

Jlis ocrauuxest tpex Touek Cy, Ay, A, MOXKHO mpoBecTu
aHAJOTMYHbIe paccysk/aeHud. Takum o6pasoM, Mbl ITIOKa3aJji,
YTO BCE /IeBSITh TOUYEK JIeXXaT Ha OKPYSKHOCTH ¢ inaMeTpoM ByB; ,
T.€. UCHMPOM OKPYKHOC-
mu dessimu mouex a6.5-
emcs cepeduna ompesxa
BOB1 .

[Tycrp npsamas OH ne-
pecekaer otpe3ok ByB; B
touke Oy (puc. 8). 3a-
METHM, YTO, COTJACHO
BaskHOU Jsiemme, OB =
= HB, . C npyroii ctopo-
uol, ZOOyBy = £ZByOgH
(kax BepTHKambHBIC) W 4
£0y0B) = LOyHB,

(Kak Hakpecr JexKalue pac. 8

yrasl). Crenosarenvio, AOOyBy = AHOyB) = B)Oy = B|Oy .
[pyruMu cjoBaMU, MBI JIOKA3adH, UTO UeHmMp OKPYKHOCU
dessimu mouex 1exum na npsamotl Jiiepa u s8asemcs cepeou-
HOUL ompe3sKd, coeduHsI0ULEe20 OPMOUEHMP U UEeHMP ONUCAHHOU
OKPYKHOCTIU.

Tenepp mocMoTpuM Ha Jpyrue JTOGOIBITHBIE CJIEACTBHS W3
BAKHOI JIEMMBI.

3agava 1. Jaun enucannovii uemvipexyzonvuux ABCD.
Hycmv H, — opmouenmp mpeyzorvnuxa ABD, H, — opmo-
uenmp mpeyeorviuxa ACD. /[loxaxume, umo BC = H,H,
(puc. 9).

Ha niepsblit B35/ KaskeTcst, 4TO 3a/1a4a He UMEET OTHOIIICHUS
K BKHOU JIeMMe, HO CTOMT OTMETHTD TIeHTP OKPYKHOCTH (TOuKa

Puc. 7
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O) u cepemHy CTOPOHBI
AD (touka P), xak cpa-
3y JKe BCE CTaHOBUTCH
nouTH oYeBH/HbIM (pHcC.
10).

B camowm zeste, 1o Baxk-
HOI1 JleMMe /1151 TPeyroJib-
Huka ABD 3akiiouaeM,
yro BH, =20P . A u3
tpeyroabuuka ACD
OIISITD K€ T10 BaXKHOI J1eM-
Me HaligeMm, 4TOo
CH, =20P . Cuenosa-
tenbno, BH, = CH,, , Ho
Beab BH. 1L AD u
CH, L AD, T.e. uerbl-
pexyronbank BCHy H, —
rapaJijieJiorpaMM, OTKY-
Jla ¥ cJie/lyer Hy KHOe HaM
yTBepIK/eHue.

Tenrepn onperesM etie
urouku H,, H, . Torga
OKa3blBaerTcsl, 4TO NPs-
moe AH,, BH,, CH_,
DH,; nepecexaiomcs ¢
00nott mouxe (puc. 11).

JTa TeopeMa /[0Ka3bl-
BAETCS HA Y/IUBJICHUE ITPO-

cto. B pemennn 3amaun
1 ™Mbl JOKasajum, 4YTO
BCH,H, napaJtJe-
JIOTPaMM, TI03TOMY OT-
pesku BH, w CH_ T0u-
KOl TIepeceyeHnst JeIsT-
cs nonostaM. Takumu ke
paccyskaeHusIMn  yoex-
JraeMcst, 9To JTo6ast mapa
W3 HaANIUX OTPE3KOB [ie-
JIUTCS TOYKOU Tiepeceye-
HUS T0II0JIaM, TI09TOMY
BCe UeThbIpe OTpe3Ka nMe-
10T OOIIYI0 Cepe/inHy.

Touky H nepeceuenust
Puc 11 npsIMBIX OyJZieM Ha3sbl-

BATb OPMOUECHMPOM Ue-
moipexyeonvrnuxa. TakuMm o6pa3oM, OPTOLEHTDP YETbIPEXYT0JIb-
nnka ABCD siBisieTcst cepeinHoil Kaxaoro u3 orpesxos AH, ,
BH,, CH. w DH,.

[Iycts L — cepennna ctoporbl BC BONCAHHOTO YeThIPEXYTOTb-
nuka ABCD (puc. 12). Tposeaem npsmyio LH (H — oprouentp
werbIpexyrosibinka). Kak Mbl Boisticaumn Bbine, H — cepeauna
orpeska CH,, 1.e. LH —
CPE/HAA JINHUA 171 TPey -
roapHuka BCH_, oTky-
na LH||BH,, w#o
BH. 1 AD, mnoasrtomy
LH L AD - Hpyrumu
cJIOBaMu, TepIeH/INKY-
J1p, OIYyIIeHHbIH u3 ce-
pemnnbl L cropousr BC
Ha TPOTUBOMOJOXKHYIO
ctopony AD, mpoxoaut
yepes opToreHTp H aToro
YeTbIpexyroJibHuka. Pa-
3yMeeTcs, aHaJOTHYHOe
Puc. 12 YTBEpIKAEHNE BEPHO U [T

cepesinH JAPYTUX CTOPOH. B
ITomyuaem, uto Bce Takue
NpsIMbIE TIEPECEKaIOTCs B C
OJIHOM TOYKE — OPTOIEHT-
pe YeTbIpexXyroJbHUKa
(puc. 13). H)
ITO YTBEPK/JCHUE Ha-
3bIBAIOT meopemoit. Mom-
Ka.
Menunany yerblpexy- A ; D
TOJIbHUKA OIPE/IEINM KaK
OTPE30K, COEJUHSAIONINI
cepeluHbl MPOTUBOIIO-
JIOKHBIX CTOpOH. B tpey-  Puc 713
TOJIbHUKE TPHU Me/IMaHbI
[IePECeKAIOTCS B O/IHOI TOUKe, a /LISl YeThIPEXYTOJIbHIKA HMEETCs
TaKoW aHaJsor.
3apmava 2. ITycmo K, L, M, N, E, F — cepeduvr ompe3xos
AB, BC, CD, AD, AC u BD coomeemcmgenuo. Tozda ompesxu
KM, LN, EF nepecexaiomcs ¢ oonoti mouxe (puc. 14).
[loka3aTebCTBO OIATHL-TAKU HCIIOJb3YET CPEHION JIMHHIO
TpeyroJbHuKa. 3ameTrnM, 4yto KE — cpeaHss JuHUS s Tpey-
rosbHuka ABC, moatomy B

KE:%BC n KE || BC.

AHAJIOTUYHO U3 TPEyTOJIb-

Huka BCD wHaiijeM, 4TO

EM:%BCMFMHBC

Takum 06paszoM, Tosyda-
€M, UTO YeThIPEXYTOJIbHUK
KFME — mnapaJanenor-
pamm. CieJIoBaTeNbHO, OT- 4
pesku KM u EF umeror
o0IIyIO cepeinHy. AHATO-
TUYHO MOYKHO TIOKa3aTb, YTO cepeauHbl orpe3koB EF u LN
coBrazaior. rak, Mbl nokasanu, 4ro tpu orpeska KM, LN, EF
nMelor oburyio cepenny G, T.e. OHH TI€PECEKAIOTCS M TOYKOMN
repeceyeHns JIeIATCs MOIoJIaM.

Touxky G OyjieM Ha3bIBATD UeHMPOUOOM YETBIPEXYTOJIbHIKA.

Ternepb Bce TOTOBO IS JIOKA3aTEJNbCTBA CJIeyIONIel 3aMmeya-
TEJIbHOW TEOPEMBI.

Teopema 3 (mpsamas Diirepa BIMCAHHOTO YETHIPEXYTOIbHNI-
ka). [lenmpoud G, yenmp onucannoii oxpyxnocmu O u opmo-
uyenmp H enucanmnozo ue-

MBIPEXY20SLHUKA  NeKAM B
na oonou npsamoi (puc.
15).

[loka3areJbCcTBO O4YCHD
CXO/ZIHO € JI0Ka3aTeJib-
CTBOM TeopeMbl MomiKa.
B camom pene, mycts N,
L — cepeiuHbl CTOPOH
AD, BC cOOTBETCTBEHHO,
a H, — oproueHtp tpey-
rombauka ABD (puc. 16).
Kak ™Mbl BBIACHWIM TIpU
/IOKA3ATEIbCTBE TEOPEMBL  p, - 75

Momka, LH=%BHC u

D

Puc. 14

LH || BH,. C gpyroil cropoHbl, 110 Ba)KHOIl JleMMe JJ1d Tpey-

1
ronbuuka ABD moayvaem, uro BH,=—ON, HO Belb

ON || BH, . CnepnoBatenbHo, yetbipexyroabiuk OLHN — ma-
pastesorpamy, noatomy npsmass OH copepxxut cepenuny NL.
Ho 4yTb BbIIIE€ Mbl BbIACHUJIN, YTO IEHTPOU/ G YeTbIpex-
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B YTOJIbHUKA ABJSACTCA Ce-
penunoit orpe3ka LN

(em. puc. 15)! OTkyna u

caeayer, uto Touku O,

C G, H nexar Ha ojHoii

H npsamoii. bosee Toro, Mbr
c nokasasn, uro Ttouka G
— cepemmna orpeska OH.

Mb1 0600IITUIHN TIPSMYIO
diirepa, a MOXXHO JIN KaK-
N TO 0600IIUTD OKPY>KHOCTD
neBatn Toyek? OxasbiBa-
€TCsl, UTO JIJIST BIIUCAHHO-
0 YeTbIPEXYTOJbHUKA
ABCD Bepen Takoii paxr.

Teopema 4 (OKpyx-
HOCTDb Jilepa BIUCAHHO-
rO YETBIPEXYTOJbHUKA).
Heumpor Oy, O,, O,
O, oxpyxnocmeil Oegs-
MU mouex mpeyzosoHu-
ko6 ABC, BCD, CDA,
DAB coomsemcmeenno
JleKam Ha 00HOU OKPY K-
nocmu (puc. 17).

Ilyers H., H, — op-
TOTIEHTPBI TPEYTOTbHIKOB
ABD, ACD coorBer-
cTBeHHO, a X, Y — cepe-
JIMHbI oTpe3koB BH,
CH, cOOTBETCTBEHHO.
Kax MbI BBISICHUJTH BBIIIIE
B JIOKA3aTeJIbCTBE OKPYIK-
HOCTH JIEBATU TOYEK [t
tpeyrospinka, O., O,
— CepeiiMHbI OTPE3KOB
XN, YN cooTBeTcTBEeH-
HO, TIe N — cepeauHa
cropoubt AD (puc. 18).

Mpl  3Haem, 4TO
BCH,H . —napasieor-
paMM, TOT/Ia TOJIydaeM,
yro XY — OTpe3ok, co-
€INHSIONINI CepeINHbI TPOTHBOIOIOKHBIX CTOPOH MapaJlJiesior-
pamma, noatomy XY || BC . C 1pyroii CTOpOHBI, B TPEYTOJIbHH-
ke XNY orpesok O,0, saBisercs cpefHEll JUHUEH, M03TOMY
0.0, || XY . Caenosaresnbuo, O,0, || BC , ananornunbie pac-
CY K/IEHVISI BePHBI U JIJIS APYTHX Map CTOPOH YEThIPEXYTOJbHIKOB
ABCD un 0,0,0,0, , T.e. ojiyyaeM, 4To Y 3TUX YE€THIPEXYTOJIb-
HUKOB CTOPOHBI ITONAPHO MAPAJIIEIbHbI, CJI€J0BATENbHO, U YTJIbI
MEX/Iy COOTBETCTBYIOIIN-
MM CTOpOHAMH paBHBL. Ho
pa3 B YETBIPEXYTOJbHUKE
ABCD 4B+ 4D =180°,
torga u ZO, +Z£0,; =
=180° (puc. 19). Or-
KyJZla W cJexyeT BIUCAH-
HOCTb YETBIPEXYTOJIbHUKA
0,0,0,0, .

OxkasbIBaercsi, 4TO 9TH
4eTblpe OKPYKHOCTH Jie-
BATU TOYEK IepeceKaror-
ca B omHoii Touke (cM.
puc. 17). Cormacuo yu-
pakHennio 1 mosyuaem,
uro XN =R =YN, rne R

Puc. 18

Puc. 19

2012/Ne5-6

— paauyc OKPY>KHOCTH,
OIIMCAHHOI BOKPYT YeTbl-
pexyroabuuka ABCD,
T.e. TpeyroJbHuk XNY —
paBuoGeapennbiii  (puc.
20).

C Jpyroii CTOpPOHBI,
KaK Mbl BbISICHUJIN BbIIIIE,
optorieHTp H deTbIpex-
yroabuuka ABCD saBnd-
erca neHtpoMm (TOUKOI
rnepecevyeHus JuaroHa-
neif) mapaJTesorpaMMa
BCH,H.. Hetpyauo
BUJIETb, 4TO OTPe30K XY
MIPOXO/IUT Yepe3 TOUKY TlepeceueHus JuaroHaseil rmapaJsiiesior-
pamma BCH,H,, t.e. uepe3 touky H, npu satom XH = HY.
Taxum o6pasom, NH sBisiercss Meuanoil B paBHOOEIPEHHOM
tpeyronbuuke XNY, nostomy £ZXHN =90°. CiegoBaresbHo,
Touka H JeXUT Ha OKpPy>KHOCTH ¢ auamerpoM XN, T.e. Ha
OKPY’KHOCTH JIEBSATH TOUYEK TpeyroabHUKa ABD. AnasormdHo
MO>KHO IIOKa3aTb, UYTO TOUKa /1 JIeKUT 1 Ha TPeX OCTaBIINXCS
OKPY>KHOCTSIX JIEBATH TOYEK. VITak, Mbl JI0Ka3a/am, 4TO OKPYIK-
HOCTH JICBATH TOUYEK II€PECEKAIOTCS B OPTOIEHTPE YETbIPEXy-
TOJIbHUKA.

Ho okaspiBaercst, 4TO OKPY>KHOCTH JIEBSITH TOUYEK TPEyTOJb-
unkoB ABC, BCD, CDA, DAB tnepeceKkaioTcd B OJHOU TOYKe
s mo6oro verbipexyrosbHuka ABCD, a He TOJBKO [Tt
BIHICAHHOTO!

Teopema 5. Oxpysxnocmu Oessimu mouex mpeyzoLbHUKOS
ABC, BCD, CDA, DAB nepecexaiomcsi 6 0010t mouxe. 1

Ilyers K, L, M, N, E, F — cepenunnl otrpe3koB AB, BC, CD,
DA, AC n BD cootserctsenno (puc. 21). Torma okpysKHOCTb
JIeBATH TOYeK JJIs1 TpeyroJbHuka ABD — 3TO NPOCTO OKPYXK-
HocTb, npoxoadamas yepes touku K, N, F (cepeauubpl ctopon

Puc. 20

Puc. 21

3TOTO TPEYTOJbHUKA), AHAJOTHYHO OKPYKHOCTD [IEBATH TOYCK
ais tpeyroabauka ACD — OKPY’KHOCTb, OIMCAHHAS BOKPYT
tpeyrosabinka NEM. I1ycTb 9TH iBe OKPYKHOCTH TI€PECEKAIOTCS
B Touke P. 3ameTnM, 4TO 4eThIpexyToabHNK KFDN — mapaie-
gorpamm  (nouemy?), mostomy £ZNKF = ZNDF . C papyroii
croponbl, ZNKF = ZNPF , Tak Kaxk olupaloTcsi Ha OHY Ayry
NF. Ilonyuaem, uto ZNDF = ZNPF . Takumu xe paccyskjie-
HASIMH TIPUXOAUM K paBeHCTBY ZNDM = ZNPM . Ocraercs
3aMETHUTDb, 4TO uYeTbIpexyrojbHuk LMDF Takike dB/sgercsd Ia-

1B 2003 TOIY 3TO YTBEPIK/EHNE TPETaraaoch 0Ka3aTh yYacTHIKAM
MaremaTtudeckoit osmmiunapr Cankr-IlerepGypra.
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pasesorpammoM (mouemy?), mosromy LFLM = ZFDM . U3
IIOJIyYE€HHbIX PABEHCTB IPUXOJMM K TaKOil IelouKe:

LFPM = ZNPM — ZNPF = ZNDM - ZNKF =
= ZNDM - ZNDF = ZFDM = ZFLM .

Ho pasenctBo LFPM = ZFLM o3navaet, 4o Touku F, P, L,
M gnexxaT Ha OJHOW OKPY>KHOCTHM, T.e. TOUKa P JeXHT Ha
OKPY’KHOCTH JIeBSITH Todek TpeyrosbHuka BCD. AHaJormuHO
JIOKA3bIBACTCS, YTO TOYKA P JIEXKUT M Ha OKPYXKHOCTH JIEBATH
touek Tpeyroibunka ABC. Takum 06pasoM, Hallle yTBep:KIeHUE
JIOKA3aHo.

[Tosryuennyto Touky P HasbIBalOT mouxotl I1onceie yeTbipexy-
roabauka ABCD.

[Tocote 2TOTO BO3HUKAET BOIPOC: & MOKHO JM OGOGHINTD
psAMyIo Jiijiepa Ha caydail HeBIIMCAHHOTO YeTbIPeXyTroJbHIKA?
IIpu onpesiesieHny OPTOLEHTPA YETHIPEXYTOJIBHUKA MBI HCITIOJIb-
30BaJI BAXKHYIO JIEMMY, T.€. TO, YTO YETbIPEXYTOJbHUK BIIUCAH,
Jla ¥ KaKOH aHaJor IEHTPY OINUCAHHOW OKPYXKHOCTH MOXKHO
TIPUYMATh JIJISI TPOM3BOJIBHOTO YeTbIpexyroybHnka? Ho oka3sbl-
BAETCs, U4TO €CTb TaKoe YTBEpPIK/CHUE.

Teopema 6 (A. T. Makumies). ITycms R — mouka nepeceuenus
duazonaneii wemvipexyzonviuka ABCD, G — yenmpoud uemoi-
pexyzonvrura, O — mouxa nepeceuenus cepeOunnbLy nepneHou-
KYyasapos K duazonansm, H — mouxa nepeceuenus: npsmvlx,
coedunsiowux opmoyenmpvl mpeyzoaviuxos ARD u BRC,
ARB u CRD. Tozda G — cepeduna OH. ?

Kax Mbl oTMeuasnu Bblle, IeHTPonJ G 4eTbIPeXyroJIbHHUKA
coBIalaer ¢ cepeaunoit orpeska FE, E u F — cepeanHbl
muaronaneiit AC u BD coorsercrsento (puc. 22).

C

A
Puc. 22

Manee, nycrs Hy, H,, H3, H; — OpTOIEHTPBI TPEYTOJbHI-
xoB ARB, DRA, CRD, BRC cooTBeTcTBeHHO. YeTbIpexyroJib-
nuk H{H,H3;H, dABigerca mapa/jejorpaMMOM, TaK KakK €ro
IIPOTHBOIIOJIOKHDIE CTOPOHDI TIOTIAPHO HapaJuiebubl. [Toatomy
touka H coBnagaer ¢ cepeaunoii orpeska H,H, . Tenepn
3aMeTHM, 4to orpesku HoH,; 1 AC 3akJoueHbl MeX/y napaJ-
senpubiMu nipsimbimn AH, w CH, , cieoBatesibHO, TpsiMast
HE, mnpoxopsiiasi 4yepe3 cepeHbl 3TUX OTPE3KOB, IMapas-
geabHa npsmbiM AH, u CH; (310 criemyer us TeopeMbl O
cpeaneit muaun). Takum o6pasom, moayuaem, uto HE || CH, ,
no CH, || OF (nouemy?), caeposarennno, HE || OF . Auaso-
ruyHo ybeskpaemcs, yro u HF || EO . WUrak, noJjydaeMm, yToO
yerbipexyroabank HEOF — mapasienorpamM, a pa3 touka G
— cepefiHa OHON ero aumaroHamn EF, To oHa sBJsgeTcd cepe-
[uHOM u ipyroii ero auaronanmu HO, 4uTo U 3aBeplIaeTr 0Kasa-
TEJbCTBO.

2 9ra samava npemarasach B 2005 rofy yuacTHEKaM (BEHATBIOTO
Typa reomerpudeckoil omumnuazabl umenn 1.@. [apeiruna.

3a11atm AJisI CAaMOCTOATEJIbHOTO PEIICHUS

1. B rtpeyrombrnke ABC touka H; cuMMeTpuyHa OpPTOLEHTPY
H ornocutesnvio Bepummabl C, a touka C; cummerpuuna touke C
OTHOCUTEJIBHO cepeinbl cTopoHbl AB. [lokaxure, uro mentp O
OKPY>KHOCTH, OIIMCAaHHOH oKoJio TpeyroibHuka ABC, sBisercs
cepeunoii orpeska H{C, .

2. Boicorst AA; u CC; octpoyrosbHoro tpeyrosbanka ABC
nepecekafoTcs B Touke H. OmmcaHHbIe OKPY)KHOCTH TPEYTOJbHMU-
koB ABC, BC;A; nosropHo nepecekaiorcss B Touke P. JloKaxu-
Te, yro npamas PH npoxoaur yepes cepeauny orpeska AC.

3. Tlpsimast [ — xacaTesbHast K OKPY’KHOCTH, OIMCAHHON BOKPYT
OCTPOYTOJIbHOTO TpeyroabHuka ABC, TpoBefeHHast B Touke B.
Touxka K — mpoekiiusi OPTOIEHTPA TPEYTOJIbHUKA HA TIPSMYIO [, a
Touka L — cepeanna ctoponbl AC. [lokaxkute, 4TO TPEYTOJbHUK
BKL paBHOGEpEHHDIN.

4. C noMOIIbIO HUPKYJIA U JUHEHKHN HOCTPOUTE TPEyroIbHUK 110
TouKke H TiepeceyeHus ero BBICOT, IeHTPY O ONMMCAHHON OKPY’KHO-
CTH ¥ TIPSAMO# [, Ha KOTOPOIl JIEXKUT OJHA U3 €r0 CTOPOH.

5. Ilycrs AjAyA3A4As — BHMCaHHBIR BBITYKJIBIH ATHYTOb-
nuk, Hy — opromenrp tpeyroapuuka AyAjAs, M, — cepeauna
croponnt  AzA,, [; — npsamag, npoxonsdmas yepes Toukun Hy u
M, . Ananornuno onpeaenum npsamoie by, I, I, 5. Jlokaxure,
YTO BCE HTH MIpsAMBIE [; TlepecekaioTcst B OHOI TOUKE.

6. BbIcOTBI OCTPOYTOJBHOTO HEPAaBHOOEAPEHHOTO TPEYTOJbHIKA
ABC mnepecekatorcs B touke H. Touku M u N — cepeiuHbl
orpeskoB BC u AH cootBeTcTBeHHO. /loKaxmTe, 4TO paccTosiHUE
MEK/y TOUKaMU IepecedeHus: npsamoit MN ¢ GuccekTpucaMu BHEII-
HEro M BHYTPEHHero yrjos npu Bepuiuie A pasuo AH.

7. Tlycte A; — Touka, CHUMMETpUYHas TOYKe A OTHOCHTENBHO
npsimoit BC. Torpa npsamas, npoxoasamnas yepe3 A U HeHTp OIu-
cannoit okpysxnocti Tpeyroabunka A BC, npoxoaut uepes Oy —
LEHTP OKPY)KHOCTH 9-TH Touek TpeyroupHuka ABC. Jloxaxmure
3TO.

8. Ilpsimas, mapasnienbhuas cropone AB tpeyrosphuka ABC u
npoxo/idimas 4epe3 optoreHTp H, nepecekaer BC B touke D, a
npsiMas, napajiesbHas cTopoHe BC 1 IpoOXojsmias 4epe3 OpTo-
nentp, nepecekaer npamytlo BC B touke E. Touku D° u E' —
OCHOBaHUS TIEPIIEHINKYISIPOB, OMYIIEHHBIX W3 Toyek D m E Ha
BC. [lokaxure, uto npsaMas D’E’ nepecekaeT OIMCAHHYIO OK-
pykHocTh B Toukax B’, C’, KoTopble AnMaMerpasbHO MPOTHBOIO-
JI05kHbI ToukaM B u C.

9. [Taubt yersipe Toukn A, B, C, D. Touku Ay, B;, C;, D,
— oproueHTpbl TpeyroabHukoB BCD, CDA, DAB, ABC. Touku
Ay, By, Cy, D, — oprouentpsl Tpeyroibinkos B,C,D, C\D A,
DAB, AB,C n t.1. Jlokaxxure, 4To BCE€ OKPY>KHOCTH, TIPOXO/IsA~
e Yepe3 CepeiuHbl CTOPOH TAKMX TPEYTOJbHUKOB, MePECeKaioT-
Ccs B OJIHON TOYKeE.

10. Ilyctp ®, — OKPY’KHOCTb, HPOXOJSINAs 4Yepe3 Cepe/IHbI
cropon AB, AD wu muaronamu AC 4erbipexyrosabHuka ABCD.
AHAJIOTHYHO OIIPe/IeITIOTCS OKPYSKHOCTH @), , ®, , ;. [Jokaxn-
Te, 4TO OKPYKHOCTH ,, @), ®,, O IEPeCceKaioTcss B OHOII
TOYKE.

11. [anm octpoyroubHblil Tpeyroabank ABC u Touka P, He
COBIIQ/IAIOMIAsT € TOYKOW IepecedeHnst ero BbIcOT. [lokakure, 4TO
OKPY’KHOCTHU, TIPOXO/ISIINE Yepe3 CepPelMHbl CTOPOH TPeyTOJbHIU-
koB PAB, PAC, PBC n ABC, a Takxe OKpPY>KHOCTb, IIPOXO/SIIast
Yyepes MPOEKIN TOYKN P Ha cTOpoHBI TpeyroabHuka ABC, mepe-
CEKaloTCsd B OJ[HOI TOUKeE.

Aemop 6aazodapen B.FO.IIpomacosy, a maxxe yuenuxam
wxoavt Ne179 2. Mockew Saiiyesou FOnuu, Muxaiinoey Heany
u Hexpacosou Tamuvsmne.
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A.lTAHOB

EUYEPOM 26 AIIPEJISI 2012 TOJIA TIOJYJ CUJbHBIN

TTKBAJICTBIN BeTep, W HaJ MOCKBOI TTpOHec ach MbLIbHAS
Oypsi. Topoj HakpbLIa Tyda 3JI0Belero 3ejaeHoro 1sera. Jloan
CTAJIV 3BOHUTD HA PAJINO U TeJIEBU/IeHNe, 0OMEHNBATLCS COOOIITe-
nugmu B uaTepuete. Corpyannkn MUC, oTBedas Ha 3ampochl,
OOBSICHIJIN 9TO SIBJICHUE €CTECTBEHHBIMU TTPUYMHAME: HACTYIIH-
Jla TIopa OOMJIBHOTO 1[BETEHUS /IEPEBbEB, U IIBETOYHAS IIbLIbIIA,
MO/IHATAS 3aT1a/[HBIM BETPOM, 3AIIOTHUJIA BO3/IYIITHOE IIPOCTPAH-
CTBO M OKpacHJia BCE B 3€JICHDIH I[BET.

Ha crenyiotiee yTpo s TIPOBOKAJ CBOUX 3HAKOMBIX B aspo-
nopt. OHM yJIeTa Il paHHUM PECOM, 1 MbI JIOJIZKHBI ObLJIN YCIETh
K CaMOMy OTKpPbBITHIO MeTpo. Korjga Mbl BBIIIM M3 JIOMA,
MAaIllMHBI BO [(BOpE ellle He Ppa3bexajichb M BCe OHH ObLIN
MTOKPBITHI 3€JICHOBATBIM HAJIETOM, OCTABIIUMCSI T0C]e OypH.
Takue xe 3esieHble cJe/ibl ObLIM BUAHBI M Ha acdasbTe.

Ot MerTpo s BO3BpAIAJICSA B/OJb Y IAJbIOBCKUX IPY/IOB.
CoutHite BCXO/NJIO, HO OBLIO €llle CKPBITO 32 JINHUEH YJATeHHbIX
IoMoB. Sl yBujEsN, YTO OpPeoJl BOKPYT BOCXO/SIIETO COJIHIA
MIPOH3EH IMTAaHTCKUM OTHEHHDBIM MEUOM, YCTPEMJIEHHBIM BBBICD.
W rtorpa g pocran tenedon u chenan nepsbie ¢ororpadun
(puc.1). 51 yske 3HaJ, 4TO ATUM JIEJIO HE 3AKOHYHTCS.

JleiicTBUTEIHHO, KOTZA COJIHIE MOSIBHJIOCH, OHO OKa3aJoCh
OKPY>KEHO IBETHBIMU KOJIBI[AMH, U TaK ObLIO B TEYEHUE BCETO
aroro aus. Korma s go6pasics 1o doroarnmnapara, To ¢ 6aaKoHa
caenal emte oy cepuio (ororpaduii (puc.2).

Uro ke 370 3a 06CTOSTEbCTBA, TPEBPATUBIINE MPavyHbINd
Beuep 26 anpesisi B npexpactuoe yTpo 27 anpess? O6 0HOM Mbl
y:ke ToBopwin. Byps nogHssa B BO3JAYX IbBLIbILY LBETYIINX
JIepeBbEB, MPENMYIIECTBEHHO Oepe3bl, U Ha CJeIyIOMmuil eHb
MockBa okazasach Ha JiHe KHJIOMETPOBOTO BO3/IYIITHOTO OKeaHa,
3aII0JTHEHHOTO MUPUA/IAMU MEJIbYANIINX YACTHUIL ATOH MbLIBIIDI.

A Teriepb — 0 TOM, K Y€MY 3TO IIPUBEJIO.

ConHeuHble cTonobl

O6patumcst cHavasa Kk pucyHky 1. Oruemmbie cToJ0bI, BO3HH-
KalolIie MpH BOCXO/I€ U Ha 3aKaTe COJIHIIA, XOPOIIO U3BECTHBI B
npupoge. OHH HMeOT COOCTBEHHOE HA3BAaHUE — COAHEUNbIE
cmoa6wr. B 3ameuaresibHoil kKiure M. Munnapra «CBer u 1BeT B

Puc.1. Opeos v MblibLeBOV COMHEYHbIN CToNnb

npupojie» 0oGpazoBaHUe CTOJOOB TMPHUIUCBIBAETCS OTPAKEHUIO
COJTHEYHOTO CBETA OT TIJIOCKWX TMIECTUTPAHHBIX TJIACTUHOK JIb/la
— TOHKWMX TPABUJIBHBIX TECTUYTOJIBHBIX TIPU3M.

IIpencraBum cebGe, 94TO MbI CMOTPUM Ha COJIHIIE Yepe3 06JIaKO
TAKUX IJIACTUHOK, BUCSINIUX B BO3/yXe TOPU30OHTAJIBHO WJIN
MOYTH TOPUZOHTAJIBHO ¢ HEOOJIBITUM Pa3OPOCOM YIJIOB HAKJIOHA.
CoJsiHeUHBIE JIyYM, OTPAKAIONIMECS OT HIDKHUX TPaHed TaKmx
[JIACTUHOK U TIOTA/IAfoIIIe B HAIII I'J1a3 Yyepe3 uX GOKOBbIE TPaHH,
Kak pa3 1 GOPMUPYIOT COMHEYHDII CTOJIO, PACIIONOKEHHDBIN HAJl
BOCXO/ISIIIM WJIH 3aXO/SIIUM COJTHIIEM.

Bepremcs k 27 anpens. Hu o kaknx KpHUCTaJIUKax JbJa He
MOTJIO ObITh U PeYd, MOTOMY 4TO B MOCKBE B 9TH JIHU CTOSLIA
PEKOP/IHO TEILTast TIoTo/a, 0K0JIo 27 rpalycoB. Beixoaut, 4To 3a
o6pa3oBaHIe COJTHEYHOTO CTOJI6A T0JKHA OTBEYATDb MbLIbIA, U Y
YACTHUI] HTOH TIBLIBIIBI JOJGKHA ObITh HUKHSSI IJIOCKasi TPaHb,
oGpatiieHHast K 3emJyie. UTO-TO HE CXOUIOCH. SI-TO TIPeCTaBIsI
cebe, UTo MbLIbIIa UMEET OKPYTJIYIO (POPMY U HIT O KAKOH TJIOCKON
IPaHU He MOKET W/ITH PeYb. DTO HYKHO ObLJIO YTOYHUTD.

S oTpickan yBesamdenHoe n3o6paskenne 6epe30BON THLIbIIEI
(em. http: / /www.marc-allergy.de /news /news/news-
detail /article /13783 /index.htm). Oxaszasoch, 4To yacTuia
cBeXell TBLIbIBI UMeeT (hOPMY Iapa ¢ TPeMsi OTBEPCTHSIMHU-
YCTBHI[AMH, PACTIOIOKEHHBIMI BAOJb 9kBatopa (puc.3). Ho mo
Mepe YChIXaHusl OHA MPEBPAIIAETCS B TPEYTOJbHYIO TLIACTUHY C
YeTKO PA3JUYNMbIMU BEPITUHAMHU, peGpaMu U TIJIOCKUMU I'PaHsi-
mu (puc.4; cm. http://www.sciencephoto.com /media,/
135900 /enlarge).

Tax uto 27 anpeJist BO3LYITHOE IIPOCTPAHCTBO GBLIO 3aIOJHEHO
TPEYTOJbHBIMI YaCTUI[AMU 0epPe30BO TIBLIbIBI € TPEnMyIie-
CTBEHHO TOPHM30HTAJBbHON opueHTtaiueil. OTpaskeHHbIE OT UX
rpaneil gyun u chopMupoBai coyHeyHblil ctoal. IIpaBaa, B
CHJTy MAJIOCTH YaCTHUIL, TYT CKOPEE CJIeyeT TOBOPUTH O [udpak-
1uu, a He 06 orpaskerun. Ho BBIBO/L O TOPU3OHTAIBHOM PaCIio-
JIOSKEHUH COXPAHSIETCS U B cyydae JuPaKIim.

Mbinbuesas KOpOHa

Tenepn o pucynke 2. BosHHUKHOBEHME TAKNX I[BETHBIX KOJEI]
BOKPYT COJIHIIA MJIN JIYHBI 9TO TOXKE XOPOTIO H3BECTHOE OMTHYeC-
KOe sBJICHHE. DTH KOJIbl[a HA3bIBAIOTCS 6eHuyamu. Kak omnucaHo
B YIOMSIHYTO! KHUTe MUHHAPTA, BEHI[BI BO3HUKAIOT B Pe3yJIbTa-
Te AUQPAKINN CBeTa Ha KalJIAX BOJABI WM Ha KPUCTAIINKAX
JIbjia B BO3/tyXe. MUHHAPT IUIIET, YTO BEHIIBI XOPOIIO Pa3BUTbI
M UX I[BETa YUCTBI, €CJIH KAl HMEIOT CTPOTO O/MHAKOBBIII
pasmep. U eme, yeM MeHbIIe pasMep Karesb, TeM OGOJBITHIT
pajiyc IMeIoT KOJIbI[a, 06Pa3yToIie BEeHIIDI.

Puc. 2. [TblibLjeBasi KopoHa



NPOTYJKHN C ®U3UKOM

Puc4. TpeyrosbHasa dacriya
1bl1bL{b/

Puc.3. LLlapoBas 4actviya bbbl

Bor nnrara u3 Munnapra: «...0bIBAIOT MOMEHTBI, KOT/Ia OHU
<BeHIIbI> HAGJIOAAIOTCS U TP abcoMOTHO sicHoM HeGe. [Ipe-
KpacHble MaJjleHbKHe BEHI[bl TaKOTO POJIa BOKPYT COJHIA S
Habmonan Ha Vepkckoit o6cepsatopun (okoso Uukaro) Ha
¢one rosy6oro nebas.

MuHHAPT TPUBOUT HEKOTOPOE OOBSICHEHUE ITOMY SIBJICHUIO
1 TIPU 9TOM He TIMIIET, Ha KaKOe BPeMsI ro/la IPUXONJIHCh ero
na6mogenus. Ho ecsm 1o 6bLIO BECHOI, TO Terepb MbI Obl
YBEPEHHO CKa3aiu, 4To MUHHAPT BUJIET NbLILUCEYIO KOPONY.
Kouibiia Ha pucyHke 2 — 3T0O pe3yJsbTaT TOM e caMoii Judpak-
UM, HO He HA KaIlIgX, a HA YaCTUIAX IIbLIbIIBI.

Caenaem He6osbIioe gonosHenue. Ecim 6bl opueHTanus
3TUX TPEYTOJbHBIX YACTHUI] MBbLIBIBI B BO3IYIIHOM IIPOCTPAH-
cTBe Obljla COBEPIIECHHO CJIyYallHOH, BEHI[bI UMeJH Obl CTPOTO
Kkpyrosyio ¢dopmy. Mexay TeM, Ha PUCYHKE 2 KOJbIA BbI-
TAHYTBl B BEPTHKAJBHOM HAIPABJIEHHH IDTO KOCBEHHO IOJ-
TBep:K/IaeT Hallle MPEANOJIOKEHNE O NMPEenMyIeCTBEHHO TOpH-
30HTAJIbHOI OpueHTaIuN 3TUX MUKPOCKOIIMYECKUX TPEYTroJb-

HHUKOB, KOTOPO€ MbI C/eJajn TPU OOCYKIEHUN COJHEYHOTO
crosba.

Kuura M.Munnapra «CBeT u 11BeT B pupo/ie» OblIa n3/laHa
B lonmanu B 1949 roay u nepesezieHa Ha pycckuii s3bik B 1959
rozsy. OHa [I0 CHX MOP SIBJISIETCS JIYUIITUM TTOCOOMEM TI0 TIPUPO/I-
HBIM OINTHWYECKNM sBiIeHUsIM. [IpaBma, B Heil HeT omucaHHsS
TIBLJIBIIEBON KOPOHBI, TaK UTO, MO-BHANMOMY, 9TO SIBJIEHHE CTAJI0
HIMPOKO U3BECTHBIM Y3Ke TI0CJIe Harnnmcanus KHUru. MoseTt ObITb,
9TO CBSI3AHO C HBIHENTHUM MIUPOKUM PACIPOCTPAHEHHEM AJITep-
rudeckux 3abosieBaHuil. IIbLablla pacTeHnil SIBISETCS MOITHBIM
AJUTepPreHoM, W cefyac MOBCEMECTHO MyOJIMKYIOTCS TPOTHO3bI
BpeMEeHH 1 OGUJIBHOCTH [IBETCHUST PA3JIMYHBIX PACTCHUI, a TAaK)Ke
u BpeMs nX (HaKTHYECKOTO IBETEHHsI. DTU MTPOTHO3BI UCIIOJIb3Y-
I0TCS1 AJIJIEPTUKAMHE, UX JIeYalllUMK BpadaMul ... pororpadamu —
OXOTHHKAMH 3a MBLIBIEBOH KOPOHOI.

Ha aTOM MBI 1 3aKOHUMM Halll pacckas 00 ONTHYCCKIX SBJICHUI
26—27 anpens 2012 rona.

YTto nouunTartb, YTO NOCMOTpPETb
Korpa B ciiesyionem arpeJie Bbl MOIBITACTECHh TPOBECTN HAGIIO/e-
HUe TIbLIBIEBOI KOPOHBI, Oy/bTe OCTOPOSKHBI — m36eraiite MmpsMoro
B3TJIsI/Ia HA COJTHIlE, BOCTIONb3YHTeCh COBETAMM, AAaHHBIMI MuHHAp-
ToM Ha ctpanuie 270 ero kuuru. BoT TouHble KOOPAMHATHI IEPBOTO
M3J[aHUS 3TOIl KHUTH Ha PYCCKOM SI3bIKe:

o M.Munnapm. Cser u usetr B npupoje. — M.: ®MJI, 1959.

Caiir Jlecsin Koyaua http: / /atoptics.co.uk / — ato BceoGbemirio-
asi SHIUKJIONE/MS TIPUPOJHDBIX ONTHYECKNX sBJeHH. Tam B TOM
YnCJe PaccKazaHo O COMHEUHbIX cronbax (sun pillars):

« http: / /atoptics.co.uk /halo /pillar.htm
n o meLIbIEeBoit kKopore (pollen corona):
« http: /' /atoptics.co.uk /droplets /pollen1.htm

NPOTYJKU C ®U3UKOMH

Kak cocpepoTountbcs Ha Gery?

(Ha4ano cMm. Ha 4- cTpaHuLe obs10XKi)

...Omnmcanne aToro ycTpoiicTBa 0b1JI0 OITyOJINKOBAHO B aMEpH-
kanckoM xypHase «Physics Teacher» B mae 2012 roga. Kpar-
KUl nepeBo/| Ha pyccKuil A3bik cTatbu A.Baprtiera ¢ HeKOTOpbI-
MU JIONOJHEHUSMU JIJI Halllero skypHadsa cjenan K.Borpanos.

Yrpom 30 masg 2011 roga B [lenp [TomunoBenus npubiansu-
TesIbHO 50 THICSY YeJOBEK YYACTBOBAIN B JAECITUKIIOMETPOBOM
npoGere. Cpean GeryHOB ObLT 3aMeUeH YeJOBEK, KOTODBIN B
MPaBoOil pyKe BEPTUKAJIBHO JIEPIKAJT TPEXMETPOBBIH IIECT TOJI-
MUHOM OKOJI0 TpeX CaHTUMEeTpoB. Ha BepxHeM KOHIIE miecTa
BBICOKO HAJI TOJIOBAMHU OETyIIX HAXOMIACH MAJTEHbKAST BU/IE0-
KaMepa, a K HUXKHEMY ero KOHILy ObLIU TIPUKPeIJIEHbl HECKOJIb-
KO JIepeBSIHHBIX OpyckoB. Bce ato coopyskenue, O4YeBH/HO,
MIPEHA3HAYAIOCH /TSI BUIEOChEMKH ITpoGera ¢ BbicoThl. Ho mpu
4eM TyT OPYCKH, KOTOpbBIE, KA3aJ0Ch Obl, TOJBKO YTSIKESIOT
BCIO KOHCTPYKITHIO?

CHauasa OTBETUM Ha BOIIPOC, MOYEMY JIyYIlle CHIMATD TOJITY
OEryHOB C BBICOTBI TpPEX METPOB, a HE HAa YPOBHE TOJIOBDI.
OueBUIHO, YTO MOJHSTHE KaMePBI BBICOKO HAJI TOJIOBOI yBeIU-
YIBAET PACCTOSTHUE /IO CHUMAEMBIX OOBEKTOB, & 3HAUUT, YMEHb-
IIaeT OTHOCUTEJbHOE N3MEHEHUE HTOTO PACCTOSIHUSI, BbI3BBAHHOE
nBrKeHreM Kamepbl. [10aToMy 06beKTbl ¢ GOJIbIIEH BEPOSTHO-
CTBIO OY/IyT HAXOAUTHCS B ee (hOKyce 1 B TI0JIe 3PEHMUs.

ITycTp Geryn mHeceT IIecT ¢ BUjeoKaMepoil 6Ge3 TpUKperieH-
HBIX BHU3Y OpYCKOB. Ilpm aTOM II€HTp Macc mrecta ¢ BHJEOKa-

Mepoii, 0603HAYEHHDI Ha pH-
CYHKe CHeH TOYKOI, HaXOUTCS
BbIllle KHCTH pyKu Geryna. Ode- v
BUJIHO, 4TO JTIOGbIe HEPABHOMED-

HOCTH TOPH30HTAJIBHOTO JIBIKE-

HI OeryHa IPUBOJAT K BO3HUK-

HOBEHUIO CHUJIbI, JEHCTBYIOIIEH

CO CTOPOHBI PYKHM Ha IIECT B
TOPU30HTATBHOM HAIIPABJICHHN.

Ecau cuna F nanpasiena Bipa-

BO, TO OHA IPUBE/IET K BO3HUK-

HOBEHUIO YTJIOBOTO YCKOPEHUSI B CUCTEME OTCYETa, CBSI3AHHOI €
LEHTPOM MAacC, a 3HAUNT — K BpAIaTeJbHOMY JABIKEHUIO IIECTa,
KOTOpoe 0003HAUEHO HAa PUCYHKE AYroOOPasHbIM BEKTOPOM CKO-
poctu. Ilpu 9TOM ABMIKEHUM KaMepa HAYHeT CHUMAaTh He6o, a He
yuacTHUKOB 1poGera. Takum 06pa3oM, HEPABHOMEPHOCTU TOPH-
30HTAJBHOTO TIOCTYHATETbHOTO [[BIDKEHUS, Hen30esKHble IIPU
6ere, BBI3OBYT BpalllaTeJbHbIe KOJeOAHUS KaMepbl B BEPTHKAJIb-
HOU TIIIOCKOCTH, a ToJia 6eryHOB OY/IeT TIEPUOITYeCKN HCUe3aTh
U TIOSIBJIATBCS] B 110JIE 3PEHMST KaMephbl.

[TpukpernuM Temepb K HIDKHEMY KOHITY IMECTa HECKOJIBKO
JIePEBSIHHBIX OPYCKOB TaK, 4TOOBI IIEHTP MAacC OKA3aJCs B TOM
MecTe, 33 KOTOPbIil GeTYH JIEPIKUT 111ecT. B aTOM ciryyae HepaBHO-
MepHOe TOPU30HTAJIbHOE /IBUIKEHNE He BBI30BET BPAIIATESbHOTO
JIBIDKEHUS IIeCTa M KaMepbl, TaK KaK MOMEHT CHJIBI, TIPIJIOKEH-
HOIl K IIeCTy CO CTOPOHBI OeryHa, OTHOCHTEJBHO IIEHTPAa Macc
Bcerna OyzieT paBeH HyJi0. B pesyJbrarte, W3 IOJIST 3PEHUs
KaMepbl ToJma 6eryHOB ncue3arb He Gy/IeT.

Budeoxamepa

I{enmp macc

(4 F




SakmoymTenbHbiv 3Tan XXXVIII
Bcepoccnmckom onuMniaabl LUKOJIbHWKOB
Nno MatemMaTuke

B 2012 rony 3akmounTenbHbIM 3Tan Bcepoccumckon MatemMa-
Tr4eckon onumnmaabl npoxodmn ¢ 23 no 28 anpens B CmMoneH-
cke. OpraHr3aTopoM onMMMagb! BbICTyNA CMOMEHCKUIA rocy-
[APCTBEHHbIA YHUBEPCUTET.

B onumnnage nNpuHANM y4acTvie toHble MaTeMaTuku, npem-
CTaBAsloOWME NpaKTUyeckn Bce pernoHbl Poccuu. Mo Tpem na-
pannensm (9, 10 1 11 KnNacchbl) YNCNO YYACTHUKOB COCTABMIIO
cootBeTcTBeHHO 106, 93 m 82 wkonbHMKa. Kpome KomaHg
pervoHoB Poccum B onnMnmMage MpUHAAM y4acTme KOMaHAbl
Bonrapun n Kutas — cTpaH, C KOTOpbIMU NPOAOIXKAETCSH MHOIO-
neTHee COTPYOHWNYECTBO U OOMeH Aenerauvsmu.

Kak 0b6bl4HO, B KaXA0M M3 ABYX TYPOB ONIMMMNMUAMbl YHaCTHN-
Kam Obinn npeanoxeHbl 4 3a0a4mM Pa3HOW CIOXHOCTU U Tema-
MKW, Mocne onMMNunadbl y LWKOSbHMKOB Oblla BO3MOXHOCTb
OLeHNTb MpeAJIoKeHHble M 3afa4um. B 3ToM «KOHKypce Kpaco-
ThI» NPU30BblE MECTa NONYYUNK: B Napanienu 9 knaccos 3afaqu
8,71 2,8 napannenu 10 knaccos — 3aga4yn 4, 7 1 3, B napannenu
11 knaccoB — 3afda4v 4 n 1, a 3agayv 6 U 8 nNojenunu Tpetbe
MecTo. OnpocC NMoKa3sbIBAET, YTO WKOJIbHMKaM Oonblie HPaBATCS
TPpyOHble 1 COAep>XaTeNbHble 3aa4M, AaXe eCNN OHU C HAMMW He
cnpasunnce. Tak, 3agayn 4 ona 10 knacca n 4 gns 11 knacca,
HECMOTPS Ha BbICOKNIA PENTUHT, He Oblnn peLleHbl Ha OnMMU-
afle HY OOHWM M3 y4aCTHWKOB.

Mybnvikyem ycnoBus 3afad v CnmMcok nobenutenen n npuse-
poB 3aknouMTensHoro atana XXXVIII Bcepoccuinckon onumnm-
afbl LIKOMbHMKOB MO MaTeMaTuke.

SAO0AYN ONTMMINNALDI
9 knacc
1. Ilyctp @y, ..., @)y — pasJuyuHbIe HATYpaJbHbIE YNCIa, HE

MEeHbIIHe 2, cyMMa KOTOPbIX paBHa 407. MoskeT Jin OKa3aThes,
YTO CyMMa OCTATKOB OT [IeJIEHUS HEKOTOPOrO HATYPAJIbHOTO
yucsaa n Ha 22 4uMcaa  dy, dy, ..., diq, 4ay, 4ay, ..., 4a;; paBHa
20127

H.Azaxamnos

2. Ha okpy:xHoctu ormeueHbr 2012 Tovek, AessnmX ee Ha
paBuble 1yru. V3 HUX BIOpaJIH kB TOUEK U TOCTPOMIN BBITYKJIbIiT
k-yrolibHUK € BEpIIMHAMU B BBIOPAHHBIX TOYKax. [Ipu KakoMm
HAMOOJIBIIEM R MOTJIO OKA3aThCs, YTO Y 9TOTO MHOTOYTOJbHUKA
HET MapaJsieJbHbIX CTOPOH?

A. Xpamuyoe

3. Cm. zagmauy M2279 «3amgaunnka «Ksanras.

4. TlosmoxxuTenbHble JeHCTBUTEJIbHDBIC YHCTA df, ..., d, U R
TaKOBBI, 4TO dy +...+a, =3k, a}+..+a’ =3k u af +...
..+a >3k +k. Jlokaxute, UTO KaKHe-TO JBa W3 HHCET
ai, ..., d, orImyaloTcs 6osblie yeM Ha 1.

H.Azaxanos

5. ITo xpyry crour 101 myapen. Kaskapiii na nux sm6o
cumTaer, 4To 3eMyd Bpamaercs Bokpyr lOmmTepa, mmbo cunta-
et, uto IOmmTep Bpamaercs Bokpyr 3emuri. OJuH pa3 B MHHYTY
BCe MY/IPeTibl OJHOBPEMEHHO OTJamaioT cBon Muenus. Cpasy
HocJie 3TOr0 KaK/Ablil Myjpel, ofa cocefia KOTOPOTO JyMaioT

HHade, 4eM OH, MeHseT CBoe MHeHHe, a OCTasIbHble — He MEeHSIOT.
JlokaskuTe, 4TO Yepe3 HEKOTOPOe BPEMsl MHEHHUs IepecTaHyT
MEHATHCA.

U.Bozoanos

6. Touku A;, By, C; BoiGpanbr Ha croponax BC, CA u AB
tpeyroabuuka ABC coorBercTBeHHO. OKasasoch, 4YTO
AB, - AC, =CA -CB =BC{-BA,. llyctp I, , Iy u Io —
IEHTPbI OKPY’KHOCTEH, BIucaHubix B Tpeyroabhuku ABC;,
ABC, n A{B,C coorserctBeHHO. JJOKakuTe, YTO LIEHTP OKPY K-
HOCTHU, OIUCAHHOI OKOJIO Tpeyrouabuuka I, Ipl-, coBmajgaer c
IIEHTPOM OKPY’KHOCTH, BIUCAHHON B TpeyroiapHuk ABC.

A Honanckuil

7. VsnavyaspHO Ha Jocke sammcanbl 10 mocJieoBaTeIbHbIX
HATYPaJbHBIX YHCEI. 3a O/HY ONEPaInio pa3pemnraercs: BbIOparh
mo6ble Ba 4rca Ha JOCKe — 0003HAYUM UX ¢ 1 b — 1 3aMEHNUTH
ux Ha uncaa a® —20116° u ab. Tlocie HECKOJIbKUX TaKHX
oTiepalnii Ha TOCKe He OCTAJIO0Ch HU O/THOTO U3 UCXO/IHBIX YHCEJ.
Morsm mm Tam omsaTh okasatbes 10 mocsieroBaTeIbHBIX HATY-
pasbHbIX umces (3amMcaHHbIX B HEKOTOPOM HOPSKE)?

H.Azaxanos

8. B HekoTOpoM ropojie ceTb aBTOGYCHBIX MapHIPYTOB YCTPO-
€Ha Tak, 4To Jo0ble JBa MapuIpyTa UMEIOT POBHO O/IHY OOIIYIO
OCTAHOBKY U Ha KXKJOM MapIIPyTe eCThb XOTs Obl 4 OCTAHOBKH.
[lokaxure, 4TO BCE OCTAHOBKH MOKHO PACIIPEJEJUTb MEXIy
JIByMST KOMITAaHHUSIMH TaK, YTO HA KasKJOM MaplIpyTe HaiiyTcs
OCTAHOBKHM 0GEMX KOMITAHUIA.

B. Jlonvnukoe

10 knacc

1. Ilyctb @y, ..., Gy — pa3anyuHble HATYPAJbHbIE YNCJA, HE
MeHblMe 3, cyMMa KOTOPbIX paBHa 678. MoskeT Jin OKa3aTbCs,
YTO CYyMMa OCTATKOB OT JIeJIEHHS] HEKOTOPOrO HATYPaJbHOTO
uncaa n nHa 20 wucen ay, ay, ..., ayy, 2ay, 24y, ..., 2a;, PpasHa
20127

H.Azaxanos

2. OKpPYKHOCTb @, BIUCAHHAS B OCTPOYTOJIbHBIN HEPABHO-
Geapennbiii Tpeyrobuuk ABC, kacaercs croponbl BC B Touke
D. Ilyctp Touka I — 1eHTP OKpyskHOCTH ®, a O — IIeHTp
OKPY>KHOCTH, ONMCAHHOW OK0J0 TpeyrosabHnka ABC. Okpyx-
HOCTb, OIMCAHHasI OKOJIO TpeyroJbHuka AID, mepecekaeTr BTO-
puuno npamyio AO B touke E. [lokaxkure, 4TO JJIMHA OTPE3Ka
AE paBHa paJilycy OKPY’KHOCTH (@ .

JI. Emenvanos

3. Cm. zagmauy M2280 «3agaunnka «Ksanras.

4. V3navaipHo Ha OCKe ObLIN Hamucanbl 7 + 1 OQHOYIEHOB
1, x, x2, ..., «". JIoroBOpUBIINCH 3apaHee, kB MaJTbuUKOB KaiK-
JIY1I0 MUHYTY OJTHOBPEMEHHO BBIUUCJISIIN KAK/IBIH CYyMMY KaKUX-
TO JIByX MHOTOYJIEHOB, HANUCAHHBIX Ha [JIOCKE, M Pe3yJbTaT
JIOTIUCBIBAJIN Ha JIOCKY. Uepe3 m MUHYT Ha JJOCKe ObLIM HAIHCa-
HBI, Cpean mpounx, Muorouwnener Sy =1+x, S, =1+x+ 22,
Ss =1+x+2>+25, .., S, =1+x+x°+...+x". Jokaxure,
aro m = 2nf(k +1).

A.Illlanosanos



5. Cm. 3ajtauy 5 s 9 kiacca.

6. CyrmecTByIOT /i HATypaJIbHbIE YUCTA d, b, ¢, GOJIbIIIe 100

M Takue, 4TO WX ITPOU3BEACHHE JEJUTCA Ha JT000e M3 HUX,
yBesmyennoe Ha 20127

B.Cendepos

7. Cm. samauy M2281 «3amaunnka «Kpanras.

8. Touka E — cepefuHa OTpe3Ka, COCAMHSIONIETO TOUYKY
repeceyeHnst BbICOT HepaBHOGEIPEHHOTO OCTPOYTOJIBHOTO TPEY-
rosbinka ABC c ero Bepmunoit A. OKpy>KHOCTD, BIIMCAHHAS B
3TOT TPEYTOJbHUK, KacaeTcst ctopoH ABu AC B Toukax C” u B’
cooTBeTCTBEHHO. JloKaskuTe, 4To TOUKa F, CUMMETPUYHAS TOYKE
E orHocutesbHO IpsAMoii B’C” , JIesKnT Ha TIPSMOIA, TIPOXOo/i41Ieit
yepes HEeHTPb! BIIMCAHHOI 11 OIMCAHHON OKPYKHOCTEH TPEYTro/Ib-
Huka ABC.

J. Emenvanoe

11 knacc
1. Cm. 3ajauy M2278 «3ajaunnka «KBaHtas.
2. Cm. 3agauy 3 s 10 kiacca.

3. Kieruarast naocKoCcTb pacKkpaliena B IMIaXMaTHOM TTOPSI/IKe
B YepHbIl 1 GeJiblii 1BeTa. 3ateM Gesible KJIETKH PAaCKpPacHju B
KPACHDII 1 CUHUII 1IBeTa Tak, 4YToObl KJIETKU, COCE/THUE 110 YTJIY,
Ob1u pasnornBeTHpiMu. IlycTh [ — mpsiMasi, He mapaJiiesbHast
cTopoHaM KJeTok. [l kKaxaoro orpeska I, mapaJiieJbHoOro [,
MIOCYUTAEM PA3HOCTb CYMM JIJIMH €TO KPACHBIX M CHHHUX Y4acT-
koB. Jlokaskute, uto cymectsyer uncao C (3aBucsiiee TOJbKO
OT mpsAMOiA [) Takoe, YTO BCe MOJTyYEeHHbIE PA3HOCTU HE TIPEBOC-
xozdat C.
U.Bozoanos, K.Cyxos

4. Cm. 3agmauy M2285 «3agaunnka «Ksanras.

5. Jlanpr muorouwnen P (x) uuucia g, dy, dz, by, by, by taxue,
uTo @ayay # 0 . Okaszanock, uTo [Jst JOGOTO JeficTBUTETbHOrO
X BBITIOJIHSETCS] PABEHCTBO

P(ayx +b) + P(ayx +by) = P(asx +bs) .

Jlokaskure, 4TO P(x) nMeeT XOTst Obl OJUH JIeHCTBUTEIbHBIN
KOpEHb.
A.T'onosanos, O./Amumpues, K.Cyxoe

6. Touku A, By, C; BoiGpanbr Ha croponax BC, CA u AB
tpeyrosbiunka ABC cootBerctBenno. Oxaszanoch, uro ABj —
- AC; =CA; -CB; = BC; - BA;. Ilyctb Oy, Op u O —
LEHTPBI OKPYKHOCTEI, OTTMCAHHBIX OKOJIO TpeyToJabHUKOB ABCy ,
ABCy u A{B,C coorBercTBeHHO. JIOKa)KHTE, YTO HEHTP OKPYIK-
noctu, Brucannoii B Tpeyroyabiuk 0,00, coBmajaer c ien-
TPOM OKPY>KHOCTH, BIHMCAHHON B TpeyroibHuk ABC.

A.Honanckui

7. Ha okpyskHOCTH OTMeYeHbI 277 + 1 TOYeK, JesNmX ee Ha
pasubie ayru (7 >2). JIBoe 10 oYepead CTHPAIOT IO OJIHON
Touke. Ecsm mocsie Xo/1a urpoka 0KasaJoch, YTO BCE TPEYTOJIb-
HUKU € BepUIMHAMU B ellle OTMEYeHHbIX TOUKaX — TyIIOyTOJIbHbIE,
OH HeMe/IJIEHHO BBIUTPBIBAET, U UTPa 3aKkaHunBaercs. KTo Buur-
paeT Ipu MPaBUJIbHOM UTPe: HAUMHAIONINI UTPY WJIH €0 TTPOTHB-
HUK?

D.Hesnes

8. [lng marypasbroro n o6Gozuaumm S, =11+21+...+n!.
JlokaxkuTe, 4TO MPH HEKOTOPOM R y uucjaa S, eCTb MPOCTOil
nesmreb, 6oabimii 102012

. 1lempos

AUNMNTOMAHTbI OJIMMINUALDI

Lurinom riobegurens

o 9 KJaccaM IOy

Bonzun Andpeii — Mocksa, rumuasus 1543,

Epwos Cmanucaas — Boponex, mkoma 1 ¢ yriay6JaeHHbIM
MU3YYEHUEM OT/IEJIbHBIX MPEAMETOB,

Cumaposa Examepuna — Caukr-Ilerep6ypr, ®@MJI 239,

Kpexos [Imumpuii — Mocksa, Llentp o6pasosanus «Ilarbaecsar
ceibMast IKOJIay;

no 10 knaccam —

Boponeyxuii Ezop — IleTpo3aBock, mkosa 42 ¢ yriay0OIeHHbIM
n3yueHmueM AQHTJINIICKOTO S3bIKAa 1 MaTeMaTUuKu,
Baee Byoumup — Cankr-Ilerep6ypr, @MJI 239;

mo 11 xkiaaccam —

Kpauyn Amumpuii — Canxr-Ilerep6ypr, @MJI 239,
Kanmornun Anexcandp — Vpkyrtck, Jjumneii-unrepuar 1,
Psb6yesa Mapus — Mocksa, CYHIL MTY,

Hla6anoe Jles — Mocksa, CYHIL[ MT'Y,

I'puzopves Muxaun — Kazanb, nuneit 131,
Hwxysamoe Pycaan — Kasanp, nuteit 131,

Ocunos Ilasen — Tomck, mkona 54,

Pyxoeuu Anexceii — Mocksa, CYHIL MI'Y.

Luvriiom rpysepa

no 9 kJaccaM IOJTy4HIN

Jlebedesa [lapvs — Cankr-IlerepOypr, jmieit 533, O6pasosa-
TeJIbHbIN KoMILIeke «Masas Oxray,

Hosuxos Anexcandp — HoBocnGupcek, rumuasust 1,

Satiuesa FOaus — Mocksa, mikosa 179,

Hapvuuxun Iemp — Cankr-Ilerep6ypr, @MJI 239,

T'y6xun Ilases — Cankr-IlerepOypr, ®MJI 239,

Sumun Azexcandp — Y IbsHOBCK, HIKOJA 52,

Kopomxux Cepeeti — Mocksa, Llentp o6pasoBanus «Ilarpaecsr
ceJibMas IIKOJIa»,

Kouxun Hean — Kupos, OGMJI,

Joces Havs — Cankr-Ilerep6ypr, ®MJI 239,

Yepneza Huxuma — Kasanp, rumnasus 122,

Menenmoves Anexcandp — Uenssbunck, smuneit 31,

Xoamozopoe Eum — Msxesck, IMJI 29,

Hanuniox Anexceti — Exarepun6ypr, CYHI[ YOV,

Tapraswviii Anodpeis — Mocksa, lentp o6pasoBanust 218,

Batixoe Anexcandp — Kpacnopap, smmueit Vincruryra coBpeMeH-
HbBIX TEXHOJIOTUN U SKOHOMUKI,

Kysneuos Anexcandp — Canxkr-Ilerep6ypr, ®MJI 239,

Bosocmuos Anexceii — Kasanub, rumaasusg 122,

Eemywesckuii Becegonod — Cankt-Ilerep6ypr, @MJI 239,

3Bepuyanos Andpeti — Mocksa, Llentp o6pasoBanus 218,

Kysneuyos Apcenuii — Husxnnit Hosropon, ymueit 82,

Msexoe Koncmanmun — Canxt-Ilerep6ypr, @MJI 30,

Huzmemsanosa [luana — Kasanp, nuneit um. H. 1 .JIo6aueBcKo-
ro ipu KDY,

Haacmunun Bumaaui — Caunkr-Ilerep6ypr, @MJI 239,

ITuzuda Bopuc — Mocksa, mikosa 2007 ¢ yriay6ieHHbIM H3y4de-
HueM (PUBUKM U MATEMAaTUKH,

Axybos Anen — KpacHomap, sutieii MTHCTUTYTa COBPEMEHHBIX
TEXHOJIOTUI 1 9KOHOMUKH,

Kucenes Cepzeii — Owmck, suneit 64,

Commnuxoe Cepeeit — Cankr-IlerepOypr, jmueit 533, O6pasoBa-
TeJIbHBIN KoMILIeKe «Mamas OxTas,

Dpoaos Hean — Mocksa, Llenrp o6pasoBanus 1329,
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3amewuna Mapus — Yenabuuck, nuieit 31,

Aeyoun Muxaun — Mocksa, rumnaasus 1543,

TI'ywenxo-Yesepda Hean — Mocksa, Llentp o6pasoBannst «I1sTp-
JIeCAT celbMast IKOJIa»,

Muniomun Ilemp — [loaronupymupiii, @MJI 5,

Tenezun Koncmanwmun — Husxnuit Tarnm, jaiei,

Ieuamnoe FOpuii — Bapuay., rumnasus 42,

BLozoanos Hiavs — Mocksa, mkosa 25,

T'ycee Bcesosod — MockBa, MikoJa 25,

Maxapoe Baaducaas — Canxr-llerep6ypr, mkoua 450,

Hzyen Xiwou Yovione Ham — Mocksa, ruMHasus 1543,

Veapos Huxuma — Mocksa, ymueil «Bropasa mkomas,

Ypycose Anmon — Bosorna, mkoJa 8 ¢ yriay6aeHHbIM H3yYeHIeM
OT/IEJIbHBIX TIPEIMETOB,

Xodynoe Iasen — Cauxt-Ilerep6ypr, @MJI 239,

Apoesuros FOpuii — Kazanp, et um. H. 1. JIo6aueBckoro npu
Kby,

mo 10 kaaccam —

Kesnepuyx Anmon — Cankr-Ilerep6ypr, ®MJI 239,

Tonosanoe Anexcandp — Kazaup, nuneii um. H.1.Jlo6aueBcko-
ro ipu KDY,

Kapnywxun [danun — Yenabuuck, muneil 31,

Xpomenxos Apocaae — Mocksa, CYHIL MI'Y,

3eepes Hean — Mocksa, CYHIL MI'Y,

Judun Maxcum — TlepecyaBib-3alecCKuii, THMHA3HS,

3yee Aumon — Mocksa, CYHIL MTVY,

Anexcanopoe Huxuma — Habepesxxubie Yesmbl, rumnazus 26,

Hlapunosa Anacmacusi — Coun, rumuasus «Illkoma 6usneca»
Non-State Scool of Business,

Agppusonoe Jenuc — Kypran, rumnasus 47,

Kosanescxuii Maxcum — Caunxt-IlerepGypr, @MJI 239,

Kopsaxun /lanunr — Kupos, ®GMJI,

Oayxos Anopet — Kypran, jmneit 12,

Axmsamos Ilases — MaruuToropck, HIKoJa € yrayOJIeHHbIM
U3y4eHUEM MaTeMaTHKH,

byénosa Auna — Kyprau, rumuasus 19,

Menvruuuenxo Ilemp — MockBa, mkosa 315,

Moxun Azexcandp — Mocksa, CYHIL MI'Y,

Ienuwes Anmon — Cankr-Ilerep6ypr, @MJI 239,

T'opoxos Ilasen — Mocksa, CYHIL MI'Y,

Kpovinos Bacunuii — Mocksa, Lentp o6pasoBanus «Ilarpaecsr
ceJibMas IIKOJIa»

Dposos Anekceii — Cankt-IletrepOypr, AKajieMuvecKasi THMHA-
3us,

Il aiixeesa Tarus — Kasanp, mauneit um. H.U.Jlo6aueBckoro
npu KOV,

Benos /[Imumpuii — Habepeskibie Uennbl, rumnasus 26,

Typoun Maxcum — Yensibunck, suneit 31,

Axbapos Apmyp — Hukuuit Tarui, nosutexHuvecKas THMHa-
3ud,
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Esciokoe Anexceti — Bnaguoctok, jmieil « TexXHUUecKuii»,
Kproxoe Huxoaai — Canxr-Ilerep6ypr, @MJI 239,
Manvieun Bumanauii — Kupos, ®GMJI,

Ypyes Andpeit — Mocksa, CYHIL MTY,

Ymupanosa Arexcanopa — Mocksa, ymieit «Bropas mxosas,
Duaunnos [Amumpuii — Cankr-Ilerepoypr, @MJI 239;

mo 11 kaaccam —

Heanos Andpeii — Exatepun6ypr, rumuasus 9,

Hcxaxoe Jenap — Wsxesck, IMJI 29,

Axmedoe Maxcum — Mocksa, CYHI] MTY,

Kmoes [anuun — Caunxt-IlerepGypr, @MJI 239,

Kocunoe Huxuma — YIbSTHOBCK, MHOTOTPOMUIbHBIN JUIEl
20,

Kpoxmane Huxonaii — Mocksa, CYHIL MI'Y,

Hvuurun Hzopy — Cankr-Ilerep6ypr, @MJI 239,

Xeopwvix Ilasen — Omck, rumHasus 84,

Mamywrun Azrexcandp — Vxesck, IMJI 29,

Manodux Muxaun — Huwxuanit Hosropos, Jsuieit 40,

Dewjernxo Uavs — Mocksa, mkosa 1189 um. 1.B. Kypuarosa,

Jasapes /lenuc — [lonronpynnpiii, @MJI 5,

Henawee /lenuc — Enusoso, 1mkoJa 8,

IOxaxoe Azexcandp — Kypran, rumuasus 31,

Cumonos Kupunn — Ilepmb, mxona 9 um. A.C.Ilymkunna c
yTayGJeHHBIM U3YUYeHHeM IpeaMeToB (PU3NKO-MaTeMaTHyec-
KOTO IMKJIA,

Coaenxo Huxuma — Tam6oB, nureit 14,

Kopomun Anexcandp — Camapa, MeJUKO-TEXHHYCCKUI JIUIIE,

Kpasuos Amumpuii — Mocksa, CYHIl MIY,

Jexnun Muxaun — Cauxr-IlerepGypr, muieit «DTIITy,

Aganacves Maxcum — Mocksa, CYHI] MI'Y,

becman Muxaun — Kypran, mkoia 48,

bLoaomnurxoe Anexceti — ExarepunOypr, rumMmHasust 9,

byazaxoe Apmyp — Kazanp, muneit 131,

Tanvkosckuil Ezop — Canxt-llerepOypr, smneit 533, O6pasoBa-
TeJIbHBII KoMILIeKe «Mamasg OxTas,

Epowenxo Anexcandp — Mocksa, Ilentp o6pasosanus «IIsTb-
JlecaT ceibMast IKOJIa»,

3aevanoe bBozoan — OMck, aunei 64,

Kosanrvuyx Muxaunr — KpacHOSpPCK, LIKoJa 7 ¢ yrioyOIeHHbIM
M3y4YeHueM OT/eJbHBIX MPEMETOB,

Kpemnnée Onee — Huwxnuit Hosropoa, mkoma 135,

Jonamnuxoe Anexceit — Mocksa, CYHIL MI'Y,

Muponoe Maxcum — Vxesck, 9MJI 29,

Cenenog Tumogheis — Vpkyrck, auieit 36 PIK/I,

Cmamnux Eezenuit — OMck, Tumuasus 117,

Tpowun Buxmop — Mocksa, CYHIL MI'Y.

Hybauxauuio nodzomosuiu
H.Azaxanos, U.Bbozdanos, A.Tapbep, II.Koxesnuxos,
O.ITodnunckuit, /1. Tepéuun

3HaeTe nu Bbl, YTO ¢ 2012 ropga M3paeTcs HOBbINV XXypPHan Aas No6o3HaTeNbHbIX
LWIKONbHUKOB 5—8 KnaccoB — «KBaHTUK»? )KypHan nocesileH 3aHMMaTeNbHbIM
BOMpocam 1 3apgadyam Nno MatemMaTuke, NTMHrBUCTUKE, PU3MKe N JPYrUM HayKaMm.
«KBaHTUK» BbIXOAUT eXXemecsa4Ho. lNMoanncaTtbca Ha Hero MOXXHO B MOYTOBbIX
oTAeneHUsX CBA3W, NoAnucHon uHaekc 84252, Boiwepuive HoMepa MOXXHO

Kynutb B marasuHe MUHMO no appecy:
MockBa, b. BnacbeBckun nep., a.11.
TenedoH pepakumm: (499) 241-74-83, e-mail: kvantik@mccme.ru,

cant: www.kvantik.com




SaKJIYMTENbHbIV 3Tan
XLVI Bcepoccmmckom onmmMnmagbl
LLIKOSTbHMKOB MO hu3mKe

Huxe NpUBOAATCS yCNOBWUS 3aflad TEOPETUHeCcKoro Typa
cnncok nobeputenei 1 NpU3epoB ONMMNNAAbI.

TEOPETUYECKUIA TYP
9 knacc

3azava 1. IlonsraBok B pakere

B paxere, TOTOBOI K CTapTy, HAXOAUTCST GOJIBIION AKBAPHYM,
YACTUYHO 3ATOJTHEHHBIN BOJON TIOTHOCTBIO °( . BHYTpDb akBa-
pUyMa IOMeIIeH TOHKHI IUJIMHAPUYECKUI TTOIIABOK TIJIOTHOC-
ThIO ° C TIONEPEYHBIM ceveHreM S, MPUKPEIJIEHHBIN KO JHY
JIETKOW TIPY’KUHOH skecTKOCTbIo k. Ilepes craproM pakeTbl
Py KMHA PACTSHyTa Ha X, a MOIIABOK YACTHYIHO BBICTYTIACT U3
BOJIbI.

1) Omnpesennre, yBEIUYUTCS WM YMEHBIIUTCS BHICOTA BBICTY-
Taronieil YacTu TOIJIABKa, €CJIU CHUCTeMa MPHU/ET B JABHXKEHUE C
IIOCTOSTHHBIM YCKOPEHHEM, HalpasJeHHbIM BBepX. OTBeT 060c-
nyiire.

2) Tlpu JOCTUKEHUU PAKETOll YCKOPEHUS d BBICOTA BBICTYIIA-
Toleil HaJ{ BOION YacTl TOTJIaBKa n3MeHmnsiach Ha x. Haiinnre
AQHATNTHYECKYIO 3aBUCUMOCTD X OT d.

3) Paccunraiite YMCIECHHOE 3HAYEHUE X [T CJAEIYIONIUX
napameTpos sajgaun: k=10 H /M, x5 =1cM, °;= 1000 KF/M3 ,
S=10""M?, g=10m/c*, a = 3g.

M.3amsamuun

3anava 2. IlpyxuHa u miapux

Ha TopH30HTaJIbHOM CTOJIE BEPTHUKAJIBHO 3aKpEIICHA JIIIH-
Hasl TJafikast Tpy0a, BHYTPU KOTOPOI YCTaHOBJIEHA JeTrKas
npy:una. B Tpy6e ¢ Bbicotbl H = 2 M HaJi CTOJIOM 0€3 HaYaIbHOiT
CKOPOCTH HAauyMHAeT MNa/aTh MIapuK. KoCHYBIINCH BepXHEro
BUTKA TPY’KWHBI IMapuk mpuinmaeT K Hemy. Ha pucynxe 1

EK,Z[)K/\
3

AN

]

1,0 1,2 1,4 1.6 1.8 2,0 hwu
Puc 1

npuBe/ieH TpauK 3aBUCHMOCTH KUHETUYECKO# aneprum E
TA/IAIOTIETO MIAPHKA OT €r0 BBICOTBI /2 HAJI TIOBEPXHOCTBIO CTOJIA.
Omnpenenure panny Ly HeledopMUPOBAHHON TPYKUHBI, SKECT-
KOCTBh TIPY’KUHBI k 1 Maccy mapuka m. Cunraiite, 4TO MOTEpH
MEXaHUYECKOW SHEPTUM B MOMEHT KaCaHHs ITAPUKOM BEPXHETrO
BUTKA MPYKUHBI He TIPOUCXO/UT U 4TO 3aKOH ['yKa CrpaBe/Ins
npu o6bIx aedopmarusax npyskuipl. [Ipumure g =10 M/ ¢t

C.Kapmasun

3anava 3. IlpeaBapurtesbHblii HogOrpeB

B naGoparopuu y skcnepuMenTaTopa [Joka GbLIN 3JEKTPO-
HarpeBaTeJib ¢ Memaykoii (puc.2), TepMoCcTar u J[Ba TOHKOCTEH-
HBIX XUMIYECKUX CTAKAHA, JHHEHHbIE pa3Mepbl KOTOPBIX OTJIH-

Ha anennauymm

yammuch B 2 paza (TONMHA CTEHOK CTaKaHOB OJMHAKOBa). B
TEpMOCTaTe IMOJJIEPKUBAIACH IOCTOSIHHAS TeMIepaTypa
t; =20 °C . Timok pemma
HCCNIE/I0BaTh, KaK 3aBH-
CHT TeMIIEpaTypa JKH/IKO-
CTH B CTAKaHE OT BPEeMEHU
(Memaska vy KHa 171t Gbi-
CTPOTO BbIPAaBHUBAHUS
TEMIIEPATYPBI 110 BCEMY =
o6bemy crakana). CHa- =

duexmpondzpesdmetn

Y

=T
iy

— oo —| —— =
YaJjia OH UCIT0JIb30BaJI CTa- - = =_
KaH MEHbIIEro pasMepa, = -
KOTOPBIN 3aIlOJHUI WC- 7

clleyeMoil KUJIKOCTbIO Tepmocmam

npu Temueparype  Auc 2

t; = 20 °C u momecrus B

TepMocTar. BKJIOUNB aJIeKTpOHArpeBaTesib, [JIIOK 0OHAPYKILT,
yro 3a 1epBbie Ty = 10 ¢ cucrema Harpesnach Ha At =1°C.
CrycTs POIOJDKUTETBHOE BPEMS TEMIIEPATYPA JKUIKOCTH yCTa-
HOBHJIaCh Ha oTMerke f, = 40 °C .

Bo BropoMm skcriepuMenTe [TI0K B35 GOJIBINIIN CTAKaH, 3aT10-
HUJ €ero TOH 3Ke SKMKOCTBIO, HArpeToil /0 TeMIepaTypbl
t3=35°C, u BKJIOYUJI TOT >Ke HarpeBaresib B cerb. Uepes
HEKOTOPOe BpeMsl T, OH C yIUBJCHHEM OOHAPY KIJI, YTO TeMIIe-
paTypa colep;KUMOTO B cTakaHe MoHuU3mIach na Aty = 0,5 °C.
Cuwnrasi, 9TO TEIJIOEMKOCTh CTAKAHOB MaJja IO CPABHEHUIO C
TEIJIOEMKOCTBIO COJIEPIKAIIENCST B HUX SKUAKOCTH, HAWIHUTe:

1) Temmepatypy t;, KOTOpasi yCTAHOBUTCSI B CTAKAHE CITYCTSI
MIPOJIO/IKUTEIHHOE BPeMSi;

2) BpeMs T, .

I pumeuanue. VI3BeCTHO, YTO TOTOK IHEPTHHU, MTPOXOJSIINIL
yepes cyoif BemectBa (CTEHKM cTakaHa) B €JUHHIYY BPEMEHH,
MPSIMO  TIPOTIOPITMOHAJIEH PA3HUIlE TEMIIEPATyp Ha TPAHUIAX
CJI0ST ¥ TN TTOBEPXHOCTH CJIOSI.

A.Kobaxun

3anmava 4. Auox

101y IPOBOIHUKOBDIIT IO/ — 3TO YCTPOHCTBO, KOTOPOE TIPO-
IyCKAET 5JEKTPUUYECKUH TOK TOJNBKO B OJHOM HallpaBJeHUH
(puc.3). Ecau quo/ BKIOYUTh B 06paTHOM Hanpasaenuu (puc.4),
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g
| - | K
1 1 1 1
+ 1= L1 +1'= | I
Puc. 3 Puc. 4

TOK 4epe3 Hero Teub He OyJIET.
BoapT-amnepnas xapakTepucTu-
Ka (3aBHCUMOCTD CHJIBI TOKA Ue-
pe3 JIMO0/] OT HATIPSDKEHHsT Ha JI1-
oJie) UIeaNu3UPOBAHHOTO INO/IA
MpuBe/leHa Ha PUCYHKE J.

1) Ha pucynke 6 uso6paxen
(parmMenT pasBeTBJIEHHOI 2JIEK-
Tpudeckoit 1em. ComnpoTrusJie-
HUSI pe3ucTopos paBHbl Ry =6 kOM, R, =5 kOwm. Onpenenure
Ha/leHie HANPSDKEHUS Ha JHOJe M CUJIYy TOKA, NPOTEKAloI[ero

I MA

0 U,=2B UB
Puc. 5

yepe3 MUIJIMaMIIEpMETDP.

[ 1
V7,=3MA I.=1MAY
Puc. 7

1
YI;=3MA
Puc. 6

2) Jluojt BKJIIOYWIN B 1lellb JAPYroii nosaspHoctbio (puc.7).
ConpoTHBIEHNS PEZUCTOPOB HE U3MEHIINCE. JL71s1 9TOTO Catyuast
onpejesnTe TaJeHue HANPSUKeHUS Ha JMOAE W CHJIY TOKa,
TEKYIIEro Yepe3 MUJLITHAMIEPMETP.

B o6oux caydasx MUIMAMIIEPMETP CUMTANTe €A bHbIM.

B.Curo600snun

3amaua 5. IlorepsnHoe 3epKajo
B apxuBe CHeJsumyca HaIIM YepTex, HA KOTOPOM KOTJA-TO
ObLI M300paXKEHbI JIBa IJIOCKKUX 3epkasia My n M, , o6pa3syio-
e JBYTPAHHbBI Yros ¢, TOYEUHbI WCTOYHUK cBeTa S U
o6sactb AOB, 13 KOTOPOii MOKHO GbLJIO BUIETH OJTHOBPEMEHHO
B 06a n306pazkenust ucTouHuKa. Ot
BpEMEHHM 4YepHUJA BbBIIBEIU, U
HEBO3MOYKHO CTAJIO0 PasrJisi/IeTh,
KaK pacrioJioxKeHbl 3epkano M,
¥ TOueuHbI ncTounuk .S. Bocera-
HOBUTE 110 MMEIOUMMCS JaHHDBIM

A (puc.8) ¢ MOMOIIBI0 MUPKYJIA U
- JuHelKn 6e3 JieJIeHui 1oJIoKe-
M, nue 3epkana M, u TeomeTpidec-

(O Koe MeCTO TOUEK, Ije MOT HaXo-

IuThcd uctounuk S. 3epkaja
cunTaiite 10Ty 6eCKOHEUHBIMU . BBIYNCIUTE YTOT ¢ MEK/IY I7I0C-
KoctaMn 3epkai, ecan ZAOB = o = 30°.

Puc. 8

B.Cnobo0sanun
10 knacc

3anaua 1. Ilnardopma

Ha mnardopme ¢ TIpsAMOYTOJbHBIM BBICTYIIOM BBLICOTON /i
JEeKUT HeboubInoe Testo Maccoit m (puc.9). K nemy npuxperuien
O/IMH KOHEI| HEBECOMOH HEepaCTSKUMOI HUTH, IIEPEKUHYTOI
4yepes MJleaIbHbI 6JI0K, YCTAHOBJICHHDLT Ha BbICTYIIE I1aT(OP-

2012/Neb5-6

ObMmeH BrieyatrieHuammy

MbI. BTOpOIi KOHeIl HUTH 3aKperyieH Ha BePTHKAIbHOI CTeHe Tak,
YTO y4YaCTOK HUTU MeXAy OJOKOM U CTEHON TOPU30HTAJIEH.
IInatdopmy nepememnaor OT CTeHb! ¢ HOCTOSTHHON CKOPOCTBHIO 0.
C kaxoii cuyoit F

HYXXHO  TSHYTD lg
m1atopMy B TOT

MOMEHT, KOT'/la y4a- ---

v —Lr-=== ] _Y.
CTOK HUTH HaJX F =
nratdopmoit co- =
CTaBJISIET YTOJ O, C
Y Puc9

ropusontom? Cuia

F Topu3oHTaJbHA ¥ JIEXKUT B MJOCKOCTH pucyHka. Koaddurm-
€HT TPEHUSI MEX/Iy TeJOM U MaaTgopMoit W, Mexay 1aatdop-
MOl 1 I10JIOM TPEHUA HET. C‘lHTai/JITe, YTO BO BpeEMA [IBUKEHUA
rpy3 oT maatdopmbl, a miatGopMa OT MoJa He OTPbIBAIOTCS.
A.Anoaoncxuil

3anava 2. Bpamaromasics
TpyOKa
3aMKHyTasl CTeKJSHHAas
TPYOKa C OTBOJIOM, TIOTPY>KEH-
HBIM B OTKDBITBIN CBEPXY CO-
CyZl CO PTYTbIO, B BepXHeil
CBOEH YacTh COMEPIKUT CTOJ-
61K Bo3ayxa. Ero rpaHuiie! co
PTYTBIO HAXO/IATCS HA PACCTO-
SHUM R OT OCH CHMMETPHH
cucrempr (puc.10). Ompene-
JIATe, ¢ KAaKOH yTJI0BOI CKOPO-
CTBIO (® HY’KHO BPAIATh CHC-
TeMy BOKPYT 3TOii 0CH, YTOObI
JIaBJIeHIE BO3yXa H3MeHH-
Joch B n pa3. HavasbHOe maBieHue BO3gyXa pj, ILIOTHOCTb
pTyTH ° , €e ypOBeHb B COCY/I€ MOYKHO CYUTATD HEM3MEHHDIM.
H.Bopobves

—

Puc. 10 !

3anaya 3. MoHOTOHHBIII npoiecc
OauH MOJb WIEAJbHOTO Ta3a MepeBOJAT U3 COCTOSTHHS C
M3BECTHBIM JIaBJEHIEM p; U U3BECTHBIM 00beMoM V) B cocrosi-
nne ¢ gasiaennem 0,75p; u
o6bemom  V, >V, . 3asucu-
mocts p (V) B atoM mporecce Pi
SIBJISIETCST JIMHEWHOW (PYHKITH-
eit (puc.11). THpu kaxux 0.75p,
3HAYEHISIX KOHEYHOTO 06 beMa
V, rtemmeparypa B JaHHOM
mpoIiecce M3MEHSIeTCST MOHO-
TOHHO? 0
C.Kapmasun  pyc 17




viper sKcrnepymeHT

3anaua 4. Paszyer Tpex 3apssKe€HHbIX YaCTHIL
Tpu vacTuIpl ¢ OAWHAKOBBIMU 3apsi/laMi B HAYAJIbHBIN MO-
MEHT y/IEepP;KMBAIOT B BEPIINHAX TPEYTOJbHUKA CO CTOPOHAMU
R1, Rz " R3 (pI/IC.12).

/ Yactuibl 0JHOBPEMEHHO

Amy OTILyCKAIOT, W OHU Pas-
TN

70N JIETAIOTCA TaK, 4TO OTPE3-

K1, COEJIMHSIONNE JO6YI0
napy 4YacTHIl, OCTAIOTCS
TapaJsIeJbHbIMI  HCXO/I-
ubiM. KakoBo otHOmeHME
Macc ITUX qaCTHUIL
my :my :mg? I'paBura-
IUOHHBIM TIPUTSKEHUEM
npeHe6peyb.
H.Bopobves

Puc. 12

3agaua 5. Hemuneiinpiii siement

K snextpuueckoii nenu (puc.13), cocraBaeHHoll n3 0 MHAKO-
BBIX PE3UCTOPOB conpoTusaeHueM R = 1 OM kaskblil, He/uHeii-
HOTO dJIeMeHTa ¢ HEM3BECTHOH BOJIbT-aMIepHOiT XapaKTepUCTH-
KOW M mea bHOTO aMIIepMeTpa, MOAKIIOUEH NCTOYHHK, HaTps-
JKEeHHe KOTOPOTO MOKHO H3MEHATDh. 3aBHCHMOCTD MOKA3aHHil
aMIIepMeTpa OT HallpssKeHus HcTounuka 3afana (puc.14). ITo-

1,M
0,5F-======-->

3,5

0,5 === m e e
Puc. 13 Puc. 14

JIOKUTEJIbHOE HAIlpaBJIeHNe TOKA YKa3aHo Ha pucyHke 13. Boc-
CTAHOBHUTE 10 3TUM JAHHBIM BOJBT-AMIEPHYIO XaPAKTEPUCTUKY
HeJMHEHHOTOo a/1eMenTa (3aBUCHMOCTD CHJIBI TOKA Y€Pe3 9JIEMEHT
OT HaTIPSIKEHUS B HEM).
A.Anoaonckuil
11 knacc

3anava 1. Ilaker ¢ Mykoit

ByMaskHbBIN TakeT ¢ MyKo#l najiaeT 6e3 HauaJbHON CKOPOCTH €
BBICOTBI /i = 4 €M Ha 4aiky Hpy>KHHHBIX BecoB. CTpeska BecoB
OTKJIOHIJIACh JI0 OTMETKH m; = 6 Kr, a TocJe TOro, Kak

Bce 3aHATbI gesiom

KOJIe6aHNUS IPEKPATIIIICD, CTala OKa3bIBAaTh Maccy My = 2 KI.
JKectkocts ipyskunbt k= 1,5 kH /M. Haiigure maccy M dammku.
IIpumeuanue. Ycropenne cBO60JHOTO Ma[eHIA TPUHATD PaB-

HEM g = 10 m/c? .
B.Amayanun

3agaua 2. MarneTuam

HO [[ByM HapaJIJIeJIbeIM l"OpI/ISOHTa]IbHI)IM HaHpaB]IHIOH.[I/IM
(puc.15), pacroJoKeHHbIM Ha PacCTOSHUU [ JPyr OT Jpyra,
MOTYT TIepEMEIAThCs 6e3 TPEHUST JBA METATHICCKUX CTEPIKHS

AC n DE, nmetoriine Maccy D A

m U 3JIEKTPUYECKOE COIPO-

tuBaenne R kaxmprii. Of- ®© © ©
HOPO/IHOE MArHNTHOE N0 @ I ® ®

¢ MHAyKIWel B Hampasie- —
HO TIePHEeHANKYIAPHO IIoc-  © ®B 0
KOCTH HalpaBJgionmx. B | \
HavaIbHBIE MOMeHT Bpeme-  E | ] 1C

HM CTEPKHI PACHONOKEHDl  p- 75
Ha pacctostHun d, pyr OT
JIpyra ¥ IepreHAnKy/IspHbl HanpasisonmM. Crepxenb DE
HenoJBIKeH, a crepkHIo AC coo6IneHa CKOpocTb ¥y , TapaJ-
JlesibHAsT HATIPABJISIONINM, B HampasJeHUH oT DE.

1) Ha KakoM pacCTOSIHUM JIPYT OT Apyra GyAyT HAXOAUTHCS
CTEPKHU Yepe3 GOJIBINOI TPOMEKYTOK BPEMEH?

2) CKOJIbKO TeIlIa BBIAEIUTCS B 9TOM crcTeMe Yepes 60IbIIoi
TIPOMEKYTOK BpEMeHN ?

ComnpoTuBJIeHHEeM HAIPABJSIONIIX MOXXHO IIpeHeOpedb.

A.Anononckuil

3anava 3. /[unosp B 3J€KTPUYCCKOM II0JI€

Jluniosib npeicraBiisier co60il [Ba TOYEYHBIX 3apsiia +q u —(¢,
3aKPeIVIEHHbIX HAa PaccTostnum [ ApyT ot apyra. Macca qumoJist
m. JIWmoJib OpUEHTHPOBAH BI0JIb OCH X ¥ BJETAET CO CKOPOCTHIO
vy B o6aacTb gunoit 2L > [ (puc.16). B stoii o6nactu BekTop
HATIPSKEHHOCTH 3JIEKTPUYECKOTO TI0JIsl E  Be3jie HalpaB/eH
BJOJH OCH X, a €r0 MOJYJb H3MEHSIETCS MO 3aKOHY

x
E(x)=Ey|1- 2| Haitgure saBucumocts cuabl F, fefictylo-

meﬁ Ha AUII0JIb, OT €TI0 KOOPANHATDBI X, MAKCUMaJbHYIO CKOPOCTb

1 1

1 E

i i e e
g +q v, i—»—»—»—»—»i

1 1 ;
Iq—»l -1 0 [y
l i—»—»—»—»—»{

}—»—»—»—»—»E
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JIATIOJNST, a TakKe BpeMs rmpoJieta obsactu 2L. Cuuraiite, 4TO
OPHMEHTAIs JIUIOJIST B IPOCTPAHCTBE HE MEHSeTCs.
IHpumeuanue. Taxoe ajeKTpUUECKOE IOJIE MOXHO CO3/aTb
MEXIY TIJTACTUHAMU TIJIOCKOTO KOHJ/EHCATOpa C TIOMOIIBIO pac-
MpeIe;IEHHOr0 0ObEMHOTO 3apsijia.
M. Ipockypun

3anava 4. JIluneitnblii npouecc

OjuH MOJIb W/ICaJIbHOI0 MHOTOATOMHOTO Ia3a IIEePEBO/AT U3
cocrostnusi B, B KOTOpPOM TeMmreparypa pasua (g =217 °C | B
cocrosiume D Tak, 4TO [[aBJieHNe JINHEITHO 3aBHCUT OT 06beMa,
TeMIepaTtypa MOHOTOHHO yOBIBaeT,
pé‘\ a K rasy Ha TPOTSKEHWH BCETo
B npoiecca MOABOASAT  TEIJO
(puc.17). Haligure MakcuMaibHO
BO3MOXKHYI0 pabory Ap.., KOTO-
PYIO MOXKET COBEpIIUTb 3TOT Ta3 B

TaKOM IPOIECCE.

B.Cao0600smnun

v

0 V
Puc. 17

3agaua 5. JIuu3bI B KPYT

ToBopsr, uro B apxuBe CHeJlH-
yca HAllJIM PYKOMNCh, B KOTOPOI
00CY>KJaI0Ch, KaKk MOMKET UATH JIyd depe3 cucremy usz N
OJIMHAKOBBIX JINH3, ONTHYECKUE IEHTPBI KOTOPBIX JEXaT Ha

2012/Neb5-6

OKPY’KHOCTH, a WX IJIOCKOCTU TI€pPIeH-

JKYJISIPHBI 9TOH OKPYKHOCTH U TIPOXO-

gt depes ee 1mentp. OT BpeMeHn YepHu- °F
Jla BBINBEJIN, W HA CXEME OCTAJNCH BUJI-

HBI TOJIbKO CJIE/IbI OT ILIOCKOCTEH JIBYX

cocelHUX JIMH3 U (POKYC OIHON M3 HUX

(puc.18). U3 Tekcra caemoBasio, 9To Jyd,
MIPEJIOMJISISICh B KaXKI0W U3 JIMH3, HW[IET

[0 CTOPOHAM IPAaBUIBbHOTO N-yroJibHU-

Ka. Bug smnsel u ee guamerp D mpuBe- C
JleHbl Ha pucynke 19. pnc. 18

1) Kaxme 210 MOT/IM OBITH JUH3BI —
co6upalolre Uin paccenBaoiiie?

[Toctpoernem (¢ TOMOIIBIO UPKYJIS U
JHelKkn 6e3 feleHuii) BOCCTaHOBUTE:

2) nosoxenue eme aByx aun3 (cnesa u
cripaBa OT M306paKeHHbIX Ha pucyHKe 18
[JTOCKOCTEH JIMH3);

3) BO3MOSKHBIE MOJOKEHUS ONTHICCKIX
TIEHTPOB YETHIPEX TTOJYUUBIINXCS JITH3;

4) BO3MOKHBIH XOJ| Jiyda 4vepes oTH
JIMH3DI.

OrBet 060CHYIiTE.

Puc. 19

H.Epoghees, M.Ocun

ANTMJIOMAHTbI OJIMMIMUALDI

Jlurniiom nobegurens

o 9 KJaccaM IOy

Bbuxmaupos FOpuii — Mocksa,

Pozosun Anexcandp — Yensibunckast 06J1acTb,
Menenmoves Anexcandp — Hensibnnuckasi 06.1acTb,
Huxanoe Apcenuii — HoBocubupckas 0671acTb,
Dadees Apmemn — CTaBpOIOJbCKUIT Kpaii;

mo 10 kaaccam —

enucos Apcenuii — IlpumMopckuii Kpaii,
Jle6edee Poman — Ausraiickuii Kpaii,
IHosousxos Cepeeii — Mocksa,
Kanunoe /lanuun — MoCKBa;

mo 11 xixaccam —

Heawroscxkuit Hean — Mocksa,
Cao60dckos Hzopy — MockoBcKasi 0671acTh,
Aynxun Anexceir — Mocksa,

Conenxo Huxuma — Tam6oBckasg 061acTh,
HTuprxun Muxaun — MockoBckast 001aCTb,
Cedos Anexcandp — Mocksa,

Dpenxaax /lasud — MocKoBcKasi 061aCTb.

Luriom npuszepa

o 9 KJaccaM IOy TN

Heanose Apmem — Mocksa,

Cuexumn Baradumup — MockoBckast 06J1aCTb,
Cmepdos Anmon — Kuposckasi 0671acTb,
Ilempoe Ilasen — Mocksa,

Azanos Cemen — MockoBcKast 00J1acTb,
HTuwxun Eezenuii — llepmckuit xpaii,
IIpoxowes Huxuma — llepmckuil kpaii,
byzaes Cepezeii — Mocksa,

TI'so3descruii [lagesr — Mypmanckast 00J1acTb,
Baxnoe [lanuun — ApxaHresbckasi 001aCTh,
Janumox Azexceit — CBep/IIOBCKasi 06J1aCTb,
Tamapxun [Imumpuii — Pecry6nuka Mopaosus,

Jhobaiikuna Hamanvs — Pecny6mka Moposus,
Hucapenxko Anacmacus — Anraiickuii Kpafi,
Xodynoe Iasen — Cankr-IletepOypr,

Kosanee [mumpuii — MockoBckas 001aCcTb,
Dedopos Unvsa — Kamuarckuil kpaii,

Kpacnuxos Anexceii — Pecniy6imka Tarapcran,
Toanaues [Amumpuii — CBepanoBcKas 06J1acTb,
3axapoe Poman — Mocksa,

Jlomos Koncmanmun — HoBocubupckast 061acThb,
Jonamxun [anuun — IOrpa,

Cummnoe Bradumup — Anraiickuii Kpai,

Bbypenes Hean — Caunkr-IlerepOypr,

I'pocc Buxmopus — Mocksa,

Cxpunmiox Baaducaas — BpsiHckast 061acTb,
Cowee Cmanucaae — Cankr-IletepOypr,
ITesuenxo Anexcandp — Ilpumopckuit Kpaif,
I'puwun Anamoauii — Pecy6imuka Bamkoprocran,
Kanunun Huxoaati — Huxeropojickast 06J1acTb,
Ilanoéa Anna — PoctoBckas 0071aCcTh,

Heanoe Aiicusn — Pecniybimka Caxa (dxytus);

mo 10 kaaccam —

Beauxanos Marxcum — CBepiioBckas 061acThb,
Buwmnsxoe Ilasen — MockBa,

Macnoe Hean — Yenabunckas 061acTh,
Mameees Hean — Boarorpajckas 06J1acThb,
Dpadxun Unvs — Mocksa,

Juourn Maxcum — SIpocyiaBckasi 06J1acTb,
Kypenxos Muxaun — Huxeropozckast 061acTb,
Tymanoe Baaducaas — HoBocubupckast 06.1acTh,
Ezopos Anmon — Canxt-IlerepGypr,

Boicokux Maxcum — KupoBckast 06J1acTh,
Heemsapenxo Anmon — IlpuMopckuit kpaii,
Casuwies mumpuii — Mocksa,

Xoaun Aumon — Pecnyb6imka Moposus,
Kowenes fApocras — Yensabunckast 061acTb,
Janvro Anexceti — MockBa,

Manvieun Bumaauti — KupoBckasi 061acthb,



IToonecnviii Maxcum — MockoBckas 006J1aCTb,
Knouuxos Eezenuii — llpuMopckuii kpaif,
Kopaxun Havs — HoBocubupckast 061acTb,
Kanuma Hpuna — KpacHomapekuil kpaii,
Kanuyan Apcenuit — Yensa6unckast 061acTb,
Bypouna Anacmacus — llepMckuii Kpaii,
ITozooaes Jleonud — Mocksa,

Bbaunoe Poman — Bojorojickast 061acTh,
Booonvsn [anuus — Cankr-Iletep6ypr,
Kondpamves Apmem — Pecriy6Gimka Y aMyprusi,
JKabun Buxmop — Anraiickuii Kpaii,
Maxnux E¢pum — Mocksa,

Moxaes Bsiueciag — JleHuHTpajicKast 00J1acTh,
Huxonaes Baadumup — OpiioBckasi 06J1aCTb,
Caboenos Yunzusz — ToMmckasg 06JaCTb,

Kom 9pux — XabapoBckuii Kpaii,

Jlomrxoe Anamoauit — MockBa,

Amumpuesa Hamanus — VIpkyTckas o61acTb,
Baze030kun Andpeii — CBep/ioBcKasi 06.1aCTh,
Dacanoe Andpeii — YenssOunckast 06J1acTb;

mo 11 xkaaccam —

Maodux Muxaun — Huxeropojickast 06/1acThb,
Huxumun /[enuc — Canxr-IlerepOypr,

vk uH36yp2 Jlee — MockBa,

I'punvro [mumpuii — Mocksa,

Cunsxos Jlee — Mocksa,

Bacuivesa Anexcandpa — Mocksa,
Mensinoe Muxaunr — MockoBckast 001acTh,
Hyuxun Huxuma — Hukeropojckast 0671acTb,
TI'anvrosckuit Ezop — Canxr-Ilerep6ypr,
Jozunoe Huxonraii — Hukeropojckasi 06J1acTb,
Asnaypos /lasud — Mocksa,

yroe Andpeii — Mocksa,

Macnos Apmemuii — Caunxr-Ilerep6ypr,
/ledosuy Cepeeti — MockoBcKasi 06J1acTb,
Escees Onez — Mocksa,

Auzexcenxo Baadumup — Mocksa,

Bywmun Hean — MockoBcKast 06J1aCTb,
Bapmansn Hadexda — Cmosenckasi 06J1acTb,
3wvikoe Huxuma — Yenabunckas o61acTb,
Kpowmnun Anexceil — ApxaHreabckasi 06JacTb,
Epowenxo Anexcandp — Mocksa,

Honecky Andpeit — Mocksa,

Cyposies Anexceii — Pecriybinka MopaoBusi,
Dewenko Uavs — Mocksa,

Kynew Hean — IlckoBckast 061aCTb,
Manyiinosuu Eea — Mocksa,

Ipuxodvko Hean — Mocksa,

Tepexos Anmon — Cankr-IletepOypr.

HMy6ruxayuio nodzomosuiu
C.Kosen, B.Cao600anumn

LI MexayHaponHas MaTemMaTyeckas
onMMmnmaga

C 4 no 16 wiona 2012 roga B ApreHtnHe npotwna Ll
MexayHapogdHas matematndeckas onuMnmaga (MMO). Mpo-
XNagHOWM apreHTUHCKOW 3UMOV ONMMMMaAYy NPUHMMan KypopT-
HbI ropod, Map-faenb-lnata, pacnonoxeHHbI Ha bepery AT-
JIaHTUYecKoro okeaHa. B atom rogy 8 MMO npuHanu y4actue
548 yenosek 13 100 ctpaH Mupa.

KomaHay Poccum coctaBunv pebsita 13 caMbix pasHbIX Yron-
KOB Hallleln CTpaHbl: BbINYCKHWUKW LKONbl Muxaun [puropbes 3
KazaHu (nuuen 131) w AnekcaHap KaameiHuH w3 VpkyTcka
(nuuen-vHTepHaT 1), AECATUKNACCHUKW Jmutpmii KpadyH 13
CaHkT-Metepbypra (OMJ1 239), AnexcaHap MaryikuH 13
Wxescka (nuuen 29), Jles [l/abarHos w3 AHrapcka VIpKyTckom
obnactn (CYHL, MTY) v peBatmknaccHuk Jarumn Kiwes u3
CankT-TeTepbypra (OMJT 239). HecMoTps Ha To, 4To cHopHas
Poccunm HblHelWHero roga 4ocTaTodHo Mostofas (6osbLuas HacTb
KOMaHAb! MMeeT LWaHChl 1 Ha ClefyoWwmnn rog, NpUHATL y4acTme
B MMO), Kaxapln 13 pebsT B pamMKax NoAroToBKM COOPHOM K
MMO yxe y4acTBoBan xoTs Obl B OLHOM M3 MeXIyHapoAHbIX
copeBHOBaHWM, a Muxaun [puropees 1 Omutpun KpadyH
3aBoeBanu Megann MMO B npownomM rofy. 3aflaHns HblHeL-
Hen onMMMMadbl OKa3anncb BeCcbMa CIOXHbIMU (Tonbko 32
yyacTHuKa (1) cymenn HabpaTb Honee ABYX TpeTen OT BO3MOX-
HOroO MaKCUMMasbHOro Yucna 0annoB), 0COBEHHO TpyAHLIMM
Obinv 3agaqr 3 1 6. Tem He MeHee, Hallla cOopHas BbICTyNUNa
ycnewHo. Poccumckme LWKOAbHWKK 3aBoeBann 4 30n0Tble 1 2
cepebpsiHble Mefiany, 3aHsB 4 CTPOUKY B KOMaHLHOM PerTUHTe.

MocnegHUn 3Tam MOAroToBKM KoMaHabl K MMO — neTHue
y4eBHO-TPEHNPOBOYHbIe COOPbI — MPOXOANS, KaK U B Npeablay-
wue romdbl, B getckom narepe «KOMIMbIOTEPUS» (TBepckas
06nacTb). bonbLon BkNaA B yCrewHoe BbICTyMnneHne KoMaHabl
BHeCIM npenofasatenu cbopos: nepgaror OMJ1 239 CaHkT-

CneBa Hanpapo.: A.KanmbiHuH, J1LLlabaHos, [ KpadyH, AMarywkmH,
L .Kmoes, M.[puropbes

MetepOypra, K.d.-M.H. C/1.6Epr08, MAAAWNIA HayYHbIVI COTPYA-
HUK, npenogaBatens MIY n MOTU, kd.-MH. AUlapbep,
neparor AononHuTenbHoro obpasoBaHus CaHkT-MeTepbypra
A.ClonosaHos, npodeccop ApocnaBckoro rocyapcrBeHHOro
yHuBepcuTeta, A.9.-M.H. BJ1[JonbHurkos, acnpaHt MY AH.Ma-
rasmHoB, acnupaHt MTY U MurpogarHos, acnnpaHt CH6ry
K.A.Cyxos, acnupaHTt Apl'Y /.P.YenHokos.

MprBOAMM pe3yfbTaThl BbICTYNeHWs Hallen cbopHom (Kax-
[las 3aflada oleHnBanacs 13 7 6annos). MonHas MHMOPMaLMS
O pe3ynbTaTtax Ha MEeXAYHapOoHbIX MaTeMaTU4ecKMX OfIUM-
nnagax umeerca Ha oduuManbHOM CcanTe OnMMNMagbl
www.imo-official.com
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YyacTHUK Bannbl no 3agadam  Cymma 6Gannos Mepanb
12 3 4 5 6

[puropbes

Mwuxaun 7 7 5 7 7 0 33 3onoTas
KanMbIHWH

AnekcaHgp 7 7 0 7 7 0 28 30M0Tas
Knioes

Hanumn 7 7 7 7 7 0 35 30/10Tas
KpauyH

Ovmtpunn 7 7 3 7 7 1 32 3on0Tas
MaTyLKNH

Anekcangp 7 7 3 7 1 1 26 cepebpsiHas
LLlabaHoB

NleB 7 0 3 6 0 7 23 cepebpsiHas

PykoBoauTenu Komanabl onaropapsat 4./0,[ovixeHa, KoTopblin
MHOrO f1eT OKa3blBaeT NoAAepXKy KOMaHae Poccmm B MexayHa-
POAOHBIX MaTeEMATUYECKMX COPEBHOBAHUSX.

3AOAYUN OJIMMIMUALDI

1. [lan rpeyrosnbuuk ABC; Touka J aBJISIETCS IEHTPOM BHEBIIN-
CaHHOI OKPY>KHOCTH, COOTBETCTBYIoOlIel BepuinHe A. Jrta BHe-
BIIMCAHHAs OKPYXKHOCTb Kacaercst orpeska BC B touke M, a
npsmbix AB n AC — B toukax K u L coorsercTBeHHO. IIpsiMbie
LM u BJ mnepecekaiorcsi B Touke F, a npampie KM u CJ
nepecekatotcs B Touke G. Ilycrb S — Touka nepeceyeHus mpsiMbIx
AF n BC, a T — Touka mepeceuerns mpsambix AG n BC.
[lokaskure, yto Touka M sBIseTcs cepeanHoil orpeska ST.

I'peyus

2. Jlano 1eJstoe yucao 7 = 3 u AeiiCTBUTEIbHDBIC MOJTOKUTEIb-
HbIE YUCHA dy, d3, ..., d, TaKWe, 4TO dyds...d, = 1. Jlokaxure,
4TO

(1+ 02)2 (1+ a3)3 ~(1+a,) >n"
Ascmpanus

3. [IBa urpoka A n B urpaior B urpy «¥Yrajaii-kas». [Ipasuia
9TOI MTPBI 3aBUCAT OT JIBYX IMOJIOXKUTEIBHBIX IEJbIX YHCeJ R 1
7, ¥ 9TH YHCJA U3BECTHBI OOOMM UTPOKAM.

B nauasie urpet A BbiGupaer 1eJpie uncsaa x u N Takue, uTo
1<x < N. Urpok A [epKuUT 4uCJI0 X B cekpere, a ynciao N
4yecTHO coobmmaet urpoky B. Ilocse atoro urpox B mbITaercs
MOJIyINTh NHGOPMALIUIO O YHCJIe X, 33JaBasi HTPOKY A BOIIPOCHI
CIeAYIOUIero THIA: 3a OAUH BOIPOC B yKasbIBaeT IO CBOEMY
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YCMOTPEHUIO MHOKECTBO S, COCTOSIIIEE U3 HETbIX TTOJ0KUTEb-
HbIX unces (BO3MOXKHO, 9TO MHOXECTBO YKe GbLIO yKa3aHO B
OJIHOM M3 TPEIBIAYIINX BOIMPOCOB), W CHpANINBacT Urpoka A,
TIPUHA/JIESKHUT JIM YUCJI0 X MHOKeCTBY .S. VIrpok B MoeT 3a/71aTh
CTOJIBKO BOTIPOCOB, CKOJIBKO OH XoueT. Ha Kaskjblii Bompoc
nurpoka B urpok A 10JIKeH Cpa3y OTBETUTD «J[ay HJIN <HET», TIPH
9TOM €My paspelraeTcsl COBPATh CTOIBKO Pa3, CKOJbKO OH XOUeT;
€INHCTBEHHOE OTPAHMYEHNE COCTOUT B TOM, YTO W3 JIOOBIX
k + 1 noapsi MIYIUIX OTBETOB XOTsI OBl OJIIH OTBET JIOJKEH OBITH
MIPaBINBBIM.

IToce Toro Kax B 3a7acT CTOJIBKO BONPOCOB, CKOJBKO OH
COYTET HYKHDBIM, OH JIOJIKEH yKa3aTb MHOXKeCTBO X, co/epKa-
1tee He GoJiee 1 TIEJIBIX MOJIOKUTENbHBIX Ynces. Ecau x mpuHaji-
JIESKUT MHOKECTBY X, TO HTPOK B BBIUTpaJ; MHa4Ye B pourpad.

Jlokaskure, 4TO:

1. Ecn n > 2% | t0 B Mosxer rapanTHpOBaTh ceGe BBINTPHIIL.

2. Jlms BCSKOTO JIOCTATOYHO OGOJIBIIIOTO R Haiijiercs 1esoe
ancao n > 1,99% MPU KOTOPOM UTPOK B HEe CMOKET TapaHTHpPO-
BaTh ceOe BBIUTPHIIIL.

Kanaoa

4. Haitgute Bce GyHKImN [ : Z — 7Z Takue, 4T0 715 JIOOBIX
TeJTBIX YHCeN d, b, ¢, yIOBIETBOPSIONINX YCAOBUIO d + b + ¢ =
= 0, BDbITIOJIHAECTCA paBeHCTBO

(@Y +f (b)Y +7(c) = 2f (@)f (b)+2f (b)f (c)+2f (c)f (a).
IOxnas Agpuxa

3. Ilycts ABC — tpeyrosbhuk, B kKotopom ZBCA =90°, u
nyctb D — OCHOBaHME BBICOTBI, MPOBEJACHHON n3 BepimHbl C.
Buytpu orpeska CD B3sara touka X. [lycts K — TouKa, Jexxaras
Ha orpe3ske AX rtakasg, uro BK = BC. Anajoruyno, mycrb L —
TouKa, Jiexkamast Ha orpeske BX Takasg, uto AL = AC. Ilyctp
M — touka mepecedenns otpe3koB AL n BK. Jlokaxute, 4TO
MK = ML.

Yexus

6. Haiiiure Bce 11eJ1bIe TIOJIOJKUTETbHBIE YHCJIA 1, JIJIST KOTOPBIX
CYIECTBYIOT 1ieJible HeoTpHllaTeJbHble Yucaa dy, dy, ..., d, Ta-
K#e, 9TO
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Cepbus

Hy6auxauuio nodzomosuau H.Azaxanos, H.Bozdaios,
I1.Koixeenuxos, M.IIpamycesuu, /.Tepéwun

LI MexayHapogHasa gu3myeckas
onMMnmaga

B 2012 rogy MexayHapogHasa onvmnuaga LUKONbHUKOB MO
dusuke (IPhO) npoxogmna B DctoHmM ¢ 15 no 23 wions. B
ONMMNUaZE NMPUHANK y4acTue LKONbHUKK 13 81 CTpaHbl.

Poccuio Ha onMmnvaze NpefcTaBnsanuv Hukura ConeHko (Tam-
boBckas obnactv), fles [mH36ypr (Xabaposck), VBaH MBaiu-
kosckii (Mocksa), AnexcaHapa Bacubesa (Mocksa) v fasug
@perknax (JonronpyaHsin MockoBckon obi.).

STK pebsta Npownu AOoNrvin NyTb oTbopa U MOArOTOBKM K
MexayHapogHon onumnuage. B anpene 2011 roga no pesynb-
TaTaM 3aKJlOYNTENBHOrO 3Tana Bcepoccumckon onvmMnvabl No
duzmke 2011 roga Obinm oTobpaHbl 24 AeCATUKNACCHNKA, KOTO-
pble CTanu KaHAuAaTaMu B HaumoHanbHylo cbopHylo Poccuu.

Ons Hux ObiNW NpoBefeHbl TP ABYXHeAeNnbHbIX cbopa, BO
BPeMsi KOTOpbIX C pebaTamu 3aH1MManm1ch BedyLlme npenogasa-
Tenn dusnkn MOTU, HaydHble coTpyaHvkn UTI®, LATW. Mo
pe3ynbTaTamM COOPOB, a TakXe C YHeTOM pe3ysibTaToB 3akJIoum-
TeNbHOro 3Tana Bcepoccmmckon onnMMnMagbl WKONbHUKOB MO
du3vke 2012 roga Obinm oTobpaHbl NATEPO PebsAT, KOTopble U
noexanu Ha onumnuagy.

Ba>kHbIM 311eMEHTaMK MOArOTOBKM COOPHOWM CTano yyactue
Halwmx KaHAamaatoB B EBponenckon onvmnmnage no dusnke B
PymbiHnn (Byxapect, mapT 2012 .) 1 B A3unatckon onuMnuage
LWKOMbHNKOB Mo du3mke (Hbtlo-LAenn, mam 2012 r.). Ha obenx
onMMMMaax Halm pebsta BbICTYNMUAM LOCTaTOYHO ycrellHo. B



Komarna Poccm Ha XLIII MexzayHaponHov @uzndeckor ommmniane

4aCTHOCTW, Ha A3MaTckon onuMnuage KoMaHga Poccum 3aHana
BTOpPOE MecTo, YCTynmB Tofibko KHP.

Ho, BepHeMcs kK onvmnmage B ScToHun. Kak 0OblMHO, copeB-
HOBaHMA y4aCTHMKOB NMPOBOAMMNCH B [Ba Typa — TeopeTmyec-
KNI 1 3KCNeprMeHTanbHbIA. YneHbl cOopHo Poccnmn nonyynnm
3 3000Tble U 2 cepebpsiHble Memanu: Hukuta ComneHko —
3onotyto, JleB TVH3Oypr — 30moTylo, VBaH VBawkoBCkMn —
3on0Tyio, AnekcaHapa BacunbeBa — cepebpsiHyio n dasupg
@DpeHknax — cepedbpsHyio.

ABConoTHBIM NobeaunTenem onnmMnnazbl ctan Attmna Cabo —
LUKONbHMK 13 BeHrpuu.

B HeoduumanbHOM KOMaHAHOM 3ayeTe nepsble 10 mecT
pacnpefenvnncs crnedyolmmM obpasom:

1. KHP
TamBaHb
Poccua
fOxHasa Kopes
NHouns
CLUA
Tawnnanpg,

CunHranyp
. fAnonua

10.  ToOHKOHI

B LepeMoHMM 3aKpbITVa onMMAMagbl NPVIHAN y4acTve naype-
at Hobenesckow npemum no xummmn 1996 roga Mapong Kpoto 13
CLUA (Hobenesckyto npemuio, coBMecTHo ¢ P.Kepnom n P.Cmen-
N, OH MOMYYNUN 3@ OTKPbITUE (YNNEPEHOB).

Hu>xe npmBoaATCA yCNOBMA 33434 TEOPETNHECKOrO Typa ONMM-
nuagbl.

©oONO VA WN

TEOPETUYECKUN TYP

3anava 1. PucyHku npesx/e Bcero

% (13 6annos)
IPhQ

Yacmv A. Bairucmura
Mstumk, GpOIIEHHBIH ¢ HAYaTbHOM
CKOPOCTBIO 0y , JIBUKETCS B OZTHOPO/I-
HOM T'PaBUTAIIHIOHHOM II0JI€ B ILJIOCKOCTU XZ, T/le OCh X TOPU30H-
TaJbHA, & OCb Z — BEPTUKAJIbHA 1 AHTUNIAPAJITETbHA YCKOPEHUIO
CBOGOTHOTO MA/IEHNUST ¢; COPOTUBJIEHIEM BO3/yXa TPEHEOPEUD.
1. Mensst yrosa 6pocka MsSYMKa, OPOIIEHHOTO € HAYaJbHOI
CKOPOCTBIO ¥ U3 HayaJa KOOPAMHAT, MOKHO IMOPA3UTh IIeJib B

o6JiacT, 3a/[aHHON ypaBHEHHEM

7 < zg—ka?;

aToT (haKT MOXKHO NPHUHATH Oe3 Jl0KaszaTesbcTBa. Haiimure
nocrosmueie z, u k. (0,8 6amna)

2. Temepb MOKHO MEHATh M yTOJ, W TOUKY Opocka (Kotopast
BCE K€ 0CTaeTcs Ha ypoBHe semud, T.e. z = (). Heo6xoxumo
MOPa3UTh CAMYIO BEPXHIOI TOUKY
chepnuecKoro 3Aanusi pairycom
R (puc.1), 6pocnB MUK C Ham-
MEHBIIIEH BO3MOYKHOUM CKOPOCTBIO
0y . Jlo opaskeHus 1eJi OTCKOKH
MSIYHMKA OT 3/[[aHusl He [[OIyCKaIoT-
ca1. Hapucyiite kagectsenmo (T.e.
yUuuTbIBasg CaMbl€ BasKHbIE CBOII-
CTBa peIIeHusi, HO He ¢ abCoJIOT-
HOW TOYHOCTBIO) ONTUMAJBHYIO
TpaekTopmio Maunka. (1,2 6ama)

Buumanue! Banapl paworcs
TOJIBKO 32 PUCYHOK.

3. Uemy paBHa HanMeHblIasi BO3MOKHAST HAYAIbHAST CKOPOCTD
Onin » HEOOXOMMAst, 4TOOBI TTOPA3UTh CAMYI0 BEPXHIOID TOUKY
cepuueckoro spanug paauycom R? (2,5 Ganna)

Yacmoy B. Ilomox 6030yxa 60kpye xpuviid

[List aTOM yacTH 3a/1a4M BaM MOXKET IIPUTO/INTHCS CJIeyomast
nudopmanus. 18 NoToKa JKUIKOCTH WM Ia3a IPU CKOPOCTHX,
MHOTO MEHBIITNX CKOPOCTH 3BYKa, BAOJIb JMHUN TOKA CTIPABE/JIN-

BO CJIEyIOIIee PABEHCTBO:
2
o

p+°gh+ = const ,

3}_'[er ° = IIJIOTHOCTD, h - BbICOTa, g — YCKOpeEHue CBO6OJ_'[HOI‘O
Hajgenus, p — TUAPOCTATUYECKOE /[JaBJIEHUE. JIvHuAME  TOKa

Ha3bIBAIOTCA TPACKTOPUUN YACTUIL )KI/II[KO%TI/I NN ra3a B caydae
<]

CTAIlMOHAPHOTO TEYCHUA. BeJII/I‘{I/IHy Ha3bIBAIOT JMHAMMU-

YECKUM JlaBJIEHHUEM.
Ha pUCYHKE 2 IIpUBE/IEHO IIOIIEpeYHOoe ceYyeHne Kpbljla CaMO-
JIeTa, HSOépa)KeHHOC BMECTE C JIMHUAMU TOKa BO3/lyXa BOKDPYT

/

Puc. 2

KPbLTA, YBUIECHHBIMI B CHCTEME OTCUETA, CBSIBAHHON C KPBLIOM.
[peanoJaraiite, 4to: a) MOTOK BO3/yXa MOJHOCTBIO /IBYMEPHbIii
(T.e. BEKTOPBI CKOPOCTH YACTHUI[ BO3/yXa JIEKAT B TJIOCKOCTH
pucyHka); 6) PUCYHOK JIMHMI TOKA HE 3aBUCHT OT CKOPOCTH
camoJieTa; B) BETPa HET; I') AUHAMUYECKOE [ABJCHUE TOPA3/I0
MembIe arMoceproro gasenus py = 1,0-10° Ia . Paspera-
€TCsl MCIOJIb30BATh JIMHEHKY, 4TOObI CHATH HEOOXOANMbIE W3-
MepeHUs ¢ PUCYHKA.

1. Ecs ckopoctb camostera pasia oy = 100 M/c ornocuTe b~
HO 3eMJIH, TO YeMy PaBHAa CKOPOCTb BO3/yXa Up B Touke P (cM.
puc.2) ornocureapno semm? (0,8 6asna)

2. B carydae BbICOKOIT OTHOCHTEILHON BJIAXKHOCTH BO3/LyXa IIPU
IIPEBBIIEHNH CAMOJIETOM KPUTHYECKOTO 3HAUEHUSI CKOPOCTH Uyp
32 KPBLJIOM BO3HHKAET TIOTOK Karesb Bo/bl. Karm o6pasyiorcst
B ompeneseHHoll Touke Q. OtmeTbTe TOUKYy () Ha pPUCYHKE.
MMoscaute KauectBeHHO (MCTIOMB3YsT (POPMYJIBI U MUHUMATBHOE
KOJIMIECTBO TEKCTA), KAK BbI OTIPEIEIIIN €€ MECTOHAXOKICHHE.
(1,2 6anna)

3. Omennre KPUTHIECKYTO CKOPOCTD Uy , NCHOMD3YS CJCLYI0-
I1{fe JIaHHbIe: OTHOCUTEIbHAS BJIAKHOCTh HEBO3MYIIIEHHOTO BO3-
ayxa @ =90%, yaenbHast TEIIOEMKOCTb BO3/yXa IIPH HOCTOSTH-




72 KBAHT -

HOM JIABJICHUH C), = 1,00 - 103 Z[)K/(Kr -K) , naBnenne nacoren-

HOTO BOJITHOTO mapa paBHo p,; = 2,31 klla mpu temneparype
HeBo3MyIeHHOTO Bo3ayxa T; = 293 Ku p,, = 2,46 klla npn
temneparype 1, =294 K. B 3aBucumocTy ot Balmx npuoimxe-
HUIT BaM MOXKeT TaKKe TTOHAJO00UThCS YeJabHAsT TEeIJIOEMKOCTD
BOB/IyXa MPH TIOCTOSHHOM o6beme ¢y = 0,717 - 107 Tk /(xr-K) .
OrHocHUTeTbHAS BJIAYKHOCTD SBJISIETCS OTHOIICHUEM JaBJICHUS
BOJISTHOTO Tapa K JIABJEHUIO HACBIIEHHOTO BOJSTHOTO Tapa MpH
Tolt ke Temmeparype. (2,0 6ama)

Yacmv B. Maznumnole cOLOMUHKU
PaceMoTpuM MUHHAPUIECKYIO TPYOKY U3 CBEPXITPOBO/ISIIETO
Matepuana (puc.3). [lnmuna TpyOkum [, a ee BHyTpeHHHIT paguyc
7, npudeM [ > 7. llentp TpyGKU CO-

@ @ BIIQ/[aeT C HAYaJOM KOOP/MHAT, a ee
Tr ocb — ¢ ocblo z. VIMeercs MarHuTHbBII
norok M yepes 1eHTpaIbHOE TTOTIEPEY-
Hoe ceuyeHue TpyOku, z = 0,
2%+ y? < r* . CBepxmpoBOAHIK — Be-
IIECTBO, MOJHOCTBIO BBITAJIKUBAIOLIEE
[ MarHuTHoe moJie (MarHuTHOE moJie B
Y Y ero Tomme Beerga PaBHO HYJIO).
X 1. Hapucyiite nstb CUJIOBBIX JUHUI
MarHUTHOTO I0JIST, TPOXO/AIINX Yepes
2 [ATb OTMEYEHHDBIX TOYEK B IJIOCKOCTH

npo0sbHOro (0CeBoro) MonepeuHoro
Puc. 3 ceuenns Tpy6xu. (0,8 Gasmma)

2. Haiiiure HanpaB/eHHYIO BIOJIb
ocu z cuay Hatskenusi T B cepenune tpyOku (T.e. cuay, ¢
KOTOPOI /IBe TIOJIOBUHBI IMUINHAPA, z > 0 u z < 0, B3anMoeii-
cTByIOT ApyT ¢ apyrom). (1,2 G6amma)

3. Tenepp B HaIMYMK UMeEETCA elie oJHa TPYOKa, UACHTHYHAS
u napajuienbHas 1epsoil (puc.4).
MarnuTHoe 1oJie BO BTOPOil TpyOKe
MMeET MPOTHBOIOJIOKHOE HAaIIPaBJIe-

N | e, a ee MEHTP PACHOJIOKEH B TOUKE

'S M| v =1 x=2z=0 (takum o6pasom,

TpyOKM 00pa3yioT JiBe MPOTHBOIO-

JIOKHBIE CTOPOHBI KBazpara). Ompe-

| [ |  memurte cusmy MarHuTHOTO B3aMMO-

Puc 4 neiictBusi F Mexxy aByMs TpyOKa-
mu. (2,5 6auna)

= 3anaua 2. Kanessnuna KeabBu-

@ Ha (8 Ganon)
ot Bam MOryT IPUTOJUTBCS CJIEILYIO

Bt 1€ CBeJIeHUsT O TIOBEPXHOCTHOM Ha-
TsKeHNH. [y MOJIEKYJT SKUJIKOCTH
MOJIOKEHIE HA TPAHUIE C BO3IYXOM MeHee MPEANOUYTHTETbHO,
yeMm B ray6une. ITostomy rpanuna o6/1aaeT Tak Ha3bIBAEMOIl
noBepxHocTHOI sueprueit U = oS, rae S — miomab noBepx-
HOCTH JKUJKOCTH, a G — KO3(UIMEHT TTOBEPXHOCTHOTO HATS-
skenusi. Kpome Toro, aBa coceguX ¢parMeHrta MOBEPXHOCTH
JKUJIKOCTH TIPUTSTHBAIOT JIPYT JIPyTa C CHU-
jgoit F=ol, tae | — piuna nipsiMoit Jiu-

HUM, pas/esionieil aTn Ba parMeHTa.
Jlunnas Metasingeckas TpyoKa ¢ BHyT-
® PEHHUM HaMeTpoM d HarpaBJieHa BHU3, a
T 13 OTBEPCTH Ha ee KOHIle Me/IJIEHHO Karla-
= er Boga (pmc.5). Bomy MOXHO cumTaTth
nposogsieii. Koadgduiment nosepxuocr-
HOTO HATSIXKEHUS BOJIbI G , & IJIOTHOCTD P .
Ha mporspxennn Bceit 3ajaun moJiaraiire,
qr0 d < ¥, TA€ ¥ — PaanycC Karliu, BUCS-
Puc 5 1ief HermocpeICTBEHHO 1o/ TPYOKOH, MeI-

2012/Neb5-6

JIEHHO pacTyllieil BO BpeMeHHU /10 MOMEHTa, KOT/Ia KallJjis OTPbIBa-
ercss oT TPyOKM W HAYMHAET MNa/aThb W3-32 CHUJBI TSUKECTH
(ycropenne cBOGOMHOTO TIAJICHUST PABHO ().

Yacmo A. Oona mpybra

1. Haiigure MakcUMAJbHBIH PAUyC 7., Kalljid HErnocpe/-
CTBEHHO Tiepel ee oTpbiBoM oT TpyOru. (1,2 Gamma)

2. DJIEKTPOCTATHYECKHIT TIOTEHIMA] TPYOKM OTHOCHUTEJHHO
0EeCKOHEYHO yJajieHHOl Toukn paBen ¢ . Haiiaure 3apsg Q
KallJIm B MOMEHT, Korja ee paamyc pasen r. (1,2 Gamna)

3. B aToM nozinyHKTE T10J1araiiTe, 4To 7 OCTaeTCS HEM3MEHHDBIM,
MoKa ¢ MeJIEHHO TOBbINAIoT. Karis craner HecTaOUIbHON 1
pacrajieTcss Ha KalleJbKH [OMEHbIIE, €CJU THIPOCTaTHYeCKOe
JIaBJIEHNEe BHYTPHU KallIi CTAaHEeT MeHbIle, 4eM atMocgepHoe.
Haiigure kputnueckuii noteHuans Tpyoku @p.. , P KOTOPOM
ato cayuurest. (1,6 Ganna)

Yacmy b. /lee mpyoxu

Anmapart 110/ HazBaHueM «Kanesbhuia KegbBura» coctonT us
ABYX TPyGoK (MAECHTUYHBIX TPYOKE U3 YacTh A), COCJINHEHHBIX
T-o6pasnoii TpyOKOil
(puc.6). Konupr o6enx
TPyOOK HAXOJISATCS B TI€H-
Tpe IBYX IMJIMHPHIEC-
KUX 9JIEKTPOJIOB [ITHHOMN

L wu paumamerpom D, 7 A

L> D>r; us obeux *IC

TPyOOK Kamaer 7 KareJb al |

B emHAITy Bpemenn. Karr-

JIN TIAJIA10T € BbICOTHI H B —O O L
JIBE IIPOBOJSALINE Yalll

PSAMO TI0/1 TPy OKamMu, co- D

e/lMHeHHbIe ¢ AekTpoga- H
MH TaK, Kak [I0Ka3aHo Ha
pucyHke 6. OJEKTPO/IbI
Coe/IMHEHbI Yepe3 KOH/IeH-
catop eMkocTbio C. CyMm-
MapHbBI 3apsi/l CUCTEMBI  Puc 6

Yaii 1 3JeKTPO/I0B PaBeH

HyJ10. Bepxnuil konTeiinep ¢ BoJ0il 3a3eMJIeH.

1. Boipasute Moay b 3apsaa Q, Karesb, OTAESIONIXCS OT
TpyOOK B MOMEHT, KOTJa 3apsi/i KOH/EHCATOpa paBeH ¢, depe3
Tmax  (eM. wacts A-1). dddekrom, omucanupiM B yactu A-3,
npene6peun. (1,2 Gamia)

2. Haifiute 3aBICHMOCTD BeJIMUMHBI ¢ OT BPEMEHN ¢, IpeJicTa-
BHB €€ KaK HEIPEPLIBHYIO (GDYHKIMIO OT BpeMeHH ¢ (¢) 1 IPUHSB
q(0)=gq,. (1,5 6amra)

3. PaGore kameJbHUIIBI MOXKET MOMelaTb a3 deKT, ommcan-
Hblil B yactu A-3. Bosee Toro, cymectByer npeaen U, s
JOILyCTUMOTO HAIIPSDKEHUS MEXTY 3JeKTPOJaMU, BbI3BAHHBII
3JICKTPOCTATUYECKUM OTTAJIKMBAHMEM Kallld M Yalld 10J[ Heil.
Haiinute U, -

Ipumeuanue. IlepBas majaromas Kamas HMeeT MEKPOCKOIIN-
YeCKUil 3apsizl, YTO IPUBOJIUT K HAPYIICHUIO CHMMETPUU CUCTEMBI
1 HeOOJIbIIOMY Pa3/IeIeHUIO 3aps/I0B Ha KOH/ICHCATOPE.

Paccmorpum caresyiongyio Mojiesib g i

dbopmuposanust 3sesapl. Cepuuec- PO

Koe 00JIaKO Pa3peKeHHOTO MesK3Be3-

JIHOTO Tas3a, Haxojdlleecs HM3HAyaJbHO B COCTOSIHUM IIOKOS,
HAUMHAET CKUMAThCS M3-32 CBOEH COOCTBEHHOI TpaBUTAIINH.
Hauanbublii paguyc o61axa 7, , macca m. TemrepaTtypa okpy:Ka-
Iolmeil cpeibl, ropaso 6oJiee paspeskeHHOM, YeM ra3, a TakKe
HavaJ bHAsT TEMIIEpPATypa Ta3a BCIOJAY OJHAM Taxke W paBHA 1y .
la3 cumraiite npeanpubiM. Cpemnss MossipHas Macca raza M, a

3anaua 3. O6pa3oBaHue MpoTO-
3geazanl (9 Gasnos)



MHOPOPMANNA 73

4 o
ero mokasaTeJb ajanabaTbl y>§. IIpeamonaraiite, 9TO

Gmr—M > RT,, rae R — ynuBepcajbHasd ra3obas IOCTOSHHALA, a
G —Ol'paBI/ITaHI/IOHHa}I MOCTOSTHHAS.

1. Ha mporskenun GoJIbllell 4acTH CXKATUS Ta3 HACTOJBKO
Ipo3pavueH, YTO BCE BO3HMKAIOIIEe B HEM TEIJIO HeMe/JTeHHO
TepsieTCsT Yepe3 U3JaydeHre. Bo CKOIBKO pa3 7 yBEJHUUTCS
JlaBJIeHNUE, ecyu paauyc obaaka ymenbimres sasoe (7, = 0,57 )?
[Ipeamnosaraiite 4To TJIOTHOCTD ra3a OCTAETCS BCIOLY OMHAKO-
Boit. (0,8 6amma)

2. Onennte (IpUGM3UTENBHO) BPEMs £y , 32 KOTOPOE PaIHyC
o6siaka YMEHbIIUTCSI OT Ty 10 7, = 0,957, . VIamMenenuem rpasu-
TAIIMOHHOTO TOJISI B/IOJIb TPAEKTOPUU YaCTUI[ TIPeHeGperure.
(1 6amm)

3. Ilpeamonaras, 4To naBjeHHe Tasa B 06JIAKE OCTAETCS
npeHeGpPeXKUMO MaJsIbIM, Haiijiurte BpeMs f,_,,, 3a KOTOpOe
00J1aK0O COXKMETCS OT PAJIIyca %y 10 PAAIYCa rOpasjio MeHbIIEro
pasMepa, WCIOJIb3ysT 3aKOHbI Kemepa st aJIHITHYECKUX
opbur. (2,5 Gana)

NHDO

4. Tlpu ompefesieHHOM paanyce 73 < 1, Ta3 CTaHET J0CTa-
TOYHO IIJIOTHBIM JJId TOTIO, ‘ITOébI 6I)ITI) HEIIPpO3pavyHbIM [IJIA
TerioBoil  paauaiuu. Onpejennre KOJIUYECTBO TEIIOTbl Q,
M3JIyYeHHOe TIPU CKaTUM OT pajuyca % 1o pagmyca 73 . (1,7
Gasna)

5. [l pamnycoB MeHBINE YeM 73 TETIOBBIM H3JIyUYeHUEM
MOKHO TipeHe6peunb. Otupejenure, Kak temmeparypa I o6Jaka
3aBUCUT OT ero paanyca 7 < 73 . (1 Gasn)

6. Uepes kakoe-To BpeMsi ipeHeOperath BIAUSHUEM [aBJICHUS
Ha JUHAMUKY raza GoJIbIIe HeJb3sA, u npu paguyce r = 7; (rme
1y < 1) exarue npexpantaercs. OHAKO TEIIOBBIM U3JTyYEHNU-
€M BCe ellle MOJKHO [penedpedb, a TeMIleparypa ele He[0CTaTou-
HO BBICOKA, YTOGBI CIIPOBOIMPOBATH TEPMOSIAEPHYIO PEAKIINIO.
[laBJienue B Takoil 1poTo3Bes/ie GoJIblIe He OJHOPO/HO, OJIHAKO
rpyGbie OLEHKU C HETOYHBIME YHCJIEHHBIMU KO3(duineHramMu
BCe ele MOryT ObITh cenanbl. OueHume KOHEUHbIH pagnyc 7
1 COOTBETCTBYONLyt0 Temmepatypy Iy . (2 Gamna)

Hy6ruxauyuio nodzomosuiu
C.Kosen, B.Cao6o0anumn

PMAIINA

OuepepHon Habop B B3MLL

Beepoccutiickas saounas muoronpeamernas mkoqa (B3MIID),
BXO/IAIIAs B CTPYKTYPY MOCKOBCKOTO Jintiest « Bropas mkosnas n
paboraiommast TIpu MOCKOBCKOM TOCYZIapCTBEHHOM YHUBEPCHUTETE
umenn M.B.JloMmoHOCOBa, B COPOK JAEBSTHII pa3 MpoBOANT HAGOD
YUaIIUXCs.

B3MIII — rocymapcTBeHHOE yUpesk/eHHE JOTOJHUTEIbHOTO
00pa3oBaHusI, JOCTYIMHOE [JIS BCEX SKEJTAIONINX, IPUYeM He
TOJIDKO /IJIS1 HIKOJIbHUKOB, TTOIIOJTHUTD CBOM 3HAHUS B O/THON MJIN
HECKOJIBKUX U3 CJEYIONX o0jacTeil HAYKH: MaTeMaThKa,
6uosorust, ¢uiaonorus, GpusnKa, 9KOHOMEKa, uctopus (mepe-
YHUCJICHUE — B XPOHOJIOTHYECKOM MOPS/IKE OTKPBITHS OT/eJie-
Huih).

Cetiuac BBMIII coBMecTHO ¢ JpyruMu HaydyHO-IIeJaroruyec-
KUMH YUYPEXK/IEHUSIMI BeJIET HUCCJIe0BaTeIbCcKue PaGoThl 110
CO3/JAaHUIO HOBBIX WHTEPAKTUBHBIX TEXHOJOTHI B 06PA30BAHUH 1
IIepeBO/ly YaCTH CBOMX YYeGHO-METOAMYECKIX KOMILTEKCOB Ha
SI3bIK COBPEMEHHDIX TeJIeKOMMYHUKAIIMIL.

3a Bpems cymectBoBanuss B3MIII yoctoBepenus o ee 0KOH-
YaHWU [TOJIYYNJIH HECKOJBKO COTEH THICSY MIKOJbHUKOB M ThICA-
um Kpy:KKoB — rpymnn «Komrektusabiit yueank B3MII».

Oo6yuenne B mkone SAOUHOE, 1.e. Haunnas ¢ ceHTs6ps—
okTsa6ps 2013 roza Bce noctynuBiiie GyAyT CUCTEMATHYECKH
MOJIYYaTh CIIEINATBHO Pa3paboOTaHHbIE IS 3209HOTO O0YUIEHHS
MaTepHaJIbl, COJEPIKaIINe HM3JO0XKEHHE TEOPETHUYECKUX BOIIPO-
COB, METO/IOB pacCy>XAeHuil, pa3HooOpasHble 3a1auu [ CaMo-
CTOSITEJIBHON PAOOTBI, B TOM 4YHCJE OJUMITMAHbIE, 00PA3IIbI
peleHnii 3a/1a4, JIeJI0Bble UT'PbI, KOHTPOJIbHbIE 1 TIPAKTHYECKNE
3a/1aHus.

KonrposbHble paboThl ydamuxcss OyAyT TIIATEIbHO IIPOBe-
pATbCS W pelrieH3upoBarbes npenojasaresasmu BSMII — cry-
JIEHTaMM, acHUpaHTaMu, IIPENojaBaTe/JssMi U HAYYHBIMH CO-
tpyanukamu MIY, a takke ApyTrux BY30B W YUPEXK/CHUI, T/1e
umerotest pumalbl KOsl MHOrKe 13 1penojasaresieil B cBoe
Bpems camu 3akonumin B3MIII u noatoMy 0coGeHHO XOPOIIO
MIOHNMAIOT, KaK Ba)KHO yKas3aTb, IIOMUMO KOHKPETHBIX He/[04e-
TOB, IIYTH JUKBUJAINH HMEIONMXCS TPOOEJOB B 3HAHHSAX,
[IOPEKOMEH/IOBATh JIOIIOJIHUTE/IbHYIO JIUTepaTypy, 11Opyrarh 3a
HEBHUMATEJIbHOCTD U MOXBAJIUTH 3a 3aMeTHbI (a nHorIA — U 32
caMblii MaJleHbKII) TIporpecc u Tpyaoaooue.

IMocrynusue B8 B3MIII cmoryT y3Hath 06 yBJIEKATEJIbHBIX
BeIaX, YACTO OCTAIONIMXCS 32 CTPAHUIIAMYU IKOJIBHOTO YueOHHU-
Ka, MO3HAKOMUTHCS C HECTAH/IAPTHBIMU 3a/[a4aMu U TIOITPOGOBATh
CBOM CUJIbI B X peH_[eHI/II/I. IIJIH MHOTHUX CTaHET OTKpOBeHI/IeM, qTo
3a/aun GbIBAIOT HE TOJIbKO B MarteMaTnke, (GU3NKe U XUMUHU, HO
n B Ouosiornu, GUIOJIOTHM, IKOHOMHMKE ¥ JPYrHX HayKax.
Perttenne 3a/1au MOMOKET MPOSICHUTD M C/IETATh MHTEPECHBIMU
MHOTHE paSZIe]IbI, Ka3aBIIneCd HEIMOHATHbIMU 1N CKy‘IHbIMI/I.

Opra u3 ocobennocTedt yueOHbIX TporpamMm u moco6uit B3MIIT
— B TOM, 4TO OHH CO3/IaHbI TAJIAHTJIMBBIMU YIEHBIMU U OIIBITHBIMI
HesaypsiiHbIMU Tiearoramu. Hemapom Ha X BeeMupHOM KOHT-
pecce 10 MaTeMaTH4ecKOMYy OOPa30BAHUIO, KOTOPbBIH IPOIIE
snerom 2004 roga B [lanuu, pacckas o 40-yetneit pabGote MaremMa-
tndeckoro oraesnenuss B3MIII Bbi3Basn neno/ e tbHbIN THTEPEC
" 0JJ06peHNe YYaCTHUKOB.

UTo6bI yCHENTHO 3aHUMATHCS B 3a0UHOI IIKOJIE, BAM TIPUETCS
HAYUYUTHCS CAMOCTOSTENbHO U ITPOJAYKTUBHO PaGoTaTh ¢ KHUTOI,
PaMOTHO, YeTKO, KOPOTKO U SICHO M3JIaraTb CBOU MBICJIH, a 3TO,
KaK U3BECTHO, YMEIOT JIaJIeKO He Bce. Bo3MOKHO, Hallla 3a0uHast
IITIKOJIA TIOMOJKET BaM BBIOPATH MPOECcCcHio, HAlTH CBOE MECTO B
OKPY>KaIoIeM Mupe.

Bce BoimosuBime nporpamyqy B3MIII nosryyaior AUTIIIOMBI.
Xotrst hopMasbHBIX TPEUMYIIECTB OHU HE [AIOT, IPHEMHbBIE
KOMHCCHUM MHOTHX BY30B YUYUTBIBAIOT, 4TO O0JaaTein ATUX
Y/IOCTOBEPEHUI B TEUEHUE MTPOJIO/IKUTETHHOTO BPEMEHH CaMOOT-
BEPKEHHO TPY/MJINCH HAJl TPHOOPETEHIEM 3HAHUN, HAYUUJINCH
CaMOCTOSITEJIbHO TBOPYECKN PabOTATh, a 9TO 3HAYHT, YTO U3 HUX
MOJIy4aTCsl XOPOIINe CTY/IEHThI W, B JJAJbHENIIEM, TPaMOTHBIE,
BILyMYMBbIE, HINPOKO 00PAa30BaHHbDIE CIIEIUATUCTDI.

Bbl cMokeTe TIOJTydyaTh HAIIM 33JaHUS KaK OOBIYHOMN, Tak |
3JIEKTPOHHOI TIOUYTOIl, a TaK)Ke TIPUHUMATH ydacThe B arpobannm
HOBBIX MHTEPAKTUBHBIX YU4eGHBIX MPOTPAMM.

[nsa nocrynnennss B8 B3MII najmo ycremHo BbINOJHUTD
BCTYIHUTEJNbHYIO KOHTPOJIbHYIO paboTy. IIpueMHyI0 KOMECCHIO
WHTEpecyeT, B TEpPBYIO OYepe/b, Ballle YMEHUE PacCysKIaTh,
nonbITkn (MyCTh MOHAYAMY HE COBCEM yAAdHbIE) CAMOCTOSITE/b-
HO MDICJINTD U /IeJIaTh BbIBO/IbI. HpeI/IMyH_[eCTBOM HpI/I HOCTyH]Ie-
HUH TI0JIb3YIOTCST IPOKMBAIOIIIE B CEJBCKOI MECTHOCTH, TTOCEI-
KaxX ¥ HeGOJIBIINX TOPO/IAaX, T/ie HeT KPYITHBIX HAYYHBIX IIEHTPOB
1 y4eOHDIX 3aBeJIeHUIl U T/Ie TIOJYYHUTD JIOTIOJHUTEIbHOE 06pa3o-
BaHME MOKHO JIMIID 3a09HO.
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Perrenust 3a/1au BCTYNUTENbHON paGOThl HAJO HAIMMCATh HA
PYCCKOM sI3bIKe B OOBIYHOI YYEHUYECKOW TeTpajll B KJETKY.
sKemarone mocTynuTh cpady Ha HECKOJIBKO OT/IEJEHUI KaK-
Jy10 paGoTy IPUCLLIAIOT 8 omodeavioi mempadu. Ha obnoxke
TETPAJN YKKUTE: amMuauio, ums, omuecmeo, 200 poxoenis,
6aszosoe o6paszosanue (CKOIBKO KIACCOB CPeTHEN MIKOIBI Oy 1eT
3AKOHYEHO K cenmsopio 2013 z00a), noanwiii noumoswiii adpec
(¢ ungexcom), omxkyoa ysmuaiu o BEMIII (u3 «Ksanrta», or
Jpy3eii, u3 auilr 3204HOI MKOJBI U T.11.), Hd Kaxoe omoeenue
Xomume nOCMYnuUmb.

Adpec BBMIII: 119234 Mockea, Bopobuvesvr zopv, MIY,
B3MIII, na npuem (yxaxume omoenenue)

Tenegpon: (495) 939-39-30

O060 Bcex HalMX OT/IEJEHUSIX BbI MOXKETe y3HATbh Ha 0O0liie-
mikoJibHOM caifte B3MIII:

www.vzmsh.ru
Ha Bammy BOIpochl Mbl OTBETHM 110 3JIEKTPOHHOIT MouTe:

vzms@yandex.ru

Berynutespable paboThI 0OPATHO HE BBICHLIAIOTCS.

Bes BerynurebHO# paGoTbI, TOJIBKO 110 3asBJICHUIO, TPUHU-
MAIOTCsT Ha MHAMBUYaTbHOE O0yUerue mobeiuTenn 06JacTHbIX
(KpaeBbIX, peciy6IUKaHCKIX) TYPOB BCEPOCCUIICKIX OJTMMITH-
aJl 0 COOTBETCTBYIOIIMM IIpeJMeTaM, a TaKyKe YYACTHUKU
(hUHATBHBIX TYPOB ITUX OJUMITHAI.

Yyamumecs B3MIII yactnyHo BO3MemaioT pacxo/bl Ha CBOE
obyuenue. Ilo mpocbbe TeX, KTO He B COCTOSTHUM BHECTH 3Ty
mary, BSMIII roroBa o6paTuThesi B MIKOJIY, B OPTaH HAPOIHOTO
00pa3oBaHus, K APyroMy CIIOHCOPY C XOJaTalCTBOM 00 oIljiare
9TUM OJIATOTBOPHUTEJIEM COOTBETCTBYIOIINX PACXOOB.

IToMuMO MHAMBUYAJTBHOTO OOYyYEHUs, HA BCEX OTJCJEHHUSIX
B3MIII, kpoMe 3KOHOMUYECKOTO U OMOJIOTHYECKOTO, MMEETCsI
(opma o0yuenus «KosIeKTUBHBIN yueHUK». JTO TPYyIIa yda-
muxcst, paboraomnias IoJ PYKOBOJCTBOM IPEIO/aBaTelst
(IIKOTBHOTO  yuWTeIsI, TIpenojlaBaTesst Bysa, CTY/CHTa WJIN
JPYTOTO SHTY3MACTA), KAK MPABHJIO, MO TEM K€ TMOCOOHAM |
porpaMMam, 4To W UHIUBUAYaJIbHO. [Ipuem 6 amu epynno
npogodumcst 0o 15 oxmsabps 2013 z00a. [lns 3aunciieHus
rpymisl Tpedyercs 3asBieHue ee pykosoaurens (¢ ykasaHueMm
ero npodeccuu 1 JOJKHOCTH, CO CIECKOM YYaluXcs 1 co06-
IIEHUEM O TOM, B KaKOM KJiacce OHU OY/JYT YYUTHCS C CEHTSO-
pa 2013 rozpa); sagBieHue JOKHO GbITh MOJIUCAHO PYKOBO-
JUITeJIeM TPYTIIBI, 3aBEPEHO U TOIHCAHO PYKOBOIUTETIEM YU-
peskzieHnsi, 1pu KotopoMm Oyjaer pabotarh rpynma. Pa6ora c
rpymmamn « KOJITeKTHBHBIN YUeHUK> MOYKET OILTAYUBATHCS TITKO-
JamMn Kak (hakyJIbTATUBHbIE 3AHATHUS.

Ha Cesepo-3anase Poccun paboraer 3aounas tmikosa Jle-
HIHTPA/ICKOTO 006JIaCTHOTO MUHHCTEpCTBa 00PAa30BaHUS, CO-
spanHasg 1npu CasxT-IlerepGyprckoM rocyfapCTBEHHOM YHU-
BepCUTETe U UMEIONasi OT/eJeHNs MareMaTuku, GUOJOTHH U
XUMUIH.

JKenaronye moctynuTh Ha OT/IEIEHIE MaTEMATHKH, TIPOKUBA-
fomune na Cesepo-3anane Poccun (8 Apxamrembckoit, Kamu-
HUHrpaJckoil, Jlenunrpasckoit, Mypmanckoii, Hosroposckoii,
IIckoBekoit ob6mactsax, Kapembckoit m Komm pecry6imkax),
BBICBLIAIOT BCTYNUTENbHBbIE PaboThl 110 ajapecy: 197755 Cankr-
[Merep6ypr, Jlucuit Hoc, Hoso-llenrpanbuas ya., a.21/7,
Cesepo-zanagnaa 3MII (na npuem).

[TposknBalomye B OCTAJIbHBIX pernoHax Poccum, ganpbHeM H
6smKHEM 3apy6Geskbe BBICBLIAIOT CBOM PAaOOThI 110 MaTEMATHKE B
agapec B3MII nmn coorBercTBytoniero (umaia.

Anpeca puamnano MareMaTHdeckoro otaesnenuss B3MIII:

241035 . Bpsnck, yia. Mano-OpJaosckas, a. 8, tea.: (4832)
56-18-08, e-mail: brotek@mail.ru

610002 r. Kupos, a/s 2039, IITOOIII, tex.: (8332) 35-15-
03, 35-15-04, e-mail: sms@extedu.kirov.ru, caiit: http: //
cdoosh.kirov.ru

2012/Neb5-6

150000 . dpocnasab, ya. Coserckas, a. 14, Temr.: (0852) 11-
82-03, e-mail: olimp@olimp.edu.yar.ru

Huoxe BbI HaiijieTe KpaTKue CBeJEHHS O KasK/OM OT/eJIEHUH
B3MIII n ycoBust BCTYNUTETHHBIX KOHTPOJBHBIX 33/[aHNN.

OTpeneHve MaTeMaTUKU

W3 atoro orpenenns, orkpomBiierocs B 1964 romy, BbIpoca
BCsL 3a0uHast MKosia (BHaYa/Ie OHA TaK M HA3bIBAJIACh — MaTeMa-
THYECKAS).

3a BpeMs 00yuenus Bbl GoJiee riryGoKo, ueM B OGBIYHOI TITKOJTE,
CMOKeTe OCO3HATb OCHOBHBIE W/IEM, HA KOTOPBIX 0a3upyercs
KypC 9JIeMEHTapHON MaTeMaTHKH, MO3HAKOMUThes (110 skesa-
HUIO) ¢ HEKOTOPBIMHU JIOTMOTHUTEIbHBIMU, HE BXOAAIMMH ceiiaac
B IIKOJIBHYIO MPOTPAMMY pasfieJlaMi, a TakKe TOYYUTbCS pe-
marhb OJUMIIHA/HbIe 3ajaun. Ha tocsienneM Kypce 60Jbinoe
BHUMAaHUE Y/IeJISeTcsl MOATOTOBKE K ¢/laye MIKOJbHBIX BBIITYCK-
HBIX 9K3aMEHOB U BCTYIUTETbHBIX 9K3AMEHOB B BY3BI.

Ha orzmenennn coszfganbl yueOGHO-METOIANYECKHE KOMILIEKCHI,
MIPUCIIOCOOIEHHBIE JIJIST 3a04HOTO OOyuenusi. YacTb W3 HUX
n3[jaHa MacCOBBIM THPaXOM. OCyIIecTBISAeTCs IIEPEBOJ YiKe
anpoOMPOBAHHBIX W BHOBDb CO3/IABAEMBIX MATEPHAJIOB HA JJIEKT-
POHHBIIT SI3bIK B MHTEPAKTUBHOM PEKUMeE, OT/eJIeHIe TOTOBUTCS
K pa6ore B MnrtepHere. [IpakTudeckn KaXk/blil TOJ U3JAIOTCS 1
«TIPOXOJAT OOKATKY» HOBbIE MOCOOUS, PACIIUPSIONIIE U JOTOJI-
HSIOIINE TTPOrpamMMy OOy4YeHUs.

OKOHYMBIIIHE OT/IeJIeHNe MATEMATHKH TI0JIy4ar, B 3aBUCHMOC-
TH OT JKEJaHUs U CIIOCOGHOCTEH, JIMGO MOJrOTOBKY, HEOOXO/IH-
MYIO i1 BBIOOpa MareMaTuku Kak npodeccun, gu6o Marema-
THYECKYI0 0a3y /Il YCIIENTHOTO YCBOEHHsI BY30BCKOTO Kypca
MareMaTUKH, JIeXKAIIero B OCHOBE TMPOQeCCHOHATBHON MOTr0-
TOBKH TI0 JIPYTUM CIHEIMAJbHOCTSIM: Be/lb Ceiiuac MaTeMaThKa
CJIYKUT MOITHBIM HMHCTPYMEHTOM MCCJIEOBAHUIT BO MHOTUX
OTPAC/ISIX YeJOBEYeCKON JesiTebHocTr. TlocTynuBIme B 9TOM
ro/ly Ha TEPBBIIl KypC CMOTYT BBIOMPATh HOBbIE TTIOCOOMS, pas-
paGoranubie st Oyaymux (GuU3MKoB U GUOJIOTOB, XUMUKOB U
HCTOPHUKOB. ..

OO6yuenue giurcs 5 JeT. MOKHO HOCTYIUTD Ha 0G0 KypcC.
[lng aroro k cents6pio 2013 roma HAMO WMETH CJIEAYIONIYIO
6a3zy: Ha 1-it Kypc — 6 KJIACCOB CpejiHell KOJIbI, Ha 2-it Kyc — 7
KJaccoB, Ha 3-it — 8, Ha 4-it — 9, wa 5-it — 10 xmaccos. Ilpnu
3TOM HOCTYIMBIIMM Ha 2-if, 3-if 1 4-i Kypcbl Oy/IeT IpeoKe-
HA 4acTb 3a/IaHWii 32 MpeJbAyIe Kypcebl. [y mocTynmuBImx
Ha S5-I Kypc o0y4eHne MPOBOANTCS TI0 CIIEIHAJbHON MHTEHCHB-
HOI TIporpamMme.

JIJist IOCTYTIJIEHUST HAJI0 PENIUTh XOTsT ObI 4acTh 3a/a4 1oMe-
HEHHOI HUsKe BCTYMUTEbHONH paGoThl (0KOJIO0 HOMepa Kaskoii
3a/[aufl B CKOOKAaX YKa3aHO, YYaIIUMCS KaKUX KJIACCOB OHA
IIpe/lHa3HAaYeHa; BIIPOYEM, MOXKHO, KOHEYHO, PENIaTh M 3aJaun
A1 6oJiee cTapiiux Kjiaaccos). Ha 06/10/KKe TeTpaay HaIUIIKITE,
Ha KaKkoil Kypc BbI XOTUTE MOCTYNUTb W B KAKOM KJacce Oyjere
yuntbes ¢ 1 centsiopst 2013 roga.

Cpox omnpasku ecmynumenvnoti pabomor — do 15 anpens
2013 zo0a.

Ipynmbr «Kostextusnblii yuernk» (Ha Bce Kypebl 1o Jio6oii
porpamMme) MPUHUMAIOTCS Ge3 BCTYIUTENbHOI PaGoThI.

Pa6oTbI MOKHO OTIPABJIATD TAKIKe 110 AJTEKTPOHHOMY a/Ipecy:
priem@vzmsh.org

CaiiT MaTeMaTU4eCcKOro OT/eJIeHUsI:

http: / /math.vzms.org

3anayv

1 (7-11). B copesnoBanmu yuactBosanu 40 ctpenxos. [lep-
BbIil BbIOU 50 04KoB, Bropoit — 70, Tpetuii — cpesnee apudme-
THYECKOE OYKOB IEPBBIX JIBYX, YETBEPTHIN — cpe/iHee apudpMeTn-
YeCcKOe OYKOB MEePBBIX TPEX U T.J.: KaK/bIi CJeIyIONuii BBIGHI



MHOPOPMANNA 75

cpesiiee apudMeTHIeCKOe OYKOB BCeX Mpeabiaynmx. CKOJbKO
OYKOB BbIOWUJ 37-if CTPEJIOK?

2 (7-10). CKOIBKO CYIIECTBYET TPEX3HAUHBIX YHCET C CYMMOMN
nudp 8? o

3 (7-10). Tlycrb abc — HEKOTOPOE TPEX3HAUHOE YUCJIO.
Moszker st 4yncsio

abc + bea + cab

OBITb TOJTHBIM KBaJpPaTOM?

4 (7-10). B BepmmHax HECKOMBKUX OJMHAKOBBIX MO Pa3Mepy
MIPABUJIBHBIX KAPTOHHBIX TPEYTOJbHUKOB B IIPOU3BOJBLHOM I10-
psiike Hamucanbl wncaa 1, 2, 3 (B KakKJOM TPEyroJibHUKE
BCTPEYAIOTCS Bee T umcsaa). TpeyroJbHUKH CTOKUIN B CTOTIKY
TaK, 4YTO WX BEPIIMHBbI COBHAJIM. MOTYT Jin CyMMBbI YHCEI,
HAIMCAHHBIX B KayK/0il BepIlHe CTONKU, GbITh paBHbL: a) 2013;
6) 2012?

5 (7-10). Ckasan Kameit Becemeprubiii Usany Ilapesmdy:
«YTpOM SIBHUIIbCS TIpe0 MHOM. S 3amxymaio Tpu mtudpsl, @, b n
¢, & Tbl HA30BEIIIb MHE TPH IIEJbIX YNCIA, X, ¥ 1 z. 5 BbICJAyIIAIO
TeOs 1 cCKaxy Tebe, 4eMy paBHO BbIpakeHue ax + by + cz. Ilocse
3TOTO THI JIOJUKEH yTa/laTh, Kakue ndpsl @, b 1 ¢ g 3agyman. He
yrajiaenib — roJiosa ¢ 1ied. Crymaii». MosxHo jim iomoub MBany
IlapeBuuy cOXpaHuTh rOJIOBY?

6 (8-10). CoGpaHHbIil MeJ| 3aII0JHIET HECKOJIBKO 50-IuTpo-
BbIX Ou0oHOB. Ecsm ero pasmuth B 40-1uTpoBbIe GUIOHDBI, TO
nonazo6uTes Ha 5 O 0HOB GOJIbIIE, HO OJUH 13 HUX OCTAHETCS
nenosibiM. Econ cobpannbiii Men pasiutb B 70-1UTpOBbIE
OUIOHBI, TO MOHAIO6UTCS HA 4 GUIOHA MEHbIIle, HO CHOBA OJIMH
13 HUX OKaKeTcs HeNMOJHBbIM. CKOJIbKO S0-THTPOBBIX OMIOHOB
3amoJiHseT coOpaHHblil Mes?

7 (8-10). Ha cropone AC tpeyroabuuka ABC B3sita Touka D
takasg uro BD = BC, npuuem DC = 2AD. Ilyctp E — Touka
KacaHWsI OKPY>KHOCTH, BIMCaHHOW B TpeyrombHUK BDC, c
orpeskoM BD. Haitaure yron AED, ecin yron C TpeyrojibHUKa
ABC pasen 40°.

8 (8—10). [lesmrcst m 4ncIo +1 mauncao 231 +21% 4192

9 (8-10). Ha mpsamMoii moc/1e10BaTeIbHO OTI0KEHBI OTPE3KI
AB =2, BC=CD =1, DE = 2. 3 Touku M BHe 3TOil TIPAMOIi
BCe yKa3aHHble OTPE3KH BUJIHbBI IO/l paBHbIME yriamu. Haiiaure
STU YTJIBL.

10 (7-10). [lopora u3 goMa 10 IIKOJIBI 3aHUMaeT y Jlapucer 16
MuH. OIHAXK/IbI 110 JI0POTe B IIIKOJTY OHA BCIIOMHUJIA, YTO 3a0blJIa
noma yueGHuK. Ecii ona mpoioJiKuT My Th B IMIKOJTY, OHA IPHU/ET
3a 2 MUH [0 3BOHKA, & €CJIF BEPHETCS 32 YUeOHUKOM, TO MPH/ET
yepes 6 MuH TTocIe 3B0HKa (XOAUT OHA BCer/ia ¢ OHON M TOi ke
ckopocThio). Kakyio wacTh myTm oT goMa 0 MIKOJBI MPOTLIA
Jlapuca, xoria BcrioMHmHsIa 00 yueGHUKE?

11 (8-10). Touku A,;, By u C; cummerpuumb! 1enrpy I
BIMCAHHOH B TpeyroabHuK ABC OKPY’KHOCTH OTHOCUTEIBHO €TO
ctopod BC, AC u AB cootBeTcTBeHHO. OKPYKHOCTD, OTIMCAaHHAS
oxoJio Tpeyronbiuka A B,C,, npoxoauT uepes Touky A. Haiinu-
Te PaInyC OKPY>KHOCTH, OMUCAHHON oKO0JI0 Tpeyroabanka ABC,
ecm BC = a.

12 (8-10). Yucna 1, 2, 3, ..., 200 pas6unu na 50 nenepece-
KaIoMuXcs rpyTi. Beera jii cpe/it 9TUX TPy HalIeTcs Takast,
YTO B HEH COMEPKATCS TPU YHCJIA, SBJSIONINECS CTOPOHAMH
HEKOTOPOTO TPEYTOJIHHUKA?
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OTpeneHue buonoruun

[Ipuem Ha GHOJIOTHYECKOE OT/EICHNE BEIETCS HA JBA TTOTOKA
— TpexXronyHoe o6yueHne Ha 6a3e 8 KJaccoB 1 JIBYXTOJIMYHOE HA
6aze 9 KJIACCOB.

3auncenre Ha OT/EJEHHE OCYIIECTBIISIETCS HA KOHKYDPCHON
OCHOBE I10 pe3yJIbTaTtaM BBITOJHEHNS TTOMEIEHHON HIDKE BCTY-
IUTeIbHON padoThl. B 0TBeTax MOXKHO MCIOIb30BaTh U (DAKThI,
HaiilenHble B JUTEpaType, U coOCTBeHHbIe uaen. [IpocuM st

CBeJIeHNIT, MOYEPIIHYTHIX U3 KHUT, TIPUBOJIUTH CCHIIKH HA UCTOY-
nukn (s cBe/ieHnii, B3ATBIX M3 MHTEpHETa, — TOYHBIN aapec
COOTBETCTBYIOMEN CTPAHMIIB).

Yyaamumcs 8 KJ1accoB He0OXOIUMO PelnTh 3aaun 1—3 u ogHy
u3 3aja4 4, 5, a AeBATUKJIACCHUKAM — 3aja4yu 2, 3 U [Be 13 3a/a4
4-6.

PaGory cJefryer BbITOJIHUTD HA PYCCKOM SI3bIKE B TETPA/IN; HA
00JI0KKE YKaKUTe CBOIO (PaMUJIUIO, MMS, OTYECTBO, MOJIHBIN
JIOMAIIHUIT a/pec ¢ MHAEKCOM, HOMED IIKOJIbI U KJIACC, B KOTOPOM
BbI yuntech. Bmecte ¢ pabGoTOii TIPUIILINTE KOHBEPT C MAPKOI 1
3aIOTHEHHBIM ajipecoM (/7T OTIPABKM BaM PENICHUsT TPHEMHON
KOMUCCHN).

Pa6oTy MOKHO BBINOJIHUTH TaKXKe B JEKTPOHHOM BHIE U
BbicaaTh B (aite dopmara doc, docx, rtf, txt mam odt ma
AJIEKTPOHHBIN azpec: uchenikivzmsh@gmail.com

Cpox omnpasxu ecmynumenvhoti pabomo. — He nozonee 15
uions 2013 zoda.

3anayv

1. Hecmorps ma pasHooGpasue 3sBepeit m mtui (6mosorn
HACUYNTHIBAIOT THICSYM BUAOB TeX M APYTHX), JUIID HEMHOTHE U3
HUX OBLIM O/IOMAITHEHbI YeJOBEKOM. UTO ke MpersTCTBOBAJIO
onoMaimHuBanuio aApyrux Bupos? Ilocrapaiitech ykasaTb Kak
MOKHO GOJIbIIIE TIPHYHH.

2. B psazge ciaydaeB B—CeABCKOM XO3SHCTBE IMPUMEHSETCS
BBICAKMBAHNE TAaK HA3bIBAEMbIX CHIEPATOB — BUJOB U HOPOJI
pacrenuii, KOTOpble He WIYT B IHIILY, HO TaK WJIU UHAYE MOTYT
BJIUSITH HA YPOKAMHOCTD KYJIBTYD, KOTOPbIE OYIYT BHICASKEHDI B
naspHeiineM. KakoB MoskeT GbITh MEXaHU3M TAKOTO BJIMSHUS? B
4yeM MPEerMyIIEeCcTBA BBICAKUBAHUS CUIEPATOB TE€Pe]] TPAJUIIOH-
HBIM OCTABJIEHWEM 3eMJIU <IIOJI TapoM»? IIpennoskurte Kak
MOKHO 00JIbIlle OOBSICHEHU.

3. O6bIuHO MHKYOAIIMOHHBIH Mepuo/i 3a00JeBaHnsT — BpPeMst
MEX/ly TOlajlaHueM BO30OYIHUTEIs] B OPTaHU3M U MOSBJICHUEM
CUMITOMOB GOJIE3HH, COMTPOBOKIAIONIIXCS SIBHBIM yXY/IIEHUEM
CaMOYYBCTBHUS, — COCTABJISIET HECKOJIbKO JHE. ITa CUTyaIus
IIPE/ICTABIISIETCS BIIOJIHE €CTECTBEHHON — TOMAaB B GJIarONpHsT-
HbIe YCJIOBUSI, BO3OYUTEIb HAUNHAET OBICTPO PA3MHOKATHCS U
BCKOPeE JJOCTUTAET TAKOH YNCIEHHOCTH, KOT/a ero Bo3/ielicTBIe Ha
usnosIornUecKre IPOIEecChl B OPraHn3Me-X03siuHe CTAaHOBUTCS
cymtecTBeHHBIM. OIHAKO CYIIECTBYIOT  HHPEKITMOHHBIE G0T€3HI
JIOJIEN, JIJIS1 KOTOPBIX MHKYOGAIMOHHDII TIEPUO/T MOJKET OKa3aThCs
3HAYUTEJTBHO GOJiee TTPOJAOKUTEBbHBIM. KakuM 13 M3BECTHBIX
BaM GoJiesHeil 310 cBoiicTBeHH0? C KaKUMU TPUYMHAMEI MOKET
OBITH CBsI3aHA TaKas 3aJeprKKa /IS JTaHHBIX 6oje3Heii?

4. B criopTHUBHbBIE CEKIMU U CIIOPTIIKOJIbI GEPYT aJIE€KO HE BCEX
MIPETEH/IEHTOB — MHOTUX JKEJAIONNX TPEHEePbl «0TOPAKOBbIBA-
10T» Cpa3y WJIH M0CJIe HeCKOJIbKUX 3ansTuii. Kakumu coob6pae-
HUSIMH TPEHEPbI NP 3TOM PYKOBOJCTBYIOTCS? KoHEuHO, oTBET
Ha 3TOT Bompoc OyjeT 3aBuceTb OT Buja cropra. Ilosatomy
paccMOTPUTE HECKOJIBKO CIIOPTUBHBIX CEKITUI U JlaliTe OTBET s
KaXK/I0il 13 HUX.

5. Kak Bbl nmonmmaere — 3a uro npucyanin HoGereBckyio
MpeMuio 1o GuoJiorun u Meauiae ocenbio 2012 roga? M3noxu-
Te CBOMMU CJIOBAMHU CyTb OTKPBITHS U €r0 3HAYCHUE JIJIS IaJIbHEel-
IIIETO PA3BUTUST MeUIITHBI.

6. ITo muenuio Kudor MokueBnua, cyiectBoBanne BUTaMu-
HOB yOeNUTeJbHO MOJATBEPKIAET MPaBOTy JIaMapKOBCKOIl, a He
JIADBUHOBCKOII Teopun asposonuu. Jlamapk 6e3 3aTpy/HEHMi
00DBICHUT Obl BO3HUKHOBEHIE BUTAMHHOB — CTPEMJIEHUE K-
BBIX CYIIECTB K HPOrPeccy MPUBOJWUT K TOSBIEHHIO Y JKUBBIX
OpPraHu3MOB HOBBIX, 6oJiee 3(h(HEKTUBHBIX GUOXUMUYECKUX TTPO-
11eCCOB, KOTOpBIE, O/HAKO, HE MOTYT PEau30BaTbCS M3-3a OT-
CYTCTBHSI KAKOTO-TO HY’KHOTO BeliectBa (Butamnna). Brocues-
CTBUU Ke, €CJH TI0Be3eT, KUBOTHOE PACIIUPUT CBOIl THINEBOI
parmmon (Toke CTpPeMsCh K TIPOTPeccy), M TOTAA C y4acTHeM
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BUTAMIHOB IIPOU30I/IET <«BKJIOYEHUE» Y)Ke CYIIECTBYIOIIErO
6MOXNMITYEeCKOTO TIpotiecca. JlapBununcTaM ke, mostaraet Kuda
MoxkueBuY, HTPUAETCS HM3PSAHO MONOTETb, YTOOBI OOBSICHUTD
BO3HUKHOBEHNE SBHO HEIPUCTIOCOOUTETbHOTO MPU3HaKa: Opra-
HI3M II0YEMY-TO MEPEeXOAUT OT CaMOJOCTATOYHOro o6MeHa Be-
MEeCTB K 3aBUCHMOCTH OT MOCTYTJICHHS WJIH HEMOCTYTLICHIS
BUTAMIHOB W3BHe. B deM, Ha Ball B3IJIAJ, COCTOHUT OIMMOKA
Kudor Moxuesnua?

OTtaeneHve GU3NKN

OO0yyenne Ha OT/EJEHUN OJ[HO-, JABYX- M TpexrojaumyHoe. Ha
TpexrouuHblii notok (kypc (D3) NPUHUMAIOTCS OKAHYUBAIO-
mme B 2013 rogy 8 kyraccoB cpefHeii MTKOJIBI, Ha IBYXTOAMYHBIIH
(kypc @2) — okanumBatomme 9 KJIACCOB M Ha OXHOTOIMIHBIH
(kypc @1) — 10 kmacco. Yuamuecs, OKAHUMBAIOINE JECTHIH
KJIacC, MOTYT MPOWTH YCKOPEHHO BCIO MPOTPAMMY 324 OJIMH TOJI
(kypc @0). g mocrymaennss Ha kypc D3 HyKHO pEIIUTH
3aj1aunl 1—5 TpPUBE/ICHHOW HIDKE BCTYNHUTEJIbHOIH paGoTbhl, Ha
kypc @2 — 3agaun 4-9, Ha kypc D1 — 3azaun 5—10, Ha KypC
DO — zagaum 4—10.

Ha o6sioxxke TeTpasm cieiyeT yKasartb (DaMuiIuio, UMs U
oTt4ecTtBO, Ko Kypca (D0, D1, D2 nm D3), CKOTBKO KITaCCOB
Oyaer 3akonvyeHo K 1 cenrs6ps 2013 roja, MOJHBINA MOYTOBBII
azpec (¢ ungexcom), aapec e-mail (ecau ectb), Tenedon.

Cpox omnpasku ecmynumenvHotl pabomut — 0o 15 utons 2013
z00a.

Ipynmer «KommekTuBHBIN yYeHUK» NPUHUMAIOTCS HA KYPChI
D1, @2, D3 6e3 BCTyNUTETBHON PAGOTDI, TOJIBKO M0 3ASBJIEHUIO
PYKOBO/IITEIS.

E-mail ortmenenust ¢pusuxu: olphys@polly.phys.msu.ru

Wurepuer-caiit: http: / /phys.problems.ru

3anayv

1. Katep npormuibli 1o peke ot OHOM MPUCTAHK JI0 APYTOii 1
o6patHo. VI3BECTHO, UTO €ro CpeHsss CKOPOCTb 3a IEPBYIO
MOJIOBUHY BPeMeHH [BHKeHHst okasasach Ha 20% Bbilie, 4eM 3a
Bropyto. Haiisure oTHOIIEHHE COOCTBEHHOI CKOPOCTH KaTepa K
CKOPOCTU TE€YEHUS PEKH.

2. B cocyn ¢ rensioii BOAOW OMYCTUJIM TeJO C BHyTpeHHel
MI0JIOCTBIO, 3aIOJHEHHOI JboM. IlosocTb coobmaercs ¢ BOJOIT
B cocy/ie yepe3 MajieHbKoe oTBepcrue. Teso BHauase morpysu-
Jioch Ha 5 /6 cBoero o6beMa, a KOr/a Bech Jie/l pacTasiyi, TO MO
BoIoM okazaJsioch 9 /10 o6beMa Ttesa. Kakas dactb tesa ObLia
HCXO/IHO 3aHATA JIbJIOM?

3. [IByXJITpOBasi KacTpIoJisg ¢ BOJOI 3aKUIIAeT Ha IJIUTE 32
BpeMs t; =7 MUH, eC/I1 BOJa HaJIuTa J0BEPXY, U 3a fy = 4 MUH,
€cJI BOJIa 3aHUMAET MOJIOBHHY o0beMa KacTpiosn. Ecim ke Bo
BTOPOM CJIy4ae TOJI0KHUTb B BO/LY KAPTOIIKY TaK, 4TOObI KACTPIO-
JIE OKasaJlach 3allOJIHEHHOH JI0BEpXy, TO KUIIEHHWE HACTYIIaeT
yepe3 Bpems t, = 5 mun 50 c. 3BecTHO, uTO Macca KapTOIIKI
m = 1,17 xr, mnornoctsb Bojbl P, = 1000 KI‘/MS, a ee TeIIoeM-
KOCTb ¢, = 4,2 KZI;K/(KF-"C). Paccunraiite 10 3THUM J1aHHDBIM
TEIJIOEMKOCTb KapTOIIKK, TIpeHeOperas IOTEpPsSIMH Teryia Ha
ucrapeHye BOJbl U HarpeBaHue okpyskalolieil cpesibl. Bo Bcex
cJy4yasx MOIIHOCTb KOH(MOPKM OJHa W Ta >Ke, HayaJbHbIC
TEeMIEPaTypPhbl BOJbI, KAPTOIIKN ¥ KACTPIOJN OJIHHAKOBBHI.

4. Onpenesinte, CKOJBKUMU CIIOCOGAMU MOYKHO COCTaBUTH U3
1IeCTU OJIMHAKOBBIX PE3UCTOPOB HOoMuHaMoM 7 = 3 OM 3KBUBa-
JeHTHOE compoTuBaeHne R = 1 Owm.

5. ToueuHbIil MCTOUHNK CBETA HAXOANUTCS HAa PACCTOSHUN S OT
sKpaHa. Haiiiure, BO CKOJIBKO Pa3 spuye OCBENIeH 3KpaH B
O/mKaiiieil K MCTOYHMKY TOYKE 110 CPABHEHMIO C TOYKOIA,
Haxo/melics Ha pacCTOSHUN § OT Hee. Kak m3MenuTes ocBelen-
HOCTH B 3TUX TOUYKAX, €CJIN TTapaJIIeJbHO 9KPaHy Ha PACCTOSTHUN
d OT MCTOYHUKA YCTAHOBUTD TLIOCKOE 3€PKATIO?

6. ITpoBOJIOYHDBIN KBaJpaT IMOJBEIICH HA HUTH 3a OJHY W3
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CBOMX BepIIMH. B HEKOTOPDIIl MOMEHT O/IHA U3 CTOPOH KBaJpara
oTsiaMbiBaeTcst. Ha kakoil yroJi moBepHercs ocTaBIIascs 4acTb B
pesyJibTaTe yCTaHOBJIEHWSI PaBHOBECHS ?

7. JKyk Maccoit m 1oJsi3aer 10 CTOPOHaM IIPOBOJIOYHOTO
KBajipaTa o6iieit Maccoit M = 3m, KOTOPbIii JIE3KUT Ha aGCOTIOTHO
IJ1aJIKOM TOPU30HTAIbHOM cToJIe. IlocTpoiiTe TpaeKTOPHIO KyKa
OTHOCHUTEJIbHO CTOJIA.

8. Illapuk maccoit M pOHSAIOT HA CTOJ C BBICOTBHI /2 Ge3
HavasbHOi ckopoctu. CrycTtss Bpemss At M3 TOH Ke TOYKH
POHSIIOT BTOPO# mapuk Maccoit m (m < M). Ha kakyio BbicoTy
MOJITPBITHET BTOPOIi MIAPUK TIOCJIE cOyIapenust ¢ nepsbiM? Ilpn
KaKWX 3HAUEHUSX MapamMeTpoB m, M, A¢ 3Ta BbICOTA OKAKETCS
MaKCHMAJbHON 1 yeMy oHa Oy/ieT paBHa? CoyJapeHust mapuKkoB
APYT C JAPYTrOM M CO CTOJIOM CYHTATh aOCOJIOTHO YIPYTUMH,
pasMepaMi MIAPUKOB 110 CPABHEHUIO € BEJTMYMHOI /2 TIpeHeOpeyb.

9. Uerbipe OMHAKOBBIX KOH-
Jencatopa emkoctbio C Kax- ¢
AbIi coegmrenbl o Kkpyry (M. A
pucyHok). Barapero ¢ 9JIC &
MOJIKJII0YAIOT K ToukaM A u D.
Korga xonjieHcaTopbl 3apsaadar-
cs1, Garapeio otcoeumsor mog-  © C
KJIIOUafoT K ToukaMm B n E. Haii-
JIUTE 3apsi/ibl, KOTOPbIE YCTAHO-
BATCA Ha KOHJ/IEHCATOPAX. E

10. PesunoBbiii GaIoOH CO-
JepXKUT m = 2 T BO3AyXa M C
HEKOTOPOE KOJIMYECTBO TBEP/IbIX
MJIACTMKOBBIX [IAPUKOB. VI3BecTHO, 4TO 00beM GasioHa He
M3MEHUTCS, €CAM MIADUKKM 3aMEHUTb Ha My = 2 T BO3/yXa.
Ecim sxe B Ga/JIOH ¢ IapukaMu J0KadaTb My = 3 T BO3/AYXa,
To ero o6beM yBeqnuntcs Ha 1,/3. Takoro ke o6bema Gasio-
Ha MOXKHO JIOCTHYb, HaKauMBas €ro B OTCYTCTBHE INAPUKOB.
Kaxoii mpu 9TOM OKaKeTcsi Macca Bo3jyxa B Oajione?

OTtpeneHune dunonornn

3a BpeMs CyIIEeCTBOBAHUS OT/IEJIEHUS TIOATOTOBJICHO U U3/[aHO
60JIbIIOE KOJTMYECTBO YHUKATIBHBIX YUeOHBIX MOCOOHUI 1O pyc-
CKOMY S3bIKY, O0IIeMY S3bIKO3HAHUIO, ICTOPUH M TEOPUH JIUTE-
paTypbl.

Ha otzesenne npuHIMAIOTCS BCe JKeJIafoline, nMelonie 6a3o-
BYIO MOJITOTOBKY B 00beMe 7 KJIACCOB.

Orpenenne Tmpejsiaraer Ha BbIOOp 18 ydeOHBIX Hporpamm.
[Moxpo6ro o mux pacckazano na naiieMm caiite. Csenenust o
MIpOrpaMMax ¥ MOpsijike 00YUEHNST BBICBIJIAIOTCS TAKKe BMECTE C
usBenienneM o pemennn [Ipuemuoii xomuccun. I[Ipu orenke
BCTYIUTEJNbHONH PaGOTbl YUYUTBIBACTCS, B KAKOM KJIACCE BbI
YUUTECD.

Bor xoTHTe HCITPaBUTH TPAMOTHOCTH? [o3HakoMuThCS € M1060-
MBITHBIMU TTPOOJIEMAMU TEOPUM U TIPAKTUKU PYCCKOTO SI3bIKA?
OcBOUTD TIPUEMBI JIMHTBUCTUYECKOTO UJIH JINTEPATYPOBEIYECKO-
ro aHasnsa? Y3HaTb KOE-4TO O JKyPHAJIUCTHKE U OIIEHUTb CBOU
TBOpUeckue crioco6Hoctn? Ilpno6pectn HaBBIKK, HEOOXOIMMbIE
JUIS YCIENHOH c/jaun 9Kk3aMeHoB B By3? Tornaa BbIIOJHUTE U
MPUIILITE HAM BCTYIMTEJbHOE 33JlaHue, BOIMPOCHI KOTOPOTO
[IPUBE/ICHBI HIIKE.

Bnumanue! Ha nepsoii crpanuiie paGoTbl YKakKUTe CJIEILYIO-
e ganabie; O.M.0., kakoil Ki1acc 3aKaHdnBaeTe, MOJIHBIN (¢
uHAEKCoM! ) OYTOBBIN aapec, Teredon. BMecTe ¢ BBITIOTHEHHBIM
3a/laHieM IIPUILINTe, ToXKajaylicTa, cTaHJapTHBI KOHBEPT C
MapKoil U 3amoJHEHHBIM BammM ajgpecoM (¢ UHAEKCOM) st
otBeta lIpuemMnoii kommccnn.

Cpox omnpasxu ecmynumenvioi pabomor — do 15 mas 2013
200a.

I'pynnbr « KosureKTHBHBIN yUeHUK» TPUHUMAIOTCS 6€3 BCTYIIH-
TEeJIbHOH paGoTHl.
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EcJi BOmpocsl, Mpe/IosKeHHbIe HAMU, JIJIsI BAC TIOKA CJIOKHBI,
HO BBI XOTHTE Yy HAC YYUTHCS, IPHUILIHTE HHOOPMAIHIO O cele,
1 MBI TIOCTAPAEMCSI TTOMOYD.

Hamr e-mail: filologiyvzmsh@mail.ru

Harr caiit: http: / /philologist.su

Boripocs/

1. IIpeamosioxumM, YTO B HAII SI3BIK IIPOYHO BOILIO CJIOBO
[MYC" YK OIII| u Tenepb noauunsercs BceM 3aKOHAM PyCCKOil
rpamMMaTikn. Kaxoif 4acTpio peun OHO SABJISETCS M KaK TTHTIEeTCS ?
(Ecam cymecTBUTEIBHOE — MPOCKIOHSNTE; eCIM MPUIAraTe T b-
HOE — YKKHUTE HAYATbHYIO (DOPMY; €CJIM TJIaroJ — Ha30BHUTE
MHGUHUTHB U TIePeYCInTe BCe TIPUYACTHSI, KOTOPBIE OT 3TOTO
rJIaroJia MOsKHO 06pa3oBarh.) A eCJIi UMEIOTCS Pa3HbIe BapHaH-
TbI OTBETA HA 3TU BOIPOCHI, He 3a0y/ibTe 006 3TOM PACCKa3aTb U
yuecTb 3TOT (DAKT MPHU BBHITIOJHEHNN 33/[aHUS.

2. Bpibepurte jiBa JIOOUMbBIX BaMU «3UMHHUX» CTUXOTBOPEHUST
PYCCKUX JHPHUKOB U TONPOOYiiTe 0OBSICHUTD, KAKIMH XyJ0Ke-
CTBEHHBIMHU CPE/ICTBAMU PUCYIOT OHM CBOM KAPTHUHBI, CO3/AIOT
HacTpoeHue. Kro Bam Osmke u novyemy?

3. Koporko n BHATHO chOpMyJUpyiiTe, YTO MMEIU B BHU/Y
aBTOPBI COUYMHEHWI, M HAIMIINTE, TOYeMy Y HHUX IOJIYYHJIOCH
CMEIIHO!

« Orerr Yaikoro ymep B JIETCTBE.

« Bapyr Tepman ycabixan cKpui peccop. IT0 Gblia cTapas
KHATHHS.

« Tapac cen Ha KoHs. KoHb cOTHYyJICS. A 1TOTOM 3acMesiyIics.

« [IyraueB mnoskamoBas emy mryGy ¥ JOMIAAb CO CBOEroO
TJeya.

OTpeneHne SKOHOMUKH

XorHTe HAyYnThCs Pa3éUPaThCs B AKOHOMUKe? Y 3HATD U3HYT-
pu paboTy MapKeTOJIOTOB, MEHE/PKEPOB, GAHKUPOB, TIPETIPUHI-
marteieii? Torga sra nndopmanus s Bac!

OO6yuenne Ha OT[eJEHNN YKOHOMUKU 3a09HOE, BCe yueGHbIe
MaTepUaJIbl IKOJIBHUKY TIOJIyYaloT yepes uHreprer (a e, y Koro
HET J0CTyTIa B MHTEPHET, — TI0 TI0YTe). Y YUThCS Ha SKOHOMUYEC-
KOM otTzeseHun MoryT te, kro B 2013 romy 3akonumt 7—10
KJaccoB; cpok obydenuss or 1 roga go 4 ger. OOyuenue
unguBugyaibaoe (popmbr yuedsl « KomIeKTUBHBIN yueHuK» Ha
HKOHOMMYECKOM OT/ICIeHUN HET).

[TporpaMma 5KOHOMHYECKOTO OT/ICJICHUS] BKJIIOUACT U3yUCHUE
HKOHOMWYECKOIT TEOPUH 1 3HAKOMCTBO € MPAKTHKOW 3KOHOMHUKHI
u GusHeca. ITO MOKET CTaTh XOPOIIeil OCHOBOIA /LIS iasibHeliie-
TO M3Y4YeHUsI MPEIPUHUMATEIbCTBA U MEHEe/KMeHTa, GyXraj-
TEPCKOro ydera 1 (pMHAHCOB, MIPOBOI 9KOHOMUKH — IIpodeccus
9KOHOMHUCTA TpeGyeT MUpoKux 3Hanuii. Yuanmecs 10—11 xaac-
COB B JIONOJIHEHNE K KyPCY 9KOHOMUKH TI0JTy4aT HEOOXOIMMYIO
MOJI’OTOBKY 110 PYCCKOMY SI3BIKY W JIUTEpaType, MaTeMaThKe,
OO0IIIeCTBO3HAHNUIO, YTO HMOMOKET Jydire caath EI'D, ycmenrno
Y4aCTBOBATD B MIPEJAMETHDBIX OJUMITHAIAX U MOCTYTIUTD B JIyUIIINe
BY3bI CTPAHBbI.

Yuach Ha 9KOHOMHUYECKOM OT/IE€JIEHNN, BBI CMOJKETE 3a0YHO
MMO3HAKOMUTBCS CO CTYZIEHTAMHU, BBITYCKHUKAMU U JIa’Ke TIPEIo-
nasaresgymu MIY umenn M. B.JlomonocoBa, y3Haere 0 pazHoo0-
Pa3HbIX 3aMeyaTesbHbIX MPOdEecCcusix B 9KOHOMUKE, OJHY U3
KOTOPBIX, BO3MOKHO, BbI BbiOepeTre /iist ce0si B GyIyTieM.

[lns moctynsieHus Ha OT/eJIeHHe BaM HYKHO BBITIOJHHUTD
BCTyHI/ITeJIbHOe 3alaHue.

[lpoymnrtavite Tekct

B nauase sera mkospHuK Téma DKOHOMOB, Kak OGBIYHO,
npuexas K 6abyiike B jepeBHio. ETo sxiann HOBOCTH: 6alyIIKa
HE/JIaBHO 3aBeJIa KOPOBY, KOTOPAst /laBajia yIMBUTEIbHO BKYCHOE
1 JKUPHOE MOJIOKO. B /iepeBHe Tenepb NOSBUINCH JAYHUKH, U
y’Ke He B IIEPBbIl pa3 moaxoausiu k GalyJie: mpopaii, Mo,

MoJiouka. Babymika Oblia He Mpodub MPOJATh, Ja 6OsIach He
yraJath ¢ 1eHOIl.

Téna B3siyics pasdysHaThb, IOYEM MPOJAIOT MOJIOKO. BprsicHn-
JIOCh, YTO B Mara3wHe MOJOKO 1,5%-0ff JKMPHOCTH CTOUT
24 py6uist 3a uTp, 3,5%-0i kupHOCTH — 28 pyO6Iieil, cTepusnso-
BaHHOE 2,5%-0i1 kupHOCcTH — 54 py6uisi. Crosia Tam 1 Gy ThIIKA
MPUBO3HOTO (PPaHIy3CKOrO MoJioKa 3a 240 pyoO.eii.

«Heuero He nonumaro...» — ckasaJu cebe Téma.

[TocrosiB y npunaska, Téna samerns, uto Mapbst VIBanoBHa
kymuiaa 2 sgurpa 1,5%-ro mMoJioka, Tpakropuct Kouisi cxBaTii
a’K 5 MAKETOB CTEPHJIN30BAHHOTO (OHO MOKET J0JITO CTOATH He
ckmcas), a coceackasa IOmpka xKynmmaa maxer 3,5%-TO MOJIOKa
U MPSIHUKOB U BCE 3TO C Y/IOBOJIbCTBUEM YMSIJIA MPSIMO OKOJIO
npuiaBka. CTano siCHO, YTO CIIPOC €CTh HA BCSIKOE MOJIOKO.

Téna cobpaJicst BbICUNTATDh HA3aBTPa CPEIHION IIEHY MOJOKA,
Ho He yeresn. Ha cieyiontee yTpo K HIM TPHTITe TaURTK KK,
B35 3 JIUTPa 3a CTO pyOJieil n YBEPUJI, 4TO KaxK/Iblii JieHb Oy1eT
MIPUXONUTH U OPATh CTOJTBKO JKE.

Ba6ymka OblLta 0BOJIbHA, HO WMHOTJA MOCMEHMBAJIACH HAJ
Témnoit, Kotopblil Bujes ce6si B GyIyTleM BeJTUKIM 9KOHOMUCTOM
U TIPeANPUHUMATEEM.

3anarme

[Tomorwure Tére pazo6paTbes: ITOUEMY Ha OJIMH 1 TOT JKe TOBAP
MOsKeT GbITh pasHasi 1eHa? UTo JIEXKUT B OCHOBE TAKUX Pas3JIndnil
B 1nenax? Kak ux ucrnosb3oBath B Gusnece? UTo BbI [ymaere o
Ténwnolt nmee pacueTa cpefHeil 1IeHBI MOJOKA?

CBoM OTBETBHI MPUCHLIANTE IO 3JJIEKTPOHHOU TOUTE:
econ@vzms.ru uin 0ObIYHBIM HCHbMOM. O053aTEHbHO YKAKUTE
TTOJTHBII TTOYTOBBIN aIpec U MH/EKC, (PaMUINI0, UMSI U OTYECTBO
(B muceme Bco muHdoOpManMio 0 cebe TMIINTE, TOKAMylicTa,
nevarupiMu GykBamu). O3arJaaBbTe MIChbMO: « IKOHOMUKA, BCTY-
nureabHOe 3aganne-2013». Yraxnrte KJaacc, B KOTOPOM BBI
cefiuac yuurech. [loxkamyiicTa, yKaKuTe MCTOUYHHK HHMOpMa-
1M, U3 KOTOPOro Bbl y3Haan o B3MIII («KBant», ot yuuTeJisd,
apysei, ap.).

Cpox omnpasxu eécmynumenviot pabomot — do 31 mas 2013
200a.

Hammw azgpeca B unrephere: http: / /econ4all.ru, http: //
vk.com /econ4all_group

OTpeneHve nctopumn

Otnesennie ucropunt 06bsABIAET HA6OP HA KYpC JUCTAHTHOTO
o6yuenms. O6ydenne Ha OT/eeHIN TO3BOJIAT BCEM, B TOM UHICTIE
SKUTEJISIM CaMbIX OT/JAJIEHHBIX FOPOJOB U JiepeBeHb, PaCIINPUTD
CBOi1 KPyro30p, MOJATOTOBUTLCS K IOCTYILICHUIO B BY3. Y CICIIHO
polie/ie Kypc o6ydenus nosyyaior aursiom B3MIIL. O6pa-
30BaHie B Hamlel TTKOJIe MOXKHO TPOJO/DKNTD, 3aHUMAACh Ha
CIEIKyPCax.

A 3aueM Hy)KHO M3y4aTb UCTOpUI0? BoO-IEpBBLIX, 3TO HPOCTO
nHTepecHo. JII060NBITHO 3HATH, KaK KIJIN KOTJA-TO JIIOJU, BO
YTO OIEBANCD, YeM MUTAINCD, O YeM JYMAJIH, YTO YNTAJIH, KaK
SKEHWIMCh ¥ BBIXOAWIM 3aMY’K, 32 4TO OOPOJIUCH U <«HA UTO
HaNapbIBAJIICh>. BO-BTOPBIX, 3T0 moJe3Ho. Tosbko 3HAs Ipo-
I1JI0e, MOKHO MOHATh HACTOSIIEe M IIPOTHO3UPOBATDL Oyyliee.
Mpbr momoskeM BaM B 9TOM paszobpaTbes. CHeruaabHo 1S Bac
OIIBITHBIE TIPeIIoJaBaTe I MUITyT KHIDKKH. [locieqnue HoBocTH
13 MHPA UCTOPUU Bbl y3HAETE OJHUMU U3 IEPBbLIX!

Vcropuueckoe o6pa3oBaHue B KOHBEpTe — cOBpeMeHHast (hop-
Ma JOTIOJHUTEIbHOTO o6pasoBanms. Ilo HammM KHIDKKaM BBI
OyJieTe BBITOJHATD 0COObIe 33JlaHUsT U COOOIIATh HaM, YTO BbI
packonanu. Mbl ke IOACKaXeM, KaK [elicTBOBaTb JaJIblile.
Benp, B cymHocTn, TPyJ| UCTOPHKA M COCTOUT U3 3THX PACKO-
oK. VlcTopmK-apXeoJsor, Komas 3eMJI0 M MeCOK, OTBICKHBAeT
KPYIHUIB! YIIEANINX BPeMeH; UCTOPUK-apXUBAPHYC KOIAeTcs B




78 KBAHT -

rpyzse 6ymar W JOCTaeT M3 apXHBOB U JaXKe U3 YACTHOI mepe-
MIICKA BCE, YTO MOJKET MO3BOJUTH €My TIOHATH 06pa3 BpeMeHN;
HCTOPHUK-TEOPETUK KaK YBJIEKATEJbHBIII POMaH UUTAeT apXeo-
JlorudecKkye TaO/uIbl, CyXHUe CBOAKH, CTATUCTUKY M BOCCTa-
HaBJMBaeT 110 HUM >KUBYIO TKaHb yliejmleil xusuu. Y Ucropu-
Ka ocobasd mpodeccus: OH B OAHOM JIHIE CJE0BATEIb, TTPOKY-
POp 1 aJIBOKAT BPEMEHH.

Kak k nwam nocrynurb? Mpbpr GepeM TeX, KTO BbIITOJHUT
IIpUBe/IEHHOE HUMKe BCTYIIUTENbHOE 3aJaHue.

Cpox omnpasku ecmynumenvrozo 3adanus — 0o 15 uions
2013 zoda.

I'pynnbt « KomeKTHBHBIN yUeHNK» IPUHIMAIOTCS 6e3 BCTYIIH-
TEJIbHOTO 3a/laHus.

3anarme

1. Otrazaiite KT0 3TO

« C merxoit pykn @puapuxa II B Espome ero mpossamm
«pycckuit Famers.

« O HeM CIVIETHUYAJH, YTO OH BHEOPAUHBIN ChIH.

« Ero orert — Buyk Ilerpa | mo maTepn n BHy4YaTbIil mieMsIHHIK
Kapaa XII mo otmy.

« Ero matb nipuexasa B Poccuto 15-y1eTHeli 1eBOYKOIT, TIPUIILTA
K BJIACTHU B 33 TO/Ia, CBEPTHYB My’Ka, 1 IpaBusa 34 roja, He uMmes
Ha TPOH 3aKOHHBIX IPaB.

o [1aBHast yepra ero MpaBJIeHUS — MEJOYHDII 1€CTIOTU3M.

« YKa3oM 0 Tpex/HeBHOI GapliiHe OH CHUCKaJ cebe 0peoJt
KPECTbsTHCKOTO Tapsl.

- Bo BpeMs BOeHHBIX CMOTPOB MOT, ocepyaB, OTIIPABUTb B
Cubupp TpsSMO ¢ TIIalla 32 HEYeTKUi Iar, OTOPBABIIYIOCS
IIyTOBUILY MJIM IJIOXO HANy/PEeHHbIE OYKJIH.

« OrrpaBut 22 ThICSYM Ka3aKOB 3aBOEBLIBATD VIHAMIO, YTOOBI
0cJabUTh AHTJINIO, W TOJBKO €ro CMepPTh BepHyJa COJJIAT C
JIOPOTH.

« Bosich 3aroBopa, aTOT MMIIEpAaTOp TOCTPOUJI cebe 3aMOK U B
HeM GObLaI yOUT.

« Ero crapmmii coin meutast o konerutyimu i Pocenn, a ran
ee [Tompme.

2. Onumure, He GoJiee yeM B 7 TIPE/IJIOKEHUSAX , MCTOPHYECKH
NOPTPeT IJIaBHOKOMaH/yIoIero pycckoit apmueii B [Tonrasckoit
ouTBe.

Aasa cmapuwexaaccHuxos, 20MoAuUXCs cOadeamsv
Er'd9 no o6wecmeosnanuio, omoesenHue ucmopuu
ob6vaeasem nabop na kypc «Ob6wecmeosnanues.

OO61tecTBO3HAHNE — 3TO CBOJ OOIIECTBEHHBIX UCIUILINH,
MU3Y4aIONINX BCe CTOPOHBI JIeATeJbHOCTN desoBeka. Hekoropbie

2012/Neb5-6

MIperojiaBaTesii HAa3bIBAIOT €ro BUHETPeTOM. BrioJHe ynauHoe
cpaBHenne. Kax BuHerper — cocraBHOe 6JI0/10, Tak u 0OIe-
CTBO3HAHME COCTOMUT M3 PA3HBIX AUCIUILIMH. [lepemeriuBasicn,
JIOTIOJIHSS. IPYT JIPYTa, OHU CO3/IAI0T 1I€JbHYI0 KapTHHY 00Iie-
CTBa.

ITporpamma kypca paccuntana Ha o rog. O6ydyenie HOCUT
3A0YHBIII XapaKTep U MUMeEeT IeJIbI0 JIATh BLITYCKHUKAM IIKOJ —
KaK KPYIHBIX TOPOJOB, TaK M HEGOJBHINX cesl — TayOoKue
3HAHUS 10 OOINIECTBEHHBIM [MCIUILIMHAM, TOATOTOBUTH MX K
yenemHoit caade EI'D. Kypce Briovaer cieayrontie UCIIATLIN-
HbI: punocodus, COMMOTOTHS, TTIOJTUTOJIOTUSI, TEOPUST TOCYTap-
CTBa, TOCY/IAPCTBEHHOE ycTpoiicTBO Poccun, nmpaBo, 5KOHOMUKA.
CurymaTesisiM HAIPSIBJISTIOTCST OPUTHHAJIbHbIE yueOHbie T0coOus,
CO3/IaHHbIE HA OCHOBE MHOTOJIETHETO OIbITa PAabOThI ABTOPOB
Kypca. IIpoBepka 3HaHMII OCYIIECTBJSIETCS € TIOMOIIBIO 00TIe-
MPUHATON CHCTEMbI TECTUPOBAHUSI.

[t 3anmcu Ha Kype HeoOXOIMMO OTIIPABUTH 3asiBJeHe do 15
uronss 2013 200a. B 3asgBienun ykaxkure: (QaMUIHio, UM,
OTUYECTBO, CBOH MOJIHBIH TOMAIITHUH aJpec (c namexcom!), e-mail,
KJace, B KOTopoM Oyziere yuntbest ¢ 1 cerrsops 2013 ropa.

3agsiienue orpasbTe 110 aapecy: 119234 Mocksa, Bopobbe-
Bl Topbl, MI'Y, B3MII (kypc «OG6umecTBosHanue») Wid Ha
ajipec HIEKTPOHHON MOYTh: vzms@yandex.ru

s wxoavnuxos 7—10 xaaccoe npedaazaiomcs 0ea
cneuxypca no 2paxoanosedenuio.

1. Beceapl 0 mpaBax uYejiOBEKa, HPABCTBEHHOCTH, IpaBe,
3aKOHE W rocyZapcTBe. B 5TOM T0/I0BOM KypcCe JIaloTCsI COBpe-
MEHHDBIE TPe/ICTaBIeHNUsT 00 OCHOBHBIX TIOHSTHSX, CBSI3AHHBIX C
TPaBOM, 3aKOHOM W TOCYJapCTBOM, PACCKa3bIBaeTcsi 06 Oc-
HOBaxX POCCHIICKOTO B3aKOHOJATebCTBA, IpaBaX YeJoBeKa.
Pasbupaiorcsi npumepbl cy/eGHBIX TPOIECCOB, MPHUBOISATCS
OOGIIEKYJIbTYPHbBIE TPUMEPDI, CBSI3AaHHDbIE € HANPABJIEHHOCTHIO
Kypca.

2. Beceapt 06 0CHOBaX JAEMOKPATHH. JTO — MOJYTOPArO/I0-
BOH KypC.

JKematonie 06yvaThCst Ha 9THX CTEIKYypPCaX TOJLKHBI 0o 15
utonsi 2013 zo0a ornpaBuTh 3asiBleHHe. B HeM yKakuTe CBOI
HOJIHBIA 1104TOBbII afpec (M azpec 2JEKTPOHHOMN MOUTBI, €CJIU
ectb), (paMIIMIO, UMS M OTYECTBO, CKOJIBKO KJIACCOB 3aKOHYEHO
(MBI yUUTBIBAEM BO3PACT IIOCTYMAIOIIETO).

3agsisienne ormpasbTe 110 ajapecy: 119234 Mocksa, Bopo6be-
BbI roper, MTY, B3MII (rpaskgaHoBeseHne) WM Ha ajipec
2JIEKTPOHHON TouThI: vzmsh@yandex.ru

3ao4yHas (pu3mnKo-TexHu4YecKasa LiKona
npy MOTA

MOTH 3aouHasg (PUBMKO-TEXHUYECKAs MIKOJIA

— (BDOTII) MocKkoBCKOro (husUKO-TeXHU-

yeckoro uHetuTyTa (rocy/apcTBeHHOTO

2, yuusepcutera) (M®OTU) mposBoanT Ha-

60p B 8—11 kmaccpr yuamumxcst 7—10 xJac-

cOB 00111e06Pa30BaTEIbHBIX YUPEKICHUI

(1KoJ1, JuIees, rUMHA3UITL U T.11.), PACIIOJOKEHHBIX HA TePpH-

topun Poccniickoit Mepepanun.

3OTII paboraer B cdepe npodUIbHOTO JAOTOJHUTEIBHOTO

o6pasoBanust feteit ¢ 1966 roma. 3a mpoiieiie Tobl KOy

OKOHUMJIN GoJiee 85 TBICSY Y4YAIINXCs; TPAKTHYECKU BCe ee

BBINIYCKHUKH TIOCTYTIAIOT B BE/yIIIE€ BY3bI CTPAHbBI, a KaXKIbIil
Bropoii crysenT MADTU — ee ObIBIINIT yUYEHUK.

Hayuno-mertoamndeckoe u o61iee pyKOBOJICTBO IIKOJION ocy1ie-

A

creasier MOCKOBCKU (usuko-texunveckuii unerutyt (rocy-
JIAPCTBEHHBINH YHUBEPCUTET).

OO0yuenne B IIKOJIE BEIETCS [0 TPeM TpeJMeTaM Hay4HO-
TEXHUYECKOIl HallpaBJeHHOCTH — (PU3KKe, MaTeMaTuke 1 nHPOP-
Mmaruke. B 8—9 kiaccax usyualorest To/bKo (pu3nKa U MaTeMaTu-
ka. B 10—11 kmaccax K atuM mnpeameraMm I00ABJISIETCS €llle
npeamer «Matematudyeckue ocHoBbl uHpOpMaTuku u WUKT»
(unopmarnka). Yuammecs 10—11 KIaccoB MOTYT TI0 CBOEMY
BBIGOPY M3y4YaTh JHOO TOJIBKO /[BA IPEJIMETA, & UMEHHO: (PUIUKY
1 MareMaTuky, (U3MKy U MHPOPMATUKY WJN MaTeMaTHKy W
nHdopMaTuky, Ja160 Bce TpU TpeaMeTa BMecTe: U (DU3UKY, U
MaTeMaTuky, 1 nH@opmaruky. Paspenraercs Takxe oGyueHne u
110 OJTHOMY U3 YKa3aHHbIX [1PE/IMETOB.

Henp wameil mkosapl — moMoub ydammmes 8—11 kiaccoB
00111e06pa30BATENbHBIX YUPEK/ICHNI, NWHTEPECYIONMMCS TIPE/I-
MEeTaMi Hay4YHO-TEXHUYECKOIHl HalpaBJIeHHOCTH, YIJAyOuTb u
CHCTEMAaTU3UPOBATD CBOM 3HAHUS 110 ATUM IIpeMeTaM, a Tak-



MHOPOPMANNA

JKe CrocoOCTBOBaTh UX TPO(ECCHOHATBHOMY CaMOOIIpe/Ieie-
HUIO.

Ha6op B 8, 9, 10 u 11 wuaccer Ha 2013 /14 yuebubIii TO]
MIPOBO/IMTCST HA 3a09HOE, OYHO-320YHOE, OYHOE OT/EJEHHUSI.

3aounoe oraeaenue (undusudyarvioe saounoe obyuenue)

Tex. /¢paxc: (495) 408-51-45, e-mail: zftsh@mail . mipt.ru

[Tpuem Ha 3a04HOE OT/EJIEHHE MTPOBOANTCS HA KOHKYPCHOI
OCHOBE IO Pe3yJIbTaTaM BBIITOJHEHHS IPUBEJEHHOTO HIXKE BCTY-
MUTETLHOTO 3a/laHus 1o (pusuKe n MareMaTuke (715 TTOCTyIaIo-
X B 8—9 KJIacchl) Ui 1o BHIOPAHHON COBOKYITHOCTHU TIPE/IMe-
toB (1 mocrymalomux B 10—11 kmaccer). Ecam ImkobHuIK
BBIOPAJI [T N3YUEHNUS TOJBKO OJIMH IIPEJMET, TO BCTYTIUTEIbHOE
3a/IaHNE BBIMOJHAETCS UM TOJIBKO 110 ATOMY BBIOPAaHHOMY TIPE/I-
mety. [Tosnas nmporpamMma o0ydenus paccunTana Ha 4 roja, T.e.
¢ 8 o 11 KJ1acchl BKIIOUUTENIBHO, HO HAYaTh O6y4YeHe MOSKHO C
JI000TO U3 YKA3aHHBIX KJIACCOB.

B Teyenue yueGHOro roja, B COOTBETCTBUU C IIPOTPAMMOI
3OTI, yyenuk GyJer moJydarb Mo KaKIOi TeMe 3aJaHus 110
(usuke, matematuke u uHdopmaTuke (5—6 3amanuii o dpusnke
u MateMatuke st 8—9 kJjaccoB, 6 — 7 3ajanuii o usnKe n
MareMatuke u 4 — 5 3aganuii no wmHpopmartuke aag 10 —
11K1accoB), a 3aTeM — DPEKOMEH/yeMble ABTOPCKUE PEIeHUs
ATUX 3a/laHuil BMECTe ¢ TIPOBEPEHHOIT PaboTOll. 3aanus comep-
JKAT TeOPETHUEeCKH MaTeprasl, pa3dop XapaKTePHBIX IIPUMEPOB
M 33Ja4 110 COOTBETCTBYMoIIEH Teme u 8§ — 12 KOHTPOJbHBIX
BOMIPOCOB ¥ 33J[a4 JUJISI CAMOCTOSITEJIBHOTO pelieHust. ITO U
mpocTble 3ajaun, u GoJiee CJIOXKHBIE. 3aJaHUs COCTABJISIOT
OTIBITHBIC TIperiofaBaTen Kadeap obuiell GU3NKu M BBICIIEH
marematnkn MMDOTU, a taxske Bomyckankn MOTU un npyrne
crenuagucTbl. PaGoThl yyalmxcsa-3a04HUKOB TIPOBEPSIIOT CTY-
JIEHTBI, acrmupadTbl u BbimyckHuku MOTU (u3 mux 80% —
BBITTYCKHUKN HAIEH TIKOJIbL).

CpOoK OTHPaBKU pelleHns] BCTYIUTENbHOTO 33/J[aHus — He
nosduee 1 mapma 2013 zoda.

[TpoBepeHHbBIE BCTYTUTEIbHbBIE PAGOTBI OGPATHO MOCTYTIAIOIITE-
My He BBICBLTAIOTCS. Pelenne npueMHONH KoMmuccuu OyaeT
cooO1ieHo He nosanee 1 asrycra 2013 roja.

Terpa/ib ¢ BBIMOJHEHHBIMU 32/IaHISIMU BBICHLIAITE 1O a/Ipecy:

141700 Mockosckas obaacmo, 2. /[lonzonpyonvii, Hucmu-
mymcxutl nep., 0.9, 3OTIII.

[xonpuukn, yke obyuatoniecss B 3DTII, moryT uamMmeHuTnh
COBOKYITHOCTb M3YYaeMbIX MPEMETOB TI0 JUYHOMY 3asIBIEHUIO
na nms aupexkropa S3OTIIL. MsmMeHenne COBOKYIHOCTH M3yyae-
MBIX IIPEIMETOB JIOMYCKAETCS TOJIBKO B KOHIE TEKYIIEro yueOHO-
TO rojia, [0 HavaJa CJAeyiouero yueOHoro roga. lamensarb
COBOKYITHOCTD M3yYaeMbIX TIPE/IMETOB B TeueHre yueOHOro To/1a
nenp3s! Ecom yyenux 3DTII xouer mo6asutb B 10 mum 11
KJacce K yKe H3ydaeMbIM mnpeaMertaM uH(opMatuky (mim
3aMeHNTh (PUBNKY MM MaTeMAaTHKy Ha WHPOPMATUKY), TO eMy
e TpeGyeTCst BBIOHATD BCTYITUTENbHOE 3a/aHue 110 nHdopma-
THKE TIPU YCJOBUU XOPOIIEeH MM OTJIUYHON yCIIEeBAEMOCTH IO
dusnke WM MaTeMaTHKe 3a TPEeIbIIYINil nepnoa o0ydeHus B
3DOTHI. Ecin sxe yuenuk 3DTII xouer gobasutsb B 10 mm 11
KJacce K yyke uaydaeMbiM mpeameram dusuky (mim 3aMeHuTbh
undopMaTHKy Ha PU3UKY UM MATEMATHKY ), TO eMy HeOOXO/u-
MO BBINIOJHHTDH BCTYHMHUTENbHOE 3ajlaHue 10 (PU3NKe HJIN TI0
MaTeMaTHKe B COOTBETCTBUM C KJIACCOM OOYUYEHUS.

BerynuTesbibie 3a1aHKs 110 BBIGPAHHBIM MTPEJMETAM YIEHHK
BBITIOJIHSIET CAMOCTOSITENIbHO B OJIHOIl IMIKOJIBHON TeTpajy Ha
PYCCKOM $I3BIKE, COXpaHss TOT »Xe MOPS/IOK 3a/ad, 4TO U B
Kak/IoM 3asiannu. TeTpajib Hy KHO BbICJIATh B KOHBEPTE RPOCMOU
Ganieposibio. Ha BHYTPEHHIOIO CTOPOHY OGJIOMKKU TETPAIN Ha-
KJIefiTe CIIpaBKy M3 IIKOJbI, B KOTOPOW y4YHUTECh, C yKa3aHUeEM
kiacca. Ha smneByio ctopony 06/103KKH HaKJIeiTe JuCT OyMar,
YeTKO 3alOJHEHHBII 110 IPUBEJCHHOMY 371eCh 00pasILy:

JI.Ne
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. Pecriy6mimka, xpait, o6actb
2. Damuind, UMsI, OTYECTBO

—_

Kemeposckas obracmo
Yucmosa 'aruna
Cepzeesna

3. Kiacc, B KOTOPOM y4uTech 680CHLMOTL

4. Homep MIKOJIbI 35

5. Bug mxonsr (o6bramas, quneit, auuetl

IUMHa3us, ¢ yriayOJeHHbIM n3yde-

HUEM IIpeJMeTa)

9. MamMuus, UMsI, OTYECTBO

Tpero/iaBareiei:

1o usmke Cmupnoe Eezenui
Bacunvesuu

10 MaTeMaTHKe Kouemos Ilemp
Anexcandposuu

1o nHpOpMaTHKe /ponosa Bepa
Heanosna

7. HompoGublii nomanmuii aapec 654041 2. Hogoxysneuyx,
(c ykazanuwem nnzekca), tenedon, ya. Boaxckas, 0.74,

e-mail k6.3, e-mail: dio@rdsc.ru
8. Anpec mkousnl n TenedoH, dakc,
e-mail 654041 2. Hosoxy3sneux,

y. Huoaxosckoro, 0.65,
men.: (3843 )35-19-72,
e-mail: must@yandex.ru
9. Kaknum 06pazoM K BaMm TI0TIAJI0
3TO 0ODbsIBJIEHNE?

Ha KoHKypC €XeroHo puxoutT GoJiee 3 THICSY BCTYTTUTEb-
HbIX pabot. [Toskasyiicra, o6paTnTe BHUMaHIE HA IPABUJIBHOCTD
3artosHeHus aHkerbl! [Inmmte akkypaTHO, JIydile IT€9aTHBIMUI
OyKBaMH.

[l moJydeHns OTBeTa Ha BCTYIUTETbHOE 33JaHue U [T
OTIPABKHU BaM MEPBBIX 33JaHUil 0043AMeIbHO BIOKWUTE B TET-
pasb [Ba OAMHAKOBBIX OaHJEPOJIBHBIX KOHBEPTA Pa3MepoM
160 x 230 mm. Ha xonBepTax 4eTKo HAIMIIUTE CBOH JOMAIIHIH
azipec.

Ouno-3aounoe oraeaenue (06yuenue 6 GaxyimamueHvix
zpynnax)

Ten. /paxc: (498) 744-63-51, e-mail: zftsh@mail.mipt.ru

DaxyIbTaTHBHBIE TPYIIIBI MOTYT GbITh OPTAHU30BAHBI B JITO-
60M 006111c06pa30BATEIbHOM YUPCKICHUN O08YMs UAU MPEMs.
npenodasamensimu — GU3NKH, MaTeMaTHKU U UH(GOPMATHKY, B
OT/IEJIbHBIX CJIyYasiX pasdpenraercst o0ydeHne 1o OHOMY IpejiMe-
Ty. PykoBoauresn HhakyIbTaTHBA MTPUHUMAIOT B HETO YUATIIXCS,
VCIIENTHO BBIMOJHUBIINX BeTynuTesnbHoe 3anane 3MTII.

Ipynma (He MeHee 7 4elOBEK) NMPUHUMAETCS B IMKOJY, €CJIH
IMPEKTOP 0061e06pa3oBaTENbHOTO YUPEXKIEHUST COOOIUT B
3DOTHI dhamunnu, uMeHa, OTYeCTBA €€ PYKOBOJAMTENEH 1 TO-
UMeHHbIH andautHblil crmcok obyyatomuxcs (. M. O. noJ-
HOCTBIO € YKA3AHUEM KAACCA MeKyu,ezo yuedHozo 200d N UTOTO-
BBIX OIIEHOK 32 BCTYNINTEJIbHOE 3a/[aHKe 0 BEBIOPAHHOI COBOKYTI-
HOCTH NIPEAMETOB, adpec, meaedhon, axc u e-mail wroawt). Bee
9T MATEPUaJbl U KOHBEePT /st oTBeta o mpueMe B 3DTIII ¢
00PATHBIM a/[PECOM OJIHOTO 13 PYKOBOAUTEJIEN CJIe/[yeT BBICIATD
00 25 uions 2013 z00a no agpecy: 141700, MockoBckast 061acTh,
r. Jlonronpyausiii, Mucturyrekuit nep., 1.9, 3MTIII (¢ nomer-
kot «®Dakymbratus»). Terpagu ¢ paboTaMu yYal[UXcs He
BLICHLIAIOMCS.
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Pa6ora pykoBoaureseit (hakyIbTaTHBOB MOXKET OIJIAYNBATHCS
00111e00pa30BaTeIbHBIM YUPEXK/IECHNEM KaK PYKOBOJCTBO IIPO-
¢urbHBIME (aKyIbTATUBHBIMU 3aHATUSMHE 110 IPEL0CTABICHIN
3DTHUI coorBercTBYIOMUX CBEJCHUI.

PykoBoznTtesn, paboTaonye ¢ yqammumMucs, OyayT B TeueHne
y4e6HOTO Iojia MOJTyYaTh y4eOHO-MeToiuueckue Marepuass (1po-
rpaMMBbl IO (pU3UKe, MaTeMaTHKe U NH(MOPMATHKE, 3a/IaHI 110
TEMaM [IPOIPaMM, PELICHHS 3a/laHtil ¢ KpaTKUMU PEKOMEeH/[allu-
SIMH IO OIleHKe PaoT YuYalluxcsi); MPUTJIANIATHCS HA KYPChI
MOBBIICHUSA KBaJIUPUKAIMN yuuTesaeil (pu3nku u MaTeMaTukiu,
npoBosinumblie Ha 6aze MADTU. PaGorbr yuamumxcsi IpoBepsiioT u
OLIEHUBAIOT PYKOBOAUTEN (PaKyIbTaTHBHBIX rpymil, a B 3MTIII
MMM BBICBLIAIOTCA BEJIOMOCTH € HTOTOBBIMM OI[EHKAMHU 110 KasK/10-
My 3a/IaHHUIO U UTOTOBAsT BEIOMOCTD 32 TO[.

Ounoe otaenenue (00yuenue 6 GeUEPHUX KOHCYILMAUUOH-
HOLX NYHKMAX)

Ten.: (499) 755-55-80, e-mail: zftsh@mail . mipt.ru

Jlnst yyanmxcest MockBbI 1 MOCKOBCKOIT 06J1aCTH 110 TIPOTpaM-
Me 3DTIII paboTaloT BeuepHHE KOHCYJIbTAIIMOHHbIE ITYHKTDI.
Ha6Gop B HUX HPOBOAUTCA TO Ppe3yJbTaTaM BCTYIHUTEIbHBIX
9K3aMEHOB 110 (DU3MKe 1 MaTeMaTHKe U cOOGeCceI0BaHNs, KOTOPbIe
IIPOXOJAT B cepefinHe ceHTA6ps. OOyueHme BeJeTcsl 10 TpeM
npeameram (nH(OpPMATHKA — IO SKEJAHHUIO YIalIerocs).

[Tporpammbr 3DTII saBagiores TPOGUILHBIME JONOJTHUTEb-
HbIMH 00Pa30BaTEIbHBIMI ITPOTPAMMAMK U €JMHBI [T BCEX
orfesnennii. Kpome Toro, yueHMKam BceX OT/eseHuil Oyjer
MIPE/IVIOJKEHO Y4acTBOBATh B (PUBNKO-MATEMATUYECKOH OJIUMITH-
ane «OU3TEX-2013», kotopas, Kak IpaBuIo, MPOBOIUTCS Ha
6aze MDTU u B psizie ropoioB Poccunt B KOHIE MapTa, B IPYTUX
OuHBIX W 3a09HbIX oymMnuagax MODOTU u ero dakysbreTosB.
s yuamumxes 9 — 11 kuaccoB Ha 6aze MDTU paGoraer
cy660THUIT JiekTopHii 1o Hu3KMKe U MaTEMATHKE 0 MPOrpaMMe
3OTIII. Jlekiuu ynTaior npenojgasarten uacruryra (Kak npa-
BUJIO, aBTOPBI 3ajanuii). [logpobHee 06 ATHX MEPONPHSITHIX
MOKHO TIpounTath Ha caiite 3MTII:

http: / /www /schol.mipt.ru

ITo okonvanuu y4eGHOTO TOJA YYAIMecs, YCIIEIHO BBITIOJ-
nusme nporpammy 3MTII, nepeBoasiTes B caeayommuii Kiacce,
a BBIMYCKHUKK (OMHHAIATUKTACCHUKH) TOJTY9aloT CBUJE-
TEJBCTBO 00 OKOHYAHMUU IHKOJIBI C UTOTOBBIMH OIICHKAMHU 110
n3yvasumMcs B 11 kiacce npeameram.

Yuenukam, 3saunciaenupiM B 3DTII, Oyaer mnpemyiokeHo
OIJIATUTb (e3BO3ME3/HBII 11eIeBOIl B3HOC /I O0eCIedeHHs
yueGHOTO IpoIecca B COOTBETCTBUU € YCTABHBIMU TEJISIMU IKO-
apl. CyMMa B3HOCA MOKET OPHUEHTHPOBOYHO COCTABJATD IS
yuanmmxcsi 3aounoro otnesnenuss 2000 — 3000 py6. — 3a 2
npeamera, 3600 — 4500 py6. — 3a 3 nipesMera B TO/1, JJI51 O4HOTO
oraesnenus 3500 — 6000 py6. — 3a 2 npeamera, 7500 — 9000 py6.
— 3a 3 upeaMeTa B rojl, /Ui 0O4HO-3a04HOTO oTzesaenns 2800 —
4400 py6. — 3a 2 mpeamera u 5700 — 6600 py6. — 3a 3 npenmera
(¢ Kaxaoit (haky TbTaTUBHOI TPYTIIBI) B TOJ.

s yuyammxcs Yipaunbl padoraer Y 3DTII npu OTHHIL
HAH Vkpaunbst (o6yuenue maatnoe). JKesaonmm mocTynurhb
TyJla cJielyeT BBIChLIATh paboThl 1o aapecy: 03680 Ykpauna,
r. Kues, 6-p Bepuascxoro, a. 36, [CII, Y3®TII. Tex.: 8-(10-
38-044) 424-30-25, 8-(10-38-044)422-95-64. Caiir Y3DTIII:
www.mfti.in.ua, e-mail:ftcsch@imp.kiev.ua

s ydammxcss U3 3apyOeXHBIX CTPAaH BO3MOKHO TOJBKO
IJIaTHOE 00yYeHNe HA 3a0YHOM M OYHO-3A0YHOM OT/IEJICHUSIX.

Buumanue! Ilpucnas HaMm pelieHHOe BCTyNUTeIbHOE 3a/laH1e,
BBI JIaeTe coriacue Ha 00paGOTKY BAIINX MEPCOHATBHBIX JTAHHBIX
(B coorsercteun ¢ DexgepasibHbiM 3akoHoM oT 27.07.2006 r.
Ne152-D3), kotoppie OyayT MCHOJB3OBAHBI MCKJIIOUUTENHHO
JUIS OTIIPABKHM BaM MaTepuasoB IO [OYTe W ydyeTa Baiiei
yCIIEBAEMOCTH.

2012/Neb5-6

Huke IpUBO/ATCS BCTYMUTEIbHDIC 33/IaHNA 110 (PUBKKE, MaTe-
Mmaruke un nHpopmarnke. Homepa sagad, o6sg3aTelIbHBIX TS
BbIIOHEHNST (3204HOE M OYHO-3204HOE OT/EJNCHUSI), YKa3aHbl B
Tabsmne (HoMepa Kraccos fanbl Ha Tekymmit 2012 /13 yueGHbrit
rom):

7 xmacc |8 xiacc 9 xmacc 10 kmacc

Dusuka 1-5 6—10 8—13 11-16

Marematuka [1,2,3(a),4,5| 5-9 |3(a,6),7-10,13|3(a,6),9-14

Wnudopmaruka - - 1-5 3-7

BCTYNUTENIbHOE 3AAAHUE MO ®U3UKE

1. I'pebubl Ha JIOAKe cTapTOBasIu OT IyHKTA A 10 myHKTa B
BHU3 110 TevyeHnuto peku. Crycrs ¢ =14 onn go6pajsuch 10
nynkra 5. 37ech uX B3 Ha OYKCHp KaTep W 4Yepe3 BPeMst
t, =1 9 OHHU BepHYJIICDb K MecTy cTapTa. OnpezeanTte CKOPOCTh
TeYeHUs peku v, 1 paccrosinne L Mexxay nynxramu Au b, ecian
U3BECTHO, Y4TO CKOPOCTH JIOJAKU B cTOosuell Boje o, = 10xM/u
CKOpOCTb Karepa B crosueil Boge 0, = 18kM/4. Bpemenem,
3aTpadeHHBIM HA Pa3BOPOT M OPraHU3aINio OYKCHPOBKH, IIpe-
He6peyb.

2. [l N3y4yeHusi «HEOTIO3HAHHBIX IJIABAIOIUX OGBEKTOBY —
HITIO — B 03epe ycTaHOBNJIN HETIOABUKHBIIN TTOIBOAHBIN MITKPO-
(on. Korza 6b11 o6HApYKEeH TOKOSIIMNCS 00BEKT, MUKPO(OH
PETUCTPUPOBAJ PEryJIIPHbIE KOPOTKHE 3BYKOBBIC CHTHAJIBI C
unrepBaiom T; = 1 c. Korma HIIO mnpumen B aBmKenwue,
MHUKPOGOH CTAJT PErHCTPUPOBATH CUTHAJBI C HHTEPBAJIOM Ty =
=1,001 ¢ Ompenesnte CKOPOCTb W HAPaBJECHWE IBUKCHUS
HIIO. Cuurarb, uto 3a Bce BpeMmst HabmoaeHust HITO u MUKpPO-
(on HaxomMMCh HAa OAHOH M TOH e mpsMoil. Bo Bpems
JBIDKEHNST OOBEKT M3/1aBaJl CUTHAJIBI C TOH JKe TIePHOJITYHOCTBIO,
4to n B okoe. CKOpocTh 3ByKa B Boje v, = 1500 m/c .

3. l1s oXJIaK/IeHUS] HAarPeThIX CTAJbHBIX JieTajieil UX MOXKHO
[IOMECTUTb B COCY/| CO CHelMaJbHBbIM MacJoM. Kakyio Makcu-
MaJIbHYIO MaCCy HarpeTbIX CTAJbHbBIX JeTaIeit MOXKHO OXJIAJUTD
B cocyse BMectuMocTbio V' = 10 n? IlnorHocts Macaa p, =
=800 KF/MS, IJIOTHOCTD CTAIU P, = 7800 KI‘/ M° . M3BecTHo,
4TO JIIS OXJIAXK/EHUS O/IHOTO KHJIOrpaMMa craju Tpebyercs
12 Kr MacJia 1pu yCJIOBUM, YTO JieTaal HOJHOCTBIO TIOTPY>KEHbI
B Macjo. V3menenmeMm o6beMa JeTajell MPH OXJIKIEHUH U
HCTIapeHneM MacJja IpeHe6peyb.

4. [IBaTpysa, 1epBbIil HEKOTOPOI MAcCOoil My M BTOPOIi Maccoii
m, = 2 KT, HEeNOJBUXKHO BHUCSAT HAa JBYX JIETKUX TMPY>KUHAX,
JKECTKOCTH KOTOPhIX k =100 H/Mm 1 ky, =400 H/m
(puc.1). Kak msmenntcs maamua Beeit cucremsr (pac-
CTOSIHUE OT TOUKHU A KpelsieHust BepXHeil Ipy>KIHbI K
orope JI0 TOUKU B HUsKHElH NPYKUHbL), eCIu ToMe-
HATb MecTaMu npyskuibl? Cumraiite g = 10 H/xr .

5. B 0nHaKOBBIX COOGIAIONINXCS IJIHHAPHYEC-
KHX COCY/IaX C BEPTHKAJIbHBIMU CTCHKAMU O/INHAKO-
BOIl BBICOTHI HAJIMTA BOJIA, IIPHYEM ee YPOBEHb HaXO-
mutest ia fy =10 cM HuzKe BepXHEro Kpast COCY/IOB.
IIpu fo/mBaHuy B OMH I3 COCYAOB Macja 06beMOM
V, =12 cM”® cocyn okazazics 3aloTHEHHBIM MAcIOM
1o camoro kpad. Onpejiesure IJIOMA/Ab HOIEPEYHOro
ceuennst cocyaaS. Ilnornocts Macaa p,, = 800 kT, Mj,
IJIOTHOCTb BoAbl P, = 1000 I<r/M3.

6. CrutonHoit TpOGKOBBIIL 1AP TJIABAET B COCYIC C  pPyc 7
BOJIO¥, morpysmBHInCh HanoJoBuHy. Ecim k Hemy
MPUKPENNUTDb MEHYIO JieTaab Maccoir m,, = 50 r, TO OH MOJHOC-
TBIO YI/IET TIO/T BOZLY, He Kacasich IIPU 3TOM CTEHOK U JIHA COCYA.
Omnpezesute Maccy 1poOKoBoro mapa. IlnorHocTs 1poOKu
Pup = 200 KF/M3, I0THOCTD Mean P, = 8900 KI‘/MS.
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7. OgHOpoaHbIiT crep:kenb Maccoit m = 100 kr u aunoit L =
= 3 M HY’KHO TIO/IBECUTD B TOPU30HTATBHOM ITOJOKEHUN HA JABYX
OJIMHAKOBBIX TpocaX. IIpu aTOM OMUH TPOC KpemuTcs: 3a Kpaii
CTEP’KHS, A BTOPOH HYKHO 3aKPENUTh KAaK MOKHO OJIKEe K
cepeHe CTepyKHS. 3BeCTHO, UTO TPOC pacCUUTaH HA MAKCH-
MasbHyio cuiy Hatsikenus T, = 750 H. Ha kaxom murmm-
MaJIbHOM PACCTOSIHUM OT CEPEINHbI CTEPIKHS MOKHO 3aKPENUTb
Bropoit Tpoc? Cunraiite g =10 H/xr .

8. B crakas, Harpetsrii 10 Temmepatypsi t,, = 50 °C u nMero-
wuil remoeMkoctb C = 50 I[)K/ °C, mamuBator m, = 100 kr
X0J10/1HOH Bozb! 11pH Temnepatype ¢, = 0 °C . Tloce ycranosie-
HUST TETJIOBOTO PaBHOBECHST BOJIY BBIJIMBAIOT, & CTAKAH HATIOJIHS-
10T BTOPOIl Takoii ke TOPIMel XOJoaHON Bojabl. Onpesenure
YCTaHOBUBIIINECS TEMIIEPATyphl ¢ 1 f, TIepBOW 1 BTOPOI mOpIHit
Bozibl. [loTepsimu Temnsia npeHeOpeyb. Y iesbHAs TEII0eMKOCTD
BofIBI ¢, = 4200 i/ (xr - °C) .

9. B cocyze naxoaures m,= 200 r Tersioii Bo/bI IIPU TeMIIepa-
Type t, = 50 °C. Kakyio MakCHMaJIbHyI0 MACCY JIb/Ia, B3TOIO IPH
temneparype ¢, = —10 °C, MOXKHO PaCILIABUTD, UCHOJIb3YS ITY
Bo/ty ? TeryoeMKOCTbIO cocyia U TIOTEPSIMU Tellla TIpeHeOPeyb.
YenbHas TEMI0eMKOCTb BO/bl ¢, = 4200 I[)K/ (xr- °C) ynenb-
Has TemoeMkocth abga ¢, = 2100 [Ii/(kr- °C), ynespnas

TEILIOTa IJIaBJeHus Jabjga A, = 3,35 - 10° JUK/KT .

10. DsexTpuyeckuii IpuOOP MOJKJIIOUEH K CETH HAPSIIKEHIEM
U =220 B ¢ momonipio IByX JAJNHHBIX ATIOMIHUEBBIX TPOBOIOB
qmaHoit [ = 15 M u cevenmem S =1 MM’ Kaspiit. Ipu sToM
Hanpsikenne Ha npubope pagao U; = 215 B. Kakum okaskercst
HaTpsKeHne Ha Tpuéope, ecJ aJiOMUHUEBbIEe MPOBOJA 3aMe-
HHUTDb Ha MeJIHbIe TAaKOil JKe JIMHBI U TOII JKe ILJTONa/IH IToTeped-
HOTO ce4yeHus? YeJbHOE COIPOTUBJEHHE ATIOMUHUS
P =0,26- 107 OM - M , yleJbHOE COIPOTUBJIEHUE Meau
Py =017-107 Om-m .

11. [IBuraresib pakeTbl, B3JIETEBIIEH C MOBEPXHOCTH 3€MJIH
BEPTUKATBHO BBepX, paGoran B Teuenue ¢ =20 c. Paxera,
IIPOIOJIKAST ABUTATHCS €llle HEKOTOPOe BPEMsI, JOCTHIJIA MAKCH-
MaJIbHOI BbICOTBHI HaJ| 3emueil H = 1,5 kM. Cunras jaBuskeHue
PaKeThbI BO BpeMst paGOThI IBUTATEISI PABHOYCKOPEHHDBIM, HAN/I1-
Te BEJWYNHY YCKOPEHHS PaKeTbl Ha JTOM JTalle JBIKEHMS.
ComnpoTUBJIEHNEM BO3/yXa MOXKHO IpeHeOpeub, CUYUTalTe
g =10 M/ .

12. Tennucuct oTpabaTbiBaeT TEXHUKY y/1apa y BEPTUKATIBHOI
CTEHKH, HAXO/sdACch OT Hee Ha paccrosuum [ = 15 M. Kakyio
MHUHUMAJBHYIO CKOPOCTD JIO/KEH OH COOOIIHUTD MUY, YTOOBI TOT
TocJie YIIpyToro yapa o CTeHKY BepHyJicsa k Hemy? ConmpoTus-
JIeHTeM BO3/yXa TpeHe6pedd, cunTaiite g = 10 M/ 2.

13. UTo6bI TAHYTD CaHM C TIOCTOSTHHOI CKOPOCTBIO TI0 TOPU30H-
TAJbHON opore, Hajo npukaaapiBath cuny F =490 H mop
yraoM | = 60° k ropusonty umm cuay F, =330 H nog yriom

, = 30° & ropusonTy (puc.2). OmpezenuTe MO STHM TaHHBIM

Maccy caneil. Koaddunuent

00 F rpenns ckonmbxenus caneii o
o JIOpOTy He I/ISB(;CTeH, cumTaii-
] e g =10 M/ c”.
14. Tlpu morpyskeHuu
Puc. 2 CIHyTHHKA B TeHb J3eMJu

abcosioTHast  TeMIeparypa
BHYTpM Hero, BHauaje pasuag 1; =300 K, ymama ma 1%,
73-32 9ero JaBJeHHe BO3JyXa BHYTPH CIYTHHKA ITOHU3UJIOCH
Ha 8 MM pT. cT. Onpegennte Maccy BO3/lyXa B CIIyTHUKE, ec-
mi ero obbem V=10 m°. MounsipHass Macca Bo3sjayXa
M =29-10"% xr/moutb .
15. Mosb WIeaTbHOTO OJHOATOMHOTO Ta3a MEPEBOANTCS B
TEIJIOBOM TIPOIlecCe M3 HAYaJIbHOTO COCTOSHUS | B KOHEYHOE
cocrostiue 4, Kak ykaszano na pucynke 3. Onpeesnnre cymmap-

VA
1
V=V, = 2
V=V, 3, > 4
T,=T, T,=T, T
Puc 3

HOE TI0/[BE/IEHHOE K ra3y KOJMYeCTBO TEIJIOTbI, eCJU Pa3HOCTb
KOHeyHOH 1 HavasbHoil Temnepatyp AT =100 K.

16. 3apsbkenHas Karis Macaa paamycoMm v = 1,64 MKM u
IJIOTHOCTBIO P = 851 KF/ M HEIOIBIIKHO BUCHT B KAMEDE, IJIe
CO3/1aHO 3JIEKTPUUECKOE 110JIe, BEKTOP HAIPSKEHHOCTH KOTOPO-
rO HalpaBJeH BEPTHKAJbHO BHM3. KakoBbl 3HaK M MOYJb
3apsijia Kali, ecJu MOYJIb HAIPSIKEHHOCTH 3JIEKTPHYECKOro
nons E =1,92-10° B/m ?

BCTYNMUTENIbHOE 3AAAHUE NO MATEMATUKE

1. Haiiaure yroa Meskay OHCCEKTPHCAMU CMEKHBIX YTJIOB.

2. [lo HavaJa IIPKOBOTO IIPE/CTABJICHUS IIPOJaBel] BO3/yIL-
HBIX MAapoB mpojgas 9,375% 0T UMEIOMNXCSl Y HEro B HAJIMYNN
mapoB. B aHTpakTe OH Ipojal % OCTaBIINXCS IIAPOB, MOCTE
4ero y Hero OCTaJ0Ch Ha 243 mapa MeHblle, 4eM GblJIo TIepBOHA-
qaspH0. CKOJIBKO BO3/YIIHBIX MTAPOB OCTAJIOCH Y MPOJABIA?

3. a) OrmeTbTe Ha KoopauHATHOI TLIocKocTH Toukm A (—11; 6),
B(5;14), C(912), D(9;16), E(11;16), F(11;11), G(21;6),
H(14;6), K(14,-5), L(-4-5), M(-4;6). Coeannnre ux
nocaegosareabto orpeskamu (AB, BC, CD, DE, EF, FG, GH,
HK, KL, LM, MA) u Haiijiure TJI01a/b TOJTYYEHHOH HUTYPBI.

6) IIpu KaKUX 3HAYEHUAX apaMeTpa k nmpsmas y = kx + 12 me
uMeeT ¢ JaHHOH (DUTypoil 06muxX Touex?

4. K uucay 374 npunuimre cjaeBa u Cpasa 1o ojiHoil nudpe
TaK, YTOOBI MOJYYEHHOE YMCJIO0 Jlenaoch Ha 45. Haiiaurte Bce
peleHwus.

5. B 6 wacos yrpa J0/1ka OTIpaBHJIach U3 MyHKTa A B IyHKT
b BHuU3 1o teyenuio pexu. Tpu yaca CIycTs 1MocJie TpHObITHST B
MyHKT b JIo/ika oTnpaBuiach B 0OpaTHBIN MyTh U npubblia B A
B 7 4acoB Beuepa TOTo e aHs. HaitinTe cKopocTb TeYeHs peKH,
ecJi COOCTBEHHAsi CKOPOCTD JIOAKU PaBHA 5 KM /U, & PACCTOSIHIE
Mexay mynkramu A u B coctaBisier 24 KM.

6. Dororpadus pasmepom 20x 30 cM BcTaBjleHa B paMKy
MIPSIMOYTOJIbHOI  (DOPMBI  TTIOCTOSIHHO# mupuHbl.  Onpeaenre
HIUPUHY PAMKU, €CJIH [LJIOMIa/lb PAMKH cocTaBisteT 36% Iiommain
ororpaduu.

7. IlepuMeTp IPSIMOYTOJIBHOTO TPEYTOJIbHIUKA PaBeH 24, a ero
TTOTAAb Takke paBHa 24. HaiimuTte cTOpoHBI TpeyroabHUKA.

8. Coxkparure 1po6b

3¢ +a® +6a> +a+3
3a® —2a* +2a -3

9. Haiiure Bce mapbl HATYpPaJbHBIX YHCEJ, MPOU3BEICHUE
KOTOPBIX paBHO 2940, a HanGOJIbIINIT OGN IeTUTEeNb PaBeH 7.
10. Peumire cucreMy HepaBeHCTB

(x—i—x2)(x+6)(x2 —6x+5) 0,

x> —4x+3
2% +14x + 49
2% -2x-120<0.

)
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11. Pemmre ypaBHenue

cos? x +sin® x = sin? x + cos® x .

12. CymMa nepBbIX 23 4IeHOB apu(MeTnueckoil Iporpeccun
paBHa 1978, a cymma nepsbix 35 4seHoB pasua 2380. Haiigure
CyMMy TepBbIX 92 ujieHOB 3TOIl Iporpeccun.

13. Pemure ypaBHenue

N2x? +17x —11=4-5x .

14. [lan tpeyrosbHuk co croponamu 13, 14, 15. OKpyKHOCTD
C IIEHTPOM Ha GOJIbIIIell CTOPOHE KACAETCsI IByX MEHBIIUX CTOPOH
TpeyroabunKa. Haliaure: a) pagmyc OKpPYKHOCTH; 6) JUTHHBI
OTPE3KOB, Ha KOTOpPble LEHTP OKPYXKHOCTH JAeIUT GOJIBIIYIO
CTOPOHY TPeyTOJbHUKA.

BCTYMNUTENIbHOE 3AAAHME NO MUHO®OPMATUKE

1. Bura npursiacun csoero japyra Cepres B TOCTH, HO He
cKaszaJi eMy KoJ1 OT 1)POBOTO 3aMKa CBOETO MO/IHE3/1a, & MOCIAN
caemyiontee SMS-coobienne: «B mocseoBarebHOCTH YHICeT 3,
1, 8, 2, 6 Bce uncJia GoJibIlie 5 pasesuThb Ha 2, a 3aTeM Y/IAJTUTh
13 TIOJYYEHHOI TT0C/IeI0BATEIbHOCTI BCE YeTHBIE YnCa». Bbi-
YHUCJIUTE KO/ OT IU(POBOTO 3aMKa 1oabesa Butu.

2. Ha opnoii yimiie cTodT B psjt 4 joMa, B KOTOPBIX JKUBYT 4
yenoBeka: Asnekceil, Erop, Buxktop m Muxann. V3Bectno, 4to
KaK/IbI U3 HUX BJAJEeT OMHON M3 CAEAYIOMUX mpodeccuii:
Toxappb, Crossap, Xupypr u OKyJuCT, HO HEM3BECTHO, KTO
KaKoW M KTO B KakoM JoMe >kuBeT. OJHAKO M3BECTHO, UTO:

1) Tokapb xuser snepee Crosspa

2) Xupypr sxuser mpasee OKysmcra

3) Oxkymucr sxuser psagom co Croaapom

4) Tokapb xkuser He psigoM co CTonsapom

5) Bukrop xuser npasee OKynucra

6) Muxann e Tokapb

7) Erop skuser pagom co Croaapom

8) Bukrop xuser sesee Eropa
Borisicnute, KTO Kakoii mpodeccun u KTO T/E SKUBET.

3. Cerosinst He BOCKpeceHbe, a 3aBTpa He cpe/a. Buepa Gblia
He NATHUIA, a o3aByepa OblI HE TOHEJECJbHUK. 3aBTpa He
BOCKpeceHbe W Buepa ObLIO He BOcKkpecenbe. [locie3aBrpa He
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cy660Ta U He BOCKpeceHnbe. Buepa GbL1 He TIOHENETbHUK U He
cpena. ITo3aBuepa OblTa He cpesia, a 3aBTpa He BTOpHUK. [la, u
cero/ius He cpefia. Kakoil sxe ceroins ieHb HeJlesn, e y4ecTb,
YTO OJIHO YTBEPsK/CHUE B CIUCKE — JIOJKHOE?

4. Crpoxu (I[EMOYKK M3 YUCeN) CO3/AAIOTCI MO CJIELYIONEMY
[IpaBUILY.

[TepBast cTpoKa COCTOUT M3 OJHOTO CHMBOJIA — IUMPBI «1».
Kaskiad u3 1ocsie1yIonux 1erouek co3/1aeTcs TaKUMU JIeiicTBI-
AMHU: B OUEPEJHYIO CTPOKY JIBAK/IbI 3aIIMCHIBACTCS MTPE/bIYIIAsT
CTPOKA, a 3aTeM 3allUCbIBAETCA €llle OJIHO YHCJI0 — HOMEDP CTPOKU
110 TIOPS/IKY .

Bot nepBble 4 cTpokn, cO3/1aHHBIE 1T0 9TOMY TIPABIIY:

(D1

(2) 112

(3) 1121123

(4) 112112311211234

Haiigure o6liee KOJIMYECTBO HEYETHBIX HUMP B BOCBMONI
CTpOKe.

5. BHOBb Ha3HAUEHHBIH AUPEKTOP 3aBOJA PEIINI 3ATIOMHUTH
HoMmepa Tesie)OHOB HAYAJIbHUKOB 11eX0B. PaccMarpuBast CIicoK
ux TesepOHHBIX HOMEpPOB M paMuUINil, OH 3aMeTuJI, 4to amu-
JINH PYKOBOJUTEJIEH 1I€X0B U HOMEPA UX TeJe)OHOB HAXOASATCS
B OIpe/le/IeHHOI B3anuMocBsisu. U fupextop 6e3 Tpy/ia ClipaBuI-
csi co cBoeil 3asaveii. Bor mekortopble damMuanu U HOMEpa
Tes1echoHOB:

Bypsrit 5211

Epoxun 6615

Tammya 5425

loporuyk 8512

ABepGax 7123
Kaxoit Homep TestecpoHa nMeeT cOTpyAHNUK 110 damuann Oraes?

6. Omummite Ha PYCCKOM $sI3bIKe WJINM B Bujie OJOK-CXEMbI
AJTOPUTM HAXO0XK/IEHUS TIOMIAIN TPEYTOIbHUKA, €CJTH U3BECTHBI
KOOpMHaThl ero BepuH (6 uucen).

7. B nanajiennn Ha 6azy npotoccos yuactBoBasu 150 3epros.
[Tpuuem cpes HUX ObLIO 78 3epraMHToOB, 56 THAPAINCKOB, 37
MyTanuckoB u 15 yuabrpasmcko. Kakyio cucteMy CUMCIEHHS
MCTIONIB3YIOT 3€PIU JUIS TO/ICUeTa CBOUX BOMCK?

HoBbin npuem B LWWKOJIbI-UHTEPHATbI
npm yHneBepcntTeTax

Criennam3npoBaHHbIil yueGHO-HAYYHbBI TIeHTP MOCKOBCKOTO
rocy/lapcTBeHHOro yHuBepcutera nmenu M.B.JlomoHocoBa
(CYHII MTY — mkona umenn akajgemuka A.H. Koamoroposa),
a takoxke CYHII HI'Y, CYHIL ¥YpI'Y n Akagemndeckast THMHA-
sust CIT6TY o6bssistior Habop yuamuxcs B 10 kaace (ayxro-
auuHoe o0yvenne) Ha (PU3UKO-MATEMATHYECKOE U XUMHUKO-OUO-
Jorudeckoe otaenenns u B 11 kinace (opHoroguuHOE 0O6yUeHUE)
Ha (Qusuko-matemaTunyeckoe otnaenenne. B CYHIL MIY B
paMKax JABYXTOANYHOIO (DPU3UKO-MATEMATHIECKOTO OTAEIECHHS
KpPOMEe OCHOBHOTO NPO(UJIS BBIIEIACTCS KOMIIbIOTePHO-UH(OP-
MAIMOHHBII KJacc, XUMUKO-OGHOJOTHYECKOe OT/IeJIeHne Tpe/l-
CTaBJICHO CIIEIMAJIN3AINUSIMHI 110 XUMUH 1 GHOJIOTHH.

3auuceHne B IIKOJIbI IPOBOJUTCA Ha KOHKYPCHOI OCHOBE, 110
pesyJbTaTaM BCTYIHMTEIbHBIX UCIBITAHUI — 320YHBIX ¥ OYHDIX.
IlepBbrit Typ ouHBIX BeTynuTeabHbIX HcnbiTanuii B8 CYHIL MTY
Oy/ieT TIPOBOJINTHCS € KOHIA MapTa 1o Havayno mas 2013 roma
npumepHo B 40 permonax Poccum.

Hipxe npuBosaTes ycaoBus 3ajiau 3aouHoro typa. Vx pere-
HUS MOKHO OTIIPABUTD IPOCTOI GaH/1eposibio Ha ums [IpuemHuoit
KOMHUCCHH 10 JTIOO0MY U3 CJEIYIOIIX a/IPecoB:

121357 Mockea, Kpemenuyecxas ya., 11, CYHI] MTY;

630090 Hosocubupck, ya. Iupozosa, 11, CYHI[ HI'Y;

620137 Examepun6ype, ya. Iorowexuna, 30, CYHI] YpI'Y;
199034 Canxm-Ilemep6ypez, Ynusepcumemcxas nao., 7,96,
Axademuueckas sumnasus.

ITpu ormpaBke 10 mouTe padoTa AOJKHA OBITH BBINOJHEHA B
OOBIYHOI yUeHUYECKOIT TeTpajin, Ha 06JI0KKe KOTOPOIl yKa3biBa-
1otes haMuius, uMst, 0TuecTBO (MOJTHOCTDIO), KIACC, JKeTaeMbIi
npodusib 00ydeHus, JOMANIHUIT ajipec, KOHTAKTHbIE TeTedOHbI
(momaruuii 1 MOOUJIBHBIN ), BJEKTPOHHbI ajpec (ecam nMeer-
cs). B Ganmeponb 06s3aTeIbHO BIOKHUTE KOHBEPT ¢ MapKoii,
3allOJIHEHHDBIN Ha Ball JIOMAITHUN aJ[pec ¢ UHEKCOM.

ITo sxenanmio yyenuka B [Ipuemnyio komuccuio CYHIL MI'Y
pa6ora MOKeT ObITb OTIPABJEHA 710 ACKMPOHHOU noume:
aescpriem@gmail.com B Buzie daiiso popmara doc nm pdf. B
TeMe MUCbMa 00s13aTeTBHO YKAKNUTE — 3a0UHBIH TYP.

[IxonbHuky, npucaasime B npuemuyio komuccuio CYHIL
MTI'Y npaBu/bHbIE pelIeHnst XOTsI Obl HECKOIBKHX 33,14 3a04HO-
TO Typa 10 JI060MY U3 PeMETOB, OYyT MPUTIAIIEHBI yYaCTBO-
BaTh B TPEHUPOBOYHOM VIHTEPHET-TYPE BCTYTIUTETBHDBIX UCITHITA-
Huil iepBoro ounoro Typa, kotopoiit CYHIL MTI'Y 6yzer nposo-
quth B Havase Mapra 2013 roga. Bosee mogpobuyio nndopma-
U0 MOKHO HaiiTu Ha odunumanbaom caiite CYHI[ MIY:
http: / /www.internat.msu.ru

Cpok oTmpaBku paGoT 3a04HOTO Typa — He no3odnee
23 ¢hesepans 2013 200a. PaboTbl, BbICTaAHHBIE TTO3Ke ATOTO CPOKA,
paccMaTpuBartbesi He OY/IyT.



MHOPOPMANNA

Ana nocrynatmowmx B 10 knacc
(Pr3nKo-MmaTeMaTN4YECKoro oTaeneHns

3anaHme no @gusmke

1. IIpu yBesmuennu B @ = 4 pasa paauyca KpyroBoil OpOHUTbI
MCKYCCTBEHHOTO CITyTHUKA 3€MJIM MEePHOJL ero o6palieHus yBe-
JmanBaetcs B b = 8 pas. Bo CKOIbKO pa3 U3MEHSIOTCST CKOPOCTD
JIBUKEHMS CITyTHUKA 110 OpOUTE U €ro yCKOopeHue?

2. He6obI10ii Tpy3 Maccoil m = 5 Kr TO/BENIeH K MOTOJKY
JudTa ¢ TOMOIIBIO IBYX B3aUMHO TEPIEHINKYISPHBIX JIETKUX
Huteit — ona aummnoi [ = 30 eM, apyras pauHoit L = 40 cm. Jludr
MOJIHUMAETCS C YCKOPEHueM a = 2 M/ ¢?. Haitaute cuty natske-
HIS KOPOTKOH HUTH.

3. Ha mrepoxoBatoM TOPU3OHTAIBHOM CTOJIE TIOKOUTCS He-
GOJTBITION SITIK MACCOM 72, K GOKOBOI IPaHi KOTOPOTO TIPUKPETI-
JIEHA JIETKAsI TIPY’KIHA JKeCTKOCThIO k. IIpyskuHy Haua M TJIaBHO
7 KpaifHe Me/IJIEHHO PacTSATUBATh B TOPH30HTAJIBHOM HallpaBJIe-
HUM, ¥ K HAYAJTy JBUKEHUS sIMKa Obljaa coBepiiena paboTa A.
Ornipe/iesiite 1O ATUM JaHHBIM KOA(MQMUIMEHT TPEHUST CKOJIbKE-
HUS MEK/Y SIIIAKOM M CTOJIOM.

4. B map maccoit M = 250 r, BucSIMI HA HUTH JJTUHON [ =
=50 cM, 1onajiaeT u 3acTpeBaeT B HeM TOPU30HTAIBHO JIETSINAs
1y maccoit m = 10 r. IIpu Kakoit MUHUMAJIbHOI CKOPOCTH ITyJIN
IIap COBEPIIUT MOJHBII 000POT B BEPTUKAJIBHO MIOCKOCTH?

3. OmpezienTe MUHIMATBHYIO MAcCy TPy3a, KOTOPBI CIe/yeT
HOJIOKUTD Ha TJIOCKYIO O/IHOPO/IHYIO JIB/IIHY, YTOObI OHA TI0JIHO-
CTBIO TIOTPY3UJIach B Bo/y. I1yo1a/b moBePXHOCTH JIb/IUHBL S =

=1 M2, eetosumna =20 c¢m>, a IVIOTHOCTb JIbJa p =900 KF/ M.

3anarHmne no maremarvke

1. Haiijinte HamMeHblllee HATYPAJIbHOE YUCJI0, OKAHYUBAIOIIIE-
ecd Ha 29, nendmeecs Ha 29 u uMmeroliee cymmy nudp 29.

2. B KakoM OTHOIIEHUH JEJHUT TMJIONAb IPSIMOYTOJbHOI
TPaIennyl, OMICAHHON OKOJIO OKPY’KHOCTH, OHCCEKTPHCA OCTPO-
rO yTJIa 3TOH Tparenun?

3. Haiimure Bee neorpunarespusie (x 0, y  0) penenus
ypaBHEHUs

8xy = (x+ y)(\/; + 1)(y +1).

4. Bo BIMCaHHOM B OKPY>KHOCTb YeTbIpexyrojbHuke ABCD
npsamble AB u CD nepriengukyaspubl. Haiigure nuamMerp ok-
pysknocru, ecin AC = a, BD = b.

5. Cymma 1eBATH Pa3ImaHbIX HATYPAJTbHBIX drces pasHa 200.
MoskHO i1 BbIOPATh M3 HUX YETBIPE YMCJA, CyMMa KOTOPBIX HE
menbire 1007?

Ana nocrynatowmx B 11 knacc
(Pn3nKo-MmaTeMaTN4YECKoro oTaeneHns

3agaHume rno @pusmke

1. Touka coBepIIaeT MPAMOINHENHOE ABUKEHIE BIOIb OCH X.
3aBUCHMOCTh MPOEKIIMN €€ CKOPOCTH Ha 3Ty OCh OT BPEMEHU
npe/crasiena Ha pucynke 1. Tpaduueckn nso6pasure 3aBucu-

Moctb x (t) . B Havamp-
Uy HBIIT MOMEHT TOYKa Ha-

dt_ T xommmach B navase xo-

>
5¢ {  OpAUHAT.
2. Kakyio maccy m
Gannacta Hamo cOPoO-
CHUTb C PaBHOMEPHO
omyckaiomerocss aspocrata (BO3AynHoro mapa), 4ToObI OH
HayaJ PaBHOMEPHO MOJHUMATBCS € TOH Ke CKOpocThio? Macca
aspoctata ¢ Gammacrom M =1,2-10% kr, apxumenosa cuia
nmocrosiHHa 1 paBHa F = 8 kH
3. Orkpbitasg kosa6a o6bemMoM V = 1 J1 HAXOAUTCS B BO3/IyXe
IIPH HOPMAJIbHBIX YCJOBUSAX. ['OPJIBIIIKO KOJIOBI MMEET [IJIMHY

o]
e

————

Puc. 1

=1 cM u ceuenue S = 1 cm>. Ito

}

TOPJIBIIIKO 3aKPbIBAIOT IIIJIHHIPHYEC- —
KOI TpOGKOIT Maccoit m = 2 r, MOry- I
1ieii CKOJIb3UTD 110 HeMy 6e3 TpeHust. B —

HAYaJIbHBIA MOMEHT TIPOOKa yepsKu-
BaeTcssi y OCHOBAHUS TOPJIBIIIKA
(puc.2). Boszayx B KosbGe HarpeBaioT
1o Temmepatypsl ¢ = 100 °C 1 mpo6ky
ormyckaior. C Kakoil CKOPOCTbIO ¥
MpoOKa BBIIETUT U3 KOJIObI?

4. B 3akpbiTOM cocyjie 1oJ| JaBJie-
mem p=8-10"Tla maxomures re-
suii. Ero macca m = 1 kr, a miotHocts  Puc 2

p=0,2 KF/ Mo, Omnpeniesnre BHyTpeHHIO0 aHepruio U resms.

5. /IBa OIMHAKOBBIX MPOBO/SIINX MIAPUKA, HECYINX PABHbIE
1 MPOTUBOIOJIOKHBIC 3aps/ibl, HAXOAATCS HA PACCTOSIHUM R =
=2 cM apyr or apyra. Paamyc kaxkjgoro mapuka r = 1 MM, a
pasHocTh morteHtmanoB Mmexay numu A@ =100B. Haiianure
cuity F X B3aWMHOTO TIPHUTSDKEHUS.

3anaHme rno marematvike

1. lmeerca 201 nociemgoBaresibHoOe 11eJ0€ YUCa0: 1, n + 1,...
..., n+200. NsBectHo, yro cymMMa kBajparos nepsbix 101 yncaa
paBHa cymme kBazipatoB octaibHbIX 100 umcen. Haiiaure Bce
BO3MO’KHBIE 3HAUCHUS 7.

2. Touku A", B, C’ cuMMeTpUYHbBI 1eHTPY | BIUCAHHOU B
TpeyroibHK ABC OKPYKHOCTH OTHOCHTEJBHO ero ctopon BC,
AC u AB cootBercTBeHHO. OKPYKHOCTD, ONHCAHHAS OKOJIO
tpeyrombanka A’B’C’, mpoxomnt depes Touky A. Hatimure
PaJyC OKPY’KHOCTH, OIUCAHHOW OKOJIO TpeyroabHuka ABC,
ecm BC = a.

3. Haiiaure momoxurenbnbie pemenus (x > 0, y > 0)
YpaBHEHHS

1 L E LY 3

x+y y+1 x+1 2°

4. B tpanerun ABCD 1a G0OKOBBIX CTOPOHAX MOKHO BbIGPATh
toukn K n L Tak, uto oTpe3ok KL He mapaJijieJileH OCHOBAHUSIM
U JIeJIUTCS UaroHassiMu Ha 3 paBHble yacT. Haiijute oTHOIIE-
nue ocHoBauuit AB u CD Tpanenuu.

5. /loe wmrpaior B Takyio urpy. Wrpok A orMedaer Ha
TJIOCKOCTH KPACHYIO TOYKY, a UTPOK B B OTBET oTMevaeT Ha TOi
ske mockoctn SO cuHux todek. VIrpok A crpemMutcs K Tomy,
4yTOObI HA MJIOCKOCTH OKAa3aJCs TIPABUJIBHBINA TPEYTOJbHUK C
KpacHbIMHU Bepimunamu. Moxer Ji1 urpok B eMy nomMenaTb?

Anga nocrtynatowmx B 10 knacc
XUMUKO-OMONornyeckoro otaeneHus

3an[arHme rno xumuiu

1. CrexuomerpuuecKkas CMeCh JBYX COJIEl — HUTpATa Kajus u
pogannga muaka Zn(SCN), — ropur 6e3 ocTyma BOsayxa.
Hanuiure ypaBHeHue peakiiu, ecjii ee IPOAYKTaMu SBJISAIOT-
¢S 30T, OKCHJL IIMHKA, KapOOHAT Kajusl, CEPHUCTDINA U YTJIEKUC-
abrii tasel. Kakoit o6mem azora (1.y.) o6pasyercs pu cropa-
aun 10,0 r ganHoil cMecu?

2. BoiGepure 13 NPUBEJAEHHOIO CIMCKA BEIIECTBA, ¢ KOTOPbI-
MH MOKET pearupoBaTh Boja. EC/u peakiny BO3MOKHbI, HAIIK-
MUTe U HUX YPABHEHUS M YKAKUTE YCJIOBUS, MTPU KOTOPBIX
onu MoryT mporekath. Bemecrsa: 1) KOH, 2) SOj, 3) CaO,
4) Mg, 5) Fe, 6) rpadur.

3afaHme rno maremarvke

CM. 3ajanme 1o MaTeMaTuKe s IOCTYyIIaloIunX B 10 xmacc
(bI/ISI/IKO-MaTeMaTI/I‘IeCKOI‘O oT/Je/eHuA.




OTBETbHI, YKA3AHUA, PEIIEHUAJA

KBAHT Ang MNAAWNX LLUKOJIbHUKOB

3AOA4YN

(cm. <Keanums No4)

1. IIpounraeM mocjeiHee U3 JAHHBIX HAM YUCEJT —
31131211131221 — HeMHOTO HEOGLIYHBIM CHOCOGOM: 00HA MPOli-
Ka, dse edunuupl, 00na mpotixa, oona edunuya, oona 06otKa,
mpu eOuHuUbl, 00HA Mpotikd, 00Ha edunuyd, dee 060UKU, 00HA
edunuya. 3anuiieM Bce 03BYyYeHHbIe UdPbI TOAPSIL:
13211311123113112211. I10 u Gyner caemyoniee YUCI0 B MOCTe-
nosaresbHoct. C TeM, 4ToGbl chOPMYIHPOBATD CAMO IIPABHIIO,
TPYAHOCTEN y Bac Terepb BOZHUKHYTH HE JOJIKHO.

2. Koneuno, Her.

B ToHHese 3BYK ABIKYIIETOCS TMOE3/]a OTPAXKACTCS OT OJIM3KUX
CTEHOK TOHHEJISI 1 BO3BPAIIAETCs] B BaroH, ycusinsas mryMm. [Ipu
JIBUSKEHUH 110 OTKPBITONW MECTHOCTU 3TOTO HE TPOUCXOIUT, TAK
KaK MpPeJMETbI, OT KOTOPBIX MOTI Obl OTPAa’KaTbCs 3BYK, HAXOSATCS
nanexo. Iloxoxknit adexT mposBisgercs, KOrja /ABa MaccaxKupc-
KHUX T10€3/1a MPOEe3KAI0T MUMO JPYT J[pyra — B BaroHax cpasy cra-
HOBUTCSI OUEHD IIYMHO.

3. 40 rpammoB.

OG603HAYNM OTHOIIECHIE JIJIMHBI JIEBOTO TIjIeYa BECOB K TPABOMY
4yepe3 k. 37ech k — HEKOTOPOE TOJIOKHUTENBHOE UYHCJIO, KOTOPOE
MOKeT ObITb Kak 6oJibllle, Tak 1 MeHbiie 1.

IlycTp, asst onpenesieHHOCTH, TIPU B3BEIIMBAHUH OJ[HOTO ITY3bIPb-
Ka anrteKkapb MOJIOXKIJ My3bIPEK HA JIEBYIO YAIlIKy BECOB, a TUPH
— na npasyio (ecam e GbLI0 Ha060POT, MPOCTO TOAOIIEM K Be-
caM ¢ TIPOTUBOTIOIOKHON cTopombl). Torga MOKHO 3amucarhb
ypasHenue xk = 50, rae x — ucTuHHBIN Bec mysbipbKka (B rpam-
Max). IIpu B3BemmMBaHuM cpasy ABYX Iy3bIPHKOB aHAJOTHYHO T10-
saydaeMm 2xk = 64. IlogenuB BTopoe ypaBHEeHHe HA [EPBOE, NMEEM
2 =1,28.

B mnocsieqtee paBeHCTBO He OY€HD BEPUTCS.

B uem xe neno? Ilo-BuamMoMy, B TOM, YTO TP BTOPOM B3BEIIIN-
BaHWUM ANTeKapb MOJOKII My3bIPbKU HA NPAGYI0 YAIIKY BECOB, a
rupn — Ha Jesyw. Torma moydaem ypasuenne 2x = 64k, oTKyzaa
k=2x,/64=1x/32.

TToacraBuB 91O 3HAUEHNE B CaMOe TIEPBOE YpaBHEHIE, UMeEM
x2/32 =50, u ncrunHbIT Bec 1my3pippka X = 40 rpamMMoB.
IHpumeuanue. Mexy NpoOUNM, OMHUCAHHAS CUTYaIlUsl IT0JICKA3bI-
BaeT, KaK HAWTU MCTUHHBIA BEC IPy3a HA HEPABHOILIEYHX BeCax,
He TPOM3BO/A UX HAJAAKY U perympoBKy. Hamo mpocto B3Be-
CHTB €r0 JBAXK/IbI, MOJOKUB TPY3 TOCJAe0BATENBHO HA OJHY U Ha
JIPYTYIO Yallly BECOB, a 3aTeM B3ITb cpedHee zeomempuieckoe om
NOLYUCHHDIX Pe3YAbMaAMO8.

4. Y mmpara A omue r71a3, y b aBa ria3a, y B ofuH r71as.
MBbICJIEHHO Pa3MeCTHM TIMPATOB 10 KPYTy u OyAeM TOBOPHTH, YTO
b uper nocne A, B uner nocse b, A uger nocue B.

JlaBaiite peaNoIOKIM, YTO y KOTO-TO U3 IUPATOB HET TJa3, T.€.
OH JBaK/[bI CKaszas mpasay. Torga y caeaylonero 3a HUM JOJDK-
1o GBITH JIBa TJasa, T.e. OH ABaX/bI cosrat. CiemoBaresbro, y
TpeTbero mupara He 2 raasa (MHave npembiIymii cKazaa Gbi
npasy) u He 0 (MHAYe y CICAYIONET0 — NEPBOTO — UX ObLIO Gb
2). 3maunrt, y Hero 1 rias, u Bcero B cyMme HaGupaercsl 3 Tiiasa,
a cpeail MEepBbIX TPEX YTBEP:K/ICHHI TOJIBbKO ofHO BepHoe. Torza
Cpe/in TPeX MOCJeHUX YTBEPKAEHUI JOKHO OBITDH ellle /[Ba Bep-
upix. Ho, oueBumno, cpenn Hux He Gosiee 0HOTO nCTHHHOTO. [To-
JIy4aeTcsi TIPOTHBOPEYNE, TTO3TOMY Y KaK/IOTO M3 MHPATOB €CTb
XOTs1 GBI 10 OJTHOMY TJIa3y.

Ecisit y Bcex pOBHO 110 OHOMY IJIa3y, TO TPH HEPBBIX YTBepIK/e-
HUST HEBEPHDBI U KAK/0€ M3 TPeX MOCJTEIHUX yYTBEPIKICHUN 10JIK-
HO OBbITb BEPHBIM, YTO HEBO3MOXKHO.

Wrak, y KOTO-TO €cTb /iBa IJa3a, M OH JABAK/IBI COJTA.

Y caemyromero 3a HUM He MOXKeT He OBITh IJla3, Tak Kak 3TOT
ciayuail Mbl yke paccmorpenu. He Mosker GbiTbh y Hero u JByx
rsa3 (Beb TEpBbI cosran). 3HAYUT, Y CJAEIYIONEro OJMH IJIas3.
Torga Tpermii mpar ToKe OJHOTJIA3bIl M TOBOPHT IIPABJY TOJBKO
OJHAX/IBI, a 3TO OBIJIO €r0 BBICKA3bIBAHIE O TOM, YTO y MEPBOTO
BCe TJla3a Ha MeCTe; BO BTOPOW pa3 OH JuKeT. Bropoii nmupar Tak-
K€ TOBOPUT IIPaB/Ly OJIHAXK/IbI, HO 3TO JIOJKHO OBITH €r0 BTOPOe
BbicKasbiBaHue (Beb 1lepBOe TOUHO HeBepHO). Beero B cymme Ha-
6pasoch 4 Tasa, T.e. BCeTo 4 HeBepHbBIX yTBep:/aeHus. Cpe/n
NEPBbIX TPEX MX /IBA, II0ITOMY U CPEAU IOCJEAHUX TPEX UX TOXKE
[IBa, ¥ U3 HUX BEPHO TOJbKO yTBepsK/eHue nupara B: «Y nac 4
rj1a3a Ha TPOMX». 3HAUUT, B — BTOPOIl IMpaT ¢ OJHHUM IJIA30M,
torpia b — nepsblil upar ¢ AByMd rjasamu, A — Tpetuil nmmupar c
OJTHIM TJIa30M. JIerko mpoBepuThb, 4TO 3TOT cJiydail /1efiCTBUTEIDb-
HO TIOJ[XO/JIUT II0J| YCJIOBUE 3a/Ia4u.

3. Ipexae Bcero, salimemcst ucxo/noi 3azaueit Kapposia. Ou
penmsI ee BecbMa OCTPOYMHO: PacKpacu/ Bce IMoJydaromuecs: 06-
JIACTH TIOTIEPEMEHHO B 4epHbIH u Genbrii nsera (puc.1, cmesa), a
3areM «cpesas yrabl» (Tokapb ckasasn Obl «cHsa ¢ackn»). [loc-
Jie 3TOTO OCTAJIOCh TOJIBKO

00BECTH KOHTYP UepHOI

uryper — u He OyzseT HI

OJIHOTO IlepecevdeHtst

(puc.1, cupasa).

A Temeppb <«aHTH3agada» O

MaKCHMaJbHOM BO3MOKHOM

yucJie mepecedenuii. Mc- pnc. 7

Xo/iHasl KOH(UTypanus, Kak BUJHO, COAEPKUT 6 TOuek camoriepe-
CevyeHus, HO BPSJ] JI NIPH PUCOBAHUM MbI MOKEM JI0GUTHCS TOTO,
4TOGBI pUCyeMast JIMHUS Hepecekya ce0sl BO BCeX IIECTH 9THX TOY-
KaX; Ha30BEM 3TU TOUKU y3/aMu. B HEKOTOPDIX y3JaX, BO3MOK-
HO, IPUJIETCST «CBEPHYTb», ¥ Hallla 33jia4a — MUHUMU3UPOBATH
KOJIMYECTBO TAKUX TIOBOPOTOB. 1 9
Vcxonnasa xoHndurypanus ectb
«KOMIIO3UIIUA» U3 TPEX OJUHAKO- 3 4 5
BBIX KBajpaToB. Packpacum ux B
TPU Pa3HBbIX IIBeTa W IpoHyMmepyeM 6 7| 8 9
«XapaKTepHble» TOYKH, KaK Ha pu-
CyHKe 2.

IlycTh MbI Hayajl PHCOBATH € Ka- 101 12 13
KOJ-TO TOYKH, ¥ NepBOHAYAIBHO
JINHAS UMeJIa OJINH U3 3TUX TpeX 14 15 16
1BeTOB. B mpomuecce pucoBaHmus oHa
JIOJKHA TJIe-TO IOMEHSITh 1[BeT Ha
JIPYTOif, a MoTOM U Ha Tperuit. 3a-
METHM, 4YTO 3aMeHa I[BeTa BO3MOKHA TOJIBKO B y3J7e, MpUYeM B Ta-
KOM yaJe nepecevenus: ne Gyaer (u6o JMHUS IPU TOAXOME K
y3JIy HUUYErO He IepeceveT, a BhIHYXK/eHa Oy/ieT CBEpHYTDb BIIPABO
WM BJIEBO OT HAIPaBJieHus ABiKeHus). Tak uto npu 3ameHe
TIepBOTO I[BeTa Ha BTOPOI XOTS Obl OAMH y3eJ OKaXKeTcs «Hemepe-
CEUCHHDBIM> .

[lasiee, ipu 3aMeHe BTOPOTO I[BETA HA TPETUI TAKXKe OJUH y3eJl
OKa’KeTCsT «HelepeceueHHbIM» . OTMETHM, 4TO 9TH J[Ba <«Helepece-
YEeHHBIX» y3/7a He MOTYT OBbITb OJHUM H TEM XK€ Y3JIOM, TTOCKOJIb-
KY B IIEPBOM M3 HUX II€PECEKAIOTCS JUHUU IePBOTO U BTOPOTO
1IBETOB, a BO BTOPOM — BTOPOTO U TPETHErO IIBETOB.

Takum o6pasom, 10 KpaiiHeil Mepe B [ByX y3JaX MepeceueHuil He
6yzieT. A TOCKOJIbKY y3JI0B Bcero 6, TO KOIMYecTBO MepecevdeHuit
He MOKeT ObITh 6osplie 6 — 2 = 4. Takoe 3HaYeHHE JOCTUTAETCA.
Bor npumep, kax sroro pob6urbes. Hazmo napucosath oMaHyio B
TaKOM IIOPSI/IKe:

17-6-7-8-9-11-15-14-7-3-4-5-12-11-10-8-4-1-2-13-12-16-15-18-17.

17 18
Puc. 2

IIpm aToM mepeceuennst mpousoiayT B y3iax 4, 7, 8 mw 11, a 6e3
nepeceyeHnil BBIHYSK/JEHHO OCTaHyTcst y3uapl 12 u 15.
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3AOAHN

(cm. c. 37)

1. Cnesa nanpaso: Koszen, Mapreiika, Ocedt.
CrepBa MapTblllika CUANUT CIIpaBa, IIOTOM — He ClipaBa U He B
nenrpe (tam Ocen), T.e. cieBa, B KOHIE — He CIpaBa U He CJIeBa
— 3Hauut, B nenrpe. Crnepsa Ocen cuanr He crpasa (tam Map-
ThIKa) W He B 1enTtpe (OH Tyma csageT moToM), T.e. CJEBa, MOTOM
— B I[EHTPe, B KOHIle — crpaBa. Kos-
JIy OCTAeTCs MOCJIe/JOBATEIbHO
L[EHTp, CTIpaBa, CJeBa.
2. Morumo. Ilpumep ucxomnoit ¢ury-
PbI H306paskeH HA PUCYHKe 3.
MOKHO HOCTPOUTD U APYTHE MpHUMe-
pol. /LT 3TOTO HYKHO B3STh KaKyIO-
HUOy b (UTYPY € YETBIPHMS OCSMU
CHUMMETpHH U yOpartb U3 Hee OJHY
KJIETKY, He JIeXKAIlyI0 HU Ha OJHON
Puc 3 M3 9TUX OCEil.

3. Moxer.
Hanpumep, mycTb ecTb jBa 4es0BEKa, KOTOPble HMEIOT MO MaTe-
MaTHKe 5 ¥ CMOTPST TOJBKO MYJIbT(HIbMBI, TPU YeJIOBeKa, y KO-
TOPBIX TI0 MaTeMaTuKe 3, a CMOTPAT OHM W TO U JpyTroe, M, HaKo-
Hell, ellle /{Ba YeJIOBeKa, Y KOTOPBIX TI0 MaTeMaTHKe TOXKe 5, HO
cMoTpAT onn ToabKo Gyt6os. Torga cpeamnuii Gasn m060it n3

{ JIBYX TPYILI PaBeH
/ P (5-243-3):5=34 <4,
/// ///, ,// 5
3/ 2\/@,/’ / HO OOt cpeanii Gasa paBex
/ e /
7 o v (5-4+3-3):7:41>4,
/ /’// / 7
I / 4. Cwm. puc. 4.
/- /
3 - 1 3. Bepmo.
Puc 4 BrmmreM B TPEYroOJbHIK OKPYX-

HOCTb. OTpe3KN, IPUMBIKAIOIIIE
K OZIHON BepuimHe, paBubl (Kak KacaTelbHbIE, TPOBEJICHHDBIE K OK-
PY’KHOCTH U3 OfHON Toukm). [TocTaBUM B KaK/yI0 BEpLIMHY JJIH-
HY COOTBETCTBYIOILLEro oTpe3ka. Pas kaxaad cropoHa cocraBjeHa

n3 llByX TaKUX OTPGSKOB, TO yC]IOBI/Ie BBIIIOJTHEHO. MO}KHO IToCym-
a+b-c b+c-a

2 ’ 2

, TJle @, b 1 ¢ — JUIMHBI CTOPOH TPEyroJIbHUKA.

TaTb, 4YTO AJIMHbI 9TUX OTPE3KOB PaBHbI n

c+a->b

Sameuanue. A.lllaroBanoB NIpeiOKIT TPEXMEPHDII BapuaHt
9TOiT 3aaun: TpeOyeTcs J0Ka3arh, YTO HA KaXKJIOM peGpe Mpous-
BOJIBHOTO TETpas/pa MOKHO 3alMCaTh MO HEOTPHUIIATEJbHOMY YHC-
JIy Tak, 4ToObI CyMMa YHCeJ Ha CTOPOHAX KaK/[OU IPAHM YHCJIeH-
HO paBHsJIach ee 1omaau. [logymaiite, Kak B Hell MOXKHO IPH-
MEHUTDb UJIEN PEIICHUS <«IJIOCKOW» 3aJaui.

KANENAOCKOM «KBAHTA»
YACTMLbI 1 AOPA

BOI'IPOCbl n 3agaviuv

1. Y mosmbaena.

B mepBoM TIPHOIIKEHNH S/IPO MOYKET CUUTATBCS MIAPOM, PAJILyC
KOTOPOTO MPOMOPINOHAJIEH KyOUIeCKOMY KOPHIO U3 aTOMHOII
MacChl.

2. Bpieniack, Tak Kak siipo MEPENLIo B COCTOSIHUE ¢ MEHbIIei
aHeprueil.

3. 25%.

4. PajinoakTUBHBIN M30TOI PaJIiist zégRa BO3HUKAaeT Kak IpoMe-
JKYTOYHBIH TMPOAYKT pacmajia M30ToNa ypaHa zggU , IpHYEM CKO-
pPOCTh 00pa30BaHUsI €r0 si/iep PaBHA CKOPOCTHM MX pactaga. B pe-
3yJIbTaTe OTHOCHTEJbHOE COJepXKaHHe PaJus B ypaHe CO BpeMe-
HEM HE MEHSETCS.

5. Tlocute msitn anbda-paciaoB 1 4eTbipex 6eTa-paciiajioB.

6. Uem Gourbinie aHeprus aabda-dyacTUIl BHYTPH S/pa, TeM 60JIb-
11le BEPOSITHOCTD MPEOJI0JIEHHS UMU MTOTEHITMAJIBHOTO Oapbepa u
TeM MeHbIIle BPeMs KU3HU PAJMOAKTUBHOTO S/Ipa.

7. Jlns cOBPEMEHHHKOB OIAcHee sijipa ¢ MEHBIINM MEePUOJIOM TO-
Jypacrajia, a /Ui UX MOTOMKOB — € GOJIBIINM.

8. Anepuble cusibl HUKAK HE CBA3aHbI C AJIEKTPUUECKUMU 3apsi/ia-
MH YaCTHIl, U I03TOMY /JII BCeX YKA3aHHDBIX I1ap YaCTHUIl CUJIbI
O/INHAKOBBI.

9. SnepHble cHIIBI 3TO HE BCeTJa CUJIBI puTskeHus. Ha paccros-
Hugx menbine 0,7 °107° m MEX/y AJEePHBIMU YaCTUIAMU BO3HU-
KAIOT KOPOTKOJIEHCTBYIONINE CUJIbI OTTAJKUBAHUS.

10. Yem MessieHHee JBHIKETCS HEHTPOH, TeM 6O0Jbliiee BpeMs OH
HaXO/UTCS TOJ] IeHICTBIEM CUJI NMPUTSKEHUS CO CTOPOHBI Si/ipa 1
TeM Jierde 3aXBaTbhIBAETCSI MM. DBICTPBIN HEHTPOH IpoJieTaeTr
MIMO f/[pa 32 TaKol KOPOTKUil IIPOMEKYTOK BPEMEHH, UYTO CHJIbL
MIPUTSDKEHUS HE YCIEBAIOT OTKJIOHHUTD €r0 M BTSHYTHb B SI/IPO.

11. OxHOBpeMeHHO ¢ OeTa-yacTuIleil M3 sijipa BbLIETAeT HEHTPU-
HO, W HEPTUS MEXIYy HUMH MOXKET PacHpeAe/ATbCS PasInIHbIMI
crioco6amu.

12. Do 6bL1a anbda-yacTuia gHe .

13. Her, He MoeT. JTO 3ampelaeT 3aKOH COXPAHEHWS 3JEKTPH-
YECKOTO 3apsija.

14. [lng npeBpaiienus B HEHTPOH IPOTOH JIOJIKEH HOJIy4UTb JI0-
MOJIHUTEIbHYIO dHEPruio. B s/pe oH ee MOXKeT MOJYyYUTH OT CO-
CeTHUX YaCTHII.

15. Y mpoToHa Tpek TOJIIE U KOPOUE.

16. CBOGOMHBIX HEHTPOHOB B KOCMUYECKOM TIPOCTPAHCTBE MAJIO,
TaK Kak HeHTpOH HecTabuJieH U B cpeaHeM 3a 900 cexyn/ pacma-
JlaeTcsl Ha TIPOTOH, 3JIEKTPOH M aHTUHEHTPUHO.

17. BcesneHHas COCTOUT MPENMYTIECTBEHHO U3 JIETKUX 2JICMEHTOB
— BOJIOPOJIA ¥ TEJIHsl. DJIEMEHTOB ¢ GOJIBIINM MACCOBBIM YHCJIOM,
C KOTOPBIMHU MOTYT MPOUCXO/IUTh PeaKIuu jieeHusi, B0 Beesen-
HOIl OYeHb MaJIo.

18. B Bakyyme — Her, Tak Kak HapyMIaIuch Obl 3aKOHBI COXPaHe-
HUS UMILYJIbCA U SHEPTHH; B IIpoIlecce B3aUMOAECHCTBUS ¢ Bellle-
CTBOM — Ja, Gyarojaps mepeade UMITyjbca BemiectBy (Ipu atom
9HEPTUs Kayk/0T0 KBAaHTA [IOJKHA MPEBBINIATD HEPTUIO TTOKOS
Mapbl 9JEKTPOH—TIO3UTPOH).

MwukpoonbIT

Paspsiika 31€KTPOCKONA BO MHOTOM MPOUCXONUT W3-32 HAJMUHST
PasmoakTUBHOTO (HOHA, CO3/[ABAEMOTO MCTOYHMKAMU Pa/HAIIN
Kak BHyTpH 3eMJ/H, Tak U B KocMmoce. llox melictBueM pajgmoax-
THUBHDbIX I/lSle‘{eHI/lﬁ — B TOM 4HUCJIe KOCMHUYECKUX f[y‘{eﬁ, B COCTaB
KOTOPBIX BXO/ISIT MTPOTOHBI, AJIEKTPOHBI, ajib(a-qacTUIlbl, HEHTPO-
HBI U JIKe sI/[pa JIETKUX 2JIEMEHTOB, — PACHIEILISIOTCS MOJIEKYJIbI
BO3/lyXa, YTO NPHUBOJUT K HEHTPAIU3AINY 3apPs/ia 9JEKTPOCKONA
00pa30BaBIINMUCST HOHAMU.

YYOECA B KANEHOAPE

(cm. <Keanm» No4)

Bce pensarca Ha 3

Meskty ABYMsI JTHSIME, OJUH U3 KOTOPbIX HAXOAUTCS B KaJeHape
cpasy ToJ[ IPYTUM, IIPOXOIUT POBHO Hezesst, 7 aueil. [Toatomy
OJTHO W3 3TUX unces Ha 7 60Jbine APYroro. TOYHO Tak Ke MOJIy-
4aeM, YTO YUCJI0, KOTOPOE HAXOAUTCS HA OJIHY KJETKY HUKE U
JieBee JPyroro, GoJibiiie Toro Ha 6. A eciim Kakoe-To YhcJIo Jie-
JIATCS Ha 3 HAaIleJo, TO ¥ YKCJa, OTJIMYAioNnecss OT Hero Ha 6 B
Ty HJIM APYTYIO CTOPOHY, TOXKe JeJsATcs Ha 3.

Cymmbl

e 3alOMHUM YHCJIO, KOTOPOE HAXOJUTCS B Cepejinne cTosdua, u
obpaTuM BHHMaHHe Ha Jpyrue uyucja. Yucso, KOTopoe pacroJia-
raetcst B KJIETKe MO/ CPeJHUM YrcaoM, GoJbiie Hero Ha 7. To,
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KOTOPOE Ha KJIETKY Bblllle, Ha 7 MeHbIle. 3HAUUT, eCJIU CIOKUTDH
ATH JIBA YKCJIA, TO TIOJYYHM YJIBOEHHOE CPEHee YHCJI0 CTOJIOIA.
Takast ke cymMmMa Oy/ieT y MepBOro U MOCJIEJHETO YHCET B CTOJO-
ie. [Tosywaercst, 9To cymMMa BCeX ISATH YHCENT CTOJONA B 5 pa3
GoJIbllie YMC/Ia, CTOSIIEr0 B CepeiuHe, T.e. JIeJUTCS Ha 5.

e B crous6ite Kaskoe cieyroniee Yucjao Ha 7 GoJiblie mpe/blry-
mero. Ecau ¢JokuTh B cTONIGIE 4 4ncaa TMOAPSL, U3 KOTOPBIX
HauMeHbIIlee PABHSETCS 72, TO CyMMa MOJIYIUTCSI

n+n+7)+(n+14)+(n+21) =4n+ 42,

4T10 Ha 4 He JeJUTCH.

e AHAJIOTUYHO, JIETKO MPOBEPUTH, YTO CyMMa JIBYX COCEIHUX YH-
cesl B cToJiGIle He JIEJIUTCS Ha 2, a CyMMa TpeX TOAPS/] HAYIINX

gmces B crosbue gemmtes Ha 3. Coryyan It CyMM B CTPOKax U

JINATOHAJISAX OCTABJISIEM [/ CaMOCTOSITEIbHOTO M3YUYEeHUS.

Iudpsr He HOBTOPSIIOTCS

C yncsamMn B CTPOKE BCE SICHO — 3TO CEMb TOCJE/0BATENbHBIX Y1~
ces, ¥ GPBL Y HUX He yCIeBAIOT TOBTOPUTHCH.

IIpo uncna wa auarowasu, ujayiieil cBepxy BHHU3 B JIEBYIO CTOPO-
HY, MBI y’K€ TOBOPIJIN: KaskK/[0o€e cJejyioliee mojaydyaercs mpudas-
JerneM 6 K mpexpiayneMy. Ecam 6bI Ha AuaroHasn oKasasnch
4icJa ¢ OJUHAKOBON IocJesiHeil 1mudpoil, TO PasHOCTb 3TUX YU-
cesl okaHumBajiach Obl HyJeM. Ho pasHocTb JOOBIX IBYX YHCEN
Ha JMaroHaJ — 3TO 4YHCJI0 Buaa 6k, rae k — KoimuecTBO mpubaB-
JIEHUH TeCTepKH, HeOOXOIUMbIX, YTOOBI MOJYYUTh U3 OHOTO
qucsa apyroe. IIpn atom k < 5, Tak Kak Ha AMaroHajIn MOXKeT
6bITh He Gostee 1aTH uncesa. Ho 6k He 3akanumBaeTcst HyJseM IIpu
k=1, 2, 3, 4. 3uauur, 4yucja Ha AMArOHAIU OKAaHYMBAIOTCS HA
pasHple IUPHI.

AHAIOTMYHO, OYepe/iHOe YNCJO0 B CTOJIONE MOJYYAeTCs U3 MPebl-
syiiero npubasjieHueM cemepku, HO 7, 14, 21 n 28 He genarcs
ma 10.

Pas6epurech caMOCTOATENBHO € ANATOHAJISAMHE, WIYIIHMHI CBEPXY
BHHU3 B IIPABYIO CTOPOHY.

B3auMuo mpocThie yncIa

Ecam ati 1Ba ymcsia He B3aMMHO TIPOCTBIE, TO UX PA3HOCTb JIOJIK-
Ha JIEJTUTHCS HA UX OOUMH MHOXKUTETb. VX Pa3HOCTD — 3TO YHCJIO
8, xotopoe menutcst ToabKo Ha 1, 2, 4 u 8. A Tak Kak o6a BbIG-
PAHHBIX YMCJa HeYeTHbIC, TO OHU HE MOTYT JEJUTLCS HU Ha 2, HU
Ha 4 n U Ha 8.

Be3 o6mux touek
IIH BT CP 4T IIT CB BC JIerko IOHATb, YTO B KasK/J0M

cTOJIOIE HEJIb3sl TIOMECTUTH
6oJiee, 4eM JiBa IIPOCTBIX YKC-
ga. TIpu aTOM, eciim B KaKOM-
TO €TOJIOIE IIOMECTUTD J(BA
POCTBIX YUCJIA, B COCEHUX
crosibrax He GyeT MecTa HU
JUIst oiHOTO. [loaToMy MakcH-
pnc. 5 MaJIbHOE YHCJIO KJIETOK, 3a-
MOJTHEHHBIMU MTPOCTBIMU YnCaaMu, 9T0 8 (Kak, HApuMep, Ha pu-
cyHKe 3).

IIsTp mpocThIX YHCen

Mosker. IIpumep npuse/en
IIH BT CP UT IIT CBE BC s pucynKe 6.

11213145 |6|7 ITapasrexorpammel
OGo3HaunM 4ucya, KOTopble
HAXOJISTCS B BEPIIMHAX T1a-
pastesiorpamma, yepes A, B,
C u D — 110 4acoBoii crpei-
Ke, HaumHasi OT JIEBOI HIK-
Heit Bepunnbl. Torga Ha
ckosbko A Gyner Goubie B,
Puc 6 Ha CTOJBbKO U D 6yzneT 60.7b-

8191011 |12|13] 14

1516 17|18 | 19] 20| 21
2212312412526 27| 28

29130 31

2012/Ne5-6

me C — Hampumep, ecan A Ha OJHY KJIETKY HIDKE W Ha J(Be Ipa-
Bee, ueM B (a aTo 3naunt, wto A=B +7 +2), tou a1 C u D
BEPHO TO XKe caMoe. JTO MOKHO 3anucatb Kak A — B =D — C.
ITpu6aBus k o6enM uyactsM aroro pasercrsa B + C, mosydyum
tpebyemoe: A + C =D + B.

CymmbI B KBajipaTe

3amerbTe, uTO cayvail KBajipata 2 X 2 cpasy cjelyer u3 pere-
HUSL [IPebIAYINei 3a/aun  — BeJb KBaJgpaT 2X 2 — 3TO TOXe Ia-
paJjuIesIorpaMM, a 4ucJa B ero NPOTUBOIIOJIOXKHBIX YIJIaX Kak pas
06pasyIoT ero JuaroHaib. B ciayuyae kBajpara 3X 3 TpH CyMMbl
Yices B IPOTUBOIOJIOXKHDIX YIJIaX PABHBI 110 IPeAbIAyINeil 3a/1a-
Ye, OCTAJIOCH /I06ABUTD IIEHTPAIBHOE YHUCJIO, W MBI HOJIYUHM, 4TO
PaBHbBI CyMMbI Ha JIMaroHa/IsAX. A ciydail kBajapara 4 X4 MOXHO
PemmTh, JBaKbI IIPUMEHNUB MPEAbIIYILYIO 3a/auy: CHAvYada IS
YTJIOB 3TOTO KBaJpara, a IIOTOM — JUIS YIJI0B BHYTPEHHETO KBaJl-
pata 2x 2. Ilogymaiite, a MOXeT I B KaJleHJape BCTPETUTLCS
LEJUKOM 3AIIOJTHEHHDIA YUCTAMU KBAJPAT 5 X 5 ?

I[IH BT CP YT IIT CBb BC

ITH YHCJA 3aKPbITh HEJb3sI
Packpacum Bce KJIETKH B TpH

1BeTa, Kak MMOKa3aHO Ha pu- ]9
CyHKe 7. Y6emurech, 4TO Kak
Obl HI PACIIOJIOKUTD paccMar- 314156 7]8]9

puBaeMblil IIPSIMOYTOJIbHUK,
Beerjia GyyT 3aKPbITHI TPU
KJIEeTKK pasHoro usera. Ho Ha 17118119120 21| 22| 23
9TON TaGJNYKe 3eJIeHbIX KJle-
tok — 11, a posoBbix — 9, T.e. 24 (251261272829 30
pastoe kosmuectBo. [Toatomy
3aKPBITh BCE KJETKH HE y/ac-
TCA.

101 11112 13| 14| 15| 16

Puc. 7

Baca /Ipoeukun ommbaercs

ITycTh X — HaMMeHbIllee YHCJIO B CTPOKE, a § — HANMEHbIIee Yuc-

JI0 B CTOJIONE, B KOTOPBIX CKJaJbIBAT uyncaa Bacs [[BoeukuH.

Torga cymma Bcex ymces B CTPOKe Oy/IeT TaKOud:
x+(x+)+(x+2)+. +(x+5)+(x+6)=Tx+21.

A cymma Bcex dunces B ctoJibiie OyeT TaKoii:

y+(y+)+(y+2)+(y+3)+(y+4)=5y+10.

ScHo, 4TO TepBas cyMMa JeJUTCS Ha 7, a BTOpas AEJUTCS Ha 5.

Ilycrp ot cymmbl paBHbl. Umca0 X MOKET ObITb OJHUM W3 YHCE]

1, 2, 3, 4, 5, 6, 7. Ho Tosbko npu x = 4 mepBasi cymma Oyzer

kparna natn (B aToM corydae ona pasna 45). [Toatomy Gynem

umetb Sy + 10 = 45, otxyna y = 7. Ho torzma B crosbie Gyzaer

CJIO’KEHO BCEro ueTbIpe uucia, a He 1aTh! [IporuBopeune.

Bacsa /IBoeuxkun cHoBa ommbaercs
Jra 3a/aua PENIAeTCss AHAJOTHYHO IIPE/bILY e,

Bce cymmbl HeyeTHbIE

TIpeamomosxuM, 9To 3T0 BO3MOKHO. Tak Kak Bcero mmeercst 7
CTOJIONKOB, TO CyMMa BCeX 4Yuces TaGJNYKU JOJKHA ObITh HEYeT-
Holl. C Ipyroii CTOPOHBI, TaK Kak UMeeTcsl 4 CTPOKH, TO CyMMa
BCEX Ynces TaOJIuYKN [0JIK-

Ha ObITh yeTHO. Ho oxHo

11234567

IIarp kyckoB

Cu. pue. 8. 89 |10]1|12]13]14
Dokyc ¢ KaJeHAapeM
Uucsa B crosbuke 06pasyior

apu(pMeTIYeCKyIo Iporpec- 22123 (2425|2627 |28
cuio ¢ pasHoctoio 7. [logcum-

1511617 1181920 | 21

TaTb ee CyMMYy MOXKHO, Ha- 29130
puMep, Tak: BbIYECTb U3
6OJIBIIIOTO YHUCJIa MaJleHbKOE, Puc. 8
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pasjiesuTh Ha 7, npubaBUTh K TOJYUYEHHOMY 4ucyay 1, pesyJbrar
YMHOKHTD HA CyMMY GOJIBIIIOTO W MaJIEHBKOTO YHCEN U TMOJIETUTD
Ha 2.

MOJAYJ1b BO BCEN KPACE

2. 1){10;20}; 2) {-27}.
3. 1) {56};2) 5 3) 24 3;5) 1;6) 2.

3AKﬂ|O‘-MTEJ1beII7I ITAM XXXV
BCEPOCCMNCKOU ONIMMIMNAAbI LLUKOJIbBHNKOB
NO MATEMATUKE

9 knacc

1. He mosxer.

IIpenmonoxuM, 4T0 TaKOE YUCJIO 7 CYIIECTBYET.

3aMeTrM, 4YTO MaKCHMAaJIbHbIII BO3MOKHBIII OCTATOK OT JEJIEHUS
Ha HarypaJbHoe uncyao m paseH m — 1. [loaTomMy cymma octatkoB

OT JIeJIEHUsT TTPOU3BOJIBHOTO YHCJIA HA YUCTA dy, ..., dj; HE GOJIb-
me yem 407 — 11 = 396, a cymMa OCTaTKOB OT JieJIeHUs ero Ha
yncaa 4ay, ..., 4a;; ne 6ospuie yem 4 °407 —11=1617 . Uraxk,

ecqm GBI BCe OCTATKH OBLIM MaKCHMAaJbHBIMU BO3MOKHBIMH, TO WX
cymma pasusazach 6p1 396 + 1617 = 2013. IlockoabKy sTa cymma
JuIs Haiero uucsa n pasHa 2012, To Bce ocTaTKu, KpoMe O/IHOTO,
— MaKCHMaJbHbIe BO3MOKHDIE, & OJIMH — Ha €JMHUILy MEHbIIIE
MaKCHMaJbHOTO BO3MOXKHOTO.

3HAYUT, IPU HEKOTOPOM R OJMH M3 OCTATKOB OT JEJTEHUS 1 Ha
qnucia d, u 4d, — MaKCUMaJbHBI BO3MOXHbBIN, a JPYroil — Ha
€/IMHUILY MEHbIIIE MaKCHMAaJIbHOTO BO3MOXKHOrO. Torjaa oiHo u3
yicesa n + 1 wn + 2 gemurest Ha @y, a Apyroe — Ha 44, T.e.
JIBa B3aWMHO TIPOCTBIX uncyaa n + 1w n + 2 gensarcst va aj, = 2.
OTO HEBO3MOKHO.

2. TIpu k = 1509.

Ilycre Ay, Ay, ..., Ayyyy — OTMeUeHHbIe TOYKH B TOPsIIKE 00X0/1a
(Mb1 Gyem cautath, uto Aygz = Ay, Ays = Ay ). Pasobbem ux
na yersepku Touek (A, Ay, Aoz, Aioos), (Ass A, Aigogs Aioro)---
ceor (Ai905, Aigo6, Azo11, Asgro ). Ecim cpean BbIGpaHHDBIX R TOUEK
BCTPETATCS BCE TOYKN HEKOTOPOIl YeTBEpKH

(Ayi_y, Ayiy Asiii005) Avistoo) > TO B TIOLYUEHHOM MHOTOYTOJIBHIKE
HaiiyTest iBe ctoponbl Ay, Ay m Ayi1005A2i41006 » KOTOPDIE
CUMMETPUYHDBI OTHOCHTEJILHO IEHTPA OKPYIKHOCTH M MOTOMY TIa-
paJLJIeTbHbI. DTO HEBO3MOJYKHO; 3HAUUT, B Kaxkao0il u3 503 verBe-
POK OTMEYEeHO He GoJtee Tpex BepmnH, T.e. k< 503°3 =1509 .
Ocrtaznocs npusectu npumep 1509-yrosbauka 6e3 mapasijiesbHbIX
CTOPOH C BepIIMHAMHU B OTMEYEHHBIX TOouKax. [logxoanT, Hampu-
Mep, MHOTOYTOTbHUK Ay Ay ... AjgosAi00s 41010 - - Azp12  (ero Beprmm-
HaMHU SBJSIOTCS Bce TOYKH ¢ HoMepamu oT 1 1o 1006 u Bce Toukn
¢ yetHbiMu HOMepamu ot 1008 10 2012). JleficTBUTEIBHO, CTOPO-
bl Aygio Ay, AiAy, ..., AjgosAiges JTEKAT TI0 OJIHY CTOPOHY OT JiMa-
Merpa AyginAjgog ¥ MOTOMY HE MOTYT OBITb MAPAJJIEJbHBIMIE;
AHAJOTHYHO, CTOPOHDBI Ajgos 1008y ---» Ang19Aag1n TOMApHO Hema-
pasnenbubl. Hakonen, maenbkas guaronanb A;A; . npasuib-
Horo 2012-yrosibHUKA He I1apaJuieibHa ero CTOPOHaM; 3HAuuT,
HUKaKWe JBe CTOPOHbI Buga A A u AjA;,, TAKOKe HE MOTYT
ObITh MAPAJLIETbHBIMA.

4. IlepeMHOXXHUB PaBEHCTBO
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BOSBeﬂeM TEIEpPb B KBa/IpaT PaBEHCTBO
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TIpe/roToKIM Terepb, UuTo Mo6ble Ba YNCIa OTJIMYAIOTCS He
Gompie yem Ha 1. Torma KBaapaT ux pasHoctn He Gosibie 1, n
u3 (5) nosyyaem HEPaBEHCTBO

@ay + aay + ...+ a,_a, > 3k* | (6)

Ho ecsm Bbruectb us kpajapara pasenctsa (1) pasencrso (3), no-
JIYUHTCS PABEHCTBO 24ydy + 2a,d3 + ... + 2d,_a, = 6k* , 4T0 TPOTH-
Bopeunt (6). 3uauut, HaliyTcs ABa YUCIA, OTIMYAIONECS (OJIb-
me yem Ha 1.

5. CorocraBiM Kayk/[OMy MYAPEIY € HEKOTOPbIM MHEHHUEM 3HAK
«+», a ¢ IPOTUBOIOJIOXKHBIM — 3HaK «—». Torga paccraHoBke
MY/IPEIOB COOTBeTCTBYeT pacctanoBka 101 3Haka 1mo kpyry.
Ilycth B HEKOTOPDBIN MOMEHT JIBA OJIMHAKOBBIX 3HAKA CTOSIT TOJ-
psan. Toraa B caeayIonlylo MUHYTY OHH HEe U3MEHSITCS U TTOTOMY
OCTaHYTCS OJMHAKOBBIMHU. 3HAUUT, HU B OJUH U3 MOCJIEIYIONIX
MOMEHTOB OHM TaKKe HE M3MEHATCS.

HasoBeM Tenepb 3HaK CMaOUALHLIM, €CIIU PSOM C HUM CTOUT
XoTs1 6bI O/iuH Takoil ske. [I0CKOIbKY KOJMYECTBO 3HAKOB HEYET-
HO, CTaOWJIBHBIN 3HAK Haiifercss. Kpome Toro, mmo6oit cTabuib-
HbIl 3HAK YK€ HE M3MEHSETCA U OCTACTCS CTAGUIIDHBIM, a J000i
HecTaGUIbHBIN 3HAK B OUEPEAHYI0 MUHYTY MEHSIETCS Ha MPOTUBO-
1noJ10xkHbIH. [IpenonoskuM, 4To B HEKOTOPbI MOMEHT KaKOH-TO
3HaK M3MeHWcA. Torjga He Bce 3HAKM ObLIN CTAGUJIBHBIMHU, U
Haiijiercst CTaGUIIbHBII 3HAK ¢, COCEHNUII ¢ HECTAOMIBHBIM 3HAKOM
b. D10 3HAYMT, YTO B CJEAYIOIULYI0 MUHYTY @ He U3MEHUTCs, a b
U3MEHUTCS U CTAHET TAKUM JKe, KaK ¢, T.e. CTAOHIbHDIM.

Wrak, oka 3HAKH MEHSIOTCS, KOJMYECTBO CTAGUIBHBIX 3HAKOB
CTPOTO yBeJMunBaercs. 3Ha-
YHUT, PAHO WJIH MO3/IHO OHO
craner pasubiM 101, u nepe-
MEHBI 3HaKa 3aKOHYATCS.
3ameuanue. MOXHO TIOKa-
3aTh, 4TO 3HAKU MOTYT W3-
MEHSITBCSI B T€UEHUE JIUIID
nepBbIX 50 MUHYT.

6. OGosnaunm uepes [

LEHTP OKPY>KHOCTHU, BIIU-
CaHHOI B TPEYTrOJbHUK

ABC, a uepes Ay, By,

Cy — TOUKM ee KacaHus CO
croponamu BC, CA, AB
COOTBETCTBEHHO. Bymem A®
cuuTaTh, 4To TOUYKa Ay Je-
JKUT Ha oTpeske AyB
(puc.9). 3amernm, yro
CAy + ACy = CBy + ABy = CA . U3 ycyioBusi ciiefiyer, 4to

CA; + AC, =CB; + OB, =CA . Orciona CAy —CA = AC, — ACy;
ato 3uaunt, uro AAdy = C,Cy, u Touka C| I€XKUT HA OTPE3KE
CyA . Torna npamoyrosbibie Tpeyroabiuku [AgA; n 1C,Cy
paBHbI 10 BYM KareraMm, noatomy ZIAC = ZIC,B. 310 3uaunr,
4yto yerbipexyroabiuk BCIA; Bnmcan. AHaJOrndHo, deTbipex-
yroapunkn ABJIC; u CA{IB; takxe BIHCAHBI.

Touku B, Iy u I nexar na oxuoil npsimoii (Guccektpuce yria
ABCy), noatomy

ZAIG = ZBAI, + ZABI, = ZI4AC, + ZC,BI =
= ZIZAC, + LCAI = ZILAI .

Puc. 9
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3uaunrt, tpeyrouabuuk IlgA; pasnoGenpeunsrit, T.e. Ilg = 1A; .
Anajsiornuno nosayvaeM, uro Ilp =1C, =11, =IB; =1l = 1A, .
3Haunt, | — MeHTp omnncaHHON oKpyXHOCTH [ 15l .

7. He morsu.

ITycTh mOC/IEe HECKOJIBKUX OTIEpAInii CHOBA MOJYUYHINCH [ECSTH
MOCJIE/IOBATEIbHBIX HATYPAJIbHBIX YHCEJ, MPHYEM KaXKI0e U3 HC-
XO/THBIX YHCEJ y4acTBOBAJIO XOTS ObI B OJHOII OIeparuu.

Jemma. /[ns 1106020 HAmMypaiviozo k npu nposedenuu onepavuu
KOAuuecmso uuces na 0ocke, 0ensauuxcs Ha k, ne ymenvuiaemcs.
[okazareabcTBo. Eciu B oneparun yyacTBOBa M yucaa d u b,
O/THO M3 KOTOPbIX JEJIUTCS Ha R, TO M UX IPOU3BE/IEHUE TAKIKe
nmenutest Ha k. BoJiee Toro, ecim 06a MCXOTHBIX UYMCJA JETSTCS
Ha k, 10 1 uncao a® —20116° pemures wa k. Orcioga u cieiyer
VTBEPK/CHUE JIEMMBbI.

3aMeTnM, YTO B HAYaJbHOI M KOHEYHOI CHUTyalusx ecTb MO MATh
YEeTHBIX YHCesT U 10 OJHOMY 4Hucay, aessamemycs Ha 10. 3xauwnr,
BBU/IY JIEMMbI, KOJIMYECTBO UNCEJ, [IEJSIINXCSI Ha 2, B MPOIIEcce
HE JIOJUKHO M3MEHSTHCS, M TO K€ BEPHO JJISI YKCEJ, JeJISIIXCS
Ha 10.

Cpenn ucxoaubrx 10 umces 6b1I0 uncsao a, aessieecss Ha 5. Pac-
CMOTPUM TeIEepb MEePBYIO ONEPAINIO, B KOTOPOIl OHO y4acTBOBAJIO;
mycTh b — BTOpPOE YUCJIO, YYacTBOBaBIee B aToil oneparmu. Ecan
b HeveTHO, TO OJIHO U3 TOJYYEHHBIX 4Kces OYyeT YeTHBIM, U KO-
JIMYECTBO YETHBIX UNCET YBEJMINTCS, YTO HEBO3MOYKHO. 3HAUNT,
b 4eTHO, W Ha IOCKe TOSBUTCS 4ncao ab, memsieecss Ha 10. Ecim
rpu 3ToM b He fesutcest Ha 10, TO KOJIMYECTBO YUCEJ, KPATHBIX
10, yBesm4niIoCh, 4TO HEBO3MOKHO.

Wrak, b pennrces na 10, n B Hamreil onepanny yqacTBOBaJIM JBa
yicsa, gesumxes na 5. Torga B ee pesyJsbTate Ha J0CKe MOJIY-
YIJIUCDH JIBAa 4KcJa, KpaTHbIX 25. [lo jeMMe, U B KOHEUYHOIT cuTya-
W HaIIyTCs Ba TAKUX YHCJIA; HO 3TO HEBO3MOKHO s 10 1moc-
JIeIOBATE/IbHBIX HATypaJbHBIX ynces. lIpotnBopeune.

8. PaccMoTpuM mpou3BoJIbHbIE ABa MapmpyTa lj u [ ; myctb A —
ux obmas octaHoBKa. Ecim octanoBka A HaXOJHMTCS HA BCEX
MapIIpyTax, TO MOKHO OT/IaTh ee OJHON KOMIAHWHU, a BCE OCTAJb-
Hble OCTAHOBKU — JPYTOii; SICHO, YTO IPU ITOM Ha KaX/OM MapIi-
pyTe OYAyT OCTAHOBKU 00X KOMITaHHii.

ITycrb Tenepb Haiijierest MapuipyT I3, He TIPOXOASAIIMI yepes oc-
taHoBKy A. ITycte B u C — ero o6ine octaHoBku ¢ I u I, coor-
BeTcTBeHno. fcro, uro B u C ormunbl oT A; 3aMeTuM, 4TO

B # C, u6o unaue y lj n I, naiigyrcs ase o6ume 0CTaHOBKH.
PacripesiesinM Ternepb OCTAaHOBKHU TI0 KOMIAHUSIM TaK: OCTAHOBKHU
A, B un C ormaanM 1epBOil KOMIIAHNN, BCE OCTAJbHbBIE OCTAHOBKM
MapuipyToB I, Iy, I3 — BTOpoil KOMIIaHWH, a BCE OCTAHOBKH, He
JiesKane Hl Ha OJHOM U3 MapIipy-
toB Iy, l,, I3, — cuosa mepsoit
(puc.10). TlokaxeM, 4TO 3TO pac-
npegesnerne — tpedyemoe. ScHo,
4TO KasK/blii U3 MapuipyTos l, Iy,
I3 IPOXOUT Yepe3 OCTAHOBKH 06e-
WX KOMTaHWUI.

. Paccmorpum 10601t 13 OCTaBITNX-
cst MapiipytoB [. C KaIbIM U3
MapuipyTos Iy, by, I3 y Hero

Puc. 10 JIMIIb ojfHA 0011ad OCTaHOBKa. 3Ha-
4ut, Ha [ ecTh He 6OJiee TPeX OCTAHOBOK BTOPOW KOMITAHWM; ITO-
9TOMY TaM eCTb OCTaHOBKa TepBoil. [lanee, [ He MOXKeT TPOXO-
JINTH 4epe3 /[Be U3 ocTaHoBOK A, B, C, uHaue oH OyleT UMETh
JIBe 00IIMe OCTAHOBKH ¢ OJIHUM U3 MapuipytoB I, I, 3. Ilycrp
It onpesiesienHoctn [ He mpoxoaut depe3 B u C. Torpa [ mepe-
cekaercst ¢ Iy mo mexoropoit ocranoske X, orauunoii or B u C,
T.e. MPUHAJJIEXKAIIEH BTOPOIl KOMIIAHUN. Y TBEp:KIEHHE J0Ka3a-
HO.

10 knacc

1. He mosxer.

2012/Ne5-6

HpC[[HOJIO}KI/IM, YTO TaKO€ 4YUCJIO 71 CyHEeCTBYET.
3aMBTI/IM, YTO MaKCUMAaJbHBIH BO3MOKHBIN OCTATOK OT JI€JIEHHST
Ha HaTypaJIbHO€ YNCJIO ™ PAaBE€H 1T — 1. HOSTOMy CyMMa OCTaTKOB

OT JIeJIEHUST TTPOU3BOJIBHOTO YNCJTA HA YHCJAA dy, ..., 4y He (OJIb-
me yem 678 — 10 = 668, a cymMMa OCTaTKOB OT JleJIeHUsI ero Ha
qicnaa 2dy, ..., 2a;, ne Gosbiiie yeM 2 °678 —10 = 1346 . Mraxk,

ecsim GbI BCE OCTATKH OBLIM MaKCHMAJbHBIMU BO3MOKHBIMHU, TO WX
cymMMa pasasiiach 6pr 668 + 1346 = 2014. ITockosbKy aTa cymma
JUIsL Hantero uncsaa n pasHa 2012, BO3MOKHbBI TOJIbKO /iBa CJyyas:
cayuai 1, Korja POBHO OJMH 13 OCTATKOB HA 2 MEHbIE MaKCH-
MaJIbHOTO BO3MOJKHOTO, a OCTAJbHbIE — MaKCUMAJbHbIE BO3MOXK-
HBIE; CAyyai 2, Korjja POBHO /[Ba OCTAaTKa Ha 1 MeHbIIe Makcu-
MaJIbHBIX BO3MOKHBIX.
B cayuae 1 Mbl mosiydaeM, 4TO 1pU HEKOTOPOM R OJIMH M3 OCTAT-
KOB OT JIeJIeHNsI 1 Ha YnCia @) W2d;, — MaKCHMaJbHbBII BO3MOXK-
HBIf, a APYroif — Ha 2 MeHbllle MAaKCHMaJbHOTO BO3MOXKHOTO.
Torpa onno u3 uucen n + 1 u n + 3 geaurcd Ha d;, a ipyroe —
Ha 2a;,, T.e. 06a JAeJATCS Ha ) . DTO HEBO3MOXKHO, TaK KakK UIC-
o (n+3) — (n+ 1) = 2 He MOXKET JeUThCA Ha d), > 2.
Cayuail 2 Takyke HEeBO3MOXKeH. /leficTBUTENIBHO, Cpein OCTATKOB
OT JIeJICHUSI 7 Ha YeTHbIe uucaa 2dy, 2dy, ..., 2a;, 10 KpailHel
Mepe BOCeMb — MaKCHMAaJbHbIe BO3MOKHBIE, T.€. HeYeTHbIE. 3Ha-
YHT, 77 — HEYeTHOE YHCJIO, U TIOTOMY BCE OCTATKH OT JICJICHHUS €ro
Ha yncaa 2dy, ..., 2a;, nedernol. Takum o6pazoM, OHM — MaKCH-
MaJbHbIe BO3MOKHBIe. [loatomy n + 1 mesurcs Ha Bce ymcaa
2ay, ..., 2a,y W, cIegoBaTeSbHO, HA BCE YUCJIA i, ..., Ay , T.€. BCE
20 ocTaTKOB — MaKcHMaJbHbIe BO3MOKHBIE. lIpoTmBopeune.
3ameuanue. MOKHO TIOKA3aTh, YTO OTBET OCTAETCS OTPUIATEJIb-
HBIM, €CJIU TIPE/INOJIOKUTD TOJbKO, YTO Bce uynucaa d; Gospiie 1.
2. Ilycrp mus onpenenennoctn AB < AC. Ilycrp yu DI mepece-
kaet orpeskn AO n AC B Toukax P 1 Q COOTBETCTBEHHO
(puc.11). Nnmeem
ZAIP = ZDQC — ZIAC =90° - £C — L AJ2

n
ZIAP = LOAB - ZIAB = (180° - ZAOB)/2 - ZA[2 =

= 90°-2C - ZA/2 .
Takum o6pasom, Tpeyroabuuk API pasnoGeapenusiii (AP = PI),

B /D C
Puc. 11

T.C. TOYKa P JICKHUT Ha Cepe/JMHHOM Teprenukyaspe [ k Al, n
ayun PA u PI cuMmMerpuyHbl OTHOCHTEbHO [. OnncanHast ok-
PY’KHOCTb TpeyTroJbHUKa AID Takke CHMMETPUYHA OTHOCUTEIBHO
[. Tlonyuaem, uto orpesku AE u ID ToXe CUMMETPUYHDI, TTO3TO-
My OHU DaBHBI.

3ameuanue 1. V13 3TOr0 pelmieHusi, B YaCTHOCTH, CJELYET, U4TO
Touka E Bcerga JieXXuT Ha mpojospkenunn orpeska OA 3a TOUKy
A.

3ameuanue 2. V13 10Ka3aHHOTO CJEYET, 4TO cTeleHb Touku O
OTHOCHUTEJIbHO OKPY’KHOCTH ¢, OTMCAHHON OKOJIO TPEYTOJbHUKA
AID, paBia R(R+7), re R u v — pajiiycbl OIUCAHHON 1 BIIH-
CaHHOM OKpyskHOCTell TpeyrosbHuka ABC. fcHo, 4ro crernenu
Toukr O OTHOCHTEJIBHO OKPY’KHOCTEIl b U ¢, TTOCTPOEHHDBIX aHAJIO-
ruano a, 6yayT takumu »ke. V13 aroro caenyer, uro IO siBisiercst
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o61ielt pa/IMKaJbHOIl OCBIO TPEX OKPY)KHOCTEil @, b 1 ¢ 1 aTH OK-
PY’KHOCTH WMEIOT JiBe 0o0Ine TOUKM: OjiHa — 3TO Touka [, a Jpy-
rag Jexut Ha npsamoil /O. Vcnonbsys dopmyy ditaepa s
paccroanus Mexay I n O, HEeTPyJHO HAlfTH HOJIOKeHue BTOPOI
TOUKN IepecevyeHns] YKa3aHHBIX OKPYXKHOCTENI.

4. PaccMOTpPHM KOHEUHYIO CHTyaIMio Ha jlocke. Ecim MHOTrOWIEH
P mogBuIcA Kak cyMMa MHOTOWJIeHOB Q M R, TO NPOBEEM CTpe-
kn u3 P B Q n R. Jlanee, ecm n3 muorousnena F seaner (opuen-
TupoBanublii!) nyts B G, 6yjaeM ropoputh, uto G yuacmeyem B
F (8 wactnoctu, cam F ywactByer B F). Herpyano sugerb B aToM
cJaydae, 4To Bce Koaddumumentol MHOTOWIeHa F — G HeoTpwHIla-
TeJIbHDI.

MOKHO CUMTATh, YTO KaXK/IbIil MHOTOYJICH HA JIOCKE — CyMMa pas-
JIMYHBIX CTeleHel x; /IefiCTBUTeNbHO, ecm KaKoii-To Koadduin-
€HT MHOTOUJIEHA He MeHbIle 2, TO U Y BceX MHOTOYJIEHOB, B KOTO-
PBIX OH YYaCTBYET, COOTBeTCTBYOIUil Koaduiment raxxe Gy-
JleT He MeHble 2. 3HA4YUT, OH HE y4acTBYeT B CyMMaX Bujaa S;.
MpI cobupaeMcst OIeHUTb 00IIee KOINYecTBO MHOTOUTEHOB Ha
nocke. Kaxprit u3 muorowsrenos Sy, ..., S, HaszoBeM ¢punaiv-
non. Kakapiit u3 Muorowsnenos, yyacrsyionmx B S, (1.e. B cyM-
Me BCEX HMCXOHBIX OHOUJIECHOB), HA30BEM CYUCCINGEHHBIM.
ScHO, uTO ecTh n PUHATBHBIX MHOTOUTIEHOB.

TTokasxeM MHIYKIUEH 10 p, YTO B MHOTOUJIEHE C P HEHyJIEBbIMH
KoaddurmentaMu yqacTByior posio 2p — 1 muorousnenos (u3 xo-
TOPBIX P — OJHOWIEHDBI); OTCIOAa OYIeT CIEJ0BATh, YTO KOJIMYE-
CTBO CYIIECTBEHHBIX MHOTOUJICHOB paBHO 2n + 1. Basa nmpu p = 1
ouesnHa. IlycTp Tenepb Muorodsen P Gbla MOJyYeH Ha HEKOTO-
poMm mare Kak cyMMa Q u R, u KOJIMYecTBa HEHyJIeBbIX K0a(du-
1eHToB B P, Q 1 R paBHBI p, ¢ U ¥ COOTBETCTBEHHO; TOTJA P =
=¢q + r. llo npeanosoxkennio HAYKIMM, B Q 1 R yyacTByior

2q — 1 m 2p —1 MHOTOUJIEHOB, CpPel KOTOPBIX HET COBIAJAIONTNX
(mockosbky B Q u R Her o6upux oaHousenos). Torga B P, ¢ yue-
ToM camoro P, yuactsytor (2g — 1) + (2r = 1) + 1 = 2p — 1 muo-
TOUJIEHOB.

[TokaxxeM, HaKOHeII, YTO B KaK/IYI0 MUHYTY Ha JIOCKe TIOSIBJIS-
Joch He GoJiee OAHOTO (PUHATIBHOTO CYNIECTBEHHOTO MHOTOUJIEHA.
JleiicTBUTE/IBHO, MIYCTb B HEKOTOPYIO MUHYTY IHOSIBUJINCH OJIHO-
BPEMEHHO CyllecTBeHHbIe MHOroUwIeHsl S, n S, (p < ¢). Pac-
CMOTPHM HEpBbIi MOMEHT, KOT/[a Ha JJOCKE TOSBUJICS MHOTOYJICH
P, B KOTOPOM OJHOBPEMEHHO YYacTBYIOT U S, , 1 S, ; Torja on
HOSIBUJICSL KAK CyMMa /[ByX MHOTOUYJIEHOB, KaXK/[blil U3 KOTOPBIX
cozepykut oxnouten x” . Ho torga koapdunment npu x” B P
He MeHbIIe 2, 9TO HEBO3MOIKHO.

Wrtak, Ha nocke ectb 7 (PUHAJBHBIX U 217 + 1 CyIIECTBEHHBIX MHO-
TOUJIEHOB, IIPU 3TOM He GOJIbIIe 77 U3 HUX SIBJISAIOTCS U TeMH, U
JIpyTHUMH. 3Ha4uT, oblee KOJMIeCTBO MHOTOUJIEHOB HA JIOCKe He
Mmenbiie yeM n + 2n + 1) — m. C JIPYTOil CTOPOHbBI, UCXO/HO Ha
Jtocke 66110 7 + 1 MHOrOY/IEHOB, a 400aBUJIOCH He GOJIbIIe YeM
mk. 3uaunr, (n+1)+mk2n+Q2n+1)—m, wm m(k+1)=2n,
YTO U TPeGOBAJIOCH JOKA3ATh.

3ameuanue. Ecnu 3adukcupoBarh HaTypabHoe R, TO IPU BCEX
JIOCTATOYHO GOJIBIIIMX 77 OIEHKA B 3a/ade TOUHA.

6. CyuiecTByioT.

Jra 3ajaya SBJSETCS YACTHBIM cJaydaeM 3ajgaun M2282,B «3a-
naunnka «Ksanra».

8. Byznem cunrarp, 4to
AB > AC (puc.12).
IIycte BB, u CC; — BBI-
COTBI TPEYTOJIbHIKA
ABC, H — touka ux 1e-
pecevenus, I u O — 1eH-
TPbI BIHCAHHOI U OIH-
CaHHOI OKPY’KHOCTEH
tpeyroabauka ABC, a r
— pajauyc ero BIIMCAHHON
Puc 12 OKPY’KHOCTH; TIOJIOKUM

ZBAC = o . 3amernM, uro AB; = ABcosa., AC; = ACcoso .
3uaunr, tpeyroapunk ABC; momgoben tpeyrompiunky ABC ¢ Ko-
acpurmeHToOM k = cosd. .

Ilycrb Touka L cummerpuyna touke I orHocuresnvio B'C’.
Jlemma. Touxu L u I — coomeemcmeennvie mouxu 6 mpeyzoiv-
nuxax ABC; u ABC.

HoxasareasctBo. Ilockomsry Al B'C’, Touka L jexur Ha

AL

ouccexrpuce Al. 3HaYWT, JOCTATOYHO JOKA3aTh, YTO 7 =k.

OGosnaunm depe3 M cepeauHy orpeska B'C’. 3ameruM, 4TO Ipsi-
MoyrosibHbie TpeyroibHukn AC’T u C'MI nosoGHbI, M09TOMY

ZMC'T = LC'AI = 0/2 .

Nmeem
’
I=—--"
sin (0t/2)
’
AL =AI-LI = Al -2MI] = ———— - 2rsin(0/2),
sin (0t/2) (@/2)
3HAYNT,
AL _{ 2sin? (0/2)=cosa =k,
Al

4TO U TPeGOBAJIOCH JOKA3ATh.

Toukn A, By, C; u H nexar Ha OKPYy>KHOCTH ¢ uamerpom AH,
1moaToMy E — LeHTp 3Toii oKkpykHOCTH. 3Hauut, Touku £ u O B
tpeyroabankax ABC; nu ABC Takie COOTBETCTBEHHBI; TOITOMY
ZLOIA = ZELA . Tak kak touka F cummerpuyta E OTHOCUTEJb-
HO B'C’, orpesku FI u EL rtaxxe cummerpuubl, u LFIA =
=ZELI . Utak, LOIA+ £LFIA = ZELA+ ZELI =180°, uro u
o3nauaer, uyro touku O, I, F jexar Ha OHON NPSIMOIL.

11 knacc

3. Jlemma. Packpacum xaemxu niockocmu 6 06d ysemd: Heuem-
Hble CMONIOUbL 6 3edenblil yeem, d demuvie — 6 xeamoui. Tozda
a5t 106020 OmMpe3sKd, NAPaLIeLHOZ0 NPIMOU I, pasHocmy cymm
OJUH €20 3CNeHBIX U KEIMHIX YUACMKO8 He NPe8oCXOOUm HeKo-
mopozo uucaa D, 3asucawezo moavko om l.

[okasareabctBo. [IpsiMast [ pazéuBaercst BEPTHKAJBHBIMU CTOPO-
HAMHU KJIETOK HA OTPE3KU OMHAKOBOMW JIMHBI; 0003HAYUM ITY
nnny yepe3 F. Torga mist mo6oro orpeska anuubl 2F, napad-
JIEJTBHOTO [, CyMMBI JIJTUH €rO 3€JIEHBIX U JKEJTHIX YacTell PaBHbI
F. A mo6oii 0Tpe3oK, TapaJsiiebHblil [, pa3éuBaeTcss Ha TaKue
OTPE3KU U OCTATOK JJINHBI, MEHDIIEI
2F; 103TOMY Pa3HOCTb CYMM JIJIMH €T0
3eJIEHBIX U JKEJTBIX YacTeil He MpeBoc-
xoaut D = 2F.

Ilepeiinem k pemennio 3agaun. Packpa-
CUM BCe YepHbIe KJIETKH B PO30OBBIH U
rory6oii 1BeTa Tak, 4ToObl PO30BbIE
KJIETKN ObLIM B TeX 3Ke CTOJOIaX, 4To
U KpacHble, a rory0ble — B TeX K€, 4TO
u cunne (puc.13). Pacemorpunm moGoit — p, - /5

OTPE30K, TMapaJiesbHblil [, u 0603Ha-

uum uepe3 7, b, v, b’ CyMMbl JUIMH €r0 KPACHBIX, CUHUX, PO30-
BBIX ¥ rosiyObIX yacrteil coorBercTBeHHO. Torja 1o jemme cyiie-
CTBYIOT Takue uncia Dy, D, , 3aBucsiiye TOJIbKO OT [, 4TO

|(r+r')—(b+b') <Dy,
‘(r+b')—(r'+b)‘sD2,

3Hauur,
Z‘r—b‘:‘(r+r')—(b+b')+(r+b')—(r'+b)‘ <
S‘(r+r’)—(b+b') +‘(r+b’)—(r'+b)‘SD1+D2,

D, + D,
T.e. [r—b|< A2yt u Tpe6oBAIOCH 0KA3ATD.
2
3ameuanue. Ha camoMm siesie B jieMMe MOKHO TOJIOKUTD D = F.
5. Ilycrp @y # az ; Torga cyuiecTByeT Takoe X, 4TO
axy + by = azxy + b; . ToacraBasgsa X = X, B JaHHOE PaBEHCTBO,
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noJtydaeM mocie cokpauenus P(ayxy +by,)=0, r.e.y P(x)
ecTb KOpEeHb.
AHAJIOTHYHO pacCMaTpUBACTCS CIyvail dy # ds .
Ocraiicst b ciaydait @ =ay =az #0. Ecim P(x) =0, yrBep-
xKJeHne 3agaun oueBuano. Muaue mycrs py # 0 — crapmmii xo-
appunenT MHOrOUIEHA
P(x), an — ero cremnenb.
Torzpa crapmme koaddn-
I[IEHTbl MHOTOYJIEHOB B
JIEBOI M TIPABOM 4acTsIX
JIAHHOTO PaBEHCTBA €CTb
o (a” + a”) u pya", T.e.
OHM PA3JMYHbI. JTO He-
BO3MOJKHO.
6. O6osnaunm vepes [
IIEHTP OKPY>KHOCTH, BIIU-
CAHHOIl B TPEYTOJbHUK
ABC, a uepes Ay, By,
Cy — TOUKM ee KacaHus
co croponamu BC, CA,
AB cOOTBETCTBEHHO
(puc.14). Byaem cuurarb,
41O TOuKa Ay JIeKUT Ha
orpeske AyB. 3amerum, uro CAy+ ACy, =CBy + ABy) =CA . U3
yeaoBust caenyer, uto CAj + AC; = CBy + AB; = CA . Tlostomy
CAy —CA; = AC, — ACy ; torma A4y = C,Cy , u touka C; nexur
Ha orpeske CoA . 3Hauut, NPAMOYTOJbHBIC TPEYroJabHukn [AjA
un ICyC; paBHBI 1o ABYM KareTaM, moatomy ZIAC =ZIC/B n
IA; = IC; . CnepnoBaresbto, yerbipexyroibunk BCIA; Buncan.
Ananornuto, yerbipexyroapiukn ABIC; n CAIB; Taxxe BIN-
canet, u [A; =IB =1IC; .
Junnu tentpoB OOy, OO0, , 0,40 sBasiores cepeHHBIMI
nepreHuKysipaMu Kk o6mum xopgam 1A, IB;, IC; coorset-
CTBEHHO; JUIMHBI 9THX XOPJ| PaBHbI. 3HAYUT, PACCTOSIHUSL OT [ J10
1A, 1B, IC;

cropon tpeyrospiuka 0,050 paBHbI o T, Ty Haxko-

Helt, MOcKoIbKy yribl IBA; , IAC;, ICB; octpble, TO OTpPe3KH
0O¢, OO0, , OO0 mnepecekaior ayun IA;, IB;, IC; coor-
BeTCTBeHHO. 3Hauut, | jexxut BHyTpH Tpeyronbunka O, 050, n
ABJIAETCS LIEHTPOM BIMCAHHOI OKPYXXHOCTH TPEYTOJIbHIKA
0,050, .

7. IlpoTHBHUK.

[TpuBesemM cTpaTeTHio A BTOPOTO NTPOKA, MO3BOJISIONIYIO eMy
Bprparpb. [y aT0ro OH Oy/ieT J0OMBATHCS BBIIOJHEHUS CJIELYIO-
IMeTo YCJOBUSA: Mepe/] KaXK/[bIM XO/I0M TIepPBOTO, eCJIN OCTaloCh
2k +12=5 rouek, TO Ha JI06OIl MOTYOKPY’KHOCTH OCTAJIOCh He
MeHee kR OTMEYEHHBIX TOYCK.

TMokaskeM MHAYKIHMEI 110 YUCIY XO/IOB, YTO 3TO BO3MOXKHO. B Ha-
YaJie UIPbl 9TO YCJOBHE BBLINOJIHEHO. IIycTb mepes Xo1oM 1epBoro
OHO BBIIIOJTHEHO; IIPOHYMEPYEM OCTABIINECS TOUKHU 110 HOPSIIKY
Ay, ..., Ay, . TIycTb LIS ONIPEJICJICHHOCTH TIEPBBIil CBOUM XOJ0M
yaassier Touky Aj; 3ameTnm, 4to TpeyrobHuk Ay AjA,, oct-
POYTOJIbHDII, TaK Y4TO UIpa €lle He 3aKoHumIach. Bropomy jocra-
TOYHO ynaautb Touky A, . Terepb, ecau ¢ HEKOTOPOU TOTYOK-
PYJKHOCTH y7aJeHO He 6osee OAHOH TOUKM, Ha Helf ocTajoch He
Menee k — 1 Touku; nHaue ¢ Hee cTeprbl 06e Toukn Ay u Ay,

Puc. 14

09TOMY Ha Heil ocrasnuch aubo Touku Ay, ..., Ap_y, 6o ToUKK
Apiys oy Ay 5 B 06OM cityyae s Hee TpebyeMoe yCJIOBUE Bbl-
HOJTHEHO.

Wrak, ecam nepBblil He IPOUTpaeT paHblle, TO Hocae 2n — 4 Xo-
JIOB Ha JIOCKe OCTaHercs TaThb Touek Ay, Ay, Ay, Az, A,.
Ilycrp must ornpe/iesieHHOCTU TIEPBBIN yAAMUT TOUKy A ; Toraa
ere OCTAHETCsT OCTPOYTOJIBHBIH Tpeyroabuuk AjAy, A, . Bropoit
JKe TOCJeTHAM XO/I0M yIAIuT Ay, U OCTaBIIMIICS TPEYTOJbHUK
AjAy Ay Gyper TynoyrosbubiM (MHave HAILIach Obl HOJTYOKPYIK-
HOCTD, cojepskaiiast auiib A, ). 3Haunt, BTOPOi BbIMIPAET.

2012/Ne5-6

3ameuanue 1. EcrectBeHHO, BMecTO TOYKN A;, BTOPOil MOXeT
BBIGPATh Takxke TOUKY Ay (. SICHO, 4TO pU omMCaHHOI cTpare-
THN B KOHIIE UTPBI OCTAHYTCS UMEHHO TPH OTMEUYEHHBIC TOYKIH.
3ameuanue 2. 1lo cyTn Ty ke CTpaTernio MOKHO O(OPMUTD I10-
apyromy. CoeJMHUM Kask/yI0 U3 HCXO/HBIX TOUEK C ABYMS Hau-
6oslee yTaleHHBIMI OT Hee. Bce TpoBejieHHbBIe OTPe3KH 06pasyioT
omny (2n + 1)-3Bennyio somanyio. Torma BTOPOHl MOKET XOIUTD
TaK, 4ToObI MOCTe KaKI0r0 ero xozxa (Kpome mocsieanero) see
cTepThle TOUKH Pa30MBAJIICh HA TAPBl TOYEK, COCJUMHEHHBIX OT-
peskoM. MOsKHO TIOKas3aTh, YTO COOJIO/IEHUST 3TOTO YCIOBUS TaK-
K€ JIOCTATOYHO JUJIS BBIUTPBIIIA.

8. Jlist pocToro p u HaTypasbHOro n o6osuauny uepes V, (1)
CTEINEHDb, B KOTOPOIl p BXOAUT B Pa3JIOKEHHE 7 HAa MPOCTbIE MHO-
SKUTEJIM. 3aMeTUM, 4TO ecjau V » (n) V) (k) , TO

v, (ntk)=min (vp (n),v, (k)) .

TIpenmnonoxum nporuBHOe; o6o3HaYNM P = 102012 Torna Bce
[POCTBIE JIeJIUTEJN YKCeN BUjJa S, He IIPeBOCXOAT P.

Jdemma. ITycmo v, (S,)<v,((n+1)!) npu nexomopon n. Tozda
v, (S)=Vv,(S,) npuecex k=n.

Hoxazareabero. Obosnawmm a =v,(S,), b=v,((n+1)!);
torga b= a+1. 3amernm, uro S, =S, +(n+1)I+...+k!; B
aToil CyMMe Bce ciaraembie, KpoMe NepBoro, aenarcs Ha p*! ) a
nepsoe sienTes anmib Ha p? | Ho e ma p®*' . 3uaunt, u S, me-
qutest Ha p® , HO He Ha ptl.

PaccmorpuM HekoTopoe 1poctoe P < P Beuay JieMMbl, ecim

v, (S,)<v, ((n+1)!) tpn HEKOTOPOM 7, TO CYIIECTBYET YHCIO
a, taxoe, uto V,(S,) <@, upu scex Harypaibusix n. Hasosem
TaKOe [POCTOE UUCJIO P MALCHOKUM; BCE OCTAJbHBIE [IPOCTBIE UUC-
Ja, MeHbine P, HazoBeM Gosvuumu. Tak Kak MaleHbKUX IPO-
CTBIX KOHEYHOE KOJIMYECTBO, CYIIECTBYET HaTypajibHoe M, GoJb-
niee JMo60TO uncaa Buga p™ , Te p — MaleHbKoe.

IIycrb Tenepb p — GOJBIIOE [POCTOE YHUCJIO, & 7 — TAKOE YUCIIO,
uto n+2ip. Torma us nemmbi nmeeM v, (S,41) 2 v, (2 +2)!) >
>V, ((n + 1)!) ; 3HaunT, V, (S,)= v, (Sn+1 —(n+ 1)!) =
=v,((n+1))=v, (n!) (nocaemuuii nepexox sepen, u6o n + 1
He KPaTHO P).

Paccmorpum tenepp uncao N = MP! — 2. Ilo mokazaHHOMY,

v, (Sy) =V, (N!) ana moboro 6oasiworo mpocroro p. Kpome
Toro, mockoabky N =M, 10 v, (Sy)<v, (pa” ) <V, (N1) s
J060r0 MaJIeHbKOTo 1PocToro p. IocKoIbKy Bee mpocTbie Jiedin-
tesu uncsaa Sy — aubo Gosbline, 60 MajleHbKUE, OTCIOAA CJle-
ayer Sy < N, uro, oueBujno, nesepuo. IIporuBopeune.
Bameuanue. Tloce 10KA3aTENbCTBA JEMMbI MOKHO 3aBEPIIHTH
peleHne u no-Apyromy. Hanpumep, MOXKHO IIOKa3arb, 4To

Vv, (S,_1) =V, (n!) 1 m060ro 17, KPaTHOTO GOJIBIIOMY TIPOCTOMY
p. llpeanonoskum nporusnoe, toraa Vv, (S,-1) >V, (n!). Pac-
CMOTPUM YHCJIO

S

=S, qtnle(l+(n+)+(n+1)(n+2)+..+(n+1)...(n+p-1)).

OGosnauum vepes A, Bbipaskenue B cKOGKax B TIPaBoil 4acTu;
torma A, =1+11+21+..+(p-1)!=1+5, ; (mod p) . Mockomn-
Ky S, iip TO JemMe, nojyuaeM, uro A, He JACTUTCS Ha p W TO-
TOMY

v, (Sn+p71) = min (vp (Su1)sV, (n')) =v,(n))<v,((n+p)).

Irto mporuBopeunt jgemme. Otciona, momaras N = kP! — 1 mpu
HEKOTOPOM HaTypaibHoM k> M, nonydaem V), (Sy) <

<v, ((N+1)!) ana mo6oro p < P. B 1o xe spems, y uncia

(N + 1)! ectb npocteie gemutenu, Gobime P, ¥ HETPYAHO TOKa-
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3aTb, YTO IPHU JOCTATOYHO GOJIBIIOM R HX BKJIaj GOJblIe, YeM
N + 1; snaunt, S, < (N +1)I/(N+1)=N!, 4ro HesepHo.

3AKJTKOUUTENbHbBIA 3TAM XLVI BCEPOCCUNCKON
OJIMMMUAADI LLKOJIbHUKOB NO ®U3UKE

TEOPETUYECKWW TYP

9 knacc

1. 1) IlomnaBok BCIIbIBET; 2) X = X ha 3=

= 2,14 o (k+poS(g+a))g
2. Ly=1,5m, k=40 H/M, m = 0,5 kr.

3.1) t,=25°C;2) 1,=20c.

4.1) U, =Ig4R, - IR, =13 B, 10K uepe3 auoj ue teder (anoj
3amepr);

2) Up =U, =2 B (anom oTkpsIT),
_1pRi —IcR, - U,
 R+R

5. Teomerpryeckoe MeCTo TOYEK, T/ie MO Obl HAXO/HUTHCS MCTOY-
HHUK cBeta S, 310 sydy OC, nosydatoniuiics orpasxkenueM Jjayda OB
B 3eprase M; (puc.15). 3epkano M, nexur na GucceKTprce

B S C

I, =1MA .

Puc. 15 SXB,

yraa COA;. Ha pucyHke [Jisi HEKOTOPOTO TOJIOKEHHST HCTOYHUKA
S MmokasaHpl MOJIOXKeHUs ero uzobpaskennii Sy m S B 3epkagax
M; n M, cooTBeTCTBEHHO.

1 2

10 knacc
vtglarugh  D’tgla
h(cosol+psina) h

2. oo [2=Dp
R p

3. I'paduk 3aBucumoct temepatypol T oT o0beMa V' uMeer BHJ
napa6ouibl, nzobpakennoil na pucynke 16. Temmeparypa Gyaer

1. F=m

MOHOTOHHO BO3pactarhb MpH ycJaoBuu Vy > §V1 1 MOHOTOHHO

y6ObIBaTh 1pu ycaoBuu Vs, < 2‘/1 .
4. mymy:my=R’ R} Ry,

N
T 5. Cm. pue.17.

IH.B -'A

A
4

0 4V,3V, V70 2 4 6u B
Puc. 16 Puc. 17

17 knacc

2

1. = 2hermy —my =2 KrI .

) myg (my — 2my)

moyR mop
2.1) &' =d+"08 9y o2 M%
BY? °=
2qglE,
3. F.(x) =—#x } Umax = 1|08 205 ct="_2arctg
L m [ oL
2qlE,
rae o= 2 T WMICUTECKAsT HACTOTA FAPMOHITECKHX KOJIe-
m
GaHuii UI0J4.
13
4 Ap = %RTB = 540,15 /Ix (mporecc HauMHAETCA B TOYKE

B, B xotopoii npsmas BD kacaeTcs U30T€PMbI, a 3aKaHYMBACTCS
B Touke D, B KOTOpoil mpsMas BD Kacaetcs aamaGaThr).

5. Ilo ycmoBuio mrockocTn JUH3 06pa3yioT MPAaBUIBHBIN MHOTO-
yrospuuk. 3 nentpa C npooaum asa jayda CG u CE, o6pasy-
tomme ¢ Oaskaiinmmu npsmbiMit CA u CB yribl o = 2n/N
(puc.18). D10 W GyAYT MPOEKINHN TLIOCKOCTEH JIMH3 Ha TLIOCKOCTD
pHUCYHKA.

Puc. 18

IIpenmonoxyM, 4To HaHHBINEI QoOKyC F TPUHAIIEKUT JICBOI
aunse. [IpoBeseM depes Hero mepreHIUKYISIp K aToil auH3e. Tou-
Ka IrepecevyeHust MepIeH/MKYJISIpa ¢ IJIOCKOCTbIO JIMH3bL JACT MO-
JoxeHne ee ontuieckoro meHtpa O. OTMETHM Ha OCTaJlbHbBIX
IIJIOCKOCTSX ONTHYECKHE IIEHTPBI JIMH3.

MHOroyroJbHUK MPABUJIBHBII, O3TOMY XOJ Jyda OTHOCHTEJIHHO
MJIOCKOCTH JIMH3BI cuMMeTpuydeH. V3 dhopmyJibl 1751 TOHKOI coOu-
paroleil JIMH3bI CJIeYeT, YTO IPU TaKOM XOje JIyd MepeceKaeT
TJIaBHYI0 ONTHYECKYIO OCh JIMH3bI Ha J[BOITHOM (POKYCHOM paccTo-
gann. Ecanm ke JMH3a paccemBalonias, TO TOYKY JBOWHOTO (POKY-
ca 1epeceuer BooGpaskaeMoe NpojoJrkenue jyda. OTKIaabBaeM
Ha IJIABHBIX ONTUYECKUX OCSX KaK/OI JIMH3bI J[BOIHBIE (OKYyC-
Hble paccrosuus. Jlyu, maymuii depes aBoiiHBIE (POKYCHI, JesKa-
mue BHyTpH o6aactn ACB, moiifer oTHocuTeabHO Toukn C gaib-
1€ ONTHYECKUX IIEHTPOB JINH3. JTO COOTBETCTBYET coOUpalolieit
smnze. Jlyu, maymuii yepes aBoiiHble (OKYCBHI, JiexKalle cHapy-
sxu obsmact ACB, moiiier oTHOCHTEbHO TOUKN C OJIMKE OINTH-
YeCKHUX IEHTPOB JMH3. JTO COOTBETCTBYET PacCemBalomIeil JIMH3e.
IIycrp atu syun nepecekaior mnockoctu Jaun3 CA u CB B Toukax
Ay, B u Ay, B, . OtknagsiBast or 1meHTpa C OTPE3KU IJIMHOIM
CB, , Mbl BOCCTAaHOBHM TOYKH, 4epe3 KOTOPbIE TPOHAET MCKOMBIIT
JIyd, ecsiu JinH3bI cobuparonme. Ecim orkiaasBarh ot mentpa C
orpesxu junHoit CB,, Mbl BOCCTAaHOBUM TOYKH, uepe3 KOTOpPbIe
MIPOIiIET MCKOMBIN JIy4, ecJIM JIMH3bI paccenBaromiue. Y 6eskaaemM-
cst, 9TO B 060UX CJIydyasix Jiyd IPOXOJUT CKBO3b JuH3y (ee paju-
yc pasen D /2).

Tenepb mpeaonokuM, 4To AaHHblil pokyc F oTHOCUTCS K Ipa-
BOIl JIMH3e. BPITONHUB BCce TTOCTPOEHUST aHAJIOTHYHO paHee pac-
CMOTPEHHOMY CJIydato, y6exjaeMcs, uTo JIyd HPOHAeT MUMO JIMH-
3p1 (Ha paccrosunn, GoapieM ee pamuyca D /2).

Wrax, Bo3MOXHBI /iBa BapuanTa. JIMH3bI MOTYT ObITH cOOHMpaIo-
mMUMHI 1 paccenBamomumu, Goxryc F IpuHA/IeKUT JIeBOW JMH3e.
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LI MEXKAYHAPOOAHASA MATEMATUYECKAS
OJIMMIMNNALA

1 (A.Kaamoimun). Tlyers D — Touka nepeceuenus npsaMbix BJ u
KM. Vcnonb3yst kacaHue okpyskHoctu, umeem JK AB,

JL AC, JM BC . 3amernm, uto toukn A, K, J, L nexar
Ha oxnoit okpyxknoctn Q (¢ amamerpom AJ). [pambie BJ u CJ
saBJigercs: BHemnumMu Ouccexkrpucamn yriioB ABC u ACB, a taxkxe
Cepe/IMHHbIMU TIepIeH/ Ky asipaMi K otpeakaM KM u LM coot-
BerctBeHHO. ITostoskuB /BAC =o., LCBA =03, LZACB =€,

nmeeM /JBC = i ;B , £JCB = %€ W3 tpeyromsuuka JBC
B+<€

naxoqum £ZBJC = = a 13 IPAMOYTOJBHOTO TPEYTOJIbHUKA

JGD: ZJGD = g -4BJC = % . VI3 cumMeTpun OTHOCHUTEBHO

npsvoit CJ: ZJGL = ZJGM = % , otkyna ZKGL = ZJGL +

+4]GM:9+9:0L.

2 2
Tax xax Z/KGL = ZKAL = o., To Toukn A, K, L, G nexat Ha
OJHOIT OKpyskHOCTH, T.e. G JeXUT Ha OKpyskHOCTH Q. OTCiona
LAG] = ZALJ =90° . Tloayuaem, uto B Tpeyrosapuuke ACT
npsimast CG siBJisietcsi BbICOTOI 1 OuccekTpucoii. 3uaunt, AC =
=CT, n CG — cepeiMHHbIil nepnenukyasp k orpesky AT. U3
cumMerpun otHocuTebHO CG mmeem JT = JA.
IloBTOpsiga atu paccyskjaenus ajs Touek F u S, noayuaem JS =
=JA, a snauur, JT = JS. B paBuoGenpenrom tpeyrosibuuke JST
npsamas JM sBisgeTcs BBICOTOI, a CJaeloBaTeIbHO, U MeIUaHOI,
T.e. SM = TM, uto u Tpe6OBATIOCH 0KA3aTh.

1 1

1
2. Tlo HEpaBEeHCTBY O CPEHUX ISt Rk duces U1 R

a;, uMeeM

b + b +..+ b +a
I+ _ k=1 k-1 "~ k-1 *
k k
% kF
orryaa (1+a,) 2 Wak , IPHYEM HEPABEHCTBO 06palaer-
Cs1 B PaBEHCTBO JIWIID MU ), = 1
TlepeMHOKUB MOJIyYUBIIHECST HepaBeHCTBa st k = 2, 3, ..., n,
TTOJTyYIM
P 2 3 n
(+a) (1+a) ...(1+a,) 22—1"3—2" . °n71a2a3...an =n"
1 2 (7’1 _ 1)71—

Ocraercst TIOHSTD, YTO /I0OKA3aHHOE HEPABEHCTBO He ofpaiiaercs B
PaBEHCTBO. B mpoTuBHOM ciy4ae, Kak OBLIO OTMEUYEHO,

a, = ﬁ st Beex k=2, 3, ..., n. Ho torna a,as...a, <1, 4ro
MIPOTHBOPEYUT YCJIOBHIO.

3. Buavase nepedopMyMpyeM yCJIOBHE CJEAYIOMNM 06pas3oM.
CuntaeM, 4T0 UTPOK B 3a ofuH BOMPOC pa3OMBAET MHOKECTBO

T =1{1,2, ..., N} Ha 1Ba HenepeceKkaomuxcs MnoAMHoxxkecTsa S u
S, a urpok A CBOMM OTBETOM omMmeuaem TO U3 HOAMHOMKECTB S 1
S, B KOTOPOM, COIJIACHO €ro OTBETY, He JleKum 3araJJaHHoe YhC-
70 x. Bce ymcsia orMeueHHOTO TIOMHOKECTBA HA3bIBaeM OTMeueH-
HpiMu yrcaamu. Ecau oo u3 uncen y e T Gyper orMedeHo B k
+ 1 mocJjeoBaTe/IbHBIX OTBETaX, TO X # ¥ , TaK KaK XOTs Obl
OJINH M3 THX OTBETOB JI0OJUKEH GBITH TpaBauBbiM. Haobopor,
ecJ K HEKOTOPOMY MOMEHTY OKa3aJoCh, YTO HU OJTHO U3 YUCEJI
MHOkecTBa T He GbLIO OTMeYeHO B kB + 1 mocieoBareibHbIX OT-
BETax, TO X MOXeET ObITh PaBHBIM JIOOOMY W3 YHCET MHOXKECTBA
T. JleficTBUTeIBHO, X MOXKET PaBHATbCA jaHHOMYy y € T, ecan
MPaBANBBIMEU OBLIN B TOYHOCTH BCE T€ OTBETHI, B KOTOPBIX ¥ He
OBbLT OTMEYEH.

1 (A.Mamywxun). Tokaxem, uto ecim N > 2k, TOo B cMokeT
Urpath Tak, 4To0bl Kakoe-10 uncao y € {1,2,..., N} crano orme-
yeno B k + 1 mocsegoBarebibix orBetax. Ilocse aroro, 3nas,
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4yro Yy # X, urpok B dakruuecku npogoskut urpy ¢ N — 1 guc-
nom. Tak 6ymeM «y6upath» umcIa, TIOKa X He octanercs 2% .
Iycrb B paspemut T na muoskectBa Xy n X, Tak, 4to

|Xo| = 2k (snecp n panee |C| osnauaer kommecTBo s1eMenToB
muoskectBa C), u Gyjer noBTopsATh Bonpoc mpo Xy u X, . Ecau
urpox A ormeuaer k + 1 pas moAPAL MHOKECTBO X, , TO X Ha-
BepHska B MHOKecTBe X (1 Moxuno mosoxuts X = X, ). Una-
ye PacCMOTPUM BOIIPOC, B KOTOpoM Hrpok A ormeuaer X, . Cue-
JIYIOLIIM BOIIPOCOM CIIPAIIMBAECM IIPO MHOXKeCTBA Y u Y, , Te
\Y]\ =2" u Y, e X,. Ecuu urpox A orMedaer MHOKeCTBO Y],
10 momoxnM Xy =Y . Unaue noxoxnM X, = ¥, N X, . B moGom
cJIydae Mbl TIOJIy4H/IH MHOXKECTBO X Takoe, uto |Xi| = 2kt
BCe YHCJIA U3 MHOXECTBA X; OTMEYEHBI y’Ke B JIByX BOIIPOCAX
noapsia. Ipogoskaem nasee. Boibupaem Y, ® X| Takoe, 4to
\Yz\ = gk-2 , M CJIEYIONIHI BONPOC 3a/aeM 1Ipo Yy U 72 B 3aBu-
CHMOCTH OT OTBETa Mrpoka A ompesessieM MHOKeCTBO X, (pas-
noe 6o Yy, mbo Y, N X,) taxoe, uto |X,| = 2Ky Bee uncna
13 MHOXeCTBa X, OTMEUEHbI YK€ B TPeX BOIPOCAX IO,
ITycts B mpopo/pkuT Takyio cepuio u3 R Bompocos. Ilo oxoHua-
HUW €e Mbl IMeeM MHOXKeCTBO X, , cozepsKaliee POBHO OJ[HO UHC-
10 (|X,|=2° =1), npuuen s10 unc10 orMEUEHO YKE B K + 1
BOTIPOCAX HOAPSI.

2 (/I.Kmoes). Ilyctb A Boibpan N = [1,99k] +2, rae k — pocra-
To4HO GoJsbioe (HACKOIBKO 60JbInoe, GyAeT BUAHO U3 TOC/IE/IHE-
ro a6zama pemrenns). /locTaTouHo MOKas3aTh, 4TO A CMOXKeT Ur-
patb Tak, 4To6bl HUKOT/Ia HU OJ{HO M3 4nces MHOXecTBa 1 He
6bLI0 OTMEYeHO B R + 1 1ocJsie/loBaTeIbHbIX OTBETAX.

Jlist kaskjioro ancia y € T 1 HOMepa Bompoca i mycts a; (y)
0603HaYaET KOJIMIECTBO BOIPOCOB MOAPAA 10 i-ro Bompoca (e
BKJIIOYAst i-ii BOIPOC), B KOTOPBIX y Gbla oTMeueH (BO3MOKHO,

a; (y) =0, B YaCTHOCTH ¢, (y) =( ). JIasg KaKJI0TrO MOMHOMKe-

crea Ko T nonoxum b; (K) = f 1, 995%() ; IUIsT KPATKOCTH T10-
yeK
noxuM b; = b; (T) . TlokaskeM, 4TO UrPOK A MOXKET OTBEYATb TaK,

qTOGBI /IS BeeX i umco b; Gbiio mempime wem 1,995% . Torma
At kaskgoro i u y € T Oynem umers a; (y) < k , u, 3Ha4uT ¥ He
ObLIO OTMEYeHO k pa3 mo/psiI.

IIpnm i = 1 mmeem b = N <1, 995 . IIpeanonoxum, uTo

b <1, 995* | u paccmotpuM i-it Bonpoc. [Tokaskem, 4Tto oTBeT Ha

Hero MoxkeT GBITh TakwuM, 4To b4 <1, 995" . ITyctb urpok B Ha
i-M Bompoce pas6ma MHokecTBO T Ha MHOXecTBa S 1 S . Bes or-
paHuyeHns o6uHoCTH Gy/IeM CUMTaTh, YTO b (S ) 2 b (3’) (Tax
kak b; (S)+b; (3) =b;, 210 O3HAUAET, UTO b; (E) <b; /2. Iycrp
CBOMM OTBETOM Ha i-if BOIPOC UIPOK A OTMETUT MHOKECTBO S.
Torna nist ye S umeem a;,(y)=0, a s ye S umeem
aiq (y)=a; (y)+1. Takum o6pasom,
bisy = byt (S) + by (S) =[] +1,995b; (S) .

Ecmm b; <1, 955", 10

by = |S]+1,995b; (S) < 1,995b; (S) +1,995b; (S ) = 1,995b; ,

otkyna by, <1,995%, uro u tpeGyercs.
Iycrs Teneps b; > 1,995 . Torza

bisy =S| +1,955b; (E) < N +1,995b,/2 =
= N +b; —0,0025b, < 1,99% + 2 +b; —0,0025 °1,995*" .

ﬂ]IH BCEX JOCTAaTOYHO 60JIbI_HI/IX k BDBITIOJTHEHO
1,99% + 2 < 0,0025 °1,995%" |

a 3HAYWUT,
by < b, <1,995%

1

4TO U TpeGyeTcs.
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4 (M.TIpuzopves).
/0, x=2n,

. 2
Omeem: f(x)=tx", f(x):it, =i,
/0, x=4n,
f(x)=7t, x=2n+1, r1ac teZ.
T4t, x=4n+2,

ITycrp f — He paBHAsi TOKAECTBEHHO HYJIO (DYHKIS, yIOBJIETBO-
pAomas JaHHOMY PaBEHCTBY

f(a) +f O +1 () =2f (a)f (b)+2 (b)[ (c)+2f (c)f (a)- (1)

Toncrasasia B (1) a = b = ¢ = 0, umeem Sf(O)2 =6f (O)2 , OTKY-

za [(0)=0. danee, moacrasus 8 (1) a = 0, ¢ = —b, umeeM

0+ (b +F(=b)* =0+2f (b)f (~b) +0, orxyna (f (b))~ (-b))’ =
=0, a suauur, f(-b)=f(b) npu Bcex beZ, r.e. [ — uernas
dyuxmus.

[Mocmorpum Ha (1) Kak Ha KBajpaTHOE ypaBHEHHE OTHOCUTETHHO

f(c) (3mech a n b — mpousBoJIbHbIE TeNIbIE, ¢ =—a —b):

(e =2(f(@)+F(B))f () +(f (@)= (b)) =0 . Pemas ero, no-

JIy9uM, 4TO

f(e)=F(a)+[(b)+2f(a)f (D). (2)
Tak kax [ (x) npunumaer uesste suavenusi, o [ (a)f (b) sBus-
€Tcsl TOYHBIM KBaJpaToM.
3adukcnpyem Hekoropoe a € Z , st koroporo [ (a) # 0 . Ilpen-
crasuM [ (a) B BUZIE ks?, rae +k PAaBHO IPOM3BEACHUIO BCEX

NPOCTBIX rice, KOTOpble cofepxKarcsi B pasnoxenun |f (a)| B me-
ueTHOl crenenu. Pacemorpum npoussobhoe b e Z . Ecan
f(b)=0, o nonoxknm f(b) = k-0%; unaue samuiieM pasioxe-
nne f(b), ananoruunoe pasnoxenuo f(a): f(b) = ksi. Uro6bt
npoussenenme [ (a)f (b) = kk (ss;)° 6bi0 ToUHBIM KBaApaTOM,
HEoGX0AMMO, UTOGbI R 1k GbLIM OJHOTO 3HAKA U COAEPKAIN B
PA3JIOKEHUH OJIHU U TE K€ MIPOCTble MHOKUTEJN, T.€. kR = Ry .
Urak, f(b) = ks{. Vnaue rosops, Mbl IpejcTaBuI [ B BUje
f(x)= kg(xz) , re k — QuKkcupoBaHHOE HEHYJIEBOE IEJI0E YUC-
J0. Tax xak f — dernast pyukumst u [ (0) =0, T0 g MOXKHO cun-
TaTb 4eTHOH (yHKIMell, IpUHUMAIONIell HeoTpHUIaTeJbHble 3Haue-
uus, npudeM ¢ (0) = 0 . Iloxcrasus Boipaxenue f yepes g B (2),
umMeeM

kg (e =k(9(a)’ +g(b) +29(a)g (b)) = k(g () £ (b))’
g(c)=lg(a)£g(b).

Jlas mo6eix b, ¢ € Z momaraeM a = —b — ¢ U ¢ yueTOM
g(=b—c)=g(b+c) nomyuaem

lg(b+c)£g(b)=9g(c). (3)
Iycrs g(1)=120. Corxacro (3),

9(2)20, To anst ¢g(2) umerorest aBe Bosmoxknocru: 1) ¢g(2) =0

g(2)il‘=l, 1 Tak Kak

wit 2) g(2) =21 Ecm g(2) = 2I, o u3 (3) nonyuaem

‘g (3) + 21‘ =1 . Tak Kax g(3) > (0, cHOBa MMeeM J[Be BO3MOKHOC-
iz 2.1) ¢(3) =3l mwm 2.2) ¢(3) = 1.

1) Hycrs g(2) = 0. Tpegnonaras, uto g(2n—-1)=1,

g(2n) =0, mokaxem, moabsysics (3), uro g(2n+1)=1,
g(2n+2)=0 (rak xax At n = 1 IPEAIIOIOKEHIE BEPHO, OTCIO-

na GyJer cJefoBaTh IepHOANYHOCTD ¢ C HepUOJOM 2 Ha MHOXKe-
crBe N H, B Cujly 4eTHOCTH ¢, Ha MHOecTBe Z ). B camom

aele, |g(2n+1)| =|g(2n+1) +g(2n)|=g(1) =1, orxyaa (c yue-
oM g(2n+1)20) g(2n+1)=1; g(2n+2)‘:‘g(2n+2)i

+g(2n)=9g(2)=0, orkyma g(2n+2)=0.
2.1) B arom cayuae unayknmeii mo 7 ¢ 6asoit nugykiun n = 1, 2,
3 noxaxewm, uro ¢g(n)=nl upu Bcex ne N . Bossmem 724 u
upepnonoxum, uro g(k) =kl pnia k=1, 2, ..., n — 1. Toraa,
ucnosn3ys (3), nomyuaem ‘g(n) i(n—1)l‘ =1, snauut, g(n) =
=nl m6o g(n)=(n-2)l. Hanee, |g(n) tg(n —2)| =21,
lg(n) £(n—2)l| =20 . Tax xax (n—2)[22] u g(n)20, 10
g(n) =nl mbo g(n)=(n-4)I. Ocraercst 0fHA BO3MOKXHOCTD:
g(n) =nl
2.2) Ipeanoaaras, uro g(4n—-4)=0, g(4n-3)=g(4n-1)=1,
g(4n —2) =21 , poraxem, nossysico (3), uro g(4n) =0,
gldn+1)=g(4n+3)=1, g(4n+2)=20. lasa n = 1 npeanoJo-
JKEHHE BEPHO, M MbI MOJIYYHM, YTO ¢ NIEPHOJMYHA C TIEPHOIOM 4.
Uneenm |g(4n) 1| =|g(4n) £ g(4n—1)| = g(1) =1, orxyma g(4n)=
=0 mbo g(4n) = 2L Janee, |g(4n) £2I| =|g(4n) + g (4n-2)| =
=g(2) =2, orkypa g(4n) =0 mmbo g(4n) = 4l. Epuncrsen-
HbI BO3MOKHBIH Bapuant: g (4n) = 0. Mmeem

lg(4n +1) =|g(n+1)£g(4n) = g(1) =1 = g(4n+1)=1;

|lg(4n+2) =g (4n+2) £ g(4n) = g(2) = 20 = g(4n +2) = 2 ;

|lg(4n+3)| =g (4n+3) £ g(4n)|= g(3) =l = g(4n+3) =1 .

Mbr PaccMOTpeJin BCE BO3MOKHOCTH JIJIA q)yHK]_II/II/I g, KOTOpbIE
COOTBETCTBEHHO HPUBOJAT K Ll)yHKLII/ISIM f BHU/1a:

H f(x):{o, x = 2n,

t, x=2n+1,
2.1 f(x)=ta?;

0, x=dn,
2.2) f(x)=4t, x=2n+]
4, x =4n+2.

HernocpezictBennast mpoBepka MOKa3bIBAET, 4TO BCE TP Haii/leH-

Hble Cepuu YI0BJAeTBOPsoT ypasHeruto (1). MDyHKIus, TOX/1e-

cTBeHHO paBHas 0, BXOAUT B JIIOOYIO M3 TPeX HAii/ICHHBIX CEPHIl.

5 (1.Kpauyn). Ilycrb 4 — OKPYKHOCTb € HEHTPOM A, MPOXo-

aamag yepe3 Touky C. V3 ycuoBus ciemyer, 4To Todka L JI€XHUT

HA OKPY’KHOCTH O, . AHAJOTHMYHO, TyCTb ®p — OKPY’KHOCTH C

neHTpoM B, npoxozsmas uyepes touku C u K. Ilycrb npsmas BL

BTOPHYHO TIepecekaeT ®, B Touke P, a mpamasg AK BTOPHUYHO Tie-

pecekaer ®g B Touke Q. 3aMeTnM, 4TO Tak Kak ZACB =90°,

T0 CB n CA gBJsioTcsl KacateJbHbIMU K W, U ®Op , IPOBEJIEH-

HbIMU B Touke C.

Ilycts E — Bropas (orsmunasg or C) TouKa nepecevyenus OKpPysK-

Hocteil ®, n g . Ouesuano, E aexur va npsamoit CD (E cum-

MerpuuHa Touke C OTHOCUTEJIBHO NPAMOil AB).

Jlasiee MHOTOKPATHO HCIIOJIb3YeM TEOPEMY O MPOM3BEICHUU OTPE3-

KoB cekymmx. Mmeem BK? = BC? = BL-BP, orkyna

BL BK

BK " BP - 3uaunt, ABLK ~ ABKP , t.e. ZLKM = ZLPK .

Ananornuno nosayvaem, yro LKLM = ZKQL .

[anee, LX - XP=CX -CE n KX-XQ=CX -CE, orkyna

LX - XP =KX XQ . 3naunt, yerpipexyroapank KLQP — Bru-

caHHbIN, U, caepoBarenbno, LLPK = ZKQL . OkoHuYaTe bHO,

ZLKM = ZLPK = ZKQL = ZKLM , T.e. B TpeyroJibHIKe

MKL cropoubt MK w ML paBubI, 4TO ¥ TPeGOBAJIOCH JA0KA3aTh.

6 (JI.Illa6anoe).

Omeem: n =4k +1, n =4k + 2, rne k>0 — neuoe.

TTocnie mpuBeseHust K o6IeMy 3HAMEHATENIO BTOPOE PABEHCTBO
1-3% +2.3% + 403

3t
JIble HEOTpPHUIATeIbHbIEe unchaa. [Ipu n = 4k + 3 win n = 4k + 4 B

TPUHUMAET BU/]L =1, rue b, ut— ne



94 KBAHT -

yucsmurese apo6u poBHO 2k + 2 HeweTHbIX caaraeMbix (Kaskgoe
BTOPOE CJIaTaeMoe 4€THO). 3HAYUT, YUCAUTEND APOOU — YETHOE
YIICJI0, a 3HAMEHATEJSb — HEYETHOE, MM0ITOMY IPO0b He MOKET
paBuaTbes 1.

Ipu n = 4k + 1, n = 4k + 2 npuBeseM UHIYKTUBHOE MOCTPOEHIE
npuMepa. g yzno6cTBa MO3BOMM cebe 3aliChIBATh BBIPASKEHUS
1
P

HYIO TIOCJIE/IOBATENBHOCTD (dy, dy, ...) TaKyl, 9TO KOKIOE «;
6O PaBHO oo , JTUOGO PABHO IIEJIOMY HEOTPHUIATETBHOMY YHCJIY
(B TakoM ciyuae [HIIEM ¢; < oo ), IPUYEM, HAUMHAS C HEKOTOPO-
rO HOMepa, BCE YJIEHBI 9TOIH 10C/Ie/J0BATEJbHOCTH PAaBHBI oo . Ta-
KYIO [OCJIE/[OBATEIbHOCTD HA30BEM N00X00swell, ecaun cyMMa

n noJiarast ux pasupimu 0. PaccmarpuBaem Geckoneu-

o 7

Sy = 2{2% paha 1 u cymma S3 = 2;3% pasna 1. Ilogxonsa-
i= i=

IIYI0 HOCJIe/I0BATENbHOCTD HA30BEM N-nodxodsuwiell, ecan

ay, Ay, ..., Ay <o W A, =d,,H=..=0c  Torga nepedopmy.m-

pyeM Hally IieJib TaK: JUIs Kaxjoro n Bujia 4k + 1 n 4k + 2 nam

HYJKHO IOCTPOUTDH R-NOAXOJAILYIO 110CJ/1e/10BaTeJbHOCTDb.

Ham monazo6utcst nepecTpanBarh IIOCJIE0BATEIbHOCTH.

Onpegennm nepecmpoiixy tana (m, 2m) 1moCIe0BATENBHOCTH

(ay, ay, ...) Tak: ecam @,, = X <o, TO 3aMeHsIEM d,, W dy,, COOT-

BercTBeHHO Ha ¥ + 1 u x + 1. [Ipu Taxoii 3amene uaMeneHue cym-

1 1
Mbl S, paBHO pE= +W T =0, a u3mMeHenye cyMMpr S3
m 2m  m
paBHo 3x+1 + 3x+1 _37 =

OmnpezennM nepecmpoiiky THTA (m, 3m—t,3m+ t) mocJe1oBa-
TEJIbHOCTH (a1, a, ) TaK: €CM d,, = X <o 1

A3yt = A3,y = , TO 3aMEHSIEM d,, , d3,,_; , (3,,,; COOTBET-
crBeHHo Ha x + 1, x + 2, x + 2. Ilpu Takoii 3amene uameHenue

1 1 1 1

— =0, a n3MeHenne

cymMmMbl S, paBHO St Tyt e T

1 3m—-t 3m+t m

pr) +W+W_¥:O' Kak mb1 Bu-

cymMbl S3 paBHO
JleJT, HAIN TIEPECTPONKU He MEHSIOT 3HaveHuit cymm Sy u Sy
TToaToMy, BBITIOJTHSISI TIEPECTPOIKY MOIXO/SIIEN TTOCTeI0BATE b
HOCTH, MBI CHOBA MOJIYYUM TIOAXO/SIIYIO MOCTEI0BATETHHOCTD.
a) TTycrp mmeercst (12m — 3) -MOAXOAITAS TTOCACIOBATCIBHOCTD
(ay, ay, ...) . C Heil MOKHO MOC/IEAOBATENDHO CACAATH TIEPECTPOi-
ku (6m—1,12m-2), (6m,12m) u (4m,12m—1,12m +1), B pe-
sysbrare moyanM (12m + 1) -IIOAXOAAILYIO TIOCIe0BATEIBHOCTD.
6) Ilycrp umeercs (12m -1 1) -ITOJIXOAIIAS [T0CIE0BATENBHOCTD
(ay, ay, ...) . Tlokaxkem, Kak u3 Hee moyunts (12m — 3) -moaxons-
HIYIO MOCJIE0BATETHHOCTD.

IIpu m = 1 gocraToyHO TOC/E/I0BATEIbHO BBIIOJHUTD TIEPECTPON-
i (1, 2), (2, 3, 9), (2, 5, 7), (2, 4), (3, 6), (4, 8).

IIycrs m =2, Torpa 4m — 2 < 12m — 11, u, 30a4ut, a,,,_, <oo.
Bomousnstss nepectpoiikn (4m —2,12m —9,12m - 3) u

(4m -2,12m—-7,12m — 5) , I0OMBAaeMCsI TOTO, 4TO d; < oo JIJist
BceX HeuyeTHBIX 7 < 12m — 3. Ilocse 3Toro BBITIOJIHSEM ITOCJIEN0-
BaTeJbHO IIEPECTPONKH TUIIA (s, 2s) s s =6m— 5, 6m — 4,

6m — 3, 6m — 2 u nosyyaeMm TpedyeMoe.

Boinosasas nepexo/pt 6) u a), HaunHas ¢ 1-noaxozsmei noce-
JIOBATEJIbHOCTH (O, o0, oo, ), MOJIYYHUM 7-TIOAXO/AIINE TTOCJIe/[0BA-
TEJILHOCTU JIJISE BCEX 7, JAIONMX OCTaToK 1 mau 9 mpu gesneHun
Ha 12.

B) Ilycts nmeercst (12m —7) -noAXOASsIIAS IOCIE0BATEIBHOCTD
(ay, ay, ...) . Toraxkem, Kak u3 Hee motyunts (12m + 5) -moaxoas-
HIYIO TI0CJIe/OBATENbHOCTD. BBIMOJHSS TT0C/Ie/10BaTENbHO Tepe-
crpoiikn (4m, 12m —1,12m +1), (4m,12m -3,12m +3),

(4m, 12m —5,12m + 5) (3TO BO3MOXKHO, Tak Kak 4m < 12m — 7,
U, 3HAUNUT, d;,, < ) U 3aTe€M TEPECTPONKN THIIa (s, 23) JUIS S =
=6m — 3, 6m — 2, ..., 6m + 2, nonyuaem Tpedyemoe.
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Jlerko mpoBepuTH, 4TO (2, 1, 3, 4, 4, oo, oo, ) — 5-IIOXOIAMIAs
[0CJIEI0BATEIbHOCTD. BbBINOJHSAS Mepexo/ibl B), HAaUMHAs ¢ Hee
MOJIYYHM 7-TIOAXO/ISIINE TTOCJIe/IOBATEIbHOCTH JIJIST BCEX 72, JIato-
X OCTATOK > TPH JiesieHnu Ha 12,

Wrax, Mbl HAYYNINCH CTPOUTD N-TIOJXO/SIIIE TOCIEI0BATENBHOC-
™ JUId Bcex n Buzga 4k + 1.

r) Haxonen, (4k + 2)-noaxoxdiiasg 1nocJjae0BaTeIbHOCTb MOXKET
6biTh ostyuena us (4k + 1)-moaxopsueii mocae0BaTEIbHOCTH
nepecrpoiikoit (2k + 1, 4k + 2).

XL MEXXAYHAPOOHASA ®U3NYECKAS

ONIMMINMNALA
TEOPETUYECKUN TYP
3A0AHA T
) Yacrs A
1. 2z = % k= é ,

2. OnrumanbHas TPAeKTOPHS B KaKOI-TO TOUKe KacaeTcsl chepbl.

3. Umin = 3 ﬂ .
V 2

1. vp =23 M/c.
2. Touka Q HaxoauTCA B MeCTe, TJle CKOPOCTb BO3/lyXa B CHCTEME
KOOPJIMHAT CaMOJIeTa MaKCHMAJIbHA U PACCTOSIHUE MKy JIUHUSI-

MU TOKa MHHUMAJIBHO.
3. Uy =28 M/c .

Yacrb b

Yacrp B
1. BayTpu cBepxmpoBosiieil TpyOKH JUHAN MarHUTHOTO TIOJIS
ImapaJjije/JibHbl OCHU préKI/I, a CHapy’Xu OHM 3aMbIKAlOTCA, KaK 'y
COJIeHOW/1A.

@2 - 2
2.7--2 3 pois2et
2u,mr 8uom [
3AOAYA 2
Hacrp A
1. 7, S/SGd 2. O =4ne 3 29"
c Thax =3 . . O =dneyor . . =2 =
4pg 0P Prax £
Yacrb b

1. QO _ 27'580qrm;1x ) 2. q= qoe&’ e §= TEYN 3@ ]
© C \pyg

3A0AHA 3
0,17 7
1.n=38 2.ty = an 3. t,y=m 8(‘;m.
3€-3
i Q_BMRTOI i) 5 TZTO(E)
r3 T
1 3€-3
RTyr; \3e-4 RTyry \i-3€
6. 1 =y 03 , Ty =T, 7°3J :
£ rS(MmG) i 0(MmG

BbIBEOP MEPNOONYHOCTN,
MNEPNOONYHOCTDb BbIBOPA....
(cm. <Keanms No4)

1. Paccmorpum caywait 73 >0, T, >0, ocranpubie ciaydan pac-
CMaTPUBAIOTCST AHAJIOTHYHO. Bo3bMeM Takoe Iies10e OTpHIATe T b-
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T,
HOE 1, 9T0 N < -2 Vmeem nTy +T, <0 . MpI mokasaJsu, 410

PaBEHCTBO |nT1 + T2| = |nT1| + |T2| JIOJIZKHO BBIIOJTHATHCA I
6oro 1esoro n. PackpbiBag MOy/H, TIOTydaeM
-(nT, +T,) = -nT + T, .
Torpa T, = 0. TIporuBopeune.
3. Her.

JIIO-

IIpoBeaute paccysxienns, kak B pasjgese I, u nomyuyure paBeH-

creo al'*! :aT1+aT2—1,r11e a>0, a#1. Torga

(a" - 1)(aT2 —1) =0, uro neBozmoxkno st Ty #0 u T, #0 .

4. Ecom B3a1p pyHKImio n3 pasaena [V
0, ecsim x — He panuoHAJIbHOE, T.€. X & Q,
f(x)=11 ecm x =0,

n, ecqn x = tm/n, n,m € N; HOl(m;n) = 1,

TO TOT/ZIa B KauecTBe NePUOJNYEeCKOll (PyHKIUU, He OrpaHHuYeHHON

Ha JI060M MHTEPBaJIe, MOXKHO B3ATb (DYHKIIIIO

9(x) = £ ()~ (£ ~2).

HAIIEYATAHO

3. a) MoxHo.

[peacrasum x B Buge x = g(x)+h(x), rae g(x) — nepuoamaec-

kast Gyukuus ¢ nepuogom 1, a hi(x) — nepuogmndeckas QyHKuus

¢ nepuogom 2x . Torga anst f(x) mosyuaeM mpeacrabieHue
f(x)=x+sinx = g(x)+(h(x)+sinx) .

6) MosxHo.

Oyukuust f(x) =[x] =x—{x}, roe {x} — npobuas wacrs uncra

x, Oyzer nepuozgnueckoii ¢ mepuogom 1. Bosbmem dyukimn

g(x), h(x), uro6pI BBIMOMHSLIOCH PaBeHCTBO X = g (x)+/(x) .
Torga nomy4um npejcrasienue

[(x)=[x] =2 —{x} = (g (x) - {a}) + 2 (x).
6. MosHO.
Hpencrasum x = g(x)+h(x), ae g(x) — nepuoguueckas yu-
kuus ¢ nepuogom Tj, a h(x) — nepuopmueckast GpyHkuus ¢ me-
puogom T, mpuuem T; u T, mecomsmepumpr. Torga f(x) =
=a* =a% " tne a>0,a#1, ectp TpeJcTaBacHue QPYHK-
1M B BU/IE TIPOU3BE/ICHUS JBYX MEPHOANYECKUX (YHKIIHIA.
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Ne sxypuana  c.

Crarbu o maremarvike
Maremarnueckue MOJEIn HUHTEpHETa.

A. Patizopodckuil 4 12
O KopoBax, JIMHEHHOI ajare6pe U MHOTOMEPHDIX

npoctpanctsax. C./Jopuuenxo -6 11
IIpoctpancTso Lp U 3aMevaTe/IbHble TOYKHM TPEyroJib-

nuka. B.IIpomacos, B.Tuxomupos 2
Crenenn n u n -e crenenn. 1. Koxesnuxos,

B.Cendepos 1 9
YTo MOXKHO CJOXHUTD U3 KyOukos? B.Iopun 3 6
Crareu o ¢pusuke
K orkpsitiio 6o3ona Xurrca. B.Py6axos 3-6 2
Maiiksn Dapagyeit u poxaenne GU3MKHI TTOJS.

FO. Menuun 1 2
Ha Gepery oxeana HEIIO3HAHHOTO: HJLIIO3HS IIPOCTO-

to1. M.Kazanos 4 2
Ha Gepery oxeana HEMO3HAHHOTO: HJIJIIO3HS NTPOCTO-

o1 (OkoHuanne). M.Kazanoe 5-6 17
ITepo nruipt u Bosaymnblil noser. FO.Ycmiozun,

I'.Ycmiwoeuna 1 14
[Lranersr uubix 38e3x. B.Cypoun 2 12
CoxpaHeHne UMIyJIbca, ypaBHeHNe MeIepcKkoro n

Ganpku-pRamMiinr. A. Pubaxos 3 2
U3 ncropmmn Hayku
Mapuan CMOJYXOBCKUIT — BCECTOPOHHSIS JTUYHOCTD.

M. Henmey, 3 12
O Ttpex paborax Ditnmreitna 1905 roza.

B.Tuxomupos 2 20
3apa4yHuk «KBaHTa»
3agaun M2246 — M2285, 2253 — 12292 1—5-6
Pewenusa sagau M2229 — M2268, 12235 — ®2274 1 — 3-6
«KBaHT» A/151 MIAALNX LUKOJIbHUKOB
3agaun 1— 56
Koukypc numenn A.Il1.CaBuma «Marematuka 6-8» 1, 4, 5-6

No sxypuana c.
CTtatbuy NO MaTemMaTtTuke

Bceero smmb crenienu aBoiiku. WM. Axyauu 2 38
Kasuno «Bepubtit Bourpsiirs. B.Yduaposckuii 1 26
Mepcenec 3a tpemsa asepsamu. C./Jopuuenxo -6 38
Canderkn «Kpanta» n treopema Iludaropa.

M. Ilemxoea 3 26

Ctatbn no pusnke
Kapresuanckuii Bogosiasz — renepaiust P. A.Ilanos 2 37
Kode ¢ Mosokom, uim OnbIThI ¢ JaBJICHUEM.

A.Tumenes, C./leopsnunos. 4 26

Y Hac B rocrsix xypHan «KBaHTUK»

3amaua u3 «KBantnkas 3 48
Mouorsiit kode. A.Beponukos 4 28
Uro takoe «KBantuks 3 38
Kanevigockon «KsaHta»
MaTemMaTnka
Ananus undopManuu 2 32
Uyneca B KaJenaape 4 <
dunsnka
3akon Oma (coegHEHUS TPOBOAHIKOB) 1 32
3akon Oma (ssekTpuueckue mpu6opbI) 3 «
YacTuier u sipa -6 «
Llikona B «KeaHte»
MaTemMaTnka
[IBe OKPY’KHOCTH B TPEyTOJBHUKE, TPU OKPY>KHOCTH
B TpeyrosbHuke... A.baunkos, FO.baunkoe 2 45
Mauienbkas curma u 3ajauu ¢ Mmoxayaamu. A.Bbypos 1 36
MouyJib Bo Beeil kpace. B.Ioay6es -6 45
HemnpepoiBrocts B reomerpun. A. baunkoe 4 36
Paccrosinus wa npsimoit u He TOJIbKO. A. Baunkoe 3 30
dun3unka
Bonme6nas dopmyna, nan [[BUKeHNE CO CBI3SIMU.
E.Coxoz06 1 34

Wcropus ¢ kopombicaom. C./Jeopanunos 3 28
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Ne sxypuana

Kax Cryzment kaneabHbIil U3/1ydaTesb n300ped.
A.Cmacenrxo

«Ilorenrusy n «xuBasg cunas. A. Cmacenxo 3-

ITpesesibl TOYHOCTH «TOYHBIX» HayK. A.Cmacenxo — 3-

Y nuButenbublit yros najenusi. A.Cmacenxo 3-

S w

Dusnqeckmii QpaKynbTaTus

Jlpo6unka n maparror. A.Cmacenxo 4
Korga op6ura — asmic. B./[po3dos 3
IlepeMeHHbBIIT TOK U €r0 XapaKTePUCTUKU.

b.Myxywes 4
[Tysbipex n tepmosin. A.Cmacenxo 1
MaremaTuyeckmnii KpyXKoK
Basknast nemma. /. I1Tseno06 3-6
Bopo6bsimu 110 miytikam! A. [Toasmnckuil 2

Bb160p nMeprnoAnYHOCTH, TEPHOJANYHOCTD BBIGOPA ...
B.2Kypasaes, I1.Camoson 4
TFeomerpust kapauonbl. A.Axonsn 3
«JIxxokongay kak rpaduk dyuxiuu. J.IImeinzapy 3
Martematnyeckue Taiinpl nedatu 1naps Cosomona.

B.2Kypasaes, II.Camoson 1
O paspesaHun BBIILYKJIBIX MHOIOYTOJIbHHKOB.
A.3acnascxuil 3-6

Jlaboparopus «KBaHTa»
Kax ysuzerp narno Ilyaccona. H.Pocmosues,

A.Cedos 1
Hawm HabmoneHus
OnTudeckue sBJIeHUS B aBToOyce 2
ITbiieBast 6yps u... 3-6

lpaKkTukym abutypueHTa

MaTtemaTuka
Pemenne 3agau ET'D ¢ «uepnoro xona». U. Buicoyxuii 1

dusunka
JlBe mioxkuHbI 33/1a9 Ha 3aKkoH Oma. B./[po3dos 2
3ajia4n ¢ TOPUTHAMU U TIEPETOPOJIKAMHU.
A.Yepnoyyan 3
3aaun ¢ TOPMIHAME 1 TeperopoakamMu (OKoHYaHme).
A.Yepnoyuan 4
Ynapst. A.Yepnoyuan 1
Onumnuanb!
3akmountenbubiii aTanm XXXVIII Beepoccutickoit
OJIUMITHA/IBI [ITKOJIbHUKOB TI0 MaTeMaTHKe 3-6
3akmounTteabnblil atan XLVI Beepoccuiickoii
OJIUMITMA/IbI IKOJBHUKOB 110 (pu3mKe 3-6
Ns6pannbie 3aaun MOCKOBCKO# dusnuecKoit
OJINMITNA/IbI 4
WNs6pannbie 3amaun Cankr-IlerepOyprekoii
OJIUMITHA/IBI 110 MaTeMaTHKe 3

LIIT Mexaynapoatas MateMaTHaeckas oJuMnuaza  3-6

XX Mexaynapoanas oauMnunana «lMuresnnekryanb-
Hblit Mapadon»

XLIIT Mexaynapoanas ¢pusudeckas 0JUMINAAA 3-

LXXV MockoBckas MaTeMaTnieckas oJUMIINAIa

Ommvmuaza «Maxkesenn-2012»

Pernonampubrii atan XXXVIII Beepoccuiickoit
OJIUMITHA/IbI IIKOJBHUKOB 110 MaTeMaTHKe

Pernonampubrit atanmr XLVI Beepoccuiickoii
OJIUMITHA/IBI TIKOJBHUKOB 110 (PU3MKE

XXXIII Typuup ropofioB. 3ajaunl BECEHHETO Typa

XXXIII TypHup ropojioB. 3ajia4ii OCEHHETO Typa
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Urngopmayns
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3aounag mkoaa CYHIL HI'Y 3
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Ouepemroit rabop B B3MIII -6

Ham iyt

Emnte pa3 06 OIMCaHHBIX YeTBIPEXYTOJTbHIKAX 1

Kosnnekuymns ronosBosiomok

3abaBHble MSYN 1
Ksagpar B KoHBepre -6
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[Iatp TeTpaMuHO 3
Taiickasa rosoBoJioMKa 2
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Mammaa aHaJIN3upyeT 4
Pexopyinasg cxBaTka 3
DepaeBble CIOKETHI 2
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Kax 6bicTpee mamath? 1
Kax cocpenorountbes Ha Gery? 3-6
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IMMAXMATHAAd CTPAHUY KA

Byaer nv pasrapaHA
SATAIIKA MAXMAT?

B npomrom Homepe «KBanTtas MbL pac-
CKasaIH O JOCTIKEHHAX KOMITBIOTEpPOB B
aHa/H3e TIO3UIHI ¢ HeGOMBITIM YHCIOM
duryp (o nstu). [lpu yBemnyeHun Hx
YHC/Ia BO3HUKAIOT CEPbE3HbIE TEXHUYEC-
KHe TPY/JHOCTH, CBSI3aHHbBIE ¢ 06BEMOM
TmaMATH W GBICTpOZeiicTBHEM MANIMHEI,
HO OHH TOCTENIEHHO IIPE0O0JICBAIOTCS.

OcraHOBHMCA Ha HEKOTOPBIX ceMu(u-
TypHBIX okoHuamusix (¢ memkamu), B
aHaJM3e KOTOPBIX TIPEYCTIeJIH TIpoTpaM-
mucter Mapk Bypaxymxmit (CIIHA) n
Sixos Konosan (Poccus). C 2005 ropa,
o6mmasch APYr ¢ JAPYroM TO ckaiiny u
BJ'IEK']'pOHIlOﬁ mo4Te, OHH € MNOMOIIBID
KOMIIBIOTEPA MOMYYWIN DS BECbMa HH-
TEPECHBIX PE3YJ/IBTATOB, HEKOTOPbIE U3
HUX Ba)KHBI JIJISI TEODHH H MPAKTHKH,

Dep3sv u dee newxu npomue pepas u
newKy. IT0 OKOHYAHWE OTIHIAeTCS 60JIb-
mWOil CAOKHOCTBIO BBHAY NOABIKHOCTH
tepaseii n MHOrOYMCIEHHBIX MmaxoB. [
BBIMIPBIMIA C ABYMS TEMIKAMH TPOTHB
oaHOI pexopa cocrasuser 222 xoxa. Ho
¥ caabeifas CcropoHa Hepeako OGeper
BBepx (memrka oOKaswIBaeTCs CHIIbHEE
aByx), aieck pekopg 105 xozos (umeercs
B BU/Iy IEPEXO/] B BHIMTDAHHbIH MJIa /(i
anyumuas). Bor npumep (Jlorse — ITu-
xer, Joprmynz, 1995).

Bensie: 2a2, W4, Aa3, Ab2. Uep-
uble: ©g6, ¥Wg7, Aal.

IMosuims Bemrpana 3a 6essix. YepHbie
coirpaym 47... 2 £, npomyckasa Gesoro
xoposs Ha b3 m TeM caMBIM yckopAs
pasBasky. B xommenrapusix mpeanara-
soch 47... ¥ b7. Teneps HaiiTH BEIHIPHII
Ge3 sHAMIMIBION 6askl TPAKTHYECKH
HEBOBMOJKHO, HO OH €CTh, TIPHYEM CO-
crapser 93 xoma, U3 KOTOPBIX MHOTHE
€[IHHCTBEHHBIE,

Jladva u dee newxu npomue Aadvu u
newxy. DTO OKOHYAHHE YACTO BCTPEUALT-
cd HA TPAKTAKE W BOOJHE NOA CHIY
MIAXMATHCTY, TeM HE MeHee KOJIHYecTBO
omm60K, HEBEePHBIX OMNEHOK BesmKo. Pe-
KOpAbI BBIATPHIA 31ech 79 XOA0B B
ciaydae [BYX TIeleK MPOTHB ogHoil n 41
X0 — OfiHAa TIelKa NpPOTHB ABYX. Pac-
CMOTPUM /iBa TIPUMEPA M3 TIPAKTHKM.

KoMmbioTep yCTAHOBI, 9TO ATA TIO3H-
st (Muarep — [Mopruu, Benrpus, 1998)

=

unueiina. Oanako nocae 56. 2 g2 uep-
Hble TyT Xe omubauch — 56... 2 f82, uro
mpourpsisaeT B 44 xoma. Huusio gaBano
56...Bh5 wm 56...Bf6. 57. g4! Bh4
58.f3 Bh659. 2 g3 BEf660. Eb7 Le8
64. £2£2? O6e cTOpOHLI HIPAIOT HE OTH-
MAJBHO, @ STOT XOJi MPOCTO YIMYCKAaeT
no6exy, npaBuabho G6bumo 61. f4.
61... g f4] 62. g3 B f6? Ouepens uep-
HbIX omubarsesa — mocae 62... B ad (c4,
d4) omm po6usamich nuubeii. 63. f4, u
Gefible B3SIH BEPX.

Bensie: 2h3, Ba5, Aa2, Af4. Yep-
ubie: Rd6, B g8, Aal.

B oroit mosmmmm (Amang — Illupos,
Beiik-an-3ee, 2004) 6embie coirpammn 37.
5, 9o HO/KHO GBUIO MPUBECTH K HUYb-
eif, He MersteT fesa u 37. B :a7. MamuHa
JKe yKa3aJia TOHKHI Bearpemm: 37. B el
Bgh38. Hedl 2d539. 2h3! u T

Caon u dge newxu npomue ciomna u
newxu. JlerkodurypHble OKOHYAHNS TIPO-
nte dep3eBBIX U JafeiiHBIX, HO H 3/€Ch
eCTh 3a0aBHbIE IIPUMEDBI <HEIOHHMAHHS>
IIpu ofHOLBETHBIX CAOHAX pexopa — 78
xozos (aBe nemkn nporus omHoi) u 38
xozios (ofiHa MPOTHB ZBYX), TIPH pa3Ho-
IBeTHBIX 52 W 24 X0Aa COOTBETCTBEHHO.

Bense: ©2¢5, & ad, Aa3, Ad6. Yep-
mele: 216, L e6, Af4.

B pamnoii nosuimn (Kyssmun — Bya-
suc, Pura, 1979) weprbie urpanu T049HO —
68...f3169. & b5£2170. 2c6 Re5l71.
& fl, HO TYT HEOXXHIAHHO... CHAJNCH,
KoMIbioTep OCYAHJ TaKoe pelleHne —
71..2d41 72, a4 Dc4l 73. 47 L:ft
74. d8¥ + 2 e3 c npocroii Huubeit.

Beasie: 2al, & d6, aAh6. Uepnsie:
2b3, &d3, Ab4, Ach.

A B srom mooxkennn (Magapbries —
Ponrksan, Bearpaa, 1988) mocre 79...
& h7 Bapyr cramics Geaniel Manmna 651
Tak He mocryrmmaa: 80. fLe7 ©2¢3 81.
©a2! b3+ 82, 2a3 ©2¢253. &16 c5
84. L g7 c4 85. 2b4l 4L d3 86. h7l,
dopeupys uiranio — 86... & :h7 87. & :ed.

Caon u Ose newxu npomus KoHs
newxu. Pexopast Bomurpeima 87 u 27
XO[0B COOTBETCTBEHHO.

Konv u Ose newxu npomue xowsa u
newxy, BOT Kakyl0 YHHKAIBHYIO TWO3H-
nHi0 O0HapyXHI KoMmmbiooTep. Benble
spech BemrpoiBaoT B 110 xopoB.

Tpu newwu npomuu deyx newex. Ile-
IIeYHBIE OKOHYAHMS, KAK TPABHIO, TOA-
RAIOTCA TOYHOMY PacdeTy, OHAKO HeMa-

i
i

JI0 cuTyanui, koria 6e3 KOMIbIOTEPA HE
o6oittice. BoT pexopanas nmosmips.

@
A 8

8 a
a

Q

1. R¢2l 2e82.14 2173, 2d3 Qg6
4. ek 2165. 231 2g66. 2gheb
7. ©2g3! ©2g7 8. uf3l uf79. yed
@6 10. 2d3! g6 11. 2c4 2612,
©e3! 2g613. 2d3! 215 14. 2d4! h6
15. 2d3! g4 16, Re2! 2h5 17, ©f3!
©g6 18. Redl 216 19. 2d3! g6 20.
D4 26 21, Rc3l g6 22, 431 25
23. ©2d4l hS 24. 2d3! 2g4 25. Le2
©h3 26. 2f1] ©h4 27. 2 g2 g4 28.
©h2! ££529. 2h3 ©2g6 30. ed Lh7
31. 2h4l 2g6 32. f31 2 h6 33. £5! e5
34. 6! ©2g6 35. f7! c nobenoii.

Wccneporamm Konosan u Bypxymxwit
TAKXKE OKOHYaHus ¢hepsv u dee nezxue
puzypv npomue ghepas u aezxoi uzy-
pol, 1advs u 0se neeKkue uzypul npomus
nadvu unezkoi ueypot v np. U vaxowert,
oiuH cynepdaHTacTHYECKHH pe3yabTar
1S ceMH(HTYPHOTO OKOHYAHHS (hep3s U
KOHb mpomue Aadvu, cioHa u xous. C
MOMOIIBI) MAlIMHLI JOTOIIHBIE ITPOTPAM-
MHCTbI OOHAPYKUIH HACTOAIIET0 MOHCT-
pa — IMOSHIIMIO, B KOTOPOIi /IS BRIMTPHILIA
tpebyercsi 6onee S00(!) xonos, ToMBKO
toraa Gensrit epss zabupaer 4epHyio
nagso. Bpaa am y uuTatens XBATHT
TePIEHUs PasbITPHIBATH BCE STH NOMTHICS-
Y} XOJIOB, TIOSTOMY MBI HX H He IIPHBO/THM.

=

Q 2
W

Ha, ocTaercs TOMBKO YAMBIATHCA, YTO
TaKoe BO3MOXKHO B axMaTax. A Befib Ko-
HOBa/I i ByprkynKuii y>Ke B3s/HCh 32 BOCh-
MudUTypHbIE OKOHYAHHST, C TOMOTIBIO Ma-
IIMHBl YCTAHOBHIM, B YaCTHOCTH, 4TO B
0611eM C/1y4ae YeThIpe CIOHA CIIPABJISIOT-
€1 ¢ ABYMS TAJbAMH, XOTS /I BHIHTPhIIIA
myxHo Gombme 50 xozoB. Kro 3maer,
MOKeT OBITH, JIeT Yepes NATHACCAT AEJ0
poiier go 32 ¢uryp Ha JOCcKe, H 3arajika
mraxmar GyJieT MONHOCTIO pasrajaHal

E.Tux
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