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HAYYHO-NONYNAPHbLIA ®U3UKO-MATEMATUYECKUMW XXYPHAN




MHOTOFPAHHNK CAJTALLILLIA

Ecnu BHUMaTeNnbHO NOCMOTPETL Ha OObIYHbIN TETPAAP,

TO MOXXHO 3aMEeTUTb, UTO lobas ero rpaHb NmeeT obLyee
pebpo C Kaxkgown U3 ocTanbHbIX rpaHen. Ectb nu ewwe
MHOFOrpaHHUKN C Takum ceoncteom? OkasbiBaeTcs,

N3BECTEH TONbKO 0AuMH npumep. OH 6bin NnpuaymaH

B 1977 rogy BeHrepCkum matematukom Jlanowiem
Cwvnawwwn (Lajos Szilassi) ¥ nOTOMy HOCUT ero nms.

Y MHororpaHHuka Cunaluiwm 7 WwecTuyrosibHbiX FpaHen,

21 pebpo 1 14 BepLUUH.

(NMpoponxeHue Ha C. 26 BHYTPU XKypHana)
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JKCneprMeHTanbHaga dusmnka
BbICOKUX IHEPTUI

3.500C, 1.4¥4K0

OHUMAHUE YCTPOMCTBA OKPY KAIOIIIETO
MHUpa M CTPYKTYPbhI MaTePUH M3/aBHA TPUBJIEKAI0
YeJI0BeUeCKyI0 MbIC/b. JpeBHue ¢umocodnl pas-
BHUBaJINn yLIeHI/IH, HEKOTOPbIE M3 KOTOPBHIX BIIOJIHE HATTOMM-
HAIOT cOBpeMennbIe Bo3apenus. [Jemoxkput (V Bek 10 H.3.)
CTaJT OCHOBATEJIEM ATOMUCTUYECKOTO TT0/IX0/1a K CTPOEHUIO

Bewecmeo

CTpyKTyPa Matepum

MaTepUU U BBEJI TIOHSATHE aTOMa KaK ee HeJIeJMMON 9acTu-
11bI. MHOTO BEKOB CITyCTSI XUMUYECKIE OTIBITHI TO[TBEP/IH-
JIN CYTIIeCTBOBAHNE BEIECTB, He TIOJABEPIKEHHDIX JaTbHeli-
IIEMY PACIIETJIEHIIO METOJaMI XUMUYECKUX peakiuii. B
1860 romy Ha KOHTpecce XMMUKOB GbLIa TIPUHSTA KOHIIETI-
11T CTPOEHMS BEIECTBA U3 aTOMOB M MOJIEKY.I.

Clieiy oM KJII0YeBbIM 9TAlOM B TTOHUMAHUU CTPYK-
TYpPbI MaTepUU CTAJO CJIydallHOe OTKPBITHE SIBJICHUS pa-
nnoakTnBHOCTH AHTyaHoM bekkepenem B 1896 tomy m
moipoOHOe U3yveHne sToro spjeHus IIbepom m Mapueii
Kiopu. Crioco6HOCTh HEKOTOPBIX BEIECTB CIIOHTAHHO HC-
MTyCKaThb HEM3BECTHOE M3JyuyeHHe SBUJIOCh YKa3aHUEM Ha
COCTaBHYIO CTPYKTYpy aromoB. /lambueiiiiiiie uccienona-
HUSl [OKAa3aJi, 4TO CYIIEeCTBYET TPU OCHOBHBIX BU/A
€CTeCTBEHHON PaJIMOaKTUBHOCTH: O-pacia/l (MCIyCcKaioT-
CsI TSIKEJIbIe TOJIOKUTENbHO 3apsiKEeHHbIe YaCTUIBI —
saapa atoma reausi), P-pacnan (ucmyckaioTces Jierkue
3apSKEHHbIC YACTHI[BI — SJEKTPOHBI MM MO3UTPOHbBI) U
Y-pacman (n3nydaiorcs HeiTpaJbHbIE YacTHIBI — (OTO-
HBI).

[lepBast sseMeHTapHasi yacTuila — 2JEKTPOH — ObLiIa
otkpbita /[xko3edom Tomconom B 1897 roay B akcrepu-
MEHTaX [0 OTKJIOHEHHUSIM KATOAHBIX Jydeil B aJIeKTpryec-
KOM M MarHuTHOM T01gX. OHAKO MOJIMHHBIM HAaYaJIOM
COBpEMEHHOIT (PU3UKM 5T€EMEHTAPHDIX YACTUI] MOXKHO CUM-
TaTb oOmnbIThl OJpuecta Pesepdopaa m OTKpbITHE sApa
aroMa.

B 1911 roxy Pesepdop/ npoBoau ncceoBaHus pac-
CesTHUs O -4aCTHUI[ Ha TOHKOU 30JI0TOi1 (boJibre U BriepBble
OGHAPYSKHJI, YTO HEKOTOPDIE YACTHIIBI PACCEMBAIOTCS O/

HEOKM/IAHHO GOJIBITAME YIJIaMH, UTO CBUIETEIHCTBOBATIO
0 HAJTWMYNW BHYTPHU aTOMa OYeHb TJIOTHOW W MaJIeHbKOW
CTPYKTYPbBI, B KOTOPOW CKOHIEHTPUPOBAH BECh €T0 MOJO-
SKUTEJIbHBIN 37IeKTpuYecKnil 3apsa. [lasbHetme onbITh
TOKA3aJT, 4T0 5Ta 061acTh NMeet pasmep ropsiaka 1077 em
(1 ®m — ouH Gepmir). PesyibraTbl OMBITOB IIPOTHBOPE-

YIJIN CYIIECTBOBABIIIEl TOT/Ia MOJIEJIN aTOMa — KaK 00beK-
T C IPUMEPHO PABHOMEPHBIM paciipe/ie/ieHueM IJI0THOC-
TH U 3apsiia — ¥ TOTPe6OBAH TIEPECMOTPA TEOPETUIECKUX
MIPEJICTABJIEHUI O CTPYKTYpe Marepuu. JTH Pe3yJIbTaTbl
BMECTe C 9KCIIEPUMEHTAMHU 110 U3MEPEHUIO CTIIEKTPATBHBIX
JIMTHUI aTOMOB, CIIEKTPA M3JIyYeHUs] «aOGCOJIOTHO YepHO-
ro» Tesa u 1o usydenuio goroaddexra npusesn K Heob-
XOJMIMOCTH KBAaHTOBOTO OMMCAHWS MUKPOMUpa M CO3/a-
HUIO COOTBETCTBYIONEHl KBaHTOBOII Teopuu.

CoBpeMeHHBbIE METOIBI NCCJICIOBAHNS CTPYKTYPBI MaTe-
pUH TPUHIUIIAAIBHO MOXOKKU HA HKCIIEPUMEHTAJIbHBIE
METO/IbI, MCMOJb30BaHHbIe PesepdopaoM. DHEpruyHbIE
YACTHUIIBI PACCEUBAIOTCS B BEIIECTBE UJIM B [IOTOKE PYTUX
YACTHIL, U 110 KAPTUHE PACCESTHHBIX YACTHIL UJIH 10 TPOYK-
TaM CTOJIKHOBEHWI JIeJIaeTCs 3aK/aiouenne o6 X BHYTPeH-
Heit cTpykrype. OMHUM U3 OCHOBHBIX MPUHIIUIIOB TaKUX
UCCJIeIOBAHUN SIBJISIETCS TIPSMast CBSI3b 9HEPTUH CTOJKHO-
BEHMIT 1 MacITaba pacCTOSTHUI, KOTOPbIe MOYKHO N3YINTh
pH Takux sHepTusax. CooTHOIIeHNe HeolpeieaeHHOCTeH
TeiizenGepra
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3a/1a€T CBS3b MEXK/Iy HEOIpPe/Ie/IeHHOCTbIO U3MEPEHUs NM-
nyJibca Ap paccesiHHOI YacTHIbl U HEOIIPE/IeJIeHHOCTDIO B
usmepennn paccrosus Ar (3pecw it = h/(2T) — nocrosin-
Has [Lnanka). DTO COOTHOIIEHNUE JAAeT BEJIMIHHY TIPE/Ie/Ib-
HO MaJoro MacmTaba paccroauuit Az, , B IPHHIHAIE
JIOCTYTIHOTO JIJI1 NCCJICJOBAHNS B IIPOIIECCe PACCESHUSA, B
KOTOPOM MaKCHMaIbHO MOXKET OBITH MTOJIYIEH TTePEAAHHbIH



uMIyaec  Ap,.. - 1loCKONBKY TIpM BBICOKMX 3HEPTHSIX
SHEPTUsT YaCTUIbI HANPSMYIO CBSI3aHA C €€ MMITYJIbCOM:
E = pc, TO cooTHOIIEHNE HEonpe/eIeHHOCTel TPIHIMAeT

BUJ,

AE-ArZ%.

I[JIH KOJIMYECTBEHHOTO MMOHNMaHUA CBA3U MEK/Y MACIII-
TaboM SHEprun B3aUMO/IENCTBUST 1 Macirabamu paccTod-
HUM MOKHO KCIIOJIb30BAaTh U3BECTHOE COOTHOIIIEHNE MEXAYy
OHEPreTUYeCKUMMMU M IITPOCTPAHCTBEHHBIMU €/IMHUIIAMN

hc =200 MaB - ¢pm .

B npunsroii B ¢pusuke BbICOKUX 9HEPIUii CUCTEMe eJIMHUIL,
rae i =c =1, cCOOTHOIIEHIE MEXK/Y IHEPreTHYECKIMU 1
MMPOCTPAHCTBEHHBIMU €/INHUIIAMHA CTAHOBUTCS OYEHb IPO-
cTbiM. Torma JIerKO TMOHSATL, HANpuUMep, YTo Hambojee
MOTITHBIN Ha CETOMHSAIIHWI IeHb DoJbioit amapoHHDBIH
rosnaiinep (BAK), B KOTOPOM CTaJKHBAIOTCA TIPOTOHBI C
aneprueit mopsizka 10 TaB, mosBosiger nccaenosars sBJie-
HUSA U U3ydarTb CprKTy}gy MHIKpPOMHpa Ha Macmrabe
paccrosuuit opsiika 1077 cm.

Clie iy oM KJII0YeBbIM TOHATHEM B 9KCIIEPUMEHTAX T10
(pusuke s7IeMEHTAPHDBIX YACTUIL ABJISETCS MTOHATHE UHTCH-
CHUBHOCTH CTOJIKHOBeHMI. Ha coBpeMeHHBIX yCKOPUTEISAX
IIyYKH YaCTUIl, Pa3TOHSAEMbIX /|0 OY€Hb BBICOKMX dHEPIUil
" JI0 CKOPOCTEN, GJU3KNX K CKOPOCTH CBETa, COCTOSIT M3
YyacTHIll, COOPAaHHBIX B CIYCTKH, Ha3bIBaeMble OaHUaAMHU.
Kaxxp1it Takoil cTyCcTOK XapaKkTepu3yeTrcst KOJMYeCTBOM B
HEM YaCTHIl, TTPOJIOJBHON [VIMHON CTYCTKA ¥ TIJIOMIA/IBIO
€T0 TIONEPEYHOTO cedeHusl. KoJm4ecTBO CryCTKOB, TIPO-
MIEeINUX TOYKY CTOJKHOBEHUS 3a OTpeeIEHHOE BpeMs,
OTIPE/ICTIACTCS TPOU3BECHNEM YACTOTDI CJICTOBAHUS CTYC-
TKOB Ha 3TOT MHTEPBAJI BPEMEHU. HTEeHCUBHOCTD CTOJIK-
HOBEHHWIi, B CJlydyae BCTPEUHBIX ITYYKOB Ha KoJLIalijepax
Ha3bIBaeMasi CBETUMOCTBIO, OIIPE/IEISETCS KaK KOJTMYECTBO
CTOJIKHOBEHUH, MPOUCXOJANNX 34 OJHY CEKYH/Y Ha OJI-
HOM KBa/IPATHOM CAaHTHMETPE TIJIOA 1 TIOTTIEPEYHOTO ceve-
Hust. COOTBETCTBEHHO, 4eM GOJIbIIe YACTHUIL HAXOIUTCS B
CTAJTKUBAIONIUXCS CTYCTKAX, 4YeM OGOJIbIIlEe YacToTa WX
cJIe[IOBaHMUSI, a 3HAYUT, W YacCTOTa CTOJKHOBEHWH, 4YeM
MEHbIIIE TOTepeYHas TIOMAAb CTYCTKa, TeM OOJIbIIel
6y/1eT THTEHCUBHOCTD (MM CBETUMOCTD ) CTOJKHOBEHNH Ha
yCKopuTeJie U KoJaiaepe.

[Touemy Tak Ba’kHO MMETb BBICOKYIO CBETUMOCTL? Bce
MPOIIECCHI, TTPOXOJIAIINE B MUKPOMUDE, UMEIOT BEPOSTHO-
cTHYI0 TTpUpoay. IIpu cToIKHOBEeHUN YaCTHUIL T€ MJIU UHbIE
BO3MOJKHbBIE TIPOIECCHI, TPUBOJIAIINE K POXK/IEHUIO WJIH
YHUYTOXKEHUIO YaCTHUL], IIPOUCXO/AT ¢ HEKOTOPbIMU BEpo-
araoctsaMu. Hampumep, co6bITHS ¢ paccessHueM YCKOpEeH-
HBIX TIPOTOHOB Ha SI/[Pe MUTIEHU 10/l PA3JTMYHBIMU YTIaAMU
UMETOT pasHble BeposTHOCTH. B ombite Pesepdopaa Hau-
60Jiee MTHTEPECHBIMU OBLIN PEIKNE COOBITHS PAaCCesTHUS Of -
YACTHIL TTO/T GOJBITUMHE YTJIAMU, TOT/IA KaK MOJIaBJISIONIee
6OJIbIJ_H/IHCTBO O -4aCTHUIL pacCenBaJINCD 1O MAaJIbIMU yria-
MM, T.€. C HE3HAYUTEJbHBIM OTKJIOHEHHUEM OT II€pPBOHA-
YaJIbHOTO HalTpaBJICHUA. Wubim CJIOBaM#, B 9TOM 9KCIIEPH-
MEHTE HCCJIeI0OBAIUCH COOBITUSA C MAJION BEPOSTHOCTDHIO,
MIO3TOMY JIJISI €T0 YCIIENIHOTO MTPOBE/ICHUS UCTOYHUK M3JTY-
YeHUsT O -9aCTHUI] JOJIKEH OBbLI MMETh JOCTATOYHO BBICO-
KYIO MHTEHCUBHOCTD, YTOOBI PE/IKIIE TIPOIIECCHI PACCESTHIIS

Ha GOJIBIITNE YTJBI MOTJH OBITh OOGHApY:KeHbI Ha (oHe
YACTBIX COOBITHI paccesTHUs] Ha MaJible YTJIbl. AHAJOTHY-
Has CUTyallls XapaKTepHa U /11 9KCIIEPUMEHTOB B (hu3nKe
3JIEMEHTAPHBIX YACTHII.

[l IpoBeieHns SKCIEPUMEHTOB 110 U3yUYE€HUIO MUKPO-
MHUpa CYIIECTBYET HECKOJbKO BO3MOXHBIX HCTOYHUKOB
SHEPTUYHBIX YacTuIl. [lepBbie sKCIIEPUMEHTHI OBLIH TIPOBE-
JIEHBI C UCITOJTb30BAHUEM BEMIECTB C €CTECTBEHHOW PaNo-
AKTUBHOCTBIO, KaK, HAIpUMEp, B YIOMSHYTOM OIIbITE
Pesepdopma. DHeprusi yacTwll, HU3JIy4aeMbIX H3 SIEP
aATOMOB TIPU €CTECTBEHHON Pa/IMOaKTUBHOCTH, MOKET J0C-
TUTATh eITHNUI] METa3JIEKTPOHBOJILT U COOTBETCTBYET dHEP-
UM TIEPEX0/Ia MEXKIY PA3JNYHBIMU SHEPTeTHIECKIUMU CO-
CTOSIHUSIME si/[pa WJIM Pa3HUlle B SHEPTUU CBsi3eil 1pu
U3MEHEHWH KOJIMYECTBA TPOTOHOB UJIU HEUTPOHOB B SI/IPE.
Takoit sHEprUM HEJOCTATOYHO JIJIS MCCJACTOBAHUS CTPYK-
TYpbl Marepuu Ha Macimtabax MeHbIle 107" M, uro
MIPUMEPHO COOTBETCTBYET PasMepy S/pa.

B 1912 rony Bukrop I'ecce OTKPBLT KOCMUUYECKHE JIyUn
B 9KCIIEPUMEHTAX C MOHU3AIIMOHHON KaMepoi, yCTaHOB-
JIEHHOW Ha BO3JAYNIHOM Iape. Bblio o6HApYKeHO, uYTO
WOHU3AINS BO3PACTAET MPU YBEJTMUYEHUN BBICOTBI TI0JIETA,
cJle/IoBaTeIbHO, HOHU3UPYIOIIee U3JydeHre MPUXOIUT 13
KOCMOCa, a He SIBJISIETCS €CTECTBEHHBIM Pa/IMOAKTHUBHBIM
orom 3emmm. Kak pesyabTar aTOrO OTKPBITHSI, CTAJO
MOHSITHO, YTO JIETSIHE U3 KOCMOCA BBICOKOIHEPTHUYHBIE
YACTUIIBI MOJKHO MCIIOJIb30BATh B UCCIENOBAHULX 110 (Pu-
3UKe 5JIeMeHTapHBIX YacTull. KocMuueckue ryqn mpenmy-
IIECTBEHHO COCTOSIT M3 IPOTOHOB, & TaKKe U3 HeGOBIIOTO
KosimvecTBa 6oJiee TSLKeNbIX s/aep. /lnanasoH ux sHeprui
JIOCTUTAET 10! I'sB, uTo HaMHOTrO BBINIE SHEPTUH, JOCTU-
SKUMOI Ha Ha3eMHbBIX yCTaHOBKaX. B akcnepumeHnrax c
KOCMUYECKUMHU JIy4aMu GbLIN OTKPBITHI TAKUE dJIeMEeHTap-
Hble yacTulpl, Kak nosutpon (1932 r.), moon (1937 r.),
mron (1947 r.). OCHOBHBIME HEZOCTATKAMM IPOBEACHUS
KCIEPUMEHTOB ¢ KOCMUYECKUMHU JTy4aMU SBJISETCS OTHO-
CUTEJNIbHO HU3Kas TOYHOCTH, OOYCJOBJEHHAS MaJol WH-
TEHCUBHOCTBIO TMOTOKOB KOCMHWYECKUX JIydel BBICOKUX
SHEPIUil.

Camas tounas wndopmaius 06 yCTPOUCTBE MUKPOMIE-
pa aJieMeHTapHBbIX YaCTUI[ U WX B3aMMOJEHCTBUI TOJIy-
YeHa B MHOTOYMCJICHHBIX JKCIIEPUMEHTAX Ha yCKOpHTe-
JIIX, B KOTOPBbIX pPa30THAHHbBIE YACTUIIBI WM sj[pa Ha-
MIPABJIAIOTCS HA MUMIEHU, OKPY’KEHHBIEC JEeTEeKTUPYIONIeH
anmaparypoit, 60 Ha KoJuIaiijiepax, Te YCKOPEHHbIe
MyYKW YaCTHI[ CTAJKUBAIOTCS MEXK/IY COOOW BHYTpHU Jie-
TEKTOPOB, TIO3BOJISTIONINX PETUCTPUPOBATH TPOYKTHI MX
B3anMozieiicTBuil. KutoueBoil mpwHITHT, Jexaiuii B oc-
HOBE BCEX YCKOPHUTEJIbHBIX JKCIIEPUMEHTOB, COCTOUT B
TOM, YTO 9JIEKTPUYECKOE T0JIe YCKOPSET 3apsiKeHHbIE
YaCTUIbl, a MArHUTHOE I0Jie MeHsSeT HalpaBJeHue UX
nBrskennst. [log6upast pasgndHbIe MapaMeTphl 2JIEeKTPH-
YECKOrO0 M MArHUTHOTO TIOJIed, MOKHO TIOCTPOUTb Pas-
JINYHDbIE CXEMbI IUKJINYECKOTO YCKOPEHUS 3apsiKeHHBIX
YacTUIl. IJIOXa YCKOPUTEJbHBIX 3KCIIEPUMEHTOB Haya-
gacb B 1931 roay ¢ nmkjorpona IJpuecra Jloypenca n
Muanrona Jlusunrcrona u renepatopa PoGepra Bau je
I'paadpa. C rtex mop mpopaGaTbIBAIMCh U CO3/IABATUCH
pasJInyHbIe CXEMbl YCKOPEHUS 3apsKEHHBIX YacTHll |
pasJinyHbIe YCKOPUTEIbHbIE YCTAaHOBKHU. B akcrepnmen-




4 KBAHT

TaxX Ha TUX YCTAHOBKAX OBLIO OTKPBITO MHOXKECTBO HO-
BBIX 3JIEMEHTAPHBIX YaCTHI[, YTO TPHUBEJO K HEOOXOH-
MOCTH TEOPETHYECKOTO MEPEOCMbBICJICHUS TI0JTyUYeHHBIX
Pe3yJIbTATOB.

B 1964 rogy Mioppeii 'essn-Mann n [lxopx seiir
MIPeIJIOKUIN KBAPKOBYIO MOJIE/b [IJIs1 OOBSICHEHUST HAKO-
nuBIKXCss (GPAKTOB B YCKOPUTEJIbHBIX IKCIIEPUMEHTAX U
IKCIEPUMEHTaX ¢ KOCMHYECKUMU JYYaMU MO POKICHUIO
6osbmoro kosmuectsa (mopsaka 100) HOBBIX CHJIBHO
B3aNMOJIEHICTBYIONINX YACTHUIL, TIOTYYUBIINX HA3BAHIE «a]l-
ponbl». /1719 onmcaHus BceX a[pOHHBIX COCTOSTHUI, N3Be-
CTHBIX B TO BpeMs, OKa3aJI0Ch JOCTATOUHO BBEJEHUS TPEX
kBapkoB: u (up), d (down) um s (strange). Hampumep,
XOPOIIIO U3BECTHBIE a/IPOHBI MPOTOH U HEHTPOH, M3 KOTO-
PBIX COCTOAT SPa OKPYSKAIONIMX HAC aTOMOB, 06Pa3yioT-
cs U3 TpeX KBapKoB: uud jis nporona u ddu mms
veilitpona. Kpome Toro, 4ro6bl MpaBUJIbHO OIKUCHIBATDH
CITMHBI U 3aps/ibl HAGII0IaeMbIX a/[POHOB, KBaPKHU J0JIK-
HBI UMeTh ¢l 1 /2 1 IpOOHBINA 2IEKTPUIECKH 3apsiT —
B eJMHUIAX 3apsja 2JEeKTPOHA 3apsi/l u-kBapka 2 /3,
3apsi d- u s-kBapkoB —1 /3 kaxkpiii. COOTBETCTBEHHO, U
MacChl U- U d-KBapKOB OKHUJAIHNCh Topsaka 1,3 Macchbl
mportoHa, T.e. okoso 300 MsB, a macca s-kBapka —
npumepro 500 MaB.

OnHaKo, ocJe OOHAPYKEHYS MOJOKUTENBbHO 1 OTPHIIA-
TEJTHHO 3aPSDKEHHDIX /IebTa-PE30HAHCOB, KBAPKOBDLIH CO-
CTaB KOTOPBIX JI0JKEH OBbITh uuu  ddd cOOTBETCTBEHHO,
BO3HUKJIA cepbe3Has npobJeMa KBapKoBoil Mozen. Uro-
OBl CITMH THIIEPOHA, B COOTBETCTBUY C JAHHBIMU 9KCIIEPH-
MEHTOB, paBHsJcs 1 /2, 1Ba OINHAKOBBIX 110 TUITY KBapKa
JIOJIKHBI HAXOIUTHCS B OHOM U TOM K€ CIIMHOBOM COCTO-
SHUU, 4TO NpoTuBopeuynt npuniwmy [laymum, corsmacHo
KoTopoMy jBa (epMuoHa (YaCTUIIBI € MOJIYIENbIM CIIU-
HOM) OZTHOTO THIIA HE MOTYT HAXOANTHCS B OHOM U TOM 7K€
KBAaHTOBOM COCTOSTHUH. PerieHue atoii mpo6JieMbl ObLIO
HalifieHo B paborax Hukousast boromo6osa, bopuca Crpy-
munckoro u AnbGepra TaBxemuze, a 3atem Moiiena Xana
i Vontnpo Ham6y, KoTOpble MOCTYIMPOBAIN HAININE Y
KBAapPKOB HOBOTO KBAHTOBOTO YKCJIA, MOJIYUYHBIIETO HA3BA-
HHE <I[BeT». B panpHelleM sTa rumnoresa Haaa 6J1ecTd-
1lee TIOATBEPSK/IEHNE U MPUBEJA K CO3[AHUIO0 KBAHTOBOU
TEOPUU CUJIbHBIX B3AUMOJIENHCTBUI — KBAHTOBOW XPOMO/IH-
HAMHKH, COCTaBHOII 4YacTu coBpeMeHHON CTaHgapTHON
MOJIeJIN, O KOTOPOIi TIOH/IET peyb JAaJblIle.

BBesenne KBapKOBOIl IHITOTE3bI CTATIO OUEPEIHBIM ITa-
TOM B YCTAaHOBJIEHUM <«MUHUMAJbHBIX KUPIUYUKOB», W3
KOTOPBIX COCTOUT MaTepus, 10 Mepe TTPOHUKHOBEHMS BCE
ray6ske u TIy6Ke B ee CTPYKTYPY, OT MOJIEKYJIbI K aTOMY,
APy, TIPOTOHY U HeliTpony. /lanee, oOHapyskenue B 1974
TOJIy HOBOTO aJipoHa ¢ Maccoii 3,1 I'aB 6bi10 moHsTO Kak
CBsI3aHHOE COCTOSTHUE HOBOTO KBAPKa, HA3BAHHOTO C-KBap-
koM (charm quark), ¥ cOOTBETCTBYIONIETO eMy aHTUKBAP-
ka. Pamnee cyniecTBoBamue 9T0oro KBapka ObLIO IPecKa3a-
HO TEOPETUYECKU /IJIsT UHTEPIIPETAIUU JJAHHBIX TI0 pacia-
nam 3apspkennbix K-mezonos. K atomy ke Bpemenu 6bLin
0OGHApY>KEHDI W 3JIEMEHTapHBbIE YACTHUIIBI JPYTOTO KJIacca,
TIOJTyYBIIINE Ha3BaHNUe JenToHOB. [loMiMo Xoporto n3Be-
CTHOTO 9JIEKTPOHA, GBI OOHAPY KEHBI AJIEKTPOHHOE Heli-
tputo (v,), MiooH ([1) M COOTBETCTBYIOIIEE MY MIOOHHOE
neiitpuio  (v,). JIenToHbI He Y4aCTBYIOT B CHJIBHBIX
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B3aUMO/ICHCTBUSX, HO TO/BEPIKEHBI 3JEKTPOMATHUTHBIM
B3aUMO/ICHCTBUSM W yYaCTBYIOT B CJA0BIX PAJMOAKTHB-
HBIX pacrajax.

Bosnukia 3ameuatesbHas CUMMETPUS CYIIECTBOBAHUS
ABYX TIOKOJIeHuii KBapkoB (u,d)(c,s) u AByX mokosaeHmuii
7enToHoB (V,,e), V,,1) . Ho takas cummerpust okaszanach
HapyIIeHHOI, Koraa B 1976 roxy ObL1 06HAPYsKEH TpeTuit
3apsKEHHBIN JenTon — Tay-jenton (1), a B 1977 roay 6bLn
HaliJieH HOBbII Me3oH — Y (MIICHJIOH) ¢ Maccoii nopgjKa
10 I'sB, koTopblil 6GbLT UHTEPIPETUPOBAH KAK CBS3aHHOE
cocrosiame HOBOro KBapka b (bottom) u coorBercTByIOIIIE-
ro eMy antukBapka. [lajbHeiilnye sKCIIepUMEHTbI II0Ka3a-
g, 9710 b-KBapk o6amaet cimaoM 1,/ 2 u 3apsaom —1 /3,
TaK JKe, KaK d- 1 S-KBapKH, IIPU 9TOM €T0 Macca MOPsIIKa
> I'sB. Ecuit IpeAnonoskuTh, 4TO Hali/leHHbIE Tay-JIeNTOH
u b-KBapK MPUHA/IEKAT K HOBOMY TPETbEMY TIOKOJIEHUIO,
TO /Il COXPAHEHMS CUMMETPUH 110 aHAJIOTHH € CYIIECTBY-
IONIMMHU TTapaMy JIBYX TIOKOJICHWI HYXKHO OBIJIO JIOIyC-
TUTb, YTO CYIIECTBYIOT €Ill€ OJMH KBapK, aHAJOTUYHbIN U
U ¢, ¥ elle OHO HEHTPUHO, aHAJOTHYHOE MIOOHHOMY U
aJeKTpoHHOMY HeliTpuHo. O6e 3T YacTuilbl ObLIN 06HA-
py’KeHbl B JaJbHEHIINX dKcliepuMenTax. Tay-HelTpuHo
(v,) 6bLI0 O6HAPY:KEHO B MPAMBIX HAGJTIO/ICHUAX B PacTia-
nax ray-sentonoB B 2000 romy, a npe/icka3zaHHbBIN 11eCTON
KBapK, MOJTyunBIINii HazBanue t-kBapka (top quark), 6pun
MIATHIO TOIAMU paHbIiie 00HAPY KeH Ha KoJnaiinepe TeBat-
pon. OrmeruM, 4TO HaiijienHas mMacca ton-ksapka (pu-
mepro 173 TsB) okasanach BO MHOTO pa3 GOJIbIIE, YeM Te
Macchbl KBAaPKOB, KOTOPbIE MPE/AIOJAaraaich B KBAaPKOBON
mozesn Tenn-Manna u Igeiira. B otaune ot cutyanun
CO BCEMHU TIPE/IBIYIINMU KBAapKaMu, He ObLIO HAaiilleHo
HUKAKUX HOBBIX aJIPOHOB, JJIsI MHTEPIPETAIUN KOTOPBIX
HEo6XO0MMO 6bITTO GBI BBECTH HOBBII TOI-KBapK.

OTKpbITHE TOII-KBAPKA U Tay-HEUTPUHO 3aBEPIINJIO 1ie-
JIOCTHYIO KapTUHY (yHIAMEHTATIbHBIX YaCTHI[, COCTaB-
JIIONUX MaTepulo U onucbiBaeMblx CTaHgapTHOI Mo/je-
apto — CM, gBaisionelicss COBpeMeHHOH Teopueil saeMeH-
TApPHBIX YaCTHUI[ U WX B3aUMOJICHCTBUI: 3TEKTPOMATHUT-
Horo, cjaaboro u cuiabHoro. CosgaHue 5TOH MOAeIn —
OTHO 13 OCHOBHbBIX OOIINX MUPOBBIX MHTEJIEKTYAIbHBIX
JMOCTHKEHWI 3a Tocaenaue 60 Jer, pe3yabraT padoThI
OOJILIIOTO YMCJIA YYEHDBIX, TEOPETUKOB M dKCIEPUMEHTA-
TopoB. Ee co3zanue Oblio OTMEYeHO TpHCykAeHueM 60-
see necsatka HobGemeBckux npemuii mo usmuke.

B ocroBe CM JieskUT HECKOJBKMX 6A30BbIX WEH, B
YACTHOCTH, KaJMOGPOBOYHBIN XapaKTep B3aWMMOJIEHCTBUIA
U CHOHTAaHHOE HapyIIeHWEe 3JEKTPOCIaboil CUMMETPUH.
Hanvuwe cuMMeTpun B TIPUPOJE TPHUBOJAUT K 3aKOHY
COXpaHEHWSI COOTBETCTBYIOINIETO 3apsijia, U HA060POT, Cy-
IIECTBOBAHNE COXPAHSIONIETOCS 3apsijia TOBOPUT O HAJIH-
yuu CBA3aHHOW ¢ HuM cummerpun (teopema IJ.Hérep).
Tak, B ocHOBe KaJUOPOBOYHON TEOPUU 3JIEKTPOMATHUT-
HBIX B3aUMOJIEHCTBUN JIEXKUT COXPAHEHHUE 3TEKTPUYECKO-
ro 3apsja 1 COOTBETCTBYIONAs CUMMETPHS ypaBHEHUN
OTHOCHTEJIBHO KAJTMOPOBOYHBIX MPeo6pasoBaHuil Tak Ha-
3pIBaeMoil abesieBoii Tpymibl. CUMMETPUST OTHOCUTETHHO
KaJMOPOBOYHBIX IIpeoOpasoBanuii Gojee caoxuoro (He-
aGesieBOro) THUIIAa ITO3BOJIMIA TOCTPOUTH TEOPUIO CHJIb-
HBIX B3aUMOJICHCTBUI U C €INHON TOYKHU 3PEHUS OIHCATD
aJIEKTpOcIabble B3auMO/IeHCTBUS.



B CM cuspHBIE 1 351eKTpOcaabbie PyH-
JlaMEHTAJbHBIC B3aMMOAEHCTBUST HOCST
OOMEHHDIN XapaKTeP U OCYIIECTBIISIOTCS
3a CUET TIEPEHOCUYNKOB 3TUX B3aUMOJIEH-
CTBUI — TaK HA3bIBAEMbBIX IIPOMEKYTOYU-
HBIX BEKTOPHBIX 6030HOB, YACTHII CO CITH-
HoM 1. DTu B3aMMO/IENICTBHS OCYIIECTB-
JISTIOTCST MEK/TY YaCTHIIAMK MaTePUH, JIeTl-
TOHAMU ¥ KBAaPKAMU, SIBJISIONIMUCS ep-
MmuoHaMu co crimaoM 1 /2. Yacruipr Ma-
TEPUHU MPEICTABJIEHBI TPEMSI TIOKOJIEHUSI-
mu kBapkos (u,d)(c,s)(t,b), o6aanaio-
X CHJIBHBIME, 9JI€KTPOMATHUTHBIMI 1
cJIabbIMK 3apsi/laMu, U TPeMsI TOKOJIEHH-
AMHU JENTOHOB (V,,e), Vu,u),(v 1), 06-
JTAJATOIINX 3JIEKTPOMATHUTHBIMI U CJia-
ObiMU 3apsiiamMu. [Ipruem asleKTpuvecKn
HeNTpaJbHbIE HENTPUHO 00J1AATOT TOJIb-
KO ¢JTa0bIM 3apsi/IOM M, COOTBETCTBEHHO,
YYACTBYIOT TOJIBKO B CJIAGBIX B3AMMO/Ieii-
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cTBUAX. K yIOMSHYTBIM IIECTH YacTUIIaM
HAJI0 106aBUTh UX AHTUIACTHIIBI, U TOJIY-
yaercd 12 yactuly 1 aHTUYACTHUL], COCTaB-
Jggionmx Marepuio. IlepeHocYnKOM 3JIeKTPOMArHUTHBIX
B3anMo/ieiicTBUl sBJsteTcs: 6eamaccoBblil poton. Cradbie
B3aUMO/ICHCTBUS OCYIIECTB/IAIOTCS Hepes 0OMEH MacCuB-
ueimn W, W= i Z%-Gosonamu. CubHble B3auMoieii-
CTBUSA HpOI/ICXOI[HT 4yepe3 0OMeH TJII0OHAMU, SIBJISIONIMU-
cA nepeHochKaMI/I 1BeToBOTO 3apsijia. Ilpeickazannbie
W*-, W-u 7°-60301b1 GbLTH Haii/IeHbI Ha YCKOpUTeJe B
HEPHe B 1983 roxy, uro aBunoch tpuymbpom Crangapr-
HOW MOJIEJIN.

Hannune macc y o6GHApy>KEHHBIX B IKCIIEPUMEHTAX
KaTMOPOBOYHBIX 6030HOB U (PEPMUOHOB YAATOCh COBMEC-
THTDb C TIPUHITATIOM KaJIn6POBOYHOI MHBAPHAHTHOCTH B3a-
UMOJIEHCTBUI, TaKyKe XOPOIIO ITOATBEPIK/CHHDBIX KCIIe-
PUMEHTAJIbHO, € TTOMOIbI0 MEXaHNU3Ma CIIOHTAHHOTO Ha-
PYIIEHUS] CUMMETPUN. BBeleHHOe OTOJTHUTEIHbHO B TEO-
pHUIO CKAJSIPHOE T0Jie, Tojie XUrrca, Takxe 06Jagaer
KaJUGPOBOYHO-UHBAPUAHTHBIMU 3JIEKTPOCTA0BIMU  B3au-
MOJICHCTBUAMY, OJIHAKO HETPUBUAJIBHDBIA BakyyMm (KOH-
JIeHCaT) 9TOrO T0JIsl HAPYIIAET TaKyl0 MHBAPUAHTHOCTD.
Hapymienne cuMMeTpun 3a cueT HEMHBAPDUAHTHOCTU OT-
HOCHUTEJIBHO 3TOW CUMMETPUN OCHOBHOTO BaKyyMHOT'O CO-
CTOSHMS HOCUT Ha3BaHUE CIIOHTAHHOTO HapylieHus. Yac-
THIIBI — BO3OY’KIEHHS TIOJIeHl HaJ BAaKyyMOM, HUBIINM
9HEPreTUYeCKUM COCTOSIHHEM, B KOTOPOE CIIOHTAHHO Iie-
pPeXoauT cucTeMa, — MPHOOPETAloT Maccy B pe3yJbTaTe
B3aMMOJIEHCTBUST ¢ KOH/EHCATOM CKaJIIPHOTO TIOJIT XWT-
rca. AHAJOTHYHBIM 00pa3oM MPUOOPETAET Maccy W BO3-
HUKAIONAsg TP CIIOHTAHHOM HAPYIIEHUW CKAJISPHAsS dac-
THUIA KaK BO30Y K/CHIE CAMOTO CKaJIPHOTO ToJig. Takoii
MeXaHu3M MPUOOPEeTeHNs MACChl TIOYYU HA3BAHUE Me-
XaHuaMa Juriaepa—bpayra—Xurrca, a BO3HUKAIOIIHIA CKa-
napubiii (o6nagaomuii crmaom 0) 6o30H ObLI Ha3BaH
603on0M Xwurrca. /loaroe Bpemsi 6030H Xurrca ocraBaJ-
cd 1mocJie/iHell HeOTKPBITOM vacTulleil U3 Ipe/cKasbiBae-
mbix Cranmaptaoit Mozesbio. Ho B 2012 roxy na Bosb-
1IOM aJ[POHHOM KOJLIaiiiepe y/l1aaoch 3aperucTpupoBarh
u 310 Hepocraoniee 38eHo CM. OTkpbiTHE 6030HAa XHT-

& TaHAAPTHAaA MOAESIb STIEMEHTAPHbIX HacTil, CBEAEHHAA B ra6/7m/y

rca 3aBepInyo TIEJOCTHYIO KapTHHY, TMPEACKa3aHHYo B
pamkax Crangaprtaoit mozeau. B 2013 rogy Dpancya
Ournep u [lutep Xwurrc 6o yaocroensr HoGenmeBekoit
MIPEMUN 32 CO3/IAHKE OTIMCAHHOTO BbIIIE MEXaHNU3Ma, MTPH-
6/IU3MBIIET0 HAC K IOHUMAHWIO BO3HUKHOBEHUS MAacC
byngaMeHTaIbHBIX YACTHUIL B TIPUPO/IE.

CoBpeMeHHble IKCIIEPUMEHTbI B (PU3HUKe 3JIeMeHTap-
HBIX YaCTHI[ MOKHO Pa3/leJUTh Ha HECKOJIbKO HarpaBJie-
Huit. OCHOBHOE M3 HUX — 3TO YCKOPHUTEJbHbIE dKCIIEPH-
MEHTBI, B KOTOPBIX YaCTHIIbI CTATKUBAIOTCS JIUOO APYT C
JIpyToM, Jn60 ¢ (PUKCHPOBaHHBIMI MuUTIeHIMN. Cremyio-
Iee HaNpaBJeHNe — HEHTPUHHDIC SKCIIEPUMEHTDI, Tpely-
OIHe COBEPIIEHHO MHBIX JETEKTOPOB € GOJBITHM KOJIH-
YECTBOM TTOTJIOMIATONIETO BEMIECTBA. TaKwme JKCIIepruMeH-
TBI UCTIOJB3YIOT HEUTPUHO, poxaaiomuecs Ha CoJHile, B
SJIEPHBIX PEaKTOpax WJIN MPU B3aUMOJICHCTBUU C MUIIIe-
HBIO Ty4Ka vactuil u3 yckopuress. (IIpumepHo anaso-
TUYHOE YCTPOHCTBO HMMEIOT SKCIEPUMEHTBI TI0 TOUCKY
YACTHI[ TEMHON Marepuu, B KOTOPBIX GOJIBIIOE KOJIIde-
CTBO YKCTOTO TOTJIONIAIOIIEr0 BEIECTBA PA3MEIIAIOT TJIy-
6OKO TIO/T 3eMJieil ¢ 11eJbI0 n36aBUTLCS OT (hOHA KOCMHU-
vyeckux Jydeii.) Creyer OTMETUTD ellle OJJHO HallpaBJie-
HHe — acTpopU3WIecKue SKCIEPUMEHTBI M 3KCIIEePIMEH-
TBI ¢ KOCMIYECKIIMH JIydaMHd, KOTOPbIE /I0 CUX TIOP SIBJISI-
I0TCSI €INHCTBEHHBIM NCTOYHIKOM YAaCTHI] CBEPXBBICOKUX
9Hepruil, HeJOCTYIHBIX B 3eMHbIX Jjgaboparopusix. Oc-
HOBHBIM WHCTPYMEHTOM HU3YYEHUS KOCMUYECKUX Jydei
SIBJISIETCST HA3eMHAsI CETh [IETEKTOPOB, MOKPHIBAIOIIAS I1e-
Jible KBaJ[paTHble KHUJIOMETPBI 3eMHOIN IIOBEPXHOCTU U
perucTpupyiomas mmpokue arMocdepibie JUBHU BTO-
PUYHBIX YACTHUI[, POKIAEMBIX MPU CTOJKHOBEHHH BBICO-
KOIHEPTUYHBbIX YACTUI[ U3 KOCMOCA C BEIECTBOM aTMOC-
bepor 3emun.

OcranoBuMCcsT Topo6HEe Ha OCHOBHBIX COBPEMEHHBIX
9KCIIEPUMEHTAX, MPOXOJAIINX Ha KOJIali/iepaxX, CTaJKu-
BAONUX MPOTOHBI, JENTOHBI WJN S/Ipa B JETEKTOPAaX U
U3yvalollux IPOAYKTbl CTOJKHOBeHuii. Bce wuccienye-




6 KBAHT

Mble MACCHBHBIE YACTUI[LI UMEIOT SHEPTUIO 3HAYUTETHHO
6OJIbITIE WX MACChI TTOKOSI M JIETSIT TIOYTH CO CKOPOCTDHIO
cBeTa, a WX OCHOBHOW XapaKTePUCTUKOU SABIAIETCS
4-MepHBII UMITyJIbC B TIpocTpaHcTBe MuHKOoBCKOTO. CoO-
BPEMEHHBIE [IETEKTOPDI MMPAKTUYECKHU TTOJTHOCTHIO MTOKPBI-
BatoT o6actu passera dyactuil ( 4TT-reoMeTpusi) U MOTYT
PETUCTPUPOBATD TIOYTH BCE POXK/AIONINECS YaCTHUIDI.
MioonHble KaMepbl, PACIOJIOKEHHbIE Ha BHEIIHEH YacTH
JIeTEKTOPa, PETUCTPUPYIOT MIOOHBI U € BBICOKOH TOYHOC-
TBIO OIIPE/EJSIOT UX SHEPIUI0 M HalpaBJeHUE JBUXKe-
HUA. IDJEKTPOMArHUTHBIH KaJOPUMETP PErucTpupyer
2JIeKTpoHbl U (poronbl. CUIbHOE MarHUTHOE II0JIE B Jie-
TEKTOpPE TO3BOJISIET OIPEAEJATh 3HAK 3IEKTPUYECKOTO
3apsi/la YacTUIBI TI0 HAMPABJIEHUIO OTKJIOHEHWS, a BEJIH-
YUHA OTKJIOHEHUS XapaKTePU3yeT SHEPTUIO YaCTUIIbI. AJl-
POHHBIN KAJOPUMETP TOTJOIAET TOTOK 3apsiKEHHBIX U
HENTPAJbHBIX A/[POHOB, SBJLIONUXCS BTOPUYHBIMU Yac-
TUIIAMM, TTPOUCXOAANUMHU OT (hparMeHTAIlM U AJPOHU-
3aI[U¥ KBapKOB WJM TJIIOOHOB, KOTOPbIE, B CBOIO Oye-
pe/ib, ABJSIOTCS TPOAYKTAMU CTOJKHOBEHUS HayaJbHBIX
yacruil. [lotox azpoHoB, JeTAnMX B Y3KOM KOHYCE,
Has3bIBalOT a/IpoHHOM crpyeil. IIpocrpancrBennas Joka-
JU3anus B Y3KOM KOHyce OO6ycCJIOBJeHa OOJBIINM WM-
IIyJIbCOM YaCTUIlbl, IIOPOJUBIIECH ITOT IIOTOK a/[POHOB.
BoitesienHas B aJJpOHHOM KaJIOPUMETPE HHEPTHUs, JIOKa-
JIN30BaHHAs B KOHYCE CTPYH, XapaKTepPU3YeT WUMITYJbC
HA4YaJIbHOTO KBapKa WM TJIOOHA, a HAIpaBJCHUE OCU
KOHYyCa XapaKTepu3yeT HAIlPaBJICHIE BbLIETA KBapKa WJN
IJTIO0HA, TIOPOJIMBIIIETO ATy A[POHHYIO CTPYIO.

Hecnmotpst Ha TO, YTO KBapKH U IJIIOOHBI B CBOGOIHOM
COCTOSHWMM He HA0JI0/1aI0TCs, a/[POHHDIE CTPYHU C BBICOKOM
CTEIEeHbIO TOYHOCTH XapaKTEePU3YIOT UMILYJIbChI TOPOXK/Ia-
IOIMX MX KBapKOB M IVIIOOHOB. bojiee TOro, ¢ BBICOKOI
BEPOSITHOCTHIO MOKHO UAEHTU(MDHUIIMPOBATH CTPYH, TIPOUC-
XOJIATINE OT BBICOKODHEPTUYHBIX H-KBApPKOB. B-Me30mbI,
oGpasylonuecst B mporiecce parMeHTaIi, UMEIOT CpaB-
HUTEJIBHO OOJIbIIOE BPEMS KM3HU W YCIIEBAIOT MTPOJIETETD
3HaunTeIbHOE paccTogaume (mopsaaka 1 cM) 10 06paszoBaHus
AJIPOHHON CTPYHU. DTO IPUBO/IUT K C/IBUTY BEPITUHBI KOHYCA
06pasyIomieics apoOHHON CTPYU OTHOCUTEIBHO BEPIITHHbI
MEPBUYHOTO CTOJIKHOBEHUS, W BEJMYMHA 3TOTO CABUTA
XapaKTepu3yeT BEPOSATHOCTb UACHTUMUKAINN POKIACHUS
b-xBapka B skecTkoM mporiecce. [l Takoii unentnduka-
11 b-KBapKOB BaYKHO IMETb BEPIINHHBIHN JETEKTOP, T03BO-
JIIONUH JIOKQJIN30BaTh HAYAJO TPEKOB PasJeTalolnxcs
yactuil. HanboJiee TsRebIi TOM-KBapK, MMEIOTIUI Maccy,
CPaBHUMYIO C MacCOii si/[pa 30JI0Ta, YCIEeBaeT PacnacTbes
J10 06pa30BaHNUs CBI3AaHHBIX aJ[POHHBIX COCTOSTHUI U XOPO-
110 UACHTU(UIUPYETCS TIO0 MPOAYKTAM paciaja.

Heiitpuao canmmkoM caa6o B3aUMOEHCTBYIOT € Bele-
CTBOM U TPeGYIOT 3HAYUTEJbHON MaCChl MOTJIOMIAIONIET0O
BellecTBa B JIeTEKTOpe [ Tpamoil peructparuu. Ha-
npumep, ueiirpunnas obcepsaropus «Ice Cube» uctosin-
3yeT KyOMUYeCKHil KIUJIOMETD JibJla B AHTAPKTH/IE B Kaue-
CTBE IOTJIONIAIONIEro BellecTBa JeTeKTOPa, a JeTeKTOPbI
Bafikasbckoro riry60KOBOHOTO HEHTPUHHOTO TEJIECKOTIA
IIPOHU3BIBAIOT BOAY o3epa baiikas npumepno na 1 kuio-
MeTp. Takue JeTeKTOpbl HEBO3MOXKHBI B YCJOBUSX KOJI-
JIaliIepHBIX aKcIepuMeHTOB. OTHaKO nHMOpPMAINIO O Heli-
TPUHO MOKHO TIOJYYUTb W C TIOMOIIBIO JETEKTOPOB, HUC-
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MIOJIb3YyEeMbIX B KOJIJIAN/IEPHBIX 3KcrepuMenTax. Peruncr-
PUPYIOTCSI BCe M3BECTHDBIE YACTHIIBI, KPOME HEHTPUHO, a
CyMMapHbIil UMITYJIbC B IIJIOCKOCTH, TIONIEPEYHON Hampas-
JIEHUIO CTAJKMBAIONIMXCS MYYKOB, [OJDKEH ObITh paBeH
nymo. Takum o6pasoM MOKHO OIPEIESUTb CyMMapHbIi
[OTIEPEYHDIIT UMITYJIbC BCEX HENTPUHO B COOBITUU KaK
BEKTOPHYIO CYMMY BCEX 3aPEruCTPUPOBAHHBIX B COOBITUN
YaCTHUIL, B3ATYIO C IIPOTUBOIOJIOXKHBIM 3HAKOM. JTY BeJlU-
YUHY Ha3bIBAIOT HEJOCTAIONUM, WJU IOTEPSHHbIM HM-
MyJIbcOM. MacCHUBHBIE BEKTOPHBIE U CKAJSPHBIE GO30HBI
pacmnaiaoTcst MPaKTUIECKW B TOYKE TIEPBUYHOTO B3aMMO-
JIEHICTBHS M XOPOIIO PETUCTPUPYIOTCS TIO TIPOAYKTAM pac-
naja. /lonosHuTeIbHbBIE KOCBEHHBIE METO/IbI 1 HH(MOPMa-
U O Maccax YacTull, B PaclajlaXx KOTOPBIX 06pa3oBa-
JINCH HEUTPUHO, MO3BOJISIOT € UCIOJb30BAHUEM U3MEPEH-
HOT'O HEJIOCTAIOIIET0 UMITYJIbCA PEKOHCTPYUPOBATD 1 MPO-
JIOJIBHYIO KOMITOHEHTY UMITYJIbCa HEHTPHUHO.

[Ipn mpoBefieHnn dKCIIEPUMEHTA IPOBEPSIOTCS IPE/l-
CKa3aHud B paMKaX CYHIECTBYIOIIMX TEOPUH, MU3MEPSIOT-
¢S pasJinyHble l1apaMeTpbl Mojiesiell U IIPOBO/IUTCS ITOMCK
BO3MO>KHbBIX OTKJIOHEHUI OT IIpe/icKa3aHuii, KOTopble MO-
TYT YKa3blBaTb Ha CYIIECTBOBAaHWE HOBBLIX sSBJCHMI. B
pamrax CraHZapTHOW MOJeNM YJAeTcsl ¢ XOpolei cre-
MIEHBIO TOYHOCTH PACCUYMTATH OCHOBHBIE JKECTKUE TPOIEC-
CbI, CMOJIEJINPOBATh TOJydaeMble [aHHbIE U TIPOBECTU
COOTBETCTBYIOIINE U3MepeHns. Hampumep, AOCTUTHYTBIH
na 2015-it ro ypoBeHb TOUHOCTH M3MePEHUsT MACChI TOTI-
kBapka cocrasisier 0,38% (my,, = 172,38+ 0,10 (crar.)
+0,65 (cuct.) 3B, e «crtaT.» — craTucTUdeckas IO-
IPEIHOCTD, a «CHCT.» — cucTeMathdeckas). JlocTmke-
HHe TaKOW BBICOKOU TOYHOCTM WM3MEPEHU CTaJo BO3-
MOJKHBIM 6J1arofiaps PasBUTUIO Pa3IUYHbIX 3P deKTus-
HBIX METO/I0OB Ha BCEX 3TallaX WCCJe/0BaHMi, HaymHas
OT TEOPETHYECKNX METOJ[0B, KOMITBIOTEPHOI aire6pbl U
YUCJIEHHBIX BbIYMCJIEHUH, a Tak’Ke COBPEMEHHbBIX METO-
JIOB MHOTOMEPHOTO aHAJN3a U CTATUCTHYECKON 06paboT-
KU JJAHHDIX.

CJIOXHOCTD ypaBHEHWIA, OMUCHIBAIOMINX (DU3UKY dJIe-
MEHTApPHBIX YaCTHUIl, HE MO3BOJISIET HAXOAUTD TOYHbIE aHA-
Jutrdeckue pemierns. [LoaToMy HComb3yioTcs TpulIm-
JKEHHbIE METO/IbI BBIYMCJICHU, OCHOBAaHHBIE HA PA3JIOKe-
HUM [0 CTeIleHsIM MaJjioro 6e3pa3MepHoro Iapamerpa,
MIPUCYIIEr0 3TOH TEOpUH, U MOCJEYIONNX BbIYUCJIEHUN
METO/IaMU TEOPUU BO3MYIIEHUN. B HEKOTOPBIX TeopeTH-
YeCKHX IMOJX0/aX He CYIIECTBYET Majoro 6e3pasMepHoro
mapaMeTpa, M TaKkue pacueTbl TPeGyIOT MacIITaOHbIX YNC-
JIEHHDBIX BbIYMCJEHMI Ha pelleTke ¢ MCIOJIb30BaHUeM
CYIIePKOMIIbIOTEPOB.

Bouibiiioe KommuecTBo BBIUYUCIEHU, HEOOXOUMBIX LIS
ydeTa BCEX BO3MOKHBIX TPOIECCOB, MPOXOJASIINX B CO-
BpPEMEHHDBIX IKCIIEPUMEHTAX, MOTPeOOBAIO PA3BUTHUS Me-
TOJIOB CHMBOJIBHBIX aNTeOPAandeCcKUX BBIYUCJCHUIA, BbI-
MOJIHAEMBIX aBTOMATUYECKM Ha KoMIbloTepax. TouHoe
KOMIIBIOTEPHOE MOJIeJIMPOBAaHNE BCEX COOBITHI, TIPOUCXO-
JSIIIMX B COBPEMEHHBIX IKCIEPUMEHTAX, CTAlI0 HEOOXO-
JINMOM COCTaBJISTIONIEN TTPOBOIUMbBIX MCCJIEOBAHWIH.

Bousbiiag wactpb nccsieioBanuii HallesieHa Ha OGHAPY Ke-
HUE PEKUX COOBITHI U BbIIeJIEHIE BOZMOKHOTO 3 deKTa
Ha one GOBIIOT0 KOIMYecTBa COOBITHI, HE MTPEICTABIIS-
fomux uHTepec (hoHOBBIX cobbITHil). Takue wccaenoBa-



HUS TOTPeGOBAT PA3BUTHS U TIPH-
MEHEHUS] MHOTOMEPHBIX METO/IOB
CTATHCTUYECKOTO aHAIM3a, TaKUX
KaK HCKYCCTBEHHbIE HEWPOHHbIE
CeTH UJH JiepeBbs perieHnit. MHo-
TOMEpHbIE METO/Ibl aHAJIN3a TI03BO-
JIFIOT MAKCUMAJIbHO TMOJHO YYeCThb
BCe KOppeJsIny HabJIi0JaeMbIX CO-
OBITHIl, OMTUMAJbHBIM 06pa3oM
MIPOBECTH KJIACCH(PUKAINIO W BBI-
JIeJTUTb WHTEPECHbIe COOBITHS W3
ona. Bce mporeccer, npoxo/s-
e B COBPEMEHHBIX 9KCIIEPUMEH-
TaxX, UMEIOT BEPOSITHOCTHYIO TIPH-
pomy, u Jio6OH HKCIEPUMEHTANb-
HBIN Pe3yJIbTaT SIBJSETCS pe3yJib-
TATOM CTATHCTUYECKOTO aHAJIN3a,
YUUTBIBAIOINIETO BCE HEOoIpe/esieH-
HOCTY TIPOBE/ICHHBIX MCCJIEI0OBAHUI.
ITO TO03BOJIsIET My6JIUKOBATH pe-

3YyJ/IbTATbl, BBISBIBAOIINE JAOBCPUC  Losibii007 aapOoHHBIN KOIanaep (B3riaq U3HyToM)

Y HAYIHOTO COOO6TIECTBA, U KOJIITIe-
CTBEHHO XapaKTeph30BaTh CTENEHb CTATHCTHYECKOH J0C-
TOBEPHOCTH pe3yJbTaTa.

CranjapTHas Mo/ieJb, ¢ OJJHOI CTOPOHbI, BeCbMa yCIIeLI-
HO (B psijie caryyaeB Ha ypoBHe Tounoct 0,1%) omucbiBaer
CYIIECTBYIONINE KCIIEPUMEHTATbHbBIE JaHHble. OHAKO, ¢
JIPYTOil CTOPOHDBI, UMEET Psi[i BHYTPEHHUX MPOOJIEM, KaK
Hanpumep oObsICHEHNE HepapXuu MacimraboB; He JTaeT
OTBETa Ha MHOTHE BOIPOCHI, TaKWe KaK KOJUYECTBO U
CTPYKTYpa TIOKOJIEHWIT KBAPKOB U JIETITOHOB; IMEET MHOTO
cBOOO/IHBIX MapaMeTpoB U T.J. HemaBHo o6HApY:KeHHbBIE
HEHTPUHHDbIE OCHUJIIAIMYA HUKAK He IIPEeICKA3bIBAINCDH
CM, 3HaueHWe TIIOTHOCTH SHEPTUH BAKyyMa, BBIYHCJISE-
Moe B pamkax CM, mpumepro Ha 120 TOPsIIKOB MTPEBBITITAET
3HaUEHUE KOCMOJIOTHYECKOH IocTosAHHOM. Kpaeyro/bubiii
KaMeHb B TocTpoeHnn CM — MeXaHW3M CIIOHTAHHOTO
HapyIIeHus: CUMMeTpun JHTJIepa—bpayra—Xurrca — 6bL1
ormeuen HoGemeBckoil ipeMueil 1mocJie 9KCIepUMeHTaIb-
HOT0 O6GHAPY’KEeHUs HOBOTO CKAJISIPHOTO 6030Ha, GJIM3KOT0
o cBoiictBaM K 6ozony Xwurrca, npeackasantomy CM.
OaHako MPOCTOil MeXaHM3M CIIOHTAHHOTO HapYIIeHUs
HEYCTOIYMB 10 OTHOIIEHUIO K KBAHTOBBIM IOMPABKAM B
MaccoBbIil TapaMeTp 6030Ha XUTTCA, YTO SIBJSIETCS CEPb-
€3HOIl HepeneHHoi Mpo6IeMoii, Ha3bIBAeMO TpoOIeMoii
«MaJIbIX wepapxuii». Teopus TpaBUTAIME CTOUT OCOOHS-
koM ot CM, a mpo6iieMa BKJIIOYEHUS IPABUTAIMN CTAHO-
BUTCS Bce 6oJiee OCTPOIi, OCOOEHHO B CBETE TMOCJEIHUX
acrpodusnveckux HaGIOJEHUN O HAJTUYUU TEMHOH dHep-
TUU ¥ YCKOPEHHOM paciimpennn BceseHHOI.

[TpakTiuecku Bce CIenuaINCTbl, paboTaioiiue B 0671a-
cTi (PUBUKKM BBICOKUX IHEPTHil, CXOJATCSI BO MHEHUH,
yro CM HuKak He MOXKeT ObITb Hactosmieil dyimgamen-
TAJbHOIl TeopHell, a CKOpee SIBJISETCSI HU3KOIHEPreTH-
YeCKUM IIpe/IeIOM KAKOII-TO HOBOIl TeOopuu, IO3BOJISIO-
el pemuTh 1Mo KpailHedl Mepe dvacTb mnpobiem CM.
[MTombiTky  0606mIeHnss CM  mpeflpuHUMAIOTCS  YKe B
TeYyeHre TIOYTH COPOKa JIET, B YACTHOCTH — TYTeM TOCT-
poeHms Mojeneil Besmkoro o6beIMHEHNS M CYIEPCHM-
MeTpUYHBIX pacimmpernit CM, Mopeneii ¢ OTOJHNTEb-

HBIMU M3MEPEHUSIMU TTPOCTPAHCTBA U MOJIeJIell ¢ HAJIUYu-
eM HOBBIX CBEPXCHJBHBIX B3amMmojaeicTBuii. OmHaKO pe-
ANMMCTUYeCKass TEeOPUsS B3aMMOEHCTBUU 3IeMEHTaPHBIX
yacTuil 3a pamkamMu CM 110 cux mop He co3zana. 3ajaua
MMOCTPOEHUST TAKON TeOpHUH, KOTOpast Obl HE TPOTHBOPE-
YA 9KCIEPUMEHTANbHBIM JIaHHBIM, C OJHOH CTOPOHBI,
u pemana Kakue-to u3 npobiaem CM, ¢ apyroii cropo-
HbBI, SIBJISIETCS OYeHb akTyayabHOil. Ha perenue 3amaun o
TOM, KaK YCTPOeH MUKDPOMHUD Ha HOBBIX, HEM3BEIAHHBIX
paHee CBEPXMAJIbIX PACCTOSIHUAX MOPSKA 107" oM u
MeHbIIle, HalpaBjieHa U (PU3NYecKas [porpaMma HUccJjie-
JIOBaHWi Ha DBoJsbllioM ajipoHHOM KoJuiaiiziepe, n usu-
yecKkasi IporpaMma IJIaHupyeMoro B Oy/ylieM JIMHEeHHO-
IO 3JIEKTPOH-TIO3UTPOHHOTO KOJIJIAIepa.

B 3akmrouenre HEOOXOIMMO OTMETHTH, 4TO (DU3NUKa
BBICOKMX 9HEPIUil He TOJbKO SIBJISIETCSI OJHON m3 Hanbo-
siee byHIAMEHTATbHBIX 06JacTell HAyKU, HO MPUKJIAIHOE
3HAUEHUE ee Pe3yJIbTaTOB M COIMYTCTBYIOUIMX OTKPBITUI
yoKe CTaJIoO OJIHUM W3 CTUMYJIOB [T TIPOBE/ICHUS AJTh-
HemuxX uccaeoBannii B 91oil obsactu. OQUH U3 caMbIX
SApKUX TpuMepoB — ato co3znanue B 1989 roxy B IIEPHe
BHYTpEeHHEHl cucTeMbl o6MeHa Hay4HOIl MHQopMalueii,
KOTOpasl pasBUJIACh BO BCEMHUPHYIO HH(OPMAINOHHYIO
MayTHHY U B COBPEMEHHOM MHUPe Ha3bIBAeTCs WHTEpHe-
ToM. PasBuTHe [ETEKTOPOB M3JIYYEHUS ¥ IPOMBIIILJIEH-
HBIX YCKOpHUTEJEN MO3BOJHIO pa3paboTaThb U BHEIAPHUTD
COBEPIIIEHHO HOBbIE TEXHOJOTMU B PA3JUUYHBIX MPUKJIA/]-
HBIX 00JIaCTSIX — OT pa3pabOTKU HOBBIX MaTePHUAJIOB [0
TaMOXKEHHOTO 0CMOTpa Tpy30B. OTIETHHO HAZO OTMETHTD
MpUMEHEHNe ycKopuTesein B MeauiinHe. Vcnosib3oBanue
ramMMa-Teparnu JJIsT JedeHUsT OHKOJOTHIECKUX 3a60/1eBa-
HUIl yKe COXPAaHUJIO MHOKECTBO >KH3Hel, a pPa3BUTHE
MIPOTOHHOM ¥ MOHHOW TEPAIMy TTO3BOJUT TOAHSATD METO-
nbI 1 9 PEKTUBHOCTD JIEUeHMs Ha HOBBII ypoBeHb. Ecan
MPOBECTH AHAJIOTHIO C TEPCIIEKTUBHBIMU TEXHOJIOTHSIMH,
06JIATATOTIIUME MacIITaboM HAHOMETPOB, TO COBPEMEHHAs
(pusura s/eMEHTAPHBIX YACTHUI] SIBJISIETCS OCHOBOH TEXHO-
Joruit Macrrraba (beMTOMETPOB U MEHbIIIE.




\Vleton MHOXUTeNen J1arpaHxa

M.IOPEJIOB

JEA, BITEPBBIE CUCTEMATUYECKN MNCIIOJIb-

3oBanHas JlarpamwxeMm B «AHAJUTUYECKONW MeXa-

nuke» (1788 r.), B HacTosllee BpeMs sIBJSETCS
OJIHO¥ M3 TIEHTPAJLHBIX B OOJIBIIION TEOPUH, OXBATHIBAIO-
el MaTeMaTuyecKoe MporpaMMUPOBAHKE, TEOPHIO OIITH-
MaJIbHBIX TIPOTIECCOB, MATEMATHIECKYI0 SKOHOMUKY, HEKO-
TOpbIE pa3/eJbl TeOMETPUH, aHadnm3a W (QU3NKU. ITa
TEOpUs JIOBOJIBHO CJIOJKHA, HO caMa OPUTHHAJIbHAS UJIEsT
Jlarpamska BIIOJIHE 3JIEMEHTapHA U TIOMOT'aeT [PU PeleHun
MHOTHX OJUMIHAAHBIX 3a7a4. OO0 3TOM W TOHIET peub.

OcHoBHaa ngeq

Haunem ¢ npumepa.

3agaua 1 (M1067). Joxaxume, umo 015 neompuua-
menoHpL Yuce d, b, ¢, y006AEMEOPAIOUUX YCAOBUIO
a’ +b* +c* =1, eunoansemes Hepasencmeo

a_ . b f_C s 343 .
1-a®> 1-b> 1-¢ 2
Pemenne. OueBnano,

a 330, 10 3 _
1-a* THI §E 2 5
N (3(1+2\/_)(3a V3)

18 1-a

mpu 0 < g <1. CJ0XUM 3TO HEPABEHCTBO C JIBYMS aHAJIO-
TUYHBIMU:

20

c__3¥30, 1043
P

HOJIy‘{I/IM HEPaBEHCTBO

TOXK/IeCTBa OCYyHIECTBUTb B CaMOM /l€JIe HETPY/AHO: HYKHO
YMHOJKUTD €TI0 Ha OéHII/IfI 3HaMe€HaTeJIb 1 PACKPbITb CKOO-
KH. ﬂeﬁCTBHTeJIbHO HENOHATHBIM OCTa€TCA TOJIbKO, OTKY-
/la B34JI0OCb CTPaHHOE BbIpa’KE€HUE

a 330, 10 V3 ,
-2 25 “3H 2!
qaCTeHbKO TAaKOTI'O pO[La TPIOKI/I HNIKOJIbHUKaAM HeEe CYUTa-
0T Hy}KHbIM Oé'bﬂCHHTb. MbI JKe KaK pa3 N3JI0KUM MeTOo/,
HO3BO]I$HOH.[Hﬁ HaXO/lUTb HOHOéHbIe peH_[eHI/IH.

U HauHeM ¢ TOJIbKO YTO pa3o6panHoii sagaun. Ona 6y1et

pellieHa, ecii Mbl HaiijieM MUHUMYM (YHKIIK

a b c 3V3
[(ab,c) = sttt T

1-a® 1-b° 1-c¢ 2

pun yCJIOBI/H/I, 4qToO a, b, C HEOTpUIIATE/IbHBI 1 y[[OBJIeTBO‘
psior pasenctsy ¢ (a,b,¢) =a® +b* +c* =1 =0 . Uro6ni
He [yTaTbesl, MUHUMYM (DyHKIMK f, 3a/1aHHOI HA MHO3Ke-
CTBe BCEX HEOTPUIATEJbHBIX ¢, b, ¢, OyleM Ha3bIBATh
IPOCTO MUHUMYMOM, & MUHUMYM f TIPH JIOHOJTHUTEIbHOM
yeaosun g = 0 — YCJAOBHBIM MHHUMYyMOM. Ecm Obl
ycaoBus g = 0 He 6bL10, TO MUHUMYM (PYHKIUHU [ MOKHO
6b1710 Obl UCKATh, UCTIOJIb3Ys IPUBBIYHBIE METOBI. A BOT
paBeHcTBO ¢ = 0 Mermaer. M36aBUThCs OT HEro TO3BOJSET
TaKOW MpUeM.

BosbMeM Kakoe-HHOY/b Y4MCJAO A U paccMoTpuM (yH-
ko L (a,b,c;N) = f(a,b,c)+Ag(a,b,c). Kaxnm nmen-
HO B3ATh A, HaM eIle TMPEACTOUT OMPEAEJNTh. 3aMETHM,
4TO /71 MOOBIX YUCea d, b, ¢, yI0BAETBOPSAIONNX YCI0-
B0 g(a,b,c) =0, snavenne dpynkwmm L(a,b,¢;\) co-
BIaaer co snHadenneM Gyukmun [ (a,b,c) . HompoGyem
BMECTO YCJOBHOTO MUHUMyMa (DYHKIUN [ HaWTH MUHU-
myM dynximn L (a,b,c;A). Ecan napamerp A ypacres
no06path Tak, uto B Touke (dq,by,¢y) MuHEMyMa (yH-
KI[M N L(a,b,c;)\) OyJleT BBIMOJTHSATHBCS PaBEHCTBO

a b c
+ + -

1-a> 1-6> 1-0?

3«/—(

3V3

a* +b* +c? - 1) -2 >,
2

KOTOPOE CIIpaBe/l/INBO IIPH BeexX d, b, ¢ 13 nHTEp-
Bana[0; 1). Ecau uncaa a b, c B/106ABOK Y/IOBJIET-
BOPSIIOT YCJIOBHIO a®+b>+c? =1, 10 HOJTy4aeMm
KaK pa3 JI0Ka3blBaeMOe HEPABEHCTBO.

3amava pemiena. Uurareb MOKeT yOeanThCs,
4TO MTPUBECHHOE PEIIEHIE He CJIOKHEEe aBTOPCKO-
ro. Kpome TOTO, OHO COBEPIIIEHHO HJIEMEHTAPHO.
CJ10BO «OYEBH/IHOY , UCIIOJIb30BAHHOE BBIIIIE, KaK U
BCET/Ia B MAaTEMATHUYECKOI JIUTEPAType, 03HAYAET
«1poBepbhTe camMu» . [IpOBEPKY COOTBETCTBYIOIIETO

Xo3zed Jlyu NarpaHx (17363
1813) — dpaHuLy3CKMUIA MaTeMa-
TUK, MEXaHWK 1N acTPOHOM MUTa-
NbAHCKOTO MPONCXOXAEHUSA.
OfMH 13 KpYNHenwmnx Matema-
TnkoB XVIII Beka. OH BHeC 3Ha-
YyuTeNbHBLIA BKNag B pa3BuTue
MaTeMaTU4ecKoro aHanmsa, Teo-
pUK YnCen, TeopUM BEpPOSITHOC-
Ten. Ho, noxanyw, rnaBHbIMU
Obinn ero paboTbl Mo aHanUTU-
4eCcKom MexaHuke 1 BapuaLmMoH-
HOMY WCYUCNEHUIO, B KOTOPbIX
obcyxaaemast Hamn naes nrpa-
€T OfLHY U3 LieHTpanbHbIX poney




9(ay,by,co) =0, TO MBI aBTOMaTHUECKH HAaiiieM YCIOB-
HBIII MUHUMYM .
daxTuvecku, BIIPUBEIEHHOM PEIIeHNN 33/1a41 1 NCToTb-

3V3 .
30BaJIOCh A = _T 6e3 06bSICHEeHNsT, KaK OHO Hail[eHo.

OO6bsIcHUM, KaK MOKHO ObLJIO HAWTH 9TO 3HAUYEHHE A .

Jlst namux GyHKIwii f 1 g GyHKIMIO L MOXKHO 3a11ucaTth
B BH/IE CYMMBI TPEX CJIaraeMbIX:

0o 1D\/_D

L(ab,c:N)= B+ A
d-a N s 2

O b +)\ﬁ32_1|:| ED
b? 2

Kaxxmoe craraemoe — 210 (byHKIIMS TOJBKO OT OJTHOU U3
epeMeHHbIX d, b, ¢, M0ITOMY B TOYKEe MUHUMYyMa (DYHK-
i L (a,b, c;)\) OHO TOKe JIOJYKHO OBITh MUHIMAJIHHDBIM.

3HaunT, TPOU3BOAHAS (HYHKITHN
Han)=— +aBe - 183
-a 3 2

B COOTBeTCTByIO].[IefI TOUKe d 00JKHA PaBHATDHCA HYJIIO,
T.€. JOJI’)KHO BbIIIOJIHATDBCA YCJIOBUE

2
+
I'(ah) = 1_‘122+2)\a =0
1-a
AHaJOru4HO, [JOJIKHBI BBINOJHITHCS PaBEHCTBA
2 2
i+2)\b =0 u 1+—62+2)\b =0. Itux Tpex

(1-07) (1-<)
YpaBHEHMI BMeCTe ¢ ypaBHEHHEM a+b*+c? =18 IIPpUH-
IIUTIE JIOCTATOYHO JIJIST TOTO, YTOObI HAUTH YeTbIpe Hen3Be-
cTHBIX d, b, c u A\ . IlpaBaa, cucrema ypaBuenuit moayda-
eTcsl JIOBOJIbHO cJOXKHOH. [lesio cmacaer TO, 4TO HaMm
JIOCTATOYHO HalTu OfHO 3HavyeHue A . T109TOMY HYKHO
OJ/IHO «XOpolllee» pelleHne CUCTeMbl. A Xopolllee pelleHue
— 9TO TaKoe pelleHne, KOTOPOE COOTBETCTBYET TOYKE

munnvyma dynkiun L(a,b,6N) . A B Touke MUHEMYyMa

IIpon3BO/HaA MEHAECT 3HAK C MUHYCa Ha ILJIIOC.
2

_ 1+a
I'paduk byuximn y = ——,y2 TIPHBEIeH Ha DHCYHKe
(1-a)
1 (sTa KapTHHKA — <«TOYHAs», HO [ HATJISHOCTH

MacITabbl IO OCsIM aOCIUCC U OPJINHAT BBIGPAHBI PA3HBI-
A mMu). BugHo, 4To oH MO-
Y JKET 1epeceKaThbes ¢ Mmpsi-
MOH y = —2Aa camoe
GoJiblliee B JIBYX TOUYKAX,
[IPUYEM €CJIH TOUYEK Mepe-
cevyeHust /[Be, TO «XOpO-
[eMy» PEIIeHuIO COOT-
BercTByer Tpasasi. llo-
3TOMY B «XOPOIIEM» pe-

1 et @ = b = ¢. C yue-
0 1x TOM DaBeHCTBa a’+b*+
Puc. 1 +¢® =1 momyuum @ =

_, - _\B )

=b=c =3 [loxcraBasga HaliienHoe 3HaueHUE d B
1+d* o 3v3

ypaBHeHHue 5+ 2N\a =0, naiigem A = —i .

e 2
Temepp ocraercss YecTHO HAWTH MHUHUMYM (QYHKIHN

O 3430
L Eﬂ, b,c; —TE Boiiire 910 6BLI0 C/i€IaHO € UCIIOIb30Ba-

HUeM anare6panvyeckoil npupobl 3agaun. Brpouem, To ke
MOKHO ObLTO OBl C/IeaTh CTAHAAPTHBIM CIIOCOOOM, C
[IOMOIIBIO TIPOM3BO/IHOII.

Ynpaxuenne 1. Cremaiite at0.

[IpuBenennass cxemMa paccyKJIeHWII HOCHUT Ha3BaHWE
memoda mnoxumenei Jazpanxa. Oyukunsa L (a,b, c; )\)
HasbIBaeTcs Gynxyuet Jlazpanixa paccMaTpuBaeMoil 3a-
Jlayll yCJOBHOW MUHMMU3AIMM, a [TapaMeTp A — MHOKU-
meaem Jlazpanxa.

3amerum, uto HOPMYJUPOBKA 3a/1aun 1 COMEPIKUT MO/~
CKa3Ky K ee pemrennio. [leficTBuTesbHO, 3a7a9a CMIMMeET-
pUYHA, TOITOMY BIOJIHE JIOTHYHO TPETOJIOXKNTD, YTO
yeaosubtit munumym bynkimn f (a,b,¢) nocruraercs npu

3 . .
a=b=c= 3 HemnocpectBenHol 110/1CTAHOBKOI B J10-

Ka3bIBaeMOe HEPABEHCTBO MOXKHO YOeIUTbCsS, YTO 3TO
JIENCTBUTEJILHO TaK. A TOT/Ia «XOPOIee» PelieHue cucTe-
MbI YpaBHEHUI HaxXonTCs 6e3 CChLIKU Ha pUCYHOK. Takue
MTOJICKA3KN MOKHO M HY’KHO HCIIOJTb30BaTh.

OGpaTiM BHUMaHUE HA TO, YTO MPHU PEIIEHUN JaHHON
3[4l MBI TIOJIB30BANCH OOCMAMOUHBIMU YCIOBUSIMI
vuanMyMa (ecm yaacTess HaiTh Hy>KHOEe A, TO 3ajada
Gyer pemena). MosKHO OKa3aTh, 4TO CYMIECTBYET MHPO-
KUI KJace 3a/ad, JJs KOTOPbIX /IOCTATOYHbIE YCJOBUS
MpUBEJEHHOTO THIa cpabdaTbiBaioT. Ho 3TO BBIXOIUT 3a
paMKM JIaHHOW cTaTbW. MBI OrpaHUYMMCS TEM, 4TO Ha
prMepax MOKa)KeM, KaK 3TH yCJOBUS PabOTaloT.

Bce mnpuBoguMble HUKE PENIEHWST COCTOSIT W3 TPEX
yacreii:

(1) mocranoBKa 3aauM ONTUMU3ALINMN;

(2) anamms;

(3) noxasaTesbCTBO.

Bropyto 4acTb «B YHCTOBUK» MOJKHO HE MUCATh, YTO W
6BLIO cziesiano BbIie. [10aToMy Ha ATOM ATate JOMyCTUMBI
HEKOTOPbIE BOJIBHOCTH: MOUCK TOJbKO HEKOTOPBIX pelile-
HUH, yraJibIBaHUe 3TUX PEIIeHUil, MPaBaoo100HbIe pac-
cyskaenus u T.11. B nepBoii yactu coo6paskenusi 31[paBoro
CMbICJIA TOKE UIPAIOT 3aMETHYIO POJib. A BOT B TpeTbeid
YaCTH BCE JI0JKHO ObITH a6COJIOTHO cTporo. Bo nzbesxanue
HeZIOpa3yMeHUii, B Havyase Kask/I0i 4acTu CTOMT COOTBET-
cTByIOIIAst 1dpa B CKOGOUKAX.

HepageHcTBO MeHceHa

IT0 HepaBeHCTBO ObLI0 osyyeno O.[énpaepom B 1889
rofy, HO HOCHT HasBaHme HepaBeHcTBa Memncema. Hepa-
BEHCTBO CIIPaBE/IJINBO [IJIs1 JIF0O0H BBIMYKJIOHN BBEpX (QyH-
kiuu. B caempytomeit 3ajaue Mbl JJOKQKeM €ro s He-
CKOJIBKO GoJiee y3KOro KJacca (pyHKIHiA.

3anaua 2. [Tycmo pynxuyus [ (x) duppepenuupyena
Ha nexomopom ( KoHeuHoM Uiy 6eCKOHeUHOM ) OMKPLINOM
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unmepeane u ee NPou3cOOHAs He 603PACMAEM.
Hoxaxume, umo mozda O0as A100bIX YUCET (
Xy, KXoy ooey Xy U3 IMOZO UHIMEPBATA UMECT MECTRO
Hepagencmeo

Flae)+f () + +f (%) st"1 +x, +..

k 0 x H

Pemenne. (1) B aroif 3ajaue HET CJIOKHBIX
orpannuenuii. Ho mHOr/1a UX CTOUT MCKYCCTBEHHO
BBECTH, a TTOTOM M30aBUTHCSA C TOMOIIBIO METOIa
MHOXUTenel Jlarpamka. Mrpa crout cBed, eciam
MOJTy4eHHAs 3a/1a4a OKAKeTCs MPoIle, HAaIpUMep
paszobbeTcss Ha HccjaefoBaHne (YHKIUH OfHON
nepeMeHHol. 3auKCcUpyeM ITPOU3BOJIbHOE YUCIIO
S M3 pacCMaTpUBAEMOTO MHTEPBAJA U PACCMOTPUM \

WNoranH JliogBur annmam
Bonboemap WMencen (1859—
1925) — patcku MaTeMaTuK v
MHxeHep. OH B 3Ha4YUTENIbHOM
cTeneHn Obin camMoyykon, HK-
Korga He 3aHVMan akagemu-
YecKMX OOJIKHOCTENM, a 3aHW-
Manca MaTeMaTnkom B cBobos-
HOoe OT OCHOBHOW paboThl Bpe-
M. MlerceH nepsbIM Hadan cn-
cTeMaTmyeckoe m3sydeHue Bbl-
nyKbix yHkumn. CBoe 3Ha-
MEHUTOE HEPaBEeHCTBO OH Ony6-

nukosan B 1906 roay.

sajjauy Makcumusanun senmuunbl [ (x;)+
+f (%) +... +f (x,) npu orpanuuenyu x; + x, +...
...t x, —ks =0. Ecin okaxkeTcst, 4TO MCKOMbIN MaKCuU-
MYM JIOCTUTAETCSI IPU Xy = Xy =... =X, =S5, TO HYXKHOE
HEpaBeHCTBO Oy/eT [OKA3aHO MJT BCEX Xy, Xy, ..., Xp ,
YIOBJIETBOPSIIONINX YCJAOBUIO X + Xy +...+x, =ks. A B
CHJTy TIPOU3BOJIBHOCTH S OTCIO/Ia OY/eT CJIeJ0BaTh CIpa-
BE/UIMBOCTD ATOTO HEPABEHCTBA JUJIST BCEX Xy, Xy, ..., Xp .

(2) ®yuxumsa Jlarpamska JaHHON 337441 ONITHMU3AIN
nuMeeT BUJL

L(xp, 29, o, s N) = F o)+ () +oo +f () +
+ A+ ay o+ a —ks) = (f () + N (o = s)) +

+ (£ (a) + Ay =)+ +(f () + A (g —5)).
Hac unTepecyer Takoe sHauenue MHOKHTe/s Jlarpamxka
A, JUIst KOTOporo MakcnmyM (yHKimn L (X, Xy, ..., 243 \)
JIOCTUTAETCS TIPM X = Xy =... =X, =5, WIH, Y4TO TO XKe
camoe, MakcumyM yukmun [(x;A) = f(x)+A(x - s)
pocturaetcst mpu x = s. Jlas 51010 1#eo6xodumo, 4To6bI
POM3BO/HAS 9TOH (DYHKIMM MPU X = § PaBHANACH HYJIO,

T.e. f'(s)+A=0. Orkyma A= —f'(s).
(3) Pacemorpum dynkimio g (x) = f(x) = f'(s)(x —s).
B custy MOHOTOHHOCTM TPOM3BOAHON (yHKIUM

A B CIJTy TPOU3BOJIBHOCTH S OTCIO/IA CJIE/IYeT, YTO HepaBeH-
CTBO IU/IQHCGHa CITpaBEAJINBO IIPN BCEX NHTEPECYIONNX HAC
3HAQUYCHUAX ITEPEMEHHDIX.

HepaBeHCTBO IU/IeHceHa nMeeT MHOI'O BaXHbIX YaCTHDBIX
cayyaeB. Bripouem, Metosom MHOKUTe el Jlarparska onn
PelIaloTcsl He HAMHOTO JIJINHHEE CBeJleHUsT NX K HepaBeH-
ctBy Vencena.

Yupaxkuenust

2. Hycrs Gyuxms f(x) anddepenuupyema Ha HEKOTOPOM
(koHeuHoM ujm GECKOHEYHOM) OTKPbITOM MHTEPBAJE U €€ IIPO-
n3BO/IHAs He yObIBaeT. [[OKasKUTe, UTO TOr/Ia /st JIOObIX YKCet
X4, Xy,..., X, VIMEET MECTO HEPABEHCTEO

() + /() + + 1 () s pEatm et
k ='H [

3. Ilycrp dyuxims [ (x) nuddepennmpyemMa Ha HEKOTOPOM
(KOHeYHOM MM GECKOHEYHOM) OTKPBITOM WHTEPBAJe U e TPo-
n3BO/HAs He BospacTaeT. [loKaxuTe, 4TO TOrJAa s JIEOOBIX
YHUCEJT X, Xy,..., Xy W JIOODIX TTOJIOKUTEIBHDIX YUCET Py, P, .-, P,
MMeeT MEeCTO HepaBeHCTBO

pif (20) + pof (02) +.o + puf () <

Upxy + pyxy +... +ppx, 0
5(,791+P2+---+,T9k)f5p1 L P Peeg
prtptotpe O

f (x), npoussomnas ¢'(x) =f"(x) =1 (s) pyux-

wn g (x) HeoTphuaTenbHA IPU X S S M HENOJIO- (
JKUTEJIbHA TIPH X 2 § . A 9TOTO 00CMAmouno s
Toro, 4ToGbl B Touke X = s (ynkuus ¢ (x) nvemna
MakcuMyM. 1109TOMy MaKCHMaJbHOE 3HAYCHHE
gyukimn g (x) pasno g¢(s), T.e. upu Beex x
BblnoHsieTcst Hepaenctso ¢ (x) < g(s). B wact-
nocti, g(x;)<g(s) G=1,2, ..., k). Cymmpmupys
9TH HEPABEHCTBA, MOJyYHM, YTO HEPABEHCTBO

)+ f () +oo 4/ () =
= () (e + 2y +... + 2, —ks) <kf(s)

CTIIPaBEJINBO [T BCEX 3HAUCHMI TTEePEMEHHBIX
73 paccMaTpUBAacMOTO WHTepBaJa. 3HAUNT, TPH
YCJIOBUH X{ + Xy +... +X;, =RS ClIpaBeisIMBO He-
PaBEHCTBO

fx)+f (). +f () <kf(s).

OrtocteH Jlyum Kotwum (1789—185)
— paHuy3cknn mMaTematmk. OH
13BECTeH OPUTMHaNbHbIMW pe3ynb-
TaTaMKV B CaMbIX Pa3HbIX 00MacTax
MaTeMaTuKKM, OT TeOpUW Ymucen Lo
reoMeTpumn 1 MexaHnku. Ho Gonb-
LLIO€e BHMMaHWe OH YAEeNsAn 1 cncre-
MaTM3aLMM HAKOMMEHHbIX K TOMY
BpPeMeHW 3HaHuW. B YacTHOCTW, B
1821 roay Bbiwen B cBeT ero «Kypc
aHanm3a Koponesckow NOANTEXHU-
YECKOW LLUKOJbI», B KOTOPOM OblIio
onybnMKoBaHO [,OKa3aTeNbCTBO He-
paBeHCTBa MeXAy CpefHVM apud-
METNYeCKUM U CPeAHWM reoMeT-
pr4ecKMM. ITO [OKa3aTeNbCTBO A0
CUX Mop ocTaeTcs Hanbonee nomny-

JIAPHbBIM. J




@aHb L3bl (1914—-2010) —
MaTeMaTuK, POAMBLUMIACA B 1-a + 1-b . 1-¢ N 1-d
Kutae n pabotaswwnn B0 a-a+1 bV -b+1 ¢ -c+1 d*> -d +1
®paHumm, CLUA 1 Ha TavBa-
He (MHorga ero nMs NepeBo-
OAT C aHrmunckoro kak Ku
®aH). Monyumn BaxHble pe-
3ynbTaTbl BO MHOMMX obnac- O
TAX KaK 4YUCTOM, Tak U Mnpu-
KNagHOM MaTeMaTnKM.

HEPaBEHCTBO

12. Ilycrp ay,ay,...,a;, — JEHCTBUTEJIbHBIE YUCJIA,

Y/IOBJIETBOPSIIONIIE YCJIOBUIO ¢4 +dy *+... +a, =1. [lo-
Ka)KTe HEPaBeHCTBO X
1d oo 10 o 1g (¥ +1)
Ou+—0 0o +—10 +..+0y +—0 2——.
0 &0 0O @O 0 &0 k

HepaBeHcTBO Ménbpepa

B mepBoii mo1oBUHE TTPOMIIOTO BeKa MaTeMaTH-
YeCcKUil aHaJIN3 B 3HAYNTEJBLHOM CTETICHN TIepeIiest
/ Ha SI3bIK reoMeTpun. B c¢Bsi3u ¢ atuM ObLIn TOKa-

4 (Canxr-Tlerep6yprekas onmmnuaza, 1980 r.). Cymma yerbi-
pex TIOJIOKUTEIbHBIX uHces 4, b, ¢, d pasua 1. Jokaxure, 4TO

Vaa +1 +4b +1 +Jdx +1 +J4d +1 <6,

S (Komm, 1821 r.). {okaxuTe, 9TO M JIOOBIX HEOTPHIIA-
TEJIbHBIX YHCEJ dy,dy,...,d; BBITOJHSIIETCS HEPABEHCTBO

a +a, +... +a,
k

6 (Danb [[3b1). [JokaxkuTe, 4TO /7151 JIOOBIX YHCEI Ay, dy,. .., d),

IN

Naa,...a,

10
13 OTpe3Ka @; EH BBITIOJTHACTCA HEPABCHCTBO

a +ay +... +a,
Haa, ...a, < &
Ji-a)(1-a)...(1-q) (-a)+(-a)+  +{-q)
k
7. JlokaxkuTe, YTO IS HEOTPHUIIATEIbHBIX 4ucea d, b, c,

YAOBJIETBOPAIOUIUX  YCJIOBUIO a2 + b2 + C2 =1 , BDbIIIOJIHAETCA
HEPaBEHCTBO

a_ b +_C 343
t+a®> 1+b* 1+ 4
8. Ilycrb a,B,yY — yrjbl OCTPOYrOJBHOIO TPEYrOJbHUKA.
Jlokaskute, 4TO TOr/A
sin 20 + sin 2B +sin 2y <sin o +sin 3 +sin y.

9 (osmmmmmana mkoasr 239 Canxr-TlerepGypra, 2001 r.).
[ JOGBIX TONOKUTENBHBIX YUCEN  dy,dy,...,d) JOKAKUTE
HEpaBeHCTBO

g

3aHDBI U CTAJH UTPATh OYEeHDb BAXXKHYIO POJIb HEpa-
BeHCTBO ['éibjiepa n HepaBeHCTBO MUHKOBCKOTO.
Pesyabrar Téabaepa (1889 r.) Moxer GbiTh chopmyinpo-
BaH CJIEAYIONNM 06Pa3oM.

3amaua 3. [lycmov uucna p u q nosoxumesvivl u

11
ydosaemsopsitom yciosurw —+— =1. [Jokaxume, 4mo

mo2z0a 015 1100 bIX HEOMPUUAMETDHBIX UUCE y, Ay, ..., Ay ,
by, by, ..., b, cnpasediuso nepasercmeo
ab +ab, +...+a,b, <
1 1
(af +al +. +ak) (b" +bf +.. +bg)3

Pemenue. (1) [JokasbiBacMOe HEPABEHCTBO HE M3MEHUT-
cs1, ecan Bee uncaa by, by, ..., b, YMHOXHUTb HA OJIHO U TO
JKe TIOJIOKUTETbHOE ‘II/ICJIO [105TOMY MOKHO CUMTATB?,
uto bl +b] +...+b] = Bynem cumTath 4Ymncaa
b, by, ..., by HapaMeTpaMH (HpOI/ISBOJIbeIMI/I, HO uKcH-
posamnbMu). T1o TeM ke MpUYIHAM MOKHO CIUTATD® , 4TO
al +af +...+all =1. 3agaga Gyzer periena, ec/i Mbl
JoOKakeM, 4T0 npu chHOPMYJIUPOBAHHBIX YCJIOBUIX
ab +ab, +... +a,b, <1. A 114 3TOTO IOCTATOYHO HANTH

2 Curyuaif, Kora Bee IepeMeHHbIe b; PABHBI HYJIIO, TPHACTCS
OroBOpPHUTH 0COGO, HO OH OYEBHUJIEH. DTO OTPaHUYEHUE MOKHO B
MIPUHIUIE He BBOIUTDH, HO OHO CHJIBHO YIIPOIIAET (POPMYJIBI.

3 BoT 9T0 OrpaHudeHIe TPUHIHITHAIBHO: HHAYE MAKCHMYMA HE
Oyzer cymiecTBoBaTh! OGpaTnuTe BHUMaHKUE HA TO, YTO B JIAHHOM
cjlyyae OrpaHMYeHHe BBOJUTCS HECKOJIbKO HHAYEe, 4YeM IIpH
JIOKa3aTe bCTBe HepaBeHCTBa IMemcema.

O O . O 1 a
ﬁ “1““1 %E 2(1”12@ El “k1+“kﬁ /

>D+;d€ rae Yaa,...a, =p
ﬁ p(1+p)ﬁ, 12... k .

10 (xropn Mesxaynapoamoit ommammmaasr, 1998 1.).
Ilycrs ay,ay,...,a, — neiictBuTe bHBIE Yncaa, 00JIb-
mme 1. /lokaskure, 4TO

1 1 1 k
+ .+ > _
1+a, 1+a, t+a, 1+4aa,..q

11 (Caukr-Ilerep6yprekas omummuazga, 2012 r.).
Jlanbl 110/105KUTeAbHbIE Yncaa d, b, ¢, d. V3BectHo,

4uTo 2 + 2 + 2 + 2 =2 . Jlokaxkure
aA+1 b+l S+ P \

O1T10 JllogBur Fénbneh
(1859—1937) — HeMeL KM Ma-
TemaTtuK, crneuuanuct B ob-
nactm anrebpbl 1 aHanmsa.
Ho, noxanyi, Hanbonbluyto
M3BECTHOCTb €My MpUHeco
JlaHHOe HepaBeHCTBO.
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makcumym  pyukunn  f (@, @y, ..., @) = aby +asb, +...

.+ayb, npu orpanmdenun af +a} +...+a -1 =0.
(2) dynknus Jlarpanska 5Tol 3a1a4n UMeeT BUJ
L(ay, ay, ..., a;\) =

.+apb, +)\(a1” +al +... +al —1) =

= (cz1b1 + )\a{’) + (a2b2 + )\aé’) +

MaxkcuMyM 3Toi (DYHKINU JOCTHTAaeTcs, KOTJAa MaKCH-
MasbHbl 3HaveHnst Gynxumii [ (a;,A) = ab; + Aal’ (i =1,

= ab +ayb, +

+(ayby + M) =1

2, ..., k). Ilpoussognas ¢yukuun I ( ) paBHa
b; + A\pal” " obpaliaercs B HOJIb B €IMHCTBEHHOI TOUKe
L 1
g 10t 33
a; = ApD bl . TlopcraBass 5T 3HAYEHNS B OTPaHU-
O
yeHue OHTI/IMI/ISaHI/IOHHOI'/JI 3aJ[aunl, MOJIYINM
P
P P 0
] . - -
gl O S eS|
0 AvQ O
OJ O
1.1 p
B cuny paBencrBa — +— =1 umeeM p— =g, T03TOMY
p-

Hali/leHHOoe YpaBHEHUE ITPUMET BU/JL
o 1tf
D—ig (b{’ +b +... +b,g’) =1,
0 Ap0
o1
WJIN, C YI€TOM CAEJaHHOIO IIPEAIOIOKEHNA, [ —[] = 1.
i 4 OO

Ortcioma nmeeM A = e a; = bip__1 =b/.
(3) Pacemorpum dyuximio  g; (@;) = a;b; —laip . Ee
p

npousBoanas b; — af B obpariaercst B HOJIb B €/THHCTBEH-
1

2015/Ne5-6

1 1
HO, U BbIIOJHsIeTCs1 yeaoBue — +— =1 Jlokaxkute, 4yTo TOrAa
P

q
TS TIOOBIX HEOTPUIIATEbHBIX YHUCEN dy, Ay, ..., dy , by, by, ..., by,

CIIPaBe//INBO HEPABEHCTBO
ab, +aby +... +ab, 2
1 1
(af +af +. +ak) (bq +b] +... +bkq)t/.

15 (nepasenctBo Komm—Bymsaxosckoro, 1821 r.). [okaxute,
4TO st JIOOBIX JIEHCTBUTENBHBIX YHCEN &y, dy, ..., d ,
by, by, ..., b, crupaBeIMBO HEPABEHCTBO

d1b1 +a2b2 +... +akbk < Jaf +a§ +ak \/b1 +b2 ves +b]§ .

16 (uepasencrso Munkosckoro, 1896 r.). Ilycrs p > 1.
Jlokaxkure, 4To AJAf JIO6BIX HEOTPHUIATEJIbHBIX YHCEJ
aj, ay, ..., a , by, by, ..., b, cupaBeINBO HEPABEHCTBO

1
((a1 +0) +(ay +b,) +... +(a +bk)7’)71 <
1 1
Py qP P P opP P
(a1 +ah +...+ak)f) +(b1 +b) +... +bk)71.

17 (Munkosckuit, 1896 r.). JlokakmTe, 4TO /IS JIOOBIX
HEOTPHULATEIbHBIX YUCeT dy, Ay, ..., dy , by, by, ..., b, cupasen-
JINBO HEPABEHCTBO

(a1 +51) (@ +0). (@ +B))F = (it ) + (b by )i

18 (Canxr-Ilerep6yprckas ommmmmana, 1993 r.). Jokaxute,

4TO JAJSA JNI00BIX IOJIOKHTEJAbHBIX UYHCET &y, Uy, ..., dy ,
by, by, ..., by cripaBe/IMBO HEPABEHCTBO
ab a»b apb AB
o, D% L U5

a+b,  a,+b, a,+b, A+B>

rne A=a; +a, +...
19. IMonoxuresnbHble YUCAA dy, dy, ...,
JIETBOPSIIOT YCJIOBUIO

3
2, 2 DA Y 2
(a1 ta; +... +ak) =by +by +... +b; .

+a,, B=b +b, +... +b, .

a,, b, by, ..., b, ynos-

" b1 t,1_
Holi touke @; = b/” . Uz ycnosus —+— =1
pq
CJIeAyeT, uTo p > 1, MOSTOMY IPOM3BOAHAS

yObIBaeT W B ITOH TOYKE MeHsieT 3HAK C
HOJIOKUTEIBHOTO Ha OTPUIATETbHBIN. DTOTO
docmamouno, dTOOBl YTBEPXKAATb, UTO
B YKa3aHHOW TOuYKe (DYHKIMS HMeeT Mak-
cumym. Crre1oBateIbHO, B TOUKE MAKCHMyMa
BBINIOJIHSIETCSE yeaoBue af +af +...+al -
-1 =0, a IcKOMOe MaKCUMAJIbHOE 3HAUECHHE
BoIpakenust aby +a,b, +... +a,b, pasno
1 1 1

by +6) by . 40, =
L L P
:bf +bp1 +b,f_1 =
=bl +b] +...+b! =1,

4TO ¥ TPeOOBATOCH /IOKA3ATh.

Yupaxxuenust

13. IloxyunTe TOT K€ PE3yJbTAT, MUHUMHU3H-
pya sHauenne af +ab +...+a] nupu orpanmye-
Hun aby + ab, +... +apb, =1.

14. TlycTb OIHO U3 YUNCENT p WIIN ¢ OTPUIATEH-

) f
gf (x)g( dxﬁ < J’ de'
Yepes 25 neT TOT XKe pe3ynbTaT nonyvun HemMeLKmr MatemaTk Kapn FepmaH
Amanpyc LBapu, (1843—1921). Mo3ToMy B 3anafiHon nutepatype oba HepaBeH-
CTBa Ha3blBaloT HepaBeHcTBamu Kowwn—LlBapua. B Hawewn ctpaHe v ABa

nprBeaeHHbIX HePaBeHCTBA, N X Pa3findHble aHanorm n O606LLI,€HI/IH Ha3bIBaloT
HepaBeHCTBaMU KOLLIVI_EyHFIKOBCKOI'O.

Buktop $ikoBneBu4 ByHAKOBCKMI
(1804—1889) — poccuinckmMm MaTema-
TUK YKPaMHCKOrO NMPONCXOXAEHMUS, ObIB-
LMW, B 4aCTHOCTW, BULE-MPE3NOEHTOM
Poccumckon akagemun Hayk. bonblue
BCEro OH 3aHVMancs Teopuen 4mcen m
Teopuen BeposTHOCTeN, B TOM YMCTe U
NPaKTU4eckKUMU MPUMEHEHNAMMU  NOC-
nepgHen. MHOro BHUMaHUA OH yaensn
Pa3BUTMIO MaTemMaTmdeckoro obpaso-
BaHMA B Poccuu, n Kak negaror, U Ha
PA3NNYHbBIX aAMUHUCTPATUBHBIX OOMXK-
HOCTAX.

UunTpoBaHHOe BbIlle HepaBEHCTBO
Obino gokasaHo Kowwn euwe B 1821 rogy.
byHsakoBckmm ookasan B 1859 rogy ero
I/IHTeI'paJ'IbeII;I aHanor




OepTa DUHWTENHa.

FepMaH MUHKOBCKMM (1864—\
1909) — HemeLK1n MaTeMaTuK,
CyMEBLIUIM 0OObeAMHNUTL FreoMeT-
puio C Teopuen Yncen n Gusmn-
kon. OfuH 13 y4utenen Anb-

MHU3allN BBITJIAAUT TaK:
L(a,B,y,d) =2tg a +2tg B+2tg y +2tg &+

+ sin 20 +sin 2B +sin 2y +sin2d +
+A(a+B+y+d-1) =
= (2tgo +sin 20 + Aot )+ (2tgB + sin 2B + AB) +

+ (2tgy +sin2y +Ay) H2tg d4sin2 3+AJ — AL
Mycrb [(a;A)= 2tga +sin2a +Ad |, Toraa

/ l'(O(;)\)= 22 +cos20+ A =

Z[OKB.}KI/ITC HEPaBEHCTBO

3 3 3
a_1+a_2+._.+a_k >1.

b b by
20 (M1193). [Tokaskure aug moObix uucen a, b, ¢, x, y, z
HepaBeHCTBO
ax +by +cz +\/(a2 +b? +cz)(x2 +y? +22) 2

>§(a+b+c)(x +y +2).

FeomeTpuyeckue 3apayu

MHoro mpuMepoB HCIIOJIb30BAHI METO/[a MHOKHITETEl
Jlarpam:ka 10CTaBJ/ISIOT FeOMETPUYECKHE 32/1a9K HA MAKCH-
MYM WJIH MUHUMYM. BOT HECKOJIBKO W3 HUX.

3agauya 4. Boxpye
oKkpyknocmu paduyca 1
onucamn Yemvlpexyzoi-
nux naowadu Sy. Tou-
KU Kacauus ezo CIopou
€ OKPYKHOCDIO COeOU-
HUAU, NOAYUUE UCTbL-
PeXYzoNbHUK NAOWA0U
S,. Kaxoso naumeno-
wee 603M0XKHOe 3HaAUe-
Hue cymmoL Sy +.S,?
Puc 2 Pemenue. (1) IIycrp

ABCD — 6ombmmii ve-
Thipexyroibnuk, EFGH — menpmmii (puc. 2), a O — nenrp
okpyskHOcTH. O6ozmaunm £ AOE = ZAOH = a,
ZBOF=4ZBOE=B, £COG=4ZCOF=Y, £DOH =
= £ZDOG = . Torma S, =tga+tgB+tgy+tg d, a

S, = %(sin 20 +sin 23 +sin 2y +sin 2 6) . Takum o6pasom,
3aj1ada CBOJUTCS K TOUCKY MUHUMYyMa (DYHKIUH
f(a,B,y,d) =2tg a +2tg B +2tg y +2tg &+

+ sin 20 + sin 2f3 +sin 2y +sin 2 3.

VYraer a, B, Y, & cBA3aHbl cooTHOUmEHUEM O +[3+y +
+ 0 =TI, a HOCKOJIbKY 110 OTHOIIEHUIO K YE€THIPEXYTOIbHI-
Ky ABCD OKpPY>KHOCTD SBJIIETCS BIINCAHHOI, a He BHEBITH-

o T
CaHHOM, BC€ YyTJIbl ITpUHA/IJIEIKAT UHTEPBAJTY ﬁ); EH

(2) Dynkiusa Jlarpanxa moctaBJaeHHON 3ajaull ONTH-

cos™ a

2

+ 2 cos’ a§+)\—2.
0s” o

1
Ypasuenne —+2t =2 — A B 3aBHCHUMOCTH OT A MOJKET
umethb Ha unrepsade (0; 1) 6o oxno, 160 ABa PelIeHus.
Cootsetcrpento, n ypasnenne ['(a;A)=0 Gyzer umers

Tt
Ha UHTEepBaJe ﬁ); Eﬁ OTHO WJIN JBa penieHnsd. B mepBom

caydae 3TO pelleHHe JaeT TOYKY MUHUMyMa (DYHKINU

[(a;X) . Bo BropoM catyuae GoJbliiee 13 periennii cooTet-
CTBYeT TOUKe JIOKAJbHOTO MUHUMYMa, & MEeHbIIee — TOUKe
makcnmyma yukimn [ (oGA) . B atom cayuae rioGasibhbiii
MHHUMYM MOJKET JIOCTHTaTbCs JIHOO B 11EPBOil KpUTHYeC-

o T[]
KOMU TOYKe, Jm6o B JIEBOM KOHIIE OTpE3Ka ,EE Ho B

moGoM ciydae jis Toro, uro6pl dynkuua L (o,

)’ ’ 76
uMesa MUHUMYM, Heo6xo0umo, dutobbl O =3 = 5

Y Tt
C yueroM JaHHOTO yCJOBUS MOJyduM O = =y = =—.
4
A 3mauur, A\ = —-4.
(3) Paccmorpum dyukunio  ¢g(x) =2tgx +sin2x -

- 4x + 1. Ilpoussoanas g' (x) =2 . P

+2cos? xﬁ—G
0s” x

T . T
HNMEET Ha NHTEPBaJie ﬁ); 5 HEZ[I/IHCTBEHHBII/I KOpeHb x = Z y
B KOTOPOM MEHAET 3HaK € MHHYCa Ha IIJIOC. ITOro
Tt
docmamouro JJIA TOro, yTOObI B TOUKE X = Z aTa (1)YHK-

must umesia MunnvyM. Ilostomy ¢ (x) = 2tgx +sin2x -

g
-4x+M<3 =¢g HZH IloacTaBsisgst B 3TO HEPABEHCTBO

BMECTO X 3HaueHnud o, B, Y, d u CyMMUDPYS, MHOJIyYUM
f(a,B,y,é) <12, r1e. S5 +5,<6.

[Toryuyennblii pe3yabTar — BapuaHT CJe/yIolleil 3a/1auu,
npeoxkeranoin V.M. Illapbiruabiv.

3agava 5. Bokpyz okpyxuocmu paduyca 1 onucau
MHOz0Yy20bHUK naowadu S;. Touxku kacanus ezo cmopou
C OKPYKHOCIBIO COCOUHUNU, NOAYUUS MHOZOY2OJLHUK
naowadu S,. Kaxoeo naumenvuiee 603mM0xKHoe 3HAUEHUE
cymmor S;+.S,7?

Tereps 51 He yaep:Kych OT TOrO, YTOGBI TIPOIUTHPOBATD
crarpio B.IIporacoBa u B. Tuxomuposa «I'eomerpuueckue
menespobl  Mlappiruna» (Keaur Nel 3a 2006 r1.), u3
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3aTOp HayKu.

Nrope ®epoposuy LLapbirvH
(1937—2004) — poccninckmm ma-
TemaTuvk, negaror v nonynspu-

9TOGBI yTBEPIK/IATD, YTO B 9TOU TOUKE JOCTUTAETCS
MUHUMYM. AHAJOTUYHO YCTAaHABIMBAETCS, YTO MU-
uumymbl  Gyukuuii g, (B) = bictgB+4R*B u
g3 (y) = czctg y +4R? y pocruraiorcst mpu B =0
ny=y, rne By u Yy, — ABa APYrUX yrJja
TPeyToJIbHUKA CO CTOpOHAMu d, b u c.
Takum o6pazom, a6COMIOTHBIN MUHUMYM (DYHK-
2 o
un L(O(,B,V,R ) JIOCTHTAETCS B €QUHCINEEHHOU
Touke O =0y, B=0), Y=Y, YAOBJIETBOPsIO-
el OrpaHnYeHnIo 3a/1aun. 3HAYKUT, OH COBITA/IAeT
C YCJIOBHBIM MUHUMYMOM ¥ paBeH

J a‘ctga, + bctgBy +

KOTOpO#l OblTa B3siTa 3Ta 3agava: «Hu aBTOpcKoro, Hu
KaKOTo-n60 IPYTOro PelieHus 3TN 3a/1a491 Mbl, YBbI, He
3HaeM». Temnepb eCcTb MHCTPYMEHT, 4YTOOBI PEITUTb 3Ty
3ajiauy! OcraBiisieM 3TO YUTATENIO «HA CJAIKOE> .

3amaua 6. [lycmv a, b, ¢, S — coomeemcmeento
CMOPOHDBL U NAOWADD HEKOMOPOZO 0CMPOY20ILHOZ0 MPeEY-
20qbHUKA, O, B u Y — yeavt dpyz020 0cmpoyzoabHO20
mpeyeonvuuka. /loxaxume, umo

a’*ctga + bctgB + cPctgy 245,

npuvemM pasenHcmeo umeem Mecmo Juws 6 cayuae, Kozod
0ba mpeyz01oHuUKA NOOOGHD.

Pemenue. (1) By/iem cunrars cTOpoHbI @, b, ¢ 3a/1aHHbI-
MU, a YIJIbI O, B U Y 1epeMeHHbIMU ¥ HalijleM MUHUMYM
pyukimn a’ctga + b’ctgp + c*ctgy. Ilo ycuoBuo BbI-
MTOJTHSIETCST PAaBEHCTBO O + B +Yy = T

(2) ®dynkuua Jlarpanska JaHHON 3aa4l UMEET BUJL

L(a,By,A) =
=a2ctgcx+b2cth+czctgy+)\(G+B+V‘T) =
- (a2ctg o+ A )+ (b2cth + )\B) + (czctg v+ )\y) — AT

Pacemorpiy dymkimio [ (a;1) = a’ctga + Aa . B ee Tou-
Ke MUHUMYyMa 00/LKHd OOPAIaThCs B HOJIb IIPOM3BOHAS

2
a
I (a;A)= ——=—+\ . AHAJIOrHYHO TOXYYAIOTCA PABEH-
sin“ a
2 2
CTBA ——— +A=0 1 -——+A=0.Bmecrecycosu-
sin“ 3 sin”y

eM 33J[aui ITH TPU YPABHEHUS [JAI0T JOBOJBHO CJIOMKHYIO
cucTeMy JIJIsl HaXOJK/ICHUST YeThIPeX HEM3BECTHBIX O , B,
Y u A. Ho y Hac ectb mojickaska: XoTesoch Obl, 4TOOBI
yriabl o, B u Y OblLIN paBHBI yrjaM TPEYTOJbHUKA CO
cTopoHamu da, b, ¢. A Toraa A\ = 4R2, rae R — paanyc
OKPY>KHOCTH, OMUCAHHON OKOJIO TPEYTOJbHUKA CO CTOPO-
Hamu a, b u c. ]

(3) PacemoTpum (I)yHK]_II/IIg g;(a) = a*ctga + 4R’ . Ee

, a
npoussomHas ¢ () = -t 4R obpairaercs B HOJb

sin” a
. a
B TOUKaxX O, + 2Tk u T— 0 +2TkR, rge O = aresin -5 =

yTOJI B TPEYTOJIbHUKE CO CTOPOHAMU &, b, C, IPOTUBOJIEKA~

o Qg
I CTOpOoHE a, a k — 1eJsioe uncao. B HNHTEPBaJI ,§H

nonajlaeT TOJAbKO O/[Ha U3 HUX O = O, U B Hel IIpon3Bo/A-
Had MEHSAET 3HaK ¢ MUHYCa Ha IJTIOC. ITOTO aocmamouﬂo,

+cletgyy + Moy +By Yy —7) =
= a’ctga, + bictgB, +cctg y, -
Ho mnpu BbllOJHEHWM OrpaHMYeHUs 3a/aud 3HAYCHUS
byukimit a’ctga + b’ctgP +cictgy u L (G,B,y, Rz) co-
BIIQ/IAI0T, 3HAUYUT, COBIIQ/IAIOT 1 UX YCJIOBHbIE MUHIUMYMBI.
Ocraetcs 3aMeTHTD, 4TO actg O, — yyeTBepeHHas I10-
IMa/1b O/THOTO U3 TPEYTOJbHUKOB, Ha KOTOPbIE Pa30MBAIOT
TPEYTOJIbHUK CO CTOPOHAMU ¢, b, ¢ OTPE3KNU, COEINHSIIOIIE
€r0 BEPUIMHDI € IIEHTPOM OIIMCAHHOI OKPYKHOCTH.
JlaHHDBIT pe3yIbTaT cIpaBe/lyinB U 6e3 TIPEATOI0KEeHn T
00 OCTPOYTOJBHOCTH PACCMaTPUBAEMBIX TPEYTOJHHUKOB.
Bonee Toro, oH MOKeT OBITH OJIYIEH METOJIOM MHOXKUTE-
geil Jlarpamxa. BoT TosbkO gocrarounble YCJOBHUS B
obuieM ciaydae He cpabatbiBaior (CMeKHUTE, TToUYeMy?), a
HY>KHBI HEOOXO/IMMbIE YCJIOBUS 1 JIOKA3aTEJIbCTBO CYIIle-
cTBOBaHUs MuHUMyMa. Ho 3To y:ke TeMa /It OT/eIbHOTO
pasrosopa.

Yupaxnenus

21 (M716). U3 touxku P BHYTpHU AaHHOTO Tpeyronbanka ABC
omnyckaiotcst epriengiukysippt PA;, PBy, PC; nanpsimbie BC,
AC n AB. [lna xaxkux Touek P Buytpu Tpeyrosbuunka ABC

BC CA , AB

BEJNUNHA ——— + —— +—— [IPUHUMAET HauMeHbIllee 3Have-
PA; PB, PC,

Hue?

22. [lokaxkuTe, 4TO CPe BCEX MHOTOYTOJBHUKOB, OIMCAH-
HBIX BOKPYT JIaHHOIT OKPY’KHOCTH, HAMMEHDBIITYIO TIJIONIA b IMEET
TIPABHUIHHBIN.

23. lokaxute, 4TO CPEJM BCEX MHOTOYTOJbHHUKOB, BIIMCAH-
HBIX B JIAHHYIO OKPY’KHOCTb, HAMOOJIBIIHI TIEPUMETP HMeeT
TTPABUJIHHBIN.

24. Tlycrb @, b, ¢ — CTOPOHBI OCTPOYTOJBHOTO TPEYTOJIbHUKA,
o, B, Y — yrasl apyroro tpeyrojbHuka. /lokaskure, 4To
a’ +b* +¢?

2

25. JIoKaskuTe, 94TO CPEIN BCEX YETHIPEXYTOTBHIKOB C TAHHbI-
MU CTOPOHAMI HanGOJIBINYIO TIOMIAAb UMEET BITMCAHHBIN.

26 (M1439). JIuHbI CTOPOH TPEYTOJIbHUKA PABHBI d, b, U ¢,
a JUTMHBI TPOBEJIEHHBIX K HUM MEJMaH PaBHbI M, , My, W M,
COOTBETCTBEHHO. J[OKaskuTe HEpaBEeHCTBA:

2 Moy M 3V

= ’

a b c 2

6 Lol oy
m

a ny, m;

bccosa + cacosP +abceosy <

Vxasanue. HpI/IMI/ITe cJlaraeMble B JIEBOI YacTu JIOKa3bIBaeMO-
TO HEPABCHCTBaA 3a IIEPEMEHHDBIC U HaﬁllHTe CBA3b MEXK/y HUMU.
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3apaun M2396-M2405, ©2403-d2412

VI12396. B HepaBHOOEIPEHHOM TIPSIMOYTOJBHOM TPEYTOJIb-
Huke ABC touka M — cepeauna runotenyssl AC, a TOUKH
H, n H, — oprouenurps! tpeyroabuukos ABM u CBM
coorBercTBento. [loxaxure, uro upamoie AH, u CH,
nepecekaroTcss Ha MPsMOii, MPOXOoAsIell Yepe3 cepeuHb
karteToB Tpeyrosbanka ABC.

. 1llseyos

M2397. CymectByeT am OGeCKOHEYHasl MOCJIEAOBATENb-
HOCTDb HATYPAJbHBIX YHCEJ TaKkas, 4To s JI000r0 HATY-
pasbHOTo k cymMMa JIOOBIX k MIYIHUX TTOIPSI/] YI€HOB 9TOM
[MOCJICIOBATEIbHOCTH JeuTCa Ha kR + 1?2

C.Bepiosg

M2398. IloJsie npeacraBsier co60il KJeTuaTblil KBajpat
41x 41, B OJTHOI U3 KJIETOK KOTOPOT'O 3aMAaCKUPOBAH TAHK.
UcrpebuTenb 3a 0MH BBICTPEJ OOCTPEJIUBAET OJIHY KJIET-
Ky. Ecsm mpowusoniio nomasanne, TaHK MeperosizaeT Ha
COCEe/THIOI0 110 CTOPOHE KJIETKY T10JisI, €CJIU HeT — OCTAeTCst
Ha Mecrte. [Ipu aTOM ocie BBICTpeJIa MUJIOT NCTPeOUTEIS
He 3HAeT, MPOU3OIILI0 JU Tonaganue. /s yHIUTOXKEHUS
TaHKa Ha/lo TIONIACTh B HETO JIBa pada. KakuM HauMeHbITM
YHUCJIOM BBICTPEJIOB MOKHO HABEPHIKA YHUUTOKUTH TAHK ?

C.Bepaos, A.Mazasunoe

M2399. /leiicTBuTresbhble ynciaa a, b, ¢, d, 10 MOIYJIIO
GOJIbIIINE €IMHUIIBI, YOBJETBOPSIOT COOTHOIIEHUIO
abc + abd + acd + becd +a+b+c+d=0.

Jlokaskute, 4TO
1 1 1 1

+ + + >0.
a-1 b-1 c¢c-1 d-1

K.Hesanos

M2400. Hasosem HarypajbHOE YUCJIO nOUMU K8aAOpa-
MOM, €CJIN OHO PAaBHO IPOU3BEJCHUIO JIBYX IOCJEL0BA~
TEJbHDBIX HaTypaJbHbIX YHUCEJI. Hazosem HaTypaJabHOE

YHCI0 NPedCMAasUMbLM, ECIU €0 MOKHO MPEJCTaBUTh B
BHJIe YACTHOTO JIBYX HOYTH KBajpatoB. Jlokaxure, 4To:
a) KayK/Iblif TOYTH KBaJpaT MPe/ICTaBIM,;
6) uncua Buna 4 (2k + 1)2 , TJle k — HaTypaJsibHOe, IIPe/ICTa-
BUMBI;
B) JI060€ HATypaJbHOE YHCJI0, He SBAAIONEECS TOUHBIM
KBa/JIPATOM, IPEJICTABIMO;
r) uncna Buga p~’, rae p — NpocToe, S — HaTypaJbHOE,
HeIpe/[CTaBHMBI.

B.Cendepos

M2401. Toukn P n Q, Jexkamue BHYTPH TPEYTOJbHUKA
ABC, rtaxosbl, uto OPAB=0 QAC, OPBC=0 QBA,
OPCA= 0 QCB (r.e. Toukn P u Q N30rOHAIBHO COIPSI-
skeHbl). IIpsmble [ U m TPOXOAAT uepe3 TOUKy A u
CHUMMeTPHUYHbBI OTHOCUTEJIbHO GuccekTpuchl yriaa A. [Tycrb
X — npoekiust Toukn P Ha npsmyio [, a Y — mpoekius
tToukn Q Ha npamyio m. [lokaxkute, uto ecau Touku B, C,
P, X nexar Ha oiHON OKpy»KHOCTH, TO Touku B, C, Q, Y
TOKe JIeXKaT Ha OJTHON OKPY>KHOCTH.

I1. Kosxesnuxos

M2402. Ha gocke nanumcanbl N =9 pasjuyHbIX HeEO-
TPUIATENbHBIX YHCeJ, MeHbIUX eauHuilbl. OKasajioch,
YTO JJIsT JIOOBIX BOCBME PA3JIMYHBIX YUCENJ C JOCKH Ha
Hell HalijleTcsl ZIeBSATOe, OTJMYHOEe OT HHUX, TaKoe, 4TO
cymMMa 3TuX JeBsitn uucen Ienasd. llpm xakux N arto
BO3MOJKHO?

D. Hunos

M2403. /lano natypasbHoe umcio N 23 . Hazoem
Ha6op 3 N Touek Ha KOOPUHATHOMU ILJIOCKOCTH JONnYCmu-
MblM, €CJM UX a6CHIUCChI PAa3IMYHbI M KaKAas U3 ITHX
TOYEK OKpaieHa Ju6o B KPacHbIil, Ju60 B CUHHUI IIBET.
Byziem rosoputb, uto muorounetn P (x) pasdensem pony-
cTuMbIH HA6Op Touek, ecsu 6o Bbime rpaduka P (x)
HET KPacCHbBIX TOYEK, a HIKe — HeT CUHUX, JTU60 HA060pOT
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(1a camoM rpaduKke MOTYT JIeKaTh TOYKU 0O0UX IIBETOB).
[Tpu kakoM HaMMeHbIeM k JII06OI [10TyCTUMBIIT HA60D U3
N TOouexk MOKHO pa3/eUTb MHOTOYJIEHOM CTENeHW He
6omee R?

K. Touwyx

M2404. Y aymusmara ectb 100 oMHAKOBBIX 110 BHEIITHE-
My Bury MoneT. OH 3HaeT, uyTo cpe/n HuX 30 HACTOSTINX
n 70 ¢pampimuBbix MoHeT. KpoMe TOro, OH 3HAET, YTO MACCHI
BCEX HACTOSIIIMX MOHET OJIMHAKOBBI, & MAacChl BceX (hasib-
NIMBBIX — pasHble, mpuueM Jiobas (ajblimBas MOHETa
TsKeJIee HACTOAIEeH; O{HAKO TOYHbIE MACChl MOHET HEM3-
BecTHBI. VIMeIOTCS [ByXuallledyHble Becbl (€3 THpb, Ha
KOTOPBIX MOYKHO 32 OJ[HO B3BEINBAHHE CPABHUTH MAaCChI
JIBYX TPYTII, COCTOSITINAX U3 OJIMHAKOBOTO YHCJIA MOHET. 3a
KaKoe HauMeHblllee KOJMYECTBO B3BELINBAHUI Ha 9TUX
Becax HyMHU3MAT CMOKeT TAPAHTUPOBAHHO HAUTH XOTSI Obl
OJIHY HACTOAIIYI0O MOHETY?

C.Bepaos, H.Bbozoanos

M2405. Tlpsamas, coegmHSIONAs MEHTPBI OMUCAHHOW W
BIIMCAHHOU OKPY’KHOCTEH TpEyroJbHUKa, IlepeceKaeT Oy
U3 ero CTOPOH B OCHOBAHUY BBLICOTBL, a APYIYI0 — B TOUKE
ee Kacalusd ¢ COOTBEeTCTBYIONIel BHEBIIUCAHHON OKPYIKHO-
crolo. Hafiure yros Mex/ty aTMMHU CTOPOHAMU TPEYTOJIb-
HUKA.

A.3acaasckuil

®2403. Buyrpn 3emiu uMeeTcs SAPO PAAUYCOM 7 =
= 3,5 TBIC. KM, KOTOPOE ropas/i0 IJIOTHEEe 3eMHON KOPBI.
[ToaTomy yckopenue cBOGOHOTO TTAJIeHUST BHYTPU 3eMJIH
HavYMHAs OT ee IEHTPa CHAvYaJa JUHEHHO pacTeT 0 TpaHu-
IIbI SI/Ipa, a 3aTeM WM3MEHSIETCS MaJo, OCTaBasCh MOYTH
nocrosunbiM (1 paBubM g =10 M/ ¢* ) BILIOTH /10 1OBEpPX-
HOCTH 3eMJIn (paﬂnyc 3emmm R = 6370 km). Ecau 661
Aunuca, xusmas B Crpane Uyjec, ynaja B MyCTYIO JAbIPKY,
MPOXOANIYI0 Yepe3 CeperHy 3eMJH, TO 4Yepe3 Kakoe
BpeMs OHa BepHyJach 6bI o6paTHO K MecTy TajgeHus? C
KaKoll CKopocTbio AJiica mpoJieTana Obl 4epe3 IEeHTP
3emman?

A.Yydecosa

®2404. Pannum yrpom 4 anpeas 2004 roga (04-04-04)
[IBa TOJSIPHUKA OJIHOBPEMEHHO CTapTOBAJU M3 CBOErO
Jrarepsi poBHO B 4 yaca (o MockoBckomy Bpemenn). Ot
IIEeJT CO CKOPOCTBIO 4 KM /4 TaK, 4TO BCE BPEMsI HACTYIIAJ
Ha CBOIO COOCTBEHHYIO TeHb (IIes1 CTPOTrO «OT COJTHIA» ),
APYTOH JIBUTANCS CTPOTO HA BOCTOK CO CKOPOCTBIO TOXKE
4 xm /4. Yepes 4 yaca OHM BCTPETHIUCH (CTOJIKHYINCD).

Kaknmu 6p1mm reorpadudeckue

KOOD/IMHATBI MOJAPHOTO JIare-
| pa? Ha kakoe MakcuMasibHOE
paccroganune yaaadancb Apyr ot
JPYTa TOJIAPHUKH B TEYEHUE HTUX
YeThIPeX 4acoB?

| Iomonox

K.Banmos

@®2405. B mexanunveckoit cucre-
Me, H300pasKeHHON Ha PHCYHKe
1, Tpemue B ocsix 6JIOKOB OTCYT-
CTBYET, IIKUBBI OJIOKOB HEBECO-
Mble, HUTH HEBECOMbIE 1 Hepac-

Puc. 1
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TsoRUMBIE. He sieskarie Ha IMIKUBAX YYaCTKY HUTEH BepTH-
KasnpHbl. C KaKUMM YCKOPCHUSAMH JIBIXKYTCS TPY3bI?
A.Cmapos

®2406. BoJsian 711 6aIMUHTOHA UMEET MAacCy m = 5 T' U
IJIOIA/Tb TToTIepevyHoro ceyenusa S = 30 eM2. IIpu nBuxe-
HUU B BO3/LyXE CO CKOPOCTHIO ¥ BOJIAH MCIBITBIBAET CUJITY
COIPOTUBJIEHUS, HAIIPABJIEHHYIO IIPOTUB CKOPOCTH U PaB-
nyio F = ko’pS , re p =1 Kr/ M — [IOTHOCTD BO3/lyXa.
[Tocse ymaapa pakerkoii BoJian npuobpes BepTHKATBHYIO
ckopocth vy = 20 M/c u B3Jjeres HaJ MECTOM yjapa Ha
Boicory H = 10 M. Uemy paBen koadduiinent k? Kakum
6bLIO yCKOpeHIe BoJiaHa cpady nocJte yaapa? Ha kakyio
BBICOTY B3JieTeJl Obl BOJIaH, ecau Obl ero HavaJbHas
BepTUKaJbHAS CKOPOCTh paBHsiach 10 M,/ c?
Ioockaska. Jlnsi HAXOK/EHUs] YUCJIEHHBIX OTBETOB BOC-
[I0JIb3YHTECh KaJIbKYJIATOPOM.

. Cepeees

®2407. Onenute 1o dororpaduu, IPUBEAEHHOI HA PU-
CYHKe 2, pa3Mepbl CTEKJITHHOrO KyOuKa, JIesKallero Ha

'“V‘\_' bl i I L ¥
55 © 276%0 e

Puc. 2

TOPUBOHTAJIBHON TOBEPXHOCTH cTekJa. Koaddurment
ITOBEPXHOCTHOI'O HATSXKEHUS BOJbl O =7 107> [I;K/ M2 .
B.Cmexnos

®2408. BiraxxHblii BO3/LyX C OTHOCHTEJIBbHOI BJIasKHOCTBIO
¢ =100% maxomuics B cocyjie ¢ TIOCTOSHHBIM GOJTbITNM
06bEeMOM TIOJL JIaBJIeHUEM p = 10° Hawu IIpu TeEMIlepaType
t, =28 °C. ITOT BO3AYyX OXJIAJUJIU JIO TeMIepaTypbl
t, =10 °C, u B cocyze Bo3uuk TymMan. Kakoe kon4ecTBo
TENUIOTBI TIPUILIOCH OTBECTH OT KaXA0ro 1M° o6beMa
Bo3ayxa? Kakoe jaBjeHue ycTaHOBIJIOCH B cocy/ie? Jlas-
JIEHMSI HACBIIIEHHBIX BOJSHBIX 11apOB IIPU HAYaJbHOH U
KOHEYHOI TeMIieparypax pasHbl py = 3,77 kllan p,, =
=1,23 xlla cootBeTcTBeHHO. MoOJISpHAs TEMI0TA UCTIape-
uus Boge! ipu 100 °C pasna L, = 40,6 x/[>x,/Moub.
B.Tynmamnos

®2409. /Isa nposoma JIDII (muuuii snexTponepenay)
MIOCTOSTHHOTO TOKA HAXOZSATCS HAa OJHOM YPOBHE BBICOKO
Haj 3emuaeil (mpemcTaBbTe, YTO TMPOBOAA MEPeGPOIIEHBI
yepes Boapmoit Kanbon) Ha paccrosianu L =3 M apyr oT
JIpyra W TapajeJbHO MeCTHOMY Mepuamany. Pammyc
MONIEPEYHOTO CEYEHMST KaKJ0ro mpoBoga 7 =1 cm < L.
[ToTentaabl MPOBOZOB MO OTHONIEHWIO K 3€MJE UMEIoT
OJINHAKOBbIE BEJUYUHBI U IPOTUBONOJOKHDbIE 3HAKU. C
MTOMOTI[BI0  MAJTOTabapuTHOTO GECTIMIOTHOTO BEPTOJIETA,
HecIrero Ha cebe U3MEPUTENbHYIO alllapaTypy 1 JeTeBIie-
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TO Ha TOH ’Ke BBICOTE HAJ 3eMJell, YTo U TpoBoja, ObliIa
u3MepeHa HAPSZKEHHOCTD CTATUYECKOTO AJIEKTPIHUECKOTO
MOJIST B TOUKE, HAXOSIIEHCS Ha paccTosiHIe L BOCTOUHEe
OJIHOTO W3 TIPOBOJIOB M Ha paccrosiuue 2L BocTouHee
JIPYTOro, U OHa OKazaJjach paBHoil £ =3 kB /M. B atom
ske MecTe Oblla M3MEepPeHa BEPTUKAJIbHAS COCTABJLIONIAS
BEKTOpa MHJYKI[MM MarHUTHOTO 1ossA: By =1,3 a0~ Ta,
nanpasyennas BBepx. Ha paccrosguuu 100 m ot JISII
BEepPTUKAJbHAS COCTABJIAIONIAS MAarHUTHOTO IOJST 3eMJIH
HarpaBsJieHa BHU3 U paBHa B, = 4,7 (107 Tua, a sneKTpu-
YyecKkoe I10Jie MaJIo HACTOJbKO, YTO YYBCTBUTEJIbHOCTH
mprOOPOB He XBATHJIO, YTOOBI €ro n3MepuTh. KakoBo Bce-
TaKM 2JIEKTpUYecKoe 1oJe, co3lantnoe nposogamu JIIII,
Ha paccrosiann 100 M ot HuX 1o TopuaoHTaan? Kakas
MOTITHOCTD Trepesaercs 1o atoit JISII? Ha ceepe nam Ha
I0oTe OT y4YacTKa, Ha KOTOPOM IPOBOJIMJINCH M3MEPEHNUs,
HaXO/IUTCS 3JTEKTPOCTAHITS?

A.Boavmos

®2410. Byrosib sKBaTOpa Ha OMOPAX MPOJIOKUIN TTPOBOT
113 ATIOMUHES C IOMEpPEYHbIM cederneM S =1 cm’ . Mar-
HUTHOE TI0Jie BOJIU3U 9KBATOPa OJTHOPOTHOE, TOPU3OHTATb-
HOe, HallpaBJEHHOE K CEBEpPY W paBHOE 10 BeJTMYMHE
B =3007 Ta . Kakoii Tok HYKHO TIPOITYCTHUTD 10 ITPOBO-
1y, 4TOOBI OH TIepecTas JaBuTh Ha onopbl (Havasx JeBUTH-
poBatb)? OlieHnTe J0MyCTUMYIO TPOAOJKUTENBHOCTD HTOTO
9KCIIEPUMEHTA, eCJIU IPOBOJI He YCIIEBAET OTBO/UTD TEILIO
B OKpy’Kaioliee IpocTpancTBo? TemnsoBbie u aekTpudec-
KIe XapaKTepUCTUKU AJIOMUHUS OTBIIINTE B CIIPABOYHU-
KaX CaMOCTOSITEIHHO.

3.Amnepos

®2411. Hax niockuM KBafpaTHBIM JUCTOM GyMaru pac-
TOJIOKEH HEMOJBMIKHBIN TOUYEYHDLIH M30TPOMHBIA UCTOY-
HUK cBeTa. V3BecTHbI OCBENIEHHOCTH MOBEPXHOCTH JIUCTA
BOJIN3NM TpeX yTJIOB KBajipata: E; > E, > E;. OTn Besnyu-
HbI MeHbIlle MAaKCUMaJbHON OCBEIEHHOCTH ITOBEPXHOCTH
6yMarm B OJIHOW M3 To4eK JucTa. KakoBa OCBEIEHHOCTDH
MTOBEPXHOCTH BOJIM3N YETBEPTOTO YIJa 3TOTO JucTa 6y-
Maru?

C.Bapaamos

®2412. TonmuHa CTEHOK INAapOO6PA3HOIl CTEKJISHHOI
aMIyJsibl 2 = 1 MM, BHeIHHUi pajauyc amiyasl R =1 cMm.
B ammysy mnomerien paauii B kosmuectBe m = 1 mr, a
BO3/yX M3 aMIyJibl oTKavyaH. V3BectHO, uto m3 M =1 1
pajms 3a 1 cexyny Bblietaer B cpegaeM N = 3,7 100 o -
vactut (sagep remms). HalianTe ycranoBuBmieecs: gaBJie-
HUe 06pa30BaBIIETOCS B aMITyJie TeJUs TIPH TeMIeparype
T=300 K. Koadpdummenr muddysun resus B cTeke npn
TaKoil Temmeparype pasen D =57 1076 CMz/C. Yepes
KaKoe BpeMsI IocJ/Ie Hadasla SKCIIePUMeHTa JaBIeHNe BHY T-
pu GyeT OTJINYAThCS OT YCTAHOBUBIIErOCS 3HAYEHUST He
6osiee uem Ha N = 1%?

H.Hdap

PeweHuns 3apay M2381-M2388,
®2388-1d2394

M2381. B xomnanuu u3 25 ueio6ex Kaxovill 3HAKOM
posno ¢ uemuvipomsi Opyeumu. OKA3AI0CH, UMO MPOUKY
NONAPHO 3HAKOMBLX T100€T MOKHO 8bIOPAM® R cnOCO6AMU.
Haiioume nauboavuiee 803moxnoe 3nauerue k.

Otsert: 50.

3aMeTuM, 4YTO KOJHUYECTBO TPOEK TOMAPHO 3HAKOMbBIX
JIOJIEel, B KOTOPbIE BXO/UT JIAHHBII YesoBeK A, He IpeBoc-
xoaut 6. [leficTBuTEIbHO, KaxK/aasl Takas TPOHKa cojep-
JKUT dYeJioBeKa A BmecTe ¢
mapoii ero 3HaKOMBIX. Taxk
KaK y JesoBeka A POBHO de-
thIpe sHakombix (B, C, D, E
— cM. puc.1), To map 3maxo-
mbix — 6 ({B, C}, {B, D},
{B, E}, {C, D}, {C, E}
{D, E}), teM caMbIM HYX-
Hadgd oleHka jokasana. Ort-
ciojia o61iee KOJM4IeCcTBO TPO-
€K TIOMapHO 3HAKOMBIX JIOJleii He TPEeBOCXOJIUT
25%6/3 =50 (nenenye Ha 3 BO3HMKAET, IIOCKOJIbKY KaK-
JIast TPOMKA MOCYMTaHA TPYIKJIBI).

[IpuBenemM mpumep, B KOTOPOM TMoOJy4aercs poBHO S0
TPOEK MOMAapHO 3HAKOMBIX. [TycTh KoMmanus mojiesieHa Ha
5 I'PYIII, U [[BO€ JIIO/ell 3HAKOMBI B TOM W TOJBKO B TOM
caydae, Korja ouu u3 ofnoi rpynmst (puc.2). Toraa, kax

Puc. 2

HETPY/IHO TOCUNUTATh, B KaXK/OH rpyrie 6yz_'LeT C53 =10
TPOEK IMOTAPHO 3HAKOMbIX JIIO/IEN. A BCETO TaKUX TPOEK
6yner 50.

I1. Koxeenuros

M2382. Jano namypanvroe wucsao n. becxoneunas noc-
1e006aMeNbHOCIL YUCEA  dy, dy, ... MAKO8d, UMO O/
2100020 HAMYPATLHOZO R 4UCAO Ay, PAGHO KOJUUECNBY
PA3IUUHBIX YUCEL CPEOU UUCEN Ay, Apyqy vy Appypy (HA-
npumep, 011 n =3 603MOKHA NOCAC008AMENLHOCID 1, 5,
1, 2,3, 3 2 2 2, 1,2, 2 2,1, ..). Aokaxume, umo
HAuUnas ¢ HeKOMOPOzO UieHA OAHHAS NOCAe008AMENb-
HOCMb NepuoduUHd.

3ameruM, YTO NIPU kR > 1 YHUCJIO @, MOXKET IIPUHUMATDH
JIMITh KOHeYHoe uucyo 3uavenuit: 1, 2, ..., n. IIpu arom
@, TIOJHOCTBIO ONpeJeaseTcss HaGOPOM IIPE/IbIIYIHNX
7 YJIEHOB MOCJE0BATETBHOCTH. ITUX YCJIOBUI YiKe J0C-
TATOYHO, YTOOBI C/leJIaTh BBIBOJ O TOM, YTO IIOCJIE/0Ba-
TEJIBHOCTh TEPHOJNYHA, HAYMHAS C HEKOTOPOTO YJIEHA.

Cpenn ynopsoueHHbIX HaGOpPOB (anH, Apsy - a2n),
(an+2, A3y oo a2n+1), ... HafizyTcst [Ba OAMHAKOBBIX (KO-
JIMIECTBO PAa3JIMIHBIX HaGopoB He Gosee n"). Ilyctp ato
HaboOPbI (ap, ity -oe ap+n_1) n (dq, Agitr - dq+n—1) , rie
p < q. Torna a4, =d,;, Ay = Qgagy oo Qpayq = Qa4
OTKyJa II0CJIelOBaTeNIbHO TMoJNydaeM dpip = gy,
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Apinst = dgapsyy M T TakuM 00pasoM, HaumHas ¢ a
[I0CJIE/IOBATEIBHOCTD EPUOAMYHA C TIEPUOJIOM ¢ — p.
Wnesa nepuoguyHOCTH IIPOMJIIOCTPUPOBaHA B 3aMeda-
TeabHOM cTathe A.Benosa, M.Cammpa «I1 Bo3Bpaimaercs
Berep...», mn IleprnogmanocTh B MaTeMaTtnke» B «KBaH-
te» Ned 3a 1990 rog.

P

A.Yapovies

M2383. a) Useecmno, umo 2°q = p’ +1, 20e x, p, q, y
— Hamypaivrole, 6oavwue 1, npuuem p u q — npocmoie.
Mosxem au x 0Ka3amovcs COCMAGHHIM?

6) B pasencmee 2*q = p’ =1 uucaa x, p, g — npocmuie,
a y — namypanvnoe, 6oavwee 1. Yemy moxem pasusmo-
ca p?

a) OtBer: Her.
[Mpeanososxkum, uro 2°q =p? +1, rae x — cocrasHoe.
Torga y weyerHo (ecau y 4eTHO, TO MpaBas YacTb He
peautca Ha 4). Uwmeewm: pY +1 I(p +1)K , Trjae
K =p?" =p¥? +. -p +1 — neuernoe, Gosbmee 1. ITo-
CKOJIBKY ¢ — mpocroe, noiydaeM K = g u p+1=2",
orciona p =2% =1. Ho Tak kak x cocraBHoe, To 2 —1
Toke coctaBroe (cKkaxeM, ono geanres na 2 —1, rae t —
petenb uncaa x, 1 < t < x). Iporusopeuwne.
6) OtBet: p = 3 Wi p = 5.
IIpup=3noaxomarx=2,q=2,y=2.llpup=>5noaxoaar
x=3,qg=3,y=2.
Tenepb cunraem, uro p > 5.
IIycTb y He crenenb ABoOMKM, ¥y = zt, rae ¢ > 1 n HevyeTHO.
Torpa p? —1= (pz —1)K, e K= pZ(H) +p2(t_2) +...
...+p” +1 — medernoe, Gosbuee 1. Ilockombky g —
npocroe, nosnydaem K = q u p° —1=2" . Tax kak p > 5,
TO X > 2, 3Ha4NT, X HeueTHo. Ho Torma 2 +1 memutcs Ha
3, OTKyJZia p = 3 — IPOTUBOpEUUE.
[Iycte y uerno. Torma 2°qg =p’ -1 penurca ma
pt-1= (p =1)(p +1) . Tax kak p He geuUTCS HA 3, OJHO
u3 yncen p — 1, p + 1 gemures na 3. Orciona g = 3. O6a
BbIpaskeHNs p — 1, p + 1 4eTHBI 1 POBHO OJHO M3 HUX HE
JlesiuTcs Ha 4, 3TO BbIpaskeHue paBHO Jubo 2, 160
2B =6. Tak kak p > 5, NPUXOAUM K €JUHCTBEHHOMY
BapHuaury: p = 7.
OcraBumecst BOSMOXHOCTU: p = 7, y — CTeleHb JBOUKHU.
Ipu y =2 umeem p¥ —1 =48 =2* [3 — ne noaxoaut. Eciu
’xke y pemmuress Ha 4, to 2% =7Y -1 pennrca Ha
7' -1 = (72 - 1) (72 +1) , TIOTOMY JIEJTUTCS Ha 3 ¥ HA 5, 4TO
HAM TaKKe He MOJXOJIUT.

B.Cendepos

M2384. B mpeyzorvnuxe ABC gnucannas oKpyKHocmo
rxacaemcs cmoponwvt BC ¢ mouxe D. Ilycmv J, u J. —
UeHMPbL OKPYKHOCEL, BNUCAHNBIX 6 mpeyzosbruku ABD
u ACD coomeemcmeenno. [oxaxxume, 4umo yenmp onu-
CamHoll OKpyHocmu mpeyzorvnuxka AJ,J, aexum na
6uccexmpuce yzaa BAC.

[IycTb BmcanHast okpy»kHOCTD KacaeTcst cTopod CA n AB
B Toukax E u F coorBerctBenHo (cMm. pucyHok). Ilycrb
BIIMCAHHble OKpyskHOCTU Tpeyroabuuxos ABD u ACD
kacaiotcst orpedka AD B Toukax X u Y COOTBETCTBEHHO.
Torpa umeem 2DX = DA+ DB — AB = DA+ DB — BF —
— AF = DA — AF u, ananoruuno, 2DY = DA — AE.

2015/Ne5-6

B

Orciona caenyer, uro DY = DX, 3uaunt, Toukn X u Y
coBlajiaior, TeM cambiM, J,J, O AD .

[lanee, o603naunm yepe3 O MEHTP ONMUCAHHON OKPYKHO-
ctu Tpeyrosbuuka AJ,J,.. Torna

n 040J,

0J,A0= % Toars

2 2

IToatomy
UBAC= 0O BAKUO J,A0

- Yogapr 1 pae & Bac
2 2 2

OTKY/Ia CJIeyeT yTBEP:KACHUE 3a/1a4H.
D. Uesnes

M2385. [lems e3sn k kapmouex (k > 1) u noxpacun
KAX0Y1 ¢ 00HOU CMOpoHbL AUOO 6 KpAcHuildl, Aubo &
3en1eHblil usem. 3amem OH GulIOKUL IMU KAPMOUKU NO
Kpyey OKpawennvimu cmopornamu enu3. 3a xod Bacs
MoXKem yKaszamv Ha 11060e MHOKEeCMEO KAPMouex u
BHIACHUMY, NPABIA N, UMO HA KAPMOUKAX IMO20 MHOKE-
cmea ecmpeuaromes oba ysema. Ilocae HeckoIbKux x0-
006 on dosken aUbO yrazamv 0ge coceonue Kapmouku
pasuvlx yeemos, aubo 00Kazamv, 4mMo 6ce KApMouKu
oonousemnvl. 3a Kaxoe naumenvuiee 4uCi0 X0008 OH
2apaAnMuUpo8anto MoKem smo coenramy?

Otser: n Takoe, uto 2" 1 <k < 2",

JloctaTouHO JI0Ka3ath, uTo npu k < 2" TpebyeMoe MOKHO
BBITIOJTHUTH 32 72 XOMIOB, a npu k > 2" — Hemb3d.
JlokaskeM WHIyKIMER 10 7, 4To mpu k < 2" Tpebyemoe
BO3MOJKHO, Ja’kKe ecJid KapTOYKW JesKaT B s, a He 10
kpyry. IIpun = 1yrBep:knenne oueBugHo. [Iyctbn > 1.
Ecau k < 2" | 10 TpeGyeMoe BO3MOKHO TI0 MIPEATIOIOKe-
HUI0O MHAYKIMHU. VHaue 3a 1mepBblif XOJ CIIPOCUM PO
repBble 2" 4 KapTouku. Ecau Bce OHU OHOIBETHBI,
NPUMEHUM TIPENOJOKEHNEe WH/AYKIIUU K TOCJEHIM
k=21 KapToukam; 3a n — 1 xo/1 MbI JIuGO HaliieM mapy
COCEJIHUX PA3HOIBETHBIX, JUOO BBISCHUM, YTO BCE OHU
OJTHOIBETHBI. B mocsre/iHeM ciryuae Mbl 3HaeM, UTO TIEPBbIE
2" +1 unocaeanne k — 2" KapTOUKM OAHOIBETHDI; TAK
KaK 9T MHOXKECTBA IEPECeKaroTcss, TO BCE KapTOYKU
ozHoIBeTHbI. Ec/m ske cpean mepsbix 2" +1 kaprouek
€CTb Pa3HOIBETHBIE, TO TPUMEHUM MPEINOJOKeHNe WH-
JIYKITUU K TIePBBIM 2" 3 wux. Mbl ambo 3a n — 1 XO/1
HalileM pa3HOIBETHYIO Iapy COCEIHUX KapTouek, J6o
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BBISICHMM, 4YTO BCE KAPTOYKH O/HOIIBETHDBI; IOCJIe/Hee

BO3MOXKHO JIMIIb B CJyyae, KOT/Ja 277 g o (277 +1)-a
KapTOYKU Pa3HOIBETHBI, N MBI MOKEM YKa3aTb HX.

[Tpennonoxum Temepn, uTo y Bacw ecTb cTparterus mpu

HEKOTOPOM k = 2" +1 . TlocJie 72 XO/IOB OH MOJKET TTOJYUUTh

2" KOMOMHAIIMI OTBETOB, M IT0 KAXKIOW KOMOWHAIIMN OH

6O TOBOPHT, YTO BCE KAPTOUKM OAHONBETHBI (Takoe

JIOJUKHO TIPOU30ITH XOTst GbI B OJHOM cJydae), Ju6o

YKa3bIBAeT Tapy COCEIHUX 10 KPYTY; 3HAYNT, IO OKOHYA-

HuK ajaroput™a Bacst MokeT ykasaTb Ha oy u3 He 60Jiee

y wem 2"7" map. Takum oGpa-

x 30M, XOTs Obl Ha JIBe TTapbl OH

HUKOT/IA He YKaXKeT; IIyCTb

aro napwt (x, y) u (z,t) (yu

t CTOSIT TIO YacoBOil CTpesKe

OT X M Z COOTBETCTBEHHO).

Torga ero anroput™ He cpa-

60TaeT Ha PACCTAHOBKE, B KO-

TOpPOHl KapTOuKHW OT ¥y /IO Z

¢ KpacHble, a OT ¢ /10 X — 3eJie-
z ubie (CM. PUCYHOK).
U.Bozoanos

M2386". Ozepo umeem Ghopmy 6vinYK.I020 MHOZOY201bHU-
Ka. B mexomopoii mouke oszepa naxodumcs 100Kd, d 6
dpyzoil mouxe pacmem 600suas auius. Ecau 6 Hexomo-
poitl momenm 100Ka naxooumces ¢ mouke A, mo 3a ooun
waz ona Moxem nPonblmy NO HANPABAEHUIO K 0OHOU U3
eepuwun B mnozoyzonrvnuxa paccmosanue, pasnoe AB /4.
Joxaxume, 4mo MOXHO 6blOUPA® HA KAKOOM uldeze
sepuunbL MAxK, 4moOvl uepe3 HecKOIbKO wdazo8 J00Kd
0KA3ANaAch HA paccmosnuu menee 1 M om JUIUU.

MMonosxxum & =1/4 . IlycTh Ieper 0uepeTHbIM TITaroM JTOKa
naxoautcs B touke D. IIlar coctout B TOM, 4TO BbIOUpa-
eTcsl BepiimHa E MHOTOyTOJIbHIKA-03€epa 1 JO/Ka TTepemMe-
maetcst B Touky C =V (D) Taxyio, uto DC = 3DE . Tlo
touke C =Vg (D) MOXHO OJHO3HAYHO BOCCTAHOBUTDH

Touky D = U (C) 110 TIPaBUIY: ED = 11—6E—C , OJTHAKO

Touka D MOXXeT oKasaTbCs 3a IIpejesaMd MHOTOYIOJIb-
HUKA.

Jemma. ITycmov C — mouka enympu uiu HaA 2panuue
mnozoyzonvnuxa. Tozda moxno evibpamv eepuuny E
max, umo mouka D = [y (C) MmaxKe 1e;Kum eHympu uau
Hd 2panuye MHOzZ0Yz0JbHUKA.

HoxazareabctBo. Touka C JeKUT BHYTPU NN HA TPAHUTIE
HEKOTOPOrO TpeyroJbHuka XYZ ¢ BeplIMHaMU B BEpIIN-
HaxX MHOTOYTroJibHUKA (HYKHbINH TPeyroJabHuK XY Z MOXK-
HO OTBICKATb, €CJM pa3pe3aTb Hall MHOIOYIOJIbHUK Ha
Tpeyrobiuku). [Tycts M — Touka mepecedeHus MeJuaH
TpeyrosibHuKa. [IpoBesnem yepes M npsmMylo, napaJiiesb-
HyI0 IpAMOH YZ. JTa npsaMas oTpe3aeTr oT TPeyTroJIbHUKA
XYZ tpeyroabnuk Ay . Tpeyroabnuk XYZ MOXKHO IIOJTy-

yuTb U3 Ay romoreTueil ¢ eHTpoM X U K0ahduineHToM

1

3,/ 2. 3amerum, 4TO -5 < 5 ITo o3Havaet, yTo ecyau C

MPUHAIEKAT TPEYTOIbHUKY Ay , To Touka D = [y (C )
NIPUHA/JICKUT TPeyroabHUKY X YZ. AHAJIOTMYHO PacCMOT-
puM tpeyrojabHuku Ay u A, . Taxk kak TpeyroibHuku Ay ,
Ay m A, TOKPBHIBAIOT TpeyrodbHNK XYZ, TO XOTS OB

onna u3 touek My (C), Hy (C), My (C) npunammeskur
TpeyroyibHuky XYZ, a 3Ha4uT, 1 MHOTOYTOJIbHUKY. JleM-
Ma JI0OKasaHa.
Terepb MbI 06PATHBIM XO/IOM TIOCTPOUM TaK HA3BIBAEMYIO
«Marucrpajib» — I0cJ/e0BaTebHOCTb Touek By =B, By,
B, , ..., IpUHAJIEKANX MHOTOYTOIBHNKY U TaKUX, 9TO
n3 B;,, MoxHO TomacTb B B; 3a oamH 1mar, T.e.
By = W, (Bi) Ju1 HekoTopoii Bepummnbl E; . TeM caMbIM,
3a HECKOJIbKO HIAroB U3 BCeX TOYEK B; MOXHO I0IIacTb
TOYHO B TOUKY B.
Temepb «c6M3MM» peabHbIE TEpPEeMENeHusT JIOJIKH C
marucrpasablo. Ilonoxum A = A, u onpejenum nocJeno-
BaTeLHOCTD Ay, A,_y, ..., Ay mompasnny A; = Vi (Ag).
Torma tpeyrompauk E;A;B; Tomo6eH TpeyroJbHUKY
E; A B ¢ xoaddunmentom 1-9, suauurt, A;B; =
=(1-93)ABiyy . Orcrona AyB, =(1-8)" A,B, . Boi6u-
pas B IPEIBIYINX PACCYKACHUSAX 1 TaK, YTOObI BEJTHYH-
Ha (1 - 6)" D, rae D — MakcuMa/JIbHOE PACCTOSHUE MEX/y
TOYKAMU MHOTOYTOJIbHUKA, ObLTa MeHbIne 1 M, mosydnm,
4TO paccroguue or Ay po auwauu Menbiie 1 M, 4TO U
TPe6OBATIOCH.
Kak MO)XHO 3aMeTHTb, pellleHue MPOXOJUT JIst JI060ro
0 <1/3. C apyroii croponsl, ipu 0 >1/3 yrBepkieHue
JIEMMBI U yTBEP:K/IeHe UCXO/HOI 3a/1a4 IepecTaioT ObITh
BepHbIMu. CKakeM, ecJi 03epo umeer (popMy Tpeyrosib-
HEKa, TO pu O >1/3 JojiKa He BCET/Ia MOKET OKA3aThCsI
JIOCTaTOYHO GJM3KO K TOUKe ImepeceyeHust Mmennan. OTme-
THM, YTO BapMAHT paccMaTpuBaeMoii sagaun (s «ozepa»
B opme kBagpara) npemaarancsa B 1989 rogy na Beeco-
103001 MaTeMaTnueckon oymmmuane (cm. «Kpanr»> Neli
3a 1989 r.). VHTepecHO IIPOBECTH MHapasLIeb CIOKETa
aT0il 3a1auu ¢ «camorom Kanessi» u3 3agaun M1309 (cm.
«KBanT» Ned 3a 1992 r.). B Hamux tepMunax, B 3ajaue
M1309 yrBepxiaeTcd, 4TO JJs TPEYTOJbHOTO 03epa,
0 =1/2 n ganuoro € >0 HaiizeTcst n Takoe, 4TO MHOXKe-
cTBO To4YeK K, , B KOTOPbIE JIOJIKA MOKET II0I1aCTh He MeHee
4yeM 3a 71 [IIaroB, MOKeT ObITb HAKPBITO (PUTYPOIl TLIOMIAN
MeHbllIe €.

B. Unvuues

M2387". ITycmo p — npocmoe uucao, A, =1* +2% + .
k

ot (p=1)°. doxaxume, umo:

a) ecau p=7 u k — newemnoe uucio maxoe, umo 3 <

<k <p, mo kpA,_ = 24, Oeaumcs na p*;

6) ecau p=5, mo pzAp_1 = 2A, deaumcs na p°.

CMm. crarpio U.Baitamreiina «CuMMeTrpuiyeckne MHOTO-
YJIeHbl M JIeIMMOCTh Ha p° » B 5TOM HOMepe JKypHaJa.

M2388". Jlanvl oKkpyKHOCIL U JEKAWUIL GHYMPU Hee
aanunc ¢ gpoxycom C. HailOume zeomempuuecxoe mecmo
UEHMPOE ONUCAHHBLY OKPYKHOCe mpeyzonvrukoe ABC,
2d0e AB — xopda oxpyKHOCIU, KACAIOWAACS dLIUNCA.

[Tycts CH — BbicoTa Tpeyroibuuka ABC. Ham norpeby-
eTcsl eJIMHCTBEHHDBIN M3BECTHBIN (PAKT, CBSI3AHHBIN C 3JI-
quncom: touka H mpoGeraer okpyskHOCTH (mamMerpom
KOTOPOIi AABaIsieTcst GoTbImast och ajmnca). JlokaxeM ero
B KOHIIE pelleHus.

OG603HAYNM [IEHTP U PAANYC JaHHON OKPYsKHOCTH Yepe3 O




20 KBAHT

Puc. 7

1 R, a nenrp okpyxuoctu ABC uyepes O (puc.1).
[TpumeHnsist TeopeMy KOCHHYCOB K TpeyroibaukamM AO'O
n OO'C, noayyaeMm

R>=0'A*>+00? -20A W Ocos TAC O, (1)
OC*>=0'C*>+00?-20C MW Ocos ICAO . (2)

3ametum, uto O'O|CH, a O'CcosOCOO u
O'Acos0AO' O — npoexkinu orpeskoB O'C u O'A Ha
npsamyio OQO', B3sTbIe CO 3HAKOM «+» UJIH «—», TO3TOMY
O'CcosCO G- OAcofl AO6 CH .
ITockombsky O'A = O'C, T0, BbrunTas U3 pasencrsa (1)
paserctBo (2), monydaem R? = OC? =200' [CH . Ilyctb
Touka H TIpu mapaielbHOM IepeHoce Ha BekTop CO
nepexoaut B Touky H'. Tax xak H mpo6eraer oKpyx-
HOCTb, TOuKa H' Tak)ke mpoGeraer paBHYIO el OKPYXK-
Hoctb Y. Touka H' sesxur vaaydye OO' u nipousse/enme
R* -0C?
OH'[O0 = ——
AB. CuaenmoBaresnpuo, Touka H' mepexomutr B O mpu
MHBEPCHUH OTHOCHUTEIHHO OKPYSKHOCTH ¢ TIeHTpoM O pajiu-
R*-0C?
2
Y, He mpoxoantyio yepe3 O, Touka O' Tax:ke mpoberaet
OKPY’KHOCTb (06pa3 OKPY;KHOCTH Y TIPH UHBEPCUH).
Ocraetcst [oKa3aTh BcoMoraTeapHbI akt. [lycts C u
D — dokycer ammtca, E —
1eHTp aJsmnnca, K — Touka
Kacaausg, H — mpoexius
doxryca C Ha KacaTeJbHYO,
touka C' cummerpuyHa C
oraocuteabno H (puc.2).
CorsiacHO ONTUYECKOMY
cBoiicTBy asmntica, C', Ku
D nexat Ha 0/THOM IPSIMOIA.
3uaunt, HE — cpepnstst munaust tpeyrosibinka CC'D | tem
CaMBbIM,

HE =C'D/2 =(C'K +KD)/2 =(CK +KD)/2.
[lia Beex Touek K Ha asmutnce BesnmynHa CK + KD paBHa

2a, tye a — puHa GOJIBINON TTOJYOCH JIUIICA, TI09TOMY
HE = a.

He 3aBHCUT OT BbIéOpa XOp/ibl

yca . Tak kak H' mpo6eraer OKpyKHOCTb

A.3acnasckuil

2015/Ne5-6

®2388. Coanue, 3emns u Jyna <«8oicmpousucss> 6001b
oonot aunuu. Kyoa nanpasaeno ycxopenue JTynor omuo-
cumenvio darexux 36e30? Kaxoeo omuowenue eenuuun
ycxopenutl Jlynol 8 MoOMeHmMbvL AYHHO2O U COJNHEUNO0ZO
sammenuti? Paccmosnue om 3emau do Coanuya L
=150 man xm, paccmosnue om 3emau do Jdynot D =
= 380 muoic. kM.

[TockosbKy mpeasaraeTcst HAUTH YCKOPEHUS] OTHOCUTEIHHO
JTAJIEKIX 3Be3[], TO MePHO/IbI 06paleHnii HeGeCHBbIX TeJl 10
ux opéutaM ciaeayer 6paTh cupepryeckie, N 3Be3/THbIE.
Bcem usBectHO, uto CoJTHIIE 3HAUNTEIBHO MAacCHBHEE 3eM-
Jn, a 3eMJst 3HaunTeabHO MaccuBHee JIyHbr. Kpome Toro,
PACCTOSTHUS MEXK/Y 9TUMHU TeJJAMU TOKe 3HAYUTETbHO OTJIU-
4aioTcd JPYr OT Jpyra. 3emus BMecTe ¢ JIyHoil mesaer
o6opot Bokpyr Counna 3a Bpems T = 1 rog = 365,2564
cyToK, a Jlyna nenaer o60poT BOKPYT 3eMJu 3a BpeMst t =
= 27,3216 cyrok (cupepuueckuii nepuon). YcKopeHue
JIyHbl, Kak U ycKkopeHue 3eMJiu, KOTopoe 06ecieYnBacTCs
npurspkeHreM CoJtHITa, PaBHO

agc = QL= iL =0,005946 m/c? .
T
[lomosiHITE TBHOE YCKOpeHue JIYHBI, CBI3aHHOE C TIPUTSIKE-
HueM JIyHbl K 3emMisie, paBHO

4TC
53 = @D =—D =0,002692 m/c? .
t

CuJibl M, COOTBETCTBEHHO, YCKOPEHUS CKJIA/BIBAIOTCH KaK
BekTopbl. Ilomyvaercs, uto yckopenue JIyHbl 1 B MOMEHT
JIYHHOTO, U B MOMEHT COJTHEYHOTO 3aTMEHUS HAIIPABJICHO K
Counity. OTHomenne MojyJieil yekopenuit JIyHbl B Takue
MOMEHTBI PaBHO

a _apc ta;

A =Z2C TS 965,

ay dp-c ~dy-3

A.JTynun

®2389. Konupt 00nopoonoi yenouxu daunoi L u maccotl
M 3axpennienvi, u uenouxd, cOCMOAWASL U3 MHOXKeCmed
36enves, c60000HO sucum 6 6030yxe. Kacameavhoie K
uenouke 6 Mecmax KpenieHus KOHUO8 COCMABASLIOM C
2opuzonmon yeavr o u B (o >PB ). Kaxoso namsxenue
uenouku 6 camoll Huxuell ee mouxe? Kaxosa pasnocmo
yposnet (no eepmukaiu) mowex, 6 KOMopvlx HAX00AMCse
camoe 8epxmHee U Camoe HuKHee 36eHbs UenouKu?

[lermouka BUCHUT HENOJBUKHO, TTOITOMY CyMMa JeiicTBYIO-
MUX Ha IENoYyKy cus paBHa HyJo. OO603HAYNM CHJIBI,
IPUJIOXKEHHbIe K KOHIAM Ileroykn, yepes [y, n Fg. U3
YCJIOBUI CTATUKU CJIEJYET, YTO

Fy cosa = F cosf,
Fysina+ Fysinff = Mg .

OTCIOI[B. MOKHO HAalTH BEJTWYNHBI ATUX CHUJT:

Mgcosf3
Fa = . )
sin (a +B)
F = Mgcosa
P sin (o +B)
B camoiil HipkHell Touke Ierovyka HaATSHYTa ¢ CUJIOM

My

F =F, cosa = F cosp =————.
e p cosP tga +tgP
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SAJAYHHUK

Ecu 3BeHbd 11EIIOYKM HAXOAATCSA Ha PA3HbIX 110 BEPTUKA-
JI YPOBHSX ¥ Pa3HUIIA YPOBHEI paBHa /2, TO PA3HOCTb CUJI
HATSKEHUS IeNoYKn paBHa Mgh,/ L. 3T0 JIerko 0Ka3aTh.
Hanpumep, Tax. IIpeamososxkum, 4to Takas e 1eH0YKa,
T.€. C TAKMM Ke oTHoIIeHueM M /L, iepeknunyTa 4yepes JBa
MaJeHbKUX 6JIOKA, KOTOPbIE PACTIOTOKEHBI TaK K€, KaK 1
MecTa KpeIlIeHus Halleil Iello4KH, LelloYKa AJUHHAg U
CBOGO/IHBIE €€ YUACTKHU JIeXKaT Ha TOPU30HTAIbHBIX TJIA/-
KHUX [OBEPXHOCTSX, HPUMBIKAIOMUX K OsokaM. YToObl
VAEPKUBATD 1IENOYKY HEMOJABIIKHOM, HY’KHO K ee KOHI[aM
MPUKJIAIbIBATDG CUJIbI. Bossie 6JIOKOB BucsIas 4actp Iie-
MOYKM HATAHYTA, OYEBHU/IHO, C TOYHO TAaKUMU K€ CHUJIAMHU,
KaK M B Halleil 3ajiaue. Me/IJICHHO «CTPaBUM» C OJIHOH 13
MJIOCKOCTEl YYacTOK TIeMOYKU JITMHOMW [ U 0IHOBpEMEHHO
«BDBITSHEM» Ha JIPYTYIO IOBEPXHOCTb TAKOH JKe 110 JIJIMHE
yuacrok. Kunernueckas sHeprug LellOYKU OCTalach pas-
HOW HYJIO, a BHEIHHWEe CHJIbl COBEPIIHJN PpaboTy
F,l= |Fa - FB|I . Jra paboTa ToILIa HAa TO, YTOOBI M3Me-
HUTD [OTEHIMAIbHYIO 9HEPTUIO LENOYKU B I10JI€ TSIXKECTH
3emun va (MI/L)gh.

C yuerom Toro, 4ro O >, mosydum

Mgh _ . 0O cosal
L ‘g cosB%'

Orciofa HaiijieM pasHoCTb ypOBHeii /2 1751 caMOro BepxHe-
o U CaMOI'0 HUKHEro 3BEHbEB LEIIOYKHU:
F,LO cosall cosf3 —cosa
h=-= - 0=L— B )
Mg cosB[ sin (a + )
1. ITouxun

®2390. ['opusonmanvras niocKas no6epxHOCMy pasoe-
JAena npamou aunuetl na dse wacmu. I1o odny cmopony om
NPAMOL NOBEPXHOCNG AOCOTOMHO 2AA0KASL, NO OPY2YI0 —
wepoxoeamas, npuuem Kod(hguyuenm mpenus |\ 8 Kax-
00l ee mouke NPONOPUUOHALEH PACCINOSHUIO OM IMOU
mouku 00 pasdesumesvHoi npsamoi. /ee o00unaxosvie
ManeHvKue waibovl 08UKYMCS NOCMYNAMETLHO NO 21A0-
KOl uacmu nogepxHocmu NepneHouxyiapHo paszoenu-
MeavHOU NPAMOU U 00HO8peMenHo nepecexaiom ee. Ka-
Kas watiba ocmanosumcs panvule, ecau CKopocmy nepeoll
waiibvr 6 10 pas 6oavwe cxopocmu 6mMopou?

3ajiaua yCIenHo Penraercsi, ecau cocTaBuTh auddepen-
IMaJibHbIe ypaBHEeHUs JBMKeHus main6. Ho, okaspiBaercs,
MOJIYYUTDH OTBET MOKHO BOOOGIIE 6€3 BCAKUX BBIYUCIECHUII,
€CJIM 3aMETHUTD, YTO ABIKEHNE KasKOM Maiiobl ¢ MOMEHTA
TepecevdeHs JUHUHT U 0 TIOJTHOW OCTAHOBKY TMTPOUCXOINT
C YCKOpeHueM, paBHbIM Mg 1 HalpaBJeHHBIM <«Ha3a/J» K
pasfenTeNIbHON JIMHNW, TPUYEM BeJIUYMHA YCKOPEHUS
MPOMOPIUOHATBHA PACCTOSHUIO OT MANGLI 0 pasiesu-
teabHOoi JmHUK. COBEPIIEHHO AHAJOTUYHO B TeUYeHUe
OJTHOIi YeTBEPTH MEPUO/IA TIPOUCXOISAT KOJTeOaHMsI TPy3a Ha
MPY’KUHKE WM MAaTeMaTUYecKOTO MasTHUKA MPU MaJIbIX
OTKJIOHEHMSIX OT TIOJIOKEHUST paBHOBecHs. A Ternepb JI0oc-
TATOYHO BCIIOMHUTH, YTO TEPHOJ TAaKUX KoJieGaHuil He
3aBUCHUT OT aMILIUTY/Ibl KosleGanuii (IIpy MaJIbIX aMILINTY-
Jax), u motoMy 06e TailGbl OCTAHOBATCA OJHOBPEMEHHO
(xorg mepBas ycneer mpoiTm GoJblliee PACCTOSTHUE TIO
IEPOXOBATOi YacTn).

. Axyruu

®2391. [lsa nposodsuux Ouckd, 3apsiKenHviy 3apsaoamu
qg u —q , mozym deuzamvcs 6Ge3 Mpenus 6 OJIUHHOM
HenposoosueM yuauHope, Pachol0KeHHOM 20PUSOHNALb-
no (cm. pucynox). Mexdy
JucKamu Haxooumcst HeKomo-
poe Koauuecmeo ezeausi, 3d .
duckamu zaza nem. 3apsiovi qll1-g
QUCKOB MZHOBCHHO YMeHbULA- .
1om e08oe, nocJie uezo 0KUod-
10M NPUX00A CUCTNEMDL 8 PAG-
nogecue. Ilpenebpezasi menioobmenom, Haidume, 60
CKOJILKO PA3 USMEHSINCS MEMNePAmypd 2d3d U paccmosi-
Hue mexoy Juckamu.

[Tpumenm, uro paccrosinue d MEKY AUCKAMU 3HAYUTETHHO
MeHbIIIe UX JHHEHHBIX pasMepoB ~/S , rie S — momaib
qncka. Torga MOKHO CIMTATh, UTO KaK/IBIH JVICK CO3aeT
B MECT€ PACHOJIOXKEHHS JPYTroro ANUCKA 3JIEKTPHIECcKOoe
oJie HANPSKEeHHOCThIo £ = q/(ZSOS ) . IlToaTomy cna B3a-
UMHOTO TIPUTSDKEHUS JTUCKOB W SHEPTUS WX B3amMo/ieli-
CTBUS PaBHBI, COOTBETCTBEHHO, q2 / (2805 ) n q2d / (2805 )
OT cOMTKEHNS TNCKN YACPKUBAIOTCS CUJIAMHU JTaBJICHUS
HAXOJISIIET0Cs MEXX/TY AUCKAMH TeJIs, KOTOPbIe PABHBIMI
pS. Tenuii noguungerca ypasnenuto MenpesneeBa—Kia-
neiipona pSd = VRT , a ero BHyTPEHHsISI SHEPTUST PABHA
(3/2)VRT .

3anuiieM ycJIOBUS PaBHOBECHS JMCKOB B HAYAJIbHBIA U
KOHEYHBII MOMEHTBI BPEMEHH, KOTJ[a CUCTEMA HAXOAUTCS

B PABHOBECHUHU:
2

28052
M =S, rne p,Sd, = VRT,.
2¢,S
Korza 3apsiibl Ha MJIACTUHAX MIHOBEHHO YMEHDBIIAIOTCS
B/IBOE, CHCTEMa CKAUYKOM TepsieT 9HEPIHI0, HO IIOTOM 0
YCTAHOBJICHUSI HOBOTO PAaBHOBECUSI 9HEPIHSI CUCTEMbI HE
MeHsieTcsl. VIHBIMU cJIOBaMU, OCTAeTCs HEM3MEHHOI cyMMa
BHYTpEHHEHl SHEPrHU Taza U SHEPIHU 3JIeKTPHUYECKOIO

HOJIS: X )
2)°d 2) d
ngT1+(CI/) 1=§VRT2+(q/) 2
2 2e,S 2 2e,S
VI3 1oty 4eHHbIX COOTHOIIEHHH Hali/[eM H3MEHEHNUSI TeMITe-
paTypBbl ra3a U PacCTOSIHUSI MEK/LY JIHCKAMI:

£=0,7 u ﬁ:
Ti d,

=pS, roe pSd, = VRT,,

2,8.
A.Yepnoyuyan

®2392. Ha cmoae na 8bicOKOU Henpoeodsuwetl noocmas-
Ke 3aKpenien MaieHvKull wapux ¢ sapsdom Q. Ha dpyeotl
nodcmasxe maxotl xe 6blcOMbvl, KOMOPAs HAXOOUMCs Ha
paccmosnuu L om nepeoil, 3axpenien wapnup. B waprup
6CMaAsIeH U MOXKem C680000HO BPAUAMCS HEeBeCOMbLI
cmepikenn, 0Iund Komopozo Mozo menvue L. Ha konyax
aMO20 CMepiKHsL 3aKpenienvl. 08d MAICHOKUX WAPUKA
maccoi m xaxovii ¢ 3apsidamu +q u —q. Paccmosimusi om
wapuxoe 0o ocu epaujenus. 00unaxoswvl. [unoav — 0sa
wapurxda ¢ pasHviMu 3apaoamiu Ha CmepiKHe — pacKkpymu-
AU, U o1 Haua 6viempo spawamucs. I1epuod obpawenus
dunoas pasen T. 3apsad Q u sapadv. +q u —q ecezda




22 KBAHT

HAX0055MCst 6 OOHOU U O Ke 20PU3OHMAILHOU NAOCKO-
cmu. C xaxotl cpedneii no épemenu Cuiol 63aumooeti-
CMBYIOM MOUCUHBLU 3APSO U OUNONL?

B ycioBun ckasaHo, 4TO JUIOJb BpaIiaercss GbICTPO, U3
Yero MOKHO C/IEJIaTh BBIBOJI, YTO YIJIOBasi CKOPOCTH €ro
BpallleHusI u3MeHsieTcss Masio. IlycTh W — yrjioBasi CKO-
pPOCTb BpAIEHUs] JIUNOJISI B MOMEHT, KOT/la CTEPIKEHb
JIAIIOJIST TIEPIEeHUKYJISIPEH OTpe3Ky, Ha Kouiax A u B
KOTOPOTO HAaXO/SATCS TOYEUHbI 3apsiy Q ¥ IEHTP OK-
PYJKHOCTH, MO KOTOPOW JBIKYTCSI MIAPUKHU JUIOJS. B
9TOT MOMEHT MOTEHIMATBHYIO SHEPIHIO B3aUMO/IEICTBUS
TOYEYHOTO 3apsijia U AUTOJST OYeM CUNTaTh PABHOM HYJIIO.
Torga B MOMEHTBI BpeMEHU, KOTJa CTEP)KEHb IapaJiie-
JieH oTpe3ky AB, ero yrioBas cKOpocTb Jn6o GOJblle,
Jaub0 MeHbIle () — 3TO CBI3aHO C B3AUMOJEICTBHEM
HJIEKTPUYECKUX 3aps/I0B. B 9TH MOMEHTBI MOTEHIIHAb-
HAast SHEPTHUST B3aUMOJEHCTBYSI [IUIIOJIST ¢ TOYEUHBIM 3apsi-
JoM paBHa +2kQqd / I?, e d — paccTosiHue OT 3apsi/IoB
+q v —q 5o cepepunbl crepxkis. CyMMa MOTEHIMATBHOI
U KUHETUYECKOU 9HEPruil COXPAHSIETCs, TT0ITOMY MOKHO
3armcarhb

y s -
) kQ;]d +9 mar,d PN moy . d° ) kQ;]d _ 9 mwd .
L 2 2 L 2

Boictpoe Bpariienne o3nayaet, uto (W, ~ Whin )/ @< 1,

a caenosarenbio, 2kQqd / I <« mw’d?. O6o3naunm ve-
pe3 B oTHoIlleHNe 3TUX ABYX BEJIUYNH:

8o 2kQqd[I* _2kQq/I*
mo’d? mard

Ecsm yrous, cocraBsieHHbIl cTep:KHEM U OTpe3koM AB,
paBeH O, TO I[OTEHIMAJbHASA SHEPTUS B3aMMOJAEHCTBUSA
JIATIONS C TOYEUHDIM 3apsi/IOM paBHa —(2qud / Lz)cos a,
U YTJIOBYIO CKOPOCTb (), MO>KHO HAHTH U3 COOTHOIICHUS

—Zkg—zqdcosa+mw§d2 =maid?,

< 1.

OTKy/Ia
BcosaQ

%:1+Bcosa,n Wy :wﬁ +TH

[lis moBopora cTepKHS Ha yroa Ad TpeOyeTcs BpeMs
At = Ao/w, . B Tedyenne sToro BpeMeHH Ha JMIIOJb CO
CTOPOHBI 3JEKTPUUECKOTO TIOJS, CO3[aHHOTO TOYCHHBIM
3apsanom Q, neiictByer cuia F, 3aBucsmasi ot yraa o .
[eiicTBuTeibHO, TIpU O # T[/2 OINH U3 3aps/I0B (+q nIn
—q) naxoautcs 6imKe K 3apsay Q, MosToMy cyMMapHast
cuJia He paBHA HYJIIO!
F ( G) - kQq _ kQq ~
2 2
(L+dcosa)” (L-dcosa)

_ _4kQqd
3

cosa = —Fjcosa .

VmMiysibe 91Ol cuJibl 3a BpeMs jaelictBust Al paBeH

fa__hK

_ _Bcosag
F(a)At—F(u)% T

HCOS o [Aa .

Cpeansist 3a mepnon T = 27§ 10 BPeMEHNU CUJTAa B3anMO-
JleficTBrs, KOTOpasi Oy/IeT COOTBETCTBOBATH OMMAIKUBA-
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HUMO TOYEYHOI'O 3aps/ia U AUII0JIA, TTOJYUYUTCSA TaKOM:

12Tp/w E 21 )

- —p_to ' -

FCP—? ‘(!’ F(a)dt(a)—Bﬁ%’cos ada = 2
4 ommD

rae k =1/(41g))— aT0 sMeKTpu¥ecKas noctosHHas. Kak
BUJIHO, CPe/IHASA CUJa He 3aBUCUT OT JJIMHDBI CTEPIKHA.
C.Bapaamos

®2393. Bacs noayuun maxoe sadanue: Ha OJUHHBLIL
Quarekmpuueckull. yuAuHOp ¢ SHEWHUM paduycom R
HAMOMAMb MOHKYIO NPOBOJOKY (PUKCUPOBAHHOU OJIUHDL
max, umobv. 6 00HOU U3 MOUEK HA OCU CUMMEMPUU
UYUTUHOPA MOXKHO OBLIO CO30AMD MAKCUMATLHYIO UHOYK-
YUIO MAZHUMHO20 NOJISL NPU NPONYCKAHUU NO NPOBOJIOKE
Gurcuposannozo nocmosmunozo moxa. Kozda sadanue
OBLIO BLINOJHEHO, OKA3AIOCH, U0 MAKCUMAIOHAS TOJL-
wuna h ecex coes nposoaoKu Ha yuiunope pasua R.
Kaxum npu 3mom 0ka3aiocs MaxcuMaivHoe paccmosiHue
MeKOY UMKAMU HAMOMKU 8001b OCU YUIUHOPA?

3ananue Bace mocraB/ieHo Tak, 4TO OH JIOJI?KEH BbIOPATDH
gopMy HAMOTKH. Y CJIOBUE MAKCUMAJIbHOCTHU MOJIS B OJTHON
TOYKE CBOAUTCA K TOMY, 4YTO Ka)i([[blf[ BUTOK ITPOBOJIOKU
JIOJKEH CO3/IaBaTh B BBIOPAHHON TOUKE HA OCH ITHJIHHIPA
MarHUTHOE T0Jie, TapaJJeJlbHOe OCH IMJINHAPA, U BCE
BUTKHU, HAXOJSIINECS HA CAMOM BEPXY, IOJDKHBI /1aBaTh
OJIMHAKOBBII BKJI/l B MATHUTHOE IT0JIe B 9Tl Touke. Econ
6bI 3TO 6BLTO HE TaK, TO CYIIECTBOBATIH GBI BUTKH CAMOTO
BEPXHETO CJIOST C PA3HBIMH BKJI[aMH B I10JIe B BBIOPAHHOI
TOYKE, TOT/Ia BUTOK C CAMBIM MaJIbIM BKJIAJI0M MOKHO OBLIO
OBl Pa3MECTUTb B JIPYTOM MeECTE, TAE ero BKJAJ cTaj Obl
6oipiiie. Ha puicyHKe ToTyGbIM IIBETOM TIOKA3aH ITJTHH/IP,

/
K

N\

X !

a KPACHBIMU U3OTHYTBIMU JTUHUAMU OTMEUYEHO TTOJIOKEHNE
ITOBEPXHOCTHBIX BUTKOB HaMOTKH. Or KaXJ0Iro m3 HUX,
rae Obl OH HU HAaXOJMJICS, BKJIAJ B I0Jie B BBHIOPAHHON
TOYKe Ha ocu oauH u ToT Ke. Ilycth TOuka, B KOTOpOI
HY>KHO TIOJTyYUTh MaKCHMAJIbHOE TI0JIe, 9TO HAYaJI0 KOOP-
JIMHAT, a HY’KHBIII HAM BHTOK U3 TOHKOW MPOBOJIOKH Ha
ITOBEPXHOCTU HAMOTKHN (CHHHH JII/IHI/IH) NMeEET KOOpANHaTy
X BIOJIb OCH IIUJIMHAPA U KOOPANHATY R + y Tomepek ocn
nuanHApa. BrJa B MarHUTHOE TOJIE OT 3TOTO BUTKA TIPU
TOKe i B BUTKE IIPOTOPINOHAJIEH TOKY M OIpe/ieJeHHOMN
¢ynarun koopauHat. KpacHas cTpesika Ha pUCYHKe yKa-
3BIBAET PACIIOJIOKEeHNE HeOOIBIIIOr0 YIACTKA BUTKA TPOBO-
JIOKH, B KOTOPOM IOJIOJKUTEJbHDBIE HOCUTEJIN [ABUKYTCA
MEePIEHIUKY ISIPHO TLIIOCKOCTU PHCYHKA «K HAM» , & YepHOI
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CTPEJIKON TIOKA3aHO MarHUTHOE IoJie B, CO3/laHHOe ATHM
Y4aCcTKOM B TOUKe Ha OcH IuanHapa. [Ipu cymMmmMupoBanum
BKJIQJIOB OT BCEX YYaCTKOB 3TOTO BUTKA CJOXKATCS WX
MPOEKIIMKM HA OCb IUJIWH/PA, a BCE TONEpeyHbie K OCH
IMUJITHIPA COCTABJSIONIAE TIOJIEH CKOMIEHCHPYIOT JApPYT
Jpyra.

B cootserctBum ¢ 3akorom buo—Casapa—/J/lamaaca, Bkias
B MarHuTHOE TI0JIe OT 3TOTO BUTKA ITPOIOPIIHOHAJIEH TOKY,
JUINHE BHUTKA, KOCUHYCY YIJa, KOTOPBIA COCTABJSIOT C
OCBIO IUJIMH/PA BEKTOPBI UHAUBUIYAJbHBIX BKJIAIOB Ma-
JIBIX YYaCTKOB 3TOTO BUTKA, ¥ 0OPATHO IIPOMOPIHOHATIEH
KBaJIpaTy PACCTOSTHUS OT TOYKKU HA OCH JI0 TOUYEK BUTKA!

21(R +y) R+y

AB ~ 5 > ; =
(R+y) +x \/(R+y) +x?

2m(R +y)°

(R+y) +2?)

W3 ycaoBusi MakKCUMAJIbHOCTH TOJYYEHHOTO TOJIST CJIe/y-
€T, YTO BCE BUTKHU, HAXO/ANIMECS HA [IOBEPXHOCTU HAMOT-
KH, CO3/al0T OJMHAKOBbIE BKJaJbl B MarHUTHOE IIOJE B
HY>KHOH Touke. OTCIO/la BBIBO/: /LISl BCEX TAKUX BUTKOB
JIOJIKHO BBITIOJIHATHCS PaBEHCTBO

(R+y)  _ 1
((R+0Y +x2)3/2 R+h

IMTojcraBuB B 9TO paBeHCTBO 3Havyenue y = (0, HaiijgeM x:
1/3 )
x= \/(R4 (R+nY)" -R.
[lpu h=R x= RV27% -1 = 0,766R , a 3nauur, Makcu-

MaJIbHOE PACCTOSAHUE MEXKJY BUTKAMU HAMOTKH BJI0JIb OCH
HUJNH/IPA PABHO

372

L=2x=1353R.
B.Maxcumoe

®2394. Cummempuunas monxas cobupauas Iun3da c
onmuyeckoi curoi D = 1 dnmp cdenana u3 cmexia c
noxasamesnem npeiomienus n = 3/2. Jdunsa cmoum na
nodcmaeske nocpeoune ONMuUecKoll CKamvll, 0Jund Komo-

poi L =4 n. Ha xaxom MaxcuMaioHOM paccmosnuy om
JUH3bL HA ee 21AGHOU ONMUYECKOU OCU HY KHO NOMECTNUMb
HA CKAMBIO OUeHb MANCHLKUL UCMOUHUK céemd, UmOobbl
00HO U3 €20 0elCMBUMENLHUIX UI0OPAKEHU NONAL0 6
00un u3 oxycos aun3LL?

Ioockaska. Ha epanuyax pasdena 6030yx—cmexio npo-
UCX00Um uacmuunoe ompayenue ceemd.

Y cUMMeTpUYHON JMH3bI PaINyCbl KPUBU3HBI TOBEPXHOC-
teit R ogunakosble. VIX MOXKHO HAallTH U3 BbIpaskeHuUs /1
OIITUYECKON CUJIbI JIMH3bIL:

D=(n-1)E + 10
Hr " RH
[lng manHoTO B ycaoBuu KOI(PPUIMEHTA TIPEJOMJICHUS
cTekJia n = 3 /2 paanycsl JUH3bI paBHbI R =1,/D =1 M.
ITa BeJNYNHA COBIAAET ¢ POKYCHBIM PACCTOTHUEM JIMH-
3pl. CBeT OT MCTOYHWMKA, TIONAaB Ha JHUH3Y, OyAeT, BO-
MEePBbIX, MPEJOMIISITHCS B Hell, a BO-BTOPBIX, OTPAXKATHCS
OT ee MMOBepPXHOCTell, Kak oT cepudeckux sepkan. Ecian
CBET BHYTPU JIMH3BI MCHBITAT N OTPaKeHUil, TO MOXKHO
CKa3aTbh, YTO OH UCIIBITAJT BO3/I€HICTBIE CYMMapHOH «OIITH-
YyecKoil cuibl», pauoii N/R + (N +1)D. N3 ycnosus,
4T0 M306paskeHne MomaaaeT B (QOKYC JMH3BI, MOJydaeM
COOTHOITICHTIE

+(N +1)D.

x|z

1,1

o+

x R
Orciota HAaX0AUM

_ 1
2ND"

IIpn MmunnmasbHOM uncae oTpaxkenuit N = 1 paccrosuue
OT TOYEYHOTO MCTOYHUKA CBETA /[0 JHMH3bI OyIeT CaMbIM
GOJIBINM:

x=0,5 M.

[Ipu aToM n306paskenne nomajaet B POKYC JMH3BI, PACIIO-
JIOJKEHHDIIT 110 Ty K€ CTOPOHY OT JIMH3bI, YTO U UCTOUHUK
cBeta. Koadpduiment orpaykeHus cBeta CTeKJIOM HEBEJHK,
MI0ATOMY JIOJISI OT BCETO CBETOBOTO MTOTOKA, (POPMUPYIOIIAsT
aTO M306paKEHIEe, HEBEINKA, T.€. N306pakeHne He OYeHb
sgpkoe. Ho yBuierb ero MoxxHoO!

B.Cepeees

CMMmeTpuYeckme MHOTOYNeHbI
M [enuMoCTb Ha p’
U .BaviHTevH

Ha IIPOTAXKEHNN BCeil cTaTby P 6yaeT 0603Ha4aTh HEKO-
TOpPOE IPOCTOE YHUCJIO. Z[JIH HadaJla BCIIOMHUM CTapylo
OJINMMIINAIHYIO 3a/1avy.

3agaua 1. [Iycts p > 2. IlycTth cymma %+% +...+ ! 1
p-
paBHa m , TIle T ¥ n — HaTypaJbHble ynciaa. JJokaxnre,
n

4TO m [ACJUTCS Ha p.

Pemenne. Pemuth 9Ty 3aAavy MOJKHO, paSéI/IB CJilarae-

! 1 + L , ... Coxum 1pobu B

p—1’§ p—2

1
Mble Ha Hapbl: 1 +

KasKJIO0W Tape:

1, 1 _(p=t)+t__p

t p-t tlp-t) tlp-t)

Kax BuanmM, mosydaercst 1po6b ¢ YHCJIUTETEM p, TIPUIEM
ona wHecokpatuma (mockombky 1<t<p-1,
1<p-t<p-1,ap—npocroe yucio). Ternepb ICHO, 4TO
[OCJIe TIpUBe/IeHNs K 00IeMy 3HAMEHATENI0 U CJAOMKEHUIO

HECOKPATUMBIX Apo6eii Bu/Ia t( D t) B pe3yJbTare MmoJy-

YUM ZIpOéb, YUCJIUTEb KOTOpOI‘/JI JACJINTCS Ha p.

(p-1)! (p-1)!
L

J1aI0T pa3/IMIHbIC HEHYJIEBbIE OCTATKU IIPU JA€JIEHUN

Yupaxuenue 1. /[okaxkure, 4To ynciaa
(p-1)!
p-1
na p. [loayunte orciofa eie ofHO penrerne 3aaaun 1.

“ey
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HOCMOTPI/IM Ha BbIpaskeHne, KOTOpOoe IMOJIYUUTCA B YUC-
JIaTes1e [IpOéI/I T1ocJie IMpuBeIeHUA K oémeMy 3HaMeHaTeJ110

(p-1)! u cnoxenus: apooeit Ty % OHo paBHO
p-
—1)! —1)! —1)!
(p=0t (=t (=t
1 2 b1

=2.3.(p-1)+1-3-(p=1)+...+1.2-..-(p-2)

— 3TO CyMMa TIIPOW3BEIECHWI uWceT W3 MHOXECTBA
{1, 2,..,p —1} , B3SITBIX B KosmdecTBe p — 2. O603HAUNM
KOPOTKO 3Ty CyMMY uepe3 Sp_z. Wrak, B 3amaue 1 MBI
JIOKa3aJii, 4TO Sp_Q jgemutes Ha p. OKasbIBaeTCs, 3TOT
pesyJbTaT MOXKHO YCUJNTB: IIPU MPOCTBIX p > 3 cyMMa
Sp—z JIETTUTCS Ha p2 . Hwmxe B 3ajjaue 3 Mbl JJOKaskeM
ATO, MPUMEHUB HEKOTOPbBIN «TPIOK», HEMHOTO HAIIOMUHA-
IO TTapHOe cOoOTBeTcTBUE u3 pemenus 3ajaun 1. Tak-
JKe Mbl YCTAaHOBUM HEKOTOPbIE JPyrue mHTepecHble (ak-
TBI O JIEJIMMOCTH CUMMETPUYECKUX BbIPAKEHUN OTHOCH-
TeqibHO 1, 2, ..., p — 1 Ha cTeneHu IPoOCTOro Yuca p u, B
YacTHOCTH, TIpuBezieM pelnerne 3agaun M2387 n3 3amau-
Huka «KBanTas.

Cymma S,y KOTOPYIO MbI BCTPETHJIN BBIIIE, PaBHA
3HAYEHUIO BbIPASKEHUS

Spct (X1, -0y 1) =

= X1X2 ...xn_1 + X1X2 ...xn_an +... .+ X2.7C3 xn
mpun=p—1nx =1, x,=2, ..., Ly =p-1.
Boipaxkenue S, = S, (¥, ..., X,) ABsgeTcs cummempu-
4eCKUM OTHOCUTEJIbHO Xy, ..., X, , T.e. He HU3MEHSAETCS

nocyie o6MeHa JIOObIX J[BYX IepeMEHHbIX. AHAJIOTHYHO
MOYKHO OIPEJeJUTh CUMMETPUYECKOE BbIPAXKEHUE
se (%, .y x,) ms esiworo R O{1,2,...,74 kak cymmy
MIPOU3BE/IEHIH TEPEMEHHDIX 13 MHOXKECTBA (X, Xy, ..., X, ),
B3SITBIX 110 R. Boipaskenust s, = s, (&, ..., X, ) Ha3bIBAIOT
ANEMEHMAPHLIMU CUMMempudeckumu pynxyuamu. Tax,
Sp=aptay toltax,,
Sy T a0 oL X, X,
o
Sy T XXy . X,

dJIeMeHTapHble CUMMeTpruueckue (YHKIMU eCTeCTBEHHDIM
06pasoM MOSIBJSIIOTCS KaK KOI(M(UIMEHTbl MHOTOYJICHA
(x+2x)(x +2)...(x +x,) (xoabpumment mpu x" 7
pasen s, ). Hwke s kl]{i, 2, .., p 1} TTOJIOKNM
Sy =5,(1,2, ..., p=1) (510 0Go3HAUEHNE CcOTMACYETCS C
BBEJICHHBIM BbIlie S, ).

O6o61uM yTBepskIeHe 3a1aun 1.

3agava 2. [lokaxxure, 4TO /ISl TIPOCTOTO YUCaa p > 2
cymMmpr Sy, Sy, ..., S, ETATCA Ha p.

Pemenne. Mbl OyieM 110JIb30BATLCS CJEAYIONIEH Teope-
MOii.?

Jan mnozounen F(x) cmenenu d ¢ yenvtnu xosgpdpuvu-
enmamu, umerowuli d + 1 <xopueiis no modyuo p, m.e.

! Bepositio, Brepsbie 910T (hakT GbLT g0Kasan B padote Boib-
crenxosbma (1862 r.). B aroii ke pa6ore pokasaH (axr us
yHpakHeHus 2.

2 Himke Gyzer cKasano, Kak TOJyUHTb JAPYroe permenie 3a1a-
uyi 2 ¢ moMompio 3agaun 5 u dopmysa HeiortoHa.
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umeemcs d + 1 pasiuunvix ocmamxos Xy, Xy, ..., Xy [
0{0,1,..., - ¥ maxux, umo F(xy), F(x,),..., F(x,
deasmcs na p (umaue zoeops, F(xy)=F(x)=...
...=F(x;)=0(modp) ). Tozda ece rosppuyuernmol
muoeounena F(x) denamcsa na p.

«ITpodeccuonanpbuplii» anre6pancT CKasKeT, 4TO 3TO
HPOCTO TeopeMa O TOM, UTO KOJIMYECTBO KOPHei MHOTrouIe-
Ha He IPEBbIIIAET €ro CTeHEeHH, TOJbKO He JUIS OObIUHbIX
MHOTOYJICHOB, & [/Isl MHOTOYJICHOB Haji osieM Z,, . B konne
peleHnss Mbl IPHBeJieM dJeMeHTapHOe JI0Ka3aTe/bCTBO
3TOU TEopeMbl.

Wrak, 115 penenns 3aau pacCMOTPUM BCIIOMOTaTe/Ib-
HBII MHOTOUJIEH

P(x)=(x+1)(x +2)...(x +(p —1)) =
= PSP A L+ S, x +S,
3amernm, uto uncaa P (1), P(2), ...
p, MHaYe roBOpst
P(1)=P(2)=...=P(p -1) =0 (mod p).
3armme erre ozn muorounen Q (x) = x”™ —1. Coryac-

HO Masoit Teopeme Depma, OH 00J1aaeT AHAJOTHYHBIM
CBOICTBOM:

o(1)=0(2)
Paznoctb
P(x)-0(x) =S +... +S,0x +(Sp_1 +1)

, P(p—1) nenarcs na

.=0(p -1) =0 (mod p).

— MHOT'OUJIEH CTelleHu p — 2, uMeloiuit p — 1 «kopHeii» 1o
MoyJio p. Ocraercst cOCIaTbC HA TEOPEMY M IOJIYUYHTD,
uto Sp, 8y, .., S)o nenarca na p. (Kpome Toro, cBo60a-
uplii unen S, +1= (p =1)! +1 nemurcs Ha p, TeM caMbIM
MOMYTHO MbI I0Ka3a/u TeopeMy BuibcoHa.)

Kak ofemaHo, JOKaxkeM TEOPEMY.

Nuaykmus no d. Baza d = 0 oueBugna. Boimosnum
WHYKIMOHHBIN nepexo/. [Tycts F' — MHOTOUJIEH cTenieHn
d u3 yciosusi teopembl. Paspenmum F(x) Ha x-x) C
ocratkoM: F(x) =G (x)(x —x,) +7, rie G — MHOTOUJIEH C
neabiMu Koadduinentamu crerienn d — 1, a r — 1enoe
ancso. Hoacrasiss x = x, , mosydaem, urto F(x,) menut-
cs Ha p. Jlasee, TIOJCTABIAS X = Xy, ..., X = Xy , TTOJYYaeM,
uro uncaa G (x;)(x =), ..., G(xg) (xy —x,) AensATCS HA P.
Tak kak p — mpocToe M Pa3HOCTH X; — Xy, ..., X; =X, HE
aensatest Ha p, 10 G (%) =G (x,) =... =G (x4) (mod p) , 3Ha-
YUT 110 MPEANOJIOKEHNI0 HHAYKIMN Bce KO(QHIEHTbI
MHOTrO4sleHa G(x) peasitcss Ha p. U3 paBeHcTBa
F(x)=G(x)(x —x,) +r HOIydaeM TO ke yTBEpsKJCHUE U
JUIsT MHOTOUYJIeHa F (x).

MbI TOTOBBI C/le/IaTh CJIEAYIONMH MIar.

3agaya 3. Ilyctep p > 3. [lokaknuTe, UTO CYMMBI
S35, S5y Sy esiaTes Ha p* .

Pemenne. Ilycrb k — neuernniii nugexe, 3<k<p—2.
Kaxjomy ciaraeMoMy BUJa X(X;...X, BCyMMe S, 11ocTa-
BIM B cootsetcTe ciaraemoe (p = x;)(p = x5)...(p =)
(Kask/plil COMHOJKHUTEb X; 3aMEHSIETCS] HAa <«IapHBIii»
1 samensgerca Ha p — 1, 2 —map -2, ..., p— 1 -
Ha 1). Ecam mpocymMMupyem cJaaraeMble BH/a
(p-x)(p-x)...(p —x;) 1o Beem k-anementHbIM TOA-
MHOKecTBaM MHoskecTBa {1, 2, ..., p =%} | To noxyuum 1y
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JKe camyio cymmy S, . B atom u 6yzser cocTosaTh Haill
<«TPIOK> |
Packpbitie cko6ok B ipoussegennu (p = x;)(p = x)...

(p-x,) naer
(p-2)(p-2x2)...(p 1) =

= pk—pk_is1(x1,... )+p 32(x1,...,xk)—...
3
.+p Sk_g(aq,...,xk)—p Sk_z(x1,...,xk)+
+ pspy (2 e, ) = s (20, oo 1) (1)

(OrmeTn™, 4TO MOC/IE/IHEE BBIPAKEHNUE B IPABOIT 4aCTH CO
3HAKOM «—», MOCKOJIbKY k HeueTHO.) PaccMoTpuM Kakoe-
TO KOHKPETHOE TIPOU3BE/ICHIE U3 ¢ COMHOXKUTEJIEH, HATTPH-
mep 102 D.. (3 . Muoxectso {1,2,...,4 moxno monon-
HUTb Cp _i—¢ croco6amn /10 R-371eMEHTHOTO TI0/IMHOKEeCTBa
B MHOYKECTBE {1 2,..,p- 1} [09TOMY Hallle TIPOU3Bejie-
nue 12 0..[F Bxoaur B C . CyMM BHJIA S; (x1, ooy xk).
3HaunT, TOCTE CyMMI/IpOBaHI/IH pasercts (1) mo Bcem
k-3JIEMEHTHBIM TOJMHOKECTBAM MHOYKECTBA {1, 2,..,p- 1}
nMeeM

Sp = Cypt =CyoptS, +Ch Pt S, -

A Coial iy = Coal?Sps +ChupSi4 =Sy (2)

Bce caaraembie mpaBoii '{aCTI/I (2), kpome aBYX moCHE-
JHUX, saBea0M0 fensTesiHa p? , nostomy 2.5, = CpkPSk—1
penurest Ha p? . Iloab3ysich TeM, uTo S, ; JeauTcst Ha p
(cM. 3amauy 2, 3;1er BasKHO, uTO k> 3), nonyqaeM, 4TO
28, nesantca Ha p , OTKyZa S, [ejuTcs Ha p

U3 paserctBa (2) MOKHO MOJTYYUTH HeKOTOpre daxTp
0 JeMVMOCTH CHUMMETPHUYHBIX BBIpaKeHWil ot 1, 2,

.., p — 1 m Ha Gomee BbBICOKME CcTelleHW p. Pemmm
CTEYIONIYIo 33Jjauy TaKOTO COpTa.

3agava 4. Ilycrs p > 5. Jlokaure, uto PS,-3 =S,
Je/IUTCA Ha P

Pemenue. lVcromnb3yem (2) nnsa k p — 2. Bce
BbIPaKEHNUS B IpaBoii yactu (2), KpoMe JABYX MOCJIEHUX,
3aBejloMo Jiessttest Ha pt, moatomy (nocae nepenoca S,
B [IPABYIO 4acTh) UMEeM

Cip’Sys = C3p*S,s +CopSys =25,

pemntest na pt . Tak kak S,_5 gemutes na p (eM. 3aaady
2, 371ecb BaXXHO, 4TO p > 5) a Sy-4 nemures Ha p* (rax
Kak p—4 23 W HeYeTHO — CM. 3a/1a4y 3), MOJIy9aeM, 4To
2pS, 3 =25, npenwnrcst Ha p*, moatomy pS,3=5,
JleIUTCA Ha  p

Hapsaay ¢ cuMMETpPHYECKMMH BBbIPA’KEHUSAMU

Sk (x1,x2,...,xn MOJKHO J7d Jjioboro kB = 0, 1, 2,
PacCMOTPETh dy = dy (x1, ey xn) — cyMMy k-X crereHeit
HEPEMEHHBIX Xy, ..., X, |
ay = n,
a =X +xy +... 41,
ay =X} +x) +. a2,
a; =X + x5 +... +x),
ITosoxxum
Ay =ay (1,2 .., p=1) =1 +2F + +(p -1)'

Uro kacaercsi JeMMOCTH HAa p U pz, BbIpaKeHus A,
UMeIOT CBOWCTBA, OUEHb IOXO0KHME Ha CBOWCTBA CyMM S,
(cMm. caenyromue sagaun 5, 6).

ITo He cayyaiiHoe coBnajienne. Beb cummerpuueckue
bynxun a, = a (%, ..., x,) 1 s, =5, (2, ..., x,) CBIA3aHDI
TaK HAa3bIBaeMBbIMU (opmyaamu Hvomona:

S1 = 01,
252 = 8141 —dy,
383 = syay — a4y +ag,

[lst ymo6eTBa MOKHO TOJOMKUTD S) =1 M S,pq = Sp4n = ...
.=0, torma asst kKaskmoro k=1, 2, ... dopmymna Heiorona
MOJKeT ObIThb 3allicaHa B BUJE

_ k+1
kSk = Sp1a1 ~ S0y +Sk_393 —... +(_1) Sody, -

Hwuske MbI ipuBe/ieM pernensi 3aj1a4 5, 6, He OTMPaloNy-
ecs Ha 3azaun 2, 3. OJHAKO B KayecTBe YIPaKHEHUS
qUTaTEe b MOXKET, UCTIONIb3Ys popMyibl HbloTOHA, ycTaHo-
BUTDb 9KBUBAJIEHTHOCTD YTBEPIKJCHUI 33/1a4 2 U 5, a IOCJe
Toro — 3ajau 3 u 6.

3apgava 5. [lokaxkure, 4TO IS P > 2 KAX/Iast U3 CyMM
Ay, Ay, .oy Ay menarest Ha p.

Pemenue. /{11 A, ato acuo: A = p Dv— [IpoBenem

MHIYKTHBHOE paccyskaeHne. IlycTn yoke I/ISBGCTHO, 9TO
cymmbl Ay, Ay, ..., A, nensites na p (rae k — pukcuposan-
Hoe, 1<k <p=-3); nokaxeM, 4to A,,, TOXKe AeJUTCSA
Ha p.
3anuireM cJeyIonme pasIoskeHnus 1no 6uHomy Hbio-

TOHA:

k+2 _ k+2 _ 1 2

2 = (141)77 =1 +Cpyy +Ciay +...

k+2

= 1+C11+2 |:124-0/3+2 [22 +

+Ci H,
+C]]::% Dk+1 +2k+2’

k+
P (1 (p =) =
= 1+C11+2 E(p _1) +Cl§+2 l:qp _1)2
¥ C;{::% _1)k+1 +(P _1)k+2'
CkaazpBas (1o cronbuam), mosydaem

Apy — 1482 =(p —1) +Cp,, O, +

2
+ Ck+2 mZ +
ITocne yunuroskenua A,,, umeeM
k+2 _ 1 2 k+1
Pt =Pt Cpuy Ay + Gy Ty +.. +Cpy Uy

W3 npeanosoxkeHust WHIYKIIMM HaM M3BECTHO, 4TO BCe

cmaraembre, kpove Cris DAy, , CTSTCS Ha p, 3HAYUT, 0

CHY Ay, memutes na p. Tak xak CF=k+2 me

JEJUTCS HA P, TO A,y JenuTcs Ha p.

R+
. +Ck+2 E‘Hkﬂ +Ak+2 .

Yupaxkuenune 2.
1.1

B U J—
2 2 te 2
©o2 (r-1)

qucJa. Z[OKB.)KI/ITC, YToO m [OEJUTCA Ha p

IIycts p > 3. Ilycrtp cymma

m
paBHa —, I'/le m U n — HaTypaJibHbIE
n

Ykasanue: MOXHO BOCIIOJNB30BATBCSI COOOPAsKEHUEM U3 YII-
paxknenust 1.
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3amaya 6. Ilycto p > 2. [lokaxuTe, 4TO CyMMbl

2
Az, As, .., Ap_2, Ap JeNaTcs Ha p- .

Peme;eﬂne. [Iponenaem «TpioK» ¢ 3aMeHOM x* Ha
(p-x)
Ay =1E 425+ x(p =2)f +(p 1) =
k k
= (p=(p-0)) +(p ~(p -2))" +... +(p 2)" +{p )"
PaCK]IaZIbIBaeM KaXX/10€ U3 cJaracMbIX:

k2,2 _ k

(p-2)" =p" -Clp"x +Cip =

(mocseqmmit sHak «—» u3-3a HederHoctH k). CriapiBast
9TH paBeHcTBa Mg ¢t =1, 2, ..., p — 1, nosyuaeM
- ko _ 1 k- 2 k=2
2Ak - (p _1)p _Ckp A1 +Ckp A2 ...
e CEPP A - CE PP Ay, + CF M pAL . (B)

B mpaBoii yactu Bce BBIpaXKeHHsI, KpOMe TIOCJeIHero,
pensaresi va p? . Ipu k < p =1, no gokasannomy B 3aj1a4e
5, Az nemurca Ha p, a nupuw kR = p Koaduiuent

C,f"1 = p, TI09TOMY B JIOOOM CJIydae C/,ff"1pAk_1 JIeTATCS

Ha pz, cJie/10BaTe/IbHoO, Ak JICJIUTCA Ha p2.

2015/Ne5-6

B 3ak.0uenue npuBeieM pelenye yIoMsaHyToil B Haua-
JIe 3aMeTKu 3aja4n u3 sagaunnka «Kpanta». C yuyerom
3ajies1a, KOTOPBIil y HAC Tenepb ecThb, cAeaaTh 5T0 Oyjaer
y3Ke He TaK CJIOKHO.

3amaua 7 (M2387). lokaxxure, 4To:

a) ecium p =7 u k — HEUETHOE YHMCJIO, TAKOE, UTO 3 <

<k <p, 10 kpA,_; =24, nemrtca na p*;
6) ecim p =5, 1O p2Ap_1 -2A, penurcs ma p° .
Pemenue. a) Ecin k — Heverroe, 3 < k < p, 10 A,_,

penntest Ha p* (3apaua 6) u A, 5 genures Ha p (3anaua
5), noatomy B mpasoii yactu (3) Bce ciaraembie, Kpome

nocsiennero, genstest va pt . Otcioma Cf lpA,_ =24, =

= kpA;_; —2A, nemutcs Ha p' .

6) HMonoxum B (3) k=p. Tak kak A, , sennrcs Ha p?
(zamavya 6) u A,_s nemntes Ha p (3amavya 6), a BCe
koa(pduimenter C,, (rne 1<i<p-1) penstcst Ha p, B
npasoit wactn (3) Bce coraraemble, KpoOMe IOCJEIHETO,

5 p-1 _ _ .2 _
JleJIATCs Ha p R Otcrona CJpA, =24, =p A, —24,
JleJIUTCS HA p° .

KOAUJERKOHNA TOJOBOMNOMOK

MHororpaHHnk Cunawwm

(Hayano cm. Ha 2-vi CTpaHumLe obr1oxki)

Teopema o cemMu KpacKax yTBEePIKIAeT, UTO 05 NPAGUILHOL
packpacku 1060t kapmut Ha mope (m.e. packpacxu, 6 Komopoi
epanunawue 001aAcmu NOKPAWensl 6 pastvle usema,) nonado-
oumcs ne 6ojaee cemu Kpacox.

Mruororpansnk CHJIALIIIH TTOKAa3bIBAET, YTO B HTOU TeopeMe
HeJIb3s1 yJIy4IINTh BEPXHIO OIEHKY. Beab ¢ Tomomormaeckoit
TOYKN 3peHHss MHOrorpanHuk CHJIANINE — 9TO0 TOP, XOTS U
HEMHOT'O «yIJIOBATBIil», pe6pa MHOrOrpaHHUKA PasOUBAIOT 9TOT
top Ha obactu (rpamn). Jlo6ast rpanb MHororpanuuka Cuari-
um nuMeer obiiee pe6po ¢ KaykJAOH M3 OCTAJIbHBIX TpaHel, u
M03TOMY HOTPEOYeTcst ceMb Pas3HbIX KPACOK, YTOObI MPABHILHO
IIOKPACHTD 9TOT MHOTOrPAHHUK.

OTMeTHM, 4TO TETPAdP CJHYKUT AHAJTOTUIHBIM TIPUMEPOM LTSI
3HAMEHHTOIl TEOPEMbI O YeThIpeX KPacKaX, COTJIACHO KOTOPO
J00Y10 Kapmy Ha NIOCKOCMU UIU Chepe MOKHO NPASUNHO
pacxkpacumy ne 6ojee uem UemvipoMi KPACKAMU.

Boimie MbI cKasasii, 4TO KpoMe TeTpas/ipa M MHOTOTPaHHUKA
Cuslanim 1moka He M3BECTHO JAPYTUX IIPUMEPOB MHOTOTPaHHU-
KOB, Y KOTOPBIX JIIOObIe /[Be IPaHi UMeJn Obl 0OIIYIO CTOPOHY.
A 9TO «TOBOPHUT TEOPHUS» 0 3TOMY TTOBOJY?

EcJiit B MHOTOTpaHHUKE /i <IBIPOK» , TO KOJIMYECTBA €TO TPaHeit
(), pedep (e) n Bepumn (v) cBA3aHbBI paBeHCTBOM [+ 0 — € =
=2 = 2h. 1o — 3namenutas dopmyaa Iiinepa. Hampumep, y
muororpannnka Cunammm f=7, e =21, v =14, a h = 1 u, KaK
HETPY/THO YOEIUTHCS, PABEHCTBO /IEHICTBUTENHHO BBITIOJTHSIETCS.
Pa3 mp1 TpeGyem, 4TOOBI B MHOTOTPAHHUKE Y JIIOOBIX JIBYX I'PaHeil
6b110 061iee pe6po, TO, BO-NEPBBIX, JOJIKHO BBITOJIHSATHCS
cooTHoIIeHe € = [ (f —1)/2 . Bo-BTOpBIX, B Kask/10il BepumHe
JIOJIKHBI CXOANTBCS MO TpH pebpa (MHave HEKOTOPhIE TPaHu He
6yayT UMeTh OOIMX TPAHUI]), OTKY/A, YUUTHIBAsA, UTO KAXKI0e
pe6po CoeWHSIET J/iBe BEPUIMHBI, I[OJY4aeM COOTHOIIEHUE
v="2e/3.

[TosryueHHble PaBEHCTBA MPUBOJAAT K TOMY, YTO YHCJO <«[[bI-
POK» M UHCJO TpaHell CBA3aHBI JAPYr C JAPYroM Tak:
h= (f —4) (f —3)/12 . Jlerko Bugers, uto u rerpasap (2 = 0,
f=4), m mpororpannuk Cutammm (2 = 1, f = 7) cornacyiorcs
¢ atoli ¢popmy.toit. Cremyiolee permenue moydaercs mpn i = 6
u =12, HO TTOKa MOAXOAAIEr0 MHOTOTpaHHNKA (Y HETO TOJIKHO
ObiTh 44 BepiHbl U 66 pedep!) HUKTO IIOCTPOUTH He CMOT.

B 3axJioueHme mpejsraraeM BaM C/Ie1aTh COOCTBEHHYIO MOJIETh
MHororpananka Cumammmm. Beikpoiika mpeicraBieHa Ha PUCYH-
Ke, TAK)Ke ee MOXKHO HaiiTn Ha caiite www.cutoutfoldup.com.
CKJIenBatp JAPyT ¢ APYTOM HAJ0 YUYACTKH, TTO[NICAHHDIE O/IHA-
KoBbIMH OykBaMu. Ilo JIMHNSM, HAPHCOBAHHBIM OOBIYHBIM ITyH-
KTUPOM, HYJKHO JiesiaTh crul, cBojist GyMary HaJl BBIKpOIiKoii. ITo
JIMHUSM <«TOYKa-THPEe» crudarhb Hy>KHO HA0O60POT, YTOODI MOJIY-
yasnach «ropkar. sKejaem ycnexos!

E.Enuganos
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AJdd MJAJIINX NIKOJbDHUKOB

aJa4yu

1. Ons pemoHTa nponennepa KapncoHy Heobxoammo
Kynute 3 nonactu n 1 BUHTWK. B MarasvHe npopatortcs
nonact no 120 3pe 1 BUHTKKM Mo 9 3pe. Ho nocne MoKy nKu
He MeHee 4Yem Ha 250 3pe patot ckmoky 20% Ha Bce
cnepytoLe nokynky. CMoxeT N KapicoH oTpeMOHTUPO-
BaTb Mponennep, ecim y Hero ¢ cobon Tonbko 360 3pe?

Ebakaes

2. Ha BepxHel rpaHun Kyburka 3 x 3 X3 K LleHTpanbHOMYy
kBagpaty 1x1 npuknemnu kydbmuk 1x1x1. Kak pa3gennts
NOoNy4MBLUYIOCS DUrypY Ha 7 PaBHbIX?
OAVH 13 cnocoboB 3anmcaTb OTBET — HAPMCOBATb OTAENb-
HO Kaxabl CJIon purypbl (HUKHUIM, CPEOHNI, BEPXHUI 1
CaMblin BEPXHWUI KYOWK) M Ha KaxaoM KyOuke HanmmcaTb
HOMep 4acTW, K KOTOPOW OH OTHOCUTCS.

E.bakaes

3 « Y Kaxpgoro 13 xy[oXHMKOB TBOPYECKOro oObefHe-
HUs «TeprneHve 1 TpyL» CBOW paboumi rpacuk. LLlectepo
M3 HUX NUWYT NO OOHOW KapTWHe pa3 B [OBa AHA, a
OCTaslbHble BOCEMb XYAOXHWKOB — MO OAHOW KapTUHe pa3
B Tpu OHA. C 22 no 26 ceHTAOpS OHW Hanucanu B obLLen
CNOXHOCTV 30 KapTUH. CKOMbKO KapTUH OHW HanuwlyT 27
CeHTADpA?

Ebakaes

OTK 3a0a4M NpefHa3HayeHbl Npexae BCero yyalmmcs 6—8
KN1accoB.

311 3aga4m npegnaranncb Ha XXXVII TypHupe rmeHn M.B.J1o-
MOHOCOBa.

enene u wyq o pece

centsy.

- ,":

&

4. Korga y Hac Mep3HyT nafblibl, Mbl OyeM Ha HUX,
4yTOObI Corpetb. Korga obxuraem pyky, Toxe ayem —
4TOObI OXNAAUTL. HeM OTNMYAIOTCA MOMOXKEHUS HALLMX TYD
B 3TUX C1Tyaumax? Modvemy B OAHOM Cly4ae NoTOK BO3Ay-
Xa 130 pTa COrPeBaeT, a B APYroM — OXnaxaaeT?
@onbkop

5. Ha 3emsio nonoxunu KBagpaTtHylo pamy, B LEHTpe
KBagpaTa yCTaHOBWUIM BEPTUKaNbHbIN WecT. Korga Ha 3Ty
KOHCTPYKUMIO CBEPXY HATAHYNW TKaHb, MOfyyYMnach mMa-
neHbkas nanatka. ECnv nonoxuts psaaoM BrOTHYO ABe
TaKUX Xe pambl, B LLEHTPE KaXAoV NOCTaBUTL BEPTUKaNb-
HbI LUECT TOW >Xe ANVHbI W HaTAHYTb CBEpXY TKaHb,
nonyyuTcs Oonbluas nanartka. Ha maneHbkylo nanatky
ywno 4 kBagpaTHbIX MeTpa TKaHW. A CKOMbKO TKaHW

notpebyeTcs ana GonblIon nanaTkm?
M.PackuH
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Roukypc nmenn A.Il.CaBuHa

«MaTtematmka 6—8»

Mpb1 nponomxaem o4epeaHoON KOHKYPC 10 PELLEHUIO MaTeMaTnYeckmx 3aaay A/1s yYalunxcsa 6-8 knaccos. Pewerus 3agaq
BbICbI/IaAITE B TEeYEHUE MecsLa Iodie I1oslyHeHns 3Toro Homepa XypHana rno agpecy: 119296 MockBa, JIeHUHCKUY pPoCrieKT,
64-A, «KBaHT» wam 1o 3/1eKTPOHHOMY agpecy: savin.contest@gmail.com (¢ rniometkovi «KoHkypc «Marematuka 6-8»). He

3a€y,qbre YKa3artb nms, Kiaacc n AOMaLLHUV agpec.

Kak n npexxge, MbI MPpUBETCTBYeM y4acTUe B KOHKYPCE He TOJIbKO OTAE/IbHbIX LUKO/IbHUKOB, HO Y MAaTeMaTUYeCcKuX KpPYXKKOB.
PykoBoauTenes KpY>XXKOB MPpoCcuM yKazath /IEKTPOHHBIA aAPEC UM KOHTAaKTHbIV TesnieghoH. [To Tpaanumm, kpyxxku-rnobeguren
330YHOIro KOHKYpCa MPUITALLAIOTC Ha PUHAIIbHBIVI OYHBIA TYPHUP.

6. [eTa Ha3bIBAET HATYPaNbHOE YNCNO y4aYHbIM, €CNIN €ro
MOXHO edMHCTBEHHbIM 0Dpasom pas3butb B cymmy 20
Pa3NNYHBIX HaTypasbHbIX claraeMbix (Mopamok cnarae-
MbIX HE BaxkeH). Hanaoute Bce yaadHble Yncna.
@onbkop

7. PentuHr kaxgoro m3 20 WaxMaTUCTOB BbIpaXkaeTcs
HaTypanbHbIM YcioM oT 140 20, y NobbIX ABYX PEUTUHIU
pa3nuyHbl. LLIaxmMaTmUCTbl nofeneHbl Ha ABe KOMaHAbl Mo
10 YenoBek Tak, YTO CyMMbl PEUTUHIOB B KOMaHOAX PaBHbl.
Komarabl nrpatoT MaTy-TypHup 13 100 napTini, B KOTOPOM
KaXAbIV WAXMATUCT UFPAET MO OAHOM MapTUM C KaXKAbIM
13 10 WaxmMaTUCTOB MPOTMBOMOMOXHOW KOMaHAbl. B mio-
Oon napTnmn nobexaaeT WaxMaTUCT ¢ DONbLINM PeNTUH-
roM, 3a kKaxzyto nobefy CBoero Mrpoka KoMaH[a rnosny4ya-
eT 1 o4ko. KakoB MOXeT ObITb pe3ynbTaT MaT4-TypHMpPa?

[1. KOoXeBHMKOB, 110 MOTHBam 334a4u B. [lpov3Boiosa

8. B «KBaHTe» N° 13a 1987 rog, Mnaglmm LKONbHWKAM
ObINo NpennoXxeHo paclndpoBaTb BOT Takon pebyc,
NpUAYMaHHbIM TOrgalHUM AeBaTuknaccHukom [.Cadun-
HbIM, B KOTOPOM Of1MHaKOBble OyKBbl 0003Ha4atloT OfMHa-
KOBble UMMbPbI, pa3Hble DYKBbl — pasHble LUUbPbl U HU
OAHO YMUCIIO HEe HAYMHAETCs C Hyns:

LLUEMHYJT x 5 = KPUKHYJI
OH uvMeeT ABa pelleHWss, B KOTopbix cnosy LUEMHYJ

COOTBETCTBYIOT "Yncsa 628750 n 682750. Ho ecnin natepky
3aMeHUTb Apyron umdpon, pebyc OymeT MMeTb eauH-
CTBeHHOe pelleHue. Kakasa 310 umdpa?

U, Akynmd

9. [lan kBappat ABCD. Yepes BepunHy C nposenu
NPSMYIO /77, HE UMeEIOLLLYIO APYrUX ODLLMX ToYeK C KBagpa-
TOM (CM. PUCYHOK). Toukm £

Ewv F— npoekumu To4ek B

M D COOTBETCTBEHHO Ha P

npsamyto m. Otpesku BF v o~

DE nepecekalotcs B TO4Ke
K. JokaxuTte, 4To NpamMas
AKnepneHayKynsapHa nps-
MOoun m.

B. Pacropryes

10. Ha kBagpaTHOM KJeT-
4yatoMm nofie 10x10 pacno- A D
noxeHa ackagpa 13 10 ko-
pabnen. Kopabnn — 370 He wMelolMe ODLMX Toyek
NPAMOYFOfIbHNKM 1X2 CO CTOPOHAMM MO JINHUSM CETKM.
a) lokaxuTe, 4To MOXHO cllenaTb 32 BbICTpesia Tak, 4ToObl
HaBepHsKa MoMnacTb B KakoM-HWOyAb Kopabib.
6) A MOXHO N 060nT1CL 30 BbICTPEnamm?

A. bepgrwuikos, []. Ky3HeroB

aK naten Cnarten njaHMpPOBan
OTNYyCK

K.KOXAChH

O4UYTN HE OCTAJIOCb MECT, I'’]E MOKHO
CTIOKOIHO OTJOXHYTH, — KajoBaJcs aarten Crs-
tesq. — UTOOBI OTJOXHYTb Ha MOpe — JIeTAT Ha IOT, 3a
SK30TUKOH — Ha BOCTOK, K OJlaraM IUBU/IN3ALUU — Ha
3arma/.
— Cyerta, Tosdes, s6JI0Ky HEKy/la yIacTh, — MOJJIAKHYJIa
MblIb Orpbisa.
— DKCTpeMaJsbl [IBUTAIOT HA CeBep — K MeABEISIM U
TiosleHsiM. Ho g Xouy mpoBecTH OTIYCK He B TaKUX

yeaosuax! S umy neucxosxenunix 1yreit! S pemmi nose-
TEeTh Ty/a, Ky/Jla HUKTO He JIETUT: HA CEBEPO-BOCTOK!

— Ha ceBepo-Boctok? — nepecrpocuna Orpbiza. — Tam
JKe HUJero Her!

— Bor umenno! — Bocksmknysn agren. — Criokoiinoe
TIXO0€ MECTO.

— Keratn, a kak 6BICTPO THI JIeTaelb? — TONHTEPECcoBa-
Jnacb Bycenbka.

— Kpeiicepckas ckopocTh 28 KMJIOMETPOB B 4ac, — TOPI0
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cKazaJ Jdares. —  MOTy JileTeTh ¢ 3TOH CKOPOCTHIO XOTb
IeJIble CYTKU.

— Jlio6otbITHO, — cKa3ata Bycenbka, — mosydaercs, 4to
€CJIM Thl, K IPUMEpY, MOJETHIID NIPIMO cefiuac, To yepes
Yac OKaXKelbes B 28 KM K CeBepO-BOCTOKY OTCIO/IA. IDTO
npuMepHo 20 kM K ceBepy U 20 KM K BOCTOKY OTCIOJA.
3HaunT, 3a yac Tbl cMemaenibes Ha 20 kM K ceBepy. o
ceBepHoro moJgioca npumepuo 3000 kM, ecau Gymenib
Jeterb 110 10 yacoB B CYyTKU, TO HEJEJNbKU Yepes /IBe Kak
pas 1 106epenrbes 0 CEBEPHOTO TOJTOCA.

— Cesepabiii nosoc? BooGIe-To s He TIaHUPOBAT
0KasaTbcs Ha ceBepHOM ToJtfoce. .. C IpyToil CTOPOHDI, 3TO
JK€ POBHO TO, YTO MHE HY)XHO! JKCTpeMaJbl, MeABEN U
TIOJIEHH TaK JAJI€KO Ha ceBep He 3abupaiorcs. A s Kak pa3
ULy CIIOKOMCTBUS U YEeMHEHUS.

— CrpanHoe MeCcTO — 3TOT Ball CEBEPHBIH I0JI0C, —
nepebuna Orpbiza, — TaMm co Bcex cropon for. Kynma num
HOW/IN — €CJIN He CBOPAYMBATh, OKAXKETCS, YTO JABHKEIIbCS
K I0KHOMY ToJifocy! B Hammx Kpagx He Tak — eCJu WATH
1o JI060MY CeBEPHOMY a3UMyTy, K IPHUMepY [IBUTATDH TI0
KypCy HOPJI-BeCT-BecT, Kak TOBOpUJIA O/{Ha MOl 3HAKOMasl
KopabesbHas Kpbica, 06s3aTeIbHO TIPUAEITh Ha CeBEPHBIT
noJtfoc! Bycenbka HaM 9To BIToJIHE YOeIUTEIBHO OOBSICHI-
Ja. Ilosydyaercs, 4To y HAC MyTH K CEBEPHOMY TOJIOCY
3aHUMAIOT TIOJIOBHHY BCEX BO3MOKHBIX HAIIPABJIEHUH, a
JIPYTYIO TIOJIOBUHY — MYTH K 10:KHOMY!

— IIpocTo rosioBa ujeT Kpyrom, — TO Jil TIOXBAJIUI, TO JIA
MOKAJOBAJICS JATE.

— Eme kak uzper, — noaresepausa bycenbka. — Bor

CeBepHbIV Nontoc
~ K A
i

npe/acTaBb cebe, YT ThI YiKe TIOUTH TPUJIETE HA CeBEPHBII
MIOJIIOC, BCETO HECKOJDBKO KHUJIOMETPOB OCTajoch. [yt
CTOJTb MAJIBIX PACCTOSTHUIT MBI MOYKEM CUNTATD, YTO 3€MJIS
B 9TOM MecTe TIiIocKas. U BoT, k mpnuMepy, U3 Toukn A; TbI
3a 1 mMunyry nepeJseres B TOuky A,, Koropas B 2 pasa
6JIIDKE K CeBEPHOMY TIOocy, ueM A .

— Kaxoii xopommii mian, — ckazaJs JgaTes, — MOXKaIYH,
UMEHHO 3TUM MapIIpyTOM g U MOJIEYy.

— Iloroau, monyctuM, 4to Ha Moeill (BecbMa npuGIM3u-
TesabHOIT) Kapruuke yroa AOA, pasen 40° (kcrarw,
MOXO0’Ke, OH MPUMEPHO TOMY U pasen). Takum o6pasom,
IpUOIU3UBIINCH K CEBEPHOMY MOJIIOCY B 2 pasa, Tbl IIpU
3TOM TIOBEPHEIIBCSI BOKPYT 3€MHOIT 0CH MPUGIU3UTENHHO
na 40°.

— [la, nMeHHO Tak Bce u OYyZeT, — COTJIACHUJICS [IATEN, —
HO g He OyAy 3aJep:KuBaTbCcs B Touke A, ¥ moseqy
JTAJIbITIE.

— W gepe3 HEKOTOpPOE BpeMs TbI TIOBEPHENTHCS BOKPYT
3eMHOI ocu emfe Ha 40°, OKa3aBMNCh TTPHU 3TOM B TOUYKE
As, — ckasana Bycenbka. — Kax Tbl gyMaellb, CKOJIbKO
TeGe 1oTpebyercs BpeMeHu, 4To0bl 10OPaThCs 10 TOUKN
Az ?

[aren Crngren 3agymaicd.

— Cyns 110 KapTHHKe U UCXO/IsI M3 3/IPABOT0 CMbICJA, —
CKa3aJ1 HAaKOHeI[ OH, — BOT 3TOT KPUBOBATBIIl TPEYTOJbHIK
A;0A, umeer Takylo ke hopMy, Kak Tpeyroabuuk A,0A; .
OTJ4aloTcsT OHM TOJBKO pasMepaMu — Y BTOPOTO Tpe-
yrojbuuka cropona OA, B 2 pa3a MeHblie, 4YeM COOTBeT-
crByloltas cropona OA; 11epBOro TpeyroJbHUKa. JHAUUT,
" KpuBasi CTOPOHA, BJIOJIb KOTOPOI MHE HYKHO JIETETH, Y
HETO TOXKE B /[BAa Pa3a MeHbIle. 3HAYWT, S MPOJIETy ee 32
MOJIMUHYTHI.

— Bor arto-To 1 y:xacuo! — BockJukHyJa Bycenbka.

— Benubiit garaymka, — nogxsatuia Orpbida, — Tbl Obl
Jiydiiie BbIOpaJ Kakoe-HuGyib IPyroe MeCTo /sl OT/AbIXA.
Benp etie uepes 4eTBEpTH MUHYTHI ThI TPUJIETUIID B TOUKY
Ay, norom emie yepes 1,/8 MUHYTBI B TOUKy As U Tak
nagee!

— Bpl xXoTHTe cKaszaTbh, UTO S TaKk W He JOJEYy [0
ceBepHOTO Tosmoca? Uto g Tak u 6yAy IUIyTaThb MO 3TUM
ToukaMm — Ay, Ay, Az, A, ... He nyraiite mend. Vctopuio o
TOM, KaK depernaxa THaJach 3a AXWUJJIECOM, S yiKe CJIbI-
mrast. Ecyin 3a ofHy MUHYTY S TTPOJIETET TIOJIOBUHY PACCTO-
SHUS 10 CEBEPHOTO TI0JII0CA, TO ellle Yepe3 MUHYTY S yiKe
6yny na mecre!

— [la, HO ¢ KaKOil CTOPOHBI ThI IPUJIETUIID? — CIIPOCHIA
Bycenbka.

— C 1oro-3amna/Hoii.

— Ha ceBepHomM moJtioce HeT 10ro-3amaHoil CTOPOHbI, —
ctporo ckasdana Orpbisa. — BbpurereB u3 toukn A, , Tbl
Yepes MOJMHUHYTBI TPIJIETHIIb B TOUKY Az, TOBEPHYBIINCDH
BOKPYT 3eMHOIT ocut Ha 40°, ele yepe3 4eTBEpPTb MIUHYTHI
— omsiTh ToBepHenibest Ha 40°, gepes 1 /8 MUHYTBI — OIISATH
Ha 40° u Tak gasee. 3HAUUT, YTOOBI JOCTUYH CEBEPHOTO
noJrioca, tebe NpuaeTcs caenarb GeCKOHEYHO MHOTO 060PO-
toB! Ilapy mMunyT Hasag Tbl roBOpuJ, y Tebsl TOJIOBA
KPY3KUTCS?

— Ox, — cKkasan jares, — oyeHb Kpyxxurcs. Kaxkercs,
MeHst ykauaso. Bepuee, ykpyTuao. OnacHoe 9To 3aHsITHE
— JIeTaTbh HAa CEBEPO-BOCTOK!



| ONbOCTPUM, WA
Kak ['peHnaHans
corpeBaeT EBpony

A.CTACEHKO

[O7Ib@CTPUIM — B LUMPOKOM CMbIC/IE CJI0BA MOLLHASA CUCTEMA
TeriibIX MOPCKUX TeYeHuY B AT/IaHTMYECKOM OK eaHe, OXBarhbl-
BaKoLLEA OrPOMHOE MPOCTPAHCTBO OT MEKCUKaHCKOro 3a/mBa
40 beperos LLnbepreHa v Kosibckoro rosyocTpoBa rpors-
XeHuem bosee 10 TbIcay KMiTOMETPOB... [TP1Y4HA 3aPOXAEHMS
[onb@cTpuma eLye He yCTaHOBIIEHA.

Bonbliaa coBeTckas aHUMKIONEOMsl, Tom 12

KOJIO JIBYXCOT JIET HA3AJlT AKAJIEMUK JIEHIT (JIEHII,

Ivumnit Xpucruanosud, 1804—1865), yuacrsoBaBiuii B
3aMevaTeJbHbIX KPYTOCBETHBIX ILTABAHUAX PYCCKMX BOEHHBIX
KopalJeil, TIPeIIOKIA TTPOCTENITYIO CXeMy HUPKYJIAIUN BOJT
MHPOBOTO OKe€aHa, CYUTAst €T0 CJOEM BOJBI MOCTOSHHON TOJIIH-
nbt (r1y6unb). [IpuHUMas BO BHUMAHKUE BbICOKYIO TEMIIEPATypPy
Ha [OBEPXHOCTH TPOIMUECKUX BOJI M NX HUBKYIO TEMIIEPATypy Ha
ray6uHe, Kyla OHM NMPUXOAAT U3 BBICOKUX IINPOT, U3 YCIOBHS
COXPaHEHNUS TTOTOKA MACChl OH 3aKJTIOYNT, YTO JOJIKHA BO3HUK-
HyTb HENpepbIBHAs IMPKYJIAIMSA BOAbl B OKeaHe — (pakT, KOTO-
pbIil yoke aaBHO GblLT naBecten MoperiaatessaM. (Koneuro,
peasnbHas KapTHHA TEYEHUH OCJIOKHEHa HAIMYHeM MaTePHKOB,
pasnmumeM TAyGHH, TIepeMenieHneM BO3AYIIHBIX Macc, Bparie-
HueM 3emin.) MOKHO TTPOMJLTIOCTPUPOBATD HTY MEPBYIO KUHE-
MaTHYECKYIO MOJIENb IIUPKYJISIINE B MUPOBOM OKeaHe MPOCThIM
NpUMEpPOM, TMOMECTHB B OJHOM KOHIIE HalOJHEHHOH Bomoii
BaHHbBI GOJIBINON KYCOK JIbjla, a B APyroM Komme (1o BaHHOi)
opranuzosaTbh nogorpes (puc.1).

Kapubcxoe mope

onbGiemput

./Dz6pa80ﬁc1coe

eyeHue

Wi Banna

Puc.T. Unnoctpauyms rnpocTesiles KMHEMATUYECKO MOAEN LMPKYIIS-
Ly Bogbl B MUPOBOM OKeaHe

B cucreme Couniie—3emiist npupoja Toxke 1mo3abotuaach 06
9HEPreTHKEe PAcCMaTpUBaeMoro mpoiiecca. [II0THOCTD TOTOKA
M3JIyYeHNs OT HAIlero CBeTHJIa Ha OpOuTe HAlllell TITaHeThl paBHA
q =1400 BT/ M? |, 0iHAKO HA TIOBEPXHOCTH ILIAHETHI 3a HOJISIP-
HBIM KPYrOM ¥ Ha 9KBAaTOpE IMJIOTHOCTH IOTOKA CYNIECTBEHHO
Pa3yIn4Hbl 110 ABYM HPpUYNHAM.

ITepBast MpUYMHA YKCTO TEOMETPUUYECKAS U CBSI3AHA C YIJIOM
ckosbkenust ¢, pasubiM reorpadudeckoii mupore (puc.2,a).
BosbMeM /iBa IyduKka cBeTa OAWHAKOBOTO JHAaMeTpa 27, MHOTO
MeHbIIIero padmMepoB 3eMuu. [IOHATHO, YTO MOIIHOCTDH MOTOKA
JIYUHCTOH DHEPIMH B 9THX IyuKaX OJMHAKOBA M PaBHA GTU.
B6sim3n akBaTOpHaIbHOIl MJIOCKOCTH OHA JOXOIUT /0 BEPXHUX

cjoeB arMocepbl B TOM JKE€ CaMOM KOJMYecTBe. A BOT B
MIPUIIOJIIPHOIT 00J1ACTH 3Ta MOIIHOCTD TIOTOKA TPUXOJUTCS Ha
GOJIBITYIO TLTOMIA/(b, PABHYIO Trrz/cosq); cJIeZIOBATEIbHO, Ha
KaK/IbII KBA/I[PATHDII METP MOTIaJ[AeT MEHDIITHIA, YeM Y 9KBATOPA,
MIOTOK.

Bropas npuunHa atoro ¢daxra Toxe odeBujHa. <«ToJmmHay
atMocdepbl HaJl BCell TTOBEPXHOCTBIO 3eMJIN MPUOIUZUTETHHO
onmuakoBa (IITpUXOBasl JUHMS Ha PUCYHKE 2,d), HO CKOJIb3S-
IIHe JIy4u y TOJI0Ca TPOXOJAT B arMocdepe 3aMeTHO OOJIbIINiT

Puc2. a) lMotoku mzmyyeHus, ngyiume ot COHLE BHYTON LMITMHEPOB
OfMHAKOBOro ANAMETPa (KPACHbIE CTPENKI), Ha IKBATOPE 1 ¥ MOMoca
MPUXOLATCA Ha y4acTKU [TOBEPXHOCT 3emi pa3Hou riowaan. Bor
roqemy y rosmocos xononHee. 6) Yacriua Boabl, EPBOHAYA/bHO
ABVIXYLUEACA 110 MEpUanaHy K cesepy, BUIEACTBUE BPALYEHNT 3eMu
OTKJIOHSETCH BrpaBo

IIyTh, YeM Y 9KBATOPA, U, CJe0BATEIbHO, CHJIbHEEe PACCEUBAIOT-
cst (MMEHHO M3-3a PacCesTHUsT Mbl BUMM roy6oe He60), Tak u4To
JI0 TIOBepXHOCTH 3eMJH goXoaut He 6osee 1000 BT/ M2 Toxe
HEMAJIO: €CJIH IPH MOMOIIH BOFHYTOTO 3¢PKAJa IIOMAAbI0 1 M2
cokycupoBaTh 3TO M3JIydYeHHEe Ha YallHUK, OH HElpeMEHHO
3aKUIINT.

[To atuM aBYM nmpuunHaM Jib/ibl I'pensianginm coxpansiorcs, a
BOJIa BOJIM3M 9KBATOPA CUJIBHO HATPEBAETCS.

Ho nouemy xostozinast Bojia He Teyer oT I'peHsianiny TOUHO Ha
I0I BJIOJIb MepujHaHa, a OTKJoHsgercsa B cTopoHy CeBepHOil
Awmepuku, T.e. Bupaso? V nouemy BbiTecHsaeMas €io Teras Boja
He TeyeT TOYHO K ['peHsaHaum, a OTKJOHSETCS B CTOPOHY
EBporrbl, T.e. omATb-TakM BIIPABO? ITOT 3aMeyaTesbHbIH (akT
OOBSICHSIETCSI MHEPTHOCTBIO JBIKYIIEHCS MacChl M BpallleHHeM
3emun. [losicHum 10 pucyHkom 2,0.

[Iyctp B HauaJbHBIII MOMEHT BpeMEHHU HeKasl dyacTHIla HaXo-
mutest B Touke A, 061a/ast CKOPOCTbIO U, BIOJb MEPUINAHA.
Ecsim 661 3eMutst He Bpalagach, TO Yepe3 HEKOTOPOE BpPeMs 3Ta
yacTuia okasasach Obl B TOUKe B Ha TOM ke Mepuanane. Terneppb
yuTeM BpallleHHe 3eMJH C YIJIOBOH CKOPOCTBIO ), KOTOpOe
MIPUBOJNT K IepeHocy Touku A B Touky D, a Touku B — B C.
[TonsATHO, YTO CKOpPOCTH HepeHoca v, TOYKU A 6oJblle, ueM
CKOPOCTD TIIePeHOca Up TOYKU B — IPOCTO MOTOMY, 4TO TOuKa A
OTCTOUT OT OCH BpallleHus jaajbiie, yeM B. Ecau 6bl KTO-TO
3aCTaBMJI YacTUIy Iepememarbcss u3 A B B CTpOro BJOJb
Mepujiana, To OHa Yepe3 PaccMaTpUBAEMblil OTPE30K BpEeMEHHI
nonasa 6o B Touky C. OIHAKO, MOCKOJbKY YacTHIA BOJIbI
«CBOOO/IHAY , OHA IO MHEPIUH CTPEMUTCS COXPAHUTD CKOPOCTD
v, U, nonas Ha napasieab BC, oxaspiBaeTcss B Touke D',
geskameil npasee C. Iloxoske Ha To, Kak ecam Obl B CHCTEMe
Bpamaomeiicss 3eMan Ha 3Ty YacTUIly B Ipolecce JBUKEHUS
o/IeficTBOBAJIA CIJIa, HAIIPABJEHHAS BIIPABO. JTO — CUJIA NHEP-
i, HasbiBaemas cuioii Kopuosmca (Kopuosue, Tacmap-Tioc-
TaB,1792—-1843). Jlerko BUIETH, YTO COOTBETCTBYIOIIEE €l YCKO-
peHne dyx JOJUKHO 3aBHCEThb KaK OT W, Tak W OT JMHEHHOM



CKOPOCTH YaCTHUIIBI U4 OTHOCUTEJBHO MOBEPXHOCTH; a coo0pa-
JKEHHE Pa3MEPHOCTH JaeT BEJMYHHY, IPOIOPIHOHATIBHYIO HX
IIPOU3BE/ICHUIO!

ag ~ oy, .

ITO cTpeMJIeHNe JIBIDKYIIUXCS MacC OTKJIOHATHCS HA Bpalla-
omieiicss 3emiie OGbLIO OTMEYEHO Ha IPUMEPE PeK M JaxKe
nosyunsno nassanue 3akona bapa (Bap, Kapa, 1792-1876).
[lelicTBUTEIBHO, B CEBEPHOM MOJIYIIAPUU TIpaBble Gepera pek
OKa3bIBAIOTCST KPYTBIME MOJ AeHCTBIEM TeKyIeil BOJBI, CTPeMsi-
meficss OTKJIOHUTBCS BIIPABO — HE3aBUCHMO OT TOTO, TedeT peKa
Ha CceBep WM Ha 0T WJIM Jayke BOJIb Tapasiesnn. VIMeHHno ma
paBbIX Geperax KPYIHbBIX PeK C APEBHUX BPEMEH DPACIIBETAJIH
ropoja. JIerko MOHATb, YTO B I0KHOM MOJIYIIAPUU KPYTBIMH
JIOJKHBI OBITH JieBble Gepera pek.

Takum 06pasoM, cjerka ycoBepiencTBoBantas ues Jlema B
IIPUMeHEeHNN K TeOPUH BO3HUKHOBEHUST [0bdcTprMa BBITJISIAUT
MPUOJIM3UTENHHO TaK, KaK N300paKeHO Ha PHUCYHKe 3.

B pesysbTare mosryyaercs, 4To He TOJIbKO u3irydenue CoJHIa,
HO ¥ Bpatenne 3eMun, u jibJpl I'pensanauu corpesaior Esporry!
A eciu gex pactaer, To ucyesner lombderpum u B EBporne
HACTYTIUT JIEJTHUKOBBIN 1Tepuo/?!

KoneuHo, peajbHas KapTHHA TOPas3jlo CJOXKHee, W I ee
00DbSICHEHNS] HABEPHSKA HAIMCAHDBI THICSYN JUCCEPTALMIL U CIIe-
uaapbHbIx MoHorpaduwuii. M3 nux MoxkHo y3nath o Hbrodaymi-
JIEH/ICKO# Ganke u xosoHOM Jlabpajgopckom teuennu, o Diio-
PH/JCKOM IIPOJIMBE, O BOCTOYHOM I1accare, JyIolieM BOJM3H
skBaTopa U3 AQpUKK U HarHeTamolleM BoAy B MeKCHKaHCKUIL
3amuB. 11 o Ttom, uro Toabderpum, nepecekas ATJIAHTHKY,

Puc.3. YnpolyeHHas cxema [o/ib@cTouma. [10Kka3aHo OTKIIOHEHME BIIpa-
BO Kak [11yOUHHBIX XONOAHbIX BOZ, TEKYLUMX HA tOr OT [PEeHnaH[mm
(CuHAA IMHNS), Tak v TErIoro 0BEPXHOCTHOMO TeYEHMS B CTOPOHY
EBpOIibI (KpacHas siHs,)

pasgensercs Ha Azopckoe n CeBepo-ATIaHTHYECKOE TEUEHNST;
nocJie/iHee, cOGCTBEHHO, M IIPHHOCHT TeILIble BOJBI K Geperam
Espombr. U ...

Ho HaM 10CTaTOYHO TOTO, YTO HTO MHTEPECHOE SIBJIEHHE JATO0
MTOBO/L TOTOBOPUTH O HEKOTOPBIX acleKTaX (PU3HNKH.

KynuMHapHble
nccnenoBaHus

E.COKOJIOB

HA‘-II/IHATI) KYJIMHAPHDBIE NCCJ/JIEJJOBAHUA B ITPEJOBE-
JleHHOe BpeMs — mporaiee jgeno. He ycren s nanmcarb Ha
JIOCKE TeMy 3aHSITHSI, KaK 32 MOEH CIHHOMN yIKe PAa3ropeJicsi CIop.

— Hagepnoe, cerosns Ha o6es cym GyzeT, ¢ caMoro yrpa u3
CTOJIOBO# BKYCHO TIAXHET.

— Jla HeT, 3TO KOTJIETaMM MaXHET, CYIl TaK JOJr0 He BapsT.
Mosi GaGy1iika TOTOBHUT CYII BCErO 3a MOJIYaca.

— 3a 1osyaca cyn He MPUTOTOBUIID.

— IIpuUroTOBHUIID, €CJIH UCIOIB30BATH KACTPIOTIO-CKOPOBAPKY .

— UYro aT0 32 wuymo-KacTpioyisi Takasg? MoskeT ObITb, 9TO
MalrmHa BpeMeHn?!

Bce 6b10 sicHo. Coymartesnn Haiero (hpu3Myeckoro KpyskKa
CHOBA He YCIeJan 006e/laTh, U MTOITOMY UX MBICJIH U3 06JACTH
TEOPETUYECKOIl KYJIMHAPUY MePeNin B 06JaCTh TIPAKTHYECKYTO.
Ilopa ormyckaTth UX 1OMOII.

— Urak, — BMemiajucs s B PasroBop, — TeMa CJELYIOINIEro
3andaTus Haiigena: «UTo 9TO 32 UYI0-KACTPIOJIS — KACTPIOJIs-
cKopoBapka?» A 4to6bl HaIll OyyIHit pa3roBop GbLI COIEPsKa-
TEeJIbHBIM, BOT BaM 3ajiada Ha 9Ty TeMy.

3apaya Npo KacTpronio-cKopoBapKy

Kacmproas-ckoposapra nozeossem noeapam Canxm-Ilemep-
Oypea 6 uemovipe pasa cOKPAMUMb BPEMSL NPUZONOCCHUS MACA:
6 06LIUHOU KACIMPIOJe MSCO 20MOSUMCS 2 udcd, d 8 KACmpioie-
ckoposapke — ecezo 1,/2 uaca. Bo ckoavko pas ucnoiv3osanue
IMOUL UYIO-KACMPIONU NO3GOIUM COKPAMUMY BPEMS. NPUZO-

moeJjlenusl Maca nosapam 6vl-

coxozoprnozo Tubema, 20e am- p, amiA
Mocheproe dagaenue cocmas-

asem ecezo 1,2 ammocghe- 2,0
pot? Hasecmuo, umo npu no-
BHLUUECHUU TNEMNEPAMYPBL NPU- 1,5
zomoeaenus na 10 °C  cxo-

pPOCML  COOMEEMCMEYIOULUX 1,0
XUMUMECKUX PeaAKUULL YGeau-
wusaemcs 6 deéa pasa (m.e. 0,5
BpEMS NPUZONOGIEHUSL COKPA-

waemcs 6 0séa pasa). [/lis

o« [
pacuema 60cnoib3yiimecy K- 80 100 120 ¢,°C
CnepuUMenmdaibHbiM Zpa(pu, Puc.l. Kak meHserca [AaB/ieHne Ha-
KoM 3asucumocmi dasienus — COIUEHHOTO BOASHOIO 1apa B 3a81-
HacvIen020 600020 napa ~ MOTH OT TEMIIEPATYpL!

om memnepamypor (puc.1).

YT1o ecTb Npouecc NPUroToBReHNs NULLN?

[Toka HammM MKOJILHUKN 00€aloT, /aBaiite monpobyeM camu
pazobpaTbcsi, B UeM CEKPET KacTPIOJIM-CKOPOBapKHu. Benb 31O
¢akr, 4To B Heil Bce ObicTpee roToBHUTCS. Bornpoc — novemy?

Ha pucynke 2 msoOpakena cxXeMa YCTPOHCTBA KaCTPIOJIH-
cKkopoBapku. Kak BUIHO, OHA OTJIMYAETCST OT OGBIYHOM KaCcTPIOJIT
TOJIDKO T€M, YTO CHaOKeHa MJIOTHO 3aKPBIBAIOIIEICS KPBIIIKO.

— Hy, Torga Bce sCHO, — MOXKET KTO-TO HOTOPONUTLCS C
OTBETOM, — IO/ KPBIIIKOIl B KaCTPIOJIe-CKOPOBAPKE /laBJICHUE
6otbItie aTMOC(EPHOTO, 1 TOITOMY TaM BCe GbICTPEe TOTOBUTCSI.

— Ilomosxaute, orBeTuM MbI. — KoHeuHO, jaBjieHUE B
KacTploJie-CKopoBapke 6oJibiiie atMocdeproro. KoHCTpyKTOpPbI
YUUTBIBAIOT 3TOT (PAKT M YCTAHABJIMBAIOT B €€ KPbIIIKE KJalaH-
npegoxpanutesib. Korja jaBieHne Mo/ KPBIIKON MPEBBIIIAET
armMocdepHOe JaBJeHHe Ha HEKOTOPYIO 3a/IaHHYI0 BEJUYUHY,
I'PY3UK TIPUHOHUMAETCS, KJAaH OTKPBIBACTCS, U YACTb BO3/LY-
Xa M BOJSHOTO 1apa BoiOpacbiBaercs: B armocdepy. Ho camo 1o
cele /1aBJIele He YBeJUUNBAET ObICTPOTY IIPUTOTOBJIEHIS MTUIIH




32 KBAHT

6)/3 ,

N_V

a

Puc2. a) ObbIdHAA KACTPIONA 1 KACTPIONIS-CKOPOBAPKa, ) yCTposicTBO
KACTPIONMN-CKOPOBAPKU: 1 — KOPIYC, 2 — KPbILIKA C 3aTArMBAIOLIM
BUHTOM, 3 — KJIaMaH-IPEqoXpaxmTesb

— Kak Obl Bbl HU [IJABUJIN HA TEJISAYbIO OTOMBHYIO, OHA OT 3TOTO He
cBaputcst. Hamo uckarp uTo-T0 IpyToe.

OO6paTtuMcsl 32 TOMOIIBIO K XUMHH W CIPOCHM ee, B 4eM
3aKJIIOYAETCS TTPOIECC MPUTOTOBJICHUS IIUIN 1 OT YeTO 3aBUCUT
ero ckopoctb. OTBET TaKOI.

IIporiecc TPUTOTOBJIEHHS MUIIM — 3TO XUMHUYECKAsT PeaKIus,
KOTOPAst 3aKJII0YAETCS B PA3PbIBE HEKOTOPBIX XUMUYECKHUX CBSI-
3eif B Mosekysax Geka. IJTO HepBoe. A BTOpPoe — CKOPOCTb
XUMUYECKUX PEAKITMI YPe3BbIYaiiHo CUIBHO 3aBUCHT OT TeMIIe-
parypbl. [l mpollecca TPUTOTOBJIEHMS MHIIM, a TaKXKe s
O4YeHb MHOTHX JPYTHX MPOIECCOB OPraHWYeCKOi XUMUHU ITOT
3aKOH TaKOB: TpH MoBeIeHnn Temmeparypst Ha 10 °C ckopoctb
peaxiuy yBeJNYnBaeTcs B R pas, rjie k — HEKOTOPOe MOCTOSTHHOE
JUIST TAHHOW peaxIu 4ucjao. Takas 3aBUCHMOCTb HAa3bIBAETCS
reOMEeTPUYECKOIl TIporpeccreil. B MKOIbHBIX yueOHUKAX (Husn-
KM OHa He 4acTo yrnomuHaercsi. Ho Gy/ibTe TOTOBBI K TOMY, YTO
€CJIU TeOMETPUYECKAsT TIPOTPECCHsT BCTPETUTCS HAM B JKU3HH, TO
4T0-HUGY /b TOUHO caayunrcsi. Hanpumep, oueHb GbICTPO CKUCHET
3a0bITHIII Ha TITE GOPII WM KTO-TO HEKCTATH 3a60JIeeT, CheB
YeTblpe MOPIUHI XOJOZHOTO MOPOXKEHOTO.

YupakHenus

1. Boruncsmre, BO CKOJIBKO pa3 ObICTpee CKUCHET GOPIIL, 3a0bIThIi
B kapy Ha Kyxue ( 35 °C ), ueM 9T0 mpou301LI0 Gbl B XOJTOANIBHUKE
(5°C ). Cunraiite, 4T0 AJ XUMUYECKUX PEAKIIUH, TPUBOAAIINX K
CKHCaHMIO 6OPIIA, CIIPaBe/JIBO TO JKe TIPABUJIO, YTO 1 /IS ITPoIiecca
npurotostenust numu (R = 2).

2. [Toyemy MbI OU€HD Y4aCTO 3a00JI€BAEM TIOCJIE TOTO, KaK TPOMEP3-
Hem? [louemy Bo BpeMst 60JIe3HU TeMIlepaTypa OpraHn3Ma yBeJIndn-
Baercsi? B 4eM CMBIC/T TAKOrO MEXaHM3Ma 3AIUTHI, TPEyCMOTPEH-
HOTO JIJIs1 HAC TIPUPOJIOii?

Wrax, kakoBa ke TemMmeparypa B KacTpIOJe-CKOPOBapKe, O
KOTOPOH MJIeT peyb B Halleil 3ajjaue, IpKu yCJIOBUHU, 4TO kR = 27
Ecau BpeMs npuroTossieHUs B KaCTPIOJie-CKOPOBAPKE YMEHbIIIA-
erTcs B 4 pasa, ¢ 2 yacos 10 1 /2 yaca, To Temueparypa B Heil Ha
20 °C Bbiiiie, 4eM B OOBIYHOIT OTKPBITON KACTPIOJIE,  COCTABJISIET
120 °C. Mbl pacKpbLIK TJIABHBINA CEKPET KACTPIOJN-CKOPOBAPKH
— 8 Hell 6ce OGvicmpee 20MOBUMCS. NOMOMY, 4MO MeMnepamypd
Kunsweil 600vl 6 Hell sviule, uem 6 00bIUHOT KacmpioJie.

Yto ecTb KMneHue?

— IT0 HAZIO Ke, Temneparypa Bcero Ha 20 °C 6oJibIie — 1 TaKoi
addexT. A UTO MelraeT HaM yBEJUYHUTb TeMIIEPaTypy BOJIbBI B
0o0bryHOI Kactpioie? [laBaiite, Hanpumep, AaguM 1o6oJIbIIe
rasy.

— Her, uuvero u3 aroro ne mosyuurcs. /la, BbIKUIATh BOJA
Oyzmer ObIcTpee, a BOT TeMIeparypa ee pactu He Oyzmer. U
NpUYMHA ATOMYy — Kutienne. Korjia Bojia KUIIUT, Bce TOJIydaeMoe
€10 TEILTO UeT Ha Iapoo0pa3oBaHue, KUILINAs BOJa He Harpe-
BaeTCs.

Yupaxxuenust

3. HeonbitHass xo3siika sxasnyercs noapyskke: «Ilesbrii uwac
JK/lasa, MOKa MOTYIIUTCs ToBsiuHa. Ilog Kowery oronwta Bcero Ha
MHHYTKY, T Bce moparopeno!s UTo ke MPOM30ILIO B Ty MUHYTKY,
KOT/Ia XO3S1Ka OTJIy4YHJIach?

2015/Ne5-6

4. Posro B 12°° Marseit Bbimen us zoMa, 4ToObl oTHeCTH Jlnze
yueGHUK 110 dusnke. Ha nosoBute 10poru OH BCIIOMHII, 9TO 3a0bLT
BBIKJIIOYITD YalHIK, KoTopbiii octasua B 1170 . Yeneer mn Matseit
poiitn 10 JIu3bl n BepHYTBHCS JIOMOI 10 TeX TOpP, MMOKA YalHUK He
CTOPUT, WJIM eMy HY>KHO He OTKJa/bIBasi moBopaunBath Hazan? Ot
noMa Marses 1o goma JIuspr 20 MUHYT XO[y, MOCTaBJICHHBIH Ha
IJINTY YallHUK 3aKuIaer yepe3 15 MHUHYT, HauajbHAs TeMIepaTypa
Boabl B uyaitnuke 20°C. Bce ocrajbpHble gaHHbIE BO3bBMUTE U3
CIIPABOYHUKA.

— Wrak, Harperb BOJY MbI MOXKEM JIMIIb /[0 TEMIIEPATypPbl
kurenus. I1oaToMy CKOPOCTb IPUTOTOBJEHHUS IIUIIM 3aBUCUT
JIUIIIb OT TEMIIePATypbl KUIICHUS. A pa3Be TeMIiepaTypa KUIeHUs
BO/IbI He KOHcTaHTa? Pa3Be 3TO He 3aKOH IPHUPO/IbI, YTO BOJA
Bcersia 3akutaer npu temneparype 100 °C ?

— 3anoMHUM pa3 U HaBCerja — HeT Takoro 3akona. Komneuno,
OOBIYHBIN YallHUK Ha OGBIYHON KyXHe, KOr/a [aBJIE€HHE PaBHO
onHoit armocdepe, 3akumnaer 1pu temreparype 100 °C, HO
MOJKET 3aKUIeThb ¥ XOJIOJHAas BOJA, a MOXET, HaoGopoT, He
kunetrb Boga, narperas jgo 300 °C. Urto6bl 1MOHATH, OT Yero
3aBHCHUT TEMIIEPATYpa KUIIEHHsI, HAM HaJ0 pa3obpaTbCsl € TeM,
4TO ecThb KumeHne. OCTaBuM /7T 9K3aMeHa CTaHAApTHYIO (pasy
0 TOM, 4YTO KHMIIEHHE — 3TO MPOIecC NapooOpa3oBaHust, WIYIINil
B o0beMe JKUAKOCTH, ¥ TOWIIEM 4YTO-HUOYIb Oojiee eMKoe.
Kcrarn, a xax 6bI Bbl OOBSICHUJIN CJIOBA «BOJIA KUITUT» Mapcha-
HUHY, KOTOPbI HUKOI/Ia HEe BUJEJ HU BOJbI, HU KUIICHUS?

— 4 pymaio, HaM TpUILIOCh Obl CKa3aTh, YTO MPH HEKOTOPBIX
YCJIOBUAX B JKUJKOCTSIX CaMOIIPOM3BOJIBHO HAYMHAIOT 00Pa3o-
BBIBATHCA TPOMA/IHBIE ITy3bIPU. JTH ITy3bIPU PACTYT, apXUME/I0-
Ba CcHJIa OTPBIBAET MX OT CTEHOK, OHU BCILIBIBAIOT, MPOU3BO/IA
OypJieHHe U XapaKTepHblil 1myMm. B atoM m cocrouT mporiecc
kurenusi. VI, KOHEYHO, y3HAB 3TO, MapCHAHUH HAC CIIPOCHUT:
«Otkyna 6GepyTcss B KUAKOCTH 3TH My3bIpbku? UYTOo y HEX
BuyTpu? Ilouemy 9TH Iy3bIPDbKU CTAHOBATCS TI'POMAJHBIMU?»
ITO TIpaBUJIbHBIE BOIPOCHI. /laBaiiTe OTBETHM Ha HUX.

Orkyna 6epyTcst B KUIISIIEM YaiiiiKe my3pipu? OHE TaM €CTb,
TOJIBKO ITPH OOBIYHBIX YCJIOBUIAX OHH OYeHb MAJIEHbKIE, TT0ITOMY
Mbl UX HE 3aMevacM.

UYro y nux Buytpu? Hemnoro Bosayxa u, KOHEYHO, HACHIIICH-
HbBIIl BOJSHOW Map.

A BOT 151 TOro 4to6bI OGBSICHUTD, TI0OYEMY TIPU HAPEBAHUU
JTH TIOYTH HEBU/IMMBbIE CHAYAJIA MUKPOITY 3bIPbKH ITPEBPAIIAIOTCS
B TPOMa/IHBIC Iy3bIPHU, HAM CJIE/yeT BCMOTPETHCS B MX JKU3Hb
6oJiee TIpUCTAJIbHO. VI ITOMOXKET HaM OYeHb IIPOCTOE YTBEpIK/Ie-
Hue (ycsoBue paBHOBECHS MY3bIPbKA): CyMMa JIaBJEHUS BO3/LY-
Xa M JIaBJCHUS HACBIIEHHBIX I1apOB, HAXOISAMINXCS BHYTPHU
Iy3bIPbKa, BCEr/Ia OCTAETCS PABHOI aTMOC(EPHOMY JaBJICHUIO:

pB()SJ_[ + pnac = paTM .

YsdcHuB 310, MPOCJEANM, YTO MPOUCXOIUT € KaK/IbIM U3 cjara-
eMbIX MPU HATPEBAHUU YAITHUKA.

— ArmocdepHoe JaBienne, KOHEYHO, ...

— OcTaeTcst MOCTOSTHHBIM.

— IlpaBusbHo. [laBjeHNe HACHIMIEHHOTO BOJSIHOTO Iapa, CO-
IJIACHO PUCYHKY 1, TIpM HarpeBaHUM KaTacTPOPUUECKH PaCTeT.
A 4TO ocTaeTcd Ha JIOJTIO0 BO31yXa?

— Ero nassienne J05KHO yHacTb.

— A 3TO O3Hauaer, 4TO IIy3bIPEK JIOJDKEH PACHIMPUTHCS.
MNubimn cJioBaMH, Mbl /JIOKa3aJn, 4YTO 11y3b1pe1< yBe./Il/l‘ll/IBaeT
CBOIl 0OBEM C POCTOM TEMIIEPATYPbI BOJIbI B YaliHUKE.

Ho aro eme He riaBHoe. [JlaBHOE COCTOMT B OTBETEe Ha
cJenyiomuii Bonpoc: «Kakum goskeH ctaTh pa3Mep My3bIpbKa,
KOT/Ia BOJIa HArPeeTcs /10 TeMIepaTypbl, P KOTOPOil JJaBJjieHne
HACBIIIEHHOTO BOJSIHOTO TIapa CTaHET PAaBHBIM aTMOC(HEPHOMY
JTaBJICHUTO? »

— Torpa naBsenne Bo3ayXa JO/DKHO YHACTh 10 HYJs. A aTo
3HAYUT, 4YTO Oé'beM IIySprbKa JIOJDKEH CTaTb PaBHBIM ...



— Ecam Bbl GomTech TPOMBHECTH IMPABUJBHBII OTBET, TO
naBaiite momMmoxkeM ceGe popmyJioit. 3anuiiem ypaBHenue Men-
neneeBa—Kamefipona 71 Bo3jyXa B My3bIpbKe U HalifeM 13
Hero o6beM:

Vi, = wou pr
M

Prosn my3
BO3[T

D Vny3 = mBOBI[ RT = mBOaZ[ RT .
M M BO3/1 (paTM - pHaC)

— CroiiTe, ecu [aBjeHHe HACBIIEHHOTO BOSHOrO Tapa
CTaHeT PaBHBIM atMOc(epHOMY, TO B 3HAMeHATese MOSBUTCS
HOJIb. A Ha HOJIb JIeJIUTh HEJb34!

— [la, Ha HOJb JIEIUTH HEJb3sd, HO MHOTJA caMa IPUPO/a
e T Ha HOJb. VI TOr[a B OTBETE MOJIyYaeTcsi GECKOHEYHOCTD.
A 1711 HAIIEro MaJIIOCEHBKOTO TTy3bIPbKA 3TO O3HAYAeT, YTO OH
YBEJIMUUTCS] HE B JIBA M HE B CTO Pa3, a CTaHET OJHUM W3 TeX
IPOMA/IHBIX IY3bIpeil, KOTOPble Mbl BUIUM B OypJisiieil Kursi-
e KUJKOCTH.

Wrak, kumenne — 9TO BEJUKUII MOMEHT B JIUYHOI >KU3HU
KaXkJ10ro my3bipbka. OH cTaHOBUTCS paBHBIM Beesennoit! A Mbr
MOXKeM Cc(POpPMYJIMPOBATb YCJIOBHE KUIIEHUS:

JKudxocmo 3axunaem, xozda dagienue HACHIUEHHOZ0 8005
HO0Z0 napa cmAamosumcs pasHvim enewHemy oasnenuro. en
sviUle 6HeWHee 0deeHue, MmeM 8blule MEeMNePAmypPd KUnNeHus.

Opnaxko BepHeMcsl K Hamell 3agaude. Vcmosb3dys rpaduk
3aBUCUMOCTH JIaBJIEHUS] HACBIIIEHHOTO BOJISHOTO Hapa OT TeMIle-
parypbi (cM. puc.1), Bugum, uto Boga B Tubere 3akunuT npu
80 °C . Ilpu ymemblennn TemiepaTypbl kumenns wa 20 °C
BpeMs TIPUTOTOBJIEHUS YBEJUYUTCS BUETBEPO M COCTABUT § 4a-
coB. [IpaBUJIbHO YTBEPIK/AIOT My TENTECTBEHHUKU: CBAPUTD MSICO
B Tubere MpakTHYECKH HEBO3MOKHO!

Wrax, MbI yske HAIOJOBHHY PEIINJN Hamly 3agady. Ho Mbr
TOYHO 3HAEM, YTO €CTb pebsiTa, KOTOPbIe CUMTAIOT HAIl PAcCKa3
0 JKU3HU TTy3bIPbKOB He TO YTOOBI HEMPABUJIBHBIM, HO KAKUM-TO
ney6GemurenbiupiM. [loaTomy, naBaiite cienmaeM HeGOJIBIIYIO OC-
TAHOBKY M B TOJATBep:)K/I€HNE HAIIETO PACCKa3a MPHUBEAEM TPH
MIpaB/MBbIC UCTOPUU U3 SKU3HMU.

HeonbitHbiii craxep. B oxnoii nayunoit saGoparopuu pa6o-
TAJIN HACTOSIIHME JIOOUTeNN U TieHuTesan yas. OHU He TOJbKO
Opasi [T ero MPUTOTOBJIEHUST OTCTOSIBUIYIOCS POIHUKOBYIO
BOJly, HO ¥ KUISITHJIA €e B CIEIUATbHON KoJbe, CIeJaHHoi 13
KkBapiesoro crexaa (puc.3,a).

a
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Puc.3. [y3bipbkut B KOOE, revizepe 1 MeTaiIM4eckoM CTepXHe

OHaXK bl IPUTOTOBJIEHIE Yast TIOPYUIIN MOJOJIOMY CTAXKEPY.
Oun noctaBus KoJIGy Ha TIATY U CTAJ X1aTh. Boja oyeHb 101T0
He 3akumaja. Hakowner, MOSBHJIOCH HECKOJBKO IY3BIPHKOB.
Craskep pemtusi 6oJibliie He JKath... Ho MoJ0/10ii YesioBeK He
3HAJ OHON OCOGEHHOCTH KBApPIEBOTO CTEKJA. XUMHYECKast
MOCy/Ia CHelUaNbHO W3TOTABJIMBAETCS U3 ITOTO MaTepuasa,
MOTOMY UYTO Ha ee TOBEPXHOCTH HET TeX MHUKPOCKOIMYECKUX
My3bIPBKOB BO3/1yXa, O KOTOPBIX Mbl TOBOPHUJIN. A €CJIN Iy3bIPb-
KOB HET, TO U pacTu HedeMy. M JKUIKOCTD He 3aKUIIAET, JaxKe
ecsm temneparypa craner Gospiie yem 100 °C . Kak morom
BBISICHUJIOCH, B KOJIOe ObLTa Teperperast Bojla — BO/la, HarpeTast
no 104 °C . Korza craxkep cTas chinarh 3aBapkKy B Koaly (a B
3aBapKe MOMHUMO YaWHOK €CTb MHOTO IMy3bIPbKOB BO3/yXa),

JKUKOCTh MIHOBEHHO BCKHIeaa (Iy3bIPbKI GbICTPO BBIPOCJIN).
B pesysbrare uaii, Bojia 1 y3bIPbKH — BCE TO BMECTE BBLICTEIO
€cT0JI60M B TIOTOJIOK.

Yupaxkuenune 5. UTo TPOUCXOANUT B TOT MOMEHT, KOT/Ia XO3STHKA
cosut kunsinmin 6opii? [lonabuionaiite aTto siBieHwe u jaiite
0ObsICHEHUE.

Pacckas o reiizepe. 'eiizepbr — 910 (poHTAHBI TOPSTYEIl BOJBI,
nepuoimueckn Obtotye n3-moj 3eman. OHM CYIIECTBYIOT TaM,
r/le ecTb BOJIa U BYJIKAHMYECKOE TEIJIO. Y CTPOEH reii3ep MmpocTo
— 9TO MOJI3eMHbIIT pe3epByap, COeIMHEHHbIH KaHAIOM C TOBEPX-
HOCTBIO 3emun. Kanas MoxeT ObIThb [OCTATOYHO [IJTUHHBIM.
Hamnpumep, B reiizepe «YHacoBoit» na KamuaTke ero ruiy6umna
cocrasasier 30 merpos (puc.3,6).

Teitzep pabotaet Tak. Ilemepa 1 KaHA 3aMOJHSIIOTCS MO/I3€M-
HbIMH BoJiaMu. [locJie aTOro Bojia HAUMHAET HATPEBATHCS MO/I3EM-
upiM TerioM. Korzga oma marpesaetcst 1o 100 °C | ona emie e
saknmaer. He moTomy, 4To TaM HeT y3bIPbKOB (3/1eCh KaK pas
My3bIPbKOB JIOCTATOYHO), a TOTOMY, YTO JABJEHHE Ha TaKOll
riy6uHe paBHO 4 aTM. A IPU TAKOM JIaBJIEHIH BOJIA 3AKHUIIAET [IPH
temrieparype, pasHoit 140 °C . Bor g0 atoii remneparypst u 6y et
HarpeBaTbcs Bojia B reiidepe. C MOMEHTa 3aKUIAHUS BOJIbI
HAYMHAETCS CAMOe r1aBHoe. [10oSBISIONNecst y3bIPbKU BO3/IyXa
YCTPEMJISTIOTCST 110 KaHATy BBEpX, YBJeKas 3a co6oii Boay. Boma
13 KaHaJa BBIIMBACTCSI HA MMOBEPXHOCTD, U JaBJICHUE B IIeliepe
CTAaHOBUTCS PaBHBIM aTMocdepHOMY. JKUAKOCTD, TIeperperas 10
140 °C , mruosenno Bekuraer. MDOHTAH BOJBI U M1APA YCTPEMJIS-
eTcsT BBEPX.

Paccka3 o npoyHoctu. Bbi 3Haere, 4TO ec/M yBeJMYUBATDH
PACTSTUBAIOILYIO CHJIY, TO JI000O€ TeJI0, B KOHIE KOHIOB, 06s13a-
TEJIbHO PAa3opBeTcs? A MPOUCXONUT TO TOTOMY, YTO B KaXK/OM
TeJie eCTb MAJIOCEHbKUE <Iy3bIPbKU» — JeeKTbl U MOXKET
CJIYYUTBHCSI TaK, YTO OHHU, KaK M BO3JYIIHbIC My3BIPHKHU B BOJE,
MIPEINOYTYT CIIOKOIMHOI Ku3Hu 6e3y/iep:KHOe PaCHIupeHue.

Jls1 TosiICHeHUsT PAcCMOTPUM METAJINYECKHil CTEePIKEeHb
(puc.3,8) ¢ MaJeHbKUM MY3bIPHKOM PAJUyCOM 7, BHYTPHU, K
KOTOPOMY TO/BEIIEH Tpy3, T.e. MpuiIokeHa cuia I = mg. Kax
n m06as [pyras MeXaHn4eckasi CHCTeMa, Halll CTePIKEHb CTPEMUT-
€51 YMEHBIITHUTH CBOIO OTEHIINATbHYIO 9HePruio. B aToM Bee Beera
ennHoAyIHBI. CIIOPbI BO3HUKAIOT TOT/IA, KOT/Ia BO3MOYKHDI JBA
IYTH, BEAYIINE K IIeJIH, U IT09TOMY IIPUXOANTCS BBIOMPATh.

Tak, kTO-TO MOXKeT cka3aTb: «Ily3bIpek joJkeH pacHMpUTh-
csi. Tlpn arom crepxend yamunures na Al = AV/S,,., (3nech
Serep — IJIOIA/b TIONEPEUHOTO CEYEHUSI CTEPIKHS), TPY3 OIyC-
THTCS U €T0 IOTEHIINATbHAS SHEPTHs M3MEHHUTCS HA BEJMYHHY
AE; = -mgQAN = =FAV/S e, ».

[pyroii MoxxeT eMy Bo3pasuThb: «IlysbIpex JO/IKEH CoKATHCA.
ITpu cxxaTUU yMeHbIIAeTcs IIOMA/b €ro MOBEPXHOCTH, a ¢ Hel
M TOTEHIMATbHAS SHEPTUsl MOBEPXHOCTHOTO HATSKEHUS Ha
pemmunny AE, = 6AS (3nech 0 — K0 UIMEHT TTOBEPXHOCT-
HOTO HATSIKEHWST)» .

Mpbr npumupum cropmukos. Komneuno, 1mysbIpexk yudTeT u
mepBoe MHEHHE, M BTOPOE U BbIGEPET TOT IyTb, KOTOPbII
[IPUBEJIET K YMEHBIIEHUIO er0 NOJIHOU SHEPTHH HA BEJTNYNHY

AE = AE, + AE, =-FAY | ops =
crep
2 d a
:_M+c[8w0£r :41-[70@_ 7 +2Cﬁ&'
SCTep crep

Ha pucynke 4 Mbl 1306pasu/in 3aBUCUMOCTb Koaduinenra,
CTOSIIIEro epes Ar , OT HauaJbHOTO Pa3Mepa IIy3bIpbKa 7 . s
MaJICHBKUX Iy3bIPbKOB, PA/NYC KOTOPDIX MEHbIIE KPUTHYECKO-
ro pajmyca T, =20Sq,/F, on mnonoxurenbublii, u Takue
My3bIPBKHI HE PAcTyT — CTep:KeHb ocTaeTcs IenbiM. bema B ToM,
YTO C yBeJIMYEHHEeM IPHJIOXKEHHOH CHJIbI, M3MEHSIeTCS] U Halla
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Puc. 4. [lng Toro 4106b1 Caenats Metasl Kpemnde, PEBHINE Ky3Helb! 04eHb [OJIrO KOBAasi ero —
1Py Takowi 06paboTke B METANINIE YMEHbLLUIAIOCh KOIMYECTBO AEHEKTOB-I1)3b|PbKOB

KpUBasg — KPUTHYECKWH paJilyc CTAaHOBHUTCS BCE MEHbIIE U
MeHbIle W B KOHI[e KOHIIOB OKa3bIBaeTCs PABHBIM PaJIycy
nedexra.

— A 4TO ecyim BHYTPH CTePKHSA He OyzeT 1e(eKTOB-11y3bIpb-
KOB?

— Torma 6yzet To e, 4TO ¢ KATIEHNEM, — HeyeMy Oy/IeT PacTH,
n obpaszert Oyier 06J1a/1aTh YHUKAIBHON MPOYHOCTHIO. VIMEHHO
TaKUMK MaTepUaaMi SBJISIOTCS, HAIPUMEpP, YIJEpOJHbIC Ha-
HOTPYOKH.

Opnaxo, Bpemsa. Hamm pokmafqanki y»ke TOTOBBI TpeocTa-
BUTb HAM CBOE PEIICHHUE 3a/1a4H.

Kak «KpuctannunsyrTtca» 3agayqdn

BoITh mOKIAUIKOM BBI3BAJICS HAIl CaMblii CMeJbIH CJymia-
teab — Cepexa P.

— B cBoeMm periennn MbI XOTHM He TOJIBKO TIOJIY4YUTh OTBET, HO
1 TI0Ka3aTh, KaK B MIPOIECCE PEIIeHNUs TIPOUCXOUT «KPUCTAJIITH-
3alMs» MaTepuaja 3a7addl B OJHO IleJloe — B JIOTHYECKUi
KOMIIJIEKC, — BOT TaK MHTPUTYIOIIE OH HaYaJl CBOE BBICTYILJICHUE.

— IlepBonavyasbno B Hamiell 3ajade IAPUT <IIEPBOPO/HBIN
xaoc» (pmuc.5,a). UeTbIpe umncta, 3aJaHHbIe B YCJIOBAM 3a/1auH,
n uerbipe kacrpiosu (aBe oTkpeithie KacTproan B Cankr-Ilerep-
Oypre u TubGere n ABe KacTpIOJIN-CKOPOBapKu Takxke B CaHKT-
[TerepGypre u Tubere) CyuecTBYIOT HE3aBHCUMO U Pa3/elbHO
ZIpyT OT AipyTa. U nepBoe, 4To HyKHO CeJaTh, STO COEJNHUTD X
BOE/IMHO.

C Kax/0il KacTplosieil CBSI3aHbl TPU BEJUYHMHbI: JaBJEHIE B
KacTploJie p, TeMIeparypa KUIAMe BoJbl Ly, 1 BpeMs IPUTO-
ToBsieHus T . [loaToMy IpUKperiseM 3aJlaHHbIe YHCJIa K COOT-
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Puc. 5. «llepBopogHbivi Xaoc» (a) v «BHyTPeHHW nopaa0k» (6)
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BETCTBYIOLIUM KACTPIOJISIM U TOTOBHM MeCTa
JUTS TeX 3HAYeHWH IaBJICHNH, TeMIepaTyp u
BpeMEH, KOTOPbIX TIOKA Y HAC HET, HO KOTO-
poie MoryT nossuThest (puc.5,6). U, nasep-
HOe, TeTepb JIydllle Ha3bIBaTh 06Pa30BaBIIH-
€Csl KOMILJIEKCBI He KaCTPIOJISIMHU, & CUTYallu-
samu. Hampumep, nepBbIii KOMILIEKC — 3TO
CUTyaIusi, B KOTOPOil 00e/l TOTOBHUTCS B
oTKpbITOll Kactpiosie B Cankr-IlerepGypre.

— Wrak, Bce BHYyTpeHHee COJiepIKaHue 3a-
Jlayd Mbl ucyepraian. Tenepb Mbl JOJKHDI
BbINTH Hapyxy. Hameil Buemuneil crpykry-
poil Oy/leT KOMILTIEKC TpeX oOceii: [MaBJeHusi p, TeMIepaTypbl
kunenus t.,, ¥ Bpemenu upurortosiaenus T (puc.6). Mer
TOBOPUM, YTO 3TH TPU OCHU SBJISIOTCS €IMHBIM KOMILJIEKCOM,
MOTOMY YTO 3HAYEHUs] Ha
ITUX OCSIX CBSI3AHBI JIPYT C
JIPYTOM YCJIOBUSIMH KHIIE-
HUS ¥ 3aKOHOM TIPUTOTOB-
Jgerus muim. Kak ToJbKo
MbI TPHUKPENUM K 3TOii
CTPYKTYpE CHUTYAIHIO «OT-
KpbITast KacTpioyis B CaHKT-
ITerepGypre», Bce uncyia Ha
ocsIX GYZyT PAcCTaBJIEHDI.

—To, 4ro MBI IOCTPOUJIH,
MOJKHO Ha3BaTb JIOTHYEC-
KO cxeMoil (usnyecKoit
CHUTYAI[H «IIPUTOTOBJIEHUE
MsicHOTO GJofia». Terepn,
IIPUKPEIUB K JII000I ee ToY-
Ke CUTYalluIo, /151 KOTOPOit
M3BECTEH OJIMH TIApaMeTP, Mbl IIPOYTEM C IOMOIIbIO HAaIeil
CTPYKTYPbI 3HAUEHMS BCEX OCTAJIbHBIX MapamerpoB. Hanpumep,
JUIst «OTKPBITO# Kactposu B Tubere» (p = 0,5 arm) nosydaem
ten =80°C m T = 8 yacoB. A TpHKpEIJIEHNE CUTyaluu
«kacrpiossi-ckopoBapka B Canxr-TlerepGypres (1 =1,/2 yaca)
JlaeT HaM, 4TO TeMIIepaTypa IPUrOTOBJIECHUS B 3TOM cJydae Oy/ieT
tam =120 °C u aBrenne BHYTpHU KacTpIOJH — p = 2 aTM.

— Hy, a renepb ryiaBHbIil BOIIPOC: «A K Kakoil TOuKe Haleii
JIOTUYECKOIT CXeMbI HaM HAJIO MTPUCOEIUHUTD MOCJEIHIO0 OCTAB-
HIYIOCS CUTYAIUIO «KacTPIOJisi-CKopoBapKa B Tubere?» Y cTpoii-
CTBO KJIAIIAaHA KaCTPIOJIN-CKOPOBAPKHM TAKOBO, YTO OH BCET/a
MOJI/IEPKUBAET OJIHY U TY
JKe Pa3HOCTb JIaBJIEHUI
BHYTPH U CHAPYKH KacT-
pomm  (mosyunre camu
3TO YTBEPIK/EHUE U3 yC-
JIOBUSI PaBHOBECHS T'PY-
3a). A 3TO 03HAYaeT, 4To
ecsm B Cankr-IlerepOyp-
re JlaBjieHne B KacTpiose
Ha oaHy armocdepy
6oJbIlie, 4eM CHApYy»KH,
to u B Tubere ono Gyner
Ha onaHy armocdepy
6osbiie, T.e. OyJET CO-
craBisaTh 1,5 armocde-
poi. Tenepn Bce craHo-  Pyc 7 OkomyarensHoe peLLeHme 33434941
BUTCSI HA CBOE MECTO, U
MBIl YHMTAeM OTBET C PUCYHKA 7 — TeMIleparypa B KacTploJe-
cxoposapke B Tubere 6yaer 110 °C, a BpeMsI IPHTOTOBJICHUS
MsIcHOTrO Omofia 3aiiMeT Bcero 1 gac.

Wrax, nam oTBeT roToB. KacTpiosisg-cKopoBapKa IO3BOJISIET
COKpATUTb BpeMs IpuroToBsienus B Tubere B BoceMb pas!

F pacmem

KLamacmpogha

Puc. 6. [ToIHOCTb IO CRHOPMIPOBaHHLIV
KOMriekc




OU3UYECKHUN ®AKYJIDBTATUB

OBepPXHOCTHOe
HaTAXEeHMe, Kanmng
N BceneHHas

A.CTACEHKO

JIHAK 1B HEKA 3IPABOMBICJIAIINI OTJINUYHUK 3A-
MeTHJI, YTO Pa3MepHOCTb K03 dulenTa I0BepXHOCTHOIO
HaTSIKEHUS [G] =H/m = I[>K/ M? HMeeT /(Ba ACIEKTA: CHIOBOI 1
aHepreTuyeckuii. [Ipex/ie Bcero, oH pemn ocTpouTh TeMIiepa-
TYpHbIe 3aBUCUMOCTU O

1,0 W yIeJTbHOM TETIJIOTHI TTa-
poo0pa3oBanHus 7 s
Bo/bI (KOHEYHO IIpH 110~
0,81 Mo CripaBoynuka u-
3MYECKUX BEJNYHH).

ity
0.6+ [Tpuuem porazpancsa or-
’ HECTH KKJAYIO U3 STUX
BEJIMYUH K ee 3HaYeHUIO
c/c -
0.4+ 0 «IIPY HOPMAJIbHbBIX yC

JIOBUSIX»>, T.€. IIPU TeM-
neparype 273 K u jgas-
0,27 aeruu 1 arm (puc.1). A
MOCTPOUB 3TN rpauKu,
. VIMBUJICST, V2K OUYEHb OHI

) o~ moxoyxu! O6e Kpusbie
300 T, T.°C (xoTs u ¢ pasHoOil Kpu-
BU3HOU)  BBINYKJIbI
BBepX, 06e MaaioT 10
HyJIsI IIPM TaK HasblBae-

0 100 200
Puc. 1. TeMrneparypHble 3aBUCUMOCTH Y41k -
HOU Tern/IoTs! 1apoobpPa3oBaHIs 1 KO-
DUUNEHTa TOBEPXHOCTHOIO HATAXEHMIS
BOLbI 1Py Pa30BOM PaBHOBECUM, OTHECEH- . >
HbIE K CBOVIM 3HAYEHMAM 11y HOpMasibHbx MOW KPUTHYCCKON TEM-
ycnosumax (rg 2,5 MLx/kr, 0y = neparype T, , xoraa ne-
= 78 mlix/ ") ye3aeT pas3smane MesxxIy

SKUIKOCTBIO U TIAPOM, ...

«B aToMm 4To-TO ectby», — nojymMas 3apaBoMbicAuii Orany-
HUK 1 O6paTUJICS K ONpeieIeHIsIM. Y IeJibHas TeIIoTa mapoos-
pasosarms 7 ([r] = J[5 /Kr) — 3T0 sHEprusi, KOTOPYIO HYKHO
3arpaTuTh, YTOObI O6GPATUTD B Nap eAWHUILy Macchl (HanpuMmep,
OJIMH KHUJIOTPaMM) BOJBI, T.€. IO KpaliHell Mepe pa3opBaTh BCeE
CBSA3U MEXK/Y ee MoJjieKyaaMu. A Koa(p(UIIMEHT TOBEPXHOCTHOTO
HaTSDKEHUSI O ([0] = Z[>K/M2 EH/M) — 3T0 paboTa, KOTOPYIO
HAJI0 COBEPIINTD, YTOODbI YBEJIUYHUTD IJIOIA/b TOBEPXHOCTH Ha
equnuity (HanpuMep, OMH KBaJPATHBIN MeTp) 6e3 Uu3MEHEeHMsI
o6beMa JKIIKOCTI.

Bcem m3BecTHO, UTO B HEBECOMOCTHU KAaILJIsl TI0J| JIEHCTBUEM
3TOr0 IIOBEPXHOCTHOIO HATSIXKEHHS IPUHUMAET CTPOTo 1apoBYIO
opmy, a 1 B OOBIYHBIX YCJIOBUSAX MOXKHO HAGTIOATD, KAK IPU
KacaTeJJbHOM COYZapeHNN C TIIIOCKOH MOBEPXHOCTHIO BOJIBI Kall-
JIT HECKOJIbKO Pa3 TOJIPbITUBAET, TPEXKIEC YEM COJIbETCS CO
cBoeil cruxueii. OueBUHO, UYTO I[OBEPXHOCTHOE HATSIKEHIE
GepekeT KaIlJlio OT Pa3pylleHusi. A BOT MOJBOIUMOE TEILIO
paspyiiaer ee. 3HAYUT, MEXK/Y HUMU JIOJIZKHA ObITh OTPeieieH-
Has CBSI3b, HA KOTOPYIO HAMEKAIOT M KPUBbIe HAa pUCyHKe 1.

W tyr OTinyHUK cjesan CJeAyIoNyii mar: craj CTPOUTH
pasyiMyHble MOJIeJIN, TIOMHS, YTO MOJIeJIU — ellle He TeOpUHu, HO
OUY€HD TTOJIE3HDI JIJIs OTIMCAHUS CYTH SBJEHWH W ST IHCJIEHHBIX
OI[EHOK MAaCIITa00B BEJUYNH.

[l Havama pacCMOTPUM COBCEM IPUMHUTUBHYIO MOJEJIb I10-

BEPXHOCTHOTO CJI0S1 ITAPOBOH KATLJIN PaMyCOM @, COCTOSITIETO U3
Mosieky-mapukos (puc.2). Ero o6beM paBeH mpubInsuTebHo

41 2r,, rne 1, — paauyc MojekyJpl. CieoBaTesbHO, UX
KOJIUYECTBO B CJIO€ TIPUOIU3UTENBHO PABHO
4md® 2, a0

" =600, 1)
(4/3)mv,,  OwD

rje B 3HaMeHaTeJe
3anucat 00beM 0/[HOIT
MOJIEKY JIbI-TaPUKA.
Jla 1 IJI0THOCTD JKI/I-
KOCTH MOKHO CBSI3aTh
¢ 9TUM 0OBEMOM:

Py =
(43)m,

rje my — Macca O/-
HOI MOJIEKYJIbI. A TI0-  Prc.2. Mogesib TOHKOro rmoBepXHOCTHOrO 7105
CKOJIbKY K03¢)¢)HHH‘ Kariiv, onpegesiarnLero rnoBepxXHOCTHoOe Ha-
TAXeHue. YI0BHO M300paxXeHo puTaxe-
HUe MOJIEKY/T BbIACSIEHHOIO y4acTKa 10BEPX-
HOCTHOIO /1051 BCEMU BHYTPEHHIIMI MOJIEKY -
Tiamu (paguasisHole CTPEKM) 1 ux Kacaress-
HbIE K [TOBEPXHOCTH PABHOACHCTBYIOLME /T

an, TO MOJKHO 3alN™  5o8epXHOCTHOrO HATAXEHMS
carb

2

€HT IIOBEPXHOCTHOTO
HaTAXeHud uMeer
CMbBICJI TTOBEPXHOCT-
HOI TIJIOTHOCTH IHEDP-

4Ta’c =EN ,

rae E; — sueprus cBsi3u, IpUXOASIIAscs Ha OJHY MOJIEKYJLY.
[Hanee. Briose oHsaTHO, 4TO AJis [IPeBPAIeHUs] KIJKOCTH B

map Hy>KHO He TOIbKO Pa30pBaTh MEKMOJICKYIAPHbBIC CBA3H, HO

I COBEPIINTb PAbOTy 0 yBEJMYEHHI0 06beMa eMHUIbI MacChl

Bemectsa ot V,, =— o V, =— T.e. Ha
K I
1 1
AV =V, -V, =—-—.
p]‘[ p)I{

3Han/IT, Ha J0JI0 CcBsI3ei MOJIEKYJI B €IUHUIIE MaCCbl ITIPUXOJNUT-
csl 9Heprust 7 — pAV , a Ha KaXK/YI0 MOJIEKYIy —
0 p4d p )
— 11
E =m@x-—0O0-—"0

B PO P«

3 atux cooTHOIIEHNH ciaexyer

.,EII\]..~

/3
LB MYl G el
dre®  OIMN, O B AO P
3pecs M — mousisipaas macca, N, — uncao ABoraapo. Pesyiib-
TAT OKA3a/ICsl HE3aBUCAIIMM OT PaJUyca KallJd, 4YTO BIOJIHE
PasyMHO. 3aMeTHM, 4TO B MOCJIEIHEM COOTHOIICHNHN [ABJICHUE P
He 06513aTeJIbHO COOTBETCTBYET MeanbHoMy rasy (mapy), orm-
CcbIBaeMOMY ypaBHenueM cocrostaust Menzieneesa — Knaneiipona

3)

o

R p _RT
=p,—7T,num +H—=—. (4)
pP=p Y Y
Ho eciam upunars nociaeamnee (4ro Mbl M cienaem), TO B
0 _p,0
BbIPAsKEHUH [ﬂ—p—D JIOTHYHO TIpeHeOpedb BTOPBIM CJiarae-
0 s (]

MBIM.

KoHeuyHO, mosiyueHHOE COOTHOIIEHUE NPUGIIKEHHOEe: Be/Ib
MBI TIpH BbIBO/Ie hopMy bl (1) He yUNTBIBAJIN IIIOTHOCTH YTAKOB-
KI MOJIEKYJI B TIOTPAHIYHOM cJioe, a B (hopmyute (2) ncmosnao-
BaJIN CPEOHI010 TLTOTHOCTD BOABI P, . IloaToMy /st fasnpHeiimmx
YTOUHEHUI MOXKHO BBeCTU K0a(pdurmenT & , onupasch Ha usBe-
CTHbIE 3HAUEHUS 7 U O 1Ipu HeKoTopoil Temiepatype. Hanpumep,
mpu 0°C r=2,5 M/Ix/xr, 0 =78 M[[;K/M2 (na He 3a0yzem,



36 KBAHT

YTO TpHCTaBKa M O3HAYaeT «Mera», a M — «MUJLIH», TaK 4TO
COOTBETCTBYIOIINE CAMHUIBI N3MCPCHUA OTJIMYAIOTCSA BO MHOI'O
pas). Vcnomnbaysa soipaxkennus (4) u (3), momydanm

03 0,018 07, 4\ s 83112730
0,078 =22 225 (10 5008 - 22 =10 =
S e 0P (107) % 0,018

=¢&00,91.

Keratn, 3xech BuaHO, uTo paGora no pacumpenuto napa (Bropoe
caraeMoe B KBaJpaTHBIX CKOOKax) B 20 pa3 MEHbIIE TErIOThI

1
napoo6pasoBanus. Bpi6upas, Hampumep, EZE_[, HOJIyYIM

HEILJIOX0€e COrJlacoBaHue IpaBOil W JieBoil uacreil. Brpouewm,
SKEJTAIONTAN /1a YTOUHHUT 9TOT KO3 UITEHT.

Komeuno, sto He orkpbitue (a ecim OTKpBITHE, TO €rO,
HaBEpHOE, HE pa3 JeJaau J[pyrue 3apaBoMbicsnme OTanyHm-
Kd), HO BecbMa MOJIe3HAs CBSI3b MEX/y Benmunnamu. K60,
CJYYailHO OKa3aBIINCh B Jiecy W 3a0bIB 7 BOJbI, BbI TElEpb
MOJKeTe OIIEHUTDb €ro, ecJy IOMHUTE 3HaueHne o . 11 Hao6opoT.
Kpome TOr0, MOXKHO 1CII0JIb30BATH 3TY CBSA3b U B CJIy4ae JAPyrux
BEIIECTB, 9KOHOMS IIPH 9TOM IKCIIEPUMEHTAJIbHbBIC YCHUJINS.

Ho peiicTBUTEIBHO JIM ATO HATSXKEHUE <«IIOBEPXHOCTHOE» ?
MetomaMu MOJIEKYIAPHON MEXaHUKN U KBaHTOBOH xumun (ecTh

TaKue pas/iesibl HAYKH, 3TO
- He OueHb CTPAIIHO) yCTa-
HosJieHO cenyiomee. Oxa-
3bIBAETCS, Y TPAHUIIBI JKI/I-
KOCTb-1Iap pacipe/iesieHue
p,  IJIOTHOCTH HE OIUCHIBAETCS
pesKoii crymenbkoii (puc.3,
HITPUXOBbIE TPSIMbIE JIU-
a nun). Ilpu nepemerenuu
0 u3 KUJIKOH (asbl B razo06-
PasHyI0 ILTOTHOCTb Belle-
cTBa yObIBaeT HOCTEIIEHHO,
IIJIABHO TIepexo/id OT ILJIOT-
HOCTH 3KU/IKOCTH K IIJIOTHO-
CTH HACBIIIEHHOTO TTapa Mpu
JIaHHOH Temmeparype. Xa-
paKTepHasg TOJIIIMHA 3THX
MIePEXO/IHBIX CJI0eB, KOHeY-
HO e, CBSI3aHa C PAIyCcoM
MEKMOJIEKYJISIPHOTO B3al-
MOJIelicTBUA U TIy OMHOIA T10-
TEHIMAJTbHOI SMbI, M3 KOTOPOW HY’KHO <BbITAIIUTh HaBEPX»
MOJIEKYJIBI TIPH MCTIApEHUH Karam (T.e. OMATh-TaKW C TETIOTOI
napooGpasoBanusi). 3HAYNT, MOBEPXHOCTHOE HATSIKCHUE €CTh
HEKHUIl 1oJ1e3HbIi (puanueckuii 06pas BHEIIHEH YIIPYTOil IJICHKH,
orpaHnymMBaIoONIell Karmo u Oeperyineil ee oT passaja, a Ha
CaMoOM JieJie SIBJISTIONIEICST pe3yJsIbTaToOM B3aMMOJEHCTBHS BCeX
MOJIEKYJI KaIlJIi, T.e. OOBEMHBIM SIBJICHHEM.

KcraTtu, ouemy ke, HECMOTPS Ha «PbIXJIYI0» MOBEPXHOCTD,
BHEIIHUI MUP OTpa’kaercsl «Kak B Kallie BoJpl»? [leso B TOM,
YTO TOJIIMHA JTOTO IIOBEPXHOCTHOTO CJIOSI COCTABJISIET BCETO
HECKOJIbKO IHaMEeTPOB MOJIEKYJI, T.€. H3MepPsieTcsl B HAaHOMEeTpax
(107 ). Mesx /1y TeM, JIIMHA BOJIHBI BUJIUMOTO CIIEKTPa OKOJIO
MHUKPOMETpa (107" ™), r.e. ma MOPSI/IKKA OOJIBIIE, TaK 4TO 3Ta
MOJICKYJISIPHAST MIEPOXOBATOCTb HE YCTPAHSET 3epPKATbHBIX
CBOICTB MaKPOKATLIN.

B yeMm ke 1OJIEBHOCTH TOHSTHS <IIOBEPXHOCTHOTO HATSKe-
nus» ? Oif, MOXHO Ha3BaTh ThicA4yy npudnd. Hauarb XoTs1 6bl €
TOTO, YTO JaXKe B sIePHOH (DU3HKe NCIIOJIb3YeTCs «KalleJbHas
Mojiesiby sfpa. Ho s nayana — 6GoJjiee POCTOil TIpUMeEp.

A drto ecsm, HaAUpUMEpP, ITOHAJAOOMJIOCH Y3HATH YacTOTY

P

Puc3. PaguasibHoe pacripegesieHve
M/IOTHOCTY BOLLI M [130a: LUTPUXOBAS
JIMHUS — MOAENTb BECKOHEYHO TOH-
KOro /105, Cr/IOLIHAA JHN1S — 60o-
J1€€ PeasibHOe «PA3PbIXIIEHNE» XUA-
KoCTv 1 bosiee CrylyeHHbId nap y
[10BEPXHOCTY KA

21 .
w =21V =? KOJIeéaHI/II/I KallJIn J0K14, BO3HHUKIIUX BCJIEI-

2015/Ne5-6

CTBHE KAcaTeJbHOTO CTOJKHOBEHHsI ¢ APYroii karuieil (kak Mbl
3HAEM, TIPH 9TOM He 00S3aTeqbHO TPOM3OHICT WX CIUSHNUE)?
W3BecTHO, 4TO /11 BO3HMKHOBEHHS KOJieOaHWMiT HEOOXOMMbI
JIBa KOHKYPUPYIOIUX (pakTopa: BO3BpAIlAIONas CUJla, CTpeMs-
Iasicsl BOCCTAHOBUTH paBHOBecue (B ciydae Karuii — MIAPOBYIO
dopMy), W HMHEPTHOCTb, NPHUBOAAMAS K <IIPOCKAKMBAHUIO»
3TOTO COCTOSHUSA. SICHO, UTO B paccMaTpuBaeMOM CJIydae 3TH
KOHKYpUpYyolye (pakTopbl XapaKTepU3yIOTCs BEJINYUHAME G 1
m. V13 coobpaskenuii pa3MepHOCTH MOKHO HAIUCATh

W~ [— . (5)
m
JlelicTBUTEIBHO,

Hampumep, it Karam BOAbI paanycoMm b = 1 MM moJydnm

o [ 0,078 -1
3. NI
(4/3)°p, \/4(10‘3) [10°
Eme nmpumep. 3emiist, B KOTOPYIO TIOTas GOJIBIIOI METEOPHT,

— YeM He KaIlJIsI, eCJIN TPHUIHCATD BCIO 9HEPTUIO TPABUTAIINOHHO-
ro B3aUMO/ICHCTBUS ee yacTeil ee Ke MOBEPXHOCTHON SHEPIruu:

~10% ¢,

2
m-
G2 ~ 4TR30?
3
43
3nech Ry u mg = §TIR3 < p) — paanmyc 1 Macca 3eMJII-Kari,
(p) — ee cpeansisi WIOTHOCTb, a G — MOCTOSIHHAS TATOTEHISI.

Onpenenus orciofa 0 u noAcTaBus B (opmy.ty (5), moayunm

Glp)
5

w ~

IIpunnmas <p> =5500 KI‘/ M, HaiieM nepuos xoseGanuii hop-

Mbl 3eMJIH, BOSéy)K,/_[eHHbIX yzapamMmu G0JIbIIOTO METEOpUTa:
T = 2n ~ 2T 3 21 _1?1) 3
6,670 5,500

~ c=10% ¢.
w G(p)
Komeuno, Bce 9T0O He TOUHbIE YNCJEHHDIE 3HAYEHMS, a MACII-
Tabbl paccMarpuBaeMpix siBiaernit. Ho uro mpr BuauM? [lepuosn
KOJIe6aHMIl OKA3aJICsT 3aBUCSIIIM TOJBKO OT CPe/IHell TIOTHOCTH
TPABUTHPYIOMUX Macc. B TakoMm caywdae — modeMy Obl He
paccemorperh Bcio Bceesennyio?! Ecoam npus4Th ee MIOTHOCTD
pasroii 5107 Kr/ M (KpUTHYECKOE 3HAUEHHUE, PAs/IeISIONiee
KOJIe6ATEIbHBII 1 MOHOTOHHBI Xapakrep ee AUHAMUKU ), TOJTy-
YUM HEKUIl MaciiTab BpeMEHHU:
3 3

T~2m =2 = C~
G{p) 6,670 50077

~ 10" et =1000 MJIPJL.JIeT

(ouH TO/1 cocTaBJisteT NPUOIU3UTENBHO 3 0’ c). [Tockombry
MBI TIPETEH/IyeM JINIIb Ha OIEHKH, CJELYeT CKa3aTb, YTO MOJIY-
YeHO 3HaUeHHe IOPsI/IKa ThICSIN MUJLIHApAOB JeT. CoBpeMeHHOe
3HaueHue Bo3pacTta BeeseHHON (BpeMeHH, MPOIIEAIIEro ¢ Mo-
MeHTa Bosbimoro B3peisa) sto 13,7 Mupa. netr. Brpouem, HoBbIE
JIAHHBIE O «TEMHOW MaTepUH» U «TEMHON SHEPTUU» TOBOPST B
110J1b3y MOHOTOHHOTrO paciiupenusd Beenennoii. Kakoil us ciena-
PHEB pean3yeTcs: — TI0X03Ka i BeesleHHas HA MyJIbCUPYIOILYIO
KaIIo W Ha TuAPOQOGHBIN MOPOIIOK, pa36eraioniuics Mo
IIOBEPXHOCTH BOJIbI, — MOKAXKET BPEMs.

«Hazmo HeMHOro o0 aaThy, — IOLYMAaJl 3/[PaBOMBIC/IAIINI
OT/JIMYHUK W OTHPABUJICS TOTOBUTHCS K ETD.



Yol CMavyrBaHUA
N 3Heprug
B3aMMOLOENCTBUS
MOJIEKYJT

C.BAPJIAMOB

AKX TOJBKO ®OTOTPAGUN KAIIEJIL JKUJIKOCTU HA

IJIOCKOH MOBEPXHOCTH BbI He Haiijiere B unrepuere! Ecim
MCKATD IeJIeHAIIPABJIECHHO, TO MOXKHO HATH KallJln U Ha ropu-
30HTAJbHON, M Ha BepTuKajbHOil mosepxnoctu (puc.1). Uem
MeHbIIIe TT0 pa3Mepy Karum, TeM ux ¢opma 6imke K chepuiec-
KOif. JTO CBSI3AHO C TeM, YTO TIPU MAJbIX pasMepax Kamesb
MOTEHIIMAJIbHAS SHEPrUsl KAIJIM B 110JI€ TSXKECTH UTPAaeT MaJIyio
pOJIb B CPaBHEHUU C HEPruei, CBA3aHHON C ITOBEPXHOCTHBIMI
apjeHnsaMu. MUHIMATbHOCTD CYyMMapHO# TOTEHIIMAJIbHON 9Hep-
TN onpe/esisieT (POPMY KallyIi U, B YaCTHOCTH, TaK HAa3bIBACMBII
YTOJI CMAYUBAHUS, KOTOPbI 06pasyioT APYT € APYTOM IIOCKAst
MMOBEPXHOCTb TBEPJOro Tesa, Ha KOTOPOH JIeXNT Kallisd, u
MOBEPXHOCTD, KacaTeJbHas K CBOOOJHON MOBEPXHOCTH KATLIN
BOIM3N TIepUMeTpa IATHA KOHTAKTa.

ITycrp kamas skugkocTi ¢ KoaUIUMEHTOM TTOBEPXHOCTHOTO
HATSDKEHUsT 0 uMeeT 06beM V U 3Ta KAIlJis IPUIILIA B COTPUKOC-
HOBEHHE C IJIOCKOH TBEP/IOil TOBEPXHOCTDIO 1 MPUJINILIA K Heil.
YMenblienue cymMMapHoOil norennuagbHoil sueprun AU 1po-
MOPIMOHAIBHO IO KOHTAKTA KIJIKOCTH C TBEP/bIM TEJIOM
S. O6o3naunm otHomrenne AU/S uepes & . MeeTcs B BUY, 4TO

B CPaBHEHUH C JHeprueil, KOTOPOH O6JIAIAIOT MOJIEKYJIbl Ha
IJIOCKON ¢680000HOU TIOBEPXHOCTH JKUJKOCTH, MOJIEKYJIbI, KOH-
TaKTHPYIOIIHE C TBEP/IBIM TEJOM, UMEIOT MEHBIIYIO TTIOTEHI[AIb-
HYI0 9HEPIHIO, T.€. HAXOAATCs B GoJiee ryGOKOI MOTEHITNATbHOI
sMe. DTa siMa MOKeT ObITh GOJIbIITE UM MEHbIE COOTBETCTBYIO-
meil rayOuHbl TTOTEHIUATBHON SIMBI, B KOTOPOWH HAaXOAUTCS
KaKJasi MOJIEKYJa SKUAKOCTH, OKPY)KEHHAs CO BCEX CTOPOH
COCe/IKaMi OJIHOTO C HEIO COpPTa.

Haiiziem ycioBue, mpu KOTOPOM MOTEHIMAJTbHAS JHEPIHUS,
CBSI3AHHAS C TIOBEPXHOCTHBIMU SIBJIEHUSIMHU, Oy/IeT MUHUMAJb-
HOIl. ByzeM cunTarh, 4TO pa3Mepbl KAIJId JOCTATOYHO BEJNKH,
TaK YTO PANYC KPUBU3HBI CBOGOJHON MOBEPXHOCTH KUIKOCTH
3HAYUTEJTBHO OOJIbIIIE PAZMEPOB MOJIEKYJI JKUKOCTHU.

CHavasa pacCMOTPHUM CJIyyail, KOrjla TPaBUTAIMS HE UTPAET
pouit (Takoii SKCHEPUMEHT MOTYT MPOBECTH Ha GOPTY MEK/yHa-
poamoit kocMuueckoit cranmmu — MKC — KOCMOHABTEI), MO9TO-
My ¢opma Karm ocecuMmmeTpuyia. [T0BEPXHOCTb Karuiu, He
KOHTaKTHPYIOIasi C TBEP/BIM TesoM, MeeT (opmy yactu cde-
PBI, a ISITHO KOHTaKTa nMe-
er (¢opmy kpyra. Ilycrp
pasnyc KPUBUBHBI cepp
paBeH 7, a yroJ, KOTOPbIii
COCTABJISIIOT TIOBEPXHOCTH
JKUJIKOCTH ¥ TBEPJIOTO TeJsa
B MeCTe KOHTAKTa, paBeH ¢
(puc. 2). Itor yroa orcun-
TBIBAETCS TaK, YTOODI XKHU/I-
KOCTh HAXOJMIACh BHYTpH 4G 2
Hero. C IOMOIIBIO T€OMETPUN HECTOXKHO HAUTH, UYTO 00DbeM
KaIlJIi JKUJAKOCTH Takoil (hopMbl paBeH

V:W?s(2 - 3cos ¢ + cos’ ¢)

sKuoxocmn

2 hejlo

MO’KHO CKa3aTh, 4TO IIapaMeTpbl 7 1 § He ABJIAIOTCS He3aBUCH-
MbBIMU N Me}K}Iy HUMU UMEETCH CBA3b:
3
mvd

r = B?H (2—3005(]>+cos3 ¢)

IToBepxXHOCTHAST 9HEPrusl KUJIKOCTU CKJIAJbIBAETCSI M3 [BYX
caaraembiX. [lepBoe ciaraemoe — 3T0O aHEPrus MOJIEKYJI, JKUBY-
MUX Ha cBOGOJHON 4acTH cephuuecKoil OBEPXHOCTH TLIOIIA-
aplo S, = 210 (1 —cos ¢), oHa paBHa 0S;. Bropoe ciaraemoe
CBSI3aHO C MOJIEKYJIaMH, KUBYIIIMHU Ha IIOBEPXHOCTH KOHTaKTa
¢ TBEp/Oil MOBEPXHOCTHIO MIOmAAbIo S, = 0’ sin® ¢ u s
KOTOPBIX JIOTOJTHUTEIBHYIO TJIyOUHY MOTEHIIHAIBHOMN SIMbI 00pa-
3YI0T MOJIEKYJIbI TBEPAOTO Tea. JTa sueprust pasua (0 —3)S, .
Hy:xno HafiTn MEHUMYM (YHKIUI
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Kax Buano, B Boipakenn 17st U ecTb Ge3pa3MepHbIil TapaMeTp
8/0, OT BeIMYUHDBI KOTOPOTO 3aBUCUT yTOJ ¢, COOTBETCTBYIO-
MUl MUHIMYMY TTOTEHI[HAJIbHOI SHEPIUU CHCTEMbBI BOJIA—TIIOC-
Kas TOBEPXHOCTb TBEPAOTo Tesa. EcTecTBeHHO, 3azady Mo
OTIPEJIEJICHNI0 MUHUMYMa MOJKHO PEIIUTb aHAJUTHYECKH, B3SB
or dyukiuu U NPOU3BOAHYIO 110 1epeMeHHO cos® u Haiijs
3HAYEHIEe HTOr0 KOCHHYCA, PH KOTOPOM NMPOM3BOIHAS 00paIia-
eTcst B HOJb. [1o-BUIMMOMY, JIJISI ITKOJIBHUKOB 3TO JIOCTATOYHO
cnoskHo. HO MOXKHO HCHO/Ib30BaTb KOMIIBIOTED — UHCJEHHOE
pelieryie 3aJa4i C MOMOIIBIO mporpamMmbl Excel mpuBoaut K
JUHETHOol 3aBUCUMOCTH €Os § oT napamerpa O/C. A MMEHHO:
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(Kcratn, HaiijienHoe 3HaYeHHE KOCHHyCa yrja € IIOMOIIBIO
[IPOU3BOHON JIaeT B TOUHOCTH TaKOe Ke 3HauyeHHe.)

Ha pucynke 3 mapamerp /0 mensercs (110 ropusoHTamm) ot
0 1o 2 ¢ marom 0,05. Coorsercrsenno, cos mengerca or —1 10
+1 o BepTukaau ¢ TakuM ke marom 0,05. 3aaUBKON B KaX/10ii

Puc. 3

KOJIOHKE TIPU 3aJaHHOM 3HadeHnW O/C BbleTeHA sueiiKa,
coorBeTcTByonas MuHumyMmy ¢yskiun U B 3aBUCMMOCTH OT
cos¢ .

Jloruumo, uto suauennio O =0 cooTBeTCTBYeT yrom ¢ =TT
(cos Tt = 1), T.e. HOBEPXHOCTD TBEP/OTO TEJIA COBCEM HE CMAUN-
BaeTcs JKUJIKOCTbIO. 3HAYEHUI0 § = g COOTBETCTBYET YIoJi
=172 (cos (v2) =0), KA MeeT B 9TOM ciydae dhopmy
nojymapa. A 3HaueHuio O 220 coorBerctByeT yroa ¢ =0
(cos 0= 1) , 1 9TO O3HAYAET, YTO JKU/IKOCTD TIOJTHOCTBIO CMAYMBa-
€T MOBEPXHOCTb TBEP/OTO Tesja U pacTeKaeTcs 10 Hell TOHKOM
[JIEHKOI1. 3aMeTuM, 4TO ecjd yroJ cMauuBanusi ¢ Haiitu
9KCIEPUMEHTAJbHO, TO MOXXHO BBIYUCJIUTD BEJUYNHY
0= 0(1 +cos (I)).

CaMblii 04eBH/IHDBII TIPUMED «TIAPbI» KUJAKOCTb—TBEPOE TEJI0
3TO I1apa >KM/JKas BOAa—TBepAblil jieji. VIHTyunms nojckasbipa-
€T, YTO B 3TOM CJIy4ae IPUMEPHO BBITIOJIHSIETCS PABEHCTBO O = O.
A 3TO O3HAYaeT, UTO YroJl CMAauWBAHWS PaBeH MPUMEPHO 9()° .
DTO JIETKO IPOBEPUTH dKCIIepUMeHTaNbHO. [Ipemaraem ynrare-
JISIM C/IeJIaTh 3TO CaMOCTOSTEJIBHO.

Cy1ectByeT MeTo/| U3MEPEHUS yTJIa CMAYMBAHUS C TIOMOIILIO
HakJOHHOH TmactuHku. CyTh MeTo/la COCTOUT B TOM, YTO
MJIOCKYIO TIJTACTUHKY YaCTUYHO MOTPY’KAIOT B JKU/KOCTb U Pery-
JIUPYIOT YTOJI HAKJIOHA IJIACTUHKH K TOPU30HTY TaK, YTOODI IPU
OTIPE/ICJICHHOM MOJIOKEHUM TIIACTUHKH BCS MOBEPXHOCTD KHUJI-
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KOCTH, B TOM 4HCJe ¥ BOJM3M JMHUM KOHTAKTA C IJIACTUHKOIL
(taM, T7e 06bIYHO BO3HHUKACT MEHIICK ), ObLIa TOPU30HTAJIBHOIL.
Ha6monenne menncka (1, COOTBETCTBEHHO, (UKCAIMs YIJIa
HAKJIOHA, TIPU KOTOPOM MEHUCKA HET) TPOU3BOJSAT C TOMOMILIO
JIIbI MM MHKPOCKOIIA.

Kak ycTpoeHbl OBEPXHOCTH, KOTOPbIE COBCEM HE CMAYNBAIOT-
¢4 5kuIKocTbio? [IprMep cooTBeTCTBYIONUX KallesIb 1 YBEIMYeH-
HbIX BO MHOI'O pa3 Y4YaCTKOB HecMadYnBaeMoil ITOBEPXHOCTHU
nokazaH Ha pucyHke 4. Ecam camo BemecTBo, M3 KOTOPOTO

=
Puc. 4

clieTaHa Takasi <IIepoxXoBaTasy MOBEPXHOCTDb, YaCTHYHO CMAYN-
BaeTCsl JKUJIKOCTbIO, TO IIpH M300paskeHHON Ha oTorpadun
MUKPOCTPYKTYPE MOBEPXHOCTH TBEPJIOTO TeJIa MO/ (b KOHTAK-
Ta JKUJKOCTH C BEIIECTBOM TBEP/OTO Teja BecbMa MaJa, U
YCPEAHEHHDIH 110 GOJIBIIOH TTOBEPXHOCTH KOa(MPUIMEHT § 3HA-
YUTEJHHO MEHbIIE O .

Kcratu ckasarb, ata ¢ororpadus SBHO IMOJATAJIKUBACT K
MDICJIM, YTO IIOpa y4YecTb Hajmyue rpasutaiu. Ha neii Buano,
YTO KPUBU3HA CBOOOHOI MOBEPXHOCTU JKUIKOCTH B BEpPXHEN
TOYKE SIBHO MEHbIIE 3TOH BEJIMYMHBI BO BCEX JPYIHX TOYKAX
MOBEPXHOCTU Kariu. A kpuBusHa G riaIkoil KpUBOU MOBEPXHO-
cTn BOJIM3K BLIOPAHHOI TOUKU ATOI MOBEPXHOCTH OTIPE/IEISIETCST
tak. K KpuBOil OBEPXHOCTH B BBIOPAHHOI TOUYKE MTPOBOIUTCS
Kacare/bHad IIJIOCKasd IOBEPXHOCTD U OT TOH TOUKH K KacaTeb-
HOHl IJIOCKOCTH BOCCTaHaBJMBaeTcs HepleHaukyaap. [lanee
IIPOBOJIATCS JIBE TIJIOCKOCTH, B3aUMHO IIePHEH/IUKYISPHbIE IPYT
JIPYTY 1 TIOCTPOEHHOI KacaTeJIbHOH IIJI0CKOCTH. Kaxkas us aTux
IJIOCKOCTEH 1 KpUBasi MOBEPXHOCTh UMEIOT OOIIIe JUHUU. DTH
JINHUK TIEPECEKAIOTCST KaK pa3 B TOIl caMOil BBIOPAHHOW TOUKe.
ITyctp pasmychl KPUBHU3HBI 9THX JHUHUIT BOJM3UM BBIOPAHHON
ToukM paBHbl R n R, . Torga KpuBHU3HA KPUBOI MOBEPXHOCTH
paBHa cymme ux o6patubix seawunn: G =1/R; +1/R, . Ecin
KpHBasi IOBEPXHOCTD JIOCTATOYHO IJIa/IKasi, TO MOJIyYCHHAs Be-
gudnia G He 3aBUCUT OT TOTO, KaK IOCTPOEHBI [BE B3aUMHO
TIePIEeHINKYISIPHBIE TIJIOCKOCTH, TEPHeHANKYJISIpHbIe K Kaca-
TeJbHON TTOBEPXHOCTH.

[Tonsgrno, 4ro ¢dopma CcBOGOJHON MOBEPXHOCTH >KUIKOCTH
orpe/iesisieTcsl GaJAHCOM [JIABJIEHWH 1O OJHY U TO JAPYIYyIo
CTOPOHY OT ATO¥I TIOBEPXHOCTH. BHYTPH sKUKOCTH BOJIN3H CaMOit
BepxHell ee TOUKU JlaBjeHue camoe MasieHbkoe. Ecmu, nanpu-
Mep, Kalljig OCeCUMMETPUYHAS, TO Pa/InyChl KPUBU3HBI Ry 11 R,
BOJM3U 3TOH TOYKU OAuHAKOBbI (M paBHbI R), W KPUBHU3HA
nosepxnoctn pasua 1/R; +1/R, =2/R . JlaBnenue cHapyXu
KaIyIi PaBHO aTMOC(EpPHOMY JIaBJIEHHIO Py, A BHYTPU OHO
6oJIblle HA BEJIMYMHY , KOTOpas Ha3bIBaeTcs JapJjenneM Jlamiaca
pn =20/R . Ecan BbIGparh Ha TOBEPXHOCTH KAIJIU TOYKY,
KOTOpast HAXOANUTCST HIDKE CAMON BEPXHEN TOUKM Ha BEJTMIHUHY /1,
TO 3a CYeT IPaBUTAINM JAaBJIEHUE BHYTPH Karjn BOJHM3U 3TOM
TOUKH GyI€T elife GoJIblile HA BEJIUYUHY PG/ , rie P — MJIOTHOCTD
skuarocTy. ITockobKy HapyskHOe JlaBjieHHE BO3/yXa OT TOUKH
K TOUYKEe MEHseTCs TOpas3Jo MEeHbINe, 4YeM JaBJeHWe BHYTPH



JKUJIKOCTH, TO paBHOBECHE IMOBEPXHOCTU JKUJAKOCTU YCTaHaBJIN-
Ba€TCA 3a CUHET TOr'O, YTO YBEJIMHYNBAETCA €€ KPHUBHU3HA. OTCIOIIB.
ciaenyer KpI/ITepI/Iﬁ MaJIOCTHU KalleJIb:

2—0>>pg[2R,1/mH R< |2
R Py
VHpIMH cJIOBaMH, CYNIECTBYIOT XapaKTepHble pa3Mepbl, IIpU
KOTOPBIX (DOPMY KaILIH KUJKOCTH OHPEAE/SIIOT B OCHOBHOM
MOBEPXHOCTHBIE (KAINILISPHDBIC) SIBJICHUSI.

[laBaiiTe pacCMOTPUM JI€XKAIIYIO HA TOPU3OHTAJIBHOI MOBEPX-
HOCTH KaIlJTI0O HACTOJBKO OOJBIIYI0, YTO ee MOKHO Ha3BaTb
«JIyKeit». B aToMm cirydae KpuBHM3HA TTOBEPXHOCTH BOJIU3U CaMOit
BEPXHEN TOUYKH KAl paBHa Hy 0. [1ycTb Jry:ka Oyzer 6obInoit
" KPYTJIOii, a riay6uHa JIy>Ku paBHa /2, TOra MOKHO BbIGPATD /1BE
B3AMMHO TIEPIEH/NKYJISIPHbIE IIJIOCKHE MOBEPXHOCTH TaK, YTO
OJINH U3 Pa/IIyCOB KPUBU3HBI IOBEPXHOCTH BOIN3U TOUYEK TIEPHU-
MeTpa IISITHA KOHTAKTA JKU/KOCTH C TOPH30HTAIbHON [TOBEPXHOC-
THIO TBEPAOTO Tesa GyneT odeHnb GOJBIINM, a JAPYroil — OYeHb
MaJIeHbKUM W PaBHBbIM 7. KpUBU3HA TOBEPXHOCTH KUIKOCTH B
aTOM Mecte OyjieT paBHa 1,/7, 1 ycloBHEe PaBHOBECHS JKUIKOCTH
BO/M3N Kpas ayxn (BOJIM3N TBEPAOit TOPU3OHTATLHON TTOBEPX-
HOCTH) Gy/IeT UMETb BUJL

o
— =pgh .
,
[IpuyeM 5TO COOTHOIEHNE He 3aBUCHT OT yrJja cMauuBaHus § .

Pas6epem Tenepb /[Be KOHKPETHDIE 33/Ia4H.

3amava 1. Kaxoii 6ydem eaybuna h 6oavwot no niowadu
AYKU 1A 20PUSOHMATILHOM NOLY, eCAU UIBGECMHBL BCAUNUNDL P ,
g, O u0?

Korza kanust pacrekaercst GOJIBIION JIysKeil MIOMaapio S 1
riy6uHOi /2, TO 06BEM JKHUIAKOCTH OCTAETCSI MOCTOSIHHBIM
paBupiM S/ = V. ByzseM OTCYNTBIBATD MOTEHIIMAIBHYIO 9HEPIUIO
JKUJIKOCTH B TI0JIE TSDKECTH OT YPOBHSI TOPU30OHTAJBHOI MOBEPX-
HOCTH, OHA PaBHA

pgSh* _ pgVh
2 2
TTorennuanbHas sHeprus, CBsI3aHHAS C TOBEPXHOCTHBIMU SIBJIE-
HUSMHU, NPUOJUZNTETHHO PaBHA
s(20-8) =V (2079
h
(ImIomapio KPUBBIX yIACTKOB MOBEPXHOCTH KUIKOCTH BOJIM3H
6eperoB JIyKu TIpene6peraeM B CPaBHEHUM C BEJTUYMHON S).
CyMMa 3TUX JIBYX COCTABJISIONUX IOTEHIIMAJbHON 3HEPruu
JIOJUKHA TIPUHATH MUHUMAaJbHOe 3HaueHue. OTciofa HAXOIUM
rayOUHY JTy3KH:

2(20 -
p= 2209
Py
ATy riyGHHY MOXKHO BBIPA3UTb Yepe3 yroJ CMAYMBAHHUS
5= 20 (1 - cos ¢)
pg

3amaua 2. [liockyro anomunuesyo nidcmuny O601bwoi
nAOWAOU U OOUHAKOBOU NOBCIO0Y MONUWUHBL HAZPENU, OKYHYIU
6 JKuOKull napagun, samem evinyau u oxaaduiu. B pesyivma-
me oHa 0KA3a1ach NOKPLIMOU MOHKUM CI0eM Napadund, Komo-
polll He cMauusdemcs 6000u. My NAACMUHY AKKYPAMHO ONY-
cmuau HA NosepxHocmsv 600ul, U OHA He ymouyad. Kaxoi
MOKemM Obimb MAKCUMATLHASL MOJUUHA SMOT naacmuisl? T1iom-
nocmv 600wt 1000 KZ/M3 , naomuocmv amomunus 2700 KZ/MS B
K03Ghhuuuenm noeeprHoCcmMHOz0 HAMSKEHUS YUCNOU 800Dl
70 MZZ)K/ M

By/ieM mIaBHO OMyCKATh TIACTUHY, YAEPIKUBAS €€ B TOPU30H-
TAJBHOM TIOJIOKeHUU. [Ipu 9TOM J106beMCsT TOTO, YTO JKHUIKOCTD

TOJIbKO-TOJIbKO HAUYMHAET 3aT€KaTb CBEPXY Ha Kpad IJIaCTUHDI.
HyCTb 9TO COOTBETCTBYET I‘JIy6I/IHe /’l1 PacCIOJIOKEHUA BerHefI
TIOBEPXHOCTU IIJIACTUHDI IO/l TOPU3OHTAJbHBIM YPOBHEM BO/bI
Ba/In OT IIJIACTHUHDBI:

=22
Ps9
ECJII/I TOJIIIINHAa IIJIaCTUHDI /’lz , TO TJIy6I/IHa PaCIIOJIOKEHNA
HI/I)KHGIVI HOBerHOCTI/I IIJTACTUHDBI I10/ I‘OpI/ISOHTa]IbeIM ypOBHEM
BO/Ibl B/laJIN OT ILJIACTUHbBI PaBHa CyMMe ATUX JlByX BEJIMYUH hl
u ]’12 . yCIIOBI/Ie paBHOBECHUA TTJIACTUHDBI 6yz[eT NMETDb BU/L

m\/?wm: ,
pBﬁz b | 2H P

B pe3yJabTaTe IoJay4YaeM, 4TO MaKCUMaJIbHO BO3MOKHas1 TOJIIIN-
Ha IJIaCTUHBI 6y/:[eT paBHa

IHepreTHYecKnii mapaMeTp ¢ 4acTo MHTEPIPETHPYIOT «CUJIO-
BbIM» croco6oM. Tosopar (u mumyt), 4T0 @ — 3TO CHJIA,
JleficTBYIOMIast BJ0Jb MOBEPXHOCTH *KUKOCTH M TIPUXOASAINASCS
Ha e[MHUILY [UIMHBI JUHAM, Pas/essioniell cBo6OHYI0 MOBEPX-
HOCTb SKMIKOCTH Ha J(BE YacTH. [I[pH HTOM NMPEnonaraercsi, 9to
YYACTOK MOBEPXHOCTH SKUKOCTU TIO OJHY CTOPOHY 9TOI paszie-
JINTEJIBHON JIMHUKM <«TSIHET K ce6e» COOTBETCTBYIONIMIA y4acToK
MOBEPXHOCTH, PACIOJIArAIONMIICA 110 JAPYTYI0 CTOPOHY 9TOi
JMHUA. DTO TIPEJCTABJICHNE SKBUBAJEHTHO TOMY, YTO MOBEPX-
HOCTD SKMIKOCTH YIOAOOMAETCS PABHOMEPHO PACTAHYTOH TOH-
KOIl PE3MHOBON IJIEHKE, TOJbKO B OTJHMYME OT PE3UHBI HATSKe-
HHUe He MeHsteTcs Ipu gedpopManin nopepxuoctu. Takas uHTED-
IpEeTaNust MO3BOJIAET PEINATh 3a/a4H PO MOBEPXHOCTHBIE SBJIC-
HUS C CUJIOBOW TOUKU 3DEHUL.

Hanpumep, Bepremes k 3agaue 1. Ha pucynke 5 uzoGpaxen
Kpail GOJIBIION JIy’)KM B CEYEHMM BEPTHKAJIbHOII IMJIOCKOCTBIO.

Puc. 5

BbI6paB yuacToK BOJb TPAHUIIBI JIYXKH JJUHOM A , PACCMOTPUM
CHJIBI, ICHCTBYIOMINE HA 3TOT YYACTOK CO CTOPOHY OKPY>KAIOIINX
ten. B BEPTUKAJIbHOM HaIIpaBJICHUN CyMMa CHJI TSKECTU H
MOBEPXHOCTHOTO HATSYKEHUS JKUIKOCTH HA CAMOM KPAlo JIY)KH
KOMITEHCUPYETCSI CHJION PEAKIUH CO CTOPOHBI TOPU3OHTAJIBHOI
OTIOPBI. A B TOPM30HTATHHOM HANPaBJCHUH HA XUAKOCTD Jeli-
CTBYIOT CHUJIBI IIOBEPXHOCTHOTO HATSKEHUsI, IOKA3aHHBIE CTPeJl-
KaMU KDPACHOTO I[BETA, M CHUJA TUAPOCTATHIECKOTO MABJIEHUS
JKUJIKOCTH, PACIOJIaraiomeiicss crpaBa OT BbIJIEJEHHOTO Ha PU-
CyHKe ydacTka >KuakocTu. CyMMa TPOeKInii CUJI Ha TOPU30H-
TaJbHOE HAIPaBJeHHe paBHA HYJIO:

0)\—0)\cos¢—p%hh)\= 0.

OTCIOI[B. TIoJIy4a€eM TaKoe€ K€, KakK HaﬁﬂeHHOB paHee Apyrum

METO/IOM, BBbIpaKEHUe JJIsT TIyOUHBI JIYIKH:
5= 20(1 - cos ¢)
Py '

Bor ere /iBe KOHKpeTHbIE 3a/1a9H.
3amaua 3. Ha xaxyio 6vicomy nooHumemcs: Kuokocmuv ¢
KOIDuyuenmomn nogepxrHocmuozo namsxenus G u niOMHOC-
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mvio P 6 ONUHHOM BEPMUKA/ILHOM KANULLAPEe KPY2/1020 ceue-

Hus ¢ enympennun ouamempon d < ,|0/(pg), 0dun us xonyos
KOMOPOZO ONYWen 6 MY KUIKOCMy, d OpYzol KOHel, OMKPyim
6 AmMMOocehepy, ecau KUOKOCmb CMAYUBAC NOBEPXHOCNYL CMe-
HOK KANUAAAPA U KPAegoll Y201 cmauusanus ¢ < 12 ?

Ecam McXoanTb U3 9HEPreTHYecKNX COOOpPasKeHH, TO JKuji-
KOCTh YCTAaHOBHUTCSI Ha TaKOW BBICOTE /1, YTO MOTEHIIMAJTbHAS
aHeprust Gy/IeT NMeTh MUHUMAJIbHOE 3HAYeHNe. DHEPIUIO XKUIKO-
CTH B I10JI€ TSDKECTH Gy/IeM OTCYNTBIBATH OT YPOBHS SKH/IKOCTH B
cocyze. llpeamnosioxum, 4To dra BbICOTa 7 MHOrO GOJIblIE
quaMerpa d, TOra BKJIAJ] B TIOTEHI[MATBHYIO SHEPIUIO IPaBUTa-
I[U paBeH MPUMePHO
pgh*rd?

3 .

[Tpu atom MbI TpeHeOperaeM OTJINYNEM HAMMCAHHOTO BbIpaske-
HUA OT TOYHOIO 3HAYCHUSA, B KOTOPOM JOJIKHA [IPUCYTCTBOBATD
1e60JIbIIast OMPABKA, CBSI3AHHAS ¢ HAJTNYUEM KPUBOTO yUaCTKa
CBOGOHOI TTOBEPXHOCTH JKUAKOCTH. [loBepXHOCTHAs aHeprus
OyJieT TIPUMEPHO paBHA

Uy=-hd(c-§ =+ o @os ¢

B aTOM BbIpaskeHNM MbI TOXKe TIpeHeOPerJin TOIPaBKOil, CBI3aH-
HOW ¢ HaJM4YMeM KPUBOI CBOGOJHOI TMOBEPXHOCTH JKHIKOCTH,

U1:

9Ta TOMPABKA 110 TOPSIIKY BETMYNHbI paBHa 0T / 2 . Munumym
CYyMMapHOIi IIoTeHI[MalbHOl sHeprun, pasHoit U, + U, , poctu-
raercs Mpyu 3HaYeHUN BBICOTDI MOHATHA KUKOCTH B KaIUJLJISpe
5= 4ocosd
pgd

ITorpo6yeM peruTb 3Ty Ke 3aJa4y CHJIOBBIM crioco6oM. 1o
MepUMeTPY JIMHUM KAacaHWs CTEHKH KalWJsipa U CBOGOTHOI
MOBEPXHOCTH JKUIKOCTH Ha >KUIKOCTb JEHCTBYeT CyMMapHas
CHJIa HATSDKEHUsI, Y KOTOPOil MMeeTcsl BepTUKaIbHAsI COCTABJLA-
fol1asg, HalpaBJeHHas BBepX M paBHag T Ocos §. IDta cuia
VIEP)KUBAET «HA BECy» CTOJOUK JKUIKOCTH B KalWJIsIpe, Ha

. . 2
KOTOpBIH JleficTByeT cusia Tskectu, pasHas Ph (de / 4) g. Cywm-
Ma 5THX CHJ B COCTOSIHHM PaBHOBeCHs paBHa Hymo. OTciofa
HaXO/IMM BBICOTY CTOJOUKA SKUKOCTH B KallWLIspe:

h= 4o cos ¢
pgd

OTBeT MoJIyynsIcsd TakuM ke, T.e. o0a crocoba — «3HepreTu-
YeCKHil» M <«CHJIOBOI» — OJMHAKOBO PaGOTOCIOCOGHBI, M UX
MO>KHO TIPAMEHATD TIPH PEIIeHNN 3a/1a4, B KOTOPBIX paccMaTpH-
BAIOTCSI IOBEPXHOCTHDIE SIBJICHU.

3apmava 4. Ouens MoHKYI0 NAOCKYI0 KEAOPAMHYIO NAACMUHKY
co cmopoHoil L npusenu 00Hotl cmopoHoll 8 CONPUKOCHOBEHUE C
noKosueticss KUOKoCmuvro, 00 Kpaee 3aANnOJHSIOWel WUpoKuil
uuaunOpureckull cocyo ¢ paouycom enympeniezo cevenus R, u
yoepkueaiom nAacmunKy Henod8UKHOU MAax, 4Mo oHd HAXO-
oumcs 6 sepmuxanvroil naockocmu (puc.6). 2Kuokocmo umeem

Puc. 6
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K03hhunuenm nosepxHOCmHO20 HamsKeHus G U NJIOMHOCIND
P, cmauueaem 3my NAACMUNKY, NPUUEM Y20 CMAYUBANUS
¢ < W2 . Ha ckoavko nonusuics yposens Kudkocmu 6 cocyoe?
Ha cxoavko sepxuuil kpaii Menucka xuoxkocmu na naacmume
svle YPoBHsL KUOKOCU 6 cocyde?

Tax Kak TTaCTHHKA TOHKAs W MJIOCKAs, TIIONAIh MOBEPXHO-
CTU JKUIKOCTH B COCY/I€ BO MHOTO pa3 GOJIbIlle U3MEHEHUsT ITOM
IJomaan, BO3HUKIIECIO BCJEIACTBHUEC 06pa303a1ﬂ/151 MECHHUCKA.
O6beMOM TITACTUHKY, MOTPYXKEHHBIM B JKHUJIKOCTD, TOCKOJIBKY
MJIACTUHKA OYE€Hb TOHKAS, MOYKHO TIPEHEGPEUD.

Haiinem maccy SKHIKOCTH, KOTOpasl COCTaBJseT MEHHCK U
HaXO/AUTCA BbIIE IIJIOCKOIO YPOBHA JKUAKOCTH B COCY/E. Cua
MTOBEPXHOCTHOTO HATSI)KEHHUST, IEHCTBYIONAA HA JKUIKOCTD B/IOJIb
JIMHUN BerHefI I'paHUIbI MEHUCKA, NMEET BEPTUKAJBHYIO CO-
CTaBJSTIONTYI0, paBHyo [, =2Locosd . Ira cuma «IIpUMOIHS-
Ja» HaJ IUIOCKUM YPOBHEM JKUIKOCTb Maccoii m = F,/g u
obbemom V' =m/p . CienoBaTesibHO, YPOBEHb SKUIKOCTH B
COCy/le TIOHU3MJICS Ha

_ V. _2Locosd
A = —5 = ——5—
TR R @y

[l HaXoskJieHust BBICOTBI H, HAa KOTOPYIO «B300paJsachy Ha
MJIACTHHY JKU/IKOCTD, COCTABJISIONIAS MEHUCK, PACCMOTPUM yC-
JloBre paBHoBecus Kuakoctn. CyMMa BCex CHJI, IefiCTBYIONNX
Ha 3Ty >KMJIKOCTb, PaBHA HYJIIO, II09TOMY CyMMa IIPOEKIUil Bcex
CHJT Ha TOPU30HTAJIbHOE HAIIPABJIEHNE TOKE PaBHA HYJII0. Bbie-
JIIM MBICJIEHHO Y4aCTOK MEHUCKA JIMHOI A < L U ypaBHOBECHM
TOPU3OHTAIBHBIE COCTABJSIONINE ACHCTBYIONMX HAa HETO CILT:
ANogH 2

y -

oA (1-sin¢) =
OrTciola HaXOAUM

o= 20 (1 -sin ¢) ‘

Pg

A renepb BepHeMcsi K Havasay crarbu. Ha dororpadun,
TIpUBE/ICHHON Ha prcyHKe | BHU3Y, HA BePTUKAJIbHON TTOBEPXHO-
CTU CTEKJIA HAXO/SATCST KaTin Bojibl. Kpusnsna G, mMOBEPXHOCTH
Kak/I0il Kamim B caMoil ee HWKHEN TOYKe 0O0JIbllle KPUBU3HDI
nosepxnoct G, BOJM3M caMOIil BepXHell TOYKU ITO KarlJIu:

G, -G, =P
()

)

rie H — pa3HOCTD BBICOT BepXHell U HUKHel yacreil karm. Ecim
MMOBEPXHOCTD CTEKJIA HE BEPTUKAJIBbHA, a COCTABJISIET HEKHIT yToJI
Y € TOPU3OHTOM, TO (pOpPMA KAILJIN B TIOTIEPEYHOM BEPTUKAIBHOM
ceyeHny KauecTBEHHO MOKa3aHa Ha pucyHKe 7. Bujino, 4to yribt
O u ( He O/IMHAKOBLI U HE
00s13aHbI COBITA/IaTh C PABHO-
BECHBIM YTJIOM CMauyMBaHU
¢ . Ogno us o6bACHEHUI,
oYeMy 9TO TPOUCXO/IUT,
KPOETCS Ha MUKPO- UJTH JJAsKe
Ha HaHoypoBHe. IloBepx-
HOCTH TBEP/IOTO TeJia He Gbl-
BaeT ueabHo riaaakoii. OHa
BCET/Ia COJIEP’KUT MHOTOUNCJIEHHDBIE /Ie(DEKTDhI: BBICTYIIBI U BIIa-
JIMHDI, TIAPAITIHBI U YYACTKH BEIECTB, OTJIMYHBIX OT OCHOBHOTO
KOMITOHEHTA TBEPOTO Tesa. XapakTepHbie pa3Mepbl 1eeKToB
3HAYUTENHHO GOJIbIIE PA3MEPOB MOJIEKY J KUAKOCTH ( ~ 10710 n),
U B TO K€ BpPeMsI OHM MOTYT ObITb 3HAYUTEJIBHO MEHbIe [JTUH
BOJIH, KOTOPbIE HOIIAJAI0T B BUAMMBIN ananas3on (~ 5 ao0~" m).
WNubiMu  cjioBaM#, <«Ha TJia3d» TaKash MOBEPXHOCTb BBITJISUT
aBCOJTIOTHO TJIAJIKOM, a ISt JKM/IKOCTH OHa IepiiaBasi. ITo TOT
campiit smarnason pasmepos (10 =107 m), B KoTOpOM ceituac
Pa3BUBAIOTCS HAHOTEXHOJIOTUN.

Puc. 7



MATEMATUYECKUN KPYXKOK

epneHanKynapbl
1 elle oauH
NpU3HaK
BMCAHHOMO
YeTbIPEXYrONbHMKA

E.BAKAEB, 1.KOXEBHUKOB, U.AKOBJIEB

AUYHEM PA3TOBOP CO CJIEJYIOINX IBYX 3AJIAU.!

3anmava 1. Tpu npsamvie nepecexaiomcs nod yeaamu 60° 6
odnotl mouxe P. 3 mouxu O, ne sexaweil Ha npsamvlx, Ha HUX
onyuwenvl nepnenduxyaapor OA, OB, OC. [oxaxxume, umo
mpeyzoavrux ABC npasunvnwlil.

Pemenne. Ha nomomp npuxoaut oxpyskHoctb! Taxk kax
ZOAP =90°, To Touka A JIeXKUT HA OKPY>KHOCTH, TIOCTPOCHHO
Ha orpeske OP Kak Ha jinamer-
pe. To e crpaBesuBo u /ISt
touek B u C (puc.1). ITocne
TOTO, KaK TOKA3aHo, YTO 5 TO-
gek O, P, A, B, C jexar Ha
O/THOIT OKPY>KHOCTH, B JIEJIO BCTY-
[IaeT TeopeMa O BIIMCAHHDBIX yT-
sax. Jl1a onpeziesleHHOCTH CUn-
TaeM, 4TO TOUKH PACIIOJIOKEHDI
Ha OKPY;KHOCTH B TIOpsiiike P,
A, B, C: ZBAC = ZBPC = 60°
n £ZBCA = £ZBPA =60°. Tem
cambIM, TpeyroabHuK ABC mpa-
BUJIbHBIN.

3apmaua 2. K oxpyxnocmu nposedervt Kacamenvivie 6 mou-
kax A u B, nepecexarowuecs ¢ mouxe P. Uepez mouxy P
npoeedend cexywas, nepecexanuwas oKpyK Hocms 6 mouxax K
u L. ITycmv M — cepeduna xopoot KL. /lokaxume, umo mouxu
P, A, B, M znesxam na 000U OKPYHKHOCTIU.

EcTb HECKOJIBKO COOOPaXKEHNUIT, KOTOPbIE YACTO OKA3bIBAIOTCS
PEIAINMI B JIOKA3aTeIbCTBE TOTO, YTO YETBIPE TOYKU JIEKAT
Ha o/iHOi oxpyxkHOCTH. CKaskeM, /I I0KAa3aTeJIbCTBA BIUCAH-
HOCTHU BBIIYKJIOTO YeTbIpexyroabHuka ABCD 1ocTaToyHO JioKa-
3aTh, mHampumep, uto LABC+ZCDA=180° unm uto
ZACB = ZADB . Jlpyroii moAxoJ — JOKa3aTb PaBEHCTBO
AE -CE = BE - DE | rie E — TouKa 1niepecevyeHus [uaroHasieii.
O/tHaKO YnTaTE b MOXKET YOeUThCS, YTO JIJI PEelleHns 3a/1aun
2 BOCHOJIB30BATHCS YIIOMSHYTBIMH COOOPAKEHISIMI HEIPOCTO.

Urto emie MOKET HaM MOMOYb <«YJOKHTb» UYETbIPE TOUKH Ha
O/IHy OKpY>KHOCTB? IloMoryTt nepneHgukyispbi!

Pemenne. 3amerum, 4yro 1eHTp O OKPY)KHOCTH — 3TO 006MIast
TOYKA IepeceyeHns HepreHnKyasapoB K npsmpiMm PA u PB,
TIPOBEICHHBIX COOTBETCTBEHHO uepe3 Toukn A m B (pmc.2).
Taxsxe uepes Touky O NPOXOAUT U HepPIEHJUKYJIAp Kk PM,
nposeeHnblii uepes M (II0CKOIbKY MPOEKIHS [IEHTPA OKPYKHO-

Puc. 1

1 ﬂ'df[ee HEKOTOpbIE 3a/lau IIPUBOJATCA C PENMIEHUAMM, a OCTAaJbHbIE
npeAaaraloTCa 4YuTaTesao AJid CaMOCTOATEAbHOIO PCIICHUA.

CTH Ha XOpAYy — 3TO cepeJiHa XOp-
npr). Tenepb Bee CTAHOBUTCS COBCEM
npocro: Toukn A, B u M nexar Ha
OKPY>KHOCTH, TOCTPOEHHOIT HA OTpe3-
ke OP kak Ha JrameTpe.

W aero, KOTOPYIO MBI HCHOTb30BAJH
[P PEIIeHNN JBYX TUX 3a/[a4, MOXK-
HO c(HOpPMYJIPOBATD TaK:

Teopema. /Janvt mpeyzorvrux ABC
u mouka P. Yepes mouku A, B u C
npoeenu npsmuie d, b u ¢, nepnenou-
Kyaapuvie npamoin PA, PB u PC
coomsemcmesenno. Ilpamvie a, b, c
nepecexawomcs 6 00HOU Mouke mozod
u moavko mozda, xozoa mouxu A, B, C u P aexam na o0noi
OKPYHKHOCTUL.

MokasatensctBo. 1) Ilpeanosioskum, uro npsmbie @, b, ¢
nepecekawTcss B omHolt Touke Q (puc.3). Torma
ZPAQ = ZPBQ = ZPCQ =90°. 3nauur, touku A, B u C
JIe’KAT Ha OKPYXKHOCTU C JUaMeT-
pom PQ.

2) JlokaxeM Ternepb 06paTHOE
yrBepxaenue. [Tycrs Touku A, B,
C u P nexxat Ha OJIHO¥ OKPY>KHO-
ctu. Pacemorpum touky Q aroit
OKPY>KHOCTH, HAMETPATIbHO MIPO-
TUBOIIOJIOKHYI0 Touke P. Toraa
ZPAQ = £LPBQ = ZPCQ = 90°,
3HAUWT, TIPAMBIE a, b, ¢ lepecexa-
10Tcst B Touke Q. Puc. 3

[lasee B ctaTbe, MOJIB3YSICDh 3TON
TEOPEMOii, MBI TIONPo6yeM pa3o6paThesl ¢ HEKOTOPBIMHU 3a/iava-
MU, cpefl KOTOPBIX ecTh BecbMa TPY/HBIE.

3agaua 3. Yepes mouky P, nexawyio enympu oKkpyKHocmu
W, nposedenvt mpu xopovl. /Joxkaxume, umo cepedurvl IMux
x0pd u mouxa P aexam na 00nou okpyxnocmu (puc. 4).

3anaua 4. B oxpysnocmu nposedenvt mpu xopovl, hepecexd-

4

Puc 2

Puc. 4 Puc 5

1owuecs 6 00not mouxe nod yeaamu 60°. /loxaxume, umo ux
cepedunvt 06pazyiom npasurvhowi mpeyzorvtuk (puc.s).

Puc. 6 Puc. 7
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3agava 5. K okpysxnocmu nposedenv KacameivHole 6 mou-
xax A u B, nepecexaiowuecs ¢ mouxe P. Yepes mouxy P
nposedena npsamasi, nepecexarouas okpyKnocms 6 mouxax K u
L, npuuem mouxa K nexum mexdy Pu L. ITycmo M — cepeduna
xopovr KL.

a) Joxaxume, umo £LBMA =2/ZBLA (puc.6).

6) Uepes mouxy A nposedena xopda AE napairenvio KL.
Hoxaxume, umo BE npoxooum uepes M (puc.7).

MpaBunbHble MHOrOYroibHUKN

3anmava 6. Ha niockocmu 0anvl n npamvlx, nepecexaouuxcs
6 00HOU MOoUKe, NPUUEeM Yz ol MeXKOY NAPAMU COCCOHUX NPSMLY
pasnvL no 180°/n . Jlokaxume, umo 01 npousgoIvH0z0 6eKmMo-
pa d cymma npoexyuil
IMozo sexmopa na dammwie
npamole pasna na/2 .

Pemenue. Ilpoexnun
PaBHBIX BEKTOPOB HA OJHY
U Ty K€ IPSAMYIO PaBHBI.
[ToaToMy MOXHO paccMOT-
perb Bektop OM =d ¢
HavyaJoM B TOUKe Iepecede-
HIUS IaHHBIX IPSIMBIX. IIpo-
exknun Ay, A,,..., A, TOUKH
M na JaHHbIe HPSAMbIC JIe-
JKaT Ha OKPYXKHOCTH C Ana-
MerpoM OM u pa3GuBaIoOT
ee Ha N PaBHBIX Jyr (JIOKA3aTeNbCTBO 5TOrO YTBEPIKIEHUS
aHaJIOTMYHO pernenuio 3agaun 1). A snauur, Touku Ay, A,,..., 4,
SIBJISTIOTCST BEPIINHAMH TPABUJIBHOTO n-yrosbiuka (puc.8).

Ocrasnoch fokasath, uto OA; + OA, + ...+ OA, = nd/2 .

Kak nssectno, ecsim C — HEHTP NPABUIBHOIO MHOTOYTOJIbHIKA
A, Ay, A, 10 CA{ + CAy +...+ CA, =0 (nubimn cioBamu,
C — 1enTp Macc Muoroyrojbuuka Ay, A,..., 4, ).

[lokaskem ato. IIpn moBopote Bokpyr Touku C Ha 360°/n BepimHa
A; mepeiiner B A,, A, — B A3, ..., A4, — B A, a BeKTOp
§=CA +CAy +...+ CA_ +CA, —BBextop CA, + CA; +...+ CA, +
+CA; =5 | 1.e. ne usmenurcs. Pas BEKTOp S Teperes B cebst mpu
TOBOPOTE, He KpaTHOM 360°, TO § = 0.

Wrak, npexacraBuM Kax/piil Bektop OA; Kak O—C+CAi )
IOJTyYUM

OA; +OAy + ...+ OA, =nOC + CA; + CA, + ...+ CA, = nOC .

Touka C — cepeamna amamerpa
OM, szuaunt, nOC = nOM/2 =
= ndf2 .

3agaua 7 (B.IIpacosos, Typ-
Hup ropozos, 1982 /83 1., M807).
H 3 npoussonvroti mouku M enym-
U NPasUIbLHOZO N-Y20NbHUKA NPO-
sedenvl nepnenouKyispol
MK,MK,,..., MK, x ezo cmopo-
Puc. 9 nam (uau ux npodonxenusim).
Hoxaxume, umo MK +...
...+W<n=%-m (O — uenmp
n-yzorvnuxa) (puc.9).

3azaua 8 (V1. Murpodanos, Typ-
HUp ropoaos, 2012 /13 1.).

a) Buympu oxpyxunocmu naxo-
dumcs nexomopas mouxa A. Ye-
pe3 A npogeau 0gee nepnenouxy-
AApHble npAMble, KOMOpble nepe-

Puc. 10

2015/Ne5-6

CeKAU OKPYKHOCb 6 uemvipex mouxax. /Joxaxume, umo
UEHMP MACC IMUX MOUEK He 3ABUCUM OM 6bI60PA MAKUX 06YX
nPAMbBLY.

6) Brympu oKpyKHOCIIU HAXOOUMCS NPABULBHLL 2N-Y 2010
nux. Jyuu, svinywennvie uz ezo uenmpa A 6 sepwunvt 2n-
Y20NbHUKA, 6bLCEKAIOM 21 MOYUEK HA OKPYKHOCU. 2N-Y20JbHUK
noGepHYyIU MAxK, wmo ezo uenmp ocmdics na mecme. Tenepo
Ayuu evicexarom 2n Hogvlx moyex. Joxaxume, 4mo ux uewmp
Mmacc cosnadaem ¢ yewmpom macc cmapoix 2n mouex (puc.10).

JKenarone moryTr oGparutbesi Takxke K crarbe M.Ilanosa,
A.CnuBaka «Brucanubie muoroyronbuukus B «Kpanre» Nel 3a
1999 ro/;. B Heil Bo3HUKAET B KauecTBE BCIIOMOTATEILHON Ta JKe
KOHCTDYKIM, YTO U B 3a/auaX 9TOr0 pasjeJa.

Mpoekunn Ha BbICOTbI

B HeckoJIbKHX CJEIyoNuX 3a/adaX Mbl TakK WM HHaue
BCTPETHMCSI C TPOEKIUSMH TOYKM Ha TPSIMbIE, COJAepIKaIiue
BBICOTBI JIAHHOTO TPEYTOJbHUKA.

3agaua 9. Touky cnpoexmuposani Ha 6vblCOMbL MPeY20LbHU-
xa. /Jokaxume, umo mpeyzoivnux, 0 KOMOPozo 3Mmu mpu
nPoeKYUU ABAAIOMCS Bep-
wunanu, nodoben Oamn-
HOMY MPeyzorbHUKY
(puc.11).

Perttenne aHaJOruaHO
pereHnio 3agaun 1.

3agzava 10. B mpey-
2onvnuxe ABC nposede-
not evicomor AA”, BB’
u CC’; By u C; — cepe-
dunvl evicom BB’ u
CC’. Hdoxaxume, umo
AA’BC, ~ AMABC..

Vxasanue. [locraTou-
HO TIOHSITH, YTO IIEPIIEH-
JIUKYJISIPBI K BBICOTaM
AA’”, BB’ u CC’ , ipo-
XOAIe Yepe3 TOYKU
A’, By u C,coorBer-
CTBEHHO, UMEIOT OO0TIYIO
TOYKY. JTa TOYKa — ce-
peaunna ctoponsl BC
(puc.12) (nokaskure 910).
Ternepb MOXKHO TIpUMe-
HUTb YTBEPIK/EHHUE IIpe-
JIBIIyIIel 3ajjaun.

3anava 11. B ocmpo-
Y20/IbHOM MpeyzoibHUKe
ABC nposgedenvi 8bicombl
AA’, BB’, CC’. [loxa-
sKume, umo mouxku A, A’
u cepedunvt ompesxos BC' u CB’ nexam na 00Hoi 0KpyKHo-
cmu (puc.13).

3agaua 12. Ha evicomax mpeyzoavnuxa ABC 83amvr mouku
Ay, By u C; max, umo onu deasim evicomvt 6 omuowenuu 2 : 1,
cuumas om eepwunvl. [oxaxume, umo AABC, ~ AMABC .

Vxaszanue. Ousatb e, TOHMeM, UTO TEPHEHANKYJSIPBI K
BBICOTAM, MPOXO/AIINE COOTBETCTBEHHO Uepe3 Touku Ay, B u
Cy, nepecekaiotcst B 0/{HOI Touke. J/lorajaiitech, B Kakoii!

3agaua 13 (C.Bepuos, Beepoccuiickas omvmmazga, 2001 1.).
Ha evicomax AA”, BB’ u CC’ ocmpoyz016H020 mpeyzosvti-
xa ABC e3smor mouxu A;, By, Ci, omauunvie om mouxu
nepeceuenus evicom H, npuuem cymma niowadeti mpeyzonioHu-
rxoe ABC,, BCA,, CAB,; pasna naiowadu mpeyzorvrurxa ABC.
Hoxas;xume, umo oKpyKHOCMb, ONUCANHAA OKOJO MPEY20NbHU-
xa ABCy, npoxodum uepes mouxy H (puc.14).

Puc. 13
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Pemenue. [Tposesiem
MepIEeHINKY ISP d, b,
¢ K Boicotam AH, BH,
CH 4epe3 Ttouku A,
B,, C, coorBercrBeH-
Ho. [/lokaskeMm, 4TO OHI
repeceKkaTcs B OHON
TOYKE — TOT/A TOYKH
Ay, By, Cy, H 6yayr
JIeJKaTh Ha OJHOM OK-
pyxuoctu. Paccemor-
puM Touky P nepeceue-
HUSL TIPSIMBIX @ U b u
JIOKQJKEM, 9TO € ITPOXO-
JIIT Yepes Ty JKe TOUKY.

Ilnomamu APBC u
AABC paBHbI, TaK Kak
WX BBICOTBI PaBHBI, a
OCHOBAHUSI COBIA/AIOT.
AHAJIOTHYHO, TLIOIIA/H
AAPC un AABC pas-
HBI. 3aIuiiem:

Puc. 15

Sapc =Sppc T Sapc + Sapp = Sapc T Sapc T Sasp .

CuaepoBatenbto, miomagn AABP u AABC; paBHbI, a 3HAUHT,
TouKa P J1eXuT Ha 1psaMoit ¢, uto u tpeéosasoch (puc.15).
Wrak, 3aMeTHM, 4TO 3TH J(Ba YCJOBHS SKBUBAJIEHTHBI:

« Suc +Sapc T Sapc, = Sasc;
AA N BB’ . cc’
AA” BB’ CC’
B atoM MOKHO y6ennTbes, TO/IeJIMB 06e 4acTH MEePBOrO PaBEH-
cTBa HA Sypc .

Kpome toro, u3 npeaplyiieil 3ajiaui 1 TEOPEMbI CJIEyeT UX
9KBUBAJIEHTHOCTD eIlle /IBYM YCJOBUSIM:

« Touku A, By, C; n H neskat Ha OJHON OKPYIKHOCTH.

« [lepnenukyasapnt k Boicoram AH, BH, CH, npoBe/ileHHbIe
yepes Touku Ay, By, C; coot-
BETCTBEHHO, TIePECEKAIOTCS B O7T-
HOH TOUKe.

3apava 14. Ha evicomax mpe-
yeonvnuxka ABC 83simol mouku
Ay, By u C max, umo
AAy = BB =CC| =2r, zd0er—
paduyc 6nUCAnHHOU OKPYHKHOC-
¢ mumpeyzomvuxa ABC. [oka-

saume, yumo NAAB,C, ~ AMABC
(puc.16).

C 1noMomibio MpebIAyIeil 3a7adl MOKHO [I0OKa3aTb, YTO
MEPIIEH/INKYJISPDI K BBICOTAM, IIPOBE/ICHHbBIC YePe3 OTMEYEHHbIE
TOUKH, TIepecekaloTcsl B opHoi touke. (Crenaiite ato!)

OxkasbiBaeTcs1, OHM IepeceKkalores B Touke Harens (910 Touka
repeceyenus MPSIMbIX, COEJAMHSIONINX BEPIINHBI U TOYKU Kaca-
HUS TIPOTUBOIIOJIOKHBIX CTOPOH C BHEBIIMCAHHBIMH OKPY>KHOC-
MU TpeyrosbHuka). COOTBETCTBEHHO, 3ajaya MOKeT ObITb
pelreHa 1 ¢ MOMOIIbIO HEKO-
TOPBIX TEOMETPUUYECKHX
cBoiictB Touku Hareos.

3amaua 15. IHycmo [ —
UCHMP BNUCAHHOU OKPYK-
nocmu mpeyzoavnuxa ABC,
I, — yenmp moil ezo éne-
BNUCAHHOU OKPYKHOCIU,
KOMopas kacaemcs cmopo-
not BC, a I, — moii, xkomo-
pas kacaemcsa AC. [loka-

=1.

Puc. 16

Puc. 17

swume, umo mouxu C, I u
cepedunvr ompeskos Al, u
BI, nexam ma oonoi ox-
pysxnocmu (puc.17).

3agava 16. ITycmv A; —
MmouKa ONUCAHHOU OKPYK-
nocmu mpeyzoavruxa ABC,
nPOMUBONOJIOKHASL MOUKe
A. Touxa Ay cummempuuna
mouxe A; ommnocumenvno
npamoti BC. Ananozuumo on-
pedensiomcs mouku By u 71
C,. [doxaxume, umo ox-  Puc 18 !
PYKHOCT, NPOX00SUAsL Ue-
pes mouxu Ay, By, u C,, npoxodum uepes opmouenmp
mpeyzonvnuxa ABC (puc.18).

3ameuanue. OG6o6IIEHIE 3TOTO YTBEPXKJCHHUS CM. B KHUTE
«leomerpust B kapTuHKax» A.AKomsHa, 3amava 4.2.9.

Mpoekunsa H Ha meamnaHy, npoekunsa O Ha cuMepnaHy

3amava 17. @) ITycmv H, — npoexuus opmouenmpa H
mpeyzoavnuxa ABC na npsamyio, codepxawyio meouany, npo-
sedennyio us sepuunst A. Joxaxume, umo H, H,, B, C nexam
Ha 00HOU OKPYHKHOCU.

6) ITycmo H — opmouenmp mpeyzorvnuxa ABC, M -
cepeduna cmoponv. BC, P — emopas mouka nepeceuenus
OKPYHKHOCU, ONUCAHHOU 0K010 mpeyzosvruka ABC ¢ okpyx-
HOCMbIO, nocmpoenHotl Ha ompeske AH xax na ouamempe.
Tozoa mouxu M, H u P nexam na oonot npsamoi.

Pemenue. a) /0cTaTOUHO [I0OKA3aTh, YTO MEPHEHUKYIAPDI K
HB un HC, npoxoasiiue COOTBETCTBEHHO uyepe3 Toukn B u C,
MepeceKkaloTcsl Ha MPAMOii, cojepskalieil Meauany. A oHu Iie-
pecekaiorcst B Touke X Takoi, utro ABXC — mapaJiesorpaMm
(puc.19).

6) Ha oanom u3 3aHATHI KpysKKa TIpu pasbope aTol 3aaa4n
YUeHUKH OOPATH/IN BHUMAIHE, 9TO OHA (PAKTHIECKU IKBUBAJIEH-
THA TpebIayIieii: st Tpeyroibunka BHC Touka A sBJsieTcst
oprorentpoM, a HM — mepuanoii. Ecom P’ — mpoekist A Ha
HM, to no npeapiyieii 3ajaue P’ GyeT Jexarb Ha OKPY>KHO-
ctu ABC, mostomy P’ = P (puc.20). (Iroil KoHCTPYKIMH
nocssiniena cratbst 0. BrmnkoBa « OpTONEeHTp, cepeiia cropo-
HbBI, TOYKA TIEPeCeUeH st
KacaTesJbHBIX U elle
onna Toukal» B «KBan-
Te» Ne2 3a 2014 roa.)

3amaua 18 (Typuup
umenn A.Il.CaBuna,
2015 r.). Aee oxpyx-
HOCTU nepeceKkamcs
6 moukax Au B, aPu
Q — mouxu xacamus
amux oxpysKHocmei ¢ Puc 21
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ux obwei xacameavrou. Touxa H — opmoyenmp mpeyzoivHura
PAQ. Jokaxume, umo yzor ABH npamoil.

Pemenne. IIpogmum AB no nepecevenust ¢ PQ B touke M
(puc.21). Omna Gyner aenutb oTpesok PQ momnosam, Tak Kak
MP? = MA-MB = MQ2 . VI3 npeapiayeit 3a/jaun Mbl 3HaeM,
YTO TPOEKINST OPTOIEHTPa TpeyroJbHuKka PAQ Ha ero Mequany
AM 7nexxuT Ha ONUCAHHOW OKPY’KHOCTH TpeyrojbHuka PHQ.
Wrak, yTo6bl 10Ka3atb, 4to B — npoekuus H na mexunany AM,
JIOCTATOYHO /I0Ka3aTb, 4yTo Touku P, Q, H u B siexxat Ha o/lHOM
okpy:kHOCTH. [[711 9TOTO TOKaskeM paBeHCTBO LPHQ = ZPBQ .
Nmeem
ZPBQ =180° - ZBPQ — ZBQP =

= 180° - LQAB — LPAB = 180° — LPAQ .
Tak sxe u LPHQ =180° - ZPAQ .

3apmava 19. Jan mpeyzonvnux ABC. Touxa Ay onpedensiem-
ca Kax maxkas mouxa enympu yeaa BAC, u3z xkomopoii cmopomvl
AB u AC sudnv nod yeaamu (180°—2B) u (180° - £C)
coomeememeenno. Amnanoezuuno onpedensiomecs mouxu By u
Cy . Aoxasxume, umo npamvie AAy, BBy, CCy nepecexaiomcs
6 00HOU MouKe, npuuem 3Ma MOUKA JeKUM 1A 00HOU OKPYKHO-
cmu ¢ moukamu Ay, By u C,.

Pemenne. Bee touku Buytpu yriaa BAC, 13 KOTOPBIX CTOPOHA
AB Busna oz yraom (180° — £B) , jiexkar Ha 0JHOIL OKPYSKHO-
ctH, mpoxondmell uepes Toukn A m B. 3ameTuM, 4TO 3Ta
OKPY»KHOCTb KacaeTcst cropoHbl BC B Touke B. AHaJIOrMYHO, BCe
Toykn BHYTpu yria BAC, u3 koropbix cropona AC BujHa 1o
yraom (180° — £C), sesxar Ha OKPYKHOCTH, TPOXO/ISIIELT yepes
Touky A u Kacamomeiics ctoponbsl BC B touke C. Pa3 touka A
o0J1aIaeT TUMHI JIBYMST CBOWCTBAMH, TO OHA JIEXKHUT Ha TIepecede-
HuM 3THX OKpykHocTeil. Tenepb BuaHA CBA3b € MpeAbLAyIIeit
3ajlaveil — uyeMm Oblaa TouKa B s TpeyrosbHuka PAQ B
npeAbLAyIeil 3ajsade, TeM
siBJIsieTcst Touka Ay st Tpe-
yrompanka ABC B aroii. Ta-
KuM o6pazom, Ay — 1mpoek-
1unsg oprouentpa H Tpey-
rosbHuka ABC na menna-
ny. To e BepHO /151 TOUEK
By n C.

3Haunt, npsimpie AA,
BB,, CC, gaBnsiorca Me-
AMaHaM#U TPEyToJbHUKA
ABC u nepecexaiorcsa B ojHoii Touke M, a toukun Ay, By n C,
JIexKaT Ha OKPY>KHOCTH ¢ aumamerpom HM (puc.22).

-4

Ot Meamanb! mepeiiieM K cuMeAnane. JTO MpSIMasi, CIMMeET-
pUYHAs Me/IaHe OTHOCUTENHbHO COOTBETCTBYIONIEH GUCCEKTPICHI
(cm. manpumep, crarbio I0.Binnkosa «Cumeanana» B «Kpan-
Te» Ne 4 3a 2015 1.) Ilo-apyroMy ommcaTh CUMeANAHy MOKHO
TaK: IIyCTb K OMHMCAHHON OKPY>KHOCTH (0 Tpeyrouabnuka ABC
NIpOBeJIeHbI KacaTesbHble B Toukax B u C /10 nepeceyeHUs! B
touke K. Torpa npsmas AK — cumeduana tpeyrospunka ABC.

[Iycts P — mpoexiis nieaTpa O OKpy:K-
HOCTH W Ha cuMmennany AK (puc.23).

3anaua 20. a) [oxaxume, umo mouxu
B, C, O u P nexam na o0noii okpyxno-
cmu.

6) Joxaxume, umo APAB ~ APCA .

Pemenue. a) Ty jxe KOHCTPYKITUIO MBI
BUJIEJIN TIPHU PEIleHun 3ajauynl 2 3TH
TOYKH JIeXKaT Ha OKPY>KHOCTH, TOCTPOCH-
Hoit Ha OK Kak Ha auaMerpe.

6) IIycTb TOUKY PaCIIONOKEHBI, KaK Ha
pucynke 24 (pyrue cydan pacrosoxe-
HUS TOYEK PACCMaTPHUBAIOTCS AHAJIOTNY-

Puc. 23

2015/Ne5-6

Ho). Ilyctp Z/BAC = o . Vcnoansyst 1o,
yro Touku B, P, O, C, K jesxat Ha OJ{HOI
OKpyskHOCTH U yT0 /BAC un ZBOC —
COOTBETCTBEHHO BITMCAHHBIN 1 [[EHTPAJTb-
HBII YTJIBI OJTHOI OKPY’KHOCTH, TIOJTYYIM
a=ZBAC = ZBOC/2 = BPC/2 . Or-
pesku kacaresbubix KB u KC paBHBI,
3HAYUT, PABHbBI OIMUPAIONIMECS HAa HHUX
yrabel: ZBPK = ZCPK. Ilpu astoMm
4BPK + ZCPK = ZBPC = 20 , 3HauWT,
4BPK = ZCPK =a. Yraol ZBPK 1n
Z/CPK —suemnue nia APAB u APCA
COOTBETCTBEHHO, 3HAYHUT, B OJTHX Tpe-
YroJibHUKaX paBubl yribl ZBPA u ZCPA . Octanoch Joka3athb
PaBEHCTBO ellle KaKoi-HUOYy b apbl YIJIOB 9THX TPEYTOJIbHIKOB.
Tak kak /BPK = o — suemnuii gna APAB | to ZPAB +
+ 4ZPBA =a .Hou £PAB + ZPAC = ZBAC = a , oTKy1a cJie-
ayer pasencteo £LPBA = ZPAC | Mpri nokasaiu, uto B APAB
n APCA [Be mapbl yIJOB PaBHbI, 3HAYUT, OHH MOJOOHDI.
3amaua 21 (Bcepoccuiickas ommmnuazga, 1999 r.). Jan
mpeyzoavnuxk ABC, enucannvlii 6 oxpyxnocmo ¢ uenmpom O.
Oxpyxnocms Wy npoxodum ue-
pes3 mouxu A, B u xacaemcsa 4
npamoti AC 6 mouxe A. Anaio-
2UYHO, OKPYIKHOCD W) NPOXO-
dum uepez mouxu A, C u kacaem- 0O
canpamoii AB e mouxe A. ITycmo A
Ay — emopas (omavunas om A)
TMOYKA nepeceuerust IMUX OKpY x-
nocmetl. [loxaxume, umo
ZAAO = 90° (puc.25).

CuMeinanbl TPEYroJbHUKA Tie-
peceKaloTcs B OTHOI TOUKe, KOTOPast Ha3blBAeTCs moukoil Jlemy-
ana TpeyroJbHUKA.

3anmaua 22. /lan mpeyzonvnux ABC. Touxa Ay onpedensiem-
cs Kax maxas mouxa enympu yeaa BAC, us xomopoti cmoponwl
BA u AC sudnwv 100 yzaom (180° — LA) . Anarozuuno onpede-
asmomest mouxu By u Cy. [Joxaxume, umo Ay, By, Cy u
mouxa Jlemyana L nexam na o0HOU OKpYKHOCMU.

MoXHO 3aMeTuTbh CBSA3b Mexay cepusamu 3ajgad 17-19 u
20—22: n3oroHaabHO conpsiKeHHbie Toukn H 1 O poeKTUpyIoT-
cs Ha MeWaHy W CHMeINaHy, KOTOpble CHMMETPUYHBI OTHOCHU-
TeJbHO OmcceKTpHchl. Bosee obmmit daxt chopMyaupoBaH B
sagaue M2401 «3agaunuka «Ksanras.

Puc. 24

B C

Puc. 25

Mpoekunn Ha cepeAnHHbIE NeprneHAuKYnsapbI
n Toukn bpokapa

Touka P, nexaias BHyTpu TpeyrosibHnka ABC, HaspiBaeTcs
nepeoti moukoi bpoxapa, ecrn ZABP = ZBCP = ZCAP . Ana-
JIOTUYHO, 71 6mopotl mouxu Bpoxapa Q J0OIKHBI BbIIOIHATD-
ca yeaosusa ZBAQ = LCBQ = LACQ .

Mpbr JloKaskeM HEKOTOpble MX cBoiicTBa. Cjesnarb aTo HaM
IIOMO’KET Hallla TeopeMa H y’Ke YIOMsHyTas Touka Jlemyana.

[lycte A”, B’, C’ — npoekiuu Toykun L Ha cepejimHHbBIC
nepnengukyaapor OA; , OB, OC, tpeyroabuuka ABC (31ech
Ay, By, Cy — cepenunnt cropon BC, CA, AB cOOTBETCTBEHHO;
O — 1eHTp onmcaHHol oKpyskHOCTH; I — Touka Jlemyama).

[l Havasa Joka)keM Takoe CBOHCTBO 9TOH KOHCTPYKIIUU:

CgoiictBo a) Tpeyzorvnuxu AA’BC, AB’CA, AC’AB no-
do6HuL.

[oxazareancrBo. Vcmoab3yem cieayioniee CBOHCTBO TOUKH
JleMyaHa: pacCTOSHUSA OT Hee O CTOPOH TPeyroJIbHUKA IIPOIIOP-
[UOHAJBHBI JTTHHAM 3THX CTOPOH. (DTO MOYKHO BBIBECTH U3 TOTO,
YTO CUME/[aHa eCTb TeOMETPHYECKOe MECTO TOYEK, Y/AJeHHBIX
OT CTOPOH TIPONOPIMOHATBHO HX JauHaM. J{0Ka3aTeJbCTBO
MOKHO HaliTu B yske yIOMsHYTOH cratbe « Cumennanas.)
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Paccroanua or Ttouxku Jlemyana 10 CTOpPOH TpeyroJbHHUKa
paBHbI jiHaM BbicoT Tpeyrosibhnkos AA’BC | AB’CA , AC’AB .
COOTBETCTBEHHO, JIIMHBI BBICOT 9THX TPEYTOJbHUKOB ITPOTIOPITH-
OHAJIBHBI JIIMHAM WX OCHOBaHWii. 3HAYUT, PaBHOOEAPEHHDBIE
tpeyroabunkn AA’BC , AB’CA , AC’AB nopo6Hbl, Tak uTO

ZA'BC = LZA’CB = 4B’CA = LB’AC = LC'AB = ZC’'BA
(puc.26). O6osHaunM 5TOT
yros uepe3 ¢ .

CsoiictBo 6) B onucan-
HOU KOHCPYKYUU RPAMbLe
AB’, BC’, CA’ nepecexa-
1omest 6 0010l mouke — nep-
eott mouxe Bpoxapa P. (U,
ananozuuno, npamvie CB’,
AC’, BA’ nepecexaiomcs
60 emopoil mouke bpokapa
0.)

JlokasareabcTBo. Touku
A’, B’, C’ nexar Ha OK-
PYKHOCTH [3, MOCTPOEHHOM
Ha oTpeske OL Kak Ha Ju-
amerpe (puc.27). Ilycts AB’ BTOPHYHO Iepecekaer 3 B TOY-
ke X. ITockosbky yroa mexxay mpsimbimu B’X u B’L || AC

Puc. 26

B

C ' By ' A
Puc. 27

paBen ¢, myra LX pasha 2¢ . PaccMaTpuBasi BTOpblE TOUKH
nepeceuenust npsambix BC” u CA” ¢ B, noHuMaeMm, 4To OHH
coBIataioT ¢ X.

3aMeTuM, 4TO JJIsi TOYKM X BBINOJHSIETCS YCJIOBHE TOYKH
Bpoxkapa: ZABX = ZBCX = ZCAX . Takum o6pa3oM, Mbl JI0O-
KaszaJu CyIIeCTBOBAHUE TOYKH ¢ TakuM cBoilctBoM (a joKasa-
TEIbCTBO €/IMHCTBEHHOCTH OCTABJIIEM umMTaTeso). Mrtak, Touku
X u P coBnagator, 3HauuT, Tpu mnpsamoie AB’, BC’, CA’
nepecekaioTcst B Touke bpokapa P.

AmanornyHo mokasbiBaercs, yto Tpu nupsmpie CB’, AC’,
BA’ nepecekaiotcst Bo BTopoii Touke Bpokapa Q.

[TonyTHO MBI /lOKa3aju, 4TO Yribl Dpokapa /st 1nepBoil u
Bropoii Touex Bpoxapa pasubl. (JleficTBuTenbHO, Beab
ZABP = Z/BAQ =¢.)

CgoiictBo B) Touxu bpokapa aexam Ha OKpYKHOCMU C
duamempon OL u cummempuurvl OMHOCUMENLHO 31020 JUd-
mempa.

IlokazateabcrBo. O6miast Touka Q mpsimbix CB’, AC’,
BA’ rakse JeXUT Ha OKpyKHOCTH B, nyra LQ ToXke paBHA
2¢ (rospko ayru LP u LQ OTI0KEHBI B Pa3HBIE CTOPOHBI OT
Touku L), Tem cambiM, P u Q CUMMETPHYHbI OTHOCUTEIbHO
nuametpa OL.

Ewe pa3 o BenocmneancTtax

3amaua 23. /[se oxpyxnocmu nepecexaromcs ¢ moukax P u
Q. Uepes mouxy P nposodsmcs npsmvle, nepecexaioujue Ox-
pyKkHocmu 6 mouxax A u
B. /loxa:xume, umo cepe-
Qunvt M 6ce603MOKHbLX
ompe3sxos AB nexam na
Guxcuposannoii. okpy K-
Hocmu, npoxodsuel ue-
pes P u Q (puc.28).

Pemenne. /loctatouHo
JI0Ka3aTh, 4TO HepleH/in-
KyJsp Kk PQ, nposesieH-
HbIit uepe3 Q, U neprieH-
JUKyapel K AB, mnpoBejieHHble uepe3 M, IpoOXOoaAT depes
(pUKCHPOBAHHYIO TOYKY, HE 3aBHCSILYIO OT BBIGOpA MPAMOil
AB. llyctp nepnengukynsap k PQ, mpoBenennbiii yepe3 Q,
nepecekaer okpykHoctu B toukax K u L (puc.29), a k AB,
MpOBe/IeHHbIN vepe3 M,
nepecekaetr KL B TOuke
X. Torma PK u PL -
JINAMETPbl OKPY>KHOCTE,

3HAYUT, AK 1 AB ,
BL 1 AB. BuguMm, 4to
MX — cpeandad JauHug

—'/
K 0 X " L

NPSIMOYTOJIbHOI  Tparie-
uun AKLB, nostomy X
— cepequna KL, T.e pux- A1 29

CHUPOBaHHAs TOYKA.

N3 aTOrO perieHus Mbl MOJydaeM TakiKe, 4To s JI060ro
oJI03KeHusT psiMoil AB Touka X paBHOyaJeHa OT Toyek A u
B. O MHOTHUX MHTEPECHBIX KOHCTPYKLUSX, CBS3AHHBIX C 3TOM
3a7iaveit, MokHO TpounTtath B crarbe B.lIporacoBa «O aByx
BEJIOCHUTIEJNICTAX W BUIMHEBOH KocTouke» B <«KBamTe» Noe3 3a
2008 rog.

A yTO B npocTpaHcTBe?

OxkasbIBaeTcst, COO6PasKEHNsI, O KOTOPBIX MbI TOBOPUJIN BBIIIE,
MOMOTAIOT W TIPY PEIIeHUN IIPOCTPAHCTBEHHBIX 3a/1ay.

3amaua 24. Yepesz dannyro mouxy P nposodsm npsimvie,
nepecexaioujue dannviil wap s no ompesxan. Joxaxume, umo
cepedumbl IMUX OMPE3K0E Jexxam na o0Hol cghepe.

Pemenue. Cepepnna A oTpeska, MOJTYYEHHOTO TIPH Iepeceye-
HUM TIapa TpsAMoOil @, — mpoekims menatpa O Tmapa Ha 3Ty
npsmyio. CoorBerctBeHHO, ZOAP = 90° | T.€. Bce noJyueHHbIE
TakuM 00pa3oM TOYKU A Jieskar Ha OJHOI cdepe ¢ aunaMeTpom
OP.

3apmaua 25. Yepes dannyro mouxy P nposodsm niockocmu,
nepecexaioujue Oannoiii wap s no xpyear. /oxaxume, umo
UeHmpvL IMUX KPY208 Je;xam na o0Hol chepe.

3agaua 26. Ocnoganuem nupamudvl 615emcs 6NUCAHHDLI
MHO20Y200HUK. [JOKAKUMeE, UMO UeHMPbL ONUCAHHBIY OKPYK-
Hocmetl 60KOBbIX 2paneil. MO NUPAMUObL JeKAm Hd 00ROl
cpepe.

3anava 27. a) (H.Mumpogpanos, Typrup zopodos, 2012 /13
2.) Buympu cgpepvt naxooumes nexomopas mouxa A. epes A
nposesu mpu NONAPHO NePReHOUKYAAPHbIe NPIMbLe, KOMOPbLE
nepecexau cgepy 6 wecmu mouxax. Joxaxume, umo uenmp
MACC IMUX MOYEK He 3d6UCUM Om GblOOpa MAKOU MPOUKU
NPAMBIX.

6) Buympu chepor naxodumces 0odexasdp, ezo uewmp A ue
obsizamenvio coenadaem ¢ yenmpom cgepol. 15 npsamuix,
Kax0as u3 Komopvix npoxooum uepes cepedurvl npomueono-
JOXKHLIX pebep dodexaadpa, evicekarom 30 mouex Ha cghepe.
Zlodexasdp noeepnyiu max, umo ezo yenmp oCMaics nda mecme.
Tenepv npsamvie svicexarom 30 noevix mouex. [oxaxume, 4mo
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ux uemwmp macc coenadaem c
uenmpom macc cmapvix 30 mo-
uex.

B 3aBeplueHue...

[MTokaxeM, Kak 06CYsK/IaeMbIii
B 9TON cTaTbe MpHUEM TIOMOTaeT
pemuTh 33/1a4y ¢ rocJieineit Bee-
POCCHHCKON OJMMITHA/IBI.

3anaua 28 (M./lusun, Bcee-
poccuiickass osmmmnuana, 2015
r.). B ocmpoyzoiviom nepasio-
6edpennom mpeyzoavnuxe ABC
nposedenvt meduana AM u 6vi-
coma AH. Ha npamoix AB u AC ommeuenvt mouku Q u P
coomeemcmeenno max, umo QM 1. AC u PM 1L AB. Oxpyx-
HOCMb, ONUCAHHAS 0KO0JI0 mpeyzoaviuka PMQ, nepecexaem
npamyro BC emopuuno ¢ mouxe X. /loxaxume, umo BH = CX
(puc.30).

Pemenue. [Tycrp P’ u Q — ToYKH, CHMMETPUYHBIE COOTBET-
cTBeHHO ToukaMm P u Q otHOCcHTebHO M. [l7151 perenust 3ajaun
JIOCTATOYHO TOKasaTh, uto P’ , Q' M u H nexar Ha OHON
OKPY’KHOCTHU, UJIM YTO mepreHankyspst Kk MP" MQ’, MH,
npoBesienHble yepe3 P, Q' u H cOOTBETCTBEHHO, MepeceKaoT-
cst B omuolt Touke (puc. 31).

Paccmorpum tpeyroabauk MQP’. B wem QB L MP’ no
ycaoBuio; kpome toro, PBP’C — mapajjesorpamm, Tak 4To
P’'B|| PC L QM . Ilostomy B — To4Ka TiepeceueHusi BHICOT Tpe-
yroapinka MQP’ ,1.e. P’Q L MB . Ananormuno, MC L PQ’.

Puc. 30

2015/Ne5-6

Puc. 31

3amernm, 4TO TQ’ = TP’ , Tak Kak PQP’Q’ — mapaJieJor-
pamM. Otyoxkum ot A BekTOp AD, PaBHBII 9TUM JIBYM BEKTO-
pam. Torma P'D|AQ LMP', QD| AP L MQ" u
DH 1 MH . Urak, D — ofuias TOYKa HHTEPECYIONMX HAC
MEPIIEHNKYJISIPOB.

([Ipyroe pentenne mocaenneil 3aaun MOKHO Haliti Ha ¢. 85
B 9TOM HOMEpe >KypHasa.)

JABOPATOPHUA «KBAHTA»

amepa-o0CcKypa
B BalleM JOME

A.AHAPEEB, A.lTAHOB

IOBYIO KOMHATY MOJKHO IIPEBPATUTb B BOJIbIIYIO

Kamepy-o6ckypy (sat. camera obsclira — memnas komua-
ma). JI0CTATOUHO MOJHOCTBIO 3aTEMHUTH BCE OKHA, OCTABHUB B
OJIHOM W3 HUX MAaJIEHbKYIO JBIPOYKY [MAaMETPOM B HECKOJbKO
MIJLIEMeTpOB. CBETOBbIE JIyUH, TIPOXOJISIIIE Yepe3 aTO OTBEP-
CTHEe, HAPHUCYIOT HA CTEHAX M TOTOJIKE TOYHOE T10/100ue BHEI-
HETO MUPA, MEePEBEPHYB €0 «BHU3 TOJIOBOIT» .

Kak mbr 310 caenasm. Y Hac ObLa GOJibINIONW BbIGOD — B
HallleM pacHopsKeHuH ObLIM Bce ayAnTopuu MOCKOBCKOTO
TOCY/IapCTBEHHOTO YHHUBEPCUTETA TEOJe3MH U KapTOrpadui.
MbI OCTAaHOBMJIMCH Ha KOMIBIOTEPHOM KJacce, M3 OKOH KOTO-
POro BHJIEH BHYTPEHHUII IBOPUK YHHBepcuTeTa W Xpam Huxu-
Tl Myuennka, pacrosioxkenuprii Ha yray Crapoit Bacmamnoit
yauisl n TopoxoBekoro nepeyika (puc.1).

[Tpu noaroroBke Kamepbl-OGCKYPbI 0OJIbINAS YaCTh BPEMEHU
VIIJTa HA 3aTeMHEHHEe OKOH. MBI B3SLJIM IMUPOKYIO U IJIOTHYIO
YepHYIO MOJIMITHIICHOBYIO IJIEHKY, TIO IITMPUHE TTOJHOCTBIO Tre-
PEeKpbIBAOy0 OKHO. IITeHKy ¢ IOMOIIBIO JBYXCTOPOHHETO
CKOTYa NPUKPENMJIN K paMe M OKOHHOMY Tipoemy. IloTom Mbl
elle YCUJIUJIH ATO KpeIJieHne MUPOKUM YePHBIM CKOTYEM.

B mutenxe, 3akpbIBaioleil 0JJHO M3 OKOH, BBIPE3AJH OTBEP-

Puc. 1. Bug vn3 okHa

cTHe pasMepoM 2 X2 ¢M, TOTOM 3aKpbLIu ero aumadparMoit —
YEPHBIM KBaJ[PaTOM €O cTOPOHOI 10 €M U ¢ MaJIeHbKUM OTBEp-
cTHeM B IleHTpe. 3apanee ObLJIO U3TOTOBJIEHO HECKOJbKO TAKUX
muadparm ¢ aumaMerpamu otBepctuit ot 1,5 10 4 MM, 4TOObBI
X MOYKHO ObLJIO OBICTPO MOMEHSTD.

3aKpbLIN /IBEPb, BBIKJIIOUIIN CBET, U ... HACTYIIIJIA HOJHAS
tTeMHOTa. TeM He MeHee, MbI BKJIIOUM/IM Kamepy u mocie 30-
CEeKYH/IHOW BBIAEPKKH TOJYUYHIH YAUBUTEJIbHYIO KapTHHY
(puc.2). Ha neBoii cTeHe ayAuTOPMHM BUIHBI OKHA CTaporo
KopIyca yHuBepcuTera. Ha sKkpaHe, pacIIOIOK€HHOM OKOJIO
JaTbHell cTeHKu, BHUJeH ¢parMent xpama. [lias Heagantupo-
BAaHHOTO K TEMHOTE TIJa3a ayAuTOpHs KaxkeTcs aGCOIOTHO
temuoii. Ho 3a 30 cexyng kamepa HakalJnBaeT JOCTATOUYHOE
KOJIMYECTBO CBETOBOTO U3JIy4eHUsI, YTOOBI MOJIYUHJIOCH XKUBOE
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Puc. 2. MI306paxeHne BHELIHEro Mypa Ha CTeHax v 10TomKe ayauTopuy,
Ha 3KpaHe u CTosILesi psfoM ¢ HUM y4eOHOL [ocke

Puc. 3. M306paxeHuie Ha IKpaHe, rnpnbmxeHHOM K OTBEPCTIIO B OKHE,
BHU3Y BUAHA TeHb OT KaMEPSbI, YCTaAHOB/IEHHOM Ha LUTATUBE

n3obpaskenne. A 1Mocse MoJy4acoBoro mpeGbIBaHUs B TEMHOTE
MIPOMCXO/INT AJANTAINsI, U BCE T N300PAKEHUS HA CTEHAX U
TIOTOJIKE CTAaHOBATCA BUAUMDBIMI HEBOOPY/KEHHBIM TJIA30M.

Bor eme dotorpadus, cirenmanHas BHYTPH TOH Ke KaMepbl-
o6ekypsor (puc.3).

Hcnoab3dyem JuH3y. B KOHIlE IPONIIOro rojia MbI ¢ HeIeIb-
HbIM HHTEPBAJIOM HNPOYUTaAJIN /[IBE€ JEKIUN 1Jid HIKOJIbHUKOB.
OpHa HasbiBasach «Kamepa-o6ckypa — Xoporio 3a6bIToe cTa-
poe», npyras — «Paayra lekapra—Hbiorona—IOnras». Ilocie
KasK/JOH JIEKITMN MBI PEIIIJIN MTOKA3bIBATh MIKOJIbHUKAM PaboTy
Harieil kamepbl. Ha Jjiekiuy 3ammmcajoch MHOTO HAapoJLy, MO3TO-
MY, BO-TIEPBBIX, IPHUIILJIOCH Pa3OUTh TIOCEIIeHNe KaMepbl-00-
CKYPBI Ha CEAHCHI, & BO-BTOPBIX, He ObLIO0 HUKAKONH BO3MOXKHO-
CTM KQXKJbBI pa3 TPATHUTH T10 M0JYaca Ha aJ[QlTalfio K TEMHO-
Te. B cBsSI3M co BceM 3TMM MBI 3aMEHUJIN MUJIIUMETPOBOE
orBepctue B puadparmMe Ha caa00ONOJMOKUTENbHYIO JHH3Y /[Ha-
MeTpoM 4 cM. SIpKOoCTb M306pakeHus NP 3TOM 3HAYUTEJNHHO
BO3pOCJIA, N HA aaNTalHUIoO IJ1a3a Ternepb YXOIWIN CYUTAHHbIE
MUHYTBI.

25.10.2014 — wnaGai0JeHHe COJHEYHBIX NATEH. B j1eHb,
Korja ObLTa MpOYNTaHa BTOpas JEKIWs, HaM 1oBe3io. Crosia
COJIHEYHAST TIOTO/IA, M C MOMOIIBIO KaMepbI-0GCKYPBI C JANaMeT-
POM BXO/IHOTO OTBEPCTHSI 3 MM y/aJOCh MOKAa3aTh IMIKOJbHU-
kamu 1sitTHa Ha CoJtHile.

Ha nepsoit dororpadun (puc.4, caesa), caenantoii ¢ akpa-
Ha, YZQJIEHHOTO OT OKHA Ha 5 M, BH/JHBI ToJjias BETOYKa Ha
¢one CosiHIla U TPYIIA COJTHEYHBIX TsATeH. [IpejcTaBieHHbII
Ha ToM ke pucyHke cipaBa cHuMOK HACA mnosBossieT njaenTn-
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Puc. 4. Gieea — CHUMOK C 3KpaHa, cHATo 25102014 B 12 4 10 muH;
crpaBa — cHUMok HACA

¢unuposarp sty rpymmy IsaTeH kak rpymmy Ne 2192, [lna
[POCTOTBI CPABHEHUsT HAIl MCXO/HBIN Kagp GbLI MEePEOPUEHTH-
pOBaH — OTPaKEH CBEPXY BHU3 W TTOBEPHYT.

Ha caemytomeii otorpadpmm (puc.5), caenannoit uepes Mu-
HyTy, CoJIHIle CMecTHJIOCh, W BeTKa INepeKpblia JpyToil Kpail

Puc 5. (neBa — CHUMOK C 3KPaHa, CripaBa — YBETMYEHHbBIV (ParMeHT,
cHATO 25.10.2014 B 12 4 11 MutH

coJiHeyHOro ucka. lloxosxe, 4TO B IIOJTyTEHH 3TOW BETKU
yrajipiBaetcsi 6oJiee mMesikoe nsitHo — Ne 2193,

[ToHsATHO, YTO BCE ONMMCAHHDBIE 3/1€Ch HKCIEPUMEHTDHI JIETKO
BOCIIPOU3BOAUMBI. IIpeBpaTuB cBOI0 KOMHATY B GOJIBIIYIO Ka-
Mepy-00CKYPY, Bbl CMOKETe IPOBECTU UX, He BBIXO/IS U3 /IOMA.
[l1s1 Havama AmaMeTp BXOJHOTO OTBEPCTHS B anadparme MOX-
HO B3SThb PaBHBIM 3 MM, IOTOM MHOMPOGOBATH JIPyrHE pasMme-
ppl. Ecim xoture BMECTO MaleHbKOTO OTBEPCTUS HCIIOJIb30-
BaTb JIMH3Y, a PAcCTOSHUE OT OKHA /IO IPOTHBOIOJIOXKHOMN
CTEHbl y Bac COCTaB/sseT L MeTpoB, TO IIpOIIe BCEro B3SATb
JIMH3Y JIJIS OYKOB C ONTHYecKoi cumoit +1,/L auonTpuii.
Hao6mroenns srydine MpoBOAUTD B COJIHEYHDBIN JI€HD.

B 3akJiouenne — HECKOJBKO CCBHIIOK.

« [Ipesxe Bcero, mombITaiiTech OTHICKATD B MHTEPHETE PO-
Juk moj HaszBanneM <«Kamepa-o6cKypa — OTPBIBOK U3 CepUu
«T'enun ororpacdun» ¢ M3BECTHBIM aMepUKAaHCKUM poTorpa-
dom AbGenapmo Mopesiom.

« [locmoTpuTe Becesprii poauk mo azapecy http://
yellowdog.ru /blog /i, camera_obscura

« A ma caiite http://sohowww.nascom.nasa.gov /data,/
synoptic /sunspots_earth / MOKHO HaliTH HCIIOJH30BAHHYIO
namu ¢ororpadpuio HACA.

- Hakowner, pexomenayem npouynutath crarbio B.Cypauna u
M.Kapramesa «Kamepa-o6ckypa» B «Kpante» Ne2 3a 1999
rog (http: / /kvant.ras.ru/pdf /1999 /02 /kv0299surdin.pdf)



KAJTEMTOCKOII «<KBAHTA>»

HepTM KpuMBble BTOpPOro nopgankal

B atom «Kasefijockome» MbI pacCKakeM O HEKOTOPBIX
MPUCTIOCOGJIEHUSIX,, TIO3BOJISIONIUX TOYHO Y€PTUTh KPUBDIE
BTOPOTO MOPSI/IKA: 1apaGoJibl, AJUIMAICHI, THHEeP6OJIbI.

Napa6onorpad Kasanbepu

ITOT AJIETAHTHBII cr1oco6 PUCOBaHUs TapaGOJIbl TIPUJLY-
MaJl WMTAJbSHCKUN MareMaTHK DonaBentypa Kasasibepu
(uran. Bonaventura Francesco Cavalieri, nat. Cavalerius,
1598 — 1647) eme B 17 Beke.

Onucanue xoncmpyxyuu. I1lo HemogBIKHON OTHOCH-
TeJTbHO JHCTA JUHEHKEe CKOJb3UT MPSAMOH yTOJN TakK, UTO
OHA 13 €ro cTopoH (ropu30HTAIbHAS) MOCTOSHHO COIMPU-
Kacaetca ¢ ymHelkoit (puc.1). Y BTOporo mpsamoro yrua
BepuiHa ¢ TpudeseM CKOJb3UT B/OJb BEPTHKAJIbHOM
CTOPOHBI IEPBOTO, a CTOPOHBI CKOJIB3SIT TAK, YTO BCE BPEMSI
MPOXOJIST YePe3 MIThIPU, OJIUH U3 KOTOPBIX JKECTKO 3aKPerl-
JIeH Ha JInHelKe, a APYyroil — Ha TOPU3OHTAJIBHON CTOpOHE

TOJABUKHOTO yTJIa.

Puc. 1

Ob6ocnoganue. PaccMOTPUM TPEYTOJBHUK, 00pa3sOBaH-
HBII CTOPOHAMM BTOPOTO YTJIa 1 JIWHeiKoi. B neM kBagpar
JUTTHBI BBICOTDI, OMYTIEHHOI Ha THTIOTEHY3y, paBeH MPOn3-
BEJICHUIO TIPOEKINI KaTeToB Ha THMoTeHy3y. Onna w3
MIPOEKIUH 10 KOHCTPYKITUN TOCTosTHAA (KpacHBIil 0TPe3oK
Ha pucyHke 1) W ABJIAETCA MapaMeTPOM, OIPeNESAIONIM
mapa6o.ry (BbIBEINTE OTCIOJA €€ YPaBHEHHe).

PucoBaHue napa6onbl ¢ MOMOLLbIO HUTU

Onucanue xoncmpyxyuu. 1lo HeNMoOABMKHONH OTHOCH-
TEJIbHO JINCTA JHHEHKe CKOJb3UT YTOJBHUK TaK, YTO OAUH
n3 KaretoB (FOPU3OHTAMBHBII) MOCTOSHHO COMPUKACAETCS
¢ quHelkoit. O/H KOHell HUTU 3aKPeIlIgeTcs B BepIIHe
yroJbHUKa, He Jexaleil Ha JuHelike, ApyToi KOHeI| HUTH
3aKperJieH KHOIKOII Ha sincre 6ymaru. Kapanzgann npiskn-
MaeT HUTb K KaTeTy YroJbHIKA TaK, 4TOObI OHA BCer/ia Oblia
narsuyra (puc. 2, 3).

Obocnosanue. JlonyctuM, [JIMHA HUTU DaBHA JUJIMHE
BEPTHKAJIBLHOrO Karera (B KauecTBe YIPayKHEHUS Mpe/iia-
raeM CBeCTH OOIIMIA CJydail K 9TOMY YaCTHOMY CJIYYAlo).
Torzma rpudens Beersia paBHOYAAJIECH OT JIMHEHKH W KHOTI-
KM Ha Jucre. JTO COIJIACYETCS ¢ TEOMETPUYECKHM OIIpe-

Puc. 2

Puc 3

feniereM mapa6osbr (TuHeiika — AMpEKTpuca, KpacHas
KHOIKa — (OKyC).

Annuncorpadbl

Onucanue xoncmpyxuyuu. Ha nnHelike 3aKperyieHbl /[Ba
MITBIPS ¥ IPUQED, MTBIPUA CKOJB3AT 1O JABYM TIE€PIICH/IN-
KyJSIPHBIM TIa3aM-

HanpaBieHusiMm. Ha YA

pucynke 4 rpudenb
M nenuT OTpe3oK
MEXK/Ty TITBIPSMHI Ha
OTPE3KH JIJTUTHON d 1
b (B wactHOM CITy-
vae a = b moJaydnTcst
OKPYJKHOCTb — CM.
3HAMEHUTYIO 3a/1a4y
«KOTEHOK Ha JIeCT-
HUIlE» W3 KHUTHU
H.b.Bacunabena,

B.JI.Tyrenmaxepa

«[Tpamble u kpu- —I
BbI€» ), Ha PUCYHKE ~ d
5 rpudennp K pac- N
TIOJIOKEH BHE OTPe3- \ \
Ka MEXAy TMIThI- \ !
psIMH. <N

K mumeiike Mox-
HO IIPUKPEIUTD TPE-




Puc. 6

YTOJBHUK U TOMECTUTD rpuesb B TPETHIO ero Bepiimuy. B
aToM caydae rpudesb Toxke Haueprut asmmnc (puc. 6,
3/1eCh Ma3bl YKE He SIBJSIOTCS OCSMU HJLIUIICA).

[Topo6mbie yeTpoiicTBa BeTpedatuch B paGorax Jleonap-
710 a Burum, HO mo-BuAMMOMY GbLIIM H3BECTHDI U PaHbIIE.

Obocnosanue: PucyHok 4 cpasy [JaeT BO3MOKHOCTH B
cHcTeMe KOOP/AUHAT, CBSA3aHHOII ¢ TTa3aMH, 3alicaTb KOOp-
JUHATHI Tpudersa: X = acost, y 2= bsint, orkyaa nosy-
YNTD YPaBHEHHE dJLIHICA — + y—2 = 1. IlonpoOGyiire no-
kasaThb (BecbMa Hempoctast 3aja4al), 4To SJUIHIC MOJYUnT-
s U Ha pucynke 6. B mpeioskeHnom cnoco6e masbl MOKHO
6parb He 00s13aTeJIbHO MEePIeH/IMKYISPHbIMI — BCE PABHO
rpudesb HapucyeT HEKOTOPBII AJLIHIIC.

PucoBaHue s3nnunca ¢ NOMOLLbIO HATN

Onucanue xoncmpyxyuil.
Ha pucynke 7 moxasan mep-
BbIii C110c06: JIBa KOJIBIIIKA 1
BepeBKa, HaTsATHBaeMast yep-
TSANIUM HUHCTPYMEHTOM.

Bo Bropom cmocoGe Ha
MTATITKY-3JIJIUIIC HAKHHYTA
HUTD, UMEIOIas AJnHY 60JIb-
Y10, YeM TepUMETp IJIalll-
ku. Kapangam BeayT Tak,
4T00Bl HUThH BCET/[A HAXO/IH-
JIACh B HATSIHYTOM COCTOSI-
wuu (puc. 8).

Puc. 7

Puc. 8

O6ocnosanue. W3 pucynxa 7 scuo, uro MF + MF, -
BEJIMYMHA TTOCTOSTHHASI, & 3TO COOTBETCTBYET reOMeTpryec-
KOMY OIpPEJIeJIEHUIO 3JITNICA. Y TBEPKJEHUE O TOM, U4TO Ha
pucyHke 8 TpaexTopusi rpudess — aJMIC, HasbBaeTcs'
Teopemoii I'peiisa. /lokasarb aTy TeopeMy He Tak IIPOCTO.

OkasbIBaercsi, TpaeKTopust TpudeJist U TPaHnIa IJIAIKYE —

3JUIUIICHI, MMelolre oomme (POKyChI.

PncoBaHune rI/II'IepGOﬂbI C MOMOLWbIO HUTU

Onucanue xKowcmpyx-
yuii. B mepBom criocobe
HUTb OJIHUM KOHIIOM 3aK-
perieHa B TOYKE, a JIPY-

I'MM KOHIIOM — Ha KOHIIe

MOJIBUKHOTO CTEPIKHS,

BpAIAOIIerocsi BOKPYT

JIPYTOTO 3aKPETICHHOTO

KoHIa. B cTepskendb BCTpo-

eHa TIpY)KWHA, TPHUKpPET-

JIEHHAsT K €TO HeTIO/IBIK-

HoMy koH1ty. ITpyskuna or-

TATHBAET, HACKOJIbKO BO3-

MOXXHO, HHUTb B CTOPOHY

HEMO/BIKHOr0 KoHIa crepakus (puc. 9). MokHO 060iTHCH
1 6e3 IPY>KUHbI, OTTATUBAs HUTb BJOJIb CTEPIKHS KapaH/ia-
IIIOM.

B apyrom crioco6e HUTb, KOHI[bI KOTOPOIi JKECTKO 3aKper-
JIHbI B JIByX TOYKaX, HPOXOJUT uepe3 KapaH/all, 3a
KOTOPBIM OJTHHAKOBBIE OTPE3KM HUTHU OTTSITUBAIOTCS PYKOI
(puc. 10).

Puc. 9

Puc. 10

Obocnosanue. O6a crmocoba peaqns3yioT MOCTOSHHYIO
Pa3HOCTDb MEXK/Y PACCTOSTHUSIMU OT YEPTSIIIEro NHCTPYyMeH-
Ta /10 1ByX (PMKCUPOBAHHBIX TOUYEK. JTO U €CTb T€OMeTPHU-
YecKoe OIpe/iesieHIe rurepGoJIbL.

Jlig MHKeHePHbIX NpPUMEHeHMiT Oblau paspaloTaHbl U
CJTOJKHbIE MEXaHU3MbI, Ha3blBaeMble KOHUKOrpadamu. Kax-
JIBIIT TAKON MEXaHM3M yMeeT BbIYepPUNBATh BCe KOHMUECKUE
ceyeHusi: U 1MapaboJIbl, W 3JUIAIICDI, ¥ THIEePGOJIbI.

Hy6auxayuio nodzomosusu H.Andpees u E.Illupses
no mamepuaiam npoexma «Mamemamuueckue 3mioovis
(http: / /etudes.ru)



NIPAKTUKYM

[T N0 nMMeHu
LleHTp Macc

M.BEOH4APOB

EMEHME 3AJAY HA IBMKEHUE OCYIECTBJIAETCA, KAK

MIPABUJIO, IBYMSI OCHOBHBIMU CIIOCOGAMU — JMHAMUYECKHUM 1
9HEpTeTHYecKUM. BcoMHNTE: CTOUT HaM yBHU/IETh HA PUCYHKE K
3aj1aue OpPYCKH, HUTU U OJIOKU, KaK Hallla pyKa TYT >Ke HaunHaeT
CTapaTesibHO YePTUTh CTPEJIOUKH, M300PasKaioline MPUI0KeH-
Hble K TeJaM CHJbI, IIOCJe 4Yero Mbl 3alliCbhlBAeM YDPaBHEHUS
BTOpOro 3akoHa HbIOTOHA B MPOEKIUsAX Ha BbIOpaHHbIE OCH. A
KOT/Ia B YCJIOBUY 33/1a41 TOBOPUTCS, HAIPUMEP, O CTOJKHOBEHUHN
TEJ, Ta K€ pyKa MHIIeT 3aKOHbI COXPaHEHUs HUMITYJbCca W
SHEPTUN.

OpHako monagaioTes 1 Takue 3a7a9d, PENTb KOTOPbIe MOK-
HO 3HAYUTEJbHO ObICTpee, BJIAJEs elle OJHUM CIocO60M peliie-
HUSL — METO/IOM I[eHTpa Macc. MaJio Toro, nHOr/1a cJay4aercs Takx,
YTO TOT CIIOCOO SABJSETCS €[MHCTBEHHO BO3MOKHBIM JIJISI Pellie-
Hug 3ajgaun. [IpaBma, mpu mepBOoM 3HAKOMCTBE MeETOJ IEHTPa
Macc 4eM-TO HAINOMHHAET BOJIIEGCTBO: YK OYeHb ObICTPO M
JIOBKO y/IaeTcs IPUITH K 0TBeTY. UTO 3K, 3J1IeMEHTbI (PU3HMYECKOTO
BoOJIIIIEOCTBA He BO3GpaHsIoTCst. /la U 3aroJIOBOK CTaTbu BbIOpaH
He CJIyY4allHO: B TaMsThb O BOJIIEOHOH TajoyKe, YHUKAJIbHOM
nznennn BII, paspa6oranHom B taboparopun Anénbl CaHMHOI,
repounn ¢puabma «Yapogens. OHAKO, B OTJINYME OT KUTEXK-
rpajickoro npuéopa Haia BoJIeOHasT MAJT0YKa He BCEMOTYIIA:
OHa CIocoGHA JINIIb OKA3bIBATh HAJEKHYIO MTOMOIIb MIPH pelie-
HUM HEKOTOPBIX 3a/1au.

Hanomuaum ocHoBHBIE cBefienus o 1ieHTpe Mace — [IM. Haunem
¢ onpenenenus nonoxenusi [IM. Ilpoie Bcero ato cuenatp,
KOT/Ia CHCTeMa COCTOWUT W3 JBYX OJMHAKOBBIX YacTwil. Torzaa
oueBnHO, uTo X [IM HaxoauTcs nmocepeauae Mexxry HUMHA. Tak
JKe JIerKo HaliTu noJoskenue 1IM [ cuMMeTpuyHOl CucTeMbI,
HAINpUMep /i1 OJTHOPOIHOTO CTEPXKHS. SICHO, YTO OH COBIA/AET
€ TEOMETPUYECKUM IIeHTPOM cucTeMbl (cTepskHsa). A Kak ObITb B
TOM cJydae, Korja cuMmMmerpus HapymeHa? Ilycrs, x mpumepy,

B CHCTEMe 13 [IBYX YaCTHUI[ Macca

o mC my my oaHoOW B k pa3 GoJiblle Mac-

0 9:1 Xe ;2_; cel My npyroii. Torma pazymHO
IpenoaoXuTh, yro IIM Oyner
6J11Ke K TIEPBOIi YacTHIle — Be/lb
ee BKJI/[ B OOIITYIO MAcCy CUCTEMbI OOJIbIIe. A pa3 OHA MACCHBHEE
B k pas, To u paccrosiiue ot Hee j0 [IM nosmkHO ObITh B R pas
Menblte. OnpesesuM Ternepb koopanHaty [IM Hareii cucrembl
— touku C, 0003HAYMB KOOPAUHATHI TOUEK MaccaMu My U My
yepes Xy U X, coorsercrBenno (puc.1):

Puc. 1

k:ﬂ:_xZ—xc’HxC:—m1x1+m2x2. 1)
my  Xo T Xy my +my
CuMMeTpUYHbBIN BUJL 9TOiT (POPMYJIbI TTO3BOJISIET JIETKO 0G00IIHTD
ee JIJI CJIydas, KOT/la YNCJI0 BXO/IANINX B CHCTEMY TeJ CTAaHOBUT-
csa Ooubiie. HampuMep, ecam mMeercsi n TOYEeK MacCaMy
my, My, ..., M, € KOOPAMHATAMH X, Xy, ..., X,, COOTBETCTBEHHO,

To KoopauHata IIM cucrembl paccuntbiBaetcs 1o GopmyJie

Xy myxy +. +mx, )
mytmy +...tm,

Ecuii 3a Masiblii IpoMeXKyTOK BpeMeHu Af TOUKU IIepeMecTsT-

€L HA Sy, Sopy ) Spp , TO U3 (opMyJibl (2) JIErKO OlpesenuTh

ABUTYPUEHTA

niepemetnienne [[M cucrembr:
My, +mySy, +...tm,s

nx
N . 3
e my+my +... +m, S

Boipaxkenne ass npoeknnn Ha ochb x ckopoctu IIM cucrembr
nosyuaercst uz popmyant (3) nenenmem Ha At
_ Moyt M0y, F o M0,

Ocx . (4)
my+my t+...+m,

B JaCTHOCTH, [JISI CUCTEMbI U3 ABYX MaT€pUaJIbHbIX TOYEK

= o, + My0) . (5)
my +my
OuyeBH/IHO, YTO KaXX/Iyl0 M3 3alCAaHHBbIX BbIle (HOpMyJI
MOJKHO UCIIOJIb30BATh J1JIs1 m11060it ,Z[pyI‘OfI OoCH, 3aM€HUB B Heit
WHIEKC X Ha Yy WK Z. Taxum 06pa30M, CKOPOCTbH ]_[M CHUCTEMbI
YaCTUI[ MOKET 6bITb npeacrtaBjacHa B BEKTOPHOM BHU/IC:

Ucx

- _ moy tmyo, ... +tm,o,
Oc = .

(6)

my+my +.. +m,
3aMeTHM, YTO B YHCJUTENE MPaBOH YaCTH HTOTO BBIPAKEHUS
CTOUT BEKTOPHAsl CyMMa UMITYJIbCOB YaCTHIL, T.€. TTOJHbBIH M-
IIyJIbC CUCTEMbI YaCTHIl P, & B 3HAMEHATeJie — ee TI0JIHas Macca
M. 3Ha4uT, MOJHBIA UMIYJIHC CHCTEMbBI YACTUIL PABEH MIPOU3Be-
JIEHUIO MacChl BCeil CUCTeMBbI Ha cKopocTh ee [[M:

p=Md.. (7

Ira npoctast hopmyaa 06aagaeT ABYMST BAXKHBIMUA CBOWCTBAMU.
Bo-niepBbIx, oHa UMeeT TOT JKe BUJ, YTO W JIJISI OJHOW YaCTHIIBI.
ITostomy IIM cucrembl IpHOGPETAET CMbBICT TOYKU, CKOPOCTDH
KOTOPOI paBHA CKOPOCTH JBUIKEHUSI CUCTEMBI Kak 11esioro. Bo-
BTOPBIX, C €€ MOMOTIBIO 3aKOH COXPAHEHWUST WMITYyJIbCa MOXKET
6bITb cOPMYINPOBAH TaK:

B unepuyuanvrotl cucmeme omcuema LIM 3amxmuymoii cucme-
Mol OO 08UKEMCSL NPAMOJIUHEUHO U PABHOMEPHO, AUOO NOKO-
umcst.

Hy, a ecam cucrema ne 3amkayTa? Torga Ha Kask/IyIo YacTHILY
CHCTEMBI JIeWCTBYIOT U BHYTpeHHHe M BHelllHHe cuibl. OHaKo
MOXKHO TI0Ka3aTbh, YTO JleficTBUEe BHYTPEHHUX CHUJI HE BJIUSET Ha
JIBUKEHUE CUCTEMbI Kak 11e/10r0o 1 [IM cucteMbl JIBUKETCS JINIID
O/1 ZICCTBUEM BHENTHUX CUJI. TakiM 06pa3soM, UMEETCsT MOJTHOe
coBmajienne B osesiennn 1IM cucreMbl 1 MaTepUaJbHON TOUKU
TOH JKe Macchl 10/1 JieiicTBreM TOM ke cuibl. Ho, Kak MbI 3HaeM,
JIBIDKEHNEe MaTepHaIbHONH TOYKM TTPEKPACHO OMHUCHIBAETCS BTO-
pbIM 3aK0HOM HbioTOHA. 3HAUUT, CTOJIb K€ XOPOIIO 9TOT 3aKOH
MOJKET IIOMOYb M B OIUCAaHNU JBIoKeHus 1[M.

ITyctpb 3a Bpemst At ckopoctb 1IM usmennnach na Afc nop
JleHiCTBUEM PaBHO/EHCTBYIONIEH T BHEIIHUX CHUJIL. Torma nsme-
HeHue UMILyJbca cucteMbl Ap = MAD. cBgsano ¢ zelictBueM
premmmx cua F BTOPBIM 3aKOoHOM HbioToHA:

Ap = FAL . (8)

ISiVe) BbIpaK€HHNE MOJKHO IIE€PEINrCaTb MHave:
- 0D = _
FzMA—tC,MJMF:MaC, (9

rne de — yckopenne IIM cucrempr. Takum oGpasom, Hamu
noJiyyeHa reopema o jaBrkennu [IM, KOTOpyto HHOIa Ha3bIBa-
10T BTOPBIM 3aKoHOM HbIOTOHA IS CHCTEMBI MaTepPHaJbHBIX
TOYEK; OHA COJEPIKUT TJIABHYIO WH(POPMAINIO, HEOOGXOANMYTO
JUISL OIIMCAHM JIBYKEHUS CHCTEMBI:

B unepyuanvnoi cucmeme omcuema uyeHmp MAcc cucmemol
MAMEPUATLHOLY TNOUEK O8UKEMCSL MAK, 6YOmo 6 Hem cocpedo-
MoUeHd 8¢S MACCA CUCTNEMbL U K HEMY NPULOKEHBL 8CE BHEUWHUE
CUbL.

B 3aBucumoctun or ycnosusa 3agauun IIM cucrembl Mosker
0CTaBaThCs HEMOABHMIKHBIM, HO MOJKET W JIBUTATHCS PA3JTUUHBIM



NPAKTHUKYM

06pa30M. PaCCMOTpI/IM 9THU €ro BO3MOXHOCTH Ha IIpuMepax
peIIeHA KOHKPETHbIX 3a/ay.

HenopsuHbin LM

3amaua 1. Tenexxa daunoi | = 5 m cmoum na zradxux
peavcax. Ha npomusonosiomnvlx KoHyax meiexxu cmosm 06d
manvuuxa. Macca menexxu M = 75 Ke, MAcCCbl MATDUUKOS
my =45 ke u my =30 xe. Manrvuuxu mensiomes mecmamnu. Ha
Kaxoe paccmosmue Al nepemecmumcs npu 3mom meiexka?

Pemenne. [leiicTBUS BHENTHUX CHJI HA CUCTEMY, COCTOSIILYIO
U3 TEJIEKKU M MAJIBYUKOB, CKOMIIEHCUPOBAHbI, MoaToMy ee [IM
[IPU JIBUYKEHUHU TeJT He M3MEHUT CBOEro 1oJoxkeHus. Hanpasum
0Chb X TOPM3OHTAJIBHO M BhIGEPEM 3a Hayaso KoopauHat (Touka
0) nenTp Macc reaexku (Touka M), COBIALAIOUINIL C €€ TeOMET-
puueckum 1entpom (puc.2). Onpegenum 1o dopmyae (1)

Fo
Q g M
m = H m

2

(
<]z
| e

x 4@3 Xcis 0
I M
J b ’
X N XCO :Al
Puc. 2

xoopaunary IIM cucreMbl /10 HavaJa JABUYKEHUA:
_myl/2=myl)2 _ 1 my—m,

M+m +my 2M+m +my
TaxuMm o6pasoM, IeHTp TeJesKKH M B HavaJIbHBII MOMEHT
HaxoauTcsa cupasa oT [IM cuctemMbl Ha paccTOSHUM S, PAaBHOM
x¢ . [Tocaie Toro, Kak MaJabUYMKU TOMEHSIOTCS MECTaMu, ToYKa M
okaxercs cyeBa ot [IM na takom ke paccrosnuu. CieoBareib-
HO, UCKOMOE IIepeMelleHNe TeIeKKH BABOe GOJIBIIE S:

C

Al=2x.=1—4"" —q5y.
M +my +my
[puiiti K TOMY Ke OTBeTy MOKHO GbLIO, MCIOJIb3Ys GoJiee
dbopmasbhblii oaxo. s 5TOro c1e0Bato HANTH MPOEKIUHI
Ha OCb X TIePEMEICHUH Tes MaccaMu my , My u my = M | a 3atem
ucronbzoBath Gopmyay (3) nepementenus [IM ¢ yuerom Toro,
YTO OHO B JIAHHOM CJIy4ae PAaBHO HY.IIO:

_my (- A)+my (I +N) +M AN _
my+m, + M

0.

Scx
OTCIO[['(]. Cpa3y IoJay4yuM TOT K€ OTBET, 4YTO N IIpU I1€PBOM
criocobe peneHusd.

HenopgBw)XHOCTb KoopauHaTtbl LM
OTHOCUTENBbHO Kakom-nn6o ocun

3anaua 2 (MDTU, 2004). Bpycok 6 hopme npamoyzoaviozo
napaniesenunedd Haxooumcs Ha 2aAadKol 20pU3OHMANLHOU
nosepxnocmu cmoaa (puc.3). Ha 6pycke yxpenienvl cmynen-
uamotil 610K ¢ paduycamu wkueos r u R = 3r u eepmuxaivias
wmanza AC. Ha wxuevl. namo-
manvl JnezKue Humu, npuKpen-
JeHHbIE K 2PY3aAM MACCAMu m U
4m. Macca 6pycra 2m. I'pys nac-
COtL M MOKEm CKOAb3UMD 60011
wmaneu AC. Buauane 2py3 mac-
coii 4m ydepxueanu 6 noxoe.
IIpu amom 2py3 maccoit m HaAx0-
puc. 3 duacs na paccmosnuu H =14 cm
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om cmona. 3amem zpy3v. omnycmuiu. bpycox u epysvl cmanu
d8uU2amvCsi NOCMYNAMENLHO, UX CKOPOCTNU OKAZAIUCH 8 OOHOU U
moil ke eepmuxaivHol naockocmu. Ha xaxoe paccmosnue
CMECUMCst OPYCcoK Kk MOMEHMY yoapa zpy3a Maccoti m o cmo?
Ipu yoape opyeoil zpy3 ne docmuzaem 6.10xa. Maccanu 6.10xa
u wmaneu npenedpes.

Pemenne. 10 NpakTUYECKH Ta K€ 33/la4ad, YTO U IIPE/bILY-
mas. [TocMoTpuM, B ueM cOCTOAT HeOOJIbIlINe NU3MEHEHHS U KaK
OHM BJIUAIOT Ha X0/ pettenus. 1) Teaexky 3amenuan Ha 6pycok,
MaJbUYUKOB — Ha rpy3bl. [Ipu 5TOM rpys3bl, KOHEUHO, TIEPeCcTagn
UMETh BO3MOKHOCTD JIBUTATbCS 34 CUCT OTTAJKUBAHUS OT Gpyc-
Ka, HO BHYTPCHHHE CHJIbl, KaK Mbl 3HaeM, He BJIMSIOT Ha
JIBUDKEHUE CHCTeMbl Kak 1iesioro. 2) Tpys maccoil m Mosker
JIBUTATBCS TI0 BEPTUKAJM, & 110 TOPU3OHTAJN OH «IIPUBS3aH» K
OpyCKy: WX TIEPEMEICHUS B HTOM HAINPABJCHUU OJIMHAKOBDI.
JIBr:KeHue 110 BEPTUKAJIN He BJIMSET HAa N3MEHEHNE TOPU30HTAIb-
HOW KoopauHaThl rpysa. 3) Hammuue crynenvatoro 6joka B
YCJIOBUH JIMIIb HEMHOTO OCJIOJKHSIET PAcyeTbl: HYXHO YYeCTb,
YTO HOKA TPy3 MAcCOIl m OIyCTUTCS IO BepTUKaIN Ha H, Tpy3
Maccoil 4m upoeser OTHOCUTEJNbHO OpycKka BTpoe GoJibliee
paccroguue 3H. BaxHo, yTo ryaBHas pusnyeckas CyTb 3a7adn
ocrangach TOW 3Ke: B TOPU3OHTAJBHOM HAIPABJIECHUH BHENIHUE
CHJIBI Ha CHCTeMy He JIeHCTBYIOT, M0aToMy KoopjamHata x [IM
CHCTEMBI OCTQHETCSI HeU3MEeHHOH. A jjajblile TOCTYIIUM TaK JKe,
Kak B 3ajaue 1.

HarnpaBum ocb x BJIEBO 1 Hali/ieM TIePEMEICHUS TEJI 32 BPeMs
UX JBIDKEHUS: OPYCOK BMeCTe C TPY30M MAacCOH 7 CMeCTSITCS
BJeBO Ha Al, a rpy3 Maccoil 4m — Bupaso Ha 3H —Al.
[Ipupasusem k nymo nepememienne [IM cucrembr:

_ ~4m(3H - M) +2mN +mN _
dm +2m +m

Orciofa HOIy4uM OTBET: OPYCOK CMECTUTCS. BJIEBO Ha PacCTos-
Hye

0.

Scx

AIZ%H =24 cM.

3agaua 3 (MDTU, 1999). Terexkxa moxem O06U2AMbCS
NPAMOSUNHETHO, NOCINYNAMENLHO, 6e3 MPEHUSL NO 20PU3OHMATb-
HOU noeepxrocmu cmoa. K menexke npuxpeniena z0pu3om-
manvnas ocv O, nepneHOuKy-
JAPHASL BO3MOKHOMY HANPAG-
AeHUI0 0BUNKENUsT TeSeKKU
(puc.4). Bokpye ocu O ¢ nioc-
Kocmu, nepneHOuKyaspHou et,
moxem epawamvcs 6e3 mpe-
Hus Ha cmepiue oaunoil L ne-
601pWOU NO paA3Mepam Wapur
maccoi m. Macca menexxu,
ocu O u ee xpenienus paena
4m. Maccamu cmeprus u Ko-
Jiec meaexxku npenebpeun. Bua-  p,- 4
uaie menexKa NOKOUAAcv, d
cmepxenv yoepxueanu nod yeiom Bk eepmukdaiu. 3amen
cmepiKkens Omnycmui.

1) Haiioume cxopocmo u meiexxku npu npoxoKoenuu uwapu-
KOM HUKHEU MOUKU C80ell mMPAeKmopuu.

2) Haiidume amnaumydy A xoaebanuil meiexxu, m.e. noao-
suny paccmosnus mexoy nauboaee yoarennvimu Opyz om
Opy2a NOJONKEHUAMU METLeHKKU.

Pemenne. Ito elie o/111a BO MHOTOM TT0X0Kast Ha MPE/IbIIYIITIE
3ajlaya. 3aMeTHM OJIHAKO, YTO B HEH MMeeTcd JiBa BOIPOCA,
npuuem nama BIT pa6oraer, riaaBubiM 06pa3oM, IIpH OTBETE HA
BTOpOii 13 HUX. Ho HauHeM Bce e ¢ 1IepBOro BoIpoca.

CHoBa ropH30OHTAJIbHOE HAIPABJIEHHE BbIIEJCHO TEM, YTO
B/IOJIb HETO BHEIITHWE CUJIbI He JICHCTBYIOT, a 3HAYHT, UMILYJIbC
CHCTEMBl B OTOM HAIPABJIEHUN OCTAETCS B JIIOOOI MOMEHT




52 KBAHT

BpEMEHM TaKUM >Ke, KAaKUM OblJI BHAa4yaje: PaBHBIM HYJIIO.
CKOpOCTh TapHWKa © HalpaBjeHa B HIDKHEH TOYKe BIIPABO,
TEJIeKKA IIPH ATOM JIBIKETCS BJIEBO CO CKOPOCTHIO . [1o 3akony
COXPaHEHUsl MMILYJIbCa,

0 = mo — 4dmu.

Tak kak TpeHue B CUCTEME OTCYTCTBYET, TO, 110 3aKOHY COXpaHe-

HUST MEXaHWYECKON oHeprun,

mo®  4dmu®

mgL(1+cos[3)=T+ 3

Pemrag coBmecTHO cucreMy /IByX ypaBHEHUH, OIpeiesiuM UCKO-
MYIO CKODOCTb TEJIeSKKH:

gL (1+ cosP)
10

IIpu orBeTe Ha BTOPOI BONPOC MHOT/A JIOMYCKAIOT OMIMOKY,
HEBEPHO MoJiaras, 4To B HAYAJIbHBIII MOMEHT BPEMEHH IapuK
HAXOAUTCSI B KpaifHeM JIeBOM IIOJIOXKCHUH, a TeJIeXXKa — B
KpaifeM mpaBoM. Ha aTo mpeznoJioxenne HATAJIKUBAET Kasa-
JIoCh OBl pa3yMHAsT AaHAJIOTUSI € TIePBOii 3ajaueil. /lonycTum, 4To
B 3ajaue 1 MO TeJieIKKe JBHMIKETCS TOJBKO MEpPBbI MaJbUHK,
KOTOPBIIl CTOUT CJI€BA; BTOPOIl MaJbUMK HPU 3TOM OCTAETCS
HEMO/IBIKHBIM OTHOCUTEJBHO TENTEKKH. 3aMeTHM, YTO TePBbIil
MaJIbYUK BCe BPeMsI OT Hayasa JBUKEHHs MepeMenaeTcst BIpa-
BO, TIOKA He JOH/IeT 10 TPOTUBOIOJIOKHOTO Kpasi TEJIEXKKH. A TIpH
JIBUDKEHHUHU TTApPUKaA U3MEHEHUE €r0 TOPU30HTAIbHON KOOP/INHA-
Tl TIPOUCXOJUT WHAUYE: CHAYATA OH CMEIAeTCs BJEBO, IOKA
CTep’KeHb He IPHUMeT TOPU3OHTAJIbHOE TIOJOXKEHUe, W JIWIIb
3aTeM HAuYMHAET CMEIarbCs BIPaBo. VIMEHHO B TOT MOMEHT,
KOT/Ia CTep;KeHb FOPU30HTAJEH, TeJesKKa MAaKCHMAJIbHO CMellle-
Ha BIpaso. TakuM 06pa3oM, B TO BPEMsT KaK TeJeKKa CMETaeTcst
B ozHy ctopony ot IIM cucrtembl Ha A, MAPUK 110 TOPH3OHTAJIH
cMemmaerca B apyryio ma L — A. Toraa, mo dgopmyae (3),

m(L - A)-4mA =0,
OTKy/la HAXOANM aMILTATY/y KOJCGAHMH TeMeKKIL:
L

u =

5 -

3anaua 4. Ha xonuax u 6 cepedune ne6ecomozo 6epmuKdiv-
HOZO CcmepKkHs OAunHou [ yxpenieHvl 00UHAKOBbIE WAPUKU
maccot m xaxooui (puc.
5,a). Kaxyo CKOpOCMb
6ydym umemv wapuxu
6 MOMEeHm nadenus Hd
20PU3OHMATLHBLLL CINOJL,
eCcaU HUKHUL WAPUK He
saxpennen? Tpenue
MeKOY CMOSIOM U HUXK-
Puc 5 HUM WAPUKOM OMCYm-

cmeyem.

Pemenune. O6cyiM cHavyasia, 4To HaM JI0OCTOBEPHO U3BECTHO
0 ABIDKEHHH Kakaoro mapuka (puc.5,6).

Huknuil mapuk OyJieT [BUTATLCS 10 CTOJY, €ro YCKOpeHue
oTIpe/ie/IieTCd TPOEKIell Ha TOPU30HTAJIbHYIO OCb CHJIBI YII-
pYrocTH, AeHCTBYIONeil Ha Hero co CTOPOHbI cTepxkHs. Ode-
BUJIHO, YTO JBIJKEHUE TIEPBOTO MIApHKa Gy/eT MPOMCXOANTH C
TepeMeHHBIM YCKOpPEHHMeM, MOCKOJbKY MEHSIOTCS BeJUYnHA W
HalpaBJIeHUe 3TOW CUJbl. A BOT /[IBIJKEHHUE CPEIHEro IapuKa
nact Ham GoJiee 1ieHHyio nHbopmaiuio. CorjacHo Teopeme o
nekennn 1IM, cpeanuil mapnk o6s3aH JBUTaTbCS MO BEPTH-
KaJl — BeJb 3TOT MIAPUK yAadHO pacronoxuics B [IM cucre-
Mbl. B MOMEHT majieHusi CpeJlHUil MIapUK TOYTH KacaeTcs Io-
BEPXHOCTH CTOJIA, HMXKHUII ITAPUK OCTAHABJIMBAETCS, a BEPX-
HUI JBHMIKETCSI TIO0 BEPTUKAJIU CO CKOPOCTBIO, BABOE GOJIbINIEH
cKopocTH v cpejHero mapuka. [lo sakony coxpanenus amep-

a) mQ3 6) t

t2

o> ,

1 ,/ ,:;{'/7-%3

2015/Ne5-6

I,
gL 2
g g 5 5 5
OTKY/la HaXO/[UM
3
v=,=gl .
5

Tenepb MOKHO 3alicaTh OKOHYATEJTbHBIN OTBET:

0 =0, v,=0= /ggl, v; =20 =2

PaBHOMepHOe aBueHue LM

gl .

T w

Eciin pefictBue BHENTHUX CUJT HA CHCTEMY CKOMICHCHPOBAHO,
to ee IIM me o6s3arenbHO mokoutcss. OH MOXKET JABUTATHCS
PAaBHOMEPHO M HPSAMOJMHEIHO OTHOCHUTEJNbHO HHEPIMAJbHOI
CHCTEMBI OTCUETa, CBSA3aHHOH ¢ 3emuseii (aTy cucremy orcuera
yacTo HasbiBalOT Jaboparopuoit — JICO). B rtakux ciydasax
[I0JIE3HO PACCMOTPETb YIIPOIIEHHDBIN BUJ| JABIKEHUS B CHCTEMe
orcuera 1enrpa macc — CIIM. Yupomienne gocturaercs, rias-
HBIM 06pa3oM, 3a cyet Toro, 4yto B CIIM aBa B3aumoeiicTBy10-
IIUX TeJIA UMEIOT OJMHAKOBbIC 10 MOJYJIIO U IIPOTUBOIOJIOKHO
HaIpaBJIeHHbIE BEKTOPBI NMITYJIbcoB. [Ipu B3aumMoieiicTBim Te1a
N3MEHAIOT CBOM MMITYJIbCBI TaK, YTO UX MOJYJIM IIO-TIPEKHEMY
OKa3bIBAIOTCSI PaBHBIMU JIPYT APYTY. B camom KoHIle perneHus
JUIS TIOJIyYEHUS BEPHOTO OTBETA HY’KHO TOJIbKO He 3a0bITh
BEPHYTHCS B MCXO/HYIO CUCTEMY OTCUETa.

3agaua 5 (ET9). Cuapsd maccoii m = 4 xez, aemawuil co
cxopocmuio v = 400 /¢, paspvisaemcs na 0ee pasmvie wacmi,
001a U3 KOMOPLIX Jlemum 6 Hanpasienuu 08uxenus cnapsoa,
a opyeas — 6 NPOMUBONOJIOKHYIO CMOPOHY. B momenm paspoiea
CYMMAPHASL KUHEMUUECKASA IHEeP2US OCKOJKO8 YBEAUNUNACH HA
sequuuny AE = 0,5 M/x. Onpedeaume cxopocmyv ocKoaKda,
Jemsuez0 N0 HANPABLeNUI0 08UKeHUS CHAPOA.

Pemenne. B CIIM cHapsg B MOMEHT pa3pbiBa MOKOUTCH,
M03TOMY IIOCJTIE€ Pa3pblBa OCKOJKH OJMHAKOBOH Macchl m /2
HOJIETSIT B IIPOTUBOIOJIOXKHBIE CTOPOHBI C PABHBIMHU 110 MOJYJIIO
CKOPOCTSIMU ¥, TIPUYEM MX CyMMapHas KMHETHYEeCKas dHeprus

Oy/ieT paBHA 2(m/2)u2 /2 = AE . Otciofia HaXOUM CKOPOCTH
Kaxk/10oro ockosika B CIIM:

u= ’2£ =500 m/c .
m

BosBpaTuBuImMch B CHCTEMY OTCUETa, CBSI3AHHYIO C 3€MJEH,
OTIPE/IE/TMM CKOPOCTD MEPBOTO OCKOJIKA:

w=v+u =0 +,/2£ =900 m/c .
m

3agaua 6 (MDTU, 2000). Bdoav npsamosuneinoi 20pu3on-
MAALHOU CRUYDL MOZYM CKOL3UMD 0e3 mpenus 06e Mygdmol. B
HAUALHBLIL MOMEHT MY - A Am
ma Maccou m ¢ npuxpen- m
JeHNOU K Hell 1eZKOol npy- _Em_"" —
Kunoi xKecmrocmuio R
06UKEMCSL CO CKOPOCTDIO
vy, a myghma maccoi 4m
noxoumces (puc.6). Onpedeaume cropocmv mygdmuv. maccoti 4m
nocie ee ompvied OM NPYKUHLL U EPeMs KOHMAKMA IMOU
myhmor ¢ npyxunoi. Pasmepvr mychm mmnozo menvwe 0numve
npYKUHDL.

Pemenne. BHOBD nMeeM /1e/10 ¢ KOMIIEHCATINEH BHEITHIX CILI,
geiicrByomux Ha cucremy. CuoepoBatesnbHo, [IM  aBuskercs
OTHOCUTEJIbHO 3eMJIM C IIOCTOSIHHOI ckopocTbio. OrnpejenseM
3Ty CKOpOCTh o hopmy.te (5):
mo,

— Uy
Puc. 6

m+4m

20
o 5



NPAKTHUKYM

C Takoit ke 1o Mozay.Jio ckopoctbio B CIIM BuxKeTCs BJeBO
MydTa Maccoit 4m 0 CTOJKHOBeHHS ¢ TpyKuHOi. Ilocie
OTCKOKa OT Hee MydTa JBUKETCS BIPABO CO CKOPOCTBIO Ty /S .
Ilepeiina B CO, cBsA3aHHYIO € 3eMJeil, OIpeNeJ UM HCKOMYIO
CKOpPOCTb MY(TBI TIOCJIE €e OTPhIBA OT MPY KIHBI:
5

[t onipe/iesieHus1 BpeMeHH KOHTAKTA TPABON My(TbI ¢ 1py-
JKIHOI 3aMeTnM, uTo IIM — 9T0 elMHCTBEHHAsI TOYKa CUCTEMBI,
xoropast HemogasmkHa B CIIM. CremoBaTenbHO, ABWKEHHE
KaK/10# My(DTbI aHAJIOTHYHO KOJIeGATEIbHOMY JIBUMKEHUIO I'PY3a,
MIPUKPETIEHHOTO K TOPU3OHTATIBHON MPYIKUHE, JPYTOil KOHEI
KOTOPOii HenoaBukeH (MOKHO CUMTATD, YTO OH 3aKkperied B [IM
cucrembl). Torga nosyyaercst, 4to npasas Mydra OKasblBaeTCs
MIPUKPETIEHHOH K TO# YacTH TPYKUHBI, JAJNHA KOTOPOIi B 5 pas
Membllie ee TOJMHON Jymibl. [loatomy mpaBas mydra Oyzer
K0J1e6aThCs TIO]] IEHICTBIEM TIPYKIHBI JKeCTKOCTbIo Sk. Bpems
KOHTaKTa MPYKUHBI 1 My(TbI PABHO TTOJIOBIHE TIEPHO/Ia KOJeha-

HUIL, T.€.
T _ f4m _ }m
T=—=T|— =2T|— .
2 S5k Sk

AGCONIOTHO ynpyrn ypap

3agava 7. /[6a wapa o0unaxosuix paouycog 08UNXYMCs Nno
2nadkoi 2opusonmanvrotl nosepxrocmu (puc.7). Maccor wa-

06 My U My, UX CKOPOCU T;
my Uy my . Uy b . P

Q—> O u Ty Hanpasaervt no JUHUU UeH-
> mpos wapos. Onpedenume cko-
Puc. 7 pocmu wapos nocie ux abco-

JOMHO Ynpyz020 yoapa.
Pemenue. B cucreme orcuera, ¢BA3aHHON ¢ 3eMJieil, abCOIOT-
HO YIIPYTOE CTOJKHOBEHHUE TeJsl 0OBIYHO MCCJIEYETCs C TIOMOIIBIO
3aKOHOB COXPaHEHWsI UMITYJIbCa U SHEepPTHH:
— U I
MyOy, + MUy, = M0y, +MyTs,,
2 12

2 2 .
MOty | My _ 0y TyT,

2 2 2 2
Mp1 ke cHoBa Gy/ieM peliaTb 3ajady, UCIOJb3Ys MepPexol B
CIIM. Ilpuuem B HalieM caydae WHAEKC X BCIOJAY MOXKHO Oy/eT
omyctuthb. OmpejennM cHavanta ckopocTb IIM cucrembl 1o
dbopmy.ie (5):

moy + myo,
UC - .
my +m
Torma cxopocts mepsoro mapa B CIIM pasna
my (v — o
BRI )
my +my

Mpr 3HaeM, yto B CIIM nosiHBII NMITYTbC CHCTEMBI paBeH HYJTIO,
TI09TOMY HIapbl BUXKYTCS HABCTpeuy JAPYT JIPYTY € OJJMHAKOBBDI-
MU 10 MO/LYJIIO UMITyIbcamut p. UTo ke GyeT mocie ux Jo60Boro
crosikHOBeHUsA? [[oHATHO, YTO MApbI CTAHYT YAAJATHCS APYT OT
JIPyTa, ¥ CHOBA MOJIYJIM UX UMITYJIbCOB P’ OKaKyTCSl PABHBIMHU.
IIpudyeM 3akoH cOXpaHEHHUS SHEPIUM 3allpeliaeT Bce JApyrue
BO3MOKHOCTH, Kpome p = p'. [loaromMy npu aGcoJoTHO yIIpy-
rom Jio60BOM cToJikHOBeHuu AByX Tesa B CIIM oHu MeHsioT
TOJTbKO HaIpaBJIEHNE CBOMX CKOPOCTEN Ha MPOTUBOIIOJIOKHBIE,
MOJIyJIM CKOpOCTell y KasK/0TO M3 TeJ IIPU 3TOM OCTAIOTCS
MPEXXHUMU.

WTtax, Mbl BBISICHWJN, YTO CKOPOCTH TEPBOTO Iapa IocJe
coynapenust B CIIM Gyner paBHa

uy = —uy =210 " %) (2 01).
my +m,

YUT0o6bI HANWTH KOHEYHYTO CKOPOCTD 1epBoro mapa B JICO, Hy:kHO
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K 9TOil CKOPOCTH NMPHOABUTH CKOPOCTb 1IM cucrembr:

2myv, + (my —my)o
Z);:u’1+Z)C: 202 (1 2)1.

my +my
KoHeuHy10 CKOPOCTh ¢ BTOPOTO MIAPa OMPE/EIUM, UCTIOIb3YsI
3aMeHy My — My W My — My, OCHOBAHHYIO HA CHMMETPUHU
YCJIOBUS:

_ 2myo + (my —my) vy

vy =y + o
my +my
3anaua 8 (ET3). [Jea wapuka, maccvt KOMOPbIX OMAULAION-
csa 6 3 pasa, eucsam, CONpPuKacascv, Ha
sepmuranrvnvix numsax (puc.8). Jeexuii § 7T
wapux omxaonsiom na yzoa 90° u omnyc-
Kaiom 6e3 nauarvnoi cxopocmu. Kaxum
Oydem ommowenue KUHEMUUECKUX dHep-
2ull MsKe020 U J1ezKk020 WAapuKos momuac
nocae ux abcosomHo Ynpyzo20 UEHMPALv- .
Hozo ydapa? Puc 8 mM
Pemenne. B 110106HbIX ciyyasx perie-
Hue 0GbIYHO Pa3GMBAIOT Ha [Ba dTama: 1) JBHXKEHHE TEPBOro
IapuKa /10 CTOJKHOBEHNSI CO BTOPBIM; 2) MPOIECC COYAapeHHst
IIapUKOB.
HauneM ¢ paccMoTpeHus Broporo srama. Olnpe/enM cHauaIa
ckopoctb 1[M:
_ mv _v

U = ——— =
CTm+3m 4

3uauur, B CIIM Jierkuii mapuk JABUXKETCS Iepe/l y1apoM BIIPABO
€O CKOPOCTBIO 30,/ 4, a TSXKeJbIi ABIKETCST BJIEBO CO CKOPOCTBHIO
v/ 4. llocre ynapa nx cxopoctu B CIIM n3aMendr Hampasienue
Ha MPOTHBOIOJIOMXKHDIE, HE U3MEHHUB TIPU ITOM CBOETO MOYJIS.
(PekomeniyeM 4uTaTeNIIM CAENATH MOSCHSIONME PUCYHKH.)
Bepuemca tenepn B CO, cBasannyio c¢ 3emsieii. B Heii mocJe
coy/lapeHusi CKOPOCTD JIETKOTO MIapuKa paBHa 10 MOYJI0 0/ 2
U HalpaBJIeHA BJIEBO, a CKOPOCTD TSKEJIOTO TaK)Ke paBHa v/ 2,
HO HampasJieHa BIpaso. CiieoBaTeIbHO, UCKOMOE OTHOIIEHUE
KUHETUYEeCKUX HHEPTUil TSIKEJIOTO W JIETKOTO NIAPUKOB TI0CTe
yJapa paBHO OTHOIIEHWIO WX MaccC, T.€. TPeM.

Wrtak, MbI CMOTJIH TIOJIYYUTh BEPHBII OTBET B 33/1aUe, JaXKe He
MIPUCTYNUB K TIEPBOMY 3Tary perieHus. VIHbIMU cjioBaMu, JiaH-
Hble 00 OTKJIOHEHWM HUTH C JIETKUM IapukoM Ha 90° Ham He
TIPUIILIOCH NCTOJb30BaTh, OHN OKA3aJINCh JUIMHUME. K Takomy
K€ OTBETY MbI TPUIILIN ObI TPU JIIOGOM JPYTOM yTJie OTKJIOHEHUS!

3anaua 9. B momenm nauboavuiezo cONUNXEHUS 4acmuy, npu
Ynpyzom 100060M CMOJKHOBEHUU UX CKOPOCMU OOUHAKOBbL U
pasnvl v. Kaxoswvl ckopocmu uacmuy, nocie pasiemd, ecau 00
CMOJIKHOBEHUS. OHU 08UZANUCH CO CKOPOCSAMU V) U Uy ?

Pemenne. B momenT HanGoIbIero cOMMKEHMST OTHOCUTETh-
Has CKOPOCTb YacTHull paBHa HyJ0, a B JICO oHn aBMKyTCS B
ATOT MOMEHT co ckopocTbio [IM. Takum o6pasom, ckopocts [IM
HaM n3BecTHA U3 ycaoBus 3agaun. [lepeiinem terreps B CIIM. [lo
CTOJIKHOBEHUsSI CKOPOCTU YaCTUI[ B HEW PaBHBI U] —0 U Uy — 0.
Mpl yske 3HaeM, 4TO B B pe3yJibTare JIOOOBOTO yjapa CKOPOCTH
YACTHI] TIPOCTO MEHSIOT CBOW HATIPABJIEHUS Ha TPOTHUBOIIOTIOXK-
HbIE, & X MOJLYJIM OcTaloTes npeskanmu. Crie/1oBaTesibHO, 1ocIe
y/iapa CKOPOCT! YaCTHI PABHBI ¥ — 0y U 0 — Uy . OCTaeTcst JIutb
Bepuytbes B JICO. [las aToro nmpubaBuM K KaskJI0i U3 CKOPOC-
teif, nHaiimernsix B CIIM, ckopoctp camoro 1M, T.e. v. B
pesyJbrate uMeeM

U =20-0 u vy =20-0,.

Ha mpumepe artoii 3ajaun mpeKkpacHo BuUHA pabora Haiei

BII! /lna cpaBHeHus TpejjlaraeM YUTATENSIM CaMOCTOSITETTHHO

PEHIUTD 3Ty 3a/lavy C ITOMOIIbIO 3aKOHOB COXPaHEHUA NUMITYJIbCa
" SHEprun.
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- L 3agava 10. Ha 2na0-
Q > ] M KOM CMOJE JIeKum npo-
oupra daunou L u mac-
Puc 9 coit M (puc.9). Hlapux
Mmaccoi m eaemaem 6
npobupky, ynpyzo coyoapsemcs ¢ OHOM U Gblaemaem u3
npobupxu. Hatidume nymov, xomopwii npotidem npodupka «
MOMEHMY BblIeMAd U3 Hee WAPUKA.
Pemenne. IlycTp mapuk Bieraer B MpoGUPKY CO CKOPOCTHIO
o - s onpesiesieHnst POAEHHOTO TTPOGUPKOI TTyTH HYKHO
3HATb €e CKOPOCTh ¥y I10CJIE CTOJKHOBEHUS U BPEMSI [IBUKEHUS
t, 1oKa mapuK HaxoauTcs BHyTpu Hee. O6e BEJMYMHDBI JIETKO
HaxoJAaTed, ecan ucnoJb3oBatb CIIM, ABIIKYIIYIOCS CO CKOPO-
mo,
M +m
Ta OTHOCUTEJIbHAS CKOPOCTDb MIAPUKA U TIPOOUPKH HE MEHSIETCS
[IPH CTOJIKHOBEHUHU, OCTaBaschb paBHOW 0y . CiejoBaresibHO,
MApUK BBUIETHT W3 TPOOUPKH vepe3 Bpems ¢ = L[y, mocae
coylapenus ¢ Heii. 3a ato Bpems npo6upka npoiizer B JICO 1myTh
[ =05, rue

CTbIO U = OTHOCHUTEJIbHO 3eMJin. B aToli cicteMe otcye-

mu, my, _ 2muy,
M +m M +m M +m
— CKOpOCTb TPOOUPKU OTHOCHUTEJBHO 3eMyin. Takum o6pasoMm,
MIPOIIEHHBIN TTPOOGUPKOI TYTh PaBeH

l=up =2

[
Uy =y toe =

3agaya 11 (MDTU, 1985). IIpomon, npoaemas mumo
nepeonauaIbHO NOKOUBULEZOCS IOPA HEUIBECTNHOZO XUMUUECKO-
20 /1leMEHMA, OMKIOHUIL-
cs na yzon o (cosa =
=4/15), nomepss 10%
ceoett ckopocmu  (puc.
10). Haiidume maccosoe
YUCTO XUMULECKOZ0 DJle-
Menma.

Pemenne. B pannOM
cJIydae MPOUCXOAUT He-
2106060e cronkHoBenne vactuil. O6GoszHaunm macey sipa M, a
Maccy 1portoHa m. IIpoanajusupyem mpoiece CTOJTKHOBEHHS B
CHM. Aapo nBuskercst B Hell co ckopocTbio [[M:

mo
M+m’

MIPOTOH JIBUXKETCST HABCTPEYUY SIZIPY CO CKOPOCTHIO

Mo
M+m’

[Tocsre CTONIKHOBEHMST YACTHUIL WX MMITYJIbCHI TOBOPAUYMBAIOTCS,
OCTaBasICh PABHBIMU TI0 MOJIYJIO U TIPOTUBOIOJOKHBIMU 110
HaTpaBJIeHuio. [[pyTuMu cJI0BaMi, ¥ TIPOTOH U SIIPO COXPAHSIOT
MOJIYJIA CBOUX CKOPOCTEH MpH yaape, U3MEHNB Ha OJMHAKOBBIE
VIJIbl HAIPABJEHUs] BEKTOPOB CKOPOCTEH. IJTO CXeMATHYeCKH
MOKa3aHo Ha pucyHke 11, rae 4, Uy — CKOPOCTH IIPOTOHA U SI/IPa
10 yhapa, 4y, i, — WX CKOPOCTH T0ocje ynapa. Temepb Ha
pucyHke 12 m3o6pa3uM B3aMMHOE PACIHOJOXKEHHE BEKTOPOB
KOHEYHBIX CKOPOCTEll MPOTOHA B

JICO u B CIIM. /[l HUX BBIIIOJI-

Puc. 10

Uy =0c =

W =0-0ve =

U
m U :/ M o

- ",

Puc. 17 Puc. 12

2015/Ne5-6

HSETCSL 3aKOH CJIOXKEHUSI CKOPOCTeit:
0y = 0¢ +.
[lo teopeme KocuHycoB (B KOTOPOH MbI yuiim, 4T0 U = U ),
uj = vt +ovf =200, cos A,
WK
oMo O _0 mo

Biremh Dri+ WE

Beeas sameny n =M/m , npeoGpasyeM 9TO BbIpakeHHE W
MOJIYyYUM KBAJIPAaTHOE ypaBHEHUE

0,197° =1,14n -1,33 =0 .

OTCIOI[& HaXO/UM, 4YTO 1N = 7. Takum oépasoM, IIPOTOH CTOJIKHY JI-
Ca C AAPOM JINTUA.

(0,90) —2—"_ 90 o
M+m 15

[TpencraBum cebGe Ternepb 0OPATHYIO CUTYAIUIO — TIYCTh SIPO
JINTHUST HAJIETAeT Ha HEMO/[BUIKHBIN TPOTOH. UTO MPUHIINITHAIBHO
n3MeHNUTCS B (PU3NYECKON KapTHHE, ONMCBIBAIONIEH coyapeHne
yacrui? Korya ObLJIO HEMOJBUKHO SI/IPO JIUTHS, HaJIETaBIINI
MPOTOH MOT OTKJOHHUTHCS Ha J000i yroJ, BIJIOTh 10 180° .
Ternepn sxe Hametaer GoJiee TSKeJIast YaCTUIA HA HEMOBHKHY IO
JIETKYIO, 3HAYUT, OTKJIOHUTLCS OT [E€PBOHAYAJLHOIO HallpaBJe-
HUS OHA MOKET ysKe He Ha Jio6oil yros. Bemmunmna yroa
OTpaHMYeHa OTHOIIEHNeM MacC B3aWMOJIeHCTBYIOMNX YaCTHII.
TTorpoGyem pemuth 3ajauy B 00IIEM BUJIE.

3agaua 12. Kaxum moxem Ovimo MaxcumaivHoLii Y201 pacce-
SAHUS HALemanwel wacmuyvl maccoi M npu abcoaromuo ynpy-
20M CMOJKHOBEHUU ¢ NOKosAuelics uacmuuei maccou m < M?

Pemenne. 3akoHOMEPHOCTH CTOTKHOBeHUS octafores B CIIM
TEMU K€, YTO U B NpeabLaymieit 3agave. OHaKO Tenepb Apyroe
COOTHONIEHNE MEXK/Iy MOJYJAMU CKOPOCTH Uy HaJeTalomieit
YacTHIBl M cKopoctun oc [IM:
uy < v . Iloaromy reomerpuuec-
KN KapTWHa BBITJSIUT UHAUYe
(puc.13). U3 pucyHka BUHO,
YTO KOHEIl BEKTOpa J IepeMe-
MIAETCS 110 OKPYKHOCTU PaJIy-
COM U; C IIEHTPOM B KOHIIE BEK-
Topa Oc . MaKCUMaJbHBIN YTroJ
O pax  MEKIY BEKTOpaMH Of U
Oc COOTBETCTBYET KacaTeJbHOI Puc 13
K OKPY’KHOCTH, TIPH 3TOM

e

sina,, =—=-1L=—""
Oc Oc M
[l sipa IUTH 1 IPOTOHA OTHOLIeHNe Mace pasuo m/M =1/7
TTO3TOMY

a

1
max = arcsin—=8°
7
Taxum 06pa3oM, SIZIPO JIUTHUS TIOCTE COYAAPEHUST C HEMO/BIIK-
HBIM IIPOTOHOM HE CMOXKET OTKJIOHUTBCS OT TIePBOHAYAIBLHOTO
HAIPaBJICHUS JBUKeHUsS GoJsiee yeM Ha 8° .

LM pBuxeTcs paBHOYCKOPEHHO

3agaya 13 (M®TU, 1985, ommnuana). C nosepxnocmu
3emau GPOCUIU GEPIMUKATDHO GGEPX KYCOUEK NAACIIUIUNA CO
cxopocmuvio Uy . OOHOBPEMENHO MAKOT e KYCOUeK NAACTULU-
Ha nauwan nadamo 6e3 nawaivnoll ckopocmu ¢ evicomor H. Hpu
CMoAKHOGeHUU KYcouKu caunaucy. Yepes xaxoe epems t nocae
Hauana 6pocanus u ¢ KaKoi cKopocmvlo v CAUNWUNUCT KOMOK
ynadem Ha 3emnr0?

Pemenue. Ec/m mbITaThest MATH TPaANIMOHHBIM ITyTEM, Pac-
cMaTpuBas ABIDKEHHE TeJ OTHOCHTEIBHO 3EeMJIM, TO peIIeHHe
3a/lauM OKa3bIBAETCS CONPSKEHHBIM C GOJIBIIUMU TPYAHOCTIMH.



NPAKTHUKYM

[leficTBUTEIbHO, B ATOM CJydae Hy’KHO 3alicaTh ypPaBHEHHs
JIBUKEHHST TeJT 10 CTOJKHOBEHUSI, 3aKOH COXPAHEHUST UMITYJIbCa
IIPH CTOJIKHOBEHHN ¥ YPaBHEHNUE [ABHKEHUS CIUIIIET0Cs KyCKa.
fAcno, uTo NpuiiTH K OTBETY GLICTPO HE TOJIYYnTCs. 3aTo Halla
BIT moxer pa6ortarb Ha Bcioo Moib! CMOTpuTE, KakK JIErKO
pelaeTcst 3ajiava, ecJau IMoab30BaThes nousaTueM [IM cucteMbr.

OueBnHO, 4TO B HAYATbHBIN MOMeHT [IM cucteMbl HaxouTCs
Ha Boicote H ) = H/2, a ero ckopocTh HANpaBicHA BBEPX 1
paBHA U, = ¥y/2 . Ha cucremy JeiiCTBYeT TOIBKO O/[HA BHEITHSIS
cuya — cuita Tsprecti. [Toatomy IIM aBIIKeTCST ¢ yCKOpeHHeM,
MOJLYJIb KOTOpOro paBeH ¢g. Torzma xoHewyHast ckopocth 1M, a
3HAUUT U KOMKA B IEJIOM, MOKET ObITb HaiiJlecHa ¢ TIOMOIIbIO
KUHEMATUYECKON (POPMYJIbI B O/IHY CTPOYKY:

Iy = Y 1
v B?H +2g > y +gH .

Tak >xe mpocTo ormpejesnseM BpeMs [BUXKEHUSI, WCIOJb3Ys
(popmy.ry nepemenieHusi Ipu paBHOYCKOPEHHOM JIBMXKEHUM:

_H :Oiot—git2

2 2 2
ITpeo6pa3oBaB ee K KBaJpaTHOMY YPaBHEHUIO, HAXOAUM

tzzi(v() +\/v§ +4gH),
g

3amava 14. /[léa neboavwux wapuka, maccol u 3apsovi
KOMOPbIX 00UHAKOBL, HAX00SMCS HA OOHOU BEPMUKANU HA
soicomax hy u hy. Illapuxu 6pocarom 6 0duny cmopony 6
20PUSOHMATLHOM HANPABACHUU C OOUHAKOBHIMU CKOPOCNSAMU 0.
Iepevul wapux xkocaemcs semau na paccmosnwuu L om eepmu-
xkanu Opocanus. Ha xaxoii evicome H, 6 amom momenm
naxodumcs emopoil wapux? Conpomusiienuem 6030yxa u 6au-
SAHUEM UHOYUUPOBAHHBIX HA 3eMie 3apsiios npenebpeys.

Pemenne. IlonbiTku pemaTth 3Ty 3agady <«B Jo0», CKOpee
BCETO, €/1Ba JIM JOCTUTHYT ycrexa. J[eficTBuTesbHO, BIOGABOK K
MMOCTOSTHHOM TI0 HATIPABJEHUIO U BeJWMYUHE CUJIE TSDKECTH Ha
KaK/IbIil IAapUK JIeHCTBYET ellle 04YeHb HeIPUATHAS KyJIOHOBCKAs
cua. HenpusitHast B TOM CMbICJIE, YTO OHA MEHSIETCSI 0OPATHO
MIPOIMOPIMOHATIBHO KBAJPATY PACCTOSTHUS MEXKIY IAPHKaMU, a
3HAUUT, UX JABMKEeHUE Oy/IeT ITPOUCXO/UTD C TIEPEMEHHBIM yYCKO-
peHueM. A BOT HCIOJIb3ys TeopeMy O JABmxkenun IIM, Mbr
JIOCTATOYHO GBICTPO TPUXOJUM K BEPHOMY OTBETY.

Hrakx, IIM cucrembl B HauaJdbHBII MOMEHT HAXOIUTCS Ha
Boicote fic = (Iy +h,)/2 n umeer HavambHyo cKOpocTh 0. Ha
CUCTEMY JIeHiCTBYET TOJTbKO O/IHA BHEIITHSIS CUJIA — CUJIA TSPKECTH,
noaromy 1IM Gy et asurarbes o napaGode (puc.14). Ipu sTom
BpeMsI JIBIDKEHUsS JIETKO HAWTH, 3Hasl, YTO MPU PABHOMEPHOM
nBmKeHun 1o ocu x 1M npoiiger paccrosuue L = ot, a BbIcOTA
IIM B MoMeHT najieHust Gy/leT paBHa

2 2
HC :hc —ﬂ :—hl-'-h2 —ﬂ.

2 2 20*
Tenepnb y:xke coBceM 1IPOCTO HaiiTu BoicoTy H, BTOpOro mapuka:
2
HZ :2HC :h1 +h2 _% .
4

Puc. 14
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LM psuxeTcs NO OKPY>XXHOCTU

3agaua 15 (MDTU, 2014). Touxas usoenymas mpyora c
OOHUM 20PUOHMATLHUIM KOJIEHOM U 08YMS. 8ePMUKATLHIMU
KOJAeHaAMU YKpeniena Hud nidam-
Gopme, epawaowetics 60Kpyez
sepmuranvroti ocu (puc.16). Bep-
MUKATbHbIE KOAeHd HAXOOSMCS
na paccmoanusx x; = 15 cm u
Xy = 25 cm om ocu epawenus. h,
Yemanoeuswasnca pasmocmv Iy
YposHetl naaumoi 6 mpyoxy 600vL
okasaracy pasnoi Ah = 10 cnu.

Haztioume yzanosyio cxopocms w P2 ]
spawenus naamgopmo. L xy 7
Pemenne. PaccMorpum JBusKe- dy

HME BOJbl, 3AlOJHSIONEH TOPH-  Puc 75

30HTAIbHOE KOJIeHO TPyOKu. Ee

macca pasua m = pS(x; +x,), e P — IIOTHOCTb BOADI, S —
IJIONIA/b CEYEeHNsT TOPH3OHTAIBHOrO KoJena. IIM aroro mw-

Xy — X

JIMHAPa ABUXKETCA T1I0 OKPYKHOCTU Pa/InyCOM C yCKO-

o Xy~ X o
peHneM a = - Co CcTOPOHBI OKPYsKAIONEeH JKIIKOCTH

Ha TOPIIbI IUJINH/PA JEHCTBYIOT B TOPH30HTAIBHOM HalpasJie-
HUW CHJbBI, paBHbie pS uw p,S, tae p;=py+pgh,
Py =py +Pghy u p,—p; = pghh. 3anumem Tenepb ypasHe-
nye Broporo 3akona Hblorona: ma = p,S —p,S . Otrciona na-
XO/JIMM YTJIOBYIO CKOPOCTb BpAIIEHUS TIaT(OPMBbI:

Yupaxxnenus

1. YesoBeKk 3axXOTesJ CIIyCTUTHCS IO BEPEBOYHON JIECTHHIE U3
cBo6OIHO BucsIero aspocrara maccoii 400 kr. Kakoit MUHIMATbHOM
JUIMHBI BEPEBOYHYIO JIECTHHILY OH JIOJDKEH IPUBS3aTh K TOHJOJIE
aspocrata, 4ToObl, CTyHas Ha IMOCJIETHIO CTYHNCHBKY, KOCHYTLCS
semn? Macca uenoBeka 80 kr. Paccrosnue ot 3eMun 10 aspocraTa
B HAYaJIbHBIIT MOMeHT BpeMeHn 10 M.

2. Ha riraikoM TOpN30HTAIBHOM CTOJIE JIESKAT O/IVH 32 APYTHM TPH
mapa OJHOTO U TOTO XKe pajuyca, He Kacasch APYT JApyra: HepBblii
Maccoit 2m, BTOpOil Maccoii m u tperuii Maccoit m /2. Ilepsomy
mapy cooO6ImaioT CKopocTb ¥y = 9 M/c, HANpPaBJIEHHYIO IO
IpsMOIL, Ipoxozdiiell yepe3 LeHTPbI BcexX Tpex mapos. llepsobrii
map HaJleTaeT Ha BTOPOM, a BTOpPOIl Hajeraer Ha Tpermii. Hafiaure
CKOPOCTh TPEThEro Imapa IocJie yaapa co BTOPLIM ImapoMm. Bce
yaapbsl — aGCOIOTHO YIIpyTHe.

3. Ha xoHI1ax u B cepe/iiiHe HeBECOMOTO KeCTKOTO BEPTUKAJIBHOTO
CTEP>KHS JTMHON L yKpeTIeHbl MaJeHbKIe mapukn 1, 2, 3 paBHOTO
o0beMa, MacChl KOTOPBIX 72, 2m U 3m, a 3apsijibl
+3q, +2q, +q coorercreerno (puc.16). B mpo-
CTPAHCTBE, T/le HAaXOAATCS IMapHUKH, CO3/IaHO OJ1-
HOPOJHOE 3JIEKTPUYECKOE IOJIe HAIPIKEHHOC-
Thi0 E, CHJIOBbIE JMHUM KOTOPOTO HAIPABJIEHbI
BepTHKaJbHO BHU3. Kakyio ckopocTb 6y/1eT nMeTh
BTOPOIl LIADUK B MOMEHT IIaJICHUS HAa TOPU30H-
TAJbHYIO MOBEPXHOCTb? CuJlaMu TPEHUS 1 BJIUSI-
HUEM WHIYIIIPOBAHHBIX HA TOPH30HTAJbHOI 1M0-
BEPXHOCTH 3apsi/IOB IpeHedpedb.

4. Ha a6coJoTHO TJIa/IKOII TOPU3OHTANBHON TIJIOCKOCTH JIEXKUT
o6pyd. Ha o6pyve Haxomurcs »xyk. Kakyto Tpaekropmuio 6ymyT
OITHCBIBATD JKYK 1 I[eHTP 00pYYa, eCm YK Ha4HeT ABUTATbCS BJOJIb
o6pyua? Macca o6pyua M, ero paauyc R, macca Kyka m.

d. ToHkmMit 0MHOPOAHBINA cTeps;keHb Maccoit 0,5 KT u JauHONH 1 M
BpalllaeTcsl B BEPTHKAJIbHOH IIJIOCKOCTH BOKPYT TOPU30HTAJIbHOM
ocH, IPOXOJISIIell Yepes3 OJIH U3 ero KOHIIOB. B HUKHEM ToT0KeH 1
CKOPOCTH JIPYTOTO KOHIIA CTep:KHS paBHa 4 M,/ c. C Kakoil cuioii
JIeHICTBYeT CTEP’KEHb B 9TOT MOMEHT Ha OCh BPAIICHUS?

Puc. 16
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JyT Ha OJIHO ¥ TO ke MecTO (TYT BaskHO, 4TO 37 — HEUETHOEe YmC-
J710).

[lokaskeM, 9TO paccTosgHUE MEXIY JIOOBIMHI [[Ba THOMAMHU H3Me-
uurest. Ilycrs n3HadaspHO /[Ba THOMA CHEIN HA MecTax d u b,
npudeM a > b. Torpa paccrosinie Mexay HUMU — 910 60 @ — b,
mbo 37 — (a — b) , T.e. JlaeT TaKo ’Ke OCTAaTOK OT JIeJIeHUSI Ha
37, kak @ — b wmn kak —(a —b) . AHAJIOIHYHO, PACCTOSIHIE MeX-
JIy HOBBIMH MeCTaMi THOMOB OY/IeT [aBaThb TaKoOil JKe OCTATOK OT
zesennst Ha 37, kak 2(a —b) mwmm kak —2(a —b). Ecau paccros-
HUST COBIIQJIAIOT, TO UX PAa3HOCTb JleJUTCss Ha 37, a 3HAYUT, JUGO
i(Z(a -b)—(a- b)) , 60 i(Z(a -b)+(a- b)) nenTes mHa 37.
B nepBom cayvae a — b genurcst Ha 37, 4TO HEBO3MOKHO, T10-
CKOJIbKY 9TO umcsio nosoxkutreasio (@ > b) n menvme 37. Bro-
pOIl ciy4ail CBOAUTCS K IEPBOMY, TaK KaK €CJIH S(a — b) JIeJIAT-
cst Ha 37, 10 u @ — b mequres Ha 37, MOCKOJIbKY 37 B3aUMHO TIPO-
cTo ¢ 3.

AHaJIOTHYHO perraeTcs 3ajava s Jo00ro Yncjia THOMOB, He Jie-
JIAIIEerocd HU Ha 2, HU Ha 3.

O METOAE PACKPACKU
HA NMPUMEPE OAHOU 3AAYU

OrtBeThI K yHpa kKHEHHSIM

1. ITocMoTpuM Ha packpacKky PUCYHKA 4 U3 cTaTbi. 3aMeTHM, 4TO
mo6oii npsimoyroibHUK 1X 4 copepskut 1oposHy (10 2) yepHbIX
n GeJIbIX KJEeTOK, HO TIPU JIaHHO# packpacke Ha jAocke 51 uepHas
KJeTka u 49 GesbIX, T.e. He IIOPOBHY. 3HAUNUT, Pa3pesaTb JOCKY
10x 10 na Terpamuno 1x4 He ymacres.

2. TIpu peuteryaroii packpacke gocku (puc. 6 U3 cratbu) Kax-
JIBIH TIPAMOYTOTbHUK cofepkut yetroe (0 mmm 2) KoImaecTBo
YEPHBIX KJETOK, a MX Ha JOCKe — HedeTHoe KommuectBo (25),
3HAUUT, Pa3pe3arb JOCKY Ha IMPSIMOYTOJbHUKH He YIACTCS.

3. 3amernM, UTO IpU BepTUKAIBHOI MOJI0CATOH packpacke B 4
nsera (puc. 8 M3 CTaTbM) BEPTUKAIBHOE TETPAMUHO COJECPIKUT
kpatHoe 4 (0 i 4) KOJMYECTBO KJIETOK KasKAO0TO I[BETA, a FOpH-
30HTAJIbHOE TETPAMIHO CO/IEPIKUT 110 OJ[HO KJIETKE KayK/I0ro IiBe-
ta. Ho kaxjoro msera Ha jgocke mi6o 20 (kparno 4), mu6o 30
kaetok (ocTaTok 2 mpu gesennu Ha 4), a 3HAYMT, HA JOCKE KOJH-
YeCTBO TOPH30HTAIBHBIX TETPAMHUHO Gy/IeT OJHOBPEMEHHO JIENTD-
cs HA 4 U JaBaTh ocTatok 2 npu jgesenun Ha 4. IIporuBopeune.
Ondrp TOT Ke BbIBOA — paspesaTb Jocky 10X 10 Ha mpsMOyTosb-
Hukn 1 X 4 membad.

4. llpuMeHUB «BEePTUKAJIBHYIO» PACKPACKy pPUCYHKa 9 U3 CTaTbH,
HOJIyYUM, 4TO Ka)kK/[0€ BEPTHKAJIbHOE TETPAMUHO COEPIKUT JIeJIsI-
neecst Ha 4 umcsio yepHbIxX kaertok (6o 0, mmbo 4), a xaxioe
TOPU30HTAJIbHOE TETPAMIHO — OJIHY YEepHYIO KJeTKy. Tak Kax
BCEro 4EPHBIX KJIETOK 20, KOJMYeCTBO TOPHU3OHTANBHDIX TETPAMMU-
HO Jlesutcst Ha 4. [IpuMeHUB aHAJIOTMYHYIO «TOPU30HTAJIbHYIO»
packpacky, MOTyYNM, UTO W KOJMYECTBO BEPTHKAIbHBIX TeTPaMH-
Ho gesutcs Ha 4. [IpoTuBopeune, Tak Kak BCero TETPaMHUHO 25
IITYK, U 3HAYUT, /IOCKY HeJb3s Paspe3arb.

5. 3ameTum, 4TO KaXK/blii npsaMOyroibHuk 1X4 comepskut B cebe
HeyerHoe (1 miam 3) KOIMYECTBO YEPHDBIX KJETOK, a BCErO MX Ha
JIOCKE TIPU JIAHHOI pacKpacKke 4eTHOe KOJIUYecTBO — 32. 3HauuT,
U TIPSIMOYTOJIBHUKOB JIOJDKHO OBbITh YeTHOE KOJMYECTBO, T.e. He
paBHoe 25. BbiBoj NpekHUil — pa3pe3arb HeJb3s.

Pemenune 3ajaun npo paspesanne aocku 15x20 na purypku
1x6

[Tokpacum jocky B 6 IIBETOB 110 JMATOHAJSM, AHAJOTHYHO pac-
Kpacke Ha pucyHKe 2 n3 crarbu. [Ipeanosnoskum, 4ro paspesanue
Bo3MoxxHO. Torma kaskmas gurypka 1x6 Oyzmer copepath T10
OJTHOI KJIETKE Ka’KJOro I1BeTa. 3HAUUT, Ha JJOCKE KJETOK BCEX
1BeToB OyzeT noposuy. IToxkaskeMm, 4To 910 He Tax.

OrpexkeM or Hamieit ockn Kycok 12 x 20 kiuetok. B aTom Kycke
BCeX 1IBETOB MOPOBHY (XOTs1 Gbl [OTOMY, YTO 3TOT KYCOK JIETKO

2015/Ne3

paspesatb Ha durypkun 1Xx 6, BeIb OJHA U3 CTOPOH KyCKa JI€JHT-
cg Ha 6). Ot ocrabmeiica yactn 3 x 20 orpeskeM Kycok 3 X 18,
B KOTOPOM TOK€ BCEX I[BETOB MOPOBHY. Y HAC OCTAHETCS MPSIMOY-
roJIbHUK 3 X 2, HO B HeM 1BeToB Gy/er ne noposny! Bexp mnpu
JINATOHATBHON pacKpacke B 6 I[BETOB B TAKOM IMPSIMOYTOJIbHUKE
BoOOIIE BCTpeTntest Beero 4 pasubix usera (nposepore!). [Touy-
YUJIM TTPOTHBOPEUNeE.

AHAJIOTHYHO MOXKHO DENINTh M OOIIYIO 33Jauy O pa3pe3aHuu J0C-
KM Ha O/(MHAKOBbIE KJeTyaTble I10JI0CKK 060l anunbl (caenaiite
910!).

MANbYUKWN, AEBOYKW, TABJINLIbI, TPADDI...

Yupaxxuenus
1. xy.
Vrazanue. Kax u B 3aaue 3, peub UJeT O pa3pe3aHuul IIPSMOY-
FOJIbHUKA X X ¥ Ha HOJIOCKHM ITUPUHOI 1.

2. xy.

Yxazanue. Peub nmer o paspe3anny mpsIMOYTOJIbHHKA X X ¥ Ha
KBa/[PaThl.

3. abce.

Yxasanue. Peub nger o pacHuJIMBaHUN TIPSMOYTOJBHOTO Mapa-
nenermnesia @ X b X ¢ Ha caoW TOJIMHON 1.

4. Yxasanue. PaccMOTpuM, KaK MEHSETCS MAaKCUMyM U3 KOJIH-
4ecTB KapT Kaxkaoil macti. CHavasa oH ObLT paBen 13, a B KOHIe
on 0. Kaxzprii pas, korja oH ymeHblmaercsi, Bacs oTragpiBaet
MacTb.

5. Beranem mesxay 21-it u 22-ii pyGamikoii, Torja cjieBa n crpasa
Oyzer o 21 pyGamke. He ymassist o6IIHOCTH, MOKHO CUUTATD,
4TO cJeBa 6esbIxX pybariek He 6oJblne, yeM (roseToBbIX. Torma
caeBa He Goubiie yeM 10 Gesblx pyOaliiek, a cipaBa He 0OJIblie
gem 10 ¢uoserosbix (IIOTOMY YTO UX JIOJKHO GBITH CTOJIBKO K,
CKOJIBKO Gesbix caieBa). CHuMeM Bee Gesible pyGaliku ciesa u
Bce (prosetoBble py6amku crpasa. Ilocae atoro Bce ocraBmecs
¢uoseroBere py6armku GyyT BUCETH CJIeBa, a BCe OCTaBIIHeCs Oe-
able — crpasa. Ecau mbl cusiiim n < 10 py6aiiek Kakoro-To Iise-
Ta, TO MOXKHO cHsATh erte 10 — 7 py6aiek 9TOro I1[BETa — BBIMOJI-
HeHHe ’KeJaeMOr0 yCJIOBHS OT 3TOT0 He HapyIINTC.

6. Cm. pemenne 3amaun 5. Ilere Hy’KHO, 9TOOBI MO/ JIOMAHOIT
OKa3aJicsl IIPSMOYTOJIbHIK BBICOTOH p 1 mupuHoit g. A Bace —
4TOObI HAJ[ JIOMAHOH OKA3aJICsl MPSIMOYTOJBHUK BBICOTOH 22 — p 1
MUPUHON 22 — g. DTH JBa NPSIMOYTOJbHUKA MepeceKanTcs POBHO
10 0/iHO¥ KyeTouke. Ecym oHa 1Moj JIOMaHO¥ — HMCIOJHUTCS TO-
skesanne Ilern, nnaue — Bacn.

7. PaccMOTpHM TI0JIHBLI JBY/I0JIBHBIN Tpad), KOJINYECTBO BEpPIINH
B JIOJIIX KOTOPOTO COBMAJaeT ¢ uymciaamMu Ha gocke. Korzga Bacs
Oy/ieT yMEHbBIIATh OJHO M3 3THX uYnces Ha 1, 6yaeM BbIOpachIBaTh
13 COOTBETCTBYIONIEH o/ rpada Jo6yIo BEPIINHY BMECTe CO
BCEMH BBIXO/sIIMMHU 13 Hee peGpamu. Torza kosmdecTso peGep B
rpade YMEHBIINTCS HA CTEIeHb 3TOi BEpIINHBI, T.e. HA KOJIYe-
cTBO peGep B JIPYTOH /o€, UTO KaK Pa3 paBHO
4rcy, Kotopoe Bacs sanmcpiBaeT Ha GyMax-
Ky. 3HAUUT, UCKOMas CyMMa 4uces Ha OyMaK-
ke 6y/JeT paBHA 06IIEeMy KOJIMYECTBY BBIKIHY-
TBIX pebep, KOTOpoe PaBHO XY . 7
8. Yxasanue. Jlectnuna us a + b — 1 crymue-
HEK Paspe3aercs Ha MPSIMOYTOJNbHUK d X b u

D~

%Y—J
JIBE JIECTHMIIbI, B KOTOpbIX ¢ — 1 u b — 1 cry- a+b-1
neHek cooTeercTBeHHo (puc.6). Puc 6

3azauM sl CaMOCTOSITEIBHOTO PelleHus

7. Ora 3ajaua OTIMYaeTcs OT 3a7adyn 1 TeM, 4To K MoJCUeTy Je-
Tell IIPOTHUBOIOJIOKHOTO ToJ1a J100aBJIsieTcsl O/ICUeT JeTeil CBOero
moJsia. Ho xosmuecTBa MajJbuuKOB, CTOSIIUX CIIPaBa OT MaJbyl-
koB, — 310 0, 1, 2, ..., 9, MOATOMY MAJBLYUKH HACYUTAIOT 4
MaJIbYMKOB. AHAJIOTHYHO, JEBOYKHM HACUYUTAIOT 45 jeBovek. Tem



el OT YeTBEPTOrO CITyTHUKA MJIM MPU TIOMOIIN arpHOPHOTO
3HAHUS TPUOINZUTETBHBIX KOOPIUHAT MTPUEMHHKA.

Takum 06pa3oM, IPUEMHUK, ITOJTYYUBIINI COOOIIEHUS OT TPEX
CILyTHHKOB, CMOKET HalT! cBOM KOOpAMHATDB (x;y;z) , PElLIuB
CHCTEMY M3 TPeX ypaBHEHHUI

Qo — ) +(y —yy)* +(z -2)* =df,
(m x -1 +(y —y)? +(z —2)? =d;,
Hor—2)? +(y —y) +( —2)” =db,

rae (x;;¥;;2;) — KOOPAMHATHI i-TO CIIYTHUKA, a d; — PACCTOSTHUE
1o Hero. To, uto cucrema ( [1) uMeer penienne, T.e. Tpu chepbt
[epPeceKaloTCsl, CJAEAYeT U3 CaMOTO €€ COCTABJIEHVS.

CoBpeMeHHDIE CIYTHUKOBBIE CHCTEMbBI yMEIOT OIPE/EJISITh
MecTornoJiokenue ¢ TouHoctbio 10—15 merpos. Ilpeacrasum, o-
HAKO, YTO YaChl IPUEMHHUKA OTCTAIH OT OOIIECHCTEMHOTO BpeMe-
unHa 0,001 c. Ckopoctb cBeta pagaa ¢ = 300000 km /¢, Takum
06pasoM, B ONPeIe/IEHNN PACCTOSTHMUI /10 CIyTHUKOB (pajnycoB
cdep) momyunrca ommbka B 300 xkm! Kax mpeomosners oty
po6emy?

IIycth yachl MPUEMHUKA OTCTAIOT OT OOIIECHCTEMHOTO BpeE-
MeHM Ha (HEM3BECTHYIO HaM) BeJMYMHY O, a UX ITOKa3aHus
B MOMEHT mosydenns coobmtennsi — ¢, Hasuratop Gyser
«CYUTATb», YTO PACCTOSHUE O CHOYTHHKA PaBHO
d = (" — ")) yro Menbie netiHHOMO pacctostHust d + ¢ .

Yro6bI HaiiTnn KoOpAUHATHI (x;y;2z) 1 HOBYIO HEH3BECTHYIO O,
HEOOXOAUMO €ellle OJHO yPaBHEHUE, OHO IOSBHUTCS, €CJH eCTb
JITaHHbIE€ OT YETbIPpEX CIIYTHUKOB:

E(X‘JQ)Z +(y —y)? +(z -2 =(d, +&)°,
E(x -0 +(y —y)? +(z =2)? =(d, +&),
M —a)® +(y —y3)* +(z —2)° =(d; +&)°,
%x —x) +y -y +(z-2) =W, +&)*

IIpueMHuK periaer aTy cucreMy ajreOpandecKuMu MeTOJaMu 1
cooblaeT BaM BallM KOOPAMHATBI (x;y;z) , & KPOME TOrO,
KOPPEKTUPYET CBOM Yachl Ha TIOTPABKY BO BPEMEHH § M COO6IIa-
et BaM obmiecuctemuoe (Tounoe!) Bpems.

Teomerpuueckas wHTeprnperanus cucreMbl ([T]) Takosa.
[IpueMHUK sBJsIETCS EHTPOM cepbl pagnyca » = 8¢, KOTopas
KACaeTcs YeThbIpex AaHHbIX cep paguycoB d; , IEHTPbI KOTOPBIX
— CIIyTHHUKH.

Cdepa, kacamomascss 4YeTblpeX [aHHbBIX, CYIIECTBYET, 3TO
6b1710 BrIepBbIe Jokasano [Tbepom Mepma. ITa 3a1aua aHATIOTHY-
Ha M3BECTHOH 3ajaue AIOJIOHUS Ha TUIOCKOCTH: TOCTPOMTD
OKPY3KHOCTb, KacalolLylocs Tpex JaHHbIX. Beero cymecrsyer He
GoJiee 1eCTHAIATH Pa3JMYHbIX BapHAHTOB B3aMMHOTO Paclio-
noxkennst cpep: McKoMasi cepa MOKET KacaTbCsl KaskJoH M3
YeThIpex JAHHBIX JNOO BHEIIHUM, JHOO BHYTPEHHUM 06GPasoM.

(m)

Puc. 2

Ha pucynke 2 nzo6paskeH ByMEpHbIil BAPHAHT 3TOI 3a/1a4n:
OKPY>KHOCTb BHEIITHHM 06Pa30M KacaeTcs TPeX JaHHBIX OKPYK-
HocTeil. B HatmeM ciaydae, TOCKOJIBKY 9achl OTCTaBAJIH, KacaHne
Oyzaer BHemHUM. Ecan Gbl yachl yOeskain BIiepe/, TO KacaHue
6bLI0 Gbl BHYTPEHHIM.

Vuas reomeTpuyeckas WHTEpPIpETANNs BO3HUKAET, eClIl B
cucreme ([I1) u3GaButbesi OT HeusBecTHOH O. [l aroro B
Ka’K/JIOM U3 yPaBHEHUIl N3BJeueM KBaJPATHBINH KOPEHDb U3 00enX
yacTeii, a 3aTeM BbIYTEM YETBEPTOE YPABHEHHE M3 Ka’KJOro M3
nepsbIxX TpeX. IlomyunTes cucrema

=) + (g =9 +G =2)" -
g‘\/(x-%)z +(y ~y)’ +(z -2 =d, ~d,,
%/(x -0 +(y —yy)? +(z -2, -
E'_\/(x —x) +(y ~y)* +(z ~z,)* =d, ~d,
EL/(x )+ (y -y + (2 -29)% -
H@ =2)? +(y —y)? +(=2,)* =dy —d,.

[Tepsoe ypasuenue cucrembl ( [IT] ) OIpe/ENsieT reoMeTpudec-
KOe MeCTO TOUeK, PA3HOCTb PACCTOSTHUIT OT KOTOPBIX /10 TIEPBOTO
CIYTHHUKA 1 /IO YeTBEPTOTO CITy THUKA TOCTOSTHHA 1 paBHa dy — d; .
ITo ompenenenuio aTo ABYIOJOCTHBII Tuiepboona. Ero ¢oky-
camu gaBJsioTes 1-ii n 4-it ciiytnuku. Bropoe u tpetbe ypaBHeHus
OTIpe/IeJISTIOT elle /Ba rutep6osonsa. [IpumeMHUK HaxomuTCs B
IepeceueHun TpexX IruiepOoJIoNI0B. B AByMepHOM ciydae 3TO
COOTBETCTBYET Mepecedenunio AByX rumep6on (puc. 3).

(o)

Puc. 3

CHyTHI/IKOBI)Ie HaBUTaIlMOHHbIE CHCTEMbI, IIO3BOJIAIOIINE OII-
pe/leisiTh MECTOIOIOKEH e, TPUHAJIEKAT K YHCIY Ype3BbIyaii-
HO BBICOKOTEXHOJIOTUYHBIX. B HUX COEIUHSIOTCS IOCJeIHIe
JIOCTVKEHUS] HAYKW M TeXHUKHU. [Ipu pacuerax y4YWTBIBAIOT
MHOKecTBO (akToOpoB: BiusgHue JIYHbBI, BJIUSHUE TPUJIUBOB,
HeceprnyHOCTh 3€MIHN, BAUSHUE HOHOC(EPDI HA PACIIPOCTPAHe-
HIe CHTHAJIA OT CITyTHUKA, COJHEUHbIN Betep, apdeKThl Teopun
OTHOCHUTEJIBHOCTH, HETOUYHOCTH B aTOMHBIX dYacaxX, MarHUTHOE
nose 3emyu u T.[. MareMaTwuecKuii ammapar, o0ecredrnBaio-
U pacyeThbl, OYeHb Pa3HOOGPa3eH — MaTeMaTHYECKUiT aHan3,
muddepenianpible ypaBuenus, auddepeHiaibHas reoMeT-
pusi, TeOpHsl BO3MYIIEHUN, TapMOHUYECKHUIl aHATU3, TEOPUs
npubskenunii. Ho, Kak Mbl BUJIE/IM, MaTeMaTHuecKast ujiesi, Ha
KOTOPOH OCHOBAaHO COOCTBEHHO BBIYKCJEHUE MECTOTOJIOKEHNUST,
JIOBOJIBHO TIPOCTA M HE BBIXOJAUT 32 PAMKHU IITKOJBHOTO Kypca
reoOMeTpPUN.



3aKIIOYUTENbHbIV 3Tan
XLI Bcepoccmmckom onmmnmagbl
LLIKONbHMKOB MO MaTemMaTtuke

3aknoumTensHbIv 3Tan XLI Bcepoccmmckomn mMateMaTnyeckom
onMMNVagpl WKONMbHWKOB NpoBoamncs ¢ 23 no 29 anpeng 2015
roga B ctonuue TatapcraHa ropoge KasaHw.

B onumnunage npuHsanm ydactie 355 wkonbHMkoB 13 50
pernoHoB Poccum, nokasaBLUMX Hanbornee BbICOKMe pe3ynbTaTbl
Ha pernoHanbHOM 3Tane. B onvmMnnage npuHANM yy4actme Tpa-
OVLMOHHBIe FoCTV: KOMaHAbl 13 bonrapun n Kntamnckon Hapoa-
How PecnyGnuku.

Kak v B npembloyliuve rofbl, B KaxAblh W3 ABYX [OHEN
ONMMMMaAbl y4acTHMKaM ObINo NpeasioxeHo no 4 3agaquv Ha 5
4acoB paboTbl. HecMOTps Ha TO, YTO 3afaqu oVMMAVaabl Obin
[OCTAaTOYHO TPYOHBbIMW, LWKOJbHUKK YCNEWHO CNpaBUIUCL C
HUMK. 1 B KaXKOOM Klacce HaLlWMMCh YHaCTHUKM, peLumnBLIME BCe
8 3apau. Mo Tpagnumm, nocne oNMMNNAAL! LUKOMAbHWKM y4acTBO-
BasM B rONIOCOBAHWM, Ha KOTOPOM OHW Bbibpanu Hambonee
KpacmBble, MO X MHEHUIO, 3afla4n. JlaypeaTamu B 3TOM COpeB-
HoBaHWK cTanu: B 9 knacce — 3amaduun 6 (I mecto), 8 (Il mecTo)
n 7 (Il mecTo); B 10 knacce — 7 (I Mecto; oTMeT1M, 4TO eLle B
npowsiom rogy ee aBtop Makcum OuanH Obin nobepumrenem
Bcepoccuiickon, a 3atem 1 MexayHapoaHOM onrMnmMaabl LUKOSb-
HrkoB), 3 (Il mecto) v 8 (Il mecto); B 11 knacce — 4 (I mecTo),
6(1l mecTo) 1 3 (lll mecTo). Bonbluas 4acTb 3TUX 3a4a4 BKIlOYEHa
B «3afayHuK «KBaHTa» 3TOro Homepa.

CTOUT OTMETUTb BbICOKMM YPOBEHb OpraHM3aLMy onvMMmnmna-
Ibl, Gnarofaps KOTOPOMY OHa npeBpaTUiack B HACTOAULMN
NPasAHVK ANS Ny4YLVX IOHbIX MaTeEMATVKOB CTpaHbl. Ha Lepemo-
HUW 3aKpbITUS Harpadbl NobeauTensM onnMMnnambl U AUNIOMbI
BPYYM MUHUCTP obpa3oBaHuMs un Hayku Poccurickon depne-
paunn [1.BJIMBaHOB, C HanyTCTBMEM O/19 OAAPEHHbIX LLUKOSIbHM-
KoB BbIcTynun naypeat ®ungcosckon npemmun C.K.CMUpPHOB.

Kpome TpaaMLMOHHBIX 3KCKYPCUM B MPOrpaMmMy ofnvMnvaabl
ObIIM BKIIIOHEHbB! Hay4YHO-MOMYNAPHbIE NEKLMN N3BECTHBIX MaTe-
MaTVKOB: «3afayu npocTble U cnoxHble» AllleHs, «HT10 Takoe
cnyvarHoe bnyxaaHne?» C.CMUpHOBa, « CNOXHOCTb BblYMCTe-
HUM, 1 NodeMy 0e3 Hee He MPoXKTb» D.MMpLia.

Huxe mpuBefeHbl YCIOBUS 3adad M ClMCOK nobepuTenet u
npu3epoB 3akito4mTensHoro stana XLI Bcepoccumckon onmm-
nvaabl WKOMbHWMKOB MO MaTeMaTuke.

3A0AYHN ONTIMMINNAADI

9 knacc

1. Yncma a v b TaKoOBBI, YTO KKIBIH U3 [BYX KBAIPATHBIX
TpexunenoB x2 +ax +b u x’+bx +a uMeer 10 B pasm-
HBIX KOPHsI, a IIPOM3BEJEHUE HTUX TPEXUJIEHOB UMEET POBHO TPH
pas3smuubIX KopHs. Haiijiure Bce BO3MOKHbIE 3HAUECHUS CyMMbI
9TUX TPEX KOPHEIL.

C.Bepnoe

2. MMapasrenorpamm ABCD rtaxos, uto OB 90 uAB<BC.
Touxku E u F BbIGpaHbl HA OKPY)KHOCTH ), OIHMCAHHOI OKOJIO
tpeyroibunka ABC, Tak, 4To KacaTeJbHble K () B 9THX TOUKAX
npoxoat yepes D. Okasagnoch, uto DEDA= 0 FDC. Haiigure
yron ABC.

A.Axybos

3. Harypasbuble uncaa @, x u y, 6ospime 100, TakoBbl, 4TO

v -1=d’ (x2 - 1) . Kakoe manMenbpinee snauenme MoXeT MpPH-

HUMAaTbh Apo0b a/x ?
B.Cendepos

4. B Bozeii6osbHoM TypHupe yuactBoBaau 110 komamn,
Ka/1ast ChITpasia ¢ KaKJIO! M3 OCTaJbHBIX POBHO ofiHy nrpy (B
Boseii6osie He ObiBaer Huubnx). Okaszanoch, uTo B J060IL
rpynme u3 55 KOMaH/| HaliJieTcs OjiHa, KOTOpas IPOUTpasa He
6ostee 4eM YETBIPEM M3 OCTAJIBHBIX 54 KOMaH[ TOIH T'PYIIIBI.
[lokaskute, 9TO BO BCeM TypHUPE Hali/ileTcsd KOMaH/a, MPOUT-
pasiias He GoJiee 4eM 4eTbipeM U3 octaibHbiX 109 Koman/1.

C.bepaos

5. Io kpyry sammcanbt 100 esbix uncesn. Kaxjgoe u3 uncesn
6oJIbllle CYMMBI JIBYX 4YHCEJI, CJCJYIONUX 33 HUM II0 4acOBOIl
crpenke. Kakoe man6osblee KOJHIECTBO MOTOKUTENbHBIX YH-
ceJl MOJKET OBITb CPE/N 3aMNCANHbIX ?

C.bepaos

6. Cm. 3amauy M2398 «3anaunuka «Ksanras.

7. Ocrpoyrospnbii Tpeyroabnnk ABC (AB < AC) Brmcan B
okpyskHocTh Q . ITyctp M — Touka nepeceyeHust ero Me/uaH, a
AH — Bbicota atoro TpeyrosbHuka. Jlyu MH nepecekaer Q B
touke A'. J[OKaxuTe, YTO OKPYKHOCTD, OIMCAHHAS OKOJIO
tpeyrosbinka A'HB , kacaetcs AB.

A.Torosanos, A.Axy6os

8. Cm. samauy M2402 «3amaunnka «KBanras.

10 knacc

1. Cm. 3amauy M2400,a «3anaunuka «Ksanras.

2. [lan napamnenorpamm ABCD, B kotopom AB < AC <
< BC. Touku E u F BbIOpaHbl Ha OKPY’KHOCTH (), OIUCAHHOI
oKoJ10 TpeyroybHuKa ABC, Tak, 4To KacaresJbHble K () B 3THUX
TOYKaxX TMpoXomsaT uepes D; mpu atoM ortpeskn AD u CE
mepecekaiotcst.  Oxasasmoch, uto UABF=0 DCE . Haiigure
yron ABC.

A.Axy6os, C.Bepaos

3. Ha copeBHOBaHuSX 110 (PUTYPHOMY BEJIOCHIIEMPOBAHIIO
6b1710 100 cyneii. Kaxaplii cyibst yIopsIounI BceX yIaCTHUKOB
(oT myumrero 1o ero MuenHHIO — K Xyauremy). OKa3anoch, 4to H1
JUIS KakuxX Tpex ydacTHukoB A, B, C He HalLioch Tpex cyneii,
O/INH U3 KOTOPbIX cuuTaer, 4yro A — jayummii us Tpex, a B —
Xy, Apyroit — uyro B ayummii, a C XyAmmii, a TpeTHii — 4To
C gayunmii, a A xymmuii. [lokasknte, 4ToO MOXKHO COCTaBUTH
oOIuil PEHTHHT YYaCTHUKOB TaK, 4TOOBI /s JIOOBIX JBYX
y4acTHUKOB A 1 B TOT, KTO BbIllle B peiiTuHre, ObLT Obl JIydlle
JIPYTOTO 10 MHEHUIO XOTsI Obl MOJIOBUHBI Cy/IEN.

H.Bozdanos

4. O6osnauum uepes S (k) cymmy uudp HaTypasIbHOro UmcIa
k. HaTypanbHOe 4nCJI0 @ Ha30BEM N-XOPOULUM, ECITH CYIECTBYET
Takasg MOCJEOBATEJBHOCTD HATYPANbHBIX YHCEa dy, dy,



w, @,,uT0 @, =a u a =a; -S(a;) npuscex i =0, 1, ...
., n — 1. Bepno mm, uro Ana mo6Oro HATYpAJbHOTO N
CyTecTByeT HaTypasbHOe UHCIIO, SBIIONIeecs 1-XOPOIINM, HO
ne sisastomeecst (n + 1) -xopoum?

A.Anmponoe

5. V3BecTHO, 9TO KJIETYATDHIN KBaJpaT MOKHO pa3pesarb Ha 1
O/INHAKOBBIX (PUrYPOK U3 k KieToK. J[OKaXKuTe, YTO ero MOXKHO
paspesaTb 1 Ha R OJMHAKOBBLIX (PUTYPOK U3 1 KJICTOK.

C.Boauénkoe

6. Cm. zagmauy M2397 «3agaunuka «KBanras.

7. B octpoyrosibHOM HEpaBHOOEAPEHHOM TpeyToJbHuke ABC
npoBesienbl Meguana AM u Boicota AH. Ha npsambix AB u AC
oTMedeHbl TOUKU Q u P cooTBeTcTBEHHO Tak, uto QM 0 AC u
PM O AB . OkpyXHOCTb, OINHCAHHAA OKOJIO TPEYrOJbHUKA
PMQ, nepecekaert npsamyio BC Bropuuso B Touke X. /lokaxure,
yro BH = CX.

M. Juoun
8. Cm. zamauy M2404 «3agaunuka «KBanras.
11 knacc
1. Cm. 3ajauy 2 st 9 kiacca.
1

2. Ilyctp n > 1 — natypaJjbHOe yuca0. Boimuinem apobu W

2 n-1
Lo o M TIPHBEJEM K&KAYIO K HECOKPATHMOMY BUJLY;

CyMMy "ncJHTe el Moy YeHHbIX Apo6eii o6osnadnm yepes [ (1) .

IIpu kaknx Hatypasbhbix n > 1 uncaa [ (n) n f(20157) umetor
Pa3HYIO YETHOCTDH?
A.Tonosanos

3. Cm. samauy 4 n1a 9 kiacca.
4. Cm. s3agmauy M2403 «3anaunnka «Ksanras.

5. BeccMepTHast 6J10Xa TIPHITAET IO [EJIbIM TOYKAM HA YHCJI0-
BOI1 npsaMoii, craptys ¢ Touku 0. /[imHa nepBoro npbikKka paBHa
3, Broporo — 5, tperbero — 9, u rak gajee (AaMHa R-TO IPbLKKA
pasua 2F +1). Hampassenne npbixkka (BIpaBo MM BJIEBO)
6J10Xa BBIOWpPAET CaMOCTOATETbHO. MOXKeT MM TaK CIYyIUThCH,
410 6JI0Xa PAHO WM HO3[JHO NMOObIBaeT B 000N HATYpaTbHOM
Touke (BO3MOJKHO, TOGBIBAB B HEKOTOPBIX TOYKAX GOJIBIIE YeM 110
pasy)?

C.bepaos

6. Cm. 3agauy M2399 «3anaunuka «Kpanras.

7. HepasuoGenpenubiit Tpeyroabunk ABC BIHCAH B OKPYIK-
HOCTh W . KacarenbHas k atoil okpyxxHocTi B Touke C rniepece-
kaer npsamyio AB B touke D. Ilyctb I — HEHTP OKPYXKHOCTH,
Brmcantoil B TpeyroabHuk ABC. Ilpambre AI n BI mepecexaioT
6uccexrpucy yria CDB B Toukax Q u P coorBercTBeHHO. [TycTb
M — cepeauna orpeska PQ. [okaxkwure, uto npsmas MI
IIPOXOJUT uepe3 cepenny ayru ACB OKPY>KHOCTH @ .

M. Kyneoxun

8. [damnbr Hatypasbible unciaa a u b, npuueM a < b < 2a. Ha
KJIETYATOH IIJIOCKOCTH OTMEUEHbI HEKOTOPbIe KJIETKN TaK, YTO B
KasK/IOM KJIETYATOM IIPSIMOYTOJIbHUKE @ X b uin b X a ectb XOTst
Obl ofHAa OTMeYeHHAs KJeTKa. IIpm kakoM HamGoJbIieM o
MOKHO YTBEPK/IATb, UTO /71 JTI060T0 HATypaabHOro N Haiiaercs
kJaerdatbiii kKBagpat N X N | B KOTOPOM OTMeU€EHO XOTsI 6bI AN 2
KJIETOK?

H.Bozoanos, O.Ilooruncruil

AunnomMaHTbl onuMnuaabl

Jurnnom riobeguresns

mo 9 KjaaccaM 1osyunsn

Heanos Muxaun — Caukr-Tlerep6ypr, ®@MJI 239,

Azyoun Amup — Kasaun, yuneit 131,

Kpownckuti Cmanucaas — Cankr-Ilerep6ypr, mureit OTII
PAH,

Kyxoe Mamseti — Cankr-IlerepOypr, @MJI 239,

Toxmaues Anexcandp — Apocaasib, mxona 33 um. K.Mapkca
¢ yruyOeHHbIM M3Y4YeHHeM MaTeMaTUKHU;

no 10 kaaccam —

IOpeun I'pueopuii — Mocksa, snuneil «Bropas mxosas,

Kupaxocan Anexcandp — Canxt-Ilerep6ypr, dMJI 239,

Coxoznoe Uenam — Kypran, rumnasus 31,

Jyurun Badum — Mocksa, Ientp ob6pasoBanust «Ilarbaecst
ceJlbMast MIKOJIa»,

Ilempos Cemen — Spocnasib, mkomna 12,

Ilanaemos Anexcandp — Kypran, rumnasust 47,

Kanamb6em Anamoauii — Mocksa, 1mkosa «VHTeLIeKTY > ;

no 11 kiaaccam —

Canumos Pycaan — Mocksa, mkosa 1329,

Dponoe Hean — Mocksa, mkoma 1329,

bouxoe Hean — Mxesck, LUOMJI 29,

Ceaanun @edop — Mocksa, llentp obpasosanus «Ilarprecsar
ceJlbMast IIKOJIa»,

Cepeynun Andpeii — HoBocnbupcek, rumuasns 1,

Hymancxuii Havs — HoBocubupcek, rumuasus 1.

Luriiom ripusepa

no 9 kJaaccaM IOJIyUHIN

Yaproeckuil I'eopeuii — Cankr-Ilerepoypr, ®MJI 239,

Muepun Buxmop — Canxkr-llerep6ypr, OMJI 239,

Yyaxosa Kcenus — MockBa, mikosa 2007 ¢ yriay6ieHHbIM
nsydyenueM (pU3NKU U MaTeMaTHKH,

Bupaues Apcenuii — Cankr-Ilerep6bypr, ®MJI 239,

Cagonos Hean — Caunxt-Ilerep6ypr, @MJI 239,

Toaoxno Hzabennra — Canxr-TlerepGypr, @MJI 239,

Opewnuxoe /[Januun — Cankr-Ilerep6ypr, ®MJI 239,

Abdpaxmanoe Mapam — Yensbunck, muueit 31,

Judun Anexcandp — llepeciaBiib-3ajieccKuil, THMHA3MS,

Amumpuesa Mapus — Mocksa, yuueil «Bropaa mkosas,

Mopozoe Ezop — Mocksa, snneii «Bropas mikoJay,

Jlucosemurn Huxuma — Cankr-IlerepGypr, @MJI 239,

Tonmaues Arexcandp — Capos, Jmreii 3,

Jynyasx Bacuauii — Cauxr-IlerepGypr, dMJI 239,

Apuee [Amumpuii — Yenabunck, nuueit 31,

Honzux Cepeeil — Ppibunck, et 2,

Mewepsxos Huxonaii — Kypran, rumuasust 30,

3aiiyes Tumogheit — MockBa, mkosa 179,

Jo6ponpasos Huxuma — Hosocubupck, Jmieii 130 uM. aka-
nemuka M.A.JlaBpeHTbeBa,

Bozdanosa Examepuna — Mocksa, mkosa 1329,

Baacxoe Andpeii — Capos, ymeit 15 uM. axajgeMuka
10.b.Xaputona,

Bapvuunurxos Apmem — MockBa, mkosa 179,
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Bwikosa Cogoss — Mocksa, Ilentp ob6paszoBanus «Ilarbaecsart
ceJlbMast IIKOJIa»,

Ypmanoe Maxcum — Mocksa, llentp o6pasoBanus <«IIsrbue-
CcAT cembMast IMKOJIA»,

Cenmenoe Huxuma — Cankr-IlerepOypr, ®MJI 239,

Cnupudonos Heopo — Mocksa, mikosia 179,

Kapazooun Huxuma — Caukr-IlerepGypr, ®MJI 239,

Tunssee IOauan — Openbyprekast 001., AOyTUHCKUI P-H,
mKoJa 3,

Dedopey, Hukuma — Mocksa, mikosa 1329,

buxees Apmyp — Kaszaup, quneit 131,

Hosuxoe Muxaun — HoBocubupck, Juteit 9,

Dagpypun Ouez — Cankr-Ilerepbypr, @MJI 239,

lobponpasos Ezop — Hoocubupck, suieit 130 um. akajgemu-
ka M.A.J/laBpenTneBa,

Jamxkun Muxaun — Bapuayn, rumMuasus 42,

Pst6os Ezop — Mocksa, mkoJa 2086,

Oxonnas Eezenus — Mocksa, 1kosa 2007 ¢ yriay6JaeHHbIM
nuzyvyenneM (pU3NKU U MaTeMaTHKH,

Heghedos Andpeti — Vsanoso, ymneit 33,

Illepemem Apmem — MockBa, mkosa 1329,

IO206 Bacuauii — llepmb, 1mkosna 46 ¢ yriay6JeHHbIM U3yde-
HUeM MarteMaTtuku, pusukn U MHPOPMATUKH,

Amndpeee Hdxos — Canxrt-llerep6ypr, ®MJI 239,

Escees Ilasen — MockBa, auiieit «Bropas mikosas,

Cmydenuxuna Aresmuna — Mocksa, 1kosa 1329,

Myxamemwuna Kamuna — Kazanp, numeir 131,

Esmywesckas Apuaona — Cauxt-IlerepGypr, ®MJI 239,

Boponoe Apmem — Cepiiyxos, mxoJa 9 ¢ yriayGJeHHbIM U3Y-
YeHHEeM OT/IEJIbHBIX TIPE/METOB,

Kpasyosa Examepuna — Benropog, mueit 38,

/lposdosa Anexcandpa — Huwxnnit Hosropon, smueit 165
uM.65-nernst «I'A3»,

Hezo Andpeit — HoBocubupck, rumuasus 6 «lToprocraii»,

Jesun Jles — HoBopoccuiick, THMHA3HS S,

Yenacoe Anamoauii — Y IbIHOBCK, ruMHa3us 13;

no 10 kiaaccam —

Kpymoecxuit Poman — MockBa, rumuasusg 1514,

Benpees I'eopeuii — Ppibunck, qmreii 2,

T'y6xun Ilasea — Cankr-IlerepGypr, GMJI 239,

Pabos ITasen — MockBa, TuMHa3us 1543,

Ocmanxun Eezenuii — HoBopoccuiick, TUMHA3US S,

Axunbaesa Examepuna — Mocksa, mikosa 218,

Jusxdeoi Barenmun — MockBa, jmiieil «Bropast mkosas,

Aunexcees Apocaas — Canxt-IlerepGypr, OMJI 30,

Axmemos sKanam — Kypran, rumaasus 47,

Dadun Muxaun — Mocksa, Ilentp ob6pasoBannust «IIarbaecst
ceJbMast MIKOJIa»,

Lot Huxuma — Mocksa, mkosa 2007 ¢ yriy6IeHHbIM u3yde-
HueM (pU3UKKM U MaTeMATHKH,

Menvuwenun Anexcei — Mocksa, qureil 1568 um. ITa61o He-
pyabl,

Banaxun Andpeit — Mocksa, mkosa 2007 ¢ yriay6aeHHbiM
usyvyenneM (pU3NKU U MaTeMaTHKH,

Jsanuna Arvb6una — Vxkesck, 1OMJI 29,

Asanzynos Hcxandep — HabGepeskubie Yennnl, rumuasnst 26,

Maxeee Baaducaiaé — Mocksa, CYHIL MTY,

ITamcymounos Byram — Kazanp, muneit 131,

Oseuxun I'puzopuii — Vxesck, TOMJI 29,

Kopa Axexcandp — HaGepesxunie Uesnpl, rumuasust 26,

Babywxun Ezop — Kyprawu, mkoua 22,

3enkosa Ana — Hosocubupck, CYHIL HTY,

Moceesa Tamvana — Apocaasab, mkoaa 33 mM. K.Mapxkca c
yIJyOJI€HHBIM U3yUYeHHEM MaTeMaTHKH,

Jynyaax Oavea — Canxr-IlerepGypr, ®MJI 239,

2015/Ne5-6

Kosanenxo Kupuan — MockBa, Llentp o6pasoBanus «IIarp-
JIECAT ce/lbMag IIKOJIay

Kum Pauca — Mocksa, mrkosa 1329,

TI'opsiues Baradumup — Mocksa, rumuasust 1514,

Yypaposcxuii Huxoaaii — Mocksa, CYHI] MI'Y,

3aiiues Ezop — Mxesck, TOMII 29,

Mapuenxo Apmemuii — Capos, Jjuieii 15 nMm. akageMuKa
10.b. Xapurona,

Daipywun Audap — Habepesxnpie Yesnpl, rumMHasus 26,

Monuanosa Beponuxa — Kpacuogap, el 64,

Kowenee Muxaun — Mocksa, Ilentp o6pasoBanust «IIsatb/e-
CcAT ce/bMasl IIKOJIay

Tepexoe Muxaus — Y IbAHOBCK, YJIbAHOBCKUII rOPOACKOM
quieit ipu Yal' TV,

Socumosa sKanna — Wxesck, NOMJI 29,

Jviuazuna Enena — Kypran, rumnasus 19,

Hymunun Muxaun — HoBocubupck, rumuasus 6 «[opuo-
craiiy;

mo 11 Kiaccam —

TI'raoxoe Huxuma — Tomck, DT,

Bumun Anexcandp — YIbsHOBCK, IIKOJA 52,

Jlocee Havs — Cankr-Ilerep6ypr, @MJI 239,

Hosukoe Cesmocaae — Cankr-IlerepOypr, @MJI 239,

Kysneuos Anexcandp — Cankr-IlerepOypr, @MJI 239,

Maxapoe Baaducaas — Caunxr-IlerepGypr, mkoua 450,

Kyauxos Azaexceii — Canxr-Ilerep6ypr, ®MJI 30,

Mamesees Anexcandp — Mocksa, mkoma 171,

Fozoanoe Havs — Mocksa, mkosa 2086,

Hecmepos Huxkuma — Y IbSIHOBCK, MHOTONIPO(MUIIbHBIL JILieil
20,

3yopuruna Huna — Mocksa, Ientp o6pasoBanusi «IIsrbe-
CAT cebMast MIKOJIaY,

Monaxos I'puzopuii — Cankr-IlerepOypr, snureit 533 «O6pa-
30BaTeJibHbII KoMILIeke «Mamass OxTtas,

Cmoposxenxo Andpeit — Omck, tumHasus 117,

Benvix Eezenuii — Bonorzpa, Bomoroackuit MEOTONpOodMIb-
HBII JIAIIEN,

Xodynoe Iasen — Canxr-IlerepGypr, ®MJI 239,

Tapacos Anexcandp — Vpkytck, mkomna 10 ¢ yray6aeHHbIM
MU3y4eHUEM OT/IEJIbHBIX TIPEIMETOB,

Bacunvuuwun Cepeei — Kupos, ®MJI,

IHTamcxuti Baadumup — Mocksa, rumuasus 1514,

Ouxoe /Imumpuii — MockBa, rumHazns 1588,

Pymanuee Baaducaas — Mocksa, mkosa 179,

Axmsamos /lanunr — Mocksa, CYHIL MI'Y,

Mpoxurn Muxaun — Vixxesck, METJI «Ikoma—30s,

ITycmosotimoe Cepzeii — ¥Orpa, IOropckuii pusnko-matema-
TUYECKWH JINIel-nHTepHar,

Xadaese Koncmanwmun — HoBocubupcek, mikosa 83,

Mszxoe Koncmanmun — Cankt-Ilerep6ypr, @MJI 30,

Mycamxuna /lapvs — Uebokcapsl, suieit 3,

Bacumosa Hamarvs — MockBa, mikoJa 2007 ¢ yriay6aeHHbIM
nsydyeHueM (pU3NKU U MaTeMaTHKH,

HIamoxun Anamoauii — Kpacuonap, mkosa 74,

Bazupos Dapud — Cankr-IlerepOypr, smieit 533 «O6paszoBa-
TeJabHBIN KoMilieke «Masmag Oxray,

Ayxvanoe Havs — Y IbSHOBCK, Y IbSTHOBCKUN TOPOJICKOH J1-
neit nipu Yal'TY,

Esemyuwesckuii Becesoaod — Cankr-IlerepOypr, ®MJI 239,

Towyx Kupuan — Canxr-llerep6ypr, ®GMJI 239,

Aysxeuxuiit Hava — Mocksa, sureil «Bropas nikosar,

Baxpuna Anacmacus — I/UIOLLIKap-O]Ia, suuein 28,

Manyuapsmn Bapoan — MaruuToropck, mKoJa 5 ¢ yriay6Jen-
HBIM M3yYeHNEeM MaTeMaTHKH,

Banuyanun Apmyp — Yda, rumnasus 93,



Axywesa Coghvss — Boponesx, el «MuoroyposHesblii 06-
111e06Pa30BaATETbHBIIT KOMILIEKC 25,

Bob6pos Anexceit — Kocrpoma, Jmeit 34,

3aiiuesa Tamvsana — Mocksa, mkoaa 179,

Jemudos Januun — Huxuuit Hosropos, rumuasust 17,

Hnamose Muxaun — Mocksa, CYHI] MI'Y.

CrieymasibHele r1pn3b/

3a a0GCOJIOTHBIA Pe3yJbTaT HA OJMMIMAAE T10J1YYNIIN
Heanoe Muxaus — Cankr-IlerepOypr, @MJI 239, k.,
Canumos Pycaan — Mocksa, mikosa 1329, 11 xu.;

3a pelieHHe BceX 3a/[a4 OJUMIHUA/bI —

Azydun Amup — Kasanp, mmueit 131, 9 xur.,

FOpzun I'puzopuit — Mocksa, smnieil «Bropas mkoJay,
10 xJ1.;

3a KpacHBO€ pellIeHHe CaMoii CJOXKHON 3a/a4il OJIMMITHA/bI —
Ilempoe Cemen — dApocaasib, mkoaa 12, 10 xi.;

3a KPacCHBOE PEHICHHE CJOKHOW KOMOUHATOPHOIH 3amauu 8
nas 11 kaacca —

Dposos Hean — Mocksa, mkosa 1329.

Hy6auxauuio nodzomosuau H.Azaxanos, H.Bozdanos,
I1.Kosxeenuxos, O.IToorunckuil

SaKMOYNTENbHbIV 3Tarn
XLIX Bcepoccnmckom onmmnmagbl
LLIKOSTbHUKOB MO pu3mKe

B 3TOM ropy 3aknoumTenbHbIM 3Tan Bcepoccnmnckon onnmnu-
aAbl WKONbHUKOB Mo m3mke mnpouwen B EkatepuHOypre. B
onvMnNMnage NPUHANK ydactne 266 LLKONbHNKOB 13 52 cyObek-
ToB PD 1 2 wkonbHWKa 13 Pecnybnukm benapyce.

Camble MHOro4MCIeHHbIE KOMaHbI NpeacTaBuav ropod Moc-
kBa, Pecnybnvka MoppaoBus 1 ropog CaHkT-MeTepOypr. YyacT-
HUKM 34 CyObeKTOB He CMOrv NpeoaoneTb KBannhUKaLMoH-
HbIt Gapbep Ha pervoHanbHom 3Tane (11 knacc — 58 bannos, 10
knacc — 56,5 6anna, 9 knacc — 51 6an) 1 Ha 3aKNOYUTENbHBIN
3Tan HanpaBWAM NO OAHOMY YHYaCTHWKY, HabpaBLUeMy HavBbIC-
Lee KONM4ecTBO HannoB B CBOEM PErVOHe.

Kak 1 B npexxHue rofbl, KaxX4oMy YHaCTHWUKY 3aKIIo4UTeNbHO-
ro 3Tana onMMNMagbl ObiNo NPeanoXeHo PeLlnTb NATb TeopeTH-
4ecKVX 3a[a4 W BbIMOMHNUTL [Ba 3KCMepUMEHTaNIbHbIX 3a0aHNA.
AHanu3 paboT y4acTHMKOB MOKa3as, 4To Ko3IMMULIMEHT Koppe-
NAUMKM Mexay Teopuren 1 3KCNEPUMEHTOM HaWMeHbLUM Ans
LEBATVKNACCHUKOB W MOYT B TPW pa3a bonblie Ans oaMHHaA-
LLaTVKNACCHMKOB. JTO CBWAETENbCTBYET O TOM, 4TO ecin B 9
Knacce yMeHue pellaTb TeopeTudeckme 3aaadm cnabo cBsizaHo
C YMEHMEM BbINOMHATL 3KCNepUMeHTanbHble 3adaHus, 1o K 11

OmimnuiLbl no3vpyoT

KNaccy ypoBeHb Y4aCTHMKOB BO3pacTaeT HacTONbKO, YTO KOMM-
4ecTBO OanNyoB Kak 3a TEOPUIO, TakK M 3a 3KCNepUMeHT Oorblie
33BWCUT OT CTeneHu NOAroTOBKM Y4aCTHMKA, YeM OT ClyHamHbIX
aKkTopoB..

Hixke nNpuBOAATCA 3aAayM TEOPeTUYeCKOoro Typa M ClMCOoK
nobeantenen 3aknoumtenbHoro 3tana XLIX Bcepoccumickon
ONMMMMAAbI LLKOMBbHUKOB MO (hU3MKe.

TEOPETUYECKUIN TYP
9 kracc

3azava 1. Pasron noesna

MaumHucT HacTPOUJ GOPTOBOH KOMITBIOTEDP BJEKTPHUKH TaK,
4TOGBI OH MOKa3bIBaJ CPEAHION CKOPOCTh U Ha y4acTKe, Mpoii-
JICHHOM MEKLy COCEJHUME OIOPAMU, TIOIEP/KUBAIOTINME KOH-
TakTHBIH TpoBo (puc.1). PaccTosHUS MEKIY JIOOBIMI JBYMS

Puc. 1

COCEJIHUMU OTIOPAMK OJIMHAKOBDI. JJIEKTPUYKA OTIPABJISIETCS C
mardopmbl « HoBogauHast» 1 pasroHsieTcs ¢ TOCTOSTHHBIM YCKO-
penneM. Uepes HEKOTOPOE BPeMs MAITMHUCT YBUEJI, YTO KOMIIb-
10Tep TOKa3bIBaeT ckopocth vy = 20 &M /4. Ha criemyiomniem
y4acTKe CKOpPOCTb oKazatach v, = 30 xm/4. Kakoii GblLia
MTHOBEHHAs CKOPOCTD % JIEKTPHYKH HA TPAHUIIE MEXK/TY TIEPBBIM
U BTOPBIM y4aCTKaM#?
B.Cro600snun Ynop

3agava 2. Haxamm u ormy-
CTHUJIA
Teseskka coemuHeHa co cre-
HO#l JKEeCTKUM CTep)KHEM O O
(puc.2). K ee ymopy mpukpern-
JieHa TIpY’KUHA, JPYroil KOHell  Puc 2
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7—6'0,06’ TUHeCKUe PasmMbILLICHVIA

KOTOpOIi cBsi3an ¢ 6pyckoM. Bravase npyskuua ne gedbopMupo-
BaHa. Ha Opycok B TeueHme HEKOTOPOTO BpPEMEHU [EHCTBYET
MOCTOSIHHASL TOPUBOHTAJbHAS cujia F, HanmpaBJeHHas BJOJIb
tesexxku. [Tocse mpekpanienus AeiicTBIs 3TOi cnJibl OPYCOK ellie
HEKOTOPOE BPeMS CMEIIAETCS B CTOPOHY YIIOpa M BO3BPAIaeTcs,
OCTaHOBUBIINCH B NCXO/1HOI Touke. Cusia Tpenus, JeiicTByiomnas
CO CTOPOHBI TeJIEKKN Ha GPyCoK, paBHa f. Tpemnue B ocsix KoJiec
He yuuTbIBaiiTe.

1) C kakoii cuioii N TejiexkKa JaBuia Ha CTEPKEHb B MOMEHT
TIpeKpalienns AeicTBus cuibl F?

2) Haiigure nanbospmiee snadenue N,.. CHUJIbI JaBJICHUS
TEJIEKKHM HA CTEPIKEHb.

H.Bopobves

3anmaya 3. JKapa B x0J101U/IbHUKE

B :xapxue JeTHume [HM, KOTJa B KOMHATE YCTAaHOBUJIAChH
temreparypa t, = 30 °C , akcriepumenrtatop [0k 06patns BHU-
MaHme Ha TO, YTO BpeMst paGOThI IBUTATEIST XOJTOMIBHIKA CTAJIO
B/IBOE TIPEBBINIATh BpeMs Oe3/ieiicTBus. PelnB onTuMu3npoBaTh
ero paGoTy, dKCIIEPUMEHTATOP PETYJISTOPOM M3MEHUJI TeMIlepa-
Typy BHYTpH Xosommibanka Ha 6 =9 °C . B pesyJsbrate Bpemst
6e3/IeHCTBIS CTAI0 BABOE OOJIbIIE BpeMeHn paboThl. Ompeaesm-
Te:

1) Ha Kakue TeMreparypbl ¢ u ¢, ObLI HACTPOEH PEryJsTop
B Hayajle U B KOHIIE 9KCIIEPHUMEHTa;

2) Ha KaKylo BHYTPEHHIOO TEMIEPATYPY ly, HaJ0 BBICTABUTH
PEryJIsITOp, 4YTOOBI JIBUTATENH XOJOJMIbHUKA Havdag paboTaTh
6e3 TiepepbiBa;

3) mpuM Kakoll BBICTABJIEHHOI PETyJIATOPOM TeMIepaTtype t;
JACTOTA BKJIIOUEHUST XOJOAMIBHUKA CTAHET MAKCUMAIBHOI.

Vxasanue. Perynarop sagaer temrepaTypy ¢ BHYTPH XOJO-
JIJIbHUKA B HeGO.IbIIOM nHTepBae ¢ + At/2 . Korja temmepary-
pa BHYTPU CTAHOBUTCS paBHOU ¢ + At/2 | pBuraresb XOJOANIb-
HMKa BKJIIOYACTCS, KOT/Ia OHa CHUsKaeTcst 1o ¢ — At/2 — BeIkTio-
yaercsi. Cuuraiite, 4To:

a) MOIIHOCTD MOABOANMOTO KOJMYECTBA TEILIOTHI IPOIOPIHO-
HAJIbHA PA3HOCTH TEMIIEPATy P BHYTPH XOJOJIIbHIKA U OKPY>Ka-
IOHICﬁ Cpeabl U IOCTOAHHA BO BCEM HHTEPBAJIC BHYTPCHHUX
temnepatyp ¢+ At/2

6) TerIoBas MOIHOCTh, OTOUPaeMas JIBUraTeIeM BO BPEMsI €10
paboThl Y BHYTPEHHETO 00beMa XOJIOANJIBHIKA, HE 3aBUCHT OT
TeMIIepaTypbl;

B) M3MEHEHNEM TeMIIEPaTyPhl B KOMHATE MOKHO MPEHeGPEUb.

M. 3amamnun, H.3vixo6

3agaua 4. Heupeanbnoie quo/nl

DJIeKTpUYeCKas Ielb, cXeMa KOTOPOH Mpe/CTaBjiena Ha pH-
CYHKe 3, COIEPKUT TPU OJMHAKOBBIX PE3UCTOPA COIMPOTHBIICHN-
eM R =R, =R3 =R u tpu ogunakoBbixX auona Dy, D,, Ds.
3aBUCUMOCTD CHJIBI TOKA, TIPOTEKAIOIIETO Yepes IN0/I, OT Halpsi-

20

5/No5-6

Y

0]
Puc. 4

JKEHMS Ha HeM IIpe/icTaBeHa Ha pucyHke 4. Onpejennure CUIy
Toka I, uepes amrepMerp B 3aBUCHMOCTH OT Hanpsikenust U 4 p
Mexkay Toukamu A u B. Ammnepmerp ujeanbbiii. Ilocrpoiite
rpaduk 3aBucumoctn 1, or U ,p, yKasaB 3HaYeHne CUJIbI TOKA
W HalpsKeHWe B XapaKTePHBbIX TouKax (HarmpuMep, MakCUMyM,
MUHUMYM, H3JI0M).

A.Anononcxuil

3anmava 5. Yynra-Yanra

Uebyparmika u Kpokojusa l'ena BecHoii moexamu B Jlarepb
[pyx6b1 Ha ocrpoBe Uynra-Uanra. OcTpoB pacroJioykeH Ha
akBatope. Ha tepputopun marepst moctpoensr aBa Tunosbix 100-
STaKHBIX Koprryca (B Buze
IIPSIMOYTOJIBHBIX  [TapaJi-
JejenunenoB), OJUH
CTPOTO Ha BOCTOKE OT
JIPyToro. 37aHus KOpIy-
COB TapaJlyieJbHbl JIPYT
JIPYTY U TIEPIEHINKY JISIP-
Hbl akBatopy (pmc.5).
UelGyparmka mocenIcs B 3alaJHOM Kopiryce, a Kpokoauna ['eHa
— Ha JIeCSATOM 3Ta)ke BOCTOUHOro Kopiryca. OKHa X KOMHAT
OKa3aJIMCh BBIXOASAIIMME JIPYT Ha Jpyra. B JeHb BeceHHero
paBHOJEHCTBUSI, 21 Mapra, COJHIlE CBETHJIO B OKHO ['eHbI B
tedyenne 1} = 2 4, a B okHo YUeGypamku — T, =4 4.

1) Ha xaxom srase xuBer UeGyparika?

2) Yro nokasbiBaau yachl UeGypaliku, KOria OKHA B KOPITyce
T'eHbl eMy BIEepBbBIE NMOKA3ATNCH 30JOTHIMU ?

3) B Teuenme Kakoro BpeMeHH OKHa B KopIryce [eHbl Kazaanch
YeOypalike 30J10TBIMU?

Hpumeuanue. OKHA KAXKYTCS 30JI0TBIMU, KOT/IA B HUX OTpaska-
eTcsl coJiHIle. MHOTOKpaTHbIe OTPAKeHUsT He YUHThIBaioTCS. B
12:00 comHIle HAXOANIOCHh B 3€HUTE.

FERERERRRNEN
FERRRRRRRNENE

Dxreamop
Puc. 5

JI. M envnuroscruil
10 knacc

3anava 1. Yupyrasa cucrema

Ha rnazaxoil ropusoHTanbHOIl IOBEPXHOCTH PACIOJIOKEHA
KOHCTPYKIMS, ToKazanHas Ha pucynke 6 (Buzx csepxy). Onqun
KOHeIl TIPY>KMHBI JKe-
CTKOCTbIO kR TIpu-
KPEILJIeH K IPy3y Mac-
cOoil m, BTOPOH — K F
naysouke [I. Y mpy-
SKMHDBI  KECTKOCTBIO 1
ky ommH Komer 3ak-
peIlieH HEelo/BIKHO,
a BTOpOIl IpHUKper-
JIeH K TOH ke IaJIoy- B
ke 1. Ha nanouky Bce Bpems ziefictByer cusa F , ocTaiomascs
MOCTOSTHHON 110 BEJINYMHE W HAITPABJIEHUIO YTO ObI HI CJYYUIOCD.
[Tonavamy rpys yJAep:KuUBAIOT HEIOJBUKHO, a 3aTEM OTITYCKAlOT
6€e3 TOJTUKA.

1) Haiiqute MakcMMaabHYIO CKOPOCTD TPy3a.

2) Haiiute yauienue nepBoil mpy>kMHbl B MOMEHT, KOT/[a ee
A 6y/1eT MAUHUMAJbHA.

Cunraiite, uyTO Macca IHPYKMH M HaJOYKM PaBHA HYJIO,

Puc. 6



JUTHHBI TIPY’KUH B HeehOPMUPOBAHHOM COCTOSIHUM OJIHHAKO-
BbI, PACTSKEHUST NPY>KHH B MOMEHT OTIIYCKAHHUS IPy3a TOXKE
OMMHAKOBDI, CUy F TIPUKJIABIBAIOT K Malouke TakuM obpa-
30M, YTO OHa JBUIKETCsl IOCTylaTeJbHo (He MOBOpauMBaeTcs
DU J(BUKEHWUH), TPEHHUE OTCYTCTBYET.

. Anexcandpos

3agaua 2. HccaenoBanue niaHeTsl

CryckaeMblii ammapaT OCYLIECTBJISET IIOCAAKYy Ha IIOBEpX-
HOCTb 9K30THYECKOIT IIaneTbl. Bo BpeMst CITycKa TIPOBO/IIIOCH
u3MepeHre 3aBUCHUMOCTHU JIABJIEHNS p B aTMOc(epe MJIAHETbI OT
PACCTOSIHUSA Z /10 IOBEPXHOCTH TianeTsl (rpaduk Ha OT/eTbHOM
mucTe — CM. puc. 2 B OTBeTax). V3MepeHwe TeMIepaTypbl,
MPOM3BE/IEHHOe Ha BBICOTE 2; = 5 KM, Jaj0 3Hadenue 1; =
=250 K. Boruncsure temneparypy Ty y IIOBEPXHOCTH MJTAHETBI.
Cunraiite, 4TO pagnyc mIaneTel R > z; . ATMocdepa cocTonut us
YTJIEKUCJIOTO Ta3a.

Ipumeuanue. Tpaduxk Ha OTAEABHOM JHCTE HEOOXOJAUMO
C/IaTh BMECTE C BAIIMM PEIeHUEM.

O.Illsedos

3agaua 3. TepMod/leKTpoAMHAMHKA

JlBa JNCKa, 10 KOTOPBIM PABHOMEPHO PACIIPE/IEEHbI 3aPsi/ibl
¢ ¥ —¢, MOTYT IBUraTbCst Ge3 TPEHUs B JVIMHHOM HEIIPOBO/ISIIIEM
TEILJION30IMPOBAHHOM  IIHJIH/IPE,

PACIIONOKEHHOM TOPU3OHTAIBHO

gecl (puc.7). Paccrosiaue Mex/Ly JiucKa-

q ::3}, -4 MU MHOIO MEHbBIIE HX PajliyCoB.

o5 Meskjty AMCKAMH HAXOUTCS HEKO-

LN TOPOE KOJMYECTBO TEJIUS, 3 [UCKA-

Puc 7 MU Ta3a HET, CHCTeMa HAXOJIUTCI B

paBHOBECHN. 3aps/ibl AUCKOB MTHO-

BEHHO YMEHBIIAIOT BABOE, TOC/IE YeTO OKU/IAT0T MPUXO/a CHCTe-

MBI B paBHOBecue. IIpene6peras Teroo6MeHOM, HailuTe, BO

CKOJIBKO Pa3 U3MEHSTCS TeMIIEPATyPa rasa U PACCTOSHIE MEX/Ly
JICKAMU.

A.Yepnoyuan

3anaua 4. CreHka ¢ AbIpKOit

Tpu oMHAKOBBIX GPYCKa ABIKYTCS € OJMHAKOBBIMU CKOPOC-
amu o (puc.8). JlnuHHag Jgerkas yupyras pe3uHKa, CBA3bIBa-

I0I[asi TEPBbIH M BTOPON

3 2 I / O6pYCKHU, MPOXOJUT CKBO3b

OTBepCTHe B MACCUBHOII CTe-
D@i:l He ¥ dYepe3 Jierkuit OJIOK,
IIPUKPEIJIEHHbI K TpeTbe-
Puc 8 My Opycky. B mHavasbHbIi

MOMEHT BpEMEHH pPEe3MHKa
He pactgnyTa. Onupezesnure cKOpocTu GPyCKOB MOCJE YIIPYTOro
CTOJIKHOBEHHSI TIEPBOr0 GPyCKa CO CTEHOW B MOMEHT BPEMEHH,
KOT/Ia PE3MHKA OKA3aJach:

1) MaKCHMaJIbHO PacTAHYTOM;

2) cHOBa HEHATSHYTOM.

Tpenne B cucreme He yuurbiBaiite. Cumraiite, 4TO TOKA
pe3WHKA He CTaHeT CHOBA HEHATSHYTOIl, Tpy3 2 He CTAJIKIBAETCS
¢ 6;10KkOM, a Tpy3 ! He yZapsieTcsl O CTEeHy.

H.Bopobves

3anava 5. Heimneiinoctsb

Hekoropbie aeMeHTBI 3JICKTPUUECKUX TeTiell SBJSIOTCS He-
JINHEHHBIMU, T.e. CUJA TOKA, IPOTEKAIONIero uyepe3 HUX, He
IIPOTIOPIFIOHANbHA TPUJIOKEHHOMY HanpspkeHuio. [lomycTnM,
YTO y HAC €CTh JIaMIla HAaKaJMBaHUs, [ KOTOPOIl CHJjia TOKa
I, mponoprmonansna /U, , mmoxm, y kotoporo I, mpomop-
IIOHAJIBHO Uf[, U MCTOYHUK TOCTOSIHHOTO HamnpsikeHus. [Ipu
9TOM W JIaMIla, W JAWOJ OO0Ja[al0T OJWHAKOBBIM CBOWCTBOM:
ecyIin TIOJKJIIOUUTD JIIOOOW M3 3THX 3JIEMEHTOB K HCTOYHUKY B
KayecTBe HArpy3KH, TO MOIIHOCTb TEIJIOBBIX MOTEPh HA Ha-

vper 3K CriepriMeHT

rpyske Gy/leT MaKCHMaJIbHO BO3MOKHOMW JJis JAHHOTO HCTOY-
HuKa. Ecay MOAKIIOYUTD K MCTOUYHUKY JIAMITY U JIHOJ, COEMIH-
HUB HUX TOCJEJI0BATENBbHO, TO MOIHOCTb IOTEPh HA TaKOMH
narpyske Oyzer pasna P, = 7,2 Br. Kakoii OyzieT MOIIHOCTD,
€cJIM B KayeCTBe HArPy3KU K UCTOUHHUKY MOAKJIIOUUTD JIAMIY ¥
JINOJT, COEJIMHEHHDIE MapaJIIeJbHO?

K.Iapgenos

71 knacc

3azaua 1. Kone6anus

Ilo moBepxHOCTH 3aKPEIJICHHOW JM3JIEKTPUYECKOil morycde-
PBI PAaBHOMEPHO PacIipe/iesieH TTOJOKUTETbHBIN €K TPHIeCKUiT
sapan (puc.9). Ocp cum- 0
MeTpun moJychepbl BepTu- .
KaJsbHa. B Touke O, cosma-
JIAfoNIell ¢ TIEHTPOM KPUBH3-
HBI 110J1ycepbl, 3aKpeIieH
MaTeMaTH4eCKUil MasiTHUK B
BHUjie HEGOJIBINOTO MapHKa ¢
3apAJIOM ¢y, BUCAIIETO Ha  p,- g
HUTH, JIJTTHA KOTOPOIl MEHb-
e pajauyca nosaycdepsl. Ilepros rapMoHMYecKX KoseOaHuit
mapuka BOJM3M TOJIOXKEHUS PABHOBECHs, B KOTOPOM HHUTb
BepTHKaJIbHA, paBeH 7. Ilocse Toro kak 3apsij napuka M3MeHH-
JM TaK, 4TO OH CTa/l PaBeH ¢y, npuieM |g,/qy| =2, nepuos
TapMOHUYECKUX KOJIeOaHMI MaprKa BOJIN3KM HOBOTO MOJIOKEHHS
PaBHOBeCHs, B KOTOPOM HUTD TOXE BEPTHKAIbHA, CHOBA OKa3aJI-
cs pasabM 1. HaiiguTe uncioBoe 3uauenme T, ecam n3BECTHO,
YTO MEPUO/I FTAPMOHNYECKUX KOJIeOAaHUI MASTHIUKA B HE3aPSIPKEH-
Hoii yaie paser Ty = 1,0 c. Ilose MOISApU3AIMOHHBIX 3aPs/IOB
He Y4MTbIBaiiTe.

C.Bapaamos, A.I'ydenxo

3agava 2. IIpoBoasuuii KyGUK

Ky6uk cocraB/ieH U3 IIECTH OJNHAKOBBIX MPOBOSIINX ILIa-
CTUH € TIPOCBEPJIEHHBIMHI TI0 TIEHTPY OJNHAKOBBIME OTBEPCTHUSI-
mu (puc.10). B Bepumubr Ky6uka
BCTaBJIEHBI O/IMHAKOBbIE MaJIEeHbKHE
XOPOIIO MPOBOJISIINE TITAPUKH, K KO-
TOPBIM MOJKHO TIPUCOE/IMHSATD IPO-
Bofa. /lmameTpbl OTBepCTHil TaKo-
BbI, YTO 3JIEKTPUYECKOE COIPOTHB-
JieHne KyOumKa MeX/y ero COCeHH-
Mu BepumHaMu A m B okasaJjgoch
paBHbiM R,z = r =32 kOwm. Ecom
4yepe3 ATU BEPIINHBI IPOIYCTUTH TOK Puc. 10
I =1 MA B HampaBJieHUW, yKa3aHHOM Ha PUCYHKe, TO pPas-
HOCTD TIOTEHIMAJIOB MexAy Toukoil M (cepenunoit peGpa AB)
u Bepumnoii C Gyner paBHa Upe = 0y =9 =U =2,0 B .
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Omnpenesure conporusienne R,- Mexzay toukamun A un C.
Kak usmensitcst conporusnenuss R p u R,c, ecau, ne uzme-
HSS TOJIIMHY TJIACTHH, YBEJIMYUTb UX Pa3Mepbl U pasMep
oTBepcTHil B 2 pasa?

E.Casunos

3amava 3. PeakruBnas tpyOka

B cepepune pumHHONM TPYOKH, OTKPBITOH ¢ 060MX KOHIIOB,
MEepHeHINKY/SIPHO K €€ OCH 3aKpeIieH HarpeBaTeb B Buje
TOHKOI BOJb(MpamMoBoii cerouku. CucremMa HAXOAUTCS B BO3-
nyxe nipu temneparype ¢ =20 °C | ee obmas macca m = 17 1.
B nauanbHbIil MOMEHT TpyOKe cOO0OIaeTcsi CKOPOCTb 0
=1 cM/c BIOJb ee OCH, K HArPEBATENIO HAUYMHAET TTO/[BOUTH-
cs Momuocte ¢ = 20 Br, m Tpy6ka HauMHAeT Pa3rOHATHCS.
Kaxoit ckopoctn pocturHeT TpyOKa Ha IIyTH pasroHa S =
=20 m? ComnporuBienueM Bo3zjayxa tpeneOperute. /laBienue
BHYTPU TPYOKH CUMTAiiTe OJAMHAKOBBIM, CHUJY TSDKECTH W Tell-
JI00OMEH uepe3 cTeHKy TpyOKu He yuutbiBaiite. Cunraiite, 4To
M3MeHeHNe KMHETHYeCKOil SHePTHH MOTOKA BO3/JyXa MpH Iepe-
CEYEHUN CETOYKH MaJIO TI0 CPABHEHUIO C UBMEHEHUEM €r0 BHYT-
penneil sueprum. CuutaifiTe BO3AYX ABYXaTOMHBIM Ta3oM C
MoJisipHOlt Maccoit M = 29 1 /Moub.

A.Tyoenxo

2015/Ne5-6

3agaua 4. Kocmuyeckuii 06bext
KocMuuecknit 00beKT, MBUKYIIMNICS BIOJIb HEKOTOPOW Tpsi-
MOH € IOCTOSTHHOW CKOPOCTBIO, UCITyCKAeT IIePHOJUYecKue pa-
JINOMMITYJIbCBI. ACTPOHOM YCTaHOBUJI, UTO 32 BpeMsl HaGJIIo/e-
HUs At BUANMOE HANpaBJieHHe Ha 9TOT OOBEKT M3MEHHJIOCh Ha
MaJiplii yrost A , a IIepuoj MesK/ly MOMEHTaMH IIPIXO0/a Pajiuo-
umiyibcoB uamenusicst ot T o T+ AT | rae AT < T . Haiigure
paccrosiaue oT Habsogaresss 10 o6bekTa. CKOPOCTb PaJnonM-
IIyJIbCOB PaBHA CKOPOCTHU CBETA C.
H.Bopobves

3ajgaua 5. «MULIHMABTOMOGHIb>
Ouenb MaJICHbKHIT, pAa3MEPOM C MyPaBbsi, aBTOMOGUJIb €/IET TI0
POBHOI TOPU30HTAIBHON ITOBEPXHOCTH BJIOJIb IJIABHOM ONTHYeC-
KOH ocu cobuparonieit nH3bl ¢ GOKycHbIM paccrosinneM F. Ha
€ro KpbIIIE 3aKPEIJIeH TOYeYHbI MCTOYHUK CBETA S, HaXO0/-
ITIHCS Ha TJIaBHOW ONTHYECKON ocu JUH3bI. CKOPOCTh aBTOMO-
OWJIsT U3MEHSIETCST TaK, YTO CKOPOCTh U300pakeHus: S; TOYeTHO-
rO UCTOUHUKA S OCTAeTCs MOCTOSIHHOM U paBHoiil v, . Onpenenn-
Te, Ha KAaKUX PACCTOSHUAX OT JIMH3bI BO3MOYKHO TaKOE JIBUKEHNE
<«MHIJLIHABTOMOOMIIST> . KOa(p(DUITHEHT TPEeHsT MeXK/Iy €To KoJie-
caMu ¥ JIOpOroil paseH W .
C.Bapaamos

HOGGD,I/ITEJ'II/I 3aKni4YnTesibHOro 3Tana onnMmnuaabl

9 knacc

Huxonai Yuxun — Mocksa,

3axap Arxosnee — Cankr-Ilerep6ypr,
[numpuii Cadvikos — Kazaup,

Baadumup Marunosckuit — Cauxr-Ilerep6ypr,
Axoe Andpeee — Canxt-IlerepGypr,

Apmem Illepemem — Mocksa,

bopuc Buauu — JKykoBckuit MockoBckoit 06.1.,
Baadumup I'onod — Mocksa,

Apmenm Ilempoe — Caunkrt-llerepOypr,
Bcesosod ITyxoe — MockBa;

10 knacc

Maxcum Eauceee — Pecniybanka MopioBusi,
Hvs 3vikose — Pecriybmka MopoBus,

HAmumpuii Hoprxun — Mocksa,
Anmon Manuncxuii — Yda,
Huxuma Cemenun — IOrpa,
Anexcandp Apmemves — Kupos,
Bacunuit FOzoe — Ilepmb;

11 knacc

Maxcum Coxonoe — Camapa,

Kupuan Kasapnoscxuii — Jlonronpyanbiii MockoBckoit 06.1.,
Apmem Cmosan — AcTpaxamb,

Hean Ymewes — Pecnybiuka Moposus,

Kupuan Boponun — Maruuroropck,

Huxuma I'radkos — ToMck,

Kupunn Jy6osuuxui — Mocksa,

Aunexceii Kpacnuxos — Byryibma.

Hy6auxauuio nodzomosun B.Caobodsnun

VI MexpayHapogHas MaTemMatunyeckas
onMMnmaga

C 4 no 16 wiong 2015 roga B ropoge Ymarnr Man (Tavnaxg)
npowna LVI MexayHapoOHas MaTtemMaTtndeckas OnMMnuaga
(MMO). B Het npuHany yyacTtve 577 loHblx MaTemaTrkos 13 104
CTpaH Mupa.

B Hally cOopHYto BOLLAN HYETBEPO BbIMYCKHNKOB: 4/BaH bo4YkoB
(MxeBcK), Hukura [naakos (ToMcK), AnekcaHap 3ummH (Ynb-
HOBCK) W AnexcaHap KysHeros (CaHkT-INeTepbypr), a Takxe
OBOe [ecaTUKNacCHNKOB 13 MockBbl — PyciaH CarimoB v VIBaH
@ponos.

BapuaHT onMmMnvagbl 3TOro roga okasasncs BeCbMa TpyAHbIM
— Wb CYUTAHHOMY YUCIY YHaCTHWKOB ONMMAManbl yAanochb
npeofonets pybex B 4 pelleHHble 3aaaqn. PesynbTaTbl YIeHOB
KoMaHAbl Poccmm okazanncb HeMmoXmMMKM 1 JOCTaTOYHO POBHbI-
MU, HO B CpelHEM MeHee yCrellHbIMK, YeM B NOCNeAHMe roapl,
— BCe pebsTa nonyyunn cepebpsHble Mepanu. OpHom ©3
MPUYMH He CaMOro SPKOro BbICTYMNEeHWA CTana CTPyKTypa Bapw-
aHTa HbIHeLHero rofa: KpacmMebIM W UOENHO CTOXHbIM 3a4a4am

3 1 6 B KaXOOM M3 ABYX TypPOB ONMMMMambl NpefLecTtsoBana
TeXHUYECKWN TpyAHas 3afadva, Ha koTopylo TpeboBanock 3aTtpa-
TUTb MHOTO BPEMEHU 1 CUJI.

MpnBoanMm Tabnuuy C pesynbTaTamMn BbICTYNIEHWUS Hallen
cbopHom (kaxaas 3adada oueHwWBanach 13 7 6annos):

Bannbl no 3agadvam

YyacTHuK Cymma

1 2 3 4 5 65 bGannos
boukos ViBaH 7 2 1 7 1 7 25
®ponos MeaH 7 3 2 7 3 0 22
[Mankos Hwkuta 7 3 1 7 0 7 25
KysHeuosB AnekcaHgop 7 2 1 7 2 2 21
Canumos PycnaH 7 3 2 7 2 2 23
3nMurH AnekcaHap 7 6 1 7 1 3 25



CneBa Harpaso: HAraxaHos (pykosoguress KoMarabl), M.boykos, A.Ky3-
Hewos, A3umur, U.Q@ponos, [ Tepéumr (3am. pykosoaurens), P.Ca-
JIMMoB, H.[71aakos

MonHas MHGOopMaUmMs O pesynbTaTax Ha MeXZAyHapOoAHbIX
MaTeMaTM4yeckux OonvMMnvaZax ectb Ha opuUManbHOM canTe
onumMnvagbl www.imo-official.org.

B 3Tom rofy neTHve y4ebHO-TPEeHWPOBOYHbIE COOpbLI NS
KOMaHabl 1 bnvixanwero pesepsa Obinn nposefdeHsl B Coun B
pamMKax MepBOM CMeHbl 00pa3oBaTeNbHOro LeHTpa «Cupuyc»
(http://siriusdetiru), koTopbli Obln CO3haH MO MHMUMATMBE
Mpe3npeHta Poccunm B.B.IMytnHa dorgom «TanaHT 1 ycnex».
PykoBoAMTENN KOMaHAbl OnarofgapHbl npasneHuio poHaa «Ta-
MaHT 1 ycnex» 1 BCe opraHvsaTtopam LeHTpa «Cupuyc» 3a
npeKpacHble YCrnoBKs, CO3AaHHbIE ANs NPOBEAEHWUS 3aHATUM U
nocyra pebsar. bnarogaps doHay ycununacb paboTa Ha nepc-
NeKTMBY: MO CPaBHEHMIO C MPOLWbIM FOLOM MOYTM BABOE
YBENIMYMNOCh YMCNIO YHaCTHUKOB COOPOB — KaHAMAATOB B
cOopHble Poccun crielylolmx feT.

3A0AYN ONTIMMNNAADI

1. Koneunoe MHOKeCTBO S TOYEK Ha IJIIOCKOCTH OYy/IeM Ha3bl-
BaTb COANANCUPOBANIHBIM, €CJIH [TIsT TIOOBIX PA3JIMYHbBIX TOYEK A
un B u3 muoxxecrsa S naiizierca Touka C n3 Muoskecrsa S Taxas,
uyro AC = BC. MHOXecTBO S Gy/1eM Ha3bIBaTb IKCUCHMPUUHDIM,
€CJIN JIJIST JTIOOBIX TPeX pa3anuHbIX Touek A, B 1 C 13 MHOMKeCTBA
S He cymiectByeT TOUKM P w3 MHOXecTBa S Takoif, uto PA =
=PB = PC.

a) [lokaxkurte, 4T0 Ut JHOOOrO IHENOr0 7 =3 CyUIeCTBYeT
c6aTaHCUPOBAHHOE MHOKECTBO, COCTOSIIIEE U3 7 TOYEK.

6) Haiigute Bce menble 7 =3, AId KOTOPBIX CYMIECTBYET
c6ATaHCUPOBAHHOE 9KCI[CHTPUYHOE MHOKECTBO, COCTOSIIIIEE U3 7
TOYEK.

Hudeparanoot

2. Haiigute Bce TpOHKH (a,b,c) 1eJIbIX TIOJIOXKUTETbHBIX
ypcesa Takue, 4To Kavkjoe us uucea ab — ¢, bc — a, ca — b
apagerca crenenbio aBoikn. (Crermenpio JBONKM Ha3bIBaeTCs
yncao Buga 2", rae n — 1esoe HeOTPUIATebHOE YHCIIO. )

Cepbus

3. Ilycts ABC — 0oCTPOYTOJIbHBII TPEYTOJBHUK, B KOTOPOM
AB > AC. Ilyctb ' — OKPY»KHOCTD, OLUCAHHAS OKOJIO Hero, H
— €ro OpTOIEHTP, a F — OoCHOBaHME BBLICOTDI, OIYIEHHON W3
BeprmHbl A. Ilycte M — cepemmna ctoponst BC. Ilycets Q —
TOYKa Ha OKpyskHoctu [ Takas, yro DHQOA 90 | a K — touka
Ha oKpyskHOCTH [ Takas, uro DHKQ= 90 . Ilycrb touku A, B,
C, K v Q pa3jM4Hbl 1 JeXKaT Ha OKPYsKHOCTH [ B yKazanHOM
nopsiike. JlokaxuTe, 4To OKPY>KHOCTH, OIUCAHHBIE OKOJIO Tpe-
yroabuukos KQH u FKM, xacaiorcst ApyT Jpyra.

Vrpauna

4. Tlyctp Q — OKPY’KHOCTD, OIHCAHHAS OKOJIO TPEYTOJbHUKA
ABC, a touka O — ee nentp. OxpyxHoctb [ ¢ nenrtpom A
nepecekaet orpe3ok BC B toukax D u E Tak, uto Touku B, D,
E u C Bce pa3mmynabl U Jexar Ha npsMoil BC B yKka3aHHOM
nopszake. Ilycte F u G — Toukn mepecedeHust okpyskHOCTen [
n Q, npusrom rouku A, F, B, Cu G nexxar Ha Q B YKa3aHHOM
nopsiake. Ilyerb K — BTOpast Touka nepeceyeHus OKPYy>KHOCTH,
OTIMCAHHOM oKoJIo Tpeyrosabauka BDF, n orpe3ka AB. Ilycts L
— BTOpasl TOYKA IepecedeHusl OKPY>KHOCTH, OMUCAHHON OKOJIO
tpeyroabHuka CGE, n orpeska CA. Ilycts npsamble FK n GL
pasJimyHbl 1 1epecekaiores B Touke X. Jlokaxunte, uTo Touka X
nexuT Ha npamoit AO.

I'peyus

3. Ilyctb R — MHOXKeCTBO BCeX [EHCTBUTENBHBIX YHCEI.
Hattaure Bce dynxmmu [ : R - R, yJI0BICTBOPSIONINE PaBeH-
CTBY

[(x+f(x+y)+f(xy) =x +f (x +y) +yf (x)

LIS BCEX JIEIICTBUTENIbHBIX YKCEJ X U ¥.
Anbanus

6. Ilocne10BaTeILHOCTD dy, dy, ... HEIBIX YHCE YAOBJIETBOPS-
€T CJICYIONMM YCIOBHSM:

() 1< a; <2015 nns seex jz1;

(i) k+a, #[+a; nnsaBeex 1<k <l.
JloKaskute, 4TO CyIIECTBYIOT /IBA MOJIOKUTEIbHBIX 1IEIbIX YHCIa
b u N takux, 4to

n
> (a;-b) <1007
j=m+1
JUTS BCEX I[EJBIX YMCET M U 7, YAOBJCTBOPSIONINX YCJOBHIO
n>mz=N,
Ascmpanus

Hy6auxauuro nodzomosuru H.Azaxanos, H.Bozdanos,
I1.Kosxeenuxos, M.IIpamycesuy, /I.Tepéwun

ALVI MexnayHapogHaa du3ndeckas
onmMMnmnaga

B ropoge Mymban (MHams) ¢ 5 no 12 nionsa 2015 roga npouwna
ovepefHas MexayHapogHas onMMnMaZa WKONbHUKOB MO hu-
3vke. B onumMnvage npuHanm ydactme 84 ctpaHbl.

Y4aCTHMKaM onuMnnagel Npegnaranncb Tpy Teopetnyeckme
3afa4n (TeopeTndeckmnii Typ) 1 ABe 3KCNepuMeHTasbHble 3aa-
4m (3KCnepuMeHTanbHbIN Typ). Bce 3adaqm oueHVBaANMCL Mak-

cmym no 10 6annos. Takim 0Bpa3oM, Kaxabl y4aCcTHUK MOr
HabpaTb Makcimym 50 Gannos.
B cOGopHylo Poccum BOLLINNM NsThb WKOMbHNKOB:
Kupunn BoporuH (Marvutoropck, YensbuHckas obn.),
leoprui Kopenaros (CapaHck, Mopaosus),
Anekcevi KpacHmkos (Byrynbma, TatapcraH),
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Lmmtomi Tarapkmn (CapaHck, Mopnosus),
UBaH Yrewes (CapaHck, Mopaosus).

MuHVManbHoe KonmyecTBo 6annos, HeobxoAVMoe Afis Nosy-
YeHUs 30/10TON Meaany, coctaBuo 42,2 6anna, ans nonyyYeHns
cepebpsiHoM Menanmn — 33,0 6annos. BOT Kak BbICTynNa Halla
KOMaHAa:

™ T2 173 321 32 Cymma  Mepanb

bannos
AKpacHukos 9,8 9,6 98 94 8,6 47,2 30M0Tas
K.BopoHWH 93 84 94 85 66 422 3onotas
[.Kopenanos 8,7 74 83 97 91 43,2 3onotas
OTatapkmi 93 89 6,3 9,7 89 431 30M0Tas
N.YTewes 99 86 84 85 6,5 41,9  cepebpsiHas

Hke NprBOAATCA YCIIOBWA 33434 TEOPETUYECKOro TyPa OM-
nnagbl.

TEOPETUYECKWNIA TYP

3agava 1. Yactuust or Cosmna (10 6an10B)

DoTOHBI, n3TyvaeMble ¢ nopepxuoct CoHIa, 1 HEHTPUHO 13
ero aapa HecyT Ham mHMOpMaNMIo o Temmeparypax CoJHIa, a
TaKyKe MOTYT TOATBepANTH, uto CoJHIEe CBETHUT Oaarogaps
A/ICPHBIM PEAKIHAM.

Bo Bcex mnymkrax aToil 3azaum npumute Maccy CosHia

Mg, =2,00 0% «r, ero paguyc Ry =7,00 0% M, ero mMom-
wocth (oHeprus, u3ayvYeHHAsds B €AUHUIY BPEMEHU)
L, =385 10%° Br u paccrosguue ot 3emyan g0 CoJiHIA
dy =1,50 00" .

Hpumeuanue:

Yacrp A. U3nxyyenue CouHna

A1. Tlonarasi, uro CoJiHile U3JIyYaeT Kak abCOTIOTHO YePHOE
Tes0, Bbrumcante Temmepatypy I, moBepxuoctun CosHITA.
(0,36.)

CIIEKTP COJIHEYHOTO U3JTy4YEHHS MOKET ObITh XOPOIIO aIlPOK-
cuMuUpoBaH pactpenesenneM Buaa. CooTBeTCTBEHHO, COJHEY-
Had SHEPrud, Ipuxogdniasd B €IMHUILY BpEMCHU B €/ IMHUYHOM
JINATIa30HE YaCTOT HA HEKOTOPYIO IIJIOMIA/JIKY Ha 3eMJe, 3aBUCHT
OT YacTOTBHI TaK:

2
u(v) = AR—ZOQ\)3 expEr v E,
ds ¢ 0 ksT,0
r7le V — 4acToTa u3jydeHus, A — IJIOMA/b TOBEPXHOCTU 3TOMH
IJIONA/IKKA, HOPMAJIbHOH K HaIlpaBJIeHHIO aJAIONIero u3Jyue-
Hust, kg — mocrosinnas BosbiMana.

PaccMoTpuM coTHEUHBINT 37€MEHT, KOTOPBIH TpeICTaBJsIeT
c0060i TOHKHII JINCK 13 MOJIYTIPOBOJIHNKOBOIO MaTepHaJIa MJIoma-
b0 A. CoJlHeYHbIH 3JIEMEHT PACIOJIOKEH IEePIEH/INKYJISPHO
HAIPABJICHUIO MAJICHUS COJHEYHDBIX JIy4Yeil.

A2. Ucnoabays npubamxenne Buna, BbIpa3ure MOJTHYIO MOII-
HOCTb COJIHEYHOTO WM3JIyueHusi P, Majaioniero Ha MOBEPXHOCTD
COJIHEYHOTO asteMenTa, yepe3 A, Ry, dy, T, u dynmamenTtain-
Hble KOHCTaHThI ¢, h, kg. (0,3 6.)

A3. Kak saucur ot gactors! uncio $horonos n, (V) , mamaio-
MUX B €MHUIY BPEMEHU B €JAUHMIHOM [HANa30He 4acTOT Ha
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HaumoHarnbHas cbopHas Poccum. (nesa Hanpaso: [.TarapkuH, U.Yre-
wes, [.KopernaHos, A.KpacHnkos, K.BopoHuH

MMOBEPXHOCTb COJIHEUHOTO 3JieMeHTa? Bbipasute orBer uepes A,
R,, dy, T,, v u QyHgaMmeHTaIbHble KOHCTAHTBI ¢, /2, Ry .

0,2 6.)

Y HoJIynpoBOIHUKA, M3 KOTOPOTO HM3TOTOBJEH COJHEYHBII
AJIEMEHT, TIUPHUHA 3alpelieHHol 301l E; . Vcnonbayiite caemy-
omyto Mozestb. Kaxapiit gporton ¢ sneprueit E = E, nossosser
9JIEKTPOHY TIPEOIOJIETh 3aIPEleHHYI0 30HY. B030ysKaeHHbII
AJIEKTPOH MOJKET TPeoOpa3oBaTh B IMOJIE3HYIO IHEPIHIO TOJHKO
E, , ocrampHas 4acTb 9HEPTUM paccemBaeTcsl B Buze Temaa (me
MOKeT GbITh TTPEO6PA30BaHa B TIOJE3HYTO).

A4. Cuanraiite, uto x, = hv,/(ksT,) , tae E, = hv, . Boipasute
0JIE3HYIO MOIIHOCTD COJIHEYHOTO ajiemeHta P, . depes x,, A,
Ry, dy, T, u dynmamenranbibie KOHCTAHTDI ¢, h, Rg. (16.)

AS. Boipasute KIIJ[ cosmedHoro sjiementa I depe3 X, .
0,2 6.)

A6. Hapucyiite KayecTBeHHDBI rpaduK 3aBUCHMOCTH I OT
X, . SIBHO ykackure 3Hadenus N npu x, =0n x, — o . Yemy
paBeH yruoBoii koauument xacarenbhoii k rpaduky n(x,)
mpu x, =0u x, > ©? (16.)

A7. Ilyctb xy — 3TO Takoe 3HAa4YeHUE X, , IIPU KOTOPOM I
Makcumaset. IlosydanTte KyOudeckoe ypaBHeHue, /st KOTOPOTro
Xy Oynmer pemenneM. OIleHUTe 4YHCJIEHHOE 3HAUEHHE X, C
Tounoctpio +0,25 . Paccunraiire taroke n(xy). (1 6.)

A8. IwpwunHa 3anpenieHHONH 30HBI YHUCTOIO KPEMHUSA
E, =1,11 »3B. Paccuuraiite KII/[ KpeMHHEBOTO COJIHEYHOIO
ayeMeHTa Ng; , UCnomb3ys ato 3Havenue. (0,2 6.)

B xonre XIX Beka KenpBun u ['ebMrobil A1 00bsICHEHNS
nasydenns CoJiHIla IPEVIOKUIIN Takyto Tunoredy. OHM 110CTy-
JupoBasi, yTo BHavase CosHie ObLIO 0YeHb OOJIBITNM 00JJaKOM
Marepun mMaccoii My ¢ TIpeHeOPeXNMO MaJoil IIOTHOCTBIO.
3arem CoJHIle TTOCTOSIHHO cxkuMasioch. Takum o6pazom, CoutH-
e MorJio 6bI CBETUTD, IIOCTOAHHO TEPAA FpaBI/lTaLlI/IOHHyIO
MOTEHIINATBHYIO SHEPTHIO M3-32 CBOETO MEJIJIEHHOTO CIKATHUSI.

A9. ITpeamnosoxum, 4To MJIOTHOCTD BeliecTBa BHyTpu CoJHITa
BcioJly ojauHakoBa. Haliaure mosnyio rpaBUTallMOHHYIO [TOTEH-
uaabHyo srepruto Cousria Q , KOTOpoii OHO 00J1aaeT B HaIIl
nau. Berpasure ee uepes G, Mg n Ry . (0,3 6.)

A10. Cuuras, yto MomHOCTbh U3ayderns CoJHIIA OCTaBaJaCh
IIOCTOSTHHOI Ha IPOTAKEHUN BCEro BpEMEHU, OLEHUTE MaKCHU-
MaJbHO BO3MO)KHOE BpeMst T (B rofgax), Ha HPOTSDKEHUN
koToporo CoJTHITe MOTJIO CBETUTD COTJIACHO rumoTe3e KerbBuHa
u Tembmroapia. (0,5 6.)



3nauenune T , paCCUUTaHHOE BbIIIE, HE COTJJIACYy€ETCs C BO3pac-
TOM COJIHETHOU CHUCTEMDI, KOTOprﬁ OBLI OIICHEH IIpU N3y4eHUun
METECOPUTOB. Jro TOBOPUT O TOM, YTO HMCTOYHUKOM OSHEPIUn
COJIHIIa He MOJKeT GbITb TOJIBKO I'paBUTallUOHHaA SHEPIUAd.

Yactp B. Heiirpuno or Counna

B 1938 Tanc DBere mpeamosoxni, 4TO sifiepHas pPeaxius
CHHTEe3a TeJIUsI U3 BOIOPO/Ia, Tpoucxosias B siape Cosia, 3To
€ro MCTOUYHHMK 9HEePTUH. Y DaBHEHHE SIJIEPHON PEAKITIH:

4'H - “He +2¢" +2v, .

DJIeKTPOHHbIE HEHTPUHO V,, KOTOPble IOJIyYaloTcs B ATOH
peakinmu, MOKHO cyutaTh Ge3maccoBbiMU. OHM BBIJIETAIOT W3
Cosnma, u ux obHapy)keHne Ha 3eMJie TIOITBEPIKIAET, UTO
BuyTpu COJIHIIA TIPOUCXO/IAT siZIepHbIe peakinu. Bo Bcex MmyHK-
Tax 9TOH 3aJaull BBl MOKeTe TpeHeGpeub dHeprueil, YHOCHMOIt
HEWTPHUHO.

B1i. Paccuuraiite miorHocts moroka ueidtpuno @, (B
M2 &™), Kotopbie JocTHTAIOT 3eMI. DHeprus, KOTopas Bbl-
JIeJISICTCS B IPUBE/ICHHO BbIle peakimu, AE = 4,0 (1072 [Dx.
Cuuraiite, 4to sHeprusi, usnaydaemass COJHIIEM, MOJHOCTHIO
noJiy4aercss B puBe/ieHHoil Boiie peaxinu. (0,6 6.)

Ha mytn w3 saapa Comnma k 3emie YacTh 3JIEKTPOHHBIX
HEHTPUHO V, TPEBPANAIOTCS B HEHTPUHO JPYTUX THIIOB V., .
AddextuBHOCTD MeTeKTHPOBanUSA V, coctaiser 1,6 addex-
THBHOCTH JIeTEKTHPOBaHUS V,. Ecam Obl He HPOHCXOANTIO
MIpeBpaIeHUs] HEHTPUHO, TO MbI B CPEAHEM JIETEKTHPOBAJIHN Obl
Ny weittpuHo B roj. OjHaKO u3-3a 3TUX IIPEBPAIllCHUNl B
cpeaneM gerextupyercss N, neifirpuno Brog (V, u V, BMecte).

B2. Kaxas moss fyuactui V, mpespariiaercs B V.. ? Beipasute
orser uepes Ny u N, . (0,4 6.)

UToGbI JETEKTUPOBATD HEHTPUHO, MOCTPOEHDBI OIPOMHbBIE [le-
TEKTOPBI, HATTOJTHEHHBbIE BO/IOH. XOTS B3aNMOEHCTBIS HEHTPH-
HO C BEIIECTBOM KpaiiHe Pe/IKY, MHOT/Ia OHU BBIOUBAIOT 3JICKTPO-
HBI U3 MOJIEKYJI BOJIbI B JIETEKTOPE. DTU BBICOKOIHEPTETUUECKIIE
3JIEKTPOHDI JIETAT B BOJIEe ¢ GOJIBIIUMEI CKOPOCTSIMU M TIPU 9TOM
M3JIyvaoT cBeT. /[0 Tex mop moka cKopocTb 3JeKTPOHA GOJIbIIe
ckopocTn cBeTa B Boge (IOKasareab IIPENOMJEHUS 7), 9TO
u3Jydyenne, Ha3bIBaeMoe u3JayuenneM UepeHKOBa, HCITyCKAeTCs
B BH/IE KOHYyCA.

B3. Ilpeamnonosxkum, 4TO NpH JABUXKEHUHM B BOJIE 3JEKTPOH,
BBIOUTBIN HEHTPUHO, TEPSIET JHEPTHIO C MOCTOSHHONW CKOPOCTHIO
a B exunniy Bpemenu. Haiigure snepruio Ey, , nepeanmyio
3JIEKTPOHY OT HEHTPUHO, CUUTAsI, YTO MOCJIE COYAPEHUsT TAKOI
9JIEKTPOH UCITYCKAET YePEHKOBCKOE M3Jy4YeHUe Ha MPOTSKEHUN
Bpemenu At . Ilepen coymapeHueM aJeKTPOH MOKOUJICs. Bbipa-
3uTe oTBeT Yepes o , At, n, m, uc. (26.)

Cunres resus He u3 Bogoposa H suyTpn Costtita npoucxoaur
B HECKOJIbKO 3TanoB. Ha ofHOM U3 IPOMEXYTOUHBIX STAIOB
obpagyercst spo OepHILIHS "Be (macca mokos mg, ). Omno
MOKET TOTJIOTHTD 9MEKTPOH M 00pasoBaTh spo JmTHs  Li
(macca mokost my; < mg, ), ucryctns V, . COOTBETCTByIOMAS
peaxmus Takas:

"Be+e - "Li+v,.

Korpa nokosmeecs sapo 6epuius Be (mg, =11,65 010727 kr)
TIOTJIONIAeT TOKOSIIUIICS 2JIEKTPOH, HCIIyCcKaeMoe HeHTPUHO
yHocut sHepruto E,, = 1,44 007" k. OmHako spa Geprumst
HAXOJSATCST B OCTOSTHHOM TETLJIOBOM JIBUYKEHUH TIPH TEMITepaTy-
pe Tc saapa CoJaHlla U TNPEACTABISIOT COGON JBIDKYIIHECS

UCTOYHMKN HeWTpuHO. B pesysbrate sHEpPrus MCIYHIEHHBIX
HelTpuHO Bapbupyercs B cpefneM Ha AE,, (cpenexpajpariny-
HOE OTKJIOHEHHE).

B4. Tlpunnmas AE,, = 5,54 0077 Jix, paccunraiite cpes-
HEKBA/[PATUYHYIO CKOPOCTb TEILIOBOTO J[BUKEHUS sijiep Gepu-
Jnst U, U 3areM oueHnre Temieparypy T sapa Counia.
(ITodckaska: AE,, 3aBUCHT OT CPEHEKBAJPATHHOTO SHATEHNS
NPOEKIMU CKOPOCTH HA HAIPABJEHUE, BOJIb KOTOPOTO BEJETCS
nabmonenue.) (2 6.)

3agaua 2. Ilpunmun
skcrpemyma (10 6amnos) ¥

Yacts A. Ilpuanun
9KCTpeMyMa B MeXaHH-
Ke

PacemorpuM TaKyio
TOPH30HTAJIBHYIO ILITOC-
koctb xy (puc.1). Ona
pasfiesieHa Ha JiBe o6Jac-
a1 n Il jgmaueinn AB,
KOTOpast y/IOBJIETBOPSIET
ypaBHeHuio x = x; . Ilo-
TEeHIMATbHAS SHEPTUS TO-
yeurHoi yacTubl Maccoit m pasHa mymo (V = 0) B o6aactu I n
V' =V, B ob6mactu II. YacTnma naummaeT ABUTAThCA M3 Hadaga
koopauHat O €O CKOPOCTBIO ¥y 10 NPSIMOM, HAIPABJIEHHOI MO/
yriom 8 k ocu x. Ona gocruraer touku P B obacru 11, nmest
CKOPOCTb ¥, HampaBJeHHYyIo 1o yrioMm 6, k ocu x. Cuioit
TSDKECTH U PEIATUBUCTKUMHI 3 PeKkTaMu MOXKHO IIpeHeOpedb BO
BCeX IyHKTaX 3TOH 3a/1a4i.

Puc. 1

AA. Tlomyuure BBIpaskenue s v, uepes m, vy uVy. (0,26.)
A2. Bripasute v, uepes v;, 0, u 6,.(0,36.)

OmnpejeuM BeJUYUHY, HasblBaeMylo JeliCTBUEM, Kak

A= mJ’v(s) ds , tie ds — GeCKOHEYHO MaJblil eMEHT JITHHbI
B/IOJTb TPAEKTOPUH YACTHIIBI MACcCOM 717, IBIDKYIIENCS CO CKOPO-
croio ©(s) . Vnrerpan Gepercst Baoab packropun. Hampnmep,
JUIST YaCTHIIBI, JBIDKYIIEHCS ¢ TOCTOSIHHOM CKOPOCTBIO 0 OK-
PY’KHOCTH pajsnycoM R, neiictBue A 3a oguH 060POT PaBHO
21mRo . MOKHO TI0Ka3aTb, YTO JIJIS YaCTUIBI C ITOCTOSHHON
sHeprueil E 13 BCeX BO3MOXKHBIX TPAEKTOPHUIT MEXIY ABYMsI
(UKCHPOBAHHBIMU TOYKAMHU PEANU3YeTCs Ta, BAOJb KOTOPOI
nefictBue A, onpeeseHHoe BbIIe, NMEET IKCTpeMyM (MUHUMYM
WM MaKCUMyM). ITO YTBEP/KJACHHE HM3BECTHO KAaK TMPUHIHIT
HauMmenbliero geicrsus — ITH/I.

A3. TTH/I noapasymeBaer, 4TO TPACKTOPHUS YaCTHIIbI, ABIKY-
meficst Mexay AByMs (PUKCHPOBAHHBIMU TOYKAMHU B 0OJACTH
MOCTOSTHHOTO TOTEHINANa, 3To TpsiMas. IlycTb KOOpaMHATLI
IBYX (ukcnpoBanubix Touek O u P (puc.2) —ato (O, 0) n
(%9, yo) coorserctBenno, a (xy, @) — 9TO KOOPAMHATBI TOUKK
Ha rpaHulle, TJe Yactuia nepexoaut usz obaactu I B o6aacts I1.
OTMeTUM, YTO BEJTUYHU-

Ha Xy puxcupoBaHa M ¥
neiictBue A 3aBUCHT

TOJIBKO OT KOOP/IMHA- I
Tol o . Ilosyunre BbI-
pasKeHHe JIJIs 1efiCTBUS
A(a). Wcnonpsys
I[IH/I, mosyunte coot-
HOIIICHUE MEXKJLY 0y /0y
1 YIOMSHYTBIMI KOOD-
munatamu. (1 6.) Puc. 2

(x07 yo) P
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Yacre B. Ilpuniun skcrpeMyMa B ONTHKE

Jlyu cBeta nepexoaut us cpeabl I B cpeny 1l ¢ nokasaremsimu
NPEJOMJIEHUsT 7y M N COOTBeTcTBeHHO (cM. pmc.2). ITu aBe
cpe/ibl pasjieieHbl JuHuel, napasienbnoit ocu x. Jlyd csera
PACIIPOCTPAHSIETCS MO/ YIJIOM 4 K OcH y B cpejie I  moji yriiom
i, B cpezie I11. UTo6bI TOTyYUTh TPAEKTOPHIO JIYUA, BOCIIOJIb3Y-
eMcst JIPYTUM MIPUHIUIIOM 9KeTpeMyMa (MakcHMyMa Wi MUHH-
MyMa) — NPHUHIMIIOM HanMeHbInero BpeMenn Mepma.

B1. [Ipunum yTBepK/IaeT, 4To MKy ABYMs (PUKCUPOBAHHbI-
MU TOYKAMH JIyd CBETa JBMIKETCS 110 TAKOMY IyTH, Y4TO BpPeMs
JIBVKCHUST MMEET KCTpeMyM. [loTyunTte COOTHOMIEHUE MEKTY
sing u sini, , ncxona us npunnuina Oepma. (0,5 6.)

Ha pucynke 3 cxemaTnaeckn mokazana TPAeKTOPHS JTa3ePHOTO
JIy4a, aIaloiero ropu3oHTalb-
yA HO Ha pacTBOp caxapa, B KOTO-
€0,0) poOM KOHIeHTpallus caxapa
yMeHbInaeTcs: ¢ Boicoroit. Cie-
JI0BATEJbHO, TOKa3aTeJb Ipe-
JIOMJIEHUS PacTBOpa TaKxkKe
YMEHDBIIAETCS C BBICOTOI.

<Y

(29, =Yo)

Puc.3. Cocya ¢ pacTBopom caxa- B2. Tlycts mokasarennb mpe-

pa nomnenust n(y) 3aBuCHT TOMB-
Ko oT y. Ucrosb3ysi ypaBHeHue, HoJydeHHOe B IyHKTE B,
HOJTyYHUTE BBIPAKEHHE JJIST YTJIOBOTO KOA(M(UIMEHTA KacaTe T b-
HOW K mytm ayua dy/dx . Beipasute ero uwepes mokaszaTesn
npesomennst 1y (npu y = 0) u n(y). (1,56.)

B3. Ha pucynke 3 nmokazaHo, 4To Ja3epHbIil Jyd HallpaBJeH
rOpu3OHTANBHO 13 Hauana koopaunar (0, 0) B pacTBop caxapa.
OH BXOJAUT B PACTBOP HA PACCTOSHUM ¥, OT JHA COCY/A.
Cunraiite, uro n(y) =ny —ky , rae ny u k — non0KUTEABHBIC
KOHCTaHTBI. [losiyunTe BbIpaskeHue [JIsl TPAEKTOPUH JIA3ePHOTO
Jyda B TakOM cocyje, T.e. Haiiure, KaK X 3aBUCAT OT ¥ U
oCTambHBIX TapameTpoB 3agaun. (1,2 6.)

Hpumeuwanue: Isecede =1In(sec 6 +tg 6) +const, rue

secO =1/cos B,
IL =In (x ++/x? —1) +const .
[ 2
x° =1
B4. Paccuuraiite 3HaueHnE X, TOYKM, B KOTOPOI JIyY 11a/laeT
Ha aHO cocyga. Cuwmraiite, uro ¥y, =10,0 cm, ny =1,50,
k=0,050 cn™'. (0,8 6.)

Yacrp C. IlpuHmunm 3sKcTpeMyMa M BOJIHOBasS NPHPOJA
MaTepuun

Tenepn uccaeayem casp Mexxay [TH/L n BosHOBO# nipupo/1oit
JBIOKYyIIelics yacTuipl. [l 9TOro mpearonoskuM, 4To YacTuIla,
nBIKyIascs 3 toukn O B TouKy P, MOXeT BbIOMPATh BCe
BO3MOJKHBIE TpaeKTopuu. byaem nckaTb TpaeKTOPHUIO, COOTBET-
CTBYIOIIYIO B3aUMOY CHJINBaloLIeil nHTepdepeHiiny BoJH jie bpoii-
JIdL.

C1. Ilyctp yactuia nepeMectusach Ha OECKOHEYHO MaJloe
paccrosiume As BoJsb cBoeil Tpaektopun. CBSUKHUTE N3MEHEHNE
asbr Ad ee BosHbl e Bpolisis ¢ usmenennem geiicreus AA u
nocrosiuuoit [lmanka. (0,6 6.)

C2. Beriomuute 3a/1a4y U3 4acTH A, T/ie YaCTUIIA JIBIKETCS 13
toukn O B Touky P. IlycTb Meskay AByMsI 00IaCTSIMU, BIOJb UX
rpanuibl AB, yCcTaHOBJIEHA HEMPO3payHast eperopojka (puc.4).
B Heii ectb HeGoubIast mesib CD mipunoii d, npudem d < xy — x4
n d < x;. Pacemorpum zaBe kpaiinue tpaekropun OCP u ODP,
npuaeM OCP CcOOTBETCTBYET KJIACCHYECKOH TPAaeKTOPHH, pac-
cMOTpeHHO# B uactm A. Haiiure B 1iepBoM TpUGJIMKEHUN
pasnoctb dasz AP, Mexay aBymsa tpaektopusvu. (1,2 6.)
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ya I AT,
V=0 D (x9,7o)
V=1,
C =
B CD d‘
Puc. 4 O x, T

Yacts D. UnTepdepenius BOJIH MaTepHH

DJIEKTPOHHAS MyIIKa, HAXoAdMmasIcs B Touke O, HAIpaBJsieT
KOJITUMUPOBAHHBIN MYYOK JJEKTPOHOB HA Y3KYIO IIETb B TOUKE
F B HempospavHOii
neperopoake AB, YA 1
(puc.5). Ileperopos-
Ka pacloJioyKeHa Ha pP.
JUHUU X = X, TakK el
yro OFP — 310 1p4- rl -
Masg, P — 370 TOUKa /«I
Ha 9KpaHe IpH //" -
x =x, . Ckopoctb B D /}'GTB1
o6mactu I paBHa (O X
v, =2,0000 007 m/c,
yroan 6 =10,0000°.
[Torenmman B o6Jac-

I

215,00 uM

<Y

Lo

Puc 5 250 MM

i I1 BBIOpaH TaK, 4ro cKopoctb vy =1,9900 10’ M/c . Paccro-
aHue X, —x; pasuo 250,00 mm. BaaumopeiictBueM MeXIy
9JIEKTPOHAMHE TIPEHEOPEYD.

D1. Paccuntaiite ycxopsonuii noteauuan U, cunuras, 4To
AJIEKTPOHBI yeKopsttoTes B Touke O u3 cocrosuust nokost. (0,3 6.)

D2. B neperopoake AB; nuske mean F na 215,00 um (1 1M =
=107 M) TTPO/IeJIAJN €ellle OHY Takylo ke menab G. Pasnocthb
a3z Mesky BosHaMu Jie Bpoiisig, npuineanmmu B Touky P uepes
mesn F n G, Moxet ObITb 1pe/cTaBjieHa Kak 2T(f3. Boryucaure
B. (0,8 6.)

D3. Yemy paBHO HamMeHbIllee paccTosine Ay oT Touku P 1o
TOYKH Ha 9KPaHe, B KOTOPOii BEPOSTHOCTH OGHAPY3KUTH 3JIEKTPOH
pasua nymo? (1,2 6.)

Hpumeuanue: sin (8 + AB) =sin B + Abcos 6.

DA4. Jlyu umeer kBagpatHoe ceuenne 500 %500 HM, aiuHA
ycraHoBKHU 2 M. KakoBa MEHUMaJIbHAS IIJIOTHOCTD IIOTOKA 3JI€K-
TPOHOB [, , €CIM B CPE/iHEM B YCTAHOBKE B JIIOGOH MOMEHT
BpEMEHU uMeeTcs XOTs Obl OJINH 371eKTpoH? [lnoTHOCTD TTOTOKA
AJIEKTPOHOB — 3TO KOJMYECTBO 3JIEKTPOHOB, TPOXOASIINX B
€/IMHUITYy BPEMEHU Yepe3 eIMHUYHYIO MJIOMIA/IKY 10 HOPMaJH K
neit. (0,4 6.)

3agaua 3. Koncrpyuposanue sipepuoro peakropa (10 6a-
JIOB)

B npupomtom ypaue, B coepurerun UO, , toabko 0,720%
aTOMOB ypaHa SIBJISIOTCS aTOMaMi H30TOIIa 25U . Ecom aapo
35U morsomaer HeHTPOH, TO OHO MPAKTHUYECKH MTHOBEHHO
JIEJTUTCS, MCITyCKask TPU 3TOM 2—3 HeHWTpoHa, UMenuX 060/Ib-
HIyI0 KUHETMYECKYl0 aHepruio. BeposgrHocTb jgesenus Oyjaer
BO3pACTaTb, €CJNU HEHTPOH, BbLI3BIBAIONINI PEAKINIO JICJCHUS,
o0JajlaeT MaJoil KuHeTndeckKoil sHeprueil. Takum oGpasom,
YMEHbIIIEHe KHHETHYECKON SHEPTUN HEHTPOHOB, TTOSBUBIIMXCS
B pe3yJibTare JeJeHHs, MOKET NPHUBECTH K BO3HUKHOBEHUIO
HETTHOM sSIIEPHOiT peakinu. JTa ujiest siBJISIETCSI OCHOBOI paboThI
SZIEPHBIX peakTopoB — AP.

Turmunstit AP npeacrasiaser co6oil UANHAPUYECKUIT COCY /T
BbIcOTOM H 1 pajuycoM R, 3aloJIHEHHbIH BEIIeCTBOM, KOTOPOe
HasbiBaercst 3ameiuresieM (puc.6). Humunapudeckue TpyObl,
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Puc.6. Cxema saepHoro peaktopa (fAP): a) ysemyerHoe n3obpaxerme
TOMIMBHOroO karana (1 — TornmBHble CTepxHu), 6) nzobpaxerHue P
(2 — TOMUIMBHBIE KaHanbl); B) BuA cBepxy (3 — KBaLpatHas cerka
GLEPHBIX KAHATIOB, 4 — TUTUYHBIE TPAEKTOPUIM HEVITPOHOB,). [ToKa3arbl
TONIbKO T€ 3/IEMEHTBI PEAKTOPA, KOTOPHIE MMEIOT OTHOLUEHNE K [aHHOM
3asa4e (HanpuMep, He [10Ka3aHbl YrpaBlIsoLNe CTePXHI 1 OX/1a-
auresns)

HasblBaeMble TOILIMBHBIMU KaHalaMU, Kaxblii M3 KOTOPbIX
COCTONT U3 Habopa IMUJIMHIPHYECKUX TOILIMBHBIX CTepyKHei
npupoanoro UO, BoicoToii H, pacio/IosKeHbl apasiiebHO OCH
IMJINH/PA B BePHIMHAX KBA/IpaTHON ceTku. HelTpoHbl, BO3HNK-
e B Ipolecce JeseHus, BbIXOAAT U3 TOILIMBHOIO KaHaJa,
CTaJIKMBAIOTCS C 3aMe/IJIATE/IeM, TepPSIIOT SHepruo I IMONaJaloT B
JIPYTHe TOTLJIMBHBIE KaHaJIbI YK€ ¢ HU3KON SHeprueil 1 MpUBOIAT
K JIeJIEHNIO APYTHUX siziep. Temnora, BhIACUBINASACS B PE3yIbTaTe
JIeJIeHUA B TOILTUBHBIX CTEPIKHSAX, IIEPEHOCUTCS OXJIaxalomieit
SKMJIKOCTDIO, TEKYIIEH BOJIb CTEPIKHEN.

B mannoii 3agaye BaM HEOGXOUMO H3yYUTh HEKOTOPbIE (PU3H-
yeckue ABJeHns, mpoxoasmue B (A) TormmmBHBIX crepskuax, (B)
samepuurene u (C) ALepHOM peakTope IHINHIPHYECKOIL
¢opmbr.

Yactp A. TonsmBHbIi cTEp:KeHb
Jamnsie s UO, : Mossiprast Macca M = 0,270 kr Cvoms ™,

miaoTHocTh P =1,060 a0* xr Gi™ TENJONPOBOJHOCTD

A=3280 Bru' (K™, rTemmeparypa miaBienus r. =
=3,13800° K.

A1. PaccMOTPHM CJIEIYIONLY IO PEAKIINIO JIeJICHUS — HEeTIO/[BUK-
Hoe s1po 29U mocJie MOrJIomenns HeliTpona ¢ MpeHeGpPeRIMOo
MaJIoll KWHETHYECKO sHeprHeil paciagaercs mo cxeMe

BU+tn o MZr+0Ce +2'n + AE |

Ouenute mosHyto suepruto AE (8 MaB), Bpiaensionryocss B
peaxiui. Macchl YacTHI PaBHBI: m(ZSSU) = 235,044 a.e.™m. ,

m(94Zr) =93,9063 a.e.m. m(“OCe) =139,905 a.e.M. |

m(1n) =1,00876 a.e.m.,rae 1 a.e.m.=931,502 M»sB. He o6pa-
majite BHUMAaHUS Ha HECOXPAHEHHE 3JIEKTPUYECKOTO 3apsijia B
nannom ypasuennu. (0,8 6.)

A2. Ouennre N — uncio atomoB U B eumuie o6beMa
npupozaroro UO, . (0,5 6.)

A3. IIpearonox M, 4To MOTOK HEHTPOHOB B S/IEPHOM TOILJINBE
ABNAETCA OAHOPOAHBIM M paBHBIM ¢ = 2,000 00" M2 &'
Ceuenne peakiun nenenns (addextuBHas momAAb Axpa-
MUILEHH) s/pa 25y paBHo O = 5,400 [0~ M2, CunTast, 4TO
80,00% BbigesIIONIEliCsS TIPY JIeJIEHUU SHEPTHU IPEBPALIAETCs B

TEIIOBYIO0, HalinTe TeraoByio MomHocth Q (B Br 5 ), BBIIC-
Jgomyocs B eamHuie oGbeMa SAEPHOTO TOIJINBA
(1 MaB =1,602107" k). (1,2 6.)

A4. YcraHoBuBIIasCS pagHOCTb TEMIIEPATYP MEXK/LY IEHTPOM
(T,) n nosepxnoctpio (7}, ) TOMIMBHOTO CTEPKHS MOKET OBITh

ommcana dopmysoit T, =T, =kF(Q,a,\), tne k = 1/4 —
6e3pa3MepHasi TIOCTOSIHHASI, @ — PAJIUYC CTEPIKHS, A — TEIIo-
nposognoctb UO, . Mcionbsys mMeto]; pasMepHOCTeit, oIy n-
Te BbIpakenue s Gynkiunun F (Q, a,)\) . (0,56.)

AS. MakcnMasbHO [IOTMYCTHMAsi TeMIIepaTypa OXJIauTelIst
pasra 5,770 10> K. PaccunraiiTe MaKCHMAJIbHO BO3MOKHBIH
pauyc dy,, TormusHoro crepskus. (1 6.)

Yacrts B. 3amensurenp

PacemoTrpuM abCcosTIOTHO yIIPYTroe CTOJKHOBEHUE Ha IJIOCKO-
CTH JIByX YACTHUI[: HEHTPOHA Maccoii 1 a.e.M. m 4acTHIlbl 3aMe/l-
sutesisi Maccoit A a.e.m. Cunraiite, 4To B 1JaGOPaTOPHOI crcTeMe
orcueta — JICO — Bce 4acTUIbI 3aMe/IJTUTEIS IEPE/l CTOJKHOBE-
HUSIMH HaXoJATcss B cocrossuun mnokost. Ilycrb a n a
ckopoctu neiitpona B JICO 110 u 110ocJie CTOJKHOBEHUSI COOTBET-
crtBeHHo. O603HAYNM @ CKOPOCTb TIEHTPA MacC CHUCTEMbBI B
JICO, a 8 — yros OTKJIOHEHUS] HEUTPOHA B CHUCTEME OTCYETA,

CBA3AHHONH € I[EHTPOM v,
macc — COIIM. Bce cran-
KUBAIOIINECS YaCTUIILI — 3
HepeJATHBUCTCKIE.

B1. Ha pucynke 7 cxe- v, 0,

MaTUYeCKH MTOKa3aH Mpo- O
necc CTOJKHOBEHUS B
JICO, rme 6, — yrom ot- 3
KJIOHeHUs HelTpoHa. Ha- 4
pucyiite cxemaruuecku Puc 7 [lpouecc cronkHoserus B J1CO:
[POIECC CTOJKHOBEHUS B/ — HEUTPOH [0 CTONIKHOBEHMS, 2 — HEeu-
COIIM. Ha stom pucyn-  7POH 110071 CTONIKHOBEHNS, 3 — 4acTu-
Ke YKaKUTe Yroql paccesi- U 3AMEANNTENS JO CTONKHOBEHIS, 4 —
HUSL @, A TAKKe CKOPOCTH ~ 79CTMLA 3aMEANIATENS [10CT1€ CTOSIKHO-

YaCTHI[ 714 ToJoKemHmit  B€H17

1, 2u 3 8 COLIM, KoTOpbIe AOJIKHBI ObITH BhIPAYKEHBI YePE3 % ,
o uo . (16)

B2. B COIIM omnpezennre CKOPOCTH HEHTPOHA © U YACTHUILBI
3amesutTess V mocsie CTONKHOBEHNU , BbIPA3UB nX uepe3 A u vy, .
(16.)

B3. [onyunre Boparkenne st sasucumoctn G (a,0) = E, /E,
rne E, uw E, — xunernveckue sHeprun Heiirpona B JICO 0 n
MOCJIe CTOJKHOBEHHST COOTBETCTBEHHO, a O = ((A -1)/(4+ 1))2 .
(16.)

B4. TlpeanonoxuM, 4to BbIIIEyKAa3aHHOE BbIPAXKEHHE CIIpa-
BeMBO st Mosiekyabl D,O (20 a.e.m.). Bprumcaure Makcu-
Eb - Ea

MaJIbHO BO3MOJKHYIO JOJIIO IIOTEPU SHEPIUN f = HENT-

pona B samemymrene D,O . (0,5 6.)

Yactp C. Snepubiii peaktop

[l paGoThl SIIEPHOTO peakTopa Tpu JI0OOM MOCTOSHHOM
noroke Heitrpono Y (B craGUABHOM peXKUMe) KOJMYECTBO
HENTPOHOB, MOKUJAIOIIUX PEAKTOP, JOJIKHO ObITh CKOMIIEHCH-
POBAHO YHCJIOM HEHTPOHOB, BBIPAGATHIBAEMBIX B SIEPHOM IPO-
necce. /Jlis peakropa NUJIMHIPUYECKOH (POPMBI KOJIMYECTBO
MOKUJAOIMNX HEHTPOHOB B eJUHHUIlY BPEMEHHU pPAaBHO

ky ((2, 405/RY + (WH )2) Y, B TO BpeMs Kak KOJMYECTBO HeilT-

POHOB, 06PA3yeMbIX B SI/IEPHBIX PEAKIUAX B €[UHUILY BPEMEHH,
paBHO k) . KoHcTauTbl B u ky 3aBUCAT OT CBOIICTB Marepua-
JIOB, U3 KOTOPOTO CJIEJIAH SIIEPHBIN PEAKTOp.
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C1. Paccmorpure sjepHBbIil peakTop, /[AJs KOTOPOTroO
k =1,0210072 M n k, =8,787 007 M. 3amernm, uto i
2 PEeKTHBHOrO MCIOJH30BAHUS TOILINBA KOJMYECTBO YJIETAIO-
MUX HEHTPOHOB MpK paGoTe B CTAIMOHAPHOM PeKUME JIOJIKHO
ObITh MUHUMAJIbHO. PaccunTaiitTe padMepsl sSIZIEPHOTO PEaKTOpa
(BBICOTY M paanyc), pu GPUKCUPOBAHHOM €10 00beMe, YI0BJIET-
BopsoIIe ykasanHomy yeaosmio. (1,5 6.)
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C2. TornmBHbBIE KAaHAJbBI PACIOJIOKEHDBI B y3J1aX KBaJPaTHON
CeTKM, KaK TI0Ka3aHO Ha pucyHke 6,6. PaccrosHue Mexmy
O6KaiiiuMu Kanajsamu pasao 0,286 M, a pajnyc TOILIUBHOTO
kaHasma 3,617 072 M. OneHure KOJAMYECTBO F TOIIMBHBIX
KaHAJOB B sS/IEpHOM peakTope W Maccy M TpPUPOIHOTO ypaHa
UO, , neobxoaumoro it paGoThI SIEPHOTO peakTopa B CTalll-
onapuoM pesxxkume. (1 6.)

Hy6auxauuro nodzomosunu A.Boponos, A.I'ydenko

XXII MexpgyHapoaHas onMnnana

«Tynmaapa».

MexayHapodHas onMMnuana LKonbHWKoB «TyiMaana» npo-
BOOUTCA B AKYTUM eXerofHo, HadmHas ¢ 1994 roga. C camoro
Ha4ana 3Ta onMMnMaga Obina 3aayMaHa He TONbKO Kak Mexay-
HapopHas (Kpome LUKONbHMKOB 13 Pa3HbIX pervoHoB Poccun, B
pa3Hble rofdbl B Hell y4aCTBOBanWM MpeActaBuTenn PymbiHWK,
Bonrapuu, MoHronum n apyrmx cTpaH), HO 1 Kak MHoronpes-
MeTHas — B COCTaB ONMMMNUaLbl BXOLAAT COPEBHOBAHWMA MO
MaTtematuke, pusnke, XMMuUn 1 MHbopMaTtnke. B nocnegHue 17
netT onMMNMaga Mo MaTeMaTVke B 3HAYMTENbHOW CTemneHu
COCTaBAseTC YneHamun >kiopu [leTepbyprckor onmMMnuagbl
LUKONbHWKOB MO MaTeMaTuKe; OMbITHbIN YuTaTenb Oe3 Tpyda
3aMeTUT, C OJHOWM CTOPOHbI, HEKOTOPOe CTUNCTMHECKOe pof-
CTBO ABYX OfIMMMMaA, a C APYron — MPUCYLLUIA MeXAYHapOoa-
HbIM MaTemMaTU4eCKMM COPEBHOBAHWAM TEXHUYECKUM YKIIOH.

Hixe NprBOAATCA 3a4a4m ONUMNMaAb! 1 CMIUCOK MPU3epos.

Mnapwaa nura

Iepeuiii denv

1. /lano 100 pasiuyHbIX BeliecTBeHHBIX umnces. /lokaxure,
4TO WX MOXKHO PAacCTaBUTh B KjerTkax Tabsuibl 10 %10 Tak,
4TOGBI HU Yy KAKUX JIBYX YHCEJI, CTOSIIIIUX B COCEHUX 110 CTOPOHE
KJIeTKaX, pa3HoCTb He ObLaa paBHa 1.

A.Tonosanos

2. HasoBeM HaTypasbHOE YHCJIO 3d0d68HbIM, €CJIN CyMMa €ro
mdp, yBeInueHHas Ha 1, sBJseTcs JesuTeseM 3TOTO YHCTA.
Kaxoe Han6oJibliee KOJIUUIECTBO MOAPS] UAYIUX HATyPaIbHbIX
q1ces MOYKET OKa3aThCsl 3a6aBHBIMU ?

B O.Iodruncxutl

3. B rpeyrosbuuke ABC 1po-
BejeHa Memauana BD  (puc.1).
Buccexkrpucet yrnosABD uACB
nepHneHAUKYyJAspHbL. Hailinnte
Har6OoJIbIllee BO3MOKHOE 3HAUe-
nue yriaa BAC.

A D C C.bepaos

Puc. 1
4. JlokaxxuTte, 4TO CyIIECTBYET

HaTypaJbHOE 7 TaKoe, UYTO B JACCATHYHOW 3aMUCH KaXXIOTO W3
ancen Vn ¥, W, L, Wn cpasy 1ocJe 3alsaToil cTodT
mdpset 2015...

A.Tonosanos

Bmopoii denv

5. K marypampHOMy YHCay TPHUOABJSIIOT €rO HAnGOJIBIIMIIA
COOCTBEHHDBII JIeINTENb, K TOJYYUBIIEMYCS MPUOABJSIOT €ro
HarOOIbIINI COOCTBEHHDBIH JenuTeab u T.A. JloKakure, 4TO
TIIOCJIe BBITIOTHEHNST HECKOJBKUX OIEPAIfil MOJIYdNTCST YUCJI0,
KpaTHOe 32000

A.Tonosanos

MaTemaTnka

6. CymiecTByer Jin Bo3pacraronasi MmocJe/[0BaTeIbHOCTb Ha-
TYPAJIbHDBIX YHCEJ (dn) , TaKas 4TO CPe/u PasHocTel d,. — d,
BCTPEYAIOTCS BCE HATYPAJbHBIE YHCJIA POBHO IO OJHOMY Pasy,
a cpen pasHocTedl d,., — d, BCTPEYAIOTCS TOJBKO HATYPab-
Hble uyucsaa, Oosbie 2015, mpuuem
TOXE POBHO 110 O/IHOMY pasy?

A.Tonosanos

7. TIponoskenue Guccektprcel CK
TpeyrosapuHuka ABC nepecekaer oru-
CAHHYIO OKPY’KHOCTb TPEYTOJbHUKA B
touke L (puc.2). Touka I — uenrp
BITHCAHHOM OKpy:KHOCTH. OKa3a10Ch,
yro IK = KL. lokaxxure, uto CI =1L.

A ITupses

Puc. 2

8. UerbIpe Myjpela CTOAT 10 KPYTy BO3JE HENPO3PAYHOTO
6ao6aba. Ha xaskaoM M3 MyZAperoB KpacHas, CHHAS WJIN 3eJie-
Has musAna. Myzper BHIUT TOJBKO JIBYX COCETHHX II0 KPYTy
My/IperioB. My/iperbl 0{HOBPEMEHHO JIOJIKHbI BHICKA3aTh MPE/i-
HOJIOKeHNe O IBeTe cBoeil muranbl. Ecam XoTd 6bI ofuH 13
MYJIPEIOB yTaja, OHM BBINTPAIN. MyJperbl NMeJn BO3MOXK-
HOCTb OOCYJUTb CUTYAIMIO /10 Hadasa urpbl. Kak mM geficto-
BaTb, 4TOOBI BBIUIPATH?

K.Koxaco

Crapwas nura

Hepeuiii denw

1. Ha ¢dyr6ombHOM 10JI€ TPEHHPOBAIOCh 1 (HyTOOJUCTOB —
HATA0MmuX u Bparapeii. Beero na tpeHnpoBke ObLTO 3a6UTO R
rosioB. Jlokaxkure, uto mocse tpennpoBkn Dabuo Karesio
MOJKeT TaK pas/laTh Mrpokam HoMepa orT 1 10 1, 4ToGbI /IS
JII060TO TOJIA PA3HOCTD MEXK/Iy HOMEepaMy Hala/aioliero n Bpa-
tapst Obliia He MeHee n — k.

C.bepaos

2. CM. 3agauy 3 IS MJIAJIIIEN JIUTH.
3. Muorounen P (x,y) c BemectBeHHbIME K02 dUIMEHTAMI

TaKOB, 4YTO P(x +2y,x + y) =p (x,y) . Jlokaxkure, 4TO /I
HEKOTOPOTO MHOTOYJIEHA Q (t) UMEET MECTO PaBEHCTBO

. 0\2
P(x,y)=0 ﬁxz —2y2) @
A.Tonosanos

4. Jlnsg xaxxjoro n mMpecTaBuM 4yucso n! B BuUje ab® , TIe a
cBOOOIHO OT KBa/ipaToB. [lokaxkure, 4To jJist io6oro € >0 1pu
BCEX JIOCTATOYHO OOJIBIIUX 7 BBITIOJHEHO HEPABEHCTBO

2(1—E)n <aq< 2(1+€)n ]

M. Heanos



Bmopoii denv

5. CMm. 3ajauy 5 [UIsl MJIAJIIIEN JIUTH.

6. [lanbr nesnbie yncia 0<b<c<d <a, upuiem a > 14.
JlokaskuTe, 4TO HE BCSKOE HATYDPAJIbHOE YHCJO 72 MOJKHO 3alli-
caTb B BUJIE

n=x(ax +b)+y(ay +c) +z(az +d),
rZie X, Y, Z — HEKOTOPbIE TIeJIble YNCJIA.
K.Koxacw

7. B tpeyronbuuke ABC touka M — cepeqiHa cTOpoHbl AB,
Touka O — IIEHTP OIMMCAaHHOI OKpysKHOCTH. OKAaszanioch, 4TO
R —7=0OM (e R n r — COOTBETCTBEHHO Pa/iyChl ONMUCAHHOM
U BIUCAHHON OKpy»kHOCTEl Tpeyrombanuka ABC). Buccekrpuca

BHEIIHEro yrJia 1pu BepiinHe A nepecexaet npamyio BC B Touke
D, a GuccexTpuca BHeIIHETo yrJa 1pu Bepimne C nepecekaer
npsmyto AB B Touke E. HaiiinTte Bce BO3MOKHbIE 3HAUEHUS YT
CED.

. ITupses
k(k+1)

8. Ha mrockoctu otMedeHo +1 TOYEK, HEKOTOPbIE N3

KOTOPBIX COCJMHUIN HETEePECEeKAIONMMUCs oTpeskamMu (B TOM
qic/ae HU OJIHA M3 TOYEK He JIEKUT Ha OTPe3Ke, COEAUHSIONIM
apyrue toukn). OKasanoch, YTO IJIOCKOCTh pasbuiach Ha ma-
paJsiesiorpaMMbl 1 6ecKOHEUHYI0 06JacTb. Kakoe namGosibiiee
YHCJIO OTPE3KOB MOTJIO ObITb ITPOBE/IEHO?

A.Kynascxuii, A.Ilossnckuil

Mpusepbl onumnunagbl

Jlyummuii pe3yJbrart:

Kyauxos Aznexceir — Cankr-Ilerep6ypr, ®MJI 30,
Jyuxun Badum — Mocksa, Ilentp ob6pasoBanmust «IIarbaecsTt
cebMast LIKOJIA».

Jlyummii yyactauk ot Pecny6umku Caxa (SIkyTtus):
Tapabyxun Hean — SIkyrtck, PecryGankanckuil Jnreii.

Jlyummii pe3yJbTar cpeau JeBylIeK:
Deepcmosa Aezpagpena — SAxyrck, Pecrybaukanckuii Jineii.
CaMoMy 10HOMY yYaCTHHKY:

Amnodpees Maxcum — SIKyTCK, 1IKOIA 3.

3a kponorJinBO€ yHopcTBO:
Xapumonosa Eauzasema — BraguBocTok, mkomna 23.

Hy6auxauyuio nodzomosuru A.Tonosanos, M.Heanos, K.Koxace

XXII MexpgyHapoaHas onMnnana
«Tynmmaaga». Pur3mka

B nione storo roga B AkyT-
cke npowna XXII MexayHa-
pogHas onumnvaga «Tynma-
afla» no u3nke, mMatemMaTu-
Ke, VMHbOpMaTUKe U XUMUW.
Y4YacTHUKM onmMMmnunagbl no
Pu3rKe COpeBHOBANUCH, Kak
0bbl4HO, B ABYX Nurax: ctap-
wen 1 Mnagwen (kiopn pac-
npeaenseT y4acTHMKOB MO IMraM B 3aBMCMMOCTM OT MX BO3pa-
cTa 1 knacca). Onumnuaza B KaXmaow nure coctosna u3 AByX
TYPOB: TEOPETNHECKOrO M1 3KCneprmMmeHTanbHoro. CornacHo npo-
rpaMme onMMNMagbl No GU3nKe, y4acTHMKaM MOryT ObiTb
npennoXeHbl 334a4n Ha Niobble Tembl, copepXallmecs B yr-
nyOGneHHON LWKONMbHOW nporpamme (B Mnadlien nure — 3a
WNCKIIOYEHNEM TeM, OTHOCALMXCH K ABYM MNOCAeOHMM Kiac-
cam).

Poccunckme 1 3apybeskHble LIKOMbHMKK, XenaloLie UCMbl-
TaTb CBOWM CWIIbl Ha 3afayax Takoro YpOBHS B CledyloLlem
rogy, W 1X NpenofaBaTeN MOryT COrnacoBaTb OpraHv3aum-
OHHble BOMPOChI, CBA3aHHbIE C y4acTMeM B ONIMMNMALE, C XXIopn
no ¢usnke (fiztuy@mailru). ABTOpbI OpUrMHaNbHBIX 3adad
(kak TeopeTndeckmx, Tak WU 3KCNepUMEHTaNbHbIX) MOTyT Mpu-
cnatb MX MeTommyeckon kommccum (achudn@mail.ru) — nyuy-
lve 3afia4n BOWAYT B WTOrOBbIA KOMMEKT U OyayT onybnu-
KOBaHbl Mocsie onMMnunagbl B 00pa3oBaTesibHbIX XypHasnax.

CTaTbsl NOArOTOBNEHa Ha OCHOBaHMM TaKOro METOAMNYeCcKOro
nocobws: A.B. YygHosckuy, C/. Bapnamos, M.IO. 3aMaTHuH,
BB Egpumos, P.E ABaHecsH, .A. XadarpsH, A.P. 3uibbepmaH.
XXII MexayHapofHas onuMmnuaga «Tyrmaaga». ®usmka. Teo-
peTnyeckmin Typ. MeToamdeckoe nocobuve/non pen. ABMya-
HoBckoro — M.-AkyTck, 2015.

CEBEpQ
__ _VHUB} m”_("iliblfl OF]

| UMEHK M. K.

TO,D)/(E’C TBEHHOE OTKPbITHUE OJINMMITNGLbI

Huxe NPMBOAATCA TeopeTnHeckmne 3ahaqdn CTapLIJel7I amMrnm - n
CNMCOK OMNNJIOMaHTOB oNnMnnadbl.

TEOPETUYECKUIA TYP

Crapwas nura

3agaua 1. Bouka mMena

B myctyto mummHApHYecKyo 60YKY MacCOi m = 5 KI' 1 BBICOTOI
H = 1 M HaJIMBalOT MeJl C IOCTOAHHBIM pacxogoM M =80 r/c.
Bouka nMeer TOJICTbIE OJIHOPO/IHBIE CTEHKHU, JIEFKOE TOHKOE JTHO
7 MOKET BMECTHTh B cebs 10 M = 40 kT mema.

1) HaiiguTe CKOPOCTD ¥y LIEHTPA MACC CUCTEMBI «GOUKa—Me»
cpasy 1ocJie HavaJa 3aroJTHEHNsI.

2) Uepes Kakoe BpeMs f; OT Hadaja 3amoJIHEHHS CKOPOCTH
3TOTO IEHTPA MACC OKAXXeTCS MUHUMAJBHON 10 MOJYJIIO?




72 KBAHT -

KynibTypHas mporpamma omimanasb!

3agava 2. Iuddysus

B AByX TOPU30HTAJIBHBIX IMUJINHIPUIECKAX COCYAX IIOA-
JIbIO  TTOTIepeYHoro ceveHus S =1 cM® u obbemom V = 1 11
KaoK/IbIH 1Ipu oinHakoBbIX Jasjaennn p = 10 Ila n temneparype
T = 300 K HaX0/1aTCS pasiudHbie Ta3bl: B IEPBOM — aproH jg Ar
a Bo BTOopoM — atan C,D,T, . C omHOro 3 TOpIoB B KaxKblit
COCY/1 BBOZAT HeGOIbIIOE KOTMYECTBO TeX e Ta30B, HO C IPYruM
M30TOITHBIM COCTABOM MOJIEKYJI: B MEPBbI — aproH fg Ar, a Bo
Bropoit — atan C,Dg . Uepes HEKOTOPbBIE TPOMEKYTKU BPEMEHH
t; m t, BOJIM3M TPOTHUBOIOJIOKHBIX TOPIIOB COOTBETCTBYIOMINX
cocyzioB OyJeT JOCTHUTHYTa KOHIIEHTPAIMsI IIPUMECHBIX MoJIe-
KyJI, paBHas IIOJIOBUHE OT TOH, KOTOPas YCTaHOBUTCS 4Yepe3
oueHb GOJIBIIIOE BPEMSI.

1) Haiigure otHomenue t/t, .

2) OueHnte 0 MOPS/IKY BEJMYMHbBI 3HAYEHUE ff .

MouJrsipHBIE MaCChl YIJIepoJa I TSIKEJIbIX H30TOIOB BOAOPOIA
(meiitepus w  rtputusi) wu3BecTHB: M =12 v/MOaD ,
Mp = 2 r/Moss , M = 3 r/Moub . [1oTHOCTH aproHa u sTaHa B
JKUJIKOM COCTOSIHUM TIpM HHU3KHX TeMIEparypax paBHBI

py = 1400 KF/M3 u py =750 KF/M3 COOTBETCTBEHHO.

3anaua 3. ToueuHslii 3apsi ¥ BpaNIAIOUMIMIACS UIIOJIb

JIBa ToueuHbIX 3aps/ia +g U —¢ Maccoil m Kask/blil coelnHeHbl
KOPOTKUM JIETKUM CTEPIKHEM M CBOOOHO BPAIAIOTCS C MEPUO-
moM T BOKPYT HETOABMXHON BePTUKATIBHON OCH, TTPOXO/STIeit
yepes cepe/luHy CTepPIKHS MEPIEeHANKYISIPHO eMy. B miockoctn

2015/Ne5-6

C/70,0 TUBHbIE COCTA3AHUA YHaCTHVIKOB OJIMMITNGb!

BpaIIlleHHsT 3aPsiI0B Ha GOJIBIIIOM PACCTOSTHUN R OT Ocu BpalieHust
3aKperieH Touevnblil 3apsit Q. Cunrast OTHOCHTEIbHBIE U3MEHe-
HUsI CKOPOCTH BPAIIAIONIIXCS 3aPsI/IOB MAJIbIMU, HANJIUTE BEJIN-
YUHY W HAlpaBJeHue cpejneii 3a mepuoj cuinl I , neiictByto-
1eif Ha HENOJ[BUIKHBIN 3apsijl.

Vxaszanue. Tlpu moGbIX 7 ¥ X, YAOBJETBOPSIONNX YCJOBHIO
nx < 1, CIpaBeyINBO MPUOJIKEHHOE PABEHCTBO

(1+x)" =t+nx.

3agaua 4. KoBapHsiii koHZAeHCATOP

B nzieasnpiom Kose6aTesbHoM KOHTYPE, COCTOSIIEM U3 TI0C-
KOTO KOHJIEHCATOpa M KATYHIKH WH/YKTUBHOCTH, IPOUCXO/AT
coGCTBEHHBIE HesaTyXalolre Koe6anus. [liacTHHbl KoHIeH a-
TOpa PAaBHOMEPHO U OYEHb MEIJIEHHO PAa3/BUHYJIH TaK, 4TO
yacrora KoJsieGaHUil yBequ4yuiach B 7 pa3. Bo CKOJIbKO pas
M3MEHUJIACh TIPH ATOM DHEPrusi KoJeGaHwii?

3agaua 5. Yckopenue u3oGpaskeHus B JHH3€

B/10J1b T/1aBHOI ONITHYECKOI OCH TOHKON coOUparonieil JTuH3bI
¢ GOKyCHBIM paccTossHneM F TI0JI3€eT ¢ MOCTOSHHDBIM YCKOPEHNEeM
@ MaJIeHbKUI KYYOK, B HA4aJbHbIII MOMEHT BPEMEHU ITOKOMB-
MIMHCS B ONTUYECKOM IieHTpe JuH3bl. C KaKoil CKOPOCTbIO U €
KaKUM YCKODEHHEM @ [BIDKETCST M300pakeHue KyuyKa B TOT
MOMEHT, KOT/la PACCTOSTHIE MEK/TY KYUYKOM U €ro JeiCTBUTEb-
HBIM M3006paskeHreM MUHUMAJIbHO?

AvniaomaHTbl onnMnuagbl

no MJajIel Jure

YUaACMHUK duniom
Jmumpuii Cadvixos (Poccns, Kazanb) I
Kupunn Muponos (Poccust, Capanck) I
Hzopv Cusues (Poccun, JxyTust) 1
HTvnzvic Atimxasunos (Kasaxcran) I
Adsap Abpawyarve (Kazaxcramn) II
Andpeii Xpecmun (Poccusi, CapaHck) I1
Monuxa-Kpucmuna /Jo6punoio (Pymbiaus) I1
Aanuun Bopoxetikun (Poccusi, Capanck) II
Dozem Yearues (Kazaxcran) 11T
Poman Knvina (Poccus, Ceprues ITocar) 111
Tunopeir Topoxoe (Poccusi, SIKyTck) 111

1o crapueii Jjmre

Maxcumn Eaucees (Poccust, CapaHck) 1
Hava 3vicos (Pocens, Capamck) I
Po6epm-IOauan Paseany (Pymbraus) 11
Apmen Ezepes (Poccusi, Capanck) I1
Teodop Axcenue (Pymbinmust) II
Muxau Osuduy ITona (Pympinms) I
Topdei Suxpayxuii (Poccus, CapaHck) 11
Apmen Awunos (Kazaxcran) 111
Jmumpuii Apmanonos (Poccusi, Skytiust) I
Haypwsbaii Kotwexenos (Kazaxcram) I11
ITasen T'epacumenxo (Poccust, SAxyTust) 111
Buxmopus 3axaposa (Poccusi, Capatck) 11
Tumyp Cmenanos (Poccust, SdkyTs) I

ITy6auxauuo nodzomosuru A.4yonoscruil, FO.Ipuzopves



NHOOPMANNUA

OyepegHon Ha6op B B3MLL

Beepoccniickas saounas muoronpeamernas mkosa (B3MIID),
BXOJIAIIAsT B CTPYKTYPY MOCKOBCKOTO Jintiest « Bropas mkosas u
paboTaionas 1piu MoCKOBCKOM TOCYIapCTBEHHOM YHUBEPCHUTETE
nvenn M.B.JlomonocoBa, B MATbAECAT BTOPOI pa3 TPOBOJINT
Ha0Op y4YalluXcs.

dra mKoga Oblaa CO3[AHA 10 MHHUIIMATHBE aKaJeMUKa
N.M.Tenpdanga B 1964 romxy. Muorue rogpt .M. Tenbdans
BO3I/IaB/sA HayuHblil coBeT MIKOJIBI.

B3MIII — rocynapcTBeHHOE yupesk/eHHe JOTOJHUTETbHOTO
00pa3oBanus, JOCTYITHOE [T BCEX JKEJAIONINX, IPUYeM He
TOJIBKO JIJIST IIKOJIbHIKOB, MONOJTHATD CBOM 3HAHWS B O/J[HON MJIN
HECKOJIBKUX 13 CJEAYIONX OoO0JacTell HayKW: MaTeMaTHKa,
6uonorus, (uaonorus, (pusnka, sKoHoMuKa, ucropus (mepe-
YICJAeHIe — B XPOHOJOTHYECKOM TMOPSIIKE OTKPBITUST OT/IeJie-
Huit).

Ceituac BSMIII coBMecTHO ¢ APYrUMH HAay4IHO-TIearoTudec-
KUMH YUPEX/IEHUSMH Be/eT HCCIefoBaTebckue padoThl 110
pa3paboTKe HOBBIX HHTEPAKTHBHBIX TEXHOJOTHI B 06PA30BAHIN
U TIePEBO/Y YACTH CBOMX yueOHO-METOMUECKUX KOMILIEKCOB Ha
SI3bIK COBPEMEHHBIX TEJEeKOMMYHUKAITIIL.

3a Bpewms cymiectBoanust BSMIII yoctoBepenus o ee OKOH-
YAHUH TTOJYYIIN HECKOJIBKO COTEH THICSY TMTKOJBHUKOB U ThICS-
41 KPYKKOB — Tpynn «Kosrekrusubiit yauenuk B3MIII».

O6yuenne B mkose SAOUHOE, T.e. HaunHas ¢ ceHTAOPS—
oxts6ps 2016 roza Bce mocrynusmine OyAyT CHCTEMATHYECKH
MOJIYYaTh CIEIMATBHO Pa3pabOTaHHbIE [IJIST 3A09HOTO O0YUeH st
MaTepuasibl, ColepIKaIie N3JI0XKEHNe TEOPETHYECKIX BOIIPOCOB
1 METOJIOB PACCY K/AEHHH, pasHOOOpa3Hble 3aa4l [T CaMOCTO-
SATEJIBHON paboThl, 00Pa3Iibl pelleHuil 3ajaad, /1eJOBbIE UTPHI,
KOHTPOJIbHBIC U MPAKTHYECKUE 3a/IaHUS.

Konrposbibie paboTbl yyamuxcst OyayT TIHIATEIbHO MPOBe-
pATbCA W perieH3npoBaThes npernogaBaTesamun B3MIIL — cry-
JICHTAMM, aCHUPAHTAMU, TPENOJABATENSIMI U HAYYHBIMH CO-
tpyaHukamu MI'Y, a Takke Apyrux By30B U yupesk/eHUil, e
nnmerotest GUIMabl IMKOJIbl. MHOrHe U3 nperno/anaresieiil B cBoe
BpeMsi camu 3akonunsin B3MIIT u noatomy oco6eHHO XOPOIIO
MOHMMAIOT, KaK BaKHO YKa3aTb, IOMHMO KOHKDETHBIX He/ode-
TOB, MNYTH JMKBUJAIMU HUMEIOIUXCS TPOGEJIOB B 3HAHUAX,
MMOPEKOMEH/I0BATh JOTIOJHUTENbHYIO JINTEPATYPY, TOPYraTh 3a
HEBHUMATEJIbHOCTD U MOXBAJINTD 3a 3aMeTHbIH (a WHOrIa — n 3a
caMbIil MaJIeHBKHUIT) TIPOTpecc U TPyA0Iio0ue.

IMoctynusmue 8 BBMII cMoryT ysHaTh 06 yBJeKaTeJIbHBIX
BEIAX, YACTO OCTAIOMIUXCS 32 CTPAHUIIAMHU MIKOJIBHOTO yUeGHH-
Ka, TIO3HAKOMHTBCS ¢ MHTEPECHBIMI HECTAH/IAPTHBIMU 3aadaMu
u 11o1po0OBaTh CBOM CHUJIbI B UX pelieHuu. [[J1s1 MHOTUX cTaHeT
OTKPOBEHMEM, YTO 3a/1ayi ObIBAIOT HE TOJIbKO B MaTeMaTHKe,
dusuke u xUMUK, HO U B GHOJOTHH, (DUIOJOTUH, IKOHOMUKE 1
JpyTuX Haykax. PelreHne 3a/1a4 TOMOKET IPOSICHATD U C/IEIaTh
MHTEPECHbIMU MHOTHE Pas/esibl, Ka3aBIIHeCcs HEMOHITHBIMU U
CKYYHDIMU.

Opa u3 ocobennocteii yueOHbIX TporpamMm 1 mocobuii B3MIIT
— B TOM, YTO OHU CO3/IAHBI JICHCTBYIOMINMU Ha TepeiHeM Kpae
HAYKN TAJAHTJUBLIMU YYEHBIMU U OINBITHBIMU He3ayps/IHbIMU
HeJaroraMmu.

YToO6bI yCHENTHO 3aHUMATBCS B 3A09HOM 1IKOJIE, BAM TIPUJIETCST
HAYUIHUTHCST CAMOCTOSITEIBHO U MTPOLYKTHBHO PAbOTaTh € KHUTOI,
IPaMOTHO, YeTKO, KOPOTKO U SICHO U3JIaraTh CBOM MBICJIH, & 3TO,
KaK U3BECTHO, YMEIOT JaIeKo He Bce. BO3MOXKHO, Hallla 3a04HAs
ITKOJIa TIOMOXKET BaM BbIGPaTh podecciio, HAllTH cBoe MeCTO B
OKPY>KaIoIeM MHUpe.

Bce Boimommusmmne nporpammy B3SMIII nostyuyator guiioMsr.
Xorg (opMasbHBIX TIPEUMYIIECTB OHM HE JIAIOT, IIPHEMHbIE
KOMUCCHHM MHOTHX BY30B YUYHTBIBAIOT, YTO OOJIAJATENN ITUX

YZIOCTOBEPEHUIT B T€UEHME TIPOJIOJIKUTETLHOTO BPEMEHHN CaMOOT-
BEPKEHHO TPY/IIIUCH HAJl MTPUOOPETEHITEM 3HAHNN, HAYUNINCH
CaMOCTOSITEJIBHO TBOPUYECKU PAOOTATh, & 9TO 3HAYUT, UTO M3 HUX
MOJIyYaTCsl XOPOIINe CTYAEHTDI U, B JlaJbHEIeM, TpaMOTHbIE,
BAYMYHBBIE, ITMPOKO 06PA30BaHHbIC CIICIHAJIICTHI.

Bbl cMoskere mosryyaTh HalllM 3a/IaHus Kak OOBIYHOM, Tak u
9JIEKTPOHHON MOYTOIl, & TaK:Ke TIPUHUMATD YIacTHe B anpobarnm
HOBBIX MHTEPAKTHBHBIX YY€GHBIX MTPOTPaMM.

Mg mocrymnennss 8 B3MIII wago ycmemrHO BBITTOTHHUTDH
BCTYIIUTEJIbHYIO KOHTPOJIbHYIO pabory. I[IpuemMuyo KOMuccuio
MHTEpeCcyeT, B MEPBYIO OYEpe/lb, Ballle yMEHUE PacCy>KIaTh,
nonbiTkK (MycTh TTOHAYATY He COBCEM y/IauHbIE) CAMOCTOSATEb-
HO MBICJIUTD U JieJIaTh BBIBO/BL. [IpenMytiecTBOM IpH MOCTYILIe-
HUM TI0JIb3YIOTCS MTPOKUBAIOIIIE B CEJIBCKON MECTHOCTH, MOCEJ-
Kax 1 HeGOJIBIINX TOPOJIAX, T/ie HET KPYITHBIX HAYYHBIX IEHTPOB
1 yueOHbIX 3aBe/IeHNUIT U I/le TIOJTYYUTD JIOMOJHUTEIbHOE 06pa3o-
BaHMe MOKHO JIAIIb 3209HO.

Pemenns 3aau BeTynuTebHON paGoTbl HAJ0 HANKMCATh HA
DYCCKOM $I3bIK€ B OOBIYHON y4YEHUUYECKOIl TETpaju B KJIETKY.
JKemaronie mocTynmuTh cpasdy Ha HECKOJIBKO OTIETECHNI KasKIyIo
paboTy MPUCHLTAIOT 6 omdeavrou mempadu. Ha o6moxke Terpa-
[ YKQOKUTE: (PaMUIUIO, UMSL, OMUECME0, 200 poxdenus, 6d30-
6oe o6pasosanue (CKOIBKO KJACCOB CPEIHEH IIKOJIbI Gyaer
3aKOHYCHO K cenmsbdpio 2016 200a), noanwui noumoswiii adpec
(¢ mnpekcom), omxyda ysnaau o B3BMII (w3 «Ksanta», ot
Apy3eit, 13 aduir 3a09HOI IKOJBI U T.11.), KA KAK0e omoeenue
xomume nOCMynumo.

Adpec BEMIII: 119234 Mockea, Bopobvesvl zopvl, MTY,
B3MIII, na npuen (yxaxume omderenue)

Tenegpon: +7 (495) 939-39-30

O60 Bcex HAIMX OT/IEJEHUSIX BbI MOKETe y3HaThb Ha 00Te-
mKoJibHOM caiite BSMIII:

www.vzmsh.ru

Ha Bamm Bompochkl MbI OTBETHM IO 3JIEKTPOHHOM TTOUTe:

vzms@yandex.ru

Berymurenbibre paGoThl 0OPATHO HE BBICHLIAIOTCS.

Bes BerymurebHOI paGoThI, TOJBKO MO 3asBJICHUIO, TPUHHU-
MAalOTCsl Ha WHUBUyaIbHOE 00ydeHre mobeinTen 001aCTHBIX
(kpaeBbIX, pecnyGIMKAHCKIX ) TYPOB BCEPOCCUHCKUX ONMMITHALL
10 COOTBETCTBYIOIIMM TIPE/IMETaM, & TAKKe YIACTHUKN (DUHAID-
HBIX TYPOB 9THX OJIIMITHA/I.

Yyamuecs B3MII yacTuyHo BO3MeNaloT pacxo/bl Ha CBOE
oOyuenue. ITo mpocbGe TeX, KTO He B COCTOSIHUM BHECTU ITY
muary, BBMIII roroBa 06paTuThCs B KO, B OPraH HAPOJAHOTO
00pa3oBaHus, K APYTOMYy CIOHCOPY C XOJaTalicTBOM 00 oIliate
ATUM GJIATOTBOPUTEJIEM COOTBETCTBYIOUIMX PACXO/IOB.

TToMUMO MHAMBUIYATBHOTO OOGYUYEHUs, HA BCEX OT/EJEHUSX
B3MIII, kpoMe 9KOHOMHYECKOTO M OUOJIOTHYECKOTO, UMEETCSI
dopma obyuenust «KomnekTnBHBII yueHNK». ITO Ipymia yda-
mxest, paGoTaroNas Mo/ pyKOBOJACTBOM Ipenoasareist (1mKoJb-
HOTO YUHTeJssI, TPEeNojaBaTessi By3a, CTYJIeHTa WU JPYroro
HHTY3MACTA), KAK [IPABUJIO, 110 TEM JKe MOCOGUSIM 1 [IPOrpaMMam,
YTO U MHAUBU/YATIbHO. [Ipuem 6 amu zpynnvt nposodumcs do 15
oxkmsbps 2016 200a. J1Jist 3a4ucJieHus TPYIIIbI TpeGYeTCst 3asiB-
Jenne ee pykoBoautens (¢ ykazanuem ero npodeccun u J0JK-
HOCTH, CO CHHCKOM YYAIXCSl U COOOIIEHHEM O TOM, B KaKOM
KJIacce OHM OYIyT y4uThes ¢ ceHTsA6pa 2016 roga); sasgsienue
JTOJIPKHO OBITH TIOANNCAHO PYKOBOJMTEIEM IPYIIIIbI, 3aBEPEHO 1
MOJINUCAHO PYKOBOJUTEEM YUPEK/IEHUs, TIPU KOTOPOM OyIeT
paborarb rpynia. Pabora ¢ rpymmnamn « KosieKTUBHBIN yYeHUK >
MOKeT OITAYNBATBCS MIKOJAMH KaK (haKyIbTATUBHbBIC 3aHATHS.

Ha Cesepo-3anaze Poccun paGoraer 3aounast mkosa JIeHuH-
rpajiCKoro 06acTHOr0 MuHICTEPCTBA 00PA30BAHNUST, CO3/IAHHAS
npu CankT-IleTeplyprckoM rocyapCTBEHHOM YHUBEPCHUTETE 1
UMEIONIAsT OT/AeJeHNsT MaTeMaTHKN, GUOJIOTUHN 1 XUMHN.
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JKemaonie mocTymuTp Ha OT/ie/IeHIIe MATEMATHKH, TTPOKNBA-
iomue Ha Cesepo-3anaze Poccun (8 Apxanressekoil, Kanunun-
rpajackoii, JlemmHrpajackoit, Mypwmanckoii, Hosroposackoii,
[ckoBekoit obmactax, Kapembckoit m Komu pecmy6amkax),
BBICBLIAIOT BCTYNUTEbHbIE PaboThl 1o ajapecy: 197755 Cankr-
Ilerep6ypr, Jlucuit Hoc, Hoso-Llenrpamabnas yia., n.21,/7,
Cesepo-szanagnas 3MIII (wa mpuem).

TIposkuBatomue B OCTaJbHBIX pernonax Poccuut, najabHeM n
6smKHEM 3apy6esKbe BbICBIJIAIOT CBOM PAOOTDHI 110 MaTeMaTUKe B
agapec B3MIII nim coorBercTByIoniero (ummalia.

Anpeca dumanos matemarndeckoro oraesnerns B3MII:

241035 r. Bpsmuck, yn. Mano-Opaosckas, a. 8, texr.: (4832)
56-18-08, e-mail: brotek@mail.ru

610002 r. Kupos, a/a 2039, IIJITOOIII, Tex.: (8332) 35-15-
03, 35-15-04, e-mail: sms@extedu.kirov.ru, caiit: http://
cdoosh.kirov.ru

150000 r. dpocnasab, ya. Coserckas, a. 14, temr.: (0852) 11-
82-03, e-mail: olimp@olimp.edu.yar.ru

Husxe BbI HajijieTe KpaTKue CBEJCHUA O Ka)k/IOM OT/eIeHUU
B3MIII u yc0BUS BCTYIHUTEIbHBIX KOHTPOJIbHBIX PaloT.

OTpeneHne mateMaTUKKU

Mpl mpuHEMaeM yuuMThCsS Ha Bce Kypeol ¢ 0 mo 5 (uro
coorBerctByer 6—11 Kaaccam 06106Pa30BATENBHOI TIKOJIBI).
Bcero nndopmarmio o pa6ote MaTeMaTHYeCKOTO OT/IEJIEHUS] BbI
MO’KeTe TOJIyUUTh Ha caiiTe OT/AeIeHHUS:

http: / /www.math-vzms.org

Tocse 3auncyenust B IIKOJY YYEHUK TOJTy4YaeT MocoOust 1o
nporpamme B3MIII, a6comoTHOe GOTBIIMHCTBO KOTOPBIX HATTH-
CaHO CHENUATbHO IS YYANXCS MATeMaTHIeCKOTO OT/IeICHHUS
B3MIII. Yuenux usydaer npeoxKeHHble TeMbI, pelllaeT 3a/1aun
U BBITIOJTHSIET 10 KKJOH TeMe KOHTPOJbHYIO paGoTy, KOTOpast
IIPOBEPSIETCS], PEIEH3UPYETCS MPEIo/IaBaTeseM IIKOJIbl i BMECTe
CO BCEMU 3aMEUYaHMSIMU W COBETAMU OTCHLIAECTCS YYEHUKY. 3a
Ka)K/IbIM YYEHIKOM Ha BCE TO/[bI 06YUEHHS 3aKPEIJIeH OJINH U TOT
JKe TIPero[aBaTesib, KOTOPOMY B CJIydae HeoOXOAUMOCTH BCETA
MOKHO 33/1aTh BOTIPOCHI. MBI TAKIM 06pa3oM IIOMOTaeM YIUThCST
320YHO.

Kpome toro, Mbl pruHUMaeM HIKOJBHUKOB U Ha I'PYIIIOBYIO
dopmy obyuenust — «Kosnektumblii yuenuks». B atom ciydae
HECKOJIbKO Yy4Yaluxcss PaboTalOT MO HAIIMM TTOCOOMSIM O]
PYKOBOJICTBOM IIKOJIBHOTO yunTesst (06BIYHO) W TIPHUCHLIAIOT B
B3MIII osny KoJIeKTUBHYIO paGoTy 1o Kaskaoi Teme. IIpuem
B 320YHYI0 IMKOJy Ha IPYNIOBOe OOyYeHHe TTPOU3BOIUTCS TI0
3asBJICHUIO PYKOBOJUTEs TPyHIbl (IKOIBHOTO yuuTens) 6e3
BCTYIUTEJIBHOI paboThl. KoJMUecTBO 9K3eMILISPOB MOCOOHIT,
KOTOpPbIC BbICBLIAIOTCSA B ajpec rpymibl «KosnekTusnplii yye-
HUK», ONPEIESIETCS] PYKOBOIUTEIEM B COOTBETCTBIHU ¢ J[OTOBO-
POM O HAYYHO-TIE/[ATOTMYECKOM COTPY/IHIYECTBE, KOTOPBIH MIKO-
Ja, rae pabotaer rpyimima, 3akiaodaer ¢ B3MIIL.

Ecau BbI XOTHTE YYUTHCS WHAMBUAYATHHO, TO HA/O BBIIOJ-
HUTDb BCTYTUTEIbHYIO PAGOTY, YCIOBHS KOTOPOH MPEICTaBIEHDI
Hike. Permennst 3aja4, ¢ KOTOPbIMH BaM YJaJ0Ch CIIPABUTHCS,
HY>KHO 3aIicaTh B OOBIYHON YYEHUYECKON TETPA/U B KJETKY U
BBICJIATH TIPOCTOIT Gamepobio (MokamyiicTa, He CBOpaunBaiTe
TeTpab B TPYOKy!) BMecTe ¢ 3adBJEHUEM O MpUEMe B apec
MKOJIbI. Berynuresbible paGoThl U 3asiBJIEHHS TPUHUMAIOTCS
TaKIKe MO HIEKTPOHHON mourte: priem@math-vzms.org. B atom
caydae pabora Jo/KHA ObITh oopMIeHa B Buje daitaa popmara
*.doc man *.pdf, MOKHO TakKe OTCKAHUPOBATH TEKCT PAGOTHI 1
IIPUKPEINUTD €r0 K 3asBJIEHUIO O ITPHUEME.

3agBieHne 0 IpueMe MHIIETCsT B CBOOGOJHOI opMe. YKaxKu-
Te: (aMuanio, MMs, OTYECTBO, TOJl POXKeHHs, 6a3oBoe oGpa-
3oBanne (CKOJBKO KJIACCOB CPeAHell MKOMbI GY/IeT 3aKOHUEHO
K CeHTSIOPIO 0UYePeHOro yueGHOTO To/a; HaM ObLI0 Obl y100HO
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npouectb: «C 1-ro centsa6pst 2016 roga s O6yay yduutbes B ...
KJiacce» ), TOJMHBIA TOYTOBBIH anpec (¢ MHAEKCOM), OTKy/a
ysHamn o B3MIIl (u3 uHrepHera, u3 KypHasoB <«KpaHT»,
«Hayka u KusHb», OT Apysell MW U3 APYIUX HCTOYHUKOB);
coo0uuTe, TOXKaIyHcTa, afpec CBOEH 3JIEKTPOHHON IOYTDHI,
ecan ona mmeercs. He 3a0yzbTe yKasaTb, 4TO BbI MOCTYIIAeTe
Ha OT/IeJIeHnEe MATEeMATHKH.

Cpox omnpasku ecmynumenvrotl pabomut — 0o 15 utons 2016
z200a.

Bo BcTynuTespHOl paboTe PSZOM € TOPSIKOBBIM HOMEPOM
3ajlaul B CKOOKAX yKa3aHo, YUeHHKaM Kakoro Kjacca (umeercst
B BH/IY TOT KJacC, B KOTOPOM BBI IIPEATIOJaraete YUnuThes ¢ 1
cenrsa6ps 2016 roga) sra 3ajaua npejHasHavyaercs. Ber Moxkere,
€cJIl XOTHUTE, JIOTIONHUTENbHO PEIaTh 3a/1a4i, aJPecOBAHHBIE
6ostee cTapiM KJiaccam. He TopornuTech, W ecsm 3aadu He
MOJIYYaIOTCSl, BO3BpaIaiiTech K HUM HECKOJIbKO pa3. [{o 15 nions
BPEMEHH €Il JOCTATOYHO. BO3MOIKHO, BbI HE CMOJKETE PEIINTh
BCe 3a/1a4M CBOEr0 KJAcca, TOT/la TPUCHLIANTE PeIeHust Tex,
KOTOpbIe clesarh yaanoch. He 3abyabpre 060CHOBATH CBOM
pelIeHNs], «TOJbIil» OTBET K 3a/laUe pelleHreM He CUUTAEeTCS.

Bce moapoGHOCTH, CBS3aHHbBIE C TOPSKOM MOCTYIJICHUS,
OIJIATON W TIPOIECCOM OOYUYeHUs, BbI MOKETe MOCMOTPETh Ha
caiite oT/esleHMs WJIM 33/1aB BOINPOCHI 1O HJIEKTPOHHOI IouTe
wian resedony.

DJIEKTPOHHBIN MTOYTOBBIN SMUK MATEMATUIECKOTO OT/IeIeHUS:
priem@math-vzms.org

Tenedon: +7 (495) 939-39-30

3anayv

1 (6-7). CyuectByer /i 1eJ10€ 9UCI0, npoussenenue mudp
Kortoporo pasHo 2015? A 2016?

2 (6-8). ITpusesu 100 oAMHAKOBBIX ap GOTUHOK B MarasuH,
rze onn nepememnianuch. CTo 4esoBeK KyIUJn 110 JBa O0TUHKA,
MOTOM 25 M3 HUX TPUILIN € Kajgo00il, 4T0 GOTUHKU HENapHbIE.
[lokaxxuTe, 4TO €CTb elile XOTsI ObI O/INH MOKYIaTeNb, He HOTIe/]-
Wi 10 MarasmHa U UMEIONHii TaKyIo Ke 3Kaio0y.

3 (6—10). 3amocTHTE MIOCKOCTD KBAJPATAMHU, CPEIH KOTOPBIX
JIBA OJINHAKOBBIX, & OCTAJIbHBIE BCE MOMAPHO PA3JIHUYHbI.

4 (6-11). [IBa BeJIOCHMIIEANCTA BbIEXAMM OJHOBPEMEHHO Ha-
BCTpeYy JIPYT Apyry u3 myHktoB A u b, Bctperuiuch B 70 kM or
A W UPOMOJIKMJIM JIBUraTbcs ¢ TeMu ke ckopoctsimu. [lo
MPUOBITUH B TYHKTHI HA3HAYEHUS KOKIBII OTJOXHYJ OIHO U TO
JKe BPeMs M OTIPABUJICS OOPATHO C TOH K€ CKOPOCTBIO, UTO M
panbire. Berpetnmices Benocunenncts B 90 kM ot 5. Haiinnre
paccrosianie Ab.

5 (8-10). [Tambl 1esible YnCaa ) U 7, PO KOTOPbIE U3BECTHO,
yro 23n = 19m. [doxkaxkute, uto unciao n + 2m genurcs na 13.

6 (8-10). Ha mmockocTn HapucoBaHbl HECKOJIBKO TOYEK, BCE
PACCTOSHUS MEK/y KOTOPBIMU Pa3nyHbl. Kask/Iyio TOUKy co-
eJIMHIIN OTPE3KOM ¢ OJIKaiiieil K Heit Toukoii. /[okaxkure, 4To
MIOJIyY€HHbIE OTPE3KH He MepeceKaloTCs.

7 (8-10). Haiiante Bce HaTypaJbHBIC YMCTa X TaKhe, 9TO
a1 - IIPOCTOE YHCJIO.

8 (8—10). IIpennoxuTe 10 KpaiiHeii Mepe JiBa pasHbIX cIoco6a
C TIOMOMIBIO TMPKyJAsA W juHelikn (6e3 menenuii) pasmaeiuTh
3a/IaHHDIN OTPE30K HA TPU PaBHbBIC YACTH.

9 (8-11). Ha crosne zexar 2016 cnuuek. /IBoe urpaiommx
CHUMAIOT TI0 ovepean | mam 2 crnimuku. BpiurpbiBaer ToT, KTO
6eper ToCTeAHIOn crnniky. KTo BbIMIpaeT: HaYMHAOMNN 1IN
€ro MapTHEP M KaK OH JIOJIKEH JIJIS 9TOrO UIPaTh?

10 (8—11). Cymma guaroHasieii 4eThIPEXyroabHIKA 3aKTI04e-
HA MEXKIy €ero IOJIyNepHMeTpoOM U TiepuMeTpoM. Bcerma Jm
BEPHO 3TO yTBepskAeHue? JIo6oil OTBET Hy»KAaeTcsl B JOKa3a-
TesbcTBe!

11 (8-11). TIpu KakoM HATyPaJbHOM 3HAUCHUU ¢ YHCJO
3a + 1 penurcs na ynciao a + 3?
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12 (9-11). CymmMa HATYPaJbHBIX YHUCET dy,dy,...,ds PABHA
999. Kakoe Han6o.Jbliiee 3HaueHe MOKeT puHuMath ux HO/J1?

OTneneHne buonorun

3auncjenue Ha OT/e/IeHIE TPOBOUTCA Ha KOHKYPCHOH OCHO-
B€ 110 pe3yJibTaTaM IIPUBE/ICHHOI HIKE BCTYITUTEIbHOM PaGOThI.
B KoHKypce MOTYT NPHUHSATH y4acTHe IIKOJIbHUKH, KOTOPbIE B
9TOM y4eGHOM rojly 3aHUMaroTcs B 8 wim 9 kiacce, HE3aBUCHMO
ot Mecta nposkuBanus. OOyueHue /s 8-KIaCCHUKOB JJINTCS 3
rojaa, A 9-KJIacCHUKOB — 2 Toja.

Yuamnmmcss 8 KjaccoB HeoOXOAMMO penuth 3agaun 1-3 u
OJIHY W3 3a/au 4 u 5, a 9-KJacCHUKaM — 3ajauyn 2,3 U JBe U3
3a1a4 4—6.

B orBerax MOXHO HCHOJIb30BaTb U (PakThl, HalleHHble B
Jqutepatype, u coGcTBeHHble uiaen. I[IpocuM st CBeJeHwmit,
MOYEPIHYTHIX U3 KHUT, IPUBOAUTD CCHLIKK Ha UCTOUHUKE (/15T
CBe/ICHUI, B3ITbIX U3 HHTEPHeTa, — TOUYHBIII a/[pec COOTBETCTBY-
IoLIeil CTPaHuILLbL).

Pa6oty cJie/[yeT BbIOJHUTD HA PYCCKOM SI3bIKE B TETPAJIN; HA
00JI03KKe TeTpajl yKaxXuTe CBOIO (DaMUJINIO, UMs, OTUYECTBO,
TIOJTHBIN TOMAITHUH aJipec ¢ MHAEKCOM, HOMep MIKOJbI 1 KJace,
B KOTOPOM BbI yuntech. Bmecre ¢ paGoToii NPUIIIATE KOHBEPT €
MapKoii U 3amoTHEHHBIM agpecoM (JIIA OTIIPABKU BaM PEIICHUS
[TpreMHON KOMUCCU).

Kpowme atoro, pa6oTy MOXHO BBIIIOJHATD B 9JIEKTPOHHOM BHjIE
u BbicaaTh B (aitre dopmara *.doc, *.docx, *.rtf, *.txt uam
*.odt ma mamr amextponnbiii agpec: uchenikivzmsh@gmail.com

Cpox omnpasku ecmynumenvnoil pabomuvt — do 15 wons 2016
zooa.

3ana4yv

1. IlpeacraBbre ceGe, 4TO BaM JJis BallliX WCCJEIOBAHUI
HY’KHO COZIepsKaTh JKUBOTHBIX B HeBoJie. Bara 3ajaqa — cBectn
K MUHUMYMY yIep6 *KUBOTHBIM, KOTOPBIH OHU GYIyT MOJIYy4aTh
OT TaKOTrO COJIEP’KaHUsI, ¥ 00eCHEeYUTbh UM MAKCUMAJIbHO KOM-
¢oprroe nposkuBanne. Takske Ballli )KUBOTHBIE JIOJIKHBI HAXO-
JAUTHCA B TaKUX yCJIOBI/IHX, I{TOébI OHU MOTJIN paSMHO}KaTbCH. B
KAKUX YCJOBUSIX BbI Gbl COMEPIKAIU CJEMYIOMUX >KUBOTHDBIX:
BUHOIPA/(HAST YJIUTKA, MOPCKOI aHres, OCbMUHOT, aKCOJIOTJb,
cpe/lHea3naTcKkas ueperaxa, 3e0poBasi aMaJMHa, Tepereska,
KPbICa, KPOJIUKH, HOPKH, MAKAKU a) B YCJIOBUAX Ja60PATOPHOTO
BuBapusi; 6) B YCJAOBHSAX 300mMapka? YUTUTE, YTO B YCIOBHIX
300MapKa BbI JIOJIKHBI PAa3MEIIaTh KUBOTHBIX TaKUM 06Pa3oM,
4TOOBI OHU OBbLIN JJOCTYIIHBI /111 0630pa MOCETHTEJIeH.

2. Kak BbI yMaeTe, 3aueM 4eJIOBeKY HY KHbI MOJIOYHBIE 3yObI?
Man 310 6ecCMbICIEHHBII aTaBU3M?

3. Kakme cBoiicTBa MUKPOOPraHU3MOB MOXHO HM3y4aTb 0e3
MHIKpOCKoma?

4. Kak Bbl nonumaere — 3a 4to npucyanan HobGeseBckyio
npemuio 1o dusnosornu u MeauiHe ocenpio 2015 roma?
W3s0kKnTe CBOUME CJTOBAMU CYTh OTKPBITHS M €70 3HAUEHUE JIJIST
JTAJIbHENIIIETO Pa3BUTHS MeINIINHBI.

J. M3BecTHO, 4TO OpraHu3Mbl OBIBAIOT O/[HOKJIETOYHBIE, MHO-
TOKJIETOUHBIE U KOJIOHUAJIbHBIE. [IpuBeinTe Kak MOKHO GOJIbIIe
pasnuuii MeK/ly STUMHU opranu3Mamu. Kak OTJIHYUTD KOJOHU-
aJIbHOCTH OT I/ICTI/IHHOIL/i MHOFOKJIeTO‘IHOCTI/I?

6. Kakoe oTkpbITHE B 00/1aCTH OUOJIOTHH KaKeTCs1 BaM Hanbo-
Jiee 0KH/IAeMbIM B HacTosInit MoMeHT? [TonpoOyiite 00bSICHUTD,
moyeMy HMMEHHO BbIGDAHHOE BaMHU OTKPBITHE Ba)KHO, KaKie
MEPCHEKTHBBI OHO OTKPBIBAET U TIOYEMY OHO HE CJEJIAHO JI0 CUX
op.

OTpeneHve pusnkun

OGyuenne Ha OTAEJNCHUU OJHO-, ABYX- U Tpexroguynoe. Ha
TpexroanuHbli Notok (Kypc M3) NIPUHUMAIOTCS OKAHYMBAIOTIIHE

B 2016 roy 8 KI1aCCOB cpe/Hel IKOIbI, Ha ABYXToqu4HbIi (Kype
d2) — okanuuBaiomue 9 Kaaccos u Ha ogHoroanyHeIi (Kype A1)
— 10 k71accoB. Yuanmecs, okaHUNBAIOIHE JICCATDIH KJIacc, MOTYT
MPOATH YCKOPEHHO BCIO mporpammy 3a oaui rof (kype @0).

Jlna nocrynnenus Ha kypc D3 HyskHO pelnTb 3ajgauu 1-5
IIPUBE/IEHHON HU)Ke BCTYIUTEIbHON paGoThl, Ha Kypc D2 —
3ajtaun 49, Ha kypc D1 — 3agaun 5—10, va kypc DO — 3agaun
4-10.

Ha o6s0xke TeTpajy ciemayer ykasarb (haMuindio, UMs u
oryectBO, Koji Kypca (D0, M1, M2 umu M3), CKOIBKO KIACCOB
Oyzer 3akonueHo kK 1 cenrssopst 2016 roja, MOJHBINA MOYTOBbBII
azpec (¢ MHAEKCOM), 2JIEKTPOHHBIH agpec (ecam ecTh), TeaedoH.

Cpox omnpasku ecmynumevnoil padomol — do 15 uons 2016
200a.

I'pymmbr «KosuieKTHBHBIN YYeHUK» TPUHUMAIOTCS HA KYPCBI
D1, D2, D3 Ges BeTynuTeabHON paGOThI, TOJIBKO MO 3asIBJIEHUTO
DPYKOBO/IUTEIS.

E-mail ornenenust pusuku: olphys@phys.problems.ru

Wurepuer-caiit: http: /' /phys.problems.ru

3anayv

1. Haiinnre oTHOIIIEHNE 0GHEMOB MOTPYKEHHOW B BOJY YacTH
TeJla YeJI0BEKa MocJie BbIZIoXa B MepTBOM MOpe U 1OCJIe B/IoXa B
[IPeCHOil BOJle, ecjim 3a cyeT BAOXa OObEM Teja 4esaoBeKa
yBesnnunBaercss Ha 8%. I110THOCTD cosieHoit Bombl B MepTBOM
mope p, =1,3 r/CM3 , ILIOTHOCTD IpecHoi Boabl p, = 1,0 F/CM3 .

2. ComnpoTuBJieHe MpoBOJIOYHOTO KyOa M3MEPSIOT, IPUCOE/II-
HUB KOHTAKTBI K BEPIINHAM, JIEKAIIUM HA OJHONH U3 GOJIBIINX
quaronasieil. B xakoe MaKCHMaJIbHOE YHCJIO Pa3 MOXKHO YBeJIH-
YUTh 3HAYEHHE HTOTO CONPOTUBIIECHUS, MEPEKYCUB YACTh IIPOBO-
JIOYeK?

3. llpu sakasmpanuu wHarperoif o ¢, =800 °C crambHoii
nmetamm Maccoit m = 80 KT ee TOTPY’KaloT B BaHHY C BOJON
obbemom V = 50 .1 m rtemmeparypoii ¢, =20 °C. Haiiaure,
Kakasl 4acTb BOJbI MCIIAPUIACH, €CJIH B KOHEUHOM COCTOSHUHI
temreparypa cucrempl paBua ¢ =80 °C . TemnoeMkocTbio BaH-
HBI ¥ TEIJIOOGMEHOM C BHEIIHEl cpefoil mpeHeOpeub. Y 1esb-
Has TemnoeMKoctb cramn ¢, =460 [x/(xr BC), Boabr ¢, =
= 4200 [lx/(xr OC), yaenpbHast TemoTa napoo6pasoBaHUs
Bozbl A = 2256 xJx/Kr , II0THOCTD Bozbl P = 1000 Kr/M3 .

4. ABTOMOOMJIb ¥ MOTOIIMKJI PABHOMEPHO €/1yT TI0 MePeceKaio-
muMest goporam (puc.1) Ecam Mammna BbIessKaeT u3 Toukm A,
TO OHA OKa3bIBaeTcsl Ha IlepekpecTke Ha Af = 1 MHH pasblie
MOTOIINKJIA, KOTOPBIII OJTHOBPEMEHHO HAYHU-

Haet JBrxKeHne u3 Toukn B. Ecsn aBromo- 4

6UJIb CTApTyeT U3 TOUKK B, a MOTOIIMKIT — 13

TOUKN A, TO MalllMHa MPHUE3’KaeT Ha Tepe-

kpectok Ha At, =4 wmun panbiie. Haiigure 5 B ;
M.

KparyJaiiliee pacCTOSIHNE MEXAY TpaHC-
HOPTHBIMH CPE/ICTBAMH BO BTOPOM CJIydae, €CJi B IEPBOM OHO
paso d; = 100 M.

5. B akBapuym nasmra Boma go yposus £ = 40 cm. Han
AKBAPUYMOM MOKET [[BUTATHCSI TOUETHBII NCTOUHHIK CBETA, OTH-
ChIBasl TOJYOKPY>KHOCTb paanycoM R = 40 cM B IJIOCKOCTH,
NIepIeH/INKY ISIPHON TOBEPXHOCTH BO/IbI. B TOl ke mockocTn Ha
MIOBEPXHOCTH BO/IbI TIJIABAET CITUYKA JJIHHON [ = 5 cM, cepeainHa
KOTOpPOI COBIIAJA€T C IIEHTPOM MOJIYOKpy:kHOCTH. Haiigure
OTHOIIECHNE JJINH TeHell OT CIMYKHM Ha JHEe aKBapuyMa IpH
IIOJIOXKEHISIX UCTOUHUKA CBeTa B BEPXHeH TOUKe M Ha BbBICOTE
R/2 ot nosepxuoctu Bogbl. ToKazaTesb MPEJOMIEHHS BOJIBI
n=1,33.

6. Ha meperone Mexay CTAaHIUSMH METPO COCTaB JIOJIKCH
JIBUTATHCSI C MOCTOSIHHOW CKOPOCThIO v = 70 KM /4 B TeuyeHue
80% Bpemenn. Kakoil MakcuMagbHOIl CKOPOCTH MOT JOCTHYb
MOe3/], €eCJU MAIIUHUCT 3a0blI OTKJIIOYHTh YCKOpPEHUE IIPH
pasroHe, HO BIIOCJEJCTBUH CMOT IIPUBECTU I0€3]] Ha CTAHIINIO
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TOYHO 10 pacnucanuio? IIpum pasroHe M TOPMOKEHUM COCTaB
JIBIKETCS. PABHOYCKOPEHHO.

7. ABTOMOGHJIb CHAYasIa PA3TOHSIETCS € TOCTOSIHHBIM YCKOpe-
HUECM @y, a 3aTeM TOPMO3HUT C IOCTOSIHHBIM YCKOPCHHUEM d .
Haiigure, yepe3 Kakoe BpeMs I110CJjIe HavaJa TOPMOSKEHUS Cpe/l-
HSIST CKOPOCTb ABTOMOOMJIST IOCTUTHET MAKCHMyMa, €CJI TIPU ee
pacuere yUnTbIBAIOTCS 3HAYEHUS CKOPOCTH 32 IIPE/IIEeCTBY 0Nt
IpPOMEKYTOK BpeMeHH Af. Ha ckombko OyayT OTINYATHCS
MaKCUMaJIbHble 3HAUYEHUS MIHOBEHHOW M CpPeIHeil CKOpOCTH
MaIlnHbI?

8. IIpaBUJIbHBIIT 7-YTOJBHUK M3 TPOBOJIOKH TIO/[BEIIIEH HA HUTH
3a O/lIy U3 CBOUX BepIInH. B HEKOTOPDIIl MOMEHT OTJIaMbIBACTCS
O/lHA U3 CTOPOH 1-yTOJIbHUKA, IPUMbBIKAIONIAs K 3TOi BepIInHE.
Ha kakoii yroJs moBepHeTcs OCTaBIIAACS YacTb MOCJE yCTAHOB-
JIeHNs PaBHOBECHS?

9. UYerblpe mapasiesbHbIE MJIACTHHBI ILIONAIBIO S Kaskaas
PACTIOJIOKEHbI Ha PaBHOM paccrosuuu d ApyT ot apyra (puc.2).
Kpaiinue niaacTuHbl COeMHEHb! TTPOBOAHUKOM. VICTOUHUK TIO-
crosinHoro Toka ¢ D/IC ¢ nmoaKIouYnIn cHavyala K BHyTPEHHUM
miaactunaM. Yepes Hekotopoe BpeMs OJMH U3 KOHTAKTOB IIe€pe-
KJI0UnN Ha GJisKaiiiyio Kpaitnioro miaactuny. Haliinre Besu-
YIHY 3aps1/1a, KOTOPDIii M0CJIe 3TOr0 YCTAHOBUTCS HAa KaX/0H 13
IJIACTUH.

10. MarsuTHOe 1oJie 3aHEMAaeT 06J1aCTh, OTPAHUIECHHYTO IOy -

p

OF;

N
Q

i v
Puc. 2 Puc. 3

IJIOCKOCTSIMU O U 3, KOTOPbBIE INEPECEKAIOTCs MO MPSMbIM
yraom (puc.3). ToaymIocKoCTn 1 MHAYKIUS oA B meprenan-
KYJISIPHBI IJIOCKOCTU PUCYHKA. JJICKTPOH BJIETACT B [10JI€ B TOYKE
A €O CKOPOCTBIO ¥ U IPH MOCJIEAYIONEM JABUKEHIH [1POJICTACT
yepe3 Touky C, mpuaeM usBectro, uto AO = OC. Haiigute myTb,
MIPOI/IEHHBIN HJIEKTPOHOM B 00JIACTH, 3aHSTOW MATHUTHBIM I10-
JeM. Macca 37€KTpOHA M, , 3aps e, CKOPOCTb U JIEXKHUT B
IIJIOCKOCTH PHUCYHKA.

OTtpeneHune cgpunonormu

Ha ornesenue mpuHUMAIOTCS BCe JKealolne, nMeionie 6azo-
BYIO TIO/ITOTOBKY B 00beMe 7 KJIACCOB.

Ortaenennie pejsiaraer Ha BbIGop 18 yueGHBIX TIpOrpaMM.
[Mompo6HO 0 HMX pacckazaHo Ha HamieMm caiite. CBefeHUS O
IPOTpaMMax 1 Mopsijike 0OyUEHUsT BBICBLIAIOTCS TAKIKE BMECTE C
usBelienneM o pemrennn IIpuemuoit komuccuu. Ilpm ornenke
BCTYIUTEJNbHON PaGOThl YUYHUTBIBAECTCS, B KAKOM KJIACCE BbI
YUUTECD.

3a BpeMs CyIIeCTBOBAHUS OT/IEEHNUST TIOATOTOBIEHO U U3/IAHO
6OJIbITIOE KOJIMYECTBO YHUKAJIBHBIX Y4eGHBIX MOCOOHIi 1Mo pyc-
CKOMY S3BIKY, OOIIeMy SI3bIKO3HAHUIO, ICTOPUH M TEOPUH JIHTe-
paTypbl.

Bol xoTuTe ucnipaButh rpamotHocTh? [lo3HakomMutbes ¢ J1i060-
IBITHBIMU TIPOGJIEMAMH TEOPHU U TPAKTHKH PYCCKOTO SI3bIKA?
OCBOHTD TTPUEMBI JIMHTBUCTHYECKOTO UJIH JINTEPATYPOBEIUECKO-
ro aHaiau3a? Y3HaTbh KOe-uTO O KyPHAIUCTHUKE U OIeHUTb CBOU
TBOpYecKue criocobHocT? IIpuobpectn HaBbIKK, HEOOGXOMMbIE
JUISL YCTIETITHOM c/laun 9K3aMeHOB B By3? Torga BbIoJiHHUTE U

2015/Ne5-6

IPUILINTe HaM BCTYNUTEIbHOE 3aJaHue, BOIPOCHI KOTOPOIO
IIPUBe/IeHbl HUXKe.

Buumanue! Ha nepBoil cTpanuiie ykaxure cJejylone JaH-
mpre: @.1.0., xakoil KJacc 3aKaHdmBaeTe, MOTHBIH (¢ MHIEK-
com!) mouToBbIii anapec, Tenedon. Bmecte ¢ BBIMOJHEHHBIM
3a/laHieM IPUILINTe, IIOXKaJyHcTa, CTaHAapTHBIH KOHBEPT C
MapKOH U 3alOJHEHHBIM BamuM aapecoM (¢ MHIEKCOM) st
orBeta lIpmemHoil KOoMmCCH.

Cpox omnpasku eécmynumenviot pabomor — 0o 15 mas 2016
2o0a.

I'pymmpr « KoIeKTHBHBIH yUCHIK» TIPIHIMAIOTCS 6€3 BCTYIIH-
TeJIbHOH paGoTHI.

Ecuiz BoIpocsl, IIpe/II0>KeHHble HaMH, JI7IS1 BaC [IOKa CJIOKHDL,
HO BBI XOTHTE y HAC YYHUTbCS, HPUILINTE HHMOPMAIHIO 0 cebe,
1 MBI IIOCTapaeMcsl OMOYb.

Hamr e-mail: filologiyvzmsh@mail.ru

Boripocs/

1. IIpounraiite ciemyionme crpoku u3 komeanu A.C.I'puGoe-
noBa «l'ope oT ymay:

Yayxuii: /la us uezo, cxaxu, 6ecnHyemecs vl CIMOILKO?

Penemunos: Ilymum, 6pamey, wymun...

Yayxui: [Hymume 6vt — u moavko?

[TorpoGyiiTe MPOKOMMEHTUPOBATD ATY CIIEHY B 3-X acHeKTax:

o ucmopuueckom (CynmecTBOBAHNE KaKMX AKTyaJbHBIX LISt
TOTO BpEMEHN MHEHHUIl, COOBITHII, OPraHn3aIliii... BJOXHOBUJIM
aBTOpa Ha ee co3aanue?),

o« aumepamyposedueckom (KakoBa aBTOPCKas Hjest, Kakue
XY/I0’KECTBEHHbBIE CPEJCTBA M IPUEMbI IIOMOTAIOT J[PaMaTypry
JIOHECTH /IO 4YWTaTeIsl M 3PUTENs CBOIO TOYKY 3PEHHS, CBOE
oTHoIIeHne? ),

o aunzeucmuueckom (xak asrop ucnoanzyer CJIOBO s
pellieHysi TTOCTaBIEHHON Tepesi co60il Xy/I0XKeCTBEHHOI 3a/1a-
qu?).

2. IIpencraBbTe, 4TO BBl — JKYPHAJIUCT U3BECTHOTO POCCHICKO-
ro u3gaHusgd. Bo3pMuTe MHTEPBbIO Y 3HAMEHUTOCTH: HAIUIINTE,
¢ KeM BblI xoresqu Obl 106ecesioBaTh, KaKue BOIPOCHI Bbl Obl
3ajan u (ecam BHUMATENBHO CJeante 3a ero/ee cyabOoil u
Kapbepoii) KaKkhme OTBEThI, BaM KasKETCS, MOTJIN ObI TTOJYYHTDH?

3. Vcnpasbre ommbKu, KOTOPbIE JOMYIIEHbI B TPUBEEHHDIX
HUKE TIPE/JIOKEHUSX

o C amum nosoxenuem MOKHO CO2AACUMBCS MOALKO CKPUNSL
cepouen.

« bozee xydwezo npumepa ne npusecmu.

« Bemepamny xomenocw cio6 6e3 parvua.

« Asmop ybexodaem, wmo, no3nasas Kyavmypy opyzozo HAPo-
da, noceuenue mysees ne 6ydem umemv 0co6020 CMuICIA.

4. Tlepen Bamm Tabumia U3 JBYX CTOJIOIOB, cojepsKaiias
PYCCKHE CJI0BA, B HEKOTOPBIX CJIy4asiX BMECTO CJIOB IIPOCTaBJIe-
HbI 3HaKM BOIpOCA!

mouxa ?

? unozoa

? Kpamxui
OunMbLLL doazuil
3eMILSK ?

? Ydacol
meppumopus  ?

? BEUHDBLIL

« 3aromauTe Tiportycku. [losicauTe Bame perenne.
« [TorrpoGyiiTe npeIoKNTh Ha3BaHKe /I KaXKJI0TO u3 CToJ6-
110B TaGJINIIbI.

OTpeneHmne 3KOHOMUKU

Bbl XoTuTe HayuyMTbCs Pa3dMpPaTbCsl B 3KOHOMHUKE? Y 3HATh
M3HYTpU paGOTy MapKETOJIOTOB, MEHE/XKePOB, GAHKUPOB, TIPe/l-
npuanMaresieii? Torga ata nndgopmanms A Bac.



NMHOPOPMANIUA

OO6yuenne Ha IKOHOMUYECKOM OT/IEJIEHUH 3209HOE, BCe yuelh-
Hble MaTePUAJIbI TKOJILHIKH MOJIYYaIOT Yepe3 HHTEPHET. Y YUThb-
cs Ha HKOHOMUYECKOM OT/ieJIeHuu MOTyT Te, KTo B 2016 romy
sakonunt 7 (mm Gosee ctapumii) Kaace, cpok o6ydenus 1 rog.

ITporpamMma 9KOHOMUYECKOTO OT/EJIEHUST BKJIIOYAET M3YUeH1e
3KOHOMHMYECKOIN TEOPUU U 3HAKOMCTBO C MPAKTUKOIl 9KOHOMUKHI
n Ou3Heca. ITO MOKET CTaTh XOPOIIei OCHOBOI /LIS iasibHeliie-
TO M3y4YCHUs MPEIINPUHUMATEIbCTBA M MEHE/PKMEHTa, OyXraJ-
TEPCKOro ydyera u (PMHAHCOB, MUPOBOI 9KOHOMUKHU — TIPOGECCst
9KOHOMUCTA TpeGyeT MHUPOKUX 3HAHUII.

Yuach Ha 9KOHOMHUYECKOM OT/IE€JIEHNN, BBI CMO’KETe 3a0YHO
MMO3HAKOMHUTBCS CO CTY/IEHTaMU, BBIMTYCKHUKAMHE U MTPETIo/iaBare-
JggMi MOCKOBCKOTO TOCYJIAPCTBEHHOTO YHUBEPCUTETA WUMEHH
M.B.JIoMoHOCOBa, y3HaeTe O Pa3HOOOPA3HBIX 3aMeyuaTeTbHBIX
npoeccusix B 9KOHOMHKE, OJIHY M3 KOTOPBIX, BO3MOXKHO, BbI
BbIGepeTe 1151 ceOsi B OY/IyIIEM.

[l TIOCTYTUIEHUsT HA OT[eJleHne BaM HYKHO BBITTOJHHUTD
3a/laHue TIPUBEJIEHHOI HIKE BCTYHMHUTENbHOI paGoThl.

3ananne

Maurpiii 6usnec B Poccun elrie He[OCTATOYHO Pa3BUT, HAIPH-
Mep, M0 CPAaBHEHUIO CO MHOTHUMH €BPOTIEHCKIMA CTPAHAMU WJIN
CIITA, HO OH sBJseTCS OYeHb BAKHOI YaCcThIO PBIHOYHOI
SKOHOMUKU. B ¢BA3M ¢ 9TMM, cosgaHue cBOeil HeOOJIbIIOoT
KoMIaHuu B Poccun /1y1st MHOTHX MOJIO/IBIX JIIOJIEI SIBJISIETCS €I1e
HEWM3BE/IaHHDBIM 1 OY€Hb MHTEPECHDBIM TPOEKTOM. MOsKeT ObITh, 1
BBl MEUTaeTe Peasn30BaTh CBOKO OM3HEC-H/IEI0, KOT/IA 3aKOHUNTE
BbIcIIee yuebroe 3aBejenne? Ceifyac yke MOKHO IPUCTYTIUTD K
CaMOPa3BUTHIO B JITAHHOW 06JIaCTH.

B atom rogy mMbI npeastaraemM BaM mopaccyskKAaTh HaJ BBICKA-
3BIBAHUSIMU CEMbH Me/IBE/IeH-ON3HECMEHOB 13 MYJIbT(MUIbMA
«dpuecr u Cenecruna» (2012).

—

MeaBeauiia — BJaJesiel] Mara3ina, e mpoaioT 3yObl.
MeBenb — XO3SIMH JIaBKU CO CJIAJIOCTSIMU.
MepaBe:koHok JInoH — UX MaJeHbKHUI ChIH.

3a y:KuHOM

Medseduya: Tebe dobasums ewje 20pOWKA, COIHBIULKO?

Medexonox: Hem, xouy xonghem!

Medseduya: JTuoi... moavko ne nauunaii. Mot mebe yxe cmo
paz obssacusiu, wmo Konpemor Kywams mebe neivisl!

Medegexonox: Ilouemy??

Medsedv: Imo, mou marvuux, 6 unmepecax mopzosiu. Ha
00O cMOpoHe Yauybl nanda nOpmum 3yoxu. ..

Medseduya: ... a na Opyzou mama zHuivle 3yYOKU 3AMEHIEM.

Medsedn: A kozda muvl evipacmewn, oba deaa nepetidym x
mebe. He 00no cocmosnue, a ueavix dea, marvuux moil!! Xal

Medeeduya: Ecau, romneuno, Oyoeuv yavloamvcs KAueH-
man...
Medeedn: Kax 2060pun moti cmapux, yavloKy Kpacsim 300po-
svie 3youL.

Medseduya: Bce npocmo: eciu xouewn 3apabomamo, Haoo
4mobvL oM caxapa NOpPMUAUCL uyKue 3yOvl, d He Meou.
Honsmno?

Medsesxonox: Vey... (630vixaem)... da.

Bonipocbi

Hanmmmre xpatkoe paccysk[eHrne, B KOTOPDOM OTBeTbTe Ha
CJIeyIouue BOIPOCHL:

1. Kaxue 1jesii, Ha Ball B3IJIA/, CTABUT MJIH JIOJKEH CTABHUTD
nepest co60il BJiajiesiel] Majaoro GusHeca?

2. Kakue niesmn craBsr nepesi co6oit Measenb n MejiBeuia u3
MyJsibTHKa? Kak Obl BbI OXapaKTepu30BaJai UX CTPATErHiO BeJe-
HUS MaJioro 6usneca?

3. [aBuo Jm cymiectByeT 6usnec y cembn Menseneii? [loaro
JIM OHU ellle TJIAHUPYIOT 3aHUMATbCSI CBOMM OM3HECOM?

4. Yoemumm s poxutemu JInoHa, 4TO eMy BPEAHO €CTb
kxoHderpl? Kak Bbl gyMaeTe, IIoueMy Ja MU 1I0YEeMY HeT?

OrBerpl  mpucblIaiiTe 1[0 3JEKTPOHHON  IoyTe:
zadanie@econ4all.ru win o6prumbivM ucpMoM. B nesaBucumoc-
TH OT TOTO, KaK BBl IIPHCBLIAETEe OTBET, 00S3aTEIbHO YKAKHUTE
IIOJIHBII IIOUTOBBLI aJpec U uHAeKe, (PaMUINIO, UM, OTYECTBO U
kaace (B kotopom Gyjere yuutbest ocenbio 2016 roay). Osar-
JIAaBbTE MUCHMO: «IJKOHOMUKA, BCTyNnTeabHOE 3a/aHne-2016».

Cpox omnpasku ecmynumenvioti pabomor — 0o 1 cenmsaops
2016 zoda.

Hamm azgpeca B unrtepHere:

http: / /econ4all.ru, http:/ /vk.com /econdall_group

OTaeneHve ncropuun

OO6yuenne Ha ICTOPUYECKOM OT/IEJIEHUH TIO3BOJIUT BCEM, B TOM
YHCJIe JKATEJISIM CAMBIX OT/IaJIEHHBIX TOPOJIOB 1 JIePEBEHD, pac-
IIUPUTH CBOIT KPYrO30p, TMOATOTOBUTHCS K MOCTYTICHUIO B BY3.
Yenenmso npomieiiie Kype o0yuenns nosryyaror quriom B3MII.

A 3aueM Hy’XHO M3y4aTb HCTOpUIO? Bo-1epBbiX, 3TO mpocto
uHTepecHo. JII0OOMBITHO 3HATH, KaK JKUJIN KOTJIA-TO JIOJH, BO
YTO O/IeBaJIMCh, YEM IIUTAJHUCDH, YTO YHUTAJIM, KaK JKCHUJINUCH "
BbIXO/UJ/ 11 SaMy)K, 3a 4TO 60pO]II/ICb " «Ha 4TO HaHaprBaJII/ICI)».
Bo-BTopbIX, 3710 10Je3H0. TOJBKO 3Hast MPOIIJIOE, MOKHO TO-
HSITb HACTOSIIIEE U TPOTHO3UPOBATH Gy tytiiee. Mbl TIOMOKEM BaM
B 9TOM pazobparbesi. CrelnuaabHO JIJIS BAC OIBITHBIE MTPETIo/1aBa-
TeJan HI/IH_[yT KHUKKN. HOCJIC[IHI/IC HOBOCTHU U3 MI/Ipa I/ICTOpI/II/I BbI
y3HaeTe OJHUM U3 nepBbix! Mbl OyzieM MOJIEPKUBATD C BAMU
MOCTOSIHHYIO CBsi3b. [T0 HAIIMM KHUKKaM BbI Oy/leTe BBIOJHSTD
ocoOble 3aJiaHust U cOOOIIaTh HaM, YTO Bbl packonaan. Beab, B
CYIIHOCTH, TPY/l UCTOPUKA U COCTOUT M3 ATUX PACKONOK. McTo-
PHK-apXeoJIoT, KOIas 3eMJI0 U TeCOK, OTBICKUBAET KPYITHIIbI
VIIEANMX BPEMEH; UCTOPUK-aPXUBAPUYC KOTaeTcs B rpyje Oy-
Mar ¥ JIOCTaeT U3 apXuBOB U Jla’Ke U3 YACTHON TEPENnucKu Bce,
YTO MOJKET TI03BOJIMTH €My TIOHSATH 006pa3 BPEMEHU; HCTOPUK-
TEOPETUK KaK yBJIEKATEJbHBII POMAH YUTAET apXeoJOTHYeCcKue
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Ta6JINIIbI, CyXUe CBO/IKH, CTATHCTUKY U BOCCTAHABJINBACT 110 HIM
KHBYIO TKaHb YIIC/IIeH ;KU3HH. Y UCTOpHKa 0co6ast mpodeccus:
OH B OJHOM JIHII[E CJIeJIOBATEIb, MTPOKYPOP 1 aBOKAT BPEMEHN.
[TpuBeseHHOE HIDKE 3a/laHHE BCTYIUTEILHON PaGOThI HY>KHO
BBIIOJIHUTD HA JIBOIHOM JcTe GyMari.
Cpox omnpasxu ecmynumenvHot pabomut — 0o 15 utons 2016
2oda.

3anarHme

1. Orrazaiite, KTO 3TO

« Pycckuii npoMblIIIIEHHUK, CUTIIEBbII MarHar, MelleHar.

« Ero xema u gpyr, Bepa Hukosaesna, YPOsK/leHHAas
MamonToBa.

« MoJsioj10ii Kyten ¢ THJIOM U KapToil o0bexasl Bce eBporeiic-
KHe My3ed U CJIeJIajiCsl TOHKUM 3HATOKOM >KUBOIINCH.

« B 24 rojta ocHOBaJI B CBOEM POJIOBOM JIOME YaCTHYIO rajiepero
PYCCKOI >KWBOIHUCH.

« B 60 set mepesnan cBoto rasepeio B gap Mockse.

« 113 Bcex cCOBpEMEHHDIX eMy XY/I0KHIKOB IIPEIIOYNTA Iepe-
JIBIKHITKOB.

« Meurtan HaiiTu ukonel PyO6seBa, HO yjaada yJIbIOHYJACh
JIPYTOMY KOJIJIEKITHOHEPY .

« CraJt IepBbIM IMPEKTOPOM OCHOBAHHOTO UM My3esl, TPaTHJI
Ha Hero Bce CBOM COEpesKeHUs, HO M3 CKPOMHOCTU HUKOT/Ia He
SIBJISLIICSL HA COOCTBEHHDBIE I0OWJIEN.

« CoBepiiienno GeckopbicTeH. Ero OymMaskHMK Bcerga ObL
OTKPBIT [IJIS1 HYK/JAIONIXCS.

« C Xy/10’)KHUKaM1 HUKOT/Ia He TOProBaJics. 3akasblBas Kap-
TUHBI, TJIATHJ CIOJHA.

« Ero nmenem Ha3BaH HAIMOHAIBHBIN MYy3€il U CTAHITHS METPO
B Mockae.

« Ero noprper pa6otsl Penuta ykpaiiaer 3a/1bl CO3/IaHHOTO UM
My3es.
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« Ero mocnennue cioBa pojactBeHHUKaM: «Dbeperurte rase-
peio».

2. Onumure, He Gosiee YeM B 7 TIPEIJIOKEHUSIX,, TOJUTHYECK I
MOPTPET BTOpPOTO Tipe3uzeHTa Poccun.

Aas cmapwexaaccHukos, z20mogawuxcs coagamo
ET39 no o6wecmeosnanuio

B 2007 romy ma otmenenmm <«lVctopms» OTKpbLICS Kypc
«O6miectBo3Hannes . OOECTBOZHAHNE — 9TO CBOJ[ OGIIECTBEH-
HBIX JIUCIIUTLINH, U3YYAIONNX BCE CTOPOHBI /IESITETbHOCTH YeJio-
Beka. Hekoropble mperogaBaresin HA3bIBAIOT €T0 BIHHETPETOM.
Briosine ynaunoe cpasuenue. Kak Bunerper — cocraBoe 611010,
TaK u 00IIEeCTBO3HAHNE COCTOUT U3 PA3HBIX AUCIUILINH. [Tepeme-
IINBASICH, JOTIOJHSIST IPYT JAPYTa, OHU CO3/IAIOT TIeJIbHYI0 KapTH-
Hy 0O6IecTBa.

[Tporpamma kypca paccuutana Ha 1 rox. OOydyeHue HOCHUT
320UYHBII XapaKTep U UMEET IeJIbIO JaTh BBITYCKHUKAM TITKOJ —
KaK KPYNHBIX TOPOJIOB, TaK W HeGOJBbIINX cesJ — TayboKue
3HAHUSA MO OOIUIECTBEHHBIM HMCIMILIMHAM, TOATOTOBUTH MX K
yenemHoOW cnade EI'D. Kype BriIouaer ciemyrontie JUCIIATIIN-
HbL: (pustocodust, COMUOIOTHS, TTOJTUTOJNOTUS, TEOPUS Trocyaap-
CTBa, TOCYIAPCTBEHHOE ycTpoiicTBO Poccun, mpaBo, 9KOHOMUKA.

CuymatessiM OyZyT HAIPABJIATHCS OPUTHHAIbHBIE YueGHBIE
mocoOusi, CO3/IaHHbIe Ha OCHOBE MHOTOJIETHETO OIbITa PaGoOThI
aBTOPOB Kypca. [IpoBepka 3HAHUI OCYIIECTBIISIETCS € TTOMOIIBIO
OOIIENPUHSATON CUCTEMBI TECTUPOBAHUSI.

Jlist 3ammcn Ha Kypc HeoGX0ANMO OTIPABUTD 3asiBJieHue do 15
wons 2016 zoda. B 3asBiaennn ykaxkute: haMuInio, UM, OTde-
CTBO, CBOW MOJHBIA goMainnuii agpec (¢ ungexcom!), e-mail,
KJacc, B KotopoM Oyzere yuntbes ¢ 1 centsiopst 2016 roza.

3asByienue ornpasbTe 10 ajpecy: 119234 Mocksa, BopoObe-
BbI Topbl, MTY, B3MIII (otmenenwe wctopuu, o6HIECTBO3HA-
HUE) WM HA aJ[Pec 9JIEeKTPOHHON mouThl: vzms@yandex.ru

3ao04yHon (PU3NKO-TEeXHUYECKON LUKoe
npy M®OTU - 50 ner

3aounas pusuko-rexuuueckas mkoaa (3MTII) Mockoscko-
ro ¢pusuko-rexunyeckoro uHeruryta (MO TU) nposoaut HaGop
B 8—11 kuacenl yuarmuxcst 7—10 kaaccoB 0611e06pa3oBaTeIbHbIX
yupeskaenuit (Ko, Juiees, TMMHA3HI 1 T.11.), PACIOJIOKEH-
HbIX Ha Tepputopuun Poccuiickoit Menepaini.

3DTIHI patoraer B cdepe MpoPUIBHOTO AOTOJHUTETHHOTO
ob6pasoBanus zereit ¢ 1966 roga. 3a mporeanye Tobl KOy
OKOHYMJIM Gosiee 95 THICAY y4YaIlUXCS; NMPAKTHYECKH BCE ee
BBIITYCKHUKK TIOCTYTIAIOT B BE/YyIIME BY3bl CTPAHbI, a KaKbIil
Bropoii crysent MMTU — ee GbIBIINil yueHUK.

Hayuno-MeToanmueckoe 1 o611ee pyKOBOACTBO KOO OcyIie-
ctBsier MOCKOBCKMH (pusuko-TexHudecknii uaetutyt (rocy-
JIAPCTBEHHDIH YHUBEPCUTET).

OOyuenne B IIKOJE Be/leTcd II0 TPeM IpeAMeTaM Hay4YHO-
TEXHUYECKOI HATIPpaBJIEHHOCTH — (PU3HMKeE, MaTeMaTHKe U NHMOP-
Maruke. B 8—9 kiaccax ndyuatorcs TosbKo (pU3NKa U MaTeMaTu-
ka. B 10—11 xmaccax k num pobasisiercs npeamer «Martemaru-
veckue ocHoBbl uHopmatuku u UKT» (undopmarnka). Yua-
IEecsT MOTYT TI0 CBOEMY BBIGOPY M3y4YaTh OJWH, ABa uin Tpu (B
10 u 11 kaaccax) npejamera.

Henp wHameit mkosbl — momoub yuwammmces 8—11 kiaccos
00111e06pa30BATENbHBIX YUPEXKIEHN, HHTEPECYIOMUMCS TIPe/i-
MeTaM$ Hay4YHO-TEXHUYECKOI HAIIPABJIEHHOCTH, YIIyOUTb U CH-
CTEMATH3MPOBATh CBOU 3HAHMS II0 3TUM IIpPEAMeTaM, a TaKKe
CHoco6CTBOBATh UX TPOMECCHOHATILHOMY CaMOOIIPE/IEJICHUIO.

Hat6op B 8, 9, 10 u 11 kaaccer Ha 2016,/17 yuebublii ro]
IIPOBO/INTCS HA 3a0YHOE, OYHO-320YHOE W OYHOE OT/CJICHUS.

IIporpammbr 3DTII sBasgioress MPOPUIBHBIMU JOTOJTHUTEb-
HBIMH 00pPa30BaTeIbHBIMI IIPOTPAMMAMK U €JMHBI [T BCEX
OT/IeJICHWH.

3aounoe orgenenune (urndusudyarvroe 3aounoe o6yuenue)

Ten. /¢paxc: (495) 408-51-45, e-mail: zftsh@mail.mipt.ru

[Ipuem HA 3a04HOE OTAENeHHE MPOBOANTCS HA KOHKYDPCHOMN
OCHOBE TIO Pe3yJIbTaTaM BBITOJTHEHUST BCTYNUTEIBHOTO 3a/AHIsT
110 BBIGPAHHBIM JIJIsT U3yueHus peaMeram. lostHas mporpamMma
o0ydeHust paccuntana Ha 4 roja ¢ 8-ro 1o 11-if KJaaceobl BRIIOYH-
TeJIbHO, HO HadaTh OOy4YeHHe MOXKHO C JII0O0TO U3 YKA3aHHbBIX
KJTacCOB.

B rtedyenme yueGHOTO TOMA, B COOTBETCTBHU C IIPOTPAMMOIL
3OTII, yyenux OyaeT MOJyYaTh MO KaXKIO0W TeMe 3a/aHus 110
¢usuke, MaremMaTike ¥ MHOOPMATHKE, & 3aT€M — PEKOMEH/Lye-
Mble aBTOPCKUE PENICHUS 3TUX 3a/[aHUIl BMECTe ¢ ITPOBEPEHHOM
paboToii. 3aJanus coepKaT TEOPETHIECKI MaTepual, pa3dop
XapaKTePHBIX IIPUMEPOB 1 33/1a4 110 COOTBETCTBYIOIIEH TeMe U TI0
8—12 KOHTPOJBHBIX BOIPOCOB M 3a/a4 JJISI CAMOCTOSITETbHOTO
peliieHusi. JTO U MPOCThie 3ajauu, u Gojiee CI0KHbIe. 3aaHust
COCTABJISTIOT OTIBITHDBIE MTpernojiaBartesn kadenp oouieil Gpusnku u
Boictreit Matematukn MOTU, a taxsxe Bomyckankn MOTU n
Jipyrue crenuanaucTsl. [IpuMepn! 3a/laHlii MOXKHO TTOCMOTPETD
ma caiire 3MTIIIL: http: / /www.school.mipt.ru. PaGorsr yua-
IMUXCSI-3209HUKOB NIPOBEPSIIOT CTYEHTbI, ACHHPAHTBI U BbIITYyC-
knukn MOTU (u3 mux 80% — BBITYCKHUKH HATICH TIKOJIBI).

Cpox omnpasxu peulenuil 6CMynumesvHozo 3a0anus — He
nosduee 1 mapma 2016 zoda.

[TpoBepenHble BCTyNUTEbHBIE pAGOTHI 0GPATHO MOCTYTIAIOTIE-
My He BbIcbLIaioTcs. Pemienme [Ipmemmuoii xommccun Oyaer
BbIcJaHO B miogie 2016 roga.
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Terpajib ¢ BBIOJHEHHBIME 3a/[aHUSIMU BbICBLIAlTE HA a/[pec
3DTI: 141700 Mockosckas obaacmy, 2. [loazonpyomwli,
Hucmumymexui nep., 0.9, 3OTIII.

BerynuTesbHbIe 331aHIS 110 BBIGPAHHBIM IIpEMETaM YIEHHK
BBITIOJIHSIET CAMOCTOSITEJIHBHO B OJIHOW IKOJIBHOI TeTpaju Ha
PYCCKOM $I3bIKE, COXPaHss TOT »Ke TOPS/IOK 3a/ad, YTO U B
3aaHnsIX. TeTpasb Hy>KHO BBICJIATh B KOHBepTe npocmoti 6aH-
neposibio. Ha BHYTPEHHIO CTOPOHY 00JI0KKHI TETPa/inu HaKJIelTe
CIIPABKY M3 IIKOJIbI, B KOTOPOH YYUTECh, C YKA3AHUEM KJacca.
Ha nmneByio cTopony OOJIOKKH HaKJelTe JUCT OyMaru, 4eTKo
3aII0JIHEHHBIN 10 TPHBEJEHHOMY 3/1ech 06pasiyy (MOKHO CKa-
yartp ¢ caitta 3DTII):

JI. Ne
Ne zagaun
D
M
1l

(ta6muna sanosnsercsa merogucrom 3MTIIT)

—
[}
w
=N
()]
(@}
~
0]
=)

10 {11 )12 (13|14 15|16 |2

Kocmponckas obracmo
HYucmsaxosa I aruna

1. Pecniy6smka, kpaii, o6Jjactb
2. Damuimus, UMsI, OTYECTBO

Cepeeesna
3. Kiace, B KOTOpOM y4HTech 60COMOU
4. Ecsm BoI yoxe yuntech B 3MTIII,
HaINIINATEe CBOW JIMYHBI HOMEP
5. [Ipeamernt, MO KOTOPBIM BBITOJI-
Henbl 3ajanus (OTMETbTE Tasou-
KaMmi) o Qusuxa
O MamemMamuxa
o ungopmamuxa
6. Homep 1mkoJbt 43
7. Bun mxoant (o6bluHag, JuIeH,

TUMHA3Us, TIeHTP 00pasoBaHusA) ulell
8. ®.11.0. yuuresneii:

o ¢usnke ITonos Bacunui
Hzopesuu

110 MaTeMaTHKe Bananoun Iemp
Anexceesuu

1o nHpopMaTnke Heesa Upuna
Heanosna

9. IMoapoGHbIii JOMAITHUN ajipec
(¢ yxasanmem umjexca),
tesedon, e-mail

654041 2. Hosoxy3ueux,
Y. Boaxcxas, 0.74,
K6. 3,

e-mail: dio@rdsc.ru,
mea.: (09422) 234-56-67
654041 2. Hosoxy3neux
ya. Huoaxoeckozo,
0.65,

men.: (3843 )35-19-72,
e-mail:
must@yandex.ru

0 om yuumens

0 om dpyseil

O us Kypnaira
<«Ilomenyuans

O u3 sypuara «Keanm»
O u3 unmepnema

O dpyeue ucmounuxu

10. Axpec mkosbl 1 TesedoH,
daxc, e-mail

11. Kax BoI y3Hamn o 3OTII?

Ha xonKypc eskeroiHo mpuxoaut 6oJiee 3 ThICSY BCTYHUTEIb-
HpIx pator. [Toxkanyiicta, o6parite BHUMAHUE HA TPABUJIBHOCTD
3anosiHenust ankerst! [Tummre akkypartHo, Jydiie Habepume na
Komnviomepe u pacneuamaime.

[l mosydeHus oTBeTa HAa BCTYIHUTEJIbHOE 3a/laHue W JIs

OTIIPABKIM BaM TIEPBBIX 33/[aHNUIT 065I3aTETHHO BIOKUTE B TETPA/H
JIBAa OJMHAKOBBIX OGAH/IEPOJIbHBIX KOHBEPTA pPa3MEpPOM
160 % 230 mm. Ha xoHBepTax 4eTKO HANUIINTE CBOM JIOMAITHUIA
ajipec.

Ouno-3aounoe oraeaenue (o6yuenue 6 QaxyiLMaAMuHvLX
epynnax)

Ten. /paxc: (498) 744-63-51, e-mail: fakultativ@mipt.ru,
zftsh@mail.mipt.ru

DaxyrbTaTHBHbBIE TPYIIIBI MOTYT ObITh OPTAHU30BAHbI B JIIO-
60M 00111e06pa30BATEIDHOM YUPEKICHUN O06YMS UAU MPEMs.
npenodasamensmu — HU3NKU, MATEMATHKH 1 MH(OPMATUKH, B
OT/IEJIBHBIX CJIyYasX paspelnaercs oGydeHune TOJIbKO MO OHOMY
npeamery. PyxoBommresn (axysbraTHBa NPUHUMAIOT B HETO
VUAIIXCS, YCIENHO BBIMOJTHUBIINX BCTYIHTEJbHOE 3a/laHHe
3OTHI.

Ipymna (ue menee 7 wenosex) npunumaercs 8 3DOTII 1o
3asIBJIEHHIO UPEKTOpa Ha GJaHKe 06I1eo6pa3oBaTeJbHOTO Yu-
pesxaennst (o6pasen MOKHO TOCMOTPeTb B paszene «OuHo-
3aounoe orgenenue» caiita 3MTII), B KOTOPOM JOJKHBI OBITH
yKazanbl haMHJIIH, IMEHA, OTYECTBA PYKOBOJIUTE N (PaKyabTa-
THBHOW TPYMIIBI M MOWUMEHHBIN aJa(aBUTHBIN CIIMCOK o6ydaro-
muxcsa (D.U.0. moIHOCTbIO, ¢ yKasaHMeM KJacca MmeKyu,ezo
yue6H0z0 200a U UTOTOBBIX OLIEHOK 3a BCTYIIUTEJIbHOE 3ajlaHue
0 BBIOPAHHBIM MIPEMETaM), adpec, menegon, gaxc u e-mail
wKoIbL. 3asBIeHNE U OOBIYHBII KOHBEPT /IJIST OTBETA O IIPUEME B
3OTIII ¢ 06paTHBIM AJPECOM OJTHOTO M3 PYKOBOJUTEIEN CIey-
et Bbicaath 00 25 mas 2016 z00a na agpec 3MTII (¢ momeTkoii
«®akynbratusy»). Axpec 3OTI: 141700 Mockoscras 06-
aacmo, z./loazonpyonvii, Hucmumymckui nep., 0.9, 3OTIII.

Pa6ota pykoBoureseil (pakyIbTaTHBOB MOXKET OILJIAYMBATHCS
00111e06Pa30BATE/IbHBIM  YUPEXK/ICHIUEM KAaK PYKOBOJICTBO TIPO-
uapHbIME (AKYIBTATUBHBIMU 3AHATUSMHE 110 TIPEIOCTABIEHUT
3ODTII cooTBeTCTBYIOMNX CBEJCHNUII.

PykoBoantesm, pa6oTaioniye ¢ yIaluMucs, B TedeHne yde6-
HOTO To/la GYAYT MOJydYaThb Y4eOHO-METOAMYECKIE MAaTepPHAJIbI
(nporpammel 110 GusKKe, MaTeMaTiKe U HHOPMATHKE, 3aJaHus
10 TeMaM IIPOTPaMM, PeNIeHus 3a/[aHii ¢ KPATKUMU PEKOMeH/1a-
IUSAME TI0 OIeHKE PaboT YYalmxcsi); IMPUTIANIATHCSA HA KyPCbI
MOBbIIICHNS KBaIU(UKAIUN yuuTeseil (PU3nKu u MaTeMaTuku,
mpoBozinMble Ha 6aze MAOTU. PaboTpl yyanuxcst IpoBepsioT 1
OIIEHUBAIOT PYKOBOAMTENN (haKyIbTaTUBHBIX Tpy1, a B SMTIIL
VMU BBICBIJIAIOTCS BEZIOMOCTH € UTOTOBBIMH OIIEHKAMH 110 KaK/10-
MY 3a/IaHUIO U UTOTOBAs BEJJOMOCTb 3a TO/I.

Ounoe oraenenne (00yuenue 6 6EUEPHUX KOHCYILMAUUOH-
HOLX nynKmax)

Tex.: (499) 755-55-80, e-mail: zftsh@mail . mipt.ru

[lst yuanmxcss MockBbl 1 MOCKOBCKOiT 06J1aCTH 110 TIPOrpaMm-
Me 3OTIII paGoraioT BeuepHUe KOHCYJIbTAIMOHHDBIE TYHKTHI.
Ha6op B HHUX TMPOBOAWUTCS TIO Pe3yJbTATaM BCTYTUTETbHBIX
9K3aMEHOB TI0 (DU3MKe 1 MaTeMATHKe U COOGECeI0BAHNUS, KOTOPBIE
poxXoAT B centsiope. OOyueHue BeJeTcs 10 TPEM IMPeMeTaM
(nHpOpMaTHKa — TI0 JKEJaHWIO yYalerocs).

Yuennkam Bcex OT/esleHnil OyIeT NPEIJIOKEHO YIacTBOBATD B
¢usuko-matematudeckoii omummuage «OUI3TEX-2016», koro-
past mposoautcs Ha 6aze MMDOTU u B psage ropogos Poccun B
KOHIIe (peBpajid MiIn Havasie MapTra, B IPYTUX OUYHBIX U 320YHBIX
ommmnuagax MAOTU u ero dakybTeToB.

Il yaamnxcest 8—11 kmaccoB paGoraer cy66otamit online-
Jextopuil mo ¢usuke n Maremaruke no nporpamme 3OTIIL.
Jlekiuu 4MTAIOT OpenojaBateau MHCTUTYTa (KaK MPaBHIIO,
aBropbl 3ajtanuii). [ToapoGHee 06 9TUX MEPONPUATHAX MOJKHO
mpountaTh Ha caifite 3DTI: http: / /www.school.mipt.ru

[To oxoHuaHuM y4eGHOTO TOJA YyYallMecs, YCIEIIHO BBINOJ-
nusine nporpammy 3MTIII, epeBoasTCA B ety ommii Kaace,




80 KBAHT -

a BoiycKHUKK (OJMHHANATUKIACCHUKM) MOJYYAIOT CBUJE-
TEJBCTBO 00 OKOHYAHUH HIKOJBI C WTOTOBBIMU OIIEHKAMH IIO
nayuaBmmMcst B 11 xiacce mpeameram. CBuzieTesabcTBO 00
oxonvannn 3MTHI yunrteiBaerca npu nocrymiennn 8 MAOTH.

Oo6yuenue B 3DTII Gecrutatnoe. C 2015 ,/16 yuebnoro roma
nesrenbHocte 3MTI dunancoBo nojmeps;kuBaercs DoHIOM
passutust MAOTHU. ItoT donn ocHoBan BoiTyckHuKaMn MOTU
LTSI TIOJ/IEPSKKH IIPUOPHUTETHBIX IPOEKTOB POJHOTO MHCTHTYTA U
aBysiercst GoHgoM 1eseBoro Kanurasia. [oapo6iyio undopma-
io o JiesitesbHocT DoH/Ia BBl MOXKETE Y3HATh Ha caiiTe:

http: / /mipt.ru/alumni /fund /

[lns yuammxest Yrpaunbsl padoraer Y 3OTII npu OGTHHI]
HAH Vkpaunst (o6yuenue miatnoe). yKemaonmm moctynurhb
Ty/la cJejtyeT BbIChbliIaThb paboTsl 1o aapecy: 03680 Yxkpauna,
r.Kues, 6-p Bepnasckoro, .36, TCIT, Y3®DTIII. Teux: 8-(10-38-
044)424-30-25, 8-(10-38-044)422-95-64, caiit: www.mfti.in.ua,
e-mail: ftesch@imp.kiev.ua

[lnsg yyammxcs u3 3apyOeKHBIX CTPaH BO3MOXXHO TOJBKO
IJaTHoe OoOydYeHre Ha 3a0YHOM U OYHO-320YHOM OT/IEJIEHHSX.
Jlna cnpaBok e-mail: zftsh@mail.mipt.ru, ten./dakc: (495)
408-51-45, (498) 744-63-51.

Huxe TIPUBOAATCSA 3a/lavuM BCTYIIUTEJIbHBIX paéoT 110 (pI/ISI/IKe,
mateMarnke u uH@opmaruke. Homepa 3amad, 00s3aTesbHBIX
JUis BbinosiHeHns (3a04HOE M OYHO-3204HOE OT/IEJICHUs), U
MaKcuMaJbHble GaJIbl IPUBOJSTCS B Tabuuie (HoMepa KIaccoB
yKasaHbl Ha Tekymmit 2015,/16 yueGHbIi To1):

HowMmepa 3amaa

7 knacc | 8 knace | 9 knace | 10 kaace

Dusuka 1-5 6—10 9-13 11-16
Maremaruka 1-5 3-8 7-13 9-15
Nudopmarura 1-35 1-7

Maxkcumanbubie GasLibl

7 knacc | 8 knace | 9 knace | 10 kaace

Dusuka 25 25 25 30

Maremaruka 25 33 37 37

WNudopmaTura 10 16
dusuka

1. Ha noBepXHOCTH BOJBI B 03epe PACIOJOXKEH HCTOYHUK
KOPOTKMX 3BYKOBBIX CUTHAJIOB. [IpHeMHIK 3BYKOBBIX CUTHAJIOB
pacroyioxken Ha 2 = 30 M HU)Ke MCTOYHMKA HA OJHON C HUM
BepTukaan. OTPaskeHHDBIH OT IMJIOCKOTO JiHA 3BYKOBOI CHTHAJ
peructpupyercs npueMHuKoM uepes ' = 60 mMc mocse ero
ornpasku. Oupezgenute ryOnHy o3epa B aToM Mecte. CKOPOCTb
3BYKa B BOJie IPUHATDH paBHoit v = 1500 m/c.

2. AHTOH cITycKaJIcsl Ha 9CKaJaTope B MeTpo. B MoMeHT Kora
eMy OCTaBaJOCh IpoeXaTb UYeTBePTb JJIMHBI 3CKAJIATOpPA, OH
pelny BO3BPATUThCS K BepxHell Touke sckasnaropa. AHTOH
MOKeT GeKaTh OTHOCHTETBHO ICKATATOPA CO CKOPOCTBIO ¥ =
=3 M,/ c. Kaxoii crioco6 npeiIouTuTeIbHee: CITyCTUTHCS BHU3 HA
«CBOEM» 9CKAJaTOpe U 3aTeM IIOHUMAThCS BBEPX II0 COCeTHEMY
(oH MoOAHUMAET TACCAKUPOB HABEPX) WJM CPa3y MOJHUMATHCS
BBepx? CKOpOCTb Kaxk0T0 ackagaropa v; =1 M/ c. Bpemenem
mepexo/ia ¢ O/IHOTO ACKAIATOpa Ha APYTOIl MpeHeOpeyb.

3. Macca crekagHHON GaHKM, HAITOJHEHHO MacJIOM HaIloJIo-
suny (1o o6bemy), pasua my = 1,5 Kkr. [l mogHOroO 3amo0/He-
Hisl GAHKY B Hee JIOJIIJIN BOy Maccoil m, =1,5 kr. Onpegennre
Maccy myctoii 6ankn. IlnotHocTs Macna p,, = 800 KI‘/ M® | TI0T-
HOCTD BOABL P, = 1000 kr/M° .

2015/Ne5-6

4. B TOHKOCTEHHBIN COCY/l C BEPTUKATIBHBIMEI CTEHKAMU BbI-
cotoit H = 27 cM HaJuThl PaBHbIE MACcChl BOJBI M MacJja,
MOJIHOCTBIO 3anoJHsomue cocyx. Onpenennte THAPOCTATHYEC-
KO€ /IaBJICHUE Ha paccTosHuu 7 = 5 c¢M ot aHa cocyaa (BHem-
Hee JaBJEHHE HE YYUTHIBATh). JKHUAKOCTH HE CMENIMBAIOTCS.
IInornocts Macma p, =800 Kr/M3, IMJIOTHOCTb BOJbI
p, =1000 xr/m> .

5. B mmpoxmii cocys ¢ BOAOH BEPTHKAIBHO YCTAHOBJIECHA
IUTHHAST TPYOKa, MJIOMA/b IOMEPEYHOro CeyeHus: KOTOPOH
S =2 cm? . Hukamii komer, Tpy6ku Haxogutes na [ = 10 M
HIDKE YPOBHS BOJbI. Kakyio MaKCHMaJbHYIO Maccy Macja MOK-
HO HJUTb B TPYOKY, 4YTOOBI
MacJo He BBLIMBAJIACH U3 Hee
yepe3 HUKHee oTBeperre? [1oT-
HocTb Bozabl P, =1000 Kr/M3 .

6. OmHOpOMHDII CTep:KEeHb
pauaoil L = 1,2 M Jexxur Ha
yrnope (em. pucyHok). [lJas yaepsKaHUs CTEPKHS B TOPU30H-
TAJBHOM TIOJIOKEHUN HYIKHO AaBuThb ¢ cuyoir Iy = 200 H mna
ee KOPOTKUI KOHel[ Jin6o [IeficTBOBATh C HANIPABJIEHHOI BepTH-

KkajspHo BBepx cusoit I, = 100 H na ee anwHHBIN KOHEI.
Oripe/iesiite Maccy CTEPIKHSI M MeCTO PACIOJIOXKEHUS] TOUKH
yropa.

7. Tlycras niactukoBasi KOpoOOUKa IJIaBaeT B BOJE, MOTPY-
suBmuch Ha 2/3 cBoero oO6bema. Ilocse TOro kKak B Hee
MOJIOKIJIN KyCOUeK MeTaJia Maccoit m = 10 r, oHa octasach Ha
IJIaBy, TorpysuBiimch Ha 3,/4 cBoero oObema. Ortpenenure
Maccy kopoGouku. ILiotHocts Bogbt p, = 1000 kr/M> .

8. B Garapeio BO/JSHOTO OTOILIEHHS BOJA TOCTYHAeT TPU
temrieparype ¢ =80 °C 1o TpyGe TIOMAIBIO TOIEPEUHOIO
cevenust S =500 Mm% co ckopocTthio v = 1,2 M/c, a BBIXOIUT
u3 Garapen, umest remreparypy &, =40 °C . Kakoe xosmvecTBo
TEILJIOTBI MOJIYYAEeT OTAIJIMBAEMOE TIOMETIeHIe B TedeHne CyTOK ?
Y fiesibHast TENI0EMKOCTb BOABI ¢, = 4200 JIx/ (xr BC).

9. B meanbii cocysi Maccoil my, HarpeTblil J0 TeMIIepaTypbl
t; =350 °C , mosoxuum Jies Maccoit m, = 600 r npu Temiepa-
type t, = =10 °C . Tlocsie ycTaHOBJIEHUS TETJIOBOTO PABHOBECHS
B cocyjie OKazasoch ms = 550 T Jbjla, CMENIAaHHOTO C BOJIOI.
Omnpenesure Maccy cocyna my . Ilotepsmu Tensa mnpexe6peyb.
¥ nesbHas TENJI0EMKOCTb Jbja ¢, = 2100 [I)K/ (KI‘ D’C) , YAeTb-
Had TeIsoTa IIaBaeHus Jbja A, = 3,2 no’ JUK/Kr, yaenbHas
TEIJIOEMKOCTb BOJbI ¢, = 4200 [[}K/ (KI‘ DC), yAenbHAs TeTIo-

eMKOCTb Men ¢, = 390 [[)K/(Kr 0C)

10. Ha KOHTaKTbI, JIeIsIII1e JJIHHY OJHOPOHOTO TIPOBOJIOYHO-
rO KOJIbIIa B OTHOIIEHHN 1:2, 1MOJaeTcss HEKOTOPOe MOCTOSTHHOE
Hanpspkenne U. IIpm aToM B KOJIbIle BBIZEISETCS MOITHOCTD
P, =72 Br. Kakasg MOIHOCTD BbI/IEJIS/IACH ObI B KOJIbIIE TTPH TOM
JKe HATPSDKEHNU, ecu Gbl KOHTAKTbI OBLIM PACIOJIOKEHBI 10
JIIaMeTpy KOJIbIa?

11. Ecsin n3 HEKOTOPOIl TOYKH, PACIIOJIOKEHHOI Ha BBICOTE /2
HaJI 3eMJIeit, GPOCUTb TOPU30HTATIBHO CO CKOPOCTBIO Uy HEOGOIb-
1Ioe TeJslo, TO OHO yla/leT Ha 3eMJnio yepe3 Bpems ¢ =1 c. Ecan
C TOil ke CKOPOCTDBIO TeJI0 OPOCUTH BEPTUKAJIBHO BBEPX, TO OHO
yHaJIeT Ha 3eMJII0 uepe3 BpeMs t, =2 c¢. Omnpeesnure CKOPOCTDb
¥y , BBICOTY /i 1 aJIbHOCTD TI0JIETA 110 TOPUBOHTAIN [ B TIEPBOM
ombiTe. CONPOTHBJIEHIE BO3/yXa HE YUYUTHIBATH, CUUTATDH
g =10 M/ .

12. Yepes sierkuii GJIOK € HEMOJBUKHON OCBHIO TEPEKUHYTA
JierKasl HepacTsDKHUMasl HUTb, K KOHIIAM KOTOPOI IMPUKPeILIeHbI
neboJsbiue rpy3pl Mmaccamu my; = 0,4 xr u m, = 0,6 xr. B
HAYAJTbHBI MOMEHT T'PY3bl YAEP’KUBAIOTCS HA OJHON BBICOTE,
3aTeM JIETKOMY TPy3y COOOIIAIOT HAIPABJIEHHYIO BEPTUKAJIBHO
BHU3 CKOPOCTb Uy =4 M/c. Uepe3 Kakoe BpeMsI IPY3bl OISTH
OKa)KYTCST Ha O1HON BbicoTe? CONpOTHBIEHNE BO3/yXa He Ydu-
TbIBaTb, cuutath g =10 M/ ¢t



NMHOPOPMANIUA

13. Ha rsiaikoif ropu3oHTaIbHOIT TTOBEPXHOCTU PACTIONOMKEHDI
nBa 6pycka maccamu my =0,9 kru m, =1,6 Kr, coeiuHeHHbIe
JIETKOI TIPY»KIHO# skecTKOCTBIO B = 20 H /M. Chavasna 6pycku
VAEPKUBAIOT TakK, 4TO Tpy:KuHa ckata Ha [ = 10 cM. 3arem
OTITyCKAIOT TIEPBbIii OPYCOK, a B TOT MOMEHT KOT/la TPY>KHHA
CTaHOBUTCS He/lehOPMUPOBAHHON, OTITYCKAIOT U BTOPOIT GPYCOK.
Haiiure makcumanbHoe yckopenue (110 Moy Ti0) BTOporo 6pyc-
Ka B IIpoliecce JAJbHEHIIero JABUKEHI.

14. Ha awe muiumgpa, 3amoJHEHHOTO BO3IYXOM TIPH HOP-
MaJIbHBIX YCJIOBHSX, JIESKUT ITAPUK PAJUYCOM ¥ =2 CM U MacCoii
m =25 r. Bo CKOJIbBKO pa3 HY>KHO YBEJIMYUTD JaBJIECHNE BO3/LYXa,
TOOBI IIAPUK MOT B3J1eTeTh? B03/1yX CUNTATh H/eaIbHBIM Ta30M,
€r0 TEeMIIEPATypa MO/IEPKUBAETCS TTOCTOSHHOI.

15. OauH MOJb W/IEATHHOTO OJHOATOMHOIO Ta3a CHavaja
HATpeBaeTCs NMPH MOCTOSHHOM JaBJIEHUN N3 HAYATIBHOTO COCTO-
sauus ¢ temneparypoit 73 = 300 K, a 3arem 1pu noctossHHOM
oObeMe TIePeBO/INTCS B cocTostnue ¢ Temneparypoit T, = 400 K.
Okaszajoch, YTO 32 BpeMsl BCEro TIpollecca rasy IepeiaHo
xosmmyectBO TermoThl Q = 4000 /. Bo ckosbko pas namennics
00beM, 3aHUMAEMbIil Ta3oM?

16. /[Ba MaJieHbKUX OJMHAKOBBIX TI0 Pa3Mepy 3apsiKeHHbIX
MPOBOJISIINX MAPHUKA, HAXOIAIINXCS IPYT OT JIpyTa Ha Paccro-
sann [ =20 cM, orrankuBaiorces ¢ cusoit F; =3 mH. ITocse Toro
KaK MapuKkin ObLIM TIPUBEJEHBI B CONPHUKOCHOBEHHE W 3aTEM
pa3BejieHbl Ha MPEXKHee PACCTOSHIE, OHU CTATH OTTATKHBATHCS
c cunoit F, =4 mMH. Bo CKOJIBKO pa3 OTJHYAIOTCS HaYaJbHbIE
3apsI/Ibl MAPUKOB?

MaTtemaTtuka

1 (4 Ganna). Bsanucn 96 +14:2+2:3 +7 =22 paccrasb-
Te JIBe TIapbl CKOGOK TaK, YTOObI MOJIYYNJIOCh BEPHOE PABEHCTBO.

2 (4 6.). bBuccekTpuca BHEIIHEro yIJda TIpH BepimHe A
tpeyrosabHuka ABC napaJienbHa ero cropone BC. Bepho un,
uyro Tpeyroybink ABC pasuoGenpenbiii? OtBer o6ocHyiiTe.

3 (4 6.). Mamma, niomorasi 6aGyIiKe Ha Jjade, MPOTOJIOJIA TPU
O/ITHAKOBBIE I'PS/IKA ¢ KJIYOHNKOI. Ha mepByIo 1 BTOpPYIO TPSIAKH
Maia norparuia 58 MUH, a Ha MEPBYIO U TPETbIO — 48 MuH. 3a
Kakoe BpeMsi ObLIN MPOTIOJOTHI BCE TPH TPSIKH, €CJH TPETHIO
rpsaky Mara mponasibiBasia ¢ Toii ke CKOPOCTBIO, KaK MepPBYIO
1 BTOPYIO B Cpe/iHeM?

4 (7 6.). a) Tocrpoiite rpadpuk GyHKIUN

_ 2 -9x
Yo -8 +3)

6) Ilpu KakuxX 3HaYeHMAX R mpsaMasg y = kx — 5 He WMeeT ¢
HOCTPOEHHBIM IpadUKOM HU OJHOI 06Imieil Toukn?

5 (6 6.). TIpamas, TpoOXoAAIIAs Yepe3 BePUIuHy P Tpeyromb-
nuka PQOR, neprnenaukyJsgpHa Ouccekrpuce ero yriaa Q u
nepecekaet mpamyio OR B Touke A. [Ipamas, mpoxosinas uepes
BepHmMHY R TpeyroJbHUKa, TMepHeHANKYJIsIpHA TOW >Ke caMoi
6uccexTpuce u nepecexaet npsamyio PQ B rouke C. Haiinute OR,
ecim PQ =6, AR = 2.

6(46).C 6r 22

.). Cokparure 1po6b NN

7 (6 6.). V3 myHKTa KPyroBOM TPacchl BbleXaJa MOTOLUKI, a
vyepe3 40 MUH cJIe[OM 32 HUM OTIPABUJICS aBTOMOOWIb. Uepe3
2 9 aBTOMOOWJIb JTOTHAJ MOTOITMKJI B TIEPBBI pa3, a elle uepes
2,5 4 — Bo BTOpOIi pa3. Omnpeesaure CKOPOCTb MOTOIUKJIA, €CJIH
JuinHa Tpacebl 50 KM.

8 (6 6.). B upsimoyrosisrom tpeyroJibhnke ABC yron B paseH
15°. W3 Bepmmnpl npsamoro yriaa C nposejiennl Boicota CH n
meaunana CM . Haiigure otnomenns CH : AB n MH : BC.

9 (4 6.). Pemure HEPABEHCTBO

x? = 2x +|6x -30] <15

10 (5 6.). TIpn KaKOM 3HAUEHWHU TTapaMeTpa d CyMMa KBaJpa-

TOB KOpHEH ypaBHEHUS xt+ (2a -5)x +(a2 -5a +6) =0 mu-
HUMAaJIbHA?

11 (6 6.). KommuecTBo KyCTOB CMOPOAWHBI B Caay B 4 pasa
60JTbIIe KOJUYECTBA KYCTOB JKUMOJIOCTH, a KOJHYECTBO KYCTOB
KPbDKOBHUKA KPATHO KOJHMYECTBY KYCTOB >KUMOJOCTH. Ecum
YICJIO0 KYCTOB KPBLKOBHIUKA YBEJIMYHUTD B 5 pa3, TO MX CTAHET Ha
22 Gousibliie, yeM KyCTOB cMOPO/inHbI. CKOJIbKO BCETO KYCTOB B
cajly, ecJm U3BECTHO, 4TO ux He Menee 907

12 (6 6.). [luHbI IBYX CTOPOH TPEYrOJbHUKA PaBHBI 27 U 29,
a MeJiaHa, MpoBe/ieHHas K TpeThell cTopone, paBHa 26. Haiinnre
BBICOTY TPEYTOJIbHUKA, MPOBEIEHHYIO K CTOPOHE, PaBHON 29.

13 (4 6.). Pemmre ypaBHeHue

J6x +1 ++Jhx +2 =+/8x +2x +3.

14 (5 6.). Haiizure sin® 20, ecim

1 1 1 1 _
S ot ot =8.
tga ctg"a sin“a  cosTd

15 (7 6.). CymMa nepBbIX Tpex 4ieHoB yObiBaoleil reomer-

. 14
PUYECKOU TIPOrpecCcrun paBHaA ? a CyMMa X KBa/I[paTOB paBHa
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3 Haiinure mepBbIit WsieH aTOH MpoTpeccun.

NHpopmaTunka

1 (1 6amn). Yersepo pebat urpamu B Gpyt6oa Bo aBope. Kro-
TO pas3Ouy OKHO. X03siiKa CIpocua:

— Kro pas6us okno?

Cepexa cxasad:

— Oxno pas6un nian IOpa, nim Muma.

1Opa ckasau:

— 41 okHO He pa3buBa.

Wropsp ckaszau:

— 9ro caesan Muma.

A Mumia ckasal:

— Uropb omubaercs.

Tpoe pebsT Beeria TOBOPST TIPAB/LY, a YTO TOBOPUT YE€TBEPTHIi
— HeusBecTHO. KTO paséus okHO?

2 (3 6.). TlouToBbIii MHAECKC B HEKOTOPOII CTpaHe COCTOUT U3
ofHoit mepBoit 6ykBbI (Mcmomb3yercs 26-CUMBOIBHBII adaBuT)
U IBYX JECATHYHBIX (P, OJAHOBPEMEHHO HE PAaBHBIX HYJIIO.
CKOJIBKO Pa3/IMYHBIX HHJEKCOB MOXKHO IIOCTPOUTD?

3 (3 6.). Ckosbko 3anmceil B HuKecaeayonEeM (parMeHTe
9K3aMEHAIMOHHOIl BEJIOMOCTH Y/IOBJETBOPSIOT YCJOBHIO
«(TTon="m" "I @usuka > 3) UJIN Anre6pa = 5»:

DamMuansg [lon | Anre6pa | Xumus | Dusura | Ueropus
AKYEHOB M 5 4 ) 3
Bopounun M 3 5 4 5
Tpuropuyx K 5 5 4 5
Poanun M 4 5 3 5
Cepreenko XK 4 3 4 4
HepemnaHoB M 3 2 5 3

4 (2 6.). Y ucnonnures MHOXKUK [BE€ KOMaH/bl, KOTOPbIM
MIPUCBOEHBI HOMEPA!

1. YMHOXD Ha 2,

2. Ymnoxp Ha 3.

TlepBast n3 HUX yBeJIMYNBAET YUCJIO HA AKPaHeE B 2 pa3a, BTopasi
— yrpauBaert ero. IIporpamma s MHOKIKA — 9TO TOCJIEI0Ba-
TeJBHOCTh KOMaH/. CKOJIBKO PAasJIMYHbIX YMCET MOKHO ITOJIY-
YUTH U3 yucsaa 13 Tpu MOMOTIN TIPOTPAMMBbI, CO/Iep Kalieil pOBHO
6 xomann? OTBeT 06OCHYHTE.
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5 (2 6.). Mcnoanutrens Yepenaimika nepeMelaercs Ha sSKpaHe
KOMIIbIOTEPA, OCTABJISAS CJieJl B BUJIE JIUHUU. B Kaskjblil KOHK-
PETHBII MOMEHT M3BECTHO MOJOXKEHUE MCIOJTHUTENST 1 HAIIPAB-
JICHUE €TO JBVKECHUSA. Y WCTIOJHUTES CYIECTBYIOT B KOMaH-
JIbL:

Buepen n (n — 1esioe 4mMca0) — BbI3bIBAET MEPEBUIKEHHE
Yepenariki Ha 7 [MIATOB B HATPABJICHUH J[BUXKEHUS.

Hampaso m (m — memoe 4YWcI0) — BbI3BIBACT M3MEHEHHE
HAlPaBJIEHUs JBUKEHUS HA 7 TPAAYCOB M0 4aCOBOH CTpeJiKe.

3amuce [Toeropu k [Komangal Komanmga2] osnavaer, urto
[OCJIE/IOBATEIbHOCT KOMAH/[ B CKOGKAX MOBTOPHUTCS R pas.
Hannmure mporpamMMy sl JAQHHOTO HCHOJHUTENS, KOTOPAS

OTBETHI,

«KBAHT» 0J1d MNAALLNX LUKOJIbHNKOB
3AOAYN
(cm. «Keanm»> No 4)

1. Ha pucynke 1 uzo6paskeH IeBsiTH-
YTOJIBHUK, KOTOPBIIl pa3pesaH IMyHKTHUP-
HBIMI JMHUSMH HA TPH TPEYTOJbHUKA.
2. Jla, 1OCTaTOYHO OTKPBITH KPailHIOO
HIKATYJIKY .

Ecam mkary/xka ¢ 6pUIHAHTOM JIEXKHUT
He ¢ Kpalo, TO Ha JIByX COCEHUX C Helf TTKaTyJKaxX HalHucaHo
BEPHOE YTBEP’K/CHUE, YTO IMPOTHBOPEYNUT YCJIOBHIO. 3HAUNT,
OPHJIJIMAHT B OJHON M3 /IBYX KpallHMX MIKATYJOK. Ecn OTKpBITH
OJIHY M3 HUX, TO JuGO Mbl YBUAUM B Hell GPUIIHAHT, OO y3HA-
eM, 4To OPUJUIHAHT B APYTOil IIKATyJKe.

3. Bapon MionxrayseH ABHO 4TO-TO HaITyTasJ — OMHCAHHAS UM CH-
Tyalus HeBO3MOXKHA. B caMoM jiesie, BO3bMEM JIOObIX JIBYX JeTeil
— ckaxkeM Iletio n Bacio — u jokaskem, 4to y HUX HOPOBHY MO-
HeT. PaccMoTpuM emrfe MOGBIX JIBYX JIPYTHX JIeTeil — CKaskeM
Tosro n Komo. [lo ycaosuio, y Iletn ¢ Tomeit n Koseit BMecte
10 momer, u y Bacu ¢ Toxeit n Kozeit BMecte 10 Moner. 3nauur,
y Ilern u Bacu moner noposny.

Pa3 y mo6bIx AByX pe6sST MOHET MOPOBHY, TO MOHET HMOPOBHY Y
Bcex. Ho Torga Hu y Kakux Tpex pelsiT He MOXKeT ObITb BMeCTe
10 moner — Beap 10 me pesmres Ha 3. 3nauut, yrBEpK/eHue 6a-
pona MionxrayseHna JIOXKHO.

4. Otmernm cepeamabl qopoxkek AC n DF Gyxavu X n Y
(puc.2). Tak Kak OKPY’KHOCTb CUMMETPUYHA, 0Tpe3oK XY Gyzer
TIEPIEH/UKYISIPEH TapaJlIeJbHBIM [0POXK-
kam AC u DF. 3unauut, BE = XY, a tak-
JKe 3eJIeHbIil oTpe3ok BX W KpacHbIl OTpe-
30k EY pasubl 110 ayune. [loatomy, ecin

Puc. 1

AsB X C

D _\E ' Mbr sameriv MapmipyT nepsoro Ha AXYF,
Y JUINHA IIyTH [epBOro He U3MEHUTCA. AHAJIO-

MYHO, HEe U3MEHUTCS JIIMHA IIyTH BTOPOIO,
Puc 2 €CJIM MbI 3aMeHUM ero MapuipyT Ha CXYD.

Ho pmmmbr mapurpyroB AXYF u CXYD,
OYeBU/IHO, PABHBI: 062 MAPIIPYTa COCTOST M3 MOJOBUHBI DF, 1mo-
soBuHbl AC 1 emte paccrosuust XY.
5. TpeGyemble dncaa MOKHO TOJTYYHTH, HAIIPUMED, TaK:

YL R U PO B TS RO S PO B
2 3 6’ 2 3 6’ 274’ 2°6’
o 10 1 o 1o 1 ol 10 1
=0 - 0= S0~ 6=

=6 B 3H s HisH 4

S S | 1 A Y AP O O
HE "4H 2H 6 eH 4 TR sH 3

2015/Ne5-6

[PUBE/CT K MOSIBJCHUIO HA 3KPAHE MPAaBUJIBHOTO IIECTHYTOJIb-
HUKA.
6 (2 6.). Kakne u3 nmepevncieHHbIX HUKE UMEH

VPVHA, APTEM, CTEIAH, MAPUA
YAOBJIETBOPAIOT YCJIOBUIO
- (nmocyenHssa OykBa IJlacHas - nepeas OykBa

corJylacHas) & BTopas OyKBa corslacHas?

OrtBet o6ochyiiTe.

7 (3 6.). CkosbKko 3HAuUaUX HyJell B JABOMYHOI 3amucu
mrectHaarepuaroro unciaa 13AC, E8;4 ? Housb nHasbiBaetcst
3HAYAINM, eCJIHN yJajJeHWe ero W3 3alichu 4Yhcjaa BeaeT K
U3MEHEHUIO 3HAUeHMs 4yncia. IIpuBeure pelnreHne 3agadi.

YKA3AHNA, PEIIEHNA

ol 10 1 o, 1,101, o 10 1
10 = —r—; 1= — = 12 = —: =
B 4H 5 346" 4H 6
o110 1 ot 4,101, s 0 101
1 T3H6’ B sHs’

o1 1001 -
Balstle T
0

P T T T T I B 101

HE sH 2H 47 Es 3H6
O 1,1 101 g 1 10,101,
4 Hi's 3H 206’

3AOAYN
(cm. c. 27)

1. /la, cMoxKer.

Cravana Kapscon KymnT ABe JOmacTH W Ba BUHTHKA, TTOTPATHB
258 spe. IToToM KymuT efe Jonactb co cKuakoii 20%, moTparus
eme 96 ape. Emy xBarut gener: 258 + 96 = 354 < 360.

2. OTBeT NpuBEJeH HA PU-
CyHKE 3.

3. 4 xapTUHDIL.

[TocMoTpHUM, CKOJIBKO KapTUH
HAIUIIYT XYA0KHUKU C 22-TO
1o 27-e ceHTSA0psT BKJIIOYH-
TesbHO. Kask/(blil U3 mecTu
XY/I0)KHHKOB, KOTOpPbIE ITH-
IIyT 110 OJIHOH KapTuHe pa3 B
J[Ba [THS, HAIWIIeT 10 3 Kap-
tnabl (110 OHOI B KakK1y1o
napy aHeit 22-23, 24-25 n
26—27), a Kaxk/blil U3 BOCb-
MH, KOTOpBIe MHUIIYT 10 O]
HOW KapTuHe pa3 B TpU AHs, — 1o 2 Kaptuubsl (o ogHol B Kax-
Jy10 TPOIiKy jHeil 22—23-24 n 25-26-27). Takum o6pasom, cyM-
Mapio xygosxkankn Hamuiyt 6 (B +8 [2 =34 xaprunbr. [Tockosn-
Ky TO ycJoBHIO ¢ 22-10 10 26-¢ onn Hamucaan 30 KapTuH, TO
27-ro onn HanumyT 34 — 30 = 4 KapTUHBL.

4. Ctpys COCTOUT YACTUYHO U3 BO3/yXa M3 HAIIUX JIETKUX, TO
TEIIbI BO3/YX, & YACTUYHO U3 OKpy:Katomero (Xo101Horo) Bos-
JyXa, KOTODBIN OHA yBJieKaeT ¢ co6oii. Ecam MeqmrenHo AbmmaTh
4yepe3 MIMPOKO OTKPBITBII POT, TO B CTPYe MHOTO BO3/lyXa M3 JieT-
KHX, OHAa MaJIO YBJEKAET OKPYIKAIOMINiT BO3/yX W MaJO CMEIIBa-
ercst ¢ HuM. Ilosywaercst temas crpys. Ecim ke cxxatb Ty6bI
IJIOTHO B TPYGOUKY ¥ CHJIBHO AYTb, TO B CTPye MasIo BO3/yXa U3
JIETKVX, 3aTO OHA 3aXBATBIBAET MHOTO XOJIOJHOTO BO3/yXa, <«pa-
cTBOPsisICh> B HeM. CTpysl MOJIydaeTcst e/[Ba Telljiee BHEIIHEero
BO3/1yXa.

Puc. 3




OTBETbl, YKA3AHHUA, PEINMEHUI

3. 8.

[IpoBenem nuHUM Tak, Kak MOKA3aHO
Ha pucyHnke 4. Torma 6okoBas
MOBEPXHOCTD OOJIBIINOI TTaJaTKN CO-
CTOUT M3 BOCbMU O/IMHAKOBBIX TpEY-
roJbHUKOB (OHU PAaBHbBI 10 TPEM CTO-
pOHaM), 4TO B /iBa pasa GOJIbIIE, YeM
y mpoctoii masartku. Ha gHO 60J1B-
MIO# MAJaTKU YILIO TKAHU TOXKe B /Ba pada 00Jblie, MOTOMY YTO
OHO COCTOMT M3 JIByX KBAJIPATOB, PaBHbBIX [[HY IIPOCTOIl MaJaTKH.

KYJIMHAPHbIE UCCJIEAOBAHUA

1. B Bocempb pa3. Hamnpumep, ecim B Xo0auIbHUKe GOPI OCTa-
eTCsI CBEXKUM B TeYeHHE 4YeTbIPeX CYTOK, TO JIETOM Ha KyXHe OH
CKHUCHET 32 JBEHA/IATh JaCOB.

2. B opranuame 06bIYHO CYNIECTBYIOT o4arn MH(EKIIN, KOTOPbIe
3alUTHBIE CHJIbI OPTaHN3Ma He MOTYT YHUUTOXHTb MOJHOCTBIO, a
MOTYT JIMIIb GJOKHPOBATh. IIpM TakoM «Mupe» aKTHBHOCTb MUK-
POOPTaHM3MOB C/IEPKUBACTCSI aKTHBHOCTDIO 3AIMNTHBIX CHJI OpTa-
nusMma. [Ipu nsMenennu temmeparypbl aKTUBHOCTb U MHKPOOPTa-
HHU3MOB, U OPraHM3Ma U3MEHSIOTCS COIVIACHO YKAa3aHHOMY 3aKOHY,
HO ¢ pasHpIMU 3HaueHusMU Koadduimenta k (y 3armuTHbIX CHI
opraHusMa ero sHauexue GoJpiie). I109TOMy HpH MOBbIIIEHNH
TeMIepaTypbl CHJIbHEe CTAHOBATCS 3all[UTHbIE MEXAHU3MbI HAIIETO
opraHmama, 1 Mbl BbI3giopasiuBaeM. [Ipu mepeoxsaxjenun, Ha-
060poT, MHDEKIHS 6epeT PeBaHI — MBI IPOCTYXKAEMCSI.

3. Bcea Boza BBIKHTIENTA, TIOCTE Yero TeMmIiepaTypa Havaaa ObICTPO
pacTH.

4. Yaiinuk cropur, ecjii B HeM BBIKUIINT BCs BoZa. BpeMs BbIKU-

Puc 4

. r
MaHus YaiiHuKa paBHO ) = Eq , TAe t; — BpeMs 3aKUIIaHUs, ¢
c

— yleJbHas TEMJOEeMKOCTb BOJDBI, 7 — yAeJbHAs TEIJIoTa Mapoos-
pasoBanust Bonpi, At =80 °C . [lnsg HammMX AaHHBIX

t, =100 mun. 3uauur, y MarBes JOCTATOYHO BPEMEHHU, 4TOOBI
cxoanTb K JIluze m otaarh yyeOHUK. ['y1aBHOE, 4TOODBI OH HE JITO-
GesHnyas ¢ Heit 6osiee 65 MUHYT.

5. IIpu cosennn Kursiniero 6opiia >KUAKOCTb BCKutaer. [Tpuunma
Ta ’Ke, 4YTO U B PaccKa3e O HEONBITHOM crakepe. BporieHHas
COJIb — 3TO HE TOJBKO KPHCTAJUIUKI COJIM, HO M GOJIBIIIOE KOJIIMYe-
CTBO BO3/YIIHBIX Iy3bIPbKOB, KOTOPbIE, MOIAB B KHUIISIILYIO BOJY,
MTHOBEHHO BBIPACTAIOT.

NEPMEHAWKYNAPbI U ELLIE OAWH NMPU3HAK
BMNCAHHOIO YETbIPEXYTOJIbBHUKA

3. Vkasanue. Dtn TOYKN JeKAT HA OKPY’KHOCTH C THAMETPOM
OP, tie O — HeHTp JaHHON OKPY>KHOCTH.
4. Yxasanue. Pacemorpute touky O (IEHTP OKPYIKHOCTH) U
MIPUMEHNTE yTBEPsK/JeHUe 3amadyn 1.
5.a) OBMA O BOA (cM. samauy 2);
OBLA n OBOA — coOTBETCTBEHHO
BIIMCAHHDBIN U EHTPAJIbHBIN YIJIbl OJHOMN
okpyskHoctu, 3Hauut, 20BLA [0 BOA
(puc. 5).
6) Yrael JBEA M [OBLA PaBHBI Kak
Brmcannble. 3uaunt, (10 IpeabIyIeMy
HyHKTy) 20BEA O BMA . Yron
OBMA onupaercst Ha ayry APB, nipu-
yem P — cepeauna ayru AB, cienoBa-
Puc 5 TeJIbHO, onupalomuiica na ayry BP Buu-
’ canHblit yron OBMP B 2 pasa MeHblle
yraa OBMA . 3uaunr, OBEA= [ BMP . Takum o6pasom, mpsi-
Mble BM u BE uMmeroT o0IIyI0 TOYKY W HepeceKaioT mapy IapaJi-
JIeIbHBIX TIPAMBIX AE u PM 1oz paBHBIMU YIVIaMH — a 3HAUUT,
9TU TPSIMbIe COBIAJAIOT U npsivasi BE mpoxomut yepes M — cepe-
muny KL (puc. 6).

7. Ykasanue. PaccMoTpuTe MPOEKINU

Toukr M Ha NepHeHUKYJISPbI, OILy-

meHHble 13 O HAa CTOPOHBI MHOTOYTOJIb-

HUKA.

8. Vkazanue. 1lentp Macc KOHIIOB XOP/

COBIIA/IAET C MEHTPOM MAacC CEepe/iH

3TUX XOPI.

11. Ykazanue. Ilpumenute yTBepsk/e-

HUe TpeblIyIeil 3a/auu s Tpey-

rosbanka BHC, rae H — oproteHTp

Tpeyrosbanka ABC.

12. 970 TOYKA TIEepeceueHus] Menan

Tpeyrosibauka ABC.

14. Tlpumenum pesysbraT npeabiayineil 3agaun. [lycTb AauHbI

BBICOT TPEYTOJIbHUKA PaBHbI 7, My, k. , pajmyc BIHMCaHHON OKPYK-

HOCTH paBeH 7. JloCTaTOYHO /I0KA3aTb, 4TO
h, =2r +hb =-2r +hc =2r

Puc. 6

=1.
h, hy, h,
[TpeoGpazyem:
1,01 .1 _1
e+ =
hy hy h 1’

[loMHOKUM 06e 4acTH Ha TJIOmaab TpeyroibHuka ABC, moaydnm
paserctso a/2+b/2+c¢/2 =p (rae p — nomynepumMerp TPeyroJb-
HuKa ABC), ClpaBe/inBOCT KOTOPOTO OUYEBH/IHA.

15. Yrazanue. Orpesxu I,A, I, B, I .C — BbICOTBI TPEYTrOJbHUKA
10,1, al — ero opToIeHTp.

16. Yrazanue. Touku A,, B, u C, — Hpoekiuu OpTOIEHTPA
tpeyrosbinka ABC na BbicoTbl Tpeyroabiuka ABC, .

21. Vxasanue. llpumMeHUB yTBep:K/IeHUE 00 yriie MEXKIY XOPIOit
7 KacaTeJbHOI, MOXKHO MOJIY4UTh, YTO

UAAC= 0 AAB  186-10 BAC . Ho 210 Ke ycJIOBHE BbIIOJIHS-
JIOCh ¥ I Touku P B mpeabiaymiein 3agade. OcTanoch I0Ka3ath,
YTO TOYKA C TAKUM CBOWCTBOM €JIMHCTBEHHA.

22. Vkasanue. VI3 AByX TpeAbIAYINX 3a1a4 sicho, uto Ay, By,
Cy — IPOEKIMHU LeHTpa ONUCAHHON OKpy:kHOCTH O HA cuMe/na-
bl AL, BL, CL coorsercrBento. 3uauur, Touku Ay, By, C,
JIeKaT Ha OKpYy»KHOCTH ¢ auamerpom OL.

25. Vkasanue. 3amada penraeTcss aHAJOTHYHO TPEIbILYIIEd.
Ientp A Kpyra, HOJYYEHHOTO TIPU CEUEHHUU IMIapa MJIOCKOCTHIO
o, — npoekius mentpa O 1mapa Ha 3Ty IMJIOCKOCTD.

26. Yxasanue. dta nupamuja BIucaHa B chepy.

27. a) Yxasanue. 1lentp Macc KOHIIOB XOP/ COBMA/IAET C HEHT-
POM Macc CepellH ATUX XOP[. ITH TPU CEPEUHbI JEKAT B BEP-
HIMHAX TIPSIMOYTOJIBHOTO TMapaJiiesIeiie/ia, TPOTHBOIOIOKHbIE
BEPITMHBI KOTOPOTO — TEHTP cdepbl 1 TouKa A.

6) Vrasanue. 9n 15 IpAMBIX pa3OUBaIOTCS Ha 5 TPYMI, B KajK-
JTON M3 KOTOPBIX 3 MPSIMbIE TOMAPHO TIEPIIEHINKY JISIPHBI.

BM Mo MMEHW LLEHTP MACC
1. 1, =125 .2, 03 =16 m/c . 3. v, = zL%g +2EQ
’ 7 m H
4. U xyx n nentp o6pyda OyAyT ABUTATHCS IO OKPYKHOCTSM,
PayCchl KOTOPBIX PABHBI

MR mR

Ri=—— u R
M +m

2 - —_—
M +m

COOTBETCTBEHHO.

5. F=9 H.

3AKJTIOUYUTENbHbINA 3TAM XLI BCEPOCCUNCKON
OJIMMIMUAAbI LUKONbHUKOB MO MATEMATUKE

9 knacc

1. V3 yC/I0BHS ClEMyeT, 4TO TPEXUWIeHs X2 +ax +b
22 +bx +a uMeloT o6IMIt KOPEHb X, a TAKKEe OTJIHUYHbIE OT
HEro KOpHU X; M X, COOTBETCTBEHHO; B 4acTHOCTH, @ # b . Tor-
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ga 0= (x(z, + ax, +b) —(x(z) +bx, +a) =(a -b)(xy -1), Tc.

xy = 1. TloacTaBiss 3TOT KOPEHDb B JIOGOI TPEXUJIEH, MOJydaeM
0=14+a+0b,1e b=-a— 1. Urak, Haum Tpex4JIeHbl NMEOT
B« +ax —(a+1) =(x —1)(x +a +1) n 2* —(a +1)x +a =

= (x —1)(x —a) . x xopuamu gsisiores uncaa 1, a u —(a + 1)
(npu a #1,-2,—1/2 oum pasmuubp), CymMMa KOTOPBIX DaBHa
HYJIIO.

2. 60°.

[Iycrp [ — 6uccexrpuca yria EDF. Tlockoabky DE u DF — xa-
caresibHble K O, TipsiMast [ mpoxoanT depes 1eHTp O OKPY’KHOCTH
w.

CosepiM cummerputo oraocuresabHo [. Tak kak OEDA =

= 0OFDC , ayuy DC nepeiiger B syu DA. TTockosbKy [ mpoxomur
4qepe3 O, OKPY’KHOCTb W mepeiijier B cebst; 3naunt, Touka C 1re-
pexozant B touky C', smexaugyio na DA n na w. IIpu atom, Tak
kak AD # DC , touku C' u A pasimunst (puc.7).

Puc. 7

W3 Toii xe cummerpun umeeM ODCC= 0 DC'C . Tak Kak TOYKH
A, B, Cu C' nexar na w, umeem UDC'C=0 ABEO ADC .
Wrak, Bce Tpu yria tpeyroabHuka DCC' paBHBI, OTKy/a
OABC=0 CDE 60

3. 2.

[lepermmiiem ycsioBue 3aja4u B Buje yz =a’x? -d® +1. 3ame-
THM, 4TO ¥ < @X, IOCKOJIbKY IIpaBas 4acTb PaBEHCTBA MEHbIIE
(ax)2 . Ho y n ax — uesnnbie uncna, noatomy y < ax —1. Crueno-

BaTeJIbHO,

a?x? -a® +1 =y s(ax —1)2 =a’x? ~2ax +1.

Crano Gbith, 2ax < a*, T.e. a/x 22 . Ouenka joCTUTaeTCs TIPU
mo6om x > 100, ecom mooxkuTh @ = 2x, y =ax —1 =242 -1,
4. Jlemma. ITycmv k= 55, u nycmo cpedu m06oix k komano
Haidemcs 00HA, KOMopas npouzpdid ne 6oJiee em uemoipem u3
ocmanvnvix k — 1 komand. Tozda u cpedu nodvix k + 1 xomand
naiidemes 00nd, KOMOPAs, NPOUZPALd He OOee UeM UCbIPeM U3
ocmanvioix k Komano.

HoxkasareabcrBo. [IpeArnonokus npoTuBHOE, PacCMOTpUM HAGOP
us k + 1 xomang M ={C1, Gy, ..., Ckﬂ} , LIS KOTOPBIX Tpebye-
MOiT KoMaHzbl He Haijercd. g kaxmgoro i =1, 2, ..., kB + 1,
ecst BBIKUHYTD n3 M xomanay C;, TO cpein OCTaBIINXCS Hali-
nercst koManza C; , mpourpasmias He 6ojiee YeM YETbIPEM U3 OC-
Tanpubix. Hockompky C; me Apasercsa TpeGyeMoii 1/ Beero Ha-
6opa M, oHa npourpaja takxke komanjae C; u, 6ojee TOro, npo-
urpaja poBHO HATH KoMmangaM u3 M. HasoBeM Takyio KoMaHIy
C/- nodxodsuueti nist komanapr C; .

PaccmotpuM Bce KoMan/ibl 13 M, SIBJISIIOMINECS] TTOAXO/SIINME XOTSI
GBI /7T O/THOM ApyTOii KoMan/pl. Kaskaas n3 HIX SBJISETCS MO/IXO-
JUIIIEH MAKCHUMYM JUIST TSITH 13 R +1 = 56 KoMamj1; 3Ha4uT, 10
npuniity [upuxiie, 4Uc/I0 § IOAXOAAMUX KoMani He MeHee 12.
PaccMoTpuM Bce MTPBI MEXK/Y IOIXO/SMINMI KOMaHaMU. JTUX
urp Beero s(s—1)/2, n B Kax0i 13 HUX OHA U3 S MOAXO/IUINX
KoMam/ npourpasia. Omsars ke 1o npuniuny upuxie, ogna us

s (s - 1)
MOJIXO/ISANIMX KOMaH/ POUTPAJIa HE MeHee yeM T 1S =
s=1_11
= —/—— 2 — JpyruM HOAXOJSNIUM KOMaH[aM. 3HAUUT, O/lHA U3

2 2
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MOIXOIATINX KOMAaH/T MTPOUTPaia XOTsI GbI MIECTH KOMAHIaM, 4TO
HEBO3MOXKHO. [losyuennoe mpoTUBOpeUne OKa3bIBAET JEMMY.
Jltst perienust 3a/1auu MOKayKeM WHAYKIuei mo k = 55, 36, ...
..., 110, uto cpean J06bIX k KOMaH/ HaiiieTcst 0fHa, KOTOpas
mpourpaia He 6ojiee €M YETBIPEM W3 OCTAJbHBIX kB — 1 KOMaHI.
bBaza mpu k& = 55 BepHa 10 yCJIOBUIO, a MEPEXO]I IOKA3aH B JieM-
Me. 3HAUWT, 9TO yTBEp:K/AeHue BepHO 1pu B = 110 , yto u Tpe6o-
BaJIOCh.

d. 49.

[Ipeamnonokum, 4To /Ba HEOTPUIATEIBHDIX UHCIA CTOSIT PSIZIOM.
Toraa yucsio, crosiiee nepes HUMHU, GOJbIIE UX CYMMBI, T.€. OHO
MOJIOKUTEBHO. AHAJOTUYHO, YHCJO MEPe/l HUM TaKyKe TTOJI0MKHU-
TeJBbHO, U T.J. B mrore mosydaem, 4TO BCe YHCJA HEOTPUIATEJb-
HbI; HO TOT/[a HAaUMEHbIIlee 3 HUX He MOKET ObITb OOJIbIIE CyM-
MBI JIBYX CJIEIYIOMUX — TPOTHBOPEYNE.

Wrak, cpenn Mo6bIX ABYX YHMCENT MOJPSL €CThb XOTS OBl OJHO OT-
puIaresbHOe. 3HAYNT, MOJOKUTETbHBIX dnces He 6omee S0.
[yctp ux poBHO 50, TOrna OHU YepenyIOTCS ¢ OTPUIATETHHBIMU.
PaccMotpuM Tenepp Tpu uuciaa —a, b, —c¢, cTosIe MOAPST
(3gech a, b, ¢ > 0). Torma —a > b —c > —c, T.e. mo6oe OTpUIa-
TEJIbHOE YHCJIO CTPOTO OOJIbIIE CJEAYIONIEro 32 HUM OTPHIATE/Ib-
Horo uncsa. [ToCKObKY 4ucaa CTOST M0 KPYTy, 3TO HEBO3MOKHO.
CraJio ObIThb, IOJOKUTEAbHBIX Yncesa He 6osee 49.

Ocrasoch MPUBECTH TIPUMEP, B KOTOPOM POBHO 49 TMOJIOKHUTE H-
HbIX uynces. [oauTtcs, HapUMep, TaKas PacCTaHOBKA:

-200, 1, =202, 1, =204, 1, =206, 1, ..., =296, 1, =298, —99.

7. Boibepem Ha Q TOUKY A D
D rak, utro AD || BC
(puc. 8); Torma Toukn A u
D cuMMeTpUYHbBI OTHOCHU- Q
TEJIbHO CepeINHHOTO Tep-
nenuKyaspa k BC. Ilycrp
H' — upoexiust Touku D X
Ha BC, a K — cepennna

BC. N3 cummerpun, K B
TaKXe SBJIACTCS CEPeAMHON H
orpeska HH'; kpome TOrO,

HH' = AD.

ITyctp X — Touka mepece- A’
uenua orpeskos AK u DH.  p,- o

Torpa tpeyroabuukn ADX

RHX p AX _ AD _2KH =2 3 X —
u TMOAOGHBL, OTKYNA “rsr = prrr = oy . 3Haunr,
TOYKa IepecedyeHus: meguan Tpeyroabinka ABC, t.e. X = M.

M

'K H

Wrak, toukn A', H, M u D nexar Ha OJHOI TIPSIMOIi.
W3 cummerpun umeem JABC= 0 BCD . Kpowme ToroO,
OBCD=0 BA'D xax onmpaionyecs Ha OJHYy JyTy. 3HaumuT,
UOABH=U1 ABEU BAH)Y] BAH . 310 u o3navaer, uto AB —
KacaTeJibHasl K OKPY>KHOCTH, OIMCAHHOH OKOJIO TPEyroJibHUKA
BA'H .

10 knacc

2. Tak xaxk BC > AC, E
toukn A m C jexar B
OJIHOIi TIOJIYIIJIOCKOCTH
OTHOCHUTEJIHO cepe-
JINHHOTO TIEPIICH/ITKY-
nsgpa k AB. Ilockosb-

Ky BA=CD, touka B
D nexuT B TOI Ke
noJyriiockocTu. Tem
cambiM, A’ JIEKHT Ha
MIPOIOJIKEHUN OTPe3Ka
DC 3a touky C

(puc.9). 7L
IIycte [ — GuccexTpu-  Pyc 9

(&)
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ca yrina EDF . Ilockosnbky DE n DF — kacaresbHble K ), Ipsi-
Mas [ mpoxoauT depe3 meHTp O okpyskHOCTH . COBEpHIINM CHM-

METPHUIO OTHOCUTEJIBHO [; Ipn 9TOM W mepeiizer B ceOsi. Tak Kak
O |
ECA' = ACF , toukn A u A’ 1pu 210ii CUMMETPUH HEPEXOAAT

apyr B apyra. 3uaunt, ODAA= O DA'A. C npyroii cTOpoHbI,
MOCKOIbKY Touka A’ sexut na , umeem OAA'C= 0 ABE

= 0ADA' . Urak, Bce Tpu yraa tpeyrosibinka DAA' paBubl, OT-
kyna DABC=0 ADA 60

3. Hocrpoum Tpad, BepmnHaAMi KOTOPOTro OYAyT YYACTHUKH, U OT
A Oyner maTH OpHEHTHPOBaHHOE pebpo K B, ecm A mydmie B 1o
MHEHUIO XOTst 6bl 51 cyabu (B 9TOM ciiyvae Mbl GyzeM Iucarhb

A - B). Takum o6pasom, A u B He GyayT cOeIMHEHbI PEGPOM
POBHO TOT/Ia, KOT/Ia KasK/BI JIydllle [PYroro Mo MHEHUIO POBHO
50 cyneii.

Jemma. Echou A - B u B - C,mo A - C.
Hoxa3zareabcTBo. [Ipeanosoxkum nporusnoe: C jyuiie A 110
MHEHHIO X0Ts Ob1 S0 cyzmeit. Mbr 3HaeM, yro B uydiie A 1o mHe-
o He 6ostee 49 cyzeit; 3HAUNT, HAIETCS Cy/bsi, KOTOPBIH CUU-
taet, yrto C ayume A, a A myume B. AHaJoru4no, HaliieTcs cy-
JIbs, cunTamoumii, uro B sayunie C, a ToT jayunie A, a Takxe cy-
JIbs, cunTaionmii, uro A ayume B, a rtor syuie C. CyriecTBoBa-
HIE 3TUX TpeX CyJell IMPOTHBOpeYaT YCJIOBHIO.

[Tepeiinem k pemenuio. [lokaxeM MHIYKIUEH 110 72, 4YTO B OpHEH-
TupoBaHHoM rpade Ha 7 BepIINHAX, [JIsI KOTOPOTO BBIIOJTHEHO
YTBEP:K/IEHUE JIEMMbI, MOKHO ITPOHYMEPOBATb BEPIIMHBI TAK, 4TO-
ObI Kak/1as CTPEJIKa IIJIa OT MEHBINero 4ynciaa K 6osbiiemy. 113
3TOTO CJIeAyeT YTBEPsKJCHUE 3aadi.

Wupyxknums no n. lpu n = 2 yrBepskaenue oueBuano. /s nepe-
XO/Ia JIOKQJKEM, YTO HalifieTcss BepiinHa A, U3 KOTOpPOii He ujer
HU OZIHOH cTpesku. Torga MoXXHO 3TOl BepIIMHE MPHUCBOUTD HO-
Mep 72, BBIGPOCUTD ee 1 [epeHyMepoBaTh OCTAJbHbIE BEPIIHHBI IO
MIPE/TIONOKEHIIO WHIYKIIUH.

[Ipeanonoxxum, yto Takoil Bepmunbl A Her. Torna B Kax/ayio
BEPIINHY BeZIeT 1O cTpesike. Boriizem n3 mo6oii BepmmHb U 0y-
JIeM JIBUTATbCSl IIPOTUB HAIIPaBJICHUS CTPeJoK. Pano miam mosgHo
MBI TIOTIa/IeM B BEPIINHY, B KOTOPOil yKe ObLIN; TaKUM 00pa3oM,
B rpade Halesicsi OpUEHTHPOBAHHbBIN 1MKI. BpiGepeM 13 Bcex Ta-
KHUX TUKJI0B ka1 Ay - Ay - ... - A, - A; nanMenbieit mm-
HbI R.

ScHo, uto k>3 . Ecim k = 3, to tpoiika Bepuun Ay, Ay, Aj
POTHUBOPEYHT yTBEpP:KAeHUO JeMMbl. Ecii ke k > 3, 10 u3

Ay - A, - Aj mo temme umeeMm A, — A;, n Mbr Hamam 6o-
Jee Koporkuii muka Ay - Ay - ... - A,y - A;. B mo6om ciy-
Yyae Mbl TPUILIN K TTPOTHBOPEYHIO, YTO U JIOKA3bIBAET TpedyeMoe.
3ameuanue. MoKHO 06JIETYNTD peElieHNe, TIPUMEHUB CJIE/TY 0TIt
Tpiok. Beegem 101-ro cyapio, MHEHHE KOTOPOTO Oy/eT COBIAIATH
¢ muenueM 100-ro. [locraTouno 1oKa3aTb, 4TO B HOBOW CUTYAIlMH
MOKHO COCTaBUTD OOIIUII PEHTUHT TaK, 4TOObI JIOODIE /IBAa y4acT-
HUKa ObLIN YIOPSJIOYEHBI TaK, KaK CUYUTAeT OOJBIIMHCTBO CY/Ieii
(Toraa B MCXOAHON cuTyanum Tak Gy/eT CYnTaTh HE MEHee IOJI0-
Bunbl). /lanbHeiiniee perenne HeCKOJIbKO 06IEryaeTcst, mOCKOJIb-
Ky B 9TOM cJiydae JiioOble /IBe BEPIINHBI COOTBETCTBYIONIETO rpada
O6yyT COeMHEHBI PEGPOM.

4. Jla.

Jlist Hatypanbhbix 7 u k BBesieM oGosnavenust [ (n) =n-S(n) u

f* (n) = f(f ((n))) [Tpu yBesnuenun uyucsaa n Ha 1 guciao
— 4y

k
S (n) 6o ysesanunBaercs Ha 1 (ecim n He sakaHumBaercs Ha 9),

/60 yMEeHbIIAETCS. JTO 3HAUUT, 4TO (DYHKIUS [ HECTPOrO BO3pa-
craer, npmaem [ (n+10) > f(n) mpn Beex n.
BoiGepem HaTypasibHoe d Takoe, 4To 104 > 20d (n+1), u oGosna-
anm k=107 Ilycrs by =10k =1 u ¢ = 10% =& . Tonoxum
by =f"(by) m ¢; =f (co). Mbr oxaxem, 410

b, >c, >b,. . (D

JIst 9TOr0 MbI OLlEHUM unciaa b; u ¢; npu Beex i< n+1.
Tak kax S(cl-) <9k , O MHAYKINY HOJTydaeM C; = 10* =k —9ki .
pu < pn+1 umeem (9i+1)k <10ki <107 (n +1) <10*?, a
3HAYNT, B YUCJe C; XOTst 6bl kB — 2d mepBbixX 1ndp — AEBATKH.
[ToaTomy S(ci) = 9(k - 2d) , oTkya (OIsITh JKe M0 WHYKIUK)
uveem ¢; <10F =k =9 (k -2d)i . Urax,

10% = (9i +1)k < ¢; <10* =k =9(k —2d)i .
AHasiornuHo, /s b; nosyvarores oneHKu

10% —9ki -1 <b, <10* =1 -9(k -2d)i.

Takum 06pasoM, IS OKasaTeJabCTBa HepaBeHcTBa ¢, < b, moc-
TATOYHO IPOBEPHUTD, UTO

10* =k =9(k -2d)n <10* -9kn -1,
T.e. k> 18dn + 1; ato BepHo B cuiy BbiGopa d. UToObl 10Ka3aTh
HepaBeHCTBO b,y < ¢, , IOCTATOYHO TPOBEPHTD, UTO

10* =1 -9(k —2d)(n +1) <10* —(9n +1)k,

T.e. 8k+1>18d (n +1) , UTO OmATh ke BepHo. Urak, ([J) moka-
3aHO.

13 ([0) HeTPyAHO BBIBECTH, YTO YUCJAO C, SABJSETCS N-XOPOIIUM,
HO He sBasiercst (n +1) -xopommm. IlepBoe BEpHO, TOCKOIBKY

¢, =" (cy) . Ocranoch nokasars, uto c, # f*'(x) upu Beex
Harypanbhpix x. Ecmn x <108 =1=by, 1o /! (x) £ (by) =
=b,y <c, . Ecnxe x 2105, 10 f(¥)2 f(10k) =0y, u noaro-

My fn+1 (x) 2 fn (b()) = bn > Cp -

3. Ilycre cropona kBajpara pasua m. I[lo ycioBuio,

mOn=nlk. lycts d =HOJ/l(m, n); torna m =myd , n=nd ,
rae HOJ (my, ny) =1; upu atom mym = mk . IlepBble COMHOKI-
Tesm B 06EUX YaCTSIX MOCJEHEr0 PABEHCTBA B3AUMHO IMTPOCTHI,
CJIC/IOBATEJIbHO, 1 JICJIUTCS Ha 1y .

ITO 3HAYUT, YTO KBAJPAT MOKHO PA3JeJUTh HA TOPU3OHTATbHDIC
MOJIOCHI TMUPUHON 7y U HA BEPTUKAJIBHBIE MMOJOCDHI MUPUHON d.
[Ipu 5TOM OH Pa3o6beTCst HA PABHBIE TPSMOYTOJbHUKHE U3

nd =n KIeTtok, 4yTo u TpeGoBaJIOCh.

7. Ilycrp T — Touka mepecedenus npsaMpix AC u QM, a S — Tou-
Ka nepeceuenus npsamMoix AB u PM (puc.10). Tak xak ZPSQ =
= ZPTQ =90°, To Touku S, T, P, Q Jaexar Ha OJHOI OKPY>KHO-
ctu Q ¢ auamerpoMm PQ, 1eHTp 21Ol OKpysKHOCTH — cepepntHa O
orpe3ka PQ. Ilposenem uepes touky M xopay KL OKpy>KHOCTH
Q, neprengukyaapuyio OM. Torpa K u L cuMMeTpHYHbBI OTHO-
cutesbHo Toukn M. Ilyerp npsmas KL nepecekaer npsmbie QS
u PT B toukax B’ u C’ coorercrBenHo. I3 teopembl 0 6a6ou-
Ke caexyer, 4to To9ku B’ 1 C’ CUMMETPHUYHBI OTHOCHTEIBHO
M, no torna B=B" u C=C" (unaue BB’CC’ — napausenor-
paMM, 4TO HEBO3MOKHO,
Tak Kak npsmble BB’ 1
CC’ me mapaJuiesbHbI).
Touku S, T, M, H nexar
Ha OJtHOIT oKpyskHOCTH (C
quamerpoM AM), 3HauuT,
H n X — Touku mepecede-
HUST OTIMCAHHBIX OKPYIK-
HOCTEN TPEYrOJbHUKOB
STM n POM c npsmoit
BC. Tenepp MOXXHO 3aMe-
TUTH, YTO 3a/la4a BbITEKA-
eT U3 cJeryiomero obiie-
ro dakra (cM. Hampumep,
crarbio B.IIporacoBa «O
JIBYX BeJIOCUIEICTaX 1
BUIIIHEBOH KOCTOYKE» B
«KBanre» Ne3 3a 2008
rom):
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B okpysxnocmu nposedenvt xopov QT, PS u KL, nepecexaiowu-
ecs 6 00nou mouxe M. Onucannvie OKpYKHOCIU MPEY20JbHUKOE
STM u PQM nepecexaromcs emopuuro ¢ npamoii KL e mouxax
H u X. Tozoa KH = LX.

[lpyroe pemenne aToil 3ajaun MOXKHO HaiiTh B cratbe E.Bakaesa,
[1.KoxeBuukoBa n W.koBreBa «Ileprenukynspel u eme oanH
IPU3HAK BIIMCAHHOTO YETbIPEXYTOJIbHUKA» B HTOM HOMEPE XKYyp-
Hasa.

11 knacc
2. Ilpu Bcex HATypasbHbIX 7 > 1.
IIycrp n = 20 Gn, roe £ =0, a YUCJIO M HEYETHO.

t+1

k
PaccmotpuM mipousBosibHyio 1po6b — . Ecan k genurest ma 27
n
TO YHCJINTEJb 3TON Apo6U MOcJe COKpalieHns GyleT 4eTeH, B
POTHBHOM cirydae o Oyszer nederen. Cpemau uncen 1, 2, ...
m-—1
2

B cymme [ (n) umeercst posno 1 —1-

...,n—1 ecTb POBHO upcest, gessmmxes Ha 2071 3uaunr,

m-—1

HEYETHbIX CJlarae-

mprx. IToatomy f(n) weTHO TOrAa M TONBKO TOrAQ, KOTAA UMCJIA

n—1mn HUMEIOT OJIMHAKOBYIO YETHOCTD, T.€. B CJIEAYIONIIX

ABYX Caydasx: qm6o n HewetHo n m = 1(mod 4), mGo e n ver-

HO M m = 3(mod4) .

Ocrasoch 3aMeTuThb, 4to 4yncaa 7 1 20157 MMeroT OIHy YeTHOCTD;
KpoMe TOro, Nnpu HedeTHOM m uncia m u 2015m gaior pasubie oc-
TaTKM TpH jieseHun Ha 4. 3naunt, wncaa [ (n) u f(20151) Bee-
r/la UMEIOT PA3HYIO YETHOCTD.

d. [la.
ITokaxxeMm, Kak 6J10Xa MOYKET MPBITATh, MOMA/AsT TTOCTIEI0BATEb-
Ho B toukn 0, 1, 2, 3, ... (KaskabIl pa3 — 3a HECKOJIBKO TPBIK-

KOB). J[JIs1 9TOrO JI0CTATOUHO MOKA3aTh, KAK, TOMAB B TOUKY 7, 3a
HECKOJIbKO MPBIKKOB 110HAacTh B TOUKy 7 + 1.

IIyctp 0 momaiaumst B ToUKy n Goxa coseprmmia k — 1 mpbok-
KoB (T.e. IUIMHA CJEAYIONEro MpbiKKa OyJAeT paBHa 2% +1). Tor-
1a ona Moxer caenars [ =2k MPBIKKOB BJIEBO, a 3aTeM OJMH
IIPbIKOK BIIPaBo. B pesysbraTe oHa cMecTUTCS BIPaBO Ha

(2 +1) = (28 +1) —(2" +1) - 24 ) =

= (2’”’ — ok _okt _ —2“"1) +1 =2k =9k 4 2k =

YTO U TPeGOBATIOCH.

7. Ilyctb, Ge3 orpaHudeHust OGIMIHOCTH, TOYKA D JISKUT HA JIyue

BA. Ilyctp 6uccexrpucol Al u Bl yrjoB TpeyroibHUKa IepeceKa-
10T W BTOpHYHO B Toukax A" m B' coorserctBenno. Ilycrs, Ha-
komen, L — cepemuna nyru ACB (puc.11).

Puc. 11

3amernm, wro OLA'A O LBA O(+A B)2  BIA. 3naunt,
LA’ || IB wu, ananoruuno, LB'||IA . Tlostomy [A'LB — mapas-
Jgenorpamm, u npamas LI pemur A'B monoJiam.

Hanee, OCDB=0 CABO AGE) -1A4 B . 3Hauyur,

OPOA O QABD OBBl A/l {0A =B)/2
= OB/2=0 BAA,
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tak uto PQ || A'B' . Ho torma npamaa LI, gendmasi oTpe3ok
A'B momnosam, AeJUT MOHOoJaM U oTpe3ok PQ, 4to u Tpe6oBa-
JIOCHh JIOKa3aTh.

8. a=1/(2a* = 2ab +1?).
BBeseM Ha TJIOCKOCTH CHCTEMY KOODJMHAT Tak, YTOOBI IEHTPbI
KJIETOK, ¥ TOJIbKO OHH, MIMEJIH IeJible KOOP/MHATHI. DysieM roBo-
PHTH, YTO KJIETKA MMeeT Te JKe KOOPJMHATbI, uTo U ee 1entp. Ha-
30BeM TIPSIMOYTOJIbHUK @ X b GepmuKaivnvl;m WA 20pU30HMALb-
HbLM, €CJIE €rO CTOPOHA JUIMHBI b BepTHKAJIbHA MJIN TOPH30HTAJb-
Ha COOTBETCTBEHHO. )
Honoxum D = a? + (b —a)Z =24% —2ab +b* . OrMernmM Ha 1wI0C-
KOCTH KJIETKY (0, 0) u . “ —
BCE KJIETKHU, MOJTydYeH- . X 7 y
Hble U3 Hee C/IBUTAMI Lt
Ha IleJIble KpaTHbIe - \
BEKTOPOB (a, b - a) u A \
(b-a, —a); na pucyn- \ . b L
ke 12 mpuBejeH npu- N 17 § i_
Mep Takoil pasMeTKu 1 < N i
npua=3,b=>5. .- /
IleHTpPBI BTUX KJIETOK - \ . \
>

HaXO/JATCA B BeEplIu- i
. o Puc. 12
Hax KBaﬂpdTIIOI/I CETKU

co croponoii /D ; upu atom kaerku (D, 0) = (622 +(b —a)2 (b -

-a)a-a(b —d)) u (O, D) OTMEYEHDbI. 3HAYUT, IIPU FOPU30H-
TAJbHOM WJIM BEPTHKAJBHOM C/IBUTe Ha [) OTMeueHHas KJeTKa Iie-
pexoauT B orMedeHHy0. OTCI0/1a HETPYAHO MOJYYHTD, YTO B JIIO-
60oM kBazpare D x D POBHO D OTMEUEHHDBIX KJIETOK.

[TokaskeMm, 4To Takas pa3MeTKa Y/OBJETBOPSIET YCJOBUIO; OTCIOJA
OyZieT cJae0oBaTh, 4TO0 O < D/ D* = 1/D. [letictBuTeibHO, pac-
cMOTpUM JTIOGYIO TI0JIOCY U3 b TI0C/Ie0BATENBHBIX TOPU30HTAJIEH.
SlcHo, uTO B Heil ecThb XOTs Obl OJlHA OTMeYeHHas KJjerka. [lanee,
ecn (x, y) — KOOP/JIMHATBI JIIOOOW OTMEYEHHOM KJETKH B HEH, TO
OJlHA U3 JIBYX KJETOK (x +a,y +(b —a)) W (x + (b —d), Y —d)
TaK)Ke HaXO/UTCS B ATOI 1MOJIOCe U CMelleHa OTHOCUTENBHO Tpe-
ZpIAyIIeil He 6oJiee YeM Ha @ BIIPaBO. 3HAUYUT, B JIOOBIX @ BEPTH-
KaJIgX Hallleil 10JI0Cchl Halijiercs oTMedeHHas KjeTka. Jlokasa-
TEJBCTBO JIJIS TOPU30HTAJIBHBIX MPSMOYTOJIBHIKOB aHAJTOTHYHO.
Ocramoch Tokaszath, urto 0 = 1/D moaxozut. PaccMoTpuM nmpomns-
BOJIBHYIO Pa3MeTKy, yIOBJIETBOPSIONLYIO ycsaoBuio. Kaxmaomy Bep-
THKAJBHOMY MPSIMOYTOJIBHUKY COMOCTABUM JIOOYIO U3 CaMbIX Bep-
XHUX OTMEYEHHBIX B HeM KJeTOK. OTIEHNM, KaKOMY KOJIMYECTBY
IPSIMOYTOJTBHUKOB MOXKeT OBITH COIOCTABJEHA O/[HA OTMEYeHHAast
KJerka A; 1mycrb ee KOOPANHATDHI (0, 0) . Ee comepskar ab Beptu-
KaJIbHBIX MPSMOYTOJHHUKOB.

PaccMOTPIM TOPM30HTATBHYTO MOJIOCY M3 KJETOK, OPAWHATBHI KO-
TopbIx He MeHbmre 1 u He Goapime a (puc.13). [ycts B — orme-
YeHHas KJETKAa B 9TOH I10JI0Ce C
HavMeHbIeH HeoTpUIaTeTbHON
abemmccoit, a C — oTrMeyeHHast

KJIETKA B 3TOH IMOJIOCE ¢ Hau- -
6oJIblIell OTPUIIATEBHOI abciuc- _:. |
coit. Torpa mexxny B u C pacno- .:
JIOKeHO He 6osiee b — 1 BepTHKa-

]

Jieil, B IPOTUBHOM CJIydae B Ha-
IIeil moJioce MEK/IY dTUMU KJeT-
KaMu Hairescsi 6bI TOPU30HTAb-
HBII TIPSIMOYTOJIbHUK 6e3 oTMe-
YEHHBIX KJIETOK. puc. 13

Paccmorpum Ternepnb Bce a (b - a) BEPTUKAJIBHBIX TPSIMOYTOJbHI-
KOB, cojiepKalux A U nepecekaionux Xors Obl @ TOpU30HTAJEN
cBepxy ot A. Kaxzgprit n3 Hux cogep:xut B wmn C, 3a HCKJI0Ue-
HIEM TeX, KOTOPBIE PACIOJIOKEHbI cTporo Mexay B u C; Tako-
BBIX I10 JIOKA3aHHOMY Bbilile He 6oJjiee (b - a) (b —a) . 3HauuT,
xorst 661 a(b-a)-(b —a)2 =(2a =b)(b —a) UPAMOYrOIBLHUKOB,
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cogepxkanmx A, copep:kar takke B wim C, n A UM He COTNOCTaB-

Jena. Mroro, kierka A comocraBieHa He 6ojiee 4eM

ab-(2a =b)(b —a) =D BepTHKAIBHBIM IPSIMOYTONBHAKAM.

[Tycts Tenepp N — npousBosibHOe uncao. Ilomoxum

K= (a + b)N2 U PACCMOTPUM TIPOU3BOJIbHBIN KBagpaT K x K ;

MyCTb B HEM $ OTMEUYEHHBIX KJIETOK. B aTOM KBajpare pacroJio-

JKeHO He MeHbIIe (K - a) (K —b) BEPTUKAJbHBIX TPSAMOYTOJIbHU-

KOB; Ka’K/[OMy M3 HUX COIOCTaBJEHA OJHA U3 S OTMEUEHHBIX KJle-

Tok. Ilo mokasaHHOMY TOJTyuaeM ) e

(K-a)(K=b)  K(K-a-b)_(a+b) N (N7 -1) .
D D D

Paspesmns nam kBagpar K x K Ha (a + b)2 N? KBa/IpaToOB Pas-

mMepa N x N, moJydaeMm, 4TO B O/IHOM U3 HUX GOJIbIe YeM

N% -1

s 2

OTMEYECHHBIX KJIETOK; 3HAYUT, UX HC MCHbIIC YeM

, UTO 1 Tp(:‘GOBaJIOCb JI0Ka3aTh.

3AKNMHOYUTENBbHbIN 3TAN XLIX BCEPOCCUNCKOM
OJIMMMUAAbI LUKONbHUKOB MO ®U3UKE

TEOPETUYECKUI TYP

9 knacc

_uty

2
1. u :26KM/'{. 2. 1)N=%+f72) NmaXZSf‘

v+,
3.1) t,=t,-20=12°C, t, =t, -0 =21°C;
3
2) fy =t =38=3°C;3) t=t-58=165°C.

) U,
4. IA:% npu UAB<;U0, Iy ==2 npn

2R
3 ~Uap mpu U yp > gUO ; TpaduK

saBucumoctn I, or U,y npusesieH Ha pucynke 14.

Iy A
UO
2R
0 3 5 -
5 UO E UO SU\UAB
Puc. 14

5. 1) YeGypamika xuser Ha 70-M araske;
2) yacwl Uebypamkn nokaspisamu 16:00; 3) oxkna B Koprmyce
lenpr kasamicp YeGyparike 30J0TbIMI B TedeHHE 56 MUH.

10 knacc

ky F "
1. 1) o =F |————; 2) 2y = ———— (orpunarenbHbIi
\ ik, (R + ) T ktky

3HAK O3HAYAET, YTO MPYKMUHA CKaTa).
p

Ap/Az

tene ipu z = 0 W z = 5 KM MOkHO HaiiTn rpadudecku (puc.15):

2. Herpyano noxasatn, uro T ~ . Boipaxenue B sHaMena-

TIPOBECTH KacaTeJbHbIe K JaHHOMY TPadUKy U OTMETHTb TOUKH
HepecedeHns ¢ TOPU3OHTAIBHON OChIO. YUMTBIBAs, 4TO [y =
=25kMm u I} = 1,25 kM, 15 Temueparypbl 1y y HOBEPXHOCTH

maanersl nosyunm Ty =T l—o = (680 £ 40)K (morpemnocts cBsiza-
1

Ha C HETOYHOCTBIO IIPOBEIEHUs KacaTeJbHbIX).
L 7 d, 14
. —==—, —==— (cM. pemenne 3agaun 2391 B aTOM HOMe-
7, 10 d, 5 p
pe KypHaaa).

p,aT™

100
90
80
70
60
50
40
30
20
10

0

Puc. 15

2 4 1
4. 1) v1=—§v, 02=§v, vy =—0;
1v > v v
—U, Uy=—0, U3=—=0.
370230 s
5. P,=P =72Br.

2) v =-

11 knacc

1. Ecoim ¢, >0, 10 T:TO\/§=1,7sc;eC]II/I g <0, 10

T:E:O,SSC_

NE]
2. Ryc = T +7 =36 KOM ; conpoTUBJICHUS HE U3MEHSITCS.
Mgs
C,Tm
€MKOCTb BO3/TyXa IIPU MOCTOSHHOM faBjienun (B pesysbTate Ha-

7
3. v=0, + =9 cv/c, e C, = ER — MOJIPHAS TEILIO-

rpeBa CKOPOCTDb TOPSYErO BO3/yXa HA BBIXOJE U3 TPYOKH GoJibliie
CKOPOCTH XOJIOJ{HOTO BO3/yXa Ha BXO/€, H0ITOMY Takas TpyOKa c

HarpeBatTeJieM IIpeACcTaBJIACeT coboit pCaKTHBHbeI ﬂBI/Il"aTC]Ib)A

cAT At
= 5 (3aMeTnM, 4TO pe3ysbTaT He 3aBHCHT OT TOTO, C

 T(80)
KaKOM CKOPOCTbIO JABMIKETCA 06'I)eKT, T.€. OH CIIpaBE€JINB HE

TOJIbKO IIpU CKOPOCTAX 00beKTa 0 K ¢ )
5. Paccroguue [ or «MULIMaBTOMOGUIIA» J0 JINH3bI MOKET U3Me-
HgF

%

F
F<l< F[1 +3 ggvzj’ [PH 3TOM M300pasKeHne MOXKeT ObITb Kak
0

muumbiM (1ipu [ < F), Tak u geiicrButensubiv (ripu [ > F).

HATbCA B npejesax F|1-3 <l < F wm

LVIMEXXOYHAPOOHAA MATEMATUYECKASA
ONMMIMUALA

1. a) Ilyctp n neverno. HyskHbIM mpuMepoM cOaTaHCHPOBAHHOTO
MHOJKECTBA SIBJISIETCSI MHOKECTBO BEPIIMH MPABUJIBHOTO 1-yTOJIb-
nuka. /leficrBuresibHo, Mo6bie JiBe BepUIMHBI A, B cuMMETPHYHbI
OTHOCHTEJIbHO OCH CUMMETPHH 7-YTOJbHHUKA, KOTOPAst COMEPKUT
emte ogny Bepunny C, tak uro CA = CB.

6) Bce neuernnie n > 3.

Ecnu n wevyerno, myctb V' — MHOKECTBO BEPIIUH MPABUJIBHO 7-
yrosibHuKa. V3 myHKTa a) HaM M3BECTHO, 4yTo V cOalaHCHPOBAH-
Hoe. MbI yTBepsKJaeM, 9YTO MHOXKECTBO )V TakKKe dKCIIEHTPHYHOE.
B camom jese, ecau touka P takosa, uto PA = PB = PC nna
HEKOTOPbIX Tpex BepiH A, B u C, To P — 11eHTP ONUCAHHON OK-
PY’KHOCTH 7-YTOJIbHUKA, HO OH He COJEPIKHUTCS B MHOXecTBe V .
Iycrb Teneps n = 2k yerHo, k=2 . Pacemorpum pom6 OXYZ,
COCTOSIMIT U3 ABYX IIPAaBUJIBbHBIX TpeyrojbHukoB OXY n OYZ.
Bynem noBopaunBath Tpeyroabuuk OXY Ha HEGOJIbIINE YTJIbI
Bokpyr Toukn O (caenaem Tak k — 2 pasza), NOJYYUM TIPaBHJIb-
ubie tpeyroapankn OXY),...,0X,_,Y,_, . Tlonoxum
V={0,XY,Z X,,Y,, ..., X;_5, Yo} 1 HOKaxkeM, 4TO MHOXKe-
ctBo V cbanancuposannoe (Ha prucyHke 16 mokasan npumep
MHOkecTBa Ans n = 10). Jlna mo6bix asyx sepumn A,B eV,
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O oTIMYHBIX 0T O, HMe-
em OA = OB. [lna
mape! Buga O, A, tae
A€V, B MHOXeECTBE
X Y wHaiigercs touka C
TakKasi, 4TO TPEYIrOJib-
K OAC — mpaBuib-
HbII, Tak 4yT0 CO =
=CA.

Teneppb 1pemoo-
SKHM, 4TO MHOKECTBO
V|, cocrosiiee U3 4eTHOrO KOJMYECTBO 7 = 2R TOYEK, OJHOBpE-
MEHHO SIBJIsIeTCsl COATaHCUPOBAHHBIM M 9KCIEHTPUYHDBIM.

CkaskeM, 4TO Iape Pas/IMIHbIX To4eK A,B eV coomeemcmsy-
n(n-1)

Y
Y 3

Y 2
Puc. 16 Yy oh

em touka C €V , ecsiu AC = BC. Tak kak BCero ecrtb

Tap TO4Ye€K, HaiieTcsa Touka P eV , KOTOpas COOTBETCTBYET HE

n(n-1)

2n

1
MeHnee ueM =k- 5 Tapam, u, CJeI0BaTeJIbHO, HE MeHee

yeM kR Tapam. 3aM€TI/IM, YTO HU OJlHA U3 3TUX Ilap HE MOKET CO-

JlepXKaTh TOYKY P, Tak 4TO B 0ObeJANHEHUN 3TU Tapbl JafoT He 60-
see 2k — 1 touex. 3HaunT, CpeU ATUX IMAp HANIYTCS JBE TIapbl,
umerotre o6IyIo TOUKy, myctb ato mapet {A, B} u {4, C}. Ho
torja noiaydaem PA = PB = PC — npoTtuBopeunie ¢ dKCIEHTPHUY-
HOCTBIO MHOXKECTBA.
2.(2, 2, 2),(2, 2, 3),(, 5 7), (2, 6, 11) ¢c TOUHOCTBIO /10
[EPECTAHOBKU YHUCEJ.
(Pemenne A.3umuna) Herpyano npoBeputh, 4TO Bee yKa3aHHbIC
TPOIKHN Y/IOBJETBOPSIOT YCJIOBHIO 3aaun. [lokaxkeMm, 4To ApyTHX
TaKUX TPOEK HET.
0) Ecau oxno us uncen pasuo 1 (ckaxem, ¢ = 1), toa — b u
b — a — crenenn asoiiku. [IporuBopeune.
1) Ilycrte panee a, b, ¢ ne menbmie 2. [lycTh Kakue-TO /Ba 4ncJIa,
Hanpumep a u b, pasupl. Torna be—a =a(c—1)=2", orkyna
a=2" rne k21, c=2%4+1. Orciona 2" =ab-c=da*>-c =
= 2% ok _q
Ecau m =0, to 2%k _ ok — 9 Pasuocrs JIBYX CTeleHell JIBOIKU
paBHa 2 TOJIBKO B cJIydae, Korjia atu crenenu 4 u 2. Taxum o6pa-
30M, 2k =2, ky =1, otkyna a=b=2, ¢c=3. Ecou 5xe m>1,
10 2% — 2%k —1 yerno, 3Haunt, k, =0, TOrma 22k _om — 9 or-
Kkypa 2Ry =2, m =1, 3nauur, a = b =c¢ = 2.
2) [lasnee, myctb, He yMagsasa obmmoctu, @ > b > ¢, bc—a = 2%,
ca-b=2P, ab—c=2". Umeem 2P 2% = (a—b)(c+1)>0,
3nHaunT, 3> o . Ananorunyno, y> 3. Urak, y> B> .
2.1) Myers a=0. Tornabc —a=1, ac—=b=2%, ab—c¢c=2";

WP —ab—c—ac+b=(b-c)(a+1)=(b-c)bci2®
1, aHAJOTHYHO,

2 4+28=ab—c+ac—b=(b+c)(bc—-2):2".

OpHo u3 unces be u be — 2 He geaurcss Ha 4. PaceMoTpuM moj-
CIIyYan.
2.1a) Ecau be ne penurcs na 4, 1o b—c:287' . Ecam
b—c¢2871, 0 b—c>2-26"" =28 = 4c — b . Orciona
2b2(a+1)c,n0a+1>b,¢22 — nporusopeune.

ac-b

3naunr, b-c=28"= , 3b=(a+2)c. Ecin ¢ >3, toxe

nosrydaem nporuBopeune. Ipu ¢ = 2 umeem 3b = 2a + 4, bc —a =
=2b —a =1, orkyzna 4b = 2a + 2 < 3b — nporuBOpeUne.

2.16) Ecau ke be — 2 we pemutes wa 4, 10 b+ c:287' . Ecom
b+c#22" 10 b+c22-2"=2 =4c—b . Orcriona

2b+c¢ 2 ac , noaromy 3b = ac . Ilpu ¢ > 2 umeem 3b > 3a — npo-
tuBopeure. [lpu ¢ = 2 umeem bc — a = 2b — a = 1, orkyna a =
=2b— 1. anee, 2b+c=2b+22ac=4b-2, orxyma b<2 —
MPOTHBOPEYHE.

2015/Ne5-6

uy3b+2c=ac. Ecm ¢>5, 10

3b +2¢ > 5a¢ — mportuBopéune. PaccMotpuM paBeHcTBa 3b + 2¢ =
=ac, bc — a =1 pna ocTaBIIMXCS BO3MOKHBIX 3HAUEHNH C.

Ipu ¢ = 2 umeem 3b + 4 = 2a, 2b —a =1, otkyna b =6, a = 11.
ITpu ¢ = 3 umeem 3b + 6 = 3a, 3b — a = 1, orkyna 2a = 7 — nupo-
THBOpEYHE.

ITpu ¢ = 4 nmeem 3b + 8 = 4a, 4b — a
IPOTUBOPEYHE.

2.2) Tlycrb tenepp y> B> a>1.
2.2.1) Ilyctb Bce Tpu wmcaa @, b, ¢ HEYETHDI.

Vmeem 2Y —2P = (a+1)(b—c)i2P, 2V +2P = (a—1)(b+c)i2P.
O6a uncaa b — ¢ u b + ¢ He MoryT jenutbes Ha 4, nHave 2¢:4 u
¢:2 — MPOTHBOpEYNe.

3naunt, b+c=28"=

1, otkyma 13b = 12 —

ac—b
— -
Orciopa 2(a+1)2ac—b>ac—a=a(c—1). Ilpu ¢ > 4 orcioga
2a + 2 > 3a, a < 2 — nporuBopeune. 3HAYUT, ¢ = 3.

Ecm a+1# 28" 10 a+122-2‘3’1:ZB:ac—b>a(c—1):

ac—-b 3a-
=2a, a <1 — nporuBopeune. 3Hayur, a+1= = ,

2
orkyra a = b + 2. Torna ab-c=(b+2)b-3=(0b-1)(b+3).
O6a uncaa b — 1, b + 3, pa3HOCTb MeX/y KOTOPBIMU paBHA 4,
JIOJDKHBI SIBJISITHCST CTETIEHSIME [BOWKM. EJMHCTBEHHAST BO3MOIXK-
HOCTB: b — 1 =4, b +3 =8, t.e. b =35. [Ipuxoanm K Tpoiike ¢ =
=3,b=5,a=17.

2.2.16) Ilyctb b + ¢ ne penutcs na 4. Torma a — 1:0P1 =

2.2.1a) Iycrb b — ¢ e peautcs na 4. Torma a +1:2B1 =

ac—-b

Orciopa 2(a—1)2ac-b>ac—-a=a(c—1), suaunr, c—1<1
(umaue 2a — 2 > 2a, 4TO HEBEPHO) — TIPOTHBOPEYNE.
2.2.2) Tlycrs cpenu uncen @, b, ¢ ectb XOTsT GBI OIHO YETHOE.
Ecnu ato a, To mockosbKy ab — ¢ u ca — b 4eTHbI, TOJIy4aeM, 4to
¢ u b yernpl. AHasornvHo, eciu Jo6oe u3 uucen d, b, ¢ 4eTHO,
TO M BCe TPU umciaa detHbl. [Tomoskum a =2a;, b =2b;, ¢ =2¢ .
Torna 2ab, —¢, =2V, 2bc, —a; =2°71, 2c,a, b, = 2871,
[IycTh I8 HEKOTOPOTO i MBI y>Ke ToJyuran pasenctBa (s Ha-
Typambubix a;, b, ¢;) 2'ab;—c; =2V, 2'bie; —a; =271

i 7 = oB-i
2'ca; —b; = 277",
Ecam kaskzapiit nokasareab o, B, Y Gosbie i, To uucaa &;, b,
¢; vernpl. [lonoxkum a@; = 2a;,q, b; = 2b;yy, ¢; = 2¢;,1, mocae
HOJICTAHOBKM M COKpatienus na 2 noaydaem 27 a; by = ¢y =
_ ay—(i+ i+1 _ _ oa—(i+1 i+l _ _ oB—(i+1
Fia ), 27 by ~ Gy =2 ( ), 2" Ciayy = by =2 ().
[Tponoskaem masee, TOKa i HE CTAHET PABHO O .
Ina i =a umeeMm 2%bycy —dq =1, 2%agb, —¢g =2V,

a _ — 9B — 9Q — 9Q — 9Q
2%cqay by =27, tne a=2"ay,, b=2"by, ¢ =2%¢,,

— — Vi — 9B = (9 -

0<B =B-a<y-a=y. Torga 2" =2 —(2 g +1)(bu

—c)i2P, 2% 2P = (2%, —1) (B +cr)i2® . Ociona by —¢q u

by + ¢y memsrest na 2P | smaunt, ¢y genmtest ma 2871 Vimeem
a

:%, 200 2 gy ~ly > (26 —1)4 . Tax

Kak dy >Cq , 10 2%cq —1<1, otkyna ¢ =1 u a =1, r.e.

¢ = 2. [lanee, Tak Kak by —¢y =by =1 u by +¢q =b, +1 penar-

csa ma 2% | Bosmoskmo s By =1, Te. B=2.

HoxacraBasas a =1, B=2, ¢ =2 B ycJoBHe 33/1a4¥, MOJyYaeM

2b —a =2, 2a— b =4, orkyna 3a = 10 — nporuBopeure.

3. Iycrp A’ — Touka okpykHOCTH [, AMAMETPAJbHO MPOTHBO-

noJoxknas touke A. Tak kak 0AQA= 90 u DAQH= 90 |

toukn Q, H u A" jexxar na oguoil npsiMoit. ITocKoJIbKY

A'BOAB u CH 0AB, umeem A'B || CH . Ananornuto,

A'C || BH . 3naunt, A'BHC — mapaJjuieiorpaMM, CJe/l0BaTesb-

HO, M — cepequna orpeska HA'. Ilycrb npsimast AH mepecekaer

I sropuuno B touke E. Tak kak AE O A'E |, to AE|| MF u

MF — cpenusis jsmaus tpeyroiabiuka A'HE , T.e. F — cepeanna

orpeska HE.

Cq 2 2B



OTBETbl, YKA3AHHUA, PEINMEHUI 89

B oxpysxuoctax KQH u EA'H orpesku HQ u HA' asasiorcs
JIMAMETPaMK, 3HAUUT, HTH OKPY/KHOCTH MMEIT OOIIYI0 Kacareib-
myio ¢ B touke H, npu atom t O MH (puc.17). Ilycts R — pa-

~.

/
/

A EX /R

Puc. 17

JKanbHbIl 1eHTp okpysknocreit I, KOH w EA'H . Tlonapubie
paJIMKaJbHbIE OCH ATHX OKpY:KHOCTell — ato npsimbie QK, A'E n
t; Bce aTH mpsiMbie TIpoxoAT yepesd R. Ilycrs S — cepeanna o1-
peska HR; tak kak JQKH=0 HEA 90 , TO 4eTbIpexyroJib-
Huk HERK BIMCaHHBIH B OKPYXKHOCTb C IEHTPOM S; 3HAYMT,

SR = SK = SH. Tem campiM, SK, xak n SH, Kacaetcsi OKpY>KHO-
ctu KQH. llpamas BC gaBasieTcst cepeinHHbIM MePIEeHNKY TSI POM
k HE u 1oatoMy 1poXojauT uepes S.

Oxpy:xHOCTE HMF Takske KacaeTcsd TIpsSMOit ¢ B Touke H; orcro-
na SM [SF = SH? = SK* . 3HAUNT, CTereHb TOUKU S OTHOCH-
TepHo oKpyskHocTn MFK pasa SK?, clemoBate/ibHo, TpsaMas
SK xacaercst okpyskHoctn MFK.

Wrak, nmpsamas SK kacaercs o6enx oxpyxkHocreit MFK n KQH B
Touke K.

4. Jlocrarouno mokasatb, uto npsiMbie FK n GL cuMMeTpUYHbI
otHocutesbHo AO. Orpesku AF u AG — paBHbIe TI0 [IINHE XOP-
JIbI OKPY’KHOCTH Q , OHM CHMMETPUYHBI OTHOCHTEJIBLHO MPSIMOI
AO. 3naunt, IS pelleHus 3a/[aui JI0CTaTOYHO /[0KAa3aTh, 4TO
OKFA O AGL .

Umeem OKFA O DF60 GFAl  DFK (puc.18). Vcnombsys
TeopeMy O BIMCAHHBIX YIJIaX B OKPYKHOCTAX [, Q ¥ OKpy:KHO-

CTAX, OMHMCAHHBIX OKOJIO TPeyroibHukoB BDF n CEG, 3anumuieMm
OKFA O CE60 GBAl DBK
= 0OCEG-0 CB6UO CEG@ AG AGL .

Hy:xnoe pasencrso yriaos OKFA= 0 AGL mnosydeHo.

5. f(x)=x u f(x)=2-x.

O6o3naunm uepe3 ([J) QyHKIHOHATBHOE yPAaBHEHUE U3 YCJIOBHS
3agaun. Jlerko mpoBepnTh, 4To (YHKINM, yKa3aHHbIE B OTBeTe,
yaosaersopsior ([1). J[ocTaTouHO J0KA3aTh, YTO APYTHX TAKUX
dyuKuUMii Her.

[yctb f — ¢yukusa, yrosaersopstiomas (). Tomaras y = 1 B

(0), nosnyuaem
fr+f(x+1)) =x+f(x +1); 1)
nHave roBopsi, x +f (x + 1) SIBJISIETCST HETIO[BIIKHOI TOUKON (yH-
kuuu f st mo6oro x OR .
PaccMorpuM Ba coryvas.
Cayuaii 1: f(0)#0.
Toacrasasag x = 0 8 ([J), nMeeM
F(F () +7(0)=1(y)+uf (0).
3HAUNUT, €CaU Y, — HEMOABUIKHAS TOYKA [V [, TO, HOACTABJISI
Y =Y, B HAIHCAHHOE BBIIIIE PABEHCTBO, mosaydaeM ¥, =1. 3ma-
uur, w3 (1) crenyer, uro x + f(x +1) =1 gua Bcex x OR . Ta-
KM 06pasoM, f(x) =2-x g Bcex x OR .
Cayuaii 2: (0)=0.
[Monaras y = 0 u 3amenssa x wa x + 1 8 ([J), moryvaem
[+ (x+1)+1) = +f (x +1) +1. (2)
M3 () moxacranoBka x = 1 maer
F(t+f(y+1)+f(y) =1 +f (v +1) +y7 (1) 3)
TMoacrasasis x = — 1 B (1), MBI BUANM, YTO f(—1) = —1. 3arem
noacraasgeM y = =1 B (3) u noaywyaem f (1) =1. CuenoBaresb-
no, (3) cBogurcs

F+f(y+0))+f(y) =1 +f(y +1) +y. (4)
U3 (4) cnemyer, uto ecmu Yy m Yo +1 ABAAIOTCS HEMOABMAKHDBI-
MH TOUYKAMU [T f, TO Yy +2 Taxke sIBJISETCS HEMOABIYKHON TOY-
xoit. 3uaunt, us (1) u (2) BbITEKaeT, 4TO X +f(x +1) +2 apud-
eTCsT HeIOJBIDKHON Toukoil st f npu Bcex * OR | t.e.
[+ (x+1)+2) =x +f (x +1) +2.
3aMeHa X Ha X — 2 MPUBOUT MPE/BIAYINEE PABEHCTBO K BUILY
f(x+f(x—1)) =x +f(x-1).

C apyroii croponsl, nojoxkus y = —1 B (1), nosyuaem

e+ f(e=1)) = +f (2 =1) = (x) (=),
Caeposarenbro, f(-x)=—f(x) a1 Beex x DR, t.e. Gpynxuus [
HeyeTHas.

Haxoneu, noacrasuss 8 (0) syecto (x,y) mapy (=1,-y) u uc-
noab3ys 1ot hakt, uto f(-1) = -1, noxyvaem

F(+F(my =)+ (y) =4+ (5 1) +.
Tax kak [ — Hedernass DYHKIUSA, TPEABIAYIIEE PABCHCTBO TIPUHU-
MaeT B/l

~f(+f (g +1))+f(y) == ~f(y +1) +y .

[TpuGassiss 10 paBeHcTBO K (4), 3aKaouaeM, 4to [ (y) =y s
Beex yOR.
6. (Pemenne H.TmagkoBa)
PaccmorpuM psg natypasbublx ynces. Haunem momrarosbiii mpo-
necc, Ha k-M mare KoToporo Oy/eM BbIYEPKUBATH YUCIO0 R+ .
Torza mocsie k-ro mara OKasKyTCst BBIYEPKHYTBIME R 9HCe U3
MHO’KECTBa {1,2,...,k + 2015} . Ecomn wncsio a < k+1 He BbIUepk-
HyTO 1ocJjie k-ro 1mara, To OHO OCTAHeTCsI HeBbIYePKYTHIM BCET/a.
Hasosem takue uncaa (KOTOpPbIE OCTAIOTCS HEBBIYEPKHYTHIME BCE-
raa) ocobwvimu. KommuectBo oco6bix umnces He npeBocxoaut 2015,
Tak Kak wHade st k, 6osbiiero 2016-ro mo cuery oco6oro guc-
JIa, CPEeu YMCcest {1,2,...,k + 2015} xotdg 661 2016 ocobble, 3Ha-
YHUT, BbIUEPKHYTO He Gosiee k — 1 4uces — mporuBopeuvne.
ITycre ny <...<n, — Bce ocobbie unciaa. Vx kosmaectso t u Gy-
JleT HyKHBIM HaMm 4ucsaoM b. B kadectBe N 3adukcupyem JmoGoe
qucso, Gosbinee 7, . Bo3bmeM Jio6oe k = N. Paccmorpum cutya-
uuio nocse k-ro mara: cpean uncen {1,2,...,A He BbraepKHYTHI
JHIIb 0co6ble uncsa (X ¢ MTYK, 3HAUUT, CPeI Ynces
{k+1,...,k +2013 BBIMEPKHYTO POBHO ¢ WHCEN, MYCTh HTO UHCIA
k+byy <k +by, <... <k +b,, . 3amernm, uto b,y =1, tax Kak
k + 1 Heoco6oe 1 OHO JJOJDKHO OBITh BBIYEPKHYTO HE I03Ke R-TO
mara. AHAJIOTHYHbIE PACCysK/AeHus ¢ 3amenoil k wa k + 1 mokasbi-
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BaIOT, UTO IOCJIE (k + 1) -TO 1ara Cpeju Yuces

{k +2,..,k +201@ BBIYEPKHYTO TOXXE€ POBHO ¢ YHCEJ, U 3TO YIC-
na R+byo,...,k+b,, nuncio kR+1+a, . Honoxum

[ (k) =byy +byy +... +by, . Torga B BBIpaKeHIH f(k+1) Bcrpe-
YaIoTCs Te Ke cjaraempie by o,...,0, , yMenbutennble Ha 1, a Tak-
e uMea0 dyyq . Taxum obpasom, [ (k+1)=f (k) =a, —t. Ho
Torjga mpu n >m = N umeeM

f(n)=1(m)=
[Tpu durcupoanHOM tD{1,2,...,
142+, +t <f (k) < 1+(2015+2014 +...

[TosTomy
|f (n) = f (m)| < 1+(2015 +2014 +... +(2015 ~¢ +2)) -

— (1 (e (e 1)+ +2) =

i (e -¢).

J=m+
2015} u k=N umeem
+(2015 —t +2)) .

= (2015-¢)(t 1) < ((2015_ti+(t —) =10072,

4To n TpeéOBaJIOCI) JIOKa3aThb.

XLVIMEXXAYHAPOOHASA ®U3SNYECKASA
OJIMMNAAA

3agayva 1
127tk R:

o o
Al. T, = — =57600° K. A2. P= TiA=2
o H 7 d2
A3. n,(v)= A&Z—nv2 p%— hv%
dO ¢? 0 kT, 0

ZT[k 4 2 -,
A4. P, = zh?T Ad—zx (2 +2x, +2)e
AS. n==2 G (x +2x, +2)
dn !
A6. Cwm. puc.19; r](O):O, r](oo):O, dx,). ., T3
dn =0.
dx3 X, -
n
S
Puc. 19
AT, -2 =22, -2=0; x5 =227; n(xy)=0,457 .
2
A8. ng =0,457.  A9. q=-3Mo
©
L P
A10. 1=1,880107 ser. B1. ®, =2—2— =6,800" v @',
4T3 AE

©

60 N,O

O o .
B2. f——El-—D B3. £, = oAt + 0t —ﬁmecz.
N n> -1

nep

B4. T, =1,13010" K .

3anada 2
Al. vy = U1 2V0 . A2, v, = 015.1[1_91.
m sin 6,

A3. A(O() = mvﬁ/xf +o? + mUQ\/(xO —x1)2 +(y0 - 0()2 ;
o _ (p-a)yxi+a’
2 a\/(xo - x1)2 +(yo - ‘1)2

B1. n;sing = n,sini,. B2.

dy _ _ Dn(y)g

-1.
dx 7 Sindy

2015/Ne5-6

- uj
B3, x="01n T kY, [H = ky 1D

E ) D L) E

2mM
B4. x, =24,0 cm. A¢—T. C2. App =0
D1. U1 =1,139010° B D2. B=513.
D3. Ay =-0,0162 MM = —16,2 MKM .
D4. I, —4m0“’ mi et
3anada 3

Al. AE =208,684 MsB.
A2. N =1,70200% u7°
A3. 0 =4,91700° Br/m® .
A4. F(Q,a))= Q“

A5. a_ . =8267 m0‘3

Hld‘(

B1. Cm. puc. 20.

Av, v= O
A+1 A+1
B3. G = (q’e) =1 —w .
C1. H=5,866 M, R = 3,175 M.

C2. F =387, M =9,892 10" kr.

B2. v=

B4. [ =0,181.

XXII MEXXAYHAPOAHAS OJIMMIMUALA
«TYMUMAALA». MATEMATUKA

Mnagwas nira

1. Ykasanue. PaccraBbre uncia B Tabsmile Kak normano. [Ipu
9TOM, BO3MOYKHO, KOe-T/ie B TaOJINIle HANIYTCs COCEIHIE TI0 CTO-
poHe KJIeTKU, YhCJa B KOTOPBIX OTJaM4aioTces posHo Ha 1. Haso-
BEM TAKyl0 CTOPOHY MJI0X0U, a YucJa, orauvaomuecs Ha 1, —
Kongauxmyrowumu. IIpoBepbre, 4TO TSI KAXKIOTO KOHPIUKTYIO-
IIETO YHUCJIA @ CYIECTBYET JOBOJLHO MHOTO YHCEJ, KOTOPBbIE MO3K-
HO TIOMEHSITH C d TaK, YTOOBI KOJIUYECTBO MJIOXUX CTOPOH YMEHB-
LIIJIOCh.

2. Ilycrtpb cymecTByeT TpH 3a0aBHBIX 4HcJaa Toapsa. Torxa ogHo
13 HUX JaeT OCTaTOK 2 TIpH JleJIeHNN Ha 3, HO 110 YCJOBUIO OHO
JIOJIKHO JIeJIUTBCS Ha CBOIO CyMMy nudp, yBesJnmdeHHyIo Ha 1, Ta-
KIM 006pa3oM, OHO JIEJIUTCS Ha B

3, a ero cymma 1udp He JIETHT-

¢ Ha 3. ITO HEBO3MOJKHO. 3Ha-

YUT, TOJAPS/L WYX 3a0aBHBIX

yyces He MOXeT ObITh 6oJiee

'K
aByx. Ocrasoch TPUBECTH TPH-
MeEp ]IByX noaApsaa I/I[IyHII/IX 3a-
GaBHbIX yncen: 39 u 40.
D C

3. Ilyctp K — Touka mepeceue-
HUST HEPIEH/UKYISPHBIX OuC-
cexrpuc u3 yeaosus sagaun (puc.21). Torga

OKCBrO KBPO DBC °90 .
Pacemorpum yrabl Tpeyrosabuuka ABC:

180° = DACB+ 0 AB€0 BAC
= 20KCB- & ABPO DB BAC.

CrenoBarensno, ODBC= 0 CAB . Takum o6pa3oM, TpeyroJbHH-
xu ABC u BDC nopo6usl 1o asym yraam. O6osnaunm BC = a,

Puc. 27

a _b
AD = DC = b/2. Torga us nomobus 19/_2 ==, otkyaa b= a2 .
a
Tenepb 0YeBHHO, YTO MAKCUMAJTIBHO BO3MOKHOE 3HAYEHHE yTJIa
BAC B tpeyroabnuke ABC co cropoHamMu @ u a2 peajnsyercs

B TOM CJiy4a€, Korja mnpsamast AB xacaetcs OKPYKHOCTH C II€HT-



OTBETbl, YKA3AHHUA, PEINMEHUI

pom C u paauycom a. B atom cayuae Tpeyrosbuuk BAC pasHo-
6esipeHHbIil psiMoyrosbHblit 1 OBAC= 43 . OTmetuM, 4To yc-
JIOBHE 3a/1a4NM JIJIST 3TOTO TPEYTOJbHIKA BBITTOTHSIETCS.

4. B necartnyHoil 3ammcy 4ucaa V7 HOCTIe 3alATOH CTOAT HYX-
ubie wudpbl, ecan uncao &n s HeKoTOpOro maTypasbHOro m
JIEXKUT B IIPOMEIKYTKE [m +0,2015;m +0,2016) JIJINHBI € =
=0,0001, nam, 9To TO JKe camoe,

nOHme 0,2015); (m 0,2016)")

[ToaToMy nu1s mOKasaTe bCTBa CYLECTBOBAHMS MCKOMOTO 72 HaM
jpocraTouto HailTi 10 TpoMeKyTKOB

B = B, +0,2015)"; (m, +0,2016)")

coziepXKaliX OJHO M TO JXe HaTypasbHOe 4ncjo. Mol 1o6beMcs
3TOTO, IIOCTPOUB ITI0CJIE0BATENBHOCTD BJIOXKEHHDBIX HMPOMEXKYTKOB
A OA O LA |, B KOTOPOU TIPOMEXKYTOK A; HMMeeT [JIHY
6oubiie 1 W, ciie/[oBaTeIbHO, COJEPIKUT HATyPAJIbHOE UYHCJIO.
Otpesok Ay mpu BcexX AOCTATOUHO OOTBIINX My, NUMEeT [ITNHY
Gouibiie 1 W, ciie/[OBATEIbHO, COEPIKUT HATYPAJIbHOE YHUCJIO.
Yro6er npoMexxyTok A, coxepyxancs B Ay, JOCTATOYHO, YTOOBI
MMeJI0O MECTO BKJIIOYEHHE

[my, +0,2015; my, +0,2016) O
o] Ll
0 gmM +0,2015) % ; (my4y +0,2016) 7 )

Haiitu natypasbHoe 7y, 110 3aJaHHOMY M2,y 3aBEJOMO YyJacTcs,
ec/In JIINHA TI0CJIe/THETO MPOMEXYTKa Oyer 6oJblie 2.
JlokakeM, 4TO HPU KAKJOM HATYPasJbHOM k

T -1
(x+e)F —xF >2
IpK BCeX JI0CTaTo4yHo GoJbuux x. [lefictBurenbHo,
k1

s
ko ke kit et kR+1 & 1 k+1 _ 1
(x+e)7 —arF =x’f§l+— >——-kF =—— &
x ko x k
(MBI BOCTIOJIB30BAIUCH HepaBeHCTBOM Beprysumn). [Ipu

x> 20000% mocaemmee BbIpAKEHUE, pazymeercsi, 60Jblie 2.

[Tockonbky my, = (n1k+1 + 0,2015)/%‘ -0,2015, 3a cuer BbIGOpPA /10~
CTaTOYHO GOJIBIIOTO 7y MBI MOXKEM CJEJIaTh JIOCTATOUHO GOJIb-
UM OCTAJIbHbIE My, ¥, CJIEJI0BATEJNbHO, TOCTPOUTDH TpeGyeMblil
HAGOp OTPE3KOB.

5. Bo-1iepBbIX, 3aMETHM, YTO M3 HEYCTHOTO YKCJA C MOMOIIBIO Ta-
KOIl ollepaiun 1oJy4yaercs 4eTHoe yucio. /lanee, mycrb HaM JaHO
yncao 2%a , k=1 u a neuernoe. Torga ¢ Hum GyeT MPOUCXO-
JITD CJIe/lyloliee:

2%q o 2k 13q L 2k 2324 L . L 3Ra

Terepb MOKa)KeM MO UHIYKIMH, YTO MBI MOJYYUM HEYETHOE UIC-
JIO, JleJisiiieecs: Ha CKOJIb YTOJHO OOJIBIIYIO CTeleHb Tpoitku. basa
IIPOBEPEHA BBIIIE: MBI TTOJTYYUIN HEYETHOE YHCJIO, JeJsIeecs
Ha 3. Tenepp, ecm yske noayderno yucao 3"a, n=1 u a weder-
HO€, TO, MPUMEHSIS ONEPAIMIO TPU Pada MOAPSI, MOJIYyUYuM

3"a ~ 223" 'a - 23"a - 23" - 3""q,
4TO U TPeGOBATIOCH.
6. PaccMoTpuM Bce «/IBOIHbBIE» PA3HOCTH @, 5 — @, , He IPEBOC-
xozmsiue 2015-6 . Jliobas Takas pasHOCTb €CTb CyMMa JIByX
<IIPOCTBIX» pasHoCTeil: a,,, —d, = (an+2 — )+ (@yer — an) LY
JBOMHBIX pasHocTeii, He mpeBocxoaammx 2015 -3, (Kommaectso
Taknx pasHocteii paBuo 2015-2) o6e MpOCTbIe Pa3HOCTH HE Mpe-
BocxomsaT 2015-3.
Jlna peoiinbix pasHocteii or 2015-3+1 g0 2015-6 (rakux pas-
wocreit 2015-3) X0t GbI O/[HA U3 MPOCTBIX Pa3HOCTEH He mpe-
Bocxoaut 2015-3. Ilpu aToM Ka)aylo IPOCTYIO Pa3HOCTb MbI I0O-
cuntaygu He GoJiee BYX pas, a BCETO MPOCTBIX PAa3HOCTell, He Tpe-
Bocxoaammx 2015- 3, mbr nacuutaan 2015 - (2 -2+ 3) =2015-7.
[IporuBopeune.

7. Ilyctp C; — cepenuna
AB, 1. — ueHTp BHEBIIHCAH-
HOH OKPY>KHOCTH CO CTOPO-
et AB, Cy u C3 — Toukmn
KacaHusl BIMCAHHOI 1 BHe-
BIIMCAHHON OKPY>KHOCTEH O
croponoit AB (puc. 22). Tak
kak C; memur C,Cj; momo-
aam, To IL=1LI,.

Ocranoch 3aMeTUTb, YTO
BHEITHSAS U BHYTPEHHSS OHC-
CEKTPUCHI J1eaT 0Tpe3ok CK
B O/IMHAKOBOM OTHOIIIEHUH
BHYTPEHHHM ¥ BHEITHUM 06-
pasom, T.e.

cr_cl,
IK ~ I.K
o 1CI _ C13+ 2IL oL Puc 22
—IL  ZIL
2 2

8. Ilycrp nBera — aro ocrarku 0, 1, 2 o MomyJto 3. Mbl
IpexbsABHM Takue JuHeinsle Gyukuun f4 (D, B), fz(4,C),
F.(B,D), fp(C,A), uro6sl pust mobbix suavenuii A, B, C, D
X0Tst ObI o/(Ha n3 (DYHKIUIT NMesa 3HaYeHNe, COBMA/AIONEe CO
3HAUEHNEM COOTBETCTBYIOIEH TepeMeHHOol 1Mo Moayo 3. 3ame-
THM, 4TO

(A+B+C) +(A-C+DY +(A-B-D) +(B-C-D) =
= 3(A+ B’ +C*+ D)= 0 (mod3) . ()

Ecsm mpn kakux-to A, B, C, D kaxjoe n3 BbIpaKeHU
A+B+C,A-C+D,A-B-D,B-C—-D (xx)

oKazayoch He paBHBIM () 1O MO0 3, TO KBAJPAThl BbIPAXKEHUI
nasama 6br octaTkn 1 1o Moaymo 3, u Torga cymma (* ) He Mor-
Jta Obl fleqnThed Ha 3. 3Hauut, A o0bix neasix A, B, C, D
X0Ts1 6Bl OJIHO 13 BbhIpaxkennii (xx ) o6pamaercs B 0 0 MOJY-
o 3.

IMonoxum Torpa fp=—A-C, [p=C—-A, f,=B+D,
fc=B-D.

[TepeBo/ist Ha SI3BIK MPOCTBIX PEIENTOB, My/Ipell A Ha3bIBaeT B Ka-
yecTBe cBoeil runorespl cymmy B + D, myapent B nasbiBaer — A —
C, myapent C "aspiBaer B — D, myapen; D naspiBaer C — A.

CrapLlyas avra

1. Bynem naBaTh BparapsM, NPOIYCTUBIINM TOJI, CAMbIe MaJIeHD-
KHe U3 UMeIoIuXcs HoMepoB: 1, 2, ..., a HamajaionmM, 3a0uB-
M ToJI, — camble Gosbmue: 7, n — 1, ... Jlusg ymo6cTBa paccysx-
neHnit 6yaeM mojaraTh, 4YTO WTPOKH, HEJOCTATOYHO XOPOIIO 3a0M-
BaBIINE WJIN MPOIYCKABIINE TOJIBI, OCTAIOTCS HEIPOHYMEPOBAHHDI-
M. /71 KaX/I0To 7 IPOBEPUM BO3MOXKHOCTb TaKOH HyMepauun
UHJYKIHEH 1o k.

Baza undyxyuu k = 0 npoBepku He Tpedyer.

IHepexoo. [lonycrum, uto 3a6uto k + 1 rosos. He o6pamas Buu-
MaHus Ha IOCJIE[HUI T0JI, IpoHyMepyeM (ByTOOTINCTOB 110 MPe/i-
MOJIOXKeHNI0 MHAYKIUU. Torgaa Kask/plii Harma alonmil 1 Kas/[blii
BpaTapb, OCYIIECTBUBIINE COBMECTHBIN TOJI, HMEIOT Pa3HOCTH HO-
MepOB He MeHbIle 7 — k, W 3T0 TpeGOBAHNME JKECTUE TOTO, UTO TPe-
Gyercst juist caydast k + 1 rosos.

Pacemorpum (k + 1) -if rour. Ilycrs BpaTapb, IPOIYCTHBIINI 5TOT
rou1, umeer nomep [ (ecam Bpatapb emie He MPOHYMEPOBaH,
BO3bMEM B KauecTBe | HamMeHbImii cBOGOAHBIN HOMep). Temepn
3aMEHMM HOMep 3TOro Bparaps Ha 1, a y BcexX BpaTapeil ¢ HoMe-
pamu ot 1 o [ — 1 yBesmmyum womep Ha 1. Ecsmm y Hanazaonero,
3a6usmrero (k+1)-ii rost, y>xe ectb HOMED, OCTaBHM €ro Ge3 M-
MEHEeHHUsI, a eCJIU elle HeT HOMepa — IIPUCBOMM eMy HamOOJIbIIIi
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cBoGoAHbI HOMep. Herpy/Ho BUJETb, YTO BCE IPOHYMEPOBAHHbBIE
HIPOKH MMEIOT Pas/iiyible HOMEPA 1 TPeGOBAHUS yCJIOBHS 3aja4n
BDLIIOJIHEHBL.

3. By/eM /0Ka3biBaTh yTBepoK/ICHIE HHAYKIKE]l [0 CTENEHN MHO-
rowrena P. Basa P(x,y)=0. Paccvarpusas P(x,y) Kaxk MHO-
rOUJleH OT X, Pa3/ie/uM ero Ha X —~2y

P(x,y) = (x=2y)O(x,9) + R(y) .

Tenepp nojcraBum x = V2, y = 1 1 BocnoJIb3yeMcsi CBOHCTBOM
HAIlleT0 MHOTOYJICHA, MOJIyYNM

P(V2.1) = P(V2 + 2,42 +1) = p(ﬁ(ﬁu),ﬁm) -
= P(V2(3+242),3+242) = .

2
3aMeTuM, 4TO ecJu * o J2, 10 ny =2 . Takum 06pasom,
xr+y

. X
Ha 1paAMOu — = \/E umeercss 6ECKOHEYHO MHOTO TOYEK C o/iuHa-

KOBbIM 3HaueHneM P (x,y), a suaunut, u R(y). Toraa R(y) —
koHcranta, pasnast P (0, 0). IIpoBesst aHalOrMUHbBIE Paccyx/ie-
HUS ¢ IpsiMoit x ++/2 =0, MOJIy4aeM, 4To

P(x,y)= (x2 —2y2)Q(x,y) +P(0,0) .
[ojcTaBsAs 5TO PAaBEHCTBO B YCJAOBUE, MOIYYAEM, UTO IS MHO-
rouwrena Q

O(x+2y, x+y)=-0(x,y).
OueBnjiHO, 4TO JIJIs MHOTOWJIeHa Q TOXKe MOXKHO HaiiTh Ha 1ps-
MBIX X * «/Ey =0 6ecKOHEYHO MHOTIO TOYEK C PaBHBIMKM 3HAYEHU-
amu. /Iy aTOrO MpOCTeaM 3a YepeloBaHUEM 3HAKOB MJIM BOC-
MI0JIb3yeMCs TOXKIECTBOM

O(x,y) =-0(x+2y, x +y) = O(3x + 4y, 2x + 3y) .
3aMeTnB, UTO Q(O, 0) =0, mosydaeM, 4TO
P(x,y) = (x2 - 2y2)2 T (x,y)+P(0,0),
npudeM s MHOrouJeHa T BBIIOJHSAETCS UCXOAHOE TOXK/IECTBO
T(x+2y,x+y)=T(x,y).
IIpumensist kK T MHYKIMOHHOE TPE/ITOJNOKEHNE, TTOJIydaeM TPeGy-

eMoe Ipe/iCTaBIeHne.
4. Iycrs n = 2k. Torma, eca n!=ab® — mpeicTaBicHue B IyXK-

o _(2)

HOM Buje, T0 s uncaa Cy, = SRl TaKUM TIpejicTaBieHeM Gy-
) b o ch

net ad”®, rae d = T Takum o6pasom, a = 7 Hawm ocramoch

OIEHUTH ka u d*.
Tak kak C§k — Ham6oJIbIlIee YNCJIO B COOTBETCTBYIONIEH CTPOYKE
Tpeyrospanka Ilackass, To

2% < cf < 2%
2k +1
CuepoBaresbHo, a < 2" .
Ur06BI OIEHNTD @ CHU3Y, oeHnM d° . Kaxoe mpocroe umcio p
BXOJUT B pasJjioxenue n! B crenexu

n n

=+ =+,
pl P
H03TOMy B C;k OHO BXO/JUT B CTEIICHN
2 i, f2]_f 2
p rl |p p

[Ipu arom asst moGoro m BeimoHeHo 0 < [%} — Z[E} <1, no-
m m

atoMy mpoctbie, Goabie 2k , BXoaar B C§, B cTemenu, He

Gospiieit 1, a 3HAYNT, HE BXOMASAT B PA3JIOKEHHe YNCTa 4. A
IPOCTbIE p, MEHbINeE +/2k , BXOJAT B Pa3JOKeHHE YHCIA d?* cre-

2015/Ne5-6

nenu we 6osee Ing 2k <log, 2k . Torma must Gosbminx k

1<d’ ] plow2h ¢ (\/ﬁ)@logﬁk < ohTRlog2klog 2k _ (28 '
p<Jk
Takum o6paszom, a > ——
6OJIbIINX 7. 2k+1
Ecau sxe n = 2k + 1, T0, BOCIIOJIb30BABIINCH YIKE JOKA3AHHBIM
YTBEPIKAEHUEM [IIsE 7 = 2R, TOJyIuM

2 _1
-22k2_(2k)5 > 271( ) JIJIST TOCTATOYHO

2k(1-1¢)

2118 9 <a<2*(k+1)< on(t+e)

1
2k +1
I 1OCTaTOYHO O0JbIINX R.

6. [list 06oro x BBIIOJHEHO HepaseHCTBO x(dx +b) >0, a mpu
lx] > 1 nmeem

x (ax +b) = |x|(alx| - b) = 2(2a - b) = 2a = 30 .

OcraJsbHbIE cJaraeMble OIleHHBAIOTCA Tak ke. I[loatomy umcna or
1 mo 29 mMoryT 6bITb MPEACTABJIECHBI JHIIb € TIOMOIIBIO

2,9,z €{0,1,—1} . 3uauur, aus sTUX Ynucea ecTb He Gosee 27 BO3-
MoskHocreit. [IporuBopeune.

7. 90°.

[TpoBeseM BHEIMIHIOO GUCCEKTPHCY M3 BepPIIMHBI B, TOUKy Tepece-
yenus ¢ AC o6osnaunm depe3 F. B 1060M TpeyroJbHUKe MpsMast
D — E — F nepuengukyJsipia /O, a Kak 10Ka3aHo B 3ajaue 7
mutazeit jmru, npu gannom yeaosuun 1O L CC .

8. k% orpeskos.

Jl1s Havasta 3aMeTuM, YTO eCc/IM HoJyduBiiuiics rpad Ha IJIOCKO-
CTH HE CBSA3EH, TO MOYKHO TaK IMPOBECTH AOMOJHHUTEbHBIE (He
06s13aTeIbHO TIPSIMbIE) pebpa, U4TO OH CTAHET CBSI3EH, HO HOBBIX
IIIKJIOB He o6pasyeTcs. YcJIOBHe Ha YacTH, Ha KOTOpble pa3tuTa
ILJIOCKOCTD, 1IpH aTOM coxpanutcst. O6o3naunm V' — 4HCI0 TOYEK,
E — gucno npoBeieHHbIX pebep, F — 4ucso yacreil, Ha KOTOpbIe
pasziesmiach miaockoctb. Takske myctb E, — uncio pebep B Iie-
puMeTpe GeCKOHEYHOH 4acTh, Ha30BeM 3TH pebpa 2paHuuMHbIMU.
Tax kaxk y Bcex BHYyTpeHHHX dacTeil Xotsi Gbl 110 4 peGpa, 1oJy-
qaeM

2E > 4(F-1)+E, .

C apyroit croponsl, 1o dopmyse ditnepa V — E + F = 2. Boipa-
3uB F 1 HO/CTaBUB B Ipe/blylliee PaBEHCTBO, IOJIydaeM

ESZV—%EO—Z. ()

Ecim Ey =2k, To MbI mosrydaem
Esz.(@ﬂj—k—hk?

Ilycrs Ey < 2k . PaceMOTpUM HEKOTODBIil MapasiiesiorpaMM pas-
Guenusi. BosbMeM ero pe6po u (ecim OHO He 'PAHMYHT C BHEII-
Hell 4acThio) TepeliieM K CoceiHeMy TapaIeIorPaMMy 4epe3 3T
pebpo; Bo3bMeM ero peGpo, mapasiebHoe ucxoaHomy. [ToBropsis
MIPOIE/IyPY HECKOJIBKO Pa3, MbI MOJIYYHM TpaHuvHoe pe6po, co-
omeemcmsyioujee NCXOTHOMY. Tak MOXHO CAETaTh € KaXKIbIM
pebpom mapasuresorpaMma. Torga camu rpaHundHbie pe6pa pastu-
BAIOTCS HA Tapbl MAPAJLIEIbHBIX, ¥ KAKIOH Mape Helapasiiesb-
HBIX TPAHUYHBIX pebep COOTBETCTBYET KAK MAKCHMYyM OJIMH Ma-
pasesiorpaMM pas6ueHus. 3HAUNT, KOJIWYECTBO TapasiesorpaM-

k(k-1)
MOB MEHbIIIE

k(k+1)
2

, n 1o dopmyae () moaydaem

E<2- +h=k.

2
OcTajioch MOCTPOUTDh TpUMep pa3bueHust, cojepsKkaiiero R or-
peskoB. Paccmorpum npaBusibHblil 2k-yrosphuk. Pazo6bem ero
Ha TlapaJlIeorpaMMbl, Kak TToKaszano Ha pucynke 23 (s npu-

k(k+1)

Mepa Mbl B3si kR = 8). 31ech AeHCTBUTENBHO +1 Bep-

[IUH, TOCKOJbKY Ha JIOMAHbIX, BBIXOASIIUX U3 BepIIUHbl A 1
pas/IeNoNNX TeMHbIe 1 GeJible TI0JI0ChI, JiesKaT Kpome A cooT-
BerctBeHHo 1, 2, 3, ..., k BepmmH. [Ipu 5TOM Ha KapTHHKE MMeET-
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cst k(k—1)/2 napamnne-
JIOTPAMMOB — 3TO SICHO,
€CJIM TIO/ICUUTBIBATD Ia-
paJlJIesIOrpaMMBI, JIeXKa-
mue B noJsocax. Takum
A 06pa3oM, 4YHCJIO BEpIINH
1 YHCJIO TIAPaJLIeJIOTPaM-
MOB COBIQ/IAIOT C KOJIH-
4eCTBaMHU, IIPHBE/IEHHDI-
MU B C/IEJIAaHHON OIIEHKeE,
a 3HAYUT, YKCJIO OTPE3-
3 KOB 10 opmysie Jilrepa
Puc. 23 JIOJDKHO GbITb paBHO k* .

XX MEXXAYHAPOAHAS OJIMMIMUALA
«TYUMAALA». DUSUKA

1. Bbipasus mMaccy Mefa B GOYKe J[ByMS CIOCOGAMHI — 4Yepe3 ero
YPOBeHb 7 U Yepe3 MOMEHT BpeMeHU ¢ — ¥ HPUPABHIB 9TU BbIPa-
JKEHUs, TIOJIy4aeM CBSI3b Mexay /i u t:

h
— = ut
TR

Boicora x mentpa mMacc cucTeMbl «GOUYKA—Me» HAJ YPOBHEM JHA
paBHa
mH? + Mh*
2(mH + Mh) -
[Tocne muddepennnpoBanus 1 yIPOUIEHIS HOTydaeM

o (h) = MR + 2MmHh —MmH2

2(mH + Mh)’

1) PaccMoTpuM MaJIblii MPOMEXKYTOK Bpemenn At cpasy mocise

Havasa 3amosHeHnss 6oukn. Torga n3 mpuBeeHHBIX BBIIIE COOT-
HOIIEHUN 10JIy4YaeM

JAV =£At ,
M

Ax , M
A e=-

AY/] 2m
Orcioia HaXOANM UCKOMYIO HAYaJbHYIO CKOPOCTb:

g :E :8MM/C,
At

2m

2) OueBH/IHO, YTO BBICOTBI LEHTPOB MACC IyCTOit GOYKM M MOJI-
HOH GOYKH ¢ MeZIOM OJMHAKOBBI M paBHBI H /2, a B caydae yac-
THYHOTO 3aIOJHEHNS BbIcoTa MeHbine H /2. IlosToMmy cymiectByeT
MUHHMMAJIbHOE 3HAYEHUEe X, P KOTOPOM CKOPOCTb IEHTPa Macc
obparaercss B HOJIb, T.€. 3aBEJIOMO MUHHUMAJbHA TI0 MOJYJIIO.
[l1s1 Tomcka aKkcTpeMyMa x(h) MIPUPABHSIEM TIPOU3BOJAHYIO X' (h)
K HYJIO U IPHJEM K YPaBHEHUIO

MR +2mHh -mH? =0 ,
KOTOpPOE MMEET eIIHHCTBeHHbeI HO]IO}KI/ITBJII)HbIﬁ KOpPEHb

Qy =

O O
p="gh+ M e
M m E
Takomy ypoBHIO MeJla B GOYKE COOTBETCTBYET BPEMsI
0 0
g, =Mk _m 1+M—1ﬁ:125c.
WH m

2. Yto06bl olieHuThb ¢ u ¢, 3aMEHUM aproH U JTaH Ha MPOU3-
BOJIbHBII Ta3, NMEONNi MOJISIPHYIO MacCcy M W IUIOTHOCTb P B
JKUJTKOM COCTOSTHUM TIPH HU3KWUX TeMmeparypax. bByaem cumraTh
MOJIEKYJIBI Ta3a KyOuKaMu ¢ peOpoM d, KOTOpPbIE B JKH/IKOM CO-
CTOSIHUM YJIOXKEHBI MAaKCHMaJbHO IJI0THO. Torzma u3 dgpopmyJibt
M = dSpN A e N, — umcjo ABorajgpo, HaXo[uM
M
PN,

d=3

Komrtenrpanuio n u 1iuHy cBOOOAHOrO Tpobera MOJIEKyJI Ta3a A
MOJKHO TIPE/ICTABUTH B BHUJIE
IR WY s I

kT’ nd® pHOmMO
rae k — nocrosinnas boabivana. Ilyers x; — MomyJsib mepemeriie-
HUSL IPUMECHON MOJIEKYJIbl Tocie i coyfapenuii, ¢ — yron or-
KJIOHEHWS TIPU OYepeIHOM coyaapeHnn. Torja mo TeopeMe KOCH-
HYCOB MOXKHO 3aIHCaTh

n

xky = af + N +2x,Acosd
T/ie TIPEeJIIONAraeTcst, 4To JUIMHA CBOGOHOTO MPOGera MPHMECHBIX
MOJIeKyJI ToKe paBHa A . Ilocie ycpegHeHnst 3T0ro BbIpasKeHHst
110 BCEBO3MOXKHBIM yraaM ¢ mosyuaem

<xl-2+1> = <x12> +A2 = (i+1) IS

Cpeansisi ckopocTb MoJieky. rasa (6e3 yuera uucaoBoro koaddu-

IMEHTa) UMeeT BUJL
fRT
0= |—
M

rje R — yHUBepcaJbHasl Ta30Basl MOCTOSHHAS. 3a HEKOTOPOE Bpe-
Msi ¢ IPUMECHast MoJieKyia tpoiiger nyts L =iA = ot u cmectut-
csT Ha cpejiHee PacCTOsHUe

= [[a?) = hot

Wckomoe BpeMms ¢ TIO TIOPS/IKY BEJIWYNHBI PaBHO BPEMEHH, KOTO-
poe TpelyeTcs MPUMECHOI MOJIeKyJIe /I CMEIIEHUs OT O{HOTO
TOpIIA IUJIMHAPA 10 APYTOro, T.e. Ha paccrosinue x = V /S. Ta-
KM 06pa3oM, M3 3aMCAHHBIX BBIIIE BBIPASKEHUI TOJTyYaeM

o v p om0 W
Ao ST RT N, VRT '

1) AproH W 3TaH ¢ PacCMaTPUBAEMBIM U30TOITHBIM COCTABOM MO-
JIEKYJl UMEIOT OJIMHAKOBYIO MOJIIPHYIO Maccy M , T03TOMY B HC-
KOMOM OTHOMIEHWN ¢/, OCTatOTCSA TOJBKO MIOTHOCTH:

g7
4 = %D =0,66 .
ty [OPiO
2) Ouenka BpeMeHU f; jaer

2 ,om o? .
:V_ZﬁDlD ﬂ=1250~1020.
SZkT pNoO \RT

3. Pemenne aro0ii 3asayn 6yzeT omyGJIMKOBAHO B «3a/JauHIKe
«Kpant» (cM. 3amauy D2392).

4. Ilycrp S — mroma/p IJIACTHH KOH/IEHCATOPA, ¢ — 3aps/l KOH-
nencaropa. Torjga HanpsKEHHOCTb E AJIEKTPUYECKOTO TOJIs, CO-
3/1aBaeMOT0 OJIHOI IIJIACTUHOM, U cuiy F B3auMo/eiicTBus 1iac-
THH MOKHO 3aIliCcaTh B BHJE

2
E=-1_yp=qe=9_,
2gyS 2g,S

[Tocko/IbKY IJIACTHHBI Pa3/BUTAIN ME/JIEHHO, MOXKHO CUUTATh,
YTO B TedyeHHe OJHOTO Tepuoja kKosaebanuii T ammantyaa Q Ko-
JebaHuii 3apsija, IMKJINYeCKas 4acToTa ) M HavasibHas (asa §
HEU3MEHHDI, a 3aBHCUMOCTD 3apsja KOHJeHcaTopa OT BpeMEHH
3azaercst popmy.Jioit

q=OQsin(wt +¢).
BoruncsuM cpefinionn 3a IepHoj CUJY B3auMOJACHCTBHS ILIACTUH:

2 . T
(@) 1 17, Q* .
=2 ! = = — (s A dt =
@7 e, 26,8 T»([ qdt 2505T£5m (wf +9)

ot o _sin(er+a)d
T 2e,ST 40 N

0 T_ 0
260ST 2 4g,S

HyCTb X — pacCrodgHue MexAy IJlaCTuHaMH, TOT/la dJeMEHTapHad
paéoTa BHEITHUX CWJI IPU pa3/IBUTAaHUUN IIJIACTUH Ha dx 6y[[CT
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paBHa
dA = F,dx

Q dx

4g0S

Vcrosb3ys [ eMKOCTH IJIOCKOTO KOHJeHcaTtopa GhopMy.ty

C = g,S/x , BLIPA3UM M3MeHEHne SHepPriun KoJeGanuii Ipi ToM
JKe pasjBUTAHUU IJIACTUH:

2 2
aw =d| L | a| 222
2C 2¢,S
- 20xdO+ Qdx ., (2xdQ + Qdx)
2¢,S 2€,S '

CorstacHo 3akoHy uaMmenenust aneprun d W = dA, 3anurmiem

&(gde +0Qdx) = Qldx

2€,S 4g,S

OTKy/la TIOCJIe YTPOIIEHNs, NHTETPUPOBAHIS U ITOTEHIINPOBAHUS
HOJIy UM

4d_Q+d_x

X

=0, 4lnQ +Inx =const , O'x = const .

Bemmunna Q%x ssasiercst agmaGatiyeckiM HIBapHANTOM, T.€. Hie
U3MEHAETCA [IPpU MEAJIEHHbIX M3MEHEHUAX /IPYIUX IapaMeTpoB
cucTeMbl. AMabaTHIeCKie WHBAPUAHTHI BCTPEYAIOTCS B CAMBIX
pasHbIX 06JIACTSIX, HAPUMED B KypCE TEOPETHYECKOIl MEXaHUKH
U BBIYUCJHATENBHON MaTEMATHKI.

[To ycnoBuio 3aaun yactora KoJseGanuil yBeJndnaach B n pas,
sHauut (corsacHo Gopmyse w :1/ JLC), emxocrs C ymenbiu-

nach B n® pas, (cormacho Berpacennmio C = €,S/x ) paccrosiaue

x yBeqmumaoch B n® pas, (cormacwo nmBapmanty Qx = const)

ammmTyra Q yMeHbImiiach B /n pas, (cormacno dopmyire

W = Qz/(ZC)) sHepruss W yBeanuuniach B n pas.

Taxum o6pa3oM, MCKOMasi SHEPTUs KoJeGAHUH YBeJINYIIach B 1
pas, T.e. Tak ke, KaKk 4acToTa KoJeOGaHMIi.

(JT1060IIBITHO, 4TO TIOBOJOM /11 CO3/IaHUS 9TOH 3a7audl CTAJO
o6Hapy’KeHne B KHUTE OJHON 3a/1aull ¢ HEBEPHBIM aBTOPCKHUM pe-
IIEHNeM U TI0C/Ie/iyIoliee YIOPCTBO psijla yuuTeseil B cBoeil ommo6-
Ke. YKa3aHHYIO 33/1a4y C HEBEPHBIM DelleHreM MOXKHO HaiTH Mo
cepuike: https: / /yadi.sk /i /HhALV8tThQrSi

5. IlycTb X U y — PACCTOSIHUST OT JIMH3bI JI0 JKy4YKa U ero u3obpa-
JKEHHsI COOTBETCTBEHHO, TOT/Ia M3 (DOPMYJIbI TOHKOII JIH3bI

—_—t— = —
x y F
HaX0/[UM
_ xF
Y T_F -
Boipasum 1epByio u BTOPYIO IPOU3BOIHBIE y(x) 110 BPEMEHHU:
. XF? P2 -2 (k- F))
YT e-r)y (x-F)

Paccrosinme Meskay IpeMeToM n u300pakeHHeM U CKOPOCTb MX
ylajeHust Apyr OT Jpyra PaBHBI, COOTBETCTBEHHO,

O F? 0

X’ _—.D

1 G-rrt
[leiicTBuTesbHoe usobpakenue Hab/ojgaercs npu x > F, npuueMm
[ pacrer u cTpeMuTCSI K 6ECKOHEUHOCTH TP NPUOIMKEHIN K JIIO-
60it m3 rpanuI mpoMexyTKa (F;+00) , 3HAUNT, Ha STOM WHTEpBa-
Jie JIoJKeH OBITh XOTs1 Obl OINH MUHUMYM. VI3 yCJIOBHS HYJIEBOW
otHOCcuTENbHON ckopoctn ([' =0 ) HAXOAUM TOJNOKEHUE eNH-
CTBEHHOTO AKCTpEMyMa B HY:KHOIT obmactu: x = 2F. CkopocTb u
JKydKa B 9TOH TOUKe HalifieM M3 (hOPMYJBI [/ PABHOYCKOPEHHO-

l=x+y nl=

ro nemxenusi: u = 2yaF . B pesynbrare mosyuaem

[o| = 2NaF w |w|=7a.
3BecTHO, UTO paccTosTHUE MEXK1Y MPEAMETOM M M300pakKeHueM
MHUHHUMAaJIbHO IIPU CUMMETPHYHOM XO/ie JIyueil, Korja Ipe/MeT I

2015/Ne5-6

n3o6pakeHne HaXO/[STCS B TaK Ha3bIBAEMbIX ABOWUHBIX (POKycax
(x = y = 2F). U3 cummerpun ke pOPMyJIbl TOHKOIT JTUH3bI OTHO-
CHUTEJHHO MEePeCTAaHOBKU X M § MOKHO OBIJIO Cpasy TOHSATH, UTO
CKOPOCTH TpesiMeTa I n300pakeHnss GyIyT OJMHAKOBBI PN X =
=y. Takum o6paszoM, eMHCTBEHHDIII HETPUBHAJIBHBIN BOIPOC 3a-
Jlaull — TPO YCKOPEHHe.

WHTETPAJ1 N OLEHKN CYMM
(cm. <Keanm» No4)

1. Ilyctp uy, = . 3ametuM, UTO

1
(k+1)rk

1 Yr? |
ST TE (k) \/7@? ﬁ'

[To u3BecTHOU MMKOIBHOU (popMmy.Ie,

11 _0Oot 551 B
kok+1 DUk WHQ\F \/k (k+1) J(,ng
TaK 49TO
01 1 o5 [ K U
[Toaromy

,01 1.0
e Te+10

CJl0:kMB TIOJTyYeHHbIe HepaBeHcTBa mpu k = 1, 2,

1 0
Uy +... +un <3§ _WE <3.
2. Bocnoabayiitech nepasenctBamu (3) craThu, a TaKKe TEM, UTO
"dx 1 _ 1

. n, 1oJIy4nuM

n
3. Caenyer u3 nepasencts (3) cratbm n GhopMy.IbI J'— =Inn.
4. Bocnombayiitech HepaBeHcTBOM
n dx n d
-r 3 (1+x)3x -r 2fx

a 3arem HepaserctBoM ( 3') cTaTbll IPU JTOJIKHBIM 06PA3OM 1M0-

Jo6paHHOM k.
n+1 n+1

S. Uy —u, =f(n+1) If x)dx, a J'f(x)dx>f(n+1),

1

1
. - >
6. a) Pan pacxoautest, 1ocKoIbKy (Hanmpumep) mtl  3p 0 TaK

1
uro agis wero S, > —H, .

6) Cxomnrest ipu p > 1 u pacxomurest ipu p < 1.
n
B) Pacxomurcsi, Tak kKak J'L =Inlnn-Inln2.
xlnx

8. Paccysk/1eHus BIIOJIHE aHAJOTMYHBI TEM, C TIOMOMIBIO KOTOPBIX
nokasbiBanuch HepasenctBa (3) um (3') B crarbe.

9. V3 nepaBeHcTB ynpasknenus 8 cJejayer, uTo
n n

1+prdx <1? +27 +.. +n? <n” +J’x”dx,

OTKYy/1a
1 1 1 1P +20+  +n”

-+ - <

np+1 P +1 (p +1)np np+1

1 1 1
-t —- TN o
nop+l (p+1)n’
W3 nociieiHNX HEPABEHCTB JIETKO MOJIyYaeTcsl MCXOJHOE YTBEPIK-
JIeHne, Tak Kak Ipeesbl JIeBOH M MPaBOi yacTell [BOIHOTO Hepa-
1

BEHCTBa paBHbI .
p+1
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10. Ilycrs H, =1+1 +... +1, a S
2 n

,=l-=+=+.+

1 1
HOKB.)KI/ITB, 4TOo '52,, - HZn 117! .

(_1)n+1 .

[anee, B cratbe J0KazaHo, uro H, =y +lnn +g,, rne €, - 0.

CuretoBaTeIbHO,
Sy, =y+In2n +¢ -y-lnn -g =n2 +q,

rae a, =&, —€, - 0. Takum oGpasom,

lim S,, =1n2,
N0
a orciofia yke cpasy ciaeayer, yto lim S, =In2, nockouabky
N0
1
S. =Sy, | =—— -
| 2n+1 2n| m+1

11. a) mﬁ%ﬁl; 6) ﬁ%ﬁ; B) ﬁﬁ%g Bocnoabayii-

tech teM, uto (n+1)(n+2)...(2n) = (2n!)/n!.

12. Ilycrb B kosoie 4n kapt. O6Iee YUCI0 Pa3INUHBIX CIIOCO-

60B BBIGOpA 2711 KAPT PaBHO Cfn" . U3 2n xpacubix (4epHbix) Kapt

n XKapT MOXKHO BBIOpath Cj, CrMOCO6aMH, TIOITOMY OOTIee UHC/I0

2
BBIOOPA 7 YEPHBIX KapT PABHO (C;’n) . CieioBaresibHO, MICKOMast

(a) _ (e

i (an)!(n)"

BEPOATHOCTDb paBHa

Brerpasus ¢axropuassr no ¢popmysne CTupMHHA, T0JIydaeM Ioc/e

HECJIO’KHBIX ITPeo6pa3oBaHMil

p= e

Jls KotoAbl U3 52 KapT MOJIyYuM

2
= |2 =022,
P>\

T.e. okosio T .IIpeiBUAETb TAaKoil pe3y/bTaT HABCKUAKY ObLIO Obl

b)
BechbMa TPY/HO.

HAITEYATAHO B 2015 TOAY

Ne sxypuana
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IMamstu C.M.Koazena 1
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Wurerpas u onenku cymm. A. Ezopos 4
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6
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O MeTo/ie pacKpacKky Ha TpUMepe OJIHON 3ajaui.
. Kysneyos

PeGycor ipo «Ksants. JI. IlTmeiineapy,

C araxa Ha atax. U.Axyauu

IKCrepuMeHT He ynancs. M. Axyauu

CtaTtbn no pusnke

[lepessannas jomazaka 1 cuta tpenus. C./Jeopanunos

IIpo Bomuok u rupockomn. C./leopanunos

Kanevigockon «KBaHra»

MaTtemaTuka

Kaueiiockorn B KaJieiiiockole
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dusuvka
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B.Toaybes, II.Koxesnuxos
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dusnka
A 4o 3TO X0JI07 Ha 3eMs0 ynal... A.Cmacenxo
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A.Cmacenxo
Kax BO3myX CONpOTHBJSETCS IBIKCHUIO TeJa.
A.Cmacenxo
Komaubs sxonomus. U.Axyauy
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IMMAXMATHAA CTPAHUNUYKA

MewxkA
N TEOMETPIAS

CerofHAIIHAA «CTPAHUYKA> TOCBSIIE-
Ha TIPOCTeHINeMy COOTHOIIEHWIO CUJI Ha
JOCKe — JiBe MEIIKA IMpoTHB ogHol (xo-
HEYHO, He cumTass Kopodaeit). Ho sro u
O/IHO M3 CAMBIX MHTEPECHBIX OKOHYAHMUIA.
HecMmoTps Ha He3aMBICTIOBATHIN MaTepH-
aJl, TPUAYMaHO MHOXXECTBO 3aHSITHBIX
JTIOAOB, BAXHBIX AT mpakTuku, U B
HHUX, KaK MBI yOeInMCsI, pellaloliee 3Ha-
YeHHE UMeeT TeOMETPUIECKOE IOHSATHE —
OMTIO3HITUA.

8
&
[

I'.Heimraaras, 1890

Huubsa

ITa CTAPUHHAS HMOZULHS CILYXKUT XOPO-
el WLTOCTpaIyel ONIIO3UIIH.

1. ©2hi! Tonxuit X0, BCe oCTaJIbHOE
BemeT K ¢bmacko, Hampumep: 1. £2f1?
©d22. 212 2d33. 2g3 Re34. Rg2
Re2 5. 2g3 ©fl16. wgd @f2.

1...22d2. Ecmu 1...2c¢1, 10 2. 2g1!
g4 3. 2g2! 242 4. fg.

2. 2h2! 2e23. 2g2! Vel 4. 2g3
©2d3 5. 2h3! Huubs.

A 6@

S

I'.Marucon, 1918

Huuba

M3BecTHO, UTO y TIPOXOAHOHN MeEIIKN
UMEIOTCSI «KJIIo4eBble» IMOJIA, IONaB Ha
KOTOpBbIE, KOPOJIb 0GECIIEYNBACT €€ IIPO-
BefleHHe. JTH IIOJISI PACIOJIATAIOTCS de-
pe3 OAHY TOPH3OHTAJIDL OT IIPOXOIHOM.
Bopb6a 32 HEX TOXKe BeZIETCS ¢ IOMOIIBIO
omnosuiim. B gamHOM ciaydac Gesble
[EIIKU 06pedeHbl, 2 KJIIOYEBbIE OIS eI
k# 7, KoTopas cTaHeT TIPOXOAHOMH, HaXo-
JIATCS Ha TIATON TOPU3OHTAIN, U YeDHBIN
KOpOJIb TOTOB 3aHATH UX.

1. g6! fg. Ilpuxonxurcs 6parh MemKoi,
YTO cMelllaeT KJIOYeBble MOJISI Ha TOpU-

30HTAJIb HEXKe. HO 5T0 TOIBKO moanena.
TIpu 2. 2g2? ©gi3. f5gf4. 2h2 213
UepHble YCIeBAIOT Ha KJI0YeRbie oI, a
B caydae 2. 2h2 2 g4 3. £5 npopsisatoT-
ca Ha Hux mocte 3... 2 :f5! 4. Rg3 Rg5
5. 2h3 Q2f4ur.a

2. 131 gf 3. & g1! UepHoMy KopoJIIO
TpeaaraeTcs TMepBOMY 3aHATh YeTBep-
TYIO TOPU3OHTAND. 3... R g5 4, Rf1] R g4
5. g2 c unubeii.

H.Tpuropnen, 1936

Bomrpsm

1. 2 d4! Tenepb BOHUKAIOT /IBa BapH-
aHTa C PasHBIME HIESMH.

a)1...c3+ 2. 2:¢5 2g3!3. a4l el 4.
adeid. Rd4l ©21416. a6 e3 7. 2d3!
©1f3 8. a7 €2 9. a8 ¥ + ¢ mobexoit.

6) 1...e3+ 2, R:e5 el 3. a4 2d3
4.25¢35.a6¢46.a7¢37.a8¥ ¢2, TIpu
KopoJie Ha d2 6bLia GBI HHYBS, HO €TO
mosunusd Heyzauna. 8. ¥ d5+! Le2 9.
®a2l 2d110. Ldbeci® 11. 2d3l,u
Bee Komueno. Wm 8...2e3 9. ¥ g2!
cl¥ 10. ¥ g5+ c BRIMrpHIIEM.

8

H.®Dpurs, 1951

Bomirpsmm

YepHblii KOPOJb GJIM3KO K IIEITKaM, HO
CITPaBUTHCS C HAMY He ycrmesaet. 1. 2 £71
EcrectBennsiii xox 1. R e7? He roautcs
ms-3a 1...2f2] 2. e4, m cam Kopoib
MeIIIaeT MapIly TEeImKH K BOCbMOH ropu-
sonTa/m. Hegocratouno u 1. 2d7, Tak
Kakmocae 1... 2121 2. e4c3 3. e5 Le3 4.
e6 2d25.e7 R:c26. e8Y% 2 d2 Bo3HE-
KaeT TeopeTUYecKass HUUbS.

1...c3. Teneps 1... 2 {2 mporrpsiBaer:
2.e4c33.e5 Re34.e6 Rd25.e7 2:c2
6.e8% ©2d27. ¥d8+ ©2cl 8. g5+,
U HEIKA «C» HE YCIEeJd CAeJaTb elle
oanu mar (6...2d1 7. ¥d8+! Rel 8.
¥ g5+).

2. Re6l 2123, 2d5! R:e24. R4
©d2 5. 2b3!, u Bce craHOBUTCA SACHO.

al

M.3unap, 1981

Bomurpsim

Heromurcal. Re7? Rc42.e4 R:c3!,
U COGCTBEHHBIH KOPOJIb MEIIAET ABHKe-
Huto Geoft memku. W 1. R£7? 2 d5!
2. 216 2cdl 3. e4 R:c3 4. e5¢5, 1
KOPOJIb OIATH CTajl IIOMEXOH.

1. &2 g7! CrpanHsrii X0/, HO TOJBKO OH
pemaer. 1...2d5! 2. ©2f7] Qe5 3.
2e7 2d5! 4. 2d7! R4 5. 2cbl
©2:¢3 6. 25! Iobena.

(300 m»

H.I'puropwes, 1936

Bomurpsim

1. 2g3! Led2. 2gll Qe33. 2ft
Redd. el R2e3l. 2dl 2146, 2d2
©Ded7.e3 2f38. 2d3 2g39. Red
©g410. 2ed L:h411. 2f4 2h312.
ed g2 13. e5! h4 14. €6 h3 15. €7 h2
16.e8 ™ hi# 7. % e2+ 2 gl 18. 2 g3,
U Bce KOHYEHO.

TIpuMedaTempHO, YTO STOT HTIOA MO6e-
I Ha KPYIIHOM MEXIYyHAapOJHOM KOH-
Kypce (10 TeMe <«KOpOJb W JBE HELIKH
OPOTHB KOPOJIA C TIETTKOH ).

A.Manpgnep, 1929
Brurpeim

1. 2g6! 2a62. 2g7! Ra7l Yepupie
COXPAHSIOT JAJbHIO OIIIO3UIMIO, HO...
3. ©2g8! a8l 4. ¢5! dc 5. e5 c4 6. e6
c3 7. e7 c2 8. e8¥ + ¢ BorpHImEM.

E.Tux
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KAMAV HA MAOCKOW NOBEPXHOCTY
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KoHe4HOo ke, BaM He pa3 AOBOAVUAOCH BUAETb KanAU YKMAKOCTU Ha TBEPAO NOBEPXHOCTW.
W Bbl HE MOIAM HE 3aMEeTUTb, HYTO Yem MeHbLUe KanAu No pasmepy,
Tem banmke nx popma K wapoobpasHoii.

(MNpoaon>keHne — Ha c. 37 BHYTPW >KYPHaAaA)





