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APKAOUW BEHEAMKTOBUY MWIOAN (11 maprta 1911 —
9 theBpans 1991) — BbIAAOLNCA COBETCKUM PUBNK-TEOPETUK,
aKkagemMuiK, ofiH 13 OCHOBOMOOXHKOB COBPEMEHHOW TEOPUM
aTOMHOro A4pa, co3aateflb 00NbLWOW Hay4YHOW LLKOMbI, YenoBek
MHOr000pa3sHbIX AapoBaHUN.

Apkaauin beHegmnkToBmy Murgan — Ab, Kak 3Banu ero apy3bs
N yYeHUKU, ObIN yHUKaNbHbLIM YeNloBEKOM W MPOXUI
YHUKANbHYIO XM3Hb. Bnectawmm yyeHbil, oouH U3 APKMX
npenctasutenen LLkonbl JlaHzay, oH 1 cam Obif BeIMKONEMNHbIM
Yyutenem, BOCMUTABLUMM HECKOJSIbKO OEeCATKOB MepBOKIaCCHbIX
u3mkos, cpenm kotopbix C.T.6enses, A.M.byakep, B.M.lannukun,
AWNJIapkuH 1 MHorve gpyrue.

AB.Murgan 6bin pa3HOCTOPOHHUM YenoBekoM. CHAN nepBbI
COBETCKMM MOABOAHbBIM PUABM M MNONYy4MN yOOCTOBEPEHME
WMHCTPYKTOpa noasofHoro cnopta Nel. CTpacTHo nobun ropbl U
NnpoBen MHOMo CHaCTNVBbLIX YacoB Ha NefdHumkax KaBkasa wu
Mamupa. TOHAN Ha OAHOM M3 MepBblIX MOTOLWKIOB B
nocneBoeHHoM MockBe, 6eCccTpallHO CyCKancs C CamblX KPYTbIX
rOPOK Ha MepBbIX MPUMUTUBHbBIX FTOPHbIX JIbIKaX.

Ha pybexe cBoero copokanetns Ab 3aHAncs CKynbnTypoun.
lNepBbIM NpoM3BefeHVIeM Dblna ManieHbkas AepeBsiHHas CTaTyaTka
ero gora. B kabuHete Ab CTOSNM BbIMNOMHEHHbIE UM 13 TEMHbIX
[PEBECHbIX KOPHEW MpekpacHble XeHckue Topcbl. MHorve ero
OPY3bS 1 YHEHUKM MONYyHUIN B NOSAPOK MCKYCHO CAENaHHbIe UM
Macku lNywKkmHa 1 SnHWTenHa. OfHa 13 Taknx MacoK SMHLUTENHa
ykpawaet WHctutyT Hunbca bopa B KoneHrarene, gpyrag —
NHCTUTYT dursmdeckmnx npobnem mm. MN.J1.Kanmusl B Mockse. A
3HAaKOMbIM XeHWwmHaMm Ab papun msdawHble ykpalleHus
CODCTBEHHOMO N3rOTOBNIEHWS — OH OCBOWIT IOBENMPHOE [eNo Ha
NnoYTV NPOMECCNOHANIbHOM YPOBHE.

AB Oblfl OAHUM U3 MOOUMbIX YHEHWKOB U BAN3KM ApYyrom
Benmkoro JlaHgay. Ha Bonpoc yxxe 6onbHOMy JlaHAay, KTo ero
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CaMbIV TaNaHTAIVBBIN yYeHWK, OH cka3an: «[ToMepaH4yk. A, ellle
Mwrgan, HO OH BeAb NEHWUTCA..», UMes B BUAOY €ero
MHOTOYUC/IEHHbIE yBReYeHUs. Ho MUHyTa nepen Havanom
3HaMEHUTOro cemMuHapa JlaHaay HasbiBanacb MUrganbckon. «B
nocneaHIo MUHYTY BCErAa MOXeT NpunTv Murgan», — rosopun
JTanpay. MNpeacraBbTe BO3MYLLEHME MONTOAbIX TEOPETMKOB, KOTrAa
B 3Ty CaMyI0 MUHYTY B 3a/1 BAPY BBANIMBAETCS YCaTbIM MOXAPHUIK
B Kacke W CreukocTioMe CO CioBaMu: «BbiMeTanTech, pebsra,
3[eCb Cenvac NoxapHUKM 3aHMMaTbCs By AyT». OTO Obifl, KOHEYHO,
Mwurgan, KoTopbin 060an 0CTPOYMHbIe PO3bIrpbiLlLn. YTo cTOUT
HanmMcaHHoe OT WMMeHW [laynu B agpec CceMmHapa MUCbMO,
KoTopoe 00CYX[Aanocb Lenbli Yac M TOMbKO MOTOM OOHapy-
KMNOCh, YTO MepBble OyKBbI CTPOYeK 0OPa3yioT COBO «aypak»!
A rocten, cobpaBLIMXCS B pecTopaHe Ha HoBom ApbaTe Ha
npasgHoBaHue ero 75-netus, Ab BcTpeyan B NMBpee WBerLapa
1 NPUHMMAn 4YaeBble.

MocnenHee fecatunetre csoen xm3Hn A.b.Murgan ysneyex-
HO paboTan Hafg nporaraHAoW W Monynsapu3aumMen Hayku.
Hanmcan kHur: «Momnckin uctuHbl» (1983), «KBaHToBas humsmka
LN OONbLUNX 1 ManeHbknx» (1989), cTan rnaBHbIM peaakTopoMm
«DHUMKNOMNeAMYeckoro cnoBapsi toHoro cusmka» (1984).
OnybnvKoBan HeckonbKo BecTAWMX cTaTel NS WKONbHUKOB
B XypHane «KBaHT»: «[TMCbMO LWKOMbHMKAM, KOTOPble XOTHT
ctatb  usmkamm» (1975), «BblumcnieHns 6e3 BbIYMCIEHNA»
(1979, 1991), «Cypbba HenTpoHHbIX 3Be3n» (1982), «Kak
co3pasanach kBaHTOBas Teopums» (1984), «Kak ycrpoeHa
nycrota?» (1986). OH ObiN HEMNPUMUPUMbBIM BParom u
pa3obnadmTenem BCAYECKOW NXKEHAYKMN.

Ecnvi Bbl 3ax0TWTe DonbLUe y3HaTb 06 Apkaanm beHeankToBmYe,
npoynTanTe cObopHUK «BocnoMmHaHus o0 akagemuke
AB.Murgane» (M. ®usmartnut, 2003).

aK yCTpoeHa nycToTa?

AMUTJAT

EYb HOI7IZ[ET O TOM, KAK IUSMEHWJINCb HAIIIN

TIPe/ICTaBJIEHNUSI O CAMOM paclipocTpaHeHHOM BO Bce-

JIEHHOI u, OBITb MOYKET, CaMOM BaKHOM OODBEKTe
pu3MUECKUX HCCAeIOBAaHWT — O MyCTOoTe.

Yto Ttakoe mycrora: aGCTPaKTHOE TIOHSTHE, <«HUYTO»,
BMecTHINIIE A7 (pusmdecknx Tesa? UTo ocTaHeTcs, ecin
UJIeabHBINl HACOC YAAJIUT W3 3aMKHYTOTO 0ObeMa Bce
yacTuilbl? UTo HAXOUTCS B MEK3BE3THOM ITPOCTPAHCTBE,
rjie IOYTU HET Belecrsa?

PasButne Gusnku 1mocaeHUX JACCATUICTHN TTOKA3AJI0,
4yTO Hamie (U3NYecKoe MPOCTPAHCTBO — BaKyyM — He
MPOCTO TEOMETPUUYECKUIT OOBEKT, He TPOCTPAHCTBO, B
KOTOPOM HUYEro HET, a CJOXKHAs cUcTeMa, 006JaJlaiomast
MHTEPECHEUIITUMH CBONICTBAMU, COBEPIIIEHHO HETTOXOKIMHU
Ha CBOWCTBA TBEP/BIX CPEJ, KUJKOCTEH WM ra3oB; ero
M3YUYEHUE KACAETCS CaMbIX TJIYOOKUX TOHATHN — TaKWX,
KaK IIPUYUHHOCTD, CBSI3b T€OMETPUU C MaTepHeil, CUMMET-
pUN IIPOCTPAHCTBA U BPEMEHH, CBSI3b CUMMETPHH C 3aKO-
HaMU COXpaHEeHUus. ..
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Henb3s TOJIKHYTb, HE MNMpPpUKacasaCb

Mpbl 3HaeM, 4YTO TeJsa JEHCTBYIOT JAPYT Ha JApyra npu
COIIPUKOCHOBeHNH. BpocuM B BOy KaMeHb — OT HETO
MOGEKUT BOJIHA U BCKOJIBIXHET TIJIABAIOIINE BETKU. JTO U
MOHATHO — BO3/IEHCTBHE TIepe/laeTcd OT TOYKH K TOYKeE.
3BYK paclpocTpaHsaeTcs IOTOMY, YTO JlaBJIeHue liepe/lact-
csl OT ofiHOTO oObeMa cpeibl K coceHeMy U T.n. Ecum
HAKPbITb 3BYYAILUH 3JIEKTPUUECKUN 3BOHOK CTEKJISAHHBIM
KOJITTAaKOM M OTKavyaTh BO3/YX, TO BUIHO, KaK MOJOTOYEK
TO-TIPE’KHEMY yIapsieT 110 KOJIOKOJIbUNKY, HO 3BYK Hcue3a-
€T — B IIyCTOM IIPOCTPAHCTBE 3BYK HE PACIIPOCTPAHSIETCS.
B 10 ke BpeMs mepuo/| Koe6aHuii MasSTHUKA, TOMEIIEeH-
HOTO IO/ KOJITIAK, He U3MEHSETCS MPU yIaJeHUN BO3/yXa
(ecnn mpene6pedyb TPEHMEM); 3HAUUT, He M3MEHIETCS U
CHUJIa TSXKECTH.

B ortamume oT cuii, BO3HUKAIONUX TIPH PACIIPOCTPaHe-
HUU 3BYKa, 2JIEKTPUYECKHE M MArHUTHBIE CHJIbI, TaK >Ke
KaKk U I'paBUTallud, JEHUCTBYIOT U B IIyCTOTE, B HEW pac-
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KAK YCTPOEHA IIYCTOTA? 3

IIPOCTPAHAeTCs CBeT, 1109ToMY Mbl BuZuM CoJlHlle U 3Be3-
bl

EcrecTBeHHO TIPEITIONIOKUTD, YTO B TIPOCTPAHCTBE BOJIU-
31 MariuTa, BOJU3W 3aPsKEHHOTO UJIM MAaCCHBHOTO TeJa
COCTOSTHUE ITyCTOThI n3MeHsiercst. IIpocTpancTBo, OKpysKa-
IOITee ATU TeJTa, HAXOIUTCS B «HANIPSKEHHOM» COCTOSTHUM,
KOTOPOE OIUCBLIBAETCS CJIOBAMU: « B IPOCTPAHCTBE MMEET-
s ToJIe» . 3apsi/ibl CO3/IAI0T HJIEKTPUYECKOE T0JIe, MarHu-
TBI — MAaTHUTHOE, MACCUBHOE TEJIO BHI3BIBACT IPABUTAIIMOH-
HOE T10JIe. DJIEKTPUYECKOe ToJie AeHCTBYET Ha 3apsisKeHHoe
TeJ0, MarHUTHOE — Ha MArHUT, MOJE CHJIbI TSXKECTH —
HaIpuMep, Ha KaMeHb, 3aCTaBJIsis UX ABUTaTbes. VI3MeHe-
HIe CKOPOCTU 3TUX TeJsl OODBSICHIETCS [IefiCTBIEM TOJIS B
TOI 06JIACTH TIPOCTPAHCTBA, T/I€ B IAHHBIII MOMEHT BpeMe-
HU OHU HaxoxaTcd. Cuia nepejaercs yepes IIycToe 11po-
CTPAHCTBO OT TOYKM K TOUKE C IIOMOMIBIO 110JIel, Kak uepe3
HeBUAUMYIO KUAKOCTh. Takoil MexanusMm Iliepefauu BO3-
JIefiCTBUS HAa3bIBaeTCs OJU3KO/IEHICTBUEM U TPUHST COBPE-
MeHHOH (PU3UKOTL.

Ho cymiecTBOBasIO 1 Ipyroe MpeICTaBIeHUE — «IaJbHO-
JleficTBUE» . BJAMSHUE OJHOTO Tesa Ha JPYyroe MrHOBEHHO
nepejaercd Ha paccrosiuue. Ha ocHoBe aTOro B3TJIsia
Ncaax HpioTon moctpoun cBoto Teopuio tarotenus. 1pen-
MOJIO’KEHNEe O MIHOBEHHOH Tiepejiaue BO3/IEHCTBUS HE I10-
MeIIaIo eMy HaliTH 3aKOHOMEPHOCTH [IBUYKEHNST He6EeCHDBIX
TeJ, ¢ OrPOMHON TOYHOCTHIO COBHAJAIONIUE C JIaHHBIMU
Ha6moeHmii. Celiyac MbI 3HaEM, TTOYEMY: HeOECHbIE TeJia
JIBUKYTCSI CO CPABHUTEJIBHO MAJIBIMA CKOPOCTSIMHU, & T'pa-
BUTAIMOHHOE B3aMMO/IEHCTBIE PACTIPOCTPAHSIETCS CO CKO-
POCTDBIO CBETA W MOKET CUUTATHCS B ATOM CJIydae MIHOBEH-
HBIM.

Wzaeo nanbHOEHCTBUS TPYHO COIJIacOBaTh CO CBOMi-
cTBaMu cBeTa: GbLIO U3BECTHO, YTO CBET PACIIPOCTPAHSIETCS
€ KOHEYHOI CKOPOCTBIO M TTPOXO/UT BCE MPOMEKYTOUHDBIE
TOYKHU HA JUHUK CBETOBOTrO jiyya. Oco6eHHO XOPOIIO 3TO
BU/IHO, KOT/Ia JIy4 CBeTa IMPOXOJNT B TYMaHe — OH Helpe-
poiBeH. HbIOTOH mpearnosnoxua, 4To cBerdileecs TeJso
UCILyCKaeT YacTUIlbl, [epe/lalolife CBET,~ KOPILYCKYJIbI.
Torma KOHEYHOCTH CKOPOCTH HE TIPOTHBOPEUYNT UIee Tab-
HOJIEHCTBUS, HO OCTaloTCs 6e3 OOBSICHEHWS BOJHOBDIE
CBOIiCTBA CBeTa, JIOKAa3aHHBIE OMbITaMU MO WHTepdhepeH-
mun u audparnun. Kopryckyasipaas teopust HbioToHa
TaK ¥ HE CMOTJIA CIIPABUTHCS ¢ OODBSICHEHUEM ITHX SBJIe-
HUU.

Uepes aBectu ¢ juniauM Jet 1ocjae Hpiorona, B 1905
rojly, MOSIBUJIACh 3aMevaTesbHas pabora Anbbepra JitH-
HITeliHa 10 KBAaHTOBOW TPUPO/IE CBeTA. JUHINTEHH TOKa-
3aJ1, 4TO OOGHAPY KEHHbIE SKCIIEPUMEHTAIBHO 3aKOHOMED-
Hoctu oroadderra (BbIpbIBaHUe IEKTPOHOB U3 aTOMa
1pu 06JIYYEHNN) MOKHO OOBSICHUTDH, TOJBKO MPEIIOJN0-
JKUB, YTO CBET TPEJCTaBJIseT co00i HAGOp YacTUI[ —
(G oTOHOB, KOTOpbBIE B3aUMOIEHUCTBYIOT C 3JIEKTPOHAMH,
BbIOpachiBaloT nx u3 aromos. (O doroHax Mbl ogpoGHEE
IIOroBOpHM 103ke.) TIpejicTaBiieHre O CBeTe Kak O BOJHE
He MOTJI0 00BSICHUTD TJIABHYI0 0cO6eHHOCTD (hoToadderTa
— HHEPIHs BBLJIETAIONIETO 3JIEKTPOHA 3aBUCUT HE OT UHTECH-
CUBHOCTH CBETA, a TOJIBKO OT €Tr0 YacTOTDI.

B HekoTOpoM cMbIcIe TOuKa 3peHust DI HIITeliHa 03Hava-
Jla BO3BPAT K HBIOTOHOBCKOI Teopun KOpIryckyJi. 1 cnoBa
BCTaJI BOIIPOC, Ha KOTOPBIH He cMOT OTBETUTb HbIoTOH: Kak
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Apkaoumn beHegukToBuy Murgan

00BeIMHUTD 00 TIPEICTABIEHUS — O BOJTHOBOI U O KOPITYC-
KyJSIpHOH TIpupojie cBeTa? BO3HMK Ba)KHBIM TapajioKC,
KOTOPbIN ObLJI paspelieH KBAaHTOBOW TeopHeil, /l0Ka3aB-
11eii, 4TO CBET — U BOJIHA W YACTHIA, TAK JKe KaK 3JIeKTPOH
— W YacTulla W BOJHA! IDTO TPEJCTaBICHUE TOJYYUJIO
Ha3BaHUE <«KBAaHTOBO-BOJHOBOTO [Iyan3Ma.

Ceityac HaM M3BECTHO, YTO B IyCTOTE BCE B3amMO/ICH-
CTBUS — 3JIEKTPUYECKOE, MATHUTHOE, TI'PABUTAIIMOHHOE,
S/IepHOE — TIePe/IaloTCs OT TOUYKH K TOYKE CO CKOPOCThIO, HE
MIPEBBINIAIONIEN CKOPOCTD cBeTa. Ecim o/1HO Tesio nepeiBu-
HYTb, JOJKHA UBMEHUTHCS CHUJIA TATOTEHUS, IEHCTBYIOMTAsT
C €ro CTOPOHBI Ha JipyToe Tejo. Ho ecmm ato apyroe Teso
HaXOAMTCS JIaJIeKO OT IIEePBOTO, TO IIPOHIET 3aMeTHOE
BpeMs, Tpek/e 4yeM OHO TOJYy4YHuT BozjeiicTBue. e ke
HaXO/IUTCS BO3MYIIIEHUE, KOT/IA TIEPBOE TEJIO Y3Ke IepeMe-
CTUJIOCh, & BTOPOE ellle HEe UMEET CBeJIEHU O ero HOBOM
nosioxkenun? .. Ha aToT BOnpoc Teopus 1abHO/IENCTBUS
He MOTJIa OTBETUTD, M MHOTHE (PU3UKN OTKA3aIICh OT Hee
elle B MPOIILJIOM <CETO/IHS — IO3aIPOIIIOM> BEKE.

Jlust oObsicHeHUST TIpoTlecca Tepeiadil BO3/IEHCTBHS Ha
paccrosinue GblTa IIpu/yMana creraiabHas cpeia — agup,
3ATOJTHAIONINI BCe TIPOCTPAHCTBO MEXK/Y YacTUIAMU Be-
nrectBa. BosnelicTBre mepemaercst 3a CYET TOTO, YTO BOK-
PYT 3apsAKE€HHBIX WJIN HaMalrHUYE€HHBIX TEJI 3(1)I/Ip I[e(l)Op—
MUPYETCs, U BO3HUKAET CHUJA, JEHCTBYIONAs Ha JPyToe
3apspKeHHOe I HaMarHIIeHHoe TeJio. ledopmartist acpupa
nepe/iaeTcs Mocae/I0BaTeIbHO — OT TOYKU K Touke. CBet
PaCIpPOCTPaHSeTCd B HEM TaK e, Kak 3ByK B cpe/ie.

Brutors 10 Havama XX Beka (DU3UKK MBITATUCH CTPOUTD
acdup mo o6pasdy u MOJO6UI0 M3BECTHBIX TBEPIBIX U
JKUIKUX TeJI, a ero Hy»KHO ObLI0 U3ydaTb caMoro 1o cebe.
IT10 — cpena ocoboro poja. CriencTBreM HEBEPHOTO TIPE/I-
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CTaBJEHUS O TPHUPOJIE MYCTOTHI OBLIO BO3HUKHOBEHUE
MHTEPECHENTINX MapaJlOKCOB, pa3pelieHne KOTOPhIX TPH-
BOJIMJIO K CO3/IAHUIO HOBBIX (DU3UYECKUX TEOPUH.

3HEKTpOM8l'HI/ITHbIe CBOWCTBa nycToThbl

[>xeiiMc MakcBesis1 CBOUME y/IMBUTEIbHBIMI YPaBHEHU-
amu, HaiiienupiMu B 1865 rogy, o0beAnHN pasanyHble
paszaesbl (GUBUKK: ONTHUKY, SJIEKTPUYECTBO, MATHETU3M.

Hauaso Ha atoM myTu OBLIO TIOJIOKEHO €r0 MOTYYUM
npejnecTBeHHNKOM Maiikiom DapajieeM, OTKPBIBIINM B
1831 romy 3akoH 2JIEKTPOMArHUTHOW WHAYKIMH. Ecim
U3MEHSITh MATHUTHOE I10Jie, NTPOHU3BIBAIOIIEE TPOBOJIOY-
HOE KOJIbIIO, TO B IIPOBOJHUKE BO3HUKAET AJIEKTPUUECKUN
TOK — 3apsi/ibl B HEM HAUMHAIOT JIBUTATbCS T0/1 JIENCTBUEM
00PasyIoIIEerocs B IPOCTPAHCTBE KOJIBIIEBOTO AJIEKTPIUYEC-
Koro moJisi. VHbIMU cjioBaMu, IepeMEHHOe MarHUTHOE
MoJie TIOPOJK/IAeT B IIyCTOTE TIEPEMEHHOE 3JIEKTPUYECKOE
IoJIE.

Emte B 1820 rony apyroii nmpeaiecTBeHHUK MakcBeJiia
Xanc Ipcres 06HAPYIKII, YTO TOK, TEKYIIHMI 1O TPOBOJI-
HUKY, CO3/Ia€T BOKPYT ceOsl KOJIbIIEBOE MAarHUTHOE TI0JIe.
Ecsm nepuoamueck nu3aMeHsATh HAPSIKEHHOCTD JIEKTPH-
YECKOTO TI0JI B TIPOBO/IHUKE, BOBHUKAET TIePEMEHHBIN TOK
U IepeMeHHOe MarHUTHOe IoJie. MaKCBeJI BbICKa3a
TEeHUAJIbHYIO JIOTQJIKY O TOM, YTO HE TOJIBKO JIBHKYIIHECS
3apsi/ibl CO3/IAI0T MAarHUTHOE TI0Jie, €r0 06pa3yeT TaKiKe
camo INepeMeHHOe JIEKTPUUECKOe TI0JIE.

W3 a1iX [BYX 3aMevarebHbIX CBOMCTB ITyCTOTDI TTOCJIE-
JIOBAJIO TPEThE, HE MEHee BAXKHOE — B ITyCTOTE PACIIPOCT-
PaHSIOTCS 3JIeKTpOMarHuTHble BoJiHbl. Korja B6/M3u aH-
TEHHBI PAJINOTIEPE/IJATINKA BOZHUKAET TIePEMEHHOE DJIEKT-
puyeckoe 1oJe, OHO, corjacHo MakcBesty, o6pasyer

‘ 01-19.p65 4

*

i

[T 1T ||

2011/Nel

BOKPYT ce6s1 TlepeMeHHOe MarHuTHOE T0Jie, & MaTHUTHOE —
no 3akony Dapajiess — cO3/1aeT yKe B COCEJHEM MecTe
TepeMeHHoe 3JIeKTpIdeckoe... Tak Bo3MyIeHme mepeaa-
eTcsT BCe JaJIbllle W JaJblIle.

W3 ypaBuennit MakcBesiia cieZ[oBajio, 4To 3JIeKTpoMar-
HUTHBIE KOJIe6AHS JOJKHBI PACTIPOCTPAHSITHCS CO CKOPO-
cTbio cBera. CyIIecTBOBaHME 3JIEKTPOMATHUTHBIX BOJIH
ObLIO dKCIIEpUMEHTAJIbHO JoKazano enpuxom [epiiem B
1888 roy. EcrecTBeHHO OBLIO IPUNTH K 3aKTIOYCHHIO, YTO
CBET — TOXKE AJIEKTPOMATHUTHAS BOJIHA. JTO TIPETOI0NKe-
Hue GbLTIO MPOBEPEHO U MOJTBEPIKIEHO OIMBITOM.

Kak a6GcTpakTHO BBITJISANENN OTU MPEICTABIEHUS BO
Bpemena Makcsesna! M kak 6bICTPO OHU CTAJU OCHOBOIL
MOYTH BceX 6JIar COBPEMEHHO IUBUIN3AIN: OT Tesedo-
Ha W PAJIN0 JI0 COBPEMEHHBIX CPEICTB KOCMUYECKOW CBS3U
— HE TIEPEYHCJIUTD BCETO TOTO, YTO POJUIOCH U3 OTBITOB B
MaJICHBKUX JTA00OPATOPUSX TIPOIILJIOTO <IO3AMPOIIIOr0>
BeKa, U3 CMYTHBIX JIOTa/IOK BEJUKUX YMOB!

Teopust Maxkcsesia 6pu1a TpuyM@poM OJU3KOIEHCTBUS:
BCe 3JIEKTPOMArHUTHbBIE BO3/EUCTBUS TIEPEJAIOTCS Yepe3
cpeay — adup. U TyT 3Ke BO3HUKJIN HOBbIE IIPOTUBOPEYNSI.

Koraa B apupe IBUIKETCS T€IO, IBUXKETCS JI BMECTE C
HuM apup? IKCIEPUMEHTHI AT TIPOTUBOPEYNBBIE Pe-
3yJIbTaTbl, HEKOTOPbIE OIBITHI MOKA3aJU YACTUYHOE UJIH
MIOJIHOE BOBJIeYeHne apupa B JBUKEHUE, APYTHE — YTO
adup BOBce He yBJIEKAeTCs JABMKYIUMCcs TeqoM. B 1851
roay ¢paniysckuii ¢pusnk Apman DuU30 U3MEPUJ CKO-
pOCTb CBeTa B TeKyllell Boje W TOKazak, 4To 3dup
YAaCTUYHO 3aXBATbIBAETCS JIBIIKYIIElcs cpefoii. Amepu-
KaHCKWi (pusnk Arp6ept MaiikesbcoH B 1881 roay mame-
PSIT CKOPOCTD CBeTa B/IOJIb U MOTIePeK HATIPABJIECHHS OpOH-
TaJIbHOTO JBMKenust 3emiu. Eciiu 6b1 acdbup ObLT HETIOABH-
JKEH, TO CKOPOCTDb CBETA BJIOJIb IBIIKEHMS 3€MJIU CKJIA/IbI-
Basiach ObI U3 CKOPOCTH CBeTA B ADUpe 1 CKOPOCTH 3eMJIn
orHocutesibHo adupa. OKasanoch, YTO CKOPOCTb CBETa
O/IHA ¥ TA K€, T.€. OHA He 3aBUCUT OT CKOPOCTH UCTOUHUKA,
U €CJIM CBET JIEHCTBUTEIbHO PACIIPOCTPAHSIETCS B adupe —
3HAYNT, 3(UP MOJHOCTHIO YBJIEKAETCS 3eMJIEH. ..

Paspenmrp mpoTuBOpeunst aupa MpepcTosio TeOPpUn
OTHOCHUTEJIbHOCTH.

Sdump ymep — aa 3gpascTeyet 3pup!

B mavase XX Beka ujes OJMU3KOAEHCTBUS TOJYYNJIA
JlaJbHeliee pa3puTe 1 000CHOBaHKME B TEOPUU OTHOCH-
TEJBHOCTH ¥ TEOPHUU TATOTeHUs JiiHmmTeitHa. OKa3anoch,
YTO HE TOJBKO 3JIEKTPOMArHUTHBIE, HO U TPABUTAIMOHHDIE
BO3/IEHCTBHS PACTIPOCTPAHSIOTCS B ITyCTOTE CO CKOPOCTDHIO
cBeta. CKOPOCTb CBETa BOILJIA HE TOJBKO B 3JEKTPOAMHA-
MUKY, HO U B MEXAHUKY, U B TEOPUIO TATOTCHUS.

[IpotuBopeune mexay omnbitoMm D30 u onbiToM Maii-
KeJIbCOHA GBbIIIO CHATO HOBOU (POPMYJION CJI0KEHNUST CKOPO-
CTell, BBITEKABIIEH U3 TEOPUH OTHOCUTEIBLHOCTH, CBOWCTBA
acupa 3aecy posn He urpamn. OTtnaza HeOOXOANMOCTD B
caMOM TIOHATHU 3(DUPa, €ro 3aMeHW BaKyyM — HOBBIN
HETIPOTUBOPEYUBDIN 00bEKT. DPup ymep.

Ho B Hayke HOBOE, KaK MPaBUJIO, HE OTMEHSET CTaporo,
cTapble ¥ HOBbIE UJICH MEPEILIETAIOTCS W IIPOHUKAIOT JIPYT
B apyra. Jlaske KOpeHHas HayYHasd PEBOJIIOIUSA HE OTMEHS-
€T, a TOJbKO [E€PECMaTPUBACT, MEPEOCMbBICTUBACT TTPEXK-
Hee, yCTaHABJINWBAET TPAHUIILI IPUMEHUMOCTH Hal/IeHHBIX
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panee cootnomenuii. Cyapba acdupa — ybeauresabHOe
HO/TBEPK/IEHIE STOMY.

B nauase XX Beka ka3asoch, YTO Bce CBOMCTBA IIyCTOTbI
OOBSICHSIOTCST TPABUTAIIMOHHBIMU M 3JIEKTPOMATHUTHBIMU
B3aumo/eiicrsuamu. Ho usyuenune aroMubIxX gjep okasa-
JIO, 9TO CYTIECTBYIOT CHJIbI, YA€ KUBAIOITIe HEHTPOHBI 1
IPOTOHBI B s/ipe,— sjiepHble cuabl. V ¢ TOUKM 3peHus
GJIUBKO/JIENCTBIST UX TOXKE HYIKHO PacCMaTpUBaTh Kak
oco6oe, HANPSPKEHHOE COCTOsIHNE BakyyMma. Bakyym o6o-
raTujcs eie OJHUM CBOICTBOM.

Korga k 2J1eKTpOMaruuTHOMY TIOJTIO U K TIOJISIM, OITHCHI-
BAIOIUM, HATIPUMED, Mapy YacTHUIl SJTEKTPOH — TO3UTPOH
WM TIPOTOH — AHTUIPOTOH M TaK Jjajiee, NPUMEHUJIN
KBaHTOBYIO MEXaHUKY, OKAa3aJOCh, YTO B ITyCTOTE IIPOYC-
XOJISIT HETIPEPBIBHBIE KOTE6AHNUS 9TUX MOJEH, POKAAIOTCS
1 MCUE3al0T 3JIeMEeHTapHbIe YaCTHIIBL. .. [IpH cTokHOBEHN-
X HYKJOHOB (HEHTPOHOB M IIPOTOHOB) M3 ITyCTOTbI BO3HNU-
KaeT IIeJBbIIl CHON Pa3JNYHBIX YacTHIl. BakyyMm TOJ0H
yacTuramn!

Y AUBUTENBHO CIOKHYIO U MHTEPECHYTO CPEILY — BaKyyM
— MOXHO ObLJIO Obl CHOBA Ha3BaThb 3UPOM, eciu Obl He
60s13Hb TyTaHWIIBI ¢ HAaUBHBIM monstueM XIX Beka.

KBaHTOBas MexaHunka BaKyyMHbIX Mosnen

Bes HeKOTOPBIX MHUHUMAJBHBIX CBEEHUI O KBAHTOBOIL
MeXaHWKe HeJb3sl COCTaBUTD Jaske rpy6yio (PU3HIEeCKYIo
KapTUHY SBJIEHWUI, MPOUCXO/ANINX B BakyyMme. [loatomy,
MPEsK/Ie YeM TOBOPUTD 00 YIMBUTEIBHBIX CBOMCTBAX BaKy-
YMHBIX TIOJIEH, HaM TIPHU/IETCS] HEMHOTO OTBJIEYHCS U TIOTO-
BOPHTDH O TOM, K KaKUM pe3yJabTaTaM MPUBOUT ITPUMEHe-
HUEe KBAHTOBOW MEXaHWKHW K CUCTEMaM, KOJEOIONUMCS
OKOJIO TOJIOXKEHUsI PaBHOBecus. Takue CHUCTEMBI YACTO
BCTpeYaloTcss B Gu3nKe U HA3BIBAIOTCS OCIIJLISTOPAMMI.
Kax 6br Hit GbLT KOHKPETHO YCTPOEH OCIHULIATOP — Oyb
TO MaTeMAaTUYeCKUil MasgTHUK, TPY3UK Ha TMPY)KHHKE,
KOJ1e6aTeIbHbIIl KOHTYD, — €ro 9HEPTUsl COCTOUT U3 JIBYX
CJIaraeMbIX: TOTEHIMATbHOW SHEPrHH, ITPOMNOPIHOHAID-
HON KBaJpary HEKOTOPOW BEJIWYUHBI, KOTOPYIO MOKHO
Ha3BaThb «06OOIEHHOI KOOPAMHATOIY, ¥ KIMHETHYECKOIT
SHEPIUH, MPOTOPITMOHATBHON KBaJPaTy CKOPOCTH HM3Me-
HEHWS 3TOH «KOOPAMHATBI». /Ly rpy3uka Ha Mpy>KUHKE
«00600IIeHHas KOOP/IMHATay — CMeIleHNe IPy3uKa OT TI0-
JIO’KEHUSI PaBHOBECHUS, s KOJe6ATeJbHOTO KOHTypa —
3aps Ha o6kJaanKax KoHmaencatopa. Koaddunuenr mpo-
HOPIMOHATBHOCTH B KUHETHYECKON DHEPTUU OIPEeisieT
«0000OIIEHHYI0 Maccy». Mbl HasblBaeM 3TU BEJHUUHDBI
06001IEHHBIMI TIOTOMY, YTO OHU HE 3aBUCAT OT pean3a-
UM OCIUJLIATOPA — <«KOOpAWHATE», KaK BBl BUIUTE,
COBCeM He 06s3aTesIbHO MIMEeTb Pa3MepPHOCTDb JJINHDI.

OcCTaHOBUM MasITHUK — B IIOJIOKEHUH PABHOBECHS €TO
9HEPTUsI MUHIMAJIbHA: U KHHETUYECKas, U OTeHI[MAaTbHAS
SHEPru¥ PaBHBI HYyJI0. Tak BemeT celst KJIACCHUECKUI
ocimsitop. Ho BOT 4TO TIOJIyYnIOCD, KOT/IA K OCIIUJLIIS-
TOpaM TPUMEHWIM KBAHTOBYIO MEXAHUKY.

OnnH 13 BaXXHEUTNX IPUHIMIIOB KBAHTOBOW MEXaHUKHI
— [IPUHITNIT HEOTpeleJICHHOCTH, c(popMyInpoBaHHbIil Bep-
HepoM [eiizen6eprom B 1927 rofy, — racut: HEKOTOPbBIE
(pusnveckue BesUYUHBI HE MOTYT OJHOBPEMEHHO MPUHU-
MaTb OIpejieJieHHble 3HaueHus. MIMeHHo TakuMu BeJndu-
HaMU SIBJISIOTCST «0600IIeHHAs KOOpAMHATaY 1 «0000IIeH-

‘ 01-19.p65 5

i

HBII IMTTYJIbC» — MPON3BeIeHNE «0600TIEHHO MacChl» Ha
«006006TIIEHHYI0 CKOPOCTD» . IIposiestbiBast MbIC/IEHHBIE SKC-
nepuMeHTbI, [eif3eH6epr mpuIes K 3aKII0YeHnI0, YTO YeM
TOYHEE W3MepsTb KOOPAWHATY 3JIEKTPOHA, TeM MeHee
OTIpe/IeIEHHBIM CTAHOBUTCS €TI0 UMITYJIBC, U HA0OOPOT. ITO
— MPUHIUNNATBHOE OTPAHUYEHUE, KOTOPOEe PHUPOoIa Ha-
KJIa/IbIBAeT HA TMOHATHS KOOPAMHATBI U UMITYJIbCA.

Koraa kBanToBas Mexanuka Gblia IpUMeHeHa K OCITUJI-
JIATOPaM, Cpa3y CTaJo ACHO, YTO KMHETHYECKasd U TOTEeH-
IMaJbHas dHEPruy KBAHTOBOTO OCLUMJLIATOPA HE MOTYT
O/THOBPEMEHHO PAaBHATHCS HYJIIO: eci ObI 3TO ObLIO TaK,
TO JIOJKHBI 6BLTH OBl OJHOBPEMEHHO OBITD OIpe/IeIeHbl N
PaBHBI HYJIIO U KOOPJANHATA, W MMITYJbC OCIMJLIATOPA, a
3TO TIPOTHBOPEYNT MPHUHIIUILY HeollpesieJeHHOCTH. KBaH-
TOBBIH OCITUJIISITOP, B OTJIMYHE OT KJACCHUECKOTO, JasKe B
COCTOSTHUM C HaWHu3Mieir sHeprueil He moroutcs. OH
COBEPIIAeT «HYJIeBble K0JIeGAHII» OKOJIO TOJI0KEHUST PAB-
HOBecHus. ITO 3aMeyYaTeIbHOE CBONCTBO KBAHTOBBIX OCITHII-
JIATOPOB XOPOIIO MPOBEPEHO HA ONbITE W YPE3BbIYAITHO
BAJKHO [IJISI COBPEMEHHOH (PU3UKH.

Yupyrue kosnebanusi TBEPAOTO Teja, TaK Ke KaK U
K0JIe6aHUST CTPYHDBI, OMUCHIBAIOTCS HAOGOPOM OCITHJLISTO-
POB pas3/MyHbIX yactoT. Ecin yyecTb, 4TO OCHUJIATOPDI
JIOJIKHBI TIOTYNHATHCST KBAHTOBOI MEXaHUKe, TO TIOJTYUNT-
Cs1, 4TO TIPH a6COTIOTHOM HYJIe TeMIIePaTyPhl IPOUCXOAT
HyJIEBBIE YIIPyTHE KOJIeOaHUS — aTOMBI TBEPOTO TeJa He
HETIO/[BIKHBI, 4 YYaCTBYIOT B <«HYJEBBIX KOJCOAHMSIX>.
ITO TOATBEP/IUIIN OTIBITHI TI0 PACCESTHIIO CBETA B TBEP/IBIX
TeJaxX MpU HU3KUX TeMIIepaTypax.

DJIEKTPOMATHUTHDBIC BOJIHBI B IIYCTOTE TOXKE MOXKHO
paccMaTpuBaTh Kak pe3yJbTaTt Kosebanuii Habopa OCIuI-
asaropoB. [IpencraBum cebe, 4TO MEXKIY TTapaJiie IbHbIMU
MeTaTMIeCKUMY 9KPAHAMHU, TIePIEHNKYISIPHO UM, 06pa-
30BaJjIach CTOSAYAs 3JIEKTPOMArHUTHAS BOJIHA — OHA II0JIY-
YUTCS, €CJIU MEK/Ly 9KPaHaMU yKJI/[bIBAETCA 1[eJ10€e YUCJI0
nosryBosTH. CTosT9ast BOTHA BO3HUKAET B Pe3yJbTaTe CJIo-
JKeHNsT GETYNIX BOJIH, OTPAKAIONIIXCS OT JIEBOTO M TIpa-
Boro akpanoB. Iloxoskast BoJiHa BO3HUKHET B OOBIUHOI
CTpYHE — JIepHEIIb CTPYHY, IO HeH TO6eryT BOJIHBI,
OTPA3ATCST OT MECT 3aKPeTJIeHNs], I YCTAHOBUTCS CTOSTIas
Bosina. [Togo6Hoe ske TIPOMCXOAUT U B OPTraHHOIl TPyGe.

HamnpsskeHHOCTD 3JeKTPUYECKOTO IO B CTOIYEH JIeK-
TPOMArHUTHOI BoJiHe Gy/IeT TEPHOAUIECKU KOJIe6ATbCs —
nepeji HAMU CHOBA OCIIMJLIATOP. B KavecTBe «06006111€HHOIT
KOOP/JIMHATBI» TAKOTO OCIUJLIATOPA MOKHO B3SThb HAIPs-
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JKEHHOCTD 9JIEKTPUYECKOTO TIOJIST B KaKOW-TMO0 TOYKe
(Hanpumep, B TOUKe, T/le aMILTATYa KoJeOaHuii Hanps-
JKEHHOCTH MaKCUMaJjibHa). «IMITyJbcOM» JIOJIKHA OBITh
BeJIMYMHA, MTPOTIOPIIUOHAIbHAS CKOPOCTH NU3MEHEHMS «KO-
Op/JMHATbI», IMEHHO TaKas BeJIMYMHA — HAIPSKEeHHOCTh !
MarHuTHOro mnoJisi. Ho pas «koopaumHaTay U <«UMITYJIbC»
KBaHTOBOTO OCI[UJLJIITOPA HE UMEIOT OJHOBPEMEHHO Ollpe-
JIeJIEHHBbIX 3HAYE€HUI, 3HAYUT, SHEPIUH IJEKTPUUECKOTO
(«moTeHnMAaIbHAS> SHEPIUs) U MATHUTHOTO ( «KHHeTHIec-
Kast» 9HEPrusi) MoJieil He MOTYT OJJHOBPEMEHHO PABHATHCS
HYJTIO.

[lasxe ecnu B IpOCTPaHCTBE HET HU OJTHON YaCTUITHI, HU
OJ/IHOTO KBaHTa, 3JIEKTPUYECKUE I MArHUTHbBIE TI0JISI COBEP-
nralot HyJseBble kosebanud. [locaenoBaresbHoe TpuMeHe-
HUE KBAHTOBOM MEXaHUKHM K 3JEKTPOMATHUTHOMY IIOJIO,
B3aUMO/IEHCTBYIONIEMY C 3JIEKTPOHAMHU, OBLJIO HAYaTO B
konie 20-X rojioB <mpomwioro Beka> B paborax [losst
[lupaka u 3aBepiieno yepes 20 et pu3mKaMu-TeopeTHKa-
mu P. @etiamanom, 0. IIsunrepom, C. Tomonaroii, D. /laii-
coHOM. BO3HWK HOBBII paszies TeOpeTHuecKoil pusnKm —
KBaHTOBas JIEKTPOJIMHAMUKA, KOTOPasi I03BOJINJIA ¢ 6OJIb-
ITIOH TOYHOCTBIO OTICHIBATD BCE TTPOIIECCHI B3ANMOEHCTBIS
9JIEKTPOHOB MEK/Y OO0l U € 9JIEKTPOMATHUTHBIM TOJIEM.

HyeBble kosebanus 2J1eKTPOMArHUTHOTO T0JIST 3aCTaB-
JITIOT IPO3KATD 3JIEKTPOH, IBUKYIIUNCS B aTOME, — OH KaK
6bl TIPEBPAIIAETCS B IMAPUK C PAJANYCOM, PABHBIM aMILIU-
tyne apoxanus. Ho mapuk ciabee B3amMo[eiicTBYeT ¢
SJIPOM, UeM TOUEUHbII 3JIEKTPOH. B pe3ybTaTe aHepreTu-
YecKHe YPOBHU aTOMa CJIEeTKa C/IBUTAIOTCS 110 CPABHEHWIO
CO 3HAYEHMSIMW, BLIYMCJEHHBIMU Ge3 ydeTa JPOXKaHus.
ITO SBJIEHNE HA3BIBACTCS «JIOMOOBCKUM CABUTOM» — TIO
UMEHU BIIEPBbIE HKCIIEPUMEHTAIbHO HaOJIO[ABIIEr0 €ro
Y.JIam6a. KBanroBast a7IeKTPO/IMHAMUKA 1TO3BOJISIET Pac-

! IIxomvmuru snaxomsl ¢ Opyeotl cUI080T XAPAKMEPUCTNUKOL
Maznummnozo noas — maznumnou undyxyuei. (Ipum. ped.)
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CUUTATD JIOMOOBCKHUIT CABUT C OTPOMHOI TOUHOCTBIO. [loty-
YyaeTcs yAUBUTEJbHelIIee COBIA/IeHNe C JaHHBIMU, Haii-
JAE€HHbIMHN Ha OIIbITE.

Eme omHO cBO#CTBO KBAHTOBOTO OCIMJIIATOPA — €rO
9HEprus U3MEHSETCST MOPIUSIMI BEJMYUHON 7V , The 7 —
nocrogunasd [lmanka, a V — dacrora KoyieOaHuil COOTBET-
CTBYIOI[ETO KJIACCHYECKOTO OCIMJLIATOpA. B mpuMeHeHNn
K JIEKTPOMArouTHOMY IIOJIIO 3TO O3HAYa€T, YTO IHEPIrUsid
3JIEKTPOMArHUTHOTO OCIUJIISATOPA C ONpEe/IeJeHHON IIu-
HOIT BOJIHBI A ¥ YacTOTOil V = ¢/A TOXe HM3MEHSIeTCsT
noprsiMu v . Korzpa asHeprusi BOHbI U3MEHSIETCST Ha
O/IHY TOPITHIO, TOBOPST, YTO <«IIOSIBUJICSI KBAHT 3JIEKTPO-
MAarHUTHOTO IT0JisT» . B 6eryIieil a/ileKTpOMarHuTHOI BOJIHE
O/THOBPEMEHHO C YBeJMYeHNEeM dHepruU Ha BEJUYUHY /v
YBEJMUYMBACTCS U UMITYJIbC Ha BeaudyuHy hAv/c. Takum
006pasoM, B GeTyIieil BOJTHE KaXK/Iblil KBAHT UMEET SHEPTUIO
hv nummyase p = hv/c . MOXHO CKasaTb, 4TO KBAHTOBOE
1oJie oruchiBaeT Habop yactuil — (GoTOHOB (Tak HA3BIBAIOT-
cs KBaHTBI Oerymieil 5JeKTPOMAarHUTHOH BOJHBI) — C
PAa3HbIMU SHEPTUAMU U UMITYJIbCAMU. B stoM 1 cocTosa
TUIIOTE3a CBETOBBIX KBAHTOB, PAa3BUTad DWHINTEHHOM 32
20 ner o Toro, Kak oHa OblIa JOKa3aHa KBAHTOBOII
2JIEKTPOITHAMUKOIA.

B pesysbraTe KBaHTOBAHUS MOJISI CAMO OG0 BOZHUKJIIO
MOHSATHE YACTHIIBI KaK XapaKTEPUCTHKU BO3OY KIEHUS
9JIEKTPOMArHUTHO BOJIHBI C OTIpe/ie/IeHHON JmHoil. Tax
6bLTa pereHa mpobieMa «/Iyaan3Ma BOJTH-YaCTHIl> . Y In-
BUTEJIbHad NJ€4 — BOCIPUHUMATDb YaCTUIIbI KaK KBAHTOBbIE
COCTOSTHHSI OCIIMJIJIITOPOB HEKOETO IOJIST — OKas3aslach Ha
PEIKOCTD TLIOAOTBOPHOM. OHA MPOHU3BIBAET BCIO COBpE-
MeHHyI0 TeopeTmueckyto ¢usnky. llose okasasoch mep-
BUYHDbIM IIOHATUEM. SJICMBHTaprIe YaCTHUIbl BOSHUKAIOT B
pe3yJabTaTe €ro KBaHTOBaHUA.

[TpuMenenne KBaHTOBOW MEXaHUKU K TOJISIM, OTIMCBHIBA-
I01UM He (DOTOHBI, a APYTUe YaCTHIIbI, HAIPUMED JJIEKT-
POHBI ¥ TIO3UTPOHBI UJIM TU-ME30HbI, IPUBOJAUT K OYE€Hb
MIOXOJKEMY pe3yJbTaTy. B mycrore cyIiecTByIOT HyJIeBble
KOJ1e6aHUST 3JIEKTPOH-TIO3UTPOHHOTO HJIU TTHOHHOTO TIOJIS 1
BOOOGIIIE TOJelf BCeX BO3MOKHBIX YACTHIl. JTH HYyJIEBBIE
KOJICOAHNS TTPOSIBIISTIOTCS B TOM, UTO B BAKYYME BOBHUKAIOT
7 MICYe3alI0T Maphbl «JacTUIa — AHTHYACTUIAY : DTEKTPOH —
MO3UTPOH, HYKJIOH — aHTUHYKJIOH... Bakyym HamoJiHeH
TaKNMMU HE BIIOJIHE POJUBIINMUCA, OépaSyIOHII/IMI/ICH n
ncuesaiommumn 4aCTullaMu — OHU Ha3bIBAlOTCA BUPTYaAJib-
HbiMi (BO3MOKHBIMIL) . HO CTOUT B BaKyyMe CTOJIKHYTHCS
JIBYM HYKJIOHAM WJIU 3JIEKTPOHY C MO3UTPOHOM, KaK BUP-
TYaJIbHbIE YACTUI[bI MOTYT MPEBPATUTHCS B PeaybHble —
[IPU CTOJIKHOBEHUSX POKIAIOTCS HOBBIE YACTHIIDI.

* %k

MpbI pacckasaiu JIUNIb O MaJON YacTh Y/IUBUTEJIbHBIX
CBOMCTB ITyCTOTBI. B mocJieiHme TObI CTaIo N3BECTHO, UTO
B IIyCTOTE TIOJ] BJIWSHUEM BHENTHUX TOJEN WM BBICOKON
TeMIepaTypbl MOTYT TPOUCXO/NUTH IEPeXO/bl B JAPyrue
COCTOsIHUS, TI0/J0OOHO TLIaBJEHUIO TBeP/bIX Tes. Ho camoe
3aMevaTeJbHOEe — 3TO <«HYJIeBble KOJCOAHUS» TeOMETPH-
YECKUX CBOMCTB MPOCTPAHCTBA, KOTOPbIE, BO3MOXKHO, Jla-
JIyT KJIIOY K TIOHUMAHWIO CBSI3U CHUJI TATOTEHUS C PYTUMU
CUJIAaMU TIPUPO/IBI.
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nnote3a KHe3epa
N TONONOrN4Yecknii MeToL,
B KOMOMHATOpUKE

A.PAUTrOPOLCKUU

1. BBepgeHue

Kom6unatopuka — 3TO OJMH M3 CAMbIX YBJEKATEJb-
HBIX pas/IeJioB COBpeMeHHO#W Martemartuku. WV oxwn u3
cambIx OypHO pasBuBaiomuxcs. Ecau emte kakux-to 100
JIET Ha3aJl MOKHO ObLJIO CKa3aTb, YTO KOMOMHATOPUKA —
3TO HaOOp KPAaCUBBIX, HO PA3PO3HEHHBIX YTBEPKIAEHUN O
nepevncieHnn 00beKTOB TOTO WJIM MHOTO BHUA, TO CEM-
yac KOMOMHATOPUKA — HTO IIOJHOIIEHHAs JUCIUILINHA,
KOTOPasi MOCTENEHHO BbIPAabaThIBAET CBOI COOCTBEHHbIN
SI3BIK W CUCTEMY METOJ/IOB, TIO3BOJISIONINX COOMPATh BOeE-
JINHO BCe TO MHOrooOpasue 3ajlad, KOTOPble COBCEM He-
JIABHO Ka3aJMCh HUKAK HE CBSA3aHHBIMU MEKIY COOOI.

Korga roBopsaT 0 KOMOMHATOPHBIX METOAX, OOBIYHO
BCIIOMUHAIOT TOJIBKO METOJ/ TTPOU3BOAAIINX (DYHKITHI,
KOTOPBIH JIefCTBUTEIBHO WIPAeT OTPOMHYIO POJb IPHU
pelieHny nepeyucaumenviolx 3agad. OJHaKO He MeHee
3HAYMMbl B KOMOMHATOPUKE U 33/J[aUU IKCMPEMATbHbLE,
T.e. 3a/laudl OTBICKaHWg HamOoabuxX (HaMMEeHbIINX) B
TOM WJIM WHOM CMBICJIE€ cucTteM 00beKkToB. M 31ech, KO-
HEYHO, Mpou3BosInue GyHKINN HU K yeMy. VX 3aMeHs-
10T WHCTPYMEHTBI, KOTOPbIE TOSBUINCH GYKBAJIBHO B ITOC-
Jgepnue gecarunerus. Cpeiu HUX GEPOSAMHOCMHBIL Me-
moo (cum. [1], [2]), aktuBHO paspabaTbIBaeMBIil C cepe-
quapl XX Beka (Bo MHOroM Omarogaps KJIACCUKY BEH-
repckoil u MupoBoil komGuuatopuku Ilony Ipaenry),
aunetino-arzebpauueckuii memod (em. [3]), BosHuKIIMiL
U BOBCE OKOJIO TPUIIATH JIET HA3aJ, W MON0JI02UUECKULL
Memod — METOJ CTOJIb K€ MOJIOJIOW W B TO K€ BPeMs
CTOJIb K€ TIePCIIEKTUBHDIN.

B aroii cratbe MbI XOTHM paccKaszaTb 00 UCTOPUUYECKU
1epBoi 3aj1aue, KOTOpas Oblja pelieHa ¢ MOMOIIbIO TO-
ITOJIOTUYECKON TEXHOJOTUU. ITO TaK Ha3bIBaeMasl 2uno-
me3a Kuesepa, chopmynmpoBanHas MapTtuHoMm Krese-
poMm B 1955 rogy m nokasannas Jlacio Jlosacom B 1977
roay. Ilapoc B TOM, 9TO MOCTAHOBKA 3a/1a4M WCKJIOUYH-
TEJBHO MPOCTa W JOCTYIHA NIKOJBbHUKY, a pEIIeHue ee
BBIXO/IMT /IAJIeKO 3a PaMKHU IIKOJIbHON nporpaMmbl. Tem
He MeHee, Mbl ITOCTPOUM CTAThIO TaK, YTO TPAKTHUYECKH
BCe B HEW TIPU JKeJAHUU CMOXKET TIOHATH 3aMHTEPECOBAH-
HbII cTapiekjgaccHuk. Haia menb — Ha mpumepe oiHOI
KOHKPETHOW 33/1aui TPOJIEMOHCTPUPOBATDh CUJIy U KPaco-
Ty TOIMOJIOTHYECKOTO METO/A: PACCYIK/IEHNE, KOTOPOe MbI
B KOHEYHOM CYeTe TPOBEEM, 9TO MOMCTUHE JKeMUYKUHA
(cp. [4]) XOMOMHATOPUKH, OAHO M3 CAMBIX 3JIETAHTHBIX
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pacCysK/IeHU B MaTeMaTHKE, KOTOPbIE U3BECTHBI aBTOPY.
W 3HAYMMOCTH €ro He TOJIBKO B UCKJIOYUTETHHOM WU3si-
IIECTBE, HO U B TOM, YTO OHO KaK HeJb3sl JIydllle CBUjIe-
TEJIbCTBYET O €INHCTBE MATEMATUKH: 3a9acTyIO IIyGOKOoe
3HAHKE OJ[HOTO TIPE/IMETA TIO3BOJISIET IOCTUYb HEO KU/ [aH-
HO SIDKUX PE3yJIbTATOB B COBEPIIEHHO WHOH 06JaCTH;
UMEHHO TaK BO3HUKAIOT METO/IBI.

Or™MernM, 4TO UMeeTCst TIpeKpacHas Kaura [5], B Koto-
poii aercst 0630p HEKOTOPBIX Hawbosee yrnoTpeGuTeb-
HBIX TOIOJIOTHYECKUX METO/0B B KoMOHHATOpuKe. [Ipas-
Jla, 9Ta KHWUTa JIOBOJBHO CJOXKHA JIJISI [IEPBOTO UYTEHUS.
[Toatomy BecbMa mosie3HbIMU GyayT Tak:ke KHUTH [6] u
[7], Mo KOTOPBIM MOXKHO TIOJIYYUTH HATJISITHOE MPE/ICTaB-
JIEHHE O CaMOil TOTIOJIOTHH.

2. NMonapHo nepecekatowmecs MHOXeCTBa
1 BO3HNKHOBEHME rUnoTesbl

PaccmoTpuM 11pou3BOJIbHOE HATYPAJbHOE YUCJIO N U
muoxectBo R, ={1,...,74 . Iycrp (K={K1,...,ch} -
COBOKYITHOCTD BCEX k-3JEMEHTHBIX TOMHOKECTB MHOKE-
ctBa R, . HbiMu caoBamu, Kaxaoe K; — 3To MOJAMHOXKe-
CTBO MHOKecTBa R, , mMeroiee MouHocTh R. [loguepx-
HEM, 4TO KaK/[0€ TI0JIMHOKECTBO 0603HAUEHO Y HAC 0ObIU-
HOT 3araBHOM 6YKBoit K, a COBOKYITHOCTD ITOJIMHOKECTB
0003HAUEHA «KPACUBOIi» 3arJiaBHOI OYKBOW K .

B 1955 roxy KHuesep ycTaHOBWJI CJeLyIONUI OYECHD
mpocToit (haxr.

Teopema 1. Ilycmov k< g Tozoa cosoxynnocmv K

MOXKHO npedcmagumv ¢ eude ob6sedunenus n — 2k + 2

CO6OKy7’lHOC7’I’l€?1, d/eMenmol KaKO0U U3 Komopuwlx nonap-
HO nepecexarmcs. Hnaue 2060p4,

K=K U...UK, 2542, (1)
npuuem 0ns mo6ozo i O{1,...,n= 2kt X u mobwix deyx
muosxecme K,, K, OK; evinoaneno K, K, # 0O .

[ToHATHO, OTKY/1a B351JI0CH YCJI0BUE k < g . Bo-nepsnix,

n
npu k > 5 BeJUYnHA 7 — 2k + 2 cTaHOBUTCS He (GOJIbINE

€/IMHUIIbI, YTO B KOHTEKCTE COOTHOIIECHMA (1) HeJenio. Bo-

BTOPbIX, IIpU TaKOM k mr06bIe JABa MHOJKeCTBa M3 camoit
COBOKYITHOCTH K WUMeroT HEITYCTOE 1epeceuyeHne, Tak 4To
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1 BIPSMb F'OBOPUTH O KaKOM-100 obbeantenun suga (1)
CMbICJIA HET.

CosokynuoctH, nofgo6ubie Ky, ..., K, sp4y, T.€. COCTOSI-
e W3 TOMAapHO TEePeceKaroInXcsi MHOKECTB, UTPafoT
OTPOMHYIO POJIb B CAMBIX Pa3HBIX 00JACTSIX KOMOWMHATOP-
HOI MaTeMaTUKN U ee TPUJIOKeHni. Hampumep, nX MOXKHO
HHTEPIIPETUPOBATh KAK K0Obl CO CPABHUTEIHHO HEGOJIb-
MM paccmosanuem XaMMmuneza Mexay JIOOBIMI IByMS
K0006biMU C06aMU. B Teopun KOANPOBAHMS OHU MTIPOKO
PacIpoCTpaHeHbl.

JlokazatesibcTBO TEOpPEMbI 1 UCKITIOUNTETLHO JIETKOE, HO
MBI TIPUBE/IEM €T0 BO BCEX MOIPOOHOCTSIX.

[oxa3areabcTBO TeopeMsl 1. B KayecTBe COBOKYITHOCTH
J; BO3bMEM COBOKYIIHOCTb, cocTosllyIo u3 scex K, DK,
KOTOpBIE cojiepskatr ajeMeHT 1 MHOkecTBa R, :

K, ={K,0K:0 K} .

OyeBu/IHO, MHOKECTBA, MPUHA/JIEKAIINE COBOKYITHOCTH
J{, HONAPHO IIEPECEKAIOTCA — KaK MUHUMYM, 10 3J1€MEH-
Ty 1. Anajoruyno, I0JI0KUM

Ky, ={K,O0K:D K}, ...
cey %n—2k+1 :{Ka OK:n 2k+ 1O Ka} .

Kaxne MHOKeCTBa U3 COBOKYITHOCTH K elle He 3a1efiCTBO-
BaHbl? Pasymeercs, Te, KOTOPbIE IIEJUKOM COJIEPIKATCS B
muoskecTBe {1 =2k +2,...,1 . DTO MHOKECTBO UMEET MOIIL-
Hoctb 2k — 1, u, crano 6bpITh, J0ObIE 1BA €r0 R-3JI€EMEHT-
HBIX MTOJMHOKECTBA TIepeceKaTcsi. B uTore Mbl BOJHHbBI
[IOJIOJKUTD

Kyooprr ={K, OK: K0 {n 2k 2.1},
u Teopema 1 jokazana.

OtMeTuM, 4TO CyTh JIOKA3aTeJbCTBA TEOPEMbI He U3Me-
HUTCSI, JaKe ecJu Mbl 1morpebyeM, 4ToObI st JIOOBIX
L,j0{t...,n- 2k } | i#j, O6bino BHIIOAHEHO
;N K;=0. [Ipocto Torpa Hajmo 6Gpathb

Ky ={K, OK:D K} \ Ky,

Ky ={K, OK:3 K} \ K; \ Ky,...
B atom cayuae nanuiem
K =K. UKy opeo s 1)

MOTYEPKUBAS € TIOMOIIBIO 3HAUKA « LI », YTO 0Obe/[MHEHNE
(1) reneps dusstonxmioe, T.€. ero JEeMEHTbI OTIAPHO He
[ePeCceKaroTCsl.

IIpu Bceit pocToTe JI0Ka3aresbcTBa TeopeMbl 1 yio6bie
HOMBITKY YTOYHUTD €T0, T.€. 3aMeHUTb BEJUUUHY 7 — 2R +
+ 2 ma 4ro-1M60 MeHblllee, HE TPUBOIAT K yCIexXy, U
YyHUTaTeJb MOXKET caM, BcJiel 3a KHesepom, y6emuTbes B
aTOM. BosHuKaeT JIIOGOIBITHAS TUTIOTE3A.

Tunoresa. Cosoxynnocme K Heav3st npedcmasumo 6
suoe obsedunenus n — 2k + 1 cosoxynnocmeil, siemenmol
Kax00t U3 KOMopvLx NONAPHO Nepecexamcs.

9710 n ectb runore3a Kuezepa. Tenepp HamM mpeacTonT
MOHATH, KaK OHa CBsI3aHa C Teopuell TpadoB, mouemy
0o6bIYHble KOMOMHATOPHBIE CPEJICTBA HE TIOMOTAIOT €€ JI0-
Ka3aTh U KaKyiO POJib B ee JOKAa3aTeJbCTBE UIPAET TOIO-
JIOTUSI.
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3. Hebonbluom 3KCKypcC B Teopuio rpacdoB
1 nepedopMynmMpoBKa rmnoresbl

Mpt nipeainosiaraeM 3HAKOMCTBO YUTATEJIS C TIPOCTEUTITH-
MU TIOHSTHAMHI Teopuu rpadoB, KOTOpbIE JErKO HaiiTH,
Hanpumep, B knure [8]. Tem He Menee, JaBaiiTe akKypaTHO
JIOTOBOPUMCS O TOM, YTO Takoe zpagh. B aToit craTbe Mbl
6y/leM CUUTaTh, 4TO y rpada He MOKeT GbITh HHU TIeTeJlb, i
KpaTHbIX peGep, Hu opueHTaluu. VIHbIME cJIoBaMu, rpad
— aro mapa G = (V, E), B koTopoil V — 3T0 KOHEYHOe
MHO3KEeCTBO gepuiui, a E — ato moGoii nadop pebep {x, 1} ,
x,y 0V, c yenosusvu: (i) {x,24 D E (uer nerenn); (ii)
kaxsas napa {x, 3} Bxoaut B E e Gonee oanoro pasa (net
KpaTHbIX pebep);

Gii) {x 3 H v}

(ner opuenTanun).

Wzob6paxkars rpadb

MbI Gy /1€M COBEPIIIEH-

HO CTAHJAPTHO — TOY-

kamu u coeuusion- A6 7

mu ux orpeskamu (i ayramu). CkaxeMm, Ha pucyHke 1
NIPUBE/IEHDI ITPIMEPbI HEKOTOPBIX BO3MOKHBIX N300paske-
HUiT mostHoro rpacda K, , T.e.
rpada, y KOTOpOTO Ha YEThI-
pex BepIInHaX TPUCYTCTBYIOT
(«1rpoBeieHpI» ) BCE BO3MOK-
Hble mectb pebep. Ha pucyn-
Ke 2 yKazaH 00beKT, KOTOPBIi
Mbl B JasibHelieM rpadom
cuuTarhb He Oy/eM.

Ham nonago6srcst Tpu TeCHO CBSI3aHHbIE MeKIY cO60I0
«9KCTpeMasbHble» XapaKkTepucTuku rpada.

Hasosem uuciom nezasucumocmu rpapa G = (V, E)
pesuuniy O (G), paBHYIO pasMepy caMOro GOJIBIIOTO
MHO’KeCTBa BepIINH rpada, BHYTPH KOTOPOTO OTCYTCTBY-
10T pe6pa. Jlo6oe Takoe MHOKECTBO Ha3bIBACTCS HE3ABU-
CUMbIM, W WIMEHHO OTCIO/Ia WJET Ha3BaHUE BEJUYHHDBI
C((G). Ha pucynke 3 mpuBeieHbl mnpumepbl rpados ¢
YHCJIaMI HE3aBUCUMOCTH 2 1 3 COOTBETCTBEHHO. B mepBoM

Puc. 2

Puc. 3

cJlydae He3aBUCUMBIX MHOKECTB MAKCUMaJIbHOW MOII[HOC-
TH 2, BO BTOPOM — 3.

HasoseM kaukosvim yuciom rpada G=(V, E) Besmuu-
1y w(G), paBiyto pasMepy caMoro GOJIbIIOTO MHOKECTBA
BepimH rpada, BHYTPH KOTOPOTO IIPOBE/IEHbI BCe pedpa.
ITO BEJMYKMHA, B HEKOTOPOM CMBICJIE ITPOTUBOIOJIOKHAS
ey HesaBucuMmoctu. [lefictBurenbrO, ecam B rpade G
YAQIUTh Bee pe6pa U MPOBECTH BMECTO HUX Bee Te pebpa,
KOTOPBIX B G He 6bL710, TO osydutcsi rpad G , y KOTOPOTro

(o(a) =a(G) u a (6) = w(G) . ®axruueckn, w(G) —

03.05.11, 15:04
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9TO KOJIMYECTBO BEpUIMH B JH0O60M MakcuMaibHOM (1o
uncay BepiinH) moaHoM noarpade rpada G. VImeHHO
TaKOW TOJIHBINA TIoArpad M Ha3bIBaeTcs KAuxol B rpade.

Hasosem xpomamuueckum uuciomn rpadpa G = (V, E)
sesmuuny X (G), paBHyl0 MUHUMATBHOMY KOJMYECTBY
I[BETOB, B KOTOPbIE MOXKHO TaK TTOKPACUTDH BCE BEPITIHDBI
rpada, 4To6bI KOHIIBI JTI060TO pebpa MMeJIN Pa3Hble 11BETA.
W3 ompenenieHng BUAHO, YTO KKIBIN 1IBET — 3TO HE3aBU-
crMoe MHOKecTBO. TakuM 06pa3zoM, XpOMATUIECKOe YIC-
JIO — 3TO ellle ¥ HaWMeHbIllee KOJMYECTBO HE3aBUCUMbIX
MHOKECTB, Ha KOTOPbIE MOXKHO Pa3buTbh MHOKECTBO Bep-
mmH rpada.

W3 mocieanero paccysKIeHUs SICHO, YTO UMEET MeCTO

1% .
HepaBeHCTBO X (G) > |—(|} . JlelicTBUTEIBHO, JayKe eCcJn

cieaTh KasKIblil 1IBET MaKCUMAJ/IbHbBIM 110 MOIHOCTH, TO
aTa MOIIHOCTb Gy/eT paBHa O (G), U, crano ObITh, gake
VI

G
nepasenctBo X (G) = w(G), Beab Ha MOKPACKy BCETo
rpada yiijier HIKaK He MEHbIIE IIBETOB, YeM Ha TIOKPACKY
JIO0OM KJIMKN B HEM. A Ha KJIUKY HY’KHO CTOJIBKO IIBETOB,
CKOJIbKO B HEM BEPIITHH.

Kaxkoe ke Bce aT0 nMeeT oTHOIIIeHNE K THIOTe3e KHese-

pa? Ceiluac Mbl BBeJeM B PACCMOTPEHUE KHE3ePOGCKUL
epagh, n Bce OKOHYATEBHO TPOSICHUTCS.

B TAKOM CJIydyae ToTpe6yeTcs useros. Emie npoie

Wrak, myctp mo-npeskaemy nON, k s%. Haszosem
kHeseposckuM rpad KG, ) = (V,E ) , Y KOTOPOTO

V=K, E={{K, K} : K, K, 0K, K,NK,=0} .

WupIMu cJioBaMu, BepITMHAMI KHE3EPOBCKOTO Tpada cJry-
JKaT k-3JIeMEHTHbIE MOJMHOMKECTBA MHOXKecTBa R,, a
pebpa KHe3epoBCKoro rpada 06pa3oBaHbl TapaMu Hellepe-
CEKAIONMXCS R-3/IEMEHTHBIX TTO/[MHOKECTB MHOKECTBA R, .

HesaBucnumbie MHOKeCTBA B TakoM Tpade — 3T0, KOHEY-
HO K€, COBOKYITHOCTH, COCTOSIINE U3 TIONIAPHO nepecexd-
rowuxcs muoxects K, 0%, T.e. BakKypaT COBOKYIIHOCTU
tuna Ky,...,K,_gpss - A 3HAUUT, TUIIOTE3A B HOBBIX TEPMH-
HaX 3BYUYUT TaK: XPOMAMUUECKOE UUCILO KHE3EPOBCKO20

epacha paéno n— 2k +2: x (KGnyk) =n -2k +2.Ilpustom

HEPaBEHCTBO X(KGnk)S n—2k+2 ecTb TpHUBHAIbHOE
caepactue cootHomenus (1), u gaumbp oueHka

X (K G, k) > n - 2k +2 gBasgeTcs MpeIoIoKUTebHO. B
Hell Bcs 3arBos/ika.
B mocsexyromux paszienax Mbl HOMPo6yeM YCTaHOBUTD
MCKOMOE HEePaBEHCTBO C TIOMOTILIO CTAHIAPTHBIX OIIEHOK
V]
X(G)z - u x(G)zw(G).
a(G)
npocreiiiiie IpruMepbl KHe3epoBCeKUX rpados (¢ KOHKpeT-
HBIMU 72 1 k).

Ho mpexzae obecymmm

4. HeckonbKo NpOCTbIX MPUMepPOB

Ecth /1Ba MPOCTEHIMX YACTHBIX CJydYasi, KOTOPbIE B
HEKOTOPOM CMbICJIE [POTUBONOJIOKHbBI Py Apyry. B
mepBoM u3 HuX k = 1. Torga BepumHbI KHE3€POBCKOTO
rpada (t.e. rpada KG, ) cyTb 0/iHO2/I€EMEHTHBIE MHOKE-
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crea {}{}P ,... OR,. Pasymeerca, stu muoxecTsa I10-
IIAPHO HE IIepeceKaloTcsi, Tak uTo peépa B rpade KG,
COEJIMHSTOT KaXk/Ible /iBe Bepinuibl. Muave roBopsi, rpad
KG,; — sro nomnpiit rpad K, Ha n Bepumuax. Ero
XPOMAaTHYECKOEe YUCJIO PABHO 72, U 9TO IPEKPACHO COTJIacy-
eTcsi ¢ THIIOTE30i:

X(KG,1)=x(K,)=n=n-20+2.

n
Bo Bropom cayuae k = 5 (3/16CH MBI CUUTAEM, UTO YHCJIO

n gerno). Torza xueseposckuii rpad KG,,, /2 Tpe/CcTaB-
JsteT co6oil napocouemanue, T.e. uMeeT BuJ rpada, nzob-
pasKeHHOTo Ha pucyHke 4 (ImapocovetaHneM Ha3bIBAETCS
Habop pebep, HUKAaKKe /[Ba U3 KOTOPHIX HE UMEIOT OOIINX
BEPIIIIH; 9TO CBOETO POJIA He-
3aBHCUMOE MHOJKECTBO pe-
6ep). OUYeBUIHO TeTepPh, YTo

X(I<(;n,n/2):2 =n=2 |j21 +2,

U 3TO CHOBA TIOATBEPKIAET
TUTIOTE3Y. Pac. 4

Ectb eme ouH cHMOATUYHBIN IPUMEP — COBCEM YacT-
HbIi, HO /mo6oMNbITHBINA. IT0 rpad KGs, . Y nero 10 = C52
BEPIINH, SBJSIOMNXCSI TapaMiu 3JeMeHToB u3 1, ..., d.
Ecmm «mpaBmiabHO» n306pa3uTh aTOT rpad, TO MOJIYINT-
cs KapTUHKA, M300paskeHHas Ha pucyHke 5. B teopun

1,2}

{3,4} {4,5}

2\

1,3}

Puc 5 12,5}

rpacdoB aTa KapTUHKA X0pomio u3BectHa. OHA HA3bIBAECT-
cs1 epacgpom Ilemepcena. SIcHO, KOHEYHO, YTO XPOMATH-
YecKOe YMCJI0 TaKoro rpada pasuo TpeM. Bepxmioro oren-
Ky Mbl JJaBHO 3HaeM: X(KGs,z) <5-212+2=3. Hux-
HSIS JKe CJie/yeT XOTsi Obl M3 HAJINYMS HEYETHOTO KA B
HarreM Tpade.

O rpade IlerepceHa MOKHO MMOYUTATD B 3aMeEYaTEIbHON
xuure [8].

5. MpumeHum ouenky X (G) = w(G)

Hy, sro coscem ugerko. /[leiicTBuTesbHO, YTO Takoe
kmmka B rpage KG,,? 9rto, no cytu, mo6oit HaGop
HOIAapHO HellepeceKalo-
IMUXCSA  R-2JIEMEHTHDIX
HO/IMHOKECTB MHOKe-
crBa R, . EcrecrBenno,
TUTMWYHAS KJIWKA BBITJIIAWT TaK, Kak TOKA3aHO Ha pH-

CyHKE 6. N pa3Mep €€ 3aBe/JIOMO He€ IIPEBbIIIACT %E,

Puc. 6
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rjae dvepes [X] Mbl 0003HAYaeM MaKCUMaJIbHOe eJsioe
YnCJI0, HE IIPEBOCXO/dAlIee X. B wurore umeem HEpaBEH-
CTBO

X(KG,.) 2 0(KG,,) = %E_

AGCOIOTHO HIYETO XOpoliero. Bmecro xesraeMoii oreHKu
Buga n — 2k + 2 uMeeM IpUMEPHO B k pa3 Xyaiuit
pe3yJibTar.

CTouT OTMETUTDH €lle OJHO JIOOOIBITHOE OOCTOSITEb-

crBo. lomycrum, R = %E+1 . Torma

W(KG,;) = %E <3,

T.€. B KHE3ePOBCKOM rpade HeT Jiaske TpeyroJbHuKOB. Tem
He MeHee, Mbl BEPUM, YTO XPOMATHYECKOE YUCJIO TAKOTO
rpaca paBHO

n-2 %§+1§+2 >n -2 %jg +1

ITO, HA TEPBBIN B3TJIA/, JOBOJIHHO YAUBUTEJIBHO: rpad
6e3 TPeYroJbHUKOB M CO CKOJIb YTOIHO GOJIBIIUM XPOMa-
TUYECKUM YUCJIOM. YUTO K, TeM MHTepecHee.

+2 :2.
3

\%
6. MpumeHum oueHky x (G) = A
a(G)
3nech ToKe Bce Jerko. Mbl BeJb OTINYHO 3HAeM, UTO
a (KGn k) Cn | = |7(’1| (cM. oKaszaTebeTBO TeopeMbl 1).
A crayo 6bITh, caMoe Jrydlliee, Ha YTO MbI MOJKEM TEIEpb
PaccuUUTbIBATD, 3TO OLEHKA

k
X(KGyi)2 < =

n—1

n
L
Jlasxe ecaii 6BI MBI JJOKa3ajad, 4TO O (K G, k) Cn e
HAM He MOMOTJIO Obl.!

[Tomyuaercst Becbma 3a6aBuasi cutyanusi. O6e u3BecT-
Hble HaM KOMOWMHATOPHBIE OIEHKN XPOMATHYECKOTO YHUCJIa
[IPUBOJAT K IIPAKTUYECKU OJTHOMY U TOMY JKe pesyﬂbTaTy.

9TO

B nepBoM crydae Mbl M€ HEPABEHCTBO X (K Gk ) %H
Bo BTOpOM cjaydyae Mbl TOJYUYUJU HEPABEHCTBO
X(KGnk) k

BCErja IeJI0e, MOYKHO HaINCaTh X(KGnk) ga

. C yueroM Toro, 4to XpOMaTI/IquKoe YUCJIO

[x]— 2TO MUHUMAJbHOE IIeJ0€ UUCJO, HE MEHbLIee X.
Taxkum o6pasoM, Bropasi OlEHKAa TOJbKO HA €JAUHHILY
6oJIbINE TIEPBOI, /la ¥ TO JIUIIb TIPU TeX R, KOTOPbIE He
JIeJIST 1. Masto Mbl TpUOIN3UIIICH K 3aBETHON 1€/, Topa
HEePeXO/IUTh K TOMOJIOTHN.

7. Teopembl Bopcyka—Ynama-JlloctepHuka-—
LUHupenbmaHa

Mbr npejarnoJsaraéM 3HaKOMCTBO 4YuTaTeJsisd € CaMbIMU
azamMmu MareMmarndyeckoro anasusa. llo CyliecTBy, HaM

! 9mom ¢paxm sepen. On nazvieaemcs: meopemout Ipdewa—Ko—
Pado. [loxasameivcmso amoti meopemvl (He 6nosme mpugudivroe)
MOKHO Haumu 6 KHuze [2].
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HY>KHBI JIMIIb CJIEAYION[e COBCeM 6a30Bble OOBEKTHI U
NOHATHA. Bo-1epBbIX, HaM MOTpe6yeTcsi MPOCTPAHCTBO
RY . Bo-BTOpBIX, B 3TOM MPOCTPAHCTBE MbI PACCMOTPHM
chepy. Cdepa — ato, pasymeercs;, TOBEPXHOCTD IMapa.
Ecim pasMepHOCTD Iapa eCTEeCTBEHHO CYMTATh PaBHOM
Pa3MepHOCTH BCETO MPOCTPAHCTBA, TO Pa3MEepPHOCTH cpe-
PBI MOJIaraioT Ha eJMHuily Menbined. CkakeM, KpyT Ha
mnockoctu (B mpocrpanctse R?) — To ABYMepHOE MHO-
JKECTBO, a ero rPaHuIla — OKPY’KHOCTb — OJHOMEPHA: 3TO
TIOMPOCTY OTPE3OK CO CKJIEEHHBIMH KOHIaMH. HoceMy
0603HAYNM TIIAP eI[I/IHI/I‘{HOFO pamyca B R? uepes B?

ero cepy — uepes §4-

d _[o - o2 2
B —{x—(x1,...,xd).x1 +... X 51} ,

g1 :{x = (xpeXy) 27+ H2G :1} )

B-Tperbux, HazoBem A O .S - OMKPBLLNBLM MHOKECTNEOM,
ecJin Jiist io60ro X [ A HaliIeTcst JoCTaTOYHO MaJIeHbKUI
apyK B ¢ IIEHTPOM B X, Y KOTOPOTO BCE TOYKHU, JI€KAIIHIE

Ha cdepe, copepxkarcs 1 B A: (B ns d_l) O A. Hasosem

ADQ St 3AMKHYMBIM, €CJIU ero JIONOJHEeHUe JI0 BCeii
cepbl OTKPBITO.

Eme cienyer umerhb IpefcTaBiieHe O IJIOCKOCTSIX B
MHOTOMEPHBIX TpocTpancTBax. og (zunep )n/lOCKOC?nb?O
MBI 6y/1€M [IOHUMATb AHAJIOT OGBIUHOI TIoCKOCTH B R®
Ecim B R® mio6ast muiockocTs 3agaercst ypaBHEHUEM dX +
+by + cz = m, To B 006lIeM cJy4ae ILJIOCKOCTb — 3TO

MHOJKECTBO
ta;x; = 7’} .

= {x = (x1,...
B 5TOM cMbIcIIe IpsiMast Ha 06bIdHoi 10ckoct R? — a1o
TOKE CBOETO PO/Ia TUIEPIJIOCKOCTb B [IBYMEPHOM IIPO-
crpancTBe. PasMepHOCTDb THIIEPIIOCKOCTH paBHa d — 1.

B 1930 romy JI.A.JTioctepaux u JI.T.IlIaupenbman
JIOKA3aJIH CJIeYOMyI0 3aMeuaTeJbHYI0 TeopeMy.

Teopema 2. [lycmv A,,...,A; — 3amxuymole muoxe-
cmea na cgpepe ST, npunen ST = A, U...U A, . Tozda
00HO U3 MHOXKECNE 00 AZAMETLHO COOEPHKUM NAPY NPOMU-
BONOJIOXKHVIX mouex chepvl, m.e. cyuecmeyem A; u
maxas mouxa X U A;, umo —x [0 A4;.

Teopema 2 B cayuae miockocru (d = 2 ) oyeHb mpocta,
HO MbI JIOKQ)KEM ee B IepPBOM maparpade IocJ/ieHero
pasmena (cm. Takke momyJssipHyio cratbio [9]). Yike
cayvail o6brunoro mnpocrparcrsa (d = 3) coscem He
tpuBuasien. B mpexpacuoit kuure [10] comepsxutcst age-
MEHTapHOe PACCy’KJeHue, KOTOPOoe JOKA3bIBAET YTBEPIK-
nenne teopeMbl 2 ipu d = 3. [l MOJHOTHI KapTUHBI U
60JIbIIIell 3AMKHYTOCTH M3JIOXKEHUST Mbl IIPUBE/IEM TOI06-
HOEe PacCyKJeHue BO BTOpOM maparpade IOCIeIHETO
paszgesa. OO6IuUil caydail 3J1leMEHTAPHOMY U3JIOKEHHIO HE
TOJJIAETCSI, U MBI JIUIIb MOKEM OTOCJIATh 3aMHTEPECOBAH-
HOTO umMTaTes s K KHure [S].

Teopema 2 B HEKOTOPOM CMBICTIE HE MOXKeT OBITh YJIyd-
meHa. A UMeHHO, B Heil Helb3d 3ameHuTb d Ha d + 1.
WNubmMu cioBamu, cdepy S9! Moo nokpeith d + 1
3aMKHYTBIM MHOKECTBOM, HU OJIHO U3 KOTOPBIX He COJep-
JKUT MPOTUBOIOJIOXKHBIX TOueK. B Tperbem maparpade
MOCJIeTHETO Pa3jieia Mbl PACCKAXKeM, ITOYeMY 3TO TaK IIpu
d=3.

Xy ) +
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CTouT OTMETHTD, YTO U3 TIOCJEJHETO OOCTOSTEIbCTBA
(BoaMoskHOCTH TOKPBITH cepy d + 1 MHOKECTBOM)
BO3HUKJIA 3HAMeHNTas rumnore3a bopcyka, o KOTOpoii ecTh
Macca JIMTeparypbl, B TOM YHcJe TomyaspHoit: cm. [10],
[11].

B 1932 roay K.Bopcyk, He 3Has o pabote JltocTepHUKa
n [ITanpesbmana, oKa3as psj yTBepsK/IeHn, PAaBHOCUIb-
HBIX TeopeMe 2. OH UCXO0IU U3 COOOPAKEHIH, BBICKA3aH-
HBIX He32/107r0 710 Toro C.YnamoMm. VIMeHHO 1103TOMY BCe
Bapualliy Ha TeMY TEOPEMBbI 2 IPUHATO ceffuac Ha3bIBATh
Teopemamu bopcyka—Y rama (B 3amasgHOM Tpaf_u/ml/m) n
meopemamu bopcyxa—y rama—JsTocmepnuxka—IIInupens-
mana (B poccuiickoli Tpajaninm).

[lnsa mokasaresbcTBa THOTE3bl KHe3epa Ham moTpeby-
eTCs CJEAYIONNI BapUAHT TEOPEMBI 2.

Teopema 3. ITycmo A,,...,A; — mHoxxecmea na cghepe
S npuuem uacmo uz nux samxuyma, wacmv omxpoima
u S = A U...UA,. Tozdoa 00no uz mmuoxecme 06s3a-
MeabHO CO0EPIKUM NAPY NPOMUBONOLOKHBLL MOUEK Che-
pol, m.e. cywecmeyem A; u maxas mouxa X A;, umo
-x UA4;.

Teopema 3 cusbHee TeopeMbl 2. B Heil Mbl He TIpeATio-
JlaraeM, 4To Bce MHOXKECTBa, MOKpbIBaiomiue cdepy, 3aM-
KHYTBI; MbI DPa3peliaeM UM TaKXXe OBbITb OTKPBITHIMH.
OtMmeTuM, 4TO CJlydaii, Korja Bce MHOXKECTBA OTKPbITDI,
PaBHOCHJIEH CJIy4alo, KOr/la BCe MHOXKECTBA 3aMKHYTDI.
ITO HE OYEBW/IHO, U JIOKA3aTEJbCTBO ATOTO MOXKHO HAWTH
B KHure [3].

B yerBepToM maparpade mocieHero paszesia Mbl 06Cy-
JIUM el1le HECKOJBKO (hOPMYJIUPOBOK, PABHOCUIHHBIX TE€O-
peme 2. A B ciielyToleM pasjiesie Mbl IIPUBe/IeM ITONCTHHE
VAMBUTEJIbHOE PACCYXK/CHHE, KOTOPOE C TIOMOIIBIO Teope-
MbI 3 JloKa3biBaeT Tumnoredy KHesepa.

8. loka3zaTenbCTBO rUnoTesbl

Kak Mbl yske TOBOPWJIM, TEPBBIM THUIOTE3Y [OKA3aJl
JI.JIoBac B 1977 rony. OHako paccysk/ieHne, KOTOPOe Mbl
n3J0KUM HIDKe, npeanoxkua B 2002 roxy crynent [[xko-
mrya I'pun. B pasnese 8.1 Mbl onpesesiuM psiji BCroMora-
TeJbHBIX TIOHATHH, a B pasfenax 8.2 m 8.3 mposeneMm
o0elanHoe paccysKIeHue.

8.1. BcnomorartenbHble NOHATUS

Iycrs M — moGas rurepriockocts B RY | mpoxosimast
uepes rentp cepnt S 1.e. wepes rouxy 0 = (0,0,...,0).
Torza muoxkecrso ST NN npescTaBaseT coboit cdepy

Puc. 7
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Si=2. [lnst ciyuyaeB d = 2 u d = 3 970 HATJISIHO OYEBH/IHO.
B 1iepBoM ciryuae Mbl riepecekaeM OKPY:KHOCTb C MPSIMOii
U TI0JIy4aeM JIBe TOYKHU, HO

SO={xDR:x2= 1}= £11,

u Bce B mopsake. Bo BTopoMm ciydae Mbl TOJydaeM
OKPYJKHOCTb, U CHOBa HeT mpobieM. B ob6meM ciyuae
KapTUHA aHAJTOTUYHAS.

Jlio6yio chepy S92 = STTN N nasosem sxsamopon
Ha cepe S @1 MHuo%ecTBO TOUeK chepor S -t KOTOPbIe
JIEJKAT 110 OJIHY CTOPOHY OT HEKOTOPOTO 9KBATOPA, HA30BEM
noaycgepotii. Ecmm momycdepa He BKJIIOUAET B cebsT CBOIT
9KBATOP, TO OHA OTKPBITA, U MbI OY/EM SIBHO TOBOPUTH O
Hell Kak 06 omkpwvimoi noaycghepe. Touky nomycdepor,
KOTOpasi PaBHOY/IAJI€HA OT BCEX TOUYEK COOTBETCTBYIOIIETO
9KBATOPa, HA30BEM dnuyernmpom 31oi nomycdepor (puc.7).
Jlns pannoit Toukn x [0S?" (orkpbitas) nomycdepa
H (X) ¢ suumIeHTpoM B TOUKE X 3a/1aeTCsl O[HO3HAUHO.

8.2. PasmecTMM 3nemMeHTbl MHOXecTBa R, Ha ctepe

Ham xouercst mokasarb, 4To X (KGn,k) >n-2k+2.
[Ipearnonoxum IpOTUBHOE U IPHUIEM B KOHEUHOM cyeTe K
npotuBopeunto. Mtak, gomyctnm, X (K G,Lk) <n-2k+1.
ITO 03HAYAET, YTO KAXK/ION BEPIINHE KHE3EPOBCKOTO TPa-
da (r.e. kaxgomy mHoxkectBy K, 0K ) IpHCBOEH HEKO-
TOPBIN 1[BET, MpUYeM Bcero 1BetoB (B Xy/uieM ciydae)
n — 2k + 1 u BepumHbl, coeaunenusie peGpom (T.e.
muokectBa K, K, 0K co coiictBom K, N K, =0 ),
MOKpaIleHbl B pasHble 1BeTa. BBemeM o6os3HaueHme d =
=n — 2k + 1 u 0603HAYNM IIBETa, B KOTOPBIE TIOKPATIIEHDBI
BepuIHbI rpada, yepes Xi,-..,Xq -

Tenepb paccMOTPUM MHOXKECTBO R, , B KOTOPOM <«KH-
ByT» Bce MHOxkectBa K, K, ciayxaiiyue BepHIMHAMU
KHe3epoBCKoro rpada. KaxoMmy ajeMeHTy 3T0oro MHOKe-
CTBa Mbl XOTHUM IIOCTaBUTb B COOTBETCTBHME HEKOTOPYIO
TouKy Ha cepe S ¢ nesxameit B R . Mpivu cioBamu,
MbI XOTUM 3aMEHWTb MHOKECTBO HATYPAJbHBIX YHCEJ
R, ={1,...,4 ma mmuoxecrso Touex X, ={x;,...,X;},
cuuTag, 4To KakaoMy uucay i [ R, cooTBercTByeT TOUKa
X, . Pasymeercst, 5T0 MOXKHO c/ie1aTh 6ECKOHEUHDBIM KOJIH-
4ecTBOM cII0c000B. O[HAKO Mbl BHECEM O/IHO BayKHOE
JIOTIOJTHUTEJTbHOE OTPaHUYeHUuEe. A MUMEHHO, Mbl 1OTpely-
eM, 4ToObI Ha JIIOG0OM 3KBaTOpe chephr S? nexano ne
6osiee d Touek U3 MHOXKeCTBA X, .

Ha mepBbrii B3riisiz, TpeGoBanue myraeT, U HEUCKYIIIEH-
HOMY YUTATEJIIO JIOJIKHO 110KAa3aThCs, YTO Y/IOBJIETBOPUTD
aTOMy TPeGOBAHUIO OYeHDb TPYIHO. B meiicTBUTEIBHOCTH
BCe BeChMa [TPOCTO, 1 Mbl ceiiyac nonpobyem (He BiaBasich,
BIPOYEM, B TEXHWYECKHME [ETAAM) CO3[aTh MHTYMIHIO
TOTO, YTO <IIOYTH BCSIKOE» DPACIIOJIOKEHHE 7 TOUeK Ha
cepe S? o6namaer HyKHBIM CBOHCTBOM.

PaccmoTpuM NMOHSATHBIN M HArJISIAHBIA MIpUMeEp: T10JI0-
sxkumd =2 . Torma n=d +2k —1 =d +1. Ckaxem, n = 3.
EcrectBenno, cefiuac peub UAET O pa3MeIeHUU TPeX TOUeK
Ha oO6brunoil cepe S? B TPEXMEPHOM IIPOCTPAHCTBE.
[IpencraBum cebe, 4TO 3TU TPU TOYKU Mbl BbIOMpPAEM
Hayraj. Ecau yrojHo, Mbl 3aKpbIBacM TJia3a U, MOBEPTEB
MaJIbIEM B BO3/IyXe, ThIKAeM B CJAy4YallHyI0 TOUKY cdepbl
(maserr «6eCKOHEYHO TOHKMIT» ). ITO TouKa X, . TOUHO TaK
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JKe HaXOJMM TOYKU X,,Xs . JlaBaiite mojymaem, ¢ Kakoil
<«BEPOATHOCTbIO» 3TU TOUKH YJIATYTCS Ha OJUH 3KBATOP.
Koab cxopo Toukm X(,X, y’Ke BbIOpaHBI, OHU BMeCTe C
1eHTpoM ( Harreil chepbl OTHO3HAUHO OTIPEIE/ISTIOT HEKO-
Topyto 1ockocth 1. W okpyskHOCTD S '=nNs? om0
TOT CaMblil e0UHCIEEHHbII IKBATOD, HA KOTOPOM O/IHOBPE-
MEHHO JIeXKaT X, X, . CTaso 6bITh, €CJIM MBI XOTHM, YTOODI
TOUKa X3 TIOTIajla Ha 3TOT 3KBATOP, MBI BBIHY K/EHBI
BBIOMPATD ee 13 00HoMepHoz0 MHOKecTBA. O/IHAKO M3HA-
JaJIbHO BBIOOD TOUKM X3 HIUEM OTPAHMYEH He ObLI, U MbI
BOJIbHBI OBLJIN THIKATD B JTIOGYI0 TOUKY 06yMepHOt cepbl.
Acno, yto B JMIO60M PAa3yMHOM CMBICJE BEPOSATHOCTD
HONa/IaHus B OJIHOMEPHOE MTOIMHOKECTBO IIPH CIy4aifHOM
BBIGOPE W3 JIBYMEPHOTO MHOKECTBa paBHa HyJio. Taknm
00pa3oM, MbI 1 BIIPSIMb MOKEM YTBEP>K/JaTb, UTO BEPOSIT-
HOCTb pa3Mellenus Tpex Touek Ha cepe S ¢ ycosues,
YTO BCE OHM He JlexKaT Ha O/IHOM U TOM e 9KBaTope, paBHa
efMHUIIE. A 3TO W 3HAYWUT, TO CYTH, UTO MOYTH JI060e
pacroyio’keHme ToueK X, X,, X3 Hac ycrpamBaet. OueBuI-
HO, TIpH 7 > 3 paccy>k/JeHne Mo-TIPeKHeMy B CHJIe.

B o6miem ciaydae paboTaioT COBEPIIEHHO aHAJOTHYHBIE
coo6paskenusi. KiioueBoit MOMEHT Be/ib ObLI B TOM, YTO
mo6ble TPH TOUKH B R® 0JHO3HAYHO 3a/[a10T MLIOCKOCTD.
Tax Bor, B R/*!, rie passopaumpaiorcs Harmm coGbITHS,
Jo6ble d + 1 ToueK 0/IHO3HAYHO 33/1a10T TUIIEPIJIOCKOCTD.
A 2TO HaM U HY>KHO.

8.3. NpumeHum Teopemy 3

Wrak, Ml BeI6pasn Ha cdepe S ¢ MHOKECTBO TOUEK Xy s
u Hukakue d + 1 Ttouek u3 X, He JieKaT HA OJHOM
skBarope. IIpu srom X, nHaxonuTcss BO B3aUMHO OJHO-
3HAYHOM COOTBETCTBUU € R, . ITO, B YACTHOCTH, O3HAUAET,
4yTO KavkaoMy MHoxkectBy K, X oaHO3HAYHO COOTBET-
crByer MHOkectBO L, O X, , umeroree MoiHocTb k. [Ipu
9TOM MbI MOKEM CUMTaTb, 4TO L, TOKpAIICHO B TOT e
nBet, uto u K, , u, Gosee toro, ecoim L, L, =0, To
uBeTa MHOKeCTB L,, L, pasnyHbl.

Ceituac 6y/ieT OCHOBHOI TPIOK. MbI 4yieCHbIM 06pa3oM
YBSXKEM Bce, 0 4eM /10 CUX IIop IIlJIa pedb, C TeczlpeMoﬁ 3.
[lnst aTOTO HaM HYZKHO OY/IeT TIOKPBITL chepy S HEKOTO-
pPbIMU MHOKeCTBaMU Ay,..., A,y , 4aCTb U3 KOTOPbIX 3aM-
KHyTa, a 4acTb — OTKpbITa. YTO K, 3a /eJ10.

Iycrox 059 . Pacemorpiy otkporryio momycedepy H (x)
¢ anuientpoM B Touke X. Ecou B H(X) conepsxkutcs
MeHblIle R TOUeK 13 MHOXKecTBa X, , TO CKasKeM, 4TO TOUKA
X [OpUHaJJIexUuT MHOXxecTBY Ay . Ecam ke m=

=|H(x)NX,|=k, 10 B Muoxectso H (x)N X, mnoma-
JaeT s = C,’fl MHOKECTB La1 ,La2 ,...,Las . Y KayK/10r0 n3 HUX

ecTb CcBOU 1Ber X;,7041,...,dt . CoorBeTcTBEHHO, CKa-
j

JKEM, YTO TOYKA X TPUHAAJIEKUT MHOKECTBY A] C KaK/IbIM
13 MHAEKCOB ]., y4acTByIOmXx B yHOMHHyTOfI pacKpacke.
(DOPMaJIbHO MOJKHO HaIlMCaTb TaK:

A ={x 08" [HE)NLE B,
A :{x 05?8 H(x)NX,
€CTb IIOJIMHOXKECTBO L, 1BeTa Xi} npu i=1,...,d.

Pasymeercs, muoxectBa A,...,A; MOryTr uMmerb B3auM-
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Hple 1epecedenus. Onu-
HAKO OYEeBHU/JHO, UTO
St=AU..UA;,, n
HaJU4YKe TepecevyeHuit
Hac He CMyHIaer.

Hapno eute nouarn, Ka-
K€ U3 MHOJXEeCTB
Ay, Ay 3AMKHYTDBI,
Kkakue oTkpbiTbl. Ilyctb
TOYKA X TIPUHAJIEKUT
J000MY W3 MHOXKECTB
Ai,iD{L...,d} . ITO
snaunt, uto H (x)N X,
TIpeJIcTaBJsgeT co60i KOHEUHOe MHOKeCcTBO Touek U Ha
cdepe, mprueM, 6e3ycyoBHO, U BJIOKEHO B OMKpbimoe
muoxectso H (x). Ecau aats Touxy x' 0S?, nocrarou-
HO GTU3KYIO K X, TO HETPY/IHO TIOHATH, uto H (X) nemukom
HaxpoeT MHoxectso U. Harngaanas umnocrpanus sTomy
(haxry nana Ha pucynke 8. CyTb B ToM, uTO TOuku u3 U
He Jiexat Ha akBatope nosycdepst H (x). menno nosro-
MY MOXKHO CTOJIb MAJIO IOIIEBETHUTD MoJycdepy, 4To6bl n
ocJie 3TOTO IeBeseHus Touk u3 U He BBIIIIN Ha HOBBIN
9KBATOpP WJIM 34 ero mpenesbl. Takum o6paszom, Jiobast
Touka x', Omuskas (B M3BECTHOM CMbIC/IE) K TOUKE X,
IPUHA/JIEKUT TOMY K€ MHOXKecTBY A;, uro u X. Cieno-
BareJ/bHO, MHOXKEeCTBa A;, i D{L...,d} , OTKPBITHL. B TO )e
Bpemst Best cepa S? 3aMKHYTA, a 3HAUNT, MHOKECTBO
Ay =S\ (AU...UA,) roxe samxnyro (kak pas-
HOCTb 3aMKHYTOTO ¥ OTKPBITOTO MHOKECTB).

[Ipumenum teopemy 3. OHa TOBOPUT, YTO B OJTHOM U3
MHOXeCTB A,..., A 4 €CTb Hmapa IPOTUBOIOIOXKHBIX TO-
Yyek X 1 —X. PaccMorpuM /iBa cirydasi: B TIepBOM cJiydae
xO4;, rae i0{1,...,d ; Bo Bropom cayuae x 0 Ay, .

Cayuaii 1. B arom cayuae nonycdepnt H (x) u H (—x)
cojepskar MHOxkectBa L, u L, COOTBETCTBEHHO, Kax/oe
U3 KOTOPbIX uMeeT IBeT X; (pa3 yK u X, U —X CUIAT B
oznHoM 1 ToM ke A; ). Ho nosycdepsr H (x) n H (—x) He
nepecexatorest (OHU Be/lb He coziepsKaT 001Iero 9KBaTopa),
a craso ObITh, He MepecekaloTes 1 MHOXKecTBa L, , L, . Tak
Be/lb y HAC HellePeceKalonecsi MHOKECTBA He MOTYT ObITh
onuoro 1Beta! IIporuBopeune.

Cayuaii 2. B srom ciayuae |H (x)N %n| <k-1 n
|H (-x)N X,| <k ~1. O6osnauum uepes S obuuii sxpa-

Puc. 8

top nonycdep H(x) n H(-x). Torna
SO = 1 [ ()] -l ()11, 2
>n—(k-1)-(k-1) =n -2k +2 =d +,

T.€. Ha dKBarope S JeKUT He MeHbiie d + 1 TOYek, 4T
TaK)Xe HeBO3MOXKHO. OTISTh TPOTHBOpEYne, W TUTIOTE3a
Kuesepa mokazana.

9. JlononHeHue

[lng moHMMaHug 3TOro paszesia morpedyercs cJerka
60JIbllle HABBIKOB, ueM TIpexxje. Hampumep, neo6xoammo
3HATD OTIpe/iesIeHNs] HelIPEePbIBHON (DYHKIIMK U HEITPEPbIB-
Horo oto6pakenust. Cieryer 3HaTh TAKIKe, UTO HETIPEPHIB-
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Hast GYHKIMS JIOCTUTAeT CBOEr0 MaKCHUMaJIbHOTO (MUHU-
MaJIbHOT0) 3HAYeHUs Ha 3aMKHYTOM MHOecTBe. [ToHa10-
6UTCS TIpe/ICTaBJEHUE O CBSI3HOCTH MHOXKecTB. Ho ato n
BCe, TTOXKATYH.

9.1. Jloka3aTenbCcTBO TeopeMbl 2 npu d = 2

[ycrb OKpysKHOCTb S! TOKpPbITA ABYMS 3aMKHYTBIME
MHOXXecTBaMu A, Ay, He cofiepKalMu IIPOTHBOOJIONK-
HbIX TouyeK. Bosbmem nHekortopyio Touky X [ A,. Torma
-x 0 A, . Ha mo60it 13 AyT, COeANHAIOMNX TOYKN X U —X,
Hali/IeM 10CIe0H00 TOUKY Y MHOXKECTBA A, . DTO MOXKHO
c/leslaThb, OCKOJIbKY Ay 3amkuyTto u —X O A, . fdcHo, yto
y Jexur u B A,, BeJib nHaue 3a Hell ObLIN ObI elle TOYKH
mHoxkecTBa A . Ho torma —y He MoskeT IpuHa/ijiekaTb HU
Ay, un A, . IIporuBopeune, u TeopemMa J0Ka3aHa.

9.2. [loka3aTenbCcTBO TeopemMbl 2 npu d = 3

Ipemnonoxum, S° = A, U A, U A, npuuem Bce MHO-
sKecTBa A; 3aMKHYTBI U, BOIIPEKH YTBEPKAEHIIO TEOPEMBI,
HU OJIHO M3 HUX HE COAEPIKHUT Mapbl MPOTUBOIIOTIOKHBIX
Touek ceppl. Harma 1esib — NpuiiTi K IIPOTHBOPEYHIO.

Pazo6bem cepy Ha

OUYeHb MaJIeHbKUe KUp-

MYUKA U J[BE IIaroy-

KI, KaK IOKa3aHO Ha

pucynke 9. UyTb mossxe

MbI CKa)KeM, 4TO UMEH-

HO O3HAYAET BbIPaXKe-

HUE <«OYeHb MaJjieHb-

kue». Bce xuprnuumku

OJIMHAKOBDI, IMMIATOYKH

TOKE COBIAJAIOT TIO

dopme, u 11g JaTbHENR-

IIero KpaiiHe BaskHO,

YTO MBI PACIOJaraeM

KUPIUYMKY Ha cdepe B CTIIe 0ObIMHON KUPIUYHOM K-

K. MbI Oy/IeM CYIIECTBEHHO OMUPATLCS HA TO, YTO HU B

OJTHOI TouKe cpepbl He CXOAATCS cpa3y deTbIpe OTPe3Ka,

CaTy>Kalye rpaHuIaMi KUPIHYuKoB (cuTyanus, moxasan-
Hast Ha pucyHke 10, HEBO3MOXKHA).

OO6be UM BCe KUPIMUYUKH, KaXK/IbIil U3 KOTOPBIX MMe-
er XoTs Gbl OAHYy OOIIyI0 TOYKY C MHOXKECTBOM A .
[Tosryyennoe MHOKeCTBO HazoBeM B . AHAJIOTHYHO MOCTY-
mum ¢ A, m A;, o6pasys MHOXecTBa B, n B; cooTBet-
crBeHHo. Ilockonbky MHOKecTBa A; 3aMKHYTDBI, TO, BBIG-
paB KUPIUYUKN C CAMOTO HAvaJa JOCTATOYHO MEJKUMH,
MBI 706bEMCSI TOTO, UTO W MHOXecTBa B; He OyayT
CoJIePKaTh MPOTUBOIMOJIOKHBIX TOYEK ChephI.

Pasymeercs, S 2 = By U B, U B; . PaceMoTpyM MOKA TOJTb-
KO MHOKecTBO B, . ETo rpanmniia — aTo cucreMa JIOMaHbBIX
aunuit Ha cdepe. Hazosem atu tomanbsie Ly,..., L, , vie R
— 3TO MPOCTO 00O3HAYEHUE [IJIST YUCJAa HANIMX JIOMAHDIX.
Baarogaps cnocoly yKIaJKN KUPITMYUKOB Ha cepe, MbI
MOJKEM YTBEPIKIATD, UTO JTI00ast N3 IOMAHbIX 3aMKHYTa, HE
nepecexaer camy celst U He TIePeCeKaeTcss HUl C
OTHOM M3 OCTABIINXCS JIOMaHbIX. VIMEeHHO pajiu
9TOTO MBI TAK CTAPATEJIbHO U36erau CUTYaIHii,
nokasanubix Ha pucynke 10. B urore rpanuia
MHOKeCcTBa B, MMeeT BecbMa MPUATHBII BUI,
4Yero HeJib3sg ObLIO CKasaTh, BOOOIE-TO, O Tpa-

Puc. 9

Puc. 10
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HUIle MCXOJHOrO MHOXecTBa A;. 3areBasg KHUPIUYHYIO
KJIa/Ky U 3aMenss A; Ha By, Mbl Kak pa3 CTPEMUJIUCD K
TOMY, 4TOOBI OT O/THOTO 3aMKHYTOTO MHOKECTBa 6€3 TIpo-
THBOMOJIOXKHBIX TOUEK TepefTH K APYTOMY 3aMKHYTOMY
MHOKeCTBY 6e3 MPOTHBOTIOTIOXKHBIX TOUEK, YIYUIINB IIPH
3TOM CBOIICTBA TPAHUIIBI MHOXKECTBA.

OTpasuM MHOXeCTBO B OTHOCHUTETHHO IIEHTpa chephl.
[Tosyuurcst MHOXKECTBO Bj, KOTOpOe HE IEPeCceKaeTcs ¢
MHOXKECTBOM B, Tak Kak wuHaye B By Hamumcb Obl
MIPOTUBOIONIOXKHDbIE TOUKM cdepbl. 'panniia MHOXKeCTBa
B{ ob6pasoBana Jioma-
HbiMu Ly, ..., L, , KOTO-
pble CUMMETPUYHBI JIO-
MaHbM Ly,..., L, . Ito-
To y Hac Ha cepe ecTb
yike 2k JloMaHbBIX, KO-
TOpBbIE 3aMKHYTBI, He
mepeceKkanT CaMUX
cebsi ¥ He TIepeceKaloT-
cs1 IpyT ¢ Apyrom. Xo-
pOIIO U3BECTHO, YTO
TaK#e JOMaHble JeJdT
cdhepy Ha 2k + 1 cBa3-
HBIX KYCKOB. IJTOT (DaKT WHTYUTHBHO TIOHATEH: OJ(HA
3aMKHYyTas JioMaHas pa3buBaer chepy Ha /[Ba KycKa, JBe
3aMKHYTbBIE JIOMaHble pa3bmBaioT chepy Ha TPH KycKa W
T.1. B neiictButesbHOCTH, 3TOT (DaKT KpailHe HETPUBHA-
JIeH, BeJIb 3aMKHYTas JIOMaHast MOXKeT ObITb CKOJIb YTOIHO
croxnoit (puc.11). On naseiBaercs Teopemoii JKopaana.
OHAKO MBI IPUMEHNM 3TOT (DAKT, TTO-TIPEsKHEMY HAJIesICh
Ha WHTYUINIO YATATeJIs.

Wrak, na cdepe ectb 2k + 1 CBA3HBIX MHOXECTB,
KOTOpble ee TOKpbiBaioT. [lo mocTpoenmto, cpeam aTux
MHOZKECTB MOTYT OBITD JIMOO MTapbl MHOKECTB, CUMMETPUY-
HBIX JPYT APYTY, JHO0 MHOKECTBA, KOTOPbIE CUMMETPUY-
HbI OTHOCHTEJNbHO 1eHTpa cdepol. [lockoabky 2k + 1 —
HeyeTHOe YHCJIO, XOTSI 6bI O/THO I[eHTPAJIbHO-CUMMETPUY-
Hoe MHOKecTBO Hafisercs. Hazosem ero C. fcno, yto
CO(B,UBy).

B muOkectBe C ecTb, KOHEUHO, TTAPhI TIPOTHBOIOJIOK-
HBIX TOYeK cepbl. Bo3bMeM o0yI0 U3 HUX: CKAKEM, Y U
-y . Beunay cBasHoctun MEHOXXecTBa C, CyIIECTByeT HeTlpe-
PBIBHASI KpHUBas Y, COEMHSOMAS TOYKH Yy U —Y U
IEJTMKOM JiesKalasg BHyTpH MHoskecTBa C.

[lanbHeiiee paccyskjeHue MOJHOCTbIO TIOBTOPSIET pac-
cyxjenue u3 naparpada 9.1: nenpepuienas xpusas Y —
3TO TOYHBIM aHAJOT JAYTM OKPY’KHOCTH, U OHA TOKPBITA
TOJIBKO MHOKeCTBaMU By, u By . Ilpuxoaum Kk mpoTusope-
4yuio, ¥ TeopeMa JloKa3aHa.

Puc. 11

9.3. MoKpbITUE OKPY>KHOCTU 1 ABYMepHON chepbl

37ech MBI XOTUM Pas3o0paTbesi ¢ TeM, KaK MOXKHO II0-
KpPBITb OKpY:kHOCTb S! Tpems, a cdepy S% — uerbipbMs
3aMKHYTBIMH MHOKeCTBaM# Ge3 IPOTHUBOIOJIOXKHBIX TO-
YeK.

C OKpY’KHOCTBIO BCe TPUBHATBbHO. [IoKpbITHE MIMeeT Bu/I
3Hauka «Mepcezeca», 1 OHO N300pakeHo Ha pucyHke 12.
Ou4eBH/HO, YTO B KAXKJOM U3 CEKTOPOB HET IIPOTHBOIIO-
JIOJKHBIX TOueK. Bosiee TOro, MakcuMasIbHOE PACCTOSIHUE
MESKJLy TIapaMi TOY€EK B JTI060M U3 ceKTopoB (OHO Ha3bIBa-
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14 KBAHT -

ercst Quamempom CeKTo-
pa) pasHo /3, u 310,
pasyMeeTrcs, HaAMHOTO
MenbIe 2 (IuaMeTpa OK-
PY/KHOCTH).

Ha 3mauox «Mepcene-
ca» MOYKHO TIOCMOTPETD 1
1O-APYyroMy. A HMEHHO,
€T0 MOKHO TIOJIYYUTD TaK:
BIIUCBHIBaeM B S~ TIPABUJIb-
HBIH TPEYTOTBHUK CO CTO-
poHoit J3, «CMOTPUM »
13 ILEeHTPa OKPYXKHOCTH
Ha KaXK/1yI0 U3 CTOPOH TPEYTrOJIbHUKA U [10JIy4aeM Te caMble
TPU CEKTOPa, KOTOpbIe TIOKPbIBAiOT S' .

[Tocennee paccyskaeHne MoJe3HO € TOW TOUKW 3PEHUS,
uyTo0 B caydae R’ MBI ero o6OGIMM, M, TeM CaMBbIM,
TpexMepHasi KOHCTPYKITHST OKa)KeTCsT TIOHSITHee.

Utak, Buumem B S° TIPABUJIbHBIN TETPAd/IP, CIIY KAITIH
€CTECTBEHHBIM aHAJIOTOM ITPABUJIBHOTO TpeyroabHuKa. [1o-
CMOTPHM W3 T[EHTPa Ha KaX/IYI0 U3 €ro 4eThbIPeX TPaHeil.
[TosnyuaTcsi Tpexrpanubie yriabl ¢ 0O0Ieil BepIIMHON B
nenrpe cepnr (puc.
13). Kaxapiii us yr-
JIOB MMEET B CeYeHUU
OJIHYy U3 IpaHeil TeTpa-
sapa. llepeceuenus
YTJIOB O cpepoii 1 cyTh
HUCKOMBIE YEThIPE 3aM-
KHYTBIX MHOXECTBA,
MOKpbIBatote cepy.
ScHo, 9TO BCe 9TH MHO-
JKeCTBA TeOMETPUYECKH
O/IMHAKOBBI. B cyniHo-
CTH, SICHO M TO, YTO
TaKkie MHOXeCTBa He
cojiepKaT IIPOTUBOIIO-
JIO’KHBIX Touyek cepbl. VHTepecHee MOJCYUTATD UX JIMA-
METPBI.

3aMeTuM, uTo B CJydae TIIOCKOCTH JAUAMETPBI UCKAJINCH
TPUBUAJILHO: MAaKCHUMyM PACCTOSIHUN B CEKTOpax JIOCTH-
rajcs Ha mapax BEepHIMH BIIMCAHHOTO TPEYTOJIbHUKA. Bo3-
HUKaeT THIIOTe3a, YTO U B TPEXMEPHON CUTYAIUH CJIeyeT
MIPOCTO HAWTHU JIJTMHY CTOPOHBI TeTpasapa. OaHaKO Takas
WHTYUIUS HEBEPHA, M 3TO 3/IeCh caMoe 3a6aBHOE.

[la6b1 omtucaThb moJioKeHus Hanbosiee yaaaeHHbIX TOUeK
JTAHHOTO MHOKECTBA B TIOKPBITHH cepbl, BBEJAEM HEKOTO-
pble ob6o3HaueHus. llycTb BepIIMHBI TeTpasjipa — 3TO
A, Ay, Ag, Ay, a ero tientp — a10 O (em. puc. 13). [las
OIIpEe/IeIEHHOCTH PACCMOTPUM MHOXKECTBO, HOPOXK/IEHHOE
tpexrpaunbiM yriaom OA4;AyA; . Ilycts B — cepepuna
cropounl A,As. IIposenem uepes touky B paauyc OC.
YTBepsk/ieHue COCTOUT B TOM, YTO JMAMETP — 3TO JJIMHA
orpeaka AC . MbI He cTaHeM [IOKa3bIBaTbh 3TOT HECJOK-
HbIH (PaKT, OCTaBJSASd UYUTATEJIIO XOPOUIYIO MHUILY Js
Pa3MbIIILIeHNH.

[Tocunrarpy mmunay orpeska AC G6OJBIIOrO TpyAa He
cocraBJisier. [laBaiite Bce »xe mpojenaeM aro. Ilpesxie
BCETO HaliieM [UIMHY X CTOPOHBI TeTpasjapa. PaccMoTpum
BBICOTY TeTpasjpa, OMYIIEHHYyI0 W3 BepmuHbl A, Ha

Puc. 12

Puc. 13
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[T 1T ||

2011/Nel

mockoctb A; A, A; . O6o3HaunM ee ocHoBaHue yepes D.
[TonsTHO, 4YTO D — IEHTP OKPY>KHOCTH, ONUCAHHON BOKPYT

tpeyroiabuuka AjAyA;. Jnuna orpeska DA, paBna %

(1m0 Teopeme kocunycos). 3maunt, Bbicota A;D uMeer

2
; 2
UMY |2 __XS =x /5 (o teopeme Iluaropa).

XZ

B 10 xe Bpems OD = 1—? . B urore

2
x=2|=
TakK 4To \/;

2 1
[lanee, o teopeme ITucaropa DB = \/g u OB = \/; .

Mpbr 3uaem juunbl Bcex cropon TpeyrosbHuxka OAB

1
(0A=1,0B= \/: , A;B =+/2). Tlo Teopenme Kocnmycos
1
xocunyc yrina A4 OB pasen ~ 3

Bepem tpeyronmbauk A/ OC 1 110 TeopeMe KOCHHYCOB

HaXoJAuM
3+43
6

AC=2 =1776...<2.

9.4. Bokpyr Teopembl 2

[Tosnesno nonuMarb, uTo cJjeayiomas (HOPMyIUPOBKa
PaBHOCUJIbHA YTBEP3K/EHUIO TeopeMbl 2.

Teopema 4. /[1s 1106020 HenpepviGHO20 0MOOPAKEHUS
£ 87 - R? cymecmeyemmouxa x 0.5 ¢ f(-x) = £ (x).

B aBymepnoMm ciyuae TeopeMa 4 TOBOPUT O TOM, UTO
HeJIb3s1 HEPEPhIBHO PACTSHYTh 0OBIYHYIO chepy Ha 00bIU-
HYIO IJIOCKOCTb, He CKJICUB IIPU 3TOM Kakue-HUOYIb /1Be
IIPOTUBOIIOJIOKHDIE TOUKU. VHTYUTHBHO 3TO JIOBOJIBHO
HOHATHO, a JI0KA3aTeIbCTBO, 110 O4eBU/HDIM IPUUUHAM, TO
ke camoe, 4To 1 B maparpade 9.2. Huske Mbl 00bsCHIM,
Kak u3 TeopeMbl 4 BbIBecTH TeopeMmy 2. Paccyskiaenue B
06paTHYIO CTOPOHY MBI TIPE/IJIOKAM YUTATENI0 B KAUeCTBE
yIpaskKHeHUs.

Wraxk, myctb Teopema 4 BepHa. PaccMoTpuM mpon3BoJib-
noe noxpsirie S = A U...U Ay, chepbl 3aMKHYTBIMU
MHOkecTBaMu. Ham xouerca jokasarb, uTo Halijercs
unjieKke ¢ 1 takasg rouka x 0 A; , uro —x O 4, . Iloctpoum

oro6paxenne f: S - R? no caeayomnemy npasuiy:

f(x) = (dist (x, 4;),...,dist (x, 4,)).

3necy x 057, a dist(x,4;) = I%i/lllllx —y| (vuEIMy™ 10-
VoA,

CTHUTAETCs], TTOCKOJIBKY MHOXKECTBO A; 3aMKHYTO).

OueBu/HO, oToOpaskenue [ HelpepbIiBHO. V13 TeopeMbl 4
MbI, CTAJIO GbITh, 3HAEM, UTO JIJISI HEKOTOPOii Touku y [1.§ d

somosneno [ (y) = f(-y) . Ecam i-s1 koopanHara Touku y
pasHa HyJit0, To dist (y,Ai) =0, 1.e. yOA,;, a3naunt, n
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-y O A; . EcJii »ke Bce KOOPJMHATDI Y TOUKHU Y HEHYJIEBBIE,
TO y He TPUHAIJEXHUT HU OJHOMY U3 MHOXeCcTB A,
i0{t....d , re. yOAy, . Ho tormau -yOA,,. B
000UX cJIydasx Bce JIOKA3aHo.

HasoBem oro6pasketue [ ST . RY aumunodanvrvin,
ecam f mempepbiBHO 1 s so6oro x 0S¢ Bpimosmeno
f(=x) = =f (x) . Bor emte o/mH BaskHBIIT BAPHAHT Teope-
MBI 2:

Teopema 5. He cywecmsyem anmunodaivsnozo omo-
6paxenus f: ST - S,

PaBHoCHIBHOCTD TEOPEM S 1 4 TIOUTH TPUBUAJIBHA, U MbI
ee He 06Cy:k/1aeM. 3aTO, OTTATIKUBASICh UMEHHO OT Teope-
MbI 5, OY€Hb yJOGHO TMOJay4YaTh OGOOIIEHUs Pe3yJbTara
bopcyka—¥Y nama—JTioctrepanka—IIIaupenbmana. OmxHO 13
takux (Hambosiee MIMPOKMX M BA>KHBIX) OGOOIIEHUIA MBI
MpUBEIEM HIKE, He KOMMEHTUPYS TEPMUHOJIOTHIO, KOTO-
pasi B ero paMKaxX BO3HHKaeT. Unraresb, 3HAIOIUI 1po-
JIBUHYTYIO ajireOpy, MOHMET, O 4eM pedb, a YUTaTeb,
KOTOPBIN ¢ TOZOGHBIMU BOIIPOCAMH €Ille He 3HAKOM, IOJIY-
YUT CTUMYJ K JAJbHEHIEeMy U3Y9eHUIO HAYKH.

Teopema 6. IIycmv G — HempusuaivHas KOHEUHAS
epynna, komopas deticmayem c60000HO HA MONOSO2UYEC-
xux npocmpancmeax X u Y. Ipednonoxun, umo X —
amo (n — 1)-cesasnoe npocmpancmeo, a pasmepHocmo
npocmpancmea Y pasna m < n. Tozda ne cyuecmeyem
G-axeusapuanmnozo omobpaxenus u3 X ¢ Y.

CrreoBasIo HATOKUTD HEKOTOPBIE JOTIOTHUTEIbHBIE OT-
pannueHuss Ha tpocrpancTBa X, Y B (opMmyanpoBke
TEOpEeMbI, HO MbI He CTAJIM 9TOTO JIeJIaTh, 1a0bl COBCEM YK
He 3aTPOMO3/NTh yTBep:kAeHne. MosxHo cuntath, uto X 1

Y — «zgocrarouno xopouues. Hanpumep, ecomm X = S,
aY = S", to X umeer cegaznoctb n — 1, a Y umeer

pasmepnoctb m. Ecam k tomy xe G = Z,, TO
G-3KBUBAPUAHTHOCTh W AHTUIOAATBHOCTD OTOOPasKeHUs
cyTb oHO 1 TO Ke. Takum o6pasom, npu X = S" | Y =
= $"', G = Z, Teopema 6 BieueT TeopeMy 5.
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Kak yeungetb 50 IN'y?

(Ha4ano cm. Ha 4-vi crpanue obioxki)

...ITogcoemnuuTe K KOHTAKTaM <«+» M <«—» CBETOJAMO/A JIBa
TOHKMX M30JIMPOBAHHBIX TIPOBOJIA [IJIMHOH OKOJIO JIBYX METPOB
KaXKbII ¥ CKPYTHUTE UX. YTSIKEJIUTe CBETOMO/ YeM-HUuOyAb 1
TIPUKPENNTe CepeANHY CKPYYEeHHOTO IIPOBOJA, Halpumep, K
KHIDKHOI IoJiKe. BbI ostyunTe cBETOAMOAHDBIN MasITHUK JJTMHOM
1 M. Tenepb cBOGO/IHbIE KOHIIBI TPOBOJIOB, UIYIIUX OT CBETO/H-
0/1a, TIOZICOeINHUTE K MCTOYHWKY TIEPEMEHHOTO TOKA YaCTOTOM
50 Tt u HanpskenneM 3—4 B, cBeToAMO/l HAUYHET CBETUTHCS.

O/HaKO CBETOANO/, KaK U JIOGON IPYroil U0/, MPOIYCKAeT
TOK TOJIBKO B OJHOM Harpasjienuu, T.e. 10 Mc on cBerutcs, a

Puc. 7
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Puc. 2

caemytomme 10 Mmc — Her. UTOObBI YBU/ETD MEJIbKAHKE CBETOANO/IA
¢ yacroroii 50 I, 10CcTaTOYHO pacKavyarb CBETOAMO/HDIH MasT-
nuk. Kak ToJbKO CKOPOCTb MasiTHUKA cTaHeT Bbiie 1 M,/c, Bb
YBUJIUTE CBETSIYIOCS MYHKTHPHYIO JIMHUIO, BMECTO CILJIOIIHOM.
Oco6eHHo XOPOIIo 3TO BUIHO B TEMHOTE.

Ha pucynkax 1 u 2 npusegensl dororpaduu 4acTu TpaeKro-
PHUH TAKOTO CBETOANOHOIO MASITHUKA, C/IETAHHbIE C IKCITIO3UITH-
eit 0,5 c. TopusoHTAIbHBIII pagMep ATOTO yyacTKa TPAEKTOPUH
cocrasysier 0,8 M. HerpyaHo y6equTbcss B TOM, 4TO CPE/IHSS
CKOPOCTb MasiTHUKa Ha pUCyHKax pasHa 1,6 Mm/c u 2,2 Mm/c.

K.Bozdanos
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Cnarettn W... bn3nkKa

A.BAPJIAMOB

Bocniesaro, rpocias/iso
PackpacaBLia MakapoHa..
A BKyLato, oboxaro,
TpeneLyy, bnarorosef,
HacbiLaroch, HaCIaxXa[arch
W or iy caaKko MIEer...

Ounnnno CrpyTTeHamno
(HeanonuTaHckMM NoaT 1 obxopa, XVII B.).
MoxBanbHOe CNoBO MakapoHam

E3YCJOBHO, KAYKIbIJ1 3HAET, UTO TAKOE CIIA-

TeTTH, 1 HaBEpHAKa MHOTE YU TaTEJ BapuJIn UX ca-

M. OHAKO 33/[yMbIBAJINCD JIH BbI O TeX (usnyec-
KHUX Tpoleccax, KOTopble TPOUCXOAT BO BpeMsl BapKH U
B pe3yJibTaTe KOTOPBIX Ha CTOJIE TOSIBJISETCS TIPABUJIBHO
cBapenHast acta (Tak MTAJIbSHIbI HAa3bIBAIOT JIIOObIE Ma-
KapoHHbIe u3/ems)? Hanpumep, 4To pOUCXOAUT BHYT-
pU cHlareTTH, TTOKa OHM TIJTaBatoT B Kutisgieii Boje? [louemy
CJIeZyeT CTPOTO CJEINTD 3a COOMOIEHNEM BPEMEHN TOTOB-
KU, yKkazaHHOM Ha ylakoBke? Ilouemy artu Bpemena Tax
CUJIbHO Pas/nyalorTcs [/ pasHblX TUIOB I1acTbl? Kax
BimseT opMa MPOAYKTa — KJIACCHYECKHe CIIAreTTH pas-
HbIX IMaMeTpPOB, PUTaTTOHH, 6yKaTI/IHI/I n T.A. — Ha BpeEMA
BapKu? 3aBUCHUT JI BPEMsI TPUTOTOBJICHUS 1TACTBI OT TOTO,
TOTOBUTE JIH BbI €€ Ha MOPCKOM 1o6epeskbe UM BHICOKO B
ropax? [louemy cyxas crmarerTuna mpu cru6aHUU MOYTH
HUKOT/Ia HE JIOMaeTcs Ha J[BE€ YacTH, a PaclajlaeTcsl Kak
MUHMMYM Ha Tpu Kycka? Ilouemy crnarertu B 1polecce
BapKy He 3aBs3bIBAIOTCA B y3Jubl? Kak BbIOMpaTh THUT
TIACThI TIOJT MMEIONTHICS coyc, YTOOBI OHA MOJIYUHJIACh
BKYCHOIl U ropsiyeii?

Bce ati Bompochl B pasHoe BpeMsI MPUBJIEKATN BHIMA-
HUe uccaeaoBateseil. Mbl moctapaeMcst BHUKHYTD B (PU3H-
KY TIpoliecca BapKH CIIareTT! W HAHTH OTBETBHI HA HEKOTO-
pble BOIPOCHI, KOTOPbIE MOTYT BO3HUKHYTDb M Y JTI0003HA-
TEJIbHOI'O YuTaTeJ IAd.

HemHoro us ncropmn NnponseBoacTBa Nacrtbl

Bormpekn o6mienpunsToMy MHEHWIO, Macta He ObLaa
3aBe3eHa B Epony BenemmanieMm Mapko Ilosio, cosep-
MIMBIIMM Iy TelnecTBue B Kurtaii Bo Bropoii nmonosune 13
Beka. B jeiictBuTesibHOCTH ee HCTOPUS HayajJachb Ha
no6epeskbe Cpein3eMHOTO MOPST HAMHOTO PaHbIIe, Mpak-
TUYECKN C T€X BPEMEH, KOr/la YeJOBeK, OCTaBUB KOYEBOM
o0pa3 >KU3HW, HAYAJ BBIPAIUBATD 36PHO U YIOTPEOSATh
ero B nunty. IlepBble jemeniku, redeHble HA pacKaJieH-
HBIX KaMHSX, YIIOMUHAIOTCS enie B Bubaum um B Apyrux
JIpeBHUX TeKcTaxX. B mepBoM Toicguenetun j0 Posxie-
cTBa XPHUCTOBA I'PEKN Y3Ke MPOU3BOUIN MAcTy B opmMe
TOHKHX CJIOEB M HasbiBasu ee <«laganons. ITOT TepMun
JI0 JIDEBHUX PUMJISH jotien B Buje <«laganums u, mo-
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BUIUMOMY, SIBJIFETCS TPEANIECTBEHHUKOM COBPEMEHHOMN
JIa3aHbH.

[To mepe cranoBsienns PuMckoil uMiiepuu macra 1noJjyda-
eT pacripocrpanenue B 3anaanoil Espone. Mcnosb3osa-
HUe MAacThl KaK (POPMbI KOHCEPBAINH 3ePHOBBIX MPOIYK-
TOB BO3HUKAET U3-32 HEOOXOIUMOCTH MEPEBO3UTH ¢ COOOM
MPOBWAHT TpHU IepeMelteHnu TeMeH. llpapoaurenem
CTIATeTTH BO3MOKHO CTaJla CHIMJNNCKAS TTacTa, BBITOJ-
HeHHast B (DOpMe TOHYANIITNX MOJOCOK U TPOUCXO/IIIAS,
B CBOIO OYepesib, OT apaOCKON MOpe3aHHON IMOJOCKAMU
seneniku. Ee Havanu npoussBoauth B [lanepmo B Hauase
BTOPOTO ThicsueaeTuss. OCHOBBIBASCH Ha MO[POOHOM 3aBe-
IaHNM, 3aBEPEHHOM T'eHY33CKMM HOTApUYCOM, MOKHO C
YBEPEHHOCTBIO YTBep:KAaTh, uTo K 1280 rogy B Jlurypun
y:Ke yrnorpebJssiuch MaKapoHbl. V3 MCTOpUM HTATbSHC-
KO JIuTepaTypbl U3BECTHO, YTO I1acTa IIPUBJIEKAIa BHUMA-
HUue MHOTUX mmcareseii, a B «[lexamepones J[>xoBaHHu
Bakkauyo MaKapOHBI CTAHOBSITCSI CHMBOJIOM U3BICKAHHOTO
Jle/iKareca.

[IepBbre 11exa Mpon3BoANTE €N TTACTHI CO CBOMMM yCTa-
BaMu Bo3HWKaOT B Mrtasum B 16 Beke um ToJydaioT
MOJINTUYECKOe U OOIecTBeHHOe Tpu3Hanue. B Te Bpeme-
HA MAKapPOHbBI SIBJSIOTCS SIBCTBOM [T OOTaThiX, 0COGEH-
HO B PEruoHax, IJie HE XBaTaeT CBOETO IMPOM3BOJICTBA
TBEP/BIX COPTOB MIeHnIbl, HarpuMep B Heamnose. 306-
peTeHne MeXaHWYecKOTO Ipecca MPUBOIUT K Y/lelieBJie-
HUIO IIPOM3BO/ICTBA IIaCThl M CHUMXKEHUIO ee IieHbl. B
pesyJabrate B 17 Beke racra CTaHOBUTCS OJHUM U3 OC-
HOBHbBIX [PO/LYKTOB IIUTAHUSA BCEX COILMAIbHBIX KJACCOB
¥ MUPOKO PACHPOCTPAHSIETCS MO BCEM CTpaHaM CPeu-
3eMHOMOPCKOTO OacceitHa. A HearoJib cTaHOBUTCST 11E€HT-
POM TIPOM3BO/ICTBA M JKCIIOPTA MAKAPOHHBIX WU3JIEJHi.
3nech macTta, 3ampaBJieHHAs TO-
MATHBIM COYCOM € Oa3uJINKOM
WJIA TIOCBITIAHHAST TEPTBIM CBIPOM,
MpojlaeTcsl Ha KakaoM yriay. B
ceBepHoil Mrtanuu macra moJry-
YaeT MaccoBOE PaCIpOCTPaHEHHE
B konie 18 Beka, B 6OJbIION
crerieHn 6J1aroapst OTKPBITHIO B
[Tapme webGosbioi dhabpuku,
KOTOPasi BIIOCJIE/ICTBUY CTAHOBHT-
CSl OJTHUM U3 CTOJITIOB THIIEBOI
npoMblieHHocTH VTammn.

CoBpeMeHHbIe METO/IbI TTPOU3-
BOJICTBA TTACTBI OCHOBAHbBI HA UC-
MOJIb30BAHUN TTPOIIECCOB HKCTPY-
3UM W BOJIOYCHUS. DKCTPY3US —
HeNpepbIBHOE BBIJAaBIUBAHUE
Pa3MATYEHHOTO MaTepuasia yepes
OTBEPCTUE OIPEJEJICHHOIO ceye-

Puc. 1. UnmocrpaLms rnpo-
yecca 3KCTpy3mm
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CIOHATETTHN H...

Puc2. @uabepa (Bosoka) A5 U3roToBAEHUS CrareTmv

Hus — ObLma u3o6pereHa W BIEPBble IIPUMEHEHA [IJIst
WU3TOTOBJICHUS JJTMHHOMEPHBIX METAJINYECKUX W3/eTHi
¢ sagannbiM cevennem (puc.1). TIpormecce akcTpysun oc-
HOBAaH HA CBOICTBE TEKY4YeCTH MATePUAJIOB M OCYIIEeCTB-
JIIETCST TIPM UX MPOJABJIUBAHUE CKBO3b (0Jiee JKECTKYIO
dopmy mocpenctBom cxkartusi. OH MOKET TTPOBOAUTCS
KaK B XOJIO[HOM, TaK W B TopstueM peskume. Bosouenue
— 9TO TpOIlecC, IOAOOGHBIN IKCTPY3UU. EMHCTBEHHOE
CYIIECTBEHHOE DPA3J/inuhe 3aKJI0YaeTcsl B TOM, UYTO IIPH
BOJIOYEHWNN MaTepuaJI MPOaBIuBaeTcs uepes popmMy, pac-
MOJIOKEHHYIO Ha BBIXOJIE U3 COCY/a, M, TAKUM 06pa3oM,
SIBJIIETCST CKOPee TPOIECCOM PACTSIKEHUS, YeM COKaTHS.
B metamnoo6pabaTbiBatolieil ITPOMBITIIEHHOCTH TaKUM
CTI0COO0M TIPOU3BOJATCS ITUJIMHAPDI, TPYObI U IIPOBOJIO-
Ka. Meraminyeckasi MPOBOJIOKA MPHU ITOM MOKET ObITh
nosesieHa 1o auamerpa 0,025 mm. [Ipyrue matepuasnl, B
00paboTKe KOTOPBIX UCIIOJIb3YIOTCS 3KCTPY3US U BOJIOYE-
HUe, 9TO IMOJUMEPDI, KepaMHUKA U... TPOMYKTHI ITUTAHUS
(puc.2).

O Bapke crareTTu No-Hay4yHomMmy

[Ipeskme Bcero namaiiTe moiiMeM, B YeM 3aKJIIOYAETCS
niportecc Bapku nactbl. Cojepskaniuecss B MyKe MOJICKYJIbI
KpaxMaJja CrpyniupoBaHbl B TPaHYJbl IHAMETPOM
10—30 MKM, KOTOpBIE, B CBOIO 0YePe/lb, OKPY KEHBI PA3JIy-
HBIMU [TPOTEMHAMU. B mportiecce npuroToBJIeHNS TACTDI /[BA
W3 HUX, COMTPUKACASICH C BOJIOM, OO BEMHSIIOTCS 1 00Pa3yIoT
HETPEPBIBHYIO CETKY — KJIEHKOBUHY, YIPYIYIO U ILJIOXO
MIPOHUIIAEMYIO [IJISI MOJIEKYJT BOZbI. DTa CETKA TIOKPbIBAET
co6oii rpany.Ibl KpaxMaJsa. Bpems Bapku HerocpeicTBEHHO
3aBHCUT OT CIIOCOGHOCTU MOJIEKYJI KpaxMaJa, OKpPYy KeH-
HBIX KJIEHKOBUHOIT, BIUTBIBATD BOY, KOTOpAs TPHU TIOMe-
IIEHNH TACThl B KACTPIOJIIO HAUMHAET IIPOHUKATH CKBO3b
KJEHKOBUHOBYIO CeTKy W AudPyHAUpOBATH K IEHTPY
crareTTUHBI. Yxe mpu remmepatype okoJio 70 °C mMosexy-
JIbI KpaxXMaJla HauyuHaioT 06pa3oBBIBATh KesreoOpasHoe
COeIMHEHNE, KOTOPOE 33/IePsKIBAET TPOHUKHOBEHIE BO/IBI.
[IpuroToBJsieHme careTTH JOKHO ObITh 3aBEPIIEHO B TOT
MOMEHT, KOr/la >KeqeoOpasHbIll KpaxMas B TacTe yixKe
BIUTAT MUHUMAJIbHOE KOJMYECTBO BObI, HEOOXOAUMOE
JUIsT TOTO, 4TOOBI C/IeJIaTh ee JOCTATOYHO MSTKOIL.
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OHU3UNUKA

Takum o6pazoM, 0HO U3 HEOOXOAUMBIX YCJOBUI [T
IIPUTOTOBJICHUS IIACTbl COCTOUT B TOM, YTO TeMIIeparypy
BHYTPH CIHATeTO CJEAYET YBEJUYUTD 10 HEKOTOPOU orpe-
JleJIEHHOW BeJIMYMHBI, B ciaydae nactel 0 70 °C . Bropoe
YCJIOBUE — BHYTPb U3HAYAJTBHOTO CYXOTO CIIAareTTo JJOJKHA
npoauddynauposarsb Boga. O6a 3TH yCJIOBUS JTOJKHBI
ObITH BBITIOJTHEHDBI 32 BpeMsl Tpollecca Bapku. /leficTBu-
TEJIbHO, HA PA30TPEB CyXUX CHATETTH B II€YKe, HU JITUTETh-
HOe JiepsKaHWe WX B XOJIO[HOW BOJE HE TPUBEAET K
MOSBJICHUIO HA CTOJIE TapeJKH alleTUTHON MAaCThI.

Ecam akkypaTHO 3anmcaTb ypaBHEHHE TEIJIoNepe1ayi 1
ypaBHenne quddysun m BOCIOIb30BATbCS 0€3yCIOBHO
3HAKOMbBIM BaM MeTO/IOM Pa3MepHOCTell, TO MOJIyuYnuM, YTO
BpEMs [IPUTOTOBJIEHU CIIAreTT! T, CBS3AHO C JUaMeTPOM
craretto D cOOTHOIIEHUEM

— 2
T, =aD” +b.

Koaddumment a onpenenserca pusnyeckuMu cBOMCTBA-
MU TIACTBI — €€ TEIJIONPOBOHOCTBIO U K03 hUIneHTOM
muddysuu, B To BpeMst kKak KoadduimenT b xapakrepu-
3yeT... HaIMOHAJTBHOCTh efoka. B camoMm mese, ecum
mepBoe cjaraeMoe B (hopMyJie OmpeesisseT BpeMsT JOCTaB-
KU BOJBI W HEOOXOINMOTO TEIIa K IIEHTPY CIIAareTTo, TO
BTOpOE TOBOPHUT HaM, KaK JOJTO I[eHTPaJbHas dYacTb
pe6bIBAET MO/ BO3/IeicTBIEM 3THX (PakTOpoB. BoT moue-
MY UTAJbSHIIbI, KOTOPbIE IPEINOYUTAIOT €CTh IMacTy B
CTerneHn rOTOBHOCTH «Ha 3y60oK» (¢ Halel Touku 3peHus,
HECKOJIBKO HEJ0BAPEHHON ), MpoIlece Keaeobpa3oBaHus
KpaxmMaJia B [acrte JOBOJIST JI0 KOHIIA He TI0 BceMy 00beMy,
a Tak, YTO B I[EHTPE OH OCTAETCS] OTHOCUTEIBHO TBEPJIBIM.
B pesysbrare, kKak Mbl YBUIUM HUXKe, KoadduirenT b B
9TOM CJIy4ae OKa3bIBAETCS OTPHUIIATEbHBIM. B apyrux
CTpaHax JIIOOUTEJN CIIATeTTH CYUTAIOT, YTO TTacTa JOJIKHA
6BITH XOPOTIO pa3BapeHa, MO3ITOMY BpeMsi, KOTOpOe OHHU
BapsT TACTY, MOXKET CYIIECTBEHHO TIPEBBINIATh YKa3aHHOe
Ha YIAKOBKE MTAJbsSTHCKUM MPOM3BO/INTENEM BpeMs.

[laBafiTe Temepb OTIPAaBUMCS B CyTEePMapKeT U KyIIHM
BCIO HEOOXO/UMYIO /IJisI 9KCIIEPUMEHTA TaMMYy TIacTbhl I[H-
JITHIPUYECKOI (DOPMBI: KalleJJINHU, CIIAreTTUHH, CIIareT-
TH, BepMuIlesb, 6ykatunu... [lanee, npountaeMm u 3aHe-
ceM B TaGJIMIly PEKOMEH/I0BaHHbIe BpeMeHa BapKu (KOJIOH-
Ka «9KCIEePUMEHTATbHOE BpeMst BAapKU» ). 3aTeM BO3bMeM
MITAHTEHIIUPKYJIb U U3MEPHUM COOTBETCTBYIOIINE HaMeT-
Pbl, 3aHEceM UX Takxke B Tabauiyy (KOJOHKU «BHENTHWH /
BHYTPEHHUII inaMeTp» ).

[l HaxXOosKIeHNsT YNCIeHHBIX 3HAUeHUH Koadduinen-
TOB @ 1 b JIOCTATOYHO UCTIOJIBb30BATH JIAHHDIE U3 JIBYX CTPOK
Hameill TabIuIbl W PEMINTh COOTBETCTBYIONIYIO CHCTEMY
JIByX MPOCTBIX ypaBHeHWii. BpibepeM paHHbIe [IJIS CIareT-
tHU Ne3 u BepMmuIean Ne§ U MOJTydnM

a:%ZBA MI/IH/MM2,
Dy =Dy
D3t, = Dit
b="221 12 =93 vun .
Dj - Df

[Tacta, KOTOPYIO MBI KYNIUJIH, — UTATbSHCKAS, TIO3TOMY U
PEKOMEH/I0OBAHHBIEC BPEMEHA IIPUTOTOBJIECHHS COOTBETCTBY-
10T UTATbSTHCKOMY BKYCY, T.€. acTe, IPUTOTOBJIEHHON «Ha
3y6ok». B pesysabrare koapdpuiment b oxasbiBaeTcs
OTPHIIATETbHBIM.
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18 KBAHT: - 2011/No
Tabauua
Tun macter Buemmnwuii Buyrpennuii IJKcnepuMeHTaIbHOE Teoperuieckoe
auamerp D, mm muamerp d, mMm BpeMs Bapku £, MHH BpeMsI BAPKH T, MHH
Kamennuan Nel 1,15 3 2,2
Cnarertuan Ne3 1,45 ) 5,0
Crarertin Ne> 1,75 8 8,1
Bepmurienn Ne7 1,90 11 10,0
Bepmurienn Ne§ 2,10 13 13,0
Bykatnnn 2,70 1,00 8 22,571

VMes Ha pykax duc/eHHbIe 3HAUYeHUS K02 DUINEHTOB
au b, MbI MOKeM TIPOBEPUTD, KaK Harra popmy.ia paboTaer
JUIS. PA3JIMYHBIX TUTIOB TTACTBI IMJIUHAPUYECKOH (hOPMBI.
PesybTarhl HAKUX BBIYMCJICHWI TPUBEJCHDI B TIOCJICIHEH
KOJIOHKE TaOJIUIbI, ¥ YUTATEJb MOXKeT YOeIUThCsl B Ipe-
KPAaCHOM COIJIACUU MEK/y TeOphuel U dKCIepUMEHTOM BO
BCEX CTPOKaX TAGJIMIIbI 32 MCKIIOUEHNEM [[BYX KpailHUX:
Juist Karresmnar Ne 1 1 OyKaTwHE. 37eCh MbI CTATKUBAEMCST
C TUTTUIHOM JIJISI TEOPETUYECKOM (DUBUKY CUTYAIIUEN: TTPEJI-
CKa3aHue HEKOTOPOI TEOPUH NMEET CBOU MPEJIeJIbl IpuMe-
HUMOCTH, 3aBUCSIIINE OT C/ICTAHHBIX ITPU TIOCTPOEHUN 3TOMN
TEOPUN YIIPOIIEHUI.

[TocMoTpuM, HaTIpUMeEp, HA TIOCAEIHIO CTPOKY TaOJIH-
Ibl: /IS OYKATUHU Pa3Jnune MEXIy TEOPETHYECKUM U
9KCIIEPUMEHTATbHBIM BpEMEHAMHU OKa3bIBAETCSI BOIIHIO-
muM — 22,5 muH BMecto 8 mun! Takoe pacxoxiaenue
YVKa3bIBaeT Ha MHTEPeCHblil (haKT: AMAIIa30H BO3MOXKHBIX
TOJIIMH BCeil raMMbl 1eJbHOM IUJIMH/IPUYECKON I1acTbl
(Kare/ImHM, CIareTTH, BEpMUIIE/Ib) OKa3blBAETCS BEChMa
V3KHNM, COCTaBJjsig Bcero jumib 1 mMM. [leiicTBUTEN bHO,
BBIYMCJICHIE BPEMEHU TIPUTOTOBJEHUS OYKATWHU B TIPH-
OJIVKEHUN OJTHOPO/THOTO TIWJIMH/Ipa ¢ uamerpoM 2,70 MM
Jlaet 22,5 MUH — 3a 3TO BPeMsl BHEIHsSISI 4acTb TaKOTO
TOJICTOTO CHATEeTTOHE TIPOCTO TPEBPATUTCS B Katiry. Bprxos
U3 MOJIOXKEHUs ObLI HAWJieH IMIUPUYECKU: B IUJIUHIPE
B/IOJIb €T0 OCH CJIEIYeT C/IeaaTh IbIpKy. B aTy AbIpKy 1pu
BapKe IPOHUKAET ropsuast BoJa, 1 HeOOXOIMMOCTD J0JITO-
TO O3KM/IaHNUS, TIOKA TEIJIO Yepe3 BHEeIIHNEe CTeHKU JJOU/eT
[0 1eHTpa, ornazaer. Hamuume Takoil AbBIPKM MOXKHO
nonpo6oBaTh y4ecTb B Haleil (popMy.Jie IIPOCTHIM BbIYUTA-
HIeM BHYTPEHHETO JIMaMeTpa U3 BHEIIHero, ImpeHebperas
npu 3ToM 3(DdEKTOM MOTOKA TEIJIa, WAYIIETO B 00beM
CKBO3b BHYTpeHHIOIO cTeHKy (momymaiite, modemy 9To
BO3MOKHO). ITa MOANDUKAINS HEMENEHHO TTPUOIMKAET
TEOPETHUYECKUI Pe3yIbTaT K JIeHCTBUTENbHOCTH:

T=a(D—d)2 +b=7,5Mud.

Tem He MeHee, cenyeT UMeTb B BU/Ly, UTO /IbBIPKa B TIacTe
He Jo/DKHA ObiTh MeHee 1 MM B JimamMerpe, B POTHBHOM
cJy4ae BOJla HE CMOXKET B Hee TPOHUKHYTH M3-32 KallJI-
JISIPHOTO IABJEHUS Py = 0(100 °C)/d =50 Ila , uto co-
OTBETCTBYET BBICOTE CTOJIGA BOJBI B HECKOJIBKO CAaHTUMET-
POB HaJl BapsIieiics macTou.

OTKJIOHEeHMEe TEOPUU OT MPAKTUKU MHOTO PO/IA TIPOUCXO-
JIUT JIJIS OYeHb TOHKOUN mactel. [IpuumnHa 3TON OMIMOKK
OUYEBHUIHA: TOBOPSI O TIPUTOTOBJIEHUN TTACThI, MbI BHIOpAJN
napamerp b orpunateqbHbiM: b = —2,3 mua. DopMaTbHO
ATO O3HAYAET, YTO MOXKET CYIIECTBOBATb CTOJb TOHKAas
macra, 4to ee MOKHO ecTb BooGiie 6e3 Bapku. CooTBeT-
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CTBYIOIIMIT KPUTHYECKUIT JMAMETP HAXOJUTCS M3 COOTHO-
— 2

merust 0 = aDKP +b, oTKy1a

-b

D, =, [— =0,82mm.
p

a
Kak Bugno, peanbnbiii quamerp kamesmanu (1,15 Mm) He
CJIMIIIKOM OTJIMYAETCST OT 9TOW KPUTUYECKON BEJMUUHDI,
MO3TOMY HEJI0OIIEHKA BPEMEHU MPUTOTOBJIEHUST KaIleJITH-
HU B TaOJIMIE SIBJISIETCS PE3YJIbTATOM YIIPOIIEHUST HaIllei
MO/IEJIN.

3ay3nV|Ba|-w|e cnareTtTn

OTBapeHHbIE CIIAreTTH, MepenyTaHHble APYT C JPYToM,
MPEJICTABJSIOT cOGO0I CTOKHBI KIyOOK, OJHAKO aBTOP
HUKOT/Ia He BUJIEJ, YTOOb! CIIareTTH 3ay3JIMBAJICh CAMU
co6oii. IloHATD, TTOUEMy 3TOTO He IIPOUCXOAUT, MTOMOTYT
JOCTUKEHUST HOBOTO HAIIPABJIEHUsI CTAaTUCTUYECKOH MeXa-
HUKU — CTaTUCTUKU HOJIMEPOB.

OxasbIBaeTcst, 4UTO BEPOSTHOCTb CaMO3ay3/IMBAHNUS JJINH-
HOH 1OJIMMEPHOI LEIOYKH Ollpe/iesIsieTcsl BblpaxkeHueM

0o o
w=1-exp ,
Yl
rje L — mosHas JUTMHA HENoYKH, Ly, — XapakrtepHas

JUINHA, Ha KOTOPOH IOJIUMEP MOYKET U3MEHUTh CBOE Ha-
mpaBienue Ha TY2, u, Hakomer, Yy =300 — GoJbIioit
YUCJEeHHBI KO2(DUIINEHT, TOJYYEeHHDIII B pe3yJibTaTe
YUCJEHHOTO MOJIETUPOBAHUS W B HEKOTOPBIX YIIPOIIEH-
HBIX TeopeTnyecknx mojensax. [Ipumends aty dopmymy
K CIIareTTH, JJIs1 KOTOPOU lX.(lp =2-3CcM, MOXHO OIe-
HUTH JiHy L., TIPY KOTOPOHl BEPOSATHOCTH CaMOIIpO-
U3BOJIBHOTO 3ay3JIMBAaHUs cTaja Obl 3aMeTHOH, CKakeM
w=0,1:

Liin = Ylyap In1,1 =301

xap

=60 =90 cm .

CTaHJIapTHaH /UIMHa CIIar€TTu paBHa 23 CM, M 9TOIO
OKa3bIBa€TCA HECJOCTATOYHO /[IJIA OépaSOBaHI/IH Y3JI0B.

Co4yeTaHue Tuna nactbl N BA3KOCTU coyca

[IpaBusia XOpoIIIeTo TOHA TPEAITUCHIBAIOT HAUNHATD €1y
OJTHOBPEMEHHO BCEM CH/ANMM 3a cTojioM. OJHaKo 3a
UTAJTbSHCKIM CTOJIOM UCKJIIOYEHUE /I€JACTCS JIJIS IEPBOTO
6mona — macTbl. Ee HauMHAIOT €CTh B TOT MOMEHT, KakK
TOJIbKO Tapesika TosBseTcsa Ha croJe. [lacta mosmkna
6bITb ropsueil! Bnpouem, macrta momazaer Ha CTOJN He
IPSIMO U3 KaCTPIOJIM € KUIISAIel BOJOM — pe/iBapuTeIbHO
ee cOpACHIBAIOT HA JYPIILJIAr W MEePEMEINBAIOT C COYCOM.
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CIIATETTH

[TonaTno, 4To 3TOT IIpOLIECC 3aHUMAET HEKOTOPOE BpeMs 1
MOXKET OKasaTbCs JIUTeabHbIM. Torja macra ocTblHET, U
VIOBOJIbCTBHE Y3Ke Oy/IeT He TO.

Jlyist TOTO YTOOBI MOHATDH, KaKOe BpeMsI TPeOyeTCs s
TepeMeInBaHus Coyca U MMacThl, HAYHEM C IIPOCTON Mo/ie-
JIN: TyCTh BSI3Kasl SKUIKOCTD ITPOTEKAeT CKBO3b ITUJIMH/P
Mozt IeficTBIEM CuJTbl TsskecTn (9T0 06pas MaKapOHUHBI, B
KOTOPYIO BTEKaeT coyc). CrarmoHapHblii TOTOK Q >KHJIKO-
ctu B TpyGe jauamerpoM D IIpu PasHOCTU AaBJIEHUI Ha
BXO/Ie ¥ BbIXO/le Ap ompejiensgercs usBecTHoi GopMyoit
[Iyaseiina

o= Py D
128 1 n~’
rae N — KoaDUIMEHT BA3KOCTH JKHIKOCTH, P — ee

mIoTHOCTh, a [ — pmmna TpyGbl. C ApPYrofl CTOPOHBI,
BeJIMYMHA TIOTOKA TI0 OTIPE/IeJIEHNI0 eCTh Macca KU/IKOCTH,
npoTteKaroniei uepes cedeHne TpyObl 3a eIMHUILY BPEMEHU:

_bm_ D N
At 4 At
CpaBHI/IBaﬂ 9T [ABa BbIPpAKEHUA [IJIA Q 1 TIPpUIMICBHIBAsA

PasHOCTD JIaBJeHUIT IeficTBUIO cuJibl TskecTn: Ap = pgl ,
HaXO0/UM

0

At _32 1

Al pg D*°

Mbl BU/IMM, YTO CKOPOCTb, C KOTOPOH BSA3Kasl *KUJKOCTD
3aroJiaseT Tpy6y, IPOHOPINOHATIbHA KOMOUHAIINY 1 / D?.
Jra dopMyIa MosydeHa B MOJENN TEUEHUS KUAKOCTH B
10JI€ TSXKECTU CKBO3b BEPTUKAJIBHO PACIIONIONKEHHYIO TPY-
6y, TO3TOMYy B OTBET BXOJUT YCKOpPEHNE CBOOOTHOTO
najenus ¢g. Brpouem dcHo, 4TO NIpUpPOJA YCKOPEHU:
HeCylLIecTBeHHa: € TeM JKe YCIeXOM MeCTO ¢ B 3Toil
¢opmy.ie 3aiiMeT 1 yCKOpeHHe, MoIydaeMoe MacTol IIpu ee
repeMennBaHuy JIOKKOM.

Mpbl paccMOTpes TeueHHe KUIKOCTU BHYTPHU OJHOM
Tpy6bl. OJHAKO MOHATHO, YTO €CJH IJIOTHO COCTaBHUTD
HECKOJIBKO TPYO PSJIOM, TO SKHJKOCTb MEXay Tpy6amu
6yzeT Teub NPUOJIU3UTEIBHO C TOMI K€ CKOPOCTDIO, YTO U
BHyTpu HuX. TakuMm 06pa3oM, MbI MPUXOJUM K BBIBOJLY,
YTO XapaKTepHOe BpeMs llepeMelllnBaHus 11acThl

Tyep D % ,
T.€. 4eM GOJIbIIIe BA3KOCTDb COyca, TeM GOJIBIIIETO TI0TIepey-
HOTO pa3Mepa TacTy cJjejayer Bpi6uparb. Tax, He ygacres
XOPOIIO 1 GbICTPO HepeMelIaTh TOHYaiIne KaleJJIHHI C
I'YCTBIM I€HY93CKHUM 11eCTO — ¢ HUM COYeTaIOTCsl KOPOTKUe
U TOJICTeHbKHUe TPO(H, a C OIPOMHDBIX HNaKKepu >KUAKUIL
TOMATHbBIN COYC IIPOCTO CTEYeT Ha /IHO TapeJKu, II09TOMY
Jlydllle OCTaBUTb B HEM IIOMM/IOPbI YeppU Hepa3MeJ/byueH-
HBIMI 1 000TaTUTD COYC KyCOUKaMH I[yKITHI 1 KPeBETKaMM.

Homyuennas dopmysa A1 Ty, TTOMOTAET TAKKE T0-
HSATb SMIIMPUYECKHUE [TPABUJIA UTATbIHCKON KyXHI. OObIY-
HO IacTa W COYC TOTOBSTCSI OJHOBPEMEHHO — MacTa B
KacTpIoJie, a COyC Ha CKOBOPOJIE. Y XOPOIIETro IoBapa OHI
IPUXO/IAT K COCTOSIHUIO TOTOBHOCTU OYTU OJTHOBPEMEHHO.
CO6pocuB macTy Ha JypILIar u Clie/IMB BOJLY, OH OTIIPABJIs-
eT ee Ha CKOBOPO/Y, I/ie U llepeMelInBaeT MacTy ¢ COYCOM.
Bsskoctb saMeTHO NajaeT ¢ TeMIepaTypoil, I103TOMY
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BpeMsI MepeMEIINBaHus TTacTbl C COYCOM, KHUIISIIAM Ha
CKOBOpPO/Ie, Gy/IeT CYIIECTBEHHO MEHbIIE, 4eM eCJU Obl
COyC JIOCTa/ii U3 XOJIoAuabHuKa. Kpome Toro, macra e
TepsieT TEIJIo TpU TerioobMene ¢ coycom. U emme oaHa
TOHKOCTB. [lacta B KacTpioJie 4yTh-4yTh HE JOBAPUBAETCS
10 CPABHEHUIO C PEKOMEH/TyEeMbIM Ha YITAKOBKE BPEMEHEM,
a Ha CKOBOPOJe, MPH MEPEMENIMBAHUU C COYCOM, OHA
[IPOJIOJIKAET BAPUTHCS 1 IOOUPAET HEJIOCTAIOIINE MUHY TBI,
4TOOBI TOCTHYD KOHUIIUU «HA 3YOOK> .

Kak nomaetca cnaretto

B navase ctaTby ObLIO YIIOMSHYTO €11€ O/THO HHTEPEeCHOe
CBOICTBO CLIAreTTH, CBA3aHHOE C ero MeXaHW4YeCKUM pa3-
pyienueM. BosbMuTe criareTTUHY 32 KOHIIbI M HU30THUTE ee
B ayry. IlpexacraBisercs oueBUAHBIM, YTO IIPU JabHel-
meM u3ruGe paHo WJIHM MO3/HO OHA B paiioHe cepe/IuHbBI
passiomaercs Ha /iBe yactTu. OKasbpIiBaeTcs, B 3TOM cJydae
MHTYHUINS HAC TOJIBOIUT — 0OJIOMKOB Bcer/ia Tpu 1 6oJtee.

Takoe HeOObIYHOE CBOICTBO CITATETTH MPUBJIEKJIO BHU-
MaHIe MHOTUX YY€HbIX, CPeIu KOTOPbIX ObL1 u Puuap
Deitaman. U Tosbko coBceM HezmaBHO, B aBrycre 2005
rojia, 6jarosaps uccaeI0BaHnio (PPaHIly3CKUX (DU3UKOB
Opnynn n Hekpuva mosiBUJIOCH KOJTMYeCTBEHHOE 0ObsICHE-
HHUE 3TOTO SABJIEHUS, KOTOPOE, BO3MOXKHO, HalJleT cBoe
JlaJibHeli1ee pa3BuTHE B HAyKe O COIIPOTUBJICHUN MaTepH-
AJIOB. YueHble UCCJIe/[0BAIM TI0BE/IeHUE TOHKOTO YIIPYTOro
CTep:KHS TOoJ BoszeiictBueM nedopmarmu nusruba. s
ATOTO OHU CHavaJsa BOCIOJIb30BAJINCH N3BECTHBIM ypaBHe-
nuem Kupxroda, 3amicaB ero I/t HCKPUBJIECHHOTO YIIPY-
TOTO CTEP>KHS C IBYMS 3aKPETJIeHHbIMI KOHI[AMU. 3aTeM
OHM M3YYHUJIH, YTO MIPOU30HET C pacipejieieHrneM Harpsi-
JKCHUN B CTep)KHE TIPU €ro pasjioMe B ITPOU3BOJIHHOM
Touke. PelieHne 0Ka3aJjoch BO3MOKHO HAUTH JUITL YHUC-
JICHHO, HO W 3TO TI03BOJIMJIO TOHATDb (PU3UKY SIBJCHUSI.

[lorycTuM, 4TOo B pe3yJsbTaTe MPUIOKEHHOTO MEXaHU-
YeCKOTO HAIpsiKeHust m3ruba B caMoM cJaGoM MecTe
CITareTTHHBI MIPOMCXOMUT TepBblii nanoM. Kasasmoch 6br,
1IOCJIe 9TOr0 06PA30BABIITHIECS YACTHU JIOJIKHBI BEPHYTHCS K
CBOUM II0JIOXKEHUSAM paBHOBecHs. OJHAKO 3TOT IIpolece
MMPOUCXO/IUT BECbMa CJIOKHBIM M HEOJHO3HAYHBIM 00Opa-
3oM. Cpasy ke TocJje TepBOro M3JoMa B 00EUX YacTsIxX
CTEPKHS BO3HHUKAIOT yIPYTHe BOJHBI U3ruba, KOTOPHIE
PACIIPOCTPAHSIOTCS BJOJDb HUX. DT BOJHBI TPUBOJAT K
BO3PACTAHUIO B OIPE/EJCHHBIX 00JACTAX CTEPXKHSI JIO-
KaJIbHOTO HaNpsbKeHus u3rnba 10 CPaBHEHHUIO € yIKe
UMEIONUMCS  CTATUYECKUM M3THOOM, TIPE/IIeCTBYIONIM
nepBoMy H3JioMy. B pesyibrate B MecTax CryIlieHHUS
U3rHGHOTO HATIPSIKEHMST MOTYT IIPOUCXO/IUTD JJaJIbHeN e
U3JI0Mbl cTepxkHd. KoneuHo, yupyrue BOJIHbI, IIOPOXK/EH-
Hble IIePBbIM H3JI0OMOM, 3aTyXaloT CO BpPEeMeHeM, O/[HAKO
IIPY OIIpe/IeJIEHHOM COOTHOLIEHUN MEX/Y [IJIMHON CTepiK-
HS W ero yrnpyruM# CBOWCTBAMHU OHH MOTYT NMPHUBECTU K
TTOCJIeIYIONINM Pa3JaoMaM cTep:kHs. VIHTepecHo, 4To, po-
Be/IS CIOKHBIE PACYETDI, yueHble yOeUINCh B IIPABUIBHO-
CTH CBOWMX BBIBOJIOB C TIOMONIBIO 3aME/JIEHHOH CBHEeMKN
9KCIIEPUMEHTOB CO... CIATeTTH.

[ToskcniepuMeHTHPYIiTE U BbI, TIOKA BApATCS Ballll MaKa-
DOHBI.
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3ada4uu
No MaTemMaTuke 1 Pu3rke

10T paszaesn BeAercs y Hac U3 HOMePa B HOMEP ¢ MOMEHTa OCHOBAHMS XXYpHana. lybkyemsie B HeM 334341 HEeCTaHAAPTHbDI,
HO A1 WX pPelueHUus He TpebyeTcs 3HaHWM, BbIXOZALMX 33 PaMKU LUKOJIbHOV rporpammsl. Hanbosnee TpygHble 3agaqv
OTMeYatoTcs 38e3404Kou. [Toce hopmympoBky 3aaa4u Mbl 06bIYHO yKa3bIBAEM, KTO HaM €€ MPEAIOXmI. Pazymeercs, He Bce 3T!
3aga4u nyouKyIoTCs BriepBble.

PeweHus 3aga4 13 3Toro HoMepa ciegyer oTrnpasaaTe o agpecy: 119296 Mocksa, JleHuHckuv rpocrnekt, 64-A, «KBaHT».
PeweHns 3aga4 M3 pasHbIX HOMEPOB XXYPHANA WM 10 Pa3HbIM MpeaMeTam (MaTematvke v u3nKe) rnpucslianTe B pPasHbIX
KoHBepTax. Ha koHBeprte B rpage «Komy» Hanmwmre: «3agaqyHuk «KeaHra» Ne1-2011» n Homepa 3aaad4, peLueHnsi KOTopbIX Bbl
noceiniaere, Harpumep «M2206» umn «@D2213». B rpage «OT KOro» gpamumivio v UMs Mpocum ucatb pazbop4uso. B nucsmo
BJIOXXUTE KOHBEPT C HAIUCaHHbIM Ha HeM Bawumm agpecom v HeobXoaumelii Habop Mapok (B 3ToM KOHBepTe Bbi nosny4urte
Pe3y/IbTaTsl MPOBEPKU PeLLIeHUY). PelueHus 3aA4aY 110 MatemMatuke U @pU3nKe MOXKHO MPUCLINIATEL TakXKe 110 3/IeKTPOHHBIM aapecam
math@kvantjournal.ru un phys@kvantjournal.ru cooTBeTCTBEHHO.

YcnoBus KaXKaovi opurvHanbHoOV 3aAavu, rfpeaaaraeMod 4ns nybnvkaumm, rnpucbiiaite B OTAe/IbHOM KOHBEpTe B ABYX
3K3emIsipax BMecTe ¢ Bawumm pelerHnem 31ovi 3aaa4u (Ha KOHBepTe romeTsre: «3aaaqyHnk «KsaHTa», HoBas 3aga4a o gusmke»
nnn «3agaq4Huk «KBaHTa», HoBasi 3a4a4a 1o MaTeMaTuKe»).

B Hayvane Kaxgoro nuceMa rpocumM yKasblBaTb HOMEP LLUKOJIbI M KJ1acC, B KOTOPOM Bbl yynrecs.

3anayn M2206 - M2211 npegnaranuce Ha XXXl TypHupe roposos.

3apgaun M2206-M2213, ©2213-12219 BCTPEYAJINCH OIHOBpEMEHHO. [loKakuTe, 4TO [0 TOJTYIHS
y moGoro Besocuieucta 6bi10 He Menee N2 Berpeu.
M2206. a) Hekrto yraaja crapyio HOJUIEHCKYIO Maliu- B. Dpenkun
HY, MaKCHMaJbHasi CKOPOCTb KOTOpPOil coctaisier 90%
OT MaKCUMAaJIbHOM CKOPOCTH HOBOW MaiiuHbl. B HEKOTO- M2210. Yerpipexyrompink ABCD srucan B OKPYRHOCTD
PBIIi MOMEHT B y4acTKe CHOXBATHJINCH M MOCJATH CBOETO C LIEHTPOM UO, npirieM Touka O He JIeKUT HU Ha OJHOI 13
JIHIIero MOIHMIEliCKOro Ha MONMKY YTOHIIMKA, /B €My JIMaroHaseil 9TOro 4YeTbIpexyroJbHuKa. l3BecTHO, YTO
HOBYIO ToJHIeiicKyio Mamuay. OHaKO MOJUIEHCKUN He HEHTP OMMCAHHON OKpYX)HOCTH Tpeyro/bhuka AOC e-
3HAJ, HU KOIJa MAIIMHA ObLIa yrHAHA, HH B KaKylO SKUT Ha npsamoit BD. [lokaxkute, 4yTO IIEHTP ONMUCAHHOMN
CTOPOHY BOJIb GECKOHEUHOH B 06€ CTOPOHBI AOPOrH OKPY3KHOCTH Tpeyrosibanka BOD nexut Ha npsimoit AC.
yexaJ yroumuk. CMOKeT Jin TOJUIEHCKNN JOTHATD YTOH- @.Ueres
1HKa’? . M2211". Ksaapar ABCD paspesan Ha OJMHAKOBbIE IIs-
6) Pemmte Ty e 3a7a4y, €CIH OT NO/MIEfCKOro yuacTka MoyrosbHHKH. IlokpacuM Bce IpsAMOYTOJIbHUKH, KOTOPbIE
OTXOAAT GeCKOHEUHbIe J0Porn B N HalpaBJICHHSX. paspesaer gmaronanb AC. [loxaxwure, yro AC peaut
I'.I'anvnepun IJIOIIA/b MMOKPAIIEHHON YacTH KBaJparta IIOI0JIaM.
M2207. Ksaaparmas [0cKa pasjefeHa Ha n° KJIETOK B.Ilpoussonos
n —1 TOPU30OHTATBHBIMU U 72 — 1 BEPTUKAJbHBIME TIPSIMbI- M2212. Jlokaskurte, 4T0 /15 I06OT0 HATYPAIBHOTO @ = 3
M. KieTki packpalieHbr B maxmMaTHOM nopsiake. ssec- CYTIECTBYIOT OECKOHEYHO MHOTO HATYPAJIbHBIX 72 TAKUX YTO
THO, YTO Ha OJHOW JIMATOHATM BCE KJETKH YEpHbIE U a) a" —1 memurcs Ha n; 6*) @" —1 gesuTcs Ha n° .
kBasipaTHble. [loKaskuTe, YTO 06IMIast MJIOMIAIb BCEX Uep- B.Cendepos
HBIX KJIETOK He MeHbIe o0IIell TIonaan BecexX OesblX. .
I1. Kosxeenuxos M2213". B ontmcanroM deTbipexyrosbanke ABCD nuaro-
. HAJII TlepeceKaroTcs B Touke £, wepes [, I, 1., I, o603Ha-
M2208. Imeercst MHOTOYTOIBHUK. [L7Ist KaXK /101l CTOPOHBI YeHBbI 1IEHTPbI BIHMCAHHBIX OKPYKHOCTEN TPeyTroJbHUKOB
noae/ MM ee AMUHY Ha CyMMYy JUIMH BCEX OCTJIbHBIX BCD, CDA, DAB, ABC. [lokaxure, 4TO TOUYKA Iepece-
CTOPOH. 3aTeM CJI0XIM Bce mosyauBInecs apoou. [loka- yennst npambix 1,1, u I,I, paBHOy/AIEHA OT IEHTPOB
JKHUTE, YTO MOJyueHHas cymma Gy/leT Beersa MeHbuie 2. OKPY3KHOCTel, Brucanubix B Tpeyrosbuuku ABE, BCE,
I'.I'anvnepun CDE, DAE.
M2209. Ha kousbleBoM tpeke 2N BeJOCHIIEUCTOB CTap- H.benyxos
TOBAJIM OJHOBPEMEHHO U3 OJHOM TOYKHM M I0EXaJu C ®2213. Tlocse yaapa mMepBOTO HATYpPAJUCTA MAJKON TIO
MOCTOSIHHBIMU PA3JIUYHBIME CKOpocTsMu (B OIHY CTOPO- CTBOJIy JiepeBa MTUesIbl BBLIETAIOT U3 IyTIIA, PACIOJIOMKEH-
Hy). Ecaii mocsie crapra /iBa BeJIOCUTIEINCTA CHOBA OKa3bl- HOTO BBICOKO — Ha BbIcoTe 30 M — Ha JiepeBe, I paseTaT-
BAIOTCS OJTHOBPEMEHHO B O/IHOI TOYKE, HA30BEM 3TO BCTPE- Cs1 BO BCE CTOPOHBI CO CKOpOCTsSIMH 1 M,/C B HOHCKAxX
veit. Jlo nosty/iust io6ble BA BEJIOCHIIEICTA BCTPETUIIICDH HapymmTesaeil ux croxkoncrTus. Kakayio cekyHmy Hapy-
x0T Obl pa3, MpPW ATOM HUKaKuWe TPU WU OOJIbIIe He Ky Boi6upaiorest 1000 mues. Bropoit narypaiucr (yuacr-
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HUK 9KCIEPUMEHTA) ¢ OYeHb YyBCTBUTEJIbHBIM MUKPOPO-
HOM PAaCIIOJIOKHJICS HA COCEJIHEM JIepeBe HA PACCTOSHUU
30 M OT «ITYEJIMHOTO» JlepeBa Ha TOH JKe BBICOTE, YTO U
nuesimHoe rue3io. OH 3amuchIBaeT JKYysK:KaHKue, TPOU3BO-
aumoe muesiamu. [louBa 1ojt epeBbsAME TTOKPBITA CTapoit
JIICTBOII M ITPAKTUYECKH He OTpakaeT 3ByK. Kak Mensiach
CO BPEMEHEM TI'DOMKOCTb 3BYyKa /IO TOTO MOMEHTA, ITIOKa
«4UCTOTa» IKCIEPHMEHTa He Oblja HapyIleHa BOILIAMU
HATYPaJUCTOB?

K. Dabp

®2214. Haiigure MUHUMAJIbHYIO CKOPOCTb [IBUIKEHUS
IPaHUIBI TOJTHOW TeHu JIyHbI 0 TOBEPXHOCTH 3eMJIN BO
BpeMs cosiHeyHoro 3armenusi. Cuntaiite, uro opouta JIyHb
MpU ee JBUXKEHUW BOKPYT 3eMJIN KPYroBas W JIEKHUT B
TIJIOCKOCTH OPOUTBI, TI0 KOTOPOW 3eMJIsl IBHIKETCS BOKPYT
Counna. Paccrosiane ot 3eman o Jlyaer npumepso B 60
pa3 6oJibllie pajiyca 3eMJIH.

B.Caasymuncxui

®2215. Ky6 ¢ pe6poM A 1 ¢ paBHOMEPHO pacIipe/ieIeHHOIT
1o o6beMy Maccoil M, HadajbHas CKOPOCTb KOTOPOTO 0
HallpaBJeHa BJOJb ueTbipex pebep Ky0a, JBUXKETCS B
Pa3peKEeHHOM rase ¢ KOHIEHTPAIMEN 7 MOJIEKYJT ¢ Macca-
Mu m< M wu temmneparypoil T. ¥Yaapbl MoJekya o
rJIaJIkue CTeHKN KyOa abcoJIioTHO yrpyrue. /linHa cBo6o/1-
Horo mpo6era MoJjieKyJ1 MHOTO GoJibiie pebpa Kyba, T.e.
A> A, an> 1/ A®. KakoBo yckopenne ky6a? PaccMor-
pHUTE TONBKO Ba KpalHmx caydas: a) o > kT/m;
6) v* < kT/m.

A.Kyb6os

®2216. lmeercss TexcaronasbHas OeCKOHEYHAsl CETKA.
Ka)K[[bIe JIBa y3Jla CETKU XapaKTEPU3YITCA MUHUMAaJb-
HbBIM KOJIMYECTBOM «MOCTHUKOB», KOTOPbIE€ HYXHO IIPEOJ0-
JieTb, 4TOObI U3 OJHOTO y3Ja mepebparbcs B JPYTOil.
Kasxoe 3BeHO Takoii CeTKHU, pacloOKeHHOEe MEXY ABY-
MSI COCEIHUMU y3JaMU, UMeeT CONpoTuBJeHue r. K Kax-
JIOMY y3JIy CETKH MOJIKJI0YEHbI TpU TaknX 3BeHa. OT y3/a
A MOKHO BJIOJIb ITPOBOJIOYEK (3BEHBEB) CETKH NEPE/IBH-
HYTbCS K TpeM OKaiiimmm ysuaam B cetkn. OT aTUX Tpex
V3JI0B 0 JIPYTUM IPOBOJIOYKAM MOKHO TiepeOparbes K
CJIETYIOTINM T10 YAJeHHOCTH OT TOukH A niectu y3aam C.
Hauwnas ¢ atux ysmnoB C, cuMMeTpusi repemMelneHus o
MOCTHKaM Hapymraercs. Ecam 6atapefika MOAKTIOYEHA K
JIBYM y3JlaM CE€TKH, PaCHOJIOJKEHHBIM O4Y€HDb JaJ€KO /IPpyT
OT JIpyTa, TO OT Kaxk0ro y3Jja C TOKH, yXO/sII1e 10 ABYM
ITPOBOJIOYKAM K CJIEAYIONIM TI0 YAJCHHOCTH OT A y3J1aM,
UMEIOT /IBA PAa3HbIX 3HAYEHUS, ¥ UX OTHOIIEHUE HEen3Bec-
THO. IIpeamnososkuM, YTO OTHOINEHHE TOKOB paBHO K.
Haiigure compoTuBiieHns ceTKu MeK/y y3JoM A 1 HeKo-
TOPBIMU Y3JIaMU CETKH, KOTOpbIEe OTCTOSAT OT A Ha S
MIPOBOJIOYEK-MOCTHUKOB.

C.V3n06

®2217. Ha ATWHHBIX HEBECOMDBIX W HEPACTSIKUMBIX HHU-
TSAX, TPUKPEIJIEHHBIX K TOTOJIKY, BUCAT TPHU CTAJbHBIX
CIJIOTIHBIX TTapa auamerpamu 3D, 2D w D. B paBHOBec-
HOM TIOJIO’KEHUN BCE HUTH BEPTUKAJDBHDI, IIEHTPBI 1TapOB
HAXO/ATCS Ha OJIMHAKOBBIX PacCTOSIHUAX L > D OT 110-
TOJIKA U HA OJIHON TOPU30HTAIbHON JTUHNNU, IPUYEM LIAPbl
oyTH Kacaiores Apyr apyra. Ilocepenune naxoaurces map
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nuamerpom 2D. [lap puamerpom 3D OTBOASAT OT MOJIOMKe-
HUST PABHOBECHUSI TAK, YTO HUTh, K KOTOPOU OH IPUKPETLIEH,
0CTAeTCsI BBIPSIMJIEHHOMN, HAXO/UTCS B TOH JKe IJIOCKOCTH,
YTO U JIBe APYTUE HUTH, M 06pa3yeT ¢ BEPTUKAIDBIO YTOJ
o <« 1. [lap ormyckator. Haiiiute MakcuMaibHBINA yTOJ
B OTKJIOHEHUSI HUTH, YAEPIKUBAIOIIEH Mmap guamMmeTpom D,
TIocJIe TIepBoii cepyu y1apoB mapoB. CunraiiTe Bce yaapbl
a6COJTIOTHO YTIPYTHIMH.

A. Ilapos

®2218. Bosbr-aMiiepHasi XapaKTepUCTUKA HEJTUHEHHOrO
aJIeMEHTA TIPY HATIPSKEHUX, He TPEBBINIAIOIINX M0 MOJLY-
J10 HekoTopoil Beanuunbl U, , umeer supg [ = aU 3 Ila
[INO/Ia, BKJIIOUEHHbBIE MapaJljieJbHO JIPYT JPYTY Tak, 4To
«TLJTIOC» OJTHOTO COEJIMHEH C «MUHYCOM» JPYTOT0, UMEOT
MOXO0KYI0 Xapakrepuctuky. IIpu mojavye Ha Taxoii aJe-
MEHT HaIpPSKEHUsI, M3MEHSIONIETOCs TI0 TAPMOHIMYECKOMY
3aKoHy u = U, cos Wt , B 4aCTOTHOM CIIEKTPe TOKa IIPUCYT-
CTBYIOT TIepBasi M TPEThbsI TADMOHUKN. KakoBO oTHOIIEHNE
WX aMIIATY1?

B.Iloaskos

@®2219. B ne6mmskoM Gy/ayiieM Ha ypoke PU3UKH B TITKOJIC
na Jlyne mpoBomuTcs Takoit skcriepuMeHT. CILIOMHON
ILJIOCKUH CTAIBHOM JIUCT GOJIBLION IO U OJAMHAKOBOI
[0 BCEll IJIOMIAAN TOJIIUHON — IJIUTY — OKYHAIOT B
pactiaBJeHHbIN TapaduH, BBIHUMAIOT U JIOKHU/IAIOTCS,
KOT/1a OH OCThIHET. [1iTa MoKpbhIBAaeTCS TOHKON TJICHKO
napaduHa, KOTOPbI He cMaurBaeTcst Booi. [1muTy akky-
PAaTHO OMYCKAIOT Ha MOBEPXHOCTD BO/IBI B COCY/IE, M OHA HE
toHer. KakoBa MakcuMa/bHAs TOJIIUHA UCIIOJb3YEMOIl B
JKCIepPUMEHTe JIUThI? Y CKOpeHre CBOOO/IHOTO IaJleHus

Ha noBepxHocTu JIyHbI paBHO 1,6 M/ ¢ . Cranb, napadun

1 Bojia Ha JIyHe Takue e, Kak U Ha 3eMJie.
/l.Jlomos

PeweHus 3apay M2184-M2190, ©2196-P2204

M2184. IIpo ¢ynxuuio [(x) wuseecmno caedyrowpee:
10645t npamMas Ha KOOPOUHAMHOT NAOCKOCTU UMEem ¢
epachuxon y = f (x) cmonvio e obuux mouex, cxoavko
¢ napaéoroii y = x*. Jdoxaxume, umo ynuxyus [ (x)
moskdecmeenno pasna x*.

[IpoBenem kacaresnbnyio /[ K mapaoJie B MPOU3BOJIBHOI
2
TOYKe A(a,a ) Ira KacaresbHad umeer ¢ rpadpuxom I

Gyuxmmn [ (x) posHO oy obmyio Touky. Toukm 1mox
5TOil KacaTesibHOI HE MOTYT MpUHA/IEXATD |, TTOCKOMbKY
Kask/asd M3 HUX JIOKUT Ha TapasiesbHoil [ npsaMoi, He
umeionteil o6umx Touek ¢ I'. Toukn npsmoii I, oTmdmbie
oT A, Takke He MOTYT NpHHAJIEkKaTh [: Kaxkaas U3 HUX
HaXOJ/IUTCS MOJI KaKoii-To ApyToii KacaTe/IbHOIl K mapa6o-
se. CieloBatesibHO, TouKa A, a 3HauMT M M06as TOUKa
napaGonni, npunagiexur I, otkyna (tak kak f(x) —
BYHKIHUS) caeyeT yTBepsKIeHne 3a/[auH.
A.Illanosanos

M2185. Jano namypanvroe wucao n 2 5 . I[Ipo nupamudy
SAA, ... A, ussecmno, umo ee ocnosanue AyA,...A, —
NPasuILHLLI N-Y20bHUK, d 6ce OOKOGbLE 2pANU — PAGHO-
Gedpenrvie mpeyzonvruku (He 0053aMeIvHO ¢ 6ePULUHOTL
S). Ob6s3amenvno au 3ma nupamuda npasuibHas?
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OrBer: Her 1ipu n = 35; ga nupu n=6.
IIyetp n = 5. B mmockocTu O BO3bMEM IIPABUJIbHBII
naruyronbuuk  AyA, A3 A;As 1 OCTPOUM B IJIOCKOCTH,
HepreHuKyIIpHOl o, TpeyroabHuk A;SA;, paBHbBII
TpeyroabHuky A;A,As. Jlerko Bujerb, 4TO IMpaMuja
SA A A3 A, As He aBiigercs NIPaBUJIbHOM, HO Y/IOBJIETBO-
pseT yCJIOBHIO.
[TycTb Tenepp n = 6, O — 1eHTp MPABUJIBHOTO R-YTOJIbHU-
ka A4, ... A,, a pauna ero cropousl paBHa 1. [{okaxkenm,
YTO 1poeKiust S’ BEPIIMHBI S HA OCHOBAHUE COBIAJIAELT C
Toukoil O.
[Tokpacum Te BepHIMHbBI A;, /g KOTOPBIX /InHA pebpa
SA; pasua 1, Taxike IOKpacUM BCe CTOPOHBI 72-yTOJIbHUKA,
He UMEIOTIIe TOKPAIeHHbIX KOHIOB. ScHo, 4o S’ JeskuT
Ha CepeInHHOM MEPIEHANKYJISIPe K 0001 MOKpalienHoi
CTOPOHE.
1) Ecau Hammch jBe HelmapaJiesbHble MOKPaIIeHHbIE
CTOPOHBI, TO S' JIEKUT HA TIepeceueHun CepeIMHHBIX
[IEPIEeH/UKYJIAPOB K HUM, T.e. coBuagaer ¢ O.
2) Ec/au mokpamieHo He MeHee TpeX BEpIIHH A, 108, a
3HAUUT 1 S’ , paBHOYIaJeHa OT TPeX BEePIINH OCHOBAHNS,
T.e. coBlazaer ¢ O.
IIyctp HM OfHO W3 ABYX IEpPEYNCJICHHBIX YCJIOBHUI He
BbITIOJIHEHO. Torja n = 6, 1 B TPaBUJIBHOM HMIECTHYTOJbHU-
ke AjA,...A; noxpallenbl ABe HIPOTUBOIIOJIOXKHbIE Bep-
mmmubl. [Iycrs aT0 A; u A, . Ho 5T0 HEBO3MOXKHO, TaK Kak
AA; =21 SA +SA, =1+1=2.

11. Koxxeenurxos

M2186. bapon Mionxzaysen nonpocui 3a0ymams Henoc-
mosinvlii muozouren P(x) ¢ yervimu neompuyamenvioi-
MU KOG Puruenmamu u cooouums emy moavKo 3HAUeHus
P(2)uP (P (2)) bLapon ymsepixkdaem, wmo o1 moJivko
1O IMUM OAHHBIM 6Ce20d MOXKEM BOCCMAHOBUMY 3d0Y-
Mmannoil muozounen. He owubaemces au 6apon?

OrtBert: 6apon 1pas.
IIycTp

P(x)=ax" +...+ax +ay n P(2)=b.
Torna

b=2"a, +...+2a; +a, >a, +... +ta; +a,,
oTCI0/1a

b >b" " (a, +... +ay +ay) za, b"" +... +ab +a, .
DTO 03HAYAET, UTO @, — HETOJHOE YaCTHOE, & @, b" ' + ...
ot ab+a ocratok or genennsa P(P(2)) na b".
AHaJIOTUYHO, d,_; ONPEJENsIeTCst KaK HEeMoJHOe YacTHOe
ot senenust @, b"" +...+ab +ay va b ..
C.Mapxenos

M2187. B ocmpoyzonvrom mpeyzonvnuxe ABC nposede-
not evicomol AA;, BB, u CCy, nepecexaiouuecs 6 mouxe
H. Ilpamvie AC; u AC nepecexaiomcsa ¢ mouxe D.
Hoxaxume, umo npsmas DH nepnenduxyispua medua-
He, nposedennoll u3 eepuuvl B.

ITycts BM — mepnana tpeyrosbinka ABC (cM. pucyHOK).
oxaskem, uto H — TOYKa IepeceyeHust BbICOT TPEYTroJib-
uuka BM D, otciona 6yieT cieioBaTh yTBEPKIEHNE 3a/1a-
yn. Tak kak BH UMD, To 1oCTaTto4Ho [0Ka3aTb, YTO
MH OBD.

*
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3amernm, uto Touku A, C, Ay, C; J1exar Ha OJHOI
okpy-xunoctu ¢ auamerpom AC, a touku B, H, A, C,
JIeXKat Ha OJTHOHM OKPY’KHOCTH ¢ quametpoM BH. Ilyctp
X — BTOpas TOUKa repeceveHus npsimoit BD ¢ onmcanHON
okpy-xunocTbio Q Ttpeyronbuuka ABC. Torga DX [DB =
=DADC = DA, [DC,, 3uauut, X JeXUT Ha OKPY>KHO-
¢t W, chaenosarenbHo, OBXH= 90 , u npamag HX
nepecekaer Q BTOPUYHO B TOYKe B', IUaMETPAJbHO
nportuBonooxuoit B. Toraa

OCAB=0 CBEB 9¢-0 CBB 90°-U0CAB=0 HCA,

u anamormuno HACB=0 HAC . Orciona AHCB' -
napaJjiesorpaMM, u npsmas HB' (nepnenauxyaspHas
BD) conepxut touky M.
3ameuanue. [ permenns qJanHON 3aga4yn K ToukaM A, C,
Ay, C; MOXHO IPUMEHUTD CJIeLyTonit 061l pakT: ecan
Toukn A, B, C, D nexart Ha 0/THON OKPY>KHOCTH C TIEHTPOM
Ou P=ABNCD, Q=ACNBD, R=ADNBC, 10
touku O, P, Q, R 06pa3yioT OpTOIEHTPUIECKYIO YETBEPKY
(7.e. mo6as U3 HUX ABJSAETCA OPTOIEHTPOM LIS TPEYTOJIb-
HUKa ¢ BEPIIMHAMHU B TPEX APYTUX). ITOT GaKT HETPY/HO
JIOKA3aTh € WCIOJIb30BAHUEM TIOJISIPHOTO COOTBETCTBUSI.
C.Unvscos, 11.Koxesnuxos

M2188. Ha naockocmu aexum uezia. Paspewaemcs
nosopauusams uzay na 45° eoxpye 1106020 U3 ee KOHUOS.
Moskno au, cdenas HeckovbKO Maxux nogopomos, 0o-
Oumvcs mozo, wMOOLL UzAA GEPHYAACL HA UCXOOHOE
Mecmo, MO Npu IMOM ee KOHUbL NOMEHANUCH MECTNAMU?

O1BerT: Heb3s.

Ilepsoe pewenue. 1lyctb A 1 B — KOHIIbL UIJIbIL.
[Tpearnosioxum, 4To UMeeTCs 10C/e10BaTebHOCTh 110BO-
pOTOB Ha YTJIbI, KpaTHble 45°, B pe3yJsbTaTe KOTOPOii
KoHell B momajaer B HayaJbHOE IIOJOKEeHUe KOHIa A
(MOKHO cYMTATh, YTO BHAYAJE BBINOJJHSETCS TIOBOPOT
BOKDPYT B, 3aTeM BOKPYT A, 3aTeM BOKpyr B u 1.1.). IycTb
mocJie IIepBOro NOBOPOTa KoHell A monajiaer B TOUKy A, ,
ocJie BTOPOro 10BOPOTa KoHel B mnonajgaer B By u T.1.,
ocJie o4epeIHOro IoBOpOTa KOHel, B nonajfaer B TOUKY
B, = A;. Mbl nosyyaeM 3aMKHYTYIO 1lelIOYKy u3 2n — 1

(1euerHoro KOJH/IquTBa!)BeKTopOB AB,, BA, , A)B, ;...
. m , UMeIoINUX paBHBbIC JJIUHbI. Bce aTu BEeKTOPDI
rapaJiiebHbl OTHOMY U3 YeThbIpeX HallpaBJeHUN (cocras-
JISTIOIIUX YTJIbI, KpaTHble 45° IpyT ¢ I[pyFOM). [Tokaskem,

4YTO KOJMYECTBO BEKTOPOB, IapaJuleJbHbIX KaXX/0My Ha-
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MIPABJICHUIO, YETHO; TEM CAMBIM, MOJIy4UM ITPOTHBOPEYNE.
BosbMeM oHO0 u3 aTUX HammpaBiaeHuit. Beegem koopanna-
TbI, HATIPABUB 0cb OX TapayieJJbHO 9TOMY HAIIPABJIECHUIO.
[y KaxkJIoro BeKTOpa IpuMeM paBHOW 2. Abcimcca
KaXX/IOTO BEKTOpa, napajuienbHoro ocu Ox, paBHa *2;
MycTb k rOPU3OHTATBHBIX BEKTOPOB MMEIOT abcIucey 2, a
ocraypibie [ umeer aberuccy —2. Abcicca BeKTopa, He

napasenpuoro ocu Ox, paBHa *v/2 wmam 0. Tak kax
cymMa Bcex BekTopoB paBua 0, To cymma ux abeImcc

pasna 0, T.e. 2k —2[ + mN2=0, rae m - HEKOTOPOe IeJIoe

apreso. Tak Kak aucio 2 HppaIoHaIbHO, TO 2k — 2] =
=0, 3HauuT, 0061IEee KOJUUECTBO BEKTOPOB, IMapaJsiiebHbIX
oc Ox, paBHO k + [ = 2k.

Bmopoe pewenue. [lnsi napsr P (a +b\2,c + d\/§) , T/e d,
b, ¢, d — paioHaibHbIe YHCJIA, MTOJOKUM [ (P) =a+
+2b + ¢ (oTMETHM, YTO IIPH IIOKOMIIOHEHTHOM CJIOKEHUN
JIBYX TaKuX Tap 3HAUCHUS [ CKJIAJIBIBAIOTCS).

[IycTb BHavyase KoHell urybl A HaXOIUTCS B TOYKE (0; 0)

(£(0;0)=0), a xonen B — B touke (1;0) (f(1;0)=1).
B s06oit MOMeHT KoOpMHATb! BekTopa AB MOTYT GbITH

pasubl oxnoit uz map (+1;0), (0; £1),

02 20
S‘-’T; 175; B JI0OOOM CJIy4ae 3HAYEHUs [ I TaKoil

mapel paBHO *1. Torma B KaXKAbIil MOMEHT KOHITBI UTJIBI A
U B uMeIoT KoopiuHaThl BUa (a +bJ2; ¢ + d\/i) (a, b, c,

d — pammonasnbubie uncaa), npudem [ (A)=f(B) = 1.
IIpu xaxxgoMm moBOpOTe WTJbI ogHO U3 yucea A m B
ocTaeTcs HemsMeHHbIM, noatomy Beersa f(A) uerno, a

f (B) HEYeTHO. 3HAuuT, KOHIBI A W B TOMeHSTbCA
MecTaMu He MOTYT.
A.Tpubanko

M2189. Tpuduamv mpu 6ozamvips edym e6epxom no
KObUEB0U 00poze NPomue udacoeoli cmpeixu. Mozym au
OHU eXAMb HE0ZPAHUUEHHO 00120 C PA3NUUHBLMU NOCNOAH-
HbIMU CKOPOCMAMU, eC/iu Ha 00poze ecmb MOJbKO 00HA
mouxa, 6 Komopou 0ozamvipu UMEIOM BO3MOKHOCID
obzonams dpyz Opyza?

Otser: moryt (st mo6oro yncaa n GoraTbipei).

[IycTb numHa koabiteBoii foporu pasha 1. I[lycTtb ckopoctn
JIBYX 6GoraTbipeil paBHbI HATYPAJIbHBIM YHCJIAM U U 0y,
v, >v,. Torma BcTpeun atux ABYX OGoratbipeit GymyT
MIPOMCXO/INTDh 4Yepe3 BpeMeHHble WHTEPBAJIbI BeJMUYNHOM

1 [4) v

1
. 3HAYUT, ecJn u 2

Um0 [C!

YICJIAM, TO PacCMaTpuBaeMbie 60raTbipu Oy Iy T BCTPEYATh-

PaBHBI TIEJIBIM
[

cs1 Ipn 06TOHAX TOJBKO B TOYKE CTapTa.

Tenepb A/ OCTPOEHUA IIpUMepa JOCTATOUHO 110Ka3aTh,
4TO HalileTcss HaGOP U3 72 PA3JINIHBIX HATYPAJbHBIX YHCET,
Kak/I0e M3 KOTOPBIX JICJUTCS HA €r0 PasHOCTD C JIIOOBIM
NpyruM u3 stux yucesa. [Ipumep /s nByX unces oueBU-
ner: 1 u 2. [last GOJIbIIEr0 KOJUYECTBA YKUCE TIPUMEP

MOKHO KOHCTPYUPOBATb IIO UHAYKIUU: €CIN Uy,...,U,
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HYJKHBII HabOp M3 n 4uces, 10 p,p +uy,...,p +u,, rie
P = ully ...u, , — UICKOMBIH Ha6op /s n + 1 uncsa.
JI. Meonuxos, A.ILllanosanoe

M2190. Jano namyparvnoe uucno. Paspewaemcs pac-
cmasumy MexK0y Yuppamu wucaa naiocvl NPOU3EOLbHHIM
obpaszom u eviuucaumov cymmy (manpumep, u3 uucia
123456789 mosxmno noayuume 12345 + 6 + 789 = 13140).
C noayuennvim wUci0M CHOBA PA3PEUACMC BbINOJHUMD
nodobnyo onepayuio, u max danee. /lokaxume, umo u3
106020 YUCIA MOKHO NOJYUUMY OOHOSHAUHOE, 6bINOIHUEG
ne 6onee 10 maxux onepayuil.

Ha camom sienie XBaTuT 1 yeTbipex omnepanuit. /g uuced,
MEHBIINX JECATU ThICAY, 3TO OUYEBUAHO. VHaUe TOKaXKeM,
YTO TIOCJIE TIEPBOII OTIEPAIIMY MOKHO MOJIYYUTD YHCJIO0 BUIA
10...0abcd. locse atoro nocraTouto 6yAeT TPUKIbI 3aMe-
HUTH YUCJIO HA CyMMY €ero nudp.
[TpenBapuresbHo pazobbeM YHCJO HA YETHIPEX3HAUHBIE
caaraemble (He HAUMHAIOIMECS C HYJIS1) ILTIOC, BO3MOKHO,
HECKOJIBKO HYJIEH, TIJII0C, BOBMOYKHO, OJTHO MEHBIIIEE YUCJIO
B xomure (mampumep, 12300004500060 = 1230 + 0 + 0 +
+0 + 4500 + 0 + 60). Ecamm momyaniaock k 4eTbipex3Had-
HBIX cjaraeMpix, To cymma S ne menbire 1000k. Bynem
Ternepb IO IIaraM HM3MeJbYaTh 3Ty CYyMMY, 3aMeHss Ha
KQ)K/IOM IlIare OJHO HEHYJIEBOE CJIAraeMoe Ha CyMMY €ro
uudp. Ha xaxgaom mare S ymenbinaercs, HO He GOJIbIle
yeM Ha 9999. Tak kak cymma 1udp MCXOAHOTO YHCIA HE
60see 36k + 27 < 100k, TO HACTYITUT MOMEHT, KOT/Ia TIOCJIe
OUYEPETHOTO Tara KOJUYEeCTBO Pa3ps/IoB B yucye S yMeHb-
MUTCSI. 3a Iar 0 ATOro MOMEHTa cyMma S paBHsLIACh
yueay Buzga 10...0abed — atoro Mbl U JOOMBAJIKCH.

JI. Meonuxos, A.Illanosanoe

®2196. Kamywxa undyxmusnocmoio L = 10 I'n coedune-
Ha nocaedosamenvro ¢ Kondencamopom emxocmoio C =
=0,1 mx®D, u yenv nodkuouarom x Gamapeiixe. Yepes
KaKoe 8pemMst HanpsixKeHue Ha KOHOeHCAmope YCmaHosum-
€51 ¢ mounocmoio He xyxe 1% ? daemenmor yenu cuumamo
UOeanbHbLMU, CONPOMUBLEHIUE COCOUHSIOUUX NPOBOJ0E
R=1 Onm.

YcraHoBuBIeecsT 3HaYEHNE HANPSKEHNUsT HAa KOH/IEHCATO-
pe 6yzaer pasuo D/IC Garapeiiku. Ecau o603HaunTh Ha-
npspkenue Ha kouzencarope U, a 9/[C Garapeiiku &, T0,
B 3aBMCHUMOCTH OT TOTO, KaK ObLJI 3aPsi?KeH KOHJEHCATOP /10
MOJIKTIIOYEHUST K OaTapeiike, paBHOBECHOE 3HAYEHIE MOKET
OBITD TIOJIYYEHO cpady Wi Oy/IeT UATH TPOIecC TOCTeNneH-
noro npubamkenus U k & . [Ipeanonosxkum, 4To B MOMEHT
MOJIKJIIOYEHHST Ha TIJIACTUHAX KOH/leHcaTopa He ObLIOo 3apsi-
noB. 3akoH Oma Jis 3aMKHYTO¥ 11€TH, OMUCHIBAIOIIHIA
MPOIIECC B 3TOU 3JIEKTPUIECKON I[N TTOCTIE TOAKTIOYCHUS
K Garapeiike, Oy/JeT BbITJISIIETh TAK:
2
é—Ld (CU) =Rd(CU) U
dt? dt

CreBa oT 3Haka paBeHCTBa 3amnmcana cymma Bcex JJIC,
JIefICTBYIOIIMX B 3aMKHYTOM KOHTYpE, a clipaBa — CyMMa
MaJileHuil HalpsKeHMsl Ha Pe3ucTope U KOHJEHCaTope.
Paznmenim mipaByto u JieBy1o yactu ypaBHeHust Ha CL u
BBeJleM HOBoe o0o3HaueHue: V = U — ¢ . Torma ypaBHeHue
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3AIIUIIETC TaK:

d*Vv RdV 1

s+

dt* L dt CL
ITO ypaBHEHUe 3aTyXalonmXx Kojebanuii. Cucrema mpu-
XOJIUT K PAaBHOBECHIO (DOPMATBHO 32 6ECKOHEYHO GOJTBINOE
BpeMms. [lpu atom HanpspKeHHe HA KOHJIEHCATOPE MOJKET
60 KOIe6ATHCS ¢ 3aTyXaHWEM, TTOCTEIIEHHO TTPHOJIIKA-
SICh K PABHOBECHOMY TIOJIOKEHUIO, JIUGO 3TO IPUOTIIKEHTE
OyJieT HOCUTD anepuoanyeckuii xapakrep. Kakoit mMeHHO
PEKUM OCYIIECTBUTCS, 3aBUCUT OT COOTHOIIEHUST MENKIY
napamerpamu R, C, L. [lng yka3aHHBIX B YCJOBHUU
3HAYEHUIl ITUX MAPAMETPOB PEATH3YeTCs PEKUM Kosebha-
HU € IOCTETIEHHBIM YMEHbIIEHUEM aMILTUTYIbl. [Ipu aToM
MIPOMEXXYTOK BPEMEHM MEXK/Iy TOCJeI0BATENbHBIMU TIPO-
XOK/IEHUSIMU HATIPSIKEHUS Yepe3 3HaueHue & COCTaBJIsIeT
TIpUMEPHO 2TT M07° ¢ . Hauasbmas aMILTUTY Ta KOJIeOaHWit
paBHa ¢ . AMIHTya Kosle6aHuii A MEeHsSIeTCsl O BpeMe-
HEM I10 3aKOHY

0 R0 O tQ
A=6xp R = 6 mxpH -
Grxp o HTE BP0
B 3asaue HyskHO HaliTi BpeMms f, 3a KOTOpOEe aMILIUTY/a

KosteGanuii craner menbire £/100. Otcioga mosyyaercs
ypaBHEHUE JIJIsi HAXOKIEHUS t:

ex u LD:L
pH—2OCH 1007Ht—ln100[20(:=92,1c_

Yepes t = 92,1 ¢ oTnmune HAPSLKEHNS HA KOHZAEHCATOPE
or DJIC Garapeiiku Oyzmer mMenbiie 1%.

®2197. Ha naockyro cmeny nepneHOUKyisapHo nddaem
nAOCKAsL C6emoeas 6oand ¢ 0aunoi eoamnst A. Ileped
CMEHOI NAPALICIbHO el CMABAM HeNPOIPAUNHBLU IKPAH C
Kpyeavin omeepcmuen. Bo ckoavko pas oceewennocmo 6
uenmpe c6emo6020 nNAMHA HA cmene Moxem 6vimv 60.1b-
we, uem oceewennocmnv 6e3 skpana? Paccmosnue mexoy
Ikpanom u cmenoi h.

OcBellleHHOCTb B 1I€HTPE CBETOBOIO IISITHA 3aBUCUT OT
COOTHOINEHNS BeqmunH A, 7 m R — paamyca KpyrJjoro
orBepctusi B sKpane. IIpu 3aganHbIx A U 7 HYXKHO
nosio6parh Takoe 3HavyeHue R, 4TOObI OCBEIEHHOCTb B
I[eHTpe IATHA OblyTa MAKCUMAIbHON. Bocmobayemcest TpuH-
nunow Noiirenca—@penena. B Touky, COOTBETCTBYIOLLYIO
I[EHTPY MATHA, NPUXOAAT M CKJIQIBIBAIOTCSI BOJHBI OT
BTOPUYHBIX HCTOYHUKOB BOJIH, PACIIOJIOKEHHBIX 110 BCel
IJIOIAI OTBepcTust B dKpaHe. [Ipu saToM aMIIuTyabl u
(baspl CKJIQIBIBAIOMIUXCST BOJH 3aBHCAT OT MOJIOMKEHUS
CO3/1aBUIMX 3TU BOJIHbI BTOPUYHBIX MCTOUHUKOB. [l
HOJIyYeHUSI MAaKCUMAIbHON OCBEIIEHHOCTH B LIEHTPE HYK-
HO OCTaBUTb OTKPBITBIMHU TOJIBKO Te 06JIACTH, JIJI1 KOTOPBIX
paccTosiHIe 1o TIeHTpa TISITHA Ha 9KpaHe OTJINYaeTrcs oT /2
He GoJiee yeM Ha A/2.

(YT10o6bI MOHATH 3aBUCHMOCTH AMILIUTY/IbI KOJeGaHUil B
TOUKe HaOJIOIEHUST — B TOYKE CTEHBI HANPOTHUB I[EHTPa
OTBEPCTUS] — OT pajiyca oTBepcTusi R, HaJ0 pa3OuTh
OTKPBITYIO 00J1aCTh 3KpaHa Ha TOHKUE KOHI[EHTPUIECKUE
KOJIbI[a paBHOI 1omaau. [lnoma/b go/KHA ObITh OJIHOM
W TOIT 2Ke /U1 TOTO, YTOObI aMILJITY/Ibl KOJIeOaHMil OT BCexX

*
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KOJIEI] — BTOPUYHBIX HC-

TOYHHUKOB CBeTa Ha

dbponTe BOTHBI — OBLIN

O/IMHAKOBBIMU. Ecau

pacCTOsIHUE OT TaKOro

KOJIbIIA [0 TOYKH Ha-

6Jmo/IeHust paBHo /i + [,

10 [ 6yner yBesmuennem  A4C 1

JUTVHBI Ty TH TI0 CPaBHe-

HUIO C TIEHTPAJIbHON TOYKOI 9KpaHa, a oTcTaBaHue 110 (ase

Gyner paBHo ¢ = %DZTT. U3 dpopmyn (puc.1)

(h+1) =R* +h* - 2kl +I> =R* - 2hAl = 2RAR

cJelyer, 4YTO OIMHAKOBBIM
NpUpaNeHusIM TJOIALN (p=2n\>\

AS = 2TIR AR COOTBETCTBYIOT Lo-tes Fes
OJIMHAKOBbBIE TIPUPAIEHUS Pl ey BTSRRI
anunet iyt Al ndasst Ay . s NN
ITO 03HAYAET, YTO BKJIAJBI B [ /
KOJIeGAHUS OT TIOCJIEI0BATEb-
HBIX TOHKHUX KOJIel OyIyT
CKJIA/IBIBATBCS. B OKPYJKHOC- | 1\ /
TH C TIOCTENIEHHO YMEHDBIIAIO- % A
mumest paguycom (puc.2).) N A
N3 reomerpuyeckux coobpa- ~ .
sxkenuit (em. pue.1) nosyua- o=n
€M COOTHOLIEHHUE [T HYSKHO-  pyy- 2

ro paguyca R, OTBepCTHS:

~

2 2 _ ALT A
h”+ R —ﬁ?"‘ia,nm/l Rg:h)\+z.

Ecom cumrtath, 4TO /> A\, TO BTOPBIM CJaraeMbIM B
[PaBOil YaCTH MOCJIE/[HETO PABEHCTBA MOXKHO IpeHeOpeub.
Torma

R; = h\, otkyna caenyer, uto Ry < h.

Ecsn naBHO yBeJMUUBATD PA/ILyC OTBEPCTUS /10 oo, T.€.
JI0 TIOJTHOTO OTCYTCTBHUSI 5KPaHA, TO aMILIUTYJa BEKTOpa
HANPSDKEHHOCTH 3JIEKTPUUYECKOT0 MOJIS CyMMapHOil a71eK-
TPOMArHUTHOI BOJIHDI, CO3/IaHHON B 1IeHTpe MATHA BCEMU
BTOPUYHBIMHU MCTOYHUKAMU CBETa, OYIET TEPUOIITYCCKI
pactu 1 y™meHnbuiarbed: of R = 0 1o R = R, ammuryzia
pacTeT BILIOTb A0 3HaueHus A, zarem ot R, 10 RO\/§
aMILINTY/la YMEHDBIIAeTCsl TOYTH JI0 HYJsI, 3aTeM CHOBA
pactet 1ouTn 10 A 1pu 3HaYeHuu R = RO\/§ , 3aTeM CHOBa
YMEHbIIAECTCA ITOYTH JO HyJIA DU 3HaUYeHuu R = RO\/Z .B
KOHIIE KOHIIOB YCTaHOBUTCS 3HaueHue A /2, COOTBETCTBY-
folIee MOJTHOCTHIO OTCYTCTBYIONEMY 9KpaHy (TOUHbI pac-
YeT BBIXOAUT 3a TIPE/IE/Ibl KOJIbHBIX BO3MOXKHOCTEN ).

OcBelleHHOCTD B TOUKE Ha CTeHe TIPONOPIHOHATbHA KBA/I-
pary aMIUIMTY/Abl KoJsieGaHuil BEKTOpa HAIPSIKEHHOCTH
9JIEKTPUUECKOro 110Js1 B 9T0il Touke. CuilefoBaresbHoO,
OCBEIEHHOCTDb IIPY HAJIMYMU OTBEPCTUS pajuycoM R, B 4
pasa 6oJbllie, 4eM B OTCYTCTBHe aKkpaHa. Ha pucynkax 3
U 4 [puUBEAEHDbI IIOJyYEHHbIE B pe3yJ/bTaTe YMCJICHHBIX
PacyYeToB 3aBUCUMOCTH aMIIuTy /bl nosist E/E, . 1 ocBe-
mennoct I/1,. B I€HTPe KAPTHHBI OT BEJMYUHDI OTHO-
menuss R/R,. Ilpu srom ornomenne 71/ =100, mar
U3MeHeHus pajuyca orBepcTusi BoIGpan A/20, Maxcu-
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SAJAYHHUK

MasbHOe oTHomenne R/Ry =50 . /{1 «OpUEeHTHPOBKU»>
Ha pHCyHKe 3 IIpoBe/ieHa JUHNs, COOTBETCTBYIOIIas 11010~
BUHE MaKCUMaJIbHOI BeJIMYMHBI aMILJIUTY /[bI HAIIPSKEHHO-
CTHU I0JIA, a Ha PUCYHKe 4 IpOBe/ieHa JIMHKA, COOTBETCTBY-
Iollfasd 3HaYeHHIO YeTBePTU MaKCHMaJbHON BeJTMYHMHBI OC-
BEIIEHHOCTH.

®2198. Ha znadkom 20pu3onmanvHoMm Cmose Jexum
naaums moukuii 06pyyu maccott M. Ha 0600 namomana
2K AL HEPACSIIKUMAS HUND, 3d C60000HbII KOHew Humu
MbL maneM ¢ cunou F, nanpasienuotl no kacameavHol
06pyuy. C Kakum ycxopenuem 06uKemcs Koney, Humu, 3a
KOMOpbLil Mol MAHEM?

OG6pyu 6y/ieT CKOJIb3UTD 110 CTOJIY, IIPU 3TOM HUTDH Oy/eT
¢ Hero cMatbiBaTbest. Llentp Mace o6pyua, coBmagaouit
C €T0 reOMEeTPUYECKUM IIEHTPOM, JIBHIKETCS ¢ YCKOpEHUEeM
a = F/M. B HenHepnuaabHOW CUCTEME OTCYETA, JBUXKY-
1ieics ¢ TAKUM JKe YCKOPEHUEM TI0 OTHOTIIEHUIO K WHEPITU-
aJIbHON CHUCTEME OTCYEeTa, CBSI3aHHOW CO CTOJIOM, IEHTP
o6pyya nokontcss (MM ABUAKETCS C TTOCTOSTHHO CKOPOC-
TB10). UTOGBI U B TaKOH HEMHePIMAIbHON CICTEME OTCUETa
MOJIb30BaThCs 3aKOHaMM HbIOTOHA, HY)KHO BBECTH TaK

HasbIBaeMylo cuiy uHepruu F,, = -Ma = —F , xoropas,
KaK U CHJa TSDKECTH, NPUJIOKeHa K 1eHTpy Tspkect (K
ieHTpy o6pyua). B aroii cucreme orcuera cymma Cui,
JIefiCTBYIOIUX HA 06PYY, C YUETOM CHJIbI MHEPIIMU PAaBHA
HYJI0, TT09TOMY YCKOpPEHHE IeHTpa 06pyda paBHO HYJIIO.
Ha o6pyu aeiicTByeT mapa cnJi, MOMEHT KOTOPOIT paBeH 110
Besimunbe FR, riae R — pamnyc o6pyda. ITOT MOMEHT CHJT
3acTaBssieT 06pydY PacKpydnMBaThCS Bce ObIcTpee W OBICT-
pee. YTri0BOe ycKopeHue B 1pu TaKOM [BU)KEHUH PABHO
MOMeHTY cul FR, JieJleHHOMY Ha MOMEHT MHepIn o6pyya
OTHOCHTE/ILHO ero ocH Bpautenus MR? . [Ipu sToM jHeii-
HOE YCKOpeHue Touek Ha 06pyue 1 HUTH, KOTOpas ¢ 06pyda
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CMaTbIBa€TCsA, paBHO

I[To oTHOIIEHUIO K MCXO/IHOI cHCTeMe OTcYeTa KOHell HUTH,
3a KOTOprfI TAHYT Oépy‘l, Y49aCTBYET B ABYX JIBUIKCHUAX:
JIBUKETCSI BMECTE ¢ HEMHEePIMAJIbHOM cucTeMoil orcuera ¢
yckopenueM F /M u B 3T0ii cucTeMe IBMXKETCS C TAKIM JKe
yckopenueM F /M. B pe3ynbrare ycKopeHue KOHIIA HUTH
B WHEPINAJIBHON CHUCTEMe OTCYeTa PaBHO

a’:2a:2£.
M

®M2199. Teno, naxodsweecs na HaxKJIOHHOU NIOCKOCMU,
cocmasasioweti yzos O ¢ 20PU3OHMOM, OPOCAOM 20pU-
3o0nmanvro. Haildume, npu xakom yeie o mpaexmopuetl
mena 6ydem nepuoduuecxkas kpusas. Koapguyuenm
mpenus meaa 0 HaKAOHHYI0 NIOCKOCMb paser M.

OueBUJHO, YTO MO MEPBOTO yJapa TeJa O TLJIOCKOCTb
TpaeKTopueil Tesa SBJsgeTcs Kycok mapa6osbl. Tpebyercs,
YTOGBI TPAEKTOPUST U JAJbIIE COCTOSIIA U3 TOYHO TAKHUX JKe
KYCKOB T1apa6oJi. DTO 03HAYAET, YTO €CJU B HAYAJIbHBIN
MOMEHT TeJI0O MMEeET CKOPOCTb T, TO BEKTOP CKOPOCTU
TeJsa TocJyIe KaskJ0To yiapa ToKe T0JKeH OBbITh PaBeH O .
B mnportecce nBMIKEHUST TOPU3OHTAJILHAS COCTABJISIONIAS
CKOPOCTH OCTA€TCS HEN3MEHHOI, a BEPTUKAJIbHAS MEHSIET-
cs 3a cYer JeHCTBUS CuJIbl TskecT. [Ipm yape Ha teso
JIOTIOTHUTETBHO JACHCTBYIOT JIBE CHJIbI: CHJIA peakiuu N i

cima tpenusi Frp . IMEHHO B pesy/bTaTe efiCTBUS 9THX
CUJ TIPOUCXOJUT OTCKOK OT moBepxHocTu. llpuuem B
TeyeHre BCEro BPeMEHU yjapa JeHCTBYeT cujia TPeHUs
CKOJIb)KEHUS, T.€. BINOJIHsIeTcs: cootHomenne Fr, = PN .
JleiicTBUTEIBHO, CKOJIb)KEHUE TIPeKpaIiaercs, ecau obpa-
aeTcsl B HOJIb KacareJqbHast K TMOBEPXHOCTH COCTABJISIO-
1mast CKOpoCTH. B aTOM cirydae cCKOpOCTb OTCKOKA HAITpaB-
JieHa TIepIeH/INKYISIPHO K TIJIOCKOCTH, a B HAIllel 3a/1a4e —
ropusonTanbio. (MoKHO TIPOBEPUTH, YTO TAKOil Caydai
peausyercst, ecau yroa 3 MesKIy CKOPOCTbIO MaJeHMs U
IJIOCKOCTBIO YIOBJIETBOPsiET cOOTHOMIeHno tg B > [ . Kak

OyJer BUAHO W3 OTBETa, B HameM caydae tgB <p.)

CuiejioBaTe1bHO, paBHOJeiicTBy0mas e N 1 FTP BO Bce
MOMEHTBI B3aUMOJEHCTBUSI TesJa C ILIOCKOCTbIO Oyjer
UMETh MMOCTOSIHHOE HAIIPABJIEHHE.

Jlst Toro 4TOOBI TIOCJIE OTCKOKA BEKTOP CKOPOCTH OBLIT
paBeH ¥, HY)KHO, YTOOBI CHJIBI TPEHUS M HOPMAJbHOI
PeaxIy N3MeHUJIN CKOPOCTb Tesla, CKOMIIEHCUPOBAB pe-
3YJIbTAT JEHCTBUS CUJIBI TSJKECTH 3a BpeMs moseta. /s
aTOTO TpebyeTcsi, 4ToObl PaBHOAENCTBYIOMA CHIa ObLIa
HaIpaBJieHa BEPTUKAJIBHO

BBepx. V3 pucyHka Buj-

HO, YTO TIPU 3TOM

F, =Ntga. Ho, c npy-

roii croponst, Fy, =N,

nmoatomy Ntga =uN,

OTKyJZa

o = arctgy .

W nocnennee 3amevyanue.
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OTKyzia c/IeIyer, uto paBHoeiicTByomas cui N 1 F‘Tp ,
Jlayke uMesi BEPTUKAJIbHOE HAIlpaBJeHUe, IOJHOCTBIO U
TOYHO KOMIIEHCUPYET MelCTBUE CHJIbI TSKECTH 32 BpeMs
noJsiera? Moer ObITh, U3MeHeHe CKOpocTn AD Hampas-
JIEHO BEPTHKAJIbHO, HO He PaBHO HyJI0? UT0o6bI y6emuThes,
yro AY = 0, HA/0 BCIIOMHUTD, YTO TEPIEHANKYJISIPHAS K
IIJIOCKOCTH COCTABJISIONIAsT CKOPOCTH OyZeT Kak Iepes
yJIapoM, Tak ¥ cpasy nocje ygapa (yaap ynpyruii) uMetb
0 MOJIYJIIO TAaKoe Ke 3HAavYeHne, KaKk U B MOMEHT GPOCKa.
ITO 3HAYUT, UTO ecyu ObI AD He PaBHSIOCH HYJIO, TO OHO
00s13aTeTbHO GBLIO OBl HATIPABJIEHO HE BEPTUKAJIBHO, a 0
KacaTeJbHON K MOBEPXHOCTH.

®2200. C nopuueii 00HOaMOMHO20 2d3a NPOSOOSIM UUK-
JUHECKULL NPOUECC, COCMOAUMIL U3 USOTNEPMUUECKO20 PAC-
wupenus 6 9 pas, oxiaK0enus 6 3 pasa npu Heu3MeHHoM
obveme u aduabamuueckozo c;kamus 00 nePeoHaAUdIbHOZ0
cocmosinust (mosxeme nposepumnv — noayuaemcs! ). Haii-
Odume mepmodunamuveckutii KII/ amozo yuxaa.

K coskasnenuio, mpoBepKa MmokasaJja, 4To Yicja B yCJOBUH

oI06GpaHbl HEYJAYHO U ITUKJI TIPU 3HAYEHUSIX K0P Puim-

enToB 9 m 3 He mousydaercs. OJHAKO MOXKHO TOA00paTh

MIPaBUJIbHBIE 3HAYEHNUST, TPU KOTOPBIX ITUKJ HA CAMOM JIeJie
noJyvyaeTcsi: ato 8 n 4.
WNso6pasum Ha pV-a11-
arpamme (CM. pUCyHOK)
9TOT IUKJIMIECK U TTPO-
necc: /—2 — usorepma,
2—3 —usoxopau 3—1 —
ammabara. [lua KII/J]
IIIKJIA TMeeM

A0

0. 0,

Haiinem moaBesieHHOE K Ta3y KOJUYECTBO TEIJIOTHI Q.
OTBEJICHHOE OT Hero KoJudecTBO TernoTbl Q_. Tero
HOJBOAUTCS Ha yuacTke 1—2 (M30TepMa), a OTBOJUTCS Ha
yuactke 2—3 (usoxopa). OGo3HAuMM TeMIepaTypy Ha
nsorepMuieckoM yuacrke uyepes 1. Torga

T
L=TuTy==.
4
Jna v =1 Mosb njaeanbHOro0 0OJHOATOMHOIO rasa

O, =RTlnK =RTIn8,
2

3 9
0. =Cy (I, -T3) :ER Dz—T :gRT,

0 _,_9
O, 8In8

=0,46 =46% .

®2201. 13 mHoKecmed 00UHAKOBHIX BOJLINMEMPOE CO-
Opana obviunas «6ecKOHeunas> uensv, NOOKAIOUEHHA K
b6amapeiixe. I[lepsoiil U3 OILIMMEMPOE NOKAILIGAET 601~
we ecex — ezo0 CMmpenKda OMKJIOHACMCS NOUMU Hd 6CI0
wxany. Iozpewnocms npubopoe cocmasnsiem 1% . Croao-
KO NpubOpPOs NOKA3bIGAIOM HANPSIKEHUSL, NPEGLIULAIOULUE
nopoez nozpeuwnocmu?

Bor Ttak BbBITJIAINT 0oObIuHasT «OECKOHEUHasT» Ioernb Hn3
BOJIbTMETPOB!
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Ecan conporuieHue oJHOro BOJbTMETpa paBHO R, TO
conporusyieHue Z Bcell IeIOYKU BOJIBTMETPOB MOXKHO
HallTM U3 ypaBHeHus

RZ J5 +1
R+—=7
R+7 , orkyga Z=R——— 5

Ecmu 9/1C Garapeiiku paBHa &, TO TEPBbI BOJbTMETP
nokaxker 3uavenne U, =¢ER/Z :25/( 5 +1), BTOPOIt
BOJIbTMETP TOKaXXeT & — 25/( 5 +1) 6(\/5 - )/(\/3 +
5-1 / \/§+1 ’ , YeTBEPTHIN

2 2
-6 (\/3 - 1) /(\/g + 1) uT.7. B pesynbrare Bce HeueTHBIE
BOJIbTMETPBI — X 7 — TIOKA3bIBAIOT 3HAYEHUS

 oB- 0
v, =U, Eil\/g—_l_lil .

+ 1), TPETHil MOKasKkeT 25

Bce gyernbre BOJIBTMETPDBI — UX k — IOKa3bIBAIOT 3HAYCHUS

V5 +1045 10"
2 D\/§+1D

YTo6bl HEYETHDIH BOJIbTMETP TTOKa3bIBaJl 3HAUY€HNE MEHb-
1Ie, 4eM IMoIrperHOCTb HpHéopa, €TI0 HOMEDP N1 JOJIJKEH OBITh
TaKuM, 4TOObBI BBIIOJIHSIJIOCH HEPaBEHCTBO

05 - g
35 10

Uk _U1

<0,01.

Orcioma maxomuM n = 11. UToObI YeTHBIN BOJHTMETP
[IOKA3bIBAJI 3HAYEHUE MEHbIIIE, YeM IOTPENTHOCTb IPu6o-
pa, Hy>XHO, 4TOOBI

J§+1Df D
2 o5+1g

Orcroga nosnyuaem k = 12.
CurenoarenbHo, Beero 12 mpu6OPOB TTOKA3bIBAIOT HATIPSI-
JKeHus: 6OJIbIIe, YeM UX MOTPENIHOCTD.

<0,01.

®2202. Ha pucynxe 1 npuse-
dena cxema 6Ka0uenUs 00blU-
noeo mpanzucmopa. Hanpsixe-
Hue Gamapetixu pasno 6 B.
Conpomugaenus pe3ucmopos
6 uenu 6asvt — no 100 xOm, ¢ | —
uenu smummepa — 10 kOnm.
ITomenyuan evieoda 6asvi (om-
HOCUMENLHO <«MUNyca»> bama-
peiku) +2,7 B, nomenuuan
amummepa +2,1 B. Bo ckowko
PA3 MoK KOANEKMOpa mpan3u-
cmopa 6oavuie moxa 6azvl?

Puc. 1
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KOJJEKIHUA TOJOBOJJOMOK

O6osnauum (puc.2) nanps-
sxenne (9/1C) Garapeiiku § ,
CONPOTHBJICHUST PE3UCTOPOB
1 R, =R, =100kOM =R, ,
R; =10kOm = R, , moten-
muan 6a3pl Uy, moTeHnmals
smutrepa U, . Tok aMurre-
pa paBeH

o |

Ué 2 3 Us
I =% =021 un
R3
Tox 6a3bl ecTb pasHUIA TO-
pac. 2 KOB Pe3ucTopoB R, u R, :
Iy = 6-2Us =0,006 MA .
Rs

Tok amurTepa criapBaetcst (COrIACHO BTOPOMY TIPABHITY
Kupxroda) u3 toka 6a3bl 1 TOKa KOJJIEKTOPA, TTOITOMY

=1, -1, =% -£720s — 504 A
R, Ry
HckoMoe oTHOIIEHNE TOKOB KOJIJIEKTOpa 1 6a3bl PaBHO
L=y
16

®2203. 13 00unaxoevix MOHKUX NPOBOLOUEK CRAAIU
KYoux — npoeoaouku a6asomes ezo peopamu. K maxcu-
MAABHO YOALEHHBIM O8YM GEPULUHAM KYOUKA NOOKIIOUULU
UCTOUHUK, KOMOPbLIL 0becneuusaem npomexkanue 3a0an-
HO20 Mmoka 60 eHewnell yenu (<UCOUHUK MOKA»), U
BOIUUCAUIU MAZHUMHYIO UHOYKUUIO NOLSL IMUX NPOGOJIO-
uex 6 uenmpe Kyouxda. Bo ckoavko pas usmenumcs: smo
noJe nocae nepepesanusi 00noi u3 npoeosouex? Ilpu
pewenuu cuumaiime, 4mo MmoxKu 0OCMAILHLLX pedep noc.ae
nepepesanus ne mensromes (6000we-mo amo neeepno! ).

IToJie B nienTpe KyOUKa yBeJUUUTCS] B GECKOHEYHOE YHCJTIO
pas. [leiictBuTesibHO, TOKM BeeX (IeIbIX elie) MpOBOJIoYeK
KyOHKa CO3/[aBAJII B €T0 IIEHTPE HYJIEBOE MATHUTHOE T10JIE.
[Tocsie epepesannsi KakoH-n60 U3 MTPOBOJIOYEK MOJIE B
1eHTpe KyOuKa He 6yzieT paBHo HyJ110. [Ipu aTOM OHO Oy 1eT
MaKCUMAaJIbHBIM, €CJIH Iepepe3aHa IPOBOJOYKA, KOHEI

KOJUJERKIONUA

KOTOPOII COeIMHEH ¢ OJ{HOI 13 BepIIuH KyOuKa, MOIKJIIO-
YEHHDBIX K GaTapeiike.

®2204. Odna wacmv kamywxu uHOYKMUEHOCMU codep-
sKum 200 6umKos, HAMOMAHHBLX HA CMEPKend U3 heppu-
ma — eeuecmed ¢ OOILWOU MAZHUMHOU NPOHUYACMOC-
mo10. B nawem cayuae amo cmepxenv daunou 10 cu u
duamempom 8 MM, MAZHUMHASL NPOHUUALMOCTND KONOPOZO
pasna 1000 (6vieaem u 6 HeckovKo pa3 Goavuie Uiu
MeHvule, HO Max Ovlad YCmpoena MAzHUMHAs AHMeHHd
Moez0 nepeozo paduonpuemnurxa). [Iauna HamMomxu co-
cmasasiem 2 cm. Bmopas wacmo kamywxu codepxum 20
BUMKO8, IMA UACMb HAMOMANHA HA OYMAKHIL YUIUHO-
PUK, KOMOPULIL MOXKHO nepedeuzamv no Geppumosomy
CIMEPIKIIO, MEUSSL PACCMOSIHUE MEKOY YACAMU KAMYUL-
ku. Yacmu xamywxu coedunsiom nociedosameibio.
Ouenume, 60 CKOALKO PA3 MOKHO USMEHAMb UHOYKMUG-
HOCMb, nepedsuzas N0 CMEPHKHIO <MALY10> KAMYUKY.

Ectp sBa BapuaHTa I10CJIEA0BATENbHOIO IIOAKJIIOYEHUS
qacTeil TaKoil KaTyIIKU. B mepBoM cirydae TOKH, TIPOTeKa-
I0I[Ie  TI0 BUTKAM KaTyIIEK, CO3/IAI0T Ha OCH CTEPIKHS
MaTHUTHBIE TI0JISI OJTHOTO HATIPABJIEHNS, BO BTOPOM CJIydae
— 1I0Jid I[IPOTUBOIIOJIOKHBIX Halpasiennuii. Ecian ase
YacTH KaTYIIKH IPUABUHYTHI IPYT K APYTY BILIOTHYIO, TO
OHM UMEIOT MaKCUMAJbHBIH KO3 PUITMEHT B3AaMMHOI WH-
JAyKIun. B aToll cuTyanuu MOXHO CUUTATD, YTO HHTYKTHB-
HOCTb KaTYIIKH ITPONOPIMOHANbHA KBaJpaTy YUCJa BUT-
KkoB. B niepBom carywae I, ~ 220°, Bo Bropom — L, ~ 1807 .
Ecan sxe Manas KaTylika y/jajdeHa JOCTaTOYHO JaJIeKO OT
6OJIBITION KATYIIKH, HO BCE €Ille PACIOJIOXKeHa JJATEeKO OT
KOHIIa (PePPUTOBOTO CTEPKHS, TO KATYIIKN UMEIOT MAJIYIO
B3aMMHYI0 WHAYKINIO T MOTYT pacCMaTPUBATbCS Kak
HesaBucuMble. Torga o6mas WHAYKTHBHOCTb KaTYIIKH

L~ (2002 + 202) . OTHoIIeHNe MaKCUMAJIbHOTO 3HAYCHU

I/IHI.[yKTI/IBHOCTI/I K MI/IHI/IMaJIbHOMy 3HAQYECHUIO I/IH]IyKTI/IBHO-
CTH MOJTy4aeTcst G0JIbIIE JIJIsI BTOPOTO CIoco6a MoIKIoue-
HUS KaTyIieK. JTO OTHOIIEHNE PABHO

b= 2007 + 20?

wo? P

FTOMOBOJOMOK

BpunnuaHT B onpase

(Hayano cm. Ha 2-vi CTpaHuLe obrioxku)

3aganue 1

3a6sI0KUPYiiTE O/IMH OOBIYHDIH KYyOUK IIeCTbio KyOuKa-
MH ¢ MAarHUTAMH HA CMEKHBIX rpansx. Ilpu aTom KyO6uk
JIOJIKEH OBITh TAK 3a3KaT CO BCEX CTOPOH, YTOOBI €70 HEJTb35T
OBLITIO HE TOJIBKO BBIHYTH, HO JIa’Ke ITPOCTO MOIIEBEJTHUTD, HE
MOTPEBOKUB OCTasIbHble KyOuKu. KoMIueKT gertaseil /st
3TOTO 3a/laiust H300paken Ha OOJIOKKe Ha PUCYHKE 2.

3axanue 2

[lobGaBbTe /1Ba KyOWKa, UMEOIe MAarHUTBI HAa TPOTHBO-
MOJIOXKHBIX TPaHsiX, W HonpoOyiite 3a6JOKNPOBATD MU
JIBa OOBIYHBIX KyOUKa.
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3azanue 3

[loGaBbre enie oiH KyOUK U roctapaiTech 3a6J0KUPO-
BaTh TPU OOBIYHBIX KyOUKa.

3aganue 4

Wcrniob3yst Bce MarHUTHBIE KyOUKH, 3a0JIOKUPYHTE CEMb
06b1uHbIX KyOuKoB (cM. Ha 06J0KKe puc.3).

3ananue 5

[TorpoGyiite mogo6paTh KOMOUHAIIUN KYyOUKOB € MarHu-
TaMu, 4ToObl 3aKath 4, 5 1 6 00bIuHbIX KyOuKoB. Cyiie-
CTBYIOT JI pa3Hble CIIOCOOBI ClIEIaTh 9TO?

K.I'pebues

03.05.11, 15:05




| NN T 1

®

[T [T 1 ||

«KBAHT»> AJ4d MJAAINIIUX IMIKOJNBDHUKOB

aa4yl

1. BOoonb [OpOXKM Mexay AoMUKaMu HesHamku un
CurHernaskm pocnu B pag usetsbl: 15 nmoHoB v 15 Tonbna-
HOB Bnepemellky. OTNPaBMBLINCE M3 AOMa B rocTu K
He3Hanke, CumHernaska nonmMBana BCe LBeTbl MOAPSA.
[Mocne 10-ro TonbnaHa Boda 3akoH4ymnacb, 1 10 LBeToB
OCTannCb HEeNONMUTbIMK. Ha3aBTpa, OTNPaBMBLLUCHL 13 AOMa

B roctn Kk CuHernaske, HesHavka cobupan ans Hee Bce
ugeTbl nogpaa. Copeas 6-1 TIOIbNAH, OH PeLUns, Y4To ANs
Oyketa pocTtatodHo. CKONMbKO LBETOB OCTaNioCb Pactut
BLOJIb JOPOXKU?

A.LllaroBasios

2 . Ha ooTtorpacdum
NpeacTaBneHa KMHoKame-
pa Ha LWTaTMBe, ykpen-
NEeHHOM Ha BpalLatoLLemn-
ca nnargopme. Ona no-
BOpPOTa KaMepbl MMeeTCs
LMHHBIA pbldar. OObIY-
HO pblyar MPUMEHSIOT 415
TOrO, YTOObI NONYYUTb BbI-
nrpbiw B cune. Ho nnat-
opma o4eHb nerko no-
BOPA4MBaeTCA Ha LUTaTK-
Be. 3a4eM e Torga Hy-
XeH pblyar?
ClIBopsHMHOB

. B cnpaBo4Huke «Ma-
rMa ANng YauHWKOBY» Ha-
nMcaHo: «3ameHunTe B chose 3EMJIETPACEHUE oguHako-
Bble OyKBbl Ha OAMHAKOBblE UMMPbI, @ pPa3Hble — Ha
pa3sHble. ECnu nony4eHHOe 4YMCIO OKaXeTcd MpOCTbIM,
CNYYNTCA HaCTOALLEee 3eMfIeTpACeHme».

BO3MOXHO N TakMM 00pa3oM YyCTPOUTb 3eMeTpsACceHne?
A.Crubres, E.[71anko8a

11 3843941 NPEAHAIHAYEHBI PEXAE BCErO y4alymmcsa 6—8 Kiac-
COB.
3anayn 1, 3, 4 npegnaramice Ha Xl Martemarndeckom rpasgHuke.
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4. [lepeBsHHbIN OpycoK Tpems pacnunamMu pacnuivnm
Ha BOCEMb MeHbLLINX OpYCcKoB. Ha pucyHKke y cemu Bpyc-
KOB yKa3aHa MosiHag njoLwafb NOBEPXHOCTU KaXX4oro 13
HuX. KakoBa nroliab NoBepXHOCTN HEBUANMOrO Opycka?

A.lllarroBasioB

5. OanH Yenosek Mo yTpam Harpesasn cebe B Kpyxke
Boay Ans kode. OH CTaBMN KPY>XKY C BOAOW B MUKPOBOJ-
HOBYIO MeYyb W yCTaHaBnMBan Tavmep Ha 1 MuHyTty 03
cekyHAbl. OQHaX bl €ero NpusTesb, yBUAEB 3TO, CNPOCU —
a 334yeM Takoe CTpaHHOe Bpems? [lpolle yCTaHOBUTb
Tanmep Ha 1 MUHYTY, YeM HabupaTb elle 03 cekyHAbl, a
BoLa Oy[eT HarpeBaTbCs MPAKTUYECKMU 4O TOW Xe Temre-
paTypbl. Yenoeek OTBETUN NpUATENIO, HY4TO eCTb OfHa
BaXKHas NPMYMHA, NO KOTOPOW eMy MPUXOAMTCS yCTaHaB-
JIMBATb MMEHHO Takoe BpeMs. Kak Bbl flyMaeTe, 4TO 370 3a
npuynHa?

@o/sibkIIop
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Roukypc numenn A.ll.CaBuHa

«MaTtemaTnka 6—8»

Mbi 3aBepLuaem o4epesHo KOHKYPC 10 PELLEHNIO MATeEMAaTUHECKMX 3aAa4 A/ yYaLumnxcs 6-8 Kaccos.
PeLuenns 3a8a4 BbICbIIadTe B TeHEHUE MECALA 10U1e I10/1yYEHUs1 3TOro HOMEPA XKypHana o agpecy: 119296
Mocksa, JleHuHckmii npocrekt, 64-A, «KBaHT» niau 1o 3/1eKTPoHHOMY aapecy: math@kvantjournal.ru
(¢ nometroii «KoHKypc «Matematvka 6-8»). He 3abyabTe ykazate UMS, K1acc N JOMALLIHWI aApPec.

Kak n npexae, Mbl rpusBeTcreyemM y4yactme B KOHKYpPCe He TOJIbKO OTAE/IbHBbIX LUKOJIbHUKOB, HO U
mMaTemMaTn4eckux KpyxKos. PykoBoaunTenen Kpy>XKOB MpoCUM yKa3atb S/IEKTPOHHbIA aAPec M KOHTaKTHbIA
reneqoH. [lo Tpaguumy, KpyXKN-nobeanTeny 3a04HOro KOHKYpCa MPUINaLLaroTcs Ha GUHaNbHbIT OYHbIV

TYPHYP.

16. Y npopasua ectb reo3gumku: 30 6enbix, 20 po30BbIX
1 15 kpacHbIx. OH NpofaeT OykeTbl MO 5 rBO3AMK, MPUYEM
B KaXX[OM eCTb rBO3[MKM BCEX TPEX LIBETOB, HO OYKeTbl
MOryT oTnmnyaThcst. Kakoe Hanbonbliee 4ncno OyKeToB OH
CMOXeT npofaatb?

A.KoBasbaxu

17. B y4eBHMKe OMONOrMM HanMMCcaHo, YTo Kax bl BOSOC
Ha rosioBe y 4enoseka XwuBeT npumepHo 1500 gHen, a
noToM BbinafaeT. Kaxabivi ieHb BbinagaeT npumMepHo 100
BOJIOC W CTOMbKO XXe MOosBNsSeTcs HoBbIX. Kak no 3Tum
[aHHbIM ONpefenuTb Y1C0 BOMOC Ha FOfI0BE Y YenoBeka?

A.KoBasibgxu

18. lMpn KakoM HanbonblueM 3HaveHn N Ha LWaxmart-
HOM O0CKe MOXHO pacctaButb N nagewn, N cnoHos u N
KOHEeM Tak, 4Tobbl HuMKakas durypa He OuWna HmMKakyio
npyryio?

B.Py3aHoB

19. Bocembpecar rupek maccamu 1 r, 2 r, .., 80 r
Pa3NoXMM Ha ABe YallKu BeCOB Tak, YTO BeChl MOKa3anu

paBHoBece. Oka3anoch, YTO Modble ABe MMPbKK C CyM-
MoV Macc 81 I nexaTt Ha pa3HbIX Yallkax W niobble aBe
TMPbKKM C pasHocTbio Macc 10 T TakxKe f1exaTt Ha PasHbIX
Yalkax. 3aTeM C Yallek yopanu Bce rmpbkiu Maccon bornee
40 r. [lokaxuTe, 4TO paBHOBECME COXPaHUTCA.
B.llpovnzBonos

20. Bo Bpems bonbluown
nepemeHbl KTO-TO K3 pe-
OsT paspucoBan rpaduk
Ha AOCKe TaK, YTO NoJy4u-
nacb babouyka. A yumternb
MOCMOTPEN Ha AOCKY M CKa-
3an:

— CmoTpuTe, pebsTa, Y
Hac nosiBMNack OTNMYHan
3afla4a: B JIEBOM Kpblne
©abouky kKpacHoro B Tpu
pa3a Oorblie, YeM CMHEero. A BO CKOJIbKO pa3 B MpPaBOM
Kpbine KpacHoro 6onblue, Yem CUHero?

£.CokosioB

M3Ka HEBbledeHHOro amLua

B.KOTOB

BbIYHOE ANLIO MMEET OTHIO[b HE MPOCTOE CTPOEHWE
— OHO COOEepPXMWT BCe HeobXoaMmoe AN Pa3BUTUS
XMBOro opraHmama. Ero obonoyka obeperaer conepxu-
MO€ OT MEeXaHU4eCKMX BO3OEeNCTBUM, MpefoxpaHsieT oT
MUKPOOOB, M30MpPaTENIbHO W B HY>XHOM HamnpaBlieHnu
nponyckaeT BOAY W rasbl, HeOOXoAMMblE ANA AblXaHWs
3apofbllla, perynnpyet TernoBon pexum. Obonodka co-
CTOUT U3 CKOPJYMbl 1 ABYX OefiKoBbIX MOACKOPIIYMHbIX
obonoyek. Cama ckopfiyna — 3TO, B CBOW Ouepefp,
MHOFOCOMHAas KOHCTPYKLMS CO CTPOro onpeaeneHHbIMM
CBOWCTBAMMW KaXAoro 13 cnoes. [peaBapuTtensHoe Ha-
Npsi>keHKe, NpuaatoLLee CKopyne AOMONHUTENbHYIO MPOY-
HOCTb, 0DeCrneyrBaeTCs HATAKEHMEM TOHKOW 3M1aCTUHHOM
MAeHKM ee BHYTPEHHEro MieTeHoro Crosi.
Ckopnyna coCTouT, raBHbIM 00pa3oM, 13 KanbumTa —
KpucTannos kapOoHaTa kanbums. CHapyXu ckopnyna

‘ 20-33.p65 29

03.05.11, 15:05



30 KBAHT -

Crpoerue KypurHoro siya: 1 — ckopryna, 2 — o4ckopynHele 06oaoy-
Ky, 3 — BO3LYIIHAS KAMEPa «I1yra», 4 — XeIToKk, 5 — BHyTpeHHu 1
HaPYXHBIV CIIOM XUAKoro 6esika, 6 — yrpyrine XryTbl «xanasbl», 7 —
rycrovi benok

NOKpPbITa TOHKOWM KOXMLIEV (KYTNKYNO), KOTopas obpasy-
€TCs HenocpeACTBEeHHO Nnepef oTkIaAblBaHNEM fUa. Bepx-
HUI 13BECTKOBbLIV CITOW COCTOUT 13 TECHO NPUXKaTbIX Apyr
K Opyry cronddatbix KpucTanioB kapboHaTa Kanbuus.
Cnenytolmin cnovt 0bpa3oBaH KOHUYECKMMW KpucTanna-
MK KapOoHaTa KanbLns, CKPemnneHHbIMU OeNKoBbIMU MO-
CTUKaMu. Fa3000MeH NPOUCXOAUT Yepes MUKPOCKOMNMYEC-
Kne nopbl Mexay KpucTannamu KanbumTa, HemmoTHO
npuneralowmmMmn Apyr K gpyry. MoackopnynHbie 000N04KM
ABNAIOTCA OMonormieckMmMmn MeMbpaHamu, obnagaloLm-
M1 m13bmMpaTenbHbIM MponyckaHeM Bnarv 1 rasos. A
ynpyroe yannHeHve obonodek (6e3 paspbiBa) MoOXeT
JOCTUraTh VX NIMHEMHbIX Pa3MepoB.

Kak onpepenutb, cBexxee nu anuo? OOuH 13 peLen-
TOB OTBETA Ha 3TOT BOMPOC, B3AThIN U3 KHUTN MOSE3HbIX
COBETOB, OCHOBAH Ha YMEHbLLUEHUW MAOTHOCTL ArLa Mpwu
ero xpaHeHun. B 20%-m coneBom pactBope 1—2-aHeBHoe
KypUHOe SIMLO OMycKaeTcs Ha OHO, 3-AHeBHOe nnaBaeT
BHYTpU pactBopa, bonee yem 5-AHEBHOE — BCMbIBAET.
MpuyeM B nocnegHem ciydae Yem Gonbliue «BO3pPacT»,
TeM MeHbLLe MIOTHOCTb M 0ObeM NOrpy>KeHHOM B PacTBOP
4acTu AnLa (B COOTBETCTBMM C 3aKOHOM Apx1mena).

YTo0blI MonyynTh BGonee KOHKPETHyl WHbOopMaLmio,
MO>HO HeckoNlbKO BWAOW3MEHUTb OnbIT. Ecnn npuroTo-
BWTb PaCTBOp C KOHUEHTpaLen conu, yobiBatoLLlen oT aHa
K MOBEPXHOCTU, NPOrpafyVpoBaB €ro C MOMOLLbIO apeo-
MeTpa UiV 1L, C U3BECTHbIM CPOKOM XPaHEHWS, TO SO
B TakOM pacTBope Oy[eT niaBaTb B TOM C/10€, MOTHOCTb
KOTOPOro COBMafaeT C MOTHOCTBIO AL, YTO MO3BOMUT
Donee TOYHO OLIEHUTb ero CBexecTb. A 4Tobbl NPUroTo-
BWTb TakoW pPacTBOP, HYXHO MOCTYNWUTb Tak. Pa3Benute
coneBble pacTBOpbI, HayaB ¢ 40%-ro, C yMeHbLUeHEM
KOHLUEHTpaUmMmM CONK, Kaxabli B OTAENbHOM CTakaHe.
I3mepbTe Mx NNOTHOCTb M NoAKpackTe ANA HarnsagHOCTY
MOAOM MW MapraHLOBKOW Yepe3 oAuH. Ha AHO nuTpoBom
DaHKW NN NNacTMKOBOW OyThiNkK 6e3 ropnbilwka Hanemnrte
COW pacTBopa C MakCMManbHOW MAOTHOCTbIO. Tenepb
OCTOPOXKHO HaNMBANTE MO MOBEPXHOCTU NOXKKM U HOXa,
Jepxa UX HaKMIOHHO, OAVH 3a APYrMM ClIOW pacTBopa C
MIOTHOCTbIO, CTYNEHYaTo YObIBAIOLLIEN OT HA K MOBEPXHO-
CTW. 3aMeTUM, YTO Takas CIoNCTas CTPYKTypa HEAONrOBeY-
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Ha 13-3a ANPPY3nUKM, NOITOMY ee HY>KHO FOTOBUTbL Hemnoc-
PeLCTBEHHO nepep, OMnbITOM.

Mo4veMy ke MNOTHOCTb AWML NPU XPaHeHUW YMeHbLLa-
eTCs 1N NOYeMy B HEM He 3aflbIXaeTcs 3apodbiw? Mbl yxe
OoTMeYasnu, YTo Ckopiyna W nexalume Nnof Hew ABe nof-
CKOpnynHble 0OONOYKM MPOHULLAEMbI AJ1 Ta30B — Yepes
HUX ObILUNT 3aPOAbILL. [115 €r0 XKM3HW BaXKHO MNOCTyMeHme
KNCNOPOAa W yAaneHne npoaykToB PacLLensieHUs XMpoB
XenTka, U3 KOTOPbIX B pe3ynbTaTe OOMeHa BellecTB
obpa3yeTcs yrinekncbiv ra3 1 Bofa. 3Ta BOAA UCNapseTcs
BMeCTe C BOAOW, W3 KOTopow Ha 75% coctouT sanuo B
pe3ynbTaTe Mpu XPaHeHUN COAEPXMMOe AMLA YCbIXaeT,
BO3AyLUHAas KaMepa y ero Tyrnoro KoHLA yBenu41BaeTCs,
BEC AMLA U ero MioTHOCTb YMEHbLLAIOTCS.

3auem snuy Kyrnonoobpa3sHas obGonouka? [1poy-
HOCTb OO0 KOHCTPYKLUMM 3aBUCUT OT COOTBETCTBUSA ee
(DOPMbI U MPOYHOCTHBIX XapPaKTEPUCTUK 0Dpa3syioLLero
MaTepuana. B cnyvae n3Bectu, KoTopas XoOpoLIo NpoTUBO-
CTOUT CKaTWIO U NErko paspyLlaeTcs npu PacTsakeHuu,
Hanboree NPOYHbIMU NPY BHELIHMX BO3OEUCTBUSAX SBMS-
IOTCS KOHCTPYKLMM CBOAYATOM U KyrnonoobpasHon ¢hop-
Mbl. B HUX Mof, aencTenem CoOCTBEHHOIO Beca U 0CeCUM-
METPUYHbBIX BHELLIHWX Harpy30K B MepuaMoHanbHOM Ha-
NpaBneHUM BO3HUKAIOT TOMbKO CKMMAlOLLMe Hamnpsxe-
HUS, @ KOMbLEBbIE MEHSIOTCSH OT CKMMAIOLWMX B BEPXHEW
4acTh Kynona [0 pacTarnBalolmMx B HUXXHen. CnefoBa-
TenbHO, 0bcyxaaemasn hopMa arLa BO3HWKNA He Clyvam-
HO, a SBNAETCS ONTMMAasnbHOW U HAfeXHO Oorpaxpaer
CoOePXXMMOe LA OT BHELUHWX BO3OENCTBUN.

Kak Mbl BMAMM, NMpupoda chenana BCe BO3MOXHOE,
4TOObI N3BECTKOBAS CKOPJYMNa YCMeLIHO CoXpaHsina CBOIO
LeIOCTHOCTb, CNy>Ka HadeXHOW 3almMTon 3aponpiwy. Ho
HacTynaeT MOMEHT, Korfa B 3alute OH Oornblie He
HY>AaeTcs, 1 obonoyka JoMmKHa ObITb NErko paspylueHa.
[TeHUy, MPOKNEBbLIBAIOLLEMY CKOPAYMY WU3HYTPW, ANd ee
pa3pyLeHUst HY>XHO MOLEMCTBOBAaTb CPABHUTENIbHO He-
fonbLion cunon, Moo npu 3TOM MaTtepuan CKopnynbl
noABepraeTcs PacTsSXKeHMIO Mo AeNCTBUEM 3HAYUTENBHO
DonbLIMX N0 BENMYMHE CUN U BbICTPO paspyLUaeTcs.

Kak npaBunbHoO xpaHuUTb anua? XpaHuTb f1La Anuv-
TeNbHOe BPeMsl PeKOMEeHAYeTCs B BEPTMKAIbHOM NOoXe-
HUM OCTPbIM KOHLOM BHW3. Takoe MOMOXeHWe COo3faeT
NyyLlne yCnoBmMa AN COXPAaHHOCTU XKeNTKa, B KOTOPOM
CKOHLEHTPNPOBaHbI OCHOBHbIE MUTaTEeSIbHblE BeELLECTBa.
[lencTBNTENIbHO, COXPAHHOCTb >XeNTka 3aBUCUT OT €ro
yOaneHns oT CTEHOK, Yepes KOTOopble BO3MOXHO Monaaa-
HVe BakTepul. B LeHTpe anla Takke onTUManbHbl yCrno-
BUS Ana 0e30MacHoro BOAO- U ra3oobMeHa C oKpy»Kalo-
Len cpenon. XXenTok, KOTopbln nerde Genka (Becb up
LA COOEPXKMUTCS B XKeNTKe 1 CoCTaBnseT 32,6 % ero Beca),
CTPEMUTCS BCMIIbITh, KaK MOMMABOK, U ero yaep>XmBatoT B
LUeHTpe anua ynpyrse >XryTel — xanasbl. OHM Kak Obl
NOLBELUMBAIOT XeNToK B Oeske, HO NO3BONAIOT eMy Bpa-
WaTbcs. MNpu ANUTENBHOM XpaHeHUW BO3AyLUHAsA Kamepa
YBENMYMBAETCA, a Hanps>keHWe 3aKpenneHHoro Ha ee
CTeHKe XryTa yMeHbLIaeTcsi. B niobom Apyrom nofoxeHnn
fMba 3To Npuveeno Obl K HexXenatelbHOMY CMeLLeHUIo
XenTka U3 LeHTpa sanua.

Kak BapuTb sinua? lNpu Bapke nporpesBaHune denka u
KenTka, Beflylllee K CBOPayYMBaHMIO NMPOTENHOB, NPOUCXO-
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OUT MNOCTENEHHO M PaBHOMEPHO OT nepudepnin K LEHTPY.
KM3HEHHbIV OMbIT NOKa3bIBaeT, YTO NS MPUrOTOBIIEHMS
ML «BCMATKY» [OCTaTOYHO BapUTb €ro Ha yMepeHHOM
OrHe OKOMO 3 MUHYT C MOMEHTa 3aKMnaHusa BoAbl. 3@ 3TO
Bpems Temrepatypa BHYTpU anua gocturaet 65—73 °C.
Bpema Bapky «B MeLOYeK» — MPUMEPHO 5 MUHYT.
BepxHue criov Benka ycnesaloT nporpeTbesa o 80—85 °C
1 MPEBPALLAIOTCA B HEXHbBIW, HO COXPaHAIOWMIA PopMy
cTyAeHb (renb), a BHYTPEHHME CNIOM NMPOrpeBaloTcs NLib
[0 70—75 °C, npuobpeTtas KOHCUCTEHLMIO XNOKOTO CTYA -
HA. [Tpyn 3TOM >XenToK OCTaeTca Xuakum. Bpemsa Bapku
«BkpyTyto» — no 10 MUHYT. Bce comepxumoe smua,
BKJTI04aA XENTOK, NporpesaeTcs 4o 85—95 °C, npespalla-
SICb B 4OCTAaTOYHO MMOTHbIN CTYAEHb.

Hepenko npu Bapke AnLa ero cCKopnyna pacTpeck1BaeT-
cq. ObpasoBaHMe TpelWH Ha CKopnyne ABnseTcs cief-
CTBVIEM LENCTBMA Pa3pyLUAIOLLMX HAMPSXKEHMI, BO3HMKA-
IOLLMX NPV HEPaBHOMEPHOM Nporpese anua. Hanprmep, B
cJly4ae ConpUKOCHOBEHWS C ropsaYet BOLOW TONbKO YacTu
anua (AnLo nnaBaeT Ha NOBEPXHOCTU BOAbI, Nocyada Aans
BapPKWM HeJOCTaTOYHO HaMoJSIHEHA BOOOW, ANLO MeLJIeHHO
MOrpy>aeTcs B rops4dyio Boay). Yem Oonblie pasHuLa
MeXy HavanbHbIMKM TeMaepaTypamu anLa v Bods! (U0
BbIHYTO M3 XONOAWSIbHMKAE, @ Bofa OypHO KMMWT), Tem
BeposiTHee pacTpeckiBaHue ckopnynbl. Kpome Toro, Obl-
CTPbIA HarpeB BedeT K Pe3KOMYy YBeNMYeHUIO AaBMeHUs
BO3Zyxa B fANLE, 1N OH, He yCrneBas BbINTK Yepe3 Mopbl,
pa3pbIBaeT ckopnyny. YTobbl 3bexaTb 3Toro, ckopyny ¢
TyNoro KOHLa NpeaBapuTensHO NpoKanbiBatoT urnon. Eue
OLVH cnocob BepexHoN Bapku auL, npenycMaTpuBaeT
npeaBapuTeNbHOe 3aBepTbiBaHMe 1x B onbry. @onbra
CrNaXXMBAET BO3HMKAIOLLME HEPAaBHOMEPHOCTM NOCTyne-
HWS Tenna K anuy 1 U30NMPYeT ero OT COMPUKOCHOBEH WS
C OHOM nocyAbl. B otaenbHbIX Criy4asx paspbiB CKOPAyMb
BO3MOXEH B MeCTax HepPaBHOMEPHOIO TEMIOBOrO PacLUm-
PEeHWsi CBepHYBLLErocs Oefka, pacnumparoLLero ckopyny
N3HYTPW.

Kak noctynuntb, ecniv anL0 NonHyno npu Bapke? Kak He
LLONyCTUTb BbITeKaHWs Benka 13 Hero B BoAy? V3BecTHo,
YTO BbITEKaHME COOEPXMMOrO ANLA MOXHO OCTaHOBUTD,
[00aBMB B BOLY COfb, MOCKOJbKY B CONMSIHOM pPacTBOpe
NOHWXXAETCA TeMMepaTypa oTBepaeBaHNs Oenka 1 TpeLlm-
Ha 3aKynopwmBaeTca MM. K CBEPTbIBAHMIO BbITEKAIOLLErO
Oernka npuBoauT U foOaBNEHVE B BOAY YKCYCa, YEM TakxKe
HepedKO MOMb3YTCH XO3ANKMN.

BapeHoe snuo vnu cbipoe? [l oTBeTa Ha 3TOT
BOMPOC ANLO 3aKPY4MBAIOT Ha CTONIe BOKPYT MonepevHown
ocu. BapeHoe anLo, npeacTaBnsiollee coboOW BHYTPW
TBEPLL0e CMNOLLIHOE Teno, DecnpensTCTBEHHO NPUBOAUTCS
BO BpalleHVe, Kak BOMYOK, U MOXET caefnaTb Ha CTone
Heckonbko 06opoToB. INpK 3TOM COOOLLIEHHAs ALY SHep-
Ms pacxodyeTca Ha NpeofosieHne TpeHUs O MOBEPXHOCTb
ctona. Coipoe >Xe AMLO NPU 3aKpPyYVBaHWW MNONYYUT
MeHblLLe 3Heprumn, nbo BO3LENCTBME OT NanbLEB nepeaa-
eTca ckopnyne (1/10 maccel sirMua, okono 4,5 r) v nuwb
YaCTMYHO — CJ1IabO CBfA3AHHBIM C HeN BHYTPEHHUM XUA-
KM cnosM. Ha npeoponeHvie BA3KOMO TPeHUA Mexay
HUMW pacxomyeTcs Gonblias 4acTb MOyYeHHOW CKOpIy-
now 3Heprun. Kpome Toro, Npu 3akpy4rBaHUN LLAP Xen-
TKa, COCTaBNsAOWMM 1/3 MacChbl AMLLA U He 3aKPemeHHbIN
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Xectko B Oenke, oTOPACbIBAETCS OT OCY BpalleHUs K
CKOpAyne, 4TO YMeHbLLIAeT CKOPOCTb BpalleHns snua. B
pe3ynbTaTe Cblpoe SANLO OCTaHaBNMBAETCH, COeNaB He
bonee 1—2 obopoToB.

Ecnum cbipoe SnLo TPYAHO PackpyTUTb, TO U OCTaHOBUTb
ero KpPaTKOBPEMEHHOW BHELLHEW CLMoWM ToxXe Henb3s. Ha
3TOV 0COOEHHOCTI OCHOBAH €LLLe OfMH CNOCOD BbISIBNEHMS
CbIPbIX 1 BapeHbIX KL, PackpyYeHHOEe L0 Ha MIHOBEHME
OCTaHaBMBAIOT, NPUAEPXKMBAS ManbLAMK, U TOTHaC OT-
nyckaloT. BapeHoe AnLo 0CTaeTcs HeMOABMXKHbIM, @ Cblpoe
NpoOofXKaeT ABMXEHMe 3a CYeT He OCTaHOBMBLUMXCS
Cpa3y BHYTPEHHUX XWOKMX CnoeB. (3aMeTuM, 4To 3TOT
cnocob TpebyeT onpeaenieHHoM CHOPOBKIA.)

3apaya o konyMm6oBoM anue. MoxXeT N Ao Haxo-
OUTbCH B PaBHOBECUM B BEPTUKANbHOM MOMOXEHWM Ha
POBHOW FOPM30OHTANIbHOW NOBEPXHOCTA?

STa 3afava CBf3aHa C MMeHem Xpuctodopa Konymba.
CornacHo MCTOpUYeCKOMY aHeKAOoTY, B OTBET Ha MPOHMU-
4eckoe 3aMeyaHue, 4To OTKpbITME AMEpPUKU He NpeacTaB-
nsno 6onblon TpyaHocTy, Konymb npennoxmn ceoemy
cobecefHVKY MOCTaBUTb L0 Ha OOMH U3 €ro KOHLOB.
Korpa TOT He cymen, Konymb B3sn anuo, pa3bun ero c
O[HOr0 KOHL@ 1 MOCTaBMI Ha CTOJ1, CKa3ag, YTo TPYAa 3TO
He NpeAcTaBnseT. B CBA3M C 3TUM B psife A3bIKOB (pyccKumm,
(hpaHLy3CKMIA, HEMELIKII) MOSBUNOCH KPbINaToe Bblpae-
HVe «KonymMOOoBO AMLO», ynoTpebnseMoe B 3HaYEHUN:
HEOXMAAHHbIW, CMENbIA BbIXOA W3 3aTPyAHEeHUs Unu
HaXOA4YMBOE peLLeHNEe CIIOXHOro BOMPOCa.

CylLecTBylOT W Opyrve BapuWaHTbl pelueHus 3adayu
Konymba. Hanpumep, MOXHO, yaep>XnBas BapeHoe Lo
BEPTUKANbHO, 3aKPyTWUTb ero BOKPYr MPOAOMbHOM OCW.
Mpn ObICTPOM BpaLLeHn OHO ByAeT HeKOTOpoe Bpemst
COXpaHaATb CBOE NonoxeHue (bnarogaps OeNCTBUIO 3aKO-
Ha COXpaHeHWs MOMeHTa UMMyNbca). HecTaHmapTHoe pe-
LUeHWe 3TOM 3adadv NPUHAONEXUT N3BECTHOMY MOoMyns-
pusatopy pusmkn A.N.Mepensmary. OH npegnoxun cae-
naTb OTBEPCTUS C ABYX NMPOTUBOMONOXHbIX KOHLIOB CbIpO-
ro anua, BbUIMTb COAEPXMMOE W YaCTUYHO 3anofiHUTb
ocBoboaMBLWIMICA 0ObeM MeckoMm. LleHTp TaxecTn snua
MOHM3UTCS, OHO CTaHET YCTOMYMBEE, U LIS ero ONpoKMabl-
BaHWsA NoHanobuTca Oonbluas cuna. A MOXHO 3anuTb B
CKOpAyny CBMHeL, WUAXM OfI0BO W TeM CaMblM MOHWU3UTb
LeHTP TAXeCTM AnLLa HaCTONbKO, YTO NP NOMbITKE HaKNO-
Ha OH ByJeT NoaHMMaTLCS (YCNoBMeE YCTOMYMBOrO PaBHO-
BecKa). ANLIO NPeBPATUTCS B «BaHbKY-BCTaHbKy». Ecnv xe
B MyCTYIO CKOPJYMNYy BCTaBUTb MBO3Ab M 3aIMB €ro LUASAMKY
BOCKOM, ee MOXHO OyfAeT yaep>XvBaTb MarHUTOM.

A Kakue pelleHuns 3agadm Konymba npeanoxmte Bbl,
noporvie yutatenm?

”~ %

O
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A [1o71arasi, 470 v MHe MOXXHO /70/7,006055727 HauTA... 45
BpaLlyeHvia HEbecHbIX C¢6,0 boree HaaOeXHble 4eMOHCTpaly,
Yem 1€, KOTOPbIMU [10/Ib3YIOTCA APYINe MAaremMaruky.

Hukonan KonepHuk
B3op 4enoseka cnab, kpome Tex [i/1aHeT, KoTopble Mbl

BUaUM, MOryT ObiTb OTKDbITHI HOBBIE, ele HEQOCTYIIHbIC
HALLIEMY 3DEHUIO.

[>xoppaHo bpyHo
.13 HEOECHBIX B/IEHIN... MATEMATNYECKU BbIBOJATCS CU/TbI
raroreHmns 1ea1 Kk COHLY Y OTAENbHBLIM TIGHETaM. 3atem o

STUM CU/IaM... BBIBOLATCA ABUXEHUS [17IAHET, KOMET, JTyHbI 1
MOpS.

Vcaak HbtoTOH

A Tak M XOPOIIO 3HAaK

HAM PEACTOUT 0COBO PACCMOTETH BO3MYLLEHMS [IAHET
U KOMET ripul MX ABUXEHMI BOKPYI COMHLA, ABUXKEHMS JTyHbI
BOKpyr 3emmu v CriyTHUKOB BOKPYI M/IGHET.

Mbep CnmoH Jlannac

.MHOMMEe C He3arnamsTHbIX BPEMEH CMOTPESN HA PaKeTy Kak
Ha O[AMH U3 CrIOCOOOB BO3AYXOMIaBaHMA... BOT Ha4ano Momx
TEOPETUYECKUX U3BICKAHMI 11 BO3IMOXHOCTU  [IPUMEHEHMS
PEAKTUBHBIX TPUOOPOB K KOCMIMHECKIM [Ty TeLLIECTBHSIM.

KoHcTaHTuH LnonkoBckimmn

— [loexasnu!.
tOpum FarapwH

BaM

KOCMOHJaBTWKaA %

Kak, Heyxenn «Kanengockon» nameHun cebe — otolen
OT NpeAcTaBAeHUs MU3UYECKUX MOHATUN 1 MPOLECCOB U
3aMaxHyNCcsa cpasy Ha HECKONMbKO OTpacien Hayku 1 TEXHU-
KW, ODbeamHseMblx 3TUM emMkiM ciosoM KOCMOHAB-
TNKA?

CkaxeM B onpafaHue, YTo B OCHOBE KOCMOHABTUKM
JIeXaT eCTeCTBEHHbIE 1 TOYHbIE HayKK, MO3TOMY MOYTM BCE
ee pasfenbl — B pycie Hallen TeMaTuku.

BcnomHWTE BbINYCKM, NOCBSALLEHHbIE TATOTEHWIO 1 OPOU-
TaNbHOMY ABWXEHMIO, HEBECOMOCTW 1 PEAKTUBHOW Cufe.
B3rnaHuTe Ha MMeEHa y4yeHbIX — MaTeMaTuKoB, (PU3KKOB,
aCTPOHOMOB, — 6eCCNopPHO BHECLLIMX CBOW BKNafd B (DyHaa-
MEHT KOCMOHaBTUKW. /I IMEHHO onmpascb Ha 3TOT PyHAa-
MEeHT, MOCTeMNEHHO BbICTpaXBanach Ta «J1ecTHMLUa B Hebo»,
Ha BEPLUMHY KOTOPOW CMOTV NOAHATLCSH UHXXEHEPbI, KOH-
CTPYKTOPbI, TEXHUKW W, HaKOHeL, CaMW aCTPOHAaBTbl W
KOCMOHaBTbI 1 OCYLLLeCTBUTb AABHIO MEYTYy YenoBeka, He
TONbKO BbIPBABLUMCEL 3a Mpefenbl 3emau, Ho 1 [obpas-
WNCb [0 Hallen bnyxkanwen coceaku JlyHbl.

A MeyTa 3Ta BepeT CBoe Hayaso BO BCE YXOAsLLIEN OT Hac
rnybuHe BekoB. OKa3blBaeTCsl, yXe ThiCA4M NeT Hasam,
ropops cfioBamMun KaHTa, «4efloBeK OTNNYANCA OT CBUHbM
TeMm, YTO MHOIAA NOAHMMAN rofoBy K 3Be3fam». CerofHs
Ke OCTaeTcs NMWb HafeAaTbCs, YTO BHOBb OTKPOIOTCH
naaHeTapmy M B LUKOJSy BEPHYTCA YPOKM aCTPOHOMUW.
NHave KTO >ke TOrga nNpuaet B KOCMOHAaBTMKY?!

N3 poccbinM CBA3aHHbIX C KOCMOHABTWKOW 3ada4y U
CIOXeTOB BblOepeM xoTs Obl FOPCTKY, PACCHUTBLIBAS, YTO OHU
NoANUTAIOT Ball WHTEPeC K «BHE3EMHbIM» BOMPOCaM,
npuYeM Kak pa3 B rof MoslyBeKoBOro obunes nepeoro
noneTta 4YenoBeka B KOCMOC.

BOI'IpOCbI n 3apgaydium

1. Mpw B3BewwurBaHUN Ten Ha 3emne, JlyHe n Mapce
NPY>XMHHbIe BeCbl MOKa3bIBAIOT OAMH M TOT Xe Bec. OanHa-
KOBbI NI MacCbl B3BeLUVBaEMbIX Ten?

2. C 3emnn BMOEH TOHKUM PacTyLMW NyHHbIA Cepn.
Kakon BMAAT B 3TOT MOMEHT 3eMJli0 aCTPOHaBTbI C JTyHbI?

k o

3. HekoTopasa nnaHeTa HaXo4MTCA Ha YrIOBOM pPaccTos-
HMM 100° ot ConHua. Kakad 3To nnaHeTa no OTHOLLEHWIO
K 3emMsie — BEPXHSASA (BHELLHAN) UM HUXKHAS (BHYTPEHHAS)?

4. Kak n3mMeHmnnacb bl opbuta 3emnu, ecnm Obl: a) Macca
ConHua BHe3amnHoO yMeHblUMMack BABOe; 6) Macca 3emnn
BBOE BO3poCna?

5. Bo BpeMsi MOSHONMYHWUI DonblUMe TeMHble MATHA Ha
JlyHe BMAHbI B BepxHer 4actu ee Amcka. lovemy xe Ha
KapTax JlyHbl 3TW NATHa PacnoNOXeHbl B HWXHEN YacTu
ancka?

6. B kakune dasbl ckopocTb JIyHbl B reIMoLEHTPUYECKOM
cncTeMe KoopamHat oyaet Havbonben? A HauMeHbLLen?

7. Moyemy JlyHa — CNyTHUK ManeHbKOW 3emMnn, a He
orpomHoro CosnHua?

8. Ecnin Obl 3emns Bpallanachk ¢ neprodoM 12 Yacos, TO
CKOMbKO NYHHbIX MPUNMBOB Habodanocb Obl B TedeHue
CyTOK?

9. MoryT N1 Ha ofHOM opbuTe HaxXOAUTbCH HECKOJbKO
KOCMUYecKkux Ten?

10. PeanbHO NM MCNOMb30BaTb MNyLWKY ANA BbIBOAA
CMYTHMKOB Ha OKOJIO3EMHYIO OpOUTY UM Afs 3anycka
npaMo Ha JlyHy?

11. Mornu Obl CyWecTBOBaTb reocTalloOHapHble CNyTHW-
Kn, ecn Obl 3eMnst He Bpallanacs?

12. KakoBa Tpacca CrnyTHWKa — NWHWA, COeAMHAOLan
TOYKM Ha 3emsie, U3 KOTOPbIX CMYTHWK BUAEH B 3eHUTE, —
ecnn pafamnyc ero opbuTbl paBeH pagmnycy reoctaluMoHapHo-
ro CryTHWKA, a MNOCKOCTb opbuTbl 0bpa3syeT yron 60° ¢
NNOCKOCTbIO 3KBaTOpa?

13. MO>HO N1 3anyCTUTb CMYTHWUK Tak, 4TOObI OH Ka3ascs
HenoABWXHbIM OTHOCUTENbHO 3Be3a?

14. [1BuraTenb pakeTbl MOXET Pa3BuBaTh TATY, B TOYHO-
CTW PaBHYIO CUfe TAXECTU pakeTbl. MOXHO N 3anyCTUTb
TaKylo pakeTy B KOCMOC?

15. Ha conno apuratens pakeTbl, NeTALlen Mo MHepumm
B KOCMWYECKOM MPOCTPAHCTBE, Hadenu MU30rHyTylo Tpyoy
BbIXOZHbIM OTBEPCTUEM B CTOPOHY ABVXKEHWS 1 BKITIOHYMN
OBuratefb. VIaMeHunach im CKOPOCTb pPaKeTbl?
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16. MNocne otaeneHusa CNyTHYIKa OT NOCNEAHeN CTyneHu
PaKeTbl-HOCUTENA OHa ABUKETCA CHaYana 3a CryTHUKOM, a
3aTem 0broHseT ero. Moyemy?

17. B Kako MOMEHT [OJIKHbl ObIN OLLYTUTb HEBECo-
MOCTb repon pomaHa Xions BepHa, oTnpasBmBLUMeECH B
CHapsage 13 nywku Ha JlyHy?

MwukpoonbIT

KocMOHaBT nepef, nosieTomM Ha JIyHy NpoBOAMUT Ha 3emie

5KCMEPUMEHT C OPYCKOM, MOKa3aHHbIM Ha puUCyHKe. HWTb

yOepXuBaeT B CKaToM

COCTOAHUU MPYXUHY,

NPUKPENNEHHYIO K CTEH-

Ke 1 K bpycky. Mpwu nepe-

KUraHWN HATK OpyCOoK

MPOXOAMT A0 OCTAHOBKM

nyTb [. BOMbWWA MY MeHbLIN NyTb NponaeT Opycok,
eC/IN KOCMOHaBT MOBTOPWUT 3TOT OMbIT Ha JlyHe?

Jlo60onbITHO, YTO...

..nepBble Co3Be3MA, KaK CHMTAIOT HEKOTOPbIe acTPOHO-
Mbl, ObINM BblOeneHbl okosio 16 ThicsadenetTnin Hasag, Ham-
[eHHble B nocneiHee BpeMs Merajiutnieckme CoopyxxeHus
1 HackallbHble POCNUCY CBUOETENIbCTBYIOT O 3apOXAEHUN
aCTPOHOMMYECKMX MpeacTaBneHuin y Bce bonee ApeBHUX
HallMX NpeakoB W NIEXUT B OCHOBE HOBOIO HanpasiieHus
HayKm — apxeoacTpoHOMUN.

..OTHOCUTENbHbIE PaaMyCbl MAGHETHbIX OpOUT, onpene-
neHHble B XVI Beke KonepHWKOM, OTAMYaNMCb OT COBpe-
MEHHbIX 3Ha4yeHuIn He Oonee 4Yem Ha OAMH MPOLEHT.
Heckonbko nosxe Tuxo Bpare n3mepun nepuo obpate-
HWS 3eMI1 C TOYHOCTbIO 4,0 OAHOW CeKyHAbI. 1 3To yaanoch
coenathb elle [0 U3o0peTeHus Teneckonal

..BblckazaHHaga [IxoppaHo bpyHo B koHue XVI Beka
MbICSTb O MHOXECTBE 00MTaeMbIX MUPOB ObICTPO pacnpo-
CTPaHWacb MO CBETY M MNpuBeNa K POXOEHMIO HEMAnNoro
4YMCna COYUHEHUM O KOCMUYECKUX MyTellecTBuaAxX. Tak,
Kennep B cBOeM (paHTaCTM4eCKOM pacckase o nonete B
KOCMOC Yy>e npefBunaen onacHoCTy MeXnaHeTHbIX nose-
TOB 1 HEBO3MOXHOCTb M3BECTHbIX Ye10BeKY (HOPM XKXU3HU
Ha JlyHe, bpaHuy3ckmm nucatens CnpaHo ae bepxepak B
OLHOM M3 POMaHOB npefnaran AN nepeaBuXeHus B
KOCMOCEe MCMNofib30BaTh COMHeYHble DaTapeun, MarHuTbl 1
NMOPOXOBbIe PaKeTbl, Fepon pacckasa amepurkaHua Darapa
Mo Meytan [oOpaTbCcs A0 JIyHbl Ha BO3AYLHOM LUape
«BCEro» 3a 4eTblpe Mecdua, a B Hadvane XIX Beka B
ovepenHoM «[lyTellecTBUN Ha JIyHy» BrnepBble Obin onu-
CaH «KOCMWYECKMI KOCTIOM», T.e. ckadaHap.

..MepBbIV NMOSET XKMBOrO CyLLECTBA HA PakeTe COCTOSNCS,
BMANMO, NpumepHo 200 neT Hasapd, Koraa 3abaBbl pagn
(bpaHLy3CKUI MMPOTEXHMK 3aNyCTUI Ha Hen GapaHa. Pake-
Ta 0OCTUIMNa BbICOTbI 0koso 200 MeTpos, a GapaH XMBbIM
11 300POBbIM BEPHYIICA Ha 3eMJTI0 Ha NapaluioTe.

..CYLLIHOCTb 1300peTeHust LIMonKoBCcKoro, Bnepable ycTa-
HOBVIBLLEro CBA3b MeXY CKOPOCTbIO PaKeTbl, ee Maccou v
CKOPOCTbIO BblNeTaloWMX U3 Hee rasos, COCTOANA B TOM,
4TOObI BbIOpAChIBaHVE TBEPAbIX TEN 3aMEHUTb HeMpepbIB-
HbIM MCTeYEeHEM NPOAYKTOB CropaHua XMOKOro TONMBa.

..BCE KOCMMYeCKMe pakeTbl, CTapTytoLLe C MOBEPXHOCTH
3emMsn, 3anycKatoT BePTUKalbHO, XOTA Ha 3ape KOCMOHaB-
TUKM NPeAnonaranock, 4To Takme 3anycku OyayT npomsBo-
ONTbCA C HAKITOHHbIX 3CTakad. OoHaKo BO BTOPOM Cllyyae
HeCPaBHMMO BbIPOC/N Obl NOTEPU Ha NPeoLofIeHNe Conpo-
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TVIBNEeHWS BO3yXa, Aa W KOCMOLPOM 3aHWMan Obl 3Ha4K-
TenbHO OonblUylo NnoLwaib.

..Hay4yHasa annapatypa, YCTaHOB/IEHHas B CMycKaeMblx
30HOaX COBETCKMX KOCMUYECKMX CTaHUMM, MOCNaHHbIX K
BeHepe B 1975 roay, Npv COBEPLUEHWI MAMKOW NOCaaKuM Ha
MOBEPXHOCTb 3TOM MnaHeTbl BblAep>Xana neperpysky mno-
pagka 300g.

..Mpu cTapTe pakeTbl-HocuTend « CaTypH-5», NpefAHa3Ha-
YEHHOW AN NYHHOW 3KCNeauumm Kopabns «AnonnoH»,
TOM/IMBO B [OBUratenax COKuranocb ¢ pacxogom 13300
KunorpaMmoB B cekyHay(!), 4To nossonuno 4vepes 12
MWHYT BbIBECTU Ha 0pbuUTy BbiCOTOM 188 KMNOMETPOB
cmcTeMy Maccor 136 TOHH.

..B MPpUHUMNE OCyLWeCTBUM MPOEKT MO COefUHEeHMIo
TPOCOM FeoCTalMOHAPHOrO CAyTHMKA C 3eMHOM NMOBEPXHO-
CTbIO — TaK Ha3blBaeMbIV KOCMUYECKUIA NPT, MO KOTOPOMY
MOXHO ObIo Obl TPAHCMOPTMPOBATL TeNa B KocMoc 6e3
NoMoLLM pakeT. HefoCTUXMMOW paHblue Heobbl4anHO
BbICOKOM MPOYHOCTM Takoro Tpoca HagetoTcs LoOUTbCs,
MCMOMb3ys HOBEWLLUME HaHOTEXHOMOrmyeckre OTKPbITUA.

..ocBeLLeHHbI CONMHLEM UCKYCCTBEHHbBIV CMYTHUK 3eMn
paguycom 1 MeTp, OBVXYLWMIACS Nno opbuTe BbicoTon 300
KNIOMETPOB, BUOEH Kak pALoBas 3Be3a, PacnonoXeHHas
OT Hac Ha PacCTOAHNM MPUMEPHO 5 CBETOBbIX JIET.

..MaCCMBHOCTb HaLLEro ecTeCTBEHHOrO CNyTHMKa — JTyHbl
— NnLwaeT 3emMIio KosbLa W nbiiesoro obnaka. eno B Tom,
41O GOoMbapaMpytoLLMe JIyHy METEOPUTLI BbI3bIBAIOT BbIO-
pPOC OrPOMHbIX MacC BeLleCTBa, HO, MOCKOMbKY BTOpas
KOCMMYEeCKaa CKOPOCTb Ha ee MOBEPXHOCTU AOCTAaTO4HO
BesIvKa, OHO NaJaeT Ha Hee 0OPATHO, COXPaHAS OKON03eM-
HOW KOCMOC OTHOCUTENBHO YUCTBIM.

..COOPYXXeCTBO KNacCU4eCkon acTPOHOMUU U CPefcTB
COBPEMEHHOW KOCMOHAaBTUKM MO3BONUMO, Hampumep,
0bHapyXnTb 00NacT C MOBbLIWEHHOW MIOTHOCTbIO MOf,
MOBEPXHOCTbIO JIyHbl, MPOBECTM MyTEM fIOKALMM TOYHbIE
N3MepeHNst PACCTOIHWUM O MNAHeT, BbIACHWTb, YTO, MOMU-
MO 0bpalLLleHns BOKpYr cBOel ocu 1 Bokpyr ConHua, 3emns
BMecTe C COMHEYHOM CUCTEMOW MPUHUMAET yyacTne B
OBVKEHWNM BOKPYT LIEHTPa HaLLEen ranakTikm CO CKOPOCTbIO
okono 250 KMIOMETPOB B CeKyHAY MPakTUYecKn no Kpyro-
BOW opbuTe.

Yto yutatb B «KBaHTe» 0 KOCMOHaBTUKe

(rybnvikaLm rnocreqHx Jer)

1. «bynaBa» — 2005, Ne1, ¢.29;

2. «OT nagn oo BcenenHom» — 2005, N25, ¢.29;

3. «YpbeH JleBepbe» — 2006, N25, c.14;

4. «Ha nudTe B.. 3a00nayHble ganu» — 2006, Ne5, c.34;

5. «BBepx 1 BHU3 Yepe3 atmochepy» — 2007, Ne1, c.9;

6. «4H leBenum» — 2007, N4, c.15;

7. «PapunoBofiHbl B kKocmoce» — 2007, Mpunoxenve Net,
c.176;

8. «Kanenpockon «KsaHTa» — 2007, N5, ¢.32;

9. «Tpu 3cce Ha pusmyeckme Tembl» — 2008, Ne1, ¢.30;

10. «[ofeT 1 nageHwe crnytHWka 3emnun» — 2008, N4,
c.5;

11. «Kocmmyeckmm HaHonudpT» — 2009, Ne5, c11;

12. «TeomeTpus 3Be3gHOro Heba» — 2010, N2, c.14.

Martepuan nogroroBui A.JleoHoBmuY
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(KOpOCTb
N YCKOpeHKe

E.COKOJIOB

JIsI OIIMCAHUA COCTOAHUA ABUMKYHIETOCA TEJIA B
I£|| JIAHHbIIl MOMEHT BPEMEHH B KTHEMATUKE BBOJSTCS TIOHATHS
BEKTOPA CKOPOCTH U U BEKTOPA YCKOPEHUS d . A KOT/la eCTb JIBa
BEKTOpa, TO €CTECTBEHHO MOCTABUTH BOIPOC 00 UX B3aUMHOM
pacroyioxkennn. Hampumep, Takoit: moxem Jau Y201 Mexoy
CKOPOCMYIO U YcKkopenuem Gvimy pashvim 37° 7?7

Bompoc HempocToii, B HameM KJacce ero o6Cy:K/eHue
TIPEBPATUIOCH B OKUBJIECHHYIO JUCKYCCHIO.

[TepBbiM y Hac Bcerga cremut ¢ orBerom Caria.

— Komneuno, mner, takoro 6pith e Moxer! A Bor yroa 90°
MESK/Ly CKOPOCTBIO U yCKOpeHneM MokeT Obith (puc.1,a). Mpr
y3Ke BCTPEYasHCh ¢ TeM, YTO KOT/1a TeJO IBUKETCS IT0 OKPYIKHO-
CTH C IIOCTOSIHHOW II0 MOJYJIO CKOPOCTbIO, TO y HEro ecTb

Puc. 1

YCKOpeHHe. JTO YCKOPEHHE BCET/ia HAIPABJCHO TEpIeH/UKY-
JISPHO CKOPOCTH, T.€. K IIEHTPY OKPY’KHOCTHU, [TO3TOMY €My JIaJn
CIelaJbHOe Ha3BaHKe — IeHTPOCTPEMHUTENBHOE YCKOPEHHE.

— U ue Tompko 90°, — monpasuia ero dna. — [lomauTe, MbI
TOBOPUJIM, YTO TIPU CBOOO/IHOM TIa/IEHUH YCKOPEHUE TeJia BCEr/ia
nanpasyeno saus (puc.1,6). IloaToMy yrosr MexIy CKOPOCTHIO
1 ycKopenneM MoxkeT ObITb paBen (° .

— A BeZlb cBOGOIHOE TA/IEHUE 9TO He TOJBKO JBIDKEHNE BHU3,
— BMemasach Maia. — CBOGOIHBIM MaJIecHNEM MOKHO Ha3bIBaTh
Ji000e BIDKEHNE Tesa MO/ efiCTBUEM TOJBKO CHJIBI TSIXKECTH,
HATIpUMEDP B OTCYTCTBHE CONPOTUBJEHUS BO3ayxa. Iloatomy
Jlayke KOT/Ia MsTY JIETUT BBEPX, €I0 YCKOPEHHE, COTJIACHO HAIlIeMY
HpaBmIy, MO-IpesKHeMy HampasaeHo BHU3 (puc.1,6). Yrox
MEXK/Iy CKOPOCTBIO M YCKOPEHHEM B 3TOM cJydae paBeH 180° .

— Bor MbI 1 OTBETUJIM HA BAII BOIPOC: YIOJ MEXK/Y CKOPOCTHIO
1 YCKOPEHNEM MOXKeT IPUHUMATD TPU 3HAYEHHST, — MOBITOKIIT
pasrosop lBaH.

— Hy u4ro ke, Bbl HalM TPU BO3MOXKHBIX yria. Moskere
OT/ZIOXHYTH 1 TOJTIO60BATHCS €llle O/[HOI 3HAKOMOIT BaM KapTHH-
koit (puc.2). Ckaxy uwectHo — 910 Hamek. Ha pucynke 2
n306pakeHa TPAEKTOPHS Tesia, GPOIIEHHOTO O/ YIJIOM K FOpH-
3onTy. TaKkyio cUTyaImio Mbl He Pa3 06CYKIAIN U TOBOPUJIH, YTO
CKOPOCTDb TeJIa B KaXK/I0W TOUYKE HAIpaBJeHa MO KAcaTeJbHOH K
TPAEKTOPHHU, 4 YCKOPEHUe Bce BpeMsl HAllpaBjeHO BHU3. Bemb
Ky/ia Obl HM JIETEJIO TeJIO, OHO Bcerjaa cBoGoHO masaer. Hapu-

CyeM JIJIT HECKOJIBKUX TOYEK
TPAEKTOPHUU BEKTOPBI CKOPO-
cru u yckoperus (puc.3). B
BepxHee Touke A CKOpOCTb
HalpaBJieHa TOPU30HTAIBHO,
a yCKOpeHHe HaIlpaBJeHo

pac. 2 BHH3. B ar0il TOuke yroua
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MEX/y CKOPOCTBIO U yC-
kopenuem pasen 90° .
JLns Touku B cOOTBETCTBY-
IOIINIT YTOJI OCTPBIiL, a 111
toukn C — rtynoit. U 1o-
HATHO, UYTO BEJNYMHbI
ATUX yl"]IOB MOl"yT 6bITb
JI0OBIMU.

VTak, BOT MTOT HANINX PA3MbIILICHUN: §20.1 MeKAY CKOPOC-
muio U YCKOpeHueMm Moxem Ouimv J00biM.

OTO XOpPOIIO, YTO Mbl HAILIM HPABUJbHBII OTBET, HO, K
COXKATIEHWIO, KU3Hb HAIIA OT TOTO TOJBKO YCJIOKHIIACh. Belb
ecsi Obl CYIIECTBOBAJIO TOJBKO TPHU YTJIA, TO IOCTATOUHO OBLIO
Obl BBIOPATH OJIMH BapuaHT u3 Tpex. Ho Tenepb Mbl 3HaeM, 4TO
YCKOpeHne MOKET ObITh HATIPABJIEHO Ky/1a YTOIHO, U BAPHAHTOB
craio OeckoHeuHo MHoro. Kak ke ObiTh? Kak B 3amauax
MIPaBUJIBHO PUCOBATD, Ky/la HAIIPaBJieHo yckopenue tesna? Ceii-
yac pasbepemcsi. Ho npexxjie cresaem ofriee 3aMevyanue.

B mporiecce aBosoNMK Ye10BEK MPHOOPES CIOCOOHOCTh «BU-
JIETb» CKOPOCTD 1 TPaeKTopuio. Tak, MbI XOPOIIIO TPEACTaBISIEM
cebe, Ky/ia TToJIeTuT GPOIIEHHBIN HAMU CHEKOK, ¥ JIEFKO CMOKEM
YBEPHYTbCSI OT JIETSIIETO B HAc CHekKa. [1oaToMy BOTpOCHI,
CBsI3aHHBIE CO CKOPOCTBIO U TPAEKTOPHEN, OOBIYHO HE BBI3bIBAIOT
caoskHOCTel. HO MBI He nMeeM BO3MOKHOCTH «BHJIETb» YCKOPe-
nue. BoT moyemMy mpocTo Tax, o HauTHIO, He CTOUT IIBITATHCS €ro
pucoBathb. OnpeennTb, KaK HAIIPABJIEHO YCKOPEHHE B KasK/IOM
cJIydae, MbI MOYKEM TOJIBKO € TIOMOIIBIO PACCYIKIEHHH, MprMe-
HsIs crelanpible npaBmwia. O ABYX TAKUX MPaBUJIAX MBI YiKe
3HAeM: IIPU PABHOMEDHOM JIBUJKEHUH TeJa MO OKPYXKHOCTH
YCKOpEHHe CJeLyeT HalPaB/IATh K HEHTPY OKpyskHOCTH (JIoKa-
3BIBACTCS. B KHHEMATUKE), a IIPU CBOOOIHOM I1aJleHUU — BEPTH-
KaJabHO BHU3 (/10Ka3blBacTCA B JUHAMUKE).

— A ectb oO61iiee TIPaBUJIO JIJist JTIOGOTO JBUKEHWS ?

— Ila, ectb. U ero noji cuty BoIBECTH JTI0O0OMY TEPBOKYPCHUKY .
Ho BbI ellie He TIEPBOKYPCHUKH, a 5T OYeHb HE JTI0OJII0 PACCKA3HI-
BaTh UTO-TO (€3 I0KA3aTeNbCTB. /laBaiiTe MOCTYTINM TaK: TIPeBpa-
THM Hatie o6Cy K/IeHne B TeCT Ha 00y4aeMOCTb. S 4ecTHO, XOTs
n Ge3 JIOKa3aTeJbCTB, PACCKaXKy BaM BCe, 4YTO HYXKHO [IJIST
MTOCTPOEHNUST YCKOPEHHUsT, 1 JasKe OTKPOIO BaM HEKOTOPBIE CEKpe-
TBI, @ TIOTOM BbI TIOTIBITAETECH MOCTPOUTH YCKOPEHHE B JIECSTH
MIPOCTBIX CJyYasdX.

— Corstacupl. ToJbKO pasBe CJI0XKHO, 3Hast TPABUJIA, TIOJYYUTD
OTBET?

— BoT 5T0 MBI KaK pa3 i IPOBEPUM HA OIbITE. A TTOKA CJyTIIaiTe
U 3a/1aBaiiTe BOIPOCHI.

Haiitn manpaBjenne yCKOPEHHUsS MOMOTaioT J/iBa TMOHSITHUS:
HOPMaJIbHAasT COCTABJIAIONAs YCKOPEHUST M TAHTEHIMAJTbHAST CO-
crapJistionas yekopenusi. O6Iiee TPaBUIO 3aKTIOUAETCS B TOM,
4TO CHAyaja CTPOMTCS Kask[as M3 9THX cocTaB/somux (510
HECJIOKHO C/IeNlaTh), a yoKe 10 HUM — CaMO YCKOpPEHHe, KaK
TTOKAa3aHO Ha PUCYHKE 4.

HopmasbHas COCTaBJSIONIast YCKOPEHUsT — 9TO COCTABJISIIO-
mast, TMepreHuKyJ/JIsipHas CKOPOCTH. Beswduny HOPMaIbHOI
COCTABJISIIONIEH YCKOPEHHS BCET/Ia MOJKHO HAMTH TI0 y3Ke 3HAKO-
Mol HaM (popmy.ie

Puc. 3

a, =—.

R
DTa COCTABJIAIONIAs TIepIIeH-
JIUKYJISIPHA CKOPOCTH 1 Ha-
TpaBjieHa Mo paamycy R k
LIEHTPY KPUBU3HBI TPAEKTO-
puu. Hopmamnbaast cocras-
agomast  yckopenust  (Bro-
poe, yke 3HAaKOMOe HaM Ha-

3BaHue 9TON cocrapstomeii ¢ 4
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— HNEHTPOCTPEMUTETBHOE YCKOPEHUE) XapaKTePU3yeT ObICTPOTY
U3MEHEeHNsT HATIPABJIEHMS CKOPOCTH.

TanrennuaabHasi, WM KacaTeJbHas, COCTABJSIIONIAS YCKOPe-
HUSI — 3TO COCTABJIAIONIASI, HAITPABJIEHHAS TTAPAJIJIENbHO CKOPO-
ctu. OHa XapakrepusyeT ObICTPOTY H3MEHEHHS CKOPOCTU TI0
BeJIMYUHE U ONpe/iesisieTcs: o Gopmy.ie

Ao
ap = —.
At
HarpaBsisith TaHT€HITMAIBHYIO COCTABJISIONLYTO CJeAyeT JuO0 1o
HaIPABJIEHUIO CKOPOCTH, TGO MIPOTHB — B 3aBHCUMOCTH OT TOTO,
YBEJNUUBAETCS CKOPOCTb UM YMEHDITAETCS.

OmnpesiesinB 06e 9TH COCTABJISIONINE, Mbl MOXKEM C TIOMOIIBIO
puUCyHKa 4 BOCCTaHOBUTH caMO ycKopenme (HMHOT[a TOBOPAT
«mosoe yekopenues ). IIpu Heo6X0IMMOCTH MO/TY Tb YCKOPEHHS
U YTOJI MEK/Y CKOPOCTBIO U YCKOPEHWEM MOYKHO BBIYUCJUTDH C
nomotbio Teopembl [Tudaropa u moHsATHs apKTaHreHca:

a
a=+a:+a>, a= arctga—” .
T

Hy xak, nonsitHo?

— [la, Bpozie Bce scHo. CHavaja pucyeM HOPMAJIbHYIO COCTaB-
JISIONYIO YCKOPEHHS MePHEeHNKYJ/IIPHO CKOPOCTH B HATIpaBJIe-
HUM K IIEHTPY KPMBHU3HBI — TaK K€, KaK Mbl PUCOBAJHU IIEHTPO-
cTpeMuTesibioe yckopenue. [IoToM cTpouM BTOPYIO COCTABJISIIO-
ILyT0 — BJIOJIb UJIM IPOTHB CKOPOCTH. V1 mocJte aToro mo pucyHky
4 HAXOINM CaMO yCKOPEHWe.

— Bee npasusbno. Ho npesx/ie yem nepexosuTb K Tecty, g Xouy
o0paTuTh Ballle BHUMAHKUE HA OYeHb BAKHbIE YACTHBIE CJIYYAHU.
Bpoinosiure, nmoskasyiicta, Takoe yIpakKHeHHe: a) YKasKUTe /Ba
CJIyuast IBIDKEHHS TeJla, B KOTOPBIX HOPMAJIbHASI COCTABJISIONIAST
YCKOPEHNs 06paIaeTcs B HOJIb; 6) YKaKUTe [Ba CIydas IBUKe-
HUS Tesia, B KOTOPBIX TAHTeHIMAJJbHAs COCTABJSIONIAas yCKOpe-
HUS obparniaeTcst B HOJib. Jlyudrne 6y/eT, e/ Bbl CaMH OTBETHTE
Ha TU BOIIPOCHI, HO HIYETO CTPAITHOTO He TPOM30H/IET, €CJIU BbI
IIPOCTO TIpouTeTe ceAyiomue aBa ab3ama.

a) HopmasbHas cOCTaBJISIONas YCKOPeHHUst o6paiaercs B
HOJIb TOT/Ia, KOTJIa 06paIaeTcsl B HOJIb BbIpaXKeHUe a, = v? / R.
A 3TO MOJKeT TPOM30HTH B ABYX cayvasx. [lepsbrit cayuait BUAAT
Bce: HOPMaJsIbHasl COCTABJIIIONIAas oOpallaeTcss B HOJb, €CJIH
CKOpOCTDb oOparaercs B Hosib.! [ToaToMy HOpMasibHAsI COCTABJIS-
I0TI[asT YCKOPEHUSI BCET/la PaBHA HYJIIO B TOYKAX OCTAHOBKH TeJIa.
Bropoit caywait yBuant
JIMIIb TOT, KTO 3HaAET, 4YTO
001IIeTr0 y TIPSIMOi, OKPYIK-
HocT!  Touku. OKasbIBa-
eTcsl, W TOYKa, U IIpsMast
€CTb YacTHbIE CJIy4am OK-
pyxkuoctu (puc.5). Touka
— 9TO OKPY>KHOCTb C PaJINy-
COM, PAaBHBIM HYJIIO, a TIPsI-
Masi — 3TO OKPYJKHOCTb C
pazmycom, pasibiM Geckoneunoctu. He Bepurte? IlomnpoOyiite
HApPUCOBATDb HA KOMIBIOTEPE OKPYKHOCTb OY€HD GOJIBIIOTO PaIH-
yca. OHa npaxkTniecku He Gy/IeT OTINYATHCS OT NPSIMOIT JIMHUH.
Wrak, BTOPOIl caydaii, KOrjia HOpMajbHast COCTaBJsIONas o6pa-
IAeTcsl B HOJIb, — 3TO CJOydail, Korza R = oo, T.e. KOT/JA TeJo
NBIDKETCST 10 1psiMoit. [Ipu mpsMosimHEITHOM /IBMYKEHUH HOP-
MaJIbHOW COCTaBJIAIONIEN YCKOPEHNs HeT.

6) TanreHMaIbHAS COCTABAAIONIAS YCKOPEHUS 06GPAIIAeTCs B
HOJb TOTJA, KOTxa o6paljaercss B HOJb BbIPpAXKeHHe

Puc. 5

1 s 3HAmMoKoe ymounuMm, umo noanoCmb0 IMa Ppasa 00JxKHd
36yuamy max: <«xozda cKopocmv obpawaemcs 6 HOMb, d paduyc
KPUBU3HBL HEe PAGEH HY IO, M. €. MOUKA OCMAHOBKU He AGIAeMC MOUKOU
UBNLOMA MPACKIMOPUUS.
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a, = Do/Dt =0/ (¢). A 210 TOKE MOXKET IPOM3OITH B ABYX
caydasx. [lepBolit ciydait — 3T0 paBHOMepHOe JABIXKeHUe, Korjga
MOJLyJIb CKOPOCTH BOOOIIE He u3Mensiercs. Bropoii cayvaii — aTo
MOMEHTBI BPEMEHH, KOT/Ia MO/LYJIb CKOPOCTU JIOCTHTAeT MAKCH-
MyMa Wi MAHUMYMa W IPOM3BOJAHasA OT MOAYJISA CKOPOCTHU 110
BpeMeHU CTaHOBUTCS PABHOI HYJIO.

Harir pacckas 0 KHHeMaTH4eCKOM MeTO/Ie TIOCTPOeH s yCKOope-
HUS 3akoHYeH. Terepb mompoOyiiTe BBIIOJHUTD TTPUBEEHHBII
HIKe TecT. B HeM coOpaHbl, MOXKaJIyii, Bce BO3MOKHbBIC CJIydan
nocTpoeHus yckopenus. OTMETUM, 4TO 3TOT TeCT He TaK IIPOCT,
KaK KayKeTcs.

Tecr. /l1s kax0020 u3 decamu noaoxKeHutl meid, us00pasxer-
HblX HA pucynre 6, onpedenume, KaAx HANPABIEHO €20 YCKO-
penue.

Puc 6

a) Canku ckamvieaomcs ¢ 20pku, d 3amem 3de3Xaiom Hd
20PKY.

6) Teno 0suxemcs: no OKPYKHOCMU C 03PACMAIOUETL CKOPO-
cmuio.

6) Teao 0suxemecs no OKPYKHOCMU C NOCINOSHHOU CKOPOC-
muio.

2) Teno deusxemcss no OKPYKHOCIU C YMEHLUAIOULETICSL
cKopocmuio.

0) Mamenamuueckuil masmuux cogepuiaem xoaebanus. Tou-
xu 1 u 5 — xkpaiinue mouku, 2 u 4 — npomeskymounwvle, 3 — camas
HUKMHASL MOUKA.

B 3akJiiouenne — 0J{HO TI0JIe3HOE 3amMevanue. Hatr pasroBop o
HANpaBJeHUN YCKODEHUS] Mbl BeJM Ha SI3bIKE KHUHEMATHKH.
OHako TOBOPUTH 06 HTOM MOKHO W Ha SI3bIKE HMHAMUKH.
Wnorga (Ho He Bcerja) AWHAMHYECKHE PACCYKICHUS MOTYT
OKaszaTbCsl Mpollle KuHeMartnueckux. Harmpumep, ¢ MOMOIIBIO
JIMHAMUKY OYeHb JIETKO OTBETHTb HA MCXO/HbINA BOIIPOC 06 yrie
37°. [luHaMuKa y9YdT, 9TO YCKOPEHHE IMOPOKIAETCS CHJION.

Cornacio Bropomy sakony Hbpiotona, @ =F/m, T.e. Kyna

HarpaBJeHa CuJa, Tyla HarpaBjieHo u yckoperue. Cuy Mbl
MOKeM TIpUKJIQ/IBIBATDh B JIOGOM HAINPABJIEHHU IO HAIIEMY
JKeJIAaHWIO, TI09TOMY W YCKOpPEHWe, CO3/aBaeMoe 3TOH CHJIOH,
MOJKET UMeTh JIF00e HarpaBJieHue.
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36 KBAHT -

NeKTPOCTaTMKa
CO NbAOM

A.CTACEHKO

ECJIN Bbl B BAIITEM TEJIE WMJIN B TEJIE BAIHETO COCE/IA

(cTosiero oT Bac Ha PACCTOAHUY BBITSIHYTON PYKH) 9JEKTPO-
HOB OKaszajoch Gbl Bcero Ha 1% GoJibliie, 4eM MPOTOHOB, TO...
CHJIBI OTTAJIKUBAHUSA XBATHIO ObI, 4TOOBI MOAHATD <BEC», PaB-
HbI Becy Hamrell 3emin!» («DeliHMaHOBCKUE JEKINH 10 PU3H-
Ke»). A BO3MOKHO JIM TaKoe?

M Tyt OTIMYHWK BCIIOMHUJ HEJIaBHUE <JeSHBIE TOKIN>,
M3JIOMABIIHE THICSYN JIePEBbeB B POCCHE 1 TTOpBaBIIIE KIJIOMET-
Pl 2JeKTPONpoBooB. OH 3HAT Takke O TOM, YTO B OJHON
TOJIBKO AMepuKe B pesyJbrare o6JeieHenus HeGOMbIINX CaMo-
JIETOB €5KETO/IHO MOTUGAIOT JIECATKH YETOBEK, a MATePUaJbHBII
ymep6 COCTaBJSET MOUTH MUJLIMAP/, A0LIapoB. U eMy mpuiia
B TOJIOBY CBETJIas MBICJIb: €CJIH XOJOAHbIE O6JauHbIe KAIliu,
YIAAPSIONHEC O TOBEPXHOCTD CAMOJIETa, DJIEKTPUYCCKU 3apsiKe-
HbI, TO, 06pasys JeASHY0 KOPKY (4TO OYeHb TJI0X0), OHU MOTJIH
6bI OIHOBPEMEHHO U pas3pymraThb ee (uto 6p110 661 X0pomo). U
OT/IMYHUK HAaYaJl PacCyKIaTh.

[peacraBum ceGe TOHKYIO JAUIJIEKTPUUECKYIO TLIEHKY ILJ10-
maapio S, Ha KOTOPOH PaBHOMEPHO <«Pa3MasaH» HJEKTPUUEC-
KUl 3apsijl ¢, Tak 9TO MOBEPXHOCTHAS TIOTHOCTD 3apsijla PaB-
Ha O =¢q/S . Bysem cuutath, HAPUMEP, UTO TOT 3aPAJ OTPH-
[ATEJIbHBIA: KTO-TO <«HAIBLIMI» JJEKTPOHBI HA MOBEPXHOCTH
nieHkn. Torga HalpssKEHHOCTb 9JEKTPUYECKOTO MO Gyer
HAIPABJICHA TaK, Kak M300paKeHO Ha pucyHke 1,a, a 3Haue-
nue nonst E = +0/(2¢)) mpescrasieno na rpaduke Ha PUCYH-
ke 1,6. Bugno, uto Bce BEKTOpbl E HAIPABJICHBI HOPMAJIBHO
K TUJIeHKe, a BeJWdnHa E Npy nepeceyenny MIeHKN B HaIpaB-
JICHMW OCH X TIPETEPIEBAeT CKAaYOK, HAMPABICHHBIA BHHU3 U
paBublii —0/€ .

Kaxk Tyt He BcrioMHuTb 110ckuil kongencatop! JleiictBurein-
HO, ecJIU MBI TOJHECeM K Hallell OTPHUIATeJbHO 3apsKeHHOM
IJICHKE TAKYIO K€, HO TOJOKUTEJNBHO 3apPSUKEHHYIO TUJICHKY C
TaKoH >ke 10 MOJYJII0 IOBEPXHOCTHOH IIJIOTHOCTBIO 3apsja
(puc.1,8,2), o nose Mesky aTuMu rockoctsmu (—h /2 < x <
<h/2) ynsourcsa: E = 0/€, , a cHapyxu ucuesner. [lanee, Ha

Puc. 1

KaK/yI0 U3 9TUX JIBYX IJIOCKOCTCi, HECyIUX 3apsjabl *0S u
HaXO/AIUXCS B I0JIe JIPYTOi IJIOCKOCTU € HAaIPSXKEeHHOCTbIO

io/(2£0), neficTByeT cHUJIa TPUTIKEHWS BeJTUIYHUHON

F =0S b/ (2g)), KOTOPYIO MOKHO TPAKTOBATb U KakK BHELIHEE
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JaBJICHIE:
_F _ o _gkE? W
PoS 70, "2
C ﬂpyFOIU/I CTOPOHDI, 3Ty BEJIMUNHY MOKHO pacCMaTpuBaThb U KaK
Oé'beMHny IIJIOTHOCTDb 9HEPTUU IJIEKTPUYECCKOIo 1OJIA — J0CTa-

TOYHO yOeQUTbCS B TOM, UTO 3TU (PU3MUYECKUe IOHATHS UMEIoT
OJIHy U Ty K€ PasMepHOCTb: [F]/[S] = H/M2 = [[)K/M3 .

YMecTHO BCIIOMHHTD, UYTO IIOHSATHE IIOJIST M €ro (PH3MIeCKuX
aTpu6yTOB BBes1 Maiiks Dapa/ieii B IepBoii II0OJI0BUHE JIeBATHA/I-
nartoro Beka. Ves nmoJis cunTaercs cCaMbIM BaXKHBIM OTKPbITHEM
co Bpemen Hpiorona. «Hajmo umerp Moryumil gap Hay4HOTro
npeaBuienust, — mucaa A. UHIITENH, — 9TOOBI PaCo3HATh, YTO
B OIMCAHUU 3JIEKTPUYECKUX SIBJICHUI HE 3aps/bl U HE YaCTHUIIbI
OIIMCBLIBAIOT CYTb $IBJEHMI, a CKOpee IPOCTPAHCTBO MEXK/LY
3apslaMi U 4acTHIAMES .

Ho Bepuemcss k Hameil paBHOMEPHO 3apsDKEHHOH TITEHKe.
Ipencrasum tenepnb (puc.2), UTo MIEHKA BOBCE HE GECKOHEUHO
TonKag (J1a TaKyio U Herjie JI0CTaTh), a UMEET TOJNIUHY /2, a TOT
K€ CaMblil 3apsjl ¢ «pas-

MasaH» PaBHOMEPHO yKe

10 ee o6beMy Sh Tak, 4To

00beMHAasT MJIOTHOCTD 3a-

psaja crajga PpaBHOU

5=q/(sh) =qlh . Mo-

HSATHO, YTO BHE ATOI1 «TOH-

KON TIJIEHKHU», KOTOPYIO

MOKHO Telepb Ha3BaTb

CJIOEM TOJIMHON &, Ha-

[paBJieHHE U BeJUYNHA

3JIEKTPUYECKOTO 110JIsT He

uamensiercst (cM. Taxke

puc.1,6). A Buytpu? Pa-  Puc 2

3YMHO IPEAIIOJOXKUTD,

YTO T10JI€ BHYTPH CJI0s1 OYy/IeT U3MEHATHCS HENPEPLIBHO MEXK/LY
€ro 3HAUYCHUAMHU Ha MOBEPXHOCTU CJIOS, NIPUYeM JMHEHHO — HY
X0Tst Gbl IOTOMY, uTO B cpeaneil mmockoctn (x = 0) 3HaveHue
HAIPSKEHHOCTH J0JKHO 06PaTHThCS B HOJIb (110 COO6pakeHuAM
CHMMETPUN).

[Moanecem Tenepb (prc.3,a) K 9TOMY CJIOIO CIIPaBa METAJLIN-
4eCKUil IMUJINHADP C IJIOCKUM TOPIIOM, W IIYCTb PaJHyC 3TOTO

Puc. 3

IUJIMH/IPA MHOTO GOJIbIIE TOJIIIHBI CJIOST, TAK YTO MOBEPXHOCTH
9TOTO NUJINH/APA <«OGECKOHEYHO Jajekas OT paccMaTpUBAeMOI
KapTUHBI € XapaKTEPHBIM pa3MepoM /i, TOMeIalomieiics Ha
Hammx pucyHnkax. /la, HO BeJlb BHYTPH MeTaJlJIa 3J1€KTPUYECKOE
nosie paBHo HyJ 0 (MHaue B Metase mo6exas Gbl aleKTpudec-
Kuii TOK). A 9TO O3HAYAET, YTO HA TOBEPXHOCTH TOPIA MOJIKEH
BO3HUKHYTb paclpe/le/IeHHbIN noioxumenvnviil 3apsij| ¢ IJI0T-
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HOCTBIO, B TOUHOCTH paBHOH G (110 MOmym0). DIEKTpHICCKoe
[0JIe OT 9TOTO PACIIPEEJEHHOTO 3aps/Ia AHAJOTHYHO TTePBOHA-
yaabHoMy (CM. PHC.2), TOMBKO HPOTUBOIOIOMKHO M0 3HaKy (OHO
OT/IeJIbHO M300paskeHo Ha puc.1,6,2), Tak 4TO BHE CJIOS CyMMap-
Hasg HaPSKEHHOCTD TOJISL CTaHeT paBHon myso (puc.3,6).

Ho mipu 4eM TyT Jiet, 0Genantbiii Bbiliie? A pu TOM, YTO TTOpPa
y4YeCThb, YTO HAIIK TIePBOHAYATDBHBIE 3aPSI/IbI ¢ 0OBEMHON IJIOT-
HOCTBIO & = G/ JOJKHBI OBITH BMOPOKEHDI B IHAJIEKTPHUK, T.€.
B cpejy, He 06JIaAIONIYI0 CBONCTBOM 3JIEKTPOIIPOBOIHOCTH, — a
BeJlb MBI /IO CUX TIOP CYUTAJHU, YTO OHU «PA3BEIIEHBI» KEM-TO B
BakyyMme. Ho ecsm ciioit o61ajaet [uaJIeKTPIYecKOil TIpOHuIia-
€MOCTBIO € , TO HAIIPSIXKEHHOCTD AJIEKTPUIECKOro nosst E; B HeM
JoKHA OBITh yMeHbIneHa B £ pas (cM. puc.3,6, MyHKTHD):
E; = E/¢ (TyT uHAEKC i IPOUCXOJIUT, €CJIM XOTHTE, OT inner —
BHYTPEHHEE WJIM, eC/i XOTUTe, OT ice — Jea). BupHo, 4to
Har6oJIblIIee 3HAYEHIE 9TOTO MOJIST PABHO

o _ oh
€€  §E

Kakyto 101p3y MOKHO M3BJIeUb U3 HAIIUX PACCYKICHUI? A
BOT KaKYyI0: MOKHO OIIEHUTH BHYTPEHHUE CUJIbI, JI€HCTBYIONINE B
cyoe spzia. [leficTBUTEIbHO, eCUIH MOJII0 B BAKYYMe MEXK/Y ABYMS
3aPSUKEHHBIMU TIIOCKOCTSIME MBI TIPUTHCATA CBOWCTBO OKA3bI-
BaTh JaBJeHne, TO moyeMy Obl M B CJy4Yae C 3apsuKeHHBIM
JIIDJIEKTPUKOM He TPUITHCATD TI0JI0 TO Ke cBOiicTBO? TosbKo
temepb B dopmyay (1), kazamoch 6bI, pasyMHO N0GABUTH
muokutens (€ =1) — Beap npn € — 1 ncuesaer cam AuaeKT-
puk. OfHAKO TYT /ie10 caoxHee. XoTs npu € — 1 JAU3IeKTpuK
U TIPEBPAIAETCsS B BAKYYM, HANPSDKEHHE He MOYKET UCUE3HYTD:
Be/lb KTO-TO JIOJIXKEH YeP’KUBATh BMECTE 3apsi/ibl OJJHOTO 3HAKA.
BoJsiee TOouHAsT TEOpUST TOBOPUT O TOM, UYTO HYKHO BBECTH
MHOKUTEab 2€ =1 (BIpoueM, 9TO He TOBJIUAET HA MOPSIOK
BEJIMYNHBI UCKOMOIi OIEHKN).

Crtporo roBOpsi, CHJIBI BHYTPH 3apsDKEHHOTO [HIJIEKTPHKA
Pa3jiMyHbl B Pa3HbIX HaIIpaBJICHUAX. B IMUPOKO HM3BECTHOM
yuebnuke M. E.Tamma «OCHOBBI TEOPUH HJIEKTPUYECTBAY, BbI-
JIeprKaBIIEM TIOPSIIKA JEeCSATKA M3/IaHi U ChIrPaBIneM GOJIbIITYIO
pPOJb B TIOJATOTOBKE OTEYECTBEHHBIX (PU3UKOB B IOCJETHUE
MATBAECAT JieT, 00 3TOM CKa3aHO BecbMa OGPA3HO: <«MOXKHO
IPEICTaBUTh cebe, YTO BJOJD CUJIOBBIX JUHUHA TOJS HATSIHYTDHI
VIpyTrie HUTH, MO/BEPIKEHHbIe HATSIKEHMIO... U OKAa3bIBAIOIIIe
JIPYT Ha ipyra GOKOBOE JaBJIECHHES .

Wrak, j/1s HAIMMX OIIEHOK TIPUMEM, YTO HanGoJIblee MeXaHm-
YecKoe HaIpsyKeHne BHYTPH PABHOMEPHO 3apPSDKEHHOTO IR~

Tpuka paBuo E2, € (26 =1)/2, wm, ucnonbsys dpopmymry (2),
& (26— 1) 2

Pmax = W . (3)

E

max

(2)

ITycTp Temepb pUCYHOK 3,a N300paXKaeT CJIOH JIb/ia, HATHIIIIII
Ha TIOBEPXHOCTb KAKOTO-THO0 2JIeMeHTa KOHCTPYKITHN caMoJIeTa
(HampuMep, MEPEHIO KPOMKY KPbLIA), U MyCTh B MEPEOXIAK-
JIleHHOM 006J1aKe, B KOTOPOM J[BUXKETCST CAMOJIET, PACIIPe/IeIeHbl
MeractabuibHble (TOTOBbIE 3aMEP3HYTDH) KallJN € KOHI[EHTPAIlH-
eit n u paauycom a. Torya MaccoBast IIJIOTHOCTD Karesb B 00J1aKe
paBHa
po =n iy,
3

re Py — WIOTHOCTH Boabl. [lanee, pomyctum (J1s unc/IeHHOL
OIIEHKH CBEPXY), UTO KaK/[asl KAl HEeCeT MaKCUMAJIBbHO BO3-
MOJKHDIN 3apsi/l, OIPEIeJICHHDI TIPe/Ie/IbHbIM 3HAUYCHUEM Hallpsi-
JKEHHOCTHU 3JIEKTPUYECKOro 1noJisi Ey Ha ee 110BepXHOCTH, BbIIIE
KOTOPOTO B BO3/yXe HAUHETCS CTEKaHMe 3aps/ia C OBEPXHOCTH
karmu. Torzma, coriacHo 3akoHy Kysona, aToT 3apsi paBeH

Q = E i’y .

‘ 34-56.p65 37

o

IIpn o6pasoBanuu Haseayu TIPOU3ONAET YIJIOTHEHUE B P; / Poo
pas, TIe P; — MaccoBas IIOTHOCTH JbJa. 1109TOMYy OGbeMHAsK
IJIOTHOCTD 3apsi/la CTAaHET PaBHOU

S:nQ& :—4 Peo EDETUZ%& :EEO_ED
Poo _ma R) Po pO a
3
(.HIOéOHbITHO OTMETUTDH, UYTO PE3YJAbTAT OKA3aJICA HE 3aBUCAIIINM
OT <«BOJAHOCTU» ob6raka Pe , YTO, BIPOYEM, BIIOJIHE IOHATHO.
O6beMHas MJI0THOCTD 3apd/a B HaJaeAun TaKasd Ke, KaK B Ka}KﬂOﬁ
KaIlnie, € HOHpaBKOﬁ Ha OT/IMYMe IIJIOTHOCTHU JibJa OT IIJIOTHOCTH

Bozpr.) Ilogcrasass Bee a10 B BoIpaxkenne (3), momydanm

 Bp, g, BT (26 -1)h% _ 90p, E-T (26 —1)goh

=g t-tn =gt g .
0Py a O 2g¢ 2Py a €

p max

OcTaoch TOJIBKO cejlaTb 4YMCJIEHHYIO OLEHKY. HpI/IMeM
p; =900 kr/p® ,  p, =1000 kr/m® , E;=300°B/m, a =
=10 mxv = 107 M, £€=100, 1/(41g) =9 D0° D/m, £
1em = 1072 M, TOrja

9 9007 2007
2 107" 4mo 00’ 0o’

_ _9 47

Prmax ITa 4]_[10 ITa .

ITO 3HAYEHHE BIIOJHE CPABHUMO C U3MEPEHHBIMU B J1ab0paTop-
HBIX YCJIOBUSX Ipe/ieJIaMi TTPOYHOCTH Jibia. BOT TOJIbKO JieTath
B TaknX 06JIAKAX He PEKOMEH/YeTCsI.

Koneuno, paccMoTpeHHasi TeOMETPHS MAJIO TOX03Ka Ha Tepe/i-
HIOIO KDOMKY Kpblaa. B cieyonem npubankeHni MOKHO ObLIO
OBl PACCMOTPETb IUJHH/P, YYeCTb, YTO JUHUU TOKA BO3/yXa U
TPAEKTOPHU Kamenab usrubaiorcs nepes Hum (910 CBSI3aHO C
nsBecTHON Teopemoii H.E.JKykoBckoro), u pemmrb uucjaeHHo
6oJiee CJOKHYIO 3a/auy.

Ho TyT apyras Mpicjb npuniia B rofoBy OTJAMYHHKAD 110-
CKOJIbKY Jieqi U Boja ([aske AMCTULIMPOBaHHAs) 06JaaioT
3JIEKTPOTIPOBOIHOCTDIO, 3apsi/l MOYKET CTeKaTb W3 HaJe[n B
1poBo/HUK! BepHeMcsi K KOHJIEHCATOPY, 3allOJIHEHHOMY Belie-
CTBOM C JIM3JIEKTPUYECKON TPOHMUIIAEMOCTBIO € U Y/IEJbHOI
NPOBOAMMOCTBIO (BemMunHOl, 06paTHOIl YAENBHOMY COIPOTHB-
nennio) A . Slcmo, uTo, WeM Gosbine €, TeM GOJIBIIHI 3aps
MO>KHO HAKONUTh Ha TIacTHHAaX (BeJb eMKOCTb KOHJEHCATopa
IPONOPLUUOHAJIbHA €€y ), a ueM GOJIbIIE A , TEM CKOPEE KOH/EH-
catop paspsiaurcst. OTCio/la OUEBHIHO, YTO XapaKTEPHOE BPEMsI
paspsaku paBHo T = €€, /A (mmposepbTe pasmepHocTs!). [Tpunu-
Mag € =100, A = 1076 1/(OM DM), MoIyYnM T = 10~ ¢ . 3na-
YUT, 3apsi/] TIOYTH MTHOBEHHO Gy/IeT YXOAUTh u3 Hatean. /la, Ho
[P ATOM [JIOJIKHO BBIJIENISITBCS [[PKOYJIEBO TEILIO. . .

9, G6par, — noayman OTJIWYHUK, — YTOOBI BO BCEM ITOM
pazo6paTbesi, HYKHO TOCTYTIUTD HA (DAKYJIbTET a9POMEXAHUKH U
JIeTaTeJbHOH TeXHUKM MOCKOBCKOTO (DU3NKO-TEXHUYECKOTO
MHCTHTYTA U C YCIIEXOM €ro 3aKOHYUTD.

Uero BaM n sxesaem!
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NTUKa KONObI

B.4APO340B

TEK/JIAHHBIE KOJIBbI HIMPOKO [MPMMEHAIOTCA B JIA-

60paTOpHBIX paboTax — HAIPUMEpP, IO TEPMOJMHAMUKE.
O/lHAKO MHTEPECHO WCII0JIb30BaTh KOJIOY M KaK OITHYECKHUI
npu6op.

[TombiTaemcst «1moiiMatb» B (POKYC COTHEUHbBIE JIyYU ITyCTOI
KoJ160i1. Hudero He nosyuynrcst — Kos6a JAeHCTBYET KaK paccen-
Balolast JuH3a. Telepb HAIOMHUM KOJOY BOZOH — OHa yxKe

paboraeT Kak coOMpaloniast JuH-
3a ¥ 1M03BOJIsIET C(HOKYCHPOBATD
cosHeynbie Jyun. IlompoGyem
O0O0BSICHUTD PE3YJbTATBI ITUX
OIIBITOB.

Kouab6a, ¢ KoTopoii npoBoinI-
€Sl HAIl HKCIIEPUMEHT, B OCHOB-
HOII cBoeil yactu uMeer GopMmy
cdepbl ¢ BHENIHUM DPAJIyCOM
R = 50 MM ¥ TOJIIIMHON CTEHOK
h =1 mm. IIpumem, 4TO 1TOKa3a-
TeJNb IMPEJOMJIEHUST CTeKJIa pa-

puc 1 Ben n, =1,5.

ITycras xosba MpeaCTaBJIsET
c0o00¥1 OIITUYECKYIO CUCTEMY, COCTOSIIIYIO U3 JIBYX TOHKUX JINH3,
pasjenennbix paccrosuueMm 2R (puc.1). Omnruueckas cuia
KasK/IOl JINH3bI paBHA

01 1 0 h

D=(n. -1 -1 =-(n. -1)——
(e =085 ~ =A™ )R(R—h) :

Tak kak s <« R, TO IPaBOMEPHO CYUTATh, YTO
B (n - 1)h
D=
COOTBETCTBEHHO, MO/Y./Ib (DOKYCHOTO PACCTOSTHUS O/IHOIT JIMH3DI

pasen

2
L
C
Jlerko BuzeTs, uto |F|>> 2R . TlosToMy, B MepBOM TIPHO/IILKE-
HUM, MOKHO CYMMHPOBATH OIITHYECKHE CUJIBI IBYX JUH3, KaK
Oy/ZITO OHU PACIOJIOKEHBI BILIOTHYIO. Torja onTudyeckas cuJa
D, KoJ6bI, T.e. CUCTEMBI /IByX TOHKHUX JIMH3, Gy/IeT paBHA

2(n. —1)h

D,=2D = - 7 . 1)

K
Terneppb MOHATHO, MOYEMY MyCTast KOJI6A PACCEMBAET CBETOBbIE
ayun: D, <0.

CuieiyIOIIM TIArOM BBIYHCJIUM ONTUYECKYIO cuty Dy, Boms-
HOTO HIapa pajuycoMm R (1a camMoM Jeue, paauycom R — i, HO
h < R). PaceMoTpuM sy, uaynuii BOJIM3N OHOI 13 TJIaBHBIX
onTHYecknx oceil mapa mapamtensro eit (puc.2). Mecto mepe-
ceyeHus BBIMICAIIEro U3 1apa Jyda u ocu — Touka C — 1 ecTb
¢okyc mapa. ITapakcualbHOCTD Jiydeil rapaHTHPyeT HaM, 4TO
yrapl O, B, Y GyayT MajibiMu, T.e. 3HAYUTEJBHO MEHBIIUMU
onnoro pazuana. ITo 3akony npesomienus csera B Toukax A u
B nmeeM COOTBETCTBEHHO

sina = n,sinf, n,sinf =siny,

rae n, = 4/3 — nokasareJsib peJoMeHust Bojbl. OTcioza moJry-
qaeMm

y = a.
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Puc 2
[Tpumenum k Tpeyrospanky OBC TeopeMy CHHYCOB:

ocC _ R
sin (180° —a)  sin (2a - 2p)

nu HaﬁjleM (l)OKyCHOe pacCTodgHue mapa:

Rsina
=0C=—10
sin (20 - 2B)
Taxk kak cunyc Majoro (B paauaHHOH Mepe) yrja MOKHO
3aMEHUTb CAMUM YTJIOM, OKOHYATEJbHO TIOJYINM

E

r

Ra Rnf3 Rn

F = = B
jiig .

2(a-p) 2(uB-B) 2(n, -1)
DaxT orcyTcTBUA B 9TOI hopMy.Jie yriaa (3 FOBOPUT O TOM, UTO
Bce IIapaKCHabHble JIyud cOOUPAIOTCcs B 0JHOM Touke C, T.e. MbI
Hanwm AefictBuTeIbHO (pokyc. COOTBETCTBEHHO, ONTHYECKASI
CHJIa BOAAHOTO Iapa OyzeT paBHa

237_1). (2)

Bepuemcst tenepb K Haiieii kKosi6e. HaroHeHHast Bojioit Kosi6a
SIBJISIETCA BeCbMa HEIIPOCTOM JIJIS pacueTa ONTUYECKOM CUCTEMOI,
IOCJIEZI0OBATENBHO COCTOSIINEH U3 TOHKOIT paccenBalomieil JINH3bI,
TOJICTON cobuparomnieii un3bl (1apa) 1 BTOPO TOHKOW paccen-
Batonieit H3bl. OJHAKO TPOMO3/KUX BBIKJIAJOK MOXKHO n30e-
skaTb. M BOT Kax.

3 dopmya (1) u (2) naiigem oTHOLIEHIE MOJLY ISt ONITHYECKOIT
CHJIBI IIYCTOM KOJIObI U ONTHUYECKO CHJIBI BOJSHOTO Iapa:

D] - (n. _1)£
D, n,—1 R
Jlist Hatell sKcrepuMeHTaJbHON KOJIObI YHCJI0BOI pacyer Jlaet

D 0,04, re. |D| < D,,.

jits
Tak 4TO JefiCTBUTENBHO He CTOUT Y/MBJISATHCS TOMY, YTO OITH-
YECKN <IIOJIOKUTEJIbHBIIT» BOJSIHOI ITAp JOMUHUPYET HaJ[ ONTH-
YECKU «OTPUIATENIbHOII» CTEKJISTHHOIT 000JIOUKOIl, B KOTOPYIO OH
3aKJIIOUEH, U HallOJHeHHas BOJOH Kos6a (POKyCHPYeT COJHed-
Hble JIy4H, JAefiCTBYsI Kak cOOMpAIoNast JUH3A.
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Konbua Ketne

A.AH/APEEB, A.TAHOB

<< OIITUKA» HBIOTOHA, U3JJAHHA{ B 1704 TO/1Y, HA IIEJIOE

cTOJIeTHe, BILIOTH /IO HOSBJIEHUS BOJHOBOH TEOPUU CBETA,
oTIpe/iesIia pa3BUTHE ONTHYECKON HayKu. MHOr1e OrnicanHble
U TPOAHAIN3UPOBAHHDbIE TaM 3KCIIEPUMEHTDI CTAJIM XPeCcToMa-
THUHHBIMU M BXOJST B IIKOJbIHbIE yyeOnuku. K mum otHocsres,
HATpUMep, U 3HAMEHHUTBIE OIBITBI IO PA3JIOKEHUIO GEJIOTO CBeTa
B CIIEKTP C MOMOIIBIO TIPU3MbI, ¥ OTKPBITHE TAK Ha3bIBAEMbBIX
KoJier; HbI0OTOHA, BO3HMKAOIINX B pe3yJ/bTare nHTepdepeHinm
CBETa B TOHKOI BO3/YIIHOI ITIPOCJIONKE MEX/y MOBEPXHOCTHIO
CTEKJITHHON TJIACTUHKU U TIJTOCKOBBIILYKJIOH JIMH301, TIPUKaTON
K TJIACTMHKE BBIIYKJION CTOPOHOI.

Mbl HauHeM C JIPYroro, MOKeT ObITb MeHee U3BECTHOTO,
saBJieHns, Kotopoe caM HbIOTOH Ha3bIBaJ <I[BETAMHU TOJICTBIX
IJTACTHHOK» . A ceffuac ero 4acTo CBSI3BIBAIOT C IMeHeM OeJIbIHii-
ckoro ydeHoro Anonbda Kerse n Ha3bIBAIOT, COOTBETCTBEHHO,
«kojbiamu Kerje» .

3anbLrenHoe 3epkajo. B csoeil kuure HploTon pacckasbiBa-
eT, KaK, HATIPABUB Y3KUil ITyYOK COJTHEUHBIX JIydeil Ha cpepuuec-
KOe 3epKajo, IocJe OTPAKEHMS YBHAET Ha IKpaHe IIeIyIo
CUCTEMY IIBETHBIX KOJIEIl, W JIETAJbHO OIUCBIBAET CEPUIO T10C-
JIeIOBABIINX SKCIIEPUMEHTOB. HbIOTOH ToJ1araer, 4To aTo sBJje-
HUE BO3HUKAET M3-3a PACCESHUSA CBeTa Ha HEOJHOPOIHOCTSIX
BHEIITHEl TOBEPXHOCTH 3epKaJjia U M3-3a OTPASKEHUS OT BHYTPEH-
Hell TToBepXHOCTH caMoro 3epkasa. [lepBoe mnocienoBatesnbHOe
oObsicuenne atoro addekra 6o pano Tomacom [Omnrom B
1802 romy.

Ha camom nienie, B akcniepumenTax HbroToHa paccesiue 1mpo-
MCXO/IMJIO HA YacTUIaX OOBIYHOI ObITOBOI IbLIN, OCEBHIMX HA
MOBEPXHOCTH 3epKasia. UToObl yoeuThCs B 9TOM, JOCTATOYHO B
TEeMHOE BPeMs IIOCBETUTD Ha 3allblJIEHHOE 3€PKAJIO C PACCTOSHU
B HECKOJIbKO METPOB MaJ€HbKHM CBETOJMOJHBIM (DOHAPUKOM,
PACIIOJIOKEHHbIM BOJIM3M TJasa. Bbl yBUANTE Te K€ camble
I[BETHBIE TT0JIOCHI, YyTO HabJmo1a1 HpioTon B cBouX onbitax. Ecoun
OYHMCTUTD ITOBEPXHOCTDb 3epPKaJja OT IbLJIU, MOJOCHI NCYE3aI0T.

Ectb erie oinH HaIeKHbBII C1TOCO6 3aPETUCTPUPOBATD TTOJIOCHI
KerJie — Bocriosib3oBaTbest PoTOANIAPaTOM CO BCIIBIIIKOM. 3/1€Ch
TOXKE SIPKUI MCTOYHUK-BCIIBINIKA U HAOIIO1aTe/Ib-00bEKTHB Pa3-
HeceHbl Ha HeGOJIbIIOe PACCTOSIHUE, YTO IO3BOJISIET YBEPEHHO
(pUKCHPOBATH 1[BETHDIE TIOJIOCHI, JIOKATM30BAHHDIE HA TTOBEPXHO-
CTH 3epKaJa.

[Tosocer Ketasie — ato sierko Bocniponssonmoe gasienne. Ecan
y Bac HeT T10/i PYKOH eCTeCTBEHHO 3allblJIEHHOTO 3epKaJsa, Bbl
MOJKETE 3albLIUTh YUCTOE 3ePKAIO JIIOObIM MEJIKOAMCIIEPCHBIM
MIOPOILIKOM — COJIOi, MYKOH, IyApoil W T.N. Wjn 3a6pbI3ratb
BO/IOI. B KaXZ0M M3 3THX CJy4aeB Bbl cMoxeTe HabJII0/1aTh
Kpacusble sipkue 1osochl (puc.1).

KomnblotepHasi «mbLib» . OKa3bIBaeTCsI, MOKHO HE BO3UTHCS
C TIBLJIBIO ¥ BOJIOH, & IOCTABUTH ellle 60Jiee «UUCThIi» IKCIepu-
MEHT — MCIO0JIb30BaTh MCKYCCTBEHHYIO Ibliib. Ha KoMmIbioTepe ¢
TIOMOIIIBIO JIATYNKA CAYYalHBIX YHCeJI CO3/IaliTe PUCYHOK, COCTO-
MU U3 CJIydaitHO PACIIONIOKEHHBIX TOYEK, — TaK HA3bIBAEMbIil
croxactuuecknit pactp (puc.2). Pacneuaraiite ero Ha npospau-
HOI TIJIEHKeE, NTPUKJICHTE MJICHKY K 3epKasy u cpororpadupyiite
€O BCHbBIMKOW. B pesysbrare BbI MOJIy4nTe KapTHHY, OY€Hb
MOXOKYIO Ha M300pa’keHHYI0 Ha pucyHke 1.

T Hyenno max nasweaemes cmamos. 51 .Amcmucaascrozo, ony6.auxo-
eannas ¢ Keanme No6 3a 1989 zo0.
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Puc.1. 3epkaso, 3a6pbi3raHHoe Cripeem, v rnorocs Kerne

[Tosske MBI eme BepHEMCS K 3TUM 3KCIIEPUMEHTaM C IIJICHKOH.

Tomac IOur u unrepdepennusi. MoxxHo ckazarb, uro FOHT
3aHOBO TIpOYeJl HBIOTOHOBCKYI0 «OnTuky». Vcnoubays cosnan-
HYI0O MM CaMUM HWHTEp-
(EpPEeHIINOHHYI0 TEOPHUIO,
IOur pan nocieoBaresb-
Hoe OObsICHEHNEe MHOTHM
SIBJICHUSIM, OIUCAHHBIM B
9TON KHUTE, Yero He MOr
caenatb HbioToH, He Bia-
JIEBITHI  CKOJIBKO-HUOY 1b
YIOBJIETBOPUTETHHON BOJI-
HOBOII TeopHeil cBeTa. JTO
Kacaetcs u KoJselr Kere.

IOur paccmotpes nBa
JIbTEPHATUBHBIX Ty TH B3a-
UMOJICHCTBYS CBETOBBIX
Jydeil ¢ yacTulleif, Haxo-
JIAIIeiics Ha MOBEPXHOCTH
sepkana (puc.3). B mepBoM ciydae CBETOBOiT Jiyd cHadasia
OoTpaykaercst OT 3epKaja, a MoToM [ud@y3HO paccerBaeTcs: Ha
vyactuie. CrnoBa <«auddysHO pacceuBaeTcsl» O03HAYaloOT, UYTO
rnocJjie B3auMo/ieficTBUSA
CBeTa C YacTureil BO3HM-
KaeT IeJbIi My4oK pas-
HOHAINPABJIEHHDBIX JIyYeil.
Bo BTOpOM ciaryuae cBeto-
BOIl JIyd cHavajga Ang-
¢ysHO paccenBaercss Ha
YaCTHIIEe M TOJBKO TTOTOM
oTpaykaercs OT 3epKaJa.

Bynem cuntarp, uTo Ha
3€PKaJIO TOJIIUHON ¢ Ta-
JIaeT IIy4YOK TIapaJijiesib-
HBIX Jy4eil, yrosa mase-
Hust o6o3Hauum i. Pac-
CMOTPUM /1Ba MapaJLie/b-
HBIX <«PacCcessHHO-0TPa-

Puc.2. CToxacTn4eckii pacrp

Puc.3. []Ba nymi B3auMMOAEVICTBUS
CBETOBOIO J1y4a C YacriLes

SKEHHBIX» Jiyda ¢ yraoMm paccesnus @ (cum. puc.3). ITo IOmury,
9TU JIy4U MOTYT UHTep(depHpOBaTh, T.e. B HAIIPABJICHUU § CBET
MOKET YCUJIMBATHCS UM OCTA0ATBCS — BCE 3aBUCHT OT COOTHO-
HIEHUS Pa3HOCTH Xoja Jydeir AL (6) W JUINHBI BOJIHBI )\
nasiaioniero ceera. YtoGbl HAUTH PA3HOCTD XO/1a, HA/IO TIPOBECTH
001ITIe TIEPIIEH/INKYJISIPBI K 060MM Ma/IAI0NIMM 1 K 000UM pacce-
STHHBIM JIy4aM U HOCYUTATh PA3HOCTD JIJIMH JIydeil MeXK/1y OCHO-
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BaHUAMU 9TUX IeEpIICH-
JuKyapoB. Ecan B pas-
HOCTH X0/1a YKJIa/[bIBaeT-
¢S LeJoe YUCJI0 JUINH
BOJIH, T.C. ecsn
AL(8)=n\, 10 B Ha-
npasJieHun @ cseT Oyaer
YCUJIUBATLCS, €CJIH JKe
AL(6) =(n +1/2)N, TO
cBeT OyzieT 0c1abIsATbCS.
Taxum o6pasoM BO3HH-
KaeT HHTep@epeHInoH-
Hasg KapTuHa.

Jlns co3pmanus SpKuX
kosen Kerse, xoHeuHo,
HeJI0CTaTOuHO O/IHOH pac-
ceuBalonieil YacTUILBI.
Heob6xoxum wmesblii an-
caM6Jb TaKUX YaCTHIL,
yKa3aHHBIM 06pa30M B3a-
UMO/JICHICTBYIOMNX C Ta-
JIAIOMUM CBETOM M JI0C-
TATOYHO ILJIOTHO IIOKDbI-
BalOI[UX IIOBEPXHOCTD
3epKaJa.

UT0O0b! BBIYUCIUTD PA3HOCTb X0/a BbIOPAHHBIX HapaJle/IbHbIX
Jlydell, UCHOJIb3yeM CJIelyIOINi UCKYCCTBEHHBIH npueM. «Bbir-
PSIMHM» BCe CBETOBBIE JIyull, T.€. FeOMeTPUYECKH OTPA3UM OTHO-
CUTEJIBHO 3epKajia Bce OTPe3Ku Jyueil ere
He UCIIBITABIINX (PU3UUECKOTO OTPAXKEHUs B
3epKaJie. 3a0/1HO OTPa3UM BHEIIHIOIO I10BEPX-

HOCTb 3epKaJia 1 4acTHIly, Ha KOTOPOii 11po-
HUCXOAUT pacceanue. B pesyibrare BMecTo
pucyHka 3 mosyuuM pucyHok 4. U 3xech
y’Ke PasHOCTb XOJa BbIUUCJSETCS 3JIeMeH-
TapHO KaK Pa3HOCTb KaTeTOB [BYX IIPIMOY-
TOJIbHBIX TPEYTOJIbHUKOB C THIIOTEHY30H 2¢:

AL(6) = 2t (cosi —cos 6).

A ycjoBue TOTO, 4YTO B HallpaBJeHUNn @
Oyzer Ha6JI0aTbCs MHTEP(EPEHITMOHHDIIH
MaKCUMyM, TIPHOGpeTaeT BU/L

2t (cosi - Cos 6) =nA\.

Puc4. «BbinpamaeHmne» CBETOBbIX
SIyen

OrMernM, 9TO MBI He OyeM JaJbllle ¥C-
[OJTb30BaTh 9TH (POPMYJIBI — MBI TOJBKO
XOTeJIH [TOKA3aTh IPUHIIUITHATIBLHYIO BO3MOXK-
HOCTb IIPOCTOTO pacyeTa MHTEPQEPCHIINOH-
HOiT Kaptunbl. [Ipnm aTOM He GBLIO y4TEHO
IIpeJIOMJICHIE CBETA IIPH IIEePEX0/ie U3 BO3AY-
Xa B CTEKJIO U IIpU 06PATHOM Hepexo/ie — U3
CTEKJIa B BO3/lyX. MOXKHO CUUTATD, YTO 3TO
ObLTIO C/leTaHO JUIS YIPOIUIEHWs pacyera.
Ho, ¢ npyroii croponsl, B mpupo/e AeiicTBr-
TEJIbHO CYIIECTBYIOT 3epKaJia, BHYTPU KOTO-
PBIX HHUKAKOTO IIPEJOMJIEHHS He IPONCXO-
qut. Bripouem, Mbl etre 06¢yiuM, Kak Ghusn-
YECKH MOKHO PEan30BATh «BbITPSIMIICHIC
CBETOBBIX Jydeil, H306paskeHHOe HA PHUCYH-
Ke 4.

Aunmamus. Ecim 3amblieHHOE 3epKajio
OCBEIIAETCS MaJICHBbKUM (DOHAPUKOM, TO
3/1eCh peub UJIeT CKOpee 0 TOYCYHOM HCTOY-
HIIKe, a HE O ITyYKe NapaJLIe]bHbIX Jydeil. A
Toraa Hal/ofaeMast KapTHHA CHJIbHO 3aBU-
CHT OT B3aHMHOTO PACIIOJIOXKEHHUS HCTOYHH-
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Kka 1 HaGmoxaress. Ha pucynke 5 nzo6paxkena cepusi paccym-
TaHHDBIX I/IHTep(bepeHLII/IOHHbIX KapThuH B CcJay4dae, Kor/la UCTOY-
HUK ¥ HAOJIO/IaTe/ b HAXOAATCST OJIM3KO APYT OT ApyTra B ILJIOC-
KOCTH, TIEPIEH/NKYJISIPHOIl 3€pKaTy, HAa PACCTOSHUM S5 M OT
Hero. B 3TOl MJIOCKOCTH MCTOYHUK JeJaeT 4eTBepTb 060poTa
BOKPYT HAG/II0aTe,Ist, JUIINHA BOJIHBI cBeTa paBHa A = 6 (1077 M
Ha pucynke KpacHbIM 3aKkpaiieHbl 06JACTH, TPUJIETAIONIe K
nuTep@PEepeHIMOHHbBIM MAKCUMyMaM, CHHUM — K MUHHUMYMAaM.
[lepBas kapTUHA MOJIyYaeTcs, KOT/Ia HCTOYHUK M HAGTIOATe b
HaXO/SATCS HA O/THOM M TOM JK€ PACCTOSHUU OT 3epKajia, OHa
o6Jia/laeT BePTUKAJIbHOI ocbio cumMerpun. [locaennss — korja
MCTOYHUK PACIIOJIATAETCST HEMOCPEACTBEHHO Tiepe]] HabJioiare-
JIeM, OHA IeHTPAJIbHO CHMMETPUYHA.

Bce atm kaprtumbl, MOKeT ObITh He B IOJTHOM OOBEME, BbI
MOJKETE€ YBU/IETb B 3allbJ/IECHHOM 3€pKaJjie, IiepeMellasd MaJaeHb-
kil (OHAPUK OTHOCUTETBHO TJIA3a.

Jlukonoauii, kopona u koubna Kersne. Kopona, o koropoii
3/1eChb TMOM/ICT PeYb, — ATO TE CaMbIC I[BETHBIE KOJbIIA, KOTOPbIE
MbI BU/IUM, HaIlpUMEDP, BOKPYT JIYHbI, CBeTHH.[efI CKBO3b JIETKYIO
JIBIMKY .

3a o6pasoBaHue KOPOHbBI OTBevyaeT AUQPAKIMOHHOE paccesi-
HHE CBE€Ta Ha MEJIKHUX KallJAX BOJAbI UM Ha JAPYTUX YaCTUIaX,
MMEIOIINX O/INHAKOBbIE Pa3Mephl U OJIMHAKOBYIO (hopMy. B atom
OTHOIIIEHUH TTOBE3JI0 TeM, KTO HOCUT OuKu. B Beuyepree BpeMst
JIOCTATOYHO TOJIBIIIATD HA CTEKJIBIIIKN OYKOB, ¥ MUP BOJIIEGHO
npeoGpakaercss — Bce MPOCTPAHCTBO BOKPYT KaXKA0r0o (oHaps,
BOKDPYT KayKJOI'0O UCTOYHUKA CBETA 3allOJIHAECTCA Pa3HOIBETHBIMU
KOJIbIIAMH.

PUcC.5. VIHTEP@GEPEHLIMOHHDBIE KaPTUHbI, BOIHUKAIOLYME TPU [TEPEMELLEHIN UCTOYHIKA
OTHOCUTENILHO HaboAaTeNs
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Puc.6. KopoHa, oKpyXamnLyas UCTOYHUK, Bug 4epe3 CTEK/IO, M0-
ChINIaHHOEe JIKonoanem

B onTuke AJs MCCaIEAOBAHUS M JEMOHCTPAIH AU PAKIINOH-
HBIX SBJIEHUI TPAJMIIMOHHO UCIIOJIb3YETCs JTMKOIOUI — CIIOPbI
pacrenusi «mjaayH OyJaBOBH/HbI». DTH CHOPbI UMeIOT cdepu-
4yeckyl1o (popMy 1 OTJIMYAIOTCS TIOCTOSTHCTBOM JIIaMeTpa — HOPSi/I-
xa 30 mxM. Kax BBITJISIAUT UCTOYHUK CBeTa, €CIM CMOTPETb Ha
HETO 4Yepe3 CTEKJO, IMOCHIITAHHOE JIMKOMOIUEM, II0OKAa3aHO Ha
pucynke 6.

Mo>kHO YBUIETD KOPOHY U TJIsI/s1 HA M300pakeHe HCTOUHUKA
B 3aroreBlleM 3epKasie. K coskasenuio, KaleJbKu Ha 3epKaJie
UCTIAPSIIOTCST, ¥ TIOBEPXHOCTH 3epKajia ObICTPO CTAHOBUTCS UIC-
toit. Ho siMkomnoauii HuKy1a He uCapuTest, U B 3allblJIEHHOM UM
3epKaJie MbI CMOYKEM YBH/IETh 3aMedaTesibHyto Kaptuny (puc.7),
BKJIIOYAIOILYIO OZHOBPeMeHHo u Kosblia Ketie, 1 xopomy.

Bcsa ontuka — B ogHoii ayxke. Ot Jsmkononns nepeiijieM K
JIPYroMy OHOJIOrHYeCKOMY OOBEKTY — K OJIHON U3 MUKPOCKOIIH-

Puc.7. KosbLa Kerne v KOpOHa B 3€pKasie, 3arbliieHHOM JIMKO-
rnoguem

4ecKuxX BoJOpocaei kmacca xpuzomonaoseix (Chromophyton
Rosanoffii). Kaxxpag suefika atux Bogopoceii B oauol us das
CBOEr0 PA3BUTHS BBIXOJHUT HAa MOBEPXHOCTD BOJBI U PACIOJara-
eTcs HaJl Hell B BHJIe TIPO3PAvHOTO MIapUKa pasMepoM 4—9 MM,
BO3BBIIIAIONIErOCsS Ha HeOOJbIIOM cTebesbke. Takoe pacroJio-
JKeHNe sTYeeK MOJHOCTBIO COOTBETCTBYET HAIlEeMy PHUCYHKY 3,
€CJIN B KayeCTBE PACCEMBAIONIEH YaCTUIIBI TIPUHATD Ty cdepu-
JecKylo sUeiiKy, a B KadeCTBe OTPaKaiollell ITOBEPXHOCTH —
IIOBEPXHOCTD BO/IbI. /]a 1 pesioMJieHne 3/1eChb TOKe OTCYTCTBYET,
MIOCKOJIbKY MEXK/Y sTUeiKOil BOIIOPOCIIEil 1 MOBEPXHOCTBIO BOJIBI
HeT HUYEero, KpoMe BO3/yXa.

B 2006 romy Mapko PumkoHen pasMecTHJI Ha CBOeM caiite
(http: / /www.ursa.fi /~riikonen /) ¢ororpadumu, caeranmbie
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Puc.8. Mapko PunkoHeH: Ko/ibLia Ketne, KOpoHa, I71I0pusl 1 pa-
Aayra

UM Ha HeOGOJBIIOM CKaJUCTOM ocTpoBe B Basruiickom mope. 11
JIA7T 3aPETUCTPUPOBAHHBIM UM SIBJIEHUSIM OOllee Ha3BaHWe —
«Bogopocieas ontuka» (algal optics). Ha mosepxnoctn He-
6OJIBIIIOTO BHYTPEHHETO BO/IOEMA TIJIOIIA/IbI0 B HECKOJIBKO KBaJI-
PATHBIX METPOB, TIOKPBITOTO MIJICHKON YIIOMSAHYTBIX BOJIOPOCJIEii,
M ObLIM 3a(DUKCHPOBAHBI CPa3y HECKOJBKO ONTHYECKUX (PeHo-
MeHoB. Tak, Ha o/1HOIT 13 hoTorpaduii OTIETIMBO BHIHBI KOJIbIA
Kersie u kopoHa, c03/1aHHbIE BOJIOPOCJISIME, PACIOJIOKEHHBIMI
HaJl MOBEPXHOCTBIO BOAbI. IJrta dororpadus yANBUTEIbHBIM
o6pa3oM coBIaiaeT ¢ Haiieii pororpadueii, npegcTaBiaeHHON Ha
pucyske 7.

Ha caiite Pumkonena umeercs u BoBce (haHTacCTHYeCKast
dororpadus (puc.8), Ha KOTOPOH OJHOBPEMEHHO BU/HBI KOJb-
na Kerne (Quetelet rings), kopona (corona), raopust (glory) u
pazayra (fogbow). 3amernm, uto n rI0pUs M pagayra 06pasyOT
KOHIIEHTPUYECKIE KPYTH C IEHTPOM B TOUKE, ITPOTHBOIOJIOKHON
MCTOYHUKY CBETA OTHOCUTEIbHO HabJiofaresis. YcjaoBue o6pa-
30BaHUA TJIODUM — 3TO HAJM4YUe B BO3/lyXe KalleJeK BOJbl
nuamerpoMm Menee 20 MKM, a, KaK Mbl YK€ TOBOPHUJIM, pa3Mep
SYefiku HaIMX Bojopocsell kak pa3 nopsiaka 10 mxm. Yro
Kacaercst pajayru, 06pa3oBaHHON HA KAIJISIX TAKOTO pa3Mepa, To
OHA BBITJISIIAT 06ECI[BEYEHHOII N HOCUT CIIEIMAJbHOE HA3BAHUE
— tymanHas paayra (fogbow), nMeHHO oHa M BUHA Ha TTOCJE/-
neit pororpaduu.

du3suyeckoe BBIIPSAMJIEHHE CBETOBBIX Jy4eil. Bepuemcs k
PHUCYHKY 4, KOTOPDBIif Mbl HOJYYHJN U3 PUCYHKA 3 C HOMOIIBIO
¢opMaJIbHOTO IIpHeMa — reOMeTPUYECKOTO OTpakeHus. Mexty
TEM, PUCYHOK JIOIYCKAaeT MPOCTYIO (PU3MUYECKYIO Peasn3aluio.

OnuH 1 TOT JKe CTOXAaCTMYECKHil pacTp HaleyaTaeM /[Ba pasa
— Ha /IByX IPO3payHbIX IJieHKaX. HaJoxXuB /1Be ujeHTHYHbIE
IIJIEHKN JIPYT Ha IpyTra U JOOGUBIIICH TOYHOTO COBMEIIEHHUS IBYX
PAcTpOB, MbI ITOJIYYUM MOJIHOE PU3ndecKoe 1noo6me pucyHka 4.
Kaskoit Touxe-uacruiie 6y/JieT COOTBETCTBOBATH TOYHO TaKas JKe
TOYKA-4acTUIla Ha J[PYTOil IJIEHKE, PACCTOSTHIE MEXK/y TaKHMMU
TOYKaMU Gy/1eT PaBHO TOJIIHHE TJIeHKH. [109TOMy MOKHO MOIIBI-
tarbest 3aduKcHpoBath Kosblia Ketse, Habmonas MCTOUYHHK
CBETa CKBO3b /IBE€ O/IMHAKOBDIC IIJIEHKU, HAJIOXKEHHBIE JPYT Ha
npyra. K coskaseHuio, Halln IONBITKU C/leJaTh 3TO TOKa He
YBEHUYAJIHICH YCIIEXOM.

* ok ok

B 3axmoueHne coBeTyeM BaM HOCETHTb THTAHTCKYIO eXKe/[HeB-
HO TOMOJIHAEMYIO 3SHIMKJIONEANI0 aTMOC(EPHBIX ONTUYECKUX
sejennit — caiit http: / /www.atoptics.co.uk, rae Ha mMHOrO-
YHCJIEHHBIX (POTOrpadusax MOXKHO YBH/ETD U PAIAYTY, I KOPOHY,
1 TJIOPHIO, ¥ KoJiblla KeTJie 1 MHOTO 4ero [pyroro KpacuBoro u
MHTEPECHOTO.
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MATEMATHUYECKHUMN KPYJXOK

NHNMaJITNCTCKNE
3aa4n

C.bEJIFEB

LJaHo — HUYEro, HauiTi — BCE, BCEM, YEM MOXHO, —
rpeHebpeys.

ObobueHHas hopMynmMpoBKa
Ka4eCTBeHHOW 33fa4um no usmke

AYECTBEHHDIE 3A/IAUYN B ®U3MNKE JABHO 1 BITIOJIHE

3aCJIYKEHHO TOJB3YIOTCS TOMYJIAPHOCTHIO. VIMEHHO OHI
JTATOT MOIIHBINA AMOIMOHANBHBIN 3apsi/i — MOYTH M3 HUYETO, 3
MUHUMAJIBHOTO HAGOPa HaYaAbHBIX JaHHBIX (a TOpoil 1 BooGIIe
6e3 HUX) TOJIyYaloTcs IyGOKHe U [OYac HEOUEeBH/IHbIE BBIBO-
ne1. [IpuBeieM HECKOBKO TIPUMEPOB.

3agava 1. Ha «paii abcomomno 2aadkozo u abcoromuo
NAOCK020 CMOJIA NOJLOKUAU A6COIOMHO 21a0kuil wapux. Tpe-

Hus Hem, CONPOMUBLCHUS
6030yxa nem. Onpedenume,
Oydem qu 08uzamvcs wWapux,
u ecau 0a, mo Kax.
Pemenne. CrangapTHbIit
PHCYHOK 3aCTaBJISIET CAEIATh
BBIBOJI, HYTO CHUJIA TSKECTH
KOMIIEHCHPYETCSI CHJION pe-
AKIUM ONOPBI U paBHOJEN-
CTBYIOINAsT paBHa HYJIO, T.C.
mapuk Gy/eT OCTaBaThbCs B
noJioxkennu papuosecust. OJ1-
HAKO, eCJIM C/IeJaTh PUCYHOK,
Ha KOTOPOM pasMephl CTOJA
COU3MEPHUMBI C pa3Mepamu
3emun (puc.1), To cTaHOBUT-
csl TOHATHO, YTO B Hamlei
pac. 1 CUTyalluul PaBHOJEHCTBYIO-
mad He pasHa HyJo. Takum
00pa3oM, Ha IapuK JeiiCTBYeT CUJIa, KOTOpas UMEET COCTABJIS-
IOIIYIO, HATIPABJEHHYIO K IeHTpYy croJa. Ilon mefictBueM aroit
CHLJTBI TITAPUK HAYHET KoJiebaTeIbHbIe IBIKEHNST ¢ aMILTNTY TI0H,
PaBHOI TOJIOBUHE MIUPUHBI CTOJIA.

[ToguepkieM, UTO B 3a/1a4€ UET pedb 06 A bHbIX YCIOBHIX:
TpeHHs HeT 1 3eMJIst a0COTIOTHO KPYTJIasi M OZIHOPOIHAsT. PeasbHo
ke 9TOT a(PPEKT He MOKET HAOTIOAATHCS UMEHHO TOTOMY, UTO U3-
32 MAJIBIX Pa3MePOB CTOJIA IO CPABHEHWIO C 3eMHBIM MIAPOM CUJIA
TSKECTH 06pasyeT TaKoW MaJbIil yroJi ¢ TEPHeH/INKYJISIPOM K
MIOBEPXHOCTH CTOJIA, YTO MBI TIPOCTO HE CMOKEM YMEHBIIHTH
TPEHNe HaCTOJNBKO, YTOGBI MAPUK TMOKATUIICS.

[TousaTHO TakKe, YTO KOJUIECTBO TOAPOOHOCTEN, KaK BCEr/Ia,
HeucuepriaeMo. Ecim y»k yIuThIBaTh pazMep 3eMJIH 110 cpaBHe-
HUIO C Pa3MepPOM CTOJIa, TO HY’KHO ellle YYUTBIBATD HEO[IHOPO/I-
HOCTB TIOJIST CUJIBI TSIKECTH, HEPOBHOCTH TTOBEPXHOCTH 3eMJIH,
NPUJIUBBI 1 OTIUBbI (OHU TOKE MEHSIOT MECTOTOIOKEHUE [IEHTPA
TSKECTH 3eMJIM, & 3HAYUT, U HAIPaBJeHe YCKOPeHusi cBoOOI-
Horo majenusi). OJHAKO KauyeCTBEHHbIE 3ajaud JUisi TOTO U
JTATOTCsT, YTOGBI HAYUUTHCS abCTParmpoBaThCsT OT HECYTIECTBEH-
HBIX MOJPOOHOCTEN U BUETH T€ OCHOBHbBIE 3aKOHBI U SIBJIEHUS,
KOTOpbIe paGoTaloT B JaHHOI 3a/aue. ITa 3aja4a MOKa3bIBAET,
CKOJIb JIaJIEKH W/leasIbHble YCJIOBHUS, pacCMaTpuBaeMble B GOJIb-
MIMHCTBE 33/1a4, OT YCJOBUH peasbHO HaOMIOTAEMBIX.
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3anaua 2. Kax useecmno, 1emom xene3nodopoxbill pesvc
HeMHO20 OaunHee, ueMm 3UMOU, UMO SAGAACMCS CAe0CmeueM
menso60z0 pacwupenus memanid. Hmenno nosmomy mexoy
peavcamu ocmasasiom neboavwoi 3asop. Oduaxo npedcma-
BUM, MO 06A peabca OAUNOU NO 1 KM NPUCABAEHbL 6 CIbIK
u 3axpenaenvt moavKo no kpasm. Ilycmo remom druna kaxoozo
peavca yseauuunacb na 1 m u 6 cepedune peivCvl 6CMALU
<«Qomukom», 06pasys pasnobedpennviii mpeyzoavrux (0cHO8a-
Hue 2 kM, 6oxosas cmopora 1 km u 1 m). Ouyenume, xKaxosa
6HICOMA IMO20 PASHOOEOPEHHOZ0 MPeEY2ZONLHUK.

Pemenune. O6bluHO Ha 9TOT BOIIPOC AA€TCSI CUJIbHO 3aHUKeH-
Hblil oTBeT «Ha Iyas». IIpamoil noacuer 1o Teopeme Iludaropa

JIaeT COBEpIIeHHO (HaHTACTUIECKWII OTBET: V10012 = 1000% =
=+/2001 = 44,7 wmetpal

* ok ok

B 1mIK0JIbHOIT reoMeTpUN TOXKE eCThb P/l 33144, OTINYAI0NINXCS
MUHUMAJbHBIM KOJUYECTBOM JAHHBIX, B KOTOPBIX Tpelyercs
HaliTH TO, YTO Ha TIEPBBIN B3TJISAA W HAWTH-TO HEBO3MOKHO.
VIMeHHO 5TO POJAHUT TaKue 3a/1a4il ¢ KAYECTBEHHBIMU 3aa4yaMu
no ¢Qusnke. BHuMaHMIO uyuTaTENA IpEJIATAeTCA  KOJIJICKIUS
3a/1a4 ¢ MUHUMAJIbHBIMU YCJIOBUAMHI, U3 KOTOPBIX MOXKHO HalTH
JIOBOJIbHO MHOTO. V1 4ueM MeHbIIIe IaHO B YCJIOBUU U YyeM GOJIblIe
IOJIy4aeTcsl B pe3yJbTaTe, TeM KpacuBee U H3sIIHEe 3a/a4a.
fcno, 4To perrenne TaKUX 3a7a4 Beera OyeT CBA3aHo Ju60 co
3HAHIEM HEKOTOPBIX 3aMedaTeIbHbIX (HaKToB, JU60 ¢ n3o6peTa-
TEJIBHOCTHIO PEIIAOIIETO.

3anaua 3. IIpedcmasum cebe, umo 3eMHou wap nioOmMHO
obmsHym no axkeamopy eepesxoil. IIpednonoxum, umo Oiuny
IMOTL 6epesKU YeeaunuIU HA 1 Memp u pacnosoKUIU MAK, YUMo
oHa 6cwdy odunaxoso omcmoum om 3emau. Moxem au 6
00pa306a6WUTICSL 3A30P NPOSCIMb MbLULL?

Pemenne. D10 — X0pomio n3BecTHas 3ajaya ¢ COBEPHICHHO
oneIOMJIAIONNM oTBeTOM. [IpryeM oTBeT HACTOJIbHO HEOKIIAH,
4TO, JJaske KOTJa €Tro yyKe 3Haelllb, — He BEepHUIIb.

[Toncyer nme mpezacraBiseT TpyAHOCTEH: MycTb R — paamyc
3eMuM, TOrJa HavajbHas JUiMHA BepeBkn 2TR . Paanmyc R
OKPY’KHOCTH, JIJIMHA KOTOPOIl HAa 1 MeTp GOJIbllle, HAXOANUTCS U3
ypasHennsi 2TR, =2TR #, 1.e. Ry =R +1/(2m). Orkyna se-
JIMYHA BO3HUKAIONIETO 3a30pa paBHa Ry — R = 1/(2 T[) =16 cM.
Tak 4TO B Takyio IeJib BIOJHE MOYKET MPOCKOYUTH MbIIIb.
O/1HaKO BasKHO HE 3TO — YJMBHUTEJIBHO, YTO OTBET HE 3aBUCUT OT
paaunyca 3emun! [[pyruMu caoBaMu, TOT JKe PE3yJIbTaT IOy nT-
ca na Jlyme, na Mapce u, BO 4YTO y’Ke€ COBCEM IIOBEPHUTD
HEBO3MOXKHO, Ha (DyTOOIbHOM Ms1ue. V13 mosrydeHHOTro pe3yJibTa-
Ta BBITEKAET, UTO ecJIH (PyTOOIbHBIH MU OOTSIHYTb BEPEBKOI 10
9KBATOPY M 3aTeM YBEJMYUTH ee JUIMHYy Ha 1 MeTp, TO 3a30p,
Oy/lyull pPaBHOMEPHO pAacCIpe/leIeHHbIM TI0 9KBATOPY, OyIeT
TOYHO Takoi ke — 16 cm!

3anava 4. K dsym nepecexarouumcs oxpyKHocmsm npogede-
Ha obuias xacamenvhas. Yepe3 mouxu Kacanus u mMouKy
nepeceuenus nposedena
okpyxnocmy. Haioume
ee paduyc, ecau paduy-

Cbl UCXOOHDBIX OKPYIKHO-
cmeiu pasuol R u r.

Pemenmne. Ilycte AB
— ofIas KacaTeJbHast K
MePeCeKAIONMMCS B TOU-

Kax M u N OKpys>KHOC-
taMm ¢ nenrpamu O; u
O, (puc.2). Yausu-
TEJbHO, YTO OTBET He
3aBUCUT OT TOTO, 6y,£[eM Puc 2
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MBI pacCcMaTpuBaTh TPeyroabHIK ABM wmn tpeyroabHuk ABN
— PaJInyChl UX ONUCAHHDLIX OKPY>KHOCTEH paBHbI!

Ilycts ZOAN =0, ZO,BN =, p — paauyc OKpyKHOCTH,
ommcannoil okoso tpeyroabunka ABN. Torma AN = 2R cosd ,
BN =2rcosp. Ilo Teopeme cunycoB s tpeyroabHnka ABN

BN AN
nMeeM p=————, a Takke Pp=————_ Tak Kak B Tpe-
2sin LA 2sin ZB
yroabuuke ABN ZA= 90° — a ., ZB=90°—-B, To
2R cosa cosa 2r cosB cosP
= = =————=r——, OTKyla
2cosP cos B 2cosa cosa

p2 = Rr, num p:\/ﬁ.

BouJiee Toro, coBceM y:k HENPABAOION00HO, YTO OTBET He OY/IeT
3aBUCETH OT PACCTOSIHUST MEXK/LY HIEHTPAMU OKPYKHOCTEN, YTO U
JleIaeT ATy 3aJauyy MUHHMAJUCTCKOI.

3amava 5. B mpeyzoavuuxu ABC u CDA (mouxu B u D
pacnonoxenvt no 00uy cmopony om CA) enucanvt oKpyxKHoc-
mu. Haidume Oruny obwetl enewnell Kacameivnoll K amum
OKPYKHOCMAM, eCIU:

a)AB =5, BC=7, CD=DA; 6) AB=7, BC=CD, DA =9.

Pemenne. a) Kax wussectno, cymectsyer ¢GopMmysia st
BbIUMCAEHUA JJIUHBI d oO0uieil BHeNIHel KacaTeJbHOU K
JIBYM OKPYJKHOCTSIM PaJINYCOB R U #, PacCTOSIHUE MEK/LY TCHT-

paM# KOTOPBIX PaBHO a:

d=a* -(R —7)2 . On-

HAKO fICHO, YTO B 3ajiaye
JTAHO CTOJIb MAJIO, YTO HE
[IPE/ICTABJISIETCS BO3MOXK-
HBIM HaiTH BCE 3TH BeJIn-
ynnbl. Tem He MeHee, HC-
KOMYIO JINHY HaliTu Bce
JKe MOoKHO. /[lis sroro
MOHAI00UTCS JINIID CJie-
nytomuit dpakT: ecan p —
TIOJTYTIEPIMETP TPEYTOTb-
uuka ABC u BC = a, T0
JUIMHA KacaTeJbHOI U3 BepHIMHbI A K BIUCAHHON OKPYKHOCTH
paBHa p — d.

Puc. 3

Yupaxknenune 1. /lokaxkure 3T0.

[Tycts p; u py — noaynepumerpbl TpeyroabHukos ABC u
ACD cootserctsenno, Toraa (puc.3)

PQ =|AP - AQ| :‘(Pz -CD) ~(py _BC)‘ =
= %‘(AC +4D - €H) - (AC + AB -BC)| :%\BC—AB\ =1.

6) ITOT IIYHKT peliaeTcsa aHaJJOrm4HO:

PO =|AP = AQ| = (p, =CD) ~(p; ~BC)| =
= %\(AC+AD -€D) - (AC +AB -B€)| —%\AD—AB\ =1

3anmava 6. Touxu A, B u C pacnonoxenvt na 00Hot npsmoil.
Yepes mouxy B npoxodum nexomopas npsmas. [ycmo M —
nPOU3BOJLHASL MOUKA HA
amoi npsmoi. Haidume
paccmosnue mexdy yem-
mpamu oxpyKuocmell,
ONUCAHHBIX OKOJLO Mpey-
zonvHuxkoe MAB u MBC,
ecauAC=a, OMBC= a
Pemenmne. [leurpor D n
E [aHHBIX OKpY’KHOCTeil
MIPOEKTUPYIOTCS B cepe/in-

Puc. 4 HBl OTpe3koB AB m BC
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(puc.4). Paccrosaue MeKay sTUMU TTpoeKimsamMu pasao AC /2 =
=a/2. Yraot EDF n MBC paBHbl Kak yTIJbl CO B3aUMHO
MnepreHuKyJadpubiMu  ctopoHamu. U3 tpeyroabuuka DEF
nMeeM
DE=-"_.

2sina

3anava 7. Ha zunomeny3se npsamoyzoiviozo mpeyzoivHukd 60
BHEWNIOI0 CTNOPOHY NOCMPOEH K8aAOpam u nposeder ompesox,
COCOUHSIIOWULL BEPUUHY NPSMOZO Y2Jd C UCHMPOM KeAOpamd.
Haztioume yznvt mexdy smum ompesxom u xkamemanu. Haioume
maxe OunYy 3M020 OMPe3Kd, ecau CYMMa Kamemos pasud d.

Pemenune. Jra 3aaya — nmpekpacHas WJIIOCTPAIS METO/A
BCIIOMOTaTeIbHOM OKpPY:KHOCTU. B camoMm jiesie, Tak Kak yrJibl
ACB u AFB — npsambie (F — LenTp KBaJgpara; puc. 5,d), TO OHH
onupalorcss Ha guamerp AB OKPY’KHOCTH, ONHUCAHHOH OKOJIO
tpeyroabuuka ABC. Ho torna OBCF= [0 BAE 45 xak omnu-
palolecst Ha OJIHY U Ty K€ JIyTy.

Puc. 5

[lmuny orpeska CF jleTko HaliTH, €CJN 3aMETHTD, UTO JJaHHbIE
TPEYTOIbHUK 1 KBaJPAT MOPOKAAIOT KBAJPAT, CTOPOHBI KOTOPO-
TO CONEepP’KAT BEPIIMHBI [AHHOTO KBAJpaTa, MPUYEM IEHTPbI
o6oux KBajpaTos conagaor (puc. 5,6). CiaenoBareabHo, y/BO-
eHHas JInHA otpe3ka CF paBHA [uaroHaan GOJIBIIOTO KBaJpa-
Ta, CTOPOHA KOTOPOTO PaBHA CyMMe KaTeTOB HCXOJHOTO IPSMO-
YTOJIBHOTO TpeyroJbHUKa. OKOHYATEJbHO,

CF = 1(1\/— _d )
2 V2

3anaua 8. Ha naockocmu npogedenvl npsamast i OKpYKHocmo
¢ uenmpor na amoti npsamoi. TonavKo ¢ noMoubIo 0010 AuNeliKU
onycmume nepnenouKysap K OAnHOU NPAMOU U3 MOUKU, HE
aexxkaweil na 0anHoll OKpYKHOCIU U OAHHOTU NPAMOU.

Pemenne. ITocmpoenue. HecMoTps Ha TO, YTO CyllecTByeT
TPH c1oco6a PaCIOIOKUTD TOYKY DD, U3 KOTOpOii OyeT OmyIieH
nepreH UKy asap K npsamoit AB (AB — quaMerp JaHHO# OKPYXK-
HOCTH; puc.6), BCe MOCTPOEHHS AHAJOTHUHBI. OTH CJIydam
TAKOBDBI: TPeyroJbHUK ABD ocTpoyro/ibublii, Touka D Jjexxur
BHeE Kpyra, OlPaHHYEHHOTO JaHHOU OKPY)KHOCTbIO; TPEYTOJbHUK
ABD TynoyroJibHblii, Touka D JeXuT BHE Kpyra; Touka D JiesxuT
BHYTpH Kpyra. OmnieM Bce TOCTPoeHust cpasy (moc.re1oBaTesb-
HOCTb IIOCTPOEHHMS OKa3aHa Ha BCeX PUCYHKax mudpamn).

1. Crpoum Ttouky E — TOYKy TepecedeHuss npsamMoii AD
C OKPY>KHOCTBIO.

2. Crpoum TOUKy F — TOUKy TepeceueHusi mnpsamoil BD
C OKPYKHOCTDIO.

3. Crponm npsmyio AF.

4. Crpoum upamyio BE. Ilycrp H — Touka mnepeceyeHust
npsambix AF n BE.

5. Crponm nipsimyto DH — oHa U eCTb HCKOMBII TIepPIIeH/INKY-
JSp.

Jokxasamenvcmeo. Yravl AEB nu AFB — npsmbie, TaKk Kak
onupaloTcs Ha auamerp AB, ciemoBarenbHo, H — opToleHTp
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Puc. 6

tpeyroapnuka ABD. 3unauut, npsamas DH — BblcOTa 3TOro
TpeyrosbHuka, T.e. DH 0O AB .

3amaua 9. [lycmov R u r — paduycol onucannoi u 6nuUCannoil
OKpYKHOCMEN HEeKOmOopozo mpeyzoivHukd. doxaxume, 4mo
R 2 2r . Haiioume anaiozuunoe Hepasencmeo 6 cmepeomem-
puu.

Pemenne. Jra 3a7a4a JIETKO pelIaeTcss C UCIOJb30BAHUEM
dopmyspl Dilsiepa /s PaccToHUsS d MEXK/Y TIEHTPAMU BITUCAH-
HOW M omucaHHOll OKpysKHOCTEH (PajmyChl KOTOPBIX PABHbI 7
i R coorsercrBenno): d? = R? -2Rr :R(R —27). OTryna
HENoCPeICTBEHHO cIejiyeT TpeGyeMoe HepaBencTBo. OHAKO ero
MOJKHO TIOJIYYUTh U 6e3 mpuMenerusi (popmyJibl Jitaepa.

B camom nmese, m3 BceX OKPYKHOCTeH, IepeceKalolnx Bce
CTOPOHDI TPEYTOJIbHUKA, HAMMEHDIITHI PA/INYC UMeeT BIIMCAHHAS
OKPY>KHOCTB. VI3BECTHO, YTO pajinyC OKPYKHOCTH, TPOXO/SIICH
uepes cepelHbl CTOPOH TPEyToIbHUKa (OKPYIKHOCTD 9 TOUeK),

paBed R /2. 3nauut, R /2 =27 ,T1.e. R22r, 410 11 Tpe6OBAJIOCH

JI0Ka3aTh.

Anasorom (opmyJbl Jilepa B IPOCTPAHCTBE SABJseTCS (Pop-
myna Jopauaa: d* =(R-7)(R-3r), rae d — paccrosune
MEK/Iy [EHTPpaMU BIHCAHHON u onucanuoil cdep (paguycpt
KOTODBIX PaBHbI 7 U R) npacuivioil TpeyroJbHOl TUpaMu/bl.
V13 Hee HemocpeCTBEHHO cJieyeT, uto R = 37 . OqHako MOXKHO
He M0JIb30BATHCS CTOJIb 9K30THUECKOI (POPMYJION U TIPEIIOKUTD
JIOKA3aTeJIbCTBO HepaBeHCTBA R = 37 He TOJbKO IS TPABUJIb-
HOH TPEYTrOJbHOI TMPAMU/IbI, HO U LIS TPOM3BOJIBHOTO TETPAdI-
pa.

B camom jene, u3 Bcex cdep, nepecekalonnx Bce TI'PaHu
TeTpas/ipa, HAMMEHbIIWIT pajnyc nMeeT BucaHHas cdepa. W3-
BECTHO, YTO pajsinyc cepbl, IPOXO/SIIEN Yepe3 TOUKH Tepecedve-

HUSI Me/INaH TpaHell Terpasjpa, pased R /3. 3uauur, R /3271,
T.e. R = 3r, 4ro u Tpe6oBasoCh J0KA3aTh.

Yupaxxuenus

2. Jlokaxure Qopmyry
[opanna.

3. Pacemorpure pucynok 7
(I — ueHTp BIMCAHHON OK-
PY’KHOCTH TPEYTOJbHHUKA
ABC). Haligure Ha HeM paB-
Hble Tpeyroapnukun CW,W,
n IW,W, . Jlokasknte Teope-
My Ttpuauctauka: CW, =
=W, = BW,.

4. Pacemotpure pucyHOK 8.
[Touemy paBHBI TPEYroOJbHU-
xku CHH,u CNH,? ]loxa-

Puc. 7 JKUTE, YTO TOYKA, CHUMMET-
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pUYHAs OPTOLEHTPY OTHO-
CUTEJIbHO CTOPOHbBL Tpey-
TOJIbHUKA, JIEKUT Ha OIIM-
CaHHOI OKPY>KHOCTH.

3anava 10. Opmouenmp
pasHobedpentozo mpey-
20IOHUKA JeKUM HA €20
B6NUCAHNHOU OKPYKHOCTIU.
Haiioume yeavt mpe-
Y20bHUKA.

Pemenne. dra 3ajmaua
— O/IHO M3 CaMbIX H3IIl-
HBIX TPUMEHEHWH Teope-
Mbl TpuauctHuka: CW =
=I1W=BW, rnel —uentp
BIIMCAHHOH OKPY)XHOCTH
tpeyroabuuka ABC, W —
TOYKA IlepeceyeHns GucceK-
Tpuchl Al ¢ onmcaHHol OK-
pyskroctbio (puc.9). Kpo-
Me TOTO, TIPU PEelIeHnN HaM
roHalo6mres Tot Gakr, 4To
TOYKA, CUMMETPUYHAS Op-
TOTIEHTPY OTHOCUTEJNBHO
CTOPOHBI TPEYTOJIbHUKA,
JIE)KMT Ha ONMCAHHON OK-
PY>KHOCTH.

[Tycte M — cepeanna
BC. U3 ycaoBus 3ajaun
BbITEKaeT, uto HM; = 2r,
rje ¥ — paJuyc BIHMCAHHON OKpy>kHOCTH. Kpome TOro, TOUKOIi,
CcUMMeTpUYHOil Touke H oTHocuTesbHO croponbl BC, Gyner
touka W. Cuaenosarenpio, MW = HM, =2r . Bmecre ¢ TeMm,
unnentp I — cepepuna orpesxka HM, , t.e. IW = 3r. Ilo Teopeme
rpusnnctiuka CW = [W = 3r. Tak Kak TpeyroJbHUK paBHOOE/I-
penHbIil, To yron B pasen yray C, a OCBA=0 CWM, kax
ornupaioniecst Ha ofny ayry. 13 tpeyroapauka CWM,; nmeem

2r_ 2

cosOCWM g 3 §= coy] B
r

Puc. 8

Puc. 9

cds C .

Urak, £B=/ZC= arccos% , O0A= 180 - 2arccos§.

3amava 11. Ilycts H — opmouenmp mpeyzorvnuxa ABC.
Haiioume yzon C, ecau CH = AB.

Pemenne. Jta 3a/1a4a JIOIyCKaeT Jaxe JBa clocoba Pelenys,
1 Ka)kK/(blil U3 HUX II0 CBOEMY U3AIIEH.

ITepewuii cnocob (zeomempuueckuit). Tax xak AB = CH, 1o
OKPY’KHOCTH, MOCTPOCHHDBIC Ha STUX OTPe3Kax Kak Ha JuaMeT-
pax, pasubl (puc.10). Touku M u N ux 1epecedeHuss — 3TO
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TOYKM, M3 KOTOPBIX pac-
cMaTtpuBaeMble OTPE3KU
BH/IHBI 110J{ HPSIMBIM YT-
JoM. cHo, 4TO 3TO OCHO-
BaHUS BBICOT TPEYTOJIbHU-
Ka, IPOBE/ICHHDBIX U3 BEp-
mua A u B. OcnoBnoe
coo6paskeHue: 06Ias Xop-
na MN 1ByX paBHBIX OK-
py»KHOCTell BUHA U3 TO-
YeK ATUX OKPY>KHOCTEH 110/1
OJIHUM U TEM K€ YIJIOM.

CnepoBaTenbHO,
OMCN=0O MBN, T.e.
tpeyroapuuk MCB upsg-
MOYTOJIbHBII U paBHOGE/-
penHbIit, 3Haunt, [OC=
=45°.

Bmopoii cnoco6 (¢hop-
MYJLLHO—2e0MeMpPUUeC-
xuii). Mycrs O (puc.11) —
LIEHTP ONMCAHHON OKPYK-
HocTH TpeyrosabHnka ABC.
Torma 0OAOB= 21 C -
neHTpatbHbil yroa. Cuie-
nposareibHo, HOAOM+=

=0C, rne M3 — cepeauna cropounst AB. Tlo ¢opmyse CH =

= 20M4 = ABctg OC naxonum ctgOC= %: 1,
OC= 43 .

3amaua 12. Opmouenmp H, unuyenmp I, a maxixe eepuunvi
A u B mpeyeorvnuxa ABC nexam na o0notl OKpyKHOCHU.
Haiioume yzox C.

Pemenune. Bocnoabsyemca TeMmM, 4TO

Puc. 10

Puc. 11

OTKYy /2

UAIB=

.. OC
=90°+——  a 0OAHB= 180-0 C (puc.12), torma mmMeeMm

2
90° + D2C = 180°-0C ,

otkyna OC= 60 .

VYupaxuenue 5. Jlokaku-

Te, uTo LAIB= 90+ Dz—c

3anmava 13. Bnucannas
OKPYHKHOCINY MPEY20abHU-
xka ABC xacaemcs cmopon
AC u BC 6 mouxkax K, u
K, coomeemcmesenno.
Buccexmpuca yena B ne-
pecexaem KK, & mouxe
K. Haiioume yzon AKB.

Pemenne. /13 pucynxa

pnc. 12 13 momyvaercs
o . 0CO_,ne 0 C
OKKB= 180-0 KK, 180 —@0 _75:90 e
OBKK= 180- ——— Ege l g9 LB C_
2 2
_gpe_180°-04 DA
2 2
UA
3unauur, OK,KB= 180- - caenoBarenpio, UOK,KBr

+ 0OK,AI= 180 , T.e. yerbipe Touku I, K, K, nu A nexar Ha
OJTHOI OKpY>KHOCTH. B atoii okpysxHocTn yron IKyA — npsmoit
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Puc. 13

(yrom Meskty KacaTelbHON U PajinyCcoM, POBEJCHHBIM B TOUKY
KacaHusl), CJe/0BaTeJbHO, yrosa AKI — Toxe 1mpsiMOii.

3apaua 14. Hmeemcs usobpaxenue (napaiienvnas npoex-
Uus Ha HEKOMOPYIo NIOCKOCMDL) MPeyzoivbHUKd U UeHmpd
ONUCANHHOU OKOJA0 Hezo oKpyxHocmu. ITocmpoiume uzobpaxe-
Hue opmouenmpa 3mozo mpeyzoivHUKA.

Pemenne. [Tyctb Ha HEKOTOPOI MJIOCKOCTH B HPOCTPAHCTBE
nuzobpaxken Tpeyroibink ABC ¥ ero 1eHTp OMUCAHHONW OKPYK-
Hoctu O (puc.14). Coemunus touky O ¢ cepeauHoii M,
croponbl BC, Mbl 110.1y-
YIM N300pakeHue OTpe3-
ka OM,, 1npo KOTOpbIii
n3sectHo, uyro AH =
= 20M,, rue H — opro-
I[EHTP TPeyroJbHHUKA
ABC. Taxk kak npu 1po-
€eKTUPOBAHUN COXPAaHs-
I0TCS TAPAJIJIeJIbHOCTD U OTHOIIEHHE OTPE3KOB, TO ST OCTPO-
eHUs N300pKeHNs TOUKH H [0CTaTOuHO uepe3 TOuKy A mpose-
CTH TIPAMYIO, napaiesabnyio OM,, 1 Ha 3TON NPSIMON OTJIO-
SKUTb 0Tpe3ok AH, BaBoe Goubmmmii OM, .

3apava 135. [[enmp nepsoti chepvt paduyca R pacnoroxen na
nogepxuocmu 6mopoi cepoi. H3zeecmmno, umo smu cghepoi
nepecexaiomcsi.. Hatidume naowadv uacmu 6mopou cgepol,
PACNOJIOKEHHOTU BHYMPU NePeoll.

Pemenne. [lnomaab cpepnieckoro cerMeHTa BbICOTDI /2 BbI-
yucasierest 110 gopmyae S = 2TRyA , rae Ry — paauyc cdepsl.
ITycTb 11eHTp nepBoii cpepbl HAXOAUTCS B TOUKE A TOBEPXHOCTH
BTOpOil cepol un myctb AB — mmamerp BTOpoil cdepsi, C —
HEKOTOpasl TOUKa Ha JIMHUU Iepe-
ceuernmsa cpep (puc.15). Tpe-
yrosbiuk ABC — 1psMOyToJib-
HbBI, Tak Kak AB = 2R, — nuna-
Metp. Torzpa BbIcoTa /2 ICKOMOTO
c(hepuuecKoro cerMeHTa B 3TOM
TPEYTrOJbHUKE SIBJISIETCS TPOEKIIN-
eit kareta AC = R Ha TUIIOTEHY3Y.
[Tosp3ysich N3BECTHBIM COOTHOIIIE-
HHEM B IIPSIMOYTOJIBHOM TPEYTOJTb-
mike, nonyuaeM R? = 2Ryh . Ot-
Ky/ia ILJIOIa/lb C(DePIIECKOTO Cer-
MeHTa paBHa S = TR . Y nuBu-
TEJIbHO, YTO OTBET HE 3aBUCHUT OT
pasmyca Bropoii cdepbr!

3amava 16. a) Janwv dse xou-
yenmpuuecKue OKPYKHOCMU.
Haiidume naowadv 06pazosantozo umu Koavyd, ecau xopod
boavetl OKPYKHOCMU, KACAIOWASLCS MeHbell, PasHa d.

6) OrpysHnocmu 0CHOBAHUIL YUAUHOPA, BbICOMA KOMOPOZO
pasna h, pacnonoxenvt na nosepxrocmu cghepul. Haiidume
06veM wacmu wapa, ozpanuuennoll cghepoil u 60K060U NosepPx-
HOCMBIO YUAUHOPA.

Pemenue. a) Tlnomaab KOJIbIA MOACYUTHIBAECTCS IO (hOpMyIe

S =nR? -’

Puc. 14

Puc. 15

= T(R2 12). ITpu sToM pasHOCTb KBa/ipaToB
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PAZINYCOB OKPYKHOCTEH MOKET
OBITh HaliJleHa U3 TIPSIMOYTOJb-
Horo Ttpeyroaphuka (puc. 16):

2 _ 2 2
R -r"=a /4, cJIe/I0BaTeJIbHO,

bBesyc0BHO, TPUSATHO, YTO TLIO-
11a/1b KOJIbI[A He 3aBUCHT OT Pa/iii-
YCOB KPYTOB, O/ITHAKO CTEPEOMET-
pUYeCKUil aHAJIOT 9TOM 3a/[a4H 1T0-
TpsicaeT OKOHYATEJIHHO!

6) Pasymeercs, B crepeoMeTpu-
YeCKOl 3a/jaue MOKHO GbLI0 Obl TOKe Harucarb Teopemy [nda-
ropa (OIWH WM HECKOJBKO Pa3), COCTAaBUTb CHCTEMY M3 He-
CKOJIbKUX YPABHEHUiT ¢ HECKOJbKUMU HEM3BECTHBIMH, DEIIUTH

ee. B pe3yJibTaTe MHOIO€ COKPaTUTCA 1 HE BOW/IET B OKOHYATEJIb-
3

HbII Kpacusbiil otBer V = —— |

6
Ha MBICJIb, YTO CYIIECTBYET M IIPOCTOE PEIICHUE.

3ameuanue. Camoe POCTOE, MOKHO JI’Ke CKA3aTh BEPOJIOM-
HOe, <«pellleHHe» TakoBo. Tak Kak OTBeT He 3aBUCUT HU OT
pajauyca mapa, HU OT pajuyca HUJINHAPA, a 3aBUCUT TOJIbKO OT
€ro BBICOTBI, TO 0OBEM UCKOMOTO TeJla He U3MEHUTCS, €CJIA Mbl
CTSIHEM IIUJIMH/IP B OTPE30K, YMeHbIlas ero pajnyc 1o Hyad. llpu
9TOM JIMAMETD Iapa CTaHeT PABHBIM /2, 1 9TOT map OyeT UMETh

4 _mhd nh3

TOT 3Ke 00beM, uTO U nckomoe Tesio. OTer: V = — T[BZ—B

Puc. 16

BH1/1T KOTOPOIr'o AOJIKEH HABECTU

Yupaxknenne 6. Haiimure xak MOKHO 6oJiblie ONIMOOK B 3TOM
«PEIIeHu N » .

Pasymeercsi, CylecTByeT He OY€Hb CJOKHOE W BMECTe C TeM
ussitHoe perenve. /s noncka rpedyeMoro oGbemMa BOCIOIb3Y-
emcsl npuHnunomM Kasasbepu:

Ecau dea mena moxno max pacnojio.Kums 6 npocmpancmee,
umo a06as NnJ10CKOCMb, napajjelloHads 3a0anmoil njiockocmu,
nepecexkaem smu meJad no ¢u2ypam, umerouwum 00uNHaKoswvle
n/loumau, mo 3mu mead umeom oOuHAKosvie 006eMol.

Bynem nepecekarp cepy m IUIMHAP IJIOCKOCTSIMM, MapaJ-
JIEJIBHBIME TJIOCKOCTSIM OCHOBaumii timmiizpa (puc.17,a). Torma

Puc. 17

cedyeHUeM MCKOMOIO TeJsa KasK/Ol U3 TaKUX ILJIOCKOCTell SIBJISI-
erca Koublo (mam Touka). /L momcka ero ILTomaAnd HalieM
ero BHemmHui paanyc (BHyTpeHHHIT pagnyc paBeH 7 — paauycy
mHApa) . PacecMOTpUM ILIOCKOCTh OCEBOrO CEYEHUS IMJIMH/IL-
pa (puc.17,6). Tyctb cres cekymiell MIOCKOCTH HA paccMaT-
pUBaeMoii TJIOCKOCTH PACIOJIOKEH HA PACCTOSIHUU X OT IEHTPa

O 0k A
cdepbl Bx B 5 f% Torpa BHemnuii painyc KoJsblia ceye-

must paserr YR — x? . Ilnomaap Koabia paBHa

S:H(M) -’ T(R2 «? -rz),
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3aMeTHM Tenepb, YTO UMEHHO TaKylo ILIomaab OyneT MUMEeTb

s_ a2 _h
ceuenne mapa pajauyca VR =7 =7 IIOCKOCTBIO, MPOXO/S-

e Ha PacCCTOAHUU X OT HEHTPa 3TOro Iapa. ITo IIpUHIIAILY
KaBa]IbepI/I 06bEeM FICKOMOTO TeJsa paBEH Oé’beMy 9TOTO IIapa,

_4 o nh3
T.e. V= fT[EEH

Wrak, ecqu B [epEBIHHOM IIape C/eaTh HUJIUHIAPHYECKUiT
MIPOTIMJI € OCBIO, IPOXOJAIIEIl Uepe3 IIEHTP Iapa, TO 00beM
MOJTy4EHHOTO TeJla He 3aBHCHT HU OT PAJHyca NCXOJHOTO Iapa,
HU OT pajiiyca TIPOMIJA, & 3ABUHCUT TOJBKO OT €ro JJIUHbI!
VIMenuo 1moatoMy pasMep 30J0TOr0 KOJbIA B I0BEJTMPHOM Mara-
31He MOKeT ObITb yBesJnmueH Oe3 M0GABJIEHUS [[PArOIEHHOTO
Metata. O6beM KOJIbIA 3aBUCHT TOJBKO OT «/ITHHDI ITPOIIIIIAY
B HeM, HO He OT pasMepa KoJiblia!

3apmava 17. Odnomy nupamy 6vL10 U36ECMHO, UINO 8 MECTNHO-
cmu, z0e 3apvim K1d0, pacmym moavko mpu depesa: 0yo6, cocHa
u Gepesa. Kpome mozo, nupamy 6vi10 uzsecmno, xax maimu
amom xaad. Ipexde 6cezo nado cmamv nod Gepe3oi JuyoM K
npamoll aunuu, coedunsiouett 0y6 u cocny. (Ha pucynxe 18 ece
depesvsi 0603HAUEHDI
nepevimu  OyKeamu ux
naseanuii.) ITpu smom
0y6 dosken oKazamvcs
cnpasda, a cocua ciesd.
Ilomom nysxmo notimu x
Jyby, cuumas wazu, a
doiidst do dyba, nosep-
HYmov o0 NPAMuIM Y2-
JAOM HANPABO U NPOUMU CMOALKO Ke ULd208, CKOJIbKO YKe
npotideno om 6epesvl 0o 0yba. B amom mecme nyxno édumo ¢
semmo xoavuuex (mouxa K na pucymnxe). IMomom nyxno
sepHymMvCcs Kk Oepeze u notmu om Hee K COCHe, CHO8A CUUINAS
wazu. [loids 00 cochvl, HYKHO NOBEPHYMb NOO NPAMBIM Y2J0M
HALEB0 U NPOUMU CINOILKO Ke Wdaz08, CKOJLKO OblI0 NPoudeno
om Gepe3vt 0o cocHvl. B amom mecme HYyx HO 66umv 6 3eM10
emopotl xoavwer (mouxa K, mna pucynxe). Kaad sapvim
nocepedune mexdy xorvuuramu (mouxa K na pucymnre).

Hupam 6vin ysepen, umo 6e3 mpyoda naidem xiad no cmov
nodpobnou uncmpyxyuu. Ho xozda on npuexanr 6 amy mecm-
HOCMb, MO O0O0HAPYKUL MAM MOAbKo 0y6 u cochy. DBepesa
Geccaedno ucuesna. Oduaxo nupam ece xe nawen xiaod. Kax
emy amo Yoaiocn?

Pemenue. IlonsrHo, 4to nupar He craj Obl J0JT0 AyMaTh U
paccyskan 6bl mpuMepHo Tak: «Eciu 6b1 Gepesa Oblia 3/1eChb, TO
KJa/1 Ol ObI 3/1eCh, a ecan Obl Gepe3a ObLIa TYT, TO KJajl ObLI
6b1 Tam». U Bapyr! O uyno! OH 6bl 3aMeTnJI, 4TO MECTOTIOIOKE-
HUe KJaJla He 3aBUCUT OT MecToroJioxkenus 6epesbr! fcHo, uto
OH TYT JKe B3s1J ObI B PYKH JIOTIATY U 3aHSJICS KJIaJIOM, OTJIOXKUB
JIOKA3aTeJIbCTBO JI0 JIyUIIHX BPEMEH.

OcTaBuM B 9TOM 3aXBaTHIBAIONIEM MECTe HAIIETO YIAYIUBOTO
KJIQJIONCKATENsT M 3aMHTEPECYeMCsI MMEHHO JI0OKA3aTeJbCTBOM
onucanHoro ¢axra. ITO MOXKHO C/IeIaTh o-pasHoMy. B ympask-
HeHnu 13 yuTaresio mpearaeTcsl HalTH reoMeTpuiecKue JoKa-
3aTeIbCTBO, OJIHAKO ceifuac Hac OyeT MHTEPeCOBATh KIHEMATH-
YeCcKuil MeTo/[, mopOOHO 06Cy K AaBImiics B cTaThe « KiunemaTu-
ka B manuMerpuny» B.Popxuka n B.Cornnuenko B «KBante»
Ne5 3a 2002 rogz.

ITycts Gepesa B wauana asuratbes (oft!) u v — Bektop ee
MTHOBEHHOI ckopocti. Tax Kak OTPe3oKk K, monyyaercst u3
orpe3ka /[b moBopoTOM Ha 90°, to Touka K, TOXNKE Gyner
JIBUTATHCA, TPIIEM BEKTOP €€ CKOPOCTH V Gy /1T TT0JIy9aThCs 13
BEKTOpa Vv II0BOPOTOM Ha 90°. AHAJIOrHYHO, BEKTOP Vy CKOPO-
et Toukn K, TO/TydaeTcs U3 BeKTOpa v moBopotoM Ha —90°.
3naunr, V;=-V,. CienoBarenpno, touka K Kak cepeinHa

Puc. 18
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orpeska KK, mMeeT CKOpOCTb E(v1 +v,) = 0, T.c. aTa TOUKA

HeloABMKHA. I/ITaK, 1Ipyu MIpoOU3BOJIbHOM /[IBUKEHUN TOYKN b

touka K ocraercst HeHOHBH)KHOﬁ. 3Ha‘{I/IT, 1IOJIOKEHUE KJlaJla He
3aBUCHUT OT IIOJIOKEHUA 6epesb1!

Yupaknenus

7. Ha ntockoctit nzoGpaskena jiyra AB OKpYsKHOCTH 1 yKa3aH ee
1eHTp. TOIbKO ¢ MOMOIIBIO IIUPKYJIS pasaeute ayry AB mnomoJam.

8. B 3as1aue o BepeBKe, OOTATHBAIOIIEI 3eMHOH ITap 110 9KBATOPY,
«OTTSIHEM» BEPEBKY B OJIHOM MeCTe KaK MOJKHO jlasibiie. Mosker Jin
B 00pa30BaBIINIICS 3a30p MPONTH CJIOH?

9. Hentp cdepnr o Jsexkur Ha noBepxHocti cdepbt B . OTHOIIE-
HHe 4acTH HoBepXHOCTH cdepbl B, Jekalieil BHyTpu cdepbl o , KO

Bceit moBepxHOocTH cdepbl o paHo 1,/5. Haiiute oTHOmeHne
paznycos chep o u B.

10. Ormpegennre MOJHYIO HOBEPXHOCTb IPU3MBI, OINCAHHOM
0K0JI0 cepbl, ecyu TIIONA/b ee OCHOBAaHUS paBHa S.

11. Ha rnaBHoii auaronamn AC, u Ha anaroHaan BA; GOKOBOI
rpaun ABBjA; epunminoro ky6a ABCDA,B,C;D; paciioJio>KeHbl [Ba
orpeska MN u PQ nmmnbt 1 /2. Haiinmure o6bem terpasapa MNPQ.

12. Haiiziure o6beM o61eil yacTu 17 OJMHAKOBBIX GECKOHEYHBIX
IUJINHJPOB PAJMYCOM 7, OCH KOTOPBIX PACIIOJIOXKEHBI B OJIHOIL
MJIOCKOCTH, TIPOXOJSAT Yepe3 OJHY TOUKY, IPUYEM YTOJ MEXIY
JIByMsI COCETHIIMU PaBeH T/ 7.

13. Haiiiute reoMerpnyueckoe JJOKa3aTebCTBO 33/[a4i O MHpaTe.

14. [loxkakurte, YTO TOYKH, CHMMETPUYHBIE OPTOIEHTPY Tpe-
YTOJIbHIKA OTHOCHTEJILHO CEPE/INH €T0 CTOPOH, JICSKAT Ha OMICAHHOIT
okpyskHocti. CpaBHHTE ATOT pe3yJbTaT € yIpakKHeHueM 4.

'paukn B
TEeKCTOBbIX 3adavax

JLAJIBTLUYJIEP

9TOWM CTATBE MBI TIOKAJKEM, KAK MOTYT IIPUTO/INThH-

cst rpadUKH TIPY PEIeHnH 3ajia¥ Ha JBUKEHHE 1 Ha COBMe-
crHyio pabory. Takue 3a7a4m JOMyCKAIOT UCTOJIKOBAHUE YCJIO-
BUA B BHUC rpacbmca PaBHOMEPHOTO ABUYKCHUA (SaBI/ICI/IMOCTI/I
MIPOIIEHHOTO YT WJIN [IOJIU BBITTOJHEHHOIT paGoThl OT BpeMe-
Hiu). MHOTHE U3 MPEeJCTABJICHHBIX 3/eCh 3a/ay JIOMYCKAIOT
006bIyHbIE anreGpandecKue PEIeHnst ¢ MOMOIIBIO YPaBHEHHT WK
cucteM ypaBHeHmi, ommako rpaduueckne (reomMerpudeckue)
METO/IbI JIeJIAIOT PellieHne HarJsIIHBIM, TTPO3PAYHBIM, & MOTOMY
6osiee ToHsATHBIM. HekoTopble 3ajaul He OYEHB-TO MPOCTO
pemuTh anre6panmyecku (mompooyiite!).

HpI/IBe}IeHHbIe B 3TOIl CcTaTbe 3a/la4n B3ATbl U3 PA3JIMYHBIX
KHUT (CM. CIIHCOK JINTEPATYPbl B KOHIIE CTATbH), a TAKKe W3
MaTepHaJsIoB BCTYIUTEIbHBIX 9k3aMeHoB B MI'Y um. M. B.JIomo-
HOCOBA.

Haunem ¢ mpoctoii 3amadn, perienne KOTOPOil TOTpebyer
3HAHUS HO/I06US TPEYTOJbHUKOB.

3apmava 1. Bunnu-ITyx u Ilsmawox 00Ho8pemenHo omnpasu-
JUCH 8 20CuU Opyz K Opyey, HO NOCKOILKY 06a 6c1o 0opozy
cuumanu 2aiox, mo He 3amemunu opyz opyea npu ecmpeue.

Ilocne ecmpeuu Ilama-
40K nodouwen k domy Bur-
nu-Ilyxa uepes 4 muny-
mot, a Bunnu-ITyx k domy
Hsamauxa — uepes 1 mu-
Hymy. CKOMbKO MuHym
OvLL 6 nymu Kax0viil u3
Hux?

Pemenne. Ha niocko-
CTH € KOOpAWHATAMHU
(t; s), tne t — Bpems (B
MUHYTax), § — PacCTos-
Hue ot joMa Bunnu-Ilyxa

Puc. 1 (puc.1), nzo6pasum rpa-
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¢ukn aBwkenuss Bunnu-Ilyxa n Ilarauka. Ha pucynke arto
orpeskn AK u BL coorBerctBeHHO, O — TOUYKa IIlepecedyeHus
rpauKoB, KOTOpasi COOTBETCTBYeT ux Bcrpede. [IpoBesem orpe-
30k PQ, npoxogamuil yepes Touky O, HepHeHAUKYJISIPHO OCH
Bpemenu. O6osnaunm AP =t (Bpemsa 0 Bcrpeun). V3 nogo6us
tpeyroapunkoB QOK u POA, a takxke QOB n POL umeem
—:E,qToaaeTt=2.

t 4

Omeem. Bunnu-Ilyx 6bu1 B iyt 3 MunyTol, a Ilsrauok — 6
MUHYT.

I'padmueckuii crioco6 1MO3BOJSIET PEMIATh U 3a/1a4l Ha COBMe-
CTHYIO paboTy.

3anaua 2. [lepsas 6puzada moxem GuinOJIHUMY HEKOMOPYIO
pabomy 3a 36 oneil, a emopas — 3a 45 oueil. 3a cxoavko Onell
obe 6puzadvl, pabomas emecme, SbINOIHIM 6CI0 pabomy?

Pemenue. Ha niockocru ¢ xoopaunatamu (t; s), rae t —
Bpems (B guax), s — goas Beeii padorsl (AB = 1), u3o6pakenbl
rpaduku BbinoHenus: paGor AK w BL mepBoit U BTOpOit
OpuUraioil COOTBETCTBEH-
no (pmc.2). A6cumcca
toukn O COOTBETCTBYET
BpEMEHH, 32 KOTOPOE BbI-
MOJIHAT BCio pabory o6e
O6purajipl, paGotast OJHO-
BpeMenHo. M3 mogobust
TpeyroapunkoB BOK n
LOA momyuyaem, dTO
BO : OL =36 : 45 =
=4 : 5. U3 nomobust Tpe-

yroabpunkoB BCO u BAL pac. 2
co_ 5o C CO = 4 s =20
umeeM — - = 5. CilefoBatesbHo, ) =20.

Omeem. OO6e Opurajpl, paGorasi BMeCTe, BBIOJIHAT BCIO
padory 3a 20 mrueii.

3ameuanue. Crout 06paruTh BHUMAHUE HA CJIELYIONUIT 3aMe-
yaTebHBbIN akT n3 maHuMerpun. Yerbipexyroabuuk ABKL
(eM. puc.2) — tpamenus, orpesok CO — monosuna orpeska CD
(oTpeska mpAMOi, NPOXO/IAIIel Yepes3 TOUKY MepecedeHns ua-
roHaseil Tparnenuu, napajiesbHo ocHoBanuam). Herpyamo jo-

Ka3aTb, YTO ATOT OTPE3OK — CPeJIHee TAPMOHUYECKOEe OCHOBAHUIT
_ 2ab

tpaneruu: CD = b’ rne AL = a, BK = b.

a+

Paccmorpum sipyrue mpuMepbl.
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3anmaua 3. Paccmosnue mexoy nynkmamu A u B pasno 12 xkm.
Typucm evauen us nynxma A 6 9 uacos 25 munym u npuwes 6
nynkm B 6 13 uacos 15 munym. Ha caedyrowuil denv on
omnpasuics 6 06pammulil nymv, Ho eviue 6 11 wacos u npuwen
6 nynkm A 6 14 uacoe 40 munym. Haiioume, wna xaxom
paccmosnuu om nynkma A Haxooumcs nynxm, Komopwvii my-
pucm npoxoous 8 00uUH U MOM XKe MOMEHM 8PeMeHU KAK HA
npsMOM, MAK U HA 00-
pammom nymu, u 8 Ko-
MOPOM Uacy on ez0 Npo-
wean.

Pemenne. Ha nocko-
CTH ¢ KOOpAMHATAMHU
(t; s), rne t — Bpemsa (B
yacax), S — paccTosiHue
OT HAYaJIbHOTO MyHKTa A
(AB = 12), nzo6paxensr
rpauKu JIBUKEHUS TY-
pucta Tyaa u o6paTHo
AM u KL coorBercTBeH-
no (puc. 3); O — Touka
nepeceyenns rpadpukos, C — IyHKT, KOTOPBII TYPUCT TIPOXO/INI
JBAXK/IBI, ty — BpPeMsl, KOT/Ia TPOM30IILI0 9T0 cobbiTie. HeTpy o

Puc. 3

9
BBIUUCINUTD, uT0 KM =2 4 15 mun = — u, AL =5 4 15 MuH =

4
21 23
=— 4y, AN = BM = 3 4 50 Mmur = — 4. U3 mogobus

4
AO AL 219 7
TpeyroabHuKoB AOL m MOKumMeeM - = 7+, =~ 7 "7 ~ 5 -

3 TEOPpEMbI O IIPOIOPIHHUOHAJDBHDBIX OTpE3KaX CJaeAyeT

ﬂzﬂ:z T AB =12 AC*Q*84( ). "
CB _OM 3 Taxkak =12, 10 =5 =84 ). U3

i,
nopo6us TpeyronbHukoB ATO u ANM nonydaeM — — = ———.

161
Otciona ty = 6760 =24 41 MyuH. YUnTBIBasH, 9YTO TYPHUCT BBIIIEJ

u3 myHKTa A B 9 u 25 MuH, osrydaeM, 4to yHKT C ObLT IIPOiijieH

ABax/pl B 12 4 6 MuH.

Omeem. 8,4 kM, 12 4 6 MuH.

3apava 4. Odnaxovl s omnpasuics k npusmenio. ToavKo s
eviuLesl U3 0omMd, Kax om Haulel. OCMaHo8KY OMowes mpoaei-
Oyc, u mozda s pewu nOUMU NEWKOM. 3AMeMmueg, Umo ¢ IMom
MOMEHM MUMO MEHS, NPOWeEL U BCMPeUnblll mpoieioyc, s cma
cuumamo no dopoze u me, u opyeue mpoaretibycev. Y dona
MOEZ0 Npusimeisi Mens, 000zHaL M=i NONYMHbLL MPOAEUOYC , a
6 NPOMUBONOLOKHOM HANPAGLEHUU NPOCACO0BANL N-U BCMpeH-
Hotill mpoaneubyc. Bo ckoavko paz mpoaneibycor udym Goicm-
pee, uem s, ecau CKopocmy mpoaLetibycos 6 000UX HANPAGACHU-
AX, d MAKKe UHMEePBAlbl Mex0Y HUMU 00UHAKOBYL U 5 ULe]l C
NOCMOAHHOU CKOPOCMbIO?

Pemenne. CrponM rpadukn JBIDKEHHS MOMYTHBIX TPOJLTET-
Gycos (puc.4) B Bujie CUCTEMbI TAPAILIEIbHBIX PABHOOTCTOSIINX
npsiMbIxX (CHHUE CIUIONIHbBIE JUHUN). YTOJI HAKJIOHA BBIGHpaeM
IIPOM3BOJIbHBIM, HO MeHbIIUM 90° ; paccrosHue MexKay IPsSMbl-
MH TaKk)ke BBIOMpAaeM MPOMU3BOJIBHO. 3aTeM CTPOMM IpaduKu
JIBIDKEHHS BCTPEUYHBIX TPOJLIEHOYCOB B BUJie BTOPOIH CHCTEMbI
[apaJsiJIeIbHBIX U PABHOOTCTOSIIUX TIPSMBIX (CHHHE IITPHXOBBIE
JIMHUN). YTOJI HAaKJIOHA 3THX MPSMBIX K OTPUIATETbHOMY Ha-
IIPABJICHNIO OCH BPEMEHH PABEH YTy HAKJIOHA IEPBBIX IIPSIMbIX
K II0JIOXKUTEJIbHOMY HaIPaBJeHuio 3Toil ocu. I'paduk moero
ABbkennsa — kpacHast npsamas OA, rae O — Hadajlo cuera, T.e.
MOMEHT BCTPEYH JIBYX TPOJIIEH6ycoB y MOero joMa, a Touka A
— OKOHuaHue cueta (a TaksKe MOMEHT BCTPEYH JIBYX TPOJLIEHOY-
COB y /IOMa MOETO TpusTesist). Unc/a0 mpsMbIX, TIEPECeKaroNHX
orpe3ok OA B HalpaBJIeHUM MOEro JABUXKeHUS, PABHO M, a BO

‘ 34-56.p65 48

*

o

2011 /Nel

Puc. 4

BTOPOH CHCTeMe YHCJO TPSIMBIX, Iepecekaonmx orpe3ok OA,
6yner n. Orciona (OTpe3Ky U3MEPSAIOTCS B MHTEPBAIAX JIBUIKE-
ung) OB=m—1, OC=n—1. Caenosareapto, BC=0OC—-OB =
=n —m. Tak kak Tpeyroybuk BAC paBHoGeapeHHbIil, TO BD =
BC _n-m n-m_n+m-=-2
= — = = =+ = —_ + = e
5 5 on OD=0B+BD=m-1 5 5

OTHolieHne CKOpOCTeﬁ PAaBHO OTHOIICHUTIO BpeMeHHI')IX OTPE3KOB

OD wn BD, Tak Kak HMPOXOJANUTCS OJHO M TO K€ PACCTOSTHUE:
v _n+tm=-2
vy n-m
n+m-2
Omeem. ———
n-m

3amaua 5. Jse uacmuypl dsuxymcs mexdy moukamu A u B
myda u obpammo. Ilepsas evixodum u3z A u deuxemcs co
cxopocmuio 4 m/c. Bmopas evixooum us B odnospemento c
nepeoi. M3gecmno, umo obe uacmuiypl OKA3AIUCy HAd 00UHAKOBOM
paccmosinuu om A uepes 4 ¢ nocie mozo, Kax 3mo NPOUIOULLO 6
nepewul pas. Uemy pasno paccmosmue AB, ecuu: a) cxopocmo
emopou uacmuupl 7 M/c;
6) cxopocmv 6mopot uacmu-
yvt 9 m/c?

Pemenue. a) Tak 5xe, Kak
1 B NPeAbILYINX 3a/a4ax,
CTPOMM T'pauK JABMKEHUS
yactui (3aBUCHMOCTD IPOii-
JIEHHOTO TTyTU OT BPEMEHN ).
Touku BCTpeYn COOTBETCTBY-
0T TOYKaM IlepecevyeHust
rpa¢ukoB. Paccrosuue AB
nosokuM paBHbIM S. Bce
o6o3HaueHnst sCHbl U3 PU-
cyaka 5. I'padux nBmke-
HUS IePBOH YaCTHUIIbI — Kpac-
HbIIi, BTOpOIt — cuHuii. Bro-
pas Berpeua wactuip (L) mpousofiier yxe mocje TOro, Kax
nepBasl 4acTuIa, JOCTHTHYB B, Gyler ABUTATbCS B 06PATHOM

nanpasaenuu ( BD = ? , BE = % ,uBD > BE). 3a4 c Bropas

YacTHUIIA NPOILIA MyTh 28 M, KOTOPDBIH CKJIA/IbIBACTCS M3 OTPE3-
koB KK; u LL;. IlepBasg yactuna 3a 4 c¢ npomuuta mnytb 16 ,
koropblii pasen KK, + LL, . §cHo, 4To cyMMapHbIi myTb (CM.
puc. 5) pasen 2S = KK, +LL, +KK, +LL, =44 M. Otcrona
S=22 M

Pas6eputech, B 4eM COCTOUT OTIMYKE 3aa4n 6) OT 3aa4u a),

U pelIuTe ee caMOCTOATE bHO.
Omeem. a) 22 m; 6) 32,5 M.

Puc. 5
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3anaua 6 (reopax MTY, 1978). H3 nynxkma A 6 nynkm B
svlexasl esocuneducm, a uepes 15 munym ecaed 3a HUM 8blexd.l
asmomobuv. ABMomoouIL 00ZHAL 8EA0CUNEOUCNd HA cepedu-
He nymu om A do B, a
npubvii ¢ B, xozda ee-
Jocuneducmy ocmaga-
J0CH npoexamv euie
mpemv nymu. 3a Kaxoe
epems eenocuneducm
npoexan nymv om A 0o
B?

Pemenne. Ha mtoc-
KOCTH C KOOPAMHATAMI
(t; s), rae t — Bpemsa (B
MUHYTaxX), § — PaccTos-
Hite oT myHKTa A, n306-
pasuM rpaduKu JBUXKe-
HUs BeJlocuriencta u apromobusiss — orpesku AK u LM, AB =
=1 (puc. 6). Bece o6osnauenus icHbl U3 pucyHka. 13 Toro, 4to

AMEK = ALEA ,cnenyer MK=AL =15. Takkak tg ¢ = KP _

AP
= MN n KP = AB, nonydaem, uto AP = 45.
MK

Omeem. 45 MuH.

3agaua 7 (BMK MTIY, 1989). U3 nynxkma A ¢ nynxm B
eviutes neuexod. Beaed 3a num uepes 2 uwaca us nymuxkma A
svlexan eesocuneducm, a ewje uepes 30 Munym — MOMOUUKAUCT.
IHewexo0, senocuneducm u MOMOUUKAUCTN O8UZAIUCH PABHO-
MepHo u 6e3 ocmanosox. Uepes nexomopoe 6pems noc.ie evle30d
MOMOUUKIUCINA OKA3ANOCH, UMO K IMOMY MOMEHMY 6ce mpoe
npeodoiesu odunaxosyio uacmv nymu om A do B. Ha cxoavko
MUuHym pawvwe neuexoda e nynkm B npubvin eenrocuneducm,
ecaiu newexod npubvLlL 6
nynxm B na 1 uac nozxe
MOMOUUKIUCTNA?

Pemenne. Hapucyem
rpauKku  3aBUCUMOCTH
NPONJIEHHOTO IIyTU OT
BpEMEHH TIelexo/ia, Be-
JIOCHUTIEINCTA U MOTOIMK-
JucTa — HA PUCYHKe 7
ato orpesku AP, KV,
LM cooTBeTCTBEHHO,
touka Q Ha rpadukax
COOTBETCTBYET UX BCTPE-
ye, AK =2, KL =1/2, MP = 1. Bpems usmepsieM B yacax,
paccTostHusI — B JOJIX 1yTH AB. V13 mopo6ust TpeyroJbHIKOB

AK VP
MVQuLKQ, atakxe VQPu KQA noyyaem =4=

KL MV
Orcioga VP = 0,8 4, T.e. 48 MuH.
Omeem. 48 muH.
3agaua 8 (ncuxdax MIY, 1978). ITewexod, senrocuneducm
U MOMOUUKIUCT. OBUXKYMCSL NO WOCCE 8 OOHOM HANPABACHUU C
NOCMOSIHHLMU CKOPOCTNSL-
Mu. B mom momenm, xoe-
0a newexod u eejocune-
oucm HaAxoouauUco 6 00-
Hotl mouxe, MOMOUUK-
aucm Ovll Ha pACCMOost-
nuu 6 xm nosaou nux. B
mom momenm, Kozod Mo-
mouuxaucm 00znan ee-
aocuneducma, newexoo
omemasas om HUxX md
3 xm. Ha cxoavko xujo-
Mempos  eenocuneducm

Puc. 6

Puc. 7

Puc. 8
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obozuan neuexoda ¢ mom MOMEHM, K020d newexood HACIuz
MOMOYUKIUCT?

Pemenue. Peienue 3ajaun JIerKO yBHIETb u3 rpaduKoB
asskenns (mockoctb (£58), s — B KM, ¢ — B YCJOBHBIX
eqununax; puc. 8). Sdcno, uro EF = 3, AB = 6, a Hen3BECTHbIM

sapysgercs orpe3ok PQ. Yerbipexyronbuuk ABFE — tpanenus,

EFAB _
noatomy (cM. 3amMedanue ocJie 3aga4u 2) PQ = FF+AB

Omeem. 2 xm.
3amaya 9 (ommmnuaza <«Jlomonocos», MIY, 2006). H3
nynkma A 6 nynkm B ¢ 8:00 sviexan senocuneducm, a uepes
nexomopoe spemsi u3 B 6 A eviwen newexod. Benocuneducm
npubvii 6 B uepes 6 uacoe nocie evixoda ommyoa newexood.
IHewexo0 npuwen 6 A ¢
17:00 mozo e ons. Cxo-
pocmu eesocuneducma u
newexooa noCmMOsIHHbL.
Kaxyro doro nymu uz A
6 B npoexan eenocune-
ducm do ezo scmpenu ¢
neuexooom?
Pemenne. I'pacduxn
JIBIDKEHUS BEJIOCHUIIE/N-
CTa U TeNexo/ia B 0CsX
(Bpems, paccrosmue)
n300payKeHbl HA PHUCYH-
ke 9. W3 mogobust asyx 46 9
TPEYTOJIbHUKOB €O CTOpPOHaMu 9 u 6 Io/ydaeM ypaBHEHUe

— % 22 Oreromax =06 AB
1B-x g Orcomax =0, .
Omeem. 0,6.

3agaua 10 (Mexmar MTY, 2004). Jopoza npoxodum nocie-
dosamenviio uepes nynkmot A, B, C u D. Paccmosinue om A do
B pasno 24 xm. U3 A 6 D eviexan ¢ nocmosannoi cKkopocmvio
asmomobunv. Odnospemenno ¢ Hum u3 B 6 D omnpasuiuco ¢
NOCMOSAHHBIMU CKOPOCMAMU BEA0CUNCOUCT U MOTNOUUKIUCTI.
Kozoa asmomobuns 0oznai 6eiocuneducmd, MOMOUUKIUCTI
o6zonsn ux na 6 km. B nynxme C asmomobunv doznanr momo-
yukaucma u, odoexas do D, cpaszy noexan obpammno & A,
BCMPEMUBULUCH € 8eJOCUNEOUCMOM 60 6mopoll pas 6 C. Hatidu-
me paccmosinue mexody B u C, ecau usgecmuo, 4mo epems. om
Hauana Oeuxenus 00
MOoMeHma No8MopHOU
scmpeuu  agmomoouLs
u sesocuneducma 6 06a
pasa 6oxvwe, uem gpe-
ML Om Hauaia 08usxe-
Hust 0o mozo momenmad,
Kozda aemomobunb
enepeuvie 00zHdL MOMO-
yuKaAUCmA.

Pemenne. Peuenne
MOJIy4aeTcsl M3 PHCYH-
xa 10, rae uso6paxkennr 4G 10
B ocsax (¢; s) rpaduky JBUKEHUS aBTOMOOUIISA, BEJTOCUIIC/ICTA
u MoTtonmkncta. Yervipexyroabnuk ABFE — tpamnernus, cjezo-
FE[AB 24x
FE+AB’ "% 24+ x
Ho FE — cpenusa muans tpeyroibHuka HCB, mostomy BC =
=2x =16.

Omeem. 16 kM.

3agaua 11 (6nodax, ®BU MI'Y, 2006). H3 nynxma A enus
no meuenuo pexu 00HOBPEMEHHO HAUUHAIOM 08UXKEHUe NIOM U
200Ka. B mom sxe momenm u3 nymkma B, naxodswezocs na
paccmosinuu 2 km om A, nascmpeuy niomy nauunaem 0eusxe-

BareJsibto, PQ =6 = =6. Orcioga x = 8.
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nue xamep. Cobcmeennds ckopocmv J00KU pasHd CKOPOCMU
meuenust, CO6CMEEHNAs CKOPOCNG Kamepa 6 08d pa3d npesviuld-
em cxopocmy meuenus. Becmpemus naom, kamep MzHO8EHHO
paseopauueaemcs u ciedyem 0o ecmpen ¢ 100K0lL, NOCJe Uezo
CHOBA PA36OPaANUGAEMCS U 06UKEMCS 6 CMOPOHY niomd 00
ecmpeuu ¢ HuM, 3amem onsmv K A00ke u m.d. CKoavko pas
Kamep ecmpemum niom 3d epems, 6 meueHue Komopozo niom
npeodoneem paccmosnue, pasnoe 1000 xm?

Pemenue. [Tyctb cKOPOCTD I10Ta 1 TeueHus paBHa 1 (kM B ez
BPEMEHN), TOT/Ia CKOPOCTH JIOJIKH U KATePa OTHOCUTEIBHO IJI0Ta
pasubl 1 u 2 coorserctBenno (puc.11, rae s — paccrosnue 10
mwiora B kKM). IlepBasi BcTpeda Karepa ¢ IJIOTOM [POUCXO/UT B
MOMEHT 1, KOT/a JIOAKA HaXOAUTCS Ha PACCTOSTHUM 1 KM OT HEX.

Puc. 17

B MomenT 2 karep JOroHseT JIOJAKY, OKa3blBasCh HA PACCTOSHUM
2 KM OT IJIOTA, B MOMEHT 3 CHOBa BCTpedaeTcs ¢ TioToM. U3
nojo6us tpeyronbuukoB ACK n AEL, a rtakxe ACL n AEF
[I0JIy4aeM, YTO TPeThsl BCTpeva MPOucXouT B MoMeHT 9. [lasee,
aHaJIOTUYHO, KaTep BCTPEYaeT IJIOT B MOMeHThI 27, 81, 243, 729,
2187, ... Ilpu 5TOM K MOMEHTY Ce/[bMOil BCTPEUH TIJIOT MPOILIbI-
Baet 729 < 1000 KusoMeTpoB, a K MOMEHTY BOCHMOI JI0JIZKEH ObLJI
6b1 iporipiTh 2187 > 1000 kusIOMETPOB.
Omeem. 7.

Yupaxxkuenust

1. /IBa TypucTa BbIE3XKAIOT OJJHOBPEMEHHO HABCTPEUY JIPYT APYTY
u3 AByX NHyHKTOB A u B. Ilpu Bcrpeue oKaszanochb, YTO I€PBBIi
npoexas Ha 30 KM 6oJIble BTOPOTO U 4TO 4epe3 4 4 oH OyzeT B B.
Bropoii nonagaer B A uepe3 9 u nocse Bcrpeun. Haiigure paccro-
suue AB 1 CKOpOCTH TYpPHCTOB.

2. /IBa memniexojia UAyT HaBCTPEUy JAPYT JAPYTY: OJWH M3 IyHKTA
A, npyroii u3 mynkra B. Ilepsbriii Borxoaut us A Ha 6 4 nos:xe, uem
BTOPOIi U3 B, U 11PN BCTPeUe OKa3bIBAETCS, UTO OH Ipoies Ha 12 kM
MeHbIIe BToporo. IIpofosskas mocse BeTpeun AajbHEHIINil MyTh ¢
TOIl ’Ke CKOPOCTDIO, IIepPBBIil IPUXOAUT B B uepe3 8 4, a BTOpoii B A
— yepe3 9 4. Haitjiure cKOpocTb KaXk/I0To Ienexo/a.

3. Bacceiin HanmosiHsAETCS 1IEepBOiT TPy6oii 3a 4 4. Uepes 2 4 mocJie
OTKPBITHS TI€PBOM TPYObI OTKPBHLIN BTOPYIO TPy, Yepe3 KOTOPYIO
Bech Gacceiin MOKeT HAIOJHUTLCS 3a 6 4. 3a CKOJIBKO 4acoB ObLT
HATIOJTHEH Bech Gacceitn?

4 (reopak MTI'Y, 1978). Tlemexos Bbimes U3 MyHKTa A B IMyHKT
B. Uepes 3/4 u u3 A B B Boiexau Besiocune/uct. Korpa enocure-
JUCT TpuObLT B IyHKT B, TIEIeXo/1y 0CTaBaJoch POt 3,/ 8 Bcero
myti. CKOJIBKO BpeMEeHH HOTPATHJI IeHIeXOj Ha BeCh IyTb, €CJIH
U3BECTHO, YTO BEJOCUIIEUCT JIOTHAJ TIEIIeX0/1a Ha MOJOBUHE MyTH
13 MyHKTa A B MyHKT B U 4TO CKOPOCTH BEJOCHIIEIUCTA 1 MEIIeX0/a
IIOCTOSIHHDI ?

5 (BMK MTI'Y, 1989). Buus no peke ot npucranu A K npucranu
B ot miot. Besen 3a vum yepes 1,/2 4 oT npuctanu A OTILIbLIA
JI0JKa, a emte yepe3 1 u — katep. IlnoT, joKa U Kartep ABUTAIUCDH
paBHOMepHO u Ge3 OCTaHOBOK. Uepe3 HEKOTOPOE BpPEMs TIOCJIE
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OTILIBITHS KaTepa OKa3ajoCh, YTO K 3JTOMY MOMEHTY BCE OHU
TIPEO/I0JIENIN OIMHAKOBYIO YacTh IMyTH oT A 10 B. Ha ckobko MUHYT
pamblIie 110Ta MPUOBLT K IIPHCTaHl B Kartep, ecyu 0T mpublI K
npucTanun B Ha 15 MUH T033Ke JIOIKN?

6 (ncuxdpax MTY, 1978). Ilo mocce ¢ MOCTOAHHOI CKOPOCTBIO
JIBIDKETCS TeIIeX0/], a HaBCTPedy eMy C IOCTOSHHBIMU CKOPOCTSME
JIBUGKYTCSI BEJIOCHIIEIUCT ¥ MOTOIMKJUCT. B TOT MOMeHT, Korma
BEJIOCHTIE/TUCT ¥ MOTOIMKJIMCT HAXO/IUJIVCH B O/THON TOYKE, MEITeX0]T
ObLT HA PACCTOSTHNE 8 KM HUX. B TOT MOMEHT, KOT/{a MOTOIIMKJINCT
BCTPETUJI TIEIIEXO0/1a, BEJOCHUIIEJUCT OTCTABAT OT MOTOIMKJINCTA HA
4 kM. Ha CKOJIDKO KHJIOMETPOB MOTONMKJUCT GyaeT OOTOHSTH
BEJIOCHUIIE/IUCTA B TOT MOMEHT, KOT/Ia TIeIIeX0/ BCTPETUTCS C BEJIOCU-
e UCTOM ?

7 (BMK MI'Y, 1992). 13 nynkTa A B myHKT B BBLIETEN CAMOJIET,
uepe3 3 4 B NPOTUBONOJOKHOM Hanpasiaennu (13 B B A) BbLieren
BEPTOJIET, a ellle Yepes3 3 4 OHU mopaBHsch. Camoser npuObLT B B
B 13 u 30 muH, a Beprosier B A — B 20 u 30 mun. Haiiiure Bpemst
BbLIETA caMoseTa us A.

8 (ommmuaza «Jlomonocos», MTY, 2006). W3 nynkta A B IyHKT
B B 7:00 BbIIIes enexot, a yepes HeKoTopoe BpeMs 13 B B A BblexaJl
Bcasnuk. llemexoxn mpumres B B uepe3 12 u mocsie Bble3ga OTTyAa
Bcaganka. Beagnuk nmpuexan B A B 17:00 toro ke qusg. Ckopoctu
rerexo/ia U BCaHUKA MOCTOSHHBI. Kakyio mouio mytn u3 A B B
IIPOIIeJT MeNeXo/] 10 BCTPEUN C BCAHUKOM?

9 (Mexmatr MTY, 2004). Jlopora mpoXOauT MHOC/IEA0BATENbHO
yepes yHKTBl A, B, C u D. Paccrosaue ot B go C paBHO 12 KM.
N3 A B D Bblexas ¢ MOCTOSTHHON CKOPOCTBIO MOTOIUKJINCT. OJIHO-
BPEMEHHO C HUM 13 B B D OTIIPaBUJINCD C TIOCTOSIHHBIME CKOPOCTSIMU
TIeTexo/] U BesiocureanucT. Korjga MOTOIMKIINCT JOTHAJ TIEMeX0/1a,
Bestocureuet o6roust ux Ha 6 kM. B mynxre C MOTOIMKJIHCT
JIOTHAJI BEJIOCUTIEINCTA U, loexaB 10 D, cpasdy moexas o6patHo B A,
BCTPETHUBIINICH C TEIIeX0/[0M BO BTopoil pas B C. Haiiaure paccro-
saHmIe MeXXy A 1 B, e M3BECTHO, 4TO BPEMsI OT Havyasa ABISKEHUS
IO MOMEHTa TIOBTOPHOI BCTPEYN MOTOIMKJINCTA U TIENIeX0/1a B 4 pa3a
60JTbIIIe, YeM BpeMs OT HavaJia JIBIYKCHUS /0 TOTO MOMEHTA, KOTJa
MOTOIMKJINCT BIIEPBbIE JOTHAJ BEJOCHIICJUCTA.

10 (6uodpak, ®BU MTI'Y, 2006). 13 nyHKra B BHU3 IO TEUEHIIO
PEKN HAYMHAeT [[BIUKCHUE IJIOT, & B TPOTHBOIOJIOXKHYIO CTOPOHY
OJTHOBpPEMEHHO ¢ HUM BbIxout karep. [lo mytn crepoBanus karepa
Ha PACcCTOSTHUM 2 KM OT B pacroJioyKeH MyHKT A, U3 KOTOPOTO B TOT
JK€ MOMEHT TIPOTHB TEUYEHWS PEKU HAUYMHACT /IBUKEHUE TEIJIOXO..
CoOcTBeHHAsT CKOPOCTD TEIJIOX0/Ia B 2 pasa MPEBBIINIAeT CKOPOCTD
TeyeHus, cCOGCTBEHHAS CKOPOCTb KaTepa B 3 pasa 60Jblie CKOPOCTH
TeyeHUs. BerpeTHB TEMIoXo/1, KaTep MTHOBEHHO Pa3BOPAYMBAETCS
U CJeyeT JI0 BCTPEUN C ILIOTOM, IIOCJIe Yero CHOBA Pa3BOpA4YNBaeT-
cs M JIBUJKETCS B CTOPOHY TEIJIOXO/Ia [I0 BCTPEYN C HUM, 3aTEM
ongTh K TIoTy U T.[. CKOJbKO pa3 KaTep BCTPETUT TEIJIOXOM 3a
BpeMs, B TeueHue KOTOPOTO TEIJIOXO/ IIPeojioJieeT PacCTOsIHIE,
pasHoe 2000 km?
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aBHOYCKOPEHHOE
OBVIXXKEHME MO
NPSIMOW

A.YEPHOYLAH

CIITOMHIUM OCHOBHBIE ®OPMYJIbl KWNHEMATUKN TIPS
MOJINHEHTHOTO PAaBHOYCKOPEHHOTO /J[BUKEHUS TOUKH.

[lig ommcaHusg ABUKEHUS TOYKHU B/IOJIb HEKOTOPOU MPSAMOI
BBIGUPAIOT HA ATOI MPSMON TIOJIOKUTENbHOE HAIPABJIEHHE U
0003HAYAIOT ee, HAIIPUMED, OChio X. Ecim JABMKeHUe MPOUCX0-
JIUT C TIOCTOSAHHDBIM YCKOPEHHEeM «, = const, TO HpOeKIus
CKOPOCTH 0, M3MEHSETCS CO BpEMEHeM ¢ 10 JIMHEHHOMY 3aKOHY

vx:00x+axty (1)

rae vy, — HPOEKIMS HAa OCb X HA4YaJdbHOH CKOPOCTH, T.€.
CKOpPOCTH B MOMeHT BpeMeHM ¢t = (). 3aBUCHMOCTH OT BpeMeHH
KOOP/IMHATDI X U MEPEMEIICHUsT S, = X — Xy, TJe X, — Hadajb-
Has KOOP/IMHATA, UMEIOT KBA/[PATUYHBII Xapakrep:

2

X=Xy oyt + a""zt , (2a)
_ axtz

Se S 0pt + 5 (26)

[IKOTBHUKHI, KOTOPBIE y3Ke TIO3HAKOMUJIACH C TIOHATHEM TTPOU3-
BOJIHOM, MOTYT JIETKO TIPOBEPUTD, YTO IIPOU3BO/HAS OT CKOPOCTU
[0 BPEMEHN PaBHA YCKOPEHUIO, a IPOU3BO/IHAS OT KOOP/MHATHI
WM TIepeMeNIeHnst TI0 BpeMeHn paBHa CKopocTH. OTMETHM, 4To
s sammen popmyast (2a) HEOOXOAMMO BBIGPATh HE TOJBKO
MOJIOKUTENBHOE HATIPABJIEHHE, HO U TIOJIOKEHHNE HAaYaIa KOOP/IH-
Har, a aaa ¢opmya (1) u (26) gocratouHo ykasaTb JIMIIb
MOJIOKUTENBHOE HAMTPABJIEHUE OCH.

CKakeM HECKOJIbKO CJIOB 00 HCIOJb3YeMbIX 0003HAYCHUSIX.
Wunexke x (umm y, z) o603HAUaeT TPOEKIMIO Ha 3Ty OCh
COOTBETCTBYIOIIEro BeKTopa. [Ipu ABMKEHUH MO MPSMON 060
OTIUCHIBAIOIINIT ABMKEHUE BEKTOP — 0,7j,S,d — MOXKET UMETh
TOJIBKO JIBa Hampasjenus. [loaTomy, HanmpuMep, U, =0, ecin
BEKTOP ¢ CMOTPHT B MOJIOXKUTEIHLHOM HANPABJIECHUN OCH X, HO
0, = -0, ecM ¥ CMOTPUT B OTPHUIATENBHOM HAMPABJICHUH.
BykBa 6e3 muzekca x, HampuMep o, d, S, 0603Ha4aeT MOJLYJIb
COOTBETCTBYIOIIETO BEKTOPA.

B npunrune, ocaosubix dopmyn (1), (2) xunematuku pas-
HOYCKOPEHHOTO JIBUKEHUSI JIOCTATOYHO JUJIsI PelieHust JIo0bIX
3agta4. MOKHO, OIHAKO, CYIECTBEHHO COKPATHTD PACYETHI, ECIIN
HAY4UTBCA TIOJIb30BATHCS ABYMS JOTIOJTHUTETbHBIME KHHEMATH-
ueckuMu (HOPMYJIaMU, CBA3BIBAIONUMUI JPYTHe HAGOPBI Tiepe-
MenHbIX. Ecin Bbipasuts Bpems ¢ u3 Bbipaskenust (1) u mojcra-
BUTHh B BhIpaxkenne (26), To momydnM ¢GopMyay, He CoAeprKa-
IIYI0 BPEMEHH, HO CBSA3BIBAIOILYIO MEKLY COOOH JBE epeMeHHbIe
BEJIMYUHDBl O, U S, :

2_ 2 _
0L — Uy, =2a,s, . (3)
Ecau ke us ypasuenust (1) Bblpasurb a,, TouHee a,t, u
noJjcTaButh B ypasuerue (26), to nomxyanm Gopmyry

Uy T O,
sz%t. (4)

Jra (opmya MOXKeT ObITb IPOYUTAHA TAK: CPEJHSS CKOPOCTD
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PaBHOYCKOPEHHOTO JIBH-
JKeHUsI Ha JI0O0OM UHTEp-

BaJie BpeMeH# paBHA T10-

JIyCyMMe Ha4aJIbHOI 1 KO-

HeyHOI ckopocteii. Kpo-

Me TOTO, OHA WMeeT Ha-

ragaupiii rpadpudeckuii

CMBICJT, OTPXKATOIIHI CJle-

ayioriee o01iee yTBep:K-

JleHue: TepeMerenne S,

Ha Jio60M HHTEPBAJIe Bpe-

MEeHU PaBHO IJIOWIAAU IOJ,  Puc 71

rpacpurom v, (¢). B cay-

Yae PaBHOYCKOPEHHOTO JBWKeHus (puc.1) HY’KHO BBIYUCIUTH
IJTOMIA/Ib TPATICIINY C OCHOBAHUAMU 0y, M 0, U BBICOTOIl {, 4TO
coorserctByet (popmy.ie (4). Cpeansis CKOPOCTb Ha 9TOM rpadu-
Ke paBHA CPeJHeH JMHIUH TPANeNnHt, T.e. CKOPOCTH B CEPEINHE
BPEMEHHOT0 MHTepBaJa.

Emte oo samevanue. Kaskpas us popmy.n (1)—(4) cogepsxut
YeThIpe U3 ISATH BEJUYHH ¢, S, Uy, Oy, A, . ECIN HA/IO BBIOPATH
bopMyTy ISt KOHKPETHOI CHTyallnn, CJe/lyeT CMOTPETh He Ha
TO, KaK#e BeJHYUHBI JOJUKHDI npuUcymcemsosams 8 popmyie, a
Ha TO, Kakas BeJUYnHa MOXKET B Heil omcymcmeogamo. [leii-
creuTesbHO, opmyaa (1) He copepKuT TOJIbKO S, , dhopmyia
(26) mwe comepkut TOABKO U, , (opmyay (3) MOKHO HazBaTh
dopmyioit «6e3 t», a dopmyay (4) — dopmyoii «6es a».

PaccMOTpUM HECKOJIBKO TTPUMEPOB.

3amava 1. Asmonobunv, Komopuiti 06uzaics co CKOPOCMBIO
vy = 8 M/C , nauunaem mopmoKenue ¢ ycxopenuem a = 2 M/c2 .
Kaxoe paccmosinue s npoedem asmomobuiv k momy mMomeHmy,
K020d €20 CKOPOCMb YMEHLWUMCs 6060e?

Pemenne. [lns 3anucum ypaBHEHHIT HEOOXOAMMO BBIOPATDH
MOJIOXKUTEIbHOE HaIlpaBJjenne ocu. BpiGepeM ero B HarpabJie-
HUM [[BIDKEHHUS aBTOMO-
6unsa (puc.2); Torma
Qoxr =0, Up =0, Sx =5,

Ho a, =-a (ropmoxe-

Hue). YOemuMmcsi CHava-

Jla, 4TO 3a/a4y MOMKHO

PEIIHTD ¢ MOMOIIBIO 0CHOBHBIX dopmy.t (1), (2). [lna panuoi
3a/1a41 OHU TIPUHUMAIOT BUJL

Puc. 2

%
— =, —at,
B 0
at?
S =yt ———.
"

Bblpa}KaH t u3 IIEpBOro ypaBHeHUA U IO/CTaBJIsAS BO BTOPOE,
1OJIy4YnuM

:§1§
8 a

N =12 ™

OpHako MOXXHO 060HTHCH M O/{HOW (hopMyJIoii. 3aMeTuM, YTo
BpeMsi He BXOJUT HU B JaHHbIE, HU B BONPOC 3aJaud, U
Bocrosbayemes dopmytoit (3) («6es t»):

%@2 —03 :2(—a)s,

OTKY/la CPasy IOJIyYHM [IPHBE/ICHHbIIl BbIIIE OTBET.

3agaua 2 (ET3 2009). 3a epems t = 2 ¢ npsamoiunetinozo
OBUINKENUS € NOCIMOAHHBIN YCKOPEHUEM MEJA0 NPOUWLIO NYMb
s =20 M, ne MeHAS HANPAGAEHUS OBUKEHUSL U YMEHDUUE CEOI0
crxopocmv 6 3 pasa. Yemy pasna nauwaivhas cxopocms meid na
amom unmepease?

Pemenue. [lonpoGyiite cHayama peuuTsb aTy 3a/a4y ¢ MOMO-
mpio ocHOBHBIX (hopmyat (1), (2); npu sTom He 3alyapTe, UTO
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a, = —a . Mbl xe cpady BocuoJbayemest Gopmyaoii (4) («Ges
a»):
0y + (09/3)

3s
s=———7t, =— =15 .
5 OTKyZa 0 5 M/C

Wnorga ycsosue 3agaunt ¢(OPMyJIHUPOBAHO TaK, YTO OJHUM
ypaBHeHHeM o0OHTHCh He yaactcs. B aTtoMm ciydae MOXKHO
BbIGPATDH JIIOODIE JIBA YPABHEHUS U3 YETbIPEX.

3apmava 3. Asmomobuv pazzonsiemcs ¢ NOCMOSIHHBIM YCKOpe-
nuem a =2 M/ ¢?. Mumo nabnodamens on npoesxaem co
ckopocmuto v = 20 m/c. Ha kaxom paccmosinuu s om nad.uooa-
meast agmomobusy HaAxo0uics 3a t = 6 ¢ 0o 3mMozo momenma?

Pemenne. Cpenn napamMeTpoB YCJOBUS OTCYTCTBYET T, a
CpPe/i YeThIpeX CTAaHAAPTHBIX GOpMyJT HeT GOpMYJIbl «6e3 Uy ».
3amnuiieM mepBble JBAa yPAaBHEHS:

v =7, t+at,
at?

s=0oyl +——.
2

Boipasus v, 13 1epBoro ypaBHEeHHUS M IOJCTABUB BO BTOPOE,
HaiieM

at?
s=ot—-——=84 M.
5 M

Bumecro dopmya (1), (26) mMoxHO ucnonbzosath HOPMY.IbI
(1), (4).) Ioayuennas namu B orBeTe (hOpMyJia Kak Pas U eCTh
HeocTaomas Gopmyta «6e3 vy ». OHa MMeeT Takol ke BUA,
kak ¢opmyma (26) ana caydas TOPMOKEHHA. ITOMY €CTh
npocToe 0GbICHEHNE, OMUPAIOIIEECs Ha TIPUEM, KOTOPbIHA Ha3bi-
BalOT «obpaiieHreM BpeMeHn». Ec/m samucarh JBUJKEHHE Ha
BU/IECOKAMePy, a 3aTeM ITyCTHTDb 3aIuCh B OGPATHOM HarpasJie-
HUM, TO TEJO 3a TO K€ BPEMsSI POHAET TO K€ PACCTOSHUE, HO C
Haya/bHONH CKOPOCTBIO Uy = U, KOHEYHOH CKOPOCTBIO ¥ = ¥y U
C yCKOpeHneM dy, = —d, = —a . 3ajia4a CBOJMTCS K JIBHKEHHIO C
M3BECTHBIMU 0j, d W t W pemaercst ofgHoi gopmymoii (26).

[IpuBesem ele ofMH MpUMEp 33ja4, TAe OHOI (opMmy.Ioit
060UTHCh HE yAacTes.

3agaua 4 (ETO 2010). Mamepuaronas mouxd, 06uzdsico
PABHOYCKOPEHHO NO NPAMOI, 3d 6peMs t Yyeeauuulda cKkopocmy
6 3 pasa, npoiios nymv s = 20 m. Haiioume t, eciu ycxopenue
mouku a =5 M/Cz.

Pemenne. B sToM ciyuae Hesb3s pemmTh 3a7ady OJIHOM
opmyioit, Tak Kak Kaxaasi (GopMyJia CBSI3bIBAET MeXK/Ly CO6OI
YeTbIpe BEJMYNHDI U3 TISITH, & B YCJIOBHU 332491 HPUCYTCTBYIOT
BCe TIsATh. 3amuiineM cHavyasta ypasaenue (3):

(3w )2 -0 =2as

1 BbIpa3uM M3 HETro 90 :

nocaie uero Haiizem ¢ uz popmyant (1) (um ns Gopmyaisr (4)):

3?)0:()0+dt, t:zﬂz\/gzzc_
a a

Oco6eHHO BBITOJHO HCIO/Ib30BaTh OAHY (DOPMYJIy BMECTO
JIBYX B 33/1a4aX, I/ie CPABHUBAIOTCS PAa3HbIE CIy4Yal MM Pa3HbIe
STaTbI BIDKEHNA. B TaknWX 3aj1auax COKpalieHne KiHeMaTidec-
KX PacuyeTOB OKA3bIBACTCA CIle CYIeCTBEHHee.

3apaua 5 (ETD 2010). Ha nociednem kuiomempe mopmo3no-
20 nymu cKopocms noesoa ymenvuiuraco na 10 m,/c. Onpedenu-
me CKOpocmb 6 Haudie MOPMOKEHUS, eCu 00Ul MOPMOIHOL
nymo noesda cocmagua 4 xkm, a mopmoxenue 610 pasHO3A-
MEONeHHBIM.
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Pemenune. O6o3HaunM
JUTUHY TIOCJIEJTHETO y4acT-
kauepes s, (s, =1KM),
CKOPOCTb B KOHIIE 3TOTO
y4acTKa paBHa HYJIO
(v, =0), aBHauae cKo-
poctb paBHa vy, = 10 M /¢ (puc.3). IloaHblii TOPMO3HOIL 11y Th
06ozHauuM uepes s (s = 4 kM), a HAYAIbHYIO CKOPOCTb — 4epes3
0y . TToCcKOIbKY BpeMst B yCJIOBUM HE YIIOMUHAETCS, 3alUIIEM
dopmyaty (3) («6es t») ABasKABI — JLJI BCETO TOPMOZHOTO Ty TH
U JUISL TIOCJIETHETO YYaCTKa:

Puc. 3

2 _ 2 _
0-v5 = 2as, 0-vy, =2as, .

Wckmouus a, nosyunm

% =0 Si =20 m/c.

I

i

B caenytomnieii 3ajjaue HaJ0 MOCJEIOBATENHHO PACCMOTPETD
JIBa ATAIa eJINHOTO PABHOYCKOPEHHOTO /IBUXKECHHUS.

3amaua 6 (EI'D 2009). Teno, c6060010 nadaiowee ¢ nexomo-
POt 8bICOMBL, NEPBLLIL YUACOK NYMU NPOXooum 3d epems
T =1 ¢, a maxoi xe nocaeonull yuacmox
—3a epens 1/2 . Haiidume noanoe épems
nadenusi t, ecau HAUANLHAS CKOPOCMb
pasgna nyaio.

Pemenne. /[lnmHa yuyacTka, TpOHIeH-
HOTO TEJIOM 3a TOCJEIHHUE MOJICEKYH/IbI,
TaKas JKe, KaK ¥ 32 TEPBYIO CEKYHILY:
_. o9t
Sy =8 =T —.

2

CKOpOCTbh B Hayajie MOCJEHEr0 y4acTKa
(puc.4) maiinem n3 dpopmymsr (26):

2
‘S‘n:()()n%+7g(1—2/2)y
©2/2-g(12)7 /2 3
Z)on:—g / 52(/)/ :ZQT- Puc. 4

ITockosbKy 3Ta CKOPOCTb SIBJISIETCSI KOHEUHOI CKOPOCTBIO IIpe-
JIBIYIIEr0 JIBIKEHNsI, TO ¢ MOMOIbio dopmyJsr (1) MOXKHO
HATH BpeMs OT HavaJa MajleHus [0 TTOCJIEHETO YIaCTKA!

Yn =3 ¢
g

4
1O BpemdA Menblle T, cJeaoBaTe/IbHO, HepBbeI W TOCJeHUN
YYaCTKHU IEPECEKAIOTCA. [Tosnnoe BpeMsA IMa/IEHUA paBHO

7f:§T+I ZET =1,25c.
4 2 4 ’

3amaua 7. Onpedenume, na ckoavko nymv, npoudenuvlil
€60600H0 nadaiowum merom 6 oecamyio cexyndy, Oovuie
nymu, npotidennozo meaom & npedvidywyto cekyndy. Hauan-
Hasl CKOPOCMb Mead PaAsHa HYJI0.

Pemenne. JIo60Boil crioco6 pelieHus COCTOUT B TOM, 4TOOBI
OIIPE/IeJIUTD MYTh 32 KAK/AYIO M3 [JAHHBIX CEKYHJ, MOCJEe Yero
HaiTh pazHocTb Mexxay HuMu. [IyTh 3a mo6oit mHTEpBas BpeMe-
HI MeXIy MOMeHTamM’ & W @, MOXXHO HAWTH KaK pa3HOCTb
myTel, TPOUIEHHbIX K KOHIY HHTEPBAJIA U K HAYAJIY HHTEPBAJA:

Yon = gt()—n’ t()—r[

2 2
Sg-o = S — Sg :%—% = 405 M — 320 M = 85 M,

Sg-10 = S0 —S9 = 95 M.
Orciozia ToTyyaeM OTBET:

As = S9-10 T Sg-9 = 10 M.
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NMIPAKTUKYM
A MOXXHO MCIOJIb30BATH CPEHIOI0 CKOPOCTD:
_Ugt Yy _
vy = glg, vy =gly, Sg—g = 2 (t_() _tg) =85 M

u T.J. ITOT €cHocob MO3BOJISET YBUIETH, YTO TAKOl K€ OTBET

As = gAt? =10 M Gyziet BepeH /15t TOObIX JBYX TOCIe/[0BATE b
HBIX CeKYH/AHBIX nHTepBaioB Af =1 c. [leficTBUTeIbHO, CpeHSA
CKOPOCTb Ha KaK/[OM WHTEPBAJIe PABHA CKOPOCTH B €r0 Cepe/ii-
He, a cepelHa IOCJE/IYIONEr0 NHTePBaJa HACTYIAeT Ha At
1o3’Ke, 4eM cepeanna npeabiayiero. CieoBatesbHO, BTOpast
cpefHssi CKopocTh Ha gAt Gouibliie, YeM TepBasi.

[Tostyuaercst, 4TO peleHne Yepes CPeHIe CKOPOCTH MO3BOJISIET
OTBJIEYBCSI OT HAYaJbHOI cKopocTu. PaceMoTpuM ere mpumep.

3agaua 8. 3a namyio cexyndy npamoarunelinozo 08uKenus ¢
NOCMOSHHBIM YCKOPEHUeM meso npoxooum nymv S = 5 M u
ocmanasausaemcs. Kaxoii nymvs npoxooum meno 3a emopyio
CeKYHOY 3M020 OBUKEHUS?

Pemenue. Pemienne «B 106> TpeGyer 3anucarb JaHHbIE 3a/1a-
¥ B BU/IE CHCTEMbI yPABHEHUIT:

0 =g, —ats,

Si-5 =S = %’ots _af%_%}ot/‘ ‘61542%,

13 KOTOPOii ONpEAeSUTb @ U Ty , MOCJe 4Yero HalTH IyTh 3a
BTOPYIO CEKYH/IY:
20 0

_G at; atid
S1-2 = ﬁ’otz _TE‘E%’H _7% )

Buano, 4To 1pM HaJMYUM HEM3BECTHOH HAYaJIbHOH CKOPOCTH
JI060BOIT CITIOCO6 CTAHOBUTCS OYEHD TPYIOEMKHUM.

PacemoTpuM oTiesibHO TOCJIEHIOD CEKYH/Y W HaliieM CKO-
pOCTh B Havase 3TON CeKyH/IbI:
_0 10 2s

S4s =8 N, v, =— =
4-5 5 v 10 m/c

1 yCKOpEHHeE:

a =% =10m/c?
At

0= Uy — aAt,
ITockoabKy 3a KKy CEKYH/Iy CKOPOCTb YMEHbIIAeTcsd Ha
alt =10 m/c, o naxoqum v3 =20m/¢c, v, =30M /¢, v, =
=40m™M/c, n

0t o
S1-9 :%At =35 M.

Emme oaun crioco6 — «o6paiienne Bpemenns (em. 3agauy 3).
O6palieHHoe IBIDKEHNE MPe/ICTaBIseT co00i paBHOYCKOPEHHOEe
JIBIDKEHIE C HyJIEBOI HAUaJIbHON CKOPOCTDIO, TIPH 3TOM H3BECTEH
IyTh 3a HEPBYIO CEKYH[IY, a HaJ0 HATH IyTb 3a YeTBEPTYIO.
Takasa 3ajaua ropasjio mnpoiie.

Cueytonias 3a/1aua NCIOJIb3YeT TO 0OCTOSTENbCTBO, UTO CPe/l-
HSISI CKOPOCTD Ha KaKJOM HHTEPBaJse PaBHOYCKOPEHHOTO JIBIKE-
HUSI PaBHA CKOPOCTU TeJIa B CEPEMHe ITOTO MHTEPBAJIA.

3agava 9. /[suzasce npamosunetino u pasnoycKkopento, meio
3a nocedosamevHble NPOMEKYMKU epemenu ty =4 c u ty =
= 6 ¢ npoxodum 6 00HOM HANPABLEHUU OMPe3KU nymu S| =
=20 mu s, =42 m. Hatidume ycrxopenue mead.

Pemenne. Cpennsss CKoOpocTb Ha IEPBOM HHTepBaJe
Ocpt = i/t =5/ ecTb CKOPOCTDb B CepeIHe TIePBOTO MHTEp-
Basla, a CPE/IHAs CKOPOCTh Ha BTOPOM HHTEpBate Uepy = Sp/ty =
=7 M/ C ecTb CKOPOCTDb B CEPe/IIie BTOPOTo MHTepBasa. [Ipome-
JKYTOK BPEMeHH MeXK/1y CcepeJnHaMiu WHTEPBAJOB paBeH
At =t/2+t,/2 =5 c. COOTBETCTBEHHO, YCKOPEHUE PABHO
Zepz = Pept _ 0,4m/c?

At
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PaccMoTpuM Tenepb 3aa4m, /e pas-
HOYCKOPEHHOE [BIKEHUE TTPOUCXO/UT
C Pa3BOPOTOM.

3amava 10. Kamenv Opowen sepmu-
KAIOHO 66EPX C HAUANLHOU CKOPOCMbIO
vy =50 m/c. Uepes ckovKo cexyno ezo
ckopocmy 6ydem pasna v = 30 m/c u
Hanpagaena epmuKaIbHO GHU3?

Pemenne. 3ammmem dopmyay (1)
IS 3aBIUCUMOCTU CKOPOCTH OT BPEMEHU
(puc.5):

v, =7y —gt.

BaxxHo monmMarp, uto (opmyant (1)—
(4) nmeficTBYIOT BCe BpeMsl PaBHOYCKO-
PEHHOTO J[BIDKCHUS, HET HeOOXO0UMOC-
TH Pa36MBaATDh €rO HA 3TAIl 3aME/IJICHHOTO JBUKCHHUS 10 OCTAHOB-
KM W YCKOPEHHOTO TMa/eHusi OT BepxHell Toukn. II0CKOJIbKY B
paccMaTpuBaeMblil MOMEHT CKOPOCTb HAIIPABJICHA BHI3, IPOTHB

Puc. 5

[I0JI0KUTEJIBHOTO HAIIPABJIEHUS] OCH, HA/I0 IIOJCTABUTb 0, = —U .
[Tonmyuaem
vy + o
t=="— =3gec.
g

3aMeTHM, UTO [OJIyYeHHDBIH OTBET KaK Pa3 COOTBETCTBYET JABIKE-
HIIO BBEPX JI0 OCTaHOBKK 3aBpeMsi t; = vy /g =5 ¢ (vy —gt; =0)
u o6paTHOMY NajeHuio 3a Bpems t, =v/g =3 ¢ (v = gt,, ocb
Hanpas/ieHa BHU3). KOHEUHO, He BO3OPAHSETCs JIeJaTh 3a1aum
C Pa3BOPOTOM MOATAIHO, €CJIN TaK, MCCJACAys ABIDKeHne GoJiee
JIeTaJIbHO, BbI 4yBCTBYeTe ceOst yBepertee. OHAKO B HEKOTOPBIX
CJIydasiX TOITAIHOE pelleHne OKa3bIBAETCSI OUeHb HeyTO0GHDIM.

3anaua 11. Teno, 6powentoe 6epmuKaibHo 66epx U3 MOUKU,
naxodsuetics nad 3emiell na evicome hy = 8 m, nadaem na
sema0 uepes epems t = 4 ¢ nocae
opocka. C xaxoil ckopocmuvio 6pOULEHO
meno?

Pemenne. 3anuieM 3aBUCHMOCTD
(26) mnepememenusi S, Or BpeMeHH
(puc.6):

2
S]/ = U()t - % .
ITockosbky aTa dopmyma aeiicTByer
BCe BpeMsl 110JIETA, PACCMOTPUM CPasy
MOMEHT TIaJIEHUsT Ha 3eMJII0, He pa36u-
Basl [IBUJKEHHUE Ha JIBE YacTu. YCJIOBUE
Ha/[eHVsI 3AMIChIBAETCS YePe3 TepeMelleHne TaK:

sy = hy (ue s, =hy ).

[Ipuxonum k ypaBHEHUIO

Puc. 6

2

—hy =yt ——gé ,
OTKy/Jla HaXOAUM
_gt Iy
o =9t M _
0= : 18 m/c.

HaVIéOJIbHIyIO TPYAHOCTD BbI3bIBACT YCJOBUE [1a/I€HUA, B KOTO-
POM 4acTO 3a6bIBAIOT 3HAK <«—». OTOW TPYJAHOCTH YIAETCS
u36exxatb B KOOPJAMHATHOM TIOAXO/IE, T.e. C MCIOJb30BAHUEM
opmyabt (2a). BoiGupaeM HAYANO KOOPAUHAT Ha TIOBEPXHOCTU
3€MJIM, TOrZla 3aBUCUMOCTb KOOP/INMHATBI OT BPEMEHU ITPUHUMAET
CJIeIYIOMNN BU/T:

P
y=h0+vot—%,

a yCJOBHUE Ta/ICHUA CTAaHOBUTCA TPUBHAJDbHDBIM:

y=0.
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Ecam 61 HavasbHasi CKOPOCTh ObLIA aHa, a CIPANInBaIOCh,
HaIlpUMep, BpeMs I10JieTa WU CKOPOCTb NaJIeHUsI, TO pelleHue
uyepes pasOuenue Ha asa stana (BBepx M BHU3) ObLIO Obl
JTIOCTATOYHO MPOCTBIM. B manHoll 3a/1aue Takoe perierne BCTpe-
yaercst ¢ OOJIBIIUMHU CJIOKHOCTSMH. BripodeM, pacuer ¢ pa3bue-
HUEM MOKHO MCITIOJIb30BaThb [Jid IIPOBEPKHU OTBETA.

Cremyromast 3ajjaua J0MyCKAeT PA3JNnIHbIe TTIOAXObI, BBIOOD
MEK/Ty KOTOPBIMHU 3aBUCHT OT JaHHBIX YCAOBHS (4TO aHO U 9TO
HAaJI0 HAiiTH).

3apmava 12. Kamenv, 6powennoill 6epmuKdivHo 68epx, 08d.K-
OvL 6611 Ha 00HOU 1 Mol xe svicome — cnycms t; = 0,8 ¢ u
ty =1,5 ¢ nocae nauanra dsuxenus. Yemy pasna sma evicoma?

Pemenue. Pemnienne «B 106» COCTOUT B COCTABJICHUN CUCTEMbI
ypaBHEHUIL:

t
h =oyt —g—1,
ol T
2
h = oyt -9%
o2 775
OGBIYHO 3Ty CHCTEMY PEIIaloT «B YHCIAX» I HAXOAAT OTBET:
h=06mM.
Ecan, opHako, penmmth ee «B OyKBaX», TO HMOJIy4UM
_g(ti+t) 5 = Jhby
0 ==, h="==.
2 2

Wurepecto, 4To TH OTBETHI €CTb HE YTO MHOE, KaK IepBas u
BTOpasi TeopeMbl Buera a1 ypaBHeHUs
2
h =yt —ﬂ, wm —Zﬂt +% =0,
2 g 9

KOPHSAMM KOTOPOT'O KaK pa3 SBJSAIOTCS MOMEHTBI & U Iy .

MOKHO Tak’e IIOCTPOUTD PellleHne Ha CUMMETPUH 1T0/IbeMa 1
najieHusi. SICHO, 4TO BEpPXHSAA TOYKA HAXOJUTCS I0CEPEHE
MEK/Iy PacCMaTpPUBAEMbIMI MOMEHTAaMH. 3HAYUT, BPEMS 110/{be-
Ma OT BBICOTBI /i 10 BepXHell TOUKN 1 BpeMsi 0OPATHOTO MaIeHHS
pasubl (¢, — ¢ / 2, a BpeMs Ta/IeHust OT BePXHEN TOUKH JI0 3€MJTHI
pasuo (t, +t)/2 . Orciona naxoaum

= g(t+1) _g(t-1)’ - ghty
8 8 2

Pas6buenne Ha aBa 9Tama CTaHOBUTCA HEM3OESKHBIM, €CIH
Tpebyercs paccumTaTh mpoiiaennbii myts. Mopmyaa (26) mo-
3BOJISIET BBIYUCJINTD TIepeMelieHne B 060 MOMEHT JIBIDKEHUS,
HO aHAJIOTUYHOU (POPMYJIBI /LI IMyTH HE CYIIECTBYET.

3amava 13. /3 mouku, naxodsweiics na evicome hy = 10 m
HAO0 NOGEPXHOCNYBIO 3eMAU, OPOCAIOM 6ePMUKANLHO 66EPX Kd-
Menv co ckopocmoio vy =10 .m/c. Kaxoi nymo npotidem xamenv
3a epemsi t = 3 c?

Pemenue. Ilockoibky pa3BopoT TpomM30iieT depe3 BpeMs
tt=vy/g =1 ¢ (0=20,—gt ), NyTb HaZO UCKATh KaK CyMMY
myTeil, IPONICHHBIX KAMHEM IIPU NO//beMe U IPU Ma/[CHUU!

L=l +1, =‘31y‘ +‘S2y =y —yol +Hy -uil.

Ecim pemratp depes mepeMenieHnsi, TO MepeMelneHne Ha Kaxk-
JIOM JTalle HUIeM OTAEJIbHO C IOMOIIbI0 HamboJiee yH0OHOM
¢opmybi:
2
2 _ _94 _
0-v5 = 2gs, S =5 t, =t -t

(B mepBOM cJydae och HANpaBJeHA BBEPX, BO BTOPOM — BHH3).
Iomywaem s; = 5 M, s, = 20 M. ITockoabKy sy GoJiblle, 4eM
ly + Sy, TO TeJO paHblie yHajgeT Ha 3eMJo, T.e. [, = hy +s =
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= 15 M. OKOHYATEIPHO HAXOINM
[ =1 +1, =s; +(hy +s;) =20 M.

Ecsn pemath uepes KOOpAMHATHI, TO HAJI0 UCHOJb30BATh OJHY
bopmyary
2
_ gt
y=hy ot =,
2
a ecJIM Y TOJIyYUTCS OTPULATEbHBIM, TO 3aMeHUTb Ha y = 0.

Pas6uenne Ha oTalbl SIBJISETCS HEN3GEKHDBIM B TeX 3a/avax,
r/ie MEHSIETCS XapaKrep ABIKeHus. [Ipn aToM HauaIbHbIE KOOP-
JIMHATA U CKOPOCTb KasK/I0T0 HOCIE/[YIOIIEr0 ATalla PaBHbI KOHEU-
HBIM KOOP/IMHATE M CKOPOCTH IPE/BILYIIEr0 JTara.

3agauva 14. Manvuux, 06u2asco paguoycKkOPento u3 cocmosl-

HUSL NOKOsl, CoeXdl MA CAMKAX ¢ 20pbl Oaunoil S; = 50 M 3a
ty =10 c, a 3amem npoexa no zoPU3OHMALLHOMY YUACMKY eule
sy = 25 m 0o ocmanosxu. Hatidume eeruuuny ycxopenus

MANUUKA HA 6MOPOM YUACTKE OGUKCHUSL.
Pemenwue. /g stanma pasrona npumennM (opmyay (4):

_ 0ty
1=

OTKY/1a Hali/leM KOHEYHYIO CKOPOCTD MEPBOTO dTara vy , KOTOPast
paBHA HAvYaJIbHOH CKOpPOCTH BTOpOro artama. /[yt Topmoskenus
yI06HO TIpuMenHuTh hopmyry (3):

t,

2 — _
0-of = 2ays, .
Orcrofa nosyyaeMm

a, =2M/C2.

B cienytomeit 3ajaue ABMKEHNE COCTONT U3 TPEX 3TAIoB, ABA
13 KOTOPBIX MPOUCXO/ST C YCKOPEHHEM.

3anava 15. Paccmosinue mexdy dsyms ceéemoghopamu agmo-
Mawuna npowsda Ha nepeom yuacmke, paswom 0,1 eceil ezo
Oaunvl, pasnHoyckopenno u mnabpaia cxopocmv v = 20 m/c.
3amem ona waa pasHomMepHo ¢ IMOI CKOPOCMbIO, d Hd NOCAE-
onem yuacmxe, pasuom no O0aune nepeomy, MopPMO3ULA
¢ nocmosnnviM ycxopenuem. Kaxoea cpeduss cxopocmo (6
KM/ 4) A6MOMAUUNDL?

Pemenne. Ha xaxaom us sranos npumenum (opmy.ry (4)
(«6e3 a»):

Ot 08s=ot, 015=2"0

0,1s = ts .

[Tosnyyaem
0,2s 0,85 0,2s _12s
+2= +2=

L=t +t, +t; = ,

0 0 [ 0

OTKY/la HaXOJAuM

v
U(:p _; _E: 60 KM/‘-I.
Bephemcs K cayyaio, KOrja JBHXKEHHE COCTOMT W3 JIBYX
HTAINoOB, HO BTOPOIT ATall IPOMCXOAUT
¢ pasBoporom. TyT BecbMa Kcratn
OKa3bIBAECTCS YMECHUE KOMITAKTHO PE-
matb Takue 3agaun (em. 3azauy 11).
3amaua 16. B meuenue t;= 20 ¢
paxema noOHUMACCsL ¢ NOCMOSH-
Hown ycxopenuem day = 0,8g, nocie
uezo deuzamenu paxemvl GuIKII0Ud-
1omest. Uepes kaxoe epems nocie
3amozo paxema ynaoem na 3eMa0?
Pemenne. K koniry nepsoro aramna
(puc.7) pakera HpoiAeT paccrosiiue  pyc 7
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s; =0, Sgtf/Z u HaGeper ckopoctb v = 0,8¢¢,. [las BTOpOroO
sTama BbIGEPEM OCh, HAIPABJIEHHYIO BBEPX, ¢ HAUATIOM KOOD/IH-
HAT Ha OBEPXHOCTH 3eM/u. Tor/a ycaoBue najieHus IpUHUMAET
Bujg y = 0, Ipu HTOM HayaubHas KOOPJMHATA W HadyaabHAast
CKOPOCTBb PAaBHBI S; W Uy COOTBETCTBEHHO. V3 dopmysr (2a)
noJy4aeM ypaBHeEHHe
2 2 2
0=s +oyt —%, i 0 = 7078297% +0,8¢gtt —%.

ITonosxurebHbIN KOPEHDb d9TOr0 YPaBHCHUA PaBCH
t= 2t1 =40 c.

B creayonumx 3ajauaX pacCMaTpUBAETCs ABIKEHUE JBYX TEJT
U MCCTIe/lyeTcss MOMEHT WX BCTpeur. B Taknx 3ajauax yao6HO
HPUMEHSATH KOOPJAMHATHYIO 3amuch (2a) Ui KaKI0ro 13 TeJl Ha
€/IMHOI KOOPJIMHATHON OcH ¢ O0IIUM HayaI0M KoopauHat. Toraa
YCJIOBHE BCTPEUM MPUHUMAET BUJ[ YCJIOBUS PABEHCTBA KOOP/IH-
HAT JIBYX TeJl.

3amavya 17. Kozda naccaxupy ocmanocvy doiimu 0o Osepu
6azona paccmosinue s =15 M, n0e30 Mponyics ¢ Mecma u cma.
paszonsmocs ¢ yckopenuem a = 0,5 m/c’. Ilaccaxup nobexan
co cxopocmvio v = 4 m/c. Uepes xaxoe epems on docmuznem
dsepu sazona?

Pemenne. Boibepem Hauaso KOOpAUHAT B TOYKE, I/le HAXO-
JIMJICS TIACCAKUP B HauambHbI Moment (puc.8). 3aBucumoctu

Puc. 8
KOOpJAMHAT MMacCaKupa U JABEpU BaroHa OT BPeMEHU UMEIOT BU/
at?
X, =0ot, x,=s +7.

YcaoBue BeTpeun Xy = X, IPUBOJNUT K KBQ/IPATHOMY YPaBHEHUIO

2
ﬂ—vt+s =0.
2

HernpuBbIaHbIM SBJISIETCS TO 0OCTOSATETBCTBO, UTO MIPH 33/[aHHDBIX
YHCJOBbIX 3HAUYEHUSAX YPABHEHUE MMeEET JBa IOJIOXKUTEJbHBIX
KopHsi: & =6cu t, =10 c. Kakoii »xe u3 kopHeii BbiGpatb? [lesio
B TOM, YTO KOT/[a TACCAKUP B TEPBbIi pa3 joroHut jasepb (B
MOMEHT BPEMEHH £; ), er0 CKOPOCTb Oy/IeT GOJIbIIIE, YeM CKOPOCTD
1oe3/la B 3TOT MOMEHT, M €CJU OH IPOJOJUKUT CBOH Ger, TO
OTIEPE/IUT JKEJAHHYIO JBepb. KOHEYHO MOTOM, JBUTASICH C YCKO-
peHueM, JBepb JA0roHuT naccaxkupa (B Moment ¢, ). Mexons us
HOPMaJIbHOTO MOBE/ICHNUS YeJI0BeKa, Ha/l0 BBIGPATh, KOHEYHO JKe,
MepPBbIil KOPEHb.

ITyctb Temepp ABMXKEHHE TeJ [0 BCTPEUH IPOIOJIKAETCS
pasHoe BpeMs.

3agaua 18 (ET3 2008). Mumo ocmanosku no npsamot yiuue
npoesxaem 2py3osux co ckopocmvio v = 10 m/c. Uepes At =
=5 ¢ om ocmanoexu 60020HKY 2pY306UKY OMBE3IHKAEN MOMO-
yuraucm, 08UKYWUIcs ¢ yckopenuem a = 3 M/ ¢® . Ha xaxon
paccmosnu S om oCmanosKu MOMOUUKIUCTR 0020HUM 2PY30-
BUK?

Pemenne. [IpumeM os105keHne OCTAHOBKH 32 HAUAJIO KOOP/IH-
HaT. O603HAUNM Yepe3 ¢ BpeMsI ABIKEHIST MOTOIUKJINCTA, TOTAa
3aBUCUMOCTDb €r0 KOOPAUHATBI OT BpeMeHU Oy/JeT UMeTb BUJL
v = at?
1=
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a 3aBUCUMOCTb KOOPAMHATDI TPY30BUKA OT BPEMECHU —

x, =0t + ).
YcaoBue BCTpeun Xy = Xy IPUBOAUT K YPABHEHUIO
2
% —-ot —old =0,

TTOJIOKUTETbHBIN KOpeHb KoToporo paseH ¢t = 10 c. [loacrasiass
9TO 3HAYEHNE B BBIPAXKEHUE U Xy MU Xy, TTOJYyYUM

s =150 m.

YcnoBue BeTpeun nMeeT TaKoH ke BU M B TOM CJIydae, KOT/1a
JIBUKEHME OJTHOTO M3 TEJI MPOUCXOIUT C Pa3BOPOTOM.

B crenyionieii 3ajjaue uccaeayeTcst ycJaoBue, HeOOXOIMMOe
JUISL TOTO, 4TOOBI BCTPEYa COCTOSIIIACD.

3anava 19. /Jlsa mena nawunaiom oonoepemenio 06uzamvcs
10 NpAMotl Hagcmpeuy opye Opyzy ¢ HAUATLHOIMU CKOPOCTRAMIU
Og1= 10 m/cu vy =20 M/C U C NOCMOAHHBIMU YCKOPEHUAMU

a =2 M/62 ua, =1 .M/C2 , HANPABIEHHBIMU NPOMUBONOI0HKHO
COOMBEMCMBYIOUUM HAUALLHBIM cKOpocmsm. Onpedeaume, npu
KaKoM MaxCuMAaivbHOM HAYAIbHOM PACCINOSHUU S MeKOY meld-
MU OHU 8CMPEMSIMCS. 8 NPOUECCe DBUKECHUSL.

Pemenne. MoseT 10Ka3aTbCs, YTO JAOCTATOYHO HAWTH PACCTO-
SAHMSL S W Sy, KOTOPble HPOHJAYT Teja /0 Pa3Bopora

(0-03, = 2a;5, W T.IL.), U 3aTeM CJOKHTb 5TH DACCTOSHUSL:

s = 0hy/a, + 03, /a, . OHaKO MOTYHeH DI TaKIM 06Pa3OM OTBET
OKa3bIBACTCS 3aBBINICHHBIM, MOCKOJIbKY Tesa JOCTUTaloT TOYeK
pasBopoTa He oHOBpeMerHo. HampaBuM KoOpAUHATHYIO OCh OT
MepBOTO TeJa B CTOPOHY BTOPOTO, 3aIMIIeM KOOPJUHATBI 0001X
TeJ B MOMEHT BpeMeHHu f:

at? 2
Xy =gyt Ty Xy =8 ~ypt t——
W YCJIOBUE BCTPEUH Xy = Xy :
2
(ay + )t _
f _(001 +U()2)t +s —0 .

MakcuMaJIbHOMY S COOTBETCTBYET CUTYyallHsi, KOT/J[a 3TO ypaBHe-
HuUe uMeeT oJnH KopeHb. [Ipu GoubiieM s KopHeii He Gyer, T.e.
BCTpedya He COCTOUTCS, IPU MEHbIeM S KOpHeil 6yIer /1Ba, T.e.
TeJTa TTPOeLy T MUMO JIPYT APYTa, a 3aTeM BCTpeTsATcs eme pas (cM.
sazauy 17). [IpupaBHUBAs AUCKPUMUHAHT K HYJIO, TIOJTYYNM
_ (001 + 202 )2
SEo7 .y =150 M.
2(ay +a,)

[lpyroit moaXox K Takoil 3ajave: MOCKOJBKY TeJsa JIOJIKHDI
BCTPETUTLCS U CPa3y Pa30UTHCh, TO UX CKOPOCTH B MOMEHT
BCTPEUH JIOJIKHBI ObITh OJJMHAKOBBI. JTO JIAET €llle O/IHO ypaBHe-
HHUE, U3 KOTOPOTO MOXKHO HA#TH BPeMs U MOJICTABUTD B YCJIOBUE
BCTpEYH.

W emte ofnH BaskHBIN MeTO/I: €CJIH NepeiiT B cucTeMy oTcyera
MIepBOro TeJia, TO BTOPoe OYIET JABUTATHCS € HAYATIBHON CKOPO-
CTBIO Uyy +Tpy 1 YCKOpPEHUeM d; + d, , HAIIPABJICHHBIM TIPOTUB
HavajbHOU cKOpocTH. OTBET COOTBETCTBYET PACCTOSIHUIO, TIPOii-
JIECHHOMY 3THM TeJIOM /IO Pa3BOpOTa.

B nocsesneii 3asade Mbl BCIOMHIM OCHOBHbBIE METO/IbI ITOCT-
poenus rpadUKOB PAaBHOYCKOPEHHOTO JIBIDKCHU.

3amava 20. [1o zpapuxy 3a6ucumocmu CKOPOCMU MOUKU OM
spenenu (puc.9) nocmpoume zpagpuxu 3a6UCUMOCIIU O BPEME-
HUL YCKOPeHUs, NepeMetyerus u nymu.

Pemenwue. I'papux yckoperns (puc.10) me tpeGyer 0co6bIx
HOSICHEHNIT: HA KasK/IOM y4acTKe BEeJINUHHY YCKOPEHUSI HaXO/IUM
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Puc. 9

Puc. 10

Puc. 17

Kak @, = Do, /At (tanrenc yria HakaoHa rpaduKa CKOPOCTH),
T.€. ¢ ToMoIbio dopmyJsr (1).

Pacemorpum nozipoGuee rpaduku epeMerienust u myTH.

Ipacuk nepementenns (puc.11) HaunHaeTcst U3 HavYaIA KOOD-
muHat (HavaabHOe TlepeMenienne pasHo Hyo). Ha yuactke AC
rpaduk mpejcrasiager co6oil mapabosy BeTBIMU BHH3, Ha yda-
crke CD — npsmyio, Ha yuactke DF — apa6oJry BETBSIMU BBEPX.
Bepmuabl mapa6os HaxoAsaTcs B Toukax B m E, B KOTOPBIX
ckopocThb paBHa HyJo. [lonoxenne Touex B, D n E HaxoanuTcs
¢ TOMOIIBIO TIpaBUJa ILJIOMd/lell: KoopAnHaTa TOUKN B paBHA
ILJIOIIA/HU TI0]] TPAUKOM CKOPOCTH Ha yyacTke AB, KoopauHara
TOUKH D oTpe/esisieTcs IO IbIo TIPSIMOYTOIbHIKA Ha yYacTKe
CD, xoopaunHara TOUYKM E — Ioma/blo TpeyrojbHUKa Ha
yuactke DE. IIpaBuio miomazeil gefictByer Ha JI0OOM y4acTKe.
Cuietyer o6paTuTh BHUMAHUE HA TO, YTO COCTBIKOBKA YYaCTKOB
rpacduxa B Toukax C u D g0/mKHA OBITH TJIAJIKOM, 63 YrOJIKOB,
IIOCKOJIbKY CKOPOCTb B 9THX TOUYKAX HE HCIBITBIBAET CKAUKa.

pacdux mytu (puc.12) crpoutes, ncxons us rpaduka mepe-
MeIleHus: TaM, Tje nepemenienre Bospacraer (yuyactku AB,
EF), rpaduk mnytun moBropsieT Xoj rpaduka CKOPOCTH, a Ha

Puc. 12
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yuyacTKax, rze nepemernienne yobiBaer, rpaduk MyTH SBJSETCS
oTpaxkenneM rpaduka rmepeMeneHns.

Yupaxuenust

1. TopmoskeHne aBTOMOOHJIS IO MOJTHOI OCTAHOBKY 3aHAJIO Bpe-
M 4 ¢ M NIPOMCXOMMIO C TOCTOSHHBIM yckopermeM 4 m/c? .
Haiianre TopMO3HOIL 11y Th.

2. OT ABIKYIIETOCs Moe3/[a OTHEIJISToT mocaenuii Barou. [To-
€3]] IPOJI0JDKAET JABUXKEHHE C TOil JKe CKopocTbio. CunTast, 4To Baron
JIBIDKETCST C MOCTOSTHHBIM YCKOPEHHEM, HaiiJiuTe, BO CKOJDBKO pa3
IyTb, HPOW/IEHHBINl BAaroHOM /IO €ro OCTAHOBKH, MEHbIIE IIyTH,
IIPOIiJIEHHOTO M0e3/I0M K 3TOMY MOMEHTY.

3. 3a oxHy cekyHAy ABIDKEHH Teso mponwio myts 10 M, mpu
9TOM €ro CKOPOCTb, He MEHsIsl HAIPaBJIeHUs, YBeJNIIIach B 4 pasa
110 CPABHEHUIO ¢ MepBOHAaYaIbHON. KakoBo 6bLIO ycKopeHne Tesa?

4. CxopocTb TeJsa, ABMXKYIIETOCS C MOCTOSTHHBIM YCKOPEHHUEM, B
Hauasle HEKOTOPOro y4acTKa paBHa 7 M,/ ¢, a B KOHIIE HAIIPABJIeHA B
Ty Ke cTopoHy u paBHa 1 M/ c. UeMy paBHa ero CKOpPOCTb B cepe/IiHe
3TOTO ydacTKa?

5. C Kkakoii BbICOTBI IaJ[aeT Tesio 6e3 HauaJbHON CKOPOCTHU, €CJIn
IyTh, TPO/ICHHBII MM 32 TIOCTIEAHION CEKYH/Y ABUXKEHHS, B ST
pa3 6oJbliie MyTH, TPOHAEHHOTO 3a TIEPBYIO CEKYHLIY?

6. ABrOoMOOUJIb, ABUTASICH PABHO3AME/IJIEHHO, 32 110CJIe/[0BATEIb-
Hble TIPOMEeXKYTKHN BpeMeHH B 3 ¢ 1 2 ¢ npotes otpe3ku AB u BC B
51 M u 24 M cooTBeTcTBeHHO. Kakoii myTh mpoiizieT aBTOMOOHIb OT
Touku C 710 OCTAaHOBKU?

7. Temno 6pocuin BepTHKaAbHO BBepX. Habmogarens 3amerm,
4TO Ha BBICOTE 75 M TeJO TOOBIBAJIO JBAX/bl, C WHTEPBAJIOM
BpeMenu 2 c¢. Haiigure HavaibHyIO CKOPOCTD TeJa.

8. Illapuk, mymeHHbBII CHU3Y BBepX IO HAKJIOHHOI IJIOCKOCTH,
JIBIDKETCST C TIOCTOSTHHBIM YCKOPEHUEM, HATIPABJIEHHBIM ITPOTHBOIIO-
JIOXKHO HavyasbHOU ckopoctu. Ha paccrosuuu 50 cM 0T HavaabHOIT
TOUKH JBUKEHS TApUK MOOBIBAT [BasK/bl: uepes 1 ¢ u 2 c. Haitnure
HAYaJbHYIO CKOPOCTD IapHuKa M €ro YCKOpeHNe.

9. Cnopremenka mnpobGexana paccrosiune 100 M 3a Bpems
12 ¢, mpuveM Ha Pas3roH OHA IOTPaTHIA 4 €, a OCTAJIbHOE BPEMS
6exxasia paBHoMepHO. Haiiinte CKOPOCTb CIIOPTCMEHKN HA YYACTKE
PABHOMEPHOTO JIBUIKEHUS.

10. /IBurasco oT CTOSIHKI PaBHOYCKOPEHHO, aBTOMOGHIIb 3a 10 ¢
nocturaet ckopoctr 20 M/ c. Caexyiomue 5 ¢ OH ABUXKETCS PaBHO-
MEpPHO, a 3aTeM OCTaHABIMBAETCS B TeUeHue 5 C, JIBUrasch C
MIOCTOSTHHBIM ycKopeHueM. Haiiznre myTh aBTOMOGUIIS 3a BCe BPeMst
JIBVDKEHMST.

11. Korma maccaskupy ocranoch JOUTH 0 JBEPU Barona 25 M,
110€3/1 TPOHYJICS C MECTa I CTaJl Pa3rousThes ¢ yekopenuen 0,5 w/c2.
TTaccaxkup 1moGeskas ¢ MOCTOSTHHON CKOpocTbio. Ilpu Kakoit MuHU-
MaJIbHOIl CKOPOCTH OH JIOTOHHUT CBOIl Baron?

12. Cxopocrioii T omyckaercs ¢ yekopenueM 5 m/c? ornocu-
TeJbHO 3eMJIN. B HEeKOTOPBIII MOMEHT BpEMEHM C TMOTOJKA JHI(Ta
HauMHaeT najartb 6oat. Boicora smmudra 2,5 M. Oupenennre BpeMs
najeHud 6oJira.

13. Ilo rpacduky B3aBHCHMOCTH CKOPOCTH TOYKH OT BPEMEHH
(puc.13) nocTpoiite rpadvKK 3aBUCUMOCTH OT BPEMEHH YCKOPEHHUS,
nepeMeIneHnst 1 MmyTH.

Puc. 13
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XXXII TypHUp roponos

3AA0AYUN OCEHHEIO TYPA (2010 ron,)
Ba3oBbIVi BApUaHT

8—9 knacce/

1 (4)'. B nudaroposoii taGiuie yMHOKEHUS BbIJACTUIN
IIPSIMOYTOJIBHYIO PaMKy TOJIIIUHOW B OJHY KJIETKY, MpHYEM
KaK/Jash CTOPOHA PAMKH COCTOHMT M3 HEUYETHOTO YHCJA KJIETOK.
Krerku paMku 1moodepe/HO paCKpacuv B /iBa 1[BETa — YEPHDII
n Gesiblii. JlokaxkuTe, 4TO CyMMa YKMCEJI B YEPHDIX KJIETKAX PaBHA
CyMMe YuceJ B GeJIbIX KJIETKAX.

(TTugparoposa TabIMIIA yMHOKEHHS — HTO KJeTyaTast TabJmIa,
B KOTOPOI Ha MEPEeCeYeHUun Mm-ii CTPOKU U N-TO CTOJOIA CTOUT
yncao mn (st Mo6ObIX HATYPATBHBIX M U 7).)

C.Ilpuka

2 (4). PaBHOGOKas Tparenuss OMUCAHA OKOJIO OKPY)KHOCTH.
Jlokaskute, 4To0 GUCCEKTPUCA TYTIOTO YI/Ia 9TON TPATICIUU JICJUT
ee TIoIA/(b MOI0JIaM.

P.I'opoun

3 (4). Ha maxmarHo#i nocke 8§x8 crout KyOuK (HMKHss
IPaHb COBIA/AET C OIHON M3 KJIETOK A0CKK). Ero npokaruim mo
JIOCKe, IepeKarbiBas yepe3 pe6pa, Tak 4To KyOHK 1oGbIBaI Ha
Bcex KJeTKax (Ha HEKOTOPBIX, BO3MOXKHO, HECKOJBKO pas).
Moro M CcIyYuThCA, YTO OJHA M3 €Tro rpaHeil HM pasy He
JlesKala Ha JIoCKe?

A.Illanosanos

4 (4). B mexoropoii mrome Goaee 90% YUEHUKOB 3HAIOT
aHr/IniicKuii u Hemenkuii s3biku u G6oJiee 90% yUEHUKOB 3HAIOT
anrsmiickuii 1 dpaniysckuit ga3piku. Jlokakurte, 4TO Cpenn
VUEHUKOB, 3HAIONIMX HEMEIKUl 1 (DpaHIy3cKuil a3bIku, GoJiee
90% 3HAIOT AHTJIHHCKUI SI3bIK.

Donvraop, npedroxun A.Illeny

5 (4). Konnpl N XOpJ pas3fe/uin OKpyKHOCTb Ha 2N JyT
eIMHNYHON ymHbL. V3BecTHO, 4TO KaXKjgas W3 XOPJ JIeJUT
OKPY>KHOCTD Ha J[BE /IyTH YETHON JJIMHbI. [lOKaskuTe, 4TO YUCI0
N dyeTHO.

B.Ilpouseonos

10—11 knaccer

1. Bankomar oOMeHHBaeT MOHeTBI: JAyOJIOHBI HA IHCTOJIU U
Hao6opor. ITucrons crour s ay6aouoB, a xy6aon — 1 /s mucro-
Jell, rae s — He o6g3areJbHO lejaoe. B GaHKOMAr MOKHO
BOPOCHUTD JTIO60E YUCTIO MOHET OJHOTO BW/IA, TOCJE Yero OH
BBIIACT B OGMEH MOHETBI IPYTOTO BUIA, OKPYTJISISI PE3yIbTaT JI0
6mkaiiimero esoro umcaa (ecam Gamkaillinx uucena 1Ba,
BoIOupaercs GoJibliee).

a) (2) Mosxer am Tak OBITb, YTO, OOGMEHSIB CKOJBKO-TO
JyGJIOHOB Ha MTUCTOJIN, a 3aTeM OOMEHSIB TIOJIy4YeHHbIe MTHCTOJH
Ha y6JIOHBI, MBI OJIy4nM G0JibIe 1y6JI0HOB, YeM ObLIO BHAYA-
ne?

6) (3) Ecim ga, TO MOXKET JIM CIY9UTBCS, YTO MOJYYEHHOe
qUCaA0 TyOJIOHOB €Ile YBEJUYUTCS, €CJU TIPOJEaaTh € HUMI
TAKYIO JKe OIEPAINIO?

JI.Cmynixac

1 B cxobxax nocae Homepa 3a0auu YKA3AHO MAKCUMANIbHOE KOAUYe-
cmeo 661]1]106, npucymaaewuxcz 3a ee pewenue.
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2. /lnaroHaJ/u BbIITyKJIOTO YeTbipexyroyibuuka ABCD nepiien-
JINKYJISIPHBL U TIepecekaloTcs B Touke O. V3BecTHO, 4TO cyMMa
paanycoB OKPY’KHOCTEH, BIHMCAHHBIX B TpeyroabHukun AOB u
COD, paBHa cymMMe PaJInyCcOB OKPY>KHOCTEH, BIMCAHHBIX B
tpeyrosbiuku BOC n DOA. Jlokaxure, 4TO:

a) (2) uerbipexyroapuuk ABCD — onucaHubiii;

6) (3) werprpexyrobrnk ABCD cuMMeTpruder OTHOCUTEIBHO
OJIHOII 13 CBOMX JIMaroHaJIei.

11. Kosxesnuxos

3 (5). Cm. samauy M2206, a) «3amaunmka «KpanTa».

4 (5). Cm. sagauy M2207 «3agaunmka «Kpamnra».

5 (5). 55 GOKCepOB y4acTBOBaJIM B TYPHHUPE 110 CHCTEME
«Ipourpasiiuii BbiGbiBaet» . Bou 1wm mocseoBaresibHo. V3Be-
CTHO, YTO Y YYACTHUKOB KaXK/I0T0 GOSI YHCJIO TTPEABILYIIIX M0Ge/T
otsimuaoch He 6oJiee yeM Ha 1. Kaxoe HanboJibiee ymcyo 60eB
MOT TIPOBECTHU TTOOEUTENb TyPHUPA?

A.Illanosanos

CNoOXXHbIN BapuaHT

8—9 knaccwb!

1 (4). Ha miockoctn mana mpamas. C IIOMOHIBIO TIATaka
MOCTPOIiTe [IBe TOUKN KaKOW-HUOY/b MPSIMON, HepPIeHANKYIIp-
HOH faHHOH. Paspemaiorcst Takme omepanuu: OTMETUTb TOUKY,
IIPUJIOKUTD IIATaK K Hell 1 OéBeCTI/I €ro, OTMETUTD /IB€ TOYKHU (Ha
PACCTOSIHUU MEHBIIE [[MaMeTpa IMATaKa), NPHJIOKUTh MSTaK K
HUM 1 0o6BecTH ero. HeT BO3MOKHOCTH MPHUKJIABIBATD IISATAK K
IPSIMOIL Tak, YTOOBL OHA €0 Kacasach.

I'. @eavonan

2 (5). Tlera ymeer Ha JTO6OM OTpe3Ke OTMEYATh TOYUKH,
KOTOPBIE JIEJIAT HTOT OTPE30K MONOJAaM WJIU B OTHOIIEHUN
n:(n+1), rae n — moGoe HaTypaabHoe uncio. [leTst yTepskaaer,
YTO HTOTO JOCTATOMHO, YTOGBI Ha JIOGOM OTPE3Ke OTMETUTD
TOUKY, KOTOPAst JCMUT €ro B JI0O0M 33/laHHOM PAIlMOHAJIBHOM
ornoienuu. IIpas ju ou?

b. Openxun

3 (8). Ha koabiieBom tpeke 10 BEJTOCUTIEUCTOB CTApPTOBAIN
OJIHOBPEMEHHO U3 OMHOI TOUYKH U TOEXATH C MOCTOSHHBIMI
pasmuHbiME cKopocTsiMu (B oHy ctopony). Ecam nocse crapra
JIBa BEJIOCHIIEJNCTA CHOBA OKA3bIBAIOTCS OJHOBPEMEHHO B O[I-
HOIl TO4Ke, Ha3oBeM 3TO Berpeveil. [lo mosyans JroOble JBa
BEJIOCUTIE/IICTA BCTPETUINCH XOTS ObI Pa3, MPU 9TOM HUKAKUE
TpU WM GOJIbIIIe He BCTPEYaJNCh OJHOBPEMeHHO. JlokaskuTe,
4TO JI0 MOJyAHS y JII0OOTO BeJsocuilequcTa GbLIO He MeHee 25
BCTpEY.

b. Dpenxun

4 (8). KaervaToiil IpAMOYTOIGHUK Pa3OUT HA JIBYKJIECTOUHDIE
JIOMHHO. B Ka)k/1oM JIOMUHO TIPOBEJIH OJIHY U3 IBYX JMaroHaeii.
Oxaszanoch, YTo HUKAKKME MarOHa/ Il He UMEIOT OGIINX KOHIIOB.
Jloka)kute, 4TO POBHO JIBa U3 YETBIPEX YIJIOB MPAMOYTOJIbHUKA
SIBJISIIOTCS] KOHIIAMU J{MaroHaJeii.

A.Illanosanos

5 (8). Nmeerca naruyrombuuk. [l Kaska0i CTOPOHBI Mojie-
JINM ee JUIMHY Ha CyMMY JUIMH BCEX OCTaJbHBIX CTOPOH. 3areM

03.05.11, 12:11



iR "NEEN

58 KBAHT -

CJIOXKHM BCE MOJTy4YHBIINecs Apo6u. /lokaxuTe, YTO IOJIyYeHHAS
cymMMa 6yJIeT BCET/la MEHbIIe 2.
I'.I'anonepun

6 (8). B ocrpoyrosnbiom tpeyroabuuke ABC Ha Bbicore BH
BoiOpana nponsBoJbHas Touka P. Toukn A" u C' — cepeantbt
cropor BC u AB coorserctetHo. [leprienaukysip us A' va CP
nepecekaercst ¢ neprenaukyJsipom us C' na AP B touke K.
[lokaxure, yto Touka K paBnoynasena ot tTouek A u C.

D.Henes

7 (12). 3a xpyrabiv crosoMm 3acenaior N poinapeii. Kaskgoe
yTPO yapojieit MepJsinH caxkaeT ux B Apyrom nopsijike. Haunnas
€O BTOPOTO JHS MepJinH pa3penius poliapsaM JIe1aTh B TeueHue
JIHS CKOJIBKO YTO/IHO Hepecajiok TaKOro BMJA: JIBA CHISIIMX
PSIZIOM PBITIApsT MEHSIOTCS MECTaMU, €CJIU TOJBKO OHU He GbLIN
coce/isiMU B TIEPBbIil JieHb. PbIllapu cTapaioTcst cectb B TOM 3Ke
MOPS/IKE, YTO U B KAKOW-HUOY/Ib M3 TIPEJBIAYIINX JHEH: TOr/1a
3acefanus npekpargrcs. Kakoe Hanbosbiiee yucsao jHeii Mep-
JIMH TapaHTUPOBAHHO MOKET TPOBOAUTDH 3acepanus? (Paccaj-
KU, TOJIy4aroluecss APyr U3 Jpyra TOBOPOTOM, CUHUTAIOTCS
OJIMHAKOBBIMU. MepJIMH 3a CTOJIOM HE CH/INT.)

M.Ilpaconos

10—11 knaccer

1. B nexoii crpane 100 ropogos (ropoja cuuraiite Toukamu Ha
mockocTn). B cripaBounmke A1 Kask /01t Tapbl TOPOJOB MMEET-
Cs 3ammMch, KaKOBO paccrosgume Mexmay uumm (Bcero 4950
sanuceii).

a) (2) Opana samuch crepaach. Beerga i MOKHO 0JIHO3HAYHO
BOCCTAaHOBHUTD €€ 110 OCTAJbHBIM ?

6) (3) Ilyctp crepsmch k 3ammceii, n M3BECTHO, 4TO B 9TON
cTpaHe HUKaKKe TPU ropojia He JiexkaT Ha OAHOH npsmoit. 1lpu
KaKoM HauboJIbIeM R BCETIa MOXKHO OTHO3HAYHO BOCCTAHOBUTH
cTepIecs: 3anucu?

H.Bozdanos

NHDO

Manbin mexmat MIry

Maublii Mexannko-marematuueckuii paxynaprer (MMM®D)
— IITKOJIA IOHBIX MATEMATHKOB MPH MEXAHUKO-MATEMATHIECKOM
dakyaprere MI'Y um. M.B. JlomonocoBa — paGoraer 6oJiee 30
get. OcHoBHBIE 3a/1aun Masoro Mexmara — yruyOJeHne 3HaHniT
II0 TeMaM MIKOJIbHOW IIPOrpaMMbl U paclIipeHne MaTeMaTHiec-
KOT0 KPyro3opa 3a pPaMKH IIPOrPaMMbl CPE/IHEi IIKOJIbI.

Maurprii MexXMaT COCTOWT U3 JBYX OT/EJIEHWIl: BeuepHero u
3aouHoro. Ha BeuepneM otzmenennn mo cy66oraM paGoTaioT
KPY’KKH II0 MaTeMaTuke /i MIKoJbHHKOB 1—11 kiaccoB u3
Mocksbl 1 MocKoBCKoit o6sactu; st yuamumxest 9—11 kiaccos
OpraHM30BaHbI ellle 1 JeKIui. B 0CHOBHOM Ha 3aHATHSIX Beyep-
HETrO OT/IeJIEHNS PACCMATPUBAIOT TEMbI, HE BXO/SIINE B IIKOJb-
HYIO IIPOrpaMMy, U 3a/[auil OJINMITIA/THOTO TUIIA, HAIIPABJICHHbIE
Ha PasBHUTHE JIOTMYECKOrO MBIIIJICHUS.

Ha 3aouHoe oT/esieHne TpUHUMAIOT ydamuxcss u3 Poccum,
crpar CHI u [Tpu6anTtuku, a Tak:Ke PyCCKOSI3bIYHBIX YIAIINXCS
u3 CTpaH jlanbHero 3apy6eskbsi. B 2011 roay 3aouHoe ot/iesieHue
Manoro mexmara o0bsBseT npueM yuanmxcss Ha 2011,/12
yue6HbIii roj B 8—10 Kaccol.

OGyueHne Ha 3209HOM OT/eJIeHUH MaJioro MexMaTa ocylIie-
CTBJISIETCS IO TEPEINCKe: IIKOJBHUKY BBINOJIHIIOT 33aHUS 110
BBICBIIAEMBIM MM METOIMYECKUM PAa3pabOTKaM U OTIPABJISIOT
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2011 /Nel

2 (6). Cm. samauy M2209 «3agaunuka «Kpanra».
3 (6). Cm. sagauy M2208 «3agaunuka «Kpamnra».

4. [IBa mara cpaxkaiotcst ApyT ¢ gpyroMm. Buawase onm o6a
mapAaT HaJ MopeM Ha BeicoTe 100 M. Maru 1o ouepent mpumMeHsi-
10T 3aKJMHAHKS BU/IA «YMEHBIIHUTD BBICOTY TTAPEHUS HAJL MOPEM
Haa My cebs Ha b My cONlepHUKAy, T/e d, b — JIefCTBUTENbHbIE
yncaa, 0 < @ < b. Habop 3akimHanuil y Maros oJuH # TOT Ke,
X MOKHO HCIOJIb30BaThb B JIIOOOM IIOPSIJIKE U HEOIHOKPATHO.
Mar BbBIMTPBIBAET JIydJib, €CJU TOCTE UbEr0-TuO0 XO/Ia €ro
BBICOTA HAJT MOPeM OY/IeT TIOJIOKUTETbHA, & Y COMIEPHUKA — HET.
CyiectByer M Takoil Ha0Op 3aKJMHAHUI, YTO BTOPOil Mar
MOJKET TapaHTHPOBAHHO BbiMrparth (Kak Obl HU JIEHCTBOBAT
HepBbLil), eC/IM IPU STOM YKCJIO 3aKJUMHAHUIL B HaGope

a) (2) koneuno;

6) (5) Geckoneuno?

H. Mumpogpanos

3 (8). Cm. sagauy M2210 «3amaunuka «Kpanra».

6 (12). B xaxpgoil xnaerke Tabauibl 1000 x 1000 CTOUT HOJIb
win equanna. J[okaskuTe, 4TO MOXHO JHOO BbIYepKHYTH 990
CTPOK TaK, 4TO B JIO60M CTOJIOIE Oy/IeT XOTs Obl O/[HA HEBbIUEP-
KHyTasl e/JMHUIA, J1O0 BbrdepkHyTb 990 cronbiioB Tak, 4to B
J060it cTpoKe OY/eT XOTsI Obl OJINH HEBBIYEPKHYTDINA HOJD.

A.Pomawenxo

7 (14). Ksagpar ABCD paspesan Ha OJIMHAKOBBIE MPSMOY-
TOJBHUKHU C IIeJbIMu JinHaMu cropon. durypa F gsigercs
o0beIMHEHNEM BCEX TTPSIMOYTOJIbHUKOB, UMEIOIINX O0IIIe TOYKN
¢ quaronanbio AC. Jokaxkure, uto AC eyt naomaab Gurypbl
F nononam.

B.1Ipoussonos

Hy6auxaxyuio nodzomosuiu
C.lopuuenxo, JI.Meonuxos, A.Illanosanoe

PMAIIUA

CBOM pelneHus st nposepku. [Iperogasaresu, mposepsiomnye
paboThl, YKA3bIBAIOT HA OMIMOKH B PACCY>KACHUSIX WJIH BBIUMC-
JIEHUAX W [Jal0T YyKa3aHWud, IOMOratonipe IMKOJbHUKaM CaMO-
CTOSITEJIBHO UCTIPABUTD 3TH OmuOKu. [loce mpoBepku paboTbi
OTChLIAIOTCST 00paTHO. MeTtoamyeckne pa3paGOTKU 3a0YHOTO
OT/IEJICHUST CO/lepKaT HEOOXOAMMBIN [T M3y4YeHUsl JaHHOI
TEMbI TeOpeTI/I‘leCKI/Iﬁ MaTepuaJl 1 pelieHruA THUIIOBbIX 3a/ad, a
TaK)Ke 3a/1a4d JIJIsT CAMOCTOSITEIbBHOTO PEIeHus.

Ha 3a04HOM OT/IeJIEHUH CYIIECTBYET BO3MOXKHOCTb OOYUIEHHSI
HECKOJIbKMX YUEHUKOB M3 OJHOM MIKOJIBI 110 (hopme «KosnekTrs-
Hblil yuyeHuk». I'pymma paGoraeT IOA PYKOBOJCTBOM CBOErO
IIKOJIBHOTO MPENo/IaBaTesisi U MOXKET BKJIIOYaTh He Gosee 15
yUammxcst U3 OfHON mapasesn (ecau yuamuxcst, JKegaionux
3aHUMATBCs, OOJIbIIE, TO MOJKHO C(OPMHUPOBATH HECKOJDBKO
rpymmn). Kak mpaBuio, rpymmbl M3y4aioT MaTepUATIbl METOANYEC-
KuX PaspaGoTok BO BpeMs (DakyabTaTUBHBIX (KPY/KKOBBIX)
sanaruil. I'pymma «KosekTnBHBII ydeHHK» oOydaeTcss Kak
o0dun yuawuticsi, T.e. oOPMISET TI0 KAKIOMY 3a/[AHUIO0 OJHY
pacdory.

[IKOIbHUKY, TIPOLIE/IINE MOTHBIA Kype o0ydenus (Tpex- uiu
‘{eTpreX]IeTHVIﬁ) " yCIICHIHO 3aKOHYMBIINEC oéyquHe Ha 3a04-
HOM OTAEeJICeHUN (C UTOTOBOI O]_IGHKOI';I «XOpomIo» WUJanu «OTJINY-
HO» ), TOJIYYAIOT CBUIETEJIBCTBA 00 OKOHYaHnu Masoro Mmexma-
ta. HIKOJIbHUKY, TIPOIIEINNe HEMOJHbIH Kypc OOydeHus: Miu
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NMHOPOPMANIUA

3aKOHUUBIINE 3a04HOE OT/eJeHue C OLEeHKOH <«y/JOBJIEeTBOPU-
TEJbHO», TIOJydYaloT CIIPaBKHU 06 OKOHYaHUH MaJsoro MexMaTa.

OGyuenne Ha 3209HOM OTJETICHUN 6eCnaamuoe, 3a NCKIIoUe-
HMEM TIOYTOBBIX PAacX0J0B (€CM TaKOBbIE UMEIOTCS).

Ycnosusa npnema

3auucrenne UHIMBU/YAIbHBIX YUEHUKOB TPOU3BOAUTCS Hd
KOHKYPCHOU 0CHOBE TIO Pe3yJIbTATaM BBITIOTHEHUS TIPUBEIEHHOIT
HIDKE BCTYIUTETbHON PalOTBhI.

Yuenuxu, xeJsaroniye IIOCTYIUTb HA 3a04HOe oT/eseHne Ma-
JIOTO MeXMaTa, I0JUKHDL He nosdnee 30 anpens 2011 200a Bbicaath
B HAIII 3/IpeC TTMCHMOM WJIV IO 9JIEKTPOHHOI TIOUTE PETeHNs 331a4
BCTYNUTEJIbHOI padoThl. /[T pasHbIX KJIACCOB IPELYCMOTPEHDI
32149 C PA3HBIMU HOMEPAMHU, HO IIPU 3TOM OHU He 00s13aTeIbHO
JIOJIKHBI OBITD petiierbl Bce. Berynurespiyio paGoTy Heo6X0uMO
BBITIOJIHUTD B IIKOJBHON TETPAH B KJETKY. 3alUChIBATh pelle-
HUST B TETPA/Ib CIEAYET B TOM JK€ TIOPSIIKE, B KAKOM 3a/1a41 W/IYT
BO BCTYIHTENbHOI paGote. Ha 00105KKY TeTpajiu CJIeyeT HaKJIe-
UTb JHUCT OyMaru co CJIEAYIONUME JAAHHbIMU:

DaMusust, UM, OTYECTBO yUAIerocst

Kmacce (6 2011 /12 yueGnom 200y)

TToHbII JOMANIHUI A/IPEC € YKA3anuem noumosozo uHoeKca
Azipec aseKTpoHHOl  1ouThl (eC/I OH y Bac €cTb)
Tenedon (¢ kKogOM ropoja)

VcTOYHUK, W3 KOTOPOTO BBI y3HAIM O HaGOpe Ha 3a09HOE
oT/iesIeHe

Berymnuresbiibie paboThl 00PATHO He BBICHLIAIOTCS.

Ipymmam «KoJTeKTHBHBI YIEHUK» #He HYKHO BBITIOJHATD
BCTYIIUTEJIbHYIO PaloTy, HEOOXOAMMO JIHIIb He nosouee 15
cenmsibps 2011 z00a BbicaaTh TUCBMOM WJIH 110 AJIEKTPOHHON
1ouTe CJEAYIONne JaHHbIE:

1. damuius, nMsi, 0TYECTBO PYKOBOJUTEJST IPYIIIBI

2. @amwaun, uWMeHa, ordecTBa ydvammxcsa (me Gomee 15
4e/0BEK)

3. Kuace (6 2011/12 yueGrom 200y)

4. Tlomupiii agpec pykoBojuTess rpymmnbl (110 Kotopomy Oy-
JIyT BBICBLIATHCS 3ATAHUSL) € YKA3AHUEM NOUMOB0Z0 UNIeKcd

5. Azpec s1eKkTpoHHON 110uThl (€1 OH €CTb)

6. Texedon (¢ xkomoM TOpoaa)

7. VIcTOYHWK, 3 KOTOPOTO BBl Y3HAJIN O HAOOpE HA 3a0YHOE
oT/IeIeH e

Haw adpec: 119991 Mocksa, TI'CII-1, Jlenunckue ropsi,
MI'Y, mexmar, MMM®D

Tenegpon: (495) 939-39-43

Auexmponnas nouma:

zaoch.mmmf@gmail.com (aist Berynmurenbubix pabor)

zaoch.questionsf@gmail.com (zs Borpocos)

Caum: http: / /mmmf.math.msu.su

Sk~

BctynutenbHas paboTa

TTocne xaskpoil 3agaun B CKOOKAX yKa3aHbl KJACCHI, IS
MOCTYTIJIEHUs] B KOTOPbIE NIPeJHA3HAUEHA 9Ta 3aj1a4a.

1 (8). K mpuxony noapyskek IOng ucnexna kpyrastii Topt. Ho
OHA He 3HaeT, CKOJIbKO IIO/IPY>KeK IPUIET B TOCTH — /IBE UJIN TPHU.
OHna xo4eT 3apaHee pa3pe3arb TOPT HA KyCKH TaK, 4TOObI He3a-
BHCHMO OT TOTO, CKOJIbKO TIPUJIET MOAPYKEK, MOKHO OBLIO
PaseuTh BeCh TOPT MOPOBHY Ha Beex (Brmouas FOm0), npuuem
JIOIIOJTHUTEJIbHBIX PAa3pe3oB JeaTh He mpuiercs. KakoBo MUHI-
MaJIbHOE YHCJIO KYCKOB, Ha KOTOPOe IIPHJeTcsl pa3pe3arb TOPT?

2 (8). danbl cemp uncen. Cymma J0ObIX TPEX M3 HUX PaBHA
nymo. Haiiaure atn uncaa.

3 (8). Unba Mypowmern, Anerma ITonosma, [{o6psras Huxurmy
u Mukyna CeISIHUHOBUY [IOPA3U/IN CTPEIaMU HECKOIbKO 3MeeB
Topbrnbrueii. B kaska0ro 13 3MeeB MOMAI0 POBHO 110 TPH CTPEJIBI,
Ipu4eM 3To OBLIM CTPEJbl Pa3HbIX Gorarbipeil. Boubie Bcero
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nonasanii — mectb — 6pw10 y Vb Mypomiia, a MemHbliie BCero
—1pu —y Aneni [TorroBrnua. CKoJIbKO 3MeeB OBLIO TOJICTPEJIEHO?

4 (8-10). Cpean xuteneii ropoga 85% 3HAIOT PyCCKHUiT SA3DIK,
80% — ykpamuckuit, a 10% — He 3HAIOT HU TOTO, HU JIPYTOrO
s13bIKa. CKOJIBKO TIPOIIEHTOB JKUTeJel 3HAI0T 06a sI3bIKa?

5 (8-10). CKOJIbKMMH HYJIIMH OKAQHYMBAETCS YUCJIO
120..025?

6 (8—10). MoskHO 11 Pa3pe3aTb MPOU3BOJIBHBIN TPEYTOIBHUK
Ha YeTbIpe TPEeyTOJbHUKA, JIOObIE JBA U3 KOTOPBIX He MMEIOT
o6umx cropon (HO, BO3MOKHO, UMEIOT O0IIHME yIaCTKU CTOPOH) ?

7 (8-10). [okaxure, uro ecmu ¢ = p — 1, 10

(pm +q16)(p8 +q8)(p4 +q4)(p2 +q2)(p+q) p———

8 (8-10). Ta6muma 20 x 20 KaeTOK 3amoJ-
HeHa YMCJAMU TaK, YTO B KaXK/bIX YEThIpEX
KJIETKaX, KOTOPbIE MOXKHO MOKPBITh (PUTYPOIi,
nso6pakeHHol Ha pucynke (purypy MoxkHO
NOBOpaunBaTh), cymma uucea pasua 100.
Haiiznre Bce uncsa, 3anoJHsonme TabJImILy.

9 (9-10). Tpu XOpABI OKPYKHOCTH TIEPECEKAIOTCS B OIHON
TOYKe, IIPUYEM JIBe M3 HUX JIeJATCS 9TOH Toukoit nomosam. B
KaKOM OTHOIIEHUH JIEJUTCS TPETbs XOP/a U Mouemy?

10 (9-10). M306pasute Ha KOOPAUHATHOI ILIOCKOCTH JIMHUIO,
3ajannyio ypasienneM |x — y| + |x + y| = 2. Onpenesure amany
9TON JINHUU.

11 (9-10). Buyrpu kBagpara ABCD B3gra Touka M Tak, uto
tpeyroabuuk AMD pasuocroponnuii. Haiiznte Besmunny yria
AMB.

12 (9-10). Ha apeny mmpka, nMeionyio (opMy Kpyra paamyca
7 M, BbIOexKan 7 KI0YHOB. O6I3aTEIBHO JI PACCTOSTHUE MEXK/TY
KAKUMU-HUOY/b ABYMS U3 HUX HE ITPEBOCXOANT 7 M?

13 (9-10). Pemmre cucremy

xy + yz = 2009,

yz + zx = 2010,

xy +zx = 2011.
E N

Moyemy pacxoauTca rapmMoHUYecKUmn psa?

[Tyctp rapMoHMYecKUil ps/i CXOAUTCA U X — €T0 CyMMa:
x=1+12+13+. . +1/n+...

Torma cymMMa 4eHOB ¢ YeTHBIMH HOMEPaMM PaBHa x/2 , TaKk Kak
Y2+1/4+1/6+...+1/2n) +... = 1/2(1+1/2+1/3+ ..+ 1/n+..) = x/2.
3HaunT, ¥ CyMMa OCTaJbHBIX 4ieHOB (¢ HEYECTHBIMU HOMEpPaMu)
Toxke paBHa x/2 . Iloatomy

1+1/3+1/5+...=1/2+1/4+1/6+...
Ho 1>1/2,1/3>1/4,1/5>1/6,..., u, ckJIaabIBas HepaBeHCTBA, I10JLY-
qaeM

1+1/3+1/5+...>12+1/4+1/6+...
ITporusopeune. CiesoBaresbHO, FAPMOHUYECKHH DS/l PACXO/IUTCS.

WuTepecHo, uro psag 1-1/2+1/3-1/4+1/5—... cxomutcs m ero
cyMMa paBHa In2. JlokakeM 3TO aHAJOIMYHBIM CIIOCOOOM:

113:0(1 —1/2+1/3-1/4+...-1/(2n)) =
= 1111(1 12+ L+ 1(20) = 2(12 +1/4 + .. +1/(2n))) =

= lim (1+1/2+...+1/(2n) - (1+12+1/3+ ... +1/n)) =

n—oo

= lim (1/(n+1) +1/(n+2) +...+1/(2n)) =

n—soo

2n
= lim J.1/xdx =lim (In2z—Inn) = limIn2 =In2.

n—>oo n—eo n—oo

A.Kanenv

03.05.11, 12:11




iR NEEN

OTBETHI,

«KBAHT» AN MNAALWLNX LUKOJIbBHUKOB

3AOAYN
(cm. «<Ksanms No6 3a 2010 e.)

1. 86 dororpaduii.
[Tnara 3a meyaTb yMEHBIIUTCS CUJIbHEE BCETO, €CJU MbI YBEJIUINM
gncso dororpaduii posro g0 100. Ileyars mpu aTom Gyaer cro-
utb 300 py6aeit. Ilycrs nznavansio 6b110 72 pororpacduii. Torma
HYKHO HAiiTH HauMeHblliee 7, JIJIT KOTOPOTO BEPHO HEPABEHCTBO
3,57 >300. D10 u ectb n = 86.
2. Eciin nepesiosKuTh JAEBITh CIIMYEK TaK, KaK 9TO MMOKa3aHO Ha
pucyHke 1, To Ha Hamry ¢urypy MoxXHO Oy/JeT B3IJISHYTH € 00-
pPATHOI CTOPOHBI U YBUETH
BCe YeTbIpe KyOuKa.
3. Ioxoiiger yucao 1340.
3aMmernmM, YTO
2010 =2x3 x5 x67 . Ilycrp
X — MCKOMOE YeTbIpex3Hau-
HOE YHCJIO, a § — YHCJIO,
KOTOPOE TOJIYYHUTCS, €Cn
3ammcaTb X MATHAANATH pasd noApsiza. [lo mpusHaky aeauMocTu Ha
3 uncao y pesmres na 3 (ero cymma mudp B 15 pas GoJibire cyMm-
Mol ndp uncta x). dcno taxke, uto y gaenurcs Ha x. Torga B
KadecTBe X TOAOW/eT, HarmpuMep, unciao 1340 =2 x2 x5 x67 —
ono ue genutcs Ha 2010, a yucyao y OyneT AeJUThCS Ha
3x =2012010.
4. Tlo ycuoBuio, ecam 661 y Deur OBLT JKEITBIN KyCOUYCK T1asfa ¢
HOCOM €HOTa, a y Camm — 3eseHbIil Kyco4eK ¢ XBOCTOM, OHH
cMor/I Obl cOOPaTh BCIO KAPTHHKY IEJUKOM. 3HAYWT, ceidvac y
OJTHOTO M3 HUX €CTb CUHWII KyCOUeK C JIAIKOW, KOTOPOTO HET Y
Jwmpr. Towno Ttax ke y Cammm nim
Jl¥IMBI ecTb JKeJTBII KyCcO4eK ¢ HOCOM,
koroporo Het y Deau. Toraa, ecan
Dens u [uma o6venunsres ¢ Cariei, y
HUX OKaXKyTCS HEAOCTAIOIIHE KEJTHIH 1
CHHUI KYCOYKH, U OHH CMOTYT COCTa-
BUTb Ia3J1.
5. Ha pucynke 2 mokasan npumep Tpe-
Oyemoro paspesanus. [lomymaiire, ectp
JIN JIPYTHE CIOCOOBI PA3PE3aHNSI.

Puc. 1

Puc. 2

KOHKYPC « MATEMATUKA 6—8»
(cm. <Keanwms» N4 3a 2010 2.)

1. a) [la, mampumep moaxomar uncaa 2,2°,2°,..,219

6) Her.

[Ipenmnonoxum mpotuBHOE: Takoit Ha6op u3 10 umcen Haiigercs.
PacemoTpuM miepBbie 4yeTbipe unchaa d, b, ¢, d. Ilo ycnosuio, abce
— kBaapar u bed — xBagpar. Toraa ux mpoussegenne a(be)’d —
TOXKe KBajpar, a 3Hauut, u ad — kBaapar. Ho adb — kBagpar no
YCJIOBHIO, OTKyZIa b — TOXe KBaJIPaT, 4TO YCJIOBHIO MPOTUBOPE-
YUT.

2. Cwm. puc.3.

3. Cmosxer.

ITycth xXamesieoH BHaYaje HaXOJUTCS HA HEKOTOPOU KJeTKe A.
On kpacur ee B GeJbriil nBeT. [lasee, XaMeaeoH MBICJICHHO OTMe-
YaeT Te YepHble KJETKU JIOCKU, KOTOPble eMy HaJl0 NePeKpacuTh B
GeJiblil 1BeT, YTOOBI B MTOTE MOJYYMUJIACH IIAXMATHAS PACKPACKA.
XaMeJIeOHy /IOCTATOYHO HAYUYHMTHCS TAKOW OINepaIiu: HaXoJsCh B
6eJioil KJeTKe A, mepeMecTuTbes B JIOOYI0 OTMEUCHHYIO YEPHYTO
KJIETKY B, mepekpacutb ee B OeJIblil IIBET U BEPHYTLCS HA3aj, OC-
TaBUB I[BETa BCEX KJETOK, KpoMme B, HemsMeHubiMu. Torma ox
MIOCJIEZIOBATEIHHO TIEPEKPACUT BCE OTMEYEHHbBIE KJETKU U TOJYYIUT
MIAXMaTHYIO PaCKpacKy.
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YKA3AHNA, PEIIEHUA

Bor ogun u3 cnoco6oB, KOTOPBIM
MAaJISIp-XaMeJeOH MOKET MPOBOIUTH
3Ty OIEpPaINIo.

Ecan B HaxoanTcsa B TOM e CTOJIO-
1ie WM TOI ke CTpoKe, uTo u A, TO
BCE TIPOCTO: XaMeJIeOH XOAUT Ha
KJIeTKY B, kpacut ee B GeJblii 1[BET
7 BO3BpalaeTcsl Hasa.

ITyctp xaetkn A u B naxoxarcs B
PasHbIX CTpoKax u croobuax. O6o-
3HaynM depe3 C KJIETKy, KOTopas
CTOUT B TOM JKe CTOJIOIE, 4TO U A,
U B TOH JKe CTPOKe, 4ToO U B.

Ecin C — 6enas, to xamesieon xoauT Ha C, OCTaB/sAsA ee LBET U
cebs1 6esTbIMHU, 3aTe€M XOJWT Ha B, mepekpammBaeT ee B GeJIblit
I[BET 1 TEM K€ IIyTeM BO3BpAIlaeTcsl Ha3asl.

Eciun C — uepnas, xameseoH MOXeT IIPOJesIaTh CJejylolee:

1) notit us A B C n nokpacuts C B GeJiblii 1BeT;

2) noiitn u3 C B B n nokpacutb B B GeJblil 1[BET;

3) BBIGPaTh YEPHYIO KJIETKY B CTPOKE ¢ KJeTKoH B (Takas xieTka
Hall/leTcs, TaK KaK XaMeJeOH KPACUT JOCKY B IIaXMaTHOM IIOPS/I-
Ke), MOITH B Hee U MepeKPacuThCs CaMOMY B YEPHDI 11BET;

4) noiiti B C 1 TOKPacuTh ee B YepHBIN I[BET;

5) BEpHYTbCS B A W TIepeKpacuThest B GeJIbIil BeT.

4. Ilycte ABC — nannblii
TpeyrosibHuk, AB — ero ru-
norenysa (puc.4). O6osma-
YIM TOYKW KAaCaHWs BIHCAH-
HOI OKPY>KHOCTH C KaTeTa-
v AC u BC uepes E u F
COOTBeTCTBEHHO. Jlerko BU-
neth, uto Toukn E un F pac-
noJioskensl 6aike kK C, ueMm
cepeaunbl katetoB AC n
BC cootBerctBenHo (10Ka-
sxute). Toraa cpeamss m-
HUS, COCMHSIOMAS CEepet-
HBI KaTeTOB, TE€pPeCeKaeTr
BIUCAHHYIO OKPY>KHOCTD W
TEM CaMbIM HE MOXKET ee Ka-
caTbes.

Ilyctb BimcanHoil OKpY>KHO-
ctn Kacaercs cpeauss aunausg MN (cM. puc.4).

Puc. 3

Puc. 4

Bunano, uyto EC = %MC = %AC . Orpesku AD u AE paBHBI Kak

KacaTteJbHbIe K OKPY’KHOCTH, aHajoruuno, BF = BD u EC = CF,

otkyna EC = %(AC +BC - AB) . IlpupaBuuBas mojydeHHbIe BbI-

paxenus anga EC, umeeM AB = 1AC +BC . Toraa no teopeme

) 3

oo 2
ITudaropa ﬁAC+BCH i

3unaunt, BC: AC =3:4 . ClegoBaresibHO, CTOPOHDBI TPEYTOJbHU-

= AC? +BC?, orkyna AC-BC =~ AC*.

ka ABC oTHOCSTCS KaK 3:4:5.

>. He moxer.

IIpeamosokum mpotuBHOe. IIyCcTh YMCIO X SIBJSIETCS CTETEHBIO
JIBOIKH, a MOJIy4eHHOe M3 HEero IepecTaHoBKoil mudp unciao y Gy-
niet Gosibliieil crenenbio 1Boiiku. Torma y Gosbine x B R pas, r/e
k — Toxe crenenb aBoiiku, mpuyem k mMenbiie 10 (mockoabky
mmp B 9MCTE y CTOJIBKO K€, CKOJBKO M B X). 3Ha4nT, R paBHO
6o 2, 6o 4, 6o 8. C apyroii CTOPOHDI, 10 MPU3HAKY JleJIh-
MocTd Ha 9 pa3HOCTb YMUC/Ia U ero cyMMbl 1udp Beerja JeuTcs
Ha 9. Tax xak cymMbl udp y X ¥ y OANHAKOBBI, UX PA3HOCTD
torjga Toxe Oyzer genntbes na 9. Ho oma paBna

y—-x=kk-x =(k -Dx, T.e. paBHa 6o x, m6o 3x, 160 7x.
Hu oxno u3 atux uncen Ha 9 He jenutcs — NPOTUBOPEYHeE.
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OTBETHDI,

KANENOOCKOM «<KBAHTA»
Bonpocbl n 3apaumn

1. Her, macca tesa na Jlyne nanGoubiast, Ha 3eMJie — HalMeHb-
mas.

2. Iloutn nosHOCTDIO OcBemieHHONH COHIIeM.

3. Toabko Bepxusas (BHEIHsIA) MUIAHETA, PAANYC OPOUTBI KOTO-
pOIl IIpeBbIMaeT pajnyc opouUTh 3eMJN, MOKET HAXOAUTLCS Ha
YTJIOBOM paccTosiHun GoJsiee
90° or Comnna (puc.5).

4. B nepBoM ciyuae 3emiis
yJeresa Gbl 10 mapaboJm-
YecKOll TPaeKTOpUH, BO BTO-
poM ciydae opOuTa MpakTH-
YeCKU He M3MEeHUJIAch Obl.

5. JlyHa Ha Kaprax nsoGpa-
JKaeTcs Tak, KaK OHAa BH/HA
B TEJIECKOIL.

6. B noBosyHHE CKOPOCTD
Jlynpt Bokpyr CousHiia 6y/ieT MUHHMAJIbHOI, B TIOJHOTyHUE —
MaKCHMaJIbHOII.

7. B npunnune, JIyny MOXHO CYMTAThb U CIYTHUKOM 3eMJIH, U
cayruukoM Cousnua. Tpaexkropus JIyHbl B cucteMe orcuera 3eM-
JIM IeHICTBUTEBHO «IIOX0XKa» HA OPOUTY CIYTHUKA 3eMJIH, a B
cucreme orcyera CosHma — Ha opbuty crmyrtanka CourHia.

8. IMo-npexxnemy HabmogauCch Obl 2 NPUJANBA U 2 OTJINBA, HO IIe-
PHUOI MeXK/Iy TpuarBaMu ObLT Obl OKOJIO 6 4acoB, a He okoJso 12
4acoB, Kak ceifuac.

9. [la, moryr. Hampumep, y CarypHa 1o oHOI opOHTe IBIKYT-
cs TPU CIIYTHHUKA, a Ha ojHol opbure lOnmrepa Haxoxdarcs ise
TPYIIIbI ACTEPOUIOB — «TPEKU» U «TPOSIHIIBI».

10. Ecim mpuaaTh Tesy JOCTATOYHO GOJIBIIYIO HayalbHYIO CKO-
POCTb U COPHEHTHPOBATh B HY>KHOM HAIllPaBJIEHUH, TO MOXHO OfI-
HUM BBICTPEJIOM TOMACTb He ToJbKO Ha Jlyny, no u ma Mapc nim
apyrue maneTsl. OIHAKO BBIBECTH CIIYTHUK HAa OKOJIO3EMHYIO Op-
6uty 6€3 JOIOJHUTEIbHBIX MAaHEBPOB HEBO3MOXXHO — OH JIMOO CO-
BCEM yJIeTUT OT 3eMJH, Jubo ymajer Ha Hee.

11. Her, Taxoit CIiyTHHUK MOKET CyIIeCTBOBATh TOJIBKO y TLJIaHe-
TbI, BMeCTEe C KOTOPOI OH COBEpIIAeT BpalleHue.

12. Tpacca npescrasisier co60il «BOCHBMEPKY», KACAIOILYIOCS
60-x mapaJiiesieif, ¢ TOYKOI camorie-
peceuenns Ha skBatope (puc.6).
13. Heunbas.

14. Jla. 3a cuer BbIGpOCA Cropesiiie-
TO TOILJIMBA Macca paKeTbl HAYHET
YMEHbBIIATHCSI, TI0ITOMY TSTa JABUTA-
TeJiell CTaHeT IIOHEMHOTY IIPEBbIIIATh
CHJIy TSIKECTH PAKeTbl, M OHa I10Jie-
THT.

15. la. Tak MOKHO He TOJIBKO OCTa-
HOBHTb PAKeTy, HO U 3aCTaBUTD ee
JleTeTb B 0OPaTHOM HAllPaBJIEHUH.
16. V13-3a 6oJIbIIero MoNepevHOro CeyeHHs paKeTa-HOCHTE b
CHJIbHEe TOPMO3UTCST aTMocepoil, BCJEJCTBIE Yero, CHIKASICH,
OHA HAUMHAET JIBUTAThCs ¢ GOJIbIIEIl YIJIOBOH CKOPOCTBIO BOKPYT
3emin.

17. TlonHyio HEBECOMOCTb aCTPOHABTBI ONLYTHJIM ObI MOCJE BBIXO-
Jla cHapsiia u3 atMocdepbl 3eMJIn, Tak KakK [0 3TOTO CHJIA COTIPO-
THBJIEHHS BO3/yXa CO3/1aBaJa Obl J[ONOHUTEJIbHOE YCKOPEHHe
CHapsi/la, BOCIPUHUMAEMOe KaK BECOMOCTD.

Puc. 5

Puc. 6

MukpoonbIT
IIpn HasM4uK TPEHUS Mex/1Ly GPYCKOM M FOPU30HTATBLHOMN
HOBEPXHOCTBIO 1poiijienublit Ha Jlyne myTb Oyzer GoJblue [, B OT-
CYTCTBHE K€ TpeHUS IIyTH GYIyT OJMHAKOBDI.
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CKOPOCTb U YCKOPEHUE

a) B KasK/IOM U3 ABYX CJIyYaeB YCKOPEHHUE COBIAJACT € TAHIECHIIU-
asbHOIl coctasuistomeii yekopenust (puc.7,a).

6) Tes1o IBUKETCS 110 OKPY)KHOCTH, 3HAYHT, Y TeJIa eCTb HOP-
MaJibHasi COCTABJISIONIAsi YCKOPEHUs, KOTOPasi HallpaBJeHa K IeH-
TPY OKpYy’kHOCTH. KpoMme aToro, 10 yCJIOBHIO 33ja4i CKOPOCTD
TeJa BO3PACTAET, CJIE0BATEJIBHO, €CTh M TAHTCHIIMAJIbHAS COCTaB-
JIIONIAs YCKOPEHUS, KOTOpas HalpasJeHa BJ0Jb ckopoctu. ITos-
HOe ycKopeHue d u300pakeHo Ha pUCyHKe 7,0.

Puc. 7

B) Cm. puc.7,s6. r) Cm. puc.7,z.

1) TIpexxe Bcero oTMeTHM, Y4TO TPAEKTOPHS [BUKEHUS MaTeMa-
THYECKOT0 MasgTHUKA — 9TO OKpy:kHOCTh (puc.7,0). Tloatomy,
TaM, T7ie CKOPOCTDb TeJla He PaBHA HYJIO, €CTb HOPMAaJbHAs CO-
CTaBJIAIONIAS yCKOPe-
HUS.

Kpaitaue Toukn 1 u 5 —
9TO TOYKU MOBOPOTA.
CKOpPOCTb B 9TUX TOY-
Kax ofpaiaercsi B
HOJIb, TI0ATOMY HOP-
MaJibHasi COCTaBJISTIONIAS
YCKOpeHHUs B 06€UX TOY-
Kax paBHa HYJIO. A
€CThb JIH B 3TUX TOYKAX
TaHTeHIMaJbHast COCTaB-
gstiomas? Bor 3xech,
6bIBaeT, ommbaAI0TCSI
Jlaske caMble CHJIbHbBIE
MIKOJBHUKY. [IpaBuib-
HBII OTBET — Jla, TaH-
reHIMaJbHOEe YCKOPEHIe
B TOYKAX OCTAaHOBKU
ectp. IIpore Bcero mpu-
MEHHTb K 9TUM TOYKaM
BTOPOIl METO/| paccy:x-
JIEHUN — JUHAMUYECKUIL.
B toukax 1 u 5 Ha Teso
JIECTBYIOT /IBE€ CUJIBI:
CHJIA TSKECTH W CHJIA
HarspkeHns HutH. Kaca-
TeJIbHAsT COCTABJISIONIAS
CHJIBI TSDKECTH U CO3/1a-
eT TaHTeHI[HATbHOE YC-
KOpeHue.

Puc. 8
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’PAD®UKUN B TEKCTOBbIX 3AAAYAX

1. 150 &M, 15kM /4, 10 kM /4. 2. 6 kM4, 4 KM /4.
3. 34 12 Mun. 4. 2 u. d. 45 MuH. 6. 8 k™.
7. 54 30 muH. 8. 5/11. 9. 18 kM. 10. 5.

PABHOYCKOPEHHOE ABV>XEHME MO NMPIMOW

1.1=32m 2. k=2 3. a=12m/c*.

4.o=5m/c. 3. h=45m. 6.1=25Mm. T7.0=40m/c.
8.0=0,75Mm/c,a=0,5 M/C2.9.U:10M/C. 10. [ = 250 m.
1. 0=5m/c. 12.t=1c. 13. Cm. puc.8.

XXXII TYPHUAP rOPOAOB

3AOAYN OCEHHEIO TYPA (2010 FOL)

BA30BbIV BAPVUAHT

8—9 knaccel

1. IIpoo/pKuM MaXMaTHYIO PacKpacKy Ha BClo Tabuuiy. 3ame-
TUM, 4TO cpejiHee apudMeTHdecKkoe 4yucesi, CTOSIUX B JABYX O/I-
HOIBETHBIX KJETKaX OAHOro psfa (cTpoK uim croabia), paBHO
YHCIy B KJETKe, cTodAllell nocepegune Mexxay HuMu. Ilyctb yribr
— uepnble. Kasxzioe Gestoe 4ncja0 paMK PaBHO HOJIyCyMMe CBOMX
YEpPHBIX COCe/lell 10 paMKe, MPU 9TOM KaXK/0e YepHOEe UHCJIO0 BXO-
JIAT B J(Be TT0JycyMMbl. CJIOKHB 9TH PABEHCTBA, TOJYYHM, YTO
cyMMa OeJIbIX YHCesT PaBHA CyMMe YepHBIX.

2. Ocb cuMMeTpHn Tparnenuy n GHCCEKTPUCA HePeceKaloTcst B
LeHTpe BIIMCAHHOI OKPYXHOCTU U BMeCTE€ C OCHOBaHUAMU BbICE-
KaIOT /[Ba OYEBH/IHO PABHBIX TPSIMOYTOJBHBIX TPEYTOJbHUKA € Ka-
T€TaMU, PpaBHbIMU Pa/iInyCy N IOJOBUHE MEHBIIETO OCHOBAHUA.
Ocp CUMMETPpUUN [JIEJIUT TPAIICINIO Ha /I[B€ PaBHbIE ITOJIOBUHKN.
[TpubaBuB K TOJIOBUHKE O/MH TPEYTOJBHUK U OTHSIB JIPYTOM, IMO-
JIYYUM YacTh, OTCEYEHHYIO GUCCEKTPHCOil. 3HAYNT, TIJIOMA/b Yac-
TH paBHA TJIONIA/H MOJOBUHKU. Ymounenue: TpeyroIbHUKN He
BBIJIE3AIOT 3a TIPe/Ie/Ibl TPAIelNH, TaK KaK TOUKA MepecevyeHst
GUCCEKTPHCHI ¢ TIPOTUBONOJIOKHBIM (JUIMHHBIM) OCHOBAHHUEM y/la-
JIeHa OT ero CEepe/IMHbI Ha MOJOBUHY KOPOTKOTO OCHOBAHHS.

3. Moruo.

ITocTaBum KyOuMK Ha KJIETKY al U IepeKaTUM €ro 1o MapuipyTy
al-a2-b2-b1. Tlpu sTOM KYOUK CABUHYJICS HA OJHY KJETKY BIIpa-
BO, CHOBA CTOMT HA HIJKHEl TPaHM, a ero BepXHsisl IPaHb HU Pasy
He JieXkasia Ha JI0CKe. AHAJOTHIHO MOYKHO CABHHYTH KyOHK Ha
KJeTKky BBepX. Ilepementas KyOuk 1mogo0HBIM 00pa3oM B cOce/l-
HEE KJETKH, MbI CMOKeM O0OHTH BCIO JIOCKY.

4. TIycTb @ MIKOJBHUKOB 3HAIOT BCe 3 SI3bIKa, b — TOJBKO aHIJIHii-
CKHIt M HEMEIKuii, ¢ — TOJbKO aHramiickuii u ¢paniysckuii, d —
TONIBKO HeMmenkuii u (panysckuit. [lo yeaosuwo a + b > 9(¢ +
+d), a+c¢>9(b + d). Bsas noaycymmy, nosiydnm a > 9d +
+4(b + ¢), Tem Gomee a > 9d, a 370 U TPeGOBAIOCH.

5. PackpacuM Bepumibl Too4depeHo B Gesblii U 4epHbIil 1[BeTa.
XOop/bl COEIMHSIOT BEPIUIMHBI OJ{HOTO 1BeTa. 3HauuT, N Gesbix
BEPIINH Pa3ObUJICh Ha mapbl, 1 N 4eTHO.

10—11 knaccer

1. a) Mosxer. Ilycrb, nanpumep, s = 3. O6MensB 5 may6JI0HOB,

MOJIyYHM 2 TIHCTOJIS, @ OOMEHSB MICTOJIH, TTOJTyYnM 6 Ty6JIOHOB.
6) He moxer. Ilycrb s < 1. O6MensiB 7 yGJIOHOB, MbI MOJLYYUM
ns™' + & numcroneit, rae le| < 1/2 . O6Mensis ux cuoBa Ha xyGo-

HBI, TTOJTYYIM (ns_1 + s)s <n +1/2 py6somHoB, mM0sTOMY GOJIBIIE 12
y6IOHOB MBI He MOJIYYHUM yKe IIPH HepBoii mape 0OMEHOB.
ITyctp s > 1 u mocJie epBoro o6MeHa MbI MOJYYUM 7 THCTOJEN.
Kax mokasano Bbime, 3a Ba 0OOMEHA M3 3TUX IHCTOJEH MbI MOJTY-
yuM He 6oJiee n TMCTOJIEH, cJeJoBaTeNbHO, W YUCJI0 Jy6JI0HOB
nocsie 4-To o6Mena He GOJIbIIE, YeM TI0CJIe BTOPOTO.
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2. Ilycts AB =a, BC=b, CD =¢, DA =d, AO = u, BO = x,
CO =0, DO =y.
a) Kak u3BeCTHO, pajuyc OKPY>KHOCTH, BIMCAHHOI B IPSIMOY-
roJbHBIH Tpeyrosbiuk, pasen (k + [ — m) /2, tae k, | — karersl,
m — runorenysa. [TosTomy
(u+x-a)+(y +v-c) =
=(x+o-b)+(u+y -d) = a+c=b+d.

CuretoBatesIbHO, 4eThIpeXyroabHuK ABCD — OnMCaHHDIH.
6) Us teopempr Ilndaropa jerko caepyer, uro a’ +c¢? =b* +d? .
Orcrona

2ac = (a +c)’ —(a2 +c2) =(b +d)’ —(b2 +d2) =2bd .
W3 pasencts a + ¢ = b + d, ac = bd cnenyer, uro napni (a, ¢) u
(b, d) coBuagalT. A 3T0 U 03HAYAET CUMMETPHUIO OTHOCHTEIBHO
OJIHON M3 JHaroHaJei.
3. 8 Goes.
OGosnaunm uepes Uy, k-e uncao @ubonauun (uy =uy =1,
U, = Uy tup, upu k=3). [JoKasKeM [0 MHAYKIUU, YTO
1) ecsm noGeuTesb MPOBEN HE MEHbIIe 72 G0EB, TO YUCJIO YYacT-
HUKOB HE MEHbIIE U, ;
2) CYWIECTBYET TYPHUD C U,4y YYACTHUKAMHU, TOGEAUTETD KOTO-
poro mposest 7 6oeB.
Basa (n =1, us = 2) ouyeBuana.
Ilaz undyxuuu. 1) Iycrp noGeautenp A BpIMTPAT TOCAEAHUI
60ii y 6oxcepa B. Ocrasinecs: MOeANHKN (PaKTUUECKH paciajia-
10TCS Ha J{Ba TYPHUPA: OJIMH U3 HUX BbIMrpata A, a Bropoii — B.
B nepsom TypuuUpe mobGeaute s A mpoBes He MeHbIIe 17 — 1 604,
3HAYNT, YUCJIO YIACTHUKOB HE MEHbINE U,.;. BO BTOPOM TypHHpe
noGeautesib B 11poBest He Menblie 7 — 2 6oeB, 3HAYUT, YUCJIO
YUYACTHUKOB HE MEHbIIE U, . A B UCXOHOM TYPHUPE UHCJIO
YYACTHUKOB He MEHbIIe

Up iy +un Uy
2) JIoCTATOYHO CBECTU B 3aKJIIOUYUTEJIBHOM IMOEAUHKE T106EUTe st
TYpPHUPA C U,,; YYaCTHUKaMHu, Bbiurpasiirero n — 1 6oii, u moGe-
JIUTEJIST TYPHUPA € U, YYaCTHUKAMH, BbIUTPABIIETO 72 — 2 60s.
ITockonbky 55 = uy, , cpasy HojydyaeM OTBeT.

CITOXHbI BAPVIAHT
8—9 knaccel

1. Ilepsoe pewenue. OTMeTHM HA JAHHOI TPSAMOIT [ Tpu TOUKN A,
B u C tak, uto661 AB 1 BC Gblin MeHbIIle quaMeTpa MsATaka.
IIpuknanpBas naraxk k orpeskaM AB u BC ¢ 0HOIl CTOPOHbI
TIPSIMOIL, TIOCTPOUM JiBe OKpYy>kHOCTH. IlycTh OHM BTOpOIi pas me-
pecekyTcs B Touke D. I[IpukmagpiBag narak k otpeskam AB n BC
C IpYTOIl CTOPOHBI, HMOJIYYHM /IB€ HOBbIE OKDPY>KHOCTH, CHMMeT-
puuHble cTapbiM orHocuTesbHO [. Touka mepeceyenyst HOBBIX OK-
pyskHocTeil D' cuMMeTprdHa D OTHOCHTENBHO [, T0TOMY

DD O1.

Bmopoe pewenue. TlokaxeM, Kak 3a TPH 00BEICHUS MATAKA 110-
CTPOHTD JIBE TOYKH IPSIMOM, TepreHuKyaspHoil gannoi (puc.9).
OTMeTHM Ha JJaHHON TPsIMOi TOuk A 1 B Ha paccTOSTHUM M€Hb-
me puamerpa ngaraka. IIpumo-

JKUB K HUM IISITaK JIByMS CIIOCO-

6amMH, MOJIYYNM JIBE OKPY’KHOCTH

W u ) (CUMMETPUYHBIE OTHO-

CUTEJbHO JTaHHON nps{Mofz’I), po-

xopamue yepes A u B. Ilpuio-

JKUB IIATaK K Touke A u K m060ii

TOYKe Ha JaHHoil npsamoii, or-

JIMYHOH OT B, NMOJIyunM OKpYK-

HOCTb .

OxasbIBaeTcst, BTOpble TOUKH Iie-

peceuenns W ¢ & u @, (or-

JIMYHBIE OT A) JexaT Ha Tps-

MOii, TIepIeHnKyIApHOi Jan- Puc 9
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HOI. DTO JIETKO CJIeyeT U3 CJIeyIOUIer0 U3BECTHOTO YTBEpPK/Ie-
HUYSL.
YrBepkaenue. [lycmv mpu pasuvie oxpyxHocmu nepecexarom-
csi 6 0onoti mouxe O. Tozda emopvie mouxu nepeceuenus oKpYK-
nocmetl 06pasyom mpeyzonvhux, 6 xomopom O — mouka nepe-
ceuenust 8bicom.
HoxazareabctBo. Ilycts O;, O,, Oz — HeHTPbHI JAHHBIX OK-
pyxuocreit, a Ay, A,, A3 — Bropsie Toukn mepecedenusi. Toraa
0,430,0 — pom6, A30; || 0,0 u A30; = O,0 . AHajsorndso,
AjO5 |00, u AO5 =00, , t.e. 403043 — napamienorpamm,
n A4z || O,0;3. Ho A,0 00Oy, a snaunt, A,0 0 AjA3. Ana-
gorngyno, AO O AzA, nw A;0 O A4A,, 9ro n Tpe6oBaIoCh JOKa-
3aTb.
2. Ilerst mpaB. Ilokaskem, Kak OH MOJKET OTMETHTb Bce m = k +
+1 — 1 Touek, JessmUX OTPe3oK Ha k + [ paBHbIX vacreii. Haso-
BeM 3TH TOUKHN y/auHbIMU. BymeMm cumrarhb, 4TO JIMHA KasKIOM
gactu 1. [Tokaxem, uro Ilerst MokeT B /11000i MOMEHT OTMETHTD
XOTst Gbl OJ[HY M3 HEOTMEUEHHBIX YAuHbIX Touek (pasymeercs,
ecJim Takue emnie ecTb). BozbMeM Kakoi-HHOYIb OTPE3OK ¢ KOHIa-
MH B OTMEUEHHBIX TOYKAX, BHYTPH KOTOPOTO €CTb TOJIbKO HEOTMe-
4yeHHbIe yjaunble Toukn. Ecam oH derHoil jumubl, To Ilerst Moxker
OTMETHTD €r0 Cepeliiy, KoTopas Oy/aeT yaauHoil Toukoit. Ecim
JKe OTPe30K He4yeTHOH JUMHBI 21 + 1, TO OH MOKET OTMETHTH 7-10
touky. Pa3 Ilers Bce BpeMsT MOKeT OTMeUaTh OJHY U3 TOUYEK, TO
3a M XOJI0B OH BBIIIOJHHUT TpedyeMoe.
3. Pemtenuie 3T0ii 3a/aun aHAJIOTMYHO pelenuio 3agaun M2209
«3amaunuka «Ksanra».
4. Ilepsoe pewenue. J1oCTaTOYHO JO0Ka3aTbh, YTO B JIOOBIX JBYX
JIOMIHOIIKAX, I'PAaHUYAINX 10 OTPE3KY, IIPOBEJCHHDIC AMArOHAIN
BBIXOAT 60 00e U3 MPaBbIX HIKHUX, JHOO 06e U3 JIEeBbIX HUXK-
HUX yrioB. [IpeanonoskuM mpoTHBHOE U HAHJIEM nI0XY10 napy:
JIBe COTPHUKACAIONINeCs JOMIHOIIKN C IarOHATAMHI Pa3HBIX Ha-
pasJjenuii. JIcHo, 4To 06ImuUil OTPE3OK He MOKET GBbITh 1eJI0i
CTOpPOHOIT 06eux jomunouex. [IpUHININATLHO BO3MOYKHDI JIHIID
nBa cayuas (puc.10). B o6oux ciyuasx ofHOZHAYHO ONpe/Ieis-
totest yenmp (KOHEIl IuaroHau
Ha CepefinHe CTOPOHDBI) W Hd-
npasaenue napoi (HampaBaeHne
OT IIeHTPA K KOHILY JIpyTroil J1ua-
FOHAJIM HA TOM Ke CTOpPOHE) —
Ha PHCYHKE 3TO JKUPHAS MOUKA
Puc 10 u cmpeaxa. PaccMOTpuM IL10-
XyIo mapy, 4eil mentp OJKe
BCEr0 K CTOPOHE, Ha KOTOPYIO MOKA3bIBAET HANlpaBJIEHHE Maphbl.
3aMeTnM, YTO TOJOKEHIe JOMUHOIIKH, TTPUMBIKAIONIEH K MJI0XO0I
nape B ee IIEHTpe, U J[AarOHAb B 9TOil JOMUHOIIKE TOXeE OIpejie-
senbl oanosnauno (puc.11). Ho
TOT/Ia BO3HMKAET HOBAs ILJIOXAs
napa, ueil meHTp OJIKe K yKa-
3aHHOll ctopone. IIpotuBopeune
JIOKa3bIBAET, YTO IJIOXHX I1ap
HeT.
Bmopoe pewenue. 1) Ilycts ne-
BbIIl HUKHUI YroJI He SBJISIETCS
Puc. 17 KOHI[OM /IarOHAJIN JOMUHOIIKH.
Pacemotpum caefytontyio JoMu-
HOIKY, TPUMBIKAIONIYIO K HIDKHEH cTopone. Jlerko BuaeThb, 4To
JIIAarOHA/Ib B HEil UMeeT TO Ke <«HAIPaBJeHHEe», YTO U B YIJIOBOIL.
ITO BEPHO U /IS CJIe/yIONell clipaBa JIOMUHOIIKA U T.J[. 3HAUWT,
13 Npasozo HUXKHez0 Yyz/1d BBIXOANT AMaroHanb. Mrtak, moKasaHo,
41O X0mMst Obl U3 00HOZ0 Y2Ad JANATOHAIB JOMUHOIIKH BBIXOJUT.
2) TlycTb U3 J1€BOrO HUXKHETO yria A BBIXOAUT aAnaroHanb AB
nepeoil poMuHomKu. K 1epBoit jjoMuHOIIKe 06513aTe/IbHO MTPUMBbI-
Kaer (110 CTOPOHE WJIH TIOJIOBUHE CTOPOHBI) 6MOPAs JOMUHOIIKA,
JIIST KOTOPO B Tak:Ke CJIy>XUT BepurnHoi. IlostoMy amaronasnb
BTOPOIl TOMHHOLIKY MMeeT TO e HalpasJenue, uto u AB. 3ame-
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THM TaK’XXe, YTO CyMMa «KOOPAMHAT» IIPaBOil BepXHeil BEPIIMHBI
(C) y Bropoii gomunomKu Gosiblie, YeM y 1epBoil. Ko Bropoii
JIOMUHOIIIKE IPUMBIKAeT mpemost, s Kotopoit C sBisieTcs: Bep-
MIIHOM, M PAcCy>XX/AEHNS MOKHO NOBTOPUTL. B pesymbrare Gyner
[IOCTPOEHA Yeny U3 JOMUHOIIEK C JNArOHAJISAME OJHOTO HAIIPaB-
JIEHUSI, COEJIMHSIONIAs JIeBbIIl HUKHUN U TIPABblil BEPXHUN YTJIbl
npsMoyrosbHuka. CrresloBaTesIbHO, B IPABbIl BEPXHUN YroJ Tak-
’Ke BXOJMT JIarOHAb JOMIHOIIKH.

3) IlycTp M3 IPABOTO HUIKHETO YIJIa TAK)KE BBIXOAUT JAMATOHAD.
Toria MOKHO TIOCTPOUTD II€Ib JOMUHOLIEK, COEIHSIONIYIO 1Ipa-
BbIIf HVDKHMI U JIEBbIIf BEPXHUI YIJIbl IPSIMOYTOJIbHUKA. JTa 1elb
JIOJDKHA <«Iepecedbcsi» C paHee TTOCTPOEHHOI Ieblo, T.e. MMeeT C
Heil o6mtyio goMuHomKy. IIpoTuBopeune, Tak Kak JuaroHan Jo-
MMHOIIIEK BTOPOIi II€IH «HAIPABJIEHbI» He TaK, KaK B IIEPBO.

5. Pemenne atoii 3a/jau aHAJIOrNYHO penrenuio 3agadn M2208
«3amaunnka «KBaHTas.

6. IIposenem B Tpeyrombaukax ABP u CBP cpepnue JUHUI

C'C' nu A'A" . Ouu paBsHbl 110 JUIHe U neprennKyspast AC
(Tak Kak oGe mapaJuIebHbl OTPe3Ky BP U PaBHbBI €ro MoJOBHHE).
TIposemem us toukn K orpesok KK', conamnpasienusiii ¢ C'C' u
A'A" w passbiii um no mianne. Torna KC'C'K u KAA'K —
napasuiesorpammbl, otkysa K'C' u K'A' — cpepunnbie nepren-
nukyaapbl k croponam AP u CP tpeyroabuuka APC. 3unauur,
K' — meHTp onmMCaHHOI OKPY>KHOCTH 3TOTO TPEyTOJbHUKA W Je-
JKUT Ha cpefuHHOM nepuenaukysape k AC. Ho torga tam snexur
n touka K (rak kak npsamas KK' nepnenaukyspaa AC).

7. 3aHyMepyeM B TIEPBDBIl /IeHb CUASIIMX PHIapeil Mo 4acoBoii
crpeske ot 1 1o N. Ilopsamox 3a cronom GyseM ONHCBIBATH CTPO-
KOIl 9THX HOMEPOB, TEPEUnC/isis PbIapeil 10 YacoBOil CTpeJiKe.
HazoseMm usbpannvimu nopsiaku Buga k, k — 1, ..., 2, 1, R + 1,
k+2, .., Nmmak=1,2,3,.., N—1(N-it us6pannbiii nops-
nok cosnagaer ¢ (N — 1)-M, moatomy on He HysKer). Jlokaxkem,
4TO M3 JII000TO TOPSI/IKA MOXKHO IiepececTb B u36paHublil. [l
9TOTO OCYIIECTBUM IIepecajiky, IIPH KOTOPOil ieeas rpynna kR, k —
=1, ..., 2, 1 makcumarvras us 603moxuoix. Ilokaskem, 410 OC-
TaJbHbIE PHIIAPH IPU 3TOM aBTOMATHYECKH CHIAT B HYSKHOM MO-
paaxe (k +1, k+ 2, ..., N). Ilyctb 510 He Tak. Byaem asurath
uncsio k + 1 mo vacosoii crpesike. Ecom o mytn k + 1 ynpercst B
k + 2, 6yaem aBuraTh Ty mmapy. Ymepiuuck mapoii B k + 3, Oy-
JieM JIBUrath TPOiiky u T. [. B urore o k noexer «moesn» k + 1,
k+2, .., k+m. Ilpustom k + m < N (MHaue HUKAKOTO JBUKE-
Hus BooGIe He Obi10). [IPOroHUM Bee uymeaa moesaa, KpoMe

k + 1, ckBO3b JieByIo rpymiy, a k + 1 npucoequnum K neii. ITpo-
THBOpEYNe ¢ MAaKCHMATbHOCTBIO JIEBOH TPYTIIHI.

JlokaskeM, 4TO, TEPECAKMBASCH KaK/BIH [IeHb B N30PAHHOM MO-
ps/iKe, pbillapu HOBTOPATCS He 1o3xe, yeM Ha N-it genb. Ilyctb
JUISL TIPOM3BOJIBHOTO MOPsi/Ika MepJmH BBINOJHAT Takoil 06X0/:
JIBUTasICh BCE BPeMs II0 4acoOBOIl cTpeske, Tpoiifer oT 1-ro 10
2-ro, 3areM 10 3-10, 110 4-TO, ..., 10 N-Tro n cHoBa 0 1-ro. CBsa-
JKEM € HOPSIIKOM wucio o6opomos Mepuna Bokpyr croua. Jler-
KO y6eUThbCsI, YTO IPU PA3PEIIeHHON TepecajKke ABYX phlapeit
4mcsio 060poToB He MeHsercs. OmHaKko uncaa 0o60poToB n36paH-
HBIX MOPAAKOB pasmumdunl (17151 k-To mopsagka 4ncao 060poToB
paBHO k), NM0TOMY M30pAHHbIE MOPS/IKK € PasHbIMU k Tepecajka-
MU JIpYT U3 Jipyra He Tojydaiorcs. Paccaxxmsast pbliapeit B ove-
peHOM M30PAaHHOM TIOpsiike, MepJH MOXeT TOJYy4YnTh HepBoe
MOBTOpeHNe He paHee N-TO JHS.

10—11 knaacce!

1. a) He Bcerga. Ilyctb 98 Touek seskar Ha OHOI npsaMoii [, a
nBe Toukn A u B — BHe Hee, nipuueM A u B He CUMMETPUYHBI OT-
nocutesbho [. Ecsim HemsBectHo paccrosinue Mexay A u B, To
BOCCTAHOBUTH €T0 HEJIb3sT: MPH 3aMeHe TOUuKW B Ha B', cuMmert-
PUUHYIO B OTHOCHTEJBHO [, OCTAJbHBIE PACCTOSIHUS HE U3MEHSIT-
cs1, a paccrostane AB' Gyner ortimuatbest oT AB.

6) Ipu k = 96.
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ITokaskeM, 4TO €C/IM KOJUIECTBO TOPOIOB m= 4, 10 k = m — 4.
s m = 4 yrBepyxaenue jerko nposepsercs. Ilycrb ono BepHo
IS m = 1, JOKaxeM ero mias m =n + 1.

Ecan pig Hexotoporo roposia A cTepTbl €ro pacCTOSHUS IS

17 — 2 TOPOZIOB, TO €r0 MOXXHO CUMMETPHYHO OTPA3UTbh — C COXpa-
HEHUEM BCEX M3BECTHBIX PACCTOSIHUN — OTHOCUTEJBHO TIPSIMOI,
coeqHAONIEH ocTambHble aBa ropoga (Hazosem nx B u C). He-
M3BECTHBIC HAM PACCTOSTHUS TIPH 9TOM M3MEHATCS, TaK Kak Ha
npsaMoii, coequusomieil B u C, He HAXOAUTCS HUKAKOH Apyroi
ropoa. Ilostomy k<n-3.

ITycth crepTo He Gosiee n — 3 3anuceii. Boibepem ropon A, mis
KOTOPOTO CTEPTO XOTSI GbI OIHO PACCTOSIHUE 10 APYTOTO IOPOJa,
1 PACCMOTPHM OCTaJIbHbBIE 72 TOPOAOB. Mesk/y HUMHU CTepTO He
6osiee n — 4 PACCTOSIHUN, U TI0 MPEITOIOKEHIIO0 HHIYKIIUT MOK-
HO BOCCTAHOBUTDb BCE T PACCTOSIHUS, a TOT/Ia — M B3aNMHOE pac-
HOJIOKEHNE ATUX TOPOA0B (YIJIbl MEK/IY COEMHSIONMMA UX OT-
peskamu). [l roposia A M3BECTHBI PACCTOSHUS 1O KpaliHeit
Mepe /10 3 TOPOJIOB, U 3TO TIO3BOJISIET OJIHO3HAYHO BOCCTAHOBUTH
€T0 pACIoJIOKeHNEe Ha TMJIOCKOCTH, & TEM CaMbIM, U PACCTOSHUS
JI0 OCTAJIBHBIX TOPOJIOB.

Pewenue 0as snamoxos. Paccmorpum rpad co 100 Beprnnamu u
96 pe6pamu, COOTBETCTBYIONUUMU CINEPMbLM 3AMUCAM. JTOT rpad
COJZIEPKUT He MeHee 4 KOMITOHEHT CBSI3BHOCTH. 3a(UKCHPYeM T10
sepumne (A, B, C, D) B Kax/0ii 13 5THX 4 KoMmoHeHT. Bce
PACCTOSHUSA MEX/Iy STUMU BepUIMHAMU H3BECTHDI.

PaceMoTpuM 11pOM3BOJIBHYIO BEPIIUHY [1E€PBOI KOMIIOHEHTbI. V13-
BECTHBI ee paccTosiHus 10 Touek B, C, D, cjenoBaresbHO, M0JIO-
JKEHHE COOTBETCTBYIOIIETO IOPO/ia Ha TIIOCKOCTH OMPEIEJCHO OfI-
HO3HAYHO. AHAJOTHYHA CUTYaIlls C BEPUIMHAMU OCTABIIMXCS
KOMIIOHEHT.

4. a) Her. IlycTb nepBblii Mar Bcerjia MpUMEHsIET 3aKJIMHAHNE C
Han6osibIeil paznocteio b — a. Torza 1moc/ie OTBETHOTO X0/a Pas-
HOCTb BBICOT IIEPBOTO U BTOporo kak MuHuMyM (. B pesynbrare
0CJIe HECKOJBKUX XOJI0B PA3HOCTb BCET/Ia HEOTPHUIlATENbHA 1,
3HAYNT, BTOPOIl He BBIMIPLIBAET.

6) Jla, 3TO BO3MO>KHO.

Iepsoe pewenue. PaccMoTpnM MPONU3BOJBHYIO YOBIBAIOILYIO TTOC-
JIEIOBATENBHOCTD MOJOKUTETbHBIX YUCET {a,z} , e a, < 50 (na-
npumep @, =1/n), u nmyctb B n-M sakauHanuu @ =a, , b = 100 —
— a, . OTBEeTHB Ha 7-¢ 3aKJMHAHNE 3aKJMHAHIEM C HOMEPOM

m > n, BTOPON Mar BBIMTPAET: BBICOTA MEPBOTO CTAHET PABHOI
a,, —a, <0, a Boicora Broporo d, —d,, > 0.

Bmopoe pewenue. Toxntcst Habop 3aKJIMHAHUI, COCTOSIIHIN 13
BCEX 3aKJMHAHUM, TTOAXOAAIMX 1o/ ycaosue samaun: (0 < a <
<b < 100). Ha sakmunanue (a, b) Bropoit orsernr ((100 —
-b)/2, 100 - a).

6. Vupykimeit mo m + n gokaxem 6osiee obliee yTBEPIKIEHNE.
ITyctb B Kask0i KjeTke TaGJuIbl, rjae MeHee 2" CTPOK W MeHee
2" ¢TOJIGIOB, CTOUT HYJIb WK efnHuIa. Toraa MOKHO JGO Oc-
TaBUTH He Gojiee m CTOJNOIOB TaK, YTO B KaKIOU CTpOKe Gyner
X0Ts1 6bI OJINH HYJIb, JMOO OCTaBUTH He 6OJiee 7 CTPOK Tak, 4TO B
Kask/IoM cToJibiie OyzeT XOTs Obl OJHA €NHMUIIA.

Basa (tabmma 1x1) ouesuana. [llaz undyxyuu. Ilycts B Ta6-
sune T exunur ve menbine, yem HyJieii. Torga ectb cTpoka, rie
€/INHUI] He MEHbINe TTOJOBUHBI. OTMETUM 3Ty CTPOKY M OCTABUM
TOJIBKO CTOJOIDBI, T/Ie B Hell croar Hysun (ecam Takux HeT, TO BCe
JoKas3ano). B nosydennoii tabumie T, cToJGIOB MeHbIIe, YeM
271 i o npeanosnoxkenmo nHAYKIMA B T, MOXKHO OCTABUTH He
GoJiee m «XOpoImmx» cToI01oB (KoTopbie Gy/yT TAKUME M ISt
T) nmu we Gomee n — 1 «xopomeii» crpokn. B nmocrennem ciy-
4ae, BEPHYB 9THM CTPOKAM MCXOAHYIO [IMHY U H00aBUB OTMeYeH-
HYIO CTPOKY, HOJY4YUM <«Xoporiuii» naéop crpok s T.

7. Penrenue aToil 3a/jauM aHAJOTUYHO pelieHuo 3aqaun M2213
«3anaunnka «KBanra».
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1. Ciioman ojiMH U3 IMKCeJell B [IPABONl YacTH PABEHCTBA, TaK
4TO 3HaK (pakTopHmasa «!» IMPeBpaTUICS B €MHHUILY.

2. Peub wjer o pyJone GymMaru ¢ AbIpKOH B IleHTpe: Tpebyercs
HallTh JJIMHY JMCTa, CKATAaHHOTO B PYJIOH Toamunoi 3 cm. Ilycts
TOJIIIMHA CAMOTO JIMCTA PaBHA @ CM, a PAAMYC ABIPKU B IIEHTPE
pyJioHa paBeH 7 ¢M. MbICJIEHHO MOCTaBUM PYJIOHbI Ha CTOJ M MO~
CMOTPHMM Ha HUX cBepXy. Iljomajap KoJblla y HepBOro pyJoHa
(tommmuoii 1 cm) pasua TI(r + 1)2 -’ = 127 +1) . Ho ara xe
mnomaab pasia 900a@, Tak Kak pyJOH CKaTaH W3 JUCTa IHHONR
900 M n TOJIMHON @. 3HAYNUT, T[(2r + 1) = 900a. Anasornuno,
MOCYUTAB ABYMSI CIIOCOGAMU TIOMA/b KOJbIA Y BTOPOTO PyJIOHA
(rommmumoit 2 eM), momyunM TY(4r +4) = 2700a. U3 stux aByX
coorHomeHuil Haiiiem 7 = 0,5 ¢ u 900a = 2m. Iloatomy mo-
ab KOJIbIla y TPeThero pyqona (Tosmmuoit 3 ¢cM) pasHa

m(r +3)° — = 6r +9) =12 7= 6-900a = 5400a, T.e. ammHA
JIMCTa paBHa 54 MeTpaM.

3. Ilo ycioBUIO BepeBKa MMEET TOJIIMHY, U €€ 3amac He OrpaHu-
deH. [loaTOMy BepeBKOil MOKHO IIPOCTO 3aBaJIUTh BeCb POB!

4. CkomeHnnble BeJpa MOKHO BCTaBJATh APYT B Apyra, MPU 5TOM
CTOTIKA MOJIYYaeTCsT HU3KOH, M ee yJI0GHO TPAaHCTIOPTUPOBATD 1
xpanuThb. [10 aHAJIOTMYHOMY TIPUHIMITY C/IETAHBI OJHOPA30BbIE
CTaKaH4MKM /I HATIUTKOB U TEJIEKKH B CylepMapKeTax.

HOMEP IIOATOTOBUJH

A.C.Boponaes, C.A.fopuueHko, A.A.Eropos,
E.M.Enudaros, A.lI0.KotoBa, B.A.Tuxomuposa,
A.U.YepHoyuaH
HOMEP O®OPMUJIN

B.H.Bnacos, A.H.Npuwykora, A.E.Mauxeepus,
M.B.CymuuHa

XYZ[O>KECTBEHHI)II7I PEAAKTOP
E.B.Mopo3oBa

KOMIBIOTEPHAA TPYIIITA

E.A.Mutuenko, J1.B.KanmHuuesa

Appec pepakuum:
119296 Mockea, JleHuHckuii npocnekrt, 64-A, «KBaHT»
Ten.: 930-56-48
E-mail: math@kvantjournal.ru, phys@kvantjournal.ru
Caiit: kvant.info, kvantjournal.ru

03.05.11, 12:17



