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NATH IAUENNERHDIX TETPA3LPOB

Bbl, HaBepHOE, C/1bIWanu 06 opuramm — [pPEBHEM UCKYCCTBE CKNafbiBaHUsA (ury-
poK 13 bymaru 6e3 ncnonb3oBanus kies. OHO GbIIO WMPOKO PAcnpoCTPaHEHO
Ha BocToke, B Kutae n 0cobeHHO B AANOHMK, U CYUUTANOCh APUCTOKPATUYECKUM
3aHATUEM. 3TO HeyAMBUTENbHO, Befib XOpoLwwas 6ymara B To Bpems Gblia pocKo-
weto. B EBpony opuramu cTtano npoHUKaTh Yepe3 apabCckue CTpaHbl B CpefHue
Beka. Ho ceityac Gymara [OCTYMHA, U OPUramu YBIEKAKTCA MO BCEMY MUPY.
bonee Toro, OHO CTano NPeLMETOM U HAYYHOTO U3Y4YEHUA: HANpUMep, CONHeY-
Hble 6aTapeu KOCMUYECKMX annapaToB CKAALbIBATCA U PACKNAAbIBAOTCA NO
CXeMaMm opuramu. HekoTopele KnaccMyeckue 3aaun Ha NOCTPOEHUE, KOTOPble
He MOAAAITCA LUMPKYII0 W JIMHEKE, MOXHO PELUTb C MOMOLbIO OpUramu.
Yuraiite 06 31OM cTatbio A. lNeTpyHuHa «Opuramu u nocTpoeHus» B «KBaHTe»
N21 3a 2008 rog.

Mpennaraem Bam co6paTb HENPOCTYIO, HO 0YEHb KPACMBYID KOHCTPYKLMIO — NATH
3aLenNeHHbIX ApYr 3a Apyra TeTpas’gpos, ee Gotorpaduio Bbl BUAUTE BbllE,
WHcTpyKums cbopkM mpuBeAeHa BHYTPM KypHana Ha ctpavuue 37. ®oto u
aNropuTM CKNAfbIBAHMA B3ATbl C 3aMeyaTeNbHOro caita mathigon.org, KoTo-
Pbll MHTEPECHO M KPAaCOYHO PACCKa3blBAET HE TOMbKO 06 opuramu, HO U 0
APYr1X pa3fenax MareMaTuku.

E. Enucpanos
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T — 2 Oyepk UCTopUn nccnenoBaHnini HeMTpuHo. 0. anoHoB
ATE) 9  TeomeTpus Ha napkeTe. B./ly6poBckuii
Poccuiickas akagemms Hayk
SAJAUHUK «KBAHTA>»
" 13 3apgaun M2334-M2340, ©2340-P2347
TTABHBIN PEJJAKTOP ’
A 15 PeweHuna 3apgay M2316-M2325, $2323-d2332
A.J1.CemeHoOB
«KBAHT»> AJAd MJAJIINX IMTKOJbBbHUKOB
27  3apaun
PEAAKIMOHHAS KOJNNELUS 28 HoBble npukntoveHms bypatunHo. C.JBopsiHMHOB
30  Kakue 6biBaloT pbidarn. C.JBOpsSHUHOB
A.fl.benos, K.l0.borpaHos, H0.M.Bpyk,
A.A.Bapnamos, C.[1.Bapnamos, ™
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C.N.KoHoBanos, A.A.JleoHoBuy, KO.MM.JIbicoB,
B.B.Mpounssonos, B.l0.Mpotacos, H.X.Po3oB, 32 TeHcerput
A.B.CocnHckmii, AJl.CtaceHko, B.I.CypauH,
B.M.Tuxomupos, B.A.Tuxomupoea, JABOPATOPUIA «KBAHTA>»
A.N.MepHoyuaH (3amecturesib 171aBHOMO
pegakTopa) 35 NcTopumn ¢ masatHukoM. A.AHapees, A.llaHoB
HAIIMM OBJMOXKU
PEJAKILMOHHBIN COBET 36 J1BYX4aCTOTHbI MafTHUK
AB.AHmKaHC, MM.Balmakos, BU.BepHUK, 37 MNatb 3auenyieHHbIX TeTpasgpos. MHCprKLI,VIﬂ no c6op|<e
B.r.bontsiHckumn, A.A.Boposon, HPAKTUKYM ABUTYPUEHTA
H.H.KoHcTtaHTHHOB, IJ1.KoTknH, C.M.HoBukoB,
n.A.dapnees 38 3agaun Ha N3MeHeHne sHeprun cuctemsl. A.YepHoyuaH
44 OnnmnuagHble 3agaym ¢ uensimn yncnamm. C.KpaBues
JIOBOIIBITHO, UTO
PEJAKIIMOHHAYI KOJJETUA 48 MaTtemaTuka + nporpammupoBaHne = Computer Science.
1970 TOLA A.llleHb
OJMUMIIUNA /I bI
TTABHBIT PELAKTOP 50 PervionanbHbii a1an XL Bcepoccuiicko onnumnmnaabl LWKOMbHUKOB
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B.I.BonTsaHckmin, W.H.BpoHLuTelH, HA OBJJOJXKE
H.B.Bacunbes, W.d.rmH36ypr, B.I.3y6os,
N.N.Kanuua, B.A.Knpunnun, IN.Kocoypos, l MﬂflfOCTpauwﬂ k cTatbe B.,ﬂy6pOBCKOI'O
B.A.JlewkoBues, B.M.Jnwesckun, Il Kosinekumsi rosoBoJ1IoMoK
A.N. Mapkywesny, M.A.MunnnoHwmkos, M LLlaxmaTHasi cTpaHuyka
H.A.Matpukeesa, H.X.Po3os, A.M.CaBuH, Vi /7porym<w c d)l/l3l/lKOlZ

W.LL.Cno6opeukuin, M.J.CmonsHcKUN,
f.A.CMmopoauHckui, B.A.DabGpukaHT,
9.E.LLHanpep




B aToM rogy mcnonHunock 66l 80 net HOputo Bnaaumumposudy FanoHoBy (1934—2009).

tO.B.FranoHoB ObiN UCKIIOYNTENBHO SIPKMM M MHOTFOCTOPOHHUM 4YenoBekoM. OH CTOsN Yy WUCTOKOB
BonblIoro gur3n4eckoro NckyccTea (B 4aCTHOCTU, M3BECTHOWM OMepbl «ApxMen»), NepBbiX B HALLEN CTpaHe
CTyOeHYeCKMX CTPOUTENbHbIX OTPAAOB, TPAAULMM PU3NYECKMX NPa3aHMKOB — «[lHen Apxrmena» 1 nosxe
«[OdHen dusmnka» — Ha dundeckoM dakynbtete MIY 1 B Kyp4aTOBCKOM WHCTUTYTE, KOTOPble 3aTeM
«Pa3oLLINMCL» Mo BCel cTpaHe. B 1990-x rogax tOpuin BnagnmmnpoBmy 3agyman v ocyLwecTBu HebbiBanoe
Lleno: rno BbIPAaXEHWIO aMepPUKAHCKOro UCToprKa Hayku [3Bmaa Xonnoyas, OH BrepBble «cobpan BMecTe
BOVHOB XOJNOLHOW BOWHbI». [1B€ OpPraHm3oBaHHble WM MeXAyHapOAHble KOHMepeHUMUn, MOCBALLEHHbIe
NCTOPUIN aTOMHBIX NpoekToB COBETCKOrO COl03a U APYriX CTpaH, Cobpanu COTHU NereHAapHbIX Y Manoms-
BECTHbIX YHaCTHVKOB aTOMHbIX MPOEKTOB, NMO3BOMNIIM ONMyONMKOBaTh MHOXECTBO COBEPLIEHHO HEN3BECTHbIX
[0 Tex Nop Matepuasnos.

Hay4Hble HTepech! tO.B. TanoHoBa Obinu CBSA3aHbl C AAEPHOM U HEUTPUHHOW PU3MKON. B nocnenHme
rodbl OH Hallen HOBbIWM HEOXWMAAHHbIV MOAXOH B TEOPWUN HEUTPUHO, KOTOPbIN MO3BOAM €My BMIOTHYIO
NoAOVTU K PELUEHMNIO NPOONeMbl HEUTPUHHBIX MacC 1, B KOHEYHOM WUTOre, NMpeackasaTb WX abCOMOTHbIE
3HaveHus. Ore bop, C KOTOPbIM MY MHOIO MPUXOAMIOCH OOLLATLCA B TOM YMCIEe 1 Mo NOBOAY CBOMX paboT
Mo TEOpUM HEWTPUHO N KOTOPbIV OYeHb LIEHWN 3TU PaboTbl, OAHAXAbl NPOM3HeC dpasy, Ype3BblHarHO
LOpPOrylo 1, No-BUAYMOMY, BO MHOTOM CMMBONWYHYIO 4514 Opuna BnagnmMmposmya: «Bot k1o Bac nonHoCTb10
Mor Obl MOHSATE — 3TO HUnbC Bop».

B okTs0pe 2009 rogy Mbl JOroBOpPUAUCH ¢ HOpueM BnagMmpoBmYeM 3aHATbCs B BiKanwme MecsLibl
NOLArOTOBKOW HAay4YHO-MOMYNSPHOM CTaTbW Anist «KBaHTa», B KOTOPOW Obina Obl M3M10XKEHa He TONbKO UCTOpHUs
NCCNEAOBAHNA HEMTPUHO, HO W TOT HOBbLIM B3MNAL Ha (U3NKY HEWTPUHO, KOTOPbLIM BO3HMKAN W3 ero
cobCTBeHHbIX paboT nocnenHMx net. K coxaneHuto, 3TMM nnaHam He Obino Cy>XAeHO CObIThCS.

MyonukyeMbii 30eCb O4YepK UCTOPUN HEUTPUHHOM (DU3MKK NpeacTaBAseT cobon paclumdpoBKy
ayavosanucy nekuum KOpus Bnagnmmnposmya ManoHoBa No MCTOPUKN UCCNe0BaHNN HEUTPUHO, NPOYUTaH-
HOW Ha dm3ndeckom dakynbTeTe MY 13 pnekabps 2005 ropa Ha ceMuHape «Du3vka HEMTPUHO W
B3aMMOLENCTBME HaCTUL, BO BHELUHMX MOMAXY.

B. ryweHko

O4yepK UCTopUn NCCenoBaHn
HEUTPUHO

fO.TATIOHOB

XOTEJI BbI CKA3ATD CITACUBO 3ATO, UTO MEHA
npuryacuan Ha dpusdaxk MIY. A konuan dpusdak
oueHb /aBHO, B 1938 rozay, nmorom 6bl1a acnupan-
Typa Ha ¢usdake, 1 MHE OYEHDb MPUSATHO CHOBA ObITH B
AnbMa-MaTep M PACcCKa3bIBATD Te BEIIN, KOTOPbIE, C MOEH
TOYKHN 3PEHMs, HAXOAATCS HA CaMOM IEePeOBOM pyb6eske
COBPEMEHHOI HayKH.
Sl nauny ¢ Takoro yTBepsKAeHUs: ¢ MOel TOUKU 3peHus,
B (pusuke Hazpesa peBOTIONMSA — B (PUMKE dJEeMEHTap-
HBIX YaCTHUI[. DTA PEBOJIIOIIS TIPOU3OH/IET, TIO-BUIUMOMY,
B GJIMIKANTIIE HECKOJIBKO JIET, M CBI3aHA OHAa ¢ (DU3NKON
HeliTpuHO. JTO Moe YOex/JeHue, U 3TO MOJATBEPIKIAET
pasButue coObITHI, O KOTOPOM s1 BaM OY/Yy CerojHs
pacckasbIBaTh. B mocsie/iHie HECKOJIBKO JIeT B 9TO 06.1a-
CTH HAUMHAIOT BO3HUKATH COBEPIIIEHHO HOBBIE, HEOOBIYHBIE
Ipe/ICTABJICHNSI.
B mepBoit yacti Moeii JIeKINH 51 pAaCCKaXKy PO UCTOPUIO
(usukn HelitpuHO. B TeuyeHme cra JeT uAeT pas3BHUTHE
NCTOPUH, TPHUYEM WJEeT MEJTEHHO, MOCKOJbKY (PH3nKa

HEHTPUHO 0Ka3aJIaCh OYE€HDb CJOXKHOM, 1 IPOUCXOIUT 110C-
Jie/IoBaTesIbHOE Yyepe/loBaHye: SKCIePUMEHT, TEOPUs, dKC-
nmepuMeHT, Teopus. Kaxzaprit nepmoa anutces npubansu-
teabHo 20—30 ner. Hy, Teopetnyeckuii mepnoj pa3BuTHs
3aHnMaeT 0ObIaHO BpeMs mopsizika 10 mer. M kaskabiil pas
OKa3bIBAETCSI, UTO HAIIH TIPE/ICTABJICHNS, KOTOPbIe OBLIN
copmympoBaHbl paHee, HAJ0 KapAWMHAJIBHBIM 06pa3oM
MCHSITD.

Hampumep, Hauaaoch Bce ¢ OTKpbITUst Oera-iydeil. B
tedenne 30 et GU3NKKI NCCIe0BANN 3TO SIBJIEHUE, HE 3HAL,
YTO eCcTb HeUTpuro. ITO ObLI TepBbIil nepuoj. Bropoit
[IEePHO/L — KOI/Ia POJMIACH KOHIIEIINS HeUTprHO. Bo3Huk-
Jia apajloKcaabHast CUTyalus: HelTpuHo (Kotopoe, Kera-
™1, 661710 npuayMano [ayau' , a Bop 6bL1 npoTus aT0r0 B
TeyeHue 8 JieT) 0Ka3aa0Ch YaCTUIEH, KOTOPYIO HEBO3MOK-
HO 3aperucTpupoBatb. Ovenb cMeninad curyaius. B du-

! Cm. Unmennoit KOMMEHTapHil B KoHIe cratbu (pacrmoJiosxke-
HHE — 0 Mepe YIOMUHAHUS B TEKCTE CTaThH).



Opuvi Braaaymumposunyd [anoHoB

3uke — Brepblie. [locse 3TOTO GBI ONATH GOJBIION
AKCIEPUMEHTAIBHBIA TEPUO, B KOHIIE KOTOPOTO OBLIO
3aperucTpupoBaHo HeliTpuHo. M cHoBa BO3HUK.IA TapaloK-
canpHag curyanusi: B 1956 romy, B TOT Ke roj, KOria
9KCIIEPUMEHTAJIBbHO ObLIO 3aPETUCTPUPOBAHO HEUTPHHO,
BBISICHSIETCSI, YTO Y HErO COBEPIIEHHO HEOOBIYHbBIE CBO¥-
CTBAa: TO, YTO Mbl Ha3blBaeM HaPyLICHHEM YETHOCTH
(Bpemennéit wernoctn). MHBIME cI0BaMu, HEHTPUHO B
3epKajie Ha cebs He TIOX0sKe, U KOT/1a BbI oOpalaere BpeMst
— HEeUTPUHHBIE TIPOIECCHI TOXKE UAYT MO-APYrOMY.
Hanbuie. @opMyupyercs To, UTO Cero/its CyLleCTBYeT
U JKUBET B (PU3MKe 2JIeMEHTAPHBIX YACTHIL: TaK HAa3bIBae-
Mmast CrangapTHast Mmojesin. U, Kazamoch 6b1, 20 Jet naer
TOJIbKO YTBEP3K/IeHUE ITOU MOJIeJN, HUKAKUX IPOTHBOPE-
uypii Her, moka B Hadajsie 1990-X r0o10B He IOSBJISIOTCS
daxTol (B pusKMKe HEUTPUHO), KOTOPbIE HUKAK He YKJIa/[bl-
Batorcst B CrangaptHyio MoJiesib. VI cerous, nocJieaHme
2—4 rToja, MbI BOOOINE 3aHMMAaeMCS TOJIbBKO TEM, YTO
OTKPbIBAEM SIBJIEHUS, KOTOPbIE HUKY/IA HE YKJIQ/[bIBAIOTCS.
W teopuu elle HET, €CTb TOJbKO IKCIEPUMEHT, U €llle He
SICHO, Ky/Ia OH OyJIeT pa3BUBATLCS JlaJbiiie. Bot ceromnsi-
st curyarust. O6 3TOM s1 BaM celiuac OyIy paccKas3bIBaTh.
JlaBaiiTe cnavasia BcrmoMunM, uto 6b110 100 et masaf.
Cro mer mazaj bekkepeseM Oblia OTKPbITA PAINOAKTHB-
HocThb. Bekope 06Hapy KUI0Ch, YTO B MATHUTHOM I10JIE 9TU
ayur (KOTOPbIE TOT/Ia CYMTAJM TIPOCTO KECTKUMU PEHTIe-

2 Yernocth — CBOMCTBO (DUBHUYECKOH BEMUMHBI COXPAHSTH
cBolt 3HaK (MM MBMEHATH HA MPOTUBOIOJIOKHDBII) TTPU HEKOTO-
PBIX [Pe06Pa3OBAHNUAX, T.€. XaPAKTEPUCTHKA CHMMETPHH CHC-
TeMbl ypaBHEHHUii, ONUCHIBAIOIIUX Kakue-1u6o (pusuueckue 3a-
KOHbBI, 110 OTHOLIEHUIO K 9THM HpeoOpazoBanusM. Tax, mpo-
CTPAHCTBEHHAS YETHOCTh P XapaKkTepusyeT CUMMETPHUIO CHCTe-
MbI YPaBHEHUH OTHOCHTENBHO 3HAKOB KOOP/MHAT BCEX JACTHIL,
BpeMeHHAs 4eTHOCTh T — OTHOCHTENbHO HAIIPABJICHUS TeYEHUS
BPEMeHHU, 3apsi/l0Bast 4eTHOCTb C — OTHOCUTEJIBHO 3aMEHBI BCEX
YACTHI[ HA aHTUYACTHIDL.

HOBCKMMH JTy4aMy) PACIIEIITIOTCS ¥ PACTAIAI0TCSA Ha TPU
PasHbIe COCTABJIAIONINE: O/THA — TTOJOKUTETBHOTO 3apsia
(anba-yactuiisn), Bropas — orpuratesbHoro sapsaaa (Gera-
YaCTUIIBI) ¥ TPeThs — HelirpanbHas (ramma-syun). Mrak,
GbLIIO OTKPBITO, 4TO Gera-myun (a 910 1 ecTb Hayano Gera-
CIIEKTPOB, HEHTPUHHOI (hu3nKn) o6maaatoT sapsiiom. Beaes
32 9TUM ObLIO BBISICHEHO, YTO 9TO OBICTPBIE HIEKTPOHBI. A
pa3 Bbl uMeeTe GbICTPbIE 2JIEKTPOHBI U MArHUTHOE ITOJI€, BB
MOJKeTe MOCTPOUTD Gera-criekTpomerp. Bera-crexTpomer-
PBI OBLJIN TIOCTPOEHBI JOCTATOUHO OBICTPO, B HUX CHavasIa
MCTIOTH30BAJINCH (DOTOTLTACTHHKIY, IOTOM CYeTUnKH | efire-
pa. [lpubmsurensuo ¢ 1910 o 1914 rox 66110 TOKa3aHo,
YTO CIeKTp GeTa-Tydeil oueHb cBOeOOPA3HBIN — 3TO eCTb
HEKHUI HENPEePBbIBHBIN CIIEKTP, HA KOTOPOM TOPYAT IHKU.
[Tpuuem s11 IUKY GBLIN PA3MBITBI, U CYUTATIOCH, YTO ITO
MIPOCTO 9KCIIEPUMEHTAJIbHAL allllapaTypa IJ10Xas, a To 4To
MbI Ha3bIBAEM HeIIPEPBIBHBIM CIIEKTPOM, BO3MOIKHO, TOXKE
ectb apTedakT, CBI3aHHbBIN C HEJOCTATKAME HAIIIel arma-
paTyphbl.

W BoT B 210 K€ BpeMs BIiepBble (DOPMYIUPYETCS MOJIETb
atoma. Kak msBectHO, cHauasa sxcrepuMenT Pesepdop-
[1a, a motoM Teopust bopa ganm HaM mepByIo MOJIesTb aToMa,
COTJIACHO KOTOPOH aTOM COCTOUT W3 TOYEUHOTO s/pa U
oYeHb GOJIBIIOTO 06JaKa 3JIeKTPOHOB (pasMepbl sipa
nopsaka 107'% M, pasMepbl 37eKTPOHHOTO o6gaKa —
1071 M, T.e. Ha 4 mopsaka GoJblie). BosHUk Bompoc:
oTKyna Gepyrcst GeTa-37aeKTpoHbl? V3HYyTpH Win cHapy-
JKU? ITO 4YTO — Te€ 3JIEKTPOHBI, KOTOPbIe BBIOUTHI W3
ATOMHOU 06O0JIOUKM, WJIM OHU BbIILIN U3 szpa? Ilepsbiii,
KTO TIPOM3HEC CJIOBO <«sApO», 6bi1 Humbe Bop, KoTOpBIi
cKaszaJj: 6era-Iyuu UCITYCKAIOTCS U3 sIpa.

Kax nccaenoBathb criekTpbl 6eta-pacranos? Pesepdopa
MIPEIJIOKUI TIOPA3UTEJbHO MHTEPECHYIo W/efo: JaBaiite
pa3BepHEM CHUTYAIINIO W TaMMa-JIydaMi, KOTOPbIE TPUCYT-
CTBYIOT B PQINOAKTUBHOM M3JIy4eHHHU, 6y7eM CHOBA 06JIy-
4aTb 3TO JKe sapo. Torma ecam raMMa-Jydd HafaoT Ha
SJIPO, TO OHW MOTYT BBIOWTH BHEIIHUE 3JECKTPOHBI, W
MO>KHO U3MEPUTD SHEPTHIO TaMMa-JIydell TI0 SHEPTUU HTHX
971eKTPOHOB (ITOCKOJIBKY B 9TO BpeMsi He GbLIO Croco60B
u3MepeHust ramma-sydeii). Korga ara wjest Oblia BOILIO-
IeHa B 9KCIIEPUMEHTE, TO OKA3aJI0Ch, YTO MUKH, KOTOPbIE
HabJII0/1a/INCh B 6eTa-CIIeKTPaxX — OHU Ceiluac Ha3bIBAIOTCS
KOHBEPCUOHHDBIMU JIMHUSAMU, — II03BOJISIOT IIOMEPUTD IHEP-
THIO 9JIEKTPOHOB. V] BBIACHUJIOCDH, UTO SHEPTUST AJEKTPO-
HOB (TOYHee, PasHOCTb UX HHEPrUil) JOBOJBHO JKECTKO
CBsI3aHa C HEPTUSMN aTOMHBIX CIEeKTPOB. TakuMm o6pa-
30M, Ha CaMOM JieJie 3JIeKTPOHBI, KOTOPbIe HAaGII0Ial0TCS B
CTIeKTpeE, BOT 9TH ITUKHU, CBS3aHBI C BHEITHIMH 2JIEKTPOHA-
MU, a He ¢ BHyTpeHHuMu. Ho Kakum o6pa3oM OHM BO3HU-
kafor? [logBuiach Takas Mojesb: TaMMa-Jydn UCITyCKa-
I0TCS A/IpaMU, 3TH FaMMa-Jy4H TTOTJIONAI0TCS 3JIEKTPOHA-
MU, KOTOPbIE€ BLIONBAIOT BHEITHUE 3JIEKTPOHDI, SJIEKTPOHDBI
060s10uKn. Tak BO3HUKAIOT 3JIEKTPOHBI, COOTBETCTBYIOIINE
JINHUSIM, KOTOpbIe B aTOMHOI (pusnke naBectHb! Kak K, L,
M-nunun. Ho Torza siapo He siBJIsSIeTCsI TPOCTBIM: OHO TOXKe
CJIOKHOE, a He TOYKa, Kak 661710 y Pesepdopaa; Ha camom
JleJie aTo CJI0XKHOe obpasoBanue. BoT orcrona mosBiisgercs
TIpe/ICTaBJeHNe O TOM, 4TO sifiepHas (U3MKa — Bellb
ropaszo 60Jiee CJI0XKHAS M UTO Y S/I€p €CTh BO30Y KACHHBIE
coctosiHUA. OHAKO BOTIPOC O TOM, OTKY/Ia 6€PYTCS dJIEK-




4 KBAHT

TpombI, octaercs. M Bosankaa Mozgens (510 1923-25 romsr;
3Ty Mozenb 0COGEHHO CUIbHO PpasBumBan Pesepdopn),
COTJIACHO KOTOPOU SIZIPO COCTOSIIO U3 TIPOTOHOB ¥ AJIEKTPO-
HOB. DJIEKTPOHDBI, KOTOPbBIE POXK/IAIOTCS IIpH OeTa-pacra/ie,
BpPEMS OT BPEMEHU BBLJICTAIOT HAPY’KY, & IPOTOHbBI OCTAIOT-
csl. 3aps/ 4[ipa — 9T0 eCTb Pa3HOCTb 3apPA/I0B IPOTOHOB U
asextponoB. Hampumep, gapo 3Li coctout us tmectn
IIPOTOHOB M TPEX 3JIEKTPOHOB. ITA MO/IEJb CYIIECTBOBAJIA
JIOCTATOYHO J[0JIT0, 10 KoHIa 1930-X rozoB, 1 BO3HUKAJII
pasHble MHTepecHble Bolpocbl. Harpumep: ecau sa1po
UCIycKaeT 6eTa-Jydyd ¥ TaMMa-KBaHTBI, TO YTO paHbIIe
BbLIeTaeT — 6GeTa-yacTuila mim raMmma-dactuia? C coBpe-
MEHHOH ToukM 3penus (Mpl Termepb 3HAEM OTBET Ha HTOT
BOIIPOC), €CJH AAPO HECTAOUIBHO, TO CHavYa a OHO UCITYC-
KaeT 6eTa-Jay4u, MOTOM MEPEXO/UT B OCHOBHOE COCTOSHIE
(um B GoJiee HU3KOE BO30YIK/IEHHOE) U MCITYCKAeT raMMa-
kBaHTbl. Kak BuanTe, ujer paspurue g1epHoil (pusuku —
U Bce 9TO uepe3 6GeTa-Jydi.

Hakowner, BcTas Takoil BOIIPOC: HY XOpOINO, MKW Mbl
0OBSICHSIEM TEM, YTO MPOUCXOIUT BHIGUBAHUE JIEKTPOHOB
B 060JIOYKE; a €CTh JIN TaK¥e 6eTa-CIeKTPhI, B KOTOPBIX HET
KOHBEPCHOHHBIX JuHUi? [la, ecTb. JTO CIIEKTP TaK HA3bI-
Baemoro pajus-E. On 6b11 usBecreH. B HeM HeT KOHBEp-
cnoHHBIX JuHMT. CrpammBaeTcs, a Kak ke torga? OTKy-
Ja 6epyTcs aJieKTponbl? Bouierator u3 sapa? Ho torzpa
onu uto, He kBanToBanbr? (K atomy Bpemenn yske GbLIO
SICHO, YTO BCE B MUPE JOJIKHO OBITh KBAHTOBAHO.) 3HAYNT,
MOJTyYaeTCsl, YTO OHUM HeTpepbIBHbIe (B TOM CMBIC/E, 9TO
UX 9HEPrus IpuHuMaeT Jio0ble sHavenns ) . Kak 910 06bsic-
uuTb? B aroit o6mactu paboTasiu iBe HUHTEPECHDIE TPYIIIIbI.

Opnna rpynmna — aro rpymnna Pesepdopia, kK KOTOpoit
noToM, riae-to B kKoxie 1910-x—nauane 1920-x rono0B,
MIPUCOEIMHUIICS DJITHAC. JJIIHC OYeHb 3a6aBHO TIOTIAN B
(pusury. UeBUK, KOTOPDBIN JIe1aT 9KCIEPUMEHTHI 110 6eTa-
CHEKTPY M KOTOPBIH OTKPBLI HEMPEPBIBHYIO YacTh 3TOTO
cniextpa, B 1914 rony monan B l'epmaruu B mier. Ou 6bL1
WHTEPHUPOBAH, W BO BpeMs IlJIeHa, YTOObI MPOBECTH KaK-
TO BpeMsi, OH unTan Jjekiun. Cpean BOEHHOIJIEHHDIX,
KOTOpPbIe BMeCTe C HUM CHjiesin, ObLIU MOJIO/Ible PebsTa, B
YaCTHOCTHU ObLJ DJLINC, KOTOPBIN OYeHb 3aMHTEPECOBAJICS
3TOW TEeMaTUKOI 1 1ocJje BOWHbBI CTAJl OJJHUM N3 BeLyIHINX
¢pusuroB y Pesepdopaa. Tak BoT, ata rpyIma He co3/1aBa-
Jla HUKAKUX Mo/jieJieil, y HuX Obliaa Uest: IPOoCTo JaBaiite
HCCJIe/I0BaTh, a Jlajibliie — YTO ITOJIYYUTCS, TO HOJLYYUTC.

Bropag, nemelikas rpyia cocTosijia ToKe 13 MOJIO/bIX
B TO BpeMs (PU3NKOB, BO TJIaBe KOTOPBIX Obuin JInsa
MefitHep n OTTo 'an — UX 3HAIOT ceifyac Kak OTKPbIBaTe-
Jell nestenus aapa B 1939 rogy u B yecTb HUX Ha3BaHbI /[BA
HOBBIX 3JIEMEHTA: XacCuil u MeltHepuil. > Y Hux ObLia

3 9710 OTKpBITHE YAIIE YIOMIHACTCS B JINTEPATYPE KAK OTKPBI-
tne Tama m Ilrpaccmanma — aBtopoB cratbm 1939 toma o
pacUIeIVICHUN spa ypaHa, a He Kak peaynabrar 30-JeTHero
corpyaHndectsa l'ana n MeiitHep. Ilocsie BbIHY K/1I€HHOTO OTbe3-
na JInspr Meifitnep u3 I'epmanummu B 1938 roay coBmecTHble
My6IUKay X padoT ObLIM HEBO3MOXKHBI MO MOJUTHYECKIM
COOOPAKEHUSIM.,

[lna snementa 108 mocsie cuntesa B 1984 romy ObLIO IpesIo-
skeHo uMs orroranuii, B 1994 romy — ranmii, a B 1997 rony
YTBEP/MJIOCH Ha3BaHUeE XaCCHii — B 4eCTb HeMelKoil semun 'eccen
(nar. Hassia), B KOTOPO# OBLIT CHHTE3MPOBAH STOT 9JIEMEHT.
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ujesi, 9To JEKTPOH, KOT/[a OH BBLIETAET U3 S/Ipa U JIETHT
CKBO3b 3JIEKTPOHHYTO 000JIOUKY, TJE-TO TaM TepseT dHep-
TMI0, PACCeMBAETCS HA 3TUX JJIEKTPOHAX, W TI03TOMY
TTOJTy4aeTCsl He IMCKPETHDIN CIIeKTP, a HEMPEPbIBHBIH. JTO
ObLia uest o0bsicierust. Ho Kak 06 bSICHUTD, YTO 3JIEKTPOH
[IPOJIETAET CKBO3b IIPAKTUYECKU IYCTOe 06JIAKO U TaK
cuJIbHO paccenBaetcsi? Bot ato 6bLia mpobema.

Uraxk, k xouiy 1920-x To10B cTaJI0 SICHO, YTO €CTH O/THA
3araJika — HelpepbIBHBIN cieKTp GeTa-ayueii. [loyemy on
HETNPEPBIBHDII, Kak 3T0 00bsicHuTh? U Torna 6w cienan
COBEPIIIEHHO MOPA3UTEJbHBIN 9KCIEPUMEHT, OUYeHb WHTe-
PECHBIN, KOTOPbIiA 3acTaBUJ (PU3UKOB CEPLE3HO 3a/[yMaTh-
cs. IDTOT IKCIEPUMEHT ObLT TaKoil: AaBaiiTe ToMepsieM
MOJTHYIO 9HEPTHUIO BCEX JIEKTPOHOB, KOTOPDIE BBLJICTAIOT.
[lst aTOTO TTIOMecTHM Halll GeTa-MCTOYHUK B TEPMOCTAT, U
BCIO 9HEPTHUIO, KOTOpasd ecTb TaM, nmomMepseM. [lomepun.
U BbrsicHusioch, 4to sneprus 6eta-Jiyudeil COCTaBIsier Ipu-
O6JIM3UTENbHO MTOJOBUHY CPe/IHel SHepruu, KOTOpas Bbl/ie-
JsieTcs B laHHoM siipe (K aToMy BpeMeHu Gblia OTKpbITA
BEPXHSISI TpaHuiia 6eTa-CreKTPOB, MOITOMY MOYKHO ObLIO
CKa3aTb: BEPXHsIS TPAHUIA TAKAs-TO, & BOT IMOJOBUHA ATOM
rpanunbn). Kak 910 06bacHnTh? 3/16Ch BriepBble (PU3NKN
MOJIOTILIIN K 3arajike, KoTopasi penagach TAaKUM TPOCTBIM,
HO COBEPIIEHHO HEOOBIYHBIM CTIOCOOOM: TIPHUIILJIOCH BBECTH
HOBYIO YaCTHILY.

31ech g KOHYAT0 PaccKa3 Mpo MePBYIO CTAINI0, IKCTIIEPHU-
MeHTaJbHYIO cTaauio. JlaBaiiTe MOCMOTPHUM, YTO OBLIO
JlaJibllle.

K xonmy 1920-x rogoB Mbl NPUXOJUM BOT B KaKOi
cutyaruu. C oHOW CTOPOHBI, y:Ke POAMIACh KBAHTOBAs
MeXaHMKa, 13BecTHO ypaBHenue llIpeaunrepa. 910 ypas-
HEHUE MTO3BOJISIET OTINCATh ATOM, T.€. 3JIEKTPOH, CKauy i
o cBouM opOuTaM BOKPYT sjpa. Ho HHUKTO He 3HaerT,
TOJUTCS JIM KBAHTOBAsI MEXaHUKA JIJIST TOTO, YTOOBI MCCJie-
JIoBaTh s/1po, mau HeT. Kpome Toro, ectb ypaBHeHHe
Hupaka (10 penaruBucrckoe 0600LIEHUE ypPAaBHEHUS
HIpeannrepa). OHO MMeET HETPUBMAIBHOE CBOWCTBO: Y
HETO €CTh JIBA PEIIeHUs, OJJHO PElleHre C TIOJOKUTETbHON
3Heprueil, Jpyroe pelleHue — € OTPHUIATEJbHON. Yike
Torja OblIa BbICKa3aHa Mes, 4TO, MOXKET ObITb, €CTb JBe
YACTUIIbI, HO B 9KCIIEPUMEHTEe HIYEeTo He ObLI0 oOHapyKe-
HO, OBLT TOJIBKO 3JIEKTPOH.

W emme oxna mpobiemMa, Kotopast Oblia cBsizaHa ¢ 6eTa-
CIIEKTPaMM: KaK OIMUCATh caMo s/Ip0? 3/ech BO3ZHUKAIOT
nse runore3bl. OpHa rumoresa — 3to runoresa Hubca
Bopa. Bop roBopus oueHb Myipbie Ha CaMOM JIeJie CJI0Ba,
KaK MbI ceiiuac MOHUMAeM; HO, MOKeT ObITb, HEMHOZKKO I10-
JIPyrOMY OHH JIOJUKHBI ObITh BOCTIPUHSATBI. OH TOBOPUT:
XOpOIIO, aTOMHYIO (PU3UKY MBI 3HaeM, BOT OHA OOBSCHS-
€TCs ¢ TIOMOIIBIO KBAHTOBON (DU3WKM U Tak jajee. A BOT
47O B /ipe? Mosket ObIThb, TaM BCE 3aKOHBI HAPYITAIOTC ?
U on roBopuTt: g aymaio, 4To, MOKeT GbITh, TaM HapyIia-
€TCsT 3aKOH coXpaHeHus snepruu. B aTom o ObLT He 1TpaB.
Ho B uem-TO, OKa3biBaercsi, OH ObLT MpaB — s 06 3TOM
nagbine ckaky. A Tlaynm npe/yioskus coBepiieHHO HOBYIO
ujer: 0 cuX 1Mop B Gpusuke ObLIN TOJbKO 3apsiKEHHbIE
YACTHIIBI, & TIOYEMY He MOKeT ObITb HEHTPAJIbHbBIX YaCTHIL?
[Taysmm BBICKA3ad 3Ty Huaelo NpHOIM3UTEeabHO B 1929—
30 roapr B mucbMmax, npudeM bop HacTtombKo Kareropm-
YECKHU 3asBUJT, YTO HE XOUET Jaxke 00 3TOM CJIBIIATD, YTO



[Taysm ¢ Bopom norom He mepernuchiBascs. [Tayam nucan
nucbma leiizenbepry, a [eiizenGepr, Kak Jy4Imnil yueHUK
Hunbvca bBopa, ¢ umm pasrosapusas. [lomyuan orser
Bopa — mmcan cuoBa llaynu. Bor Tak ata moseMunka
MeXy HUMU 11a, 10 1936 rozna bop He nmpusnaBas uzeio
0 HEHTPAJbHDBIX YACTHUIAX.

Ha camom jieste, Bce okasasioch He Tak mpocto. [leno B
TOM, 4YTO TO 4TO npeaaoxua Ilaym, na camom nesne ato
coBceM He Hefitpuno. Ilaynu npegnoxna Heiitpon. On
[IPE/IIOJIOMKNIIL, YTO B S/Ipe ecTb HEUTPOH, KOTOPbI BbICKa-
KIBaeT B MOMeHT 6eTa-pacraza. Ho xorma HelTpoH ObLI
OTKPDIT, OKA3aJI0Ch, YTO OH TSI’KEJIbIH, a OTHIO/b He TaKon
Jerkuii. l moaToMy, B pa3BuTue 3TOH ujen, ObLJIO CKa3aHO
JTAJIBITIE CJIEyIoNIee: Hy XOPOIIO, CYTECTBYET JeTOHbKI
HelTponuuk — meiirpuno (aro MepMu Tak €ro HazBam),
KakK MaJeHbKUl HeHTpoH. 1 BOT UMEHHO OH IBJSIeTCH TOU
caMoii HeWTpaJbHOI uacTuiieil B Oera-pacraje. MHbMI
CJIOBaMM, Ha CaMOM jieJie OblIa OTKPBITA He O/IHA, a [[BE
vacTuibl: HeHTpoH (KoTopsiii, Ketatn, Pesepdopa npes-
roJaras B cBoe Bpems, etne B 1920-x rogjax, Kak cBsizaHHOe
COCTOSIHKE TIPOTOHA U HJIEKTPOHA) U HEHTPUHO.

W erme ogwH TOBOPOT A0JIKEH OBLT IIPOU30HTH, TIpEXK/Ie
4yeM (PU3WKY HAYATH BBICTPANBATh HOBYIO KapTHHY. DTOT
TTOBOPOT — OTKPBITHE HeHTpoHA 1 to3uTpoHa B 1932 romy.
CogsepiieHHO TOTpsICAONM TOJT B (DU3NUKE, KOTOPBIi
nepesepuy.1 pusnky (pusuky aapa u ¢pusuxy vactun). B
ATOT TO1 OBLIO OTKPBITO JIBE Belu: HelHTpoH (aKcrepuMen-
TaJIbHO GBLIO TIOKA3AHO €ro CYIEeCTBOBAHKE) U TO3UTPOH.
Kcratu, nmosutpon nabuionan, kak usBectno, Ckob6esb-
1 B Poccnu, HO OH He 3HAJ, B KaKyIO CTOPOHY JIOJIKEH
B JIAHHOM MarHuTe JIETEThb 3TOT MO3UTPOH. CUNTATIOCH, YTO
y Hero JIpyroe HalpaBJieHHe [I0BOPOTa B MarHUTHOM I10JIe
IIPOCTO [IOTOMY, YTO OH UJIeT He CBEPXY, M3 KOCMUYECKUX
Jydeit, a ns-nmoj semun.

Wrak, 6bL1, OTKPBIT HelTpoH. Urto 310 o3Havaer?
BaM TpuBOIU mpuMep 3;Li, xoropwrit ¢ Touknm 3peHUs
MPEABIAYIIEN MOJETN — MPOTOH-3JIEKTPOHHON — COCTOSLI
M3 TIeCTH TPOTOHOB U TPEX IJIEKTPOHOB. A € TOYKH
3penus Heiitpona? Ecam ecTb HeWTpoH, TO B d/pe Tpu
MIPOTOHA, TPU HEUTPOHA, W BCETO YACTHUI[ — IIECTh! ITO
ysKe pasHas CTaTHCTHKa®: B IEPBOM CJydae gLi nMeer
CIINH TIOJIYIIeJIblid, & BO BTOPOM — IeJIbIif. A 3TO MOXKHO
[poBepuTh B IKciepumMente. Y BOT korga ato ObLIO
IIPOBEPEHO, CTAJIO SICHO, YTO HEHTpOHHAs rurnoresa 60see
BepOsTHA, YeM aJieKTpoH-TIpoToHHasA. MTak, B 1932 romy
poskzlaercs HeliTpoH-IIpoToHHag Mozesb. Kcratu, B ee
POKJEHNN y4acTBOBAJIN TpH desoBeka: [efizen6epr, Ko-
TOPBII OCTOSAHHO HepenucbiBajics ¢ Ilaynn na aty temy,

4 JleiictBuresibio, CKOGEbIIBIH TIePBbIil HAOIOAAT TIO3UTPOH,
HO OH JyMaJI, 9TO 3TO 3JEKTPOH U3 3eMJIN, TaK KaK yBUJEJ, UTO
Ha6JII0/1aeMasi YacTUIa JIETUT OT MAarHUTa B IIPOTUBOTIOIOKHY IO
cTopomny, ueM Jietesl Obl 3JEKTPOH. A C IO3UTPOHOM BCe B
MOps/IKe — y HEro 3aps/i APyroro 3Haka.

[ToBenenne cucteM vacTuil, 0OJATAIONIAX TETBIM WU TOJIY-
1IEeJIBIM CIIITHOM, CYIIECTBEHHO pasimdaeTcs. Tak, M3BeCTHBIH
npuHIMn 3anpera llaysm OTHOCMTCS TOJBKO K YacTUIAM C
MOJIYTIEJIBIM CITIUHOM. B KBaHTOBOI CTaTHCTHYECKOH (usmke
yacTHIbl, uMelomue 1enplii e (Tak HasbiBaeMble GO30HDI),
OIMMCHIBAIOTCS CTATUCTUKON Boze—JiHINTElHA, a UMEOIIE T10-
ayuenbiii cnun (epmuonnr) — cratuctukoii Mepmu—/{upaxa.

WBanenko B Poccun, coBepieHHO HE3aBUCUMO, M, HAKO-
serl, Maiiopana. O6bruno po Maiiopana HUKTO He 3Ha-
€T, a OH ObLT y4eHUKOM leiiseHOepra M BBIIBUHYJ 3Ty
NJIe10 He3aBUCHUMO.

[TocJie Toro Kak 6bLT OTKPBHIT IIO3UTPOH, HAYAIA YK [bI-
BaTbCA B LIEJbHYIO CXEMY u/jiesl, CBSI3aHHAsA ¢ ypaBHEHUEM
Jlupaka, T.e. HayaJa MOJTBEPK/IAETCSI KBAHTOBAST JJIEKT-
poaunamuka. Ksantosas ssextpoaunamuka (1 ¢ coBpe-
MEHHON TOYKU 3PEHUS, U ¢ TOUKH 3PEHUsI, KOTopasi Oblia
copmuposana B 1930 ro/y) TOBOPHT caeylomniee: Korjaa
JIBa 3JIEKTPOHA PACCEMBAIOTCS IPYT HA JIPYTe, MEXK/Ty HUMHU
MTPOCKAKWBAET TaMMa-KBAaHT — BUPTYAJIbHO, KaK MbI TOBO-
puM. Vi, WHBIME CJIOBaMU: BO3HUKAET 3JIEKTPOMATHUT-
HOE noJte Mesky oTuMu ajekrponamu. (Ectb, KoHewHo, n
JIpyroil mpoiiecc, KOrja 3TOT raMMa-KBaHT I13/laeT, CKa-
JKeM, Ha aTOM U MOXKeT POJIUTH 3JIeKTPOH-TTO3UTPOHHYIO
Hapy.) Yro cyiiecTBeHHO [JI1 3TOW TeOpuu: B Hell ecTb
HeKast KOHCTaHTa B3aMMOJIEHCTBUS. DTO MOCTOSHHAS CJa-

6oro B3anmoeiicTsus 6 e / (hc), pasuas 1/137 , snamenu-
Tas KOHCTaHTa, KOTOpasi /0 CUX IOP MPaBUT KBAHTOBOI
AJIEKTPOJIMHAMUKON W, TIO-BUANMOMY, UMeeT Jaxe GOJb-
1ree 3HaveHne, HO TTOKA MBI eIlle IJI0X0 TOHNMAaeM, T/ie OHa
ere MOKeT ObITh TpuMeneHa. Bo BesikoM ciydae, KBAHTO-
Basi AJIEKTPOAMHAMUKA TOJHOCTBIO OOBSICHSIETCST ¢ TTOMO-
IIbIO 3TON KOHCTAHTBbI. JTO — Hekas (pyHIaMeHTaTbHas
KoHcTaHta Mupa. U torjia B napaJiiesb atoii ujee MepmMu
MIPE/IIOJIOKII TIOX0XKYI0 — TPOCTO AHAJOTHYHYIO — MO-
nenb s Oera-pacriaa. CoryiacHo 3Toit Mojenu, Gera-
B3anMo/ieiictsue, 1o MepMu, BBHITJSAANAT Tak. JleTut Heli-
TPOH, IIOTOM OH NpeBpalaercs B IpoToH (3To ecTh HEKoe
B3auMO/IeCTBUE, KOTOPOE MOXKHO OITUCATH YUCTO (heHOMe-
HOJIOTUYECKH, HEKOW KOHCTAHTOH) M BBLIETAIOT 3JIEKTPOH
W HEUTPWHO:
on = pre +Y,.

S mamcas 31ech aHTUHEHTPUHO, HO ATO YK€ CEro/[HSIII-
HU IeHb. A B IPUHITUTIE — 37IeCh HeUTpuHO. U KOoHCTaHTa,
KOTOpasi OIMCBIBAET 3TOT IPOIECC, OYeHb I0X0XKa Ha
KOHCTAHTYy M3 KBAHTOBOW ajekTpoimHamuku. Ho ns-3a
TOTO YTO HE M3BECTHO, UTO 371€Ch HAXOMAMWTCSI, OHA HOPMHU-
poBaHa Ha Maccy 3JIeKTpOHA B KBajpare, 3TO 10710
Cmorpute, Kakasi MajeHbKas KoHcranrta: tam 1/137, a
snece 1070, Yro aro osmawaer? Drto O3HayaeT, 4YTo
ceueHne B3aMMOJIENCTBHSI — COBEPIIEHHO (DaHTACTHUECKU
MaJieHbKas BesimurHa. Hy, 4To Takoe ceuenue, BCIIOMHUM.
BosbmeM msiTak M OpocHMM Ha HeEro MmoToxk vactuil. Kak
YaCTO HTOT MOTOK YaCTUIT OyIeT B3aNMO/ICHCTBOBATH C 9TUM
ngarakoM? Bce OyjieT 3aBUCETb OT TOTO, KAaKOBA TLIOIMIA/Ib
3TOTO IITaKa B IIPOEKINU Ha MOTIEPeYHOe ceueHne oToKa
(270 1 Ha3bIBAETCS CJOBOM <«CeuyeHue»), OT BEJUUUHbI
MMOTOKA W BPEMEHM, B TeUeHHe KOTOPOTrO BbI HAGJIIOaeTe.
ITnomaap maraka — aHaJIoOr CEYCHUIO B3aUMOEUCTBUL,
KOTOPOE UCTIOJIb3yeTcs B (pU3NKe.

6 [Tocrosmias TOHKOIl CTPYKTYDbI, /I HOCTOSAHHAS 30MMep-
(esba. Beipaxkenue depes pyHaMeHTAIbHbIE KOHCTAHTBI IIPH-
BezieHo B cucreMe equnun CI'CI, ucnosnb3yeMoil B KBAHTOBOI
aJleKTpoAnHamMuKe. YncIeHHOe 3HAYEHNe He 3aBICUT OT BbiGopa
CHCTEMBI €/[MHHII.




6 KBAHT

OKaSaJIOCb, YTO €CJIM CMOTPETDH IPOIECChI BSaHMOI[efI-
CTBUA BelecTtBa C HeIL/,ITpI/IHO, TO C€YC€HME HaXOAMTCA Ha

YpOBHE 107 =107 ¢m®. B 1o BpeMs KaK ceueHue saep-
o —24 _

HBIX peakiuii ato 10 210728 oM. Hy, merko monstob

aTu olleHKu. Ecam pasmep s/pa 1072 em, ToO KBajipar

. ., . =24 2 ,
pasmepa atoro sapa — 107" cM” . Bor HOpMasbHOE si1ep-

Hoe ceuenne. A 10728 ¢cm? — 910 OueHD MasIeHbKAS BEJIH-

yuna. Temnepb gaBaiite npejacraBuMm cebe, 4YTO TaKoe
107 em? . D10 3HAYWT, 4TO pasMep 00JacT, rue ujer
B3auMO/IeHCTBUE HEUTPUHO C APYTHMU YaCTUIIAMU, KOTO-
pbIe OCYIIECTBJSIOT cjaboe B3amMOeHCTBIE, TIPUMEPHO
107" M. Cero/Hs MbI €ro HEMHOTO MO-IPYTOMY OIlCHUBA-
em, kak 1077 =107"® ¢M, o Bee paBHO mOsyualoTCs
OYEHb MaJICHbKHE CEYEHUS — BbI JIOJKHBI TIOMACTD BAITIM
MTOTOKOM B MOHETKY Pa3MepoM TOopsaKa 107 cm. dcno,
YTO Ja’kKe MO0 CPAaBHEHUIO C SJCPHBIMU CEUEHUSIMU 3TO
HeBeposTHas 3a7a4a. M BoT aTo 6bL1a caeyioiias mpobJie-
Ma, KOTOpyIo HY;KHO Obwio pematb. Ho pas tak, TO BbI
HUKOT/Ia He CMOXKeTe 3aperucTpupoBaTth HeliTpuno. Mmes
TaKie MaJleHbKUe CeueHusl, HeHTPUHO CIIOKOWHO IIPOXO/UT
CKBO3b 3eMHOI map. OauH pas B3auMo/eliCTBYd 3a Bce
BpeMs JIBIKEHUS uepe3 Bech 3eMHol map. Oun pas! Kak
BbI 6y/1eTe aTO perucTpupoBarh? BoT mpobiema, ¢ KOTOpoit
CTOJIKHYJINCh (PUBUKU.

YT06BI KOHUUTH C HTUM TIEPUOJIOM, S TIOKAKY OCHOBHBIX
VUACTHUKOB — TEOPETHKOB, KOTOPBIE B ATOT TePHO pado-
TaJH.

Jlupax B 1928 rony numier csoe ypasuenue (pesisiTuBu-
CTCKOE BOJTHOBOE ypaBHeHue sJiekTpona). Kerartu, y ypas-
HeHud Jlupaka ecTb O/lUH MHTEPECHBIH Npe/e/bHbIi ciry-
yail: naBaiiTe B ypaBHeHUM /[lupaka IOJOXHUM Maccy
paBHOM HyJI0. B pesysbrare peyKIUK 0oJIyvyaercs ypas-
nenue Beilna. Tak Bor, camas danrtacTudeckas, camast
3araZlouHas U CTPAHHAS Belllb OblIa B TOM, UTO YpaBHEHWE
[wpaka, xorma Bbl ofpaiiaeTe Maccy B HOJb, MOKET
npuBecTn K Hapyiieanto P-uetHoctu. Bot aTtor coyuaii,
ypasrenue Beiing (1.e. ypaBHeHMe ABMIKEHNS 1151 Ge3Mac-
COBOIT 9aCTHIIBI €O CTIMHOM 1/2 , gacTHBIN cayyail ypaBHe-
nust [lupaka), cunrasncs nedpusndeckum. K nemy BepHy-
Juch ToabKo 4depe3 20—25 ger. Ilosyuaercs, 4to cpasy
MOKHO OBLTIO OTKPBLITh HEOOBIYHBIE CBOHCTBA HEUTPHUHO,
noxxasyiicra — Beflib Hanmcan ato ypasuenue. Ho onn
ObLIHM Takue HeOObIYHbIE, YTO HUKTO B ITO HE TOBEPUJI.
Ckaxy 60JbI11e, ObLT aKcTIepuMenT B 1929 ro/y, KOTOpbIii
Ha caMOM /[ieJie TIOBTOPUJI — HY, He MOBTOPHJI, a IpeJiiie-
cTBOBAJ aKcniepuMenTam 1956—57 rof0B, T/Ie u3Mepsiiach
HOJIAPU3AIUA JIEKTPOHOB (T.e. B3aMMHAasi OpPHUEHTAIUS
CIIMHA M WMIIYJbCa YaCTHI[), BbLICTAIONUX IpH Oera-
pacnazie. Tam HamIM, 9YTO OHU TOJSPU3OBAHBI, HO B 3TO
HUKTO HE MOT TIOBEPUTH. IKCIIEPUMEHT OTCTaBUJIM B
CTOPOHY M CKa3aJl: 3TOr0 He MOXXeT ObITh. U Bce. Bor
TaKash MHTepecHas MITYKA.

[laybiiie — MPOTUBOPEYHS B TMIPOTOH-3JIEKTPOHHBIX MO-
JIeIIX S7ipa, 0 KOTOPbIX S BaM cKazaJ. Ha Hux Brepsbie
obparui Buumanue Kponur. ['unoresa o napyiienuu co-
XpaHeHust aHeprun Oblia mpeaoxera bopom 8 1929 rony,
a ruriote3a [laysm o neiitpone — B 1930 romy. Helitpon
U TIO3UTPOH OBLIW OTKPBITHl UeBUKOM U AHIEPCOHOM B
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1932 romy, a TPOTOH-HEUTPOHHAS MOJIENb B 9TOM K€ TO/Y
OblIa TIOCTPOEHA TeMU TPEMS JIIOJAbMH, O KOTOPBIX S
TOBOPHJI. BblLTa MombITKa ITOCTPOUTD TEOPHIO OGeTa-pactaia
¢ HApYIIEHNEeM 3aKOHA COXPaHeHust sHeprun, ObLia omy6-
JuKoBaHa Takas padora. 11 Bop Ha nee ceoimamncs! Ho —
o 1936 roma, m ona okasasach HeIPaBUJIbHOI.

Hefirpunnas runotesza Ilaymu — ato yxke 1933 roa.
Kak Bupnre, cHavaja HEUTPOH, a IOTOM HEUTPUHO. 3HA-
yut, Teopus Depmu Torza ke 6bl1a nocrpoeHa. OreHka
CevYeHns] B3aMMO/IEHCTBUS HEWTPUHO, O KOTOPOW 5 BaM
TOBOPHJT ¥ KOTOPas TIOKa3aJia, YTO HEHTPUHO HE PETHCTPH-
pyercst, 6b1ia ipoBeieHa bete u [Taiiepacom B 1934 Tony.

Eme xo4y Bam ckaszatb 0 asoiinom Gera-pacnaie (T.e.
TAKOM pacra/ie sSpa, KOTOPBIN COMPOBOXK/IACTCS yBeTUe-
HUEM 3aps/ia f/pa Ha JIBe eMHUIIbI 1 U3JyYeHUEM JIBYX
AJIEKTPOHOB). J[BOIHOMN Gera-paciiajl GbLT BIIEPBbIE TIPE/I-
goxken ['énmepr-Maiiep B 1935 roay. U tombko ceromus
Mbl HAUMHAEM UM 3aHUMATbCA SKCIIePUMEHTAIbHO. HyKHO
ObL10 70 Jer sxgaTbh, 4ToObI HAYaTh UM 3aHHUMATbHCS.

W camoe unTepecHoe, TO 4TO MbI CETO/(HS TOJIbKO HAUU-
HaeM u3yvaTb — aTo rurnoreda Maitopana. [lesio B TOM, 4TO
HETPUHO Kak [MpakoBcKas vactuia (T.e. T0, 4T0 ObLIO
npuymMano MepMu 110 aHAJIOTHK ¢ ypaBHeHueM Jlupaka)
MMeJI0O HOpMaJbHbIe CBOICTBA: GBLIO HEHTPUHO, GLLTO U
AHTUHEHTPUHO — TOYHO TaK K€, KaK CYMIeCTBYIOT 2JIEKT-
POH M TTO3UTPOH, €CTh HEUTPUHO N aHTHHENTPUHO. O THAKO
KTO BaM CKa3aJl, 4TO 3TO €/[MHCTBEHHAs BO3MOKHOCTH? U
BoT Maiiopana B 1937 rojay, OyKBaJbHO 32 HECKOJbHKO
MeCSIIIEB JIO CBOeil cMepTH, my6anKyeT paboTy, B KOTOPOI
mpejiaraer cJjexnyioiiee: o Geper ypasuenue /lupaka,
JleIaeT HeKHe MaTteMaTHyecKie mpeoOpa3oBaHust U MOKa-
3bIBaeT, YTO B HEM €CTb PEHICHUS, B KOTOPHIX HEHTPUHO
MOKeT OBIThb TOXK/JECTBEHHO aHTHHelTpumHO. Torma mHer
HUKAKOI'0 3JIEKTPOHHOIO 3aps/ia, TouHee — 3TO HOJb. U
TaKoe HEHTPIMHO MOXKeT CYIIeCcTBOBaThb. Bot aTta acradera
6pL1a monxBaveHa llonTekopBo. IloHTexkopoBo 6bLT TeM
YeJI0BEeKOM, KOTOpBIN cuaymas Maiopana B 1937 romy.
Kcrarn, mo cux nop cyapba Maiiopana Hen3BecTHa; TO-
BU/IUMOMY, OH IMOKOHYUJ KHU3Hb CaMOyOUHCTBOM, OYK-
BAJIBHO Yepe3 HECKOJBbKO MECSIEB TTOCTe TOTO, KaK Halll-
caJl aTy CTaTbhlo.

Bor rtakas saraaka ocrajsach Ham ¢ 1937 roga. Hazmo
CKa3arb, YTO ee IIPOCTO UTHOPUPOBAJIH B TO BpeMs. MaJio
TOTO YTO HEHTPUHO HEJIb35 3aPErucTPUPOBATh, TaK K TOMY
JKe ellle y Hero Kakue-To COBCeM HeHOpMaJibHble CBOHCTBA.

Urtaxk, ¢ 1932—33 rog0B HAUMHAETCS COBEPITEHHO HOBBIH
MEPUOJT — 9KCIEPUMEHTAJBHBIH TEPUO U3ydeHus: Geta-
pacnaga. /lo aTtoro BpeMeHU siepHON (DU3UKH ele He
CYIIECTBOBAJIO, W BCE, YTO u3ydaau (PU3MKH, 3TO ObLIN
PaJIMOAKTUBHBIE S/IPA, KOTOPBIE /IaBAJIN 3JIEKTPOHBI — T.€.
npoucxoaun 6era-muHyc pacnabl (¢ Hameld ceroHs-
Hell Touky 3penus). A ¢ 1932 roza, mocsie TOoro Kax ObLI
OTKPBIT HEHTPOH, HaunHaeTcs OypHOE PAa3BUTHE SIE€PHON
pu3MKM, OTKPBIBACTCS MHOTO PAa3HBIX A/€p, MOXKHO Hei-
TPOH 3aroHATb B SI/Ipa U CMOTPETb, uTo Oyzaer. Ecau Bbi
aJb(a-yacTuily 3aroHuTe BHYTPD $/[pa € IOMOLUIbIO ITHK-
JIOTPOHA, TO MOKHO HAXOAMTDb U IOJIOXKUTEJbHbIE A/pa, ¢
n36BITKOM TIPOTOHOB, ¥ HAOJI0/IaTh GETA-TIITIIOC PacTIa/ibl.

Takum 06pa3oM, BO3HUKAIOT WHTEPECHBIE BapUAHTDI
HEHTPUHHBIX TIpolleccoB. Bo-mepBbIx, 6eTa-MUHYC pacial



(KOTOPBIIT M3ydascst 10 HTOTO):

IN & ,AN+e +0.

Bo-BTOpbIX — Gera-1Iioc pacma, rie poxKaaioTcs TMO3UT-
DOHBI:

AN - AN+t +v.

Ho Bo3Mosken ermie mHTepecHbI mpoiecc K-3axBata —
3axBaTa JJIEKTPOHOB SIIPOM, C TeM 4YTOOBI TMOSIBUJIOCH
HENUTPUHO:

A - A
GN+e - ,ON+v.

Haxower, nBoitHoit Geta-paciiaji, 0 KOTOPOM, sl BaM CKa-
3aJ1, BIIEPBbIe HAYAJIU JYyMaTb B TO BPeMS:

IN & AN +2e” +20.

Oxazayoch, YTO BCE 3TU MPOIIECCHI OYEHD CYIECTBEHHbI
JUIST acTpOUBNKI: /1711 ropeHust COJTHIIA, 9BOJTIOIINH 3BE3/T
U Ja’ke I KOJIIAICa CBEPXHOBBIX — 3TO KOTJAa Yy Bac
OYEeHb TSKEJIOE SIIPO, COCTOSIEE M3 JKese3a, BAPYT MTHOBEH-
HO TIpeBpaIaeTcs B HEHTPOHHYTO 3BE3/Ty, KOJJIACHPYET.
dra wupes, Keratu, npuHaaaesxut Jlanaay (pa6ora
1937 roga). U eme ofHy MHTEPECHYIO BEllb MOTY BaM
ckazarb. Korpa Jlangay nocagaunu B Tiopbmy, Bop narm-
can nucbmMo CranuHy, U B 9TOM IMCbMe OH TOBOPHUJ O
Jlangay kax o KpylHeiilieM y4eHOM U NPUBOUI B IPH-
Mep, KaK TOTPsCaloNIyto paboTy, UMEHHO KOJLTATIC 3BE3J.
Jto 6b11 apryment Cranuuy s Toro, uto6bl Jlangay
BBIIYCTUJIN 13 TIOPbMBI.

A [asibliie HAYIMHAETCS MHOTO OTKPBITHH B KOCMUYECKUX
aydax. Hawamm momospeBarb, 4TO 3TO HEKWE YACTHIIBI,
JIOCTATOYHO TspKesble, CHavyama AyMajd, 4TO 3TO IHU-
ME30HBI; OKa3aJ10Ch, YTO HTO MIO-Me30HbI (110 HBIHEITHUM
MPEJICTABICHUSAM) W UTO TU MIO-ME30HBI TOKE PaMOaK-
TUBHBI, KaK TOr/a ToBopuJu. VM ata pajgmoakTUBHOCTD
MEe30HOB COBepIleHHO HeoObrdna. OKa3anoch, 4TO Me30H
pacnajaercs Ha 371ekTpon u asa (!) Heiirpuno. Briepsbie
6bL71 06HAPYSKEH MPOIECC, B KOTOPOM He O/IHO HEelTPHUHO,
Kak B Gerta-mporiecce, a JaBa HeiirpuHo. Ilpm atom Her
TAKOTO IpoIecca, Koraa 6bl ME30H PACHaaJcs Ha AJIeKT-
POH W TaMMa-KBaHT. 3aTeM OBLJI OTKDPBIT MU-ME30H, KaK
HPE/IIEeCTBEHHUK Mio-Me30Ha. U1 o 6bL1 OTKPBIT (He Xouy
ceifyac 3aj1e3ath B [IeTan) TP UCCIE0BAHMSX, KOTOPbIE
OBLIN CBSI3aHbI C TOUCKAMU TPUYUH SAEPHDBIX CUJI. JTH TTH-
Me30HbBI ObLTH 0OHAPYKEHBI B KOCMUYECKUX Jydax. OKa-
3aJI0Ch, YTO OHM PACHAJAIOTCS HA MIO-ME30HbBI; ellle ecTh
MpeBpalieHne B 3JeKTPOH M HEHTPUHO.

Haxowner, ofHUM "3 caMbIX WMHTEPECHDBIX OTKPBITUI
TOTO BPeMEHH, TO-BUAMMOMY, GbLIO OTKPBITHE OeTa-pac-
naza mHeiitpona. bera-pacnaja HeliTpoHa ObLI OTKPBIT B
1948 rony Po6conom B Amepuke u CrimBakom B Poccum.
Hano Bam ckasarb, uTO, KOHEYHO, aTO OTKpbITHE — Ho-
6emeBckast ipemust, Ho CrimBak B 1948 romy pabGoran B
KypuaTtoBckoM mHCTHTYTe, B KoMaHie Mrops Bacuibe-
Bnya KypuaToBa, W, KOHEYHO, 3TH pabGOTHI He IyOJIIKO-
Basmch. TakuM o6pa3oM, MbI TIpo3eBasn oyepearyio Ho-
6eJIEBCKYIO TIPEMUIO.

N BoT, B 3TO Xe BpeMs, HAKOHEI[, Ha CTBIKE S/1€PHON
(pu3MKN U TEXHUKM POXKIAETCS aTOMHBIM peakTop — HY,
Mbl 3HaeM, pa6orei ¢ 1941-43 romoB HaumHAOTCS B

pasHbIX crpaHax. M cTaHOBUTCS SICHO, UYTO BCE-TaKu
MpUpo/a HAM JaeT BO3MOXKHOCTb MOIMPO6OBATh HAHTH
peasbHO W 3aperncTPUPOBATh HEHTPUHO, MMOCKOJIBKY pe-
aKTOp eCTb MOIIHBIN nctouyHuk HeliTpuHo. Hy, nefictBu-
TeJbHO, B pEakTope MPOMCXOJUT JeJieHne sijiep, BO3HU-
KaloT S/7pa, OYeHb CHJIBHO M36BITOYHBbIE TI0 HEHTPOHAM.
OHH, ecTecTBEHHO, PaCHa/aloTCs € TIOMOIIBIO IeTIoueK
o 6GeTa-paciajiaM J0CTaTOuHO ObICTPO. 30bITOUHbIE HEll-
TPOHBI Y BAC €CThb, MOITOMY 9TO — GeTa-MUHYC PaCIa/ibl.
W xosmuectBO 9THX pacmanos — daHTacTuyecku 60Jib-
I0e: TIOTOK HEHTPUHO OT PeakTopa Ha PACCTOSHUU OKO-
70 10 merpos (ot camoro peakropa) cocrapiser 10!
HEHTPUHO B CEKYH/Y depe3 KBaJPATHBIN CAHTUMeETP. JTO
(panTactnyeckne noroku! Bor Te cambie 20 TOPSAIKOB,
KOTOPbIE HYKHO ObLIO CKOMIIEHCHPOBATD, YTOObI YHTH OT
cevermit 107 em? mwa yposens 1072° em? — Bor Bam
BO3MO’KHOCTb TOMPOOOBATh X CKOMIEHCHPOBATD!

W mepBsbIif, KTO HavaJg IyMaTh 00 MCIIOJb30BAHUM pe-
aKTopa /I HelTpunHOH ¢usuku, 6p1 Bpyno IlonTe-
KopBo. S mokaxy Bam ero pa6ory 1946 roga. drta pado-
ta 6buia omy6sankoBana B Kaname — B aT0o Bpems Bpyno
[Tourexopso paboran eunie B Kanane, B Poccuio on 1o-
najs toabko B 1949 rogy. OH BiepBble 3aJyMaJics O
TOM, HEJIb3s JIM MCIIOJb30BATH JIJISI PErHCTPAIUU HeHTpH-
HO ob6paTHbIe TIporiecchl. /[0 Hero Bce cMOTpesn TOJBKO
Ha 6eTa-pacmajbl — pacmabl, TJe HEHTPHHO MOSBJISET-
cs, W BCe. A TYT OH TPEIJIOKHUJ TONCKATh IIPOIecC
06pAaTHBIN, KOT/a HEUTPUHO TIOT/IaeT B PO M UTO-TO C
HUM TIPOUCXOANT. BOT mporecchl, KOTOPBIE OH paccMaT-
puBaT: s MpsMo 6epy KycOoueK Ha aHTJHIICKOM sI3bIKE W3
ero crarbu. Tounee, u3 ero kanajackoro npenpunta 1946
roga. VI BOT OH IPUBOJUT NIPUMEPLI — T€ caMble TTpUMe-
pbI, KOTOPBIMU MBI cerojiHg 3aHmMaeMmcs. B 1946 romy
on mnpuBoguT npumep! B KkauectBe mpumepa, roBOPUT
OH, MOKHO PACCMOTPETb TAKYIO PEAKIINIO: B3STh HEHTPH-
HO, GPOCUTH Ha ?;Cl, noJyyurcst 37 u ?g Ar. A 135 Ar
MOJKHO 3apeTHCTPHPOBATh, TTOCKOJIbKY OH TPEBPAIAeTCs
B XJIOp, BpeMs kus3uu 34 s, u npoucxoaut K-3zaxsar.
IT0 TO, UeM cerosiHs pusukn — B Tedenue 30 Jjer gaxe —
sanumMalorcd. Bor Takas cxema.

Ho IlouTekopBo crenas elie OJHY IOPA3UTEJIbHYIO
BeIlllb: Jla] MPOTrpaMMy HCCJe[0OBaHUN 110 (u3nke HEUT-
puno. OH cKasas: JaBaiiTe CMOTPETH BO3MOKHBIE MCTOY-
HUKU HEUTpUHO B Mupe. Takue MCTOUHUKU MOTYT OBITH
caenytontue. ITepBoe: nelitpuHHble TOTOKM OT COJHIA.
On ux oleHuBaa Ha YPOBHE 10'6 Heiditpuno (r.e. 1wI0T-
HOCTb ITOTOKa HEUTPUHO 10'% ma 1em® B 1 CEKYH/Y), HO
cero/lHd Mbl 3HAaeM, 4YTO Ha YpPOBHe 3eMJid 3TO, caMoe
ayumee, 102, Ho Bce paBHO, He Tak Y ILIOXO. —
3HAYUT, MEPBbI UCTOUHUK HEHTPUHO, C KOTOPBIM MOXK-
HO paboTaTh aKcrepuMentatopam, ato ComHile, — cKa-
3aa1 B 1946 rony Ilonrexkopso. Bropoe — ato peakTop-
Hble HelTpuHo. DparMeHTsl, s/pa, KOTOPble BOZHUKAIOT
mocJie JieJIeHVs, SBJIIIOTCS MCTOYHWKAMH HeftpuHOo. U,
HAKOHEI[, OH eIlle MPeJIOXKUI caM YpaH: MeTaJlJI, KOTO-
pBIii BBITACKUBAETCS M3 PEAKTOpa, TOXKE MOXKET OBbITh
ucrounukoM Heiirpuno. Hy, ceifuac ato ne mpumenser-
cs. Bo Besakom caywae, Bot ero mporpamma (13 HosGpst
1946 roma): naBaiiTe MCMOIB3YeEM JIUIS UCCIE0OBAHMS HEM-




8 KBAHT

TPUHO TPHU THUTA WCTOUHUKOB — COJIHEYHDbIC HEUTPWHO,
peaxkTopHble HEUTPUHO W HEWTPUHO OT YCKOpHUTEJeH.

Bot Tak gaBHO 6bl1a aTa mporpamMma chopMyJnpoBaHa.
N pefictBurenpro, B 1956 rogy BIepBble TPOBEIEHBI
aKcIepuMeHTl B AMepuke: Pefinc, 6b1a1 Takoil husnk, Ha
aMEPUKAHCKOM PEAKTOPE CJIeJIasl IKCIIEPUMEHT U 3aperuc-
TPUPOBAJI TIEPBOE HEHTPUHO OT PeaKTopa.

IMeHHOW KOMMeHTapui

Boavgpeanz Spnucm HMayau (1900—1958) — acrpuiickuii
(usnk, BBes TOHATHE CIMHA 3JEMEHTAPHOH YacTHIIHI,
TIpe/ICKa3aJl CyIecTBOBaHNEe HEHTPUHO 1 c(hOPMYINPOBAJ
«mpuHIMN 3anpetay. Jlaypear HobemneBckoit mpemMun 1o
usnke 3a 1945 rox.

Huunve Xenpux /lasud Bop (1885-1962) — matckwuii
dbusuk, oauH U3 cosareseil cospemennoii ¢usukn (B
YaCTHOCTH, CO3/1aTeJb IepPBOI KBAHTOBOW TeOpUM aToMa 1
AKTUBHBIN YYACTHUK Pa3pabOTKU OCHOB KBAHTOBOI MeXa-
nuku). Jlaypear HoGeieckoii ipemun o ¢usuke 3a 1922
TOJI.

Aumyan Anpu Bexxepeav (1852—1908) — dpanirysc-
KWit (PU3UK, OZIMH U3 TIEPBOOTKPBIBATEIEH PAJNOAKTHBHO-
ctu. Jlaypear HoGeneBckoii npemun o dusnke 3a 1903
TOJI.

Apnecm Peseppopo (1871—-1937) — Gpuranckuii du-
3WK, <«OT€Il» SJepHOl (PU3NKHU, cO3AaTe]b TIaHeTapHON
Mojiesn atroma. Jlaypeat HobGesieBcKoil ipeMun 10 XUMUN
3a 1908 rog.

Yapavs Apymmond danuc (1895-1980) — aursmiickuit
pusuxk.

[oxeiime Yeosur (1891-1974) — anrumiickuii (pusnk,
yuenuk Pesepdoppaa; otkpba Helitpon. Jlaypear HoGe-
JIeBCKOH 1ipemu 1o ¢usuke 3a 1935 rog.

Jlusa Meiimnep (1878—-1968) — apcrpuiickuii pusnk n
PAZNOXUMUK.

Ommo Tan (1879—1968) — HeMenkuil XUMHK, <OTeI]
SIEPHOI XUMUN», OTKPBLT paciierjienne ypasa. Jlaypeat
Hob6enesckoit npemun o xumun 3a 1944 ro.

Apeun Pydonveh Hosegp Anexcandp IlIpedunzep (1887—
1961) — aBcrpuiickuii HpU3MK-TEOPETUK, OJIMH U3 CO3/1a-
teseil kBanToBoil Mexanuku. Jlaypear HoGeneBckoii mipe-
mun 1o dusuke 3a 1933 rog (cosmecrno ¢ Ionem /lupa-
KOM).

ITonw Adpuen Mopuc Jupax (1902—1984) — anrmiic-
Kuit GU3MK, OJMH U3 co3/JaTesell KBAHTOBOH MEXaHUKH.
Jlaypear HoGenerckoii pemun mno ¢usuke 3a 1933 ron
(coBmectno ¢ dpsunom Ipeaunrepom).

Bepnep Kapa Teiizenepe (1901-1976) — nemerkuit
(pusnk, onuH n3 cosmaresneil KBaHTOBOH MexaHUKHU. Jlay-
peat HobGenesckoii mpemun 1o ¢dusnke 3a 1932 rog.

Inpuxo Depmu (1901-1954) — uranbsiHekuil UMK,
OJINH M3 OCHOBOTIOJIOKHUKOB KBaHTOBOW (usuku. Jlay-
peat HobGenesckoii pemun 1o ¢dpusnke 3a 1938 roz.

Jmumpuii. Baaoumuposuyw Crobeavyvire (1892—1990)
— coBeTCKUIl (DU3UK-IKCIIEPUMEHTATOP, CIIEIMAIUCT B
06JTaCTH KOCMUYECKUX W3JIy4YeHWi 1 (DU3UKM BBICOKUX
HEPTHIA.

Jmumpuii [Imumpuesuu Heanenxo (1904—1994) — co-
BeTckuil (pusuK; paboThl B 00JaCTU SAEepHON (DU3NKH,
eIMHOM TEOPUH TMOJISA, TEOPUH T'PABUTAINN U [IP.
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IOmmope Maiiopana (1906—1938) — uranbsuckuii du-
3UK; paboThl B oOJacTu spepHOil (DUUKH W TeOpun
HEUTPUHO.

Apnoavd Hoeann Buaveerom 3ommepgpennd (1868 —
1951) — HeMmerkuii GPUMK-TEOPETHK; PAGOTHI TIOCBSIIEHBI
KBAHTOBOI TEOPUM aroMa, CHEKTPOCKOIUH, KBAHTOBOM
TEOPHUU METAJJIOB, MAaTeMAaTUYeCKOil (pU3uKe.

T'epman Kaayc T'yeo Beiiw (1885—1955) — nemerkuii
MaTeMaTuK; pa6oThl BO MHOTHX OOJIACTSIX MATEMAaTHKU U
MaTeMaTHIeCcKOl (hU3NKH.

Panveh Kponuz (1904—1995) — Hugepaanackuii pusuk;
paboTbl B 06J1aCTH CIIEKTPOCKOITNN, KBAHTOBOI MEXaHUKH,
saaepHoil Gpusnku, GU3NKKA TBEPIOTO Tesa U [Ip.

Kapn /1asud Andepcon (1905—-1991) — amepukanckuii
(usuk; paboTbI IMOCBSIIEHbl UCCJEIOBAHUIO PEHTIEHO-
BCKUX U raMMa-Jydeii, pusnke KOCMUYECKUX Jyudel, Hu-
3MKe aJIeMeHTapHbIX vyacTuil. Jlaypeatr HobemneBckoii mpe-
mun no ¢usuxe 3a 1936 rog.

Xanc Amwbpexm Beme (1906—2005) — Hemelkuii u
amepukaHckuii pusuk n actpodusuk. Jlaypear Hobemres-
cKoit ipemun 1o ¢pusnke 3a 1967 ron.

Pyoonveh Spncm [aiiepac (1907—1995) — anrsmiickuii
(pusuk; paboThl O KBAHTOBOW MEXaHWKE W KBAaHTOBOI
3JIEKTPOJIMHAMUKE, sjepHOil (dusnke, (Ppuanke TBEPIOTO
Tema u ap.

Mapus I'énnepm-Maiep (1906—1972) — amepukarnc-
kuit dusuk. Jlaypear HoGeneBckoii npemun 1o dusmke
(oana u3 ABYX skeHIMH-Maypeatos) 3a 1963 rox (cosme-
crio ¢ Xancom Mencernom).

Bpyno Maxcumosuu ITonmexopeo (1913-1993) — ura-
JIbTHCKUN U cOBeTCKUil Pu3uK; paboThbl B 06J1aCTH HENT-
puHHON (UK, acTPODUUKK U JIP.

Jes Jasudosuu Jlanoay (1908—1968) — Bbiaatomuiics
COBETCKHI (PUBMK-TEOPETUK, OCHOBATEIb HAYYHOH IITKO-
apl. Jlaypear HoGeneBckoii mpemun 1o ¢pusnke 3a 1962
ro/l.

Joxon Muxasrv Pobcon (1920—2000) — xanajackuii
(usuk; paGorer B obsactu siepuoit ¢busuku, GuU3nKu u
TEXHUKU SIZIEPHBIX PEAKTOPOB.

ITemp Egdumosuu Cnusax (1911-1992) — coserckuii
(usuk; paboTbl B o6aacTh si/iepHON (HU3NKM U (HU3uKn
cJ1a0bIX B3aUMOEHCTBUI.

Heopv Bacunvesuu Kypuamos (1903—1960) — coser-
CTKUI (DUBUK, «OTEI» COBETCKOW aTOMHOW GOMODBI, TJIaB-
HBIII HAY4YHBI DPYKOBOAWTEJIb AaTOMHOH MPOGJEMBI B
CCCP.

Dpedepur Petine (1918-1998) — amepukanckuii ¢u-
3uk. Jlaypear HobGemneBckoii mpemun 1o ¢pusuxe 3a 1995
TO/l «3a 9KCIIePUMEHTAIbHOE OOHAPYIKEHUE HEHTPUHOS .

(lpogonxeHve cratemt —
B CrIey0LLeM HOMEPE XyPHAla)



| eOMeTpKa Ha NapkeTe

B.JYBPOBCKUU

COBPEMEHHO TEOMETPUU IIAPKETBI, JIU 3A-
MOIIEHNUS, T.€. HOKPBITUS IIJIOCKOCTH MHOTOYTOJIb-
HUKaMu 6e3 TPO6eIOB 1 TIEPEKPBITHIL, CJIyKAT MPe/-
METOM CaMOCTOATEJbHOrO M3y4deHud. B aToil crarbe Mbl
YBUJIMM, KaK UX MOKHO HCII0JIb30BaTh B KQ4eCTBE UHCTPY-
MEeHTa JIJI JI0Ka3aTebCTBA «OOBITHBIX > , JasKe KJIacCHuec-
KX TeopeM, M3HAYaJIbHO HE MMEIOMNX HUIEro OOIIEeTo ¢
3aMoreHnsIMH. [loKkasaTesbeTBa, KOTOpBIe MBI GyeM 06-
Cy>K/laTh, BOBCE HE eJUHCTBEHHble U Ja’ke He caMble
kopotkue. Ho onn, 6e3yc/ioBHO, KpAaCUBbI, U S HAJIEIOCD,
YTO OHU JIOCTABAT YUTATENIAM TaKOe >Ke Y/J0BOJIbCTBHE, KaK
U aBTOpY.
HauneMm ¢ n1ByX mpocTeilinnx mapkeroB, KOTOpble MTOKa-
3aHbl HA pUcyHKe 1. ITO 3aMoIIeHNd IJIOCKOCTH MapaJijie-
JorpaMMaMn U TpeyroJbHukamu. llepBoe mosyuaercd,

a) 6)

Puc. 1

€CJI Pa3/leJIuTh IJIOCKOCTh Ha TapaJsjiesorpaMMbl JIByMs
ceMelCcTBaMM TapaJlJIeIbHbIX ¥ PaBHOOTCTOSIIMX IPS-
MbIX. BTOpoe nosyvaercs, ecyiu pazpesartb Bce 9T HapaJ-
JIeJIOIPaMMbl I1apaJilesIbHbIMU HaroHatsaMu. Jcto, 4to B
KayecTBe IVIUTOK IIapKeTa MOXKHO MCIIOJIb30BaTb paBHbIE
MapaJiieJJorpaMMbl JTI000T0 pazmepa u (hOpMbI, U TO Ke
CIIPABE/IINBO Vst TPEYToJabHUKOB. (IInTKaMu Ha3bIBAIOT
MHOTOYTOJIbHUKHY, 13 KOTOPBIX COCTAaBJSETCS MapkeT. B
IapKeTax Ha PUCYHKe | Bce IMJINTKY OJMHAKOBBI; HIDKE MbI
BCTPETHUMCSI U C TIAPKETOM U3 HECKOJbKUX PA3HBIX BUIOB
IJTUTOK. )

[laske camblii TPOCTON — TPEYroJIbHbIN — IapKeT MOKeT
[IPOUJLIIIOCTPUPOBATD O/IHY U3 (PYHIAMEHTAIbHBIX TCOPEM
reomerpun. [TocMorpure erne pas Ha pucyHok 1,6. TToHsT-
HO JIW, O KaKoil TeopeMe UJIeT peub? YBepeH, 4To Ja. JTO
TeopeMa o0 CyMMe YTJIOB TpeyrosbHuKa. Ha prucynke yribt
IECTH TIJIUTOK YJIOKEHBI BOKPYT WX 00TIei BepInHb! 6e3
3a30POB U HaJIOXKeHMH. A Tak Kak KasK/blil yros IJINTKU
BCTPEUAETCS IBAXK/BI CPE/H STUX IIECTH YTJIOB, TO CyMMa
yTJIOB TINTKN paBHa 180°.

Wrak, Mpl cyMesan OOHAPYKUTb Ba’KHBIH reoMeTpryec-
KIi PaKT «METOZOM IIPHCTATHHOTO B3TJIAa» HA 3aMOIIe-
HUE; 9TOT METOJI ellle He pa3 MPUTOAUTCS HaM B JlaJIbHEH-
meM. [lomyTHO Hall TPOCTOil IpUMep MOSICHAET, MoYeMy
3aMOIIEHNS OKA3bIBAIOTCS MOJIE3HBIMU IIPH TIOMCKE U JIOKA-
3aTeJIbCTBE TeOMETpHUYEcKNX (PaKTOB: KOrJa purypa okpy-

JKEHA CBOMMU KOTIUSIME, TO BBISIBJISIIOTCSI CBSI3U MEJK/LY €€

3JIEMEHTAMU, KOTOPBIE JI0 ATOTO OBLIO TPYAHO YBUJETD.
Ectb eliie 01HO UHTEPECHOE COOOPAKEHIE TEXHIUECKOTO

XapakTepa; oHO TpebyeT 6oJiee TTOAPOOGHOTO 0ObSICHEHNS.

N3mepeHue nnowiagen noac4eTomM ysnos

PaccmoTpnM mapkeT W3 MmapasiyieIorpaMMOB U ITPOU3-
BOJIbHYTO (pUTypy Ha maockocTh. [lnomans aToit ¢purypsr
NpUOJN3UTENbHO PaBHA YHCJIY COAEpKalMXcs B HeEl
IJINTOK, YMHOKEHHOMY Ha IJIONAIb TITUTKI. YeM MeHbITre
IJINTKUA, TEM TOYHEE 3TO PABEHCTBO. 3/1€Ch MBI CYUTAEM,
YTO IJIUTKU M3MeJbyaloTes, a ¢urypa ¢puxkcuposana. Ho
MO3KHO TIPE/ICTaBUTh, YTO (PUKCHPOBAH TMapkeT, a ¢purypa
pasmyBaercs, coxpamsig gopmy. Torzna, cunras aoma/b
IUINTKU PaBHOI 1, MoJrydnM, 4TO TI0Maab GUTYPHI TIPH-
MEpHO PaBHA YHCJY TJIUTOK, IIEJMKOM JIEKAIIUX BHYTPU
Hee. V1 9em Goubinie pasayta ¢urypa, TeM MEHbIEe OTHO-
CHUTEJbHAS TTOTPEITHOCTD TAKOTO M3MEpEeHNs.

Ho BMecTO MIMTOK MOMKHO CYMTATh TOYKU — BEPIIMHBI
mmTok! MHOXXeCTBO BepIMH BCeX TMapaJsiiesorpaMMOB
HAIIIeTo TapKeTa Ha3bIBAETCSI PeulemKoil, a CaM1 BEPITITHDI
— ee y3aamu. Kaxapiit y3es penieTky — 3T0 JIeBast HUKHSS
BepUINHA KaKOro-1o (1 TOIBKO OHOT0) MapalieJorpaMMa
U3 COOTBETCTBYIOIIET0 3amorienus. [loaTomy dmcio y3108
BHYTPHU (UTYDPBI HE MEHbIle YHUCJIA MAPAJIeTOrPAMMOB,
COJIep KaIIuXCs B Hell, 1 He GOJIbIIE YNCJA MapaJsiiesor-
paMMOB, KOTOpbIe MIMEIOT C Heil OOIIie TOYKH. 3HAUuT,
OIATh MPUHUMAS TJIONIA/Ib OJHOTO MapaJsijiesiorpaMMa 3a
equnniy (aBaiiTe JOrOBOPUMCS U JAJIbIle TaK CYMTATD,
€CJIM CIHEIUANbHO He OrOBOPEHO MHOE), MbI MOKEM CKa-
3aTh, YTO TJIOMIA/b (GDUTYPBI TPUOJIUZUTETHHO PABHA YUC-
JIy Y3JIOB, KOTOPBIE OHA TMOKPBIBAET.

«PasnyBas» ¢urypy, MOKHO c/[eaTh OTHOCHTETbHYIO
[OTPEIIHOCTD 9TOrO PABEHCTBA CKOJIb YTOHO MAJOW, HO
UJIeaJIbHON TOYHOCTH [IJIs1 BCeX (DUTYD [OCTHYD HEJb3s.
OnHako 1 HEKOTOPBIX THUIIOB (DUTYP IO/ICYET Y3JI0B
[I03BOJISIET BBIYUCHUTD TLIOMIAb a6COMIOTHO ToUuHO. OHY
u3 Takux (opmy.a gaer reopema Iluka: niowadv mmuozo-
Y20NbHUKA C BEPWUHAMU 8 Y3NAX PewemKu pasHa
i+b/2—1, 20e i — uucio Y3106 BHYMPU MHOZOY20bHUKA,
a b —yucno y3noe na ezo epanuye. O6 atoit GopmMyTe MbI
emte BeromunM (M. Takke crarbio H.B.BacuibeBa «Bok-
pyr dopmyasr [uka»'), Ho 31ech GymeM mob30BaTHCS
JIPYTUM CTIOCOOOM BBIYUCJIEHUS TIIOIAIEH.

[Tyctp HAM HY)XHO BBIUMCIUTD TJIOMIAIb HEKOTOPOI
(urypbi, KONUAMHU KOTOPOII MOSKHO 3aMOCTUTD TIJIOCKOCTD.
Hasoxum 370 3aMOIIieHne Ha PEMIeTKY e JMTHUTHBIX TTapaJl-
JesjorpaMMoB. PaccmorpuMm mpocreiimmii caydaii, Koraa

! Ony6akoBana B « KBanre» Ne12 3a 1974 1. u B Boimycke 125
«bubanoreukn «KBaHT».
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KaskJast TJINTKA HOBOTO 3aMOIEHUS TIOKPBIBAET OJTHO W TO
3Ke YUCJI0 7 Y3JI0B PENeTKH, HO HU OJINH U3 HUX HE JICKUT
Ha ee rpanuiie. Toraa miomaab § OIHON (DUTYPBI-TIUTKA
mpocTo paBHa 1. [lokaskeM aTo.

B camom nene, paccMoTpuM KpyT paaumyca R ¢ gukcn-
poBanubIM 1ieHTpoM O. Ilyctb BHYTpH Hero Jjexutr N =
= N(R) mmrox. Torja nioma/b Kpyra, miR? | npubansu-
TeibHO paBHa Ns (910 yTBepsK/AeHHe CIPaBe/JIUBO /IS
3aMOIIEHUsT MapaJIeorpaMMaMi, 0 4eM ObLJIO CKa3aHO
BBIIIIE, HO, KOHEYHO, W I JF060TO IPYTOTO MapKeTa u3
OJIMHAKOBBIX IINTOK). Bosiee Touno, otHomeHne TiR? / N
CTPEMHUTCS K S IpH R, cTpemsiieMcs K 6eckoredHocTH. Ho
C IPYTOI CTOPOHBI, KaK MBI BUJIEJIU BBIITIE, TIIOMA/b KPyTa
MPUMEPHO PaBHA YHCJY Y3JOB BHYTPH HETO, KOTOpPOE, B
CBOIO oOuepe/lb, NMPUOJU3UTENbHO paBHO Nn, APyruMu
cJIOBaMH, OTHOIIIEHUE TIRz/N crpemurca k n. Cienosa-
TEJIbHO, S = 1.

[Toxoxxee paccys/eHre TPUMEHUMO M TOT/Ia, KOTJA
HEKOTOPDbIE Y3JIbI MOTA/IAI0T HA I'paHuilbl mautok. Ho B
3TOM CJIydae [IPH MOJCUeTe YHCJIa Y3JI0B, TOKPLITBIX O/{HON
IJINTKOM, KasKAbIH IPAHUYHbBIN Y3€J HY>KHO YYUTBIBATD C
koaddurmentom 1,/ k, rae k — 4ucyio MIMTOK, Ha TPAHUIIE
KOTOPBIX JIESKUT 3TOT y3esa (a Kaskblil BHYTPEHHUIT y3es
— no-npexxnemy ¢ kKoadpduimenrom 1). Toraa, ckIaapiBast
Bce TN KOahduImeHTsl mo BceM N TJIUTKaM BHYTPHU
Kpyra, Mbl yuTeM Ka)K[blil IpaHudHbIi y3en k pas (o
OIHOMY pa3dy Ha KaXK/yTo IIJTUTKY, Ha TPAHUIE KOTOPOi OH
nexut). Ho BKIazg oT Kaxkaoro pasa pasen 1,/ k, snaunr,
CyMMapHbIii BKJIJ[ OJHOTO TPAHUYHOTO y3Ja pasen 1.
[TostyuaeTcst, 4TO YKUCIO Y3J40B BHYTpU Kpyra (mpubinsu-
TeJbHO) paBHO Nn, T7ie n — cymMma Koo HUIMEHTOB BCeX
Y3JI0B, JIEXKAIIMX BHYTPU WJIN HA TPAHUIE OJHON IIUTKH,
YTO ONSATD /IaeT PABEHCTBO § = 7.

B kavectBe mMpuMepa CHOBa PACCMOTPUM 3aMOIEHUE
MJINTKAMU-TIAPAJIJIEIOTPaMMaMHy, TIOKa3aHHOE Ha PUCYHKE
1,a. Ha xaxxayto mimTKy norajiaet 4 y3maa, HO U KasK bl
y3eJ, B CBOIO OdYepe/ib, MOKPBHIT YEeThIPbMS IJIUTKAMHU,
MOTOMY CpeJlHee YNCJI0 Y3JI0B Ha TIIUTKY paBHO 1, a 3To
U ecThb IJIONIa/b NJNTKU. Dosiee mHTEpecHbI! npuMep
MOJIy4aeTCsl, €CJIM PACCMOTPETh TPEYTOJbHUK C BEpITUHA-
MU B y3JaX PelieTKd, Ha TPaHWIle W BHYTPU KOTOPOTO
JIPYTHX y3710B HeT (IprMep — 3aKpallieHHbIH TPEYTOJbHUK
Ha pucytke 1,6). TlokaxkeM, 4To IIONIA/b JIOGOTO TAKOTO
TPEyTOJIbHIKA paBHa 1 /2, T.e. TI0JI0BUHE TIOIIAIN TapaJ-
JleJlorpaMMa, IOPOsK/IAIoNIero PeuleTky — Be/b 3Ta ILIO0-
a/ib, Kak MBI IOTOBapWBAJINCH, paBHa 1.

3aMOCTUM TIJIOCKOCTHh KOMUSIMH 3TOTO TPEYTOJbHUKA
(puc. 2; n1d HATJISIHOCTH MBI PACKPACUJIN WX B MIAXMAT-

2014 /Ne?2

HOM mopsijike). Torza Bee BEPIIMHBL ATHX TPEYTOJIbHUKOB
3aMOTIEHNUS TTOTI/IY T B Y3JIbI PEIIETKH, @ BHYTPH TPEYTOJIb-
HUKOB He OKakeTcsl y3/10B. (JIoKaskuTe 9T0 CaMOCTOATE b-
HO MpPH IOMOIIM Takoro (akTa: ecjau CABUHYTb BCIO
pelieTky Ha BEeKTOp AB, tne A u B — ee Y3JIbI, TO OHA
coBMeCTHTCSI caMa ¢ co60ii.) Kasapiii TpeyroibHuK mo-
KPBIBAeT TPH y3JIa, a KAK/BIH y3eJ NPIHHA/JICSKUT MIECTH
TPEYTOJbHUKAM, TI09TOMY Ha K K/Iblil TPEYTOJIbHUK TIPU-
xonutes o 3,/6 = 1,/2 y3na, a 3HAUUT, €rO TLIOMA/Ib
paBHa 1,/2. Terepp BbI MOKeTe TOMPOOOBATDH J0KA3aTh
dopmyay Iluka: a1 aToro Hamo paspe3atb MHOTOYTOJIb-
HUK C BEPIIMHAMH B Y3JaX PENIeTKH HA TPEYTOJbHUKU
BpO/Ie TeX, KOTOPbIE MBI TOJBKO UTO PACCMATPHUBAIN, U
HalTH YUCJIO0 HTUX TPEYrOJbHUKOB (MOKHO IMOJICYUTATH
CYMMY BCEX UX YIJIOB).

[Tono6HBIH MeTO/ BBIYICACHNS TIJIONIAN TIIUTKA TPH-
MEHIM, KOT/J[a 3aMOIIeHNe TJINTKAMH U PeTleTKa CBSI3aHbI
JIPYT C IPYTOM CJeIyIonuM 06pa3oM: Jo6oe IBUKEHuE,
mepeBojdlee OJHY ILIUTKY B JPYTYIO, TEPEBOANUT BCIO
peleTky B ce6si. ITO yCJIOBHe TAPAHTUPYET, YTO BO BCEX
IJIUTKAX Y3JIbl PACIIOJIOMKEHDI OJMHAKOBO.

Yupaxknenue 1. /[Be npoTHBOIIOJIOKHbBIE CTOPOHbBI HapaJlie-
JIorpaMMa e/JMHUYHOM 110N/ in pas/iesieHbl Ha 17 PaBHBIX Yac-
Teil, Apyrue JiBe CTOPOHBI — Ha M pPaBHbIX dvacTel. Touku
pasbuennst CoeMHeHbl JBYMsI CIOCOOAMH, KaK ITOKA3aHO Ha
pucynke 3. Haiigure momaan MajJeHbKUX Mapasie/orpaMMOB
B 000UX CJIydasix.

a) 6)

Puc. 3

B ynpaxunenun 1 pemerka 6biia gana B yciaosuu. Ho
MHOI/IA, Kak, HalpuMep, B CJeLyloleM YIPakHEHUH,
MOJAXO/AIYIO PEIIeTKY [PUXOJUTCI CTPOUTD.

Yupaxkuenue 2. Touku A, B;, C; pacnoJioxeHbl COOTBET-
crBeHHO Ha ctopoHax BC, CA, AB tpeyroabuuka ABC Tak, uTo
BA; : AC =CB, : BIA = AC, : C,B =1:2 . Ilyomaab TpeyroJb-
nnka ABC pasna 1. Hafiaure mionaap TpeyroabHIKA, OTPaHN-
yernoro npsmbimu AA;, BB, CC;.

Teopema lNudparopa

3HAKOMCTBO C TPUMEHEHUSIMU TApPKETOB Mbl ITPOJ0JI-
JKUM HEOOBIYHBIM JI0Ka3aTebcTBOM TeopeMbl [Indaropa.

BosbMeM KBaJpaTbl CO CTOPOHAMHU, PABHBIMHU KaTeTaM
a 1 b HEKOTOPOTO IPSIMOYTOJIBHOTO TPeyroJbHuKa. 3a-
MOCTUM MMM IIJIOCKOCTb, KaK II0Ka3aHO Ha PUCYHKe 4.
JleBasg HMXKHASA BeplIMHA KasK/IOTO KBajpara CO CTOPO-
HOH @ Takske gBJsieTcd IpaBOi HUKHEH BepIIMHON O/{HO-
ro W3 KBaJpaTtoB co cTopoHoil b. [loxpacum Bce atn
TOYKHM B KPacHbIH 1BeT. KpacHble TOUKN 06pasyoT KBaj-
patnyio pemerky (JlokakuTte 5T0!), IpUYEeM CTOPOHA KBA/I-
para 3TOi pemeTKN paBHA TUIIOTEHY3e HaIero TPSIMOY-
TOJIBHOTO TPEYTOJbHWKA — MOCMOTPHUTE Ha CHUHHUI Tpey-
roapHuK. Terepb 3aMeTnM, 4TO, OODEAMHUB KBA/[PATHI



TEOMETPHUA HA NINAPKETE

~] 3aMOTIEHUST TapaMu,
N MbI TTOJTyYUM TTapKET U3
OJIMHAKOBBIX HEBBITYK-
| abix mmroxk (oxna us3
- KOTOpBIX 06Be/IeHa 3e-
JIeHbIM Ha prcyHKe 4).
Kaxkmag rakag naurka
a MOKPBIBAET J[Ba Kpac-
HBIX y3Ja, a KasKIbIil
KPacHbBIN y3€eJl MOKPLIT
JIByMS TLIUTKAMU, T.€.
Ha OJIHY TJUTKY B
Puc 4 CpeJHEeM TIPUXOIUTCS
OJINH y3eJ KPacHOH pe-
IIeTKU. A 3TO O3HAYaeT, 4YTO ILJIOHAAb KaXKAOW ILIUTKH,
T.e. CyMMa IIONA/Iell KBaJPaToB, MOCTPOECHHBIX Ha Ka-
TeTaX, paBHA IJIOMIAJN KPACHOTO KBAJpara, a 3TO U €CThb
teopema Iludaropa.

OrMeTuM elrfe, 4YTO U3 HAIIero 3aMOIEeHUS BU/HO, KaK
paspesarb IJIMTKY W3 JBYX KBaJ[paTOB Ha 4YacTH, W3
KOTOPBIX MOKHO CJIOKHTb KPACHBIM KBaJpaT: HYKHO
MPOCTO pe3aTh 10 KPACHBIM JIMHUSIM. IDTO JAET €Ile O/[HO
JIOKa3aTebeTBO TeopeMbl [Tndaropa. Boobie, 6oabimmH-
CTBO 3ajila¥ Ha ILJIOMIAJAM B 3TOW CTaThe MOKHO PEIINTbH
JIBYMST CITIOCOGAMU: TIOJICUETOM Y3JIOB UM Pa3pe3aHueM u
neperJiaJbIBaHeM yacteil. Bpr MoskeTe BbIGUpATh, KaKon
crioco6 BaM GOJIbIIE TI0 [IYIITE.

qublpexerHbHVIKVI N wecTnyrosibHuKu

MHOro MHTEPECHOTO MOXHO IOJYYHUTh, paccMarpuBas
Jlpyrue TUIIbI 3aMolennii. HauneMm c nmapkera u3 yeTbipex-
YTOJIbHIKOB ITPOU3BOJIBHOI (hopMbI. UTOOBI €70 MOy YuTh,
BO3bMEM IIPOCTeiilliee 3aMOlIeHNe MapaJsieJorpaMMaMn
(nokasaHHOe KpacHbIM Ha PUCYHKE 5) U OTMETUM B

Puc. 5

KasK/JIOM U3 HUX 10 TOYKE TaK, YTOOBI ATH TOUKH OITHAKOBO
pacrosaraanch BO Beex mapaJiiesnorpaMmax (Kak ciesa
BBEpXy Ha pucyHke). OTMedeHHbIE TOUKN 06Pa3yIoT pe-
IIeTKY, PaBHYIO UCXOAHON. COoeIMHUM KasK/1yI0 OTMEUYeH-
HYIO TOYKY C BEpIIMHAMHU ee TapajjiesorpaMMa 1 cOTpeM
Kkpacubie K (CTOPOHBI TapasiesorpaMmMoB). Tlouy-
YUTCA [TapKeT U3 PABHBIX BBIIYKJIBIX YeTbIPEXYTOJIbHIKOB
(cpennsisi yactb pucyHka 5). Takoll mapker MOXKHO MOCT-
POUTH M3 KOIHIi JIIOG0TO BBITYKJIOTO YEThIPEXYTOJIbHUKA
(JOKaKMTE HTO CAMOCTOATENBHO, HAUaB OIMCAHHOE BBIIIE
MTOCTPOEHME C TTapKeTa M3 MapaJljieJJIoTPaMMOB CO CTOPOHA-

MU, PaBHBIMU W TAPaJJIeJbHBIMUA UArOHAJISAM JITaHHOTO
YETBIPEXYTOMbHNKA). MesKIay MpOoYnM, TaKkoil crnoco6 ro-
JINTCS U I/ HEBBIMYKJbIX YeTbIPEXYTOJbHUKOB, TOJIBKO
KaXk/yI0 OTMEUYEHHYIO TOUKY HA/I0 COeIMHATD C BepIIUHA-
MU [apaJLieflorpaMMa, He codepikaugezo sty Touky (cka-
JKeM, JIeXKAllero Ha 1 T0JIOC HUXKE ee WJM Ha M T0JI0C
npasee). IlonpoGyiite MOPUCOBATH TaKWE 3aMOIIECHUS U
[IpoBepbTe, COXPAHLIOT JIM /I HUX CUJIYy I[IPUBO/IUMbIE
HIUZKE PACCY>K/ICHUS.

JI1oOble [IBe 4eThIPeXyTObHbIE TNINTKH HAIIETO 3aMOIIle-
HUsI, UMerote OOILyI0 CTOPOHY, CUMMETPHYHBI OTHOCH-
TEJBHO cepeantbl 910it croponbl. Kpachbie murnu (cTopo-
HBI MAPaJIJIeJJOTPaMMOB) Pa3pe3aloT KasKAylo U3 IJINTOK
Ha Tapy TPEyroJbHUKOB. V3 TpeyroJbHUKOB, TOJY4YeH-
HBIX pa3pe3aHyieM [BYX COCEHUX IJIUTOK, MOKHO COCTA-
BUTb OJIMH KpacHblil napassienorpamMMm. [Tomyyaercs, uro
IJIOMIA/Ib IVINTKY PaBHA IIOJIOBUHE IO/ TTapaJlie/ior-
pamma. IIposepbre aT0 M nozacyerom yssos! Emne oxun
IIPOCTON BBIBO/I U3 PacCMATPUBAEMO KOHCTPYKIIMK TAKOI:
Juist o6oii Toukn P B mapasienorpamme ABCD cymma
romaieit TpeyrombHukoB PAB u PCD paBHa cymme
mrommaeit TpeyroabankoB PBC 1 PDA. JleiicTBUTEbHO,
o6e Tapbl TPEYTOJLHUKOB MOJIYYaiOTCS pa3pe3anneM Ofl-
HOTO W TOTO K€ YETBIPEXYTOJbHIKA 10 PAa3HBIM JHArOHa-
JISIM.

ITO CBOHCTBO Nap TPEYTOJIbHUKOB MOYTH OYEBU/IHO, HO
B cayuae kBagpata ABCD ono umeet 06001ieHue, 10Ka3a-
TEJIbCTBO KOTOPOTO CKOpEe BCEro, MOTPeOyeT Cepbe3HbIX
PAa3MbIILIEHNI.

Vnpasxnenue 3 (B. IIpoussosioB). Buyrpu GoJibiioro kBaj-
para JexuT Menbiuii (puc. 6). Bepiumnbl KBagpaToB coe/uHe-
HbI, KaK IIOKa3aHO Ha PUCYHKE. ﬂOKa‘
JKUTE, UTO CyMMa TIIOIAJeil CHHUX
YETbIPEXYTOJDbHUKOB PpaBHa CyMMeE
IJomaen KpacHbIX.

Crenyromue ynpaskHEHUs TI10-
Ka3bIBAIOT, YTO KPYT CUTYyalluii, B
KOTOPBIX IIPUMEHUMbI 3aMOIIEHISI,
ITMPE, €M MOKHO ObLIO GBI TIO/TY-
Math, OCHOBBIBASICh TOJIBKO Ha Pac-
CMOTPEHHDIX BBIIIE [TPUMePax. Puc 6

Ynpaxuenust

4. Jlokaskute, 4TO JJIMHA CPE/IHEH JTMHUU YETIPEXYTOJbHIKA
(oTpeska, COCMHSAIONEr0 CEPENHBI ABYX TTPOTHBOMOIOKHBIX
CTOPOH) HE TIPEBOCXOUT MOJTYCYMMBI JUIMH JIBYX JPYTHX CTO-
POH, IIpUYEM PABEHCTBO JIOCTUTAETCS, TOJBKO €CJH 3TH [[BE
CTOPOHDI T1apaJIJIe/IbHDI.

5. B [Ipeuem Erumte maoniaim 4eTbIpeXyroIbHIKOB BHIUMC-
JIAM KaK TIPOM3Be/ileHHe IOJyCYMM JIIMH IIPOTHBOIOJIOXHBIX
cropon. Jlokaskurte, 4TO TaKoOW Croco6 [aeT MPaBUJIbHbBINA pe-
3yJIbTAT TOJIBKO JIJIS TIPSAMOYTOJIbHUKOB.

6 (M1169). Ilycth P — MpOM3BOJIbHAS TOYKA B TPSAMOYTOJIb-
Huke ABCD. JlokaxkuTe, 4TO €ro ILIONIA/Ib HE MPEBOCXOUT
gesuuntbl PA - PC + PB- PD . (Ilodckaska: 4to6bl I0Ka3aTh
3TO IIPH TIOMOIIH 3aMOIIEHUH, HY>KHO TTOAIPABUTD KOHCTPYKIINIO
3aMOIIEHUST YETHIPEXYTOJbHUKAMI, KOTOPYIO MBI 00CYK/I1aJu
BBIIIE. )

Bepnemcs k pucynky 5. Eciu crepeTh o61IyIo CTOPOHY
KaKUX-TO JIBYX COCEJHNX IIJIMTOK U BCE T1apaJliesibHble eil
CTOPOHDBI APYTUX MJUTOK, TO OCTAHETCA MAaPKET U3 MeCTU-
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YTOJBHUKOB. Y Ka)X/J0TO W3 HUX €CTb IIEHTP CHUMMETPHUH
(cepemmua €cTEpTOil CTOPOHBI) M UX MPOTHBOIOJIOKHBIE
CTOPOHBI PaBHbBI U TMapaJsiieabHbl. OueBUIHO, TaKOW Hap-
KeT MOKHO COCTaBUTb M3 KONHUil JIIOOOTO IEHTPAIbHO-
CUMMETPHUYHOTO TECTUYTOJbHUKA.

Yupaxnenue 7. [laH 1EeHTPATbHO CUMMETPUYHBIN IIECTH-
VTOJBHUK. Tpu €ro BepIINHBI, B3SATbIE Yepe3 OJHY, 00pasyioT
TPEYTOIbHUK. J[OKa)kuTe, YTO €ro IJIOMIQJb PaBHA IIOJOBHHE
TJIONIA/IN [IECTHYTOJbHIKA.

Teopema HanoneoHa

B saBepiienne Mbl JOKQKEM 3aMeYaTeIbHYIO TEOPEMY,
npunucbiBaemylo Hanosneony Bonamapry.

Teopema. IIycmov cuapyxu npoussorvrHozo mpeyzonp-
nuxa ABC nocmpoenvt Ha €20 CMOPOHAX NPAGULbHBLE
mpeyzonvnuxu CAB;, BCA,;, ABC, (puc.7). Toz0a ux
uenmput P, Q, u R 06pasyiom npaguivnolil mpey2zoioHux.

B,

Al
Puc. 7

bpuranckuit matematuk J[>x.D.Purbu npugaymas, Kak
BCTpPOUTh <«KoHbuUrypaimio Haroseonas B 3aMoleHme
Bceil TIIIOCKOCTH; OHO MTOKA3aHO HA PUCYHKe 8: Bce Gesbie
TPEYTOJIbHUKHU B HEM PaBHbI JJaHHOMY TpeyroiabHuky ABC,
a IBETHbIE — COOTBETCTBYIONIUM IPABUJIBHBIM TPEYTOJIb-
HUKaM, TOCTPOEHHBIM Ha ero crtopoHax. llosyuntb u3
Hero TeopeMy Haroseona MOXKHO, 3aMeTHUB, 4YTO OHO
repexo/iuT B cebs rpu moBopote Ha 120° BOKpyr 1ieHTpa
J060r0 U3 IBETHBIX IMPABUJIBHBIX TPeyroJbHUKOB. OT-
ciola cJelyer, 4To, HalpUMep, IEHTPbl BCEX PO30BBIX
TPEYTOJBHIKOB 00Pa3yioT PENIeTKY M3 MPaBUJIbHBIX Tpe-
YIOJIbHUKOB, IIEHTPbI KOTOPBIX COBIAJAIOT C IEHTpaMu
royObIX WJIM JKEJTBIX TPEyroNbHUKOB (9Ta pemerka He
HapucoBaHa, 9ToGbl He 3aTPOMOKAATh uepTesk). Hampn-
Mmep, TpeyroabHukn SQM n SON 1npaBusbHbIEe, TOTOMY
YTO OHHU TIepexouT B ceGd mpu moBoporax Ha 120°
BOKpPYT Touek R m P coorBercTBeHHO. HO Torna, oueBn/-
HO, UM I[EHTPBI BCEX I[BETHBIX TPEYTOJbHUKOB 00Pa3yioT
PEIIeTKy U3 MPaBUJIbHBIX TPEYTOJbHUKOB (MOKa3aHHYIO
KPACHBIMU JIMHUSAMU); B YACTHOCTH, <«TpeyroJbHuK Ha-
nosieonas PQR TpaBUJIbHBIN, 4TO U TPeOOBAJIOCH JOKa-
3aTh.

CrpaBe/l/IMBOCTH paJid HAJ0 CKa3aTb, 4TO <«OYeBU/I-
HOCTB» 3TOTO [[OKA3aTeIbCTBA HECKOJIBKO OOMAHIMBA: MbI
MPUHSJIN HA BEPY, YTO <IMapker Pur6us neficTBUTEIHHO
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Puc. 8

cymiectByet. IlogcuuM, kak ero nocrpoutb. PaccMoTpum
Tpeyroiibiuk ABC u nipaBusbible Tpeyroiabuuku ABC, n
CAB,; Ha /IByX ero CTOpOHax M IOCTPOUM TPEYTrOJbHUKU
AC,D u EB A, pasubie tpeyromnbhnky ABC (ouu nosyda-
forcst n3 ABC moBoporamu Ha 120° BOKpyT 11eHTPOoB R n
P tpeyronbonukos ABCy n CAB; 10 u npOTHB 4acoBOM
CTPEJIKU COOTBETCTBEHHO; CM. pHUC. 8). 3aMeruM, 4To
AD = BC = AE, a [IDAE = 60° (Tak Kak cymma yrJIOB
«6eJIbIX» TPEeyroJIbHUKOB NP BepiinHe A paBHA CyMMe
yrioB Tpeyroabhuka ABC, T.e. 180°). 3uaunr ADE —
MIPaBUJIbHBIN TpeyroabHUK. BekTop BC MOJIy4YaeTcsl 13
AD noBopotoM Ha 120° Bokpyr R; HO W BEKTOp DE
MTOJTy4aeTcst W3 AD nosoporoM Ha 120° (Bokpyr S).
[TosTomy BC = DE . Ananorauso JIOKa3bIBA€TCs, YTO
CB, =C,D u B(E = BC, . TakuM 06pasoM, POTHBOIIO-
JIO3KHbIE CTOPOHBI 1ectuyroabinka BCB,EDC, paBHbI 1
[apaJulesIbHbl, a TAaKUMM IIECTHYTOJbHUKAMU MOKHO 3a-
MOCTHUTH BCIO TIJIOCKOCTD.

Teopema Hamosieona gokasaHa, a B Harpagy 3a TPYIb
MBI TIOJIYYUM elrie ¥ (DOPMYJIy JIJIs BBIYUCACHUS IO/
TpeyrosbHuka Hamoseona PQR. IleHTpbl BceX IBETHBIX
TPEYTOJbHUKOB HAIIETO MapKeTa MOXXHO PacCMaTpUBATD
KaK y3Jbl pererkn u3 poM6oB (Kax/blii U3 KOTOPBIX
COCTOMT U3 JIByX TIPaBUJbHBIX TPEYTOJbHUKOB). BymeMm
CUNTaTh, YTO IJIOMIAAb pomba paBHa 1, T.e. IJIOMIAIb
tpeyroabhnka POR pasna 1/2 . Tlnona/p nectnyrobHu-
Ka Hali/ieM [10/ICYETOM Y3JIOB: BHYTPU HETO JIesKaT TPH y3J1a
pElIeTKH, a Ha €ro IpaHulie y3JOoB HeT, II09TOMY ero
IIJIOMIA/Ib paBHA 3, T.€. B IIIECThb pa3 60JIbINe, YeM IIJIOMIA/Ib
tpeyroapHuKa PQR. Ho 1mecTuyroJbHIK COCTOUT U3 TPEX
xormmit TpeyroimbHIKa ABC 1 TpexX paBHOCTOPOHHUX Tpe-
VTOJBHUKOB, MOCTPOEHHBIX HA €ro CTOpoHaX. B wurore
oJiy4aeM Takyto (hopMyJiy:

J3

1 2 2 2
S ==S +—|AB° + BC* + AC”).
POR = 52 ABC 24( )
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3ada4m
No MateMaTnke N uinke

JroT pazgen Begerca y Hac U3 HOMepa B HOMEP C MOMEHTa OCHOBAaHUS XYpHana. Ilybnvkyembie B HeM 3agaqu
HeCTaHAAapTHbI, HO AJ1S UX PeLLEHUS He TPebyeTcs 3HaHUM, BbIXOASALUNX 33 PaMKU LUKOJIbHOM MporpamMmsl. Hanbonee TpyaHsie
3a34a4n oTMeYaroTcs 38e3404Kkou. [Tocsie popmymMpoBKY 3a8a4m Mbl 06bIYHO YKA3LIBAEM, KTO HAM €e rpeasoxun. Pasymeercs,
He Bce 3Tu 3aga4u ry6/vKyroTcs Briepssle.

PeLuerHus 3aga4 13 3Toro HOMepa c1eayeT oTnpasasaTsL o aapecy: 119296 Mocksa, JleHUHCKkmvi rpocrnekT, 64-A, «KBaHT».
Peluerus 3ana4 U3 pasHbIX HOMEPOB XXYPHA/Ia U/ 10 Pa3HbIM IpegMeTaM (MaTeMaTuke U @uU3nKe) rpucbliiaite B PasHbIX
KoHBepTax. Ha koHBepTte B rpagpe «Komy» Hanuwure: «3agaqdHnk «KeaHta» Ne2-2014» u Homepa 3a[a4, peLueHUss KOTopbIX
Bb1 nocbinaere, Hanpumep «M2334» nnn «@2340». B rpaghe «OT KOro» gpamuiviio v MMs NpocumM nucate pa3bopynso. B nucemo
BJIOXKUTE KOHBEPT C HAMUCAHHbIM Ha HeM Bawumm agpecom v Heobxognmbii Habop Mapok (B 3ToM KoHBepTe Bbi nomyyure
PEe3yNIbTaTbl MPOBEPKU peLueHuV). PelueHns 3a[a4 o MaremMatmke v @U3nKe MOXHO MPUCbIIAaTb TakXKe 110 3/1EKTPOHHBIM
agpecam: math@kvant.ras.ru n phys@kvant.ras.ru coorBeTcTBeHHO.

YcroBus Kaxkaovi opurvHazIbHoOVI 3a8ayy, rpeaaaraemMod 4ns rybnvkaumm, npyucbiiaiTe B OT4e/IbHOM KOHBEPTE B ABYX
3K3emMmispax BMecre ¢ Bawum pelweHnem 3Tovi 3aaa4u (Ha KoHBepTe romersre: «3agayHuk «KBaHvta», HoBasi 3agaya o
pusuke» nnmn «3agadyHnk «KBaHra», HoBasi 3a4ayqya o MareMaTrke»).

B Hayane Kaxgoro nmcbmMa rpocriM yKasbiBaTb HOMEP LUKOJIbI U K/1acC, B KOTOPOM Bbl y4uTecs.

3apava M2334 npegnaranace Ha VI Onumnunage mmeru Jl.3vinepa, 3apava M2337a) — Ha pernoHasbHoM 3Tarne
XL Bcepoccuiickovi onMmnnagbl LKOIbHUKOB 110 Matemarvke, 3aga4yu M2338, M2340 — Ha XVII Kybke namstu A.H.Konmoroposa.

3apaun @2340, @2341, ©2343-D2347 npeanaramcs Ha MockoBckovi ¢msndeckovi omumnuage 2014 roga.

3apaun M2334-M2340, ©2340-D2347

M2334. DOxcnepry npeabsiBuaN 12 0JMHAKOBBIX Ha BU[L
MOHET, Cpe/ii KOTOPBIX, BO3MOKHO, eCTh (habiuBbie. Bee
HACTOSIIEe MOHETBI BECSAT OJIMHAKOBO, Bce (DabIIuBbIE —
Toke, hasbIIUBasE MOHETA JieTye HACTOSIIENH. Y aKcnepTa
€CTb YallledHble BeChl U 9TAaJJOHHbIE MOHETBI: 5 HACTOSIINX
n 5 danpmmpbix. CMOXET JM OH 3a 4 B3BENTMBAHUS
OTIpE/IEJINTh KOJANUYECTBO (PaabIIUBBIX MOHET Cpean
TIPEIbSIBJACHHBIX ?

O.Heuaesa

M2335. [lo kpyry pacnoJsiokeHbl 1 JyHOYEK, OJ[HA U3
KOTOpbIX oTMeueHa. Ilers n Bacsa urpaior B caenyiontyio
urpy. B mavase urpor Baca kiajer mapuk B ofHy u3
ayHouek. /[lanee 3a kaxxapiii xox Ilers HasbiBaer Hary-
pasibroe uncso k (ducsa k MOTYT OTJIMYATBCS HA PASHBIX
Xojlax), a Bacs mepemeraer mapuk W3 JYHOUKH, B
KOTOPOH OH HAXOJUTCS, Ha R JIYHOUEK 10 4acoBOW 160
POTUB 4acoBoii crpesiku (o cBoemy yemorpennio). [lpu
Kakux 1 IleTs MOXKeT UTpaTh Tak, YTOODI Yepe3 HECKOJIbKO
XO/IOB IITAPUK: a) TaPAHTUPOBAHHO TIOMAJ B OTMEYEHHYIO
JIYHOUKY; 6) TapaHTUPOBAHHO TOTIAJ JH60 B OTMEUEHHYIO
JIYHOUKY, 60 B OJIHY M3 COCEJHUX C OTMEYEHHOI JIYHO-
Yyek?

A.Toanvtzo

M2336. /lanb! osiokuTEeIbHBIE Yncaa X u y, x < y. Jns
JIOOBIX 4uces d, b, ¢, IpuHamIeKammx orpe3ky [x; yl,
JIOKaKUTE HEPABEHCTBO

a* b? ¢

N >a+b+c
bc + xy

ca+xy ab+xy x+y
/. Ay6exepos ( Kasaxcman)

M2337. NmeroTcss n KapTovyeK, Ha KOTOPBIX HaMMCaHa
mudpa 1, n n KapTouek, Ha KOTOPLIX Hamucana mudpa 2.

Bacs ckiragipiBaeT u3 aTUX KapTOUeK 27-3HAYHOE YNCIO0. 3a
onuH xo/ IleTst MOKeT TTOMEHATh MeCTaMK HEKOTOPBIE /[BE
KapToOuKu u 3amaatuth Bace 1 py6un. [Ipomecc 3akanyu-
Baercs, Korga y Iletw momydaercst unciio, pessiieecst Ha
11. Kakyto Han6oJIbInyio cyMMy MOKeT 3apadorath Bacs,
ecu Iletst cTpeMuTCs 3amIaTUTh KaK MOXKHO MEHBIIE?
Pemure samauy: a) ama n = 2013; 6) ana mo6oro
3agannoro n =11,

11. Kosxxeenuxos

M2338. CymiectByeT Ji Ha TIJIOCKOCTH TaKO€ MHOKECTBO
TOYEK, YTO BHYTPH JIIOOOTO TpeyroJbHUKA miomaan 1
OKa’KeTcsl KOHEYHOe HeIyCToe MHOKECTBO TOUEK U3 3TOTO
MHO>KecTBa?

Dosrvkaop

M2339. /lana gocka m Xn, pa3buTtas Ha eIMHUYHDIE
kerkn. Cravana B (m —1)(n—1)+ 1 k1eTok craBurcs 1o
dumike. Ilyctb B HEKOTOPBINT MOMEHT Ha JJOCKE HAILIHUCH
YeTbIpe KJIETKH, IEHTPBI KOTOPBIX SIBJSIOTCS BEPITHHAME
MIPSIMOYTOJIbHUKA CO CTOPOHAMM, MapaJIe TbHBIMU KPasiM
JIOCKH, TaKWe, 4TO POBHO B OJTHOW U3 ATUX KJETOK CTOUT
dumika; Torga aty GUIIKY MOKHO CHATD. JJoKakuTe, 94TO
X0Ts1 Obl OJIHY (DUIIKY He yAacTCs CHSATb C JOCKU IyTeM
HECKOJIBKMX OIMCAHHBIX OTlepaInii.
B.Moxun

M2340". Yerbipex-
yrosabauk ABCD omm-
CaH OKOJIO OKPYXKHOC-
™ w (puc.1). Iycrp [
n J — TeHTPbl OKPYK-
HOCTENl, BIIMCAHHBIX B
tpeyroabHukn ABC n
ADC coOTBETCTBEHHO.
Kaxkmas us oKpy>KHO-
creil Yg, Yp IPOXO-  Puc 1 D

A
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qut vepe3d Touku A n C. ITH OKPYKHOCTH KacaroTcs
OKpY>KHOCTH 0 B Toukax K n L. [lokakute, 9To TOUKN I,
J, K, L nexar Ha 0JJHOI OKPY>KHOCTH.

@D.Hesnes

®2340. Tlogxomammili K CTAHIIMU I10€3[ JABUKETCH CO
ckopocTbio v = 36 &M /4. OAWH U3 MaccakUpoB TMOCTa-
BHJI Y€MO/IaH Ha TIOJI JUIMHHOTO Kopuaopa BaroHa. Ho Tyt
110€e3/] HauaJl TOPMO3UTh, JABUTASICh /IO MTOJTHONW OCTAHOBKH
PaBHO3aME/IJIEHHO € YCKODEHWEM, PaBHBIM IO MO/LYJIO
a=2wMm/c” . UeMogaH TIpu 3TOM CTaJ CKOJb3UTD 10 TOJIY
7 TIpOIeJ JI0 CBOeH TOJIHOM OCTaHOBKM TMyTb § = 12 M
OTHOCUTEJbHO BaroHa. Onpeennte KoaOUIMEHT TPEHUS
MESK/Iy 4eMO/IAHOM U [IOJIOM, & TAK)Ke MOJIYJIb MAKCUMAJTb-
HOW CKOpPOCTH, KOTOPYIO HMMeJ 4YeMOJAaH OTHOCUTEJbHO
BaroHa.

M.Pomawxa

®2341. Ha ropusoHTaJIbHON TTOBEPXHOCTH JIEKUT CTOIKA
KUPIIHYeil Tak, Kak MMOKazaHo Ha pucynke 2. Iliomaab
COIPUKACAIONTNXCH yua-
CTKOB KUPIHWYE OYeHD
Masa (MHOroO MeHbIIe
IIonaJell Bcex rpaHeit
kupnuueit). Bee kupnu-
YU OTHOPO/IHBIE U IMETOT
OJINH 1 TOT 3ke Bec P = 24 H. Boruuciure, ¢ KaKoil CUJION
KasKIBIH KUPITUY U3 HIDKHETO Ps/ia JaBUT Ha TTOBEPXHOCTD.

M. Pomawxa

Puc. 2

®2342. Banna Ha HOXKaxX B (opMe MPsSIMOYTOJbHOTO
napaJuiesienuiiesa MoKeT 3aM0JIHAThCS BOIOI 3 KpaHa, a
BBIXOINT BOJA W3 Hee 4yepe3 CJIMBHOE OTBEPCTHE B JIHE
BaHHBI IPSIMO Ha ToJ1. Ecoin cimBHOE 0TBepCTHe 3aKPhITO,
TO TIPY TOJHOCTBIO OTKPBITOM KpaHe MepBOHAYATBHO Ty C-
Tasl BaHHA 3aTIOJTHATCS BOJON /0 MAKCHMAJIbHOTO YPOBHS
H, 3a Bpema ¢ = 10 mun. Ecium kpan 3akpblTb U
OTKPBITb CJMBHOE OTBEPCTHE, TO WM3HAUAJbHO MOJIHAS
BOZOH BanHa ONOPOXKHUTCA 3a BpeMs ¢, = 20 mun. Ka-
KM Oy/IeT YPOBEHb BOJIbI B [IEPBOHAYAIBHO [TyCTON BaHHE
4epes £, = 5 MUH, €CJIM O/THOBPEMEHHO TIOJTHOCTDIO OTKPHITh
KPaH ¥ OCTaBUTb OTKPBITBIM CJUBHOEe OTBepctie? Kax
U3MEHUTCSI OTBET, €CJIU B BAaHHY C OTKPBITBIM CJUBHBIM
OTBEPCTHEM BIOGABOK K TIEPBOMY KPaHy OIHOBPEMEHHO
oIaBaTh BOLY M3 BTOPOTO (TOUHO TAKOTO Ke) TOJHOCTHIO
OTKpBITOTO KpaHa? Yepe3 Kakoe BpeMs TOCJe Havasga
9KCIepUMEHTa BOJAa HAYHET IepenBaThbCs depe3 Kpas
BaHHBI B cJiydae paboOThbl IBYX KPaHOB?
Ipumeuanue. Pemarp nuddepeHnnaabable ypaBHEHUS
aHaJuTHYecKku He HyxHo! Bociosb3yiiTech KOMIIbIOTEPOM.
DoavKaop

®2343. B pacrnopskeHun IMKoJbHUKA BoBbI mMeeTcst
BOJIOTIPOBO/IHAST Boja ¢ Temmeparypoir 20 °C, uvaitHuK
MmorHocTthio 1,2 kBT u BMecTuTempHOCTBIO 1,5 J1, 97I€KT-
POKUIIATUABHUK MoiHocThI0 500 B, a taxke 60Jibioii
KaJopuMeTp, B KOTopoM Tpebyercs moaydutb 100 g ku-
natka ¢ temmeparypoit 100 °C. Kax caemath 310 3a
HamMeHblliee BpeMsa? BoBa MpeioKu cae Ay ol mian
JIlefCTBUI: HY>KHO HAJUTb B KaJOPUMETP HEKOTOPbIN Ha-
YasIpHblil 06beM BOJbI V), OIYCTUTH Ty/la BKJIIOYEHHDII
KUIISATUJIbHUK U OJHOBPEMEHHO KUISATUTDH BOJY B YaliHU-
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Ke, I0OJINBAsI U3 HETO B KAJOPHUMETpP TOPINHN KUILATKA IO
Mepe ero roroBuoctu. OrnpeiesnTe, KaKuM JI0JHKEH ObITh
HauaJbHBIE 00beM V|, W 3a Kakoe BpeMs T YAacTCs
nosyunth B kKamopumerpe 100 s KumaTKa, AeHCTBYS yKa-
3aHHBIM CIIOCOOOM. ¥Y/leJbHas TENJOEMKOCTb BOJIbI
4200 [Ix/(xr - °C), maotHocTs BoAbI 1 I‘//CMS. Tennoem-
KOCTBIO KaJopuMeTpa, HOTepsIMU TellJla B OKPYKAIOILYI0
cpe/ly U BpeMeHeM, 3aTpaueHHbIM Ha HalloJHeHue YaitHu-
Ka ¥ BBIIIMBaHNE M3 HETO KUMATKA, MOXKHO MpeHe6peyb.
M. Pomawxa

®2344. 3uaiika pemmsa MpoBecTH HccaeqoBanus [eii-
Jlioccaka /1719 MeaIbHOTO ra3a, TOJbKO 6oJjiee aKKypaT-
Ho. [ling stux 1esefl oH B35 IUJIUHIPUYECKUN COCY.
607bIITIOT0 06beMA € TOPIITHEM, KOTOPBIH MOT IBUTATBHCS
mpakTmdeckn 6e3 TPEHUsI, BBIHYJ TMOPIIEHb W OXJAINJI
cocyn m mopuieHb o temmnepatypbl 200 K. 3arem on
BCTaBUJI TOPIIEHH OGPATHO B COCY/ TaK, YTO BHYTPH
OKasascs OXJAXKIECHHBIN [0 TOW Xe TeMIepaTypbl BO3-
IyX, 06eCTIeviT TIOCTOSHHOE /IaBJIeHue U MTPOBeEJ u3Mepe-
HUS 3aBUCUMOCTH 0ObeMa V Taza B cocyjie OT TeMIepary-
por T. Ilo mosy4eHHBIM pe3yJbTataM 3HailiKa TTOCTPOUJI
rpadux (puc.3). HaiijjleHHas 3aBUCUMOCTDb MaJlo HAIIOMU-
HaJla pe3yJbTaTbl, noaydyennbie [eii-/lioccakom. 3Haiika

V, 1

40 i

B

30 8]

20

10 o]

[T

0777300 200 300 400 500 T.K

Puc. 3

mousiyi ¢Boio omn6Ky. OH BCTABUJI HOPIIEHD B ITUJIUHID
npu temneparype 200 K, u, odeBwaHO, Ha JHE cocynaa
IIPU 3TOM OKAa3aJI0Ch HEKOTOPOE KOJMYECTBO JIb/la, KOTO-
poBIii 06pa3oBasicss M3 BOAbBI, CKOHIEHCHPOBABIIEHCS TIpU
oxJlaskeHur Bozayxa. Olenure Maccy JibJa, KOTOPbIH
OKasaJicsl B IUAMH/APe y SHalKu, ec/y JlaBjieHue B Teye-
Hue ompita 6puto 2-10° Ila . MoussgpHasg Macca BOJIBI
18 r/moub.

B. Kpvuumon

®2345. /[Ba 0iMHAKOBBIX BOJbTMETPA COEAMHIIN TTapa-
JIEJIBHO, TPETHii BOJBTMETP MOKIIOUNIIN K 9TOI KOMOUHA-
IIUU TIOCJI/IOBATEIBHO U K KOHI[AM IOJIYYUBIIEHCS TIeNn
MPUCOEIMHUIN UIeaTbHyI0 6atapeiiky. [Ipm aToM BOJIBT-
MeTpbl iokasbiBasm 4 B, 4 B u 5 B. KakoBo nanpsikenue
Garapeiiku? MoryT Jin 6bITh OJMHAKOBLIMU BCE TPU BOJIb-
t™erpa? UTO MOKaXyT 3T Ke TPHOOPDI, €CcJU UX BCE
COEJIMHUTD TOCJEIOBATEIBHO W TMOJKIIOYUTh K TOH JKe
Garapeiike? [lokazanusi npu6GOPOB cUnUTAlTE TOUHBIMU.
A. 3unvbepman

®2346. B 1ienu, cxema KOTOpoii n3o6paskeHa Ha PUCyHKe
4, no ouepeau 3samblKaloT Kiaoun Ky — Ks, BbDKHAas
Kak/Ibl{l pa3 I0CTaTOYHO JLJINTEIbHOE BPEMS /10 OKOHYAHUS
IIPOLIECCOB  3apS/IKM  KOHJeHcaTopoB. Bo ckosbko pas
OTJIITYAIOTCS KOJIMYECTBA TEIJIOTHI, BBIJEIUBINNECS B PE3H-
crope R nocje sambikanusg kaovda K; u kmoua Ks? [lo
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3aMbIKaHMA KayKJOr0 M3 ITUX KJIOYell BCe OCTaJIbHbIE

KJTIOUH y2Ke ObLi 3aMKHYThI. COMPOTHBJIEHUS BCEX TIPO-

BOJIOB M MCTOYHUKA TOKA IPEHEOPEKUMO MaJIbl.
M.Cemenos

®2347. Tenexka Bbicotoil H = 30 c¢cM u pauHol
L = 40 cm pgo/pKHA Tpoexath IO/ CTOJIOM 0 TOPU30H-
TAJbHOMY TIOJIy, IBUTASICh PABHOMEPHO U TIPSIMOJIMHENHO
(puc.5). K KpbIlIKe cTo/Ia CHU3Y HNPUKPEINHIH JErKyIo

= I

Puc. 5

npyskuHy skectkoctbio R = 50 H /M. K npysxune npuiie-
UM MaJleHbKIH Tpy3 Maccoit m = 0,4 xr. IIpu negedop-
MUPOBAHHOIl TPY)XUHE I'DPY3 HAXOIUJCS Ha BbBICOTE
h = 42 cm Hag nosoM. 3ateM rpy3 ornycrtuan. C Kakoi
MUHUMAJIBbHOW CKOPOCTBIO MOXKET JBUTATBCS TEJEXKKa,
9TOOBI OHA, TIPOEXaB TIO/I CTOJIOM, He 3ajiesa Tpys?

M. Pomawxa

PeweHuns 3apay M2316-M12325,
®2323-P2332

M2316. Ocmpoyzonvuoii mpeyzorvnux ABC enucan 6
okpyxnocmv Q. Kacamenvnvie, nposedennvie k. Q 6
moukax B u C, nepecexaiomcsi 6 mouxe P. Touxu D u E
— ocnoganus nepnenou-
KYAAPO6, ONYUW,CHHDIX U3
mouxu P na npamvie AB
u AC. Jokaxume, umo
MOYKA nepeceuenus. 6ol-
com mpeyzoavnuxa ADE
sensiemcsi cepedunoi
ompesxa BC.

IIycte M — cepepuna
BC. Tpeyrompauk BPC
pasHoGeapentbiii (BP =
= PC kak oTpe3Ku Kaca-
TeJbHDBIX); 3HAYHUT, €ro
Mmeanana PM gaBisercsa
BeicoToi. Tak Kak
OPMC=0 PEE 90 ,
yerpipexyroabHuk MCEP — BIHWCAaHHDINH; 3HAYUT,
OMEP=0 MCP . [danee, CP — xacarejpbHad Kk Q,
noatomy OMCP=[0 BAC . lloayyaem, yro UOMEP=
=0OBAC. 3naunt, OMEA0 BAE (96-0 MEP)
+0OBAC= 90 , orkyna ME 0O AB (cM. pUCYHOK).
AmasiornuHo fokasbiBaercs, uto MD O AC . 9710 11 3HAYNT,
yTo M — TouKa mepecedeHns BbICOT TpeyroibHnka ADE.
11. Koxeenuxos

M2317. Cywecmeyem au makoe namypaivroe n, 4mo
wucao anb deaumcs na ab 0as mo6wvIx: @) HEeHYLeBblX;
6) neny.eeoix uemnoLx; 6) nevemmnlx yudp a u b? (30eco
uepe3 X ...Y 0003HAUEHO YUCTO, NOAYUAEMOE NPUNUCHLEA-
Huem 0pyz k Opy2y 0ecamuUHbLY 3aNUCET YUCEN X, ..., Y. )

OrTBeT: a) HeT; 6) HET; B) /Aa.

a), 6) IlpeamnonoxuM, 4TO Takoe YHUCJIO 7 CYIIEeCTBYeT.

Torna 2n4 :24:8 n 4n8:48:8 . Ho pasnoctpb 4n8 — 2n4 ne

JIEJTUTCS Ha 8, MOCKOJIbKY UMeeT TPOWKY MOCTeTHIX IUdP

004 wnu 204 (eciu n cocTouT U3 OHON 1 PHI).

B) BHauasme jokaskeM CJIEAYIOIYI0O M3BECTHYIO JEMMY:

nycmo N — namypanvnoe wucio, ne deasujeecs na 2 u na

5; mozda cywecmeyem YuUCa0, 3ANUCHIBACMOE OOHUMU

edunuyamu, komopoe deaumcs Ha N.

[leiicrBurtenpro, paccmorpum N + 1 uwwncen Bumga

1,11,111,...,11...1. BeiGepem nBa us uux, 11...1 n 11...1,
— — —

N+ k I
k > [, matoriye OJIMH 1 TOT K€ OCTATOK TIPH jJesieHnH Ha N
Torpa paznocty 11...1-11...1= 11...1-10" genurest Ha
k I k=1
N. Tak kak HO,/I(N,lO) =1, ro 11...1 memurca Ha N.
k=1

[Tepeiinem k pemennto 3agaun. [Iycts T — MHOKECTBO BceX
HaTypaJsbHbIX unces, Menbiux 100 u He gengmuxcs HU Ha
2, Hn Ha 5. Ilycts N paBHO TpOM3BEIEHNUIO BCEX UMCEJT
MHOXkecTBa T

Haiigem takoe s, yro umcao m =11...1 nesmrcsa Ha N,
el

S
U TIOKaKeM, uTo 1 = 77...7 = 7m ynoBJIETBOPSIET YCJIOBHIO
—

S
3agaun. Ilyctb @ m b — Hekoropble HeueTHbIE IUMDPHI.
Torma umncao

anb = an ~10a +ab =10(a(10° 1) +n) +ab
JAECJINTCA Ha % OITHOBPEMEHHO C YMCJIOM
10(a(10° =1) +2) =10(¢ ©9...9+77...7 ) =

= 10m (9a + 7) .
Ecin ab ue > JIGTIATCS HA 5, TO 110 TIOCTPOEHUIO YUCJIO 1M
nemutes Ha ab . Ecom ab = 5k, tae k we nenutcs Ha 5, TO
m penurca Ha k, a suauut, 10m (9a + 7) JleJINTCA Ha Sk.
Hakower, ecin gb Keutcsi Ha 25, TO NIMEETCST eINHCTBEH-
Hast BO3MOXKHOCTB: a = 7, b = 5. B Takom ciyuae
10m (9a +7) =700m penutcs na ab = 75 (tak kak m

JIeJIUTCS Ha 3).
B.Cendepos

M2318. Ha oxpysnocmu ommemuau n movex, pazouead-
towue ee na n 0yz. OKPYHKHOCM® NOGEPHYIU BOKPY?Z
uenmpa na yzon 2Tk/n (npu nexomopom namypaivrom
k), 6 pesyivmame uezo ommeuennvie MOUKU NePeuLiu 6 n
HOBBLX MOUEK, PA3OUBAIOUUX OKPYKHOCMY HA N HOBHLX
dye. [okxaxume, umo naiidemcs nosas dyeda, KOMOPas
ueauxom aexum ¢ 00not u3 cmapvix 0ye. ( Cuumaemcs,
umo Kol Oyzu et npunadiexam.)

MpbI Oy/ieM cunuTaTh, YTO PAJNYC OKPYKHOCTH paBeH 1, a
MIOBOPOT TPOUCXOJUJ [0 4acoBOWl cTpesike. Ecan 1Be
HOBDbIE TOUKHU JIe3KaT Ha O/IHOU cTapoil ayre, To HOBast Jyra
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Mexkay HuMH — Tpebyemas. llpeamomoskmm, 4TO Takmx
HOBBIX TOUeK HeT. Tak Kak ecTh 1 CTapbIX AYT U 72 HOBBIX
TOYEK, HTO BO3MOKHO TOJIbKO B CJIy4ae, KOT/la Ha Kask/0i
CTapol jiyre JISKUT POBHO 0 OJIHON HOBO# Touke (rmpuuem
5TU TOYKU HE COBIAJAIOT C KOHI[AMU CTAPbIX JYT).
3aHyMepyeM cTapble TOYKH II0 4YacOBOH CTpeJKe
Ay, Ay,..., A, ; TIyCTb TIPU 1IOBOPOTE TOYKA A; TEpexouT
B HOBYIO TOUKY B; (MBI cunmraeM HyMeparuio IuKJInyec-
A g, Kkoit, T.e. A,,; = A u
B,.; = B;). Ilyctb To4-
ka By sexur na ayre
AjA;y (cM. prcyHOK —
g n =6, j = 3); Tak
KaK Ha KaXKIOU CTapoi
Jlyre POBHO 110 OJ/IHOH
Bs  moBoii Touke, cocenne
A, TOYKHM IOMa/IaIH Ha CO-
cepuue gayru. Ilomyua-
eM, 4TO TNpu JIo6oM i
A, B, TOUKa B; JIe>KUT Ha 1yTe
AjrisAjsi
[Tpeanonoxum, uro j < k. 3amMernM, 4To BCE AyTH BUIA
A;Ajyy ... Ajyj TOKPBIBAIOT OKPYKHOCTD POBHO B j CJIOEB;
3HAYNT, CyMMa WX JUIMH paBHa 2T7 <2Tk. C apyroii
CTOPOHBI, AMHA AyTu A;A; ... Ajy; cTporo Gosibiie 1uin-
Hbl 1yru A;B; , KoTOpast paBHa 2TR/n ; 3HAUNUT, CyMMa HX
AJmH crporo GoJblre 4yem 7 [2TkR/n =2Tk; mnpoTuBo-
peurte.
AHAJIOTUYHO, ecJu j > k, TO cyMMa JIIMH BCeX YT BUIA
AiAiy ... A pasra 2m(j —1) 227k ; ¢ apyroii cropo-
HBI, OHA CTPOTO MEHbIIIe, YeM CyMMa JJINH AyT Buga A;B; ,
KoTopast paBHa 2Tk . ONATH TOJydaeM MPOTHBOPEYHE.
H. Mumpocpanoe

M2319. Ha docke nanucaaru 100 nonapno pasiudnvlx
HAMYPATOHOLY YUCETL Ay, dy, ..., digy - 3AMEM NOO KAKOILIM
YUCIOM d; HANUCAIU YUCTO b;, NOAYUeHHOe npudasieHi-
eM K a; nHauboavuiezo obuwezo deaumesnsi OCMAILHoLY 99
ucxodnwix uucen. Kaxoe naumenvuee xoiuuecmeo nonap-

HO PA3AUUHBLL YUCe] MOXKem Goimv cpedu by, by, ..., by ?
OrtBet: 99.
Ecmm nmonoxkuts a;gg =1 u a; =2i npui =1, 2, ..., 99,

t0 by = b))y =3, Tak uTo cpeau unces b; 6yaer He GoJIbIITE
99 pazsMYHbBIX.
OcTajioch JI0Ka3ath, 4TO cpejin ynces b; Beerja HaiilyTes
99 passmuHbIX ynces. Bes orpannyernst OOIHOCTH MOKHO
CUHTATD, UYTO 4 < @y <... <dyy . llyctdb d; —HanbobImit
obuii gennTesab Bcex 99 MCXOAHDBIX UHCesT, KpoMe d;;
torna b; =a; +d;. llycts d, — naumboJbliiee U3 YuceN
di,dy,...,dyy . Tormapu i # k uncna a; gensarcs Ha d, .
CurenoBarenbHo, TpUi<j, i # k u j # k pasHOCTDH a; —a;
Takxe jesutcs Ha d, . IlockosbKy OHa MOJIOJKUTEJbHA,
a; —a; 2dy zd;. lloaromy b; >a; 2a; +d; =b;, otkyna
by # b; . Urak, mpt ycranosuiu, uto b; # b; npu i Z k u
j # k. Crazo 6biTb, Bce 99 uncen b; ipu i 2 k pasyimyHbI.
C.bepaos

M2320. Oxpysxnocms ¢ uenmpon I, enucannas ¢ mpey-
eonvnux ABC, xacaemcsa cmopon BC, CA, AB 6 mouxax
Ay, By, C; coomsemcmeenno. llycmo 1,, 1)), . — yenmpot

2014 /Ne?2

BHEBNUCAHHBLX OKPYKHOcmeld mpeyzoavnuka ABC, xaca-
rowuxcs cmoporn BC, CA, AB coomeemcmeenno. Ompes-
ku I,By u I,A; nepecexaiomcs 6 mouxe C,. Ananozuuno,
ompesxu I,C, u I.B; nepecexawomcs ¢ mouke Ay, a
ompesku 1. Ay u 1,C; — 6 mouxe B,. [Joxa:xume, umo I
ABNACMCS  UCHMPOM OKPYKHOCMU, ONUCAHHOU OKOJI0
mpeyzonvruxa A,B,C,.

IIpambie B,C; un [,I, mapainenbHbl, Tak Kak o6e 9TH
psiMble TIepreHauKyJsipiabl 6uccekrpuce Al yria BAC
(em. pucynok). Ananormuno, C\ A || 1.1, w AB | 1,1,;
snauut, Tpeyroapuuxku A BC; u 1,11, nono6unt. Tpe-

yrompuukn ACB, n [.1,B, momo6HBI, Tak Kak MX
COOTBETCTBEHHBbIE CTOPOHDBI HapaslIebHbI. AHAJOTUYHO,
A B,C,y ~ AL I,C, . 13 atux nogobuil cjaegyioT paBeH-
CTBA IaBZ - Ialc - [a[b - IaCZ
GB,  AC  AB  BG,

B, u C, cuMmMeTpuunbl OTHOCUTeJbHO upamoilt Al ;
1,B, _1,C

2 =42 ‘1ouku B, u C, TaKKe CHMMeT-
CiB,  BG

PUYHBI OTHOCUTEJbHO Hee, U [B, = IC,. AHaJOrMYHO

. 3aMeTuM, 4TO TOYKH

MOCKOJIBKY

nosyyaem [A, = IB, = IC, ,uro u Tpe6oBanoch J0Ka3aTh.
JI. Emenvanos, 11. Koxesnuurxos, A.lloaanckuil

M2321. ITycmo p; = 2, py =3, p3 =5, ... — nociedosa-
MeAbHOCb NPOCNBIX UUCesl 68 NOpsdKe 603PACMANUS.
Hycmy P, =2-3-5-...-p, — npoussedenue nepsvix k
npocmuix uucen, a Qp =3-5-...- ppy — npoussedenue
nepevix k newemmnvix npocmuvix uucen. Hatidume ece
namyparvuvie k > 1 maxue, umo uucno: a) P, —1;
6) Q,—1;6) P, +1 seasemcs mounot (6orvuet, uem
nepeas) cmenenvio Hamypaivozo vucad. z) Ipu xaxux
k uucno Q, +1 sasnsemcs cmenenvio 080UKU?

Pemmm 3amauy a5 BeeX HaTypasibHBIX k. B aToM cayuae
OTBET TaKoM.

Otser: a) 1; 6) takux k He cymiecTByer; B) Takux k me
cymecrsyer; 1) 1, 2.

a) Ilpegnonoxum, n =2 u

20B0..0p, =a" +1. (1)
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Ecrm a = 1, to a" +1=2 wu, cremosarenpuo, k = 1
(3navenue k = 1 HaM HOAXOIUT).

[Ipeamonoxum temepnb, 9to @ > 1; torma k > 1. Uucrio a
HEYeTHO, TI09TOMY y HEero CyIllecTByeT HeueTHbIH IpocToil
Jgenutens g. Torna g > p, , nHaue JeBask 4acTb PAaBEHCTBA
(1) pmemumach Gbl Ha ¢, 4TO HEBO3MOXKHO. IloaToMy u
a > Pr -

be3 orpannuenuss oOUIHOCTH MOKHO CUYHMTATbh, 4TO 7 —
npocroe uncao (ecau n = st, TO MOKHO 3aMEHUTH 7 Ha [,
aa—mna a’). 3ameTuM, 4TO 7 > 2, TIOCKOJBKY a’ +1 ne
MOJKET JIeJIUTbC Ha 3 = Py .

IToxaskem tenepb, uro n > p,. B mporusHoMm ciyuae

nuMeeM 1 = p; npuHerotopoM 1 < i < k. Torma (a”" + 1)3 Pis
C IPYTOii CTOPOHBI, TI0 MaJIol TeopeMe Mepma (a” i = a) p; .
3Hauut, uncao a +1 = (a”f +1) —(a”" —a) TaKKe 1eJIUTCS

Ha p;. 3amernm, uto 1+a” =(1 +a)(1 —a 4 .;.api—i)y
rae a+1ip; n

1 =

1_a+...+api_ =1+1 +"'+1 :pl EO(ITIOClpl)

3uaunt, yncao 1+ aP gemutcs Ha ;191-2 , UTO HEBO3MOYKHO
110 YCJIOBHIO.

n
Urak, a > p, un>p,,otkyna a" +1>pl >ppy...py,
4TO MPOTUBOPEUNT paBeHcTBy (1).

6) Ilyctb n22 u

3060y =a" +1.
BosmoxxHBI 1Ba caryyas.
Cayuail 1:9Mcy0 @ SABJISETCS CTETIEHBIO IBOMKN. 3aMeTHM,
YTO CTENeHN JABOWKM JaioT Juilb octatku 1, 2 m 4 npu
jenenuy Ha 7, a a" +1 genurcs Ha 7 upu k = 3. 3Hauur,
k<2, w BO3MOKHBIMHU 3HAUCHUSMHU [IISI " SIBJSIIOTCS
mumb 3 — 1 =2u 30b-1=14. O6a Bapuanra He 10/-
XOJIAT.
Cayuail 2: y 4ucya a CyniecTByeT HEYeTHBIH MPOCTOH Jie-
JIMTETH (. DTOT caydail paséupaercs Tak ke, Kak TyHKT a).
B) Ilycte n22 n

2080..0p, =a" —1. 3)

3ameruM, uto a > 1 — neuerno. [Ipu yernom n (n = 2m)
npaBasi yactb paBeHcTBa (3) sBisieTCsl POU3BEEHIEM

(2)

YEeTHBIX YUCEJI (am + 1) u (a’” - 1), MIO3TOMY JIEJTUTCS Ha
4, 9TO HEBO3MOKHO.

[Tpu HeweTHOM 72 > 1 AHATOTMYHO MYHKTY a) 0Ka3bIBAEM,
4To @ > P, U N> p,, OTKyzA
@' =1>(py +1)" =1 >pf >p By U By
r) Ilycrp
30 0.0y =2" —1. (4)

[Tposepka mnokasbiBaer, uro k = 1, 2 ynOBJIETBOPSIOT
yeaoBuio. Ilyerp k = 3. Tak kak (2" —1)33, to n:2. Tak

KaK (2" —1)57, to n:3. Ionyyaem, uro n:6. Ho ecan

n = 6t, To (26t - 1)5(26 —1)59 . IIporuBopeune.
3ameuanue. Pemenne NyHKTa T') ¢ 3aMEHOW CTENEHH
JIBOIIKM Ha TOYHYIO CTEIleHb HATYPAJIbHOTO YHCJA aBTOPY
HEN3BECTHO.

B.Cendepos

M2322. I'nasa Monemnozo dsopa xouem 6wvinycmumo
monemul 12 HOMUHAN06, KAXKOVLI 6 HAMYPAILHOE YUCTO
pybaei, max, umobvr 06y cymmy om 1 do 6543
py6aei MOXKHO ObLI0 3aniamumy 6e3 coauu, UcnoIbL3Yys
He boaee 8 monem. Cmoxem au OH MO COeAAMsb?

OrtBeT: cMOXeT.
3aMeTuM, 4YTo 9% = 6561 > 6543 . IToxkaskeMm, 4TO MOSKHO
BBIOpATh 12 HOMUHAJIOB TaK, 4TOOBI ¢ MTOMOIILIO He 6oJiee
4yeM 8 MOHET MOXXHO ObLIO ynjaatuTb 6e3 ciadyu Jio0yio
cymmy ot 1 10 6360 py6aeii.
[Tokaskem cHayasa, KaKk BbIYCTHTh MOHETHI TPEX HOMUHA-
JIOB, 4TOOBI € TIOMOIIbIO He 6oJiee YeM JIByX MOHET MOXKHO
6bLI0 YIIATUTD 6€3 caun Jo6yio cyMMmy oT 1 10 8 py6eii.
[Tyctp womunambl paBusiioress 1, 3 u 4 py6asm. Toraa
1=1,2=1+1,3=3,4=4,5=4+1,6=3+3,
7=4+3u8=4+4.
ITyctp Tenepp MOHETHBIH [{BOP HM3TOTOBHT MOHETBI C
nomuuanamu 9%, 3 0 u 4 pyGueii ipu k =0, 1, 2,
3. Jlio6oe unciao N ot 1 1o 6560 exuncTBEHHBIM 06pa3oM
npeacrasiasgercss B suge N =ay [9° +a, 9% +a, O +aq,,
rjle 4uciaa @, MOTyT IpUHUMaTh 3Hadenus or 0 go 8.
(Dakrnyecku, 1o npejcrasiaeHne ynuciaa N B IeBITepuy-
HOUl cucreme cumcienus.) Kak 1okasaHo Bblie, cymMMa
a, 9" Moxer GbiTh nojydeHa He G6osee 4eM JIByMs
mMoHeTamu. Takum oGpasoMm, Bcs cymma N MoxeT ObiTb
nosydena He 6osiee yeM 4[2 =8 MoHeraMnm yKa3aHHbBIX
HOMMHAJIOB, YTO M TPe6OBAJIOCD.

O.Ilodruncruii

M2323. Ha naockocmu nposedenvl n npsimulx, cpeou
KOMOPLIX Hem NAPATIebHIX U HUKAKUE MPU U3 KOMo-
poLX He nepecexaiomcs 6 00nol mouxe. /Jokaxume, umo
cywecmeyem maxas: a) wesamknymas; 6*) samxnymas
N-36EHHASE HeCAMONEPECeKaAUAsICs JOMANAsL, UMO Hd
Kax0otl u3 n 0aHHLLX NPSIMBLX JEKUM POBHO NO OOHOMY
36eHYy IMOU JOMAHOU.

[TpuBemem perenne sToil 3agaun, OMyOIMKOBAHHOE B
Kypuaje «American mathematical monthlys B crarpe
«Every Simple Arrangement of n Lines Contains an
Inducing Simple n-gon» aBropos E.Ackerman, R.Pinchasi,
L.Scharf, M.Scherfenberg (na sty crarbio o6patu. Hatre
BHUMaHUEe A.AKOIISH).

[Tyctp V' — MHOKECTBO TOUEK TepeceueHus Tmap MPSIMbIX.
a) BosbMeM HavaIbHyIO TOUKY Hamieil JoMaHoii Ha OJHON
U3 IAHHBIX TIPAMBIX /| (M He IPUHALIEKAIY IO MHOKECTBY
V') v noiiieM 1o npsiMoil /; B TOM HaIlPaBJIEHUH, B KOTOPOM
Ha Hell ecTh XOTsI ObI ellle 0/IHA TOYKA U3 V, ToKa He pUueM
B HEKOTOPYIO TOUKY U3 V — IIyCTh 3TO TOUYKA TIEPECEUEHIIST
Iy ¢ npyroit mannoit npsimoii [, . Bpemenno corpem nps-
MYIO [; U jiaJiee HoiijieM 110 IpsAMOii [, B TOM HalpaBJIeHUH,
B KOTOPOM Ha Hel eCTb XOTs

Obl oHa TOUYKa U3 V, 1IoKa
BIIEPBBIE HE MIPHUIEM B TOUKY

n3 MHoxectBa V. Ilycrp,
CKa’KeM, MBI TIPUIILIN B TOY- L
Ky TIepeceveH s IpsiMoii [, ¢
JaHHoiT ipsimoit [; . CoTpeM L
IpsIMyio I, 1 HOBTOPUM IHIar, I

T.e. ToizeM 1o I3 10 ode-  pyc 7

SN S2
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peaHol TOYKM TiepecevyeHus, u T.4. Haxower, mpoiigem
HEGOJIBINOE PACCTOSHIE TIO TTOCTEHEH ele He CTEePTOi
npsmoit 1, (puc.1).

B pesyubrarte nocrpoena n-3peHHas Jjomanast Q, y KOoTo-
POl HAa Ka)KIO0W M3 JAHHBIX IMPSIMBIX PACIOJIOXKEHO IO
omHomy 3Beny. Ocraercsi y6enuTbest, uto Q He UMeeT
camoriepeceuenuii. [Iyctpb aTo He Tak, 1 3BeHO ToMaHO Q,
Jieskaree Ha TIpSIMOit [; , mepecekaeT 3BEeHO, Jieskalee Ha
npstMoit [; , rae 7 =i+ 2. Ho ato npoTuBopeunT onpe/ie-
JIEHUIO [;,4 Kak 1epBOil IPsSIMOi, oTauuHoit ot I, k..., ,
C KOTOPOH MBI MOBCTPEYAJIUCH B IPOIECCE TTOCTPOEHUSI
JIoMaHOi Q TpU JBMYKEHUN 110 TIPSIMOIT [; .

6) 3aMeTuM, YTO TOCTPOEHHAS B TIYHKTE a) HE3aMKHyTast
JoManasi Q JIEKUT 110 O/IHY CTOPOHY OT ipsimoit [, . [lasee
BBe/leM KOOpJMHATBI, npuHsaB [, 3a ocb Ox, Tak, 4yTo
JoManag Q JIEXKUT B BepxHell mnoJytiockoctn y =0 .
Hwnxe BMecro [, Gynem nucarb npocto .

Wrak, momanas Q o6iajjaer ciepyionMMU CBOWCTBAMU:
(1) Q — He3aMKHYTast n-3BeHHas IOMaHas; HA KasKI0| 13
JAHHBIX TIPSIMBIX PACIIOJIOKEHO POBHO TIO OJHOMY €€
3BeHy, TIPUYEM HayaJbHOE 3BEHO JEeKUT Ha ocu Ox;

(2) Q nexuT B BepxXHER MOJYILIOCKOCTH OTHOCHTEIBHO
ocu Ox.

CkaskeM, 4TO JIOMaHas, YIOBJETBOPSIONAS YCJIOBUIM
(1), (2), ynupaemcs 6 1.

st kaskmgont omanoit W, ynupatoreiicst B [, 4epe3
G (W),....,q,—1 (W) o603naumm no nopsiky ee HeKOHIIE-
Bble Bepimibl, Hauntas ¢ ¢y (W), nesxkareii na [. Yepes
[(W) o6osnauum mnpsMyio, NPOXOAAIIYI0 uepes
Gut (W)u copmepkamtyto nocnennee sseno W. Uepes
I7(W) o6osuaumM Jy4, COCTOSIMA U3 BCEX TOUEK
Z(W), y KOTOpBIX abciiucca MeHblle, 4eM abcImeca
toukn ¢,_((W). UYepes ¢, (W) o6osnaunm obryio
TOUKY Jiy4a [~ (W) 1 0Obe/IMHEHUS IPSIMO¥ [ 1 ToMaHoi

g (W)g, (W)...q,- (W), nmerontyio HanGomburyio op-
JITHATY .

Cpenu BceX ynupaionuxcst B [ ToOMaHbIX BbIGEPEM JIOMa-
HYI0O C HauMeHbIleil CcyMMOH OpJAMHAT BEepUIUH

g (W),....q,-1 (W) . Ecam g, (W) nexur na npsamoi [,
10 ¢ (W)...q, (W) (W)

n-3BenHas jaoManas (puc.2,a).
[peamnonoxkum Teneps, uto ¢, (W) — Touka nepeceue-
s ayda [ (W) ¢ orpeskom g (W)qiy (W) ana
nekoroporo 1<i<n—2 (puc.2,6). Torma MoxkeM 3a-
JIaTh HOBYIO JoMaHyto W', yrmuparoInyiocs B [, ciemyio-

HUCKOMad 3aMKHYTas

a) q, aexum na l

l

W g, (W) w

2014 /Ne?2

mum  o6pasom: mycts ¢ (W) =q (W),...,q;(W') =
= (W), q(W)=q,(W), iz (W) =G, (W),
syt (W) =Gisa (W), u unycrs [(W') - npsamas
Gist (W) @Giso (W) (puc.2,6). Cymma oppaunar Bepiinm
g (W'),...,q, (W'") menblue, uem cymMMa Op/iMHAT BEPIIUH
aq (W),...,qn (W) , TaK KaK OpJrHaTa BEPIIUHBI ¢, (W')

MeHbIIle OPINHATDLI BEPIIUHDI (4 (W) . Ilosnydyeno npotu-
BOpeYNe ¢ YCJI0OBUEM MUHUMAJIBHOCTH, onpeedonmum W.
ITO MIPOTUBOPEYNE 3aBepllaeT J0Ka3aTeJbCTBO.

M2324. ITycmwv enesnucannas OKpYKHOCb MPEYzoLoHU-
xa ABC, znexawas nanpomus eepuunvt A, xacaemcs
cmoponwvt BC 6 mouxe A;. Touku By na cmopone CAu C,
na cmopone AB onpedensiiomces ananiozutnvimn 06pasom ¢
UCNONIB30BAHUCM BHEENUCAHHBLX OKPYKHOCNET, NeKAUUX
nanpomus eepwun B u C coomeemcmeenno. Hssecmmno,
4O UeHmp ONUCAHHOU OKPYKHOCuU mpeyzonrvhnuxa A BC,
AEKUM HA ONUCAHHOU OKPYKHOCU mpeyzorviukd ABC.
Hoxaxume, umo mpeyzoronux ABC npsamoyzosvhulil.
Breenucannoii oxpyxnocmoio mpeyeoivnuxa ABC, aexa-
wetl Hanpomue eepuunvl A, HA3LIEACNCS OKPYKHOCD,
xomopas xacaemcesi ompesxa BC, npodoskenus cmoponot
AB 3a mouxy B u npodoaxenusi cmoponvt AC 3a mouxy C.
Buesnucannvie oxpyxunocmu, Jexawue HAnpomus eep-
wun B u C, onpedensiiomcst anaiozutto.

O603HaYMM OKPY>KHOCTH, OIMCAHHBIE OKOJIO TPEYTOJIbHNU-
koB ABC n AB(C;, yepes Q u [ coorBeTcTBEHHO.
Oo6osnaunm cepeannnt 1yr CAB, ABC, BCA okpyKHOCTH
Q wuepes Ay, By, C, coorserctBenno. Ilo ycmiosuio
3a7aun 1eHTp Q okpyskHoctn I jeskut Ha Q .

Jlemma. Bunoansemcs pasencmeo AyB; = AyC,u uemoi-
pexyeoavnux AAyBCy — snucanmwul.

Hoxka3areabcTBo. B ciyuae A = A yTBepsxaenue o4eBu-
HO B CHJTy CUMMETPUH OTHOCUTEIBHO CEPEANHHOTO MepIIeH-
pukynapa k BC. [Manee cuutaeM, yto A # A, .

SAcno, aro AyB = A)C . Kak ussecrno, BC; = CB; (kax-
JIbIii M3 9THX OTPE3KOB KacaTeJbHbIX K BHEBIIMCAHHOI

okpysknoctu pasen (AB+AC-BC)/2). [lanee,

UCBA= 0O ABA; O ACAJ]  B|CA,. Orcioga ciaexyer
paseHcTBO Tpeyroabuukos AyBC; u AyCB; , ciefoBaresb-
Ho, AyCy = AyB;. U3 paBeHcTBa TPeyroJbHUKOB TaKKe
BbiTekaer pasercrBo A CiA= O AyBA (a10 cootset-
CTBEHHBIE BHEIIHUE YTJIbI B PABHBIX TPEYTOJBHUKAX ), OTKY-
na caenyer, uto AAyB,C; — Buncanubiii (0ueBHHO, Tpe-

6) q, aexum na W &)

/Ian 1(W)

g (W) q:(W)

qZ'+2(W)

I}
/ qi+1(W
q.(W")

/

Puc. 2

' 1w’ g(W)
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yroabHuk ABC JeXHUT TeJIUKOM MO OJHY CTOPOHY OT
npamoit  AA,, suauutr, B; m C; HaxXomaTcs 10 OAHY
CTOPOHY OT TpsiMOit AA ).

Koneuno, yTBep:X/eHUS JTeMMbI BEPHBI, €CJIM 3aMEHUTD A,
B, C na B, C, A cOOTBETCTBEHHO.

[lepeiinem k pemenuto 3agaun. Toukn Ay, By, C; nexar
Ha MOJYOKPYKHOCTU OKpyskHOcTH [ (amamerp KOTOpOii
SIBJISIETCST KacaTeslbHoit K Q B Touke Q), MOITOMY Tpey-
rorbHuK A(B,C, TynoyrosibHblii. be3 orpannvenus o6r-
HOCTU cuuTaeM, 4to yrona B; tymnoil. 3unauur, Q u B
JiecxatT 110 pasuble croponbl o ACy ; TO ke camoe BEpHO
u anga rouek B u B;. Cuenposarenbno, touku Q u B
HaxoJdATcd 1o oAny cropony ot npamoit AC; .
3aMeTuM, uTo cepeAnHHbIN nepnenaukyaap k A4 C; nepe-
cekaeT Q B JBYX TOUYKaX, HaXO/AMUXCS IO Pa3HblE
croponnl oT AC; . CorylacHo JeMMe, Kask/1ast U3 Touek B,
u Q COBHA/ACT € O/IHOI U3 3TUX JIBYX TOUEK, & IOCKOJIbKY
OHU HAXO/IAATCSI 110 OJIHY CTOPOHY OT IpsimMoit A(C, , uMmeeM
By, =0 (cM. pucyHOK).

CHoBa UCIO/Ib3Y4 JIeMMy, II0JydaeM, uTo npsaMble QA u
QC, 4BIAI0TCA cepeJlUHHbIMU [IePIeHIUKYIIpaMU K OT-
peskam B,C; u A B, coorBerctBenHo. OTCIO/a

0C,ByA= O C,B,B,0 B,B,
= 204,B)B+ T BByG; @ A,BE, 180°-0OABC

(B mocJIeiHEeM paBeHCTBE UCIOMb30BaHO, ut0 Ay u C, —
CepeMHbI IyT).
C Japyroil CTOPOHBI, COTJIACHO BTOPOMY YTBEPKIEHUIO
JIEMMBI,
OCB,A=0 CB4 O ABC.

W3 nonydyennpix paBencts naxoaum HABC= 90 | uyto
3aBepINaeT pelieHue.
3aMeTuM, 4TO BEPHO U 06PATHOE K YTBEPIKAEHUIO 3a/1aUM1:
ecu UABC= 90 | 1o cepenuna ayru ABC 6yeT SABISITh-
ST IIEHTPOM OKPYIKHOCTH, OTTMCAHHOM OKOJIO TPEYTrOJbHU-
ka ABC,.

A.Iloasnckuil

M2325. ITycmv n>=3 — uenoe uucno. Paccmompun
OKpYKHOCL U N+ 1 Mmoex na neil, pasdbusaIOUUX ee Ha
pasnwie dyzu. Paccmompum ece cnocobvl nomemums 3mu
mouku uucaamu 0, 1, ..., n max, ¥mo Kax00e 4uUcio
UCNOIBL306ANHO POGHO 00un pas. /léa cnocoba, omauuaio-

WUXCSL NOGOPOMOM, CUUMAIOMCSL 00UHAK08bLMU. ChocoO
NOMEMKU HA3LIBACMCSL KPACUBHIM, eCaU O1sL T00bIX de-
moipex memox a < b, ¢ < d maxux, wmo a+d =0+ c,
xopda, coedunsiowas mouxu ¢ memxamu a u d, He
nepecexaem xopdy, cOCOUHSIOUYN MOUKU C MEeMKAMU
buc.

Iycmv M — Koiuuecmeo Kpacugvlx cnocob08 noMemxu.
IMycmo N — Koauvecmso ynopsoOueHHulx nap (x, y)
HAMYPALOHOLX  yucesl, YOO08IeMEBOPSIOUUX  YCIOBUSIM
x+y<nuHOA(x,y)=1. doxaxume, umo M =N + 1.

3amerum, uro Ha untepsase (0; 1) umeercs posuo N
HECOKPATUMBbIX po6eil fi <... < fy , Y KOTOPbIX 3HaMeHA-
TeJb He TPEBOCXOANT 7. JleficTBUTENbHO, KasKIol Tape
(x, y) Takoit, uto x +y <n u HO/(x, y) =1, nocrapum
B cootserctiue Apo6b x/(x +y). Honoxum fy =0,

fv+ =1, uaycrb % — HecOKpaTumasi 3aIucTb Apoou f; .
Paccmorpum 0pr>KZHOCTb nmnel 1. Uepes a — b o6o3Ha-
YaeM XOP.y, COEINHSIONIYI0 TOYKN ¢ MeTKamu @ u b. [lof
ayroit (@, b) GyneM HOHEMATDB YTy, IPOXOAUMYIO OT ¢ K
b B HarpaBJIeHuu 110 YaCOBOM cTpesike. Byjem 1m03BOIATH
cebe paccMaTpuUBaTh CHOCOOBI MOMETKH TTPOU3BOJBHOTO
HaGopa Touek okpyxkHocTH ((hopMaTbHO HapylIas ycJao-
BH€ O PABEHCTBE JIyT); [IPH HTOM CYUTATh COBIIAJAIOIIMMU
CTI0COOBI C OMHAKOBBIM ITMKJIMYECKIM TTOPSIAKOM METOK.
Haunewm c Toro, uto npeabssum N + 1 KpacuBBIX CITOCO60B
nomerkn. Bosbmem 0 0 (0; 1), He paBHOe HM OZHON U3
apooeit fi,..., [y - locaenoBaresnbno ormerum tTouku 0, 1,
2, ..., n TaK: IPOM3BOJBHYIO TOUKY OKPYKHOCTU TIOMETHM
0, a Kax/1as cyeyionas ToYKa MmyCcTb OTCTOUT 110 4aCOBOII
CTPeJIKe Ha PACCTOSIHIE O OT Ipebiayieii (Tak 4to JmHa
ayru (i,i+1) paua a). Takum o6pasom, jayra (0, k)
UMeeT JIJTUHY {kO(} , T7ie {#} o3navaeT [po6HYIO YaCTh YUCJIA
r. HaszoBem omnucanmubiii cioco6 MOMETKH UYUKAUUECKUM T
o6osnauum ero uepes A, ().

Ha pucynke 1 mokasan ukJIndeckuii croco6 Az (3/5 + 8) ,
rae € >(0 oueHb MaJio.

2 7T

3 1
Puc. 1
Ecim 0<a<b<c<d <n yaoBaerBOPSIOT PaBEHCTBY
a+d=b+c, 0 ad—ba = ca — da , 3HauUT, B CrI0coOe
A, (a) ayru (b,a) u (d,c) pasubi, ciaenosarenbho,
xop/iel @ — d w b — ¢ mapasneabHpl. TeM caMbIM, KasK bl
LUKJINYECKUIT CII0CO6 SBJISETCS KPACHBBIM.
Jlasee nokaskeM, 4ro uMeercss poBHO N + 1 pasimdyHbIX
[UKJINYECKUX CIIOCOO0B BuIa A, (O() . UTo6bI 5TO IIOHATD,
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nocmotpuM, kak A, () usmensiercst npu ysesuuennn o
ot 0 10 1. MoMeHT coBIa/leHUS TOUEK ¢ METKaMU p U ¢
MIPOUCXOJUT B TOYHOCTH TOTJA, KOT/A MBI IIPOXONM
snauenne o = f takoe, uro {pf} H{ qf ; aro moxer
CJIyYUTBCSI, TOJBKO ecau [ paBHO ojHoil U3 N npobeit
fis--or [ - TI09TOMY Ha KaK/IOM M3 MHTEPBAJIOB f; < O < fi4
crioco6 A, (@) e Mensiercs1, ciefoBaTeIbHO, UMEeTes! He
6onee N + 1 pa3jMUHBIX IMUKIMIECKUX CIIOCOOOB.

[Toxkaxxem, 4WTO Bce yKa3aHHbBIE IMKJINYECKHE CIIOCOOBI
pasanunbt. [Iycrb € > 0 ouenb maso. B enocobe A, (f; +€)

tka,[
JIyTa (0, k) uMeer JMHY 4] + k€ (BCcnoMHMM, 4YTO
a b; O

fi = i , tie HOZL(a;, b;) =1), noaromy Bee nomeuenubie
TO‘{KI/Il pas6uBatorcst Ha b; xaacmepos (31ech KiacTepoM
MbI Ha3bIBaeM TPYyMIy OJU3KO PACIOJOXKEHHBIX TOYEK;
JUTIHA JTyTU MEXY COCEIHUMHU TOYKAMU KJacTepa paBHA
bie ). HadajibHble TOYKH KJACTEPOB HMEIT METKH
0,1,..., b, —1, Merkn 4uces B OJHOM KJacTepe HMEIOT
O/IIH M TOT K€ OCTATOK IIPYU JIeJIeHNU Ha b;, IpU4eM aTH
METKHM W/IyT B TOpsiKe Bozpactanus (110 4acoBoii cTpes-
ke). 3Hauurt, B crocobe A, (ﬁ + 8) B KJIacTepe, KOTOPBIN
HAYMHaeTcs TOUKOi ¢ MeTkoil 0, Touka b; ciemyer Hermoc-
peacrento 3a 0. Crexylommit (110 4acoBoii crpeske)
kaacrep (kmacrep Bcero oguu npu ¢ = ) HauMHaeTcs ¢
Metku k <b; takoil, uro ka; =1(modb)., u ara Merka k
6yzeT TepBoii MeTKOii, MeHbInell b;, BcTpedaromeiics mpn
nBmkennn or 0 mo 4YacoBou crpesike. Tak MBI MOKeM
BOCCTaHOBUTH 110 criocoly A, (f; +€) uucna b; u k, a o
HUM — a; 4 f;.
W3 ckasannoro sbiTekaer, 4yro N + 1 DUKINYECKUX
coco6os A (g), A(f; +¢€),..., A(fy +¢€) nomapuo pas-
JINYHBI.

3adurcupyem daxT, KOTOPBIH Oy/eT moJe3eH aaee:

ecmu f; <A < fi,q, 10 B ciocoGe A, (a) Touku by, , 0,
b; uayT TOAPSL 110 YacoBoil crpesike. (*)

[leiicTBUTEIBHO, paHee Mbl BUJIJH, 9TO b; cpa3y cJeayeT
sa 0 B cocoGe A, (f; +€) = A, (a). Ananoruuno, b,
HaxXoAWTCdI HermocpeacTBeHHO mepex 0 B cmocobe
Ay (o ~) = 4, ().

Haxonern, wHAYKIMEN TT0 7 MBI TOKa)KeM, YTO KayKIbIH
KPacuBbIll CrOco6 SBJsieTcs NuKAmdeckuM. [lasg n < 2
VTBEPsK/IeHNE 0YeBUHO. Tenepb MpeArooXuM, 94To BCe
KpacHBbIe CII0COOBI MOMeTHTH 72 Touek (MeTkamu 0, 1, 2,...
.., n — 1) gaBasgioresa nUKAMdecKuMu. TakuM o6pasom,

crioco6  A,_;, T0JydeHHbII u3 JaHHOrO crocoba A,

CTUpAHUEM TOYKUA C METKOW 7, IUKJINYECKUl, CKaxkeMm

Ay = A, (a).

[Tyctp o J€XKUT MEXAYy HECOKPATUMBIMU JPOOIMU

2y .

7 a KOTOPBIE COCE/ICTBYIOT B psifry Apobeii co 3HaMe-
1 p)

HaresssmMu, He nipeBocxondmmmu n — 1. CyimnectByer He

. i

6oJiee OHOM ApoONM — B WHTEpBAJE ﬂ;& , TaK Kak
1 1 i+1 . T %

—< S— i 0<i<n-—-1.

n n-1 n

Cayuaii 1. Takoit 1pobu He CyIiecTBYeT.

B asTOoM ciydyae eAMHCTBEHHBIN ITMKJIMYECKHN CIIOCO6,
npososskaionmii coco6 A,_q (o), sto A, (a). Mbi 3naem,

2014 /Ne?2

4To crocobel A, u
A, (a) moryr pas-
JIMYAThCSd TOJbBKO
[TOJIOYKEHUEM TOYKU
n. Ilpeanosoxum,
4TO 71 CJIE/lyeT 32 X U
mpe/iecTByeT i B ciocobe A, (O() . Coraacto (*), cocequ
toukn 0 — ato g, M ¢, , mMoatomMy X,y =1.

B cnoco6e 4, (0(‘) xopza (n—1) - x mapannenbha xopse
n- (x —-1), smaunr, mMeTka n — 1 HaXOQUTCA Ha J[yTe
(x =1, x) (puc.2). Ananoruuno: n — 1 HaxoAUTCS Ha JyTe
(y, y—1). CrenmoBaresnbHo, TOYKM X, y, x — 1, n — 1 u
y — 1 uayT uMeHHO B TakoM nopsike (110 4acoBoii cTpesike)
B criocobe A, (O( ), a 3HauuT, U B criocobe A, (BO3MOXKHO,
y=x—1wmx=y—1). Bcrnocobe A, TOUKa n JEKUT
na ayre (x,n—1), Tak kak Xopja (n-1)-x u xopaa
(n - 1) — X He MepeceKaroTcsi. AHAJIOTUYHO, 7 HAXOJIUTCS
Ha JIyre (n -1, y) . Torga n mo/xHO OBITH HA JyTe (x, y) ,

smaunt, A, = 4, (a).

Cayuaii 2. VImMeetcst pOBHO OJTHO i C YCJIOBUEM

Puc. 2

i
PP
G no Q@
B sTOM ciydae ecTb Ba uKIMHecKuX cnocoba A, (a;) u
A, (0,), Kaxplii U3 KOTOPBIX SABJISETCS POOJIKEHTEM

i i
cocoba A, (a), rae Preg,<tulcay, <2 co-
1 n n a2
raacho (*), B cioco6e A, (a) merka 0 — efuHCTBeHHAs

Ha Jyre (Q2, q1). [To aToii ke MpuUYMHE 7 HAXOAUTCS Ha
ayre (g5, 0) Benocobe A, (o) nna ayre (0, g,) BcnocoGe
A, (a2).

Ilonarass x =q, ¥ y =@, " NOBTOPSSl PACCy’KJEHUE U3
cydas 1, mosyuaem, 4To n 0JKHO ObITh Ha ayre (X, y)
B cmocobe A,. CremoBaTenabHo, crocob A, a0KeH
cosnazath ¢ A, (o) wm A, (a,).

JlokasaTesibCTBO TOTO, YTO KayK/Ablil KPACUBBIN CIIOCOO
SIBJISTIETCST INKJIMYECKUM, 3aBepIineHo. TeM cambiM, 3a1ada

MTOJTHOCTBIO PelieHa.
H.Bozoamnos

®2323. B mouxe A — cepedune Ona cmaxka- g =
HA C 6ePMUKAILHbIMU CMEHKAMU — HAXO-
oumes: msixenvitl wapux (puc.1). C kaxoi
no eeauuuHe U HANPAGICHUID CKOPOCMbIO
HA00 BbICMPesUMb WAPUK MAK, uUmoObL,
Y0apuswucy n pas o CmeHKu, On 6ePHY.ICs 6
ucxoonoe nonoxenue? Kaxoe epems nona-
dobumcs na maxoe Osuxenue? IMupuny S
cmaxkana cuumamu pasnoil 21, cmoixnose-  p,- 7
HUSL WAPUKA CO CMEHKAMU — aOCONIOMHO
ynpyzumu.

on

CuenaeM «pa3BepTKy» CTakala, Kak 39TO IIOKa3aHo Ha
pucynke 2. IlpucBamBag mcxonHoMmy crakany aomep 0,
JaIUM TOJYYEeHHBIM B pe-
3yJIbTaTe Pa3BepTKU CTaKa-
HaMm HOoMepa +1, +2 u T.1.

|

- ~
Ilyctp A, — cepeauna Jo- e SO ~
HBIIKA 7-TO cTakana. dro- _,7 AN AN
OBl TTOCIE 72 YTIPYTUX yAapoB A A A, A,

006 CTEHKH HTapuK BEPHYJICA
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B UCXOAHYIO TOUKYy A, B HadaJbHbII MOMEHT UM HaJ0
BBICTPEJIUTD TaK, YTOOBI B CJydae OTCYTCTBUSI CTEHOK OH
nonan B touky A, . Ilocnenyroomas «csBeprkas crakaHoB
BMeCTe ¢ HalJIeHHON mapaboJnvYecKoil TpaeKTOpHen Jact
ncxoHoe perenue (cM. puc.2 s ciaydas n = 2).
[l aHAIMTUYECKOro MCCJe/IoBaHus 3alauu BBeEJIeM He-
MOJIBUKHYIO CUCTEMY OTCYETA C TOPU3OHTAIBHON OChIO X 1
HaIpaBJIeHHON BepTHKaJIbHO BBepX ocblo y. Torna ecan v
— HayaJbHas CKOPOCTb, & O — OTCYUTBIBAEMBbII OT rOpH-
30HTA/IbHOIO HallpaBJIeHUsl Haya bHbIH YroJi, TO
q-92

2
IIpupaBuuBag HyJ10 BTopoe COOTHOLIEHNE, HaXO[UM, YTO
BpeMsI JIBIDKEHUS COCTABUT

_ 2vusina
—g .

IloncraBasgs aTo 3HaueHne B TIepBoe COOTHOIIEHNE, TTOJTY-
UM PaBE€HCTBO

Ax =vcosa @, Ay =vsina

o? sin 2a
2ln = ——,
g
3ajiaolee CBA3b MEK/Yy JaHHBIMM 334l ¥ HayaJbHbIMU
YCJOBUAMH, OMpPeesomuMu Tpedyemoe aBmKenne. OT-
crojla UMeeM
sin 2a = 21% <1.
v

ITO HEepaBEHCTBO OIpejessieT OrpPaHHYEHNE CHU3Y Ha
BeJIMYUIY HadabHOU cKopocTu. B ciyudae, korga necrpo-

roe HEePaBEHCTBO 06PAIIAeTCs B PABEHCTBO,
. Tt
sin2a =1, G=Z, v =42gn ,

1 3a/lada UMEET €IMHCTBEHHOE pPEIIEHUE. Ecin xe numeer
MECTO CTpOroe HepaBE€HCTBO, TO peH_IEHI/Iﬁ JABa:

2lgn
-

. 2lgn o1 .
0y = —arcsin—5— 1 0, = — = —arcsin
2 v 2 2 v

WM oTBeyaioT, COOTBETCTBEHHO, HACTUJIbHAS U HAaBeCHAs

TPAEKTOPUMN.

A4TO ec HavaIbHAS TOYKA PACIOJIATAeTCs T/Ie YTO/IHO Ha

JIHE CTAKaHa WJIN eCJIM T10CJIe CTOJIKHOBEHHI CO CTEHKaMn

MapyUK TIOTAJaeT B J06YI0 APYTYIO TOYKY JIOHBIIIKA?

[logymaiiTe Hajs STHMH BOPOCAME CAMOCTOATEIBHO.
A.Bbypos

D2324". Tonkocmennas mpyba c ;Kecmkumu cmeHxKami,
nonepeunvin kpyervim ceuenuen S =10 cu> u daunoi

1 M 3axpvima niockol MoHKOU 3ACIOHKOU CHU3Y U
omxpvima ceepxy. Amy mpyody, yoepKkusas ciezka om-
KJOHEHHOU Om 6ePMUKAIbHOZ0 NOJOKEHUS, ONYCMUIU 6
600y 03epa mdx, umo ee 6ePXHULL KOHeY, OKA3AICS 4Ymb
sviule yposus 600wl 6 osepe. llocie 3mozo omeepcmue
ouens ObiIcmpo OMKPLLAU. 3ACIONKA 08UZANACH NOCYNA-
MeabHO 8 HANPABIeHUU, NePREeHOUKYIAPHOM OCU MPYObL.
Ha xaxyio maxcumarvryo evicomy nao yposuem 600vl 6
o3epe evinsecnemcs 600a uz mpyoo.? Paccmompume dea
cayuas: a) ceuernue mpyov npu nPUCIUKeHUU K HUKHEMY
KOHUY NAAGHO 603pdcmadem Om Geiuvunv. S 3d cuem
pacmpyba na ompesxe, cpaHUMOM NO OJuHe ¢ QUaMem-
pom enympennezo ceuenus; 6) ceuenue NOCMOSIHHO U
pasno S enjomv 00 camozo nuxnezo Konya mpyoo.. Bo

68mopom cayuae ghpexmusnoe ceuenue nomoxa na 6xode
6006l 8 MPYOY Menvlle NOTHOZO 2e0MEMPUUECKOZ0 CeUe-
HUst: Sopgy /S = Rogpgy = 0.5

Ceuenne TpyObI 10CTATOYHO BETUKO, YTOOBI MOSKHO OBLIO
He YUYNUTBHIBATD TMTOTEPh SHEPTUN HA TPEHUE MEKIY BOJOW 1
crenkamu TpyObl. Ecsmm BOJIM3M HUKHETO KOHIIA CEUeHUe
TpyObI IJIABHO M3MEHSETCS, TO B 9TOM caydae (a) Her
MoTEPh YHEPTUU Ha TepeMENTnBaHue BOJIbI, y3Ke HaXO/is-
nreiicst B TpyOe, ¢ BOJIOI, KOTOPAsi TOJBKO YTO MOCTYTIHIIA
B TpyOy, Kak 3TO MMeeT MecTo BO Bropom ciydae (6).
[Ipenebpeskem cHavaia KHHETUYECKON SHEPTHEl BO/IbI BHE
TPyObI OKOJIO ee HIDKHETO OTKPBITOrO KOHIA U OyleM
moJjiaraTh, YTO K MOMEHTY, KOTZa Bcd TpyOa OKasKkeTcs
3aMOJIHEHHOW BOJIOM, TMOTEHITMAJbHAS 3HEPTUS BOJIBI B
o3epe YMEHbBINUTCS, TaK Kak cHavaja Tpy6a He OblLia
3all0JTHeHa, a Terepb B Hell HaxojauTcss Boja. VIHbiMu
CJIOBaMU, MOYKHO CYUTAaTh, YTO TOHKWW CJIOW BOJBI C
MMOBEPXHOCTH 03€ePa TIEPEMECTHUIICS B TPYOY. ITO yMEHbIIIE-
HUE TOTEHIMAJIBHON SHEPTHH COMPOBOKIAETCS POCTOM
KIWHETHYECKOI SHEPTUH BOBI, KOTOPask IBIXKETCS B 00be-
Me TpyObl. Takum oGpasom, nonyqaeM ypaBHEHHE

L pSLu

2 2

OTcio/1a HaXoUM 3HAYEHNe CKOPOCTH:

[TepBast mopis Bojbl, BbIpBaBiiascs u3 TpyoObi, Oyier
UMeTb CKOPOCTD %, MOITOMY OHa B3JeTHT (BbIILIECHETCsT)
Ha BBICOTY

pgSL—

u2

hmax =5
g

Terepb OlleHNM KIMHETHYECKYIO SHEPTUIO, KOTOPYIO K MO-
MEHTY 3aloJIHeHUsT TPYOBl MMeeT BOJa CHAPY KU TPYOBI.
Bynem cumraTh, 4TO 3Ta BOAA ABMIKETCS CO BCEX HATIPAB-
JIEHNH K OTBEPCTHIO U YTO TIJIOIIA/(b TOBEPXHOCTH C(ephl,
K KOTOPOIl OHA CXOJUTCS, paBHA ILIOLAJU MOIEPEYHOTO
cedenus TpyObI. Pajmyc Takoii cdepni pasen R = S/ T[/2 .
YpaBHeHHIe HENPepbIBHOCTU /IS TIOPLUU BOJIBI, HAXO/S-
meiicss Ha paccrosHun x >R or nHeHTpa cdepnl, gaer
3aBHCUMOCTb CKOPOCTH 3TUX HOPIHI BOJBL OT X:

4T’ @, =Su.
ITonnas KuHeTHYECKas IHEPIruA Bcel BO/IbI, JIBPDKyH.IefICH

CHapyKn pr6bI B MOMEHT €€ 3all0JTHEHW A, paBHaA ITpUMEP-
HO

® pdx Citne? D Su

[

R

o |t~

pdx Su

J' =

p(Su) _ Lpu’s D1—\/§
8TR 2 2L\ m

BI/I]IHO, YTO 9Ta IHEPTUA COCTABJIAET TOJIDBKO H€60JIbHIyIO

1 /S _ .
I0JII0, & UMEHHO i —=8,900 3, OT KUHETHYECKON
T

9HEPruy BOJIbl BHYTPU TPYObl. ITO O3HAYAET, YTO CJIE/IaH-
HOe TIpeHeOpeKeHre OMpaB/aHo.

PaccmoTpum Terepb BTOPOIl cayyaii, Korja cederue Tpyobl
BCIO/ly OJIMHAKOBOE, IIOITOMY BOJa, BTeKaioiias B Tpyly,
He 110 BCEMY HIDKHEMY CEYeHHIO TPYObl UMEET OJIMHAKOBYIO
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CKOpOCTh. BOM3M ee HIDKHETO KOHIA y CTEHOK BHYTPHU
TPYOBI CKOPOCTH BOJbI PAaBHA HYJIO, a B TIEHTPE CCUYCHUS
CKOPOCTH TeueHust camasi GOJIbINast, W 3TO CBSI3aHO HE C
BSI3KOCTBIO BOJIbI, a C TEM, 4YTO IIePexoji OT OOJIbIIOTO
CevyeHus OTOKA BOJIbI B 03€Pe K MAJIOMY CEYEHUIO B Tpy6e
ne mnasnblii! (I[Togpo6Hoe paccMOTpeHHE 3TOro BOIpoca
ecTb, HanpuMmep, B kuure E.V.Bytukosa, A.A.bbikoBa u
A.C.KonjgparbeBa «@Du3nKa AT TOCTYNAIONINX B BY3bI»
(M.: Hayka, 1978, ¢.114=115). B srom cayuae apdek-
TUBHOE ceveHne TpyObl Ha BXO/IE B/IBOE MEHBIIIE €€ TEOMET-
PUUYECKOTO TTOJTHOTO CEUEeHMST:
Sapp _ 1 _
S - 2 = Magp -

3HavuT, CTPYs BOABI BXOAUT B TPYOY CO CKOPOCTHIO U, &
BJIAJTH OT BXO/Ia B 9TO K& BPeMs BOJa B TPyOe ABIKETCS
o ckopoCThIo U [R,4q, . B pesyibrate Tepsercs sHauMTeMb-
Hasl [I0Jid KWHETHYEeCKOIl JHEePTUU BOJbI, BXOSIIEH B
Tpy6y. Eciam K HeKoTOpoMy MOMEHTY BpeMeHH Tpy6a
OKazayjach 3alloJHEHHOW Ha [JIMHY X W Boaa B Tpy6e
JIBIKETCST C YCKOPEHUEM @, TO JJaBJeHne BOIM3N HUKHETO
KOHITa TPYObI BHYTPHU TPYObI U 06ECTIEYBAET 3TO YCKOPE-
Hue. V13 Broporo 3akona HpioToHa cieayert, 4To

pS —pSxg = pSxa .
3HauuT, AaBJCHWE PABHO
p=px(g+a).

s YpaBHEHUA BepHyJIIH/I JAJI1 IBUSKEHUS BOJIbI 4Yepe3

HUIKHEE OTBEPCTUE T1I0JYyYaEM
2

po
P —pgL-».
5 Pg P
B]IOéaBOK HaM M3BECTHa KMHEMaTHU4YeCKasd CBA3b
dx
at ¢ Mg

Oé”beZLI/IHHH BCE€ COOTHOMIECHUA, MOJYyYUM YpaBHEHUE [1JId
KOOpAHATBI X ypOBHH BO/IbI B prée:

1
gi=g kg (9L —x (g +a)).

2Haed ~

YucsieHHOE peIieHre HTOr0 YPABHEHUS Ha KOMITbIOTEPE
MOKA3bIBAET, YTO YCKOPEHWE d, C KOTOPHIM JBIKETCS
YPOBEHbB BOJIbI B TPYGeE, TIPH JTHOOBIX PasyMHbBIX HauaIbHBIX
3HAYEHUSIX X, @ U dx/dt OBICTPO «BBIXOJHUT» HA CTAINO-
HapHOE 3HaUEeHNe, 3aBUCSIIee OT BEIMYUHDBL Ryqq . MO3KHO
cpasy HpeAroJIoKITh, UTO @ = const, 1 HAUTH 3Ty MOCTO-
stuHyto BesmuuHy. [pu 0 < x < L, t.e. ipu x =0,
dx[
dart, -
Nmeercst B Bujy, 4TO Tpyba yske Havaja 3arOJHIThCS

BOJIOH U MeXaHu3M TOPMOXKEHUS, /LI OIIUCAHUS KOTOPOTO
1 BBOJUTCS BEJIMUUHA Ry, , yoKe paboraer. Ilpn x = L

dx[
Ruppv2aL .

Haety, -

Cuuras ycKopeHue HOCTOAHHOM BeMMUHOI, BOCTIONb3Y-
CMCsA MIBECTHDBIM  COOTHOMIEHHEM 2al —(dx/dt)KOII -
- (dx/dt) . U3 aT0T0 COOTHOMEHNS CaeyeT

I

a=-
I, 1+ kz)(b(b

9(:1)(1) 2g

2014 /Ne?2

Orcioga MOKHO HalTH ¥ MaKCHUMaJbHYIO BbICOTY, Ha
KOTODYIO BBITIJIECHETCS BOJA U3 BEPXHETO OTBEPCTHSA

TPYyObI: A
R

1+ka¢¢ )

B nepsom cayuae (a) k 2 =1, nosromy /f,, =L/2, BO
BropoM cayuae (6) kg = 0,5 u, snaunt, hy,, =L1/20.

3aMeTnM, 4TO eCJIM B SKCIIEPUMEHTE MOJTYYAeTCs KAaKOe-TO
[IPOMEXKYTOUHOE 3HAUEHHUE /i, , TO 10 OTHOIIEHUTO A, /L
MOJKHO HAHTH COOTBETCTBYOIIEE eMy 3HaueHue Koaddu-

nuenta Rygg .

max

B.Osepos

®2325. Tpu odunaxosvie maccor (nanpumep, pasvie
eounuye) 3aKpenienvl 6 SePUUHAX NPABULLHOZO MpPeY-
20JIHUKA CO CMOPOHOU d. B CKObKUX NON0KEHUAX PABHO-
Becust MOKem HAX00UMbCst NPOOHAS, MOUKA MACCOU M NOO
Oeticmeuem HuIOMOHOBCKOZ0 NPUMSIKEHUS CO CIMOPOHDL
MAcc, coOCpedomOUCHHBIX 6 GePUUNAX MPEY2OTbHUKA?

N3 coobpakeHnii CHMMETPHE SICHO, YTO TI0 KpaiiHeil Mepe
OTHO TIOJIO)KEHUE paBHOBECHWE, TPH KOTOPOM TIPOGHAs
TouKa P paciosioxena B IIeHTpe B
TPEyTOJbHUKA, CYIIECTBYET
(kpacnas Touka Ha pucynke 1).
Tax:ke sicHO, YTO BHE TPEYTOJTb-
HUKa PaBHOBECHUI HET. Y Ka3aH-
HOE paBHOBeCHe TTPUHAICKUT
BCEM TPEM OCSAM CUMMETpHU Tpe- c
yroapauka. Ilompobyem mowuc- ‘{-

KaTb Ha 9TUX OCSX JPyrue pas-

HOBECHsI, OIHpPasich Ha To 06- 1€ 7

CTOATEJLCTBO, YTO B KAXK/I0H TOUKE TAKUX OCeil pe3yJibTH-
pylolas cuJI NPUTSAXKEHUS HallpaBJieHa B/IOJIb HUX CaMUX.
Paccmorpum, Hanpumep, ocb CUMMETPUH, TPOXOJALILYIO
yepes Bepmuuy A n Touky O — cepennny ctoponbl BC.
BBegeM koopaumHATHYIO OCb X € HadajJoM B Touke O,
narpasJieniylo B cropony Bepiunbl A. Torga koopaunara
BepIWHBI A COCTaBUT a3 /2 . Ecom Tourka P pacmosara-
€Tcs Ha ocu X BHYTpHU TpeyroyabHuka ABC, To oHa 6y1er
TIPUTSATUBATHCS BEPINHON A CUJION, HAlpaBJIeHHOW B/OJIb
OCH X W PaBHOU

FA = %
(a\/§ /2- x)
31echb u jajiee TPABUTAIMOHHYIO MIOCTOSTHHYTO Oy/IeM CUH-
TaThb paBHOU equHuIe. CyMMapHas cuja MPUTSKEHUS CO
croponbl BepinH B n C Tak:ke HallpaBJieHa 10 OCH X, 1 ee
BEJIMYNHA COCTABJISIET
mx

F, c = —2—23/2
(22 + (@2))
TakuM 06pa3oM, yCJOBHE PaBHOBECUS MTPUHUMAET BU/]L

g U

g a
F=Fy+Fpc =mp 1 2

E(a«/_/2 x) _(x2+(a/2)2)3/2§=

HCHOCPEHCTBCHHOﬁ HO]ICTaHOBKOﬁ MOJKHO Y6GJII/ITBCH B
TOM, 4YTO OTB€Yarollee IEHTPY TpeyroJibHNKa 3Ha4Y€HUE

X = a3 /6 Y/IOBJIETBOPSIET 3TOMY YPaBHEHHIO.
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[TocMoTpuM, HET JIM Y 3TOTO yPaBHEHUS JIPYTUX PEIICHHH.
[lns aToro 3ametuM, uto 11pu x = () cIipaBe/IJINBO HEPABEH-
cteo F(0) >0, Bbipaxaromee To 06CTOATENBCTBO, YTO
ecau Touka P pacnoJaraercs B Touke O, TO pe3yJabTUPY-
IoIast CUJIa HalpaBJeHa B CTOPOHY BeprmuHBl A. [lanee,

HaTpuMep, Ipu Xy = a\/§/8

0 0
Fr,) =2 59 -54. |5 5= -0,306579237 2% <0
313a ﬁ 19% a

Dyurius F (x) HeNpepbIBHA W MPUHUMAET HA OTPe3Ke
[0; xz] 3HAYEHUST TTPOTUBOIIOJOKHBIX 3HAKOB. Takum 06-
pasoM, Ha 3TOM OTpe3Ke y Hee MMeeTcs elle 1Mo KpaifHei
Mepe O/INH KOPEHb. BBhIYMCIeHnsT MOKA3bIBAIOT, YTO 3TOT
KOpeHb OIUH U OH UPUOJU3UTEIBHO paBeH
x3 = 0,1242929158a .

Wtak, B 11€J10M IO TPEYroJbHUKY MMEIOTCS 10 KpaitHeil
Mepe YeTbIpe TOJIOKeHHsl paBHOBechs (CM. KpacHYIO U
CHHUE TOYKHM Ha pucyHKe 1).

3ameuanus

1. Bmecto Bbruncsienns 3HadeHnst GYHKINNA B KOHKPETHOHN

TOUKE X, JOCTATOYHO OBLIO O/INH pa3 Mo depeHITpo-
Batb pynkiuio F (x) u yGeantbes B ee CTPOroM MOHOTOH-
HOM BO3PACTaHWU B OK-
£y PECTHOCTU TOYKHU Xy
(puc.2.).

2. Ocu cuMMeTpum pas-
eS0T TPEeyTrOJbHUK
ABC Ha 11ecTb MaJieHb-
\ KX 6a3UCHBIX TPEYTOJIb-
0 +—— > HIKOB. [lokasaTenbCTBO
«/_g u «/_5 u OTCYTCTBHUSI PaBHOBECUI
6 2 BHYTPHU 3TUX TPEYTOJIb-
HIKOB aBTOPY OCTaeTCs

HEW3BECTHBIM.
3. bbuio 6bI MHTEPECHO WHCCIE0BATH BOIPOC O YHUCJTE
pPaBHOBECHIl JIJIsT TIPOU3BOJILHOTO MPABUJILHOTO MHOTO-
YTOJTHbHUKA C PABHBIMU MACCaMU B BEPIIMHAX.
B.Huxonos

Puc. 2

®2326. He6o nad Agpuxoii 3axpoimo obaaxamu. bov-
was aysxa eayounoi 0,5 m 3anoanena Mymuou memnoi
60doii (6 6ode mpucymcmseyem 636ect UePHOU 2JUHBL —
CI0HBL NOCMAaparucs) ¢ memnepamypoi +25 °C , pasnoil
memnepamype 6030yxa nad ayxei. Ecau noepyzumov 6
600Y 8AAZO3AUUWEHHBLIL JIOKCMEMpP, 00PAMUE €20 UY6-
CMEUMENLHDLIL JTeMEHN 86EPX, MO OH NOKA3bIBACM, YMO
na enyoune 10 cm ceem ¢ 2,72 pasa caabee, uem os.ze
camoil nogepxnocmu, na eayoune 20 cm — caabee ewe 6
2,72 pasa um.0. B nexomopuiii momenm Cosnye nepewio
6 3zenum u obaaxa pacxpviiucy. ITomox usiyuenus
Coanya, Odocmuzwuili nogepxHocmu JAYxKu, pPAGeH
E =1000 Bm/}vt2 . Kaxoii uepes 1 munymy nociie nauaia
oceewenus 6ydem memnepamypa 6o0vl @ Mol Ayxe Ha
enybune 5 cm u kaxoi ona 6ydem na zayoumne 40 cm?

YacTnuku 4epHOH TJIWHBI TOJBKO TTOTJIOMAIOT CBET, HO HE
pacceuBalor ero, 1103ToMy Boja Temuas. Ilockosbky Mo~
HOCTDb BBIJIEJISTIONIErOCs TellIa, IIPUXOSIAscs Ha eIUHH-
1y o6beMa JKUJIKOCTH, BBepXYy 6O0JIbllIe, 4eM BHU3Y, KOH-
BEKIMsL B JIy’Ke CO CIHOKOWHON Booil (CJIOHBI yILin) He
Bo3HUKHeT. Koadpuiinent TenionpoBoHOCTU BO/IbL, PaB-

ubiit 0,6 Br/(mM [K), BecbMa Mas, 1oaToMy Teruionepe/a-
Yyell OT IPOrPeBHIMXCS YYACTKOB K IPOXJIQHBIM CJIOSIM
BOJIBI 32 HEGOJBIION TTPOMEXKYTOK BPEMEHN MOXKHO TIpe-
He6peub. [1o ycaoBuio 3a/1aun HHTEHCHBHOCTD TETLITOBBI/IE-
JieHust yobiBaet ¢ rry6uHoi 2 (¢M) 110 9KCIIOHEHIITATbHO-
MY 3aKOHY:

E = E, exp ﬁ—%ﬁ, rae E, =1000 Bt/ .

Ha kaxapiii 06beM BObI TOMIMHON 1 MM U ILIONIA/IbIO
tmM? (V=Aum-1m* =107 Mm%, m = 1 kr), umeonmii
terioeMkocts C = 4200 [Tk /K, na ray6une i (cm)
BBIJICJIICTCS TEIJIOBAS MOITHOCTD

_ Br O A0, o _ O -
W_1000F@XPH_EHDM —1OOOBTEd3XpErEH.

JTo o3Havaer, 4to Ha TayOmHe /i TeMmeparypa BOJIbI
HOJHUMAETCST CO CKOPOCTHIO

dT _ 1000

dt 4200
3a 60 cekyH[ TemrepaTypa BOJABI Ha TJIyOWHE S CM
nogauMercst o 25 °C + 8,66 °C = 33,66 °C . A Ha ray6u-
He 40 cM TIOBBINIIEHNE TeMIlepaTyphl 3a TaKoe >Ke BpeMs
OyJieT CyTeCTBEHHO MEHbIIE, U TeMIIepaTypa MOHUMETCS
1o 25 °C+ 0,26 °C =25,26 °C.

O h0O
Cexp EI_EEK/C

A.Csemuaoe

®2327. Tpu mareHvKux wapuxd pacnoioxervl 600Jb 0CU
Koopounam x 6 xocmoce. Boxpye Gorvwe nuuezo nem,
2PASUMAYUOHHBIMU CULAMU 83AUMOOCTICBUS MOKHO Npe-
nebpeuvr no cpaguenuio ¢ anekmpuyueckumu. Cropocmu
6CeX WAPUKOE 8 HAUAIOHBIL MOMEHIN PAGHbL HY.LI0; KOOD-
JunamoL wapuxos x, 2x, 4x; 3apsdv. wapuxos q, 4q, 9q;
MACChL WaApuxos m, 3m, 2m coomeemcmeenno. Kaxumu
OYOYym CKOpOCU WAPUKOS Uepe3 0Uuetd OONbUOe BPEeM?

Y Hac HEM3BECTHBIX TPH, & YPaBHEHUN, KOTOPbIE MOKHO
COCTABUTH, WCIOJb3YsI 3aKOHBI COXPAHEHUS UMITYJIbCA U
aHepruu, Bcero jBa. [loatomy saBaiite BHUMATENIbHO pas-
6epeMcs ¢ COOTHOIIEHUSIMU YHCJIOBBIX JIAHHBIX B YCJIOBUHU.
HavanbHble pacCTOSIHUS 7}, U T3 OT CPEJHETO MIAPUKA /10
JIBYX KpaliHmx ortHocarcd Kak 1 k 2. A ecam HalTh
YCKOPEHUS MApUKOB B HAYAJIbHBIH MOMEHT, TO UX Pa3HO-
CTU @y —d, U d3—da, Toxe OTHOcATCSA Kak 1:2. ITo
03HAYAET, 4TO ¥ B JI060I IPYroil MOMEHT BPEMEHU OTHO-
IIEHVIe PACCTOSTHUI MEXAy MIapuKkaMu OyAeT TakuM kel
CrreioBaTeIbHO, CKOPOCTH MIAPUKOB GYAYT MIMETh TaKoe
JK€ COOTHONIEHUE, KaK U UX YCKOPEHHUs, T.e.
0110y 103 =(-3): (1) (#3).

ITO JIONOJHUTENbHOE KUHEMATUYECKOE COOTHOIIIEHIE BME-
CcTe ¢ JBYyMsS YpaBHEHUSAMH, IOJYYEHHBIMM Ha OCHOBE
3aKOHOB COXPAHEHUsI, MO3BOJISIeT HaiiTi 1pocToe (1KOIb-
HOE) pelleHne 3Toil 3a1auu.

O603HaYMM © MUHUMAJIBHYIO 110 BEJTUMYMHE CKOPOCTh (CKO-
POCTh CPEIHEr0 IapuKa), TOrjAa 4epes GOJBIIOE BPEMS
CKOPOCTH TIAPUKOB, C YYETOM 3aKOHA COXPAHEHUS UM-
myJabca, OyayT paBHbl —3v, —v, +3v. lloreHnumanbHas
9Heprust B3auMO/IeUCTBY [IAPUKOB Yepe3 GOJIbIIOE BPeMsI
VMEHBITUTCA /10 HYJS M, B COOTBETCTBUU C 3aKOHOM
COXPaHEHWS SHEPTUH, TIepeii/ieT B KHHETHYECKY IO SHEPTHIO
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JIBUKEHUS MapUKOB:
2 2 2
E - m (30) L 3m (0) L 2m (30) _
2 2 2

2
= quﬁq+k4qEﬂ9q+quﬂ)q :25ki
X 2x 3x X

= 15mo® = E,,

(3mecp k — sT0 amexTpuueckas mocrogHHas). Orcoma
HAXOJVM HUCKOMbIE BEJINUMHBI CKOPOCTEIH:

5kq?

, =30, vy =0, vy =30.
A.3unvbepman

®2328. Hoeanvnas Gamapeixa, amnepmemp u 6016m-
Memp coedunenvl NOCAe008AMENBHO 6 3AMKHYMYIO Uenb.
Ioxasanus npubopos pasnvt 1A u 10 B coomeemcmeen-
Ho. Ecau napainienvio amnepmempy nooxiiowums pesu-
CMOP € HEKUM HEUIBECMHBIM CONPOMUBTEHUCM, O NOKA-
3anue amnepmempa cmamem 0,9 A, a nokasanue 601vm-
mempa 6ydem 10,2 B. Kaxosa O/1C 6amapeiixu? Kaxoso
sHYympennue conpomueienus npubopos? Kaxoso smo
<Heu3secmmoe COnPOMUGLeHUCs?

DJEKTPOABIDKYIIAs cuiaa Oarapeiiku & paBHA CyMMe
najieHuii HaTpsKeHus: Ha npubopax. B nepBom coyudae

£=1,[R, +U, =1A [R, +10B,

rae R, — aTo BHyYTpEHHEe COIPOTHBJICHHE aMIlepMeTpa.
Bo BTOopom ciayuae

£=1,[R, +U, =0,9A [R, +10,2B.

W3 nostyyeHHbIX ABYX ypaBHEHUN HAXOAUM

é: [2U1 _I1U2 =12 B
11_12 7

R, :M:ZOM_
11_12

[l ompenesieHus BHYTPEHHETO COIIPOTHBJIEHUS] BOJIBT-
MeTpa HY>KHO pas/e/IuTh MajieHne HAPSKeHUs Ha HeM Ha
TOK, TeKymuii 4yepe3 BOJbTMETp. TOK ¥ HampsDKeHWE
BOJIbTMETPA N3BECTHBI /JISI 1leTH 63 HEM3BECTHOTO Pe3mc-
topa. [lomyuaem

U

Ry =—1 =10 Om.
Iy

Tenepb HaXO0/JUM <«HEU3BECTHOE COIIPOTUBJIEHUE» :

:ﬂ:Lﬁ Om.
U,
__IZ
Ry

KoHeuHo, MOJKeT CMyIaTh BecbMa MaJlo€ BHYTPEHHEE
CONPOTUBJIEHNE BOJIbTMETPa. HO KakuX TOJBKO Uyec Ha
cBere He ObIBaer!

A.3unvbepman

®2329. Bunpsmumenv cemesozo nanpsxenus (220 B,
50 T'y) npedcmasisiem coboil nociedosamenvo coeou-
nennvle pesucmop conpomusienuem 0,5 kOm u noaynpo-
600HUKOBBIL 0U00, ébldepxusaruull npsmoi mox 1 A u
obpamnoe nanpsxenue 400 B. Kondencamop emxocmoio
0,001 @ cuauara nOOKIIOUUIU K BINPAMUMEIO U Q0K -

2014 /Ne?2

0aUch MAKCUMATb-
noti sapsoxu (cm.
pucynox). 3amen
Konmaxkm KAud
nepexunyau, u 00- o
KAAOKU KOHOeHca-

Mopa 0KaA3aIUCH NOOKIIOUEHHBIMU K MEOHOT NPO6o.JIoUKe
Onunoti L=4,7 cmcnonepeunvim ceuenuem S =1 072 um?.
IIposonouxa waxodumcs 6 6030yxe npu KOMHAMHOU
memnepamype ty = 20 °C . Umo 6ydem noxasvicams ude-
anrvnolll sovmmemp uepez 10 ¢ nocae nooka0ueHus:
npososouxu? Heobxodumvie 015 pewenus 3adauu 0ono-
HumenvHvle oannvie nauoume camocmosmenvio. Ilpu
PeanbHOM NPosedeHUU MAKozo IKcnepumenma 0as 6e3o-
NACHOCTNU PEKOMEHOYEMCSL NPOBOLOYUKY NOMECTRUIND ME K-
Oy aucmamu 6ymazu. Cuumaiime, 4mo MOJLIPHASL MENLO-
emxocmo meou (u meepdoil, u KUOKOU) He MeHsemcs ¢

memnepamypoii u pasna 3R = 25 [lx[(monv- K).

~ 220 B,50 Iy —

Hampsxenne, 10 KOTOPOTO OB 3apsi:KeH KOHJEHCATOP /10
nepe6pachIBaHUS KJII0Ya, PABHO V2U, tie U =220 B -
HampsiKeHne ceTw. B KoHaeHcartope [0 TMOIKIIOUEHIS
MIPOBOJIOYKN OblJIa HAKOIJIEHA SHEPTHS

c(vav)
W=——"-""=484]Ix .
Jlerko moragaTbesi, UTO TPOBOJIOYKA YCIIEET HArpeThes,
pacCTIaBUTBCA 1 Ia’ke MCHAPUTHCS, a KOHIECHCATOP TaK 70
KOHIIa 1 He paspsaautcs. Heo6xoamMble TOTOTHNTEIbHBIC
JIaHHbBIE MOKHO HAHTH B JIIOOOM (DI3MUECKOM CIPABOUHI-
ke. MoJisipnas macca Meu M = 64 T ,/MOJIb, TIJIOTHOCTD
mean P = 8,96 r/CM3 =9 F/CMB. Macca mpoBOJIOYKY paB-
Ha m =pPSL. DTO COOTBETCTBYET KOJUYECTBY BeENIECTBA
v = pSL/M. Temmneparypa riassienus meau t; = 1083 °C,
MOJISIpHAsI TeIIoTa Imasaenns g = 13 k/5x /Moab. Tem-
nepatypa KHUIIEHUS Melud 1pU aTMOC(hEpPHOM JaBJCHUU
t, = 2080 °C, MosispHas TenJjoTa UCIAPEHUs MeAN ¥ =
=302 x/I>x /Moab. KoHeuHo, 4acTh sHEPTUU KOH/EHCATO-
pa 6yzieT M3pacxo/[0BaHa Ha N3JIyUeHIEe U HATPEeB BO3/AyXa,
HO 9TUMU <TI0TepsAMU»> (MHTYHIHS MOACKA3bIBAECT) MOMKHO
mpeHe6peyb. Bcero Ha HarpeB, MJIaBJeHNE W HCTIapeHWe
MeJH TToTpeOyeTcsT SHEePTHUs

0 =(C(t ~ty) +q +C(t, ~t,) +7)ps|_L =24,3 JIx .

OcraTok aHepruu B KoHJleHcaTope Oy/IeT paBeH

CU?

W-0==

[Toaromy BosbTMeTp uepe3 10 ¢ mocse NOAKIIOYEHUS

ITPOBOJIOYKHU TIOKAXKET HAIPSIKEHUE

2(W-0)
C

Ue = =220 B

A.Tapuescxuil

®2330*. Jaunnviii (L =10 m) corenoud npedcmagasem
€060l HAMOMAHKYIO 6 00UH CA0U HA UUIUHOPUUECKUT
xapxac ouanempon D =0,1 M nposoaoxy npsamoyzoivio-
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20 ceuenus ¢ pasmepom cevenus axa (a = 0,1 mm).
Iogepxrocmy npososOKU NOKPLIMA MOUKUM CJAOEM He-
nposodswezo mox aaxd. Bunoansiomes maxue coomuo-
wenus: L > D> a. Bumku npogoioku pacnojioxemnvt
enaomuyio opye x opyey. Konywvt npogosoku evieedenvi
NePReHOUKYNAPHO OCU CUMMEMPUU CONCHOUD U OdNeKO-
danexo om cosenouda nodxmouenst ¥ 6amapetixe. 1o
nposoioke meuem mox 1. B6ausu uenmpa conenouda na
€20 GHEwHel NOGEPXHOCINU CUOUM MALeHLKUL KYyK. Y
KYKA €CMb COBCEM MALCHLKULL KOMNAC, U O NOJ3em 6ce
speMsi 8 HAnNpasieHuU 8eKMOpa UHOYKYUL MAZHUMHOZO
nons. Kaxosa popma mpaexmopuu 0suxenus Kyxa no
conenoudy? Cuumas, umo 0Aund nymu KyxKa om mouxu
cmapma cocmasuna s =1 M, natidume eeuduny nepeme-
WeHust KyYKd.

Y MaruuTHOro 1oJif Bue o6beMa COIEHON/Ia, TOuHee Ha ero
BHEITHe!l TTOBEPXHOCTH BOJN3H CEepPeNHBI, MMEeTCsT CO-
CTaBJAONIAsA BAOJIb OCH COJIEHOM/IA, HAIpaBJIeHHAss OT
CEBEPHOIO TI0JII0CAa MarHuTa K €ro I:KHOMY IOJIOCY, U
COCTaBJIAIONIAA MAarHUTHOTO I10JId, IONepeYHasd K OCU
COJICHOW/Ia, HallpaBJIeHHAs BJOJb ero BHeMIHelH MoBepX-
HOCTH.

[Tonepeunyto COCTaBJSIONIYI0O MOXKHO HAHTH, BOCHOJIb30-
BaBIINCh TEOPEMOH O IMUPKYJAIUM BEKTOPA UHAYKIIUU
MaruutHoro moJis. Ilomyunm

_ M/
B.=__Fot
- (D +2a)

rje M, — MarHUTHAs MOCTOSIHHAS.

Uro6bl HAUTH IPOAOJBHYIO COCTABJISAIONIYIO WHIYKIIUN
MArHUTHOTO TIOJIE, HY’KHO BBIYHCJIUTH TIOTOK BEKTOPA
WHYKITNY, KOTOPBIH ITPOXOUT BHYTPH COJIEHOW/IA OT €ro
I0KHOTO T10J1I0Ca K ceBepHOMY. UNCJI0 BUTKOB Ha €IUHUILY
JUINHBI cosieHon/1a paBHo n = 1 /a. Ilpu nporekanum Toka
I 110 mpoBostoke (110 BUTKaM coJieHon/1a) BHYTPH COJIEHO-
uja BOJTM3U €ro CepelMHbl CO3/IaeTCsl MAarHUTHOE TI0JIE C
nnaykuueir B = nlp, . MaruuTHblil IOTOK, MPOXOASAIINN
yepe3 TOMepPeTHOe CeveHre COJIEHOW/Ia, B €ro cepeamHe
paBeH

< Mol
TD)

2
» ="
4

ITOT MArHUTHBIH NOTOK 6HYMPU COAEHOUOA <UJIET» OT
I0’KHOTO TI0JTIOCA K CEBEPHOMY IOJIIOCY MarHura,/ coJe-
Houzia. [lJ1s1 OLeHKH BeJMYUHbl MPOAOJbHOI COCTABIIAIO-
el MAarHUTHOTO TOJISI @HEe COleHOUOd MBI HCIIOJIb3YeM
YIPOIIEHHYIO MOJIEJIb JIBYX TOUYEYHbIX (MaJeHbKUX B CPaB-
HEHUU ¢ JIUIMHOI COJIEHOM/Ia) MarHUTHBIX 3apsiIOB € pa3-
HBbIMU CBOICTBaMU — ceBepHbIM U 105KHbIM. OT ceBepHO-
O I0JII0CA MArHuTa MOTOK <«pa30eraercs» BO BCE CTOPO-
HbBI, T.€. B TEJECHBIH yros 470. A K 105KHOMY MarHUTHO-
My TIOJIIOCY TaKOM ke IHMOTOK «cOeraercsi» €O BCEX CTO-
POH, T.e. U3 TeJIeCHOTo yria Toxke 4Tl. VHayKius Mar-
HHUTHOTO T10J11 BHE COJIEHOM/Ia BOJIN3N €ro I[EHTPa CO3/1a-
eTcsl «Pa36esKaBIINMCS» TIOTOKOM BEKTOPA MHJIYKITHU OT
CEBEPHOTO TI0JIOCA U «COETAIONUMCS», WJIN «cobuparo-
HUMCs», MTOTOKOM BEKTOpa MHAYKIUK K IOKHOMY Mar-
HUTHOMY moqiocy. Orciojla HaXOAUM MPOAOJbHYIO CO-
CTaBJIAIONIYIO MHAYKIMH MarHUTHOTO IOJA BHe oObeMa
COJIEHOM/Ia, HO BOJIU3N €ro IMOBEPXHOCTH M OKOJIO €ro

Cepe/InHbI:

BH:2 @ =

am{(L2) +(D/2 +a)')
-, Wolnm(D/2)" _ poID?
sm(Lj2y  2al’
CyMMapHOE‘ roJie BOJIN3N Cepe/lMHbl COJIEHOW/la Ha €ro

BHEIITHEH ITIOBEPXHOCTHU HaIlIpaBJIEHO 110 KacaTeJIbHOH K ero
ITIOBEPXHOCTH, T.€. JKYK ITOJI3ET T10 ITIOBEPXHOCTU COJIEHON-

na, a (opma €ro TpPaeKTOpUH — ITO YaCTh CIUPAIN
ANaMETPOM
D+ 2a=D
1 11aromMm CHI/IpaJII/I ) 2
b i) e
H=mO—" =1D =
By Mol / (T[D) 2al

[l1s 3HaueHWit mapaMeTpoB, MPHUBEJACHHBIX B YCJIOBUH
sagtauu, H = 4,9 cm. IIpu pnune nmytu skyka s = 1M ou
CMECTHJICSI BJIOJIb OCH COJIEHON/IA Ha PACCTOSTHIE

d = sH
: VH? + €D?

1 IIPU 9TOM COBEPIINJI IOBOPOT BOKPYT OCH COJICHOH/IA Ha
YTOT

=155 cm

a:z—m2=19,76 past

H* + 1D
T.e. Ha TPU IEJbIX 000pOTa U ILIIOC elle Ha YroJ
¢ = 0,9 pax . IIpoeking BeKTOpa MepeMenieHns KyKa Ha
IJIOCKOCTD CEYEHUsT COJIEHOU/IA, TIePIEeH/INKYIIPHOTO ero
OCH, COCTaBUJIA

d, = ZQSin9 =4,4 cm.
2 2

B urore BesimunHa nepeMerieHns JKyKa OT TOYKH CTapTa
Oy/ZieT paBHA

[=\d} +d} =16 cm <10 .

Ecmn pmwna mytm s 6yzer cymiecTBeHHO GOJblie, To,
€CTECTBEHHO, CUJIOBas JIMHUA NHAYKIIAN MAarHUTHOT'O 110JIsA
«y#er» 1moJ MOBePXHOCTb IIUJINH/PA BHYTPb COJIEHOU/A.
Ho uuciosbie JaHHbl€ B YCJOBUM 3a/la4u TaKOBbI, 4YTO
3TOTO He TIPOUCXOJINT.

C./Kyxos

®2331. I'panuya pasdena obaacmeil npocmpancmed, @
00HOUL U3 KOMOPBIX eCmb 00HOPOOHOE MAZHUMHOE NOJE C
undyxyueti B =10 Tx, a 6 dpyzoii maznummnozo noJis nem,
npedcmasasiem coboti naockocmy. Ecmecmsenno, umo
eexmop B napannenen amoi epanuue pasdena. H3
ob.acmu, 20e noas Hem, 6 00.1ACMb ¢ MAZHUTNHBIM NOJEM
eemaem aleKkmpon ¢ 3apadom e. Ezo ckopocmv 6 momenm
nepeceuenus panuybl nepnenouryiapua eexmopy B,
cocmaegasem yzol o € NAOCKOCMbIO 2PAnUlibl pasoena u
BEAUNUNA CKOPOCINU MHOZ0 MEHbUe CKOPOCU ceemd.
Asuxywuiics 6 Maznummom noJie ¢ YcKopenueMm a dJexKm-
POH U3AYUACT, U MOUHOCTND INEKMPOMAZHUMNHBLX 60JIH —
MAax HA3vl8aAeMO20 CUHXPOMPOHHO20 UNYUCHUS — NPONOP-
YUOHANLHA KeAOpamy npoussedenus Gequdunvl 3apsiod
Ha 8eUNUNY YCKOPEHUS, OeNEHHOZ0 Hd CKOPOCL CEEMd.:
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W = Ei(ea/c)2 . Koagpdpuyuenm nponopuyuonanvrocmu
06031aUen CUMBONIOM &, OH UMeem PASMEPHOCb dJeKMm-
puueckozo conpomueienus u pasen & = 20 Onm. Ilpu
KaKoM 3HaueHuu yeada o JeKmpon He noKunem 00aacmy
C MAZHUMHBIM NOJEM?

[Ansi cnpasxu: ¢ Mexoynapoonoi cucmeme edunuy, (CH )
MOUWHOCTD U3YUeHUS 3aPA0d , 08UKYUWE20CsL C YCKOpe-
1 2d°¢?

nuem a, pasua W = —_— .

qme, 3¢

Bynem cumTarh, 4TO mOTEpH Ha M3JIyYEHHE HEBEJUKH.
Ecsn coBceM He yuuTbIBATD TOTEPU SHEPIUU 3JICKTPOHA 3a
cuer ussydenusi (nepsoe npubIIKEHNE), TO OH 00si3a-
TEJIbHO TIOKMHET 00JIaCTh C MArHUTHBIM T10JIeM. Y CKOpeHne
HePeSATUBUCTCKOTO 2JIEKTPOHA, ABUKYIIErocs B OJJHOPO/I-
HOM MarHMTHOM II0JI€ CO CKOPOCTBIO, MEPIIEeHANKYISPHOI
5TOMY MarHUTHOMY HOJII0, 6€3 y4eTa M3/Iy4eHnus PaBHO

)

m

rJle m — Macca SJeKTPOHA, T, — €ro cKopocTb. [lepros
o6paiienusi 97eKTPOHA [0 OKPYKHOCTH PaJUycoM
Ry = vym/(eB) pasen

;2w

eB -

Yurem Terepb Hajanuue usaydenus (Bropoe mpuéamsKe-
Hue). MONHOCTD MOTEPb Ha CHHXPOTPOHHOE HM3JydeHue
paBHa

rearl _ de'v’B?

W=oph =—a
c m*c

OHa npornopIuoHaIbia KUHETHYECKOI SHEPTHH 3IEKTPO-
Ha. 3a OJMH NEepPUOJ BHIEKTPOH TepsieT NPUMEPHO

de'v’ B Enm . .
— CBOEH KWHETUYECKON SHEPTuH, U 3TO CO-
m°c eB
CTaBJISIET HEGOBIITYIO I0JTIO OT €r0 MEPBOHAYATBHON 9HEP-
-10
run: mpumepro 1,407 . CkopocTh 3/7€KTpOHA U TIPO-
MOPIMOHAJbHBIN el pajinyc OKPY>KHOCTH TPAeKTOPUM 3a
0/luH 060POT YMEHDITUINUCD /I0 BeJTUYNH

0 2n&’BUO O 3p0
7)1 = UO - —2 "u R1 = RO - M .
mc mc ﬁ

EC]H/I 3JIeKTpOH BJIETEJI B OéﬂaCTb C MAalriHuTHBIM I10OJIEM I1O/]
HeGOJIBIIUM YIJIOM Of K MOBEPXHOCTH Pas/iefia U JOJIKEH
ObLJ OBI TIPU OTCYTCTBUH MOTEPD HA U3JTyYEHUE TPUMEPHO
yepes Mepuo/| BbLIETETh 13 00JIaCTH ¢ MATHUTHBIM I1OJIEM,
TO IIPU yMEHbIIEHUN Pa/Inyca KPUBU3HBI TPACKTOPHUU 32
cyer I/IBJIy‘leHI/IH nu HpI/I COXpaHeHI/II/I IIOJIOJKEHU A L[eHTpa
KPUBU3HDBI TPAECKTOPHS MOYKET BCS IIEJMKOM OKa3aTbCs B
006J1aCTU ¢ MArHUTHBIM 110JIeM. J[JIs1 9TOTO OJKHO BBIIOJI-
HATHCSI HEPABEHCTBO
2m&° B a
———>1-cosa = —, W

mc 2 '
4M&°B

me?
Y eKopeHue 3JIeKTPOHA, ABIKYIIET0CS B MATHUTHOM TOJIE,
nMeeT HE TOJIbKO COCTaBJIHIOHIyIO, HepHeH,[[I/IKyJIHpHyIO
CKOPOCTH, HO ¥ HATIPABJIEHHYIO HABCTPEYY CKOPOCTHU TIPO-
JIOJIBHYIO COCTABJISIIONIYIO, BO3HUKAIONIYIO BCJE/ICTBHE
HAJIMYUS U3JIydeHrst. By/ieM CUuTarh, 4To 3Ta MPO/0JIbHAsT

o< =1,2007 pan.

2014 /Ne?2

COCTaBJIIONIAsT YCKOPEHWs 3HAUNTEJbHO MEHbIe MOIe-
peunoii cocTaB/IgIoNIel, TOrAa OLy4aeTcs, YTO U KMHeTH-
YyecKasi sHEeprusl 2JEeKTPOHA, M BEJMYHMHA €ro CKOPOCTH
yOBIBAIOT IO SKCIIOHEHIINATBHOMY 3aKOHY. DTO O3HAYAET,
YTO JIBMIKEHUE 3JIEKTPOHA Gy /IET OMUCHIBATLCA TAK XKe, KaKk
n KoJsie6aHusl MasgTHUKA B CPe/ie C BSA3KMM TPEHHUEM, T.C.
KOOP/JIMHATBI YacTUIIbI OY/yT OIHCBIBATHCS ypPaBHEHUEM
3aryxaiomux Kojgebanuii. MoXHO COCTaBUTb COOTBETCTBY-
IOIIe YPaBHEHWN, PENINTh WX W MPHUHTH K TaKOMY >Ke
COOTHOIIEHNIO [T yTJIa O , KOTOpoe yiKe MOJIydeHoO.

. Cepeees

®2332. [[enmp xeadpama co cmoponoti 1 cm naxodumcs
Ha 221A6MHOU ONMUUECKOU OCU MOHKOU Jun3sl. [eticmeu-
meavioe usobpaxenue xeadpama, Komopoe cozdaem
AUH3A, — IMO MPaAneyusl, NapaiieivbHvle CMopoHvlL KOMo-
PO NePReHOUKYISAPHBL 2AAEHOU ONTMULECKOU OCU JUH3DL,
nepecexaiom ee u umeiom Oaurvl 2 cm u 3 cm. Kaxoeo
paccmosiHue Mex0y MuMu CIOPOHAMU MPANeUuuu?

[TockoJIbKY CTOPOHDBI TpAIEIUK TEePIEeHANKY IAPHBI ONTH-
YeCKOH OCHM W TIepeceKaloT ee, TO U COOTBETCTBYIOIIHE
CTOPOHBI KBa/[paTa TOXKe MEePIeH/UKYJISAPHDI ONTHYECKON
ocu U TOxe IepecekaloT ee. [lomepeunble yBeJanueHus
JIBYX CTOPOH KBaJpata, MepreH/NKYIIPHBIX TJIaBHOI OTI-
TUYECKOHM ocu JIMH3bL, paBubl [ =2 u 5 =3.
Ymeepsoaemcs, aro npoposbHOE YBEJINUEHNE OTPE3KA,
JIeSKaIero Ha ONTHYECKOH OCH, Ha KOHI[aX KOTOPOTO
HAXOJATCS Te caMble /[BE CTOPOHBI KBA/[paTa, TepHeH/ K-
JIIpHBIE ONTHYECKON OCH JWH3BI, PABHO ITIPOU3BEICHUIO
MOTIEPEYHBIX YBEJIITIeHNI 00BEKTOB, PACTIONOXKEHHBIX BOJII-
34 KOHLIOB aToro orpeska, T.e. =10y =2[B=6.
Paccrosane Me)xy CTOpOHaMH KBajpara, TEpIEeHANKY-
JIIPHBIMU ONITUYecKoit ocu, paBuo 1 cm. CremoBarerbHO,
paccTosiHNe MeXXIy TapasiIeJbHBIMI CTOPDOHAME Tpare-
1M1 PaBHO 6 CM.

Hoxaxem ucnosbsyemoe yrsepsxaenue. Ilycrb A u B —
PACCTOSIHUSA OT JIMH3BI 10 ICTOYHUKA CBETa, HAXOSAIIEerocs
HA OIITUYECKOU OCH JIMH3bBI, ¥ JI0 €r0 N306paskeHus: COOT-
BeTcTBeHHO. O603HaunM GyKBaMU @ U b PACCTOSIHUST OT
JITH3BI IO BTOPOTO MCTOYHMKA CBETA ¥ JO €r0 n306pake-
HUS, KOTOPBIE TOJKe HAXOAATCS Ha ONTHYECKOI OCH JIMH3DI.
[Toriepeunnie yBemueHnst n306paskeHNI 00bEKTOB MAJBIX
Pa3MepoB, PACHOJIATAONIXCSI BOJIN3N ToUeK A 1 @, paBHbBI
B/a w b/a coorBercrBenno. lIpomosbHoe yBennuerie
orpeska Aa pasno (B =b)/(a - A). Ucnonbsyem dopmy-
JIy JUU1S TOHKOH JIMH3DI:

1 1 _ 1 1 1

—_t— ==+ — =-—

A B a b F°
Orciona caenyer

1 1.1 1

A a b B’
nin

a-A _B-b

aA Bb
CiieoBaTeIbHO,

Bb_Bb_Bb

a-A aAd Aa

Uro u Tpe6oBaJIOCh [OKA3ATh.
E.Ky3neuos
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1. Hetn xoomnu B nec no rpubsl. Ecnn AHa oTaact
MOSMIOBUHY CBOWX TpUOOB BuTe, y BCex [neTen cTaHeT
MOPOBHY TPNOOB, a eciM BMEeCTO 3Toro AHsi OTHAcT BCe
cBow rpmbbl Calle, To 'y Caliy CTaHeT CTONbKO Xe rprbos,
CKOJIbKO Y BCEX OCTallbHbIX BMeCTe B3sTbIX. CKONBbKO AeTel
XOAWIO 3a rprbamm?

W.PackuHa

Z. Hapucyite durypy, KOTopylo MOXHO paspesaTb Ha
YeTbipe PUrypKmM, n306paxkeHHble CfieBa, a MOXHO — Ha
naTb OUrypok, M306paxeHHbIX crpasa. (PUrypku MoxxHO
NoBOPa4MBaTh.)

A.lllarnoBasnons

3 . /I3BecTHbIN NpecTynHWK Npodeccop MopurapTi 4ONro
ckpbiBancs ot LLlepnoka Xonmca v NoHA0HCKOW NOANLMU.
N BOT ofHaxAbl MOMMUENCKUM yOanocCb MNepexBaTuUTb
Tenerpammy, kotopyio MopuapT npucnan CoobLLHMKY:

Berpeuaidt zasrpa noe3x CTO sarou O
MHcnekTop Jlectpeng, yxxe pacnopsaauncs Obiio nocnatb
Hapsa4 NONULLMM UCKaTb HYIEBOM BaroH COTOro Noe3aa, Ho
TYT NPUHECNTM eLle ABe nepexBaYeHHble TenierpaMmbl Ha
TOT Xe afpec

CEKPET — OTKPOil = OTBET — TBOit
CEKPET — OTKPHT = 200I0
Ilectpenp 3agymanca. A XoaMC BOCKIMKHYS: «Tenepb
SICHO, KakoW noe3f, Hafo BCTpeyaTb!» MHcnekTop yanBemn-

csi. «3nemMeHTapHo, Jlectpena! — NOACHUN ChIWMK. — DTO
e wudp. B 3Tmx npumepax ofmHakoBble OykBbl 0603Ha-

STV 3afa4u NpeLHa3HavYeHbl Npexae BCero yyawymcs 6—8
KNaccoB.

OTK 3apa4m npegnaranucb Ha XXV MaTtematnyeckom npasf-
HUKE.

YaloT OfMHAKOBbIe UMMPbI, Pa3Hble — pa3Hble, a HepTOYKa
— 370 MuHyc! MopuapTti eget B noesge N2 ..»
HanuwwuTe Homep noe3ga U Homep BaroHa. OObsACHUTE,
KaK MOI paccy>paTb Xonmc.

Y. PackuHa

4. OpyBaHYMK YTPOM pacnyckaercs, ABa OHS uBeTeT
KeNnTbIM, Ha TPETUM OeHb YTPOM CTaHOBMUTCA OefbiM, a K
Beuepy obneTaet. Buepa AHeM Ha nonsHe 6b110 20 XenTbix
1 14 Genbix 0flyBaHYMKOB, a cerofHs 15 xentbix 1 11 0enbIx.

a) CKoMbKO XenTbiX 0AyBaHYMKOB ObIfIO Ha MofisiHe Mo-

3aB4yepa?

6) Ckonbko benbix odyBaHYMKOB OyOeT Ha NonsaHe 3aBTpa?
LLLLIHOMb

5. [1Ba 0AMHAKOBbIX NMPAMOYrOfbHbIX TPEYrofbHMKa 13
Oymary yaanocb MonoXuTb OAMH Ha APYron Tak, Kak
MOKa3aHo Ha pUCyHKe (Mpu 3TOM BepLUMHa NPSMOro yria
O[IHOro mnomafia Ha CTOPOHYy Apyroro). [okaxuTte, 4TO
3aLUTPUXOBAHHBIN TPEYrOfbHWK PAaBHOCTOPOHHUN.
Ebakaes
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OBble NpUKITto4YeHns bypaTtuHO

[eomeTpuyeckad Cka3ka

C.4BOPAHUHOB

OI'/IA BYPATUHO BblJI COBCEM MAJIEHBKUM, HA

mporyJiku ero Boaua nama Kapmao. Ho Bor Byparuno
MIOJIPOC U CTaJ XOJUTb B HAYAJIbHYIO IIKOJY. A Y CTaporo
Kapso kak pa3 mosiBUIIOCh MHOTO 3aKa30B HAa M3TOTOBJIE-
Hue JiepeBsHHoI Mebei, paboThl IPUOABUIOCH, a CBOOO/I-
HOE BpeMs, COOTBETCTBEHHO, y6aBuioch. Bot Torga cra
BypaTtuHO MpoCuTDh OTIYCTUTD €T0 MOTYJISTh OJHOTO.

— ITama Kapso, HAII TOPOJOK CO BCEX YETHIPEX CTOPOH
OKPY’KalOT TaKWe TIIpeKpacHble Jeca, PO W TapKH,
noxoxkue Ha Jeca! Tam tak yymecno! Ilo3Bosb MHE Tyna
ornpaButbcsi! A yTo6bI He 3a6TyUTDCS, 5T BO3bMY € COO0I
Kkomriac!

- Yro x, oTBeyasJ ero orel, — Tbl y MeHS He
MaJIeHbKHUI, HO g Tebe maMm He kommac, a GPS-nasura-
top. Bor 3aBTpa, i Havama, mo6biBail B KBagparnom
Jiecy, a HaBUTATOP S HACTPOIO TakK, 4TOObI OH Tebe TOoKa-
3bIBAJT HATIPABJIEHUE, TTEPIEHANKYISIPHOE CTOPOHAM 3TO-
To Jeca.

W Bor Byparuno mocge mkoJbl oripasuicsa B Kpax-
paTHbIi Jec.

— Hy, kak mporyJska? — crpocua ero nana Kapuao.
[MonpaBusacn?

— [la, KOHEYHO, TOJIBKO 51 OZIMH U TOT JKe IYThb OT Kpas
JI0 Kpas TIpomies ABaXK/bl, Tyaa u obparao (puc.1,a).
Bormesr u3 craptoBoil Touku S M B Hee JKe BO3BPATUJICA.
MoskHO BbIOpaTh 60Jiee WHTEPECHDBIN MapuIpyT?

— Mosxno. OtnpasJsiica 3aBTpa B UeTbIpexXyToabHbIH
Jec. A HaBuratop Oy/leT TTOKa3bIBaTh Tehe HAIlPaBJICHUS
BJIOJIb JTMATOHAJIEN 9TOTO YETBIPEXYTOJbHUKA.

Boimenn BypaTuHo 13 rOpo/iCKUX BOPOT, TYT K€ OKa-
3aJICcs Ha OIYIIKE Jieca W BKJIOYWI HaBuratop. [lormres
[0 OJTHOI CTOPOHBI YETBIPEXYTOJHHUKA, TTOTOM /IO JPY-
roii M Tak jajee, Bce BpeMs JBUTAACh IapaJjiebHO

JMaroHassaM yerbipexyrosbhuka (puc.1,6). U 4ro yau-
BUTEJIbHO, OH OKa3aJcsl BHOBb B HayaJie CBOETO MyTH — B
cTapToBoil Touke S|

— Ilama Kapmo, — pacckasbiBas bypartnno Bedepom, —
MHE Cero/lHs TOBe3JO: s HaydaJ CBOe ITyTellecTBUE B
3aMeyaTeJbHON TOYKe, KOTOpas COBMAIa ¢ KOHEYHOU TOY-
KoIl Moero myTH!

— UYro > TyT HeoObIKHOBeHHOr0? Ec/m HauaTb MyTh B
J060# TOYKE Ha CTOPOHE W JBUTATHCS TapajiebHO
JINATOHAJISIM YEeTbIPEXYTOJIbHIKA, TO Thl BCET/Ia BEPHEIIb-
cd B HAYAJIBHYIO TOUKY.

— JlagHo, s 3aBTpa IPOBEPIO ATO yTBEpKaeHue, Oyay
crapToBaTh U3 Apyroi trouku. [locMoTpuM, BepHYCH Jin 5
B HayaJo.

— Jlaxe ecqm BepHeNIbCs, TO ThI JIUMIb TTOTBEPIUIID
MOU CJIOBa, HO YTBep:KjeHue He Aokaxerb. M BooOie,
CKOJIbKO ObI HU OBLJIO MPUMEPOB, TOATBEPKIAIONINX YT-
BepJK/leHre, OHU HUYEro He JIOKA3bIBAIOT.

[Totom eme Heckosbko jaHelr Byparnno rymsa no Ye-
TBIPEXYTOJBHOMY JIeCy, HAa4MHAJ CBOW IyTb B Pa3HbIX
TOYKaX, HO BCerjia IpH 3TOM BO3BpAIAICI B TOUYKY
crapra.

3amaua 1. IIposepvme ymsepxdenue nanv. Kapio
0151 C60€20 UeMbIPexy20abHUKA U Nonpobyiume 00Ka-
3amo ez0.

UYepes negemo byparuno ornpasuica B TpeyrosbHbiii
gec. Haspanwe moHsiTHOE: Jiec uMmesn (PopMy Tpeyrosib-
HUKA.

— Ilama Kapmo, HacTpoii HaBurarop Tak, 4TOOLI S
CHOBA BO3BpaIaJCs B HAUATbHYIO TOUKY CBOETO ITyTH. —
norpocust Byparnno. — f IPUBBIK K TAKUM MTyTENIECTBU-
sIM, Jla U B ITIeCHe IOCTCS: HO MAK NPUSIMHO 60368Pd-
wamocst nod Kpvluly 0oma ceoezo!

— Xopolo, 3aBTpa HABUTATOP TOBeleT Tebsi mnapas-
JIeJIbHO cTopoHaM TpeyrosbHOro Jjeca.

CHoBa bypartuno npuies Ha OIyIIKY Jieca M OTIIPa-
BuJics B 1yTh. Ilocsie 1BYX 1IOBOPOTOB OH OIATb OKa3aJl-
cs 'y TOPOJICKOH CTeHbl, HO He TaM, I/le OH HauMHaJ CBOU
nyTs (puc.1,6).

— HaBepnoe, HaBurarop cOWICS, — MPEANONOXUT By-
paruno. — DBoiBaer, yto m Texnuka noaBoauT. YUTO X,
IIPOBepIO, IIPOUJY-Ka 4 110 JleCy ellle Pa3oK.

Ero HOBBIII MapHipyT €oCTOsIJ1 U3 TpeX HOBBIX OTpe3-
KOB, IapaJlIeJbHbIX CTOPOHaM TpeyroibHuka. Ho Tyt
yKe B KOHIE MyTH ero (UHUIIHAS TOYKA COBIAJa CO
CTapTOBOIi!

— Her, maBurarop ucnpasen. Kaxk wu o6emas mama
Kapso, asuragcp napasjieJlbHO CTOPOHAM TPEYTOJbHU-
Ka, g Bcerja BepHyCcb B Hayaso 1yTu. ToabKO IyTh MO
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COCTOMT TeHepb W3 HIECTH OTPE3KOB! — ciesan BBIBOJ
Bypatuno.

— Tol mpaB, — MOATBEPANT BeUepoOM 3a YKUHOM IIara
Kapmo. — TBoe myTemmecTtBue MOKHO HasBaTb MaTeMaTu-
YEeCKUM DKCIEPUMEHTOM. IKCIEPUMEHT IMPHUBET TeOsS K
HEKOTOPOH rutorese. A Tenepb JOKaXU, YTO 9Ta TUIOTe-
3a BepHA.

3apava 2. /lokaxume, umo, 08uzasicv U3 npou36oib-
HOU MOUKU HA CMOPOHE MPEY20IbHUKA NAPATLILETLHO €20
CMOPOHAM, MbL NOCAE NPOXOKOCHUS WeECTHU OMPe3KOs
003AMENBHO BEPHEMCSL 8 UCXOOHYIO MOUKY .

— OpmHako, — mpogospkart mama Kapsao, — Ha omyImike
TpeyroapHOTO Jleca ecTh Takas TOYKa, YTO, HAYaB MyTh B
3TOI TOUKE, ThI BEPHEIIBCS B Hee, TIPOHIST mMOAbKO mpu
TIPSMOJIMHEHHBIX OTPe3Ka.

— UYro x, 3aBrpa s MOMPOOYIO TAKyI0 TOYKY IIOJIO-
6parb-yragarn!

— He cmemn, — Bo3pasun nmana Kapno. — Ha orpeske
6eCKOHEYHO MHOTO TOYeK. Bce MX HCHbITAThb-IPOBEPUTH
HEBO3MOKHO. TbI Beib y’Ke W3y4WJ a3bl TeOMeTpHu?
Bosbpmu Gymary, kapanjant u Haiiin 3Ty TOUKY!

Byparuno tak u cmesal.

3anava 3. Haiidume na cmopone mpeyzoivHuxa mou-
KY, U3 KOMOPOU 6bixo0um 3IaMKHYmMAs MPex36eHHds
AOMAHAS C GEPUUHAMU HA CMOPOHAX U 36EHbAMU, Na-
PANNENLHBIMU CIMOPOHAM MPEY20TIbHUKA.

[Tpomsio eme HeCKOJBKO /HEW, W oTIpaBuics Bypatu-
Ho B IIpaBusbHOTpeyrobHBIH Jec. Jlec atoT umen dop-
My TPaBUJIBHOTO, JPYTHMHU CJOBAMH, PAaBHOCTOPOHHETO
TpeyroJbHuKa. Terepb HABUTATOP yKa3bIBaJ HaIpaBJie-
HUE, TepIeHANKYISIPHOe CTOPOHE TPEYTOJbHUKA.

— W g cHoBa BepHYCb B MCXO/HYIO TOUYKY? — CIIPOCHJI
yrpoM bByparuno.

— Jla, HO TOJIBKO AJIST CTHIEIUAJbHON HAYATbHOW TOYKH,
— orBevas nmara Kapmo. — Ha omymike Jsieca Takux Touek
poBHO nBe. OHU /eNAT ONMYIIKY Ha TPU PaBHbIE YaCTH.
W3 oxHOI THI OJKEH ABUTATHCS TI0 YaCOBOW CTpEJKe, a
n3 gapyroii — mnpotuB. llpoiias Tpu npAMOIMHENHBIX
OTpe3Ka, Thl HEIIPEMEHHO BEPHEIIbCS B HAUAJIO TIYTH.

Byparuno tak m caenan (puc. 1,2). OH npomrescs u
0 OJHOW TPeX3BeHHOH JoMaHoil (KpacHOro 1Bera), u 110
apyroii (cunero 1sera).

A OIHAXX/IbI OH PENINJI BBbISICHUTh, KAKUM OKaXKeTCs
MyTh B/IOJIb TEPIEHJAUKYJISPOB [/ TTPOU3BOJBHON Ha-
yaibHOH TOYkM. I BOT, MOJIOKUB B CBOH NIKOJBHBII
paHnell Kycok mupora u QJsIKKY € BOJOW, — BAPYT MYTh
OKaKeTCsl JITMHHBIM? — OH OTIIPABUJICS B JIOPOTY.

Buavasne Huvero muTepecHoro He 6bino. [lpoiias tpu
otpeska (Ha pucyHKe 2 OHM TIOKA3aHbI CUHUM I[BETOM),
OH CHOBA OKA3aJICS HA OIIYIIKEe Jieca Y TOPOJICKON CTEHBDI.
TyT oH, HE ocTaHABIMBASICH, TIPOJOJIKUI IBIDKEHHE, CJie-
Jysl yKazaHUsIM HaBuratopa. Temepb OH IIpoOIIeJ erle
TPU cHMHUX OoTpe3ka. Cuenyonue TpU OTpe3Ka ero myTu
— KpacHOro IBera. Kaxk/plii pas, momajzas Ha OIYyIIKY,
OH Ha TIeCKe OTMEeYaJ TOYKY, B KOTOPOU OH OKa3bIBAJIC.
W BoT, HeyTOMUMO ABUTASICh B/IOJbL JIOMAHOUW JIMHUW TIO
MepPHEeHNKYJIIpaM K CTOpOHAM TpeyroJbHuka, Byparu-
HO 3aMeTHJI, 4TO IIyThb €ro MpoJieras 10 yKe BUJIEHHBIM

Puc. 2

uM Mectam! A OTMETKH, KOTOPbIE OH Jleasl Ha OIIyIIKe,
OKa3bIBAJINCh Bce 6imKke M GJIKE K CTAPTOBON TOYKE
€ro TPeyroJibHOrO IIyTH, IIoKa3aHHoro Ha pucyuke 1,2. B
KOHIEe KOHIIOB OH YTOMUJICS U BEPHYJICS JIOMOM.

— Ilama Kapmo, a 4ro moayuusnoch Obl, ecaum 6 s
MIPOIOJIKAM M TIPOJIOJIKAT CBO MYThb TIO TIEPIEHANKY IS
paM K CTOpPOHaM TPaBUJIBHOTO TPEYTOJbHUKA? — CIIPO-
cun BypatuHo mocsie Toro, Kak pacckasaj O CBOUX Ha-
6mopeHusax. — Sl momas 6bI Ha 3aMKHYTYIO TPEYTOJBHYIO
Tpaekropuio? CKOJIbKO Obl s ¢/lelajl KPYTOB 110 Jiecy ?

— OTBer Takoii, MOIl IOHDIIl ITyTEIIeCTBEHHUK U JIOOH-
TeJIb TeoMeTpun, — Havau nana Kapao. — Ecau rooputb
TEOPETUYECKH, TO Ha TPEYTOJbHYIO TPAEKTOPHIO 11OIIACTD
HEBO3MOKHO. TBOIl myTh coctosii 6bI M3 GECKOHEYHOTO
KOJIITYecTBa 3BeHbeB. Ho WeMm fosbie GBI THI IIMEJI, TeM
6JMKe TPH TIOCJTIEeJ0BATETbHBIX 3BeHA TBOETO TYTH pac-
MOJIATAJINCH OBl OKOJIO CTOPOH TPEYTOJbHHUKA, KOTOPBIH
TBI MIPOXO/IAJI, JIBUTASICH M3 CHENUAJbHON TOYKI Ha OITyTII-
ke. COOTBETCTBEHHO, Ha OIYIIKE Jieca Thl OKA3bIBAJICS
ObI Bce OTKe W OJIMKe K CHEeMaTbHON CTapTOBON TOY-
Ke, JleJiieil JJMHY OMyIiKu B oTHOIeHnn 1:2.

— Oyenp uHTEpecHo! — BoCKJMKHYJ Bypartuno. — A g
MOT'Y ZIOKa3aTh 3TO CTPOTO MaTeMaTHYeCKH?

— IlonpoGyii! [lng atoro Tpebyercsi 3HAHUE T€OMETPH-
yeckoii mporpeccur. Tak 4To HOKa /[IOKa3aTesIbCTBO TOTO,
4To s Tebe CKa3aj, MOXKHO OTJOXKHUTb. A IIPOBECTH Ma-
TeMaTHYeCKUH SKCTIEepHUMEHT Ha OyMmare — COBCEM He-
CJIOKHO.

3agaua 4. Hauepmume na Gymaze HeCKOIbKO NPSMO-
JUHEUHBIX 36EHbe8 803MOXKH020 nymu Bypamuno edoiw
NePneHOUKYAAPOE8 K CIMOPOHAM NPABUILHOZ0 MPEY20.ib-
HUKa u ybedumecv, umo OHu OeliCmeumesbHo nPuodIu-
KAOMCS K OOHOMY U3 MPEY20JbHbIY MAPWPYMOE Hd
pucynxe 1,2.

Ha sToM MBI 3aKOHUNM HAIlly MCTOPUIO O TIPOTYJKAX
Byparnno no okpectubim JsiecaMm. [ToTom B cBoell sku3HM
OH COBEPIIUT €llle MHOTO Pa3HbIX YBJEKATEJbHDBIX ITyTe-
[IECTBUI, B KOTOPBIX eMy Bcerga Oy/eT 1OMOrarb reo-
Mmerpusg. Ho o HUX Mbl pacckaxkeM B JPYroil pas.
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C.[JBOPAHUHOB

3BECTHA CTAPAA 3AJIAYA. UMEIOTCA HECKOJIBKO 3Yb-

YaTbIX KOJIeC, KaXJ0e CJeAyIollee CLUEIJIEHO C MPe/bl1y-
M (puc.1). Tlepsoe komeco Bpamtaercs. OHO TPUBOIUT B
JIBIKEHUE BTOPOE, BTOPOE — TpPeThe U Tak jajee. B HekoTopbrit

Puc. 1. CyenneHHele 3ybyatsie koneca

MOMEHT B 3TOI IeMOYKe TOCe/[Hee KOJECO CIETUIN C TIEPBBIM.
CMOTyT Jin Terepb BCe 9TH KOJIeca BPAIaThes?

OTBeT Ha 3TOT BONPOC 3aBHUCHT OT KOJMYECTBA KOJIEC — OT
qncaa n. IIpeAnonoskuM, 4TO KOJIMUECTBO KOJIeC HedeTHOE,
nanpumep 13. Ecum mepBoe KoJieco Bpalaercss MO 4acoBOI
CTpeJiKe, TO BTOPOe — IMPOTUB YACOBOil CTPEJKHU, TPETbe — II0
YacoBOii, 4yeTBepTOe — MPOTHB U Tak jaajee. Kaxpoe HeueTHoE
KOJIeCO Bpalaercs [0 4acoBoil crpeske. TpuHaamaToe — ToXe.
EcJiit ero cOeIMHUTD ¢ TIEPBBIM, TO TEPBOE JOJIKHO BPAIATHCS
npoTuB yacosoil crpesiku. Ho ato ne tak. CienoBaTesbio, Bce
KOJIeCa ATOW CHUCTEMbI OJHOBPEMEHHO BPAIIAThCS HE CMOTYT.
Mo:xHO cKa3aTb, YTO BpPAIleHUIO MelaeT apupMeTHIecKoe Ipe-
[ATCTBUE, & UMEHHO — HEYETHOCTDL YUCJIA 7.

Puc. 2. Apxuimes, rnepeBopaqdmnBaroLLymi 3emio C MOMOLLbIO Pbl4ara
(crapurrHas rpasopa)

O6 aroit 3amave Toass Bryikia BCIIOMHII B Ce/IbMOM KJlacce,
Korza 1o QusnKe craau usydarb puiudeu (puc.2) u 6.a0Ku.
Oco6eHHO eMy HPaBHUJIOCh, OTBevyasi Ha BOIPOC YUUTEJs, TOBO-
puth: «HemoaBIKHBIN GJIOK CITYKUT [T N3MEHEHNs: HATIpaBJie-
HUA JeHCTBUA CUJIbl». TPH £ B KOHIIE CJIOB OH IPOU3HOCHJ C
0cOOBIM YAOBOJIbCTBUEM, CJOBHO [€Jlasd Ha HUX YyJdapeHue.
[Tosreanoctp n3Menenus HarpasJeHns cuiibl TOJNK 4yBCTBOBAJ
ouyeHb xopomo. OHO [eJ10 HAKAYUBATh BEJOCHIIEHOE KOJIECO
PYYHBIM HACOCOM, a ApyTroe — HOYKHDIM. TyT JaBHUIIIb Ha IIe/1a/Jab
HOTOIi, IO CyTH IIPOCTO-HAIIPOCTO BCTaellb Ha Hee, U Bce. Jlerko
n yao6HO. A TIpH TI0JIb30BAHUN HETOABIKHBIM GJOKOM HAJIO0
JIUIID TIOATATUBATBCS HA HEeM, KaK Ha KaHaTe B CIIOPT3aJe.

[Torom nogBuUIOCH elie OHO KPacuBOe CJI0BO — NOJUCNACT
(pI/IC.3). [Tommcnact — cucremMa IMOABUIKHBIX U HEIIOABUYKHBIX
6JIOKOB, TYT YK€ MOJIYYAETCSI BBIUTPBIII B CHUJIE.

N0 ——— e

Puc. 3. LLmonbanka ¢ noaucrnactom Ans Criycka Ha Body v Nogbema
ook Ha bopr

— A 4TO ecsit pacCMOTPeTh CHCTEMY PhIYAroB, IOCJIe/[0BaTe b-
HO CBSI3aHHBIX JPYT ¢ Apyrom? Hanpumep, Tax, Kak Ha PHCYHKe
4? Byper qm ona paeficrBoBarb? I[locmorpum. Touka A mop
neiictBueM cuibl F
JIBIKETCSI BHI3, TOU-
Ka B — BBepX, TOYKa
C BTOPOTO pbIyara —
BHM3... Bpome Obr
HIOJIydaeTcs.

Opnaxko, ner. Ta-
KOil moJimpbIyar pa-
6otaTb He MOKeT. 11
TIPETISITCTBYE 311€Ch —  PUC. 4. ChCTeMa [BYX CBS3aHHbIX Pbl4aroB




reomerprdeckoe. ITocmorpute Ha Tpeyronpank O;BO, — B Hem
3a/laHbl JUIMHBI BCEX TPeX CTOPOH. TpeyrosbHuk — ¢urypa
skectkast. ClrieZl0BaTesbHO, HUKAKOe JBHKEHHE TOUYKH B, a
MOTOMY M JIBUKEHNE 0OGOMX PbIYaroB, HEBO3MOKHO.

MO3KHO JTM CTIACTH 9Ty KOHCTPYKIMIO U TPUBECTH €€ B JBIIKe-
nue? MoxxHo. Hanpumep, tak. OObIYHO TOYKA ONOPBI pblyara —
¢ukcuposannas touka. CpesaeM terepb Touky (O, BTOpOro
pbluara nepeMeHHoii. [l 5TOro MOMECTMM ee B TIPOPE3b Ha
pbraare (oHa m3o6paskeHa TYHKTHpOM Ha pucynke 4). Torma

Puc. 5. «HemsBecTHas» KOHCTPYKUMA

mmHa otpeska BO,
CMOJKeT MEHATbCH,
tpeyropauxk O;BO,
110 IBYM (PUKCUPOBaH-
upM croporam OO0,
u BO, Gyzer omnpene-
JIITHCSI HEOJHO3HAUHO,
4TO U 06ECTIeYnT BO3-
MOYKHOCTD JIBUKEHUS
pbIUaros. A

I[Ipumensercsa nu
rie-HuGy b TAKas KOH-  PUC. 6. CXeMa «HEN3BECTHON» KOHCTPYKUMA
crpyknusa? a. Ilo-
cMmotpuTe Ha oTorpaduio, IPUBEJACHHYIO Ha pucyHke 5. Ha neit
BUJIHDI HEIIO/BUXKHASI TOPU3OHTAIbHAS OLIOPA, [Ba HMOABUMKHDBIX
pblyara, Ha OZIMH M3 KOTOPbIX CBepXy JaBuT KHomKa. CooTBeT-
CTByTOTIasI CXeMa KOHCTPYKITNH MTOKa3aHa Ha pucyHke 6. 3mech
BEPXHUI pbIYar — 3TO pblUar MepBOTrO Po/ia, a HUKHUAN pblyar —
BTOpOrO poja (B oTmune ot 060ux phryaros Ha pucynke 4). Co
CTOPOHDBI KHOIIKHM JieficTBYeT HalpaB/jeHHas BHu3 cuna F. B
utore Touka A BmKercs BBepX. Tem caMmbIM, 3Ta cucrema
PppIiaroB CJOYKUT AJId N3MCHEHNA HAIIPABJJICHUA [Iel‘/JICTBI/ISI CHJIbI.
K Touke A MOXHO IPUKDENUTb HEKOTOPDLIl I'Py3, KOTOPbIH 10/
jeiictBiueM cuiibl F, NPUJIOXKEHHON K KHOIIKE M HallpaBJCHHON
BHU3, Oy/IeT MOJHNMATHCS.

Tousuk Brykun 3HaeT, 4To Takoe yCTPOICTBO UMEETCS B OYeHb
MHOTUX KBapTupax. UTo e 3To 3a ycTpoicTBO?

CTONKHOBEHUS
HEeUTPOHOB
C aTOMaMu

C.BAPJIAMOB

3ABUCUMOCTU OT HAYAJIBHOW DHEPTUUN HENTPO-
K« HOB WX PAa3/Ie/sAioT Ha 5 TPYII: ceepxovicmpole, ¢
HavaspHON aHepruein 10—50 MaB; Gucmpue, ¢ sueprueit
100 xaB — 10 MaB; npomexymounvie, ¢ sneprueit 1—100 kaB;
medennvle, ¢ sueprueii Menpiie 1 kaB; menioswie, obnanaioniie
aHeprueit TernaoBoro apmwxkenus mnopszaka 0,025 3B. OcHoHoit
BKJIa/] B HOHU3AIMIO BEIIeCTBA BHOCSAT CBEPXOBICTPBIC, OBICTPBIE
U TIPOMEXKYTOYHbIE HEHTPOHDBI. B GOJIbIINHCTBE BEMIECTB HEHTPO-
HbI 00JTa/IAI0T BBICOKOW MPOHUKAIONIENH CIIOCOOHOCTBIO M, COOT-
BETCTBEHHO, HU3KUM WOHM3UpPYyIonmM addextom. OpHako B
6MOJIOTHYECKHX TKAHSIX, I/Ie BEJHKO COJepsKaHne aTOMOB BOJIO-
po/ia, TPOHUKAIONIAST CMTOCOOHOCTD HEHTPOHOB HEBBICOKA BCJIEI-
CTBUE MX B3amMojielicTBus ¢ nporonamu. [Toaromy B GuoJioru-
YeCKUX CTPYKTYpax ObICTPbIe HEHTPOHBI XapaKTePU3yIOTCs BbI-
COKOIl TVIOTHOCTBIO MOHU3AINHU, YTO ONpe/eJiseT MCKIIOUNTeb-
HO BBICOKYIO TIOPa’KaeMOCTb JKUBBIX OOBEKTOB HEHTPOHHBIM
o6sryuenueM. »
ITOT TEKCT, B3STHII N3 MHTEPHETA ¥ CJErKa MCIPABJIEHHbII,
Hecer uHGopMannio 06 HOHU3UPYIOIIEH CITOCOGHOCTH HEUTPOH-

HOTO H3JydeHHs. B HeM yKasbIBaeTCsl IIEPEXO/HBIN [[HANa30H
SHepruil HeUTpoHOB (MIPOMEKYTOUHBIX) — OT 3D EKTUBHBIX B
CMbICJIE MOHU3AINK BelecTBa aTuMu Helitponamu (GbICTPBIX 1
CBEPXOBICTPBIX) K He (P EKTUBHBIM B CMbBIC/IE HMOHU3AIMK
(MeqsenHbIM) . VI3BECTHO, B YACTHOCTH, UTO CYHIECTBYET 0COOBIIL
THIT SIZIEPHOTO OPYIKUST — «HeHTpoHHas 6oMbGay, MpeHa3HaAuYeH-
Hasl JUIS [OPaKEHUsl KUBOW CHJbI NpPOTHBHUKA. [Ipu srtoM
«HEXKMBasT» MaTepHUs M0/ BO3/EHCTBHEM HEHTPOHHOTO M3JIyYe-
HUSI TaKoil GOMOBI He TepsieT CBOUX CBOICTB.

A nouemy umenno auanason 1-100 ksB saBusercsa nepexon-
ubiM  (IpoMeskyTouHbIM) ? YUTOObI OTBETHTH HA ITOT BOIPOC,
PEIINM MIKOJIBHBIMI METOJAMI TaKyIo 3a/ady:

K nenodsusxnomy amomy eodopoda npubiuxaemcs neum-
pon. Ilocae 10606020 CMOIKHOBEHUS. HEUMPOHA C NPOMOHOM
amom 6000poda oxazvieaemcs uonu3oeannvim. Kaxoi Oviia
KUHemuueckds Inepzusi HetimpoHa 0o cmoaxkHosenus? goepuas
peaxyus npu maxom yoape He COCMOSIACH.

B aroii mpo6aeme-3aiaue ecTb ABE Pa3AebHbIe YaCTH: a) yaap
HYKJIOHOB; () pasjieT MPOTOHA U HJEKTPOHA.

C ymapoM HYKJIOHOB (HEHTpPOHa M MPOTOHA) TIPU HECOCTOSB-
meicst SAEPHON PeaKIMu BCE JOCTATOYHO IIPOCTO: 9TO abCo-
JIOTHO YIPYIHil yap ABYX TeJl HPaKTHYeCKU OJUHAKOBOII Mac-
cbl. B aroM ciyyae mocsie B3aMMOJENCTBUSL HMPOTOH MOKET
MPUOGPECTH SHEPTUIO OT/a4M B AManasoHe or HyJs (CKOJb3s-
mui yaap) A0 9HEpruH, KOTOPYIO IO yAapa MMeJa HeATpoH
(10608B0it yaap).

Terepb paccMOTPUM B3auMO/IEHCTBUE MPOTOHA H HJIEKTPOHA.
W3sBectHO, UTO UIsT POTOMOHUBAINN HEMOABIDKHBII aTOM BOJIO-
po/ia I0JIKEH TTOTJIOTUTD KBAHT CBETA ¢ MUHUMAJbHOI aHeprueit
13,6 aB. Ilpu stoM B pesyJ/ibTaTe MOHU3AIUU MOTEHIIMAJbHAS
SHEPIUSl JEKTPOCTATUYECKOTO B3aUMOJEHCTBUSI 3JIEKTPOHA U

([pogomxeHme cMm. Ha ¢. 34)
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KAJTEMTOCKOII «<KBAHTA»

TeHcerpntn

Kak cBsizaTb TpW OAMHAKOBbIE NpsiMble Nanky BepeBs-
KaMu TaK, 4ToDbl Nanku Apyr Apyra He kacanucs (aaxe
Yepes BepeBky), HO MOJyYMach Obl XecTkas KOHCTPYK-
ums (B KOTOPOW HMKaKyto nasnky
HeNb35 NOLLEBENUTb, KPOME Kak
[BUras BCO KOHCTPYKLMIO Lenu-
KoM)?

OtseT npviBegeH Ha ¢oto 1.
Bce BepeBKM B 3TOW KOHCTPYK-
UMM HaTAHYTHI.

Oka3blBaeTCs, MOXOXMUM 00-
Pa30M MOXHO CBA3aTb W YeTbipe
nanku (oto 2), 1 naxe noboe

doro 1 nx konudectso (coto 3)! Mpwn
3TOM Mony4nTCa hurypa, noxo-
Xas Ha OfHOMONOCTHbI runepboons (noppobree o Poro 5. «Pagyra»

rnepbonouae ymtanTe B cTaTtbe [. Dykca «Ipsambie Ha , ,
HaTaXeHre 1 «integrity» — LENOCTHOCTb, €OUHCTBO.

STOT TepMUH MpuUAyMan aMepuKaHCKUI apxXuTekTop-
nu3aviHep bakmuHctep ®Dynnep (KcTatk, B ero 4ectb
Ha3BaHbl TUraHTCKMe «chepudeckme» Monekynbl 13
aTOMOB yrnepoaa — @y/uiepeHsl). B KaKOM-TO CMbICTIe,
KOHCTPYKLMS TEHCErPUTI CaMa HaXOAMTCS B HATSXKEHUM,
0e3 Yybel-To NoMoLLM — oTclofda 1 Ha3BaHue. Pynnepa
NpyBMeKna XecTKOCTb M NEerkocTb TaKMX KOHCTPYKLIMMNA.

Qoro 2 Qoro 3

KpUBbIX MoBepXHOCTAX» B «KBaHTe» N2 12 3a 1989 rof,).
NHTepecHo, 4TO hopMy rmnepbononaa UMeLoT CeKLmm
3HamMmeHuTOon LllyxoBckon OawHu Ha LllabonoBke B
Mockae.

Y XKeCTKMX KOHCTPYKLMI, COCTOSALLMX M3 HE KacatoLLMX-
Cs Apyr Apyra nanok, CBA3aHHbIX HAaTAHYTbIMW BepeBKa-
MW, eCTb 0DLLee Ha3BaHMe: «TeHcerputy». Cnoso obpa-
30BaHO CJIMAHMEM [BYX aHITIMNCKMX COB: «tension» —

@oro 6. bawHsa «Mrna — Il» (my3ei Kpénnep-Mionnep,
Orreprio, Hunepnarabi)

Bec s3koHOMUTCSH MOTOMY, YTO He HY>XHO [enaTb BecCb
Kapkac M3 MeTannmyeckux Daniok — HeKOoTopble ero
3JIeMeHTbl MOXHO 3aMeHUTb HaTAHYTbIMK TPOCaMW.

Ha doTorpacdusax 4—7 nokasaHbl Heckonbko pabot
13BeCTHOro ckyfibntopa KeHHeta CHeNbCoOHa, O4HOMO 13




OynTo napuna B BO3dyxe
(dpoto 9).

MO>XHO BMeCTo BepeBoK
B3ATb TKaHb W MOCTPOUTH
KEeCTKYI0 KOHCTPYKUMIO MO
npYHUMNY TeHcerpuTtn. Mog,
pykoBoAcTBoM Kasyxmpo
Kan3wvma 70 cTyeHTOB yHU-
BepcuTeTa TOKMO MOCTPOU-
N TeHCerpuTn-TeHT (poTo
10).

B ropoge bpucbeH B AB-
CTPanum NOCTPOEH TeHcer-
PUTU-MOCT N5 NeLLexXonoB
n BenocuneamctoB (oTo

@oro 7. «[JpakoH»

n3obpeTaTtenen TeHCErpUTU. YAMBUTENBHO, HAaCKObKO
pPa3HOODPa3HOM MOXET ObITb (DOPMa KOHCTPYKLIMIA TeH-
cerputn.  Kcratu,
CHenbCOH Npeanoym-
TaeT Ha3blBaTb MPUH-
UMM, MO KOTOPOMY yC-
TPOEHbI TEHCEerpuTH,
«cBODOAHBIM CKaTh-
em» («floating com-
pression» ).

A BOT popekasnp
(boto 8) — MHoOrO-
rPaHHWK, Yy KOTOPOro
12 rpaHen u BCe rpa-
HV NpaBWAbHble Nf-
@oro 8. TeHcerpuT-Ao[eKkasqpe TUyronbHUKKM. Ero

TOXe MOXHO cenatb

@oro 10. TeHcerputn-TeHT

11). B HO4YHOE BpeMsi MOCT OCBELLAETCH OT CONHEYHbIX
DaTapen, KoTopble CMoCobHbI HakanMBaTb BCO HeOD-
XOAMMYIO SHEPIUIO B TeYEHME OHSA NpY SICHOM NOoroge.

Mamepuan nodzomosun M.IIpaconos

UICTOYHMKI QOTOrPaPuMI:

13 NaoK N HaTAHYTBIX BEPEBOK. @oro 1, 2, 3, 8 — TenseqgrityWiki, flickr.com
Ewe oaHWM npumMepoM TeHcerputn Obina OallHs @oro 6 — Caky Takakycaku, BUKUMEANS
«CkannoH», yctaHoBneHHas B 1951 rogy 65113 Tem3bl B @oro 10 — Cagao Xorra

JoHaoHe Ha BpeMs DecTvBans BputaHun. baliHa kak @oro 11 — Elver, flickr.com
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(Ha4ano cm. Ha ¢ 31)

IPOTOHA yBeJnunBaercs oT —27,2 3B 10 HyJis1, a KUHeTHYeCKast
9HEPTHUS dTEeKTPOHA yMeHbInaeTcs oT +13,6 aB no nyas. Mox-
HO CUUTaTb, YTO IIOTJIONICHHAS SHEPIHs KBAaHTA CBeTa CHadasa
IIpeBpallaeTcss B KUHETUYECKYIO0 9HEepPruio 3JIeKTPOHA, a 3aTeM
9Ta KUHETHYECKAs DHEPIHsl AJIEKTPOHA IEPEXOJMT B MOTEHIIU-
AJIbHYTO 9HEPTUIO CHCTEMBI 2JIEKTPOH—TIPOTOH. Y BeJIMY€eHNe K-
HETHYECKOH SHEPIUM 5JEKTPOHA BABoe (B cuCTeMe OTCUeTa, T/Ie
[POTOH UMEET HYJEBYID CKOPOCTb) [a€T €My BO3MOKHOCTD
yJIeTeTb OT sipa. BesnunHa CKOPOCTU 3JIEKTPOHA OTHOCUTEb-
Ho sapa (IIpoTOHA) TPH BTOM yBeNMUMBAcTCS B /2 pas.
IToHATHO, YTO OTHOCUTEIbHAS CKOPOCTb JIEKTPOHA ¥ MPOTOHA
He 3aBHCHUT OT BbIGOpA MHEPIMAJbHOI cucteMbl orcyeta. lle-
peiizleM B Takylo CHCTeMy OTcuYeTa, B KOTOpPOH IIPOTOH IOCJe
CTOJIKHOBEHHSI € HEHTPOHOM WMeeT HyJEBYI0 CKOpocTb. CKoO-
POCTb DJIEKTPOHA B HOBOU CHCTEME OTCUeTa Uy CJIOKUTCS U3
OTHOCHTEJBHOW CKOPOCTH CHCTEM OTcUeTa Uy ¥ OTHOCHTEJHHOI
CKOPOCTH s/Ipa U 3JIeKTPOHA B HAYAJIBHOI cucTeMe oTcueTa oy :

0y =7y + 7 .
UTo6bI B peayJbraTe yapa HyKJIOHOB IIPOU30IILIA HOHU3AIIS

aToMa BOJI0PO/Ia, BeJIMYNHA OTHOCUTEIbHOM CKOPOCTH JIBUMKEHUS
9JIEKTPOHA Maccoil 7, 1 IpoToHa Maccoit M, = M, poixna

YBEINYUTHCA B \/E pas. ITO BO3MOJKHO, TOJIBKO €CJIM Ha4YaJIbHaA
KUHETUYECKasA SHEPIruAa HeﬁTpOHa HE€ MEHbIIe BEJIMYNHDI

= 2000 (13,6 aB[(ﬁ—1) ~ 4,3 k9B .

3amMeTnM, UTO TPHU TaKoW HAYaJIbHOH 2HEPTMN HEWTPOHA yaap
JIOJKEH ObITb 00513aTeIbHO JIOOOBBIM M 3JICKTPOH B MOMEHT
yaapa [J0JKeH HMMeTb CKOPOCTb, HAIPaBJIEHHYIO IIPOTHBOIIO-
JIOKHO CKOPOCTH HaJietaloniero Heirpona. Ecum ke ckopocTb
9JIEKTPOHA B MOMEHT y/lapa HAlpaBJeHa HE TaK, TO MOHU3AIMS
aToMa BOJIOPO/Ia TIpU 3TOH HavyaJbHON SHEpPrUu HeWTpPOHAa He
[poun3oiijier.

MoskHo aTO yTBepsK/IeHne cPOPMyJIUPOBATH MO-/PYTOMY: Be-
POSITHOCTb MOHHU3AIMN aTOMa BOLOPOJA IMOCJIe JOOOBOTO yaapa
HEiTpOHA M SJjpa 9TOrO aToMa paBHA HYJIO TIPU SHEPrHSIX
HaJIETAION[Er0 HEUTPOHA MEHbINNX MU paBHbIX 4,3 kaB. Eciu
HavyasbHAs sHeprus HeiiTpoHa Goabiie 4,3 k3B, To ipu 1060BOM
y/iape HYKJOHOB MOHU3AIMS MOYKET COCTOSIThCS UJIM HE COCTO-
SATbCS, U ATO OTIPEJIE/ISIETCS HAPABJICHUEM CKOPOCTU 3JIEKTPOHA
B MOMEHT yapa. Vun, ApyrumMu cjioBaMu, BEPOSTHOCTb MOHN3A-
IIIM He PaBHA HYJIIO, U OHA TeM GoJIbllle, YeM GOJIbIIIe HauaIbHasT
sHeprus HeiiTpoHa. MoHusamms atoMa BoJopoza nocJe J000Bo-
O y1apa ero s/ipa u HeliTpoHa mpounsoiizer o6sa3atenbao (Kak Obl
HU GbLIa HAPABJEHA CKOPOCTH HJEKTPOHA B MOMEHT yzapa),
€cJI KMHETHYeCcKasi 9Heprusi HelTpoHa 6OJIbIIle BeJUYMHDI

My 43658 [(ﬁﬂ)z =146 kaB .

e
WMupiMu cioBaMu, 11pu JIOOOBOM y/lape W 3HEPruu HeWTpOoHA
6oabiie 146 kaB BeposiTHOCTH MoHU3amu pasHa 100%.
BcemomunyM, dTo B caMoM HauaJie pelieHne Haiiel 3a7auu Mbl
HA3BaJM <IIKOJbHBIM». B JEeHCTBUTENBHOCTH /laske TIPHU TaKOi
GOJIBINION 2HEPruHu HEWTpPOHA [0 JIOGOBOTO yapa, KOHEYHO,
uMeeTcs HeHyJeBast BEPOSATHOCTD TOTO, YTO 3JIEKTPOH OCTAHETCS
CBSI3aHHBIM C TIPOTOHOM, T.€. YTO MOHU3AIMS aTOMa BOAOPO/ia He
npousoiizieT. B kuure A.b.Murpana «KadectBeHHBIE METOIBI B
KBAHTOBOW TEOPHUI» IIPUBE/ICHA 33/la4a C TAKUM YCJOBHEM:
Kaxosa eéeposmiocmov p mozo, 4mo amom 6000poda ocmanemcsi
6 OCHOBHOM COCIMOSIHUU NOCJe YOapa HeUmpoHa u nPomond, npu
KOMOPOM paree HenoOSUKHbIL NPOMOH NOIYUAem CKOPOCIYL U?
Bot kpatkoe pertenne atoit 3aaun. Ecam oTHOIIEHHE CKOPO-
CTH TIPOTOHA % K CKOPOCTH 3JIEKTPOHA 0, JBUXKYIIETOCS BOKPYT

m

2014/Ne?2

HEIO/IBUYKHOTO TIPOTOHA B aTOMe BoJ0poja (B OCHOBHOM COCTO-
sSHUM), 0603HAYUTH X, X = 1/0, TO 3Ta BEPOSITHOCTH PaBHA
p= (1 + x2/4) ! . Jlaxke TIpH OTHOMICHIM CKOPOCTEH & = /2 +1
9Ta BEPOSITHOCTD He paBHa nyJio: p = 0,0274 . Kyna ske neBaercst
n30BITOYHAS, 110 CPABHEHHIO C 9HEPTUell B OCHOBHOM COCTOSTHHH,
KIHETHYeCKast SHEPTHsI 2JIEKTPOHA, N3MEpPEeHHasl B CHCTeMe OT-
cdeTa MpoToHa? ATOM TOCJe yrapa MOJKET TepeiiTH B BO30YK-
JIEHHOE COCTOSIHIE, 3aTeM M3JIY4YUTb KBAHT CBETA, OIYCTHBIIICDH
Ha 6oJjiee HU3KWII dHEpPreTUUecKuii ypoBeHb. Y Takoil mporecc
M3JIydeHUs] MOKET IPOM30NTH He OAnH pa3. [IpyruMu cioBamH,
n30bITOYHAS KUHETUYECKasi SHEPTUsl B UTOTE IPEBpAIIaeTCs B
JHEPTHIO CBETA.

[TonydeHnplii B pe3yJibTaTe peIIeHHs HaIIeil <«IIKOJIbHON»
3a/1aun INAna30H HAvaJbHBIX 9Hepruil Heiitpona 4,3—146 kaB,
IIPH KOTOPBLIX BO3MOYKHA MOHM3AIIMS aTOMa BOZOPO/IA, TIOABEPT-
erocst «JI060BON HERTPOHHOIT GoMOGAapAMPOBKE», BechMa OJIH-
30K K /IMAla30Hy JHEPTHil TaK HA3bIBAEMBIX MPOMEKYTOUHBIX
netitponos 1—-100 xaB. Ecsm atom Bomopoja BKJIOYEH B CO-
CTaB MOJIEKYJIbI KAKOTO-HUOY/Ib CJOKHOTO XUMHUYECKOTO Belle-
CTBa, KOTOPOE, B YACTHOCTH, MOYKET BXOJHTH B COCTAB OUOJIO-
IMYECKON TKaHW, TO DJEKTPOH aToMa BOJOPOJA He IIeJHKOM
MIPUHA/IESKAT TOJBKO 9TOMY aTOMy, OH CBSI3aH €llle U C COoce/l-
HUMU aToMaMn MOoJieKyJbl. [10aToMy 71T «OTpbIBa» OT 9TOrO
9JIEKTPOHA TPOTOHY, MOJYYUBIIEMY <«TOJTYOK» OT HEHTPOHA,
MOXKeT TMOTpeGOBaTbCsl MeHblnas aHeprus. OcBOGOAMBIIMIICS
OT 9JIEKTPOHA IPOTOH, [BUTASICh B BEIECTBE, PA3/AET CBOIO
HHEPIrUI0 OT/Ia4yM, WOHU3YS MOJIEKYJIbI, 4Yepe3 KOTOpble WJIN
DSZIOM C KOTOPBIMH OH IPOJIETaeT. A eCliu MPOTOH IOJIYUUT
HeJJOCTATOYHYIO 9HEPTHUIO OT/auyd, TO OH JIETUT BMECTe C <«IIpH-
HEMUBIITNIMCSI» K HEMY JIEKTPOHOM, T.€. JIETUT B I€JIOM HEHT-
pajbHas 4YacTHIla, KOTOpasi, €CTECTBEHHO, O00JIajlaeT 3Ha4u-
TEJIbHO MEHbIIell MOHU3AIMOHHON CIIOCOOHOCTHIO, YEM 3JIEKT-
PHYECKN 3apspKeHHast YacTHUIIA.

CTOJIKHOBEHUST HEWTPOHOB € s/IpaMu JAPYTHUX, OoJiee TsiKe-
JIBIX aTOMOB MeHee (P (EeKTHBHBI B CMbICJE€ MOHU3AIMOHHON
CHOCOGHOCTH  SA/Iep  OT/Ia4yM, TOTOMY KaK CKOPOCTH OT/ayH,
MOJIyYeHHbIE TAKUMU TSIKEIBIMU SIIPAMU TIOCJIE YIPYTOro yja-
pa c HelTpoHOM, ropasio Menblre. Ilycrb, Hampumep, HeT-
POH, MMEBIIHI JI0 yJapa CKOPOCTb ¥, CTAJKUBaeTcsi «Jo6 B
J100» ¢ SAPOM, MMEIONMM Maccy, paBHyio N MaccaMm HeiTpoHa
M, . Kax X0poIlo u3BecTHO, SAPO, MOKOUBIIEECS /10 JTJO60BOTO
yzaapa, mocsje alCOJIIOTHO YIPYToro yjaapa HpuoGperaer CKo-
POCTb, PaBHYIO Y/BOECHHOI CKOPOCTH IEHTpPa MacC CUCTEMbI
Heiirpor—sapo: u = 2o/(N +1). Jlns nonnsauun atoMa HeoG-
XOJIMMa MUHHUMAJbHAST CKOPOCTb OTAA4M, PaBHAS U (x/§ —1).
Ecau cuurarp, uto aHeprus moHusaimu toxke pasua 13,6 2B,
TO MHUHMMAJbHAs 3SHEPrus HEUTpPOHA, MPU KOTOPOIl BEPOST-
HOCTb MOHU3AIUK aTOMa OTJINYHA OT HyJs, Oy/JeT paBHa

oV 152%(& ~1) 03,698 = DNB—”DZ 4,3 k0B .

2 m, 2 H
[acke st Takoro szapa, Kak JeiiTepuii ¢ Maccoil IpuMepHO
2M,, , sHeprusi HAJETAIONEro HeWTPOHA [OJDKHA CTaTh B 2,25
pasa GoJibllle, YeM [ siipa BOLOPOJA, T.€. JOKHA COCTABJIATD
npubusuTeapbHo 9,675 kaB. A s atoma ¢ maccoit 12M,
(TakoBa Macca sjjpa aToMa yriepoja, JJisi KOTOPOTO 3HEPTHst
noHM3aun pasHa TpuMepro 11,26 2B) mauambHas sHeprus
HEHTPOHA JIOJI’KHA BBIPACTH NPHUMEPHO B 42 pasa M OCTHYD
Besmunebl 181,7 k3B.

V3 mpoBeleHHOrO PACCMOTPEHUs] MOKHO CJIeJIaTh BbBIBOJ,
YTO <IIPOMEKYTOYHBIE» HEHTPOHBI MOTYT <«YIapHO» HMOHU30-
BaTh TOJBKO aTOMbI BOJIOPOJA, a obJydeHue BeliectBa 6oJsee
SHEPrUYHBIMU HEHTPOHAMHU MOJKET MPUBECTH K MOHM3AIMH U
JIPYTUX ATOMOB, BXOJSIIMX B COCTAB PA3JUYHBIX OMOJOTHYEC-
KHMX TKaHei.
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CTOpUM
C MaSTHMKOM

A.AHAPEEB, A.TTAHOB

YIIECTBYET MHOJKECTBO I/ICTOPI/H/I CBA3AHHBIX C
MasgTHUKOM. MoskHo Havatb ¢ amnneo Tammnes. Ha6mo-
Jlasi, Kak packaumBaeTcst Jiioctpa B Ilumszanckom coGope, oH
MOHSLJI, YTO MEPHUO/L KoJieGaHwil JTIOCTPDI He 3aBUCHUT OT pa3Maxa
ee koseGanuii. Vcemeayst ABUXKEHUS MasiTHUKA U JIPYTHX TeJ,
lanuneit 3a/105KUJ OCHOBBI MEXaHUKU.
Xpuctnan [1olireHc TPOJOJKUI ATH
uccaepoBanusi. Ou Hamesa GopMmysry st
Mepuojia MaJiblX KoJeGaHuil MaTeMaTu-
yeckoro MagrtHuka (puc.1):

T =2m L ,
g
ey B KOTOpOit [ — minHa MasgTHUKA, § —
yckopeHue cBo6oiHOro mnajenus. OHO
Puc. 1. [lpocrovi mare- 13 BBIJAIONIUXCS JOCTHKeHNi [lolirenca
mMarnqeckui MasTHUK — — cosmaHne TepBbIX MasSTHUKOBBIX dYa-
COB.

Dpannyscknii pusuk Jleon DyKo UCIIOIB3OBAJ IMTAHTCKUI
MasTHUK /IS JIEMOHCTPAIIUU CYyTOYHOTO BpalleHus 3eMJu, a
AHTIMIICKUI MaTeMaTuk 1 acTpoHoM [[KopiK DipH ¢ TOMOIIHIO
MasiTHUKA, CITYIIEHHOTO B TAXTY, U3MEPUJI CPETHION0 TIJIOTHOCTD
3emun.

Hy a Mbl orpaHuumMcs 371eCb CaMbIM MaJIbIM — PacCKa)kKeM
HECKOJIbKO COOCTBEHHBIX MCTOPUIl PO 08YXUACMOMHbIN MAsIT-
HUK.

Ucropus nepsasi. Jletom 2008 roma Mbl CBOAMJIN CBOMX
CTY/IEHTOB-OIITHKOB Ha BBICTABKY «3a3epKaJsibes, IPOXO/IUBIIYIO
B MOCKOBcKOM Maweske. Boubine Bcero tam 6blIo Kak pas mpo
OTITHKY, HO BCTPEYAJINCh U JIpyrue (DU3NYecKnue KCIOHATHI U
aKcrepuMenTbl. Cpesn HUX ObLT OJAMH HEOOBIYHDI MasTHUK,
TPAEKTOPHSI KOTOPOTO 3AIIOJIHSIA [EbIi IPIMOYToIbHUK (prc.2).
B kauectBe rpysa B 9TOM MagTHHKE HCIIOJIb30BAJIACh METAJJIN-
YecKask eMKOCTD, 3allOJHEHHAsT MEJIKUM IeCKOM, KOTOPBIH TOH-
KOI CTpyHKOIl BbITEKAaJ depe3 OTBepCTHE B JIHE eMKOCTH U
BbIUEPUYMBAJ TPAEKTOPHUIO MASTHUKA.

EcrecTBeHHO 6bLTO GBI O3KNATH, YTO MASTHUK OY/IeT BUTATD-
Cs1 TIO JIIMNITHYECKON MJIM KPYTOBOI TPAeKTOPUHU, MOXKET OBITH
Jlaske M0 OTPE3Ky, HO Mbl BUJIE/IN, UTO 3/I€Ch 9TO COBCEM He TaK.
[lesio TyT B 1o/1BeCKe MasATHHKA, KOTOPAs MOJHOCTBIO HE BUHA
Ha ¢ororpadun. B orimune OT MPOCTOrO MAsSTHUKA, Y 9TOTO
MasiTHUKA He OJ[HA, a J[BE€ TOUKU TIO/[BECA U CTPYHDI, HA KOTOPBIX
OH BUCHT, coesimHeHbl B Buze OykBbl Y (puc.3). Takoit MasTHUK
MOJKET COBEPIIIATH /[Ba MPOCTBIX KoJiebanus. [lepren Ky asipHo
IJIOCKOCTH PUCYHKA OH Oy/IeT KoJie6aThCst, KaKk OOBIYHBIN MasT-
HUK ¢ JUIHHO# [ = [; +1, | a B ILIOCKOCTH PUCYHKA — KAK MasITHUK
¢ mmuoit [ =1,. Tlepuombl stux KoseGaHuil GYIyT PaBHbI,
COOTBETCTBEHHO,

E:ZHM I/ITZZZT[\/E.
Vg g

106 uccaeoBanugx lanues u TolireHca MOXKHO 1IPOYECTb B KHUTE
C.T.Tunduxuna «Pacckasbl o pusnkax n MateMatnkax» (M.: MITHMO,
HMY, 2006).

S

Puc. 2. TpaekTopus 3T0ro MasiTHUKa 3arosiHAET BECH MPAMOYIrObHIK

MoskHO cKkasarb, uTO JI0ObIe Majble KojeOaHus TaKOro MasT-
HUKA SBJIAIOTCS CMECbIO JIBYX B3aUMHO HepIIeH/UKYJISPHBIX
KoJIeOaHMl € YKa3aHHBIME TepuojiaMu. Ecanm aTh T1epuobl

HECOU3MEPUMbI, TO TPACKTOPHS MasIT-
HUKa TJIOTHO 3aIOJIHsET HEKOTOPbIit \ /
IPAMOYTOJIbHIK. Ecim ke meprosibt

COU3MEPUMDI, T.€. OTHOCATCA /APyl K
APYTY KakK IIeJIbIC YncCJja, TO TPACKTO-
puAa MadgTHUKaA 3aMKHYTast 1 IEpuoan-
YeCKasdl M TOXK€ BIIMCaHa B IIPAMOY-
TOJIbHUK. HepI/IOHI/I‘{eCKI/Ie TPAEKTO-
pun, INoJyvdaromuecsa 1Ipu CJA0KEHUN

JIByX TapMOHUYECKUX KoJeGaHuil ¢ o
COM3MEpPHUMBIMHU TIEPHO/IAMH, HA3BIBA-  ~-____ S
orest urypamu Jlnccaky (110 umenu -—::/Q—-—-
¢paniysckoro dusuxa sKoasa Jluc- e

caxky, pa3paboTaBIIero Cleluatbiblil Py 3 Tax VCTpOeH ABYXYaC-
METOJ| MCCJICOBAHUS CJIOKEHUS Ta- TOTHBI MAgTHUK
KNX KoJieGaHmii).

B mo6oM cayuyae, psSIMOYTOJIBHUK HA PUCYHKE 2 TIOSIBJISIETCS
B pe3yJibTaTe CJOXKEHUS JBYX B3aUMHO HEPIEHUKYJISAPHBIX
rapMOHUYECKUX KOJIEOAHU.

Ncropust Bropasi. Ham 3axorenoch caMuM HUMeTb TaKoif
JIBYXYACTOTHBIN MAasITHUK, ¥ MbI TIOPYYHJIN C/IEJATh €r0 OTHOMY
n3 cBoux cryzenToB. Ho 4To-To y Hero ne 3amaanaoch. Bo3unk-
JIU TPY/IHOCTH C TPY30M-EMKOCTDIO JIJISI TI€CKA, C JIBIPKOIi, yepe3
KOTOPYIO TIECOK JIOJKEH ObLT ChITAaThCs, /1a U C CAMUM TIECKOM
toxke. OJIMH U3 AaBTOPOB CTATbU MPE/IJIOMKUT CMEHUTD CTY/IEHTA,
JIPYTOil — TIOMEHSATh CXEMY JKCIIEPUMEHTA; COILINCH Ha T10cIe-
JIHEM.

B pesyJibTare Kk MacCUBHOMY TPY3y ObLTa IIPUKPEILJIEHA JTa3ep-
Has yKa3Ka, HallpaBJIeHHAsl BHU3 HAa PACCTEIeHHBIH Ha TOJTY JINCT
parMana (puc.4). MagTHUK 3amycKaacs U B TEMHOTE ¢ GOIBIION
BbIIEPXKKOI (poTorpadmpoBascs cael, OCTaBJsEeMbIil YKa3KOi
(puc.5).

Oxasasoch, 4TO € Ja3epoM IKCIePUMEHTHPOBATD MPOIIe, YeM
C TIECKOM.

IIpeapicropusi. B orammunom posmke B.W.Tepsuaca «Dury-
pbi Jluccasky: samuch I1ecKoM», BblLloxkenHoM B YouTube?,
JIBYyXYACTOTHBIN MasiTHUK HA3bIBAETCS MAsSTHUKOM Jiipu. ITO
Ha3BaHME 4acTo UcoJb3yeres y Hac. Ho, mo-Bupumomy, cBs3a-

2 B YouTube mMeercs resmast KOITEKITHS 3aMEUATEIBHBIX HKCTICPH-
mentoB B.U.Tepsuica. IlocMorpute nx 06s13aTeIbHO.
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Puc. 5. 7—,056’/( TOPUN MAaATHUIKE, HAPUCOBAHHbIC J1a3€PHbIM JTy/40M

HO OHO He € KOPOJIEBCKUM acTPOHOMOM /[>KopiskeM DHpH, a ¢ ero
cbiHOM XbIo6epToM, ory6 koBaBiiM B 1871 romy B :KypHase
«Nature» («IIpupoma») crartbio non HassanumeMm <«Pendulum
autographs» («Astorpadpr magranka»). Tam Maagummii Jipn
pacckasa, Kak OH CIeAMUJ 32 KOJeOaHUSMHI BETOUKHU aKalllH,
BbIpociieil U3 craporo nusg. C IOMOIIbIO OTHA eMY Y/IAJ0Ch
pas3o6paThCs, YTO ITH KOJIEOAHNS CKJIAIBIBAIOTCS U3 IBYX B3aNM-
HO MEePHEHANKYJ/ISIPHBIX TAPMOHUYECKUX KoJeOaHuil. A TepBblil
aBrorpad y aToro MagTHMKa Ha Jucre Oymare OH IOJIY4YWJT,
IIPUKPENUB K BeTKe OGBIYHBIN KapaH/arl.

2014/Ne?2

(Crout ckasarb, 4TO B aHIJIOSA3BIYHON JIHTEpaType JByXdYac-
TOTHBII MasITHUK BCE-TAKM Yallle Ha3bIBAETCS MasiTHUKOM DJok-
6epHa, 10 UMEHU IIOTJIAH/CKOIO MAaTEeMaTHKA, OIMCABIIETO €ro
B cBoell myGnukaiun 1844 roga.)

Eme oxna ucropuss. B 2004 romy B xypHaATe <«¥Ycmexum
¢usuveckux Hayk» ObLaa ony6ankoBana cratbst b.S1. 3embroBu-
ya n M. [[x.Cyano «/[ByXuacTOTHBIH MasTHUK Ha Bpalllaolieii-
ca maatopMe: MOJIEMPOBAaHUE ONTHYECKUX sBJeHuii».3 Bor
OTPBIBOK U3 AHHOTAIINU K 9TOIl CTaThe:

«B 3amemxe onucvisaromcs demoncmpayuu, adpecosannvle
uemoLpem epynnam, PA3IULAIOUUMCT 603PACMOM U 00PA306d-
Huem: om MAAOWUX WKOJILHUKOE 00 BbiNYCKHUKOG CcpedHell
wWKOL, 0M WKOALHUK0E 7—10 Kadaccos 00 mpemveKypcHuKos
61308, 0M NEPEOKYPCHUKOE 00 ACNUPAHMOS; OM CIMAPUEKYPC-
HUKOB8 8Y306 00 HAYUMHLIX PAOOMHUKOS. .. Boavwuncmeo ¢usu-
ueckux udetl Mozym Ovlinb NOHSMbL HA YPOBHE WKOJLHUKOS 6—
8 xaaccos...»

B craTbe ommcanbl MHOTOYHUCIEHHBIE OTIBITHI C /IBYXYACTOTHBIM
MasiTHUKOM, YCTQHOBJIEHHOM Ha Bpamlaolieiics maatdopme u
CHA0KEHHOM JIBYMSI MHUKPOBEHTUJISITOPAMH, YIIPABJISIEMbIMU
KOMITBIOTEPOM.

B nepBoit vact cTaThu, pegHA3HAUYECHHON /1JIS IITKOJIBHIKOB
U MX y4YUTeJIeid, paccKa3aHo O IPUHIMIE CYIEePHO3UINN, Pe30-
HaHCe, TOJIIPU3AINK, 3aBUCUMOCTH TepUOIa KOJIeGaHuil MasT-
HUKA OT €ro JTMHBI, 0 GHEHUSIX B JABYXYACTOTHOM MasgTHUKE, a
TaKKe O 1BeTax /e)OPMUPOBAHHOIN TJIACTMACCHI, TTOMEIIEHHOT
MEXK/[y CKPEHIEHHBIMH T0JISIPU3aTOPAMU.

b.41.3eb10B1Y, HAIMCABIINIA ATY CTATHIO, — CbIH U3BECTHOTO
yuenoro, akagemuka .b.3empgoBiua. B cBsasu ¢ atum mpuse-
JIEM eIle O/IHY IUTATy U3 aHHOTAIMH:

</l8yxuacmommnolii MASMHUK, NPUBSIAHHBLI K NApe 26030€ll 6
dseprom npoeme, oLl uacmvio 06yuenus demeil huzuke 6 cemve
noxounozo A.B.3envdosuua, z0e 6 1950-x odun u3 asmopos
(B.4.3.) u nodxeamun ocroenyio udeis.

Eue B crarbe HanmmcaHo, 4To BMECTO MasgTHUKA <«JJIS JIEMOH-
crparmu duryp Jlnccaxy ynobHee UCIOJIb30BATD HJIEKTPOHHbIH
ocruiorpad WM KOMIBIOTEPHYIO TIpaduKy», HO MBI YXKe
yOeIMINCh, YTO 3TO HE COBCEM TaK.

k* kK

Hakowerr, B aHTTOSI3bIYHOTT BUKHTIENN €CTh OTJIMYHAS CTAThST
mpo MasTHUK — «Pendulums», cHaG:keHHAast OTPOMHBIM YHCJIOM
[OJIE3HBIX CCBHLIOK.

3 Cwm. SKypHaTT «Ycrexn ¢uandecknx Hayk», T.174, ¢.1337-1354,
nexka6pb 2004 T. Bbl MOXKeTe HallTH Ty CTaTbiO Ha caiiTe )KypHAJIa, TaM
JOCTYIIHDBI IIOJIHBIE TEKCTDbI BCEX CTaTell ¢ MOMEHTAa UX IIyGJIMKAIIIU.

HAIIINK OBJOXKKH

JBYX4aCTOTHbIN MAsITHUK

(Hayano cm. Ha 4-vi cTpaHuLe obroxku)

Kounask, npejicraBieHubiii Ha 06JI0KKe, 3TO UJTIOCTPAIUS K
Hareii ctatbe «VcTopun ¢ MmagTHUKOM» . /[ByX9acTOTHBIN MasT-
HUK C Y-00pasHbIM IO/JBECOM C TIOMOIIBIO JIA3€PHOTO JIy4a
BbINUCHIBaeT Ha Jucre Gymaru durypy Jluccasky. (Ha 3aanem
naane M3006pakeHa TPAEKTOPUS [JBYXYACTOTHOTO MAasITHUKA,
MOJTy4eHHasl HaMU B OJIHOM M3 PEJbHBIX SKCIIEPHIMEHTOB.)

HapucoBanHas 1a3epHbIM JIy4OM KpUBas BIIMCAHA B IIPSIMO-
YTOJIBHUK ¥ KAacaeTcsl OJHOI ero CTOPOHbI 3 pasa, a Apyroi — 2
paza. ITO O3HAYAET, YTO OTHOIIEHHE MEPHOI0B KoJebaHuit

JABYXYaCTOTHOTI'O MadATHUKaA PpaBHO 3:2. OTCIOH& IoJsryqaemMm

T _2my(h +b)/g _ [+ _3

7, 2nfhb/g Lo 2

L _35 5

—=— L==1
12 4 , 1 Y 4 2.
VY Hac ke, cyas no pucynky, [l <[, . IIporuBopeune.

Ho kosnax — oH u ecTb KoJuIax, a He peaibHas (oTtorpadus

P€aJIbHOTO SKCIIEpUMEHTA.

a 3Ha4urT,

A.Andpees, A.Ilanos



MNaTb 3auenneHHbIX TeTpas3apoB
UHcTpyKkums no céopke

(Ha4a/10 CM. Ha 2-1i CTPaHMILIE OOTIOXKMI)

Kaxabiin TeTpasgp COCTOMT U3 LLUECTU OAMHAKOBBIX YACTeN, KaXdas YacTb CKragbiBaeT-
€A U3 OOHOW NPAMOYTONbHOW Nonocky 6yMaru ¢ oTHowweHWem ctopoH 1 k 3. Takue nonocku
yao6Ho nony4nTh, paspesaB kBagpatHbii nucT Gymaru Ha Tpy paBHble YacTu. PekomeH-
OyeM genatb TeTpasapbl pasHbIX LBETOB, AN 3TOro notpebyetcs no ABa kBagpaTHbIX Nu-

CTa Kaxgoro ueta.

Kaxpyto n3 5x 6 =30 nonocok Hy>HO CknaablBaTtb creayloLwmuM obpasom:

(5
0

MeperHute nocepennHe
U pasorHuTe.

2

N7 W

CnoxuTe oba kpas kK cepe-
OWHe (1 He pasrubaiite).

CorHuTe Kpas K cepefuHe
N pa3orHute, HameTuB ABe
CKnaaku.

[MpUNOXUTE HUXKHWIA yron
K BEPXHEN CKNajKe.

AHanorM4yHo noctynuTte
C BEPXHUM YITIOM.

6

PasortuTte.

4 N
CnoxuTe HWXHWIA yron
BOBHYTpb.

8

CorHnTe 1 pasorHuTe Bepx-
HWIA YroM, KaK Ha PUCYHKe.

9

[lepeBepHUTE NOMOCKY M NOBTOPUTE Wark ¢ 3 no 8 Ang

BTOPOro KOHLa.

e ————

10
<<

=

CnoxuTe Nonocky nocepeauHe.

Kaxpas 13 30 nonyymBLUMXCS LeTaneii cTaHeT «pebGpom» TeTpasapa. B kaxaoi BepllMHe coeaUHAITCA TpU «pebpay:

11

12

4

14

Tenepb, nocnegoBaTeNbHO COEANHAR A€Tanu, Bbl NONYYUTE NATL 3alUenneHHbBIX ApYr 3a Apy

ra TeTpasjpoB:

15

CoenuHute 6 petanei
OJHOro UBeTa, YTobbl No-

TIy4unca nepBblii TETPasAp.

16

&

Y BTOPOro U TpeTbero TeTpasgpoB yAOGHO CHavana co-
OpaTb oAWH yron (4ToObl nonyyunace «TpeHorax). Pacno-
TIOXUTE €ero MpaBUMbHO B yXe coBpaHHOW KOHCTPYKLMH,
a 3aTeM 3adUKCUPyiTe OCTaBLUMMUCA TpeMms pebpamu,

AOCTPOUB A0 TETPa3apa.

18
o
YeTBepThIil M NATHIA TETpa-

34 pbl AOCTpanBakOTCA aHa-
JTOTNYHO.




INIPAKTUKYM ABUTYPUEHTA

ada4i
Ha N3MEHEHWNE
JHEPrmn CNCTeMbl

A.YEPHOYLIAH

9TOW CTATBE BYIYT PACCMOTPEHDI 3AJIAUU, IS PE-
HIEHUS KOTOPBIX Ha/l0 NPUMEHATh HEe 3aKOH COXPAHEHUS
MeXaHNYecKoi sHepruu, a GOpMyJy /I ee U3MEHEeHUs:

AE =4 + AHeKOHC . (1)

Mex
Ira (popMyJia BBIBOAUTCS HEMOCPEICTBEHHO U3 3aKOHOB HbioTO-
Ha. CriesraeM HECKOJIbKO 3aMeyaHtii, BAKHDIX /IS IaJIbHEHIIIero
ee NpUMEHeHNs.

1) Mexanuueckas sueprus E,,,, paBHa CyMMe KHHETHICCKON
1 TmoTeHIMaabHON sHepruil. lloTeHnmanbHas sHEpPTuss MOXKeT
ObITD BBeJIEHA /11 JII0OOOTO U3 KOHCEPBATUBHDBIX B3AaNMO/IEHCTBUIT
MESKLy TeJaMu CHCTeMbl (TATOTeHne, YIPYroe Wil KyJIOHOBCKOE
B3ammoieiicTere). Kpome Toro, B MOTEHIMANBHYIO SHEPTHIO
BKJIFOYAIOT SHEPIHIO TeJI CHCTEMbI BO BHEIIHUX MOTEHIINATbHBIX
nosax (moJie TSKeCTH, BHEIIHEee SJIEKTPOCTATUYECKOE TIOJIE).

2) OrmeTnM cpasy, YTO BONPOC O TOM, CYMTATh JH CHJIY
TSKECTH BHETTHEH CUJION W CYUTATD ee CUJION B3amMOIeHCTBUS
Mesky TenoM u 3emsell (KOTOPYIO B 9TOM CJIyuae MBICJIECHHO
BKJIIOUAIOT B CHCTEMY), 9TO BOIPOC JOTOBOPEHHOCTH U Ha
pelenne 3ajiay He BJIUSET.

3) Pa6ota Ay BKJIIOUACT B ce6sT pabOTy BCeX BHEITHUX CHT,
KpOMe TeX, KOTOPbIE y)Ke YYTEHbI B MOTEHINAIbHOI dHEprun B
BU/Ie BHENIHMX HOTEHIMAJIbHBIX ToJeid. B 3amavax aro yarie
BCero paGoTa BHEITHEH MOCTOSIHHON cuJibl (bl Trn) 1 paGota
CTOPOHHUX CHJI UCTOYHMKA TOKA.

4) Pabota Aexone BKJIIOUACT B ce6s pabOTy HEKOHCEPBATUB-
HBIX CHJI, /IS KOTOPBIX HEBO3MOKHO BBECTH IOTEHIIMAJIbHYIO
srepruio (X paGoTa 1O 3aMKHYTOMY IyTH OTJHYHA OT HYJIST).
Oco60 BbIIEJSIOT TUCCUTIATUBHBIE CUJIBI M TIPEK/IE BCETO CHIY
Tpenus (a TakKe CUIy COMPOTUBICHUS U TIJIACTHICCKUE HEeYTIPy-
rue CuJbl, BO3HUKAIOIIME NPU HEYIpyroMm ygape). Ilosmas
paGoTa aTHX CHJI B CHCTEMe BCerjia orpuiiatesbia (TouHee, He
MOMOKNTENbHA). B3ATasg ¢ MPOTHBOIONOKHBIM 3HAKOM, OHA
paBHa yBeJMYEHUIO BHYTpeHHell TersoBoil sHeprum 3sa cyer
YMEHDIICHUS MEXaHUYECKOIH 3HEPruH CUCTEMBbI:

_ATp = AEBHyTp =0. (2)

(TTomuepkHeM, uTo Q SBJASETCSA YCJAOBHBIM OGO3HAUYEHUEM LIS
IIpUpalieHusl BHyTPeHHEH TeIlJIoBOW 3Hepruu 3a c4eT TPeHHus,
TEII006MeHa TIPK TOM He NPOrCXoaut.) Kpome Toro, K HeKOH-
CepBATUBHBIM CHJIAM, BCTPEYAIOMIMMCH B 3a/la4aX, OTHOCSTCS
CHUJIbI, BO3HUKAIONIME MPHM B3PbIBAX M JPYIUX XUMUYECKUX
peakIMsIX, KOr/la BHYTPEHHSST XUMHUUecKasi SHePIus 1epexouT
B MEXaHMYECKYIO, a TaKe CHJIbI, pa3BUBaeMble MEXaHU3MaMU
(HanpuMmep, 4enoBeKoM), TIpu paboTe KOTOPHIX TAKIKE IPOMCXO-
JINT U3MEHEeHNe MEXaHW4YeCKOIl aHepruu.

5) OrmeruM, 4To JM060E KOHCEPBATHBHOE B3anMoencTue (1
JM060€e MOTEHIUATLHOE T10JIe) MOKET ObITh YUTEHO B yPaBHEHUN
(1) Kak B Bujie MOTEHINAIBHOI SHEPTUH B JIEBOW YaCTH, TaK U B
Bujie paGoThl B 1paBoil yactu (HarmoMHUM, 4TO padoTa J06oit
KOHCEPBATUBHON CUJIbI PaBHA NU3MEHEHUIO CBOEH TIOTEHITNATHHON
SHEPIUM C IIPOTUBOIOJNOMKEHHBIM 3HAKOM: A = —AF ).

BHeEIIT

Ecan Bce KoHcepBaTHBHbIE B3aUMOJIEHCTBHS yUeCTb He B BUJIE
MOTEHIMAIBHON SHEPTHH, a B Bu/e paGoThl, To BbipakeHue (1)
MIPEBPATUTCS B TEOPEMY O KMHETHICCKON HSHEPTHH.

HauneM ¢ perienus 3ajad, rjie u3MeHeHne SHEPTHU TPOMCX0-
JINT TOJIbKO 3a CYET BHYTPEHHMX JMCCUNATHBHBIX cua (uame
Bcero, Tpenns). B aToM ciyvae mosHAs SHEprus cHCTEMbl —
MEXAHWYECKAs TLUIIOC BHYTPEHHSS — COXPAHSIETCS, W yPABHEHHE
(1) npuoGperaer BuJ| 3aKOHA COXPAHEHMs SHEPIUIL:

EHa'-I = EK()H + Q . (3)

Ecim yBenmnyeHwe BHYTpeHHEH SHEPrHM TPOUCXONUT 3a CUET
PaGOThI CUJT TPEHUS, TO yBEJWYEHNE BHyTpenHeil sneprun (BbI-
JIEJIMBIIEECS KOJMYECTBO TEILIOTHI) CBSA3aHO € PpaboToil cui
Tpenus dopmyaoii (2).

3amava 1. C nakaonHot naockocmu, 06pasyrowet yzoi o =
=45° ¢ zopusonmonm, ¢ evicomv. by = 1 m cockanrvzvieaem
nebovwas waiba. B xonye cnycka y 0CHOBANUS HAKIOHHOU
naOCKOCMU Waiba abcoammuo ynpyzo yoapsemes 0 CMenKy u
NOOHUMAemcst 66epx NO HAKAOHHOU naockocmu. Ha xaxymwo
svicomy hy, nodnumemes waiiba nocie yoapa, ecau Koapguuu-
enm mpenus waibvl o naockocmy N = 0,252

Pemenne. D1y 3a/1a4y MOSKHO PElIUTDb M B PAMKaX JIMHAMUKH,
BBIYHCJISIST TTOCJIEI0OBATEIBHO YCKOPEHHE MIAliGbl PN JBUKEHUT
BHU3, CKOPOCTb B HIDKHEH TOUYKE, YCKOPEHWE TIPU JABWKEHUN
BBepX, IpoiijieHHOe BBepX paccrosane. OJHAKO sHepreTHyec-
KW MO/IXO0/] BBITJISIUT TIPOITE, 0COOEHHO C YIETOM TOTO, YTO TIPH
JBIKEHUN KaK BHU3, Tak W BBepX F,, = UN = Umgcosa .

3anucpIBasi 3aKOH COXPAHEHUs] SHEPTHN

E, =E,+0
" IIO/ICTaBJIAA

Ey=mghy, Ey=mgh,,

sina  sina

Q:_ATp:pmgcosO([ Iy + L ),

Haiigem 5,
1—pctga
hy =l _—Hcea 0,6 M
1+pctga
3ameuanue. MOXXHO He TIPUBJIEKATb IIOHSTHE BHYTPEHHEI
sHeprun, a popMaabHo 3amcath Gopmyay (1) 1aa usMeHenns
9HEprun B BU/E

EZ - E1 = Arp ,
HO IIPH 3TOM He 3a0bITh B3s1Thb Ay, €O 3HAKOM «MHHYC».
3amaua 2. Touxuii cmepxenv Oaumou [ = 1 m moxem

COCKANB3bIBAMD 60016 CEOCU OUNDL NO HAKIOHHOU NAOCKOCTL,
cocmasasowei yzon o ¢ zopuzonmon (tga =0,2). Bepxuss
4aACMb NAOCKOCMU S8ASAEMCS 051 CMEPIHKHSL 2]1A0KOU, A MUK,
HAUUHAS C HEKOMOPOUL 20PUIOHMAILHOLU 2PAHULDL, — UEPOX0EA-
motl ¢ koappuyuenmom mpenus | = 0,6 (puc.1). Ha xaxon

Up = (;\.l__\??_

Puc. 1

paccmosnuu b evaue amoil Zpanuiol Qo1KeH  HAX0OUMBCS
HUKHULL KOHeY, cmepiKns 6 Hauvdje 66umeuuﬂ, Umoo vl cmep-
JKeHb OCMAHOBUILCA 6 10N MOMEHN, K020a NOAHOCBIO 3dedem
Hd wepoxoeamyio noeepxuocmb?



NPAKTHKYM

Pemenne. B 3T0ii 1 B HECKOJBKUX CJEAYIONMX 3a/a4ax
JIBUPKEHUE ITPOUCXO/IUT C TIEPEMEHHBIM YCKOPEHUEM, U JMHAMU-
YEeCKM-KMHEeMaTHYeCKUH T0/1X0/[ CTAHOBUTCSA HEIPUEMJIEMbIM.

Yckopenue cTepsKHs Olpe/esIsAeTcs IIPOEKIUEH CUIIbI TAYKECTH
u cusoit Tpenus. IlockosbKy cniia TpeHus JeiicTByeT TOJIbKO Ha
TY 4acTb CTEPXKH:, KOTOPas 3aeXaJa Ha IepPOX0BATYIO 1T0BEPX-
HOCTb, YCKODEHHE 3aBHCUT OT X U JIBUXKEHHE HE SIBJISETCA
paBHOYCKOpeHHbIM. OHAK0 6J1arofapsi TOMy, 4TO CHJIa TPEHUS
JIMHEHO 3aBUCUT OT X, paboTa CUJIbI TPEHUST MOXKET ObITh
paccynMTaHa Kak IJIOMIA/[b TPEYTroJIbHIKA Ha TpaduKe 3aBUCHMO-
ctn Fy (%)

A = _ O+ pmgcosa
™ 2
[Tpunumas KoHEUHYIO HOTEHI[MAIbHYIO SHEPTHUIO 32 HOJIb, ypaB-
HeHue

l.

Ey = E, +|ATp|
[PUBEIEM K BUJLY
o= pmglzcosa

)

mg (I +b)sin

OTKy[Ia HO]Iy‘H/IM
b =l§§ctga —1@: 0,5 m.

BuaHo, 4T0 MUHNMAJIBHBIH K09 PUINEHT TPEHNUS, TIPH KOTO-
POM 3ajiaua uMeeT perenne, pasen 2tg o . B atom ciaydae cuia

X .
Tpenust Fy, (x) = wmg = cosa ypasHOBemmBaeTcs MpoeKImeit

CUJIBI TSIKECTH Mg sSin O npu X = [/2, ycKopeHue MeHsIeT 3HaK,
U CTEPIKEHD, OTIYIIEHHDII 0T camoil rpanuipt (b = 0), ocraHas-
JMBaeTcs mpu x = [

3amaua 3. Tenonmaccoim=5 ke, nexawee na 20pU30OHMATL-
HOU NIOCKOCMU, COEOUHEHO ¢ 8ePMUKANLHOU cmeHotl Hedeghop-
muposannoii. npyxunoii. Ocb npyxumv. 20pU3OHMANLHA, ee
kecmxocmv kR = 100 H/m, xoapuuyuenm mpenus mexoy
meaom u naockocmuio M = 0,4. Teay coobwaiom ckopocms vy =
=1 m/c, nanpasiennyio 6001 ocu npyxunvl. Haildume max-
CUMATLHYI0 0ePOPMAUUIO NPYKUHDL.

Pemenne. 3aech, a Takke B 3aadax 4 m S5 yCKOpeHHE
ABJIACTCSA TIepEeMEHHDBIM 6J1aroiapst AefiCTBUIO CUJIBI YIIPYTOCTH.

anmieM 3aK0oH coxpanenust sHeprun (3) ¢ yuerom GpopMy.ibi

(2):

2 2

Perrrast kBaipaTHOE ypaBHEHUE, MOJTYUYUM
x=0,1 M.

3agaua 4. bpycok maccoti m = 0,5 Kz 1exum na HAKIOHHOU
naockocmu, o6pasyioweti ¢ zopusonmom yeor a (sina = 0,6).
Bpycox coedunen ¢ seputunoli HaxJI0HHOU NIOCKOCMU Hedepop-
MUpOBanHoU npyxunoll xecmxocmovio k = 64 H/mu. Kaxyio
cropocmy Hado coobuums 6PYcKy 66epx 60016 NAOCKOCU,
4MoObL OH BEPHYICS, 8 HAUATLHYIO MOYUKY U OCMAHOBULCS, MAM?
Koagpduyuenm mpenus 6pycxa o naockocmo U = 0,8.

Pemenue. /19 pemenns 3aauil pacCCMOTPUM TPH COCTOSTHISA
6pycka: madamsaoe (v = vy, I = 0, x = 0), TpoMeKRyTOUHOE
(=0, h= ssina , x=s) u koneunoe (v =0, =0, x=0), rae
§ — paccrosiHue, TIpoiiieHHoe 6PYCKOM JI0 OCTAHOBKI. 3aIuIeM
3aKOH COXPAaHEHWs SHEPTHH AMA JABYX Map COCTOSHUN —/7s
HAuYaIbHOTO U KOHEUHOTO U /IS IIPOMEKYTOUHOTO U KOHEUHOTO:

ol

= = (umgcos or) - 2s,

. ks?
mgssin o + = (wmg cosa) - .

Bblpa}K'dSI S U3 BTOPOro ypaBHCHUA W IIO/ACTaBJIAA B IIEPBOC,

ABUTYPUEHTA 39

oJtyyaeMm

=g 8“%(“ -tg O() cosa = 0,4 m/c.

3amaua 5. /[6a 00unaxoewvix meid Maccou m =75 Kz Kaxovlil
coedumnenvt nedeghopMuposannoll npyKunoll xecmxocmoio k =
=15 H/m u nexam na 2opusonmanvrom nony. Kaxywo munu-
MATOHYIO CKOPOCTND, HANPABIEHHYIO 600.1b OCU NPYHKUHDL, HAOO
coo0uwumy 00HOMY U3 Me, YMoObL OHO COBUHYLO0 OpYy2z0e Meao?
Koagpduyuenm mpenus ors xaxodoeo meaa Y = 0,1.

Pemenne. [lpu muHMMaIbHOI CKOPOCTH IIEPBOTO TeJa B
MOMEHT €ro OCTAaHOBKM MNpy:KMHa pactsHercss (coskmercs) Ha-
CTOJIBKO, YTO BTOPOE, HEMO/BIDKHOE, TEJO OKAXKETCS] Ha TPAHU
CKOJIbYKEHUS:

kx = pmg

(x — necpopmariust Py KUHbI, PABHAS PACCTOSIHUIO, [IPOH/IEHHO-
My IEpBBIM TeJOM). 3aluileM 3aKOH COXPAHEHNsI 9HEPIUN IS
IEPBOTO TeJa:
2 2
muoy _ kx +um
—_— T — gx .
2 2
Bblpaskast ¥ U3 [EPBOrO yPaBHEHUS U IIOJCTABIISIS BO BTOPOE,
HAXOJUM

3m
vy = Mg - =1wm/c.

3amava 6. Ha 21a0Kk0il 20pu30HmMAaivHOl NAOCKOCTU €KUM
docka Oaunoit | = 1 M, Ha o0HOM KOHue KOMOPOU 3axpenJien
sepmurarvuvii ynop. Kaxyio munumanvnyio ckopocmv nado
CoO0UWUMb MANEHOKOMY OPYCKY, JeKdAuemy Had Opyzom KOHye
docxu, wmobvl nocae a6coomuo ynpyz0zo yoapa o6 ynop
Opycox sepnyacs nasad u ynaa ¢ docku? Macca docku 6 8 pas
bonvue, uem macca 6pycka, xodppuuyuenm mpenus mexoy
Humu R = 0,2.

Pemenue. B sT0it 3a/1a4e 3aKOH COXpaHEHUS SHEPTUN TTPUMeE-
HIM COBMECTHO C 3aKOHOM COXPAHEHUs MMITYJIbCA.

[Ipn MUHMMAILHON CKOPOCTH ¥, GpycKa OH HOCJe yaapa 06
YIIOp BO3BPAIIAETCS B HAYAJIBHYIO TOYKY, B 9TOT MOMEHT CKOJIb-
JKeHre OpyCKa MO JOCKE IPEKPAIIAeTcsi M J0CKa ¢ OPYCKOM
HAYMHAIOT J[BUTATbCSl KaK eiHoe Iesioe. KoHeuHyo CKOpocTb
CHUCTEMbI HAI/IEM U3 3aKOHA COXPAHEHUSI MMILYJIbCa

moy =(m+M)ov.
B 3akone coxpaneHus 3Hepruu
2 2
mv():(m+M)U +|AT|
2 2 P
paboTa CUJI TPEHUSI BbIPAXKAETCS UYepe3 OTHOCUTEJbHOe IIepeMe-
menne 6pycka o jgocke. Tak, mpu gBikenun 6pycka /1o yaapa
06 ymop mosHas paboTa CHJI TPEeHIS paBHA

At = =FySep + Fips, = !

™ ™21
(Sep, S, — nepemerenusi 6GPycKa u JOCKU OTHOCUTEIBHO 3eMJIH ).
To >xe camoe mostydaercst pH ABIKeHNN Opycka Hazax. OtMe-
THM, 4TO TIPU yJape 06 YIOop dHEprus CUCTEMbl He MEHSeTcs, 1
[I03TOMY y/lap HUKaK He ITPOSIBJSACTCA B yPaBHEHUSAX. 3aKOH
COXpaHeHNUs SHEPTUN NPHOOPETAET BUJL

m_z)g:(m+M)v2

+ wng 21 .
2 2
[ToacraBisisi cio/la © 13 3aKOHA COXPAHEHUS UMITYJIbCa, TIOJTYYIM
2
mM o,
——— % =2umygl,
m+M 2

OTKy/la, C yueToM paBenctBa M = 8m, Haiinem

0y = ,%ugl =3 m/c.
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B creayionux 3ajiaqax MpOUCXOIUT IIPEBpAIieHiie BHYTPEH-
Hell 9HEprUU B MEXAHUYECKYIO.

3amava 7. U3 opyous maccou my; = 990 ke eviiemaem
2OPUSOHMANILHO CHAPSIO MACCOU My 10 xz. Kaxas uacmo
InepzuuU, 6bl0eNAI0WeETC NPU 83PbLEE NOPOXOBLIX 2308, PACXO-
dyemces na omxam opyous?

Pemenne. B mannom ciydae yacTb BHYTpEHHeH XUMITUECKOI
SHEPTHH MOPOXOBOTO 3apsijia IPEBPAIIacTCs] B MEXaHMUECKYIO
SHEPTHIO OPYUS U CHAPSI/IA 32 CUeT PA0OThI HEKOHCEPBATUBHbBIX
CHJI, JIEUCTBYIOIUX HA 9TH TeJa CO CTOPOHBI PACIIUPSIONINXCS
pacKaJeHHBbIX Ia30B, KOTOPbIE BO3HUKAIOT MPU CTOPAHHUU TTOPO-
X0BOro 3apsiia. KoHeuHo, He BCSI 9HEPTHs, BBIICINBIIASCS MIPH
CTOpaHUM 3apsijia, TPEBPAIIAETCSI B MEXAHUYECKYIO HEPTUIo
VKa3aHHBIX [IBYX TeJ — 4YacTb SHEPTUU WUJET Ha HarpeBaHue
ra3oB, CHapsjia M MyIIKH, HA KHHETHIECKYIO SHEPIHIO TOPSYNX
ra3oB u T.A. IlpaBusibHee 6bLT0 OBl CIPOCHTH, KaKas dacTb
J06aBOYHON Mexanuueckoll sHepeuu CUCTEMBI IBYX TEJI IOCTaeT-
cst opyauio. Torjja OTBET BBITJISIJIUT TaK:

mﬂ)f / 2
r] =
(e} 2) + (ms23 /2)
CKOpOCTH CHapsila U OPY/USl CBSI3aHbI 3aKOHOM COXPaHEHUSsI
HUMITy JTbCa

0 = mo; —myo, .

Beipakas v, depe3 ©; U TOJACTAaBJISASI B IepBy0 (OpMY.JIY,
HOJIyqaeM
n=—=2—=0,01.
my + my

BumHo, 4TO GOTBIIIAst 4aCTh 9HEPTHH JIOCTAETCS 60Iee JTETKOMY
TeJly, XOTSI UMITYJIbChI 000UX TeJI OJMHAKOBBI. JTO YTBEPIKACHHE
uMeeT BaykKHOE 3HaveHue st sjepHoil dusuku. [Ipu anbda-
pacriajie TSXKeJIoro g/ipa Macca ajabda-4acTuilbl B JAeCATKH pa3
MEHDBIIIe MaCcChl HOBOTO $/ipa, M MOITOMY IOJIABJISAIONIAS 4aCTh
SHEPTHM JloCTaeTcsl anbda-dactume. A yk Ipu Oera-pacmaje
SHEPrus OTJauu S/pa BOOOIIe MPeHeOPEeKUMO MaJa.

3anaua 8. Kowuvrobexey xamui nazpyxennvie canu no an0y
co ckopocmuio v = 4 Mm/c, a 3amem MOJIKHYL UX 6nepeod u
omnycmun. Kaxyiwo pabomy cosepuun xounvkobexey, ecau
cxopocmy canetl 603pocaa 0o vy =8 m/c? Macca caneit my =
=70 xe, macca uesrogexa m, = 80 xe.

Pemenne. B sToM ciyyae BHYTpPeHHSS dHEPTHS OpraHm3Ma
YeJIOBEKA IIPEBPAIAeTCsl B JONOJHHUTENbHYIO MEXaHUYECKYIO
SHEPrHIO CUCTEMBI YeJIOBEK + CaHU 3a cueT paboThl HEKOHCEepBa-
TUBHON MYCKYJIbHOIi CHJIbI yesioBeka. B coorBercTBUM € (hopMy-
qoit (1), ]

_ Ot |, myos 0 (my + my)o’

TH2 2 H 2

Hepocraroniyio cKopocTb 4esioBeKa Uy HaiiJieM 13 3aKOHA COXpa-
HEHUS MMITYJIbCa

Aqen

(my +my)0 = mo; +myv, .
TIpoBe/st BbIUNCACHHUS, TOJTYUNM
Ayey = 1050 JIx.

3apava 9. /Jea odunaxosvix wapuxa, coeiannvlx u3 seuie-
cmea ¢ yoeavnot mennoenxocmoio ¢ = 450 [x/(xe (K),
dsuxymces nascmpeuy Opye Opyzy CcO CKOPOCMAMU TV =
=40 m/cu vy =20 m/c. Onpedenume, Ha CKOILKO 2pa0yCco8
OHU HAZPEIOMCS 8 Pe3yJIbmame Heynpy2020 CMOIKHOBCHUS.

Pemenne. [Ipumenenue GopmyJ1 TepPMOJMHAMUKN COBMECTHO
C 3aKOHOM COXPAHEHUS] SHEPTHH MMO3BOJISIET BLIYMCIUTD TEMITEPA-
TYPHBII 9 PEeKT HEYIPYTOro COyaapeHusl.

3anuiieM 3aKOH COXPAHEHWs JHEPTHH € yYETOM IMePexo/a
YaCTH MEXAaHMYECKOW 9HEPTUN BO BHYTPEHHIOO 32 CYeT PAOOTHI
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HEKOHCEPBATUBHBIX IIJIACTHYECKUX CHJI, BOSHUKAIOIUX IIPH He-
YIIPYTOM yJape:
. . )
mo? + moy _ (2m)o +0
2 2 2 ’
KoHeuHy10 CKOPOCTb CUCTEMbI ¥ Hall/leM U3 3aKOHA COXPaHeHHs
HMITy Ibca

mo; —mo, =2mo,

a IHIpupalieHue BHyTpeHHefI IOHEPIUM CBAXKEM C YBEJIMYCHUEM
TEMIIEPATYPbI MIapOB!:

QO=c (2m) AT .
ITocsie peo6pasoBanuii OTYYUM

2
ar=@re) g
8c

3agaua 10. B eepmuxaivHom meniousoiuposannom yuiuH-
dpe nod nopuHem HAX00UMCS HEKOMOPOe KOJUUECNEO 2eAUsl.
Ha nopwme nexum epy3 ¢ maccou, pasnou macce nopuns. I'pys
MeHo8eHHo youpaiom u 00 KUOAIOMCs npuxodda cucmemvl K
pasHosecuto. Bo cKObKO pa3 yeeunumcs 6bicomd, Hd Komopou
okasxemcs nopwenv? Had nopwnem zasa nem.

Pemenne. B sToM cirydyae IpouCXoANT yBenYeHne MeXaHi-
YecKoHl oHeprum MOPIIHA 3a CYeT yMeHbINeHHs BHYTPeHHeit
SHEPruy nyea bHoro raza. Cuia jaBjieHus rasa, COBepLIalonas
HaJl TIopIIHeM paboTy, IpecTaBJsieT co60il IpIUMep HeKOHCep-
BaTUBHOW CHJIBL.

3anmiieM 3aKOH COXDAHEHUS SHEPTHH CHCTEMBI C yYeTOM
BHYTPEHHEil SHEPruyl 0JHOATOMHOIO H/I€a/IbHOIO Tas3a:

mghy + ngT1 =mgh, + g VRT, |

rjge m — Macca MOPIIHS, V — KOJUYECTBO MOJIEH TeJIns.
OrMeTHM, YTO HAYaIbHOE COCTOSIHHE — 3TO COCTOSIHHE Cpasy
noc/e yIaNeHusi rpy3a, T.e. MOMEHT Havajia JBUKEHUSI TOPIITHSI.
HauasbHoe faBJieHne BbIPa3uM U3 YCJIOBHS PABHOBECHUST TOPIITHS
C TPY30M, a KOHEYHOE — M3 yCJOBHSI PABHOBECHS TIOPIIHS 6e3
rpysa

mS = (Zm)g, PSS =mg

M NOJICTAaBUM B ypaBHeHusi Menjeneesa—Kuaneiipona
pi(Shy) = VRT;, p,(Shy) = VRT;.
[Momyanm
VRT, = 2mgh, VRT, = mgh, .
Tenepb 13 3aK0HA COXpaHEHUs SHEPTMU HalijieM
hy =1,6h .

Cuienyionias 3ajlaya aHaJOTMYHA 33Jade 5, HO POJIb CHJIBI
VIIPYTOCTH TIPY>KUHBI 3/IeCh UTPAET CUJIA KYJIOHOBCKOTO OTTAIKH-
BaHUs.

3apmava 11. /ea neborvwux mena maccoi m =5 2z kaxodoe,
sapsiKkenmole 00HUM U meM ke 3apadon q =10 mxKa, naxodam-
€5 HA 20PUOHMATLHOU NIOCKOCINU HA paccmosnuu Ty = 10 m
dpye om Opyea. Koappuyuenm mpenus men o naockocmo P =
=0,5. Kaxyio Munumaionyio Hawaivnyio ckopocms Hado cooo-
wumv 00HOMY U3 MeJl, WMoObL COBUHYMb C MECINA 8MOPOE MEL0?

Pemenne. Uto6bl cIBUHYTH C MecTa BTOpOe TeJoO, IEPBOE
JIOJPKHO TIPUOUBUTBCS K HEMY /10 TaKOTO PACCTOSIHUS #, TIPU
KOTOPOM CHJIA TPEHUS TIOKOS IOCTUTHET MaKCUMAaJIbHOTO 3Haye-
HUs 1 GyJIeT CIIPABEJINBO PABEHCTBO

kq® _
e Mmg .



NPAKTHUKYM

Orcioa Haiijgem
r =6 M.

IIpy MuUHMMAIbHON Ha4yaJbHONH CKOPOCTU IEPBOTO TeJia OHO
OCTAaHOBUTCS B MOMEHT HaudaJa CKOJIbKEHHS BTOPOrO TeJa.
3aKOH COXPAHEHNsI YHEPTHH € YUeTOM Bbiiesienns Tera (ysesm-
YeHUS BHYTPEHHEH 9HEPIUM) UMeeT BUJ|

2 2 2
moy kq~ _kq . _
e pwng (ry —7).

BpraBI/IM qu 13 NpeAblAYHIErO YpaBHCHUA U ITOJYYUM

=8 m/c.

B cremytomeii 3agade BO BHYTPEHHIOO 9HEPIHIO MEPEXOIUT
YaCTb 3JIEKTPOCTATHYECKOH dHEPTHH KOH/EHCATOPA 33 CYeT Ha-
TpeBaHUs IPOBO/IOB TIPH TPOTEKAHUHN 10 HUM TOKA Mepe3apsi/iKu.

3apava 12. Kondencamop emxocmoro C; = 10 ux®, saps-
skennvitl 0o nanpsixenus Uy = 200 B, coedunsiiom napaiiev-
HO ¢ He3apsikennvim Kondencamopom emxocmoio Cy =15 mxd.
Kaxoe xoauuecmso mensiomol 8bl0euUmcs npu 3mom?

Pemenne. /I BbrumCIeHNSA KOJIWYECTBA JDKOYJEBA TeIlaa
(yBesmueHUsT BHYTPEHHEH 9HEPTMM NPOBOJOB) HAM HE HAO
3HATh HU 3HAYEHUN COIPOTUBJEHWI TTPOBO/IOB, HU TOTO, KaKue
TOKH IIPOTEKAIOT MO HUM TIpH Hepe3apsjke. /[loctaTouHo 3amm-
caTh 3aKOH COXPAHEHUA dHEPIUH

Ut (C, +C)U?
2 2

+0 =

+0

1 HAiTH KOHEYHOe HaNpsDKeHNe M3 3aKOHa COXPaHEHUs 3apsiia
CU, +0 =(C, +C,)U .
[Mocaie ipeo6pa3oBanuii MOTyYUM

2
ccC, U

0= A2 1 =0,12 JIx.

Ci+C, 2

OTMeTM MaTeMaTHYecKoe CXOJICTBO € 3aKOHAMU COXPAaHEHUS

9HEPruu U UMITyJabca IPU HEYIPYTOM y/1ape.

Temepp mepefizeM K 3agadaM, TAe B N3MEHEHHH SHEPTHH
CHCTEMBI IIPHHAMAIOT y4YacTHe BHEIIHWE CUJIBL.

3anmava 13. Ha z1adxom noay aexum Opycox maccoi m =
=100 e, coedunennulii c 6epmuxaivLHoll cmenoll nedeghopmupo-
sannoil npyKunot. Oco NPYKUHBL Z0PUSOHMALLHA, €e Kech-
xocmo k = 250 H/m. Ha 6pycox mnauunaem 0eicmeogams
nocmosmnas cura F =4 H, nanpasiennas 6001 0CU npYKumbl.
Haiioume maxcumanonyio ckopocms OpycKa.

Pemenue. 3anumem dopmyay (1) ans nusMeHeHUs dHEPTUH
CHCTEMBI TI0J] JIeHiCTBUEM BHEIIHUX CIT:

2 ZD
Lino +ki -0=Fx.
> "2 H

Ham Hasi0 HallTH MOMEHT, KOT/[a CKOPOCTb, a 3HAUMT, U KHHETH-
yeckas SHeprus

mo* kx?

——=Fx-———

2 2

MakcuMasbibl, MosKHO (hOPMabHO MaTeMaTHIeCKH HalTH Mak-
CHMYM BbIDa)KeHUsl B IIPABOH YaCTH U BBHIYUCJUTH MAKCUMAJb-
HYIO CKOPOCTB, HO MBI C/IeJIaeM 3T0 U3 (pU3HIECKUX cooGpaske-
anil. VckoMast CKOPOCTD SIBJISIETCST MAaKCHMyMOM He TOJBKO
byukuun o(x), #Ho u dynxkuun o(¢), a 510 O3Hauaer, 4TO
yckopenne 6pycka B HHTEPECYIONIii Hac MOMEHT PaBHO HY.JIIO.
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Bropoii 3akon HpiotoHa /119 9TOro MOMEHTa UMeeT BU/L
F-kx =0,
T.e. MAKCUMYM CKOPOCTH jocturaercss npu x = F/k . Tloxcras-

JISIsST ATO BBIPAKEHWE B MPeAbIAYILYIO GopMyJTy, HaiizeMm
v= _r =0,8 m/c.
Jmk

3apava 14. Ha npy:xune xxecm-
xocmoio k = 50 H/m K nomoaxy
nodeewen zpy3 maccou m=10,5 xe. x=0
Ha epy3 nauunaem deticmeosamy
nocmosannas cura F = 10 H, na- %o
nPAGACHNAS. BEPMUKATILHO GHU3.
Hatidoume maxcumanivnyio cxo-
pocmo 2py3a. $

Pemenue. Ypapnenue (1) B gan- h=0 v lv
HOM cJjyyae NpHHUMaer cieayio-
it Bug (puc.2): Puc. 2

Ok (xp +5)* | mo?0 Cha? O
v X
(% +5) +——[-F—L +mgsq =Fs .
2 2 2
3jech s — paccrosinue, NpoiiienHoe rpy3oM, X, — HadajabHas

L[e(bOpMaHI/ISI IIPYKUHDBI, KOTOPYIO MOKHO BbIPa3nUTb U3 YCJIOBUA
PaBHOBECHSA I'Py3a B UCXO/AHOM ITOJIOKEHNN

mg —kxy =0,

a IMOTEHIMAJIbHAA SHEPTUA TATOTECHUA OTCHUTBIBACTCA OT KOHEY-
Horo cocrosnusi. ITocse mpeo6pasoBaHuii W MOJACTAHOBKH X,
3aKOH COXPaHEHWsT 9HEPTuH Oy/IeT UMETb BU[|
2 2
ks®  mo
B MY s
2 2

BuanM, 4T0 3aKOH COXpaHEHMS SHEPTHU BBITJISNT TaK JKe, KakK
B TIpeJbIIyIIEN 3a1aue. Y paBHEHHE JIs COCTOSTHUST MAKCUMAJTb-
HOW ckopocTu (yCJI0BUE PABEHCTBA HYJTIO YCKOPEHHS)

F+mg —k(xy +s) =0

IOCJIe TIOJICTAHOBKHU X[ TOXKe MPUOOpPETaeT TaKoI JKe BUJI, KaK B
3ajaue 13:

F-ks=0.
ECTeCTBeHHO, TaKuUM JKe HOJIy‘laeTCH " OTBET:

0= =2 m/c.

F
~mk

YeM ke 0ObSICHUTD NCYE3HOBEHWE CUJIBI TSXKECTH U3 KOHEUHDIX
ypaBHeHuii? Ecan cpasy paccMOTpeTb paBHO/IEHCTBYIONIYIO CHII
TAXKECTU " yllpyl‘OCTl/l

F, =mg —k(xy +s) = ks ,

TO OHA OKa’KETCS SKBUBAJCHTHOH OJHON CUIe YMPYrocTH, HO
OTCUMTBIBAEMON OT TI0JT0KeHust paBHOBecus (e F,=0 ). Coor-
BETCTBEHHO, U [10JIHASI IOTEHIINAIbHAS SHEPIUs IBYX CUJI MOXKET
ObITh 3amucana B Buje E, = k32/2 .

3apmava 15. Bpycox maccoi m =1 Kz nexum na HAKIOHHOU
naockocmu, 06pasyioweti ¢ zopuzonmom yzor o (sina = 0,6).
Bpycox coedunen ¢ sepuiunoti HaxIonnou niockocmu nedegpop-
MUPOBAHHOU NPYKUNOU sKecmrocmbvio k =4 H /m. Koaghpuuu-
enm mpenusi Opycka o naockocmov M 0,8. Ha 6pycox
Hauunaem deticmeosamyv nocmosinnas cuia F =2 H, nanpas-
Jennas énus 6004 niaockocmu. Haidume paccmosmue, npoi-
dennoe Opyckom 00 OCMAHOBKU.

Pemenue. 3anumem dopmyay (1) a0 JaHHOTO cirydas:

AEMCX = ABHCH.[ + ATP )
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WJIH, €CJIN YUeCTh ¢BA3b (2) paGoTbI CHIIBI TPEHUS ¢ PUPAIIEHH-
€M BHYTDEHHEH 3HEPruu:

(EMEXZ + Q) - Emex1 = ABueJ_u .
[TockompKy Takasi 3aMeHa He MeHsSET KapAuHaJIbHO GOopMy
3ammicH, Kak 9To ObLIo B 33jauax 1 — 12, 06bIYHO UCTIOJb3YIOT
nepsblii Bapuanr. (Bropoil BapuaHT OKasKeTcs IOJIE3HBIM B
3ajlauax ¢ JIEKTPUUECKM TOKOM.) ITosmydaem

ks? L
T—mgssma =Fs —(umgcosa)s ,

r7ie 3a HOJIb TOTEHIUATbHON SHEPTUU TATOTEHUA IIPUHATO KOHEY-
HO€ II0JIOKeHue 6pyc1<a. OTCIO[[a HaXoJAuM

<= 2(F +mgsin a - pmg cos a)

=0,8 m.
k

3anava 16. Juwux maccoii m =50 «xez 3a eepesxy, Hanpasien-
HY10 80016 HAKIOHHOZ0 NOMOCNA, MEDJeHHO BMAUUNU HABEPX.
IIpu smonm 6vina cosepuena paboma A = 10,5 x/lx. B sepxneil
mouke NOMOCMA 6epesKa 06pvleaemcs, U AUUK HAYUHAem
cKoL3umsb 6HU3. B nuxueil mouxe nomocma ezo cKopocmov
cocmasasiem v = 10 m/c. Hatidoume évicomy nomocma.

Pemenue. 3anuuem dopmyy (1) kak /s mobeMa smuka,
TaK M JI7I 06PaTHOTO JBIDKCHIIS:

m02

mgh—o :A+A’1‘p’ T—mgh :ATp'

Mpbl yuJii, 9TO MOCKOJIBKY CHJIA TPEHUS IPH JIBUKEHUN B 000MX
HanpasjeHuax ognHakosa (oHa pasHa UN = pmgcosa ), To u
pa6ora cusibl Tpenus oauHakosa. Vckiouas ATP , TOJIyYUM

)= A+ (mvz/Z)
2mg

=13 m.

3anaua 17. [llapux maccoi m =5 2z ¢ 3apsidom q = 2 nKa
nodeewen na numu Oaunotl [ =1 M 6 20pu30HMAaILHOM d1eKm-
puueckom nose ¢ manpsaxennocmvio E = 20 B/m. Illapux
CHAYUANA YOCPIKUBAIOM 6 HUKHEM NOJOKEHUU, d 3AMeM OMNYc-
xaiom. Haiioume namsixenue numu ¢ mom Momenm, xozod
wapux nodnumemcs na h = 20 cm eviwe HAUANLHOZO NOJIO-
JKEHUsL.

Pemenne. Cuiy HATSDKEHHST MOYKHO HAIITH € TIOMOIIBIO BTOPO-
ro 3akoHa HploToHa B IpoeKIun Ha
pajuaibHOe HalpaBjeHue, T.e. Ha
nanpasjenue nutu (puc.3):

2

T -mgcosa—gEsina = mTv ,

rie

I[=h
cosa = —
R

Puc. 3

Yro6bl HailT mo’ , 3alIIeM 3aK0OH
COXpaHeHNs 3Heprun. Y 100HO yyecTb KaK 3JIeKTPUYECKYIO CUITY,
TaK U CUJIY TSIKECTH B BH/Ie PAGOThI BHEIIHUX CHJT:
2
% -0= Aau + Al‘ﬂ)i{ .

(Bripouem, ¢ TeM sKe yCIeXOM MOXKHO YYECTh CUJY TSSKECTH B
BU/Ie TIOTEHIMAJILHOW SHEPTUH, a IJEKTPUYECKYI0 CHJIy — B
KadecTBe BHellHell. [Ipu skeslannn MOKHO y4yecTb B BH/ie ITOTEH-
Lll/I&./'IbHOﬁ SHEPFI/II/I 066 CHJIbI, HO TOI'/la Ha/JA0 BHHMAaTE/JIbHO
CJIEIUTh 3a 3HAKaMK.) Y4MTbIBasg, 4TO paboTa KasKIOW U3 9TUX
CHUJI He 3aBUCUT OT TPAeKTOPUU, MOKHO BMECTO JIyTH OKPY>KHO-
ctu AC paccmorpeTh Tpaektopuio ABC, Torna cuia TsKeCTH
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coBepiaer paGoTy TOJBKO Ha ydacTke AB, a ajekTpmyeckas
CUJIa — TOJIbKO Ha y4actke BC:

Ay = —mgh, A,, =qgFE Dsina .
[Tocsie mopcTanoBku mnosryunm
T =92 mH.

3azmaua 18. /[6a neborvwux meaa maccott m = 50 z xaxxooe,
sapsikennvle 00unaxosvim 3apsadom q = 10 mxKa, naxooames
Ha 20PU3OHMAILHOT NIOCKOCU HA paccmosinuu Ty =10 M Opye
om dpyea. Koagpgpuyuenm mpenus men o naockocmov U = 0,2.
Kaxyio munumanvnyio nocmosunyio 20pus0OHmManiviyio Culy
HA00 NPUNOKUMD K OOHOMY U3 Mel, WINoObL COBUHYMb ¢ Mecmd
emopoe meno?

Pemenne. YUToObl CABUHYTH C MeCTa BTOpOE TeJO, ITIEPBOE
JIOJDKHO TIPUGJIU3UTBCS K HEMY /IO TAKOTO PACCTOSHUS 7, TIPU
KOTOPOM CHJIA TPEHUS TMOKOST IOCTUTHET MAKCUMAJIBHOTO 3HAYe-
nug (eMm. 3agaun 5, 11):

kq2
9 = Hmyg ,
”
OTKY/la HAXOANM
r=3M.

Ecau npusosxenHas K nepBomy Tesy cusia F MUHUMAJIbHA, TO 3TO
TEJI0O OCTAHOBUTCS B TOT MOMEHT, KOT/[a BTOPOe Tesio Gyner Ha
rpanu ckosbkerns. Caegosarenabro, popmyia (1) aas gaHHOI
3a/1a4ll UMEET BH/
kq*  kq?
F(ro —r) - Wmg, (70 —r) =
r 7
[Tocaie ynpouenus mosydnm
kq?
o

nwin, ¢ y4eToM IEpBOTO ypaBHEHUA,

F = mg + g~ =gl + 25 =0,13 1.
To o %0

3amaua 19. Cmexaannas niacmuna yeauxkom 3anonsiem
3a3op mexdy 00KAAOKAMU NIOCKOZO KOHOEHCaAmopd, eM-
Kocmv Komopozo 6 omcymcmeue naacmunv. C = 2 uxd.
Kondencamop zapsouru om ucmounuxa nanpsixenus ¢ 9/C
&= 1000 B, nocae uezo omxniouuiu om ucmounuxa. Haii-
dume mexanuueckyio padomy, KOmMopyn HeoOX00UMO Co-
GEPUUMD NPOMUE  INCKMPUUECKUX CUL, 4MOObL U3BAEUD
naacmuny u3 xondencamopa. /lusiexmpureckas nponuya-
eMocmv naacmunvl € = 2.

Pemenue. B ranHoM ciryyae Mexannueckast pab0ota BHEIIHIX
CHJI WJIeT Ha yBEJINYCHUE 3JICKTPHYECKOIl SHEPrHM KOHJEeHCA-
Topa:

A - C2U22 _ C1U12
Mex 2 9 -

311er MN3BECTHDBI
C,=C, C =¢C, U =€,

a HemsBecTHOe Hanpsikerue U, HaiijieM 13 ycI0BUsS COXPAHEHUS
3apsna konzencaropa C,U, = CU; , otkyna

U, =¢eU; =¢5.
[Tonyuaem
g(e—-1)C&?
Amex = % =2 JIox.



NPAKTHKYM

B caenyiomux 3agadax B IPOIECCe TepPe3apsiIKu NCTOUHIK
OCTaercsl TOJAKJIOUEHHBIM K CHCTEME, 4Yepe3 HEero MPOXOIUT
HEKOTOPDBIi 3apsiji, U CTOPOHHHUE CHJIbI UCTOUYHMKA COBEPIIAIOT
paboty

AHCT = Aqg ’
rae Ag — 3apsj, OPOLIEANINI Yepe3 UCTOYHUK B HAIIPABJICHUH
croponnux cui (0T oTpHIATENbHON OOKIAAKM K IIOJOMKUTEIb-
HOI). ¥ 106HO oTHECTH 3Ty PaGoTy K paGoTe BHENIHUX CUJI, XOTSI
B CJIyyae rajibBAaHUYECKOTO 3JIEMEHTa, HAIPUMEP, MPOUCXOUT
npeoGpa3oBaHie BHYTPEHHEN XUMUYECKOI SHEPTUN 3JIeMEHTa B
paboTy 2JEKTPUYECKOTO TOKA.

3apgaua 20. Kondencamop emxocmoio C =8 mxd, 3apsxen-
noiti 0o nanpsikenus U =100 B, nodcoedununu 0st nodsapsio-
xu x ucmounuxy ¢ AC & =200 B. Croavko menna videu-
J10CH npu nodsapsoxe?

Pemenne. Ypasuenue (1) B 9TOM ciiyuae umeer BU/L

Oce? O cu?

g2 TYET T T

A, = Dgé = (CE -CU)E,

IloncraBass

ToJsry9ymum

2
Q :ﬂf_Ul =0,04 /Ix.

3agaua 21. Kondencamop emxocmovio C = 3 mx®D npucoe-
dunen x ucmounuxy moxa ¢ I/AC & = 100 B. Ilracmunol
KoHOeHcamopa mMedaeHHo pa3oeuzarm, 6mpoe Yee uuusds pac-
cmosnue mexoy numu. Kaxyio npu smom cosepuaiom pa-
6omy?

Pemenne. Tak Kak IUTACTHHBI PA3/[BUTAIOT OYeHb MEOIEHHO,
TOK TIPOTEKAET MAaJeHbKUIl, M JKOYJIEBBIM TEIJIOM MOXKHO
npeneGpeub. /[leficrButesnbHo, B 3akoH /[Dxoymns—Jlenna Bxo-
qur Gompmoe Bpems: Q ~ I°t, wo mockombky I~ qft, To
0~ q2/t CTPEMUTCSI K HYJIO. 3aKOH COXPAHEHUS JHEPTUN
uMeeT BH/L

2 2
AMex + AMCT = C2€ - C1g_ .
2 2
[ToncraBmsia
- _C (o .

C’1 =C ) C2 _57 Am‘,T - (Czé} _C1g)é’ ’

HOJTy4iM
2 2 2
A :%—Cz‘é‘ :% =0,01 /I:x.

MeX 2 2 3

3anaua 22. Koudencamop emxocmoio C =3 mxD npucoedu-
nen x ucmounuxy moxa ¢ /CE =100 B. Ilaacmunvt konoen-
camopa 6vicmpo pazdeuzarm, smpoe Yee udusds PAccmosHue
mex0y numu. Kaxyio npu smom cosepuiaiom MexanuuecKyio
padomy, ecau u3eecmuo, 4mo 6 nPouecce nepe3apsioxKu 6oloeau-
nocv Q = 4 m/lxx menaa?

Pemenue. B atom coydae, pu GbICTPOM pa3/BUTaHUM ILJTAC-
THH, 3aKOH COXPAHEHUS] 9HEPTHU NMEET BT

fee? , B Cé

ET QE 2 = A}ICT +AMex .

ﬂe]laﬂ TakKue JKe II0/ICTaHOBKH, KaK B Hpeabmymef/i 3ajgaqe,
ToJsydaemMm

CE G, 0= ce?

A 4
Mex 2 2 3

+Q =0,014 [Ix.

ABUTYPUEHTA 43

Yupaxxuenus

1. OJHOPO/IHBIN CTEPIKEHDb JJIMHONW 8 €M CKOJIB3UT 10 TJIaJKOI
TOPU30HTAJIbHOI TTOBEPXHOCTH TTApaJIIeIbHO CBOEH JITHHE 1 Hae3Ka-
€T Ha TPAHUILY, OT/EJSIONIYIO TJAJKYIO TOBEPXHOCTD OT MIEPOX0Ba-
TOIl, Ha KOTOPOiT KoapduimenT Tperus pasen 0,2. Haiture nHavainb-
HYIO CKOPOCTDb CTEP>KHS, €CJI OH OCTAHOBHUJICS B TOT MOMCHT, KOT/a
HAIOJOBUHY IIepeceK I'PaHMUILY.

2. Ha HakKJIOHHOH TIIOCKOCTH, CHHYC yIJia HAaKJIOHA KOTOPOW K
ropusoHTy paseH 0,28, Ha BbicoTe 2,1 M JIesKUT HeGoIbInas maitba.
Koadbdunuent tpenus maiiber o mrockocts 0,5. Kakyio ckopoctb
HAJ/I0 COOOIINTD MMaiibe BHU3 BJOJb HAKJIOHHOI MJIOCKOCTH, YTOOBI
mocjie abCOMIOTHO YIPYroro yaapa o0 YIOp, HaXOJAMMCT y
OCHOBAaHUs TJIOCKOCTH, IIaiifa BEPHYJIACh B HCXOJHYIO TOUKY?

3. Ha ryiajikoM moJty HaXoAuTCs 0CKa Maccoii 1,5 Kr, Ha KOTOpoii
JIesKUT 6pycok Maccoii 490 1. B 6pycok momnasaeT u 3acTpeBaeT B HeM
mynst Maccoit 10 T, jersimasi BAOJIb JIOCKM TOPH3OHTANIbHO CO
ckopoctbio 100 M ,/c. Ha kakoe paccrosinne cmectutcst GpPyCoOK
B/IOJIb JIOCKH, ecau KoapduineHT Tpenus mexay aumu 0,57

4. I'panara maccoii 1,2 Kr, JereBiias TOPU3OHTATBHO CO CKOPO-
croio 20 M/c, pasopBasachb Ha JBe yactu. CKOPOCTb OJIHOTO
ockostka Maccoit 800 T pasHa 30 M /¢ n HampasJieHa o yriaom 60°
K ropu3onTy. Kakasi sHeprusi BbIJeJUIACh TIPU Pa3pbiBe CHApsiIa?

5. CriopreMeH KaTuTest Ha POJIMKOBBIX KOHBKAX C SIJIPOM B PyKax,
Ha XOJIy TOJIKAET €T0 1 B Pe3yJIbTaTe TOTYKA CPa3y OCTAHABINBACTCS.
Kakyio paGoTy coBepIn crioptcMeH, ecsm ero macca 70 kr, macca
aapa 10 kr, a cKopocTb siipa paBHa 8 M,/c W HampaBJeHa MOJ
yrioM 30° K rOPH30HTY?

6. /IBa ne6osbiux Tesa Maccoit 100 T kaxko0e, Hecyine 3apsi/ibl
no 10 mxKui, yzaepuBaloT Ha TOPU30OHTAJbHON IJIOCKOCTH Ha
paccrosamn 1 M zapyr ot apyra. Koadduiment Tperus tena o
mnockocts 0,1. Tesa oxHoBpemento ocBo6oskaaoT. Haiianre mak-
CUMAJIBHYIO CKOPOCTD T€JI B TIPOIECCE IBUIKEHUS.

7. O6kaiku KoHencatopa eMKocTbio 30 MKD, 3apsiyKeHHOTOo /10
nanpspkenns 200 B, coeAnHAIOT ¢ IPOTUBOIOJIOXKHO 3aPSIKEHHBIMH
oOKJIaZIKaMU KOHJIeHcaTopa eMKocTbio 10 MKD, 3apsKeHHOTO /10
Hanpsokenns 400 B. Kakoe xosmdecTBO TETIIOTBI BBIETSETCS TTPH
TOM?

8. Ha mony nexur O6pycok maccoit 250 T, cOeIMHEHHBIH ¢
BEPTUKAJIBHOII cTeHOU HeledOpMUPOBAaHHOI TpyskuHOil. Ocb 1mpy-
JKUHBI TOpPH30HTasabHa, ee skectkocth 100 H /M, xoadduiment
tpeHusi 6pycka o mosa 0,4. Ha Opycoxk HaumHaer [eiicTBOBATDH
noctosiHHas custa 3 H, HanpasieHHas BOJb ocu NpyskuHbl. Haii-
JIUTE MAKCUMAJbHYIO CKOPOCTb GPyCKa.

9. Ha rurajikoii HAKJIOHHOU IJIOCKOCTU JIEXKUT OPYCOK, COeJINHEH-
HDBIIl ¢ BEPIINHON MIJIOCKOCTH TIPY>KUHOI skectkocThio 100 H /M. Ha
OpYyCOK HaYMHAaeT JielicTBOBATh ocTosiHHAA cuta 12 H, nanpasien-
Has BHU3 BJOJb IJIOCKOCTU. Haiiurte MakcuMaJbHOE CMelleHue
OpycKa.

10. Ha ropusoHTasbHOIl IJIOCKOCTH JIesKaT /iBa GPyCcKa Maccamu
1 kr u 4 Kr, coemuHeHHble HeaeGOPMUPOBAHHOI TIpYysKkuHOI. Ka-
KYI0 HAUMEHDBIY0 TOPU3OHTAIBbHYIO TIOCTOSHHYIO CHJTY HYKHO TIPHU-
JIOXKHTH K TIePBOMY GPYCKY, 4TOGBI ciBuHYyJICcs 1 BTOopoii? Koaddu-
IIUEHT TpeHus: 6PYCKOB O 110cKocTh 0,2.

11. Tlnockuii KOHIEHCATOD COJEPIKUT CTEKJSHHYIO IJIACTHHY,
MOJTHOCTBIO 3ATIOJHSIONLYI0 POCTPAHCTBO MeXK/1y OOKJIaKkaMu. Ero
3apspkaior 10 Hanpsbkenuss 100 B m oTKJIOUAOT OT MCTOYHMKA.
3areM ojiHy U3 06KJI/IOK ME/IJIEHHO OTO/IBUTAIOT, BTPOE YBEJINYNBAST
paccrosinue Mexay OOkaajkaMu. Kakyio TIpH 9TOM COBEpIIAOT
pa6ory? Hawanbhasi emMkoctb Komzencatopa 8 MrD, muasextpu-
yeckas IPOHUIAEMOCTDb cTekma 1,3.

12. Kongencatopbr emkoctaMu 3 MKD u 1 MKD coequHeHbl
110CJIE/IOBATENIBHO U ITO/IKII0YEeHbI K ucTouHuky Toka ¢ J/1C 200 B.
CKOJIDKO TeIlJIa BBIJIEJUTCS TPU MPo6oe KOH/IEHCATOpa MEHbBIIeH
E€MKOCTH?



44 KBAHT

NMMMNMaaHble
3ala4yy C UenbiMU
YyCrnamMm

C.KPABLIEB

EPEJKO CPEIN 3A/IAY PA3JIMYHBIX OJIUMITNA/L ITO MA-

TeMaTUKe BCTPEeUYaloTcst 3a/[auu 00 OTBICKAHUU BCEX I1eJI0UNC-
JICHHBIX WMJIM HATYPaJbHbBIX PENICHUI YpPaBHEHUN W/ CHCTEM
ypaBHeHUil. ¥ MeHue perath Takue 3a/1a4n HeoGXO/IIMO BBIITY CK-
HUKaM, PAaCCYUTBIBAIONINM CIIPaBUTbcsa Ha EmmHoM rocynap-
CTBEHHOM dK3aMeHe 110 MaTeMaThKe ¢ HaumboJiee CJI0KHOM 3aja-
yeii C6. MHorue u3 06CysK/1aeMbIX HIKE 3a/1a4 MPe/[JIaraich Ha
MaTeMaTHIeCKIX OJMMITNA/AX PA3JIMIHOTO YPOBHS M B PAa3HBIX
CcTpaHaX, Ha BCTYNUTEJbHBIX ak3ameHax B MIVY, a rtaxke B
c60pHUKAX 3aja4 JJs oAroToBku K ETD.

Pasno)xeHvie Ha MHOXUTENU, OLLEHKN 1 nepebdop

Haunem co cpaBHUTeIbHO IPOCTOIl 3a1aun.
3anaua 1. Hatidume sce yesouucaeniole peuwenis ypasenus
2xy — 16 = 3x —2y.
Pemenue. Ilepenniem gaHHOe ypaBHEHHe Tak:
2y(x+1) -3x =16 .
Boruntaa 3 us snesoil u mpasoil yacreii, 1moaydunum
2y(x +1) —S(x +1) =13,
Un
(x+1)(2y -3) =13. (D

B nesoii wactu crour IIpou3Be/ieHre 1eJbIX YnCeJI. Tak kak 13
IIpOCTOE YHUCJIO, €ro MOJKHO Pa3JIOKUTb Ha I[eJOYUCJI€HHbIE
MHOXUTEJIN YCTbIPDbMA crrocobamn:

13=103 :(—1) [ﬂ—13) =130 :(—13) E(]—1) .
Tem cambiM, TMEIOTCS 4 BO3MOXKHOCTH:

v +1=1, r+1=13, r+1=-1,
%y-3=13, %y—3=1, %y—3=—13,

OTKy/la MOJIy4aeM YeTbipe peleHus.

Otser. (0;8), (122), (-2,-5), (-141).

K coskasienuio, NpuBeIcHHOE PellieHre 06/1a1aeT OHIM HEl0-
CTAaTKOM:. B HEM HCITIOJIb30BaH I/ICKyCCTBCHHbH';I IIpueMm (TOT CH.MbH‘;I
Iar, KOTOpbI 06eceur BO3MOKHOCTh passtoxkerus (1)),

MoskHO 6bIL7IO Obl TOCTYIIUTD MHAYe. Bbipaskas U3 NCXOAHOrO
yPaBHEHHS ¥ Yepes X, MOJydnM

_3x+16 _3 N 13

2(x+1) 2 2(x+1)

(ze11M ¢ 0CTaTKOM YMC/IMTE b HA 3HaMeHartesb ). Tenepb BUauM,

yto yncao x + 1 o6sg3an0 6bITh AenTesneMm uncaa 13. Vmeem

yeThIpe Bo3MokHOCTH: X + 1 =—1, x +1=—-13, x+ 1 =1, x +

+1 = 13. Tloacrasass noayuennbie 3uavenus x B (1),
MOJIy4aeM OTBET.

B npunimne, Tak MOXKHO PeIUTb JIO60e ypaBHEHUE BU/A

axy +bx +cy=d,tne a#0, b, c, d — neapie yncaa, TPUIEM
b2+t +d* #0.

r+1=-13
By -3=-1

(m)
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Yupaxxuenust

1. /lokaxxure, 4TO BCSIKOE ypaBHeHHUe BuJa axy + bx + cy = d, rie
a#0, b, ¢, d — menvie uncia, npmaeMm b’ +¢® +d? %0 uMeer
KOHEYHOE YHCJIO PEIIeHUH B [EJIbIX YHCJIaX.

2. Pemmure B IeJBIX YNCJIAX yYPABHEHMUS:

aA)xy—-2x—y—-3=0;, 06)xy—2x+3y=5;

B) x° -xy —2x +3y =10,

111
r) P v 29 (pemmre B HaTypaJbHBIX YHCJIAX).
1) Kakne nsz snavennii 8, 43, 2010 moxer mpuHuMath N, ecm
1.1 1

U3BECTHO, YTO YpaBHEHUE — +— = 7y FMEeT TOJIBKO TPH DEIICHHs! B

Y
HaTypaJibHbIX ypcaax”?
3. HpI/I KaKuX IIeJIbIX 3Ha4YCHUAX 7 6yaeT II€JIbIM YHCJIOM:

3 5

n’+3 n’ +3

_ —_ 7
a) n+1  6) n*+1

Pemrenne C]IeIIyIOIHeﬁ 3a/laun JOCTaBJIAECTCA C TIOMOIIbIO pa-
3YMHO HOI[O6paHHI)IX OIICHOK.
3a11a'1a 2. Pewume 6 ueavlx 4ucaax ypaetenue

3y% +22% -6y +82% =10 =0.
Pemenue. Ilocse rpynmupoBKU CJIATAEMBIX
3(y° - 20%) +2(x" +42?) -10 =0
JIOTIOJTHUM BBIPAKEHHS B CKOOKAX JI0 TIOJIHBIX KBAIPATOB:
3(y° - 20 +1-1) +2(x" +4x? +4 —4) 10,
Tenepb ypaBHEHHUe NPUBOAUTCS K BUIY
3(y° —1)2 +2(x? +2)2 =21.

Bropoe cioaraemoe He MeHble 8, IM03TOMY S(y3 —1)2 <13,

2
OTKy/1a (y3 —1) <4, T.e. |y3 —1| <2,

[TociegaeMy HepaBeHCTBY Y/IOBJIETBOPSIIOT TPU 1IEJIBIX YUCTIA:
—1, 0, 1. IoacraBasg aTH 3HAUYeHUS B MCXO/JHOE ypaBHEHHE,
HaXO/IUM BCE PEeIeHHs.

Orser. (—1; 0) , (1; 0) .

Yupaxxunenus

4. Perire B IeJIBIX YHCJIAX yPAaBHEHUE

5x° +y2 +32° -2yz =30.
5. IIpu KakuxX HATYpasbHBIX 7 unmcio: a) n' +n® +1; 6) n' +4"

SIBJISIETCST TIPOCTDBIM?

B creayonieil 3a1aue coueTaoTes COOGPaKEeHUs IETUMOCTH C
Pas/IoKEeHneM Ha MHOKUTEJN.

3agaua 3. Pewume 6 yeavlx uuciax ypasuenue

2+ 1=y,

Pemenue. [Ipesxe Bcero 3amerum, uto x = 0 (unaue jesas
gacTb — He 1esoe uncao). Tak kak 2° = (y —1)(y +1), 10 uncia
y—1uy+1- crenenn asoiiku, T.e. y —1=2", y+1=2" no
Tor1a

2= (y +1) —(y —1) =2" ="
[Tocnearee paBeHCTBO BO3MOXKHO JIMIIb Ipu n = 2, m = 1, T.e.
x=m+n=3, y=43.

Otser. (3;+3).

VYupasxuenue 6. Peumnre B 1e/IbIX YMCAAX yPABHEHUS:
a) 2% +1=3%; 6) 3" =y>+1; B) 3 =4% +1.

B pemenun cuaempytomieil 3ajaun anrebpandeckie mpeodpa-
30BaHMsI COYETAIOTCS C OIIEHKAMM.
3apmava 4. Hatidume sce yenvie pewenus ypasHenus

x(x+1)(x+7)(x +8) =4°.



NPAKTHUKYM

Pemenune. IlepeMHOXHB OTIENbHO TEPBYI0 U IOCJEIHION
CKOOKH, a TaKsKe /[Be CpeJHne CKOOKHU, Tpeo6pasyeM ypaBHeHue
K BULY

y2 = (xz +8x)(x2 +8x +7) :2(2 +7), z=2% +8x.

3aMeTHM, 4TO MEXK/y KBA/IPATaMy ABYX COCEJHUX IIEJIBIX YHCeJ
(2’+3)2 u (2+4)2 HE MOXKET HaXOAMTbCs KBajpaT IeJoro
yrcaa. [lostoMy paccMaTpmBaeMoe ypaBHEHHE MOXKET HMMeTb
pelleHre TOJIbKO TOT/a, KOT/Ia BBIMOJHSIETCS XOTsI Obl OJHO U3
HEPaBEHCTB 2 +7z< (2 + 3)2 w22 +7z 2 (2 + 4)2 . O6beau-
HSISI PEIIeHus] 9THX HEPABEHCTB, MPHUXOAUM K BBIBOJY, 4TO B
pelleHnst ypaBHEHUsI MOTYT BXO/MTD TOJIBKO T€ X, JIIsT KOTOPBIX
22 +8x=2z<10, 1e. x=-9, -8, ..., 1.

[Tepe6op yKazaHHBIX 3HAUEHUIT X TPUBOAUT K OTBETY.

Otger. (-9; #12), (=8,0), (-7;0), (=4;%12), (-1;0), (0;0),
(-1,+12).

Paso6pannblii prMep MOKA3bIBAET, YTO JJIsI CBE/IEHUST Peliie-
HUS K 9KOHOMHOMY IIepe6GopyY BO3MOKHBIX PpelIeHuil ObIBaeT
YZI06HO UCIIOJIb30BATh BUJ| YPABHEHUS M YHOPSIOYEHHOCTD Iie-
JIBIX YHCET.

YHpa;KHeHne 7. Mosxer Jmn IIpOu3Be/ieHUE YeTbIpeX IT0CJae/0Ba-
TEJIbHbIX HATyPaJIbHbIX YNCEJI OBITh KBa/[paTOM I1€JI0TO quc/a’?

Curieryonee ypaBHeHUE HECKOJIBKO HEOObIYHO — B HEM HeH3Be-
CTHbIE HaXOJATCA W B IIOKa3aTeJsie CTelleHu, M 110/ 3HAaKOM
daxropnana.

3apava 5. Pewume ypasnenue

(x+1) =1=x!

6 HAMYPATLHLIX YUCILAX.

Pemenue. IIpu x = 1 umeem 2Y =2, 1.e. y = 1. IIpu x > 1
[epeInIeM ypaBHeHre B Bu/e (x + 1)y = x! +1 1 3aMeTuM, 4TO
ecqim yucJio x + 1 He ABJAETCA IPOCTBIM, TO TIPOCTBIE JIeJNTEN
p atoro umcsaa OyayT He Oosblie 4HCIa X, W TOTJa IEepBOe
cnaraeMoe cyMMbI x! + 1 OyzeT feuTbes Ha p, a BTOPOe — HeT,
3HAYUT, CyMMa B IIPABOI 4aCTH YPaBHEHUS (x + 1)y =x!+1 ne
6yner nemnTbest Ha p. Takum ob6paszoM, x = p — 1, p — mpocroe
YHCJI0.

Ecau yncso x Toke mpocroe, TO HEMPEMEHHO X = 2, 1 TOT/Ja
BHOBb y = 1.

B caydae, xorga uncyio x cocraBHoe, X = ab, rae 1 < a < x,
1<b<xua#b. Torna (x - 1)! JIEJTATCS Ha X, TTOCKOJIbKY B
pasnoxernn (x —1)! =12 0.. fx —1) BeTpevaoTcst MHOXKHTE-
i ua, w b, 3uaunr, x| gesurest va x> . Ho toraa u sesas 4acthb
YPABHEHHS JIOJDKHA JETUTHCS Ha X2 . 3alucaB BbIPAKEHHE
(x +1)” B BUAE PON3BE/EHNS Y OAMHAKOBBIX COMHOMKHUTEel
(x+1), mocie packpbiTus CKOGOK Mbl YBHJMM, 4YTO
(x + 1)y -1=x I +..., rze MHOTOTOYMEM OOO3HAUYCHDI CJlarae-
Mble, COjlepsKalllie Heu3BecTHoe X B crenensx 2 u Bbime. Ho
TOT/Ia CJIaraeMoe Xy JIOJKHO JIeTUThCS Ha X2, OTKY/a CeLYIOT
mepaserctsa y2x O (+ )5 & (¢ 1)= b x!l.

3HauuT, B JIAHHOM CJIydyae PaccMaTpUBaeMoe ypaBHEHUE He
umeer pemennii. Ocranoch paccMOTpeTb cuaydyail x = pz, p -
npocroe uncao. Ecim x £ 2p , to p =2, x =4, y = 2. Ecam xe
X > 2p, TO, paccyk[asi aHAJOTUYHO Pa3o06paHHOMY paHee
cJIy4alo x = ab, Mbl BHOBDb IIPUXO/IUM K BBIBOJLY O JICJIUMOCTH X!
Ha X, 9TO, KaK y’Ke ObLJIO TTOKA3aHO, HEBO3MOKHO.

Otmser. (1;1), (221), (42).

VYupaxuenue 8. Peumre B IeJbIX HEOTPUIATEIbHLIX YHCJIAX

ypasuenme x!=y* +1.

PasGepem Terepb 3a/1a4y C BeCbMa TPOMO3JKHM YCJIOBHEM,
IPEe/IJIAraBITyIocs Ha BCTYMHUTETbHOM 9K3aMeHe Ha MexmaT MI'Y
B 1990 romy.
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3agava 6. Hailidume 6ce yenouuciennvle peuenus Hepasen-
cmea

log, (2x + 3y =6z +3) +log, (3x =5y +2z -2) +
+ log, (Zy +4z - 5x +2) >72 -9, +17.

Pemenne. [Ipex/ie Bcero, BIpayKeHust, CTOSIINE MO/ 3HAKAME
Jorapudma, AOKHBI ObITh MOJOKUTENbHBIMUA. MbI MOTN ObI
cpaay 3ammcaTh CUCTEMY COOTBETCTBYIOMNX HEPABEHCTB, HO UTO
TTOTOM JIeJIaTh C 9TOH CUCTEMOM, HesICHO. BHUMaTeIbHO TTPUCMOT-
PEBIIUCH K BBIPAKEHUSIM B CKOOKaX, 3aMeTUM, YTO UX CyMMa
paBHa 3. OjHAKO CyMMa TpeX IIeJIbIX HOJOXKUTEJbHBIX YhCesI
paBHa 3 JIMIIb TOT/A, KOT/A KaKJ0oe W3 9TUX uyuces paBHO 1.
WTtax, Mbl mosry4aeM CUCTEMY ypaBHEHUI

Px+3y -6z +3 =1,
%x—Sy +2z -2 =1,
By +4z -5x +2 =1.

Bbinucanubie TP ypaBHEHUS CO/IEPIKAT TPU HEU3BECTHDBIX, HO
HAJIEK/Ia O/IHO3HAYHO PEIUTD ATy CUCTEMY, KOHEUHO, HE OTPaB-
JIAeTCsi, TOCKOJIbKY CYyMMa BBINUCAHHBIX YPaBHEHUH ITpeBpaia-
eTcst B TOXKIeCTBO 3 = 3, T.e. o6oe U3 ypaBHEHUN MOKHO
MOJIyYUTh BBIYUTAHMEM CYMMBI JIBYX OCTaBIIMXCSI M3 3TOrO
TOYK/IECTBA.

Tem He MemHee, €cJU TOJCTABUTH IOJYYEHHbIE [AHHbE B
MCXO/THOE HEPABEHCTBO, TIOTYYUTCS] KBA[PATHYHOE HEPABEHCTBO
22 -9z+17 <0, KOTOPOMY Y/IOBJIETBOPSIIOT TOJILKO IeJIble Z =
=3, 4, 5. OcraBuB Teneps J0ObIE JBA U3 TPEX paHee MOJyUYeH-
HBIX JIUHEHHbIX ypaBHEHWH ¥ A06ABUB K HUM TOJBKO YTO
Hail/leHHOe YCJIOBUE Ha Z, MBI IPUXOJNM K CHCTEME

Rx +3y -6z +3 =1,
x =Sy +2z -2 =1,

B 0{3,4%.

[Toacrasiigs nocse0BaTeIbHO BCe YKa3aHHbIe BO3MOXKHbBIE 3HA-
YeHWs z B JIBA YpPaBHEHUs CHCTEMbl M OTOPACBIBAs HelleJble
3HAYEHUS JAPYTUX MEPEMEHHDBIX, €CJIN TAKOBbIE BCTPEYAIOTCS, MbI
ToJIy4aeM OTBeT.

Otser. (5;4;4).

Vupaxuenue 9. Peunre B Ie/IbIX YUCIaX YPaBHEHUE

\/Zx—y -3 +J2y -x +3 :2\/3 -x -y .

[Ipu pemenun ypaBHeHHH B IleJIBIX YHCJAX WHOT/A y/aeTcs
MCIIOJIb30BATD METOJI, Ha3bIBAEMBI <«MeTOJIOM GECKOHEYHOTO
ciyckas. Cpasy HOSCHUM CyTb 3TOTO METO/A: €CJIU, UCIOJIb3Ys
0COOEHHOCTH BBIPAYKEHUI U YUCJOBBIX KOA(D(PUIMEHTOB, COCTAB-
JITIONUX ypaBHEHHe, Y/JaeTcsl JoKa3aTbh, YTO BCe ero IieJible
peleHns J0KHDI 6ECKOHEYHO MHOTO Pa3 JeJINTbCd Ha HEKOTO-
poe HaTypaJbHOE YUCJO 7, TO STHUMH PEIIEHUSIMH MOTYT OBITH
TOJIbKO HyJi. Paz6epeM COOTBETCTBYIOMIUIT TIpUMep.

3anava 7. Hatidume éce yenvle pewenus ypasuenus

22 +3y° +92° -9xyz =0.
Pemenue. IlepenucaB uCXOJHOe ypaBHEHHE B Blje
3 _af,3 3
x” = S(y +3z —3xy2) W TI0/ICTABUB B HEro IIeJIOYMCJIEHHOE
pemenne (xy;Yy;2y) , NOMYyUNM BEPHOE HUMCJIOBOE PABEHCTBO
Xy = S(yg +3z] —Sxoyozo), 13 KOTOPOTO CIEAYET, UTO qméno
x, jenutcs Ha 3, T.e. Xy =3x;, x 0Z. Ho torma 27x] =
= S(yg +32] —9x0y020), nosTOMy Y = 3(3x13 -z —3x1y020) .
3uaunt, Yo =3y, y;UZ. BHOBb THOACTABJSAS IMOJTYyYEHHDIH
3
pesyJabTar B IIOCJE[HEE PABEHCTBO, BHIHM, 4YTO Z{ =
- 3 3 _
= 3(x1 -3y +3x1y120), T.e. Zy =3z, zy0Z. Takum o6pa-
30M, Kask/1asl U3 KOMIOHEHT petenns (g ¥o; 2) 00s3aTebHO
pemntest na 3. Iloacrasus B ypasnenue BMeCTO (Xo; Yo; 2o)
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tpoiiky (3x;; 3yy; 3z;), 10C/IE COKpAILEHHS BCEX €ro WICHOB Ha
27 MBI TpUAEM K TOMY K€ YPaBHECHHIO, KOTOPOMY TeHepb
YIOBJIETBOPSIET Letouncaennas Tpoitka (x;; yy; z;) . Paccyskuas
TOYHO TaK ke, MbI Oy/IeM JOJKHBI COTTACUTBCS, UTO KaxKI0e N3
ancen tpoitku (xy;y4;2,) Aeaures va 3, u r.4. Hoaromy eaun-
CTBCHHBIM PEIICHHEM HCXO/JHOTO YPaBHEHUS SBJIACTCS TPOIKa
(0;0;0).

Otser. (0;0;0).

Yupaxxnenue 10. Pemnre B I1esbIX 4YHCJIAX ypaBHEHHE
P’ —4q" = 4pq -

Teneps pas6epeM TOBONLHO TPYAHYIO 3aady.

3anavya 8. Bosouxa nanucan na docxe pasencmeo 101 =
=11011. Yuumenv unopmamuxu ckasa, umo 3mo paeeHcmeo
Oyodem geprvLM, ecau NOHUMAMY €20 KAK 3ANUCL 00HOZ0 U MOZ0
JKe uucad, MO 6 pA3Hblx cucmemax cuucienus. Hauwoume
OCHOBANUS IMUX CUCTNEM.

Pemenune. Ilyctb m =2 u n2=2 — WCKOMble OCHOBAHUS
cucreM cuncienns. Tenepb BbImucannoe BoBoukoil paBeHCTBO
MOKHO TIepercath B Bujie ypasenns m> +1=n' +n3 +n +1,
wm m? =nt +n +n.

3ameTumM, 4TO
2

0 nD2 n
Efl2 +=0 =n' +10° +— >u' +1® +n 1pu Bcex n > 4
2H
n
2
d n n
2ol 17 =2t 0 - -+ <t P
2 H 4
IIPU BCEX HATYPAJIbHDIX 7.
Wrak, ecom n > 4, T
2
0o 1] 2 1

HZ +g—1ﬁ2 <m? <ﬁn2 +ﬂ , WK n2+§—1<m <n

Ecom n — getHOE HUCJIO, TO HaTypPaJbHOE YNCJIO 72 OKA3bIBACTCA
MEXAYy ABYMA COCCAHUMMU HATypaJIbHbIMU YMUC/IaMU, Y€ro HE

MOJKET GbITh. SHAUYNT, 7 HEYETHO, & m = n°

DZ 4 3

E =n* +n° +n, Te. 3> +3n-1=0.

+2 1 . Ho rorma

2 2
Oep,n_1
2 2
IMosyvennoe ypaBHeHUE He UMeEET HATYPAJbHBIX PelieHuil, mo-
ATOMY OCTaeTcss paccMoTpeThb ciaydam n = 1, 2, 3, 4, oTkyzna
MOJIyYaeTCsI OTBET.

Otmser. (11;3), (18;4).

BaxxHO OTMeTHTDH, YTO YpaBHEHHS B IEJbIX YHCIAX TIPU
pelleHnn OJIMMIMAHBIX M 9K3aMEHAIMOHHBIX 3a/1a4 WHOTIA
BO3HUKAIOT /IOBOJIBHO HEOXKMIAAHHO. TaK, COCTABUTE/IN BPEMS OT
BpPEMEHH JIOBKO MACKUPYIOT CYHIHOCTD 33/I1a41, HATIPUMED, TIPe/i-
Jlaras 3aJ1auy ¢ TEKCTOBBIM YCJOBUEM, ITPH 00paGOTKe KOTOPOTO
1 BO3HMKAIOT YPaBHEHUS B IIEJBIX yncJjgax. PaccMoTpuM coot-
BETCTBYIOIIMIA TTPUMEP.

3anmaua 9. 3a epems xpanenus 6xaada 6 banke nPOUCHMvL nO
HeMY HAUUCASIIUCH CHKEMECIUHO CHAYALA N0 D G 6 Mecsy, 3amem

1
no 12%, nomom no 11—% u, naxoueu, no 12,5% 6 mecsu,
npunem Kaxoas npouenmnas Cmaska HauUCAsLACH UEN0e UUCLO
1
Mecaues, a Kozda 6xad0 3a0pani, Mo OH GbiPOC HA 1045%.

Onpedenume cpox xpanenus ek1aoa.

Pemenune. OGosHauum uepe3 k, [, m, n 4YUCIO MECSIIER,
COOTBETCTBYIOIUX TIOCJA€A0BATE/JIbHBIM I[IPOLUEHTHbIM CTaBKaM.
[Tonb3ysch GOpMyJION HAYMCJICHUA CJIOKHBIX IIPOLEHTOB U
HpeAIoarasi, YTo IEPBOHAYAIbHO B OaHK ObLIO BHECCHO S
€/IMHUIL JIeHeT, TIPUXOUM K yPaBHEHHIO

mido2ab 1wt @ " 9

i el ==

2014/Ne?2

njain
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VYikacaer, 4TO B TOJYyYeHHOM YDABHEHUH YETbIPE HEM3BECT-
upix. Ho yskac 6bICTPO TIPOXOJMT, €CJIM BCIIOMHUTH OCHOBHYIO
TeopeMy apuMeTHKH, KOTOpast TJACHT: KdKJ0e HAMYPAIbHOe
YUCA0 COUHCTNEEHHBIM 00PA30M NPEOCMABUMO 6 uUde NPouU3ee-
denus HAMYPaILHLIX CINENeHetl NPOCMbLY YUCE, eCal He Yuu-
Mol6AMd NOPAJOK BLINUCHIBANUS. COMHOXKUMeael. B eBoit
IIPaBOif YaCTSIX TOCJIeTHETO YPABHEHHS BBIITHCAHBI /[Ba Pa3JIoxKe-
HUS O/IHOTO U TOTO JK€ HATYPAJbHOTO YNCJIA B BUJIE HATYPAJTbHBIX
crerneHeit mpocTbixX unces 2, 3, 5 u 7. [loatomy HY’KHO 1Tpupas-
HATH CTETeHH JTUX COMHOMKHTeJell, BO3HHKIINE B JIEBOH U
[IPaBOIi YaCTsAX ypaBHEHHS, YTO JACT KaK pa3 YeTbIpe JNHEeNHbIX
YPaBHEHUST C YETHIPbMSI HEM3BECTHBIMMU:

Rl+m+3 =2k +3n,
He +2n +1 = 2m,
Hn=k+2l,

Bo+1=2.

W3 mocie/iiero ypaBHenus cpasy BuiHO, uto kR = [ =1, nocye
4Yero M3 TPETbEro ypaBHEHWS HAXOAUTCS M = 3, a U3 BTOPOrO
YpaBHEHUS n = 2.

Octasoch yOeuTbes, 4TO Hali/ieHHble 3HaueHUsI HeU3BECTHBIX
YIIOBJIETBOPSIIOT MOKA €llle He MCIOIb30BAHHOMY MIEPBOMY yDPaB-
HEHUIO CHCTEMbI U TIOJYYUTh OTBET.

OrBer. R+ 1 +m+n=7.

[Iepen Tem Kax mepeiiTn K cieyrtoniell 4acTH CTaTbi, XOUETCs
OTMETHUTD, YTO CBEJIEHIEM K KOHEUHOMY T1epe6opPy MOKHO YCITel-
HO PEIIaTh He TOJbKO YPABHEHHsI, HO U HEPABEHCTBA, B KOTOPBIX
TpeGyeTcsT OTBICKATD 1eJIble WM HaTypaJsbHble perreHus. Pac-
CMOTPUM OJIHY M3 TaKUX 3a/ad.

3agava 10. Haiidume ece uenvie pewenus cucmemvt Hepd-
8eHCME

Bn® +n* <16m —22n —171,
0
EBOm — n* > 252 +14n +m>.

Pemenne. [Tepenecem B KaK/IOM U3 HEPABEHCTB BCE €10 UJIECHDI
B JIEBYIO YaCTh M BBIJIEJUM TIOJHBIE KBAJPAThl OTHOCUTEJTHHO
KaXJ0if U3 TlepeMeHHbIX m, n. [loxyunrcs cucrema HepaBeHCTB

Hom -8) +(n +11)* <14,
0
Hm -15) +(n +7)° <22.

Kaxxtoe n3 ciraraemMpIx cjeBa B 9THX HEPABEHCTBAX HEOTPUILA-

TEJIbHO, TT09TOMY KasK/J0€ U3 HUX J[OJLKHO ObITh MEHbIIIE YHCJIa

B IIPaBOii YacTH COOTBETCTBYIONEro HepaBeHCTBA. B wacTtHocTH,

|m =8| <3 u|m-15<4, orkysa m = 11. Hoacrassis Haiizen-

HOE 3HAYCHHE M B MOCJEHIO CUCTEMY HEPABEHCTB, MOJyYaeM

HOBbIE OTPaHUYEHNs, U3 KOTOPBIX CJeayeT, 4yTo n = — 9.
OtBert. (11; -9).

CpaBHeHus1 No moaynio

IIpu pelenyy ypaBHenuii B eIbIX WM HATYPaJIbHbIX YICIaX
TIOMIIMO CBE/ICHTISI 3TOTO YPABHEHHIS K TPSAMOMY TepeGopy JeIm-
TeJieil HeKOTOPOTO I[eJI0T0 YiC/Ia ObIBACT MOJIE3HO HCIIOIb30BATh
Ha60p OCTATKOB OT jleJleHis Ha 3apaiee BbIOpalioe HaTypaib-
HOe umcsio 7. HAMOMHUM 4YHTATENSIM OTHOCSIIHECS CIOAA TI0-
HATUA.

Ecnn m —nesoe u n > 1 — HatypaJbHOe YUCJIO0, TO CYIECTBYIOT
eiMHCTBeHHbIe Lesble yncaa k u 0 << (n-1), a1 Kotopbix
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BBITIOJTHSIETCST PABEHCTBO . = kn + [, 1 yncJio [ B 3TOM paBEeHCTBE
Ha3bIBACTCH OCTATKOM OT JieJIeHUs m Ha 1. J[Ba LeJbIX Y1caa d
1 b Ha3BIBAIOTCS CPAGHUMBIMU NO MOOY.JII0 HAMYPAILHOZO YUCd
n> 1 — 0603HaYAOT KaKk ¢ = b (mod n) , — €CJIM TIPU JIEJICHUHU Ha
7 OHU [IAIOT OJ[MHAKOBbIE OCTaTKU. Ec/u Bce cpaBHUMbIE MEK]LY
co6oii 11esibie yncaa 0GbeJANHUTD B OJ[HY TPYIIILY, TO MOJIYYHTCS
n TaKWX TPYIMI, COOTBETCTBYyomux ocrtarkam 0, 1,
2, ..., n — 1. IlepeuncauM HECKOJbKO TPOCTCHINNX CBONCTB
CPaBHEHUII, KOTOPBIE CJEMAYIOT HENOCPEICTBEHHO U3 OIpe/eie-
HUSI CPABHUMOCTH W TTOJIE3HBI TIPH PENIEHUN 3aj1ad.

1. Ecm «a Eb(modn) n cEd(modn), ToO a+c=b+
+d(modn), a-c=b-d(modn), ac=bd(modn). Tem ca-
MbIM, CPABHUMOCTD YKCEJI He HAPYILIUTCS, €CJIU K OJIHOMY 13 HUX
npu6GaBUTh YUCI0, cpaBHUMOE ¢ 0 110 3a[aAHHOMY MOJLYJIIO, €CJII
06a CPaBHUMBIX YHMCJIA YMHOKUTD Ha OJIHO 1 TO JK€ TIEJI0E THUCTIO
WJIM BO3BECTH MX B OJMHAKOBYIO HATypaJbHYIO crerieHb. Jloka-
3aTesIbCTBA ATUX CBOICTB BBHITEKAIOT M3 PABEHCTB

(b+d)~(a+c)=(b-a) +(d -c),

(b-d)-(a-c)=(b-a)-(d ),

bl —ale :(b —a)d +(d —c)a.
2. Ecin @ =b(modn) n P(x) — npousBosbHbIi MHOTOU/ICH
¢ uembivu koadduumentamu, o P (a) = P (b)(modn). Irto
yTBEpIKAEHUE Cpasy JKe CJIeAyeT U3 CBONCTB CPaBHEHUI, mepe-

YNCJIEHHDBIX B TIPE/bILYIIEM IYHKTE.

3. Ecoim m, n > 1 — matypaJibHble YUca, TO MIPU M > N YUCJIO
m!=120B0.=0 (Inod n) . ITO yTBEp>K/IeHNEe OYEeBU/IHO.

4. Besikoe mpocToe umceso p > 6 cpaBHEMO TOJBKO ¢ 1 nam 5
1o MojyJio 6. UtoObl 0Ka3aTh 9TO YTBEPIKIEHHE, JOCTATOYHO
3ammcatp p = 6k + [ u samerurnp, uro npu [ = 0, 2, 3, 4 uyncio p
OKa3bIBACTCS PA3JIOKUMBIM B IIPOU3BE/ICHHE /IBYX HATYPAJTbHBIX
COMHOKHUTEIEN, KaXAbIil U3 KOTOPbIX OoJbiie 1.

B onmMmmazax Hepeako BCTPEYAIOTCS 3a[aHWsl PENIUTbh B
LEJIBIX YMCJIaX ypaBHEHME CTeneHu Bble 1epBoil. [loatomy
110JIe3HO cOOPATh HEKOTOPbHIE CBE/IEHUS O CPABHUMOCTHU CTEIeHei
nesprx unces. Cpasy ke OTMETHM, YTO BOIIPOC 3TOT BeCbMa
HETIPOCT, MOATOMY MbI OTPAHUYUMCST JINIIb HEKOTOPBIMU HAOJTIO-
JIEHUSIMU, HECJIOKHBbIE JI0KA3aTeIbCTBA KOTOPBIX IPEIATOKUM
YuTaTessIM HATH caMOCTOATENbHO. /[JIg 9TOTO 10CTaTOYHO 110C-
JIeJIOBATeTbHO BBIMMHICATh PA3JIOKEHUs] TTPOW3BOJIHHOTO TI€JI0TO
YHCJIa B BH/IE CYMMbBI YHCJIAa, KPATHOTO MOJYJIIO, ¥ BCEBO3MOJK-
HBIX OCTaTKOB, BO3BECTH TaKyl0 CYMMY B PacCMaTpUBAEMYIO
CTEIEHb U PACCMOTPETH ITIOJYYCHHbBIC PE3YJ/IbTAThI.

B uwactHocTH, KBaJpar HATYpaJbHOrO YHCJA MOXKET ObITh
cpaBHUM TOJIbKO ¢ 0 nin 1 1o Moty Mo 3; KBaJ[paT HaTypaJbHOTO
qrcsa MoKeT ObITh cpaBHUM TOJIbKO ¢ 0, 1 uim 4 o Moy o 5;
KyO 1IEJIOT0 YKcsa MOKeT ObITb cpaBHUM TOJIBKO ¢ 0, 1 nam 6 1o
Mojyio 7 u Tosbko ¢ 0, 1 wimm 8 mo momysmo 9.

Kpowme Toro, ec 06e yacTi ypaBHEHUsI, PEMIAEMOTO B 1EJIBIX
WM HATYyPAJbHBIX YUCJAX, SBJSIOTCS II€JbIMU YUCJIAMU TIPU
Beex 1eabiX (HATypaJbHbIX) 3HAYEHUSX HEU3BECTHBIX, TO 00e
9TU YACTU JIOJIZKHBI GbITH CPABHUMBI 110 JTIOO0OMY HATYPaTbHOMY
MOJIYJIO. Y IauHblil BBIGOP MOJIYJISE HEPEKO TIOMOTAET JJ0KA3aTh
HECPABHUMOCTD IIPABOI 1 JIEBOI YacTell ypaBHEHMS U TEM CaMbIM
OTCYTCTBHE y Hero 1eqbix (HaTypaabHbiX) pemntennii. BuiGop
TAKOTO MOJYJiS He BCET/a OYEBH/IEH, W YMeHWe IPaBUJIbHO
BbIGPATb MO/YJIb TIPUXO/HUT C OIBITOM.

Tenepb pazbepeM HECKOJBKO TTPUMEPOB.

3agaua 11. Jokaxume, umo ypasnenue m? =5n> =18 ne
uMeem Ueavlx peuerull. ] ]

Pemenue. [Tockombky 18 = 3(mod 5), uncao m* = 50" +18
JIOJIZKHO OBITh CPABHUMO € 3 110 MOJYJIIO 5, a 3TO, KaK YKa3aHO
BbIIITe, HEBO3MOXKHO. MbI BU/IMM, UTO yCIIEXY B PEIEHNH CIIOCO6-
CTBOBAJI Y/IaUHO BBIGPAHHDII MOJYJIb CPABHEHUSI.
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3anava 12. Joxaxxume, umo ypasnenue o+ y3 +2% =1969°
He umeem uesvlx peulenu.

Pemenne. ByseM cpaBHHBATH JIEBYIO U IIPaBYIO YaCTH ypaB-
HeHust o momymo wyuceaa 9. Tak wkak 1969 =218 +7, To
1969 = 4(mod 9) . C apyroii cTopoHbl, BCeBO3MOKHbIE KOMGU-
HaIUU BO3MOXKHBIX ocTaTtkoB 0, 1 u 8 cyaraeMbIX B JIEBOIT YacTH
YPaBHEHUST JAl0T BCE BO3MOKHBIE OCTATKU OT JIeJEHUs JIeBOI
4acTH ypaBHEHUsI Ha 9, cper KOTOPBIX HET 4ucJa 4.

3anaua 13. Haudume ece uenvie pewenus ypasuenus
x +y3 :4(x2y +xy2 +1)_

Pemenne. [lepermiiem ypaBHeHne B Buje

3 ; ;
(x+y) =7(x% +xy?) +4.
Buyi 11paBoii yactu MOJyYMBIIErocsl yPaBHEHUS TOJICKA3bIBAET,
YTO B KA4eCTBE MOJYJIA /I CPaBHECHUA ﬂegoﬁ U TIpaBoOH yacTeit
yAoOHO B3aTh uncao 7, tak uro (x +y)’ =4(mod7), a aro
HEBO3MOXKHO.
Ortger. Ilesbix perrenuil Her.

Ynpaxknenue 11. Pemnre B 11e/1bIX 4KCIaX ypaBHEHUs:
a) =32 +2; 0) 1’ =54+3; B) 9' =12y +1;
r) 3m _2n =5.

Bamaua 14. Pewume ypasnenue x| +xj +xi +... +xj, =

=1599 6 ueavix uucaax.

Pemenue. Ecau unciio x nederHo, o x* = 1(mod 16) , MHaUe
xi=0 (mod 16) . JleBag yactb He MOKeT cozepkarb 6oJbliie 14
HeueTHbIX 4uces, Ho 1599 = 15(m0d16), [I03TOMY ypaBHEHHE
pellieHnit He UMeer.

OrtBer. llennix perreHmii Her.

Yupaxkuenune 12. Moxuo su unciao 2014 npencraButb B BHIE
CyMMBI: a) ceMu; 6) IIECTH KBaJpaTOB HEYETHBIX YHCEJ?

Hakownerr, paccMoTpuM 3aj1auy, KOTOpast BCTPEYAeTcsl B MHO-
ruX cOOPHHUKAX TPEHUPOBOUYHDBIX 3ajay /It NOAroToBku K EID
10 MaTeMaTHKe.

3amaua 15. Pewume 6 HAMYpAIvHLIX YUCIAX YPABHEHUE
311 + 41} - Sc .

Pemenne. Cuauvana szamerum, 4ro 5 =1(mod4),
4t = O(mod 4) , moatomMy 3¢ TaksKe JOJBKHO ObITh CPABHUMO C
1 mo MomyJio 4, oTkyga cieayer, uto a = 2k, kRON. 3arem
cpaBHUM 06e yacTy 1o Moy.Jtio 3. JleBast yacTb Beer/ia CpaBHUMA
1o atomy MoxyJio ¢ 1, a npasas cpasnuMa ¢ 1 mo moxymio 3
toabko 1ipu ¢ = 21, [ ON. Ternepsb ypaBHeHNE MOYKHO [EPENUCATH

2 2
B Buge 3°% = (5’) —(Zb) , W 32k = (51 —Zb)(Sl +2b). Ho
! b _ om 4 b _ an

torqa S —=2°=3", 5 +2°=3", mnON. Bosee Toro, mno-
CKOJIbKY (51 + Zb) - (51 —Zb) =201 =3" _3" ye penurca wa 3,
To HempemeHHo m = 0, W TOTHA 5/ —2b =1, 50+ 20 =3%
[loacraBaaa B mocsaeaHee ypaBHEHHE 50 =20 +1, [oJry4yaeM
ypasrerne 2°7' = 3% -1 wm 2" = (Sk —1)(3k +1)4 Takum
06pa3oM, o6a COMHOKHUTEISI B IPABOW YACTU TIOCJIEIHETO yPaB-
HEHUST SIBJISTIOTCSI HEOTPUIATETHHBIMU TI€JIBIMU CTETIEHSIMU JIBOII-
KU, TPUYEM Pa3HOCTH OOJIBIIETO M MEHBINEr0 COMHOKHUTETEN
paBHa 2. Takoe BBINOJHACTCS TOJIBKO B CJIydae, Kor/aa 3F-1=2,
3 +1=4, OTKYy/la CJIe[lyeT OTBET.

OrBer. (2; 2; 2) .

Vnpaxnenne 13. a) Jlokaxkute, uto ecan a® +b* =¢? (a, b, ¢ —
HeJsble uncia), To abe nemuresa na 60.

6) Pemmmre B HATYPaIbHBIX UHCIaX ypaBHenne 2% + 3% + 4% = y? .

B) TIpi KAKUX HATYPATBHBIX 72 ABJISIETCS IIPOCTBIM uncao 2" + n? ?

B zakmouenne IpegaaraeM yuraresisiM HOHpOéOBaTb CBOM CHJIbI B
pemeHnn 3ajiad ¢ 1HEeJbIMU YUCJIaMU.
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Ynpasknenus
Pemnre B HATYpasIbHBIX YHUCJIAX CJIE/LYIONIIE YPABHEHUSI.
1 30 + kIl =13,
14, 2/ =y*, xzy. 15. «+ TR Emn
y+a 13 mk—ml =6.
z

Pemmre cnemytomnue ypaBHenus B 11eJIbIX YUCIaX.

17. 5y =2x° -7x +3 . 18. 3xy —14x —17y +71 =0 .
19. 6m*> =202 +mn =3 .  20. m* +1953'%mn -19950> =0 .
21. (x2 +y2)(x +y =3) =2xy.

22, x? +5y% +342% +2xy —10xz —22yz =0 .

23. 9x%y? +6xy® —9x%y +24% +y* —18xy +7x -5y +6 =0 .
24. 14x" - 5y% =327y +82y% —125x% +51 =0 .

2
25. 5""'4++13 =11-8J/1-8n .
n

D45|]7c3 —4x? 42y +6 _D162]y3—4y2 +2x -1

- BsH H5H

\VlaTemaTnka +
NpPOrpaMMmMpoBaHe
= Computer Saence

A.LLIEHb

HOT'JA MATEMATUKIN OTHOCATCA K ITPOTPAMMUPO-

BaHUIO KaK K YeMY-TO BTOPOCOPTHOMY, T/ie 0c000 JyMaTh He
HAJI0, & HY3KHO <ITHUCATh KOJ/l», TI0 BO3MOKHOCTH OBICTPO 1 6e3
pazaymuii. [IporpaMMucTdI TOXKE He OCTAIOTCS B JOJTY 1 pas/pa-
JKEHHO OTBEYAlOT, YTO BCE ATH TOUHBbIE OIPE/eIeHNs] U CTPOrue
JIOKA3aTeJIbCTBA, KOTOPBIMU TaK TOP/SITCS MAaTEMATHKHU, B Peasib-
HOW KM3HU OECTIOJIE3HbI.

Ha camoMm pneie HempaBbl M Te W JIpyrue: MaTeMaTHKa U
[IPOrPaMMUPOBAHUE TECHO CBSA3aHbI. B3anMHad 10JIb3a TYT €CTh
M Ha ypOBHe pe3yJbTaToB, M HA ypoBHe HaBbIKOB. Ha ypone
pe3yJIbTaTOB, HABEPHOE, CAMBIil U3BECTHDBIN TIPUMED — 3TO BO3-
MOJKHOCTb TTPOBEPKU TPOCTOTBI OOJIBIINX YHCET U HEBO3MOK-
HOCTb PA3JIOKEHUsT Ha MHOMKUTEJH.

ITycTb KTO-TO Aaj HAM HaTypasbHOe 4yucao N, CKaxkeM, W3
ThICSIUM 3HAaKOB. Kak y3HaTh, MPOCTOE OHO WJIM PA3JiaraeTcst Ha
MHOKHUTETH (MOKET OBITh TIPEACTABICHO B BU/C MTPOU3BEACHIS
MeHbImx ynce)? Ipocreiiumii crioco6, KOTOPbIi cpasy IpUXo-
JIUT B TOJIOBY, — NPOBEPSATH, He jequrces i N Ha 2, Ha 3, Ha 4
n tak jgajsee. Ecau B Kakoi-TO MOMEHT MbI Haii/leM JIeJTUTeNb,
3HaunT, uncsao N e mpocrtoe. Ecim noiinem go N, Tak n He Halisq
JIeJIUTEJIsI, — 3HAYUT, TPOCTOE.

YucTblil MaTEMATHK ATUM YIOBJIETBOPUTCS: 32 KOHEYHOE YHC-
JIO 1IaroB MbI CMOKEM IIPOBEPHUTH TIPOCTOTY (Kak TOBOPAT,
CBOHCTBO OBITb IPOCTBIM UHCJIOM (120PUMMUYCCKU PA3PEULU-
m0). Ho ecm ipesictaButh ce6e, CKOJIBKO BPEMEHH TTOTpedyeT-
81, YTOGBI IOCYUTATD /IO THICSYE3HAYHOTO Yncaa (KaKk MUHUMYM
10'°% raroB), cramer sicHO, YTO MBI 10 STOTO HE JOKIBEM, J[aKe
UCTIOJIb3YS caMble GbICTPbIE COBPEMEHHbBIE KOMITBIOTEPDI 1 JIayKe
nojiesimB paGoTy MEK/y HUMM.

MO3KHO 3aMeTUTh, TPaB/a, 4TO He 06S3aTeNbHO CUUTATH /10
KOHIIA: €CJII MBI HIeM jeJnTe i uncaa N 1 gorumt 10 N, He

2014 /Ne2

27. Haiiure Bce 1ieJible pelieHusi CUCTEMbl HEPABEHCTB
Or—y <25,
O
v -y <8
%49( +y<1.

28. PeH_II/ITe B IIEJIbIX HEOTpI/I]_[aTeJIbeIX qucJgax ypaBHeHI/Ie
2k% + 7k = 2mk +3m +36 .

29. Hapmﬂ neraseil Obljla M3rOTOBJIEHA IIEXOM B TeYeHUe He-
CKOJIbKHUX [[Heﬁ, HpI/I'IeM Ka)KLIbIﬁ JIEHb HpOI/ISBO/II/I]IOCb O/IMHaKOBOE
yucJo jgeraneii. Korga TPETDb MPOAYKIMK OJIHOTO /{HS YIIAaKOBAaJA B
AMUKY, TO B KaXK/I0M [AIUKE OKa3a/JI0Cbh CTOJIbBKO [IeTaJIefI, CKOJIbKO
ANUKOB IIOHaZIOGI/IJIOCb T yHaKOBKI/Iy HpI/ILIeM YUCJIO AINUKOB
COBIIAJIO C YKCJIOM JIHEN paéoTbI mnexa. Ilociie OTCHIIKY TTOJIOBUHDBI
BCeX Cc/leJTaHHbIX [[eTaJIefI 3aKa3unuKaM (Ka}KJIOMy saxasqmcy ImocJja-
JIN OAMNMHAKOBOE YHCJIO LIeTaJIefI) BbIAACHUJIOCH, 4YTO Ky6 qucJa
3aKa34YMKOB paBeH ‘-II/ICJIy I[eTa]IefI, BbICJIAHHBIX O,E[HOMy SaKaB‘II/IKy.
KaKoe MHUHHUMaAJIbHOE YKNCJIO Z[eTaJIeﬁ MOI' USTOTOBUTDb L[eX?

Haligs gesmrenst, To ux u He O6yzaer (ecom N = uo, T0 XOTs GbI
OJIH U3 JIByX JeauTeeil u u o He 6obie /N ). D10 nossousier
samernts 10'° wa 10°° — wo [O-TIPEKHEMY KOHell CBeTa
Hactynut panbire. Her i xakoro-to 6osee 6picTporo croco6a?

Ham moMoskeT yTBepsKJICHHE 3JIeMEHTapHOH TEOpHH YHCe,
KOTOpOe Ha3bIBaeTcs Maioll meopemoi Depma: ecan yucao N
pocroe, To /i1 Jiio6oro a B unrepsase or 1 jo N — 1 Boinosss-
eTcs PaBEeHCTBO

a¥ " =1(mod N).

Ara 3anuch yuTactes kak « ¢V~ cpasuumo ¢ 1 o Moaymo N»
U 03HAYAET, YTO ATHU [[BA YHCJIA JAIOT OJIMHAKOBBIN OCTATOK TIPU
neqerny Ha N (ApyTuMm cJ10BaMU, UX PasHoCTh gaeautcs Ha N).

[Tposepum ipu @ =2 u N = 7: Torja 2771 =20 =64 =79 +1
U JIeiCTBUTEBHO /1aeT ocTaToK | mpu jenenun Ha 7.

MoKHO cKazaTh n mHaue: ecanm g '#1 (Inod N) , To N He
npocroe. Hampumep, 27! =2 =16384 =1092 15 +4 naer
OCTATOK 4 TIpu JleJieHnu Ha 15, 1 0TCI0/1a MOJKHO 3aKJII0UNTH, YTO
15 — ne npocroe uncjao (ecau Obl Mbl 5TOrO U TaK He 3HAJIN).
ToBOPST, YTO YMCJIO 2 B 9TOM TIPUMEPE SABJSAETCS CGUdemenem
TOrO, 4To 15 — He MpoCcToe YHUCJIO.

ITO HABOJUT HA TAKYIO MBICJIb: €CJIU HA/I0 TPOBEPHTD, TPOCTOE
N niiu HeT, MOKHO He TPOGOBATH Pa3HbIE JEJTUTEH, a TPOOGOBATDH
PasHble ¢ M BBISICHATH, BBINOJHACTCS JIM PABEHCTBO a | =
=1(mod N) . Ecim oxaxercs, uro ner, 1o @epma rapanrupyer
HaM, 4TO0 N He MPOCTOe.

Hy xopoirio, cKaskeT CKeNTUK, Bbl U3MEHMJIN TOHITHE CBU/IE-
TeJsI: Terepb CBUJETEISIMU HEIIPOCTOTHI CUNTAIOTCS HE JIeJTuTe-
JIM, a YUCJIA d, JIJISE KOTOPBIX He BBIITOJHEHO YTBEPIK/IECHIE MAJION
teopembl @epma. Ho uro Mbl 1ipu atoM Bhiurpasn? Kasamoch
Obl, MbI TOJIBKO TIPOUTPAJIU: MPOBEPUTH, MEJUTCS JU OJHO
TBICSTYE3HAYHOE YNCJIO HA J[PYroe, He TaK MPOCTO, HO BO3BECTH
YHCJIO @ B CTETICHD, 3aIMChIBAEMYIO ThICSUYE3HAUHBIM YHCJIOM, V3K
COBCEM HepeasibHO — BO3BeJEHHE B CTEIEHb 3TO IMOBTOPHOE
YMHOKEHUe, U ecim Mbl Oy/ieM KaK/bIil pa3 yMHOXKaTb Ha d,
yncao faeiictBuil Gymer ThicadyesmadnbiM (a pesyJbTaT Gymer
coJiepKaTh aCTPOHOMHYECKOE YUCTI0 Tmdp).

Ha camoM fiesie Bce He Tak CTPAIIHO, KaK KaxeTcs. [1oCKoabKy
HAC WHTEpecyeT JHUIIb OCTATOK NpHU JeseHnu Ha N, HaM He
00513aTeJIbHO XPAHUTb OYeHb GOJIBIITIE YKCJIA, OCTATOYHO TMOCTe
Ka)K/IOTO YMHOKEHUSI JIeJIUTh pe3ysbrat Ha N um OpaTb OCTATOK
(uncra, gaiomue OJMHAKOBBIN OCTATOK, B3aUMO3aMeHsIeMbl). A
OCTATOK B XY/IIIIEM CJIyYae COIEPIKUT IPUMEPHO CTOJIBKO Ke Tudp,
CKOJIbKO U N, B HallleM NpUMepe THICSIUY, YTO He TaK CTPAIIHO.



Ho ectp JApyras r[p06J1eMa: KaK BbIYMCJIUTb CZN , €CJIn N —
THICSUYE€3HAYHOE YHCJI0? CereT TYT B TOM, 4YTO HE 006s13aTe/IbHO
N pa3 YyMHOXXaTb Ha d. Bmecto aToro Mpl MOzKeM BO3BO/IUTH

YUCJIO B KBaJApaT, BbIUUCJIAA ITOCJIEI0BATEJIbHO 02,614,08,6116,
k

32 2
a’,...,a” ,...

Tenepp, BbIONPAsT HEKOTOPbIC PE3YIbTATHI U IEPEMHOKAS HX,
Mbl MOXKEM MOJIyYHTb JIOOYIO CTeleHb. IJTO COOTBETCTBYET

JIBOMYHOMY DPAas3JIOKeHnio: ckaxem, 27 = 16 + 8 + 2 + 1 (u

sammchIBacTCS B ABOMUHON cucteme kak 11011, , mostomy a?’

MOHO BbIUMCANTh Kak npoussenenne ¢'® 8 ¢> w a' =a,

KOTOpbIE MBI y3K€ BBIUYUCJIJIN BO3BEIEHHEM B KBAJIPAT.

Wcnosb3yst aTH 1Ba HAOTIONEHNST, BIIOJTHE PEATHHO BBIYICIUTD
octaTok oT jenenms ¢ ! wWa N W TeM caMbIM TPOBEPUTD
yTBep:kaenne Masoi Teopembl Mepma g a u N. Ecim pesysib-
taT Oyzer He 1, TO @ — cBUETENb HEMPOCTOTHI yncaa N.

Borpoc, oHaKo, OCTaeTCs: 4eM TaKue CBU/IETENN JIydliie, 4eM
Jlenutenn? A BOT 4eM: ecsin yucio N He MPOCToe, TO Y HEero ecThb
JIeTUTENN, HO UX MaJio 110 cpaBienuio ¢ N (ckaskem, ecam N ecTb
TIPON3BeIeHNe IBYX GOJIBIIIX IPOCTBIX YHCEJ P U ¢, TO JeJIHTe-
Jiel TOJIbKO /[Ba — 9TH cambie p U ¢). A cBujereseil B HaeMm
eMbicie 06braHO MHOTO (Kak MpaBusio, GOJbIle TOJOBUHbI BCEX
BapuanTos ot 1 10 N — 1). TloatoMy, ecam mpocTo monpoGoBaTh
caydaiino BasaToe uncso @ ot 1 1o N — 1, To y Hac ectb manc (Kax
npasusio, He Menbine 50%) HATKHYTHCS HA TAKOTO CBUJETEJIS.
Koneuno, 50% He Tak MHOTO, HO MOJKHO C/€JIaTh HECKOJBKO
npo6: ecsin Kak/blil pas manchl Ha yaauy 50% win GoJblie, To
MOJKHO OBbITH TIPAKTUYECKN YBEPEHHDIM, 4TO pa3 3a 20 — 30 MbI
9TOT MIaHC peasu3yeM. Ha mpakTuke gesa 00CTOSAT JasKe JydIie,
4eM B TEOPHH: CKAXKEM, YUCJIO ¢ = 2 TOJUTCS KaK CBUETEJb /IS
GOJTIIMHCTBA cocTaBHBIX umces (1 s Beex Menbmmx 341, e
nepBbIil pas @ = 2 He cpabaTbIBaer).

ITosmyyaeM Takoil 6eposmHoCmHbll A120pUMM NPOGEPKU HA
npOCmomy: HaJl0 HECKOJIDKO JIECATKOB Pa3 IPOBEPHUTH YTBEPIK-
Jlenne Majoil Teopembl Depma IS CJIyYailHO BBIOPAHHBIX d.
Ecsm X0Tb pa3 OHO He BBIIOJHUTCSI, TO MBI C YBEPEHHOCTHIO
TOBOPUM, YTO YHCJIO COCTABHOE, & €CJM BCE PA3bl BBHITOJHUTCS,
TO FOBOPUM, YTO YnCJIO0 rpoctoe. [Ipu aToM BO3MOKHA OIMUOKA:
COCTaBHOE YHCJIO MBI MOXKEM IPUHSITH 32 TIPOCTOE, HO C OYEHb
MaJIeHbKOI BepoATHOCTBIO (cKaskeM, pu 20 TTOBTOPEHUSAX MOy~
vaercst 2720 | Memnblile 0HOIl MUJIIMOHHON).

Ha camom ziesie ckasannoe BbIIIE He COBCEM INpaB/a. boiBaior
Takne 3JOBpeJHbIe YHCJA, HasblBaeMble uuciamu Kapmaixaa,
KOTOpbIE COCTaBHBIE, HO CBHUJETEJEH Y HUX MaJo, TaK Y4TO HAlll
JTOPUTM UX CKOpee Bcero oObaBuT npoctbiMu. [lepBoe Takoe
yic10 paBHo 561. Uucaa 9T HACTOJIBKO peIKUe, UTO C TIPAKTH-
YeCKOW TOYKU 3PEHHs Ha 9TO MOKHO HAIJIeBATh, HO MaTeMaTH-
YeCKN KOPPEKTHBII aJrOpuT™M TpeGyeT JOMOTHEHNUS.

Bor 10 gononnenue. MKenas Bbraucauth @, MbI CHauama
BbIziesIsIeM 13 4eTHOro uncjaa N — 1 (MbI cuntaeM, uto N HeueTHO,
TaK KaK 4YeTHbIe YKCJa 3aBeJIOMO He MpocTbie, Tak 4to N — 1
9eTHO) MAKCHMAJTBHYIO cTemenp asoiikm: N —1=2F [, rae [
neuerno. [lasbime Mpl BbrumcsseM a ' = " rak: cmavana
BBIUHCIsIEM @', a TIOTOM ero k pa3 BO3BOJMM B KBajpat. Kak MbI
yoKe 3HaeM, ecjil T0ocJie TMOCJeHEr0 BO3BeNeHUs B KBaJpar
noayunrcst ze 1 (110 mogymo N), to yucao N ue npocroe. Ho
€CTb 1 €elIle O/THA CUTYAIHSI, B KOTOPOIT MbI MOKeM ObITb YBEPEHDI,
yTo N HE IPOCTOE: eCJU B XO/le BO3BEJCHUS B KBaJpar oOHa-
PYKUTCST UUCJI0, KBApaT KOTOporo pasen 1 1o mozaymio N, HO
camo 4ncJio He paBHo Hu 1, Hu —1 o mozyio N. (B camom zieae,
ecn x’—1= (x=1)(x+1) neurcst ma N, no uu x— 1, nn
x + 1 He gessares Ha N, To N He MOKeT OBITh IIPOCTBIM: YaCTb €T0
jenureneil oakHa BXoauTh B X — 1, a yactb — B x + 1.)

Ecimm o606umTh TOHSATHE CBUAETENST TAaKUM CIIOCOOOM, TO
Terepb u i uucesn Kapmaiikia cBuzeresneit Oyaer 6oJibiie

MIOJIOBUHBI, TAK YTO HAII AJITOPUTM CTAHOBUTCS KOPPEKTHBIM [IJIsT
Bcex N.

Wrak, ™Mbl ommcanm, Kak MOXHO (3a pasymMHOE BpeMs —
COBPEMEHHDBIE KOMIIBIOTEPHI JIEJIAIOT 3TO TMOYTH MIHOBEHHO)
IIPOBEPUTD MPOCTOTY 6OsbIMX unces. Ho, cripammBaercs, KoMy
3TN 6OJIbIINE IPOCTBIE YNCJIA HY>KHBI, KpoMe (haHATHKOB TEOPHH
ymces? OKasbIBaeTCs, YTO HA HUX OCHOBAHBI ITOYTU BCE COBPE-
MEHHBIC HPAKTUYCCKUE KPUnmozpaghuueckue ajaroputMbl, HC-
MoJib3yeMble B 6aHKAaX M HA PA3HBIX CalTaX JJisl 3al[UIeHHOI
nepeaun urdopmarmu (CKaxeM, MepCOHANBHBIX AAHHBIX WK
JTAHHBIX KPEUTHBIX KapT). MBI IPUBEIEM JIUIITH CAMbIH TIPOCTON
MOJIEJIbHBIN IPUMEP: yIO0CTOBEPEHHE JIMIHOCTH inuoHa. Jlory-
CTUM, KTO-TO JKJIET, YTO K HEMY TPUJIET IIINOH OT 3apyOeKHbIX
crerieay>k6. Kak oxxuparommit Moxxer y6euTbest, 4TO 9TO [eii-
CTBHUTEJIHHO IIIHOH, a He COTPYJAHUK KOHTppasBeakn? /s aToro
Ha caiiTe CHeICayKObI HYKHO IS BCeoOIero o603peHust omyo6-
JINKOBATH MPOM3Be/IeHNe BYX GOJIBIINX MPOCTBIX YHCEJ, BbIO-
PAHHBIX CHEICaYK60if B TJIYOOKOM CeKpeTe M COOOIIEHHbBIX
TOJIDKO HacTosiieMy areHty. OKuJaroniuii Moxer yOeauThes,
YTO TPUIICAIINI yMeeT PacKJa/blBaTh OIMyOJMKOBAHHOE Ha
cajite 4MCJIO HA MHOKHUTENN, U ATO CJAYXKHUT JJOKA3ATETbCTBOM,
YTO OH He caMO3BaHell. B caMoM ziesie, caMO3BaHILy TIPUIILIOCH GbI
G0 KaK-TO BBIKPACTD 9TH CEKPETHbIE yncaa («IIpoTHB JToMa HeT
npueMa ), 60 CaMOMy PasJIOKUTh YHCJIO ¢ caiita Ha MHOKH-
Tesqn. A pasJsioykenne Ha MHOKUTEH, B OTJNYUE OT MPOBEPKU
IIPOCTOTHI, JI€JIO CJIOXKHOE, ¥ HA CETOJHSIIHUIN /IeHb Pa3JaraTb
ThICAYC3HAYHDIC YNCJIa Ha MHOKUTEJIN HUKTO HE YMEET. Tak uro
TAKOl METO/l Y/IOCTOBEPEHUS HA CETO/HSIIHMI JIeHb BIIOJIHE
nagexen. (Ha caMoM jiesie Ha TIPAKTHKE B YMCTOM BH/IC OH HE
IIPUMEHSIETCs, HO MPUHITHIT JIeCTBUS TOT XK€ CAMBIil: BCe OCHO-
BaHO Ha TOM, YTO PasjaraTb Ha MHOKUTEIH CJOKHO.)

Borpoc TOIbKO B TOM, MOYEMY Mbl YBEPEHbI, YTO PA3JI0KEHUE
Ha MHOXKHMTEJHU CJOXKHO. BAPYr KTO-TO MPUAYMAaeT AJIrOPUTM,
MO3BOJISTIONINI C/IENaTh 5TO OBICTPO, W BCe IMHOHbI (M, XysKe
TOTO, BCe GAHKOBCKHE BKJAJBI) OKAKyTCs B omacHoCTH? UTOGBI
UCKJIIOYUTH 3Ty BO3MOKHOCTD, HA/IO GBI I0KA3aTh, YTO GBICTPOTO
QJITOPUTMA PA3JIOKEHUsT HA MHOMKHUTEJN He CYIIECTBYET. ITO
yrBepskenne (TouHee, poJcTBeHHAs MPoGJIeMa, KOTOpast U3Be-
CTHa OGBIYHO TOJA KOAOBBIM HasBanmem P # NP ) o6basreno
OJIHO#T U3 «IPOGJIEM THICSUETETUSI>, 32 PellleHne KOTOPbIX 00e-
maoT MUTHOHHbIH pu3. (J[pyryio npobjaemy u3 aToii cepui,
TaKk HasbiBaeMyio npobaemy Ilyanxape, penrag 3HaAMEHUTBHINT
pycckuii maremaruk I'puropuii [lepenbman — MoKeT ObITb, BbI
cabinam 06 AToit UCTOPUH. )

* kK

Takum 06pasoM, o6e CTOPOHBI OKA3bIBAIOTCSI B BBIUTPBIIIIE:
nporpaMMucTbl (M BMECTe ¢ HUMU MbI BCE) TIOJYYAIOT BAXKHbIIT
kpunrorpaduIecKuii aJIrOpuUT™, a MAaTEMATHKH TTOJTYYaioT HHTe-
PECHYIO U TPYAHYIO IIPOGJIEMY.

IToBogOM HammcaTh 9Ty CTAThIO GBLIO OTKPBITHE B 3TOM
rozy (paxysibTeTa KOMIBIOTEDHBIX HAyK B Bblciieil mKkose
9KOHOMUKM (He Hajl0 MyraTbcs cJIoBa SKOHOMUKA: TaM
HeIaBHO ObLJI OTKPBIT OYEHDb XOPOIIHii (paKyIbTeT MaTeMaTH-
KI U JAPYTHE COBCEM He 3KOHOMHYECKHE (DaKyJIbTeThl —
Harpumep, (hakyJabTeT (PUIOIOTHI) COBMECTHO ¢ KOMIIAHNU-
eil «Anmexcy. OpranusaTopbl 9TOro (haxyabTeTa HaJel0TCs,
YTO TaM KaK pa3 yJAacTcs COUYeTaTh KaueCTBEHHOE MaTeMaTH-
yeckoe o0pa3oBaHue ¢ OGyYeHHEM TIPOTPAMMHUPOBAHUIO HA
peanbHbIx 3aza4ax (Kypc mporpaMMUpPOBAHUSI TOTOBST Be-
ayume paspaborunku Jduzgexca). [Ipeaynpexenne: mocty-
MUBIIIX OKUAAET GOJIBIION 06BEM CaMOCTOSITENBHON pPa6o-
ThI (Kak Mo MaTeMaTHKe, TaK M II0 MTPOrPaMMHIPOBAHMIIO ), TaK
4TO UMeliTe 3T0 B BUAY. VMHbOpManuio o npueMe Ha HOBBII
daxybrer MOKHO HaiiTh Ha caiite http: //cs.hse.ru/




PernoHanbHbIV 31an XL Bcepoccnmckon
oJIMMMaAb! LUKONTbHUKOB MO MaTeMATUKeE

Tpetun (pervioHansHbIN) 31an XL Bcepoccuiickon onvmnma-
Obl MpoOLLeN BO BCEX PermoHax Hallew cTpaHbl 4 1 5 despans
2014 ropa. PervoHanbHbIM 3Tan onuMnuUagsl NpPU3BaH MoOBbI-
LWaTb MHTEpeC K MaTemMaThKe Cpeam LIKOMbHUKOB, yXXe MMelo-
LMX HeKoTopble yCrexu, a Takxke CTUMyNupoBaTb paboTty B
0bnactv MaTemaTyeckoro obpasoBaHns B pernoHax. Mocnesn-
HVe HeCKONbKO JIeT PervoHasnbHbIN 3Tan SBNAETCH Takxke oTOOo-
POYHBIM ANS y4acTUs B 3aKN0YUTENbHOM 3Tane, NO3TOMY MeTo-
AV4ecKas KOMUCCUA BKIIOYAET B BapWMaHT LOCTAaTO4HOE KOSMM-
4eCTBO TPYAHbIX MAENHbIX 3a4a4 (0COBEHHO CIOXHbIMM OKa3a-
nvck 3apaun 4, 7, 8 B kaxpgou u3 napannener 9, 10, 11
KNaccoB).

3A0A4YN

9 knacc
Hepsuviii denv

1. [laubr 111 pasauyHbIX HATYPAJbHBIX YUCEN, HE TIPEBOCXO-
ganmx 500. Morsio im oKasaTbCst, 4TO JJI KasKJ0ro M3 9TUX
Yices1 ero mocJe/Hsds nmudpa coBmaiaeT ¢ mnocjaeneil mudpoit
CYMMBI BCEX OCTAJbHBIX YHCE]?

H.Azaxanos

2. B uerpipexyronbauke ABCD croponunt AD n BC napaJ-
senpubl. [lokaskuTte, uto ecau 6uccextpucsl yraos DAC, DBC,
ACB u ADB o6pazoBaau poM6, To AB = CD.

JI. Emenvanos

3. Yuurenp 3amucan Ilere B TeTpajib YeTbipe PasJUUHBIX
HaTypasibHbiX unchaa. [lag xaxzgoil mapbr atux umcen Ilers
Hates UX HauGoJbIIHINA 06U IeJguTeNb. Y HEro MOJIyYnInch
mectb uncen: 1, 2, 3,4, 5u N, rue N > 5. Kakoe Haumenbiiee
3HaUYeHUEe MOKET UMeThb yucyo N?

O. Amumpues

4. Bce kuieTky KBa[paTHOI TabUIbI {(() x 100 TPOHYMEPOBa-
Hpl B HekoropoMm nopsake uuciaamu ot 1 go 10000. Ilersa
3aKpaluBaeT KJIETKU 110 CIeAyIomUM IpasuiaM. BHauasne oH
3aKpalmBaeTr k KJETOK M0 CBOEMY yCMOTpeHuio. Jlanee Kask/bpIM
xomoM Ilerss Mosker 3akpacuThb OJHY ellle He3aKpalleHHYIO
KJIETKY C HOMEPOM d, €CJIU JI/IS1 Hee BBIIOJTHEHO XOTsI Obl OJTHO U3
JIBYX YCJIOBHIL: /1OO B OHOII CTPOKE C Hell ecTb y)Ke 3aKpallleH-
Hasl KJIeTKa ¢ HOMEPOM MEHBIIUM YeM d; JIMO0 B OJHOM CTOJIOIE
C Hell ecTb y’Ke 3aKpalleHHast KJIeTKa ¢ HOMepOM GOJIBIITIM 4eM
a. TIpu KakoM HaMMEHbITIEM k HEe3aBUCUMO OT NCXOIHON HyMepa-
1 IleTs 3a HECKOJIDKO XOJOB CMOXKeT 3aKPACUTb BCE KJIETKH
TaGJIUIbI ?

C.Bepaoe

Bmopoii denv

d. Uwceao x TakoBO, 4YTO CPeAd YeThIPpEX Yhcesa X — Np) ,
x=1/x, x+1/x, x*+242 posHO ofHO He ABISETCA HEMBIM.
Haiigure Bce Takue x.

H.Azaxanos

6. Cm. zamauy M2337,a «3anaunuka «Kanras.

7. Jlan Buucanblit yerbipexyroabiuk ABCD. JIyan ABu DC
nepecekaiores B Touke K. Okazanoch, 4To Touku B, D, a Takxke

cepenuubl oTpe3koB AC n KC nexxar Ha OZHOH OKPY’KHOCTH.
Kaxue 3HaueHust MOXkeT IpuHUMaTh yron ADC?
I'.Kyxos

8. Kakoe us umcen Goubure: (100! wam 99!'°0'11001%°' 2
(Hanomuum, uro n! =12 0.1 .)
A.Xpabpos

10 knacc

Hepeuiii denv

1. Yuenuk 3a oxny Hememo nomyunsa 17 ouenok (kakmas us
nux — 2, 3, 4 wim 5). Cpexanee apudmernyeckoe stux 17
OIIEHOK — Tlesioe 4ncJo. /lokaskuTe, 9TO KAaKyIO-TO OIEHKY OH
moJiyuusi He 6oJiee IByX pas.

H.Azaxanos, U.Bozdanos

2. CrosHauHoe HATYPAJIbHOE YHCJIO 7 HA30BEM HEOOLIUHBIM,
ecTu JleCATHYHAs 3allich uMCla n° 3aKaHuMBaeTcs Ha N, a
JleCATHUHAS 3aIIUCh YiC/Ia n° He 3aKaHumpaercs Ha 7. Jlokaxu-
T€, YTO CYIIECTBYET He MeHee [BYX CTO3HAYHBIX HEOOBIYHBIX
quceJ.

B.Cendepos

3. B sasbike miemenn AY iBe OYKBbI — «a» 1 «y». Hekortopbie
TI0CJIE/IOBATEIBHOCTH 3THX OYKB SBJISIOTCS CJOBAMH, IPUYEM B
KQK/OM CJIOBe He MeHbllle OfHoi u ne Oosbire 13 GyKB.
V3BecTHO, YTO ec/iM HAMKUCATb MOAPS JIOObIe /Ba CJIOBA, TO
MOJIy9eHHAS TT0CIeI0BATEIbHOCTD OYKB He OyzeT cjaoBoM. Haii-
JUTe MaKCHMaJbHOE BO3MOXKHOE KOJHYECTBO CJOB B TaKOM
SA3bIKE.

H.bozdanos

4. Ha cropone AB rtpeyroapiuka ABC BoiGparnbl Touku Cp u
C, . Ananornuno, Ha croporie BC Bbi6panbl Toukun A; u A, , a
Ha cropone AC — touku By u B,. Oxaszanocb, 4TO OTPE3KN
AB,, BCy, n C;A; uMeoT paBHbIE [JINHDBI, IEPECEKAIOTCS B
OJIHO¥T TOUKE, 1 YrOJT MeX /Ty JIOOBIMU IBYMS 13 HUX paBeH 60° .
A4, _ BB, _CGC)

BC cA AB

Jlokaskure, 4TO
U.Bozdanoe

Bmopoii denv

5. Ha niocke narmicano ypasrenne x° +x? +#x ++ =0 . [Ters

n Bacg 1o ovepenn 3aMeHSIOT 3BE3/I0OYKM HA PAIMOHAJbHBIE
ymcsa: BHavasie Ilers 3amenser jmo0ylo M3 3Be3/I0YEK, TTOTOM
Bacs — m06yio U3 AByX OCTaBIIUXCS, a 3ateM IleTsi— ocTaBiiry-
10cs 3Be3/104Ky. BepHo i, 4to mpm so0bix JeiictBusx Bacu
ITetst cMOXKeT TOTYyYUTh ypaBHEHHE, Y KOTOPOTO Pa3HOCTb Ka-
KHUX-TO /IBYX KOpHeil paBHa 20147

H.Azaxanoe

6. Tpeyronpauk ABC Brmcan B OKpy>KHOCTb Q c¢ miertpom O.
OKpyskHOCTD, ocTpoeHHast Ha AO Kak Ha [uaMeTpe, rnepeceKa-
€T ONUCAHHYIO OKPY3KHOCTD Tpeyrosbiuka OBC B Touke S # O .
Kacatempupie k Q B Tourkax B n C mepecekaioTcst B Touke P.
Jlokaxxure, uto Touku A, S m P Jjiexxar Ha OJHOI MPSIMOil.

P.Caovixos

7. Tlo xpyry croar 10'° maTypampHbix uwmcen. Mexmy
KaXK/(bIMH J[BYMSI COCE[HUMI YHC/IAMY 3AIHCAIN HX HAUMEHbIIee



o6iiee kparHoe. MoryT /i 39TH HAaUMeHbINe OOIe KPaTHbie
006pa3oBarhb 10199 ocnemoBaTeIbHBIX UKCen (pacmososKeHHbIX
B KaKOM-TO IIOPSIKE)?

C.Bepaoe

8. Ilers nocraBus Ha 10cKy 50 %50 HECKOJbKO (ulliek, B
KasK/IyTo KJIeTKy — He 6oJble ogHoil. /lokaxwute, yto y Bacnu ectb
c1toco6 TIOCTaBUTD Ha CBOOO/IHBIE OIS 3TOM »Ke JOCKN He 6osee
99 moBpIxX ¢umek (BO3MOKHO, HM OAHON) TakK, YTOGBI TI0-
[IpeXKHeMy B KasKJOIl KJeTke cTos110 He 6oJblile OAHON (QUIIKI
1 B KaXK/IOW CTPOKE M KaX/IOM CTOJIOIE 3TOH JOCKU OKAa3aI0Ch
YeTHOE KOJMYECTBO (HIIEK.

C.Bepaoe

71 knacc

Iepsuviii denv

1. /lan BBIMYKJIbIH 7-yroJbHUK. BbIGupaioTcs: yeTbipe mpous-
BOJIBHBIX €r0 yrJja ¥ BBIYMC/SIOTCS MX CHHYCBI, OT OCTAJbHBIX
TPeX YIJIOB BBIYHCJSAIOTCS KOCHHYChl. OKa3amioch, 4To CyMMa
TAKNUX CEMU YMCeJI He 3aBICUT OT N3HAYAJTBHOTO BBIOOPA YeTHIPEX
yra0B. [loKaskuTe, 4TO y 9TOrO 7-yroJbHUKA HAWITYTCS YeThIpe
PaBHBIX YTJIA.

H.Bozdanos

a
2. Ha mocke HAMMCaHO BBIPAsKEHIE 3 DL% D]e; ,Tnea, b, c, d,

e, [ — narypasbhbie uncaa. Ecan quciao ¢ yBeamantb Ha 1, TO

3HAYEHNE ITOTO BbIPAKEHUs yBeanuuTest Ha 3. Ecim B CX0o1HOM
BbIPAKEHUH YBEJHIUTD YUCJIO ¢ HA 1, TO €ero 3HaYeHne yBeJTnInT-
Cs1 Ha 4; €CJTN JKe B UCXO/THOM BBIPAKEHUHN YBEJMUUTD THUCIIO € Ha
1, To ero 3HaueHume yBenuuuTcs Ha 5. Kakoe HauMeHblee
3HaYeHNe MOXKET MMeTh Tpoussesierue bdf?

H.Azaxanos

3. Bce kJieTky KBaipaTHOM TaGJUIbI 72 X 7 IIPOHYMEPOBAHbDI B
HEKOTOPOM Topsiike uncaamu ot 1 g0 »n? . Tlets feaeT Xo/pl 1o
crIenyomuM npaBuiaaM. IlepBbIM XOJ0OM OH CTaBUT (PUIIKY B
moGyto kJaetky. Kaskjapim nocsaemyiomum xonoM Ilers mosker

GO TOCTABUTb HOBYIO (DUINKY Ha KaKylO-TO KJETKY, JuOO
nepecTaBuTh (PUIIKY M3 KJIETKH C HOMEPOM @ XOJIOM TI0 TOPU30H-
TAJIM WJIU 110 BEPTHKAJIU B KJIETKY C HOMEPOM OOJIBIITUM YeM d.
Kaskmprit pas, xorma ¢uimka monajsaeT B KJIETKY, 9Ta KJeTKa
HEeME/[JIEHHO 3aKPATTBACTCST; CTAaBUTh (PUIKY Ha 3aKPaTIeHHyI0
KJIETKy 3amperiero. Kakoe HamMenblilee KOJUYECTBO (DUITEK
norpe6yercst [lere, 4ToObI HE3ABUCUMO OT UCXO/HOI HyMepalum
OH CMOT 32 HECKOJIBKO XO/I0B 3aKPACHTb BCE KJIETKH TaOJUIIbI?

. Xpamnuos

4. Tlnockoctp o mepecekaer pebpa AB, BC, CD un DA
TpeyrosbHoit Tmpamuael ABCD B Toukax K, L, M u N
cooTBeTcTBeHHO. OKaszajsochb, 4YTO JBYIpaHHbIE YTJbI
O(KLA,KLM), O(LMB,LMN), O(MNC,MNK) u
g (NKD, NKL) pasubl. (31ech yepes [ (PQR, PQS) o603Ha-
waercst IByrpaHiblii yros npu peépe PQ B terpasape PORS.)
Jlokaskure, uto mpoektmu BepmnH A, B, C n D Ha TIJIOCKOCTb O
JiesKaT Ha OJIHOHM OKPY>KHOCTH.

A.Axonan

Bmopotii denv

5. Uncna x, y ¥ z TaKOBBI, YTO BCE TP YUCAA X + yz, y + zx
W z + xy parmoHambHel, a x? + y? =1. JlokaxuTe, 4TO UHCIIO
xyz* TaKKe PAIMOHATIBHO.

H.Azaxanoe

6. Cm. 3agauy 7 s 9 kiacca.

7. Jlan MHOTOYJIEH

2n-1

_ 2
P(x) = apx™ +ay, 2"+ +ax +a,,

Yy KOTOPOTO KaKIbIit KO9(PMUINEHT «¢; TPHHAIEKHUT OTPE3KY

[100; 101]. IIpn KakOM MUHUMAJIBHOM HATYPAJbHOM 72 Y TAKOTO

MHOTOYJIEHA MOXKET HAHTUCH /IeHCTBUTEJbHDIN KOPEHD?
H.Bozdanos, K.Cyxos

8. Cm. samauy 8 nna 10 kiacca.
Hy6auxauuio nodzomosuau H.Azaxanos, H.Bozdanos,
A.Tapbep, I1.Koxesnuros, O.Ilodrunckui

PermoHanbHbI 3Tan onMMnmaabl
VMakcBenna

TeopeTuueckumn Typ

7 K/acc

3anava 1. IIporuBocrosinue Mapca
B moment npotnBoctosinng Comaite, 3emust n Mapc HaXomaT-
ca Ha oxuoll mpamoit (3emma mexay Commnem u Mapcom).
ITponosxuTenbHOCTD 3eMHOTO Tofa T = 365 CyTOK, MapCUAHCKO-
ro — B k=1,88 pasa Gosbiite. Cunrast, 4YTO TIaHETHI 0OPAIIATOTCS
BOKpyr CoJiHIIA TI0 KPYroBbIM op6uTaM ¢ OOGIIUM IEHTPOM,
JIeXKAIUM B O/THOH IIJIOCKOCTH, HaliJiliTe MUHUMAJbHBIN IIpoMe-
JKYTOK BPEMEHH T MEXK/Ly JBYMsI [OCJIe/I0BATETbHBIMU ITPOTUBO-
cTosHUSIME. [l1aHeTsl ABIKYTCS B OJHY CTOPOHY.
B.1lnuc

3anaua 2. Ha MeTeoposioru4ecKoii craHiuu

Ha MeTeopoIornaecKkoit CTaHIUN TPOBOIAT N3MEPEHNST TIIIOT-
HOCTU CHETa B BO3[yXe TPH MOMOIHN ocaaroMepa. Ocagakomep
npezicTaBIisieT co00il IUIMHIPUYECKUI COCY/L C TLIOMA/ABIO JHA
200 cM®> u BbicOTOl 40 cM, KyJa co6upaioTcsi ocaaku. Bo
BpeMsI M3MEPEHWH CHEXWHKH TMaJaJi BEPTUKATBHO BHHU3 CO

ckopoctbio v = 0,6 M/c. 3a 1mecrb 4acoB ypOBEHb CHeEra B
ocajikomepe jgoctur i = 15 cM, a IJOTHOCTb CHETa B COCYy/e
cocraBusia P, = 0,15 r/ eM® . Ompejiesre, yeMy paBHa ILJIOT-
HOCTH CHeTa P B BO3AyXe BO BpPEMsS CHETOMAfA, T.e. YeMy
paBHa Macca CHeTa, HAXOASANIErOCsS B OJHOM KyOMUeCKOM MeT-
pe Bo3zyXa.

A.Boponoe

3anava 3. Poibax

Ppi6ak Ha JIOJKE C MOTOPOM CHSJICSI C SIKOPsI, NIPU 3TOM
cJIyJaifHo OGPOHII B BO/LY BECJIO, ¥ 3aTEM TIOILIBLI BBEPX IIPOTHB
Teyenus. Uepes 5 MHUHYT, IPOIJIBIB Bosb Oepera 1200 M, on
O0GHAPY KU IIPOTIAXKY BECJIa, PA3BEPHY.JI JIOJKY U MOTLIBLT 06paT-
Ho. Korza oH JorHas ero, TO 3aMETUJI, YTO BECJIO CHECJIO BHU3
o Tevennio Ha 600 M. CumraiitTe, YTO CKOPOCTD TEUEHUS PEKU U
CKOPOCTD JIOZAKH OTHOCHUTEJIBHO BOJBI MOCTOSTHHBL.

1) Yepes kakoe BpeMs , mocse 0GHAPY KEHUS TTPOTIAKY BECTA
PBIGAK TOTIBLI K HEMY?

2) KakoBa CKOPOCTb 0p, TEYEHUS PEKH?

3) KaxoBa cKOpOCTb ¥, MOTOPHOI JOAKN B CcTOAYEH BOJC?

B.Yusunés




52 KBAHT -

3apauva 4. lllapuk c reauem
[Mapuk Hakavasu resmem. Macca rasa cocrasisier 20% ot
Macchl BCeTO MmapuKa. Yepes eHb, KOT/Ia YacThb TeJNs IPOCOYHN-
JIach 4epe3 CTeHKH, 00beM IapuKa YMEeHbHIMJICS B 2 pasa, a
Macca resims craja coctasisatbh 10% OT Macchl BCEro Imapuka.
Orpesiesiite, BO CKOJBKO Pa3 M3MEHMJIACH CPEHSS MIJIOTHOCTD
BO3/LYIITHOTO IApUKA.
A.Boponoe

8 knacc

3anmauya 1. Ha nporyJke
CM. samauy D2333 «3amaunnka «Ksanra».

3agava 2. IliaBanue Ha060POT

B repMernuHOM cocy/ie CBEPXY HAXOAUTCS SKUIKOCTD TLJIOTHO-
cTbio Py =800 1<r/ Mo , OT/IeJICHHAs! JIETKUM T10/IBUKHBIM TTOPII-
HeM OT Tasa, HAXO/SIIErocsl BHU3Y U UMe-
pp | touero pasienue p = 20 xlla (puc.1). B
HOPIIHE eCTh KPYIJOoe OTBEPCTUE, B KOTO-
POe BCTaBJIeH [MJIMHAPUIECKUI OIIABOK.

o L° c L HpI/I‘-IeM B JKHU/IKOCTD TIOIIJIAaBOK ITOI'PYIyKEH
* e i3 .. Ha HEKOTOPYIO JUINHY /1, a B Ta3 — Ha JJIUHY
TR 11 AP

3h. ITnomaab ocHoBanus nomiaaska S. ITo-
IJIABOK MOYKET CBOOOHO CKOJIb3UTH OTHO-
. CHUTEJIbHO MOPINHS, a MOPIIeHb — OTHOCHU-

LI
« Y e =t s e

e p TEJIbHO CTEHOK COCYy/a. >KI/I/IKOCTI) HUT/IE

He moaTekaeT. Kakoil 1o/KHa OBITH TLIOT-
HOCTb IIOILJIaBKa P , 4TOGBI CUCTEMA MOTJIA
ocTaBaTbCsl B PaBHOBecHu? Y CKOpeHue CBOGOIHOTO Ta/IeHUst
g =10 M/ .

Puc. 1

M. 3amsmmuun

3azxaua 3. Pazubie MomHoCTH

Ha ppruare maccoit 3m BUCAT BE JbIMHKI (pI/Ic.Z). Touka
OIIOPBL JeJUT pbluar B oTHomeHuu 1:2. K xopoTkomy Iteqy
pbluara TO/BeIIeHa JbIMHKA Maccou 4m.

2014 /No?2

3

LY

Puc. 2

m
n g

1) Kakywo Maccy J0JDKHA MMETh JIbJMHKA, MOJBEIICHHAS K
JUTMHHOMY TLJIeqy, 4TOOBI CHCTeMa HaXO/IJIAacCh B PABHOBECHN ?
2) JIbauHKY OAHOBPEMEHHO Hadaau HarpeBaTh. Bo CKOJIBKO
pa3 JI0JUKHDBI OTJINYATBCS MOIHOCTU TOABOJAMMOrO K JIbJIMHKAM
Teria, 4To6bl PAaBHOBECHE COXPAHUIOCH? JIbJAMHKU HAXOJATCS

[IPY TeMIIepaType IIaBIeHU.
M.3amsamuun

3agaua 4. /Ise geraam

TenonzonpoBaHHbIil cOCy/ ObLI 10 KpaeB HATIOJTHEH BOJOM
mpu temneparype t, =19 °C . B cepenuny atoro cocyaa GbicTpoO,
HO aKKypaTHO OIyCTHJIU [IeTajb, M3TOTOBJIEHHYIO U3 MeTaJljia
IJIOTHOCTBIO Py = 2700 KI‘/MS, HATpeTyI0 /10 TeMIlepaTypbl
t, =99 °C | u sakpblam Kpbiiky. Iloc/e ycTaHOB/IEHUS TELIO-
BOrO DPABHOBECHSI TEMIIEpPATypa BOJbI B COCY/le CTajJa paBHA
t, =32,2°C. 3areM B 9TOT K€ COCY/, HAIOJHEHHBII /10 KPaeB
Bo/101 Tipu; Temmiepatype Ly =19 °C | BHOBD OBICTPO, HO AaKKypaT-
HO OIyCTHJIM [[BE TaKWe >Ke JeTaju, Harperbie [0 TOH Ke
Temnepatypbl ¢, =99 °C , u 3akpbLIu KpbimKy. B aTom ciayuae
1I0CJIe YCTAHOBJIEHUS] B COCY/IE TEIJIOBOTO PABHOBECHUS TeMIIEpa-
Typa BO/ibl paBHa t, = 48,8 °C . Uemy paBHa y/1e/IbHAS TEILJIOEM-
KOCTb € MeTaJIIa, U3 KOTOPOTO M3TOTOBJIEHDBI fAetasnn? ILiot-

Hocth Bozbl Py = 1000 Kr/ M° . VlenbHas TemmoeMKoCTb BOJbI
¢y = 4200 [[)K/(KI‘ 0C).
C.Kapmasumn

ITy6uxauuio nodzomosuau M.3amsmuun, C.Kosexn,
B.Cno6o0sanun

ermoHanbHbIV 3Tarn
XLVIII Bcepoccnmckonm onnmMnmagbl
LLIKOSTbHMKOB MO pr3KKe

TeopeTnuecknm Typ

9 knacc

3agaua 1. Onacuas 3artes

[locka Maccoit m jexuT, BbIcTylas Ha 3 /7 CBOEH JJIMHDI, HA
kpaio o6pbiBa. [lymna ool ceapmoit yact gocku L = 1 M. K
3 CBHCAIONIEMY Kpaio J[0C-
1 KU C TOMOIIbIO HEBECO-
MbIX OJIOKOB M HUTEH 1Ipu-
KpernJjieH TPOTHBOBEC,
uMelomMuil Maccy 4m
(puc.1). Ha xaxkom pac-
CTOSIHUM OT Kpasi 06pbIBa
Ha JIOCKE MOKET CTOSITD
YeJI0BeK Maccoil 3m, 4To-
OBl JIOCKA OCTABAJIACH TO-

PM3OHTAJIBHOIT?
M. 3amsmuun

Puc. 1

3anaua 2. Tyma-cioxa

K cucreme, npuBeJIeHHON Ha PHUCYHKe 2, NPHUKJIA/JbIBAIOT B
YKa3aHHOM HampaJeHun BHemHue cwibl Iy u F,, rpadukn
3aBUCHUMOCTH OT BPeMEHHN KOTOPBIX JlaHbl Ha PUCYHKax 3 u 4

F2
s (N = Oner SR &
Puc. 2
F,H/ F,,HA
8 8
6 6
4 4
2 2
0 2 4 6 8 10 0 2 4 6 8 10
Puc. 3 t,c Puc 4 t,c



cooTBercTBeHHO. Macca 6pycka m = 1 kr, KoapUIUEHT TpeHus
Mexk/Ty TIOCKOCThIo 1 6pyckoM U = 0,4, yckopeHue cBO60/HOTO
nagenusa g =10 M/ ¢’ . Hutn Jerkne, HepacTsKUMbIE H JITHH-
uple. Biox meBecomsprii. Ha kakoe paccrosinne mepemMecTHTCS
6pycok 3a 10 cexyHj, ecju M3HAYAILHO OH ITOKOUTCS?

M. 3amamuun

3anaua 3. /Ise mertasm
CwM. 3azauy 4 /714 8 kyacca PernonasibHOro ararma oJmMITnabl
MaxkcBeJiia.

3axauya 4. JKBUBaJICHTHasI cXeMa

Ha pucynke 5 npuBeieHa GJI0K-CXeMa PETYJIUPYEMOTO HCTOY-
HUKAa NOCTOSTHHOTO TOKa. M ieanbHas GaTtapesi, obecriednBaionias
MoCcTosIHHOE Harnpsikenne Uy , saluiieHa oT KOpOTKOro 3aMbiKa-
HUS PE3UCTOPOM, COTPOTHBJIEHUE KOTOPOTO 7. BBIX0/IHOE HATIPSI-
SKEHUE 3a/1a€TCsT PE3UCTOPOM compoTuBieHneM R. K BBIXOIHBIM

O 22
U, A U, A
= (& ]
7 7
B B
O -—
Puc. 5 Puc. 6

pasbeMaM A 1 B IOJKIIOYAIOT HATPY3KY, CONPOTHBJIEHHE KOTO-
poit R, . [l yupolienust pacuera CUJIbl TOKA, TEKYIIETO YePes
HarpysKy, CXeMy PeryJipyeMoro HCTOYHIKA PHHATO MPe/ICTaB-
JIATh B BUJE SKBUBaJeHTHON cxeMbl (puc.6), obGecrieanBaromeit
TaKylo JKe CUJIy TOKa, TEKYLIEr0 YePes3 Harpy3Ky, Kak U peasib-
Hblit ncTOYHNK. BoIpasure Hanpsskenue Uy 1 COIPOTHBJICHUE 7
SKBHBAJEHTHOH CXeMBI 4epe3 mapaMeTpbl ucrounnka Uy, R m 7.

/. Anexcandpos

3agaua 5. Boaa u pryth
B ronkoit U-o6pasHoii TpyOKe OCTOSTHHOTO CEYE€HMS HAXO/ST-
€S BOJIA M PTYTb OJIMHAKOBBIX 00beMOB. [[JTMHA TOPU3OHTAILHOIT
- yactn Tpy6ku [ = 40 cM. Tpy6ry
PACKPYTUJIM BOKPYT KOJIEHA C BO-
JI0if, M OKa3aJoCh, UYTO YPOBHU
SKUJIKOCTEN B TPYOKe OTMHAKOBDI 1
pasubl 2 = 25 cm (puc.7). Ilpe-
I HeGperasi aPeKToM cMauNBaHMS,
onpezesure 1epuoy I BpamieHus
TpyOKH. YCcKopeHHe CBOGOHOTO

nagenusas g =9,8 M/ ¢? | miotHoC-

i Bopl 1 pryT Py = 1,0 t/ev’
I pp =135 I‘/CM3 .
Puc. 7 H.Epogees

10 knacc

3anaua 1. Tpu 670Ka
K 2ByM JIerkuM MojBHKHBIM GJOKaM TI0/IBEINEHbl TPY3bl,
Macchl KOTOpbIX 7y U my (puc.8). Jlerkas nepactsskuMasi HUTD,
Ha KOTOPOIl BUCHUT OJIOK
8 C Tpy3oM Maccoii my,
o6pasyer ¢ ropu30OHTOM
yroa a . I'pysbl yaep-

(p JKUBAIOT B PABHOBECUH.

Haiinute yckopenue rpy-

30B Cpasy IocJje TOro,

® Kak ux ocBo6oaT. Cun-

- Taiire, 4TO pasnycol 6.J10-
KOB r < L.

Puc. 8 E.Casunoe

3amaya 2. Ilepemennoe
TpeHue
He6ob110it Tpy3 cocKasb-
3bIBaeT 0e3 HAvaJIbHOW CKO-
POCTH TI0 HAKJIOHHOI TIJIOCKO-
cru (puc.9). MsBectHo, uTo
K03 DUITHEHT TPEHUST MEKLY
IPY30M U ILJIOCKOCTBIO MEHSI-
eTcs1 10 3aKOHy (x) = 0x, T/Ie X — PACCTOSIHUE BJIOJIb TLJI0OCKO-
CTU OT HAYAJIBHOTO TIOJIOKEHUsT Tpy3a. OIMyCTUBIIICH HA BBICOTY
H 110 BepTHKaJIM, TPy3 OCTaHaBIMBaercs. Haiijinre MakcuMasib-
HYIO CKOPOCTH TPy3a B MPOTIECCE BIKEHMUS.
E.Casunos, B.Cno600snumn

Puc. 9

3anava 3. PaGora B nukie
PaGounM TesIOM TEIJIOBON MAIIMHBI SBJISETCS WI€AJbHbBII
oJiHOAaTOMHBIIT ra3. LUK cocTouT M3 M306apHOTO PACIIUPEHHST
1—2, agmabaTHyecKoro pacliMpeHnss 2—3 W H30TepPMUYECKOTO
cxartust 3—1. Moaysab paGoTbl IIPH M30TEPMUUYECKOM CIKATUH
paBen Asz;. Onpenesnute, ueMy MOXKeT ObITbh paBHa paboTa rasa
npu aanabaTHueckoM paciiupennnt A,z , eciam y yKasaHHOTO
mkaa KITJ n < 40% .
A.Hleponos

3anaua 4. YUepHbiii auuk

Teopetnx Bar npeanoxxnsi akcepumMenTatopy oKy ornpese-
JIUTH CXEMY 9JIEKTPHYECKOTO «4epHoro sammka» (Ud) ¢ asyms
BBIBOJIaMH. B sIIuKe HAXOMATCS [BA OJMHAKOBBIX JMOJA U JIBA
pasHbIX pesucTopa. BobT-ammepnas xapaktepuctika (BAX)
«4UepHOTO AMmunKay npusefeHa Ha pucynake 10, a BAX amoga — Ha

I, MAA 1A

407
301
20T
107

0 05 10 150.B 0 05
Puc. 10 Puc. 17

1,0 U, B

pucynke 11. Boccranosute cxemy US n onpezenre conpoTus-
JieHne KaKJO0TO U3 Pe3nCTOPOB.

A.Ceumos, B.Cao600sanun
3agaua 5. /IBe npy:KUHBI
Ha JBYX JIETKMX OJMHAKOBBIX IMPYKMHAX, COEH-
HEHHBIX HUTBIO AB, BUCHT Tpy3 Maccoit m (puc.12).
Kectrocrp ka0l npyskuHbl k. Mex/y BUTKaMU
HPY>KUHbI TPOTSIHYJIM €I1e IBE HUTH: OJ[HY IIPUKPEITH- 5

JU K TIOTOJIKY W K BepXHeMy KOHIly B HIbkHel
IIPY>KUHDBI, @ BTOPYIO — K IPy3y ¥ HUKHEMY KOHILYy A
BEPXHEH NPY>KUHDBI. JTH /IB€ HUTH HE TIPOBUCAIOT, HO
n He HaranyTbl. Huth AB nepepesanu. Uepes Heko-
TOpOE BpeMs cHcTeMa TIPUIILJIa K HOBOMY HOJIOKEHHUIO
paBHOBecus. HalignTe m3MeHeHHMe TOTEHITMAIbHON
SHEPTUN CUCTEMBI.

A.lllenv

Puc 12
11 knacc

3azaua 1. Kosronna u3 necka

Kak-to Teoperux bBar, rynss 1mo G6epery Mopsi, yBUjeJ, Kak
OT/bIXAIOIMI cTpouT 3aMoKk 13 necka (puc.13). On pemmn
Y3HATb, KAKOil MaKCUMaJIbHON BBICOTBI KOJIOHHY MOKHO ITOCTPO-
UTh U3 BJIAKHOTO Tlecka. B oinoit u3 pa6or Jleonapja Jiiiepa
OH OGHApY)KHJI, YTO MAKCHMAJbHAs BBICOTA ITMJIMHAPUYECKOI
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Puc. 13

KOJIOHHDBI, U3TOTOBJIEHHON M3 OJHOPOAHOIO U M30TPOIHOTO Ma-
Tepuasa, MoxkeT ObITb paccuuTaHa no d¢opmyJae
H =1,25E°RPp¥g" , e o, B,y m A — HeKoTOpble UHC/IOBbIE
Ko duitmenTsr, R — payc KOJOHHDBI, P — IJIOTHOCTb MATEPHU-
aJia, U3 KOTOPOTO OHA M3TOTOBJIEHA, § — YCKOpeHne cBOOOIHOTO
nazenus, E — mogysp IOnra. Bar paccunTast, 4To ecim KOJOHHY
c/leJIaTh M3 BJIAXKHOTO TecKa, TO 1Ipu ee paamyce Ry = 5 cMm
BbIcOTa KOJIOHHBI oKaskercs 1,0 M. [Ipyr Bara, akcriepumentatop
I'mioxk, pemun co6parthb 60see «COMUIHYIO> KOOHHY. OH cenan
paaunyc ee ocuoBanus R, = 15 cM. KosioHHa Kakoii BbICOTBI
noayunsach y Imioxa? IIToTHOCTD BJIAXXHOTO Iecka
p=1500° Kr/M3 , ero MmoftyJib IOnra E =3,0 0% Ila, ycko-
peHue cBOOOJHOrO najeHus g =9,8 M/ .

I pumeuanue. Monyb IOuTa — 910 K02 DUITNEHT TTPOTTOPIIN-
OHAJTBHOCTH MESK/Ly AaBacHueM (MM pacTssKeHneM ), 1eHCTBy -
UM Ha MJIOCKYIO MOBEPXHOCTb MCCJIEAyeMOro oO6pasiia, U ero

OTHOCUTEJIbHBIM CskaTieM (yIHHEHHeM).
B.Cao600samnun

3agauva 2. [lonzymast npy>kuHa
B6smsu kpast T1aKoil TOPU30HTATIBHON MOJIYIIIOCKOCTH Jie-
JKaT JIBa OJMHAKOBBIX T'Py3a MacCOil m KaXXAbli, COeANHEHHbIC
JIETKOIl HEePaCTAHYTO MPYKUHOU, JJIMHA KOTOPOIl [y, a sxect-
koctb k (puc.14). K rpysy, Ganskaiimemy K Kpaio MJIOCKOCTH, €
MIOMOIIBI0 HEPACTSHKUMON HHUTH, IEPEKWHYTON uepe3 JIETKUil
6JIOK, TIPUKPEILTIEH elle
O/IMH TaKoH >Ke TIpy3
Maccoii m. Ero yaepsxu-
BAIOT TaK, 4TO yYaCTOK
HUTH, UAYIHN OT 6J10Ka
K 9TOMY IPy3y, BepTu-
kasieH. Hinkuuii rpys ot-
myckaioT. Yepes kakoe MUHUMaIbHOE BpeMs T yaauHenue Al
IPY’KMHBL CTaHeT MaKcHMasbHbIM? Haiiaure sTo yamuHeHHe.
M. Ocun

3anava 3. I'paaupus

Ha mnpoMbIIIJIEHHbIX TPe/-
NPUATUSX IS OXJIAKIEHUS
60JIbIINX OOBEMOB BOJBI HUC-
oJIb3YI0T Tpasupuu. Pacemor-
PUM U/I€ATM3UPOBAHHYIO Tpa-
auphio (puc.15), 1peacrabis-
0yI0 cO60i TMUPOKUI 11H-
JuHAp auametpoM D =15 M, B
KOTOPOM Ha HEKOTOPOIl BBICOTE
H ot ocHOBaHUs Yepe3 CIelu-
aspubie gopeynkn (1) pacrbr-
JISIeTCsI TOPsTYast BOJI, TeMIiepa-
typa xortopoit ¢ =50 °C. Tlo

2014 /No?2

Mepe TaJieHs BOJA OCTBIBAeT [0 TeMmieparypbl t, =28 °C.
ITocpesicTBOM BEHTHJIATOPA HABCTPEUY MA/IAIONINM KATIJISIM CHU-
3y co ckopoctbio ¥ = 2,0 M/c TogHUMAaeTcs BO3AYX TP
temnieparype t, =29 °C. Cuwmraiite, 4T0 €ro TemrmepaTypa Ha
MIPOTSKEHUN BCETO MyTH OCTAETCS HEM3MEHHOil, a BJIAKHOCTD
Mensiercst oT ¢ = 40% ma Bxozme 10 ¢ = 100% Ha BbIXOJE U3
rpaaupHn. KakoBa mpon3BoUTeIbHOCTD ¢ TPANPHI, T.€. CKOTBKO
TOHH BO/IbI OXJIAXK/IAETCS B Hell 32 oinH yac? J[7is BO/bI yieibHast
TEII0EMKOCTD ¢ = 4,2 103 ﬂ)K/ (KF D’C), y/iesIbHas TeIJIoTa Ina-
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Puc 16 Temnepamypa, °C

pooGpasosanust L = 2,3 [10° JIx/xr , a TeMmepaTypHasi 3aBHCH-

MOCTD JIaBJICHWST HACBITIIEHHOTO TTapa TpuBe/ieHa Ha pucyHke 16.
B.Babunues

3anaua 4. Kongencartopsl

[lana sylekTpudeckas Ielib, TapaMeTpbl KOTOPOH yKa3aHbI Ha
pucynke 17. Buauasne ko4 K pa3oMKHYT.

1) Omupesesite HampsKeHUE Ha KOHJEHCaTope eMKOCThio C.

2) Ompegmenure cuIy

TOKa, KOTOpBII moTeder

yepes pe3ncTop COIpoTUB- C —__— 3C 2C
genneM 3R cpasy nocJe
3aMbIKaHns Kaoda K.

3) Kakoe Hanpskenne R |:| 3R 2R

YCTAHOBUTCSI HA KOH/IEH-

carope eMkoctbio C TI0c-

Jie TOTO, KaK MePeX0/THbIe &

MIPOIECCHI B TENH 3aBep- T

marcg? Puc 17
A.Kobsaxun

LI

3agaua 5. MHoro Katyuiek

[ectp u€ATBHBIX KATYIIEK WHAYKTHBHOCTU COEJIMHUJIN B
AJIEKTPUYECKYIO TIelb TaK, YTO KaTyIIKu oOpazoBajin peGpa
terpasapa (puc.18). K sepumnam
A 1 B 1oACOeINHUIN HOCJIe0Ba- 5L
TEJIbHO COe/INHEHHDIE PE3UCTOP CO- 2L
nporusieneM R = 100 Owm, Gara-
peiiky ¢ 9/1C & = 4,6 B, muin-

amiiepMerp u KJod. MHAyKTHB- 6L
noctb Karymky L = 1 MT'n. Bsaum- /4 L

HOH MHAYKTUBHOCTBIO KaTyLIEK B
npeHe6peyb. Puc. 18

1) Boruucsure cuny toka g,

IIPOTEKAIONIETO Yepe3 MUJIJIMAMIIEPMETD CIyCTsI 1 MUHYTY TIOCJIe
3aMBIKAHUS KJIOYA.

2) Bbruucsmre iy TOKa, MPOTEKAOIIETO Yepes KasKAYIo U3
KaTyIIeK B TOT MOMEHT, KOT/Ia CHJIa TOKA, TIPOTEKAIOIIETO Yepe3
MUJLIMamMIepMeTp, pasia I, = 23 MA.

M.3amsamuun

Hy6auxauuio nodzomosuiu M.3amamuun, C.Koser,
B.Cno6odanun



OTBETbHI, YKA3AHNA, PEIIEHNA

«KBAHT» And MNAALWLNX LUKOJIbHUKOB

3A0AHN
(cm. «Keanwms» Not)

1. Her.

3amernM, yto 2013 mesmTed Ha 3, MO3TOMY, CKOJBKO OBl paspe-
[IEHHDBIX OMEPAINil Mbl HU CJEJAJH, B YucauTese GyIeT CTOSITh
YICJI0, KOTOpoe He fesntcst Ha 3. A y Jo6oil 1pobu, paBHOI

3 /5, uncanTesb JOKEH JCJIUThCA Ha 3.

2. 33.

DBynem nasbiBaTh 11BETa «MEHDBIUI>, «CPEIHUN» U «OOIBIIHITY TT0
KoJmuecTBy mapukoB. [I[apiuKoB «MeHbIEros IBeta He MOXKeT
6bITh 6oJtbIitie 32, Belb B MPOTUBHOM CJIydae UX XOTs Obl 33, a Tor-
Jla TIAPUKOB «CPEIHETO» IBeTa He MEHbIe 34, a «60JbIIero» — He
Menbiite 35, #o 33 + 34 + 35 > 100. AHaJIOTHYHO, MIAPUKOB «60JIb-
mero» 1Bera He Meree 35 (mmoromy uto 32 + 33 + 34 < 100).
Takum 06pa3oM, B NEPBBIil pa3 KPacHBIX MAPUKOB ObLIO 35 WJN
6oJtpllie, a BO BTOPOil pa3 32 i MeHbine. [[BeT MeHSIM TOJIBKO
BOJIIIIEOHDIE MAPUKH, & BCETO UX OBLIO TPH, HOITOMY OIMCAHHbIE
U3MEHEHsI MOTJIM MPOU3ONTH, TOJBKO €CJI CHavYaia Bce BOJIIEl-
Hble MIAPUKK ObLIN KPACHBIME, & OTOM CTAJIH 3€JeHbIMU. 3HAUNT,
4qrcsio GesTbIX MIAPUKOB He MEHSJIOCh M 06a pasa ux ObLIo 33.

3. Her.

[lokaxem, uto nepsast ¢pasa He MOTJIA TPO3BYUYATb HEUETHOE
yicio pa3. [lockoabKy Bcero /pKeHTIbMEHOB 50, Y KaskKIoro ymc-
JIO 3HAKOMBIX M YUCJIO HE3HAKOMBIX B cyMMe gaioT 49. 3Haumr,
ecJ y JUKEHTJIbMEHA HeYeTHOe YHCJIO 3HAKOMBIX, TO Yy HEro 4er-
HO€ YHCJIO HE3HAKOMBIX.

Ecnu [oKeHTIBMEH UMEeT YeTHOE YUCJIO 3HAKOMBIX, TO OH TOBO-
puT UM TiepByio dpasy, a oCTaJbHBIM — BTOPyI0. B atoMm ciydae
OH IIPOM3HOCUT IepBYyI0 (pasy deTHOe 4ncyao pas. Ecam xe y
JUKEHTIbMEHA HeYeTHOe YMCJIO 3HAKOMBIX, TO OH MM TOBOPUT BTO-
pyto ¢pasy, a ocranbHbiM (KOTOPBIX YETHOE YUCJI0!) TOBOPUT
nepsyto. [lonyvaercs, 4To KasK/Iblil JPKEHTJIbMEH TIPOU3HOCHUT
nepByio gpasy 4eTHOe YHUCTIO Pas.

4. Yepes 20 munyr.

OueBnHoO, uTo CHauasta camas Gbictpas crpenka (r.e. 150-9) no-
FOHUT caMylo MejenHyio (1-10), TIOTOM BTOpas Mo CKOPOCTH
(149-1) — Bropywo no meanennoctu (2-10) n Tak ganee. 3HA4wT,
74-51 cTpesKa OTBAJIUTCS, KOTJa ee JOroHuT 77-s. VsnavaibHo
MeKIy HUME ObLI OfuH 060POT, a COMMKATIUCH OHU CO CKOPOC-
TpI0 77 — 74 = 3 o6opora B yac. [loaToMy cTpesiku BCTpeTsSTCsS
4yepes TPeTb 4aca, T.e. yepe3d 20 MUHYT.

5. a) Paspesanue 1mokaszano na pucynke 1.

Puc. 1 Puc. 2

6) 4.

[Tpumep noxazan na pucynke 2. JlokaskeM, 4TO MeHbIIIe KBaJpa-
TOB C HEUETHOI CTOPOHOI mosyunThest He Moxket. Ilnomans mps-
MOyTroJbHHKA 19 X 20 jgenurcd Ha 4, mromaapb 1060ro KBa/ipaTa
C YETHOI CTOPOHOH — TOxKe. A BOT IJIOIIA/Ib KBAJpaTa ¢ HEYETHOI
CTOPOHON JlaeT octaTok 1 mpu jmesieHnn Ha 4: (2k + 1)2 =4k +
+4k+1. Tak kax cymMa TITonaeil KBapaToB J0JKHA JI€TUTHCS
Ha 4, TO KBaJpaToB € HEYETHOIH CTOPOHOH He MOXeT ObITb MEHb-
1Ie yeTbIpex.

KOHKYPC « MATEMATWKA 6-8»

(cm. «<Keanm» Ne 4 u 5-6 3a 2013 2.)

3. Ha cpesp npuexasm 1o 25 COIMA-JAEMOKPATOB U Jubepad-je-
MOKpPatoB, a Takxke 50 conuan-inéepasios.

Or Kakux /AByX Jeseranuii 610 HOPOBHY Jeseratos? B yciosun
06 sTOM He roBoputcsi. MOKHO Tiepe6parb Bce BO3MOKHbIE CJIy-
yan (nx, oueBuano, 3), u Takoii myTh npuseger K ycnexy. Ho,
OKAa3bIBAETCSI, MIMEET CMBICJ TIOKA OT 3TOTO BO3/IEPIKATBCS U OCTa-
BUTD 11€peGop Ha TIOTOM.

ITyctb Ha Cbe3/| MpUeXaiu X COLHUAI-AEMOKPATOB, ¥ Jubepas-je-
MOKpPAToOB 1 z cormas-mbepaios. Torjga, B COOTBETCTBUU C YCJIO-
BUEM, Ha cbesjie okasanoch (x + z) commamucros, (y + z) mube-
panos n (x + y + z) memoxparos. CyMMapHOe KOJMYECTBO COIM-
amCToB 1 JnGepanos, oueBuaHo, pasio (x +z) + (y + 2) = (x +
ty+ z) + z. CorsacHo YCJIOBHIO, 9TO B 1,5 pasa GoJbliie, 4eM
KOJIMYECTBO JIEMOKPATOB!

(x+y+t2)+z=15&+y+2).

A tenepb BeromuuM, uto x + y + z = 100 (tax kak Bcero Ha
cpesn ipu6en 100 generaros). Cnenosatenbno, 100 + z =
=1,5-100, u z = 50.

Wrak, Ha cbe3n npubbLin SO coruan-mméepanoB. ITO MO3BOJSIET
OJTHO3HAYHO OTIPE/IEIUTh KOJUYECTBO [IEJIETaTOB OT OCTATbHbBIX
JABYX maprtuil. B camom Jiesie, ecsim OT O/{HOH M3 HUX HPUEXATO
CTOJTBKO K€ JIEJIETaTOB, CKOJIBKO U OT CONUATbHO-TNOEPATHHON
naptuu, T.e. Toxe 50 YesOBEK, TO HA JOJIO TPETheil MapTHH He
oCTaeTcst HA OJTHOTO JieJieraTa, 4To SIBHO TIPOTUBOPEYHT YCJIOBHIO.
IToaTtoMy ocraercst eIMHCTBEHHAST BO3MOKHOCTD: KOJMYECTBO CO-
[HAJI-IeEMOKPATOB 1 JNGEPAI-IeMOKPATOB OBLIO OJMHAKOBOE. A
Tak Kak Bcero ux 6pw1o 100 — 50 = 50, 10O, 3HAYUT, OT KAKION U3
ATUX TIAPTHH TTPUCYTCTBOBAJIM IO 25 YEJOBEK.

6. O6s3aTenbHO.

ITpoBejieM MBICJEHHO B IIPSIMOYTOJIbHHUKE /IBA Pa3pe3a, COe/MHIB
CepeiuHbl €ro MPOTUBOIOJIOKHBIX CTOPOH. [IpsMOyroabHUK pas-
JIEJIUTCS HA YeTbIPe OJMHAKOBDbIE YAaCTU BBOE MEHBIIEr0 pasMepa.
Ha xaskmoit m3 #ux MoskHO Gyzer pasmectuTb 100 kpyros paamy-
ca 1 — TeM ke crOCOOOM, KaK M KPYTH Pajiyca 2 B HCXOAHOM
mpsIMOyTOJibHIKe. Beib pasmepbl KPYroB TOKE YMEHDINUINUCH B
[IBa pasa. B urtore B MCXOIHOM IPSMOYTOJbHUKE PA3MECTSITCS
kak pa3 400 xpyros pammyca 1.

7. a) Ja.

Ecmn a =2013/2, b =1/2, 10 Bce yc/J0BUs BBINOJHEHbI, B TOM
uyncae a/b =2013.

6) Her.

JlokaskeM, uto k = a/b ne moxer GbITh yeTHbIM umcaoM. CHava-
Jla 3aMeTHM, 4TO TaK KaK PAa3HOCTDb IIEJIbIX YUCEJ TOXKE I1eJ0e
umcsio, 0 2b = (a+b) —(a —b) Gyzer ueabiM. ITo O3HAUYACT, UTO
uyncno b 6o nenoe, 6o umeet Bug b = n+1/2 1mpm mekoro-
pom 1tesiom n. Ho ecam k wetno, to a = bk B 060ux 3TuX cjydasx
Gyer nebiM ncioM. [oaromy u b 10/KHO ObITh 1ebiM (Tak
Kak B cyMMe ¢ @ jaet nejoe). Ho toraa ab we mosker ObITh Apo6-
HBIM YHCJIOM.

8. He o6si3arespHo.

CyIecTBYIOT He paBHbBIE JPYT [IPYTY TPEYTOJbHUKU C OJ[MHAKOBDI-
MU MepUMETPaMU U IIoIaasMu. Hampumep, TakuMu SBJSIOTCS
TPEYTOJIBHUK CO CTOPOHAMHE 2, 5, 5 U TPEYTOJBHUK CO CTOPOHAMHI
4 —\/5, 4, 4 +\/§: UX TlepuMeTpbl paBubl 12, a miomaan —
24

9. B camom pnene, tpeyrosbauku AOC u BOD paBHBI 110 IBYM
cToponaM u yray mesxxkay aumu: AO = BO, CO = DO,

ZAOC = ZBOD (puc. 3). ITu yribl paBHbI, MOTOMY, YTO KaXK-
nbiii u3 Hux pasen ZAOD +60° . 3 paBeHcTBa 9TUX TPEYTOJib-
HukoB caenyer, uro AC = BD.

Yerbipexyronbuuk MNLK aBisgercs napaJjiesorpaMMoM
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K

D L
Puc. 3
Bapunbona juist yerbipexyrosabiuka ABCD. Ecau puarosanu ye-
TeipexyrosabHuKa ABCD pasubl, To MNLK gBisercss poMOOM, 1
€T0 UaroHaIN B3aWMHO IEepPIEeHANKYJISPHDIL.
10. 1, 2, 3 unn 4 umkn.
Scuo, uTo Ha JOCKe Bcero paccraBieHo 8 dwurrek. Ilycrtb Ha moc-
Ke BbIJIeJIeH TIPSIMOYTOJIbHIUK, KOTOPBII Oy/eT BIOCJEACTBUN BbI-
e, PacmosiosxuM TOCKy Tak, 4ToOBI O/(HA U3 ee CTOPOH OblLaa
FOPU3OHTAJIbHA, /IPyras — BePTUKAJIbHA, U Y4TOODBI MIUPHHA HPIMO-
YroJbHMKA PaBHAIACh 5 KJETKaM, a BbicoTa — 4 kjerkam (a ecau
MOJIyYHJIOCh Ha060poT, ToBepHeM J0cKy Ha 90 Tpasycos).
CHavaJia HaliieM OTpaHMYCHHS CBEPXY W CHU3Y JJIS KOJIMYEeCTBA
MOMABIINX B MPSIMOYTOJIBHUK TIEIIeK.
Orpannuenne cBepxy. Tak Kak B Kax/0il TOPU3OHTAIHN JJOCKU
CTOWT TIO O/IHOH (bHITKE, TO B KAKIOH TOPU3OHTAJN TIPSIMOYTOJIb-
HIKa — He 6osiee OJHON (PUIITKH. A MOCKOJbKY TaKUX TOPHU30HTA-
Jieil Bcero 4, TO B TPSMOYTOJbHUKE HAXOAUTCS HUKAK He 0OJIbIle
4 TIelex.
OrpannycHne cHu3y. PaccMOTpUM Te TOPU3OHTAIN W BEPTHKAIN
JIOCKHU, KOTOPbIE HE MMEIoT OOIMNX KJETOK C MPSMOYTOJIbHUKOM.
OueBH/JHO, TAaKOBBIX OYy/eT 4 FOPU30HTAMN U 3 BepTUKaau. B
KaK/I0fl 13 3TUX TOPHU30HTAJIeHl U B KaX/0H U3 BepTUKaJeil ume-
ercst o 1 dumike, MO3TOMY CyMMapHOE YHMCJIO TENIeK Ha HUX —
He Gospine 4 + 3 = 7 (a MoxXeT OBITb W MEHbBINE, eCJI KaKasd-To
¢unika TpUHAIEKUT Cpa3y TOpH-
X 30HTAIM U BepTukamu). [Toaromy
X BHYTPH IPSIMOYTOJIbHUKA JIESKUT HE
X Menbpine 8 — 7 = 1 dumkmn.
X Wrak, B IpAMOYTOJbHUKE HE MEHD-
me 1 u He Gosbire 4 nemek. Ocra-

X JIOCh TIPOBEPUTH, YTO BCE ATHU 3HAUeE-
X HUST TOCTHKUMBL. [[71s1 9TOTO pacrto-
X JIOXKUM (PHIIKU B/IOJIb HATOHAJII
X (oHM OTMEueHBI KpecTuKaMi), a
MIPSIMOYTOJIbHUK BBIIEJTMM KPaCHBIM
nserom (puc. 4).
31ech, Kak BUJHO, B TIPSMOYTOJIBHUK nonaun 4 ¢umkn. Casuras
MPSIMOYTOJIBHUK BIpaBo Ha 1, 2 U 3 KJeTKH, IOJyYUM BapUaHTbI,
Korfa B Hero nonasnu 3, 2 u 1 duiika cooTBETCTBEHHO.

Puc. 4

FEOMETPUA HA NAPKETE

1. /lns pasbueHust Ha PUCYHKE 3,4 CTATbU: 1/(mn +1); nus pas-
6nenust Ha prcyHke 3,6 cratbi: 1/(mn—1).

B o6oux ciyuasx Hy)KHO NPOJOJKUTD PENIeTKY M3 MaJeHbKHUX
[apaJlJIeIOrPaMMOB U HOJCYUTATh YUCJIO Y3JI0B BHYTPHU OOJIBIIOTO
napaJiiesorpaMma.

2. 1/7.

Mo:xHO 1oKasarhb, 4To Touku A, B, C U TOYKHU NepecedeHus IIps-
mbix AA;, BBy, CC; aBrisiorcst y3iaMu pelieTky U3 mapasiie-
JIOTPaMMOB, KaK M306paskeHo Ha pucyHke 5 (cyliecTBoBaHue pe-
HIETKH MOYKHO, HAIIPHMEp, BBIBECTH U3 TOTO, 4TO OTpesku AA,
BB1 u CC1 JeJIIT IpYyT ApyTra B oTHOIIeHnu 3 : 3: 1 ). Ecimn
IPUHATD IJIOLAQb TAKOIO MapaJlielorpaMMa 3a S, TO ILIOMAdb

2014/Ne?2

Tpeyroibiuka ABC pas- B

2

Ijionia/ib MaJIEHbKOTO

1 7
Ha (3+3~gjs—fs,a A,

CHHEro TpeyTroJbHUKA
gp y C, C

paBHa 5 3HAYUT, OTBe-

s 7s 1 B

TOM OyleTr —:—=—. 1

2 2 7 &

3. 3amocTHM ILIOCKOCTD A
Puc. 5

KOITHSIMH JIAHHOTO B yC-
JIOBUM PHUCYHKA ¥ TIOJYYINM TO, Y4TO M300pakeHO Ha PHCYHKe 6.
HaM Hy’KHO [JOKa3aTbh, YTO PABHBI IO CHHUX W KPACHBIX
IECTHYTOTPHIKOB (ITOKa3aHHbBIX : : —

B BepxHeii yactu pucynka). Co- ! E | |
e/IMHIM MaJICHbKIE KBAJPATHKI ]
myHKTHpHBIMI JiamsiMu. Torza
BOZHIKHET <TOJICTAsl PEIIETKa», ¥

KOTOPOii BMECTO y3JIOB KBAJIPATH-  [HA~c ¥
KU U «COEJUHSIONINE» MX Tapaji- ) i

JlesiorpaMMbl BMecTo pebep. Oue-  f-¥L_4- _'[ T'_ _'r__.
BUJIHO, YTO €CJIH 3Ty <«PEIIETKY» : j i
noBepuyTb Ha 90° BOKPYT I€HT- ! ‘nl '.l

pa Jo60ro KBajpaTuka, TO OHA B I -

coBMecTHTCS ¢ coboil. [ToaTomy
BCe TapaJsyieIorpaMMbl PaBHBI 1 pac. 6

paséuBAIOT IJIOCKOCTb Ha KBaJpaTbl. Ka/iblil 13 HUX COCTOHUT M3
JIBYX CHHUX U JBYX KPacHBIX TPEYTOJbHHUKOB C OOIIel BEPIINHOIL.
B crarpe 6b110 0Ka3aHO, YTO B TAKOM CIydae IJIOMAAb CHHUX
TPEYTOJbHUKOB PaBHA IJIONIA/N KPACHBIX. A Telepb BepHEMCS K
HIECTUYTOIbHUKAM: CUHMII COCTOUT M3 TeX JKe JIByX CHHUX Tpe-
YTOJBHUKOB ¥ OJJHOTO MapaJiIesorpaMMa, KpPacHbIil — U3 JBYX
KPacHBIX TPEYTOTbHUKOB M TOUYHO TaKOTO >Ke MapaJiTesorpaMMa.
3HAYNT, MJIOMAAN MIECTUYTOIbHIKOB PABHBI.

4. Ilycrp M u N — cepenunnl ctopoH AB u CD 4eTbIpexyToJib-
Huka ABCD cootserctBerHo (puc. 7). ByjaeMm cuutarh, 4To IJI10C-
KOCTb 3aMOIIleHA PaBHBIMU

ABCD mimTKaMu Tak JKe,
Kak 06Cy’K/IaI0Ch B CTa- B

toe. Ilycrs mumtka CDEF A ¢
rpannunt ¢ ABCD 1o N
cropone CD (oHa cum- D F
merpuuna ABCD otnocu- 3 T

TesbHO Touku N), a TOUKa pye 7

L — cepenuna EF. Tak

Kak Toukn M 1 L CHMMEeTPHYHBI OTHOCHTEJbHO TOYKH N, TO Bce
TPH JIeXKaT Ha ofHON mpsamoit 1 ML = 2MN. C npyroil CTOPOHBI,
ML = AE. Tenepb yTBepK/JeHUE 3a/1a4M CJe/yeT U3 HepaBEeHCTBA
TpeyroJbHuKa U u3 Toro, uro DE = BC.

5. By/eM 1osib30BaTbhes TEM, YTO IUION[A/Ib MapaJlIesorpaMMa He
IIPEBOCXO/INT IOJOBUHDI IIPOU3BEJCHNUS JAMaroHaJeil, IpuieM pa-
BEHCTBO JIOCTHTAETCSI TOJIbKO TOT/IA, KOTJIA AMArOHa/N IIepIeH/n-
KyJIIpHBL. BoT Kparkuii miaH jokasaresabcrBa aToro dakra. /na-
TOHAMM Pa3bMBAIOT MapasielorpaMM Ha YeThIpe TPeyTOJIbHUKA,
IJIOMA/Ib KakK/I0TO M3 HUX PaBHA IOJOBHHE IPOU3BECHUS ABYX
€ro CTOPOH Ha CHHYC YIJla MKy HuUMH. J[JI Ka)/[0ro TpeyroJib-
HHKa BO3bMEM B 3TOU (hopMy- B c
Jie yTOJI TIPH TOYKe Tepecede-

HUS MaroHasieif, ero CUHyc P
He Gosbie 1 (1 pasen 1, Kor-
Jla JIMaroHaJ TIePIEeHINKY- A D
JISIPHBI) .
Tenepp paccMoTpuM 3amolie-

HIHE IJIOCKOCTH KOIMSIMH JIaH- Q
HOTO YeTbIPeXyTOoIbHIKA
ABCD v cBg3aHHOE C HUM 3a-  p,- g
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MoIIenne mapaJienorpaMmMamn (OIATb BOCIIOIBb3yeMCsT PUCYHKOM
7). Tlmomaap Kax/0ro TMapasuiesorpaMmMa BABoe GOJIbIIe TIOoMa-
1 ABCD u He 60Jblile TIOJIOBIUHDBI TPOU3BEIEHIS NATOHAJIEN
3TOrO TmapaJuiesorpaMma. Kak BUJIHO M3 pUCYHKA 7, [UATOHATD
AE < AD + DE = AD + BC . AHaJIOTUYHO, [Ipyras IuaroHajb HE

6ospire cymmpl AB + CD. Torga miaomaas ABCD ne 6GoJblie

i(AD + BC)(AB+CD).

Yro6bl HOTYYHIOCh PABEHCTBO, HEOOXOANMO paBeHCTBO AD +

+ BC = AE, t.e. croponbt AD u BC n0/KHBI OBITH Mapaliesb-
Hel. U TO jke camMoe JIOJDKHO BBITIOJHATHCS JIJIsi BTOPOM JiMaroHa-
JIn mapaJsiesorpamMma. K toMmy ke, caMu IMaroHaJn TOJKHBI
6bITh HepHeHANKyJIApHBL. Ho ato U o3Hauaer, yro ABCD — mps-
MOYTOJIbHUK.

6. Tpeyrombauku ADQ u CBP pasHbl, oatoMy Tiomans APDQ
B JBa pasa MeHbite miaomanan ABCD (puc.8). Tenepb, Tak Kak
IJIONA/Ib TPEYTOJIbHNUKA HE GOJIbIIE TTOJOBUHDI ITPOM3BE/ICHIS
JIByX €r0 CTOPOH, UMeeM

Sarpo =Sapo +Sppo < AP-AQ/2+DP-DQ/2 =

:1(PA~PC+PB~PD).
2

MMoatomy Supcp < PA-PC+ PB-PD |

7. IllecTnyroIbHUKOM U3 YCJOBHUS 3324l MOYKHO 3aMOCTHTD
mockoctb (cM. puc.5 B cratbe). [Ipw 9TOM BEPIIMHBI HY>KHOTO
TpeyToJbHIKa OY/IyT y3JaMi COOTBeTCTBYIomell pemerku. Torzaa
[OJIy4aeTCsl, YTO KaXKAbII IIeCTUYTOJbHUK COJAEPXKUT 10 TPU Ta-
KUX y3J1a, a KaK/blil Takoil y3es IPUHA/JIESKUT TPEM IlecTH-
YTOJbHUKAM. 3HAUNT, TJIONA/b MECTHYTOJIbHIKA PaBHA IJIOMIAIH
HapaJjielorpaMMa peneTk, a IJIOMAAb HY>KHOTO TPEyrOJIbHUKA
paBHa ee IOJIOBUHE.

HOBbIE NPUKJTIOYEHNSA BYPATUHO

1. Ilycts Bypartuno ryssan no Yerbipexyroapaomy secy ABCD,
HayaB M3 TOYKH Sy Ha cropone AB ¥ MPOXO/s MOCJE0BATEIBHO
C yepe3 Toukn Sy, S3, S; u Ss
Ha CTOPOHAX YETBIPEXYTOJbHI-
ka (puc.9). Jlokaxem, 4To
Sy =385 . Ilycts Sy pesur cro-
pony AB B oTHONIEHUN X @Y,
t.e. AS|:BS; =x:y . Ilo teo-
peme Dageca
BS,:CS,=BS;: AS| =y :x,
Tak Kak S5, mapasiesbHo
AC. 3uaunr, S, memur cropo-
Hy BC B OTHOIIEHUN ¥ : X .
Puc. 9 Paccyxast aHATOTHYHO, OJIY-
qum, uyto S3 genutr CB B oT-
Homennu X 1y, S; gemur DA B orHomennu y:x, Ss gesur
AB B oTHOmIeHNH X : Yy . 3Haunt, S; =Ss5.
2, 3. Kak u B pelreHnn HpeabAyIIell 3a/[aun, pacCMOTPUM TOU-
K, B KOTOPBIX DypaTuHO MeHsieT HampasJenue aBmxenus. Haii-
JIeM, KaK MEHSIeTCS OTHOIIEHKE, B KOTOPOM Ouepe/iHasl TOYKa Jie-
JINT CTOPOHY TpeyToJbHUKa. Ecn M3HauaabHO OTHOIIEHHE GBIIO
x:y (roe X # y), TO Ha ceayonel cTopore oHo Gyzer ¥ :x ,
MOTOM X Y, a KOTJIa OH BHOBb BEPHETCSI HA MCXOIHYIO CTOPOHY,
6yzmer y:x . llpoiiag eme Tpu oTpe3ka IyTH, BypartnHo mormajer
B TOUKY, KOTODPAas [EJIUT CTOPOHY B OTHOIIEHWH X : ¥ , T.€. Bep-
HeTCsT B HCXO/HYIO TOUKY.
Ecnu sxe usnavanpno x:y =1:1, To Byparuno craprosai c ce-
PEIITHDBI CTOPOHBI TPEYTOJIbHUKA, W OH BEPHETCS B UCXO/JHYIO TOY-
Ky, TIPOIg TPH OTpe3Ka IyTH.
4. Ha cropone BC mpasuibHoro Tpeyroibanka ABC oTmedeHa
npoussosibHas touka A; (puc.10). U3 roukn Ay nonyunmmm A,
[0 TaKOMy TIpaBUJIy: Touka By — mpoexims A; nHa cropony AC,
touka C; — mpoekist By ma cropony AB, Touka A, — mpoek-

must C; ua cropony BC. Ilo takomy A

ke mpasuiy u3 A, nosydaercs As

u BooOIe — u3 Toukn A, mosydaer-

cst Touka A, m tak gasnee. [laBaii- C,
Te pazbepeMcsi, Kak BefeT cebst moc-
JIC/IOBATEJIbHOCTD ATHX TOYEK.

[Tycth mimHA CTOPOHBI TPEYTOJbHHUKA
ABC pasna 1. Ilycts BA, = x,,,
BA,, = x,.,. Boipasum x,,,uepes
x, . Ucnonbays, 4ro karer, Jexa-
muit mpotus yriaa B 30°, paBeH 1o- Puc. 10
JIOBHHE THITOTEHY3bI, HOCJIe/0BATEDb-

HO HAXOIUM

B,

A, 4, B

A1C=1—xn,CB1=%—%x _ ]

n?’

Bc,=>-1, AZB:1(§—1x]:§—"—".
44

x, . Ero mox-

| =

3
[Tomyuaercss pekyppeHTHOE YPaBHEHHE X,,q = 3

HO Tepernncatb B BU/E

1 1 1
xn+1_§ :_g xn_g .
[Tyctp T — Takas Touka Ha orpeske BC, uto BT = 3

Hamre pexkyppeHTHOe ypaBHEHHE TOKa3blBaeT, UYTO PACCTOSTHUE OT
ouepennoii Toukn A,y 10 T B BoceMb pa3 MeHbIIle, YeM OT TIpe-
JIbILYIEH. DTO 3HAYUT, YTO MOCJEJ0BATENIBHOCTD TOYEK (Aw)
crpemutcs K Touke T (€O CKOPOCTBIO reOMETPUYECKOR IIporpec-

cHUM, 3HaMeHaTesb KOTOPOil paBeH "3 ), IIpUYEM HUKOI/A HE 110-
HaJieT B 9Ty TOYKY — KpPOMe CJydas, Korja naHadaabHo Ay =T .
(Mutepecuo, uto jBe mocJjejoBaresbuble Toukn A, u A, pac-
[0JIATAIOTCS 110 PasHble CTOPOHDBI OT TOYKU I° — HOC/IeL0BaTEe b

HOCTb 4ucesl x, — g ABJIACTCA SHaKO'{CpC[[yIOIHCfICH.)

B maremaTnke HTepaIIOHHBIE IPOIECCHI OUYEHb YacTO MO3BOJISAIOT
HaiiTi npuG/IMKEHHOe pellleHie COOTBETCTBYyIomIell 3aaun. B na-
meM caydae Tpu Touku A,, A4, A,., cayxkar BepuimHamMu
TPEYTOJbHUKA, CTOPOHBI KOTOPOTO TIOUTH TepPHeHINKYJISPHBI CTO-
POHAM HCXO/JHOTO TpeyroJbHuKa. VM 3T0 noumu teMm TouHee, 4eM
GoJbliie 7.

3AAA4YN HA N3MEHEHUE SHEPTMN CUCTEMbI

1. v, =0,2 m/c. 2. v=12mM/c. 3.x=0,3Mm.
4. Q = 840 JTx. 5. A =290 JIx. 6. 0, =2M/C.
7. Q = 1,35 [Ix. 8. Upax =0,4M/c. 9. Xy =0,24 M.

10. F,,, =6 H. 1. A =012 k. 12. O = 45 m]lxk.

OJIMMIMUMAAHBIE SAAAYU C LEJIBIMN YNCNTAMUA

1. Vkasanue. TlpuseemM ypaBHeHUe K BULY
c ad + bc
X=—t—
a a(ay+Db)
U 3aMeTHM, 4TO IeJI0€ YUCJI0 ay + b TOKHO OBITh JeJUTeeM
uncaa ad + bc, HO Takux Jeuresiell KOHEYHOe YKCJIO.
2. a) (—4; 1), (0; =3), (2; 7), (6; 3); 6) (=2; 1), (—4; 3);
B) (2; 10), (=4; —-2), (4; —2), (10; 10).
Yxaszanue. 3amerpre, uT0 ¥ = x +1 _LS .
x—
) (240; 57360), (478; 478), (57360; 240).
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n) 43. Vkasanue. 3ametuM, uto mpu coctaBHbix N = ab uucyio

1 1 1 11 1 1 1 1
— = =]t |=—+—
N N+1 N(N+1) alb+1 b(b+1)) 2N 2N’
11 1
TaK YTO ypaBHEHHE — +— = N et 6oJIbIlle TPEX pelIeHHit.
X

Y
Ecmu sxe N mpocroe, To B Tounoctn 3 pemenusi (IOKaxure aT0).

3.a)-3,-2,0,1; 6) =3, -1, 0, 2.
T’ZS +3 3 n+3

Vxasanue. Tax kak — =n"-n+— 1 cpasy BUJHO pelie-

ne+

n* +1

Hue n = _3, a TaKKe — 4YTO 3aBe/IOMO HE TrOJATCA 1, IJId KOTOPbIX

n+3

n* +1

man=-1,n=0,n=1un=2.

0<

<1, 1.e. n <—1un>-2. Ocrajoch TPOBEPUTb YHC-

4. (£1,-5,0), (£1,5,0). Yxasanue. 3anuunre ypaBHeHUE B Bue
542 + (y - 2)2 +22=30 u BOCITOJIb3YIITECH TEM, UTO 5x% < 30 ,
r.e. 6o x> =0, mbo x> =1, au6o =4,
S.a)llpun=1. Ecom n#1, 10

=0t 202 +1-0® = (n2 +n+1)(n2 —n+1)
— 06a comuoxutresst Gospine 1. 6) Ipu n = 1. Ecan nanuoe unc-
J10 TpocToe, To n HeuetHo. Paznoxum 7' + 4" Ha 2 MHOKHTES:

2
n4+2.2”+22n_2,2n.n2:(n2+2n) _ognHl 2
2

re 2" n? — nosmbri KBaJIpaT.
6. a) (1; 1), (3; 2); 6) (0; 0); B) (0; 0), (2; 2).
7. Her. Takoe npoussejienne MOKHO TPEJCTaBUTh B BH/IE
nn+1)(n+2)(n+3)= (n2 +3n)(n2 +3n+2) =242z,

rie z=n’+3n, no 2° <z* +22<(2+1)2, T.e. 2°+22 zakmo-
YEHO MEXK[IY ABYMsI MOCJIE0BATENBHBIMU KBAJPATAMH.
8. (0; 0), (1; 0), (2; 1). Vrasanue. Ilpn x > 2 neBas yacTb Jie-
JIMTCS Ha 3, a TpaBas — HeT.
9. (2; 0).
10. (0; 0).
11. a), 6) Pemenuii net; B) (0; 0); 1) (2; 2). Yrkazanue. Jloka-
JKUTE, 4TO M U N — 4deTHble yncsaa. [lpu m = 2k u n = 21

g 2% = (30 -2) (34 +2) =5.
V3 mrpocToThl Uncaa S5 Cleyer, 4To 3k_2l =1,
kypa 35 =3, 2/ =2,
12. a) Her. 3amernm, uro 2014 = 6(mod8) . Ho (2k+1)2 =

=1(mod8) . Cymma ske ceMu KBaJpaToB IIPM JleJeHu Ha 8 jaet
OCTATOK 7.

6) Ila. Oxno us peurennit: 2014 = 43% +112 +52 +32 + 3% +1.
Vxasanue. 13 2014 BbrateM HanOOJIBIIII BO3MOKHBII HEUETHBII
KBAJIpar, 3aTeM TO K€ caMoe TPOJIeJaeM ¢ Pa3HOCThIO U T.JI.

13. a) Byzem cuurarp, uto uncaa @, b, ¢ B3aumHo npoctsl. Jo-
KaskHTe CHavaja, 4To YHcaa ¢ W b pasHOW YeTHOCTH, MPHYEM
6o a, 6o b genuted Ha 3, a TakKe, YTO OJHO M3 ITUX YHCEJI
pesrest Ha 4. Jlokakure jajee, 4ToO €CJaU HU ¢, HU b He jpensarcs
Ha 5, TO a® +b% pemutcs Ha 5. 31€Ch BO3MOKHDI BCE cayvau,
T.e. MOKeT ObIThb, uTo ab aenurca Ha 60, a Takke, 4ro ab jpesur-
caHa 12, ac — ma 5:

P +42=5", 52 +122 =132,

342l =5, or-

6) (1; 3). Vxazanue. Ecniu x > () — 4eTHOe YUCJIO, TO

2" = 4" =1(mod3), 1.e. y* =2(mod3), 4TO HEBO3MOXKHO.

Urak, x Hederno. Ho 2% = 4" =0(mod4) npux > 1, a

3" = 3(mod 4) . Cpasuenne xe y* = 3(mod4) peuenuit ne ume-
er. IIpu x = 1 neBag vactb pasna 9.

B) n = 3. Vkasanue. SIcHO, 4TO n HEYETHO, HO TOT/A

2" =2(mod 3) , u ecou n He jAenutcs Ha 3, TO n? = 1(mod 3) . Ho

2

torna 2" +n® penurcs wa 3. Ecom ke n = 3, o 2" +n® =17 .

2014/Ne?2

14. (2; 4), (4; 2).
15. (2; 3; 4).
16. Yersepxu (m; n; k; [) taxkossr: (2; 4; 1; 5), (5; 1; 4; 2).
Vkasanue. 1lepeMHOXMB U CJIOKUB YPAaBHEHHST CHCTEMbI, I10JIY-
4UM, YTO (7712 + kz)(nz + 12) =205=>5-41. 3uauur, 1160
m>+k* =5, w4+ ? =41, mmbo m* + k? =41, n+12=5. Tpe-
GyeTcst elie yuecTb, 4to nk > mi.
17. (Sk +3:10k> + Sk), k€ Z . Yrkasanue. TTocKOJIbKY
5y =(x=3)(2x-1), To mbo x -3 =0(mod5), mmbo
2x —1=0(mod5) . O6a cayuas gaor x = 3(mod5), r.e. x =
=5k +3, keZ.
18. (4; 3), (6; 13), (14; 5).
19. (1; —1), (=1; 1). Yrazanue. Pa3noxus JeByIO 4acTb Ha MHO-
xuteu, nmeeM (3m —n)(2m +n) =3 . Ocranoch BOCIO/Ib30BATb-
¢S IpoCTOTOH uncia 3.
20. (0; 0). Vrasanue. llpumernte MeToji GECKOHEUHOTO CITYCKA.
21. (0; 0), (2; 2), (0; 3), (3; 0). Vrasanue. Ecmu x = 0, T0
y =0 wmwm y = 3. Arasmornyno, npu y = 0 moayunm x = 0, x = 3.
Ecmn xy #0, 10 [x+y—3#0 u, tak kax «? + y* > 2|[|y],
umeeM 2|x||y||x + y — 3| < 2|«||y| , npruem pasencro BosMOKHO
s ipn || =y], v+ y -3 =1.
22. (7n; 3n; 2n), neZ . Ykasanue. PaccMoTpuTe ypaBHEHUe
Kak KBaJpaTHOE:
a? +2x (y - 52) +5y* —22yz +342° =0 .

[lst mero

D/4 = (y - 5z)° —5y° +22yz + 342> = —(2y - 32)°
otkyna 2y = 3z, y = 3n, z = 2n, tae neZ . llpn atom x = 5z —
—y=10n — 3n =7n.
23. (0; 2), (=2; 0), (0; 3), (2; 1). Yrasanue. Pemnre ypasue-
HUE KaK KBaApaTHOE OTHOCHTEIHHO OJHOTO M3 HemsBecTHbIX (1mo-
JyMaiiTe, OTHOCHTENBHO KaKOTO M3 HEM3BECTHBIX 9TO ygo0Hee
clIe1aTh), MOCJE Yero PassiokKuTe Ha MHOKUTEJIN.
24. (2,43), (-2;43). Paccmorpute JamHOE ypaBHEHHE KaK KBaj-
paTHOe OTHOCHTEIbHO ¢ =X~ .
25. —15. YVkasanue. 3amMeTnM, 4TO JI€Bask 9acTh MPH JIOOOM 1 pa-

mmonasbHoe uncyo. Cregosatennho, N1 —8n — nenoe (mouemy?),

14
npudeM n < —1. 3HauyuT, JI€Bas 4acTb, paBHas on — 1 +—1,
n+

JIOJDKHA OBITh TIEJIBIM OTPUIATEbHBIM YHCJIOM, T.e. n + 1 — genn-

)

Tesb uncaa 14. Bce Bo3MoskHble 3HaueHud n 310 —2, —3, —8,

—15. IIpoBepka 1mokaspIBaer, 4TO MOAXOAMUT JUIIb 7 = —135.
26. (2; 1). Ykasanue. Bocnoab3yiitech OCHOBHON TeOpeMOi
apudMeTHKH.

27. (=5; 20), (=5; 21). V3 ycaoBus ciaeayer, 4To
x+25<1—4x nm x?-25<1-4x , OTKyga x = =5, 20<y <21.
28. (9; 9).

29. 41472.

PEMMOHANDBHbBIN 3TAM XL BCEPOCCUINCKOM
OJIMMMNUAAbI LUKONbHUKOB MO MATEMATUKE

9 knacc

1. He moruo.

[Tyctp Takoe morso okasdarbest. O603HAYMM JaHHbBIE YHCJIA

ay, dy, ..., dyyy, a ux cymmy — 4yepes S. Ilo ycmoBuio, ans kaxmo-
ro HoMepa k uncia @, u S —a, OKaHYMBAIOTCS OJHOII U TOIl Ke
mudpoit. OTciona ciefyer, 4YTo Pa3HOCTb ITUX YUCEJ, PaBHAS

S —2a,, nemmrest na 10. 3uaunt, npu mo6oM k ducjao 24, okKaH-
YUBaeTCs mocJaeHell udpoit cyMmbr S. ITO 03HAYAET, YTO Pas-
HOCTb MEX/1y JIIOOBIMH JIBYMsI UMCJAMU ), AeauTcs Ha 5. Mrak,
Bce 111 pa3iuyHbIX YnCes ¢; TOJBKHBI 1aBaTh OJMHAKOBBIE OC-
TaTKU OT JlesleHust Ha 5; HO cpean 4uces or 1 go 500 posHO 110
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100 umces, paomux (GUKCUPOBAHHBII OCTATOK OT JIeJIEHUS Ha J.
[IporuBopeune.

2. Ilycrtp O — Touka nepecevenus auaronasneit AC u BD
(puc.11). Buccexrpucst yraos ADB u DAC nepecekaiorcs B
nenrpe O; OKPY’KHOCTHU, BIIH-
canHoil B Tpeyroibuuk AOD, a
6uccekrpucel yriaoB ACB n
DBC - B nentpe O, 0OKpy»xHO-
CTU, BIUCAHHON B TPEYTOJbHUK
BOC. 3uauut, toukn O; u O,
JIekar Ha GMCCeKTpUCcaxX BEpTH-
KaJapHbIX yraoB AOD u BOC.
Pacemorpum pom6 POQO, us
ycqoBus 3anavn. B Hem
OPOO~ 0 OO0, , a 3Hayur,
ODOC= O AO,O . Tloaromy tpeyrosmpaukun AOO; 1 DOO,
pasubl o cropore ( O;0 — ofmas) u ABYyM TIPHJIEKAIIM yIriaM,
orkyna AO = DO. Torna UOAD= O ODA , u 4eTbIpexyroJbHUK
ABCD cumMeTpuyeH OTHOCHTEJIbHO CEPEAMHHOTO ITIepPIeH/IUKY.Is-
pa k AD. Ilostomy AB = CD.

3. 14.

Uucno N Mosker paBHATbCS 14, Kak NOKa3bIBAeT, HAIPUMEP, YeT-
Bepka uncen 4, 15, 70, 84. Ocrajnoch mokasath, uto n =14 .
Jemma. Cpedu nonapnuoix HO/ uemvipex uucen ne moxem
Obimb POBHO 08YX uuUCeN, OeSUUXCS HA HEKOTOPOe HAMYPAib-
Hoe k.

[okasareabcTBo. Ecii cpe/i HCXOMHDIX YETBIPEX YHCET €CThb He
Goutbllie BYX umces, fessiumxcs Ha k, 1o cpean momapubix HOJT
Ha k penutcs He GoJiee ozHoro. Ecum ske TpH M3 MCXO/HBIX UUCET
nesistest Ha R, 1o Bce Tpu ux nonapubix HO/I gensites na k.
Jlemma nokaszana.

[Tpumensiss semMmmy K k = 2, nosrydaem, uro yucao N derno. ITpu-
MeHsisi ee ke K k = 3, k =4 u k =5, nonyyaem, uro N He Jeant-
csHa 3, 4 u 5. 3uaunur, N He Moxer paBustocs 6, 8, 10 u 12.

4. 1.

[lokaskeM BHavajse cJeayloliee yTBEpsKIACHHUE.

Jemma. /[ns ao0vix deyx kaemok A u B cywecmsyem makas
xaemxa C, 3axpacue xomopyio, MOXKHO 3amem 3axpacumyv u A,
u B (603mosxn0, C coenadaem ¢ A uau ¢ B.)

[oka3zareabcTBO. MOXKHO CUNTATH, YTO HOMEP @ KJETKU A MeHb-
me, 4yem Homep b kuerku B. Ilycrs D — KjieTka B OJHOM CTOJIOLE
¢ A u B ogHOM cTpoke ¢ B u nycts d — ee Homep (BO3MOMKHO,

D =Awum D = B). Toraa, ecin d < a, To 10CJ€ 3aKpalIiBaHs
A MOKHO TIOCJIeoBaTeIbHO 3akpacuth D u B; ecomt a <d <b
TO HOCJIE 3aKpaluBaHusa [ MOXHO 3aKpacuTb Kak A, Tak u B;
HaKOHell, ecau d > b, TO mocJe 3aKpanuBanus B MOKHO 1ocJie-
nosartesibHO 3akpacutb D u A. Vtak, B J060M ciyyae B KauecTBe
C MOXHO BBIGpaTh OJHY M3 KJeTok A, B u D. JlemMa moka3ana.
[lepeiinem k pemennio 3ajgauu. Acho, uro k =1; 3nauur, gocra-
TOYHO /IOKa3aTb, 4TO mpu k = 1 3aKpacka Bcerjia BO3MOXKHA.
3adukcupyeM NPOM3BOJILHYIO HyMepaluio KjieTok. PaccMorpum
BCe CMOCOGBI 3aKpaIMBAHusA KJIETOK COTJIAcHO ycosuio (rpu k =
= 1) u BbIGEPEM U3 HUX TOT, B KOTOPOM KOJHMYECTBO 3aKPAIICH-
HBIX KJIETOK MakcuMasbHO. IIycTb B aTOM criocobe mepBasi 3aKpa-
mennas kaetka — A. IIpeamosnosxuM, uro npu aToM crocobe Ka-
Kag-To KJeTKa B ocrasach HezakpamieHHOi. Torza, BeI6paB 1o
JleMMe COOTBeTCTBYIomyIo kaeTKy C U HayaB 3aKpalluBaHUE C
Hee, Mbl IIOTOM CMOJKeM 3akpacutb B, A u, Kak cJjejicrsue, Bce
KJIETKH, 3aKpallieHHble B BBIOPAHHOM cIoco6e. 3HAYUT, BCETO MbI
3aKpacuM XOoTs Obl Ha OJHY KJeTKy Gosibine. [IpotmBopeune ¢
BBIGOPOM €110c06a TTOKA3bIBAET, YTO HA CAMOM JieJIe B HAIEM CIIO-
cobe GyIyT 3aKpalleHbl BCe KJIeTKH. JTO U O3Ha4aeT, urto k = 1
MO/IXO/IUT.

5. 42 -1.

O6osnaunm a=x -2, b=x-1/x, c=x+1/x, d=x
+ 242 . Bamerum, uto b u ¢ me MOTYT OJTHOBPEMEHHO OBITH IICJIbI-

24

mu. [leiicrBuresibHO, TOrja 4nca0 b + ¢ = 2x TakiKe Iiejioe, 3Ha-
YHUT, X PAIMOHAIBHO, [TOITOMY KaK @, Tak U d He GyIyT IeJbIMH
KaK CyMMBI PAIllIOHAJbHOTO W MppaIloHaIbHOTO umcesn. Wrak,
0/1HO U3 ynucesn b u ¢ Heresnoe, a Toraa d U d A0JKHBI 00a OBITH
L[€JIBIMU.

3Haunt, x =a ++2 upu nesom a. Torpa

d=a*+2a\2 +2 +2.2 :(a2 +2) +(2a +2)V2 ,

OTKy/Ja ciaeayer, uto 2a + 2 = 0, tTak Kak unade d MppaIoHaIb-
no. Urak, a = —1, otkyga x = V2 -1 Ocranocs [IPOBEPUTH, 4TO
HaiiJIeHHOe YMCJIO0 MOAXOAUT: [l HEeTro IeJbIMU OYayT Yuciaa a =
=-1,b=-2ud=3.

7. 90°.

O6osuaunm uepes N u M cepeaunbt orpeskoB KC u AC coorsert-
creerno (puc.12). Torma MN — cpeiHss JUHUS B TPEYTOJbHUKE
AKC, nosromy OBAC=

= ONMC . Kpome Toro, K
OBAC=0 BDC, Tak Kak 4e- B
ThIpexyrojabHuk ABCD — N
BIIMCAHHDIN.

ITycrb Toukn M n N jexar ¢

OJIHOII CTOPOHBI OT IIPSAMOIL

BD. Torpa M nexxutr BHYTPH 4

Tpeyroibanka BCD, T.e. oHa

JISSKUT BHYTPH TPEYTOJbHUKA

BND, a 3Hauut, u BHyTpU D

€ro OIUCAHHOI OKPYKHOCTH. Puc. 12

Ho torga touku B, N, D u

M He MOTYT JIeXaThb Ha OJHOH OKpy:kHOCTH. 3HaunT, N u M re-
JKaT 110 pasHble ctopoHbl oT BD, u OBDC=0 BMN .

W3 napaunenbnoctn MN n AK BbITekaer, 4To

OBMN=0 ABM , orkyna UBAC=0 BDEO ABM . Orcioga
nosygaem AM = MB, t.e. B Tpeyroabanke ABC Mennana BM
pasua noJioBute cropoust AC, otkynma UABC= 90 | a suauur, n
OADC= 90

8. Bropoe uncsio 6oJbiie.

Iyctb a = 99!. Torma Ham HyxHO cpaBunTs uncaa (100a)! u
a'%% E(lOOa)” . 3aMeTuM, 4To

1RBO.W<d,
(a+1)(a+2)(a +3) 0. Ra <(2a)",
(2a +1)(2a +2)(2a +3) 0.. Ba <(3q)",

(99 +1)(99a +2)(99a +3) 0.. 100a <(100a)".

[Tepemuoskum atu HepaBencrsa. CieBa MOJTyYUM MPOU3BE/IEHIE
Beex ynces ot 1 10 100a, T. e. B TouHOCTH (1000)! = (100!)! ,a
crpaBa — YHCJIO

a’(2a)" (3a)" O..[{100a)" =
=a'" (123 0..000)" =" (1001)",

T.€. B TOYHOCTH

a'"" (100a)" = 99!"'1001™" .

10 knacc

1. Jomyctnm mpotuBHOe. Torma Kaxayio n3 oleHok 2, 3, 4, S5
YUYEHHUK TIOJIyYN/I He MeHbIe TpexX pa3. Bo3bMeM 10 TpH OIeHKN
KaXKJ0ro BUa; cyMMa 12 B3ATBIX OlleHOK paBHa 42. Tak kak
KasK/lasl U3 OCTABIINXCS IISITH OLIEHOK He MeHbIle 2 U He GOJIbIile
5, cymma Bcex 17 omenox ne Menbie 42 +5[2 =52 u ne GoJibiie
42+ 50 =67 . Ho uu oxgno us unces or 52 g0 67 He jgenurcd Ha
17, mockosnbky 3[17 =51 u 407 =68 . 3uauut, cpennee apud-
MeTHYecKoe BceX OIeHOK — Herlesoe. [IporuBopeune.

2. Hanpumep, TakuMu YUCJIAMH ABJIAIOTCA 17y = 10" -1 =99...9
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0100

" ny = -1=49...9 . [leiictButennsho, uncia ny —n =

= (my +1)ny (ny =1) =10' @y (my ~1) ny =ny = (ny +1)my (n, ~
- 1) =10'" &, |j722__1 JlesdaTed Ha 10100; 3TO O3HAYaeT, YTO nf
oxanunBaercst Ha 7; . C pyroit CTOpPOHbI, Yncaa nf -ny =
=n(n ~1) n n —ny =n, (ny —1) we pensrest wa 5 (i Tem Goee
ua 10'); suaunr, nf HE OKAaHYMBAETCS HA 7; .
3ameuanue. CyuecTBYIOT U Jpyrie HeOObIYHbIE CTO3HAYHbBIE YHC-
Ja.
3. 2% -27 216256 .
Ecun Bce 1mocJie/1oBaTeIbHOCTH, KOJINYECTBO OYKB B KOTOPBIX He
MeHblle 7 u He 6oJblie 13, SBJASIOTCS CI0OBaME, TO, OYEBU/IHO,
yCJIoBHE 3aaull COOTIOACTCS; TP 3TOM KOJNYECTBO TAKUX CJIOB
paBHO 27 4+, 4218 =2 97 Ocranocs MOKa3aTh, 4YTO OTO KOJIU-
yecTBO — HambOJIbIllee BO3MOIKHOE.
OO611iee KOJMIECTBO TTOCJIEI0BATENBHOCTE IJIMHDBI, HE TTPEBOCXO-
pseit 13, pasuo 2 + 22+, +218 =2 2 Ecim cpeiu CJIoB B
S3bIKE HET HU OJIHOrO 7-6YKBEHHOTO, TO ofliee KOJHMYECTBO CJIOB
e mpesocxomut 214 -2 -27 <ot 07 IIyctb, HAIpOTUB, a SA3bI-
Ke CyliecTByeT 7-OyKBeHHOe CJI0BO §. Torzga i Kak/I0oro cJoBa
t, cocrositiero 3 6 wan MeHee GYKB, TIOCJEIOBATENbHOCTD GYKB
st He MOJKeT SBJISATbCSI CJIOBOM M BCE IIOCJIEJ0BATEJbHOCTH BHA
st, OUEBWIHO, PA3JNYHbI. 3HAUNT, €CJN B SI3bIKE €CTh R CJIOB U3 6
na MeHee GYKB, TO KOJIMYECTBO CJIOB XOTS Obl U3 7 OYKB HE IIpe-
BOCXO/IUT (27 +... +213) —k =21 27 —p. 3uaunr, obuee KOJIU-
4YEeCTBO CJIOB HE MPEBOCXOAUT R + (214 -7 —k) :214 —27 , UTO U
Tpe6OBATIOCH JOKA3aTh.
4. 3ameTtum, 4TO

AB, + BB + BC, +C,C; +Ci Ay + 44 =0. (D)
ITo ycsioButo nmeem
AB, = BCy =Ci{Ay, n
YTOJI MEXAY JI0ObIMU
JIBYMSI U3 TPeX Mpsi-
moix AB,, BC,,
CiA, pasen 60°
(puc.13). IMoatomy
€CJI BEKTOPBI ATB; ,

e B, B, C BG, u CA, oo
Puc 13 JKUTH T10CJAe0BaTECJIbHO

apyr 3a apyrom (kask-
JIbI caieylomuil oT KOHIa npezlbmymero), TO TOJIYYUTCA Ipa-
BUJIbHBII TPEYrOJIbHUK, OTKYy/a m + m + @: =0. Orciona
u uz (0) nonyuaem A,A, + B,B; +C,C, =0 .

CIIe/10BaTeTbHO, OTIOXKIB BeKTOPhI AyA; , ByB;, C,C; o meko-
TOPOIi TOYKH IMOCJe[0BATEIbHO JPYT 3a JPYTOM, MBI MOTYyYHM He-
KOTOPBIi TpeyroabHuK 1. CTOPOHBI TpeyrosbHuKa 1 TapaJsiesb-
HbI COOTBETCTBYIOLIUM CTOPOHAM Tpeyroibuuka ABC, 1moatomy
3TU TPEYTOJIbHUKU 110/106HbBI. VI3 9TOr0 1101061 1 BBITEKAET Tpe-
6yeMoe paBeHCTBO.

3. Bepno.

[Tyctp Ilerst mepBbIM XOJ0M cjiesiaeT CBOGO/HDIN UJieH ypaBHeHst
nysem. Torga nosyuenHoe ypaBHeHHe TOYHO Oy/leT MMeTb KOPEHb
0; smaunt, IleTe mocTaTOYHO KOOUTHCS TOTO, YTOOBI APYTUM KOP-
HeM ObLI0 yncsao ¢ = 2014. DT1o Bcerjia MOKHO C/lesiaTh: eCJu
nocJie xozia Bacu nosyunTest ypaBHenue B raxr® +&=0, 10
[Terst MokeT 3aMeHUTDb OCTABIIYIOCA 3BE3/I0UKYy Ha —i (t + a) ,a

3 2 _
ecan mocJie Xoza Bacu nosyunres x” +*x” +bxy =0, to Ilers

MOJKET 3aMEHUTb 3BE3/[0YKY YNCJIOM —(LL2 +b)/t . O‘{eBI/I[[HO, BCe

4HcJa, KOTopble cTaBUT lleTs, parmoHaJbHbI.
6. ITockonbky CP u BP — kacaresnbHble K Q , nMeeM
OOBP=0 OC2 90 ; sumauur, Touka P JeKUT Ha OIMUCAHHONI

2014/Ne?2

OoKpyskHOCTH Tpeyrosbhuka OBC u
PO — puamerp 3TOil OKPY»KHOCTH
(puc.14). Tlostomy JOSP= 90 . [la-
Jee, MOCKOIBbKY AO — mumaMeTp Ok-
pyskHOCTH, TIpoxXozdileil uepes A, S

n O, noayyaem DASO= 90 . Urak,
Toukn A u P jexkar Ha HepreHinKyJis-
pe k OS, mpoxoadieM 4epe3 TOUKy B
S. Orciona n cjenyer yrBepskeHne
3a/1a4i.

7. He moryrT.

IIycts n = 10'°%  O6ozmaumm MCXO/T-
Hble yncsia (B mopsiake o6xozaa) uepes
dy, ..., a, ; Mbl Gy/IeM CUUTATh, YTO

Puc. 14 P

a4 = ay. Tonoxnm b; = HOK (al», am) . [Ipeanonoxum, uto
yucaa by, ..., b, — 9T0 n NOAPA UAYIUX HATYPAJIBHBIX UKCE.
PaccMoTpiM HambOJIBIIYIO CTENeHb ABOHKH, 2™ , HA KOTOPYIO Jie-
JIUTCST XOTsT ObI OJTHO U3 4HCesa @; . 3aMeTHM, YTO HH OJHO U3 Yh-
cen by, ..., b, ne geurest ma 2" Tlyers ans onpegesennoctn
a;:2"; rorma bi2" wm b,:2" . 3nauntr, b =2"x n b, =2"y
[P HEKOTOPBIX HEUETHBIX X 1 y. Bes orpanmyenns o6UIHOCTH
MOJKHO cunTath, uTo & < y. Torma, nockombky by, ..., b, ob6pasy-
10T 7 TOCJIeJIOBATE/IbHBIX YHCEN, CPEAN HUX JOJKHO ObITb M UKC-
10 2" (x +1) (nmockombky 2"x < 2" (x +1) <2"y ). Ho 10 unc-
J0 peautest Ha 2™ (tak kak x + 1 4ETHO), YTO HEBO3MOKHO.
[Iporusopeune.
8. Ilocrpoum tpad ¢ BepmuHAMEU 7, ..., 5 , COOTBETCTBYIONIMI
CTPOKAM JOCKH, U BEPIIMHAMU Cy, ..., C5; , COOTBETCTBYIOIINM €€
croabuam. Bepumner 7 u ¢; coeanHum peGpoM, ecii KJeTKa B
nepeceveHnn COOTBETCTBYIONMNX CTPOKK U CTOJIONA CBOOO/IA.
Torga Bacuna 1esib nepedpopMytupyercst Tak: mpedyemcs omme-
mumo ne 6oxee 99 pebep max, umobvl u3 KaK00U GePuUUHbL bl
X00U0 Yemioe uucao nenomeuennolx pedep. JefcTBUTEbHO,
ecsr Bacst moctaBut (OUIIKN B KJIETKH, COOTBETCTBYIOIINE OTMe-
YeHHBIM pebpaM, TO B KaXK/OI CTPOKe M Kax/I0M CTOJOIe OCTa-
HETCSI YeTHOE YUCJIO CBOOOJHBIX KJIETOK, YTO, OYEBUIHO, PABHO-
CHJIBHO Tpe6GyeMOMy YCJIOBHUIO.
Mbr fokaxkem Gostee o6muii daxr: B mo6om rpade na n =2 Bep-
MIMHAX MOKHO OTMETHTDb He Gosee n — 1 pebep Tak, 4ToObI U3
KayK/ION BEPIIMHBI BBIXOIUJIO YETHOE YHMCJO HETOMEYEHHBIX pe-
6ep. Ilpu n = 100 mosyyaem TpebyemMoe yTBEpKIACHUE.
Wuaykunsa no n. basa npu n = 2 ouesuzna. [lycrs temepn n > 2.
Eciint ectb Bepiinna crernenu 1, ToO MOKHO NOMETUTD €/[HCTBEH-
Hoe peGpo, BBIXOJsIee 13 Hee, BBIKHHYTb €e BMeCTe ¢ aTHM peb-
POM W IIPUMEHUTH K OcTaBIleMycs rpady MpearnookeHne MHIYK-
IMM; B Pe3yJbTaTe OKAXKETCs OTMEYEHHBIM erie 7 — 2 pebpa.
Ecan B rpade ectb Bepiinna crerenu 0, TO 0CTATOYHO BBIKH-
HYTb €€ U NPUMEHUTH MPE/IOI0KEHINe HHIIYKIIU.
ITycTtp Temeph cTereHb Kask/[Ol BepIIMHBI He MeHbIne 2. Boriigem
13 MPOM3BOJIBHON BEPIIHIBI 110 pe6py, N3 BEPIINHBI, B KOTOPYIO
MBI NIPUIILIHE, — [0 JPYyroMy pe6py H T.J.; 9TOT IIPOIECC MOXKHO
MIPOIOJIKATD, TIOKA MbI He BEpPHEMCSI B BEPIINHY, B KOTOPOU yiKe
no6biBasi. Takum o6pasoM, B rpade Harmescs IUKJI. BbIKnHyB
ero peGpa u3 rpada, Ml He U3MEHNM YETHOCTEH CTeIeHell Bep-
IINH; 3HAYUT, JIOCTATOYHO OTMETHTH TpeGyeMble peGpa B OCTaB-
mremcst rpade. Ilpumensiss K HeMy TOT JKe MPOIECC, PAHO WK TO3-
JTHO MBI TIOJTy4nM Tpad, B KOTOPOM CTEIeHb HEKOTOPOIl BEPIIITHbI
He npeBocXouT 1; a au1g Takux rpadoB yTBEPIKICHHE YKe JOKa-
3aHO BBIIIE.

77 knacc
1. PaccMoTpuM O/iHY U3 CyMM U3 yCJIOBHSA. 3aTeM IIEPECTaBUM B
Heil apryMeHTbI OJ(HOTO CHHYCA W OJIHOTO KOCHHYCA, HA30BEM ITH
apryMeHtbl O M [3 COOTBETCTBEHHO; CyMMa IIPU HTOM M3MEHHTCS
Ha

(sinB + cos a) = (sin & + cos B) = ~/2 (sin (B - 174) —sin (o - 744)).
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[Tocko/bKy TI0 yCJIOBHIO 3HAYEHHE CYMMbl HEe M3MEHSIETCS, IMOJIy-
qaeM, uro sin(a - 1/4) =sin (B - 7t4) . Hockomsky a,B 0 (051 ),
5TO MOKET CJYYUTHCS JIHIIb mpu O = TY4 = B = T4 un
a-14=mt~B-74), r.e. npu B=0o mwm B=312 -a.
Wrak, ecm O — NPOU3BOJIBHBII Yro 7-yroJbHUKA, TO KaXK bl
U3 OCTaJbHBIX €ro YIJIoB paseH Ju6o o, 6o 3TY2 —a. 3na-
YHUT, YTJIBI 7-yTOJbHUKA NPUHUMAIOT He 6osee ABYX PasINIHBIX
3HAYEHUIT, 1109TOMY 4 M3 HUX [IPUHUMAIOT OJHO ¥ TO JKe 3Haue-
HIIE.

2. 60.

[Iyctp sHaveHme mcxofHOro BhIpakeHus pasHo A. Torma B pe-

3yanaTe HepBOﬁ olepanunu 1pon3se/icHue IMpuMeT 3HaueHue
a+1

P 4 =A+3 orkyna A = 3a. 3Haunt, A — HaTypaJbHOE UHC-

J0. Kpome Toro, U3 aTOro paBeHCTBA CJELYET, YTO OHO JIEJTUTCS
Ha 3. AHAJIOTMYHO /IOKA3bIBACTCS, YTO YMCJO A JeJUTCs Ha 4 U
Ha 5, npuueM A = 4¢ = Se. VI3 nonapHoil B3aMMHOI MTPOCTOTHI
ynces 3, 4 u 5 caenyer, uro A gemures va 3[4 05 = 60 . Snauwr,
A=60.

A A
[TepenucaB paBeHCTBO =5 Bujge — F—0E—=A4, no-
b df ) 3b 4d 5f

nydaem A% = 60bdf , orkyna bdf = 0 260 . Ocrasocp mpuBec-

TH TIPUMEP, TOKa3bIBAIONNIl, YTO IIPOU3BE/CHUE 3HAMEHATe el
MO’KeT 6bITh paBHbIM 60. OUH U3 BO3MOXKHBIX IIPUMEPOB TAKOi:
205 42

3 4 5°
3. n.
[Toxaskem, uto n dumek poctatoyno. [lg aTOro 3aMeTUM, Y4TO HA
KQK/IYIO CTPOKY XBATHUT OJHOH (PUIIKN: MOXXHO ITOCTaBHUTDL €€ B
KJIETKY CTPOKH ¢ MUHUMAJBHBIM HOMEPOM, a 3aTeM OGOUTH BCe
KJIETKH CTPOKH B IMOPsI/IKE BO3PACTaHUS HOMEPOB.
C apyroit CTOPOHBI, MOKa)KeM, YTO MEHbIIe 72 (PUIIEK MOKET U He
XBaTuUTh. [lJIs1 3TOrO TIpOHYMepyeM KJIETKH TaK, YTOOBI KJICTKH
OtHO#T maronann uMesan Homepa 1, 2, ..., n (ocTanbHbIE KIETKN
HyMepyeM NpousBosibHo). Toria ogHa (uiika He CMOKET MOGbI-
BaTh Ha JBYX KJETKAX 3TOI JMArOHAJM: ecau (UIITKa BCTajJa Ha
O/THY M3 HTHX KJIETOK, TO CJEAYIONINM XOJ0M oHa oOsizana Gymer
HOUTU Ha KJIETKY ¢ HOMEPOM, OOJIBIINM 7, U, 3HAYUT, HOCJE 3TO-
rO OHA He CMOXKET BEPHYTHCS HA JIMATOHAJID.
HakoHer, mOCKOIbKY Ha KaXKIOH KJETKe AMArOHaJN JIOJIKHA T10-
6b1Bath (pumika, IleTe mpuaercs uCHob30BaTh HEe MeHee 1 PH-
IIeK.
4. O6osnauum uepes A', B, C, D mupoexiuu Ha MJIOCKOCTb O
sepmnn A, B, C, D coorserctsenno (puc.15). Iycts X — mpo-
U3BOJIbHAS TOUKA Ha Npojoskennn orpeska KL 3a touky K. Tor-
na umeem L[] (KXA, KXN): O (KLA, KLN) n O (KNA, KNX):

= O(NKD, NKL). Ilo yc/10BUIO 5TH yIJIbI PABHbI; 3HAUNT, B
tpexrpannom yrae KANX (¢ sepmunoit K) aByrpanmbie yribl

D 2 B

Puc. 15

npu pe6pax KN n KX paBHbl MeXIy co60il. ITO 03HAYAET, UTO
IJIOCKOCTD, TPOXO/iAlast uepe3 npsimyto KA 1 nepreH/ Ky sp-
Hasl TUIOCKOCTH O , — 3TO TJIOCKOCTb CHMMETPHHI TPEXTPAHHOTO
yraa KANX. Iloatomy touka A' JTeKHT Ha MPSIMOIL, comepka-
mieit 6uccexrpucy yraa XKN, T.e. Ha BHelIHell GMCCEKTpPHUCE yria
NKL.

AHATOTHYHO TIOKa3bIBaeTcs, 4To A' JIeKUT Ha BHEIMIHeH OMCCeKT-
puce yria MNK. Ilpumenss takue ske pacCy»KIeHUs IS TOYeK
B, C', D', nonyuaem, uro touku A", B', C', D' — nepece-
YeHHsI BHEITHUX GUCCEKTPHC COCEJHNX YTIJIOB YETHIPEXYTOIbHIKA
KLMN.

W3 tpeyronpanka A'KN  naxoaum

OBAD=0 KAN 186-0 AKN] ANK
=(90° - OA'KN) (96-0 ANKY 2&( NKID MNK) .
AHaJIOTHYHO I0JIy4aeM, 4To
OB CD= %{] KLMO LMN).

Takum o6pasom,
OBAD+0 BCIx

1

= 5(ONKE O MNKD KL LMN) 180

OTKy/la U cJeayer, 4To derbipexyroibunk A'B'C D — Brucan-
HBII.
5. U3 ycioBus cieiyer, 4To YucyIo

(x+y2)(y +2x) =xy +(yc2 +y2)2 +xyz? =(xy +2) +xyz’

panonanbHo. [I0CKOIBKY YHCI0 Xy + z PAIMOHATBHO 110 yCJI0-
BiIO, To 1 uncao xyz” = (x +yz)(y +zx) —(xy +2z) raxxe paumo-
HAJIBHO.

7. n = 100.

HasoBeM MHOTOUJICH, Y/IOBJIECTBOPSIONIMIL YCJIOBHIO 3a/laull, Kpd-
cugvln. Muorousien

P(x)= 100(x200 + ! +1) +101(x199 +x 4 +x)

KkpacuB u umeer Kopeub —1. 3naunt, npu n = 100 Tpebyemoe Bo3-
MOKHO.

Ocrasoch mokaszatb, 4to 1mpu 7 < 100 y xpacnBoro MHOTOYJIEHA
P(x) He MOXeT GbITh BEMECTBEHHBIX KOpHei. Jlst aT0TO MOCTA-
TOUHO IPOBepUTD, uto P (x) > 0 mpu Beex x. DTO HEPABEHCTEO,
OYEBHU/HO, BBIMOJHEHO pu x = 0 ; JJIsI OTPUIATEbHBIX Ke X =

= —{ OHO SIBJISIETCS CJIE/ICTBHEM HEPABEHCTBA

100 (2 + 6272 + 422 +1) >101(e 7+ 4 +¢) . (D)
SI'IE]V‘II/ITy AOCTAaTOYHO /0Ka3aTb 3TO HEPABEHCTBO IIPU BCEX t>0.
Vunuoxkag (0) na ¢t + 1, nosyyaeM paBHOCHJIBHOE HEPABEHCTBO

100(t2”+1 +t2 +1) >101(t2" 2y +t),
niain

100(#”+1 +1) ST v et (m)

3ameruM, 4TO TpH Bcex R = 1, ..., n BepHO HEPaBEHCTBO

(tk - 1) (t””’k —1) >(), TOCKOJIbKY 06€ CKOOKH MMEIOT OJIMHAKO-
Bble 3Haku 1pu ¢ > (. PackppiBasg cKOOKH, TTOTydaeM

t2n+1 +1> t2”+1_k +tk .
CxJazpIBast Bce Takye HepaBeHCTBa 1 yuuTbiBasg, uto n < 100,
rnoJryyaem

S LY Sn(t2”+1 +1) <100(t2”+1 +1)

)

yrto 1 jgokaspiBaer ([T7).
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PETMIOHAJbHBIA 3TAN ONIMMMNUAAbI MAKCBENJA

TEOPETUYECKUI TYP

7/ Kjiacc

|~

1. 1=T =780 cyTOK.

b
S

1
- /3
2. p=py it 1,736 F/M (3amMeTnM, YTO OTBET He 3aBUCHT OT

IJIOMAAN JHA COCy/Ia).

3. 1) ¢ =5 mmu (oaka yaananach OT BecJaa M MpUOIMKAIACh
K HEMy OZIHO M TO K€ BPEMs, TaK KaK BECJO OTHOCHUTENBHO BOJBI
B PEKe HEIMOJBUKHO);

1200 M

3) Y = UBBC]JX +Up -

+1m/c =5 m/c .
Oc
4. Tlycto m — macca 06OJIOUKH MIApUKA, My — Macca Tejus B

nepBoM cJydyae U M, — Bo Bropom. Toraa
Py _mAmy Vi _m+mf9 ., 16 =178 .
pp m+mVy, m+mfd 9

8 knacc

2. W3 ycioBUS paBHOBECHS JIETKOTO TOPIITHS

PL=p —Pogh
" yCJIOBI/ISI PaBHOBECH:A IIOTIJIaBKa
pS+pVg =pS

HaXo/uM

3. 1) U3 ycnoBus paBHOBECHS pblYara B TIEPBOM CJydae HaXOJNM
m, = 5m
X - .
4

2) CpaBHUB yCJIOBHs PABHOBECHsI PblYara BO BTOPOM CJIyvae U B
1epPBOM, I10JIyYaeM

20m = Am, .

HOCKOJIbe nusaMeHnenmne Maccbl JIb/IUHKN HpOl‘IOpLII/IOHaJIbIIO o/ Be-
[[eHHOMy KOJII/I‘{eCTBy TEILJIOTbI, MOIIHOCTb HaFPEBa ]IeBOﬁ JIbJIUH-
KU JI0JKHA ObITh B 2 pasda GoJibliie.
4. 3aHI/IIHeM ypaBHeHI/IH TEIIJIOBOTO 6aJ1cha I IEPBOTO U JTA
BTOPOTO CJIy4yaeB W MOJIyUUM
- . Po 1
GG =Cg———F——F—F—
! 0p1 t:[_tx_2t11_ty
te=ty t, -t
PEFTMIOHANbHbIV 3TAN XLVIII BCEPOCCUNCKON
OJIMMMUAbI LUKONIbHUKOB MO ®U3UKE

=920 Ix/(xr OC).

TEOPETUYECKUIA TYP

9 knacc

1. YesoBek MOXKeT BBINTH 3a Kpaii 0OpbIBa BIPABO He 6OJIbIIe
yeM Ha 1,5 M WM OTOWTH OT Kpasi 06pbIBa BJIEBO He GOJIbIIE YeM
Ha 2,5 M.
O a 2. Ha pucynkax 16, 17, 18
n300paykeHbl MPOEKIIN
CWJIbL, JIEHCTBYIONIEN Ha
O6PYCOK CO CTOPOHBI HUTEIH,
YCKOPEHUST U CKOPOCTH
6pycKa COOTBETCTBEHHO.
Bujno, uro aBukenune
> GpycKa HAYHETCS] B MOMEHT
BpemeHn ty =4 ¢, Gpycok
Oy/leT JIBUTATBCS C HOCTOSIH-

X

N B Y

Puc 16 tc

2014 /Ne?2
HBIM YCKOPEHHEM, TOKA g /c? 4
B MOMEHT BpeMeHu ¢ = 4
=8 ¢ HUTH He TepecTa-
HYT JIeliCTBOBATh Ha 2
OpyCoOK, 3aTeM OPYCOK 0 >
OyleT JBUTATHCST TOJIBKO 9 2 4 6 8 10 ‘e
HOJ[ JIeHCTBUEM CHJIBI ‘ ‘ ‘ ‘ ‘ ’
tpenust. [lepemenienne —4
Opycka HaiijieM Kak pac. 17
0N/ 10/l TpauKoM 0., M/C A
o, (t): 16
Ax =56 M. 19
4. Haiijem nanpsokenue
U,p Ha paszbemax pery.n-
PYEMOro HCTOYHHKA B 3aBU-
CHMOCTH OT CHJIbI TOKa I, >
TEKYII[Ero 4epe3 Harpysky: 0 2 4 6 8§ 10
R Rr Puc. 18 te

U, -1 .
R+r R+r

J111 9KBUBAJIEHTHON CXEMbI
U =U;—1In.
YUto6b! Tipn T060M 3HaUeHUN [ 3TH [IBA BBIPASKEHUS COBIAAIN,

HeOOXO/IMMbI TaKHe yCJIOBHSL:

U, =U, R - Rr .

R+r R+7r

3aMeTuM, 4TO C TeM e yCIeXOM MOKHO CPaBHUBATh He Hallps-
JKEHHE Ha PasbeMax, a CUJly TOKa Yepe3 Harpysky.
5. 3amuuieM ypaBHEHHE JBHKCHUSA MAJOTO 3JEMEHTA XKUJKOCTH
JUIMHOM Ar , HaXOJAIIErocss B TOPU3OHTAIbHOI YacTH TPyOKU Ha
PACCTOSIHUM 7 OT OCH Bpa-

HIEHNST:

WrpSN =S,

Uyp =

2
OPF A

27T m2pr2 e LS R
rae W :? — yTrJoBas

CKOPOCTb BpalleHus Tpyo6-
KM, Ap — mepemnaj JaBje-
uuii. Ilpu BpYmECIeHNN pas-
HOCTU JIaBJICHUI Ha KOHIIAX
BCEr0 TOPU30HTAJIBLHOTO 0
yuacTKa TPyOKH MOTydnM Puc. 19
(puc.19)

032pr1  EaRECEE

P2=P1

3 _———— e
W
-V

2 _ 2
-y = ofp2 N
PPt = P—2 .
B nameMm ciydae, Korja MmoJIOBUHA FOPU30HTAIBHON YacTu TPYG-
KU 3all0JIHEHA BOJIOH, a MOJIOBHHA PTYTHIO,

(172" -0 12 -(1/2) W
v o
2 2 8
OTOT 1epenaj] AaBJAeHuil U MOJJIEPKUBAET PA3HOCTb /IaBJIEHWI
BEPTUKAJIBHBIX CTOJOOB BOJBI U PTYTH:

=(3p, +p,)

P2~ P :‘*)ZPB

2
(30, + pB)m%l = pgh = pgh,

OTKY/la HaXOJUM

10 knacc

1. 3anumieM ypaBHEHHS [BIKCHUS TPY30B B IIPOCKIINN HA BEPTH-
KaJIbHYIO OCb:

may =myg = 2Tsin o, mya, = myg —2T
[l HepacTsKUMOI HUTH
20y, sina + 20y, =0,
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OTKYy/la TI0JIydaeM

ysina+o, =0,

A(ogsina) + Ao, = Aogsina + oA (sina)+ Aoy =0
[1oCKO/IbKY B HauaJIbHbIii MOMEHT CKOPOCTH IPY30B PaBHBI HYJIO,
Aoysina+ Ao, =0, u g sina+a, =0 .

OKOHYATENbHO HAXO/UM

my —m, sin d my —mysing o

a; = ay = =g na.

my +mysin®a’ my +mysin’ a
2. Ilpoeknns paBHO/EHCTBYIONIEH CHJIBI HA OCh X paBHA

F, =mgsin ¢ — axmg cos¢ .

[TocTpoum rpaduk 3T0il 3aBUCH-
moctu (puc.20). Cropoctb Tesa
Oy/ileT MaKCUMaJIbHON, Koraa

F. =0.

Pa6ora paBHOIEIHCTBYIONIEH CHITBI

F.

x

L

0 »  paBHa HYJIO, TaK KaK KHHETHYec-
L2 % Kas sHeprus B KOHIle I B Hauaje

OJIHA ¥ Ta YK€ M PaBHA HYJIIO.
Puc 20 3HaynT, paboTa Mo PasroHy paB-

Ha 110 MOJYJII0 paboTe MO TOPMO-
sKennio. PaGorta 1Mo pa3roHy paBHA M3MEHEHUIO KIMHETUYECKON
9HEPTUH HA BEJUYIHY mo’ /2 , TZIe © — UCKoMasi CKopocTb. [lmo-
IMIaJlb BEPXHETO TPEYTOJbHNKA Ha pucyHKe 20 ecTh MOJOBIHA
IJTOMIA/IN TIPSIMOYTOJIBHIKA, PABHON PAGOTe CHUJIBI TSKECTH TIPH
onyckanuu rpysa na H/2 , r.e. pasnoit mgH /2 . Takum oGpa-
30M,

m_vz =1mgE OTKyZla v = gH
2 2 2’ 2
3. Temno nmoaBoaUTCS Ha y4acTKe /—2 U OTBOAUTCS HA YIACTKE
3—1. Torma
==
1 O’

npuaeMm Qg3 = Az; . VI3 mepBoro nauasia TepMOANHAMUKH,

n

3 5
Oy = 4y + AU, =pAV, +§VRAT12 :§M12.

Jlng aanabGaTHyeckoro Iporecca
Ayz = ~AU,3 = AUy, + QU3 = AUy, .

Orclofa mosydyaem

3. 3

§Q12 - 5 (1 _ r])

[Tockompky 0<n<0,4, T0

Ay = Az

3
§A31 < Ayz < Ay

4. Ilockonpky Ha BAX Y$ ectp aBa u3soMa, TO /Ba JAHO/A
BKJIIOUEHBI HocseioBaretbuo. Tok uepe3 Ul HaunmHaer Tedb TOJIb-
. ko npn Hanpsprennn 0,5 B,
R =20 Om 3HAUUT, K OJJHOMY M3 J[HO-
JIOB TIapaJIJIeJIbHO He TI0J-
KJIoYeH pesucrop. [lemaem
BBIBO/[, YTO B II€IIN €CTb pe-
Puc. 21 3UCTOP, BKJIIOYEHHDIN I1a-
paJlJIeJIbHO MOy WJIM JIHO-
JIy € TIOCJIe/I0BATEeIbHO COeIMHEHHBIM ¢ HUM pe3uctopoM. C yue-
TOM KOHKDETHBIX JAHHBIX HosydaeM, 4to cxema U umeer Buf,
n300paskeHHblil HA pucyHke 21.
5. Kunernueckasi aHeprusi CucTeMbl He M3MEHHJIAch. IloTeHImaDb-
Has JKe PHeprus — CcBsI3aHHAS Kak C AedopMaineil Ipy»KHUH, Tak
U ¢ B3anuMojieiicTBueM Tpysa ¢ 3emJell — naMenusiach. Brnauame

mg
Kask/lasg NPY’KMHA pacTsHyTa Ha Axy = e 1 UX 00Las IMOTeHIH-

R,=10 Om

aybHas sHeprus aedopMalu paBHa
2 2
_ o kAx; (mg)
E, ;=2 5 i
[Tocsie mepepesannst HATH MPYKUHBI OKA3AJIICH COEINHEHTBIMU
MapajelbHo U KaK/as U3 HUX PACTSHYTa HAa B/IBOE MEHBIIYIO

ammnHy: Ax, = % . Ix o6mag sHeprus gedopmanny paBHa

ks _ (mg)
2 4k
I'py3 1pu 9TOM MOJHUMETCST Ha BbicoTy Al = Avy — Ax, =

E:l2 =2
ng
2k’

n3MeHeHune HOTeHL[I/IaJI])HOI‘/JI SHEPTUUN TATOTEHUA 6ylleT paBHO

"

2
nE, = mgah = 9L
Tt

B nrore morenumasbaas OHEPTrUuA M3MEHUTCA Ha

2
AE =AE, +AE, =E,, —E +0E, = ("Zz) )

T.€. OHa yMeHbIJ_II/ITCH.
11 knacc

1. HOCKOJIbe BbICOTa UMEET PAa3MEPHOCTb AJIMHbI, TO BCE IIpoYee
PAasMEPHOCTU B BbIPaKCHUUN [IJIS H JOJIXKHbI B UTOre JaTb HOJIb.
OTCIO/Ia T1I0JIyqaemM
a+y=0, a+A=0, A—a-3y+p =1,
niamn
o=-y=-Aumoa+f=1.

Torpa Mo:xHO 3amucarb

oed .-
H= 1,25555 R wmt H =1,257°R"™%, rae r =L 204w
Py 0 Pg

ITo pacyeram Bara,

1 = 1,25 0204 m)* (0,05 M) =1,25 ﬁ”ﬂ%" 0,05 m .
0,05 M[

910 BBIpAXKEHHE TIpeobpasyercst K BULY

16 = (4080)° , oreysa maxommm o= 0 =L
) ) OH oA 4080 3

3anuiem TEINEePb BbIPAKEHUA [JI BBICOTHI KOJIOHHBI TI0 pacydeTa

bara u I'moka u HaiijeM UX OTHOIICHHE:

= 2

3 R, O
o _ %&BS . Orcioga monyunm H, = Hy 3203 =2 ™.
Hy, DR[O ORiO

2. TlponymepyeM rpy3bl CJeBa HATIPABO U 3AIUINEM IS KasKOTO
BTOpOI 3aKoH HbioTona:

ma, =F |, may, =T —-F | may =mg —-T,
rae F — cuia HaTSDKEHWS NPYKUHbL, a T — cujia HaTsS KeHUust

wutu. [Ipu atoM @, = a3, Tak Kak HUTH HepacTskuMa. Tenepnb
Hall/leM pasHOCTb YCKOPEHHIl Je)KaulX I'PY30B:

a, —a zz—B—F, i x" =g—%x,
2 2m 2 2m
rje x — yJJIMHEeHNe MPYKUHbI. BBeseM o603HaueHus
3k m
W = A=l y=a- A
7 TOJIy4uM ypaBHEHHE TapPMOHMYECKUX KOJIeOaHuil
¥y =0,

peltenne KOTOPOTO MMeeT BT
y=Acoswt +Bsin of , wm x = Acoswt +Bsin «f +A4, .
C ydeToM HayaJbHbIX YCJOBHII,
x =4y (1-coswt).

2mg

Maxkcumasbioe yauunenue Al = 24, = JIOCTUTAETCsT BIIEp-
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Bble Yepe3 BpeMsi
2m

3. Ilpon3BoAnNTESbHOCTD TPAAUPHI ¢ MOXKXHO HAalTH M3 ypaBHEHUS
TEILIOBOro OaJianca
LAm = cqlt

rae Am — Macca ucnapuslieiicst BOJbI B €/JUHUILY BpeMeHu, At
— U3MEHEHUEe TeMIIepaTypbl BOAbl. B rpaiupHIo eXXeceKyHIHO I10-
cTynaer o6beM BO3ZyXa

B KOTOPOM COJIEP>KUTCST BOJSIHOI 1ap Maccoi
= PVM prD*uM
™ RT 4RT
TJie p — JaBJeHne BOJSHOTO Tapa Ha BXozie, M — MomspHas mac-
ca Boabl. Macca mapa, BBIXOAAIIET0 M3 TPAJANPHU 32 3TO K€ Bpe-
M, paBHA
m = PuacV M _ pHaanzuM
e RT 4RT
Taxum o6pasoM, n3 MOCTYHAIONIENH B TPAAMPHIO BOJBI €KECEKYH/I-
HO HCHApSIeTCst
2
m = PuacTD UM
4RT
rie ¢ = 0,4. Torma okoOHUATETHHO
. LAm _ Lp D*uM(1 - ¢)
cAt 4RTcAt

A (1-9),

=150 kr/c =540 1/u.

4.1) Ug = %6 2) 3anumem Bropoil 3akoH Kupxroda st BHYT-

PeHHUX KOHTYPOB Tienn — jesoro (1) u npasoro (2) coorser-
creenno (puc.22):

£=-IR +Uq +Use +I,R, 26 =1, 2R +U,. +1; 3R,

Sl Bl -

C 3C 2C
+ - Ly |+
l R @ l 3R @ I 2R
1 15
+ +
& 26
T 1
Puc. 22

npuieM
E=Uc+Usc, I, =1 +13.

Orcrota HaX0uM

_ 78

3=, 4 -
44R

3) Tlo OKOHYAHMK TIEPEXOHBIX MPOIECCOB TOKA B IEMN He Oy/IeT.
[lsis1 Tex ke caMbIX KOHTYPOB Tellepb MOXKHO 3aIUcaTh

é}:ﬂ+$, ;:ﬁ+&,
C 3C 2C 3C
npuyeM
G+ qy =qs.

OxkoHuaTeJIbHO ToJjrydaem

Ues =

‘.

|-

5. 1) O6mas MHAYKTUBHOCTDH TeTpasapa mopsaka L. Bpemsa ycra-
HOBJICHISI TOKOB B Ilert paBHo L/R =107 ¢ . ITostomy uepe3s
1 MUHYTY TIepeXO/[HbIe TIPOIECCH MPEKPATITCS, 1

&
Iog = =46 A

2014 /Ne?2
2) Jlna mo6oii KaTymuikn WHIyK- L
tuBHOCTH D /IC caMOMHIyKINI Y Y
paBHa
dl
s =—-L—
! dt -

PaccmoTpuM KOHTYpBI, He CO-
Jepamue Oatapeiiky, U 3amu-
IeM JUUIsT HUX BTOPOH 3aKOH
Kupxroda. Hanpumep, amns
KOHTYpa U3 KaTylleK WHIYKTUB-
Hoctamu 2L, 5L u 3L (puc.23):
ah + SL% + 3L% =0,
dt dt dt
w Puc. 23
=2LAI, +5LAI5 +3LAI; =0 .

Y‘{I/ITbIBaH, 4YTO BHa4daJie BC€ TOKU paBHbI HYJIIO, [HOJYy4YaeM

=21, +5I5 +315 =0 .

-2L

AHanornUHBIe paBEeHCTBA 3alUIIeM /T JPYTHX KOHTYDPOB:
=1 +41, +21, =0, —4I, =515 +6I5 =0 .
[TockosbKy, B COOTBETCTBHU C II€PBbIM 3aKOHOM Kupxroda,
L+l =1, Iy=15+1Ig,
a TakxKe
Iy=5L+1)+13,

OKOHYATEJIbHO HAXOJHM
L=18MA, I, =1, =3MA, I;=13=2MA, Is=0.
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IMMAXMATHAAd CTPAHNUYKA

Buun Ananfl
- [IOBEIINTEJIb TYPHUPA
[IPETEHIIEHTOB

B mapre B Xantpi-Mancwuiicke cocro-
SIICA OYEPESHON TYPHHUD NPETEHIEHTOB
Ha MHPOBOe mepBeHCTBO. Ilo6exuremeM
ero cras Bummu Ananz, KOTOpBI CHOBa
cpasutcs ¢ MarunycoM Kapicenom, npas-
Jla Ha cell pa3 y>ke He KaK YeMITHOH MUpA,
a Kak MPeTEHJEHT Ha KOPOHY.

Bot BoceMb yYacTHUKOB, COGDaBIIHIX-
ca B IOrpe, oHHI pacIoIoKeHbI B IOPSIIKE
yObIBaHHUS PENTHHTA TIEPE CTAPTOM TyD-
Hupa: Jleson Aponsin (Apmenmst) — 2830,
Baamnvup Kpammuk (Poccus) — 2787,
Becemvm Tonanos (Boarapus) — 2785,
Bummu Amang (Mugua) — 2770, Cepreit
Kapaxuna (Poccusa) — 2766, Ilerp Ceug-
aep (Poccusa) — 2758, Illaxpusp Mame-
nbsipoB (Asep6aiimxan) — 2757, JMur-
puit Auapefikun (Poccus) — 2709.

Kak 6bL1 onpenesies cocras TypHUpa?
AHanz BOLIET B HETO KaK TIPEIbIAYIIHIt
yeMITHoH Mupa, KpaMHHUK B AHIpeliKuH
xak ¢pusammcTol Ky6ka Mupa, Tonanos n
Mamenpsapos Kak nobeaureau Ipan-npu
DUNE, Aponsu u Kapakun kak o61aaa-
TEJIM CaMOTO BBICOKOTO PEeHTHHTa, HaKO-
Her|, CBH/JIEP 3aHSAJI MECTO, IPEJOCTaB-
aenHoe MUJIE crpane-opranusaTopy.

BonbmmHCTBO CHEMaIHCTOB IOJIara-
JIH, YTO TOOeNTeIeM CTaHeT 6o Apo-
HAH, Ju6o Kpamuuk, apyrue pemammu
craBky Ha Kapsaxuna. B AHanma Maio
KTO BEPWJI, OH U caM KoJjie6ajcs, HrpaTh
WM He UrpaTth, U JaJl COTJIacHe B CaMbIit
nociaegHuii MOMEHT. ITO H IIOHSTHO:
MHOTHE OIIACAINCh, 4TO Bumu eme He
ycmesl 3aJIeUnTh paHbl mocje (Puacko ¢
Kapacenom. OgHako mporHO3BI HE TO-
TBepauanchk. B Xanre-Mancuiicke 0OH
BBITVIAZE] KaK B CBOHW JIyYIlIWE TOABI U
ZTOKa3aJ1, 9TO TO-TIPEXKHEMY OYeHb CHJIEH.

ITpuBeneM Bce Tpu moGeBI TTOGETHTE-
Js1 TypHupa. B mepBoM ke Type enmH-
CTBeHHasl pe3y IbTAaTUBHAS ITapTHsI AHAH]
— ApoHSH TIpHHecJa ceHCanuio. ApMSH-
CKHi rpoccMelicTep, cuuTaBmuiics ¢aso-
DPHUTOM, B HCHAHCKON MapTHH TOTOB GbLT
IIPHMEHHUTH CBOIO JIOGUMYIO aTaky Map-
majijia ¢ JKEPTBOH TEmKH, HO AHaH[
OTKJIOHHJICST OT KJACCUKH, M36pas, Kak
ropopst, aatu-Mapmann. JleBoH Bce
PaBHO OT/AJ NEMmKy, HO AHaHI GBICTPO
BEPHYJ ee, TIOJyYNB 3aMeTHBIH MO3HIIN-
OHHBIN IlepeBeC ¥ IPEUMYINECTBO ABYX
CI0HOB. [le10 KOHYMIOCH TeM, 9TO KOHB
ApoHsHa 326IyAUICS.

B.Anang—JI.Aponsa

Hcnanckas maprus

1.eded2. 2f3 2c63. &LDb5 a6 4.
Dat 216 5.0-0 Le7 6. Eel b5 7.
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OTKJIOHWTBCS OT M3Y4EHHOH BAOIb U IO~
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19. @ e3! Amang paccraercs ¢ mem-
KOH, HO IIEPEXO/IUT B OKOHYAHHUE C ABYMS
CJIOHAMH ¥ IIAHCAMH OTKDBITH CYET.
19... & :e5 20. de 2 :e5 21. ¥ :d7 Q :d7
22, Bedl Q62 Jyume 22... & c5.

23. c4! IlpenarcrBys pasMeHy CIOHA
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nemkn ¢epsesoro ¢uanra. 23...c6 24.
Hacl BSe7 25. adbc 26. & :c4 4 dS
27. &c5 Hed 28. 3 B hed 29. 212
£.¢830. &f1 H5e631. Ed3 2 f4 32.
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40. H:c6. Konb 4epHbIX B KallkaHe, U
BCKOpe oHM craymch. [Tocsie MaTua AHanz
—KapJuicen HOBbII ueMmuoH monry T < Te-
nepb o4epe/ib AHaH/A IOYYUTHCS Y MEH:A!»>
Tonkas mo6ema WHAWMCKOTO TpocCMeii-
cTepa B SHAIITHJIC TIOKA3aJ1a, 9TO OH yXKe
KOe-4eMy HAYUHJICH...

A B 3-M Type AHaH] HAYUCTO IIEDEUT-
pax Mameznpsiposa.

III.MamexpsaipoB—B.Anang
CJiaBsiHCKasi 3aI{HTAa
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Tperbio mobemy AHaHI ofepXKaja BO
BTOPOM KpyTe, B 9-M Type, BCTpeEUasich ¢
TonanoBbiM.

B.Anang—B.Tonaxos
CHIHIHAHCKAS 3aMHUTA

1.e4c¢52. 2f3d63.dded4. 2:d4
2f65. 2¢3a66.h3e67. g4 2f£d78.
Hg2 He79. Le3 2c610.h4 aded
11. g5 £.d7 12. A :¢6 & :c613. b3 15.
3aMaHYMBBIA MOAPBIB, OJHAKO Buimm
HAXOAUT WHTEDECHBIN ILTaH CTaGU/M3a-
UMM B LEHTPE, KOTOPBIA SIBHO HEIOOLE-
uus conepuuk. 14. f4! & g4 15. w¢e2
& :e3 16. w:e3 fe 17. 0—0—0! d5 18.
& :eh Ca3+ 19. bl we? 20. 4 f21
Konb ¢ d3 co6upaercst IPUKPHITH BasK-
uble moas b4 u f4, u Goarapckmii Tpoc-
cMelicTep HleT Ha pasMeH, IIOCJe Yero
YEepHBIE OCTAIOTCS ¢ ILIOXUM GeJIOIOJIb-
HbIM cJioHoM. 20... & ¢521. ¥ g3 & :f2
22. #:£20—023. ¥ d4 BEf5 24. Bdel
B af825. B hf1 % d626. B ed B :e527.
fe B:f1+ 28. & :f1 ¥e7 29. a4. Eme
cubree 29. & h3 & e8 30. #gd!, ne
BBIIIyCKasl CcJIoHa Ha g6.

29... £¢830. 2b2 A g6 31. &L h3
h6? Kak HM cTpaHHO, 5Ta HETOYHOCTD
OKasbIBaeTcs pemnaiomeli ommu6koii. Te-
Ieph y UepHBIX TIOSBJIETCS €llle OHA
cnatocts. 32. gh gh 33. g4 ®2f7 34.
hS & e4 33. a5! & h7 36. c3 L e4 37.
c4! Y TomanoBa HeT MOJIE3HBIX XOJ0OB —
37... £ h738. cded 39. ¥ {3+ mpourpsI-
Baer memky <«d»; 37..%e8 38. W4
2e7 39. %6 2d7 40. ¥ h6 — memky
<h».

37... & £538. ¥ fide39. L :f5 ef 40.
W.f5+ ©e8 41. W8+ ©2f7 42,
¥ :c4+. Depaesrlil sHAMINID Ge3HAIE-
JKeH JI/IST YepHbIX, U OHU CAAJIMCH Yepe3
MATHA/INATD XO/I0B.

Wrtak, B IpeTEeHACHTCKOH TOHKE JOC-
POYHO MOGEILT SKC-4eMITHOH Mupa Buimm
Anann. OH ompoBepr Bce HeCCUMUCTHU-
yeckHe IIPOTHO3bI Ha cBoit cyer. Hrpan
JIerko, 6e3 HaUpSDKEHWs, HU DPa3y He
OCTAHOBHJI 9achl, JIAJAXPOBAJ C IIEPBOTO
IO TIOCJIeTHETO Typa — BCe Ha OTJIMYHO!

Urorn mnpereHAeHTCKO OWTBBI: 1.
Anang — 8,5 oukoB u3 14; 2. Kapskun —
7,5; 3—5. Amnpgpeiikun, Kpamuuk, Ma-
MexbsapoB — 7; 6—7. AporsH, CBumiep —
6,5; 8. Tomaaos — 6.
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[1ByX4aCTOTHbLIN MaATHUK

3pecb usobpaxeH MasiTHUK ¢ Y-o6pa3HbiM NOABECOM,
«BbINUCbIBaOLWMNA» HaA NUcTe bymaru courypy Jinccaxy.
OueHunTe NpaBaoONoAOOHOCTb NONMTYYEeHHOW KapTUHKM.
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