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HEOBMHHAA FTOAOBOAOMKA HA YTTAKORKY

B aton ronosonomke OcaHopu Amamoto (Osanori Yamamoto) Bcero nsatb geTanen,
OHU n300paxkeHbl Ha doTorpadmm BHU3Y. TpebyeTca CnoXuTb UX BCE Tak, YTOObI
Nony4YMBLUAACH ourypa CHapy»Xu BbIrnggena kak npsMoyrofnbHbl napannenenu-
nea. Apyrumu cnosamu, npeacrasum cebe kopobky, KOTopas NNOTHO OrpaHNYnBacT
66nbLUYO AeTanb, — B HEE M HYXKHO «ynakoBaTb» BCe 4YacTu. B aTom 3akniovaercs
HEeOBObLIYHOCTL 3a4a4n: kopobka He HacTosas, a Boobpaxaemasi. «Cxema» BBEPXY
NMOMOMET BaM CMaCTEPUTb 3TY rofIOBONIOMKY CaMOCTOATENBHO. YKenaem ycnexa!
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KBAHT .5 2 No

HAYUYHO-IIONYJAPHBIN OU3UKO-MATEMATUUYECKUMN KYPHAJ
N3TAETCA C AHBAPA 1970 TOOA

B Homepe:
2 Ha Gepery okeaHa HEMO3HAHHOIO: W/IIO3USA MPOCTOThI.
VUPEUTEND M. KaraHos
Poccuiickas akagemus Hayk 12 MatemaTudeckue mMooenn nHtepHeta. A.Pariropoackuii

SAJAYHUK «KBAHTA>»

17 3apaun M2269-M2275, ©2275-D2282
TJTABHBINT PEJAKTOP 18 Pelwenna 3apgay M2254-M2260, d2260-PD2267

A.J1.CemeHoB

«KBAHT» AJd MJAJIINX IMKOJBbHMNKOB

25  3apaun
26  Kode c monokom, nnu OnbITbl ¢ gasneHneM. A.[imernes,
PEJAKIIMOHHAA KOJIJIETUA C./IBopsiHnHOB
AfiBenos, K0.M.5pyk, A.A.Bapnamog, 27  KoHkypc nmenun A.M.CasuHa «MaTtematumka 6—8»
A.H.BuneHkuH, B.U.FonyGeB, C.A.lropaioHuH,
H.N.[on6bunvH (3amecturtesi rnaBHoro Y HAC B TOCTAX KYPHAJTI «KBAHTUK»
pedaktopa), B.H.[lybposckui, o~
A.AEropos, M.A.KoxesHukos, C.MN.KoHoBanos, 28 Monotelii kode. A.beparimkos
A.A.JleoHoBny, 1O.M.JIbicos, B.B.Mpoussonos, —
H.X.Po3oB, A.b.CocnHckmin, A.J1.CTaceHKo, OU3NYECKUUU DODAKYJIDBTATUB
B.I.CypauH, B.M.Tuxomupos, B.A.Tuxomuposa, 30 ,El,p06I/IHKa W napawiot A.CTaceHKo
A.WN.MepHoyuaH (3amecturesib rnasHoro 31 n . T B.M
penakTopa) epeMeHHbI TOK N ero XxapaktepucTtukn. b.MyKkyLleB
KAJEWNJTOCKOI «KBAHTA>
PEJAKIMOHHBIA COBET 32 Yypeca B kanengape

A.B.AnpxaHc, M.U.bawmakos, B.U.bepHuk,
B.r.bontsHckumn, A.A.Boposon, MKOJTA B «KBAHTE»

H.H.KoHctanTuHoB, T.J1.KoTkuH, C.M.HoBuKoB, 36 HenpepblBHOCTL B reomeTpun. A.5mHKOB
JN.0.dappees

MATEMATUYECKUW KPYIXOK

40 Bbi6op nepuoamnyHOCTU, NEPMONYHOCTL BbibOpa... B.2Kypasnes,
1.CamoBon

PEJAKIIMOHHAA KOJJIETUA

1970 TO LA IMIPAKTUKYM ABUTYPUEHTA
44 3apaun c NopLUHAMK 1 neperopoakamu (okoHyaHue). A.YepHoyuaH

TJTABHDBIMT PEJAKTOP OJIUMIIU A [I bl

WK Kukoun 49 XXXIIl TypHUp roponos
50 LXXV MockoBckasi MaremaTuyeckass onMmnuasa

. 52 M36paHHble 3aga4n MOCKOBCKOW (PrU3NYECKON ONMMNVAAbI
MEPBBINT 3BAMECTUTEJb

TJIABHOTO PEJAKTOPA
A.H.Konmoropos 57 OTBeThI, YKa3aHus, peLlueHus

JN.A.Apunmosuy, M.U.Balumakos,
B.r.bontaHckumn, W.H.BpoHwTelH,

H.B.Bacunbes, U.d.rmnsbypr, B.I.3y6os, HA OBJITOKKE
N..Kanuua, B.A.Knpunnu, IU.Kocoypos, -

B.A.JlewkoBues, B.M.JInwesckuii, | Unnoctpaumns k ctatbe A.Paiiropoackoro
AN. Mapkywesuy, M.O.MunnnoHwmkos, Il Konnekuymss rosoBosIOMOK

H.A.NMatpukeesa, H.X.Po3os, A.M.CaBuH,
W.LL.Cno6opeukuin, M.J1.CMoNsSHCKUIA, I LLlaxmaTHas CTpaHn4ka

A.A.CmopoguHckui, B.A.DabpukaHT, v lporynku ¢ pusnkori
A.E.LUHanpep




a bepery okeaHa HeMO3HaHHOIO;
MMMO3KS MPOCTOThI

M.KATAHOB

[Tamaru JIH.PoseHiBevira

EJABHO 4 BCIIOMHWJI TEHPUXA MOPEIIJIA-

Batensg. bBour B XV Beke Takoil MOPTYTaabCKuit

IIPUHIL, O KOTOPOM £ Y3HaJI B IIKOJIbHBIE FO/Ibl, YNTas
0 BEJINKKUX reorpadpuieckux oTKpbITusAX. [losyuns on cBoe
IIPO3BHUIIle, HUKOI/JA He IPUHUMAs y4acThus B MOPCKUX
noxojsax. B Teyenuwe copoka JieT IPUHII CHapspKald U
MOChLJIAT MHOTOUMCJIEHHBIE MOpCKHUe skcreauimu. s
3TOTO OH OCHOBaJ 06CEPBATOPHIO, OTKPBLT MOPEXOIHYIO
MIKOJTY W TIOCTPOWJT BEP(Mb /I/IST CTPOUTETHCTBA KapaBeJLT —
cBOEOGPa3HbIN POPITOCT HA TOTO-
3anaanoil oxoneunoctu Ilopty-
ramin. OTCIo[a eCTECTBEHHO ObLIO
HAaYMHATBL TyTb Ty/Aa, KyJa Ha-
[PABJANNCH TOCbLIAEMble UM
Cy/la, — Ha 0T B/IOJIb aTJIaHTHYeC-
kux GeperoB Adpuku. [leruiie
lenpuxa MopermnmaBaress moJy-
yniao HasBanue Buira-go-Un-
danTe. OH ObLT TPETBUM CBIHOM
koposst Ilopryramun Koana I.
Bunna crana menTpoM nputske-
HUS JIIS1 BUJHBIX YYEHBIX, Kap-
TorpadoB 1 aCTPOHOMOB TOTO Bpe-
MEHH.

O T'enpuxe MopermaBatese o
BCIIOMHUJI, KOT/]a YUTAJ TiepeBe-
JICHHbIE Ha PYCCKUH A3bIK Hay4-
HO-TIOIYJISTPHbIE KHUTH 110 (DU3H-
Ke. 3agyMmascd M Ppelus, 4ro
¢usnka, moUTH Kak Bcerza M Kak Bo BpeMmeHa HbioToHa,
Haxo/uTcs Ha Oepery oOKeaHa HENO3HAHHOTO. B MoeMm
1oHOIIIecKoM co3HaHuu ['enpux MopernmaBatenb ocTasics
OJTHUM W3 TeX, KTO CTPEMUJICS K 3HAHUIO. Ero moMbICbI
MHe ObLJTA Hen3BeCTHDI. JKesas ce6st TPOBEPUTD, 3aTJISTHY.JT
B untepHer. 1 we ommbes. OH CTpeMUJICS y3HATH, 4MO
€CTb TaM, T/ie He MOGbIBAJ HU OJWH €BPOIIeel] 10 OTIIPaB-
JICHHBIX MM aKcneuinii. Ero moMbICbl, KaK U CJIe/10BATO
OKUJATh, ObLIN MEPKAHTUJIBHBI. VM, TOuHee ero aKceau-
UMY, OBLIH C/IeJaHbI MIepBble Maru 1mo nytu (GpopmMupo-
BaHMs MOIIHOW KoJIoHWaJbHOU wuMiepun Ilopryranum.
[Tocnanpl I'enpruxa MoperaBaTesist IpUBO3UJIN HE TOJIb-
KO 30JI0TO, HO W NEepBbIX B ucropun EBporbl yepHbIX
pa6oB. Ho y Tenpuxa MopernyaBarens Oblia U Kax/J1a
3Hanwii. Besmkue reorpadudeckue OTKPBITHS, TTPEIBO3-
BECTHUKOM KOTOPBIX OH, HECOMHEHHO, GBI, COBEPIIAJINCH
noce ero cmepru. Jlaske 1o otkpbitusi Mbica J{o6poit
Hanesxapr He JOXUT JMI0003HATEIbHBIH HH(DAHT.

O Tenpuxe MopeliaBarese, 1I0-MOeMy, He CJeLyer
SaébIBaTb, AyMas O CJIOJKHOM MHOTOBEKOBOM IIyTH 1TO3Ha-
HHUA Mupa YeJ0BE€YEeCTBOM. HOSTOMy, IObITasACh IMOJEJINTH-
Cs1 CBOMMH MBICTIAMU O Tpo6seMax, 0603HAYCHHBIX JI0-
BOJIHO TOYHO Ha3BaHUEM CTATbH, 5 BBIOPAJ YIIOMUHAHUE
o I'enpuxe MoperaBarese B Bujie nmpeamMOy.Ibl.
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Beperopas yepra okeaHa HEIO3HAHHOTO — SIBHOE CBU/IC-
TEJbCTBO CYIIECTBOBAHUA MaTepuKa 1o3HaHHoro. Cospe-
MeHHas HayKa IIPUBOAMT K HEIPEPbIBHOMY POCTY pasMme-
pPOB 3TOr0 MaTepuka, cJBUTaeT
6eperoByIo UepTy M M3MEHSIET ee
opmy. Ilpu aToMm pocT MaTtepuka
[I03HAHHOIO COIIPOBOXK/AETCS PO-
CTOM OKeaHa Hell03HAHHOIOo, IIPU-
BOAS K IIOHUMaHUIO TOLO, MO
menepy mpebyemcs nOCMULb.
TpeboBaiiie 9TO >KECTKOE, OHO
OIIY THMO HAYYHBIM COOOTIIECTBOM:
4mo Ha OYepeH, AUKTYET JIOTHKA
Pa3BUTHS HAYKH.

Hayxka, naxxe B mpezesiax ¢pusu-
KU, O KOTOPOH TOJIbKO M TIOHeT
pedb B TOH cTaThe, B HACTOSIIEE
BpeMs MHOToOGpasHa. OcTaBasich
B IIpejiesiaxX reorpadudeckoil aHa-
JIOTUY, HAJI0 CKa3aTh, YTO OTHIO/Ab
He Bce (PUBUKU YIACTBYIOT B 9KC-
[eAULUAX B OKeal HEIIO3HAHHOIO
WJIN JIasKe TPYIATcs BO3u Gepe-
roBoit yeptol. Ha mMaTepmke TMO3HAHHOTO MHOTO GeJIbIX
ISATEH W HeJOCTAaTOYHO U3y4eHHbIX oOsacteii. Jloruka
pa3BUTHUS HAYKH TPeOYeT 3aII0THUTD 3HAHNEM GeJible MATHA
U COCTaBUTH 6oJiee [IeTaJbHOe MPeJCTABJICHNE O TOM, YTO
(MHOT/1a HEOKK/TAHHO ) TPOSIBUIIO HETIOHSTHbIE 4epThl. Be3
JINKBHUIAIN 6EJIBIX TISATeH mpocTast KapTnHa Mupa, co3aa-
HUE KOTOpPOil 1o MHeHuio AJbbGepra JUHINTEHHA ecTb
HCTUHHAA 1leslb HayKM, He 3aBepluena. Kpome Toro, 1o
CJIOBaM TOTO >XKe JHWHIITeliHA, OOJBIINHCTBO YUEHBIX He
JlyMaloT O CO3/IaHUM TTPOCTON KapTuHbl Mupa. OHu BUAAT
CBOE IIPU3BAHUE B OTKPBLITUU HOBBIX ABJIEHUII U CBOICTB,
KOTOpbIE MOTYT IOMOYDL pa3BUTHIO TeXHWKH. VX cdepa
JesaTeabHocTu — Gesible MATHA UM IJIOXO HCCJIeJ0BaHHbIe
o6J1acTi Ha MaTePUKe MO3HAHHOTO.

Hayxka crama poporoii. Mesk1y y4eHbIMHU CYIIECTBYeT
KOHKypeHIMs. VHorza ydyenble, IPOrHO3UPYIONUE CPaB-
HUTEJIHHO CKOPOE TEXHUYECKOE NCTI0Thb30BaHNE CBONX OY-
JYIUX Pe3yJbTaToB, ONOJYAIOTCS [TPOTUB ACCUTHOBAHUN
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HA BEPETY OKEAHA HEINIO3HAHHOTO:

Ha COOPY’KEHUS IOPOTUX TMTAHTCKUX YCKOPUTEJEH U He
MeHee JIOPOTUX TPHOOPOB /IS TOJYYEHUS HAJCKHBIX
cBe/leHnil U3 masiekux ob6uacreil BeeneHHol, Xorsa Bce
MOHUMAIOT, 4TO Ge3 HUX Hesb3si MPOHUKHYTb B OKeaH
HerosHaHHoTO. /lymaio, u ¢ I'enpuxom MoperiaBareseMm
criopusin, J06UBasChb, YTOObI OH BBIJEJST JEHbIH He
TOJIbKO Ha HOBbIE MOPCKHUE SKCIIEUIINU, HO ¥ Ha KapaBa-
HBI, CJIeIyIoNe U3BECTHBIMI MapIIpyTaMHu.

[enenne ¢pusnkn Ha o6JacTh, CYIIECTBYIONIIE HA Tep-
BBIIl B3TJIS/I HE3aBUCUMO, He JIMKBU/UPYET €e e[MHCTBA.
Dusnka TBEpPOTo TeIa HeBO3MOKHA 63 aTOMHOI (DU3NKHI
1 3JIEKTPOJIMHAMUKH, (DU3NIECKasT KHHETHKA CJIYKUT BCEM
obnactam dhusukn. Hu onna gpusmueckas AUCIUTIITHA HE
MOJKET 000UTHUCH 6e3 APYTUX. PactiooKeHbl AUCITUTITITHBI
Ha MaTepuKe MO3HAHHOTrO TO-pazuomy. [lomoxkenue muc-
IUILINHBL OTIPE/IesIsIeTCsl ee UCTOpueil, HO He BCerja.
WNuorpa auciuriinHa, UCTOPUYECKU PACHOJIOXKEHHAS B
riy6rHe MaTepuKa IO3HAHHOTO, Ka3aJoch Obl, 1aJeKO OT
6epera oKeaHa HEIIO3HAHHOTO, B CBOEM PAa3BUTUU UCIIOJIb-
3yeT JOCTH)KEHNUST COBCEM HOBBIX IUCIIUILINH, MECTO KOTO-
ppIX JH6O y camoii GeperoBoil 4epThl, JUGO JaxKe B
IIPOCTOPAX OKeaHa HEMO3HAHHOTO. o I“ "
A ObIBaet, 4TO JaBHO cyrecTByo- Wil I nl"
mas 06aacTb (PU3MKKM MPEIOAHO- | :
CUT OTKPBITHE, MECTO KOTOPOTO
B/IaJii OT OeperoBoil 4epThl — B
OKeare HeO3HAHHOTO.

Bor oaun u3 npumepon. Dusnka
TBEP/IOTrO Teja ¥ (DU3NUKA MATHUT-
HDBIX SIBJIEHUI BIIOJTHE 3aCJIY>KEHHO
JIABHO TIPUHA/JIEKAT MaTePUKY
MO3HAHHOTO, HO B KaJKJIOW €CTb
raaBa «SlepHblii MarHeTn3M», Ha-
3BaHUE KOTOPOU IOYepPKUBAET
67m30CTh K 6eperoBoii uepte. [Tpas-
J1a, TIOJIOSKEeHNE siIepHoii (DU3UKK B
MOCJIC/THAE JIECSITUTIETUST OTpejie-
JnuTh He Tak npocto. C ofHOMN cTo-
poHbl, sjepHas (Qu3uKa yxKe J0-
BOJIBHO JIAIEKO OTOIILIA OT Gepero-
BOH 4epThl M 3aHsANa yCcTOHUMBOE
MOJIOXKEHME Ha MaTepuKe mo3HaHHOTO. C Ipyroii CTOPOHDI,
OHA HE MOJKET CYIIECTBOBATb 6e3 (DU3UKU 2JIeMEHTAPHBIX
gactui. Dusnka aeMeHTapHBIX YACTHIL 1O H/lee OJIKHA
¢opmuposars 6eperosyio 4epty. OgHAKO, CaMO MOHSTHE
neMenmapuasn 4acmuya He HeM3MeHHO, a CIe/IOBaTeIbHO,
HETIPOCTO YKa3aTh MeCTO GEpPeroBoil 4epThl.

[pyroit mpumep. COTpyJHUKN aMePUKAHCKOH KOMIIa-
Hun «besny Apno Ausnan Ilenswmac m PoGept Bymapo
Vuncon (Bunbcon) B Hauase 1960-X rozoB uccieoBadu,
novyeMy He yaaercs u3GaBUTbCS OT IIYMOB pauoaniapa-
Typbl (pasnodusnka JaBHO HAXOAUTCS HA MaTepuKe T10-
3HAHHOTO), ¥ OTKPBIIU PEJUKTOBOE U3JIYUEHUE, 3aM0JIHS-
ioliiee Beeslennyio co BpeMeH ee BO3HUKHOBeHUs. Vccoe-
JIOBaHUe PEJUKTOBOrO U3JIyUYeHHs — OJIHA U3 BO3MOXKHOC-
Tell TIOJYYHUTb CBEJEHUS U3 JaTeKnX 06JacTell okeaHa
HEIo3HAHHOTO, TIOHATH, KakoBa Oblia Bcerennas B mep-
Bble MTHOBEHUS ee BO3HUKHOBEeHUs. HeynBUTEIHHO, YTO
Apuo Ilensnac u Po6ept Yuicon 3a cBoe oTKpbITHE ObLIN
yaocroenbl HoGenesckoit npemun o ¢usuke (1978 r.).

NJAJIO3NA NPOCTOTBDI 3
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Hamwcannbie MHOTO cTaTbl, 0630pbl, MOHOTpaduu, mpo-
YUTAHHBIE JIEKIIMM — BCE, YeM $ 3aHUMAJICSI U B UYEM
MIPUHUMAJ TTYHOE Y4YacThe, CBI3aHO ¢ (PU3NKOI TBEpP/I0T0
tena: ¢ pu3nKoi MeTaaoB U (PU3UKON MATHUTHBIX SBJIE-
Huii. Haunnas ¢ 30-X ro/1oB IpoIIoro BeKa, UCroJb30Ba-
HU€e KBAHTOBOW MeXaHWKU TIPY PeleHnn 3a/1a4 Makpodu-
3UKU CTAJO OOIIENPUHSITHIM, U TeM CaMbIM (DU3NUKA KOH-
JIEHCUPOBAHHOTO COCTOSTHUS 3aHsAa, TOXOXKe HaBCeT/a,
MECTO Ha MaTepuKe 1o3HaHHoro. Koneuno, sTo He o3nava-
€T, 4TO B 9TOI 06J1acTH HET GEeJIbIX MSTEH UM HEeJ0CTAaTOU-
HO TTO/IPOOHO MCCJIeI0BAaHHBIX obacTeit. He npeyBemmym-
Bas CBOWX 3aCJyT, MOTY CKa3aTb, YTO BMECTE CO CBOUMU
VUUTETSAMU U KOJIJIETaMU S IPUHUMAJ y4acThe B TUKBUA-
1IN HECKOJBKUX OeJbIX TISITEH B TEOPHUH METAJIOB U B
Teopuu Maruetusma. Bompocbl, 0 KOTOPbIX UJET PeYb B
ATOU cTaTbhe, HE CJAUIIKOM 3aHMMAJM MeHs TOT/a, KOor/aa s
peliiaJg KOHKpeTHbIe 3a/1a4u. S He 3a/1yMbIBaJICS, IUKBUIM-
PYI0 Jiut 51 6eJioe MATHO MJIU TOJBKO BBISICHSIO HOBBIE YE€PThI
HEJIONCCJIeIOBAHHOTO siBJIeHns. MHe 04eHb HPaBUJIOChH TO,
4yeM s 3aHUMAJICSI, a TEMY BCET/la cTapajicsl BbIOpATh Tak,

» 4TOOBI B PE3yJbTare BBISCHUTDH

'I ‘HN'I ‘|'““ HEYTO HOBOE.
{|i . ’lll; Mowu mHTEpechl He OrpaHudu-
“I l i BaJICh UCKJIIOUUTETbHO TEMU 06-

i JacTaMu (PU3NKH, B KOTOPbIC S
H‘ MIBITAJICST BHECTU CBOM BRI, K
coskayieHuio, pusnKa cToIb pas-
HOOOpa3Ha, a MeTO/Ibl TEOPETHU-
4ecKOl (DUBMKU CTOJIb CJOKHDI,
4TO TJIy6OKO 3HATD BCIO TEOPETH-
4yekyio ¢pusuky s He mor. Iloxo-
ke, JleB [laBupoBuu Jlangay un
Puuapn @eitamMan — nocsieamne
SHIUKJIONE/UCTHI TEOPETUYECKOI
¢usnkn. He cpaBHmBas cebs c
TeHUSIMU, MOTY YeCTHO TIPU3HATD-
¢S, 4TO S 3HAJ MHOTO (DU3UKOB-
|l I TeopeTmkoB, Ja)ke B MOeM He-
" MTOCPE/ICTBEHHOM OKPY>KEHUH, C
60s1ee TIyOOKUMHU U HIHPOKUMU
3HAHUSAME, YeM y MeHsi. Ho MHe ObLIO MHTEPECHO, umo
MPOUCXOUT U B T€X 06JACTSIX, T/l MOEro y4acTusi BOBCE
He 661710, OG30pHbBIE CTATHY W HAYUYHO-TIONYISIPHAS JIUTE-
parypa ToMOTaJn 3HAKOMUTBLCS € TeM, YTO MTPONCXO/INJIO
B OKeaHe HEIO3HAHHOIrO, a TJIaBHOE, KaK MEHSeT CBOU
KOHTYPBI Oeperopasi ueprta MaTepuKa MO3HAHHOTO.

.i,l
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XopoIo M3BeCTHO, YTO BCE OKPY’Kaolee HAC COCTOUT
13 MUKPOCKONMYECKUX YacTull. VX Haydmamch pasim-
YaTb, MCCIE0BaTh, O HUX HAKOIJIEHO [OCTATOYHO 3Ha-
HUil, 9T0O6bI OODBICHATh HAGIOaeMble SIBJIEHUS U CYIIe-
CTBOBAaHME TeJ C CaMbIMU Pas3HbIMU cBoiicTBamu. [loHu-
MaHHe CTPOEHUSI MATEePUU — OJHO U3 OCHOBHDBIX JIOCTHIKE-
HUH Hayku. MUKPOCKOTTMYECKHE YaCTHIIBI 0ObeITHEHD! B
CTPYKTYPbI Pa3HOi CJA0KHOCTU. ATOMbBI, MOJIEKYJIbI, TBEP-
JIble TesJia — IPUMepPbl TaKUX CTPYKTYpP. CTPYKTYpPbl MOX-
HO PaCHoOJIOKNTh TI0 Mepe WX YCJIOKHeHWs. Bo3Hukaer
cBoeoGpa3Has JiecTHWIIA ypoBHel, uepapxus. Kaxmas



4 KBAHT

CTPYKTYpa UMeET OIpe/leIEHHOe MECTO B MePAPXUH, pac-
MOJIATAETCST HA OTIPE/IEJIEHHOM YPOBHE, KaK 9TO yCJIOBHO
nmokasano B tabsure 1.
Tabauua 1
BceneHHas

T

CKonJieHna rasaktmk

1

ranakTnkKm
T
MjaHeTbl, 3Be3/4bl
T

MaKpocKornn4yeckme Tesa

0

dTOMbl, MOHbI, MOJIEKYIIbI

T

A0pa aToOMOB, AAepHada Matepuna

T

3J1EKTPOHbI, MPOTOHbI, Hel7ITpOHbI

ITa TabmIa mnepevyncasaer 0ObeKTbI, KOTOPbIE N3ydYaeT
¢usnka. Cienyer 3aMeTuTh, YTO Ha3BaHUE MAKPOCKONU-
yeckue meJia BBIOPaHO PN CTUINCTHIECKOTO OTMHOOOpA-
3us1. OODEKTHI (PU3NKN — He MAKPOCKOIITYECKIIE TeJIa NI
IIpe/IMeTbl ¢ UX YCTPOUCTBOM, a gew,ecmed, U3 KOTOPbIX
oHu 06pazoBanbl (raspl, KUKOCTH, KPUCTALIBI, aMOpQ-
HbIe BelllecTBa, IasMa M Jake s/lepHas MaTepusi, u3
KOTOPBIX COCTOSIT HEKOTOPBIE 3BE3/IBI).

[To rtaGimiie BWIHO, YTO NPHHAJIEIKANIUI JaHHOMY
YPOBHIO OOBEKT COCTOHMT M3 TOTO, YTO PACIIOJIOKEHO Ha
6oJlee HU3KUX YPOBHAX. MOJIEKYJIbI COCTOAT M3 aTOMOB
UM MUOHOB, aTOMbBI — U3 SI/IeP U 2JIEKTPOHOB, s/ipa — U3
IIPOTOHOB M HEHTPOHOB. BujHo, 4to He 0053aTebHO BCe
00BEKTHI HIDKHETO YPOBHS BXOAAT B COCTaB OOBEKTA C
BepxHero yposus. EcTb Tesa, cocrosiiue U3 HOHOB, a €CTb
Tesla, B KOTOPBbIX MOHOB B Mjeajie HeT COBCEM, a ecJu
c/y4allHo TaM OKa)KeTCs MOH, TO BOCIIPUHUMAETCS OH Kak
npumech. He Bcerma asg orBera Ha BOIIPOC, U3 4YEro
COCTOUT JIAHHBIH 0OBEKT, HAa/l0 06paIaTbcs K COCEAHEMY
HIDKHeMY ypoBHIO. Tak, sijepHasi Marepusi COCTOUT U3
aiep, a B MeTa/ajaXx M B ILIasMe KpPoMe HOHOB eCTb
9JIEKTPOHBI, He BXO/SIIe HU B HOHDI, HU B HEHTPaJIbHbIe
ATOMBI.

Hanmo noguepkuyTh, uro Tabsanna ata He nosHa. Her B
Heit poHOHOB, HEHTPUHO, XOTA Ternepb XOPOIIO U3BECTHO,
9TO 1 (POHOHOB W HEHTPHHO Bo BceseHHOI 0YeHb MHOTO.
Crporo rosops, ux Ha/lo IIOMEeCTUTb Ha HUXKHUI yPOBeHb.
MHOI0 PYKOBOAMJIO >KeJaHWe 3apUKCHPOBATh 3/1€Ch Te
00BEKTBI, KOTOPBIE TIOMOTAIOT OTBETUTD HA BOIIPOC, M3 €TI0
COCTOUT TO, YTO HAC OKPY’KaeT, TO, YTO HEIOCPEeLCTBEHHO
MBI OIIYII[AeM, YTO UCIIOJIb3yeM. Mbl yOeanMCcs HIKE, YTO
OIIYII[eHBbI He TOJBKO (POHOHBI U HEHTPHUHO.

OrtcyTcTBHUe ypOBHeil TTO/I YPOBHEM «3JIEKTPOHBDI, IIPOTO-
HbI, HEUTPOHbI» O3HAYAET, YTO IPU COCTABIEHUM CXEMbI
IPUHATO 3JIEKTPOHDI, IIPOTOHBI U HEUTPOHDI CUUTATD 3.l€-
menmapnvimu. Kax 13BeCTHO, HEHTPOH HecTabuJIeH, Bpe-
M JKU3HU €TO B CBOOOHOM COCTOSIHHUH OKOJIO 15 MUHYT.
Heiitpon npespatiaercs B IPOTOH, 2JIEKTPOH 1 HEHTPUHO.
Tax Kaxk B HEPAIMOAKTUBHBIX SpaX HEUTPOH CTAOWIEH, a
M0 aTOMHO-SI/IEPHBIM MaciTabaM BpeMeHH 15 MHHYT 3TO
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MO CyTH GECKOHEYHOCTb, TO HapaBHE C IPOTOHOM €ro
MOKHO CUNTATh TAaKUM Ke s1eMeHTapHbIM. Hepeako cxon-
CTBO TIPOTOHA U HEWTPOHA TTOAYEPKUBAIOT U HA3bIBAIOT 06€
qacTuiibl HykaoHamu. OOPbIB CXeMbl Ha HYKJIOHHO-2JIEK-
TPOHHOM yPOBHE Y3Ke HECKOJbKO ycTapesi. CTporo roop4,
IO/ HUM €CTb ellle O/IuH — Keapkosuiii. Ho 06 aTom Gyzer
CKa3aHO MOTOM.

Anpa n gpepHas Marepusi BblJeJEHbl B OT/EJIbHbBIN
ypoBeHb. Bce gapa, KpoMe gapa aTomMa BOAOPOJA, —
CJIOXKHBIE CTPYKTYPBI, COCTOSIINE I3 HYKJIOHOB. TsKesbIe
s/ipa IpH UX CYOMUKPOCKOIITYECKOM pazMepe HallOMIUHA-
0T MaKpPOCKOIMYecKHe Tesa. YCIexX nMenaa TIy6oKas
QHAJIOTHUS S/[pa ypaHa ¢ Kalljaell *KUAKOCTH, TO3BOJINBITIA
MOHATDH MPHUPO/LY Pachajia sipa ypaHa Moj BO3eHCTBUEM
HeliTpoHoB. Ho siieprnas Mmarepust cyiecTByeT 1 B IOUCTH-
He MaKpOCKOIIMYecKnX Macintabax. OHa 3a1moHsaeT BHYT-
pernue o6iactu 3Be3]. OTKPBITHI HENTPOHHBIE 3BE3/IBI,
KOTOPBIE HEJTMKOM COCTOAT M3 HEHTPOHOB.

Cxemy 3aBepinaer Beesnennadg. B nocseanue gecsatue-
Tus Beeslennas 11eJIMKoM, Kak HeKasd CTPYKTypa, U3MeHs-
IOTIAsICST C XOZIOM BpeMeHH, — 00bEKT M3yueHust (PU3NKH.

He yxsagpIBaloTcs B TPUBEIEHHYIO CXEMY IPOCTpaH-
cTBO 1 BpeMs. [lo pabor JitHinTeitHa B Havame XX Beka
TIPOCTPAHCTBO 1 BPeMsI He OBbLIIN, CTPOTO TOBOPS, (prsmuec-
KIMHI 00beKTaMu. BosbImmHCTBOM (PU3NKOB OHM BOCIIPHU-
HUMAJIMCh AlPUOPHBIMU TIOHSATUSIMHU, CYIIECTBYIONIUMI
JUIS OTIMCAHUS BCEro, YTO €CTh U TPOUCXOAUT B Mupe.
OO6beHNUB TIPOCTPAHCTBO M BPEMSI B UYeThIPEXMEPHOE
IIPOCTPAHCTBO-BPEMS U [T0KA3aB, YTO €ro TeOMETPUS 3aBU-
CHUT OT CYLIECTBYIOIIEH B HeM MaTepuu, JUHIITEHH «Iepe-
Hec» IIPOCTPAHCTBO M BPEMs U3 YMO3PUTEIbHON Pusioco-
¢un B husuky. 3aHsB B Hell TPOYHOE MECTO, OHU CTAJU
06'bEKTOM BHUMATEIBHOTO aHAIN3a, HO, KaK 0Ka3aJI0Ch, Ha
KapTe HAyKN WX TOCTUTJIA HeOObIYHAS Cyapba. JKCIepH-
MEHTAJIbHOE TIO/ITBEPsK/CHNE YANBUTENBHBIX TIpejicKa3a-
HUM DWHINTEITHA, TAKIX KaK NCKPUBJIEHNE JTydya CBeTa W1
M3MEHEHIEe X0/Ia BpEMEHH, Ka3a710Ch, HABEYHO MOMECTIHLIO
HOBBIe 7711 (PU3UKHN 06BEKThI Ha MaTepuKe o3HanHoro. Ho
TpeboBaHus K TIy6uile MOHUMAHUS PACTYT HEYIEPIKUMO.
Curyarms u3MeHNJIach: TPOCTPAHCTBO-BPEMs ceiiyac [a-
JIEKO B OKeaHe HETT03HAHHOTO. DTO MPOU30IILIO He TIOTOMY,
YTO BBISICHUJIACH OLTMOOYHOCTD SMHINTENHOBCKUX TEOPUIl.
Her! Onu 6e3yKOpU3HEHHO OMUCHIBAIOT TOT KPYT SIBJIE-
HUI, JJ9 TOHUMaHWS KOTOPBIX ObLIN co3aanbl. OgHAKO
noHnManue (PyHJaMeHTaJbHON POJIM KBAaHTOBOI MeXaHM-
KU M3MEHUJIO Hanm TpeboBaHus. Jloruka pa3BuTus cyo-
aTOMHOI U3k moTpe6oBasa MOCTPOEHUST KBAHTOBOIL
Teopun Tpasutaryu. [loka ato He ymaercs. Y moxosxe, uTo
JI0 TOHNMaHus faaexo. [IpecTosaT yBaekaTeTbHbIE SKCIIe-
JWIINAN TI0 OKeaHy HemoszHaHHOTO. Ho 06 aToMm mosxe...

* ok ok

3HaHWe TOTrO, M3 Yero COCTOMUT Bce B TIPUPOE, HE
sBJIIeTCs caMotiesibio. OHO Heo6Xx00uMO JIJist TIOHUMAaHUS
BCETO, YTO HAC OKPYJKAET: CBOICTB TeJ M BEIECTB, U3
KOTOPBIX OHW COCTOAT, TIPUPOAHBIX SIBJEHUN JI060TO
Macitaba M pe3yIbTaTOB CAMBIX PA3HBIX 9KCIIEPUMEHTOB.
Heo6xoaumo, HO He docmamouno. 3aBe/JOMO HY3KHO 3HATD
Te 3aKOHDBI, KOTOpBbIE YIIPABJSIIOT MOBEJIEHHEM COOTBET-
CTBYIONX 06BEKTOB. VI3yueHne 00beKTOB Kask/I0TO YPOB-
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HS TIPUBEJO K OTKPBITHIO W,/ WJIU BBIBOLY Pa3JIUIHBIX
3aKOHOB W TPABUJI, CBOHCTBEHHBIX OOBEKTAM KaXKJOTO
ypoBHsI. Her jqoroBopeHHOCTH, Kakue U3 YTBEPKICHUH,
GopMyMPOBOK, MPAaBUJ UMEHOBATH 3aKOHAMHU. 3aKOHOB
OYeHb MHOT'O, MOKAJIYH faxke cauikoM. OJiHa U3 TPy IHO-
creif nugyuenust pusnku (1, IPU3HAIOCH, TIPEIIOIABAHNUS €€ )
— B HeOoOXOJUMOCTH 3HAThb UX WJHU, YTO Ja’Ke BaKHee,
3HATD, YTO OHU CYIIECTBYIOT, 1 ITPH HEOOXOAUMOCTI YMETD
9TH 3aKOHBI BCIIOMUHATD UJIU BbIBOJUTD, IOHUMATD, KaK X
MCTIOJIb30BATD, M Y€TKO 3HATDH TPAHUIILI KX TPUMEHUMOCTH.
ITO 0COGEHHO BAKHO.

Ycnoxuenne o0bEKTOB CHI3Y BBEPX TI0 CXeMe TMO/ICKa-
3piBaeT: pusnKa craBuT cebe 3ajauy ymerb moHsaTh (oc-
MBICJHMTD) 3aKOHbI, AeHCTBYyOIIE Ha JTIOGOM U3 YPOBHEIT,
Ha OCHOBE CBOMCTB YaCTHII, KOTOpPbIE TPHUHATO CYUTATD
3JIEMEHTAPHBIMU. JTO BbIIEJIIET 3aKOHDI, YIIPABJISAIONINAE
JIBUKEHUEM 3JIEMEHTapHbIX 4ac-
tiil. OHU BOCIIPUHUMAIOTCI KaK
OCHOBHbLE 3AKOHBL NPUPOODL.

Paszmep cratbm He 103BoJISET
OIIUCATb OCHOBHbIE 3aKOHbI IIPU-
POJIBI  CKOJIBKO-HUOY/b TT0/IPO0-
HO. OrpaHuYMMCS JIUIIDb TEM, Y4TO
HA30BEM Pa3/esibl COBPEMEHHOM
pu3NKN, B KOTOPBIX OCHOBHBIE
3aKOHBI (POPMYJHPYIOTCS W HUC-
1oJib3y1oTcs. C UX TTOMOIIBIO OITH-
CBIBAIOTCA 3JIEMEHTApPHBIE YaCTH-
IIbI: UX JIBUKEHUE, [TpeBpalleHne
1 o6pa3oBaHue U3 HUX BCETO, YTO
PACIIOJIO’KEHO Ha BBIIIECTOSIIMX
VPOBHAX. ITH Pas/iesibl — KEdaH-
moeast Mexawuxda u meopus. om-
HocumesvHocmu, WIN Pesmu-
sucmexas mexanuxa. llpnHATO
OT/IEJIBHO HA3bIBATh 31eKMmpoou-
HAMUKY, XOTS B IPUMEHEHUN K HJIEMEHTAPHDBIM YaCTHIIAM
OHa He CTOJIb CTIeI(UIHA, KaK 3T ObLT0, KOTJa MEXaHUKa
Hpiotona u anexktpogunamuka MakcBesia nC4epbiBaIn
OCHOBHBIE 3aKOHbBI Ipupobl. OcobHaKroM (HameI0Ch, TOIb-
KO MOKa) CTOUT meopusi zpasumaruu. dacro ee Ha3bIBAIOT
obweti meopueit omuocumevnocmu. Cpeau HusndecKnx
00BEKTOB €CTh MaKPOCKOIUYECKHE Tesa, COCTOSIINE U3
OTPOMHOTO KoJimuecTBa yactutl. Iloatomy criermmdnaeckne
paszespl (pU3UKK, IIpeHasHauCHHbIC I UCCJIeJOBAHU
KOHTJIOMEPATOB YACTHIL, BXOJAT B YHCJIO OCHOBHBIX 3aKO-
HOB TIPUPO/Ibl. DTO CINATNUCTRUYECK A MEPMOOUHAMUKA T
Gusuuecrkas kunemuxa. He yuBAsSiiTECH, YTO MBI TIPUCO-
eIMHUJIN X K 3aKOHAM, KOTOPbIE HY>KHBI JIIs1 TOHUMAHWS
CBOICTB 3JIeMEHTAapHBIX YacTuil. /{Js1 3TOoro ecTb OCHOBa-
Husg. Y He TOJBKO WX BaKHOCTb. OKa3biBaeTcs, [axe
TaKoe, Ka3aJoch Obl, OUEBU/IHOE TIOHITHE, KaK 0MmoevHds.
uacmuyd, CTporo roBopsi, TpeGyeT epecMoTpa, KOr/ia Mbl
mbiTaeMcst Jo6paTbest 1o camoii cytu. U npu aToM 3HaHue
3aKOHOB, YIIPABJISAIONNX COBOKYITHOCTSIMH YacTHII, HEO6-
XOJIUMO.

Hasepnoe, y Kask/10ro HHTEPECYIOUIETOCs YCTPOHCTBOM
Mupa ecTb CBOSI TOYKa 3pPEeHUs Ha TO, KaKOWl YDPOBEHD
MOHUMAHUS €TO yAOBJETBOPSIET. Sl He Tpe/Ioaraio, yTo
BCE Pa3MBITIJISIOT HA ATY JIOBOJBHO a0CTPAKTHYIO TEMY, HO

U WHTEPECYIOMUXCSA MHOTO. 1 MPUHAAIEKY K UX YHCITY.
MHe oueHb Xo4eTcst, YTOObI TOHUMaHMe ycTpoiictBa Mupa
NIpUBEJIO K CPAaBHUTEJIBHO MPocToil KapTune. [Toatomy Tak
3aMHTEPECOBAJIN MEHS KHWUTH, TIEPEYUCJICHHBIC B CIUCKE
PEKOMEH/IOBaHHBIX. Bce oHM HalMCaHbI KPYIHBIMU yye-
ubiMu. /[Ba aBropa, Ctusen Baiin6epr u llesnnon Inatmmoy
— HobGeneBckue maypeatsl 1o ¢usuxe. Hazpanne kKoUK
C.Baiin6epra «MeuTbl 06 OKOHYATEJTLHON TEOPUU» MOKET
CJIY’KUTD 3arJIaBUeM KO BceMy repevnio. O6patnM BHIMA-
Hue, YTOo [IPe/IloJIaraeTcs 0/iHa OKOHUAMEIbHAS MEOPUSL —
TEOPUsl, U3 KOTOPOI BBIBOISTCS BCE TEOPHUHU, OIUCHIBAIO-
ne ToBe/ieHre BceX (U3NYeCKNX OOBEKTOB HA BCEX
ypoBHAX TabuIbl 1. 3aberass HECKOJBKO BIIEPE/T, CKaXY:
OKOHYATeJIbHAS TEOPUS HE CO3/IaHa, XOTH, TO-BUINMOMY,
He TToTepgHa Ha/lek/1a Ha BO3MOKHOCTD ee mocTpoenus. He
OKaXKEeTCS JIM JKeJaHHas OKOHYATEeJbHAs TEOPHS CTOJIb
HEOXUJAHHOH, 4TO OyAyT yTpa-
YeHbI Te Ba’KHbIE 2JIEMEHTBI IIPO-
CTOTBI, C KOTOPBIMU Mbl CPO/{HU-
JINCb, IIPEXJe BCEr0 — 3aKOHbI
coxpanenus? [To-Bugumomy, Her.
CoBpeMeHHbBIe (PyH/IaMeHTaTbHbIE
HAyKU, BOMPEKH TAKOMY MPEJIIIO-
JIO’KEHUIO, HEe TO YTO ONpOBepra-
10T, a2 060CHOBBIBAIOT (BBIBOAT)
3aKOHbBI COXPAHEHUS SHEPTHU, M-
myJbca, 3apsia.

Bpiiie roBOpHUIOCH, YTO MTOHM-
MaHue SIBJeHUN U CBOUCTB Hauu-
Haemcs: co 3HAHUS CBOMCTB aJie-
MeHTapHbIX yYacTuil. Hajerocn,
BCEM MOHATHO, YTO UCIIOJIb30BaH-
HBIH I'J1aroJl «HaYMHATBCSA» 3/1eCh
He 03HAYAET, YTO pa3BuTHe (Husn-
KW HA4YaJ0Ch ¢ CyOaTOMHBIX 4ac-
tut. Jlormka cTpyKTypbI cOBpe-
MEHHOU (DU3NKK TOKA3bIBAET, YTO, TPUAECPKUBASICH OTIH-
caHust oT 6oJiee TTPOCTOTO K 6oJiee CIOKHOMY, OT COCTOSI-
IIEr0 U3 MEeHBIIero 4ucjaa YacTuil K O6ojee KPYIHBIM
00BbEKTaM, HA/I0 HAUMHATD CHU3Y M JIBUTATHCS BBEPX TI0
CTpEJIKaM.

CBoiicTBa 4acTHIl B KaKOH-TO Mepe MOXHO OICaTh,
MCIOJIb3Ys OObIYHBIHN A3bIK, HAIIPUMEP CKa3aB, YTO dJIEK-
TPOH U IIPOTOH — 3apsKEHHbIE YaCTHIIbl U YTO UX 3aps/ibl
O/IMHAKOBBI 110 BEJMYNHE U ITPOTUBOIIOJIOXKHDI 110 3HAKY.
Ecmm eme 106aBuTD, 4TO 3TO YTBEP:KJAEHUE OTHOCUTCS K
JII0OOH TIape 2JIEKTPOH-IIPOTOH, U 0O0OIUTh CKa3aHHOE,
HOMYEPKHYB, YTO BCe 9JIeKTPOHBI (KaK M BCE MPOTOHBI) HE
TOJIbKO UMEIOT OJIMHAKOBbBIC 3aps/Ibl, HO OHU MPUHITUTIN-
QJIbHO HEPa3JMYnMbI, TO CJOBECHOE yTBep:KjeHue Oyaer
OYCHb BAJKHBIM CBOMCTBOM, HE YUMTBIBAs KOTOPOE HEBO3-
MOJKHO TTOJIHATBCA JlaXke Ha BTOPYIO CTYTIEHBKY CXEMDI.

Ho caoBecHoro onucanug Hea0CTaTouHo. HeoOXoamMo
3HaHMe YMCJIEHHDbIX XapakrepucTuk. He 3Has 4ucieHHOrO
3HAYEHUS BeJUYMHDI 3aPsi/ia 2JIEKTPOHA U IIPOTOHA, HEBO3-
MO’KHO HOCTPOUTb TEOPHIO IIPOCTEHIIEro aToMa — aToMa
BO/IOpoJia. MaJio Toro, Ha/l0 3HATb 3HAUYCHUS MACC HJIEKT-
pona u mporoHa. Iloctpoenne Teopuum atomMa — 3ajaya
KBaHTOBOU MeXaHUKW. B ypaBHeHIe KBAHTOBOI MEXaHWKN
(ero naswiBaror ypasnenuem [lIpeauHrepa) BXOANT MOCTO-
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sauHag [lmanka — eme ogHO yncao. MosKHO TOCTPOUTD 1
PESITUBUCTCKYIO TEOPHUIO JABWIKEHIS 3JEKTPOHA, HO HA/I0
IIPY HTOM BOCIIOJIb30BaThCs ypaBHeHneM /upaxa, a B HeTO,
KaK BO BCE PEJISATHBUCTCKUE (DOPMYJIBI, BXOJIHUT CKOPOCTD
cBera. Ho MbI elrie He TIepeuncnim Bce HHANBU/LY AJIbHbIC
ueptbl (cBoiicTBa) ss1ekTpoHa. Kak HU CTPaHHO, 2JIEKTPOH
o6.J1aj1aeT o6 CMEeHHbIM MOMEHTOM KOJIMYECTBA [IBUKEHNUS
— crmuoM. He 3a cuer Toro, 4rto OH ABMIKETCA BOKPYT
Kakoro jmu6o IeHTpa, Kak B aTOMe BOJIOPO/Ia, HATIPUMED,
a Bcerja, B KakoM OBl COCTOSHUU OH HU HaxoauJcs. B
TabJmIe 2 IpUBEJEHDI BCe TIepedncIeHHbIe B TEKCTe YIC-
JICHHBIe XapaKTePUCTUKU YACTHI[, KOTOPBIE 3aIlOJHSIOT
HIDKHIHN ypoBeHb Tabsmip! 1. Korewrno, B Tabmity 2 Mbl
He TIOMECTIJIN TIOCTOSHHYI0 IlmaHka M CKOpOCTb CBeTa.
Onu, 6yayun XapaKTepUCTHKAMI COBPEMEHHOTO HAYYHOTO
3HAHWs, NPUHA/JIEXKAT HE OT/JEJbHBIM YacTHIaM, a Bceii
¢usuxe. [locrosgunyio [L1anka n ckopocTb cBeTa UIMEHYIOT
pynoamenmanvnoinu xoucmanmamu (cM. tabauiy 3).
[lo mocJie/iHel 4eTBEPTH MPOIILJIOTO BeKa HUKTO HE COMHE-
BAJICS, YTO BCE ATIEKTPUYECKIE 3aPS/Ibl B IPUPOJIE PaBHBI
I[eJIOMY YHCJTy 3JIEMEHTapHOTO 3apsja, a 3JIEKTPOH U
MIPOTOH SBJIIIOTCS HOCHTEISIMH 3JIEMEHTapHOTO 3apsiia —
KasK/IBIH O CBOMM 3HAKOM. B cBOGOTHOM TPOCTPAHCTBE He
6bLT O6HAPY>KEHBI YaCTHUIIBI C 3aps/IOM, MEHBIITIM 3JIeK-
TPOHHOTO, W/ C HEIleJOYNCICHHBIM 3JIeKTPOHHBIM 3apsi-
JIOM, a TTIOUCKOB OBLJIO TIpeiocTaTouHo. OTHAKO HA YIIOMI-
HaBIIIEMCS KBADKOBOM YPOBHE J1eJI0 0OCTOUT HeE TaK, HO 00
aTOM Tmo3/iHee. A mnoka Gy/eM TO-TIPEKHEMY CYUTATDH
YHUCJIEHHOE 3HAUCHNUE 3apsi/la 3JICKTPOHA U TPOTOHA (PyH/1a-
MEHTAJIbHOI XapaKTePUCTHKON 1 OCTABUM €T0 B TabuIIe 2.

Tabauua 2
HJIEKTPOH MTPOTOH HERTPOH
sapaz -1,60-10 “Kn +1,60- 10 “Kn 0
Macca 9.11-10 '&r | 1,673-10 7xr | 1,674-10 Txr
CIINH 1,/2 1,/2 1,/2
MaTHUTHBIN
MOMEHT 1,01 p, 2,79 w, =191 p,
Tabauya 3
CKOPOCTDb CBETA € 299792458 m /¢
nocrognnag Ilnanka 72 1,055 - 10 Ik - ¢
rpaBuTaluonnas nocroannag G | 6,673 107" VAR

CresraeM HECKOJIBKO 3aMevuaHnii K Tabanmam 2 n 3. B aux
MpUBE/IEHDBI MTPUOIMKEHHDIE 3HAUCHNS BCeX BeJUYnH. Bee
OHU M3BECTHBI € TOPa3io 60Jblneil TouHOCTbI0. OGpaTuTe
BHUMaHWE: HEHTPOH YyTh TsXKeJiee MTPOTOHA, YTO obecre-
YUBaeT BO3MOYKHOCTD Paciajia HEUTPOHA HA TIPOTOH, JJIeK-
TPOH W aHTHHEHTpuHO. CNUH — KBAHTOBBIH BEKTOP, OH
MOJKET OPUEHTUPOBATHCS B MPOCTPAHCTBE TOJBKO JBYMSI
criocobamu: 6O BIOJb ocH, 60 1potus. B cBoGoiHOM
MIPOCTPAHCTBE HAIpaBJieHWEe Ocu TPOu3BobHO. CrnH,
paBublil 1,2, o3HavaeT, YTO BEJUYUHBI TTPOEKIUN COO-
CTBEHHOTO MOMEHTA KOJIMYECTBA JABUKEHUS] YACTHUIIbI PaB-
ubl £(1/2)7 . Besmuunbr W, , K, — 3T0 3HAYEHUST MATHUT-
HBIX MOMEHTOB 3JIEKTPOHA M IIPOTOHA COIJIACHO TEOPUU
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Jlupaka 6e3 nonpasox, W, = (eh)/(2m,c), rae m, —macca
DIIEKTPOHA, |1 = (eh) (2mpc), rjie m, — Macca mpoToHa.
To, uTo y HENTPOHA MAarHUTHBI MOMEHT HE PaBeH HY.JIIO,
XOTSI OH HeWTpaseH, CBUMETEJbCTBO TOTO, YTO HEUTPOH
«COCTOWT» M3 3aPsIKEHHBIX YaCTHII.

Fnapa wa tabauily 2, 3aKpajbIBaeTcsl MBICJb: MHOTO
HerloHsATHOTrO. Hanpumep, modyeMy HeT cpejid XapaKTepH-
CTHK YacTull ux pajauyca? OkasblBaeTcs, HQ/I0 CUUTATD,
YTO 3JIeKTPOH — Touka. MmMenno tak! XoTs, no-sBuauMomy,
9TO BHOCUT B TEOPUIO MHOTO ocJjoxxkHeHu#. IlombITkn
BBECTH KOHEYHBIN pPaJInyc, KOTOPbIE JEJAJNUCh Pa3HbIMU
crioco6aMu, He YBEHUYAJIUCh YCIIeXoM. 3HayuT, Touka. Ho
Be/lb OHa KpyTuTcsi! Y Hee ecTb COOCTBEHHBIH MOMEHT
KoJIn4ecTBa ABibkenud — ciui. Kak ske Tak? A 4To TOuka
nMeeT Maccy W 3apsj, MeHbiie yausiser? Ilocumrarb
HYKJIOHBI TOYKAMU HE yIaeTCs: TIPOTOH U HEHTPOH 3aHnMa-
10T HEKOe TPOCTPAHCTBO — cdepy PpagnycoM MOpSKa
107" m . 3naunt, nporon B 100000 pas MeHbIe aToMa.
3arnoMHNM 3TOT (haKT u 06pATUM BHUMAHUE, YTO B TabJIUIIE
2 ecTb elie O/lHA CTPOKa, COTJIACHO KOTOpOH Bce Tpu
YacTUI[bI — 3JIEKTPOH, IPOTOH, HEHTPOH — MarHUTHKH,
IIpaB/ia OYeHb MaJIeHbKHE, CBEPXMUKPOCKOIINYeCKIe. 3Ha-
YeHWs] WX MAarHUTHBIX MOMEHTOB TpuBe/eHbl. M Tak Kak
Mbl YIOMSHYJU ypaBHeHue /[lupaka, ToO uMeeM IpPaBo
ckazaTbh: Teopusi (KBaHTOBast HJIEKTPOAMHAMMKA) MO3BO-
JINJIA BBIYUCTUTD BEJUMYMHY MATHUTHOTO MOMEHTA JIEKT-
poHa ¢ orpoMHoii TouHoctbio (¢ 13 3HaKamMu noce 3arns-
TOi1), 1 OHa coBIasa ¢ sKcrepuMenToM. O6paTuTe BHUMA-
HUEe, KaKOW TOYHOCTU JIOCTUTAET IKcIepuMeHT! 3HAUUT,
KOe-4TO 0ObSICHEHO.

O/HaKO Ha JIaHHOM 3Talle HAlllero M3JIO0XKEHUS He 3TO
camoe BakHoe. [Ipu mocTpoeHy Teopun aTOMOB 1 MOJIEKY.JT
HE CJIMIIKOM BaXKHO, KAKUM ITyTE€M BbISICHEHbI YHCJICHHbBIE
XapaKTEePUCTUKY 3JIeMEHTAPHbIX YaCTHUI[: TIOJIy4YeHbl OHU B
pesysbTaTe SKCIEPUMEHTOB WJHM Kak cJeJcTBhe GoJee
ray6oKoit Teopun. /1711 TOTo 4TOODI ITOHUMATHCS BBEPX 110
CTYTIECHSIM JIECTHUIBI TAGJUIBI 1, [OCTATOYHO 3HATH 06
3JIEMEHTAPHBIX YaCTHUIAX TO, YTO 3aMUCAHO B TabJuIe 2,
JN06aBUB CBelEHNs O [efCTBYIOMUX MEXIY YaCTUIIAMU
cuax. Cuibl, JEHCTBYTIONNE MEXK/ITY 3aPSKEHHBIMU YaCTH-
1amu, u3BecTHbI. VIX onucbiBaer 3akon KyJiona, Xxopotio
3HAKOMBIH 110 MIKOJBbHON (pusmKe. A Kakue CUJIbI AeHCTBY-
10T MeX/y HykJoHamMu? He 3Has uX, HesIb34 1ake MbITaTb-
€Sl CTPOUTD TEOPUIO 4/Iep aTOMOB. SICHO, UTO He 3JeKTPU-
YyecKue CHUJIbI yIepPKUBAIOT IPOTOHDBI U HEHTPOHDI B f/1pe.
Bezb 1ocToBEpHO M3BECTHO, UTO B A/[pax HET OTPUIATE/IBHO
3apsDKeHHBbIX vactull. Ho ectb crermuduyeckne CHJIbI
B3aUMO/ICHCTBUS MEXTY HYyKJIoHaMU. VIX TpUpoa mousiTa,
OHU ITO/IPOGHO OTTHCaHbI. VX Ha3bIBAIOT I0ePHLLMU CULAMU,
a B3aMMO/ICHCTBYE C X TIOMOIIBIO — CUTLHBIM 83AUMOOET-
cmeuem. Mbl BepHEMCH ellle K CUIIbHOMY B3aNMO/IEHCTBHIO.
[Toxa TospKO TIOAUEPKHEM: BBeIU Mbl B Tab ity 2 utdop-
MAITHIO O S/IEPHBIX CUJIAX — BCE, YTO HAJIO JIJIS TOCTPOCHUS
IPAHINO3HOTO 3/1aHus (PUBNKHU, Y HAC €CTb.

Ho B ka)kloM Hay4yHOM IOKOJIEHMM M3 BEKa B BEK, K
CUYACTBIO, CYIIECTBYIOT yUeHbIE, OIIYyIIAOIIIe TOTPEGHOCTD
YTJIYOUTBCS, BBIICHUTD MTPONCXOK/IEHIE CBONCTB BCETO, C
YyeM MPUXOUTCS UMETD JIeJIO B IIPoliecce CO3/lanus Hayy-
HO¥ kKaptuHbl Mupa. OHU TOTOBBI TIpeHe6PEYDb TTOHATHEM
«9JIEMEHTapHbBIE», YTOOBI TIOMBITATLCS HAWTH OTBET HA
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BOTIPOC: TOYEMY y YACTHII, HA3BAaHHBIX AJIEMEHTAPHDBIMH,
MMEHHO TaKue CBOWCTBA, a He KaKue-To Jpyrue?

XOT4 TI0 COBCEM JIPYTOMY TIOBOJLY, HO TIPEKPACHO BbIpa-
3uJ1 oty amormio bopuc Ilacrepnak:

Bo Bcem MHe xouercs 0NTH
[o camoii cyTH....

[lo ocHoBanMi, 10 KOpHEH,
[lo cepaiieBUHDI.

W moat moHMMaeT, 4To BBIMIOJHUTD JKeaaeMoe HeOObIIaitHo
TpyAHo. EcTb oaun myTh:

Cepiiatb OTKPBITH.

[Ipumep «cBepiieHusT OTKPBITHII» OyAeT TpUBEIeH. A
MOKA OTMETUM: OTMCAHUE YaCTHI[, KOTOPOE JOJKHO CJIy-
JKUTH MCXOJIHBIM JIJISI TIOHUMAHUSI CTPYKTYPbI M CBOWCTB
ATOMOB W MOJIEKYJI, MOYKET U OO0JKHO COJAEPIKATh He
TOJIBKO 4MCJIa, HO U 60JIee CJIOXK- .

Hble MaTeMaTU4yeCcKue MOHATUL.
Kaxk 6b1710 y2ke Tokazano, Harpu-
Mep — eekmopvl. He 3Has 3na-
YeHWH CIIMHA 3JIEKTPOHA U €ro
MarHuTHOro MoMeHTa (CITH 1 Mar-
HUTHBIA MOMEHT — BEKTOPbI), He-
BO3MOKHO OBLTO Obl TIOCTPOUTDH
TEOPHUIO ATOMOB W MOJIEKY.JI, TIO-
HSATDb IPUPOJLY MarHETU3MA aTOM-
HO-MOJIEKYJIIPHBIX YaCTHII.

[lymaio, Tabsmnia 1, nso6paka-
I0Ias uepapxuio 00bEKTOB, U3Y-
yaeMbiX (pU3HUKOH, He OyIer u3-
MeHeHa. Bo3MoykHO, K Hell 100a-
BATCA HOBBIE ypoBHU. O6 OHOM
— KBapKOBOM — YK€ YIIOMUHA-
JIOCh, U Mbl K HEMY BEPHEMCSI.
Heo6xomumo Oymer no6aBuUTH
YPOBEHDb WJIHM JIa)Ke YPOBHU JIJIst
TEMHON MaTepuu U TEMHOI SHEPruu HEITOCPEICTBEHHO 1101
caMbIM BepXHUM ypoBHeM <«Bcesennasi». Ho yposhm,
KOTOpBIe ysKe ecTb B Tabumie 1, He MOTYT OBITb HHU
OTMEHEHDI, HU 3aMEHEHbl KaKUMU-THO0 JPYTMMU: BE/Ib
ATOMHO-MOJIEKYJISIPHOE CTPOEHUE MaTepHH, CYIIeCTBOBA-
HUe IJIAHET, 3Be3/], TAJIaKTUK U UX CKOILICHUN — OO beKTUB-
Hast peaJbHOCTD.

Hayka — ozna n3 HanboJiee IMHAMUYHBIX cdep uesioBe-
4yecKoil JiesatebHocTH. (DU3KMKa B ATOM TIPOIEcce J0JToe
Bpems uaupoBasia. Ceiivyac, moxasayii, Hanbosiee 6bICTPO
pas3BuBaeTcs MoJeKyasipHast 6uosorusi. Ho Besb 1o 60J1b-
NIOMY CYeTy MOJIEKYJISIpHasi OMOJIOTHST — JacTh (DU3UKH.
MpbI fazke ykaxkem ee mMecto B Tabsuie 1.

B cdepy HayuHOTO HCCTIENOBAHUS TTONAAAIOT OOBEKTHI,
paHee HeJJOCTYIHBIE. VIHOT/Ia OHW HAXOASATCS B TIyOUHAX
MaTepun, WHOT/IA OECKOHEYHO YAAJeHbl OT 3eMuan. A
MHOT/Ia OHI CO3/AI0TCSI: OOBIUHbBIE BEIECTBA MTOMEIAIOT B
UCKYCCTBEHHO CO3/IaHHbIE YCJIOBUS UK CO31AI0T OO EKTHI,
He CYIIECTBYIOIIE B IPUPOJIE, HATIPUMED M€YaTHbIE CXe-
MBI, TPAH3UCTOPBI, rpader — MOHOATOMHYIO TLIEHKY yTJIe-
pojia. IKCIepUMEHTAJTbHAST TEXHUKA, TEOPUH W BBIUUCJIIH-
TeJIbHbIE BO3MOKHOCTU — BCE METOJbI UCCJIEJOBAHUS CO-
BEPIIEHCTBYIOTCSI C TaKOil OBICTPOTOM, 4YTO OMNLYIIEHHUE

OTCTABAaHUST HEPEJKO BO3HMKAET B Ipoliecce pabOThI HAT
TOJBKO YTO aKTyaJbHOH TeMmoil. Hactb mjieil 6GeccieqHo
MCYE3at0T, OCTABASCH, BO3MOXKHO, MHTEPECHBIMU 1 BayKHDI-
MU TOJIBKO JIOTONIHBIM MCTOPUKAM HayKu. JIWIb HEeKOTO-
pble M/IeM HaBCerja OCTAlOTCS B I10JIe 3PEHUS aKTHBHO
JIeIiCTBYIOIUX YYeHbIX. Y HHUX 3aBUAHAS CyabOa: B Jajb-
HeiillleM OHU TIPUOGPETAIOT OPEOJI KJIACCUUECKUX.

Ho BOT 4TO yAMBUTEJBHO: OCHOBHBIE IPEJCTABICHUSA
KBAHTOBOM MEXaHWKU U TEOPUU OTHOCUTEJbHOCTH HE I10-
Tpe6oBanm n3MeHeHni. CaMble HEOKHU/AHHbBIE OTKPBITHS
yraeTcss OOBSICHUTD, He mpuberas K IepecMOTPY OCHOB.
Kak tyr 5an ynusastbes?! Co3anablie Ha MATIOTKe 3eMJIe,
OHU cIpaBeInBhI B Ipoctopax Kocemoca. /L1 ux dopmy-
JUPOBKHU, KPOME COCPEJOTOYEHHOI MBICIH, TOTpeboBa-
JIUCH OTIBITBI, KOTOPBIE TIPOU3BOAMINCH TTPUOOpaMH, pas-
MEIABITMMUCSA Ha JaG0PATOPHOM CTOJIE, a Pe3yJbTaThbl,
KOTOpBIE IOJIy4eHbl HAa TUTAaHTCKUX YCKOPUTEJSAX WM C
IIOMOIIBIO TEJIECKOIIOB, BbIHECEH-
HBIX 3a Ipe/ieJibl 3eMJd, He Tpe-
6YIOT X TIepecMoTpa.

[IpuBesiennaa cxema — CTPYK-
Typa COBpeMeHHON (hU3NKI — 006-
JaJlaeT BaSKHEWIIMM CBOMCTBOM,
CBU/IETEJIBCTBYIONNM O JIOCTHT-
HYTOM YPOBHE Pa3BUTHS HAYKHU O
npupojge. Hasosem ero ycsoBHo
HayuHvIM KOHCepeamuamom. Ou-
3uKa GeclpepbIBHO Pa3BUBAETCS
u usMmengercs. Hayunbiil koHcep-
BAaTU3M IIPOSABJISIETCS B TIOPa3u-
TeJIbHOHI YCTOIUMBOCTH ITPUBE/IEH-
HOI cxeMbl. JI60 HOBBIE OTKPBI-
THSI CIBUTAIOT GEPErOBYI0 YEPTYy
MaTepHuKa IMO3HAHOTO, JH60 3a-
TIOJTHSIOT GeJTble TISITHA, CYTIeCTBO-
BaBIIe Ha MaTepuke. DniBaert,
YTO K OTKPBITHIO IPUBOIUT OOHA-
py>KeHHe 6eJIoTO TMSTHA — BO3MOXKHOCTH CYIIECTBOBAHMUS
4ero-To panee HensBecTHOTO. Ha nmporskennu 60J1ee moJry-
BeKa IPUBEJCHHAS CXeMa TIPU 3TOM He TIOJBEPraJach
comHennio. He ToJbKO B TOM cMbICJie, YTO HE MOJBEPra-
JIACh COMHEHUIO aTOMHO-MOJIEKYJIAPHASI CTPYKTypa MaTe-
PHUAJBHBIX TeJ, HO ¥ He BO3HUKAJIA HEOOXOJAMMOCTD Iepe-
cMmotpa ocHoB. Iloka. [laxe Torga, Korjga OTKpbITHE 11PO-
M3011JI0 BHE MaTepUKa MO3HAHHOTO.

k ok ok

BaskubIM JOCTHKEHNEM HAYKU SIBJISIETCS TIOHUMAaHKe, Ha
KaKOll ypOBEHD CJIEAyeT TIOMECTUTh MPAKTUIECKH 000
00BEKT MAKPOMUPA U U3 YET0, CKOPEe BCETO, HA/I0 MCXO/IUTD
B IIOMBITKAX 0O bICHUTD OOHAPY KEHHOE sIBJIEHNE WU CBOM-
cTBO. Kask/ip1ii 06beKT HEKUBOU TTPUPOJIBI, KAXK/I0€ SBJIe-
HIe HAXO/IUT CBOE MeCTO Ha oTipe/ieienHoM ypoBHe. Jliobas
ecTecTBeHHO-Hay4Has auciumanHa (He TOJIbKO pasjest
(UBUKK) UMeeT CBOe MeCTO Ha cxeMe. MecTo XUMUK — Ha
YPOBHE «aTOMBI, HOHBI, MOJIEKYJIbI» , T€OJIOTHH 1 METEOPO-
JIOTUY — Ha YPOBHE «MaKPOCKOMIYECKIIE TeTa» , TeOPU3UKI
n acrpodusurn — 3zech xe. Jaxe 6modusuxa (pusuka
JKMBOTO 1 MOJIEKYJIApHAst OMOJIOTHA) JIETKO HAXO/AUT CBOE
MECTO Ha CXeMe — Ha YPOBHE «aTOMbI, HOHbBI, MOJIEKY JIbI> .
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Kak HapucoBaHHast cxeMa CBsi3aHa C MIPEJICTaBACHUEM O
MaTepuKe MO3HAHHOTO M 00 OKeaHe HermozHaHHOTO? Co-
raacHo 6oJiee Ui MeHee OOIel TOUKY 3PeHs, BCe, YTO Ha
BCEX YPOBHAX, KPOME HUKHETO ¥ BEPXHET0, HAaXOUTC Ha
MaTepuKe MO3HAHHOTO. JTO O3HAYAeT, 4yTo cxema (PUKCH-
PyeT: HaM M3BECTHO, U3 YEro COCTOAT 06beKTbl (CTPYKTY-
PbI) Ha BCEX YPOBHSAX, KPOME BEPXHEr0 M HUKHETO, U, 10
KpaifHeii mMepe B OOIINX YepTax, M3BECTHBI OCHOBHbBIE
3aKOHbBI, KOTOPBIM TIOYMHSIETCS MTOBEIEHNE TUX OODBEK-
ToB. Kak MbI y>ke TOBOPHUJIN, Ha KapTe MaTepUKa TTO3HAH-
HOTO ecTh Gejible TSATHA W JIOCTATOYHO MHOTO TLITOXO
M3y4eHHBIX o0acteil. [loutn B KaXk01 13 aTHX o6aacTeit
— CBOM Ba)KHbIE, MHTEPECHDIE, CIEeIU(UUECKUe 3a/[auH.

I'panuiia mMaTepmka ITO3HAHHOTO He 3a(UKCHUPOBAHA.
Passutne naykm pacmmpser ero rpanuiibl. Hampumep,
saaepHag hpU3UKa JUIIH CPABHUTEIHHO HEJJABHO TepeHece-
HAa W3 OKeaHa HEIO3HAHHOTO0 HAa MaTepuK MO3HAHHOTO.
CTpyKTypa aTOMHBIX $I/Iep B OCHOBHOM OblJIa SICHA CPABHU-
TeapHO aaBHO. llocie orTkpbitua Heiltpona (J[xkeiimc
Yeapuk, 1932 r., HoGenesckas npemust 1935 1.) HECKOJIb-
KO (DUBMKOB BBICKA3aJN TPE/INOJIOKEHNEe, 4TO S/Ipa aTo-
MOB COCTOSIT U3 TIPOTOHOB M HEUTPOHOB. IIpenrmnonokenne
noaTBepansioch. OMHAKO TPUPOJA CHUJ, JIeHCTBYIONINX
MEK/y HYKJOHAMU, OblJIa MOHSATA 3HAUYUTENHBHO TO3Ke.
[lymaio, TeX, KTO TIOCBATUT ce6s1 NCCIEOBAHNIO HEWTPOH-
HBIX 3BE3/] M JIPYTUX KOCMUYECKUX OOBEKTOB, COCTOSIINX
13 HYKJOHOB, OXKHJaeT MHOro HeoxkupanHocrteil. Ho,
pasra/ibiBasi 3arajJiku, MCCJEI0BATEIb MOXET OMUPATHCS
Ha TO, YTO M3BECTHO O HyKJOHaX. [I0aTOMY-TO 9TH CTPYK-
TYPbI U HAXO/ATCS Ha MaTepuKe Mo3HaHHOTO. OCTaHOBUJI-
cs Ha sg/iepHoll pu3uKe, MOTOMY YTO OHA OJIHA U3 MOCJIE/T-
HUX HalllJIa CBOE MECTO Ha MaTtepuke nmo3Hanuoro. CpaBHu-
TEJIBHO HEJABHO OHa ObLIa Ha HUKHEM YPOBHE, HapsiLy
HYKJIOHAMu ¥ ajekTpoHaMu. Hasio ckasarh, 4TO, Kak MbI
YBUINM, HYKJIOHBI YK€ TOXK€ MOKHO CUMTATh ITPUHA/LJIe-
JKaIUMU  MaTepuky mo3HaHHoro. Hayuno-monysspras
JuTepatypa Hem36eKHO OTCTaeT OT Ku3Hu Hayku. OHa
Bcerzia B potioM. KTo-To 1aske BbICKa3aJ COBCEM epeTH-
YeCKYTO MBICJIb: SHIUKJIONENH COJIEPIKAT TO, YeM yiKe He
3aHUMaloTcs yyenbie. Ho caMo cytiecTBOBaHUE SHITHKJIO-
MeInii CBU/ICTEJBLCTBYET O TOM, UTO I/ JIBVKCHUS HAYKU
BIlepe/l 3HAHME TOTO, YTO HAyKa OCBOMJIA B IPOIILIOM,
a6COIIOTHO HEOOXOIUMO.

Mo3KHO cKa3aTb COBCEM IPOCTO: HOBOE OTKPBITHE JNOO
HEe OTMEHsIeT cTapble, JUOO YKa3biBAeT, B UeM JIOMYINEeHA
omun6Ka MPU OTKPBITUY WJIM OMUCAHUH YCTAHOBJECHHOTO.
Wom, corsacHo cka3aHHOMY BBIIIIE: TTOTIABIIEe HA MaTePUK
MO3HAHHOTO He MOKWHET €ro, MOKa y4eHble He YOeIsTcs,
YTO HAa MaTE€PUK MOIMAJO0 HEYTO B Pe3yJbTare OIUOKH.
Taxoe carydaeTcss OTHOCHTEIbHO pesiko. [lyMato, 60IbITH-
CTBO YYEHBIX BEPST, UYTO HAYKA HAKANAUSAE UCTIUHHBLE
3nanus o npupode. lloatomy Hayka KoHcepBaTuBHa. Her
HEOOXOAUMOCTHU € KasKbIM HOBBIM OTKPBITHEM TEpecMaT-
pUBATD BCE MOJy4YeHHbIe paHee pe3yJ ibTaTbl. Vi, nHbIiMu
CJIOBAaMU,0TKPbITHE HOBOTO CBOWCTBA, SIBJEHUS HA OJ[HOM
u3 yposueit (1a mo6oM, gake Ha CaMOM HIDKHEM WJIN
caMOM BepXHeM) He TpeGyeT yike [t CBOero 00bsICHEHUS
CMEHDI WJIH [ePECMOTPA OCHOBHLIX 3AKOHO8 Npupoosl, a
TaKyKe Pe3yJIbTaToB, TOJYYEHHBIX Ha YPOBHSIX, PacHoJo-
JKEHHBIX HIDKE.

2012/ Ne4

B ¢dopmynmpoBke BaXXHO Hapedne y.xe, T.e. menepv, 6
nacmosiwee epems. 1o macirabam ucropun (HO He UCTO-
pun ¢dusukn!) HeJABHO, B MPOILJIOM BeKe, MPOU3OIILIA
Hay4Hasl peBoJioius. PoskieHne KBAaHTOBOW MeXaHUKHU U
TEOPUU OTHOCUTEJBbHOCTH — T'PaH/IMO3HbIC 3aBOCBaHUS
6eCKPOBHOII HAyYHON PEBOJIIOIIUN.

* ok ok

[IpuBesieM Tpu npuMepa IS Jydlliero IOHUMaHUS Tep-
MUHA «HAYYHBIN KOHCEPBATU3M> .

[lepBorit mpumep. bosee copoka JseT CBepXIIPOBOIM-
MocTh Obljaa JpasHsileil 3arajkoii. Kasasoch, 00bsic-
HUTH, MOYEMY 3JEKTPOHBI C MOHMKEHUEM TeMIIePaTypbl
HAUMHAIOT [IBUTATHCS 110 MeTaITy 6e3 COMPOTUBJIEHUS,
yAAcTCsA, TOJIBKO OTKA3aBIIMChL OT OCHOB TEOPETHYECKHUX
npescTaBaeHuit o Merannax. IIpeamonaranu maske, 4TO
HEYTO, Yero Mbl MOKA HE 3HAEM, €CTb B CAMUX 3JJIEKTPO-
HaX, YTO IPOSBJSAETCS TOJBKO TOT/JA, KOTJA MEeTaJs Iie-
PEXOJUT B CBEPXIIpoBoJdlee coctosinue. Hbine cBepx-
MPOBOJMMOCTD MPUHIINIHATIBHO O0ObsICHEHA. JTO He TO-
Tpe6OBAJIO OTMEHBI TEOPUU METAJJIOB W, TeM 6ojee, OT-
KPBITUS KaKUX-TO paHee HEU3BECTHLIX CBONCTB JIEKTPO-
HOoB. /I)xoH BapanH, Jleon Kymep m [Ixxon Illpuddep
MOHSLIA, YTO 0ObluNble DJIEKTPOHDI, GJiarogapsi OGbIYHO-
MY 3JEKTPOH-(POHOHHOMY B3aMMOJIEHCTBUIO — TOMY Ca-
MOMY, KOTOPOE SBJISETCS TPUYMHON TeMIIepaTypHOI 3a-
BUCHUMOCTH COTPOTHBJICHUS B HOPMAJbHOM COCTOSHUU
MeTaJlia, — I[pH HU3KUX TeMIIEpaTypax MOTYT 06paso-
BaTh MApbl. A NAPbI, KaK OHU IIOKa3aJu, [BUXKYTCS, IO
MeTasLTy 6e3 CONPOTUBIIEHUS. 3araJlouHoe sIBJIEHIE CBEPX-
IPOBOJIMMOCTH TIOJTy4nJio o6bsicHenue. ABropbel B 1972
rofly 3aciayskeHHO mosyunan HoGeseBckyto mpemuio, a
Bapaun (pepuaitmmii coyuaii) — gaxe sropyio (mepByio
npemuio BMecte ¢ YuubsiMoM [lloxksan n Yoarepom Bpar-
teitroMm Bapaua moayunsa B 1956 romy 3a mcciaeoBaHUs
MOJIYITPOBOIHUKOB M OTKPBITHE TPAH3UCTOPHOTO 3hdek-
ta). KoHcepBaTuaM mposSBUICS B TOM, 4TO OGBSACHEHUE
3ara/JIOYHOTO SABJCHUS He MOTPEGOBAIO PEBOIONMOHHBIX
peo6pa3oBaHuii B MOHUMAHUU CTPYKTYPbI METAJLIOB.
Hapnetoch, 210 MOe yTBepsK/eHWE He yMajseT 3acayr
aBTOpOB Teopuu. OHU TPOSIBUJIN HE TOJBKO BBICOKUI
npdeccnonannu3M, HO U PEIKYIO HECTAH/IapPTHOCTb MBbIIII-
senus. Bce 3Hanm o cyliectBoBaHUU CJIa60TO DJIEKTPOH-
(poHOHHOTO B3aMMOZENCTBUS, HO HE CMOTJIM MPEOIOJIETH
MPUBBIYHOTO TIPE/ICTABJIEHUST O TOM, 4YTO cJjaboe TPUTSI-
JKeHWe He MOKeT ObITb MPUYMHON 06pa30BaHUS CBI3aH-
Horo cocrostaust (mapnr). OKa3anoch, MOKET.

Bropoii mpumep, HaBepHOE, Gosee yoeaureseH. B mpo-
NIJIOM MHOTHM YYEHBIM — WX HAa3bIBATH GUMAIUCTRAMU,
WU CTOPOHHUKAMU GUMAAUIMA — KAa3aJ0Ch, YTO IS
o0DbsicHeHs (peHOMeHa KU3HM Ha MUKPOCKONMUYECKOM
yPOBHE HEOOXOMMO OOHAPYIKUTD KaKue-To0 0coOble CBOii-
CTBa aTOMOB M MOJIEKYJ. AKTHBHOCTb >KMBBIX OPraHU3-
MOB [IJIS BUTQJINCTA — Pe3yJbTar JeicTBus creluduyec-
KON <>KM3HEHHOH cusbl». Takas Touka 3peHust BbICKA3bl-
BaJIaCh /[0 3aMEYATEIbHBIX YCIIEXOB MOJEKYJISIPHOI 61o-
goruu. OIHAKO /171 TOHUMAaHUS MeXaHn3Ma HacJ1e/[CTBEH-
HOCTH, CKa)KeM, He MOHaJ06UJIOCh TIepecMaTpuBaTh n3-
BecTHBIE (PUBMUYECKHE CBOHCTBA aTOMOB W MOJIEKYJI WJIH
JIOTIOJTHATh WX HOBBIMEU. Bce mosryyeHHbIe BIIEUYaTJISIO-
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e pesyabTaTbl MOJIEKYJISIPHOH 6moJjiornu He TOoTpebo-
Basi OGHAPYKEHUS Yy MOJIEKYJ M aTOMOB, U3 KOTOPBIX
cocrosat 6enku, [IHK, PHK, t.e. y makpomoseky., ocy-
MIECTBJISTIONUX crenuduyecKiie CBOICTBA JKUBBIX Opra-
HU3MOB, KaKUX-TO OCOOBIX CBOWCTB, KOTOPbIE OTCYTCTBY-
0T y JApYyTrUX artoMoB u MoJekyJs. Koneuno, ato He
03HAYAeT, 4TO MOKHO IPOM3BOJBHO MEHSITh B OeJKax,
[ITHK, PHK ognu atombl Ha apyrue, He BJUSS Ha MPO-
TeKaHWe KM3HEHHBIX mporieccoB. yKuBoil opranusm mpe-
JIeJTBHO YYBCTBUTEJIEH K COCTABY BXOSIIMX B HETO MOJie-
KyJSpHBIX cTPYKTYp. Ho o6bsicHenune mo6oro cBoiicTsa,
XapaKTepHOTO /LI ’KIBOTO OPTaHM3Ma, HACKOJIBKO S 3HAT0,
BCET/Ia OCYIIECTBJISIETCS MMOHUMAaHUEM TOTO, KaK TepeMe-
NIAIOTCS W3 OJHOU CTPYKTYPBI B JPYTYIO aTOMBI WJIN
KyCKu MoJieKyJa. IIpoucxoaut aTO CTPOro Mo TeM Ke
3aKoHaM (PUBUKH, YTO U PEAKIIUU B HEKUBOI IIPUPO/IE.
W nuxorma ne 6blma obHapyKeHa 0co6as <« KU3HEHHAs
CHLJIa».

A BOT ¥ TpeTuil mpumep, OTHO-
CANMIiCI K CaMOMy HIDKHEMY
ypoBHI0. [lonToe Bpems cyTie-
cTBOBasa 3arajka P -pacmaga —
M3JIyYeHUs PaIMOAKTUBHBIM SI/I-
poM asiekTpoHa. bera-pacmam —
pe3yabTar pacnajia HelHTpoHa Ha
MIPOTOH U AJIEKTPOH. B uem GbLta
3aragka? B ToM, 4TO IIpH Kayk 10M J
aKTe pacrajia ¢ HeCOMHEHHOCTHIO S
HAPYIIAJICS 3aKOH COXPaHEHUs /§
sHeprun. Bomuioiee Hapyienne /S
ojHOrO U3 Haubosee dyHIAMEH-
TAJTbHBIX 3aKOHOB TIPUPOJIBI, K
TOMY >X€ B 3JIeMEHTapHOM IIpO-
1ecce, CTaBUJIO B TynmukK. Husbe
Bop naxxe BBICKazana KpaMoJib-
HYTO UJIef0, 4TO 3aKOH COXpaHe- &
HUS SHEPTUH UMeeT CTaTUCTu4ec-
KyI0 TIPUPOJY, BBITIOJHSETCS TOJbKO B CpPEJHEM, a B
Ka’K/IOM OT/IEJIbHOM aKTe MOKeT Hapyiiarbcs. [lonoxenue
u3MeHmaoch, Korga Bouabdranr Iaymm (B 1930 romy
HeoduimaabHo, a B 1933 odurmanpao na ConbBeeBCKOM
KOHI'Pecce) BbICKA3aJl YTBEP KIEHHE, YTO BMECTE € HJIEKT-
POHOM U3 s1/Ipa BbLIETAET HEUTPAIbHAS YACTHIIA, IOy YUB-
ras B JaJTbHEHIIeM Ha3BaHUe HeUmpuno, YHOCSIIA 9acTh
9HEPTUU — Ty, KOTOPOW He XBATAJO [JIs1 BBIOJHEHUST
3aKOHa coxpaHeHus. HelTpwHO OYeHDb CJIOXKHO OGHApY-
JKUTDH HEMTOCPEJCTBEHHO, HO B KOHIIE KOHIIOB 9TO y/IaJIOCh.
Eme 10 ero o6HapyskeHUsT HAyYHBII MUDP COTJIACUJICS C
TeM, 4TO [3-pachaj COIPOBOKIAETCS BBLIETOM TPYIHO
yJoBuMoro Helirpuno. Kapruna P -paciajia ycaoKHUIACH
nan ynpoctuiach? Koneuno, ymnpoctusnach. [Ipusnanue
HAPYIIeHNs 3aKOHOB COXPaHeHusi dHepruu u /Wil UM-
MyJbca B KaXXAOM (DU3NYECKOM TIpoliecce 03HA4YamI0 Obl
KaracTpody — HeIoCIe[0BaTeTbHOCTD BCeil CTPOITHOIT ec-
TeCTBEHHO-HAYYHO! KapTHHBI TPUpo/ibl. [lomquepkuem, uto
OTKPBITHE HEUTPWHO TMOJTBEPANJIO KOHCEPBATHBHOCTD
(pusnvecKnx 3aKOHOB: YCTAHOBJIEHHBIH Ha COBEPIIEHHO
JIPYTUX, MaKPOCKOINYECKUX, SIBJIEHUSX 3aKOH COXpaHe-
HUSI, KaK BBISICHUJIOCH, HE HAPYIIAETCsS W TOT/Ia, KOTJa B
SIBJICHUH yYaCTBYIOT dJIeMEHTAapHbIE YaCTUIIDI.
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3HaHUe CTPOUTEJbHOTO MaTepuaJsa [/l BCEro, 4TO CO-
CTaBJIsIeT OKpYJKaoluii Hac Mup n Hac caMuX, eJUHCTBO
3aKOHOB IPUPO/IBI BO BCeM Mo3HAaHHOM Mupe, moHuMaHue,
9T0 06JIACTD MPHUHIUITHAIBHO MOHSTOrO HeIlPeICTaBUMO
OrpOMHa, — BHYIIAJIW U BHYIIAIOT YyBCTBO, IIOXOXee Ha
BOoCcTOpPr U Ha O6yaroroBeHne. Bor kak s ommcajs cBOU
OIINyIIEHNs B cTaThe «V13 Wero Bce cocTouTy, OIMy6IHKO-
BAaHHO}M HECKOJIbKO JeT Haszal B KypHate «Hayka u
JKU3HD

«Houblo, korga B HeGe HeT 06J1aKOB, He BuUHA JIyHa 1
He MerraoT GoHap, HeGO 3ATOJHEHO SPKO CUSIONUMI
3Be3naMu. He o6g3aTelbHO UCKATh 3HAKOMBIE CO3BE3JIHS
WJIN cTapaThes HaliTu 6yn3kue K 3emiie TianeTol. [IpocTto
cmorpurte! Tlocrapaiitech 1peacTaBuTh cebe OTrpOMHOE
MIPOCTPAHCTBO, 3ANI0JHEHHOE MUPAMU M TIPOCTHPAIOIIEeCs
Ha MUJLJIMAP/Ibl MUJLIMAP/I0B CBETOBBIX JieT. ToJbKOo 13-3a

A e——  PACCTOSIHHS MUDBI KA3KyTCS TOY-
2l F==———==  KaMM, a MHOTHE U3 HUX TaK JlaJje-

1 =="_ KU, 4TO HE PA3JIMYUMbI B OT/CJIb-

=== HOCTH U CJIMBAIOTCA B TyMaHHOC-

\ R ~=—— Tu. Kaxercs, Mbl — B IleHTpe
' \ Muposianus. Tenepb Mbl 3HaeM,
\ 4yTO 310 He Tak. OTKa3 OT reollen-
\ Tpu3aMa — 3acayra Hayku. [lorpe-
\ 60BasIOCh MHOTO YCHUJINH, YTOODI

ObLIIO OCO3HAHO: MAJIIOTKA 3eMJIs
\ JIBIKETCS B CJIydyaiiHOM, Ka3sa-
’é \| 7och 6bl HUYEM He BbBIJIEJIEHHOM,
W= =\ yuactke He0603puMoro (GyKBasIb-
»= =' no!) npocrpancTsa.
= Ho na 3emie 3sapoauiach
sku3Hb. OHa pasBUJIACH CTOJIb
VCIIENTHO, YTO CyMeJia IPOnu3Bec-
W\ 1t uenosexa, crocoGrOro mOCTH-
% raThb OKPYXKAIONUN €ro Mup, muc-
~*7% KaTb U HaXO/UTb 3aKOHbI, yIIPaB-
JItotiue mpupoaoi. JlocTiskeHns yesoBedecTBa B TIO3HA-
HUU 3aKOHOB TIPUPOJIBI CTOJIb BIEYATISIONIN, YTO HEBOJIb-
HO WCIIBITBIBACITH TOPAOCTb OT MPUHAIIEKHOCTH K 3TON
MIEMOTKE padyMa, 3aTepsSHHOT0 Ha nepudepun 3aypsiHoON
TamakTuku.

YuurbiBasg pasHoo6pasre BCETO, YTO HAC OKPYIKaeT,
nmopakaeT BOOOPasKEeHNE CYIIECTBOBAHNE OOIINX 3aKOHOB.
He mMenee nopasuTesbHO TO, YTO BCE MOCTPOEHO U3 YACTHII
BCETO TPEX THUIIOB — U3 3JIEKTPOHOB, MIPOTOHOB M HEHTPO-
HOB».

K Boctopry m Gaarorosenuto (onpaBaaHHBIM, O-MOE-
My) J06aBUM HECKOJAbKO unce. OHM CMOTYT ITIOMOYD
MPE/ICTaBUTh ce6e MaTepUK MO3HAHHOTO U JasKe OTICHUTD
OKeaH HEMO3HAHHOTO.

CoBpeMeHHbDIE TeJIEeCKOTbl TTOMOTaIOT YYEHBIM YJIABJIN-
BaTh 3JICKTPOMArHUTHBIE BOJHDI, JOIIEAIINE 10 3eMJIU OT
HCTOYHHMKOB, PACIOJIOXKEHHDBIX HA PACCTOSHUSAX 6oJiee Je-
CATH MUWJIIMAP/OB CBETOBBIX JieT. PacnmdpoBbiBas 1X,
YMEIOT 110JIy4YaTh JJOCTOBEpHYIO0 HH(OPMAIHIO, II03BOJIIO-
TIYTO C/IeJIaTh BBIBO/I, UTO MTPE/ICTABJISET U3 ce6sI MICTOUHUK.
3aro/ cBeT npoxoaut npubusurebHo 9460730472580820
MeTpoB. Eciin uyTh okpyr/mmth, 1 cBeTOBOII ros cocraBiser
10'® MerpoB. 3maumt, coBpemennas (usuka o6sagaeT
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nHdopmalmeii, moaydaeMoil u3 cdepbl, paayc KOTOPOit
oxomo 10?7 merpos. CKOIb HET OrPOMEH paauyc cdepbl,
BCe JKe OorpaHnyeHue ecThb: u3 Gojiee Jajekux obJacTeit
Bcenennoii monyYnTbh HEMOCPEACTBEHHYIO MHQOPMAIIIO
MIOKa He y/laeTcs.

Orpanuyenue ecTb ¥ B HOJydyeHUM HMHGOPMAlUU U3
ray6un matepuu. Eciam uexoanth w3 Ttabauipl 1, TO
dusuke gocrynHa nHdopmarysi 06 UCTOUHUKAX, Pa3Mep
KOTOPBIX MPHGIN3NTEILHO paBeH 1an 6osbie 1071 Met-
pa. TakoB npubIM3NTENBHO pagnyc HYKJIOHA. HyKJIOHDBI
TIpU3HAHBI 3JIEMEHTapHBIMI YacTuiiaMu. Terepb mpe/cTa-
BUM cebe wapoeoll CJ0i, BHENTHWH PaJIyc KOTOPOTO
nopsiaxa 10?7 Metpos, OKpYysKarolii cpepudeckuii coii,
MaJIbIil pajinyc KOTOPOTO B 10%? pas memnbime paauyca
BHEITHEN TPaHullbl cJ10s1. Ec/in BCHOMHUTD CKa3aHHOe 000
BCEM, YTO PACIOJOXKEHO Ha CXeMe MEXK/Iy BEpPXHUM U
HUKHEM YPOBHAMM, TO IPHU/EM K BBIBO/Y, YTO 1IAPOBOM
CJIOI — 3TO CXeMaTH4ecKoe M300pakeHne MaTephuKa I0-
3HAHHOTO.

MpbI moruepKUBaIN, YTO Ha MaTepUKe TTO3HAHHOTO €CTh
MHOZKECTBO O€JIbIX TISITEH, T.€. MHOXKECTBO (haKTOB, sIBJIE-
HUIl, CBOIICTB /IO CHX MTOP HE MOJIy4Inyin 00bsicHeHus. B yem
JKe pasHuIla MeK/Iy OeJbIM MSTHOM M <«ITPOCTPAHCTBOM»
BHe MaTepuKa ITO3HAHHOTO?

['maBHOE OT/IMYME B TOM, UTO, UMES JIEJI0 ¢ OOBEKTOM UJIH
SIBJIEHNEM, 3aBEJIOMO TTPUHA/JIEKAIIM MAaTePUKY TTO3HAH-
HOTO, MBI YBEPEHbI: 8C€ TPOUCXO/IAIICE B HEXKUBOI TIPUPO-
Jle CO BCeMu COCTOSIIMMU W3 3JEKTPOHOB M HYKJIOHOB
00bEKTAMU MOKem OblMb YoKe NOHAMO HA OCHOBE U3GEC-
MHbLX 3aK0oH08. TouHee HAJI0 CKA3aTh TaK: 00 HACMOSW,C20
épemenu Ha MaTepUKe TIO3HAHHOTO He O6HAPYIKEHO HUYe-
TO, 4TO TIPOTUBOPEYUT YK€ YCTAHOBJIEHHBIM 3aKOHaM. A
Be/Ib HbIHE OOHAPY’KEHHBIX U MOHATBHIX (DAKTOB HEOINHUCY-
eMo MHOTO. MHorue ¢akTbl — SBJEHWS, CBOHCTBA —
paHbIire ObLIN TIPE/ICKA3aHbl, a MIOTOM OGHAPYKEHbBI, UTO
0COGEHHO BasKHO [IJIST YBEPEHHOCTH B MICTUHHOCTH TTOHUMA-
HUS OTKPBITBIX 3aKOHOB. KOHETHO, TTOUTH KaKIbIi HOBBIN
pe3yJbTaT oTpe6oBas YCUIWii 1 yaun. EcTb HACTOBKO
VAMBUTEJIbHBIE SBJICHU, YTO JJI5 TOHUMAHUSA UX TPUPO/IBI
U IOCTPOEHUST UX TEOPUU TOHAJOOUINCDH TJIyOOKIEe WIer 1
HETPUBUAJIBHBIE PACUETBI, HO 6CE OHU OCHOBBIBAIUCH HA
U3BECMHBIX 3AKOHAX U ABASLIOMCS UX caedcmeuem. Tax
ObLJI0, HATIOMHIO, HE BCET/A, HO CO BTOPOIi MOJOBUHBI XX
BEKa 3TO TaK.

MHorne, a BO3MOYKHO TIOYTH BCe, aKTUBHO U TIJIO/IOTBOP-
HO paboTaioliie yueHble-eCTECTBEHHUKN, UCXO/S U3 I0-
JIOOHBIX PacCy:KIEHUI, a HEKOTOPbIE, HE 3a/[yMbIBAsICh W
cJie/ly st TPAJIUIH, aGCOJMIOTHO YBEPEHDI, YTO MMEIOT BITOJI-
He H/IEXKHYI0 OCHOBY KakK JIJIsI TIOJIy9aeMbIX Pe3yJbTaTOB
MCCJIeIOBAHNH, TaK 1 JIJIsI BBIBOJIOB U3 HUX. JTa YBEpEH-
HOCTDb HE MTPOTUBOPEYUT TOMY, YTO BCE, HAXOZAIIeecs Ha
MaTepuKe IMO3HAHHOTO, He MCYepIbiBaeT MH(OpMaImio,
KOTOpOIi BianeioT ¢usnku. Bynmem cyurarh, 4TO M
U3UKOB 3TO CUTHAILI U3 OKeaHa Hero3HaHHOro. O yem
ujier peub? 3/ech YKaxKy TOJbKO Ha OOHApY>KeHHbIe
YACTHUIIBI — MIOOHBI U 0COObIE MIOOHHbBIE HEHTPUHO. MIOOHDBI
MOXOKHM Ha 3JIEKTPOHDI, HO TsKeJee UX MPUOIU3UTETHHO
B 200 pa3. Kakosa ux posb B Mupe, oka He BIIOJHE SICHO.
Byayr u apyrue npumepnl. Ho BOT 4TO BaykHO: (PU3WKH,
MCCJIE/IOBAHNS KOTOPBIX OTHOCSTCS K 00JIACTH BHE MaTePH-
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Ka MMO3HAHHOT0, He COMHEBASCDH, TBITAIOTCS eJIaTh BBIBO-
JIbI, OCHOBBIBASICh Ha TeX K€ 3aKOHAX, KOTOPbIE YCIENTHO
JIeHiCTBYIOT Ha Marepuke IMo3HaHHOTO. VMM pyKOBOJAUT
TaKash MBICJIb: CKOJIbKO pa3 KazaJoCh, YTO O0OHAPYXKEHO
HEeYTO HeOODbICHUMOe, HO OGbSICHEHUE y/IaBajoch IOJIy-
YUTH, HE TIepecMaTpuBasi KBAHTOBOM MeXaHWKH W PeJIsITH-
BUCTCKOIT Teopun. Kaxxiplit pa3 okasbIBaIoch, yTo pyHAa-
MEHT HaJlesKeH U [IJIsI COMHEHUI HeT ocHOBaHuii. Bo3Mosk-
HO, TIPaB/a, TTOKa.

Bocxuiienue HenpeAcTaBUMbIME Pa3MepaMi MaTepUKa
MMO3HAHHOTO HECKOJIbKO TYCKHeeT, a ObIBaeT W MCUe3aerT,
KOT/Ia 33/[yMbIBAEIIbCsI, CKOJIb HEOHOPOIHO UCCIIEOBAH
MaTepuK Mmo3HanHoro. Emie 6oJiee TpyCTHBIE U TPEBOKHBIE
MBICJI TIPUXOJST B TOJIOBY, KOT/[a BCTIOMWHAEITH, KaK IM0-
PasHOMY WCIOJb3YeT YeJ0BEYECTBO TMPHOOPETEHHDBIE WM
3HaHusg. Peub moiizier o JBYX HEJIOCTATOYHO XOPOIIO
OCBOEHHBIX 00J1aCTIX Ha MarepuKe rmo3HanHoro. O6e oHu
HAXO/ATCSA HA TOM YPOBHE, KOTOPBIH IPEJOCTaBICH MaK-
POCKOIIUYECKUM TeJIaM, KOHKPETHO — O Memeopoiozuu u
zeopusuxe. O6e OHM UBYYAIOT 3EMJIO — MECTO HAIIEro
obutanus. O 3aceseHUU JPYTUX ILJIAHET WAYT TOJBKO
pasroBopbl. Cyp6a yesoBeyecTBa MOKa HEPA3PhIBHO CBSI-
3aHa ¢ 3eMJIeil.

Besmmkue reorpadmyeckme OTKPBITHS — JaJ€KOe IMpo-
nwnoe. [lau rogsi. Kopaban u360po3iniu Bce OKeaHbl 1
MOPsI, OTKPBITHI 1 UCCJIEIOBAHBI HE TOJIBKO BCE MAaTEPUKH,
HO 1 JTOObIe KJIOYKHU CYTIN, KOTOPbIE TPYJIHO PasTIsaeTh
Ha caMbIX TIOJIPOOHBIX KapTax, JIOAN MOGhIBAIN Ha 060MX
MoJTIocax 3eMJIH, 3aCeJTUJIN HAYYHbIMU CTAHIIUSIMU TTOKPbI-
TBHIIl BEYHBIM JI€/[THBIM ITOKPOBOM CaMblil HETIPUBETIUBBI
MaTepuK AHTAPKTHUY, [MOKOPUJIA BEPIINHY Mupa IBe-
pecT, c/iesiaB ero JIOCTYIHBIM ajbluHuctaM. Haseproe,
efe ecTb MecTa, Ky/a HOTa YesJoBeKa He CTylaja, HO
MPUYUHA 9TOTO HE B HEBO3MOKHOCTU Ty/a TIONACTh, a B
OTCYTCTBUW JKeJIAaHUs, B TIOHUMAHUW, YTO IKCIIE/TUTTHS TY/Ia
[IEHHOTO 3HAHMS CKOPEe BCEro He IIPUHECET.

He T0oBKO B 310Xy BETMKUX TeOoTrpaduuecKux OTKPLI-
Thil, a U B GJU3KHE K HAaM BpEMEHA YCHUJHS, KOTOPbIE
TPATUIN JIIOU, TOCTOWHBI aMaTtu. Victopus coxpanmia
HaBEKW MMeHa MHOTMX. XOYeTCs BCIIOMHHUTH, HAIPUMED,
anrymiickux uccaenosaresneit Adbpukn dasupa JIuunr-
crona (1813-1873) u Tenpu Moprona Cranm (1841—
1904). JIuBuHICTOH OBLT IIEPBLIM €BPOIEHLEM, YBUJICB-
M Bostontat Bukropuio, a Ctarsm pazo6pasics ¢ TeM, rjie
HaumHatotcst Beqmkue pekn Hun m Konro. Ilouemy s
BCIIOMHIJI UMEHHO O HUX? [lOTOMY 9TO OHU MOJHOCTBIO
TMOCBATU/IN CBOM JSKU3HU JIUKBUAAINNA OEJbIX IIATEH Ha
MaJIo U3y4eHHOM MaTepuke. ONucaHneM uX IMyTenecTBUi
S 3aYNTBIBAJICS B IOHOCTU. U He TONBKO: OYyy4YHl B3pOC-
JIBIM, C UHTEPECOM YUTAJ UX COOCTBEHHbIE COUMHEHMS.
Cosery1o.

[TornMaio, BbI TPEKpacHO 3HaeTe, 4YTO 3eMJIs IO [POOHO
uccaenoBana. Ho Oyznem TOUHBI: peub HeT He 0 3eMJe, a
0 MIOBEPXHOCTH 3eMJIH, O 2e0zpaguu, a He o zeopusuxe u
memeoposozuu. Teousnka u3yyaeT 1poiecchbl, KOTOpbIE
MPOUCXOAT B TOJIE 3eMJHM, a METeOpOJIoTHS — B ee
armocdepe. O6 aTMocdepe U3BECTHO MHOTO, & O BHYTPEH-
HOCTH 3eMJIM — MeHbIlle, N 3HaHug 6oJiee CXeMaTHUHBI.
[IpuumHa sicHa: BHYTPb TPYAHO 3arysiHyThb. MHe mokasa-
JIOCh, YTO, CKa)KeM, y aTOMHOW WJHU SJepHOH (usmku
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HAKOILJICH 3aMETHO GOJIBINIH 3arac 3HAHW O TOBEIOM-
CTBEHHBIX UM <«TEPPUTOPUSX»>, UeM y TeODU3UKHN U JJaXKe
Meteoposorun. Bo3aMoskHO, MOe BIledat/ieHne Ommnb0vHoO.

OCBOEHHOCTb MaTepuKa MO3HAHHOTO OIpeIesigeTcs He
TOJIBKO HAKOIIJIEHHbIM Ha HEM 3HAHUU, HO U TeM, KaK 3TO
3HaHME HCIOoJb3yeTcd. Pa3BuTne TeXHUKNH HEBO3MOXKHO
6e3 HAYYHBIX JOCTH)KEHUIl, a 9BOJIIONUs 06pa3a KU3HU B
6OJTBIIION CTETIEHN OTIpe/esIIeTCs] TEXHUUECKUMU BO3MOK-
HOCTAMU. OCOGEHHO OIIYIIAeTCsS 3TO B TIOCJTEIHUE TO/BI,
KOT/Ia 3aMeTHbIe U3MEHEHUST TTPONCXO/IAT 32 BpeMs, KOTO-
poe 3aYacTyil0o MHOTO MEHbIIle BPEMEHH >KU3HU OJIHOTO
TTOKOJIEHUST, ¥ HETPY/HO TIPOCJIENTh, KaK U KaKoe Hayd-
HOE OTKPBITHE MTPUBEJIO K TOMY UM HHOMY TEXHUYECKOMY
pe3yJbTaTy, 3aMeTHO M3MEHUB HAllly JKU3Hb.

EcTb pasubie TOUKH 3peHUST OTHOCUTEIBHO TOTO, TIOJIE3HO
WM BPeIHO ycKopenue mporpecca. He 6epychb BbicKa3bi-
BaTh CBOe MHEHIE, OHO y MeHs He Bbipaborasoch. Ho ectb
JBe cdepbl YeJI0BEYECKON /IeITeJbHOCTH, HEPa3pbIBHO
CBA3aHHBIC ¢ HAYKOIi, O KOTOPBIX S CMOT'Y BBICKA3aTb CBOE
BIIOJIHE OIlpe/ieJIuBIIeecs MHEHNE, CPaBHUBAS UX.

[lyMaio, Bce XOPOIIO 3HAIOT, KaKUX YCUJNN U, TIPEXK/e
BCETO, KOHIIEHTPAIMKM HAYYHOTO MHTEJIEKTa TOTpe6oBa-
JIOCH JIJISI CO3/IaHUSI HEBUJIAHHOTO paHee aTOMHOTO, WJIH,
60Jiee TOUHO, SIZIEPHOTO OPYKUSL. Y UEHBIX, KOTOPbBIE CO3/1a-
JIW ATOMHYIO U BOAOPOAHYI0 60MObI iyt CoelnHEeHHBIX
[IITaToB 1 UX COIO3HUKOB, 5 3HAIO TIO UX HAYYHBIM TPYIaM.
C HEKOTOPbIMM M3 OCHOBHBIX y4acTHUKOB COBETCKOTO
ATOMHOTO ITPoeKTa ObLT 3HAKOM JmuHO. Mcaak KoncranTu-
noBuu Kukoun, Ot Bopucosnu Xapuron, dkos bBopu-
coBuy 3esbaoBuy, Auzpeii [Imutpuesnu Caxapos... — Bce
OHU OBLIIN HE ITPOCTO OYeHDb KPYITHBIMU YUYEHBIMU, OHU ObLIN
MEepBBIMU B TeX 06JIACTSX, B KOTOPBIX paboOTaid, W OHU
6bLTH BBICOKUMHU MHTEJJIEKTYasaMu. Kak 1 X KoJjiern 3a
OKEaHOM, BCE CBOU CIIOCOOHOCTH, BCE CBOU CUJIBI, BECH CBOI
MHTEJJIEKT W BEChbMa 3aMETHYIO 4acTb CBOEH KU3HW OHU
MOCBATHJIN cO3aum0 3P PEKTUBHOTO crioco6a YHUUTOKe-
Hust. Y rocygaperBa He sKajiesin 3aTpat, 4ToObl 3aMbICJIbI
YUEHBIX OBLIN OCYIIECTBIECHBI. 3HAIO, UTO BCET/A BCE NN
MOYTHU BCe, KTO paboTas HAJl co3anueM cyrnep6omM6, 6bLIn
YBEpEHbI, YTO 3aHSTHI JeJIOM TIepBoii HeobxouMocTu. He
CO BCEMH apTyMEHTaMU COTJIACeH, HO CITIOPUTD 5 HEe X0Uy U
He UMeIo MOPaJIbHOTrO IIPaBa — XOTsI ObI [IOTOMY, YTO Ceifuac
OHMU HEe MOTYT MHE BO3Pa3UTh, a TOT/14, B IEPBbIE TO/IbI [TOCIE
BTOPOIl MUPOBOI BOWMHbI, apryMeHTbl IIPOTHB CO3JaHU
aTOMHOIT 60M6BI He TTPIXOINJIN MHE B roJioBy. CBOTO POJIH
S BYDKY B JIDYTOM: XOUY TIOJYEPKHYTH, YTO JIJISI PEIIEHUS
3a/1a4M CO3/IAHWS ATOMHOTO OPYSKHS YeJIOBEYECTBO HEOODI-
YaitHo a((HEKTUBHO, He JKajest YCUJIUH U TPaT BOCIIOIb30-
BaJIOCh HAKOILJICHHBIM HA MaTepUKe MO3HAHHOTO 3HAHUEM,
a TaM, TJ/ie ero He XBaTaJio, CPOYHO €To JOOBIBAJO.

B nocsieiHue TO/IbI 4 HEOAHOKPATHO HAOTIO/1AJ1 yKACHbIE
MOCJIC/ICTBUS T[yHAMU, 3€MJICTPSICEHNH, yparaHoB, TOPHA-
no. Heysxenw 3Hanmii Bcero HAy4YHOTO cooO0IecTBa He
XBaTaeT, YTOObI HY IYCTb He JUKBUAMPOBATH CTHXUIHBIE
6e/IcTBUS, A XOTsT GbI BOBPEMS U HAJIEXKHO MTPEIYTIPEKIATD
0 HUX, Ja6bl Obla BO3MOKHOCTb NPUHATH a/[eKBAaTHBIE
Mepbl? Oco6eHHO TOpPbKO MHe OBbLTO, KOrja S BUAET
TOHSIOMNXCS 32 TOPHAJIO MOJIOJIBIX JIIO/Iel ¢ KHHOKaMepa-
MU Ha aBTOMAaITMHAX WJIN MOTOIIUKJIaX, KaK MHE KayKeTcs,
PHUCKYIOIIUME CBOEH SKM3HDLIO HE CTOJHKO B TOMBITKAX

MOJIYYUTH HEOOXOMMOE 3HAHUE O PA3PYIINUTEIbHbBIX STBJIE-
HUSAX, CKOJBKO B MMONCKAX CUJIbHBIX ONIyIeHni. Bemomn-
Has 51 0 Ge3jHe paGOT 1O THUAPO- U Ta30[MHAMHKE, 10
KUHETUKE Ta30B U 10 HEPABHOBECHOU TEPMOAWMHAMUKE, O
TEOpUIX 3apOXK/EHUST BUXPe, T.e. TOPHA/IO M yParaHoB.
Teoperuku IUCKYyTHPYIOT Mekay co6oii... Cobparb Obl
YYEHbIX, MeuTaJl s, HHTeJeJJeKT KOTOPbIX COU3MepHuM C
TeM, KaKOH MOHa00MJICS 171 CO3/ITaHUS aTOMHOTO OPY KIS
He tosbko 6bit 661 HalizieH criocob 6oJiee paHHEro IPeyI-
PEXKIIEHUsT, HO M Y/Ja710Ch 6bI paspaboraTb 3 deKTHBHbIE
Mepbl ocabJIeHusT KONMAPHBIX B HACTOSIIIEEe BpPeMsl I10-
CJIeICTBHI IMMTOPMOB, TOPHA/10. Bosee Toro, MHe Kaxkercs,
Hayka 06 arMocdepe HaXOAUTCS yKe Ha TAKOM YPOBHE, UTO
1opa 3a/lyMaTbCsl, KaK BOCIIOJIb30BaThCA HAKOILJICHHBIM
3HAHUEM JUIsI pelienusi 6ojiee aMOUIIMO3HBIX 3a/iay, YeM
yYBeJIMYCHIE NHTEPBAJIA IIPEAYIIPEIKICHN IITOPMOB U TOP-
HQ/IO U JTaKe YCTAHOBKA BETPAHBIX FEHEPATOPOB 3JICKTPO-
sHeprum. B To ke BpeMms omrymiaio 6eCIioOKOMCTBO, Jake,
YeCTHO TOBOPS, CTPaX, KOTJA IO BBIJEJICHUIO 3HEPTUN
Pas3psiji MOJTHUY CPABHUBAIOT CO B3PBIBOM aTOMHO# GOMOBI.
Hey:xenmn 3uanust OyAyT MCIOJb30BAHbI He HA CIaceHUe
Joieii oT arMocgepHbIX KaTaKJN3MOB, a Ha UX YHUUTOXKe-
nue; Hey:keau GyayT cosmanbl (BO3MOXKHO, yke CO3/a-
HbI?!) yCTpOiicTBa, KOTOPbIE MPU3BAHbl BHI3bIBATH aTMOC-
depuble KatacTpodbl HA TEPPUTOPUH TPOTUBHUKA?

C reodusnkoii, mMoxoxe, ciaoxHee. B o6umx deprax
cTpoenne 3eMan u3BecTHO. Ho 10CTaTOYHO T HAKOTIIEHO
3HAHWIT, YTOOLI OCY3K/JIATh YUEHBIX, KOTOPbIE HE CO3/IaJN
HAJIE’KHBIX, CBOEBPEMEHHBIX METOJ/IOB OIOBelleHus: 00
onacHocTu? MHe Ka)keTcs, HeT, HeJJoCTaTouHO. Ecin Taxk,
TO TOueMy Obl He COCPEIOTOYUTH YCUJIHS reodU3NKOB
MUpa € 1eJbI0 — OHATh, KaK U T/l TPOUCXOAUT HAKOILIe-
HU€ SHEPTUU C/IBUTOB TEKTOHMYECKUX TIUT? VIMEHHO OHA
OCBOGOKIAETCS ¢ TAaKUMKM KaTacTPOMPUUECKUMHU TOCIE]I-
cTBUAMY TTpu 3eMJyieTpsicennu. [Iporieccsr B Hepax 3emin
MIPOUCXOAAT MeIJIeHHO. TOJIbKO B MOMEHT HEeIoCPe/ICTBEH-
HOI GJIMB0CTH K HEYCTOHYMBOCTU TIPOIECCHI WMIYT TaK
CTPEMUTEJIBHO, YTO TOJTOTABJMBATLCSA K IIOCJIE/ICTBUIM
no3/1Ho. [Ipubmkenre K HEyCTOWIMBOCTH, IyMal0, KaK-TO
ce6s1 obuapykuBaer. Heyyxenn oHO He MOXeT ObITb 3a-
(PUKCHPOBAHO U UCTIOJH30BAHO /IJISI CBOEBPEMEHHOTO TIpe-
nynpexaenns? CkasaHHOe TTOYTH JJOCJOBHO MOYKHO Tiepe-
aJipecoBaTb M BYJIKAHOJIOTHH.
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\VaTemMaTtnyeckme Mmoaenm
NHTEpPHeTa

A.PAUrOPOLCKUU

YTo Takoe UHTepHeT?

Eme B cepemne 90-x romoB XX Beka, Kakux-to 15—20
JIET Ha3a/l, TPO WHTEPHET MPAaKTHUeCKN HUKTO He 3HaJT. A
€CJIM 1 3HAJI TIPO ero CyIecTBOBaHUE, TO BPS/ JIN UMeJT K
HeMmy Joctyll. 1 moromy BOIpOC, IIOCTaBJAEHHbII B 3aro-
JIOBKE 3TOTO pasz/iesia, TOrIalHeMY YUTATeI0 TTOKa3a/cs
6b1 BrioJie ymectipiM. OfHAKO ceiiyac, KOrja UHTEPHET
MIPOYHO BOIIEJ B HAIMy >XU3HDb, 3TOT BOIPOC [IOJEZKEH
BbI3BaTh HegoyMmenue: <«Hy, kak «uto Takoe»? ScHoe
J1e10. ITO MCTOUYHUK uHOpMAIWU, yA06Has TLIONA[Ka
st obmiennst. Tam ecTb cafiTbl, HA HUX CTPAHUIIBI, €CTh
6J10TH, COTIMAJbHBIE CETH, CIIaM U TIp.». Bce aTo BepHo. U
TeM He MeHee, TaK JIM YK MHOTO MBI 3HaeM 06 yCTpoiicTBe
«BCceMUPHON mnayTuHbl»? [Ipexkme Bcero, moHMMaeM Jin
MbI, KaK¥e 3aKOHBI IIPaBAT ee (hOPMUPOBAHUEM? A MOXKET,
7 BOBCE HET HUKAKNUX 3aKOoHOB? Beap, Kaszasoch ObI,
MHTEPHET — 3TO COBEPINEHHO CJydvaiiHas, HUKeM He KOH-
TpoOJIUpyeMast cpefia, W, CTaiI0 ObITb, HIYTO HE MEIIaeT ee
nenpedckasyemomy passuruio. Urto 3k, jpapaiite 06CyinM.

Bynem npexncrasasars unrepHer B Buje rpada. Bepiu-
HaM#u 3Toro Tpada O6yayT cafiThl, 1 MEKIY JBYMs BEPIITH-
Hamu A, B MbI IpOBe/IeM CTOJIBKO pebep, HalpaBJIeHHBIX
oT A K B, CKOJIBKO eCTh CCBLIOK ¢ caiita A Ha caiiT B, u
CTOJIBKO pebep, HalpaBJeHHbIX OT B K A, CKOJbKO ecTb
CCBLTOK ¢ caiita B Ha caiit A. Hac 6yzner mHTepecoBaTh
YCTPOICTBO 3TOTO Tpada, KOTOPHIN 10 TOHATHBIM TTPUYH-
HaM I[IPUHATO HA3bIBaTh e6-zpaghom. OxasbIBaeTcs, BO-
IIPEKU C/IeJJAHHOMY BBIIIE TIPEIIOJOKEHUIO O TI0JHON
HEIPEe/ICKa3yeMOCTH B TMOBEJCHUM BCEMUPHON NayTHHDI,
Be6-rpad 06J1a1aeT PSOM YCTOYNBBIX CBOIICTB — CBOMCTB,
KOTOPBIE OCTAIOTCS HEM3MEHHBIMU Ha IIPOTSKEHUM BCEH
ucTopuM ucciaegoBanuii unrepHera. He nperenays na
MOJTHOTY, OIHUIIEM HECKOJBKO TaKUX CBOWCTB. X yike
6yfeT JOCTATOUHO /I TOHUMAaHWS TOTO, KaK CHJIBHO
Moj[4ac peasbHasd KapTUHA MUpa MPOTUBOPEUYUT HAIIei
WHTYUIUN.

[TepBoe cBoiicTBO BeG-rpada MHOTHM XOPOIIO N3BECTHO,
XOTd OOBIYHO peyb uaeT o ApyroM. [oBopaT o 3akoHe
«IIECTH PYKOMOXKaTUil». A UMEHHO, y KaXK/[0TO YesoBeKa

Cxema mHTepHeTa ¢ cavra internet-map.net



€CTb 3HAKOMBIE, Y 9TUX JIIO/Iei TaKKe eCTh CBOM 3HAKOMbIE
u T1.n1. Habuionenne cocroutr B TOM, 4TO OT JIOGOTO
YeJsioBeKa /10 J1060TO IPYroro YesoBeKa Ha 3eMjie MOMKHO
«TIPOMTH» TIO TaKO¥ TIeMOYKe B3aMMHBIX 3HAKOMCTB M UTO
KOJINYECTBO <«3BEHbEB» B HEHl He MPEB30UIET IIECTH.
WNupiMu cioBaMu, s TMOKMY PYKY CBOEMY JIpPYTy, OH
MOXKMeT PYKY OJIHOMY W3 CBOMX IpHsTeJiell, U yepe3 He
6oJiee YeM IIeCTh TaKUX PyKOMmokatuil (Ipy npaBUIbLHOM
BbIOOPE WX MOCJIE0BATENIBHOCTH) OYEPEAHBIM 3HAKOMBIM
OKaKETCS MPE3U/IEHT CTPAHDI UM KaKOH-HUOY b PasHOC-
gk el u3 Oraiio, — BooOlIie, 0001 Harepe/l 3a/aH-
HbIIl dYesoBeK. POBHO Ta ke WMCTOPUSI C WHTEPHETOM.
To/IBKO 3/16CH PYKONOKATUSA 3aMEHSTOTCS «KJIMKaMu» (KoM-
NBIOTEPHOIT MBIIIBIO MO CCBLIKAM) U YTBEPKAAETCS, 4TO
JUIsT Tiepexofia ¢ Jo6oro caiita ma Jio6oil Apyroi cailT
norpe6yercs e 6osiee 1ecT KANKOB (IIPU MPaBUILHOM
BbIOOPE X LICIOYKH).

B TepmuHax Teopuu rpadoB peub HAeT 0 duamempe
rpada. [lagum ero ompezenenue. Paccmosinuem Mexmy
BepIimHamMy rpada Ha3bIBaeTCsT KOJMUECTBO pebep B KpaT-
yaiiieit peGepHoil 1ernovyke, COeIUHAIONIEN TH BEPITHHBDI.
Ecom rpad opuentupoBanubiii (Kak, Hampumep, BeO-
rpad), To Bce pebpa B PacCMAaTPUBAEMbIX IEMOYKAX
JIOJKHBI CJIEIOBATDH JIPYT 3a JIDYTOM B OJIHOM W TOM JKe
Harpasjernu. /[maMerp — 910 camMmoe GOJIbINOE PACCTOSTHUE
Meskay BepuinHamu B rpade. Pasymeercst, GbIBAIOT HECBSI3-
uble rpadbl. Y KXKAOTO W3 HUX [AUAMETD CUUTAETCS
PaBHBIM OECKOHEYHOCTH. 3aKOH MIECTH KJIMKOB — 3TO
daxr, cocrosmmii B ToM, 4To auaMeTp Be6-Tpada paBeH
mrectu. [l o6o3navenus guamerpa rpada G ucroib3yior
samch diam G.

OrnucanHoe CBOMCTBO OTJMYHO XapaKTepu3yercsl Bbipa-
JKeHneM «Mup Tecens. Kaszasoch Obl, 3TO JOJIKHO O3HA-
4aTh, 4TO B BeO-Tpade 0BoIbHO MHOTO pebep. Kak 6ol He
tak! Y TyT MHTY WIS HAC TOABOAUT. BTopoe cBoiicTBO BeO-
rpada COCTOUT B ero UCKJTIOUUTENbHO «Pa3peskeHHOCTH» .
I'py6o roBopsi, eciu Bepuinn y BeO-rpada n, To pebep y
Hero He 0oJiee M7 C HEKOTOPBIM IOCTOSTHHBIM 7 =1 .
[aBaiite noitmem, mouemy ato Maso. B camom jsente, naxke
ecyin ipeteGpedb TeM, 4TO B BeG-rpade GbIBAIOT KpaTHbIe
pe6pa v kparubie net/im (¢ 0JIHUX CTPaHUIL JAHHOTO calita
BIIOJIHE MOTYT M/ITH CCHIJIKH HA [PYTHE €T0 Ke CTPAHUIIBI),

n(n-1)
2

€My HIUYTO HE MelllaeT MMeTh Cfl = pebep. Ho

TTOCJIETHSIST BEJTMYIHA PACTET KBAIPATHYHO TI0 72, TOT/1a KaK
peaJibHOe KOJIMYECTBO peGep 3HAYMTESbHO MEHbINE: UX,
KaK MaKCUMyM, mn. B HEKOTOpOM cMbICTe OCOGEHHO
MEHBbIIIE ¥ ObITh-TO HE MOKET: ec/in y rpada Ha 7 BEPIINHAX
Menbllie yeM n — 1 pebep, To aror rpad 3aBegoMoO He
CBSI3€H.

W emte ogHO, TpeTbe, cBolCTBO. /laBaiiTe cMOTpeTb Ha
cmenenu BepnmmH BeG-rpada. TyT, KOHEYHO, ecThb TOH-
KOCTb, CBSI3AHHAS C TEM, YTO y OPHEHTHPOBAHHOTO rpada
OBIBAIOT Kak éxodauue cmenenu indeg o (ducmo pebep,
MPaBbIM KOHIIOM KOTOPBIX CJAYKHUT JaHHAs BEPIIMHA 0),
Tak u ucxodsugue cmenenu outdeg o. Ecii He oroBopeHo
MPOTUBHOE, Mbl Gy /1eM TIOHIMATD I10]] CTEIIEHBIO BEPIITIHDI
CYMMY ee BXOJAIIEeH M UCXOJdIIeH cTeleHel, T.e. Yucso
Bcex pebep, KOHIIOM KOTOPbIX OHa siBjsiercst: deg o =
= indeg v + outdeg v. Hac unrepecyer noJist Bepuiun Be6-

rpa(ba, NMEIOMUX MJaHHYIO CTCIIE€HDb. MabiMu CJIOBaMHU,
MyCTh 7 — KOJIMYeCTBO Bepuinh BeO-rpada, a d — HEKOTO-
poe urcuposannoe uncao. O6osnaunm uepes #(n,d)
BEJIMYNHY

o : dego = d}
nww--=- -4
n
T.€. Mbl JIeJIUM KOJMYECTBO BepiiuH crenenu d (Mory/iem
0603HaYeHA MOIIHOCTb MHOKECTBA, 3aKJIOYEHHOTO B (hu-
I'YPHBIX CKOOKaX) Ha 001iiee KOJMYECTBO BEPIIMH U TI0JIY-
yaeM MCKOMYIo /1oJio. OKa3bIBaeTcs, 4To BCET/a
c

#(nd)= 5
3nech d # (), TOCKOJIbKY Be6-Tpad CBS3EH, a ¢ — KOHCTaH-
Ta, KOTOPYIO JIETKO HAWTH, BE/Ib Mbl 3HAEM, YTO CYMMa BCEX

e [{o: dego = d}| pasna n, otkyna Y, #(n,d)=1.
d

B cymmuoctu, #(n,d) — 210 6eposmmocms TOrO, dUTO

BepinHa rpada UMeer creleHb d, a CyMMa BCEX BEpOSIT-
HOCTel IOJIPKHA PaBHATHCA e/iuHuIe. ['opasio yamBnuTeb-
Hee 3/1eCb KOHCTAaHTa 2,3, KOTOpasi He MEHSIeTCs C TedeHeM
BpeMenu! OmnucaHHOEe CBOWCTBO HA3BIBAETCS CMENEeHHbIM
3aKoHOM pacnpedesenus crelieneil Bepiind Be6-rpada.

Wrak, cutyarus BecbMa JiioGombitHass. HecMmoTpst Ha
KKYIIYIOCsS XaOTUYHOCTb B IIpollecce 0Opa3oBaHus MH-
TepHEeTa, eCTh BECbMA JKECTKHE CTATUCTUYECKHE OTPaHIye-
HUSI, KOTOPBIM OH TojaMu ofunnsercs. [louemy ato Tak?
Yro crouT 3a BceMH CBoOiicTBaMm uHTepHeTa? KakoBbl
3aKOHbBI, yrpasJsionme dopMupoBanueM cetn? Majo
TOTO, UTO BCE ATH BOIPOCHI KpaiiHe BasKHbI JIJIs1 TOHUMAHUST
YCTPOICTBAa MUPA, — OTBETHI HA HUX HE MOTYT HE TIPUHECTH
1 Cepbe3HYI0 MPAKTHUYECKYIO TTOJIb3Y: UMes TTPABUIHHYIO
MO0esib MHTEPHETa, MOYKHO MBITATHCS JIyYIlle BbISBJSTH
HEKOTOpPbIE BH/IbI CIlaMa («HeeCTeCTBeHHbIe CCBbIJIOYHbIC
CTPYKTYPBI» , HA3BIBAEMBIE AUHKOGHIMU KOAOUAMIU) , TECTH-
pPOBaTh AJTOPUTMBI 06X0/Ia WHTEPHETA TTOUCKOBBIM POGO-
TOM 1 JIp. B caenyiomux paszenax Mbl 00CyIUM BCe 9TO —
" MOJIEJIN, U TIPUJIOSKEHMS.

Npesa npeanoyYTUTeNIbHOro npucoegnHeHNA

B 1999 rony nsoe uccaenosareneit — A.JI. bapaGanm u
P.Anp6epT — NpesIosKIIN KpaifHe TIPOCTYIO Ueio, KOTo-
past, OJIHaKO 3K, OKa3ajach BecbMa MPOIyKTUBHOW. M es
3aKJIF0YaIach B TOM, UTO KOT/la HOBbBII CAlT ITOSIBJISIETCS HA
CBET, OH, CKOPEE BCETO, «IIPE/IIMOYNTAET» COCTATHCS HA T
caliTbl, KOTOpbIE U 6€3 TOTO YK€ MHOTMMHU ITUTHPOBAHBI.
Bosee Touno, BepOATHOCTD, C KOTOPOI HOBBIN CAliT CTAaBUT
CCBIITKY Ha CaiiT-IPe/INECTBEHHNK, TIPONOpIMoHaabHa (BXo-
JsAIIeii) crenenn BepumHbl BeG-rpada, oTBevaronen sTo-
My caiity. Oqun u3 Hanbosiee yI0OHDIX U MATEMATHYECKT
CTPOTUX BapHMaHTOB peasu3anuu ujen bapabamm—Aib-
6epra (uzen o npednoumumenvhom npucoedunenuu) cop-
mysaupoBaau B 2000 roay martematuku b.Bommobanr n
O.Puoppan.

[Tocrpoenue mozesn Bosnobama—Puopaana coctouT us
JByX aranoB. CriepBa CTPOUTCS MOCJIEA0BATETbHOCTD Tpa-
dos G{',n=1,2,3,... Y stux rpadoB Oy/I€T 10 1 BEPIIHH
n n pebep. 3ateM 3Ta MOCJIETOBATETBHOCTD C TTOMOIIBIO
HECJIOJKHOTO TPIOKA IIPe0OPa3yeTcs B TOCJIEI0BATETBHOCTD
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o » DJle m — HaTypaJbHOE YHCJIO, a KOJMYECTBO pebdep
rpada G, , UMeONero n BeplMH, paBHO mn. Takum
o6pasom, rpadpl G, aBTOMaTHYECKN OKa3bIBaIOTCs 001a-
JTAIOIIUMHU BTOPBIM CBOWCTBOM BebG-Tpada.

Wrak, naunem ¢ G{' . Byaem crpoutb stu rpacdbl 1o
naayknun. Ilycrob G11 — 970 Tpad ¢ OMHOU BEPIINHON
(0603naunm ee mpocro 1) u oxgmoit mermeir (1, 1).!
Ipeanonoxknm, rpad G~ ¢ n 22 yske nocrpoer. O60-
3HAYUM €ero Bepiiubt 1, ..., n — 1 u 6y/eM NOMHUTD, YTO
pebep y Hero, kak u Bepuut, n— 1. I'pad G MbI nostyunm
nyteM 106aBIeHus K rpady G{H ool BepuuHbl (01HO-
ro caiita) ¢ <«umeHeM» n u oaHoro pe6pa (ccbuikn,
KOTOPYIO JIeJTaeT HOBbII cailT). ITo pe6po Gy/eT Harpas-
JieHo 6o u3 n B n (ecau CHOBA WIYTUTh, TO B JAHHOM
cIydae HaJ0 TOBOPUTH yKe He 06 OAMHOYECTBE, a O
camMosio60oBaHun), 60 W3 1 B KAaKyIO-TO BEPIIUHY
ve{l,...,n—1}. Camo HanpasjeHue BbHIOUPAETCS CJIy-

YaiHo: ¢ BEPOATHOCTbIO T~ CCbLJIKa U3 N noijier Ha

2n—1
degov
camo n («caMoI060BaHUE> ); C BEPOSITHOCTHIO 5, 1 CailT

7 TPOIUTHPYET CalT 0 € {1, ey n—1}. 3mech deg v —
cTerneHb BEPHIMHLI v B rpade G{H, T.e. B YUCTOM BHJE
peanusyercst ujesk MpeIroYTUTETHHOTO TTPUCOETMHEHNUS .
B nenenun Ha 2n — 1 Takyke HET HUYEro 3arajo04HoOro.

ITpocto cymma BeposSITHOCTEN [IOJIXKHA PABHSITHCS €/MHNU-
n—1
e, HO Zdegv — 3TO YJIBOEHHOe uucjo pebep rpada

v=1
G, re. 2n - 2.

[ToguepkHeM, 4WTO TIOCTPOEHHAS IOCJE0BATEIBHOCTD
rpadoB cayuatinas. B npuHImIe, oHa MOKET TPUHUMATD
BecbMa pa3HooOpasHbie (OPMbI B 3aBUCHMOCTU OT TOTO,
YTO MIPOM3O0HUIET HA ouepeHOM aTare ee nmoctpoeHusd. Ho
9TO U XOPOIIIO: BEJIb C CAMOT0 HAYAJIA MHTYHUIMS TOBOPUJIA
HAM, YTO UHTEPHET <CJOy4yaeH». BaxxHo muiib, Kakue
3aKOHBI YMPABJISIOT 3TOW CJIYYailHOCTBIO, M ceifyac MbI
JIOITyCKaeM, YTO OJWH M3 3TUX 3aKOHOB — IO CYTH, IICH-
XOJIOTHYECKHI — 9TO 3aKOH MPEIIOYTHTETHHOTO TIPHCoe-
JINHEHMS.

[lepeiiiem KO BTOpOMY aTamy. 3aduUKCUpyeM HaTy-
pasbHOe m = 2. PaccMoTpuM Haii/leHHBII Ha IEPBOM
srarie rpadp G{". Y nero mn BepmuH u mn pe6ep.
O6o3HauMM ©; TPYHIy W3 NEPBbLIX /M €r0 BEPIINH, T.€.
MHOXKecTBO {1, ..., m}. O603HAUNM v, CJIEYIONLYIO TPYII-
ny ero Bepuiun {m + 1, ..., 2m} . U rak namnee. Takum
06pa3oM, y HAC BO3HUKHYT TPYIIbI ¥y, ..., 0,. Dymem
CuYMTaTh UX BepluHamu HOBOro rpacda G, . [nsa kaxo-
ro i o6pasyeM B BepIINHE ¥; CTOJBKO MeTesb, CKOJBKO
ectb pebep B rpade G Mex1y TeMU ero BeplIMHaMH,
MHOKEeCTBO KOTOPBIX MbI 0603HaYMIn 0; . s J06bIX 1,
j ¢ ycaoBuem 1<i< j<nupoBeieM CTOJbKO pebep H3
v; B ¥;, CKOJbKO ectb B rpade G{" pebep, npapbiii
KOHeIl KOTOPBIX PACIOJIOXKEH B MHOXKECTBE, OTBEYAIOIIEM
v, a JIeBbIil — B MHOXKECTBE, OTBevaionieM v; . B Hexo-

1 O/.LHa)K/.LbI Ha JIeKIUU ¢ HOUIYTUJ: [JECKaTb, B Hadaje BCEX
BpeMeH ObLT OAWH caiiT, OBIIO eMy OYeHb OANHOKO, M PEMiI OH
HOCTaBUTH CCBLIKY caM Ha cebs... Tostoc us ayuropuu: <A 4to aTo
6bLT 3a caiit?» Pagymeercst, peub UIET O MOJIEH, & HE O PEAJIbHOCTH.

2012/ Ne4

Uy Uy U3 Uy Us Ug

Puc. 1

TOPOM CMbICJIC, MbI CXJIOIbIBaeM Bepimuubl u3 G B
CBOETO POJIa «METACAUTBI», a BCE TPEKHUE CCBLIKH CO-
xpansgeM. Ha Bbixozie nmeem rpad ¢ n BepuimHaMu U mn
pe6pamu. IIpumep nepexoga or rpada G;* k rpady GS
MOKa3aH Ha puUcyHke 1.

KoncTpykims Kaskercs J0BOJbHO HCKYCCTBEHHOH 1, YK
KaKk MUHUMYM, Ype3BbluaifHo yIpoienHoii. Tem He Menee,
OHa Ha YJUBJICHHE XOPOIIO OTPaskaeT OKKaeMble CBOM-
ctBa Be6-Tpada. IIpo Bropoe cBONCTBO TOBOPUTD HE HYK-
HO, TaKk KaKk OHO 3aJI03KeHO TpsIMO B mocTpoeHme. O6cy-
JIUM, CTaJIo ObITh, TIEPBOE CBONCTBO. ABTOPBI MOJENU —
Bonno6ant u Puopaan — pokasanu, 4To Ipu m > 2 U 1IpH
mo6om g >( ¢ yBenudyeHueM uucia sepumH rpada G,
Bce GJINKe K eIUHUIIE CTAHOBUTCSI BEPOSITHOCTD TOTO, YTO

Inn
nuamerp rpada G 3axumode B pefesax ot (1—¢€) nlnn
Inn ninn
no (1+¢) nlnn WubMu coBaMu, XoTs rpad 1 cIydaeH,
ninn

HO <«IIOYTW HaBEPHAKa» €ro JAnaMeTp IHIPaKTUYECKH He

OTJIMYAeTCsT OT APOOH . Ilouemy 10 XOpomo? A

nn
Inlnn
JIeJio B TOM, 4TO y Be6G-rpada mopsiiKa 107 —10® BepmuH.
[MoxcraBass o6a yncsaa BMECTO 7 B OTHOIIEHWE Jorapud-
MOB, mojy4aeMm 5,8—6,2 , T.e. 6, BeJlb AUAMETP — IIeJIO€
qucso. Ha camom meme, gaxxe mpu n =10 oTtHOMEHME
JIoTaprudMOB He BBIXO/UT 32 MPEIEIbI CEMEPKU. JTO OYEHD
MeJIJIEHHO pacTytias GyHKINS, U 3TO MOKET O0BSCHSTD,
[oYeMy 3aKOH IIECTH PYKOIOXKATUll cTosb He3bibaeM. He
npaB/ia Ji, 3aMedarepbHoe Tonajianme?

Ho u ato ne Bce. EcTb ere TpeTbe cBoiicTBO. OHO Takke
HabmoaaeTcst B Mojiesin bosutoGaia—Puopaana. ABTopbl
MO/IEJIN JIOKA3aJIi 3TO IIPH OIIPe/IeJICHHBIX OrPaHMYCHUSIX
Ha BeJqWunHy d, durypupyiomnyio B cBoiictBe. Hemasuo
E.I'peuHNKOB — BBIIYCKHUK MEXaHUKO-MATeMaTHUECKOTO
dakynprera MI'Y u HezaBucumoro ynusepcurera, pado-
TAONNI ceifyac B OT/IesIe TEOPETHYECKUX W MPUKJIATHBIX
MCCJIeIOBAaHNH KOMIAHNM SHJeKe, — JoKasaj, 4To s
BcexX m u d ¢ poCcTOM 1 Bce OJIIKE K eJHUIE CTAHOBUTCS
BEPOATHOCTD TOTO, uTO Bestmuuna # (n,d), onpenenennas

na rpacde G, , IPAaKTHYCCKH HE OTIMYACTCA OT BeJTMYUHbI
c

73 » T/l € 3aBHCHT JIUIIb OT M.
B mnocnemnem pesysibraTe Bce UyTh MeHee PayKHO,
HEKeJIM B pe3yJibTaTe 0 AnaMeTpe: Bce-Taku 3 — aTo He 2,3.

IIa, ATO TOXKe CTEeIeHHOM 3aKOH, 1 3TO 3aMe4daTe/IbHO, HO



CTelleHb B HEM HEeMHOro gapyras. UTo K. HUKTO U He
o6eliain, YTo TPUBUAJIbHAS MOJIEJb Cpasy pPeHIuT BCe
po6JIeMbl.

YTouyHeHune mogenn Bonno6awa-PuoppaHa

B koHIte npebIAyIIero pas/esa Mbl HOHAJIM, 4YTO MOJIE/Ib
Bonnobamra—Puopana He coBceM aJleKBaTHO OTPAXKaeT
Jlayke Te TPH CBOICTBA Be6-Tpada, KOTOPHIE MBI BBIIETUIN
€ caMoro Havyasia. A WMEHHO, eCThb HeGOJIbIINE MTPO6IeMbI
CO CTETIEHHBIM 3aKOHOM. JTH MPO6JIeMbI HECJIOKHO YCTpa-
HUTb, U MHOT'HE UCCJIe/0BaTe/I B pa3Hoe BpeMs IIPUXO0/1-
JU K OJHOMY U TOMY >Ke IIPOCTOMY pellenuio. Mbl
BbiziesiuM 371ech 1. bakmu u /[.Octryca, KoTopbie epBbIMI
[ cTporoe OOOCHOBAHEE 3TOTO MOAXO[a. Beuem 3a
Baxsu u OctrycoM Bo3bMeM MPOU3BOJIBHOE Ynca0 a > ().
Bynem crpouth rpader H ;’m 10 TIPaKTUYecKn TOH ke
cxeme, 1o Kakoil crpownuch rpadsr G, . Jlnmb cierka
U3MEHUM BEPOATHOCTH B onpenesnennn Gy . Ecim tam onn

1 dego
PaBHSUNCD w0y M 75 =7, TO TYT MBI HOJOXKHM WX
n_ _
a degv+a-1 o
PaBHBIME , . C cymMoii Bce BHOBb
(a+)n—-1 (a+1)n-1
B HOPSIJIKE:

n—1

s degv+a-1 N a B
(a+)n-1 (a+1)n-1
2n-2+(n-1)(a-1)+a
(a+1)n—-1
bBonee toro, mpu a = 1 umeem Mmozesp bBosmobaria—
Puoppana. Hucso @ HasblBaeTcs HaAuaivHOU npumsed-
meavHocmoio eepututivi. CMBICT B TOM, YTO HE3aBUCUMO OT
CTENEHN BEPIIUHBI OHO AT JIOMOJHUTEHHBINA BKJA B
BEPOSITHOCTD TIPUCOETMHEHMS.
3amedaresibHO TO, UTO 3TOTO XBataeT! Y TBep:K/ieHue PO
JIMaMeTpP OCTaeTcs HEM3MEHHBIM, a BemwumHa #(n,d),
orpesiesieHHas Ha rpade H ;’m , CTAaHOBUTCS TIOUTU HaBEP-

v=1

=1.

HSKA TPUOJIIKEHHO PaBHOI . Takum o6pasom, npu

d2+a
a = 0,3 moJryyaeM TIoJIHOE COOTBETCTBUE MOJIEJTH TOI YacTh
PeasibHOCTH, KOTOpast OTPaskeHa B BbIJIEJIEHHBIX HAMU TPeX
CBOICTBAaX MHTEPHETA.

K coskanenuio, 10Ka3aTebcTBAa PE3YJIbTATOB U 3TOTO, 1
MPEIbIIYIIEr0 Pas/ieJioB KpailHe TPYAHbI M TEXHUYHBI.
[ToaToMy OHUM BBIXOJST 32 PAMKH 3TOI cTaTbu. 3auHTEpe-
COBAHHOTO YMTATed MbI OTChLIaeM K Kuuram [1], [2] u
crarbe [3].

A B cirefyionieM pas/iesie Mbl PACCKayKeM elie 06 OIHOU
njee TOCTPOEHNST MOJIE/IN WHTEPHETA.

Mopenb KonupoBaHuA

3nech ujes Takas: KOr/a MOsIBJISeTCsl HOBbIM cailT, oH
JM6GO MUTUPYET KaKOTO-TO «CJIydaiinoro» (¢ Toukn 3penust
CTOPOHHEr0 HAGJI0aTeIs1) TPEAIeCTBeHHNKA, 60 KO-
nupyem ccoLIKM ¢ HeKoToporo (Tak:ke ciyyaiiHoro) caiira,
Ybsi TeMaTHKa OJIM3Ka ero aBropy. OJTa ujesl IMpu3BaHa
OOBSICHUTD HE TOJIbKO CTENEHHOW 3aKoH, HO u (DakT
HAJIMYUsl B MHTEPHETE IJIOTHBIX COOOIIECTB, YYaCTHUKH
KOTOPBIX OObeIMHEHDI OOIUMHI HHTEPECAMHU.

Crporoe ommcaHue POCTEHIIET0 BapHAHTa MOJIEN KO-
NUPOBaHMA cJefgyiomee. /[laHO HaTypasJbHOE YUCIO M U
neiictutensuoe uncio o€ (0,1). Kak u B cayuae Mmoze-
aeit Bosob6ama—Puopiana n bakan—Octryca, crpontces
c/rydaiinas nocsiezioaresibnocts rpados G,, , . Y crpont-
Cs1 OHa TO3Ke 110 MH/LYKITNY. B HauaIbHbII MOMEHT BpeMeHH
ectb ojHa BepuHa 1 n m merens B Heit. Ilyerb n 22 u
rpad G,’,T; ¢ BepmmHamu 1, ..., » — 1 yxe HoCTpOeH.
Jlo6aBrM K HeMy BEpIINHY 7 U 72 UCXO/IAIINX U3 Hee pe6ep.
Ha ceit pa3 «camosio60BaHue» MCKJIO4aeTcs, U pebpa
nayt B Bepmmubl 1, ..., n—1. OmnmeM, Kak yCTpOeH
BBIOOD WX JIEBbIX KOHIOB. [Ipexxpe Bcero BbIGmpaercs
cayuaitnas sepmuna p € {1,..., n—1}. Vmeerca B Bumy,
4YTO p IPUHUMAET TOT WJIM WHONW KOHKPETHbIH BUJ C

BEPOSTHOCTBIO ——— . Yro x, BbIGpasu p n 3apuKCcHpoBa-

gu. 1o OygeT TOT CcaMblil CaiiT, TeMaThKa KOTOPOTO
unrepectia aBropy caiita n. C mHero on wunorzga Oyzer
KOIIMPOBATh CChLIKU. Termepp ykaxkeM IepBoe pe6po,
ucxozsiiee u3 n. [y aToro 6pocuM «KpUBYIO» MOHETKY,
KOTOPAasi ¢ BEPOSITHOCTBIO O JIOXKHUTCSI KBEPXY OPJIOM H C
BEPOSITHOCTBIO 1 — 0L JIOKUTCS KBepXy pemnrkoi. Ecim
BbITIAsIa PEIIKa, TO OTIPAaBJsgeM Hatle pe6po B MEPBYIO TI0
BEJIMYIHE BEPIINHY CpPeiN TeX, Ha KOTOPBbIE CCHLIAETCS
caiit p. VMHBIME cjoBaMH, € BEPOSATHOCTBIO 1— 0L MBI
KOIIUPYEM IIePBYIO CCBLIKY ¢ caiita p. Ecau Bbian oped,
TO Mbl HUYEro He KOIUPYeM, a CJAydailHO BbIGUpaeM
Beputuny cpeau {1, ..., n — 1} u ornpassiem pe6PO B Hee.
Bropoe pe6po, ucxossiiee u3 n, uieTcs To4HO Tak xe. C
BEPOSITHOCTBIO 1 — 0L OHO UET BO BTOPYIO 110 BeJUYHIE
BEPIINHY U3 4YHCJA TeX, HAa KOTOPbIE CCBLIACTCS pP; C
BEPOSITHOCTBIO O, €T0 JIEBBIN KOHEIl BBIOUPAETCS CJIydaii-
Ho. U Tak nanee. [lockobKy Ha KasK/[OM IlIare TTOCTPOEHMS
ovepesiHasI BepIIUHA MCITyCKaeT m pebep, TO y p POBHO m
coce/ieit, 1 ONMCAHHYIO TPOTIEAYPY MBI CMOKEM MTPOJIENIATh
HEOOXOMMBIE Th Pas3.

Mo3KHO TIOKa3aTh, UTO ¢ OJIM3KON K eJIMHUTIE BEPOSTHO-
croio Besmmunna # (n,d) , onpenenennas Ha rpade G,

C
BeaeT cebst IIPUMEPHO KaK —»— -, I'/le ¢ — KOHCTaHTa, 3a-

1-o
BUCATIAS OT M U 0, . Pe3ym§lTaT 3aMeyYaTesbHBIH, TaK KaK
CHOBA TIPU IIPABUJIBHOM TTO/I60PE O MBI MOKEM TIOTYIUThH
J060i1 1oKasaresab creneHu d, OGOJbINNI JBOUKU, U, B
YaCTHOCTH, TTOKa3ateJb 2,3. B mocseaaeM ciyuae BeposiT-
HOCTb KOTIMPOBAHUS JOBOJIbHO OJIM3KA K €IUHHUIIE.

N 310 BCe?

Bormpoc, mocraBienHbiii B 3ar0JIOBKE 3TOrO pasjiedia,
BIIOJTHE MOJKET MPUHTH B TOJIOBY IBITIUBOMY YUTATEJIO.
/la, KoHeuHO, MBI paccKasajud O Tape Wjel, KPachuBo
OOBSICHSTIONNX 3aKOHOMEPHOCTH B «JKM3HN» MHTEpHETA —
3aKOHOMEPHOCTH, KOTOPbIE TMOHAYAJy Ka3aJuch CTOJb
yauBUTENbHBIMUA. HO BeZlb SICHO, YTO y ONMUCAHHBIX MO/IE-
Jiell eCcTh Macca HEJ0CTaTKOB.

Hanpumep, B Tpadax, KoTopble MOTYT BO3HUKHYTH B
paMKax MojieJiell, Kask/asi BEpIIHA UMEET (PUKCUPOBAH-
HY10 UCXOANILYIO cTerenb. Hudero mogo6HOro B MHTEpHETE
Het! ITo cyTH, moyvaercst, 4T0 OPUEHTAIHS B CMOJIETUPO-
BaHHBIX IrpacaxX HOCUT BeCcbMa yCJOBHDBIH Xapaktep. Bpsi




16 KBAHT

JU CTPYKTypa TpacoB CHIBHO TOMEHSETCS, €CJU MbI
cHUMEM C pebep BCe «CTPEJIKU» .

Kpome Toro, gcHo, 4ro B MoJensaX y 6ojiee CTapbix
BEPIIIIH TOpasio 6OJIbllle MAHCOB UMETh GOJIBIITYIO BXO/Is-
IIyI0 CTelleHb, Hexeaun y 6ojiee HOBBIX BepIIMH. ITO
3aBE/IOMO IIJIOXO COTJIACYETCSI ¢ HOBOCTHBIMU <B3DPbIBa-
MH», KOTOPbIE €Ke/[HEBHO CIy4aloTCsS B MHTEPHETE: €/Ba
TIOSIBJISIETCST CTPAHUIIA C BAXKHON HOBOCTBIO, KaKk Ha Hee
TIPUXOJISAT THICSYU CCHIJIOK. MBI Y3K HE TOBOPUM O TOM, UTO
CalThI, CTPAHUIIBI M CCHLJIKM HA HUX 3a9acTyi0 YMUPAIOT,
U 3TO TOXKE HUKAK He OTPA’KEHO B MOJIEJISIX.

Pasymeercst, o/, KOTOPbIe 3aHUMAIOTCS MCCJIEI0Ba-
HUSIMH CETH, TTPEKPACHO Bce 3TO NoHuMaor. VM Kk Hacros-
1IeMy BpEMEHU TIPU/IyMaHO OYeHb MHOTO PA3HBIX MOJIesei
UHTEPHETA, KOTOPbIe Ky1a GoJiee aleKBaTHbl PeajlbHOCTH,
yeMm Moiesn bosnobama—Puopnana, bakau—Octryca uwin
MOJIeJI KOTMPOBaHUs. JTO OTPOMHAs yBJIeKaTe bHast 06-
JIACTb TEOPUHU CAYUAUHBLX 2PAP08, KOTOPYIO ellle TIPECTO-
UT pa3BuUBaTh U cucremarusuponath. [ladoc pacecmorpen-
HBIX HAMU TIPUMEPOB B TOM, YTO OHW KaK HEJIb3s JIyullle
JIEMOHCTPUPYIOT, HACKOJIBKO IIPOCTBIMU MOTYT OBITH TPUH-
IIUIIBI, JIEJKAIIe B OCHOBE BeChMa CJIOKHBIX ABJIEHNI. A 10
[IOJTHOTO PelieHust po0JIeMbl JIaJeK0, U 3TO TOJbKO IPH-
STHO: HBIHENTHEMY YHWTATEJI0 HAaBEPHSKA Halercs, yeMm
3aHSATHCS, €CJU OH 3aX04eT MCCJae0BaTh BeG-rpadbl.

Ha sT0M MOKHO GbLTO GBI TOCTABUTDH TOYKY, HO MBI €IIIE
CKa)KeM Tapy CJIOB O MPUJIOKEHUSAX MOJesIel K MPaKTHKe
MOMCKA B UHTEPHETE.

06 ogHOM MPUSIOXKEHUMN

JlaBaiite paccMOTPUM O/[MH U3 BU/IOB CIIAMEPCKOIl J1esi-
TEJBHOCTH. A MMEHHO, MOTOBOPUM O <«JIMHKOBBIX KOJIb-
nax». Cpasy 3aMeTHM, 4TO Ha3BaHUE CJIOKUIOCH UCTOPH-
YEeCKH: KOT/Ia-TO CIIAMEPBI, JKesast OGMaHyTh TOMCKOBYIO
CHCTeMY U TIOBBICHTD CBOM MO3HUI[MH B IONCKOBOII BbIjIave,
[UTHPOBAJH JIPYT APYTA [0 KPYTY, T.€e. A; CTABUJI CCHLIKY
Ha Ay, Ay —ma As,..., A, —na A;. Taxyio cxemy 6bICTPO
HAYYHINCh H300JIM9aTh, ClIaMepaM HPHIILIOCH CTaTh XUT-
pee, HO Ha3BaHHe «JIMHKOBOE KOJIBI0» OCTAJTIOCH.

Ceifyac THMUYHAsT KOHCTPYKIUSI — 3TO CBOErO poja
aBypoabHbiii rpad (puc.2). Bepmunbr us (yciaosHo)
IIPaBoii JI0JM — 3TO MOKYNATEJU CChLIOK, Te, KTO TAKHM
06pPa3oM Ha/IeeTCsl [I0Ka3aTh, YTO UMEET BBICOKUIT «HH/IEKC
[IUTHPOBAHUSI> , U TIOTOMY JIOJI’KEH GBITh TIO/IHSIT Ha CaMblii
BEpPX B [IOUCKOBOI1 BbI[aue. BepimHbl 13 JIeBOil 10711 — 3TO
IIPO/IABIBl CCHIIOK.

®B,
[Tocnemnme — BoBCe He
006513aTeTbHO KaKHe-TO
e B, «MapruHasbpi». Ha-
A, MPOTUB, YACTO CCHLIKK
o B, MOKYTIAIOT Yy BIIOJHE
A, pecrieKTabeIbHBIX BJTa-
oB, JIeTbIEB, KOTOPBIM I10-
A Ha/I06MIUCD JIEHbI'U HA
B pelieHne Kakux-i1m60
IIpodasuypt 3 po06JIeM: C TOUKH 3pe-

CCHLIOK HHS IIOUCKOBOI CUCTe-

® B, MBI, CAiT, TPOITUTHPO-
Ioxynamenu BaHHbIN pecrieKTabe Ib-
Puc 2 COBLAOK HBIM CalTOM, caM CTa-

2012/ Ne4

HOBUTCS KaHAUIATOM B WIEHBI «KJy0a yBaKaeMbIX IPax-
naH». Pe6pa B TMHKOBOM KOJIbIIE HAYT, B OCHOBHOM, CJIEBa
HAMPaBo; TaKyKe MHOTO pebep MOKeT ObITb BHYTPU JIEBOI
nosm (Kak IpOCTo 3a CUeT PeCreKTabeIbHOCTH, TaK 1 Pajn
<«HAKPYTKU» ).

3ajiaua Xopolieii MOMCKOBOI CUCTEMbI COCTOUT B aBTOMa-
TUYECKOM BBISIBJIEHNH He0OPOCOBECTHDBIX BJIAJIEJIBIIEB.
[Touemy aBTOMaTHYECKOM? A IIOTOMY UYTO TeX K€ JIMHKO-
BBIX KOJIell comuu moicsid (1) M BBIJIOBUTH UX «PYKaMU»
TIpocTO (PU3MYECK HEBO3MOXKHO. Ho Kak HAyInTh Mamtm-
HY OTJINYATh KOJBIO OT CTPYKTYPBHI, KOTOPask KOJIBbIIOM He
AaBJisieTcs’?

[IpeacraBum ceGe, 4TO y Hac ecTb ujeanbHas (mim
IIPOCTO JIOCTATOYHO aJ[eKBaTHAs) MOJIeJb HHTEpHeTa (e3
criama. [Tozicuntaem B aTOI MOJIE/ I BEPOSITHOCTD BO3HUK-
HOBeHMS pebpa MeXIy BepITMHAMHU 33JJaHHBIX BXOISATINX
crenieneii. MlupiMu cjioBamu, 1po Bepinunbl A u B ussec-
THO, uT0 indeg A =a, indeg B=0b. U niycTp, nipu yci0Buu
5TOTO 3HAHUS, BEPOATHOCTD pe6pa u3 A B B pasna f (a,b)
(cOOTBETCTBEHHO, BEPOSATHOCTb peGpa M3 B B A paBHa
f(b,a)).

[Tyctp Temepdb y HaC ecThb KyCOK MHTepHETa, KOTOPDIH,
BO3MOJKHO, ABJAeTca KoabloM. O6o3naunM Ay, ..., A,
— BepluuHbl JeBod gomu, a By, ..., B BEPIINHBI
MpaBoii oM. BemmunHbl BXOAANMX CTeneHeld 0603Ha-
YUM, COOTBETCTBEHHO, dy, ..., 4, by, ..., b. Haiinem

ko1
M = ZZf(ai,bj) . ITo cytu, M — 310 OKUITAEMOE YHC-

i=1 j=1
0 pebep, KOTOpble B <«XOpOIeM» WHTEpHETe UAYT W3
JIEBOM IO Hamiedl CTPYKTYpbl B ee MPaByio JOJI0.
[Tyctb, HakoHel, peajbHOE KOJMYECTBO pebep <«cJeBa
HampaBo» paBHO . 1 Bce TOHATHO: OcCTaeTcs JIUIIb
cpaBuuTh M n W . Ecim oskumaemMoe yncso pebep MeHble
peasbHOro, TO, HaBEepHOE, CTPYKTYpa aHOMaJbHas.

Koneuno, Bcerjia ectb BepOSITHOCTH OmmOKu. U 1eHa

BOIIpOCa MOJKeT OKa3aTbCcsl o4yeHb BbICOKOH. [loaTomy
OOBIYHO CANTBI B W3JIOBJIEHHBIX KOJbIAX HE HAIPIMYIO
MOHMXKAIOT B BblJlaue; UM JIUIIb IPUCBANBAIOT HEKOTOPYIO
YHUCJOBYIO XapaKTEePUCTUKY, 3aBUCANIYI0O oT M u |, a
MallHa aKKyPaTHO YUYNUTBIBAET 3Ty XapaKTEPUCTUKY TIPH
PaHXXUPOBAHUN JTOKYMEHTOB 110 3aITPOCYy .
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SAJAYHUK «KBAHTA»

3a4a4u
No MaTemMaTuke 1 Pu3nKe

Jror pasgen Begetrcs y HAac M3 HOMEPA B HOMEP C MOMEHTa OCHOBaHWS XXypHana. [lybnukyempie B HeM 3agayqu
HeCTaHAapTHbI, HO AJIS UX PELUEeHUs He TPebyeTcs 3HaHUU, BbIXOASALUNX 3a PaMKU LUKOJIbHOU fiporpamMmsl. Hanbonee TpyaHbie
3a4a4n oTMeYaroTcs 38e3404Kou. [Tocie popmynupoBky 3aAa4u Mbl 06bIYHO YKa3bIBAEM, KTO HaM €e Npeasioxm. Pasymeercs,
He Bce 3Tu 3a[a4u MyosmKyoTcs BriepBble.

PeLueHus 3aga4 n3 3Toro Homepa diegyeT oTrpas/iaTe o aapecy: 119296 Mocksa, JleHnHckni rpocnekT, 64-A, «KBaHT».
Peluerns 3aaa4 N3 pasHbIX HOMEPOB XXYPHAIAa UK 110 PasHbIM rpegMeTam (MaTeMaTnke v QU3NKe) MpHUcbIIanTe B PasHbIX
KoHBepTax. Ha koHBepTte B rpaghe «Komy» Hanuwure: «3agadHmnk «KBaHta» Ne4d-2012» n Homepa 3a4aY, peLueHUs KOTopbIX
Bb1 noceinaere, Hanpumep «M2269» nin «P2275». B rpagpe «OT KOro» pamusinio v uMs rpocumM rnmucateb pazbopyuso. B nucbmo
BJIOXKNTE KOHBEPT C HalUCAHHbIM Ha HeM Bawumm agpecom v HeobxoavMbiii Habop Mapok (B 3ToM koHBepTe Bbl mosmyqure
PE3YNIbTaTbI MPOBEPKU peLLeHUY). PelueHns 3aaaq 1o maremMarvke v @u3nKe MOXHO MPUCLIIaTb TaKXKe 10 3/1eKTPOHHbIM

aapecam math@kvant.ras.ru n phys@kvant.ras.ru cooTBeTcTBEHHO.

YcnoBusi Kaxxgosi opUriHanIbHoOV 3aAa4y, rnpeanaraeMon 48 nyoemuKayuu, rnpucbIIaiTe B oTAe/IbHOM KOHBEPTE B ABYX
3K3emrispax BMecTe ¢ Bawmm pelwieHnem 3Tov 3agaqv (Ha KOHBEpTe romeTbTe: «3agavyHnk «KBaHTa», HoBasi 3aga4a o
Gusnke» nn «3agadHnk «KBaHta», HoBasi 3a4ayqya o MaTemMaTvuKe»).

B Havasne Ka)xgoro nucbMa rpocuM yKasplBaTb HOMEP LUKOJIbl M KJ1aCC, B KOTOPOM Bbl y4nTecs.

3apayn M2269a, M2270, M2271, M2273, M2274 nipegnaranvuce Ha XXXIIl TypHuupe ropogos, 3aaauyn M2270, M2272, M2274

— Ha LXXV MockoBckori MaTtemMaTtnyeckou oumnmiage.

3apaun M2269-M2275, ®©2275-12282

M2269. /[ano HatypaJbHOE YUCJI0 1 = 5. 3a X0 paspe-
[IaeTCsl TPEICTaBUTh €ro B BHUE CYMMbI HECKOJBKUX
HeeJMHUIHBIX HATYPAJbHbBIX CIaraeMbIX U 3aMEHUTH HA X
npousBeienne. J[oKaxkuTe, 4TO U3 YUCJAA 72 MOMKHO IMOJTY-
quTh (haKTOpHAT KAKOTO-HUOYAb HATYPATBHOTO UHCJIA:
a) He 6osee ueM 3a 4 xoma; 6) He Gojee, 4yeM 3a 2 XO7a,;
B) mpu n > 50 — 3a 1 xox.

U.Bozoanos

M2270. B kierkax TaOIuIbl 72X 1N CTOAT 3HAKU <«+» U
«—». 3a xoj pasperaercst B J060i CTPOKe WJn B JII0OOM
cTosiflle M3MEHWTh BCE 3HAKM Ha IPOTHBOIOJIOXKHbIE.
N3BecTHO, YTO M3 HA4YaJbHOW PacCTAHOBKM MOKHO 3a
CKOJIBKO-TO XO/IOB C/leJIaTh BCe 3HAKM B TaOIUIE IIJIIOCAMU.
Jlokaskute, 4TO 3TOTO MOYKHO JOOUTHCH, cesaB He 6ogee
1 XOII0B.

A.Kaneav-benos

M2271. a) Ha mrockoctu otMeuernr 100 Touek, HUKaKMe
TP M3 KOTOPBIX He JiexkaT Ha ojAHOH mpsamoit. Carra
pa3buBaeT TOUYKM HA MApbl U COCJANHSET TOUKU B KaXKOi
mape orpeskoM. Bcerma nm oH MOXeT cAenathb 3TO Tak,
4TOOBI KaXK/IbIE /IBA OTPE3KA MEPECEKATHCDH ?
6) Buyrpu kpyra ormedennr 100 Touek, HUKaKWe TPU U3
KOTOPBIX He JIeXKaT Ha OJ(HO npsaMoii. [lokaxure, 4To X
MOXHO pa36UTb Ha Tapbl W MPOBECTH MPSIMYIO dYepe3
KaKIyTo apy Tak, 4YToObI BCE TOUKU MEePeCceYeHusT MPSIMBIX
JIeXKaJm B Kpyre.

A.Illanoeanos

M2272. [lan tpeyroabiuk ABC u npsimas [. O6o3naunm
vyepes [,, [, [, TpsMble, cuMMeTpUYHbIE [ OTHOCHUTENHHO
CTOPOH TPEYTOJIbHUKA, a Yyepe3 [; — IEeHTP OKPY’KHOCTH,
BIINCAHHOI B TPEYTOJbHUK, OOPA30BAHHBIN MPAMBIMU
l,, 1, [, . HaiimuTe reoMeTpuieckoe MecTo TOUEK I, .
A.3acrasckuil

M2273. B psz crost 100 kopo6ox. B camoii sieBoit sresxat
100 crimuex, ocTasnbible KOPOOKH TyCThI. 3 X0/ pagpela-
eTcst BbIOpATh JIIOGbIE [[BE COCeHIe KOPOOKU U TepeJio-
JKUTh OJHY CIIMYKY U3 JIeBOIl KOPOOKHM B MPaBYIO, €CJIU
0CJIe TIePeKIAIbIBAHUS B JIEBOIT KOPOOKe OYy/IeT He MEHb-
e CIuYeK, 4eM B IpaBoil. XO0/bl /IeJaloTcs /10 TeX 0P,
IIOKa BO3MOXKHO. JlOKa)kKUTe, YTO KOHEUHBIH pe3yJbTaT He
3aBHCHUT OT TIOCJIE/IOBATETBHOCTH XOIOB.

A.lllenv

M2274. a) B 6eckoHeuHOIl 10OC/Ie10BaTeJIbHOCTH 6yMasK-
HBIX [PSMOYTOJbHUKOB ILIOIIAb 7-TO MPSMOYTOJbHUKA
paBHa n* . O6s3aTeNBHO T MOYKHO MTOKPBITD MU TIJIOC-
KocTh? HasoskeHust omycKaioTes.
6*) Jlanma GecKoHeYHas IOCJEA0BATEIbHOCTh OyMayKHbIX
KBajiparoB. O6s13aTeIbHO JIM MOYKHO MOKPBITh UMU ILJIOC-
KocTh (Ha/JOKEHUST JOMyCKAIOTCSA), €CJAM M3BECTHO, 4TO
s mo6oro unciaa N HalIyTcs KBaJpaTbhl CyMMapHO
maomaan 6omapire N?

A.Beponuroe

M2275". HaszoBeM TeTpasjp uHmMepecHviM, €CJIM BCE ero
TPaHU SBJSIOTCS TPSMOYTOJBHBIMU TPEYTOJbHUKAME, a
JUIMHBI BCEX TeCTH pebep PaBHBI HATYPAJbHBIM YHCJIaM.
VHTepecHbIe TeTPas [Pl CYIIECTBYIOT, TAKOBBIM SIBJISIETCH,
Harpumep, Terpasap ABCD, B kotopom AB = 153, BC =
=104, CD = 672, AC = 185, BD = 680, AD = 697.
Jlokaskute, 4TO CyliecTBYeT 6ECKOHEYHO MHOTO UHTEPEeC-
HBIX TETPA3IPOB, HUKAKHUE /IBA M3 KOTOPBIX HE MOJOOHBDI.

P.Capbaw

®2275. Cnytuuk mMaccoii 3 T Jsietaer Ha Bbicote 300 KM
HaJl TTOBEPXHOCTBIO 3eMJIN TI0 TIOYTH KPYTOBOII opOwmTe.
Cuuta conporuB/ienus, AedcTBylolas Ha CIlyTHUK, paBHa
0,01 H. Ha cKo/JIbKO yMEHBUIUTCS BbICOTA I10JIeTa CILyT-
Huka 3a 1 mecan nosera?

FO. Cnymnuxoes
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®2276. Tpu HEeBECOMBIX CTEPIKHSI CKPETLIEHDI IapHUPHO
JIPYT € IPYTOM 1 06pa3yioT TPEYTOJIbHNUK, HAXOISIIHICS B
BEPTUKAIBHON TytockocTi. OUH U3 cTepsKHel JeKUT Ha
TJIaJIKOM TOPH30HTAJBHOM TIOJY, a /IBAa JPYTUX CTEPKHS
06pasyior ¢ TopuzonToMm yrasl o u B . K Bepxuemy yriy
TPEYTOJbHUKA HAa BEPTHKAJIbHOH HHUTH IMOJBECUIN TPY3
Maccoit m. CucreMa HaXOAWTCS B PAaBHOBECHM, XOTS U B
uHeycroitunBoM. C Kakoi cuoi PacTSIHYT TOPH30HTAb-
HBIH CTepsKeHb?

C.Tamuxos

®2277. B cocraB pblUaKHBIX BECOB BXO/ST IITATHB,
KOPOMBICJIO, ONUPAIOIIeecs] Ha IITATUB Yepe3 MPUu3My 13
TBEPAOTO CILJIaBa, ¥ JIBE TOIABEIIECHHBIE HA KOPOMBbICTE
vamku. Jlerkue ppryaru, yaep KiUBaIoIne Yaurky Ha KOPo-
MBICJIE, OTTMPAIOTCST HA KOPOMBICJIO TOKE TBEP/IOCTIIABHDI-
MU TNpu3MaMu. PaccTosiHust OT ocu BpallleHus] TPU3MbI
KOPOMBICJIA /I0 MECT OIOPBbI HAa KOPOMBICJIO YalleuHbIX
pu3M oAnHaKOBbI. OcH BpalieHus IPU3Mbl KOPOMBIC/IA 1
OTIOPHBIX YTJIOB YAIIIEUYHBIX TTPU3M JIEKAT B OJTHOM TJIOCKO-
ctu. Ilepwoa Masbix KoJsieGanuii Kopombicjaa Ge3 variek
pasen T;,. Cymmaphasi Macca vaiiek pasia my . Korga na
YalkaX BECOB HUYETO HET, TEePUOJ{ MajbIX KOJeOaHwmil
BecoB BOJIMBM 10JI0KeHUsT paBHOBecusi pasen 1. Kakum
Gyzier niepuo/ KoJsiebanuii BecoB T, , ecsm Ha 06e 4alrku
[IOJIOKUTb OJIMHAKOBbIE I'PY3bl MACCOU 71, KaK/blii?
B.Cepeees

®2278. Buyk, urpas ¢ AeAyITKUHBIMA OYKAMHU, TTOJTyJYaeT
vyerkne (peskne) M300paskeHMsi COJHIA Ha 9KpaHe W Ha
TOHKOIT oJ10cKe Gesroit Gymarn. JIMH3BI 0YKOB pacrosara-
I0TCS MEXXIy COJIHI[EM W 3KPaHOM, a TMOoJocKa Oymarn
HaXOJUTCS MEX/y COJIHIeM U JuH3aMu. Paccrosinue oT
JIMH3BI /10 PE3KOr0 N300PaXKEHUs COJHIIA HA IKPAHE PABHO
20 cm. Ha Genoii mosmocke 6ymaru pe3kue M300paXkeHust
MOJIy4YaIOTCsl TIPU JABYX PACCTOSIHUSAX MEXKIY ITOJOCKOU U
JINH3aMU, a WUMEHHO: TpW 2 cM u 1pu 55 cM. Kakos
K03 DUIMEHT TIPEJOMIEHHS CTEKIA, U3 KOTOPOTO Cllesa-
HBI TUH3bI? CUynTaiiTe, YTO MOBEPXHOCTH Pasfiesia CTeKI0—
BO3AYX A1 JUH3 cepnueckne. KakoBbI paamycer Kpu-
BU3HBI 9TUX HOBEPXHOCTE?

A. Jledywurun

®2279. K noroJiKy mo/iBeliiena Tonkasi ruékasi, HO Hepac-
TSOKUMAST TIeTI0YKA ¢ PABHOMEPHDBIM pacIipe/ie/IeHeM Mac-
col M 1o panuHe L. B 1osoxeHUU paBHOBECHS IEIIOYKA
BeptukasbHa. [lo ee HIKHEMY KOHILYy cJerka IejakaioT B
TOPU3OHTAJIHHOM HAIPABJICHUN, W BOJIHA BO3MYIIEHUS
pacrpocTpassieTcst BBEPX K MOTOJKY, a MOcJe OTPaskeHns

OT TOTOJIKAa — BHU3 K CBOOOZHOMY KOHILY. CKOJbKO
BPpEMEHU AJIUTCA 3TO HyTeHleCTBI/Ie BOJIHDbI (BBer - BHI/IS)?
1. Iouxun

®2280. IIpu CTOpaHuH 1 kr 6eH3MHA BBIJIEJISIETCS KOJIIIe-
cTBO Ternothl 4 - 107 JI>x. ILmornoctp 6ensuna 0,8 xr /1.
ABtomo6usb «Kuryau» maccoit 900 kr mpu esne 1o
NpsIMOil  jlopore Ha Kpelcepckoit ckopoctu 90 kM4
pacxopayert 7 it Ha Kax/pie 100 KM B 6e3BETPEHHYTO TIOTO/LY .
KIIJ] psuraresst asromo6usst 30%. Ilpu aBwkeHUU C
MMOCTOSTHHON CKOPOCTBIO MOIIHOCTD HYJKHA [IJIST TOTO, YTO-
OBl TIPeo/10IeBaTh TpeHne 0 Bo3ayX. Ha ckoabko 6oJibiie
6emnsuna Oy/IeT TPATUTh aBTOMOOWIIb, €CJiu OH Gy/IeT eXaTh

2012/Neo4

C TOIf JK€ CKOPOCTBIO B TOPKY C TTOABeMOM 1 M Ha KasK/ble
100 M yTi ipu BCTpeyHOM BeTpe co ckopocThbio 10 M/ c?
/K. Uzynvckuil

®2281. [llnpuir 6e3 Urabl HATIOJOBUHY 3aIM0JHEH BOJOI,
My3bIPbKOB BO3/lyXa BHYTPHU HET, a BBIXOJHOE OTBEPCTUE
3aKpbITO, HanpuMep, nasbiieM (M. pucyHok). C kakumn

CHJlaMn HYKHO TAHYTb B pa3Hbl€ CTOPOHBI IIIIPUIL 3a

I
356 S

= 2}:/
V| =99 rOCT 1743572

KOPILyC 1 TTOPIIIEHD 32 PYUYKY, YTOOBI BO/Ia BHYTPH 3aKHIIe-
Jna, ecan ee HavasabHas Temreparypa 24 °C? Tpenuem
MOPINHS O CTEHKH MOKHO IIpeHe6pedb. /laBienue Bo3ayxa
Py = 100xITa. Hegocratomire faHHbIe OTBIIUTE CAMOCTOS-
TEJIbHO.

C.Bapaamos

®2282. Ha ropusoHTAJBHBIN CTOJI, TIOKPBITBI CYKHOM,
MOCTABUJIN WTPAJBHBIN KyOWMK Maccoil 3,5 T ¥ AJUHON
pebpa 18,5 MM. MajieHbKkuil y3eJ0K Ha TKAHU, HAXOJIS-
uiics Bo3Jjie cepelnHbl pedpa KyOmKa, He JaeT KyOuKy
CKOJIb3UTb B HAIPABJIEHUN, HEPIEHIUKYISIPHOM 3TOMY
pebpy. Olenute MUHIMAIBHYIO CKOPOCTb BETPa, AYIOIe-
rO Ha/l CTOJIOM U O6/yBAalolero Ky6ukK, Ipu KOTOPOIl OH
OIIPOKMHETCST Yepe3 Y3eJIOK U TIOKATUTCS TI0 CTOJIY.
A.Bempos

PeweHuns 3apauy M2254-M2260,
®2260-D2267

M2254. Cywecmeyrom au 10 nonapno pasiudnvlx pavu-
OHAILHBLY YUCE MAKUX, YN0 NPoU3sedenue 1100vlx 06YxX
U3 HUX SI6ISACTNCSL YCTLLM YUCIOM, d NPou3sedenue a100blx
mpex — nem?

OrTBer: Her.
[Ipeanonozxum, yTo Takue yncJa cyuiectsyior. [lycrb a, b,
¢ — HeKoTOpble TpU u3 HuX. Torga nmpoussenenue p = abc

— HeleJsioe paliluoHaJbHOE YUCJJI0: p = — , I'Ie m — LEJI0E,

n > 1 — narypasmsroe 1 HOJI(m, n) =1. Torma p* = m_2
n

— Toxe Henemnoe yucao. C Apyroil CTOPOHBI,

p? = (abc)’ = (ab)- (bc)- (ca) — nenoe unco. Momyueno
IPOTHBOPEYHE.
Orvernm, uTto HaGOPBI U3 7 PAIMOHATBHDBIX HEUCIbLX
qyceJ TaKMX, YTO MPOU3BEEHHE JIOOBIX [BYX W3 HUX
SBJISIETCS 1eJIBIM YHCJIOM, CYIIECTBYIOT.

O.ITodrunckuil
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M2255. B ewinyxiom uemwvipexyzorvruxe ABCD yazivl
ABC u ADC — npamwvie. Ha cmoponax AB, BC, CD, DA
eaamv. mouku K, L, M, N coomeemcmsenno max, 4mo
KLMN — npsamoyeonrvnux. [Jdoxaxume, umo cepeduna
Juazonaru AC pasnoydanena om npsmorx KL u MN.

[Tycrp S — cepena AC, a P u Q — cepeaunbl KL u MN
coorsercteento (puc.1). [loctatouno mokasaTb paBeH-

A

K

Puc. 1 C

¢TBO 0Tpe3koB SO n SP (ecaun SP =SQ, 1o Touka S JTeKUT
Ha CepeJIMHHOM MepIeHInKyJasape K oTpe3ky PQ, T.e. Ha
cpeaneit mann npsmoyroabauka KLMN).
N3 npamoyronbubix Tpeyroapuukos ABC u ADC:
BS =AS = DS, ZABS = ZBAC, ZADS = ZDAC . 13
NIPAMOYTOJIbHBIX TpeyroibHukos KBL u DMN: BP =
= KP = NQ = DQ, ZABP = ZBKP =90° - ZAKN ,
LADQ = ZDNM =90° - ZANK . [lanee, ZPBS =
= |£ABS — ZABP| = |£BAC + ZAKN -90°| . Ananornu-
no mnoayuaeM ZQDS =|£ZDAC + ZANK —90°|. Tax
Kak (£ZBAC + ZAKN -90°) + (£DAC + LANK -90°) =
= ZKAN + ZAKN + ZANK -180°=0, 10 ZPBS =
= QDS . Ilonyuaem, uro tpeyroabuuku BPS u DQS
paBHbI 110 IIepBOMY IIpu3HaKky, orkyaa SP = SO, uto u
TpeOOBATIOCD.
OrtMeTuM U JAPYroi 1MOAXO0/ K 3TOi 3a/1a4e (pI/Ic.Z). IIpu
napasiesbHoM repenoce Ha Bektop LK = MN Tpeyroiib-
Huk LMC mnepeiiner B TpeyrospHuk KNE. Tak kak
CL 1 AK ,10 EK 1 AK .
N Ananornuno, EN L AN .
Cepemnna R orpeska AE
SABJISETCS TIECHTPOM OKPYXK-
HOCTH, OIIMCAHHOW BOKPYT
N derpipexyroinbHika AKEN,
// noatoMy R JIeKUT Ha ce-
PEAUHHOM IEePIeHANKY -
pe x orpesky KN. Ho
RS||EC|| KL, 3Hayur,
RS 1 KN, u noaromy S
TOKE JICXKUT Ha Cepejut-
HOM IIepLeHJUKYJIdpe K
orpesky KN.

- ~~

~e

Puc. 2 c
/. eeyoe
M2256. B soaeiuborvnon mypuupe ¢ yuacmuem 73 Ko-

MaAHO Kaxoas KOMAHOd Coizpdid ¢ KAKO0U no 00HOMY
pasy. B xonye mypnupa ece xomandvl pasdeaunu na oee

Henycmole zpynnul Max, wmo a1006ds KoOMaHod nepeotl
zpynnvl odepokana posno n nobed, a aobas xKomanda
68Mopotl zpynnovl — posno m nobed. Moeao au okazamvcs,
umo m# n?

OTBerT: He MOIJIO.

[Tpeanonoxum, 4ro m # n . Beero B TypHUpE € yYacTHEM
3-72

73 xoMamnj IPOBOJAUTCS =36-73 urp. Ilyctp x

KOMAaH/I OZIePsKAJIHN 0 72 TO0ET, a OCTaTbHbIE 73 — X KOMAH/I
— no m muoGen. Torga mosyyaeM paBeHCTBO X7 +
+(73-x)m =36-73, orkyna x(n—m)=(36-m)-73.
Yucmo 73 — mpocTtoe, TOITOMY Ha HETO JeJuTcs Ju6o
MHOKHUTETD X, TG0 MHOKHUTETL 72 — . [lepBoe HeBO3MOXK-
HO, Tak Kak x < 73. A BTOpoe HEBO3MOXKHO, TaK KakK n <
<73, m <73, a caenoBarenbto, 0 <|n—m|<73.
H.Azaxanoe

m
M2257. ITycmov o, He pagno —— Hu 015 KaKozo ye1020

m. H3eecmmo, umo cpedu uuces sino., sin 2q, ..., sinno
ecmbv uppayuoraivruie. /[okaxume, 4mo maxkux 4ucesl He
n

Mervue 3.

CrenaeM HECKOJbKO BBOJHBIX 3aMEUYaHU.

Ecm cosoe Q (3mech m manee Q o6o3HaYaeT MHOMXKE-
CTBO PallMOHAIBHBIX YUCET), TO A JI0O0T0 HATYPAIbHO-
ro n BepHo: cosno € Q. /Iy noka3zaTesnbcTBa JOCTATOUHO
BOCTIOJIb30BaThCS POPMYJTOit

cos(n+1)o =2cosnocoso—cos(n—1)o (1)

U npuMeHuTh nHAyKIwo mo n (¢ 6asoit n =0 u n = 1).
Ecan xe cosooe Q n sinoeQ, to 1 sinnoe Q Ans
J060TO HATYPATBHOTO 7 — JOCTATOYHO BOCIIOJIb30BATHCS
dopmyoit

sin(n+1)o = 2sinnocos o —sin (7 — 1) o (2)

U TIPUMEHUTDb MHYKITHIO TI0 72.

Takum 06pa3oM, U3 yCIOBUS 3a1a4H CJIETYeT, YTO XOTSI ObI
OJIHO M3 YuceJ Sino, coso. uppalnuoHaabHO. Tak Kak
sinao#0, To XoTs ObI OJHO M3 YMCEJa Sinol, Sin2o
nppannoHaabHo. [ pemenns 3agaun O6y/eT T0CTaTOUHO
JIOKa3ath, 4TO [/ KaXK0r0 n = 2 B Tpoiike sin(n —1)a.,
sinno., sin(n+1)0 MOAPSL WAYIHX YKCes Halleil moc-
JIEJIOBATEJIBHOCTH XOTsE Obl OJIHO YHCJIO WPPAHOHAJIBHO.
[leficTBUTEIBHO, €CAU 1 JEJUTCS Ha 3, TO JaHHbIe YNCa
pasbuBaiotes Ha n/3 takux tpoek. Ecam n = 3k + 2, T0O
BbIjIeJIsieM TepBble 2 4uc/aa sino, sin20, a ocTaJbHble
pasbuBaem Ha k Tpoek. Ecimn =3k +1u sinag Q, 10
BbIJIeJIsSIEM TIepBOe 4YucJo 1 k Tpoek. Ecin xxe n = 3k + 1
u sino € Q , To BbIEIsIEM [IEPBYIO YeTBEPKY unce (B Heil
sin200¢ Q wu sinda =sin2ocos2a ¢ Q, MOCKOIBKY
cos 20, = 1— 2sin’ o — panuona bHO 1 He paso 0) u k — 1
TPOEK.

[TpeamosoxuM, 9TO, HANPOTUB, NMPU HEKOTOPOM 7 > 2
Bce Tpu uncia sin(n—1)o, sinno, sin(n+1)o pammo-
HaJIbHBI.

Bynem mosb3oBaThes cJefyioniell M3BECTHON JIeMMO!

X
(mokasxkem ee B koHIIe pemenns). [lycms — pauuonaivio,
b1

1 Y1Bepsk/ieHue JieMMbl GbIBA€T MOJIE3HO JIJIsI PEIIeHusT 3a/[a4 — CM.,
ckaxkeM, pemenne 3agaun M2177 B «KBante» Ne6 3a 2010 rof.
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u xoms 6vL 00HO U3 uUCEL sinx, cosx PAUUOHAIbHO.

m
Tozda x seasemcs uuciom euda —— 0Jsi HEKOMOPO2O

6
ues0zo m.
Ecnu sinno =0, ro cosno = =1, 3uauur, u3z ¢popmy.ibt

sin(n +1) o = sin nocos o + sin 0. cos no. (3)
caenyer, uto sino = tsin(n+1)oe Q. W nocieanero

o
PaBEHCTBA BbITEKAET, UYTO — € Q , A 110 JIEMME ITOJIYIa€TCA

m .

[POTHBOPEYNE C YCIOBHEM O # —— . 3HAUMT, sinno # 0,

u u3 Qopmyanr (2) crepyer, uro coso € Q (u, snauwmr,

sinot g Q ), orkyzaa mo gopmyae (1) cosnoe Q. Ecau
T o

cosno =0, TO noc=§+nk, keZ=—eQ, u onarp

M0JIy4aeM IIPOTUBOPeyne ¢ JeMMOil. ECJII/IC ske cosna # 0
10 U3 (3) caexyer, uto sina € Q — nporuBopeumne.

Ocraerca jgokasarb jJemmy. [loctaToyHo Jiokas3aTb ee B
caydae, Korga cosx € Q (ecn sinx e Q, 1o 3amauva

. T
CBOJMTCS K Caydaio cosx € Q 3ameHoii x Ha — — x ).
4
by
b, —narypausoe, mpuaem HO/[ (@, b)) =1. Ecm by =1,

Nrak, nyctb cosx € Q, T.e. cosx =—, raeaq, — 1eJoe,

1
10 cosx =0 mam cosx = %1, Ecam b =2, 70 cosx = ii'
Paccmorpentbie BOBMOXKHOCTH HPUBOJST K 3HAYEHUSIM X

mm
Buaa ? JJIsI HEKOTOPOTO IEeJIoro m. Ocraetcs JIOKa3aThb,

410 by > 2 HEBO3MOXKHO, T.e. MpH b >2 HU TPU KAaKOM

HaTypaJbHOM 7 4uca0 cosnx He pasHo *1. ITonosxum
a

cosnx = —*, /1€ @, —1eJoe, b, — HaTypaJbHOE, IIPHYEM
n

HO/(a,, b,)=1.

[IpeamonoxuM, 4To b; AeJUTCS Ha MPOCTOE HEYETHOE P,

npuuem b, geswurtcss Ha p' w He gemutes Ha pitl.

Wupykiyeii 10 n mokaskeM, 4To b, JIeJUTcsi B TOYHOCTH Ha

p"t (r.e. neutes na p™ u ne genures ma p"*). Basa

naaykmn npu n = 0 u n = 1, oueBnjHO, BepHa. Ilyctp

yTBepIK/IeHIe BepHO /st Beex by, ,tne k=0, 1, ..., n. Torga

Ay _ 201an _ Ay

bn+1 - b1bn bn—1

2 44,

us (1) crexyer, 4o . ITo npeamono-

JKEHUIO MHAYKINN le06b II0CJIE COKpallleHuAg NMEET

o tn t+nt _  t(n+1)
3HaM€HaTEeJIb, JACJANINNCA B TOYHOCTU Ha P =p

HECOKpaTnuMad, U €€ 3HaM€e€HaTeJIb [I€JIUTCA B

, a

n—1

b

n—1
rounocrn ma p'" . Tax xax t(n+1)>¢t(n—1), nocre

JIpoOb

BBIUUTAHUS ATUX APOOeli HOJYIUTCS HeCOKpaTuMasi 1po0b,
3HAMeHAaTeJb KOTOPOit b, AeJNTCS B TOYHOCTH Ha pt("ﬂ) ,
4TO ¥ TPeOOBATOCD.

[IpeanonoxuM TE€NEph, 9To by = 2 > Nupyxnnmei
110 7 mokakeM, uto b, = 2"+ Tlpun=0unn= 1 aro Tax.
[IycTp yTBepsKaeHue BepHo /s BeexX by, , rme k=0, 1, ...

a,. 2aqa, a,
..., n. Torma us (1) cremyer, uto b’” =h - b" .Tlo
n+1 1“n n—1
1an
IPe/IIIOJIOKEHNIO HHYKITHU APO6D bh rocJie coKkparie-
1“n

2012/ Ne4
must (na 2) umeer snamenatesp 2D _ o(nst)st
ay_y _
Apo6b b" — snamenarens 27V Tlocae soranranus

n—1
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B.Cenoepos

M2258. Jan xeadpam nxn. H3nauarvno ezo xiemxu
packpawenst 6 Geavlil U uepHovLil yeemd 6 UAXMAMHOM
nopsioke, npuuem xoms 6v. 00HA U3 Y2/I06bIX KAEMOK
uepnas. 3a o0un xo0 pazpeulaemcs 8 HeKOMoOpoM Keao-
pame 2 X2 00HOBpeMEHNO nepexpacumsv xodsujue 6
Hezo uemuvlpe KJAemKu no c1edyiouemy npasuiy: Kaxoyio
benyro nepexpacumy @ uepuvlil usem, Kaxoy 4epHyo —
6 3eeHblil, a Kaxoyw 3eaenyro — 6 Geavuil. Ipu xaxux n
3a HECKOJIbKO X00068 MOKHO NOJYUUMb UAXMAMHYIO PAC-
KPAcxy, 6 Komopou uepnwvlil u 6eavlil ueema NOMeHAIUCH
mecmamu?

OrTBer: 11pu BcexX 7, KPATHBIX TPEM.
[TpeanonoxuM, 4TO HAM YJAJOCh TIEPEKPACUTDH KJETKU
TaK, Kak TpeOYyIOT ycJoBusI 3ajaun. DyJeM Ha3bIBaTh
KJIETKaM# [1€pBOTO THUIIA Te, KOTOpble II€PBOHAYAJIBHO
O6bL GeJIBIMU, a BTOPOTO THUIIA — T€, KOTOpbIe ObLIN
YepHBIMU. 3aMETHM, YTO eCJId KaKyIo-TO KJIEeTKY IepeKpa-
CUJIM TPHU Pasa, TO B UTOTe OHA CBOI IIBeT He IOMEeHsIA.
[ToatoMy st TOTO YTOOBI KJIETKA TEPBOTO THMA CTasa
YepHOIl, ee Hy KHO TiepeKpacuthb 3k + 1 pa3 mpu HeKoTopoM
neqaom k (s pasHpIX KAeToKk R MOKeT GbITh PasHbIM).
3HAYNT, €CAN @ — KOJMYECTBO KJETOK TIepPBOTO TUIIA, TO
o011ee KOJMIECTBO TIEPEKPATUBAHUN ITUX KJIETOK PABHO
3K + a npu nekoropom 1esiom K. UTo6bl KI€TKa BTOPOro
tuia crana 6esoii, ee HyKHO Tepekpacuth 3m + 2 pasa.
3HavyuT, ecau b — KOJIMYECTBO KJIETOK BTOPOrO THIIA, TO
o61Iiee KOJIMYECTBO TIEPEKPAIINBAHIIT ATUX KJIETOK PaBHO
3M + 2b.
[lanee, B mo6oM KBajpare 2X2 KJIETOK TEPBOTO M
BTOpOTO THTIA TOPOBHY. [loaTOMY, Kak 6bI MBI HE ITepeKpa-
MTMBAIM, CYMMapHO KJIETKH TMEPBOTO W BTOPOTO THUIIOB
OyZyT TiepeKpalieHbl OJInHAaKOBOe yncyo pas. Torga 3K +
+a=3M +2b, otkyna a+b=3(M - K +b), 1.e. o6mee
KOJTITYECTBO KJICTOK ¢ + b jequtcst Ha Tpu. 3HAUUT, n°
KPaTHO TPeM, a MO3TOMY W 72 KPATHO TPEM.
OcraJsioch MoKa3aTh, Kak MOKHO MEPEKPACUTH KBAJIPAT CO
CTOPOHOM, KpaTHOH TpeM. Pa3peskeM ero Ha KBaJpaTbl
3x 3. PaccMoTpuM OJIMH M3 TaKUX KBaJAparoB. EcTb /Ba
ciaydas — Jaub0 yTJOBble KJIeTKH Gesible, u6o yepHbie. B
IIEPBOM cCJlyyae IIepeKpallnBaeM Kax/blli U3 YeTbIpex
KBa/IPAaTOB, IIPUMBIKAIOININX K YIJIaM 110 O/IHOMY pa3y, a BO
BTOPOM cJIy4ae — 110 JiBa pasa. JIerko npoBepuTh, 4To 1pu
TAKOM TepeKpaIBaHUN TaXMaTHas PacKpacKka MOMeHs-
eTCsl Ha TMPOTHUBOIOJOXKHYIO.
3ameuanue. B 1okasaTesbcTBe AeJIUMOCTH 72 Ha 3 MOXKHO
paccMaTpuBaTh He Bce n’ KJIETOK JOCKH, a 7 KJICTOK B
OJTHOM TOPHM30HTAJBLHOM WJIM BEPTUKATIHHOM PSIy — CKa-
3KeM, 7 KJIETOK, TIPUMBIKAIONINX K HUKHEH CTOpOHE.
b.Tpywun

M2259. Buwnyxavii uemwvipexyzorviux ABCD maxos,
umo AB-CD = AD-BC. Jokaxume, umo ZBAC +
+ ZCBD + £DCA + LZADB =180° .
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AB _ AD
BC DC
uus pasubl 1, To Tpeyronbuukun ABC u ADC paBHOGe-

peHHbIe, 1 YeTbIpexyroabHuk ABCD cuMMeTprdeH OTHO-
CUTEJbHO TIpIMOit BD; 3HAUWT,

/BAC+ ZCBD + /DCA + ZADB =
= /BAC+ Z/ABD + Z/DAC + ZADB =

= LABD + ZADB + ZDAB =180°

s ycCJoBuA CJIEAYET, YTO . Eciin aTt;t orHOMIIE-

4TO ¥ TPeOOBAJIOCH.

AB _ AD

BC DC
[Iycts BK u BL — BHYTpeHHsISI U BHETHsISI GUCCEKTPUCHI
AK AL _
KC LC

Hyc’[b TEHepb, A OINPEAESICHHOCTH,

tpeyroapinka ABC (em. pucynok). Toraa

B

K

D

_AB AD
BC DC”’
s 6uccekTpuchl Tpeyroabanka ADC. OTciona ciaeny-
er, uro ZKBL =/ZKDL =90°, u 4eTbIpexyroJbHUK
BKDL Buucan B OKPYKHOCTb € IIECHTPOM B Touke O —
cepeaune orpeska KL.
N3 pasnoGeapennoro Tpeyrojabinka OKB 1ojydaem
ZOBK = ZOKB = LABK + ZKAB = ZCBK + LCAB
orkyra ZCAB=/0BK - /ZCBK = Z0OBC . 3uauur,
LCAB+ £CBD = ZOBC + £CBD = £ZOBD . Anauno-
TMYHO, U3 paBHOOeApeHHOTO TpeyroabHuka ODK mosy-
qaem ZODA =/Z0ODK + £ZKDA = ZOKD + £CDK =
=180°- «DCK, orkyna Z£DCA+ ZADB =(180°—
- ZODA) + ZADB = 180° - ZODB .
WNrak, cymMmMa Bcex YeThIpEX YTJIOB B YCJIOBUU PaBHA
Z0BD +180° — ZODB = 180° , TOCKOJIbKY TPEYTOJTbHUK
OBD paBHOGeIpeHHbIi. ITO U TPeGOBAIOCH T0KA3ATh.
OrMeTuM, 4YTO HUCHOJb3yeMasi B PEHIeHud OKPYKHOCTD
(ommcanHasg OKPYKHOCTb deTbIpexyrosibuuka BKDL)
ABJIAETCA OKpYKHOCcmvro Anoanronus niug touek A u C.
U.Bozdanoe, K.Knon

snauut, DK u DL — BHyTpeHHAS U BHe-

M2260. Cmo neompuyamesvHvlx dUCes X{,X,...,X{00
paccmasienvt no Kpyey max, 4mo cymMma Jao0vix mpex
noopsd udywux wuucenr wne npegocxodum 1 (m.e.
X+ 2y + 25 ST, Xy +x34+24 ST, .00, Xygo + 24 + 29 ST
Haiioume nauborvwee snauenue cymmol

25
Orser: >

1 )
[Momoxn™M x,; =0, x9; ¢ == axaBcexi=1, ..., 50. Torna

1> 25 25
5 =350- (E) =5 Wrak, ocraercd JoKa3aTh, 4To S < >

I BceX 3HAYeHUI X, , YAOBJIETBODSIONIUX YCJIOBUIO.
IIpu mo6om i or 1 1o 50 umeeM Xy, < 1— 2y — Xyjpy,

Xoipn S 1= a9 — X941 . IlOo HEepaBeHCTBY O cpeHuX,

Xj_1X9jpq + XX <

< (1= 2095 = i) g + X (1= 2y = Xpjq) =

= (g + 29101) (1= g — 2914) <

2
(x2i + x2i+1) + (1 — Xy — x2i+1) _
N 2 4

| —

CxyraipiBast MoJryunBIIecs: HepaBeHeTBa g 1 = 1, 2, ...
..., 90, IpUX0oAUM K HY>KHOMY HEPaBEHCTBY
2 <501 25
Z(XQi_1x2i+1 + x2ix2i+2) <50 —=—.
i=1 4 2
3ameuanue. TlpennokeHHoe pelieHre TTOKA3bIBAET, YTO
BEPEeH CJIeAYIONnil HecKoJIbKO GoJiee obmmit akt. IlycTn
2n HEOTPUIATEJbHDBIX YUCET X, ..., Xy, 3AIUCAHDBI B P/,
UIYCTb X; + Xy + X0 <1 anaBeexi=1,2, ..., 2n-2.
2n-2 - n— 1
Torma 2 XXy S 1
i=1
Wexonnoe HepaBEHCTBO MOIYYAeTC KaK YACTHDBIN caryydaii
JUISL pSJla U3 UUCETT Xy, Xy, ..., X1, X1, X3 -

H.Bozoanoe

®2260. a) Annemumnvii kosr060x maccoii m = 0,1 xez
cnacaemcs 6ezcmeom om zocnoduna N, Gezywezo co
cxopocmuvio v = 3 m/c (cm.pucynox ). Ho korobox xouem

He MOJIbKO CRACMUCL CAM, HO U CNACMU CE0U 3ANAcbL
ao6a0x. Tenexxa ¢ sbaioxamu obweil maccoii M = 0,4 ke
HAX00UMCs HA PACCMOsHUL S = 2 M O KPYmozo cKamd.
Konob6ox pasbezaemcs do ckopocmu V =2 m/c u npvieaem
na meaexxky. Kax moavko menexxa doxamvieaemcs 0o
ckama, nuxaxoii zocnodun N doznamo ee yixe ne cMoxem.
Cnacemcsi au K01000K, ecau paccmosinue om 20CnoOUHA
N 0o menexxu 6 momenm conpukocHoseHus: KOi00KA U
meaexxku pasno | = 4 m? Pasmepamu menexxu npeneo-
peuw, ce 00seKmoL 06U2AIOMCSL NO OOHOU NPSMOLL, MPEHUS.
Hem, conpomueaenie 6030Yxa Omcymemeyem, eYJAKan-
4ecKoll U paduauuonHol akmuenocmu ¢ paduyce 84 km ne
Hab.odaemcs.

6) Hatioume, xaxoii 001:x1a 6vimov macca Koao6xd, umobwl
on moe cnacmucs. Omeem daiime 6 sude nepasencmeda.

[TockoJbKYy 110 YCJIOBUIO TPEHUEM MOKHO ITPeHeOpeyb, /st
CHCTEMBI TeJl KOJOGOK — TeJIeIKKA COXPAHSIETCS] TOPU30H-
TaJIbHAs COCTABJSIONast uMityJibca. [locse Toro Kak KoJo-
GOK BCIPBIFHET HA TEJEKKY, CKOPOCTb TEJEKKU BMECTE C
KOJIOOKOM CTaHeT PaBHOI

mV

Vi=
M+m
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BpeMH JABUKEHUA KOJI00Ka Ha TeJeKKe K IpaHule, 3a
KOTOpOfI UM TapaHTUPOBaHO CllaCEHUE, PaBHO

t o= s S(M + m)
Ty, my
A roctiomay N, 94TOOBI IOCTUYD TPAHUIIBI, HYKHO BpEMS
[+s
ty = —=.
0

HpOBepI/IM, CMOKET JI KOJIOOOK C 3a/laHHOU B ycjaoBun
MacCoil CIIaCTUCh BMeCTe C sI0JJ0KaMMu:

2M-0,5 KT 6 M
tt=——"—=5¢, lh=——"—=2c¢C
0,1 xr-2 m/c 3 Mm/c
OxasbiBaercst, K000Ky Maccoit 0,1 Kr cnactuch He yjaac-
TCA. 3HAUUT, KOJOOKY HY)KHO OBITb <«COJIMJIHEE», T.e.

«MaccuBHee» ! 3anuiieM COOTBETCTBYIOINIEE HEPABEHCTBO!
s(M +m) - [+s

t, <t,, nam
e mvV v’

13 KOTOPOTO HalijieM HeoOXOIMMOE YCJOBHE Ha MacCy
KOJIOOKA:

Mouos

>——————=0,4 xr.
V-s(@-V)

m
C.Hesanos

®2261. I1o 20pu3onmanrvHomMy NPAMOMY YUaAcmKy Keae3-
HOU dopozu 08UKEMCsL N0 UHePYUU NAAMPOpMA MAccoll
M =90 xe. Koneca naamgpopmut ouens nezkue, mperuem
0 peavcvl MOKHO npeneOpeuv. B nexomopvii MomeHm
eépemenu, Kozda CKopocmv naamgopmvl Oviia v =
= 10 m/c, nowen 00KOUK U3 €KUKOS, KAXObill U3
Komopuix umeem maccy m = 0,5 xe. Kaxoyio cexynoy na
naameopmy nadaem o0un exKux u 0cmaemcs na e, max
Kkax 6opma naamgopmovr docmamouno evicoxue. Y ecex
CHKUKOG YCMAHOBUBULAACS CKOPOCTL NAOCHUS UMEEM 20~
PUSOHMATLHYIO COCMABAAIOWYI0, pasuyo u = 1 n/c u
HANPABGACHHYIO HABCMPeUYy NEPEOHAUANBHOU CKOPOCMU
naameopmor. Ha xaxoe paccmosinue L om noaoxenus
8 MOMeHm Hauana 00XK0si CMecmumcs niamgpopma
momy MoOMeHmy, Ko0z0d ee CKOpPOCMb CMAHem PasHOl
nymo? (Ilpu pacuemax paspewaemcs noiv308amMycs
KOMNbIOMepoM. )

Korga na maatdopmy ymana N-if eXUK, CKOPOCTDb ILIaT-
(opmbr cTana paBHOI

. _ Mov— Nmu
N M+ Nm

C Takoii cropocTbio Mmiatdopma JBUKETCS B TeUeHUE
MpOMEXyTKa BpeMeHn T = 1 ¢ 70 MOMEHTa Ta/leHus
caenyioniero exnka. CKOpocTb MIaTdOPMbl € €KUKAMU
CTaHeT PaBHOW HYJIIO Yepe3 BpeMs
t=1@—1=1800 c-1c,
mu

T.e. TpuMepHO uepe3 0,5 waca Tocje Havasa OIS,
[Tepemernenne maaTgopMbl paBHO CyMMe MepeMeIieHunii 3a
1799 npomexxyTKOB BpeMeHU OT MOMEeHTa majieHus 1-to
esxnKa 10 moMeHTa najgenus 1800-ro exxuka. [[1g HaX0XK-
JIEHUS 3TON CyMMBI MOKHO, KOHEUHO, UCITOJb30BATh KOM-
npforep. Bot pesyabrat: L =2942,837691 M = 2942,84 ™.
O/1HaKko OTBET MOYKHO JIOBOJIBHO TOYHO HAWTH M aHATUTH-

2012/Ne4

yecku. [ToCKOBKY Macca KajKJIOTO €XMKA 3HAYUTENbHO
MEHbIIIe MacChl MaaT(opMbl, U3BMEHEHUS] CKOPOCTHU TIJIAT-
(opMbI TIPU TTaIEHUSAX €KUKOB BechMa MaJbl. CienoBa-
TEJbHO, CYMMUPOBAHUE OTPE3KOB MOKHO 3aMEHUTb HHTET-
pUpOBaHUEM. YUTeM, YTO TEKyIllee 3HAUEHWE TTapaMeTpa,
0 KOTOPOMY HPOBOJUTCS WHTETPUPOBAHUE, OTIUIAETCS
or 1enoro uuciaa. Ilosromy, Hampumep, /IS OTpe3Ka
BpEMEHN OT MOMEeHTa Hadaja Joxkaa (IIageHus mepBoro
eKIKa) 10 MOMEHTa IIaJeHHs BTOPOTO eXKHMKa 4mcao N
paBHO 1, a Tekymuii mapamerp X IPU WHTETPUPOBAHUU
BbIGepeM TakK, 4TOObI €ro 3HAaUeHHe MEHSJIOCh B TeueHue
nepBoii cekynapt ot 0,5 10 1,5. Torma

Mo Mo Mo
%Mv—Nmu mu| —+0,5—x
L:Z—T:u‘tj "X/}‘—dx=
Ny M+ Nm | 0544
m
= 19801n%—1799 M =2942,8402 ™ .
180,5

3amenoil mepemennoit y =x —0,5+ M/m mnanucanzoe
BBIpa)keHme OBbIJTO CBEJEHO K WHTETrpaJy BHUIA

A
.[ —dy—-Bdy |. Buem A u B — koHcTanTsl. Kak BuIHO,
Y

TOUHOE 3HaueHne L, HaiijleHHoe CyMMIPOBAHHUEM C [IOMO-
IBI0 KOMITBIOTEPA, U 3HAUEHNE, [OJIyIeHHOE aHAINTHIeC-
KH, OTJIMYAIOTCSI HACTOJBKO MAJO, YTO OTHOCHTEJIbHAsI
omm6Kka MembIie oHoil MusLTHOHHOM: AL/L =~ 0,85-107%.

/. Exo6

®2262. Odun xoney, 001opodnoi uenouxu maccoi M u
Odaunotl L 3axpenunu 6 nanxe wmamusa. Ilpu smom ecs
UenouKda noeucid, GbiMAHYSWUCH 6 BEPMUKAILHOM HA-
npasaeHuu U He Kacascy noad. 3amem opyeoi ee Kouey
NOOHANU HAO MECOM 3AKPenieHus nepeozo KoHud Ha
evicomy H < L u nauanu meoienno nepemewamy 6
20PUIOHMATLHOM HANPASIeHUU 00 Mmex nop, nokd Kacd-
meavHas Kk yenouxe 60JU3U ee 3AKPENIeHH020 KOHUd He
cmana zopuzonmanvroi. Kaxoea cuna namsxenus ue-
nouKu 66IU3U ee HUXKHe20 KOHYA? A 60.1U3U 6epxHez0?

Hecsoxio moka3arb, 4To BOJIM3N BEPXHET0 KOHIIA CHJIA
HATSKEHUS TIETIOUKN GOJIbINe, 4YeM BOIN3H HIDKHETO KOHIA
na Besnuuny MgH /L. T'opusonranbhas coctasisiomas I
CUJIbl HATsDKEHMs LENOYKM OJMHAKOBa BJOJb Bcell ee
JUHbl. BeprukajbHas cocTaBJsionias CUJIbl HATSKEHUS
BOJIM3M BEPXHETO KOHIA 1enoykn paBHa Mg. Iloatomy
BBIIIOJIHAETCS. TaKOEe COOTHOLICHUE:
2
F+Mg% = F? +(Mg)’ .

PaCKprBaH CKOéKI/I, HaﬁﬂeM HaTAKEHHE IIECITOYKHN BOIM3H
€e HMJKHETO KoHIla:

Fo=F = pg (M- U/L)

2
Harsixenne 11enmoukn BOJIN3KW BEPXHErO KOHIIA PABHO
L/H)+(H/L
Fy = g (DT C1)

1. ITouxkun
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®2263. Teno npedcmasasem cob6oil 06a CKAeEHHBLX 00HO-
POOHbLX NOLYwapa, yenmpoL komopwix coenadaiom (puc.1).
Husxnuil nonywap umeem paduyc R, u coeaan uz mame-
puana ¢ niomHOCMuIO Py, GEPXHUL NOAYWAP uUMeem
paduyc R, uniomuocmy p, . [lpu kaxux snavenusx R,
Ry, py u p, nonoxenue mena, uzobpaxeunoe na
pucynke 1, 6ydem ycmotiuueoim?

OueBnHO, TTOJIOKEHNE Tesa, U300pakKeHHOe Ha PUCYHKE
1, SABJISIETCS TIOJIOJKEHNEM PABHOBECHS, TIOCKOJIBKY B 9TOM
cJIydae CUJIa TSKECTH U CUJIA PEeAKITHH
OITOpbl KOMIIEHCUDYIOT APYyT /Jpyra.
[lnsi mceniefoBaHus yCTOWYMBOCTH PAB-
HOBecHus HEOOXO/IMMO BBIBECTH TEJO
13 IMOJIOKEHNA paBHOBECUA U MUCCJIE-
JA0BaTb BO3HUKIIINE CHUJIbI. Ecan mpn
Puc 1 JTOM TIOSIBATCS CUJIbI, BO3BpAIIAIOINe
TEJIO B TIOJIOKEHUE PAaBHOBECHS, PaB-
HoBecue GY/IET YCTOIYMBBIM, €CJIU TOSIBITCS CUJIBI, BBIBO-
JIATIAe TeJo W3 TOJOKEeHWs pPaBHOBECHs, paBHOBeCHe
OyJIeT HEeYCTONUNBBIM, €CJIN JKe CUJIBI Oy Iy T MO-TIPESKHEMY
KOMIIEHCHPOBATh JIPYT JpyTa, paBHOBecue Oy/eT 6e3pas-
JINMYHDbIM.
WNrak, OTKJIOHWM Te€JO OT TIOJOKEHUS PaBHOBECUS U
nccJeyem zeiicteue Ha Hero cud. [Ipsamast, B1oab KoTo-
poil [leficTByeT cuja peakiun OINOPbl, MPOXOJNUT uYepe3
o6mmuii 1ieHTp nosymapos (Tak Kak HUKHSISA TTOBEPXHOCTh
testa — cepudeckas). [[0aToMy yCTOHYMBOCTD NIIH HEYC-
TOWYNBOCTD PABHOBECUS OTIPE/IEJISIETCS TOUYKON ITPUJIOKe-
HUS CHUJIbI TSDKECTU: €CJIN CUJIA TSIPKECTHU TIPOXO/IUT JieBee
nentpa (IIpu OTKJIOHEHUH TeJla HAIIPaBo), TO €ro paBHOBE-
cue yCTOMYNBO, ecJiu TIpaBee — HEYCTOMYNBO, Yepes MeHTP
— 6€3pa3JImIHO. A TIOCKOJbKY TOYKOHN TTPUIOKEHWST CUJIBI
TSDKECTH SIBJISIETCST IIEHTP TSKECTH TeJIa, TO YCTOHYNBOCTD
TeJa OIpeNesseTcss TMOJOKEHUEM IEeHTPa TKeCTH TI0
OTHOTIEHWIO K IEHTPY TOJIYIIapOB.
[l mLmocTpaiuy 3Toro BhIBOIa 00PATUMCS K PUCYHKAM.
Ha pucynke 2,a noxkasan ciaydvail, KOT/la IIEHTP TS>KECTH
Tea JIEKUT HUPKe IeHTpa noaymapos (IeHTp TsaKecTH
OTMeueH KpecTuKoM). B aToM cirydae cuiia TSKeCTH co3a-
€T MOMEHT OTHOCUTEJIbHO TOYKU KaCaHUAd, BOSBpaH_[aIOH_[I/Iﬁ
TEJIO B TIOJIOKEHUE PABHOBECHST, KOTOPOE, CJIEJI0BATEIBHO,
SABJIAETCS YCTONYUBBIM. KOT/1a IEHTP TAKECTH Tesia JIEKUT
BBIIIE TIEHTPA MOJYIIAPOB, MOMEHT CHJIbI TSKECTU BBIBO-
JIAT TEJIO U3 TT0J0KeHns pasHosecus (puc.2,6), u paBHO-
Becue TeJa HEyCTOWYnBO. Ecam IHEHTp TsKecTH TeJia
COBIIAJIa€T C HEHTPOM nosymapos (puc.2,6), cyMma Mo-

a) NA 6) N ) N
mg vy ng
mqgy
Puc. 2

MEHTOB CHJI OTHOCHTEJIbHO TOUYKM KAaCaHWsS PaBHA HYJIO
pu JiI060M OTKJIOHEHWH TeJa, U, CJIe0BaTeNbHO, JI060e
[IOJIOJKEHIE TeJa B 9TOM CJIyYae SIBJISETCS IOJIOKEHIEeM
6e3pasanmyHoro paBHoBecusi. [loatomy mccieioBane pas-
HOBECHSI TeJia CBOAUTCS K HAXOXKIEHWIO TTOJIOKEHUSI ero
LEHTPA TSYKECTH B 3aBUCUMOCTH OT 3HAUEHUI BeJMYNH R, |
Ry, py upy.

[ HaXOXKIEHUST TIeHTPa TSKECTH TeJa YAOOHO HCIOJIb-
30BaTh cyeayonmii mpueM. Ecn Teso MOKHO MBICTEHHO
pasennTh HA TaKne 4acTH, MOJIOXKEHWE IEHTPA TSKeCTH
Ka)K/I0# 13 KOTOPBIX M3BECTHO, TO IIEHTP TSXKECTH BCETO
TeJa MOXKHO HAUTH Kak MEHTP TSKECTU CUCTEMBbI MaTE€PH-
AJBHBIX TOYEK, MacChl KOTOPBIX PaBHBI MaccaM 3THUX
BbIJIEJIEHHBIX YacTell U KOTOPbIE PACHOJOXKEHBI B UX
IeHTpax TsKecTu. B mpuMenHenuu K HaIlieMy TeIy 3TO
03HAYAET, YTO €ro LEHTP TSKECTH COBIIA/AET C LEHTPOM
TSDKECTU CHCTEMbI [IBYX MATEPHAIbHBIX TOUYEK C MACCAMI,
PaBHBIMHI MaccaM BEPXHETO U HUYKHETO [0JIyIIapoB, KOTO-
pbIe PacIoJI0KEeHbI B IIEHTPAX TSKECTH BEPXHETO W HILK-
HETO TIOJIYIIapoB COOTBETCTBEHHO.

[anee ncmomabayeM coobpaskeHUsT PasMEepPHOCTH W MOO0-
6us. [l19 OAHOPOTHOTO TOJyTIapa CYIIEeCTBYeT eINH-
CTBEHHAS XapaKTepU3yIoNas ero BeJININHA C pa3MepHOC-
TBIO JIIHBI — 3TO pajnyc noJymapa. Ilostomy paccrostaue
OT I[EHTPa KaX/I0TO MOJYIIapa J0 ero IEeHTPa TSKeCTH
JIOJKHO BBIPASKATHCST YEPE3 €ro pajuyc: %, = OR | rjae o
— 0e3pa3MepHblil K0a(hUIIMEHT TTPOTOPIMOHAIBLHOCTH,
KOTOPBII OIIpe/iesisieTcsi TOIbKO POpPMOii Tesia u He 3aBUCUT
ot ero pasmepoB. CiieoBaTesibHO, HEM3BECTHBIN K02d-
unuent o oxMHAKOB s Bcex moJyimapon. Torga
Y-KOODJMHATA IIEHTPA TSDKECTH BCETO TeJa B CHUCTEME
KOODJMHAT, HAYaJ0 KOTOPOIl HAXOJWTCS B IEHTPE IOJY-
IapoB, omnpezessercss GopMyJIoi

_aRmy —aRym, o (Rymy — Rymy)

Y = .
i my +my my +my

Koneuno, /g1 BbIYUCIEHNS KOOPAUHATDI IIEHTPA TSXKECTH
HEOOXOMMO 3HATh Koadgduiment o . OaHAKO B Hallei
3a/1ave HY>KHO He BBIUICJIUTD KOOP/MHATY IIEHTPa TsIKec-
TH, & TOJTBKO CPABHUTD €€ ¢ KOOP/MHATON IIeHTpa MOoJIyIIa-
pPOB — B 3TO cpaBHeHHe KO03(MUIMEHT o HE BXOJAUT.
[eilcTBuTeIbHO, €C/u LEeHTP TSAXKECTU Tesla JIeSKUT HUXKe
IeHTpa MOJYIIapoB, TO HPHU HAalleM BBIGOPE CHUCTEMbI
KOOP/IMHAT €T0 KOOPANHATA MOJOXKUTeIbHa: ¥y, > 0, ecom
Bblle — oTpunarenbna: y,, <0. Takum o6pasom, us
npeabayIiei GopMyJIbl CIeyeT, 4To IEHTP TSXKECTH TeJla
JIEXKUT HUZKE TIEHTPa MOJIyNIapoB, eCJu
Rym — Rym, >0,
U BBIIIIE, eCJIn
Rmy — Rym, <0.
Boipaskag Macchl MOJTYyNIApOB 4Yepe3 MX IJIOTHOCTH U
006beMbI, 3aKJIOUAEM, UTO paccMaTpuBaeMoe Teso Oyier
HaXO/IUTHCS B YCTONUNBOM PaBHOBECUH, €CJIN p1R14 > sz/‘ ,
B HEYCTOMYMBOM — TIPH BBITOJTHEHUN 00PATHOTO HEPABEH-
cTBa U B Ge3pasimuHOM — ecu PRf = pyRy .
C.Mypasves

D2264. Daexmpuueckas yenv, cxema Komopou uzobpa-
JKena na pucymxe, cocmoum uz 0syx oamapeex ¢ I/JC
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& =5 Bu &, = 2 Bunsamuodunaxosulx 601bmMem-
pos. Hatldume noxasanus xaxoozo u3 60JI6MMEMpPos.
Conpomuenenus bama-

peex MH0z0 Menvue co-
npOMUBIEHUT BOSbM-
Mempoa.

[TockonbKy uepes Tep-
BB U BTOPOW BOJBT-
METPBI TEKYT OJMHAKO-
BbI€ TOKHU, MX IIOKa3a-
nug Toxe oguHakosbl: U, = U, . Ilokazanua ocrajbHbIX
BOJIBTMETPOB MOKHO BBIPA3UTh Yepe3 MOKa3aHue MepBOTo
BosbT™MeTpa u D JIC Garapeek:

U3 =51—2U1, U4 =2U1_62, US =é1+62_2U1.

Oo6o3Hauag yepe3 R CONpOTUBJICHUE KAXKIOTO U3 BOJDBT-
METpOB, IIOJIy4aeM, YTO CHJIa TOKAa 4Yepe3 IepBylo Oa-

tapeiiky pasna kax U;/R+(2U;-6,)/R, tak wu
(61 + 65 —2U,)/R + (6, —2U;)/R . TlpuxoanM K ypaBHe-
HUIO

U1 + (2U1 _62) = (61 +62 —2U1)+(€1 _2U1),
13 KOTOPOTO HAXO/HM, 4TO

2(6+6)

7U1=261+262,HU1= =2B

Torga mokasanus JIPYTUX BOJIbTMETPOB OKa3bIBAIOTCA Ta-
KNMUI:

U3=—3‘51;462 =1B,
U4:_451;352 =2 B,
Us :—3(‘51;62)=3 B.

O.Il1sedos

®2265. V sac ecmv xecmxull wmamue ¢ daeMenmaml
kpennenutl. B mazasumne umeromces demaau u 06opydosa-
Hue 015 usuveckux sxcnepumenmos. Hesecomas npy-
KUHA € 2KecmKocmvlo Kkaxdozo mempa Oaunvt 100 H /m
cmoum 100 pyb./m u npodaemcs moivko Kyckamu ¢
Oaunamu, Komopuvie Mozym Ovimb PAGHLL UYEJOMY UUCTLY
deyumempos. I'pysvr ¢ 08ymsi Kpirouxamu npooaomcs
nopyusmu no 1 xe. Kaxowui epys cmoum 10 py6. ¥V eac
ecmo 100 py6. Hyxno cobpams kosebameivnyio cucme-
MY, 8 KOMOPOU NPYKuUHbL MO2AU Obl TOJLKO USMEHSIMD
€6010 ONUNY, A 2pY3vbl MOzau Obl 08U2AMBCS MOLLKO 6
BEPMUKANOHOM HANPABACHUU, C MAKCUMATLHO G03MOK-
Holn nepuodom manvix xonebanui. Kax vt pacnopsou-
mech UMEIOUUMUCS CPeOCNEAMU?

[lepuon BepTHKaJbHBIX Kojeb6aHuii TeM O6OJIbIlE, UYeM
60JIbIlle OTHOIIEHIE MACChI KOJIeOTIOMUXCS TPY30B K 9K-
BUBAJICHTHON >KECTKOCTH CHCTeMbl Ipy:kuH. Maccbl, ec-
TECTBEHHO, CYMMUPYIOTCS, a 9KBUBAJEHTHAS >KECTKOCTD
1IpYU 110CJIe/I0BATEJbHOM COeJIMHEHNN HECKOJIbKUX O/[MHa-
KOBBIX TMPYXUH OOPATHO MPOMOPIIMOHATIHHA KOJUIECTBY

2012/Ne4

MOCJIE/TOBATENIBHO COEIMHEHHBIX TPYsKuH. Ec/m mpno6pe-
ctu N Tpy30B 110 1 KT KaK/Iblil, TO Ha OCTABIINECS JEHBTH
MOKHO OyjieT TPHOOpPECTH MPYKUHY ¢ O0OIel JAJIUHOM
L=1m-(100-N-10)/100 . Ee skecTkocTb 06PaTHO TIPO-
HopHuoHaibHa Jjmie. B pesyabrarte mepuo/ KoJjebanuii
O6yzer tem OGoJibiie, 4eM OoJibiie OyJieT MPOM3BEJCHUE
NL ~ N(10 - N). MaxcuMasbHbIil Iepuo/; KoJreGaHuil
6yner pu N = 5, T.e. HYKHO cOOpaTb CHCTEMYy W3
npyskunb! aaunoi 0,5 M (50 py6.) u natu rpy3os obiei
maccoit 5 kr (50 py6.).

11. Maxcumos

®2266. Manrenvruil wapux HaAxXo00UmMcs Hd 21Ad6HOU On-
muueckoll ocu monkotl cobuparwet aunzol. Omuowenue
o6semos wapuxa V u ezo uzobpaxenus v pasno 16.
JTunzy omodsumny.iu om wapuxa 60046 0cu 0ONOJHUMENb-
Ho na paccmosimue L, u ommowenue o6semos cmaio
paenvim 81. Kaxosa onmuuecxas cuia aun3ol?

Jlns MenkuX 06bEKTOB M UX M3006paskeHHi, PaCIIOJIOKeH-
HBIX Jjaseko (B cpaBHEHNH ¢ UX pazMepamu) OT GPOKyCOB
JINH3BI, KO3(PUITMEHT TTPOOJIBHOTO YBEJINIEHUS pa3Me-
pos I'j m koaddunment nonepeynoro yseqmuennus I'|
CBSI3aHBI COOTHOIIIEHNEM

2
r,=ri.
CrenoBaresibHO, OTHOIIeHUE 06beMOB V /0 paBHO
2 _ 4
r, ri=ri.

W3 ycaoBust scHo, 4YTO TOCJ€ OTOABUTAHUS JUH3BI OT
apuKa ero n3o6pakeHune cTajao MeHblle, 3HAYUT, n300pa-
JKEHIe [IapuKa JelicTBUTeIbHOE U yMeHblienHoe. O603Ha-
qiM 4yepe3 d TIePBOHAYAIBHOE PACCTOSIHUE OT MIAPUKA JI0
JINH3BI, a 4yepe3 D — omruueckyio cury JuH3bl. Toraa ais
TOHKOIT JITH3BI 3aMUIIeM TaKhue COOTHOIIEHUS

—+ =D,
d
4
! + 81 =D,
d+L d+L

Wckimovas d, naxoanm
D=L (481-416) =

L
C.Bapaamos

®2267. Ilrockocmv Manenvkozo 3epKkania ece 8pemMs
sepmukarvia. 3eprano naxooumcs 6 pyxax bypamuno,
KOMOPbLLL KPYMUm e2o pasHoMepHo C Y21060U CKOPOCbIO
360°/c 6oKpye eepmukaivHOl OCU, NPOXOOsUWeEll POSHO
uepes cepeduny sepkanra. Manrveunda, cmos na paccmost-
nuu 1 m om ocu epawjenus, uspedxa uoum ceoe uzoopa-
sKenue, npoaemarowee mumo. Kaxosa ckopocmu dsuixe-
HUSL U300PAKEHUS OMHOCUMENBHO HeNOOSUXHOU Mdarv-
suUNbL 6 Mme MoMenmuyl, Kozda Manveuna ezo eudum?

[Tpu moBopoTe 3epkasa Ha MaJbIil yToJa o n306pakeHue
cMetmaercs Ha pacctosare 2 M- 0. CaeoBaTesbHO, CKO-
pOCTDb ABWKeHUsS n300pakeHnss MaJbBUHBI paBHA

2-2m M/c=12,6 m/c.
K.Bapabac
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1. MNepen BaMW NOCNef0BATENbHOCTb YMCESN, HAYMHAIO-
wascsa ¢ 1

1,

1,

21,

121,
1M221,
ST
13112221,
1m321321,
3N3121134221, =

Kaxpoe cnepyiolee 4mcno 06pa3oBaHo 13 npeaplayLiero
Mo O4YeHb MPOCTOMY MpaBuy. MonpobynTe MOHATb, YTO
3TO 3a NPaBWUIIO, M HANWLLIMTE CledyloLLee Y1CNo Nocnefo-
BaTENbHOCTW. DTy 3ameyaTeNlbHyl0 MOCNefoBaTeNbHOCTb
nNpUAyMan U3BeCTHbI MaTeMaTuK JxoH KoHBevl.

2. Korpa noesn MOCKOBCKOMO METPO M3 MOA3eMHOro
TOHHENA Bble3XaeT Ha MOCT Yepe3 MOoCKBY-peky, B BaroHe
CTAHOBWUTCA 3aMeTHO Tuwe. Tons BTynkWH, 3HAaKOMbIN
KBaHTVKa, FOBOPUT, HTO 3TO MALUMHWCT Noe3a cneupans-
HO yMeHblUaeT LWyM, 4YTODObl OH He Melan >XuUTensm
onuanexawmx 4oMoB. Mpas N1 Tonmk?

C/l{BopsaHmHOB

3. — Kynun @ HelaBHO HOBeHbKMVe [ByX4alleyHble
anTeyHble BeCbl C HAOOPOM MVIPb 1 Pa3HOBECOK, — paccKa-
3blBan oAMH antekapb Apyromy. — B3secun Ha HWUX
ny3blpek C MUKCTYPOU, W BbICHWNOCE, 4TO OH BecuT 50
rpaMmMoB. A KOrfa B3BeCus Cpasy [iBa TakyX Xe My3bIpbKa,
MX BeC cocTaBun 64 rpamma.
— Kak e Tak? — yamBuncsa cobeceqHmk.
— Bce o4eHb npocto! Becbl okaszanmch HepaBHOMMNEYHbIMM...
CKONbKO e Ha CaMOM [iefie BECUT MNy3bipek C MUKCTYpon?
[Tofickaszka: HepaBHONMJIEYHbIEe BEChI YBENNYMBAIOT BEC Ha
- OOHOW W13 YalleK OTHOCUTENIbHO APYrov B OAHO U TO Xe
4ncno pas (paBHOE OTHOLIEHMIO AVH MieY BEeCoB).
NAKymnd

T 3aa4u npefHa3HaydeHbl Npexae BCero ydawmmcs 6—8
Knaccos. 3afaun B3saTbl 13 KoHKypca >ypHana «KBaHTUK».

Unmoctpavmm [.1puiykoBovi

4. Y nupatoB A, b 1 B cocTosncs Takon pa3roBop:

A «Y b — 2 rnasa».

b: «Y B — 2 rnaza».

B: «Y A — 2 rnaza».

A: «Y Hac 2 rnasa Ha TpouXx».

b: «Y Hac 3 rnasa Ha Tpomx».

B: «Y Hac 4 rnasa Ha Tpomx».

OKa3anoch, YTO KaxAabln COBPa CTOMbKO Pa3, CKOMbKO Y

Hero rna3. CKOSIbKO a3 y Kaxgoro u3 nmpatos?
E.bakaes

5. Jlbtonc Kapponn Kak-To NMpemioxXun Takylo 3adady.
Hapo HapucoBaTb cnefyiollyto KOHUrypaumio, He oTpbi-
Bas KapaHaalla oT Bymary 1 He NPOBOAA ABAX bl OOHY U
Ty e IMHWIO!

5

Mpu 3ToM AononHUTeNnbHO TpeboBanoch, YToDbI B Mpo-
Lecce PUCOBAHWUS HUKAKMNE JIMHM HE [1epeCcekavce.
MonpobywnTe pelnTb 3aaa4y Kappornna. A korga cymeere,
nonbITauTeCh PeLnTb NMPOTUBOMOMIOXHYIO 3adaqy: Hapw-
coBaTb hUrypy Tak, YTobbl, HAOOOPOT, /FPOM30LLITO MAKCH-
MasbHOE BO3MOXHOE Yncio repecedeHyy. KakoBo 3TO
MaKCVMaNbHOE Yncno?

WAKy 1Y
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ode C MOJTOKOM,
nnn OnbITbl C JaB/IeHNeM

A.TUMEJIEB, C.4BOPSAHUHOB

Havano ncropum

OnHaXabl MBI BCTPETIJINCD € IPYTOM, KOTOPOTO JaBHO He
Buzesn. Havamics pasroBopsl. Koneuno, o dhusnuke u mMare-
matuke. [Ipuniio Bpems kodeiinoit nayspi. Bekunstuan B
YailHUKe BOJIY, M3BJIEKJH M3 XOJIOJMJIbHUKA JINTPOBBIi T1a-
KeT, B KOTOPOM ObLJI0 HEMHOTO MOJIOKa, H... HaJo ske Takomy
CJIyUNTHCSI: MOJIOKA XBATHJIO TOJBKO Ha J[BE 4allku. A Ha
TPEThIO HUYETO He OCTATIOCh.

— Hudero ctpammoro, — ckasan oguH u3 Hac. Ha cremkax
MaKeTa ecTb HEMHOTO 3aCTBIBIINX OT X0J10/a cauBoK. Ceityac
Mbl HQJIbeM B TTaKeT KUIISITOK, OMOJOCHEM er0 CTEHKH, 1 3TOT0
BITOJIHE XBATUT Ha yalleyky Kode.

Taxk s n moctynuit. B naker n3 4aiiHUKa OCTOPOKHO HAJINI
KUTIATOK, TJOTHO 3aBUHTMJ IJIACTMACCOBYIO KPBIMIKY W Ha-
4aJ akeT BCTPSIXUBaTh. VI TyT B MOeil pyke 1aker Kak Gy/1To
OKMJI... S TOYyBCTBOBAJ, KaK MAKeT M3 YrJIOBATO-TIPSIMO-
YTOJbHOTO MOMEHTAJIbHO MPEBPATHIICS B KPYTJIO-TIHJIMH/PU-
yeckuil. V1 mponsonwio aTo npesparieHne Tak HeOsKUJaHHO,
4TO s JJaske B3/[POTHY.I!

[Touemy >xe mamMeHmIach (hopMa makera?

Bo-mepBbIX, HHTEHCHBHOE BCTPSAXMUBAHUE TTAKETA TTPUBEIIO
K TOMY, 4TO YCKOPHJICS TIPOLIECC TeTI000MEHa MEXK/y KHUIIST-
KOM M BO3/yXOM, 3aKJIOYEHHbIM B I1akere. BosayX BHYTpH
MaKeTa HArpeJIcs, M €ro JlaBJeHne Ha CTEHKH T1akeTa BO3poc-
J10. BO-BTOPBIX, BCTPSIXUBaHUE CIOCOOCTBOBATIO 60see ObICT-
POMY HcIapeHuto ropsdeii Boabl. Boasuoit nap (a a1o ras)
TaK)Ke yBeJIWYNJI JaBJcHNE BHYTPH Maxera. BemoMmunTe — B
MapoBO3axX CHJa JIaBJeHHs BOJSHOTO Iiapa IPHUBOJIUT B
JIBU)KEHHE TIeJIble COCTaBbl!

A 4TO TIPU 3TOM TIPOU30IILIO ¢ OGBEMOM MaKeTa?

Ha miepBbril B3TIs1/1, 06beM TTaKeTa N3MEHNTHCS HE MOXKET:
Ha HeM 4YeTKO HammcaHo — o6beM 1 juTp. A B AeficTBUTED-
noctu? JlaBaiite pazGepemcsi.

3apava AnaoHbl

ITaker — aTo mpocTpancTBennoe Teso. Ho mpeskae o6patnm-
csi K Gojiee TIPOCTOMY, ILIOCKOMY cJiydaio. PaccMorpnm
HECKOJIDKO MPSIMOYTOJIbHUKOB € OJHUM U TeM K€ MepUMeT-
POM, PaBHBIM /LIS OINPEAEJICHHOCTH 24 €M, HO C Pa3HBIMU
cropoHamul @ u b u nozgcuutaeM ux ommaan (em. tabauity):

a (11|10 9| 8| 7|6
b|12]|3]4|5]6
axb| 1112027 32| 35| 36

Jlanible TaGJUIBI MPUBOMAT K TaKOH THIIOTe3e: U3 BCEX
MPSIMOYTOJIBHUKOB € OJHUM U TEM K€ IIePUMETPOM HanGoJIb-
HIYIO TJTOMAh IMeeT KBaJparT. ITO AEHCTBUTEIBHO Tak. BoT
JIOKA3aTeJbCTBO.

[Tyctb o/HA CTOpPOHA HAIIEro MPSIMOYTOJIbHUKA X, TOT/A
Jpyras cropoHa 12 — x, a mJomaab IPSIMOYTOJbHUKA S =
=S(x) =x(12 — x). Tpaduxom a10ii KBagpaTHUHOI PYyHKIIU

siBJIsIeTcs napa6oia, BeTBU KOTOPOil HanpaBJsieHbl BHu3. Hau-
60.bIIICe 3HAYEeHNE (DYHKITIN COBIAAET C OPINHATON BEPIIH-
HBI U TIOJTy4aeTcs Ipu X = 6, T.e. Torja, KorJa MpsMOyTOJIb-
HUK SBJSETCS KBaJPaTOM.

XopoIro, ¢ TPSMOYTOJbHUKAMU BCe SICHO. A ecyii 6pathb He
TOJIbKO TIPSIMOYTOJIbHUKHU, HO U fipyrue Gpurypbi? Jomyctum,
YTO y HAC eCTb JIMHU, IJINHA KOTOPOii paBHa 24 cM. Kak Hazo
PACIIOJIOXKUTD 3Ty JUHUIO Ha TIJIOCKOCTH, YTOOBI OHA OTPAHU-
yrBasa GUTypy ¢ HanbOIbIIeH BO3MOKHON TIOMAAbI0? JTa
3a/laua M3BECTHA C /[PEBHIX BPEMEH, ee Ha3bIBAIOT U30Nepu-
mempuyeckotl 3adaueti, win 3adaueti /{udonwvt. 1o Bbimesnen-
HBIM KJIIOYEBBIM CJIOBAM O HEll MOXKHO HAlTH nHGOPMAINIO B
UHTepHeTe. JTO MHTepecHo. PacckasbiBai 06 aToii 3amavye u
skypran «Ksant» (cm., nanpumep, crarpio U.ITapbiruna
«Mud o [nmone u n3omepuMeTpuyeckas 3agavyay, omy6am-
koBanHyio B «Ksanre» Nel sa 1997 r.). Ceifuac Mbl Juliib
CKa)keM, 4TO JIMHHUS 3Ta JOJKHA ObITh OKPYKHOCTBIO U
OrPaHUYMBATD OHA JIOJIKHA, CTAJO ObITb, KPYT.

AHaJIOTHYHOE YTBEPIKEHNE UMEET MECTO U JIJIsI TIPOCTPaH-
CTBEHHBIX TeJI, B TOM YHWCJe — JJ TMaKeTa M3-TIOJ] MOJIOKA.
[Tyomaab MOBEPXHOCTH 3TOTO MaKeTa MOCTOSHHA, U BHAYAJE
ona orpanunuuBaer o0beM 1 smtp. Ilocse HaguBanus B HakeT
KHUIATKA N30BITOUYHOE [IaBJIEHIE HAPETOTO BO3/lyXa M BOJISI-
HOTO [apa PaciupaeT MaKeT U3HYTPH, 0[00HO TOMY, KaK OHO
HaJlyBaeT PE3MHOBDBIA BO3AYIIHBIA mapuk (MM MBLIbHYIO
IJIEHKY, KOT/Ia BbI IIyCKaeTe MbLIbHbIE 1y3bipu). Tak BOT, He
CJIyYaifHO, YTO B ATOM CJIydae MoJydyaeTcs MMEHHO ITapuK, a
He TTapaJiiesenuie]] NN Kakad-Hn6yap nupamnga. okasa-
HO, YTO M3 BCEX TeJ C OJMHAKOBOH IJIONA/IbI0 TIOBEPXHOCTH
HanbOJIbINNIT 00bEeM UMeET Iap.

Bot u Hamr maxker «CTpEeMUTCS» TPUHATH Takyio Gopmy,
9TO6BI TTOJY4YIIIcH Hanbosrbimii o6bem. [Ipu atom gaBienne
BHYTPH ITaKeTa OKaKETCS HAMMEHDIINM, ¥ 9HEPIHs, 3aaceH-
Hasg 3TUM C3KaThIM BO3AyXoM, 6yeT HauMeHbIel. A 3TO eCTh
006s13aTesIbHOE YCJIOBUE COCTOSIHUS YCTONUNBOTO PABHOBECHSI.
fAcHoe neno, 94TO B AP MAKET IIPEBPATUTHCS HE MOKET, & BOT
B HEUYTO KpYyIJoe, MOXOo)Kee Ha IUJIMHAP, MoxkeT. OH u
npespamiaercst! /layke JOHBINIKO M BEPXHSS TPaHb TIaKeTa
TO3KE CTAHOBSITCS BBIMYKJIBIMU.

CTpaliHas cuna atmochepHoro AaBneHus

Mb1 pazoGpaauch ¢ TeM, Kak He6obioe udbbirounoe (1o
cpaBHeHHIO ¢ atMochepHbIM) [aBJeHue BHYTPH [AaKeTa [pH-
BO/UT K JlepopManuu makera. A 4ro Oy/leT, ec/iu JaBjeHne
BHYTPH COCy/la OKaskeTcsl MeHblle atMocgepHoro? Hasep-
HOe, MHOTHE TIPOBO/IVJINA TAKOI SKCIIEPUMEHT C ITyCTOIl Trac-
THUKOBOW OYTBIIKOW M3-TT0/I MUHEPAJIbHOH Boabpl. Ecam cue-
JIaThb TJYOOKHUIl BBIJIOX, a OTOM B/JIOXHYTb PTOM, TPUJIOKIB
OGyTBIIKY K Ty6aM, TO Ha HAIIMX rja3aX GyThLIKA COMKMETCS
— ee cmaBuT arMocdepHOoe AaBJjeHre. 3aTeM Mbl MOXKeM
3aCTABUTH HAIM JIETKUE [JIeiCTBOBATD MOJJ0OHO BaKyyMHOMY
Hacocy. [l 3TOrO HAJ0 TEPEKPBITh TOPJIBINIKO OYTBLIKI
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S3BIKOM ¥ TJIyGOKO BBI-
JOXHYTb 4Yepe3 HOC.
ITorom cHoBa caesatb
ray6OKUi BIOX PTOM —
W TIMKJI TIOBTOpUTCST. B
peayJbTare TaKoH MIbl-
XareJIbHOI THMHACTHKI
6oJibinast OyThLIKA CO-
JKMETCS BecbMa 3Ha4yu-
TEJIbHO.

A ecTb Jin Kakasi-To
elge 10Jb3a OT ITOTrO,
IIOMHUMO TOI'O YTO MbI
JIEMOHCTPUPYEM HAJIU-
yite aTMOCHEPHOTO /1aB-
JIEHUSI U TpPEHUpYyeM
JIerKue?

[Toxaanyiicra, orser
rOTOB — Telepb B
OOBIYHBIN MEIIOK LIS
Mycopa Mbl MOXEM YMECTUTb HE OJIMH JIECSTOK HEHYKHDBIX
MJIACTUKOBBIX OYTBITOK.

Komy-To m3 umTaresneil Takoi 3KCIIEPUMEHT ITOKAXKETCS
HEIOCTATOYHO 3CTETUYHBIM. MOXKHO JIM KaK-TO IMO-APYTOMY
J06UThCs TOTO, 4TOObI JIaBJEHNEe B IIACTUKOBOI GYyTbLIKE
0Ka3aJI0Ch MeHbIIle, MTHOT/Ia TOBOPST — HUKeE, aTMOC(HEPHOTO?
31ech cCHOBA TOMOJKET. .. KUMATOK. HasefiTe B 111aCTUKOBYIO
6YTBUIKY KHUIISITOK, Yyepe3 d—7 CEKyH/I IVIOTHO ee 3aKPOoTe 1

TTOCTaBbTE B XOJOAWIBHUK. 3UMOH JOCTaTOYHO BBICTABUTH
OyTBLIKY Ha NOJAOKOHHUK. COBCEM CKOPO Bbl YCJBIIINTE
XapaKkTepHoe IOTPECKUBAHUE — 3TO CKMMaercs: OyTbLIKA.
Bam sicHO, noueMy jiaBJjieHne BHYTPHU OCTbIBAIOMIEH Oy ThIIKK
CTaHOBUTCS HIDKe aTMocepHoro? KoHewHo e, IIpu HOHU-
JKEHUN TEMIIEPaTyphl JlaBJAeHIe BO3/yXa B OYTbLIKE yMeHb-
mraetcsi. Ha pucynke npuBeserpt pororpadun AByxX Gy ThLIOK
o6bemom 1,5 smtpa, B KOTOpble ObLI0 Haauto 1o 150
MUJINJINTPOB KUIISATKA.

OrnucanHble 3/1eCh «/IETCKUE» OIIbIThI IEMOHCTPUPYIOT SIB-
JIEHNSI, KOTOPble MOTYT MMETb BeCbMa Cepbe3Hble II0CJIe/l-
cTBust. Kak roBopmuTcs, CKaska JIOXKb, /la B Hell HaMek,
J06PBIM MOJIOJIIAM YPOK!

OpHaskpl OJHOMY M3 HAC IOIalach Ha ryiasa ¢ororpa-
(bus mckopeskeHHOI Kesie3HOZOPOKHOW nucrepHbl. [lomy-
MaJsioch, 4TO 3Ta IMCTEPHA, BMemiasiias panbine 60 TOHH
HeTeNPOAYKTOB, a TEIepb IO/IHAS TOJIbKO HA METAJJIO0JOM,
mocTpaiasia B cepbesHoil asapum. OtHionb. Ectb Takas
creniagbHas OTEepaIys 10 OYNCTKe INCTePH M3HYTPH, Ha-
3bIBaeMas NPONApPKOL, — OHa yJasseT ¢ BHyTPeHHEH oBepX-
HOCTU IMCTEPH oceBiine HedTb ¥ Ma3yr. B Hapyuenne
TEXHOJIOTMYECKUX YCJOBUI HAJMBHOI JIIOK HAIE IIUCTEPHDI
1oCJIe TIPOMApKU OKa3aJicsl HATJYXO 3aKPbITBIM. B pesyiib-
TaTe OCTBIBAONLYIO ITMCTEPHY CKAJ0 Tak, Kak Oy/JTO Ha Hee
HACTYNIJT BeJNKaH.

[Moskamyii, aTOH «CTpaIIHOM» NCTOPHEH HAIl PACCKa3 MOJK-
HO U 3aBEPIINTD. A Be/J[b HAYMHAJIOCH BCE € TPOCTOMN YaIIeuKI
xode...

Roukypc umenn A.I1.CaBuna
«MaTematmnka 6—38»

Mbi1 Ha4ynHaeM OYepPenHOV KOHKYPC 10 PELUEHUIO MAaTeMaTuyeckmx 3aaay A4na yyaiwumxcs 6-8 knaccos. Pewerusi 3agaqy
BbICbIIANITE B TeYeHue MecsLa Modie royYeHUs 3TOro HOMEPAa XypHana no agpecy: 119296 MockBa, JIeHUHCKUY TPOCIIEKT,
64-A, «KBaHT» mum 1o 3/1eKTPOHHOMY agpecy: math@kvant.ras.ru (¢ nometkou «KoHkypc «Matematvika 6-8»). He 3abyabTe

YKa3sarb nmMms, Kiacc 1 AoMaLLHUY agpec.

Kak v npexxge, Mbl PpUBETCTBYEM y4acTve B KOHKYPCE HE TOJIbKO OTAEbHBIX LUKOIbHUKOB, HO M MAaTeMaTtn4yeckmx KpyXKKOB.
PykoBoguTesnesi Kpy>KKoB MPOCUM yKa3ats 3/IEKTPOHHbIV aAPeC MM KOHTaKTHbI TesleqghoH. [To Tpaguumm, KpyXxku-rnobegurenu
3304HOIro KOHKYpPCa NpUINalliaoTcs Ha GUHANbHbI OYHBIA TYPHUP.

1. Ha nucte 6ymarn otMedeHbl 4 To4KW. TeTa namepun
nonapHble PAaCCTOAHNA MEXAY HUMW K NosydYmnn Ymcna 1,
2,3, 4,5, 6 B HekoTopoM nopsgake. [JokaxuTe, 41O 31
TOYKM NexaT Ha O4HOW MPSMOWN.

B.llponzBonos

2. [1Ba HaTypanbHbIX Y1CNa Ha3o0BeM ON3HeLAMM, eCTN
Yy HUX OAMHAKOBOE KOMMYeCTBO Oenutener n Oonblue
MOSIOBUHbI U3 HUX 0bLLMe.
a) MpueeanTe NprMep napbl ONN3HELIOB.
0) [okaxuTe, 4TO CylLeCTBYeT DeCKOHEYHO MHOro nap
OnM3HeLoB.
[ Xykos

3. Ha waxmaTtHom JocKe Heys3BMMbIN CIIOH npecsienyeT
HEBUAMMOrO KOHS. KOHb BUIMWT CIIOHA, @ CNIOH KOHS — HET.
KoHb He MOXeT cOUTb CNoHa, Aaxe ecnn CTaHEeT Ha OfHY
C HUM KNeTKy. DuUrypbl XoOaT Mo o4epefm no WaxMaTHbIM
npaBunam, Ha4yMHaeT KOHb. KOHb CHMTaeTCsl MOVIMaHHbIM,

eCsI1 OH Monas Ha OfHY AMAaroHanb Co CIOHOM. MoXeT nn
C/TOH AeNCTBOBATL Tak, YTOObI rapaHTMPOBAHHO NOMMaTb
KOHS?

EEnmgaHoB

4. MOXHO N, NCNONb3ys MO OAHOMY Pa3sy KaXaylo 13
umdp:a)or1009;6) o1 0 40 9, COCTAaBUTL YMCIO C TaKUMMU
CBOMICTBAMU:

eCNN Bbl4EPKHYTb ABOWKY, OHO MOAENNTCS Ha 2;

€CN Bbl4EPKHYTb TPOWKY, OHO MOAENUTCA Ha 3;

ecIN BblHePKHYTb OEBATKY, OHO MOAENUTCA Ha 97
UAKymmny

5. B kaxpgow knertke Tabnuubl 7X7 CTOUT Kakasa-To
umdpa (o1 0 o 9). M3BeCTHO, YTO B KaXk[OM KBaZpaTuKe
2x2 cyMMa undp He bonblie 12. KakoBa Hambonbluas
BO3MOXHas CyMMa BCex yumcen B Tabnuue?

[1.KoxeBH1KOB
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O \/L O /Vn kt M Kax-to pas Jlema 1 AHTOH cOOpAJINCh CHE3IUTD HA HEEI0 HA Javy.
AnToH 060KaJI MUTH MO yTPaM Kpenkuii Kode U TOTOMY PEIii UM

OCHOBaTeJIbHO 3amnactuch. Ho Bot He3a/lava: Kor/ja OH BCIIOMHUJI TIPO
CBOI JTIOOUMBIIA HaIIUTOK, B €TI0 OFpOMHOﬁ CYMKe I10CJIE€ BCEX C60pOB

MoJIHON GaHOUKM Kode XBaTaJo TOJIbKO Ha TATHh [Hei. AHTOH yike

h ' ‘ 0OCTAJIOCh COBCEM MaJsio MecTa. Kak OH HU IIbITaICI IepeKrJia/ibIBaTb
Benum, HH4Yero 60JIbIlIe MAJIEHbKOI OAHOUKH B CYMKY HE€ BJIE3AJIO. A

A.BEPAHUKOB

HavyaJs TePSATh TepIeHre, TMbITAsCh PEIUTL BO3HUKIIEE 3aTPy/IHEHE.
Mousya HabmogaBmmii 3a HuM Jlemma He MOT TIOHSATb, YTO 9TO AHTOH Tak
MIPUTIETTAJICS K ATUM JBYM MOPIHAM: HY OyJieT Kode uyTh 6oJiee NIl 9yTh MEHee
KpenkuM, Kakasg pasuuiia-ro? Ho AHTOH ObLT TOT ellle HeaHT: 10J00HbIe
MeJIOUM 3HAYWIN [IJIS Hero Ky/ia GoJibiie, yeM s Jlemn.

Haxownerr, SpocTHO cBepJIst B3TJIAI0M y3Ke He TaK TOpsiyo JTIoOnMMbIil Kode, OH
3aMETILI TeJIU MEX/Iy OT[eJbHbIMU rpanyiamMu. U TyT ero ocenusio!

— lpupyman! — Bockauknys on. — Ceifuac s 3ToT Koe IOMOTIO, B CMBICJIE,
nepemeJiio, Kopoue, MosoTbiM cienaio! Torpa mexxay rpaHyJamMu 1po6esibl
CTaHyT MEHbIIE, M BCe KaK pPa3 B GAHKY BJIE3ET.

— Ilorogu-ka, — ipepsad ero Jlema. — [Ipo6esbl-To, KOHEUHO, YMEHBINATCS,
HO UX CTaHeT ropas/o 6oJipiie. Kto 3Haet, 60Jblie Tor/a B 6aHKY TTOMECTUTCS
WUJIN MeHbIe?

— Jla, HemoHsATHO... Ha/1o 6bI ¢ 3TUM pa3o6paThest MPeK/ie, YeM BCEe MOJIOTD,
BJIPYT TOJIBKO Xy:Ke craHeT? [la m caMUM WHTEPECHO JI0yMaThCs.

A xax vl Oymaeme, yoacmcs maxum cnocobOM CIKOHOMUMb MECMO ULU
cmanem moavko xysxe? A moxem 6voimn, 6 000uUx CAYUALX KOGe 3aiimem 00un
u mom ixe 06vem?

— Tousbko s 4TO-TO He TONMY, Kak K TakoH 3ajade MOACTYNUTbCA. TaMm ke
KYCKOB HEMEPEHO, /la Bce HeMpaBUIbHOHN hopmbl, — mompavnen Jlema. — /la n
KaK TMOHSTh, KaK OHU B GAaHKe PacIoJiaratorcs?

— Hy, 310 TOHUMATD Bpojie 1 He 06s13aTeibHo. Ha10 ToJIbKO pazobparhest, 4eM
pasInyaloTCs ATH /IBa Caydas, a Kak KOHKPETHO YCTPOEH KaK/bIi 13 HUX — He
BAYKHO.

— Yem onn orsmyarores, ropopuinb? [la Toabko pa3dmepom kpynuil. Hasep-
HOE, MOXKHO CYUTATh, YTO KPYMHUIIBI MPOCTO, K MPUMEPY, B CTO pa3 MEHbIIE
cTasy Mo 00beMy U UX €TI0 GOJbINE, COOTBETCTBEHHO, B €TO pa3. O, 3HAYWT,
ecsiu Ko(e 1epeMoJioTh, OYJEeT TO XKe caMoe, KakK ecJiu Obl B3SJIU CTO TBOUX
6anovek Kode M CChIain B Ky4y, a TIOTOM €ellle U B CTO pa3 YMEHDIITHJIH.

— ¥Yx Tb1! — oaxBaTua AHTOH. — 3Ha4yuT, 00beM He M3MeHuTCsI. Benpb ecan
KPYIHUIBI IOMOJIOTb, & TIOTOM [0/l YBEJUYUTEJIbHBIM CTCKJIOM IIOCMOTPETH —
Oy/leT Ta Ke KapTHHa, CJOBHO U He MoJiosu. [Toatomy ecm GaHKy MBICJIECHHO
B CTO Pa3 YMEHbBIIUTH 110 06EMY, MOJTYIUTCS KaK ObI HEMHOTO MOJIOTOTO Kode,
TOJIbKO, TIOHATHO, 1 Kode, U IyCTOTO MecTa B CTO pa3 MeHbIe cranet. U ecan
13 cTa TaKuX GAHOK MOTOM MCXO/HYIO COCTABUTD, B HEHl TIOJYUUTCS CKOJBKO 1
6bI0 U KOode, W TMYCTOTO MeCTa, TOJHKO Kode yxKe Kak OyITO MOJIOTDIA!
Caymaii, aTo jKe 4TO TOJIydaeTcss — MJIOTHOCTh, HY T.€. OTHOIIEHUE MacChl K
00beMy, Y TIOPOIIKa He MeHseTcss! XOTs 4ToO 3TO s1 pafyloch, UTO ¢ Kode-To
JleJIaTh, BCE PABHO HEMOHSATHO.

— /la, CKOJIbKO €To He MeJu, Jyd4llie He CTAHOBUTCA. UTOo e /1eJaTh-TO?

IToxa dpy3svs dymaiom, nonpobyiime Harimu Kaxou-Hubyos 661X00 U3 IMOU
cumyavuu. ITo0ckaska: 6ce xe MOKHO 000UMUCH OOHUM JUULL USMETLUCHUEM,
HO 002adamucs 00 pewenus He Maxk-mo nPocmo, Max 4mo He onycKaime pyxu
panvwe epemen!

[TonymaB, Anron 3asBuIL:

— Hert, HaBepHSIKa T0/HKEH OBITH KaKoil-To crioco6! I110THOCTD moportika n3-
3a Tmesiell MeXx/Ty KPYIUIlaMi SIBHO MeHbIIe, yeM y camoro kode. Hago kak-to
3THM BOCIIOJIb30BAThCSI, M30ABUTDHCS OT IIETeH. . .
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— Touno! — ocenunsio Jlenry. — Ecsnm Hacpimath moHyio 6aHKY HEMOJIOTOTO
Kode, a He BJIE3AIONIHIT OCTATOK XOPOIIEHBKO U3MENTbYUTh, TO €r0 MOKHO Oy/IeT
3aChINATh B TPOMEKYTKH MeXK/ly KPYIHbIME dacTuukamu! Beap Tak?

— Bpoze Bce BBITJISAAUT TPaBUIbHO... Ho Kak ke Tak TOJydaeTcs, 9To W
KPYTHDBIM, W MEJKHWH TIOMOJIbI He IOMENIAINCh (oHU wMesn O/IMHAKOBYIO
ILJIOTHOCTb), a MUX cMech Baedia (ona GoJbluell IJIOTHOCTH, YeM TO, 4TO
cMeluBan ) ?

— Tax ecst 661 MbI IPOCTO CJIOH KPYIHOTO KOde HACBINAIN, a TOBEPX HETO
<TIOJIOKUJINY CJIONH MEJIKOTO, Hu4Yero Obl U He MOJYJIHI0Ch. A MBI elle MocJje
ATOTO 3aCTaBJIsIEM T CJIOW APYT B JIpyra IPOHUKAThb. BoT u moJydyaercs, 4to
B 6aHKy y:Ke 6OJIbllle BJIE3AET.

— W BupaBny. CMotpu, a s elie OJuH Crioco6 TOHSTh BCE 3TO MPUAYMAJ.
[IpencraBb, uTo MBI CHaYaJIa TIOJHYTO OaHKY MeJKUM Kode 3aceiieM. Bieser,
KaK MBI y3Ke ITOHSJIN, CTOJIBKO JKe, CKOJIbKO U PaHbllie. A Terepb MHOTO obyiacTeit
pasMepoM ¢ GOJILIIYIO KPYITUHKY 3aMEHUM 3TOH camMoil KpynHKoii. Ho ona Besb
CIJIONIHA, B HEH-TO MieJiel yske HetT! BoT u mosryuunTces B Toi ske o61acT 60JIble
Macca.

— [la, 5TO MOYTH TO K€ caMOe PACCY’K/JEHHE, TOJbKO «C TOUKU 3PEHUS> YIKe
MeKoTo Kode. A s BOT erte 4To nogayMai. CKoObKo caM Kode, 6e3 TPOMexyT-

KOB, 06beMa 3aHuMasn? A Kakas, COOCTBEHHO, PA3HUILA, IIyCTb, K TIPUMEPY, 1
Torpa mean 3aHuMaIoT — . 3achbllaB TOPa3ao 6oJice MEJTKUI TOMOJ, MBI yiKe Y

ATHX IeJIeH TOJBKO — He3aHSITBIMU OCTaBUM. 3H3‘H/IT, J10JIA Iy CTOT'O MECTa yIiKe

1.1_(1j2_i
4 4 \4) 16°

— Hy na, meseil ctano MeHbllle, 3TO-TO Mbl M TaK BbISICHUJIH.

— Tor panbine caymait. Ecau 661 Morsu enie 60Jiee MEJKO MOMOJIOTH, MOKHO
6bL7I0 GBI 3Ty «KOMENHYIO TIbLIb» CHOBA 3aCHINATh B OCTABIINECS TPOMEKYTKH,
1 HE3aHATHIM OCTAJIOCh Obl JIUIIb

L.l_(i)B_L
16 4 \4) 64°

Takyio mpoteaypy MOKHO GbLIO ObI IPOAEIBIBATH CKOJBKO [IyIlle YIOAHO, U
CBOOOIHOTO TIPOCTPAHCTBA OCTAHETCS

T.€. MBI 3afiMeM MOYTH BeCh 0ODBEM.

— Toroaun, morogu! Dto 4to Ke TMOJydaeTcsi? — U3YMJIEHHO BOCKJIUKHYJI
Anton. — Ecoin Gpi y Hac ObLu He KpynHHKN Kode, a Kakue-HuOY/Ib PACKOPSIKY,
TOHKUE TaKWe€, BETBAIIUECSA, TO MOHATHO, YTO €CJAN MX B Ky4y CBaJIUTb, TO
€BOGO/IHOE MECTO B Ky4e OCTaHEeTCs 4y Th i He Bce. O003HAUMM €ro JI0JII0 Yepes
x, aTo Oyaer mouytu 1, HO Bce-Takm He Bce, T.e. X¥ < 1. Torma, 6epss meHbInNE
KOIIUM 3TUX KOPAT M 3acblllasgd B IIPOMEKYTKH, TIOJYUYUM, YTO CHadaJsJaa A0JIA
mycToro mMecra Oy/IeT X, TIOTOM x? , 2% uTak Jajee, 4eM JaJjblile, TeM MeHbIIIe.
Pano nm IIO3/IHO OHa CTaHET MEHbIIIEe XOTA 6I)I A - 3Ha‘-H/IT, MbI IIOYTU BCE

10

MPOCTPAHCTBO 3aIOJHUIN STUME Kopsiramu (IpaBia, pasHoro pasmepa, Hy H
4T0?), KOTOPbIE, KAa3aJ0Ch, KaK HU CKJIA/bIBAH, IIOTHO HUKAK HE YJIOKUIID!
IIpsimo marust kakas-to!

— [Mla, uymeca cmomnbie. /laBail Temepb 3TO mompoOyeM Ha IIPaKTHKe
MIPUMEHUTD!

Takum o6pasoM, Kode TOMeCTUJICSI-TAaKU B GAHKY B YCTPAUBAIOIUX AHTOHA
KOJIMYECTBAX, U CYMKa, HAKOHeI, 6blia caoxkena. Ho kyzua 6oJibiiiee y10BOJIb-
CTBUE JPY3bs TOJYYUJIN He OT n36aBJeHuss OT GbITOBOI MPOGJEMbI, a OT TOii
MHTEPECHO 1 YANBUTENIbHON 3a/1a41, KOTOPYIO oHN permman. Hazgerocs, BaM oHa
MIOHPaBUJIACh HE MEHbIIe!
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OU3UYECKUIA ®DAKYJIDBTATUB

DOOMHKa
1 NapaLltoT

A.CTACEHKO

Kak-10 ommmvHuK EI3 Ha BOMpoc ripogeccopa o cKopocT
CI1ycKa NapaLLoTACTa MOXENAT YTOYHUTL, «A COMpoTHBIEHE
BO34YXa YYUTbIBATL 7%

OpfHaxabl Ha BCTyNuUTelbHOM 3k3amMeHe B MOTU

OITPOTUBJIEHUE BO3JYXA - 3TO N ECTb CITACUTEJIb-
nas cuaa (MOKHO CKasaTb, «Cua HeGecHas» ) s apaliio-
THCTA: CUJAa CONPOTHBJEHUS F, YDaBHOBEIIMBAET CUJIY TATOTE-
HUA mg , ¢ KOTOpoil 3eMud JeficTByeT Ha TapamrioTHCTa, a
Hy>KHast IL7TOIa/Ib IapalIioTa S obecrednBaeT 6e30I1acHOe 3HAUe-
HUe yCTaHOBUBIIIeHcs CKOPOCTH 0,,, ¢ KOTOPOH B KOHIIE KOHI[OB
COCTOUTCSI TIPU3eMJIeHIEe. DTO PABHOBECHE CHJI MOKHO 3aIUCATh
B BHUIE
~ 2 ~
mngC~pviS M) 2 =My . ()

M.*) c CZ

37ech P — MJIOTHOCTb BO3[AyXa, a B KBaJPAaTHBIX CKOOKaxX
[OKA3aHO, YTO IPaBasi 4acTb MMEET PasMepHOCTb CHJbl (B
HBIOTOHAX). 3HAK <«~» HAIOMUHAET O TOM, uTO (hopMya
pasMepHOCTell TT03BOJISAET MOIYYUTDh PE3yJIbTaT TOIBLKO C TOYHO-
CTBIO JI0 6e3pa3MepHOro MHOKUTENSI, KOTOPBIN aspogMHaMUKI
Ha3bIBAIOT KOI(DUIMEHTOM CONPOTHBJCHUSA. A HHIEKC < oo »
TOBOPHT O TOM, YTO HY’KHO JIETETb OYCHD JI0JITO, YTOGBI JIOCTUYD
IIpe/ieIbHON CKOPOCTH, — 3TO TUIHYHBII pesIaKCaI[FIOHHbIH IPo-
Ijecc, B KOTOPOM TIpHpAIleHne HEeKON BEJIMYMHBI CO BpeMeHeM
TPOMOPIHOHATBHO BCE YMEHDBIIAIOMEMYCS €€ OTKJIOHCHUIO OT
IIPE/IC/IbHOTO 3HAYCHUS.

MO3KHO CITy COIPOTHBJICHHS TTOSICHUTD €IIfe U TI0-/[PyToMy: Ha
najiaioniee Teso ¢ TomepeunbiM cedennem S [ M? ] B equnumity

KT .
BpeMeHNn HaberaeT Macca Bo3ayxa po,,S [—] , a KaXK/IbIil KIJIO-
c

rpaMM 3TOH MacChl IIPUHOCHUT YJEJbHBIH MMITYJIbC, PaBHBIHI

C
HBIN HUMITYJIbC, T.€. UMIIYJIbC, OTHECEHHBI K e/[uHunIe MaCCbI).

Wraxk,

M
[ [7] (I/IHTQPECHO — CKOPOCTb MOJKHO TTOHUMATb U KaK y/€Jib-

mg = F, ~ pv.,S- v, 2)

— B IIPABOH YaCTH CTOUT CEKYH/HBIN MOTOK UMITYJIbCA, T.€. CHJIA.

Ho nipu uem 371ech 1po6uHKa 11 3a4eM eii CuJia COPOTUBIEHUST?
CoBeplieHHO He3aueM. A BO3/lyX BCe-TaKW HY’KEH — HO He /I
TOPMOJKEHUsI, a /I OXJaKaeHus. Beap wumeaapHas ApoOb
JTIO/KHA ObITh COBEPIIIEHHBIM IIAPOM — WHAYe MPU BBICTPEJIe OHA
OyJZieT CHJIBHO pasJieTaTtbCsi B CTOPOHbI. UTOOBI caesath ee
KPYIJIOi, MCHOJIb3YIOT CUJTY TIOBEPXHOCTHOTO HATSIXKEHUST, KOTO-
past ¥ IPHUJIAeT PACIJIABJECHHOI KareabKe CBUHIA (DOPMY THapH-
Ka. /[lyisg 3TOro MpPUMEHSIIOTCS CIenuajibHbie poOOJuTelHbIe
YCTaHOBKHU, OGBIYHO BbIcOTOH 10 45 M. (A B Baarumopckoit
JIpo6OBOI GalliHe BbIcOTa JocTuUraeT Aaxke 70 M — CM. CTaThio
K.Borganosa n A.Ueprnoynana «yTb-4yTb (DU3UKH /I HACTO-
SIIET0 OXOTHUKA» B KypHaste «Ksant» Nel 3a 1996 rox.) B
BEPXHEH YaCTH TaKOi yCTAHOBKM HAXO/UTCS BaHHA /LIS TJIaBJIC-
HEUS cBHUHIA. ;KUMKW CBHHEIl IOIa/laeT B JIMTEMHBIM KOBII C
OTBEPCTUSIMHU, JINAMETP KOTOPBIX COOTBETCTBYET 3aKA3aHHOMY

mmamerpy (kamm6py) apo6u. Iagawomme ¢ GOJBHION BBICOTHI
KaIlJIM CBUHIIA JIOJDKHDBI YCIETh OTBEP/IETD JI0 TOTO, KaK MOTa/yT
B 6aK € BOJIOW M OKOHYATEJBHO OXJIAISTCSI.

TyT yske mOpa OIEHUTb MOPSIOK BEJIMYHH, OMPEESIONINX
onucaHubie nporecchl. [Ipesxkae Bcero, aTo pasmep JApOOMHKH.
[po6b auamerpoMm 27 = 5,5—10 MM HasbIBaeTcsl KapTeuyblo, a
npu 1,25 <27 <2 MM — GekacunHUKOM. Kak BUHO, pasMepbl
JIpo6U OTJIMYAIOTCS B BOCEMb Pas, a MaCChl, CJI€J0BATEIbHO, — B
8% =512 pas. BosbMeM 114 olleHOK pajgmnyc » = 1 MM = 107 M.

YuurpiBas, uTO Macca mapa m = gnrjpc , TIe P, — IJIOTHOCTD

CBHHIIA, a IJIOLIa/Ib €ro IOIepevYHOoro cedyeHus S = TWZ, u3

dhopmy.tst (1) TTOMyUUM OIEHKY /I YCTAHOBUBIIEHCS CKOPOCTH
A eHuA:

[ p—cgr

p
(3aMeTnM, 4UTO 3/1€Ch MBI, KaK YECTHBIC (DUBWKHU, TPUHSIN
4/3 ~ 1 — Bejib peub ueT 0 opsiKe Besmdn) . [logcTaBuBs coga
MJIOTHOCTD SKUAKOTO cBuHIma p. = 10,7 103 KI‘/M3 U TIIOTHOCTD
Bozayxa p =1 KF/MB, aar =107 M noayunm o, ~ 10 M/c . A
ecam Gbl Ipo6uHKa majgana B Bakyyme (mim ecim «mpeneGpednb
COTIPOTHBJICHUEM BO3/[yXa») € BBICOTBI 2 = 50 M, OHa JIOCTUTIA

Obl CKOPOCTH
02 =+2gh ~30Mm/c.

Koneuno, apo6unke BoBce He 00s13aTeNIbHO JIOCTUTATh ATOM
npejiesibHOI ckopocTu. /[y Hee Ba)KHO JIpyroe — ycIleTb OTBep-
JIeTh JIO TIAJIEHNUSI B BOALY, TOTOMY UTO IJIOTHOCTD BOJIBI P, Ha TPU
nopsiika GoJIbIlie TJIOTHOCTH BO3/lyXa P U B Boje JAPOOMHKA
MOJKET TPEBPATUTHCS B JIETICIIKY .

JleficTBUTEIBHO, YTO TIO3BOJISIET KAILJIe JKUIKOCTH COXPAHHUTH
dbopmy mapuka? DTo cusa NOBEPXHOCTHOTO HATSIXKEHMI, KOTO-
PYIO Pa3yMHO OIEHUTD KaK JIJINHY OKpY:KHOCTH 277 [M], yMHO-
JKEHHYI0 Ha K03(D(UIMEHT IIOBEePXHOCTHOIO HATSKEHUS
o [H/m]. fcHo, uTo Korga «BoccTaHABIMBAIOIIAS> CHJIA OKa-
3BIBAETCS TIOPSI/IKA <«CILTIONIMBAIONIEN» CUJIBI COTIPOTHBJIEHUS,
TYT y’Ke He TIPUXO/UTCS TOBOPUTD O MAPOBOii hopMe. DTy MBICJIb
MOJKHO BBIPa3uTh COOTHOIICHUEM

pUE.S ~ 2o,
OTKY/Ia
20
pr
[MoacraBasga ciona 3HaueHus Koap@UIMEHTa TOBEPXHOCTHOTO

HaTsKeHus sKuAKoro ceunna ¢ = 0,44 H /M u paamyca apo-

6ukn 7 =107 M, TOTYYHM IS €e JIBUKEHHS B BOAE Upay ~
2-0,44 M/c ~ 1 M/c, a B Bo3myxe

PO R i ~ y -
10°-107°

Basl C TIOJyUYeHHOH BBITIIE OIEHKO /JIsT yCTAHOBUBIIEHCS CKOPO-

Umax ~

~ 30 m/c. CpaBnu-

max

CTH MafieHust Apo6uHKN 0, ~ 10 M/c, BuamM, 4T0 medopmarmeit
JIPOOMHKHU B BO3/IyXe MOXKHO IIpeHe6pedb, a BOT B BOJIE IPOCGUHKA
(ecJim octaHeTcst JKUKOI) MOKET CUTBHO CILTIONIUTHCS U Pa3Ba-
JIUTBCS.

BemoMHUM, 9TO ecai «mpeHe6peddb COMPOTUBICHIEM BO3.Y-
Xa», To nocyaeauee snavenue (v, ~ 30 M/c ) gocruraerca npu
MaJleHuu C BBICOTbI /1 = 02/(2g) ~50M. A npu yuere 3TOro
COIIPOTUBJIEHUS] — €CTECTBEHHO, ¢ MEHBIIEN BbICOTHI.

Wrak, cBUHIIOBasI KaIlIsl JI0JKHA HEIPEMEHHO OTBEPJETH /10
yaapa 00 OXJaKIAoNylo ¥ TopMossiryio Boay. Ho kakas
BBICOTA HY)KHA 751 9TOTO? U TyT BO3HHKAaeT HEOGXOAUMOCTH
OIICATD JIOBOJIBHO CJIOKHBII MIPOIECC TEII000MEeHa HATPETOrO
MIApUKa ¢ TPOXJIA[HBIM OKPYKAIONIUM Ta30M — BO3ayXoM. Ecin



5TOT MIAPUK HEMO/BHKEH OTHOCHTENbHO BO3/AyXa Ja elle HaXo-
JINTCS B YCJOBUAX HepecoMocTH (HarmpuMep, BHYTPH CIIyTHHKA
3eMJm), TO eAMHCTBEHHBIM TIPOIECCOM TEMI000MeHa SBJISCTCS
menionpogodnocmy. B yCIOBUAX ke TATOTEHUS HaXe BOKPYT
HEIMO/BUKHOTO IaphKa BO3HUKAET TaK HasbiBaeMasi c60600Has
KOHGeHUUsA: BO3[YX, HArpeTblil MapukoM, GyjAeT BCILIbIBATH
BBEPX MO/ JeiicTBreM cuibl Apxumesa (Befib IIOTHOCTD TEIJIOr0
BO3/lyXa MeHble, uyeM Xxos0aH0ro). Ho korma (kak B cayuae
HaJaonieii ApoGMHKI) TIPOMCXOAUT OGLYB MapUKa HaGeralonmm
Ha HEro MOTOKOM BO3/yXa, BKJIOUAETCS €lIe M 6biHyKOeHHas
KOHGeKyus — KTO e He 3HACT, YT, OBICTPO BBIHYB MAaJell U3
KUILATKA, XOYETCS HA HETo MoAyTh (JIErKO MPOBEPUTD, HO JIydIle
He Hao). OJIHaKO BMECTO ONMCAHNs BCEX STHX TPEX MPOLECCOB
BCIIOMHUM BeJIMKOro HbIoTOHa, KOTOPBIN CYUTal, YTO MOJIEKYTbI
Hepe/l ABUKYIIUMCS TEJIOM JIETST MO MPSAMBIM JHHESAM JI0 CAMOTO
CTOJIKHOBEHHSI € €r0 IOBEPXHOCTDIO, M ITOJIY YT OUTH TPABHIb-
Hoe 3HaveHne koaduimenta conporusienus (koadduimenTa
nponopimonaabHocti B opmyae (2)) nmopsaka 1/4 .

Cnenyst HpioToHy, n Mbl ISl TPUGJIMKEHHBIX OEHOK 06pa-

KT
TuMcst K Boipaskernto (2). Tlo-npexueMy poS [—] — 3TO TIOTOK
c

MaCChbI BO3/lyXa Ha IIJIOI[a/lb TIONIEPEYHOro CeYeHusa S. Ho TEIepb

Hac MHTEepecyeT He y/eJbHbI mmmysbe (T.e. CKOpOCTbh ), a
Pa3HOCTD Y/IETIbHBIX TEIJIOCOEPKAHUIl BO3/LyXa B IByX COCTOS-
HISIX: TIPU TeMIlepaTypax >KUJIKOrO CBUHIA . U OKPY’KAIOLIero

K
Bo3myxa T. ODTa pasHOCTb paBHA c(TC—T)[I[—], e ¢ —
KT
yJeJbHast TEMIOEMKOCTb. VIHave ToBopsi, o6TeKatonuii ApoGH-
Ky BO3/JYyX JOJOKEH YHOCUTH B CEKYH/Y TEIJOBYIO SHEPIHIO
K
poSc(T, -T) [ﬂ—] IIpu 5TOM BCHOMHHM, YTO B IIPOLECCE
c
oreepaesanus (Kak M 1IpU IJIaBJIeHUN) TemmepaTypa Tena 1.
OCTAETC MOCTOSHHOI, TaK YTO B ATOM BBIPAYKCHUN M3MEHSIETCS

Ay
TOJIBKO CKOPOCTD, a OHAa €CTb U = E . HOSTOMy yMHO)KI/IB Ha At

u ipocyMMupoBaB (IIPOMHTErPUPOBAB) MO BCEM 3JIEMEHTAPHBIM
MOMeHTaM BpeMenu ot Hadasta (£, = 0) najgeHns kKo Karim

0 ee mosHOro orBepjeBanus (), Mbl MOJTYyYUM H3MEHEHUE
BepPTUKAIbHOI KoopauHatel oT y = 0 10 y. 11 B ator MoMeHT ¢
OKOHYHTCSI «BbIKAQUMBAHUE» U3 KaIlJIM BCEH 3araceHHON B Heil

Jx

4
TEILJIOThI IIJIaBJleHuss mL, =§nr3pCLC, rae L |——| — ynaenb-
KT

Has TemaoTa oTBepfeBanus (ITaBIeHNs) CBUHIIA.
Urak,
pSc(T. -T)y ~ mL,,
OTKy/1a

~—LC p_Cr
Y c(T,-T) p 3)

TToacraBuB ciozia Temreparypy miasienus csumia T, = 327 °C |
TJIOTHOCTD KuKOTO cBuHia p, =10,7-10° KI‘/ M, yaebHyio
TEIJIOTy ILMaBJeHus cBuHua L. = 2,3-10% JUK/KT , yAeabHyIo
TETI0EMKOCTD Bo3ayxa ¢ ~ 10 Il /(xr - K) , Temueparypy Bos-

nyxa T =20°C wu ero miorHocts p ~1 Kl‘/MS, TTOJTyIIM
y~1m .1

Yro ke MOKHO 3aKJIOYUTD U3 HANIMX orleHok? Hanpumep, us
Boipaskenns (3) BUAHO, UTO B caydae Apo6u auamerpoM 10 Mm
(KapTeup) 1151 TTOJTHOTO OTBEP/ICBAHNS HY KHA BBICOTA B IISATD Pa3
6oupiniast. [109TOMY BIOJIHE Pa3yMHO, YTO Ha MPAKTUKE APOGO-
JiuTeiinpie GAIIHU UMEIOT BBICOTY <«JI0 45M» — C 3alacoM Ha TOT
CcJIyuail, ecaii KUAKUH CBUHET! B BaHHe BAPYT Oy et neperper (u,
CJIeZI0BaTeIbHO, TIPH Ma/IeHUN eMy Hy>KHO OYZeT ellle OXJIaJANTb-
ca o remnepatypst T, ). VI, KpoMe TOTO, Hy>KHO TIOMHUTD, 9TO
TEOpUs pa3MePHOCTE JaeT JIMIIb XapaKTep 3aBUCHMOCTHU MEXK/LY
OTIpe/IeJISTIONIIMI BEJIMYMHAMI C TOYHOCTBIO 10 6e3pa3MepHOro
MHOKUTEJISI, KOTOPBIl MOXXHO YCTQHOBHUTH 3KCIIEPUMEHTAJIBHO
WM Tpu ToMoIu GoJiee TIyGOKUX Pa3MbIILICHUI .

! MutepecHo orMeTnts, uto B ctathe K.Borpanosa n A.UepHoytana,
MOCBsIIeHHOiT BaatuMopckoit poGoBoii GailiHe, TMOJIyYaeTcs, IM0CJje
6oJiee JUIMHHBIX W CJOKHBIX PACCY)KJEHHI, 3aBUCHMOCTD Y ~ 7%, Kro
npas? IlonpoOyiite pazo6parbest. Beab unorsa 6oJiee mpocrble u rpy6Gbie
OlleHKH OKasbiBaioTcst Oimke K ucruue... ([Ipum.ped.)

' lepeMeHHbIN TOK
N ero
XaPaKTePUCTUKM

b.MYKYLUEB

EPEMEHHbBIM HA3BIBAETCH TAKOM TOK, CUJIA WJI HA-

npasJeHne Kotoporo (Wi To u Ipyroe BMECTE) TepPUO/IH-
YeCKM M3MEHSIETCS BO BPEMEHHU. XapaKTep M3MEHEHHS MOXKeT
ObITb caMbIM pasHbiM. Hampumep, TakuM, Kak MOKa3aHO Ha
pucynke 1. MbI jke orpaHIINMCST pACCMOTPEHNEM JIUIIb TaKOTO
IIepeMeHHOT0 TOKa, CHJIa KOTOPOTO U3MEHSETCS 110 FapMOHUYec-
KOMY, CHHYCOHIATbHOMY 3aKOHy. V1 3TOMy ecTb 0ObsICHeHNe.

a) i 6) i 6) i

Puc. 1

Bo-11epBbIX, TPAKTHYECKN BCE TEHEPATOPDI MEPEMEHHOTO TOKA
BBIPAGATHIBAIOT DJIEKTPOABIDKYIILYIO CHJY, M3MEHSIONLYIOCS TI0
CHHYCOUJAJIbHOMY 3aKOHY. A BO-BTOPBIX, JII060€ CaMoe CIOKHOE
KoJe6aHme BCer/ia MOKHO MPEJACTABUTD B BU/IE CYMMbI CHHYCO-
UJQJIBHBIX, TAPMOHUYECKUX KOJEOAHUI.

OcHoBHBIE XapaKTePUCTHKH IEPEMEHHOro ToKa. [Ipombrni-
JIEHHDIII TIePEMEHHBIN TOK TNpe/ICTaBsieT cOO0i BBIHYK/EHHDIE
aJIeKTpudecKue Kosebanus ¢ gactoroir v = 50 I'tr, mapamerpbr
— HaIpspKeHNe U CUJIa TOKA — KOTOPBIX U3MEHSIOTCS TI0 TapMo-
HIYECKUM 3aKOHAM:

u(t)=U,sinot, i(t)=1,sin(ot+¢).

3pecs u(t) u i(t) — MTHOBEHHbIC 3HAYECHHS HANPSDKEHHUS U
cUJIbI TOKa B MOMeHT Bpemenu ¢, U, u I, — aMILIUTy/Hble
3HAauCHUs HANPSKEHUS M CHUJIbI TOKa B 1LEMH, ©=2aV —
UKJIAYecKas dacTora, @ — pasHocth (casur) a3z Mexay
KOJIEGAHUSAME CHJIbI TOKA M HANPSDKEHUS, KOTOPAs 3aBUCHT OT
XapakTepa CONPOTHBJIEHUS, BKIIOUEHHOTO B 1Ellb.

IlepBas XapaKTepHCTHKA TEPEMEHHOTO TOKA — MZHOGEHHOe
snauenue. OHO Bee BpeMst UBMEHSIETCS, KOJEOIACh MEK /Ty HyJIeM
1N MaKCHUMaJIbHbBIM 3HAYCHHUECM. ECJII/I B IIeIIb CI/IHyCOI/I[[aJIbHOFO
HepeMEeHHOro TOKa BKIOYEHO TOIBKO aKTHBHOE CONIPOTHBJICHNE,
TO MBI MOJYYNM ypaBHEHHs HANPSKEHNS U CUJIBI TOKA B CJELY-

(MpogonxeHne cm. Ha ¢ 34)




KAJTEMJIOCKOTII «<KBAHTA>»

Uucaa oxpy:xatoT Hac moBcioy. Ha yacax, Ha mysbTe
TEJIEBU30PA, HA YIIAKOBKE JIIOOOTO TOBapa U HA MHOTOM-
MHOTOM JIpyTOM. IIpakTudeckn y KaskIoro JoMa BUCHUT
KaJieH1apb. Mbl Tak K HeMY TIPUBBIKJIM, YTO HE 3aMeya-
€M, KaKk MHOTO B HEM CKPBITO MHTEPECHDBIX U HEOXKH/[aH-
HbIX dakroB. [Ipenyaraem HAIIUM YUTATENSIM B3TJISTHY Th
Ha KaJIeHJ]apb C «MATEMATUYECKUM YKJOHOM> .

BCE OENATCA HA 3
Y6enurecn, uto ecan
IIH BT CP 4YT IIT CBb BC KaKOC'HI/Ié}’I[b 4HCJIO B
KaJlenjjape JeJIuTcs Ha
1123 3, TO U BCe YHCJA,
4151678l 9]|10| pacmonoxennsie BmMec-
T€ C STUM YHUCJIOM Ha
11112 (13|14 [ 15| 16 | 17 | oanoii auaronasm, uiy-
1eii CBepXy BHU3 B Jie-
18 (1920|121 (222324 BYIO CTODOHY, TAKXKE

2512627 1282930 Jenares Ha 3. A 1ode-
My Tak MOJy4YaeTcs?

CYMMbI

Y6enurecny, uro eciu
IIH|[BT |CP|[UT 'IIT | CH | BC EERueE:S74u:300: T o]ele)V|
cToIbIe TIATH YUCes
1| 2] 3| nompan(ecmtam nme-
4 5 6 7 8 9 10 €TCA IIATHh 4YuceJs, Ko-
HEYHO), TO MOJyYeH-
11112 13| 14 | 15[ 16| 17 | nHas cymma o6Gsizareib-
181920 21| 22( 23] 24 E‘O ?{ﬂeT JICTIITDCA T

. Hampumep, cymma
25126(27]28]29]|30 2+9+16+23+30=
=80 gemurcs na 5. B
yeM TPUYUHA ITOTO
(pakra?

A ToueMy cyMMa YeTbIpeX YHCeJ TOJPS B OIHOM
cTosibile HUKOTAA He genutcs Ha 4? Urto Gyner, ecsm
O6parhb JBa WJN TPU YHUCJIA TOAPSA? A eciu CuuTaTh
CYMMBI B CTPOKaX WJIU IHATOHAJISX ?

LIM®PbI HE NOBTOPSAIOTCA

[TpucmoTpuTech BHU-
IIH BT| CP 4T IIT | CH 'BC ERIELHINCERNEIe i Rles
anuke. Bbl MokeTe
1| 2| 3| nposeputb, uTO B MO~
ils16l7!18! 910 6011 cTpoKe, BJIIOGOI\:[
crosibile U Ha JII000i
1112 (13|14 | 15| 1617 | amaronaam uudps

eJIMHUI] HU Pa3y He I10-
181192021 22] 23|24 propsiotes (xots -

25126127 1281291 301 31 PbI AE€CATKOB ITOBTOP-
I0TCA MHOI‘OKpaTHO).

Hyneca B KaneHpape

A B UeM IIpUYIHA 9TOTO HeOXKUAaHHOTO (hakTa? Bymer m
OH BBITIOJIHATBCS [IJIS JIIOOOTO JIPYTrOTO Mecsia?

B3AMMHO NPOCTbIE YNCJIA

PaccMoTpuM sBa He-
YeTHBIX YMCJA, KOTO- [LAIEHNEHIIOIARCHINE I U SO i 210
pble PacIoJIOKEeHbI B 1ol s
COCeHNX KJETKAX I0
JIMaroHaJ I, KOoTopas 41516178 9]10
nJeT cJaeBa HalpaBo U
coepxy prms, Harpn- | 1] 12] 18] 14 ] 15] 16|17

Mep, 9To MOryT Gbith | 18| 19| 20 | 21 22123 24
ypcaa 13 n 21 wm 9

ul7. 2512627128129 30| 31

Samernm, uT0 9T gyl a3l gl 351 36| 37] 38
YucJjga B3aMMHO IIPO-
CThbIE.

« JlokaxkuTe, 4TO TAK
6yner st o6o0il Ta- —
KOI;'I Hapr HEYETHDbIX YHUCEJI B IHOéOM Mecdre.

o [IOKEDKI/ITe, 4YTO ecJin JaKe HeorpaHI/IlIEHHO HpOl[OI['
JKUTH 3Ty T36HI/ILIKy BHMN3, TO U TOr/jaa ]IIO6bIe Ba
AHAJIOTUYHBIX COCEIHUX (HaHOMHI/IM, He‘{eTHbIX) qucJia
Oy/lyT B3aUMHO IPOCTBIMH.

BE3 OBLLUNX TOYEK

31ech BblJIe/IEHbI BCe
KJIETKH C IPOCTBIMI |t et [ s e
ypcaamMu. Kak Buan- tl213l41516l7
Te, Jo6as Takast KJer-
kaumeer xorst 6proguy | 8 | 9 |10 |14 12 [ 13] 14

obutyio. rouky ¢ Ka- 7 SR TR o0 oy
KOH-TO [[pyFOI/I TaKOU

kJeTkoi. AMosxkHo 1 | 22123 [ 24125 | 26| 27| 28
TaK MepecTaBUTh UHC-
Ja B 9TON TabJaMuKe, dYTOOBI HUKAKNE JBe KJIETKH C
IIPOCTBIMU YHCJIAMK HE UMesin Obl Mex/Ly co00ii 061X
TOYEK?

NATb NMPOCTbIX YACEN

B Bbiesiennom kBaji-
paTe UMeeTCsI MATh He-
YeTHDBIX YUCEJ, U3 KO-
TOPBIX YeThIPe YHCJA NERE
npocrble, a oaHo (910
uncso 21) cocrashoe. | 4 [ 516 |7 ] 8| 9 |10
A MOJKeT JI CITy4UThCST
TaK, 4TO B KBajpaTe 11112 (13 |14 | 15| 16|17
toro ke pasyepa (B | yglqg 99 91 | 22| 23|24
KaKOM-HUOY/Ib IPYTOM
Mecsne) Bee nmath He- | 2526 [ 27 (28| 29 30
YETHBIX uucea OyayT
MTPOCTBIMHU?




NMAPAJIIENIOTPAMMDbI
PacemoTtpum Jtro6b1e

IIH BT 4YeTbIpe KJIETKU, IeH-

CP 4T

IIT Cb BC

TPbI KOTOPBIX SIBJId-
112]3 I0TCS1 BEepIIMHAMU Ka-
I P - S KOT0-HUOYIb apaJiie-
A L VA P gorpamma. ¥Yo6ean-
114121 13| 144 11 16 | 17 | Tech, uTo CyMMBI un-
Al 1ol on ?/1 d | 9394 | cen pacrionoskentbIx
B IIPOTUBOIIOJIOXHBIX
25|26 | 27 | 28 | 297 30 yrjaax IapaJiaesor-
paMMa, OJJMHAKOBDI.

Hampuwmep:

O+ 21 =8+18, 10 + 29 =15 + 24.

A mouemy Tak GyJieT MoJy4aTbcs Beerja’?

CYMMbI B KBALOPATE
A Temepb paccMorT-

IIH BT CP YT IT CB BC [RECRRCHIENC ey
601 KBajpaT, 3armoJi-

11 2|3 | Heunsii uucaamu.
i1sTel71sl9l10 CJI0XUM dYHCJaa 110
TJIABHBIM JIUArOHAJIAM.

1112|1314 | 15| 16|17 | Hanpumep, B poso-
BOM KBajipare 2 + 10 =

181192021 (2223|124 —12 9 + 3 = 12 —

MOJIYUUIH OJTHO U TO
ke uncao. B skenarom
kBajgpare 4 + 12 +
+20+28=064,7+ 13+ 19+ 25 =64 — pe3ybTaThl CHOBA
coBnasu. Bosiee Toro, ec/i B KBaJpaTe HedeTHAs JJINHA
CTOPOHBI, TO U MO IEHTPAJBHONW TOPU3OHTAIA U IO
[EHTPATBHOMY CTOJIOIY cyMMbl OyayT Takumu ske. Ciry-
YalHO JIN 3TO?

2512627282930

3TWN YACNA 3AKPbITb HEJ1Ib31

ITH BT CP YT IIT CB BC

112
3145|167 |8]9
101112 (13 | 14| 15| 16
17 (18 (1920 | 21| 2223
2412512627 28(29]30

O06bsicHure, IOYEMY
BCe YmcJa Takoi Tab-
JIMYKU HeJb3sT 3aK-
PBITh JIECSATBIO IPSIMO-
yroabHUKaMu 1x 3 .

BACA OBOEYKWNH
OLUMBAETCA

Yuenuk Baca [IBo-
€YKWH CJIOKHUJ CeMb
quces 10 TOPU30HTA-
JIW ¥ TSATh YNCEN TI0 BEPTUKAIU B KaKOH-TO TaOJMuKe
HEKOTOPOro Mecsla. Y Hero MoJyduJnch OJIHAKOBbIE
cymmbl. [lokaskure, 4ro Bacst ommb6es.

BACA NBOEYKMH CHOBA OLUUBAETCSH

B npyroit pas yuenuk Baca [[BoeukuH cJI0KUJ ceMb
YUCeJsI IO TOPU30HTAJMN 1 Y€ThIpE YMCJIa 110 BEPTUKAJIN B
Kakoii-ro tabsuuke HekoToporo Mmecsana. OH CJOKUI
TOJIKO Y€eTbIPe YHCJIA, TIOTOMY YTO B 3TOM CTOJIOUKE
6oJIbllle Ynces He 6bLIO. Y HEro, Kak U B IMPOIILIbIN pas,

OIIATH TIOJYUYMJIUCh OAWHAKOBbBIC CYMMBI. ﬂOKa?KI/ITe,
4YTO U Ha 9TOT pa3 Bacs ommb6cst.

BCE CYMMbIl HEYETHbIE
Bor tak BbITISI€1a

FElNIL R O R S TTH BT |CP | 'UT | IIT|[CB||BC
HEKOTOPOTO Trojia: B
TOM To/ly (beBpaJb Ha- tp2]3]4]>]6]7
YUHAICA B ITOHE/E/b- 8191011112113 14
HUK U 3aKaH4YnBaJICA B
BOCKpeCeHbe. 15116117 11819120 ] 21

MosxHO 71 Tak Tie- 2123241251261 27|28

PECTaBUTD YNCJIA ITOU
TabJIMYKK, YTOOBI CyM-
MBI YKCEJ B KaXK/IOM CTOJIOIE U B KaJK/ION CTPOKE ObLIH
HEYEeTHbIMU ?

NnaTb KYCKOB

Paspexxbre aTOT UtIC-
JIOBOIT MHOTOYTOBHIK  [Maii ot | [ e
Ha [ATb PABHBIX MHO- 1120314516l 7

royroJbHuKkos. Paspe-

3aTh pa3pelraercs 819 |10 11]12(13]| 14

TOJIDRO IO yae MMEIO™ 1 sl 46 | 17 | 18| 19 | 20 | 21
IMMCAa Ha PpHUCYHKE

JINHUAM. 22123 124125|26|27] 28

2930

®OKYC C KANEHOAPEM

DoKyCHUK TpPOCUT
BbIGpATh B KaJieHJape CP UT
OO0 Mecdll. 3areM

6 11213415
IIPOCHUT BBIOPATh B TOM

IIH BT

IIT Cb BC

mecsite (xoroporit do- | g | 7181 9 [10] 11] 12

KYCHUKY He coo0Tia-
1o1) croatuk s mo- | 13|14 [ 1516 [17] 18| 19

6oro aus Hegean. Iloc- 201211221 231241 25| 26
Je 3Toro (OKYCHHUK

271281293031

IIPpOCUT Ha3BaTb CaMOe€

MaJIeHbKOE YUCJIO U Ca-
Moe 6OJIbIIIoe YUCJTIO B

aToM crosibuke. Uepe3 HECKOJIBKO CeKYH[ (POKYCHUK
6€301NO60YHO HA3BIBAET CYMMY BCEX UHCEJ 3TOTO CTOJ-
6uKa.

Hampumep, BBIOpaH Kakoii-To MecsI], Js KOTOPOTO
KaJeH/IapuK BBITJISAINT TaK, KaK Ha 3TOH Tabamdke.
[lomycTtumM, mocsie aToro BbiGpaHa nsTHUIA. DOKyCHU-
Ky COOOIIAIOT HauMeHblliee U HanGoJIbllee Yncaa CooT-
BETCTBYIOIIEro crosibuka. B Hamem caydae, ato uncia
3 n 31. Iloutn MTHOBEHHO (POKYCHUK YTBEpXKJaeT, 4TO
cyMMa Bcex umces aToro croabuka pasha 85 (mpo-
Bepbre!).

B yem cekper aroro okyca?

JI. IImeiinzapy,

\




34 KBAHT

(Ha4ano cm. Ha ¢ 31)
IOIIEM BUJIE:
u(t)=U,, sinwt,

i(t)=1,sinot.

Ha pucyske 2 pezicTaBJIeHbl COOTBETCTBYIOIUE IPAUKH, 3/1€Ch
T — muepuoja kojeba-
u(t),i(t) i
Bropas n3 Besnuns,
Un XapaKTepU3yIOImuX 11e-
L.177 PEMEHHbIH TOK, — ero
amnaumyoHoe 3Haue-
Hue. OHO paBHO Mak-
CUMaJIbHOMY MI'HOBEH-
HOMY 3HA4YeHHUIO TOKa
3a Iepuo/| ero n3MeHe-
Hug. Kak HU cTpaHHO,
C TOYKHM 3PEHHUsl BO3-
JleficTBUS TOKA Pa3HOil (POPMbI Ha pa3/IMyHble HAIPY3KHU, aMILJIU-
TyZa TOKa HamMeHee WHQoOpMaTHBHA. BOT TouyeMy 3HaueHne
IIePEMEHHOTO TOKA OMPEAE/IIIOT CPaBHEHHEM ero JefCTBUS ¢
JIeNCTBUEM TIOCTOSTHHOIO TOKA.

Cpednee 3nuauenue iepeMeHHOTO TOKA — ATO 3HAYEHHE TAKOTO
MIOCTOSIHHOTO TOKA, KOTOPDBIN IEPEHOCUT TAKOH Ke 3aps/l 9JeK-
TPHUUYECTBA 32 TOT K€ TIPOMEKYTOK BPEMEHH, UTO U TIePEMEHHDBII
TOK. [l/11 mepeMeHHOro Toka, (popMa KOTOPOro CHMMeTpUYHA
OTHOCHUTEJHHO OCH BPEMEHH, HAIPUMEDP /11 CHHYCOUIAJIbHOTO
CUTHAJIA, Cpe/IHee 3HAUeHNe TOKa PaBHO HYJT0. [ToaToMy 06bIdHO
TI0/T CPEIHUM 3HAUYEHHEM TIOHUMAIOT CPE/IHEBBIIPSIMIECHHOE, T.€.
cpe/iHee 3HAUEHIe TOKA [I0CJIe eTo BhIIpsAMIeHns. Takoe cpeHee
3HAYEHME TOKA XapaKTepusyeT ero JelicTBue, Hampumep, Ipu
3aps/IKe aKKyMyJIATOpA.

eiicmeyiowee, uau sghgexmusnoe, 3nauenue mepeMeHHOTO
TOKa — 3TO 3HAUeHUE TAKOTO IIOCTOSIHHOTO TOKA, KOTOPBIIL,
[IPOXO/ISl Yepe3 aKTHBHOE COIPOTUBJICHHUE, CKAXKEM 4epe3 Pe3u-
CTOpP, BBIJIEJSACT 3a TOT K€ IMPOMEKYTOK BPEMEHHM TaKoe >Ke
KOJIMYIECTBO TEIJIOTHI, KaKOe BBIIEUT B 9TOI HarpysKe MepeMeH-
Hblil TOK. VIMeHHO adekTHBHOE 3HAUEHNE TOKA BAXKHO IIPHUMe-
HUTEJbHO K HArpeBaTeJbHLIM 1TPHOOpaM.

Cpennee 3HaueHWe IEepPEeMEHHOTO TOKAa M BBIIPSIMJIEHHE
CHHYCOHU/IaJbHOTO TOKa. [lepemennblii TOK B Teyenue nepuo/a
UMeeT Pa3/JMyHble MIHOBEHHbIE 3HaueHus. ECTecTBEHHO mocTa-
BUTb BOIIPOC: KakKoe e 3HadeHue Toka (MaM HaIpsKeHus )
GyJieT u3MepATbest amMiepMerpoM (Wi BOJBTMETPOM), BKJIIO-
YEHHBIM B 1lenb? Ec/m B Ienb 1epeMeHHOTO TOKA BKJIOUYHUTD
1prOOP MArHUTOAJIEKTPUYECKOI CUCTEMbI, KOTOPDIII TIpe/iHa3Ha-
YeH JIJIST U3MEPEHUsT CPeIHEro 3HAYEHUST TOKA, TO ATOT MPUGOP
saukcupyer HyJeBoe 3Hadenue. [leliCTBUTEIbHO, B TeueHUE
KasK/I0T0 IepHo/ia TOK MOJIEePHo/a TPOTeKaeT B 0OTHOM HAIPaB-
JIEHUH U TIOJIIIepUO/ia — B IPYrOM. B 1enu takoro Toka He Oyaer
[IPOUCXO/INTD AJEKTPOJIN3, M TAKUM TOKOM HEJIb3sl 3apsiKarb
AKKYMYJIATOP.

OpHaKo, KOrja roBOpsSIT O CpeHeM 3HAUCHUH CHHYCOH/ANb-
HOIl BeJIMYMHBI, OObIYHO MMEIOT B BU/Y Cpe/lHee 3HayeHue 3a
noaneproga. Ha pucynke 3 u3o0paskeHa KpuBasi M3MEHEHUs
CHHYCOM/IAJIBHOTO TIePEMEHHOT0 ToKa 3a rnoJrepuoza. Iloctpo-

A . UM IPSIMOYTOJIBHUK C OCHOBA-
it /\ nuem T /2 U ILIOIAbIO, PaB-

HOW TLIOTIAHN, 3aKJIIOYEHHO
I 4 MeXX/y KpuBOi rpaduka u ro-
7 PHU30HTAIbHOI ocblo. Bpicora
MPSAIMOYTOJIbHUKA Oy /IET TIPe/i-
CTaBJISATH Cpe/iHee 3HAYEHUE

O T,/2 t  rtoka3a nosmepro/a. VsBect-
Puc. 3 HO, YTO TLJIOIIAIb MO/ CHHYCO-

Puc. 2

2012/ Ne4

UAOH WM [OJ HPSMOYTOJBHUKOM YHCJIEHHO DaBHA 3apsjy,
HPOIIEAIIEMY YepPe3 MPOBOAHUK:
iy /2
. . 2. T
q= _[ i(t)dt = J. I,sinot-dt==1,—=1
0 0 n 2

oS

cp

Orcio/la HAXOUM 3aBHCUMOCTD MEXK/y CPEJHUM W aMILIUTY/I-
HBIM 3HAUEHHSIMU IepPeMeHHOI0 CHHYCOM/IAJIbHOTO TOKa:

2

I, =1, =0637I,.
T

Taxkast ’ke 3aBUCUMOCTD CYIECTBYET MEX/1y CPEJHUM N aMILJIN-

TYAHBIM 3HAYCHUAMN HANPAKEHUA:
U, = 0,637U,, .

JL71s1 ocyIecTBIICHUS 3apSIIKI aKKyMYJIITOpa WK JJISI [IPOBe-
JICHUS 3JICKTPOJIN3a CUHYCOMJATBHDII TOK BhIIpsAMJsIoT. [Tocie
BBIIPSAMJIEHUST TOK IIPOTEKAET B OJHOM HAIPABJEHUU, HO €ro
HeJb3s1 CUNTATh IOCTOSTHHBIM TOKOM. TOKH, H3MEHSIONIHEeCs
TOJIBKO TI0 BEJIMUMHE, HA3BIBAIOT MYJIbCUPYIOIUMU TOKaMu. [
[OJIyYEHUS TTOCTOSTHHOTO TOKA 3TOT ITyJIbCUPYIOLIMIA TOK CTJIaXK M-
BalOT C IIOMOIIBIO CHCTEMbI BCEBO3MOKHBIX (uiabTpoB. Ha
PHUCYHKE 4,a TIpUBe/IeHbI TIPUHITUINAIBHAS CXeMa OHOTIOIyIIe-
PHUO/THOTO BBIIPSAMUTEJIS IEPEMEHHOT0 CUHYCOU/IAIBHOTO TOKA 1

JANA
R >
| 1/2 T ¢

B JEpavavas

Puc. 4

S

rpaduK HaNPSKEHWST Ha BBIXO/IE BBIIIPSIMUTEJIS, 4 HA PUCYHKE
4,6 TpejCTaBJEHbI JIBYXIIOJYIIEPUOHBIN BhiIpsaMuTeab (Moc-
k) u GopMa TMOJYYEHHOrO HampsyKeHust. Takume cpeaHue
3HAUEHHs TOKA UM HAIPSKEHUS YXKe MOKHO U3MEepPUTb MarHu-
TO3JIEKTPUYECKUM 1TPUOGOPOM, NPUHIUIT JACHCTBUS KOTOPOTO OC-
HOBaH Ha B3aMMO/ICHCTBUY TIPOBO/IHNKA C TOKOM M ITOCTOSTHHOTO
MarHUTHOTO IIOJISI.

ITpumep 1. VIMeroTcs Ba BBIIPAMUTENA: JBYXIOTYTIEPUO/I-
HBIIl M OtHONOJYTIepHOAHDIH. K Kask[ioMy M3 HUX 1100Y€pe/HO
MO/IKJIIOYAIOT BHAYAJIE aKKYMYJISITOP M [IOTOM Harpesaresb. Kak
M3MEHSIIOTCS 3apS/IHBII TOK aKKyMYJIATOpA U TOK B HarpeBareJie
PN CMEHe BBIIPSIMUTEJIS?

3aps/iHblii TOK — 3TO cpeaHuii ToKk B uenu. lloatomy mpn
repexo/ie OT JABYXIOJIYTIEPHO/IHOTO BBIIPAMJIEHHUS K OHOIOJY-
TIEPUOTHOMY 3apPSIIHBII TOK aKKYMYJIITOpa YMEHbBIIAeTCsl BABOE.
Ecui sxe HarpysKoil BBIIPSMUTEJIS SIBJISIETCSI HarpeBaTesib, TO B
TAKOM CJIy4ae B/[BOC YMEHbINAETCS HE TOK, a MOIHOCTb. [lo-
CKOJIbKY, KaK U3BECTHO, MOIITHOCTD ITPOITOPIIMOHAIbHA KBa/[paTy
TOKa, TO JIIST OJTHONOJIYIIEPUOHOTO BBIIPSIMJICHUST TOK YMEHb-
[aeTcst He BABOE, a B +/2 pas!

IIpunep 2. KakoBo cpejiHee 3HaueHUe HAIIPSDKEHMS Ha BBIXO/e
OJIHOTIOJIYTIEPHO/IHOTO BBIIPAMUTEJISI, MPEJCTABJICHHOTO HA PH-
CyHKe 4,a? AMIIUTY/IHOE 3HaYeHUEe HATIPSIKEHHS OY/IeM CUNTATh
pasubpiM U, .

Wcnonb3ys 3aBUCHMOCTD MY CPEJHUM M aMILIUTY/IHBIM
3HAUEHUAMHU TIePEMEHHOTO CHHYCOHM/IAJbHOTO TOKA 3a TIOJIIepH-
o/1a, MOJIy4nM

15 15 1
Uy = Fjuart = ?ij sinot - dt = U, =0,318 U,,.
0 0



[eiicTBylomee 3HaueHHWe CUHYCOHU/AJTHHOTO MEPEMEHHOTO
Toka. Kax y»xe oTMeuasioch, st XapaKTePUCTUKI TIEPEMEHHOTO
TOKa YJI0OHO HCIIOJb30BaTh Kakoe-HUOy/b €ro CBOWCTBO, He
3aBUCAIINE OT HAIIPABJICHUS TOKA. TakuM CBOICTBOM SBJISETCS,
HATpUMeP, CIOCOGHOCTh TOKA HATPEBATDH TTPOBO/HUK.

M3BeCcTHO, YTO YacTOTa MPOMBIIIJIEHHOTO CHHYCOM/IAJTBHOIO
TIepeMeHHOTO TOKa paBHa ® = 314 ¢ (v=50Tu). 3uauur,
MI'HOBEHHbIE 3HaY€HUA HaIlIpAKEHUA W CUJIblI TOKa B HENn
MEHSIIOTCST IOCTATOYHO ObICTPO. [IpH MpoOXosK/eHnn rnepeMeHHo-
rO TOKa MO aKTHBHOMY COIIPOTHBJIEHUIO, HATIPUMED Yepe3 JiaM-
TTOYKY, KOJMYECTBO BBIJCTEHHON TETJIOBOI 9HEPTUH TaK)Ke Me-
HSIETCS CO BPEMEHEM, HO M3-3a MHEPTHOCTH TJIa3a Mbl HE 3aMeyva-
eM MUTaHus JaMrodyk. TakiuM o6pa3oM, MTHOBEHHOE 3HAUEHUe
MOIITHOCTH JIAMIIOUKH HAM MPE/CTABJISIETCS MOCTOSTHHON BEJIIH-
Hoil. IIpomyckast HOCTOSTHHBIN TOK Yepe3 3Ty JIaMIIOUYKY, MOXKHO
JIOCTHYD TOTO, YTOOBI TIPU HTOM BBIJIEJISAIOCH TAKOE Ke KOoJye-
CTBO TEIJIOTBI, KaK U B CJIyyae TepeMeHHOTo TOKA.

MorHoCTb P TIOCTOSTHHOTO TOKA I, TPOXO/ISIIETO Yepes COTpo-
TuBJeHNe R, paBHa

P=I’R.

MrHOBEHHAsT MOIIHOCTb CHHYCOUJAJBHOTO ITIEPEMEHHOTO TOKA
paBHa, COOTBETCTBEHHO,
. . 1—cos2mt J2 I?
p= i’R = I,%,Rsm2 ot = I,iR— = m_R_m_RCOSth )
2 2 2
Cpennee snavenne cos2mt 3a nepuoa T pasuo Hymo ( 4o

COOTBETCTBYET CyMME HIIOHlaL[efI, IIOMEYEHHDbIX Ha PUCYHKE 5

A [
-2 2 2 i2

+ \i'=IL,2=1 +

/o

1=10,7071,

Y

-«

Puc. 5

3HaKaMH <«+» m «—»). Torma cpeamee 3a MEPHOA 3HAYEHWE

KBaJpata CUJIbI CHHYCOUJATBHOTO MEPEMEHHOTO TOKA PaBHO

_ 2

o 1

P2 =m
2

a JIHCTBYIOIEe 3HAYCHUE TOKA COCTABJISIET

- 1
I=+i* =2 =0,707I,
V2 "

AHaJ’IOFI/I‘-IHO, I[eﬁCTByIOHIee 3Ha4Y€HUe ITEepeMEeHHOro CHUHyCoun-
JAJTbHOTO HAIIPAKEHNA PaBHO

)

U=IR= I—’”R =Un
20 2
DJIEKTPON3MEPHTEIbHBIE TPHOOPDI, N3TOTOBJICHHDBIE TI0 TIPIH-
LUy MArHUTHOTO B3aUMO/IEHICTBUS JABYX TIOCJIEI0BATENbHO TIO/I-
KJIOUEHHBIX TOKOB (IPUGOPBI  HIEKTPOMHAMUYECKON CHcTe-
MBI), a TAKKe TEIIOBbIE aMIIEPMETPBI U BOJILTMETPDI, BKJIIOUEH-
Hble B IleNlb IIEPEMEHHOTO TOKA, IMOKAa3bIBAIOT JeHCTBYIOMINE
3HAUCHUS TOKA MJIN HAIPSKEHUS . DTU IPUOGOPDHI YHUBEPCAJIBHDI,
UX UCTOJIB3YIOT /IS U3MEPEHUST BEIUUUH U MOCTOSTHHOTO TOKA,
7 BBIIPSIMJIEHHBIX MYJIbCHPYIONIX JJIEKTPUUYECKIX CHTHAJIOB.
ITockosbKy K KaTeropuu MepeMeHHOTO TOKA MOXKHO OTHECTH
He TOJIbKO CHHYCOW/IAJbHBIN TOK, HO U JPYTue MepHojAndecKue
9JIEKTPUIECKUE CUTHAIDBI TIPOU3BOIBHON (POPMBI, TO MBI MOKEM

=0,707U,, .

Harmcatb 0606uentbie opmyivl s pacdeTa BeJUYUH CPe/l-
HEro M JIefCTBYIONIEro 3HaueHuit rmepeMentnoro toka. Cpejmee
3HaUCHHE EPEMEHHOTO TOKA M/ HAIIPSIKEHUS PaBHO CPEHEMY
apudMeTHIeCKOMY BCeX MTHOBEHHBIX 3HAUeHUI 3a Mepuo:

1T

Flu(t)dt .

AHa]IOI‘I/I‘{HO, CPEIHEBBINIPAMJICHHDbIE 3HAUYE€HUA TOKa W HallpA-
JKeHuA paBHbI COOTBETCTBEHHO

1t 17
Icp BBIID F _“1 (t)| dt, UCpBbIHp = F _“u (t)| dt.
0 0

MrHOBeHHasT MOIIHOCTD ) 9JIEKTPUYECKOTO CHIHAJA €CTh TTPOU3-
BeJ/leHIle MTHOBEHHOTO HAIPSKEHHsI ¥ Ha MIHOBEHHbIH TOK i:
p = ui. YToGbl HANTH CPEJHIO MOIIHOCTD 3a MEPHO/], He06X0-
JIUMO TIPOCYMMUPOBATh PalOTbhI, COBepIIaeMbie B GECKOHEUHO
MaJible OTPE3KH BPEMEHH, a 3areM 3Ty CyMMapHyIio pabory
nozesutp Ha tepuox T. Ilpw 39TOM TONYYUTCS MOIIHOCTD,
KOTOpast BbIJeJIIJIAch Gbl, ec/it Gbl B KaK/bIil MOMEHT COBEpIIa-
Jlach OffHa 1 Ta ke paGota. PaGora 3a BpeMst dt ompemessieTcst
T

1
I, = sz(t)dt, Uy =
0

BbIpaskenueM widt, pabora 3a nepuoj; T — BbIpaskeHHEM Juid t,

a CpelHAd MOUIHOCTb — BbIpaK€HUEM 0

T T
ﬁzézijuidtle_[izdt.
T T, Ty

W3BecTHO, 4TO MOITHOCTD P MTOCTOSHHOTO TOKa I, TPOXO/IAIIEro
yepes cornporuByenne R, paBna P = I’R . Ecu P=7, r.e.

2 17
1R=R—jzdt,
TO

TO JIefiCTBYIOIEe 3HAUEHNE BEJNYUHBI [IEPEMEHHOro ToKa (Ha-
HPSBKEHUs) ONpelesisIeTcsl 1o caefylonteil popmy.ie:

I= 1]'i2(t)dt U= l}uz(t)dt
TO TO

IHpumep 3. Uto HOKaXKET JIEKTPOJUHAMUYECKII aMIIepMeTp,
BKJIIOYEHHBIN TOCJIE[OBATENILHO € PE3MCTOPOM, €CJH K HeMy
nojaercss nuyooOpasHoe Ha-
npsikerne (puc.6)? Comnporns- 4(1)4
JIEHUE Pe3rCcTopa PaBHO R. U,

YToJ OTKJIOHEHUS 3JIEKTPO-
JMMHAMUYECKOTO aMIepMeTpa
TIPSIMO TIPOTIOPITHOHAJIEH KBAJI- >
paTy MTHOBEHHOTO 3HAYEHUS r t
nepeMeHHoro Toka. Takum 00-
pasoM, IpHOOP MOKAXKET JIEHCTBYIONIee 3HAUYCHUE TOKA B PE3NC-
TOpE:

3

Puc. 6

u ottt 1\/1U2T U
=== | [u?(t)dt = — | == = —m
R R Ti“() R\T 3 ~RJ3

Hpumep 4. DnexTpoaUTUYECKAS BaHHA IIOJKJIOUCHA IOCJIC-
JIOBATEJbHO € W/IEAJbHBIM JIHOJOM W aMIEpPMETPOM K CeTH
MEPEMEHHOTO CHHYCOM/IAJbHOTO HarnpsiKeHus. KakoBo mokasa-
HUE TEIJIOBOTO aMIlepMeTpa, €CJU H3BECTHO, UYTO 3a BpeMs
t =14 na karoze Bbiaessiercas m = 1,078 r menu? Iuekrpo-
XUMHWUYECKNi sKBUBaseHnt Mmeau k= 0,33 - 1076 kr/Kur .

Cormacuo nepsomy 3akony MDapajest,

_m
=

rae g — 3aps/, NPOUICAININii Yyepes aJeKTponT 3a Bpems t. Ha
pUCYHKe 7 II0Ka3aHO M3MEHEeHHe CO BpeMeHeM TOKa B ILENH C

q




36 KBAHT
i naea bHbIM anojoM. Kak Buamno
L7 U3 PHCYHKA, (= () t . Tae
T
P |
qrp2 = j I,sinwt-dt =-"=2T -
> 5 -

0| 72 T 312 2T t sapsam, mpOXoAATIHil MO TerH 3a
MOJIOBIHY TepUoIa KOJIeOGaHHi

Puc. 7
TOKa B ceTu. TakuM 06pasoM,
q= IﬁTL = Iﬁt.
n T =w

CpaBHI/IBaH JIBa IMOJIYY€HHDIX BbIpaK€HUsA /1JIA 3apsdja ¢, HaX0-
JUM aMIIJIMTyIHOEC 3HAQYCHNE TOKa B CETH!
_ Tm
m = k ¢

-enpepbIBHOCTb
B reOMeTpumn

A.BJTUHKOB

|_|PI/I PEINEHMN HEKOTOPbBIX TEOMETPUYECKUNX 3A-
a4 y106HO HMCII0JIb30BaTh MOHsITHE HenpepbiBHOCTH. [IpH-
HsaTo cunrath (yukumio f(x) Henpepvienot Ha HeKomopom
npoMeXymKe, ecan B KaKAOH TOYKE HTOr0 HPOMEXYTKA IPH
MaJIbIX U3MEHEHUSIX 3HAYEHUS] X MAJIO M3MEHSIETCS] U 3HAYeHHe
hynkumm. !

Yaiiie BCETO € MOMOIIBIO HEITPEPBIBHOCTH I0KA3bIBAIOTCS yTBEP-
JK/IEHUST O CYIIECTBOBAHME. B aTHX ciIydasx OOBIYHO IIPUMEHS-
€rcsl TeopeMa O MPOMEKYTOYHOM 3HAYEHUM: eCU (DYHKUUsL
[ (x) nenpepvisna na ompesxe [x; x,], f(x)=A, f(x,)=B,
mo dast 06020 wucaa C, nexauezo mexoy Au B, naiidemcsimaxoe
Xy € [x; 2], wmo f(xy)=C.
3apaua 1. Paduyc okpyxnoc-
¢ mu, 6nUCAHHOU 6 PaAsHObeOpeH-
Holl mpeyzonvruk, pasen 1.
Mosxem qu naowads mpeyzoio-
Huka Ovimo pasua 6?

OrtBer: 12, MOJXKeT.

Pemenne. Paccmorpum pas-
HOOe/IpeHHbIi TpeyroibHuK ABC
¢ ocHoBanueM AB, B KOTOpBIi
BIIMCAHA OKPY)KHOCTb Pajnyca
h r = 1 (puc.1). 3adpuxcupyem

Touky D kacanus npamoit AB ¢
OKDY’KHOCTBIO U Oy/leM <«[[BH-
ratb» Bepmmiy C 10 BBICOTE
r CD, nsaMensist ee paccTosiHue /2 0T
AB Tak, 4to0bl JJaHHAs OKPYXK-
A B HOCTb OCTaBaJach BIIMCAHHOW B
paBHOOEAPEHHDIIT TPEYTOJbHUK
ABC. Bepmunbt A u B B atoMm

Puc. 1

! Bosiee crporo: f(x) HempepbiBHa B KaXkIoil TOUKe X HEKOTOPOTO
MHO’KECTBA TOT/[a M TOJIBKO TOT/a, KOTA /IUIsl Ipupaitennii pyuKiu B
HTUX TOYKAX BBIIOJHSETCS paBeHcTBO lim Af (x)=0.

Ax—0

2012/Ne4

KosmmyecTBO TemsoThbl, BbIIEIMBIIEECS HA aMIIEPMETPe COIpPO-
THBJeHneM R 3a Bpems ¢, paBHO

t I Tt I
=Qpp—=-"R__=mRt
O=Ompp ="y Ryp =7 Rt

HpI/I YCTaHOBUBIIEMCSA TEIJIOBOM PaBHOBECHUUN CpPEAHASA MOIIL-
HOCTD, BbIJIEJIAIONIAACA Ha aMIIepMETPe, paBHa

2
ﬁzgziR =IiR.

t 4
OTCIOlIa HaX0/UM IIOKa3aHue aMHepMeTpa:
1 mm
I, =" ="=143A.
AT T Dkt

caydae OyayT cMemarbest BAOJb TpsaMoit AB. Tlpum masbix
N3MEHEHUSIX /2 MAJIO UBMEHSIETCS TIEPUMETpP TPEYTOIbHIKA, a TaK
Kak Syupc =pr (tae p — noaynepumerp ABC), to Maso
MU3MEHsIeTCs W ero Ivom@aab. TakuM o6pa3oM, 3aBUCHMOCTb
S (k) sBasieTcst HeNPepbIBHOI QyHKIHEI.

BoiGepem 3uavenue /i tak, 4to6bl Tpeyroibunk ABC Gblia

PaBHOCTOPOHHMM, TOTJla €ro CTopoHa a = 27tg60° =23, a
2

miomaab S = # =343 < 6. Tak xax AB > 2, TO, BBIOpAB

Kakoe-To 3Hauenme /2, Gombmiee mectu (60 ycTpeMuB 7 K

6eCKOHEYHOCTH), TIOJYYlM TPEYTOJABHUK, ¥ KoToporo S > 6. ITo

TeopeMe O IPOMEXKYTOYHOM 3HAYEHUH Haiijiercss Taxkoe /i, /I

KoToporo S = 6, uTo u Tpe6oBaJOCh.

Takum o6pasom, juist penenns 3agaun: 1) 3adurcupoBaHbl
HEKOTOPbIE TOYKU 33J[aHHOI KOH(UTYpalnu, BbiGpaHa He3aBH-
cUMast epeMeHHas /i 1 1I0Ka3aHo, KaKuM 06pasoM M3MEHSeTCs
MOJIOXKEHNE OCTANBHBIX TOYEK B 3aBUCUMOCTHU OT /1; 2) 06bsCHe-
HO, ToYeMy 3aBHCHMOCTD S (/) MCKOMOW BEJMYHHBI OT BBIG-
pPaHHOW TEepeMEeHHOH SBJSETCS HENPEepPhIBHON (QyHKINEI;
3) TmoKa3aHo CyIeCTBOBAHUE 3HAYEHUIT IEPEMEHHON, TP KOTO-
PBIX MCKOMAsT BeJIMYMHA TIPHHUMAET 3HAYEHMsI KAK MEHbIIe, TaK
1 6oJIbIIE MCKOMOTO; 4) MCIOJIb30BaHA TEOPEMa O POMEKYTOY-
HOM 3HAUCHUH.

OTMeTI/IMy qTO Apyrue CrocoObl peniennsd, CBA3aHHbIe C ITOUCKOM
ITapaMeTpOB UCKOMOTO TPEYTroJibHUKA B ABHOM BH1/I€, TaK UJIN MHa4e€
TPpUBOJAT K KyéI/I‘IeCKOMy YpaBHEHNIO, KOTOPOE HEBO3MOKXHO pE-
IIUTDb <«IIKOJbHBIMU» METO/IaMU.

3/ech yMECTHO IIPHBECTH ellle OJIHY 33/auy, CBSI3AHHYIO C
paccMorpenntoit kondurypaiueii. [{us ee perenust morpeGyercst
ZIPyTOE CBOMCTBO: (DyHKyUsl, HENPepvleHds HA ompeske, 00CMmu-
2aem na Hem c60€z0 HAUMEHLULEZO U HAUOOILULEZO 3HAUCHULL.

3amava 2. V deyx pasnobedpennvix mpeyzoioHUKOE cOOMm-
BEMCINGEHHO PABHBL GOKOGBLE CNOPOHBL U PAOUYCHI BNUCAHHBLL
oxpyxnocmetl. OOA3AMENLHO AU IMU MPEY2ZOSLHUKU PABHBL?

Ortser: Her, He 0053aTEIBHO.

Pemenune. 3adukcupyeM HEKOTOPYIO OKPYKHOCTb pajinyca 7
n OyzieM paccMaTpHuBaTh paBHOOGepeHHble TpeyroabHnkn ABC,
OMMCaHHbIE OKOJIO 3Toi okpykHoctn (cM. puc.1). Takme Tpe-
YTOJIbHUKY O/THO3HAYHO OIIPE/IEJISIOTCS [IINHOM /2 BBICOTBI, OITy-
1eHHON Ha ocHoBaHue AB. Benuuywna 2 mpu 3TOM MOXKeT
HpPUHEMATD JI060e 3HadeHne u3 untTepsana (27; +o). PaccMor-
PHUM 3aBUCHMOCTD JIHHBI 60KOBOiT CTOPOHBI b oT /. IIpn Masibix
M3MEHEeHNsIX i MaJio usMensiercsi U 3nHadenue b, mosromy b(h)
SIBJISIETCSI HEIIPEPBIBHOI (DYHKIHEI.



Ecim h crpemutest K TpaHUIlaM BBIOPAHHOTO MHTEPBAJIA, TO B
000X caydasx b CTPEMUTCST K <ILToCc GecKoHedHoCTH». Pac-
evorpum yurimio b (k) na orpeske [Ay; hy], tae by uyTo
Goubiiie, yeM 27, a h, pocrarouno Beauko. Torja sHaueHue

dbyuximm b (k) Ha KoH-
bp 1ax orpeska OyJaer /1oc-
b(h,y) | Tatouno GosbimuM. Ha
b(hy) 9TOM OTpe3Ke (DYHKIHSI
JIOCTHTAET CBOUX JKCTPE-
MaJIbHbIX 3H8,‘IeHI/II'/JIy Tpu-
ueM HauGoJIblIlee [JOCTH-
b(hy) raercsi Ha OJ[HOM W3 KOH-
1[0B, a HaWMEHbIee — B
KaKoil-To BHyTpeHHEeIl
touke /iy (puc.2).
2rh, ho h2 Paccmorpum Temepb
Puc 2 Kaxoe-HIOyAb PUKCHPO-
BaHHOEe 3HaueHue QyHK-
1uu, KOTopoe HeMHOro GoJbiue, yeM b (/). Ono gocruraercst,
10 Kpaiineil Mepe, IpH JBYX pasjuvnbix 3navenusix /. Ciemo-
BaTEJIbHO, HANAYTCS XOTsT ObI [IBa HEPABHBIX PaBHOGEIPEHHDBIX
TPEyToJIbHUKA C PABHBIMU OOKOBBIMU CTOPOHAMU U PaBHBIMU
pajuycaMu BIIMCAHHBIX OKPY’KHOCTEN.

=Y

[lasee mpuBe/ieM IPUMePHI IBYX 3a/1a4, B KOTOPBIX OISTh-TaK!
UCIIOJIb3YETCSl TeopeMa O TIPOMEXKYTOUYHOM 3HAYeHUH, HO B
oTJIYre OT 3a/1aun 1 cHavasa HaJo MpUAyMaTh KOH(MUTYPAIHIO,
B KOTOPOIl 9Ta TeopeMa «3apaboTaeTs.

3anaua 3. Cywecmsyem au mempasop, y KOMopozo Kkaxodas
2pany s8asemcs mynoyzosbiblM MpPey2oioHUKOM?

OrBer: 1a, CyIIeCTBYeT.

Pemenne. PaccMOTpuM TpeXTpaHHbBIN yroJi, y KOTOPOTO Ty-
TIble TIJIOCKNMeE YTJIbl IPH BeplinHe A paBHbI, Hartpumep, o 110°

A (puc.3). CymiectBoBanue Ta-
KOTO yTJIa MPaKTHYECKH Oue-
BU/IHO, HO €T0 MOXKHO J[OKa-
3aTb 1 cTporo (IMO/ICKa3Ka: CM.
3a/1auy 2 JUISL CAMOCTOSITENb-
HOTO peIleHus).

BoiGepem touku B, C u D Ha

¢ CTOpPOHAX 9TOrO yrja Ha pas-

HBIX PACCTOSTHHSX OT BepIIi-
uel A. B atom ciyuae tpeyrosbnux BCD — paBHOCTOPOHHUM,
T.. ZBDC =60°. 3adukcupyem Tenepb Touku B u C, mocie
4ero GyzieM «IBHTaTb» TOUKY D 110 jydy, IpuOIKas ee K TOUKe
A. Tlpu ManbIX M3MeHEHMsIX AJUHBI DA Majlo u3MeHsercs u
BesnunHa yraa BDC, 3HAYMT, 3aBUCHMOCTb BEJMYUHBI HTOTO
yraia ot DA sBisiercst HenipepbiBHOU dyHKumeit. [Ipu atom ecom
mmna DA 6mu3ka K HyJio, To BeqmunHa yriaa BDC 6imska
110°.

ITo TeopemMe 0 MPOMESKYTOYHOM 3HAUYCHUH HENPEPBIBHON (hyH-
KITNU HalijieTcs 3HaveHne aanHabl DA, npu xotopom yroa BDC
paseH, HanpuMep, 100° . TakuM 06pa3zoM, KaxKIblil U3 TPEYTOJIb-
nukoB ABC, ABD, ACD n BCD G6ynet TynoyroJbHbIM.

B

Puc 3

OTMeTHM, 4TO CyIIecTBYeT W JIpyroe pelleHue 3Toi 3ajadm,
OCHOBaHHOE Ha HempepbIBHOCTH. UmTarenb CMOXeT HaHTH ero
CaMOCTOSITEJIbHO, €CJIM BCIIOMHUT, YTO Takoe Touka Toppuuesin B
TPEYroJbHUKE, Y KOTOPOro KaxK/blil yros menpie 120°.

3anava 4 (A.Tommbiro, XXV Typaup roponos). ITepumemp
8LINYK020 uembvipexyzonvnuxa paser 2004, oona uz ezo dua-
eonaneii pasmna 1001. Moxem au emopas Oduazonais 6ouns
pasna 2?

OTtBer: 1a, MOXKET.

Pemenne. Paccmorpum yerbipexyrosibuuk ABCD, B KoTopoM
JINArOHAJN TepHeH Ky aApHbl 1 auaronanab AC amuner 1001

JIeUT JuaroHaab BD JMHBI 2 1I0MOJIaM A
(puc.4).

UeTbIpexXyTOJbHUK C TTEePHEHINKY IS PHBI-
MU JUaroHaIsIMH, B KOTOPOM O/{Ha U3 AUAaro- B&—+—-—"—D

. . 1 K
HaJien J1eJIMTCA TOYKOU IepecevyeHnsd 110110~

JlaM, Ha3bIBAIOT 0e1bMmOuUdoM.

[Iycts pmaronamn AC n BD mepecexaiort-
ca B Touke K. Bynem «iBurarb» touky K o
ayuy AC (r.e. mepememath quaronais BD
napa/iIelbHo caMoii ceGe), M3MeHss pac-
crosgamne AK = x. [Ipn MasbIx n3MeHEeHUsIX X
nepuMetp P uetbipexyrosbHuka ABCD Tax-
K€ MAJIO U3MEHSIETCS, I09TOMY 3aBHCUMOCTD
P(x) siBasieTcst HENPepbIBHOIT (QyHKIHEI.

Ilpu x = 0 Toukm K m A coBmagyr,
yeTblpexyroabHuk ABCD <«BBIPOAUTCSI> B
tpeyroabHuk BCD, mepumerp KOTOPOToO

pasen 2+ 2V1001° +1>2004. Ipu x = p, 4
1001

C

Touka K craHoBUTCA cepejnHoi
AC, torpa 4erpipexyroibHuk ABCD — poMm0, a ero nepumerp

2
paBseH 4 (%) +1=241001? + 4 < 2004 . TTo Teopeme o mpo-

MEXKYTOUHOM 3HAYEHUH Haii/ieTcs moJjioxkenne touku K, st
koroporo nepumerp ABCD pasen 2004, uto 1 Tpe6OBAJIOCH.

V13 TeopeMbI 0 TIPOMEKYTOYHOM 3HAYEeHUU 1 C(POPMYINPOBAH-
HOTO BBIIIe CBOMCTBa (DYHKIIMHU, HETPEPHIBHONW HA OTpe3Ke,
CJIEZyeT, UTO pYHKUUsl, HeNpepouieHas A ompe3Ke, NPUHUMACM,
HA HeM 6Ce NPOMEKYMOounvle 3HAUeHUs OMm HAUMEHLULeZO 00
naubosvwezo (TeopeMa 0 MHOKECTBE 3HAYEHUI).

3amaua 5. B npocmpancmee Oan npouseonvHuil yzon A.
Hoxaxume, umo naidemcs maxas niockocmuv I, umo npoex-
uyueti yera A na II seasemcs yeon eeauwunvt @, 20e @
npunumaem n1060e 3apamnee sadannoe suaverue om 0° do 180°.

Pemenne. [lyctp Besmumna JJaHHOTO yrJia paBHa Y. BoiGepem
CHavasla TJIOCKOCTh II  TakuM o06pas3oM, uToObl OHA Oblia
napaJienbHa mIocKocTn Aanuoro yria (puc.5,a). Torma opro-
roHaJIbHOIT ipoekiueil yria A va I1 siBssiercs yroa A’, paBHbiii
yray A, T.e. yrox Besmunabl Y. Ilposenem 6uccekrpucy yraa A
n OyJieM TIOBOPAYMBATh JAHHBIN YIOJI BOKPYT IPSIMOI m, coziep-
sKanieit 6uccexTpucy. PaccMOTpUM 3aBUCHMOCTD BEJIMYMHBI @
OPTOTOHATBHON MTPOEKIIUH OT yTJIa TTOBOPOTa. [Ipu MaJIbIX yriax
MIOBOPOTA BEJIMYMHA OPTOTOHAIBHOM POEKITIH H3MEHSIETCST MAJIO,
TI03TOMY 3Ta 3aBUCHMOCTD SIBJISICTCSI HEIPEPLIBHON (DYHKITHET.

6)
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Puc. 5




38 KBAHT

IIpu moBopote Ha 90° T1OMYUUM yroJI, MJIOCKOCTH KOTOPOTO
neprenankyasapua I (puc.5,6). Ero npoekuueii Ha miockocTb
I sBasiercst yron A” Beqmunuoit 0° . TTo Teopeme 0 MHOKECTBE
3HAUEHNI HellpepbIBHON (DYHKIMU @ IIPUHUMAaeT Jo0oe 3Hade-
Hue ot 0 10 Y.

Boi6epeM Terepb mI0cKocTb [T Tak, 4TOOBI GHCCEKTPHCA YTJIa
A nepecekana T n 6bLta eif meprienanky.apaa (puc.5,6). Toraa
OpTOTOHATBHON TIpoekimeit yrma A na IT sasasgercs yron A”,
pasublii 180°. B muockoctn gaHHOTO yria yepe3 BepiiunHy A
IIPOBe/IEM TIPSIMYIO 72, TepHeHANKYJIAPHYI0 GuccekTpuce, n Oy-
JleM TIOBOPAYMBATH JIAHHBI YTOJI BOKPYT HpsiMoit 7. V1 B aTOM
cJydae IpH MaJbIX YIJIaX MOBOPOTA BEJIMYMHA () OPTOTOHAJb-
HOIi ITPOEKIINN U3MEHSETCsl MAJo, II03TOMY 3aBUCHUMOCTb @ OT
yTJia MOBOPOTA SBJIsTeTCsT HempepbiBHOU dynkiwmeii. [Ipn moso-
pore Ha 90° mosyunm yron A’, IIOCKOCTb KOTOPOTO MapaJLIe b
Ha Il , 3HAuwuT, ero npoexiueil SBJISIETCS OCTPBIH YToJI, PaBHBIH
JaHHOMY, T.e. yroJ BeJuuunbl Y (puc. 5,2). ITo Teopeme 0 MHO-
JKeCTBE 3HAUEHNH @ TpuHUMaeT Joboe 3Hadenne ot Y g0 180°.

3HauyuT, @ MOXKET IPUHUMATD JT060e 3HaueHue ot 0° 1o 180°.

3agava 6 (M.IMMapbirun). Yepes mouxy O nepeceuenus
Juazonaneii uemvipexyeorvnuxa ABCD npogedena npousso.iv-
Has npamas, nepecexawuyas cmoporwvt AD u BC 6 mouxkax K u
M coomsemcmeenno. /Joxkaxume, umo oauna ompesxa MK ne
npesocxodum naubosvuell u3 QUazonaietl YemolpPexyzoaoHuKd.

Pemenne. 3adukcupyem 01HO U3 BO3MOXKHDBIX ITOJIOKEHUI
orpeska MK u Gyniem «iBurath» Touky K 1o cropone AD. Torga
nosoxenne Toukn M onpeaensercss oanoznadno (puc.6). Pac-
CMOTPHUM 3aBUCUMOCTD JINHBI oTpe3ka MK ot paunbpl AK = x,
rjie x npuHuMaet Bee 3Haderus ot 0 10 aumuast DA (BRounTesb-
HO). TIpn MasbIX M3MEHEHUSX 3HAYEHHs] X MaJO M3MEHSETCS 1
numHa MK, moatoMy aTa 3aBHUCH-
MOCTb SIBJISIETCS HEIPEPBIBHOMN
¢yHKIMei. 3HaYUT, B KAKOI-TO
TOYKe oTpe3ka AD jinna npunu-
MaeT cBoe HanboJIblliee 3HaYeHNe.

JlokaskeM, 4TO 3TO TTPOUCXOIUT
Ha OJHOM U3 KOHIIOB OTpE3Ka.
p  eficTBuTEIBHO, Iy CTH 9TO HE TaK,

Torga Mexay Toukamn A u D
Hal/IeTCs TaKoe MOJIOJKEHHE TOY-
ku K, nuist koroporo gamnna M K — naubousibinas. [Iposenem yepes
touky O zaBe npsMbie EF n PQ 110/1 paBHBIMU MaJIbIMU yTJIaMu
K npsimoit KM Tak, uto6bl Touku E 1 P nionasm Ha cTopony AD,
a toukn F u Q — na cropony BC (a He Ha UX MPOIOIKEHNUS).

Bocmosib3yemcs TeM, 4To 6GUcCceKTpuca TPEyroJabHUKa He 60JIb-
e Me/naHbl, NPOBEACHHON K TOH ke cTopoHe, a MejanaHa
MEHbIIIe TIOJTYCYMMBI CTOPOH, MEX/1y KOTOPBIME OHA ITPOBE/IEHA
(06a (akra mompoOyiitTe mokazaTh camocTosaTe bHO). Toraa
OK<OE+OP OM<OF+OQ

QME _C

Puc. 6

. CkJyanpiBas aTH Hepa-

EF + PQ
2

BEHCTBA MOYJIEHHO, ToaydnM, uto MK < . 3HauurT,

onuH u3 orpe3koB EF wim PQ piunnee, vem MK, 4to mportu-
BOPEYUT HAIIEMY TIPE/ITOJIOKEHHIO.

Takum 06pa3oM, HAaUGOJBIIUM 3HAYEHHEM PacCMaTPUBAEMOI
(PYHKIMK SBJSETCS JJTMHA O/IHON U3 IMarOHaJIel YeTbIPeXyTrob-
HUKa, OTKYy/la ¥ CJCIyeT YTBEPXK/JCHUE 3a/1aui.

Oc0060 OTMETHM: TIPH PEIIEHUH 9TOM 33/1a4H CYIECTBEHHO HCIIOJIb-
3yeTcs TOT (DaKT, 4yTo HanboJbliee 3HaYeHne (PYHKINHT JocTUraercs!

B 3akiouenne pacCMOTPUM «KJIACCHUECKYIO» 33/1a4y, B KOTO-
POl cHavasa MoKaskeM CTaHJapTHOE TPUMEHEHKE HellPepbIBHO-
CTH, a 3aTeM O6CYANM JPYTOil MOAXO0/, TIO3BOJISIONINIT CIeTaTh
HEKOTOPBbIE 060OIICHMUS.

3anava 7. [Jan wapnupnoui wemoipexyzonviuk (Oiunol ezo
CMOPOH U UX NOPAOOK 3APUKCUPOBANDL, d Y2]ibl MOZYTN MEHSITNb-

2012/ Ne4

cs). Jlokaxume, wmo cywecmeyem maxoe noi0KeHue Imozo
UeMBIPEXY20JbHUKA, NPU KOMOPOM OH 6NUCAH 6 OKPYHKHOCMD.

Pewmenue. [Iepsoiii cnocob. 3aMeTnM, 4TO YEThIPEXYTOJBHUK
ABCD 0iHO3HAYHO OIIpe/IesIseTcst JJIMHON 0001 13 ero uaro-
Hasefi. Be3 orpanudyenuns OOIIHOCTH MOKHO CUUTATh, YTO
AB+ BC £CD + DA. O6osuaunm uepes ¢ cymmy ZABC +
+ ZADC . PaccMOTPUM TaKkoe TIOJOKEHNE YeThIPEXYTOTbHIKA,
npu KotopoM BepimnHa B meskut Ha gunaronamun AC (uersipex-
YTOJIBHUK <«BBIPOKIaeTcs» B Tpeyroabuuk ACD; puc. 7,a). B
atom ciydae @ >180°, a puna AC = x — naubobiras. Byaem
noctenenHo yMmenbmath AmuHy AC  (coXpaHssi BBIMYKJIOCTh
YeTBIPEXYTOJbHUKA) [0 TE€X TOp, TOKa He MOJYYNM JPyroe
«BBIPOKJIEHHOE» T0J103keHne ABCD: BepiinHa A uin BepiiuHa
C okaxkercst Ha anaroHaau BD (B 3aBUCHMOCTH OT TOTO, KaKast
u3 cymm Menbiie: AB + AD nim CB + CD). B aToM mosokennn
¢ <180° (puc. 7,6). Ipu manbix usmenenusix jaubbr AC
cymma yrioB ABC u ADC Ttakxxe MaJo M3MEHSETCs, [0ITOMY
3aBUCHMOCTD @ (X) sIBJIsIETCS HempepbIBHON (yHkimeil. 3Ha-
YHT, CYIECTBYET TaKoe IOJIOXKEHUE JAHHOTO YETbIPEXYyTOJIbHH-
Ka, pu koropom ¢ =180°, t.e. ABCD — Buucauublii, 4yt0 1
Tpe6OBaAIOCH.

OTMCTI/IM, YTO MHOJKECTBO MIaPHUPHbIX MHOIOYI'OJIbHUKOB BKJIIO-
yaeT B cebsd u MHOT'OYTOJIbHUKH, OIPaHUYE€HHDbIE CaMOIIEPECEKAIO-
eficst 3aMKHyTOI7I JIOMaIIOfI, HO B [[aHHOM CJiy4ae Mbl HUX HeE
paccMaTpuBaeM.

Bmopoii cnoco6. Bes orpanndenusi OGIIHOCTH MOXKHO CYUTATh,
yT0 AB — HambobIIasi CTOPOHA JAHHOTO YEThIPEXYTOJbHUKA.
PaceMoTpuM OKPYIKHOCTB JOCTATOUHO GOJIBINOTO paguyca (tou-

pABCD )

Hee, R > , OTMETHUM Ha Hell TOUKy A 1 mocieIoBaTeIbHO

OTJIOKHMM CTOPOHBI YETBIPEXYTOJBHIKA B BU/Ie BITMCAHHOI JIOMa-
Hoii (puc.7,6). B aToM ciyuae JoMaHas He 3aMKHETCA.

[lasiee, Gy/eM TIOCTENEHHO YMEHBINATh PAINYC OKPYKHOCTH,
c6mxkast Toukn A u A”. Boamoskubl Ba caydas: 1) touku A n
A’ coBmamyT, T.e. JOMaHasi 3aMKHETCS, TOT/a TOJTYYEHHbBIH
YETBIPEXYTOJIBHUK U GYJIET HCKOMBIM; 2) JIOMaHasi 3aiiMeT 110J10-
JKeHue, TP KOTOPOM OTPe30K AB cTaHeT JuaMeTpoM OKPYIKHO-
cTH, HO TIpy 3TOM eme He 3amkHercs (puc.7,2). Torma HauneMm
MOCTENEHHO YBEJIHUNBATD PAANYC OKPYKHOCTH, 3aDUKCHPOBAB
Ha Heil TouKy B 1 ongrh-Taku cOMmKas TOUku A n A’ no Tex nop,
noka JioManast He 3aMKHeTcst (Touka A B 9TOM cJiyuae JBUKETCS
10 TOM Ke TIOJYOKPY’KHOCTH, Ha KOTOPOI JIeXKaT OCTaJbHble
BEPITUHBI JIOMAHOI).

[Tpu TakoM criocoGe pelieHus Mbl B HEIBHOM BUJI€ PACCMATPH-
BaEM 3aBUCUMOCTb PACCTOSHUA MesKky Toukamu A u A" 1o jyre
OT PajJiyca OKPY’KHOCTH ¥ HUCIOJb3yeM TOT (haKT, 4TO TIpH
MaJIbIX M3MEHEHUSIX PAJUyca MOJOKEHHE KaXKIOH BEPIIUHDBI
JIOMAHOI MEHSeTCs] He3HAUUTEJbHO.

) . 6) B
A : c 4
C
b D
6’) C 2) C D
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Puc. 7 A



Bropoii cmoco6 pemienust 1M03BoJIsIeT OGOGINTD yTBEPIK/IEHUE
3ajaull Ha JIOGON IIAPHUPHDBI MHOTOYTOJbHNUK. MOMKHO TakKe
JIOKa3aTh, YTO UCKOMBIN MHOTOYTOJIbHUK SIBJISIETCSI €JINHCTBEHHBIM.
Kpome Toro, cpein Bcex MIAPHUPHBIX MHOTOYTOJBHUKOB € (PUKCH-
poBaHHbIMU cTOpoHaMu (11 TOPSIIKOM CTOPOH) BITMCAHHBIN MHOTO-
YTOJBHUK UMeeT HauGoJIblIyio Ioma/ab. [logpoGHee — cM. KHUTY
B.IO.IIporacosa [8].

3a paMKaMu 3TOM CTaTby HAMEPEHHO OCTaBjeH pa3bop 3azau
0 pas3GUeHNHt MJIOCKUX U MPOCTPAHCTBEHHBIX (DUTYD Ha PABHOBE-
makne (cM. 3amaunm 22 — 24 1719 caMOCTOSITEIBHOTO PEIICHNUS ),
TaK Kak IOJX0/] K TAKKMM 3a/auaM XOPOLIO IIPOMLIIOCTPUPOBAH
B atiofie H.H.Anzipeesa «3amava o 6yrepopojie» Ha caiire [11].

[Tpu pereHun APyrux 3aa4 MOKET TaKyKe OKa3aThCsl T0JIe3-
HBIM CJeyoliee 0000uEeHHe TeopeMbl O IPOMEKYTOYHOM
3HAYEHHH: NYCcMo umelomes oee nenpepoienvie gynxuyuu f(x)
u g(x), Ons xomopvix cywecmsyiom maxue X; u Xy, 4mo
f(x)>g(x), a [(xy)<g(xy); mozda cywecmsyem maroe

Xg € [xg; 25], umo f(x5)=9g(x)-

33113'“[ AJIsI CAaMOCTOATEJIbHOTI'O PEIICHUS

1. /lokaxkure, 4To Ha BbicOTe AD PaBHOCTOPOHHETO TPEYTOJbHIKA
ABC moxHO Tak BbIGpath Touky M, uro ZBMC =100° .

2. JlokaxkuTe, 4TO HA BBICOTE IPABUJILHOTO TETPAd/IPA CYIIECTBYET
TOYKA, U3 KOTOPOIi Kaxk0e peGpo OCHOBAHWS BUHO MO yriaoM 90° .

3. [okaxure, 4T0o B KpyTe ¢ IeHTpoM O MOKHO IIPOBECTH XOPLy
AB Tak, uTo 1oL Tpeyrosibinka AOB Oy/er paBHA IO
CerMeHTa, OTCEKAeMOTO ATOH XOPJOil.

4. JlaHpl KOHIICHTPUYECKHE OKPYKHOCTH pagumycoB R u 2R.
JlokaskuTe, 4TO MOXKHO TIPOBECTU TPSMYIO TaK, 4TOObI 9TH OKPYK-
HOCTH BBICEKAJ HA Hell TPU PAaBHBIX OTPE3Ka.

3. B ky6e ABCDA'B'C'D" 1o pe6pam A’A u CB u3 BepuiiH A’
u C COOTBETCTBEHHO OJTHOBPEMEHHO U C OJIMHAKOBBIMU CKOPOCTSIME
HayMHAIOT iBUraThes Toukn X n Y. Haiiinre MHOKeCTBO 3HAUCHMIA,
KOTOpBIE MOXKET NMPHUHUMATh paccrosiaue XY, ecian pe6po KyGa
pasuo 1.

6. /[Be TOTyOKpYKHOCTH MMeEIOT OOl auameTp AB NHHBL 2 1
JIesKaT B IIEPICH/INKY IAPHBIX IIOCKOCTAX. V3 Toukn A 1o oHOIT 13
HUX U U3 TOYKH B 10 APYroil OHOBPEMEHHO W C OJMHAKOBBIME
CKOPOCTSIMM HauMHAIOT ABUraTbes Toukun X u Y. Haiiiure MHoke-
CTBO 3HAYEHWII, KOTOPbIE MOXKET IPUHUMATh pacctosinne XY.

7 (onmmmnuana «Jlomonocos», 2009 r.). [lan npsmoii AByrpaHHbLi
yrosi. MOKHO Jii TIPOBECTH IJIOCKOCTb TaK, 4TOObI OHA T€peceK/ia
€ro TPAHH MO MPSIMbIM, 06Pa3yIonmM yroa 140° ?

8. [lan npasubHblil TeTpasap ¢ pe6pom 1. [lokaxure, 4To y HEroO
CYIIECTBYET YETBIPEXYTOJIbHOE CeYeHUe repumerpa 2,2.

9. [lau xy6 ¢ pe6pom 1. [lokaxkute, 4TO y HETO CYIIECTBYIOT
cedenusi: a) wyeTbipexyrojbhoe miomanu 1,4; 6) TpeyrosbHoe
naomaan 0,8; B) mATHyrogbHOE M MIECTHYToJbHOE maomaan 1,2.

10. Joxaskute, 4To JTOGOI TPEYTOJBHUK MOMKHO Pa30UTh Ha JABA
TPEYrOJbHUKA TaK, YTOObI OKPY>KHOCTH, BIHCAHHDBIE B MOJIYYHBIIN-
ecsl TPEYTOJIbHUKHU, ObLIH PaBHBI.

11. MoskHO JII B OKPY’KHOCTDb pajuyca | BHHCATh TPEyTrOJbHHUK
nepumerpa 5?

12. CymiecTByer JM TpaBUJIbHAS TPEYroJibHAs MUPaMUIA, Y
KOTOPOIl JIBYTPAaHHbIT yros mpu 60KOBOM pebpe paBeH 75°?

13. Cymecrsyer s terpasap ABCD, B xoropom AB = CD = 8,
AC =BD =10, BC =12, AD = 13?

14* (E.Topckas). /lan IpocTpaHCTBEHHBII NIaPHUPHBII YeThIpex-
yroabuuk ABCD (/mHbI €ro cTOPOH 1 UX HOPSIIOK 3aduKCupoBa-
HBI, & YTJIbI MOTYT MEHATbCSA). JlOKasKuTe, 4TO CYIIECTBYET TAKOE €0
TIOJIOXKEHNE, TIPH KOTOPOM B Terpaszape ABCD aByrpaHHbIE YIJIBI
npu peépax AC u BD mnpsmble.

15 (o moruBam 3azaunm A.Axonsmwa, ¢uuanabupii Typ VIII
Oummnuazapr no reomerpun uvenn 1. M. [Mlapeiruuaa). Cymectsyer
JIU BBIITYKJIbI Y€TIPEXYTOJbHUK U TOUYKA P BHYTPU HETO TaKue, 4yTo
CyMMa pacCTOSIHWIT OT P /10 BEPIIMH paBHA MEPUMETPY YeTbIpeX-
YTroJbHUKA?

16 (A.Toumbiro, XXV Typuup ropogos). [lepumerp BbIIYKJIOTO
yerblpexyroibiuka pasen 2004, oamna us ero jguaronaseil paBHa
1001. Mosxer Jm BTOpast AnaroHa b ObITh paBHa 100172

17 (o motusam sagaun B.@penkuna, saounsiii Typ VII Omum-
nuazapl 110 reomerpun umenn .M. Iapbiruna). Cymectsyer Jjn
HEepaBHOCTOPOHHNII TPEYTOJbHIK, B KOTOPOM HAaNMeHBIIas MeiraHa
paBHa HanGoJiblleil BbiCOTE?

18. CymectByer Jim IpaBHJIbHAS TPEYroJbHAs INUPAMHUIA, Y
KOTOpOH BBICOTA paBHA PACCTOSHUIO MEXIY CepenHaMU JIBYX
CKpenuBanmuxcs pedep?

19* (A.3acnasckuii, 3aounbtii Typ VII Ouumnuazst 1o reomer-
pun nmern WM. Mlapeiruna). CymecTByer Jn HepaBHOGEAPEHHbIN
TPEYTOJIbHUK, Y KOTOPOTO Me/iiaHa, IIpOBe/leHHast 13 O/{HON BepIii-
Hbl, GUCCEKTPHCA, IPOBE/IEHHAsS U3 [PYTOIl, 1 BbICOTA, IIPOBE/IEHHAs
13 TpeTbeil, paBHBI?

20* (M.Bomukesuu, IV VcTHas onuMmmaga 1mo reoMeTpun).
OcHOBaHMEM HUPAMU/IbI CJIYSKUT BBIMYKJIbIH YeTbIPEXYTOJIbHUK.
O6s13aTeTbHO JIH CYIMIECTBYET CedeHne MMPAMUIbI, He TTlepeceKaroniee
OCHOBAHUS ¥ SIBJISIIONIEECS BIMCAHHDBIM Y€ThIPEXYTOJIbHUKOM ?

21* (B.Cennepos, 3aoutbiii Typ I OauMmnuanpl 110 reoMerpun
nmern V.M. llapeiruna). B mpoctpancTse fan TpeyroJabHNK, Han-
6OJIBIIINIL YTOJT @ KOTOPOTro MeHblie 120°. Jlokaskute, 4TO CyIIeCTBY-
€T TOYKA, M3 KOTOPOH Ka’k/[as CTOPOHA TPEYroJbHUKA BHJHA I10J
YTJIOM O.

22. Jlokaxkure, 4TO JIOGYIO BBIIYKJIYIO IJIOCKYIO (DUTYPY MOXKHO
Pa3GuTh Ha JBe PaBHOBeIUKIE (DUIYPDL: a) IPAMOIl, apasLIebHONR
3a/IaHHOM; 6) NPSIMON, NMpoxo/stieii Yepes 3aaHHy0 TOUKY.

23*. Jloxkaxkure, 4TO J1I000i BBINYKJIbIH MHOTOYTOJIBHIK MOXKHO
paspesarb JABYMsI B3aMMHO MEPIEH/MKYJIAPHBIMU HPSIMBIME Ha
4eTbIpe (OUTYPBI PaBHOI TJIOTIA/IH.

24*. Bepro s, uto: a) J10GYIO BBIIYKJYIO ILUIOCKYIO (DUTYpY
MOYKHO Pa36UTh IPSMOIl Tak, 4TOObI IO/ U HePUMeTPhI TI0JIy-
ynBImXCst GUryp GbliM paBHbl; 6) JIOG0E BBIMYKJIOE TEJIO MOKHO
Pas3OuTh MIOCKOCTHIO TaK, 4TOOBI 0OBEMBI U TLIOMIA I TOBEPXHOCTELT
MOJIYUUBIINUXCST TeJT ObLIN PAaBHbI?
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Bbibop
NepUOANYHOCTY,
NepUoaNYHOCTb

BbIOOPA...

B.D)XYPABJIEB, [1.CAMOBOJT

YBbl, Herb3sg Mpocro obbAcHUTL, 41O Takoe Marpuya. Tbi
LOJXeH yBuAeTs 310 cam. Elye He no3qHo orkasarscs. [lorom
n1yTY Hazag yxe He byaer. [pyumeLLb ChHIo TabneTky, 1 cka3ke
KOHEL|, Tbl MPOCHELLbCS B CBOCH TOCTENM 1 [104YMAELLb, HTO TEbe
BCE MPUCHIOCK. [TprmelLs KPacHyo... 1 Tbl — B 3a3epkasse. S
rokaxy tebe, Kak [/1yboka 31a KpoIMybs HOPA. 3armoMHY, 5
npegnararo Tebe y3Harb npasgy. M He bonee.

Cneqyvi 3@ MHOU.

N3 dunbma «Matpuua»

Maxc co6pasics BbIK/JIIOYATh KOMIIBIOTEP, KOTJa YBHU/IeJl MUTa-
IOMIUI MaguoK 3JIeKTPOHHOTO coobienus ot Codou:

— IIpuser! 3anar? Ilomorn pemmnTb napy 3ajavex...

Makc nognakomuics ¢ Codoeit Ha kauukyaax. OHU Tpuexa-
JIM Ha KYPCbI A3bIKa B OJIHY U3 eBpoleiickux crpan. Okasanoch,
4TO KpPOME S3bIKa OHM B CBOMX IIIKOJIAX Iocerany haKkyabTaTu-
BbI 1o Martemaruke. Ilocsie Mecsia oOyueHust sI3bIKy pebsita
Pas3bexXaJicCh MO0 CBOMM CTPaHaM, PACIIOJIOKEHHBIM 3a THICSIUN
KHIJIOMETPOB APYT OT apyra. Temepb ke OHU IOAJEepP KHBAJII
CBS3b 4epe3 MHTEPHET.

— IlpucsLiait, — orBetTrr Makc.

Curenytomiee coobiienne ot Codby MPHIILIO ¢ 3a/1a4€il.

3anava 1. Cywecmsyiom su maxue nepuoduneckue Gynxuuu
g(x) u h(x), umo g(x)+h(x)=x*?

[Tporpammbl akyabTaTuBoB Oblin pasnblie, 1 nHOTAA Codbst
IIPHUCBLIATA 3a/1a4M MO TeMaM, KOTOpbIC ellle He M3YydYaJich Ha
¢akysaprarnse y Makca. Tak moJydynsioch u Ha 3TOT pas.

— UYro 3a tema? — nanucan Makc. — COpoch napy CCBIJIOK.

— Wsyyaem nepuojanueckue (PyHKIIMU, BOT CCBLIKN HA CTaTbU
n3 «Ksanra». !

HecMmoTpst Ha TPyAHOCTH IlepeBoja, Makc Iepemucan onpee-
JICHUE B TETPA/Ib.

Onpepenenne. Oynxyus [ (x), onpederennas xoms 6ol 6
00HOTU MouKe, HA3bIBACNCS NEPUOOUUECKOU, €CU CYULeCmEYyem
maxoe uucao T # 0 (nasvieaemoe nepuodom), umo das 106020
x uz obaacmu onpedesenus amoi gynxyuu: a) wucia x — T
u x + T maxxe npunadrexam ee obaacmu onpeoeieHust;
6) f(x+T)=[(x).

ITocne BHUMATEIbHOTO IIPOYTEHUS OIpPEIEJeHUs pelleHre
MepBOi 3a/[a4M MOJYYNJIOCh CaMO COGOM.

Pemenne. Ecin npeooKuTb, 4To Takue (QyHKIUU Cylile-

cTByI0T, TO 110 yeioBmio mveeM g (x)+h(x) = 42 . Tyers T; # 0

LT [lopoghees, H.Po306. DYHKIMU TIEPHOMYECKHIE W HEEPHOIMYEC-
kue. — «KBant» Ne9 3a 1987 roj.

A.3emnsxos, b.Hsnes. Ilepnopnaeckue pynkimm. — «KBanrs No12
3a 1976 rox.

A.Pusxun. Ilepunognueckne dynkiym. — «KBanr» Ned 3a 1973 roz.

u T, #0 — nepuogsr dyukuuit g(x) u fh(x) coorBeTcTBEHHO.
U3 oupeneseHnst CJAef0BaIO, 4TO /I J060ro x u3 06JactTu
onpegenenns («IIpocTo Maco MacJeHOe, HO U3 ONpe/eeHIs
CJIOBA HE BBIKMHEIIbY», — MOAYyMaJ Maxc)

g(Ti+x)=g(x) u h(T, +x)=h(x).
Cuenas tpu nogcranoBkun x =0, x =17, x =T, , Makc noJsyuu
g(0)+4(0)=0,

17 = g(T)+h(T)) = g(0)+h(T}),
T} = g(Ty) + h(Ty) = g(T3) + 1(0).
Cpuenas etne mojctaHoBky X = 1] + T, , OH TIPOJIOJIKIII 1IETIOUKY
(T +1y)" = g (T +T) + h(T + 1) = g (Ty) + h(T}) =
=T} —h(0)+T7 =g (0) =T} + T3 .

Torma (T + T2)2 =T? +T7, caeposarensro, 2177, =0. Ho aro
HEBO3MOYKHO. 3HAYNT, TaKuX (PYHKIUI HE CYIIECTBYET, — MOJIbI-
Toxkua Makc.

3ajiaua He 1oKazasach MakCy CJIOKHOI.

Wntepecno, nmouemy Codbs npucsiana aty 3agaqdy? Ona y Hee
He MOJIyYINJIach MJIN OHA ee TIPHUCJAa /sl Pa3MHUHKN. ..

— 3ajauy pemmit. Kakas caenyromnas? — OTIPaBu COOOIIEHIEe
Makc.

— JloBu, — otk/mkHyJgach Codbs.

3anava 2. Cywecmsyiom iu maxue nepuoduueckue PyHKuuu
g(x) u h(x), umo g(x)+h(x)=lxl?

Maxc monpo6oBas MOCTYNIUTb Tak >Ke, KaK U B MpeAbLLyIIeit
3azade. [IpojesiaB aHAJOTHUHbIE PACCYIKAEHUST U C/IETaB Te JKe
TTO/ICTAHOBKHY, OH TOJYYHJ PABEHCTBO |T1 + T2| = |T1| + |T2| . Pa-
BEHCTBO He BBITJIS/IEJI0 IPOTUBOPEUYNBBIM, 110 KpaiiHell Mepe /11t
caydast, Korga 06a nepuozia ObLIM OJHOTO 3HAKA, B YACTHOCTH
wit 1;>0 uw 7, >0,

«OX y>X 9TOT MOZLYJIb, BCETAA OT HETO KaKNe-TO CIOPIPU3BI, —
nogymas Maxkce. — Ilpuznercs naspiine yriay6asaTbes B TeMy». Emy
HE XOTeJOChb yaaputhb B rpsasb JjmioMm nepen Codbeii, XoTs
JIOCJIOBHBIN TIEPEBOI 3TOTO (HPa3eoJOrnieckoro o60poTa ObLI
€My He COBCeM IOHSITEH.

Maxc eme pa3 mpoOexkaa IJla3aMH IPUCTIAHHBIE CTaTbU U
O0OHAPY KU HYKHOE CBOICTBO:

«Ecau pynxyus umeem xoms 6o odun nepuod T, mo ona
umeem OGeCKOHeUHo MHOZ0 Nepuodos — ee nepuodom bydem u
scsikoe uucao nT, zde n — omauunoe om HYJIs Uea0e YUCIO0>.

ITo satomy cBoOIlicTBY TOJIyyaeTcs, 4To

9(x)=g(Ti+x)=g(nT; + x).
3HAYNT, ecJu HEMHOTO MOAM(UIMPOBATD IIPEbIIYyIIee 0Ka3a-
TEJBCTBO, TO MBI IPUJEM K PaBEHCTBY ‘nT1 +T2‘ = ‘nTJ +‘T2
KOTOPOE [TOJKHO BBITIOJHSATBCS /171 JI060TO 1€JI0TO 7.
— Ho ato meBo3MOkHO! — PasiocTHO BOCKIMKHYJT Makc.

)

Yuopaxunenue 1. /loBeanTe 10 KOHIIA paccyxkaeHust Maxkca.

Makc ornpasuJ petenns AByX 3a1a4 Codbe u cras pa3Mblli-
JIATH HAJl TEePBBIM ee coolbiienneM. [loyemy Tocse Bormpoca
«3anAT?» cpady ke ciaeoBasa mnpocbGa? 3uauut, Codbs
3HaJIa, YTO OH HE 3aHAT, WM OHA JyMaJa, YTO OH OTOPOCUT BCe
Jlesia, 9ToObI PEMIUTD /17T Hee Tapy 3agauex? [Touemy-To B 9TOT
MOMEHT OH IOHsJI, uTo (pasa «IlomMorn pemurs mapy sagadexs
He 03Hayasla PEIINTb POBHO JBE 3aJadH.

Ero pasmbiiienns mpepBaj 3HAKOMbBINH MUTAIOIUN MasiioK
3JIEKTPOHHOTO COOGITIEHNS.

— Yro Tak noJro Bo3mics? MHe Hy:KHO pellieHue B o6IIeM
cJIydae /sl MHOTOUJIeHA HeHyJieBoil crenenn. Hazmetoch, ¢ KOH-
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CTAHTOI M TaK BCe MOHATHO. EC/IM 4TO MPH/IyMaelb, TPUCHLIAN.
Mmue mopa. Iloxa.
3axava 3. /{1a Kaxkux MHozouleHO6

1

f(X)=ax +a_x"" +. . +aqx+ay, a,#0, r=1,

cyuwecmeyrom maxue nepuoduneckue pynxuyuu g(x) u h(x),
umo g(x)+h(x)=[f(x)?

Makc monbITaIcss 3amnncaTb MPeIbIIYIINe PACCYKIEHHs B
o0IeM BU/Ie.

Hycrs Ty 20 u T, # 0 — nepuogst bynrimii g(x) u h(x)
coorBetctBeHHO. Ecomn T # 0 — nepuog pynkunu, rtou — T # 0
— TaKsKe [epuoji PYHKIINK, TO3TOMY, He TePsist OOIIHOCTH, MOKHO
cunratb, yto 1Ty >0 u T, > 0. Vmeem ayst 100BIX 1EJBIX 72, R

g(x) =g +2)=g Ty +x), h(x)=h(Ty+x)=h(kT;+x).
Cpenas tpu nogcranoku x =0, x =nly, x = kT, , noayunm
9(0)+71(0)=1(0),
f(nTy) = g (nTy) + h(nTy) = g (0) + 2 (nT;),

f (kTy) = g (RTy) + h(KTy) = g (KT, ) + 1 (0).
Cpenas nogacranoBky X = nT) + kT, , IPOJOJIKUM 1EMOUKY:
[ (nTi + kTy) = g (nTy + KTy ) + b (2T, + kTy) = g (KT;) + h(nT;) =

= [ (R)=h(0)+ [ (nT}) =g (0) = f (nTy) + [ (KT3) = [ (0).

3HauuT, [/ JI00bIX 1EeJIbIX 7, R

F(uT; + KT) ~ f (nT}) = [ (KT) + £ (0)=0. ()
B wactnocTn, MOXKHO B3sITH n = k, TOrJa

[ (uTy 4 n3) = [ (nT;) = [ (nT) + £ (0) = 0.

JleByto 4acTb paBeHCTBA MOJKHO PACCMATPUBATDH KaK MHOTOYJIEH
CTeTIeHN He BbINIE 7 OT TepeMenHoil n. C ApyToil CTOPOMHI,
PABEHCTBO BBINOIHSACTCS /IS BCEX IIEJABIX 72. DTO BO3MOXKHO
TOJIbKO B CJlyyae, Korja Bce Koa(dUIMEHTbl MHOro4jieHa oT
HepeMeHHO 72 TOXK/IeCTBEHHO paBHbI (.

B gactrocTtn, K0adpuIment mpu crapieii CTETeHN MHOTOYIe-
Ha TaKkyKe PaBHSETCS HYJO. DTOT KOI(MOUITMEHT MOKHO BBIUHC-
JUTb, OH paBeH q, ((T1 +T,) -1 - T2’) . Uro6bl PacKpbITh
BHyTpeHHUE CKOOKHU, TipuMennM 6uHoM Hptorona. Ecan r > 2,
10 Ty u T, B3aUMHO YHHYTOXKATCS M OCTAHETCSI CyMMa
MOJIOKUTENBHBIX cjaraeMbix. CienoBarespbHo, ecan * =2, To
TaKOTO pa3JoXeHusa He cymectByeT. llomywaercs, 4to aTO
BBIP@KEHUE TOKJECTBEHHO PaBHO HYJIIO TOJIBKO IpH 7 = 1.

Wrax, ocramoch paccmoTpeTb ciaydail r = 1, T.e. Korja
MHOTOUIEH SIBJIsIeTCs JInHelnoil Gynkuueil f (x)=ax + aq; .

Kazasocn, 4TO 33j1a4a yIpOCTUIACH U 10 OKOHYATEJILHOTO ee
pemienus pykoit nojarth. Ho HaiiTu pelenme B 3TOM IPOCTOM
crydae Makcy He yaaBasoch. Y Tpo Bedepa MyzpeHee — BCIIOM-
HILT OH pyccKyto oroBopky. Ormpasus Codbe cBON paccyskie-
HisE, MaKc BBIK/IIOUI KOMIIBIOTEP.

Boimus yrpenuunii kode, Codbs Havasa MIPOCMATPUBATD BbI-
Kkaaakun Makca.

Yacrb ngokasartesbcTBa Makca IozjaBaiach YIPOIIEHUIO.
Codpst nieperticaia Ha JHICTOK GyMars paBeHcTBO (x) st k =1:

[(nTi+T) = f (1) = [ (T3) +/(0)=0.
CurepoBarensro, dyuxius F(x)=f(x+T)-f(x)-f(T)+
+/(0) o6pamaercst B Hostb Geckoneunoe uncio pas. Ecau f(x)
— MHOTOYJIEH cTeneHu 7, T0 F (x) — MHOrownen cremenu r — 1,

— paccyxjpana Codos. Tloaromy, ecim ¥ — 1 > 0, To F(x)
o6palaercss B HoJib KOHEUHOE YUCJIO0 PA3 UM HU PA3y, HOCKOJIb-

Ky y MHOTOYJIEHA UMEETCST TOJIBKO KOHEYHOE YNCJI0 KOPHE MIn
mu ognoro. Iloayuaem nporuBopeune. 3uaunr, ¥ < 1.

«B mpuHIne MbI MOJKEM TPUMEHUTDH 3TO PACCYKICHUE st
cayuast, korja f(x) — panmonasibHas (DYHKUMS MM Kakasi-
HUOY/Ib APYyTasi, HAIPUMED TOT XKe MOy b, — moayMasa Codbsi.
— Oii... "Her, AT MOy He ToAouaeT, Aasd Hero F (x) TOXKe
OyzieT 00paIaThest B HOJb 6ECKOHEUHOE IHCI0 pa3. OX YK aTOT
MOJyJIb, XOPOIIO, 4To Makc Halles [/ Hero pelleHues.

Ocranca cayvail suneiinoit ¢pynkuuu. [Toyemy-to Maxc ne
MIPHCJIAJ PellleHne JIJIs 9TOTO caydasi. B3rysHyB erle pa3 Ha Bce
BBIKJIQ/IKH, OHA 3aMeTHJIA, UTO K IPOTUBOPEUNSIM IPUBO/IIIO BCE
TO 3Ke cooTHOIeHue (x). L1g paccMarpuBaeMbIX (PYHKITHI HAXO-
JUAJIACH TaKue 1eJible 72, R, 9YTO PABEHCTBO (*) He BBIMOJHIIOCD.
B cayuae numeitnoit dynximn f(x) = @x + g, oHa 3ammcasia

[ (nTy+ kTy) = [ (nTy) = [ (RT3) + [ (0) =
=a, (T + kRTy) + ay — anTy — ay — akTy —ay +a; -0+ ay =0 .

3Ha4uT, B cJayvae JUHEHHOH (DYHKIIMN PABEHCTBO () BbBITIOJIHA-
ercst ISl BCeX TeNbIX 7, K.

A BAPYT B 9TOM CJIydae CyIIECTBYIOT TAKHME TEPHOIMUECKHE
Gyukunn g(x) u h(x), uyro g(x)+h(x)=ax+ay?

«Mozxer, yaactcsi H36aBUTBCSI OT TTAPAMETPOB», — TOyMasa
Codpst. Ecai y Hac ecTb passioxkKeHie B CyMMy [BYX MEPHOIN-
uecknx gyukuuii s f(x)=x,1.e. x =g (x)+h(x), rororaa
MBI JIETKO MOCTPONM PA3JIOKEHNE B CYMMY ABYX TEPHOTITIECKIX
bynrmmii st f(x) = ax + ay. Harpumep, B KauecTBe IEPBOTO
CJIaraeMoOTO Mbl MOJKEM B3SITb IIE€PUOANYECKYIO (DYHKIHIO
a,g (x)+ ay, a B xauectse Broporo a;fi(x).

Mbl 3HAeM, YTO Y KOHCTAHTBI TIEPHOJOM SIBJSIETCS JI060€e
ncso, a nockoabky x = g(x)+h(x)=(g(x)+c)+(h(x)-c),
TO Hame Pa3loKeHWe MBI MOKEM MCKaTh C TOYHOCTBIO [I0
KOHCTaHTBI. B wacTHOCTH, MBI MOKEM HCKATh GyHKIME ¢ (x) K
h(x) rakue, uro g(0)=0 u £(0)=0.

Torzga st Takux QYHKIHH BBITOJTHSIETCST
0=9(0)=9g(M)=gT), 0=h(0)=hr(Ty)=h(k]).
Honyaaem 0 # nTy = g(nTy)+ h(nTy) = h(nT}) . 3uaunr, nl; #
# kT, HM TIpU KaKUX HEHYJEBBIX IeJbix 17 u k. Iloatomy
pasnoxerne x = ¢g(x)+/(x) Bo3MOXHO TOMBKO TOTAA, KOTIA

nepuoanl 1; n T, necousmepumbl, — 3akmmounna Codbsi.

Jlnst ipuvepa ooskum Ty =1 w0 T, =+/2 . Torma g(n) =0,
h(n)y=n, g(kN2)=kv2, h(kN2)=0, g(n+k2)=kJ2,

h(n + k\/i) =n A7 J0OBIX IeabiX 7, k.

SABHoro nporuBopeuns noka Her. Kakue-to crpanubie pyHK-
muu nosydaiores. Kakoit y Hux Moxxer ObiTbh Tpaduk? Mbl
onpegemnun Haum yHkimn g (x) n 72(x) Ha Beex dncIax BHA
n+kJ2. A kak Gpith ¢ ocTambHbIMH umcaaMn? CTOIBKO
BorpocoB! He cripocuts sin 06 atom y Makca?

Maxc ¢ wmHTepecoM mocMoTpes BbIkJagku Codbu, u ero
MHEHHe O CYIeCTBOBaHUM pasiokenus x = g(x)+h(x), rae
g(x) n h(x) nepuopnueckue pyHKIMH, YKPEIHIOCH.

B ompenenenun mepuomdeckoil (yHKINN He Tpe6OBaIOChH,
4T0OBI (DYyHKINS ObLTa 3aaHa Ha Bcell och, JOCTATOYHO ObLIO,
«4TO0BI /ISt JTF000TO X U3 o6sacTu onpejeaeHus ynciaa X +71 u
x =T rakske IpUHAJIENRKAIN ee 06IACTH OIpe/iesieHns» . Bapyr
Makcy mpuiia B TOJIOBY HJIes: 2 UTO eCJIH Ui Hava/ia MOTbITaTh-
csl TIPEACTaBUTH ATH (YHKINM W WX rpaduKn He Ha BCeil
JeficTBUTEIbHOM TPAMOIL, @ Ha MHOXKECTBE YUCEJI, IPE/ICTAaBUMbIX
B Buge n+kvV2 (n, k — ueanie)? IIpu 5TOM BPEMEHHO MOKHO
CUNTATD, YTO B OCTATBHBIX TOUKAX ACHCTBUTETLHON MPSIMOIl 3TH
(yHKIMM He ompeeseHbI, a KOT/a MHOSBUTCS SICHOCTD, TO
HOIBITATBCS JOONPEAEIUTD (DYHKIUH M B OCTABIINXCS TOYKAX.
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Mpbicaenno Makc npeAcTaBuJI ce6e IJIOCKOCTD B Bu/e rmpo3pad-
HOI MTOJINATUIEHOBOM TIJIEHKHT TOJIIIUHBI HOJIb C HAHECEHHDBIMU Ha

Hee OCSIMU KOOpJIMHAT. Bce TOUKM ¢ KoOpAnHATAMU (n\/E kN2 )
ObLTM OTMEUEHbI KpacHOH Kpackoil. HamoraeM Terepb 1ieHKy Ha
GapabaH ¢ JUIMHON OKpyskHocTH 1, — nogayman Makc.

JL1s HaJIeSKHOCTHU IIPOKJIENM CJION TITIEHKH GECIIBETHBIM KJICEM.
PaspexxeM Ternepb TO, 4TO IOTYyYUIOCh, BIOJb OCU ¥ 1 Pa3BePHEM
B nostocy mmpunbl 1 (cM. pucynok). KpacHbix Touek B mpejesax
9TOI MOJIOCHI Oy/JieT 6ECKOHEYHO MHOTO, HO TIPU 9TOM HUKAKHe
JIBe U3 HUX He OY/JYT paclioiaraTbCs Ha OJ[HON BEPTUKAJIBHOI
mpsmoii. Kpacuble Touku OyayT Toukamu rpacduka GyHKIUI
y = g(x) na orpeske [0;1]. UTOObI MOJYUUTb MEPHONUYECKYIO
dynknuio, 6ygeM KOMUPOBATb 3Ty MOJOCY M CABUTATh BIPABO
WM BJIEBO HAa PACCTOSIHUS, PABHBIE IIEJIBIM UHCJAM.

st nocrpoenust vactu rpaduka Gyukunn y = h(x) Ha

orpeske [0;\/5] MOKHO TOCTYTIUTh aHAJOTUYHO. Bce TOukm ¢

koopanHaramu (7; n) OTMETHM cHHel Kpackoii. HamMoTaem Temepb
3Ty TUIEHKY Ha 6apabaH ¢ JJIUHON OKPYKHOCTH V2 . Paspeskenm
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TO, YTO MOJTYyYHJIOCD, BJIOJIb OCH I pa3BEPHEM B TI0JIOCY [N PUHBI
V2. KonusMu 1osioch! 3amoTHIM BCIO TLIOCKOCTD.

Ilepenecem Bce cumne Toukn rpaduka y = g(x) (B TOM UnCIe
W TOYKH, MOJYYEHHBIC KOMMPOBAHMEM) HA HOBYIO MPO3PAUHYIO
maeHky. TouHo Tak ke Ha APYTYIO HOBYIO TIPO3PAYHYIO MICHKY
IepeHeceM KpacHble TouKi rpaduka y = /2 (x). A rerepb ckienMm
HOJTy4eHHDBIE JIBE IJICHKU TaK, YTOOBI OCH KOOP/MHAT COBIIA/IA/IH.
Yto MbI yBUAUM?

B mauase KoopJAWHAT COBIALYT OJHA KpacHas U OJHA CUHAA
touku. Ha BepTHKAJIbHBIX IPSMBIX OYIYT PacIoaraTbCs:

e jig abcryce Buja 2 , n#0 — onHa KpacHas To4YKa C

Koop/inHaTaMn (n\/i,n\/g) " O0/lHa CUHAA TOYKaA C KOOpAWHaTaAaMM1

(n2;0);

o J1JIs1 LIEeIOUNCIEHHbIX aOCcIuce Bujga n, n # 0 — oHa KpacHas
Touka ¢ koopaunaramu (7;0) u ofHA CHHSAA TOUKA ¢ KOOPAUHA-
tamu (m;n);

o st abcumce Buma n+ k2, tme n#0, k#0, — oana
KpacHast Touka ¢ koopaunatamu (n + k+2; k+2) u oxma cuisis
Touka ¢ koopaunatamMu (n + k2;n) .

Ha ocraibHbIX BepTUKAJIbHBIX MPAMbIX HU CUHUX, HU KPac-
HBIX TOYEK He OyJIeT.

Takum 06pasoM, Mbl BUAUM, 4TO B rpaduke, sBJISIONEMC
cymmoii rpaduxos dynkuuit g(x) u h(x), Bce Touku Gyayr
pacroJiaraTbCsl Ha IpsAMOii y = x.

O YHKINY TTOMYYHIIACH AeHCTBATENIBHO CTPAHHBIMA. [/ Ha
puCYHOK, MaKc MOHSJI, YTO TOJyYUINC TIePHOANYecKre (PyHK-
11K, He OrPaHUYEHHbIE HA JIOGOM, [aXKe CKOJIb YTOJHO MaJIOM,
unrtepBase. urepecusrit mpumep, moxet, Codbe uTo-To 1mo106-
HOE BCTPEYasIoch.
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He ycnena Codpst mogymaTb, Kyga mponasa 3ToT Maxc, Kak
yBH/IeIa COOOIIeHne.

— IIpuser! 3unaemrb orBeT?

3apava 4. Cywecmeyem au nepuoduyueckas pynkyus, onpe-
denennas Ha ecetl YUCI060U NPSAMOU, KOMOPAs He 0ZpAHUUEeHd
Ha 11060M unmepsane?

— Hello! Yes, I know! — takske B pudmy orBetmia emy Codbsi.
— Takas ¢ynkims He MoKeT GbITh HelpepbiBHOW. U s cMory ee
noctpouth 1o npunnuny dyukiuu lupuxie. >

Ornpesiesinm Hairy GyHKIUIO CIEAYIONNM 00Pa30M:

0, ecm x — He palMoOHaJbHOE, T.¢. x & Q;
f(x)=141 ecom x = 0;
n, ecmm x =+m/n, nyme N; HOJI (m;n)=1.

JpyruMu c10BaMu, BO BCeX UPPAIMOHAIbHBIX TOUKAX (PYHKIU
pPaBHA HYJIIO, a BO BCEX PAI[MOHAJbHBIX IIPUHUMACT 3HA4YEHUE,
paBHOE MUHUMAJIbHOMY 3HAMEHATEJNIO apryMeHTa.

OueBU/IHO, YTO HOTYUNIACH TEPHOANICCKast (DYHKITHS C TIepH-
osiom 1. Ecym B3ath moGoit nxreppan B npoMexytke [0;1], To B
HeM HalllyTcs [Be pallioHaIbHbIE TOUKH % < % . Codbs BcioM-
HUJIA HeJlaBHEE 3aHATHE MATeMATHIECKOTO KPY>KKa U CTaThlo® U3
«KBanra» 1o psagam Dapes. Terepb Mbl MOXKEM PacCMOTPETH
a+c a _a+c ¢
R Torna E< b+ d <E' bepem
OJHYy 13 KpallHuX Apo6eil U MeUAHTy U CHOBA CTPOUM MEJIUAHTY
9TUX Apobeil u Tak gasee. Mbl mosrydaeM GECKOHEYHYIO TIOCJIE-
JI0BATEJIbHOCTD PAIMOHAIBHDBIX YKCEJT BHYTPH MHTepBaJa. 3Ha-
MeHATeH TIOCIeJ0BATeIbHOCT OyAyT HEOTPAaHWUEHHO BO3PAC-
TaTh, CJIE0BaTeIbHO, Ha 9TOM HHTepBase Hama (PyHKIUI Oyaer
HEOTPaHMYEHHOI cBepxy. B cuiy mnepuopaumyHoctdn (QyHKIMS
Oy/ieT HeoTrpaHMYEHHOIl CBepXy Ha JII0OOM MHTEepBaJe AeiCcTBH-
TEJIbHON OCH.

KoneuHno, sto npumep (yHKINM, He OIPaHHYEHHOI CBEPXY,
cHu3y Hama GyHKIUS orpannyena. Ho ee Jierko nmoJKoppeKTH-
posarb (1iepeornpeesuTb) Tak, 4TOGbI TOJYYHTD MEPHOANYEC-
KyIo (PYHKINIO, HE OTPAHIMUYECHHYIO Ha JI0O0OM HHTEpBaJe.

— UTo 3a MaHepa OTBeuaTb BOIIPOCOM Ha BOIIPOC, — HAIMCAJa
Codpsi. — Hampasiistio Tebe mipuMep neproandeckoii hbyHximm,
He orpaHmYeHHoil Ha Jo6oM nHTepBaJse. Pazobpascs ¢ JauHeil-
HOHl yHKIHMeH uian Het?

— Iloka Her, HO IOCMOTPH MOH PACCYXKIEHUS IPO ILJIEHKY.

— O! [Ta to1 — GapaGanmuk-skcrepumenrtarop ))). [o-moemy,
Tebe He YIACTCs OJHOBPEMEHHO HAMOTATh Ha 6apaGaH MpaByio U
JIEBYIO TIOJIYILJIOCKOCTH!

— Tyt tb1 TpaBa. BHavase paspeskeM IJIEHKY IO OCH . 3aTeM
HaMOTaeM IIPaBYIO IOJIYIJIOCKOCTb, TIOTOM JIEBYIO TIOJIYIJIOC-
KOCTb, a B OCTAJbHOM — KaK HAIIMCAHO...

— Xopomro. Bepremcs k moctpoennio. BosbMeMm kaxyio-HH-
Oy/ib HOBYIO TOYKY, I/le Mbl HE OIpeIeUIN Hall (DYHKINH,

Halipumep \/§ HaZLEIOCb, IIOHATHO, 4YTO \/§ He IPpeACTaBIACTCA

ME/IMAHTy 3TUX Jpobeit

B Buge 1+ k2. Kak Gyzems goonpenensts yHKimm?
— Ouenb npocro! Bor Tak:

g(v3)=0,n(\3)=v3,g(V3+n+k2)= k2,
h(\/§+n+kx/§)=x/§+n.

B npuntnmne g Mory B3gTh elie OHy TOYKY, C/IeJIaThb aHAJIOTHI-
HOe IIOCTPOeHHue, 3aTeM ellle OJHYy TOYKy M Tak jajee. Ho ne
MpULy JIn 1 K IPOTUBOPEYNIO?

1,xeQ;
0,x ¢ Q.
3 B.Bazymen. Bimskue apo6u. — «Kpant> Ne8 3a 1975 .

2 ®dynkuns JInpuxe: D(x)= {
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— Sl momsiyia, 0 4YeM Tl TOBOPHUIIb. 3HAEIIb, KaK B IIeCHE MOeTCs:
«Mpr BpIGUpaeM, Hac BbIOMpaloT. Kak 210 4acTo He coBmaja-
er...»4

— Hy, npu uem TyT 1po6sema BbIGOpA.

— ITouTn yrazas, TOIbKO s HaMeKaJsa Ha akcHoMy BbiGopa. Bor
YUTA.

Axcuoma BoiGopa.® /s 06020 cemeiicmea ® nenycmolx
muoxecms X cywecmeyem pynuxyus 6vl60pd, cmagsuydas 6
coomeemcmeue xkaxoomy X € ® snemenm us X.

— Jla 210 ke oueBuHO. M Her?

— AKCHOMBI W JOJUKHBI GBITh OYEBHUAHBIMH, BEIb TaK? :-)
Tosbko akcmoma BbBIGOPA HE TaK IMPOCTa, Kak Kaxercs. Beap
ceMelicTBO MHOKeCcTB @ He 0053aTeIbHO KOHEUHOE WU JIaXKe
cuetHoe. AxcruoMy cOpMyJUpPOBAJI B Hayase MPOIILJIOTO BeKa
HeMelKuii MatemaTuk IlepMesio, n ee MHOT/IA HA3BIBAIOT AKCHUO-
moii Ilepmedio.

— 41 yxe 3arssanyn B Buxkunennio. OKa3bIiBaeTcst, BOKPYT TOI
aKCHOMBI ObLT cepbe3Hblil criop. HekoTopble n3BecTHBIE MaTEMAa-
TUKN HE TIPUHUMAJN akcuoMy BbiGopa. OHM onacajiuch, u4To ee
IIPUMEHEHNEe MOKET IIPUBECTU K TIPOTUBOpednsiM. B urore n3-3a
OJTHO¥T ATOW aKCHOMBI MIPUILYMAJH IETYI0 CUCTEMY AKCHOM...

— Bor-Bot. ThI 1ioKa eiiie nopaséupaiicst ¢ akcoMoii BbIOopa,
a MHE Ka)KeTCsl, 4TO s HAIllJIa CTPOTOe pellieHue It JINHEHHOM
dyukmum. JKau...

Codpd cesa 3anUCHIBATD PeIIEHNE.

Pemenne Codou. Paccmorpum necoumsmepumbie T; #0 u
T,#0, T.e. takme, uro T1i/T, WPPAITMOHATHbHOE YHCJIO.
BBeniem otHomenne sxBuBasieHTHOCTH HA R . Bysem roBoputs,
YTO X 9KBUBAJEHTHO Y, W 3AIUCHIBATD X ~ Y TOTJA U TOJbKO
TOT/la, KOTJIa CYIIECTBYET Iapa 1e/Ibix umncen {n;k} Taxas, 4to
x—y=nl +kT,.

Vupaxkuenne 2. [[okaxnre, 9TO MPH TAKOM OMPEIETECHUN MBI
HeﬁCTBHTeﬂbHO I10JIy9a€M OTHOLIEHUE SKBUBAJIEHTHOCTH, T.€. 4YTO
BBITIOJIHEHDI TaKWe CBOMCTBA:

1) x ~x g mo6oro x € R

2)ecomum X ~y,TO0 Y~ X;

3ecan X~y M Yy~2z,T0 X~2.

B vactnoctn, x ~x+T; n x ~x+7T,.

OrMeTnM, 4TO /IS SKBUBAJICHTHBIX X W Y COTBETCTBYIOMIAS
napa {mk} ompesesena oAHO3HAYHO. B HpOTHBHOM ciyuae
T,/T, Gypmer palMOHAJIBHBIM.

[To akcuome BbIGOpPa MOKHO BBIOPATb B KaXK/JIOM KJacce
skBuBasienTHoctu U snement u € U. Torpa pnga mo6oro x € R
CYIIECTBYET BBIODAHHBIN HaMU dJ€MEHT, 0G03HAYUM €ero U, ,
Takol, 4to x ~ u,. CJIemoBaTesbHO, CYIIECTBYET TOJBKO OIHA
napa {n;k} rakas, uro x—u, =n-T,+k-T,.

Omnpenentnm yHkimn g u i creyiomum o6pasom: g(x)=k-T,
u h(x)=n-T; +u,.Monocrpoenuo g(x+1;)=g(x)=k-T) n
h(x+Ty)=h(x)=n-T +u,, orxyra yuximu g (x)u h(x)—
nepuondeckue ¢ nepuogamu 17 #0 u T, # 0. Kpome Toro,

f(x)=x=u, +nT{+kT, =g(x)+h(x).

Taxum 06pa3oM, MBI TOCTPOIIN Tleprojindeckue PyHKImu ¢ (x)
u h(x), cyMMa KOTOPBIX paBHa JnHelHoi dyukimm [ (x) = x.
Uto 1 Tpe6OBAIOCD.

Vv

I'nsps va perennie Codbu, Make BAPYT BCIIOMHHII, TJIE €I
€My BCTpeyasiach akcroMa BbIOopa. ITO ObLIO 3aHSATHE KPYJKKa
110 (QYHKIIMOHATBHBIM ypaBHeHUsAM. Torza oHu paccMaTpuBaIn

4 Uepnoe n 6esoe», nechs ns kunoduabMa «Bobimag nepeMenas,
caoBa M.Tamnua, myspika J.KosmaHoBcKoro.

5> 0. Awenxo. TTapagokces Teopun Muoxkects. — M.: MITHMO, 2002.

dyukrnonanpaoe ypasuenne Komm [ (x+y)=f(x)+f(y)
JUTs1 JHOOBIX JEHCTBUTENBHBIX X, . B KadecTBe peleHus ypas-
HEHUSI TaM [OJTy4aJach JMHeHHast (DyHKIUsI, HO BCKOJIb3D YIIO-
MHHAJIICh U KaKHe-TO JPyrue, paspbIBHbIE (QYHKIHUN.

YtoO6bl OCBEXKUTDH MaMsITh, MaKc 3acesl B MOUCKOBUK U HATIeJ
ouepesnyio cratbio® us «Kpanra». Kpome Toro, momckoBuk
BBIIAT ClIe M KHIKKY MO (PYHKIIMOHATBHBIM YPABHCHUSAM.

W3 Haii/lcHHbIX NCTOYHUKOB Makc y3HaJ1, 4To JI06yio (DyHK-
U0, Y/IOBJIETBOPSIONTYIO (DYHKIIMOHATbHOMY ypaBHeH o Ko,
Ha3bIBAIOT a/UIUTUBHON (DyHKIIMENL.

Maxc emte pa3 HocMoTpes Ha cooTHomeHne (x) . 113 paccysk-
nennit Copu ciie1oBasio, 4to (PyHKIUIO MOKHO OBLIO MCKATD ¢
TOYHOCTBIO /10 KOHCTAHTBI, T.e. cuntarh, urto f (0)=0. Temepp
COOTHOIIIEHNE () MOKHO OBLJIO TIepercaTh B B/

[ (nTy+ kTy) = [ (nTy) ~ f (RT3) = 0.
Ecim o6osnaunts x = nT; u y = kT, , 10 no/yyanoch B TOUHOCTH
Gbyuximonanbhoe ypasuenne Kot f(x+y)—f(x)—f(y)=0.
CuietoBatesibHO, paccyinyl Makc, paBeHCTBO (%) BbBIIOJHSIETCS
N7 oGO aInTUBHON (DYHKIINH.

Bapyr Makca ocennio: a ecam pasioxkenne f (x)=x = g(x)+
+h(x) uckarp B kaacce aMTUBHBIX PYHKIMIA? Makce npoved,
4TO Takue (PYHKIUU CTPOST ¢ TOMOIIbIO Gaszuca amelis.

3a aToT He6OIBbIIOI epuo/] BpeMeHn TeTpajaka Makca 6bLia
yoKe HanosIoBuHy ncrmcana. C 4iCToro JmceTa, Kak i Ipesk/e, OH
3ammcasl HailJleHHOe oIpe/iesieHue.

Onpeaeaenne. basuc Famens R nad Q — smo mmoxecmso
deticmeumenvivix yucen e, } (undexc o npobezaem nexomopoe
Hecuemuoe MHOKecmeo A, m.e. O.€ A ) makux, umo

— q06oe delicmeumenbHoe YUCA0 MoKem Ovlinb NPeocmasieHo
6 6uUde HEKOMOPOU JUHCTHOU KOMOUHAUUU 6CEX INCMEHMOB
basuca {e,} ¢ payuonarvruvivu Kodphpuuyuenmamu, z0e auuy
Koneunoe wucio koagppuyuenmos omauunve om nyas (noanoma
Gasuca);

— maxoe npedcmas.aenue 0as 1100020 OelCMEUMENLHOZ0 YUCLA
eouncmeenHo.

JlpyruMn croBaMu, JI7Ts TI060TO HEHyIeBOTO AeHCTBUTEIHHOTO
qrcia u € R CyIecTByeT TOIbKO OJMH TaKOW KOHEYHBIH HaGop

HEHYJIEBBIX DALMOHAJIBHBIX YHCEN ¥y Ty, ...y To;, UTO BBIIOJIHS-

€TCs PABEHCTBO
U =Ty Co F 10, €0, Tt 7y, Cq

Makc mpoudeJt, 4To TaKIX 6a31COB MHOTO 1 BCE OHM COCTOAT U3
6CCKOHEYHOTO, a TOYHee M3 HECUCTHOTO, UYHCTA 3JIEMEHTOB.

«Crpannpiii  6asuc, nogyman Makc. — KOHCTPYKTHBHO
6asuc l'aMens TOCTPOUTD HeJb3s, HO MOXKHO JIOKa3aThb €ro
CyIIeCTBOBAHMe MPH MOMOIN aKCHOMBI BbI6Opa. A pa3s TaKoit
6a3mc cymecTByeT, TO, OMPe/IeTIB HAlH (PYHKITNH Ha dTeMEHTAX
6asuca, Mbl onpenesnM Hamm (GYHKIUH HA BCell YHCIOBOI
npsMoii. Y 6oifHas JIOTHKA, U BCE JKe B TOJIOBE HE YKJIA/[bIBACTCS.
Opmaxo Tormpo6yIo 3aMucaThs .

Pemenne Makca. Bosbmem Hecomsmepumbie yucaa 13 u T, .
Pacemorpum Gasuc Tamens ¢ =1y, e, =T, , ..., ey, ... (Maxe
MOCYHTAJI, YTO CyIIecTBYeT 6a3uc I'amess, y KOTOpPOTro mepBble
maBa anementa 1y n T,. On He omubes, XOTS A0KA3aTEIbCTBO
9TOTO (haKTa BBIXOMUT 3a PAMKHU CTATBHH.)

OmnpeiesM 3HaueHUS HAUX (DYHKIIMI Ha 3JieMeHTax 6asuca:
9(e)=9(T)=g(0)=0, g(e)=g(B) =T, h(er)=h(T})=
=T, h(ey)=h(T,)=h(0)=0.HaBcex ocTanbHbIX J1EMEHTAX
Gasuca monoxum g (e,)=0, h(e,)=e, . Cormacto nocrpoe-
o umeem g (e)+h(e)=e =T, g(ey)+h(e)=e,=T,,

6 A.JTonwuy. ®ynkimonansubie ypapnenus. — «Kpant»> Nel 3a
1975 ron.

7 [1.C.Bpodckuii, A.K.Caunenxo, OyHKIMOHANbHBIC YPABHCHUS. —
Kues: Buma mkosa, 1983.



44 KBAHT
g(ey)+h(e,)=¢, npu o#1;2. Ilo CBOICTBY ajANTHBHOCTH
dyukium 6yayT onpeeseHbl Ha BCEl YHCIOBOIT MPSIMOIi:
g(re +ne;+..)=ng(e)+ng(e)+...=ng(e),
h(ne +ne, +...)=nh(e)+nh(e)+...,

rae n,7%,... — paluoHaJIbHbIE YHUCJIA.
Teneps 511 ABA paBEeHCTBA MOYKHO CJIOKUTH, PACKPBITh CKOOKI
¥ TIePerpyninpoBaTh:

g(ne +mey + ..+ 74, +.. )+ h(ne +ne, +...+1re, +...)=
=1 (g(e)+h(e))+n(g(e)+h(ey))+...
et 1y (g(eg) + hi(ey)) + .. = rieg + ey + . 1yl + .

CJ1e10BaTEIBHO, MBI JOKA3AJIH, YTO U151 TI0G0TO ACHCTBATEIbHO-
ro x BbIIOJIHEHO cootHowenne ¢g(x)+h(x)=x. Kpome Toro,

g (T +x;) = g (rey + 1) =g () + g (x1) = g (1),
h(nTy + x5) = h(ne, + x0) =nh(ey) + hi(xy) =h(x,y),

1.e. pyuxiun ¢ (x) u h(x) — nepuojudeckue ¢ nepuogamu 1y
n T, . BoJsiee TOro, OHM SABJISAIOTCS TIEPUOMIECKUMH € TIEPHOIAMH

NIPAKTUKYM

3ada4m
C NOPLUHAMM
N neperopogKkamMm

A.YEPHOYLUAH

|_|EPBAF[ YACTDb CTATbU BbBUJIA TTOCBAIIEHA 3ATAYAM,
JUISL PElIeHUs] KOTOPBIX IOCTATOYHO OBbLIO IPUMEHUTD YPaB-
HEHHE COCTOSHMS MJeasbHOro rasa. B aroii wactu crarbm —
3a/laun ¢ TEPMOAMHAMIYECCKUM COJCPKAHUEM.

TepmoaHaMunKka mpaeanbHOro rasa

Haunem ¢ 3amaun, B KoTopoii neperopozaka (1ipo6ka) obeciie-
YUBAET MOCTOSHCTBO 00beMa raza (cM. 3aauy 3 U3 nepBoil yactu
craTbu).

3agaua 14. B 6ymoiike o6semomn V naxooumes udeanvli
oonoamomnwii 2a3. Ymobuvl guimawjumo u3 6ymolaku npooKy, K
nei nado npuaoxumo cury F. Kaxoe xoauuecmeo meniomol
MOKHO 8MECO 31020 nepedamy 2a3y, 4mobvL npooKa evlieme-
aa cama? Ilriowadv cevenus zopaviura 6ymolaxu S.

Pemenue. BHyTpeHHsIsE sHEPrUsl OJJHOATOMHOIO H/€AJbHOIO
rasa paBHa

3 3
U=<VRT ==pV,
2 2
a U3MEHEHHuEe BHyTpCHHCﬁ JHEPIrumM Nnpu MmOCTOAHHOM Oé'bCMC V
COCTaBJIACT

AU = 3vRAT = 3vap.
2 2

HOCKO]Ibe paéoTa rasa A B HN30XOPpHOM IIpOIleCCE paBHA HYJIIO,

Oxonuanne. Havaso cM. B npeplaylieM HOMepe JKypHaJa.

2012/ Ne4

rTy w rT, ans mo6oro panmoHanbHOro 7. VITak, Mbl MOJyYn/IH
MCKOMOE pasJioKeHne B KJacce aJIUTUBHBIX (DYHKITHII.

«Hazo 6bI emte moaKcIiepuMEHTHPOBATH ¢ 6asnucoM lamessa u
orpeiesTh (PYHKIMK HA dJeMeHTaX 6a3uca HEeMHOTO T10-[PYTo-
My... — oxymasn Maxkc. — C nomormipio 6azuca Tamens s mory
MOCTPOUTH GECKOHEYHO MHOTO TAaKHMX PasJIOXKEeHWH IS JIMHel-
HOI, U Jaske [uist 10060it aaautuBHoi dyHKimn. /la u pemenne
Codbu BbITEKAaeT U3 MOero perieHus ¢ 6azucom [amess».

YupaxxHenust

3. Cymecrsyior siu Takue nepuogudeckue Gyuxuun g (x) u h(x),
uto g(x)+h(x)=a", tne a>0,a#1?

4. Pemmure 3amauy 4, nmepeonpenenus pynknnio Codoi.

5. MOXXHO JIl TPE/ICTABUTD B BUJIE CYMMBI J[BYX TEPHOIMYECKUX
dyukumii caegytoume dyukinn: a) [ (x) = x +sinx; 6) f(x) =[x]
(uenas yactp uncna x)?

6. Moo jm pezctaButh hynkumio f(x)=a*,rae a>0a# 1,
B BUJE TIPOU3BEAEHNS ABYX TEPHOANIECKIX (DYHKIII?

Asmopul Onazodapsm JI. IImeiinzapya u U.Témxuna 3a no-
Jle3tvle 00CyKoeHus.

ABUTYPUEHTA

13 TIepBOro 3akoHa TepMojguHaMuku Q = AU + A Haxoaum

Q:AU:%VAP.

JUist Ipeo/ioJIeHNsT TPEHNUST TIOKOST JOTIOJIHUTEIbHAS CHLJIA JIaBJIe-
HUSE JI0JKHA ObITh paBHa cuiie F, Heo6GXOMMOIi /IJIsl BBITACKUBA-
HUST TTPOOKU:

SAp =F .
OKOHYATEIBHO IOJTydaeM
3
=2y—
9 2

AHaJIOrMYHBIM 06pPa30M MOXKHO THepedopMyIMpoBaTh 3a/1a4y
4 13 TIepBOIl YacTH CTaTbW — HAJI0 BMECTO HAKAUUBAHUS Ta3a ero
HarpeBath. Y paBHEHUsI TEPMOAMHAMUKU OYIyT TIPH HTOM Ta-
KUMH JKe, KaK B 3ajade 14, a MexaHudecKasl 4acTb — KaK B
3aj1aye 4.

B crenyromnieil 3ajaue MOABUKHBII TOPIIEHb OGECIIEYNBAET
MOCTOSTHCTBO [JIABJIEHISI Ta3a.

3anava 15 (ET3). B éepmuxarviom yuiunope nod nopunen
MaAccol m HAxo0umcst udednvHulii. 00Hoamomuviil 2as. Iasy
coobuarom xoauuecmeo meniomor Q. Ha xaxoe paccmosmue
Ah cuecmumes nopwens? Ilaowads nopwns S, ammocgheproe
dasaenue py .

Pemenue. V13 yc/oBHsE MEXaHUYECKOrO DPABHOBECHUS IIOPII-
HSL CJIE/yeT, YTO JIABJIEHWE Ta3a MO/ IMOPLIHEM IOCTOSIHHO U
paBHO

mg

=py+—=.
P="P S

B atom ciiyyae m3MeHenne BHyTpeHHel anepruu u pabora rasa
PaBHBI COOTBETCTBEHHO

3
AUzgpAV u A=pAV.
V3 nepBoro 3akoHa TepMOJNHAMUKY,

Q:AU+A=§pAV+pAV=§pAV‘
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IoxcraBus ciofa p = py + % n AV = SAh , moayunm
m=2_9
5 poS +mg

Terepp paccMOTPUM CUTYAIMIO, KOT/A OTCYTCTBYET TEIIO00-
MEH ra3a ¢ BHEITHUMHU TeJaMH.

3agava 16 (osmmnuaza <«Jlomonocos-2011»). Ha cmoae
NOKOUMCSE BEPIMUKATOLHO PACNONOKEHHBIT UUSUHOPULCCKUU CO-
cyd. B cocyde nod msixKenviM NOOGUNKHBIM NOPUHEM HAXOOUMCSL
eequti. Ceepxy ma nopuenb ouenv MeOJeHHo OnYcKawom zpy3
maccoi m. Ha cxoavko usamensiemcss npu 3mom 6Hympennsis
anepzust zeaus? TenaooOMeHom zeaust ¢ OKpYKaowei cpeiol
MOKHO npenebpeun. Macca zpy3a maia no CpagHenuIo ¢ Maccot
nopwns. Hauanvnas evicoma H nopumns mad owom cocyoa
useecmua.

Pemenue. IIpu Masibix M3MeHEHUSIX OObeMa W [JIaBJIEHUS
n3MeHeHNe BHyTpeHHell sHepruu resms paBHo (cM. 3amauy 13 B
MEPBOil 9acTH CTAaTbU

AU = g(pAV +VAp),

a paGora Tasa paBHa
A=pAV,

rne 'V =SH, Ap=mg/S. B aTux BbIpasKeHUAX OTGPOIICHBI
uwienpl nopsiika ApAV . Tloacrasisisi AU u A B 1lepBblIii 3aKOH
TEePMOAMHAMITKA

0=AU+A,
HOJIyYUM
pAV = —gVAp .

OTcio/la OKOHYATE/JIbHO HAXOIUM

AU =-A =-pAV = gVAp = gmgH )

Cuenyionas 3a/1a4a HATJISIIHO JIEMOHCTPUPYET «9HepreTnyec-
Kuif> CMBICJI JIaBJICHUsT Tasa, BbIpaskaeMblil (JIs1 mjeabHOro
ozHOATOMHOrO Tasza) dopmyuoit U = (3/2)pV : pasrenue mpo-
MOPIMOHATBHO 0GBEMHOI TIOTHOCTH SHEPTHU. ECaU TaBIeHMsT
B PA3HbBIX YACTSIX COCY/IA OJMHAKOBBI, TO 9HEPTUS PacIpeieeHa
PaBHOMEPHO TIO BceMy 00beMy COCY/A.

3anaua17. opusonmanvholil meniou3osuposantvlil yuIUHop
obvemom V=4 1 dequmcsi na dse uacmu menionenponuyae-
MM NOPULHEM, NO PA3HBIE CINOPOHBL OM KOMOPO20 HAXOOUMCS
udeanvmvlii 00HoamoMuwLll 2a3 nod dasienuen p = 50 xlla.
O0noti u3 amux nopyuil zaza coodwarom Q = 30 /x menia.
Kaxum cmanem dasaenue 6 cocyde?

Pemenne. Ha niepBbliit B3rJisi, B 3a/1aue IBHO HEAOCTATOYHO
JIAHHBIX — He 3a/IaHbl HU HayaJbHble 0ObEMbI OTCEKOB, HU HX
Hava bHBIC TeMIepaTypbl (KOTOpBIE MOTYT GBITh PasHBIMU —
Be/Ib MOPIIEHb He TPoBoAuT Tero!). Tlockaska coaepKuTCS B
YCJIOBUH — TaM TOBOPHUTCS O HAYATBHOM U KOHEUHOM JIABJIEHUSIX
B cocyde, a ne B orcekax. [eficTBUTENIBHO, B COCTOSIHUN PABHO-
BECHsT TaBJEHUS B OTCEKaX OJUKHBI OBITh OMHAKOBBIMHU, YTO
CJIeyeT M3 YCJIOBHS MEXaHMYECKOTO PABHOBECUS MOPITHs. 3a-
TUIITEM TIEPBbIi 3aKOH TEPMOJANHAMUKH [I7IsT BCETO Ta3a:

0=U-U
(pa60Ta ra3a Ha/l BHEHIHUMU T€JIaMU paBHa Hy]IIO), rjae

U=U+U, =§PV1 +§PV2 =§va

2 2 2
’ ’ ’ 3 ’y 7’ 3 ’y 7’ 3 ,
U :U1+U2:§PV1+§PV2:§PV

(H_ITpI/IXaMI/I 0603HaUYeHbl KOHEUHbIE 3HAUYEHMS COOTBETCTBYIO-

ABUTYPHUEHTA 45
mux Besimdun). [oayyaem
3 7
0= E(P -V,
OTKyI[a HaXOoJuM
=p+22 55
pP=pr 3V~ klla.

B caenyiomeit s3ajaue JABUKeHHe ITIOPIIHS OIpejessercs He
TOJIKO CHUJIAMHM JIABJICHUS Ta30B, HO M CHJIOH CYyXOro TpeHus,
JeficTByTONIelt Ha MOPIIEHb CO CTOPOHBI CTEHOK IIMIMH/PA.

3anaya 18 (ET3). B 20pu3onmanviom yuiunopuueckom
cocyde, 3aKpbIMOM NOPULHEM, HAXOOUMCS OOHOAMOMHBLLL Ude-
anvuoiil zaz. Ilepeonauanvroe dasaenue zasa p; =4 - 10° Ia .
Paccmosnue om ona cocyda do nopwms pasuo L. Ilrowads
nonepeunozo cevenus nopumns S =25cm’. B pesyrvmame
MeO0NeHH0Z0 HaAZpesanis 2a3 NOAYUUN KOJUUECEO MENJOMmbl
Q = 1,65 x/lx, a nopwenv COBUHYICS HA PACCMOSIHUEC
x = 10 cu(puc.1). [Ipu deusxenuu nopuns na nezo co cmopo-
Hbl cmenoK cocyda Oeldicmeyem Ccuid Mpenus SeAUNUNHOU
Fy, =3-10° H. Haiiou-
me L. Cuumatme, umo
cocyd naxooumcs 6 6d-

. -

S o>
Kyyme. P2
Pemenue. smenenne ol
COCTOSTHIS Ta3a MPOKCXO- L x |7

auT B JBa astamna. CHaua-
Jla Ta3 M30XOPHO Harpe-
Baercs JI0 TeX IOp, IMOKA CHJA JABJEHHS HA IOPIIEHb He
cTaHeT paBHOil cuie Tpennst Fp,, T.e. IIOKa JaBlienne He
BBIpAcTeT 0 py = F, /S . Tlocie aToro mOpIIeHb METEHHO
HepeMecTUTCST Ha PACCTOSIHME X, JaBJeHHe rasa Oy/AeT IIpU
3TOM OCTaBaTbCsI PaBHBIM p, (HarpeBaHue MeJIEHHOE, TOP-
MIeHb BCe BPEMs HAXOJUTCSI TOYTH B pasHoBecHn). OHaxo
HeT HeoOXOANMOCTH PaccMaTpPHUBATh ATU ATAIBI 110 OT/EJbHOC-
TH, MOXXHO 3aIlCaTbh IIEPBBII 3aKOH TEPMOJUHAMUKH Cpa3y
IIPUMEHUTEIPHO K HAYaJIbHOMY M KOHEYHOMY COCTOSIHHIAM:!
F,
0 = A+ (Uy=U)) = Fypr 4|32 (L 1) S =2 py (L5)

Puc. 1

Borpaskas orcrona L, mosyunm
I = Q B (5/2)FIpx
(3/2)(Ep - p15)

BaxxHOil 0COOEHHOCTBIO CJAEAYIONNX ABYX 3aJau sIBJSIETCS,
Kak U B [IpeJblAylleil 3ajaue, MeJJIeHHOCTb U3MEHEHHsI COCTOS-
HUSL CUCTeMbl. ITO II03BOJIsIET CYUUTATh, YTO BO BCEX IIPOMEXKY-
TOYHDBIX COCTOSIHUSIX BBIIIOJIHAETCA YCI0BHE MEXaHUYeCKOro PaB-
HOBeCHUS.

3anaua 19. Tenaousonruposannviii cocyd obsemom V umeem
Gopmy eopuzonmanvrozo yurunOpa, paszodesennozo Ha 0ee
YACTNU MOHKUM NOOBUIKHOIM NOPULHEM, UMCIOUUM HUSKYIO Mmen-
A0NP08oOHOCY. B navaivnvlii momenm obsemoL wacmetl pasHol,
6 00HOU uacmu Haxo0umcs 00HOAMOMHLI UOCANLHBLIL 2d3 NPU
memnepamype T, 6 opyzoii — npu memnepamype T,, dasnenue
6 cocyde pasnopy. Kaxas memnepamypa ycmanosumcs 6
cocyde nocae MeONeHH0z0 NPUX00d CUCTEeMbl 6 PABHOGECHOE
cocmosnue? Kaxumu cmanym o6semvr uacmeii cocyoa? Crkoiv-
K0 menJia nepeiidem uepes nopuLeHb 0m 001020 2a3d K 0pyz0My?

Pemenne. BenencTsie MeIeHHOCTH TeMI006MeHa MOPIICHD
IIPU CBOEM IlepeMellleHIN Bce BpeMsI HaXOJUTCSI B PaBHOBECHH,
JaBjeHue p 1o o6e CTOPOHbI OT HOPIIHS OCTAETCSI OJHUM U TeM
ske ¥ paBHbIM py . Ilocsennee yrBepsxaeHue cieiyeTr U3 3aKOHA
COXPaHeHUsI SHePruu:

=0,3 M.

3 3 3 VvV 3 V
—pV.+=—pV, = — — 4+ = _
2,17 1 2P2 2P02 27702
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(BHYTPEHHSISI 9HEPIUSI COXPAHSIETCS, MOCKOIbKY paboTa BCero
rasa M TOJTyYeHHOE MM KOJMYECTBO TEIIOThI PABHBI HY.JIIO).
YTo6b! HaliTH KOHEUHY10 TeMmIiepaTypy T, 3amuiieM ypaBHeHue,
BBIpasKarollee yCJa0BHe COXPAaHEHUSA KOJINYECTBA BEllecTBa:

PV _ Po (V/2) L P (V/2)
RT RT, RT,
Orcroza nosyynm

_ 20T,
L+T,-
Komneurpie o0beMbl HaiijieM U3 ypaBHEHUN H300apHOTO TIPO-
ecca:

W T W T

Vi2 T, ViR T,
OTKy/1a
o VB Vh
L+T, L+T,

KousinuecTBo TeIIOTHI, TIOJyYeHHOe, HAIIPUMED, TIEPBBIM Ta30M
4Yepes TOPIeHb, BBIUNCIIETCS M3 TEPBOTO 3aKOHA TEPMO/IIMHA-
MUKW [IJTsT 13062PHOTO TIPOIECca:

3 1% 1%
=AU +A =— V.i—— |+ V,—— |=
O 1+ 4 2790(1 2) P0(1 2)
I,-T

5 V) 5
= Zplvi-—=|=2pVv2—L
27}0(1 2) 4P T, +T,

3apmava 20. B yuaundpuueckoii mpyoxe ¢ menioHenpoHuyd-
EMBIMU CIMEHKAMU UMETOMCS 08€ JKECMKO YKPenieHHble nepezo-
pooxu 1 u 2 u c60600HO 8UKYWUTICS MENTOHENPOHUYAEMDLL
nopuwens 3 (puc.2,a). B nauanviviii momenm epemenu 00sem
Vi mesxoy nepezopodxamu 1 u 2 u obeem Vy mexdy nepezopoo-
Kot 2 u nopwmem 3 3anoamenvl 00HOAMOMHIM UOCANLHIM
zasom ¢ Oaeaenuem py u memnepamypou Ty. Ipu smon
nopwenv 3 nenodguxen,
Max Kax 6cs cucmema na-
xodumcesi ¢ ammochepe ¢
mem ke Oasjaenuem p.
Yepes nepezopooxy 1 e
06ven V., medaenno nepe-
daemcsi KoauUecmeo men-
aomul Q. Kaxas memne-
pamypa ycmanosumcs 6
npocmpancmee mekoy ne-
pezopodkoil 1 u nopumem
3? Kaxoe xoauuecmeo
menJjiomul nepetidem ue-
pe3 nepezopooxy 2?

Pemenue. B paccmarpuBaeMoii crcteMe B mporiecce Me/ITeH-
HBIX IIPOIIECCOB TeIIONepeiaun depe3 Ieperopoaxu [ u 2
HOPIIEHb 3 Bce BpeMsI OCTAeTCsl B PABHOBECUH, T.€. a3 B IPaBOit
cekuuu Harpesaercsa uzo6apuo (puc.2,6), u 1EpBbIi 3aKOH
TEPMOANHAMUKNI TIPHHIMAET BUJ

a)_

RS

5
Q, =AU, + 4, =§V2R(T_To)y

rae Q, — KOJMYECTBO TEIJIOThI, IIPOIIIE/IIee Yepe3 eperopoiKy
2, T — ycranoBuBIIasgcd TeMmieparypa. B To ke Bpems ra3 B
JIEBOH CEKIIMN HArpeBaeTCs M30XOPHO, W TEPBBIN 3aKOH TePMO-
JUHAMUKY UMeeT BUJL

3
0-0, =§V1R(T_To)~
Boeipasus v m Vv, u3 ypasaenus Menzgeneea—Kiameiipona

JJId HadaJIbHbIX COCTOSTHUIL

_ P _ PV

A% 3y y
' R, * RY,
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HOJIyYUM CUCTeMY ypaBHeHUii

3 Vs 3 poVi
y =——=(T-T)), -0, === (T-T1,),
0O, 2T, ( 0), 0-0, 2 T, ( 0)
13 KOTOPOH HAaXOAUM
20T, SV,
T=T)+ ——"——, =0 —=—— |
N A M T2

B nocyenyiomux 3ajauax IPOUCXOJUT U3MeHEHNe BHY TPeHHei
9HEPruu ra3a OJJHOBPEMEHHO C U3MeHeHueM MeXaHUyecKoil aHep-
ruu Tes1. VIHOTa OKasbIBaeTcsl yI00HBIM 3aIIChIBATh He I1epPBbIil
3aKOH TEPMOJMHAMUKK JUIS Ta3a, a 06001eHHyi0 (GopMy 3TOro
3aKOHa /LISl BCeW CHCTeMbl, paccmartpuBas uaMenenne (uum
coxpameHne) TOJHON SHEPTHM, PaBHOH CyMMe BHYTpeHHeil n
MeXaHNYeCKOH aHepruil. ITo ypaBHeHUe MOKHO 3alliCcaTh B BUjIe

O=(AU+AE, )+ 4,

Mex )

rae A — paGora Haj BHemHuMHU (110 OTHOIIEHUIO K CHCTEME)
TeJaMu, KOTopast OObIYHO PaBHA HY.JIIO.

3agava 21 (ommmmumana «Jlomonocos-2010»). B saxpoumom
UuAUHOPpUUECKOM cocyde No0 HeBeCOMbIM MOHKUM NOPULHEM
HAxX00umcs u0earvvLit 00HOAMOMHbLI
zas. B npocmpancmee nad nopuinen
cosdan eaxyynm. Iopuenv yoepxusa-
emesi 8 PABHOBECUN NPYKUHOU KeECT-
xocmuio k = 100 H /M, nomewennoi
MexKOY nopuiHeMm u KPuiuKol yuauHo-
pa (puc.3). Hpyxuna ve deghopmupo-
8AHA, €CIU NOPULEHD PACNONAZACTNCS. Y
ona yuarunopa. B nawaivnom cocmosi-
HUU paccmosinue mexoy nopumHem u
Onom cocyda hy = 0,2 n. Haiidume
Kouuecmeo menaomol Q, Komopoe
HYHKHO COOOuwuUmMy 2a3y, 4mobvl pac- Ql
cmosinue Mexoy nopumHem u OHOM Puc 3
cocyoa yeeauuurocy 0o hy = 0,3 m. ’
Tennoemrxocmvio cocydd, menioodMeHOM ¢ OKPY Kawwei cpedoi
U mpenuem MoxHo npenedpeud.

Pemenue. Ecii 3amicaTh mepBbIi 3aKOH TEPMOAMHAMUKI 0151
2dsa B BUJE
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O=AU+A,

TO B HETro BoiieT padota zasza nad nopwnem. TpeGyercst g0mo-
HUTEJBHO PACCMOTPETH MEXAHUYECKYIO CHCTEMY IIOPIIEHb—TIPY-
JKUHA 1, TIOCKOJIBKY KHHETHYECKAsi IHEPIUsT TIOPIIHS B KOHEYHOM
COCTOSIHUY paBHa HYJIIO, 3all1CaTh, YTO paboTa ra3a paBHa pabore
IIPYKUHDI C IPOTUBOIIOJIOKHBIM 3HAKOM, T.€. paBHa U3MEHEHUIO
ee TOTEHIMATbHOIT SHEPTUH:
2 2

Opnako yaoOHee 3aIicatb 3aKOH COXPAHEHHS JHEPIUH CPasy
JUISL CHCTEMBI Ta3—TOPIIEHb—IPYKIHA, BKJIOYNB B HErO Kak
BHYTPEHHIOO, TaK U MEXaHWYECKYIO SHEPTUIO:

O=(U,+E,)-(U+Ey,)=AU+AE, .
OCTaeTCS{ BbIYMCJIUTD M3MEHECHUEC BHyTpeHHeﬁ BHepTI/II/II
3y 3k

3
AU = §P2V2 —§P1V1 =375 Shy -

A=-A

yup

=AE, =

3kh1 _ 3 2 2
5o Sh = 5(% — ki)

(naBnenust p; U P, HaljieHbl U3 YCJIOBUII MeXaHHYeCKOro
paBHoBecus nopmHs: pS = khy u p,S = kh, ). OxonuarenpHo
noJjryyaem

Q = AU +AE, =2k(h = I ) = 10 Jx.

3amaua 22. B zopuzonmanvnom uuiunopuueckom cocyoe,
3AKPLIIMOM NOPULHEM MACCOU M, HAX0OUMCs UdeanrvHulli 00HO-
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amomuwlii 2a3. I'as nazpe-
sarom. Ilopweny, deuzasco
pasHoycropenno, npuobpe-
maem cxopocmo v (puc.4).
Haiioume xoauuecmeo men-
aomor Q, coobuennoe z2asy
Pac. 4 K amomy momenmy. Bue
cocyoa — eaxKyym.
Pemenue. [10cKO/IbKY MOPIIEHb [BHKETCS PABHOYCKOPEHHO,
JIeliCTBYIOIIAsT Ha HETrO CO CTOPOHbI rasa cusa F = pS, rae p —
JIaBJICHHUE ra3a n.S — IJIOMIA/b MOPIIIHS, TOCTOSHHA, T.€. TIPOIIECC
pacinpeHnd ra3a MNpOUCXOAUT IPU ITOCTOAHHOM [IaBJIEHUU. IIo
TeOpeMe O KHHETHYECKOH sHepruu paboTa rasa HaJl HOPIIHEM
paBHa PUOGPETEHHON MOPIIHEM KMHETHYECKONH SHEPruHu:
2

a=m
2

V3meneHne BHYTPEHHEH aHEPruM raza B 3TOM M300apHOM I1PO-

1ecce paBHO

3 3 3
AU =ZpAV =2 A = Zmo?
2 2 4
Jl715 MOTy4eHHOTO KOTMYeCTBa TEeTJIOThI HAXOANM

Q:AU+A:%m02.

B cieayonmx 3ajadaX OCHOBHBIM YPaBHEHHEM SBJISCTCS
3aKOH COXPAHEHUS IMOJHON SHEPIUH /IS 3aMKHYTOI CHCTEMDI.

3anmaua 23. B 6b61c0KOM MENIOUSONUPOSAHHOM YUAUHOPE NOO
nopunem naxodumcs ezeauil. ITopwnio monuxom coobwarm
66epx cxopocmvvy = 2 m/c. Ha cxoavko eviue HaudivHozo
NOJ0XKEHU OKAXKemcs NOpwens nocie npuxodd CucmeMmvl 6
pasnosecue? Hao nopwmem zaza nem.

Pemenue. ITockonbky Tema cucteMbl paGoTy He COBEPLIAIOT U
TEIIa HE TI0JIYYaloT, [I0JIHAS SHEPrHsl IIPU TIEPEX0/ie U3 HAYa/Ib-
HOTO COCTOSIHUSI B KOHeYHOe coxpansiercsi (Bce OGyKBEHHBIE
0603HAYECHNS OUCBU/IHBI M3 PUCYHKA 5):

2
mghy + % + gl% (Shy) = mgh, + gpz (Shy) .

YcnoBus paBHOBECHA ITOPIIHA B Ha4YaJIbHOM (L[O TOJI‘-IKa) n B

m
Fé) PRI R (el Y
0 PR
PRI R (el Y
m LI I I
PRI R (el Y
LR e e e P
PRI R PR '.:f.:-pz‘.:f.:f.
W e e et [RPra h2
A A R Lrhazasass
L L LI S
h1 .:-'.:-p1‘.'-'.'-'. MiAIAIfAIALA
W e e e e

S S

Puc. 5
KOHEYHOM COCTOSTHUAX UMEIOT BH/L
PSS =prS =mg .
C yderoM 3TOro U3 3aKOHa COXPAHEHUS SHEPIUU [1OJIYyUUM

moy 5 5
= + Emgh1 = Emghz ,
OTKy/la Haiinem )
%
hy = Iy = 5, = 0,08 M.
g

3amava 24. B sepmukxanvHom menaiousoiuposaHnoM UuauH-
ope nod nopwmem HAXOOUMCS HEKOMOPOE KOJIUUECBO 2e]Us

ABUTYPHUEHTA 47

npu memnepamype 1T, = 240 K. Ha nopwne nexum zpy3
Maccotl, pasHoll noioeuHe Maccv. nopuwms. I'pys meznoeenno
youpaiom u 0oxudamMCcs npuxoda cucmemvl k pasHoOGecuio.
Yemy cmanem pasna memnepamypa T, easa? Had nopunem
zasa mnem.

Pemenune. IlpupaBrseM MOMHYIO 3HEPTUIO CHCTEMBI CPasy
mocsIe yAaleHusI Ipy3a K SHEPrHH B KOHEUYHOM COCTOSTHUHI
(o6o3Hauenns scHbI U3 pUCyHKa 6):

mghy + ;VRTi =mgh, + %vRT2 ,

re m — MacCcCa IOpHIHA. 3anuiiem yCJaI0BUE PaBHOBCCHA ITOPIIHA

m
m/2 iR R AR
m L
Lt e

e e e R
R L e ey, hy

LI L LI LI

N N P 2 e Ty Paaes,

Puc. 6

¢ TPy3oM H ypaBHeHHe Menemneesa—Kianeiipona /171 resans B
HA4YaJbHOM COCTOSIHUU:

piS =(m+0,5m)g, p(Sh)=VRT;,
OTKYy/la ITOJTy4YUM
gmghl =VRT, .

AHaJIornynble ypaBHEHUS /I KOHEYHOIO COCTOSHMSI:
pS =mg, p,(Shy)=VRT,
MPUBOJAT K COOTHOMIEHHIO
mghy = VRT, .

[ToscTaBUB MOJTydeHHDBIE COOTHOIIECHNS B 3aKOH COXPAHEHMUS
9Hepruu, HaiijieMm
T, = 13 =208 K.
15

3agaua 25. B menaou3oiupoganiom yuiunope nod neeeco-
MbLM NOPULHEM HAX0OUMCS UOANbHbIT 00HOAMOMHLI 2a3 NPU
memnepamype Ty = 300 K. Buauane nopwenv 3axpeniemn u
coedumen ¢ OHOM YUAUHOPA 1HeOehOpMUPOBANHOL NPYHKUHOL.
Hocae mozo xax nopuienv 0c60600UNU U CUCTIEMA NPUULA 6
pasnosecue, 06veM 2aza okasaics 6 1,5 pasa 60vue HauaILHO-
20. Haioume xouneunyio memnepamypy easa T,. Had nopunem
2asa mem.

Pemenue. Ilockonbky cmcreMa He TIOJMy4aeT Telsla M He
coBepIraeT paboTy HaJ{ BHENIHUMH TeJIaMM, TIOJHAS SHEPTH
cucrempl coxpansiercst (0603HAYEHNS TOKA3aHbI HA PUCYHKE 7):

2
§VRT1 = §VRT2 +ki ,
2 2 2
rae pedopmanus npyxkuabl x = 1,54 —h =0,5h, ecin h —
HavyaJbHast BBICOTA HOPIIHS. V3 yCI0BUS paBHOBECHS MOPIIHS B
KOHEYHOM coctostnun p,S = k(0,57) u ypasuenust Menjieee-
Ba—Kuaneiipona p, (S -1,5) = VRT, mosy4unm

ri? = 2Rt
3

[Tocsie mopcTaHOBKKM B 3aKOH COXPAHEHUSI 3HEPrUU HalieM
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Puc. 7

NCKOMYIO KOHCYHYIO TEMIIEpaTypy:
T,= 09T, =270 K.

3anaua 26 (ETD). B saxyyme 3axpenien zopu3onmavviil
yurundp (puc.8). B yurundpe naxooumcs v = 0,1 moav
zequst, 3anepmozo nopwrem. Ilopwenv maccot M = 90 2
yoepikusaemes ynopamu u Mo-
JKem CKOb3umv 61e60 600.1b Cme-
Hox yuaundpa 6e3 mpenus. B
noputenv nonadaem nyias Mdac-
cou m = 10 2z, nemawas zopu-
30HMATLHO CO CKOPOCMbIO U =

= 400 m/c, u 3acmpesaem 6
nem. Kax uzmenumcs memnepa-
mypa zeius 8 MOMeHM OCMAHOBKU NOPUIHS 6 KPAliHeM JleoM
noaosxenuu? Cuumamo, 4mo 3a epems 08UKeHUs NOPUHSL 2d3
He ycnesaem oOMeHSIMLCS MENTOM € COCYOOM U NOPULHENM.

Pemenue. Tax xak Tpu 3acTpeBaHUN IIYJH B IIOPIIHE YaCTb
MEXaHIIecKoil SHePTHH TIEPEXOUT B X BHYTPEHHIOO SHEPTHIO,
CHavYaJIa HaJlo0 C IOMOIIBIO 3AKOHA COXPAHEHUS MMILY.IbCA

mo = (m+ M)V

HaliTH CKOPOCTb IOPIIHS € IyJeil cpady HocJe yjgapa:

_ mo
m+M
Temepb MOXHO 3amucaThb 3aKOH COXPaHEHUS TOJHON SHEPTUu:
+M)V?
u+ EVRT1 = 2\;]3]‘2

2 2 2

(koneuHast cKOpoCTh paBHa HyJ0). OKOHYATETBHO MOTYINM
(m+M)V? m*o’

AT =T, -T = = = 64 K.
2 3VR 3(m+M)VR

3amava 27. B 0aunnOM 20pU30HMANLHOM YUAUHOpE MEeKOY
deyms odunaxoevimu nopwmnsmu naxooumcs v = 0,1 moav
zequs. B Hauanvoill MomMenm 00uM nopuienv noKoumcs, da
Opyeoti npubauxaemes K Hemy co cxopocmuvio v = 12 m/c
(puc.9,a). Ha cxonvko zpa-
0Ycos MaKcumManroHas mem-
nepamypa zaza Oosvue Ha-
uanvrot? Maccor nopwmei
m =415 2. Tpenuem u menno-
00MEHOM, A MAKKe MeXaAHU-
uecKoll Inepzuell U UMNYLb-
coM zaza npenedpeus. 3a nop-
WHAMU 2A3a HeT.

Pemenne. Maxkcumy™m teMm-
Heparypbl Traza JOCTHTAeTCS
B TOT MOMEHT, KOT/[a CKOPOC-
Puc. 9 T HOPUIHEH CPaBHAIOTCA

a

6)

2012/ Ne4

(puc.9,6). Do yTBepKIeHUE CTAHOBUTCS OUEBU/IHBIM B CUCTEME
oTCYeTa I[EHTPA MACC, T/le KMHETUYeCKas SHeprus IMOpIIHeld B
paccMaTpuUBaeMblil MOMEHT 00pAIacTcsl B HOJIb, T.€. BHYTPEHHSISI
aHeprus jocturaer Mmakcumyma. CkopocTs V TOpIIHEH B 3TOT
MOMEHT Haii/leM M3 3aKOHA COXPAHEHUS HUMILYJIbca

mo =2mV ,

IIOCJIC Y€Tro M3 3aKOHAa COXPaHEHUA TIOJTHOM JHEPTHUN

2 2 2
ﬂ+§vRT1 = ﬂ+EVRT2
2 2 2
Haﬁ[[eM u3MeHeHnne TeMiepaTrypbl:

2
mo

AT =T,-T, = =

2 =R 12 K.

YupaxkHenus

1. B mumHzApe TOA TOPITHEM HAXOJIUTCS Ta3, yAeP’KUBACMBIN B
obbeme 0,5 M° CHIIOIT TSKECTH TIOPHIHS M CHJIOH aTMocdepHoro
nasienusi. Kakyio pa6oTy cOBEPIINUT ra3 Ipu HATPeBaHUHM, €CJI €ro
o0BbeM TP 3TOM Bo3pacTeT B 2 pasa? ArmocdepHoe aaBJeHNE
100 xIla, macca nmopmms 10 Kr, IJI0IMA/b TOPIIHS 107 M2.

2. B BepTUKAIBLHOM IUJIMHIPUIECKOM COCY/IE, 3AKPBITOM IOPIII-
"Hem Maccoii 10 Kr, HaXOAWTCS O/HOATOMHBIN WACAJbHBIN Tas3.
Ilepsonauabhoe Aasienme rasza 2-10° Ila. Paccrosmme ot ama
cocyna 0 TopiiHs H, TI0Mab MONepeYHOro CeYeHus: MOPITHS
10 cm? . B pesymbTaTe MeJICHHOTO HaTpeBaHns Ta3 moayumt 290 JIx
TellIa, a ITOpIIeHb cBuHYJIca Ha pacctogaue 20 cM. [Ipu nBmxennn
MOPIIHST HA HETO CO CTOPOHBI CTEHOK COCY/1a JAEHCTBYET CUJIa TPEHUS
Besmunnoit 200 H. Haiiaure H. TenonpoBOoAHOCTBIO CTEHOK ¥
nopHs mpereGpeun. Arvocdeproe gapienne 10° Ila.

3. B BepTuUKaJbHOM TEIION30JIUPOBAHHOM ITUJIUHJPE TIO/I MOPIII-
HEM HaXOANTCS HEKOTOPOe KOJMYECTBO TEJIWS TIPU TEMIIeparype
200 K. Hazx moprmzeM cHavyasra yep>KuBaIoOT IPy3 Tak, YTO OH €/1Ba
KacaeTcst TOBEPXHOCTH TIOPIIIHS, a 3aTeM OTIycKaioT. Kakoiil craner
TeMIepaTypa rasa MocJje yCTaHOBJICHNS paBHOBecus? Macca Tpysa
paBHa TTOJIOBHHE MACCBI MOPINHS, HAJ MOPIIHEM Ta3a HerT.

4. B BepTUKAJIBHOM TEILIOM30JMPOBAHHOM IIUJIMH/IPE TOJI TTOPIII-
HEM HaXOANTCS HEKOTOPOE KOJMYECTBO TEJIHS TIPU TEMIIeparype
200 K. Temmeparypy Obictpo (Tak, 9TO TIOpIIGHD HE yCIEBacT
cABUHYTBCS ¢ Mecta) nosbimator 1o 250 K. Uemy craner pasHa
a6CoJTIOTHAS TEMIIEpaTypa Tas3a Mmocje MPUXoa CHCTEMBI K PaBHOBE-
cuio? Hap moprineM rasa Her.

5. B BepruKasbHOM TEIUIOU30JMPOBAHHOM I[UJIUH/PE, JETKUI
TIOPIIEHb KOTOPOTO YIEPKUBACTCS B HEMOJIBIKHOM COCTOSTHUHI
JIBYMsI OJIMHAKOBBIMU TUPSIMH, HAXOANUTCS WICATBHBII O/HOATOM-
Hblil ra3. [laBjenne BHe IMJIMH/PA PABHO HYJI0. BO CKOJIbKO pas
U3MEHNTCS aGCoOJIOTHAS TeMIepaTypa rasa, ecJan OJHY W3 TUPb
CHATD, a 3aTeM, II0/I0K/aB yYCTAHOBJICHHUS PAaBHOBECHS, IIOCTABUTH
0o6patHo?

6. B BBICOKOM BEpPTMKAJLHOM IMJIMHAPE TOJ MOPITHEM Maccoii
16,6 xr mHaxommtcsa 0,1 Mousp resuss mpu Temmeparype 100 K.
Buauase nopmenb yaepsxuBaior Ha Bbicore 100 cm, a 3arem
ormyckaoT. Ha kaxoil BpIcOTe OKasKeTcs MOPIIEHb MOCTe TPUX0aa
cucTeMbl K paBHOBecuio? TpenneMm n Tersioo6MeHOM IpeHeGpedb,
HAJI TIOPIITHEM Ta3a HeT.

7. B Termyon3omMpoBaHHOM IUJIWH/APE TI0/I HEBECOMBIM TTOPITHEM
HaXO/NUTCS W/ICAIbHBIN OJHOATOMHBIN Ta3. BHauase mopiieHb 3ak-
PeILIeH U COeTNHEH € THOM ITUJINH/PA Heie()OPMUPOBAHHOI TPy KU~
Hoii. Ilocsre Toro xKak TMOpIIEHb OCBOOOAMJIN ¥ CHCTEMa IMPHIILIA B
paBHOBecue, 06beM rasa yBeanduics B 4 pasa. Bo ckosbko pas npu
9TOM yMEHbIIMJIOCH AaBjenne? Hap mopirnem rasa Her.

8. B oueHb MJIMHHOM TOPM3OHTATBHOM IMJIMHPE MEKIY IBYMS
nopurasimu Mmaccamu 0,4 xr u 0,8 kr, Haxoaures 0,1 MOJIb resins mpu
temnepatype 150 K. Buavasie mopiitu yepsKuBaioT B OKOe, 3aTeM
OJTHOBPEMEHHO OTIycKaioT. Haiianre MakcnMaJbHyI0 CKOpPOCTh 6O-
Jiee JIETKOTO TOPIIHs. TpenneMm, TemIo0OMEHOM U MeXaHHIeCKOI
aHeprueii raza npene6peub. Bue mopiineii rasza Her.



AXXI TypHWp roponos

3AAAYN BECEHHEIO TYPA
ba3oBbln BapunaHT

8—9 knaccwb!

1 (3).! Iox oanoit M3 KJIETOK mOCKM 8X8 3apbiT Kiaj.
Tlon kask0if M3 OCTAJbHBIX 3apbiTa TaGJMYKa, B KOTOPOIl
YKa3aHo, 3a Kakoe HaMMEHbIIee YUCJI0 TaroB MOXKHO 106paTh-
cg U3 1ol KJIeTKH 0 Kaaga (OJHUM 1IaroM MOXKHO TepeidTn
U3 KJIETKH B COCEJHIO0 110 CTOpPOHe KJeTKy). Kakoe Hammemb-
mlee YUCIO KJIETOK Ha/lo IMepeKonaTb, YTOObl HaBEepHSKA JOC-
TaTh KJaj?

H.Cmpeaxosa

2 (4). CyuectByer /i HATypagbHOE YHCJIO, y KOTOPOTO
HeyeTHOe KOJMYECTBO YETHBIX HATYPAJIbHBIX JeJUTeNeil n yer-
HO€ KOJIMYEeCTBO HEYETHDIX ?

I'.2Kyxoe

3 (4). Jan mapannenorpamym ABCD. Brimcanmpie oKpysKHOC-
tn tpeyroabankoB ABC n ADC xacatorcs amaronamn AC B
Toukax X u Y. Brucanuble okpyskHOCTH TpeyroJbHukoB BCD
1 BAD xacaiotcst quarotayiun BD B toukax Z u T. Jlokaskure, 4T0
ecsn Bce toukn X, Y, Z, T pas3auuHbl, TO OHU HBJLAIOTCSA
BEpIINHAMHI TIPSAMOYTOJIbHUKA.

P.Topdun

4. B Boipakernn 10 :9:8:7:6:5:4:3:2: 1 paccraBuiu
CKOGKH TaK, 4TO B PE3yJbTaTe BBIUMCJICHUI TTOMYUHIOCH HET0e
yicso. KakuM a) (2) nau6onpmum; 6) (3) HauMeHbIIUM MOXKeT
OBITh 9TO YKCJIO?

. Axyauu

5 (5). Y Hocopora Ha HnIiKype ecTb BEPTUKAJIbHbBIE U TOPU30H-
TaJgbHble ckaaaKu. Beero ckmanok 17. Ecim Hocopor wemercs
60OKOM O JlepeBo, TO 00 [Be TOPU3OHTAJIbHBIE, JUOO BE
BEPTUKAJIbHbIE CKJIAJKA Ha 9TOM OOKY MPOMAJIAIOT, 3aTO Ha
JIpyroM GOKY TIPUOABJISIOTCS JIBE CKJAIKHI: TOPU3OHTAJBHAS 1
BeprukanbHast. (Ecau AByX CKIa0K OJIHOTO HANPABJIECHNS HET,
TO HUYeEro He mponcxomT.) Hocopor mouecancss HECKOBKO pas.
MorJio i CAYYUTBCSI, YTO HA KAXKIAOM OOKY BEPTUKAJIBHDBIX
CKJIQJIOK CTAJIO CTOJBKO, CKOJBKO TaM paHblile ObLJIO TOPU30H-
TAJIbHBIX, & TOPH30HTAJIBHBIX CTAJIO CTOJIBKO, CKOJIBKO TaM ObLIO
BEPTHKAJIbHBIX ?

U. Bvicoyrutl

10—11 knaccer

1 (4). V3 kakaoil BepIIMHBI BBIMYKJIOTO MHOTOTpaHHHKA
BBIXO/SIT POBHO TPH peGpa, IpHYeM XOTs Obl ABA U3 9THX TPEX
pebep paBubl. [lokaskuTe, 4TO MHOTOTPAHHUK UMEET XOTsT Obl TP
paBHBIX pebpa.

B.IIpouseonoe

2 (4). Tana kJaeTdaTas M0J0CKA U3 211 KJIETOK, TTPOHYMEPOBAH-
HBIX CJIEBA HAIIPABO CJIEAYIONNM 06Pa30M:
1,2,3,...,n, -n, .. =2, —1.

ITo mosocke nepeMenaioT (HUIIKY, Kask/IbIM XOJ0M CABUTAs ee Ha
YUCJI0 KJIETOK, yKasaHHoe B Tekymied Kierke (Bmpaso, ecin

1 3,{1er n Jajiee B CcKOOKax TocJe HOMEpa 3a/la4vM yKa3aHO MaKCH-
MaJIbHOE€ KOJIMYEeCTBO 6aJIJIOB, TIPUCYIK/IABIINXCA 3a €€ pelleHune.

YKCJIO TIOJIOKHUTENBHO, U BJIEBO, €C/IM OTPULATENbHO). V3BecT-
HO, uTO (UIKa, HAYaB € JIOOOU KIETKH, 000ii/IeT BCe KJIETKU
nonockn. [lokaxkute, uro ynciao 2n + 1 mpocroe.

A.Tpubaixo

3 (5). Ha nmiockocTH HapHcOBalW KPUBBIE Y = COSX U X =
=100 cos100y n oTMeTn/IN Bce TOUKHU MX TEPeCeueHNsT, KOOP/In-
HATBI KOTOPBIX TOJOKUTETbHBI. [TycTh @ — cymma aberuce, b —
CcyMMa opJauHaT 9TuX Touek. Haiimure a/b.

H.Bozdanoe

4 (5). Yerbipexyrosbiuk ABCD 6e3 napasiieJbHbIX CTOPOH
BITUCAH B OKPY’KHOCTD. /[T KasK/I0i1 Tapbl Kacaiomuxcst OKPy K-
HOCTeH, 0/iHa M3 KOTOPBIX nMeeT Xopay AB, a apyras — xopay
CD, ormerum uxX Touky kKacauust X. Jlokaxxute, uTo Bce Takue
TouKkM X JIe)Kar Ha OJHONW OKPY>KHOCTH.

Donvraop (npedroxunr A.Beponuros)

5 (5). Benas nagps crout Ha 1ose b2 maxMmaTtHOH JocKu
8x 8, a uepHasi — Ha moJie c4. VIrpoKu XOJAT 10 OYepe/in,
KaKAbI — cBoell Jajbeil, HaumHaioT OeJibie. 3arperaercs
CTaBUTD CBOIO JIAJIbIO 0/ GOI IPYTOil Ja/ibu, a TaKkKe Ha ToJe,
rre yske 1moObIBaTa Kakas-uHuOy/ab Jaibs. TOT, KTO He MOXKET
c/iesiaTh XO/1, IpourpbiBaer. KTo 13 UTPOKOB MOKET 00eCTIeYnTh
cebe mobGexy, kKak Obl Hu wmrpan apyroii? (3a xom Jambs
C/IBUTAETCST 10 TOPU3OHTAIU WA BEPTUKAIU Ha JIOO0E UHCJIO
KJIETOK, I CYUTAETCS, YTO OHA MMOObIBaJIA TOJIbKO B HAUaJIbHON 1
KOHEeYHOH KJIeTKaxX 5TOr0 XO/a.)

A.Toanvizo

Cno>XXHbIN BapuaHT

8—9 knaccob!

1 (4). B psaz nesxut yetTHoe 4ncIo Tpyir. Macchl JIo6bIX IBYX
COCEeIHUX TPYII OTJInYaioTcs He GoJiee yeM Ha 1 1. Jlokaxkure, 4To
MOJKHO BCE TPYIIHN PA3JIOKHUTD 110 /IBE€ B O/JINHAKOBBIE TTAKETHI 1
BBIIOJKUTD TIAKETbI B PsiI Tak, 4TOOBI MAcChl JIOOBIX [BYX
COCEJTHUX TAKETOB TOXKe OTJIMYAJIHCh He 6ostee yeM Ha 1 T.

A.Illanosanos

2 (4). Cm. zamauy M2271a «3amaunuka «Kpanra».

3 (6). B Gpuraze croposkeil y Kasaoro ectb paspsn (mary-
pambhoe uncio). Cropoxk N-ro paspsga N CyTOK JI€KYDHT,
notoM N cyTok criuT, cHoBa N CyTOK JeXypuT, N — CIIUT, U TaK
najsiee. VI3BeCTHO, 4TO pas3ps/ibl JOOBIX JABYX CTOPOXKEH pasJin-
JaloTest XO0Ts Obl B TPH pasza. MosKeT Jin Takast Gpurajia ocylie-
CTBJIATH exeiHeBHoe AeskypcTBo? (IIpucTynuTh K Je:KypeTBy
CTOPOJKA MOTYT He 00s3aTeJIbHO OHOBPEMEHHO, B OJWH JICHDb
MOTYT JIEKYPHUTb HECKOJIBKO CTOPOKEIi.)

A.Beponuxos

4 (6). Cm. zamauy M2270 «3amaunnra «Ksanra».

5 (8). ITyctb p — npoctoe uncao. HaGop ns p + 2 HaTypaabHbIX
uyncen (He 06513aTEBHO PA3JIMYHBIX) HA30BEM <«MHTEPECHBIM> ,
ecsa cyMMa JOOBIX p M3 HUX JIGJUTCS HA KaKJ0e U3 JIBYX
ocraBimxcs yuces. Haiiure Bce «iHTepecHble» HAGOPDI.

A.Honsanckuil

6 (8). Bank o6cayKUBaeT MUJLIMOH KJIUEHTOB, CIIHCOK KOTO-
poix usBecten Ocramy Benzepy. Y Kask10ro KJaneHTa ecTh CBO
PIN-koq u3 mectu 1mudp, Y pasHbIX KJIUEHTOB KOJ/bI Pa3HbIE.
Ocran Benziep 3a oinH X0/ MOXKeT BbIGpaTh JIIOGOTO KJINEHTA,
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KOTOPOTO OH ellle He BBIGHPAJ, U TOACMOTPETb Y Hero 1udpbl
koza Ha moObix N nosunuax (y pasHbIX KJMEHTOB OH MOJKET
BBIGUPATh pasHbie moswuin). OcTal X0YeT y3HATh KO MUJLIH-
oHepa Kopeiiko. [Ipu kakom HauMeHbiieM N OH TapaHTUPOBaH-
HO CMOJKET 3TO CJIeJIaTh?

I'.2Kyxoe

7 (8). B pasnocroponnem tpeyrosbiuke ABC nposesu Bbico-
Ty AH. B tpeyronpunke ABH OTMETH/IM TOYKY IIepecedeHus
ouccekrpuc . B xaxxaom us tpeyroabuukos ABI, BCI u CAI
OTMETUJI TI0 TOYKe IiepecedeHuss Ouccexktpuc — L, K u J
coorBeTcTBeHHO. Haiinnre Bemmuuny yriaa KJL.

K.Tony6es

10—11 knaccs/
1 (4). Cm. 3amauy 3 CJI0KHOTO BapHaHTa AIS 8—9 KIaccos.
2 (5). Cm. samauy M22716 «3anaunuka «Ksanras.

3 (6). [Tokaskure, 4To /s JIO60TO HATYPAJIBHOTO 72 CYIECTBY-
I0T TaKue 1efible YUCaa dy, dy, ..., d, , YTO IIPU BCEX LEJbIX X

HHUCJIO
2

>
2
...((x2+a1) +a2) +..+a,, | +a,

genutcs Ha 2n — 1.
A.Beponuroe

4 (6). BayTpu Kask/I0ll TpaHU eIMHUYHOTrO Ky6a BbIGpAIH MO
TOUKe. 3areM Kak/ble /iBe BBIOpAHHBIE TOUKH, JIEsKaIlne Ha
COCETHUX TPAHSIX, COCMHIIN OTPe3KoM. /lokaskuTe, 4TO cyMMa

JUIIH 9THX OTPE3KOB He MeHbIIe ueM 6+/2 .
B.IIpoussosnos

3 (8). Hau tpeyronbuuk ABC u npsmas [, xacaiomascs
BIIMCAHHOIT B Hero OkpyskHoctu. OGosHaunm uepes I, I, I
MIpsIMble, CUMMETPUYHBIE [ OTHOCUTENBHO OMCCEKTPUC BHENTHUX
VTJIOB TPEYTOIbHUKA. [IOKQKUTE, YTO TPEYTOIBHUK, 00pa30BaH-
HBII 9TUMU TIPSIMBIMHU, paBeH TpeyroJabHuky ABC.

A.3acnasckutl

6. a) (3) Cm. 3ajauy M2274a «3amaunnka «KsaHra».
6) (6) Cm. samauy M22746 «3amaunmka «Kpanra».

7. Y Kocrtn 6b11a kyuka u3 100 kamemkoB. KaskapiM xomoM
OH JIeJNT KaKyIo-TO M3 Ky4eK Ha JBe MEHbINNe, TToKa y Hero me
okasasoch 100 kydek 1mo ogHOMYy Kameky. [/lokaskure, 4TO

a) (6) B Kakoii-To MOMEHT B Kakux-10 30 KyuKax ObLIO B CyMMe
poBHO 60 KaMenikoB;

L XXV MoCKoBCKaA
OJTIMIT

6 Kkaacc

1. Paspexbre pamxy (puc. 1) Ha 16

L PaBHBIX YacTeil.

A.Illanosanos

2,3, 4. Cwm. 3amaun 1, 3, 2 «KBanra» g
MJIQJIINX IIKOJbHUKOB» B «KBanTe» Nol.

5. 3amenurte B pasenctBe IIMPOT =
=KYCOK + KYCOK + KYCOK +
...+ KYCOK oznmakoBbie 6yKBbI OIHHAKO-

Puc. 1

2012/No4

6) (3) B Kakoii-T0 MOMEHT B KakuX-T0 20 KyuKax ObLIO B CyMMe

poBHO 60 KaMenrKoB;
B) (3) Kocts Mor feiicTBOBATD Tak, YTOGBI HU B KAKOH MOMEHT
He Hanoch 19 Kydek, B KOTOPBIX B CyMMe POBHO 60 KaMeIIKoB.
K.Kmnon

YCTHbIA TYP ANS 11 KNACCA

1. Cm. 3amauy M2269a «3ajaunnka «KBaHTas.

2. B numHApUIecKuit KOJIOel] MaJaeT MyvoK TapasiieJbHbIX
Jlyueii, IpryYeM HU O/IHA TOYKA /{HA He ocBellieHa. /lokaxure, 4To
rpaHuIla OCBENIEHHON M HeOoCBelleHHON o6JiacTeil KOJIo/Ia Jie-
JKUT B OJIHOM TIJIOCKOCTH.

A. Beponukos

3. B crpane @uarnanaun Boe OJIM30PYKUX TTOJUIEHCKIX
JIOBAT TpecTymHUKA. Bce Moan SBASIOTCS KpyTraMu AnaMeTpa
1M Ha mraockoctu. MakcuMasibHasg CKOPOCTb MOJUIEHCKOTO
paBHa 1 M /¢, a IPECTYIHUK yMEET JIBUTATHCS CO CKOJIb YTOJHO
60JIBINON cKopocTbio. Tlosmieiickuii He BUIMT TPECTYIHUKA,
[IOKa HEe KOCHETCS €ro, a KaK TOJIbKO KacaeTcs — cpasy JIOBUT.
[Ipectynnuk Bce BuauT. [leso NMpouCcXoAuT B Kpyre AuamMeTrpa
D M, 32 KOTOPbBIN HUKTO He MOKeT BbIATH. [Ipr KakoM HanboJib-
nreM D miosiutieiickie MOTyT IelicTBOBATh TaK, YTOOBI FApAHTHPO-
BAHHO TMOWMATh MPECTYITHUKA?

B.Moxun

4. Cm. 3amauy M2273 «3agaunnka «KBanTtas.

5. Brmcannas okpysknoctb kacaercst cropon BC, CA, AB
tpeyrosbinka ABC B toukax A, B, C;. BueBnucannas
OKPY>KHOCTD KacaeTcst ctopoHbl BC n nposiosmkennii ctopod CA,
AB B toukax A,, B,, C,. Uepes cepennunl orpeskos AB;,
A,B, npoesu npsimyio [, a uepes cepemunnl orpe3kos ACy,
A,C, nposesiu npsimyio I, . Jlokaxure, uto [ u [, nepecexaior-
ca na Bbicote AH Tpeyronbuuxka ABC.

A.Horancxuil

6. [lanbl kBagparnble Tpexwienst f (x), 7 (x) ¢ eqnHIIHBIME
crapummi kodduienTamMu 1 HeKOTOpblil Muorowsen ¢ (x)

HeHyJIEBO cTemenn. VI3BeCTHO, 4To f(g (h (JC))) = h(g (f (x)))

st Beex x. Jlokaskute, 4o ecqm rpacdukn [ (x) n h(x) nmeror

OOTIYIO TOYKY, TO OHU COBIAJAIOT.
I'.2Kyxoe

Hybruxauuo nodzomosuiu
C. Aopuuenxo, JI.Meonuxos, A.Illanosanos

MaTeMaTn4HeCKas
Nalla

BbIMH 1IM(paMH, a pa3Hble — Pa3HBIMHU TaK, YTOObI PABEHCTBO
OBLTIO BEPHBIM, & KOJUYECTBO «KYCKOB MUPOTay OBLIO HAMOOJb-
MM 13 BO3MOKHBIX.

H.Packuna

6. I13Bectno, yro Hlakan Bceraa soxer, JleB roBoput npasiy,
[Tormyraii mpocTo MOBTOPSET TOCTeAHUI YCIbIaHHbIi oTBeT (a
€CJIM €TO CIPOCHTD TIEPBBIM, OTBETHT Kak nomasuo), a sKupad
JIaeT YeCTHBII OTBeT, HO Ha IIPe/bIIyIINil 3a/laHHbIIl eMy BOIIPOC
(a Ha 1nepBbIil BONpoc oTBeyaer Kak 1omnano). Myapbiil Esxik B
tymane narkayJsca Ha [llaxana, JIpsa, [lonyrag n sKupada n



PEIINJT BBISICHUTD, B KAaKOM TIOpsi/ike oHK cTosIT. CIipocuB Beex
no ouepemn «Tor Illakan?», oH TOHA TOJTBKO JHIIb, TAE
JKupad. Crpocus Bcex B ToM ke niopsizike: «Tor JKupad?», on
CMOT ellle IOHATh, rae Illakaj, HO IOJHON SICHOCTU TaK U He
Hactymnuo. Y muiib 1mocsie Toro kak Ha Borpoc « T [lomyraii?»
nepBbiit orBeTHsl «/lay, ExKy, HakoHell, cTajso SICHO, B KaKOM
TIOPSIZIKE CTOSITA SKMBOTHBIE. Tak B KaKoOM ske?

A. Xawamypsn
7 Knacc
1. KBazpar 3 X 3 sanosnen nuudpamu Tak, Kak MOKa3aHO Ha

pUCYHKE 2 cuesa. PaspemaeTc,q XOAUTb 110 KJIETKaM 3TOro
KBa/[paTa, Iepexo/ida n3 KJIETKU B COCE/IHIOI0 (HO CTOpOHe), HO HM

B KaKyIo KJIETKY He paspe-
118 | 4 118 | 4 HIaeTCA MONa/1aTh IBaXK/Ib.
Iletst mporirest, Kak TOKa-
61319 6 |3 |9 3aHO HA PUCYHKe 2 CIpa-
Ba, U BBIIHCAT MO TTOPSI/I-
S| 72 S| 7|2 Ky Bce Lu(PDI, BCTPETUB-

IKECS] 110 MYTH, — IOJIyYH-
pac. 2 Jtock uncgo 84937561. Ha-
pucy#iTe APYTOil MyTh Tak, YTOGBI MOJYINIOCH YHCTO TOOOIBINE
(uem Goubine, TeM mydie).

H. Awenxo

2, 3. Cm. 3amaun 4, 2 «KBanTay 19 MIaAIINX IIKOJBHIKOB>
B «KBanre» Nel.

4. Ha xaxxzoM U3 [IBYX PYKaBOB PEKH 3a KHUJIOMETP /10 UX
CJIMSTHUS CTOUT 10 TIPUCTAHH, A eIl OJIHA TPUCTAHD CTOUT B JIBYX
kusomerpax tocse causausg (puc. 3). Jloaka poGpaiach ot
OIHOI W3 TIpUCTaHeil 110
apyroit (memsBecTHO, Ka-
Koit) 3a 30 MUHYT, OT Py~
roii jo Tperbeit — 3a 18
MUHYT. 3a CKOJbKO MUHYT
OHAa MOKeT 106paTbcst OT
TPEeTbell MPUCTAHN [0 TIep-
Boit? (CKOPOCTb TeueHst PEKH TIOCTOSIHHA U OJIMHAKOBA BO BCEX
ee vactax. Co6CTBEHHAsE CKOPOCTD JIOJKM TaKyKe MOCTOSTHHA. )

B.T'yposuy

Puc. 3

5. Bacst manmcas Beproe yTBepIk/eHue:

«B aroit dppase 1 /3 Beex mudp — mudpot 3, a 1,/2 Beex nuudp
— udpnt 1».

A Kous nanucan dpasy:

«B aroit ¢ppaze 1/... Bcex udp — mudpst * , goau uudp *
W # OJMHAKOBBI M paBHbI 1/ ..., a 10/ BCeX OCTATbHBIX HH(P
coctaBasger 1,/ ...».

BcraBbTe BMeCTO 3Be3/I0YEK TPU pasHble MUGPDI, a BMECTO
MHOTOTOUMII — TPU PasHbIX UYNCJA TaK, YTOOBI IMOJYYHJIOCH
BEpHOE YTBEp KICHNUE.

A.Illanosanos

6. Cum. 3amauy 5 «KBaHTay s MJIaAIIUX TIKOJIHHUKOB> B
«KBanrte» Net.

8 knacc

1. Ha jocke HammcaHbl 4YeTbIpe TPEX3HAUYHBIX YHCJIA, B CyMMe
natorre 2012, /Ty 3anmmicen nX BeeX ObIIN MCIIOIb30BAHBI TOJBKO
niBe pazynunble nudpol. [IpuBeanrte npuMep TaKUX YnCE.

A.lllanosanos

2. KysHeunk yMmeeT IpbIraThb TOJbKO POBHO Ha S0 caHTUMET-
poB. OH xouer 060t 8 TOUEK, OTMEUEHHbIX HA PHUCYHKe 4
(cropona xerkn pasua 10 cantumerpam). Kakoe naumenbiinee
KOJIMYECTBO TIPbIKKOB eMy mpujercst cjenath? (Paspernaercs
MOCENAaTh N JIPYTHe TOYKM IJIOCKOCTH, B TOM YHCJE HE y3JIbI

cerku. Haunnarp u 3akaHuuBaTh MOKHO B @ i 9
JOGBIX TOYKaX.) .
T.TI'onenuwesa-Kymy3soea ot
3. Cm. samauy M2271a «3amaunmka _L__§,
«KBanra».
’f
4. B napasnenorpamme ABCD onycru- ¢ J: -

i mepnenukyasip BH #a cropony AD.  p, - 4
Ha orpeske BH ormerniu touky M, pas-
noyganennyio or tTouek C u D. Ilycrb Touka K — cepeauna
croponbl AB. lokaxute, yto yroan MKD npsamoii.
M. Boauxesuu

5. PammonasbHble Yncsaa X, y W z TaKOBBI, YTO BCE YHCJa
x+y'+2, 2 +y +2° nua’+y’ +2z neaste. Jlokaxkure, 9TO
YUCJI0 2X TIeJI0e.

U.Bozoanos

6. B kuierkax tabmauiibl m X n paccrabjeHbl yncyaa. Oxasa-
JIOCh, 9TO B Ka’KJOW KJIETKE 3AIMCAHO KOJUIECTBO COCETHUX C
HEll 110 CTOPOHE KJIETOK, B KOTOPBIX CTOUT equHuiia. [Ipu stom
He Bce yucsa — nysu. IIpu kaknx uncaax m u n, 6osbiux 100,
TaKoe BO3MOKHO?

U.Packuna
9 knacc

1. B crpane /lanekoii TpOBUHIS HA3BIBAECTCS KPYNHOU, CCIIH

B Hell sxuBeT GoJiee 7% JKUTeJIel 9ToM cTpansl. VI3BeCTHO, UTO [JIst

KaK/10# KPYITHOH MMPOBUHITMY HAW/YTCS J{BE IPOBUHIINN C MEHb-

MM HACEJEHIEM TaKKe, YTO UX CyMMapHoe HaceseHie 6oJIblIe,

4eM y TOW KpymHOH TpoBuHImu. Kakoe HanmMeHblllee YHCJIO
MIPOBUHIMIT MOXKeT ObITb B cTpane Jlanekoii?

A.llemyxoe

2. Cm. 3ajauy 1 cioxknoro Bapuanrta jjs 8—9 Kjaccos
BeceHHero Typa XXXIII Typaupa roposios.

3. Cm. 3agauy 4 a7 8 KJacca.
4. Cm. 3agauy 5 s 8 kiacca.

5. Cwm. 3agauy 5 craosknoro Bapmanta 1t 10—11 xaccos
BecenHero typa XXXIII Typuupa roposos.

6. a) B ¢yr60mbHOM TypHHpE y4aCTBOBAIM 75 KOMAHI.
Kaxxas koman/ia urpaja ¢ Kask/10i 0/InH pas, 3a moGejty B MaTue
KOMaHjIa ToJryyasia 3 ouka, 3a Hu4Ybio 1 ouko, 3a mopaskenue 0
04KOB. VI3BecTHO, 4TO JTIO6BIE [BE KOMAH/[bl HAOPAJIH PA3INIHOEe
KOJMYecTBO OYKOB. HalinTe HamMeHbBITYI0 BO3MOXKHYIO pas-
HOCTb OYKOB Y KOMAH/[, 3aHSBIINX MEPBOE U TIOCJETHEE MECTa.

6) Tort ke BOIPOC st 7 KOMAHI.

A.Bbaunkos

10 knacc

1. Anernia Harcast Ha JIoCKe S TeJIbIX Yrces1 — Koad uimenTn

7 KOPHM KBAJIPATHOTO TpexXwieHa. Bops crep OfHO M3 HUX.
Ocranuch uncaa 2, 3, 4, —5 B KakoM-To Tiopsiike. BoccranoBute
CTEPTOE YHCJIO U JOKAKHUTE, YTO ObLIO HAMCAHO UMEHHO OHO.
b. Dpenxun

2. Cm. 3agauy M2270 «3azaunuka «KBanras.

3. U3 mockocTu BbIpe3ain PaBHOCTOPOHHUI TPEYTOIDHUK.
MO2KHO JI OCTABIIYIOCS YACTD TIJIOCKOCTH 3aMOCTUTD TPEYTOJIb-
HUKAMH, JIOObIE [[Ba I3 KOTOPBIX MOJI0GHDI, HO HE TOMOTETHYHBI ?

A.Beponuroe

4. Tlo kpyry pasyio’KeHO YeTHOe KOJMYEeCTBO Tpyir. Maccer
JOGBIX JIBYX COCEHMX OTJHYAlOTCs He GoJsiee yeM Ha 1 T.
Jlokaxute, 4TO MOXKHO BCe TPyl OOBEJAUHUTb B Hapbl U




52 KBAHT -

PABJIOXKUTD IO KPYTY TAKKM 06pa3oM, 4TOOBI MACChI JTIOOBIX BYX
coceIHUX Tap TOXKe OTInYajuch He Gosee yem na 1 r.
A.Illanosanos

5. Cm. samauy M2272 «3amaunnka «KpanTas.

6. Paccmorpum rpad, y KOTOPOro BEPIIMHBI COOTBETCTBYIOT
BCEBO3MOXKHBIM TPEXAJIEMEHTHBIM IOJMHOKECTBAM MHOXECTBA
{1, 2,3,...,2" }, a peGpa TPOBOJSATCS MEXK/Y BepIIMHAMU, KOTO-
pble COOTBETCTBYIOT TIO/IMHOKECTBAM, MEPECEKAIONINMCS POBHO
10 oHOMY aJieMeHTy. Haiinre MUHIMATbHOE KOJMYECTBO I1Be-
TOB, B KOTOPbIE MOKHO PACKPACHUTD BEPIIMHBI rpada Tak, 4ToObl
mo6ble JIBe BEPIIMHbBI, COeIuHeHHble Pe6pPoM, ObLIN Pa3HOTO
I[BETA.

A. Patizopodcruii

11 knacc, nepsbIv 4eHb
1. Cm. 3agauy 1 s 10 kiacca.

2. Jlng 3ajaHdbIX 3HaueHuii @, b, ¢ u d oOKas3aaoChb, UTO

uy=2+

rpaduxn pyuxuunit y = 2a + UMeIOT
POBHO O/iHY 0611yI0 Touky. [Jokaskure, yto rpaduku QyHKIMi

y=2b+

uy =2 +
X —a X —cC
OOIIYT0 TOYKY.

TaKIKE€ NMCIOT POBHO OJHY

O.Kocyxun

3. B rpeyronmbauke ABC BBICOTBI WIM HUX IIPOJOJDKEHUS
nepeceKkaloTcst B Touke H, a R — pajuyc olnucanHoil 0KoJo Hero
okpy:kHocTu. [lokaskure, uro ecom LA < /B < /ZC , 10 AH +
+ BH2>2R.

B.Iangepos, B.Ywakoe

4. Ha co6panue npuim n yeaosek (7 > 1). Okazaaoch, uTo
y JIOOBbIX JIBYX M3 HUX €CTb CpPeAn COOPABIINXCS POBHO [BA
/_[pyl‘l/IX OéLL[I/IX 3HAKOMDbIX.
a) JlokaskuTe, 4TO KaXK/Ablil M3 HUX 3HAKOM C OJMHAKOBDLIM
YHCJIOM JIOJIeH Ha 5TOM COOpaHuu.
6) Iloxaxxute, 4TO 7 MOKET OBbITH GOJIbIIE 4.
11.Cepzees

S. It n =1, 2, 3 6yaeM Ha3bIBaTh YUCJIOM R-TO THIIA JIO6G0E
uucso, Kotopoe 6o pasuo 0, 1160 BXOAUT B GECKOHEUYHYIO
reoMerTpudeckyio mporpeccuio 1, (n+2), (n+2)z , ..., JIIOO
SIBJISIETCST CYMMO#T HECKOJTBKUX Pa3/IMIHbIX €€ WIeHOB. JloKaxKm-
Te, 4TO JMI060e HATYPATBHOE YUCTIO MOYKHO TIPE/ICTABUTH B BUJIE
CYMMBI YHCJa TEPBOTO THIA, YHUCJA BTOPOTO THIIA W YHCJIA
TPEThEero THUIIA.

O.Kocyxun

2012/No4

6. Cm. samauy M2274 «3anaunuka «Kpanras.
11 knacc, Bropouv [eHb

1. K xaskoMy 4sieHy HEKOTOPOH KOHEYHOM MOC/Ie0BATETbHO-
CTH TOAPSI/T UAYIINX HATYPATHHDBIX YHCE MPUITNCATH CIIPABa 10
JiBe 1(PDI U TTOJTYYUIN TTOCTEA0BATENIbHOCTD KBA/[PATOB TOJI-
PSIL MAYIINX HATYPasbHbIX yucesn. Kakoe nHanGoJiblliee 4mCIO
YJIEHOB MOTJIA MIMETD 9Ta MOCJIE0BATETbHOCTD?

A.Bbezyny

2. Ha mockoil ropn3oHTaNIbHOI TIJTONMIAIKE CTOST S MPOKEK-
TOPOB, KQK/bII M3 KOTOPLIX MCIYCKAET JAa3epHbIH JIyd M0
OJHMM U3 /IByX OCTPBIX YIVIOB O WM [ K ILIOMIQJKe U MOXKET
BpalllaThCs JUITb BOKPYT BePTUKAIbHON OCH, TPOXO/islieil uepes
BepuIMHy Jy4a. V3BecTHO, 4TO MI06BIE 4 M3 ATUX TPOKEKTOPOB
MOJKHO TIOBEPHYTb TaK, YTO BCE€ 4 HCITyCKAaeMbIX UMU JIyda
rnepecekyTcss B OfHON Touke. O0s3aTebHO JIM MOXKHO TaK
MMOBEPHYTD BCE S MPOKEKTOPOB, YTOOBI BCE S JIyueil epecekInch
B OJIHOI TOYKe?

O.Kocyxun

3. Yuuresnp Hanucas Ha JocKe B andaBUTHOM TIOPSIJIKE BCe
BO3MOKHBIE 2" €JIOB, cocTosiux u3 n OykB A win b. 3arem on
3aMEHIJT KayKJ0€e CJIOBO Ha MPOM3BE/eHNe 7 MHOXUTEeid, uc-
npaBuB Kax/yio OyKBY A Ha x, a Kakayio 6ykBy b —ma (1 — x),
U CJIOXKUI MEXTYy co00il HECKOJIBKO MEPBLIX U3 ITHX MHOTOUJIe-
HOB OT X. JIOKaKuTe, YTO MOJYUYEHHDII MHOTOUJICH MPE/ICTABJISET
c0060ii 1160 MOCTOSAHHYTO0, MO0 BO3pacTaonyo Ha orpeske [0;1]
¢ynkmio or x.

O.Kocyxun

4. Ilocse obena Ha npPo3paunoll KBaAPAaTHON CKATEPTU OCTa-
JIUCh TeMHbIe NsATHA o6mieil 1iomaan S. OKasanoch, 4To ecjan
CJIOJKUTDH CKATepTh IIONOJIAM BJOJb JIOO0H W3 ABYX JIMHUM,
COEJIMHATONINX CEePEAMHDI TPOTUBOTIOIOKHDBIX €€ CTOPOH, HJIN JKe
BJIOJb OJHOW M3 [BYX ee [uaroHaseil, To oO0mas Buammas
maon@aap naten G6yner pasua S;. Ecum ke CI0XKHTH CKaTepTh
MOTNOJIaM  BJOJb JPYTOil ee QWaroHagu, TO OOIas BUANMAS
IJIONIA/Ib TIATEeH OcTaHeTcsl paBHa S. Kakoe HanMeHbIIee 3HaUe-
HUE MOJKET NMpuHUMaTh Bejauunua S, :S ?

O.Kocyxun

5. O6osmnaunm vepe3 S(n, k) KOJMUECTBO He JEANINXCS HA
k xoapduimenTos pas/oxkenus muorousena (x +1)" mo cremne-
HSM X
a) Haitaure S(2012,3) .
6) Jlokaxure, uto S (2012%°",2011) menurcsa na 2012.
B.Ywaxoe

ITyb6auxauyuo nodzomosun 5. Dpenxun

/130paHHble 3apa4m MOCKOBCKOW
(PU3M4eckon onnmmMnmaabl

MepBbIN TeopeTUYECKUN TYP

7/ Knacc

1. Ikosnpuuk Bacs, crost Ha acKamaTope, MOJHAICS HABEPX 32

1 mun. Ero apyr Ilets, ujs no ackajaTopy BBepX, MOIHSJICS 3a

40 c. Ckousbko BpeMenn noHago6utcst Ilere, uTo6bI 110 TOMY 3Ke

HCKATaTOPy CIYCTUTHCS BHU3 (IIPOTUB JBUKEHUSA HCKATATOPA),

ecau oH OyJier 6ekaTb CO CKOPOCTBIO B TP pasa ObicTpee, yeM
uaet?

. Iapunos

2. Ha pucynke 1 uzoGpasken v
rpaduK 3aBHCHMOCTH CKOPOCTH K/
ABTOMOOHJISI 0 OT HPONIEHHOTO 60
nm nytn s. Kakoe paccrostame 45
poexas aBroMOOUJIb 3 [IepPBble

2 MUHYTBI CBOETO JIBUKEHU ? 30
O.Illsedos 15
3. HIxompuuipr Upuna, Ka- o
puHa u Mapuna GeraioT 1o Kpy- 0 0,5 1,0 1,5 s,xm

I'y B O/ITHOM HaIlpaBJIECHUMN C I10- Puc. 1



CTOSHHBIMU cKopocTsimu. Vpuna n Kapmua BeTpeuaoTest Kaxk-
nbie 2 MuH. Kapuna nu Mapuna Berpevarorest Kaxx/ible 3 MuH. Kak
qacTo BcTpevatores WMpuna u Mapuna?

A.Hosn

4. Bec rpysa B Bosayxe cocrasisier 17 H. Korga sror rpys
OITYCTHJIN B COCY/I C BOJIOH, MMeromuii popmy Ky6a co cTOpOHOIT
1 1M, OH yTOHYJ, TIOJHOCTBIO TIOKPBIBIINCH BOAOH, a ypOBEHb
BO/IbI TIOJHAJNCA Ha 2 €M, He JIOCTUTHYB BEPXHETO Kpasi COCy/a.
Onpejesure IJIOTHOCTb MaTepuasa rpysa.

O.Il1sedos

8 knacc

1. Baagucnas u Cranuc/iaaB yyacTBoBain B BeJoronkax. Ha
crapre Baaaucnas, aBurasco BiBoe 6bictpee CtaHucaaBa, yiresa
B orpoiB. Yepes 10 mun mocse crapra Besocuren Biagucaasa
CJIOMAJICSI, U OCTABIIYIOCS YACTb [MCTAHIIMN BEJOTOHIIUK IITeJ
TIETIKOM €O CKOPOCTbI0 6 KM /4. YYacTHUKU TOHKHU JOCTUTJIN
¢unmnma oxHoBpeMeHHO Yepes 30 mMuH nocsae crapra. Cumras
ckopocTb CranucjaaBa MOCTOSTHHON, HAfIUTe AJIHHY JAUCTAHIINT
ot crapra 0 duHHIIA.

O.11lgedos

2. TanTesb COCTOUT M3 ABYX IMIAPOB OJMHAKOBBLIX PAa/IILyCOB
maccamu 3 kru 1 xr. ITappr 3akperieHbl Ha KOHILAX OJHOPO/L-
HOTO CTepyKHA Maccoil 1 Kr Tak, UTO PacCTOSAHUE MEXTy WX
nentpamu paBHo 1 M. Ha KakoM paccTosiHMU OT LieHTpa Liapa
Maccoil 3 KI Hy’KHO 3aKpENuTb Ha CTep)KHE HUTDb, YTOOBI TaH-
TeJib, I0/BEIIeHHAs 32 9Ty HUTb, BHCe/a TOPU30HTAILHO?

Donvraop

3. HlkompHuma Asica MOABEIINBAJA K TIPY>KUHE THPH H3BeC-
THOIl MacChl 1 U3yydaJia 3aBUCUMOCTD y/JIMHEHUS IPYKUHDI X OT
A MAacChl 72 TIO/IBEIICHHOI K
X,cM Heit rupu. CBon pesyJib-
5 TaTbhl AJca MpeJCTaBu-
na wa rpapure (puc.2).
3arem Aumca mnposeJia
OTIBIT C TPY30M HEU3BEC-
THBIX MacCChl U IJIOTHOC-
tu. IlomecTus rpy3 B co-
. oyac BOJIOH, AJiica yBU-
0 100 200 300 400 500 mT /A€M, YTO IPHUKPEILIeH-

Puc 2 Hasg K Tpy3y MNpYyKHHa
' pacTaHyJgach Ha 3 CM,

NP 3TOM IpPy3 He COIPUKACAJCS C IOBEPXHOCTbIO BOJbI UK
JTHOM cocy/la. DTOT JKe IPy3, HaXO/AMNICS B BO3/lyXe, PAaCTATH-
BaJs Ipy»xkuny Ha 4 cm. Otpezennre Maccy rpysa B rpaMMax u
00beM Tpy3a B MummianTpax. Ilmoraocts Bogsr 1000 Kr/ M
O.Illsedos

4
3
2
1

4. Cocyn B dopme ky6a ¢ pebpom 1 am Ha 2 /3 3anoJyiHeH
apgoM, umetomum Temieparypy 0 °C. Tyzxa Goictpo mosmin
Boxy, umeionryio temmepatypy +100°C, u cocyn oxazancs
3aII0JTHEHHBIM JI0BepXy. CumTasi, 4To TEMI00OMEH € OKpYy:Karo-
el cpesoil OTCYTCTBYET U UYTO JieJl He BCIJIBIBAET, OIpeiesnTe,
BECH JIN JIeJl PACTAET M HA CKOJIBKO OIMYCTHUTCS YPOBEHDb BOJbI B
cocyjie K TOMYy MOMEHTY BpEeMeHHM, KOI/la CHCTeMa IpHJET B
COCTOSTHUE TEIJIOBOTO paBHOBecHs. IlJIOTHOCTH BOABI M JIbJa
1000 KI‘/ M 1 900 Kr// M® COOTBETCTBEHHO, Y/Ie/IbHbIE TEILIOeMKO-
cTu BoAbl U Jbja 4200 ﬂ)K/(KI‘ -°C) u 2100 [[}K/(Kr -°C) coor-
BETCTBEHHO, y/IeJbHAS TEIJIOTa TIaBjeHus abaa 335 k/Ix /Kr.

A.Hoan

9 knacc

1. Jloaxa oTnubLia ot 6epera peku, TeKyIeil co CKOPOCTbIO,
MIOCTOSIHHON 10 Beell mupuHe peku. B cucreme orcuera, cBsa3an-
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Puc. 3

100 x,

HOH ¢ BOMIOH, JIO/IKA BCE BPeMs JIBUTAJACh TEPIEHANKYJISPHO
6epery, IpuyeM ABUKEHNEe 6bIJIO PaBHO3aMeJIECHHbIM C Ha4aJib-
Holt ckopocTbio 2 M/ c. Ha pucynke 3 uso6paskeH BUJI CBEPXY
Ha TPAEKTOPHIO JIOIKH B CHCTEME OTCUETA, CBSIBAHHOIN ¢ GeperoM
pexu. Och x HampaBieHa BAOJIb Gepera peKd, oCb y — TEpIeH-
MUKyJasspHO Gepery. Ornpenesure CKOPOCTb TEYEHUS PEKU |
MOJLYJIb YCKOPEHUST JIOJKH.

A.Hosan

2. Korga Ha JbanHy nocraBuin rpy3 maccoit M = 90 kr,
o0beM ee HaABOAHON wacTn ymenbimuiacs Ha 30%. ITorom Ha
JIbINHY BBIIIEJ MIKOJBHUK AHTOH, ¥ 06bEM HAJABOTHOI YacTH
yMmenbimics eme Ha 30%. Haiigure maccy AHTOHA u maccy
Jpinibl. OTHOTIIEHE TIIOTHOCTEN Jib/ia U BOAbI P, : P, = 0,9 .

A.Hosan

3. lIxospuuip Asnca n Bacusmca HarpeBaloT BO/Ly B ITOJIHBIX
cTakaHaX MPH TOMOIIN KUTSTUIBHUKOB. Kunsatuabuuk Bacum-
CBI SIBJISIETCST TOUHOW KOTHMEN KUMATUJIbHIKA AJHCHI, YBEJNICH-
HOIi B TPM pasa, a cTakaH Bacuincol — yBeJIMYEHHON B JIBa pasa
Korueit crakana Anucel. KUTIATHIBHUKY BKJIIOYAIOT B PO3ETKU C
OJIMHAKOBBIMH HATpsDKeHUsiMu. Boga y AJMcbl 3aKuIaeT 3a
3 MmH. 3a Kakoe BpeMs 3aKNNHUT Boga y Bacmmcst? Cunraiire,
YTO BCSI BBIJIEJSAIONIASCS DHEPrHsl WeT Ha HArPeBaHUE BOJIBI.
Terno06MeHOM ¢ OKPYIKAIOIIEH CPe/loil MOKHO MpeHeOpeyb.

O.Illéedos

4. JTsa sepkana caoskenst nop yriaom 7° (puc.4). IIkoabHUK
CranucyaB HalpaBUJI Yepe3 MajeHbKoe OTBePCTHE B OJHOM U3
3epKajJ JIyd Ja3epHoi
YKa3KU HepHeH/ UKy Iap-

HO B3TOMY 3epKaJy.

CKOJIBKO BCEro oTpaxe- 7°
HUI UCIIBITAET JIyY OT 9THX

3epKay? ¢

O.Illgedog Puc 4
10 knacc

1. Ha ropusoHTaJIbHOM CTOJIE JIEXKUT [[€PEBSIHHBIN GPYCOK.
Koadduiient Tpemsi MEK/Iy TOBEPXHOCTBIO CTOJIA U GPYCKOM
uw = 0,1. Ecau npunoxkutb K OPYCKY CHJIY, HAlPaBJIEHHYIO
BBepx moj yraoMm o =30° K TOpPU30HTY, TO OpPYCOK Oy/IeT
JIBUTATHCS 110 cTONTy ¢ yekopennem a = 0,18 m/c? . Tlox kakmm
YIJIOM [ HaJ0 MPUJIOKUTD K GPYCKY TAKYIO JK€ [0 MOLYJIIO CUTY,
4TOGBI GPYCOK JABUTAJICS TI0 CTOJTY paBHOMepHO? OTBET OKPYTJIN-




54 KBAHT -

Te JI0 TIeJIBIX TPAJYyCcoB. YCKOpPeHHe CBOOOHOTO TIa/[eHUs
g=10m / .
M. Cemenos

2. Ha pucynke 5 nokasan rpaduk 3aBUCHMOCTH MOJLYJISI CHJIBI
F pactskennss mpysKuHBI OT ee yanuHeHus x (mpu GoJIbIIIX
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0 2 4 6 8
Puc. 5

nedopManX IPysKIHA He ounHsgercs 3akony ['yka). TIpyxn-
HY TIPUKPEIJISIOT OJIHUM KOHIIOM K HOTOJIKY. K Apyromy KoHity
NPY>KuHbI, He AeopMUpPYs ee, aKKYpPaTHO IO/BEHNINBAIOT TPY3
Maccoit m = 650 r, TIocJsIe 4ero oTIycKaoT rpy3 6e3 HayaJbHOI
cxopoctu. OneHure, Ha KaKy0 MaKCUMAJIbHYIO I/INHY PACTSHET-
cs1 npysknia. TpeHneM U Maccoil Mpy:KUHBI npeHe6peyb, YCKO-

peHne cBOGOIHOTO TIaJICHUsT IPUHATH paBHbIM ¢ = 10 M/ .
A.Axyma

3. HeG6oubIoii mycToil TOHKOCTEHHDIH TUJIMHAPUIECKUN CTa-
Kan o6beMoM V|, mepeBOpavMBAIOT BBEPX JHOM U MEIJIEHHO
MOTPY’KAIOT B IIyOOKUN BOJIOEM, Y/EPKUBAsl OCb CTAaKaHa B
BEPTUKAJIBHOM TIOJIOKeHnN. Hai moBepXHOCTBIO BoJj0eMa HAXO-
mtest Bozayx (atMocdepHoe aBaeHne Py ), TeMmeparypa KoTo-
POTrO paBHA TeMIIepaType BOJbI, a OTHOCHUTEJIbHAS BJAMKHOCTH
cocrasuisier 100%. I1o kakoMy 3aKoHY Gy /IeT H3MEHSITHCST MOJLYJIb
BBITAJKUBAIONIEIl CHJIBI, JefiCTBYIONIEll Ha CTakaH, IPU €ro
HOTPY’KEHNHU OT IIOBEPXHOCTU BOJBI B BOZOeM Ha riyomny H?
IT10THOCTD BOMBI P, YCKOPEHHEe CBOGOHOTO TAJIEHUs ¢, JaBJe-
HIe HACBIIIEHHDIX T1aPOB BOJbI MIPH JAHHOI TeMIleparype p,,.

M. Cemenoe

4. Tlocsie TIOJIOMKHU CHCTEM OTOILJIEHMS ¥ BOJOCHAOKEHUS
Gacceiiia 06beMOM V 4acTh BOJBI BBITEKJIA M3 HETO, a OCTaBIIa-
sICST 4acTh 3aMep3sia. B utore B 6acceiine ocrajcs Jie/; 06beMOM
(10,/27)V npu temneparype 0 °C . B Gaccefin HaunHAIOT HAJIH-
Barh Boay. Kakylio TemIiepaTypy JOJKHA UMETh BOJA, YTOOBI,
Kor/ia JieJl pacraer u Gacceiii Oy/IeT MOJHOCTbIO 3al0JHEH, BOJIA
B HeM nmesa temmepatypy ¢t = 20 °C ? [110THOCTH BOIBI U JIba
p, = 1000 Kr/M3 u p, =900 Kr/M3 COOTBETCTBEHHO, Y/Ie/IbHbIE
TEIJIOEMKOCTH BO/IbI M JibJia ¢, = 4200 [[}K/(Kr °C) n ¢, =
=2100 Z[}K/ (KI‘ . °C) COOTBETCTBEHHO, y/leJbHast TeIJIoTa TJIaB-
genust ibga A = 335 x/Ik /kr. [Torepsimu Teria mpeHeOpedb.

5. EMKOCTh aKKyMyJSITOPOB MOGHIBHBIX TeJe()OHOB YACTO
U3MEPSIOT B MuJmMamnep-yacax ( MA -4 ). Drta BeJIMUMHA TI0KA-
3bIBAET, CKOJIbKO 4aCOB MOKET paboTaTh aKKyMyJISITOp, JaBast
TOK CUJIOH B OJMH MUJLIHaMIep. EMKOCTb HEKOTOPOTO aKKyMy-
agropa paBHa ¢ = 950 MA -4y . MoOuibHblii TesedoH moce
3apSNIKU aKKyMyJsiTopa mpopabotan ¢ = 80 4, a HaNpsKeHue
Ha aKKyMYyJisiTope ObLIO MOYTH TTocTosiHio u paBio U = 3,6 B,
1ocJIe 4ero akKyMyJsTop paspsiauicsi. Uemy paBHA CpeiHsist

2012/No4

MOIIHOCTD, MOTpeb sieMast TesiehOHOM B 9TOT TIEPUO/] BPEMEHN ?
AKKyMyJIITOP CYUTATh UI€AJTbHBIM UCTOYHUKOM.
M. Pomawxa

17 knacc

1. PaGouuM TeJOM TEIJIOBOTO JBUTaTessl SBJISETCI V =
= 1 moJb resusi. [Tuks paGoThI TEMJIOBOI MAITMHBI COCTOUT U3
JIMHEHHOTro B p V-Koop/iuHaTax yya-
crka /=2 uusorepmbt 2—1 (puc.6). p
MakcumasbHbIE 00beM Teaus B
nukJe B 7 pa3 60Jbllie MUHIMAJIb-
HOTO. MUHUMAaJIbHAS TeMIepaTypa
reamsi B IUKJE COCTaBJSET
T, = 280 K. Kakoe Ko/muecTBO
TETJIOThI OBLJIO MOJIYYEeHO reJiuieM B
JTAHHOM IIMKJEe OT HarpeBaTess? 2
YHusepcaabHast ra3oBasi MOCTOSTH- v
nast R =8,3 [x/(mous - K).

O.I11sedos

A
1

\ 4

Puc. 6

2. B "HexoTopoii 06/1acTH MPOCTPAHCTBA CO3/IaHbI OJ[HOPO/IHbBIE
9JIEKTPUIECKOe W MArHUTHOE 101, Kor/ia a1eKTpon BJeTaeT B
3Ty 006J1aCThb CO CKOPOCTBIO ¥ B Ha-
MPABJIEHNH, TIOKA3aHHOM CTPEJIKOI
1 Ha pUCYHKe 7, OH JIBUKETCS B 3TOMN @
obJacTn TIPSMOJIMHENHO W PaBHO-
MepHo. Korza aiexTpon ¢ Takoii xe
10 MOJYJII0 CKOPOCTBIO BJIETAET B
3JIEKTPOMATHUTHOE TI0JIe BJOJb
cTpesiku 2, IepHeHnKyIsIPHON Ha-
[IPaBJICHUIO CTPEJIKH |, OH TOKE /[BU- T @
JKeTcs B TI0Jie IPSAMONIHEHHO 1 PaB-  py,- 7
HoMepHO. Onpe/iesinTe HarpaBJIeHUs -

BEKTOPOB HAIPSKCHHOCTH 3JICKTPUYCCKOTO 1o £ 1 Maruut-
ot mugyknun B . Hafigure otHomenne monyneit E/B.
O.11lgedos

3. Ha npusmy, ceuenne KOTOPOil UMeeT BH/| paBHOGEIPEHHOTO
IIPpAMOYTOJIBHOTO TPEYTrOJIbHUKaA, HNEPICHAUKYJIAPDHO HIDKHEN
rpaHy TajaeT Jyd OT Ja3epHOi
ykasku (puc.8). Kaxum possken
OBITb TIOKA3aTesb TIPEJTOMJIEHHS
n MaTepHaJa, n3 KOTOPOTO c/iesa-
Ha Ipu3Ma, 4ToObI CBET OT YKA3KN
BbIIlIEJT U3 IPU3MbI HAPYIXKY TOJIb-
KO 4yepe3 9Ty JKe IpaHb? T

O.Ilsedos 1 8

BTopow TeopeTnyecknm Typ

8 knacc

1. OIkompuux Iletss cTouT OKOIO 3a/iHell CTEHbI IIOCJIETHETO
BaroHa I10€3/1a, /JBIXKYIIErocsl C MOCTOSSHHOH CKOPOCTbIO, U
BHJIUT Yepe3 OKHA MOe3/a CTOJIObI JMHUH 3JIEKTPONEPeIadH,
PACIIOJIOKCHHBIE BOJb JKeJIe3HOI JOPOTH Ha PaBHBIX PACCTOSI-
Huax Apyr or apyra. Korpa Ilers mopasmanca ¢ ogHum us
€T0I60B, OH HayaJ cYuTath CTOJAGHI (MIPUHSB HTOT CTOJG 3a
MepBbIii) ¥ OAHOBPEMEHHO UJATH €O CKOpOCcThio 1,5 M /¢ OTHO-
CUTEJIbHO TI0e3/la OT XBOCTa K TOJIOBe Ioe3fa. B MoMeHT,
korga Ilers mopasussics co cto6om HOMep 17, NMpoiiieHHbBII
um nyth (oTHOCHTENBHO TOe3Ma) Obin pasen 150 . Ilers
TOTYAC Pa3BEpHYJICS U ToMIe] 0OPaTHO C TOIl YK€ CKOPOCTBIO, a
B MOMEHT BO3BpAIlEHHUsS B HAYAJO CBOETO IIYTH IOPABHSJICS C
OuepesHbIM CcTOJI60M, HOMep Kotoporo 1o cyery Iletn Obur
paBen 30. C Kakoil CKOPOCTBIO €JIeT I0€3/l U YeMy paBHO
paccTostHre MeKIy coceHUME cTosbamu? lI3BecTHO, 4TO CKO-



pPOCTh TOe3/la OTHOCHUTEJNBHO 3eMJin GoJibiiie ckopoctu Iletn
OTHOCHUTEJIBHO TI0€371a.
M. Pomawxa

2. Cepoiit Bosk, Berperns Kpacuyio Illamouxy wa ormyrike
Jeca, y3Hal, 4To B JoMe ee GaOGyIIKH JiecOpyObl yCTaHOBIIN
HOBYIO CHCTEMY OTKPBIBaHNUSA JBepH. BOJK HACTOIBKO 3anATEpe-
coBaJICS UHHOBAlLlMel, 4TO eI He ecTb HU 0alyIIKy, HU
Kpacnyio Illamouky, a mogpo6HO y3HATL BCE JETATH COBPEMEH-
HOH KOHCTPYKIWH, 3a4eM ¥ OTIPABUICSA K 6aGyIike BMecTe C
Kpacmoit IlTamoukoit. Orasanock, uto cuctema (puc.9) cocront

L 4L

Puc. 9

U3 TSDKEJION JIePEeBSHHON GaJiku, CIoCcOOHOI ¢ TIOMOIIBIO TPOCca
PaBHOMEPHO Ilepe/IBUraThesl 110 IiepoxoBaroil peiike. [lo cioBam
Jiecopy6oB, Ha GAJIKY TIPH CKOJIbKEHUN JEHCTBYET CUJIA TPEHHS
320 H. Tpoc 1pu moMoIu cUCTeMbI JIErKUX OJIOKOB U BEPEBOK
coeHEH ¢ ppryaroM. Tperne B 0csIX 6JI0KOB OXOTHUKH JIUKBH-
JINPOBAJIM C TTOMOIIBIO CMa3KK. Pbryar rnporrynieH CKBo3b CTeny,
/e 3aKperieH Ha cKpuyyeil orope. [11eun pbryara cooTHOCST-
ca wak 1:4. [IBepp otkpbliach, korga Kpacnag Illamouka
<TIOTSIHyJIA 32 BEPEBOYKY», IPUBS3AHHYIO K JPYTOMY KOHILY
poruara, ¢ cusoit 25 H. Omnpepemure KII/ Takoii cucreMmbr.
Yckopenue cBOGOJIHOTO MajileHNsT IPUHATH PAaBHBIM 10 M/ .
E.Buwmnsxoea

3. B oxno koseno U-o6pasHoil TpyOKM 3a1uJi Macao, a B

apyroe — Boay (puc.10). YKuakoctu pasmesenbl mnocepeuHe

MOPIIHEM, KOTOPbII HAXOINTCS

B paBHOBecnu. Macjo 3aKkpbI-

BAaIOT MACCHUBHDBIM IIOPHIHEM.

. Kaxoit maccoii pomken o6Ja-

JIATD 9TOT HOPIIIEHD, YTOOBI YPOB-

HU JKHJKOCTEH BBIPOBHSJINCD,

€CJIM HAYaJIbHBII YPOBEHD BOJIBI

HaJT THOM TPYOKH 8 €M, a IJI0T-

Hocti Boabl 1 Macaa 1r/em® u

0,8 r/ eM®  coorBercrBenno? I10Maab BHYTPEHHErO CEYCHUS

TpyOKn 10 cm?, HIDKHMIT HOpIIeHb OcTaeTcsl B HIDKHeil uacTu
TPYyOKH.

Puc. 10

E.Illenv

4. TIxompHuna Mpuna B3sija coCyl ¢ XOJIOAHOW BOJON U
IIOCTAaBUJIA €T0 Ha 3JIeKTPOInTKy. IIpoBens namepenus, Mpuna
BBISICHWUJIA, YTO TeMIIepaTypa BOJbI B COCY/ie YBEJIMUNBAETCS HA
1°C xaxmpie 20 c. /[oKAaBUMCH, KOTA COCY/ HATPEICS 0
30 °C, Vpuna cHsiia €ro ¢ IJINTKH U TOMECTUJIA B BOJIY
METAJIJIMYECKYI0 THPIO, HAaXOJAUBIIYIOCS B JIPYTOM cocylie B
TETIJIOBOM PaBHOBECHH CO CMECHIO BOJBI 1 Jibjia. TeMmepaTypa B
cocyjie ¢ Bofioit u tupeii ycranoBuiaach pasuoit 25 °C . 3a kakoe
BpeMst TOT cocyt Oynet Harpesatbest na 1 °C | eciim Vpuna, ne
BBIHMMAas TUPIO, BHOBD ITOCTABUT €0 Ha 3JeKTporinTky ? Ilore-
PSIMU BHEPTUH TIPeHeOPeUb, BOJIA U3 COCY/Ia B IAHHOM TIPOIIECCe
He BBLINBAJIACH.

E. Illenv

9 knacc

1. Nso6paskenHast Ha pucyHke 11 cucreMa cOCTOUT U3 TPY30B
MaccaMu m U M, JBYX HENOJBIIKHBIX U OJIHOTO TIO/IBU3KHOTO
6sioka. He nexamme nHa 6J10Kax
YYaCTKU HUTEN BepTUKaJbHbI. Om-
pelesiuTe YCKOPEHUsT IPy30B, CUH-
Tasg, 4To rpy3 Maccoit M  1pm
JIBIDKEHUH COXPAHSIET TOPU30HTAIb-
HOe TI0JIOJKEeHWEe, HUTH HEBECOMBI 1
HepacTSKUMBI, OJIOKH JIeTKUE, Tpe-

HU HET.
O.IlIsedos
2. Jlerckast UTpPyIIKa «HEBAJIAIII-
Ka» COCTOMT M3 JIBYX IJIactMacco- M
BBIX IMAPOB pagnycamn 7 = 9 cM
n n =6 cm (puc.12), mommix 1¢ 1

BHyTpH. VrpyIika cTouT Ha TOPU30HTAJIBHOM cTOJe. B HikHeil
TOUKEe HU)KHETO IMapa 3aKpelieH MaJeHbKHWil TI'py3 Maccoit
M = 250 r. «HeBamamxka» obiamaer cie-
JIYIOIMM CBOICTBOM: €CJIM €€ TIOJIOKHUTD
HaOOK Tak, 4TOGbI 00a Tapa KacaJuch CTO-
JIa, ¥ OTIYCTUTD, TO OHA «BCTAHET» U BHOBD
MpUMET BEPTUKAJbHOE TMoJioKeHue. [Ipu M,
KaKMX Maccax My W M, HIGKHETO U BepXHe-

TO MIAPOB COOTBETCTBEHHO WTPYIIKa 00JIa-

naer 3tuM cBoiictBoM? Cumraiite, 4TO I[€H-

TPBI MACC TAPOB COBIA/IAIOT C KX TEOMETPH-

YECKUMU IEHTPAMU.

My, Ty

M.Pomawxa Puc 12

3. V3 mpoBOJIOKH c/iesiaiu Tipa-
BUJIBHYIO TPEYTOJIBHYIO NHUPaMUy,
Bce peGpa KOTOPOIl IMEIOT OINHAKO-
BYIO JUIMHY W OJMHAKOBOE COIIPO- B
tupenne R (puc.13). K cepennmam
JIBYX HPOTUBOIIOJIOKHDBIX B3aUMHO
MePIeHINKYSIPHBIX pebep 1mo/coe-
JIMHUIN BBIBOJBI A 1 B oMMeTpa —
Ipu6opa /I U3MEPEHNUST COTPOTUB-
sernii. UTo moOKaxkeT omMMerp? A
A.Hosn  Puc 13

10 knacc

1. Ha ryagkoil rOpM30HTAIBHON MOBEPXHOCTH HAXOIUTCS
KJUH BICOTOMH /2 = 30 cM u mmpuHoit ocHoBanus d = 40 cm. Ha
€r0 TJIAJIKON HAKJIOHHOM TIJIOCKOCTH PACIIOJIATAETCS MaJEeHbKAst
maiiba, coeJuHEHHAsT C
KJIMHOM TIPH [TOMOIIIH He-
BECOMOIl HepacCTSIKUMON .
HUTH, MEPEKUHYTOIl ve- _@
pes aBa 6a0ka (puc.14). A
Buroku HeBecoMbIe 1 Bpa-
maoTest 6e3 TpeHusl, Mac-
ca KauHa B n = 8 pas
6O0JIbIIIE MAcCChl THANGBI. | d
C kakum yckopeHueMm . - ., f '
HAYHET JBUTATBCS KJIMH
TOCJIe OTIMyCKAHMsI? Y CKOpeHne CBOGOIHOTO MaJIeHNsT CUUTaTe
pasubiM g = 9,8 m/c? . J[BUsKenne KIuHA — NOCTyTATETbHOE.

K.Ilapgenos

2. Tnagkas nosmycdepuyeckas yaiiia HETOABMKHO 3aKperjieHa
Ha CTOJIe TaK, 4TO ee OCb CUMMETPHM BepTHKa/bHa. B wamry
[OCJIE/IOBATEIBHO KJIAAYT /BA TOHKUX HEOJHOPOIHBIX CTEPIKHS

OHHHaKOBOﬁ MacCcChbl 1 O,Z[HHaKOBOﬁ JJINHDBI, MeHbIIeN \/ER , TAe




56 KBAHT -

R — paaunyc yamm. IlepBblii cTepskeHb B TIOJIOKEHUN PAaBHOBECHUS
o0pasyer ¢ TOPH30HTOM yTOJ O, a BTOPOIl — yroJ Oy < O .
3aTeM CTEepP;KHH CKPEILISIOT JAPYT ¢ APYroM GOKOBLIMHU TIOBEPX-
HOCTSMHU TaK, 4YTO OHM OOPa3yloT HOBBII TOHKHIl CTep:KeHb
MIPEesKHEH JJIMHDI, U KJIQ/TyT MOJYYUBIINHCS COCTABHO CTEPKEHD
o6patHo B yanty. Kakoii yros ¢ ropuzontom 6yzieT 06pasoBbIBaTh
B HOJIOKEHIH PABHOBECHS TOT COCTABHOMN CTEPIKEHD?

A Axyma

3. V3 npoBOJIOKK c/iesiaii MPaBUJIbHYIO YE€ThIPEXYTOJbHYIO
mapamuay (puc.15), Bce pe6pa KOTOPOH MMEIOT OJMHAKOBOE
conporusyienune R. K cepenu-
HaM JIByX cocenux (meprenjn-
KyJAPHBIX) pebep OCHOBAHUSA
MOICOEeIUHNUIN BBIBOABI A 1 B
oMMeTpa — npubopa st u3Me-
peHwus conporusaeHuii. Yto mo-
KasKeT oMMeTp?

B A.Hosan
A
Puc 15 4. ITo pMHHOMY HETIPOBO/IS-

IEMY CTEPIKHIO MOKET (e3 Tpe-

HUS TIepeMentaThes Gycunka Maccoii m u 3apsaaom g (puc.16).
Bnonb crepxns Ha paccrosiinm d OT HETO TEpeMeriaior ¢
% MOCTOSTHHON  CKOPOCTBIO

-o0—> 0y TOUEYHBIN 3apsn (.
q ]:d

Cuynrasg, 4TO B HavaJib-
HbBIE MOMEHT OyCHHKA
Puc 16 nmokougach n ObLia Gec-
KOHEYHO yJlaJieHa OT TO-
YeYHOro 3apsijia, OINPEIETUTe MAKCUMAIBHYIO CKOPOCTH Upay
6ycunku. Ilocrpoiite rpadux 3aBUCUMOCTH Uy, OT 0y .
H.Topéamouii

11 knacc

1. Uyna-ay1c cTosis1 B yriay... 3a 4To ero noCTaBuJu, HESICHO,
HO CTOSITH €My HE OYEHb-TO XOTEJIOCh. BOT OH 1 cTaJI IIOCTEIIeHHO
OTCTABJISATD CBOIO <HOXKKY > BCE JIAJlb-
e BJOJIb OMCCEKTPHCHI TOTO IIPs-
MOTO yTJIa MKy CTeHKaMH, B KOTO-
pbIil €ro TMOCTaBUJM, a <TOJIOBOII»
omupasich o crenku (puc.17). Ilpu
KaKoOM yrIJie o MEXJy HOKKOW 1
0JIOM dyTa-uyic ynajaer? Cuntaii-
TE, YTO BCS €ro Macca CoCpeloToye-
X Ha B OJIHOPO/JHON IMIApOOGPasHOii
o TOJIOBE PanycoM R, paccTossHuE OT

IIEHTPA TOJIOBBI /IO KOHIIA HOKKH [,
\ K03(pPUIMEHT TPEeHus TOJOBLI O

CTEHKH yTJa My, a HOXKU 06 TMOoJ

U, . Pemmmire 3azauy B o6mmeM Buze,

a 3aTeM IIPOBE/UTe YUCJICHHDBIN pac-
qeT yria o s cayydas Wy =W, = 0,6, [ = 4R.

Puc. 17

M. Cemenos

2. Cocyn o6bemom V =1 M° pasjienien Ha jBe 4acTH JerkKuM
TOHKHUM TO/BM)KHBIM TEIJIOTPOBOSIINM TOPIITHEM, TI0 OJHY
CTOPOHY OT KOTOPOTO HAXOAUTCSI BOJA, IO JIPYrylo — a3oT.
I'padux saBucuMoCTH [aBJI€HUSI B CHCTEME OT TEMIIEPATYPBI
npuBefien Ha pucynke 18. CkoibKo MoJielt BOABI M CKOJIBKO
MoJIeit a3ota HaxozaATes B cocyae? TpeHus HeT, yHIBepCcaJIbHAS

razosad nocrogunas R = 8,31 I[>}</(MOJlb -‘K).
O.IIIsedos

3. PesunoBbIil KIyT U NMPY)KUHA B HEPACTSHYTOM COCTOSTHUH
NMEIOT OJAWHAKOBBbIE JHHBI. sKecTKOCTb NpPYKHHBI kR =
=4 H /M. Tpaduk 3aBUCHMOCTH MOIYJIS [ CUJIbI PACTSIKEHIST

2012/No4

2 N
klla

8

0 10 20 30 40 50 60 4°C

Puc. 18
N

sKryta ot ero ymau- f,H
HCHUS X IPUBE/ICH HA
pucynke 19. IIpyxu- 0,8
Ha W XKTYT OYEeHD JIeT-
xue. Ilpyxumny noj-
BemmBaior 3a oqun uz 0,6
KOHI[OB K TIOTOJIKY, a
K ee BTOPOMY KOHITY
npukpersior koner, 0.4
skryta (Ipykuna u
KTYT OKa3bIBAIOTCH

RN

coeumHenHbIMI TIoc- 052 T
JIe/[0BaTeNbHO). "

1) K cBoGognomy N
HIDKHEMY KOHILY 5KIy- () 4 8 12 16 x,cu
Ta NPUKJIAABIBAOT 5 g

HAIPaBJeHHYIO BHU3
cuny F = 0,7 H. Ha xakyio cymmaphyio Besimunny X pacrs-
HYTCS IPYXKUHA U KTYT?

2) Haiigure Maccy m rpysa, KOTOPbIH HYKHO ITIOJBECHTD K
CBOGOTHOMY HIDKHEMY KOHILY JKTyTa, YTOObI CyMMapHOe y/ITnHe-
HUE CUCTEMbI B TIOJIOJKeHuu paBHoBecus 6110 paBuo L =20 cM.

3) Orenure suepruio E, kotopas Gyiet 3amnacena B KryTe mpu
TIO/IBEIINBAHNH K €r0 CBOOGOHOMY HIDKHEMY KOHILY TTOKOSIIIETO-
¢4 rpysa HallleHHOil Bbllle Maccoil m.

4) Tpys 9T0l Maccoii m, MOABENIEHHDBIN K CBOGOAHOMY HUXK-
HEMY KOHILY JKI'YTa, 3aCTaBUJIN CBOGOHO KOJIEGATHCS C AMILIH-
Tyoi A = 2 MM oKoJio ToJioxKeHust paBroBecusi. [IpeneGperast
TPEHHEM, OLleHuTe, yeMy OyzeT paseH mepuoj T Takux KoJeba-
HUi rpy3a.

Cuwuraiite, 4TO ycKOpeHue cBoOoAHOTO najenuss g =10 M/ ¢t
A.Axyma

4. JleToM B SICHBIiT COJTHEUHDII JICHD ITKOJbHUK BBIIIE BO IBOP
CBOETO JIoMa € MPSIMOYTOJIbHBIM 3epKaJblieM B pykax. [Toiimas
3EPKAJIbIIEM COJIHEYHDBIN CBET, OH HAIPABMJI 3ailYMK TIePICH/IM-
KYJIIPDHO Ha HEOCBEIIEHHYIO CTEHy JiloMa W CTaJ II0CTeIleHHO
oTX0uTh OT Hee. OKa3aIoCch, UTO BHaUaJIe 3affUMK MMeJ KBajl-
patHyio (hOpMy €O CTOPOHOIT d = 5 €M, a IOTOM €ro Kpasi CTajn
Pa3MbIBaTbC, U OH TIOCTEIIEHHO CTaJ IMPAKTUYECKH KPYTJIBIM C
HeOOJIBIIINM  pas3MbITHeM TI0 KkpasM. [IpeneOperas sBJennemMm
mudpakimu, o6bscHuTe Hal01aeMblit ahdeKT n orenuTe, Ipn
KAKOM PacCcTOSHUN L OT CTEHbI NIMPUHA PA3MBITOI 00J1aCTH Ha
Kpalo 3ailunka craner meHee 10% OT [quamMerpa ero sipKko OcBe-
MeHHON KpyrJoil yactu. Pasmep 3epkasibiia 3X7 ¢M, YraoBOi
pasmep Comnma ¢ = 0,01 paz.

M. Cenenos

ITy6aukauuio nodzomosunu
M. Cemenos, O.Illsedos, A.Axyma



OTBETbHI, YRKA3AHUA, PEHNIEHUA

«KBAHT» AN MAIAALLNX LLUKOJIbBHNKOB
3AOAYHU
(em. <Keanms No3)
1. 1432-i1.

B Ttperbem ThicsUeseTHI TAKOTO To/Ia He ObLIO, TaK Kak K 1nud-

pam 2 u 0 MoxHO 106aBUTH TOBKO 3 1 1, a 2031-it roj emie He

Hactynua. Bo BTOpOM ThICSUeSeTHH B 3aUCH TO/a 00sI3aTeTbHO

ectp tdpa 1, moatomy mob6aButh K Helt MoxkHo J6o 0, 2, 3,

au6o 2, 3, 4. Ha BropoM Mecte Tpebyercs: Hanbobimas nudpa,

M03TOMY BTOPOI Ha6op Jydiie. Pacmorokus B HeM 1udpbI B 1M0-

psaKe yObIBaHMS, MOJYYUM TIPEIbIIYIINI CYACTIUBBII TOJ.

2. B kpyre ecTb TOIbKO HaUBHBIE, UHAUE CaMblil JeTKuil U3 Tep-

TBIX OTBeTHJ Obl «/la» Ha nepsbiit Bonpoc. Toraa camprii Jerkuit

u3 GoraThipeil Ha BTOPOIl Bompoc oTBeTuT «Her».

3. a) He BepHo; 6) BepHO.

4. 15°.

3aMeTuM, YTO TPHU CJAOKEHUN KBAJPATa BABOE MOJYUUJICS TIPSIMO-

YTOJNBHUK ¢ OoTHOMEeHneM cTopoH 2 : 1. Ilyete ABCD — deTbIpex-

YTOJIBHUK, MOJIyYHBIINIiCS B UTOre, E — BepuIMHA IPSIMOYTOJbHH-

B »C Ka, IOMNaBIIasg IPU BTOPOM CKJIAAbIBAHUU Ha

cropony CD (puc.1). Torza B npsMOyroJib-

E
HOM TpeyrosbHuke EAD xater AD B 1Ba
pasa MeHbIIe THUIOTeHY3bl AE, ciegoBaTe/b-
Ho, ZAED = 30°. 3naunr, ZEAD =60°, a
UCKOMDIN YTOJI SIBJISIETCS] TIOJIOBHHOMW YTJIa,
JIOTIOJTHSTIoNero yroa EAD 1o yraa npsmo-
yronbHuka. Takum o6pasom, £LBAE =

_90°-60° _ 15
2
A *[) 5. a) MoxHo; 6) MOXKHO.
Puc. 1 Peuterne myHkra 6) Gyjer peleHuemM u

IYHKTa @), [03TOMY IIPUBE/IEM 3/IECH TOJIBKO €ro.

O/IHOBPEMEHHO 3KIKEM OJIHY GOJIBIIYIO CBEYY U TIOCJIEI0BATEb-
HO, OJIHY 3a JPYroii, IAThb MajeHbKuX. TeM caMbiM OyjeT oTMepe-
HO 55 MUHYT. B TOT MOMeHT, KOr/ia 1oracHeT IsTas MaJeHbKast
CBeYa, 3aKXKeM Cpasy /IBe MAaJeHbKUX U IIOraciM HX O/[HOBPEMEH-
HO € TeM, KakK IoracHeT 6oJibIlas cBeda. TeM caMbIM MbI ITOJTYyYHM
JIBa Orapka, Kax/blil U3 KOTOpbIX paccunutan Ha 6 munyr. Tenepn
32KXKEM HOBYIO MAJIEHbKYIO CBEUy M IIOCJIe/IOBATEIbHO, OJINH 3a
JIPYTHM, 9TH JBa orapka. OJHa MHHYTa — 3TO HPOMEXYTOK Bpe-
MEHH MEX/ly MOMEHTOM, KOT/la JIOTOPHUT MaJleHbKasl cBeda, M MO-
MEHTOM, KOT/Ia JJOTOPUT BTOPOIi Orapok.

Wroro Mbl uCmoJsib30Bai OHy 6OJIbIIYIO cBeuy u 5 + 2 + 1 =8
MaJIeHbKNX, TO ecTb norpatuan 60 + 8- 11 =148 py6eii.

3AJAYN CMNMOPLUHAMWU U TEPETOPOAKAMUA

1. A =100 x/Ix. 2. H=0,3m. 3. T =240 K.
4. T =230 K. 3. YBenmuntcs B 28 pasa. 6. 2 =70 c™m.
7. B 5 pas. 8. v=25M/c.

XXX TYPHUP rOPO40OB
3apaun BeceHHero Typa
ba30Bbiti BapUaHT

8—9 knacce!
1. 3 kuerkn.
ITepekomaem yraosyio kiaerky U. Ilycrp Tam Tabauuka. Torma
BCe KJIETKN Ha YKa3aHHOM paccTostHuu oT U o6pasyioT amaro-
HaJ/lb, IepIeHAUKYIAPHYIO raBHoil auaronaau u3 U. Ilepexoma-
eM yryoByio kietky W Ha ogmoit cropone ¢ U. Ecim u tam ta6-
JIMYKA, TO 00pa3yercs ellle O/[HA JANArOHAJb, HepIeH/ UKy IIPHAs

nepBoii. /[lmaroHann mepecekalTcs Mo OJHOH KJETKe, TaM-TO
KJIaJ{ U 3apbIT.

JIByx nepekarnbiBaHuii MOxkeT He XBaTuTb. IlycTb, Hampumep, Ham
HE M0BE3JI0, ¥ B MEPBbIi pa3d Mbl OTKOMAJN TaGJNYKY C YUCTIOM 1.
Torga xJas HaXOANUTCS HA COCEHEH KJETKe, HO TaKUX KJETOK
pszoM ¢ Jo6oil He MeHee IBYX.

2. He cymiecTByer.

Um0 0KHO GbITh YeTHO, WHaue y Hero 0 HEeYeTHBIX JlesTuTe-
seit. ITyctp HanGoJibiast CTeleHb ABOWKU, HA KOTOPYIO JIEJIUTCS
namte uncyio, — 910 2% . Toraa Kas/ablil JeIHTe b 4ucia MOXKHO
O/IHO3HAYHO TMPE/ICTaBUTh B Bujge 2"n, riue m <k, a n — Heuer-
HBII jiestesb yncsa. M Hao6opoT, ecau 7 — HEYeTHBIN JIeJIH-
TeJab, TO N 1 2% pzaummo TIPOCTBI, TI03TOMY 272, 2n, vy 2 =
TOXKE JIeJINTeNN, IPUYeM Bce OHH 4eTHbl. Takum oOpaszoMm, U3
Ka)K/[OTO HEYETHOTO JIEJUTEJISI TIOIYyYAIOTCs] R PAa3IMYHBIX YETHDIX.
3HaunT, BCEro YETHBIX Jlesurtesieil B k pa3 6oJiblie, 4yeM HevdeT-
HBIX. HO KOIMYeCTBO HEUETHDIX AeJHUTeseil YeTHO, 3HAYHT, KOJIH-
YeCTBO YETHBIX — TOKE YETHO.

3.Uerpipexyrosnpuuk XZYT, Kak U BCS KapTHHKA, CUMMETPUYEH
oTHOCUTENbHO 1eHTpa O mapasnenorpamma ABCD. 3nauur,
XZYT — napannenorpamm. IIpoBepum, 4To €ro anaroHaan paBHbBI.
Tlyets BC = a, AC = b, AB = c. Ilo usBectubiM hopmyaam st
paccTosiHUSL OT BEpPUIMH TPEyroJbHUKA [0 TOYEK KacaHusi CTOPOH

C BIIMCAHHON OKpPYy:KHOCTBIO AX = %(b +c-a), AY =CX =

= %(a+b—c) , moatomy XY =|AX — AY| = [c — d|, T.e. nmmma

orpe3ka XY paBHa pPazHOCTH CTOPOH mapaJuienorpamma ABCD.
SIcHO, 4TO TOT K€ Pe3yJIbTaT MBI HMOJIYYNM 1 s orpe3ka ZT.
4. a) 44800.
B pesysbrare paccTaHOBKE CKOGOK /JAHHOE BBIPAYKEHUE MOKHO
Oy/IeT TPe/CTaBuTh B Buje APoOH, T/€ HEKOTOPbIe U3 JAaHHLIX YH-
ceJl IomajyT B YNCJNTE]Ib, a APyrHe — B 3HaMeHaTesdb. OdeBu-
HO, 1pu J1000il pacctaHoBKe cKOGOK 4ncsto 10 momajer TobKO B
YUCJIUTEJb, a 9 — TOJIbKO B 3HaMeHarTeJib. H03TOMy, ‘iTOébl 110J1y-
YuTh HanbOoJIbIIee BO3MOXKHOE YHCJIO, HA/I0 BCE OCTAJbHbBIC YHCJIA
TTOMECTHTD B YUCJIUTETb. JTO BO3MOXKHO, U TIOTOMY HamboJIbliee
sHavenne papao 10 : (9:8:7:6:5:4:3:2:1) =
_10-8-7-6-5-4-3-2-1

9 .

6) 7.

Ecam uncso 7 nonazer B 3HaMeHaTes b Apo6U, TO MOJYYUTCS He-
1[eJT0e YMCJI0, TOCKOJIbKY 3Ty CeMepKy Oy/eT He ¢ 4eM COKPATHTD.
CurretoBatesIbHO, YUCJI0 7 JODKHO OKA3aTbCs B YHCJHUTENE, U II0-
JIyYHBIIIEeCs] B UTOTE TIeJIoe Yicao Oyaer geautbes ua 7. Ho nam-
MeHbIIlee 1esioe, KpatHoe 7, — ato 7. OcTajbHble YHCJa MOKHO
pa36buTh HA [BE I'PYTIBI C PABHBIM MPOM3BEICHNEM, MTPHYEM TakK,
4To0b!I uncaa 10 n 9 momaau B pasHble TPYIIIbL:
10-6-4-3=9-8-5-2-1. ITO PAaBEHCTBO /Ia€T BO3MOXKHOCTb TaK
paccTaBUTh CKOOKH, 4TOOBI MOJTYYNIOCh KaK Pa3 4ucJo 7:

10:9:(8:7:(6:(5:4:(3:2:1))))=M
9.-8:5-2-1
5. He moruo.
IIyctp moMeHATH yaagoch. Uncao cKIagok Ha JeBOM GOKY yMEHb-
[IAeTCsT Ha /B MIPU YECAHUU JIEBOTO OOKA M YBEJIUYUBAETCS Ha
JIBa TIPU YeCaHWM MPaBoro. Tak Kak cymMMa He M3MEHUJIACh, TO
JIEBBII M MpaBblii 6OKa Movyecaan OAMHAKOBOE Yucj0 pas. [Ipu
KaKJIOM TIOYeChIBaHUK O6IIee YNCJI0 BEPTUKAJBHBIX CKJIAJ0K Me-
Hsiercd Ha 1, T.e. OHO MEHSeT YeTHOCTb. TakK KaK BCEro cAesaHno
YeTHOE KOJIMYECTBO MOYEChIBAHUIT, YETHOCTD OOIIEro YnCJja BEPTHU-
KaJIbHBIX CKJIAJ0K B MTOr€ HEe M3MEHHUTCS. 3aMETHUM, OJHAKO, 4TO
YETHOCTU YHCEJT BEPTUKAJIBHBIX M TOPU3OHTATBHBIX CKJAJOK Pas-
JINYHBI, TaK Kak UX cymma 17 HederHa. 3HAYUT, KOHEUHOE YHCJIO
BEPTUKAJIBHBIX CKJIAOK HE PABHO HAYAJDHOMY YHCJY TOPHU30H-
TAJbHBIX CKJIAJIOK, T.€. IOMEHSTH [IPYT C JPYIOM YHCJIA HA KaX-
oM OOKy HeE yIacTcs.
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10—11 knaacceb!

3 .
1. Ilyctp ectb n BepmmH, TorAa pebep — 7 . [lasd Kaxmoil BepuIn-

HbI BbIGEpeM T1apy paBHbBIX peGep ¢ 06IINM KOHIIOM B 9TOH Bep-
muHe, Bcero n nap. Eciii Bce mapbl pas/inyHbl, TO B HUX yiKe 21

pebep, 4To 6OJIbIle YeM En . IIporuBopeune.

2. [lomyctumM, uto 2n + 1 — He mpocroe. Torzpa cpean uncen 2,

3, ..., n Haiigercsa jgeautend d umuciaa 2n + 1. IlokaskeM, uro Ha-
4aB ¢ HEro, MblI Bcerjia OyzieM IOMajaTh TOJbKO HA YHUCJA, Kpart-
npte d (1 Tem caMbIM Beex umces He oboiaem). [l aToro samy-
MepyeM 4HcJa cjieBa HallpaBo. 3aMETHM, 4TO OTPHIlATeJIbHbIC
Yuc/aa B IPaBOil 110JI0BUHE POBHO Ha 21 + 1 MeHbIIe CBOEro HOMe-
pa, MO3TOMY, eCcJiu HOMEP KpareH d, TO W YUCJO TOXKe KpaTHo d.
IIpu caBure BIpaBO HOMED YABAUMBAETCS, MMOITOMY JIE€JTUMOCTD Ha
d Kak ero, Tak W YHCJA B CTPOKE COXpaHseTcs. BBuay cummer-
pHUH JeJUMOCTb COXPaHseTCs U NIPH CABULE BJIEBO.

3. 100.

ITocne samennr x = 100w ypasnenus npumyT Buj: y = cos100u ,
u = cos100y . OpauHATHI COOTBETCTBYIOMNX TOUEK I€PeCceueHus
HOBBIX KPUBBIX OyjayT Te e, a aGeuucesl ymenbiarcest B 100 pas.
Ilycrb ¢ — cymma a6eiue HOBBIX Touek nepecederns (¢ mosoxu-
TeJbHBIMU Koop/nHataMmi). HoBble KPUBbIE, a 3HAYUT, U TOUKH
UX TIepeceyeHus] CHMMETPHYHBI OTHOCUTEJIbHO NpsaMoit y = u. [lo-
atomy ¢ = b, a a = 100b.

4. OGosnauum yepe3 £ u €2, KacaioIuecss OKPYKHOCTH, CO-
JiepsKaiue cooTBeTCTBeHHO Xop/bl AB u CD, a yepe3 (Q — omu-
CaHHYI0 OKPYXKHOCTD deTbIpexyromabuuka ABCD. Ilycts O — To4-
Ka nepeceyenus npsamMbix AB u CD. 3amertuM, uto Touka O Je-
SKUT BHE BceX Tpex okpyskHocreit. [lokaxem, uto touka O JexuT
Ha o6Ieil KacareJbHOU OKpYysKHOCTEl €2y m €, , mpoxojsiiei
yepe3 TOUKy X.

ITyctp arto ne rtax, Torza ayd OX BTOpoil pa3 mepecekaer € B
Touke Y, a Q, — B oTn4HOIl OT Hee Touke Z. Mmeem

OX -0Y =0A-0OB=0C-0OD =0X-0Z . 3naunt, OY = OZ.
IIpotuBopeune.

M3 noxkazanHoro CJjejyer, u4to JUIMHa KacatesabHoit OX paBna
VOA -OB | T.e. Touka X JIeKUT HA OKPYKHOCTH ¢ 1eHTpoM O u
pazuycom JOA-OB .

Bameuanue das 3namoxos. MOKHO cpady 3aMeTHTD, Y4TO paou-
Kavnvle ocu nap okpyxknocrein Q; n Q (npamas AB), Q, n
Q (mpamas CD), Q; n Q, (o6mas kKacaTenbHass) MepPeCEKAIOT-
csl B paduKkanioHoM yenmpe Tpex OKPYSKHOCTE.

3. Bropoii urpok.

Ykazanue. Ecin Gbl j1aibu M3HAYATBHO CTOSI HA IIEHTPAJbHO-
CHMMETPUYHBIX KJIETKAX, TO BTOPOW MOT BBIUTPATh, KaXKIBIM OT-
BETHBIM XOJIOM BOCCTAHABJMBAs LEHTPAJIbHYIO cuMMerpuio. [la-
BaliTe MBICJIEHHO [MOMEHsIeM MecTaMu BepTtukajb b ¢ f, a 2-10 ro-
pU3oHTANb ¢ 5-ii. X0/, BO3MOXKHBII Ha OJHON JIOCKE, OCTAJICS
BO3MOXKHBIM U Ha JPYTOil, © HA000POT, HO Telepb y>Ke MOKHO WT-
paTb <I0 CUMMeTpuu»!

CI1OXKHBIV BapHUaHT
8—9 knaccol

1. Pa3o:xuM TPy 10 BO3PACTAHWIO MACC W JOKa)KeM, 4TO CO-
ceqne Maccel GyayT ormdarbest He Gospine veMm Ha 1 1. IlycTs
9TO He TaK: eCTh IPYyIIa MACChl @, a CJIejylomas Macca 6oJblie

a + 1. IlokpacuM TpyIm ¢ Maccoil He 6OJIbIIE @ B 3€JICHDII IBET,
a Tpymm ¢ Maccoit 6oJbiie ¢ + 1 — B »KeaTbiil. B mcxozmnoit pac-
CTaHOBKE T/Ie-TO TPYIIN PA3HOTO IIBETA JIESKAT PS/IOM, 3HAUWT,
pasnocTb ux Macc Menplie 1. IIporuBopeune.

B nepBbIii makeT MOJIOKIM TIEPBYIO TPYIIY C TIOCJEIHEH, BO BTO-
poit — BTOpyTo ¢ Tpeanocaenneil n T.4. Ha kaxxgom mrare mo6as-
JIAIOTCS /[BA M3MEHEHNS MacC PasHbIX 3HAKOB, YTO B CyMMe JeJia-
€T Pa3HOCTh COCEHUX MAKETOB 1O MOIYJIIO He OOJIbIlle MaKCHMY-
Ma pasHocTeil Tpyil, T.e. He 6osee 1 T.

2012/ Ne4

3. He moxer.

3anyMepyeM CTOpOKeil B mopsake yObIBaHUS paspsiza. Y CTOpo-
SKell JKU3HD JICJUTCS. Ha paBHbIE NIEPHO/BI CHA U JIeXKypcTBa. llpm
9TOM y KaX/IOTO CTOPOXKA IIEPHO/bI, KaK MUHHIMYM, BTPOE KOPO-
4e, 4yeM Yy TMPE/bIAYIIEro; M0aToMy JH060i Mepuo/| MpeIblIyero
JIeNTCS, KaKk MIHUMYM, Ha TPH YacTH TEPUOJAMHU CJeIyIOIIeTo,
puyeM KaK MIHUMYM [[Be U3 3THX yacTell OyAyT IeJbIMHU NIEPHO-
gamu caeayioniero. CreoBaTebHO, MEPUOJ CHA IPEAbIAYIIETO
COJIEPIKUT TIEJIbIii TIepuo/i CHa cJaeiaytomiero. Taxk mpomoJrkas,
HalileM BJIOXKEHHBIN APYT B Jpyra HaGop TEPHOI0B CHOB BCEX
cropoxeit. B fenp, BXoagmuii B caMblil MaJeHbKUN 13 BJIOKEH-
HBIX TIEPUOIOB CHA, HUKTO HE JIEKYPHT.

5. Ha6opst Bugos (pm, m, ..., m) u (m, m, ...
TypaJbHOE YHCJIO.

IIyctp S — cymMMa Bcex 4mces MHTEPECHOTO Habopa, ¢ — HanboJIb-
1Iee 4uCJI0, @ 1 b — emle ABa Kakux-To yncja u3 nabopa. CyMmbl
S—a—-cuS—b— c aensarcs Ha ¢, 3HAYUT, ¥ UX PA3HOCTb b —
a xpatHa c¢. IIocKoJIbKY aTa pa3HOCTH MO MOAYJIO MEHBIIE ¢, TO
ona myseBas. Vrak, Bce 4mcaa Habopa, KpoMe HanGOJIBIIETO YUC-
Ja ¢, pausl . S —a —a = (p — 1)a + ¢ peaurcs Ha a, ciejoBa-
TeJbHO, ¢ = ka. S — a — ¢ = pa jenuTcs Ha ¢, YTO PABHOCUJIBHO
aeqnMocti p Ha k. Wrak, k=1 wn k = p.

6. Ilpu N = 3.

Irto Herpyano caenars npu N = 3. Tak kak Jo6ast KOMOUHATIUS
u3 nepBbIX Tpex 1nudp Bcrpedaercs posHo 1o 1000 pas, To mo-
cMoTpeB aTH 1HdpPLI ¥ Beex, kpome Kopeiiko, Bengep Gyner
3Hath uX n 'y Kopeiiko. [lasee 1ocTatouHo MOCMOTPETh TPH IOC-
snepuue udpst y Kopeiiko.

JlokaskeM, uto mpu N < 3 HeJb3s TapAaHTHUPOBAHHO Y3HATDH KO/
Kopeiiko K. [l kaxaoit n3 6 mo3unuii BeiGepeM KO, KOTOPBIi
ot K oTnmdaercs TOJIBKO B 3T0i mosunuu. COOTBETCTBYIOIIYIO
nudpy B BbIGPAHHOM Kojie Ha3oBeM naoxoiu. llycts Benngepy ne
MOBe3JI0, U IPH MepBoil ke mposepke #e Kopeiiko eMy TonaJscs
BBIGPAHHBIN KO, TpHYeM TIoXyto mudpy on He mposepua (ecTb
4 HETPOBEPEHHBIX TTO3UINU, MOT MONACThCS KOJ| C IIOXOi Id-
poil Ha oxHOI U3 sTux nozuiwmii). IlycTb TO Ke Cayunnoch npu
BTOpOIT 1 Tperbeil nposepkax He Kopeiiko (ectb 4 HenpoBepeH-
HBIX TIO3WINH, U3 4 BBIOPAHHBIX KOJOB ¢ TIOXOH mmdpoil Ha
3THX MeCTaxX paHee IPOBepPeHO He OoJiee /IBYX, 3HAUUT, TAKOI KOJ
Mor nonactbest). Korza Bce Kopl MPOBEPEHb, MOCMOTPUM, KaKHe
N < 3 nosunuit nposepenn! B kozxe K. V13 4 HerpoBepeHHbIX B
HeM TO3WIiT XoTs 6bI OTHA COBIMAJAET C TO3UIHEl TIoX0oN THd-
PBI B OJIHOM 13 TPEX MPOBEPEHHBIX BBIGPAHHBIX KOJOB — Koja L.
Ho ecsin nomenaTts mectramu L u K, TO pe3yJsbTaTbl BceX MPoBe-
pox He uaMmensitcs. 3nauut, bengep He cmosker oramuntb L ot K.
7. 30°.

3amerum, uto LJAC = LIAH +

+ ZHAC = 45° . IlockombKy TOY-
Ka [ nexxut Ha GUCCEKTpUce yrja
B, AIC — paBHoOGe/ipeHHbII TIpsi-
MOYTOJIBHBII TPEYTOJbHUK.

ITycTp Brmcanuast OKpy»KHOCTD
TpeyrosibHuka ABI Kacaercs cto-
ponbtl BI B touke P. OueBujno, P
— cepeauna otpeska KL (puc. 2). A C
Hoxasxem, uto P — Taxike cepefiu- pye o

Ha orpe3ka BJ. Orciona cuenyer,

yro BKJL — pom6 u £KJL = ZKBL = 30°.

Iycts AB = 2, torna AI = /2, a Bicota BG TpeyronbHIKa

1
ABC paBHna 3. Kak ussectno, BP = E(AB +BI - Al) =

1 1
=B 1)7) = (14 5)
Papuyc JG Buucannoil B npsAMOyrosbHblil Tpeyroibuuk AI/C ok-

(2&-2) =2 -1, no-

,m), rie m — Ha-

B

PYIKHOCTH PaBeH %(AI +CI-AC) = %
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stomy BJ = BG — JG = V3 - (\/5 - 1) = 2BP, ur0 1 Tpe6oBa-
JIOCD.

10—11 knaccer

3. Jlocratouno paccMaTpuBaTh TOJBKO OCTATKU IPU JIEJEHUN Ha
2n — 1, pacmoyoKUM UX 1O KPYTy OOBIYHBIM o6pasoM. Tak Kak
PaBHBI KBa/[paTbl OCTATKOB, CUMMETPHYHBIX OTHOCHUTEJIBHO HYJIA,
TO I X% BO3MOXKHO MaKCHMYM 7 Pa3JIMUHBIX OCTAaTKOB. BbiGe-
pem Jo6bie Ba 13 HUX. [[OCKOJIBKY KaKoe-TO U3 JBYX PACCTOS-
HUI MeKIy HUMH T0 IUKJIY YETHOE, TO MOKHO MOA00PATh CBHUT
Ha @;, 9TOOBI OHM CTAJIN CHMMETPHYHBIME. TOTr/a 1moc/e BTOPOro
BO3Be/IeHHsI B KBaJIpaT ocTaHeTcsl He Gostee n — 1 pasimuHbIX OC-
taTkoB. /lelicTBYst TakuM 06pasoM, I0CJe 7-TO BO3BEJEHUS B
KBa/IpaT OCTaBUM He 6ojiee OHOTO OCTaTKa, CIABUHEM €r0 B HYJb
¢ TIOMOIIBIO @, .

4. CrpoektupyeM 4eTbIpe OTPe3Ka, COCAUHAIONINE TOUYKH, JIesKa-
e Ha GOKOBBIX IPaHSIX, HA HUYKHIOK rpanb Ky6a. [Ipu atom
JUITHBI OTPE3KOB HE yBeJMYaTcs. MBI TOTYUNIH 9eTBIPEXYTOTb-
HUK, BINCAHHBIN B eIMHNYHDBIN KBajpar. [lokaskeM, 4to ero me-
puMeTrp He MeHblle 242 .

IIpoexiust orpe3ka OTCeKaeT OT KBajpara IPSMOYTOJbHbII Tpey-
TOJBHUK U CJY’KHUT €rO THMOTeHy30i. 113 HepaBeHcTBa

2(a2 + bZ) > (a+ b)2 cJIe/lyeT, 4TO JITNHA THIIOTEHY3bl HE MEHbIIe
IOJYCYMMBI KaTETOB, YMHOKeHHOIT Ha /2 . TloaToMy cymMMa [UmiH
YeThIpeX ATUX TPOEKINII He MEHbINE MOJIYIepUMeTpa TPaHH, YM-
HOKEHHOTO Ha /2 , T.e. He Membme 2v/2 .

AHQJIOTHYHO OLIEHUBAIOTCS CYMMBI JIJIMH €Ie /[BYX YEeTBEPOK OT-
PE3KOB.

3. [lycrb § — yroui, Ha KOTOPbIil HAJIO MOBEPHYTH | IPOTHB Yaco-
BOIl cTpesiku, 4ToObI OHa ctasa napasenbia AB. Torga mo cum-
Metpun [, TepexouT B NpAMyI0, mapaaneabnyio BC, mpu noso-
pore Ha yron —§, a [, mepexoauT B MpsAMYIO, MapasIelbHyIo
AC, npn nosopote Ha —§. CrenoBarenbHo, yrox Mexay [, n I,
pasen yruy C tpeyroabnuka ABC, T.e. MOCTPOEHHbIN HaMU Tpe-
yroJbHUK 10/106eH Tpeyroabuuky ABC.

Jemma. ITycmov npsmas k npoxodum uepes opmouenmp H mpey-
zonvnuxa XYZ. Tozda npsmvle, cummempuunvie k omuocumero-
HO CIMOPOH MPEY2oNbHUKA, NEePECEeKAIOMCs 6 00HOU MmouKe.
[okasareabcTBo. Bocromb3yeMcss U3BeCTHBIM (PAKTOM: MOUKU,
CUMMEMPUYHBIE OPMOUCHMPY MPEYZOILHUKA, JeKAM HA €20 ONU-
Cannoll OKpyYKHOCMU, 1 NpUMEeHUM ero K toukam H ., H,, H,
CUMMETPUYHBIM OpTOIeHTPY H TpeyroibHuka XYZ OTHOCUTEJIbHO
cropon YZ, ZX, XY.

Yroun, onupatomuiica na ayry H H y » PABCH YIJIy MEXJy Ips-
MbIMU R, U R, , CUMMETPUYHBIMU R OTHOCHTEJNbHO COOTBETCTBY-
IOMIX CTOpoH. 3Hawnt, k, mpoxoaut wepes H , , k. mpoxommnt
yepe3 H , , u 911 IpsSIMbIE TIEPECEKAIOTCST HA OMHMCAHHOI OKPYIK-
HOCTH. AHAJIOTHYHO, K, U Kk, IEPeCeKaloTCs Ha OIHCAHHOH OK-
pPYKHOCTU TpeyroJbHuKa. Jlemma /1okasaHa.

Hentp I Bnucannoit okpy»xHocTn Tpeyroibuuka ABC aBisercs
OPTOLIEHTPOM TPEYTOJIbHIKA, 06PA30BAHHOTO BHENIHIME OHCCEKT-
pucamu. Ilpumenss yTBep:k/ieHHue K 9TOMY TPEYTOJIbHUKY H IIPs-
Moit [”, mpoxoasdmeit yepes I u mapasiesnbHoii [, mosydaeM, 4to
npsAMbIe, CUMMeTpHYHble [ OTHOCHTENBHO GUCCEKTPHUC, Mepece-
KaloTcs B ofHoil Touke. Torpa npamwbie [, , [, , [. ymamenst ot
9TOHl TOUKM Ha PACCTOSHUE, PABHOE PAJUYCY 7 BIHCAHHOI B Tpey-
robHUK ABC OKpPY’KHOCTH, T.e. Y 06Pa30BAHHOTO UMH TPEYTOJIb-
HUKa PaJNyC BIHUCAHHOW OKPY’KHOCTH TOXKE PaBeH 7. A TTOCKOJIb-
Ky TPeyTOJbHUK, 0OPA30BAHHBIN BHEITHUMU GHCCEKTPUCAMHE, OCT-
POYTOJIBHBII, TO # OYIeT PajiycOM NMEHHO BIUCAHHOIN, a He BHe-
BIIUCAHHON OKPY’KHOCTH.

7. Bynem HaspiBath Kyuku ¢ 1, 2, 3, 4 KaMeNTKaM#i COOTBETCTBEH-
HO eJIMHWYKA, JBOIKA, TPOIKa, YeTBepKa.

a) Jloxnaemces, korja craner 70 xkyuek. Cpeau unx Haitgercs 40
equnuuek (B IPOTUBHOM C/lyyae B KyukaX He MeHee 39 +2-31=

=101 kamemxkoB). Ecau ux or6pocutb, To ocranercs 30 Kyuex,
comepskanmx 60 kammeii.

6) lokaxem unayKimeii o a aemmy: npu a= 20, 19, ..., 3, 2 ¢
Hexomopoiil momenm naiidemes 60 + 2a xammeii 6 20 + a xyuxax.
basa, a = 20: nocae 39-ro xona ectb 100 kamueit B 40 kyukax.
ITaz undyxyuu: Mycts a > 2, u Mpr Ham 60 + 2a KamMHeil B
20 + a xyukax. Cpean aTHX KydeK HailjieTcs JBOIIKa N /IBE
emHIIKH, TT0cKOIbKY 3(19 + @) + 1 > 60 + 2a. Or6pocum ux, a
BO BTOPOM cJlyyae elie J[oxkaeMcs, koraa Kocrst pazo6ber onHy
73 OCTABIIUXCS Ky4eK Ha /iBe. B pesysbrare umcsio Ky4eK yMeEHb-
muTes Ha 1, a KoJIM4ecTBO KaMHell B HUX — Ha 2, TO €CTh MBI JI0-
KazaJu aHajgoruynoe yrsepxxzaenue aug a — 1. Jlemma gokasana.
IIpu a = 2 no nemme Haiiem 64 kamusa B 22 Kyuykax.

IToxaxkeMm, 4TO MBI MOXKeM HaGpaTh M3 HUX ceifyac 4 KaMHS JBY-
Mst min Gostee Kyuxamu. Ilycrs ato He Tak. Ecom cpeam Kyd ecthb
eIMHNYKA, TO KaMHel xota 6b1 1 + 1+ 1+ 4-19 > 64, a ecan
HeT, To KaMHell xots 6b1 2 + 3-21 > 64. IIporuBopeune.
Or6pocuB atn 4 KamHs, Mbl TosydnM 60 kamHeil B 20 niam MeHee
Kkyukax. OcTajgoch JA0KAAThCS, KOT[Aa Kydek craner poBHO 20.

B) Ilycts Kocra orzensier ot camoii GOJIbINOI Ky4n 1Mo Tpoiike,
MoKa He octaHercst yeTBepka. /lo cux mop Obuia OjiHA Kyda, I/e
YICJI0 KaMEIIKOB He Jesmiaoch Ha 3. CymMma B mo6bIx 19 Kydrax
¢ ee yJacTHeM He JeJuiach Ha 3, a 6e3 Hee He IIPEBOCXOAMIA 57,
T.e. HU Tak, HU 3Tak He paBHaiach 60. 3arem Kocra gesut yer-
BEpKy Ha jiBe Boiiku. Teneppb U B JasbHeiileM Kaxaas KydKa He
60JIbIITe TPOWKM, T.e. B JIOOBIX 19 Kyukax He GoJble 57 KaMHEN.

YcTHbIN Typ Ans 11 knacca

2. BBexgeMm TIpSAMOYTOJBHYIO CHCTEMY KOOPAMHAT CIEAYIOMIM 06-
pazoM. Ee Hayamo — 3TO IEHTP BEPXHETO OCHOBAHUS IIIJINH/PA,
ocb Ox — IPOEKNUs HAIpaBJeHus Jydeil Ha 9TO OCHOBAHUE, a
ocb Oy Toxe jiexxuT B ocHoBanuu. Torzna ocb Oz coBnajaer ¢
ocpio mmmHApa. Ilycrsb ayun coctaisior ¢ Oz yrom o. Oue-
BU/THO, TPAHUI[A TEHH — 3TO IIPOEKI[H TPAHUIIBI KOJOAIA HA €T
GOKOBYIO TTOBEPXHOCTb BJIOJIb HAIPABJISIONIETO BEKTOPA JIy4eil.
PaccmoTpuM ceuenye MIMH/PA IJIOCKOCTBIO y = ¢, NapaJlieb-
Hoit srydam. Ilycrs A, = (%d,c,0) — TOYKH €ro mepeceyeHus ¢ OK-
PY’KHOCTbIO BepXHero ocHoBaHus. Torjia rpaHMYHON TOYKON TeHU
B 9TOiT mIocKOCTU GyeT Takas Touka B, uto ZLA_A, B upsmoit, un
ZA_BA, = 0. Otciopa nonydaem B = (d,c¢,—-2dctga).

Bce rakue Touku B jieskar, O4eBH/HO, B IJIOCKOCTH Z = —2xctgol,
OTKy/la 1 caiefiyer Tpedyemoe.

3. D=5

Ecau D = 5, T0 mosniieiickue pacroJiaraloTcsi Tak, 4toObl UX
I[EHTPBI JIeXKal, CKakeM, Ha «TOPU30HTAJIBHOM» AHaMeTpe Kpyra
Ha paccTogHuaX 1 M oT menTpa kpyra. Toraa Ha aToM auaMeTpe
€CTb TPU <«/IbIDKU» IINPUHBL 1 M, Yepe3 KOTOpble MPEeCTyIHUK
IIPOCKOYUTD He MOKeT. Jlajiee moJimiieiickie CUHXPOHHO ITO/[HU-
MaroTcsl BBepX, TOKa He KOCHYTCS TPaHWUIIBI KPyTa, Jajee CHHX-
POHHO COMKAIOTCS, Kacasch 3TOI IPaHUNbBI. B Kakoi-TO MOMEHT
6o MPECTyMHUK OyAeT TmoiiMaH, Ju60 TOJUIEHCKIe KOCHYTCS
pyr apyra. Bo BTopoM ciyuae oHE cOBepuIaioT o6paTHOE JBHKe-
HUE W, BUTASCh aHATOTHYHO B «HIDKHEI» YacTH KpyTa, JIOBAT
TIPECTYITHUKA.

Ecan D < 5, to crparerus takas ke, Ju60 HPOIIE.

Ilycre D > 5. JlokaxeM, 4TO MPECTYITHUK CMOXKET yOEXKaTh.
MBpbIC/IeHHO «pa3fyeM» HalllnX TOJHIEHCKIX [0 KPYTOB AHaMeTpa
2, a IpecTyIHUKA NIPeBpaTHM B TOYKY. Torja MOXXHO CUMTATD,
4TO TOJIMIIEHCKIE TepeaBUraioTest B Kpyre auamerpa D + 1 (u
MOTYT JIaJkKe «HaJe3aTh» JIPYr Ha Apyra), a MPECTYIHUK — B KOH-
IEHTPIYECKOM KpyTe Amamerpa D — 1, HasoBeM aTOT KpyT Ma-
apiM. [lo ycaosuio, D — 1 > 4.

B xakzprit MoMeHT BpemeHHu Oy/ieM pacCMaTpUBATb XOPAY MaJsoro
Kpyra, IPOXOJSILyI0 uepe3 IeHTpbl noJuieiickux. Ona jeut
MaJspiit KpyT Ha ABe dacTu. [lycTh BHawase MpecTyHIK HAXO/NII-
cs1 B Ooutbineil u3 gacreil. Ilycrs 2 — paccrosinme oT XOpAbI 10



60 KBAHT*"-

eHtpa kpyra. BeiGepem uncio a € (0;1) raxoe, yro ecin h<a,
TO AJIMHA XOpAbI 6oJblne 4. SIcHO, 4TO Takoe a Haiigercs.

Tenepp onmummem crpateruio npecrynauka. [loka on B Gosbuieit
4acTH, OH JIOJDKEH HAXOJAUTLCS B cepejiHe TPaHUYHON JyTH 9TOI
vactn (HazoBeM 9TO CTaHAapTHBIM TMoJoKenueM). Eciu yacTb
CTaHOBUTCS MEHBIIEH, MPECTYMHNK [0JIKEH MPHUICPKIUBATHCS TOM
JKe CTpaTernyu /[0 MOMEHTA, TT0Ka /i He cTaHeT paBHBIM d. Ilpn
9TOM PACCTOSIHHE OT IIPeCcTYIHHKa /10 XOPAbl OyJeT Bce BpeMs
6osbiie 1, Tak 4YTO OH HE KOCHETCS HU OJIHOTO TIOJIUIEHCKOTO.

B MomeHT, KOT/ia /i cTaHeT PaBHBIM ¢, TPECTYMHHUK JOJIKEH
«MTHOBEHHO» TI€PEMECTHTHCST B GOJIBIIYIO YaCTh, 3aHIB B Heil
CTaH/[APTHOE TI0JI0XKeHne. JT0 Gy/JeT BO3MOXKHO, TaK KaK IPOeK-
Y TTOJINIIEHCKIX Ha XOPJYy — OJIMH WJIM /IBA OTPE3Ka CyMMapHOU
JUITHBI He 0OJIbIlie 4 M, a 3HAYUT, HA XOpJe HallleTcs «abIpas —
CBOGO/IHBIN OTPE30K HEHYJIEBOW JUIMHBL. TOUEYHBIN MPECTYITHIK
CMOJKET IIPOCKOYHUTDH B GOJIBIIYIO YACTb 4epe3 3Ty AbIPY.

3. Myers Ky, K, — cepepunnt AC; u A,Cy, Ly, L, — cepenu-
wet 4By w AyB,, I, I, — 1leHTpBI BIUCAHHON W BHEBITHMCAHHOI
oKkpyskHOCTell, a A{, A5 — numamMerpaibHO HPOTHBOIOJOMKHbIE
Toukn i A, Ay Ha 9TUX OKPY’KHOCTSIX.

3amernm, yro npamas Bl mapamtensna C,A, (onu meprnenauky-
agpusl Bl ), npamasa CI mapannenbna ByA, (onm mepnenamky-
napubt CI, ), npamas K L; mapannemsna K,L, (kasxkpas u3 HuX
napastensia BiC; u B,C, cOOTBETCTBEHHO KaK CpPeHsIS JUHUS, &
MOCJIe/THUE TIPSIMbIE TTAPAJITIETbHBI B CUJIY PAaBHOOEIPEHHOCTU Tpe-
yrombuukos CiAB; n CyAB,). 3waunrt, tpeyroisinkn K LI u
K,IL,A,, o6pasoBanible JaHHBIMU TIPSIMBIMHI, TOMOTETHYHBI, OTKY-
na npsimpie KKy, LiL, u IA, nepecekaiorcsi B OJHON TOUKE.
AHaJIOTUYHBIM 06pa3oM TOJy4aeM, yTo TpeyrojabHukn KiLiA; u
K,L,I, romorermunsbi, otkyaa npsmeie KK, , LiL, w A, me-
PECEKAIOTCS B OJHOII TouKe. 3HauyuT, Bee yerbipe npsambie KK,
LL,, 1A, uw A, nepecexkaiorcsi B O/{HOil TOUKe, T.e. JIOCTATOU-
HO PacCMOTPETb TOYKY TepPEeceueHUs MOCJAeTHUX JBYX TPSMbBIX.
ITockombKy BrMCaHHAas M BHEBIMCAHHAS OKPY’KHOCTH TOMOTETHY-
HbI ¢ HEHTPOM B A, TO 1pu 9Toii roMoteTnu Touka A{ nepexoaur
B Ay, atouka A — B A5. Tak kak A,/ gaBigercsa meauanoil B
Tpeyrosibinke A, A(A5, To ona ABAAETCA U MeAMaHOil B 11006HOM
tpeyrosbanke Ay,HA . Orcioma moaydaem, uto A,I mpoxoant
yepes cepefinHy BbIcOTbl AH. AHAJOTMYHO, paccMaTpuBas Me/ia-
ny A, B tpeyroabuuke A;A, A5, nosydaem, 4To OHa TOKE MPO-
xoauT uepes cepeauny AH.

6. HaszoBem ocvio cummempuu MHOTOUTEHA BEPTUKAIBHYIO OCh
CUMMeTpHH ero rpaduka. 3aMeTHM, 4TO €CJH X = @ SBJSIeTCs
OCBIO CHMMETPHH MHOTO4/IeHa R (x), TO OHa SIBISETCS OCBIO CUM-
Metpiu i o6oro miorouena siga O (R(x)).

Ipeamnosnoxknm, uro [ u h ne coBmagaior. ITockoabky f u b —
[IpUBE/ICHHDBIC KBAPAaTHBIC TPEXUJICHBI C IIEPECEKAIONIIMUCS Tpa-
¢uxamu, y HUX pasHble OCH CHUMMETPHH. 3HAYUT, Y MHOTOUYJIEHA
T(x)= f(g(h (x))) = h(g(f(x))) €CTb /IBE PA3JIMYHbIE OCH CUM-
merpuu. Ho atoro, oyeBujino, He MOXKET ObITb, TaK KAK MHAYE
rpadux T umes 6bl mepeceyeHre ¢ KaKoi-TO TOPH30HTAIbHOM
psIMOIT B 6ECKOHEYHOM YHCJIEe TOYEK, W 3HAYHUT, COBMA/aJ ObI C
3TOI MPSIMOIL, HO cTeneHb I 6OJblIe HyJIS.

LXXV MOCKOBCKAAA MATEMATUYECKAS
OJIMMUNMNALA

[ N ] 6 knacc

1. Paspes3aTb MOKHO Tak, Kak IOKa3aHO HA
| | pucynke 3.

/] /| 5. MakcumasbHOe KOJHYECTBO «KYCKOB»
pasuo cemu, Hanpumep: [TUPOT = 95207,
KYCOK = 13601.

LN IlepenuieM ycjaoBre Kak IIpUMep Ha yMHO-
Puc. 3 sxenne: [ITMPOT = KYCOK -7, rne n — xo-

2012/No4

JINYECTBO «KyCcKOB». Ecim «kyckos» 10 mim Gosbliie, TO mpasast
yactb 1ipesbicut 100000.

HeBo3MOkHO pelieHue U /IS AeBATH <KYCKOB»: €CJIH YHCJIO0
IINPOT = KYCOK -9 narusnaunoe, to K = 1. Ho rorma
IINMPOT 1 naunnaercs, 1 KOHYAETCS HA JIEBSATKY.

IIycrp KYCOK-8 = IINUPOT. Tak kak B ciose IITMPOT Bce
OykBbr pasubie, To [IMPOT < 98765, a torna KYCOK <
<98765,/8 = 12345,675, t.e. KYCOK < 12345. 3naunt, K =1
u I' = 8. Byksa O o6osnauaer 1udpy, NponusBegeHe KOTOPOUl Ha
8 okaHUMBaeTcs Ha Hee Xe. JTO MOKET ObITb TOJBKO HOJb. [To-
ckoIbKyY Idpet 0 1 yske 3aHATE, a Y<2u C<3, T0 Y =21
C = 3. 3nauut, KYCOK = 12301. Ho 5T0 4ncjo He MMOAXOINT,
tak Kak 12301-8 = 98408, a B 98408 1ucpbl moBropsioTCs.

6. Ilomyraii, Jles, sKupad, Hlakas.

7 Kjacc

1. HanGouspinee 4ncsio, KOTOPOe MOKHO IIOJIY-
quTh, 910 573618492 (piic. 4). 118 |14
4. Jlu6o 3a 24, mu6o 3a 72 MUHYTDI.

3. «B aroit dpasze 1,2 Beex mudp — mudpsr 1,
joau udp 2 1 5 OAMHAKOBLI 1 PaBHBI 1,/3, a
JI0JI1 BCeX oCTaubHbIX 1udp cocrasasger 1,/10»
(nm «...jomu up 0 U 2 OJAMHAKOBBI. ..» WK Puc 4
«...jomt upp 0 U 5 OJAMHAKOBBI...» ).

8 knacc

1. Hampumep, 2012 = 353 + 553 + 553 + 553.

2. 8 IPBIKKOB.

3a 8 NPbIKKOB Ky3HEUNK MOYKET TTOCETUTH BCE OTMEYEHHDBIE TOY-
Ku, ecau npoiger no mapuipyry FABGOEDCH, rae Q — Bep-

IIMHA PaBHOOEIPEHHOTO TPEYTOJIbHUKA ¢ ocHOBaHneM GE mu cro-
ponoii 5 (puc. 5).

D C D C
% QO G
N NS P / F
N Y N\
H HY NI\
E 4 E
A B A B
Puc. 5 Puc. 6

Yto06bl 3a ceMb WJIM MEHbIIE MPbIKKOB MOCETUTH BCE BOCEMb OT-

MeYeHHbIX TOUYEK, OH JIOJIKEH HAyaTh B OJHON M3 OTMEYEHHBIX TO-

Y€K U KaK/BIM MPBDKKOM I0MA/aTh B HOBYIO OTMEYEHHYIO TOUKY.

Ho na paccrostnun 5 or kaxxaoit u3 touek E, F, G, H ectb TOJIb-

KO 0iHa OTMeueHHas Touka (puc. 6), a XoTd GBI OJJHA M3 STHX TO-

YyeK He SIBJISIeTCS HU HAvaJbHOW, HU KOHEYHOW — IPOTHUBOpEYNeE.

4. Ilycerp L — cepenuna orpeska CD torma ML L CD | tak Kak

ML — meamana paBHOOepeHHOTO Tpeyroibuuka CMD. B Tpe-

yroapauke KLB nmeem LM 1 BK | tak xak BK ||CD , n

BM 1 KL , tak xkak KL || AD . 3nauut, M — OpPTOLEHTpP Tpe-

yroapuuka KLB, t.e. KM 1 BL . Ho BL || KD , nosromy

KM 1 KD .

5. Ilpusenem apobu x, y, z K BUAY C HAUMEHBIINM OOIIUM 3HAMe-

HaTeJeM: X = i, y=—, z= L.Torzla HO/M(a,b,c,D)=1.

D D D

a® +b%+cD
D? , y

qutesa Ha D. Ananornuno, Ha D nendarcs b2+c? u a*+c¢%. Tlo-

Yucno x%+y? +z = nesoe, noatomy a +b? se-

TOMY 2%? = (b2 +02)+(a2 +02)—(a2 +b2) TakKe JIeJNTCA Ha
D. Auanormuno, 2a°:D, 202D .

Ecan y D ectb mpocToii geaurensb p > 2, TO U3 JIEJIUMOCTH 24>
na D cieyer, 4To @ JIeJIUTCST HA p; TO »Ke BepHO Aust b 1 ¢, u

HO/I (a,b,c,D) > p >1 — nporusopeune. 3Hauut, D — cTeneHb
nsoiiku. Ecau D4, 10 a,b,c:2 — cHOBa NpoTHBOpeyHe. 3Ha-
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yur, D =1 nim D = 2. [loatomy 2x = 2a _ 1eJsioe.
6. /g mo6bIX. D
Ecau B KJIeTKe CTOMT eIMHUIIA, TO POBHO B OJHOI M3 COCETHUX
HAICAHA eMHUIA. 3HAYUT, eNHUIIBI 06Pa3yIOT MPSMOYTOIbHU-
ki 1x2 . IIpu aTOM HUKAKME [[Ba TAKUX MPSIMOYTOJbHIKA HE Tpa-
HUYAT MO CTOPOHE W HE MePeceKaioTcs.
Krertka, He puHAAIekKAIAsA TaKUM TIPSIMOYTOJIbHIKAM, HE MO-
JKET TPAHUYHUTD POBHO C OJIHUM TIPSIMOYTOJBHUKOM.
ITyctp B Tabauiie m X n OPSIMOYTOJbHUKH 1X2 pacroJioKeHbl
mmmmmmmemmmmmempemr-=  TaK, YTO 1) OHM He TPaHMYAT IO
e d—_i__i__iL__L__| CcTOpOHE U HE IepeceKaroTCHd;
2) ecam KJIETKa He MpUHAJLIe-
SKUT HU OJTHOMY W3 9THX IPSIMO-
YTOJIbHUKOB, TO OHA TPAHUYUT
He C OTHUM TIPSIMOYTOJbHUKOM.
Torga B IpSMOYTOJBHUKEI MOXK-
HO IIOCTABUTb €UHUILbI, a BO
BCE OCTaJIbHbIE KJIETKH — KOJIH-
YeCTBO COCEJHNX C HUMU €/I-
uutl. Ecjam m v n gaior octaTtok
1 npu genennn Ha 3, IPIMO-
YTOJBbHUKI MOKHO PACHOJIOXKHUTD TaK, KaKk M300pa’KeHO HA PHUCYH-
Ke 7.
Jlo6aBisist TIOAXOSIIIE TTOJOCKU TTHPUHBI 5, MBI CMOKEM 3aTIOJI-
HUTH Ji0Oble TabuLbl m X n , rae m,n > 14 .

] 1
1 1
RN SO S Y M S,
] 1
1 1
s v Sy
1 1
1 |
——f——d——A—— == ——
1 1
| |
——r-—-T-=q-—=—---r-
1 1
1 1
it it Sy bt et e
1 ]
R IS D (R S B

Ll a1 _L__L__L_.
Puc. 7. lNpamoyrosibHuky 1X2 B
Tabmye (3k + 1) X (31 + 1)

9 knacc
1. 6 IPOBUHIIHIA.
YropsiounM TPOBUHIIMK 10 BO3pacTaHuio HacesieHus. Kak B
[epBOM, Tak M BO BTOPOil TIPOBUHIIMN JKUBET He GoJiblne 7% Hace-
nenusi. Torga B Tperbeil skuBer Menbiine 14%, B yeTBepTON —
Menbiie 21%, B 1sToit — Menbie 35%. 3HAUUT, B 1IE€PBbIX IISATH
[IPOBUHIIMSX KUBET MeHble 84% HaceseHus crpanbl [lanexoil.
IIpuMep ¢ 6 TPOBUHIMSIME: B HUX MOKET KUTb 7%, 7%, 11%,
16%, 25%, 34% wHaceseHus.
6.a)74;6)n—1,ecomt n>3; 3, ecoimn=2umn=23.
O6cynm penrenne myHkTa 6), Tak Kak MyHKT a) — €ro YacTHbII
cayuait.
Ecau B TypHHpe y4acTBYIOT [iBe MJIM TPU KOMAaH/IbI, TO MUHU-
MAaJIbHBIN Pas3pbiB Oy/ET COCTABJATD TPU OYKA.
B cayuae n >3 KoMau/ pa3pblB MEK/Ly MEPBBIM U ITOCIEAHUM
MecToM He Menbine 7 — 1. JlokakeM 3TO 10 MHIYKIIUH.
Cy1iecTByeT TypHUP 4 KOMaH/i ¢ MUHIUMAJIbHBIM Pa3pbIBOM 3
ouka. MIMeHHO, yCTb NepBasi KOMaH/a BBIUTPAJa Y BTOPOIl, BTO-
past y 4eTBEepTOil, a OCTAJbHbIC BCTPEYN 3aKOHUUJIUCH BHUYDBIO.
ITycTp mIpu HEKOTOPOM 7 > 3 MOXKHO HMOCTPOUTH TAaOJHIly, B KO-
TOPOIi MEPBOMY MECTY COOTBETCTBYET 21 — 3 OuKa, a MOoCJeHeMy
— n — 2 ouka. ITokaskem, Kak 210 cjgenarb jusg n + 1.
Pazo6beM KOMaH/[bI HA TPOWKH IO KOJIUYECTBY HAOPaHHBIX OY-
KOB: TlepBas TPOIKa — KOMaH/bI ¢ 2n — 3, 2n — 4, 2n — 5 ouKa-
Mmu, u T.7. Jlo6aBum eie ojHy KOMaH/IY.
IIpu n = 3k + 1 mycTb HOBasi KOMaH/Ia BBIUTPBIBAET y MEPBOil KO-
MaH/Ibl U TIPOUTPBIBAET BTOPOIl M TPETbEll, W AHAJOTUYHO C [[PYTHU-
MH Tpoiikamu. KoMaHza, 3aHUMaBIIas MOCTIEHEe MECTO, IIyCTh
ChITpaeT ¢ HOBOH KOMAaH/I0 BHUYBIO.
IIpu n = 3k + 2 myctb KOMaH/bI U3 R TPOEK UIPAIOT C HOBOIl KO-
MaH/I0ll aHAJOTHYHO TIpe/IbIAyIeMy ciaydalo. Komanja, 3anumMas-
mrast ocJie/{Hee MECTO, BBIUTPBIBACT y HOBOI KOMAH/IbBI, & MpPe-
MOCJIE/IHSST UTPAET C HEHl BHUYBIO.
IIpu n = 3k HOBasi KOMaH/a AHAJIOTHYHO WIPAET C TIEPBBHIMU
k — 1 rpoiikamu, y Hee Oyzer n — 3 ouka. Y HOCJEHUX TPEX KO-
mang 6yger n, n — 1, n — 2 oukoB coorBercTBenHO. Komanza c
n — 1 oukaMu BBIUTPBIBAET Yy HOBOM, KOMaH/A C 7 OYKAMH [POUT-
pbIBaeT, KOMaH/Ja ¢ 7 — 2 OYKaMu Urpaer ¢ Heil Buuubio. Torga y
HOBOIT KoMaHn/ibl Oyner n + 1 ouko. OTcrofa ciexyer yTBep:K/e-
HHUE WHAYKIIH.

10 knacc
1. —30.
Ilyctp Tpexdsien mMeer BHJ ax? +bx +c¢, a ero KOPHI PABHbBL 7
u n. Ilo reopeme Buera ¢ = amn. [1oatomy 01HO U3 TATH yuCes
Ha JIOCKe JIeJIJIOCh TI0 KpaifHeil Mepe Ha TPU APYTHX YUCJA.
Ha nocke ocranach Jummb oiHa TTapa Ymces, OTHO U3 KOTOPBIX
JleUTes Ha Aipyroe: 2 U 4. 3Ha4uT, ObLIO CTEPTO YHUCJIO C.
[Ipumenus eme pas teopeMy Buera, nomyunm b = —a(m +n), a
suaunt, b genurcs ua a. [oatomy @ = 2, b = 4, yncna 3 u —5 —
KopHH, a ¢=amn=2-3-(=5)=-30.
3. MoxHno. Ilpumep npuBegeH Ha
pucynke 8.
4. OrmeruM rpymu X un Y ¢ ca-
MOI MaJIEeHbKOW M ¢ caMoii 60JTb-
mroit Mmaccamu. OTcopTHpyeM
IPYIIN 110 Macce: 10 4acoBOit
crpenke oT X 10 Y # OT/IEJIbHO —
TPOTUB 9acoBOll cTpesknm oT X
o Y. Torga mMacenl MoGBIX ABYX
COCETHUX MO-TIPEKHEMY OTJINYa-
foTcst He 6Gosiee yeM Ha 1 T.
Pacrosioxxnm rpynmm B OJUH P
110 BO3pACTaHMIO Macchl. PaccMOTPUM IPOU3BOJIBHYIO IPynly Z W3
9TOTO psiia, oTanuHyio or Y. Ecuu ectb X0Tst Obl /1Be TPYIIN Tsi-
sKestee Z, To 00513aTeIbHO HAiiIyTCs KaK MUHUMYM [[BE T'PYIIH,
KOTOpbIe TsKesee Z He GoJiee yeM Ha 1 T': ofHa M3 HUX ObLIa CO-
ceHell ¢ Z mocyie COPTHPOBKH, BTOpas Oy/aeT cocefiHeil ¢ Z, ecim
nepexecTu Z B JIPYTyI0 4acTb KPyTa.
Bouioxkum 1o yacosoii crpesike ot X 10 Y rpyuiu ¢ He4yeTHbIX
MECT ps/a TI0 BO3PACTAHUIO MACCHI, & MIPOTUB YaCOBOW CTPEJKH OT
X 10 Y — ocrasbHble IPyHIA. Y CJIOBHUE IIPO MAcChl JABYX COCe/l-
HUX TPYI COXPAHWJIOCh B CUJIY J0Ka3aHHOro. Termepb MbI moJry-
yiM TpebyeMoe, ecsii, HauuHasg ¢ Tpymu X U U MPOTUB Yaco-
BOIT cTpesku, GyneM KJIacTb TPYIIy B TTaKeT BMECTE C MPOTHBOIIO-
JIOKHOH ¥ BBIKJIA/IBIBATD 3TU HMAaKETbI ITOCJIE/[0BATENbHO IO KPYTY.

)
6

Puc. 8

O6o3naunm Har rpad G = (V,E) , rie V — ero BepmmHbl, a E —
pe6pa. MuHUMATBHOE YNCJTIO T[BETOB x(G) , B KOTOpbIE MOYKHO
[IPaBUJIBHO PACKPACUTb BEPIINHDI, HA3BIBAETCS XPOMAMUUECKUM
wucaom zpagha.

O6ozunaunm uepes o(G) pasmep OJHOrO U3 CaMbIX GOJIBIINX
MHOXKECTB BepIINH rpada, KOTopble MONapHO HE COCAWHEHBI peb-

pamu. Jlerko mousaTh, uto x(G) 2 M = Cs -
n(n-1)(n-2) a(G) a(G)
= T(G) . Ocraercs nposeputs, uto o.(G)<n.

Ilycrp manbl Bepumabl My,...,M , KOTOpbIE MOMAPHO He COE/IH-
HEeHbI pebpaMn. 3aMeHUM WX BEKTOpaMi X, ..., X, C KOOp/IWHA-
tamu 0 u 1: -1 koopaunara Bekropa ¥; pasna 1, ecim i € M;
n pasHa (0 B mpotuBHOM caydae. Torma ycnosue ‘Mi nM ]-‘ =1
PAaBHOCHJIDHO YCJIOBHIO (J?,-,J?]-) # 1. HerpyaHo Bujern, 4TO BeK-
TOpBI X, ..., X, C YKa3aHHBIM CBO}CTBOM JIMHEIHO HE3aBHCHMDI.
3uaunr, ux He GOJIbIIE 7.

71 knacc, nepsbiv 4eHb

2. I'paduxn pynxmmit y = 2a +

1
u Yy =2 +—— leHT-
X — x —d
PaAJIbHO CUMMETPHYHDBI OTHOCUTEIHHO TOYKU C KOOPAMHATAME

b+d

,d+c | 7, cJefoBaTesbHO, UMEIOT POBHO OJHY OOIIyTO
1
b =2c + P =
x — X —
b+d
=a+c 1upu X =——— . ITO YCJOBHUE IKBUBAJIEHTHO PABEHCTBY
(a—c)(b-d)=2.

Ho anajiornunoe BepHO 1 /I BTOPO#i napbl rpaduKoB.

TOYKY TOTJA U TOJBKO TOT/A, Korjaa 2a +
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3. Ilyctb O — TIEHTp ONMUCAHHOI OKPYKHOCTU TPEYTOJbHUKA
ABC. Ecm ZC =90°, To H cosnagaer ¢ C u AB = 2R. Torzna
AH + BH = AC+ BC > AB = 2R 110 HEpaBeHCTBY TPEYTOJbHUKA.
Ecam £C < 90°, TO TpeyroibHUK OCTPOYTOJIbHbIH, a Toukun O n
H nexar BuyTpu Hero. IlokaxeM, 4rto Touka O HAXOJUTCS BHYT-
pu uaKM Ha rpanuiie Tpeyroapuuka AHB. [lefictBurtenbHo,
ZAOB =2/£C, ZHAB =90° - 4B > 90° — 2C = ZOAB, aunaio-
ruyno, ZHBA > ZOBA, u, ciaenosatensto, jayun AO u BO te-
peceKaloTcst BHYTPH WJIM Ha TpaHuie Tpeyrojbhuka ABC.
IIycts P — Touka nepeceuenus jsyua AO c orpesxkom BH. Torga
AH +HP 2AP u OP +PB 2 BO, otkyna AH + HP +OP +
+PB >AP +BO nw AH +BH =AH +HP +PB 2 AP +BO —
-OP =40 +BO =2R.
Amasorndno pas6upaercs caydaii, kormza ZC > 90°.
4. a) ITycte A — oAWH U3 TPHUIIEANNX Ha cobpamnue Jionei, k —
k(k-1)

2
nap. Kaskoit mape comocraBiM ee BTOPOTO OGIIEro 3HAKOMOTO.
Tak kaxk y Hero poBHO JBa OOIINX 3HAKOMBIX C A, TO OH HE MO-
JKeT OBITb COMOCTaBJIeH APYTOil mape 3HakKoMbix A. Ho Kaxabrit
U3 MPUIIENNX Ha coOpaHue, KPOMe caMoro A, MMeeT ¢ HUM POB-
HO JBYX OOIINX 3HAKOMBIX ¥, 3HAYUT, GbLJI COTOCTABJIEH KaKOii-
k(k-1)

5 =
I[ECTBOBATH TOJIBKO OJ[HO TAKOE HATypasbHOe .
6) Ilycts n =16 . IIpucBonm KaxaoMy n3s 16 yesOBEK MHAMBHITY-
AJIBHBIN HOMED, COCTOSIIHN U3 /IBYX HEOOGS3aTebHO PA3IIMIHBIX
undp k u [ u3 nadopa {1,2,3,4}. Byzsem cuutarnb, 4TO He/OBEK C
HOMEpPOM R/ 3HAKOM C 4YeJIOBEKOM, HOMEP KOTOPOTO mp, TOTAA U
TOJIBKO TOT/Ia, Koraa anbo k = m, au6o [ = p. Torpa moGbie aBa
YesI0BeKa MMEIOT POBHO /JBYX OOIINX 3HAKOMBIX.
3. lyers @y, ay, az, ... — HeyObIBAIOIAS TI0C/IE0BATEIBHOCTD
HaTypasbHbiX uncet. s k > 2 nonoxkum S, =@ +...+d,_, u
mycrts Sy =0.
YrBep:kaenue: umotol 11060e HAMYPAILHOE YUCIO NPEICTNABLS-
JI0CH 6 BUOE CYMMbL PA3IUUHBIY YUIAEHOE NOCACO08AMENbHOCINU
{a, }, neob6xodumo u docmamouno evinonnenue 0ns 06020 k
nepasencmea a, <S; +1.
[lokasaTb 9TO MOKHO 110 MH/TYKITHH.
[IpuMeHnM yTBepsKIeHne K Ioc/efoBarebHocT {ay, }, cocros-

KOJIMYECTBO €r0 3HaKOMBIX. VI3 HMX MOKHO COCTaBUTH

sau6o nape. Orcioga n—1. Jlng JaHHOTO 1 MOXKeT Cy-

mmeit 13 4ICHOB TeoMeTpHYecKuX Tporpecenit 1, 3, 32, 3%, ...,
1,4, 4, 4%, ..
Ke HeyObIBaHMS.
HepaBencTBo u3 ycioBus JeMmbl it kR = 1, 2, 3, BBIIOJHEHO.
ITyctp pst k> 3 cymma S, cOCTOUT POBHO M3 N UJIEHOB HEPBOil
reoMeTpUYecKoil mporpeccuu, u3 m — Bropod u uz [ = k—1—n—
— m — Tperbeil. Toraa ciaeayioniee YnucJI0 MOCJAEL0BATETbHOCTH

@, paBHO MEHEMATbHOMY n3 wicen 3",4™,5' | Umeem

3
ul, s, 52, 5%, ..., PACIIOJIO}KEHHbIX B MOPSI/I-

n—1 m—1 =

Sp=23+Y 4+
7=0 7=0 J

> (min(S"A'”,Sl)—1)~(1+%+i)> min (3",4",5') =1 =q; -1.

e et BN
+ + >
2 3 4

15]‘ :3
0

2
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1. 19.
IIycrp mexoanas mocJie[oBaTesIbHOCTb uMeta BUg n+1, n+2,...
.., m+m , a TI0CJIe TIPHUITIChIBAHNS CIIPaBa ABYX IHUMP K KaxK/10-

My UJIEHY T0JIy4u/Iach 10C/Ie/0BaTenbHocTb ([ + 1)2 s (L+ 2)2 yeee
o (1 +m)2. Torga aias mo6oro k =1, 2, ..., m BbIOJHEHbI
nepasenctsa 100(n+k)< (I +k)* <100(n +k)+99 . MpuGasuy
K KaK/I0i 13 yacreil Boipakenne 50° — 100(! + k), BoCHO/Ib3YEM-
cst pasercrBoM (I + Rk )2 —100(1 +k)+50* = (k +1 —50)2 u 110-

aokuM p = 502 +100(n — 1) . Iomyuennble HepaseHcTsa Mpu

2012/ Ne4

p =1 mpuonarcs k Buy fp < |k +1 =50 <\p+99, n suave-

HUS BCeX BbIpaskeHwid k + [ — 50 mpu k =1, 2, ..., m upuHamie-
sKaT 6o OTPE3Ky [—1/ p+99; - \/;;:I , 6O OTPE3KY
[\/5 NP+ 99] . Kaskziptit n3 aTux 0TpeskoB cozepkut He GoJiee
NP +99 —\/; +1 menprx yncen. CremoBaTesbHO, PN TaKUX P
99
mosydaeM m < \/p +99 — +l= ———F+
Y P r I 99+ Jp

Ipu p <0 momysaem mepapencTBa —p +99 < |k +1 — 50| <
<P +99 . Torna 3navenust Bcex Boipaxkenuit k + [ — 50 mpu

k=1, 2, ..., m npuHAIEKAT OTPE3KY [—«/p +99;\p +99:|.

JTOT OTPE30K COJIEPIKUT HEUETHOE YUCJO ILEJbIX 4YuceJi, He IIpe-

+1<10 .

Bocxozsmee 24p +99 +1 < 21. CuenoBatesbHO, IPH TAKUX P
noayyaeM m <19 .
ITpumepom Tpebyemoii nocseoBaresbHocTt u3 19 wieHoB sBus-
forest unena 16, 17, ..., 34, Kotopble Toc/Ie TPUNNCHIBAHIS CIIpa-
Ba ABYX I¢p TpeobpasyioTcs B Tocjae1oBaTebHOCTh 1681 =412,
1764 = 42%, ..., 3481 =59% .
2. Jla.
Tak xax Kask/[blif U3 IATH IIPOXKEKTOPOB UCILyCKAeT JIa3ePHDIi
JIyY TI0J{ O/IHUM U3 JIByX OCTPbIX YIJIOB O MM [3 K ILIOMIA/IKe,
TO HalyTCs MO KpaiiHeil Mepe TPU TPOXKEKTOPA, KOTOPBIE MCITyC-
KaloT JIy4 IO/l OJJHAM U TEM K€ YIJIOM, CKaXeM O .
Ilyctb a1 TpU IPOKEKTOPA, PACIOJIOKeHHbIe B Toukax A, B u
C, NOBEPHYTHI TaK, YTO MX JIYYH ITI€PECeKJINCh B O/IHOI Touke D.
Ilycts H — ocHoBanue nepreHaukyasapa u3 D k miaockoctu ABC.
Tpeyroapaukn ADH, BDH w CDH paBHbI 110 061IeMy KaTeTy
DH n octpomy yray o . CaenoBarensio, AH =BH =CH , Tou-
Kxa H aBisieTcst HeHTPOM OIMCAHHOII OKPY’KHOCTH TPEYrOJIbHUKA
ABC u DH = AH tgo . 3HaunT, B TOJYIIPOCTPAHCTBE HAJ TOPH-
30HTAJIDHOI TIJIOMIQJKON CYIIECTBYET JIMIIb OJHA TOYKa, B KOTO-
POIl MOTYT Iepeceubcst JIy4n 9THX TPEX MPOKEKTOPOB.
Pacemorpum nposkektop, oTauuHbI 0T aTHX TpeX. [lo ycmnosuio
BCe YeThIpe MPOKEKTOpa MOXKHO MOBEPHYTDb TaK, YTOOBI MX YUl
TIePeCeKaINCh B OJHOH TOYKE, a 3TO MOXKeT OBbITh JUIIb Touka D.
Taxum ke 06pasoM MOXKHO MOBEPHYTb U IISITBLI MPOXKEKTOP.
3. llpu 5 =1 Ha J0OCKe HOCJE AEHCTBUI yUUTessI OCTAHYTCS X 1
(1—x), u yTBEpK/IEHNE 3a/la4l BBITOIHEHO.
[IycTp 1711 HEKOTOPOTO 7 YTBEPSKJCHUE 3a/1a4l BEPHO, M IIYCTb
YUHUTEJb CJOKUI HepBble R MOJYUYeHHBIX BbIPAKEHUIT
(2 <k < 2"+1) . Iocsie mpojie/IaHHBIX UM OHepaliii MOTyYHTCS
MHOTOUJIEH BH/IA
xox-cxx+x-xcx-(I-x)+xx L (T-x) x4+
Ecim k < 2", TO mepBbIil MHOKHUTETb B KaKJIOM U3 3THX k ciara-
eMBbIX paBeH X. Bbinecs ero 3a cKoOKy, IOJY4YNM B CKOOKax CyM-
My, B KOTOPOil Ka)KJloe cJlaraeMoe SIBJISIeTCs TIPOM3BeIeHIEM 72
MHOKHTEReH Bra x 1 (1—x) . I1o IPeANoIOKeHNO HHYKIHH,
5Ta CyMMa — TIOCTOSHHAsI MM Bo3pacraiomas Ha otpeske [0;1]
dbyuxnus ot x. ITo Gy/eT BEPHO U HOCJEe YMHOKEHUS Ha X.
Ecin k = 2" 10 yunre/b CJI0KII Bee BbIPOXKEHUs HA JOCKE.
TTosydaercss MHOTOUIEH, TOKIECTBEHHO PABHBIN eANHMIIE.
Ecimr 2" <k < 2" 10 06o3naunm nomyuennyio yuntenem (yHk-
uuio f(X) u paccMOTPUM CyMMy BBIPKEHHH, UM HE UCIO/IB30-
Baunpix. Ona pasua 1 — f(x). [lepBblil MHOKUTEND B KOK/IOM U3
caaraeMoM paseH (1 - x). BoiHeceM ero 3a cKoOKy, craraeMmble B
CKOOKaX PACIIONOXKIM B OODATHOM MOPSJAKE M MOTOKNM ¢ =1 —x.
[Tosyuaem BbIpaskeHue ¢t -...-t-t+t-t-...-t-(A=t)+t-t-...
(=0 -t +... Tlo IPEATIONOKEHTIO WHAYKIINH, 9TO TTOCTOSTH-
Has WM Boapacraiomas Ha orpeske [0;1] dymnxims or ¢, T.e. or
(1—x). Tocae ymuoskennst va (1—x) mosydaeM yGbIBAIONTYIO Ha
orpeske [0; 1] dynkumo or x. Ho ara dynkius pasua 1 — f(x).
4.2:3.
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Jist kaskzoil Toukn P cxarepru o6osnauum uepes [ (P), g (P)
1 i (P) cOOTBETCTBEHHO TOYKM, CHMMETPHYHBIC €if OTHOCHTEIBHO
OJHOI W3 /IByX JIMHHI, COCJANHSIONINX CepeINHbI IIPOTHBOIOJIOX-
HBIX CTOPOH CKAaTEPTH, BTOPOIl TaKoii JUHUM U TOH ee AuaroHan,
pu mepern6e yepes KOTOPYIO BUMMAst TJIOM[A/b TISATEH CTaHO-
Butcst pasua Sy . Ilycrs k (P) — Touka, cuMmerpmdHas Touke P
OTHOCUTEJHbHO BTOPOI [MaroHajn ckareptu. Toraa / (k (P )) n

f (g (P )) COBIIQIAIOT C TOYKOI, CUMMETPUYHOI TOuKe P OTHOCH-
TeJIbHO IeHTpa cKarepri. [loatomy Toukn k (P) u h (f (g (P )))
TaKXKe COBIIA/IAIOT.

25
[Ipeamonoxkum, urto Sy < 3 Torga mroma b MHOKECTBA BCEX

Touek Q, st Kotoppix P = ¢ (Q) u Q TOKPBITHI MATHAMH, PaB-
25
Ha 2(5 —51) > 3 AHaJIOTMYHO, T1JI0IIaJb MHOMKECTBA BCEX TO-

ek Q, st Kotopbix Q m R = f (Q) HOKPLITHI IATHAMH, PaBHA

25
2(5 —51) > ? Toraa mnuioma/ib MHOMKECTBA TeX Touek Q, /st

KOTODPBIX OJIHOBPEMEHHO BBIIOJHEHBI 002 YCIOBUS, [T0JSKHA ObITh
25 28 S

GoJIbIIEe YeM = + 5 -S = 3 3HauNT, U MJIONA/b MHOKECTBA

Beex Todek P, juist kotopeix Pu R =f(Q)=f (g (P)) nokpbi-

TbI TIATHAMHU, GOJIbIIE YeM — .

3
AHaJIOTHYHO, TIJIOIA/b MHOYKECTBA BCEX TOYEK P, /st KOTOpbiX P
ul =h(R)=h (f (g 0 ))) MOKPBITHI [THAMU, GOJIbIE HYJIS.
L C apyroit croponpt, T =
B v :h(f (9 (P))):k(P). W3 ycaoBust
CJIe/lyeT, YTO ILJIOINA/[b MHOJKECTBA
Tex Toyek P, s KOTopbix P u

K M k(P) nokpbITbl IsiTHaMu, paBHa 0 —
[POTHBODEYHE.
I[IpuMep PaCIOJIOXKEHNsT TISITEH, T/e
S 2
A D —L=2 jokasan na pucynke 9. Cro-
N S 3
Puc. 9

POHBI KBaJIpaTHON CKaTepTH pas/ese-
HbI OTMEUYEHHbIMMW Ha HUX TOYKaMU Ha 6 paBIIbIX ‘{aCTeﬁ.

5. a) 324.

IIycrb k — npocroe 4ucyio u

n=ny+nk +nk® + ..+ n,k? = (npnp71..,n1n0)k

— k-uunoe npejcrasiaenne ynciaa n. IlokaxkeM, 4To

S (nk)=(ny+1)(n + 1)-.-(71,, +1) . U3 aroro ¢axra BbiTEKaeT
OTBET B MYHKTE &) U J0Ka3aTeJbCTBO MyHKTa 6).

CrxaxeM, uTo aBa MuOrodwsaena P, (t) n Q, (t) c measiMir koad-
(buIEHTAME CPABHUMBI 110 MOAYJIIO R, €CJIM CPABHUMBI 110 MOLY-
mo k (r.e. JAI0T OJMHAKOBBIN OCTATOK IIPH Jle/leHnn Ha R) Bce uX
K03 PUIMEHTDI IPU OJIMHAKOBBIX cTerensX. O603HauaTh 310 Gy-

(k)
nem rak: P, (t) =0, (t). OueBugno, uro
(k) (k) (k)
1) ecam P?Z (t) = Qn (t) u T’l (t) = S’l (t)7 TO P?I (t)Tﬂ (t) =
(k)
=0, (t)Sn (t);

2) ecau p — mupocroe unciio, To C ]’,” JIEJTATCS. Ha P 1P JIOGOM
m=1,....,p—1u C/" He genurcs Ha p npu jmo6oM [ < p,
m=0,..,10.

B nasbneiiimem k — mpocroe unciao. Herpyzno moxasatp 110 nH-
JIYKIIUK, 4TO /ISt JIIOGOTO 7 BBIIOJHEHO PABEHCTBO

m (k)
¢ +1)"" =

Tenepb JOKaskeM OCHOBHOE YTBEp:KACHWE WHIYKIIMECH 1O YHCIY
paspsiioB B k-nunoit 3amucu unciaa n. Ecan 0 <n <k -1, y1-
Bepsk/JeHue oueBuHO. Ilycthb oHO BepHO, ecsu n IpeJCTaBIMO B
Buge 1 = ny+nk +nyk? +.,.+ank”_1, 0<n; <k-1.

ot

Pacemorpum uncao N = ng +mk +nyk® +... + ank’H +n,kl =
=n+n,,kp, 1Snp <k —1. Nmeem

t+1)Y =@ +1) ((t + 1)kp )nﬂ © (t+1) (t"" + 1)"" =

n,
— Jk"j "
=2 Gt (e +1)"
7=0
Hu onun u3 koaddunuento C ,{ He gemutcs Ha R u (B cuiy
v P ,
Toro, uto n < k” ) y muorounenos t*"7 (¢ +1)" npu pasmupix j
HeT OJUHAKOBBIX creneneii ¢. Ilostomy uncno xoadduienton
N
muorousena (¢ +1)" , KoTopble He JeJATcs Ha k, PaBHO 4HCILy
Takux koaduumentos y (¢ +1)" , yMHOXKEHHOMY Ha n, +1, uaro
1 Tpe6oBATIOCD.

N3BPAHHbIE 3A0AYN MOCKOBCKOW
DOUSNYECKOU OJTMMNNALDI

MEPBbI TEOPETUYECKWN TYP

7 Kaacc
1. t=120c. 2. s=1,125 kM.
3. Uepes 1,2 mun ninm yepe3 6 mun. 4. p = 8500 KI‘/MS.

8 knacc
1./=6xm. 2.1=30cm. 3.m=400r, V=100 M.
4. Pacraer He Becb Jie/l, YPOBEHDb BOJIbI TIOHU3UTCS TIPUGJIN3NU-
TeJbHO Ha 4,6 MM.

9 knacc
1. 9, =1 M/C (TIpu MAJTBIX X TPUBEICHHBIN B ycoBun rpadux
npuGJIMKEHHO COBNaaeT ¢ npamoil y = 2x), a = 0,02 M/Cz.
2. my =63 kr, m, =2700 kr. 3. tg =8 wmwuH.

4. 12 (mocste ABYX 10CTIEI0BATENBHBIX OTPASKEHUH yrOJ MesKIy
JIyYOM U BEPTHKAJIBIO YBEJMYMBACTCS Ha 2¢ = 14°).

10 knacc

ug (cos o+ wsin o)

J1+ (a+ng)

BZ = —34° (CI/I]Ia HallpaBJIEHa BHHU3 110 YIJIOM K IOPHU30HTY, HO

1. B = tarccos +arctgpu, By =45°,

[PH 9TOM 3aKJUHUBAHHUS GPYCKa HE MPOUCXOIUT).
AD
3. F = .
"+ (pgH)/(po = Pu)

~70°C. 5. P:#:43MBT.

2. Xy =10 cm .

. 10p, (¢t +X/c,)
" 27pu - 10p1
11 knacc

32
1. O= 7VRT0 =~10,6 x/Ix (ras mosyyaer Tenmo Ha JUHEHHOM

yUYacTKe IUKJIa OT TOYKU | JI0 TOYKH 3, B KOTOPOU 0ObEM COCTaB-

JISIET 5 MUHUMAJIbHBIX Oé'beMOB, a JaBJIeHue — 3 MUHUMAaJIbHBIX

JlaBJeHnii).

E v =
—; BekTOp E Hampas/ieH HNepIeHUKYJISPHO MJIOCKOCTU

2. —=
B 2 -

PHUCYHKA, BEKTOP B JIEXHUT B IJIOCKOCTH PUCYHKA W COCTABJISIET
€O CKOPOCTBIO AJIEKTpOHA yroa 45° wmmm 135°.
3. n>V2 =141,

BTOPOW TEOPETUYECKUIA TYP

8 knacc
1. v, =145 M/c = 52,2 xM/u, [ = 100 M.
2. n=80%. 3.m=18r. 4. t=24c.
9 knacc
M —3m
M +9m’

M —3m

= a,=-3a, =-3
M +9m m M g

Loay=g
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R
||

R/2 R R/2
A B
R/2 R R/2
|
R
R/4 R/4A R/4
pac 10 A+ +{_1-B

2. my — sro6oe (OT my 3aBUCHUT TOJIBKO <<6bICTpOTa>> BCTaBaHUA
"

my, < M =150 r .
I/IrpyLuKM),3 ) P
3. Ro()m = ZR ; CM. pI/IC.10.
10 knacc
6 2
1. a=—g=12m/c".
497 /

1
2. o = arctg 3 (tgoy £ tgay) | (smak «+» coorsercrByer cay-

Yalo, Korja CTEpPKHU CKPEIJIAIOT TaK, 4TO UX 6oJiee TSKEJIbIe Ya-
CTH OKa3bIBAIOTCA C O,I[HOﬁ CTOPOHDBI, 3HAK «—» COOTBETCTBYET
IIPOTHUBOIIOJIOKHOMY cnyqalo).

3. Ry = %R ; eM. puc.11.

_ _ )
4. OUnax =20 1P Uy <Op U 0y, =Tg —4[T) — 0 TP Ty > 0y,
2

q .
rae v, =, |[———; cM. puc.12.
! 2neymd P
11 knacc
1. o = arccos Hit >
Ft+ U
=~ 54,6°.

— arccos !

Vi3
2. v, =1,87%0,02 Mo,
v, = 0,97 £ 0,01 mosb (rpadux
3aBUCHMOCTHU [IABJIEHUS ) B CHC-
TeMe OT TeMmreparypbl T cocTouT
U3 /IByX JIMHEHHBIX yYaCTKOB
p=V,RT/V u p=(v, +
+VB)RT/V 1 pacrioJarafore-
roCsl MEXK/ly HUMH y4acTKa rpa-
¢duka p = p, (T), upexcrasisio-
mero co6oii 3aBUCUMOCTD JIaBJie-
HHSI HACDIIIEHHDBIX T1APOB BO/IBI
OT TEMIIEpPaTypsbI).
A R/2 R /2 B 3.1) X=31,5cM; 2) m=40;

3) E=18M/x;
l 4) T=0,84%0,05c .

4. Dddexr cBg3aH ¢ TeM, 4TO
Couttile He SIBJISIETCST TOYEUHBIM
HCTOYHUKOM cBera. Dopma 3aii-
yiKka nosropsier GhopMy 3ep-
KaJIbla JUIsl KasKIOH u3 cBetsi-
IIUXCST TOYEK COJTHEYHOTO [IVC-
Ka, HO BCe 9TU M306paXKeHUs Ha-
KJIQJ[BIBAIOTCST IPYT HA JIPYyTa,
HOCKOJIBKY JIYYH OT Pa3HBIX TO-
Ao—] F———-1 F—b yex CoJiHIIA UAYT O[] Pa3HBIMU

MaJIbIMU yTJIaMU B IIpejiejiax

2012/ Ne4

T
2,0
1,8
ol

1,4 /

1,2

1,0

0.8 / \

0,6/ \

0,4

02/

0 1 2
Puc. 12

N
=2
v/,

0,01 pax = 0,5°. Iloka paccrosHue OT CTEHbI O 3€pKaJiblla
MAaJio, pa3MbITHE KpaeB 3ailunKa, CBSI3aHHOE CO CMEIEHUEM 3TUX
1306paskeH i, Takske HEeBEINKO: HampuMep, B 20 ¢M OT CTEHBI
oHo coctasasgeT npuMepro 0,01-0,2 m = 0,002 M = 2 MM, u ¢op-
Ma 3aifunka noxoxa Ha (opMmy sepkasiblia. B gannom ciaydae
3aifuynK GbLT KBaJ[PaTHBIM CO CTOPOHOU d = 5 CM, 3HAYHT, 3€p-
KaJblle Pa3MEpPOM 5x 7 CM PacIoJiarajJoch IO/l HEKOTOPBIM yT-
JIOM K JIy4y cBeTa. OT KakK/I0if TOUKH 3epKaJblla B CTOPOHY CTe-
HBI UJIeT OTPAKCHHDBIN KOHMUYECKHI IIy4OK cBeTa ¢ YIJIOBOI LIMpH-
Holl ¢ = 0,01 pax. Ha GosbiioM paccrositHun L OT CTEHBI JHa-
Metp D = L@ CBETOBOTO KPY)KKa 3HAYUTEJHHO TPEBBINIACT Pa3-
Mepbl 3epKajblia, TaK 4TO 00JIACTb MEPEKPBITHS 3TUX KPY’KKOB Ha
CTeHe CTAHOBUTCSI TOPa3/io GOJIbIIle MX CMeIleHust d U3-3a C/[BUra
OCHOBaHUI1 3TUX KOHYCOB B Ipe/esiax 3epKaJbiia. TakuM o6pa-
30M, B pe3yJbTaTe Ha CTCHE TOJy4YaeTcs 3aifuiK B BUJE CBETJIOTO
Kpyra AuaMeTpoM Iopsika [, OKpY’KeHHBIN pasMbBITBIM 6osee
¢1a60 OCBEIIEeHHbIM KOJIBIOM IIHPUHON, puMepHo paBHoil d. Ilo
yeaosulo, d < 0,1D = 0,1L¢, otkyna L > ﬁ =50 M.

’
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IMMAXMATHAA CTPAHUUY KA

MawvsA
AHAJINBUPYET

Ecim B mpakTUdeckoit urpe rpoccMeii-
CTEpHI elle CIIOCOOGHBI IIPOTHBOCTOSTH
KOMIIBIOTEDY, TO B Pa3BITPHIBAHUM OKOH-
YaHW#, 0COGEHHO MaTO(UTYPHEBIX, €TI0~
BEK 3HAUUTEJBHO ycTymaeT emy. Cymie-
CTBEHHO, YTO IIPH UCCJIEAO0BAHH TEX UK
WHBIX BUJIOB SHAIIIMISL HACIIOJIb3YIOTCS
HE WTPOBBIC ITPOTPAaMMEI, a CIICIHAIbHO
paspaborannbie. IIpu 2TOM MAIIHHBI,
[IPO/IBUTAsI BIIEPE/] TEOPHIO, IIOPOH yIUB-
JITIOT CBOMMH YHWKAJBHBIMM HaXOJIKa-
mu. IIporpaMma IO3BOJISIET AaTh BCEM
OKOHYAHWSIM [JAHHOTO THUNA OXHO3HAY-
HbIE OI[€HKW — BBIUTPBINI OJHOH M3 CTO-
POH WJIM HUYBS, T.€. aHAIU3 SIBJISETCS
WCYEPIBIBAIOIUM U IIOXOX Ha J[0Ka3a-
TEJBCTBO MaTeMaTmdecKoi Teopembl. Ho
YTOGBI JOKA3aTh <IIaXMATHYIO TEOPEMYS,
TIPOTPaMMHCTaM TIPUXOJUTCS TIPEO0JIe-
BaThb MacCy TEXHWIECKHX TPYAHOCTEH.

Huxe MbI paccMaTpUBaEeM OKOHYAHUS,
B KOTOPBIX GeJibie CTPEMATCS K 1obesne, a
yepHBIE 6OPIOTCS 32 HUYBIO. Beskuit pas
MIPEIIOJIATAETCSI, ITO YIKE M3BECTHBI OLEH-
KH BCeX <«MJJIINX SHINIHJIEH», T.€.
BO3HHKAIONIUX IIPY U3MEHEHNH MaTepHa-
na (pasmere, B3sATHM (DUTYDbI MM IIPE-
BpalleHWH IEMKW) KIA, KAaK TOBOPST
Pa3paboTYMKY IIPOrPaMM, TIPU <KOHBEP-
curi». IloHBIN Tlepe6Op TpH 3TOM He
TIPOBOJAMTCSA, HO DPAaCCMATPHBAIOTCS BCE
BaKHeUme BeTBH AepeBa (1oce Kaxmo-
IO IIAra PaHT MOHMXKAETCA HA EIMHULLY ).
JlOCKOHAJTbHO M3YUEeHBI BCE OKOHYAHUS C
mecThi0 (PUrypaMu U MeHbIIE.

...B 1968 roxy cocrosics TpaauIvoH-
HbIM Matd MockBa — Jlenunrpana na 40
JocKax B 7iBa kpyra. IIpwm cuere 39,5:39,5
OCTABAJIACH O/IHA HE3AKOHYEHHA IAPTHS,
KoTopas ¥ pemrana cyas0y Bcrpeuu. Jle-
HUHTPa/ell, UTPaBIIUHA YEPHBIMHA, HMeJ
JIMIIHIOK TEIIKY, U B CIydae yCIeXa ero
KoMaHa nobexzaana. [[ourpeiBanve 1m-
JIOCHh JIOJITO, TOCTH Y3Ke ONAa3/IbIBAIN Ha
TI0e3/1, ¥ TO3WIHs GblIa OTAaHA Ha TIpH-
cyxpaenve (X0 YEpHBIX).

[&2)

AHa/mM30M 3aHUMAlach aBTODHTETHAs
rpoccMeicTepckast KOMICCHS, HO Best Gefia
COCTOSLIA B TOM, YTO XOTSI OKOHYAHUSI
chep3v u Konesas newxa npomue ep3s
(camo coGoit, IPHCYTCTBYIOT U /B2 KOPO-

JISi, MBI 9TO HUT/IE HE A0GABJISEM) HCCJIE-
JIOBAJIMCh MHOTO JIET, TeOpHeli ToTja eme
He OBUIO YCTAaHOBJIEHO, KakKWe W3 HHX
BBIUTpaHbI, a Kakme Her. UTO Kacaercs
JTAaHHOH TO3WUIMH, TO KIOPH B PacTepsH-
HOCTH TIDUCYAMJIO HHYBIO, MaTd 3aKOH-
YUJICST BHWYBIO, YTO BEI3BAJIO BO3paXKe-
HHE CO CTOPOHBI JIEHUHTPA/IEB.
3a6aBHBIH SMU30M, H3-3a KOTOPOTO
JaBHssA Tpagunua Matdeir Mocksa — Jle-
HHUHTPa/ GBLIA IPEPBAHA HA MHOTO JIeT, A
BOT €CJIM GBI KOMIIBIOTED Pa3bupalicsi B
TaKMX TO3WIHAX, HEAOPa3yMEHUs He
TIpOM30MLI0 O6b1. Beckope mporpaMMuCTBI
3aHSINCH JAHHBIM SH/IIIIIUIIEM, U B UTOTE
6buin OGHApYIXKEHA YHUKAJIbHAS BBIUI-
paHHasI TO3WIMS C XOJOM YEpHBIX, B
KOTOpOH IpH Hauyumeld urpe o6eux
CTOPOH IIEPEXOJ] B MJIA/IINHA SH/IIIIINIb
TIpOMCXOAUT Ha 59-M xoxy. Bort oHa:

B. 2d6, ¥ a6, Ag7; U. 2c2, ¥b1.

B paspHelimeM 3TOT BHMA SHILIIINMIIS
6bLT HCCTAeNOBaH C TEMKOX Ha JIo60M
TI0JIe, W, B YACTHOCTH, MAIIWHA JOKa3aJa,
YTO IIPUBEAEHHAS BBIIIe O3NS HUYEH-
Ha, T.€. IPUCY>K/IEHUE B MATYE [BYX FOPO-
[10B GBLIO BEPHBIM!

Topaszmo gamie (ep3eBbIX OKOHUAHHIA
BeTpeuaroTes Jazneinsie. OgHuM U3 Hau-
6oJiee PaCIPOCTPAHEHHBIX M BMECTE C TEM
JIOBOJIGHO CJIOXKHBIX SIBIISIETCS d0bsl U
newxa npomue nadvu. Ha ciemyomeit
quarpamMme u300paskeHa PEKOPAHAs Mo-
3urst. X0 9epHBIX, ¥ COOTHOIMIEHHE CHIT
MeHseTCs TOMbKo Ha 61-M xoay: Genast
TIENTKa TIpeBpamaercs B (epast.

8 B
)

Cpenu natidury pHeIX OKOHIAHUE OTHO
W3 CaMbIX MHTEPECHBIX — Jd0bs U CIOH
npomus aadvu. OHO CINTAETCS] TEOPETH-
YeCKH HWYEHHBIM, HO MCKJIIOYEHWH Ipe-
JIOCTATOYHO, ¥ Ha IIpaKTHKe CHIbHeHIIas
CTOpOHA YacTo GepeT Bepx. Bor mosmmus,
PEeKOpAHAs IO AJINTEIbHOCTH UI'PhI, B Hell
Mar JaeTcs Ha 59-M xomy.

@ 0

o)

KomubioTepHblil aHaIM3 JaHHOTO SH/-
TITHJIST BECbMa II€HEH JJIST TEOPHH, HO
HHTEPECHO W OKOHYAHHE Ad0bs U KOHb
npomue nadvu. Jlo BMemaTeIbCTBA Ma-
IIUHBI OHO OBIJIO Majo HCCJIEOBAHO W
CUHTAJIOCh abCcoMOTHO Hu4eitHbIM. Ho
BBISICHUJIOCH, UTO ¥ 3/IeCh KaTeropudec-
KV€ OL[EHKH PUCKOBAHHBI, 4 B PEKOPIHOM
To3UITHH Gesible MaTyioT B 33 X0/0B.

Yernipex- ¥ Tpex(UIypHBIE OKOHYA-
HUS TIPEICTABIAIOT CO60M MJIA/IITHIA DH/-
IIMUb 1 COOTBETCTBYIONIUX IISITHGhU-
TYPHBIX M, OYEBUAHO, H3yYEHBI JOCKO-
HaspHO. Hambosiee MHTEPECHB! MO3UITUH
1a0vs npomus xoust. OHU TEOPETHIECKH
HUYEHHBI, HO KOHIO [AJIEKO HE BCErza
yaaeTcs y6eskaThb OT Jiaibu. B pexopanoit
TIO3WIIUY OH TepsieTcs 3a 27 XO0B:

B. ©c1, Bf8; Y. ®a3, Qe2.

1. 2 d2! Xox na cocesee moJie c2 yixe
BhIIycKaeT Boiurpem. 1... A d4 2. 2 ¢3.
Omm6ouno 2. 2 d3, Ho 6ebIM IMPeACTO-
HT cIelaTh ellle HEMATO eJWHCTBEHHBIX
XO[IOB, TIPEXJIEe YeM OHU OKDYIKAT KOHSI.
2... ab5+ 3. 2c¢4d adé+ 4. 2eS
ab7+ 5. 2b6 2d6 6. Bfil 2b3 7.
©2e¢5 ab7+ 8. 2c¢6 2d8+ 9. 2b5
2e610. BEf3+ 2c211. 2 c4 2d212.
BfS ©c2 13. BEf2+ &d1 14. &d3
fc5+ 15. 2d4 2b3+ 16. 23 el
17. Eb2! acd 18. 2d4 2e6+ 19.
2e3 2d120. 2b6 2g521. B c6! af7
22. Ec7 2e5323. Qedl Aagh24. BgT)
af6+ 25. 2e5 2h5 26. B g5, u koub
Tmo¥MaH.

U B suaumuie advs npomug ciona
HHTEPECHBI MO3UIUY ¢ HanGOJIBIIeH Ipo-
JTOJKMTENBHOCTBIO WIPhI. PeKopa KOM-
nploTepa — MaT B 29 X0[0B — B CleLyio-
Iell IMO3KI[HK:

B. a4, Ba3; U. ©a8, & a6.

B oxonuanun ¢epsv npomug 1advy B
PexopAHO#H mo3uIMH HEP3IO yAAETCS CIpa-
BUTHCA ¢ Jaabei B 31 xox. Mar cioHOM
U KOHEM OJIMHOKOTO KOpDOJIS Tpe6yeT OII-
PEIeJIEHHOTO OMbITA, a MAIIMHA YCTaHO-
BMJIA, YTO 3TO 3aiiMeT camoe Gobiuee 33
X0Zla — PEKODPI AJS 4YeThIpeX(UTYPHDIX
OKOHYaHMI. Mar [ByMs CJIOHaMH GBICT-
pee — goctarouno 19 xozoB.

A Tenepp — aHTaCcTHYECKMIT PEKOP/I.
Oxonuanve 1a0bsi U KOHbL NPOMuUs 08Yx
KOHetl B OGIIEM CJIydae BEIUTPAHO 3a Ge-
JIBIX, a B JAHHOM IIDUMEPE UM YJAETCs
3a6paTh OMHOTO M3 KOHe# Ha... 243-M
xoxy! Jlaxke ecyiv1 GBI MBI IIPUBEJIH ITOJTHOE
pellleHNe, V YUTATENA BPsJ JU XBATUIO
6Bl TEPIIEHNUS] IPOBEPUTD ETO HA JJOCKE:

B. 217, Bg7, 2g8; 4. 2b1, ac2,
ac6.

Ocranoce cKa3arh, 9TO BCE KOMIIBIO-
TEPHbIE HAXOAKM COGPaHBI B OfHY 6asy
JaHHbIX, paspabotamuyio Esrenuem Ha-
JIMMOBBIM, GBIBIITUM HOBOCUGHPIIEM, HBIHE
COTPYAHUKOM Koprioparpu Microsoft. 3ta
6a3za Ha3bIBAETCA IHOWNUALHbIE MAOIU-
uvt Hanumosa.

E.Tux



OAHaXXAbI B NPSIMOYOABHbIM NAKeT U3-NOA MOAOKE 1 OCTOPOXKHO HAAWA HEMHOIO KUNSITKA,
NAOTHO 38BUHTUA NASCTMaCCOBYIO KPbILLKY U Ha4aA NakeT BCTPsIXuBaTh. U TyT B Moel pyke
nakeT Kak 6YATO OXKUA N MFTHOBEHHO U3 YIAOBaTO-NPSIMOYrOALHOMO NPeBPaTUACS B
OKPYINO-LUMAVHAPUHECKMA ...
L ]

(MogpoGHee — Ha cTpaHuUax 26—27 BHYTPH XKypHana)



