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FTONNOBOJNIOMKHU

PHMIKCKHE BAIITHU

B Pure ectb gBeHafuaTh cTapbix 6aweH.
OcHoBaHuWe Kajoi COCTaBNAOT TPU
NPaBUAbHbIX WECTUYrONbHIUKA, U3 KOTO-
pbiX No6ble 1Ba UMEIOT 06LLYI0 CTOPOHY;
Ha 3TUX WeCTUYroNbHUKAX CTOAT NpAMble
WeCcTUyronbHble NPU3Mbl Pa3HOM BbICOTHI
(puc. 1; yndpamu 0603Ha4eHo Konuye-
CTBO 3TaXKeW B Ka¥AOW npusme).

BBBBS

P SBBBBE

Ha pucyHke 2 — uzobpaxeHue oaHoil U3 GaweH (BbicOTa COCTaB-
NAWMX NpU3M pasHa 1, 3 u 4 ataxa).

B ofHOM U3 apXMTEKTYPHbIX NPOEKTOB NpeAnaraeTcs
13 3Tux BaleH COCTaBUTb COBPEMEHHbIN My3eil

B 7 3Ta)eil TaK, 4Tobbl B OCHOBAHUM NONYYUICA OfMH
13 y30POB, M306paXKeHHbIX Ha pUCYHKe 3. 3aTeHeHHbI i
LUEHTPaNbHbIN WECTUYrONLHUK M306paXaeT waxty puc. 2
nudra. ficHo, 4To WecTb OalleH NpUAeTCA NepeBepHyYTh, YTOOLI UX No-

CKWe OCHOBaHUA COCTaBUIW NNOCKYIO Kpbily My3es. B npepnonoxenun,

YTO BCE NPAKTUYeCKMEe COXHOCTU NPeofONUMbl, BO3SHUKAET eCTeCTBeH-

HbI BONPOC — NOAXOAAT U AAPYT K Apyry opmbl 3Tux GaweH. [pyrumu

CNOBaMM, €CTb M MAaTeMaTyecKoe pelleHne y 3Toit 3apaumn?

(MMoapobree — Ha crparnue 28 sryTpn xypHana)
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JneKkTpu4yeckme y3ophbl

A.CHAPCKUU, K.C/INMYEHKO, A.lIAJIbTU

B3Bog! CrivHOW Apyr K ApYry B LUAXMATHOM [TOPAAKE 110 ANArOHAN

CTaHOBUCh.

EJIOBEKA N3/IABHA ITPUBJIEKAJIN PASHOOBPA3-

HbIE Y30DPbI 1 OPHAMEHTBI, KOTOPBIE OTPAsKAIOT Kpa-

COTY W OIIpe/leIEHHbII MOPSIOK B Tpupoje. Boc-
XUIIEHHDI (HopMoii cHexnHOK, WM. Keriep mocBaTua um
Iesylo KHWUTY. li3ydeHWe y30poB IpHUBEJO K TTOHITHIO
CUMMETPpUN — O/THOMY N3 BasKHbIX HOHATUI MaTeMaTHKU.
[Togpo6roe nccienoBaHre CUMMETPUH PA3JIHUHBIX CHC-
TEM aJI0 HAYAJIO TEOPUU IPYII B MaTEMATHKE, KPUCTA-
Jgorpacdun B pusnke.

A 9UTO ecJIM KQKIOMY 9JIEMEHTY CUMMETPUYHOTO TeOMET-
PHYECKOTO Y30pa WM CTPYKTYPbI MPUIINCATD OTIPeIeieH-
Hoe (pU3UYecKoe CBOICTBO, HAIPUMED COIPOTHUBJEHIE?
PaccmoTpuM oinH 13 TIPOCTENTINX BAPUAHTOB — JABYXI[BET-
HbI€ Y30PbI Ha IIJIOCKOCTH. XOPOIIIO IIPOBOASIIUI YIaCTOK,
6y/zieM Has3bIBaTh €ro XOPOIIO IIPoBOAAIIell (asoil, ¢
VEJTbHBIM COTPOTHBJIECHUEM Py 6yAeM 3aKpaluBaTh CH-
HUM I[BETOM, a IIJIOXOMPOBOJAMIYIO a3y C yAeJbHBIM
COIPOTHBJIEHUEM Py — JKEJTHIM 1[BeTOM. Takum 06pazom,
nmoa dasoif 6yseM TOHWMATh COBOKYITHOCTb YYacTKOB
OJTHOTO I[BETA, UJIH OTHOTO ¥ TOTO JKe YIEJTBHOTO COMTPOTHB-
Jiennsi. MoJKHO 33/1aTbCsi BOIIPOCOM: KAKOBO COTIPOTHBJIE-
HHUe Takoro ysopa? K mpuMepy, KaKOBO CONPOTHBJICHHE
MIAXMATHOU JIOCKHM U3 CHHUX U JKEJTBIX KJIEeTOK?

a

h 4
h 4

‘ 01-20.p65 2

i

MbI paccMOTPUM TeOMeTpUYeCKUe Y30Pbl, 06JIa1atoNI1e
BIIOJIHE OTIPE/IEJIEHHOW CUMMeETpHeil. A WMEHHO — TIpH
[OBOpOTE y30pa Ha yroa TY2 u 3ameHe cuneil ¢asbl
KeJIToi (T.e. B3aMMHOM 3aMEHbI COMPOTUBJICHUH PA3HOTO
TUTIA) JJOJIKHA COXPAHSITHCS €I0 TEOMETPUYECKAst CTPYKTY-
pa ¥ JIOJDKHO OCTaBAThCS HEM3MEHHBIM €TO COMPOTHUBJIE-
nue. Hike Mbl pacckaskeM o crioco6e, KOTOPbIi T03BOJISIET
VIUBUTEJBHO TPOCTO OTPEAETUTh COMPOTUBJCHUE KaK
YTOJIHO CJIOXKHOI CTPYKTYPbI, 00/1a/1af011eii IMEHHO TaKoi
cuMMeTpuei.

Korzga peub uzpeT TOJBKO O TEOMETPUHU, TO BCE SCHO.
Hampumep, HyKHOI HaM cUMMeTpHeil 06J1aai0T Y30Pbl,
nzo6pakennpie Ha pucynke 1. Ho kKak TOJbKO peub
3aX0UT 06 2JIEKTPUYECKUX CBOICTBAX, BOZHHKAET IIPO-
6seMa KOHTaKTa. TOK [TOJIKEH T/ie-TO KaK-TO BXOJAUTH U
I/le-TO KaK-TO BbIXOAUTD. I'/ie ¥ Kak — ollpe/iesIgI0T KOHTaK-
TBI. MbI OyZieM paccMaTpWBaTh /IBa THIA KOHTAKTOB:
njieabHbIe TPOBOSIINE KOHTAKTDI, COIPOTUBJIEHUE KOTO-
PBIX paBHO HyJIIO, — Oy/leM 3aKpaliuBaTb WX YE€PHBIM
I[BETOM W HETPOBOJSIINE KOHTAKTBI ¢ GECKOHEYHBIM CO-
nporusiaenueM (T.e. MPOCTO U30IATOPBI) — Oy/IeM 3aKpa-
IIMBAaTh UX GEJIBIM I[BETOM.

Omnuiem 1peo6pasoBanusi, KOTOPble B KOHEYHOM CUeTe
OCTaBJIFIOT TIOJHOE CONPOTUBJIEHUE CPE/bI C OIpejiesieH-
HbIM 06pa30M PACIHOJIOXKEHHBIMU COTIPOTUBJIEHUSIMU TeM
ke cambiM. O6parumest k pucynky 2. Ilepsoe npeo6paszo-
BaHue — 1epexo/l oT Ho3uluu 1 K 1mo3unun 2 — coCTouT BO
B3aMMHOI 3aMeHe KenToro M cuHero (yeqbHbIX COmpo-
TUBJIEHUH P, Ha Py U HAO60POT), a TaKiKe YEPHOTO U
6esoro. Ilocsentee osHauaer, 4TO aTO MpeoGpas3oBaHNE
MEHSIET MECTaMU He TOJBKO KeJTYI0 U CUHIOI (ha3bl, HO
OJTHOBPEMEHHO W KOHTaKThI. CJieloBaTeIbHO, €CJIM TOBO-
puTh 00 3JEKTPUUECKOI 3a/1ave, TO TP 9TOM TIpeoOpaso-
BAaHWU MEHSAIOTCA U HanpaBJieHus ToKoB. Hanpumep, ecin
paHbllle TOKM B IEJIOM TEKJIM CJeBa HAIPaBO, TO Telepb
HOBOE TIOJIOKEHUE KOHTAKTOB 3aCTaBJISET TOKU B I1€JIOM
Teub cHU3y BBepX. Cpely, moiydaeMyio TakuM mpeobpa-
30BaHmneM, 6y/1eM Ha3bIBaTh AyanbHoii. [loBepHeM Temepsb,

o] T

Hozuyusa 1 Hosuyusa 2 Hozuyusa 3
Puc. 2
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QNEKTPHUYECKUHE

HUYEro He MEHsIsI, [yasJbHYIO Cpelly Ha  q)
yroJ TY2 — mepeiiieM OT MO3UIUKN 2 K
MO3UIUN 3 — W CPABHUM MEXKIY cOOOi
MEPBYIO U MOCJEIHION0 MO3UINU. Byem

paccmarpuBarth Takue y3opbl (pacnosto- .
KeHus TpoBoasmux (asz), AaA KOTo-

PbIX HavdaJibHad W KOHEYHadA ITO3UITNN
TOX/IECTBCHHDI. 33.M€TI/IM, 4YTO Y30pPbl
MOTYT HE COBIIQ/IaTh, a SBJATHLCA 3€p-
KaJIbHBIMU OTOOPAKEHUSIMU APYT APYTA.
Hwuuero crpamrHoro B 3TOM HET, TIO-
CKOJIbKY COIIPOTHUBJIEHNE 3€PKAJIBHO OTO-
6paskeHHOro 006pasiia TOUHO TAKOE JKe.

Jlist Toro 4TOGBI TOJACUYUTATH COTIPO-
TUBJICHWE HEOJHOPOIHON cpebl, Heol-
XOAMMO PEIUTb CUCTEMY YpaBHEHUH,
KOTOPbIE BbIPAXKAIOT 3aKOH COXPAHEHUS
3apsijia M IMOTEHIUAJIBHOCTb 3BJIEKTPU-
YeCKOTO TIOJIS B CTAIMOHAPHOM CJIyYae.
OTN ypaBHEHUS, OINPEAEJSIONe TI0T-
HOCTb TOKA U HATPSIKEHHOCTD JIEKTPU-
YECKOTO TI0JIST B KaXK/IOM TOUKE CPEIbl,
apsgiorcest JuddepeHImaabHbIMI ypaB-
HEHUSM B YACTHBIX MTPOU3BOJIHBIX, U UX
n3yueHue BBIXO/UT 32 PAMKH He TOJbKO MIKOJIbHOU TIpo-
rpaMMbl, HO U TI€PBOTO Kypca yHuBepcuteToB. OJiHAKO
€CTb BO3MOKHOCTD, He Tepsisi OOGIIHOCTH W CTPOTOCTH,
BOCTIOJIb30BAThCS CYIIECTBEHHO OoJiee TIPOCTOI MareMma-
THUKOM.

CraenaeM TO, YTO HAa3bIBAIOT AWCKpeTHU3AINell 3a1aduu.
BwmecTo HenpepbIBHOI cpefibl paccMoTpuM ceTky. U ecan
paHbIlle KaXK/I0il TOYKE OTBEYAJO OIpe/eJeHHOE Y/IeTb-
HOE CONPOTHUBJIECHHE Py WIH P,, TO TEHepb OIpe/eseH-
HOE CONPOTHBJICHUE 7 WJIN 7, OYyJieM IMPUIICHIBATD CBSI-
3am cetku. (VIMEHHO Tak ¥ TOCTYIAIOT, KOT/a PEIraior
auddepentmaibibie  ypaBHeHHss Ha Komibiotepe.) Te
3aKOHbBI, KOTOpbIE paHbllle 3aNUCHIBAJUCL B Buje aud-
depeHnnasbHbIX ypaBHEHW, TTPUMYT BHJI CHCTEMbI JIH-
HENHBIX ajreOpanyecKux ypaBHEHUI, KOTOPBIE XOPOIIO
M3BECTHBI MIKOJbHUKAM Kak ypaBHeHust Kupxroda. [lep-
BO€ M3 HUX —

Puc. 3

— €CTb CJIE/ICTBUE 3aKOHA COXPAHEHNUS 3apsijia, a BTOPoe —
YU =6, e Uy =1Ip;, (2)

3alMCAHHOE JIJIST 3aMKHYTOTO KOHTYPa, COAEPIKAIIero mc-
rounnk IJC, — saBisgercss cieiacrBueMm 3akoHa Oma.
[Tockonbky B mHamiem ciaydae ucrounuku D/C BHyTpH

CeTKH OTCYTCTBYIOT, TO Zéi =0.

[Ton6epemM Tenepb Takoe pacIoOJOKEHHE CONPOTHBIIE-
HUH 7, U #, B CEeTKe, 4TO MOBOPOT ee Ha yroJ TY2 u
B3aMMHas 3aMeHa 7, Ha #, HHUero He MeHseT. PaccMoT-
PUM TO, YTO MBI B HIYTKYy Oy/€eM Ha3bIBaTh 3JEKTPHUEC-
KUM KBaJpaToM, — KBAJPAaTHYIO CETKY U3 COINPOTHUBJIE-
HUI 7 W # C KOHTaKTaMH, N300pakKeHHYI0 HAa PHUCYHKE
3,a. 3mech TPOBOAAIINE CBSI3W W KOHTAKTBI, KaK U B
HEIPEPDBIBHOM CJIy4a€, MOKa3aHbl YEPHbIM 1IBETOM, a CBA3U
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M KOHTAaKTbI JI[pyroro tuna — 6eypiM. Te ke mnpeobpaszo-
BaHWSI, KOTOpPbIE B HEMPEPBIBHOM CJIyuyae IePEBOIIN
W3HAYaJbHYIO CPe/ly B JAyaJbHYIO C T€M K€ COTPOTHUBJIE-
nueM (cM. puc.2, mo3uumst 2), TOYHO TaK Ke IePEeBOAAT
HaIll TPOCTEUTINH 3JIeKTPUUECKII KBaJpaT B JyaJTbHBII
C TeM JKe caMbiM comnporusieHueM. Ha pucynke 3,6
MMOKA3aHbl O/THOBPEMEHHO M3HAUYAJbHAS CeTKa U JIyasib-
Hasg K Hell (HapucoBaHa KpacHBbIM 11BeTOM). UTOGBI He
3arpOMOK/IaTh PUCYHOK, CaMu cOnpoTuBaeHus (KeaTbie
W cuHMe) Ha HeM He npuBeaenbl. OJHAKO U3 PUCYHKA
BU/IHO COOTBETCTBUE COTPOTUBJIECHUN M3HAYATHHON M 11y-
aJbHOI ceTok. Harpumep, KeJaToMy CONPOTUBJICHUIO 1—
2 B M3HAYAJbHOHN CETKE COOTBETCTBYET CHHEe COMPOTHB-
snenne 1—2 B qyanbHOH ceTke. Pacrionioykenue cornpoTuB-
JIEHWI B M3HAYAJIBHOW CeTKe JOJIKHO ObITh TAaKWM, 4TO-
Gbl TIPK [IOBOPOTE KPACHOM ceTku Ha yroa TY2 (aHajaor
nepexo/a OT IO3UIUK 2 K MO3ULMK 3 Ha PUCYHKE 2) OHa
COBNAJaJa C U3HAYaJbHON. [[/s1 TIpocTeiiiero ajaexTpu-
YECKOTO KBa/Ipara TaKoe PacIoJIosKeHWe COMPOTUBJICHII
MMOKa3aHO Ha PUCYHKE 3,6.

OG6paTM BHUMaHWE Ha TO, YTO Ha PUCYHKaX 3,4 U 3,68
MPUCYTCTBYET 0cOO0€ COMPOTHUBJIEHNE, KOTOPOE IMEPEeX0-
JIIT camMoO B ceOsT M KOTOPOe MBI 3aKPACHJIN 3eJEeHbIM
1BeToM. B HempepbIBHOW cpefie TOXKe 00s13aT€NbHO €CTh
KaKk MUHUMYM O/IHa Takas Touyka. Hampumep, a4 ysopa
Ha PUCYHKe 2 3TO IEeHTpaJbHad TOYKAa — OHA M He
sKenitas, U He cuHsAd. [Ipm 3ameHe KenaToro 1Bera Ha
CUHUI OHAa CBOETO I[BeTa He MeHsdeT. B ceTke ¢ KoHeu-
HBIM YHCJIOM CBSI3€il TaKUM COINPOTHUBJEHUEM TIpeHes-
pedb HeJib3sd, U HaM TIpU/IeTCsT HAllTH, KaK 3TO COMPOTHB-
JIEHYUE BbIpaXkaeTcs yepe3 1, U 7, .

WTtak, KaXA0l CBS3M B MCXOJHON YEPHOW CETKE COOT-
BETCTBYET CBS3b B KPACHOM ¥, COTJIACHO ONMUCAHHON BBITIE
CUMMETPHHU, COTIPOTUBJIEHUIO OJHON CBSI3W COOTBETCTBY-
€T BIIOJIHE OIpe/leJICHHOE COTIPOTUBJIEHUE JIPYTOH CBS3H.
BosHukaer BOIIpOC: HEJDb3S JIN YCTAHOBUTH COOTBETCTBUE

31.03.09, 17:14
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MEK/ly TOKAMU U TAJEHUSIMU HANPSIKEHUS Ha JAHHON
CBSI3U B YEPHON CETKe M TOKAMHU W IMaJIEHUSIMU HaIlpsIKe-
HUS Ha IyaJbHOHN CBSI3W KpacHOW ceTku? [[pyrmmm cio-
BaMU, CYIIECTBYeT Jii MpeoOpa3oBaHue, KOTOPOE B3aMM-
HO TIEPEBOJWUT TOKW W HANPSDKEHUS B YKA3aHHBIX CeT-
kax? Takwe mpeoOpa3oBaHUs BO3MOKHBI B J[BYMEPHOM
caydae. OHU ObLTM Hali/IeHBI POCCUUCKUM (PUUKOM
A.M. Ipixne n amepuranckuM ¢usukom [[x.Kesmaepom.
Bor stu mpeo6pasoBanust (Mbl, KOHEYHO, IIPUBOAUM HUX
CETOYHBIN BapHUaHT):

o 1.
uGB B /\lyé’ 1“[3 = Kuya, (3)

riae A — HEKoTopas KOHCTaHTa, KoTopas Oy/eT ompe/ie-
JieHa T03/iHee, a OYKBBI C THJIB/IOW COOTBETCTBYIOT JIyaJib-
HOII cpefie.

Kak Buano us mupuseseHHbIX npeobpasosanuii (3),
HalpUMep, TOKY B TOPU30HTAJIBHOI CBS3K UCXO/HO# (dep-
HOM) CEeTKM, COOTBETCTBYET IajleHne HAIPSKEHHsT Ha Bep-
TUKaJbHON CBS3U JyasbHOM (KpaCHoﬁ) cetkn. /s of-
HO3HAYHOCTH TIpeo6pas3oBanmii HeOOXOAMMO 3aJaTh Ha-
IpaBJieHKe IIOJIHOTO TOKAa B YepHOH M KpacHOH ceTKax.
Bynem cuurarp, 4To B 4epHOIl ceTKe HOJIHBII TOK 3aXO-
JIAT B JIEBBII KOHTAKT, a B KPacHOW — B HIDKHHUN KOH-
TakT. EcTecTBEHHO B 3TOM cJiyyae B KauyecTBE IMOJIOKH-
TEJTHHOTO HAIPABJEHUS TOKA JIJIS KaXX/[0W TOPU3OHTAID-
HOIl CBSI3UW 4YEPHOU CETKU BbIOpATh HalpaBJIEHHE CJIeBa
HaIpaBo, a /I BEPTUKAJLHOW CBSI3U BBIOEPEM HaIpaB-
Jenne cBepxy Buu3. Ilosb3ysich Temu ke cooGpaskeHusi-
MU, BBIOEPEM 3a IIOJIOXKUTETbHOE HAIPABJIEHNUE TOKA B
BEPTHKAJBHON CBSA3M yaJbHOW CETKM HaIlpaBJeHUE CHU-
3y BBEpX, a B TOPU30HTAJBHON — cJjeBa HarpaBo. Takoe
B3aMMHOE COOTBETCTBUE HAIPABJCHMI TOKA B CETKAX 03-
HayaeT, yTO JIJIs1 HAXOK/IEHUS [OJIOXKUTEJbHOIO HallpaB-
JIEHUMS TOKA B JIyaJbHON CBA3M HYKHO IIPOCTO IIOBEPHYTb
TOK B M3HAYAJIbHON CBS3W HA YroJ TY2 TPOTUB YacCOBOIL
crpesku. [lamenwe Hampsokerus OyJieM IMojaraTh, Kak
OOBIYHO, TTPOUCXO/ISIIUM BIOJIb TOKA.

Heoxupanupiv ABisieTcs TOT (pakrt, 4To ecyan mpeodbpa-
30Bath ypasuenus (1) ¢ momompio dopmyn (3) (r.e.
3aMEHUTDb TOKW B M3HAYAJIbHOW CETKE HA HANPSIKEHUS B
JlyasibHO#i), TO moJyuutcss cucrema ypasHeHuil (2) B
IyaJqbHON ceTKe. JTO MOKHO ITOKa3aTb CTPOTO, HO Mbl
OTPaHUYUMCS TOJBKO TPUMEPOM.

PaccMOoTpuM  BbBIJICTIEHHBIH y4acTOK Ha PHUCYHKe 3,2.
[Tepsbiii 3akon Kupxroda (1) aas yepHoro yaia, corac-
HO BBIOPAHHBIM IOJIO3KUTEJbHBIM HAIIPABJIEHUSIM TOKOB,
MOJKHO 3aIucaTh TakK:

lop + g ~ e — 7oy = 0.
3aMeHNM TOKHU B COOTBETCTBHUH C IpeoGpasoBanuamu (3):
iuB = Usy» i}\B :luyv’ iB'[ :lu ) ZB = Uy
A A A 2\ n A K
1 TI0LyYHM
Usy + Uy = Uy

CusieBa CTOWT He YTO MHOE KaK CyMMa HAaMpsDKEHWH 110
3aMKHYTOMY KPAaCHOMY KOHTYPY OMVY, B3siTast ¢ y4eTOM
BBIOPAHHOTO TIPaBUJIa 3HAKOB. JTa CyMMa, KakK CJeryer

—u5“=0.
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u3 BTOporo 3akoHa Kupxroda, pasua Hyso. [lig yuact-
Ka IIeNW, CBSI3bIBAIONIETO MeXKAy COO0W KOHTaKTbHI, B
MPaByl0 YacTb IOCJEJHETO PABEHCTBA BOH/ET BHETIHSSI
Pa3HOCTb TOTEHNNAJOB. MaJslo TOTO, MOXKHO TIOKa3aTh,
YTO TTOJTHOE KOJNYEeCTBO HE3aBUCUMBIX ypaBHeHmit Knupx-
roda A1 06enX CeTOK OIHAKOBO.

VHTepecHO TTOCMOTpPETb, BO UTO IIPEBPAIAeTCs MOJ
neiicrBueM npeo6pasosanuii (3) saxon Oma. Paccmor-
puM Kakyio-uubyib OJHy cBs3b. 13 paBencrBa

qu = TGBZGB
rnoJsayvdaeM
2
- A
uy6 = ly&.

C npyroil cTOPOHDI, MOCJe/IHee BbIpaKeHNE €CTb He 4TO
uHOe Kak 3akoH OMa JiJist cBsi3u YO JIyasIbHOU CETKU:

uy5 = ryé yo:

CpaBuuBast MexkIy co6oil TIocjefHUe [[Ba PaBEHCTBA,

o6HapyskuBaeM, 4to mnpeoGpasoBanue (3) npuBoAUT K

TOMY, YTO COTIPOTHBJICHUS] M3HAYAJIbHON U [IyaJbHON CPe/I

CBSI3aHBI APYT C JAPYTOM UYepe3 TIOKa elle He OTpejiesieH-

HyIO HaMU KOHCTaHTy A :

LN

Rs=—".
Top

BenmomuuM Temepn 0 Halielr CMMMETPUH, COTJIACHO KOTO-

poii ecim Tug =7, TO %5 JIOJDKHO PABHATBCSA 7, M Ha-

000pOT — eCIH g =Ty, TO Ty5 JIOJDKHO PAaBHATBCA 7.

Jlerko coo6pasuThb, 4YTO ecJM KOHCTAHTy /\ BBIOPAThH

paBHOI
HEHO.

Bepremcsa k mamiedl MCXOAHOW 3a7ade — BBIUUCINTD
COIIPOTHUBJICHUE BCero y3opa. [lJIsi 3TOro 3ammiieM 3aKo-
Hbl OMa B YepHOH M KPACHO¥ CeTKaXx:

U=RI, U=RI,

17, , TO TpebGoBaHNE CUMMETPUN OY/IET BbIIIOJ-

rme U nm U — Te BHeIIHHE Pa3HOCTH TOTECHIHATOB, O
KOTOPBIX MITa peub Bbile, a I u I — moumble TOKH,
rpoTreKaroIe yepe3 ceTku. KoHeuHo, B ¢ty BbIGpaHHON
cuMMeTpuH, v Hac R = R. 3ammmreM mpeo6pasoBaHus
(3) mns mMOMHOrO TOKa, MPOXOAANIETO Yepe3 M3HaYalb-
HYIO CETKY, W JIJIS TIOJTHOTO TIAJIeHUsT HANPSIKEHUS:

1:16,U=AI
A

31ech TOK I ecTb CyMMa TOKOB, IIPOXO/ISIMINX TI0 CBS3SIM
yepe3 ceuenne AA, a npeo6pas3oBaHus MEPEBOJAT TOKU B
CyMMy THaJleHU#i HampsbKeHust BROJMb cedeHuss AA Ha
ayanabhoii (kpacroit) cerke. B urore mosyunm

2
R:A<
R

ITockombky A ysKe H3BECTHO (/\ = ,17172) n R=R,
OTCIOZIa Cpa3y JKe CJIe[yeT BbIpasKeHUe [Jisl COIPOTHUBIIE-
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QAEKTPUYECKHUE Y3OPBHI

HUS BCETO y30pa:
R=nr, . (4)

PacemotpuM Temniepb HEOJHOPO/I-
HBIIT o6pa3ell, yJeJbHbIe COTPOTHB-
JIEHUSI KOTOpOTO Py U P, 06pasy-
10T CHMMETPHUYHBIH y30p TaKOH, YTO
OT/IeJIbHBIE €r0 GOJIBIINE YACTH OJIN-
HakoBbl (KaK, HarpuMep, y30pbl
Ha pucyHkax 1,¢ u 1,6; y3opbl Ha
pucynkax 1,6 u 1,2 He TTOJTXO/IST).
B atom caygae roBopsT, uTo 06pa-
3ell OJIHOPOJieH B cpejaneM. /lJs1 Takoro o6pasiia, Kak u
JUIST OJTHOPOJ/THOTO, MOKHO BBECTH XapaKTEPUCTUKY, KOTO-
pasi HazbiBaeTcst 3G@MEKTUBHBIM y/I€JbHBIM CONPOTUBJIE-
HUEM, W 3alUCaTh

Puc. 4

L
Rzpad)(bE,S:Ld,

rae d — TommmHa, a L — JJMHA CTOPOHBI KBaJPaTHOTO
ob6pasiia. B TepMUHAX yAeNbHBIX COMPOTUBJIEHUH, Kak
Jierko Buziethb, popmyaa (4) npunumaer takoit ug (dpop-

mya Jlbixue):
Papp = VPiP2 -

Ecimm 651 (1)3.3]31 pacnoJiarajanucb CJ0AMM U TOK TEK
ITOTIEPEK dTUX CJIOEB, TO YAEJbHOE COIIPOTUBJICHUE TaKoit
Cpeabl BbIpaKaaaCb ObI Kak XOpOIIIO M3BECTHOE CpeaHEE

apudmeriaeckoe: Popp = (P1 + P2)/2 . Ipu Tevenmu Toxa
B Takoil «I10J10caToii» cpejie BAOJb CJIOEB YAeJIbHOE CO-

IPOTUBJIEHIE UMEJIO OBl BUIL Pogg = 2P1P2 / ( P+ Pz) , T.€.

BUJL CPEJHEro TapMOHUYECKOIro. A /g COIPOTUBJICHUS
HarpuMep, MIAXMaTHOW /JOCKM, KaK Mbl Telepb 3HaeM,

TOJIUTCS CpeJ/iHee FeOMETPUUYECKOe: Py = PPy .

Uuraresab, KOTOPBIH ellle BHUMATEJbHO CJIEAUT 3a Ha-
UM M3JI0KEHUEM, BIIPABE BO3MYTHUTBCS M HAIIOMHHTD
HaM O TOM [IyaJIbHOM COIIPOTUBJICHMM, KOTOPOE Iepexo-
JUT caMo B ce6s. Hanpumep, 510 conpoTusienus rys u
745 Ha PUCYHKe 3,0, T/le MHJIEKCBI <> U <[> OTHOCSTCS K
MCXOAHON 1 AyanbHON cetkaM. 3nas gopmyay (4), mer-
KO pa3o6parbcest ¢ 3TUM BompocoM. O603HAYNM TIePeX0/IsI-
Iee caMo B ce6s CONIPOTHUBJICHIE Yepe3 7, U IO/ICUNTaeM
COIIPOTUBJICHIE MPOCTEUIIIEr0 HIEKTPUIECKOTO KBa/ipara
(cm. puc.3,6):

_ Nilp + 1oy + 2187
2y + 1 + 7

R

I[IpupaBHIBasg PaBYIO YacTh 5TOrO BHIPAKEHMUs K MPABOil
vactn dopmyast (4), moxydnm

7’0=\/E.

Kax m mo/kHO 6bITh, TIPU 3aMeHe 7; Ha 7, CONPOTHBIJIE-
Hue 7, ocraercd TeM ke caMbIM. Takoll sxe pesyJbraT [/
7, MO>KHO TOJIYYHUTD TIPH NCIOIb30BAHUN U 6ojee CI0XK-
HbBIX 3JIEKTPUYECKUX KBAJ[PATOB.

Jlo cux mop Mbl paccMaTpuBaU CaMmble MPOCTbIE KOH-
TaKTbl — TaKWe, YTO, €CJU CPejla OJTHOPO/HA, TIJIOTHOCTD
TOKa B KaKJOM ee TOYKe 10 BeJIUYUHE OJHa U Ta JKe U
HampaBjeHa OAMHAKOBO. MOXKHO O6CY:KAaThb ¥ [Jpyrue
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KOHTAKTBI, KOTOPBIE IPUBEAYT K HEO[HOPOHOMY paciipe-
JIEIEHUIO TIIOTHOCTH TOKA, TJIABHOE — Y4TOODI 9TH KOHTAK-
ThI YIOBJIETBOPsiIM TOW ke cummerpuu (puc.4,a, 6).
Mauio toro, cam oGpasell He 00513aTeNbHO JOJIKEH ObITh
kBagpatubiM (puc.4,6).

PaCCMOTpeHHbIe BbIIIIE€ 3a/a4l HMMCEIOT OTHOLICHUHE K
cepbe3Hoil 1 TJIyOOKo HayKe. AHTIMIICKHE Hccae0BarTe-
au C.bpoabent n [Ix. Xammepean B 1957 roxy chopmy-
JINPOBAJIM OCHOBHBIE WM, KOTOPBIE TOJIOMKIIN HAYATIO
AKTHBHO Pa3BUBAIOINIEHCS cefiyac TeOpUH TPOTEKAHUS,
WM TEOPHH TIEPKOJIAINH. !

CyTb OCHOBHOW 3a/[au¥l TEOPUH MPOTEKAHUS JIETKO T10-
SCHUTH Ha mpuMmepe oueHnb Gosbinoii (B mpegene — Gec-
KOHEYHOM) mpoBo/sleil KBagpaTHoii cetku. [lepepexem
HEKOTOPOE KOJIMYECTBO CJIy4YaiiHO BbIOPAHHBIX CBSI3el ceT-
Ki, T.€. YacTb KOHEYHBIX CONPOTUBJIEHHI, KOTOPBIMU
obnaata Kaxx/1asi CBsA3b, 3aMEHUM Ha GECKOHEUHBIE CO-
MpoTHBIEHNs. MUHUMAIbHAS KOHIIEHTPAIMS HePa3op-
BAaHHBIX CBs3€l, TP KOTOPBIX TOK MOYKET IIPOTEUb Yepe3
BCIO CETKY, Ha3bIBaeTcsl [OPOroM Iporekanusi. Tak BOT,
pPaccMOTPEHHbIE HAMU CPeJbl, KOTOPbBIE SIBJISIOTCS OHO-
POJIHBIME B CPEJHEM, U €CTh CPe/bl Ha MOPOTe MPOTEKa-
HUSI.

TTo3ske BBISICHUIOCH, YTO CYIIECTBYET TIyGOKast aHAJIO-
rusi MEK/y Teopueil mporekanust u Teopueil (hasoBbIX
[IePEXO0/IOB, U Ha ee OCHOBE Gblja MOCTPOEHA YANBUTEb-
HO KPacHBasi TEOPHUsI KPUTHUECKOTO NoBeieHust dpusnyec-
KX CBOWCTB PA3JIMYHBIX CHCTEM BOJIM3M TIOpOra Ipore-
Kanusi. VIHbIMU cJjloBaMH, ¢ TOYKH 3peHusi (pusnka, nep-
KOJISAIUST — 9TO TeOMeTpuvecKuil (ha3oBbIil TePeXO.

! 1100po61o 06 3motl meopuu MOKHO NPOUUMAMD, HANPUMED, 6
xnuze A.JI.9¢ppoca «Dusuxa u zeomempus 6ecnopsiokas (6vinyck
19 Bubauomeuxu <Keanums), a max:xe é cmamoe mozo xe asmopa
«Ymo maxoe meopusi npomexanusi» 6 xypuane <Keanms («Keanms»
No2 3a 1982 2.).
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3ada4a Jppaella — Cekepella
O BbIMYKJ1bIX
MHOIOYTOlbHMKAaX

B.KOLLIEJIEB, A.PAUIOPOLCKUU

HanyTtcTBune

3ajiavya, 0 KOTOPOH MbI XOTUM TTOTOBOPUTD B 3TOH CTAaTheE,
TI0 [IPaBY CYUTAETCS OJHON U3 JKEMUYKUH KOMOMHATOPHOIT
reomerpun. VICKJIOUUTENbHAS MPOCTOTA €€ TOCTAHOBKH
JIeJIAeT PAcCKa3 O Hell JIOCTYITHBIM ITKOJbHUKY, 2 HETPUBU-
QJIBHOCTb €€ pelleHus U MHOTOYUCJIEHHbIE ee CBS3U C
JIPYTUMH 06JIACTSIMU MAaTEMATHKH CPA3y JKe BbIBO/IST 3aH-
TEPECOBAHHOTO CJyIIATeNsT Ha TepeHUui Kpall COBpeMeH-
HOIl KOMOWMHATOPUKHU. 3a/iaya 3Ta Bo3HuKIa B 1934 rony,
U, XOTS yMeHue ObICTPO CYUTATh HE SBJSETCS, BONPEKN
pacxokeMy MHEHUIO, OTJIMYUTEIbHOW OCOOEHHOCTHIO Ma-
TEMATUKA, KAXK/IbIIl 13 HAC MOMEHTAJbHO COOOPA3UT, UTO
B 3TOM TOJ/ly WCIOJHSETCS POBHO 75 JIET €O [JHSA ee
posxxaenus. He npasna m, kpyraas gata? Yro xx, naBaiite
ee OTMETUM.

MepBble warun
MocTtaHoBKa 3apaun

PaccmoTpuM kakoe-HUGYIb KOHEYHOE MHOKECTBO TOYEK
A Ha IJIOCKOCTU U 3a/JjaJIIMCS, HAallpUMep, TaKUM BOIIPO-
COM: BEPHO JIM, YTO B MHOKECTBe X Bcerja HaiyTcsd Tpu
TOYKH, ABJISIONecsd BeplinHaMu Tpeyroybnuka? Ha nep-
BBIN B3TJISI/], BOITPOC KayKETCsT TPOCTO HEJIETbIM. SICHO ke,
YTO €CJU B | OJTHA WJIH JIBE TOYKH, TO ¥ TOBOPUTD HE O UeM;
ecan ke |[X| 23 (Mommocts X He Memble TPOIKH), TO
BpO/le KaK JIOOble TPU 3JieMEHTa B MHOYKECTBE CJyXKat
BEPIIMHAMU TPEYTOJbHUKA. Tak-TO OHO TaK, Jia He COBCEM:
a YTO eCJIi KaKue-To TPU TOYKU M3 MHOKECTBA A JIeXKaT
Ha O/1HO¥ Tpsamoit? Torjga Bpsj JM yMECTHO TOBOPHUTH O
TPEyroJbHUKE ¢ BepIInHAMU B HUX. U y2K BOBCe HUKY/1a He
TOZMTCS CUTYyalysl, B KOTOPOI BCe TOYKM HAIEro MHOXKe-
CTBa OKAa3bIBAIOTCS <«HAHM3AaHHBIMHU» Ha OJHY IPSAMYIO.
Kopoue, orBeT Ha BOIIPOC HEOXKUJAHHO OTPUIIATEIbHBIN.
OnHako ecam Mbl € €aMOro HayaJa [IOIyCTUM, YTO B
MHOKECTBE X HUKAKUe Mpu mouKu He JexKam Hd 00HOU
npsaMoi, To cpaboTaeT ecTeCTBEHHAS JIOTHKA U TIPH yCJIO-
Bun || 23 Mbl cMOKeM TapaHTUpPOBATh HaJTUuUe TPey-
TOJIBHUKOB B X .

Xopo1iio, ¢ TPeyrOTbHIUKAMHU Pa3o0paanch. A KaK TOT/a
O6CTOAT JIe/Ia € BBITYKJIBIME | YeTbIPEXYTrOJbHUKAMHU, BbI-

! Muosxecmso nasweaemes BHINYKIBIM, €CAU BMecme ¢ 00 bIMU
O0BYMSL COOUMU TOUKAMU OHO COOEPXKUM U BECh OMPE3OK, UX
coedunsiouuil.
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IIYKJbIMM IATUYToJbHUKAMKU U T.1.? Xodercs, 10 ujee,
MOJIYYUThb OTBET B TOH :Ke Qopme, 4TO U B ciydae
TPEYTOJbHUKOB, a MMEHHO: /I KaXaI0To ne€ N, 5 >3,
JKeJIATETbHO OTBICKATD TAKYIO <ITOTPAHUYHYIO»> BEJTMUUHY
g(n) € N, uT06bl B Kask10M MHOKECTBE ) , He COJepsKa-
1I[eM TPOEK TOYEK Ha OJHOU PAMOI 1 UMEIOIeM He MeHee
g(n) snemenToB, HANLINCh 7 BEPIIMH BBIIYKJIOTO N-
yroJbHuKa 1 uto6bl s g (n) — 1 onucanuoe cBoifcTBO He
BbInosHsI0ch. Bor ¢(3) = 3, a uemy pasunt g(4), g(5)
u np.? Boobue, cymectsyior iu (BepHee, KOHEYHBI Ji)
9T BeqnunHbl? Beib BIOJIHE MOXKET CTaThCs, YTO, CKa-
JKeM, J1JIsT JII060TO M HaliZIeTcs MHOSKECTBO X pasMepa m,
B KOTOPOM HET BEPIIUH BBIMYKJBIX [eCATUYTOJTbHUKOB.
Krto 3naer?

[Ipo6aema Ippaema — Cekepenia, K U3y4eHUIO KOTOPOI
MBI TeTiepb MEPEXO/IUM, KaK Pa3 U COCTOUT B OTBICKAHWUU
sesmuun ¢ (n) . Huske Mbl pacckaseM MHOTO HHTEPECHOTO
o0 Hell, a ceifyac cjenaeM He6GoJbIIoe 3amedanue. [l
TTOCTAHOBKHU 337aUll OKA3aJ0Ch OU€Hb BAYKHO ITIPEAIIOJO-
JKUTh, YTO MHOYKECTBA ) He COIEp)KAT TPOEK TOYeK Ha
ofHOU TipsaMoil. B melicTBUTEBHOCTH, TaKoe CBOWCTBO
OYeHb 4acTo paboTaeT B reOMETPHUM, U TIOTOMY JJIsI HETO
MPUIYMAaH CIEIUAJbHBIN TEPMUH: TOBOPST, YTO MHOMKe-
CTBO X C 3TUM CBOWCTBOM HAXOOUMCSL 6 00ueM NoJioKe-
nuu. llpoucxosk/ieHNe TepMHHA CBSI3aHO C TEM, YTO B
HEKOTOPOM €CTECTBEHHOM CMBICJIE <IIOUTH BCE» MHOKe-
CTBa Ha TJIOCKOCTH HAXOAATCS B OOIIEM TOJOKEHUU, —
orciofia W OONIHOCTb. Bmpouem, MBI He CTaHEM 3/1ECh
JaBaTh 60sree TOAPOGHBIE KOMMEHTAPHUH, WHAUE MBI YIiZIeM
CJTMIITKOM JIAJIEKO B CTOPOHY OT HAIIETO OCHOBHOTO MapIil-
pyra. ['1aBHOE, 4TO OTHBIHE, paccMaTpHUBasi MHOXKECTBA
TOYEK Ha IJIOCKOCTU, MbI Gy/IeM TI0PAa3yMeBaTh, YTO OHU
HAXOJATCS B OOIeM MOJIOMKEHUN: WHbIE MHOYKECTBA HAC
MIPOCTO He BOJHYIOT.

Pasbepemcs ¢ yeTbipexyrosbHUKamMu

Ouesuzno, uto ¢(4) >3 (Ha Tpex TOUKax 4YeThIPexy-
FOJIbHUKY B3AThCS HEOTKyJa). Mosker Obith, ¢(4) =4 ?
Pasymeercs, Her. JloctaTouHo IOCMOTPETh HA PUCYHOK 1,
4TOOBI MOHATH 3TO: M300pa’kKeHHbIe HAa KAPTUHKE TOYKH
HaXO/SATCs B OOIIEM IOJIOKEHNU, U, TEM He MeHee, CPen
HUX HET BEPIIUH BBIMYKJBIX YeTbIPEXYTOJIBHUKOB. M TaK,
gl4)=5.

TToxaykem, uTo g(4) =5, T.e. ybeauMmcsi, 4TO B JIO6OM
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3AOJAYA O9PAEIMA - CEKEPEIIA O BBIIIYKJUBX MHOTOYTOJNJbDHUKAX 7

. MHOKECTBE U3 IATH TOUEK Ha TJI0CKO-
CTH €CTb BBIITYKJIbIE YeTBIPEXYTOIbHU-
k. Tyt HaM MOHAMOOUTCS TIOHSITHE
BBITIYKJIOW OGOJIOUKM MHOJKECTBA TO-
yek. I'py6o TOBOpS, suinykids 000-
aouka (KOHEYHOTO) MHOXKeCTBa X —
3TO «HAWMEHBINI» BBITYKJbII MHO-
Pucl. Hetpipe TO9KM royronbHUK, BHYTPH MM HA TPAHUIE
Zgjﬁ/‘f’olz{gﬁggem' KOTOpOro Jesxkat Bce Toukn u3 X . Ha

pUCYHKe 2 IOKa3aHbl MPUMEPDI BbI-
nykJIbix o6omouex. CyiecTByer u 6oJiee CTPOroe OIpejie-
JieHne, HO HaM Ka’KeTCsl, YTO MHTYUTHBHOTO TTOHUMAHUS

Puc2. Bbirykrisle 0605104k

BITOJTHE [IOCTATOYHO, a 3aMHTEPECOBAHHBIN YUTATEID MO-
JKeT o6paTuThCs, Hanpumep, K kuure [1].

[IycTb maHbl TPOM3BOJILHBIE TISATH TOYEK HA TJIOCKOCTH.
PaccMmoTpum ux BBIYyKJIYI0 0607104Ky. JIu60o BHYyTpH Hee
HAIIUX TOYEK HeT, Ju6G0 BHYTPU Hee OlHA TOUYKa, Ju6O
BHYTpH Hee aBe Toukn (puc.3). B nepBbix AByX ciydasx

[ ]
Puc.3. Ba"pl/laHTb/ B3auUMHOIo PacriosioXKeH A AT TO04eK

BCE OYEBU/IHO, & B TPETHEM CJIydae aKKyPaTHOE PaccysK/e-
HHUE YCTPOEHO TaK: TIPOBE/IEM YEPE3 JIBE BHYTPEHHIE TOUKI
IPAMYIO; BBUJLY OGIIHOCTH IMOJIO-
JKEHUs, 9Ta MpsAMas He IPoeT Hil
yepes oIy BEPIIMHY TPEyTrOJIbHU-
ka (puc.4), HO <«3allenuT» cpasy
JIBE €r0 CTOPOHBI; BO3bMEM JIBE
BHYTPEHHUE TOYKU U /IBE BEPIIH-
HBI OCTaBIHIEHCS CTOPOHBI Tpey-

. FOJTbHUKA; MX BBITYKJaas 060104~
Pncd. Cyqan ABYXBHYT- ya y ecTb HMCKOMBIH deThIPEX-
DEHHIX TOYeK

YTOJIbHUK.

HeGonbluoe nmpunyeckoe oTcrtynsiieHme

Kak-To Majio Mbl ZI0 CHX [OP TOBOpUJU 06 HMCTOPUU
npobJieMbl... A OHa OueHb Jaxke poMaHTHdeckas. Habo-
JleHrie 0 TOM, 4TO g(4) =5, cuenama IAcrep Kusiin, U
ona, n pépap Cekeperr, u [Tosr Dpaem 6bmm Tora enre
OYEHb MOJIOJIBIMH JIIOAbMU, cTyJeHTaMu. ViMenHo Kisith
B 1934 rony mpe/sokua MCKATh BBIMYKJbIE YEThIPEX-
YTOJBHUKN B MHOKECTBAX TOYEK Ha ITocKocTH. B 1935
roay Ipzemnt u Cekepenr onmyO0JIMKOBAJIN CTAThIO, KOTOPast
CTaJjia BIOCJE/ICTBUU KJIACCUYECKON 1 B KOTOPOH JOKA3BI-
BaJIUCh MHOTHE PE3YJIbTaThl OTHOCUTE/ILHO BETMYUHbI § 72)
(em. [2D. A B 1936 Trony Kuasiin u Cekepenr noxexu-
Jucb. B cBsA3um ¢ atuM Ipienn HazBand 1pobJeMy, O
KOTOpOU MbI ceifuac roBopuM, «Happy End Problems». 11
JIENCTBUTEHHO, TIPSIMO Kak B ckaske, Cekepern n Kusita
npoxxmu BMecTe 6e3 masioro 70 jieT m yMepJu B OJUH
nenb 28 aprycra 2005 roja.
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N Kusitn, n Cexepent, n P/iell — BEHT'PbI 110 TTPOUCXOK-
nennio. Kositn u Cekepeln sKuJim 1ocJjie BOWHbBI B ABCTpa-
JIUW. DPJIEN Ke CTaJ OJHUM W3 CaMbBIX TTPOJAYKTUBHBIX
MaTeMaTKOB X X Beka. EMy mpuHa//IeKUT OKOJIO TTI0JTy TO-
pa ThICSY cTaTeil To KOMOMHATOPUKE, TeOMETPUH, TEOPUHN
gyuces u p. OH HECKOJBKO pa3 B roJl 00be3Kaja 3eMHON
nrap, MMyTenecTByst ¢ KoH(pepeHIH Ha KOHMEPEHTIHTO.

A 4TO C naTnyronbHNUKamMn?

Kax roBopurcs, ueM gasibliie B jiec, TeM GOJIbIIE [POB.
Pasymeetcs1, oTbicKaHue BeTnuiibl ¢ (5) — 510 Kya GoJiee
CJIOJKHAS 3aj1a4a, HESKeJN Te, KOTOPBIMU MBI JI0 CHX TIOP
3aHuMasch. CXO/y He BIIOJIHE TIOHSTHO Jaske, 4ero ot
ATON BEJIMYMHBI OKUAAaTh. TeM He MeHee, eCTb cpasy JBa
npuMepa, KOTOpble MOKa3biBaioT, uto ¢(3) = 9. 1o npu-
Mepbl U3 BOCbMH TOYEK B OOIIeM MOJOXeHUH u 06e3
BBIITYKJIBIX TATUYTOJIBHUKOB. OHU M300pa’KeHbl HA PU-
cynke 5. Huske Mbl loKaskeM, uto Ha camom zieie ¢ (5) =9 .

Puc.5. /7,0M/\//€,0b/ Y13 BOCbMM TOYEK Oe3 BbIYKIIbIX [TATUYTOSIbHU -
KOB

ITO CTApbIil Pe3yabTaT, W €ro HCTOPUS HEMHOTO TyMaHHA.
Briepsoie on ynmomunaercs ente B 1935 roay B cratbe [2],
rzie oH npunucbiBaercsa J.Makan. B 1961 rogy Ipaent u
Cexepern ony6arkoBasn padoty [3], n Tam y»xe roBoputcst
0 IByX aBTOpax — Bce ToM ske Makan 1 I1. Typane. Ognako
MeYATHBI BapWaHT /I0KA3aTeJbCTBA TTOSBUJICS TOJBKO B
1970 romy. ITotom ObLiu BCSAYECKHE YIIPOUIEHUS, U 3/1eCh
MBI IIPUBO/IUM OJTHO U3 TIPOCTEHIINX PACCY KIAEHUI.
Wtak, mycTh AaHbl AEBSATb TOYEK, 0OPa3yIoNnX MHOKE-
cTBO X OOINETO TOJIOKEHUS Ha TLIIOCKOCTH. PaccMoTpum
BBITIYKJIYI0 060JIOUKY ¢ MHOXKecTBa J . BBuay oGImHoCTH
nosioskenns y 7 He MOKeT OBbITb MEHbBINE TPeX BEPIIUH.
Ecrm y 7 narp wiam Gojiee BEPIIMH, TO BBITYKJIBIH
NATAYTOJBHUK HAW/ICH, ¥ Jajbllle TOBOPUTb HE O YeM.
WNuaue y 7 Tpu nam 4etbipe BepiinHbl. OcTaabHbIE TECTh
WIN TISITh TOYEK M3 MHOMKECTBA [ HAXOJATCS CTPOTO
BuyTpu /. BosbMeM Terepb UX BBIMYKJIYIO 060JOUKY U
HazoBeM ee /. CuoBa: 6oy J msATb u 60Jiee BEpIIHH,
M TOT/Ia NMATUYTOJBHUK Y HAC ToJaydnics, au6o y J tpu
nJn 4eTbipe BepiuHbl... CTOI: a moyeMy, HaIpuMep, He
nBe? Memaer o6IIHOCTD ToJI0KeHust. [ie Torna pasmec-
TaTcs Hegocraomue Toukn n3 X (puc.6)? Ha BHyTpen-
HEM OTpe3Ke BeIb WX
OBITH HE MOKET.
[laBaiite mepeBesieM
nyx. Ha gannom asrarie
MbI IMEEM CJIC/IYIOTLY IO
kapTuHy. Ecsn B 1ipo-
1lecce TIOCTPOEHUST BbI-
MYKJIBIX 000JIOUEK TIsi-
TUYTOJbHUK €llle He Haii/IeH, TO Y HAC TaKUX BJIOKEHHBIX
JIPYT B aipyra o6oJiovek yxke aBe — / u J, W Kakaas u3
HUX €CTh JUOO TPEYrOJbHUK, OO YETHIPEXYTOJbHUK. A

Puc.6. [lovyemy y J He gse Bep-
LLIMHB]
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BCEr0-TO TOYEK JIEBSATH. 3HAUUT, TIPOIIECC MOKHO TIPOJIOJI-
JKUTD.

[TocmotpuM BHYTPD J . Tam, oueBHaHO, OHA, ABE NN
Tpu Touky 13 X . O603HAYNM Yepes i KOJTMUECTBO BEPIIHH
MHOTOYTOJIBHUKA ¢ , Yepe3 j — KOJMUECTBO BEPIINH MHO-
royrosibHuka J , a yepes k — KOJMYECTBO TOUEK BHYTPH J .
[TonsaTHO, UTO MX BBIMyKJAs 060J0YKa K — 3TO TOUKA,
OTPE30K WJW TPEyroJbHUK. B mrore ocraeTcss M3y4nuTb
JIVIIITh YeThIPE CJIy4dast, i BCe OHU N300PasKeHbl HA PUCYHKE
7. Ilo ecTecTBEHHBIM MPUYMHAM, HA30BEM MX CJIYUYASIMU

& B A

Puc7 Cnydam (4, 4, 1), (4, 3,2), (3,4, 2) n (33,3)

(nm eme xondurypanusyu suga) (4, 4, 1), (4, 3, 2),
(3, 4, 2)m (3, 3, 3).

Boo6ie, soipaskenue «koudurypanus suga (i, j, k)»
BecbMa yA06HO, U HAC HUKTO He 3aCTABJISIET MCIIOJIb30BATH
€ro TOJIbKO JIJIs1 HAIUX JIEBATUTOYEYHBIX MHOKecTB. Ha-
npumep, Kouuryparms suga (3, 3, 2) , COOTBETCTBYIO-

astk 8OCLMUTNOUCYHOMY MHO-
JKECTBY, H300pakeHa Ha pH-
cyHke 8.
[lorryctim, MBI TOKa3aJi, 4TO
B JIIOOBIX KOH(UTYPAIIUSIX BH/IA
(3, 3, 2), (4, 3, 1) u
Puc.8. Komgurypaumns smaa (3, 4, 02) BCe-TaKu €CTb Bbl-
(33 2) MY KJIBIH MSTHYTOTBHUK. UTO K,
910 1106€e1a, Belb COBCEM JIEIKO
BU/ICTD, YTO KaK/1as U3 KOH(UTYparmii pucyHka 7 B CBOIO
ouepeib COAEPKUT OJIHY U3 YKazaHHbIX KoHuryparuii (B
(3, 3, 3) raurca (3, 3, 2); B (4, 3, 2) u (4, 4, 1)
yraesamiaachk (4, 3, 1); ¢ (3, 4, 2) Bce u TaK fACHO).

Pas6epemcs criepsa co cayuasmu (3, 3, 2)u (4, 3, 1).
Mmenno sruM caydaaMm nocsdiien pucynox 9. Ha nem
n306paskeHbl aBe 000-
JIOUKU, KOTOPDBIE MBI
HazpiBam J m o K .
[anee, B mepBoM cJry-
yae MbI TOKPBbIBAEM
ILJIOCKOCTb BOKPYT Tpe-
yroabHUKa | TpeMs
! o6JlacTsIMU, BHYTPH
Puc9. Cydam (3,3, 2) m (4, 3, 1) KOTOPBIX HaTNCAHBI

mugper. O61acTh C
HYyJIEeM CTpPOTO OT/ieJieHa OT O6JIacTell ¢ e[UHUIaMM, a
objacTu ¢ eMHUNAMU MEXy coboii nepecekatores (y
OJ/IHOH IpaHuIla IYHKTUPHAsS, a Y JAPYyrod — CILJIOTITHAS ).
CMbICJT OYeHb TIPOCTOI: eCJin, CKakeM, B KaKou-1160 u3
obJiactell ¢ eIMHUTIENH OKasKeTcst OOJIbITIE OJTHOW BEPITHHDI
MHOTOYTOJIbHUKA § , TO, BBUY €T0 BBITYKJIOCTHU, 1 BBIITYK-
JIBIiA TIITUYTOJIBHUK Y HAC B pyKax. VIHBIMU cJIOBaMu, eCJin
MbI TIPEJANOJIOKUM, YTO B Halleil KOH(PUTYPAIIUN BbITYK-
JIBIX TIATUYTOJIBHUKOB HET, TO MBI OKAXKEMCSI BBIHYK/ICH-
HBIMU TIPU3HATH, 4TO Y ¢ He 6oJee NBYX BepiiH. OTHAKO
3TO HEBEPHO, YeM W 3aBepliaercst pazbop ciaydas. TouHo
TaK JKe JeiCTByeM BO BTOPOIl CUTyaIluu.

*
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Ocrascst cayuait (3, 4, 2). Tyr cierka moxurpee.
CHOBa IIOCMOTPUM Ha TIPOMESKYTOUHDBIN YeThIPEXYTOJbHIK
1 BHYTPEHHMI OTpe30K. Biaromaps o6IMHOCTH TOJIOKe-
HUS, CYIIECTBYIOT JIUIIb [BAa BapHaHTAa WX B3aMMHOTO
pacIIoNIOKEHNsI. A NMEHHO, TIpsMasi, coJepiKalmasi oTpe-
30K, IepecexaeT JUO0 COCEHNE CTOPOHBI YeTBIPEXyTOIb-
HUKA, 160 IPOTUBOIOI0KHbIE. [lepBbIil Bapuant nsobpa-
>KeH Ha pucyHke 10 care-
Ba, U B HEM IISITUYTOJIb- 0
HUK JIOBUTCS CpPasy.
Bropoii Bapuant pas-
MellleH Ha TOM K€ pu-
CYHKe CIIpaBa, U B HEM
MBI [JIefiCTBYeM cOorJiac-
HO JIOTHKE TIPe/bI/IyIIIe-
ro a6sana (paspesaeM  puc 0. Cryvaii (3, 4, 2)
IJIOCKOCTD HA YacTH |
BBITICBIBAEM, CKOJBKO BEpIINH BHEIIHETO TPEYTOJIbHUKA
Moryin OBl B 9TH YaCTH TIOTIACTD, He 6y/1b B KOH(UTYpaInn
BBIMYKJIOTO TATHYTOJTbHUKA).

Bce, nepasenctso ¢(5) <9 nokaszamo.

BuaHa 3aKkoHOMepHOCTb?

Hy, aro takoe ynpaxunenue Ha [Q: IpoJo/KuTh 0OCIe-
JIOBATEJIbHOCTD 3, 3, 9, cocTosIyo U3 3HaUeHn g (n) npu
n=3,4,5. Bummo,uto 3=2'+1,5=22+1,9=2%+1.
WNupiMu  cioBaMu, 3aKpajblBaeTcs TON03PEHUE, UTO
g(n) = 2"72 +1. He npasja Ju, Kpacusast ¢opmya BbI-
pucoBbiBaeTcs? Bor xabbl OHA ellle 1 BEPHOIT OKa3aJach!

K coxxasiennio, Bce He TaK TPOCTO. 3a MPOIIIe/IIme 75 JeT
OBLJIO TIOJIYYEHO JIUIIH OJ[HO JOTIOJHUTENBbHOE TIOJATBEPIK-
JIeHVe YTaJlaHHOM HaM¥ 3aKOHOMepHOCTH. JIT06OIBITHO,
YTO TPUHA/JIECKUT ITOT PE3yJIbTatT Bce ToMy ke Cekepery,
KOTOPBIH B coaBTopcTBe ¢ JI.IIurepcom ycTraHoBUI paBeH-
ctBo ¢(6) =17 . Eme 6osee MoGOIBITHO TO, YTO COOTBET-
cTByIomas my6ankanns nossuiach ak B 2006 roxy, T.e.
Cekepent He u3MEHAJ CBOEH 3ajade HA TPOTSKEHUH
CEeMUJICCATH JIET, U TOCJEIHSAS €ro CTaTbs Ha 3Ty TeMy
BBINILIA TTOCTE ero eMepTH. [loaxom, pa3suTtsiii CexeperiieMm
u [Iutepcom, 10BOIBHO HeTpuBUaJeH. VIM yaanoch mpuiy-
MaTb HEKHUIl aJropuT™, KOTOPBIH 3a padyMHOE BpeMs
nepebupaer Bee (CynecTBeHHbIE) PACIONOKEHUS U3 CeM-
HA/IaTH TOYEK Ha IJIOCKOCTH M B KAK/IOM U3 TaKUX
PACHOJIOKEHNN HAaXOAUT BEPLIMHbI BBIIIYKJIOIO IIECTH-
yToJIbHUKA. VHavYe TOBOPS, WX J0KA3aTeIbCTBO B 3HAUYM-
TEJHHON Mepe ONMMpaercss Ha KOMITbIOTEPHBINH Tiepe6op,
KOTOPBIH, KcTaTh, TpeGyeT U3PSIHBIX MAIUHHBIX Pecyp-
coB. B uso6om cayuae onucanme metoma Cekeperra —
[Tutepca BLIXOAWUT 3a paMKHU 3TOH 3aMETKU, W MBI JIUIIb
MOJKEM OTOCJIATh 3aMHTEPECOBAHHOTO YNTATEJSI K OPHUTH-
HaJbHOI pabote [4].

Camy 3akoHOMepHOCTb Idp/ert u Cekepel MOAMETHIH,
KOHeuHo, cpady, u B [2] chopMmynupoBana ux rumnoresa.

Tunoresa 1. Hyeem mecmo pasencmeo g(n) = 2"7% +1.

ITO YTBEP)KJCHUE HUKEM JI0 CUX TIOP HE JIOKA3aHO U He
OIPOBEPTHYTO, YTO HE MOKET HE TIPOM3BOMTDL BIICYATJIC-
HuUA: 75 JIeT TPOILIOo, a BO3 U HbIHe TaM. K cyioBy, dper,
BEJIMKUII COUMHUTEb CAMBIX PAa3HOOOPA3HBIX MaTeMaTH-
YeCKUX 3a/lay, [IPOCJABUJICA ellle M TeM, YTO 3a pellleHue
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CBOMX 33/1a4 OH Ha3HA4yaJ HEKHE CyMMBbI JICHET, DAHsKUPY,
TEM CaMbIM, 3a/la4u 110 <«TpyjaHocTH»>. Kaxercs, camoil
60JBIITON W3 KOTAA-TM60 TPEATOKEHHBIX M CyMM ObLIa
cymma B 3000 gosmapos. A o runorese 1 oH He3a10J1r0 10
coeit cmeptn B 1996 romy mnmcas, 4TO, HECOMHEHHO,
3ariatu Obl 3a ee jokazareibeTBo 500 mosmapos. 3abas-
HO U TO, 4TO 3a ONPOBEep>KEHHE TUIMOTEe3bl OH JICHET He
IpejIarall: BUIUMO, CBITO BEPUJI B €€ CIIPABE/JINBOCTD U
He XOTeJ CTHMYJIUPOBATh JIBHKEHHE MaTeMaTHYeCKOii
MBICJIN B HEBEPHOM, C €0 TOYKH 3PEHMS, HAIPABJICHUH.

C runote3nl 1, MONBITOK JIOKa3aTh €€ M BO3HUKAIOMIEH
BOKPYT 3TOr0 MHOTOIPAHHOI MPO6JIEMATHKN HAYNHACTCS
MO-HACTOAIIEMY cepbe3Has paboTa Haj 3ajadeil. VM B
JlasbHelimeM Mbl 1oropopuM o6 atoM. llpeskie Bcero: a
pasBe MbI I/ie-T0, BooGIe, MoKasaam, uto ¢ (n) < e pus
KaxkJioro n?

Tak noyemy xe g(n) Bcerpa cywecreyeTt?
Heckonbko cnoB o Teopeme Pamces

B MaremaTtuke Bce B3aMMOCBSI3aHO, M WHOH pas /st
pelreHus 3a/1a4i U3 OJHOI 06JIaCTH TIPUXOAUTCS TIpUMe-
HATb cooOpaskeHus u3 obJacteil, KOTOPble, HA MEPBbIi
B3TJISIJ[, MOTYT TIOKa3aThCs BecbMa JaJeKUMH oT Hee. Tak
M 37ech: MbI YBW/UM BCKOpe, UYTO 3ajavya OIpjeia —
Cekepernra nuMeeT HENOCPE/CTBEHHDBIN BBIXO/[ HA KJIACCHU-
yeckyio Teopemy Pamces B komOuHaTopuke. [laBafite
BCIIOMHUM, 9YTO 3TO TaKOe, IIOCTEIIEHHO IIepexo/s OT
MPOCTBIX YACTHBIX CJIYYaeB K HECKOJIBKO 60Jiee CJOMKHBIM
OOIIUM CUTYAITHSM.

Wrak, MHOTMe 4YuTATeNH, BEPOSTHO, CJBIIIATIA TaKOe
KJIaCCMYeCKOe IIKOJbHOe YTBEPKIEHWE: CpPeiu JOObIX
IIECTU YEJOBEK eCTh JUGO0 TPOe MOMAPHO 3HAKOMBIX, 60
TPOE MOMApHO HEe3HAKOMBIX JIo/ell. IJTO YTBEPIKIEHHE
OYeHb JIETKO /I0KA3aTh, U COOTBETCTBYIOIIEE PACCYK/EHUE
KaK/IBIH 6€3 Tpy/ia Tpo/ieaeT caM. 3aMeTHM, KCTaTH, YTO
aHAJIOTMYHOE YTBEPsKJEHNE /JIS TIATH YeJOBeK, BOOOTIIe
TOBOPSI, HE SIBJISETCS BEPHDIM.

Omnucannyio cutyaruio yao6no (n mpunaTo) dopmyu-
poBartb B TepMuHax rpados. /lelicTBuTebHO, peub haKkTh-
YEeCKTH MJIET O TOM, 4TOOBI PACCMOTPETD MOJHDIH Tpad Ha
IIECTU BEPIINHAX-<JIOJAX», PACKPACUTD BCE €T0 Cg =15
pebep B KpacHblii 1 cunuii 1Beta (pe6po KpacHoe — JIo/an
3HAKOMBI, pe6pPO CHHee — JIOAN He 3HAIOT JAPYT APyra) u
y6enuTbcs B TOM, 4TO Jin6o B rpade ecTb TPEYTOJbHUK, Y
KOTOpPOTO Bce pebpa KpacHble, 160 B rpade ecTb Tpey-
TOJIBHUK, ¥ KOTOPOTO Bce pe6pa cunue. [Ipu atoM, omaTh
JKe, JUIS TIOJTHOTO Tpada Ha MATH BepITMHAX TaKOW HOMEpP
HE MTPOXOJIUT.

A BoT m 4yTh Gojee ofliee yTBep:KAeHHe Ha sI3bIKe
rpacdoB. [l M0ObIX HATYPAJbHBIX YUCET S, ¢ CYIIECTBYET
HalMeHblllee HaTYpaJbHOE YHCIO0 7, , obJajaroliee cJe-
aytonmM cBoiictBoM. KakoBo 6bl HU ObLTIO m 2 m, W
KakoBa Obl HU GbLTa packpacka pebep moJHoro rpada Ha
M BepIITMHAX B KPACHBIN U CUHUIT 11BeTa, 60 B rpade ecTb
HOJIHBIN TToArpad Ha § BEpIIMHAX, Y KOTOPOTro Bce pebpa
Kpacuble, qm60 B Tpade ectb mogHbI noarpad Ha t
BEPIIMHAX, Y KOTOPOTo Bce pe6pa cunmne. Hanpumep, npu
s=t=3umeeMm my; =6 .

Tenepp 3ametum, uyTo pebpa rpada CyThb, KOHEUHO,
JIByXaJIEMEHTHbBIE TIOJMHOKECTBA MHOKECTBA €T0 BEPIIUH.
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A 4TO ecqM Mbl OTHBIHE CTaHeM KpacuTb He pebpa, HO
TpeX-, 4eTbIpex-, ..., R-3JeMEHTHbIE TTOJAMHOKECTBA JaH-
HOTO MHOKecTBa? Uem ato xyxke? Huuem! U BoT, Hako-
Hell, TeopemMa Pamcest Bo Bcell cBoel TIOTHOTE.

Teopema Pamces. /[ns m06vix nHamyparonulx wucen
kL,..., 1. cywecmeyem naumenvuiee HamypaivbHoe wucio
my , ob6aadaruee caedyouum ceoicmeom. Kaxoeo 6o nu
OvLI0 M 2 My, ecau Kaxooe k-3nemenmuoe nooMHox e-
cmeo muoxecmea {1, ..., m} noxpaweno 6 o0un u3 r
ueemos ¢ <umenamus 1, ..., ¥, mo nHaioemcs i {1,...1’}
u maxoe I; -anemenmnoe noommoxecmeo T < {1,...,m},
umo ece ezo k -aeMeHmHvle NOOMHOKECINEA UMEIOM UGEM
C uMeHeM 1.

Pesyabrar 11po rpadbl BbITEKAET U3 3TOM TEOPEMbI MIPU
k=2,r=2,1 =5, 1, =t.

Ectb TyT m cBOsSI MajieHbKasl JIOTHYECKash TOHKOCTb,
KOTOPYIO TIBITIUBBII YUTATEJb JOJIKEH, 110 H/ee, 3aMETUTD
cpasy: a 4to ecau k > [; 1npu KakoM-HUOY /b i? CraskeM,
HyCTb no-tpeskHemy k=2, r=2 ,u0 [, =1, [, =100.
B sToMm corydae cpabarbiBaeT IPUHITHIT «BCE KPOKOIUJIBI B
peke Tymua kpacubie». CMbICJ B TOM, YTO PO OTCYTCTBY-
IOIIe AJIEMEHTDI MOXKHO CKa3aTh BCE YTO YTOIHO U, CTAJO
ObITD, 3/1eChb My, = 1. AHAJOTMYHBIC PACCYK/IEHHS ITPUMe-
HUMBI U B IPYTUX MOJOOHBIX CJIydYasiX.

JlokazaTenbcTBO TeopeMbl PamMcest ToJiydaeTcsi ¢ IoMo-
IIHIO MHOTOKPATHON MHAYKITMH 1, OY/[yUH JIeMEHTaPHbIM,
TpebyeT Bce JKe Yepecdyp MHOTO MeCTa [IJIsl CBOETO U3JI0-
JKeHUsT B Harmeil 3ameTke. Ilo cyacTbio, 3TO HACTOJIBKO
KJIaccmyecKnii (hakT, 4TO OTBICKATH €ro IMOJIHOE JOKa3a-
TEJbCTBO HE COCTABJISIET OOJIBIIOTO Tpyaa. Yurartesp Mo-
JKeT 00paTUThCS KaK K OpUrMHaIbHbIM pabotam [S] u [2],
TaK U K Pa3JIMYHBIM TOMYJISPHBIM UCTOYHUKAM Tuma [6],
[7] n [8].

3aMeTuM, 4TO JUIS BEJUYUHBI 7, (PUTYpPHPYIONIEH B
TeopeMe, HCI0Jb3yercss GoJiee WM MeHee CTaHIAPTHOE
o6osnauenue Ry (,...,[,) . B uactHocTu, Mbl yske roBopu-
m, uto Ry(3,3)=6 u R,(1,100) =1. Kcraru, rakux
TOYHBIX PABEHCTB M3BECTHO O4YeHb Masjo. VX nepevenb
npore Beero Halitn B Buknneanu (em. [9]), orkyna ectb
cceplika Ha 0630p [10].

B crenytoniem naparpade Mbl ipuMeHnM Teopemy Pam-
cest ISl IOKA3aTeJbCTBa TOTO, UTo ¢ (1) < oo,

JBa ¢okyca

Ceituac mMbl okasxkeM, uto ¢ (n) < Ry (n, 5) . [leiictpu-
TEJIbHO, TYCTh | — MHOKECTBO TOYEK, COCTOSIIEE U3 HE
Menee ueM Ry (n, 5) anementos. Ilokpacum Bce ueTBepKu
TOYEK B HEM B KPACHDBIN W CHHWIT 1IBETA: €CJIU [aHHble
YeThbIpe TOUKH SIBJISIOTCS BEPITUHAMH BBITYKJIOTO YeThIpe-
XYTOJIbHUKA, 0OBSIBJISIEM YETBEPKY KPACHOI; MHAYE TOBO-
puM, uto oHa cuHss. [To Teopeme Pamces Bo3MOKHBI JBa
BapuaHTta. B oflHOM W3 HUX B X HaliyTcs MATb TOYEK,
cpelin KOTOPBIX BCE YETBEPKU CWHWE, T.€. HET HU OJHON
4eTBEPKM, KOTOpas Obl MOPOKIATA BHITYKJIBIH YeThIPEX-
yrobHUK. Ho 9TO HOHCEHC, TaK KaK MPOTUBOPEYHT YTBEP-
xaennio Kosiin o Tom, uto ¢ (4) = 5. 3uauur, ocraercs
JIMIITh AJbTEPHATUBA, TIPU KOTOPOil B X ecTb n Touex 6e3
CHHUX 4eTBePOK. VIHbIMU CJI0BaMI, BCE YETHIPEXYTOIbHU-
KI, TIOPOXK/IAaeMble ITHMHU TOYKAMU, BBIMyKJble. Takoe
BO3MOYKHO TOJIBKO B CJIyYae, eCJU CAMU 3TU 1 TOUYEK CYTb
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BEPIINHBI BBINYKJIOTO 7-yroJibHuKa (jlokaxute 510). Bee,
HepaBeHCTBO ToJydyeno. He mpaspa jm, yaAuBuUTebHbBIN
TPIOK?

AHaJIOTHYHBIH (POKYC TMO3BOJISIET YCTAHOBUTD U OIIEHKY
g(n) < Ry (n, n) . MonpoGyiiTe NOHATH 9TO CAMOCTOATEb-
HO, UCTIOJIB3YsI CJeIyIOyIo MOACKa3Ky. Bo3bMeM MHOKe-
ctBo X ={xy,...,x,} pasmepa ne menee R;(n, n). Pac-
CMOTPUM B HEM TPOU3BOJBHYIO TPOUKY X X, X
(i < j < k) u norigaum Ha ee BBINYKJAYIO OGOJOUKY
(Tpeyrosbuuk). Ecau, crapTysi U3 TOYKH X; U JABUTAsICh 110
YacOBOH CTpeJIKe BOKPYT 3TOTO TPEYTOJIbHUKA, Mbl BCTpe-
JaeM TOYKH X;, Xj, Xp IMEHHO B TAKOM IOPSIIKE, TO KPACUM
TPO¥KY B KpacHbIil 11BeT. Have — B cuamii. Ha pucynke
11 MbI IpUBOAMM TIPU-
MepbI KpacHO! 1 CUHEH
TPOEK.

Xy x, Wrak, Tenepb Mbl 3Ha-
eM, uto ¢g(n) < e . Ho
HaM-TO BCJIe[ 3a Jp/e-
nrem un CekepenieMm Xo-

Y6 uercst BEPUTH B Kpacu-
ByIio rurnoresdy 1. Cue-

/10BaTeJbHO, XOPOIIOo
Puc1l Cresa KpaCHb/ﬁ TPEYroJsibHYIK, 6I)I CKa3arb 1apy CJOB
cripaBa cuHmY

Xy

s

0 TOM, KaK COOTHOCSIT-
caBenmunnbl Ry (n, 5)
Rs(n,n) n 2"2 +1. K coxanennio, TYT MIOKA BCE JI0BOJIb-
HO ckBepHo. IIpeskme Bcero, O4YeHb MaJi0O W3BECTHO O
ckopoctn pocta ¢dynkmmit Ry (n,5) u Ry(n,n). Us
HEKOTOPbBIX COOOPAKEHUN KaKeTCsl, YTO HPHU OGOJIbIIIX 7
Besuunia Rs(n, n) Bee-taku nomenbine, uem Ry (n, 5) .
OnHaKO CTPOTO 3TO HE JI0Ka3aHo. BuHoil ToMy TO 06CTOSI-
TEJIbCTBO, UTO BCE OLEHKH [IJIsT HYKHBIX HaM duces Pam-
cesi, KOTOpbIe HA JAHHOM 3dTarle Pa3BUTHI HAYKHU Y/AJIOCH
MOJIYYUTh, BecbMa U BecbMa cJjabble. Hampumep, BOT
Jlyuliee, 4To Mbl yMeeM cKazaTb 1po R (n, n) :

2 n
an b
2" < Ry(n,m) <27,
rae a u b — HeKoTOpble KOHKpeTHble uucsia. B so6om
2
cayuae gaxe 2“" pacrer Kyaa ObICTpee, HEsKeH 22 41,

n
ao2” u TOBOPUTH CTPALIHO.
Kopoue, ¢oxycol — okycam, a 1eBatbcs HeKy/1a: Hajlo
JlyMathb JaJblle.

Yalwkn u KpbIWKnN

Ceiiyac MbI OIPE/IEJTNM [[BA THIIA BBITYKJbBIX JOMAHBIX
Ha IJIOCKOCTH — Yaliki 1 Kpbiku. [[iist atoro 3adukcu-
pyeM Ha IJIOCKOCTH KaKyio-HUGY/(b IPSIMOYTOJIbHYIO CHC-
temy KoopauHat (puc.12,@). IlycTb paHbl HaTypasbHbie
yucaa k>3 u [>3. HazoBem k-uawroi nomanyio,
KOTOpas uMeeT k BepmuH ¢ pasHpiMu abcuuccamu (R — 1
3BEHO) ¥ BHelHe HaromuHaeT vamky (puc.12,6), KoJb
CKOPO MBI TJISIIUM Ha Hee Kak Obl CBepXy BHU3 BIOJb OCH
opanHat. AHajsoruyHo onpesesieM -xkpoiury (puc.12,6).
Pasymeercs, cyuiecTByeT Kyga 6ojiee CTPOroe orpejeJie-
HHe KaXX/[0r0 13 BBe/IEHHBIX HaMn 06bextoB. Hanpumep,
B CJIYYae YallKu CyTb B TOM, YTO MHOTOYTOJIbHAs 00J1aCTh,
OrpaHMYeHHast YalIKON U JABYMsI IPSIMBIMHU, KOTOPBIE T1ep-
HNEeH/MKYJISIPHBI 0CH aGCINCC ¥ TPOXO/SAT Yepe3 JIeBblil 1
IPaBbIil KOHIIbI YK, BbIMyKJIa («Haarpaduks yamku —
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Puc.12. HarnqaHoe onpeneneHune daiuek v Kpbliuek

v

BBIIYKJI0€ MHOKECTBO). IIpuBemeM emie s BEPHOCTH
pUMep BBINYKJIOH JOMaHOi, KOTOpas He SIBJISETCS HU
YalIKoil, HU KPBINIKOH 6 Haweid cucmeme KOOPOUHAM
(puc.13).

IToHsiTHO, YTO ecau Mbl HafileM B TOM WM WHOM
MHOJKECTBE [ YaIlKy WM KPBIMKY C 72 BEPUIMHAMEI B
KaKOH-HUOY/Ib cUCcTeMe KOOPJMNHAT, TO
BBIIYKJIbIII #-yTOJIBHUK Y HAC B KapMa- N
He: JIOCTATOYHO COeMHUTDH CBOGO/IHBIE
KOHI[BI JIOMAHOW HEIOCTAIONIUM OTPE3-
koM. Ha camom pnene, BbIpaskenue «B
KaKoH-HUOYIb CcHCTeMe KOOPIIMHAT
MOJKHO CITOKOMHO 3aMEHUTD BbIPAXKEHU-
eM «B JTI060i cucTeMe KOOP/MHAT, /IS
KOTOPOIT Iapbl ToYeKk U3 A He 3a/ai0T
MIPSIMBIX, MAPAJJIEIbHbBIX 0CH i». Hazo-
BEM BCSIKYIO CUCTEMY KOOP/IMHAT C yKa-
3aHHBIM CBOWCTBOM MPAGUILHOU 0.5
X . OTMeTnM, 4TO B OIPEIEJEHHOM CMbICJIE JIJIsI JAHHOTO
A <«IOYTH BCSKas» CHCTEMA KOOPMHAT IPABUJIbHAS.
Pacemorpum, crano Gbith, Bemauuny f(k,I), pashyio
HaMMEHbIeMy [, TakoMmy, 4to s Jio6oro f =f, B
Ka)K/IOM MHOXKecTBe J u3 f TOYeK Ha ILIOCKOCTH U B
KaK/I0# PABUJIBHOM A7 X CUCTEMe KOOPAMHAT HANeTCsT
aubo k-vamika, gu6o [-Kpbiika. B KoHeuHOM cuete
g(n) < f(n n), Tak uto Tenepb Xopouo Gbl MOHATD, KaK
Bester ce6s1 pynkims [ (R, [) ¢ pocToM cBOMX apryMeHToB.

Teopema o yamkax M KpellIKax. M meem mecmo pexyp-
penmmoe Hepasencmeo

FlRAO)<f(k=1,1)+f(k1=1)~1.

Teopemy mokaszanu Ipaem u Cekepenr Bce B TOW JKe
pabote [2]. B craemytomem pasjene Mbl NPUBEIEM UX
paccysk/ienue. 3ameTnn, uto cama sesunna [ (k, [) ouenn
MTOXO0Ka TI0 CTPYKTYpE CBOETO OTpe/eJeHUsT Ha YHCJIO
Pamcess R, (k, ). Omnako 510 BOBCe He 03HauaeT, KOHed-
Ho, uro ¢(n)<R,(n,n) (xoTa ™Mbl u 3HAeM, 4YTO

g(n) < f(n n)).
noKa3aTeanTBO TeopeMbl O YallkaX U KpblWKax

Honosxum n=f(k=1,1)+f(k [-1)—1, zaburcupy-
€M MTPOU3BOJIBHOE MHOKECTBO 4 MOIIHOCTH 7 ¥ JIOOYIO
MIPaBUJIbHYIO UIsT Y cucrteMy Koopaunat. Ham Heo6xomau-
MO IIOKa3aTh, 4To 160 B A ecTb k-yamka, 1160 B X eCTb
[-xppimika. O603Ha4YUM Yepe3 ) MHOKECTBO 6CeX TOUEK,
ABJASIONIMXCS JeBbIMU KoHIamu (k — 1)-uvamexk B X .
JomnycTtum criepBa, 4To B MHOXKecTBe X \ & He MeHblIIIe ueM
f(k -1, l) toyek. Torma au6o B HeM ectb (kB — 1)-yamka,
an6o B HeM ecTb [-Kkpbiiika. OJHAKO TMEPBBIH ciydail
HEBO3MOJKEH, Be/ib X \ & 110 TOCTPOEHUIO HE CO/IEPKUT HU
opoit (K — 1)-yamku. 3HAYUT, B HPEANONOKEHUN
W\ ¥|=f(k=11) B X ectb [-kpbilIKa, 1 Bce B OPS/KE.

|

Puc.13. He 4awka
U HE KPbILLIKE, XOTSH
10X0Xa

IIpe/roIoAKIM TOT/Ia, YTO |QC \ 9/| <f(k-11)-1.Barom
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ciydae
==\ ¥ 2= f (k=10 +1=f (k[ ~1).

CuesoBatesbho, Ju60 B )/ €CThb k-yalika W CHOBA BCE B
nopazake, m6o B ) ectb ([ — 1)-xpbimka. [TocMoTpuM Ha
MPaBbIil KOHEIT 3TOW KPBIIKU. OH CIYKUT JIEBBIM KOHIIOM
nekoropoit (k — 1)-uamku. Ha pucynxe 14 mokasanbr o6a
BO3MOJKHBIX BapHAHTA B3aWUMHOTO PACIIOJIOKEHUST HaIlelt

[

Puc.14. BapuaHTbl B3aUMHOIO PacrioiOXeHNs YaLLuku v KpbILLKM

(I —1)-xpoimku u Hanteii (R — 1)-vamku. B nepsoM cryuae
[IepBOE 3BEHO HAIIEH YalllKU IPEBPAIIAET HAIy KPBIIIKY B
[-KPBIIIKY; BO BTOPOM CJIydae TIOCJe/Hee 3BEHO Haleil
KPBINIKK [TPEBpAIaeT Hally daiky B R-vamky. Tax wuau
nHave, GO [-KpbImKa, Jan6o k-vyamka B X €CTb, U
TeopeMa /[0Ka3aHa.

A Bejib, TTOXKAJIYH, 3TOT POKYC ITOYMIIE TIPEKHUX OY/1eT?

O6 ogHOM KOMOWHATOPHOM TOXAECTBE
_ b b—1
C,.1+C,

mep, [11]). Pacemorpum dynximio F (R, l) k+1 s+H1u
IPUMEHNM K Heil ykasannoe Toxx/ectso. [lomydnm

F (k1) = Ciiits + Civis +1=F (kI = 1)+ F (k=1,1) = 1.

Uubivu ciosamu, Gyukuus F (k, [) yposiersopsier Tomy
K€ PEKyPPEHTHOMY HEPABEHCTBY, Y4TO U MHTEPECYIONast
nac semanna [ (k, [) . Bosee Toro, HeTpyaHo BUIETH, 4TO

F(k3)=f(3.k)=F(k3)=F(3k)=k.

Ortciona, ouesnsno, caenyer, uro [ (k [)< F (k). B
YACTHOCTH,

g(n)<f(nn)<F(nn)=

Bot 6b110 6b1 3710pOBO, ecyu Obl Telepb BAPYT OKasa-
n0ch, uto Gyukims Cy?, He canukoM GbICTPO PacTeT ¢
poctoM n. B cieayionem pasjiesie Mbl IOFOBOPUM 006 9TOM.

Xopo1110 U3BeCTHO, 4TO Cb (CM Hanpy{-

C2n 4t

HeckonbKko c/loB 0 GUHOMMaNbHOM Ko3(ddurumneHTe

HaM XOuercst IPUKUHYTh, KaK GbICTPO pacteT PyHKIMs
C2n + +1. Bo-nepsbix, cinaraemoe 1 mHac cpasy xe He
JIOJKHO GECTIOKOUTD, a BO-BTOPBIX, TOJOXKUM IS Y106-
crBam =n — 2 . Wrak, pacemorpum Cj, . Beromunm erme
OJTHO TOXK/IECTBO:

2m 0 1
2 = C'Zm + C'Zm -t C2m :

13 Hero MrHOBEHHO cJejtyer onenka Cy < 2°™ . B To xe
BpeMs cJjaraemoe sz — camoe 6oJIbIlloe B YKa3aHHOII
CyMMe, a BCeTo B Hefl caaraeMbix 2m + 1. Takum o6pasoM,
22m
2m +1°
CymiectByeT croco6 ele ToYHee OIEHUTb GUHOMHUAD-
HbIil Koadunment. /L1 aToro HaM noTpebyercs 3ameya-
tesabHas Qopmysna Ctupiaunra, jamomas TpubIKeHHoe

C2 m
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snavenne 118 (akropuana. Bor ona:
t
£ = 2t (Ej (1+0(1)).
e

3nech e =2,71... — ocHOBaHUE HATYPAJIBHOTO Jorapudma,
a zarmuch 0(1) osnauaer, uro cyuecrsyer dyukius ¢ or
apryMmesnra f, CTpeMALlasacsa K HyJIO LIPpU ¢ — oo, IIPU
nojicTanoBke Kotopoit BMecto o(1) mosyuuTes TouHOe
PaBEHCTBO.

Dopmyra CTUPIMHTA TOKA3BIBACTCS TOBOJBHO CJIOKHO
cpe/icTBaMKM MaTeMaTuyeckoro anasusa. [lpu skenanuu ee
JIOKa3aTeIbCTBO MOKHO HaiiTu B KHure [ 12]. Mbl ke Jniib

m (27”2)Y
MpUMEHNM ee K BbIpaxenuwio C; =

M

Omnyckas

BbIKJIQJIKM, HAIIUIIIEM OTBET:

m(1+0(1)),

Kopoue, crano nonpUATHEE. Ecam B rumotese 1 ¢purypu-
pyer yukius 2”2, To y,HAC yoKE eCTb BEPXIsis OLEHKA
HOCPECTBOM Betmaunbl 224 uto cpasHuTeBHO HEMLIO-
X0.

CZ m

YTo XXe panbLue?

A JlaJiblile IONBITKU €CJIN He JJOKa3aTb TUIIOTE3Y, TO XOTs
6bl elle HEMHOTO YTOYHUTH OleHKy. TyT 3a6aBHa cama
HCTOPHS TIOCJICIOBATETbHDBIX YJIYUIICHNIT — Kak B TIJIaHe
XPOHOJIOTHH, TaK W B TJIaHE MOJYYEHHBIX PE3YJIbTATOB.
Mp! HHUUETO HE CTaHeM JOKA3bIBaTh, HO JIUIIH BBITHIIEM
YCTaHOBJICHHBIE (DAKTHI.

Urax, nepasencrso ¢ (n) < Cs,. 2, +1 mokasamn dpent
n Cexeperr B 1935 roxy. IlotoM HacTynmmio 3aTwIbe,
poJioJiKaBIieecss Gosbine TrectuaecsatT jer. A B 1998
TO/Ly, UTO HA3bIBAETCS, MPOPBATIO: CPa3y TPHU YTOUHEHMUs!
[IepBoe u3 nux npunajyiexur d.Yaur u P.I'paxemy n

BreuaT/IAeT CBoeil <«3HaumTe bHOCTBION: ¢ (n) < Chy .

Ouu y6panu caaraemoe 1... [lampiie — 6osbiie. /1. Kreii-
tan u Jl.Ilaxtep moOKasajm, 4To BEpHO HEPABEHCTBO
g(n) < Cy% +7—2n. Haxomel, TpeTbero yiryulieHus
po6umcs T.Tor u I1.Bamsrp: g (n) < CY% + 2. Toce-
JIHWN pe3yJibTaT IPUMEPHO B/BOE JIydllle Ppe3yJbTaTa
Ipaema — Cekepernia.

Texyumii pekop/ Taksxe npuHaAaesxuT Toty 1 BanbTpy.
Touabko natupyercs on 2005 romoM. A JoCTUKEHUE BIIOTHE
B myxe Yanr u Tpaxema: g(n) < Ch% +1 npu n>5.

Bce, 6ompiie HUKaKWX TpoABMKeHW. Kraccuueckast
3a/1ava, KyJa Hapoy eil 3aHMMaeTcs, M TaK TSKEJI0 UeT
geno. 3amernM, uto Yanr u I'poxem (oHm, KcTatn, TOXKe
CYNPYTH) PEIIIN OCTe/I0BATh NPUMEPY DpJenia U Ipe/l-
goxkuan 100 go/apoB 3a mepBOe JI0Ka3aTebCTBO TOTO,
uto g(n)<c", rae ¢ < 4. C oaHoii CTOPOHBI, CyMMa
CUMBOJINYECKAs,, a C JPYrOil CTOPOHBI, BCE JIOTHYHO:
ecIM 3a JI0Ka3aTeJbCTBO Tumoredbl 1 mpeamarath 500
JI0JITapoB, TO 3a Kynaa 6oJiee cjaabblii pe3yJbTaT HAJ0 U
CYMMY Ky/la MEHBIITYIO BBICTABJISATL. Brpouem, MoOXeT, n
Jieo ObI TIONLIO TomrycTpee, ecau 6 Idpaem u Yanr
¢ I'psxemom yuurbiBaaum xoTst Obl undmramuio? [la
BPSI/I JIN.
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A Bcerpa nmn g(n) > 2"2 +1?

Kak-to B 60pbbe 3a BepXHIe OIEHKH Mbl COBCEM 1103a0bI-
JIV O TOM, YTO, B CYITHOCTH, MBI TTOKA HE 3HAEM JTa)Ke, BEPHO
nm wepasenctBo g (n) > 2"2 +1. IIpn n <6 oHO, KOHEY-
HO, CIIPaBeJIJINBO, a BOT Jajibliie? Celiuac Mbl JIJIs KAXK/[0TO
7 TIOCTPOMM TIPHMep MHOKeCTBa pasMepa 22, B KOTOPOM
HET BBIMYKJIBIX 7-yTOJBHUKOB. 3/1€Ch MbI Oy/IeM CJIe/I0BATH
Ipaenry u Cekepenry (cm. [3]).

Ipeskse Beero Bepuemcs k Beanuune [ (R, [). Mbr ysxe
suaem, uto f (k1)< F(k,[) = Cf74 +1. Tenepb Mbi 110-
crpoum muoxectso ¥ (k, 1), ne comepxkaiiee Hu k-ua-
IIeK, HU [-KpbIIIEK, HO HUMEIOIIee pa3Mep F(k, l) -1
WupiMu cioBaMu, MBI yOeIuMCsS B TOM, 4TO, XOTS
npo6JeMa OThICKanus Beanunnbl ¢ (1) Kpaiine caoxkua,
Beromoraresibias safaua npo [ (k, [) kyma npoume, u B
urore f(k, )= Cfifs +1. Tlo3xKe MBI HCTIOIb3YEM MHO-
skectBa ¥ (k, l) JUISI TIOCTPOEHUsI UHTEPECYIOIIET0 HAC
npumMepa.

OpranusyeM WHAYKTHBHBIH TMPOIECC TMOCTPOEHUS
F (k, 1) . Basoit nocayskar muoskectsa ¥ (k, 2) u & (2,1).
PasMep Ka/I0ro M3 HUX JOJKEH GBITb PaBEH EJAUHUILE,
HY Tak OJHa TOYKA W BIPSIMb HE COJMEPIKUT HU YAallek,
HU KPbIIIEK.

Jlonyctum, muoxecrsa & (k—1,1) u ¥ (k, [ —1) (#aso-
BEM WX [IJIs KPATKOCTH f W ) ysKke mocTpoeHbl. [ToHsT-
HO, uTo ecid @ 1 Y — HpousBoJbHDbIE HPEOOGPA3OBAHMS
TLTOCKOCTH, TIPEJICTABJIAIONINE COGOTT KOMITO3UIINT TTapaJ-
JIEJIbHBIX IIEPEHOCOB M CKaTHil (pacTsKeHuil) BAOIb KO-
OpAMHATHBIX oceil, To MuoxkectBa ¢ (A) u Y (B)
MO-TIPESKHEMY HE COJIEPIKAT YalleK W KPbIIEK Haexa-
uero pasmepa. Hamma ens — nogo6parb takue ¢ u @,
uro6br O (A)NP(B)=0 u uTo6bl B MHOKECTBE
C=0¢(A)UP(B) ne nosBuracp uu k-vamika, HU
[-kpbimika. Ecau Mbl 1iesb peamusyem, 1o nosryuum (cp.
pasaen «O6 0HOM KOMOUHATOPHOM TOXK/IECTBE> )
IC]=|A|+|B|=F(k=1,1)-1+ F (k, [ -1)-1=

= F(k1)+1-2=F(k1)-1,
u Bce GyJIeT B TOPSIZIKE.

Mpbr BoiGepeM ¢ u W Tak, 4TOGBI BBINOIHSINCH CIELY-
TOTIHE /IBA YCJIOBHU:

1. JlioGas Touka us MuHokecTsa Y (B) umeer GoJibliee
3HAYeHIe KOOPAMHATHI X, HESKETH T00ast TOUKA N3 MHOMKe-
crBa ¢ (A) .

2. ¥YraoBoii koaddutmenT a0001i MPSAMOIi, TPOXOIAIICH
yepes Touky u3 ¢ (4) u rouky usz Y(B), Goabiie, yem y
M060it TTpsIMOit, TIpoxosIIeii yepes napy Touek us ¢ ()
uin napy touek uz Y (B) .

scro, uto Takoil BHIGOP JEerko ocyiiectBuM (mepsoe
JIOCTHTAETCSI TIAPAJIJIETbHBIM TIEPEHOCOM, BTOPOE — CIKATH-
€M BJI0JIb OCH OPJIMHAT, BEJIb U JIBUTATh, W <TLIIONIUTH»
MHO3KECTBA Mbl BOJIbHBI T10 OTAEJBHOCTH). V1 IOHSITHO B TO
JKe BPEMsI, UTO 32 CUET YKA3AHHBIX YCIOBHUI KAk /1as yalika
us ¢ (A ) (ee pasmep 1o onpesieIeHNIO HE TTPEBOCXO/UT
k — 2) MosKeT OBITh pacmmpena He 60ee 9eM OJHO TOUKOI
us Y(B) n xaxnpas xpbiuuka nz Y (B) (ee pasmep 10
OIIPEeEIEHNIO HE IPEBOCXOAUT [ — 2) MOKET ObITh PaCIIt-
pena He Gosee ueM ojHoil Toukoil uz ¢ (4). WubiMu
cioBamu, Hu k-uamku, wu [-kpeimkn B ¢ (A) U Y (B) B
camom giesie wer. Ilocrpoenne ¥ (k, [) sasepiieno, u Ml
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Puc15. Mpouecc noctpoerms  (k, 1)

JIMIID 17151 TIyTel HATJISIHOCTH PUBOANM Ha pUCYHKe 15
IIPOIIECC TTOCTPOEHUs F (k, l) BILJIOTH 10 k = [ = 5.
BepreMca K II0CTPOEHHIO IPUMEPa MHOYKECTBA pazMepa

2" Ge3 BBITTYKJIBIX 72-yToJbHUKOB. [lockosbKy ero dop-
MaJibHOE OMNUCAaHUE .

JIOBOJIbHO MyTOPHOE,
morpoGyeM cpasy co-
3aTh MHTYULUIO C
ITOMOIIbIO KapTUHKH. o
Ha pucynxe 16 u3zo6-
pasKeHbl KOHCTPYK-
i s n =4, 5, 6.,
A UMeHHO, 9TO COBO-
KYITHOCTHU TOYEK, KaK
6bl HAHW3AHHBIX Ha
cBoeo6pasHble IyTH
(cywait n = 4 coor-
BETCTBYET JIeBOIl, ca-
MO KOPOTKOI, IyTe, TOYKHU JIJIS CAYYast 7= 5 PACTIOJOKe-
HbBI Ha CPe/IHed iyTe, a cayyaii n = 6 nokasan cripasa). [Tpn
9TOM TPYIIUPOBKU TOYEK Ha AyTaX TOKE HE C MOTOJIKa

oo oo

Puc16. Kaprurku ipy n = 4, 5, 6

B3arel. [l1g sesoil onu cytb (cBepxy BHU3) F (4, 2),
F(3,3), (24); nna cpenmeit — ¥(5,2), ¥(4,3),
F(3,4), F(2,5); nna npasoit — ¥(6,2), %(5,3),
¥(4,4), ¥(3,5), ¥(2,6). lpasna, npu n = 6 uectb
TOYEK B I[EHTPE JyTH HEMHOTO CJUILINCH, W BCE PABHO
3aKOHOMEPHOCTH y3Kke moutH sicia. Ocranoch Jumiib Gop-
MaJI30BaTh €e.

CriepBa paccMOTPUM Ha KOOPIMHATHOI MIOCKOCTH MPsi-
MOii yroJ1, 06pasOBaHHBIN NPSAMBIMU § = X U § = —X
(MMEHHO TOT, KOTOPBIIT COEPKHUT MOTOKUTETBHYIO MOy~
och x, puc.17,a). 3ateM TpoBeAEM B 9TOM YTy YTy
okpyxkHoctu pajuyca 1 (puc.17,6). Pasmenum ayry na
n — 2 O[IMHAKOBBIE JIy5KKU TOYKAMH X, ..., X,_o , ABUTASICH
cepxy BHu3 (puc.17,6). VIHbIMU cJlOBaMU, BEKTOD, ULY-
il U3 Havajga KOOPAMHAT B X;, TPOXOJAUT MO YTJIOM
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Puc.17. [loctpoeHmne «oxepesiba»

I im

41 9 (n-2) K ocu abciuce. Hakowrelr, Bo3bMeM O/IHHAKO-
Bble KPOIIEYHbIe KPYSKOUKH C IEHTPAMU B X,..., X, 5 H,
nofo6HO GyCHHKAM B OKepeJsibe, HAHWKEM WX Ha HaIly
ayry (puc.17,2). 3amerum cpasy, uTo OyCUHKH JOJKHBI
OBITH HACTOJIBKO MEJKUMU, YTOOBI JTI00ast MpsiMasi, MpoBe-
JICHHAsT 4epe3 Kakme-ym6o JBe TOUKH, MPUHAIIEKAIITIE
pasHbIM GyCHHKaM, nMeJa YTJIOBOH KO3((pHUIMEHT, TI0
MOy TI0 Goubiiuii epuHuibl (T.e. OblIa CKOpee «BepTH-
KaJbHON», HEXKEJIHM «TOPU3OHTAIBHON ).

Teneps pacemorpum Muoxecta & (n, 2),F (n—1, 3),...
.,%(2,n) . Ux cTosbKo xe, ckoabko Gycnnok. CoxaTu-
SIMH T06bEMCST, BO-TIEPBBIX, TOTO, YTOOBI KAXKI0E U3 STUX
MHOKeCTB 6e3 TI0TepPH CBOUX <«YalleYHO-KPbIIIEUHBIX >
CBOICTB MOMEIAN0Ch BHYTPb OYCHHKH, a BO-BTOPBIX,
TOrO, 4YTO6BI JIo6ast mpsMasi, IPOXOASIIas 4Yepe3 [Be
IIPOU3BOJIbHBIE TOUKH <«YILTIONIEHHOT0» MHOXKECTBA, UMeJIa
yIJI0BOI KO3 UIMEnT, 10 MOAYJII0 HEe TPEBOCXOAANIHIA
eqununpl (1.e. GbLTa CKOpee TOPM3OHTAJNBHON, HEKEIN
BepTHuKaabHOI). C IIOMONIBIO TTapaJIebHBIX MEPEHOCOB
saronnM ckatpiit Bapuant F (n—i+2,i) B Gycunky c
IIEHTPOM B X;_,, i = 2, ..., n. O603HAUNM HOBBIE MHO-
JKecTBa, cuidle B OycuHKax, depes J (n—i+2,1).
Takue MHOXKeCTBa TO-TIpeskHeMy He cogepxkar (n — i +
+ 2)-yaliex u i-KpbIleK, IpuIeM |c¢ (n—i+2, l)| =C3.

[Homoxxum

X=9(n2)UT (n-1,3)U..UT (2 n).
dcHo, uTo
X =7 (n, 2)| +|7 (n=1,3)|+...+|7 (2, n)| =

0 1 n-2 _ on-2
= Cn_2 +Cn_2+...+Cn_2—2 .

[Tonartno, k 4yemy umjier neno? Hy, pasymeercs, Ham
0CTaeTCs JIMITh TIPOBEPUTD, UTO JIIO60€ TIOAMHOMKECTBO ¥
B MHO’KeCTBe Y , 97IeMEHTBI KOTOPOTO CJIY>KAT BEPIIMHAMHA
BBITTYKJIOTO MHOTOYTOJIbHUKA, NMEET pa3Mep, He MPEeBbI-
matomunii 7 —1.

Bosmoxnbl aBa BapuanTta. [lepBbrit BapnanT cocTout B
TOM, YTO }/ IEJUKOM CU/IUT B O/IHOI U3 OYCUHOK, T.€. TIPU

nekortopom i umeem ¥ <  (n—1i+2,1). Ho B aTOM ciyuae
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¥ ue comepxxut uu (n — i + 2)-4alIKy, HYU i-KPBILKU, a
3HAYNUT,

W <(@i-1)+(n-i+2-1)-2=n-2.

TakuM 06pa3oM, MbI BBIHYK/IEHBI 0OPATUTHCS KO BTOPO-
My BapuaHTy, B paMKaX KOTOPOIO MHOXECTBO ) uMeeT
HETyCToe TIepeceyeHne cpasy ¢ HeCKOJTbKUMHU OYCHHKAMH.
O6o3HaunM yepes a u b HoMepa caMoii «BepXHeli» 1 caMoii
«HIDKHeH» W3 3TUX GyCHHOK. biarosapst MaXWHAIIIM ¢
yTJIaMU HaKJOHA TIPSIMBIX, KOTOPbIE MBI C CAMOTO HavaJa
OCYIIECTBUJIN, MHOKECTBO TOUEK U3 § B BepXHell OyCHHKe
MOPOXKIAET KPBIMIKY, 2 MHOYKECTBO TOUYEK U3 )/ B HIDKHEN
OycuHKe — YallKy, IpuveM [Js1 J11060ro i Mexay a u b B
6ycutike I (n —1+2, i) cuauaT He 6osiee OJHON TOYKH U3
¥ . CrnenoBaTesbHO, «CBepXy» y ¥ ue Goubiie a — 1
TOYEK, «CHuU3y» — He Gosbiie n — b + 1 Touyek, a B
npoMeskyTke — He Gouipiiie b — @ — 1 touek. Mroro,

Y <(a-1)+(n-b+1)+(b-—a-1)=n-1.
Dy, mocTponsan mpuMep.

Paccraemcsi, HO He HacoBceM

Mpbr yiKe BecbMa [JAJeKO IMPOJABUHYJINCH HA MYTH K
MOHUMAHWIO 3a7aun Ipjernia — Cekepela, HO MyTb TIPO¥i-
JleH e/Ba Jim HamnoJioBuHy. Ceifyac caMoe BpeMs Tepejio-
XHYTb, OCO3HATH MPOYUTAHHOE U C HOBBIM IHTY3UAZMOM
BEPHYTHCSI B OJIHOM 13 OJIMKANIINX HOMEPOB KypHaJIa K
MOKOPEHUIO BEPIIMH Hallell 3aMedyarejabHOIl Hayku. B
o0111eM, CKa3Ka He OKOHUYEHA: NPodoJiKenue ciedyem.
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STOT TaI/IHCTI%eHHbII?I
CIbILLMMbBIV MUP

E.COKOJIOB

OPOIIIO TUXUM ABIT'YCTOBCKUM BEUEPOM CH-

JIETh HA BBICOKOM KpyToM Gepery OKu 1 HabI01aTh

3a OKpyzKarommm MUpoM. JIHeBHas Kapa yKe Clia-
Jla, TIaXHEeT CKOIIEHHOI TpaBoil, B KOCBIX COJHEYHbIX
JIydax POUTCSI MOIIKApa, MBICJIU YHOCSITCS [AJIeK0-/1ae-
KO...

U BOT OJiHAYK/IbI, KOT/Ia I B TAKOM GJIATOCTHOM HaCTPO-
eHnn JI060BAJICST 3aKaTOM, 5T YCJIbIIIAJ HaJl CBOEH TOJIOBOIT
IIyM caMoJieTHOro Motopa. Hekotopoe BpeMst sl cMOTpeT
Ha TYYKY, M3-3a KOTOPOIl CJIBIIIAJICS 3BYK, HO CAMOJIET HE
nostBJsiicst. Y BAPYT KpaeM riasa st 3aMeTuI, 4TO CaMoJIeT
MPOMEJIBKHYJT B IPOCBETE MEXKTYy 00TaKaMu, HO COBCEM He
B TOM MecTe, rze g oxugan (puc.1).

A 3a amum 004dKOM
'Y o HAXOOUICH CAMOTCMm
. \
-~
~
Y N X
H3-3a amozo obaaxa Goli ~ A
CABLULEH 36K CAMOAeNd 2] % \
N X
& ~
X
4

Puc. 1

«[a, nan maxy! — mogyman . — KoneuHo, MOXHO 6B1JIO
6bI JIETKO COOOPA3UTh, UTO TOUKA, B KOTOPOI MBI BUIUM
caMoJIeT, ¥ TOYKa, B KOTOPOH MbI CJIBIIIIAM CaMOJIET, — 3TO
coBceM pasible Touku. Besb 110ka 3ByK J0ieT /0 Hac u3
TOYKU A, caMoJieT y)ke CMeCTUTCS B TOUKY B».

3a yKIUHOM s pacckasasr 06 3TOM Ka3yce CBOUM O/I0Te -
HbIM — Y4YaCTHUKaM JIETHEIO IIKOJbHOIO Jlarepsd — B
KayecTBe MpUMEPA TOr0, YTO B JIOOOM, [a)kKe MPOCTOM,
Jiesie cyeyeT TPUMEHSTh JIOTHYeCKOe MBIIIJIeHNe, a He
MoJIaraTbCs JIUITh HA MPUBBIUKY.

A dyepe3 HEKOTOpPOe BpeMsl pOJuJicd mepBblil [y1aBHbIN
Bonpoc. Kak Bcerja, Hayan Asekcanzp.

— HTepecHo moryvaeTcs: To, 9TO Mbl BUANM, U TO, U4TO
Mbl CJIBIIIMM, — 3TO COBCEM pasHble Belliu. Torja orcioja
BbITeKaeT, yTo Mup, KoTopblil Mbl BUJuUM, 1 Mup, KoTo-
PBIIl MBI CJIBITIIAM, — 3TO COBCEM HETOoXokne Mwupbi!?

— Hy u uro, nogymaenb, — BMentanach Tarbsana. — Mbl-
TO JKUBEM, 110JIarasch Ha 3peHue.

— A KTO BUepa 3a6JIyIUJICS B MOJIOJHSIKE M, €CJTH Obl HE
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IIPOIIIeJT T0e3/1, 10 cuX mop GJayxaan Obl 110 Jecy? A Belb
J10 JKeqre3HOl goporu 66110 Beero 50 metpoB. TobKo BOT
HUYEro BUJHO He OBLIO, a CJBIIHO GbLIO TTOE3/T XOPOIIO.

— U B okeane jjaxke B YNCTON BOJIe HUYETO HE PACCMOT-
putib gaspiire 20 MmetpoB. Eciu 6bI He 3ByKOBBIE COHAPHI,
MOJIBO/IHBIE JIOJKU 3aXOJUJIH Obl B 4y;KUE TOPTHI, KaK K
cebe oMo, A nenbduHBI? A KamasjoTbl? A Jerydne
MBbIIIIN ?

— Urak, moasejemM utor, — BMelascs B crop s1. — Bce
COTJIACHBI, YTO CJIBIIIUMBIH MUP MOKET ObITh HACTOJBKO
JKe BaKHBIM M TIOJIE3HBIM, KaK U BUJIUMbIN MUDP? A ecjiu
TakK, TO JaBaliTe BBIICHUM, KaK K€ YCTPOEH HTOT TaWH-
CTBEHHBIH CJAbIIUMBIH MUup. [l 9TOro HaM moHa06uTCs
COBCEM HEMHOTO: ojiHa (popMyJsia M JIOTHYECKOe MbIIILIe-
HUe.

MepBasa ¢opmyna v noruyeckoe MbillsieHMe

Haunem, Kak 0OBIYHO, C Pa3yMHBIX YIIPOIIEHUI.
[IycTb Ha HEKOTOPOT TIIIaHEeTe S IMe3, TIOCKOH Kak CTOT,
HET HU TOP, HU JIECOB, HU 00JAKOB, OT KOTOPBIX MOT Obl
OTpasKaTbCs 3BYK, a €CTb JUIIb HaGII0/aTeN b, HAXOIs-
muiicst B Touke H, n A B
caMoJeT, JeTSIuil 1Mo — < X
[PSAMOI ¢ IIOCTOSHHON I 0 e
CKOPOCTHIO ¥ Ha BBICO- - i
te h (puc.2). 3a HoOJIb ",

oTCcYeTa BpPEMEHU MBbl
MPUMEM MOMEHT, KOr-
Jla camoJier OGyjier Ha-
XOJIUTHCS TIPSIMO HaJl HabmoaaTeseM. [Ipu Takom Bbibope
3aKOH JIBUKEHUST camoJieTa OyieT MMETh BU/]L

x. (t)=ot.

Jlersammit camosier 6y/ieT Terepsb /I Hac MPOCTO UCTOY-
HUKOM 3BYKa, KOTODbIi MOPOXK/aeTcss BUOPUPYIONNMHA B
pabote JieTaaaMu MOTOpa U TypOYJEHTHBIMI PEAKTHBHBI-
MU CTPYSIMH M PaCIIPOCTPAHSETCSI BO BCE CTOPOHBI €O
CKOpOCTBIO 3ByKa ¢. Habuoiatesb, KOTOPOro JIydiie, 110
[IpuMepy 10/IBOJHUKOB, Ha3BaTh CJIyXauoM, BHUMATEIbHO
BCJIYIINBAETCS B IPUXOAANINI K HEMY I'yJI caMoJIeTa, a Mbl
MPHUCTYIIaeM K BBISICHEHHWIO TOTO, UTO K€ OH CJIBIIIHT.

Hamry riaBryto pa6ouyio (hOpMyJIy MBI TOJYUNM, €CJIH
nepesBeieM Ha MaTeMaTHYeCKUI 3bIK yiKe CKasaHHble
BBIIIIE CJIOBA: <«IIOKA 3BYK JIOWJET /0 Hac U3 TOUKu A,
caMOJIET yXKe CMeCTUTCS B TOuKy B». CpuesaeM 3TO Tak.
ITyctb camosieT B MOMEHT BpeMeHHM T HAXOJUTCSI B TOUKE
A ¢ xoopaumHaToO#l X, = 0T. 3BYK, M3JIy4YECHHDBIH B 3TOT
MOMEHT, HAauMHAeT PaCIPOCTPAHSTLCS BO BCE CTOPOHDI.

Puc. 2
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Yro6bl JI0fiTH 10 HabJI0AaTe s, eMy Ha/J0 MPOHTH PaccTo-
anme Jx2 +h*, s wero emy mnorpebyercs BpeMs

At = \/xcz + 1 /c . IloaToMy MOMEHT BpeMeHU M3JIy4eHUs

3ByKa T W MOMEHT BpeMEHH ¢, KOTJa CJIyXad YCJBIMINT
TpumeImnil K HeMy 3BYK, CBSI3aHBI cJenyforieit hopmMy-

JIOM:
Ja2 + i Vo + i
=T+ .

C C

t=1+ (1)
ITo ¥ ecTh Ta (popMysa, KOTopas MO3BOJUT HAM Pasol-
paTbhCs C JIETAIOIUMU CAMOJIETAMHE, €CJIH, KOHEYHO, HAC HE
[IO/[BE/IET JIOTUYECKOE MBbIIILIEHNE.

— BbI Hac Tak mpexpyrnpeskiaeTe O JOrHYECKOM MbIIILIe-
HUW, YTO MOJKHO TOAYyMarb, OYATO HAC KAET YTO-TO
crpamrnoe. Ho, yectro ckaxy, popmy.ia (1) amuno Mie He
KaKeTCs YKACHO CJIOKHOI.

— Koneuno, Hama ¢opmyJia coBceM He CTpalIHas, XOTs
n3 Hee MBI ceffqac 6yzeM mosydaTh U 6ojee TPOMO3IKIE
bopmyabr. [leo saech B APYToM — He 3allyTaTbCs B
nmoxokux repmunax. Cmorpure, v — aro...

— CkopocThb camoJieTa.

— IIpaBusbHo. A c...

— CKOpOCTb 3BYyKa.

— Bepuno. A Temepp Bpemena (Toumee — MOMEHTBI
BpeMeHH, HO OCTaBUM TaK /i KpaTkocTu) T u ¢(T).

— IlepBoe — ato BpeMms, Korja ObLI U3Jy4YeH 3BYK, a
BTOpPOE — 3TO BPEMsI, KOT/Ia TOT 3BYK YCJbIIIAA HAGJIIO-
natesb. IlpuyeM MOKHO TOBOPHUTDH O 3aBUCHMOCTH BpeMe-
Hu npuxofia ¢(T) OT BpeMeHM M3JaydeHHs T, a MOKHO,
Hao60pOT, HAHTH W3 TepBoil (HOPMYJbI, Kak T 3aBUCUT
oT t:

0%t - \/0202152 + (02 - 02)112

’
C2—02

(2)

T=t+

1 TOBOPHUTb O TOM, B Kakoit MomeHT T(¢) GblL1 u3IyueH
3BYK, IIPUIIEANINIT B MOMEHT ¢ K HabJ/Ii0arTeio.

Vupaxkunenue 1. Ioayunte uz dpopmysnsr (1) dopmyry (2).
[[JIH 9TOro BaM IIPpUAETCA PEINUTb KBa/I[paTHOE YypaBHEHUE W
BBIGPATD HYKHBIH KOPEHbD.

— Hy uro ke, noka Bbl He 3anyTtajuch. Momoanbl! Ho
TOT/Ia BOT BaM /[Ba TIOCJIETHUX TIOXOKUX TEPMUHA: KOOP/IU-
HaTa caMoJieTa X, ¥ KOOPIUHATA 3BYKOBOTO H306pasKeHUs
camoJieTa X,, — g MMelo B BUJy TOYKy A Ha TpaekTopuu
camoJieTa, n3 KOTOPOH K cJIyXady MPUXO/UT 3BYK B MOMEHT
Bpemenn t. (Pasymeercs, GbLIO0 OBl TIpaBUJIbHEE TEPMHUH
«3BYKOBOE M300paskeHue» mucaTh B KaBbrukax.) OTBeThTe
Ha TaKol BOMPOC: €CJIN Ha 9acax cJiyXada BpeMs £, TO 4eMy
PaBHBI B 3TOT MOMEHT KOOpAWHATA caMoJjieTa X, M KOOp-
JIMHATA 3BYKOBOTO M300paskeHns X, ? Bot n 3ajymannce.
Cwuerneii! BosMOXXHO, BaM HOMOXKET CJeiyIolee yIpaskHe-
HHUe-II0ICKa3Ka.

Ynpaxnenne 2. Kakue ¢pasbl onpejesisgior oJHy U Ty Ke
TOUKY: @) TOUKA, B KOTOPOI ObLII H3JIyYeH TIPUIIIE/IINH B TAHHBII
MOMEHT K CJIyXady 3ByK; 6) TOUYKa, B KOTOPOIi B JaHHbI{i MOMEHT
HAXO/IUTCS 3BYKOBOE M300pasKeHHe; B) TOUKA, B KOTOPOH B
JaHHBIH MOMEHT HaXOJUTCS CaMOJIET; T) TOYKa, B KOTOPOIi
HAXO/JMJICS CaMOJIeT B TOT MOMEHT, KOT/Aa ObLI M3JIydeH 3BYK,
KOTOPBIN ceifuac CJBIMINAT CayXad?
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— Mnb1 InoAgAyMaJi 1 petinjiun, 4To

X, =ot, x,, =0t(t).

— IlpaBusbHo!

A Teriepb 6ysieM CTPOUTD TpadUKH, HJIOCTPUPYIOIIHE
moJTydeHHbIe HaMu hopMyaibl. Ha pucysake 3 mpezcrabJie-
HO, KaKk BpeMsi IIPUX0/ia £(z) 4
sByka t(T) saBmcur ot /"
BpeMeHU M3Jyuenus T, f §
T.e. «u3o6paskeHas Gop- o
myaa (1). Dror rpaduk wel/
MBI TTIOCTPOWJIU TI0 TPEM / s
toukam. B kauecTBe 1ep-
BOIl TOYKU MBI B3N
caMyio IMPOCTYIO TOYKY
1=0. lus nee popmy- 5, 5
Jga gaer t = hjc. B ka-

JecTBe BTOPOIl B3fTa «TOUKa» T — +oo, KOTJA CaMOJET
YIAJIUTCS 04€Hb-0U€Hb JaJieko oT cayxaua. /lus Hee

Vo2 +0 ( vj
1 T.

r

-

= T,

Bl 4

Cc

f=T+——— =
c

— A g 1 6e3 BbIYHCJIEHUN MOTY MOJYYUTh 3Ty hopmyy!
Benpb ecan camMosieT OueHb-OYEHD JJAJEKO, TO TAKyI0 «Me-
JIOYb» , KaK BBICOTY /2, MOJKHO HE 3aMeyaTb U CYUTATh, YTO
CJIyXau CTOUT TIPSIMO Ha TPAEKTOPUU CAMOJIETa. A B 9TOM
cydae BCe TIOJIyYaeTcs O4YeHb HpocTo 6e3 KOpHel u
teopembl [lndaropa. Ecau camoser Jjietesr BpaBo BpeMst
T, TO 3ByK OyJeT uatu o6paTHO /10 CJAyXada elle BpeMs

v
At = —T u npujer K cayxadyy B MOMEHT BpEMEHU
c

v v
t=T+—-1=|1+—1|T
c c
— Orsmuno! TTokaskute caMu, 4TO JIJII TPETHEN «TOUKU»

T— —o0 (CaMO]IeT €lie O4eHb-O4Y€Hb JaJIEKO OT CJIyxaqa)

rnoJsydaercsa
t= (1 - 9) T.
c

ITUX TPeX «TOUEK» Y3Ke JOCTATOYHO, YTOOBI TOCTPOUTD
rpaduk. A ecsu ecTb Kakue-HUOY/Ib COMHEHUST, TO MOYKHO
YTOUYHUTDL Jetasn rpaduKa € MOMOIIbIO KOMIIbIOTEpa.
I'naBHoe B aTOM rpaduke Apyroe: Ajd KaxI0rOo MOMEHTA
t, maiimercs cBoil MoMeHT T,. Ha o6bruHoM s3bike aTO
O3HayaeT, YTO B KaX/blii MOMEHT BpeMeHU ¢ cJyXay
CJIBIIIUT TIYM CaMOJIETa, «BH/JWUT» 3BYKOBOIl 06pa3. DTo
TOT 3BYK, KOTOPBIN OBLT M3Jy4eH B MOMEHT BpPEMEHH
T, =1(f) B TOuKe ¢ KOOpAMHATON X, = OT(f).

— TouHo, BYepa Mbl CJBIIIATA IIYM TPAKTOpa B Jiecy
3a/10JIT0 JI0 TOTO, KaK OH IIoKa3aJjcd Ha omyuike. Jymamu,
9TO OH 3/1eCh [IeJIaeT, 0KA3aJ0Ch — CPyOJIeHHDIE I€PEBbs
BBIBO3UJI U3 Jieca.

Ynpaxknenue 3. ['1e HaxoanuTCs 3ByKOBOE H300paKeHNe CaMO-
JleTa, KOrjla caM caMOJIeT HaXOJUTCS Hajl cayxauom? A rjue
HAXOJHJICST CaMOJIET, KOTJIa 3BYKOBOE M300pakeHHe CaMoJieTa
HaXO0/IM1JIOCh Ha/l CJIyXa‘{OM?

Bropoii noJie3nblit pakT, KOTOPBIN MbI MOXKEM U3BJIEYD
13 MOCTPOEHHOTO TpaduKa, 3TO TO, YTO OH HAM ITPAKTHYEC-
KU f1aeT rpad ik 3aBUCUMOCTU KOOPAUHATHI H300PaXKEHUSI
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OT BPEMEHHU — OHO IPOCTO IIPOIOPIHOHATBHO T (t) :
0%t — \/c2v2t2 + (02 - 02)h2

2 2
c -0

Xy, = 0T(t) = 0| t+

EuMHCTBEHHOE — OCH HA/I0 TTOMEHsATb Mectamut. [Torydaem
PUCYHOK 4, Ha KOTOPOM 320/THO € KOOPJAMHATON 3BYKOBOTO

nso6pakenus x,, (kpac-
. Hag JIMHUSA) TIPEICTaB-
JieHa U KOOpJMHATa ca-
Mosera X, = ot (cunss
JIMHUSA).

— CmorpuTe, Hosyda-

"-m,\ _\.": =t

€TCsI, 9TO 3BYKOBOE N300~
paskeHune camoJieTa J[BU-

Ax |, JKeTcsl HepaBHOMEPHO!
Cnavama paccrosgane Ax
Puc 4 MesK/ly N300paskeHneM n

CaMUM CAMOJIETOM COKPa-
I[AETCSA, a 3aTeM YBEJINYNBACTCS.

— Jla, B CJBIIIUMOM MHUpE U300PasKEeHUST PABHOMEPHO
JBUKYIUXCS TIPEJMETOB JIBIKYTCS HEPABHOMEPHO, € YC-
KopenmneM. HaiiTu cKOpocTh M306pakeHus MOKHO CTaH-
JIAPTHBIM MYTEM — TI0 OTIPE/IEIEHNIO, BBIYUCIUB TPOU3BO/I-
HYI0 OT X, (t) 1o Bpemenn ¢:

2 2
n3 = x]:[3 = UT,(t) :% v 1_ < t
¢ -0 \/c2v2t2 + (02 - 02)h2
I'paduk cropoct u3obpaskenus MpUBeeH HA PUCYHKE
(kpacnas yuaus). JIJ1s HAIIMX BOCHMUKJIACCHUKOB 00bsIC-
HIO J[BE TJIaBHbBIE OCO-
v, () P
v, GeHHOCTH 9TOTO Tpadu-
_______________________________ Ka momporie, 6e3 mpo-
U3BOJIHBIX.
\ Kora camouier Haxo-
JIUTCSI €llle OYEHb Jlajie-
Ko or Hac (T — —eo ),
MBI C OYEHb XOpomiei
Puc 5 TOYHOCTBIO MOJKEM 3a-
nmcarhb

=(1_9)T’ xM3=Z)T(t)— ° t.

c 1.2
c
Boi BusiuTe, uto 3/1€Ch U306parkenue ABIKETCS PABHOMED-
HO CO CKOPOCTBIO, GOJIbIIEIl CKOPOCTH CaMOJIeTa:

0

o = o
c
WN3o6pazkenne mpITaeTcst TOTHATH caMoJieT!
— A urto OyJeT B JIPYTOM IIPE/IeJbHOM CJIydae, Korja
caMoJIeT yKe YJIETUT JIaJIeKO-JaJeKo OT Hac?
— A tam

1+— 1+2
C C

t:(1+9)r,xm=vr(t)= oty =2
I [

CxopocTb M3006pa’keHNsT MEHBbIEe CKOPOCTH CaMoJeTa,
n3o6paskeHne HEOTBPATUMO OTCTAET OT camoJieral
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Yupaknenune 4. Uemy paBHa CKOPOCTb M300pPa’kKCHUS B TOT
MOMEHT, KOT/Ia PACCTOSIHUE MEXK/y HUM U CaMOJIETOM MUHUMAJIb-
HO? A 4eMy PaBHO 9TO MUHUMAJIBHOE PACCTOSHUE?

MpbI yKe TOYTH TMOJHOCTBIO COCTAaBUJIM KApTHUHY IPO-
HCXOJISAIIEr0 U MOXKEM HAapUCOBATh <«KUHOIJICHKY» BCEX
co6nITuii. TOJIBKO, AT TOTO YTOOBI PUCYHKN MOJIYIHINCH
WHTEpecHee, TNpejaraio CHaO[UTh HAIl CJIBIIUMbBIN MID
ele ¥ 1BeTOM. Bbl 3Haere, oYeMy MbI BUJUM HPEIMETbI
PA3HOIBETHBIMU? IJTO CBSI3AHO C TEM, YTO IPUXOJAIINE K
HaM CBETOBbIe KOJIeGaHUSI MMEIOT pas3Hble 4acToThl. Ha
pucynke 6 Mbl M300pasuIM I[BETA PAAYTU U YKA3aJH,
KaKas 4acToTa KaKOMY IIBETY COOTBETCTBYET.

1 7.26-10" I'y

4,47-10" I'n

4,96-10" T
5,22-10" '

5,64-10" Ty
6,12-10" Ty
646'10” T

Aeamuiii Duoaenmo6iil

TFoayboit
1 3eaemuiii

Kpacnwii
| Opamxeavtil

Puc. 6

ICw.'w.'.‘

— Ho y nac-to ogun camoJieT 1 o/iHa 4acToTa U3Jydae-
MBIX KoJieGanuii!

— [la, yacToTa HCIyCKaeMoro caMoJIeTOM 3BYKa OJHa U
Ta e (910 — pasyMHOE yIIpoIAoNee MPeANnoIoKeHne),
HO BOT CJIyXad CJIBIIIAT 3BYKHM Pa3HBIX YacTOT, B 3aBUCH-
MOCTH OT TIOJIOSKEHUS 3BYKOBOTO M306pakeHus. M3meHe-
HUE YaCTOTBI 3ByKA B 3aBUCUMOCTH OT JIBUKEHUS MCTOYHM-
Ka usBecTHO B (pusuke Kax apdexr [lomaepa. A gymarto,
YTO KaK/IbIH U3 BaC HEOAHOKPATHO HAGJIIONAJ €T0 B JKI3HHU.
Hampumep, Korja MUMO HAac TIPOHOCHUTCS Ha OOJIBINOMH
CKOPOCTH HACTOSIIMIT Gaiikep, 3BYK MOTOIUKJIETHOTO MO-
TOpa MeHsIeT CBOI TOH OT IIPOH3UTEJIbHO BBICOKOTO, KOT/1a
6aiikep TpHOIMIKAETCS K HaM, J0 HHU3KOTO, KOTAA OH
yaajgercd oT Hac. BoT Tak ke n3MeHdercs M TOH IIyMa
CaMOJIETHOTO MOTOpPa, KOTOPBIH CJBIINT Hall CJayXad.
[laBaiiTe cemaeM cooTBeTCTBYONNH pacueT. TogbKO cHA-
yaJia — HeGoIbIoe 3aMedanne. Ecom s Tpu pasa yaapio mo
CTOJIy, CKOJIBKO Y/JIapOB YCJBIIINAT AJeKcaH/p?

— Koneuno, tpu.

— A cKoJIbKO yzapoB ycabimmt TarbsgHa?

— Toxe Tpu.

— Wrak, o6uuii BoIBO: rie Obl HU HAXOJMJICS CJIyXad,
OH BCerjla yCJBIIUT OJHO U TO K€ KOJUYECTBO YIapoB,
BO3TJIACOB, KOJIEOAHUN U T.II.

Hy, a renepb 0603HauaeM 4acTOTy M3/JIyIaeMOro caMoJie-
TOM 3BYyKa 4epe3 V, M HauuMHaeM paccyx/JaTb. IlycTb 3a
He6OJIbINOoN MTPOMEXKYTOK BpeMeHH AT =T, —T; CaMOJeT
U3JIyYUT 3BYKOBYIO BOJIHY, cojepskalylo N = VyAT KoJie-
GaHwii. ITOT 3BYKOBOI CUTHAJ NMPUIET W K HAGJII0aTeIo,
1 OH TOXe HacumTaer B HeM N KoJieGaHWUIl, TOJIBKO
CJTBITITATH OH OY/IET HTOT CUTHAJ B TEUCHWE IPYTOTO TIPOMeE-
KyTKa Bpemenn, a umenno At =t(T,)—¢(1y). Ilostomy
OH BOCIIPMMET IMPUIIENNN CUTHAT KaK 3BYK yKe JIpyTroi
YacTOTbI

N At

VZ_ZVO_'
At At
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Iro u ectb hopmy.aa Jomaepa. Ornomenne AT/At MokHO
crenatb 60see yAOOGHDBIM, €CJIU JOMHOKUTD YUCJIUTENDb 1
3HaMeHaTesb Ha CKOPOCTb caMoJieTa!

At oAt 1AGt) 1Ax, v,

At oAt o At v At v
Torpa dopmyna aag CABIIIUMONE YacTOTbI TTPUHUMACT
OuYeHb KPACUBBIN BUI:

Z)]/13

V=V, )
UYeMm 60JIbIlie CKOPOCTh M300PaKEHWSI, TEM BBIIIE TPUXO-
Jasanmil 3ByK. Y rpaduk M3MeHEeHUs 4acTOThI B 3aBUCH-
WP zaocm OT BpEMeHU

puc.7) MOJTHOCTBIO

""""""""""""""""" coBrajsiaer ¢ rpadu-
KOM CKOPOCTH U306~
\ paxenusi. Korma ca-
Vo MOJIET JIETUT Ha Hac,
____________ Vol . To———=—— uacTOTa 3ByKa yBe.H-
> YHhBaeTcd, a Korja OH
Puc 7 t mpoJieTeJl MUMO U
yJaetaeTr OT Hac —

yMenbinaercs. [loaromy maBaiiTe pacKpammBaTh HAIIN
3BYKOBble H300pasKEHUsT TaK, 4TOOBI WX I[BET COOTBET-
CTBOBAJI 4aCTOTe CJBIIIKUMOTO 3ByKa. [lis camoil BbIco-

KOH 9acToThl Vy =V, BbIOEpPEM 3€JIEHDBIN IIBET, a

1
1-v/c
JUIA CaMOii HUBKOI 4acTOThI v, =V, ﬁ — KPAaCHBIN.

+ 0/C
Temnepb y Hac mosydaercss cJeAylonias «KWHOKApPTUHA»

npoucxopgmero (puc. 8). 3eseHblii-3e/1eHbLI 3BYKOBOI

1
i1
i
r:
r
I
V
',l
FQ
v

Puc. 8

camouier (M) ¢ GOsIbIION CKOPOCTBIO Mpecienyer Ge3Msi-
TEKHO JIETSTUH MaseHbKnii o6braHbI camosetnk (C).
On npubamkaercst Bce 6JKe W OJIMKe W MOYTH JOTOHS-
€T €ero, KOTJa <IpOoJeTaeT» Haja HabmaoaTeseM. 3BYKO-
BOI caMOJIET TTOUYTH TOTOB TIPOTJIOTUTH OOBIUHBIH caMoJie-
THK, HO CUJIbI TOKUAAIOT ero. CKOPOCTh €ro yMeHbIaeT-
cd, M OH HauMHAeT oOTcraBarbh. Ero LBET CTAaHOBUTCS
SKEJIThIM, 3aTeM OPaH’KEBBIM, a MOTOM Ha Hebe ocTaercst
JIMNIb MaJIeHbKasi KpacHast TOUKA.

Pasroop 6b1s1 oKOHUEH. Bce 3aBOPOKEHHO CMOTPEJH,
KaK Ha 9KpaHe HOyTOYKa CHOBAa M CHOBA Pa3bIIPbIBAJIaCh
JlpamMa KMU3HU Pa3HOIBETHOTO 3BYKOBOro o6pasza. UM Tyt
poausics BTopoil I'maBHBIN Botpoc.
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— A 9TO ecJm caMoJIET CBEPX3BYKOBOH ?

— Ecum camosieT cBepX3BYKOBOI, TO B CJIBIIIIMOM MIIPE
Pa3BOPAYMBAIOTCS TaKhe COOBITHS, KOTOpbIe HE CMOKET
COYMHHUTD Jlake MCKycHbIN (anTazep. Ho HaM 1o cuiam
paszobparbcst CO BCEM U B ATOM CJIydae, ecju Mbl Oy/ieM
oruparbest Ha dopmyJibl. DopMysibl y HAc Bce TOTOBDI,
TOJIDKO JlaBaiiTe BBEJEM /LIS YIPOIIEHUS 3alUCH HOBOE
o6o3HavYeHE:

Mm=2
c
B wecTp aBcTpuiickoro yuenoro Ipucra Maxa, aTto ymcJio
HasbIBaercst yncaoM Maxa. /[y 103BYKOBBIX CKOpOCTeil
(v < ¢) OHO MeHbIlle eJIMHUIIbI, A /I CBEPX3BYKOBBIX
cropocTeii — 60bIe eHAIBI. COBpeMeHHbIe HCTpeduTe-
JIN, HAIIPUMeP, JIeTaloT Ha CKOPOCTSIX, /IJIST KOTOPBIX M =
=2 — 4, a 119 MeTEOPHUTOB, BIETAIONINX B HAILY aTMocpe-
Py ¢ KocMuyeckuMn ckopoctamu, M > 10.

Yucno Maxa u HoBble popMyIibl

Wrak, ¢popmy.ia (1) Tenepb npuHUMaeT BUJ

k2
E=T+ |MT+= .
C

Yucno M B nHameMm ciydae GoJibllie €/[UHUIIBI, TT03TOMY
KauecTBeHHO usMenstercs rpaduk saucumoctu ¢ (1) — on
MOKa3aH Ha pUCYHKe 9.

3aMeTH/II pa3HuILy? 1

— Jla, 3/1eCh B OTpHIIA- /
TEJIbHOI 00IACTH aCUM- <y {
[TOTA W/IET Y3Ke BO BTO- == .?/ 4
POM KBaJIpaHTe. T |

— A Temepb camoe B >
raaBuoe. JleTaniuii Taen Top t

MUMO CJIyXada caMoNeT  pPyc 9
M3Jay4daeT 3BYK BO Bce

MOMEHTBI BpeMeHu OoT T — —< 0 T — +°°  a BOT BCerjaa
JI CJIBIIINT 3TOT 3BYK CJIyXad?

— Her, ne Bcerna. Ha rpadure (cm. puc.9) Buano, 4ro
A BceX T BpeMs NpuXoja 3Byka K cayxady ((T)
60J1blile, YeM HEKOTOPOE t .

— SlcHo, Besb ¢ — 9TO TOT NEPBBIIl MOMEHT, KOT/IA CIyXau
YCJIBIIINT 3BYK, T.€. YBUIUT 3BYKOBOE N306pakeHne caMo-
JleTa.

— /Jla, a mocsie 3TOrO MOMEHTa OH OY/JeT BUJETH (B
n300pasKeHUs, BEIb TEepb s KasKI0To ¢ GyIeT yKe /[Ba
KOPHS: T, U Ty . Mbl ysKe BbIpaka/iu BpeMs U3/Ty YeHU A
T yepes BpeMs Ipuxo/ia 3ByKa t. Mcmoabays uncao Maxa,
JUIsT KOpHEH Temepb MOXKeM 3aIucaTb

2 2
T - M2t2_u_t ,
oM c?
2 2
1 2,2 (M _1)h
T

Itn GOPMYJIbI MO3BOJSAIOT HANUTH TOT TEPBBI MOMEHT,
KOTIJIa cJlyXad yCJBIINT 3ByK. B a10T MOMeHT 06a KOpHS
COBIIQ/IAIOT, T.e. MOAKOPEHHOe Bbipaxkerue (AMCKpUMU-
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18 KBAHT -

HaAHT KBaﬂpaTHOFO ypaBHeHI/IH) oépamaeTCH B HOJIb:
(M2 - 1)h2

CZ

M - 0.
OTCIO]:[a HOJIy‘{aeM Bpra)KeHI/Ie IJI A MOMCHTa HepBOHa-
IIaJII)HOI‘/JI BCIIBIIIIKH ;

h/ 1
ti=— [1—-—.
! c M?

Yupaxsenue 5. Uemy
PaBHBI B 3TOT MOMEHT KOOP-
JINHATDI CaMOJIETa U €TI0 3By~
KOBOTO U306PasKeHUs?

H =

N
o Cd

ol h

HerpyaHo mokasarb,

: 4TO Tpeyroabuuk M
H

(uso6paskenne), C (ca-

mozer), H (uma6mona-

tesb) (puc.10) st MOMeHTa ¢ TPSIMOYTOJIBHBINH U UTO

yros o mpu Bepinune C ecTb yroa Maxa, T.e. sina = 1/M .

Puc. 10

Yupaxuenue 6. /[oxaxure aro.

— Hrax, MbI TOTOBBI MOCTPOUTb «KUHOKAPTHHY» TOTO,
YTO MPOUCXO/UT B CABIIINMOM MUPE IIPU TIPOJIETE CBEPX-
3ByKkoBoro camosiera (puc.11). CHauasma Bech CIIbIIMMBIiT
MHp IHOTpy:KeH BO TbMy. Huuero ne BuaHO ciyxauy B

Puc. 17 7

HOUYHOM HebGe. U BAPYT B MOMEHT BpeMeHU ¢, 1O/ HEKOTO-
PBIM YIJIOM O K BEPTUKAJU OH CKOpee UYBCTBYET, YeM
BUINT B HeGe IpUaiilnyio BCbIKy. Ee 1iBeT HaxoauTcs Ha
npejiesie BOCIIpUATHI cayxada. OHa faxe He roay6ast n He
(puronerosas, a yaprpaduoseToBas uin gaske peHTT€HOB-
ckasi. YUepes MIHOBEHHUE 3TO CBETOBOE ISATHO PACIIaIaeTCs
Ha JiBa 06pasa — OJIMH U3 HUX, Troy6oro IBETa, JETHT C
IPOMAJIHOM CKOPOCTBIO BIIPABO, APYTOil, cuHe-huoJeTo-
BbIii, C ele 6GOJIbIlell CKOPOCTHIO JieTUuT BJeBo. Co BpeMe-
HEM JIBIKEHWE 3THX 00Pa30B 3aMeIJISAeTCs, Kak ecau Obl
MeX/y HUME JIefICTBOBAJIA CUJIA MPUTSIKEHMS, TOPMO3si-
mas ux pasier. CKOpoCTb JieBOro o6pasa MOCTENneHHO
ciager o oy =cM/(M —1)=c¢/(1-sina). Jersuwuii
BIIPaBO 00pa3 3aTOPMO3UTCH €llle CUIbHee — JI0 CKOPOCTH
v, =cM/(1+ M) = ¢/(1+sin Q) , Menbeii ckopocTH 3By~
Ka. M3mensiorcss u 1Bera o6pa3oB. IlpaBbiii U3 cuHero
MPEBPAIAETCS B 3€JEHDIH, TIOTOM OH CTAHET JKEJThIM,
OPAH’KEBBIM U B KOHIIE KOHIIOB MTPEBPATUTCST B MAJIEHBKYIO
KPaCHYIO TOYKY B IPABOIl MOJIOBUHE TOPU30HTA, a CJIeBa OT
HabmoaaTess Oy/ieT c1abo MepliaTh MajJeHbKas 3eJIeHOBa-
Tasl 3BE3/I0YKA.

— 3m0poBo! A TOJTBKO KakK Bbl Y3HATH O CKOPOCTSX U
4acToTaxX 3BYKOBBIX 00Pa3oB?

— Bo-1iepBbIX, MBI y’Ke BBIYHCJISLIN CKOPOCTb 3BYKOBOTO
nzobpakenusi. Ecan 4yTb-uyTh MOJEPHU3NPOBATH TIOJIY-
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YeHHYI0 HaMH paHee (POpPMYJIy, YTOObI OHA TOAMJIACH IS
0601X KOpHell (3aMEHNTD 3HAK «—» Mepejl KOPHEM Ha 3HaK
«%»), 1 ncnoap3oBath yKCa0 Maxa, To B HAIIEM PacIo-
PSDKEHUN OKaXKYTCs Takue (hOpMYJIbl:

cM Mt
2 * 2 2
M2 -1 e g

I'paduru sTX cropocTeit (cuHuM JTMHII) N306PasKEHbI Ha
pucysake 12. Buano,
YTO B MOMEHT IIePBO-
HAYAJIbHOU BCIBIIIKA
CKOpPOCTH 0060UX 3BY-
KOBBIX 06pa30oB GECKO-
HEYHO BEJIMKU.

BrpoueM, aTo MOX-
HO yCTAHOBWTD IIPOIIIE
— BHHUMATEJbHO II0- 2
CMOTpPEB Ha PHCY-
nok 9. Tousbko nna
3TOTO CJIelyeT TPe]-
CTaBUTh HAYATO (HOPMYJIbI [IJIsI CKOPOCTH H306paKEHUsT
caemyIonmumM 06pa3om:

[ -1

nus3s = xI:IS = OT,(t) =

N
r!uu(‘t)

Puc. 12

S\ v 0

% = =) =0 = A T r @)
CMmoTpuTe, CKOpPOCTb H3006pakeHuss TeM O6O0JIblle, uYeM
MeHbllle 3HaueHne NpoussoAHoil ¢’ (T). A mpoussoanas,
KaK N3BECTHO, paBHA TAHTEHCY yTJIa HAKJIOHA KacaTeJbHOH
k rpaduky. B Touke Mmunumyma dynxmun ¢(T) (B Touke
MePBOHAYATBHON BCIIBINIKI) KacaTelbHash K rpaduKy ro-
pPU30HTAJMbHA, TAaHTEHC YIJIa HAKJOHA PaBeH HYJO, U
MO3TOMY TOJIyYaeTCsl, 9TO CKOPOCTb M300PA’KEHUST B 3TOT
MOMeHT OeCKOHeuHO BeJinka. [laiblile HaKJIOH 06enux BeT-
Beil rpacduKa pacTer, MOCTENEHHO TPUOIMKASCH K HAKJIO-
ny acumnrot. [loatomy u ckopocTu u3o6pakeHuii mocre-
MEHHO YMEHDBINAIOTCs, NPUOIKASICh K CBOUM Ipeesb-
HBIM 3HAUEHUSIM.

Urto KacaeTcs I[BETOB, KOTOPbIe MBI MPUTIHCHIBAEM 3BY-
KOBBIM M300pa)KE€HMSIM, TO MBI JOTOBOPHJINCH BBIOMPATDH
UX COTJIACHO CJIBIIIMMOIL CJyXadyoM dactore, a oHa (Mbl
MOKA3aJIK 3TO) MPSIMO MPOMOPIUOHATBHA CKOPOCTH H300-
paxernns. IloatoMy ueM GoJibIlie CKOPOCTD, TeM GOJIbITIE
JOJDKHA OBITH 4aCTOTA M TEM «TOIy6eii» T0JKeH OBbITh IIBET
n300paskeHns 3ByKOBOTO 0Opa3a Ha HaleM pucyHke. Ecim
JUIsT TpeieJbHON 4YacTOTbI IPaBOro M306paskeHus

Vo
Vy = ——— MBI paHbllle BbIGPAJU KPACHBIH 1IBET, a JIJIs
1+ M v
__ Y% .
YaCTOTbI JIEBOIO U300paKkeHus Vq = A _q  3eacviii, To

Te 04€Hb GbICTPbIE M306PasKEHNsI, KOTOPbIE TOSABJIAIOTCS B
MOMEHT I1ePBOHAYAJIbHON BCIIBIIIKH, MBI JIOJUKHDBI PHCO-
BaThb CHHNMH, TOJYOBIMH WM Aaske (PUOTETOBBIMU. A
opMyaBI IS v W v, MBI BBIPA3WIN Uepe3 yroa o
MTOTOMY, UTO B CJIBINIIMOM MUpE TJIaBHOH HalI0gaeMoit
BEJIMUNHON siBJIsieTcst He uncjo Maxa M, a yroa o (Mbl
OTCYUTHIBAEM €0 OT BEPTUKAJN), MO KOTOPbIM CJyXay
CJIBIIINT MePBOHAYATIBHYIO BCIIBIIIKY.

— A 1oyeMmy Bbl PHCOBAJIM 3BYKOBbIE 00pa3bl Pa3HbIX
pasmepoB?

— OTUM S mbITajcs OTOOGPasnuTb TO, YTO CJBIITHMAs
MOIITHOCTb CaMOJIeTa TOJKE U3MEHSETCs co BpemeHneM. CMoT-
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pute, MycTh MOIHOCTD u3aydenns ((V)/t t(0/t, )/t

3ByKa paBHa Fj. ITo o3HayaerT, 3)8 / 6)6 8)10 /
4YTO 32 HEKOTOPOe BpeMa AT caMo- & A F g 8

JIET M3JIYIUT 3BYKOBYIO SHEPTHUIO, / /\/ 6

pasuyio AE = B)AT . dueprus 3By- 4 4 2 AN Hl
KOBBIX KOJieGaHUI BMecTe CO 3BY- \ /\/ 4 /

KOM OyZleT PacHpoCTpPaHITbhCS BO 2 9 25 f“'

BCE CTOPOHBI, U YaCTb €€ MOIa/IeT B 0 9 0 S AA

yxo cayxava. Tosbko — BHUManue! =1=0,5 0 05 1 =2 = 0 1 2 -4 -2 0 2 4

— 5Ty U3JIYYEHHYIO 3a BpeMs AT i,
9Hepruio ciyxad 6yer npunumMarp  PUc 13
B TEYEHHE YIKE [PYTOTO IIPOMEXKYT-
ka Bpemenu, a umenno At =t(t,)—¢(ty). Ilousm, urd
9TO O3HAYaeT?

— JTO 03HAYaeT, YTO CJBIIHMMAas MOIIHOCTb CaMOJIeTa
Oy/ieT paBHa

_AE_ RO, 5,
ot ot o

Taxyio MOIHOCTD JO/KEH ObLT OBl NMETh HETOBIKHBII
caMoJieT, YTOObI TaK JKe TPOMKO 3By4aTh /I CJIyXada, KakK
n aewkynmiics. Keratu, ¢popMysia y Hac cHOBa 110Jydn-
JIACD OYEHD MPOCTON: KAK M CJBIIIUMAST YaCTOTA, CJIbIIIN-
Masi MOIHOCTb HPONOPIIMOHAIbHA CKOPOCTH 3BYKOBOTO
obpasa.

— ¥Ypal — 3akpuuan pebsita. Temepb MbI MOKEM HapH-
coBaTh, 4TO TPOUCXOJUT B Hebe CJBINIMMOTO MUPA IS

T/t, 'ty

mo6oro ABIKeHUS camoJieral [l sTOro Ipocro Hazo
IIOCTPOUTb HA 3KpaHe KoMIbloTepa rpadux (yHKIuN
t(1) . Toukn MuHUMYMa GYIyT COOTBETCTBOBATH MOSIBJIE-
HUIO JIByX HOBBIX YJIbTPA(HUOJIETOBBIX M UYPE3BBIYAIHO
OBICTPBIX 3BYKOBBIX 06pa3oB! A TOUKM MaKCHMyMa...

Yupaxkuenune 7. 3akoHuute (pasy.

U Mbl Hauasu cTpouTh pasauunble rpadukn ¢ (T) (tou-
nee, (1) /to , Tiie ty = hj/c) 1ist CBEPX3BYKOBBIX caMOJie-
TOB. MBI paccMOTpes CBEPX3BYKOBOW CaMOJIET, BBITOJI-
Haomuii peskuit nosopor (puc.13,a), kpyskammii Haj
nabmoaarenem (puc.13,6) n ABMKYIIUIACS 10 BUHTOBOR
munun (puc.13,6). Ha skpaHe KOMIIbIOTEPa IIOABJILIUCH
Bee Gosiee u GoJiee CJIOKHDBIE Pa3HOIBETHbIE 06PA3bl. ..

HOBOCTHU HAVYKHU

YCTPOUTE/IN CTONKHOBEHWUIA

(k rpsoywemy 3anycky bonblworo
alpoOHHOro Konnanaepa)

Collider — HOBOe B aHT/IMIICKOM SI3BIKE CYTIECTBUTEIBHOE OT
raarogia collide, T.e. cramkuBarbest. TlepeBecTrt €ro MOKHO Kak
«TO, YTO CTAJKUBAET», UJIH «YCTPOUTEJb CTOJKHOBEHUIT» . BHa-
vase (J1eT mATbJECAT Hazajx) 9TH yCTpoicTBa nMean GoJee
JUIMHHOE Ha3BaHWe — YCKOPUTEJH 3apsDKeHHBIX YacTHI[ Ha
BCTPEYHBIX ITyyKax. CerojiHs Bce rOBOPST IIPOCTO — KOJLIANIEePDI.

CTOJIKHOBEHUS BCTPEYHBIX ITyYKOB YACTUI] TOPA3/I0 BBITO/IHEE,
YeM yIapbl YCKOPEHHBIX YACTHUIL [0 HETIOBIXKHON MUTIEHU. JTO
oTpe/iesIsSIeTCsT 3aKOHOM COXpaHeHusl nMiyJbca. Ilpn yaape mmo
HeHOjIBH)KHOﬁ MUIIEHN 3HAYNTEIbHAS YaCTh KHHETUUYECKOI IHEP-
UM yIIeT Ha TPU/aHKie UMITYJIbCA TPOAYKTAaM CTOJIKHOBEHUS, a
Ha TIpeo6pa3oBaHMs, HAPUMEP HA POK/JEeHHe HOBBIX YACTHII,
OCTaHeTCsI ee MaJast YacThb. [Ipn BecTpeuHoM yape arta 10J1s — Tak
Ha3bIBaeMasi CBETUMOCTb KOJLIalijiepa — 3HAYUTEIBHO GOJIbIIE.
Komeuno, ata ujiest 6bLia sicHa MHOTUM (DU3UKAM, 3aHUMABIINM-
cs1 M3yYeHHeM 2JIeMeHTapHbIX YyacTull. Ho B Hauase ycKopuTeib-
HOM 9pbI IJTABHON 3ajadeil GbLIO caMO YCKOPEHHE YACTHI[, a B
KPYTOBBIX YCKOPUTEJIAX — €llle U CO3/JaHKie MOIIHBIX MarHUTHBIX
moJieil, o6ecreYnBaONX [ABIXKEHIE 10 Kpyry. M yx 3arem
MH)KeHePbI-U3NKN B3SUINCh 32 pellleHre 3a/1aun 00ecIeqeHust
TOYHOCTH TPAEKTOPHI YACTUI[, KOTOPash MO3BOJMJIA ObI CTOJIK-
HYTbBCA ABYM JICTAUIUM HABCTPEUY KPOIIECYHDBIM O6'beKT3.M.

Hauasoch HayyHOE COCTSI3aHNE YUEHBIX M HHIKCHEPOB PAa3HbIX
crpa. B 1954 roxy 12 crpan ocnosasu EBporeiickuii coet 110
sapepubiM uccaenoBanusm — LIEPH, Gasupytommiics B 7Kenese.
K cokanennio, «xo0J10/{Hag BOHA» JIOJITO HE ITO3BOJIdJIa HaIllei
CTpaH€ Yy4aCTBOBaTb B KPYIIHBIX MEXAYHAPOJAHBIX IIPOEKTaX —
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HAIIUM YyUYEHbIM IIPUXO/UJIOCDH JleficTBOBaTh B 0nHOuKy. M Tem
He MeHee, IMEHHO y Hac B KoHIe 60-X roz0oB IPOILLIOTO BeKa B
[IporBuHO BeTymua B CTpPOW caMblii MOIIHBIE B TO BpeMs
YCKOpHUTEJIb ¢ 9Heprueil yckopsieMbix mnportoHos 10 80 ['sB. B
80-e rozpl 3apaboTasu MPOTOH-AHTUITPOTOHHbBIE KOJLJIANIEPH! B
HEPHe — c¢ sneprueit wactui g0 400 I'sB n B depmuenckoi
HaIMOHAJIbHOH JsaGoparopun 6sm3 Ymkaro — ¢ sHeprueil o
1000 I'»sB, T.e. mo 1TsB, mpm KoOTOpOIT CKOPOCTHM YaCTHUIL
OTJIMYAIOTCST OT CKOPOCTH cBeTa Beero Jiutib Ha 0,00005%. Craso
BO3MO3KHBIM ITIPOEKTUPOBATH HKCIIEPUMEHTDI 110 TPOBEPKE CO3/1a-
BaeMoii Teopuu yHJaMEHTAIbHBIX yacTull. M ata Teopus — Tak
Ha3blBaeMas CTaH/apTHAas MoJelb — IPOBEPKY BblepKala.
Bolim nsydensl mapamerpbl ps/ia MpeicKasaHHbIX Teopueil yac-
tHi, HanpuMep W- 1 Z-6030HOB. OCHOBHOI TPYIHOCTBIO 3TUX
9KCIIEPUMEHTOB ObLIO co3fanue cPOKyCUPOBAHHBIX IIyYKOB aH-
THUIIPOTOHOB.

31.03.09, 17:15
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OpnHako K KoHIly 80-X T0/I0B BBISCHUJIOCH, YTO JIJIs1 3aBeplie-
HUS TTPOBEPKU CTAHAPTHON MOJIEIN U PS/Ia APYTUX BOZHUKIINX
npo6JIeM HeOGXOIMMbI SHEPIHU YACTUIL HA TTOPSI/IOK OOJIbIIE — J10
10 ToB. Havausca ouepenoii atamn ronkn 3a sneprusamu. B CIITA
MIPOEKTUPOBAJICS CYTIEPKOJLIaliep, ObLIO 1a’ke HA4aTo ero CTPo-
utesabctBo, HO B 2002 rosy rocyzapcrBenHoe pmHaHCHPOBAHUE
6b110 nipekpaitieno. U waoGopor, B IIEPHe 16 nexabpst 1994
rojia ObLIO TIPUHSITO PEIIEHNE O CO3[AaHUN HOBOTO KoJlIaiiiepa.
B 1999 roy Hayasoch ero CTpOUTENbCTBO, 06JIerdaeMoe TeM, 4To
OIPOMHBII TyHHEJIb y>Ke ObLI COOPY’KEH — B HEM pasMellascs
3JIEKTPOH-TIO3UTPOHHDBIN  yckoputesab. Poauioch n HazBanue
HOBOTO nprGopa — BoJbIoit a/[poHHbIil KoJIaliep, COKpaleH-
Ho BAK. Onpenemunach u 1npubiansuresnbHas CTOUMOCTb — 4
Musmapaa espo. Havanoch 1 ycnenrHo npoucxo/uio (puHaHCH-
poBanue, B KOTOPOM HPHUHAN yyacTre 20 eBPONeiCKuX CTPaH.
Hairre yyacrue B puHaHCHPOBAHUY GbITIO CPABHUTETBHO HEOOIb-
HIMM U KOCBeHHBbIM — 60 MUJIMOHOB 10/171apoB O6beIMHEHHOMY
WHCTUTYTY S/IePHBIX uccaenoBanuii B [ly6He g onsartel Tpy/a
poccniickux (u crpan CHT) ydeHbIX, NPUCOCAMHUBIINXCS K
MEKIYHAPOIHOMY KOJUIEKTHBY IO CO3/IaHII0 IPUOOPOB, B KOTO-
PBIX JIOJKHBI aHAJTM3UPOBATHCS PE3YJIbTAThl CTOJKHOBEHUI Ya-
crul. Poccus BXOUT B MPOEKT Kak cTpaHa-Habiogaress (Bupo-
4eM, B TakoM ke craryce Haxogarcest CIIA u Snonus).

Cpox BBosia B zeiictBue BAKa Obla HapylieH — mpoU30IIIo
HECKOJIbKO HeOOJIbIINX aBapUil, IPUUUHOM KOTOPBIX ObLIa HE/10-
OLIEHKA «COIpoMaras, T.e. ClIOCOOHOCTH MATEePHAJIOB BbIJICPKU-
BaTh OoJsibline reperpy3ku. OKupaercsl 3amyck KoJuiaiizepa
HBIHEIIHeH OCeHbIo.

OCHOBHbIC XapaKTEPUCTHKU KOJLIAii/iepa TaKOBbI. [JIaBHbII
TYHHEJIb, B KOTOPOM HAaXOJATCS KaHAJbl I YCKOPSIOMINX
YaCTHIL, 3TO HE IIPOCTO OKPYKHOCTD, & YETbIPE YT, COCJANHEH-
HbIE MIPSAMOJMHENHBIMI Y4aCTKAMU, I/le TIPOUCXOJUT YCKOPeHue
YaCTHUI] BBICOKOYACTOTHBIMU 3JIEKTPUYECKUMHU TOJISIMHU, YTOUHE-
HUe WX TPAaeKTOpUM M BcTpeya yacTtull. Ha artmx yuacrkax
PAaCIOJI0KEHbI IETEKTOPBI — IIPUOOPDI, AHATU3UPYIOIIIE PE3YJIb-
TaThl CTOJIKHOBeHMi. O6Imas JInHa TyHHeJS MPHOIN3NTETHHO
27 KM, TIOTIEPEYHbIN pa3Mep OKOJIO 8 KM, riyOuHa 3ajieraHus
ryuuess nopsaka 100 M (i ocabaeHns MenaoIero KocMu-
veckoro uzaydenus). TyHnuesnb Haxoaurcs Ha rpauuie HIBeiina-
pun ¢ Opaniueii, B6m3u yKenesbl. JIIOGOMBITHO, YTO TIPUJIHBBI,
BbI3bIBaeMble JIyHOIT (oHEH ecTb He TOIBKO B OKeaHe, HO U B
3eMHOIT KOpe), UMEIOT 3/1ech pasMax Kosebanuii 10 0,5 M, uTO
VBeJMYMBAET IIMHY TyHHeJsst HA 1 MM. Tem ne Menee, morpe6o-
BAJICS YUET 9TOTO0, Ka3aJI0Ch Obl, Ype3BbIlUaiiHO Masoro agdekra.

BAK — He npoTOH-aHTHUIPOTOHHBIH, a TPOTOH-IPOTOHHBIN
KoJtaiinep. TpyaHocTn co3/aHusl Y3KUX aHTUIPOTOHHBIX I1yY-
KOB TIpH HEOOXOJMMBIX 9Heprusax mopsiaka 7 TaB 6bLau cTosb
BEJIMKH, YTO IPOIIE OKA3aJ0Ch OCYIECTBUTD B TYHHEJIE BCTPEU-
HOE JIBUJKEHUE NPOTOHOB B JIBYX OT/IEJIBHBIX KaHAJIax ¢ MPOTHU-
BOIIOJIOKHBIMYM HAIPABJICHUSAMU MarHUTHBIX TMoJieii. Brauase
IIPOTOHBI YCKOPSIOTCA /10 HEOOJIBIIOH SHEPIUn B MAJIOM KOJIbIIE,
JuaMeTpoM nopska 5O M, HOTOM — B KOJIbIIE AMAMETPOM OKOJIO
kuaomerpa g0 sueprun 0,45 TaB. 3atem 3TOT MOTOK MPOTOHOB
pasjBaMBaeTcs, ¥ JBa MOTOKA 110 BCTPEYHBIM ITyTSIM HAIPABJIS-
I0TCS B TJIAaBHDBII TYHHEJIb, I/le UM IIPeJICTOUT ycKopenue /10 7 TaB
(uim g0 ckopoct, coctaisomei 0,999999991 ckopocru cse-
Ta). B 4eThIpex MecTax BCTPEY MPOTOHOB B OTPOMHBIX TTOI3EM-
HbIX 3amax (BBICOTONH 710 20 METPOB) YCTAHOBJIEHBI [IETEKTOPDI.
Oun 13 31X ITPUGOPOB 1P IHA3ZHAYEH /I N3YYEHUS CTOJIKHO-
BEHMIT HE TIPOTOHOB, a TSKEJbIX HMOHOB — HMOHOB CBHUHIA. B
JIETEKTOPAX IMPOAYKTbI CTOJKHOBEHUIl POXKIAIOT, B KOHEUYHOM
cyeTe, UMITYJIbChbl TOKOB, IEPe/AIONecs 110 MUJIJIMOHAM IIPOBO-
JIOB B KOMIIbIOTEPHbIE YCTPOHCTBA, 3aHUMAIONINE OrPOMHbIE
HOMeIIeHns yxKe Ha 1mosepxHoctu. KosmdecTBo atoil nadopma-
mn — merabaiiter (10'° Gaiir) B cexymmy. KommbioTepibie
yCTpoiicTBa NpodUIbTPOBBIBAIOT HHMOPMAIINIO 1 TOJBKO Hanbo-
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Jlee BKHYIO, MO0 WX MHEHHUIO, MEepe/laloT B IJIO0ATBHYIO CETb,
00bEANHSIONIYIO JeCATKU THICSY KOMIIBIOTEPOB Ha TPeX KOHTHU-
Henrax. Takum o6paszoM, BAK — 310 He mpocTo TyHHEJb, a
rpanano3nas Gabpuka co MHOTUMH [EXaMU.

Tenepp — 0 XapakTepuCTHKaX caMoro skcnepuMenta. [Ipoto-
Hbl OYAyT JieTeTb crycTKaMu. KaskAblil CTYCTOK — 3TO HIVIA,
coziepskanias 10" YaCTHUIL U MUMEIoMAas VINHY 3 CM U TOJIIHHY
16 MM (kax cambiil Tonkuii Bosioc). IIpu npoGHOM 3atycKe 1Mo
BCeMY TYHHeJIO Gy/IeT YCKOPSThCS BCETO OJIMH TaKOIl CTyCTOK, a
[IPY BbIXO/Ie Ha pabounii pexxum — 2808 crycTKoB. ITO O3HAYAET,
4TO B JAeTeKropax OyayT cranxusarbcs 600 MUIIMOHOB UIJ B
CEKYHILY.

[lnst obecrieueHNsT IBIDKEHNUST YCKOPEHHBIX IPOTOHOB 110 OK-
PY’KHOCTSIM HEOOXOAMMbBI MarHUTHBIE TIOJI € HHAYKIUEH 10
20 T, a B 0OOMOTKAX 3JIEKTPOMArHUTOB JIOJIKHbBI IIPOTEKATDH TOKH
CUJION B [IeCATKY ThIcsAd amuep. Takue TOKM IPOBOIHUKN 0OMO-
TOK CMOTYT BBIIEPKATh TOJBKO B CBEPXIIPOBO/ISIIEM COCTOSHIH,
JUIST 4eT0 HeoOXOJMMO IOJIepXKaHle TeMIIepaTyphbl, JIHIb He-
MHOTO OTJIn4aonieiics ot abcomoTHOro HyJas. 60 TOHH KUAKOTO
requs OyayT oGectieunBarh Temieparypy He Bbime 1,9 K, no
nepes atuM 10100 ToHH JKUIKOTO a30Ta TOHU3AT TEMIIEPATYPY 10
80 K. [laBsenme B KaHaiaxX TYHHEJS He JOJDKHO TIPEBBIMIATDH
107 Ila.

B akcnepumenre yxe yyactByiorT 3000 noCTOSHHBIX HAYYHDBIX
coTpyAHHKOB 1 6500 mpurIanaeMpIx yaeHbx. Yncao nHxenep-
HO-TEXHIYECKOTO IIEPCOHATA — B HECKOJBKO pa3 OOJIbIIe.

W ns1 wero ke 310 Bee HY>kHO? Benymue busnku He CKyIsATCS
Ha amuTerbl (He TOBOPA YK 06 OKOJOHAYUHBIX SKYPHAIUCTAX):
«dT0 GyJeT 4TO-TO TPAH/MO3HOE», <TPSAYIINE PEBOJIONNN B
(usuke». A KoOHKpeTHee? YBBI, PaMKHU [aHHOI CTaTbu He
[I03BOJIIIOT PACCMOTPETH 3TH OXKUJAHUS HA CEPbE3HOM HAYUYHOM
YPOBHE, a YIPOMIAoNas ByJbrapusanus 3/1eCh HeJOIyCTuMA.
Orpann4uMcsi JIMIIb TE€PEYUCICHUEM OCHOBHBIX HaMeYeHHBIX
1eJsiell 9KCIIepuMeHTa.

1) OOGHapyskeHHe U YCTAHOBJEHHE HEKOTOPBIX CBOHCTB M
nmapaMerpoB PyHAaMeHTAIbHOI YACTUIIbI, HA3bIBAEMOIT 6030HOM
Xwurrca. Jrta 4acTUIIA COBEPIIEHHO «HEOOXOANMAay B TEOPETHYeC-
KOIl cTaHIapTHOW Mojiesqn MUKpomupa. Eciam oHa Bce-Taku He
Oyner oOHapyskKeHa, 1OTpeGyeTcsl Cepbe3Hblil 11epecMoTp Beeit
COBpPEMEHHOI (PU3NKH.

2) Touck cymepyacTuil — TJIaBHbIX MOA03PEBACMBIX B KAUECTBE
OCHOBHOTO COJIep:KaHUsI HeIaBHO OOHAPYSKEHHON «TeMHOIT MaTe-
puu», cocrapsmonieil 95% Bceil Mmaccebl BeeseHHOIT.

3) OGHuapyskeHue CKPBITHIX Pa3MepHOCTENl TeoMeTpun Mupa
CBEPX NPUBBIYHBIX TPEX M3MepeHuii. B yactHoct, B coBpeMeH-
HOI Teopum MUKPOMEPaA 4ncao nameperuii pasao 11. C atumu
HCCJICIOBAaHUSAMM, BO3MOKHO, OYyJIET CBS3aHO M HaXOXK/CHUE
BUPTYaJbHBIX YePHBIX AbIP. BoT 910, He 6e3 moMOoIu 0KOJIOHA-
VUHBIX SKYPHAJINCTOB, OYEHb HCIYTaJo MUPOKYIO OOIIECTBEH-
HocTh. Ho Ha caMoM Jiesie 60SITbCSI COBEPIIEHHOTO HEYeTo — BO-
MEPBBIX, MACCA 3THX OOBEKTOB HUUTOXKHA, & BO-BTOPBIX, OHU BCe-
TaKW BUPTyasbHbIE, T.e. HAXOJATCI B HEKHUX IPOCTPAHCTBAX
JIPYTUX U3MEpPEeHuii.

4) Tponomxenue usydenust (B ONBITAX ¢ YCKOPEHHBIMU HOHA-
MU CBHHIIA) CBOWCTB KBapKO-TJIIOOHHOTO coCcTosHUS (KBapKo-
[JIIOOHHO T1JIa3Mbl), B KOTOPOM HAXOJIMJIOCH BelecTso Beesen-
HOIi cpasy IocJie CBOETO POK/ICHUS.

A Ha odepeam — MUPOBOU (c yaactuem CIIA n Anonun)
IIPOEKT II0 CTPOUTEJbCTBY ellfe GoJlee TPAH/IIO3HOIO YCKOPUTe-
Jisl, HA 3TOT Pa3 3JEeKTPOH-IIO3UTPOHHOTO JIMHEHHOTO KOJLIali/ie-
pa, 3amyck kotoporo mraaupyetcs Kk 2020 roay. [IpeasBapuresn-
Hasl OIIEHKA €T0 CTOMMOCTHU — He MeHee 8 MIJLTHAP/IOB JI0JIJIAPOB.
[leiicTBUTE/IbHO, TI0 METKOMY 3aMeuyaHHUIo akajemuka JI.Apuu-
MOBHYA, <«HAYKA — 3TO CIOCOG YIOBJIETBOPSITH JIOOOIBITCTBO
VUEHBIX 32 CUYeT OOIIeCTBaY.

Jl. Benonyxos

31.03.09, 17:15
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SAHJAYHUK «KBAHTA»

3agayi

JroT paspen Beaercs y Hac U3 HoMepa B HOMEP ¢ MOMEHTa OCHOBaHUS XXypHana. llybnnkyembie B Hem
3aga4yn HeCTaHAapTHbl, HO IS WX PeLUeHUs He TPebyeTcs 3HaHWUM, BbIXOZALMX 33 PaMKU LUKO/TbHOM
nporpammsl. Hanbonee tpyaHble 3a4a4yv OoTMeYatoTcs 3Be3404Kou. [locrne gopMynnpoBku 3anayu Mel
006bI14HO yKa3bIBaeM, KTO HaM ee Mpeanoxws. Pazymeercs, He Bce 3Tu 3a[a4u MyOuKyoTcs BriepBble.

PeluieHns 3afa4 U3 3Toro HOMepa cieayer oTrpas/iaTh He rnosaHee 1urons 2009 roga ro agpecy: 119296
MockBa, JlennHckmuii npocnekt, 64-A, «KBaHT». PewerHus 3agaq v3 pasHbIX HOMEPOB XXYPHAana W o
PAa3HbIM rpeameTam (MatemaTuke v GU3NKe) rnpucbisianTe B pasHbiX KoHBepTax. Ha koHBepte B rpaghe
«Komy» Hanuwwure: «3agayHmnk «KeaHta» Ne2-2009» u Homepa 3a4aY, peLueHNss KOTopbiX Bbl nocbliaere,
Harnpumep «M2124» nnn «D2130». B rpagpe «OT KOro» gpamuivio m UMs pocUM nmucates pazbopymso. B
MUCbMO BJIOXXUTE KOHBEPT C HalUCaHHbIM Ha HeM Baluvm agpecom v Heobxoanmbivi HA6op Mapok (B 3ToM
KOHBepTe Bbl ronyynte pe3ysibTatsl MPOBEPKU peLLeHn). PeleHus 3a4a4 110 MatemMaTuke v gomsnke MoXHO
TIPUCHINIATb TakXKe 110 3/IEKTPOHHBbIM aapecam math@kvant.info u phys@kvant.info coorBeTcTBEeHHO.

YcnoBus kaxxaovi opurnHaneHov 3a4a4u, rpeanaraeMont 4ns nyonukaunm, rnpuceliante B ot4e/1bHOM
KOHBeEpTE B ABYX 3K3EMIISpax BMecTe ¢ BaLumm peluerHnem 31ovi 3a4a4u (Ha KOHBEPTe romeTbTe: «3aaavyHuK
«KBaHTa», HoBasi 3a4a4a o ¢usuke» nam «3agavyHnk «KsaHta», HoBasi 3aga4a Mo MareMaTuKe»).

B Ha4arne Kaxgoro nuceMa rpocum yKasblBaTb HOMEP LUKOJIbI M KJ1acc, B KOTOPOM Bbl y4YuTecs.

3apava M2126 npeanaranace Ha pernoHanbHom 3tare XXXV Bcepoccuiickoi onmmmnmasbl LKO/IbHUKOB
no maremarvike, 3agaya M2129 - Ha | lMpesugeHTckori onumnuage KaszaxcraHa. 3agavya M2130 6bina
HaneyaraHa B bosirapckom xypHane «Matematuka» u rnybavkyercs B «KBaHTe» B paMKax COTPY.AHNYECTBA
¢ Konneramu U3 bosrapnn.

3anaun @2130-D2132 u @2137 npegnarannce Ha rnepsom Type MocKoBCKoV roposcKo ommMmnnasbl

DN3NKE

LLIKOJIBHMKOB 110 ¢I43MI( e.

3apaun M2124-M2130, ©2130-D2137

M2124. ITyctb n > 3 —HaTypasbHOE YUCJIO, & X, Xy, ..., X,
— II0JIOJKUTeJIbHbIE YUCJIA, Y/IOBJIeTBOPIOLINe PaBeHCTBAM
xl = xxy + x5 = x5 — X9 X3 +x§ = ...
— .2 2_ .2 2
s T T XXy T X, =X, XX X
IIpu xakux 17 MOXKHO yTBEP>KAaTh, UYTO YUCAA Xy, Xy, ..., X
paBHbBI?

n

B.Cendepos

M2125. Buucannag B tpeyrojibHuk ABC OKPYKHOCTb )
kacaetca cropon CA n AB B toukax By u C; coorser-
crBenno. Touka D, orimunag or By u C;, Haxoaurcs Ha
paccroguun AC; or toukun A. Ilpampie DB; u DC;
repecekaioT BTOPOH pa3 OKPYKHOCTb ) B TOUKax B, u
C, . Hokaxure, uro B,C, — AuaMeTp OKPYXKHOCTH ),
MEPIEeHNKYJIAPHDIH 0Tpe3Ky DA.

P.JKenodapos

M2126. Ha Beuepunke kommanmio 13 20 yesoBek Tpedyer-
cs1 ycaauTb 3a 4 crosia. Paccagka HasbIBaercst ydaunotl,
ecau OObIE JIBa YeJOBEKa, OKA3aBIINECS 32 OJHUM CTO-
JIOM, SBJISIOTCS JPY3bsIMU. BBISCHUJIOCH, YTO yHAauyHbIC
paccaJku CYIIeCTBYIOT, IIpUYEM IIpU JIOOOH yIauHOI
paccajike 3a KaK/IbIM CTOJIOM CH/IST POBHO TI0 O YeJIOBEK.
KakoBo HamboJibiiee BO3MOKHOE KOJTMYECTBO TIap /Ipy3eit
B 9TOW KOMITAHWUM?

I1. Kosxxesnuros

M2127. BuyTpu BeTBH runepOOIIBI X = 4f y2 +1 pacnoJio-
JKeHBI OKPY’KHOCTH (Y, 0, G3,... TaK, YTO MPU KaXK/IOM
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n > 1 OKPYKHOCTD W), KacaeTcsi THepOOoJIbl B IBYX TOUKAX
U Kacaercst OKPY)KHOCTH ), ;, @ OKPYKHOCTb ) HMeeT
pamuyc 1 n kacaercst runep6oan B Touxe (1, 0). Jokasku-
T€, YTO [IJIsi JIHOGOTO N PAjnyCc OKPYKHOCTH (), DaBeH
HATYPaJbHOMY YHUCJY.

B.Pacmopeyes

M2128. Bacs ormetusn 10 KJIeTOK B KJeT4aTol TabuIie
10 x 10 kaerok. Beerga mm [lets mosker BbIpe3aTs U3 3TON
TaGJIUIIBI TT0 JMHUSM ceTkn 19 durypox Buga

TaK, 4To06bl PUTYPKU HE COAEPIKANN OTMEUCHHBIE KJICTKH?
U.Bozdanos, O.Iloorunckuil

M2129. Haiigute Bce mapbl HATypaJbHbBIX uncesa n > 1 n
k, nns xoropeix 1" +2" + ...+ (n - 1)" =nk.
B.Cendepos

M2130. [lan twiockuii (HEBBIYKJIbINH) IHECTHYTOJbHUK
ABCDEF, B xotopom AB = DE, BC = EF, CD = FA,
ZLFAB =34ZCDE, ZBCD = 3ZEFA, £DEF = 3£ZABC
(3/1€CH UMEIOTCA B By BHYTPEHHUE YTJIbI MHOTOYTOJIbHHU-
Ka, HEKOTOPbIE M3 KOTOPBIX MOTYT ObITh Gosbire 180°).
N3BecTHO, 4TO HUKAKHUE [IBE CTOPOHDI IMIECTUYTOJbHUKA HE
napaJssenbhbl. Jlokaxkure, uro npsameie AD, BE u CF
[epecekaioTcsl B O/HON TOYKe.

H.Benyxos (Boazapus)

31.03.09, 17:30
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®2130. YpaB pemna yCTAaHOBUTb MUPOBOIl PEKOPI B
MPBIKKAX B BBICOTY CPEIM YJABOB. Y/1aB MOXKET W3
MIOJIOJKEHWST «CBEPHYBIIUCH JI€XKA» BBIIPSIMUTBCS MOYTH
BEPTUKAJIBHO U PA30THATHCS 10 CKOPOCTH 0. [lyimHa Y 1aBa
L. Kakum mMoxer 6bITh pekopa? Kak /0/KeH JABUTaThCs
Y aaB, uToObI yCTAaHOBUTH peKopa? Macca Y iaBa pacrpe-
JleJieHa 1o ero JIJIMHe PaBHOMEPHO.

C.Bapaamos

®2131. l'opusonranbuas niaardopma, Ha KOTOPYIO MOJIO-
KU 63 HauaabHOI CKOPOCTH TPY3 Maccoil 712, COBepIIIaeT
f pas B cekyH/y Takue KOJeOGaHNs: CHAYAIA OHA JIBIKETCS
BIIPABO C MOCTOSIHHBIM YCKOPEHHEM ¢, ITOTOM MTHOBEHHO
OCTAHABJINBAETCS 1 BO3BPAIAETCS] B HAYATIBHOE TIOJIOKE-
HUe C TIOCTOSTHHBIM ycKopeHmeM a /2. Koadduiment
TPEeHUs MeXKy Tpy3oM U Tmardgopmoii | < 1, yckopenwue
a > g, 4acrora f>1 Tu. B kakom Hampas/eHuu u 1o
KaKOMy 3aKOHY OyJeT ABUTATbCs TPy3, W OyaeT J OH
BooOTIe ABUTarbest? CUuTarb, 4TO CKOPOCTDH JIBUXKEHUS
rpy3a BCerja MHOTO MeHbIlle MaKCUMAJIbHOI CKOPOCTU
JIBUKEHUS TLIAT(OPMBIL.

A.Andpuanos

®2132. Opun u3 xouros U-o6pasHoit TpyOKH MOCTOSTH-
HOTO CEYEHUS C HAJTUTOH B Hee PTYTHIO HATJIYXO 3aKpbI-
Ju. Bo3mayx B 3aKpPBITOM KOHIIE TPYOKU CTATH MEIJIEHHO
HarpeBaTb, U3Mepsisi 3aBUCHMOCTb €ro JaBJEHUs p OT
temrepatypol 7. Kak okasajoch, aTa 3aBHUCHMOCTb B
Havaje HarpeBaHUs MPUOIMKEHHO SIBJISIETCS JTMHEHHOM:
p=py(1+a(T/Ty -1)), tae p, = 760 mm pr. cr. -
atMmoceproe faBnenue, 1, — TeMmIeparypa OKpysKalo-
meit cpexapl, koabduiument o = 0,5. Haiiaute BbICOTY
cTosi6a BO3/lyXa B 3aKPBITOM KOHIlE TPYOKH B Havaje

porecca.
O.Illsedos

®2133. Ilposossiiue KoHIeHTpUUYECKIEe Chepbl UMEIOT
paauycel R u 3R, Ha paccTosiHuM 2R 0T nX 00IIero 1eHTpa
HaxouTcs ToueyHblit 3apsag Q. Cdepbl cOeMHAIOT MEKIY
c0o60ii TOHKUM MPOBOJOM, ¥ MOJYYHBIIHICS TPOBOIHUK
3a3eMJISTIOT TOHKHUM IIPOBOJIHUKOM, UMEIONM GOJIbIIoe
corporuBJienne. Kakoii 3apsji mpoTever 1o 3ToMy poBO/I-
HUKY? Kakoe KOJM4ecTBO TETIOTHI BBIJICTUTCS B CHCTEME
3a 6OJIBIIIOE BpeMSI?

A.Tennoes

®2134. O6brunblil «<MOCTHK» cOOPAH U3 TPEX PE3UCTOPOB
corrporussienneM 100 OM Kaxk/plii U OJIHOTO Pe3ncTopa
conporussiennem 20 Om. B ogny u3 amaronaseil MOCTHKA
BKJIOYEH amriepmerp, oH nokasbiBaer 0,1 A. Kakoii Tok
TeyeT yepe3 Gatapeiiky, TMOAKIIOYEHHYTO K IPYTOil THaro-
HaJIM MOCTUKA? AMIIEPMETP CUUTATD UEATHHBIM.
O.IIpocmos

®2135. Konpgencarop emroctbio C = 100 Mr®dD coemn-
HEH TI0CJIeZI0BATENbHO € KATYIIKONH WHAYKTUBHOCTBIO L =
=1 T'm. K BbIBojaM TOJIyuuBINENCS TN MOAKJIIOYAIOT
6arapeiiky nanpspkennem U, = 1 B, um Tok B 1enn
HaYMHAET yBEJWYUBATHCSA. B TOT MOMEHT, KOrja TOK
MaKCHUMaJieH, apajieJbHO KaTyIIKe TOAKII0YA0T PE3nc-
Top conporuByienneM R = 10 xOm. Kaxoii 3apsi mpore-
YyeT yepe3 PEe3UCTOP U CKOJIBKO TeIJia B HEM BbIJEJTUTCS
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3a GOJIBIIOI MHTEPBAJ BpeMeHH? JJEeMEHTDbI IelU CUu-
TATb U/I€AJTBHBIMHU.
A.Ilosmopoe

®2136. /151 epegaun He OUEHD BBICOKOCKOPOCTHOM H-
(popmaru ncmoib3yeTcs BUTas mapa, COCTOSIIAs U3 IBYX
TOHKUX W30JUPOBAHHBIX MPOBOAOB OOJIBIION JIJIUHBI.
WNHyKTHBHOCTD TTPOBOZIOB B pacuere Ha 1 caHTUMETP
JUnHBI 1apbl paBHa 1 MKI'H, eMKOCTb MeX/ly 1IPOBOIaMU
cocrapisier 1 n® na cantumerp. C Kakoil CKOPOCTHIO
6EKUT DJIEKTPOMArHUTHAS BOJIHA B/IOJTb TAKOW TIaphI?
3.Paghaunos

®2137. Toukast MIOCKOBOTHYTas PACCEMBAIONIAS JIMH3A
[PIZKATA MJIOCKOCTHIO K TOPILY HUJIUHAPUIECKON TPYOKH.
B tpy6Ky BcTaBJiena II0CKOBBINYKJIast COOUPAIOLIAsT JTUH-
3a TakK, 4YTO IJIaBHbIE OIITHYECKUe OCU JIMH3 COBIIALAIOT C
ocbio TpyOKI, a cobuparolias JnH3a obpaiieHa K pacceu-
BaIoIIell MJI0CKOii cToponoii. Co6UPAIONIyIO JINH3Y MOMKHO
nepemenarb BI0JIb ocl TpyOku. Ecam na nepsyio (pacce-
MBAIOINYIO) JIMH3Y BJAOJb OCH HAMPAaBUTh Y3KHH mapas-
JIEJIbHBIN TIyYOK CBeTa, TO MPU HEKOTOPOM PACCTOSTHUH
MEK/Iy JUH3aMHU U3 CHCTEMbI BBIHJET TakKe TapaJijiesib-
HBI Ty4ok. Ecsam ke TPOCTPaHCTBO MeXIy JIMH3aMU
3AMIOJTHUTD SKUJIKOCTBIO, TO JIJIST TOJY4YeHHUs] Ha BBIXOJE
MapaJIJIeTbHOTO MyYKa PACCTOSTHUE MEXK/Y JTUH3aMU HE00-
xonuMo yBeqmynth B 1,5 pasda. Haiinmute moxasatesb
MPEJIOMJIEHUS JKUTKOCTH.

B.Ilozoxes

PeweHus 3apay M2101-M2110,
d2118-D 2122

M2101. Jan xeadpamnviii mpexuien [ (x) = x* +ax +b.
H3eecmuo, umo 015 1106020 0UCMEUMebHOzZ0 YUCILA X
Haudemcs maxoe O0elUCMEUMENLHOE UUCLO Y, UMO
f(y) = f (x) + y . Haiidume naubonvuee 603M0xHOE 3HA-

yenue da.

OrtBer: a = 1 .
2

N3 ycaoBusi ciaeayer, 4To KBaJpaTHOE ypaBHEHHE
f(y)—y—[(x)=0 paspemmmMo OTHOCHTEJIBHO y TpHU

a
mo6oM sHadennn x. llogcTaBuB x = — 5 » MOy 1aeM ypas-
2

werne y° +(a—1)y+ az , JUCKPUMHHAHT KOTOPOTO pa-
Ben D =(a—1) —a*=1-2a>0, orkyza aS%.

. 1
C apyroii CTOPOHBI, eciin d = 5 TO TIPU JIOOOM X MOKHO
MOJIOKUTD Y = —X; TOTJIA UMEEM

f(y)_y_f(x)=(x2—%x+b)+x—(x2+%x+b):0,

4TO M TPe6OBAIOCE.
. Tepéwun

M2102. I1o kpyzy paccmasienvt Kpacuvie u CunUe YUcid.
Kasxodoe xpacnoe uucao paeno cymme cocedetl, a kaxooe
cumnee — noaycymme cocedeii. /Jokaxume, umo cymma
KPACHLIX wUces pasua ny.io.

IIyctb a, b, ¢ — Tpu uucaa, crosmue noapsia. Ecau b —
KpacHoe, T0 b = a + ¢, a ecaun b — cunee, 10 2b = a + c.
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SAJAYHHUK

3anuieM Takue PaBEHCTBA JIJISI BCeX TPOEK IOCJe/[0Ba-
TeJIbHBIX YHCeJI U cJI0KUM uX. Toraa, ecan R — cymma Beex
KpacHbIX YHces1, a B — cymMMa BceX CHHUX, TO Mbl TTOJTYYIM
pasenctBo R + 2B = 2(R + B), otkyaa R = 0.
H.Bozdanos

M2103. Jana mabauya nx n, cmoabuybt KOMOPOU NPOHY-
meposanvl wuciamu om 1 do n. B xaemxu mabauyol
paccmasasiomes wucaa 1, 2, ..., n max, 4mo ¢ Kaxoou
CmpoKe U 6 KaX00Mm cmoabye 6ce UUCid PA3IUUHDL.
Hasosem xiemky xopowei, ecau 4ucio 6 e 6oJvuie
HOMepa cmoabud, 6 Komopom ona naxooumcs. ITpu xaxux
n cywecmsyem paccmanoskd, 6 KOmMopol 60 6cex cmpo-
KaAx 00UHAKOB0E KOIUUECNBO XOPOULUX KIEMOK?

OTBerT: 11PN HEYETHBIX 7.

Haitnem o6riiee KOTMUECTBO XOPOIINX KJIETOK. B mepBom
crosibie ux n — 1 (Bce, KpoMe KJIeTKU ¢ uucaoM 1), BO
BTOpOM ux 1 — 2 (Bce, KpoMe KJIeTOK ¢ unucjaamu 1 u 2) u
T.[., B TIOCJIEIHEM CTOJIOIE TAKUX KJIETOK HET. 3HAUUT,
n(n-1

peeroux (n—1)+nm-2)+...+1= . TToatomy

. n
B KaX/I0N CTPOKE UX [IOJI’KHO OBITH 110 D) , CJaeaoBa-

TEJIbHO, N [OJIKHO ObITb HEYETHDIM.

[IpuBesieM 1puMep paccTaHOBKU IPU HeyeTHOM 7. IlycTb
B TIEPBOIl CTPOKe 3amucaHbl yucyaa B nopsgzake 1, n, n — 1,
n — 2, ..., 2, a Kaxaag cjaeaylolas CTpoKa gBJISeTcs
IIUKJIMYECKUM C/IBUTOM IpeJbIayIiel cTpoku Ha 1 KJIeTKy
(cm. pucynok). OveBnj-

1 n | n—1 HO, B JII0OOH CTPOKE U B
2 n 3 JII060M CTOJIOIE KasK/10€e
3 5 . uzuncen i, 2,..., nBcrpe-
YaeTcst 0 OJJHOMY Pa3y.

Pacemorpum m-10 cTpo-

n=1|n=-2|n=-3] - n_ | Ky (me{1,2,...,n}). B
n ln—=1|n=-2] 1 ee TIePBBIX M KJeTKax

croar uucaa 1, 2, ..., m
B 06pAaTHOM TOPSIJIKE, TIO3TOMY CPE/IN ATHX KJETOK POBHO

m
I:E XOpoIlunx. B ee nocnegnux n — m KieTkax (T.e. B

cTobIax ¢ HoMepaMu m + 1, m + 2, ..., n) CTOAT 4ucIa

m+ 1, m+2, ..., nBo6PaTHOM TOPSI/IKE, TIOITOMY CPE/IH
n—m

3TUX KJETOK POBHO B xopomux. Tak Kak yucmaa m

U n — m Pa3HoOll YeTHOCTH, TO B M- CTPOKE POBHO

m n—m m n-m 1 n-1
E+ 5 :E+ 5 "5~ 5  XOpoumx Kie-

TOK.

K. Yysunun

M2104. Dokycruux omzadvieaem niouadb GHINYKI0Z0
2008-yzonvnuxa AjA, ... Ayyg, HAX00AWE20C 3A WUD-
MoOll. 3a odun eompoc on HaA3vieaem 06e MOUKU MHA
nepumempe MHO2Z0Y20JlbHUKdA; 3PUMENU OMMEUAIom 3mu
MOUKU, NPOBOOAM Uepe3 HUX NPIAMYI U CO0OUaOm
Goxycnuxy menvwyio u3 deyx niaowadel uacmetl, na
xomopuvie 2008-yzoavrux paszbusaemcs 3moi nPamol.
Ipu smom 6 kauecmee mouKu POKYCHUK MOKem HA3EAMb
Aubo eepuuny, 1ubo MouKy, OerUYIo YKA3AHHYIO UM
CMOPOHY 6 YKA3AHHOM UM YUCACHHOM OmHOoweHuu. /[oxa-
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sume, umo 3a 2006 sonpocos oxycruk cmoxem omea-
damv naowadv MHO20Y20IbHUKA.

ITycts A = Aygpg . Auaronanu, BbIxojsiiue U3 BepHUIMHDI
A, penar ero una 2006 tpeyronbuuxos AAA,,...
ey AAyo6Asoe; (eM. pucyHOK). Tlycts AM|,..., AMoyyg
— Me/IMaHbI 3THX TPEYTOJIb-
HukoB. IlokaxkeM, 4TO Ha-
3pIBas BCE Mapbl TOUYEK
(AM), k=1, 2, ..
..., 2006, dokycHuk cMo-
KeT OTrajfiaTh IJI0MA/lb
MHOroyrosbHuka. IlycTb
S, — miomaab, coobiae-
Mas GOKYCHUKY [T TIps-
Mot AMj,, a 2T, — mio-
maab Tpeyroabuuxka AA,A,,,. Tak kak Meguana JejautT
TPEYTOJbHUK HA JIBe PABHOBEJNKHE YACTH, TO

Sp =min {2(T; + ..+ Ty ) + T Ty + 2(Tieg + o+ Togog) -

ITpu sTom Acho, uto S) = T} 1 Sy = Thg6 - 3aMETHM, UTO
(boxycHUKyY nocTaTouHO HaliT! Bee T),.

[Tyctp AL — nipamast, feJistiasi 1Jo1ia/ b MHOTOYTOJIbHUKA
nononaM. Eciu orpesku AM,, ..., AM,; pacrosoxeHbl 110
OJIHY CTOPORY OT IpsIMOIt AL, a otpe3kt AM; 4, ..., AMyyys
— 1o Apyryio, To GOKycHUKY OyAyT cOOOIATh ILIONA/b
MHOTrOyrosbHuKa AA ... A,M, npn k=1, ..., ¢ 1 MHOTO-
yrompauka AAygg; ... A (M, mpu k=1t + 1, ..., 2006.
[Moatomy S) <...< S, n S, >...> Sy - Taxum o6pa-
30M, ecanm (QOKYCHHK OOHApyXmJa, d4To S <...
<S8, 285,4>...>806, Ot =numt=n— 1
Cunenosarenpio, npu k = 1, ..., n — 1 umeem S, =
= 2(T1 +...+ Tk_1)+Tk, orkyja naxogarca 1q,...,T,_, a
upu k = n + 1, ..., 2006 umeem S, =T, +2(Tk+1+...
.+ Tyg06) , otkyAa Haxopates Ty, ..., Ty - OcTaercs
Haiitn T, , KOTOpOEe BBIUNCJISIETCS 3 PaBEeHCTBA

S,=2min{l +...+ T, Ty +...+ Togo6 } + T, .
H.Azaxanos

M2105. Oxpysxnocmo w ¢ uenmpom O enucamna 8 yzo.
BAC u xacaemcs ezo cmopon ¢ mouxax B u C. Buympu
yeaa BAC evibpana mouka Q. Ha ompesxe AQ nawraco
maxas mouxa P, umo AQ L OP . [Ipamas OP nepecexa-
em OKpYKHOCIU Wy U ), ONUCAHHDBLE OKOJI0 TPEY20.ib-
nuxos BPQ u CPQ,
6MOPUUHO 6 MmouKax M
u N. Joxaxume, umo
OM = ON.

[Iyctb omucanubie OK-
PYSKHOCTH TPEyrOJIbHU- |
xoB BPQ n CPQ mepe-
cexatot myun ABu AC B

Toukax D n E cooTBet-

cTBeHHO (CM. PUCYHOK).

N3 teopembl 0 MPON3BEIEHUN OTPE3KOB CEKYIUX TIOJIY-
yaeM AB-AD = AP-AQ wu, ananornuno, AC-AE =
=AP-AQ, otkyna AB-AD = AC- AE . Tak kak AB =
= AC (oTpesku KacaTeJbHBIX K ), T0 AD = AE, n
tpeyroapuk ADE — paBuno6enpentubiii. [lycts K — cepe-
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nuaa DE. Torga npsamas AK saBageTcss MeIMaHOHU, BBICO-
TOII 1 GUCCEKTPUCOIT paBHOOEAPEHHOr0 Tpeyroibinka ADE,
B yactuoctu, AK mpoxoaur uepe3 O.

Tak kak LABO = ZACO = ZAPO =90° , to touku A, B,
C, P, O nexar Ha okpy:kHoctu ¢ auamerpom AO. U3
BIMCAHHBIX YeTbipexyroibHukoB ABPC, BPQD, CPQE
nmeeM

£ZPQD =180° - £LPBD = ZABP =
= 180° - LACP = LPCE =180° - LPQL,

moaTOMy To4yKa Q JexkuT Ha orpedke DE.
Tak Kak ueTpIpexyroibHuKk PQDM BHUCAHHDIH, TO
LMDQ = ZMPQ =90°, orkyna MD 1 DE . Anano-
ruuno, NE L DE . Takum o6pazom, MD || OK || NE u
DK = KE. Orciozna Bbitekaer, uto OM = ON.

A. Axonan, 11. Ko:xesnurxos

M2106. IIpu xkaxux namypaivnoix n > 1 cywecmsyrom
maxue namypaivnvie by,...,b, (He 6ce u3 xomopvix
pasuvL), wmo npu ecex namyparvuvlx k uucio

(b + k) (by + k)...(b, + k) s6asemcs cmenenvio namypany-
nozo uucaa? (Iloxazamenv cmenenu Moxem 3d6Ucemy om
k, 1o dosken 6vimv ecezda 6oavwe 1.)

OTBeT: TIpN COCTaBHBIX 7.

Bce unciia B peneHnn CYnTAIOTCS HATYPAJIbHBIMHU, €CJIN He
OTOBOPEHO TPOTUBHOE.

IIyctb n — cocraBHOE ymcaoO, T.6. n=7r-s, e r>1, s>
> 1. Torga sjocrarouno paccmMorperbuncia by = ... =b, =1,
by =...= b, =2. OueBHHO, YTO TIPU BCAKOM R YUCJIO
(b +k)...(b, + k) — r-s crenens.

I[Tyctp Tenepnb n — npoctoe 4ucsao u by, ..., b, — 1ponsBoJIb-
HbIE HATyPAJbHbIC YNCJIA, HE BCE U3 KOTOPBIX paBHbI. bBes
OrpaHUYeHus OOGIHOCTH MOXKHO CYUTATh, 4TO by,...,0; —
MOMAaPHO Pa3JIMYHbIE YNCJIA, a KaXK/10€ U3 4nces by, q,...,b,
paBHO ofiHOMY U3 by,..., ;. Ilyctb cpenu uucen by, ..., b,
uMeeTcsl s; paBHbIX b;, rne 1<i<[; sj+...+5 =n.
Bocmnosb3yeMcst KuTalickoil TeopeMoii 06 ocraTkax: Ka-
KOBBI Obl HU ObLJIM HaTypaJbHbIE TTONAPHO B3aUMHO IIPO-
CTbIE YUCJTIA dy,dy, ..., d; W IIeJIble HEOTPUIIATEIbHbIC YHCIa
Nty (1 < ay, 7, <ay,...,1; < a; ), CyLIECTBYET TAKOE
HaTypaJbHOE YUCJIO M, KOTOpOE IIPH JIeJIeHUN Ha 4YucJia
ay,@,...,a; JACT OCTATKU #,%,...,7; COOTBETCTBEHHO.
BosbMeM [ pa3iuuHbIX IIPOCTBIX YUCEI Py, ..., P; , KOTOPbBIE
6ospie BcexX b;, W MOJOXKUM «; = pj, 7; = p; —b; TIpn
1<i<![. Uncaa p; mNOMapHO B3aMMHO IPOCTBI 1
0 <7 <p; <p}, TaKUM 06PA3OM, BBITIOTHATOTCS YCIOBHS
KHUTafCKOI TeopeMbl 06 ocTaTKax. PaccMOTpuM cyIecTBy-
I01Ie€e BCJIE/ICTBHE TOI TEOPEMbI YHCJIO M U JIOKAXKEM, YTO
ecmu (b +m)...(b, +m)=u", T0 v = 1.

BosbmeM npousBoJibHOe uncio i, 1 <i <1 . Yucao b; + m
DU JIeJIEHUN Ha p? JlaeT ocTatok 7; +b; = p;. Otciona
ACHO, UTO b; + m Jle/nTes Ha p; W He Aeautes Ha p? . [lpn

j #1 umeem 0 <

b; — b]»| < p;, MOITOMY b; +m Ha p; He
JIe/TUTCH.

TakuMm 06pa3oM, B KAHOHMYECKOM PAa3/I0KEHHH UHC/Ia
(b + m)...(b, + m) Ha npoCTbIE MHOKHTETH KasK/I0€ YHC-

JIO p; COAEPIKUTCSA POBHO B CTEIIECHU S; .
3Ha‘-H/IT, 9UCJIO O SABJIACTCA ACJIUTEJIEM BCEX S;, a CJIENO0-
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BaTeJbHO, U JieJuTeJeM ux cyMmbl n. Ilpu atoM v < n,
mostomy o = 1.
B.IIpoussonos, B.Cendepos

M2107. B nepasnotedpernom mpeyzoavture ABC mouxu
H u M — mouku nepeceuenus 6blcom u Meouam coomeem-
cmeenno. Yepes sepuunvt A, B u C nposedenvt npsmwie,
nepnenouxysiproie npamvin AM, BM, CM coomsem-
cmeenno. /[lokaxxume, 4mo mouka nepeceuenus meouan
mpeyz0ibHUKA, 00PA306AHHOZ0 NPOBEOCHHLIMU NPSIMbL-
MU, JleKUM HA NPAMOl
MH.

[lycte A’B’C’ — Tpey-
TOJIBHUK, 00Pa30BaHHDII
MIPOBE/ICHHBIMU TIPSIMBbI-
mu (eMm. pucynok), u G
— TOYKa [IepeceyeHnst ero
Meznnal. Mbl JOKaxeM,
yro M sBisercsd cepe-
nunoit orpeska GH.
LlocTpouM TpeyrosbHUK
BMC po mapaJsrenor-
pamma BMCA; . Otpe-
30k MA; penut cropony BC 1onoJiaM, 103ToMy Ay JIeXKUT
Ha npsimoit AM, ipudem AM = A/M  (IIOCKOJIbKY TOYKa
M penut meamany B ortHomenun 2:1). Kpome Toro,
BA ||MC L A’B” u CA || MB L A’C’ , nostomy BA; n
CA; — BblcoTbl Tpeyroabuuka BA’C, 3nauur, A; ABd-
eTcs OpToleHTpoM Tpeyrosbhnka BA'C, u A’A; L BC.
Croponbl TpeyrojbHuka BA;M TepreHAuKyIspHbl CTO-
ponam tpeyroybHuka A’B’C’ COOTBETCTBEHHO, MOITOMY
9TH TPEYTOJbHUKH TOJOGHBI, MPHYEM COOTBETCTBYIOIINE
npsmbie BC u A’G | copepskaiiue MeJnaHbl 9THX TPeEY-
TOJIBHUKOB, TEpPIeHANKYIIPHbI. 3HaunuT, npsmas A’'G
coBmagaet ¢ mpsmoit A’A; . Ilyere G’ — Touka, cuMMeT-
puunas touke H otHOCuTenbHO M. Tpeyroabankn AHM
n AG’M cuUMMeTPUYHBI OTHOCHTEJIbHO M, TO3TOMY
AG’ || AH L BC . Orcona caenyer, uto G’ JI€XHUT Ha
npsmoit A’G . Auanorunyuo, noaydaem, yto G’ JexuT Ha
upsmoit B’G , T.e. G’ cosmazaer ¢ G.

JI. Emenvanos, 11. Koxesnuxos

M2108. /Jlano xoneunoe muoxecmseo npocmolx uucen P.
Aoxaxume, umo natidemcs HAMypaivroe Yucio X maxoe,
4mo ono npedcmagasemcs ¢ eude x = a’ +b” (¢ namy-
panvhoimu a, b) npu écex p € P u ne npedcmasisemcs
6 makom eude 0.5 1106020 npocmozo p & P

Jlemma. Ilycts p — mpocroe uncao. Torma umciao 2"

npejcrasagercsa B Buje a” +b” B TOM M TOJNBKO TOM

ciayuae, korga n—1:p.

HMoxazareabctBo. Eciin n — 1 = kp, to npejcranienue
p p

cymecrpyer: 2" = (Zk) + (Zk) . [Ipexanonoxum, 4To TIpH

HEKOTOPOM 72 TAKOe TIpeJIcTaBieHue Hatioce: 2" = a” + b? .

[lycte a =2°k, b = 20 rae k, [ neuetnbl. Eciu, ckaskem,
, —t ;

s>t 10 a’ +bP = 2P (2”(5 kP + lp), u uncyao 2" umeer

HedeTHbI! jesurenp 27 =Dpp 4 1p , OOJIBINI €UMHUIIDI;
9TO HEBO3MOXKHO. JHAuuT, § = ¢, U Torja

ab + bl = 2Pt (k” +1P).
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3AJAYHHUK

Ecmup=2, 10 uncmao k’ +1 2 yMeeT ocTaTOK 2 1pu JIeJIeHN 1
Ha 4, u ecan oHO Goublie 2, To 2" uUMeeT HeYeTHbI
kP +17
2
k=1=1,2"=2.2"" un=pt+1, 410 u Tpe6OBAIOCD.

JIeJIUTEJIb , 601NN 1; 3TO HEBO3MOKHO, TIO3TOMY

Ecau xe p > 2, T0 0oHO HevyeTHO, U
R 417 = (k+ 1) (R = R4+ 17,

Bropas cko6ka HeueTHa U IBJIIETCS AeauTeneM yncaa 2"
mostoMy oHa paBHa 1; 3Hauut, kR’ +[P = k+1[, 4TO BO3-
MO>KHO JIUITh IPU & = [ =1, U TOT/1a ONATH TOJIydaeM n =
=pt + 1. Jlemma jokasana.

[epeitnem x pemrenuto sagauu. Ilyere P = {p1,...,pn}.
[onosxkum  x = 2PP2Po*1  Torga 1o JieMMe 3TO YHCJIO
SBJISIETCS. ICKOMBIM.

3ameuanue. Jlerko BUIETb, YTO CYIECTBYeT GECKOHEUHO
MHOTO TAKUX YUCEJ; TOAXO/ISAT, HAIPUMED, BCE UNCJIA BU/IA
PP

B.Cendepos

M2109. [ an soinyxivil uemwvipexyzorvnux ABCD. Iycmo
P u Q — mouxu nepeceuenus ayuei BA u CD, BC u AD
coomeemcmeenno, a H — npoexuyus D na PQ. [Joxaxume,
umo uemvipexyeosvnux ABCD seasemcs ORUCAHHBIM
moeda 1 moavko mozod, K0z0d 6nUCAnHbLe OKPYKHOCTHU
mpeyzoavruxos ADP u CDQ eudnor us mouxu H nod
PABHBIMU Y2 AMU.

IIycTtb Wy 1 W, — BIIMCAHHbIE OKPY>KHOCTU TPEYTOJIbHIKOB
ADPuCDQ, I, u I, —uX UeHTpbI, #; ¥ ¥, — UX PAJIYCDI.
Tak xak OKPY>KHOCTH W)y W W), TOMOTETHYHBI C IIEHTpoM D,
n _ DI
0 —=—".
r DI,
1. Ilyctb # #7%, U Hycrb S — LEHTP TOMOTETHH C
MOJIO’KNTEJNBHBIM K02 PUITIEHTOM, TEepeBOJANIEH W) B
w, (T.e. TOUKaA TIepeceveHust OGIMX BHENIHUX KacaTeb-
HBIX K OKPY’KHOC-
TSM; CM. PUCYHOK).
Bropoe ycaoBue
PaBHOCHJIBHO TOMY,
HI, n 1
4TO HI, 7 3
BECTHO, UTO MHOKE-
X, DI S
CTBO BceX TOoueK X TakuX, YTo —— = —— = —— |
XI, DI, SI,
OKPY’KHOCTD ¢ iramMerpoM . SD (oHa Ha3bIBAETCS OKPYHKHO-
cmwio Anoanonus). TloaToMy nocJieiHee ycJaoBrue paBHO-
cuJbHO TOMY, uto ZDHS = 90°, T.e. ToMy, 4TO .S JEXKUT
Ha npamoit PQ. Ocraetcst okasarb, 4To ycaosue S € PQ
PaBHOCMJIBHO OMUCAHHOCTH YeTbipexyroabHnka ABCD.
IIyctp yerbipexyroabuuk ABCD omnucan BOKpYI HEKOTO-
poil oKkpyskHOCTH . VI3 TeopeMbl 0 TpeX HeHTpax roMo-
TeTUH CcJeayeT, uTto Touku S, P n Q Jjexar Ha OJHOU
npsaMoit (Kak [EeHTPbI TOMOTETHH ¢ IMOJIOMKHUTETbHBIMU
k03 UIEeHTaMH, TIEPEBOSIIX W B W), W B Wy, W,
B W).
Hao6opor, npeanosnoxkum, uto S nexur #a PQ. Ilycts w
— BHEBIIMCAaHHAs OKPYXXHOCTDb Tpeyroibuuka CDQ, kaca-
forasicst ero ctopoubl CD. Ilyctb T — 1EeHTP TOMOTETHH C

B

L~
P H

€CTb
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MTOJIOKUTENBbHBIM KOA(DMUITMEHTOM OKPYKHOCTEH W 1
(Toura mepeceyeHns ux OOMUX BHEIIHMX KACATeJbHbIX).
N3 TeopeMbl 0 Tpex IEHTPaX TOMOTETHH cjenyer, 4Tto T,
Q u S nexar Ha OAHOU TIPAMOIA, T.e. T JIEXKUT HA TIPSIMON
PQ. C gpyroii croponsl, T nexxut Ha ipsiMmoit PC, 1oatoMy
T cosnamaer ¢ P. Torma npamaga PB kacaerca ), T.e.
yeTbIpexyroabHuk ABCD onucan BOKPYT .
2. Ilyctp # =7,, TOra W ¥ W), CUMMETPUYHBI OTHOCH-
TesibHO Guccektpucht [ yriaa ADC. Bropoe yc/ioBre paBHo-
CHUJIBHO TOMY, UTO
HI,=HI, & DH 1 I,I, & 1,1, || PQ.

Ecim yerpipexyronbuuk ABCD omnucan oKoJo w, TO W
cumMeTpuuHa oTHocutesbHa [. Torma npsmbie BA u BC,
DC w DA cummerpuunbl otHOCHTE bHO [ (Kak o6ume
KacareJbHble K O M G, W 1 W) ), a 3Haunt, P u Q takxke
cumMerpuynbl, u PQ || L1, .
Hao6opor, ecn 1,1, || PO, To mpsimbie DA 1 DC cummer-
PUYHBI OTHOCUTEIBHO MPsiMOil D H (Kak KacaTe bHbIe K G
n W ). Torma Touku P 1 Q CUMMETPUYHBI OTHOCHUTEIBHO
DH; 3naunt, npsambie BA 1 BC cuMMeTpPUYHBI OTHOCH-
tesibHO npamoil DH. Iloaromy uerbipexyrouabuuk ABCD
CUMMEeTpUYEH OTHOCUTEJbHO mpsamoil DH, cienoBatesb-
HO, OH ONUCAaH.

B.IlImapoes

M2110. B 6auumypnupe npunumaiu yuacmue 2n + 3
waxmamucmos. Kaxoviil coiepar ¢ Kaxovim posHo no
oonomy pasy. [ns mypuupa Ovin cocmaeien maxoi
epagux, umobvl uzpvl NPOGOOUNUCH 00HA 3d OpY20ll U
umoObL KaKObLIL UZPOK NOCJIE CblzPAHHOU NAPMUL 0MObL-
xan ne menee n uzp. /lokaxume, 4mo 00UH U3 WAXMAMUC-
mos, Uzpaswux 6 nepeoll napmuu, uzpdi u é nocieonell.

HasoBeMm wazom maxmarncTa KOJMIECTBO MAPTHH MEXKIY
JIBYMSI €r0 coceTHUME urpamu (BKJII0Yast BTOPYIO U3 HUX).
Torna Bce maru He menbiie n + 1.

Paccmorpum smo6pie n + 3 mocJieoBaTeIbHbIC UTPBI
Jir-+o»Gps3; B HAX 2n + 6 y4aCTHHKOB. 3aMeTHM, 4TO
TOJIBKO TPU IIAXMATUCTAa MOTJIM Y4YacTBOBAaTbh B ATHX
MapTUAX ABaXKAbI. JleficTBUTENbHO, 3TO MOTJIO TIPOU30HTH
T0J16KO B apax naptuii ( g, ¢,19 )y (91, Gnas Vs CGoy Gnis )
U B KaXIOW Iape MOMKET OBbITb TOJBKO OJIUH TaKOi
yuyacTHUK (MHAYe JBa IMAXMATHCTa ChITPAIOT JBasKIbI).
3uaunt, 4to6bl HAabOpasoch 2n + 6 Yy4YaCTHUKOB, IS
Kask/I0H 13 1map JA0JKeH HAalTUCh MTaXMaTUCT, Y9acTBOBAB-
muit B 06eNX MapTUSAX ATOH TMaphl; OCTaJbHBIE 27 MTaxMa-
THUCTOB JIOJIKHBI y4acTBOBATb POBHO B OJHOW M3 TapTHH
Giseer Gpus - (B HacTHOCTH, Kaskblil U3 2n + 3 maxmaru-
CTOB Y4acTBYeT XOTsI Gbl B OAHON U3 MAPTUH i, ..., Jpyn -)
Mpbl TTOYYWIM, YTO TMArW MIAXMATUCTOB M3 MAPTHU
pasubl 7 + 1 1 n + 2 (a mar oJIHOTO YYaCTHUKA TAPTUHI ¢,
Takske pase 7 + 1). 3uauut, mo6oii mar Jao60ro maxma-
tucta pasen n + 1 wian n + 2.

Ecau naiiferca naxmaTtuct Z, Bce art KOTOPOro paBHbI
n + 2, o cymma 2n + 1 ero maroB OyJeT paBHa
(n+2)(2n+1) = 20° + 51 + 2 ; TOCKOJIbKY BCEro Urp GbLIO

(2n+3)(2n+2)
2

3aH y1aCTBOBaTb U B HepBOﬁ, n B HOCJIe]IHeﬁ HUrpax, 4to u
Tpe6OBATIOCD.

2
=2n" 4+ 5n+ 3 , 310 03Havaer, 4yTo Z 00631~
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[IpeanosoxxuM NPOTUBHOE: IMYCTb KaX/bIH ITaxMaTHCT
nesan niar n + 1. PacemorpuMm maxmatucra X, KOTOPbIH
cZiesiajl TIepBbI TAKOH CBOW IMIar TOCJEIHUM; MYCTb B
pesyJibTaTe 3TOro Miara OH BCTPETUJICA C AXMATUCTOM Y
B t-it urpe. Torma Y penan mar n + 1 70 aTOTO; MyCThH
nocjeanuii Takoit ero mar (o t-it maprum) GbLT U3 G-it
naptuu B (¢ + (n + 1))-10 (cM. pucynok). Toraa Bee ero
ITocJIeAyIoNIe maru (o t-it maptum) 6bLM 1O N + 2,
nostomy t =q + (n+ 1) + k(n + 2). C apyroii cToponsr,
Bce TmpeAbaymne marn X Obln 1o 72 + 2; T09TOMY €CJIN OH
crenas Xord Obl k Takux maros, TO 3a kK + 1 mar no
t-it mapTUM OH y4acTBOBAJ B maptuu ¢ HoMepom ¢ — (n +
+1) = k(n + 2) = g; caegoBaresabHO, OH BCTpevascs ¢ Y

X X X
q t
Y Y Y

nBaskabl. Ecomi ske X caenad g0 t-it maptun Menbine k + 1
LIAr0B, TO €ro IepBas NapTus MMeJja HOMED, He MeHbIINI
t—-m+1)—(k—-1Dn+2)=g+(n+2) >2n+3; 51010
TaKKe He MOXKeT ObITh, TaK KaK M0 JOKa3aHHOMY BCE
MIaXMATUCThl YYAaCTBOBAJIM B TEPBBIX 7 + 2 MapTHUsX.
TMoJiy4eHHOE TPOTUBOPEUNE 3ABEPIIAET J[OKA3ATEIbCTBO.

H.Bozdanos

D2118. Tenesxka edem no 20pu30HMAILHOMY CMOLY NOO
deticmsuem NPuSA3AHHOU K Hell HePACSAKUMOU HUMU.
Humwv nepebpowena uepes marenvkuii 610K, 3aKpenien-
Holil Ha evicome H nad naockocmoro. Ceo600Hbill KOHEY,
HUMU 8blMAUBAIOM C NOCTNOSIHHOU CKOPOCMdIO Ty, HA-
npasaennoll zopusonmaivio. Haiidume cxopocmv me-
JEKKU U ee YCKopenue 8 mom MOMenm, K020a Y20 Mexoy
HUMBIO U 20PUSOHINOM COCMABASIem 45° .

CKOpOCTDb TeJIEeKKN HAXOIUTCS TTPOCTO:

0
v=—L"=g2.
cosa

g HaxXoKJeHWsT YCKOPEHWsS MOXKHO 3alucarh JJTHHY
TOPUBOHTAJIBHOTO yYacTKa MyTH KaK (PYHKIINIO BPEMEHU 1
B34Tb BTOPYIO MPOW3BOJHYIO, HO MOYXHO TOCTYIIUTH He-
MHOTO TIpoTie. 3aauM MaJIbIii MHTepBaa BpeMeHn At u
BBIPA3NM IpHUpPANIeHne CKOPOCTH TeJeKKH:

1 1 ) yAasina
cos(a+Aa) cosa cos’a

Av =7,

U3 «y3koro» tpeyrosabunka AOB (cM. PUCYHOK) JIETKO
BBIPA3KUTh CUHYC yriia A0 — IPAKTUYECKU caM 9TOT MaJIbIii
yroJI:

_obttga oAt tga

N L Hfsina

O

Aa

Torpa pnst yckopenust

TEJEXKKU T0JIydaeM
Act

H _fo_ztgla
At H

[Tpu yrae Mexay HuU-
5 TbIO M TOPHU3O0HTOM
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O = 45° yCKOpeHUE TeJEKKU PAaBHO

2

4
a=-2.
H

M. Vyumenee

®2119. B daunnoii mpybe, nanoanennoil 6000, coeiana
nonepeunas nepezopooxa u3 npooxu moawunoi 1 cm,
nepezopooxa deaum mpyby na dee wacmu. Ecau memne-
pamypvl 600vL 6 udacmax mpybol OMAUUAIOMCA HA
1 zpadyc, nomox menJia uepes nepezopooxy cocmasisem
2 [lxn/c. Jlobasum ewe o0ny nepezopooxy — moauunoi
2 cm, menepv nepezopooru «Gvlieasom» ¢ mpyoe uuauH-
Opuuecxyio norocmv. Caesa om 3moi noiocmu 6ydem
noddepkusamv memnepamypy 600v. +50 °C, cnpasa —
memnepamypy +20 °C . Onpedesume ycmano8usuyocs.
memnepamypy 600vlL 6 nosocmu. Onpedesume meniogole
ROMOKU uepes kaxoy nepezopooxy. Tenionpoeoornocms
cmenox mpybol npenebpeRumMo Mad.

[lns onpeneseHHOCTH TIPEIIOJNOKHUM, YTO TeMIeparypa
+20 °C nopsiepKuBaeTcst OKoJIo 60Jiee TOJICTON Tepero-
poaku (IIPOTHBOTIOJIOKHbIN ciayvaii Tak ke 1mpoct). [pu
CTAIIIOHAPHOM COCTOSIHUU CUCTEMBI MTOTOK TETLIa OT TOPS-
Yeil BOJbI B MOJIOCTb PaBeH TOTOKY TellJia U3 TMOJIOCTH B
XOJIOIHYIO BO/y. ByjeMm cumrarb, 4TO IOTOK TellIa IIpo-
[IOPLUOHAJIEH PA3HOCTU TeMIIEPATYp € JBYX CTOPOH Ilepe-
TOPOJIKM 1 06pPATHO MPOMOPIIMOHAJIEH ee TosmuHe. Torna
JUIST yCTaHOBUBIIeEHcs TemiiepaTypbl T BHYTPU TIOJIOCTH
MTOJIY9UM COOTHOIIEHUE
(50— T) = O,S(T—QO) , oTkyzna T =40 °C.
[Torox Temsa yepe3 TOHKYIO MEPETOPOJIKY TIPU Pa3HOCTH
temneparyp 10 rpagycoB B 10 pas Gosibllie 3aaHHOl B
ycaoBun Beawdnubl 2 [k /¢, cJaefoBaTesNbHO, MOTOKU
Teria B MOJIOCTD U U3 1osiocT coctasar mo 20 /Ix /c.
A.ITepezopoduee

®2120. B cocyde naxodumcs nopuyus zejius npu memne-
pamype 100 K u dasaenuu 1000 Ila. Cocyo deuezaiom
nocmynameavro co ckopocmwiro 1000 m/c. Kaxoii cma-
Hem memnepamypa 2asa 6 cocyoe uepes Hekomopoe 6pems.
nocae ez0 meznogennoi ocmanosxku? Cmenxu cocyoa me
nposodsam mena. Tenioemxocms camozo cocyoa npeneod-
PeKUMO Maad.

[Ipu ycraHOBUBIIEMCST IBUKEHUN YACTUIBI OTHOCUTETBHO
COCy/1a JIBUTAIOTCS XAOTHYECKH, M X CKOPOCTH ¥; OIpe-
JIeJISTIOTCST «B CPeJHeM» TeMIlepaTypoil raza. CymMmapHas
SHePrus YaCTHUIL TT0CJIe OCTAHOBKHU COCY/Ia He M3MEHsIeTCs.
C yuerom ckopoctu cocyna 9, (v, =1000 m/c ) ckopoc-
TH YacTul, 6yayT g, + 0; , 1 CYMMapHYIO 9HEPTHUIO YaCTHUI]
3aTMIIeM, YCPeIHSS 9HEePTUH:

U=Ne, =N (vg + (o7 )p)

— caaraeMoe 20,0; TIPH YCPeAHEHNN AaeT HOb. CpemHnit
KBAJIPAT CKOPOCTH XA0TUYECKOTO JABIKEHNST YACTUTL PABEH

(c?) = SRT _3RT _
Jp  2m 2 M
_ 38,3100
© 20,004
I10 03HAYaA€T, YTO TEMIIEpATyPa ra3a MOCJa€ YCTAHOBJICHUA

v?/c? = 3,1-10° m%/c? .
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SAJAYHHUK

paBHOBecHS B cocyie OY/IET ONPeeITbC «HOBOW» Cpe/l-
Hell sHeprueil XaoTUYeCKOro ABMKEHUS YaCTHUI] U CTaHET
60JIbllIe HaYaJIbHON B

2
Y%

Wrak, yepe3 HEKOTOPOE BPEMsI MOCJE PE3KOI OCTAHOBKH
cocyna rtemreparypa B neMm Oyzer mpumepno 400 K.
[Moxymaiite camu, uro 6110 661 Tocae ME/IJIEHHOT O
TOPMOJKEHUS COCYy/la BMECTO €r0 MIHOBEHHOW OCTAHOBKH.

3.1loemopos

1+ =~ 4,2 pa3a ,

®2121. K sweodan xamywxu undyxmusnocmvio L =
=2 I'n nodxmouaiom 3apsikennolli KOHOEHCATOP eMKOC-
mwio C = 100 mx®D, nauaivnoe nanpsxenue KoHoeHcamopd
Uy, = 100 B. Hanpsxenue rxoudencamopa nawunaem
YMEHLUAMBCS, U 8 MOM MOMEHM, Kozdd OHO nadaem 00
NOJOBUHBL HAUAILHOZO 3HAYCHUSL, NADALICILHO NOOKAHUA-
10m euwe 00UH MAKOU JKe KOHOEHCAMOop U eue 00HY MAKYo
ke kamywky (6ce uemwipe s1eMenma oKa3vleanmes coeou-
HennbIMU napaiieavio). Hatidume maxcumanvhoe snave-
nue moxa uepes emopyio kamywxy. Conpomueaenue co-
COUNSIOUUX NeMEeNNbL NPOBOOHUK0E 0060.1bHO Mao0. Ka-
MYWKU U KOHOEHCAMOPbL CHUMAND UOEALHBIMU.

Toxk [, depes InepByl0 KaTyHIKy Iepe] MMOJKJIIOYEeHUEM

JAPpYyrux 3J€MEeHTOB HaﬁlleM N3 3aKOHa COXpaH€HUuA 9HEP-
TUN:

2 2 2

CU; C(Uy/2) L Lh

2
g = [3CU

=0,61A.
2 2 2 4L

Cpasy mocJie MOAKJIIOYEHHS eTlfe OJTHON KaTyIIKN 1 J0TOJ-
HUTEJIbHOTO KOH/IEHCATOPA TOKHU KaTyIIeK He U3MEHATCS, a
HaNpsKeHne KoHeHcaTopoB 6eicTpo (aTo BpeMs onpejie-
JIFeTCS UX €MKOCTSMU ¥ MAJIbIM COTIPOTHBJICHUEM ITPOBO-
JIOB) YMEHDBIINTCS BABOE — Oy/1eM CYMTATh /ISl IPOCTOTHI,
YTO 3TO MPOU30ieT MTHOBEHHO. Toria sHeprus CUCTEeMbl
cpasy mocJie IOJKJIIOYEeHUs [OIIOJTHUTEIbHbIX 3JIeMEHTOB
COCTaBUT
2C(U0/4)2 L LI _7CUs
2 2 16

B Tor MoMment, korma TOK [ BTOpOH KaTyimiku Oyjer
MakcuMaJbHbIM, D /1C uHAYKIINN 00PATUTCS B HOJIb, 9HEP-
MU KOH/IEHCATOPOB Oy Iy T HYJI€BBIMU, U SHEPTUST CUCTEMbI
6yzieT paBHA CYMMapHOIl 9Heprun MarHuTHOTO TOJIS KaTy-
urex. 3a HeGosibioe Bpemsi (MeHblie mepro/a KoseGanuii
B cHCTeMe) B TEILIO NepeiiieT Majiast 4acTb o61ieii sHepruu,
6yZieM CUdTaTh J/JII MPOCTOTBI, YTO IHEPTUsS B TEILIO
BoOOGITIE He TepexXoAnT. 11oTHbII MarHUTHBIN MTOTOK KaTy-
ek He MeHsierest («CBepXIPOBOAANIMIT» KOHTYD U3 JIBYX
KaTyIleK ), U3MEHEHUSI TOKOB KaTYIIIEK [TPU 9TOM OMHAKO-
BBI, U TOK TIepBOii Katyuiku 6yeT pasen I, — I . Eme pas
3anuIlIeM 3aKOH COXPAHEHUS SHEPIHH:

2
L(I,-1 2
A CU; = M + L '
16 2 2
[Tonyyum kBazpaTHOE ypaBHEHUE OTHOCHUTEIBHO [:

2 [3CUs, 1 CUg
AL 16 L

=0.
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¥ aroro ypasHenus ABa KOPHs, OJUH U3 HUX COOTBETCTBY-
€T MUHUMYMY, APyroil Makcumymy. MakcuMasbHbIil TOK
yepes BTOPYIO KaTYIIKY PaBeH

s :10(%+%)z0,66A.

P.Anexcanopos

®d2122. Jlamna OnesHozo ceema xawuend 6 cemv 220 B,
50 T'y nocredogamenvio ¢ KAMywKoi uUHOYKMUGHOCTNU,
npuuem @ opsueM COCMOSIHUY HANPSAKEHUE HA KAMYUKe
6 3 pasa 6oavwe nanpsxenus na aamne. Bo ckonvko pas
MOKHO YGEIUNUMND <KOCUHYC (hus MaAKOU yenu, 6KII0UUE
napainenvno ¢ cemv xondencamop? Kax evibpamov en-
KOCMb MAK0z0 KOHOeHcamopa?

B wucxommoii cxeme TaHreHC yria caBura dasz MeIy
HalpsKeHneM 1 TOKOM Iienu (KaTyIika u Jamia, Coejn-
HEHHbIE T0CJIEJ0BATENIbHO) PaBeH 3 — JaMIly MOXKHO
CUNTATh OGBIYHBIM PE3NCTOPOM, COITPOTHBJIEHIE KOTOPOTO
B 3 pasa MeHbIIle HHIYKTHBHOTO COTIPOTUBJICHNS KaTYIITKN
Ha JacTtoTe ceTr. Toraa KocnHyc yria cisura ¢as B aToi
LIENU paBeH cos ¢ = 1/ V10 = 0,32 . DTy BeIMYHHY MOXKHO
JoBecTn /10 1, Mo106paB eMKOCTb MapasJIeTbHO TMOKJIIO-
YEeHHOTO KOH/ICHCATOPA — €T0 TOK MOYKET CKOMIICHCHPOBATD
MEPIEH/IUKYJISPHYIO COCTABJISAIONIYIO TOKA IETH KaTyTl-
Ka—jamma. Takum 06pazsoM MOXKHO YBEJUYUTb «KOCUHYC
¢u» npumepno B 3 pasa.

Pazymeercsi, Mbl XOTUM YBEJUYUTD HE TIPOCTO TPUTOHOMET-
PHUECKYIO BeIMUKMHy COS @ | ucxoHas 1erb noTpe6iser oT
CeTH JIMIIHIOID MOIIHOCTb — MaKCHUMaJbHOE 3HaueHHe
oTpe6IsIeMoit MOTITHOCTH CYIIECTBEHHO MTPEBBITIAET CPEI-
Hee 3Ha4YeHWe, a CEThb JOJDKHA BBIACPKUBATH MMEHHO
MaKCHUMaJIbHOe 3HaveHue. /la 1 ToTepu B COMPOTHUBJICHUN
MIPOBO/IOB TOJIYYAOTCs GOJIBIIE, YeM HAJO.

JL71s1 HaX 0K IeHWST eMKOCTHI KOH/IeHcaTopa yI060HO Hapuco-
BaTh BEKTOPHYIO auarpammy (WM TpOBeCTH pacyer ¢
KOMILIIEKCHBIMU YrCcIaMu ). 1306pasuM TOK 4epe3 KaTylil-
Ky (u uepes samiy) [; TOPHU3OHTAJBHBIM OTPE3KOM
(kpacHbIil BeKTOp Ha pucyHKe). Hanpspkenue KaTymikn
onepeskaer Tok Ha 90°,
Halps’)KeHue Ppe3ucropa
COBIIQ/Ia€T € TOKOM 110 hase.
UepHbIM HapHCOBaHBI Bek- ¢
TOPBI, N306pasKaIoIIIe Ha-
MpSIKeHUsT pe3ucTopa
(Jramribr), KaTyImIKu U CyM-
MapHOE HaIllpsDKeHNe — 3TO

1 ecTb HarnpsikeHue cetu. Ha aToil ske uarpamMme Hapuco-
BaH BeKTOp I~ (KpacHblii) — oH u306paskaeT TOK KOH/IEH-
caTopa, KOTOpbIii onepexaer Ha 90° HampsikeHue CETH.
HaMm Hy:XHO cZienaTh paBHOH HYJIIO BEJMYUHY TIPOCKITUN
CyMMapHOTO TOKa Ha MePHeHINKYIIPHOE BEKTOPY HAIps-
SKEHUS CeTd HalpaBJeHue, [/ 9TOr0 HY>KHO BbIIIOJIHUTD
ycJoBue

4

Io=1;sin¢.
O6osnaunm manpsikenne cetn U (MBI MOKEM  BCIOZY
TcaTb yCJOBUA AJIA aMIIJIUTY/IHBIX BEJIMYNH, a MOKEM 1
JUIs IeMCTBYIONUX, IIYCTh 3TO 6y/1yT aMILIATYAbl — JJId
onpe/:[eJIeHHOCTI/I). Torga nmosyunm

UQ)C=Lsin¢, niu (.ozLC:%.

R? + I 0
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Ortciofia /11 MHAYKTUBHOCTH KATYNIKK, Harnpumep, 2 I'n
HallieM

C=4,6 MKD .
Takue KOHJIEHCATOPbI YaCTO BKJIIOYAIOT IIaPaJLIEJIbHO JIaM-

2009/ Ne?2

[IaM JTHEBHOTO CBETa, IPUYEM OJINH KoHjieHcaTop (pasyme-
€TCsl, C IepPecYeToM eMKOCTH) MOXKHO HCIOJIb30BATh C
HECKOJIbKIMH JIAMITAMH.

A.3unvbepman

KOJAUJERKOHNUA TOJOBOJJOMORK

Puxckme GawiHu

(Havano cm. Ha 2-vi CTpaHuLie obs1oxku)

MpbI moKaXkeM, YTO 3aJa4a O PUIKCKUX OAITHAX MMEeT e[UH-
CTBeHHOe peliienue. Eciii u ocHOBaHuUe, U Kpbiiia My3est 00pasy-
0T OJIMH U TOT K€ Y30 U3 ABYX, U300PasKEHHBIX HA PUCYHKE 3
(cMm. 2-10 cTpanmiy 06J1.), TO ABeHaAATh GaleH paséuBaIOTCS
Ha IIECTh Map, COCTOSIINX U3 TOTMOJHIIONNX APYT APyTa GaleH,
kak, Hanpumep, (1,1,1) u (6,6,6). Oanako JI€rko BU/JETH, 4TO
9TO HeBO3MOXKHO. [lelicTBuTenbHo, y Hac ectb Gauns (4,6,6), Ho
met 6ammn (1,1,3).

ITpeAmnomoKIM, 9TO OCHOBAHUE 3/IAHNST COOTBETCTBYET JIEBOMY
n3006paKEHUI0 Ha pUCYHKe 3, a Kpbla — 1pasBoMy. Torza
JIBEHA/IaTh GalieH 06pa3yIoT IeCTb MePEKPBIBAIOIIIXCS T1ap, B
KasKJI0H M3 KOTOPBIX POBHO OfHa GAIlHs TIepEeBEpHyTa, TTPHUEM
OHA CTOWT JIBYMST CBOUMH TIPH3MaMU Ha JBYX TPU3MaxX Hemepe-
BEPHYTOU GAlllHU TaK, YTO CYMMa BBICOT IIPUMbBIKAOIINX APYT K

JPYry HPU3M W3 Pa3HbIX
e e o Gamen pasHa 7. I[Ipumep
e + ee 6 MTOKa3aH Ha PHUCYHKe 4.
o e a 3amerum, urto (2,2,2)
o6si3aTeibHO 06pasyer
mapy ¢ (5,5,5). Ha mep-
Boiit Baran, (1,1,1) u (6,6,6) Toske 06pPa3yiOT €CTECTBEHHYIO
napy, HO HyKHO y4ecTb, uto (1,1,1) MOXKeT TakKe coueTaTbest
¢ (4,6,6), a nna (6,6,6) moaxomut u (1,1,2). Cosmaerca
BIIEYATJICHUE, YTO JJIST OCTAJbHBIX, HECUMMETPUYHBIX, OalreH
HY’KHO PACCMOTPETh MHOTO BapmaHTOB. Ha caMoM [iesie oKa3bl-
Baercs, urto (1,3,4) coueraercsa Tombko ¢ (4,6,6), a (3,5,6) —
robko ¢ (1,1,2). Takum o6pasom, (1,1,1) u (6,6,6) Bce xe
JIOJDKHBI OBITH BMECTE. JTH TPH Taphl MOKA3aHbl Ha PUCYHKE 5.
Paccmorpum naper (2,2,2)+(5,5,5), (1,3,4)+(4,6,6),
(1,1,2)+(3,5,6) u (1,1,1)+(6,6,6) kax kocrtu momuno [2,5],
[4,6],[1,3]u[1,6]
o 6 0 COOTBETCTBEHHO.
02010201020 R
a o o OUTh OCTABIIUECS
YyeTbIpe OGaliHu Ha
Tapbl 1 ¢/IeJIaTh U3
HUX JOMHUHO. EC/I MbI CJI0KUM M3 IHECTU JOMHHO KOJIBIIO TaK,
9TOOBI CyMMa TIPUMBIKAIONINX YHCEN B COCETHUX JTOMHUHO GbLIA
paBHa 7, TO MbI PEIIUM 3a/ayy O PHKCKUX GAIlHSX.

Yro6bl COeMHUTD OMUHO [2,5] ¢ oCTaTbHBIME TPEMs, Kaxk-
JI0€ M3 OCTABIINXCSI ABYX JTOMHIHO TOJUKHO MMETh OTHO YHCJIO 2
uim 5, a apyroe — Hu 2, Hu 5. VIMes aTo B BUY, pacCMOTPUM
ocraBiinecst yetbipe Gairan. Bo3aMoKHbI JiBa criocoba pasouTh X
Ha TTapbl.

Mur moskeM coeqmunTb (1,2,3) ¢ (4,6,5), a(1,2,5) —¢ (2,6,5).
OxaspIBaeTcs, KaX/oe N3 3TUX COEAMHEHUN MOXKHO OcyIie-
CTBUTH TPeMsI pasHbiMu criocobamut. OIHAKO 10y YEeHHbBIE JOMHU-
wo nmeror Buzx [1,6], [2,5] n [3,4]. D10 coBCceM He TO, UTO HaM
Hasto. ITosToMy MBI 10JKHBI pa30UTh GAIlHNU Ha ITapbl APYTHM
o6pasom, t.e. coequnuts (1,2,3) ¢ (2,6,5) B gomuno [2,3], a
(1,2,5) ¢ (4,6,5) — B nomuno [4,5].

Puc. 4

Puc. 5
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ITU 1eCTb JOMUHO 06Pa3yIoT KOJBIO C HY>KHBIM HaM CBOIi-
cTBOM, a mMmenHo, [2,5], [2,3], [4,6], [1,6], [1,3] u [4,5]. Ilo
3TOMY KOJIbILY CTPOUTCS €MHCTBEHHOE PEIleHne 3a/laull O PIIK-
CKHUX GallHgX, ITOKa3aHHOe Ha PUCYHKe 6.

Puc. 6

Crour OTMETUTDb, YTO €ANHCTBEHHOCTDb PEIICHUA UMEET MECTO
TOJIBKO € TOYHOCTbIO 10 CUMMETPUUN. Ecin 6bI Mbl ITPEAITIOJIOKN~
JIN, 9TO OCHOBAHUE MY3€es COOTBETCTBYET IIPABOMY M300PAsKEHUIO
Ha PHCYHKE 3, a KPbIIIa — JIEBOMY, MbI TIOJyYHJIN Obl pelieHue,
n306paKeHHOE Ha PUCYHKe 7. Mbl He CUNTAeM 3TH /[BA PEHICHUS
Pa3JINYHbIMU.

Puc. 7

Wnes ronoBonoMku «Prokckue 6amHuy ObLia HaliieHa B 32-
cTpannyHoil Gpomrope «KyBimmH anmMazoBs, omyO6IMKOBaHHOMN
YKPauHCKUM u3o6peraTesieM rojoBojoMok Cepreem I'pabapuy-
KoM B Y:kropogie B 1991 roay. Tam Ganinm HeCHMMETPUYHBI, HO
pemiennit MHoro. JlarBuiickuii matematuk Asbbeprc Banarc
HaIieJ BPy4YHyI0 Ha0op GalleH ¢ TpeMs BO3MOXKHBIMU PEleHUsI-
mu. Ilosanee narBuiickuii pusnk Artuc BaymGepre mamren Ha
KOMITbIOTEpe HAGOP € eIMHCTBEHHDBIM peIleHIeM. JTO TOCTIKe-
nue nosropusia Mapus Babuua, crygentka JlatBuiickoro yHu-
Bepcurera. OHAKO B X HA0OPaX MHOTO CUMMETPUYHDBIX OallleH.

B wam waGop (maiizenunsiii Auapucom [{uGymucom) BXOAAT
JINIITD TTeCTh CUMMETPUYHBIX GareH. OH ObLI IPEACTaBJIEH Ha
25 BcemuphoMm cbesje Jai06uTeel roJI0BOJIOMOK B X€JIbCUHKN
B mose 2005 roma. /leMoHcTpanus perieHus TOJOBOJOMKI
umeercss Ha caite: http://www.chiuchang.org.tw/
download /catalog /rigatower.ppt

B 2006 rogy Mapusg babuya Hamia caeaywomuit HaGop,
CoJIepsKaIuil TOJBKO YeThIpe CHMMETPUUHbIE OAIITHU, HO JOTYC-
kalonmii eauncrBennoe pemenne: (1,1,1), (3,3,3), (4,4,4),
(6,6,6), (1,2,3), (1,3,5), (1,5,6), (1,6,4), (2,3,5), (2,5,4),
(2,6,4) n (3,4,6). Vicnombayst HAII TIOAXOJl, UMTATENb JETKO
Hali/IeT peleHue aToil BepCHU T0JI0BOJIOMKH «PrkcKie GairHms .

Andpuc Hubyauc, Inou Jo, Ben-Xcuen Cyn
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1 « B ogHokpyroBoMm TypHupe no dytbony y4actsoBanu 4
KOMaHAbl. «YmMcrtoe» BTOpOE MeCTO 3aHANna KOMaHAa,
HabpaBLaa 3 o4ka. BocctaHOBWTE pe3ynbTaTbl BCEX MaT-
Yyemr. «4ncToe» BTOPOE MECTO O3Ha4aeT, YTo Oosblie HeT
KOMaHg, HabpaBLIMX CTOMbKO e OYKOB, U eCTb POBHO
oflHa KOMaH[a, Habpasllas OonblLe O4KOB. 3a BbIUIPbILL
0aeTtca 3 04Ka, 3@ HMYbio — 1 04KO, 3a nopaxeHne — 0
OYKOB.

A.bJiMHKOB

| AT T —

2. JleHa nowuna BbIryNATh WeHKa B Napk. Kak TofIbKo OHa
OKasanacb B Hadane JOPOXKM AnvHoM 41 M, mayllen
BAOMb Mapka, B KOHLE 3TOM OOPOXKM MOKasanacb ee
noapyra Kats. LLleHok oT pagocti ctan 6eratb ot JleHbl K
KaTe 1 Ha3ag v Oeran Heckonbko pa3 Tyaa-cioda Ao Tex
nop, MoKa NMOAPYrU He BCTPETUIINCL Ha PacCTOAHUM 13 M
OT Hayana JopPoXKW. Becero wieHok npobexan 85 m. Kakoe
paccTosHWe OH Npobexan B OfHY CTOPOHY U Kakoe — B
Apyryto?

[.[anbnepuH

3 . Habniogas 3a pacnnbiBaHWeM YepHUMbHbIX KIAKC Ha
npomokatuke, MeTs chopmynmpoBan 3akoH pacnpocTpa-
HEHWS KNAKC: KaXAasa TOYKa, 4O KOTOPOU JOLLIIa KITFKCE,
Cama CTaHOBUTCSH UCTOYHUKOM BTOPUYHBIX KPYITIbIX KITFKC
(CM. pUCYHOK C/1E€Ba), pr4Yem CKOPOCTb POCTa BTOPUYHBIX
KIIIKC pasHa 1 knetke B MuHyTy. C4uTas 3TOT 3akKOH
CnpaBednvBbIM, HaaMTe, Kakylo nnowafs OyaeT 3aHu-

D711 334a41  [IPEAHA3HAYEHbI MPEXAE BCEro yyaumcs 6 — 8
K/1ACCOB.
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MaTb Yepe3 4 MUHYTbI «IPAMOYrofibHas KJsKca» pasme-
poM 6x10 eAnHUYHBIX KNeTokK (CM. pUCYHOK CrnpaBa).
E.CokosioB

4. Dabprika BbinyckaeT Habopbl 13 NATN GenbiX CNOHU-
KOB Pa3fMyHOM BeNMYMHbI 1 Maccbl. ECiM paccTaBuTb
CJIOHWKOB MO POCTY, TO MO CTaHOAPTy Pa3HOCTb Macc
cocejHUX CITIOHMKOB [[OMXHa ObiTb OOHOM U TOW Xe.
CMOXeT NN KOHTPOMep 3TO NPOBEPUTb C MOMOLLbBIO Ya-
LeYHbIX BecoB Oe3 rmpb? A ecnin Bbl Habopbl Db 13
YeTbIPEX CIIOHNKOB?

A.Ll/arioBasos

5 . Ha nnockoct pacnonoxeHs! ABa NpAMOYronbH1Ka P
1N Q, nepeceyeHneM KOTOPbIX SBMASETCA PABHOCTOPOHHNN
BOCbMWYTONIbHMK (He 0bsi3aTeNlbHO NpaBUbHbIN). [oka-
XnTe, 4To P Q — KBaApaThl C OOUM LIEHTPOM.
K.Marsees
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HTO Mbl BUOVM B 3epkae?

A.TOJIMNbITO

PEXXIE YEM YUTATb 3TY CTATbIO, MOMPOBYWTE PELLINTL
NPOCTEHbKYIO 3aa4y.

A 1orn[[en Ha 37eKTPOHHbBIE 9achl M YBUAES, YTO OHU
10ka3bIBatoT Bpems 20:51. CryyariHo 5 nepesest B3riisg Ha
3€pKano v 3aMeTHJI, 4TO B HEM Te XE€ UMPPbl, HO «rnepe-
CKOYMIIa» EQUHMLAE. 3€PKATIbHBIE YaChl MOKA3bIBaIN 12:05.

Kak 310 MOI710 nosiyY1ThbCa?

(3ameyarme: Tak BCe U ObINo, 334a4va BO3HMKNA U3
HabnmoneHns. Jlobasnio, YTO HMKAKOW CIIOXHOW CUCTEMBI
3epKarn He ObIfo, Yackl 1 3ePKaso ObiNn CaMble 0ObIYHbIE.)

* k%

Bce 3HaloOT, YTO B 3epKase Mbl BULMM He COBCEM TO, HTO
€CTb Ha CaMOM [iefle; YTO-TO MEHSIeTCs MecTaMu. Ho 4To ¢
yem?

«[1paBoe C NeBbIM», — OTBETAT MNOYTW BCE, HE 3ayMbl-
Bascb. Ho 310 BceoOulee ybexneHue owmbovHo. TMo-
CKOJbKY BEKTOP, NepneHAnKyNspHbIN NIOCKOCTM 3epKana,
MMeeT HamnpaslieHune
«BMnepen — Hazag», To Ha
camMoM [ene B 3epkane
MeHSIOTCA MecTaMu  He
npaBoe u1 neBoe, a 106 n
3aTbIIOK. Bbl erko B 3Tom
ybenmrtecb, Mnomnpocus
KOro-H1OY[lb BCTATb MEXK-
Ly 3epkanoM W Bamu
(pnc.1); Toroa nepen Bamm
OyneT 3aTbifIOK Ballero
Lpyra, Torna kak B 3epka-
ne Bbl yBUANTE ero o6
(Mnn HaobopoT). 3Ty Cn-
Tyaumio Mbl HUXe eLle
obcyanm nodpobHee.

Nnu npepnonoxum,
4TO Bbl ABWMXETeCb W3 MYyOUHbI KOMHaTbl K 3epkany.
Byaem, K npuMepy, CHUTaTb, YTO 3epKasio PacronoXkeHo
B MNOCKOCTU «BEPX-HU3,
BOCTOK-3anag». Toroa Bbl
noeTe Ha cesep, a Baul
[BOMHVK B 3epkane, Ha-
obopoT, uAaeTr Ha ior
(pnc.2).

Ecim ke Mbl nonpem
BOOJb 3epKasna C BOCTOKA
Ha 3anaf, T.e. CrpaBa Ha-
NeBo, TO U ABOWMHMK MOW-
[leT CrpaBa Haneso.

TOYHO Tak e, ecnv Bbl
OepXuTe B pyke Kakow-
HUOYAb NpPefMeT, Yy KOoTo-
pOro sIBHO OTNMYaIOTCSH
«MpaBoO» U «J1IeBO», TO
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Ballle OTpaxeHue Oyaet
Jlep>XaTb ero TaK Xe.

Hanpwumep, ecnn Bbl Oe-
peTe CTpesy ocTpueM Bre-

BO, TO B 3epkane octpue
OTpakeHHOW CTpesbl Tak-
e CMOTpUT Bneeo (prc.3).

MoHsATb, NodYemMy B 3ep- .~
Kane MEeHSITCA MecTamMu
«n1006-3aThINOK», HETPyA-

HO. TOpa3fo VHTepecHee  py - 3

NOHSATb, Ha YeM OCHOBAHO

BCeobllee MpefCTaBfieHNe O TOM, YTO B HEM MeHSIoTCA
npaBoe v nesoe. Befib 6OMbLIMHCTBO, AlaXke MOCMOTPEB Ha
npuvBefdeHHbIE MPUMEPbI, BO3PA3UT: TyT, MO/, Kakoe-To
HEMOHATHOE, HO OYeBUIHOE XYNbHWYECTBO — Mbl Mpe-
KpacHO 3HaeM, Y4TO Ha CaMOM [efie BCe-Takn MeHseTcs
neBoe C NpaBbIM. B3rnsaHWTe, — CKaXeT BCAKUM, — ecnu ¢
YTO-TO [eNalo NPaBoOW PyKOW, MOV IBOVHUK AENAET TO Xe
camoe neBou pykow. Vinu Bo3bMUTe KHUrY (TeKCT maet
CreBa HanpaBo) 1 MOCMOTPUTE, KaK UOET TEKCT B OTPaXKeH-
HOW KHure.

Ha4HeM MMEHHO C TeKCTa, MOTOMY YTO 34,eCh Nlerye BCero
OMpPOBEPrHYTb MPUBbLIYHOE 3a0NyXXAeHMe.

Bo3bMUTE B PyKM KaKOW-HNOyAb TEKCT — HO Mpo3pady-
HbIA TEKCT, T.e. TeKCT, WCMOSIHEHHbIA Ha MPO3PavHOM
MaTepuane. (O4eHb XOpPOLIO A1 TAKOro OfbiTa rodaTcs
rapaepobHble HOMEpPKM — HampuMep, TeaTpasibHble; 1X
4acTo [enalT M3 MPO3PayvHON MAACTMAacChl.) MokaxuTe
3TOT TeKCT (3TOT HOMepPOK) camu cebe B 3epkane (pucd).
Monyuntcs TO Xe camoe, 4To ObINo Ha pucyHke 1,
OTPAXXEHHbIN TEKCT BOBCE He WOET «CrpaBa Haneso»,
MeCcTaMW MOMEHSANINCh NepefHss W 3afHsAs CTOPOHbI HO-
Mepka (ero «J106» 1 «3aTbINoK»).

KoHe4Ho, ecniv Mbl MOCTaBMM 3epKano VHave, To nnoc-
KOCTb OTpakeHusi byaet nHow. K npumMepy, ecnv 3epkano
NPUKPENeHO K MOTOMKY, TO MEHSIOTCA MecTamMn Bepx 1
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HM3: B 3epkasie Mos OKAaXeTCs HaBepxy, Bbllle BCero, a
nioan OyayT No Hemy XOoOUTb BBEPX HOraMu.

Ecnn e Bbl XOTUTE, YTOObI MOMEHSNNCH MeCTaMu UMEH-
HO MpaBOe W1 NeBOe, 3TO TOXE MOXHO CLlenaTh: NocTaBbTe
3epkano cboky. VIMeHHO Tak obcTosno Aeno B 3agade, C
KOTOpOM Hayanacb CTaTbsi: A exan MO3[4HO BevyepoMm
B aBTOOyCe, M pofib 3epkana urpano OOKOBOe CTekno
aBTObYyCa. Mpw 3TOM Lndpbl NOWNM B 0OpaTHOM NMopsake:
2051 — 1502. Mpw oTpaxkeH1W OBOWMKa NpeBpaTniachL B
NATEPKY, N HAaobOPOT, U Ha Yacax B 3epkane s yBuzen
12:05.

A ecnu Obl 3epkano ctosno nepen Yacamum (puc5)? B
3TOM Crnyyae, YTOObl YBUAETb U 3MEKTPOHHbIE Yachl, U
n3o0paxeHne B 3epkane oOHOBPEMEHHO, HeoOXOoaMMO,

Puc. 5

4TOObI Yackl ObINM NPo3padHbIMK. Ho Toraa Obl 11 Ha Yacax,
1 B 3epkane Obin ofHU W1 Te xe undpbl. Ecnv e yYackl
Henpo3payHbl, TO f MO0 BOOLLLE He yBuAeN Obl, 4TO OHU
noka3sbIBaloT, MO0 (ecnu Obl 4 caMm cnpen Mexay HYacamm
1 3epKasiom) MHe MpULLIOCh Obl BbIBOPaYMBaTh rOSIOBY,
4TOObI NOMNAAETb HA HUX C PYron CTOPOHbLL. Mexay Tem,
B YCJIOBUM CKa3aHO TOSMbKO «MepeBen B3rNan».

A 4TO e MPONCXOOUT C KHUIOM? W 4TO MpOmMCXogmT C
4e/l0BEeKOM «B 3a3epKalibe»?

3[ech Hago yuuThbiBaThL ABa thakTopa: (1) cummeTpus B
NPOCTPaHCTBE HEBbINOMHMMA, (2) a BOT [Be CUMMETPUN
OOHOBPEMEHHO BbINMOMHUTE MOXHO. W HacToAwasa cum-
MeTPUS «INL0-3aTbIIOK» MyTeM BbIMOMHEHUS OBYX CUM-
MeTpUM Cpa3y npeBpallaeTcs B CUMMETPUMIO «MpPaBo-
neBo», KOTOPYI Mbl AKOObI Habnogaem. BoT kak 310
MPONCXOAMT.

KHura, B oTnmnymne oT HOMepKa, Henpo3padHa. [ins Toro
4TOObI MoKa3aTh cebe B 3epkasne ee TEKCT, Bbl LOJIXKHbI
MOBEPHYTb ee TEeKCTOM K 3epKasy, T.e. MOMEHATb MecTaMm
ee «nepen» u «3afd» (Bbl AepXMTE KHUMY K cebe yxe He
Tak, Kak Npu YTeHUW: He TEKCTOM, @ PackpbITbiM Nepenne-
TOM). Ho Mbl He MOXeM NMOoMeHsTb TONbKO Nnepes 1 3af; B
HalleM TpexMepHOM NPOCTPaHCTBE HeMb3s caenaTtb oTpa-
>KeHKe TONbKO B OAHOW MIOCKOCTK, 33TO MOXHO caenathb
€ro Of|HOBPEeMEHHO B [IBYX NIOCKOCTsAX. OTpaxeHue cpasy
B ABYX, NePNeHaNKYAAPHbIX APy APYry, NNOCKOCTAX eCTb
noBopoT Ha 180°.

VITak, BMeCTo Toro 4toObl 0TPa3nTb KHUTY (4TO HEBO3-
MOXHO), Bbl MOBOpayMBaeTe KHUry Ha 180°, npuyem
MeHSI0TCH, BO-NepBbIX, NepPeL 1 3af, a BO-BTOPbIX, MPaBoe
n nesoe. B pe3ynbTate 4enoBek, KOTOPbIM CMOTPUT Ha
TeKCT B 3epKano, BUOWT, 4TO Nepes, 1 334 KHUMM B 3epKane
PaCcronoxeHbl HOPManbHbIM 00pPa3oM: packpbiTas CTpa-
HULLa Nepes rnasamMu, Kak er 1 NoIoXeHo, — a BOT NpaBoe
N neBOe B CaMOM [efie NOMeHANUcb Mectamn. MoxHO
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Puc. 6

Obino Gbl MOBEPHYTb KHUIY U MHaYe, Tak 4Tobbl NpaBoe
0CTanoCh CNpaea, Ho MOMEHSNNCL Obl BepX 1 HWU3 (purC.6),
OHaKO OObIYHO HUKTO He AEepPXWT ee BBEPX HOramMu.
Bownam 370 y Hac B NpUBbIKY, Mbl Obl, NOXanyn, CKIOHHbI
ObINV fymaTb, YTO B 3epkasie NepeBOpaYvMBaloTCs BEPX U
HW3.

Ho — Bpag nv. Begp eCTb ele rnaBHbIM apryMeHT:
4enoBek B 3epkarne. Y Hero-To, Bpofe Obl, LeNCTBUTENBHO
npaBas pyka OKa3blBAeTCs CrieBa?

Ho v 3peck Ta e UcTopus, Y4To C KHUrom. Yenosek He
MOXeT OKa3aTbCsl B 3a3epkasbe. 3aTo ferko cebe npeacra-
BUTb, Kak 0DOOWTWU 3epKano 1 BCTaTb C TOW CTOPOHbI.
[anblle HaYMHaeTCs NCUXONOrus.

YenoBek MOYTN CUMMETPUYEH OTHOCKUTENIbHO MOCKO-
CTW, Oendwien ero Ha npaBylo U NEBYIO MOAOBUHbL U
HeCMMMeTPUYEH OTHOCUTENBHO MOCKOCTW, AENALLEN ero
Ha nepefHIo 1 3a[4HIOI0 MOMNOBKMHbIL 3aTbIIOK Pacnoso-
KEeH CUMMETPUYHO NNLY, HO COBEPLUEHHO Ha Hero He
NOXOX. A BOT leBast pyka JOCTaTO4YHO MOX0Xa Ha NpaByio.

MpencraBum cebe, 4To BUTS CTOUT Nepef, HEKOW MIOCKo-
CTblO, KOTOPYIO Mbl OyAeM YCIIOBHO Ha3biBaTb «3epka-
NTOM», HO CKBO3b KOTOPYIO MOXHO MPOWTK, a ero 6pat-
onusHel, MuTsa npollen Yepes 3Ty MockocTb. OH CToUT
TOYHO Tak Xe, Kak BuTa (HOCOM Ha ceBep, 3aTbIMKOM K
tory).

«Ho, — nymaeT BuTA, — OH COBEPLUEHHO He MOXOX Ha
MOe OTpaXKeHVe: Beflb B 3epKase s BMXXy CBOM HOC, @ BOBCE
He 3aTblNoK». — A Hy-Ka, NOBEPHUCb! — KOMaHAyeT OH
Mwure.

MuTS nOBOpPaYMBaeTCA...

30eCb-TO U NPOUCXOOMT Camoe raBHoe. YenoBek He
MOXET COBEpLUMTbL OTpaxeHue (Tak, YToObl cepfLe okasa-
NoCb CMpaBa), HO Jlerko MOXET COBepLINTb Pa3oM [ABa
OTpaxeHWs: Beflb pe3ynbTaT (KOMMo3uLmMs) ABYX OTpaxe-
HWI 1 eCTb MOBOPOT, B AaHHOM CJly4ae — NoBopoT Ha 180°.
NT1ak, MuTa moBopadmBaeTcd, T.e. OTPaXaeTcd O4HOBpe-
MeHHO B [ABYX MIOCKOCTAX: «nepef-3ag» (ceBep v tor
MEeHSIOTCS MecTaMI) U «mpaBo-neBo» (MeHsIoTcs 3anaf 1
BOCTOK).

«Bot Tenepb, — aymaet Buta, — MunTd BCTan npasBuibHoO,
TOYHO TaK, KaKk Moe OTpakeHwe. Tonbko npasas pyka y
HEro Haxo4WTCs MPOTMB MOEWN NIeBOW — B 3epKane Oblfo
Obl He TaK. 3HayWT, y MOEro 3epKajbHOro ABOWHMKA
MEHSI0TCA MeCTaMu VIMEHHO MPaBOoe 1 NeBoe».

HeT, noporow Butal Y 3epkanbHOro ABOMHMKA MEHSAOTCS
MecTamm 1o 1 3aTbINIOK; Thl XXe, CpaBHMBas ero ¢ Muten,
He 3ameTun, Yto MuUTA CoBepLUMn ABOMHOE OTPaXkKeHue.
OTcioga U naet t8os oLumbka.
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KAJIEMJJOCKOII «KBAHTA»

3aMOLLEHMA MNOCKOCTU

Jlerko 3aMoCTuUTb NIOCKOCTb MapkeToM K3 NpaBufib-
HbIX TpeyI'OJ'Ile/IKOB KBaLpaToOB WM LLIECTUYTONbHNKOB
(puc. 1, 2 n 3).

A

Puc. 1 Puc. 2

Puc. 3

MOXHO 3aMOCTUTb MAOCKOCTb U MANTKAMU Opyrom
opmbl, Hanpumep yronkamu (puc. 4).

Puc. 4

Ho He BCsiKMe NAUTKIN FOAATCS: CKaXKeM, MPaBUIbHbIMU
NATUYrONbHNKAMM 3aMOCTUTh MIIOCKOCTb Henb3s. Mpu-
YMHa NPOCTas: TPEX YrMOB HefloCTaeT,
4TOObI COCTaBMTL 360°, HO YeTbipe
y>xe He nomectatca (puc. 5).

OKa3blBaeTCs, YTO YeTblpexyrofib-
HVIKI roasaTcs nobble, Aaxe 1 HEBbI-
nyknele. Movemy? TMpUNOXUM K Xen-
TOMY YeTbIpexyrofbHUKy (puc. 6) elle
O[MH Takow xe (3eneHbli), Nony4nT-
¢ (HeBbINYKMbINA) LWLEeCTNYrofbHNK. Y
3TOrO  LWECTUYrofbHMKA MPOTMBOMOMOXHbIE CTOPOHBI
napannenbHbl 1 PaBHbI, Y MOXHO CIIOXUTb LLECTNYTOfb-
HUKM B NMOMOCKY. BEPXHWUI 1 HUXKHII Kpasi STOM NOIOCKMN
O[MHAKOBbI, N TaKUMK MOMOCKAMU MOXHO BbITOXUTb
BCIO MJIOCKOCTb.

Puc. 5

Puc. 6

Bce 3™ 3amoLueHMa MepuoAMWYHbL OfHa WM Ta Xe
KOHUrypaums nanTok MOBTOPSETCS B HWX CO CABW-
rom.

3aMeTiM, YTO MPaBUIbHBI TPEYroNbHUK 1 KBaApaT
[IOMNYCKAOT TakXke W Henepmoamyeckme 3amoLLeHus
(puc. 7), a NpaBUIbHbINA WECTNYrONbHUK — HET.

Puc. 7

OTpa3vB BepLNHY £ NPaBWUABHOIO MATUYrONbHMKA
ABCDE oTHOCUTENbHO AuaroHanu AL, nofly4”M HeBbl-
NyKnbIA NATUYronbHUK (pyc. 8), KOMMSMKU KOTOPOro

E

Puc. 8 B C

MOXHO MOKPbITb MIOCKOCTb Kak neproamnyeckn (puc. 9),
Tak 1 Henepuogmyecku (puc. 10).

PaccmoTpuM AeBATUYONBHYIK C PaBHbIMU CTOPOHAMM
N cneuyanbHo nodobpaHHbIMK yrnamn (puc. 11). U3
TakMX OEeBATUYTONbHNKOB MOXHO COCTaBWTb Henepuo-
Judeckyto cnnpanb (puc. 12). MpogonkaeTcs oHa cnefy-
oM obpasom. K ovepefHoM CTOpoHe npeplayLiero
BUTKa CNMpanu NprkiaapiBaeTcs 3eieHblil MHOrOyrosb-
HWK, «LWenb» MexXay COCeOHVMU 3eNeHbIMY MHOro-
YrofbHWKaMKM 3aMONHAETCA «NepPeBEPHYTbIMUY XeNTbl-
MW MHOFOYrOfbHMKaMM.

EcTb n neprogmyeckoe 3amMoLLEeHVE NIOCKOCTU TeMM
Xe aeBatnyronsbHukamm (puc. 13). Mpuaymatb MHOMO-
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Puc. 9
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Puc. 11

YronbHWK, KOTOPbIN JoMnycKan Obl TONbKO Henepuoam-

yeckye 3aMOLLeHVd, 0O CMX NMOp HUKOMY He yaanocs!
3HaeTe NN Bbl, YTO:

1. MNOCKOCTb MOXHO pa36l/ITb Ha OOMHaKOBble HEBbI-
nyKnble CeMNYyrofibHUNKWN.

21-33.p65

Puc. 13

2. Ecnvi nnockocCTh pa3duTa Ha BbINyKIible CEMUYTOSb-
HVIKW, TO CPean HWX Haupetcs nmbo CKofb YrofHo
MarneHbKuI, NMbOo CKOMb YrofHO OOMbLIOW.

3. EcTb npumep pa3breHns NpocTpaHCTBa Ha paBHble
BbINyKJIble 38-rPaHHMKM, HO HUKTO He 3HAET, MOXHO n
YUMo 38 3aMeHUTb BOMbLLINM.

4. CyulecTByeT HAbOP U3 TPEX BbIMyKIIbIX MHOrOYronb-
HMKOB, KOTOPbIM MOXHO 3aMOCTUTb MJIOCKOCTb Decko-
HEYHbIM YMCIIOM CNOCODOB, HO KaXAbI U3 3TUX CNOCO-
OoB ABNSETCH Henepuoauyeckm. Mpr 3TOM HUKTO He
3HaeT, MOXHO M YNCIIO 3 YMEHbLUUTL — 3TO OTKPbITas
npobnemMa. B mpocTpaHcTBe 3afadva pelleHa — cyllle-
CTBYET MHOTOrPaHHWK, KOTOPbIM MOXHO 3aMOCTUTb BCe
NPOCTPaHCTBO, HO TOMBKO HEMepuoamnyecku.

5. HeunsBecTHO, KakVMK TeTpasgpamMm MOXHO 3aMOC-
TUTb BCE MPOCTPAHCTBO.

6. Ectb 3 Twna BbINYKMbIX LWeCTUYronsHUKoB 1 14
TUMNOB BbINYKJIbIX MATUYFONbHUKOB, KOTOPLIMY MOXHO
3aMOCTUTb BCIO NMNOCKOCTb. Mpo HeBbINyKble Npobnema
OTKpbITa.

7. HNKTO He 3HaeT, CyLLLeCTBYET N1 anropuTM, KOTOPbIN
nonyyaeT Ha BXOLE MHOrOYroflbHWK, a Ha BbIxone
FOBOPUT, MOXHO 1 3TUM MHOTOYTrOfIbHUMKOM 3aMOCTUTb
BCIO MSIOCKOCTb.

CMapkernos

KomMeHTapuu K CTaTbe MOXHO MOCiaTb aBToOpy Mo
appecy markelov@mccme.ru.

MaTepmanbl 3To CTaTbW AOCTYMHbI MO afpecy www.mccme.ru/
“markelov. liobon xenawowmm MOXeT KOMMpPoBaTb CTaTblo WK ee
4acTb NoObIM cnocobom Oe3 paspelleHus aBTopa.
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BHeBMmcaHHas
OKPY>XHOCTb

A.BJIMHKOB, 10.BJIMHKOB

HAI{HEM C ITPOCTOTO BOITPOCA, KOTOPBIN MOYKET BO3-
HUKHYTH YK€ Ha HAYAJbHOM JTalle M3y4YeHus reOMeTPHN.
[IycTb HA TITOCKOCTH 3a/IaHBI TPH TIPSIMblE, KOTOPBIE TIOTIAPHO
nepecekaiorca B toukax A, B u C (puc.1,a). Boupoc: cxoavko
cyuwecmsyem mouex, pasHoyOaieHHblx Om IMUX NPAMbLY?
MHorue IKOJIbHUKN JAI0OT HEeME/JIEHHBI OTBET: KOHEYHO
O[IHA, & UIMEHHO, IIEHTP OKPY’KHOCTHU, BIIMCAHHON B TPEYTOJbHUK
ABC. Kax gacTto 6p1BaeT
B NOJOGHBIX CJydasx,
3TOT OTBET HEBEPEH.
[lefictBuTenbHO, pac-
CMOTPUM, Halpumep,

6) 3 A

a) A GUCCEKTPUCHI BHELIHUX
yr10B B 1 C TpeyrobHi-
ka ABC (puc.1,6). Tax

B G Kak cymMMa yrJoB, oGpa-
30BaHHbIX MU CO CTOPO‘
noit BC, MeHblie, 4yeM

Puc. 1

180°, To aTH O6UCCeKTpuU-
CBI TIepeceKkyTcs B HekoTopoil Touke Q. Torga Touka Q paBHO-
ynasena ot npsMpix AB, AC u BC. AHajiorn4so, paccMarpuBast
JIpyTHe Mapbl BHEIIHUX YIJIOB TpeyrojbHuka ABC, 1oydnm ere
JIBE TOUKH, o6Jajaromme TpeGyeMbIM CBOICTBOM.

Takum 06pa3oM, TTOMUMO IIEHTPA OKPYKHOCTH, BIIMCAHHOI B
TpeyroibHuk ABC, cyliecTBYIOT, IO KpailHeil Mepe, ewe mpu
MouKY, PABHOYAAJCHHbIC OT 3a/[aHHBIX NPSAMbBIX. Kaxkjnas us
JTUX TOYEK SBJISIETCS IEHTPOM OKPYKHOCIU, KACAIOWEUCS CTNOPO-
Hbl MPeyzoavHUKd U NPoooaKenull 08yx opyzux cmopon. Taxkue
OKPY>KHOCTH Ha3bIBAIOT 6HEENUCAHHBIMU JIJIS1 JAHHOTO TPEyroJIb-
nuka ABC.

Yupaxxnenus

1. [lokakuTe, 4TO JPYrUX TOYEK, PaBHOY/AJEHHBIX OT HPsMbIX AB,
AC n BC, He cymectByer (T.e. IX POBHO YETBIPE).

2. Jlokaxkure, 4to Touka Q JexuT Ha Guccexrpuce yraa BAC (em.
puc.1,6).

3. Boruncaure yroa BQC, ecim ZBAC =a .

[TocMoTpuM, Kak MOTYT NPUMEHSTHCS U3JI0KEHHDbIE (DAKTDI.

3apaua 1. ITocmpoiime mpeyzorvnux ABC, 3uas nosoxenue
mpex mouex Ay, By u C;, a61s10uuxcsa yueHmpamu 6Heenucam-
HolX OKpYyxnocmeti mpeyzoavruuka ABC.

Pemenune. Ilyctp uckomblii TpeyroapHuk ABC 1OCTPOEH.
IenTtp Kaxk/0it ero BHEBIMMCAHHON OKPY’KHOCTH JIEKUT HA Tiepe-
CeYeHNN COOTBETCTBYIOMNX GUCCEKTPUC BHYTPEHHETO U BHEIITHE-
ro yraos. ITposeas ux, nomyunm toukn A;, By n C; (puc.2).

Tak xax 6GUCCEKTPUCH BEPTUKATBHBIX YTJIOB JIEXKAT HA OJHOI
npsiMoit, To BepiinHbl A, B u C UCKOMOTO TPEYroJbHUKA JIesKaT
Ha cropoHax tpeyrosabuuka A BC;. Kpome Ttoro, tak kax
OMCCEKTpUCA BHEIHETO yTJia TPEYTOJbHUKA MePIEeHANKYJISPHA
6ucceKTpUCce BHYTPEHHETO YTJia, IPOBE/IEHHOI 13 TOM e BepIIi-
uet, To A4/A L BiC,, BB L AC;, C,C L AB,.

Takum 06pas3oM, pelienye 3aJa4ll CBOJUTCS K MOCTPOEHUIO
tpeyrosabunka AB{C; u ero BbICOT.
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Vcnomb3yst pe3yabrar yi-
pPaKHEHUst 3, HETPY/HO [10-
KasaTb, 4TO 3ajada uUMeeT
pemenne (mpuuem euH-
CTBEHHOE) TOT/a U TOJBKO
TOTJa, KOTJa TPEYTOJIbHUK
AB,C{ — oCcTpOYTOJIbHBI.

Jro 1o3Bossier cpopmy-
JINPOBATh MOJIE3HBI (DaKT:
8epPULUNDL  OCTIPOY201bHOZ0
MPeY2osvHUKA  AGASAI0MC S
yeHmpamu 6HesNUCAHHBLY B,
oxpyxHocmeti ons ezo op-  MC 2
mompeyzoavhuxa (TpeyronbHUKa, 06PA30BAHHOTO OCHOBAHMS-
MU BBICOT).

T'eomerpuueckyie KOHMOUTYPAIIH, CBSA3AHIbIE C BHEBITHCAHHBI-
MU OKDY>KHOCTSIMH, OYEeHb COJEPIKATeJbHBI W BCTPEYAIOTCSI BO
MHOTHX 3ajJadaX. PaccMOTPIM OCHOBHBIE (DAKTbI, CBSI3aHHBIE C
TaKUMU KOH(UTYpalusIMU.

ITycTp BHeBHHCAHHAS OKPYXKHOCTb Kacaercsi cToponbl BC
tpeyrosabnnka ABC B Touke M, a npojoskennii cropon ABu AC
— B TouKkax P u T cooTBeTcTBeHHO. BrincanHas B aTOT TpeyroJib-
HUK OKPY>KHOCTb Kacaercsi ctopo BC, AB u AC B Toukax K, L
u N coorsercrento (puc.3). [o-
KasKeM CJIeIyIOlINe PAaBEeHCTBA:

1. BK =p — b, tie p — nosyme-
pumerp tpeyroabiuka ABC, b —
numna cropoubl AC;

2. AP = p;

3. BK = CM, 1.e. mouxku xaca-
HUSL GNUCAHHOU U B6HEENUCAHHOU
OKPYKHOCMEL CO CINOPOHOU Mpey-
20/I0HUKA CUMMEMPUUHDL OTNHOCU-
menvHO cepedunbl Mot CIMOPOHDYL.

[leificTBUTE/IBHO, U3 paBEHCTBa
OTPE3KOB KACATEIbHBIX, TPOBE/IEH-
HBIX K OKPY’KHOCTH M3 OJIHON TOY-
xu, noxyunm: AN = AL, BK = BL
n CN = CK. CymMa aTHX IIeCTH
OTPE3KOB COCTABJISIET MepuMeTp Tpeyrosbiunka ABC, 1moatomy
AN + BK + CN = p. Yuurbias, uto AN + CN = b, nosydyaem
paseHcTBO 1.

[Tpumensig oty ke TeopeMy 00 OTPE3KaxX KacaTeJbHbIX K J[PYTOi
okpyskHocTH, nosayunm: AP = AT, BM = BP u CM = CT. Torua
P,.=AB+AC+BC=AB+AC+BM + CM =AB +AC +
+ BP + CT = AP + AT = 2AP, oTKyIa CJefyeT PaBeHCTBO 2.

Takkak AT =p,tou CM =CT=AT —AC=p—b=BK. Takum
00pa3oM, JIOKA3aHO PABEHCTBO 3.

Puc. 3

Yupaxuenue 4. [lop3ysicb 0603HAYEHUSIMU PUCYHKA 3, JTOKAXKMNTE,
uto: a) PL = BC; 6) npsamas AM denum nepumemp mpeyzoavnura ABC
nONONAM.

Temepsb MOIyIUM COOTHOIIEHNUST, CBSI3BIBAIOIIIE PAOUYCHL BIIH-
CaHHOI M BHEBMMCaHHOI OKpyskHOCTEH. [[ns atoro (BpemenHO
yOpaB 0603HAYEHUS HEKOTOPBIX TOYEK) JOMOJHUM PUCYHOK 3,
OTMETHB HEHTPbI BIUCAHHONW UM BHEBIMCAHHON OKPY:KHOCTEH —
Toukr I M Q COOTBETCTBEHHO — M MPOBEsS paauychl [L = 7 u
QP = r, stux okpyxnocreii (puc.4). Torga mpAMOyTOIbHBIE
tpeyrombunku AIL u AQP nogo6ubr (tak Kak y HEX 00Ul

. IL AL Al
OCTPBIH yToJ1), MOITOMY @ T E . YuursiBasi, uro AL
=p—a (cm. pasencrso 1) w AP = p (cM. paBeHCTBO 2), IOJLyYnM,
41O rL = Ta . VI3 aTOr0 COOTHOIIIEHNUST, B YACTHOCTH, MOYKHO
HOJIy‘;lI/ITb ¢opmyJty, BBIpasKAIONIYIO IJOMIA/b TPEyroJbHUKA
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yepes pajiyC BHEBIMCAHHON OK-
pyxxHocTH. /leiicTBUTEIbHO, Tak
Kak Sygc = pr, 10 Supc =
= (p - a) Ta -

TeM caMbIM Mbl JIOKa3aJK erie
JIBa TI0JIE3HBIX PABEHCTBA:

4 L=2=2.
Th P

5. SABC = (p—d)ra .
Ynpaskuenue 5. [[okaxure, uto B

Mo60M TPEYIrOJIbHUKE BbIIIOJIHAIOTCA
paBeHCTBa:

Puc 4 a) razptg%, rjge O — yroa

TpeyroJibHuKa, HpOTI/IBO]Ie}KS.H_II/Iﬁ CTOpoHe da;

6) 1,1 1, = ! :L: ! ;

p—a p-b p-c
1 1 1 1
B) —=—+—+—;
ror, N T

r) S =, .

Eue onn nntepecHblit akT MOXKHO MOJYYUTD, PEIUB CJIe/Ly-
I0ILYI0 3a/1avy.

3anaua 2. IIpodonxenue Guccexmpucol yeaa A mpeyzonvHu-
xa ABC nepecexaem Onucannyio OKOJO0 HEZO0 OKPYKHOCMb &
mouxe M; I — yenmp oxpyxnocmu,
enucannoii 6 mpeyzoavrux ABC; Q
— uenmp 6HeSNUCAHHOU OKPYKHOC-
mu, xacaouwetics cmoponwvt BC. Jlo-
xaxume, yumo mouxu B, C, I u Q
JeKaAm HA OKPYKHOCIU C UYEHMPOM
M.

Pemenmne. I1o ycioBuio, [ — touka
nepeceuennst OUCCEKTPUC TPEYTOJIb-
nnka ABC, a Q — TouKa nepecevyeHust
OuccekTpuchl yria A u OUCCEKTPUC
BHEIIHUX YTJIOB IIPU BepiinHax B u
C (puc.5). Tak kak ZIBQ =
=/ZICQ =90°, 10 Toukm B u C
JIeKaT Ha OKPYXKHOCTH € JIMaMeTPOM
10.

IIyctp ZBAC =0 ; ZABC=8.
Yron BIM — Buemnuii ajus Tpe-

1
yrosibhuka AIB, snauntr, ZBIM = = ZIAB + ZIBA = 5(0( +B).

Puc. 5

Kpome Toro, ZIBM = ZIBC+ £ZMBC = %d + %B , TaK Kak

LMBC = ZMAC = %[3 (BHMCAHHBIE YTJIbI, OMUPAIOTIINECS Ha

OJTHY U TY K€ JIyTY OKPY>KHOCTH, OITMCAHHOI OKOJIO TPEYTOJIbHH-
ka ABC). Cnenosarenvbio, /BIM = /IBM , t.e. MI = MB.

Anasornyno mosyuum, yro M1 = MC, 3naunt, M — 1eHTp
OKPY>KHOCTH, OIUCAHHON OK0JI0 Tpeyrosbiuka BIC, a Touka Q
JIEKUT Ha 9TOH OKPY’KHOCTH, T.e. Touku B, C, I n Q mexar Ha
OKPY’KHOCTH C IIeHTpoM M.

Ormerum, 4to paBeHctBo MB = MC = MI, gapngiomieecs
CJIEJICTBUEM JIOKA3aHHOTO YTBEPXK/CHUS, HHOT/IA HA3bIBAIOT me-
OpemMoll 0 <«MPUSUCTRHUKE>.

[lasee PacCcMOTPUM HECKOJIBKO <«KJIACCHMYECKHX» 3ajla4, B
KOTOPBIX BHEBIMCAHHAS OKPY>KHOCTD BBICTYIIAET B POJIH «BCIIO-
MOTaTeJbHOI» .

3anmaua 3. [Tocmpoiime npsamyro, npoxodswyio uepes OaHHY0O
MOUKY U OMCEKaAnwyo om OAHHOZO Yeld MPeYzOJIbHUK C
3a0anHbIM NEPUMEMPOM.

Pemenne. Ilyctp na mockoctn panbl yron O u touka M.
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[Tpeanosoxum, 4To UCKOMas Hps-
Masg AB mocrpoeHa, T.e. TPeyroJib-
uuk AOB wMeeT 3aJaHHbBIN TIepU- A
Metp P. IlpoBeseM OKPY>KHOCTD,
Kacarolycs: CTOPOH JAaHHOTO yrJia
u orpeska AB (puc.6). ycrts K u L
— TOYKU KACAHUS ITOI OKPYKHOCTH () B I
co croponamu yria, torma OK =

1 Puc. 6
=0L = 5P (cM. paBeHCTBO 2).

TaxuM o6pasoM, pelleHHe 33Ja4l CBOAUTCS K MOCTPOEHUIO
BCIIOMOTATEIBHOTO paBHOGEAPEeHHOTO Tpeyrombanka KOL (cro-
pory KL KOTOPOrO MOYKHO HE TIPOBOJUTH) U OKPYKHOCTH,
Kacaioteiics cropon gannoro yria B roukax K u L. TTocsie atoro
4yepe3 TouKy M mpoBoauTCs KacaTeabHas AB K 9TOI OKPY»KHOCTH.

OTMeTUM, 9TO B 3aBUCHMOCTH OT PACTOJOXKEHUS TOUKU M
3a/1a4a MOYKET UMETD /[BA PENIEHsI, OJ[HO PeIleHne NN He UMETh
pelienuii.

3agaua 4. B mpeyzoavuuxe ABC ¢ yeaom B, pasnuvin 120°,
nposedenvt 6uccexmpucvt AAy, BBy u CCy. a) Jdoxaxume,
umo mpeyzonvrux ABC; — npamoyzorvnoul. 6) Haiidume yzon
B,C,C.

Pemenne. a) Ha mpogomxkennn croponst AB (3a Touky B)
orMeruM Touky D, Torna ZDBC = 60°, T.e. nydy BC — 6uccek-
tpuca yrina DBB; (puc.7). Tak xax AA; — Guccexrpuca yria

Puc. 7

BAC, 10 A; — 1eHTp OKpYXXHOCTH, Kacafomeiica BB;, BD n
ByC . Takasi OKPY’KHOCTb $IBJISICTCS BHEBIIMCAHHOW [ Tpe-
yrosibuuka ABB; , mostomy BjA; — 6uccekrpuca yraa BB,C .
Ananormyno, C; — IIEHTP BHEBIMCAHHOI OKPY)KHOCTH JUJISI
tpeyroapanka CBBy, moatromy B;C; — Ouccexrpuca yria
BB A . CrenoBarenpio, ZAB,C; =90° .

6) U3 nokasannoro cienyer, uto touka P nepeceuenuss CC;
n BjA; saBnasercs mnepeceueHHeM OHCCEKTPHC TPEYTOJbHHKA
BCB, . Cieznosare/bHo,

ZBPC =180° - (£PB,C + ZPCB) =

Z/BB,C + Z/BCB,

= 180° - =120°,

Tak xak £B{PC — BHeNIHUII IS TPSIMOYTOJBLHOTO TPEyTOJIbHNI-
xa PB,C,, o £B,C,C = £ZB/PC-90°=30°.

3anaua 5. Ha cmopone BC keadpama ABCD evibpana mouxa
M, a na cmopone CD — mouxa K max, umo yzon MAK paeen
45°. Joxaxume, umo paccmosinue om eepwunvl A 0o npsmotl
MK pasto cmopone xeadpama.

Pemenne. Ilyctp Touka P — ocHOBaHWE TEPHEHINKYJSPA,
orymeHHoro u3 Bepimnbl A Ha npsmyto MK (puc.8). Ipose-
geMm puaroHanb AC KBajgpara U PacCMOTPUM TPEYTOJIbHUK
CMK. Touka A nexur na 6uccekrpuce yria C aToro tpey-

1
ronpauka 1 ZMAK = 90° — §4C , cjejoBaTesibHO, A gBsier-

CsI TIEHTPOM BHEBITMCAHHON OKPY>KHOCTH TpeyroabHuka CMK
(cm. yupaxnenne 3). Torna AP = AB = AD (paauychbl a1oii
OKPY’KHOCTH).

OTMeTnM, YTO U3 JOKA3aHHOTO CJIeAYeT TaKKe, YTO TIEPUMETP
tpeyroabHnka CMK paBeH TOJIOBHHE IlepuMeTpa KBajpaTa.
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36 KBAHT -
Be—M ¢ 3aMeTHM TakiKe, YTO STy 3a/auy MOXKHO
P ~ ObLIO PEMIUTD U JAPYTUM CIIOCOO0M: pac-

cMoTpeB 06pa3 Tpeyrosbinka ADK pit
g TOBOPOTE C TEHTPOM A ma yroa 90
(nmpoTtus "acoBoit cTpeskn).

Ynpaxuenune 6. /loxakure o6paTHOoe yT-
Bepsk/leHue: ecan orpe3ok MK orcekaer OT
kBasipata ABCD tpeyrompnuk CMK, nepu-
MeTp KOTOPOrO PaBeH IOJIOBUHE II€PUMETPA
kBagpara, 1o yronx MAK pasen 45° (cm.
puc.8).

A 40
Puc. 8

PaccmoTpuM eniie HeCKOJIbKO JTIOOOTBITHBIX (DAKTOB, CBSI3aH-
HBIX C BHEBIINCAHHBIMU OKPY KHOCTSIMU. BepHyBIINCH K PUCYHKY
4, OTMETUM, YTO PABEHCTBO 4 MOKHO ObLIO MOJIYYUTb HE W3
1mo106us1 TPEYTOJbHUKOB, & M3 TOTO, YTO IMPHU TOMOTETHH C

AQ

nenrpom A n koadpunmentom k = T BHEBITNCAHHAS OKPYXK-

HOCTDb TI€PEXOJUT BO BIIMCAHHYIO. ITa Ke TOMOTETHSI TI03BOJISIET

3aMETHTDh Ba)KHOE yTBEp:KJEHHUe: 1ycTh TouKa F aumaMerpaabHO
MIPOTUBOIIOJNOXKHA TOYKe K
KacaHWs BINCAHHOH OKPYK-
HOCTU cO cTopoHoil BC
(puc.9). Torna mouxu A, F
u M nexam na o0Hot npsi-
MOTL.

[leiicTBUTEIBHO, 06PA3OM
KacareibHOII BC K BHEBIIU-
CaAaHHOW OKPY)KHOCTH TIPH
YKa3aHHON TOMOTETHW SB-
JsieTcs KacareabHast B’C’
K BIUCAHHOU OKPY’KHOCTH,
npuyem B’C’ || BC (cwM.
puc.9). Ilostomy o6pazom
TOYKH M SBJISIETCS TOUKaA
KacaHuss B’C’ U BIUCAHHON OKPY>KHOCTH, KOTOpas COBIIAJlaeT
¢ Toukoit F, nockosbky auamerp FK, neprienanky.sipuotii BC,
TepHeHnKyIapen Takxke n B'C” .

Puc. 9

Ynpaxuenne 7. Ha pucynke 9 nposejiem siyd AK, KOTOPbIil BTOPHYHO
HepeceveT BHEBIMCAHHYIO OKPY)KHOCTb B Touke E. [lokaskure, uTO
ME 1 BC.

3apmava 6. Joxaxume, umo cepeduna evblcomuvl mpeyzoioHu-
Ka, uenmp 6NUCAHHOU 6 HezZ0 OKPYKHOCMU U MOUKA KACAHUSL
CMOPOHDL, HA KOMOPYIO ONYUeHda 8bicOmd, ¢ COOMEECMCMEY0-
well BHeBNUCANHOU OKPYKHOCDIO JeKAM HA 00HOU NPAMOU.

Pemenne. Paccmorpum tpeyrompank ABC, B xotopom AH —
BbICOTa, Touka D — ee cepeanHa, Touku I m Q — IEHTPbI
BIMCaHHOH U BHeBnmcannoit (xkacaomeiicst cropoust BC) ok-
py»kHOCTell cooTBeTcTBeHHO, K
n M — TOYKM KacaHus 3TUX
OKpy:KHOCTEH co ctoponoit BC
(puc.10).

IIpoBenem KF — puamerp
BIIMCAHHO OKPY>KHOCTH, TOT/Ia
Ttoukn A, F u M Jexar Ha
ogHol mpsamoii. Tak Kak
KF || AH , t0 Menuana MD
Tpeyrosbunka AMH mpoxoanut
yepe3 cepeanHy otpeska KF,
T.€. CO/IePXKUT TOUKy [.

Yupaxuenus

8. Jlokaxute, 4TO B MPSIMO-
YTOJbHOM TPEYTOJAbHUKE II€HTP
BIUCAHHOI OKPY>KHOCTH, cepe-
JAMHa KaTeTa MW TOYKa KaCcaHudg

Puc. 10
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JIPYroro Karera ¢ BHEBIIMCAHHON OKPY’KHOCTDBIO JIEJKAT HA OJHOII TIpsi-
MOI.

9. Jokaxure, yro Toukn D, K u Q (cm. puc.10) nexar na oanoii
TIPSIMOIA.

AP dekTHBHOCTD TIPUMEHEHNST HEKOTOPBIX U3 TIOJTYyYEHHBIX
paHee COOTHOIIEHWN MOKHO IOKa3aTh elle Ha OJHOM SIPKOM
npumepe. Mssecrno, uro ecau ¢ mpeyzorvnux ABC enucana
OKpYHKHOCIb, Kacalowasics ezo cmopon 6 mouxax A, B’
u C’, mo ompesxu AA’, BB’ u CC’ nepecexaromcs &
0onoti mouxe (HaspiBaemoit mouxot sKepzouna; puc.11,a).
[l ToKa3arebeTBa ATOrO YTBEPIKIEHUS JOCTATOYHO HCIIOJIb-
30Bathb TO, yT0 AB’ = AC’, BC'= BA’ u CA’ =CB’ . Torna
AB” CA” BC’ _ {
B'C A’'B CA ’
Ky/Ja 1o Teopeme UeBbl U
cJielyeT, 4To YKa3aHHbIE
OTPE3KHU TIEPECEKAIOTCST B
OJIHOIl TOYKe.

oT-

AHanornyHOe YTBEpPIK/IEHUE BEPHO U IS TOYEK KACAHUS
BHEBIUCAHHDBIX OKPYIKHOCTE CO CTOPOHAMHU TPEYTOJBHUKA, T.€.
ecau A”, B” u C” — mouxku Kacanus 6He8NUCAHHBIX OKPYK-
nocmei co cmoponamu mpeyzonvuxa ABC, mo ompesxu AA”
BB” u CC” nepecexaiomcs 6 o0noti mouxe (HasbiBaeMoii
mouxoti Hazeas;; puc.11,6).

[l TOrO YTOGBI CBECTH JIOKA3ATENIBCTBO ATOTO YTBEPIKIEHHS
K IpPEeAbIAYIIEMY, [OCTaTOYHO OISATh MUCIIOJIb30BATh TEOpeMy
UeBbl U JIOKA3aHHOE PABEHCTBO 3, 3aMEHSST B KAKIOM CJIydae
PACCTOSIHIE OT BEPIIMHBI 10 TOYKU KACAHUS CTOPOHBI U BHEBITH-
CAHHOU OKPY’KHOCTH Ha PABHOE €MY PACCTOSIHIE OT BEPIIIHBI 10
TOYKM KAaCaHMSI 3TOH CTOPOHBI M BIICAHHONH OKPY>KHOCTH.

[IpuBenenuslit npuMep WITIOCTPUPYET YACTO BCTPEUAIOIYIOCS
deoticmeennHocmy  YTBEPKIEHHI, KACAIONMXCS BIUCAHHOU U
BHEBIIMCAHHON OKPY KHOCTEH.

Yupaxnenue 10. [lonb3ysich 0603HaueHUAME PUCYHKA 3, JOKQXKUTE,
yto nipsimbie AM, BT u CP mnepeceKaioTcst B OJHOI TOUYKe.

BuesBnncannast OKpy»KHOCTD YaCTO «BCILIBIBAET» U MIPH U3yue-
Huu crepeomerpun. PaceMoTrpumM, HanpuMep, TpeyroabHuk ABC
1 TOYKY P, He JieKally1o B €ro MJI0CKOCTH U PABHOYIAJIEHHYIO OT
npsambix AB, BC u AC. Ilyctp Touka Q — opToronajbHas
npoekius Toukn P Ha miaockocts ABC. Kakyioo posib urpaer
Touka Q IO OTHOIIEHUIO K TpeyroibHuxky ABC?

U B stoM cayuae (Tak e, KaK ¥ B IJTAHUMETPUH) HEKOTOPBIE
TTKOJTbHUKA [TAl0T HEBEPHBIN OTBeT: «() — IEHTP OKPY’KHOCTH,
BIIMCAHHO} B TpeyroabHuK ABC».

Ha camoMm nesie, u3 ycsaoBus cjeayeT TOJbKO, YTO TOUKa Q
paBHOY/IaJIeHa OT IPAMBIX, COJIEPXKAIINX CTOPOHDBI TPEYTOJIbHI-
ka (110 TeopeMe 0 Tpex MepIeHANKY ISPax 1 MO CBOICTBY PaBHbBIX
HAKJIOHHBIX, TPOBEJICHHBIX K TJIOCKOCTH W3 OJHOW TOUKH).
[Toatomy Touka Q sBjsercs JuGO LEHTPOM OKPY)KHOCTH, BIIU-
canHoil B TpeyroyibHuk ABC, mnu6o 1MeHTPOM O/IHON U3 BHEBIIH-
CaHHDBIX OKPY’KHOCTei aToro TpeyrosbHuka (puc.12,a,6).

Yupaxknenus

11. [lns tpeyrosbHoil nupamujbl PABC JoKakuTe paBHOCHIBHOCTD
YTBEPIKIEHUIT a)—T):
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Puc. 12

a) OproronanbHoii mpoekuueii Bepmmupl P mHa miockocts ABC
siBJIsieTcst 00 1EHTP OKPYSKHOCTH, BIMCAHHON B TpeyroubHuk ABC,
60 LEHTP OJ/[HOI M3 BHEBIIMCAHHBIX OKPY>KHOCTEIl 9TOrO TPEyroJib-
HUKA.

6) BbicoTbl GOKOBBIX Ipaeil, IpoBeJieHHbIe U3 BEePIINHbI P, PaBHbL

B) IliockocT GOKOBBIX IpaHell OANHAKOBO HAKJIOHEHBI K IIIOCKOCTH
OCHOBAHHUS.

r) ILnockoctu GOKOBBIX rpateil 06pasyloT OJMHAKOBbBIE YIJIbl C
BBICOTON MHUPAMU/IbI.

12. B ocHoBaHMM NUpPaMU/Ibl — HPABUJIBHBII TPEYTOJILHUK CO CTOPO-
Hoit 1. Kaskaas 6okoBasi rpaHb mupaMu/ibl 00pa3yer ¢ OCHOBaHHEM YroJl
60°. HaiiuTe BbICOTY MUPAMILIbI, €C/IH H3BECTHO, UTO €€ [IHHA GOJIblIe,
yem 0,5.

13. /loxkaskute, 94TO B TPEYTOJBHON MHUpaMuje, y KOTOPOHl GOKOBbIE
rpaHn 06Pa3ylOT OMHAKOBBIH yroa ¢ ¢ IUIOCKOCTBIO OCHOBaHWS,
IJI011a/1b  GOKOBOII MMOBEPXHOCTH MOYKHO BbIYHCINTD 1O (opMmyJie:

r
Seox = (EST¢, re p — HOJyHepUMETP OCHOBaHHSA, 7 — JUOO paJuyc
OKPY’KHOCTH, BIMCAaHHOWH B OCHOBaHWe, IGO0 PaiTyC BHEBIHCAHHOI
OKPY>KHOCTH.

B saksioueHue BbIpa3nM Ha/IeK/Ly, YTO PACCMOTPEHHDIE YTBEP-
JKIAEHHUs, (DAKTbl U COOTHOIIEHUS, a TakKe YIPaKHEHUS U
paso6paHHbIe 33/1a4H1, I03BOJISAT YUTATEJIIO YCIICIIHO CIIPABUTHCS
C IIUKJIOM 33/1a4, KOTOPbIE MbI ITpe/lJIaraeM /LI CaMOCTOSATEIbHO-
TO perieHus.

3apaum onsg caMoCTOSAITeNIbHOro pewieHua

1. Jlokaxure, 4TO TPEYTOJBHUK SIBJISETCS NPSIMOYTOJbHBIM TOTJA U
TOJIBKO TOT/IA, KOTJA:

a) pajiyc OJIHOI N3 BHEBIMCAHHBIX OKPYKHOCTEH paBeH MOJyTepH-
METPY TPEYroJIbHUKA;

6) IJIOIIA/Ib TPEYTOIbHIKA PABHA IIPOU3BECHUIO PA/MYCOB BIUCAH-
HOIl 1 O/THON M3 BHEBIHCAHHBIX OKPYXKHOCTEIT;

B) ILIOMA/b TPEYroJbHUKA paBHA NPOU3BEACHUIO JBYX PaJUyCOB
BHEBIIMCAHHDBIX OKPYKHOCTEH.

2. OTpes3ok, OTJIMYHBINA OT JAMArOHAJIM, pa3bMBaeT KBA/paT Ha JBa
MHOTOYTOJIbHHKA, B KQXK/BIN M3 KOTOPBIX BIICAaHA OKPY»KHOCTL. Haiinn-
Te JUIMHY 9TOTO OTPEe3Ka, eCJM PaJuyCbl OKPY’KHOCTell paBHBI R u r
(R >7).

3. IlocrpoiiTe TpeyrosbHUK MO YIJIy, BBICOTE, IIPOBEJAEHHON H3
BEPIIMHDI HTOTO YIJIA, U IEPUMETPY.

4. B tpeyronbuuke ABC muposenenbl Ouccexrpucot AD u BE.
Okasasoch, uto DE — 6uccexrpuca tpeyrosibuunka ADC. Haiiaure yron
BAC.

3. Yruibl, HpUJIesKalye K OJfHON U3 CTOPOH TPEYTOJbHUKA, PABHBI 15°
1 30°. Kakoii yrom oGpasyer ¢ aToil CTOpOHOIi NpoBefeHHAS K HEil
MeuaHa?

6. Touxka E na cropone AD kBagpata ABCD takosa, uto ZAEB = 60° .
Buccexrpuca yrima ABE, oTpa3uBuINCh OT CTOPOoHBI AD, mepecexaer
orpe3ok BE B Touke F. [lokaxxure, 4To TouKa F JIeKUT HA JUAroHAIN
KBaJ[pata.

7. Ha nosiocy HaJIOKIJIM KBA/IpaT, CTOPOHA KOTOPOTO PaBHA ITHPHHE
MOJIOCHI, TaK, YTO €r0 IPaHMIA IEPECEeKAET IPAHMIIBI TT0JIOCHI B YEThIPEX
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roukax. /lokaskure, 4To JiBe IPSIMbIE, IIPOXOJAIINE KPECT-HAKPECT Yepe3
3TU TOYKHU, HEPECeKaATCs MO YIJIOM 45°.

8. Jlan rpeyrosibuuk ABC. Ha nyuax AB u AC (Bie TpeyroJbHuka)
rnocTpoensl Toukn Ay n A, coorBercTBenHo Tak, yto BA; = CA, = BC.
Ay — Touka mepeceuenus orpeskoB BA, u CA;. [loxkaxkunte, 4To
npsMas, IpoxXoJAias uepes A, nepresjukyspHo npsamoit BC, conep-
SKUT 1EHTP BHEBIIMCAHHOI OKPYXXHOCTH TpeyroJbHuka ABC.

9. OKpPy’KHOCTD C IIEHTPOM D ITPOXONT Yepe3 BepuinHbl A, B 1 ieHTp
(Q BHEBIUCAHHOH OKpykHOCTH TpeyroJbHuKa ABC, kacamomueiics ero
cropoubt BC. [lokaxkure, uro touku A, B, C u D Jjexar Ha OHOI
OKPY’KHOCTH.

10. ABCD — napassenorpaM™m. BreBIHCaHHbIE OKPYKHOCTH Tpey-
rospHIKoB ABC n ACD xacatorcst ctopon BC u CD cOOTBETCTBEHHO.
Jlokaxkute, 4To TOUKN MX KacaHus ¢ npsmoit AC coBIajaior.

11. /lan napasienorpamm ABCD. BueBnucanHast OKPY>KHOCTb Tpe-
yroapauka ABD kacaercs nipogosskennit cropon AD u AB B Toukax M
un N. Jlokaxkute, 4To TOukn nepeceuenns orpeska MN co croponamu BC
n CD jnexar Ha BIIMCAHHOI OKPY>KHOCTU TpeyrosbHuka BCD.

12. ITocrpoiite yerpipexyroabuuk ABCD no asym croponam AB u AD
n AByM yriam B u D, ecam M3BeCTHO, YTO B HETO MOXKHO BIHCATD
OKPY>KHOCTb.

13. a) JlokakuTe, YTO NPOM3BEJEHUE PACCTOSHUI OT BEpHIMHbI
TPEYTOJIbHUKA /10 I[eHTPa BIMCAHHON OKPYKHOCTH U /[0 IIEHTPa COOTBET-
cTByIOIIEll 9TOI BepINHe BHEBINCAHHOI OKPYKHOCTH PABHO IIPOU3BE-
JICHUIO CTOPOH TPEYTOJIbHUKA, CXOASIINXCS B 3TOI BepIIMHE.

6) Yepes jiBe BepLIMHbI TPEYroJbHUKA U 1EHTDP BIMCAHHONR B HETO
OKPY’KHOCTH IIPOBe/leHa OKPY’KHOCTb. JlOKaXkuTe, 4TO OTPE30K Kaca-
TeJIbHOIl, TPOBEJEHHOI K 3TOI OKPY’KHOCTH 13 TPeTbell BEPIINHbI, eCTh
cpejiHee TeoMeTPHYEcKoe MEX/[y CTOPOHAMU TPEYTOJbHUKA, CXOJSIIHI-
MICSI B 3TOil BepIINHE.

14. OKpy>XHOCTD, BIINICAHHAS B IIPSIMOYTOJIBHBIN TPEYTOJbHUK, Kaca-
erca kateta BC u runorenysnl AB B Toukax P n (Q COOTBETCTBEHHO.
BHeBnucanuast OKpy»KHOCTb, Kacatomasicst karera BC, kxacaercs 1po-
noskenust katera AC B rouke T. [lokaskure, uto Touku P, Q u T jiexar
HA OJIHOU TPSIMOIL.

15. a) Yepes cepeanny D cropoubt BC tpeyrombhuka ABC u 1entp
I OKpy’KHOCTH, BIIMCAHHOI B 3TOT TPEyTOJBHUK, TPOBe/eHA MpsMasd,
nepecekatomas Boicory AH B touke E. [lokaxure, 4to orpe3ok AE
paBeH paJinyCy BIINCAHHON OKPY’KHOCTH.

6) Buccexrpuca yria A nepecekaer OKpy»KHOCTb, OIUCAHHYIO OKOJIO
tpeyrombanka ABC, B Touke W. OKpPY’KHOCTD, BIIMCAHHAS B TPEYTOJIb-
nuk ABC, xacaercs croponbl BC B Touke K, P — TOuKa nepecedeHns
npsmoit WK c Boicoroit AH. Jlokakute, uto oTrpe3ok HP paseH pajnycy
BIIMCAHHOI OKPY>KHOCTH.

16. a) Yepes cepeanny D croponnt BC tpeyroapuuka ABC u nentp
( BHEBIIMCAHHOI OKPY>KHOCTH, Kacakollleiicss 3TOi CTOPOHDI, IIPOBE/ICHA
npsivMas, repecekaonas Boicoty AH B Touke T. [lokaxxuTe, 4TO OTPE30K
AT paBen paanycy 3TOii BHEBINCAHHOI OKPYXXKHOCTH.

6) Buccexrpuca yria A nepecekaer OKpy’KHOCTb, ONUCAHHYIO OKOJIO
tpeyrosibiuka ABC, B touke W, M — TO4YKa KacaHWs BHEBIINCAHHOI
OKpPY’KHOCTH O ctopoHoit BC, Z — Touka nepecedenus npsmoit WM c
Boicotoit AH. [lokasknute, uTo OTpe3ok HZ paBeH pajuycy 3Toii
BHEBIINICAHHON OKPY>KHOCTH.

17. BueBnucanuast OKpy>KHOCTb TpeyrosbHuka ABC kacaercst ero
croponbl BC B Touke K, a mpoposokenusi croponbl AB — B Touke L.
Jlpyras BHeBINCAHHAS OKPYKHOCTD KacaeTcs MPO/I0/LKeHNi cTopoH AB
n AC B toukax M un N coorBerctBenHo. [Ipsmpie KL nw MN mepecexa-
orest B Touke X. Jlokaskure, yro CX — Guccexrpuca yriaa ACN.

18. PasnoGezpentbie tpeyroabunkn ABC u A’B’C’ nexar B napaJi-
JIETbHBIX  TIJTOCKOCTSAX. VI3BectHO, 4to Touka C’ paBHOyJasleHa oOT
BepumH Tpeyroibanka ABC, a kaxkaas us Touek B u C’ Haxoantcst
Ha TakoM ke paccrogHuu ot npsmbix AB, BC u AC. Haiiaure
OTHOIIIEHNUE TIJIOMA/ell JaHHBIX TPEyTOJbHUKOB.

(Mpogonxerne cm. Ha ¢. 45)
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B.MAUEP

MNPOKO U3BECTEH OIIBIT, BKOTOPOM /IBAJIEKAIIINX

JIPYT Ha JIpyTe MIaphKa OJHOBPEMEHHO TIaJal0T HA TBEP-
JIyI0 TOBEPXHOCTb, IPU 3TOM IIOCJE yJapa BEPXHUI IIapuk
MEHbIIIENl Macchl MOJICKAKUBAET HA BBICOTY, TPEBBIIIAIONLYIO TY,
€ KOTOPOIi OH HavyaJI na/laTb. PaccMOTPUM TEOPUIO 9TOTO SIBJIEHHS
B CHCTeMaX OTCYeTa, CBSIBAHHBIX C TTOBEPXHOCTHIO 3eMJIU U CO
CBOOOJTHO TIA/IAIONINM B TOJIE TSXKECTH 3eMJIN MACCUBHBIM THAPH-
KOM.

MBI IPUBBIKJIM CUCTEMY OTCUYETA, CBSI3AHHYIO C TIOBEPXHOCTHIO
3eMJuin, CYMTATD UMEPUUALLHOU W BCE MEeXAHWYECKHe 3aTadyn
pemaTb MMEHHO B 3TOil cucteMe orcyera. Ha camom pnerne,
6€e3yIpPeYHo J0KA3aTh WHEPIUATBHOCT KAKOW ObI TO HU OBLIO
CHCTEMbI OTCYETA HEBO3MOXKHO, a CHCTEMY OTCUETA, CBSI3AHHYIO
¢ 3eMmJielf, MOJKHO CUUTATh WHEPIUAJILHON JINIIb C U3BECTHOM
CTETIEHbIO NPHOINKEHI.

Mb! yBepeHHO Ha3bIBAEM HEUHEPUUATLHOU CUCTEMY OTCUETa,
CBSI3AHHYIO CO CBOGOJHO TAJAIONIUM B MOJE TSIKECTH 3eMJII
TEJIOM W, CJIJ0BATENBbHO, JBIKYIIYIOCS OTHOCHUTEJIBHO Hee C
yckoperneM cBo6oanoro magenns. (B gaeficTBUTEIbHOCTH, Kak
pas Takas CUCTeMa OTCYETA, €CJI OHA OrPAHUYCHA HEGOJIBIINMI
pasMepaMu, ¥ SIBJISIETCS MHEPIUAJIDbHOM, TOUHee — JIOKAJIbHO
unepiuanbuoii. Ho 910 — pasroBop ocoObiii.)

[ToripoGyeM 1oKa3atb, HaCKOJbKO 3(P(PEKTUBHO ObIBAET HC-
NI0JTb30BaHNE HEMHEPIUAJbHOM CUCTeMbl OTCUeTa, CBSI3AHHON CO
CBOGO/IHO TIA/IAIONIUM TEJIOM.

JxcnepuMeHT. BosbMuTe KayuyyKOBBIH HIAPUK HAMETPOM
30—-50 MM ¥ ImIApUK [ IUHT-TIOHTa. B Kayd4yKoBOM IIapmke
CBEPJIOM cJieqiaiite yruyOaeHue n BCTaBbTe B HETO MOJUATUICHO-
BbIii CTepPIKeHb OT MAPUKOBON pyuKu. B Imapuke /i TUHT-TOHTA
IIPOCBEPJIUTE IUAMETPAJbHbIE OTBEPCTHS TUAMETPOM Ha 2—3 MM
60JIbIIIE, YeM JMaMeTp CTePsKHsI. BMeCTO NUHT-TIOHTOBOTO THApH-
Ka MOXXHO HCIIOJIb30BaTh BTOPOH KaydyKOBBIH IIapuk, macca
KOTOPOTO 3HAYNUTETHHO MEHb-
I1Ie MacChl TIEPBOTO; B TAKOM
cJydyae B HEM HY)KHO IPO-
CBEpJIITb CKBO3HOE OTBEP-
crue. Hajienbre mapuk /st
IIIHT-TIOHTa Ha CTEP’KEeHb 1
06pEeXKbTE CTEPXKEHb TaK,
4T00bl YAOOHO ObLIO OGpaTb
ero nasbiamu (puc.1).

Tenepp — onbiThl. C BBICO-
e 10—20 cMm Ha TBepayio
MAaCCHUBHYIO CTOJICIITHUILY OT-
MYCTUTE CHATDII CO CTEPIKHS
MIHT-TIOHTOBBIN mapuk. O
OTCKOYUT W TTOJJHUMETCS T10-
YTU Ha TY JKe BbICOTY, C KOTOPOIii 1ajian. Bosbmure 3a crepskenb
Kay4yKOBBIN IMAPUK U OTIIYCTHTE €ro C TOW )Ke BBICOTHI, UTO U
IIAPHK JIJIST TIMHT-TIOHTA, — OH OTCKOYHT ¥ MOJHUMETCS TIOUTH JI0
TOM K€ BBICOTBI, C KOTOPOH Tajas. Pe3ynbTaThl aTHX OTBITOB
OUYEBH/IHBI: MIAPUKU MCIBITBIBAIOT GJIM3KOE K YIIPYTOMY COy/lape-
HIE C TTOBEPXHOCTBIO CTOJIA, TI0ITOMY JHEPTUH MTOUTH HE TEPSIOT

P

Puc. 1
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Puc 2

7 TIOJICKAKUBAIOT Ha BBICOTY, JIMIIb UyTb-4yTh MEHBIUIYIO TOM, C
KOTOPOH Ta1aJim.

CHoBa HaJIeHbTe MAPUK /IS THHT-TIOHTA HA CTEPKeHb, BO3bMUTE
BBICTYNAIOMNI KOHEI[ CTEPKHS TAJbIIAMH U OTIYCTUTE 00a
mapnKa ¢ Toif ke BBICOTBI, uTo W pambmie (puc.2). Bor ¢
u3yMJIEHHEM OOHAPYIKHUTE, YTO TIMHT-TIOHTOBBIN MAPUK TTPH HTOM
MOJICKAKMBAET HA 3HAYUTENbHO GOJBIIYIO BBICOTY, YeM paHbiie!

B uem zneso? Hesxesn jierkuii mapuk mpuoOperaer oTKyaa-To
JIOTIOJTHUTEJIbHY10 sHepruio? JlaBaiite paszGepemcsi.

SBieHune B cucTeMe OTCYe€Ta, CBSI3aHHOU C IOBEPXHOCTHIO
3emum. lapuku pasnoil Maccbl, MPAKTUYECKH HE B3amMO/eili-
CTBYSI IPYT C JIPYTOM, MOJJIETAIOT C OJHOI U TOIl K€ CKOPOCTBIO
9 K TBepaoi ropusonTatbHol mosepxuoctu (puc.3). Iepsorit

i 0

\OI010)}

Puc. 3

J‘\y o'

b
>
x

(HUKHWI) MAPKK, YAAPUBIIKCH O TIOBEPXHOCTD, jehopMUpyeT-
cs M Ha MTHOBeHHe ocTaHapjuBaeTcs. Cumras ygap yHpyTHM,
HOJIydaeM, YTO MOCJIe yAapa MAaCCUBHBIIN IIapUK OTCKAKUBAET CO
CKOPOCTBIO V , TO0 MOJyJIO PaBHOil CKOPOCTH ¥, KOTOPOH OH
o6sajiar B Havyase yjapa: V = 0. B 3TOT MOMEHT JIerKuit mapux
BCe ellle TPOJI0/UKAET Ma/laTh BHU3 C TIPEXKHEH CKOPOCTBIO O .
Takum 06pa3oM, B HaIlell MOJIEU YIIPYTO B3aUMOJEHCTBYIOT
/iBa MapuKa ¢ MaccaMu M W m, IBUKYIIHECsS HaBCTPedy JApyr
Ipyry co ckopoctssMu V. u O coorBercTBeHHO. O603HAYNM
CKOPOCTH TIEPBOTO H BTOPOTO ITAPHKOB MOCJIe NX COoyAaperus V'’
u ¢’ cooTrBercTBeHHO. Il0 3aKOHY COXpaHEeHHs UMITYJIbCa CUCTe-
Ma TeJI TI0CJIe B3AUMO/ICHCTBIS MMECT TOT K€ UMITYJIbC, YTO U /10
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B3aMMO/ICIICTBUS:
MV +md =MV’ +md’ .

ITepexo/ist OT BEKTOPOB K MX TIPOEKIUSAM Ha BEPTHKAIbHYIO OCh
Oy, norydaem

(M -m)o=MV’'+mo’
(31eCh MHIEKCBHI ¥ Y TPOEKTINI cKopocTelt omymiensr). Cormacuo
3aKOHY COXpaHeHUs SHEPIruH,

MV? . mo’ MV’ mo?

2 2 2 27

WIn, y4duThbBas, uto V = 0,

(M+m)v2 =MV"? +mo?.

Wckmounm u3 dopmyt ckopoctb V7 . [l 5TOro BbIpa3uM 3Ty
CKOPOCTDb U3 3aKOHA COXPAaHEeHUs UMILYJIbCa:

(M —m)o—mo’
M
11 BO3BE/IEM €€ B KBAJIPaT:

V= :v—ﬂ(v+v’)
M

2
- - m m 9
Vv =o? —2—(v+0)v+—5(0+0)
M M
Macca mapuka /I IUHT-TIOHTa 3HAYUTEJIbHO MEHbIIE MacChl
KAy4yKOBOTO MIAPUKA, I03TOMY UJIEHOM, COACPKAIIUM 77> / M?*,
MOXKHO IIpeHe6peub 110 CPAaBHEHHUIO C OCTAJbHbIMU UJIeHAMU
nocenneii dopmyasr. Toraa, noacrapiss smadenme V2 B
3aKOH COXPaHCHUSA SHEPIUH, MOJydacM
(M+m)v2 = Mv? —2m(v+v’)v+mv’2 ,
I
30% = 200" + 0"

2
ﬂOéaBI/IB CJieBa M CIIpaBa B IIOCJE€JHEM paBEHCTBE II0 O ,
HaXo/ UM

2
40? =(0-?),nm 20=0"-0.
TakuM 006pa3oM, HPUXOAMM K 3aK/JIIOYCHHIO, YTO CKOPOCTh

I1apuka MeHbIIIEN MacChl TIOCTIe coylapenus B TpU pa3a 6oJiblLIe
CKOPOCTH 9TOTO IIapuKa /10 COyJTapeHud:

v'=30.
Kunernueckast sHeprusi Tesa, YIABIIero € BBICOTBI /i, paBHA
HaYaIbHOM MOTEHIMANbHOI SHEPrHH: mo* / 2 =mgh . Ananornu-
HOEe PABEHCTBO MOXKHO 3alucaTh [JIs TeJsa, MOJHSIBIIErOCsS Ha
BBICOTY /2’ TIOCJIE Yapa O CTOJICITHIIY: mo’> / 2 =mgh’. Torna

OKOHYATeJIbHO I10JIy4aeM, YTO BbICOTA, Ha KOTOPYIO II0/ICKaK1Ba-
eT Jerkuii mapuk, B 9 pas3 60bIIe BLICOTDI, C KOTOPOIT O MagaeT:

14 0/2
—=—= 9.
h o
KOHe‘{HO, TAKoro OOJIBIIOTO TIOJICKOKa MbI HE YBU/IWM. Bo-
II€pBbIX, IIOTOMY — HE 6yneM SaébIBaTb 9TOro0 — 4YTO HaIl

pe3yabTaTt HpI/I6JII/I)I(eHHbII>'I, TaK KaK TP BbIBOJE MbI OITy CTUJIN
YIIpOIEeHUA. BO-BTOprX7 TIOTOMY 4YTO y/Jlapbl, KOHEYHO, [JaJIEKO
He ynpyrue.

Bouabiiiero agdexra MOKHO LOOGUTHCS, €CJIN BMECTO PEKOMEH-
JIOBAaHHBIX BBIIIC MIAPUKOB B3ATH CTaJ/IbHbIE: OAWH ANAMETPOM
30—50 MM, a Bropoii fuamerpomM 5—10 MM. B aToM ciryyae Bbicota
MOJICKOKA MAJIEHbKOTO MIapuKa OyJeT MpuOINKAThCS K BbIUKC-
JIeHHOMY 3HadeHnio. OJIHaKO caM OTIbIT, KaK HETPYAHO cooOpa-
3UTb, CTAHET TOPa3/o 0oJiee KalPU3HbBIM.

SBneHue B cucCTeMe OTCYETa, CBSI3AaHHOH €O CBOGOAHO
Ma/aloIuM mapuKoM. BHaualie eiile pa3 HAIIOMHKM, KaK IPOUC-
XO/IUT sIBJIEHHE B cucTeMe orcueta xOy, CBI3aHHON ¢ TIOBEPXHO-
crbio 3emun. [lnst yio6cTBa BEKTOPBI CKOPOCTETH, COBIIAAI0NINE

‘ 34-53.p65 39

110 HAIIPABJIEHUIO € OCBIO Y, Oy/IeM CUUTATD TTOJIOKUTETHHBIMHU,
a IIPOTHBOIIOJIOXKHDBIC €if — OTPUIIATEIbHBIMU.

[Toauerast K MOBEPXHOCTH CTOJIA, TMAPUKU UMEIOT O/INHAKOBDIE
cxopoctu —o (puc.4,a). TIpu yaape HUSKHETO MapuKa 0 CTOJ OH
UCIIBITBIBAET YIIPYTO€ COY/ApPeHHEe U OTCKAKMBAET BBEPX CO

a) My &)1y )My
3v
Ol Al O
M ‘L—v T v O‘]\ v
%) T O T O %
Puc. 4

CKOPOCTBIO ©, & BEPXHUII MIAPHK B TOT MOMEHT IPOJOJIKAET
JIBUTATbCS CO CKOPOCTBIO —0 OTHOCHTENbHO ctosta (puc.4,6).
Jlasiee BepxHMil apUK CTAJIKMBAETCA € JBIYKYIIUMCA HABCTPEUy
eMy HIDKHUM. [IpOBe/leHHBIN Bblllle pacyeT TOKA3bIBAET, UYTO
€CcJIM CYUTATh 3TO COYJapeHue YIPYTUM, a MacCy HUMKHETO
HIapUKa CyeCTBEHHO MPEBbIIAIOIIEH MacCy BEPXHEro, TO TOCJIe
coy/lapeHns BepXHHUIi MIApUK TPHOGPETAET CKOPOCTD, IIPUMEPHO
pasuyio 3v (puc.4,6).

Tenepb 2TO ’Ke sBJIEHHE PACCMOTPUM B CHCTEME OTCUETA
x’O’y’ , cBg3anHOl ¢ HWKHUM 1apukoM. [lojneras x croay,
o0a MmapuKa B 9TOIl CHCTEMe OTCUETa UMEIOT HYJIEBYTO CKOPOCTD,
a CTOJI JIBUJKETCS HABCTPEUY UM €O CKOpocTbio v (puc.5,a).
[Tocate yripyroro yaapa €ToJia M0 HIDKHEMY ITAPUKY CTOJI TTOJTY-
YaeT CKOPOCTb —v, a BEPXHWI MIAPUK, KOTOPBIH MPOJOJIKAET
JIBUTATHCST OTHOCUTEJTHHO CTOJIA CO CKOPOCTHIO —0v, TPUOOpeTaer

a) Ay 6) Ny 8) My

m

Puc. 5

cxopoctb —20v (puc.5,6). C 9TOH CKOPOCTBIO OH HaJeTaeT Ha
MACCUBHbBIH HIKHUN HIAPUK U IIOCJe YIPYTOro COyJapeHus c
HUM HOJIy4aeT CKOPOCTb, PUMEPHO paBHYIO 20, ecan m < M
(puc.5,6). 3HaUNT, OTHOCUTEIHHO CTOJIA, KOTOPBIH JABHKETCST CO
CKOPOCTDBIO —0, BEPXHUII MApUK MOCJIe yAapa HAYHET JABUTAThCS
CO CKOPOCTBIO TPUOJUBNTENBHO 30 U IMOJCKOYUT HA BBICOTY,
pUMEpPHO B 9 pa3 INPEBBINAIONIYIO Ty, C KOTOPOil OH HaydaJl
najsath. VIMeHHO 9TO M Tpe6OBATIOCH J0KA3ATh.

3aMeTHM, YTO pelleHue Halleil 3a/auil B HEWMHEePIHAJIbHOI
CHCTEME OTCYETA, CBSI3AHHOI CO CBOGOIHO TTA/IATOIINM THAPUKOM,
0Ka3aJI0Ch TOPa3/0 IPOIIe pPelleHns B MHEPIHAIbHON cucTeMe
OTCYETA, CBSI3AHHOI € TOBEPXHOCTHIO 3eMJIN.

Pexomenmanus. IIpoBeanTe Takoil OIBIT B MIKOJIE U BBISICHH-
Te, KTO U3 BAIINX TOBAPHIIEI CMOKET CPasy OOBSICHUTD SIBJIEHHE,
ObICTPO Tepeii/isi B «CTPAIIHYIO» HEMHEPIHAJbHYIO CHCTEMY
oTcyera, JBIDKYIIYIOCS C YCKOPEHHEM CBOOGOIHOTO TAJ[EeHUSI.
Ecsn Takme peGsra o6Hapy:Karcs, 3HAUYWT, Jesa ¢ (PU3UKOI B
Baleil mKoJe o6CTOSAT HOPMAJIbHO.
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MATEMATHUYECKHUMN KPYJXOK

Pa3pe3aHnsa Ha
TPEYTrONbHUKN

A.CTTNBAK

EOHAP]] DUMJIEP (1707-1783) BbLJI IIEPBBIM, KTO CTOJIK-
HYJICSI C TIOCJIe/[OBATEIbHOCTDIO, HbIHE HOCSIIEH NMST DKeHa
[MTapaa Karanana (1814—1894). Ou cupocu ce6st, CKOJIbKUME
c1roco6aMi MOKHO BBIIYKJIBIH 72-YyTOJBHUK Pa3pe3arb Ha TPey-
TOJIbHUKY THATOHAJISIME, HE TIePeCeKaioNuMUCS BHYTPH HETO.
OrBer i1 n = 3 TPUBHAJIEH: OANH CIOCO6, TaK KaK HUKAKIX
[aroHasieil TpoBOAUTD He HAA0. B 4eThIpexyroJbHIKe MOYKHO
IPOBeCTHU J0GYIO U3 JABYX JAMATOHAJE, TaK UTO CIIOco00B /Ba. B
MATHYTOJbHIKE — U3 JTI060 BEPIINHBI /[BE [HATOHAJM, 5 CIIOCO-
60B.
[Tpu n = 6 — nepBblil He BIIOJIHE 04eBU/HDII OTBeT: 14 cioco60B
(puc.1); uro6bl He 3amyTaThest, cropora BC BbijieieHa U OT/Ieb-

F B

A D
B C
F E
B (& B C
D
B C
Puc. 1

HO HApHMCOBAHbI pa3pe3aHuisi, B KOTOPbIX K HEH MPUMbBIKAIOT
coorBetcTBeHHO Tpeyroabuukn BCA, BCF, BCE n BCD.

B cratpe «Yncmaa Kartamana» («Ksant»> Ne 3 3a 2004 rox)
MIPUBEIEHO MHOTO JIPYTHUX OIPe/IeIEH I ATOI MOC/Ie/[0BATETbHO-
cTH 1 TpeMs crioco6aMu BbIBeJieHa siBHAs (HOpMyJia

(20— 5)1!

" (n-1)!
JUI KOJMMecTBa P, paspesaHnil BBIMYKJIOTO 7-YTOJIbHUKA Ha
Tpeyroisuuki. B aroit dopmyne (n-1)1=1-2-...-(n—1) —
NpOM3Be/ieHNe TepBbIX 7 — 1 HaTypaJbHBIX YHCEN, a

271—2 ( * )

(2n-5)1'=1-3-...-(2n = 5) — npoussezenue LepBbIX 7 — 3
1

HEe4YeTHbIX HaTypa/bHbIX uucen. Hampumep, P; = o =1
o ’
Py = Mooy,
3!

[Ipesyiaraio BaiieMy BHUMAHMIO JIOBOJIBHO MPOCTOE JIOKA3a-
tesibetBO popmyaibl (). Ero ocHOBHas ujest COAEPKUTCS B
miacome Jlama JlmyBuiutio, Kotopoe ObLIo OMyGJIMKOBAHO B
sxypuase «Journal de math. pures et appl.» B 1838 ronay.

Bocnosbayemes unykiedi no n. Baza ungyxuuu (nipu n=3)
yIKe TPOBEpeHa.
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o

PaccMOTpUM BBIYKJIBIN 1-YTOJBHUK, PA3PE3aHHbI [ITaroHa-
JISIMI Ha TpeyroibHuKd. JIerko [oKasaTb, YTO KOJHMYECTBO
JMaroHaJieil paBHo n — 3.

Yupaxxuenus

1. [lokaxxute 3TO yTBEPK/JEHUE [0 UHIYKIHH.

2. Jlokaskute 1O WMHAYKIMU, YTO KOJUYECTBO TPEYrOJbHUKOB
paséuenust paBHO n — 2.

3. IloacunTbiBast KOJMYECTBA CTOPOH TPEYTOJIBHIKOB, BbIBE/INTE
dopmyJty s KosimuecTBa quaronasieii u3 (hopMyJibl [Jisl KOJIYe-
CTBa TPEYrOJbHUKOB.

Tenepb — ocHoBHas njes. PaccMOTpUM BBIIYKJIbIN 72-YTOJIb-
HUK, Paspe3aHHblil Ha TPeyroJbHUKU JUaroHalsMu, He Iepece-
KaloNUMuCcA BHYTPH MHOTOyroJbHuKa. Jlio6as us n — 3 gumaro-
HaJlell, OCyIeCTBJIAIONINX 9TO Padpe3aHne, MOXKeT ABYMs CIIOCO-
6aMu, Kak MOKAa3aHO Ha PUCYHKAX 2 m 3 g n =4 un =5

ha

{3

o
L%

2
3@1 —5 U
4
2
3@1 — 3
Puc. 2

COOTBETCTBEHHO, TIPEBPATUTHCS B TPEYTOJBHUK U TEM CAMBIM
NpPEeBpaTUTh Padpe3aHue n-yroJbHuka B paspesanue (n + 1)-
yronbuuka AjAy ... A, A, .

Taknm o6pasom P, pasdpesaHmii BBIIIYKJIOTO MHOTOYTOJbHUKA
A4y ... A, mpespamatorcest B 2(n — 3) P, paspesanuii BBITyKJIO-
ro (n + 1)-yrompuuka AA,...A,A,,;. Ha kaxiaom takom
paspesaHuy BblJeJeHa OjiHa cTOPOHa (BO3HUKINAS TP «Pas/ly-
BaHWU» [IarOHAJIN B TPEYTOIBHUK W BbIJEJEHHAS HA PUCYHKAX
2 u 3 kpacubIM 1BeTOM) . JII06ast cTtopona, kpome A, A, , Moxker
ObITb BbI/IEJIEHHOI.

ITocMoTpuM Ha 9TO € APYTOI TOUKM 3peHus. IlycTb B BBITyK-
aom (n + 1)-yrompuuke ABCD... Bpigenena cropona BC;
BBISICHUM, CKOJIBKO CYIIECTBYET PA3pPE3aHUil HA TPEYTOJIbHUKI
(kak Beerja, IMArOHAJIAIMHU, HE MEPECEKAIONIUMUICI BHYTPU MHO-
royrosbauka). ITo onpeenenuio, cioco6os paspesatb (n + 1)-
yroipHuk Bcero P,y . OmHako He BO BCeX TaKUX CHOCO0AX
cropora BC MoskeT ObITb BbIJIEJIEHHOI: He TOIATCS Te CIIOCOObI,
KOTr/ia OJHUM W3 TPEeyroJbHUKOB, Ha KOTOPbIe paspe3an
(n + 1)-yrombruk, siasercs tpeyroibHuk ABC wmun BCD.
Otpesas ot (n + 1)-yrosbHuka TpeyroibHuk ABC, Mbl noJyda-
€M BBIMYKJIbIA 7-YTOJbHUK; [IJIST HETO TI0 OIPEIeJeHnio Cytie-
crByer P, paspesanuii. To ke caMoe TIPOUCXOJUT TIPH OTPe3a-
wun or (n + 1)-yrosbauka tpeyrosnbhuka BCD: moiydyaem
BBIYKJIBII 72-yTOJIBHIK, JJISi KOTOPOTO KOJIMYECTBO pas3pe3aHnit
pasuo P,.

BepreMmcs K TOJICUYETY KOJUYECTBA <«PA3AYTbIX» 71-yTrOJb-
HukoB. [lockonbky JoGas u3 cropon (n + 1)-yroibHuka
AAy .. AA,, kpome A, A;, MoxeT ObITb BDIJIEJEHHOII,
TO

(211 - 6)Pn = n(PnH _2Pn) )
OTKy/la
nPn+1 = (411 - 6) Pn .
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2 2 3
1 — / 1
_ 4 5
! 5 ] [
P 2 3 2
3 3 4
1 — / 1
4 4 : 3
5 56 6
2 3 2
3 4 2 2
1 — 1 / 1
4 5 J 6 ] 6
2 2 3 2 2
3 1 2 3 3 4 3
1 —> 1 / ! — { > 1
4 ] 473 4 5 4 ‘.‘
g 0 ) 5 6 2 b
2 3 2 2 2 2
3 4 3 3 3 3
1 — 1 1 7 =% 4 1 1
4 5 1 ; 4 5 4 -
5 6 50 5 6 50

Puc. 3
Cie10BaTesIbHO, €CIM ISl HEKOTOPOTO HATYPAJIbHOTO 72 BEPHA
dopmyna (%), 10
P - 4n—6 (2n-5)! gt (2n-3)N gt
n (n=1)! n! ’

Tak uto opmyna () BepHa B TAKOM CJIydae U IS CJAEAYIONEro
3a 4UCJIOM 71 HaTypajgbHOoro umciaa n + 1. VHIyKIUOHHDBII
nepexoji o6ocuoBan, (opmyaa () gokazanal

HepaBeHCTBa U ...
napannenbHbIx
nepeHoc

M. T'OPEJIOB

CTATBE PACCKA3BIBAETCA O METO/IE /IOKA3ATEJIbCTBA

HEpPaBEeHCTB, OCHOBAHHOM Ha KAaUeCTBEHHOM PAacCMOTPEHUH
rpamKoOB MHOrO4JIeHOB. [0BOps O MeToze, I MME0 B BUY
CTaH/JAPTHYIO TOCJIE/I0BATE/IbHOCTD 1aroB, IO3BOJISIONLYIO0 pe-
MIaTh /IOCTATOUYHO MUPOKUI KPYT 3a/1a4, ONHUPAsICh HA 3HAHUS I
YMEHHSI, a He Ha u3o0peTatesbHOCTD U yzaady. KoHeuHo, poJb
n306peTaTeIbHOCTH B MaTeMaTHYeCKOM TBOPYECTBE TPY/HO Iie-
peotieruth. Ho omna gaer tem Gosbimii addekrt, uem mmpe
TeXHWYECKUII apceHaJ, Ha KOTOpbI oHa omnmpaercs. Mrax,
IIOTOBOPUM O MeTOJE.

‘ 34-53.p65 a1

o

OcHoBHaa npes

Hokaxxem HepaseHcTBo Komm' 1151 ABYX HEOTPUIATEbHBIX

b
quces: a; 2\/@,

Jlns  5Toro paccMOTPUM KBaJApaTHBI TpexujaeH
f(t)=(t-a)(t-0b).Erorpadpuk — napaGosa «BeTBSIMHI BBEPX»
(puc.1). Cpennee apudnmern-

h

— 910 abcImeca \ ()
ab

a+b
YecCKoe

BEpUINHbDI HapaéOJ’[bIy a KBa/l-
paT CpeTHETO TEOMETPUYCCKO-

ro ~Jab pasen opauHaTe TOU-
KU nepecedenusi napaoibl ¢
0CbIO Op/IMHAT.

PaccmoTpum eme MHOTO-
wten g(¢)=7()+d, tne & [4—b\2
— HEKOTOPOE TIONOKHUTENbHOE ( 2 ) 1
aicno. Ero rpadux nomyua-  p
ercs U3 rpaduKa MHOTOYJIeHA
f (t) mapasrespubM Iepenocom Ha paccrosiue § Beepx (puc.2).
Ecsm umes1o 8 He 04eHb BEJINKO, TO MHOTOUJIEH ¢ (t) ToXe nMeer

" Oziocmen Jyu Kowu (1789—1857) — odum u3 kpynnetwux
PPanyy3cKux Mamemamuros.
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JIBa KOPHST ¢ W d, W MBI MOKEM
HallucaTb aHaJOTM4YHOEe HepaBeHCTBO

%z@.

Kakoe u3 aTuX JIByX HEPaBEHCTB
cusbHee? KoHeuHno BTOpoe, Tak Kak
JIEBDIE YACTH Y ATHUX HEPABEHCTB PaB-
ubl (rpauK-TO MBI CIBUTAIN BBEPX,
3HAUUT, a0CIUCCA BEPITHHDBI HE U3Me-

\
>

HUJIACh), a MPaBasi 4acTh y BTOPOTO
HepaBeHCTBa 00JIbIIe, TAK KaK HOBBII
rpauk mnepecekaer OCb OPJAMHAT
BbIie craporo. O4eBUHO, YTO YeM
6ospiie &, TeM GoJiee CHIIbHOE HEPABEHCTBO MbI Gy/leM IOJIy-
4aTh.

3ajiamMcst Terepb BOIPOCOM, a MPU KaKUX O HAITH PACCyK-
JleHud crpaBeiyinBbl? O4eBNHO, OHM ITPOXO/SAT, MOKA MOoJIyYa-
IOMUiics MHOTOYJIEH HMMeeT KOPHU. 3HA4YHuT, camoe CHJIbHOE

(I\—‘\ \‘_/:,".b t

Puc. 2

a-b
HEPABEHCTBO MBI TIOJIYYUM TIpu O = - - Ero mam docma-

mouno aokaszarb. Ho nmpu TakoM § HEpaBeHCTBO OYEBH/HO: B
ATOM cJydae mapabosa Kacaercss ocu abCInce, KOPHU HAalero
KBaJPaTHOTO TpexdJeHa COBIAJAIOT, a cpeJHee apudMernyec-
KO€ U Cpe/lHee TIeOMEeTPUYECKOEe /[BYX PaBHBIX YMCEJ PaBHbL
Mex Iy coboii. 3asava periena.

Koneuno, y aToil 3asaum ecTb ApyTHe, HaBepHOe, Oosee
ecTecTBeHHbIe penreHus. 1 Bce ckasaHHOe BbIIIE HE MMeJO Obl
CMbICJIa, eCJIn Obl aHAJIOTUYHbIE C006pa}KeHI/Iﬂ He TIpOoXoauJin 1
B ApYyrux, GoJiee CJIOXKHBIX caydasx. [aHmHyio uaeio MOXKHO
Pa3BUBATh B PA3HBIX HANpaBjeHUsAX. OTHO U3 HUX yiKe MOsSIBJIS-
nock B «KBanre» (em. crarpio JI. Kypasgumunka «[Ipubimkenne
K akcrpemymy» B Nel 3a 1981 r.). Mot noiigeM apyrum myrem.?

Yupaxknenus

1 (ommmnumaza Mexmata MI'Y, 1999 r.). J1/14 MOJI0KUTENbHBIX YHCET

2ab
a u b paccMOTpUM cpejiHee rapMoHuyeckoe H :—b, cpe/Hee
+ a+b
reomerpudeckoe G =+ab , cpeanee apudmerndeckoe A = 5
a* +b?
cpejiHee KBajparuueckoe Q = - Yro Gombuie: HQ naun AG?

2 (M483). Haiigute HanGoJbliee 3HaY€HHE OTHOLIEHUs KBajpara
pajiyca BIMCAHHONH OKPYKHOCTH IIPSIMOYTOJIBHOTO TPEYTOJIbHUKA K
CyMMe KBaJIPATOB JUIMH Me/MaH, MPOBEJIEHHDBIX U3 OCTPHIX YTJIOB.

KnioueBon npumep

Pemmm 3amauy, npeasaraBurytocs Ha oauMmnaie 239 MIKOJbI
Cauxr-IlerepOypra B 1995 rony.

3azava 1. Cymma uucen x, y u z pasna 0. Jlokaxure, 4To
x2y2 + y222 +220%+32 6xyz .

Pemenue. IIpojesaeM HECKOJIBKO TPIOKOB.

Tpiok nepsorii. [Ipeo6pasyem HepaBeHCTBO. 3aMeTnuM, 4TO

2
(xy+yz+zx)" = x2y2 + y222 I 2x2yz + 2xy22 + 2xyz2 =

= P+t A 2xyz (e vy + 2).
C yuerom Toro, uto X + y + z = 0, HepaBeHCTBO MEPETUIIETCS B

2
Buge (xy+yz+zx) +326xyz.
PaccMOTpHM MHOrOYJIeH

f(O)=(-x)(t-y)(t-2)=

= —(v+y+2)t2 +(xy+yz+2x)t—xyz .

2 Mmnozo unmepecHozo noayuaemcs npu cunmese IMux deyx Hanpaes-
Jlenutl, Ho PAMKU cCmAmoUu CAUUKOM Y3KU, UMoOGbL USL0KUMD COOMEEM-
cmeywue pe3yomdamaol. Ocmasum 3mo wumamensimn 0as camocmos-
MeNbHOZ0 UCCeO08ANUSL.
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Ero rpadguk npusesieH Ha pUCYyH- ()
ke 3. OueBUIHO, B HEKOTOPOIl
TOYKE @, JIeXKallel MexX/y MeHb-
MM U CPE/IHUM CBOMM KODHEM,
3TOT MHOTOYJIEH JIOCTHTAET JIOKAJTb-
HOTO MaKCHUMyMa.

A celfuac BTOpOil TpIOK. Pac-
CMOTPUM ellle MHOTOYJIeH

g(t)=(t-a)(t—a)(t+2a)=
= 3 —(a+a-2a)t* +(aa - 2aa - 2aa)t - aa(-2a) .

P ,
Y

Puc. 3

Cpasuum koo duiments: muorouwtenos f (¢) u g(t) . Koaddu-
HHenTh PN 3 1 %y HUX OJIMHAKOBbIE: IPH > — eIMHMITA, TPH
t* — mymp. Cle0BaTEIbHO, TPOH3BOIHBIE STHX MHOTOUICHOB
oTTHYaloTCst Ha KoHcTauTy. Ho mpn ¢ = @ o6e onm oGparmaiorcst
B Hyab (y MHorounena [ (f) B 9Toif TOUKe JIOKATBHBIA MaKCH-

MyM, a y muorouneHa ¢(¢) — xparmbli kopens). I[losrtomy
f'(t)=g’@®), 1.e. koadpdpuumentsr npu ¢ y Muorowsenos | (t)
u ¢(t) roxe pasubl. 3uauur, rpaduk MuHorouwtena ¢(t) mouy-

waercst u3 rpaduxa Muoroutena [ (¢) IapaslesbHBIM EPEHO-
COM B BepTUKAJbHOM Hanpasjenuu. Ho B Touke ¢ 3HaueHue
OTHOTO M3 HHUX PAaBHO HYJIO, a JIPYroro — IIOJOXKUTETBHO.
3HauuT, ATOT TepeHoc ocymiecTiasercs BHU3. CTano ObITb,
g(0)<£(0), wm aa(-2a)= xyz .

3arnuiieM UHTepecyolee HaC HEPABEHCTBO /LISt TPEX YHUCelI d,
a, —2a. (aa - 2aa — 2aa)2 +3>-124° . CkazaHHOE BbIIIE TI03B0-
JISIET 3aKJI0YHUTDH, YTO HOBOE HEPABEHCTBO CHJIbHEE MCXO/HOTO
(seBBIe wacTM y HMX PaBHBI, a HpaBasg GOJbIIEC y HOBOTO),
[I03TOMY HaM JOCamouno 0Ka3aTb, 4TO 9¢" +12a° +320.

Tenepn TpeTtuil TpIOK:

9a" +12a° +3 = (9a2 —6a+3)(a2 +2a+1)

— U TIPOBepKa HEPABEHCTBA y)Ke He COCTaBJ/IAeT TpyJa. 3ajada
peleHa.

HernocBgieHHOMY MOXKET IT0Ka3aTbCst, YTO 3TO PEIIeHUEe OCHO-
BaHO Ha IIeNH CJAyYailHbIX coBIajieHnit. UTOOBI TOKA3aTh, 4TO 9TO
He Tak, packpoeM cekpet (oxyca.

Teopema O CMMMeEeTpPUYeCKuX MHorou4sieHax

ITepBbiii pa3 HaM OBE3JI0 B TOM, uTO cyMMy x2y° + y?2% + 2%x°

Y/AI0Chb BbIPasuThb 4epes koadduuuentsr Muorowsena [ (¢) .
DTOT TPIOK OCHOBaH Ha BecbMa BaKHOH Teopeme, 3HaucHHe
KOTOPOIi BBIXOAHT JIAJIEKO 32 IPAHHIIbI PACCMATPUBAEMOTO HAMU
Kpyra BOIpocoB. 1loatomy cdopMysupyeM U JOKa)keM ee B
o011eM BHE.

Byaem paccMaTpuBaTh MHOTOYJIEHBI OT 7 HMepeMEHHbBIX
X{, Xy, ..., X, . OHU TIO-Pa3HOMY BeIyT cels MPH MepecTaHOBKaX
nepeMenHbIxX. Harpunmep, MHOTOUMCH X724, + X3y + X5X, Tpe-

BpaTUTCA B MHOI'O4JIEH x%yq + xfo + X§X2 , €CJIM MbI ITOMEHAEM

MeCTaMHU TepeMEHHbIE X{ M Xy , @ MHOTOWICH X7 X2 + X3x5 + X3

1npu TOM JKe IepecTaHoOBKe IIEPEMEHHDIX TIE€PEXO/JUT B MHOT'OYJIEH

x3xl + x%ad + x5x2 , T.e. cam B cebs.

Yupaxuenne 3. CKOJBKO PA3HBIX MHOTOUYJIEHOB MOYKHO TOJYYUTDH
[epecTaHOBKAMH MEPEMEHHBIX U3 MHOTOUJICHOB, PACCMOTPEHHBIX BbIIe?

MHOFO‘IHGHBI, KOTOPbIC HE MEHAIOTCA ITPpU 210661 IepecTaHoB-
KaX MEepPpEeMEHHbIX, Ha3bIBAIOTCA CUMMECTPUYCCKUMMU.

Ynpaxuenune 4. /lokaxure, 4To CyMMa, PasHOCTb W IPOU3BEICHIE
JIByX CHMMETPUYECKUX MHOTOUJICHOB OYJyT CHOBA CHUMMETPHUYECKUMU
MHOTOY/ICHAMH.
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Bot HeckogbKO BaKHBIX MPUMEPOB CUMMETPUYECKIX MHOTO-
YJIEHOB:

P, 2, 2,) =2+ 00+t X,
P (%, X000, 2,) = X2y + X023 + oo+ X4,

P3 (2, 2,000, 2,) = 24200203 + 2209004 + o F Xy 4 X,

P (21, 29,000,2,) = 125 ... 7,

(BO BTOPOW CTPOYKE CTOMT CyMMa BCEBO3MOKHBIX TOIAPHBIX
IIpOU3Be/IeHNil, B TpeTbell — cyMMa BceX IIPOU3Be/eHMil 10 TP
U Tak jajee). DTH MHOTOYJICHBI HA3BIBAIOTCS HJIEMEHTAPHBIMU
cumMerpuueckuMu. C TOYHOCTDBIO /10 3HAKOB OHHM PaBHBI KO-
¢ureHTaM npu CTENeHsaX ¢ B CTAaHAAPTHO 3a1c MHOTOYJICHA

f(O)=(t-x)(t-x,)...(t—x,).
TeopeMa 1. [l./lﬂ BCAKOZ20 cumzwempuuecxozo MHOZ20Y1eHA

F(x1,x2,...,xn) cyuecmeyem maxoti mHozousen ®, umo npu
6CeX 3HAUCHUAX X{,Xy,..., X, GLINOJAHACINC PABEHCNEO

F (2, 2,00, 2,) = O (py (1, 29,000,210 Py (21,2900, ))

okaszateberBo. DUKCUPYEM HEKOTOPOE YUCIIO ¢ U JOKAKEM
TEOpeMy /ISl BCeX MHOTOUJIEHOB, CTelleHb KOTOPbIX MEHbIIE (.
(Hanomnum, uto crernenbio ojHousena Ax{"xy”...x," HazblBa-
eTcst uMcsio My + My + ...+ m,, . CTenenbio MHOTOUJIeHA Ha3bIBa-
ercst HanGoJIbIast U3 cTeneneil BXOAANUNX B HETO O/[HOUJIEHOB. )
ITockosbKy 4nCaI0 ¢ MOXKeT ObITb BBIGPAHO MPOU3BOJIBHO, TEM
caMbIM TeopeMa Gy/leT [0Ka3aHa Jisl BCEX MHOTOUJIEHOB.

Becom odnounena Ax;"xy?..x," OyneM Ha3blBaTb CyMMy
mq" "+ myq" " + .+ m,_q +m, . Becom mmozounena 6ypem
Ha3bIBATh MAKCUMAJbHbIIl 13 BECOB BXOJSAIINX B HETO OJIHOUJIE-
HOB.

Vreep:kaenue 1. Muorousien crenen, Menbieii ¢, He cozep-
JKUT Y4JIEHOB PABHOTO Beca.

YrBep:xkaenne 2. Bec mpousBejieHHs JBYX MHOTOYJIEHOB
paBeH CyMMe BEeCOB COMHOXKUTEJIE, TIPHUeM «CaMblil TSKeTblii»
4JIeH MPOM3BEICHUST PABEH TIPOU3BEICHIIO «CaMbIX TSKEJIbIX >

YJIEHOB COMHO>KHUTeEJIe.
Yupaxuenue 5. [loxaxkure yrepxkiaenus 1 u 2.

BOCHO]IbSyeMCH I/IHJIyKIII/IeIL/'I 110 B€ECY MHOIro4Ji€Ha. Muorousen
Beca 0 — arto IIPOCTO KOHCTaHTa, W [JidA HETO YTBEPIKIACHUE
TEOpeMbl OYE€BU/THO.

HpeZ[HOJIO}KI/IM, TE€OpEMa yrKe JJOKa3daHa /1Jis1 BCEX MHOI'0OYJIe-
HOB, B€C KOTOPbIX MCHbBIIC ©. HyCTb CI/IMMeTpI/I‘IeCKI/Iﬁ MHOI'O-

wnen F(xy,%,,...,%,) nuMeer Bec @, n Ax{"x5?...x," — BxOAsI-

’ n
Ul B HETO OJ{HOYJIEH MaKCUMAaJIbHOI'O Beca.

YrBepxkaenue 3. BepHo HepaBeHCTBO My = my 2 ...2m, .
Ynpaxuenue 6. /lokaxure aro.
Paccmorpum mMHOTOUJIEH
Wy, x9,...y X,) =
= A-(p(xyy 209, )™ 772 o (ayy 2,0, 2,)) 72775
o (o1 Qe 29y, 2" 7 (y, (o Xy 2, D)™

Yrepxaenue 4. Onnounen Ax;" x5 .x”" BXoAUT B MHOTO-
1 2 n

wiren W , a BeCa BCeX OCTaJIbHbIX O/ITHOYJIEHOB, BXO/IJAIIUX B HETO,
MEHbIIIEe W.

Ynpaxuenue 7. [/lokaxure 3r0.

Torma pa3HocTb F(x1,x2,...,x,,) - lP(x1,x2,...,xn) nMeerT Bec,
MEHDbIINI @, W K Hell MOXKHO HPUMEHHUTb MPEIOI0KEeHNe
nHayKuuu. [{1s9 3aBeplieHns JI0Ka3aTeJbCTBA OCTAETCS BOC-
MOJTb30BATHCSI PABEHCTBOM

F(x1,x2,...,x”)=

= W(x,19,...,%,) + (F(x1,x2,...,xn)— W(x1,x2,...,xn)).
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MHue He ynasoch BBISICHUTH, KOT/[a BIEPBbIEC IOSBUJIACH 3Ta
teopeMa. lIpuBejieHHbIE BbIIE PACCYKJACHUS C HEOGOJBITIMU
M3MEHEHUSIMI BOCIIPOM3BO/IAT /loKa3aTebeTBO [aycca®.

ITOT MeTO/]T I0KA3aTeTbCTBA KOHCTPYKTUBEH: TIPUMEHSIST OTIH-
CaHHYIO B HEM IPOIEAYPY, MOKHO 32 KOHEYHOE YNCJIO IIaroBs
MOJIYYUTb PA3JIOKEHUE MPOU3BOJBHOIO CUMMETPUYECKOTO MHO-
rousieHa depe3 3jeMeHTapHble cummerpudeckue. OHAKO HaA
MPAKTUKE TAaKOI Crocob He BCer/ia siBJSETCS CaMbIM HKOHOMUY-
HpIM. Yame ata TeopeMa HCIOJb3YeTCsl KaK YHCTasl TeopeMma
cymiectBoBanusi. OObIYHO 3TO I1103BOJISET HAHTH HEOOXOAMMOE
pasJiolkenue, a UHOTAA MOXKHO 06oiiTuch n 6e3 aToro.

Ynpaxunenue 8. [lokaknurte, YTO ecJaW B YCJOBHAX TeopeMbl |
MHOrousleH F umeer 1esbie KoauimenTsr, T0 U MHOTOUYJIEH P
uMmeer 1eJbie K0P PUIMEHTDI.

Temnepnb nepsblil TPIOK IIPU PACCMOTPEHNH KJIIOUEBOTO IIPUMeEpa
MOKeT ObITh cziestan Tak. [To reopeme 1 cymma x? y2 + y222 .

MOJKET ObITh 3allMcaHa B BH/IE
R
= a(ac+y+2)4 +B(xy+x2+y2)(x+y+2)2 +

+oywyz(x+y+2)+ 6(xy+x2+y2)2,

rae a,B,y,® — Hexoropble unciaa. KoadduumeHt & MOKHO
Jlerko Haiitu, monoxus x = 1, y = —1, z = 0. 3navenus xe
ocTabHbIX KO3(hMUITHEHTOB [T HAC HE BaXKHBI, OCKOJIbKY TI0
yeaoBuio x + y + z = 0. Orciona u mojydaeM PaBeHCTBO
Y+t + 2% = (ay +xz + yz) .

[TpuBeseM errie OAWH MPUMEP MCITOTb30BAHIS TEOPEMBI 1.

3azgaua 2 (saxmountenbubiii Typ Beepoccniickoi oymmmma-
apt, 2003 1.). Myctb a >0, b>0, ¢ >0ua+b+c=1. lokaxure
HEPABEHCTBO

1 1 1 S 2 2 2

+ + > + + .
1—a 1-b 1-c¢ 1+a 14+4b 1+4c
Pemenne. 310 HEpPaBeHCTBO CUMMETPUYHO. TOK/eCTBEHHbDIE
1peo6pa3oBanusl HUKOT/A He HAPYNIAIOT CUMMETPHHU, MO3TOMY,

€CJI1 MbI YMHOKUM €ro Ha (1 - az)(1 - b )(1 - cz) u cobepeM Bce

cjaraeMblie B JIEBOIl YacTh, TO MOJYYUM HEPABEHCTBO BU/A
F (a, b, c) >0, rae F — HEKOTOPbIN CUMMETPUYECKUIT MHOTOYJIEH.
Y no6Hee 10Ka3aTh, 4YTO 9TO HEPABEHCTBO BBITTOJIHSIETCS IS BCEX
HeompuyamebHuIX 3HAYCHUI a, b, c.

CrerieHb 5TOTO MHOTOUJIEHA HE TIPEBOCXO/NT IsATH. 10 Teopeme
0 CUMMETPUYECKUX MHOTOUJIEHAX €r0 MOJKHO Pas3JIoKHUTh Yyepe3
aJIEeMEHTAPHbIE CHMMETPUYECKHE MHOTOUJIEHBI. A TIOCKOJIbKY €ro
CTeTleHb IOCTaTOYHO MaJia, 3JeMEHTapHBbIH CHMMeTPUYeCKIil
MHOTOUJIEH abc GyIeT BXOAUTD B 9TO PA3JOKeHUe B CTETEeHH, He
IIPEBBIIIAIONIEH TEePBYIO.

Bynem paccmarpuBarh uncia d,b,¢ Kak KOPHU MHOTOYJIEHA
f(t)=(t—a)(t-b)(t—c). Moxno cuurarb, 4TO OHH Pa3INY-
HBI: cJaydail coBmajieHust XoTst Obl ABYX wucen da,b,c Oyner
pasoGpan jaee; mostomy rpaduk MHoroueHa [ (t) umeer Buj,
n3o6pakeHublii Ha pucynke 3. Casuras aToT rpaduK BOJb OCH
opaunar, T.e. npubasysia K f (f) KOHCTaHTY, MbI MEHSIEM YHCJIA
a,b,c TaK, 4TO 3HAYEHUST CHMMETPUYECKUX MHOTOUJIEHOB @ + b +
+cuab+bc+ca ocraioTcst Hen3MEHHBIMHE, a Ipou3Be/ieHe abce
MEHSETCS B U3BECTHBIX Mpejeaax (HaloMHNM, 9TO ¢ TOYHOCTBIO
10 3HaKa 910 Koo uiments: muorounena f). 3uauur, F(a,b,c)
uMeeT BUJL dabce + B, raeyncaa o u 3 He MEHSIOTCS IPU HAIUX
capurax. Ho snuneitnas gynkuus dabe +3 0T npousseseHus
abc 06513aTeIbHO JIOCTUTAET CBOETO HAMMEHBINETO 3HAYEHNST Ha
OTpe3Ke B OJIHOM M3 KOHIIOB ATOTO OTPE3Ka.

3 Kapn ®pudpux Tayce (1777-1855) — xpynmetiwuii nemeyruil
Mamemamux.
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IIpesesibl M3MEHEHUS] BEJMYMHDBI TIPOM3BEACHNST abC MOTyT
OLIpeeJIATbCS ABYMST 0OCTOSTENbCTBAME: IU60 rpadUK MHOIO-
unena [ (t)=(t—a)(t—b)(t—c) <«3anenurcs» 3a och adeuyce
TOUKOI JIOKAJBHOTO MUHIMYMa U/ TOYKOH JIOKATbHOTO MaKCH-
MyMa, Ji60 OJIHO U3 4ucesa d, b, ¢ obpaTuTcst B HOMIb. Pacemot-
PHM 3TH /IBA CJIy4asl OT/EJIbHO.

B nepBoM ciryyae MOKeM, He OrpaHHYMBAs OOIIHOCTH, CUU-
Tath, 4T0 @ = b, ¢ = 1 — 2a. Torga nucxoanoe HepaBEHCTBO

1 4
+—2 +—
l-a 2a 1+a 2-2a

npeoGpasosanuii * kak 9a” — 6a +1 = (3a - 1)2 >0 . TTocaennee

3alliuieTca B BHUAE , Wanl  I1ocJjie

HEPAaBEHCTBO OYEBU/IHO.
Bo BTopom caryuae moxkeM cuntarhb, uto ¢ = 0. Torga nexoxnnoe
. 1 > 2 . 2 ’
1-a 1-b 1+a 140
npudeM a + b = 1. [lng nokasaTesbCcTBa 9TOr0 HEPABEHCTBA
MOXKHO BHOBb IpuMeHHMTDH Ty ke uzeto! Ilocne nmpusegenns x
001IeMy 3HAMEHATEJIO TIOTYYUM CHMMETPHYECKOEe HEPABEHCTBO
TpeTbell CTeleHH, I0ITOMY 3JIeMEHTapHBI CHMMeTPUYeCKIi
MHOTOUJeH ab Oyner BXOAWTb B HETro JUHEHHO. A 3HAYWT,
HEPaBEHCTBO JIOCTATOYHO /I0OKA3aTh B /IBYX CJydasX: KOI/la Y1c/Ia
au b paBubl (1 paBHbI O[HOIN BTOPOIT), HJIM KOT/Ia OJIHO U3 YHCEJ
PaBHO HY0. B 0601X cilydasX HEPaBEHCTBO OUEBUIHO. 3ajada
peliieHa, mpudeM 1oyt 6e3 BbIYUCEeHUI!

HEPaBEHCTBO IEPEINIIETCA B BU/IE

Yupaxxunenus

9. Jlokaskute, 4to Jijist JIOOBIX HEOTPUIATEJbHBIX wucesa d, b, ¢
BBIIOJTHSAETCS HEPABEHCTBO

4(a® +6° + ¢ +6abe) 2 (a+b+c) .

10 (American Mathematical Monthly, samaua E2284, 1971 r.).
Jlokaskute, 4T0 ecau @, b, ¢ — HeoTpuuaTe]bHble Ynucaa U X = b +
tc—a,y=cta—-b z=a+tb-c, 10

abe(xy + yz + xz) 2 xyz(ab + be + ac) .

11 (I1.®uncnep, T.Xaasurep). Iycts a, b, ¢, S — COOTBETCTBEHHO
CTOPOHBI U TLJIOMA/Ab TPEYTOJbHUKA. JIOKAKUTE HEPABEHCTBO

A +0*+c? 2483 +(a—-b) +(b-0)? +(c—a)* .
Teopema besy ®

Bepuemesd k kJodeBomy npumepy. Ilpuiiio BpeMst pacKpbiTh
ceKpeT BTOPoro Tpioka. HarmoMHio, 4To s «BbITAIII U3 pyKaBay
muorowten ¢ (t) = (¢t —a)(t —a)(t+2a), a morom 4vyaecupim
00pa3oM 0KaszaJoch, YTO €ro rpaduk nojydaercs u3 rpaduxa
Muorousena [ (t) napasenbHpiM neperocoM. JloJikeH 1pu-
3HATHCS, YTO HA CAMOM JIeJIe s JIefiCTBOBAJ B 06PaTHOM TIOPSI/IKE:
CHavyasa cjesaj MapajljiesbHbIil mepeHoc rpaduxa, a IoToM
PAa3JIOKUJI COOTBETCTBYIONUII MHOTOUJIEH HAa MHOMKHTEJIU. A
[IOMOTIJIa MHE B 3TOM CJIEAYIONIAsl TeopeMa.

Teopema 2. [Tycmv ¢ — xopenv muozounena F(t). Tozda
naiidemes maxotl muozousen G(t), umo F(t)=G(t)(t-c).
Moxasateasetso. [ycts F (t) = apt” + ait"™ +...+a,_t +a,

u F(c)=0. Torga
F(t)=F(t)-F(c)= apt" +ajt" " +...+ a, 4t + a, —

1

- (aoc" +ac" +...+a, c+ an) =

= a, (t” —c”)+ a (t'H —6"71)+...+a,H (t=c).

4 Han onsmv <nosessio»: NOJYUUNCS MHOZOULCH. 8MOPOU CMenetu,
a ne namoil. Ilodymaime, nouemy.

5 Omven Besy (1730-1783) — ¢panyyscruii mamemamur, uien
ITapusxckoil axademuu Hayx.
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[IpaBast wactp 3TOTO paBeHcTBA AEJUTCS HA ¢ — ¢. JTO CJeryeT
13 XOPOIIO U3BECTHOTO TOXKIECTBA

th—ck = (t—c)(tk_1 + k20 4+ tch? +ck),

KOTOpOE B CTapbIX KHHTaX Ha3bIBAETCS TOXIECTBOM bBesy.

C €ero OMOIIBIO HETPY/IHO HAflTH 1t K0aUIHEeHTbI MHOTOMIE-
na G (t) . Koabdumment npu " pasen aye™™" ™" + ac"™" % + ...
ceet a9+ a,y_,,_q - D101 HOPMY.IOIl MHOTIA Y IOGHO T0JIb30-
BaTbCs, BBIIOJHAA Jesenne. [[0Ka3aTeJbCTBO 3aBEPIICHO.

Urak, Kak ke GbL1 cjle/lan BToOpoii Tpiok. BosbMeM Touky @, B
KOTOpOH MHOrouIe f (¢) AOCTUraer JOKaIbHOIO MAKCHMyMa, 1
pacemorpum muorounet g (t) = f(¢) - f (a). Tak kax g(a) =0,
no reopeme Besy ¢ (t)=h(t)(t-a), rae h(t) — nexoropsrit
MHorousneH. Ho @ — Touka JOKaIbHOrO MaKCHMyMa MHOTOUJIeHa
g(t), moaToMy B 9TOH TOUKE OH HE MEHsET 3HAKA, OCTABAICH

BO/IM3H Hee HEIOJIOKUTEJAbHbIM. A Bblpaxkenue (¢ —a) B 9T0i
TOUKE MEHseT 3HaK, 3HAYUT, OKEH MECHSATD 3HAK M MHOTOUJICH

h(t) , aToraaa — ero kopens. Caenosarensno, i (t) = p(t)(t - a)

u g(t)=p(t)(t- a)z. CuieBa 3/1eCh CTOUT KyOUYeCKHiT MHOTO-
wieH, nmoatomy Muorouwnen p(f) — snnefinsiif, u Torza
g(t)=(at-B)(t- a)2 . CpaBuuBast k0a(pPUIMEHTDI 1IPU CTap-
meM 4YJjeHe B JIeBOH M IIPaBOil 4YaCTSAX PaBEHCTBA, HAXOJUM
a =1, a cpasuenue koaddumuentos npu ¢> gaer B = —2a . Bor
1 BeCh CEKpET.

Ta >xe TeopeMa 1mo3BoJIsIeT OOBSICHNTD U TpeTnil Tpiok. Kasa-
Joch Obl, HAM IIOBE3JI0, YTO MHOTOYJIEH YETBEPTOI CTENeHU
PABJIOXKIIICS B TPOU3BEJEHNE JBYX KBAIPATHBIX TPEXUJIEHOB.
Ha camomM jiesie HUKAKOTO Be3eHus 3/1eChb HeT. ABTOPbI 3aa4n
MIPHYMaJU XOpOoIllee HePaBeHCTBO. A XOpolllee HEPABEHCTBO —
9TO TaKOe HEPaBEHCTBO, KOTOPOE IPU HEKOTOPBIX 3HAYEHUSIX
MePEMEHHBIX OOPAIIAeTCsT B PABEHCTBO, U TOTOMY HE MOYKET
ObITb ycuseno. Harie HepaBeHCTBO 0OpAIaeTcsi B PABEHCTBO
npu x = y = —1; z = 2. lloatomy He yauBuTeapHO, 4TO @ = —1
— xopenb Muorounena 9a +124° + 3. Paccyxas kak B mpe-
pIryneM absaie, TPUXOJAUM K BBIBOAY, YTO 9a* +124° + 3=

= (0(612 +Ba + y)(a + 1)2 . Yucaa o,B,y HaiizeMm, cpaBHUBas KO-
sbpummentsr mpn @
PaBEHCTBA.

ToJIbKO YTO MBI CTOJIKHYJIUCD €II[e C [IBYMSI COBIA/[EHUSIMU, HAJL
KOTOPBIMH COBETYIO MOAYyMaTh CaMOCTOATENbHO. Bo-TepBhIX,
OKA3bIBAETCST, UTO XOPOIee HEPABEHCTBO JJOKA3ATh TPOIIE, YeM
IJI0X0€e. A BO-BTOPBIX, XOPOIIee CUMMETPHYECKOE HEPABEHCTBO
obpallaeTcsl B PaBEHCTBO, KOTJa 3HAYCHUs MO Kpaiineil mepe
JIBYX TIEPEMEHHBIX COBMaAAIOT ¢ . Bo MHOTHX CJIydasx aTo MO3BO-
JITET «yTaJIbIBaTh» ° KOPHU MHOTOYJICHOB.

Wrtax, Bce CeKPeTbl PACKPBIThI. JTO MO3BOJISAET TOBOPUTH HE O
«TPIOKax», a O Iarax aJropuTMa, [OKa3bIBAIOIIEro HepaBeH-
ctBa. KcraTh, aTOT aAropuT™ HETPYAHO Peaan30BaTh Ha KOMITb-
orepe. OcoGeHHO yAO0OHBI JIJIsi 9TOTO TIAKETbl CUMBOJIbHBIX
Bbruncsenuii Tuna Maple, Mathematica, MATLAB. Bsixojur,
YTO KOMIIBIOTEP B COCTOSIHUU PeliaTh OJMMITHA/HbIE 3a1a4H,
MpUYEM «Ha JIOKAa3aTeIbCTBO>. BOT erme oanu nmpumMep paboThi
ATOTO AJTOPHUTMA.

3agaua 3 (Mockosckas onmumnuazna, 1982 r.). Iycrs @, b, ¢
— HeoTpHIaTe bHbIe Yncaa. /lokaskuTe, 4To

at +b* + ¢t = 2?0 + PP+ b2P) + abcla+b+¢) > 0.

,a4 u a° B JeBoil m TPaBOH YacCTIX

6 Cmpozo 2060ps, Mo ymeepKoenue 6epHo, ecil CMenens Hepaset-
CMeA He CAUUKOM 6bICOKA NO CPABHEHUIO C UUCIOM NEPEMENHDIY.

7 Kpammuvie xopuu ne obszamensno yeadvieamy. [as ux noucxa
cyuecmeyem pezyaapnas npouedypa, OCHOBAHNA Hd NOUCKE HAUOONb-
wezo 00wezo0 Oesumens MHOZOUJEHA U €20 NPOUIGOOHOT C NOMOUDIO
anzopumma Esxauda.
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Pemenue. HepaBeHncTBo UMeET 4ETBEPTYIO CTEMEHD, TTOITOMY
mpousBe/ienne abc MOYKET BXOIUTb B PA3JIOMKEHUE JIEBOU YaCTH
10 3JIEMEHTAPHBIM CHMMETPUYECKUM MHOTOYJIEHAM TOJIbKO B
nepsoit crerenn. Ecom ® xoaddurment npu abc orpuiaresien,
casunem rpadux Muorowrena [ (t) = (t —a)(t - b)(t - ¢) suus,
Tak, 4TOODI OH 3alENIJICS TOYKOI MakCHUMyMa 3a ocb abcruce. A
ecJin 3TOT KO PUIMEHT MOJIOKUTENEH, TO OYIeM CIIBUTATD ITOT
rpacduK BBepX /IO TeX IMOp, TOKA He MIPOU30UIET OJHO U3 JBYX
COOBITHIL: TpadUK 3alenUTCs 32 0Chb a0CIUCC TOUKOH MUHIMYyMa
WM O/IMH M3 KOpHeHl o6paTurcss B HOJb. B pesyibrate Mbl
noJyunm 6oJiee CHIIbHOE HEPABEHCTBO. 3HAYMT, NCXO/HOE Hepa-
BEHCTBO JIOCTATOYHO /IOKA3aTh B JBYX YACTHBIX CJIyYasX: KOTJA
JIBA M3 TPEX YHCEJ PABHBI, M KOTJA OJHO M3 YHCes 00paIaeTcst
B HOJID.

B cayuae b = c nonyunm a* — 4a*b? +ab?® (a+2b) > 0 . Passie-
auB Ha b' m o6osnaumB t = a/b, TMOJy4UM PaBHOCHJIbHOE
HepaBeHCTBO (ts -3t + 2) =2 0. Ono o6pamuaercst B HOJIb IIPU
t = 1, 3HAYUT, ECTECTBEHHO IIPEAIIOJIOKUTD, YTO t3 —-3t+2=

=(at+B)(t- 1)2 . CpasauBag crapume K03 HUIEHTbI 1 CBO-
60/IHbIE YJIeHDI cJIeBa U cripaBa, HaxouM o =1 u = 2 . Tenepn
HETPY/IHO IIPOBEPUTD, uTo ¢ — 3t +2 = (¢ + 2)(t — 1)2 . pu 1o-
JIOKUTEJIbHBIX ¢ 3TO BbIPasKEHUE HEOTPHUIIATEBbHO.

B ciyuae ¢ = 0 mokas3biBaeMoe HEPABEHCTBO OYEBUJIHO.

Yupaxnenus

12 (Mexaynaponnas omummmana, 1984 r.). Ilycts a, b, ¢ —
HeOTpUIlaTeIbHbIe JICHCTBUTEIbHbIE YMUCJIa TaKue, 4To a + b+c=1.
Mokaxure, uro 0 < ab + ac + be —2abe < 7/27 .

13 (M1834). /11 feficTBUTENBHBIX YHCE X, Y, Z JOKasKHTe HepaBeH-
creo x5 + y6 +254 3x2y222 > 2(Jc3y3 +2353 4 y323) .

14. Ilyctb x, y, z — TpPOU3BOJIbHBIE ACHCTBUTEJDbHbIE YHCIA, p =
=x+y+z qg=xy +xz+ yz, v = xyz. Jlokaxxure HePaBEHCTBO

) . .
3(3r-pq)” < 4(pZ - Zq)(Zqz - Spr) .

15. a) Iycrb @, b 1 ¢ — AIUHBI CTOPOH TPOU3BOJIBHOTO TPEYTOJIbHUKA.
Jlokaxkure, 4TO

a(b2+c2—a2)+b(a2+c2—b2)+c(a2+b2—c2)£3abc_

6) Ilycrs a,B,y — yrisl TpeyrosibHuKa. [[OKaKHTe HEPABEHCTBO
cos 0 + cosP + cosy < 3/2 .

16. Ilyctb 7,,7,,7, — pajiycbl BHEBINCAHHDBIX OKPYXKHOCTEIl HEKOTO-
pPOTO TPEYTOJIbHUKA, M, My, M, — JJUHBI ero Mmeaman. Jloxaskure
HEPAaBEHCTBO M, y,M, = Tyl .

8 Mue ne xouemes pasbupamvcs, Kaxou u3 08Yx cAyuaes ua camom
dene umeem mecmo. Ipowe pasobpams oba.

17. Ilyctp A =sinasinf +sinBsiny+sin asiny . /lokaxkure, 4to
a) A<9/4, ecan O,B,y — yribl IPOM3BOJIBHOTO TPEYTOJIbHUKA;
6) A > 1, eciu a,B,y — yrabl OCTPOYTrOJIHLHOTO TPEYTOJbHUKA;

1422
2

B) A< , ecan O,B,Y — yrJbl HEOCTPOYTOJHHOTO TPEYTOJIb-

HUKA.
18 (Mockosckas onumnuaza, 1997 r.). Ionoxuresnbuble uucia a, b,
¢ TakoBbI, uT0 abc = 1. Jlokaxxute, 4TO
1 1 1
+ + <1
1+a+b 1+a+c 1+b+c

19. Ilycrb » 1 R — pajiychbl BIIMCAHHOI U OIMCAHHOI OKpPY>KHOCTE(l
TPEeyroJbHUKa, p — €ro noJynepumerp. Jlokaskure HepaBeHCTBO
5R -7 >/3p. -

20. CymMa HOJIOXKUTEJIbHBIX YHCEJ X, ¥, Z PaBHA o [lokaskute, 4TO

cosx+cosy+cosz21+sinx+siny+sinz .

21. JleiicTBuTesbHBIE YHCIA X, Y, Z YAOBJIETBOPSIOT YCJOBUSAM
x+ty+z=0, 2+ y2 + 22 = 1. Haitture nanGoJipliee 3Hauenme CYMMBI
B+ 8.

22 (omummuaza CIIA, 2001 r.). HeorpuuatenbHble unucaa da, b, ¢
VIOBJETBOPAIOT YCAOBUIO a? + b® + ¢? + abc = 4 . Jlokaxkure, uto
0<ab+bc+ac—abc<2.

23 (M1364). lyctba +b+c=1, a20, b=20, ¢ >0. Tokaxure
HEPABEHCTBO

@+ 0%+ + abed = min{1,1+i}.
49 27

24. Ilyctp a, b, ¢ — HeorpuareabHble uyncia. /lokaknre, 4to
4/3
a' + b+ ' = 2(a’” + ¢ + b’?) + 3(abo) 520,

25. IIpaBuibhbiii Tpeyroibiunk ABC Brucan B OKPY/KHOCTb €/[HHIY-
Horo paamyca. Touka X JIeXXUT Ha 3TOIH OKPY’KHOCTH.

a) Kakoe HanGosblee 3HAUEHNE MOKET METh MTPOM3BEIEHHE PACCTO-
sunit AX-BX-CX?

6) Haiizinre Han6oibliee 1 HauMeHbIIee 3HAYCHUST cymmpbl AX + BX +
+ CX.

26 (Bcecotosnas ommmmmaza, 1980 r.). Tlycts aamHbI peGep mpsamo-
YrOJIBHOTO HapaJiieenunejia paBHbl d, b W ¢ CAaHTUMETPOB

(a<b<c),ap=4(a+b+c),s=2(ab+bc+ac)u d =a*+b*+c?

— COOTBETCTBEHHO €ro IepuMeTp, ILJIOMIQ/lb IOBEPXHOCTH W JJIMHA
auaronasu. Jlokaxkure, 4to

11 1 11 , 1
“|—p=d* =<5, | Zpfd*-=
d<3[4p 28] C>3(4p 28)

BHeBnncaHHas OKPYXXHOCTb

(Ha4ano cm. Ha ¢ 34)
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NIPAKTUKYM ABUTYPHUEHTA

«[logBoaHble
KaMHW» CUSbI
ApxrMena

M.POMALUKA

3AKOH APXUME/A - O/IVH 3 TEPBbIX B MUCTOPUU YEJIO-
BevecTBa (DU3MIECKUX 3AKOHOB, UMEIONINX YETKYIO (hopMy-
JIMPOBKY, /I0’KUBIILYIO /IO HAINX /iHell 6e3 n3Menennii. CJIoBeCHO
3aKoH ApxuMme/Ja 0ObIYHO (POPMYJIUPYIOT TaK: Hd MEJ0, NOZPY-
JKeHHoe 8 KUoKocmy, deticmsyem 8blMAIKUBAIOWAs. CULA, PAG-
HasL N0 MOOY.II0 8eCYy BLIMECHEHNOU UM )uokocmu. MaremaTu-
YeCKU OH BBIPAYKAETCST MPOCTOH (hopMy.JIoit

E\:p>1<gVy (")

rae Iy —cnina Apxumena, V — o6beM IIOrpy»KeHHOI 4acTH Tesia,
P, — IUIOTHOCTD JKUJKOCTU, ¢ — YCKOpEHUe CBOOOIHOTO Tajie-
. Ilpomssenenme P,V paBHO Macce M, —BbBITECHEHHOI
JKUAKOCTH, & P, gV = M, g — 3TO BeC BBITECHEHHOI JKIAKOCTH
(KMZKOCTH, HA MECTO KOTOPOIi TIOMEIIEHO TEJ0).

OpHaKo 3a 9TOi, TPOCTON Ha TEePBbIN B3TJISA, (HOPMYJINPOB-
KOI CKPBIBAETCST HECKOJBKO <ITO/IBOJHBIX KaMHeli». B Hell He
CKa3aHO, HanpuMmep, Oy/eT JIU BBIMOJHATHCS 3aKOH ApXHUMe/a,
€CJIN TEJIO JIBUKETCS B JKUJKOCTH WJIM €CJIM BECh COCY[ C
SKIJIKOCTDBIO JIBUKETCS OTHOCUTEJbHO 3eM/n. B aToil ctarbe Mbl
00CyIMM HEKOTOpPbIe OCOOGEHHOCTH CUJIbI ApXUMeEa W PelmM
HECKOJIbKO MHTEPeCHBIX 3ajad.

[lng nauana — nemnoro teopuu. ITo cytu, cuna Apxumena
(BBITATIKMBAIOTIAS CHJIA) — ATO PABHOJEHCTBYIOMAs CUJT [[aBJie-
HHUS JKMAKOCTM Ha Torpyskennoe B mee Temo (puc.1). Omna
00yCJIOBJICHA PA3HOCTBIO JIABJICHUI JKUJIKOCTH HA PA3HOM TJIy-
6une. TToatomy opmyury (), BBIPasKAIONYIO 3aKOH ApXuMe-
Jla, JIETKO JI0Ka3aTb. B GOJbIIMHCTBE YYeGHUKOB MTPHUBOIUTCS
ee BBIBOJI JUJISI CJIyYasi, KOT/[a MOrpyKeHHOe Tesio umeer (hopmy

| J/ | J/

Puc. 1 Puc. 2

napaJsiiesenumnea, Uin MUINHAPA, WK TeJa ¢ BEPTUKAJDbHDI-
MU CTeHKaMu ¥ Ipou3BoJIbHOH ¢opmoii ocHoBanus. Hamom-
HUM 5TOT BBIBO/IL.

[Tpencrasum cebGe, YTO TBEP/bINA ITUJINH/P MOTPY3UIN B KU/~
KOCTb 1 yziepkuBaior B Heil (puc.2). Ha 60KOBYIO MOBEPXHOCTH
IIUJIMH/PA JIeHCTBYIOT CUJIbI JIABJICHUS CO CTOPOHBI JKUJIKOCTH,
HO WX PaBHOJEHCTBYIONIAsl paBHA HYJIIO, TaK KaK IMJINHID
cuMMeTpuueH. PaceMoTpuM cuIiTbl 1aBiIeHnst, JeHCTBYIONINe HA

‘ 34-53.p65 46
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BepXHee W HIKHee OCHOBAHUS IMJINH/PA:
F=pS, F=pS,

rae S — IJIONAjb OCHOBAaHUSI WUWJIWHAPA, pPi=P,gl u
Py = Pxghy — naBIEHUS B JKUAKOCTU HA YPOBHE BEPXHETO U
HIPKHETO OCHOBAHMSI COOTBETCTBEHHO, P, — IJIOTHOCTD >KHU/KO-
cti. AtMocepHoe JaBIeHne He YYUThIBAEM, TIOCKOJIbKY OHO, TIO
3akony [lackass, nepejaercss Ha BepxHee U HIDKHEE OCHOBAHUS
onmHakoBo. Mmeem

E = pmghls ’ FZ = pmghzs .
Tax wkax 7y, >Ny, To F, > F,. PaBHOJEHCTBYIOIMAA TUX CHJI

HarpaBJ/ieHa B CTOPOHY GoJibliiell U3 HuX, T.e. [, , n paBHa ux
pasHocTn:

F= 1:2 _E = pmthS_pmgh1S =

= pmgS(hZ - hl) = pmgSh = pmgV .

Bor mbr 1 osyunn dopmyay ().

Bripouem, cyiiectByer 6oJiee MPOCTOil, KPACUBBIN U YHUBEP-
CAJIbHBIN CIIOCO6 BBIYKMCJIEHUST CUJIbI ApXUMe/a, PUMEHUMBIi
st Tesia mio6oit hopmbl. ITycTb nMeeTcst COCy/ € JKUAKOCTBIO,
1 Mbl XOTHUM IIOMECTHTb B 3TOT COCY/| TeJIO CJOXKHON (DOPMDI.
Boigemm Mbicienno 06beM JKIIKOCTH V', Ha MECTO KOTOPOTO Mbl

Puc 3 a) 6)

satem nomectum tesio (puc.3,a). Tak Kak 9TOT 06bEM MOKOUTCS
(HaxoaUTCs1 B PABHOBECHIL), TO CUJIA TSKECTH, JEHCTBYIOMAsT HA
Hero, paBHa cuie Apxumena: F, =F, . Cuiy TsKecTH Mbl
BBIUMCINM JleTko: F, =m, g =p,gV , snauur, F, =p,gV .
Temneps npejcraBuM, 4TO MbI yOpau 06beM >KUAKOCTH V, a Ha
ero Mecto nomectiu reo (puc.3,6). Jlapaenue B Kax0ii TOuKe
Ha rpaHulle Teja He u3MeHu10chb. [ToaToMy paBHOzeiicTBYIOM A
CUJI IaBJIeHUS KMJKOCTH Ha [OBEPXHOCTb, OIPaHMYMBAIONLYIO
TEJIO0, He M3MEHUJIACh M OCTAJach PAaBHOMN

Fy = p)KgV .

Ira dhopmy.ia cripaBeisuBa s Tesa Jo60i GopMbl, BKIIOYA
1 Te cJIydan, Korja TeJso IaBaeT Ha TOBEePXHOCTH SKUKOCTH 1
MOTPY’KEHO B JKUJIKOCTD JIMIIh YaCTUYHO. B mocsenHeM ciydae
V' — 210 06bEM TOIT HacTH TeJIa, KOTOpast HAXOJUTCS HIKe YPOBHSI
SKUJIKOCTH.

OHaKO ecsil 4acTb HOBEPXHOCTH TeJa IJIOTHO IPUJIETaeT K
CTEHKe WJIH JHY COCyJa TaK, YTO MEKJIY HUMH HeT IPOCJIOIKI
SKUJIKOCTH, TO 3aKOH ApXmnmena He-
npumenuM. Vimocrparueii kK aToMy
CJIY’KUT OTIBIT, KOTJIa OJ/IHY TI'PaHb

JIEPEBSTHHOTO KyOMKa HATUPAIOT T1a-
padHOM ¥ MJIOTHO MPUCTABJISIOT KO
JIHY COCy/la, a 3aTeM OCTOPOKHO Ha-
Baior B cocyn Boay (puc.4). Ky-
OWK He BCILUIBIBAET, TaK KAK HA €ro

HIJKHEE OCHOBAHUE CUJIA JIABJICHUSI \LF 1
BOJIbI HE IEHCTBYET, a cuia, 1eiicTBy-

IOllasl Ha BEpXHeEe OCHOBaHUE, JIUIIb

IPIKUMaeT KyOUK KO JIHY. Puc 4
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3aMeTuM, 4YTO 3aKOH ApPXUMeE/Ja CIPaBe/JINB TaKKe ¥ s
Tesa, ToMernieHHoro B raz. Cuia ApxuMena — 9TO Ta CHJA,
6s1aro/Iapst KOTOPOIT T11aBAIOT KOPAOJIU U TIOJAHIMAIOTCS B BO3/IYX
BO3JLyIITHbIE IIAPbI U a9POCTATHI.

Tenepb penmmM HECKOJIBKO 3a/1ad.

3amaua 1. B osepe naasaem avouna. Ilnommocmv 600vi
p, =1000 Kz/M3 , a naomuocms avoa p, = 900 KZ/M3 . Aoxa-
sume, umo 9/10 obsema avounvt naxodumcs nod 6000il.
Hzmenumes au yposens 600vt 6 03epe, ecau 1p0una pacmaems?

Pemenne. Cuna tsxectu, JeiiCTBYIONMAS HA Jb/IUHY, YPABHO-
BEIMBAETCST CUJIOI ApXUMe/Ia, TOCKOJbKY JbJMHA IIJTABAET.
O603HauNM Becb 00beM JIbNHBI Yepe3 V', a 06beM TI0/IBOHOIM
yactu Jpauabl — uvepes V. Torma F,=mg=p,gV , a
F, =p,gV, . llpupaBuseM 311 CUJIbI APYT APYTY U BbIPA3UM U3
HOJIy4eHHOr0 PaBeHCTBa Hy)KHOe HaM orHouleHue V,/V:

Vi Py

p.ugV:psg‘/h n — :079:
Voop,

4TO U TPeOOBAJIOCDH JI0KA3aTh.

Terepp OTBETHMM Ha BTOPOW BONPOC 3ajadn. PaccMOTpUM
MOJIHBINA 00BEM COIEPKUMOTO 03epa HUKEe HAYaJIbHOTO YPOBHS
BOoAbl. B aror 06beM BXOAUT M IOJBOAHAS 4YaCTb JIbJUHDI
oobemom Vi . Korga spaunaa pacraer, o6beMm V) Gyner BbIYTEH
13 TIOJTHOTO 06'beMa, HO 3aTO 06aBUTCsI 00beM BO/IbI, 00pa30BaB-
1ieiicst pu Tastaud JbAuHbI. O6G03HAUNM 06BEM 3TOH BOJIbI Uepe3
V, u cpaBuum o6bempr Vi u V,. Ilyctb m — macca JibJAMHBI.
Torma

v, =2
Py
Maccy MOKHO ¢BSI3aTb ¢ 00BEMOM MOTPYKEHHOI YaCTH JIb/INHDI,
MIPUPABHSIB CUJIY TSIZKECTH cujie ApXHUMe/ia:

mg =F, =p,gV,, orkyna m =p,V;.
IMoncrasass ato B popmyany ansg Vs, nosydaem

VZZPL‘G,T.Q. V2=‘/1'
Ps

Mpbl BuAMM, 4TO OGBEM BOJBI, 0OPA30BABIIENCS NMPU TasSHUH
JIB[IHDI, PaBeH 00bEMY MO/BOAHOII YaCTH JIBJANHDI [0 TasTHMUSI.
MO3KHO MIPEJICTABUTD, YTO P TASHUU JbJINHA «CKaaach> (Be/b
[JIOTHOCTB BOJbI GOJIbIIIE TIOTHOCTU Jibjla) 1 06Pa30BaBIIASACS
BOJIA COCPEJIOTOUNIACH B OObEMe MOTPY’KEHHON YACTU JIb/[ITHBI
1o tastanst. [ToaToMy ypoBeHD BOZBI B 03epe HE M3MEHMJICS.

OrtBeT Ha BTOPOIl BOIPOC MOXHO ObLIO TOJIY4YUTb U OoJjee
IIPOCTBIM U YHUBEPCAJIBHBIM CIIOCOO0M — uepe3 jaBienne. Cua
ApxuMe/a, KaK Mbl 3HAeM, CBSI3aHA C JIaBJIEHNEM SKUIKOCTHU, W
PN PENIEHNN 33/1a4 C TIABAIONIMA TEJAMH YacTO €CTb BBIOOD:
II0JIb30BATHCS 3aKOHOM Apxume/Ja uian (HhOpMyJIoil 11 THAPO-
CTATMYeCKOTro JlaBjenus. B aToil 3ajade BTOpPOe OKA3bIBAETCS
Jaxe mpotte. bynem paccysxaats Tak. Korza apanaa pacrasiia,
IIOJIHASI Macca 03epa He N3MEHNJIACh, CJIe/J0BATEIbHO, BEC COIep-
JKIMOTO 03€pa TaKIKe He M3MEHMJICS. A 9TO 3HAYNT, UTO JaBJIeHUE
BOJIbI HA JIHO 03€pa B KAXK/OH TOUKe JHA He n3MeHuaoch. I[IycTb
YPOBEHD BOJIBI B 03€P€e, OTCYUTBIBAEMBI OT KAKOW-TO TOUKHU JIHA
(0T KaKolf — He BaXKHO), PaBeH /1, a TPOCTATUYECKOE IABJIEHIE
B aToil Touke paBHO p. Ilo dopmyse A1g TUAPOCTATHYECKOTO
JIABJIEH U,

p=pgh,

rjae P — IJIOTHOCTD BOJbl. OTBET OYEBUIEH: €CJH P He M3MEHHU-
JIOCH, TO W /2 HE N3MEHUJIOCD.

3amaua 2. B yuaunopuueckyno Kacmpionr paouycom r =
=10 cm naruma eoda do yposus h = 15 cm. B xacmpionio
6pocunu 2ybxy (xycox noposona) maccoi m = 60 2. T'ybra
enumaia 6 cebsi wacmv 600vl, HO NPOJOJIKAAA NAABAML HA
nosepxnocmu. Haiidume ycmanosuswuiics yposeHv 600vl 6
xacmpione. TLnommuocmo 600vr p = 1000 xz/ x> .
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Pemenune. Mbl He 3HaeM, CKOJIbKO BOJbBI BINTAIA IyOKa U Ha
CKOJIBKO TIPU 9TOM U3MeHUJcs ee o0beM. MOKHO 0603HAYUTH
00beM BITUTABINEICS BO/IbI uepe3 V U peraTh 3a/a4y, nNpiieM B
XOJ/Ie pelleHrs TOT HeM3BeCTHbII 06beM cokparutcst. OmaHaKko
MOXKHO HOHTH 6osiee IPOCTBIM IIyTeM U pellaTbh 3ajady depes3
JIABJIEHIE.

[laByienue Ha JIHO KACTPIOJIH, TI0 OIPEeJIeHUI0, PABHO

F

,l)=S,

rae F — Bec cofep:KUMOro KacTpioyi, S — TJI0ma/Ib ee [Ha. Bec
COJIEPSKUMOTO, TIOCJIE TOTO KaK B KACTPIOJIIO OPOCHIIN TYOKY, CTAJT
pasen (m, +m)g, rae m, — o6mas Macca BOIbI B KacTpIoJe.
Haiizem sty maccy: m, = pV = pSh . Takum o6pasom,

F =(my+m)g = (pSh+m)g .

Orcrozia oJLyunM, 4TO JaBJleHue Iocje 6pocaHus TyOKU CTalo

(pSh+m)g mg
= 7 = h+—=
p S Pg S -
Ocrasoch BBIpa3uTh S uepes pajuyc r, U JaBJeHne HaiieHo:
m
p=pgh+=9.
w

C npyroii cToponsbl, 10 popMy.Jie 1 THAPOCTATUYECKOTO JlaBJie-
HUs,

p=pgh,

rie /4y — HOBBIH yCTAHOBUBIIMICS YPOBEHD BOJbBI B KaCTPIOJIE.
HpI/IpaBHI/IBaH JBa IIOJYY€HHDBIX BbIpAKEHUA A4 P, UMEEM

m
pghy = pgh + g ,
T
OTKYZIa HonyqaeM OTBET.

hyo=h+ "

prv?

3apmava 3. Ha pucynre 5 u306-
paKen npoexm «6euHozo 0suzd-
meas». Ilenv ¢ nonaasxamu npo-
xo0um uepes cocyd ¢ eodoii. Ha
nonaasku 6 cocyde deticmsyem
cuna Apxumeda, xomopas, no
3adymke asmopa, 00JKHA 6el- l
HO 8pawams yenv 6 Hanpas.e-
HUU, NOKA3AHHOM cmpekol. B
uem owubKa asmopa npoexma?

Pemenne. Ha cambrit Hux-
HUil U3 HAXO/SIIUXCS B COCY/Ie I
C BOJIOH TIOIJIAaBKOB JleHCTBYyeT
CHJIa JIaBJEHHST BOJBI CBEPXY.
Ona Gyzer OoJibllie BCEX CHJI
ApxuMesia BMecTe, JelCcTBYIO-
MUX Ha TOrPY’KEHHBIE B BOIY
nomsaskn (caenalite pacuer u
y6eautecs B atom). TToatomy Ha
caMoM Jiesie 1ienib OyJieT Bpa-
IIAThCs He B TOM HAIIPABJIEHUH,
KOTOpOe TOKa3aHO CTPEJIKOH, a
B IIPOTHBOIIOJIOKHOM, M BOJA OBICTPO BBLIBETCS M3 COCYyAa. A
9TOOBI CHOBA HAJIUTDH BOJY B COCY/I, HYKHO COBEPIIUTH PaGOTy,
T.e. 3aTpaTuThb dHEPruio. Il0aTOMy <«BeUHDIl [BUTATEIb> HE
TOJTYYHUTCS.

3amavya 4. Ha pucynxe 6 npedcmasnen ewe o0un npoexm
«6eunozo O0euzamensis. B cmenxy cocyda c eodoii ecmpoen
b6apaban, Komopwiii Moxem epauamocs va ocu. Cuna Apxume-
da 6ydem seuno epawamv ezo no udcoeou cmpenxe. B uem
owubKa asmopa Imozo npoexKma?

=153 cm.

Puc. 5
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Pemenue. Bo-1iepBbix, 3aK0H
Apxumena u dopmyaa (=)
3/1eCb HEITPUMEHUMBI, TTOCKOJIb-
Ky 6apabaH He MOrpysKeH B BO/LY
MOJIHOCTBIO U He Imasaer. Ha
6apabaH, KOHEYHO, [ICHCTBYET
HEKOTOpasi CHUJia €O CTOPOHBI
BOJIbI, HO IIPOCTOE PpaCCyK/e-
HUE TIOKa3bIBaeT, 4YTO JIMHUS
JIEUCTBUS 3TON CUJIbI TTPOXOIUT
yepe3 ochb Gapabana. B takom
cJIydae ee IJIe40 PaBHO HYJIIO, a
3HAUNT, W ee MOMEHT paseH HyJo. /[leficTBuTesbHO, cuia
JIABJIEHST SKUKOCTU TIEPIIEHINKY IIpHa TToBepXHocTn. Ha kask-
JIbIIl MaJleHbKHI yyacTok 6apabana JefcTByeT CUJa, TepreH -
KyJISIpHAsI TIOBEPXHOCTU. JIMHUS A€HCTBUS KaxK 10 TaKOW CHIIbI
MIPOXOJUT Yepe3 ocbh OapabaHa, MOITOMY MOMEHT CHUJIbI PaBeH
HYJII0. 3HAYUT, MOMEHT PaBHO/IEHCTBYTOIIE BCEX ATUX CUJT TOKE
paBen nymio. Kcratu, paBHOeHCTBYIONIAs BCeX TUX CHJ Ha-
IIpaBJieHa He BEPTHKAIBHO, a 0/l HEKOTOPBIM YIJIOM K BePTHKA-
1 (o6bsACHUTE, TTOUEMY ).

MbI CTOJIKHYJIHUCH 3/I€Ch C OJHUM W3 <IMOJBOIHBIX KaMHel»
CHUJIBI APXUME/IA: €CJTH TeJIO TIOTPY’KEHO B JKUKOCTD He TTOJIHO-
crpio (MMeeTcsi HemorpyskeHHasi YacThb WJM TOBEPXHOCTD), TO
dopmyma (#) MOKET OKazaThCs HEMPUMEHUMOI. ITH CIydan
TpeOyIoT 0c060r0 BHUMaHUSA. UTOOBI MOHATD, IpUMeHnMa (op-
Mysa (% ) WM HET, MOKHO MBICJIECHHO TPOJIETATh TOT YHUBEP-
CAJIBHBIH BBIBO/T ATOH (POPMYJIBI, KOTOPBII MbI TPIBO/IUJIN BBIIIIE.
Ecau BbIBOA 1pOXOAUT — 3HAUUT, (OPMYJIA CHPABE/INBA.

3anaua 5. Bpesno umeem duamemp d =20 cu. Yacmo 6pesna
onunott H = 2 m eepmuxarvio onycmuiu 6 600y (puc.7).
Pasdenum noepyxennyio uacmo
Opesna yco06Ho Ha 0se uacmu: éep-
XHI010 U HUKHIO0 OAunold h =1 M.
C xaxoii cunoii gepxusis uacmo oeti-
cmeyem na nuxnio? Ilromuocmo
600v. p, =1000 xe/x*, naom-

?
%
g
g
7
é
z
g
7
é
?
.

\&m\\\\\\w

QWWWWWW

Puc. 6

A= nocmov Opesna pg =680 KZ/M3 .
h Ammocpepnoe dasnenue
Po = 10° Ila .

Pemenne. Ilepsoe, uto mpuxo-
JIUT B TOJIOBY, 3TO IIPUMEHUTD YCJIO-
BUE PaBHOBECHSI HUJKHET 4acTn OpeB-
Ha. [lyig aToro HalizieM COOTBETCTBYIONINE CUTY TSKECTH U CUITY
Apxume/ia ¥ TIOCMOTPHM, KAKOI CUJIbI HE XBATAET JIJIsI PABHOBE-
cusi. OHAKO, 3Ta 3a/1a4a — C JIOBYIIKOI. 3/1eCh HeJIb3s IpuMe-
HATb 3aK0H Apxumesa u hopmy.ay (# ). ITo Kak pas TOT cryyvaif,
KOT/Ia TeJIO TIOTPY’KEHO B KUAKOCTb HEMTOJHOCTHIO.

Cusia Apxumejia 06yCJIOBI€HA PABHOCTDIO JIaBJIEHUIT BOJbI HA
pa3Hoii riry6uHe, HO HAa BEPXHUI KOHEI| HUKHEi yacTi OpeBHa
BO/Ia HE JeiicTBYeT, a JIeHCTBYeT TOJBKO Ha HIDKHUN KOHEI|
OpesHa. Iloatomy [eiicTByIOIIast CUjIa — 3TO CHJA IOJHOTO
JIaBJIEHUST BO/IbI, KOTOPOE PABHO CyMMeE TH/IPOCTATHYECKOTO
JlaBJIeHUs BO/IbI U aTMocdepHoro gaBiaennsd. TakuM o6pa3oM, Ha
HUXKHIOIO YacTb OpeBHA JCHCTBYIOT TPHM CHJIBI: CHJIA TSXKECTH,
CHJIa TIOJTHOTO JAaBJIEHWST BOJBI M cuia F co CTOPOHBI BepxHeil
yactn OpeBHA. 3alMChIBasi YCJIOBUE PABHOBECHS HUKHEN 4acTu
6pesHa (110ApOGHbIE BBIKIAAKK IPOJEIAiiTe CaMu, MbI 3[1€Ch JJI
KpaTkocTu He GyJIeM UX MICATh) W BBIPAKAA HYIKHYIO HAM CHJTY
F, nosyuum oTBeT:

Puc. 7

Tl'dz
F= ((pBH - péh)g + po)T =3544 H .

3anaua 6. Teno o6eemom V = 2 Om° u3 Mamepuaid niomHo-

cmwio p = 900 m//vza naasaem wa zpanuie pasoena 08Yx Kuo-

xocmeil ¢ naomuocmamu Py = 800 m/ M u p, =1000 KZ/ n
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(puc.8,a). Haiidume oGvemvr uacmeii mend, HAXOOAUUXCSL
evlwe u Huxe zpanuybl pasoead. Moxno au ¢ 3moil 3adaue
npumensmo popmyay (x )?

Pemenne. Jlerko mokasath, 4YTO B 9TOH 3agade 3aKOH
Apxumena n dopmyny (%) mpumenats MokHO. [[ast 3TOrO
BbIJEJIUM MBbICJI€HHO 00beM Ha TpaHule pas/esjia ABYyX KUIKO-
creif, B KOTOPOM B faibHeiieM 6yaer niasarb tesio (puc.8,6).

a) 6)
P1 P1
P —
-
P2 P2
Puc. 8

Cuta TsiKeCTH, JefiCTBYIONIAs HA BbIEICHHBIH 06beM, YPaBHO-
BelMBaeTcst U0l Apxumesa. EcJim 5 KUIKOCTH 13 BbIIEJEHHOTO
ofbeMa 3aMEHHUTb PEAJbHBIM TEJOM, TO JABJEHNe B KaKIOM
TOUKE HA TPAHUIIE BBIICIEHHOTO 00beMa He uzMenutest. Caemo-
BATEJIbHO, CHJIAa APXUME/Ia TOKe He U3MEHUTCs. ITO O3HAYAET,
uto crpaseamuBa Gopmyaa (x ).

IIycTb 06bEM YaCTH TeJTa, HaXOIsIeiics B BepXHeil JKIAKOCTH,
pasen Vi, a B Hmwxkneit — V,. Cusa Apxumena paBHa

Fy =pigVi+p29Va,
a CIJIa TSDKEeCTU PaBHa
F,=mg=pgV.
[IpupaBuuBas aTH CHUIBI, MOIyYaeM
PigVi + P9V = pgV .
C apyroii cTOpOHDI,
V=V+V,.
VMeeM cucteMy ByX YPaBHEHUI ¢ IByMsT HEM3BECTHBIMU V) 1
V, . PemM ee MeTo/IOM TO/ICTAHOBKU. V13 BTOPOro ypaBHEHUST
BbIpasuM o6beM HuKHell yact tena: Vo =V = V) u noncraBum
B nepsoe ypashenue. ITomyunm
PgVi+pag(V-V)=pgV .
Orciozna naiiziem o6beM V) BepxHeil yactu TeJa:
V, = Vm -1 JIMB )
P1 — P2
3nag V, nerko Haiitu u V:
V, = VM =1 JIMS )
P1 =Py
OrmeTnm, 9TO ecJiu MoJoxKuTh Py = 0, TO mosyIaeTcst 4act-

HbBIN cny'{al‘/’l, KOr/la TeJo TJIaBaeT B OJ[HOMI JKUJIKOCTH, a CBEPXY
HaXOo/IUTCA BO3AYX, IJIOTHOCTBIO KOTOPOTO MOYKHO npeHeépeqb,

i BakyyM. Tak Mbl 320/{HO JOKa3a/Ii CIIPABEINBOCTD (hOPMY-
B caeayoneil 3azaue paceMaTpuBaercs caydail, Korga xKuj-

KOCTb BMECTE C TOIPYIKEHHBIM B Hee TEJOM JIBUKETCS OTHOCH-
3amgaua 7. K ony cocyda c

SKUOKOCINDIO NAOHOCTNBIO Pay

obsemom V, niommocmv xo- a

mopozo P, (P, < Py ), nOJ-

xocmwv, Ha xaxoii yzou omx.io-

HUMCS HUMb 0M GEPINUK AU,

abt (+ ) IS CoTydas IIaBaHus TeJla Ha TIOBEPXHOCTH SKUKOCTH.
TEJIHHO 3€MJIN C YCKOPEHUEM.

3a HUMb NPUBSIAH NONLAGOK \
HOCT®IO NOZPYKEHHBLTL 6 IKUO-

ecau cocyd 6ydem deuzamvcs

Puc. 9
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€ NOCTOSHHBIM YCKOPEHUECM d 6 20PUSOHMATLHOM HANPAGIEeHUU
(puc.9)? Yeny 6ydem pasna cuia namsKenus numu?

Pemenne. Ha nepsblit B3rJIs MOXKET 1IOKAa3aTbCs, 4TO BCE
3JIEeMEHTAPHO: IIepeiijieM B CUCTEMY OTCYETa, CBSA3AHHYIO C COCY-
ZIoM, 1 Bce OyZeT IPOUCXOJHUTDb TaK K€, KaK B HEIOIBIDKHOM
cocyzie. Ho Torga mouemy HUTD JIOJIKHA OTKJIOHUTBCS OT BEPTH-
kamu? [lesio B TOM, 4TO CHCTEMa OTCYeTa, CBI3aHHas C COCY/IOM,
HenHepiraabHast (OHa JABIKETCS OTHOCUTEIBHO 3eMJIH € YCKOPe-
HUEM), TI09TOMY B HEll HE BBITIOJHACTCS BTOPOii 3akoH HbIOTOHA.
HysxHo npousBouTh pacuer B cCUCTeMe OTCUeTa, CBSI3aHHOH ¢
3emJieit. Ho aTo erte He Bee «1mo1BoiHbie Kamuu» . IToBepxHoCTDh
JBroKyeiicst sxuakoctn (eM. puc.9) He TOPU3OHTANbHA, a ATO
II0ICKA3bIBACT HaM, YTO PACHpe/ie/IeHIe JaBICHU B KUIKOCTH
OyJieT yKe He TaKHM, Kak B ToKoseiics xujgkoctu. [Toatomy
CUJTy, [JEHCTBYIONLYIO Ha TOIJIABOK CO CTOPOHbBI JKU/KOCTH,
Hesb3st uckartb 1o Qopmyae (x). Hysxuo wnailtn apyryio,
000011eHHY10 (OpMYJTy Js CuJbl ApXUMe/a, TOJSIIYIOCS B
cJIy4ae YCKOPEHHO JBUKYIIEHCS KUIKOCTH.

BoiBeziem a1y 0600111eHHy0 (GOPMYJy € HOMOIIBIO TOTO Ke
YHHUBEPCAIbHOTO c11ocofa, KOTOPLIM Mbl BBIBOJUIN (DOPMY.TY
(% ). TlycTb mMeeTest COCy/L € KUAKOCTBIO, M MBI XOTHM TIOMEC-
TUTb B 3TOT COCY/I T€JIO CJIOKHOW (hOPMBI. BblgesnM MbICIeHHO
00beM JKHJKOCTH V, Ha MECTO KOTOPOTO MbI 3aT€M [OMECTUM
tesio (puc.10,a). 3anumem Bropoii 3akon HpioToHa a1 Bblje-

a) 6)

JIECHHOTO YYacCTKa JKUJIKOCTHU:

F. +Fy =md,nm p,Vj+Fy =p, Vi,
OTKy/1a HaiileM
fA = pmv(é_g) .

Ecau sxxuakoctb y6parb, a Ha ee MeCTO TOMECTUTh Kakoe-Jn6o
tesio (puc.10,6), To pacupesesnenue JaBJaeHuii He UBMEHUTCS, a
3HAUUT, U cuIa Apxume/a e uamenurcs. [loaromy nosydenHoe
HaMH TI0CJIe/IHEE BBIPAXKEHME — 3TO U eCTh 000011eHHast popMy.ia
NI CuJibl Apxumesa.

Tenepp 3akonuum pemnenre 3agaun. [las yno6erBa cpasy
PasiokuM 0GOOIIEHHYI0 culy ApXUMe/a Ha BEPTUKATIBHYIO U
TOPHM30HTAJIBHYIO cocTaBJistionue. [lepeuncanm cuibl, 1eiicTBy-
I0T[fle Ha TIOMJIABOK: 3TO HANPABJIEHHAs BHU3 CHUJIA TSXKECTH
p,.Vg , nanpasyennas BBEpX BePTUKAIbHAS COCTABJISION[AS CUJIbI
Apxumena P, Vg , HapaBJeHHAs BAOJb HUTH CUJIa HATSKEHUS
T u HamnpaBjeHHas BIIPABO TOPU3OHTAIbHAS COCTABJISAIONIAS
cubl Apxumesa P, Va (nox geiictBreM 5TOR CHJIBL BUIAJIACh
Obl C YCKOPEHHEM d JKUJIKOCTD, 3aHUMAloNiast 00beM TIOTJIABKA,
ecsn 6pl ero He 6b110). OGO3HAYMM YTOJT OTKJIOHEHUST HUTH OT
BepTUKATM dYepe3 O . 3amuiieM BTopoi 3akoH HbiooToHa B
MIPOEKIINSIX HA TOPUBOHTAIBHYIO OCh:

p.Va=p,Va-Tsina, wm Tsina=(p, —p,)Va,
M Ha BEPTHKAJIBHYIO OCh:

P,Vg=p,Vg+Tcosa, um Tcosa =(p, —p,)Vg .
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OTCIOZ[a HaﬁﬂeM yToJI OTKJIOHEHUS HUTH OT BEPTUKAJIN:
a
tga =—
g

1 CUJIYy HATAXKCHUA HUTHU!

T =(py —p,) Vi@ +g* .
Yupaxknenus

1. B mumHApIYecKnit cocyx HaJIUTa XKHUKas CMOJIa TJIOTHOCTBIO
p; =1200 Kr/M3 .
V =12 e® # mIoTHOCTBIO Py = 900 xr/n° . Kakoii o6bem mapadir-
Ha HaXOJMTCS HUXKE YPOBHS CMOJIBI, a Kakoil — Bpime? Vamenurcs
JI YPOBEHb JKUJKOCTH B COCY/Ie, eI MapaduH pacIaBuTh?

2. B mmimHIpuYecKkyio KacTpOIo pajycoM 7 = 8 ¢M HaJIIIN
Bozy. IloToM Tyma omycTmim cKaTyio pe3nHOByIO Tpymry. [pymia
BoOpaJsa B ce0s1 4acTb BOJIbI, HO IIPOJIOJIKAJIA T1JIABATH HA IOBEPXHO-
CTH, a YPOBEHb BO/bI B KAcTpIose yBeawmdynacs Ha 2 = 2 mMm. Uemy
paBHa Macca rpymm? IlioTHOCTD BOZBI p = 1000 rcr/ M.

3. B xacrtprose ¢ Bofoii TIaBaeT IIACTMACCOBAs MBLIbHUIA, B
KOTOPOI JIEXKUT >KeJIe3HbLI IpeaMeT. BoBOUKaA BBIHYJI IIPEAMET U3
MBLIBHUIIBI 1 GPOCILT €T0 Ha JTHO KacTpio/m. V3Mennics i ypoBeHb
BOJIBI B KacTpioJie, I ec/Ii /ia, TO B KaKylo CTOPOHY M Ha CKOJIBKO?
ITnomanp ana kactpionm S, Macca
mpeaMeTa m, IJIOTHOCTH BOJDBI U JKe-
JIe3a M3BEeCTHBI.

4. B BaHHY HAJM/IM BOJLY /10 YPOBHS
h =40 cM u TOJOKUJIN HA CJIUBHOE
OTBepCTHE CTEKJISTHHBINA GPYCOK, Mac-
ca koroporo m = 640 r (puc.11). h
Jluamerp CJaUBHOTO orBeperus d =
= 4 cM. Boga noarekaer mnoz 6pycox,
MIOKPBIBAs BCE /IHO BAHHDI, HO OYEHD
Mezenno (YpoBeHb BOIBI MOYKHO CYH-
TaThb TOCTOSHHBIM W THAPOANHAMHE-
yecknmu s dexramu nperedpeun). C
KaKo# cmjoii GPYCOK MaBUT Ha JHO
Banubl? [lmotHocTh BOAbl P, = 1000 KF/ M° , IJIOTHOCTb CTeKJIa
p. = 2500 Kr/m® .

5. K onomy KOHITY TOHKOCTEHHOH TPYOOUKH /IJIST TUTHST Py COM
7 IPUJISTININ KYCOK IIJIACTU/INHA Maccoil m. Tpy6ouky B BepTHKAJIb-
HOM TIOJIOKEHWH, TJIACTUJIMHOM BHU3, OIYCTHJIM B JKHU/JKOCTb Ha
rry6uHy /1, MHOTO GOJIBIIYIO pa3MepoB KycKa mracTuianaa. C Kakoit
CHUJIOH KYCOK IJIACTHJINHA /IefICTBYeT Ha TPyOOUKY, €CJIN IIJIOTHOCTD
SKUIKOCTU Py, a IIOTHOCTb ILJIACTHJINHA P, ? BepxHmii koner
TPYOOUKN OTKPBIT M HAXOJUTCS B BO3/yXe.

6. MaJblii cocy/1 pactosioskeH BHYTpH GOJBIIOTO TaK, KaK MOKa-
3aHO Ha pucyHke 12. B ngHe masnoro cocyma ectb OTBepCTHE, B
KOTOPOE BCTaBJICH COCHOBBIN IuanHAP. Bpicora mmmnapa H =
=21 cM. B masom cocyjie HaXoauTcs BOJA, a B GOJIBIIOM — CIHPT,
U Tpu 3TOM TMAMHAP Tokomurtes. Ha xakoit ruy6uae moza BoJoit
(OTCUMTBIBAS OT IHA MAJIOTO COCY/Ia) HAXOJNTCS BEPXHEe OCHOBAHUE
numaapa? IlnotHocts Boxpr Py = 1000 Kr/M3 , IIOTHOCTD CITMPTa
Py =790 KF/MS, a TJIOTHOCTb COCHBI P = 600 Kr/M3 . Tpenuem
MeX/ly IIJIMHPOM U MaJIbIM COCY/IOM HpeHe6pedb.

7. K qHy BaroHa-1iMCTepHDI, 3aII0THEHHON JKI/KOCTDIO, TTPUBSI3aH
TPOCOM IIIap, IIOTHOCTb KOTOPOTO

I I MeHbIlle TJOTHOCTH JKUAKOCTH
Boda |Cnupm| (puc.13). Korza Baromn jsusercs

B cmose miaBaer kycok mnapaduna o6beMOM

Puc. 11

Hj

[ONO] (ONO]

Puc. 12 Puc. 13
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pPaBHOMEPHO, CHJIa HaTsDKeHHs Tpoca pasHa T. Uemy Oyzer paBHa
CHJIA HATSDKEHMsI TPOCAa IPU TOPMOKEHUH I0€3/1a C IOCTOSTHHBIM
YCKOPEHHEM d B yCTAHOBUBIIEMCs pexknMe (Korjia map yeTaHOBUTCS
HETIO/IBUSKHO OTHOCUTE/IBbHO LHUCTepHbI)? B Kakyilo CcTOpoHy OT
BEPTHKAJIU M HA KAKOW yToJl OTKJIOHUTCS TPOC?
8. Cucrema, nszobpakeHHast Ha pucyHke 14, coctout us JAByX
COOGMIAIOMNXCST COCYI0B I CHMMETPHYHA OTHOCUTEIBHO BEPTHKAb-
HOll mmockocTn. Cucrema
. HAIoJIHEHA BOJION U ypaB-
HOBellleHa Ha TOHKOII 0110~
pe. B cocynpr omyckaior
TUPH OJMHAKOBOI Macchl:
B JIEBBII COCY/l — CBUHIIO-
BYIO, a B IIpaBblil — aJiio-
Puc 14 mMuHHeByI0. LleHTpBI Macc
THpPb PaBHOYAAJEHBI OT
mockocT cuMMeTpun. CoXpaHuTes Jin paBHOBECHE, U €CJIU HET, TO
Kkakoii cocyx nepesecut? Ilnornocts amomunust p, = 2700 kr/m®
IJIOTHOCTD CBHMHIIA p. = 11300 KF/ M
Temnepb 13 coCyZ0B AOCTAIN THPH U OIYCTUJIN TY/A JlePeBsHHbIC
OpycKH: B JIEBBIl cocy[ — /jy0OBbIil, a B HPaBblil — COCHOBBI.
Coxpanurcs 1 paBHOBECHE, ¥ €CJIM HET, TO KaKOH COCy/ Iepese-
cuT? 3aBHUCHUT JIM OTBET OT IOJIOKEHMS IIEHTPOB MacC OGPYCKOB?
ILnotHocTy cocHbl 1 y6a paBHbI p, = 680 K 1"/M3 u p, =800 Kr/M3
COOTBETCTBEHHO.
9. Nmeercs xy6 o6bemom V. Opny u3 rpaneil ky6a HaTHpaioT

*
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napadUHOM U MPUCTABJSIOT K BEPTUKAJIBHOIT CTEHKE cocyia. 3aTeM
COCY/I 3aIlOJIHAIOT BOJIOW TaK, YTO Ky6 MOJHOCTBIO HAXOJUTCS IO/
BO/IOI, HO TOJ[ TPaHb, HaTepPTyIo apaduHoM, BOJA He MOATEKAeT, a
LEHTP 9TOl TpaHu Haxoautcs Ha riaybune i, Koabdurment tpemus
Mexkay napaduHOM u cTeHKoil cocyma M. Ky6 ormyckator. Ilpm
KaKNX 3HAYCHUSAX ILJIOTHOCTH Marepuata Ky6a P OH OCTaHeTCS
HETIOIBMKHDIM ?

10. B 3asaue 4 1npo BeuHblil JBUraresb, pa3o6paHHOil B cTaTbe,
BBIUUCJINTE CUJY, JEiCTBYIONIyI0 Ha 6apaGaH cO CTOPOHBI BOIBI,
€cJIn U3BECTHO, 4TO GapabaH MPeACTaBIIeT cO60il IMIMHID PaIny-
coM R u BBICOTOH /1, a ero och Haxoutest Ha ruy6ute H 1oz BOJOi.
Ilox kakuM yryioM K BepTHKa M HampasJeHna ata cusa? [laorHocTb
BOJIbI P W3BECTHA.

Hoockasku. 3apauan 5 u 10 MOXKHO PENIUTh MPOCTO, BOCIIOJIbB30-
BAaBIINCH TIPHEMOM TI0J] HA3BaHWEM <«IPUOABUTH HOJb». IIpencra-
BUM, 4YTO B TesaX, (DUTYPUPYIONINX B 3a/JayaxX, CAeJaTu TOHKUE
paspesbl, Ky/ia 3aTekaet Bojia. B nepBoM ciydyae KycoK IJIaCTHINHA
paspesaeTcss TOPU30HTAJIBHOI TJIOCKOCTHIO BOJM3U MeCTa Coe/InHe-
HUS IJTACTHINHA ¢ TPy6ouKkoil. Bo BTOopoM ciydae 6apaban paspe-
3aeTCsT BEPTUKAJIBHOIN ILJIOCKOCTHIO BJIOJIb CTEHKH, B KOTOPYIO OH
BcTpoeH. CuJTbl JaBJIEHNS BO/IbI IEHCTBYIOT HA 06 CTOPOHBI Pa3pesa
(BBEpX W BHM3 B NEPBOM CJydYae M BJEBO M BIPaBO BO BTOPOM
calydae), oaTOMy CyMMa 9THX CHJI PaBHA HYJIIO. 3HAYMT, MTPOU3BE-
JleHre pa3pe3a He MeHSIeT MOJIHOI CYMMbI CHJI, JefCTBYIONNX Ha
tesio. Ho 1ocsie paspe3a Mbl IMeeM TeJio, TMOJHOCTBIO TIOTPYIKEHHOE
B JKUJIKOCTb, ¥ PACCUUTBIBATD HYKHBIE CHJIBI CTAHOBUTCS IIPOIIE.

E[2-2009
no u3mke

MAEMULOBA, A.YEPHOYLAH

9TOM IOy EI9 11O ®U3UKE BYAYT CAABATH 3HAUU-

TeJIbHO OOJIbIIe MIKOJBHUKOB, YeM B IPEIbIIYIIHE TOJbI.
Xots B mKoJe GpuNKa SBJISETCS 9K3aMEHOM TI0 BBIGOPY, ee
3aXOTIT CaBaTh T€ MIKOJbHUKH, KOTOPbIM (PU3UKa HYKHA [T
y4acTus B KOHKypce Ha BBIGPAHHYIO CIIEIMAJbHOCTD B By3e. A
9TO — GOJIBIIMHCTBO TEXHUYECKUX M €CTECTBEHHO-HAYIHBIX CIie-
IIHAJbHOCTEI.

Kax mnoxaspiBaer anaaus pesyJbratos EI'D B npembiaymue
TO/ibl, HAaOOJIBIIYIO TPYAHOCTD BBI3BIBAIOT TEC BOTIPOCKHI U 33/1a41
(naxe 6a30Boro ypoBHs), (GOPMYJIUPOBKA KOTOPHIX OTJINYAETCS
OT CTAH/IAPTHOH W ABJIAETCA HEOKMJAHHOI /1 yuenuka. Ha-
puMep, Ha Borrpoc A17 1puBeleHHOTO HUKe BapUaHTa 9K3aMe-
Ha MPABUJIBHO OTBETHJIN MEHBIIIE MOJOBUHBI ITKOJIbHUKOB. E/1iH-
CTBEHHDIII c110c00 MOJATOTOBUTHCS K dK3aMeHy Tak, 4ToObl n3be-
JKaTh OMIMOOK B OTBETE HA HEOKW/IAHHBIE BOIIPOCHI U ITPABHJIBHO
PENNTb 3a/la4i TIOBBIIIEHHOTO ¥ BBICOKOTO YPOBHS, — 3TO
riry00KOe U3y4eHHe TeOPUH, COIPOBOXKIAEMOe PellleHIeM [0CTa-
TOYHO GOJIBIIIOTO YMCJIA 33J1a4 PA3HOTO YPOBHSI.

B 2009 romy crtpykTypa ax3aMeHa 1O (u3NKe HECKOJIbKO
n3Menusach. [lepsbie 25 3a1a4 rpynibl A cojiepskar 4 Bapuanra
OTBETA, OJIMH U3 KOTOPBIX IIPaBUJIbHBIN. Kaxkjaas n3 atux sagad
orieHnBaercs B o 6asit. 3agaun B1 u B2 otHocsres k 3ajauam
Ha ycTaHoBJeHHE cooTBeTcTBHA. OTBETOM K HUM  SBJSIETCS
MOCJIe/IOBATEIBHOCTDL /IBYX u/n Tpex nudp. Ecau Bce nudpbr
IIpaBUJIbHbIE, 32 3a/lauy Hauuc/sierTcsl ABa Gasia, ecam OJHA

nndpa HerpaBuabHas — To ouH 6a. 3ajgaun B3—BS orHocaT-
¢ K 3aja4aM Ha TOJIydeHHe YHCJIEeHHOTO OTBETA, OHM OIleHMBA-
10Tt B ofuH 6asnt kaxkaas. K sagauam C1—-C6 Heo6X0anMo 1aTh
pasBepHyTble OTBETHI, OHH OLCHUBAIOTCS SKCIIEPTaMIU; 32 KaXK-
JIYIO 33/1a4y MOKHO HOJTyYHTb MakcuMmyM Tpu 6ata. IIpu atom
3agada C1 gBigerca KadecTBEHHOI, oHa TpeGyeT pPa3BepHyTOro
ONUCAHUS SIBJIEHHSI, TIPOIecca WM 3aBHCHMOCTH, BO MHOTUX
caydasax 6e3 npuMenenus dopmy.. 3agaun C2—C6 mpencrasis-
10T co60it 06bIYHbIC 33/]a4K Ha TIPIMEHEHIE HECKOILKIX (hOPMY.JI
7 3aKOHOB. Bcero 3a BbImoJIHEHNE BapHaHTa MOKHO TTOIYyInTDb 50
MePBUYHBIX GAJITIOB, KOTOPbIE 3aTeM TepeBoaTcs B 100-6a/n-
HYIO LIKATY.

[lns 3nakomcrBa co crpykrypoit EI'9-2009 no dusuke pexo-
MEH/[yeM U3yYUThb JIeMOHCTPAI[IOHHbII BapHAaHT, KOTOPBII MOXK-
HO HaliTn B IHTepHeTe, 1 PENUTh IPUBE/ICHHDIN HIKEe BAPUAHT,
COCTABJICHHDII M3 33/[a4 OTKPBITOrO cerMeHTa GaHKa dK3aMeHa-
I[FOHHBIX 33/1a4 TIPOILILIX JIeT.

BapunaHTt

A1. Ha pucynxke 1
TIpuBe/ieH rpaduK 3aBN-
CHIMOCTH TPOEKITHHN CKO-
POCTH TeJia OT BPEMEHH.
Kakoii u3 rpacpukos Ha
PHCYHKE 2 TIPE/ICTaBIA-

€T IIPOEKIINIO YCKOPEHHUSI
Tejla B WHTEPBaJje Bpe-
MeHH OT 3 ¢ 10 5 ¢?

1; 2); 3); 4).
1) czx,M/C2 2) czx,M/C2 3) czx,M/C2 4) czx,M/C2
5% S——m 5 5

0 0 0 0
—SJ[ t,c =5 t,c —5 t,c -5 t,c
Puc. 2
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NPAKTHUKYM

A2. Bpycok JIeXXUT Ha IepoxXoBa-
Toil maxsonHoi onope (puc.3). Ha
HETO JIEUCTBYIOT 3 CHJIBI: CHLJIA TSIKe-
CTH M , CHIa YIIPYTOCTH OTIOPbI N

u cusa tpenus Fy, . Ecim 6pycok

TIOKOUTCSI, TO MOJTYJTb PABHOJEHCTBY-

myg fouteit cun F, u mg paBeH:

1) N; 2) Ncosa; 3) Nsina;
4) mg+F,,.

A3. Bo ckosbko pas cusa nputskenus 3emuan K CostHIry
60JIbIIIe CUJTBI HpI/ITH}1KEHI/I$I Mepkypus k Cosnity? Macca Mep-

Puc. 3

Kypus COCTaBJIACT @ MaCCbI SBMJTI/I, a pacCIloJIOKEH OH B 2,5

pasa 6mmke xk CoJsHily, yeM 3eMJis.

1) B 2,25 pasa; 2) B 2,9 pasa; 3) B 7,5 pas; 4) B 18 pas.

A4. Macca nnanerst [1miok B 2 paza MeHbIIle MacChl 3eMJIH, a
1epuo/ 06paIieHus CIyTHUKA, JBUKYIerocs BOKpyT [1moka mo
HU3KOI KPYTroBOil opOuTe, COBIAJAET C MEPHOJOM OOpAIIeHU
aHAIOrMYHoOro ciyTHuka 3emun. OTHOIIEHNe CPeIHUX MJI0THO-
creit [lmoka n 3eman paBHO:

1) 1;2) 2; 3) 0,5; 4) 0,7.

AS. YerbIpe OIMHAKOBBIX JHCTAa (PaHEPbI TOMMUHON L KaK-
JIbIif, CBSI3aHIbIE B CTOIKY, IJIABAIOT B BOJE TaK, YTO YPOBEHb
BOJIbI IPUXO/IUTCS] HA TPAHUILY MEXK/LY
aByMs cpexanmu gmctamu (puc.4).
Ecau B cTonky m00aBUTH €Ille OUH
TaKOW JKe JICT, TO IyOuHa ee TIorpy-
JKEHUST YBEJMUUTCS HA:

1)L/4;,2) L/3;3) L/2;4) L.

A6. Kax usmenurcst nepmuoj; KoJie-
Ganuii MaTeMaTHYeCKOro MasTHHUKA,
€CJIN ero JIVINHY YMEeHbIINUTD B 4 pa3a?

1) YBeawunrces B 4 pasa; 2) yBeau-
uuTess B 2 pasa; 3) yMeHbIIUTCS B 4
pasa; 4) ymenbumuTes B 2 pasa.

A7. Canu ¢ OXOTHHKOM CTOSIT Ha
OYEHD TJIAJKOM JibJy. OXOTHHUK CTpe-
JIIET W3 PYKbs B TOPU30HTAIBHOM
narnpasyiennn. Macca 3apsaga 0,03 kr. CropocTb caneii mocjie
Boictpesia 0,15 m/c. OOGmas mMacca OXOTHHKA C PYKbeM U
caneit 120 kr. KakoBa cKopocTb 3apsia Tpu BhICTpese?

1) 0,54 Mm/c; 2) 4m/c; 3) 240 m/c; 4) 600 m/c.

A8. 3akpenienublii PY>KUHHDIA THCTOJIET CTPEJsIET BEPTH-
KaJbHO BBepX. KakoBa Macca ImyJin m, ecJin BbICOTA ee TobeMa
B pe3yJbTaTe BBICTpETa paBHa /1, JKECTKOCTh TPYKUHBI R, a
nedopmMals IpyKUHbL 1iepe/; BbicTpesiom Al ? Tpenuem n
Maccoil mpy:KuHpl npenebpeub, cuutath Al < /.

k(A1) k(ALY 2k (ALY’ k(A1)

1) dgh h ;i 3) oh i 4) 290

A9. Bosayx B KOMHATE COCTONT M3 CMeCH Ta30B: BOJOPOJA,
KICJIOPO/IA, a30Ta, BOSHBIX APOB, YIJIEKNUCJIOTO0 Taza u ip. [Ipn
TEIJIOBOM PaBHOBECHH y BCEX 9TUX Ta3oB oAnHaKoBoe (-as):

1) nasienue; 2) Temreparypa; 3) KOHIIEHTPAIMS MOJIEKY.J;
4) TEILIOEMKOCTb.

Puc. 4

A10. Ha pucynke 5 npuBe/ieH
. rpaduK 3aBUCHMOCTH TeMIIepa-
i TYPBI TBEPOTO TeJa OT OTIAH-
_____ R HOTO UM KOJIMYECTBA TEIJIOTBI.
Macca temna 4 kr. Kakosa yiesb-
Hasl TEMJIOEMKOCTb BeIecTBa
3TOTO Tesa?
1) 0,002 [ix/(xr- K) ;
2) 0,5 Ix/(xr-K);
3) 500 [ix/(kr-K);
4) 40000 [x/(kr-K) .

T,K
400 ez~

r=—f-—a-—--—--

300f-----

200

[=}

=
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=

=

%

Puc. 5

‘ 34-53.p65 51

~On

ABUTYPHUEHTA 51

A11. Kaxyio pa6oty co- p71()3 IIa

BepIIAeT ra3 Mpu mepexo/ie % 4

u3 cocrosinust | B COCTOSI- 5 1

nue 4 (puc.6)? 51---7 t3
1) 2 Ix; 2) 2 xlx; } i

3) 2,5 kJlx; 4) 5 x]JIx. 2 "_:7 :
A12. B nporecce axcre- 0 0,1 0,5V, M

PUMEHTa BHYTPEHHSAA SHEP- p,- g

o

IS Ta3a YMEHbBIINIACh Ha
40 x/Ix, npu aToM OH coBepuma pabory 35 k/[k. Caemosa-
TEeJIbHO, B pe3yJibTaTe TeIiooOMeHa ra3 OTAas OKPYIKalomleit
cpejie KOJIMYECTBO TETLIOTHI:

1) 75 xJIx; 2) 40 x/Lx; 3) 35 k/Ix; 4) 5 x/Dx.

A13. B cy66otry Temmeparypa Bo3jayxa Oblla Bblllle, 4eM B
Bockpecenbe. [lapiuanbHoe jaBjienne BOJSHOTO Tlapa B aTMOC-
depe B aTH IHU OCTaBAJIOCh TOCTOAHHBIM. B Kakoil u3 jmeit
OTHOCHUTEJIbHAS BJIAKHOCTD BO3/[yXa Obliia 00JIbIe? YUuTHTe, 4To
JIABJIeHITEe HACBIIIEHHOTO Mapa yBEeJNYUBAETCSI C POCTOM TeMITe-
paTyphbl.

1) B cy660oty; 2) B BOCKpeceHbe; 3) BJAaKHOCTD BO3/yXa B OTH
JIHYU GbLTa OIMHAKOBOIT; 4) HEJIOCTATOYHO JAHHBIX JIJIS OTBETA Ha
BOTIPOC.

A14. Paccrosiime MEK/IY JBYMs TOU€UHBIMU dJIEKTPUYECKIMHI
3aps/IaMy YBEJUYIIIN B 3 pasa, M OJWH U3 3apsI0B YBEJIMUIIIN
B 3 pasza. Cuia B3aUMOJCHCTBHISA MEXK/Y HUMU:

1) He U3MEHUIACD; 2) YMEHBIINAACH B 27 pa3; 3) yBEININIACH
B 3 pasa; 4) ymenbuimiach B 3 pasa.

A15. OtrpuiatesbHbBINA 3apsi/ MEPEMEIIAETCST B OJHOPOHOM
AJIEKTPOCTATUYECKOM T0JIe U3 TOYKU A B TOUKY B 110 TPaeKTOpH-
am 1, II, III (puc.7). B kakom
caydae paboTa CHUJ AJIEKTPOCTATHU- B
YECKOro T10JIs1 HaMeHbIIas ? I

1) Tompko 1I; 2) Tombko I11; 3) 1
u III; 4) paGoTa Ci1 31eKTPOCTaT-

YyecKkoro 1o Ha tpaekropudax I, 11,
IIT onna u ta xe.
A16. Eciin rtoma/ip mornepeyto- A’
TO CEYeHUsT OJJHOPOHOTO IIIUH/[I- -q
PHUYECKOTO NIPOBOJHUKA W AJIEKTPU-  Pyc 7
4ecKoe HalpsKeHNe Ha ero KOHIaX
yBeJM4arcsi B 2 pasa, TO CHJIAa TOKA, MPOTEKAIONIETO 110 HEMY:

1) He u3MeHHUTCS; 2) YBEJAUYUTCS B 2 pasa; 3) YBEJIUYUTCS B
4 pasa; 4) ymenbuires B 4 pasa. R

A17. Kak uaMeHuTCsi COMpPOTUB-

JleHne ydactka 1enu AB, mzob6pa- A
JKEHHOTO HA PUCYHKE 8, ecom KJIo4
K pasomknyts? Corporusienue R R
KaXXJI0TO pe3nuctopa paBHO 4 OM.
1) Vwmenpmurca na 4 Ow;
2) ymenpumres Ha 2 Om; 3) yBesn-
unrest Ha 2 OM; 4) yBenndutest Ha Be ’
4 OMm. Puc. 8

A18. DyiexTpoH e, BJeTeBIINii
B 3a30D MEXK/TY TIOTIOCAMHE AJIEKTPOMATHUTA,
UMeeT TOPU30HTAJIbHYIO CKOPOCTb O, Iep-
TIEH/INKY JITPHYIO BEKTOPY HHAYKIMN B Mmar-
nutHoro nossa (puc.9). Kyma mampassiena
JleficTByolas Ha 2JIeKTpoH custa Jlopenia
F?

1) Ot Hac neprneH UKy AAPHO MLIOCKOCTH
puCyHKa; 2) K HAM M3-32 TJIOCKOCTH PUCYH-
Ka; 3) TOPU3OHTANBHO BIPABO B MJIOCKOCTH
pucyHKa; 4) BEPTHKAIbHO BBEPX B MIOCKO-
CTU PUCYHKA.

A19. Oy pas mos0coBoit MaruuT mnaja-
€T CKBO3b HENOJBIKHOE MeTaJINYecKoe

31.03.09, 17:43
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KOJIBIIO IOKHBIM IIOJIIOCOM BHH3, BTOPOH pa3 — CEBEPHBIM
nosocoM BHM3. TOK B KoJiblie:

1) Bo3HUKAET B 0GOMX CJIy4asx; 2) He BO3HUKACT HU B OJIHOM
u3 ciyvaes; 3) BO3HHKAET TOJIBKO B MEPBOM cJydae; 4) BO3HH-
KaeT TOJbKO BO BTOPOM CJIydae.

A20. Kosnebare bHbIII KOHTYD COCTOUT M3 KOH/IEHCATOPA €M-
koctbio C M KaTylIKM MHAYKTUBHOCTBIO L. Kak uamenurcs
MIepUOJT 2JIEKTPOMATHUTHBIX KOJIEOAHUIT B 9TOM KOHTYpE, €CJIH
€MKOCTh KOH/ICHCATOPA YBEJUYUTb B 2 pasa, a MHAYKTUBHOCTD
KaTyLIKU B 2 pa3a yMEHBIIUTD?

1) He usmenutest; 2) yBeanuutcs B 2 pasa; 3) yBEJIUUUTCS B
4 pasa; 4) yMeHbIIUTCS B 4 pasa.

A21. EMKOCTD KOHJICHCATOPA, BKJIIOYEHHOTO B 1ICIb MIEPEMEH-
HOro TOKa, paBHa 6 MKD. YpaBHeHMe KoJeOaHMIT HATIPSIKEHUS
na xongencarope umeer Bug U = 50 cos (1 . 103t) , TJIe BCE BEJI-
yuHBbI BRIpaskeHbl B eanannax CU. Haiignte aMmanTyy cuibl
TOKA.

1) 0,003 A; 2) 0,3 A; 3) 0,58 A; 4) 50 A.

A22. Ha pucynke 10 mokazan Xoj Jydeil OT TOYEYHOTO
UCTOYHMKA cBeta A depes TOHKyI0 JuH3Y. KakoBa mpu6insu-
TEJIBHO OIITMYECKask CUJIA JINH3bI?

\4

Puc. 10

1) 7,7 purp; 2) —33,3 aurp; 3) 33,3 anrp; 4) 25,0 anTp.

A23. Topuii 2%%Th , UCIIBITaB /[BA 3JIEKTPOHHBIX [3-pacnaja 1
OJINH O -pacia/i, MpPeBpaIaeTcsl B HJIE€MEHT:

1) 2%Pu; 2) #5Th; 3) *8Rh; 4) %iRh.

A24. VccrepoBanach 3aBUCMMOCTD PACTSKEHUSI JKIyTa OT
MIPUJIOKEHHON crJibl. TTOrpentHOCTH U3MepPEHUsT CUITbI 1 BEJTHY -

HbI pacTsikenus xryta cocrassian 0,5 Hu 0,5 cM coorBeTcTBeH-
HO. Pe3y/ibTaThl M3MepeHHii ¢ y4eToM HX TOTPENTHOCTU TIPeji-

Ax,cM
A

3 L

@
v

0
Puc. 171

4 6 F,H

crapyieHbl Ha pucyHke 11. CorsacHo aTuM mM3MepeHHsIM, JKecT-
KOCTD JKTyTa MPUOJU3UTETHHO PaBHA:

1) 110 H/»; 2) 200 H/»; 3) 300 H/»; 4) 500 H /.

A235. Bblia BbIJIBUHYTA THIIOTE3a, YTO Pa3Mep MHUMOIO U300-
PaskeHHUs IIPeAMeTa, CO3[aBaeéMOro PacCenBalollell IUH30i, 3a-
BUCHUT OT OITHYECKOIl cujibl JuH3bI. Heo0XoauMo sKcIepuMen-
TaJbHO IIPOBEPUTH 3Ty runoresy. Kakue asa ombiTa, Ipeacras-
JIEHHbIE HAa PUCYHKe 12, MOKHO IIPOBECTHU JIJISI TAKOTO UCCJIE/0-
BaHusA?

DAub;2)AuB;3)buB;4) Bul.

B1. ITockuit BO3yITHbBII KOHIEHCATOP 3aps/IN/IN 10 HEKOTO-
poil Pa3HOCTH MOTEHIINAJIOB U OTKJIOUU/IM OT UCTOUHHMKA TOKA.
Kaxk n3meHnsiTes nepeuncyeHHble B IIepBOM cToJiOle pusnueckue
BEJIMUMHDI, €CJIM MIJIACTHHBI KOH/IEHCATOPA PA3/IBUHYTb HAa HEKO-
Topoe paccrosgane? K ka0l MO3UIMN NEePBOTO CTOJIONA O/
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S I
Puc. 12 Fl F l

6epuTe COOTBETCTBYIONIYIO IO3UIMIO BTOPOTO W 3allIINTE B
TalOIUIy BBIOPAHHBIE IU(PLI O/ COOTBETCTBYIONIMI OYKBAMH.

Dusuyeckue eeiUUUHDL Hx usmenenus

1) VBemnunrcsa
2) YMeHbIIHTCS

A) 3apsaz Ha 06KJIaJIKaX KOHIEHCATOpa

B) D1eKTpoeMKOoCTb KOHJeHCaTopa

B) Oueprus sJeKTPUYECKOrO TIOJIS
KOHJIEHCATOPA

A b B

3) He usmenurcs

B2. fdapo atoma HEKOTOPOro 3JieMEHTa MpeTepreBaer
B-pacnag. Kak usMeHSIOTCS TepeynC/IeHHbIE B TIEPBOM CTOJIO-
e Xxapakrepuctuku sipa? K kaskaoil mosuimm mnepsoro ctoJt-
11a MogGepuTe COOTBETCTBYIONIYIO MO3UIMIO BTOPOTO ¥ 3AITHIIH-
Te B Tabuauiy BbIOpaHHbBIE NUMPHI IOJ COOTBETCTBYIONIIMUI
OyKBaMH.

Du3auueckue 8eAUUUNHDL Hx usmenenus

1) YBeamuntcsa
2) YMeHbHIUTCS
3) He usmenurcs

A) TlopsaakoBblil HOMEp Aapa
B) Maccooe uucio siapa
B) Yuc/o HEATPOHOB B gpe

A b B

B3. He6oubiioit kaMeHb, GPONIEHHBII ¢ POBHOI TOPH30HTAJIb-
HOH NMOBEPXHOCTH 3eMJII II0/] YIJIOM K TOPU30HTY, yIIaJ 00paTHO
Ha 3ems10 B 20 M oT Mecrta Gpocka. Uemy Obl1a paBHA CKOPOCTD
KaMHs yepe3 1 ¢ nocse 6pocKa, ecau B 3TOT MOMEHT OHA Oblia
HarpaBJ/ieHa TOPU30HTAIBHO?

B4. B kamopumerp ¢ Bo/10ii 6pOCAIOT KYCOYKHU TAIOIIETO JIb/IA.
B HekoTopbIil MOMEHT KycOouKH Jbjla nepectaioT TasThb. [lepBo-
Hayva bHasT Macca BOJIbI B cocy/ie 6b11a 330 T, a B KOHIIE TIpoliecca
TasTHUST Macca BOJBI yBe-

Jmunnach Ha 84 r. Kakoii
OblIa HAYAJIbHAS TEMIle- - —
parypa BOJAbI B KaJOpH- —
merpe? OTBeT BbIpa3ure B c
o
rpaaycax Ilemvens (°C).
n F:

B>. Ha pucynxe 13
n300pasken BEKTOP HATIPSI-
JKEHHOCTH E 3JTeKTpHec-
Koro 1mossi B Touke C, KOTOPOE CO3[IaHO JBYMSI TOUYEUYHBIMU
3apsanamMn ¢, u (Gg. YUeMmy paBeH 3apsii (g, €CIU 3apsill (4
pasen +2 MmxKna? OTBer Bbipasute B
mMukpokyaonax (MxKir).

C1. B anexTpuueckoii iernu, nu3o6-
paXKeHHOil Ha pucynke 14, monsy-
HOK PeocTaTa IepeMeniaioT BIpaBo. @
Kaxk usMeHsSI0TCs 1IpH 9TOM TIOKa3a-
HUS BOJIBTMETPA U aMIiepMeTpa?

C2. HavasibHag CKOpPOCTb CHaps-
14, BBIMYIIEHHOTO U3 MYIIKA BEPTH-
KaJbHO BBepx, paBHa 200 m/c. B

Puc. 13

I: (A
Puc. 14
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NPAKTUKYM

TOYKE MaKCHMAJbHOTO IOJbeMa CHAps/l pa3opBajcs Ha 1Ba
O/IMHAKOBBIX OCKOJIKA. IlepBblil ynana Ha 3eMJi0 BOJIN3H TOYKU
BBICTpesia co ckopocthio 250 M /c. Yepe3 kakoe BpeMs Tocjie
ATOTO yIaJeT Ha 3eMJIO BTOPOil 0CKoJIOK? COIpoTHBJIEHIEM
BO3/lyXa IpeHeOpeyb.

C3. OjuH MOJb UAeaJTbHOIO OJHOATOMHOIO ra3a cHavaJja
HATpeJIM, a 3aTeM OXJIA/IJU JI0 IePBOHAYAIBHON TeMIepaTyphbl
300 K, ymenbimms gaBienne B 3 pasa
(puc.15). Kakoe KOIMIECTBO TEmmo-
Tbl COOOILEHO a3y Ha ydacTke [—27

C4. B cocyie ¢ 1e60IbIION TPeTi-
HON HaXOJUTCS BO3IYX, KOTOPBIN
MOJKET TIPOCAYMBATLCS CKBO3b Tpe-
muHy. Bo BpeMs ormbITa [JaBieHue

> BO3JyXa B COCY/le BO3POCJIO B2 Pasa,
0 P a ero a6comornas TemmepaTypa
puc 15 YMEHBIIMJIACh B 4 pasa IIPU HEU3-
MeHHOM OGbeMe. Bo CKOJBKO pa3 M3MEHWJIACh BHYTPEHHSS
sHeprus Bosayxa B cocyae? (Bosmyx cuurtarh uwjeasbHbIM
rasom.)

C5. Ha skpare ¢ TOMOIIBIO TOHKOMN JIMH3BI TOJYIEHO 1306pa-
JKeHIe TpeJMeTa ¢ MATHKPATHBIM yBeJTMIeHneM. DKpaH Tepe-
aeunyan Ha 30 CM BIOJIb TJIABHON ONTHYECKOW OCH JIMH3BI.
3areM Npyu HEN3MEHHOM MOJIOXKEHUHN JIMH3bI TIepe/IBIHY N TIPe/I-
Met, 4ToObl M300PasKEHUE CHOBA CTAJ0 pe3KuM. B aToM ciydae
MOJIYYNJIOCh U300pAKeHne ¢ TPEXKPATHBIM yBesnnuenneMm. Ha
CKOJIBKO TIPHUIILJIOCH TIEPEJABUHYTH TIPEJMET OTHOCHUTEJIBHO €ro
MIePBOHAYATBHOTO TOJIOKEHUS ?

C6. TIpemapar aktusHocTbio 1,7-10'" wactim B cexymmy
MOMellleH B Me/IHbI KoHTeitnep mMaccoii 0,5 kr. 3a Kakoe BpeMst
TeMIiepatypa Koureiinepa nosbimaercst va 1 K, ecau ussectno,
YTO JIAHHOE PA/IMOAKTHBHOE BEIIECTBO UCITYCKAET O -4aCTUIIBI C
sueprueii 5,3 M»sB? Cuurarb, uTo 3HEpPTus BCeX O -4ACTHII
MOJTHOCTHIO TIEPEXOUT BO BHYTPEHHIOW SHEPTHIO. TermoeMKoc-
THIO IIPENapaTa u TENJI006MEHOM C OKPY>KaIOTIel cpeioi iperes-
peub.

T .
2

OTBeTbl K 3apayam rpynn Aun B

Al A2 A3 A4 AS A6 A7 A8 A9 A10
2 1 2 1 3 4 4 4 2 3

A1l A12 A13  A14 A1S A16 A17 A18 A19 A20
2 4 2 4 4 3 2 2 1 1

A21 A22 A23 A24 A25 B1 B2 B3 B4 BS
2 3 2 3 2 321 132 10 20 —1

KpaTkue pelieHns nsGpaHHbIX 3agay

B3. Cxopoctb KaMHs B BepXHEll TOYKe TPACKTOPHH HAlIpaBJie-
Ha TOPU3OHTANLHO. Bpemsi or 6pocka 10 majenus B 2 pasa
6oJIbllle JIAaHHOTO BpeMenwu, T.e. ¢ = 2t =2 c¢. CaenoBaresbHoO,
CKOPOCTb B BepXHeil Touke paBHa v = v, = s/t =10 M/c.

BA4. Jlen nepecraner TasiTh, KOT/1a TeMIIepaTypa BOJIbI OILYCTUT-
¢ /10 TeMIeparyphl Iiasaenus abia t,, =0 °C . Macca pacra-
SBIIETO JIbJla PABHA YBEJUYEHWIO MACChl BOJbI: m,; = 84T.
YpaBHenue tersioBoro Gajanca npuoGperaeT BU/

cymy (ty, —t,)+Am, =0, otkyza ¢, =20 °C.
N B5. Bexropnl E 4 1 Ep
Ey Shl | HaXOAATCA TMOCTPOEHUEM
//9,: (puc.16). IockonbKy pac-
o - crostuus or Toukun C 0
“C Eg 3aps/l0B  OJIMHAKOBBI, TO
z ‘QB‘/‘qA‘zEB/Eszz’
4 95 [Tosyuaem
Puc. 16 qp = —1MxKo.
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C1. Cura Toka B HENU W HANpPSDKEHWE HAa PEOCcTaTe JAtoTCst
BbIpaKEHUAMU

6R _ ¢
[: R,U:IRziR:ri.
r+ r+
—+1
R
HpI/I yBeJin4eHnn COIpOTUBJICHUA R peocTaTa CuJjia TOKa yMEHb-
HTa€TCA, a HaIllPpsAKEHNE BO3paCTaeT.

C2. MaxkcumasibHast BBICOTA MMO//beMa CHAPs/la paBHA

%

29

CxopocThb cHapsijla B BepXHeil Touke paBHa HyJIO, TI09TOMY U3
3aKOHA COXpaHeHHWs1 mMmmyabca 0 = mo, — mv, CHAeIyeT, uTo
HayaJbHbIE CKOPOCTH OCKOJKOB PABHBI:

h=

=0y =0.

Ilockombky HepBblil OCKOJIOK yIaJ PSI/IOM C MECTOM BBICTpelIa,
CKOPOCTH OCKOJIKOB HAaIlPABJEHDbI 110 BEPTUKAJU: Y IIEPBOrO
OCKOJIKA BHM3, y BTOPOro — BBepX. CKOPOCTH OCKOJIKOB IIpU
Ta/ICHUN Ha 3€MJII0 TaK)Ke PaBHBI 1 CBSI3AHBI C WX HAYAJIbHOI

CKOPOCTbIO 3aKOHOM COXpaHEHUA SHEPruun

m02 muz
mgh+ ==

Otciofa moyTaem
vz\/u2 —2gh =\/u2 —vg =150 Mm/c.

Bpemena najenud HaiijieM U3 KUHEMATUYECKUX COOTHOIIECHUMN

u=0v+gt, u=-o0+gl,
OTKy/1a
ty=10c¢, t, =40 ¢, t, -t =30c.
C3. Ilporecc 2—3 n30XOPHBIH, MOITOMY
Lon_ 1 e r=sr
I; ps 3
[Tporecc 1—2 u3obapHblii, CJI€A0BATENBHO,

Qi =AU + A= S WR(T; = T,) + VR (T, - T;) =

= g\)R(TZ —T1) =5VRT1 = 12,5}{[[)1(,

C4. BuyTpeHHsis 9HEPTUsl U€AJbHOTO ra3a IMPONOPINOHAb-
Ha VR, T.e. IpONOpIMOHAIbHA pV . 3HAUNT, BHYTPEHHSIS dHEP-
IS BO3/yXa Bo3pocsa B 2 pasa. Kak yacto ObiBaeT B BOIIpocax
n 3ajavax ETD, He Bce jaHHbBIE U3 YCJIOBUS BXOJISAT B OTBET.

C5. U3 ypasuenuit

AR S T

d f F d
BbIpasuM d u f yepe3 yBequderue [ I Caydast TeHCTBUTEb-
HOTO M300paKEHUs:

1
d:(HF)F’ f=(1+T)F.
Iockosbky [y <y, 10 fo < fi u dy >d;. llonyuaem
1 1
dz—d1=(r—rJFy f1—f2=(r1—F2)F,
2 1

OTKYy/la HaXO0/IuM

dy, —d, =M=2 cM.
r,r
)
C6. U3 3akona coxpanenus aneprun EAt = cmAT |, tne E —
9HEPTHs O -YaCTHIIBI U A — aKTUBHOCTD, Hail/leM HCKOMOE BPeMSI:

t =23 MuH.
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PermoHanbHbIM 3Tan XXXV
Bcepoccnmckom onmMnmaabl
LLIKONbHWKOB MO MaTemMaT/ke

C 2008/09 ropa Bcepoccuimckas onvMnnaga LUKOMbHNKOB
NPOBOAMTCS COrfacHO HoBoMy [lonoxeHuWio o6 onuMnuagax,
npuHsTomy B 2007 rogy. PervoHasnbHbIi 3Tan ctan oTbopoYHHbIM
K y4acTuio B 3aKkJIIOYUTENbHOM 3Tane Bcepoccninckom onmmnm-
afbl 019 BCEX PErroHOB CTpaHbl. Onumnuaga NpoBOAMNACH B
AHBape MO eAMHbIM 3aaHWAM, NOArOTOBNEHHbIM MeToamyec-
KOW KOMMUCCKEeN NO MaTeMaTtuke. BnepBsble pervoHanbHbIv 3Tan
B laHHOM chopMaTe nposoamncs B Mockee 1 CaHkT-eTepOyp-
re. Cpefiv 3aay onvMnuagsl Hanbonee CNoOXHbIMKU OKa3anmnch
3a0a4a 8 B 9 knacce 1 3aga4a 4 B 11 knacce.

3AJA4YN

9 knacc

Hepsuiii denv

1. I'pu6 HasbIBaercst naoxum, ecau B HeM He Meree 10 uepBeii.

B ayxomke 90 miaoxux u 10 xopommx rpu6os. MoryT i Bce

rpulbl CTaTb XOPOIIMMH IIOCJ€ TOrO, Kak HEKOTOpble 4YepBHU
MIeperoy3yT U3 TJIOXUX TPHOOB B XOPOIIHe?

A.Kanenv

2. PaHI/IOHaJIbeIe qucJga d u b y[[OB]IeTBOpHIOT paBEHCTBy
@b +ab® +2a°b* +2a +2b+1=0.

Joxasknte, 4to uncjao 1 — ab sBJseTcs KBaPAaTOM PAIMOHAID-
HOT'O 4HCJIA.
P.2Kenodapos

3. B ocrpoyrosbaoM tpeyrosibiuke ABC 11poBe/ieHbl BbICOTDI
AA;, BB, CC;. Ilpamad, nepnenauky.saptas cropone AC u
IPOXO/AIIast yepe3 Touky A, mepecekaer npsamyio BiC; B Touke
D. [loxaxnre, uto yroa ADC npsmoii.

/1. Cxpobom

4. Ha pucyHke mnokasaH TpPeyroJbHUK, pasOUTbIl Ha 25
MEHbIINX TPEYroJIbHUKOB, 3aHYMEPOBaHHbIX 4YUCJIaMU OT 1 a0
25. MoOXKHO JI1 3TH JKe 4ucja
PACCTaBUTh B KJETKAX KBajpa-
Ta 5 X 5 Tak, 4ToObl JTI0ObBIE 1BA
qyHucJia, 3aliliCaHHbI€ B COCEHUX
TPEYTOJbHIKAX, ObLIN 3aIuca-
HBI U B COCEJTHNX KJICTKAX KBa/I-
para? (TpeyroNbHUKH, Tak Ke,
KaK ¥ KJIEeTKH KBa/[paTa, CUnTa-
I0TCSI COCETHUMU, €CJIN UMEIOT
06IIyI0 CTOPOHY.)

A.Tpubarxo

17\/19\/21\/23\/ 25

Bmopotii denv

5. Ha 11 smcrkax Gymarn wanucanbr 11 ¢pas (110 ogHoii Ha
JIICTKE):

1) JleBee 9TOro JIMCTKA HET JIMCTKOB € JIOYKHBIMU YTBEPIK/ACHN-
AMT.

2) POBHO O/IMH JIMCTOK JIEBEE ATOTO COEPIKUT JIOKHOE yTBEp-
JKJIeHNe.

‘ 54-58.p65 54

o

3) PoBHO 2 MCTKA JIEBEE ITOTO COAEPIKAT JIOKHBIE YTBEPIKIe-
HUS

11) Posro 10 JIMCTKOB JIeBee 9TOTO COAEPIKAT JIOKHBIE YTBEP-
SKJICHUS.

JIMCTKN B HEKOTOPOM MOPSI/IKE BBITOKUIM B PS/I, WYt
cseBa Hanpaso. Ilocse aTOro HEKOTOPbIe N3 HATMCAHHBIX yTBEP-
SKJICHUI CTaJIM BEPHBIMHU, a HEKOTOpPble — HeBepHbIMH. KakoBo
HanboJIblIee BO3SMOSKHOE UICJIO BEPHBIX YTBEP>KICHUII?

U.Pyb6anos

6. HatypasbHOoe YnCI0 m TaKOBO, 4TO cyMMa IIGp B JecATHY-
HOi 3armcu yncaa 8" pasua 8 .MOJKET JIH TIPU HTOM TIOCJIE/HSIST
mupa uncaa 8" ObiTh paBHOI 62

B.Cendepos

7. [an napamnenorpamm ABCD, B kotopoM yros ABC Tymoii.
IIpsamas AD nepecekaer BTOPOil pa3 OKPY>KHOCTb ), OHMHUCAH-
HyI0 BOKpyr TpeyroibuHuka ABC, B Touke E. Ilpamas CD
repeceKkaeT BTOPOIl pa3 OKPY’>KHOCTb ) B Touke F. [lokaskure,
YTO TIEHTP ONUCAHHOI OKPY’KHOCTU TPeyroibuuka DEF nexur
Ha OKPYKHOCTH .

T.Emenvanosa

8. B maxmarHOM TypHUpe y4yacTBOBAJM § IIaxXMaTHUCTOB,
MIPUYEM KaXK/IbIii CBIFPAT ¢ KAXK/IbIM POBHO TIO OJHOU MAPTHH.
W3BecTHO, 4TO JTIO6bIE /1B IMAXMATUCTA, CHITPABIINE MEKIY
co060il BHUYDBIO, HAOPAJIN B UTOTE pasHoe YKcJa0 04KoB. Haiigure
HanGoJIblIIee BO3MOXKHOE YHMCJO HUYBUX B ATOM TypHUpe. 3a
BBIMTPBIIT TTAPTHU MIAXMATHCTY HAuUCasgeTcs: 1 04KO, 32 HUYBIO

5 ouka, 3a nopaxenue — (.

C.Toxapes
10 knacc
Iepsoiii denw
1. Ksagparublii Tpexusien f(x) TaKOB, 4YTO MHOIOYJIEH

(f (x))3 —  (x) mMeer poBHO TPH BeleCTBeHHbIX KOpHsi. Haiigu-

Te OP/MHATY BEPIINHBI rPaduKa ITOTO TPEXUIEHA.
U.Bozdanos

2. JlokakuTe, YTO HAHAETCS TaKoe HATYPATbHOE YHCJIO N >
> 1, 4TO TPOM3Be/[EHIE HEKOTOPBIX 7 [OCJIE/IOBATEIbHBIX HATY-
PaJIbHBIX YHCEJ PABHO ITPOU3BEAEHUIO HEKOTOPbIX 7 + 100
TOCJIE/I0BATEIBHBIX HATYPAJTbHDBIX UHCEJT.

B.Cendepos

3. ¥ Kocru 6b110 siBa HaGopa 1o 17 MOHET: B OJIHOM Habope
BCe MOHETDBI HACTOSIIINE, & B IPYrOM HaGope POBHO 5 (hasbiiu-
BbIX. Bce MOHETBI BBITJISIISAT OJIMHAKOBO; BCE HACTOSIIIIE MOHETDHI
BECIT OJIMHAKOBO, BCe (DABIIUBBIE TOXKE BECAT OAMHAKOBO, HO
HEU3BECTHO, Jierde uin Tskesee nacrosmux. Opun u3 Habopos
Koctst oTnas Apyry, a BHOCTEACTBUN 3a0bLI, KAKOW UMEHHO U3
JIByX HAaGOpOB y Hero ocrajics. Mosker sim Koctst rpu momoriu
ABYX BSBeI_HI/IBaHI/Iﬁ Ha 4YallleYHbIX Becax 663 I"I/Ipb BBIACHUTD,
KaKoil MMEHHO 3 JIByX Ha0OPOB OH OT/aJ1?

K.Knon
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4. OKpY>KHOCTH Wy 1 (), KACAIOTCS BHENTHUM 006PAa30M B TOUKe
O. Touku A m B na okpyxHoctu @y u touku C u D Ha
OKPY’KHOCTH ), TakoBbl, uto AC u BD — o0lue BHelTIHUE
KacaTesbHBIE K OKpY>XHOCTSIM. IIpsamas AO nepecekaet oTpe3ok
CD B touke M, aipsimast CO TiepeceKkaet BTOPUYHO OKPY’KHOCTD
wy B Touke N. Jlokaxxkute, uyto Touku B, M u N jie;xat Ha O/THOI
TIPSIMOM.

11. Kosxesnuxos
Bmopoii denv

5. HarypasbHoe 4ncJio m TakoBo, 4To cyMMa 1udp B ecsTny-
HOI amicy yncsia 2™ paHa 8. MOKeT JIM IPH HTOM MOCJIE/THSISt
mudpa yncaa 2™ GpiThb paBHOil 6?

B.Cendepos

6. Brimcannas B TpeyrosibHUK ABC OKPYKHOCTb () Kacaercs
cropor BC, CA, AB B toukax Ay, By u C; coorBercTBenno. Ha
npojo/kennn orpeska AA; 3a touky A B3sgTa Touka D Takas,
qro AD = AC; . llpssmeie DBy u DC; mepecexaior BTOpOil pa3
OKPY)KHOCTb @ B Toukax B, u C,. [lokaxure, uro B,C, —
JITAMETP OKPY’KHOCTH () .

P.2Kenodapos

7. TlojoXKUTEJMbHBIE YUCHA X{,Xy,...,Xp009 YAOBJICTBOPSIOT
paBeHCTBAM

X = XXy + X5 = X5 — Xy + X5 = X3 — X3k + XF = ..

) 22 2
-+ = X008 T X2008%2009 T X2009 = X2009 T ¥200941 T AT
JlokaxkuTte, 4TO YHCIA Xy, Xy,..., X009 DPABHBI.
B.Cendepos
8. Cwm. zamauy M2126 «3agaunuk «Ksanras.

11 knacc
Hepeuiii denv
1. Ksagparubiii Tpexunen f(x) TaxkoB, 4TO MHOTOHJICH
(f (x))5 — f (x) uMeer poBHO TpH BelecTBeHHbIX KOpHst. Haiiu-
T€ OPJIMHATY BEPIITUHbBI TpapuKa HTOrO TPeXUJeHa.
H.Bozdanos

2. B mekoropbix kJaerkax Ttabuuisl 10 X 10 paccrabienb
HECKOJIBKO KPECTUKOB 1 HECKOJIBKO HOJIMKOB. VI3BecTHO, 4TO HeT
smann (CTPOKU MM CTOMIGIA), TIOTHOCTHIO 3ATIOTHEHHON O/[MHa-
KOBbIMHU 3HauKaMu (KpecTukaMu uian HoJukamu). OpHaKo ecin

B JOOYIO IIyCTYIO KJIETKY HOCTaBUTb J060il 3HAYOK, TO 3TO
ycsoBue Hapyumuresl. Kakoe MUHUMaJIbHOE YUCJIO 3HAUKOB MO-
JKET CTOATDb B TabJmIe?

U.Bozdanoes

3. Hokaxure, uto xcosx < — npu 0 < x < E.
16 2 B.Cendepos

4. B octpoyrosibHoM HepaBHOGEpeHHOM TpeyrosbHuke ABC
nposejieHa Boicota AA” u ormeuennl Toukun H u O — Touka
repecedeHns BbICOT U LIEHTP OIMCAHHOI okpyskHOCTU. [loKaxKu-
Te, YTO TOYKA, CUMMETPUYHAS IEHTPY OIMMCAHHONW OKPYKHOCTH
tpeyroabnuka HOA’ ornocutesbno npsamoit HO, nexxur na
cpeaueil uHun Tpeyrosbauka ABC.

. IIpoxonenxo

Bmopoii denw

5. Ha miockocT poBesin HECKOJIBKO TIPSIMBIX 1 OTMETHIIN BCE
1X TOUKH Ttepecevernst. CKOJIbKO MPSIMBIX MOTJIO GBITh ITPOBe/Ie-
HO, ecJIi Ha OJHOW M3 TPOBE/IEHHBIX NPSMBIX OTMedeHa O/IHA
TOYKA, Ha JPYroil — Tpu, a Ha Tperbeil — narp? Haiinure BCe
BO3MOJKHbIE BAPHAHTDI U JIOKAKUTE, YTO J[PYTUX HET.

H.Bozdanos

6. Touka D Ha cropoHe BC 0OCTPOYroJIbHOTO TPEYTOJbHHUKA
ABC TakoBa, uto AB = AD. OKpY>KHOCTb, OIHMCAHHAS OKOJIO
tpeyroabunka ABD, nepecekaet ctopony AC B Toukax A n K.
IIpamas DK nepecekaet IepHneHnKYJIsIp, OMyIeHHbI U3 B Ha
AC, B Touke L. Jlokaxure, yro CL = BC.

U.Bozdanoe

7. [laHbl HarypasibHble 4ucIa d, b, ¢, B3ANMHO IIPOCTbIE B
COBOKYITHOCTU. BepHO Jii, 4T0 06513aTe/IbHO CYIIECTBYET TAKOE
HaTypajbHoe 7, uto uncao a® +b* +c* we genmres ma 2" mu
TIPH OJTHOM HATYPAaJTbHOM R?

B.Cendepos

8. Ilo kpyry crost 11 HarypanbHbIX yucesn. V3BecTHO, uTO
mo6ble [IBA COCEAHUX YUCIA pasaudaiorcs xots Obl Ha 20, a
cyMMa JTIOOBIX JIBYX COCEHUX 4Kces He MeHblne cra. Haiimure
MUHUMAJIBHYIO BO3MOJKHYIO CYMMY BCEX UHCEJ.

U.Bozdanoes

Iy6uxauuo nodzomosusu H.Azaxanos, H.Bozdanos,
I1. Koxesnuxos, O.ITodruncxuii, /].Tepéwun

PermoHanbHbIV 3Tan XLII|
Bcepoccnmnckom onnmnmanbl
LLIKOJTbHUKOB MO (bu3mKe |

TEOPETUYECKUIA TYP
7 Kfacc

3agaua 1. /Ie mkaasi. Kora B JoMe BKJIIOUIIN OTOILIEHIE,
TeMIeparypa B KOMHATe CTaja MEJIEHHO PAcTH U 32 45 MUHYT
yBesmumiach Ha 5 °C. Haiigure, ¢ kaxoii cpegueii ckopoctbio (B
MM /1) TIOJHUMAJICSl BEPXHMH Kpail croabuka prytu (puc.1).
Jlnst yno6ceTBa cieBa OT IIKAJIbI TEPMOMETPA MPHUJIOKUIIN JNHEN-

KY.
M. 3amamnun
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3anava 2. Bunnu-Ilyx u Tounoe Bpems. Or-
npaBJsisich HaBecTHUTh Kposmka, Bunnn-Ilyx 3a-
METUJI, 4TO ero HaCTEHHbIE Yachl CTOSIT, MOKa3bl-
Bag 10 yacos 35 Munyt. OH HX 3aBeJ U HOMIE] B
roctu. Boiizst B oM Kk Kposuky, TepBbIM /Ie710M
Bunnu nocmorpesn wa uvacel. Ha wux 6buio 10
yacoB 10 muayT. Yepes 3 waca, mocje TOro Kak
BeChb MeJ[ ObLI ChE/ICH, ME/IBEKOHOK OTIIPABUIICS B
obparHblii myTh. Korja oH BepHyJCs, ero 4achl
TIOKA3bIBAJIN 2 Yaca 5 MUHYT. BuHHN HeMe1eHHO

=5
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56 KBAHT -

repeBeJi CTPEJIKK Ha TouHOoe BpeMsi. Kakoe BpeMst OH BBICTABUI
Ha cBomxX yacax? lI3BecTHO, 4TO BCe IIyTENIECTBHE 3AHSJIO
MeEHbIIIe MIeCTH YaCOB.

U.Bywmun

3agaua 3. O6ManuuBblii Ky6. B MacTepcKoii H3roToBIIN 13
aTIOMHHES TIOTHOCTBIO Py = 2,70 1/eM® Ky6 ¢ pebpom a =
=10 cm. Buyrpu kyba ocTajach II0JIOCTb, KOTOPYIO IIOTOM
3a/IMJIM CBUHIIOM ILJIOTHOCTBIO P = 11,30 r/ ev® . B pesymbrare
M3MepEeHNUIl HEeOTIITHBII JTaGOPAHT TOLyMAJT, YTO Hepesl HUM Ky0
U3 JIaTyHU IIOTHOCTBIO P = 8,72 r/cms. Ompesiesire 00beM
1I0JIOCTH B KyGe.

DonvKa0p

3anxava 4. Creiguo! Yectnoiii masabunk Ilers Boimesn us joma
B mkomay. Ilo mopore oH Hailesa BeJOCUIIE[ U, MOCKOJbKY
OTIa3/IbIBAJI, PEIINJI BOCIIOJIb30BATHCS HAXOJAKON M JIoeXaTh Ha
HeM, TMOJyMaB, 4YTO MOTOM O0S3aTeJIbHO BEPHET BEJOCHIIE] Ha
MecTo. B pesysbrare Bcsa gopora B MIKOMy 3aHsna 10 MunyT.
Bosspaiiasicb 06paTHO, OH BCIHOMHHJI O CBOEM HaMePEeHUH
TOJIDKO TIO/Ibe3Kast K JoMy. Ilete cTaso CThIIHO, 1 OH BEPHYJICS
K MECTY HaXO/IKH, OCTABUJI TaM BEJIOCHUIIE/ U TIETITKOM JIOIIE 10
noma. Takum o0OpasoM, Jopora M3 IIKOJbI 3aHsjaa y Hero 18
munyT. Kak sanexo oT goMa Jiexkaa BeJOCHIIe/l, ecJau Ha HeM
Terst Mmyasicst co ckopocTbio 15 kM /u?
H.Epogpees

8 knacc

3anava 1. Ckopblii Hoe3/ ¥ 3JeKTPUYKA. IDKCICPUMEHTATOD
Tmok HAGTIOAN 32 BCTPEYHDBIM JBIKEHUEM CKOPOTO TMOe3/a U
91eKTprIKH. OKa3aI0Ch, YTO KaK/IbIi U3 T0E3/I0B IPOIIe] MIMO
Tmoka 3a oiHoO 1 TO JKe BpeMs & = 23 ¢ . A B 3T0 BpeMs IpyT
T'moka Teopetruk bBar exan B ajieKTpuuke W ONpEAETIUJ, 4YTO
CKOPBII TTO€3/] IPOIITeJl MUMO Hero 3a ¢, = 13 ¢ . Bo ckosbko pa3s

CKOPBIH T10€3]1 JIJTMHHEE AJEKTPUYKH ?
B.Curo600snun

3anmauya 2. OnpeeieHne IIOTHOCTH. DKcIepuMenTaTop Imox
IIPOBOAINJI UCCJIEOBAHUS C TeJIaMH paBHOro oObema. C 1oMo-
IIbI0 JINHAMOMETPA OH Y/EPXKUBAJI Ka’KJ0€ TEJIO IIOJHOCTHIO
HOTPY’KEHHBIM B BOJY U OGHAPY)KMJ, YTO BO BCEX OIBITAX
MOoKa3aHus JUHaMoMeTpa cocraBisum 6o Fy =1H , mmb6o
F, =2 H . [1T0THOCTDb €aMOTO TSDKEJIOro Tes1a [JIIoK ompe/iesna
SKCIIepuMenTanbho: p,, = 1,4 r/ em® . 1) Onpegenure o6bem V
oxHoro teia. 2) Haiiznte Bce BO3MOJKHBIE Ui OMMCAHHOTO
OIIBITA TJIOTHOCTH APYTUX TEJ.

IHpumeuanue. 1lnoTHOCTD BO/BL Py = 1 r/CM3 ,9=9,8H /xr.
A.Ceumos

3azaya 3. Yro rtakoe psi? Teoperuky bary mnogapuin
AHTJIMHCKIIT 6apOMETP, KOTOPBIN H3MepsieT JaBIeHne B HeOObIU-
HbIX A1 Hac (M OGBIYHBIX /IS aHT/IMYan) eaunuiax psi (ot
anr1. pound-force per square inch — gaBierue, KOTOpoe OKa3bI-
BaeT Bec O/HOTO (DYHTA HA KBAPATHDII JTIOHM). Bary saxotesnoch
nepeBectn mokasanus 15,0 psi B mackamu. K coxxamnennio, y Hero
He 0Ka3aJI0ch TalJII] IS IepeBo/a eINHAI] N3MEPEHNs JIaBJie-
HIISI, HO OH OOHAPY>KUJT (DUHAHCOBBII JKypHAJI, B KOTOPOM HalllesI
CTaThIO, TOCBSMIEHHYIO CTOMMOCTH 30J10Ta B Poccuut 1 B AHTJIHH.
Bor Bblepkka us Hee:

B Poccun B Anrnun

Caurkn 522,0 Toic. py6. /KT 5413 J / dynr
ITpososoka 10,07 teic. py6./Merp 5,845 J/ moiim

30J10TO MOKHO ObLIO KYIUTb 60 B CJIMTKaXx, 60 B IIPOBOJIOKE
CTaHAapTHOI'O CEYCHUA. ITomorure Bary IIOHATDH, CKOJIbKO ITaCKa-
Jieil Bce-TaKy IMOKa3bIBaeT 6ap0MeTp, €CJIn peajibHad CTOMMOCTb
3oy0ta B Poccum m B AHIJIMM OJIMHAKOBa, a II0 JIAHHBIM
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IenTtpobanka ¢GynT crepaunros J crout 43 py6ss 78 Koreex.
[Tpunars g = 9,8 H /kr.
M.Ocun, H.Epogpees

3anaua 4. </I>xoyaemerp». Jkcrnepumentarop Lok co3mgan
«proyJaeMerps. IIpu6op cocTosLT N3 ANTIOMUHIEBOTO CTAKAHYM-
Ka, YaCTHYHO 3allOJHEHHOTO Bozoi. CTakaHUMK ObLI OGEpHYT
nenoraactoM (/I UCKTIOUEHNS TEmI000MeHa ¢ OKPY Kalomel
cpejioit). Uepes HeGOJIbIIOE OTBEPCTHE B TIEHOILIACTOBON KPbIIII-
Ke [JIIOK OIyCTNJI B CTaKaH TePMOMETP, MO3BOJIIONIHI N3MePSITh
temreparypy B Auanasore or +10 mo +90°C . Ilena aenenus
tepmomerpa 1°C. Macca crakanuuka m = 50 r. Psgom co
Kol TepMoMerpa [JITOK TIOMECTHJI MOABMIKHYIO IITKATY C
nenoit gerenns 1 x/[x. Ilepen mawamom axcrmepuMenTa OH
OTKATMOPOBAJT «dHEPTETUYECKYIO» KAy TaK, 4TOObI ee HOJIb
COBIAJ C HAYaJbHOH TeMIepaTypoil BO/bI B <«/I’KOYyJeMeTpe».
3areM 9KCIEPUMEHTATOP TIOMECTHJI B TPHOOP UCIIBITYEMOE TEJIO
(ropstuee WM XOJIOAHOE) M TOCJE YCTAHOBJEHUS TETJIOBOTO
PABHOBECHs OIIpeesINI 10 SHEPreTHYecKON IIKase, CKOJbKO
JuKoyJielt otaano (oyunao) TeJao B pesysbTaTe TemiooOMeHa
¢ ipuGopom. 1) CkosibKo Bozibl GbLIO B TIPUGOPE, €CIIU OJHOMY
JICTIEHNIO TITKAJBl TEPMOMETPA COOTBETCTBYET OJHO JIeJIeHHe
KAl «/KOyJIeMeTpa»? 2) B kakoM auamaszone MOKHO M3Me-
PSATH KOJUYECTBO TETLIOTHI, OTIAAHHOE WJIH MOJYIEHHOE UCCIIEY-
€MbIM TeJIOM, €CJIM HavyaJbHAs TEMIIEPATypa </DKOYJIEeMEeTpay
O6bta  +20°C ? YjaesdbHass TeINJOEMKOCTb aJIOMUHUS

¢ =920 Jix/(kr-°C), Bomsr ¢y = 4200 [x/(xr-°C).
M. 3amamuun

9 knacc

3anaua 1. TaGyper. Tonmuna cujeHns 1epPeBIHHOTO Tabype-
ta «JIakk» paBHa ToJIMHE HOXKEK. OCHOBHBIME CTaH/APTHBIMU
nokasareasiMu TabypeToB <«JIakk» SBJISIOTCS JaBJeHUE
Po = 2,8 xlla , KoTOpOe OH OKA3BIBAET HA 10T, CTOST HA HOXKKAX,

u koaddunument By = 1,6, pas- *
HBIH OTHOIIEHWIO TLIONAN CH- b

JICHUA K IIJIOIIA/IM TOBEPXHOCTH a
OHON 3 OOKOBBIX CTOPOH. b /f

IKcrepumMenTaropy oKy npu-
Be3J GpAaKOBaHHbII TaGyperT: y
HEro He XBartaeT /IByX MPOTUBO-
MOJIOKHBIX HOxkek (puc.2).
Kaxumu noxasatenamu py u By
Oy/leT JTOBOJIbCTBOBATHCS IKC-
MepUMEHTATOP?

a

H.Epogees  p, > a

3amava 2. Boaa u macao. /[Ba crakana BbicoToii 4H 3armou-
HEHbI 10 ypoBHst 3H Bosoii 1 MacoM cootsercTBeHHO (puc.3).

I[Tnornocrts BOABL P =10° F/CMS, a IJOTHOCTb MacJja
p, =08- 10° r/ cv® . CBepXy CTAKaHBI COEIUHEHbI 3aI0IHEH-
HOIl BOJIOH TOHKOH Tpy- —

6oukoii ¢ kpanom. Or-
KpPbITbIE KOHIIBI TPYOKU
orpysKennl Ha 2H B KasxK-
nyio u3 skuakocTei. Ka-
KHe YPOBHU YCTaHOBSTCS
B CTaKaHax, €cJu KpaH
OTKPBITH?
M.3amamuun

3agava 3. JaexkTpon-
HbIil Kmou. B anekrpu- AAC
ueckoil memm (puc.4) co-
MPOTUBJIEHNUS pe3ucTOpoB Ry =15 OM , =16 Owm. ITapasiesb-
HO PE3UCTOPY COTPOTHUBJIEHUEM 7 TOACOEANHEH JIEKTPOHHBII
ko D (auop). Berancaure conporuBienne pesucropa Ry,

ésr)d(.f Macno
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R, €CJI CyMMapHast MOIIHOCTD,
] . BbIJlesIsIeMast Ha PEe3NCTopax
CONpPOTHBJIECHUSIMU Ry u 7,
D ye sasucur or HOJIIPHOCTH
o " ZST [PUJIOKEHHOTO HATIpsiKe-
HIIS.
R, Ipumeuanue. Iloaynpo-
1 BO/JHUKOBBIN JHMOJ — 3TO
| I y .
9JIEKTPOHHOE YCTPOIICTBO,
Puc. 4

KOTOpOE IIPOILyCKaeT 3JIeKT-
PUYECKHiT TOK TOJBKO B OAHOM Hanpasienun (110 cTpeske Ha
pucynke). IIpu 9TOM CONPOTHBIIEHHE [NOJA MPEHEOPEKUMO
Mao.

Dosvr0p

3amaua 4. Crapsii rpaduk. B apxuBax skciepuMeHTaTOpa
Tmoka wanm rpadguk (puc.5) N3MEHEHNs CO BPEMEHEM ITPOEK-
MM Ha BEPTUKAJBHYIO OCh CKOPOCTH IMaphKa, KOTOPBIH OBLI
g7 BBITIYIIEH U3 ITHEBMATU-
v,,Mlc YEeCKOTO THCTOJIETA BEP-
THKAJIbHO BBEpPX C Gaj-
xona 17 ataka. Macm-
N Tab Ha OCH CKOPOCTH OT
BpeMEHU BbIIBEJI, a Ha
OCH BPEMEHH YaCTHYHO
= coxpanuiicst. Onpesesn-
Te HAYATBHYIO CKOPOCTH
MapuKa u CKOPOCTb, C
KOTOPOI IIAPHUK yIaJs Ha 3eMJio. BeTpa B 1eHb aKcIiepuMeHTa He
OBLIO.

[=h''s

=
|
|—
]
I .
o

Puc. 5

M. 3amsmmnun
10 krnacc

3agava 1. /IBa npotun ogHoro. Tpu o MHAKOBbIE JJMHHBIE
«PE3UHKH», KOTOPbIE TPU PACTSIKEHUU TOAUMHSIOTCS 3aKOHY
Tyka, yJ0Xnau napajiesibHO APYT APYTY U COBMECTHJIN KOHIBI,
KOTOpbIE C O/IHOI CTOPOHBI CBS3aJH y3JOM. /[Ba CBOGOIHBIX
KOHI[a B3si1 B pyku Bacs, a tperuii cBoGosnblil kKoHerr — Ilers.
Bacsi, neprka KOHIIBI Pe3UHOK, OEKUT Ha CeBep CO CKOPOCTHIO
8 M/c, a Ilers, mepska CBOIO PE3MHKY, GEXHUT Ha BOCTOK CO
CKOpOCTBIO 9 M,/ c. B TOT MOMEHT KOT/]a PE3UHKH BBIPSIMUINCH

1 COBCEM HEMHOTO PACTSIHYJIICH, OHH PACIIOJIOKUJINCH B HAIIPAB-
JleHn# BocToK—3amaa. C KaKkoif o MOYJII0 CKOPOCTBIO JABUTAJICS
B TOT MOMEHT y3eJ1?

C.Bapaamos

3amaua 2. /lunamo-

MeTrp. B ycranoske

(puc.6) macca auHaMo-

MeTpa M, a Macchbl Tpy30B

my u my . Koapdurment

TPEHUsT MEXKIY AUHAMO-

METPOM U TOBEPXHOCTBHIO

crona M. Yyactku AB n

CD wuutn ropusoHTa’dbHbl. Maccamu o6enx HuTeil, GJOKOB, a

TaKKe TIPYKUHDBI JUHA-

W MOMETpa MOKHO TpeHe6-

L peub. Haiinnte mokasa-

HUSL IMHAMOMETPA, €CJIN
OHU TIOCTOSTHHBI.

H.Axreckepos

11H

3anaua 3. Boja u 6en-
3uH. /[Ba cTakaHa BBICO-
toii 11H 3amoJjiHeHbl 0
yposust 9H Boj101 11 GeH-
Boda Benzun 3MHOM COOTBETCTBEHHO

Puc. 7 (puc.7). IlnoTHOCTH
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BOAbL Py =1 r/ OYE , a IJIOTHOCTb OeH3nHa ps =0,72 r/ e’ .
CBepxy CTakaHbl COEJIMHEHbI 3aIIOJHEHHON BOJIOW TOHKOH TpY-
60uKoit ¢ KpanoM. OTKpPbITHE KOHIIBI TPYOKH MOrPYyKeHbl Ha SH
B KXX/IYIO U3 JKHU/KOCTel. Kakue ypoBHI yCTaHOBATCS B CTaKa-
HaX, eCJIM KPaH OTKPBITHI?

M. 3amssmmun

3anaya 4. B mouckax makcumyMma. JJICKTpUYeCKas IIelb
(puc.8) mojkIOUeHA K CETH TOCTOSHHOTO HampsbkeHus. [Ipu
N3MEHEHUH COIPOTHUBJIEHUS R
R mepeMeHHOTO pe3ucTropa Ha 1
HeM BbljleJIsIeTcsI MOIIHOCTb It
By =16 Br  mpm  Tokax
Ii=tA n I,=4A. Onpe- ;o ¥
JleTUTe HAHGOIBIIYIO MOIITHOCTD |
P ., KOTOpas MOYET Bbljie-
JIATBCS HA 9TOM PE3HCTOPE. L9 @

Dorvkiop  p,- g

3azaya 5. Heo6buHasa TemnoeMKocTb. VeasnbHblil o/HO-
ATOMHBIN Ta3 PACIIUPUIICS B TIOJUTPOITHOM Tipoitecce. [Ipu atom
OKa3aJIOCh, YTO OTHOIIECHWE COBEPIIEHHOH razoM paGoTbl K
110/[Be/IEHHOMY K HEMY KOJIMYEeCTBY TEeILIOTbI COCTaBUIO O = 2,5 .
Borumcmte MOAPHYIO TermioeMKocTh C rasza B 9TOM IIPOIIECC.
Ipumeuanue. TTosUTPOITHBIM HA3BIBAETCS TIPOIECC, MTPOTEKA-

NN C TIOCTOSTHHON TEILJIOEMKOCTDHIO.
B.Cno6o0samnun

71 knacc

3anava 1. Hemockwuii nponecc. Haji o/JHOATOMHBIM Hjiea/ib-
HBIM Ta30M IIPOMU3BOJAT CJIOKHDII IPOIECcC, MOKA3aHHBIH Ha
pucyHKe 9, KOTOPBIN COCTOUT M3 MIECTH MPOCTBIX MPOIECCOB. Y
Toukn / KoopauHatsel p, V, T, a'y Touku 4 koopauHats 3p, 3V,
3T. T'paduk Kaxgoro U3
MPOCTBIX TIPOIECCOB Ia- v f?
paJsiiesieH OIHON M3 KO- i
OpAMHATHBIX OCel. 1) 5 :
Cpenn pocThIX Hpoliec-
COB HaWUTE BCE U30TEP-
Muueckue. 2) Onpee/n-
Te B KQK/OM M3 HUX 13-
MeHeHHe BHYTpEHHE
suepruu rasa. 3) Haiian-
Te BCe MPOIECChI, U3Me-
HeHne BHyTpPeHHell aHep-
run B kotopbix AU =0,
H.Epogees, T
I'.Tapnonosvcxuii  Puc. 9

S

=V

3anavya 2. Kocmuyeckas cranmusi. Ha Gosibiiom skpaHe B
IenTpe ynpasJenus nojaetraMmu otoOpaskaercs Tpaektopus Mex-
AyHapoanoit kKocmuueckoii crammmm (MKC) — caen ot mepece-
YyeHus MOBEPXHOCTU 3eMJIM IPSMOH, MPOBEAEHHON OT LeHTpa
3emmu K craniun (puc.10). CraHius IBUKETCS 110 KPYTroBOi

Puc. 10
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Op6HTe. OHeHI/ITe C IIOMONIbIO JlaH~

M yoro PHUCYHKa BBICOTY /i KOCMIUec-
KOW CTaHIIMU HaJl TTOBEPXHOCTHIO
3emun. CunrafiTe, 4TO pajuyc
. 3emimn R = 6380 kM, yckopeHue
O

CBOGOJIHOTO TIaJIeHNsI Ha IOBepX-
Hoctu 3emin g = 9,81 M/c2 .
A.Kanoa

3azaua 3. KosxeGanus cucre-
m  wmbl. [lepuon masbix KoJeGaHuit
cucrempr (puc.11) oxomo moJo-
JKeHusi paBHOBecusi paBen T =
=2m/m/k , Tme m — Macca KajKJOro n3 IIapuKkoB, a k —
JKECTKOCTb NPY:KUHbI. Coe/lMHeHne JIETKUX CTEPKHEH MIapHup-
Hoe u 3akperieHo B touke O. Haiiaure pmuny L npyskunbl B
HEPACTSIHYTOM COCTOSIHU.

Puc. 17

Dosrvraop

K 3agava 4. lens ¢ karym-
| KOH. ODJeKxTpuyeckas cxema
(puc.12) cocTont U3 NCTOUHM-
Ka mocTosgHHOro Toka ¢ J/C
€ ¥ BHYTPEHHUM COIIPOTUBJIE-
HUEM 7, WHAYKTUBHOCTH L u
COTIPOTUBJIEHNS HEM3BECTHOMN
Besimunnbl. Kmiou K B cxeme
cHAYasa 3aMbIKAIOT, a 3aTeM
Pa3MbBIKAIOT B TOT MOMEHT, KOT-

L

Puc. 12

IIPOTYJKMHU

AHTUONMKOBbIe o4k n XK-gucnnen

(Ha4ano cM. Ha 4-1 cTpaHuie obs10XKi)

bavku — orpaskeHus cBera OT Pa3IUYHBIX MTOBEPXHOCTEH —
YaCcTO MENIAIOT YBUJETH JIETANM MHTEPECYIONEro Hac 0ObeKTa.
HemnonsipusoBanublii, T.e. eCTeCTBEHHBIH, CBET TOCJE OTpaKke-
HUSI OT MJIOCKOCTH MPEBPAIAETCS B YACTHYHO TTOJISIPU30BAHHBIIA.
Ecau yron nazenus syda 6J1M30K K 90°, TO IIOCKOCTD TOJIAPH-
3aIK OTPAKEHHOTO JIyYa MapaJijiejbHa IJI0CKOCTH, OT KOTOPOI
cBeT oTpasmics. Tak, HU3KOe COJIHIlE HAJ PEKOH SIBJISETCS
HUCTOYHMKOM MHOKeCTBA GJIMKOB, MOJYYalOINXCsl B Pe3yJbTaTe
OTPa’KeHUsI OT IMOBEPXHOCTU BOjbI. [IJI0OCKOCTD MOJsIpU3aIiim
9TUX OJUKOB, MEMIAIONINX, HATIPUMED, PLIOOJIOBY PaCCMOTPETDH
MOTJIABOK, TOpU3OHTaMbHA. [Tossipu3aonnblie, Wan aHTHOIM-
KOBbIE, OUKH N30ABJISIOT HAC OT GJUKOB, TaK KaK OHH MTPOIYCKa-
10T CBET TOJIBKO OJIHOI TIOJIIPU3AIINHT, KAK TPABUJIO BEPTUKAJIb-

Puc. 1 Puc. 2
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Jla CKOPOCTb M3MEHEHMS SHEPrHHU, 3alaceHHOIl MHIYKTHBHOC-
TBIO, JOCTUTAEeT MaKcHMyMa. Kakoe KOJMYECTBO TETJIOTHI BbIJe-
JIATCS B CXEMe TIOCTIe PasMBIKAHUs Kiioda?

A.Illeponos

3agaua 5. NnTepecHoe cocenctBo. B peuke moiiMasm kapacst
7 MOCAIUJIN B MIApOOOPA3HBIN aKBAPUYM PAJIIYCcoM R, a psom
MOCTaBUJIM TOYHO TaKOW K€ aKBApUyM C 30JI0TOH PBIOKOI
(puc.13). Kapacio Takas
coce/lKa II0Ka3aJiach Heo-
ObIYHOIl, U OH HayaJ C
WHTEPEecOM pasTJs/bl-
BaTh ee, IJIaBas B IICHTPe
aKBapuyMa. 3aMeTHB Ha-
6Jtio/1eHne, 30J10Tast pei6-
Ka TOXKe 3aMepJia B IeHT-
pe akBapuyMa M CTaja
BrUsbIBaTbCS B cBoero (/¢ 2
cocepra. 1) Ha kakom
PACCTOSIHUM, € TOYKU 3PEHUST Kapacs, MJIaBaeT 30J10Tasi pblOKa,
€CJIM TIOKa3aTeJb IPEJIOMJICHUS BO/bI B akBapuymax n = 4 /37
2) Bo CKOJIBKO pa3 BUAMMBIA IOIEPEYHbL pasMep 30JI0TOil
PBIOKH OTJIMYAETCS OT ee UCTHHHOrO pasmepa? 3) TIpsiMoe uin
repeBepHyTOe U300paKeHNe COCE/IKU BUUT Kapach?
Ipumeuanue. Cuutaiite, 4TOo pa3Mepbl PHIGOK MHOTO MEHb-
me R.

B.Ca0600smnumn

Hy6uxauuo nodzomosur B.Crobodsimun

OU3UKOMN

noit. Takwe o4YKM, Ha/eTble HA YeJIOBEKA, CTOSIIErO 10 CTOIKe
«CMUPHO», TIO3BOJIAAT eMY N30aBUTHCS OT OJIMKOB, BOSHIKAIOIINX
Ha TOPU3OHTAJILHBIX TTIOBEPXHOCTSIX, HAIIPUMED HA BOJHOI rja-
. HaBepHoe, MO3TOMY TOJISIPU3AIMOHHBIE OYKU U MTPOIAIOTCS
B MarazuHax <«PpI60JIOB-CIIOPTCMEH .

Muorue komnanuu (Hanpumep, Polaroid) M3roTOBASIOT COMH-
1e3aIUTHBIE OYKM, KOTOPbIE SIBJSIOTCS OJIHOBPEMEHHO I0JIsI-
PUBAIMOHHBIMU. IJTO MO3BOJISIET 3HAYUTENBHO CHU3UTH MHTEH-
CUBHOCTb HEIOJISIPH30BAHHOTO CBETA, HE MCKAXasl €ro CIEKTP.

JKunzakokpucrammmdeckne [JUCIUIEN KOMITBIOTEPOB, MOOGUJIb-
HBIX Tesie(DOHOB, TEJEBU30POB M T.I. SIBJSIOTCS MCTOYHUKAMU
JINHEITHO TIOJISIPU30BAHHOTO CBeTa. B 3TOM Jierko yGemuThest,
eca TOOKUTh Ha mioboit YKK-gaucneii mossipusaionnble
OYKM MJIM TOCMOTPETHh Yepe3 HUX Ha 3TOT [uciuieil. Bcerma
MOKHO 10/00PaTh TaKoe IOJIOKEHNE OYKOB, MPH KOTOPOM
3aKpbITass MMHU 4YacTh JAUCIIess OyIeT XOPOIIO pas3jnduma
(puc.1). Ecom mocie sroro mosepuytb ouku Ha 90°, To OHH
NEPECTaHyT MPOIyCKaTh cBeT auciest (puc.2).

Ho ecsin uyepe3 TOJISIPU3AIMOHHBIE OYKHM TTOCMOT-
petb Ha JKK-zauctuiei, To ero sipkocTb Oy/IeT 3aBUCETD
OT TOTO, HACKOJIBKO MbI HAKJIOHUJIN TOJIOBY K JIEBOMY
WM TIPABOMY ILIedy. A ec/ii CKBO3b TaKHe OUYKU
CMOTPETb HA KPaH BPAIAIONIerocs nepej HaMu Mo-
OUIIBHOTO TesiehoHa, TO OH TIPEBPAIIAETCS B «MUTAJI-
Ky». IIpo6sieMbl BO3HUKAIOT 1 Y BOJUTEJIE, HOCSIINX
TOJIIPU3AIIMOHHBIE OYKHU, TaK KaK HEKOTOPBIE TTPHOO0-
po1, Hanipumep GPS-maBuratopsl, ocHaIEHBI SKIIKO-
KPUCTAJTNYECKIMU JIUCILTIESIME, 1, B3TJISTHYB Ha [IHC-
TJ1ell TI0/1 HEeYIAYHBIM YTJIOM, BOJUTENb MOKET HUYETO
He YBH/ETD.

K.Bozdanos
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3AO0A4YN

(cm. «Keaums Ne 1)

1. Mosxno. Bosdbmem, Hanpumep, KUpnud pasmepom 1x2x6 .
[IBe rpann 1x2 mnoxkpoeM 4erbipbMs KBajparamu 1x1. Ocras-
IIMecst YeTbIpe TPAHU MOKHO MOKPBITh KBAJPATOM 6 X 6 .
2. He moxer. [lokaskeMm ato. O4yeBHIHO, Y4TO cpein ceMu Iudp,
YYaCTBYIOIIMX B PABEHCTBE, HeT HyJs (MHAaue OHO IPOU3BEAEHHE
paBHO HyJ0, a apyroe Her). Her u uudpor 7 (ecsm ona npucyt-
CTBYET, TO OJIHO M3 NPOM3BEJCHNUIl JeJnTCs Ha 7, a APyroe Her).
[To anamormyHoil nmpwymae oTcyTcTBYeT U 1udpa 5. OcraioTcs
cemp udp: 1, 2, 3, 4, 6, 8, 9. Tax xak B pebyce NPHUCYTCTBYIOT
ceMb Pa3HbIX OYKB, KaK/Ias M3 YKa3aHHBIX NUMP BCTPETUTCS IO
omHOMY pasdy. Eciu 6b paBEHCTBO U3 YCJIOBUS 3a/1a4U BBITIOJIHS-
JIOCh, TO TPOM3BE/ICHNE

r=1-2-3-4-6-8.9=27.31

661710 GbI KBazpaToM 1iesioro yncjaa CX A XM . 9To HEBO3MOXKHO,
Tak KaK B Pa3JOXKEeHHE YHCIa X Ha MPOCTble MHOXKHUTEIH JBOWKA
BXOJNT B HEUETHON CTEIICHH.

3. Ilycrb, HampuMep, Ky3HEUUKH CHIAT B JIECSTH BEpIIMHAX IIpa-
BusbHOTO 11-yrosbauka, a B 11-ii Bepumne Hukoro Het. Torna
KasK/Iblil N3 Ky3HEUNKOB MO’KET IEPENPhITHYTh B HE3aHATYIO BEp-
HIMHY, U MbI CHOBA IIOJIy4UM Ty )Ke caMylo (DUrypy.

4. 499.

3ameTuM cHavasja, 4To obliee KOJMYECTBO JEHET Y 3puTeJieil He
Mensiercs. [loaToMy B WTOre y Kask/[0ro 3pHTeJis JOJIKHO OKa-
3aTbCsI CTOJIBKO JKe JIEHEeT, CKOJIbKO ObLI0 BHa4aJe. 3HAYUT, €CJn
3putesio py6uy JaBajii, TO OH UX U OoT/aBas. JlokaskeM, 4To
KasK/Iblil 3pUTesIb YUXHYJI X0TsI ObI oJMH pa3. IIpeqmosoxum, uTo
3TO He Tak. PaccMOTpnM 3pHTesis, KOTOPBIH He 4nMXaJ, a 3HA4uT,
1 He OT/laBaJ HUKOMY JeHer. Torzma ero coceinm Toke He OT/aBa-
JIML JIEHET, U COCE/ ero cocefieil Tak:ke He OT/aBaJM JeHer, n
T.J1., T.e. HIKTO B KHHOTeaTpe HUKOMY He oT/aBas jaeHer. IIporn-
BOpeyne ¢ yCJOBHEeM — BeJb JlMMa pacmiaynBajcs CO CBOUMH CO-
ceqamu. CrenoBateslbHO, HauMEHbIee KOJMYeCTBO YNXAHUI He
menbuie 20-25—1 (uuxanue [[MMbI He cuuTaeMm).

[Toxkaskem, 4ro cuyuait, Korja Kax/blii U3 3puTeeil YNXHYJI POB-
HO O/IMH pa3, Bo3MoxxeH. [IpoHymepyem Bcex 3putesieif B poms-
BOJIBHOM TIOpsJKe, HadaB ¢ Jumbl. [lycTh oHM 4ynmxaroT u paciia-
4UBAIOTCS 110 O4Yepe B 3TOM Hopsiike. PaccMoTpuM JI06bIX
IBYX cocefieil. B kakoif-To MOMEHT OJIMH M3 HUX OTJAJ JAPYTOMY
py6ub. B Hekuil 1pyroit MOMEHT BpeMEHM BTOPOIl TaKKe OTas
mepBoMy pyO6sib. MOKHO CUUTATh, YTO PyOJIb 3TOT OJUH U TOT
Ke, T.e. OHM MOTYT JIpYT Jpyry HU4ero He orjasartb. Iloatomy
MOKHO CUMTATh, YTO HUKTO HUKOMY HUYEro He OT/laBaj, a 3Ha-
YHUT, Y BCEX CTOJIBKO J€HET, CKOJbKO 6blio BHavase. Crenosa-
TEeJIbHO, MOCJE TOTO KaK BCE YNXHYT B 3TOM TIOPS/IKE, y 3pHTeIeil
Oy/ieT TIOPOBHY JI€HET.

5. Ecsin HacTeHHbIE 4achl PacIoJIOKEHDI MPSIMO HAIIPOTHB 3epKa-
Jla, TO B 3epKaJjie oHn OyayT mokasbiBath 20:51. [logymaiite, kak
MIOJTHECTN K 3epPKaJIy HapydHbIE Yachl, YTOOBI B 3epKaje OHH I10-
kaspiBas 15:02. CMm. takske crarbio A.Tosmbiro «4UTo Mbl BUIUM
B 3epKajie?» B 9TOM HOMepe JKypHasa.

KOHKYPC « MATEMATUKA 6—8»
(cm. <Keanums» N5 3a 2008 z.)

6. ITokaxeM, Kak IPOBEPUTDH MPABUJILHOCTD BceX Hajmuceii 3a 10
B3BemmBanuit. CpaBHUM JPYT ¢ APYrOM I'Mpu ¢ Hajnucamu 1 u 2,
2u 4, ..., 512 n 1024. Ecam pe3ybTaTbl BceX B3BEIIMBAHUIT CO-
TJIaCyIOTCS ¢ HAIHCSAME, TO BCE HAJINCH TTPABUIbHBIC.
[lokaskeM, uTO 32 9 B3BeNIMBAHUIT Mbl HE CMOKEM OIIPE/ICIUTD,
BCe JIM HAJIINCH TIPaBUJIbHBIE. BbIMUIIEM B CTPOYKY YHCIA, COOT-
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BETCTBYIOIIE HAJIMUCSIM HA TUPSX:
1,2, ..., 512, 1024.

IIyctp MBI cheslamy Kakoe-TO B3BEUIMBAHUE, W MaKCHMAJIbHOE 4UC-
JIO CPeM HAMICAHHBIX HA rupsax 6outo 2F . HasoseM rupio ¢ aToit
HA/IUCBI0 0co6oi. B cuny HepaBeHeTBa 1+ 2+ ... + k=1 ok
qaia ¢ 0co6oii rupeil MOUKHA TIepEeBECUTh, WHAYe eCTh Herpa-
BusbHble Ha/mucH. Ilycrs wama ¢ oco6oii rupeit nepesecusa. Ilo-
CTaBUM TI€PE/] YUCJIOM, HAMMCAHHBIM HA 0CO0OIl THpe, BEPTHKAJIb-
HYIO 4epTy B HallleM psjy:

1,2,..., 2K 2% .. 512,1024 .

Ecsm HaGop Macce rupb CJI€Ba OT YEPThI COBMATAET ¢ HAGOPOM
HA/IMCEeH Ha HUX, TO ATO YK€ CBOWCTBO BBIMOJHEHO JJIS TUPD,
PACIIOJIOKEHHBIX CIIpaBa OT Y4epTbl. B aTOM ciydae pesybrar
B3BEIIMBAHKs He OY/IET 3aBUCETh OT MOPS/IKA TUPb 10 OJHY CTO-
pony or uepts (BeroMunM Hepasenctso 1+ 2+ ...+ 2871 < 2k),
Cpenaem 9 B3BemuBanuii u mocrasum 9 nasnouek. Torpa Mesxy
JIBYMSI KaKUMH-TO YHCJAMU T1a-

JIOYKN He Oy/IeT: As

1)2]...[247",27)...|512]1024
Tenepb SICHO, 4YTO €CJIM Ha rupe

Maccoii 277! Gyzer narmcano 2¢
1 Ha000POT, TO Pe3yJbTaT KaK-

Ay

JIOTO B3BelnBauus Oy/JeT Takoi A
’Ke, KaK ¥ IIPY IIPaBUJbHBIX HaJ-  APuc 1 As
MUCAX.

7. OGo3naunM BepuInHbl 3Be3/bl yepe3 Ay, Ay, Az, A;, As , a Bep-
[IMHBI TSATHYTOJbHIUKA yepe3 By, By, By, By, Bs, Kak mokasaHo Ha
pucynke 1.
ITycTp 6mcceKkTpuCHI YTJIOB 3Be3/bl MepecekafoTcss B Touke L. Jlo-
KaskeM, 4To OMCCEKTPUCHI yTJIOB MATHYTONbHNKA BiB,B3B,B;
npoxozst yepe3 Touky L. Paccmorpum tpeyrosibnuk A,BiA, , 3a-
MeTuM, 4to Guccekrpuca yria Bj, oHa ke GUCCeKTpuca B ISITH-
YTOJIbHUKE, TIPOXOJUT Yepe3 TOUKY L. AHATOTHYHO JOKa3bIBaeTCs
JUISL IPYTUX GUCCEKTPHC ISITUYTOJbHUKA.
8. O6o3naunm Hare 4yucJo yeped x. 3amerum, 4to ¥ = 1 n x = 2
— noxue. JleficTBUTEIBHO, JIETKO MPOBEPUTH, uTO 1 1 4 He/b3s
MIPE/ICTAaBUTh KaK CyMMYy HEHYJEBBIX KBajpartoB. /L1 pasHOCTH
KBa/[PATOB HATYPAJbHBIX 4nces ¢ u b, rie a > b, Mbl uMeeM pa-
BerctBo a” —b* = (a+b)(a—b). Comnoxuremn a +bua—b
O/IMHAKOBON YETHOCTH, HPUYEM II€PBbI COMHOXKUTEb (GOJIbIe 2.
Iloatomy 1 1 4 Hesnb3s NPEACTABUTH M KAaK PA3HOCTb HEHYJIEBBIX
KBa/[paToB.
Tenepp nokakeM, uTo Jo6oe x > 3 — xoporiee. IIycTb cHavata
x neuerno. Haiizem takoe a, uto x> = (a+ 1)2 —a* . Nneem

2

X
2 =2a+1 L a= — — 1eqoe. Torga MOXKHO B3SITb TPEYTOJIb-

HUK CO CTOPOHaMH X, a u a + 1, A
oH Gy/er npsMoyroJbHbiM. ITycr
terepb x — detnoe. [lonGepem Ta-
xoe b, uto x° = (b+2)* = b*.
Vnmeem x% = 4b+4 , 12 =4(0b+1),

2
HO B3SITb NPSIMOYTOJIBHBII Tpey-

TOJIBHUK CO CTOPOHAMu x, b, b + 2.
9. Ilycrp mpsMas, IpoBeseHHAs ye-
pe3 Touky M repeceveHusi MeuaH
TpeyrosbHuka ABC, nepeceka
croponbl AB u AC B toukax C; u B; coorserctento (puc. 2).
ITycts A; — cepeauna cropounst BC. Jlerko Bujersb, 4to

2
SAABM = §SAA31AI ) SAAQM = g MG, 4, » OTKYZLA SAAB@ =

2
b= (fj —1 — nenoe. Torma Mox-

Puc. 2
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_2 S 2 S,
=3 5Bac < 55apc, 1 MO3TOMY HHKaKas TpsiMasi, TIPOXO0/s-

mas yepes M, He MOXKET OTCEKaTb TPEeyrOJbHUK ILIOIIAU
2

3 OMBC -
10. 3amernM, 4TO JIMHA OTpPE3Ka PaBHA PA3HOCTU KOOP/MHAT €ro
Hayasa 1 KoHma. Tak kak 100 + 99 + ... + 51 — 50 — 49 — ...

. —1 = 2500 — MmakcnMaJgbHAs BO3MOXHAs CyMMa, TO TOYKH 1,
2, ..., 50 sBJSIOTCS JIEBBIME KOHIIaMU OTPe3KoB, a 51, ..., 100 —
[IPaBbIMI.

PaccMoTpM Bce OTpe3Ku, KOHIIBI KOTOPBIX JAloT ocTaTok 1 ot
nenenust Ha 5. VIx posno 10, a mx cymmaphas Anuna pasha (51 +
+56+...+96) —(1+6+ ..+ 46) =500. AHasornuno, cym-
MapHas JJIMHA OTPE3KOB € KOHIIAMU B YHCJAX € ocTaTkoM 2, 3, 4
n 0 pasua 500. Takum o6pa3oM, MbI TTOTYYNIH HYXKHOE HAM pas-
GueHme.

3TOT TAMHCTBEHHbIV CNbILLMMbIA MUP

1. KpajparHoe ypaBHeHHEe, KOTOPOE IOJIy4aeTcss U3 (pOpMy.Ibl
(1), nmeer BUJI

(02 - 02)1'2 —2Tt+ P -1 =0.
W3 nero ompe/esisieM, KaKk BpeMsi U3JIyYeHUsT 3ByKa T 3aBUCUT OT
BpEMEHH ero Mpuxoja t:
ot \/c2vzt2 + (c2 - vz)h2

(32—02

Kopenb BbIGHpaeM co 3HAKOM «—», TaK Kak T JOJOKHO GbITH
Menbiie ¢ (3ByK cHadyasga ObLI M3JIyYeH, a MOTOM yCJIbIIAH Ha-
6monarenem). OKOHYATENbHBIA OTBET:
0t — \/szztz + (cz - vz)hz

¢ - v?
2. Mpaspl a), 6) U ) ONPEAETAIOT OJHY U Ty K€ TOUKY.
3. Ecau camoJsieT HAXOJUTCS HAJl CyXadyoM, TO KOOpJAUHATA CaMO-
Jieta paBHa HyJo: X, =ot = 0. CrenoBarespro, ¢ = 0, a BpeMs
NCITyCKaHUA TIPUIIEAINIETO B 3TOT MOMEHT 3BYKa PaBHO

{0 =0+ 0?0 - \/0202" 0% + (62 - 02)h2

T=t+

T=t+

- o?
Koopannara uzo6paskenust B 9TOT MOMEHT paBHA
v
Xy =0T == ————=h.
2 2
c“-v

MoskHO cKa3aTh M TaK: Haé]IIOZIaTe]II) <«BHUUT» 3BYKOBOE 1/1306pa—
. 0
JKE€HHue 110/l yriiom Y = arcsin — K ropu30OHTaJIN.
C

Ecmm xe nan CJIyXa4OM HaXOJUTCA 3BYKOBOE M306pa>1<eH1/Ie, TO

KOOp/MHATa H300PXKEHNUsT paBHa HYJIO: X, = 0T(t) = 0. Ciueno-
Baresbio, T=0, a ¢(0) = &/c . Koopaunara caMoseTa B 9TOT
MOMEHT PaBHA

v
X, =vt=—h,

c

MoskHO cKasaTb U Tak: HabJII0/aTesb BHIUT CaMOJIeT TI0/] YTJIOM

[
B = arctg— k Beprukamm.
4. CxopocTb n306paskeHnst paBHa CKOPOCTU camoJieta. Mumnu-
MaJIbHOE PACCTOSTHHE MEXK/y M306pa’KeHHeM U CaMOJIeTOM eCThb
IIPOCTO KOOPJMHATA CaMOJIeTa B 3TOT MOMEHT, TT03TOMY

d. KOOpZ[I/IHaTa caMoJieTa, COIJIaCHO 3aKOHY ABUIKEHUS, PaBHa

xX.=ovty =M 1—#/1.

KOOpZ[I/IHaTa I/ISO()pa?KeHI/ISI — 9TO KOOp/inHaTa CaMoJieTa B TOT MO-

‘ 59-64.p65 60

o

[T [T 1 ||

009 /Ne?2

MeHT T(f;), Korja ObLI H3/IYUeH 3BYK:

T(t) = —0— Mztz—(M2—1)§—t =
M- -1 c
S S S
Y N Y Ve
n
xm:vr(q):—Lh,

J1-1/M?

6. Yxasanue. Bocrosnb3yiiTech TeopeMoii, 06paTHOI Teopeme 0O
TOM, 4TO B TIPSIMOYTOJIBHOM TPEYTOJbHUKE BBICOTA, OIMYyI[eHHAS
Ha THIIOTEHY3Yy, eCTb CpejHee reoMeTpHYecKoe OTPe3KOB, Ha KO-
TOpPbIE OHA JIeJIUT THIIOTEHY3Y.

7. Toukn MakcHMyMa Hajl0 TPAKTOBaTh Kak aHHUTHJINO (c-
YE3HOBEHHE) JIBYX JBIDKYIUXCS HABCTPEUY APYT APYLY CIyXO-
BBIX 06pa3oB.

PA3PE3AHNA HA TPEYTOJIbBHUKU

1. Basa oueBujna: /st paspe3anust TPEYrOJbHUKA He HY)KHO HU
onnoit auaronanu, a 3 — 3 = 0. Ilycrp n-yrosbHUK paspesan auna-
TOHAJIbI0 HA R-YTOJIBHUK U M-YTOJbHUK, IIPUYEM /I ynuces k u m
YTBEP3K/ICHIE O KosmdecTse Juaronaseil sepuo. Torna k + m =
=n + 2 ¥ KOJIMYEeCTBO JMaroHaseil, pa3éUBAIONMX N-yTOJIbHIK,
pagio (k —=3) +(m—-3)+1=k+m-5=n-3.

2. AHaJIOTHYHO TIepBOMY YIPa’kKHEHUIO, TOJIbKO BMECTO (POPMY.T
3-3=0un(k=-3)+m—-3)+1=k+m->5=n— 3 ucnous-
syem popmysibt 3—2=1u(k—-2)+(m—-2)=k+m—-4=
=n-2.

3. IlepecunTtpiBast y KaskKJ0TO U3 TPEYTOJbHUKOB Pa3sOGUEHHs €TO
cTopombl, mosydaeM yncao 3(n — 2) = 3n — 6. [lockoIbKy Kax-
Jlast U3 7 CTOPOH MHOTOYTOJIbHMKA BXOJUT B COCTAB TOJIbKO OJIHO-
rO TPEYroJbHUKA, TO Ha [0JI0 JuaroHaseil ocraorcs (3n — 6)—
—n =2n — 6 cTOpOH. YUHTBIBas, UTO KaXKAas M3 JHaroHaJei,
YUaCTBYIOIINX B Pa3pe3aHnyl n-yroJbHUKA Ha TPEyTOJbHUKI,
aBJsieTcst o61ieil CTOPOHOIT ABYX TPEYrOJIbHUKOB, MOJIyYaeM KOJIH-
UeCTBO JMAaroHasiell, 1o KOTOPbIM IIPOBeeHbl paspesbl: (2n —
-6):2=n-3.

«MNOABOAHbIE KAMHW» CUJ1Ibl APXUMELA

1. Hmxke ypoBHs cMoJbl HaxoauTcs o6beM V; = p—ZV =9cm’, a

1
P =P 3
Bbie — o0bem V, = TV =3 cm” | [Ipu nuaBIeHuN mapa-
i

(DI/IHB. YPOBEHD JKUJIKOCTU HE M3MEHUTCA.

2. m=pwlh=40r.

i pm — Py
pBS
IIJIOTHOCTHb BO/bI, pm — IIJIOTHOCTD JKeJjie3a.

2
h m
4. F = + _—
mg + pPyg 7 o

3. Yposenb BoabI NoHUsMACA Ha Ah = , Thae P, —

K
=87 H.

5. F=gm®2—PL_pim?|. 6. h=mP2=P _qcn,
P2 Pt — P2

a
7. Tpoc OTKJOHHUTCS Ha3aj MO XOAy Toe3ja Ha yroa Y = arctg—
ot Beprukaau. Cuja HATSKEHUS CTaHET PaBHOI

Ja? + ¢?

=TV "I
g

8. B nepBoM c/iyuae mepesecurt Jiesblii cocys. ILI0THOCTb CBUHIA
60]II)H_[B IIJIOTHOCTU aJIIOMMWHUA, H03TOMy OéT)eM CBHHHOBOﬁ rupu
MEHbIIIe aﬂfOMI/IHI/IeBOI‘/’I. YPOBeHb BO/JbI B COCy]IaX yCTaHOBHTCH
OJ/IMHAKOBBIN, HO B JIEBOM cocyie Oyjer GoJbiie BOJIbI, MOTOMY
YTO CBHUHIIOBaa l‘I/IpH 3aHUMaeT MeHbllle MeCTa, 4YeM aJIIOMHUHHEe-
Basd. BO BTOpPOM CJIy‘Iae 6y[[eT paBHOBECHE. prCKI/I, B OoTJIMUne
OT TUDPD, IJIaBalOT N HE KaCaloTCA JdHa. Ha JHO ﬂeﬁCTByeT TOJIBKO
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ClJla JaBJI€HUA BO/bI, a 9TO [aBJIEHHWE Y [IHA Be3/l€ OJIUNHAKOBOE.
OTBeT He 3aBHUCHUT HE TOJIbKO OT IIOJIOKEHUA LlGHTpOB Macc, HO n
oT caMuX Macc GPYCKOB.
9. p - Hp, /2 Hp,/2
. B
v Iv

2
10. Cuna paBua F = pgRh (%) +4H* u manpasiena mogx yr-

<SpSp,+ , Tie P, — IJIOTHOCTDH BOJIBI.

JOM Y = arctgﬁ K BEpTUKAJIN
= - .

PEMMOHANBHbBIA 3TAM XXXV BCEPOCCUNCKON
OJIMMMUAbI LUKONbHUKOB MO MATEMATUKE

9 knacc
1. Moryr.
ITyctp B kaskmoMm 1ioxoMm rpube poBao 10 uepseil, a B xopoiiem
yepBeil Her. [lasee, MyCcTb M3 Ka’KJOTO IJIOXOTO rpuba 10 OHOMY
YepBsIKy IeperoJisyT B Xopoline, o 9 B Kax/piil. B pesymbraTe
B Kax/IoM rpube okaxercs 1o 9 depseii, 1 Bce Tpuler GyayT XO-
POIINMH.
2. I pewenue. IlpeobpazyeM HCXOTHOE BBIPAXKCHIE:

0=a’h+ab® +2a%* +2a+2b+1= ab(a+b)’ +2(a+b)+1=
= (ab-1)(a+0b) +(a+b) +2(a+b)+1=
=(ab-1)(a+b)’ +(@+b+1).

3amerum, uto a +b # 0, u6o B nporusHom caydae 1 = 0.

2
a+b+1
3nauur, 1-ab = ,1p | TIOCKOJBKY wHCIA @ u b pammo-
a
a+b+1
HaJ/JIbHbl, TO U 7[7 — palroHaJbHOE YUCJIO, U YTBEpIKAeHNE
+

3a/Jjaul JI0Ka3aHo.
IT pewenue. YMHOXKHUM JIaHHOE PABEHCTBO Ha ab 1 mpeobpasyem:
a*b? (a+b)2 +2ab(a+b)+ab=0&
& a*b* (a+b) +2ab(a+b)+1=1-ab &

e 1-ab= (ab(a+b)+1)2 .
W3 mocJie/inero paBeHCTBa CJe/yeT yTBepyKeHne 3a/adn.
IIT pewenue. Ecau ab = 0, To yrsepxenne sepro: 1—ab = 12.
Ecm sxe ab # 0, 1o kBagpatHoe ypasHenne abx’ +2x+1=0
nMeeT PAlMOHATbHBII KO-
penb (a + b) u paumonab-
Hble Koaduimentor. 13
QopmyIbl KOpHEll KBajipart-
HOTO yDABHEHWUST CJIE/YeT,
YTO €ro JUCKPUMHUHAHT sIB-
JIIeTCsl KBAJIPaToOM Paruo-
HasbHOTO uncaa. Ho
D = 4(1-ab), u yrBepxae-
HUE JI0OKA3aHo.
3. Ilyctp K — Touka nepece-
yenust orpeakoB 4D u AC
(puc.3). U3 pasencrtsa
ZABB = ZAAB = 90° Bbl-
TEKAEeT, UTO YETBIPEXYTOJIb-
nuk ABjA;B Buucan B OK-
pyskuoctb (¢ AuaMeTpom
AB), nostomy ZABK =180° - LA BjA = ZABC . Ananornymo,
deTbIpexyro/ibiuk BC B,C Buucan B 0Kpy>xHocTb (¢ uaMerpoMm
BC); cnenosarensho, £ZDB;K =180° - ZCB,C = ZABC . Tlony-
qaeM, uto LA BK = ZDB,K . VI3 ycjoBus CJIeiyer, 4To
LAKB, = ZDKB; = 90° ; 3HauuT, IPsAMOYTOJIbHbIE TPEYTOJIbHI-
ku A BjK w DB;K pasubl (110 KaTeTy u 0OCTPOMY YTJIy), OTKYy/Aa
AK = DK . TlocnieqiHee paBeHCTBO O3HAYaeT, 4yTo Touku Ay w D
CHMMETPHUYHBI OTHOCHTEJIBHO HpsiMoii AC; cJieJoBaTesbHoO, Tpey-

Puc. 3 D
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ronpunkn A/AC u DAC cuMMeTpuuHbI OTHOCUTEIBHO ITOM ke
npsimoii. Torga ZADC = ZAA,C = 90° , uto u Tpe6oBasoCch J10-
Ka3arh.

4. Her.

PackpacuM TpeyroJIbHUKY U sTYeKN KBajpaTa B YepPHBINH 1 GeJblil
I[BETA TaK, KaK 9TO MOKA3aHO Ha PUCYHKe 4.

3amernM, 4to U3 Ji06o-
TO TPEyroJIbHUKA MOKHO
mpoiiTu B J11060it Apy-
rOi, IpUYEM B IENOYKe
TPEYrOJIbHUKOB, 00pasy-
IOIUX 3TOT MYTb, Kaxk-
JIble J[Ba COCEJHUX Tpey-
TOJIBHUKA OKPAIIEHDI
pasnnyno. To ke BepHO u IS KJeToK KBajpara. OTcioza crery-
eT, 4TO Kak/[ble /IBa YNCJIA, 3aIMCAHHDIC B TPEYTOJBHUKAX OJ[HO-
TO I[BETA, /I0JUKHBI OBITh 3alMCAHBI M B KJETKAX OJHOTO I[BETA.
Ho y nac umeercst 15 GesbIX TPEYroJIbHUKOB, YTO GOJIbIIE KaK
kosmuectBa yepHbix (13) kretox, Tak n koamuecrBa Gespix (12)
kJsietok. IToaToMy 4mcsia B KBaJpaTe 5x 5 paccraButh Tpedye-
MBIM 00pPa30M HEBO3MOJKHO.

3. 6.

Ecmm nmcrku gexar B cjaeayouem rmopsaake:

OOOOO2BEDWBE

(1 KPaTKOCTH HA KasKAOM JIMCTKE YKa3aHO YUCJIO JIOKHBIX yT-
BepK/IeHuil JieBee Hero), 1o Gyjer 6 BEPHBIX YTBEPK/ICHHUI.
TTokaskem, uto GoJibiiie ObITH He MOKeT. [IpeAronoxum, 4To /1Ba
JINCTKA C BEPHBIMH YTBEPXKICHUAMHI PACHOJIOXKEHDI PSJIOM; TOTJa
YUCJIO JINCTKOB C JIOKHBIMH YTBEPIKICHUSIME JIeBee KaXKJI0TO U3
HUX OJIHO M TO ’K€; 9TO HEBO3MOJKHO, TaK KaK Ha 9THUX JIMCTKaX
HaIMCaHbl Pa3Hble YHcJaa. 3HAYNT, HA JBYX MOAPS/ WIYNIHX JIHC-
TKaX OJ[HO U3 yTBEP:KJIeHHIt
saoxknoe. [loatomy Bcero Jmct-
KOB C JIOKHBIMU YTBEP:K/ICHUSI-
MU He MeHee TISITH, TaK KakK B
KaXKJIOH M3 MATH TIEPBBIX T1ap
€CThb JIOJKHOE.
6. YTBep:kieHue 3aaun — aTO
YaCTHBIN caydail 3aauu 5 s
10 kJacca.
7. Illyers ZABC = ZADC =
= ZEDF = o ; 110 yCJIOBHIO,
a>90° (puc.5). Tak kak
BC || AD , To ABCE — paBHOGOKas TpaIeIis, OTKyaa

ZECF = ZBCE - ZBCD = a - (180° —a) = 20 —180° .
[lanee, mycTb P — TIEHTP ONMICAHHOII OKPYXXHOCTH ) TPEYToJib-
nuka DEF. Ilockonbky ZEDF > 90°, Touka P jeXuT BHyTpU
yria EDF, npudyem Toukn D n P jexkar 1o pasHble CTOPOHbI OT
npsmoit EF. B okpysknoctn oy ayra EDF ponosnsier ayry Be-
JIMUUHBL 20, Ha KOTOPYIO omupaerca yroi EDF, 1o 1oaHoil ok-
PY’KHOCTH, TI03TOMY IleHTpasbHblil yron EPF paBen 360° — 2a -
[omyuaeM, uto LECF + ZEPF = (2a - 180°) + (360° — 2a) =
=180° ; 3naunt, yerpipexyroapHuk CEPF BUUCAHHBIN, T.€. TOU-
Ka P JIeXXUT Ha OKPY)KHOCTH ), YTO U TPeGOBAJIOCH JOKA3ATb.
8. 20.
Mpr GyzieM OIEHUBATH YHCJIO S — CYMMY KOJMYECTB HUYBMX BCEX
8 maxmMarnucToB. JTa CyMMa POBHO B 2 pas3a (OJIbIIe YHCJa HIYb-
nx B TypHupe (KaKaylo HUYBIO MOCUUTATN 2 pa3a — y 060MX Wr-
pokon). [lokasxkem, uto S <41 — Torga umMca0 HUYEHHBIX TTApPTH
B TypHHpe He mpeBocxoauT 20, Tak Kak OHO Iiesioe. JTO YUCJIO0 U
OyZIET OTBETOM, MOCKOJbKY mpuMep ¢ 20 HUYBUME CYIIeCTBYET
(puc.6; maxmatncrer o6osnavenst 6yksamu A, B, C, D, E, F, G
u H).
3aMeTuM cpasy, UTO eCJIM [Ba YeJOBEKa HUKOMY He MPOUTPAJH,

Puc. 4

Puc. 5
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TO OHHU CBITPAJIN JPYT C
JAPYyromM BHUYDBIO U IIOTO-
My, HO YCJIOBHIO, UMEIOT
pasHoe YHCJIO OYKOB; TO
JKe caMoe BEPHO, €CJII
OHHM HU Yy KOI'O HE BblUI'Da-
. OTciofa cpasy caery-
€T, YTO eCTb He 6oJIblie
OJTHOTO YeJIOBeKa ¢ 7 HU-
YbUMU U He OOJIbIIIE JABYX
uesoBek ¢ 6 Huubumu (Ta-
KOIl 4esIoBeK J160 HUKO-
My He IIpoOurpas, Jubo Hu
y KOTO He BBIUTPA).
Kpowme toro, soneii ¢ 5
HIYBUMHU, Yy KOTOPBIX 06€ Pe3yJIbTaTHBHBIE MapTHU BBHITPAHbI
nm obe IPOUTPaHbl, — TOKe He (OJIbIe YeM 110 OJHOMY. 3ame-

172

T Q™ oD QD -

Puc. 6

1
THUM, 4YTO BCE€ OCTaJIbHbI€ UTPOKHU C 5 HUYBUMK HMEIOT 10 35
O4YKa.

ITyctb ectpb 4yenoBek X ¢ 7 HUYBMMHU; TOTAA JPYTHX HUTPOKOB C 5
HUYBUMH OBITb HE MOXKET, HOO y HUX GYJET CTOJBKO K€ OYKOB,
CKOJIBKO ¥ X, TipudeM oHM ¢ X CHITPAIOT BHUYBIO. 3HAUHT, JIOIEI
¢ 5 HUYBUMHU B 9TOM cJaydae He 6osbiie 2, 1 S <7+2-6+2-5+
+3-4=41.

ITycrb Tenepb yesoBeka ¢ 7 HUYbUME HeT. OILEHUM B 3TOM CJIy-

1
Yae KOJUYECTBO UT'POKOB C 5 HUYbBUMU U 35 oukamu. Kakmbrit

U3 HUX JI0JKEH ObLI ChI'PATh ¢ KaK/bIM HE BHUYBIO; OJHAKO Y
HUX BCErO M0 2 Pe3yJbTaTUBHBIX MAPTUM — 3HAYMT, UX He 6OJIb-
e 3, a BCEro UIPOKOB € 5 HUYbUMHU He Goubiie 3 + 2 = 5. Cue-
JIOBATEJIbHO, 1 B 9TOM ciiyyae S <2-6+5-5+4 =41, uto u
Tpe6OBAIOCh.

10 knacc
1. 0. s
Tac kac g (2) = (£ (@) () = £ () ()~ 1)(7 (1) +1) . 70
KOPHsIMH MHOrOwIeHa ¢ (x) sIBISIOTCS KOpHU TpexwieHos [ (x),
f(x) —1u f(x) + 1. dcuo, uro moGoe YUCIO0 MOKET GbITH KOP-
HEM TOJIBKO OJ[HOTO U3 HHX.
Ilycth ¥y — MCKOMasi OpJAMHATA BEPUIMHbL. [IPEANONOKUM, UTO
Yo # 0. Byaem cunrarn, uro crapumii koagduuuent 8 [ (x) mo-
noxurenen (unave 3amennM f(x) ma —f (x), upu atoM y, 3a-
MeHHTCS Ha —Y ). IIpeamonosxnm, 4to ¥y > 0; Torza f(x) >0
u f(x) +1> 0 npu Beex x, 3HAYNT, KOPHH MHOTrOUJIeHa ¢ (x)
aBsiotest Kopusimu [ (x) — 1, a ux He 6osbure AByX. Ecam ke
Yy <0, 1o Tpexunennt f(x) n f(x) — 1 nMewT MO ABa KOpHS,
suauut, g(x) umeer xors 6bl 4 xopus. OGa cirydast HEBO3MOXK-
HbI; 3Hauut, Y, = 0.
3ameuanue. pu yy =0 f(x) umeer omun xopenn, f(x) +1 -
Hu oznoro, a f(x) — 1 — aBa, mostomy ¢(x) Kak pa3 UMeeT Tpu
KODHS.
2. Hampuwmep, npu n = 101! — 101 npousBenenue nepsbix n +
+ 100 HaTypaJbHbBIX YKCEJ] PABHO IIPOU3BEACHUIO 7 HOAPS/L HALY-
nwx unces, Haunnasg ¢ 102 u 3akanunBag n + 101. leiicTBuTe/ b-

HO, 1OCJIe COKPAICHHsST PaBeHCTBO 1-2-3 ...+ (n+ 100) =
=102-103-...- (n+101) npusnmaer Bug 1-2-3-...-101 = n+
+101, 4TO BepHO.

3ameuanue. CyuiecTByer 6ecKOHeUHast cepusi MOJ0GHBIX ITIpHMe-
pOB.

3. Moxer.

HazoBem na6op u3 17 HACTOSIIUX MOHET XOpowuM, a Habop u3
12 macrosimux u 5 (agbumBbIX MOHET — naoxum. OUuieM Bo3-
MOKHBIE jeiicTBust KocTu.

Paso6bem 17 MoHET M3 ocTaBIIerocs y Hero Habopa Ha YeTbIpe
rpymnel A, B, C, D, copepxxamme 2, 3, 5 1 7 MOHET COOTBeT-
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crBeHHO. [Ipu nepBoM B3BelMBaHUKM Ha OJIHY Yallly BECOB 11010~
skuM rpynnet A u B, a na apyryio — C. Ilpu Bropom B3BeluBa-
HUM HA OJ{HY Yallly BecoB HosokuM rpymnsl A u C, a Ha Apyryio
— D. Ecim B 0/fHOM 13 B3BEIINBAHMII BeChl HE MOKA3aJN PaBHOBE-
cue, 1o octasiuiicst y Koctu ma6op mioxoii. [Tokaskem, urto ecain
Bechl B 060UX CJIydyasX MOKa3a/l PaBHOBECHE, TO OCTABLIMIICS Y
Koctu Habop xopommii. Ilyctb aT0 He Tak, n KoJmdyecTBa (ab-
mmBbIX Moner B rpymmnax A, B, C, D pasusl @, b, ¢, d coorser-
crBenno. Torma a + b + ¢ + d = 5. V13 paBHOBecust pu JByX
B3BENINBAHUSX caenyer @ + b=cua+c=d, otkyna 5 =a +
+b +c+d=a+b+ (a+b)+ Qa+b)=4a+ 3b. B ciyuasx

a=0um b =0 nonyyaem b = 3 Wi a = 1 COOTBETCTBEH-

HO, 4TO HeBO3MOXxHO. Ecm ke ¢ =21 mw b>1, 10
4a+3b>7>5. IlporusBopeune.

4. VI3 cuMMeTpun OTHOCHTEIBHO JIMHUH IEHTPOB [ nMeeM:
AB||ICD 11,04 =0B, ZOAB = ZOBA=a, £LOCD =

= /0DC =B (puc.7). Ilo Teopeme 06 yrie Mex1Iy KacaTeJbHON
n xopaoi, LOAC = ZOBA = a,

ZOCA = 20DC =B . D

Tak kax AB || CD, 10 B N A&

ZOMC = ZOAB =a; BN M

sHaunt, 1 LAOC = N/ 2

=180°-a—-p = 2ZMOC. oL !

Tpeyroapaukn OAC u
OMC paBHBI 110 CTOPOHE
(OC - ob6mas) u aByMm

yraaM, moatomy OA = 4
=OMu ZAOC = Puc. 7 C
=2ZMOC =90°.

B tpeyronbanke ABM umeem AO = OM = OB; ciefoBaTesbHoO,
OH NPAMOYToJbHbIA, T.e. ZABM = 90°. Tak kax ZAON =
= /ZMOC =90°, to AN — muameTp OKPY’KHOCTH Wy , OTKy/a
ZABN = 90° . Utak, LABM = ZABN = 90°, 3nauur, Touku B,
M, N nexar Ha nepHeHuKyJasipe Kk AB, IpOBeJICHHOM Yepe3 ToY-
Ky B.
5. He mosxer.
I pewenue. TIpu m = 1, 2, 3 nocaennss mudpa uncaa 2" He
pasua 6. IIpeanososxkum, uro cymma nudp ynciaa 2™ mpu HEKO-
TopoM m > 3 paBHa 8, n oHO OKaHumMBaeTcsl Ha 6. Uncao 2" me
MOKeT oKaH4ymuBaTbes Ha 06 mmm Ha 26, Tak Kak B 9TOM CJIydae
oHO He jesnutcst Ha 4. CreioBaresibHO, OHO OKaHuuBaeTcs Ha 16
(unave cymma 1mdp 6yaer Gosbiie 8), U MOITOMY MMEET JeCs-
tiynyio 3ammch 1000...016 . Torga 2" = 10% +16 , T.e. uucao

k mucdp
10% +16 — cremenn JIBOMKI.

Ho ecin k=5, 10 10% +16 = 21 (2k"4 5% 4 1), 1 B CKOOKax I10-
JIydaeM HedeTHbI MHOXHUTesb, Gosbimii 1. Ocraercst paccMoT-
perb cayyan k =2, k=3, k= 4: 102 +16 = 4-29,

10° +16 = 8-127, 10% +16 = 32-313 . Takum o6pasom,

10 +16 e AB/ISLCTCS CTENECHBIO ABOHAKI HE IIPH KAKOM HATY-
pPaJbHOM kR, 4TO M TPeOOBATIOCH /JOKA3aTh.

11 pewenue. IlperionoRuM MPOTHBHOE, U MyCThb 2" OKaHYMBaeT-
cs1 Ha 6 m mMeeT cymMmy 1dp, paBHyTo 8.

Bamernm, ato 2' okamumsaercs na 2, 2> oxamumsaercs ma 4, 2°
okanunBaercst Ha 8, 2 okarmumBaercs Ha 6, 2° OKaHUMBAETCS Ha
2. [Manee nocneanss mudpa cTereHN ABOIKI TTOBTOPSETCS C Iie-
PHOIOM 4, TOCKOJIBKY mocaeauss mudpa uncaa 2" onpenenser-
s O[HO3HAYHO TIoCaeHeH widpoit wincaa 2"~! . Takmm o6paso,
2™ oxanumBaercst Ha 6 TOT/Ia ¥ TOJBKO TOT/A, KOT/A M JIEJUTCS
Ha 4.

Cymma 1udp ¥MeeT TOT Ke OCTATOK TIPH JeJeHHH Ha 3, 4TO U
caMo 9HCJI0, TT0ITOMy 2" OJKHO MMETh OCTATOK 2 TPH JEJEHUN
wa 3. 3amernm, uto 2' mMeer octaTok 2 1py JleJIeHnn Ha 3, 2?
nMeer octatok 1 mpu gesenni Ha 3, 2° mMeer OCTAaTOK 2 IpH jie-
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JIEHUM Ha 3, U Jlajiee OCTaTKHU CTEeIeHU JIBOMKH MOBTOPSIOTCS C Iie-
puojom 2. Taxum ob6pazom, 2" uMeeT OCTATOK 2 IPU JIeJIeHUH Ha
3 Torga W TOJBKO TOTJA, KOTAA 7 HEYeTHO. JTO MPOTHBOPEYUT
TOMY, 4TO M JIOJUKHO [IEJUTHCS Ha 4.

6. Pemenne Gyzer ony6iukoBano B «3ajaunnke «Kpanras (3a-
Jlaya SBJISIETCS YACTHBIM caydaeM 3ajgaun M2125).

7. Pemenue Gyner ony6mkoBaHo B «3anaunuke «Kpanrtas (pe-
HIeHUe 33/Ia4M CJejlyeT U3 pelleHus 3ajaun M2124).

11 knacc

1. 0.
Tak kax

9(0)= () = (x) = £ €)= ) @)+ )((F (@) +1).
TO KOPHSIMH HAIIIEr0 MHOTOUJIEHA SIBJISIIOTCST KOPHU TPEXUJICHOB
f(x), f(x) =1u f(x) +1 (mockombKy MHOTOUIEH (f(ac))2 +1
BCIOZLY MOJIOKUTeJIeH). SICHO, 4TO JI060€e 4icjao MOKeT ObITb KOp-
HEM TOJIBKO OJ[HOTO M3 HUX.
[lanee cm. pemenne 3agaun 1 amsa 10 kaacca.
2. 98.
ITyctp Mbl 3amoHun TaGJIMIy COTJIACHO YCJIOBUIO, a KjeTka A
cBoGojHa. Tak Kak mpu MOCTAHOBKE B Hee JIO60r0 3HAUKa JI0JIK-
Ha MOJIYYaTbCs JIMHUST U3 OJMHAKOBBIX 3HAYKOB, TO CYIIECTBYET
JIMHUSI, CO/lepIKaliasi ee, B KOTOPOil BCe OCTAJIbHbIE KJIETKH 3a-
MOJIHEHBI KPECTUKAMHU, W TO XK€ CAMOE BEPHO /It HOMMKOB (o111
JIMHUEU JIOJKHBI OBITh, €CTECTBEHHO, CTPOKOH 1 ctosbiiom). B ua-
CTHOCTH, BCe CBOGO/IHBIE KJIETKH CTOSIT B PA3HBIX CTPOKAX U CTOJI-
O11ax.
ITpesroosknM, 4TO MyCTHIX KJIETOK Oosibiie AByX. Torga s
JIBYX U3 HUX, CKaskeM /Uit A u B, HarpasJeHusi JUHUH KPECTU-
koB coBnagaior (r.e. 60 A1g 06enX KPECTHKH CTOAT B MX TOPH-
3oHTanaX, 60 A 06enx — B BepTuKanax; puc.8). Ilycts xpec-
THKH CTOSIT B MX CTOJIONAX, @ HOJMKK — B MX CTPOKAaX; TOr/JA B

o0 o|ojOo|0o|0]O o

[e]Ke] ol|o|ofo|0o|0O

o|o|Oo|Oo|O|O]|O|O
F| %% |%]%|%]X]|O

K| H|H]|H|K|®]|*|¥|X]|O
K| H®|® % |x]®]|®|X]|O
K| H K% % |®]®|%]|X]|O
EAEAEE NN ENEN Nl
K| H|F]|®|®]|®]|*]|%|X]|O
N AR E N N N Y K el
K| H K% % ®]®]|%]|X]|0O

XXX XXX [ X[~ X [

x % [x [x[x [x[x[w]x]v

XX [ XX [X]|X]|X]|X([X

Puc. 8 Puc. 9

nepeceveHuy CTPOKHU, cojiepskaiieil A, co cTonboM, coaepska-
UM B, J0JUKEH CTOSITh M KPecThk, u Houmk (160 aTo Tepecede-
HUE HEMyCTOo); MPOTUBOPEYHE. 3HAYUT, MyCTHIX KJIETOK He (O0JIb-
mre ByX. Ilpumep ¢ AByMs IIyCTBIMHU KJIETKaMH IIPHBEICH HA PH-
cynke 9 (BMeCTO 3Be3/104EK MOTYT CTOATDH JIOGbIC 3HAYKM).

3. I pewenue. Tak kax sint <t mpu 0<¢ < g , TO UMeeM

o(F-e) oG] (-3
xcosx=xsin| ——x |Sx|--x|= ——|x-——| <—,
2 2 16 4 16

4TO U TPeGOBAJIOCE.
11 pewenue. TleperuineM J0Ka3bIBACMOE HEPABEHCTBO B BU/E

T
Nxcosx < e [To nepaBeHCTBY O CpeAHUX UMeeM

X+ cosx .
Jxcosx < — B mpaBoii wacti cronT HeyO6bIBaomas GyH-

,
ks (tak xak (x +cosx) =1-sinx 2 0); snavnr,

s m T
x+cosx < 5 + COSE =5 OTKy/la 1 cJjefgyeT TpebyeMoe.

4. Tycrs Ay, By, Cy — cepemunbt cropon BC, CA, AB coorsert-
creenno (puc.10). Tak kak OAy, L BC u ByC, || BC, 10 4,0
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— BDBICOTA TPEYTOJIbHUKA
AyByCyy . Ananoruyno,
ByO n C,O - BbICOTHI
tpeyrosbauka AyByC .
ITostomy O sBiseTCA
TOYKOI TlepeceyeHns Bbl-
COT TPEYTrOJIbHUKA
AyByCy . TpeyromnbHuk
ABC nojio6eH TpeyroJip- B A A C
nuky AyByCy ¢ koad- Puc. 10

duruentom 2, nostomy HA = 24,0 .

O6osznauum uepe3 P, M, Q, COOTBETCTBEHHO, IIEHTP OINNCAHHOI
okpyxxuoctu Tpeyronbuuka HOA’, cepepuny orpeska HO u
TOYKY, CUMMETPUYHYIO Touke P orHocutesabHo rnpsmoit OH. Ilo-
CKOJIbKY TOuKa P paBHoyzaaseHa ot Touek H u O, Toukn P u Q
JIesKaT Ha Cepe/IMHHOM IepleHnKyasape Kk orpesky HO, cienoBa-
TeJbHO, Toukn P u Q cummerpuynbl otHocuTesabHo M. Tak kax
O u H raxxe CUMMETPUYHBI OTHOCHTEJIbHO M, TIOJIy4aeM, 4To
00 = PH .

ITycre O, P’, Q" — mpoexuuu touek O, P, Q Ha Bbicoty AA’ .
ITpoermpyst paBeHCTBO BEKTOPOB, HOIydYaeM, UTO

N
O’'Q’=PH= EA’H (rak xak P’ — cepemuna A’H ). 3nauur,

11— 1—= 11—
A'Q'=A0"+0’Q" = §HA + EA’H = EA,A . OTo u o3Hauaer,

yro Q’ coBIAJAET ¢ cepeuHOl BbicoTbl AA’, moatomy Q” u Q
Jexar Ha cpenneit sunnn ByC .

3. 8 mpsaMbIX.

Ilycrp I, I3, [; — npsMble, Ha KOTOPLIX OTMEYEHbI OJHA, TP U
[ATb TOYEK COOTBETCTBEHHO, a A — eAMHCTBEHHAs OTMeYeHHas
Touka Ha [, . Torza Bce ocTambHbIe TPSMbIE TPOXOAAT Uepes3 aTy
TOUKY — HA30BEM ITH IPSIMble MEPUOUAHAMY, WIN TTAPAJLIETbHDI
[, — HA30BeM UX napaiieasmu. 3aMeTHM, 4TO KaK/blil Mepuan-
aH IepeceKaeTcs ¢ Ka)1o0il mapaJliesblo, U Bce TaKie TOUKU Iie-
pecedeHnsT pa3iandHbl; 6oJiee TOTO, STUMU TOUYKAMH HMCYEPIIBIBAIOT-
cs1 BCE TOYKHU IepecedeHus, kpome A. 3HAUUT, HA KAK/IOM Mepu-
JuaHe OTMEYeHO [OPOBHY TOYEK, M Ha Kax /o0l HmapaJuiesaun —

\N

Puc. 11 Puc. 12

toxke. Torga u3 ycjaoBus cieayer, 4to 60 Ha KasKIOM MEpPHU/IH-
aHe 10 TPU TOYKH, a Ha Kax/oil mapaaienn — no 5 (a sHauwr,
ecTb 2 mapasuiesln u 5 Mepujua-

HOB; puc.11), am6o HaoGopor (a B

3HAYUT, €CTh 4 Mapajijiesin u 3 Me-

puanana; puc.12). B o6onx cay-

YasiX MOJYYUJIOCH 8 TIPSIMBIX.

6. Ilockoabky TpeyroabHuk ABD

paBHOOE/IPEHHDII, MOTydaeM D
A

ZADB = ZABD . Tak Kak ueTbl-
pexyroabHuk ABDK Bunucas, To
ZAKB = ZADB n

ZABD =180° — ZAKD = ZLKA
(puc.13). 3nauur, B TPEYroJabHU-
ke BKL Boicota KA sBasiercst
OUCCEKTPHCOM, a CJIeI0BATEIbHO,
W MeJMaHol; Torja Toukn L u B
CUMMETPUYHBI OTHOCUTEbHO AC, L
noatomy orpesku CL u CB rtakxe — Puc 13

=
a
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CHUMMETPHUYHBI. 3HAYUT, UX JIINHBI PABHBI.

7. Bepno.

OGosuaunm yepe3 0, (d) cremenb, ¢ KOTOPOIl BXOAUT 2 B PasJio-
JKeHHe Yucaa d Ha IPOCTbIC MHOJKHTEJIH.

Ecinr cpemut uncest @, b n ¢ ecTb OIHO WM TPH HEUETHBIX UNCJIA,

ko opk o ok
TO NPy JIOGOM HaTypasbHOM k uucio @ + b" +¢” HeuerHo, T.e.
MOKHO T10J10kuUTh 72 = 1. Bce Tpu uncsia deTHpiMH GBITH He MOTYT.
ITycrb Tenepb cpejy HUX POBHO OJHO 4YeTHOe — cKaskeM, a. Uc-

creflyeM, 4eMy MOKeT GbITb PAaBHO UYKCJIO O (bk + ck).

k

TIpu weTHOM k KasK[0e M3 YHCE bk u ¢ 1pu JieJIeHnn Ha 4

faetT ocrartok 1, moatomy o, (bk + ck)= 1. Ilyctp k HEueTHO.

Torpa b +cF = b+ c)(bk'1 —b"2c+ ...+ "), Bo sropoit
CKOOKE CTOMT CyMMa HedeTHOro Kosmuectsa (k) HeweTHbIX coiara-
eMbIX, T.e. HeueTHoe uncyo. Takum o6pasom,

a, (bk + ck) <oy (b+¢) amsa moGoro k.

3aMeruM Temepn, uTo ecau k> 0, (b+c¢), To O, (ak) >k>

> ay (b+c) 20, (b" +c*). Buaunr, a, (@ +0" +c*)<ay(b+o)
upu Beex k> o, (b +¢). Toraa sICHO, 4TO MOKHO BbIGPATH

n >0y (b+c) tak, uto u npu k < dy (b +c) uncao a* +b* + ¢k
e Oyjer jemutbest Ha 2", 4TO U TPEGOBAJIOC.

3ameuanue. Aunanoruuno a, (d) moxuo onpenemuts A, (d) s
M06Oro MpocToro p. MOXKHO 10Ka3aTh, YTO PU JIO60M HEYETHOM

[IPOCTOM P TIOCJIE/[OBATEIBHOCTD {otp (ak L )} MOJKET OKa-
3aThbCSd HEOTPAaHWMYEHHOM.
8. 580.
I pewenue. PaccMOTPUM PaCCTAHOBKY, YIOBJIETBOPSIONLYIO YCJIO-
BUIO, U COEJMHUM KasKjble JIBA COCEJHUX UHCJA CTPEJIKOIl OT
MeHbIero K 6ospieMy. Taxk kak o6Iee KOJHYECTBO CTPEJOK He-
4eTHO, HAIyTCs JBe IOJPS/L W/YIIIe CTPEIKH, HAIPABJIEHHDbIE B
OIIHY CTOPOHY: a — b — ¢ . 3Hauut, h<¢c-20, a<b-20<
<c¢—40, noatomy 100 < a+b <2c—-60, orkyna ¢ >80 . Bee
qrcaa, KpoMe ¢, MOKHO pa3OuTh
Ha 5 [ap COCeIHUX UHCeJ; 3Ha-
4UT, CyMMa BCEX YHCEJ HE MEHb-
60 me 80+ 5-100 = 580 -
60 O/iMH 13 TTPUMEPOB PACCTAHOBKH,
T 80 B KOTODOIl 3Ta OLEHKA [OCTUTrACT-
1 /

<«
76040
40

cs, npuBe/leH Ha pucynke 14.

40 11 pewenue. Ilpusenem npyroe
\l 1/ JTOKA3aTesbCTBO TOTO, YTO CyMMa
60 He menbuie 580. 3ameTuM, 4TO B
~~ 560 .
40 060 TTape coceHnX YHcet
Puc. 14 o/lHO u3 HUX He MeHblne 60 (ecom

Oouibiiiee 13 HUX MeHbIe 60, To

Bropoe Menblie 40, a ux cymma metbiie 100). Pacemorpum Mak-
CHUMaJIbHOE YUCJI0 ¢. Pa3ofbeM OCTajlbHble YHCJA HA MaPbl COCEI-
Hux (cymma B Kask0if nape we menbine 100, 3HaunT, cymma Bcex
stux 10 uncen me menbime 500). [lamee, B Kax/J0il Tape OTMETHM
yucJio, He MeHbinee 60; Takyke OTMETUM YKCJIO ¢. Mbl oT™MeTnan 6
ypcen u3 11, smauur, aBa U3 HUX — cocexnue. Torga GoJbliee 13
Hux He Menbline 60 + 20 = 80, moaromy u ¢ > 80 . 3HAUUT, CyMMa
Bcex unces He menbire 80 + 500 = 580.

PEFMOHANDBHbBIA 3TAM XLIII BCEPOCCUNCKOWN
OJIMMIMUALbI LUKOJNIbHNKOB NO ®U3UKE

7 Knacc

1. U = 10 mM/u. 2. 13 gacoB 25 MHHYT.

3.V, = PP s 700 on®. A l=1

P2 — Py

‘ 59-64.p65 64

o

[T [T 1 ||

009 /Ne?2

8 knacc
1. B 1,3 paza.
2.1)V=051aumV =0255mx2)p;=14;0,6;0,2 r/CM3
wm p; =1,4;1,2; 0,8; 0,6 r/CM3 .
3. 15,0 psi = 103,3 «Ila.
4.1) my =227 r.2) —10 kJ/lx < Q < 70 x/Ix.
9 knacc

7 2

1. p1:4,4KHa;B1:176. 2.h13=2§H,hM:3§H.

3. Ry =9 Om. 4. vy =35 M/c; v=20M/c.
10 knacc
M (1 2
1.o=5m/c 2.F:Mm1
my +my, + M
3. A, :7£H, Tg =1OQH.
50 s 50
I+ 1
4. P =POM=25 Br. 5.C=-R.
- ALI,

11 knacc
1. 1) 3o upouecest 1-2, 2=3, 4-5 u 5—6. 2) AUy, =3pV |
AUy =9pV , AUy5 = -9pV |, AUss = =3pV . 3) Dro nporeccol
3—4 u6—1.

2
2. h =280 km . Lé

3. L=L/2. 4. O = .
© 872

S. Ilpsimoe u yBesmueHHOE B 2 pa3a u3oOpaskeHue 30J0TOH PhIb-
KI Kapach BUJMUT Ha paccrostuuu 3R.
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IMMAXMATHAA CTPAHUYKA

3anau4A YcneckorO
PELLIEHA

B maxmaTHOI MaTeMaTHKe BECbMa IO~
[IyJISIPHA 33/134a 0 PACCTAHOBKE HAUMEHb-
mero 4mucja ofHonMeHHBIX (uryp (ko-
Heil, nageit, depaeit, KOpoei U CJIOHOB),
KOTOPBIE JEPKAT 10 06CTPEIOM BCE CBO-
GOHbIE 1I0JIS IAXMATHON JOCKH.

Koneit mocrarouro umers 12 (puc.1),
MPUYEM CYLIECTBYIOT BCETO Be HeoOXo-
[AHMbIe PACCTAHOBKH — BTOPAs IIOIY4aeT-
€A U3 JJaHHOH IpH 3epKaJbHOM OTpake-
Huu (OTHOCHTENBHO BEPTHKAJIBHON HJIH
TOPU3OHTAIBHOI MPSAMBIX, AEJAIIMX J0C-
Ky nomonam). Jlapeii tpeGyercs 8, u
HEeTpyOHO y6enuTbes, 4To o6liee 4YHCJI0
paccraroBok cocrasiser 2x 28 — 8! Ha
PHCYHKe 2 IMOKasaHa caMasl MOy ISIPHAS
u3 aux. Mepseii xsaraer 5 (puc.3), cy-
mecTByeT 4860 cIoco60B paccTaBUTh HX
Hy>XHBIM 0o6pasoM. HamuMeHbInee 4HCIIO
KOpOJIell, KOTOPBIE Aep3kar Bce cBoGof-
HBbIe T0JI TocKH, pasHo 9 (puc.4), Bcero
umeercst 3600 paccrasosok. IHakower,
[AOCTATOYHO TOCTABHTH HA AOCKY 8 cJio-
HOB, U BCE OCTAJIbHbIE 110/ OYAyT IO/
xontposem (puc.5). Ilopcuurano, 4to
BCET0 HEOGXOMMBIX paccTaHoBok 20736,

Ora 3ajiaua JOIMyCKaeT MHOKECTBO 0000-
mennii. CaMple M3BeCTHbIE W3 HHX —
Mepexo/i K MPOM3BOJBHBIM JOCKAM pas-
Mepa 1 X7 M PacCMOTPEHME PasJiHd-
HbIX HaGopoB duryp, HeoGA3aTEIBHO OfI-
HouMeHHbIX. Bor eute o/uH BecbMa opu-
THHAJIBHBIH TIOAXOH, TMPHAYMAHHBIA H3-
BECTHBIM MAaTeMaTHKOM IpodeccopoM
B.A.¥YcnenckaM, 3aseayromuM Kaden-
POl MareMaTH4YeCcKOH JIOTMKH W TEeOpHH
anropurMop Mexmarta MIY.

HanoMuamM, 49T0 B PYyCCKHX IMAMKAX HA
64-K1eTouHOI ZOCKe TPH AAMKH IIPH TIpa-
BUJ/IbHOI IPE BCEr/IA JIOBAT OJHY HElPH-
ATEJBCKYIO, eC/IH OHA He CTOHT Ha «60.Ib-
moii mopore», T.e. Ha AuaroHaaH al-hS.
B.A.¥Ycnenckuii NpeIokKuI caeayolee
MmaxMaTHO-MaTeMaTiHdeckoe o6o6meHie
9TOJ IIaIlevHOH CHTYyallHH.

Kakoe HanMeHbIiee YHC/I0 0JHOHMEH-
HBIX (PHTYp JaHHOTO IBETa MOTYT MOH-
MaTh OJHY TaKylo ke (GHurypy npoTHBo-
noxoxHoro nsera (Bce atu Qurypni
XOJAT N0 MAXMATHBIM NPABHJIAM, A IpY-
IHX Ha Jl0oCKe HeT)?

PaccMOTpHM 9Ty 3ajauy UL KaXIou
H3 DATH (QUTYP, MPEZIToarasi, YTo CHJib-
Hefimas cTopoHa — 6efbie M X0/ BCer/ia
ux (ucXomHOe TOJOXKEHHe [TPOM3BOJb-
HOE).

@ep3an. [Tars Genwrx epseii, momoras
ADPYT APYTY, BCEIJa MOIYT 3aHATD IOJIO-
JKeHue Ha puUcyHKe 3, B yepHoMy cepsio
HeKya cKpbithes. OHako, OKa3bpiBaer-
cs1, 9To AocTaTouno u 4 depseit (puc. 6).
ITY CHMNATHYHYI0 MO3HIMIO YKA3as
A.Xaunsas — depsu 3/ech pacioioxeHbl B

Pucl

Puc3

o] (@ e

W Hell @

i [w Qo

Pucd

el ol odolold ol o o

Puchs

BEpIIMHAX [apa/jejorpaMma, HallOMH-
HAIOWIEro CTPEJIKY KOMIIAca, BIMCAHHYIO
B KBajipaT. Moxuo y6eaurncs, 4T0, B3a-

uMoJieiicTBys APYT ¢ ApyroM, Gesble (ep-
3H JIETKO pacmoJaramTca YKa3anHbiM
o6pasom. [locrme 9T0T0 B pacnopsKeHUn
uepHOro ¢epsd OcTaHyTcA TPH cBOOOJ-
HBEIX mosisg — b4, f1 u g6, He cBA3AHHBIX

Pucé

Mexay coboit xogoM epss. 3HauuT, Ha
KakoM Obl M3 HMX uepHblil Qepsp HH
HAXOIHJICA, TIPH CBOEM XOJIe OH He MOYKET
NepecKOYHTh Ha Ge30macHoe MoJie U cpa-
3y Jke monazgaer 1o Goil.

Jagpn. Ilects Gennix nagein (a Tem
6oJiee MEHbIee KOJWYECTBO) HE MOTYT
CIPaBUTBCSA ¢ OAHOM deprOit. [leitcTu-
TEJbHO, r/e Obl OHH HM HAXOUINCH,
HaiayTCa ABe CBOOO/IHbIE TOPU30HTAIN H
ABe cBOGO/THBIE BePTHKAMH. YeThIpe moJis
Ha NepeceYeHAH 3THX JIAHHI 06pasyior
NPSMOYTOJIBHAK ¥ He arakosausl. [Ipm
CBOEM XO/Ie YePHAsi JA[bs BCEI/a MOMKET
MepecKoduTh C OJIHOTO M3 Ge30MACHBIX
moneii Ha apyroe. A Bor 7 nazeit Ges
TpyJa JOoBAT Henpugresibckyo. Hampu-
Mep, eCJ¥ Ha PHCYHKe 2 CHATH JI06YIo
6e/TyIo JTABIo, TO B PACMOPSIKEHHH dep-
HOIT GyIeT TOJIBKO 9TO IOJIC |, JieJIast X0,
ona scraser nox yaap. (Ouesnano, uto
O/JHAa 4YepHas Jaibs He IIOMEIUIAET CeMH
GeJibiM, AEHCTBYIONHM CcO00IIA, 3aHATH
CeMb PA3HBIX BEPTHUKAJEH W rOPH30HTA-
Jaeit.)

Caonsl. [IycTs GUTYPEI GeIONOTBHBIE;
TOrfla 4eThpe OeNbIX CJIOHA, IIOMOTas
ApYT Apyry, sanumaior nosisa d1, d3, dSa
d7. B pesymbrate and 6elOHOTBHOTO
YepHOTO CJIOHA Ha [OCKe He OCTaeTcs
CcBOGOJHBIX TIOJNIEH.

Kopomm. [Ipa Genbix KOPOJsi JIETKO
OTTECHAIOT HELPUATEAbCKOIO Ha Kpai
JIOCKH, a 3aTeM B yroJi. ¥ TOro He 0CTaeT-
€5 IPOCTPAHCTBA, W1 OH BBIHYK/IEH BCTATh
nop 6ot (B JaHHOM Crydae MaTeMaTHIeC-
KHe TPaBHia BaXkKHee MaXMaTHbIX).

Konn. [l1a sroro ciaydasi cocraBiieHa
KOMIIBIOTEPHAsT MPOTPAMMa, IMO3BOJISIIO-
mas TpeM OesibiM KOHSAM BCerja cipa-
BUTBCA ¢ ogHUM 4YepHBIM. Koneuno, Ge-
JIBI KOHB €5 OJTHH «OOBITPBIBaeTs> KOHS
h8 npu xo1e yepHBIX; HO 3TO HCKJIIOYEHHE
U3 IpaBuia.

Iloxoske, mpobiaeMa Y CHEHCKOro TIoJ-
HOCTBIO peteral

E. Tux
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AHTUBAVNKOBBIE 04K Y IKIK-ANCNAER

an oTpaxeHuun ceeta ot Mmagkmx I'IOBE.’pXHOCTEﬁ 4yacTto BO3HUKaKT bnukn. EctecTBeHHbIA CBET nocne
oTpaxeHua CTaHoOBUTCA YAaCTUYHO NONAPWU30BaHHbLIM. HOSTOMy Ana ycrpaHeHuna bnukos NCNonNL3YyKTCAH
cneunanbHble aHTUBNUKOBLIE OYKN, nponyckawLwine ceeT TONnbKo OHOW nonapuaauuun. OpgHako
nonAaApu3aunoHHble O4YKKU MITOX0 COBMECTUMbI C XKUWAKOKPpUCTaNMM4YeCcKkMMmmn aKkpadamu, Hanpmmep KoMnbrTepoB
M1 MoBunbHbIX Teﬂed)OHOB, KOTOpble ABNAKTCA UCTOYHUKaMK NUHERHO nonapu3oBaHHOro ceeta.

(Modpobree — Ha cmpa+uue 58 eHympu xypHana)
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