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HEBUWAWMOE PYHONOMATUE

V3obparkeHHaA Ha doTorpadmax
CHynbnTypa CTOUT BO ABOPE
0OHOr0 U3 30aHWUIA Ha TEPPUTO-
pun Konnegra MakranecTep

B CeHT-lNone (cTonuue witaTta
MwuHHecoTa, CLLIA). Ee aBTop
XenamaH MepriocoH nveet
Y4EHYI0 CTEMNEeHb Mo MaTemMaTUKe
N aKTVBHO 3aHUMAaETCA HayKOoM.
OH TaKrHe yBrneKaeTcA pasHbIMU
BMAAMN TBOPYECTBa, M 4acTo

B ero pabotax noAasnAwTCA
MaTeMaTU4eCcKMe MOTUBbI.
CrynbnTypa npegcrasnAeT cobon
«CnenoK» NpoCTPaHCTBa BOKPYr
PYK 38 MFHOBEHWE [0 PyHOMoHa-
TMA. Mopenb pyKonor<aTuA
NnoKasaHa Ha cregytoLLmx

OByx choTorpadmax. BepeBo4dku
n3obparaloT pyKn: obbl4HO

Mbl OTTONbIpUBaem BonbLuon
naney, a ocTanbHble OEPHMM
BMECTE, TaK 4TO B MOMEHT
noraTnA pyHa HanomuHaeT ByKBy
Y. Ecnn atn choTorpadcmm He
ybepAT Bac, To npoBeguTe 3Kcre-
PVYIMEHT, MOMPOCKB KOro-H1byab
noraTb BaM pyHy.

lNogpobHee obo Bcem aTom
paccHasaHo Ha cauTe:

http:/ /bit.ly/ 1bsGjs6

E.EnncaHoB




™

KBAHT .o s No

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

B Homepe:

2 Yemy cmesnca Nenbdann (MatemaTtmnyeckaa HoBenna s
HemaTemaTukoB). E.[naronesa, B.[lTywieHko

Poccuiickas akafgemus Hayk 8 PacnpocTtpaHeHne curHana ot ABUXYLLEroCcs UCTOYHMKA, nan Yto

yBUaMT Habnogatens. A.PbibakoB

YUYPE/IUTE/Ib

SAJAYHUK «KBAHTA>»

TJTABHBINT PEJAKTOP 13 3agaun M2309-M2315, d2315-d2322
A.J1.CemeHoB 15 PelwieHna sapay M2294-M2300, ©2300-$D2307
«KBAHT»> AJd MJAJIINX IMKOJJbDbHMUKORB
23  3apauu
PEJAKIIMOHHAA KOJJIEIUA 24 KoHnkypc nmeHn A.M.CaBuHa «Matematmka 6—8»

ASiBenos, IOMEpyk, AABapnamos, 24 O6MeH Meluoykamu Ha Mone Yynec. A.MeHbLUVKOB

AHBunexkun, B Tony6es, [CATopaionmn], OU3NUYECKUUN OAKYJIbBTATUB
H.N.Oon6unvH (3amecturesib r/1aBHOro
peﬂakrop.,(), B.H.Zy6poBckmii, 27  CeepxxonogHasi Boaa. M. AMesIoLLKNH
A.A.Eropos, .A.KoxeBHukos, C.MN.KoHoBanos,
A.AJleoHoBuy, [0.M.JIbicos, B.B.Mponseonos, JABOPATOPUYId «KBAHTA»
H-X.Posos, A.B.Cocunckuit, AJ1.Cracenko, 29  OnekTpuyeckuit Tok B XuakocTu n dpoTtoaddekT. C.Mepacumos

B.r.Cypaux, B.M.Tuxomupos, B.A.Tuxommuposa,

A.N.MepHoyuaH (3amecrutesib r1aBHOro

penakTopa) KAJTEMJOCKONI «KBAHTA>

32  3apauku Ha cMekasky

PENAKIMOHHBIA COBET MATEMATUYECKUIN KPYJIKOK

|
A.B.AHpxaHc, M.W.bawmakos, B.U.BepHuk, 34 Hy v AeHek: M'AKyﬂVH

B.l.BontsaHckuii, A.A.BopoBon, IPAKTUKYM ABUTYPHUEHTA
H.H.KoHcTaHTMHOB, T.J1.KoTkmH, C.MN.HoBuKOB, .
n.0.daanees 38 MpoeanbHbIn ra3 B KOHKYPCHbIX 3agadax. B.Jjpo3agos
OJINMMIIUA /I bI
42 XXXIV TypHup ropoaos
PELAKILILOHLAS KOILLE LIS 43 LXXVI MockoBckasa maremartnieckass onvMmnuana
AAKI 1970 TOLA ! 46  W3bpaHHble 3aga4m MOCKOBCKOW pU3n4ecKon onumnuagpl
51 XX MexayHapoaHasa onmmnmaga LWKONbHUKOB «TyiMaaga».
dusmka
TJTABHDBITT PEJAKTOP HANIIU HAB]IIO[[EHI/IH
W.K.Kukouh 52 MNunotupyemas nonocka

LEPBBIH 3AMECTUTEILD 53 OTBeTHI, yKa3aHus, peLleHns

FTABHOTO PEJAKTOPA Cwmech (26)
A.H.Konmoropos

HA OBJTOJXKE

| Unnoctpaums k ctatee A.PbibakoBa

N.A.Apummosuy, M.U.Bawmakos,
B.r.bontsHckuin, W.H.BpoHLwWTelH, I Konnekuws ronosonomok

H.5.Bacunbes, U.®.IrvH36ypr, B.I.3y60s, 1 UlaxmatHas cTpaHudka

N.J1.Kanuua, B.A.Kupunnun, IU.Kocoypos, \ lporynkun ¢ pusunkor
B.A.Jlewkosues, B.M.Jlnwesckui,

AWN. Mapkywesuy, M.A.MunnnoHwmkos,
H.A.NaTtpukeesa, H.X.Po3os, A.l.CaBuH,
WN.LW.Cnobopgeuknin, M.J1.CMonsiHCKUR,
A.A.CmopopavHckui, B.A.DaGpukaHT,

A.E.LUHanpep




2 ceHTa6ps 2013 roga ncnonHunocb obi 100 net M3pa-
nnio MownceeBmyy lenbdaHay — 0AHOMY M3 KPYMHEWLLIMX
yyeHbIx XX Beka.

B Hay4HOM Mupe lenbdaHn n3BecTeH npexzae BCero Kak
MaTeMaTVK, OCTaBMBLLUMNIM CBOW CNIed MOYTN BO BCex obna-
CTSIX COBPEMEHHOW MaTEMAaTUKM. 3HAIOT ero Takxxe O1oso-
M (Kypbe3Ho, 4To, Koraa nossunmcy paboTsl MenbhaHaa
no OMONorMm, HEKOTOPbIE CeLManCTbl MHTEPECOBANNCH,
MMeeT N 3TOT Bronor kakoe-nnMbo OTHOLLEHKE K 3HaMe-
HUTOMY MaTemMaTuky enbdaHay). V1 coBcem noytu Hewms-
BecTeH lenbgaHa-nenaror.

Bnpoyem, 3T0 HeyaMBUTENbHO: OH HUKOrAa He Obin
NefaroroM-TeOPETUKOM, Y Hero HeT HU OfHOW PaboThbl Mo
neparorvke. Ero 4ypesBbl4anHO MHTEPEeCHble 1, MOXHO
CKasatb, My[pble nefarornyeckme B3rfigmbl peasn3oBaHbl
B €ro ObLWMPHOM MHOroneTHen aestesibHocTu. W, KoHeu-
HO, B €ro y4YeHuKax.

He cnnwkom npeyBennyrBas, MOXHO CKa3aTb, YTO yye-
HKamMu lenibana CTaHOBUMUCL BCe, KOMY OBOLAMIIOCH
C HUM obwatbcs. byab To meno, conpoBoxaatouieecs
Oonee-mMeHee AnNUTeNbHbIM OBLEHMEM, NN eQNHCTBEH-
HbI PAa3roBOp, WM Aaxe MpPOCToe MNPUCYTCTBME MpW
Kakon-To Gecefe — NIOAM HEMPEMEHHO B TOW UM NHOW
CTeNeHn UCMbITbIBaNM Ha cebe ero BAUsHMe.

A ellle OH OOHWM M3 MepBbIX CTaN BeCTU MateMaTtn4ec-
KM KPY>XOK ANs WKONbHMKOB npwn MIY, npuHMMan
y4acTve B OpraHm3aummy nepBbiXx MOCKOBCKMX MaTteMaTtu-
4YeCcKMX OnMnmag,

Ho rnaBHbin Bknag lenbdanpa B neparorvky — 37O,
HEeCOMHEeHHO, 3a04Has MaTemaTnyeckas Lkona (13BecT-
Has Tenepb Kak B3MLLI), koTopas ABASETCA B NMOSHOM Mepe
ero AetiwemM 1 kotopas Oblfa npuaymMaHa U co3fdaHa
OyKkBanbHO C Hyns.

U3paumns Movceesuy [enbgarg (1913—2009)

3710 ObINo noyt 50 net Hasan. MHe [oOBenock Toraa
pabotaTb C V3pannem MownceeBmyemM. S Obina nepBbiM
«LUTATHbIM» COTPYOHMKOM 3a04HOM LLKOJIbI, 1 3TO BPEMS
ObINIO OIHO M3 CaMbIX TPYAHbIX M CHACTAMBBLIX B MOEW
KM3HU.

JTa CTaTbd ABNAETCS NOCAeAHUM nopyyeHueM M3pauns
MowceeBumda. OH Xun Torga yxxe B AMepuke, 1 becena
La B ero kabuHete B yHMBepcuTeTe PaTrepca. bonblie 4
C HUM He BCTpeTMnacb. A 3a0yHasa LWKofa BbIpoCia U
npogosnxaeT paboTatb, XxoTa GopmManbHO ee He cylle-
CTBYeT.

E[naronesa

eMy cmedancsa [enbaHa

(MaTtemaTtuyeckas HoBenna ois HemaTeMaTKoB)

E.lTIATOJIEBA, B.[TTYLUEHKO

JTABHUX ITOP BBITYET TAKAA JIETEH/IA: BY ITO
OBl OTHAK/IBI KY/Ia-TO B TIYOUHKY B IIIKOJIY TIPHEXa-
JIO KaKoe-TO HAavaJIbCTBO, & HA YPOKE MaTeMaTHKH
VUUTETh OOBSICHSLT YIeHUKAM TTPaBUJIO CJIOKEHUS APOOGEH.
«Yucauresb IepBoit IpoOH, — FOBOPUJT YUUTEb, — HAJO
CJIOKUTD C YUCJIUTEJEM BTOPOI, a 3HaMeHATEIb IEPBO —
co 3HaMeHaTeseM BTOopoil». Ilocse ypoxa yaus/eHHbII
«BBICOKUH TOCTb» TOJOIIEN K YUUTETIO 1 PAcCKa3as eMy,
KaK TPaBUJIbHO HAJ0 CKJIAIbIBATh Apobu. U cienyiomuit
YPOK yuuTesb Havyan ciaoBamu: <«Hac TyT momnpasuiu:
IPUIILJIO HOBOe yKazanue u3 lleHTpa, M Ternepb HaJ0
CKJIQJIBIBATh JIPOOW MHAUE> .
Jler 15 Ha3a 9TOT aHEK/IOT KTO-TO PACCKA3AJT BO BPEMS
6ecesibl B KPYTY HECKOJBKUX MAaTeMAaTHKOB, CPEIU KOTO-

puix Obn M3pawab MouceeBuu lenbdana. Oaun w3
aBTOPOB ATOI CTaThH, TPUCYTCTBOBABIINI TIPU PA3roBOPE,
OTKJIMKHYJICSI HA aHEKIOT HEOKUIAHHBIM JIJIsI COOECEeTHN-
KOB TTaCCaKEM:

— Hy, a noyemy, co6CTBEHHO, HEJb3sT TAK CKJIAIBIBATDH
japo6u? JlaBaiite BBeJeM TaKoe IPABUJIO CJIOKEHUS
Jpobeii m Ttak w OyleM UX ckJaabiBarh! Uto Ham Me-
nraet?

Ha s1o ceiiuac ke 1oc/ieioBao BO3paskeHue:

— Ho Benp Toraa He Oy/eT BBITOJTHATLCS pacipeiesi-
TeJIbHBIN 3aKOH!

— Hy, ecau mpu aToM Bce ocTajbHOE OCTaBUTL 0e3
M3MEHEHMS, TO KOHEYHO! A MbI U3MEHUM IIPABUJIO YMHOKE-
HUST Ipo6eii Tak, 4TOOBI paCIpe/eTUTETbHbINA 3aKOH BbI-



YEMY CMEAJCAd TEJIbDD®AH/JA 3

MTOJTHAJICI, KaK M BCE OCTAJbHbBIE CBOWMCTBA CJIOKCHUS U
YMHOKEHUSI.

— Hy, ny, monpoGyiite! — emie 6oJble yAMBUIACD
cobecenukn. — VIHTepecHo, kak aTo Bam ymacres!

B orBer Ha m0cKe mosiBUIACH OPMYJIA!

a ¢ _ac—bd
b d bc+ad’
Bor tyt l'espdang n 3acmesics:

— 3nopoBo! — ckaszas on. — Hammmmte mpo aTo0.
Bot Mbr m niumeM.

Mouemy xe cmesnca lNenbdgaHa?

[leno B ToM, 4TO TO TpaBuay yMHOxeHus V3pausb
MouceeBuu y3HaJl [JaBHO H3BECTHbIE B MaTeMaTHKe MU
IINPOKO ITPUMEHSEMbIE B PA3HBIX 00JIACTAX YHUCJIA, TOJBKO
HapsDKEHHBIE B UYKYIO OJeX1y!

[ToaToMy cosHaeMcs B 9TOM «CHEKTaKJIe ¢ epeo/ieBaHu-
eM» W OTMETHM, YTO 3aINCh «d,/b» B HalleM ciydae He
03HAYaeT, KOHEYHO, POOb, XOTS ObI MOTOMY, YTO JPOOH
CKJIQIbIBAIOTCA U YMHOKAIOTCA 110 JIPYTUM npaBuiaMm. Tak
YTO MBI 3aMEHUM <«MAaCKapaHBIIl KOCTIOM» KaKUM-JTH60

a
JIpyruM 00O3HAUYEHUEM, HarpuMmep Z, a TaxkKe BMECTO

HE3aKOHHO MPUCBOEHHOTO HA3BaHUS «JAPOOU» /UM JIPY-
roe, HAIPUMEDP <«CTPAaHHbIE YHCJA», WU KOPOTKO <«C-
qucaay.

Ho mouemy kakme-To cTpaHHbIE «IPOOW» MOXKHO CUU-
taTh ynucaamMu? U oTkyma B3s71Cs 3TOT caMblii paciipe/ie/in-
TEJIbHBIN 3aKOH, Jla W Apyrue 3aKoHbI? W BooOIIIE:

A 4TO Mbl Ha3biBaeM yncnamm?

rOBOpH TIOITPOCTY, YHuCJaa — 3TO TO, YTO MOKHO CKJIa/Ibl-
BaTb M yYMHOX>XaTb, H 4TOOBI IIpn 3TOM BbIIIOJHAJINCH
HEKOTOPbIEC IIpaBUJIa — 3aKOHbI CJIOKEHUA N YMHOKECHUA,
a UMEHHO:

a+rb=b+a, a-b=b-a,
(a+b)+c=a+(b+c), (a-b)-c=a-(b-c),
a(b+c)=ab+ac.

Iti TpeOGOBAHUS BbINOJIHAIOTCS JIJIsI BCEX BUOB UHUCE,
HayMHasl ¢ HATyPAJbHBIX W KOHYAS JIeCTBUTEIbHBIMH.

Ho mouemy Tax BaKHbBI 3TH CBOWCTBA YMCET — B YACTHO-
CTH, MUMEHHO TaKue, a He WHbIEe, 3aKOHbI CJOKEHUS U
yMHOkeHns1? Hanpumep, mouemy cymMma HelTpeMeHHO J10J1-
JKHA He MEHSTbCS TIPU TlepeMeHe MeCT CJaraeMblX, a
MIPOU3BeJIeHNe CyMMbI HA YUCJIO TOJIKHO GbITh 06sI3aTe Nb-
HO PaBHO CyMMe IIONapHBbIX IpousBejeHuit? W orkyna
BOOOTIE B3SITMCH 3TH MTPaBuJa?

nOTpOFaTb Yyndia pykamum

Korma MbI perraeM J106yio 3a/1a4y ¢ TIOMOIIBIO MaTeMa-
TUKH, Mbl HCIIOJb3YE€M BMECTO pPeEaJbHbIX IIPEAMETOB HX
MaTeMarudeckne o6paspl. Ho uncsia (tounee, HaTypasib-
HbIE YKCJIa) OYEHb [I0JITO HE OT/EJISINCh OT CBOUX, TaK
CKa3aTb, MATEPHATbHBIX HOCHTEJeH: JTIOAN CUYNTAJN He
CJIOBaMM, a KaMyIIKaMH, y3eJKaMHi, 3apyOKaMu, B KOHIIE
KOHIIOB, TTaJIbI[aMH.

Jlacke mos:ke, Kor/ia yske MOSBUJINCH HATYPAJIbHbIE UHC-
JIa, TPAKTUYECKIE BBIYUCIEHUS YaCcTO MPOU3BOJANINCD HE

Ha Oymare, a, HalIpuMep,
Ha abaKe WM Ha PyCCKOM
€ro BapHaHTe — CYeTax.
W umcsa MOXHO OBLITO
6YKBaJIbHO IIOTPOTATD PY-
KaMu, a JIefiCTBUe 3aK0-
HOB ObBLJIO BU/IHO HETIOC-
peactBenHo. /[leiicTBu-
TeJIbHO, €CJIM B OTHOMN
kop3sune 100 670K, a B
npyroii 150, To HeoOs3a-
TEJIBHO CCHITATh WX B
OJIHY Ky4y W TIePECYUTDI-
BaTh 3aHOBO, YTOOBI y3-
HATb, CKOJIBKO UX BCETO.
W nockosbKy 4mc/io si6JI0K He 3aBUCUT OT TOTO, € KaKOii
KOP3UHbBI Bbl HAUHETE UX II€PECUUTHIBATD, TO U PE3YJIbTAT
CJIO’KEHUST YKCes He [IOJIKEH 3aBUCETh OT MOPSI/IKA cJiara-
€MbIX.

[Ipu aTOM, ecTecTBeHHO, B (POPMYJMPOBKE 3aKOHOB HE
6bLITO HUKAKON HYK/IbI.

He cyeToM eguHbIM...

3HAKOMCTBO C HOBBIMU SIBJIEHUSIMU TIPUPOJIBI, PA3BUTHE
4eJIOBeYeCKON /IesITe/IbHOCTH TPeOOBAI HOBBIX MaTeMaTH-
yeckux 06pasoB. [ljst cuera mmpeiMeToB ObLIO JOCTATOUHO
TOJIBKO HATYPAJbHBIX YMCEJI; KOT/IA YK€ HAYaJNCh PA3JIny-
HOTO pOj/ia U3MEPEHUST — TOSBUJIUCH JPOOH.

Kpome Toro, umncsia u3 mpocToro WHCTPYMEHTA YesioBe-
YeCKOIl MPAaKTUKU CTAJIU TIPEJIMETOM HAYyYHOTO UCCJIEN0-
BaHUsI, W CTAJO SICHO, YTO B TIOCTPOEHUN CUCTEMBI UHCEJT
JI0OJKHA OBITb CBOSI JIOTWKA, BHYTPEHHSISI COTJIacOBaH-
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HOCTb PAa3HBIX CBONCTB 3TOW CHUCTEMbI, UX B3aUMHAas
HEMTPOTUBOPEYMBOCTh. BPsi/l i B TPaKTHKE KOMY-TO MOT-
JIO OBbITh HY;KHBIM 3HATh, YTO TIOJYUUTCS, €CJU 2 pasjie-
JuTh Ha HOJb. A BoT B Uuaunm yxe B VII Beke 06 atom
CITOPUJIA: HEKOTOPbIE MaTeMaTUKN CYUTAIN, 9To X : 0 = x,
TaK KaK «Pa3JeuTb Ha HOTb — 3TO 3HAUUT HU HA YTO He
pa3zesuTh, T0ATOMY OCTaHeTcs To, 4To ObL1o»! Ilompo-
OyiiTe-Ka OMPOBEPTHYTH 3TO BHICKA3BbIBAHUE, HE 3a/[yMbI-
BasgCh O B3aWMOCBSI3U PA3HBIX CBOWCTB 4YHCEJ, T.€. O
meopuu ancena! MOXXHO, KOHEUHO, CKa3aTb, YTO JIEJUTHb
Ha HOJIb — 9TO HE «HU HA YTO He Pa3JeJUTh», a «pasjle-
JIUTb HA HUYTO», HO 3TO CIIPABEAJUBO OYIIET paciieHeHO
KaK WUIpa CJOBaMM, He IMPOSCHSIONIAs CyTH Bolipoca. B
TaKUX BOIPOCAX WHTYUIINH, OCHOBAHHOU Ha TPAKTHUKe, HA
MPsSIMOM HAOJIIOIEHUH, B PsI/ie CJydaeB ObLIO y3Ke Helo-
CTaTOYHO.



4 KBAHT

[lam 10 cuX TIOp HePeIKO HAII UHTYUTUBHDBIE ITPE/ICTAB-
JIEHUsI BCTYTAIOT B TIPOTHBOPEYNE € MaTeMaTHYeCKIMU
3akoHoMepHOcTaMHU. U cefiuac ObiBaet, 4To JIIOAN YIUBJIS-
foTcs: «Kak 1o Tak: Mbl yMHOXKAeM YUCJIO «/IBA/IaTh Ha
OJ/IHY BTOPYIO M IIOJIy4aeM [IecsTb? YMHOXKATb — 3HAUYUT
YBEJMYNBATD, & [I0JIy4aeTcsl MeHbIe» . A OTBET Ha BOIIPOC:
«UYT0 60JIBIIIE — AT IIPOIEHTOB OT TPEX MJIU TPH IPOIIEH-
Ta OT NATU?» JAJeKO He Bcerjia O4YeBHJEH Jaxke JJIsd
HIKOJIBHUKOB, ITOCTYHAIOINX B MareMaTUYeCKuil Kiace, a
Be/lb 9TOT OTBET — IPIMOE CJEJCTBHE KOMMYTATHBHOTO
3aKOHA YMHOKEHMSI.

C oTputiaTeIbHBIMI YHCJIAMA HE TIPOIIe: XOTS NMeeTCst
XOpoliee NCTOJKOBAaHNE OTPUIATETbHBIX YNCET KaK «10JI-
ray, B OTJIMYHE OT MOJIOKUTEIbHBIX, O3HAUAIONINX <«ITPH-
ObLIb» , BCE PABHO OTPUIATEJbHBIE YNCTA KAKYTCS MeHee
€CTeCTBEHHbIMU, YeM Jpo6u. UTo Takoe 1moJioBuHa s10JI0KA
WJIM TPETh CTaKaHa BO/bI, MOKET BUIETH MU BOOOPAZUTH
cebe Kaxblil. A KTO Korjga-HuGyIb JepyKal B PyKax
«MuHyCc Tpu py6Jsi»? A yxk mpaBuia JeiictBuii! «YUrto
IJIIOC Ha IIJIIOC JIaeT IJII0C — 9TO IPABUJIbHO; YTO ILTIOC Ha
MHUHYC 6yJIeT MUHYC — 9TO MOKET OBITh, HO YTOOBI MUHYC
Ha MUHYC JIaBaJl ILTI0C — 9TO ThI Bpemb!»! Heyausnurennb-
HO, 4TO MBI JI0 CHUX TIOp YacTto B ObITY o6xomumcs 6e3
OTPUIIATENbHBIX YNCET, TOBOPS, HAIIPUMED, «BOCEMb I'Pa-
JlyCOB MOP03a» BMECTO «MUHYC 8 TPa/lyCOB» WU <y MEHS
3 ThicsTuM PyOIIeii IOTY» BMECTO <y MEHSI MUHYC 3 ThICSYN
pyo.Jieiis.

HasBancs rpysgem — nonesaun B Ky3os!

Wrak, cBoiicTBa 4yncesa M JAEHCTBUU HaJ, HUMHU OTYACTHU
OTIpEJIesISIOTCS CBOMCTBAMU TeX (PU3NYECKUX OOBEKTOB
WU TPOIECCOB, KOTOpble OHU IIPU3BAaHbI OINCHIBATD,
OTYACTH K€ — BBITEKAIOT M3 HEOOXOIMMOCTH TOCTPOUTH
HEIPOTUBOPEUNBYIO, BHYTPEHHE COIJIACOBAHHYIO CHCTe-
My. HemnmpoTwBOpeunBoCTb XK€ W BHYTPEHHSSI COTJIAco-
BaHHOCTDb TaK ke HeoOXOo/Ma JIJIsT MaTeMaTHIeCcKOTo afl-
mapara, KakK COTJIACOBAaHHOCTb MEXAY COo60i JIBIKEHUI
BCeX Jletajieil o000l MammHbl — 6e3 Hee OHA MPOCTO He
6yzmer paboraTh.

ITa HEMPOTUBOPEYNBOCTD 0OECTIEYMBACTCA TEM, YTO BCE
mpaBuJia oOpalleHusi ¢ YucjaMu U ¢ OyKBEHHBIMHU, T.e.
aare6panyecKiMu, BBIPAKEHUSIMU CJIEAYIOT U3 TeX MSATH
3aKOHOB, KOTOPbIE MbI IIPUBEJIN Bbllle. B 9TOM cMbIcJie OHI
urpaioT B ajarebpe Ty Ke poJib, YTO W TEOMETPUYECKUE
aKCHOMBI, U, TpeOYs X BBITIOJHEHUS [IJIsT KAKUX-TO HOBBIX
YyceJl, Mbl IIOJIy4aeM «I'apaHTHIO» , YTO HOBOE He UCIIOPTUT
CTapoe, 9TO CO BCEMHU YNCJIAMHU MOKHO 6y/IeT 06pariaTbCs
M0 €IMHBIM TPABUJIAM.

CoGCTBEHHO TOBOPS, MBI TOJIBKO TOT/Ia W CMOXKEM Ha-
3bIBaThb HOBOE YUCJIO <«YUCJAOM», KOr/a yOeauMmcs, 4To
OHO Y/IOBJICTBOPSIET BCEM TPEOOBAHUSAM, OOIUM JIJIS M-
ceJsi, u3BecTHbIX panee. [locmoBuita: «XoOTb TOPITKOM
HA30BU, TOJHKO B TIeYb HE CTaBb» HEIPUMEHNMA B MaTe-
MaTuKe; 3/1eCb Topaszio 6oJiblie MoAXoAuT Apyras: «Ha-
3BaJICS TPY3/leM — ToJie3ail B Ky30B!»> B Maremarnke y:x
€CJIM YTO-TO Ha3BaJsM IOPIIKOM, TO 3TO MOKHO CTAaBUTb B
neub. Ecam 4t0-T0 HaszBaHO <«uucsioM» (MM «BEKTO-

! M3 kuurn VBana Bacmienko <«Pacckasst 06 ApTemke.
ApTreMKa y TUMHA3UCTOB>.
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poMy», Wn «(yHKINei», nan «anbga-6eta-raMma-abpa-
Kaga6poii» ), To OyAbTe YyBEPEHbI — ¢ HUM MOXKHO Oy/er
BBITIOJIHATD BCe JICHCTBUSA U OHO OyJeT o0JaiaTth BCEMU
CBOﬁCTBaMH, XapaKTepHbIMU [1JId JaHHOI'O THUIla MaTeMa-
THYECKUX OGBEKTOB.

CTpaHHble, HO BCe XXe — Yudia

[TosToMy, He Bepst Ha CJOBO, MPEXK/IE YeM Ha3bIBATh
cTpaHHble APOOU YUCJIaMU, XOTS U CTPAHHBIMHU, HYKHO
6bL7I0 GbI AKKYPATHO MPOBEPUTDH BBITIOJHEHHE BCEX MATH
3aKOHOB. MBI IIPOBEPHM TOJIBKO /IBA U3 HUX, IPEAOCTABUB
YUTATEJIIO TPOBEPUTH OCTAJIbHBIE CAMOCTOSITEBHO.

1) TlepemecTuTebHBIH 3aKOH (KOMMYTATHBHOCTD) JIIsT

a, c_c ., a
CcJOKeHus1: =+ = ==+=. B camomM JeJe:
b 'd d b A
b d b+d d+b b

31ech cpejiHee paBeHCTBO BEPHO, TOCKOJIBbKY KOMMYTaTHB-
HBII 3aKOH CIIPABE/IJIUB JIJIS CJIOKEHUS JIENHCTBUTETbHBIX
yncesn (M HaJ, W TOJ 4EPTOIl COBEPHIAIOTCS AEHCTBUA €
«OOBIYHBIMI» BEIECTBEHHBIMU YNCIAMN), a KpailHue 3Ha-
KU PaBeHCTBA BEPHDI B CUJIY HAIIIETO OTIPe/IeIeHus ornepa-
1IN CJIOKEHUST «CTPAHHDBIX YHCEJT» .

2) Pacnpenenurenbhbiii 3akoH  (AMCTPUOYTHBHOCTD):

a,cle_4a.¢,C ¢ B camom sese
b e Td HOM AT
g+g .g:a—i—c =

b | bvd

e
f
_(a+c)e—(b+d)f _ae+ce-bf —df _

_(b+d)e+(a+c)f be +de+ af +cf
(ae—bf)+(ce—df):ae—bf+ce—df
(be+af)+(de+cf) be+af de+cf

B aroii 11ermouke paBeHCTB MCITOJIb30BAHBI BCE TISITh CBOWCTB
JIEUCTBUN C AEMCTBUTEIbHBIMIA YUCJIAMMA.
Urto >Xe MbI MOIyInJIn?

QIO

SR
IR

.}g+

Hynn n epguHunupbi

Urak, hopmaabHOe TpeGoBaHme COOMIOICHO: BBEICHHBIE
HAMU C-YUCJIA TIOUMHSIOTCS 3aKOHAM, 00513aTeIbHBIM JIJIsT
BCeX YuceJI.

Ternepp 1ompo6yeM <«MOBEPTETh B PYKaxX» ITH HOBbIE
YyucJa, ImoCMOTpPETb, 4YeM OHU ITOXOJKN Ha M3BECTHbIE HaM
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JeUCTBUATEbHDBIE YHCJA, YeM OT HUX OTJINYAIOTCSI, KakK
MIPOUCXOAAT C HUMHU Pa3JUdHble ACHCTBUS, BCeETAA JU
BBITIOJTHSIOTCST 0OpaTHBIE JENCTBUS, €CTh JIM CPEIN ATUX
4yyceJ HOJIb U eUHUIA U T.JI.

Kcrtatu: a uto Takoe Honb?

Jlerde Bcero moJiy4yuTb HOJIb BHIYUTAHUEM:
z—2z=0.
ITO BEPHO IS 1060T0 unca z. [l pyruMu cjoBaMu, pu
J060M z GyZIeT BEPHO PaBEHCTBO
z+ 0=z,
T.€. HOJIb — 3TO TAKOe YUCJIO, OT NPUGABJIEHUS KOTOPOTO K
JIO60MY YUCJIy OHO HE MEHSETCSI. DTO PABEHCTBO MOKHO

CUUTATb OIPpEAEJICHNEM YNCJIa HOJIb.
Jlerko IIOHATD, 4YTO Cpen C-4uceJ poJib HYJIA UI'PAECT

0 .
YHCJIO (=) JlelicTBUTEIBHO:

Tenepn nowntnem enHUIY . Eqnnnia — aTo /111 yMHOKe-
HUA TO K€, 4YTO HOJIb [AJd CJAO0XKEeHHuA, T.e. 4YucJJg0, OT
YMHOKEHHS Ha KOTOPOE HUKAKOE YNCJI0 He MEHSICTCS: eCIIH
a x

a X
= = 4 JIIOéOFO qucJa 7, TO = MOXHO Ha3BaTb
by b b0y

euHUIER cpean c-yucen. Jlerko mokasathb, 4to x = 1,

1
Yy = 0, T.€. pOJib €AMHUILIbI JJIA C-4UCEJ UT'PAET YUCJIO 6 .

JencrButenbHble U CTpaHHble: NPoTAHEM
CBAsyoUine HUTOYKU

Terepb OCMOTPUM, KaK MHOKECTBO C-UUCEJ] CBSA3aHO C
MHOXECTBOM «OéquHbIX», T.€. I[eIL/,ICTBI/ITeJIbeIX, '-H/ICC]I?
Bocrombayemcst TeM, 4T0 11060€ C-9MCI0 MOKHO Pa3OUTh
Ha jiBa caaraeMbix (10 MPaBUITy CJIOKEHUS C-UHCE):

+

SIS

SR
[=4EN

PaCCMOTpI/IM IepBoe CJiaracMoe. OKaSI)IBaeTCH, quncJja

a
BUia 5§ BeAyT ce6s1 B TOYHOCTU TaK, KaK CaMbl€ OOBIKHO-

0
BEHHbIE JIeICTBUTEIbHbIE YUCJIA: CyMMa U IIpou3BeJeHuE

TaKNX YHCEJI 6}7[[€T YHUCJIOM M020 7Ke poaa, TaK KaK

a
0

[IPU 9TOM 1 CJIOKeHue, U yMHOKerne (1 o6paTHble K HUM
orepanum) MPOUCXOAT MO «OObIYHBIMY» TIpaBuIaM (Kak y
«OOBIYHBIX» JIEHCTBUTENIbHBIX YHCEJ, €CJAU He CUUTATh
MPUITMCAHHOTO B KOHIlE KaXK/OTO 4YHUCJIA HOJUKA TOJ
yeproii). M, 4To 04eHb BakKHO, U HYJIEBOIl, U eMHIYHbIIA

+Q:—
0

a
9JIEMEHTDI C-4HCEJI TaKKe 6y11yT Cpean 3TUX YncCeJI Bu/ia 6 y

T.€. 1 «HOJIb», U «€/IUHUIlA» Y C-HUCEJ U Y JIENCTBUTEID-
HbIX YHCeJI OKa3bIBalOTCA O6I_HI/IMI/II HOSTOMy MbI «4YHuCJIa»

a
BU/JIA = CMEJIO MOXKeM 0603HavYaTh MpocTo a. Toraa unco
0
MIPE/ICTABUTCS B BUJIE CYMMBI @ +Z .
PaccMmoTpuMm Ternepb BTOPOE cjiaraeMoe, T.e. Y1CJI0 BUua

. Jlerko yGGHI/ITbCH, YTO CJIOJKEHHE TaKUX 4YucCeJ [JacT

SIS S

YHCJIO TOTO YK€ POJA:
0

+E=—
b+c

SIS
o NS

[Tosrygaercs, 4To c-4nca cKIaabiBaoTcs (1 BbIYUTAIOT-
Cs1) <IIOUJIEHHO» : JIeiiCTBUTE/IbHbIE cJaraeMble ¢ JelcTBH-
TeJbHBIMM, a CTPaHHbIE — CO CTpaHHbIMHU. EcTecTBEHHO:
Be/lb Mbl U XOTeJHU, YTOObI TPHU CJIOKEHUU <«APOOeiis
CKJIQ/IBIBAJINCh «YHCJIUTEIN» U «3HAMEHATE N> .

C yMHOXKEHHEM [IeJI0 CJI0KHEe, MPUJETCS PACCMOTPETH
pa3Hble CUTYAIIHH.

CHauasia IToCMOTPHM, KaK YMHOYKAeTCs C-4UCJI0 BUA %
Ha JieiicTBUTEbHOE umcyo. [lyist atoro Hano B ¢opmy.ie,
3a/1ato1el TPaBUI0 YMHOXKEHUS C-YHCeT, TIOJMOKUTD a = 0
nd = 0. Ilomyunm

o
[}

0-0 O
- ==,
b 0 be+0 be
T.€. OT YMHOKEHUST C-UHCJIa C HYJIE€BbIM «UUCJIUTENEM» Ha
JIEHICTBUTENPHOE MOJIyYaeTcss C-4ncjo. Torga Jo6oe

0 o
C-YHCJIO Z MOJKHO IPEACTaBUTb KaK ITPOU3BEACHUEC /1€~

0
CTBUTEJIBHOTO 4yncsaa b Ha 4ucio T :

—_ O
(=l

S o

HOJ’Iy‘{aeTCH, YTO YHCJIO T , TaK CKa3aTb, IMIOPOKIa€ET BCE C-

qicJia, NOJ06HO TOMY KaK eMHUIA TIOPOXKIAET BCe Jeii-

creuTesblbie. [loaTomy HazoBeM (BPEMEHHO) 9TO UHCJIO
«c-eluHUIEH» U 0603HAUMM €ero Tak: 1. .

a
Temnepb BcsIKOe c-4ucJIO z MOKHO OyJieT 3anmcaTb B
BUJIE

a
==a+b-1..

3mech @ u b — pelicTBUTEJIBHBIE YHWCJA, <«+» — 3HAK
cyoxenust, b -1, — npousBe/ieHNe AEHCTBUTENIBHOTO YHCIA

b Ha c-epuHUIy, T.e. C-4HCJIO % .

Takasg cdopma ouenb ymo6HA [Jg C-4UCeJ: B ITOU
dopMe ¢ HUMHE MOKHO O6pPAIIATHCS MO BCEM MPABHUJIAM
aare6ppl, TaK KaK Mbl TPOBEPUJIH, YTO BCE 3aKOHBI CO-
6JTIO/IEHDI, a TIpaBUJIa anreOpbl CJefyioT M3 ATHX 3aKo-
HOB. [loaTOMy MBI MOXKEM Telephb TEPEMHOKUTH JIBa C-
YycJa, 3alMCaHHBIX B TaKoil (popMme, 1O MPaBUIy yMHO-
JKEHNSI MHOTOUYJICHOB.

HeoxxnpaHHbIA pe3ynbTaTt

YTo06bI 3aKOHUYUTD C YMHOKEHUNEM C-YUCEJI, HaM OCTa€TCA
IIpOBEPUTDb, YTO MNOJYYa€TCA HOpU YMHOXEHUUN [OBYX

0
C-4yuceJ1 Bua l=) . HOCKOJII)Ky, KaK MbI TOJIBKO 4YTO ITIOKa3a-

0
JIK, KasK/10€ YUCJI0 += MOJKHO IPEACTaBUTb B BU/E ITPOU3-

b

BecHIA IIEI‘/JICTBI/ITQIH)HOI‘O qucJja U C-€MHHUIIbI, TO /JJOCTa-
TOYHO IIPOBEPUTDH, YEMY paB€H KBa/IpaT C-€IMHUIbI, T.€.
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Bor sech MoxHO 3akpuyath: Kapaya! Keadpam c-uncia
OKazaICcss OetiCMEUMENbHOIM OMPUUANMETLHOIM TUCTOM!
Bor a10, seiictBuTe1bHO, coBceM HOBoe U (Kak MbI yBUANM
yKe CKOPO) OdYeHb BaskHOe CBOicTBO c-umcen (cpeau
JleHCTBUTEIBHBIX YNCe, KaK MbI IOMHUM, HIUETrO 10X 0Ke-
T'0 He BCTPEYasIoch).

Nrax, (T) =-1. 3aMeHUB B CJeIyIONIEeM PaBEHCTBE
(1. )2 Ha —1, mosyunm

(a+b-1.)-(c+d-1.)=

=ac+aa’-1c+bc~1c+ba’~(1c)2 =ac—bd + (ad +bc)-1,.

Ecin aty popmyury 3anmcarb B crapbix 0003HAUYEHUSX, T/IE
JelicTBUTe IbHOE CJlaraeMoe CTOUT B «YUCJIUTeIe» , a CTpal-

HO€ — B «3HaMe€HaTeJie», T.€. 3aMEHUTb Cl+b'1c Ha I;,

€y ac-— 1, 1a 2c=bd
c+d-1CHaC—ZI/Iac bd + (ad + bc) 1CHaad+bC,TOMI)I

U IOJIyYHM TO NIPABUJIO YMHOXKEHHsI, KOTOpOe GbLJIO TIpe/i-
JIoxKeHo B Gecesie ¢ 'embdanmom:

a ac—bd.

CHUMeM mMacku

Teneps craner nousaTHo, noyemy l'enbdarnia ne o6Many-
Ja Hama MackupoBka. OcBo6oguMcs OT Hee U Mbl U

BO3BPATHM C-4NCIaM ; HX COOCTBEHHYIO <«OMENKIAY» —
0o003HAUYEHNEe U HAMMEHOBAHKE, KOTOPbIE YIOTPEOIAIOTCS
B MareMaTHKe.

Ha camom jese c-eqnHMIla HA3bIBAETCS HE «CTPaHHON»
eMHUIEl, a muumol n o6osnagaercs 6yksoi ¢ (0T cioBa
imaginarius — ManMbIi). COOTBETCTBEHHO, HAILIM CTPaH-
HbIe yncJIa bi Ha3bIBAIOTCS MHUMBIMU, A YUCJIA BUAa d + bi,
re i = —1, HA3BIBAIOTCS KOMNICKCHOIMU TACIAMI.

ScHOo, YTO MHOKECTBO KOMILIEKCHBIX YNCET COJIEPIKUT B
ce6e Bce nefictButenbHble uncaa (ecom b = 0) u Bce
munMble uncaa (ecan a = 0). 2

OTKyJJ,a B3JINCb KOMIJIEKCHble Yyncna?

Wrak, st HOBbBIE YmWCIa COAEPIKAT YNUCJIO, KBajpar
KOTOPOTO OTPHUIIATEJIEH: i>=-1. D10 u B caMoM jeJie
HOBBIE YHCJIa, TAKUX YHMCEJ CPeIN eWCTBUTEIbHBIX HET.

ScHo, 4TO <13 OmbITA» TaKHWE YMCJA HE MOIJIM BO3HUK-
HYTb — Be/b Jla’kKe OTpUIlaTeJbHbIE YMCJA HE OYEHb-TO
CIMOKOIHO BOCHPUHUMAJNCh MaTeMaTHKAMM, MOCKOJbKY
TPYJIHO ceGe TPe/ICTaBUTDh «OTPUIIATEbHBIE» TTPEIMETHI
pPeaJibHOTO MUPa. A KOMILJIEKCHBIE YUCJIA — 9TO HEUTO ellle
60Jiee «9K30TUIECKOE> , YeMY ellle TPY/IHee HAITH COOTBeT-
CTBUE B «PEAJBHOM» MUDE.

2 Uucoa BU/la bi MHOI'/Ia Ha3bIBalOT YMUCTO MHUMbIMU.
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Pasymeercs, 3/1ech Ha TIEpBbIil TIJIaH BBICTYTIAIOT <BHYT-
puMaTeMaTyecKkue» moTpe6HOCTH. B WacTHOCTH, C pas-
BUTHEM MATEMATUKW TOSIBUJICS HOBBIM CTUMYJI JJIsI BBe-
JIeHUsT HOBBIX YHCEJI: BBIIOJHUMOCTb OOPATHBIX OIepa-
muii. Tak, BBejieHe OTPUIIATEIbHBIX YNCes U HYJIs 06ec-
MeYNJIO BBITIOJTHUMOCTD BBIYMTAHU, a BBeJeHue Ipobeil
— nenenns. (ITpaBja, /st IeIEHUsT OCTAIOCh CYIECTBEH-
HOe OTpaHWYyeHue: [eJeHHe Ha HOJIb HEBO3MOKHO. Ho
3TO OTPAHMYEHWE TOJHKO MOAUYEPKUBAET, YTO B MareMa-
THUKe HeJb3s JIeJaTh BCe YTO YTOAHO: HOBOE He JOJIKHO
MIPOTUBOPEUYHTH BCEMY, PaHee C/IEJAaHHOMY U JOKA3aHHO-
My.) Buiarogaps BBeEHMIO KOMILIEKCHBIX YMCEJN CTAaHO-
BUTCSI BCET/Ia BO3MOXKHBIM JIelicTBUE, 06paTHOE K BO3BeE-
JICHWIO B CTEICHD.

Ho mosiBusnch KOMILTEKCHbIE YUCIA B MAaTEMATHKE CO-
BCeM TI0 Jipyromy 1oBofy. Jto 66110 B XVI Beke. Cpenn
MaTeMaTHKOB TOTO BpeMeHU ObLIH PACIIPOCTPAHEHBI Pas-
HbIE COPEBHOBaHMs, KOHKYPChI (MHOT/a IyGJIMUHbIE, BPO/IE
COBPEMEHHBIX MaTGOEB) TIO PEIIEHUI0 TPYAHBIX 3a/1ad.
OpnHoit 13 Takux 3aj7au ObLIO HaxoxkzaeHue oouieil dop-
MyJIbI pelleHns KyOu4ecKnX ypaBHeHWi. VTaabsaHCKUil
marematuk Kapaamo (oH ObL1 Takke MEAUKOM M MHKe-
HEepOM: Kap/JaHHblii Bajg — 3T0 ero paboTa) Npu peleHun
9TOH 33/1a4N CTOJIKHYJICS € yANBUTENbHBIM (pakTtoM. OH
13 MOAXO/IOB K PelieHnio KyOMUecKuX YpaBHEHUH cOCTO-
ST B TOM, YTOOBI C TTOMOTIBIO TIOJICTAHOBOK CBECTH KyOH-
YeCKOe ypaBHeHNe K KBAJPATHOMY, CIIOCO0 PEIeHIs KO-
TOPOTro ObLI YK€ M3BECTeH, a 3aTeM Yepe3 IOJIydeHHble
KOPHHU KBaJ[PATHOTO BBIPA3UTHh UCKOMbIE KOPHU KyO6udec-
koro. Ilpu arom TOTZA, pasymeercsi, CUUTAJIOCH, UTO
KBa/IpATHOE YpPaBHEHUE MPHU OTPUIIATETHBHOM JIUCKPUMU-
HaHTe He MMeeT KopHeil. Kasamoch, ectecTBEHHO OBLIO
6bI, UTO €cJIM BCIIOMOTATeJbHOE KBaJpaTHOE ypaBHEHUE
KOpHEll He WMeeT, TO W COOTBETCTBYIOIIEEe KyOmduecKoe
TOJKe UX HE MMeeT.

Ho HeoxuJlaHHO 0OKa3ajoch, YTO UMEHHO B TOM CJIy-
Yae, KOT/Ja AMCKPUMUHAHT BCIIOMOTATEJHHOTO YpaBHe-
Hus oTpuiareseH, (T.e. Moj 3HAKOM KBaJ[PATHOTO KOPHS
CTOWT OTPHIATEbHASA BEJUUYNHA), UCXOHOE KyOGUUeCKoe
ypaBHEHHE He TOJIbKO UMeeT KOPeHb WU [BA, HO HMeeT
mpu pasMIHBIX JeHCTBUTEIbHBIX KOpHs! UToOb! BbIUMC-
JINTb 9TH KOPHU, IPHUXO/UJIOCH OTIEPUPOBATH C KBaApaT-
HBIMU KOPHSME U3 OTpuIaresbHbix dncena. M tyr Kap-
JIAaHO CJIeJTajl CMeJIbI T1ar: OH 0003HAYII «HEenu3BJIeKaIo-
Huiicst> Kopeub u3 —1 GYKBOI .

ATy CUTYAIUIO MOKHO YIOJOOUTH JBUKEHUIO TIO M3BH-
JIUCTON Jlopore. Mbl MOJKEM <IEPENPBITHYTh> C OJHON
ee TEeTIW Ha JIPYTYI0; TIPU 3TOM, COIIS € JOPOTH, MBI, B
KOHEYHOM WTOTE, OTISATh BepHeMcs Ha Hee. Toykm mpo-
CTPAHCTBA, OKPYKAIOIIETO HUTKY JOPOTH, WAyIIel uepe3
GeckpaiiHue TOJSI WM Jieca, MOTYT He HHTEPeCOBaTbh
JIBIDKYIIETOCS IO JOPOre MyTHUKA caMu 1o ceGe, MOTyT
ObITb HeNpeosouMbl Ge3 CIEeIMaJbHbIX TPAHCIIOPTHBIX
CPE/ICTB, MOTYT Ja’Ke IOKA3aTbCsl <«HEHACTOSIIMMUY> U
HeHY KHbIMU (HA HUX Be[lb HE CTOSIT BEPCTOBBIE CTOJIOBI,
W [IepeMeIaThCsi U3 ropojia B TOPO/I OHK He MOMOTAoT).
Ho ecsin mo HUM Bce ke BO3MOKHO KaK-TO JBUTATHCS, TO
OHU TIO3BOJISIIOT CYNIECTBEHHO «CPE3aTh» JIOPOTY.

Tem He MeHee, 3T «HEHACTOSIIIE> TOYKU BOKPYT «JI€li-
CTBUTEJBHBIX> CO BPEMEHEM TaKKe OKA3aJUCh U BeCbMa
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UHTEPECHBIME caMu 10 cebe, U Ja’Ke He CTOJb YK «He-
HacTosmuMuy» . [[J1s1 HUX HAILIUCh TPOO6PA3bl B «peaib-
HOM» MUpE, U IS ONIUCAHUS TUX TTPOO6PA3OB KOMILIEK-
CHbIE YMCJIa BIIOCJEJCTBUM OYeHb Ipuroauauch. Cpean
3TUX TPoo6PA30B OKA3aJNCh, HANPHUMEpP, MAsSTHUKH U
BOJIHBI. A TIOCKOJIbKY ellle C TIePBBbIX I11aroB KBAHTOBOW
¢usnkm crano scHO, UTO BCsS Marepus 06JaJaeT BOJHO-
BbIMM CBOMCTBaMH, TO MOXKHO CKa3aTb, YTO KOMILIEKC-
HbIE YUCJIa OKPY/KAIOT HAC TIOBCIOLY.

A rjaBHOE, KOMILJIEKCHble YMCJIA BHECJU OIpejeJieH-
HYIO TapMOHUIO B MaTeMaTh4yeckue IpejcraBieHus. Tak,
HalpuMep, TPH PelieHun aireOpanyecKuX ypaBHEHWI B
JIeCTBUTEIbHBIX YUCJIaX Mbl ITOCTOSIHHO CTAJIKUBAEMCS C
BOIIPOCOM: MMeeT JIM JIaHHOe YpaBHEHUe KOPHH, U eCJd
[1a, TO CKOJIbKO? [lyig pasHbIX YpaBHEHUI OTBETHI HA ATH
BOTIPOCBI MOTYT OBITb PA3JIUYHBIMU. A TIpH BBEJIECHUU
KOMIIJIEKCHBIX UYMCeJI BCE CTAHOBUTCA KPACHBO U 3aKOHO-
MepHO: Kaxkji0oe ajarebpamdeckoe ypaBHEHHe n-i CTeTleHn
uMeeT poBHO 7 kopHeil. V1 9T0 — TOJIbKO ofuH IIPUMEP.

C MMpy MO HUTKE — rosloMy Ky4a HUTOK

KaK Bbl IIOMHMUTE, aBTopy cTaTbu, HpeI[JIO}KI/IBH_[eMy
lFenbdanmy ckaaabBaTh JIpoOH 10 «IIPABUJLY» YUCJIUTEJID
C YUCJIUTETIEM, 3HAMEHATEb CO 3HAMeHaTeJIeM, <IIPUTPO-
3UJIM» HEBBINOJIHEHUEM PACIIPE/IeIUTEIbHOrO0 3aKoHa (1in
JIPYTHX 3aKOHOB).

Jlpyroit aBTOp cTaTbu €O CBOMCTBEHHOW €My JIOTOIIHOC-
TBIO PEIINJI POBEPUTD, B YeM MMEHHO COCTOUT 3TO HApy-
nrenne 3akoHa. U tyr cayuniics kazyc! OKasbiBaercst, 4To
€CJIN IPUHSTD «IIPABUJIO> CJIOKEHIS U He MeHAMb NPAcuU-
J10 YMHOKEHUsL, TO BCe 3aKOHBI JeCTBUI TTPeKpacHo cebe
BBITIOJTHSTOTCS.

Uro e momayvaercss? A mosydaeTrcsi TO, 4YTO TaKue

a
«Ipobr» = TOXXE€ MOKHO CUUTATh YHCJIaMMU!

b

Ha mepBbrii B3rJisi1, KaskeTcss HEMOHATHBIM, TIOUEMY JKe
TaKO¥ IIPOCTOI 06BEKT «HE TIOTAT» B MAaTEMATUKY, TIOUEMY
MaTeMaTHKN OGOIIJIN €T0 BHUMAHWEM, BBE/ISI BMECTO HETO
COBCeM JIpyTHe, 6ojee CJIOXKHBIE TIpaBmaa OOpaIieHns ¢
napamu uncen? Ho nmpurasgurech BHUMATENbHO K 3THM
MPOCTBIM TIPABUJIAM CJOXKEHUS U YMHOKEHUS: HU TpU
KaKUX ONEePaIUsgX «9UCIUTENN» U «3HAMEHATET» TaKUX
«JIpo0eity He «TepeMenBaioTcs» ! «YncanTeaby pesyJib-
taTa Gy/IeT 3aBUCETH TOJBKO OT «UUCJIUTEJIEH» CIaraeMbIX

U COMHOXKUTENEH, a «3HaMeHATEeIb» — TOJbKO OT <3Ha-
MeHareseit». Uucanreab W 3HaMeHATeJab TaKoW Apo6u
«KUBYT» KK/l CBOEIO COOCTBEHHOH >KU3HBIO — KHU3-
HbBIO «OOBIYHOTO» MHOJKECTBA IIeJIbIX uncesi. B kaxxaom us
OTHX JBYX «MUpOB» (Haja 4yeproil u 1o yeproii) Gymer
CBOIl HOJIb, CBOSI €/IMHUIIA — B TOUHOCTU TaKHe JKe, KaKue
€CTb B MHPE IEJbIX YUCE.

Taxkasg KOHCTPYKIMSI He JaeT HUYEro HOBOTO: 3TO TO-
TIpEKHEMY JIEHCTBUTEIbHbBIE YNCJIA, TIPOCTO TETePb «XO/I5-
Imue» mapamMu. BCrmoMHUM, YTO pallioOHAJIbHbIE YHCTIa —
9TO TIPUHIIMITHAIBHO HOBbIE OOBEKTHI 110 OTHOIIEHUIO K
IIeJIBIM 9HCJIaM, TOYHO TaK ’Ke, KaK KOMILJIEKCHBbIE — TIO
OTHOIIIEHUIO K BEIEeCTBEHHBIM: BBE/ICHNE TIEPBBIX TTO3BO-
JILJIO peraTh Jo0ble JIMHEHHbIE YPaBHEHUS, BBEJCHUE
BTOPBIX — ajre6panyecKue ypaBHeHUs JIOObIX CTeTeHeii.
B namem xe mpuMepe MpOM3OIILIO IIPUMEPHO TO K€, UTO
CKa3aHo B IyTKE B 3ar0JIOBKeE 3TOT0 naparpada: CoBOKyII-
HOCTb HUTOK OKasajach He pyO6allKoil, a MpOCTO Kydeil
HUTOK. ..

«A Mbl 4eM XyXXe?», unu
Mouemy BeKTOpbI — He yucna?

B 3aksouenme ckaxkeM mapy cJoB erie 06 OJHOM Mate-
MaTH4YeCKOM OObeKTe, IMOX0KeM Ha TOJIbKO YTO paccMar-
pUBaBIIEeCS HAMU: O JBYMEPHBIX BeKTOpaX. Beab aTO
TOXXe yrnopsijjoueHHble mapbl unces! Iloyemy sxe oHnm He
cuntaroTcs ynucaamMu? Yem oHUM XysKe KOMIIJIEKCHBIX YH-
cen? CroxeHne ABYMEPHBIX BEKTOPOB [ICHCTBUTEIHHO
OoueHb II0XOXKe Ha CJIOKEHHEe KOMILJIEKCHBIX Y4UCeJ — OHO
TOJKE TIOUJIEHHOE: TepBoe Yrcao (B ciydae BEKTOpa OHO
HA3bIBACTCS KOMNOHEHMOU) CKJIAAbIBAETCS C IEPBbIM,
BTOPOE — CO BTOPBIM. 3/IeChb CXOJCTBO HagnI0. MOKHO
JI00ABUTH, YTO KOMILJIEKCHBIE YHCJA YacTO U300PaKaIoT
JIBYMEPHBIMH BEKTOpPaMHU Ha TaK HAa3bIBAEMOU KOMNJeKc-
HOU NJIOCKOCMU.

OIHAaKO Ha ATOM CXOJICTBO W 3aKaHUYMBAETCS: Y BEKTO-
pPOB HeT YMHOXXeHus. Tak HasbIBaeMoe CKAISAPHOE Npo-
uzgedenue IBYX BEKTOPOB HE SIBJISIETCS BEKTOPOM — a
Be/Ib 3TO OCHOBHOE TPeOOBAHUE K ONEPAIUU YMHOKCHUS
TeX 06bEKTOB, KOTOPbIE MOKHO HAa3BaTh YMCJIAMU: YTOOBI
oHa /laBaJjia OOBEKT TOWU Ke TIPUPOJIbI, YTO U COMHOXKUTE-
gu. IlpaBaa, B BEKTOPHOI anreGpe BBOIST ellle U 6E€K-
mopHoe npouseedenue IBYX BEKTOPOB, U €ro Pe3yJibTa-
TOM sIBJIIeTCS cCHOBA BeKkTOp. Ho, BO-TIepBBIX, OHO CyTile-
CTBYET JJIsI BEKTOPOB B IMPOCTPAHCTBE, T.€. WMEIONINX
Mmpu KOMIIOHEHTDbI. A, BO-BTOPBIX, OHO HE YOBJIETBOPSET
KOMMYTaTMBHOMY 3akony. Ilouemy (m 3auem)? — 10
TeMa OT/IeJIbHOIO PasroBopa, J[ajeKO BbIXOJSIIEro 3a
npejiesTbl TOH MaTeMaTHu4ecKOl NIYTKH, O KOTOPOW IIpo-
cun Hanmcathb Lenbdan.



PacnpocTtpaHeHe cC1rHana
OT ABVXXYLLErOCH MCTOYHMKA, NI
Y70 YBUANT HAabOMOOaTeNb

A.PbIBAKOB

AKVM OBPA3OM MbI IIOJIYUAEM MHDOPMA-
M0 O JBUXKEHUW pasubix o6bekToB? EcTh /Ba
OPUHIUITHAIBHO PABJIHYHBIX CII0C00a HAGTIOAEHIH.

Bo-11epBbIX, MOJKHO B/I0JIb TPAEKTOPHN 00BEKTA pACcCTa-
BUTh JaTYUKK, (PUKCHPYIOIIHE MOMEHT TPOXOK/IEHUSI
o6bexra (IIpy HEOGXOMMOCTH — <TOJIOBBI» M «XBOCTa»
o6bexra). Ecim IpuBOIUTD TPUMEPBI <13 )KU3HU> , TO, T10-
BUMIMOMY, UMEHHO TaK OOCTOUT JI€JI0 Ha JKeJe3HOI 0PO-
re. CUrHAJIBI OT BCEX JATYUKOB IOCTYIAIOT K KAKOMY-TO
OTIEPATOPY, KOTOPBIN U BOCCTAHABINBAET KAPTHHY JIBUKe-
Hust. [IBiskeHne 00beKTa, KaK OHO MPE/CTAET Mepejl HaMu
IpH TaKoOM crocobe HaGJIO/IeHNsI, MOXKHO ObLIO 6bl Ha-
3BAThb <«HCTUHHDBIMY», <«JIE€HCTBUTENbHBIMY WJIN <«PEAb-
HbIM». CKOPOCTh 0GBEKTA, U3MEPEHHYIO B ATOM CJydae,
MbI OyjieM 0603HauaTh OYKBOI 0.

Bo-BTOPBIX, MOKHO TOJTy4aTh KAKUE-TO CUTHAJDI, [TPH-
XOJAIINE OT CaMOTO 06GBEKTa, U 1O HUM CY/UTb O JIBIIKE-
Hun 06bexTa. JI060i CUTHAI PACTPOCTPAHSIETCST HE MTHO-
BeHHO. [loka curHas ot ABMXKYyIerocss oObeKTa JAOHIET
[0 HabJoaTesist, OOBEKT Y3Ke OKaKeTCs B JIPYTOM Mec-
te. U mosydaemass TakuM 06pa3soM KapTHUHA [IBUIKEHUSI
MOJKET 3aMETHO OTJIMYAThCsT OT UCTHHHON. KoHeuHo, aToT
addekr Oyner cyllecTBeHEH, €cJU CKOPOCTb OGBEKTa
COCTABJISIET 3AMETHYIO YaCTh CKOPOCTH CHTHAJIA WJIU Tpe-
Bocxoaut ee. Tak, CJbIIa 3BYK CaMOJIETa, JIETSIIErO 3a

o6JlakaMu, Mbl MOHHUMAeM, 4TO CaMOJIET HAXOJMUTCS CO-
BCEM He B TOH TOuYKe, Ha KOTODYIO HaM YKa3bIBAalOT
cayxoBble olrynienus. Ilongarno takxke, 4To, HaIpuMmep,
B CJIyuyae KOCMUYECKUX OOBEKTOB HabJI0aTesNb MOKET
BU/IETH JIBUIKEHNE OOGBEKTA, KOTOPHIN MUJLINOHBI JIeT Ha-
3a/1 PEKPATUJI CBoe cylecTBoBanue. [Ipu TakoM crioco-
6e mosrydeHust nH(OPMAIUN CJIeyeT TOBOPUTD O «BUJIH-
MOM» JIBIDKEHUU <«MHUMOTO» 00BEKTa, KOTopoe 3aduk-
cupyet HaOmonaresb. CKOPOCTb — «BHIUMOTO» JIBYKE-
Hust 6yziemM o6o3Hauath GyKBOii 0.

¥YcranoBuBIiieiicst O6IIEPUHSATON TEPMUHOJIOTHN B 9TOM
BOIIPOCE, TIO-BH/MMOMY, He CYIIECTBYET, MbI OyjieM ¥HcC-
M0JIb30BaTh NIPUBE/ICHHBIE 3/IeCh, BO3MOXKHO HECKOJbKO
HEYKJIIO)KMe, TEPMUHDI, OIyCKas KaBbIYKU.

Wrak, repou Hailero pacckaza — 39TO ABWXKYIIUHCA
06beKT (MCTOYHUK KAKUX-TO CUTHAJIOB), UCITyCKAEMble UM
CUTHaJBI W Halmoaareab. Mbl OyZieM /st KpPaTKOCTH
TOBOPHUTb <«HAOJIO/IaTelby, HE MpeArnoaras, 4To pedb
UJeT IMEHHO O YeJIOBEKe, MOJIAraloleMcs Ha CBOU OPTaHbl
YYBCTB. JTO MOKET OBITh U NCCIEI0BATED, BOOPYKEHHBIN
JIOOBIMH  TIPUOGOPAMU, W aBTOMATU3MPOBAHHAS HAy4HAS
craniusa. Konkpernast ¢pusudeckas npupoaa oObeKTa u
CUTHAJIOB JIJIs1 HAIIUX PACCY>K/AeHNI B 3HAUUTEJbHOMI CTe-
nenn GespasinyHa (JMIIb B HEKOTOPBIX IPUMEPAX Mbl
Gy/IeM TOBOPHUTDh KOHKPETHO O CBETE WJIU 3BYKE).
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el



PACIIPOCTPAHEHHUE CHUTHAJA

[lanee MBI yBWIWM, YTO TPH JOCTAaTOYHO OOJIBIION
CKOPOCTH 06bEKTA BUIUMOE JIBVXKEHHUE MOXKET OUEHD CYIIe-
CTBEHHO OTJIMYAThCS OT MCTUHHOTO. Tak, BUAMMas CKO-
POCTH MOKET OTJIMYATHCST OT NCTHHHOM CKOPOCTH 00BEKTA
Kak 110 BeJWYMHE, TaKk W 110 HamnpasJyeHuio. [Ipu artom
BUJIMIMbIE pa3Mepbl 00bEKTa MOTYT He COBIIQJATh C €ro
UCTUHHBIMHA Pa3MepaMu.

Koneuno, takue ahheKTsl, CBI3aHHbIE C PACIIPOCTPaHe-
nueM ceta (MM PagMOBOJIH), HOJKHBI GBITH 0COGEHHO
3aMeTHDBI B aCTPOHOMUY. U JIefICTBUTEIHHO, YIKe B TEUEHUE
MHOTHX JIET aCTPOHOMBI HAOJTIO/IAI0T IBUKEHNE KOCMITYEC-
KX 00BEKTOB CO CKOPOCTBIO, TIPEBOCXOSIIEN CKOPOCTD
cgeta ¢. (YTOUHMM, 4TO TIpH HTOM HEIOCPEACTBEHHO
U3MEPSIETCs JINIIb YTI0Bas CKOPOCTb 00BEKTA, PACCTOSHUE
J10 OG'bEKTA OIEHUBAETCST PA3JTUYHBIMU KOCBEHHBIMY METO-
JlaMU, W OKAa3bIBAETCs, YTO COCTABJIAIONIAS CKOPOCTH,
HepHeHMKyIapHas Jydy 3peHusi, Gosbuie c.) Ilocse
CKAa3aHHOTO BBIIIE 3TO HE JIO/UKHO YIAMBJATD: BUAUMAS
CKOPOCTH MOKeT ObITh JiIo6oit [1]. Dtu addekTpl anasm-
3UPOBAJINCH ¥ B HAYYHOW JUTepaTtype, U B JUTeparype,
npoctyruoit yuamumcest [2]. CroskeTbl Takoro poja jJaske
MpeIaraich Ha MEesKyHAPOIHBIX OJUMITHAIAX MIKOJb-
HUKOB [3, 4].

Ho, kaxercs, ocrasach He3aMeUeHHOW BO3MOKHOCTD
9JIEMEHTAPHOTO TpauIecKoro aHain3a HaOJI0/[aeMbIX
acpderroB. BamManuio yuraresneii mpeanaraetcs rpadu-
YeCKUN METO/I, TTO3BOJIIONIUI JIEeTKO MepeXo/IUTh OT OTH-
CaHWsT UCTUHHOTO ABWKEHUST 00beKTa K OMMCAHUIO BUIN-
Moro iBrskeHust (M 06paTHO) U CBA3BIBATH COOTBETCTBYIO-
1ue cKopocTu u pasmepbl. Hanbosbiiee BHIMaHMe 6yeT
y/IeJIEHO aHAJIN3Y OJTHOMEPHON CUTYAIIH, KOT/1a HabJI10/1a-
TeJTb PACIIOJIOXKEH Ha TOH JKe MPSIMOii, TT0 KOTOPOH JIBUKET-
cst OOBEKT.

I'Ipen.naraeMbu?l MeToA OYeHb NpocCcT

[lomyctuM, 9TO Bce COOBITHS MPOUCXO/AT HA TIPSIMOI,
BJIOJIb KOTOPOI OyJIeM OTCYMTBIBATD KOOPAWHATY S, MOJA-
rasg s = 0 B Touke, T/1¢ HaxoAUTCA HabmoAaTe b, [IycTb B
TOYKe C KOOPJMHATON § B MOMEHT BPeMeHu ¢ MPOU3OIILIO
HeKoe cOObITHE, COMTPOBOK/IAIONIEECS UCITYCKAHIEM CUTHA-
JIa, ¥ IYCTh ATOT CUTHAJ PACIIPOCTPAHSIETCST CO CKOPOCTHIO
w. SlcHo, yTo K HAGJIONATENIO CUTHAJ TIPU/JET B MOMEHT
BpeMeHN

C=t+>
w

[TepeBenem crazanHoe Ha rpaduueckuii S3biK. [paduk
zapucumoctu S(t) u caMy 9Ty 3aBHCUMOCTD /ISl PA3HBIX
00beKTOB Gy/1eM HAa3bIBATh, KAK 1 B TEOPUU OTHOCUTEIBHO-
cTu, MupoBoil ynnueil. Be3me Hmke GymemM cauTatb, uTO
Macitab mo ocsiM Ha rpadukax BbIOPaH TaKUM, YTOObBI
MUPOBBIE JINHUU CUTHAJIOB COCTABJISIIIU € OCSIME yroat 45° .
WubIMu croBaMu, 3a eIMHUILY N3MEePEHUST KOOPIMHATDI MBI
BBIONPAEM pACCTOSHUE, KOTOPOE CHTHAJ TIPOXOINT 3a
eINHNUITY BpeMeHH. B aToM ciydae TaHTeHC yTriia HaKJIOHA
MUPOBOH JIMHUM O6bEKTa K ocu aGCIUCC JaeT 3HaYeHue
CKOPOCTH OOBEKTa B €IMHUIIAX CKOPOCTH CUTHAJA .

Ha pucynxke 1 Touka A rpaduka mpe/icTaBsieT coObITHE,
KOTOpPOE TIPOU3O0IILIO B TOYKE C KOOPAWHATOW § B MOMEHT
BpeMeHU t. BrpoueMm, Hac MHTEPECYIOT COOBITUS TOJBKO

OT ABUXKYIMETOCA HCTOYHHUKA 9

OTHOTO THIIA — HCIIyCKa-  sh
nue curnana. Ha stom u A A
Ha JPYTUX PUCYHKAX Yep- \
HBIMU IITPUXOBBIMU JIH- N
HUSAME 0003HAYEHbI M- AN
pOBbIe JIMHUHM CHUTHAJIOB. S
Ha6monarens yBugut
pou3oIIe/Iee co6bITHe
B MOMeHT Bpemenu t B Pucl

TOYKE C TO¥ 3Ke KOOp/InHa-

Toit s. MOKHO cKas3aTh, uTo Touka A’ — 3T0 BuUaMMOE
co6bitue. Ilonydaercst, 4To eCTb OYEHD IPOCTOE MPABUIIO:
4TOGBI HA MIOCKOCTH (S, ) TIepeiiTn 0T HCTUHHOTO COObI-
TUS K BUJIUMOMY COOBITHIO, HA/I0 a0CIIMCCY TOYKHU, MPEJI-
CTaBJIAIONIEN UCTUHHOE COObITHE, YBEJUUUTD HA BETMUIHY
ee opaunarel. 1o aToMy HpaBuUIy CTPOSTCS BCE TOUKH,
MPe/ICTABJISIONINE BUUMbIE COOBITHS, & X COBOKYITHOCTD
U eCTb MUPOBas JINHUS BUIMMOrO OOBEKTA.

YKkasaHHbII [IPHEM TOCTPOEHUs MUPOBOI JTMHUU BU/IH-
MOTO JBIKeHUsT 06beKTa Gy/1eM UCIIOIb30BaTh W B JAab-
HeifieM. Ha pucyHKax MUpOBBIE JUHUN 00BHEKTOB OyIeM
n306paskaTh CUHUM IIBETOM, & MUPOBBIE JINHUN BHIUMbIX
00BEKTOB — KPACHBIM.

Paccmorpum cayuaii, korma Ha Habmozgatenas (B moJo-
JKUTEJBHOM HAINPABJIEHUU OCH §) JIBUXKETCS KaKOW-TO
O00BEKT CO CKOPOCTBIO ¥, MEHbBIIEH CKOPOCTH CUTHAJA .
Bce cxopoctu 3/1ech 1 asiee yKasatbl B CUCTEME OTCUETA
nabuionaresss. Ha pucynke 2 s npuMepa mpuBeeHbI
A

\
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MHUPOBbBIE JUHUN [IBYX CHUI'HAJIOB, MCITYHIECHHDBIX 00beK-
TOM B pasHble MOMEHTbI BpeMeHHU. BbIosHsag nocTpoe-
HUSA 110 ¢(PpOpMYJIUPOBAHHOMY BbBIIIIE TIPABUIY, MOJIyYaeM
Touku A n B, npuHayiesxaiiue MUPOBOH JUHUN BUAUMO-
ro obpexta. Ha camom gese, 71 corydast paBHOMEDPHOTO
JABWKEHUA 00bEKTa A0CTAaTOYHO IIOCTPOUTH JNIIb O/HY
TouKy (BTOpasi TOUKa MHTEPECYIOIIEed HAC TPSAMON — 3TO
TOUKa TepeceyeHnsT MHUPOBOI JUHUN O6BEKTAa C OCBIO
a6ermee). Tak 4To TPE/IOKEHHDI PUEM JIeHCTBUTEb-
HO YPEe3BbIYaliHO TPOCT.

HyCTb B HAYaJIbHBIL MOMEHT BpGMCHHOé’beKT HaxXoaunJI-
cs1 Ha pacctogHuN L oT HabomaTesss, 0ObeKT OKasKeTCs
psIoM ¢ HAGJIIO/IaTeIeM B MOMEHT BPEMEHH f;, a CUTHAJ
npujer K HabJI0/1aTeNio B MOMEHT BpEMeHU t . Buano,
4YTO paccTosiHue L BUAMMBIN OOBEKT IIPOIIEN 3a IpoMe-
JKYTOK BpeMeHU f, —t;. Ilosatomy nust ckopocteil curna-
J1a, 06beKTa U BUINMOTO OOBEKTa UMEEM COOTBETCTBEHHO



10 KBAHT

Orcio/1a JIErko MOJTyYUThb BbIPaskeHHe JIJIsl IPOEKINH BU/IN-
MOi1 CKOPOCTH Ha OCb KOOPJIMHAT:
, v
(28 (o) (1)

[IpurasaumMcs BHUMATeJbHee K MOCJeHell hopMyie u
ob6patuM ocob6oe BHUMAHNE HA MHTEPECHbIE YACTHBIE CJIy-
yan. O4eBHHO, YTO B PACCMATPHUBAEMOM CJIydae BCETIA
0'>0, T.e. BUANMBIH OOBEKT JBUKETCS ObICTpee, 4eM
JIBUKETCST IEHCTBUTENBHBIN 06beKT (UTO BUHO U HEIOC-
PEe/ICTBEHHO U3 pucyHKa 2). Tak, ecin 06beKT [BUKETCS
CO CKOPOCTBIO, PaBHOW IOJIOBHHE CKOPOCTH CUTHAJA, TO
BUJINMBIT 00BEKT Gy /IET JIBUTATHCS CO CKOPOCTHIO CUTHAJA.
A 11pu ckopocTH 06beKTa v > w /2 BujnMas CKOpocTh ¢
6y IeT TIPEBBIIATh CKOPOCTD curiaa. [loatomy, eciu peub
UJIeT O CBETOBOM cHTHAse, HabsogaTesb OyaeT BUIETH
JIBUJKEHUE CO CBEPXCBETOBOU CKOpOCTBbIO. B wacTHOCTH,
ecJi OObEKT JIBIKETCS CO CKOPOCTBIO CUTHAJA, TO 0 = oo,
ITO BecbMa HATJISIHBIN Pe3yJbTaT: B 9TOM CJIy4ae BCe
CHUTHAJIBI, NCTTYTIEHHbIE 00BEKTOM B PA3HBIX TOUKAX TPAEK-
TOPHH, IBWIKYTCS K HAOIIOZATETI0 BMECTe ¢ 0OBEKTOM U
JIOCTUTHYT HaG.JTI0/IaTe ist O/[HOBPEMEHHO, YTO OH U BOCIIPH-
MeT Kak /[BUJKeHHE ¢ GeCKOHEYHO OOJIbIION CKOPOCTBIO.
KoneuHo, Bce OTMeYeHHbIE 3/I€Chb COOTHOIIEHUS JIErKO
nosryuntb u 6e3 (opmybt (1), JuIIb TPOBOJSI COOTBET-
CTBYIOITHE TIOCTPOCHMS Ha rpaduKax.

Tak ske JIeTKO MOKHO IPOAHATM3UPOBATD U [IPYTHeE
BO3MOsKHBIE cuydan. IlycTb 0OBEKT, paccMaTpuBaeMblit
BbIllle, MUHYeT Ha6oaress u 6yeT MPOA0JKATh yia-
JIATBCST OT HEro C TOH Ke CKopocThbio. COOTBETCTBYIOIINE
MOCTPOEHUs TIPeJICTaBIeHbl Ha pucynke 3. Pasymeercs,

A
S

Puc.3

IIpr1 3TOM Ha/Jl0 pacCMaTpuBaTb TOJbKO CUTHAJIbI, PACIIPO-
CTpaHAIONIMECA Ha3ald, K Haémo;:[aTemo. Jlerko BU/ICTD,
YTO CKOPOCTb BUANMOI'O o6beKTa v’ B 9TOM CJIydae BCeria
MeEHbIIIE CKOPOCTU NCTUHHOI'O o6beKTa v. Paccy;xz[aﬁ TaK
JK€, KaK W1 BbIIIE€, HECJO0XKHO IIOJYYUTb CBA3b MEK/IY
CKOPOCTAMU B ITOM CJydae:

, v
O = 1+ (v/w) @)

CBepX3BYKOBOM UIN CBEPXCBETOBOWN NUCTOYHUK

[TepeiijieM Tenepb K CIydaro, KOT/ia MCTOYHUK JBUKETCS
10 HaIlPaBJIEHUIO K HAGJIIOAATENIO CO CKOPOCTBIO, ITPEBbHI-
IIaoIeil CKOpoCcTh CUTHAJA: ¥ > @. Bo3MoKHOCTH CBEPX-
3BYKOBOTO MCTOYHWKA He HyKaaeTcss B obcyskaenun. Ho
HET HUYEro HeoOBIYHOTO M B CBEPXCBETOBOM MCTOYHUKE.
Bo-mepBBIX, KaKas-TO YacTUIa MOKET ABUTATHCS B BEIIle-
CTBE CO CKOPOCTHIO, MPEBBIMIAIOIIEH CKOPOCTH CBETA B 9TOM
BentectBe (HO, pasymeercsi, MeHbIIEHl CKOPOCTH CBeTa B
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BakyyMme ¢). Bo-BTOpbIX, 0GBEKT, JBUKEHIE KOTOPOTO Mbl
ONUChIBAEM, MOKET He ObiTh (Kak 9TO HU CTPaHHO Ha
HepBbIii B3IJIsA/]) MaTepuaabHbIM TestoM. Hampumep, mnc-
TOYHUKOM CBeTa MOKET ObITh 3alYMK OT IPOKEKTOPA WK
Jmazepa, Gerymuii 1o skpany. Ha cKoOpocTb JIBUMKEHUS
TaKOTro 00bEKTa HUKAKUX OTPAaHUYEHIH He HAKJIAbIBAETCS
(M60 HUKAKOTO TIEpEMENeHNsT MATEPUATBHOTO TeJla BJOJTb
9KpaHa He TPOUCXOAWUT U C TOMOIIbI0 3aliYMKa HEJIb3s
nepesaTh CUTHAJ BIOJb 9KpaHa).

Wrak, nyctb 06beKT mpubamkaercs: K HabII01aTeNio co
CKOPOCTBIO, 6OJIbINEN CKOPOCTH CUTHAJIA. SICHO, YTO B 3TOM
cJlydae Bce CUTHAJIbI OTCTAIOT OT 00beKTa 1 ueM rossxke (1.e.
ueM GJsKe K HaGJTI0aTe o) UCIIyIeH CUIHA, TeM PaHb-
ne oH mpuaeT K Habmogaresio. MHbiMu cioBamu, ¢
TeyeHNeM BpeMeHM K HalJiogareaio GyayT TPUXOIAUTDb
CUTHAJIBI OT Bce 6oJiee TaJIeKX TOUEeK — 3HAUUT, BUIUMBII
00BEKT Oy/IET YAATATHCS OT HAGJIIOATENS B TY CTOPOHY,
OTKy/la pubmmKancsa
JIENCTBUTEJI bHBII
06bexT! CooTBETCTBY-
I0Il[Ie 9TOMY CJIYYaio
MTOCTPOEHNST BBITTOJTHE-
HbI Ha pUCcyHKe 4. Jler-
KO y6eauTbCcs, 4TO
dhopmy.ra (1) ocraercs
CTIPABE/ITUBOI U B 3TOM
caydae. Ho teriepb ona Va
gaer, uto v, <0, KaK ,
U JIOJDKHO ObITh. ’

Korzpa ncrounnk mu- 4
Hyer HabJofaress u
HAYHET YJAJISATBCS OT
Hero, Mbl Oy/ileM UMETb
VIQJISIONNNCS B Ty K€ CTOPOHY BHUAMMBINH HMCTOYHUK,
ABWSKYIIMIACS €O cKOpocThio ¢° < 0. W 31ech HET HUKa-
KOTO KayeCTBEHHOTO OTJUYMS OT pPasoOPaHHOTO BbIIE
ciaydas v < @ — B YACTHOCTH, OCTAETCS CIIPABE/THBOIL
dopmysra (2). U3 pucynka 4 co Bceil Har/IsHOCTBIO
caenyer yAMBUTENbHEHTIINI BBIBO/I: C TOTO MOMEHTa Kak
00bEeKT MHHYyeT HaOmofaress, TOT OyZeT BHUIETb IBa
00BEKTa, YAAJISIONUXCS OT HErO0 B Pa3Hble CTOPOHBI C
pa3HbIMU cKopocTsimu!l A 10 aToro MoMmeHTa HabJII0/1a-
Tesib BOOOIIE He BUAUT OOBEKT.

Puc4

Bupumasa pnavHa obbekTa

ByzseMm yc/i0BHO TOBOPHUTH O ABMKEHUM HEKOETO «TI0€3-
na». Harpumep, Taxoit peasmusucmcexuii noesd Bcrpeva-
€TCST BO MHOTUX YUeOHBIX U HAYYHO-TIOMYJISIPHBIX KHUTAX
10 CHENUAJNBHON TeOPUHM OTHOCUTEJBHOCTH.

[Tpu HabI0IeHNN IBMKEHNST KAKOTO-TO 06 BEKTa MOKHO
BECTH PEYb O Pa3HbIX JanHax. HabmomaTesb, HETOABIIK-
HBIIl OTHOCUTEJNBHO 06BEKTA, U3MEPSIET ero COOCTBEHHYIO
nmny L, . MoxxHO ckasatp, 9to L, — aTo AJMHA 06BEKTa
B COOCTBEHHOII cucreMe oTcyera. Bompoc ke o ToM, 9To
TaKoe JITMTHA JABWKYIIErocs 00beKTa, HyKIAeTCS B 0COO0M
OOCY K/ICHUH.

Byzaem cuntarb, 4TO CUTHAJI — 3TO UMEHHO CBET, TaK YTO
w = c. Ilyctp nBmkenne o6beKTa M3ydaeT ABVKYIIMICS
otHocUTeTbHO 06beKTa HabmoaaTesb. OH OyIeT Onuch-
BaTh JIBIIKEHIE 0ObEKTA B CBOEI CHCTEME OTCYEeTa, T/e OH



PACIIPOCTPAHEHMUE CHUTHAJTA

caM HenoABmKeH. [l aToro HabJI0AaTe s MOKHO TOBO-
PUTD O Pa3HBIX CKOPOCTAX 00beKTa (UTO MBI yKe 06CY AN )
U O pasHbIX pa3Mepax OODBEKTa, COOTBETCTBEHHO [BYM
crioco6am nosryuenus nrdopmaimu o apukerun (06 aToMm
TOKE y’Ke TOBOPUJIOCH). ITOCKONBKY HAC WHTEPECYIOT
60oJIbIIINE CKOPOCTH 00BEKTA, HaM He 000ITHICH 6e3 oOpaiiie-
HUS K CIIelUasbHoil Teopun oTHOocuTeabHocTH — CTO.
[lmunoit peukyierocst o6bekta B CTO HasbiBaercs: pe-
3yJIbTAT CJIeyTONIel N3MEPHUTETbHON TIPOIIeTy Phl: HabTO-
JlaTesib JIOJDKeH 3a(bUKCUPOBATh TOJOKEHUS KpailHIX
TOYEK Tesla B OJMH M TOT K€ MOMEHT BpeMenu (1o gacam
CBOEIl CHCTEMBI OTCUETA, KOTOPbIE BCE CAHXPOHU3MPOBAHDBI)
1 TIOTOM JIIOOBIM CITIOCOGOM MU3MEPHUTb PACCTOSTHUE MEXKTY
STUMU HETIOJBMKHBIMU TOYKaMU. Mbl Oy/1eM Ha3bIBATD ATY
BEJIMUMHY PEJISATUBUCTCKON JJINHON U 0603HavYaTh ee L, .

Ho Bunumas piumna o6bexra apyras! Benb npu Busyasn-
HOM Ha6T0/ieHnn, potorpadupoBaHuU U T.1. PUKCUPYET-
cs1 u306parkeHue, Co31aBaeMoe KBAaHTAMU, NPUULCOWUMU K
HAGJIIO/IATENIO 8 00UH U ThO JKe MOMeHm pemenu. Ecan
peub UIET O MPOTSKEHHOM MUCTOYHUKE, TO MCITYTIEHbI 9TH
KBaHTBI OBLIN 8 pa3Hbvle MoMenmol epemenu. Taxum obpa-
3oM, aianHa L, , Kotopas ¢urypupyetr B CTO, n pimHa,
KOTOPYTO YBUJUT HAOJIO/IaTENb, UJIH, B HAIIEH TEPMUHOJIO-
ruu, BuaMMas IMHa o6bekTa L — 3TO COBEPIIEHHO
pasuble JMWHBIL. Y, KOHEYHO, OHU OTJUYAIOTCS OT COO-
CTBEHHOH JJMHBI 00BbeKTa L.

B CTO uccrnenyercs cBsisb Mexay L, u L, U J0Kasbl-
BaeTcs, 4ToO

L =1, 1—(02/02),

Hac e 31ech unrepecyer Apyroe — COOTHOIIEHIE MEXKTY
L u L,. Crpaunino npousHecT, HO U caM JUHIITEHH He
pas3juyal 3TH JJIMHBI U TOBOPHJ B CBOMX paGoTax o
«MTHOBEHHBIX CHUMKAX» TaM, T/le peyb IIIa O JjuHe L, .
N no 60-x rogoB XX Beka (PU3NKN HAXOMAUIUCH TOJ
THITHO30M UMEHU DUHINTEeHHA ¥ He PA3JIUYasIi 9TH JIJTUHBI.

SAcHo, uTO /I OlpeiesieHusT BUIUMOM JIJIMHBI TI0€3/1a
Ha/I0 JIMIIb IIPOBECTU OIKMCAHHbBIE BbIIIE TOCTPOEHUS IS
TOJIOBBI U XBOCTA MOE3/[a — U MOJYYUTb PE3yJIbTaT HEImoc-
pencTBeHHO u3 pucyHka. llycTb moesm ABWKETCS TIO
HalpaBJeHUI0 K HaOJI0aTeNio coO CKOPOCThio v < C.
Curnajibl OT TOJIOBBI M OT XBOCTA M0€3/[a MOTYT MPUHTH K
HaOTI0/IaTE IO OTHOBPEMEHHO, €CJIN CUTHAJ OT XBOCTA OBLJI
UCIyIIeH B 60Jiee paHHUN MOMEHT BpeMeHu. Torma Buam-
Mast JIJTMHA TT0e3/1a OKAXKETCST YBEJNIEHHOU 110 CPAaBHEHUIO
¢ L,. CooTBeTcTBYyIOIINE TOCTPOEHUS TIPOBE/IEHBI HA PU-
cynke 5 (9T0 TpocToe yABOEHUE MOCTPOCHUI Ha PUCYHKE
2), 4epHbIE CTPEJIKN MPEACTABJISIOT TOE3T, OHM HaIlpaBJie-
HbI OT €ro XBocTa K rojioBe. UToObl He 3arpoOMOXK/aTh
PUCYHOK, MUPOBbIE JTMHUU CUTHAJIOB U BCIIOMOTATETbHbIE
JINHUU 3J/1eCh HE TIPUBE/IEHBDI.

M3 pucynka 5 Jerko Bugerh (CM. 3amTpUXOBaHHbBIE
IPSIMOYTOJIbHBIE TPEYTOIbHUKM), 4TO AgnuHbl L, u L’
OTHOCSITCS KaK BEJIUYUHBI COOTBETCTBYIOIIUX CKOPOCTEId,
noatomy 10 opmysie (1) nmeem

. L

1-(v/c)’
T.€. B 9TOM CJIydae BUUMAast JUIHHA GOJIbIE PeJISITHBUCT-
ckoit: L' > L, .

OT ABUXYIMEITocd MCTOYHHUKA 11

Ty

\

\

Puc5

Tenepb cpaBHUM BUIUMYIO JJUHY C COOCTBEHHOI:

I’ 1—(02/02) _

L, (1-(v/c))

Takum 06pa3oM, B paccCMaTPUBAEMOM CJIydae BUIUMAST
JUTAHA TI0€3/1a NPesoCcX00um He TOJbKO €ro PeJIsiTHBUCTC-
Kyl0 [UIMHY, HO W €ero coOCTBeHHYyIo ayuHy. I[lostomy
KOYyIOIlee 1o MHOTUM y4eOHUKAM 1 TOCOOUSIM HEOPEKHOE
yTBep:K/IeHue, uTo Habmoaarenb (B HATIPABJEHUN JIBUoKE-
HUS) YBU/UT TEJO MEHBIIETO pa3Mepa, yeM L, Hempa-
BuwibHO. Crenytomee n3 CTO «cokpaiienne JJITHBI»
OTHOCHUTCS K PEJSITUBUCTCKON JimnHe L, , a He K BUIUMON
qumne L)

Ecuin sxe moe3 ¢ pou3BOJIbHON CKOPOCTHIO ¥ Y/AJISIeT-
cs1 OT HAOIOAATENs, TO, PACCYKAasd AHAJIOTUYHO, JIETKO
MOJIYYUTD, YTO B 3TOM oA
cayyJae >

’_ Lr

1+ (vfc)’ L,

T.e. BUAUMAs JJINHA
MEHbIIIe PEJAATUBUCTKOMN
L'<L,.

A 4To Oy/IeT, eCJT HAIll
1oes/| ABUKETCST HAa Ha-
6JTI0/TaTeIs CO CBEPXCBe-
TOBOI cKOpocThio? Kax
MbI YK€ 3HaeM, BUIW-  pPuch
MbIii TIoe3/1 Gy JIET Tereph
JIBUTAThbCA HaszaZ. MaJio Toro, pUCyHOK 6 OTYETINBO
MOKA3bIBAET, YTO TOE3[ IIPU ITOM He OyIeT <«ISITUTHCS
3a/I0M», a pa3BepHeTcs!

LI

HaGniopaTtenb B CTOPOHe OT TPaeKTopuu

PacckasxeM KpaTKoO 0 BO3MOXKHOCTH PACIpPOCTPAHEHUS
npejiaraeMoro Meroja Ha 6osiee obmmii cayyvaii. [Iycrp
Ha6TI0/1aTe/Tb HAXOUTCST BHE MPSIMOiL, 10 KOTOPO#l paBHO-
MEPHO CO CKOPOCTDHIO U /IBU-

JKeTcst OOBEKT, HA PACCTOsI- v

nnn d ot mee (puc.7). Slcno,
YTO BUUMbINA OOBEKT JIBU-
JKEeTCs 10 TOH JKe TPaeKTO- d
pUM — TOJIBKO C 3amma3abIBa-

HUEM U C IPyroil CKOPOCTbIO

o’ TlockombKy 3amasapiBa-  Puc/

 J
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HUE CUTHAJIA 06YCJIOBJICHO JIUITh PACCTOSIHAEM 7 OT OODBEK-
Ta 10 HAGJIOMATENsT, COCPEAOTOYNM CBOE BHUMaHUE Ha
zaucumocty 7 (t). UtoGbl He BBOAUTD HOBBIX TEPMUHOB,
5Ty 3aBucuMocTb (11 ee rpadpuk) MbI TokKe Oy/1eM Ha3bIBATH
MUPOBO# JsimHUeH ob6bekra. CdopMymupoBaHHOE HAMU
IIpaBUJIO II€PpEXO/ia K MI/IpOBOfI JIMHUN BUAMNMOTI'O Oé'beKTa
COXPAHSIETCST M B 9TOM CJIyUae.

[Ipeanonoxum, 4to B MOMeHT BpeMeHU ¢t = 0 0ObeKT
HAXOAUTCS B TOuKe, Oumskaiinieil k Habaogarenao. SIcHo,
4TOo

r? = 0%t? +d2,

T.€. MUPOBas JUHUS 00bEKTAa — 3TO TUIepHOIa ¢ ACUMII-
toramu 7 (t) =tot. o cyru pena, cayuaii 7> d yxe
MOJIHOCTBIO pa3o6paH BbIllle, TAK YTO HAM HAJI0 PACCMOT-
petb Juiib 06actTb ¥ ~ d . JlJist ciydasi, KOrjia CKOPOCTb
o6bexTa 6OJbIe CKOPOCTH CHUTHATA, MUPOBBIE JMHUU
00bEKTA W BUIUMOTO O6BEKTA MPECTABJIEHBI HA PUCYHKE
8. O6cyM JIUIb HEKOTOPbIE MHTEPECHbIE MOMEHTDI.

[maBHBIN KayecTBEHHBIN Pe3yJbTaT HaM YK€ M3BecTeH
— OynyT HAGIIOAATBCS JiBa Pa3GeTalonuxcs B pasHble
CTOPOHBI BU/IUMbIX 00beKTa. [[OHSITHO, YTO 10 KAaKOTO-TO
MOMEHTa BpeMeHHU ¢, HabofaTe b BOOOIIE HE BUAUT
o0bekT. B Moment ¢, HabmoaTesb BIEPBbIE YBUINUT
00BEKT, KOTOPBIN TIpu 3TOM Oy/IeT HAXOAWUTHCS B TOYKE
TPAEKTOPUH, T/l YTOJl HAKJIOHA KAcaTeJbHON K MHPOBOI
JIMHUW paBeH 45°, T.e. B TOUKe, TJl€ PaJIUabHAasT COCTAB-
JIIOIAst CKOPOCTU 0OBbEKTA ¥, 10 BEeJUYUHE paBHA CKO-
poctu curHana. Hampasienne ot HabmonaTesst Ha 06bEKT
OyJZieM 3aJlaBaTh yrjaoM HaOmoJeHust o U GyJeM OTCUH-
TBIBATh €r0 OT HAMPABJEHUS Ha OJMKAUIIYI0 K HaOJIO-
paremo touky tpaextopun (cMm. puc.7). OueBnaHO, 4TO
v, = vsin o, TOATOMY A1 HabJII01aTeNIsT 0OObEKT BO3HUK-
HeT TI0/1 YIJIOM HaOI0JeHIs

. w
o = arcsin— |
v

Ha pucynke 8 xopomno BHIHO, 4TO B JIOGO MOMEHT
BpeMenn t' > t, K HaGJIIOAATETIO OJHOBPEMEHHO MPUJYT
JIBA CUTHAJIA, WMCIyIIeHHble O6BEKTOM B PAa3HBIX TOYKAX
TpaekTopun (M0 pasHble CTOPOHBI OT TOYKU A), T.e.
HabJo1aTesib 6yeT BUAETh ABa o6bekTa. VIHTepnperarms
pHUCYHKa 8 HECKOJILKO OTJIMYAETCS OT UCTI0JIb3Y€EMOTl BBITIIE,

\J
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MOTOMY YTO MBI NEPENLIN OT TIepeMenHoii s (oTcunThIBae-
MOii BJJOJIb TPAEKTOPUN) K IepeMeHHoi 7. HIKHA BeTBb
MUPOBOIT JIMHUU BUANMOTO JBUKeHUs (HaunHas OT TOUKU
A’") cooTBeTCTBYET ABMKEHUIO BUAMMOTO OOBEKTa BCJIE/
3a 00beKToM. JIpyroii ke BuanMblii 06beKT (eMy cooTBer-
CTBYET BEPXHsIsl BETBb) JBHXKETCS B IPOTUBOIIOJIOKHYIO
CTOPOHY.

Borock, uyTO uynTaTeNo ATH PACCYKICHUS IHOKAXKYTCS
BecbMa aGCTPAKTHBIMHU, JATEKUMHU «OT >KU3HU», HO 3TO
He Tak. bes Bcakux usmenenuil pucyHnok 8 oluchIBaeT
ABJIEHMS 1IPU IIpoJIeTe CBEPX3BYKOBOIO caMmoJieTa Hall
rosoBoii Habuonatesns. Ha6marogaTesb YCJIBIINAT 3BYK
caMoJieTa TOJIBKO B MOMEHT BpeMeHU ({,. IJTOT 3BYK
IpUJET 1oL yriioM 0 = aresin (v, /o) k sennty (o,
CKOPOCTh 3ByKa). MbI ysKe IOHMMaeM, 4TO B 9TOT MO-
MEHT BPEMEHM BO3HWKHYT B OJIHOW TOYKE J[BA MHUMBIX
HCTOYHNKA 3ByKa. B TeueHnme HEGOJBIIOTO MPOMEXYTKA
BPEMEHHM TIOCTe MOMEHTa ¢, CJIYXOBOW ammapar 4yejoBe-
Ka He paspelraer aTH [ABa OJM3KUX HCTOYHUKA IIyMa U
«OTKa3bIBaeTCA» YKa3blBaTb HalpaBJcHUE HA MCTOYHUK
3ByKa. Ho Bckope oHU pas3oiiyTcs, NpHU 5TOM MHUMBDIHI
UCTOYHUK, [IBUKYIIHMICS BIiepes, Gy1eT HaXO[UTbCs 3HA-
quTeTbHO 6JIMKe K HabsroJaTe o, yeM Bropoil. Ha pu-
CyHKe 8 oueHb XOpOIIO BU/HO, KaK JaJeKO OTCTOSAT JPYT
OT [pyra MHHUMbIE HCTOYHHKH B MOMEHT Bpemenu t
KOT/la ABIDKYIINICS BIlepesl MCTOYHMK HAXOTUTCS HA[
rosoBoii Habuomatesss. Tak UTo peasbHO HAOJIOATENb
OyJIeT CJBIMATh TOJTHKO MHUMBIH MCTOYHWK, ABVIKYIITHIi-
cs BIlepeJl. 3aMeTUM elle, 4TO Ha TPAECKTOpUU BOJIU3N
TOYKM, T/le HaGJII0JATeNb BIIEPBBIC YCJBIIIUT CaMOJIET,
paananbHas CKOPOCTb CaMoJieTa Majo OTJUYaeTcs OT
CKOPOCTH 3BYKa — TPH 3TOM JIOIJIEPOBCKOE M3MEHEHUE
YacTOThl OYEHb BEJIMKO, W MOTOMY B HHU3KOM (<«GacoBu-
TOM») 3BYKE caMoJieTa JOJSKHbI OSBUTHCS OY€Hb BBICO-
Kre 4actorbl (CBHCT). ABTOP MHOTO pa3 <«HabJiogas»
o6a atn appexTa B6IM3M BOEHHOTO aspo/ipoMa MpH HU3-
KOM TIpOJIeTe CBEPX3BYKOBOTO HCTPEOHUTETS HaJ TOJO-
Boil. VIMEHHO TOCJie TaKuX <«HAGJMIOJICHWIi» y aBTopa W
BO3HMK MHTEpeC K 9TOi TeMe.

AHAJIOTUYHO, TIPH JBIDKEHNHU 3aifuMKa 0 3KPaHy CO
CBEPXCBETOBOI CKOPOCTBHIO HAOTIO/IaTeIb OOHAPYKUT, KaK
B TOYKE, BUJIUMOI ITOJ] YTJIOM HAOMIOEHUS 0, , BOSHUKHYT
1 pas3beryTcs B pa3Hble CTOPOHBI /IBa 3aiiunKa.

Jlntepartypa

1. B.JI.Tun36ypz. O cBEPXCBETOBBIX HCTOYHUKAX H3JTYUEHHS.
B c6opuuke: O teopun otrHocurtesnbHoct. — M.: Hayka, 1979.

2. B.M.Bbonomosckuil. Habmonenus 3a GbICTPOBIDKY IITIMU-
csi oObektamu. B cGopuuke: IIIkoJbHUKAM O COBpPEMEHHOI
¢usuke. — M.: IIpocsemenne, 1990.

3. C.M.Kosen, B.A.Koposun, B.A.Opnos. @usuka. 10—11
kJ1.: C6opHUK 3aja4 u 3ajanuii. — M.: Muemosuna, 2001.

4. «KBant», 2007, Ne2, ¢.53.

I'Ipmmeqaume pefakumn

ABTOp, 110 CyH.ICCTBy, paccMaTpuBaJI ,ZIBI/I)KyH.II/II‘/JICSI npeaMeT
GO MAJIbIX Pa3MepoB — TOUKY, JU6O B BU/IE TIPSIMOIl JINHEHKH,
OPHMEHTUPOBAHHOM 10 ckopocTu. [IpescraBisieT nnTepec Takxke
caydail, Koraa ABWKYIIAsICsS JUHeHKa OpUeHTHpOBaHa MO/ TPsI-
MbBIM YTJIOM K CKOPOCTHU HJIN BOOGIIE HE TTapaJljieibHa CKOPOCTH.
Torpa MOKHO 1MOKa3arth, 4T0 HabJI01aTe b Oy /1T BUJETD JUHEH-
KY MCKPUBJICHHOI.



SAJAYHUK «KBAHTA»

3a0a4u
No MaTemMaTuke 1 Pu3nkKe

JroT pasgen Befercs y Hac U3 HOMEPa B HOMEP C MOMEHTa OCHOBAaHUS JXYypHana. llybnukyemsie B HeM 3azaq4u
HEeCTaHAAaPTHbI, HO AJ1S UX PeLUEHUS] He TPeBYyeTcs 3HaHMV, BbIXOZALUMX 38 PaAMKU LKOJIbHOV fiporpamMmsl. Hanbosnee TpyaHeie
3a4a4n oTMeYaroTcs 38e3404kou. [Tocie popMympoBKy 3a84a4u Mbl 06bIYHO YKAa3bIBAEM, KTO HaM €e Mpeasoxm. Pazymeercs,
He Bce 3T 3a4a4u ny6IuKyroTcs1 BriepBble.

PeLueHus 3agay n3 3Toro HOMepa C1ERYET OTNPaBaATL Mo aapecy: 119296 MockBa, JIeHNHCKmI rpocnekT, 64-A, «KBaHT».
Pelenns 3a4a4 U3 pasHbIX HOMEPOB XXYPHANa Win 10 pasHbiM MpegmMeTam (MartemMaTvke v usnke) npucoiianTe B pasHbiX
KoHBepTax. Ha koHBepTe B rpage «Komy» Hanuwure: «3agadHmk «KsaHnta» Ne4d-2013» n Homepa 3aAay, peLueHuss KOTopbIX
Bb1 nocwinaere, Hanpumep «M2309» unn «@P2315». B rpaghe «OT KOro» ¢ramumsiviio 1 vmMs rpocum nucates pazbopyuso. B nucbmo
BJIOXKNTE KOHBEPT C HAMMCaHHbIM Ha HeM Bawumm agpecom v HeobxoanMbiii Habop Mapok (B 3ToM KoHBepTe Bbi rosyqure
Pe3ynbTaTsl MPOBEPKU peLueHni). PeleHns 3aaa4 1o MaremMatTnke U @usnKe MOXXHO MPUCbIIaTh TakXKe 110 3/1€KTPOHHbIM
aapecam: math@kvant.ras.ru u phys@kvant.ras.ru coorBeTcTBeHHO.

YcnoBusi Kaxxgosi opUriHaIbHoV 3a4a4y, npeaaaraeMou 4s nyoeauKayuu, rnpucbiiaiTe B oT4e/IbHOM KOHBEPTE B ABYX
IK3EMIIAPAX BMeCTe ¢ Bawmm perueHnem 31odi 3aAa4n (Ha KOHBepTe rnomertsre: «3agayHuk «KBaHTa», HoBas 3aAaya ro

pusuke» nn «3agavyHmnk «KeaHra», HoBas 3agaqa 1o MaremMarTvke»).
B Hayane Kaxagoro nucbMa rpocuM yKasblBaTb HOMEP LUKOJIbI U KJ1AcC, B KOTOPOM Bbl yynrecs.
3anayn M2309, M2310, M2312 - M2314 npeanaranuce Ha XXXIV TypHupe roposos, 3agaya M2315 npeanaranace Ha X/

YcrHovi onumnuage o re eoMeTpuUn.

3apaun M2309-M2315, ©2315-P2322

M2309. Ha yiocke 8 x 8 crosiT 8 He GblomuX APYT Apyra
Jazneit. Bee KJIeTKU JOCKU pacpelenssioTcss BO BIAJCHUS
ITUX JaJIell TI0 cJeylomeMy paBuy. Kierka, Ha KOTo-
POIi CTOUT J1a/ibsl, OTAAeTCsS ATOH Jajbe. KieTKy, KOTOpyio
6bIOT J[BE JIAJIbU, MOJydYaeT Ta U3 Jajeil, KoTopas 6JmKe
K 9TOI KJIeTKE; eCJIn 3Ke 3TH JIBe JIa/[bil PAaBHOY/IAJEHbBI OT
KJETKW, TO Kaxk/Jasg M3 HUX TI0JyYaeT IO TIOJKJIETKH.
JlokaskuTre, 4TO IJIOHAJN BJIAleHUI BCeX Jajieil OMHAKO-
BBIL.

E.baxkaes

M2310. Nnmetorcsa 100 kamHeil pasHoro Beca (0MHAKOBBIX
HET), K KaKJIOMYy TPUKJEEHA HTHKETKA C YKa3aHUeM ero
Beca. Xymuran ['puira xouer mepekyjenTb dTHKETKH Tak,
yTO6BI 06NN Bec JI060T0 Habopa ¢ YUCJIOM KaMHeil oT 1
110 99 oTIMYaJICs OT CyMMBI BECOB, YKA3aHHDBIX Ha ATHKET-
Kax m3 3Toro Habopa. Beerjia sim oH MOKeT 3TO c/ieaTh?

I'.I'anvnepun

M2311. Buyrpu eaunuunoro xy6a Jseraer myxa. Kakoii
HAMMEHDBIINII TyTh OHA JIOJDKHA TIPOJIETETD, YTOObI MOObI-
BaTh Ha BCEX IPaHAX Kyba M BO3BPATUTLCS B HAYAIBHYIO
TOUKY ?

A. Kanenv-benog

M2312. B kBaapatnoit tabauiie 10 x 10 3amucanbl CTO
MOJIOKUTENbHBIX ynces. CyMMa Yuces B KaXKIOi CTpOKe
pasua 100. KoJsie paspeiaercs nepecTaBuTb 4YucJia BHyTPU
Kak/10i1 13 cTpok (HO He Mex Iy cTpokamu). [Tocse aToro
B KaK/IOM CTOJIOTIE HAIYT MAaKCUMAJIbHOE YNCJIO ¥ CJIOXKAT
Hafiennble uncaa. /loxaxure, uro Kosst MoskeT 1o6uThCs
TOTO, YTOOBI TToJydeHHass cyMMa 6blra MeHbIne 300.
H.Bepewazun

M2313. Ha Gec1iBeTHOIi JIOCKOCTH TIOKPACUJIU TPH TPOU3-
BOJIbHbIE TOYKH: OJHY — B KPACHBIIl IIBET, APYIYI0 — B

CUHWIT, TPETHIO — B KEJTHIN. KaXK/biM X0/0M BBIOMPAIOT
Ha TJIOCKOCTH JII0OBIE JIBE TOUKH JIBYX M3 ATHX IBETOB W
OKpAIMUBAIOT ellle OJHY TOYKY B OCTaBIIUIICS IIBET TaK,
9TOGBI 9TU TPU TOYKH 06PA30BaJN PABHOCTOPOHHUN Tpey-
TOJbHUK, B KOTOPOM IIB€Ta BEPIIMH HIAYT B TOPS/IKE
«KpacHbIii, cuHuii, xenThii» (1o wacosoii crpenke). [Ipu
3TOM pa3penraeTcss KPacuTb M YK€ OKPAIIEHHYIO TOUKY
maockoctu (C4nTaeM, YTO TOYKA MOKET MMETh OJHOBpE-
MEHHO HeCKOJbKO IL[BETOB). JIOKa)KUTe, YTO CKOJbKO Obl
X0/I0B HU OBbLIO C/IEJAHO, BCe TOUKU OJHOTO IBeTa OYIyT
JiesKaThb Ha OJHOU TIPSMOIA.

E.baxaes

M2314. Y Knapbl ecTb KOMIIJIEKT BCEBO3MOKHBIX OYC U3
4n OyCWHOK, TAe Kaxkjas OycuHKa 60 depHast, amu60
Gemag. Kapsa ucnopTusr oinH 3K3eMILISAD, MEPECTaBUB B
neM Oycunku. Kiapa Xouer mepekpacuTb Kak MOYKHO
MeHbIlle OYCHMHOK B HCIOPYEHHOM 3K3EMILISpe, 4TOObI
CHOBA TIOJIy4UJINCh TpeskHue Oycol. Kakoe nambosibiiee
qrcJ0 GYCUHOK el MOJKeT MOHAJ0OUTLCS MEePEKPACUTD?
(Bychl, oTjmyaonmecss MOBOPOTOM HJIH MEPEBOPOTOM,
CUUTAIOTCS OJIMHAKOBBIMHU. )

A.Beponuxoe

M2315. Tpanenuss ABCD BuucaHa B OKPY>KHOCTb .
Oxpy>kHOCTH, BliMcaHHble B TpeyroabHukn ABC u ABD,
Kacatorcst ocHoBanuit BC u AD B Toukax P u Q cooTBer-
ctBeHHo. Toukn X u Y — cepeaunnl nyr BC u AD, ne
cojepkanmx touek A u B coorBercTBeHHo. [lokaxure,
yTo nipsgMble XP u Y Q nepecekaioTcss Ha OKPY>KHOCTH ( .

A.3acaasckuii, B.IIpomacos

®2315. Kaperka camoriuciia ¢ iepoM repeMeniaeTcs: OTHO-
CUTEJbHO OyMarw B JBYX B3aWMHO TIE€PIEHIUKYJISPHBIX
HAIIPABJIECHUSAX X U Y C MOMOIIBIO /IBYX 3JIEKTPOMOTOPOB.
Mortop-x MOKeT 06eCredynTb MaKCHUMAJbHYIO BEJUYUHY
CKOPOCTH TepeMeIeHns 0, ... = A, a Motop-y — cxo-
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POCTb Uy pay = B COOTBETCTBEHHO. 3a Kakoe MUHMMAJIb-

Hoe BpeMsi T caMorimcel] CMOXKET HAapUCOBATh 3aMKHYTYIO

JINHUIO, 00Pa3yIollyto GUrypy IJiomajabio S?
K.Camonucues

®2316. HakJsionHas 1JI0CKasT OBEPXHOCTH COCTABJISIET C
TOPU30HTOM HEGOJIBINOI yros oo = 0,1 paji 1 HEIPEPHIBHO
aBuskercss — Tpscercd. CKOpPOCTb [IBUXKEHHUS ee TOuyeK
BCer/la HalpaBsJieHa B/IOJIb JUHUK HAMCKOPEHIIIEro CIIycKa,
a IOCTOSIHHOE 110 MOJYJII0 YCKOPEeHHe ¢ CKauKooOpasHo
usMensiercs — B Tedenne t =107 ¢ oHO HamrpaBJIeHO
«BHI3», 3aTeM B T€UEHIIE TAKOTO K€ TPOMEXKyTKa BpeMeH!
OHO HAIIPaBJECHO <«BBEDPX», IIOTOM CHOBA «BHHU3» U TaK
nanee. Ha moBepxHOCTN HaxoAUTCST OPYCOK, MEKYy HUM 1
MMOBEPXHOCTBIO €CTh TPEHUE, XapaKTepuayiolieecss Koad-
¢pummentom p =0,28. Bpycok cockaab3blBaeT BHU3 C
yCcTaHOBUBIIIElcS cpeHeii ckopocTbio v = 0,1 M/ c. Kako-
Ba BeJIMYMHA yCKOpeHus a? KakoBbl MaKCUMaJbHag U
MUHUMAJbHAS CKOPOCTH OpycKa?

Doavkaop

®2317. Durypry-rpubok (cM. pUCYHOK), CACTAHHYIO U3
CILJIONTHOTO MATePUaIa MIOTHOCTBIO P = RP .., , TIOCTABH-
JIV HAa TOPU30HTAJIbHOE THO Gacceii-
Ha U 371U/ TIJIACTUIMHOM TCJTH
MeKIy JHOM GacceiiHa M OCHOBA-
HUEM HOXKKHU TpHOKa. Y IepKuBast
rpuboOK Ha MecTe, 3aJIJIN BOAY B
6acceiiH, TpU 3TOM BOJIA TIOJ TPU-
6OK He 3aTeKJIa, a 3aTeM TIepecTasH
yIepKuBaTh TPUOGOK. Pazmepnl
GuUrypKk#u TaKoBBI: PAIUYC TMOJTY-
cepbI-IIATKYT, [TaMeTp IUANHAPA, 00Pa3yIoNIero HOX-
Ky TpulKa, W BBICOTA 3TOTO IUJIMH/IPA PABHBI R KaK/IbIi.
VYposenb BojibI B Gacceiire pasen NR (N > 2, 1.e. rpu6ok
1EeJUKOM HaxXoanuTcs 1o Bogoit). C kakoi cuoi HOKKa
rpubka JaBuT Ha AHO 6acceiina? [Ipu KakoM MakcCHMAasb-
HOM 3Ha4YeHUW k rpu6GOK MOKeT BCILIBITB? [Ipm kaxom
3HayeHnu N rpu6OK He BCILIbIBET HUKOTIA?

C.TopodioHun

@®2318. B BBICOKOCKOPOCTHBIX Ta30BbIX IEHTPUQYTax,
HCTIOIb3YEMBIX JI/IS PA3/CICHIS H30TOMOB ypana > U
28U | cTeHKy WMIMHAPHYECKOTO COCyZa PaJIycoM ¥ =

0,1 M Bpamaiorcs, uMess JUHEHHYIO CKOPOCTD
v = 500 m/c. l'azoo6pasnbrii rekcadropus ypana UF,
MOJIEKYJIBI KOTOPOTO IEPBOHAYANBHO cojiepskar p; = 99,3%
usorona **U u p, = 0,7% msoromna 2357 , mpu Temmepa-
type 300 K MesieHHO TPOKAYMBAIOT yepes MeHTpudyr,
or6upasi OJ[Hy YacTb Ta3a U3 MPUCTEHOUHBIX 06JACTell, a
JIPYTYIO 4acTh — u3 o6Jjactu BOIM3M OCH BpalleHus. a3,
oGorarennbiit u30TonoM > U , MPOIyCKAIOT Yepes CJIe/Ly-
IONII KacKaj MeHTPpU@yT, M TaK TPOUCXONT BIJIOTD /10
Oy YeHHsT M30TOMHOTO coctaBa ¢ 99,9% nsorona U n
0,1% m3oroma “*U . Cko/IbKO KacKa0B HeHTpudyT 1071-
SKHBI CTOSITH IOCJIE/IOBATENbHO JIPYT 32 JPYrOM, YTOOBI
[IOJIYYUTDb TaKO# pesyJibrar?

U.Kuxoun

®2319. 'y60KOBOMHBIN ammapaT CIIyCTHJNU ¢ KopaOJist
Hag MapuaHCKoOll BNAAMHON, W OH HAayaJ TOCTETIeHHO
orryckaJics Bee rary6ske U Tay6ske. BHe anmapara repe ero

2013/Ne4

MJLTIOMIHATOPOM aKBaHaBT Bacs ycTaHOBHII coCy/I € TIPOY-
HBIMU TTPO3PAYHBIMU KBapIEBbIMU CTeHKaMK (BbIepIKH-
BAOIMMU BBICOKYIO TEMIIEPATypy), CHaGKEHHbBIIT CBEPXY
7 CHU3Y KJATlaHaMU [ OTKPBIBAHWS WJN 3aKPbIBAHWS
OTBEpPCTHI, COEANHSAIOMNX BHYTPEHHOCTD COCYy/Ja C OKPY-
skatoleil Bogoil. Kaxaplil pas I1oc/e IOrpyseHus Ha
odepeslHbIe CTO METPOB Bacs samyckaa BOAy B COCYA,
OTKpbIBasl /[Ba KJalaHa, a IOTOM 3aKpbIBajJ BEPXHUIl
KJIallaH, OCTaBJISAS HIDKHUH KJIallaH OTKPBITBIM. 3aTeM OH
BKJIIOYAJ Harpesaresib B COCyJie M 3K/laJ, KOT/Za BOJa
3axunut. [locse gocriskenns remieparypbl kutienus Bacs
Jo6UBAJICs TOTO, YTOOBI JIMHUS pasjiesia Tapa U ropsdeit
BOJbI TPOXO/WJA dYepe3 MeTKy Ha CTeHKe cocyja, U
M3MepsUI IJIOTHOCTH TTapa U BOJBI B COCY/IE BBINIE W HIDKE
aToit MeTku. Bacs samosmmn tabauiy Excel, B kotopoit
rIyOUHY TIOTPY>KEHNS OTMETIJT B STIeHKaxX JeBO KOJTOHKH
10 BEPTUKAJIN, a B IBYX COCETHIX STUefKaxX 0 TOPU30HTA-
JIV TIOMECTUJI 3HAYEHUS IIJIOTHOCTEH ITapa 1 BOJIBI, COOTBET-
CTBYIONTHX 3TOH rry6nHe. CKOJBKO BCETO sTUeeK 3aTI0THII
IKCIIEPUMEHTAJIbHBIMI JIAaHHBIMI Bacs?

K. Huxap

®2320. /IBe oiHaKOBbIE JIUTHEBDBIE TLIOCKHE OaTapeiiku
(tuna CR216) nmeror JIC £ = 3 B, amamerp Kopmyca
D = 20 mm, toammuy kopiyca d = 1,6 Mmm. Barapeiiku
PACIIOJIOKIIN B BO3JyXe HA JIMHUM, COBIAMAIONIEH C UX
OCSIMU CUMMETPUH, TIOJIOKUTETbHBIMHE IOTIOCAME HABCTPETY
apyr apyry Ha paccrogaun L = 20 cm. OtieHUTe CHJIBI
9JIEKTPUYECKOTO B3anmMo/ieiicTBus 6atapeek. CyMMapHbIit
9JIEKTPUYECKUIT 3apsiji KAKI0U 6aTapeiiku paBeH HYJIIO.
II1.Kyaon

®2321. Koadduimenr mnpesoMaeHust CBeTa y KHIKOTO
Mmaciaa n = 1,47, niaorHocts Macaa p = 0,95 r/cM3 . Ka-
neJbKa MPO3PAYHOTO Macja B BO3JAYXE TIPEJCTABISAIA
€060l MaJICHbKUI TAPUK, a YIIaB Ha MMOBEPXHOCTb BO/IBI,
OHa MMPEBPATUJIACH B KPYTJIOE ISITHO PAIIYCOM ¥ = 2,5 MM.
Ec/in BBICOKO HaJ{ MACJISTHBIM IIATHOM IIOMECTUTH HEGOIb-
moi (TOYeuHbIi) NCTOYHNK CBETa, TO BUAHBI ABa N306pa-
SKEHUST ATOTO UCTOYHHUKA: 60JIee STPKOe TO/T TIOBEPXHOCTHIO
BOZDI Ha I1yOuHe /iy =10 MM u MeHee sSIpKoe Hajl MacJis-
HBIM TISITHOM Ha BbicoTe /), =3 MM. OlleHuTe BeJHYIHY
pazmyca MacJsHOU KaleJdbKu B BO3YXe.

B.Macnoe

®2322. Crynent Bacs, y3HaB o cyuiecrBoBanuu apdex-
TOB O0TIEll TEOPUH OTHOCUTEJbLHOCTH, PENTHJ OIEHUTDH
BJINSIHUE YeJsioBeKa, Hanpumep EBkJamnja, Ha pesysbrar
TIPOBO/IUMbBIX UM FeOMeTpUUeCKUX n3aMepenuii. Bacs mpe-
MOJIOKUJT, YTO KOCMOHABT ¢ UMeHeM EBKJM/I, Macca KOTO-
poro M = 70 Kr, HaX0/JIICh B KOCMOCEe BJIaJId OT 3eMJId 1
JIPYTUX MACCUBHBIX TeJI, HAUEPTUJI CIIEIIUAJbHBIM MapKe-
POM JIJiS BaKyyMa BOKPYT ce6sl OKPYKHOCTb DPaUuyCcoM
R =1 M, a 3aTeM C TIOMOIIbIO HEOOBIYATHO TOYHBIX
npr6OPOB N3MEPUJI OTHOTIIEHNE IJTTHBI OKPYKHOCTH L K ee
quameTpy D. B kakoM 3HaKe 1ocJie 3a1siToi moJrydeHHbII
WM 3KCIePUMEHTAJbHBINA Pe3yabTaT OTJNYAeTCs OT Teope-
TUYECKOTO 3HaueHus umcjaa T B EBKIM0BON reomeTpun
(3,1415926535897932384626433832795...)? I'paButanu-

11 2/ 2
onnast ocrostiHast G =6,67-107° H-Mm /KF )
A. Dunwmerin



SAJAYHHUK

«KBAHTA>»
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M2294. Hamypanvnvie a, b, ¢ ydosiemsopsiiom pasen-

1T 1 1
cmey —+—=—.,
a b ¢
a) Joxaxume, umo uucao a + b cocmasnoe.

6) [okaxume, umo npu ¢ =2 xoms Obl 00HO U3 wuces
a+ ¢, b+ ¢ cocmasnoe.

U3 ycJoBust ciieflyer paBeHCTBO

cla+b)=ab. (%)
a) Ilpeamosnoxum, 4t0 @ + b = p — HPOCTOE YUCJIO.
Corsacuo (), xorst 6bl OJHO U3 YHCEN d, b JOJIKHO
neantbest Ha p. Ho 9T0 HEBO3MOIKHO, TaK KAk p > a u p >
> b. IlosyyeHHOE TIPOTUBOPEYHE /IOKA3BIBAET yTBEPIK/e-
HIE 33/1a4N.
6) JloCcTaToYHO MOKA3aTh, YTO XOTsI GbI O/[HO U3 JABYX YHCE.T
d, =HO/l(a,c) u d, =HO(b,c) 6oxbme 1. [leiicrau-
TeJIbHO, ec/iu, Hanpumep, d, > 1, 1o a + ¢ nesmirest Ha d,
na-+tc >da , 3HQUUT, d + ¢ — COCTAaBHOE YUCJIO.
13 pasenctBa (*) BhITeKaer, uto ab gemurca Ha c¢. Ho
torga ecant d, =d, =1, To u ¢ = 1, 4TO HEBO3MOXKHO 110
ycnosuio. Mrax, ogno us uucen d, u d;, 6ombue 1, 4to u
TpebOBAJIOCH JI0KA3ATh.

B.Cendepos

M2295. [lan mempaadp. Moxem au paduyc enucamnou
OKpYKHOCIU 00HOU U3 €20 zpanetl Obimb MeHvule, 4em
paduyc snucannotl 6 mempasop cghepuol?

OTBeT: HE MOJXKeT.

IlepBoe pemenue. Ilyctb ® — OKPYKHOCTb pajuyca 7,
BrcanHast B rpaib ABC terpasapa ABCD; s — BuucanHas
B TeTpasp cdepa, n ul —
pajuyc u neHTp cdepol co-
OTBeTCTBEHHO. Uepes Touky
I mpoBeieM I0CKOCTD, Tia-
paJIeTbHYI0 IJIOCKOCTH
ABC; 1mycTb 3Ta ILJI0CKOCTb
nepecekaet pebpa DA, DB,
DC B tourkax A", B, C’
coorBercTBeHHO (CM. pucy-
HOK). B cedennu cdepbl s
miaockoctbio A’B’C’ nogy-
JaeTcsl OKPY’KHOCTb ) pa-
muyca 7 . Tak Kak @ 1esm-
KOM JIeKUT BHYTPH Tpe-
yrompuuka A’B’C’, To 7, He TPEBOCXOIUT paauyca 7’
OKPY’KHOCTH, BIIMCAHHOW B TpeyrosibHuk A’B’C’ (060-
cuyiite ator nepexon!). /lanee, tak Kak rerpasap ABCD
nostydaercs: u3 terpasapa A’B’C’D toMoTteTueii ¢ 1eHT-
pom D u koadduumentom k > 1, o v = kv’ > 1’ Urax,
nsr<r.

D

H.Bozoamnos

Bropoe pemenne. [Iyctb R — pajuyc BimcanHoi cepbl
tetpasapa ABCD, a v — pajuyc BIUCAHHON OKPY>KHOCTH
Kakoi-HuOy b u3 ero rpateii (myctb 310 Gyaer rpaHb
ABC). JlokaxkeM, uto R < r.

C onHOW CTOPOHDI, ecan .S — MJIOMIAAb MTOJHON TOBEPXHO-

CTH TeTpas/pa, To ero o6beM V paBeH %RS . C nmpyroii

1
cToponbl, V = §hs , T1e h — BBICOTA TeTpasipa, OIyIIeH-

Has u3 Bepmuubl D Ha rpanb ABC, a s — mjiomaab aToi
rpanu. Ho s = rp, r1e p — noJjynepuMerp TpeyroabHUKa
ABC. CunepoBaresnbho, RS = hrp. Tak kax BbicoTa 7 He
GoJibllle BBICOT OOKOBBIX TpaHEil, TO BeIUYUHA hp He
MPEBOCXO/INT TIONAAN OOKOBOH MOBEPXHOCTH TETPAd/IPA,
a 3Hauut, S > hp. Orciona R < r.

E.Enuganos

M2296. B xaemxax docku 8 X8 paccmasaenvt wucaa 1
u —1 (6 kaxdoi xaemxe — no oonomy uucay). Paccmom-
PUM 6CCBO3MOKHBIC PACNOLONE-
HUsL (huzypru u3 uemuipex x.e-
mox (puc. 1) na docxe (puzyp-
KY MOKHO NOBOPAUUBATND, HO €€
KAemKU He 00LKHbL blX00UMb
3a npedeavt docxu). Hazosen
maxoe pacnosoxenue weyoau-
HOLM, €CAU CYMMA wuces, cmo-
AWUX 6 Uemblpex KAemKax ¢u-
eypru, ne paeua 0. Hatidume naumenvuiee 603mMoKHoe
YUCTO HEYOAUNBIX PACNONOKEHUT.

Orger: 36.

[TokaskeM, 4TO B KOJKIOM «KPECTE» U3 MSATU KJIETOK JOCKU
HaliZIeTcst XOTs1 ObI O/IHO HEyIauHoe pactiooxenue. [Ipes-
MOJIOKUM TIPOTUBHOE; MYCTh B KPAaHUX KJETKAX KpecTa
CTOSIT umcaa a, b, ¢, d, a B IeHTpaIbHON — YHCJIO e;
0603HAYMM yepe3 S CyMMy BCeX 3TUX HATH yuces. Torzaa
10 HAIIEMY TPeAnooKeHnio S —a=S—-b=S—-c=S5—
—d =0, orkynaa=b=c=d. 3uauntr, S —a=e+ 3a=
=0, T.e. ¢ =—-3a = *3, UTO HEBO3MOKHO.

Wrax, B KaxxaoM 13 36 «kpecToB» (¢ IeHTpaMu BO BCEX
HEeKpaHUX KJETKaxX J0CKH) eCTh HeyAauHOe PaCIoNOKe-
Hue durypku. fcHo, 4ToO
KasK/JI0€ PACIOJIOKEHHE CO-
nepsxkurcst He Gosee wem B | 1| =1 1|=1f1 |=1] 1 |1
OJTHOM KpecTe; Mo3ToMy Ta- |—1| 1 [=1| 1 |~1| 1 |=1| 1
KUX PacloJOoXeHWil He
MenbIre 36.

C npyroit cTOpOHbBI, HA puU-
CyHKe 2 mnokasan mpumep | 1 |=1| 1|=1[1 [=1| 1 [-1
paccranoBku, mpu Kotopoil [ ¢ [=¢] 1 =11 1 [=1] 1
KOJUYECTBO HEy/TauHbIX
pacmoJiokeHnii  paBHo 36. i o N o I

[leficTBuTteibHO, B Jiobom  Auc 2

KpecTe HeyJayHoe PacloJioKeHWe POBHO OJIHO, a BCe
PacCIoJIOKeHNsI, TIPUJIeralolire JJIMHHON CTOPOHOI K Tpa-
HUIIE JOCKU, SIBJISTIOTCS yIAYHBIMU.

Puc. 1

B i I e I e N

M. Anmunos

M2297. Canon camonema cocmoum u3 50 psdoeé no 6
mecm, nomeuennvix 6yxeamu A, B, C, D, E, F. Ceou
mecma e canone 3ananu 173 nacca;xupa. /[oxaxume, umo
Hatidymes 0ea psda, KOmopwvle 3AHAMbL O0OUHAKOGHIM
obpasom (m.e. 6 Imux psdax 3ansmot mecmd, nOMeUeH-
Hole 00HUMU U meMu Ke OYKeamu).

K coxanenuio, B ycJaoBuM 3ajjaun Oblia JIOMYIIEHA OTie-
yaTka: rnmaccakupos Obiio 173, a He 73, Kak ObLIO Halle-
yatano. [IpuHOCUM cBOM M3BUHEHUSI.
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Bceero umeercst 28 = 64 crniocoba sanontens pszna u3 6
mect (s kaxaoro u3 6 mectr A, B, C, D, E, F nBe
BO3MOKHOCTH — MecTO Ju60 3aHATO, 60 CBOGOHO).
[Tpeamonoxum, uto B Hammx SO psjgax crnocoObl pacca-
KU pa3juuHble, M100aBUM 14 HO6bIX PSIOB M MOCAIUM B
HUX HOBbLY TIACCAKMPOB TaK, YTOOBI TENEepb B TOJIYYHB-
muxcst 64 psjax Kaskblid crioco6 paccajiku BCTPETUJICS
poBHO 1 pas.
Mg xaxaoro us 64 psajoB HailieTcsa uneepcHvill Pl B
KOTOPOM 3aHSAThI POBHO T€ MeCTa, KOTOpPble CBOOO/HBI B
JNaHHoM psity (CKaskeM, eCJii B PSA/Y 3aHATHI B TOUHOCTH
Mecta A u C, To B UHBepCHOM psay OyAyT 3aHATHI B
tounoctu Mecra B, D, E, F). B nape ps10B, SBISIOIUXCS
WHBEPCHBIMU JIPYT /IS JPYra, 3aHATO POBHO II0JIOBMHA
mect (6 u3 12). Pasz6us 64 psia Ha napbl MHBEPCHBIX,
MTOJIYYuM, 4TO BO BceX 64 psijiax 3aHsATa MOJIOBUHA MECT,
T.e. oblee Yuca0 naccaskupos (CTapbIX U HOBBIX) PaBHO
64-6:2=192. Tak kak cpean HuX 173 cTapbIX maccaxu-
pa, TO YMCJIO HOBBIX MAcCaKupoB paBHO 19.
C Apyroil CTOPOHBI, TaK KaK CHOCOObI PACCaKN B HOBBIX
psAlax pasauyHbl, TO cpean 14 HOBBIX Ps/OB He GoJice
OJIHOTO IIEJIMKOM CBOOOJHOTO psifia U He 6oJiee IecTh
PAOB, B KOTOPBIX POBHO IO OJHOMY TIacCa)kKupy, B
OCTAJIbHBIX JK€ HOBBIX PsI/IaX XOTs ObI MO 2 Taccakupa.
3HAYNT, KOJTMYECTBO HOBBIX 1TACCAKMPOB HE MEHBIIE YeM
(14 = 1) + (14 — 1 = 6) = 20. IIporuBopeune.
H.Bozoanos

M2298. Ha oxpyxnocmu Orunvt 2013 ommeuenvt 2013
mouex, deasuux ee na paguvie dyzu. B xa:xooii ommeuen-
Hotl mouke cmoum ¢uwxa. Hazoeem paccmosnuem mex-
0y dsyms mouxkamu OIUKY MeHvuLell Oyzu MexdAY IMuUMU
mouxamu. Ipu xaxom Hauboavwem n MoKHO nepecma-
8UMb huwKku max, umobvl CHOBA 6 KAKOOU OMMEUEHHOU
mouxe 6vL10 NO huwke, a paccmosnue mexoy A06LIMU
deyms huwkanu, U3HALAILHO YOAIeHHLIMU He 0oJlee YeM
HA N, YEEAUUULOCH?

Ortsert: n = 670.

3anyMepyeM TOYKHU U CTOSIIIIE HA HUX (DUIITKHU 110 4aCOBOIi
CTpeJIKe TI0CJIeIOBATEIbHBIMU HEOTPUIIATEIbHBIMU T1€JIbI-
mu yncgaamu ot 0 o 2012. PaccMoTpuM TMpOu3BOIHHYTO
nepectaHoBky u ¢dumkn ¢ #Homepamu 0, 671 u 1342,
M3HAYATBHO PACIIOJIOKEHHBIE B BEPIIMHAX MPABIJIBHOTO
TpeyrosbHuKa. [lomapHbie paccToSTHUS MEX/y HUMH PaB-
ubl 671. Tlocsre mepecTaHOBKM cyMMa TIOTIAPHBIX PACCTOSI-
HUN Mekay aTuMu QuimkaMu He OyJIeT TPEBOCXOIHUTD
JUTMHBI OKPYXKHOCTH, & 3HAYUT, PACCTOSTHUE MEKY KaKu-
MU-TO AByMSI He Oyner mpeBocxomutb 2013 : 3 = 671;
CJIe/IOBATENBHO, PACCTOSIHUE MEXKIY dTUMU ABYMsI (DUIIIKA-
MU He yBeanuurcs. Vrak, npu n > 671 tpebyemas mepe-
CTaHOBKA HEBO3MOXKHA.

[IpuBeneM Terepb IpuUMep UCKOMON MEPECTAHOBKH JIJIsI
n = 670. Kaxayio dunky ¢ nomepom 1 <1006 mepecra-
BUM B TOYKY C HOMEPOM ¢; =21, a Kaxaylo (QUIIKYy C
HoMepoM 1 > 1007 — B TouKy ¢ HOMepoM @; = 2i —2013.
Wuayve rosops, a@; — 3T0 OCTAaTOK OT Aejenud 2t na 2013.
HerpyaHo TOHATH, YTO B KaXAYIO TOUYKY IMOMAJO IO
(pumke. Ocrasoch MOKa3aTb, YTO PACCTOSTHUS MEXIY
napamu (GUIeK, N3HAYAJIbHO YAAJTEHHBIX IPYT OT IpyTa He
6oJiece yeM Ha 670, IpW 3TOM BO3PaCTyT.

2013/Ne4

PaccmorpuM 1mpou3BoJIbHbIE (DUITKK ¢ HOMEPaMU i W J;
MyCThb paccTosinue Mexay Humu paBuHo d < 670. Torma
OJIHa U3 /Iy MEK/ly TOUKaMH ¢; U d; Gy/leT UMeTb JTUHY
2d, T.e. paccTosHue MeXIy OSTUMU TOYKAMU €CTh
d’=min{2d, 2013—2d}. Ho samerum, uro 2d > d u
2013 — 2d > d (nocaeanee — nockonbky 3d < 2013).
3uaunt, u d’ > d , 9T0 U TPeGOBAIOCH I0KA3ATD.

A. Xpamuyos

M2299. Ocmpoyzonvnviii mpeyzonrvuux ABC enucan 6
oxpyxnocmv . [Mycmo By u Cy — cepedunvi cmopon AC
u AB coomeemcmeenno. Ilycmv D — ocnosanue 8vlcomol
u3 mouxu A, a G — mouxa nepeceuenus meduar mpe-
yeoavnurxa ABC. Oxpysxnocms ® npoxodum uepes By,
Cy u wxacaemcs okpyxnocmu £ 6 mouxke X # A.
Hoxaxume, umo mouxu D, G, X aexam mna 00mnou
npamou.

Ecmn AB = AC, TO yTBep:K/cHHE 33/laUi CPa3y BbITEKAET
13 CUMMeTpun oTHocuTebHo AD. [lanee mpe/momaraeM,
uto AB < AC (cayuait AB > AC anajiornyen).

IIycTb a nx —KacaresbHbIC K OKPYKHOCTH £ , TPOXO/AIINe
yepes Toukn A n X coorBercrBento. [omorerus ¢ ieHTpoM
A 1 xoapdunmentom 1,2 mepeBoJUT OKPYKHOCTD €2 B
okpyskHocts (AB,Cy). Torma npsimbie a, x u B,C,
SIBJISIOTCS TTOMAPHBIMU PAOUKANLHBIMU OCSAMU OKPYIKHOC-
teit Q, (AB)Cy) n . Ioaromy mpsivete @, x u B,C,, 1re-
PECEKAIOTCSI B OJTHON TOUKe; Ha3oBeM a1y Touky W (puc.1).
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Puc. 1 x

3aMeTnM, 4To Touka D cuMMeTpuyHa Touke A OTHOCUTEJIb-
Ho npsmoit B,C,, mostomy WX = WA = WD; st0
osHauaert, uto W aBisercs 1enrpoM okpysxknoctu (ADX).
[Tycts O — nenrp okpy:knoctu . Ilycrs npsamas DX
nepeceKaeTr OKpy:KHOCTb £ BTOpu4HO B Touke 7. IIpose-
gem nogcyer yriaos (mosb3ysich tem, uro yrast AWX u
AOX — uenrpajbhble yriabl okpyxkHoctein (ADX) n Q
COOTBETCTBEHHO) :

180° — ZDAT = ZADT + LATD =

- %4AWX+%4AOX — ZAWO + ZAOW = 90°
(nmocsietHee paBeHCTBO BEpHO, Tak Kak OA 1 WA ). Cue-
nosaresabno, AD 1 AT = AT || BC.

Ocraetcs foxasath, uto Touku D, G, T jpexxaTt Ha OHOI
IPSIMON. 3aMeTuM, 4TO TOYKA D JIEKHUT HA OKPYKHOCTH

(AyB,Cy ), tne Ay — cepemuna BC (puc.2).! ([leiicru-

1 Oxpysxuocts ( AyByC, ) ABIAETCS OKPYKHOCTDIO [IEBIATH TOYEK
st tpeyrosibinka ABC.
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TEJIbHO, W3 CHMMETPHUU OTHO-

/ curtenbHo B,C, umeeM
/ £ZByDCy = LByAC,, a us
c, / napasienorpamma ByAC)A,
umeeM ZByA,Cy = £ZByAC, ;

¢ oTcroaa £ByA,Cy =
gel = ZB,DC,.) Paccmorpum
/ romoteTnio ¢ 1eHtpoMm G u
B D4, C koadpdurenrom —1,/2, te-
PEBOISIIYI0O TPEYTOJIbHUK
ABC B tpeyroabauk AyByC, .
JTa TOMOTETUs IEepPEBOJUT
touky T B Touky D’ okpyskunoctu ( AyByC, ), nns koro-
poit DA, || AT || B,C,, otkyna D’ = D . 3 romoreTun
toukn D, G m T nexar Ha OMHOW TPSIMOI, UYTO W
3aBepIIaeT JOKa3aTeJbCTBO.

Puc. 2

U.Ucaes, M.Hcaee

M2300. ITycmo p — npocmoe wucao euda 8n + 1 (n —
namypanvnoe). Jloxaxume, wmo MHOXKECMEO UUCE
{1, 2, ..., p = 1} moxno pasbums na dea nodmmoxecmsd
C PABHBIM KOIUUECTNGOM UUCES MAK, 4MOoObl PAIHOCD
npoussedeHull Yuces IMUX NOOMHOKECMS OeNULdACH:
a) na p; 6*) na p*; 6*) na p*.

a) Jlist 1060ro 1pocToro p Buga 4k + 1 MOKHO paséuTh
MHOKecTBO {1, 2, ..., p — 1} Ha mepBbIe (p—1)/2 =2k u
rocJieiue 2R qucet, Torja pa3HocTb IPONU3BeAeHIH Gy /eT
JIETUTBCST HA P

(1:2-...-(2R)) = (2R +1) - (2k +2) - ...~ (4k)) =

= (1:2-...- (2k)) = ((-2k) - (- (2k = 1)) ... (1)) =
= (12 (20) (1= (1)) = 0(mod p).

6), B) [lna onmcanus pasGueHus, yAOBJIETBOPAIONIETO
60Jiee CHJIBHOMY YCJIOBHIO «PA3HOCTH IPOU3BEIEHUIT [ie-
JIUTCA Ha p3 » Mbl OyJieM paboTaTh C MOHATHEM K6adpa-
muunozo eviwema.! ToBopsit, uto ocratok m e {1,2, ...
...y p — 1} ABIIETCS KBAOPAMUUHBIM BHIUETHOM TIO MOJLY IO
p, €CJIM HA/IETC 11eJI0e YUCJIO X TAKOE, UTO 2= m(mod p) )
Kax msBectHO, A1 TpocToro uncaa p > 1 cpeu 0cTaTKOB
1,2, ..., p— 1 poBHo nososuHa (1.e. (p - 1)/2 ) ABIAI0TCS
KBaJ[PATUYHBIMU BBIYETAMH, & OCTATBHBIE — HEGLIUEMAMU.
( deiictBuTenbHoO, = yz (mod p) TOT/Aa ¥ TOJIBKO TOT/IA,
korma x —y® =(x—y)(x+y) xparo p, T.e. Korna
x=y(modp) wm x=-y(modp). 3uaunr, nomyunrs
BCE PA3JINYHbIE HEHYJIEBbIE KBA/[PATHUUHBIE BbIUETHI MOJK-
HO, B3SIB OCTATKH YKCEJI 12, 22,...,((,29 - 1)/2)2 TP JleJIEHU T
Ha p.)

[lanee morpebyioTcsi cieiylolie M3BeCTHble (PAKTBI O
KBa/[PATUYHBIX BbIUETAX:

(1) Tycrb x,y € {1, 2. p- 1} , IPUYEM i — KBaJpaThy-
HbIil BbraeT. OCTaTOK MPOU3BEIEHNUS XY TIPU JIeJIEHIH Ha P
SIBJISIETCST KBA/IDATUYHBIM BBIUETOM <> X — KBa/[PATHUHDBII
BBIUET.

1 O ksagparmanpix Bbraerax (IIOMEMO CTAHAAPTHBIX KYPCOB
TEOPUH YHUCeN) MOKHO IpounTath B crarbe C.[uHAnKNHA «3010Tas
teopema» («Kpant» Nel 3a 1973 tom) mm B crathe A.CnmBaka
«KBaapatuunplii 3akoH BsaumHocTh» (Bubamoreuka «KpaHT»,
BbIn.102).

(2) Yucao p — 1 gaBagercss KBaJpaTUYHBIM BBIYETOM T10
Moaymo p < p=1(mod4).

(3) Yucno 2 gaBasgercss KBaPATUYHBIM BBIYETOM 10 MOJLY-
Mo p < p=+1(mod8).

[Tyctb Tenepb p — manHoe mpocroe yucjao suja 8n + 1.
Bosbmenm nevernoe uncno x € {1, 2, ..., p —1} u nocraBum
eMy B COOTBETCTBHE YeTHoe uncao p—x € {1, 2, ..., p—1}.
Tak kak p—x = x(p—1)(mod p), To, cormacto (1) u (2),
P — X U X ABIAIOTCS WM He ABJISIOTCS KBaJAPaTUYHBIME
BblYETaMM OIHOBpeMeHHO. OTCIo/a CIeIyeT, 4TO B MHOYKE-
cree {1,2,...,p—1} xonmyecTBa YETHBIX M HEYETHDHIX
KBa/[PaTUUHBIX BBIYETOB paBHbI. To e caMoe crpaBe/n-
BO /IS HeBblueToB (Kakoe M3 9TUX KOJMYECTB PaBHO

(p—-1)/4 =2n=k). O603naunm uepes a, ..., @, Bee He-
YeTHbIE KB/JIPATUYHDIE BBIYETBI, by = P —dy, ..., by = p—a,
— BCe YeTHbIe KBAJPATUYHbIE BBIYETDBI, Ci,...,C, — BCE

HeYyeTHbIE HEBBIYETBI, dj = p— ¢y, ..., d, = p — ¢, — BCE YeT-
Hble HeBbIUeThl. Hixke JOKaXeM, 4TO paSéI/IeHI/Ie MHOXe-
crBa{l, ..., p— 1} manogmuosxkecrsa {ay, ..., a, di, ..., dy }
u {b,....b,, ¢,...,c,} — uckomoe, T.e. UTO PazHOCTH
AD — BC, tne A=aqay...a,, B=b...b,, C=c¢...c;,
D =d,...d,, nemircst na p°.

(Hanpumep, mist p = 17 uckomoe pasGueHue BBITJISIIAT
caenyiomum obpasom: {1, 9, 13, 15, 6, 10, 12, 14}, {2, 4,
8, 16, 3, 5, 7, 11}. M0o)XHO IPOBEPHUTD, UTO B 3TOM CJIydae
pasHOCTb MPOU3Be/IeHN paBHa 17%.2°.3.5.7.)
PaccmorpuM npoussezieHnie BceX Y/IBOEHHBIX KBa/lpaTny-
HBIX BBIYETOB

P = (2a))(2a,)...(2a,) (20,) (2, )...(2b,) = 22* AB |

Ucnonbays coiicta (1) u (3), umeem: ecain x — KBajpa-
THaHbIi Bbrdet u3 unrepsasia (0, p/2), To 2x < p, u Torga
2X — YETHBIN KBAJPATUIHBIN BBIUET, & €CJIM X — KBAJAPATHI-
Hpiii Bbruer us untepsana (p/2,p), 10 p < 2x < 2p,
3HauuT, 2x = p + y, rje y — HedeTHbIH KBaJpaTUYHbIH
Bbyer. Kpome Toro, ecim x mpo6eraer Bce KBa/[paTHIHbIe
BBIUETBI, TO OCTATKU YHCEJ 2X MPH JeJeHUN Ha p TakxKe
mpo6eraor (B HEKOTOPOM IIOPSAKE) BCE KBaApPaTHUHbIE
Bbruerhl (Tak Kak mpu Xy, Xy € {1,2, ..., p — 1}, 2, # 1y,
qnCcao 2% — 2, He eJUTCs Ha p, T.€. 2y # 22, (mod p) ).
Tem cambiM, TTpou3BesieHre P paBHO

bb, ..o, (p+a)(p+ay)...(p+a,)=

=(p-a)p-a)...(p-a)(p+a)(p+ay)...(p+a).
Urax,

P = (p2 —af)(p2 —a%)...(pz —a,f) =

= p"_Sp" =S pr+ S, (%)

rjae.S, — cymMMa Beex TPOM3BEIeHUH 1o ¢ uncest 13 Habopa
af, ...,ai , B yactHoctu, S, = A%
Ns (%) cneayer, uto P — A% pemmtcs Ha p2 . Ho
P-A?=2tAB- A’ = A(szB - A) , 3uaunt, 2% B— A
JICJIUTCSA Ha p2 . Ipenbiayiiee paccyskeHHe OCTAHETCS

BEPHBIM TIpU 3aMeHe da, ..., d, b, ...,b, Ha ¢, ..., ¢cp,
dy, ..., d, . B pesyabrare 1mosyunm

2%kp = A(mod pz) ,
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2"D =C(modp*) = 2" BC =

=A-2%*D(mod p*) = 2 BC - 2** AD =2** (BC - AD)

JICJTUTCS HA p2 , OTKyJa (BC - AD)lIeIII/ITC}I Ha p2 , UTO
3aBeplIaeT pelieHue 3agaun 6).

Yeunum npepiayiiue paccyxaenus. JJokaxem, urto S,
1 aHAJIOTHYHAS CyMMa IS YUCeI Cy, ..., Cp, JIeJIATCs Ha P.
Torpa us pasencrsa (*) Gyger BbITeKaTh, uTo P — A2
JIeINTCS Ha p3. HanbHeiinme paccyk/IeHUA 10 KOHIA
JIOKa3aTe/IbCTBa TIOBTOPSIOTCS ¢ 3aMEHOMI p2 Ha p3 .
Wrak, ocraercs OKa3aTh, YTO CYMMbI

1 1 1 1
S = S+t — | u Sy =C|5+...+—
a aj, (o Cp

JICJIATCA HA p. DTO MOKHO C/IeJIaTh CJEAYIONIM 06pa-
30M.2
Kaxxnoe u3 2k ciaraeMbix B cymme

S=C’S+A*S, = A%C? 12+ 12 12 12

a G Ck

ABJIAETCS KBAJPATOM, MIPUYEM HTU KBAJPATHI JAIOT pa3-
Hble OCTaTKM TIpH jejeHun Ha p (Tak Kak pasHOCTD
2% —y* = (x - y)(x + y) He gesUTCA HA P PU HEYETHBIX
x,y,0<x<y<p). [loaromy S maer npu [eJeHNN HA
p TOT K€ OCTaTOK, Y4TO M CyMMa BCEX KBAPATUYHBIX
BbIYETOB n3 MHoxkectBa {1, 2, ..., p — 1}, nam
S=12+22+ .+ (2]@)2 (mod p). Iombsysch dopmyoii
2 +2% .. +m® =m(m+1)(2m+1)/6 nnam=2k (vox-
HO JIOKa3aTh 9Ty (OPMYJIy 10 MHAYKI[MN), MOJTydaeM, 4To
S nesutesa Ha p.
Jlanee, Bce caraemMble B CyMMe S| = af + ...+ aj SABJS-
I0TCSI YETBEPTHIME CTENEeHsAMU 110 Moy p (r.e. s
Kayk/IOTO0 U3 HIX Haiizercst « ¢ yeosnem x' = @ (mod p) ),
[PUYEM OHU JIAIOT PasHble OCTATKU TIPU JEJEHUN Ha P.
Takoil ke BbIBOJ| MOXKHO cieq1aTh o cymme S, . C apyroit
CTOPOHBI, BCE HEHYJIEBbIE OCTATKH YETBEPTHIX CTEIEHEi
1o Mozy o p (GUKBAPATHYHBIE BBIYETBI) MOXKHO MOJIY-
YUTh KAK OCTATKU KBAJAPATOB KBaJPATUYHBIX BHIUETOR,
T.e.uncen ai, ..., a;, b, ..., b} . Tak kax b} = (p—ai)2 =
aiz (modp), To B cymme Sy (xak u B cymme S, ;)
Ka/Iblii BO3MO’KHBII HEHYJIEBOI OCTaTOK 4eTBEPTOil cTe-
MeHW BCTPETUTCS POBHO ofamH pa3. Wrak, S, ;=
=S, (mod p) . [asee,

251 5(412 +---+d£)+(b12 +...+b§)5

11424 + ..+ (2k)" (mod p).

Ioubaysic popmyanoit 1 +2% + .. +m* = m(m+1)(2m +

2 ITpenmaraeMoe 37ech 10KA3aTENbCTBO TOAUTCS [IJIST TIPOCTBIX
wnces p > 5 Buga 4k + 1. JIpyroii crnoco6, paGoTalomiii TOJIbKO /ISt
p = 8n + 1, ocHOBaH Ha pas3bHEHHN CYMMBI S, ; Ha Hapbl
cJaraeMplX, CyMMa KOTOPBIX Jejutcs na p. [lasg uuraresneif,
3HAKOMBIX C YHUBEPCUTETCKIM KYPCOM aireOpbl, BO3MOXKHO, GoJiee
€CTECTBEHHBIM OY/ICT CIIC/YIONIEe COOOPAKEHIE: YHCIA @] SBJISAIOT-

Pt
cs1 KOpHAMH, a +S; — Koaddunnentamu Muorowiena x 4 —1 maz
p-1

noJjeM Z TO JK€ BEPHO /IJIA Yucest Ciz u MHOroujeHa x 4 +1.
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+1) 3m? +3m—1)/30 st m = 2k, ToJiydaeM, 4TO MPH
p > 5 uncyao S; JEJUTCS HA P.
Wrak, gokasaHo, 4to S = C2Sk_1 + AZS};;_1 u S,y nendarca
Ha p, caenoBatebHo (Tak Kak A B3aUMHO IIPOCTO € p), U
S}_y JIEJUTCST Ha p.
3ameuanus. Unrareb MOKET IIPOCIEANTD, KaK W/IEH PeIe-
HUST 9TON TPYAHOI 33149 MEPEKTUKAIOTCS C UESIMU Pellie-
nua 3agaun M1235 («Kpant» Ne12 3a 1990 roxn).
OrMeTnM, 4TO /I TIPOCTBIX 4YKces p Bujia 4k + 3 MHOXKe-
crBo uucen {1, 2, ..., p — 1} HEBO3MOXKHO Pa3OUTD Jaske €
yeaoueM 3ajgaun a). (Ecau mpeanosiosKuTh MpoOTHBHOE,
npoussesiennst X u Y B MOJMHOMKECTBAX JaBaJii Obl paBHbIE
ocratku npu jenenun Ha p. Torma (p—-1)!=XY =
= X* (mod p) . C apyroit cToponsl, 1o Teopeme Birbcona,
(p—1)!=—-1(mod p). Ho xax ussecrno, —1 He saBIsAETCA
KBaJ[PATUYHbIM BBIYETOM I10 MOAYJIO p = 4k + 3.)
Metomamu, m3n0KeHHBIMU B permernu 3amgaun M2300,
MOJKHO JIOKa3aTh TaK)Ke CJeLyloliue WHTepecHble (haKThl:
JUTs pocToro p Buja 4k + 3 cymma AB + CD nesutest Ha
p2 (o603navenusa a1 A, B, C, D COXpaHeHbl U3 pele-
HUS); IS npocToro p Buzaa 8k + 5 pasHOCTb ASB-CD
JIEJINTCS Ha p3 .

U. Baiinwmeiin

®2300. Kaxyo MunuMaivHyio no seiudune cKopocmy no
OMHOUWLEHUIO K NOGEPXHOCIIU 3eMAU HYKHO COOOUUMD
KOCMUHECKOMY aANNApamy, HAX00SWeMycs yxe eue dam-
mocghepvl 3emau na svicome 200 km nad ee IKAMOPOM,
4moboL OH He MOILKO HABCe20d NOKUNYL 3eMaio, HO U
yaemen nascezoa om Coanud, npoiemes 0diexo om 6cex
Opyeux naamem coaneunol cucmemwvl? Paduyc 3emau
R = 6400 xm. Paccmosnue om 3emau do Coanua L =
= 150 man km. Opbumy 3emau cuumaiime Kpyzogoli.

[TesbHOCTD CYTOK MOKHO BBIPA3UTh B CEKYHIAX:
t =24-3600 c = 86400 c.

JleTko BBIMMCIUTD CKOPOCTD I[eHTpa 3eMJIN IIPH ee JIBIKe-
Hun 110 oTHONIeHno K CoJHIty:

0y = ELT 29,865 xkM/c = 30 kM/c

T
(3mecw T = 365,25t = AIMTEIBHOCTH TOJA B CEKYH/AX).
MO3KHO TaksKe BbIYUCJIUTH CKOPOCTb JBIKEHUS TOYEK Ha
9KBaTOpe 3eMJU 0 OTHOLUIEHHIO K CHCTEME OTCYETa, B
KOTOPOH LEHTP 3eMJIi IIOKOUTCS U OCH KOOP/MHAT HallpaB-
JleHbl Ha pasekue 3Be3pl (He Ha CosHile):

v =¥ = 0,465 kM/c .

Kpome toro, m3BecTHO, Kak HalTH MEPBYIO KOCMUYECKYIO
CKOPOCTH JIJIsi KOpalJisi, HAXOSIIErocss Ha BBICOTE /i Ha
MOBEPXHOCTHIO 3eMJIH:
2
o = gR =7,8 kM/c = 8 kM/C .
R+h
I'paBuTannoHHbIE OIS TOMIMHSIOTCS TTPUHITAIY CYTIEpPITIo-
3UIMH, TI0TOMY KOT/la KOpabJb MacCoil 7 HaXOJIUTCS B
noJie Tsokectn n Commna n 3eman (Ha paccroannu R + 4
OT ee IEeHTpa), TO ero TNOTEHIUANbHas HHEPrHus paBHA
B3SITOf CO 3HAKOM MIHYC CyMMe muj +movi . DTO Jerko
MMOKAa3aTh, PACCMOTPEB JIBIKeHne 3eM BOKpYT CoJiHIa 1
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[0JIET KOCMUYECKOT0 allliapaTa 1o Hu3Koil op6uTe BOKPYT
3emmn. Ecam B cucreme orcyera Komepruka (ueHTp
CostHIIa HETIOABWIKEH M OCH KOOPAMHAT HATIPaBJIEHBI OT
rierrpa CoJtHIa Ha JasieKue 3Be3bl) KopabJib GyeT UMETh
TaKyI0 CKOPOCTD, UTO CyMMa €TI0 KHHETIHYECKOH SHEPTHN —
MIOJIOKUTENBHON — U €r0 MOTEHIINATBHOI SHEPTUU — OTPH-
naTeJbHON — OyneT OOJIblle HYJs, TO TaKOH KopalJb ¢
HEPaOOTAIONIUME [IBUTATEISIMU MEET BO3MOYKHOCTD yJie-
TETh 3a MPeJIEIbl COJTHEYHON CUCTEMDI, MIPOJIETEB HA GOJTb-
[IUX PACCTOSTHUSX OT BCEX [PYTUX ILJIAHET. 3eMJIs B CBOEM
neukenun BoKpyr CoutHita coobiaer KopabJaio CKOPOCTh
0y, ATO — <«IIepeHOCHasg» CKOPOCTb. Ecsm kopabib yke
YIAJUJICS JOCTATOYHO JAJIE€KO OT 3eMJIM U HAXOJUTCS OT
CoJHIa HA TAKOM K€ PACCTOSIHUM, KaK 3eMJisl, TO eMy 110
OTHOIIEHUIO K 3eMJe [JOCTaTOYHO WMETh CKOPOCTD
(\/5—1)00 =12,4 KkM/c, HAIPaBJEHHYIO TaK >Ke, KaK H
CKOPOCTD IIEHTPa 3eMJIN 110 OTHOIIeHNn 0 K COTHITY, 4TOOBI
Kopa6Jib HABCET/A TOKUHYJI COJTHEYHYIO CUCTEMY. 3a CUET
CYTOYHOTO BpallleHus 3eMJu KopalJib, 3arylleHHbIN B
MOJIHOYb € HKBATOPA, IOJYYAeT ellle JOTOJHUTENbHYIO
ckopocth v. CliefloBaTe bHO, 1JI HAXOXKIEHUS HYXKHOMI
CKOPOCTH U3 — TPeTbeil KOCMMYECKOH CKOPOCTH — TIO
OTHOIIEHWIO K TIOBEPXHOCTH 3eMJIM B MECTE CTAPTA HYKHO
penuTh ypaBHEeHNe

m(x/§—1)2v§
2
(v+v3)2 :2012+(x/§—1)2v§.

m(v+03)2 )

—muoy = , NN
2

Orciofa nosydaeMm
vy =16,11 km/c .

(Ecam cunrars npubmmkento v, = 30 kM/c u o = 8 kM/c,
TO OoTBeT MosTy4aercs 16,34 xkm,/¢.)
C.Bapaamos

®2301. IIpu «cbpacvisanuis noKA3AHUL MEOUUUHCKOZO
PMYymHozo Maxcumarsnozo mepmomempa (cm. pucymox)
pe3KUMU OBUNKEHUAMU PYKU
dobusaromces ycxopenuti no-
psioka a = 60g. ITpu maxoi
<nepezpy3Kes pmymv HAUU-
Haem 6vlMeKamv u3 Kanui-
JAPa uepe3 maioe omeepcmue
(cyxenue enympennezo ce-
uenus mpyoxKu KaANUIIIPa) &
peszepsyap mepmomempa.
Dopma omeepcmus — y3Kas
wenv. OQuenume wupuny weau, 0becneuusaru,ett mepmo-
Mmempy ezo c60licmeo maxcumarvrocmu. Koaghguyuenm

NO6EPXHOCNHOZ0 HamsKenus pmymu o = 0,5 ZZ)K/ n*,

naomnocmo pmymu p = 13600 KZ/MS . Ocmamounas 0u-
na cmoabuxa pmymu (om ommemxu wrarot 35 °C 0o
Mecma cyxenus kanuiispa) L = 20 mn.

[laBnenne cronbuka pTyTH B KaMUJJIsIpe IpH «cOpachIBa-
HUW», PaBHOE

py =pal,

60JTbIIIe BEJIMYUHBI JaBieHus Jlammaca moza moBepxHOC-
TBIO PTYTH, M30THYTOH B (hopMe [JIMHHOTO IUJIMHIPA C

pa/inyCcoM, paBHBIM ITOJIOBMHE HMIMPUHBI €N, COCTABJIA-
roniero
(¢

2
OTCIO]Z[a HaXOJ[UM OLECHKY [AJid HWPUHDI MEJaNn:
20
Iy=—
palL

P2

=~ 6 MKM .
/1. Hunonvkun

®2302. Had udearvnvim 00HOAMOMHBIM 2d30M COBEPULA-
1om yuxauueckuil npouecc 1—2—3—4—1, epagux xomopoeo
usobpasxen na pV-ou-

PA
azpamme (cm. pucy- 1
Hox ). Munumanvrolil
obsem easa pasen 'V, 4

a MAKCUMAILHBIL — 6 Il
pas 6oavwe. Yuacmiu
2=3 u 4-1 — usoxopu, 2

1
yuacmox 3—4 — adua- [ Po
6ama, a yuacmorx 1-2 3
NOAYUEen U3 YUACKA i
—4 cosuzom na ompe- ) >
J P v, v, %

30K OUNOU P, 66epX
6004b ocu dasaenus. Onpedesume KoJUUeCMEA MENJLO0-
Mol, NOJYUEHHbLE UAU OMOIAHHbIe HA YudcmKkax 1—2, 2—3,
4—1, a maxxe KII/[ 3moeo yuxaa.

Ha usoxopHbix ydacTkax 4—71 u 2—3 noJjydyaemoe WJIH
OT/IaBaeMoe Ta30M KOJIMYECTBO TEIJIOTBI UAET TOJBKO Ha
n3MEHEHHe ero BHYTPEHHel sHepriun

U=3vRT =3V
2 2

[Tpu sToMm Ha yuacTke 4—1 TOIydaeMOe KOJINIECTBO TEILIO-
Tbl IOJIOKUTEIbHO, a Ha yyacTke 2—3 — OTpPHUIlATEe/IbHO:

3 3
Oy =A(§pV)=§p0VO,

3
Oy3 = —Enpovo -

O603HaYNM 3aBUCUMOCTD JaBJCHUA OT o6beMa Ha aanada-
Te 3—4 Kak

p=p.(V).
Torpa, 1o ycaoBuio, yyactok /—2 3ajaeTcs ypaBHEHUEM
P=p.+p-

[Torywaemoe mpu paciumpeHnun Ha Majbiii 00beM AV Ha
3TOM yUYaCTKE KOJUYECTBO TEMJIOTBI AQ WET Ha U3MeHe-
Hue BHyTpeHHeil sneprun A (pV') u Ha cosepiienue pa6o-
Tol pAV:

3
AQ = A(E(p() +Pd)V)+(po +pd)AV =

= g(Po +pa)AV+§ApaV .

[Tockosbky ToOJyyaeMoe IIpU pacCHIMpEHMM Ha MaJiblil
o6beM AV Ha agmabaTe KOJMYECTBO TETIOTHI, pPaBHOE

3
3 PAV + EApaV , obparaercsl B HOJIb, UMEEM
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Takum o6pasoM, MoJHOE TIOTyYeHHOE Ha ydvacTke [—2
KOJINYECTBO TEIJIOTbI PABHO

)
Oy :il’o (n=-1)V,.

OO011ee KOJMYECTBO TEIJIOTHI, MOJYYeHHOE OT HarpeBate-
Jielt, paBHO

5 3
Q, =0y +Qyy = 5P (n-1)V, +§P0Vo ,
a XOJIOAMJIBHUKAM ObLIO OT/AHO KOJMYECTBO TEILIOTHI
3
o= |Qz3| = Enpovo .

CaenoBatespro, KII/[ nukmra paBen

o

n=i-5-=
- (3/2)npyV, __n-1 .
(5/2)po (n=1)Vo +(3/2) Vo (5/2)n—1
O.I111sedoes

®2303. I1pu nHuskux memnepamypax MoAsPHAs. MEnJo-
EeMKOCIb MEepoblx 6eU,eCNE NPU NOCTROSAHHOM 0A8AeHUU
3asucum om aodcoomuoi memnepamypo. T no 3axony
Cr =Cy, (T/Y}))S. Odun momw (40 2) meepdozo apzona
npu memnepamype 8 K npusesu 6 menioeot KOHmaxm ¢
08YMsL KUNOZPAMMAMU MEePI020 aApzond Npu memnepa-
mype 1 K u ece emecme mennousonupoeanru. Kaxot
O6ydem memnepamypa eewecmed, K0z0d YCmaHOSUMCS
menJiosoe pasnosecue?

ITpn takmx Huskux Ttemmneparypax (< 10 K) suemmnee
JlaBJieHue, T.€e. JaBJIeHNe HACBIIEHHOTO ITapa 3TOTO CaMOT0
BelleCTBa, HACTOJBKO MaJjio, 4TO pabOTOl, CBSIBAHHON C
TETJIOBBIM PACIIUPEHUEM BEIecTBa, MOXKHO MpeHeOpeyb.
3armac BHyTpeHHEH 9Hepruy v MoJieii BelecTBa onpe/iesisi-
eTCsl CyMMUPOBAHUEM OT HYJICBOI TeMIIEPaTypbl /10 KOHeY-
HOU TeMriepatypbl:

3

T =vT" const .

3
T 1
Ve | = | ar =vey, - —T|
0 7‘(’) 0 4 TO

ITocne YCTAHOBJIEHNA TEIIJIOBOT'O PaBHOBECHUA CyMMapHasda
BHYTPEHHAA 9HEPTHUA OCTAHETCA TaKoOM JKe U Bce BelecTBo
Oy/leT UMETh OJIMHAKOBYIO TeMiiepaTypy. OTciofa cieayer,
qTo

v,T; - const + v, Ty’ - const = (v; +v,) T3 - const .

3ameruMm, uto 40 r — 310 1 MOJIb aprouna, a 2 kr — ato 50
moueii. Torpa momyunm
1/4

V1T14 +v2T24 ~3K

I; =
Vi +V,

C.Bapaamos

®2304. B xondencamope Haxooumcs ceepuymas py.io-
HOM NAUKA UePeOYIOUUXCsL TUCTNOE U3 METNALLA U U305
mopa ¢ OUINEKMPULEeCKol NPOHUUACMOCBIO € = 3 00HOI
u moti xe moaugunvt d = 0,01 mm. Yemnvie aucmol
MEMAANA COCOUHEHL INCKMPULECKUM KOHINAKIMOM 8MEC-
me u om mecma coedunenus: coeian e6vi6od. Tax xe
coedunennl u Hewemuole aucmol. Mexdy xaxdoi napoil

2013/Ne4

UEMHbILL — HEeUeMmHbIl JUCM MemAlld UMEeemCs CAO0U
u30asmopa. Pasmepvl Mmemaiiuueckozo KOpnyca KoHoe-
camopa ax axa =5x5x5 cm. IIpoboiunas nanpsxen-
HOCMb INEKMPUUECK020 NOAL 6 OJudlexmpure
E=3-10" B/m. Kakxosa emxocms maxozo kondencamo-
pa? Kaxoe maxcumanvnoe manpsxenue evidepxusaem
maxoi Konoencamop?

Ecuin noreHIinasbl BbIBOIOB KOH/IEHCATOPA OTJINYAIOTCS Ha
U, To B IM3JIEKTPUUECKUX ITPOMEKYTKAX MEK/1y MeTaJlJIn-
YECKUMU TJIACTUHAMU UMEETCS 3JIEKTPUIECKOoe MoJe 011~
HakoBO# Hanpspkennoctn E = U /d. TlonoBuna noJsHoro
oObeMa Halllero KOHJEeHCaTopa, T.e. a3/2 =62,5 e’ 3a-
HATA JUIJIEKTPUKOM C TaKUM 3JEKTPUYECKHM IIOJIEM.
JHeprus KoHjeHcaTopa paBHa IPOU3BEJACHUIO IJIOTHOCTH
9HEPruy 371eKTPUUECKOro 1101 E2£80 /2 Ha 00beM, 3aH:I-
TBII TTOJIeM:
2 3 2
W=—-|— eao-a—=CU
2 2

Orciofa HaXOaUM €MKOCTb HaIllero KOHAeHcaTopa:

eega’

C==75 =1,7-107 @

MaxkcumaJjibHOE HalpsAKeHrue MeEX/J1y BbIBO/[aMU TaKOI'o
KOHAEHCaTOpa He /IOJIKHO ITpeBbIIIaTb BEJINYNHDI

U, = Ed = 300 B.
. drexmpux

®2305. B 603dyxe npu nopmamvnoix ycaogusix (T =
=273 K, p=10° Ila) co3dano odnopodmoe snexmpu-
yeckoe noje ¢ nHanpsixennocmuto E. Honusayus moJe-
KYJA 6030YxXa NPOUCXOOUM 3d CUE KOCMUUECKOZO U3NY-
uenus. Bosnukwue npu uonuzayuu c60600nvle 31eKmpo-
HbL 00120 NYmMewecmeyom, npexoe uem eCmpemums na
CB0EM NYMU NOJOKUMENLHO 3APSIKEHHOIUL UOH U CHOBA
obpasosamo nelumparvnyo monexyny. Cuumas yoapo
HEUMPAILHOLY MOLEKYJ C NeKMPOHAMU AOCOTIOMHO Y-
pyeumu, Haudume cpeoHIon cKOPOCms YnopsidouenHozo
J8usKenus. 31eKMPOHO8 U CPeOHION CKOPOCMb HeYnopsi-
douennozo xaomuueckozo 0euxenus 31eKkmponos. Pas-
mep (Quamemp) monexy.n 6030yxa D = 0,3 um. Paccmom-
pume 0sa cayuas: E, =100 B/m, E, =105 B/m. Ipu
Kaxou eeaunune nanpsxennocmu E sosnuxaem anexm-
puneckutl npoboll 6 6030yxe, ecau 01 2APAHMUPOBAH-
HOU UOHU3AUUU OOHOU MOLEKYIbL MPeOYemcst Inep2us He
menvwe wy, = 10 3B u kaxovii uz 06yx c60600HbIX
AEKMPOHOE NOCJE UOHUIAUUU MOLEKYTbL DOTIKEH UMEND
NPUMEPHO MAKYIO JKe IHepeuio?

CpenHsst CKOPOCTb HEYTIOPSII0UEHHOTO Xa0THYECKOTO JIBH-
JKEHUs JIEKTPOHOB 0, MO-BUAUMOMY, OY/eT 3HAUYUTETHHO
60JIbIIIE CpejIHell CKOPOCTU TEIJIOBOTO JIBUMKEHUS] HEUT-
PAJIBHBIX MOJEKYJ ©¥,. IJTO TOCJ€e BBIYUCJICHWH HYXKHO
6yzner mpoBeputb. B TakoMm ciyvae s HAXOXKIEHUS
cpesiHell JTMHBI CBOGOIHOTO TIpoGera 3JeKTPOHOB MOKHO
CUNTATh HEUTpaJIbHBIE MOJIEKYJbI CTOSIINMU Ha MECTe.
KonmenTtpanus MoJsiekysT paBHa

p

n=-"—
kT
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B mamem mpennoJioikeHUN IJIWHA CBOOGOIHOTO Tpobera
3JIEKTPOHOB paBHA

4 4RT

nnD? pﬂ:D2
[Tocne kaxkmoT0 yaapa ajeKTpoHa O HEHTPaabHYIO MoJe-
Kyay (IBWKYNIyIOCS ¢ OYeHb MaJoii CKOPOCTBIO) €ro
CKOPOCTD CJIy4ailHbIM 00Pa30M MEeHSIET CBOe HallpaBJIeHue,
a BeJIMYUHA CKOPOCTU YMEHBINAETCSI Ha HEKOTOPYIO CBOIO
noJtio. CBSI3aHO 3TO € T€M, YTO MACCUBHAs, B CPABHEHUH C
9JIEKTPOHOM, HeUTpaJbHasT MOJIEKYJIA [OCJe yapa u3Me-
HSIET CBOIO CKOPOCTH M IPHOGPETAET HEKYT0 KHHETHUECKY IO
aHepruio. Ecim ckopocTb HEYITOPSI09eHHOTO Xa0THIeCKO-
TO JABVKEHWS 3JIEKTPOHOB 0603HAUNTD YePe3 ¥, a CKOPOCTD
npeiida, T.e. yIOPSIOYEHHOTO [IBUKEHUSI, — Yepe3 U, TO
MEX/y HUMU MMEETCS TaKas CBS3b:
u_at_lEek_Ee?»
2 2mo 2mo

(Mexy yaapaMu 3JIEKTPOH JIBUKETCA € YCKOPEHHEM,
HalpaBJeHHbIM TPOTHB dJeKTpuueckoro mnoas E). 3a
BpeMs ¢ 9IEKTPOH B CPETHEM TIEPEMECTUTCSI HA PACCTOSTHUE
ut, IPY 9TOM DJIEKTPHUYECKOE TI0JIe COBEPIINUT padoty Eeut.
[Ipu yaape o HEHTPaJbHYIO MOKOSIIYIOCS MOJIEKYJTY Mac-
coit M 3JeKTpOH Maccoil m MoskeT moTepaTb oT 0 [0
4m,/M pomu cBoeit Kunermdeckoi sneprun (IIpu CKOJIb351-
meM M npu J060BOM yaapax COOTBETCTBEHHO). Ecim
CUMTATh, Y4TO B cpeaHeM Tepsiercs npumepHo (2m,/M)-a
JTOJIST SHEPTHH, TO CPEIHIOID CKOPOCTb HEYTIOPSI0OYCHHOTO
Xa0TUYECKOTO JIBUXKEHUS HJIEKTPOHOB MOKHO HAUTH W3
3aKOHA COXPAHEHUS HHEPTHH:

=53-107 .

2 2.2
Eeutzz—mﬂ, nan EeE_e?»&: mo ,
M 2mo v M
E?e2\*M
u 024—3.
2m

IIpu E = E; =100 B/m

v=21xM/c u u=130 m/c.
Iipn E = E, =10° B/um

0 =2100 xM/c u u =13 xm/c.

Macca MOJTeKyJIbl BO MHOTO Pa3 GOJIbIIIe MACChl HJIEKTPOHA,
[IOATOMY CKOPOCTH YHOPSIIOYEHHOTO [[BUKEHUST DJIEKTPO-
HOB TOPA3/I0 MEHbIIIE CKOPOCTU MX XAOTUYECKOTO [[BUIKE-
uusi. CpaBHUM 3TH CKOPOCTH CO CPEIHENl CKOPOCTHIO
TEIJIOBOTO JIBIIKEHISI MOJIEKYJT BO3AyXa

0, =‘/3R;T =480 m/c.
M

Buzno, uto Harre mpeArnosoKeHne O TOM, YTO CKOPOCTb
XaO0TUYECKOTO JBUKEHUS 3JEKTPOHOB GOJIBINE TETLIOBBIX
CKOPOCTEil JBUKEHMS MOJIEKYJI, OKa3ajaoch BepHbIM. OJ1-
HAaKO OCTaHaBJMBaTbCsl TMOKa paHo. Haiimem ckopoctb
TEILJIOBOTO ABIDKEHUST SIEKTPOHOB (CBOGOIHBIX YACTHIL)
1pu 33/1auH01 Temrieparype. Ilockombky Macca afeKkTpoHa
MEeHBIIIe MacChl MOJIEKYJIbI BO3/yxXa npuMepHo B 2000 - 29
pas, CKOPOCTb JJEKTPOHOB GOJIbIllE CKOPOCTU MOJIEKYJI B

/2000 - 29 pas u cocraBJsieT
=110 xm/c

Z)T ENS

Takum 06pa3oM, 3a CUET TEMJIOBOTO JIBUKEHUS MOJIEKY.,
KOTOpPBIE TOJTKAIOT B pa3Hble CTOPOHBI CBOOOIHBIE JIEKTPO-
HBI, UX CKOPOCTHU OKasbiBatoTcst 60Jbine 21 kM /c. Cueno-
BaTeJbHO, UMEeHHO BesmuuHy 110 KM /¢ W Ha/O CYUTATDH
oTBeToM /111 carydas, korga E =100 B /M. Torma ckopoctnb
VIOPS/IOUECHHOTO JIBIJKEHUS JIEKTPOHOB B 3TOM CJydae
Oy/JleT MeHbIIe:
Eel

27an EX |

u= =25M/c.
CpetHsisi KHHETHYECKAsT 9HEPTHUsI, KOTOPYIO IPHOOPETAIOT
9JIEKTPOHBI IIPU HAMIPSDKEHHOCTH HJIEKTPUIECKOTO 10JIst E,

paBHa
w = Eel, /ﬂ .
8m

Yro6bl Ipousonjia MOHU3AIUA BO3AyXad, 3Ta IHEPruda
JIOJIKHa ObITH 6OJIbIIIE 9HEPIun MOHU3allu B TPU pasa:

w = 3w, .

OTCIOﬂa CJIEAYET, YTO IJIEKTPUYECKOE T10JI€ JOJPKHO UMETH
HallpAKEHHOCTb

> 3% /8—"%2,3.106 B/n .
er \M

3uavernne TpoOGOUHON HANPSIKEHHOCTH MOJIS [T BO3/IyXa
B cripaBouHuKe cocrasisger 3-10° B/m . Takum o6pasom,
pe3yJIbTaT pacyeToB BecbMa OJIM30K K IKCIIEPUMEHTAIb-
HBIM JJAHHDBIM.

C.Amumpues

®2306. I'naz mabaodamens pacnoioxen max, umo
Mmypasei u ezo usoopaxenue 6 <kpusoms (cghepunecrkon)
3epraze 04 Hab.A100amess UMerom 00UHAKOBbIE Y2/108ble
pasmepvl 1 NOJIHOCMBIO HAKAAbIBAIOMCs Opye na Opyea.
Hab6nodamen» omodsuny.ics om 3epKaia Ha paccmosnue
L 80onb unuu, na Komopou HAX00Amcs Mypaseti u ezo
usobpasxenue, u menepb uOuUm, UMO Y2060l pasmep
Mypaevsa cocmaensem 757 om yzn06020 pasmepa €20
usobpasxenus. 3amem nabawodames» 0mMoOSUNYICS 6
mom ke wanpasienuu euwe na L, u yzn06oi pasmep
usobpasxenus cman 6 1,5 pasa 6orvue y2106020 pasmepa
Mmypasvs. Bo ckonvko pas usobpaxenue mypasvs 60vue
ezo camoeo? Kaxos paduyc kpususnol seprana?

[IycTtp @ n na — paaMepbl MypaBbs U er0 N306pasKeHus, X
1 nX —PACCTOSTHUS OT TJIa3a HabII0aTeIs 10 MyPaBbs U 10
n306pakeHnst B IIepBoM cuydae (IIpu 5TOM MypaBeil u ero
n306pakeHne MMeIOT OJMHAKOBBIE YTJIOBBIE pa3Mepbl U
[OJIHOCTBIO HAKJIAJIbIBAIOTCS JAPYT Ha JpyTa).

ITockosbKky uesOBEK MOXKET 4YeTKO BUJETb MaJIeHbKOIO
MyPaBbs TOJIBKO C PACCTOSHUS, He MEHbUIEIO PACCTOSIHUA
HaWJIYUIIero 3pEeHNust, TO @ << X 1 BCE YTJIbl MaJICHUS Jydeii
Ha 3epkayio majbl. [lo ycsoBuio, nmpu nepeMerieHun Ha-
6ro/IaTeN sl Ha paccTosinue L CcIpaBe/liniBO COOTHOIIEHHTE

a  0,75na
x+L nx+L’

a [Ipy IIepeMENIECHN U €1I€ Ha L BbITIOJIHSIETCST COOTHOIIIEHNE

a 2 na
x+2L 3nx+2L°
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[Tpeo6pas3oBbiBasi 5TU ypaBHEHUS K BULY
nx=(3n—-4)L u nx=(4n—-6)L,
HaX0/IUM
n=2x=1L.
ITycrs (puc.1) CD — nzo6paxenne mypasbs AB (touka C
— uzo6pazkeHue Touku A, a touka D — nzo6pakeHne TOUKu

B). Ilpsambre AC u BD [0KHBI
) \,——'C ObITh MEPIEHNKYISPHBI 3epPKaIy

= — JIy4, MAyIUi BIOJb HaIpaBJe-
O<:Z::\ I Husg AC, rocJie oTpaskeHus OT 3ep-
BN KaJa JIOJKEH MJATH B IPOTHBOIIO-

1) noxHOM Hanpasiennn. ITocKoIb-

Puc. 1 Ky TOUKa IlepecedyeHus IpoLosrKe-

Huit auanit AC u BD coBnajzaer, ¢
OJIHO¥ CTOPOHBI, € TIOJIOJKEHNEM HAGIIOATE s, a C IPYTOii
cTopoHbI — ¢ TleHTpoM O 3epKajia, MoJydaeM, 4To IJa3
HaOJTI0/IaTeNIsl HAXOAUTCS B TIEHTPE KPUBU3HBI 3epKaJia.
[lng Haxox/eHns paanyca KpUBH3HBI R 3epkaJa 3ame-
THM, 4TO CBETOBOH JIy4 AE 1ocje oTpaskeHust OT 3epKaja
B Touke E uzer Baosb vanpasienust CE (puc.2). ITpose-
feM mapasnenabnylo AE npamyio OK, nepecexalolyio

Puc. 2

npoposkenne syda CE B touke K. Ilockosbky OA = x
u OC = nx = 2x, to AC = OA = x, u AE gaBisercs
cpennell unueil tpeyrossnuka OCK, oTkyla ciaenyer,
yro CE = EK = y. Kak BbITeKaeT 13 3aKOHA OTPAXKEHUS
cBeTa, B TpeyrosbHnke OKE yTJibl Ip1 OCHOBAHUY PaBHBbI,
n OK = KE = y. YuurbiBasg MaJOCTb yTJIOB TaJeHUs,
HaX0/IUM
4L

R=2y, 2L =3y, n RzZy:?.

Nrak, mzo6paxenre MypaBbs GOJbIIE €ero caMoro B JiBa
pasa, a pajiyc KpUBU3HbBI 3epKaja paBen R = 4L /3.
C.Bapaamos

®2307. /Jea paduomeneckona, pabomarujue CUHXPOHHO
Ha aune oanvl A =3 €M, PACNONA2AIOMCS HA PACCMO-
auuu L = 1000 xm dpye om Opyea. C nomowpio amux
meaeckonos 0OHapyKenvl 0se 36e30bl, KOMOPbLe UBNYUA-
tom 6 paduoduanazone. Maccol 3630 00UHAKOEbL U PABHDL
macce Coanya. 36e30vL 06pawaiomes opyez oxpyz Opyza
¢ nepuodom T = 1 200 (0soiinas cucmena). Ha xaxom
MAKCUMATLHOM PACCINOAHUU O 3eMAU OHU MOZYM HAXO-
OJumucs?

O60o3HauNM pacCToAaHnEe OT 3BE3/1bl 1O 3BE3/Ibl Y€PEC3 2r.
Torga » — aro paccTodaHue oT KasKJIOM 3Be3/IbI /10 IeHTpa

Macc cuctembl. Cuiibl, JefCTByIOIIME Ha 3BE3/1bl, PABHbI
2
m
F=G—
4r
U HATIpaBJIEHbI K IeHTPY Macc cucteMbl. COrjacHO BTOPO-
My 3akoHy HbioToHa,

F=ma.

2013/Ne4

CuenoBaTesbHO,
_Gm
4r%

Kaxmas u3 3Be3/1 [BUXKETCS OTHOCUTETIHHO IEHTPA Macc
CUCTEMBI, TIPUYEM MOXHO CYUTATh, YTO JBUKEHHE 3TO
IPOUCXOJUT B TI0JIe HEHTPaJbHOH cuibl. g Taxkoro
JIBUXKEHUS clipaBeuBbl 3akoHbl Kersepa. B wactnocrw,
BBIIIOJIHSAETCS TPETUH 3aKOH, KOTOPBIH CBA3bIBAET pasMe-
PBI GOJIBINON TIOTYOCH 3JITHIICOUAANBHON TPAEKTOPHH C
TIeproJIOM O6PAIIeHNUST:

a

3
F = const .
MaxkcumaJsbHOE pacCcTOsIHUE MEeX/y 3Be3aMu
R=2D-2=4D.

ITO BO3MOXHO, €CJHM 3JIIMIICHI BBIPOXKIAIOTCS TOYTH B
npsMble oTpe3ku. Haiiziem atu 60Jibliie MoJyocu B 4acT-
HOM cJIyyae, KOTJia TPaeKTopus KakIol m3 3Be3[| Mpejl-
crasJisgzeT co60il OKPYKHOCTD paanycoM D = r. Torga

o _Gm  r_1Gm
P Tr 44n?

r

Jlns 3emu, neraromeit Bokpyr Courna (Macca KOTOporo
TaKkas JKe, KaK y Hamel 3Be3/bl) Ha paccTosHum 1 a.e. =
=150 muiH KM, riepuojt obpaiienust Toxke pased T = 1 ro/.
U Toxe BuImonHAeTCS Tpetuii 3akoH Kemrepa:

(1ae) _Gm
(1 ron)” 4n*’
Orcro/ta HaXOINM

r= %/%-1 a.e.= 94,5 MJIH KM.

Torma MakcuMasIbHOe PACCTOSTHUE MEK/IY 3Be3/IaMi PABHO
R = 4r = 378 MJIH KM.

[Tpu cunxponHoii paGoTe IBYX TEJIECKONOB UX «6azay L u
JUIUHA BOJIHBI A , Ha KOTOPO# OHKM PaboTAIOT, OTIPEEISIOT
MHUHHUMAJIbHOE YIJOBOE paccTosinue o = A/L Mexjy CcBe-
TANIMACS 0OBEKTaMHU, TIPH KOTOPOM 3TH OGBEKThI PA3JI-
YUMDI. ECJII/I paCCTOHHI/IC S OT ueHTpa MaCC Halllux ,[IByX
3Be3f 10 3emun GoJibiiie R/oL, TO Takue 0GbhEKTHI HEBO3-
MOKHO pa3anunth. CieoBaTelbHO, MaKCUMAJIbHOE pac-
CTOSIHUE 3Be3/] OT 3eMJI PaBHO

o _RL_378-10° k1000 xu
A 3107 km

=1,26-10"% &xm .

Ito npuMepHo 1330 cBETOBBIX JIET.
C.Bapaamos
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AJdAAd MIJAAIINX IIKOJbDHHUKOB

aJa4um

1. Mec 1 KOT OOHOBPEMEHHO CxBaTUnKM 3ybamm GaToH
Konbackl C pa3HbIX CTOPOH. ECN nec oTKyCcUT CBOM KyCOK
n ybexuT, KoTy goctaHetcs Ha 300 r Gonblue, Yem ncy.
ECrivi KOT OTKYCUT CBOW KYCOK M YOEXIT, NCy [LOCTaHeTCs Ha
500 r Gonblie, 4em KoTy. CKonbKo Konbackl OCTaHeTcs,
ecnn 0ba OTKYCAT CBOW Kycku 1 yberyT?

A. Llarnosanos

2. B kBapaTe 3aKpalleHa YacTb KIETOK, Kak MOKa3aHo Ha
pUCYHKe. PaspeluaeTcs neperHyTb KBampaTt no Jiobown
NIMHWN CETKK, @ 3aTeM Pa3orHyTb obpaTHo. Knetku, KoTo-
pble NpY nepervbaHM COBMELLAIOTCS C 3aKpaLlleHHbIMU,

TOXe 3aKpalmBatoTcs. MOXHO N 3aKpacuTb BeCb KBaf-

pat:

a) 3a 5 nnu mMeHee;

0) 33 4 vnn mMeHee;

B) 3@ 3 UM MeHee Takux nepernbaHnin?
T.lonerHnyesa-Kyryzosa, M.PackuH, V.AL4eHko

. Bokpyr ctona nyctmnu naket ¢ cemedkamu. [epBbin
B3sN 1 cemeyky, BTOpoOW — 2, TpeTUM — 3 U TaK Janee:
Kaxabld cnegylolm bpan Ha ofHy cemedky Oonblue.
13BeCTHO, 4TO Ha BTOPOM Kpyre Obifo B3STO B CyMMeE Ha
100 cemeuek Gonblie, YeM Ha nepBoM. CKONbKO YenoBek
CMIENOo 3a CTONIOM?

A. llanosanos

DTV 3a4a4M NpefHa3HaqeHbl Npexae BCero yvawimmcs 6—8
KI1accoB.

3apaun npegnarannce Ha LXXVI Matematieckom npasgHu-
Ke.

4. [vMa yBmoen B My3see CTpaHHble 4acbl (Kak Ha
pucyHke). OHM OTNINYAIOTCS OT OObIYHbBIX YAaCOB TEM, YTO Ha
nx undepbnate HeT Unbp M BooOLLe HEMOHATHO, rae y
4acoB Bepx; Oa elle CeKyHOHasd, MWHYTHas WM YacoBas
CTPenKn UMeloT ofaMHaKoBYo AnVHY. Kakoe BpemMs noka-
3bIBaSIN Yachbl?

(CTpenku A 1 b Ha pUCyHKe CMOTPAT POBHO Ha YacoBble
OTMETKM, a CTpenka B 4yTb-4yTb He moLina A0 4acoBOWM
OTMeTKMN.)

/1 [LIHosb

5. JTnca Annca v kot basunuo Beipactunu Ha oepese 20
(anbWyBbIX KyMiOp W Tenepb BNWCHIBAOT B HUX CEMU-
3Ha4yHble HOMepa. Ha kaxpow Kyrmope ecTb 7 MycCTbIX
KNeTok Ana umdp. basnnmo HasbiBaeT No ofHoW umdppe
«1» unn «2» (Opyrux oH He 3HaeT), a AlMca BNMCbIBaeT
Ha3BaHHyO Uncpy B Nobyto cBOOOAHYIO KNeTKy nobom
Kymniopbl 1 NOKa3blBaeT pe3ynbTat basunuo.
Korpa Bce kneTku 3anofiHeHbl, ba3unmo Gepet cebe kak
MOXHO Oonblie Kymiop C pa3HbIMM HOMepamu (M3 He-
CKONbKMX C OAMHAKOBbIM HOMEPOM OH BepeT NuLlb OfHY),
a ocCTaToK 3abuvipaeT Anmca. Kakoe Hanbonbluee Konmnye-
CTBO KyMiOp MOXET NonyyuTb basmnuo, kak Obl HM nen-
cTBoBana Anmca?

A. LLJarnosasnos
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Ronkypc nmenn A.Il.CaBuHa
«MaTematmka 6—8»

Mpbl HaYMHaeM oYepenHoU KOHKYPC 10 PeLUeHUi0 MaTeMaTuyeckux 3agay ans ydaumxcs 6-8 knaccos. Peluexns 3agay
BbICbIIAATE B TEHYEHUE MECALA 10C1e 10/IyHeHUS] 3TOr0 HOMEPA XXypHana rno agpecy: 119296 MockBa, JIeHUHCKUY IPOCIIEKT,
64-A, «KBaHT» nm 1o 3/1eKTPOHHOMY agpecy: savin.contest@gmail.com (¢ rnometkovi «KoHkypc «Marematnka 6-8»). He

3a6y,4bre YKa3zarb nmMs, Kjiacc 1 AomMaLLuHmi agpec.

Kak n npexxae, Mbl IpUBETCTBYEM yHacThe B KOHKYPCE HE TOJIbKO OTAENbHBIX LUKO/IbHUKOB, HO M MAaTEMAaTHUYECKUX KPYIKKOB.
PykoBoautesnei Kpy>KKoB MpOoCuM yKa3aTsb IEKTPOHHbIN aAPEC U KOHTaKTHbIV TesleghoH. 1o Tpaguumm, Kpyxkn-rnobegurenu
330YHOIro KOHKYpCa MPUINALLAIOTC HA QUHAIBHBIVI OYHBIN TYPHUP.

1. [IBa HaTypanbHbIX YMCNa MMEIOT MO TPY OenuTens, a
MX Pa3HOCTb MMeeT aBa fenutend. Kakne 310 4ymcna?
WAKy 4

2. Ha pocke HapucoBaH TpeyrofnbHuUk ABC Toudky A
OTPasUIN CUMMETPUYHO OTHOCUTENbHO NPAMON BC, TOHKY
B OTpasunm CMMMETPUYHO OTHOCUTENbHO npsiMon CA,
To4ky C OTPasUIv CUMMETPUYHO OTHOCUTENIbHO MPAMON
AB. OKa3anocb, 4TO TPX HOBbIE TOYKW ABNAIOTCA BEPLLUHA-
MU MPaBUIbHOMO TPeYrofbHKKa. BepHO N, YTO MCXOOHbBIN
TpeyronbH1K ABC NpaBUAbHbIN?

CllBopsarHnHoB

3. Ha ob6benmHmnTenbHbin cbesg cbexanncs 100 penera-
TOB — MpeacTaBUTeNU Tpex napTuin. [pu 3ToM ABe Kakue-
TO NAPTUW NPUCNANV MNOPOBHY AENeraToB, a CYMMapHoOe
YMCNO COLMANNCTOB M NnbepanoB okasanocb B Montopa
pa3a Donblie, YeM AemokpaToB. CKOMbKO AeneraToB OT
KaXkaoW mapTry npuexan Ha cbe3g?

WAKy M4

4. bynem Ha3bIBaTb YNCIIO KB3LPATHLIM, €CN KBagpaT
TakoW MIOLWAAMN MOXHO HapMCOBaTb Ha KJIETYaTOW MioC-
KOCTW C BepLUMHaMKM B y3nax ceTkin (Hanpumep, 4micna 1,
2,415 — KkBagpaTtHble, @ 3 — HeT). JokaxuTe, 410 ecnm
yucna @ u b — KBagpaTHble, TO 4YMCIO ab — Toxe
KBaZpaTHoe.

E.bakaes

5. MOXHO N1 CnagaTb 13 KYCOYKOB MPOBONOKU PUrypy,
TPY NeprneHAVKYNAapHblE MPOEKLMM KOTOPOW Ha pPasnmy-
Hble MIOCKOCTY BbITMAAAT TaK, Kak Ha PUCYyHKe?

<MLL

UAKy Y

OMeH MeLLloYKaMM
Ha [lone Hynec

A.MEHbLUNKOB

AK-TO PA3, OIHVIM NPOXNAAHbIM BEHEPOM, TNCA AITN-

ca » Kot basunnmo nocosetoBanu bypatnHoO 3apbiTb
MeLloYeK C MOHEeTKaMW Ha BonwebHom Mone Yypmec —
MOJ1, 3apOeLlb, CKaXKellb Mar4eckme crioBa «Kpekc, nekc,
dekc», a Ha cnefyWM AeHb TaM NOABUTCA eLle OOMH
HOBbIM MeLLoYeK C AeHexkKaMu. HamBHbin bypatrHo, Ko-
HeYyHo, Tak 1 caenan.

— A nouvemy Obl 1 HeT? Jlnca n KoT KaxyTcs BecbMa
[obpoxenaTeNlbHbIMK, MIOXOMO OHWU Y TOYHO MHE He
MOCOBETYIOT, — MNOAYMan OH, 3apblfl MeLLoYeK 1 nobexan
JOBOJMbHbIV OMOW, NpeaBKyLlas 3aBTPaLUHION yaady.

Ho y Anucbl 1 ba3unmno HacyeT 3Ton yaadum Obinv cBou
nnaHbl. MpaBfda, Ha ynuue yxe ObiNO TEMHO, U OHU
peLnn CXOAUTb 3a MELLOYKOM 3aBTpa, C CaMoro ytpa,

korga bypet csetno. Mano nu, Mone-to Gonblloe, a B
TEMHOTE HaUTU MeLLOYeK CITIOXHO.

Moyt cnepytowmm yTpoM Jlnca n Kot Ha MNone 3a ceoen
[00blMen U BUAST. HAaBCTPeYy UM OeXUT pafoCTHbIN
bypatuHo.

— DX, He BMOATb HaM C4aCTbA, OH Hac onepenumn. Hano
ObINO paHbLUe BbIXOAUTb... — Pa304apOBaHHO NPOOOPMO-
Tana Anuca.

Ho ypadva Bce-Taku cerofHs Obina Ha WX CTOPOHE.
BypaTiHO noabexan K HUM U, Kak HW YOUBUTENbHO, HaYan
nx Gnarogaputb:

— Cnacvbo Bam OonblUoe! Bbikonan s, 3HayuT, B4epa
AMKY, 3apblil B Hee MeLloYek. A cerofHs MeTpax B NATM OT
Hee nosBWNacb HOBas, B KOTOPOW LEVCTBUTENIbHO MO-



«KBAHT» AJd MJAAAINIANX IMKOJbDHHKOB 25

ABWNCS elle OAMH, HOBbIM MELLOYeK, KOTOPbIN BHELLHe
BbIFNAAEeN TakK e, HO NPV 3TOM MOHETOK B HEM 0Ka3anocb
pPOBHO B 2 pa3a Gonbuie! Hy, s oba mewouka Tam u
OCTaBWJ1, 3aBTPa Befdp elle OBa MeLloYKa MOABATCH, B
KoTopbIx OymeT elle bonbLlie MoHeT! HakoHel-To 1 pa30o-
raTeto! BoT 370 ygaya, cnacnbo, YTo pacckasanu npo 31o
BonwebHoe Mone Yynec!

Annca v basunuo nepernsHynncb, HeJloyMeBas.

— Bcerpa noxanyncra, Bcerga padbl MOMoYb!

BypatnHo nobexan AOMOW, MOACHNTBIBAS, Ha CKOJSbKO
OH pa3borateeT yxe 4epes Hegento.

JInca n Kot 3Hanu, 410 bypatmHO HUKOr4a HWUKOro He
0OMaHbIBaeT, 1 3alyManuchk: Heyxenu 1o Mone nencren-
TenbHO TBOPUT Yyaeca? Kak TonbKo oHu npuwnu Ha lMone,
OHW YBUAENW 3TV ABE OAMHAKOBbIE IMKM, U JTnca cpasy xe
3anBuna:

— Yyp, 4 3abupato Mellodek U3 nesown sMKU. Hy a Tbl
3abupant 13 npaeou. Ho, ecniv 4to, no obooaHoMy corna-
CUI0 MEeLoYKaMM MOXHO OyaeT MOMEHATLCS He rmaas, HO
TONIbKO €C/IN Y MeH$ OKaXeTCs Mano MOHeT.

KoT He cTan cnoputb 1 pelnn NpoBepuTb COOBCTBEHHYIO
yAady, Noaxoas K NpaBow siMKe. Beab ecnn y Hero BApyr
OKaXXeTcs Masio MOHETOK, MOXHO Oy[eT nonbITaTbCs yro-
BOpUTbL JTncy noMeHATLCA He rmaasa. K ToMy e emy BOpYr
CTano UHTepecCHO.

Bonipoc ynraresnam: A BbIFOAHO Jivt TOMEHSTHCH MELLIOY-
Kamum?

Jlnca ObIcTpo AoCTana MeLLoYek 13 NepBOn AMbl, OTKPbI-
na ero 1 ObICTPEHbKO MepecymTana cogepxnmoe. To xe
camoe coenan u Kot. TyT Anvca npusagymanacs:

«A CTOUT N MeHATbCA? Y MeHs cemyac x ComnbAo.
Ecnm 5 MeHsloCb, MHE MOXEeT KakK MoBe3TW, Tak U He
noBe3Tu. ECnn 1 MeHs0Cb 1 MHe Be3eT, TO y MeHst byaeT
2X CONnbOo, U A nofyyalo AONONHUTENbHO X. Ecin e 4
MeHSIOCb U MHe He Be3eT, TO y MeHs OyaeTt x/2 conbho,
N A Tepslo BCEro Nub X/2. BepoatHOCTb yaayn 1 He-
yAa4u OAMHAKOBas, N B CPEAHEM 5 BbIMIPbLIBAKO OOJIb -
we, 4em 1epsko. TN0O3TOMY MEHATLECA BbIMO4HO, NPEUMY-
LLLECTBO Ha MOEW CTOpPOHE».

Tak Annca noHsna, 4To 0OMeH el BbIrofeH U Cpasy xe
npenioxunna MeHATbCsa MelodkamMmn. Ho ba3nnumo BHesan-
HO BO3pa3u:

— He TOoponuch, Mmunoyka... HagepHska, BCce ef10 B TOM,
41O y Tebs 0Ka3anocb Mano AeHexXek, BOT Tbl U HafeellbCs
3apaboTtaTb nobonblie... BOT Tbl MPOCTO CKaxu, a 3a4em
MHe BoobLLe MeHATbCA C Tobor? Yem TBOS fAMKa nydlle
Moen? He B1XY S CMbIC/a C TOOOM MEHSATbCS — MHe yxe
nnbo nosesno, Nbo He nose3no. Kak roBopuTcs, Nydile
CMHMUA B pyKax, 4eM >Xypaefib B Hebe. 3Halo s Tebd,
XUTPIora, onaTb MeHsA HagyTb Xo4ellb!

Anwnca, yBepeHHas B HeobxoaMmMocTu obmeHa, MoHsa
MbICNb ba3mnmo n Tenepb XOPOLLEHbKO 3adyManacs:

«A 0EeNCTBUTENbHO, 3a4eM MHe MeHATbCa? MHe Bedb
ToXe nubo nosesno, MMbo He NoBe3no. PasHuLbl Xe B
fIMKax HeT. Ho, C Apyron CTOPOHbI, i Befb YyXe CTpOoro
MaTemMaTh4eck noacymTana, Yto BbIUIPbIBalo Oofblile,
4yeMm Tepsito, M ANs MeHs Takol obMeH BbirofeH. Iae-to Kot
MeHsi oOMaHbIBaeT.. HaBepHoe, OH He XO4eT MeHSATbCS,
NMOTOMY YTO Yy HEro 0ka3afiocb MHOro feHer.. B Takom
CNyyae ero Hao obszatenibHo yroBopuTk! Ho Kak MHe 370

coenatb?.. Cton! Ho Bedb TO Xe paccyxfeHue, 41o 1
npuaymana ans cebs, rogmtca 1 ang basmnmo: oH Bedb
TOXe B CpefiHeM BbIUIPbIBAET OosbLie, 4eM NPOUTrpbIBaET!
[la oH npocTto 06s3aH OyaeT NoMeHsATbCs, ecniv 06 ToM
YCNbILWNTY.

I oHa TyT XXe eMy pacckasana CBOIO reHuanbHyo MbIC/b
npo Bbirody oT oOMeHa.

Ha 370T pa3 npvsagymancsa basunmo:

«A Befpb JlMca MeHs Bpoae Obl He oOMaHbIBaeT... Takom
obMeH W1 BMpaBAy YecTeH: y KaXAoro M3 Hac LWaHC
BbIMIPATh 1 NPOUIPaTh M3Ha4anbHO Obl OANHAKOBLIN, U,
LEeNCTBUTENbHO, B CpeAHeM s BbiMrpato Gonblie AeHer,
4Yem NPOUrpato. 3HaYNT, MEHATLCS BCe Xe BbirogHo. Cton!
Ho Bedb OAMH U TOT e 0OMeH He MOXeT ObITb BbIroAeH
Ham 000MM OJHOBPEMEHHO: eC/TN OAMH 13 HAC B CpeHEM
Oonblle BbIUIPLIBAET, TO BTOPOW 00s3aH B CpeaHeMm
OonbLie npourpbiBaTh! Jlnca MeHs TOYHO MbITaeTcs rae-To
0OMaHyTb!»

Ho, Kak ba3mnmno HM NbiTanca HamTn oWMOKY B paccyx-
OeHNN ANNCbI, OH HYero He cMor caenaTb. CIVLKOM Y
npaegononobHo Bce 3ByYano. MoxeT, olwnbka bbina Bce-
TakK y Hero B paccyxaeHunsax? MNo3TomMy OH Havan pas-
MbILUAATE BCAYX: MOXET, camMa Annca MOMOXET HaWUTK
OLLINOKY.

— A 3Haellb, Joporas Mo, 4To A noHan? Ecnn nose-
pUTb TBOEMY pacyeTy, TO HaM Beflb flaxke Heobs3aTenbHO
ObINO CYUTATb, CKOSIbKO AEHer y KaXkAoro M3 Hac M3Ha-
YanbHO NEXWUT B MeLlo4ke. Beab npy obMeHe Kaxabiv 13
Hac B NOOOM Ciy4ae MOXET BblMrpaTh BABOE Oonblie,
4yeM noTepsaTb. [103TOMY MOXHO ObINIO MEHATLCSA CPa3y,
He 3adyMbIBasiCb, CKOSIbKO MOHETOK Yy Hac ceryac. Tl
cornacHa?

Jlnca 3amellkanack, HO corfnacmMnacs — Bedpb ee paccyx-
[OEHMe COBCEM He WMCMOMb30BaNo TO, CKObKO MMEHHO
JleHer ObINo M3Ha4YanbHO B MELIOYKe: BO3MOXHbIN BbIWT-
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pbil BCerga BABOe Oonblie BO3MOXHOMO MPOUrpbilLa.
Torpa Kot npogonmxun:

— Xopolwo, C 3TUM Mbl 0ba cornacHbl. MTak, nyctb Mbl
Jlaxke He CTanu CMOTPETb, CKOJIbKO Yy HacC Yy KaXaoro
0Ka3anocb AeHer B MELLIOYKE, U Cpa3y >Ke MNOMEeHSNUCH Obl,
He pa3dyMbiBas. Ho Befb Torga MoXHO Obino Obl cpasy
MOBTOPUTb 3TO PacCy>XAeHKe: a novemy Obl He MOMeHSATLCA
BTOPOW pa3? Beflb MOXHO CYUTATb, YTO A C CAMOro Havana
BbiOpan neBylo fMKy, a Tbl MpaBylo, U MOBTOPUTL BCE
npemdblaylme paccyxxaeHus. MonyyaeTcs, YTo BbIrOAHO K
TOMY K€ NMOMEeHSATLCS 1 0bpaTHO! 3HaUYNT, COBEPLIVB ABa
pa3a 3TOT, Ha MEepPBbIN B3N MNOTEHLMANBHO BbIFOAHbIN
LNsi Hac 0boux, 0OMeEH, KaX[bIV U3 HAC JOMKEH yKe Obin
Obl BbIMTK B MitoC. Ho Beab K Ham obounm BepHyncs Obl
00paTHO Hall CTapbll MeLlloYeK, U Hu4Yero Obl Mbl He
Bbirpann! Bce, Anuca, Tenepb A NOMIHOCTLIO YBEPEH, YTO
Tbl MeHs MbiTaelbCs rae-1o obmanyTb! TMnytoska! Het
3[1€Cb HNKAKOM BbIrofbl U ObiTb He MOXeT!

Jlnca Bce noHsana:

«ba3nnmo npas: 0OMeH-TO Bpo/ie BbIrOAHbIN, TOrAa [ABa
Takux oOMeHa [0MKHbl ObiTh ellle BbIrogHee, 0fHaKo OT
LBYX Takux OOMEHOB MOJIb3bI-TO HMKAKOWM He DyaeT... YTo-
TO 34eCb He TaK, AeNCTBUTENbHO.. Tak BCe-Taku 3TOT
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obmeH He BbirofeH? [lonyyaeTcs, Y4To Moe upeanbHoe
paccy>XaeHne HeBepHoe? lTak, MOBTOplO-Ka elle pas:
nmbo s BbIUrpbIBalo, NMMOO MPOUrpbIBalO, HO B CJlydae
BbIMIPbILWA A MOMyYato OosibLe feHer, YeM Tepsito B CJlydae
NPOUTPbILLA, 3HAYUT, MEHATLCS BbIFOAHO. Kak 3TO MoXeT
ObITb HEBepHO? [ae e s owmnbatocs?»

N Nnca, n Kot nonHocTblo yoeamnmce, 4To paccyxaeHue
npo Bbirogy obmeHa HeBepHO, OJIHAKO OLIMOKY HanTu
HWKTO U3 HX He MOT, CKOJTIbKO OHW HK aymManu. TyT Annca
npensioxuna NOCMOTPETb Ha BCE 3TO C APYroM CTOPOHBI:

— CMOTpWY, HamapHWK, A Npuaymana elle ofHO onpo-
Bep>xeHVe! 3Ha4anbHO eCTb ABa Melloyka, C X U 2x
MOHeTKaMU. ECTb UL ABa BapuaHTa, CKOMbKO Yy MeHs
MOXeT OblTb [AeHer: x wnnm 2x. YTo MPOoUCXOAUT Mnpu
obmeHe? ECniv y MeHs X 11 1 MEHSIIOCb, TO §i BbIMIPbIBAIO X.
Ecnm xe y MeHs 2x 1 9 MeHSI0Cb, TO A MPOUIpbIBaIO X.
BbIxoauT, B cpefHeM npy oOMeHe st BbIMIPbIBAlO CTONTbKO
K€, CKONMbKO 1 MpourpbiBato. Ho Beflb y MeHs e nony4a-
NOCb, YTO B CpefHeM f BbinrpbiBato Gorblie! Tenepb s
HMYero He noHumato! I[JE TAM OLLIMBEKA?

Boripoc gurarenam: A CMOXETE 7l Bbl HaviTi OLLIMOKY B
«U[CATTbHOMY PACCYXACHMN ATUCHI?

Yucno dunepa B TpeyronbHuke Mackans

O06a TOHATHS M3 3ar0JIOBKA XOPOIIO M3BECTHBI MaTeMaTHKaM
yKe He OJHY COTHIO JeT. 3a 3To BpeMsl MX H3Y4HJH, 4YTO
Ha3bIBACTCH, B/IOJIb U TIOTIEPEK, U MHOTHE 3HAKOMSTCS C HUMU
elle B IIKOJe — B KJIACCaX C YriIyOJIeHHbIM U3yYeHneM MaTeMa-
TUKN TPOXOAAT 1 uyucjao Iiinepa, n Tpeyrojbnuk Ilackass.
Kazamnoch 6bl, JaBHBIM-IABHO JOJZKHBI OBITh WM3BECTHBI BCE
(opMyJIbI 1 JIOKA3aHbI BCE TEOPEMbI IIPO HUX. Y AMBUTEJIBHO, HO
3TO HE TaK — HOBbBIC PE3YJbTATbI IMPOJOJIKAIOT TOSBJIATHCA.
Hanpumep, He Tak JaBHO GBI 3aMeUeH TaKoil 3a6aBHBIN (aKT:
€CJIM JIBa HE eIMHIUYHBIX YUCJA CTOSIT B OJIHOM CTPOKE TPEYTOJIb-
nuka Ilackanis, To y HUX 0643aTesIbHO €CTb OGN MHOKUTEIID,
6ouspinnii 1. V1 aTo yTBEpsK/ieHe HMeeT IIPOCTOe KOMOMHATOPHOE
nokazaresibetBo. A B 2012 rogy aMepuKanckuii nusobperaresib u
MaTteMaTuk XapJaH Bpasepc Hales mpocToe paBeHCTBO, MO3BO-
JiIoniee «HallTu» yncsao Jitaepa B TpeyroabHuke [ackansa. Ero
OTKPBITHIO U TIOCBAIIEHA 3Ta 3aMeTKa.

Tpeyrompuuk Ilackanas — aTo TpeyrosbHas Tabunia, 3aroJi-
HEHHas yucjaaMu. B Kax ol cTpoKe Mo KpasiM CTOSIT €MHUILDI,
a j1o6oe IPyroe YnCJI0 PaBHO CyMME /JIBYX YHMCEJI, CTOSIIMX HaJ|
HUM cJjeBa M crpaBa. IlepBble BoceMb CTPOK ITOKa3aHbl Ha
pHUCYHKE. Y 3TOr0 TPEYroJbHIUKA MHOTO MHTEPECHDBIX 1 BAXKHBIX
CBOWCTB, Y3HaTb O KOTOPBIX MOJKHO, K IIPUMEpPY, U3 cTaTeit
A.Benaykunze «Tpeyrompuuk Iackansg» («Kpants> Nel0 3a
1982 r.) wnn J.Dykca u M.Mykca «Apudmernka GUHOMUAT b
ubix koadunuento»> («Kpant» Ne6 3a 1970 r.). Ham xe
BaJKHO JIMIIb TO, YTO Ka)k/I0€ YHCJO B TpeyrosbHuke [lackass
ABageTCA Yuca0M couemanuii (T.e. KOJUUECTBOM CTIOCO60B BbIG-
path k HIEMEHTOB U3 N-3JIEMEHTHOTO MHOXKECTBA): Ha k-M MecTe

n!
7 (crpokn u

kl(n—Fk)

B n-ii CTPOKE CTOUT YHUCJIO C,}f , paBHOE
qiCIa B CTPOKAX HYMEPYIOTCS € HYJIs).
1

. . 1
Yuco ditnepa e onpegensiercs Kak mpegen lim [1+— | . o
n—oco n

nppannoHaabHoe (1 gaxke TPAHCIEHICHTHOE) YHCI0, TPUMEPHO
pasroe 2,71828... Y Hero ecTb MHOTO Pa3HbBIX OIpEETCHUH,

1 1
1 2 1
1 3 3 1
1 1 6 1 1
1 5 10 10 5 1
1 6 15 20 15 6 1
1 7 21 35 35 21 7 1

lepevie 8 cmpox mpeyzoavnuxa Ilackans

CBOIICTB, U, BOOOIIIE, 3TO YNCJIO BCTPEUAELTCS Yy Th JIM HE BO BCEX
obsracTssx MaremMatnku. Mbl ceffuac orsTh He OyjieM BIaBaTbCs
B MOAPOOGHOCTH, a €CJU BaM HMHTEPECHO y3HATb GOJIbIIe, TO
nounraiite crarpio E.Kyspmuna u A.Illupmosa «O uncie e»
(«KBanut» Ne8 3a 1979 r.). /[lag Hammx neself JA0OCTATOYHO
MIPUBE/IEHHOTO BbIIIE ONPe/IeEHNS.

[Iepeiinem k paBencTBY, oTKpbITOMY bpasepcom. Ilycts s, —
9TO TPOU3BE/ICHUE BCEX YHCET B M-Il CTPOKE TPEYTOJbHHUKA

n
Hackans, T.e. s, =[] Cx . Hampumep, s, =1-4-6-4-1=96.
k=0
Torz[a BEPHO cJeayrouiee PABEHCTBO:
s Sn—1sn+1 _
lim e =

n—yeo
Sﬂ

[TorpoGyiiTe caMoCTOSATENbHO J0Ka3aTh ero. Ha Besakuit ciry-
Yaif, IPUBOJUM /I0KA3aTeJbCTBO B KOHIIE >KypHaJa.
E.Enuganos
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N.AMEJIIOWWKUNH

PUJIEJKHDBIV IIKOJIbHUK XOPOIIIO 3HAET, YTO BOJIA

Ha 3eMJie CYIIEeCTBYeT B JKUIKOM, TBEP/IOM U ra3006pasHoM
cocrostHusx. Korla cToGHK TepMOMeTpa OMyCKAETCsT HIKe
0°C, na yiuie 3aMep3aioT JIy>KH, I1aJaeT CHET. A MOXKeT Jin
BOJIA OCTaBATHCST JKUKOI IPH OTPUIIATEJIBHOII TeMIleparype,
ckaxkem ipu —10 °C | T.e. MOKeT Ji Boia OBITH MEPEOXJIAKTCH-
Hoit? OkasbiBaercst, MoxkeT. [IprueM peGbIBaHie BOJBI B TAKOM
COCTOSTHUH BO MHOTUX CJIy4asiX SIBJISIETCSI OmacHbIM. Tak, camo-
JIETBI HAYMHAIOT TIOKPBIBATHCS JIBIOM U TEPSTIOT MOABEMHYIO CUITY
B TmepeoxJyaskaeHHoM obsake. Ilocse ymapa o IOBepXHOCTH
JIETATEJTBHOTO aTMapara B MEePEeOXTAKIEHHBIX KAILITX 06pasy-
I0TCSI IIEHTPbI KPUCTAJUIMBAINH, TIPUBO/ISIIIIE K OBICTPOMY TIpe-

BpallleHUIO BO/IbI B JIe/l B CUJIy MaJIOCTH TEMIIEPATYPbl OKpY’Ka-

Bpems (~1,5 ¢)
Pucl. [BuxeHue @POHTa KpUCTanaM3aummn (MeX@Aa3Ho rpaHuLb!
neq—BoAa)

iolero Bo3jyxa. Ilomajast Ha jiepeBbst WM IIPOBOJIA, IIE€PEOX-
JIKJIEHHDIE KaIlIM, 3aMep3asi, TIPUBOJAT K UX 006JIeJIEHEHUIO U
YBeJMYEHNIO Beca. BeTKH lepeBbeB 1 IPOBO/IA He BBIIEPKUBAIOT
HArpy3KH, JIOMAIOTCSI M Pa3pbIBAIOTCS.

2l 4 Z=1.00 13): ), ALANE DYER ZooilEdoRF

. Y

[TosyunTh MepeoxJiak/IeHHYI0 BOLY /IOMa COBCEM HECJIOKHO.
JJist 9TOTO HY’KHO B3STH JANCTHJLUIMPOBAHHYIO WJIH Ja’Ke OObIU-
nyto Boxy (Kemaresbno A gerckoro rmranus) obbemom 0,5
sutpa. Yem Gouibliie 06beM, TeM Jierde BOJE 3aMEP3HYTDb ITIPU
HYJIEBOIT TEMIIEPAType U TEM CJIOXKHEE TIOTYYUTD MEPEOXIaK/1eH-
Hyto Bojsy. Ho ecsm akkypaTHO 1OJIOKUTH GYTBIIKY € BOJOW B
XOJIOIMJIBHUK, TOYHEE — B €0 MOPO3UJIbHOE OT/IEJICHUE, TO BO/IA
MOKeT 1 He 3aMep3HyThb. ONATb jKe aKKYPaTHO BBIHYB Gy TBLIKY
13 XOJIO[INIBHUKA M CTYKHYB CBEPXY MOJIOTKOM, JIETKO YBU/IETD,
KaK JIBUXKETCS TPaHMIlA pasjiesia JABYX COCTOSHUI BelecTsa Jie/
— Boma (puc.1). TlocTaBuB JUHEHKY W 3aMEPUB TOJOKEHUS
dbponTa KpHCTANIM3AINN B HAYAJBHBIH ¥ KOHEYHDI MOMEHTBI
BpPEMEHM, HECJOKHO IKCHEPHUMEHTATBLHO TOJYYHTh 3HAUYECHHE
CKOPOCTHU JIBMKEHUSI (PPOHTA KPUCTAJIN3AINN KAK OTHOIIEHHE
MPONJIEHHOTO UM IIyTH K HMPOMEXYTKY BPEMEHH, 33 KOTOPbI
dbpouT aTOT MYTH TIpOIIENT. B OIbITE, MPOUIIIOCTPUPOBAHHOM HA
pucynke 1, ata ckopocTh okasanach mopstaka 10 cm/c. Ha
PHUCYHKe 2 [T0Ka3aHa BU3yaJn3aliis NU3MEHEeHUsI TeMIIEPaTy Pbl Ha
rpamnuile pasjena Asyx ¢as ¢ nomorsio rernosusopa (mpuéopa,
KOTOPBIIl «BUAUT» TeMIIEPATypy 00beKTa).

IToce mpoxoskaenust GppoHTA KPUCTAIIIH3AIMN 00pa3yercst
PBIXJIast Macca, cojepsKalas KPUCTALINKY Jbaa. OLeHnM Mac-
COBYIO [IOJIIO 3THX KPUCTAJJIMKOB. 3aIUIleM YPaBHEHUE TEILIO-
Boro GaJjamca:

cmy, (ty —t) = Am, .

3Jechb ¢ — yAeJabHAS TEMJIOEMKOCTD BO/BI B SKUAKOM COCTOSTHHH,
A — yIeJbHAs TEIJIOTA TLIABJEHUS JbIa, M, U M, — MacChl
Bojbl U Jabga (M3 Hee 06PA3OBABIIErOCS) COOTBETCTBEHHO,
ty =0°C — Temmeparypa TiaBaeHns jba (Kpucrasamsanun
BOZIBI), ¢ — TeMIepaTypa TlepeoxJakaeHHoN Bosbl. [locme kpu-
CTAJITM3AIUT BOJIa MPAKTUYECKH MTHOBEHHO TPUOOPETAET TEeM-
nepartypy, PaBHYIO TeMiiepatype ee 3amepaanust (BpeMst usMere-
HUSI TeMIepaTypbl — IMOPSIKA BPEMEHU IIOBOPOTA OTAEIbHOI
MOJIEKyJTb1). TemmepaTypa B MOPO3UJIBHOM OT/CJECHUN [OMAII-
Hero xosoanabHiKa coctapysier —18 °C . Takum oGpasom, 1oc-
Jle «BCTPSIXMBAHMsS» MaccoBasi J0JIsT 0. 06PA30BABIIETOCS JIbJIA
Oy/ieT paBHa

m C
o=—"2=—"(t,—-t)=
" L (1 - )

4180 [Tx/(xr - °C)
3,3-10° Jix/xr
K COJKaJIEHUNIO, B JOMallIHUX YCJOBUAX CJOKHO ITE€PEOXJIAAUTD

(0°C - (~18°C))= 0,23 ,

0 3 =Vl
A

VBRI OOHEO

Puc2 Cbemka KpUCTamm3aLmm C OMOLYbIO Ter/IOBU30paE. YeTKO BUAEH CKa4YOK TEMIEPATYPbI HA [PaHVLe pa3gena AByX @a3
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Bosy B Oytbuike o6bemom 0,5 mutpa g0 —18 °C (06bruno
yaaerest TobKo 40 —5 °C ). DT0 CBI3aHO TJIaBHBIM 06PasoM ¢
BHOpAIMSMU XOJIOJMJIbHUKA, KOTOPbIE HAPYMIAIOT HEYCTOWYN-
Boe (MeTacTaGIIbHOE) COCTOSHUE MEPEOXJIaXKAeHHOIl BOJIbI.

OGbeM Bojbl B GYTBIJIKE [IPHU TIEPEOXIKIAECHUN JI0 YBEJTHINT-
cs Ha

B= mJI/pJI_mJI/pB _ &_1

", [P, P
1000 kr/m’
916 KI‘/M3

[Mosyunam, ¥To TOCTe yaapa MOJOTKOM 23% IO Macce BOIbI
NpeBpaTuIoch B Jied, a o0beM oGpasosasuieiicst emecu (ea—
BOjIa) OKasasicsa Ha 2% O6oJblie UCXOIHOrO O6beMa BOJAbI B
OyTblIKe. PUCYHOK 3 WJLTIOCTPUPYET pa3/nyne BHYTPEHHETO
YCTPOHCTBA BOJBI M JIbJA.

Hec105KHO BBIYUCIUTD, YTO, /IS TOTO YTOOBI OCJIE «BCTPSIXH-
BaHUS» BCA SKUJKas Bojga mpespartusiach B jen (my, =m,
HY’KHO ee MepeoXJIauTh 10 TeMIepaTypbl

Ao 3,3-10° [l /xr
t=ty-—=0°C-
c 4180 [x/(xr - °C)
[l aTOTO, CKOpEe BCero, MOHAJOOUTCS SKUAKUIT a30T, a ¢ HUM
JIOMa JIydllle He 9KCIIepPUMEHTHPOBATD.

= 0,23 -1(=0,02.

=-80°C.

2013/Ne4
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Puc.3. MornekynspHoe CrpoeHmne Boabl v JibAa

¥

WuTepecHo oTMeTUTb, 4TO MexdaszHas TpaHuna — (QpoHT
KPUCTAJIIN3AINA — SABJSAETCS TEIIOTEHEPaTOPOM, a ee JIOKAJb-
Has TeMIepaTypa 3aBUCHT OT TIOBEPXHOCTHOH SHEPTUN U CKOPO-
cTH Kpuctamausanun. IIpu sToM B KadyecTBe OHOTO U3 KaHAJIOB
oTBosia (Ha30BOTO TEIIa KPHUCTAIM3AINE MOXKET ObIThb Y4TEHO
OTKPBITOE YYEHBIMI NHQPaKpacHoe U3 TydeHre, BbI3BAHHOE Pe3-
KM H3MEHEHNEM OPTaHN3aIui i BHYTPEHHETO COCTOSHHS MOJIe-
KyJI *KUJKOCTH TIPH ee 3aMep3aHun.

OpHako /U M3y4eHMs 3THX CJOXKHBIX IIPOIECCOB HYKHO
XOpOMIO 3HATh 3aKOHBI KBAHTOBOH XWMHH W MOJEKYJISPHOI
(bu3uUKN, TPOBOANTD SKCIIEPUMEHTDHI W HaOTIOJCHI, OTKPLIBATD
HOBbIE 3aKOHBI (DU3MKH. A U1 9TOr0 HY)KHO IIOCTYIaTb B
MockoBckuit (pu3anKoO-TeXHUUECKUH MHCTHUTYT.

I'Ionﬂpu3a Lusa Ha HOCy

(Hayvano cm. Ha 4-vi cTpaHuiLe 0br1oxki)

..CoJIHeYHDIiT CBET He NMeeT KaKoi-11n60 MpenMyIecTBeHHO
noxsipusarn. OHaKo, paccenBasich Ha MOJIEKyJIaX W Mesbuaii-
MIMX YaCTHYKAX BO3/[yXa, COJTHEYHDINH CBET CTAHOBUTCH TIOJISIPH-
30BaHHBIM. U1 BOT mouemy. Kak/iyio MoJIeKyJIy BO3/IyXa MOKHO
MIPEJCTABUTD JUIIOJEM, T.€. JBYMS PAa3HOMMEHHBIMHU 3apsiaMu
O/INHAKOBON BEJINYNHBI,
Pa3HEeCEeHHBIMU HA HEKO-
Topoe paccrosiHue
(puc.1). Korma asekr-
pOMArHUTHas BOJIHA
(cBer) mazaer Ha Mose-
KyJIy BO3/yXa, 3apsijibl
MOJIEKY JTbI HAUMHAIOT CO-
BepIIaTh KoJieOaHus B Ha-
MPaBJEHUN BEKTOPA Ha-
IPSKEHHOCTH E  9IEKTPUUECKOrO TI0JISI, U MOITOMY MOJEKyJ1a
CTAHOBUTCSI MICTOUHUKOM 3JIEKTPOMATHUTHOTO W3JydeHust. MH-
TEHCHBHOCTDb U3JIy4eHHs J TaKoil MOJIEKYJbI-AUIOJS B HEKOTO-
poii Touke .S 3aBUCUT OT [IJINHBI BEKTOPA 7 W €ro HAIllpaBJICHUS
cJIeyIonuM 06pasom:

Puc. 1

sin” @
J~—
r
rjie © — yros MeKAy Ocbro aumnons u 7 . OTCoga CIeayer, 9ro
MoJIeKy I He GY/IeT U3JIyuaTh BOJIb ocu cBoero aunos (0 =0 ),
a MaKCHMaJIbHOIT HHTEHCUBHOCTD U3JIydeHus: Oy/IeT B HaIIpaBJie-
HUW, TepHeHauKyasapHoM ocu aunons (0 =m/2). Tak kax
BEKTOD 3JIEKTPUYECKOTO MO U3JIydaeMoil BoJiHbI (CBETOBOI
BEKTOP) BCErjia MepreHjnKyasper Bektopy 7 (cM. KpacHbiil
BEKTOP Ha pHUCYHKe 1), TO M3JydeHue AMIOJS Moj AefcTBIeM

€CTEeCTBEHHOI'O UCTOYHU-
ka csera (CoutHia) Mo-
KeT ObITh MOJISAPU30BaH-
HBIM C TIJIOCKOCTBIO MO-
Jsgpusanuu, 06pa3oBaH-
HOM OCPIO JINTIOJS U TOY-
KOIf, B KOTOPOW HaXo-
JUTCST HAOJIO/IATE D,

Pucynok 2 mmwmoct-
pupyer cuaydaii, Korja
CouHIle BCTaeT Ha BOC-
TOKE 1 €r0 TOPU3OHTAIb-
HbIC JIydan HEIIOJIAPU30-
BaHHOTO CBETa y/Japs-
I0TCS1 O YaCTUILY BO3[TY-
xa (cepplil MapwK), IpeBpanias e B NCTOYHUK U3Ty9eHUsI. DTO
U3JTyYeHNe B HATPABJICHUM K HaGJIOATENTIO, KOTOPBI CMOTPHUT
Ha 10T, a TaKKe B HAlpaBJeHnn 2 MOJASAPU30BAHO MO BEPTUKAJM.
B nanpapaennsx 1 u 4 (BBepX M BHM3) W3JIyueHHE TOXKE
MOJSIPU30BAH0, KaK 9TO MOKa3aHo Ha pucyHke. Ecam Habmomna-
T€JIb CMOTPUT HE I10/] ITPAMbBIM erIOM K HallpaBJICHUIO COJIHEY-
HBIX J1yueii (5), To u3JyUeHe PacCesTHHOTO CBeTa 0/ IAPU30BaHO
JIMITD YacTUIHO. Hermoisipu30oBaHHbIM OCTAETCS U3JIyYeHne, pac-
MPOCTPAHSIONIEECS] B HAMPABJICHAN 3.

Kax Buano va doto (puc.3), cieTaHHBIX aBTOPOM Ha PACCBETE
(Couminie ciieBa), MOJAAPU3AIMOHHBIE OYKH MO3BOJISIOT OINpe/ie-
JINTH HaNpaBJeHne ITPEMMYIECTBEHHOI MOJSAPU3allnK CBETa.
TOPUBOHTABHO PACTIOIOKEHHBIE OYKM TIPOIYCKAT TOPA3I0
6oJIbIIE CBETa, YeM BEPTUKAIBHO OPHEHTUPOBAHHbBIC. 3HAUWT,
NOJIAPU3alns CBETa JAHHOTO ydyacTKa HeGa BepTHKaJbHA.

H aéﬂfoaamb

Puc. 2

(Mpogonxexmne cm. Ha ¢ 31)



JABOPATOPHNA

«KBAHTA>»

SNeKTpUYeCcKMn TOK
B XXWOKOCTW

N MOTOMdEKT

C.TEPACMOB

CAMOE MHTEPECHOE, ITPUBJIEKATEJ/IbHOE U ITOJIE3HOE
B doroadderTte — 3TO BO3MOKHOCTD TOJYYEHUS JIEKTPO-
JIBUKYTIEH CUJIBI, T.€. PA0OTHI M0 TIEPEMEIIEHHIO 2JICKTPIYECKIX
3aps/I0B, KOTOPYIO COBEPIIAIOT CUJIbI HEAJIEKTPUUECKOTO MTPOUC-
Xosk/eHus. /leficTBuTeIbHO, IIPU B3anMOIEHCTBUN CBETA C Belle-
CTBOM IIPOMCXO/IUT TIepepacipe/iesieHue 3JeKTPOHOB 110 aHepre-
THYECKUM YPOBHSIM. ECJI 9HEPTUST KBAHTA TIPEBBINIAET MIUPUHY
3aIpeIIeHHON 30HbI, 3JIEKTPOH MEPEXO/IUT U3 BAJCHTHON 30HbI B
30HY IIPOBO/IUMOCTH. B pesysbrare 3/eKTpo/, MOTEPSBHINI
9JIEKTPOH, MPHOOPETAET MOJIOKUTENbHbII 3apsi/, 4TO, COOCTBEH-
HO TOBOPS, U SIBJISIETCS TIPUYUHON BOZHUKHOBEHUS HJIEKTPUYUEC-
KOTO TOKa B LIEIH.

Opmnako He Bce Tak 1pocto. OO6bluHbIe MaTepHaJIbl — MeTaJ-
JIbl ¥ JIM9JIEKTPUKH — OGJIA/IAI0T I0CTATOYHO GOJIBIION MIMpH-
HOIl 3arpenieHHol 30HbI, 4TO, 10 CYIIECTBY, OKa3bIBAETCS Ipe-
MATCTBUEM JIJISL TIOJIyYEHUS JIIEBOTO U 9KOJOTHYECKH YUCTOrO
NCTOYHMKA dHepruu. [10aToMy JOKHDBI IIPUBETCTBOBATDHCS JIIO-
Oble TIOTIBITKHM CO3/aTh MaTephas, XapaKTePH3YIONUIMHCSI Mak-
CUMAJIbHBIM OTHOIIEHHEM CHJIbI (DOTOTOKA K BEJTMYMHE CBETO-
BOTO MOTOKA, T1/IAIONIEr0 Ha MOBEPXHOCTb PA00YEro BEHIeCTBA.
K npumepy, 3aMeuartesbHble Pe3yJbTaTbl JaeT MOHOKPHCTAJLI
repMaHusi, HO CO3/IaHHAs TaKuM 00pasoM COJHeuHast Garapest
OKa3bIBAETCST 9KOHOMWYECKNW HEBBITOJHOW. I aTO0 He enun-
CTBEHHOE TIPEISATCTBUE HA IIYTH 3HEPreTHYECKOro Iporpecca.
Heposroseynoctb — BOT 4TO MOXKET MCHOPTUTD U JIEHCTBUTED-
HO TOPTUT Ge300JIauHyI0 KU3HD TOTpe6uTesiM 6e3001auHOI
SHEPTrHH.

Bmecre ¢ tem, perienue aToii (POTOIEKTPUYECKOI TTIPOOJIEMbI,
MIOXO03Ke, JIEKUT HA MOBEPXHOCTU. TaK IOIy4YnJIoCh, YTO OTKPBI-
TBII TIpH TIOMOIN SKUAKOCTH (PoToaddeKT Termepb B 6OJIbIIEi
CTETIEeHN CBI3BIBAET CBOIO CYAbOY € TOJIYIIPOBOIHIKaMu. [Ipasia
1 TO, YTO KOHTAKT IOJIYITPOBOJHUKA MJIN METAJLIA C KUIKOCTBIO
(571€KTPOIUTOM) MO3BOJIUI Y3HATH O MIPUPOJIE B3AUMO/IEICTBISA
OIITHYECKOTO M3JIyYeHUS C BEIeCTBOM YPE3BblYailHO MHOTO, a
BOT BO3MOKHOCTD UCIIOJIb30BAHUST KOHTAKTA OOBIYHOTO MEeTaJIIa
¢ OGBIYHON JKUIKOCTBIO B MPAKTUIECKUX I[EJISIX OCTATACH HETPO-
nyroii. IloatoMy momnbiTaeMcss BHECTH CBOH BKJIAJ B M3yuYeHUE
9TOTO 3aMevaTesIbHOTO SIBJICHUSI, TeM (oJjiee UTO TaKoe CPaBHH-
TEJIBHO HECJIOKHOE MUCCJIE0BAHIE BO3MOXKHO B OGBIYHOI y4el-
HOIl J1:abopaTopui.

JNlamna, aniomuHueBas 6aHka u napa npuGopos

[Toutw Bce, YTO HY’KHO /IJIST M3TOTOBJIEHHS 9KCIEPUMEHTAb-
HOH yCTaHOBKH, IIpejicTaBieHo Ha pucyHke 1. Mccmemyemast
JKUIKOCTh HAXOJUTCS B IMJIMHAPUYECKOIl KioBeTe, OOKOBast
HOBEPXHOCTb KoTopoii (K) quamMerpoM 75 MM U BBICOTOH 45 MM
M3TOTOBJIEHA M3 ATIOMUHHSA. ITO — OJMH 2JEKTPOA (POTOIJIEKT-
puueckoro npubopa. VM3 Toro ke marepuasa M3rOTOBJIEH BTO-
poit numnapuyeckuii snexrpos (x) muamerpom 10 MM U BbI-
coroii 45 mM. Pas usyuaercs Biusiaue csera ot Jamibl (J) Ha
SKUJIKOCTb, TO HeO0OXOAMMO Hu30eKaTh MONAJaHHs CBeTa Ha

Puc. 1

MOBEPXHOCTb METAINYECKUX 3JIEKTPOIOB. Lyt aToro cayskar
nBa skpana (J) m (3), MBTOTOBJEHHDBIE U3 CBETOHEINPOHMIIAE-
MOTO IJIACTHKA. BBICOTBI 9KPAHOB OJIMHAKOBBI M COCTABJISIOT
40 MM, BHyTpeHHuil amamerp GoJiblioro sxpana 40 MM, Bie-
mHUi quamerp Masoro skpaxa 20 mMMm. BpiGop amomunust B
KauecTBe JIEKTPOJOB OOYCJIOBJIEH TEM, UTO TOJIIIHA TT€PEXO/I-
HOTO CJIOS <QJIIOMUHUII—BOJAa» 00J1a/1aeT 4YpPe3BbIYAiiHO (OJIb-
0¥ AJIEKTPUIECKON eMKOCTHIO, M €CTh HAJEK/a, UTO TIPOIECC
9KCIIO3UIMN YJACTCS PACTSHYTh BO BpeMeHH. B kauyecTBe pa-
6oveil XUIKOCTH, KaK IPEAIOJAraeTcsl Urparolieil camoe ax-
TUBHOE yvactue B (opMupoBanuu (PoTO3JIeKTPUUECKOro ag-
(exra, JydIIe BCero MCIOJIH30BATH AUCTUINPOBAHHYIO BOIY.
[Toyemy? Boapl B npupoje oueHb MHOrO — 3TO pa3. EcTb
Ha/texx/1a n36eKarhb ToMeX, 00YCJIOBIEHHBIX XHMIYECKUMHI TIPO-
HeccaMu, — 3TO JBa.

Mesxay ucrounukom csera (JI) u KioBetoil ¢ ucenemayemoii
SKUJIKOCTBIO Haxoautest oraotuteab (IT) — uto6bl U36aBUTHCS
OT HarpeBa >KUJIKOCTH JaMIol. lIcTOYHMKOM cBeTa MOJKET
ObITh TIpaKTUYeCKHu Ji06ast aneprocOeperaorias Jamia, Halpu-
mep Jjamna E27-9W /C:4000 K. Boibop morsiotutess mocta-
TOYHO OYEBH/IEH — HTO CJIOI BOJIbI BBICOTOM MOJITOPA CAHTUMET-
pa, HAJIWUTOIl B TOHKOCTEHHYIO KioBeTy. EcThb Hazexzga, 4To
nH(MPAKPACHOE U3JIYyYEHUE OT JIAMIIbI TAKUM IMOTJIOTHTEIEM OY-
JIeT TIOJIABJIEHO MOJIHOCTIO. B mepcreKTiBe MOrIoTUTETb MOXK-
HO 3aMEHUTDb CBETO(DHUIBTPOM, ecJi MOTPeGYIOTCST CIIEKTPOMET-
pHUYecKHe N3MEepPEeHNsI.

Ha Bxone ycranosaeno ¢oroconporusaetne (DC), 10380-
JISTIONIEe  O/IHO3HAYHO CYAUTb OO OCBEIEHHOCTH MOBEPXHOCTH
uccyenyemoit xuakoct. Hysknpr eme nsa npu6opa. Onun 13
HUX W3MepsieT TaJieHie HalpsDKeHUs Ha CONPOTHBJIEHUH Ha-
rpyskn (R = 15 xOM), a BTOpOii M3MepSIeT COMPOTHUBJIEHHE
¢oropesucropa.

Moka Tonbko onbIT (HabnopeHue)

3anpaBuB KIOBeTy JUCTUIMPOBAHHON BOMOH M MOAKIIOUNB
MUJLTMBOJIBTMETP, HauMHaellb M0/03PeBaTh, UTO HallpaBJeHue
ToKa Ha pucynke 1 ykaszano nepepro. Y tak, u ne tak. Ha camom
Jlesie Jlaske MCTHJIMPOBaHHAs BOJA, CKOJIb Gbl UMCTOll OHa HU
6blIa, BCE PABHO XUMHUYECKH B3aHMOJEHCTBYET ¢ MeTasIoM.
VIMEHHO 5TO M UMEET MECTO CPa3y MOCJe TOr0, KaK Bbl 3aJHJIN
BOJAY B KIOBETY. BK/IIOYMB HCTOYHHK CBETa, OOHAPYKUBACIID
JIOCTATOYHO CTPAHHOE OOCTOATENBCTBO: TOK B IIEMM HE TOJIBKO
N3MEHSeTCS 0 BeJWYNHE, HO W MeHseT Hampasiaenue (puc.2).
[loc/ie BBIKJIIOYEHUS JIAMITBI TOK MEJJIEHHO, OYEHb MEJIEHHO,
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Tox ¢ yenu

Puc 2

BO3BPAIIAETCS B «OTPUIATEIbHYIO> 006J1aCTh, HO CBOE 3HAUCHUE
He BoccraHasiuBaeT. Ilpuzjercs HOZOXKIATh [ECATOK YacoB,
TIpesk/ie YeM MOXKHO OyJIeT CHOBA HAYaTh M3MEPEHUsI.

3KCnepuMeHT nepBbi. BbiGop nornotutens

Uepes CyTKH TI0CJIe 3arpy3KH BOJIbI B KIOBETY TEMHOBOIi TOK
(TOK B 1enm mpu OTKJIIOYEHHOM MCTOYHMKE CBETA) CTAHOBHUTCS
IIPAKTUYECKH TOCTOSIHHBIM. [lodeMy 5TO HpomMCXOAUT, TTOKa
HESICHO.

Ckosib Obl MaJIOMOIIHA HH ObLIA JIAMIIA, UTPAIOIIAs POJIb
MNCTOYHUKA CBETa, HO HArpeB JKHJIKOCTH B KIOBETE BCE-TAKH
BO3MOKEH. A 3HAUNT, HY)XEH TEPMOMETP, MTO3BOJISIONIII KOHT-
POJIPOBATH U ATOT Tporiecc. KOHCTPYKIHS KIOBETHI MO3BOJISIET
YCTAHOBHUTH HEGOJIBINOI TPAZyCHUK, & Jydllle TepMomnapy, 6e3
0COOBIX TTPOGJIEM.

K ¢ororoky MOXKHO OTHOCHTBCS ABOSIKUM oOpasoM. [Ipexje
BCEro, 9TO MPOIECC M3MEHEHUs] TOKA B 1enu, 00yCJIOBJIEHHbII
ontuyeckuM oO6syuenneM. KoumuecTBeHHAst XapaKTepUCTHKA
9TOTO TIPOIECCa MOXKET TOXKe MMEHOBATHCS (POTOTOKOM: MOIKHO
JIOTOBOPUTBCS, YTO 3TO TOK B ILIENN B OIPE/ICTCHHDBIH MOMEHT
BpEMEHN MHUHYC TOK B II€MM B MOMEHT BKJIOUEHUST MCTOUHIKA
cBera.

[TepBoe m3MepeHne MpoBoANM G6e3 TOTJIOTUTENA; B paGoyeM
JKypHaJie HaGop uYucesl oTMedaeM TepedepkHyToil 6ykoit I1. B
riaza 6pocaioTcsi iBe 0COOEHHOCTH: BO3PACTAHUe TOKA B IEIH
HAYMHAETCS TIOYTH CPA3Y K€ MOCJIe BKIIOUEHHST HICTOUHUKA CBETa
W NPEKPAIaeTcst cpasy ke MocJie BhIKaouerns gammbl (puc.3).
ITpu aTOM, YTO BasKHO, TeMIepaTypa >KUIKOCTH ellle CPAaBHUTEIb-
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Puc. 4 Bpema,a
HO foaro npojokaer pactu (puc.4). TMossasercsa y6exaen-
HOCTB, YTO TaKoe U3MeHeHne POTOTOKA HEBO3MOXKHO OOBSICHUTD
HI HarpeBOM SKH/IKOCTH, HHU BJIMSIHHEM CBeTa Ha IPOTEKaHUe
XUMHYEeCKUX peakiuii. To u gpyroe B nogaBJIsionieM 60JIbIITNH-
CTBe CJIy4aeB — CPABHUTEJNbHO Me/[JIEHHbIe MPOIECCHI.

JlasibItie HAUMHAETCST cCaMOe HHTEPECHOE 1 He MTPOTHBOpeYaliee
HU 3/[PaBOMY CMBICJIY, HI H3BECTHBIM 1 YCTOSIBIINMCS IIPE/ICTAB-
senusM. Vcnoab3oBaHue B KayecTBe MOTJIOTUTEJS CTEKJIOTEK-
CTOJINTA TOJIIMHON 2 MM C HAaHECEHHBIM CBEPXY CJIOeM MeIu
tomumuuoit 0,1 mm (IT = Cu+) nogasasier s eKT JHIIb HAIO-
nosunty (cm. puc.3). Topasno cumbHee AeficTByeT roppupoBan-
HBIIl KAPTOH TOJIIIMHONW 3 MM C HAKJIECHHOI CBEPXY aJIOMUHU-
eBoil muenkoit Tommmuoit 0,05 mm (IT = Al+). B stom Her
HUYEro CTPAHHOTO: MeZb 06J1a1aeT GOIBIION TeMIOEeMKOCTBIO, a
KapTOH — HU3KOH TeTJIONPoBOAHOCTRIO. [Ipn mepBoM normoTuTe-
Jie MAaKCUMAJIbHOEe U3MeHeHne TeMiepaTypbl coctapuio 1,5 °C
a ripu Bropom — okoJio 0,5 °C . Cuiesyer o6paTuth BHUMAHKE HA
elle 0JJHO BAKHOE 00CTOSITEJIbCTBO: B HAYAJIE 9KCIO3UIIH (DOTO-
TOK PacTeT, a TeMIepaTypa SKUAKOCTH €CJIN U YBEJMIHBACTCS, TO
HecymiectBeHHO. CJie/IcTBUE MOKET OTCTaBaTh OT IMPUYMHBI, HO
e Hao6opOT.

KoneuHo e, Bce TPH 3aBICHMOCTH COOTBETCTBYIOT OJHOMY U
TOMY K€ HOJIOKEHHIO JaMIbl. [IpH OTCYTCTBHM IIOTJIOTHTES
CPe/IHASl OCBENIEHHOCTb ITOBEPXHOCTH JKUJKOCTU COCTABUJIA
15000 sk (HATTOMHUM, YTO B JIIOKCAX U3MEPACTCS OCBEIIEHHOCTD
B Meskaynapoanoii cucreme eguamn — CIT).

WTtax, mepBbIil SKCIIEPUMEHT, 3aKJIIOYAIONIIIICST B €KEMITHYT-
HBIX M3MEPEHUSX IJICHUS HAINPSKEHUS U TeMIepatypbl B
TevyeHre HECKOIbKIX YaCOB, TOITBEP/IIJ IIPE/IION0KEHNE O TOM,
YTO 9JIEKTPHUYECKUIT TOK B XKUIKOCTH, IO KpaiiHeil Mepe yacTiy-
HO, uMeeT (HOTOITEKTPHIECKYIO TIPHUPOLIY.

3KCI1€pI/IMeHT BTOpOI?I. dDoTOTOK U OCBELEeHHOCTb

Cremytonuii mar — MpoBepKa JHHEHHOCTH «JTIOKC-aMIIEPHON»
XapaKkTepucTuku. ViMeeTcs B BU/IY TPOIOPIMOHATBHOCTD OCBe-
MIEHHOCTH ¥ MaKCHMAJIbHOTO 3HAa4YeHus (POTOTOKA, & IMOMENIaTh
TAKO! JIMHEHOCTH B IPUHIIUIIE MOKET TOJIBKO TETJIOBON HAarpeB
skugrocT. CyIecTByeT TPeKpacHblit croco6 u36aBUTHCS OT
uHGPAKPACHOTO UBJIYUEHHs] — UCIOJb30BATH BOAY B KAuecTBE
norsorutesisi. OKasbIBAETCsI, OCTATOYEH CJION BOJIbI B HECKOJIb-
KO CAHTHMETPOB, YTOOBI 3aTJIYIIUTh 3TO U3JTyYeHUE MOJHOCTHIO.
Pe3ybraTbl M3MepeHHH, aHATOTHYHBIX MPEbIAYIINM, MOKa3a-
JIM, YTO TIPU UCTIOMb30Banuu BozHoro noraorurens ( [1 = H,0 )
dorotok Bejer cebs cosepiieHHo mo-apyromy (puc.5). Camoe
OCHOBHOE: TTOCJI€ BBIKJIIOUEHNST ICTOUHHKA CBeTa cuia oToToKa
HaYMHAeT Pe3KO YMeHbIIaTbcs. BOT OHO, ¢ OHON CTOPOHBI,
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0060CcHOBaHNEe (DOTOITEKTPUUECKON TIPUPO/BI TOKA B II€MH, a C
JIPYTOi — TIOATBEPIK/IEHNE BJAMSHIS NH(GPAKPACHOTO U3TyUEHUST
HA 3JIEKTPUYECKIE MPOIECCHI B JKUIKOCTH.

Tenepsb ecTb Bce, 4TO6DBI IOCTPOUTD 3aBUCUMOCTD (DOTOTOKA OT
ocsemennoctn (puc.6). OaHaKo Tpex 3HAYCHMIT, TPUBEIEHHBIX
Ha TPEIbIAYIEM PUCYHKE, HEIOCTATOYHO. 3HAUUT, MTPHUETCS
[IPOBECTH [[OTOJIHUTE/bHBbIE M3Mepenusi. Ho u srtoro mamo —
KaK/I0€ U3MEPEHne TPHUIETCS MOBTOPUTH HEOAHOKPATHO, NHAYE
€CTb OTTACHOCTD 34 PE3YJIbTAT BbAATH GaHAJIBHBIN IpoMax. VI tem

10’ 2-10*
OcseueHnocmy, K
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Maxcumarvuviii pomomor, MEA

<>

Puc. 6

HE MeHee, y HaC HET OCHOBAHWII COMHEBATBHCS B JIMHEHHOCTH
3aBUCUMOCTH (bOTOTOKa OT OCBCHICHHOCTU.

* ok ok

Beskoe mccireioBanne JOKHO 3aKaHUYMBATHLCST BBIBOJOM. B
HalleM CJIydae MOSKHO BBICKA3aTh THUIOTE3y, MyCTh AaxKe U
TpeGyIOIyl0 IIPOBEPKU. A OHAa TaKOBa: He MCKJIOUEHO, UYTO
OCBEIeHHOCTb BOJIBI, JIasKe OueHb cyabasi, siBJISeTcst MPUIUHOI
TeMHOBOTO ToKa. Ilo kpafiHeil Mepe, ONTYyTUMbBII BKJIA/ B 9J€K-
TPOJABIDKYIYIO CHJIy CBETOBAas SKCIIO3WINS BOIBI BHOCHUTDH Oe-
3YCJIOBHO JIOJDKHA.

MNMonapusaunsa Ha Hocy
(Ha4ano cm. Ha 4-1i cTparue obroxk)

Puc. 3

CBeT CTAaHOBUTCS IMOJIAPU30BAHHBIM HE TOJIBKO IIPH paccesi-
HUM, HO U 1pu orpakenuu. Ha pucynke 4 1mokasaHo, Kak Jyd
HeTIOJIIPU30BAHHOTO CBE-
Ta IajaeT Ha BEPXHIO
MMOBEPXHOCTb KyOUKa M3
[IPO3PAuyHOro MaTepua-
J1a, YaCTUYHO OTPaskaet-
€S OT 9TOH TTIOBEPXHOCTH
u mpenomigercs. llpm
9TOM OTPAKEHHDI J1yd
CTaHOBUTCS JIMHEITHO T10-
sngpusoBaHubiM. [Iponc-
XOJIUT 39TO BCJIE/ICTBHE
TeX JKe IIPpUYUH, 4YTO U
Puc. 4 Ipu paccessHuu, — MO-

JIEKY JIbI, HAXOJAIIMECS Ha OTPaKalolleii MoBepXHOCTH KyGHKa,
CTaHOBSCH UCTOYHUKAMH PACCESTHHOTO H3JIy4eHHUs, eIal0T CBET
MOJIAPU3OBaHHbBIM. BoT modemy, HanpuMep, pbi6aku IS yCT-
PaHEHUS COJNHEYHBIX GJIMKOB BOKPYT MOILIABKA 9ACTO HMCIOJIb-
3YIOT TIOJIAPU3AIMOHHBIE OYKM, KOTOPbIE HHOT/A HA3BIBAIOT
«QHTHOTMKOBBIMU > .

Kak wm3BecTHO, pajyra — 3TO CJEACTBHE MPEJIOMJIECHUS U
OTPa’KCHUS JIydell CBeTa B KalleJbKaX BOABI, TAPSMIUX B BO3-
ayxe mocie noxaa. [lostomy cser, umymmii OT pagyru, Toxe
CUIIBHO TIOJIIpU30BaH. UToObI yOeNThCs B 5TOM, JOCTaTOUHO
MOCMOTPETh Ha paJyry 4epes IoJsipusanuonibie (aHTH6IMKo-
BbIe) cosHnesamuTHbie oukn (puc.5). Ecam ropmsoHTaibHyio

Puc. 5

0Cb OYKOB DPa3MECTHTh MEPIEHNKYJSIPHO pajyre, ee n3obpa-
SKeHUe Yepe3 OYKM cTaHeT GoJiee KOHTPACTHBIM. A ecJii MmoBep-
HyTb oukn Ha 90° rpajaycos, TO pajiyra yepe3 OYKU BHJHA HE
Oyner.

K.Bozdanoe




1. B kop3unHe nexat 5 s0nok.
Kak pazmenvtb 3T 9010K1 Mex-
Ly NATbI0 AeBOYKaMMU, HTOObI KaxK-
0OV [eBOYKe fOCTanoch Mo O4HO-
My 610Ky 11 4TOObI OHO A00KO
OCTanocb B KOP3uHe?

2. Ha rpagke cugenun 10 Bopo-
ObeB. BOpyr Ha rpsaky npbirHyn
KOT 1 Cbenl 0AHOro 13 HMx. Ckonbko BOpobbLEB OCTaNoch
Ha rpsake?

3. Kakow 3Hak Halo NOCTaBUTb MeXAy HanmcaHHbIMU
psaooM UMdpammn 2 1 3, 4ToObl MOMYYMIOCH YMCHO,
Donbliee ABYX, HO MeHblLLUee Tpex?

4. Ha cTone nexart [1IBe MOHETbI, B CyMMe OHU AaloT 3
pyons. OgHa 13 HUX — He 1 pyOnb. Kakve 3T0 MOHETbI?

5. CbiH OTUa npodeccopa pa3roBapMBaeT C OTLOM
CblHa Npodeccopa, NpuYemM cam Npoheccop B pa3roBo-
pe He yyactyeT. Kak Takoe MOXeT ObITb?

6. Kponuky cerofHs o4eHb He Be3eT: OH ynan c 4
CTyMeHeK 1 ciomarn nanky. A CKonbKo fian CioMaeT 3T0T
Xe Kposnuvk, ecnu ynaget ¢ 40 cryneHek?

7. Ha ctone B psf CToAaT 6 CTakaHoB. [lepBble Tpu
nycTble, a nocnefHWe TpW HamonHeHbl Bogow. Kak

3a0a4KN Ha CMeKasky

coenatb TaK, YTOObl MycCTble CTakaHbl W MOMHbIE Ye-
PeAoBannCb Mexnay Cobon, ecnv KacaTbCs MOXHO
TONbKO OJHOr0 CTakaHa (TonkaTb CTakaH CTakaHOM
Henb3s)?

8. Cembs xpiowek 13 6abyuiky, MaMbl, Nanbl, OBYX
MaJleHbKVX OpaTbeB U ABYX ManeHbKWUX cectep Aenmna
TOPT, Pa3pe3aHHbIi Ha 15 KycoukoB. Bce feTu B3snun cebe
Mo 3 Kyco4ka. 10 CKOSIbKO KYCOYKOB AOJSIKHbI B3ATb BCE
ocCTanbHble?

9. Eciv B 12 4acoB HOYM MOET OOXAb, TO MOXHO NN
0XWAATh, YTO Yepes 72 Yaca OyaeT conHevHas noroga?

10. Ouepenb 3a Konbacor npoTaHynack Ha 200 meT-
pOB, 0Yepefb 3@ MacloM Ha 50 MeTPOB ANMHHee, YeMm
oyepenb 3a konbacow, a ovepelb 3a xnebom B 5 pas
Kopoye, Yem o4vepedb 3a MacnoM. CKOMbKO MeTPOB
oyepenm Hy>KHO MpPeofoseTb, YTODLI CbecTb byTepbpog
¢ konbacown?

11. bokcep BepHyncs AOMOW C 30M0TOM Medasnbio
nocne nobefbl B MeXAyHapOOHbIX COPEBHOBaHMSAX. 3a

nobeny nonaranca elle OeHeXHbI Mpu3, HO TpeHep
3abpan ero cebe, a bokcep Ha Hero faxe He NpeTeHao-
Bas. loyemy?

12. B komHate y Muwwm ropeno 50 cseven, 20 13 HUX
oH 3apyn. CKONbKO CBeYel oCTaHeTcs?

\
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13. Ha pblHKe npopatoTcs ABa apby3a pa3Hbix pa3me-
poB. OOMH Ha 4YeTBepTb LWMpe [pYyroro, a CTOUT B
NONTopa pa3a Jopoxe. Kakow 13 H1X BbIrogHee KynuTb?

14. LlecTb Kolek NOBAT WeCTb Mbllen 3a LWecCTb
MUHYT. CKONMbKO BPEMEHWM HY>XXHO OAHOW KOLUKe Ans
NOBAW OAHOW MbILIKN?

15. YumTenb pucyeT Ha nncTke Bymark Heckosbko
KPY>XKOB W1 CrpallmBaeT OOHOro yveHuka: «CKOJbKO

3[ecb Kpy>XKoB?» «CeMb», — OTBEYaET y4eHUK. «[lpa-
BMIIbHO». TOrAa y4uTenb CNpalivBaeT APYyroro y4eHKa:
«TaK CKOMbKO 3[eChb KPY>KKOB?» «[1aTb», — OTBEYAET TOT.
«[MpaBUbHO», — CHOBA FOBOPUT y4UTENb. Tak CKOSbKO
e KPY>XKOB OH Hapu1coBan Ha NNCTKe?

16. — Py4atocb, — ckasan npofasel, B 300MarasnHe, —
4TO 3TOT Nonyram OyaeT NOBTOPAThL Ntoboe yCIbllaHHoe
CNoBO.

ObpafoBaHHbIM MoKynaTens Npuobpen Yyao-nruuy,
HO, MPWAS OOMOM, ODHAPYXKMA, YTO MOoMyran Hem, Kak
pbiba. Tem He MeHee npopasel, He nran. Kak Takoe
BO3MOXHO?

17. B 12-3Ta>kHOM AOMe, HAaCeNneHHOM MUHIBMHAMMU,
ecTb MMdT. Ha NepBOM 3Taxe XXMBYT BCErO ABA MNHIBU-
Ha, OT 3Taxka K 3TaXXy KOJIMYeCTBO XWSbLOB yBeNY/MBa-
etcq BABoe. Kakas KHoMkKa B U@Te 3TOro AOMa HaXu-
MaeTcs vallle apyrux?

18. CnopTcMeH TeTs o4eHb ObICTPO NpoberaeT CTo-
MeTpoBKy — Bcero 3a 10 cekyHa, MNMpobGexXunT N oH 3a Yac
36 KUNOMeTpoB?

19. Ha pucyHke npenctaBneH OpUrMHaNbHbIM Ha-
CTONbHbIM KaneHaapb. [1aTy ykasbiBaloT L@ pbl Ha nepea-

HUX rpaHsax AByX KyOukoB. Ha kaxmow rpaHun kybuka
CTOUT No ofHow umdpe ot 0 oo 9. MepectaBnss KyouKn,
MOXHO M300pa3nTb Ha KaneHmape nobyto aaty ot 01,
02, 03, ... oo 31. Kakune umdpbl CKpbITbl HA HEBUAVIMbIX
rpaHax KyoukoB?

20. Tpu Yepenaxu Mon3anu HaneperoHku (no nps-
Mon). Mocne OKOHYaHWS COPEeBHOBaHWN Yepenaxa A

3aABWMIIa, YTO OHa onepeauna b, Yepenaxa b ckaszana, 4to
Npunon3na He NocnefHen, a Yepenaxa B ytBepxgana,
41O ObINa Brepedn A. Kak Takoe BO3MOXHO?

Marepuan nogrorosui A.MeHbLymKoB




MATEMATHUYECKUUN KPYJXOK

V 1 OeHek!

NAKYIIN4Y

Ha ypoke maTtemaTunku

— Pemmm crepyionyto 3agauy, — cKazaa y4yuTeJab. — B
npaBuIbHOM Tpeyrosabanke ABC...

BpIsBaHHBIN K I0CKe YYCHUK NMPHHSIIC 3a je1o. CHavaaa OH
HAYEPTII MEJIOM TOPU3OHTAJIBHBII OTPE30K — OCHOBAHUE, 3aTEM
C TIOMOTI[BIO GOJIBIIIOTO /IEPEBSIHHOTO IUPKYJIS IPOBEJT /IBE JyTH
Pa/INyCcoM, PaBHBIM OCHOBAHUIO, M OTMETHJI TOUKY HX Iiepeceye-
HIST — TPEThIO BepIINHY Oy/IyIIero TpeyroibHuKa. OcTaibHble
MOBTOPSIJIN T€ K€ MOCTPOEHUST B CBOUX TETPA/ISX.

Crena MoOIIKUH cTapajcsl He OTCTaTb OT JPYTUX, HO €0
OCJIOKHSIJIOCH TeM, YTO WIJIA €T0 IMPKYJS 0Ka3ajlach Ha pejl-
KOCTb TYTOH M HHKaK He >Xesajga (PUKCHPOBATHCS B HYSKHOM
MecTe.

«Hapmo 6b1 3atountby, — noaymas Crerna, CMyTHO TIPE/ICTAB-
Jsist cebe, Kak aTo caesartb. Ho MOCKOIBKY BpeMs MOXKIMAJIO,
OH pelmJics Ha KpailHIoOI0 Mepy: M30 Bcell CHJIbI yJapui 110
IUPKYJII0 cBepxy. Mrja, IpOH3MUB TeTPa/lb, HAKPENKO 3aCTPsIa
B TOBepXHOCTHU cToJsa. B sipoctn Crena pe3ko AepHYJ IUPKYJIb
BBEPX, B PE3yJbTaTe YEro TOT C
XPYCTOM pasfieJuiIcs Ha JBe
A HepaBHble YACTH.

\ Cremna o3aaueHHo TepeBo/ILT
B3TJISIL TO HA M3YBEYEHHBIH MH-
CTPYMEHT, TO Ha 3/I0POBEHHYIO
/ \ mpobouny B Terpagau. Ho rope-
/ \ BaTh GbLJIO HEKOT/IA, U OH PETITHI
obparutbest k OJie — cBoeil co-
cenke 110 napre. IloBepuyBsiuco
K Heii, Crerna HecKa3aHHO Y-
Puc 1 Buicst: cpert OJMHBIX TIPHHA-

JIeSKHOCTE} He GblJI0 HIYEro T10-
XOJKero Ha IUPKYJb, a B €e TeTPaJu KPacoBaJICS aKKypaTHBII
tpeyroabuuk (puc.1).

«Kak eit ato ynanocn?» — nopasuics Crena.

Ha nepemeHe

OH 3a/1aJ1 9TOT BOIIPOC, €/IBa TIPO3BEHEN 3BOHOK.

— 4 crapatoch BooO1Ie He YePTUTD IIUPKYJIEM B TETPajiu. JTO
Hey100HO, — orBetmsIa O,

— [a, — coraacuics Cremna, — TOJIbKO YTO yOEHIICS.

— A BMecTO 3TOT0, — TIpoiosiKata OJis, — s UCIOIb3YIO TO, 4TO
TeTpajib Mo MareMatnke — B KJaeTky. Korjga umeenib Ha Gymare
KBAJIPATHYIO CETKY CO CTOPOHOI 5 MM, MOKHO HaYepTHTD MOYTH
Bce, uTO Xouelrb. Hamo TOJbKO MoA06PaTh MOAXO/ISIIIE Y3JIIbI
CEeTKU ¥ COEJIMHUTD WX...

— Ilopoxau! — Bozpasma Crena. — Ho s Touno 3Hato, uto ne
cyujecmeyem PaBHOCTOPOHHETO TPEYTOJbHUKA € BEPIIMHAMHU B
y3Jax ceTkir. Ham 06 3TOM TOBOPUJIN HA 3aHATUSAX MaTEMATHYEC-
KOTO KpyKKa.'

! Te, xro smaer rpuronomerpuio (B wactnocTn — hopmyry Tamrernca
CYMMBI M PAsHOCTH [BYX YIJIOB), CMOrYT 6e3 Tpyja JOKas3aTb, 4TO
HEBO3MOXKHO TIOCTPOUTD TPEYTOJbHUK JlaXke C eAMHCTBEHHBIM YTJIOM,
paBHbpiM 60° (a y mpaBu/IbHOrO TpEyroJbHIKa Bee yriibl Takue!). [leso
B TOM, UTO, COe/INHSISA Y3JIbl KBaJIPATHOIi CETKHI, MOKHO IIOJIyYUTD TOJbKO

YTUJIbl C PpAUUOHAIDHBIMU TAHTEHCAMHU, TOrJa KaK tg 60° = \/§ .

— BepHo, ne cymectsyer. Ho 3aueM MHE a6coA10MHO MOUHBLI
TIPAaBUJIBHBIN TPEYTOJbHNUK? Ecjam ero cTOpoHBI pasjnmyaioTcs
Mexay coboit Ha 1-2%, TO Takoil TPeyroJabHUK C BUIY OT
PAaBHOCTOPOHHETO M He OTJINYniib. BoT nocMorpu Ha Moii. Ero
ocHOBaHMEe paBHO 8 KJjeTodykaMm. Eciau Touno 1ojacdutarb, TO
BBICOTA JIOJKHA PABHATHCS 4\/§ =~ 6,93 kieTkaMm, a y MeHs Ha
gyepreske — 7. Otomune — 1%!

— Wb 1e1! — Bocxutniaca Crena. — A TIOAXOSIITIE TPEYTOJIb-
HUKHU JIPYTUX Pa3MepoB Tebe M3BECTHDI?

— Kowneuno. Eciu ator tpeyrosnbunk 8—7 (T.e. ¢ ocHOBaHUEM,
paBHBIM 8, U BBICOTOH, PaBHOW 7 KJeTKaM) YBEJIUYUTb B 2 MK
3 pasa, nosyuarca tpeyroapnukn 16—14 u 24-21 c Toit xe
OTHOCHUTEJIbHOI IorpelrHocTbio. Hemmox Takske TpeyroJbHUK
14—12. Eue MeHblIlle MOrpenIHOCTb y TPEyroJbHUKOB 22—19 n
30—26: y mepsoro Bcero Jmmb 0,3%, a y Broporo — BooOiie
0,07%! Ho, K coskajeHII0, OHU CJUIIKOM Bejguku. Hampumep,
30—26 eme ymernaercs na gucre. [109ToMy 00BIYHO ST UCIIOTB3YIO
Tpeyroibuuku 8—7, 14—12 mm6o 16—14, u aToro BHoJHE 10CTa-
TOYHO.

— A Kax TbI ogio6pasa Takue TPEyroJbHUKH?

— Ouenb npocro. Ecin nexoanTb u3 pa3MepoB JIMCTa, OCHOBA-
HUe He MO3KeT IpeBbIaTh 30 KJIETOK U, 0YeBU/HO, /I0JIZKHO ObITH
uerHpiM (MHaue HEAB3s MOAOOPATh MOAXOAANMI y3ea s
Tpetbeit Bepumubr). [[05TOMY TIOJOBHHA OCHOBAHHS — IEJIOE
yicsao ot 1 1o 15. Bbicora mpaBUJIBHOTO TPEyTOJbHUKA, KaK
H3BECTHO, PABHA MOJIOBHHE OCHOBAHIS, YMHOKEHHOI Ha /3 .
YMHOJKMJIA BCE 3TH YHUCJA HA KAJIbKYJIATOPE, OKPYIJIMJIA IIPO-
M3Be/IeHNA 10 TIeJIbIX U OIIpe/IesIila OTHOCHTEIbHbIE ITOTPEITHO-
cTr OKpyrJIeHns1. OCTanoch TOJAbKO OTOOPATD JIYUIIHE Pe3yJIbTa-
TBI.

— Ilougarno... — npo6opmoran Crerna.

Ha ypoke reorpagpuun

Wpnes ucnosb3oBarh KBapaTHyo ceTky npuiiach Crere 1o
ayme. Ho croco6, kotopbriii npumenuna OJist [JIsT TOUCKA
JIy4InX TPUGJIMKEHUI, eMy COBEPIIEHHO He MOHPaBUJICS.

«IlepeGop — ato npumutuBHO! — paccysknan Crema. — JTak
Kakibiii eMor Obl. J[oJKeH ObITh GoJiee TIPOTrPECCHBHBIIT METO/I.
Ho xakoit? OueBnano, cyThb 3ajaud — B IMOWCKE HAUIYUIIUX
palUOHATBHBIX TPUOIMIKEHUIT YncIa V3. A ecm...»

— Ilenuble gpo6u! — BOCKJINKHYJ OH, O3apPEHHBII BHE3AITHO
TIPUIIE/IIEN MBICJIBIO, M CPA3y K€ YCJbIIAJ FOJ0C YUNTEIbHI-
1B

— Yo cayuymnoch, Momkun?

— Huuero...

— Torga, 6yap no6p, HazoBum Ham croJuily CoenHEHHBIX
[ItaTtoB AMepuku.

— Hpio-Vlopk, — paccesnno orserun CTela 1 IOMyUHI 3aCTy-
SKeHHYTO JIBOHKY.

Ho 210 ero me ouenb oropumo. «Ilotom xak-HuGY b HCIPaB-
JI0, — lyMaJt OH, — JIKIITh ObI ceityac He Tporaau. VTax, 1ernbie
npo6u. Ha 3aHATHAX MaTeMaTHyecKoro KpysKKa HaM TOBOPUJIH,
YTO KaK pa3 OHH JAIOT XOpolne MPHOJNKEHUsT HPPAIMOHATb-
HbIX unces. OGbIKHOBEHHAs 1ierHast APOOb — 3TO BBIPAXKEHUE
BH/IA

ay +
a +
a, +

1
613 +...

3/ech @, — IeJioe YNCJI0, a BCe OCTAJIbHDIE (; — HATYPaJbHBIE.
OkasbiBaercsi, JI060€ YUCI0 MOKET GBITb MPEICTABIEHO €/[iH-
CTBEHHBIM CIIOCOOOM B BHJIE IEMTHON APOOHU, TIPHIEM ISl PAIli-
OHAJIBHOTO YncTa 9Ta ApoOb Oyaer KoHeuHolt (mocsenoBaresb-
HOCTb ¢; KOTJa-HUOYb 0GOPBETCS), a VIS NPPAIMOHATLHOTO —



MATEMATUYECKUN KPYXOK 35

6eckoneqnoii. Camoe MHTEpeCHOE, YTO KBA[PATUYHbIE HPPAIINO-
HagproctH (1 ToJbKO oHu!) GyyT nepuoduueckumu EmHbIMEI
ZIPO6SIMH, T.€. TIOCTEAOBATENbHOCTD ¢; PAHO WJIHU TIO3/HO <«3a-
nukanTes». [IpaBia, moyeMmy aTO MPOUCXOAUT — S HE OUEHD-TO
MOHAJ. A Be/lb y MEHs MMEHHO TaKol cJIydail — npejcTaBjieHne
B BIJIC IIETTHO# Apo6u uncra /3 . JIaHo, BOJTKOB G0SThES — B Jiec

He XoauTh! ¥Ympasmock. O4eBuano, 1< \/§ < 2 ,noaromy a, =1

n \/§ =1+ (\/§ - 1) . Temepp HAZIO TIPEACTABUTD (\/§ - 1) B BHUJIE
Ipo0H ¢ YNCIUTENEM, PaBHBIM 1. DTO JIETKO c/IeJIaTh CTaHAapT-
HBIM CIIOCOGOM — JIOMHOKUB U Pa3/ieJInB Ha COIPsKEHHOE

BBIpaKCHIE (\/§ + 1) . Torywaercs

IR (CEE) I 1
J3=1+ Ne _1+\/§+1_1+ NEPe

2

J3+1

Tak kak 1< ———<2,10 ¢y =1m

1
Gt
1+@

2
OnsTh JOMHOKHUB HA CONPSIKEHHOE BbIPAsKEHUE, MMeeM
1 1
J3=1+ =1+ .
(v3-1)(¥3+1) s
2(V3 +1) 1443
Hapmo xe! Ongarp BbLIE3 \/§ , KOTOPBIT MOXKHO 3aMEHUTH yKe

M3BECTHbIM BbIpaKE€HUEM, a ITIOTOM e€IIle U e1le pa3, 10 OeCKOHEY-
HOCTH:

1+

J3=1+ =1+
14
T4l — PP L
1 1
1+ —F 1+
1+4/3 24 ...

3a0/THO TIPOSICHIJIOCH, TIOUeMY JP00b OKa3aaach Meproinyiec-
KO — 3Ty TEPUOANYHOCTD JIAeT TOSBJISIONIUIICS CHOBA M CHOBA
J3. Hy, a rtenepn, o6pbiBas Apo6b B PA3JMYHBIX MeCTax,
moJiyunuM Bce GoJiee TOUHbIE MTPUOJIIKEHUS:

ITosxamyii, XBaTuT: IpU JaJbHElIeM BO3pACTAHUN 3HAMEHA-
TeJISI TPEYTOJNbHUK <«BBICKAKUBAET» 3a IpeeJbl TEeTPAJIHOTO
gucta. Uro ke nosmyunnoch? Ilepsoie aBa unciaa — 2 u 5/3 —
JIAIOT CJIUIIKOM Tpy6oe NpHOMKeHIe V3, 3aro ocraibible —
HA060POT, OUYEHb XOPOIlee M MOPOXKAAIOT MOYTH BCE TPEYTOJIb-
HUKH, 0 KOTOpBIX ToBopusa Oust. Hampumep, npobs 7 /4 naer
HaM TPEyTOJbHUK 8—7 1 Mo100HbIE eMy (16—14 1 24-21), Jpo0b
19,/11 — tpeyrosbuuk 22—19, u, Haxkonen, apo6bp 26,/15 —
tpeyroabunk 30-26. IlpaBma, He oGHApPY)KEH TPEyTOJbHHUK
14—12, no 1emnubie Apo6u He 00SI3aHbI [ABATh 6C€ XOPOIINe
NPUOJDKEHUS, a JIUIIb HAWJIydline B HEKOTOPOM CMbICJIE.
Hackombko 51 ToHAM 13 3aHATHI MaTeMaTHYecKOro KPysKKa, 3TO
o3Havaer, 4to Jio6as Apo6b € MenbwiuM 3HAMEHATEJNEM [acT
xyowee npnbmkenve. Craskem, 26 /15 — manydiiee mpudJIn-
JKeHne +/3 cpeiy BceX MPOCThIX Apobeit co 3HamMeHarejeM, He
npesbImaommM 15.

Uro x, mporpecc HaJuilo. IJTO HE KAKOW-TO TaM >KaJKHN
epe6op! »

Crema xoresi HeMeIeHHO 1ojieinthest ¢ OJieil cBouMu coo0-
pPaKEeHUSIMHU, HO OHA He CTaja ero caymarb. [Ipumioch moxu-
JIATHCST TIEPEMEHDI.

Ha nepemeHe

Outs1 GblIa IOpaKeHa.

— MHe 2T0O 1 B TOJIOBY He IIPUXO/NJIO, — IIPH3HAJIACH OHA.

— To-to »xe! — camozoBosbHO yxMmbLibHyJcst Crema. — Tbl
HOTO/IH, $1 eliie 4To-HuOY/Ib npuayMaio. Ceiluac Kak pas3 uCTOPUs
Oy/ieT — BOT U 3aiiMyCh.

Ha ypoke uctopun

«Yro mampme? — gyman Crema. — Ecim paso6partbes, To
Haiiientnoe mpuOIMKEHHOE TIOCTPOEH e TIPABUIBHOTO TPEYTOJIb-
HuKa paKkTHIecKn SBsgeTcss npubJikeHneM yria, papioro 60°.
Kaxwe emte yryibl MOSKHO HOCTPOHUTDH C HOMOIIBIO KBAJPATHON
cerkn? Ouesnano, 45°n 90° — npuuem Touno! Kpome toro, 30°
— 9TO MEHDBIINH YTOJT IPSIMOYTOJBHOTO TPEYTOIBHUKA € GOJIBITIM
yrioM, pasubiM 60°. IloaTOMy, TOCTPOMB MPSIMOYTOJBHBII
TpeyroJbHuK ¢ Kareramu 4 u 7 (wam 7 u 12, 15 u 26 u 1.4.)
KJIETOK, TIOJIy4aeM yTroJi, ¢ GOJbIION TOYHOCTBIO paBHbIil 30°.
Takum o6pasom, uMeeM HaGOP YIJOB, KOTOPbIE MOKHO TOYHO
WJIH TIOYTH TOYHO MMOCTPOUTD € TOMOIIIBIO JIMIIb TETPAIHO CETKM:
0, 30°, 45°, 60° u 90°. DT yrJibl yaile APYyruX UCIOJIb3YIOTCS
B 3a/laUyax, OJHAaKo OpocaeTcs B TJaza OTCYTCTBHE ellle IBYX
yraos: 15° u 75° (XOTsI 9TU YIJIbI U BCTPEYAIOTCS TOPA3/I0 PEKeE,
HO €CJI BHECTH UX B CITMCOK, TO IIATr MeK/Y COCEIHUMH yTJIaMu
craner paBen 15°). Tak kak 153°+75°=90° 10 aTH yrJbI
JIOTIOJIHUTEIbHBIE, W TIOTOMY [IOCTATOYHO HalTH TPUOIMMKEHNE
TOJIBKO OJIHOTO U3 HUX, Harpumep 15°. TIpaBa, MOKHO MOCTPO-
UTb €ro Kak pasHocTb yrios 60° u 45°, Ho Torga o6e cTOpOHbBI
yIJIa HOHAyT He 1O JHUHUSM CETKH, 4TO, KOHEYHO, HeyIoOHO.
[TosToMy HagO HAHTH OTHOIICHWE KAaTETOB IPSIMOYTOJBHOTO
TPEYroJIbHUKA ¢ OCTPbIM yriioM 15°. Kak ato cremnats?»

Crena Hagosro 3agaymascs. OH ellle He U3ydaJ TPUTOHOMET-
PUH ¥ TI09TOMY He MOT BOCIIOJIb30BaThCsl (OPMYJIOH TaHTeHCA
JBOITHOTO yTIJIa, CBES 3a1auy K PEIIeHNIO KBa[PaTHOTO ypaBHe-
nust. OnHako oH Bce-Taku ObLI He TPOMaX, MOITOMY HAIIe,
HAKOHeIl, 06XO/HOIl MyTb.

«BosbpMem mpaMoyTOHHBIN
tpeyroabauk ABC, y KOTOpPO- B
ro ZA =30°. Torpaecau BC =
=1, 10 AB=2u AC=43.

ITposenem Ouccexkrpucy AL L
(puc.2).

Tpeyrompnuk ALC — kak
Pas MpsIMOYTOJIbHBII € OCTPBIM
yraom 15°. Ho usBectHo, uto  Puc 2
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OTPE3KH, Ha KOTOpble GUCCEKTPHUCA JIEJTUT OCHOBAHKE, MTPOTIOP-
LOHAJIbHBI GOKOBBIM cropoHaM, T.e. CL/BL = AC/AB . Ho tak
kak BL = BC — CL, T0 CL/(BC -CL)=AC/AB, nmm
CL/(1-CL)= \/§/2 , orkyna CL = \/5/(2 + \/§) . 1 noromy

CL/AC = 1/(2 + \/§) . Onarb \/§ ! Tem Jryuiiie, Be/ib €ro pasJio-
JKEHME B TIEMHYI0 Apo0b s y:ke Hatmesd. [Toatomy

crL _ ! !
AC 1 1
2+1+ 3+
1+ — 1+
24—+ 24 ———
1+ ! 1+ !
2+ ... 2+ ...

OO6pbiBast 3Ty Apo6b, MOJydaeM CJeyIolre MOAXO0/SIINe TIPH-
omwxkenus: 1,3, 1/4, 3/11, 4/15... Ha arom mupujercs
MIPUTOPMO3HUTDh — CJIEAYIOMUIl 3HAMEHATEb CJIUIIKOM BEJHUK.
Wrak, npsMOYTOJIbHBIN TPEYTOJbHUK € KateTaMu 4 u 15 KJIeToK
uMeeT OCTpble YIJIbl, OYeHb U OUeHb OIM3KHe K 15° U 75° ».

— ¥Ypal — He B cusax yzaep:kaTbcs, pajoctHo 3asorua Crerna,
7 YAMBJIEHHAS YUUTEJbHUIA CIIPOCHUJIA:

— B uem nmeno, Momxkuu?

— Jla tak... — samsics Crerna.

— Xoporo. UTak, Kak 3Baju KOHsI, KOTOPOTO YKPOTHUJI AJIEK-
cangp MakenoHcKuii?

— Tannu6an, — orBerns Crena U MOJYYHJ BTOPYIO /IBOIKY.

Mocne ypokos

Bosmymiennto O He ObLJIO TPAHUIL.

— 3Jro yx canmmkom! Ecam Tbl Oyzenib Ha KaskIOM ypOKe
MOJIyYaTh 1O JBOIKe, MHE OISITh MOPYYaT ¢ TOOOIT 3aHIMMATbCS.
Ouenb nazo!

— He mymu, ato cayuaiinocts. Jlydie ckasku: Tbl UCIOJIb3Y-
€lIb TETPa/IHYIO CETKY TOJIbKO [JIs IIOCTPOEHUSA MIPaBUJIbHDBIX
TPEYTOJBHUKOB?

— Her, ne tospro. Hanpumep, ecsit Ha/I0 HAUEPTUTD OKPYIK-
HOCTb...

— OxpyskHoctb? bes nnpkyasa? He moxer 6bITb!

— Kak pas Hao6opot — MoxxeT. OTMeUai0 HECKOJIBKO TTOIXO/IsI-
IMUX Y3J0B CETKU, TPOBOKY OT PYKH 4Yepe3 HUX IJIaBHYIO
kpuBylo — u Bce! Bor cMoTpH, s ceituac n306paxy 4eTBEPTUHKY
OKPY)KHOCTH PAZINYCOM 5 KJI€TOK. IIyCcThb IEHTp ee HAXOAUTCS B
yaze A. Boibupaio uernipe ysia B, C, D u E (puc.3) u npoBoxy
yepe3 Hux kpusyio (puc.4). TIpu TakoM-TO pajuyce TPOBECTH

B B
C ~C
D
D
\
A E A E
Puc. 3 Puc. 4

JIYTY 4epe3 4 TOUKH TPy/Za He COCTABJISIET, TeM 60JIee UTO B TOUKE
B kacaresibHas K Jiyre JIOJKHA ObITb BEPTUKAJbHA, a B ToYKe F
— ropusoHTagbHa. EcaM jKe HAa[0 MPOBECTH TOJHYIO OKPYK-
HOCTb, TO OHA COCTABJISIETCSI U3 YETbIPEX TaKUX /YT, U BCETO
nmeetcs 12 «OnopHbIX» TOYEK.

— Ho c4ero to1 B3sis1a, uto Touku C u D siexxaT Ha TOH e yre?
Xors nonsn! Teopema Iudaropa, BepHo?

— Jla. Camas usBecrnas IIugaroposa Tpoiika: 32 4+4%=5.
[Toatomy

AC=AD =+3*+4%> =5= AB = AE.

2013/Ne4

Y iBouB pazmMepbl, MOKHO TaK)Ke MOCTPOUTH OKPY’KHOCTb Pajin-
ycom 10 kaeroxk. Moxno 6bl u 15, HO Takas OKPYKHOCTDb He
noMernaercst Ha jucTe. Ecan ske HY>KHO H300pa3uTh MaJICHbKYIO
ayry (rpagycos Ha 5—10), TO 9TO JIETKO CAETaTh OT PYKU Jaxke
no aByM nau ojaHoit touke! He Bepuimb — monpoOyit cam n
yOenCh.

— A xak Hacuer aApyrux IlndaropoBbix Tpoex?

— Huuero nosie3noro. Creyionias 1o BeJIMYnHe TPoHKa — 3TO
5% +122 =132 . Onarh cAMMIKOM GOJIBIION pajuyc.

— JlagHo, Ha ceToHS XBATUT. S1 1 TaK CJIUIIKOM MHOTO Y3HAJI,
a ete 0OJIbIIE 3a 9TO 3aITaTHJI. UeTbipe Gasia 3a Ba ypoKa —
He oveHb-To npusaTHO! Hy, moxal

Tak ¥ 3aKOHYMJICS 9TOT MHOTOTPY/IHBIH, HO OYeHb COJleprKa-
TesbHbli 1 Crenbl J1eHb.

A ecnun cepbesHo?

Ckaska — JIOKb, Ja B Heil HaMek, g06pbiM Mouomnam (i
KPAaCHBIM JCBHIAM) YPOK. BbIIyMaHHas MCTOpHS, ¢ KOTOPOH
TOJIDKO YTO O3HAKOMMJICS YNTATE/b, IIPEAHA3HAUYCHA HE TOJHKO
JUIS pa3BJIedeHus, HO HeCeT M OIPE/IeJIeHHYIO CMBICJIOBYIO Ha-
rpy3ky. Kakyio sxe?

[Ipesk e Becero — mpukaanyio. HezaBucnmo ot Toro, HaCKOJIb-
KO yuTaresd 3auHTepecoBaiu 1ienuble apoou u Indaroposbr
TPOIKH, HACTOSATENBHO PEKOMEH/IYIO 3aIIOMHUTD XOTSI OB HEKO-
TOpbIE IepeyrcJeHHble MPUOIMKeHHbIe MOCTPOEHUST TPABUJIb-
HBIX TPEYTOJbHUKOB, PA3JUYHBIX YTJOB U OKpy:KHOCTeH. Oco-
GEHHO 9TO MOKET OKA3ATHCS TTOJE3HBIM TEM, KTO MTOCEIAET YPOKU
reoMerpun. Ber cpasy ke y6emurech B 9 PeKTUBHOCTH OTHCAH-
HBIX TIpueMoB (TeM GoJiee uTo He MPUETCS JUITHIH Pas AbIps-
BUTH IIUPKYJIEM TETPajb), U, BO3MOKHO, BCE 9TO TIOJIBUTHET BAC
Ha CAMOCTOSATEIbHBIE TIOUCKU APYTUX YAOGHBIX CIIOCOOOB IpH-
OIMKEHHBIX TTOCTPOEHHIA.

Tenepb HECKOJIBKO CJOB O TENHbIX APoOsix (MX Ha3bIBAIOT
TakKe Henpepviervivu). Ha TepBbIl B3TISAA, OHM KasKyTCs
3K30THYECKOI BBIIYMKOI, IpeJHa3HAYeHHON cyry6o [ pas-
BJIEUEHMSI, — YK OUYEHDb <«HMCKYCCTBEHHO» BbITJIAAAT. Ho BHe-
HIHOCTb B JIAaHHOM cJydae oOManumBa. llemuble 1po6u 3aHsin
CBO€ MECTO B MaTeMaTHKe ¥ MPUHOCIT HeMaJIyio 1moJib3y. 11oaTo-
MY €llle HECKOJIbKUX CJIOB OHU HAaBEpHSKA 3aC/Iy>KUBAIOT.

Te nenuble 1po6u, ¢ KoTopbiMu «paboTayn» Cremna, mpeacTas-
JISTIOT OO0 JIMIIb YacTHBIN CcJyvail 1enHbix Apobeii o61ero
BH/Ia, KOTOPbBIE BBITJIS/IAT TaK:

ap +
a +
a, +

b,
by
as+...

Takast 3anmch XOTSI M HATJSIZIHA, HO HE OYeHb yJNOGHA U3-3a
MHOTO9TaKHOCTH, TTOITOMY HEPEIKO MPUMEHSIOT APYTOI Crioco6
ee n300paKeHUS:

ao;b1 ,b2 ;g;...

4 ay as

[Ipm stom Bce «@; m b; (UX Ha3bIBAIOT J4eMEHMAMU TICTTHOM
Apo6H) B 06IIEM CJIydae MOTYT GBITh He TOJTBKO MTPOU3BOIbHBIMA
quciamMu, HO U GQYHKIMSME OJHON WM HECKOJbKUX TepeMen-
wbix. JIpobu ay = ay/1 u b;/a; (nna Beex HATypaJbHbBIX 1)
Ha3bIBAIOTCST 36eHbAMU TETTHON Apo6u (COOTBETCTBEHHO, Hy.ie-
BBIM, [IEPBBIM U T.J[. 3B€HOM), a YHCJIa UK PYHKIUN @; U b; —
YleHamMu i-ro 3BeHa.

OueBu/iHO, TemHast APOGh MOKET ObITh KOHEUHOU NN OecKo-
neunoi. Ilennast 1po6b, y KOTOPOii Bee uncaureau b; pasubl 1,
BCe 3HAMEHATEIN d; — HATYPAJbHbIE U d — II€JIOE, HA3bIBAETCS
00bIKHOBEHHOU NI CMANOAPMHOT TIETTHON IPO6bIO, PUYEM B
9TOM CJlyyae 3HAMEHATE 3BEeHbEB ¢; HA3BIBAIOTCS HENOJHbIMU
UACTHBIMU.
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Ecuit oT6pOCUTD BCe 3BeHbsI IEMHOIT IpO6H, CJIeYIONIHE TOCe
k-TO 3B€HA, TO MOJIYYNUTCS HEKOTOPast KOHEUHasl 1elHas 1pobb,
KOTOPYIO, BBITIOJHIB COOTBETCTBYIOIIIE OMEPAIIN, MOKHO TIpe-
06pa3oBaTh B MPUBLIYHYIO HAM TIPOCTYIO APOOL P /G, , KOTOPYIO
Has3bIBAIOT k-il nodxodsweil dpobvio. VIMEHHO UX W BBIYUCIISLI
Crena. U oH B3sics 32 9TO He 3psI, TOTOMY UTO /111 OOBIKHOBEH-
HBIX IIEMHBIX ApOo6Geil CIpaBeyINBbI HECKOJIBKO BECbMa I0JIE3-
HBIX TeopeM. Bo-T1epBbIX, KasK/10€e BeleCTBEHHOEe YHCJI0 MOXKHO
€/IMHCTBEHHBIM 00pPA30M TIPE/ICTABUTh B BH/E OOBIKHOBEHHOIT
nenHoit apo6u. Bo-BTOPBIX, Kakgash OOBIKHOBEHHAsS IIEIHAS
JPpO0b HEMTPEMEHHO CX00UmCs, T.€. TPeJCTaBsieT co00il pasJyio-
JKeHIe HeKOTOPOro 4uc/aa. B TpeTbux, Bce MOAXOAsINe ApoGH
YeTHOTO MOPSI/IKA 06Pa3yloT MOHOTOHHO BO3PACTAIONILYIO TOCJIe-
JIOBATEJbHOCTD, a TOAXOASIINE APOOH HEYETHOTO TOPSAKA —
MOHOTOHHO YOBIBAIOIILYIO TTOCTIE0BATEIbHOCTD. CaMo ke 4ncio,
Pa3JiokeHHOe B OOBIKHOBEHHYIO MLEIHYIO JIPO0b, COJEPKUTCS
MeXJIy [BYMsI COCeHUME ToaXoasaummMu apoosyu. Ho camoe
MHTEPECHOE 3AKJIOYAETCS B TOM, YTO PA3HOCTb MEXKIY ABYMS
COCeJIHUMH TIOAXOSAMIUME ApoGsiMu — k-it u (k+1)-ii — 1o

1

a0COJIIOTHOI BeJIMYIHE paBHa , T.€., IPUHAB 3a UCTUHHOE

Tedk+1
3HAYEHWeE TIEMHOI APOoOU k-10 MOAXO/AITYIO APO6b, MbI JejaeM

OU_H/I6Ky, MCHbBIIYIO A TIOCKOJIbKY 3HaM€HaTeJIn IIoAX0-

TrGr+1

JAMuX Apobeit odeHb OBICTPO PAcTyT, TO HOTPENIHOCTb IIph
nepexo/ie K 04epe/IHoN MOAXOAsIIEeH [po6U CTPEMUTENBHO YObI-
Baer! VIMeHHO 9TOT (haKT IOCJIY>KUT OCHOBOII /11 UCIIOJIb30Ba-
HUS TENHbIX Apo0eil B TpUOIKEHHbIX Bbiuncaensax. Kak mpa-
BUJIO, CXOAMMOCTH ITI€MHBIX JApoGeii MpeBbIlIaeT Jaxke CXOH-
MOCTb MHOTHX CTEIIEHHBIX PS/IOB, KOTOpasi caMa 1o ceGe BBICOKA.
Hanpumep, emte Oitsiep Hales Takoe pasJyoskeHre 3HAMEHUTOTO
ancia e = 2,71828... B nennyio 1po6b (paBa, B «He COBCEM»
OGBIKHOBEHHYIO, MOCKOJIBKY by < 0 ):

1 -2 1 1 1
e=10; s —; = — .5 ———s...|.
1 3 6 10 4n+2

Ecamn orpanmuurtbes amib 4eTBepTOil MoaXondiiei 1po6bio,

noryunM e = 2,7183..., a [id JOCTHKEHUST TOH Ke TOYHOCTH

1 1
CyMMHpOBaHueM ObICTPO cXozdierocs psaa e = 1+ 1 + 13 +
+m+ .-+ TIPUJIETCS B3SITb He MeHee 8 UYJIeHOB.

B 3akmovyenwe aroit Tembl eme oguH mTpux. OveBHIHO,
3HAMeHATeJN NOAXOASIX APobeil g, pactyT TeM ObicTpee, YeM
6oJTbIline 3HAYEHNsT TPUHIMAIOT 3HAMEHATe I 3BeHbeB d; . I1o-
9TOMY 4eM 6oJibliie @; , TeM GbICTpee CXOMUTCS IerHas Apo0b.
CuletoBaTesbHO, caMasi MEJIEHHO CXOJAMAsicss Apo0b Cpean
OOBIKHOBEHHBIX IIEMHBIX Jpo0eii — 3TO Takast, y KOTOPO# Bce d;
pasubl 1. UT0 ke 970 3a APOGDH?

IIycTpb ee 3Hauenue paBHo x. Jlerko BUIETD, U4TO

1 :1+l’

x=1+ 1 P

1+
1+

1+ 1

1+...

1+

OTKy/Ia

P-x-1=0u x=@.

2
ITO — 3HAMEHUTOE 30.10Moe ceuenue, KOTOpoe, KaK BUJHO, HE
TOJIDKO TO3BOJISIET JIEJIUTh OTPE30K B CPEJAHEM U KpailHeMm
OTHOIIEHUSIX, HO M HACTOJIbKO CBOEHPABHO, UYTO XYyJKe BCEX
APYTUX YKCeJ PACKJAJbIBAETCA B LEIHYIO upoéb! Bor Bam

MpUMevaTeJbHbIil (DAKT, MOATBEPIKAAIONINI CYIIeCTBOBAHNE B
MareMaTHKe TJIyOOKNX BHYTPEHHHX 3aKOHOMEPHOCTEH.

Tenepp HeckoabKO cyioB 0 IludaropoBpix Tpoitkax. ITo
HaTypaJbHbIE PElIeHUs] ypaBHEHUsI X~ + Yy~ = 2z~ , I03BOJIFIONIHE
MOCTPOUTDH MPSIMOYTOJIBHbIE TPEYTOJBHUKHI C IeJ0YHCTEHHBIMI
cropoHamu (IOCKOJIbKY UMEHHO JIJIsI HUX UMEET MECTO TaKoe JKe
COOTHOTIEHHE MESK/LY KATETAMY X, i U THIIOTeHY 301t z). Kax 6p110
MMOKA3aHO, OHU Ke MOMOTAIOT HapHCOBATH MO TOYKAM OKPYIK-
HOCTB. YpaBHenne x° + y° = z° XOPOIIO U3YYeHO, I U3BECTHO,
KaK TOJIYYHUTb Bce ero pelnennsi. OHNM UMEIOT BH[

x:k(mZ—nz), y =2kmn, 2=k(m2+n2),

rae kR — MpOU3BOJIbHOE HATYPAJbHOE YncI0, a m u n (rae m > n)
— B3aMMHO MPOCTBbIE HATYPAJIbHbIE YHCJIA PATUIHON YETHOCTH.
Haumenburee penrenue (3, 4, 5) gocruraercs npu k=1, m = 2
nu n =1, u uMeHHo ero ucnoJyb3oBata O IS TTOTy4eHUS
JIOTIOJTHUTETBHBIX «OMOPHBIX» TOUEK MTPH MTOCTPOEHUN OKPYIKHO-
cru. J[pyroe ykaszaunoe eio pemtenue (5, 12, 13) nosyuaercst npu
k=1, m=3un=2.

Ecau ypaBHeHuUe faet HeCKOIbKO pasamutbix map (x, y) s
OJIHOT'O U TOTO K€ z, TO 3TO, Ka3aloch Obl, I103BOJIAET 100ABUTH
JIOTIOJTHUTEJIbHBIE «OMOPHbIE» TOYKU U YBEJIUYUTb TEM CAMBIM
TOYHOCTD MOCTPOEHUST OKPYIKHOCTU OT pyKu. Ho cyiectBytor in
TaKkue pasJnyHble apbl?

OxaspIBaeTcs, He TOJIbKO CYIIECTBYIOT, HO U 60Jiee TOTO — JIJist
JI060TO HATYPATbHOrO N CYIIECTBYET TaKOe HATYPAJIbHOE Z, YTO
qncno 2% MpeCcTaBISeTCs B BUE cyMMBI 2 + 4> He MeHee ueM
N pazmuunabiMu criocob6amu. Hampumep, mias N = 4 noaxoaut
2 =65, Tak kak 65 =167 +63” = 25” + 60” = 33> + 56° = 397 +
+522 . Toxxoaut Takxke u z = 85 (mpejcTaBienus /s Hero
HalfiuTe CaMOCTOSATEIBHO).

K coxanennio, HaJiesk/la Ha yBEJIUYEHUE TOUHOCTU MOCTPOE-
HUST B CBSI3U C MOSIBJIEHUEM JOTIOJHUTETBHBIX OMOPHBIX TOYEK
sIBJIsIeTcsT He GoJsiee ueM wiLaio3ueil. [Ipuunna — B Bozpactanuu
HEOOXO/IMMOT0 YHCJIa z, T.e. PAJIyca OKPYXKHOCTH, 4TO, BO-
MEPBBIX, CHIKAET TOYHOCTD M3-3a YBEJIMUYEHUST OOINX PAa3MEPOB
1, BO-BTOPbIX (110 TOH »Ke NPUUMHE), TEPSAETCS CMbIC/I II0OCTPOE-
HUSI, TaK KaK OKPYKHOCTD TI€PECTAET TIOMeNaTbcs Ha Jucre. B
YaCTHOCTH, HANMEHBIITHI PAJnyC, /LI KOTOPOTO HA YeTBEPTHHKE
JIyTH TIOSIBJISIETCST IOTIOJIHUTEIbHAS TTapa O0IINX TOYEK, PABEH 25
kaerkam (257 =77 + 247 =157 +207) .

Uro ernte MoXKHO 106aBUTH? Y paBHeHue 2+ y2 = 2% gpnger-
Cs YacTHBIM caydaeM GoJiee ofiero ypashenusi x" +y" =z".
Mmoro siet Hazan gpanirysckuii maremaTuk [Ipep Mepma mpes-
MOJIO3KUJI, YTO OHO HE MMEET PEIIeHUil B HATYPAJbHBIX YUCJAX
mpu 7 > 2. IT0 yTBepxK/eHHe HasbIBaeTcsl Beauxol meopemotl
Depma. CKOJIbKO U3BECTHBIX MaTeMaTnkoB (a emte GoJbliie —
6e3BecTHbIX) 06J0Mao 06 Hee 3yObl, NbITAsICh ONPOBEPIHYTH
ni okasathb! Y XOTs Ha TIPOTSPKEHUH CTOJIETHIT GbLTa TIOATBEP-
JKJIeHA ee CTPABE/JIMBOCTD IS OTPOMHOTO MHOKECTBA YACTHBIX
caydaeB — Hanpumep, A Bcex n < 500000 — mosaHOCTBIO
CIPABUTLCSI C TEOPEMO YAAJOCh JIMIIb COBCEM HEIABHO, B
nocsiesinee jecstunerne XX Beka. [[aHHOMY BOIPOCY MOCBSIIIE-
HO HEMAJIO CIIeNUATbHON JUTEPATYPbI, U BCEM 3aMHTEPECOBAB-
IMIMMCSI He COCTABUT TPyJa ee pPas3bicKkaTb. MBI JKe Ha 3TOM
3aKOHYNM.



NPAKTUKYM

eanbHbIN ra3
B KOHKYPCHbIX
3a0a4ax

B.4PO340B

OJIEKYJIBI UJIEAJIBHOTO TA3A B3AMMOJIEMCTBYIOT
JIPYT C JIPYTOM TOJIbKO TIPU COYAAPEHUAX, TTPOUCXO/SANINX
10 3aKoHaM a6CcoIoTHO yrpyroro yaapa. CyMmapHbiii 06beM
MOJIEKYJT WJICAIbHOTO Ta3a MPeHeGPEsKUMO MaJT 110 CPABHEHUIO €
00bEMOM, 3aHIMAEMBIM Ta30M.
W neanbublii ra3 noguunsercs ypasienuio Kuarneitpona—Men-
neseeBa (YPaBHEHUIO COCTOSIHUSI M/ICATBHOTO Tasa)

m
V =ZRT,
P M

rae p, V, T — naBienue, o6beM 1 a0COJIIOTHASI TeMIlepaTypa rasa
COOTBETCTBEHHO, M U M — Macca M MOJIApHas Macca rasa,
R =831 Z[>K/(MOJH>~K) — yHuBepcajbHas (T.e. OAMHAKOBast

m
JIJIA Pa3HbIX I‘aSOB) raszoBasl IocTosgHHas. Besnunna Vv :H

Ha3bIBACTCA KOJIMYECTBOM BEUIECTBA U U3MEPAECTCA B MOJIAX. ITa

Be/JIM4YnHa, KakK 1 Macca, aJ/ANTUBHA, T.€. CYMMHUDPYETCA, ITI0O9TOMY
yYpaBHEHUE COCTOSAHUA [IJIsI CMECH 72 Ta30B IIPUHUMAET BU/L

pV =(Vi+Vy+...+V,)RT .
MousstpHast Macca KOHKPETHOTO Ta3a OIpeaesieTcst o (opMyie
M =M, 107 kr/momb ,

rae M, — onpenesnsiemas 1o tabsuile MeHieseeBa OTHOCUTEb-
Has MOJIEKYJISIPHAs Macca.

3aKOH COXpaHEeHUsI SHEPTUH JIJIsl TEIJIOBLIX TPOIECCOB, MU
nepBoe Hayano (MepBbIil 3aKOH) TepMOANHAMUKH, (DOPMYJIHPY-
€TCs TaK: KOJIMYECTBO TEIJIOTHI, TI0/IBEJICHHOE K CUCTEME, PaBHO
CyMMe M3MEeHEHUsI BHYTPEHHE|l dHeprum CHUcteMbl U paGoThl,
coBepIllaeMasi CUCTEMOI Ha/[ BHENTHUMHU TeJaMH, T.€.

Q=AU+ A.

Bor 1 Best KpaTkast Teopusi, HeOOXO0IUMast /LISl PEMIEHIS 3aa4
Ha WeaJbHbIe Ta3bl, K YeMy U MPHUCTYIIAEM.

3amaua 1. /Jea cocyda, codepikawue odun u mom xe 2das,
coedunenvl mpyo6xou ¢ xparom. Obsemvl cocydos Vi u V,, a
dasaenus 6 wux p; u p,. Kaxum 6ydem dasienue zasa nocie
OMKPLINUSL KPARA COCOUHUMETDHOU MPYOKU?

Pemenne. 3anuiiem ypaBHEeHNE COCTOSIHUS JIJIS Ta3a B Kax-
JIOM COCY/Ie /IO OTKPBITUSI KPAHa, & 3aTeM — ypaBHEHHEe COCTOSTHUS
rasza B e[MHOM COCY/Ie TIOCJIe OTKPBITHSI KpaHa:

m

pvi="RT
m-

PV = MZRT )

P(WJFVZ):#RT-

3pech my m m; — Macchl raza B IIEPBOM U BTOPOM COCY/JaX
COOTBETCTBEHHO, p — JaBJjeHue raza B eutnom cocyjie. Coxus
[MOYJICHHO IIEPBbIC /IBa YPAaBHCHUA M CPABHUB HOBOC YPAaBHCHUC

ABPUTYPHUEHTA

C TpeTI)I/IM7 HOJIyLII/IM
p(Vi+Vy)=pVi+pVsy,
OTKyI[a Haﬁl[eM NCKOMOE€ JaBJICHHC:

pVi+pVy

VitV,

Ira 3a/1a4a MMOKa3bIBAET, YTO HET HUUYETO CTPAIITHOTO B TOM, UTO
B CcHCTeMe ypaBHeHuii Heussectubix (p, my, my, M, T — Beero
nath) Gosbie, uem ypasuenuii (tpu). Benb ot Hac ne rpeyercs
HEBO3MOKHOTO — HATH Bce HeusBecTHble. [loaTomy B Takoit
CUTYyAIH HEe CJIe/lyeT UCKATh «HEJ0CTAION[Mey YPABHEHUS — UX
HE CYIIEeCTBYeT.

3apaua 2. ['a3, macca xomopozo my, a MorspHas macca My,
CMEWANU € 2a30M, MACCA KOMOPOZO My , d MOLAPHAS Macca M, .
Hatidume monsipryro maccy cmecu.

Pemenne. Tak Kak KOJTMYECTBO BENIECTBA CMECH Ta30B PABHO
_m
=

TO UCKOMasdA MOJIApHasaA MacCa CMECH paBHa

\Y

m_my+my  omy+my
my o m
VooVt M T
M M,
OtMeTuM, 4TO ToJydyeHHas GopMyJia Jerko 0600IaeTcss Ha
cJyyail cMecu 1 Tas3oB:

M

my+my +...+m,
LI A
M, M, M

3apmava 3. Bepmuxanvro pacnosoxennas mpyoxa 0aunou I,
OMKPLIMASL ¢ 000UX KOHUOB, HANOLOBUHY NOZPYKEHA 8 COCYO C
pmymuio. Tpyory 3axpvleaiom naivbuem u SolHUMAIOM U3 PIMY-
mu. Yemy pasna oiuna cmorbuxa pmymau, W
ocmasweticsi 6 mpyoxe? Ammocgeproe das- F,
JeHUe YPAGHOBEUUBAETNCSL CINOAOOM PMYMU A
evicomoti H.

Pemenue. Ilyctp pumna cro6uka pryTH,
ocraBieiics B TpyOke, pasBHa x (puc.1).
[TockoIbKY PTYTHBIN CTOJOUK HAXOMUTCS B
PpaBHOBECHH, TO CyMMa JIeHCTBYIONINX HAa HETO Yy
CHUJT PaBHA HYJIIO: x

M =

n

F1+I?2+m§:0. —
~ YF,
3[[er mg — CuJa TAXeCTUu CTOJIONKA pryTH,

Fy nw F, — cusibl JaBJeHHS Ha CTOJOHK
aTMOC(EPHOr0 U Pa3pe’keHHOro BO3/lyXa CO-
OTBETCTBEHHO. 13 BEKTOPHOTO PaBeHCTBA BHITEKACT CKAISIPHOE:

Puc. 1 Ymg

F=F+mg.
Tak kax
F=pS, K=pS, m=pSx,

rae S — IIomanb cedeHUs: TPyOKU, P — ILIOTHOCTb PTYTH, TO

110JIy4aeM
P1= P2 +pgx.
ITo YCJIOBUIO 3a/la4vH,
P =pgH,
TorLa
py =pg(H -x).

B nocsiesnem ypaBHEHUHU /[Ba HEU3BECTHBIX: X U Py . SHAYMT,
HY’KHO elle ojHO ypaBHeHue. Ero nam pact 3akon boii-
ng—MopuoTra, 3alucaHHbIl 719 Bo3lyXa B BepxHeil uactu



TPYyOKHU:
[
P1§5 =p,(l-x)S.
VcKmiovas U3 CUCTEMBI yPaBHEHUH
py=pg(H-x),
_ _PpgHI
P2=5 (I-x)

HEM3BECTHOE P, , MPUXOJAUM K KBa/J[PaTHOMY ypPaBHEHHIO
207 = 2(H +1)x+ HIl =0

C ABYM:A HOJIOKUTE/JIbHBIMN KOPHAMU:

CH+I+JH* + 2

Xy B

. )
Kakoit u3 Hux BpI6parTp? OueBHAHO, 4TO X < 5 IToatomy

x_H+l—\/H2+lz

2

3anava 4 (mexvar MTY, 1988). Ha pucynke 2 noxasan yux.,
cosepuaenviii HA0 UOCANLHLIM 2A30M, NpUteM yudcmox 1—2
uzobpaxaem u30xX0PHoLIU
» A npouecc, yuacmox 2—3 —u3o-
bapnouii. Temnepamypul zasa
6 mouxax 1 u 3 pasnvt T; =
=300 Ku T3 =400 K coom-
eemcmeenno. Hatidume
et memnepamypy T, ezaza 6
0 V= mouxe 2. Macca zasza mne
Puc 2 U3MeNnIemcs.
Pemenne. Cravasa 3amnu-
meM ypaBHenne Kmameifipona—Men/eseeBa T TPEX BEPIINH
TPEYTOJIbHUKA:

piVi = VRT,
pZ‘/Z = VRT2 ’
p3V3 = VRT3 .
HO]H)SyfICI) PUCYHKOM 2, yMeHbIIaeM NHAEKCbI Y BEJINYUH P 1 V:
piVi =VRT,
p.Vi = VRT,,
p2V3 = VRT3 .

[lanee uckIO4aeM HEM3BECTHYIO BEJIMYMHY V , KOTOPYIO He
TpebyeTcs Olpee/siTh, 1 HOoIydaeM

r_n
P1 T1’
Vi _ Ty
Vi T

Ocrajoch BOCIIOJb30BATHCS HECKOJBKO CKPBITBIM YCJIOBUEM
3agaun — touku 0, 7, 3 jexaT HA OHOW MPSMOIL:

ps _ Vs P _ Vs

Pi - v’ Vi
CuieroBaTesibHO, JieBble YacTU TPEAbIIYIINX /IBYX ypPaBHEHHil
pasubl. Torga paBHBI U MTPaBble YacTH:
I, _ T3
T
OTKy/1a HAXO/IM
T, = yTiT; =346 K .

3amaua 5 (MITY um.H.9.Baymana). ITocepedune aesxawezo
Ha 6OKY 3ANOIHEHHO20 2A30M U 3ANASHHOZO YUIUHOPULECKOZO
cocyda daunoti L = 1 M naxodumcs monxuii noputens maccoti
m =1 «z u naowadvio S =10 cm? . Ecau cocyd nocmasumo na
ocHosanue, Mo NOPULeHb hepemecmumcs Ha paccmosnue | =
= 10 cxn. Kakoso 6110 Hauaiwhoe dasienue p 2a3a 6 cocyoe?
Tpenue mexdy cmenkamu cocydd u nOpuHeMm Omcymcmeyem.

Pemenne. PaccMOTpuM COCY/T B TOPH30HTAJIBHOM W BEpTHU-
KaJabHOM nostoxkerusx (puc.3). 3anumiem 3akon Boitis—Mapu-
OTTa JIJIST Ta3a B KAXK/IOM OTCEKe COCy/la U yCJIOBHE MeXaHmuec-
KOTO PaBHOBECHS IIOP-
IIHS:

p1(§—lJS=p£S

2 K
L L
—+1|S=p=S
pz(z ) p2 )
mg+ p,S =pS .

Boipasum u3 mepsoro -

YPaBHEHUs Py, U3 BTO-

poro — p, U IOJICTaBUM B TpeTbe ypaBHeHHe. B pesyibraTe u3
JIMHEHHOTO ypaBHEHMs HalJieM NCKOMOE HEM3BECTHOE:

_mg (L2 - 412)
©4ILS

3anava 6. 3umoil 6 KoMHame GvLI GKIIOUECH NEKMPOHAZPESA-
meav mownocmuio 1 xBm, xomopwii paboman 1 uac. Kax
USMEHUNLACH GHYMPEHHS IHepeus 6030Yxd 6 KoMHame?

Pemenne. Oxpy:xaonmil Hac BO3LyX Tpe/cTaBisgeT co6oil
CMech Pa3JMYHBIX Ta30B, HO B OCHOBHOM 3TO JIBYXaTOMHBIE Ta3bl
KHUCTOPOJ 1 a30T. 1109TOMY BHYTpPEHHASA SHEPTUA BO3LyXa paBHa

U=2"Rr =2y
2M 2

O6beM KoMHATRI V, eCTeCTBEHHO, MOCTOSHEH. A YTO TPOUCXOANT
¢ gasaenueM p? OTMETHM, YTO peanbHOE SKIUINIIE — He HarJIyXo
U30/IMPOBAHHLIN OT BHelIHero Mupa OyHkep. Kak TOJIbKO BKJIIO-
YaloT HarpeBaTesib, JaB/eHnue B KOMHATE CJIeTKa MOBBIMaeTcs 1o
CpaBHEHMIO € aTMoc(epHBIM, W BO3AYX depe3 Mesbyaliiie
IMeTOYKY HaYMHACT BLIXOANTD N3 KOMHATHI. /laBIeHnsa BHYTPH 1
BHE TYT ’K€ BBIPABHUBAIOTCS, TaK UYTO JaBJCHHE P OCTACTCA
nocrosuubpiM. Ho Torga nocrosinna u BHyTpeHHss sHeprus U,
CJIeI0BaTeIbHO,

=2,4-10* Ma.

AU =0.

Harpesatesib ke BRIIOYHIN BOBCE HE JIJISl YBEJTUYECHUS] BHYTPEH-
Hell Heprum BO3/yXa, a yToObl B KOMHATE CTaso Teree!

3agaua 7 (pusdax MTY, 1977). Hoearvuwviii 2as medienno
nepesodsm u3 cocmosinus ¢ obeemom Vi = 32 1 u dasaenuen
py=4,1-10° Ila_e cocmosanue c o6vemom Vo =9 1 u dasienu-
em py=15,5-10° Ila max, umo dasaenue 6o 8peMsl Ckamus
USMEHSACMCS. 6 3ABUCUMOCTIU OM 06BEMA NO JUHETHOMY 3AKOHY
p =aV +b, 20e a u b — nocmosmnnvie seauuunvl. IIpu xaxom
obseme memnepamypa zaza 6 Imom npouecce 6yoem Haudono-
we?

Pemenne. To ycioBuio 3azauu uMeeM

p1=d‘/1+by
py=aVy+b,
p=aV+b.

Tenepb MOCJAEA0BATENBHO MCKJIIOUAEM BEJUYMHBI b U a:
p-p=a(V-V),
po=pr=a(Va=Vp)




40 KBAHT

1 1oJiydaeM

pP=—r _ V-V
pr=pr Va=Vi-
I/IS 3TOTO ypaBHeHI/IH n n3 ypaBHeHI/IH COCTOAHUA
pV =vRT

JIETKO BBIBOJUTCSI, UYTO
2
T = (P2 =P)V™ + (Vo - V1)V
i
(Vo =Vi)vR

T.€. 3aBUCHMOCTH Temmeparypsl T oT o6beMa V TpeacTaBisier
co00il KBaJIpaTHuHy10 (PYHKIIUIO C OTPUIIATEIHHBIM K02 PUITH-
entoM (Ipu 3agaHHbIX 3HAueHuAX py, Vi, py, Vo) upm
crapuieM ujeHe. 3Ha4UT, HanGoJbIlee 3HAYEHHUE TEMIIEPATyPhI
JIOCTHTAETCS TIPH

V= p1V2 _p2v1 =201 1.
2(p1 = p2)

3agaua 8. Hexomopyio maccy m udeaivpnozo 2a3a ¢ MOAAPHOU
maccoi M nazpesaiom nood nopumnem max, umo ezo memMnepamy-
pPa, USMEHSACL NPONOPUUOHALLHOZO0 KE8AOPAMY 0AsAeHUsl, 03-
pacmaem om nepsonauanviozo 3uauenus 1y 0o xoneunozo
suauenus Ty. Onpedesume pabomy, cosepueniyio 2a3om.

Pemenne. V13 ypaBnenuit

m
V =—RT
p M )

T = (xp2 ,
rie o = const, BbIpa)kaeM JlaBJeHUE:
M
Rmo
BusiuM, uTO maBjieHue MPSIMO TIPOMOPIUOHATBHO 00BEMY, T.€.

HEMOCTOSTHHO. B TakoM cirydae paboTa OmpeIessieTest ¢ TOMOIIBIO
MHTErpasa:

p= V =kV , rae k = const.

Vv
e A= [pv)ydv.
v
OpHako [Jisl JIUHENHBIX
dyuknuii ygmobHee mMOCTPO-
uTh TpauK B cucteMe Koop-

SIS

0 V1 v, V> quHar p, V (puc.4) u Haiitn
Puc. 4 paGoTy Kax TLIOMAb TIO[
rpacdukom:
+ 1 1
4= (7912792](‘/2 ~Vi)= S (paVa=pV)+ S (V2 = paVh).

ITo sakony Kuaneiipona—Menjeseesa,

m m
mVi = ﬁRﬂ , PVa = ﬁRTz.

Kpowme Toro,
piVa = paVy = kRViVy —kV,V; =0

CueioBaresibHO,

1 mR
A=—(pVo =, V.) = —(T, =T,
2(Pzz P 1) 2M(2 1).

3agaya 9 (MDOTU, 1976). B yurunope nod jezkum nopuiren
naxodumesi m= 14 z asoma npu T =300 K. Kaxoe xoiuuecmeo
meniomuvl Heo6X00UMO eMy COOOUUMb NPU UIOMEPMULECKOM
yeeauuenuu obsema na o= 0,04 ?

Pemenue. Ilo nepBoMy Hayasay TePMOJAUHAMUKH,

O=AU+A.

Ho B nsorepmuueckom mporecce U = const, nmostomy AU =0 .

2013/Ne4

3Hauur, A
0 = A.

[Ipu T = const BbIYUCIUTD

pabory 6e3 uHTerpaia, Bo-  p

o6mte ToBopsi, Heab3si. On-

HAKO, YUUTBIBAS, 9TO O K 1,

B II€PBOM TIPUGJIMKEHN T KPHU- 0 Vo 4

BOJIMHEHHYTO TPATEIINIO MOK-  A1C 5

HO 3aMEHUTb OOBIYHOI, TIPsI-

Mosunelinoii Tpaneruu (puc.5). Toraa nosyunm

+
e 0
Tax kak V =V, (1+0), 10

V-V, =Vo.

<V

U3 ypasuenuss pV = pyV, BbIpaskaeM p:

_PVo _ Vo

—2 0 = 1-a).
P="y V, (1+a) p(1-a)
CueoBaTesIbHO,
1—
Q:(p°+p(’2( a)JVOapoVOa(1—(;)=

RToc(1—(;)= 48,8 T .

S

WHTepecHO cpaBHUTDL TPUBEACHHOE PEIICHUE C PeIlieHneM,
OCHOBAHHBIM Ha TIPUMEHEHWHN UHTEeTpasa, T.e. CTPOTUM pPelleHu-
eM. B nocnennem ciayuae

v, Vo (1+ar)

PV
0=A=[p(V)dv = Porogy -
JP( ) J 7

Vo (1+0t) Vo (1+a)
- Y% | Ly =" rrav =
Vo v M Vo

= ZRTIn(1+0a).
M

Paszsarag narypaJibHblil Jjorapudm B ps:
2 3 4
o o o
In(l+o)=0——+-——-—+
2 3 4

n OFpaHI/I‘{I/IBaﬂCb TpeMH IIepBbIMI/I YJIeHaMU, IIOJIy‘{l/IM
m o (X2
0=LRTa|1-Z+2 |
M 2 3

Taxkum 06pa30M, OTHOCHUTEJIbHAA IMOTPEITHOCTD COCTABJIAECT BCETO

0(2

- =53-10"".
3

3anava 10 (pusdax MTY, 1973). Haiidume pabomy, cosep-
waemyro 00HUM MOJeM UOedNvHOZ0 2d3a 6 uukae 1—2—3—4—1
(puc.6), ecau ussecmuvl

memnepamypor T, u Ty 6 oA 5 3

mouxax 1 u 3 coomeemcmeern- > —

HO, MpuueMm amu MmouKu je- L

sam na 00noii npamoil, npo- P 1

xodawetl uepes Hauao Ko- =

opdunam. Pt 4
.

Pemenne. Tak kak pabora 0 =
rasa, COBeplIeHHAasd MM 3a v
IUKJI, paBHA Iomaau gury-  Auc 6



pbl, orpanudeHHoll mukaoM (moavko B KoopauHatax p, V), To
A=V =V)(py=p1)= Vapa = Vipr = Vipy + Vipy =
= (Vip1 + Vaps) = (Vapa + Vips) =
= VRT, + VRT; —vRT, —vRT, = VR(T} + T3 - T, - T}).

B cucreme ypasnennit

mVi = VRT;,
paVa = VRT,
psVs = VRT;,
piV, =VRT,
YMEHbIIAEM MH/EKCHI:
mVi = VRT,
pVi =VRT,
p2Vs = VRT;,
pVs = VRT,

Tak kak Touku { u 3 JekaT HA NPSMOI, MPOXOJIIEll depes
HayasJ 0 KOOPAMHAT, TO

P Vs
Vi
un (OnATh yMeHbIIAsd UH/IEKC)
P_Vs
o Vi

W3 aToro paseHcTBa, a TakKe U3 BTOPOTO M YETBEPTOTO ypaBHe-
HUH HocJIeTHel CUCTeMBbI Cpa3y BbITEKaeT

T, =T,.

Terepb EPEMHOKIM MOUYJIEHHO [IEPBOE U TPETHE, a 3aTEM BTOPOE
U YEeTBEPTOE YPABHEHUS CHCTEMBI:

pipaViVs = (VRY TiTy,
pipaViVs = (VRY T,
OTCIOI[B. HEME/JIEHHO CJEAYET
T, =TTy, um T, =T, = JTT; .
3Hauur,
A=VR(T; + Ty - 2TiT3 ) = vR ([T - [T

3ameTuM, 4to 37echb vV =1 Mosb . Ecam ke npocTo omycTuTh
COMHOXKHUTEJNb V , KaK €IWHWYHBIN, TO MOJYIUTCS PaBEHCTBO
HeBepHOIl PasMEepPHOCTH.

2

Yupaxxnenus

1 (MITY wum. H.9.Baymana). 3a CKOJbKO THMKJIOB PaGoOTHI
HOPIIHEBOTO HACOCA ¢ OOGBEMOM IUJAMHAPA V) MOKHO OTKAQuaTh ras
U3 CTEKISHHOrO Gasiona 06beMoM V J10 JaBJeHust p, ecJiu BHAUAIE
JaByienne B GaslioHe GbLIO PABHO aTMOC(EPHOMY MABJIEHHIO p, ?

2 (MITY wum. H.D.Bayma-
na). Ilapamerpbl wnjeasbHOro

A 2 3
p o OJIHOATOMHOTO Ta3a, B3SATOrO B
KOJIYecTBe V = 3 MOJIb, H3Me-
HUJINCD 110 IUKJIY, U300paskeH-
- - HOMy Ha pucyHKe 7. Temmepa-
j1 1 TYPBI Fa3a B COCTOSIHUSIX, OTMe-
,/: /// YeHHBIX Indpamu, paBHbl T, =

=400 K, I, =800 K, 7, =
=1200 K. Onpenenure padory,
Puc. 7 KOTOPYIO COBEPILNJI Ta3 3a [IUKJI.

o
<V

3 (MITY um. H.9.Baymana). Mosb nieabHOTO ra3a MEIJICHHO
HArpeBaioT Tak, 4To OH MEPeXOoAuT u3 cocrostuusi (py,Vy) B cocro-
aune (2py,2Vy) . Kak npu atom usMmensiercst temieparypa rasa T B
3aBUCHMOCTH OT ero o0beMa V', ecyin 3aBUCHMOCTD JABJIEHIS Ia3a OT
oObeMa Ha rpaduke u3obpaskaercs npsiMoit JmHueir? Onpepennre
Takke paboTy A, coBepIlIaeMyio ra3oM B 9TOM IpoIiecce.

4 (MITY wum. H.D.Baymana). OmuH MOJb WIEAJBHOTO Taza
H3MeHsIeT CBOE COCTOSTHNUE TI0 IINKJIY, H300paskeHHOMY Ha pUCYHKe 8.
ITpomeccor 4—1 n 2—3 — u3oxopHble, npoiecc 3—4 — M306apHbIi,
1—2 — mporecc ¢ JHHEHHON
3aBHCHMOCTBIO JaBJIEHUS] OT p“ 1
o6bema. TemmnepaTypsl B cO-
crosHusax 1, 2, 3, 4 pasubol T; , 2
T,, T;, T, COOTBETCTBEHHO.
Kakyto pa6ory cosepiiaer ras Y
32 OJINH IIUKJI?

5 (MITY um. H.3.Bayma- 4 ’ _
Ha). B BepruKasbHOM IMIMHA- () v
pe C IUIOIIA/IbIO TIONEPEYHOTO  p,,~ g
ceveHus1 S 10/ MOPIIHEM, Mac-
ca koroporo M, HaxoauTcs 1 MOJIb U/I€aTbHOTO OJTHOATOMHOTO ra3a.
B HexoTOpBIil MOMEHT BpeMeHH HOJT TOPIITHEM BKJIIOYAETCST HarpeBa-
TeJIb, HepeAloNii Ta3y 3a e/[MHHIIly BPeMeHH KOJIMYeCTBO TeIIOThI
q. Ompenesnure YCTAHOBUBNIYIOCS CKOPOCTb O JIBUKEHUS TIOPITHS
TIPH YCJIOBHH, YTO JaBJICHIE Ta3a HaJ ITOPIIHEM IOCTOSHHO U PABHO
Py, @ Ta3 MO0/ TIOPIIHEM TEIION30IHPOBAH.

6 (pusdpax MI'Y, 1971). /IBa oAMHAKOBBIX GAJIOHA COCIMHEHDI
KOPOTKO# TPYOKOil, B KOTOPOI MMEETCs KJIAIIAH JIABJIEHHsI, TIPOILYC-
KaIoNii ra3 13 0JiHOro 6aJIJIOHA B JIPYTOil 1P PA3HOCTH JIABJIEHUIT
Ap 280 cm pr.cr. OpnH 6ajJIOH HANOJTHEH Ia30M, MMEIONUM IIpH
temriepatype 7; = 290 K gaBrenne p = 760 MM PT.CT., B pyroMm
6asnone — BakyyM. Kaxoe jaBJienne ycranoBurest B 6aslJIoHax, ecyin
UX Harperb 0 temnepatrypol T, = 382 K?

7 (MDOTU, 1976). B repmernunom cocyne obbemom V = 5,6 o
COAEPXKUTCS BO3JAyX IpH aAasjenun p = 760 mm pr.ct. Kaxoe
JIaBJICHNE YCTAHOBUTCS B COCY/IE, €CJIH BO3/yXYy COOOIIMTDH KOJIYe-
¢tBO TemoTl Q = 1430 [[5x? MoJSpHYIO TEIJIOEMKOCTb BO3/LyXa
[PY NOCTOAHHOM 00beMe NpUHsATb pasoil C = 21 [ix/(moun - K) .

8 (M®dDTU, 1979). B IUJIMH/JPE IO/l HMOPIIHEM COACP/KUTCA
v =0,5 Moub Bozayxa mpu Temneparype 7, = 300 K. Bo ckosbko
pas yseqmuurcsi o0beM rasa Ipu COOONIEHHN eMy KOJIMYecTBa
reriotel Q = 13,2 x/[)x? MoJisipHas TEIIOeMKOCTb BO3/yXa MPH

LOCTOAHHOM Jasienuu paBua C, = 29,1 [lx/(momb - K).

9 (M®DTHU, 1981). C kakoit MaKCcHMaIbHOI CHJTON MIPUKNMaeTCs
K TeJy 4eJoBeKa MeJUINHCKast GaHKa, ecJi JNaMeTp ee OTBepCTHs
D =4 c¢cM? B MoMeHT TIpuKJIa/ibIBaHust GAHKU K TeJy BO3/AyX B HEil
mporper o Temiepatypsl ¢ =80 °C , a TeMIepaTypa OKpy»Karoliero
Bosayxa ¢, =20 °C. Armoc-
depuoe paBienue p, =
=10° Ia . V3MenenueM o6be- P
Ma Bosayxa B Ganke (u3-3a 3
BTATUBAHUS KON ) MOYKHO ITPe-
HeOpeyb.

10 (M®TU, 1991). Moab
1/1eaIbHOTO OZIHOATOMHOIO Fa3a P
DACHINPSCTCA CHAYANA B W30~ o — ; >
6apHOM TIpoIlecce, a 3aTeM — B Vi Wy ViV
mpolecce ¢ JUHEHHON 3aBUCU-  pye 9
MOCTBIO [JIaBJIeHUsT OT 0ObeMa

A

V, V.
(puc.9). Useecrno, 4ro 72 = 73 , a psiMast 2—3 TIPOXOJUT uepes
1 2
vy
Havaso Koopanuat. Haiinre otHOIEHNE 06HEMOB V. €cH KO-
1

4ecTBO Temaothl Qqy, TOABENEHHOE K Tra3y Ha ydYacTKe
1—2, B deTbIpe pasa MeHbIle paGoThl A3, COBEPIIEHHOI ra3oM Ha
yuactke 2—3.




AXXIV TypHUp roponos

3A0A4YN BECEHHEIO TYPA

Ba3oBbIi BapuaHT
8—9 knacceb!

1 (3)'. Ha nockocTu jiaHbl mectb Touek. M3BecTHO, uTo UX
MOKHO pa3OUTh Ha JiBe TPOIKM TakK, 4TO IOJydaTCs ABa Tpey-
roJbpHuKa. Beerga i MOKHO pa3GUTh STH TOYKH Ha JBE TPOHKI
TaK, 4TOGBI MOJTYYHJINCH ABA TPEYTOJbHUKA, KOTOPBIE HE NMEIOT
APYT € APYTOM HUKAKMX OOMMX Touek (HU BHYTPH, HU Ha
rpatuiie)?

I'.2Kyxos

2 (4). Opnnoit oneparueit K yucay MOXKHO 60 mpuGaBuTh 9,
an6o crepeth B HeM B Jio6oM mecte 1udpy 1. M3 mo6oro in
HaTypaJIbHOTO YMcaa A TPHU MOMOIIN TAKUX OMEePaIiii MOXKHO
noayunth uncao A + 1? (Ecau crupaercs efuHUIA B CaMOM
Havasge YMCIa, a 32 Heil cpasdy WAYT HyJH, TO 9TH HYJH TOXKe
CTHpAIOTC. )

E.Baxaes

3 (4). Haupr 11 rupp pasnoro Beca (OAMHAKOBBIX HeET),
KasKJasl BECUT IleJIoe YHCIO IPaMMOB. I3BecTHO, 4TO Kak HU
pasoxkuth rupu (BCe MM YacTh) Ha JBE Yalllll BECOB, YTOObI
rUpb Ha HUX OBbLIO He MOPOBHY, BCET/la MEepPEeBEeCHT Yalia, Ha
KOTOpOI TUPb Gosbine. [lokaxure, 4TO XOTsI OGbI OJHA U3 THPb
BecHuT Gosiee 35 TPAMMOB.

A.Toanwvizo

4 (5). Cm. samauy M2309 «3agaunmka «Kpamnra».

5 (5). B uersipexyrosbanke ABCD yroa B pasen 150°, yrou
C mpsmoii, a ctoponbl AB n CD pasubl. Haiinnte yron Mesxay
cropoHoii BC n npsiMoli, IpoXo/isIiell yepe3 cepeinHbl CTOPOH
BC u AD.

H.Cmpeaxosa

10—11 knaccer

1 (3). Cm. 3amauy 2 6a30BOro BapHaHTa AT 8—9 KIaccos.

2 (4). Ha xarerax mpsMoyrosbHoro tpeyroabhuka ABC ¢
npssmMbIM yTioM C BoBHe niocTponn kBapatel ACKL m BCMN.
ITyctb CE — BbIcoTa, omylieHHas Ha runotenysy AB. Jlokaskute,
yto yrosi LEM 1paMoii.

H.Pydaxos

3 (4). Cm. 3amauy 4 6a3oBoro Bapuanra /st 8—9 KIaccos.
4 (4). Cm. sagauy M2310 «3agaunuka «Kpanras.

5 (5). HazoBeM npuBeIcHHBII KBAAPATHBINA TPEXUJIEH C METbI-
MU KO3 PUIMEHTAMU CHOCHBIM, €CJIN €T0 KOPHU — 1IeJIbIe YNCJIa,
a koadpdunmentsr He 1peBocxoAAT 1o Momaymaio 2013. Bacs
CJIOKUJI BCE CHOCHBIC KBaJ[paTHble Tpexusenbl. /[lokakure, uyTo
Yy Hero MOJIyYnJICSI TPeXUseH, He MMEIOMNN 1eHCTBUTENbHBIX
KOpHeit.

I'.2Kyxos

1 3/ech n jaiee B CKOOKaX MOCJe HOMEpa 3ajlavyi YKa3aHO MaKCH-
MaJIbHOE KOJIMYECTBO GAJJIOB, MPUCYIK/IABIINXCS 34 €€ PEIeHNE.

CNno>XHbIV BapuaHT
8—9 knaccel

1 (4). Ha gocke Hammcano HECKOJIBKO HaTypasbHBIX YHCEL.
CyMMa JI06bIX JIBYyX U3 HUX — HATypaJbHasl CTENeHb JBONKH.
Kaxkoe Han6oJipiiiee 41cji0 pa3andHbIX MOXKET ObITh CPE/IN YNCeT
Ha JIocKe?

I'.2Kyxoe

2 (4). IBaauaTh geteil — 1eCsTh MAIbUUKOB U 1ECSTH JEBOUEK

— BcTasu B psa. Kakaprii MaTbunk cKas3am, CKOJIbKO JeTeil CTOUT

cIipaBa OT HETO, a Kak/Jas /IeBOYKa CKasaja, CKOJBKO jeTeil

cTouT cjaeBa oT Hee. /lokaykuTte, 4YTO cyMMa unces, Ha3BaHHBIX
MaJIbYMKaMHU, PaBHA CyMMe YncesI, Ha3BaHHBIX /IeBOUKAMU.

E.bakaes

3 (5). Mosxuo au B Tabauie 19x19 OTMETUTb HECKOJbKO
KJIETOK Tak, 4ToObl BO BceX KBajparax 10x10 ObLIO pasHoe
KOJINYECTBO OTMEUEHHBIX KJIETOK?

E.Baxaes

4 (5). Tlo kpyry paccrasmmu 1000 HeHyJeBBIX umcesn 1
packpacuin ux moouepeHo B Oesblit 1 yepHbiil 1BeTa. OKasza-
JIOCh, YTO KQKJI0E YePHOE YNCJI0 PABHO CyMMe [IBYX COCEIHIX C
HUM GeJIbIX YHCeT, a Kaxkioe Gesioe YicJa0 PABHO TIPOU3BEIEHUIO
JIBYX COCEJHNX C HUM YepHBIX unces. YeMy MOKeT ObITh paBHA
cymma Beex 1000 umcen?

b. Dpenxun

5 (6). HasoBeM TOYKY Ha TIOCKOCTH y370M, €ClTH 00e ee
KOOP/IMHATBI — 11eJIble Ync/Ia. JlaH TPeyroJbHUK ¢ BEpIINHAMU B
y3J1ax, BHYTPH HETO Paciio/Io;KeH0 POBHO JBa y3aa. Jlokaxure,
YTO MpsAMast, MPOXO/AIIAs YePe3 ATH JIBA y3Ja, TG0 MPOXOIUT
4epes O/IHy M3 BEPIIMH TPEYTOJIbHAKA, NGO TapasLiebHa OTHOM
U3 €ro CTOpOH.

A.Ilonanckui

6 (8). Ilyctb I — HEHTpP BIUCAHHON OKPY/KHOCTH MPSMOYTOIb-
noro tpeyrosbunka ABC, kacaromeiics katetoB AC u BC B
toukax By m A, coorBercrBenno. Ilepnenankyasp, omyIeH-
HbI 13 Ay Ha psaMyio Al, U epIeHANKY ISP, ONyIIEHHDIH 13
By na npsmyto BI, nepecekatorcsi B Touke P. Jlokaxure, 4To
npsimble CP n AB niepneH/iuKy JIsapHbI.

A.111seuoes

7 (9). B mikosie pemmin mpoBeCTH TYPHUP MO HACTOJILHOMY
TEHHHCY MEXK/Iy MATeMATHIeCKUMU 1 TYMaHUTAPHBIMI KJIACCAMH.
KoMaHza ryMaHUTapueB COCTOUT U3 1 4eJIOBEK, KOMaH/a MaTe-
MaTUKOB — M3 M, IIPUYEM /m # 1 , & CTOJ JI/IS1 UT'PbI BCETO OJIUH.
TToaToMy GBLIO pelieHo Urpath ciepyomum o6pazom. CrHavana
KaKue-TO /[BA YUYEHUKA U3 PA3HBIX KOMAH/ UT'PAIOT MEK/Y CO60Ii,
a BCe OCTAJIbHbIE YYACTHUKU BBICTPAUBAIOTCS B OJHY OOIIYIO
ouepe/ib. [locse kax 01t UTPHI TOT, KTO CTOUT IIEPBBIM B OUepe/iu,
3aMeHsIeT 32 CTOJIOM YJIeHa CBOEit KOMAH/IbI I UTPAET C OCTABIINM-
cs1 32 CTOJIOM. A YeJIOBEK, KOTOPOTO 3aMEHMJIN, CTAHOBUTCS B
KoHell ouepenn. [loka)knTe, YTO paHO WM TO3HO KasKIbII
MaT€eMaTUK CbIrpaeT C¢ KayKJAbIM I'yMaHUTaApUEM.

A.Beponuxos, H.Mumpogparoe

10—11 knaccel
1 (3). Cm. 3amauy 1 cJ0KHOrO BapHaHnTa A1 8—9 KIaccos.

2 (4). Ha pnunnoil ckaMeilke cumesu MaJbudK U JI€BOYKA.
3arteM 1o oaHoMy mpunn erte 20 geTeil, M KaXKAbI CanJICs



MeXJIy KaKUMU-TO [IBYMs yKe cujsamumu. HasoseMm JeBouky
OMBAXKHOU, €CJIN OHA CAJINIACH MEK/LY JIBYMsI COCEJIHUMU MaJTb-
YUKaMH, a MAJbuUKa — OMEAKHbIM, €CJU OH CAVJICS MEX/Y
JIByMsI COCE/IHUMHU JIEBOYKAMU. B mTOre 0Kasajaoch, YTO MaJib-
YUK U JIEBOYKHM HAa CKaMeiike depeayiorcsi. MOXKHO Jin HaBep-
HSIKA CKas3aTb, CKOJIbKO OTBAJKHBIX CPe/lU JIeTell Ha cKaMeiike?

E.Bbaxaes

3 (6) HasoBeM TOYUKYy Ha ILJIOCKOCTH y370M, €Can o6e ee
KOOP/IMHATDI — 11eJible unca. [laH TpeyroibHUK ¢ BEPIIMHAMU B
y3J1aX, BHYTPU HETO PACIOJIOKEHO He MEHbINe [BYX Y3JI0B.
Jlokaykute, 4TO HaljeTcss TpsMast, TPOXOAsIasi depes JBa
KaKUX-TO y3J1a BHYTPU TPEYTOJbHUKA, KOTOpast OO MPOXOUT
yepes OJIHY U3 BePIINH TPEYTOJbHIKA, JT1O0 NapaiebHa OHOM
U3 ero CTOPOH.

A Iloasnckuil

4 (6). Yucna 1, 2, ..., 100 cToaT mo Kpyry B HEKOTOPOM
nopsizike. MOXKET JI CJYYUTBCS, 9TO Y JIOObIX JBYX COCETHUX
qrces MOJYJib pasHocTu He Menbine 30, HO He GoJibie 507

A.Illanosanos

S (7). Cm. sagauy M2313 «3agaunuka «Kpanras.

6. Jlanbl nATb PasIMYHBIX I10JOKMTENbHBIX YHCEN, CyMMa
KBaJIpaToB KOTOPHIX paBHa CyMMe BCEX JECATH MX IOMapHbIX
TTPOM3BE/ICHNUI.

a) (4) lokaxure, 4TO Cpeu TATH JAHHBIX YUCET HalyTCst
TPM, KOTOPbIE HE MOTYT ObITh JITMHAMU CTOPOH OJIHOTO TPEYTOJIb-
HUKA.

(6) (5) [lokaskuTe, 4TO TAKMX TPOEK HAIIETCS HE MEHEE MEeCTH
(Tpoiiku, oTAMYAIONIMECS TOJIBKO MOPSAKOM YHCEN, CYATAeM
OINHAKOBBIMU) .

U.Bozdanoes

7. J1is IPOXOOK/JIeHUs TecTa ThICAYY MY/PELOB BbICTPAUBAIOT
B KoJsionHy. M3 kosmakos ¢ Homepamu ot 1 g0 1001 oxmnu
IPAYYT, a OCTA’bHble B CIy4alfHOM MOpPSAKE HaJeBaioT Ha
MyzapenoB. Kaskaplil BUANT TOJbKO HOMepa Ha KOJIIAKaX BCEX
Bllepeau croamux. [lanee Myapelbl 10 HOPSAKY OT 3aJHET0 K
mepeHEMY HA3bIBAIOT BCIyX Ilesble umcsaa. Kaxjgoe dmciao

J10JKHO 6bITh 0T 1 0 1001, TpuYeM Hesb3st Ha3bIBATh TO, YTO
yiKe ObLIO cKazaHo. Pe3ysibraT Tecta — 4MCJIO MYJAPEIOB, Ha-
3BABIIMX HOMEP CBOETO KoJiaka. Myzperbl 3apaHee 3HAIN
YCJIOBHS TeCTa W MOTJIM JIOTOBOPHUTBHCS, KaK JeiCTBOBaTH. Mo-
TYT JIK OHU TapaHTUPOBATL Pe3yJIbTaT:
a) (5) 6omee 500; 6) (7) me meree 999?
A.Illlanosanos, K.Kuon

YCTHbIV TYP ANS 11 KNTACCA

1. Ha xoopanHATHOI TIJIOCKOCTH HApUCOBaHbI rpaduku He-
CKOJIbKUX MHOTOYJIEHOB. Beerja i MOKHO 10pucoBath rpadux
elie Kakoro-HuGy/1b MHOTOYJIEHA TaK, YTOObI OH He MepeceKasics
¢ yiKe HAPUCOBAHHBIMHE?

I.2Kyxoe

2. Cm. 3amauy M2312 «3anaunuka «KBanras.

3. B rtpeyrosbnnk ABC Brmcana OKpy>KHOCTb, Kacalouasics
cropor BC, CA u AB B toukax X, Y u Z coorBercrBenno. Ha
mockoctu otMeTHan Touky K. CepeJuHHbBIE MEPHEHANKY ISP
k otpeskam KX, KY n KZ nepecekator nipsimeie BC, CA n AB
B Toukax X;, Y] u Z; coorBerctBeHHO. /[OKa)kuTe, YTO TOUKHI
X, Yy u Z; nexar Ha OJTHOU TIPSIMOIi.

@D. Henes

4. KoneuHo nsm 6eCKOHEYHO MHOKECTBO HATYPATBHBIX YHCEJ,

Yy KOTOPBIX KaK B JIECATUYHOIl 3aliCH, TaK W B CEMEPHYHON
3aMuCcy HeT HyJIs?

H. Mumpoganos

5. Cm. samauy M2314 «3amaunnka «Ksantas.

6. Tannr 1000000 okpyskHOCTEl, TPOXOASIIUX YEPE3 OJHY
TouKy. /loKaskure, 4TO MX MOXKHO pa3buTh Ha 12 rpyII Tak, uTo
cpe/in OKPY KHOCTEH O/IHO¥ IPYIIIBI HH O/iHA He OY/IeT TPOXO/UTD
yepes IEeHTP JPYroii.

B.Moxun

Hy6auxauuro noozomosuru C./Jopuuenko, JI.Mednuxos,
H.Pyb6anos, A.Cenenos, A.Illanosaros

' XXVI MockoBckas maTemMaTmnydeckas
ofinMnmana

6 kacc

1. Bacsa ymmosxmt #ekotopoe uncyio Ha 10 1 Moy mpoctoe
yuceso. A Ilets yMHOXKHIIT TO Ke camoe 4ucJio Ha 15, HO Bce paBHO
MOJIY YU TIPOCTOE YHCT0. MOJKeT Jint GbITh TaK, YTO HUKTO U3 HUX
He ommbesa?

B. Kaenuvin
2. Bor pe6yc 0BOJBHO MPOCTON:
IX BueTBepO 6OJIbIIE, YeM on,
A1 BuetBepo Gosibie, uem OX.
Haiign cymmy Bcex ueTbIpex.
Jl. ITHonw

3. Cm. samauy 1 «KBaHTay /19 MJIAQJIINX MIKOJbHUKOBY .

4. 13 pereil cenm 3a KPYIJIBIH CTOJ U JIOTOBOPUJIMCD, 4YTO
MaJbulKu OyjAyT Bparh JEBOYKAM, a JPYr [APYry TOBOPHTbH
paBjLy, a JeBOYKH, HA060POT, GY/IyT BPaTh MAJbUMKaM, a J[PyT

JIpyry roBoputh npasay. Onuu us geteil ckasas cBOeMy IIPaBOMY
coceny: «boubuHcTBO M3 Hac MasbuNKKU». TOT ckasas cBoeMy
TIPaBOMYy cocefy: « BobIIHCeTBO 13 HAC IeBOYKM», a OH CBOEMY
cocefy crmpaBa: «DBoOMBIMMHCTBO W3 HAaC MalbuUKH», a TOT
cBoeMy: <«bBosbmuHcTBO M3 Hac JeBOUKU» U Tak Jajee, IIOKa
nocJsieiHII peGeHoK He cKasasl mepBoMy: «BoubimHeTBO 13 HAC
MasTbuiKi» . CKOJBKO MaTb4nKOB OBIJIO 3a CTOJOM?
A. Xawamypsn

5. Maursiit n Bosbimoit octpoBa nme- VA RN
0T TIPSIMOYTOJIbHYI0 (DOPMY U pasjiesie- / N
HbI Ha HUpIMOyroJbHble Tpadcersa. B / N
KasKJIOM TrpadCTBe TIPOJIOXKEHA 10pOra / AN

1Mo ofHOW m3 amaronaseit. Ha xaxxom
OCTPOBE 3TH JI0POTU 06Pa3yioT 3aMKHY- | \ AN /
TbI 11yTb, KOTOPbIf HU Yepe3 KaKylo \| N/
TOYKY He IPOXOJUT JBaKIbl. BOT Kak
ycrpoeH Maublit octpoB, TAe Bcero 6 Puc 7
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rpaders (puc.1). Hapucyiite, kKak MOXKeT ObITb ycTpoeH BoJib-
IO OCTPOB, €CJIM Ha HeM HedeTHoe 4ymciao rpadcTB. CKOIbKO
rpadcTB y Bac IMOIYUHIOCH?

A.Illanosanos

6. TpuaiaTs Tpu GoraTbIps HAHSIIMCH OXPaHsSTh JIyKoMOpbe 3a
240 mounet. XuTpslii gsgapKka YepHOMODP MOKET pas/ieuTh Gora-
TBIPEH HAa OTPABI TPOU3BOJIbHOI uncaenHocTn (MM 3amncath
BCEX B OJIMH OTPsA/I), a 3aTeéM PACIpPEJeJNTh BCE JKATOBAHDE
MEXAY oTpsigaMu. KaskabIit OTps/L IeIUT CBOM MOHETHI TIOPOBHY,
a ocrarok ornaer UepHomopy. Kakoe HanGosbliiee KOJIUIECTBO
MOHET MOXKET I0CTaThCst UepHOMOpY, eCJIn:

a) sKaJoBaHbe MEK/Ly OTpsiaMn YepHOMOp pacipesiesisier Kak
eMy YTOJIHO;

6) sKamoBaHbe MEXAy OTpsaaMu UepHOMOP pacrpeenser
IOPOBHY ?

H.Packuna, A. Xauamypan

7 Kracc
1. Cm. 3agauy 3 /s 6 kaacca.

2, 3, 4. Cm. samaunm 2, 3, 4 <«KBanra» st MJIaJImx
MTKOJBHUKOB» .

5. Tpu kBa/IpaTHbIe TOPOXKKU C OGIIUM TIEHTPOM OTCTOST JIPYT
ot apyra Ha 1 M (puc.2). Tpu MypaBbst CTapTyIOT OJIHOBPEMEHHO
U3 JIEBBIX HIDKHUX YIJIOB JIOPO-
KeK 1 GeryT ¢ OJMHAKOBBIMU
ckopoctsaMu: My n Pa nporus
4yacoBoli ctpesku, a Beit mo va-
cosoii. Korza My po6Gexan o
[PABOr0 HMKHETO yrja 00Jib-
HIO# JJOPOKKH, JIBOE JIPYTHX, HE
yCIIeB elie c/eJaTb [O0JHOr0
Kpyra, HaXOJMJINCh Ha IIPaBbIX

Beit 1™ CTOPOHAX CBOUX JIOPOKEK U BCe
Pa 1M TpO€e OKa3aJnCh HA OJHOU TIps-
moii. Hafianre ctoponsl kBagpa-

My TOB.
Puc. 2 A.Illlanosanos

6. Cm. 3a/lauy 5 «Ksanra» JUUIA MJTQIININX ITKOJIbHUKOB» .

8 knacc

1. Bans 3anmcajy HECKOJIBKO TIPOCTBIX YHCEJ, UCIOJIb30BAB
POBHO 110 ojHOMY pasy Bce 1udpor ot 1 g0 9. Cymma aTux
MPOCTBIX YHCEJ OKa3ajaach paBHoil 225. MOKHO Ji, UCII0JIb30-
BaB POBHO 110 OJHOMY Pasy Te ke IHQPbI, 3ancartb HECKOJbKO
MIPOCTBIX YHMCEJ TaK, 4TOOBI MX CyMMa OKa3ajach MEHbIe?

U.Illeiinax

2. Tpeyrombauk ABC — paBHoGeapennbiii (AB = BC). Touka
M — cepenuHa cTopoHbl AB, Touka P — cepennna orpeska CM,
touka N pequt cropony BC B orHomenuu 3 : 1 (cunras or
Bepiunbl B). [lokaxure, uto AP = MN.

FO. baunkoes

3. Ha zansarun xpyskka 10 mkoabaukos pemasn 10 3agau. Bee
HIKOJIBHUKY PEIINJIM Pa3Hoe KOJUYECTBO 3a/1a4; KaXK/1yI0 3a/1a4y
PEIINJIO OJMHAKOBOE KOJIMYECTBO IMKOJIbHUKOB. OJMH M3 3TUX
JlecsITU IIKOJIbHUKOB, Bops, pemmi 3ajjaun ¢ nepBoii 1o maTyio
1 He PEeNINJI 33/1a4H € HIECTOI 110 /IeBATYI0. PermJ /i oH ecsaTyio
3a7auy?

b. @penxun

4, 5. Cm. 3amaun 4, 5 CJIOKHOTO BapuanTa st 8—9 KaccoB
BecenHero typa XXXIV Typunpa ropoaos.

6. Ha JOCKeE 3aIlMCaHoO I1eJ10€ ITOJIOKHUTEJIbHOE YNCJIO N. Z.IBa

2013/No4

UTPOKa XOZAT TI0 0¥epe/Ii. 3a X0 paspelnraercs JIn60 3aMeHUTD
YHCJIO HA JOCKE HAa OAMH M3 ero jejurteseil (OTJIMYHBIX OT
€/IMHAUIIBI 1 CAMOTO YHCJIA), JMGO YMEHBITUTD YUCI0 HA €MHUILY
(eciut 1pu 9TOM 4KCIIO OCTAETCs1 10J10KUTeabHbIM) . ToT, KTO He
MOJKET C/lesIaTh XOJI, Tpourpeiaet. IIpu kakux N TepBbIit HTPOK
MOJKET BBIUTPATh, KaK OBl HI UTPAJ COTIEPHUK ?

A. Xauamypsn

9 knacc

1. Ha kpyriom croje yepes paBHble IPOMEXYTKH JIEXKaT
mupoxuple. VIrophb XOAWT BOKPYT CTOMA M CbhEAACT KaXA0e
TPEThE BCTPEUEHHOE MUPOKHOE (Kask/10€ MMPOKHOE MOXKET ObITh
BCTPEUEHO HECKOJIBKO pa3). Korzia Ha cToJie He 0CTaIoCh MUpPosK-
HBIX, OH 3aMETHJI, YTO IOCJEIHUM B3sJ MHPOKHOE, KOTOPOe
BCTPETU/I TEPBBIM, ¥ TIPOIIEJ] POBHO 7 KPYTOB BOKPYT CTOJA.
CKOIBbKO OBLJIO MHPOKHBIX ?

H.Kocmpurxun

2. B rpeyromvuuke ABC, rue yron B mpsimoii, a yroa A
menblie yria C, nposesena meauana BM . Ha cropone AC B3dra
Touka L Ttak, uro LABM = ZMBL . Onucannas OKpy>KHOCTb
Tpeyrosbinka BM L niepecekaet ctopony AB B Touke N. [loka-
sxute, uto AN = BL.

A.Jlonamnuxos

3. IIpo nonoxurenbuble yncaa d, b, ¢, d, e n3BeCTHO, YTO
a+b* P +d e’ =
=ab+ ac+ ad + ae + bc + bd + be + ¢d + ce + de.

JloKasxuTe, ITO CPe/In ATUX YMCET HAWAyTCs TaKue TPH, 4TO He
CYIIECTBYET TPEYTOJIbHUKA C TAKUMHU [JITHAMU CTOPOH.
H.Bozoanos

4. Paspexbre durypy, nzobpakeH-

HYI0O Ha pHCYHKe 3, Ha JBe paBHble

HacTH.

HTu Bau Jlu

5. Cm. 3a1auy 3 CJI0KHOTO BapHaHTa

qis 10—11 xJjaccoB BeceHHEro Typa
XXXIV Typunpa ropomos.

Puc. 3

6. Cro MyjperoB XOTAT IpoexaTb Ha 3JeKTpuuke u3 12
BaroOHOB OT MEPBOii 10 76-it crantuu. OHU 3HAIOT, YTO HA ITEPBOil
CTaHIIMU B /IBA BaroHa 3JIEKTPUYKU CSALYT JBa KOHTPOJIEPA.
[Tocsie ueTBepTOil CTAHIMM HA KaXK/JOM IIeperoHe OJAUH U3
KOHTPOJIEPOB OY/ET EePeXOIUTh B COCETHNIT BarOH, MIPHYEM OHI
XOJIAT 110 ouepei. Myiper] BUJIUT KOHTPOJIePa, TOJbKO eCJIH OH
B cOce/lHEM BaroHe WM 4epe3 BaroH. Ha kaxnoil cranuuun
Kak/IbIil My/Ipell MosKeT mepe6eaTb 1o IardopMe He Jajee
ueM Ha TpH BaroHa (HanmpuMep, U3 7-r0 BaroHa MyJPeIl MOKET
no6exarb 10 J10060ro Barona ¢ HomepoM ot 4 g0 10 u cectb B
Hero). Kakoe MakcuMasibHOE YUCJI0 MYAPEIOB CMOXKET HU Pasy
He OKa3aTbCsl B OJIHOM BaroHe ¢ KOHTPOJIEPOM, Kak Gbl KOHTPO-
nepol 1y nepementainch? (Hukakoii undopmarum o KoHTpoIe-
pax, KpoMe yKa3aHHOH B 3ajjaue, My/pell He roaydaeT. Myape-
1Bl JIOTOBAPUBAIOTCS O CTPATETHU 3apamHee. )

U.Hemaii

10 knacc

1. /laHbl /iBa KBaIPATHBIX TPEXYJIEeHA CO cTapiuM Koad duiiu-
entoMm 1. I'pacux ogHoro n3 Hux nepecexaer ocb Ox B Toukax A
u M, aocb Oy — B Touke C. I'padpuk npyroro nepecekaer ocb Ox
B Toukax B u M, a ocb Oy — B touke D (puc. 4). Jlokaskure, 4T0
tpeyrosbauku AOC u BOD 110106HbI.

A.Bbaunxos, /. IlHons

2. Cm. 3azmauy 2 caoxHOro Bapmanta auast 10—11 kiaccos
Becentero typa XXXIV Typuupa roposios.



Y 3. an npaBuibHbBIN 4n-
yroibuuk A4A, ... A, 1mo-
maan S, mpuuem n > 1.
Haiigure niommaab yeTbipex-

yroapunka AiA,A, 1A, .
D.Henes, C.Huronaes

4. CM. 3azauy 7 CJIOXKHO-
ro BapmanTa ayas 8—9 kmac-

o M~—™A X ¢op Becennero Typa XXXIV
TypHupa roposios.
D
Puc 4 5. Jlana dyukuusa f(x),

3HaYeHne KOTOPOW TPH JIo-
60M 11eJI0M X 11eJ1oe. VI3BeCTHO, 4TO JIIst JTI060r0o IPOCTOro YncIa

p cymiecTByeT Takoii Muorousen Q, () cremenu, He IpeBbiia-

tomeii 2013, ¢ nesmpiMn koadpdunmentamu, uro f(n)-Q, (n)
JETUTCS Ha p TIPH JIOGOM IieJioM 7. BepHo i, 4To cyIiecTByer
MHOrOwIeH ¢(X) € BeljecTBeHHbIME KO HHUIIEHTaMI TAKOH,

uro g(n)=f(n) ams moGoro uexoro n?
H.bozdanos

6. ITyctb I — 1IeHTp BIOUCAHHON OKPYYKHOCTU HepaBHOOEIPEH-
noro tpeyrosibiuka ABC. Uepes A; 0603HAYNM CEPEJUHY JyTH
BC omnmcannoit okpyskaoctn Tpeyroabanka ABC, ne comeprka-
mieit Touku A, a gepe3 A, — cepenuny ayru BAC. Tleprnenuky-
JISp, OMyIIeHHbIN u3 Touku A; ma npsimyio A,l, mepecexkaer
npsamyto BC B Touke A’. AHAIOrMYHO ONPeeNsIoTcs ToUukn B’
u C.

a) Jlokaskute, uto touku A’, B’ m C’ nexar Ha OjHOI
NIPAMOH.

6) JlokaskuTe, 4TO 9Ta IPAMas MepHeH UKy aapHa nmpsamoit OF
rae O — TeHTp ONMMCAHHOW OKPYKHOCTH TpeyroybHuka ABC.

D.Ueres

11 knacc, nepsbivi AeHb

1. /IBa ipuBe/IeHHbIX KBaJPATHBIX TpeXuJeHa UMeloT o6umit
KOPeHb, a IMCKPUMHUHAHT UX CyMMbI PaBeH CyMMe UX IMCKPUMH-
HanToB. JloKa)knte, 4TO TOTZA JUCKPUMHUHAHT XOTS ObI OJHOTO
13 5TUX JIByX TPEXYJIEHOB PaBeH HYJIO.

. Topawun

2. HaiiinTe Bce mapbl IPOCTBIX UHCEJ p U ¢, 00Jaaiomine
caeaylomum cBoiictBoM: 7p + 1 nenutces Ha g, a 7g + 1 penures
Ha p.

. I'opawun

3. [lan Takoii BBIMYKJIbI yeTbipexyroibiuk ABCD, uto AB =
=BCuAD = DC. Toukn K, L m M — cepewHbl 0Tpe3KoB AB,
CD u AC cootBetcTBeHHO. [lepmenaukysisap, mpoBeeHHBIN 13
Toukn A k npamoit BC, mepecekaeTcss ¢ IEPHeHIUKYJISIPOM,
npoBezieHHbIM 13 Toukn C k npsamoit AD, B touke H. Jlokaxure,
yto npsamble KL u HM nepuenankyJasapHbl.

A.Jlonamnuxos

4. MOKHO /M TaK PaCKpacUTb BCE KJETKH OeCKOHEUYHOI
KJIETYATON MJIOCKOCTH B O€JIbIi 1 KPACHDIN 1[BETA, YTOOBI KaXK1ast
BEpTUKATbHAS MPSIMas 1 KaXK/[asi TOPU30HTATbHAS MIPsIMAst Tiepe-
ceKkaJl KOHEYHOe YKCJIO0 GeJIbIX KJETOK, a Kakaasd HaKJIOHHas
npsiMasi — KOHEYHOe YHCJI0 KPACHBIX ?

A.Jlonamnuxos

5. Tpu crioprcMeHa cTapToBaid OJJHOBPEMEHHO U3 TOUKU A 1
6exxasm 1o TPSIMON B TOUKY B KasK/blil CO CBOEH MOCTOSTHHOI
cKopocTbio. Jlo6eskaB 0 TOYKHN B, Kask/blil 13 HUX MTHOBEHHO
TOBEPHY T 00PaTHO 1 GesKast ¢ IPYToit MOCTOSHHOI CKOPOCTBIO K
unmnmy B Touke A. VIx Tpenep 6exkas psiiOM M BCE BpeMs
HaXO/INJICS B TOUKE, CYMMa PACCTOSHUIL OT KOTOPOIt /10 yYacTHH-

KOB 3a0era 6blyia HauMeHbllell. V13BecTHO, uTO paccrosinue ot A
10 B paBHo 60 M 1 Bce cIOpTCMEHbI (DMHUNITIPOBAJIN OHOBPE-
MeHHO. Mor i TpeHep npobexatb Menbire 100 m?

B.Bednos, O.Kocyxun

6. /IBe KoMaH/bl MIAXMATUCTOB OJMHAKOBOI YMCJIECHHOCTU
CbIrpaIi MaT4d: KasKIbII ChIrpasl 110 OAHOMY pasy € KaXKAbIM U3
ZIpyroii KoMaH/pl. B ka0l naptun gasasu 1 ouko 3a nobeny,

1

o T 3 HHYDIO I 0 — 3a nopakenue. B utore KomaH/b1 HAOpaIN

MOPOBHY OYKOB. J[OKaKuTe, YTO KaKHe-TO [[BA yYaCTHUKA MaTda
TOXKe HaOpaJu TMOPOBHY OYKOB, €CJIM B 00enX KOMaH/1aX OblLiIo:
a) 110 5 IaXMaTUCTOB; ) MPOU3BOJIBHOE PABHOE YMCJIO HIaXMa-
TUCTOB.

A.Illanosanos

11 knacc, BTopou [eHb

1. /IBa mupara gegmin J06bIYY, COCTOSIIYIO U3 TISITH 30JI0THIX
CJWTKOB, Macca OJHOTO M3 KOTOPBIX 1 KT, a Apyroro — 2 Kr.
Kakyto Maccy MOTJIM UMETh TPHU JIPYTHUX CJIUTKA, €CJIH U3BECTHO,
4TO KaKme ObI IBa CINTKA HI BBIOPAJ ce6Ge TepBhIil MpaT, BTOPO
TMUpPaT CMOXKET TaK PAa3/eIUTh OCTABIIHECS CJIUTKH, YTOOBI
Ka)KIOMY M3 HUX JOCTAJIOCH 30JI0Ta MTOPOBHY ?

I1.6opodun, b.B5ednos

2. Haiiznre Takoe 3HaveHune @ > 1, Mpu KOTOPOM ypaBHEHUE
a® =log, x UMeeT eMHCTBEHHOE PelIeHNe.
Dosvraop

3. CpaBaute unciaa 1+£3 1+£3 1+L3 u \/E
3 5 2013 2

. Topawun

4. 13BecTHO, 4TO BCSAKYIO TPEYTOJIBHYIO THPAMUJLY, TPOTHBO-
M0JIOKHBIE pe6pa KOTOPOIl MOIApPHO PAaBHBI, MOXKHO TaK paspe-
3aTh BJIOJIb TPEX ee pebep U Pa3BepHyTh, YTOOBI ee Pa3BepPTKOi

»!\\

Puc. 5

cTaJs TpeyroJabHUK 6e3 BHyTpeHHuX paspesos (puc.5). Hatigercs
JM enle Kakoii-HuGY/b BBINYKJIbI MHOTOTPaHHUK, KOTOPBI
MOJKHO TaK pa3pe3aTh BJOJb HECKOJbKHX €ro pedep W pasBep-
HYTb, 4TOGBI €T0 Pa3BEPTKON CTaJI TPEYTOJIBHUK 6€3 BHYTPEHHIX
paspe3oB?

O.Kocyxun

5. Carra Hammcast o KPyry B IPOU3BOJIBHOM TTOPSI/IKE He GoJiee
CTa PA3JIMIHBIX HATYPATbHBIX YHCes, a [[1IMa MbITAETCS yTajaTh
ux KoJmdectBo. [l7st atoro Tuma coobuiaer Caiiie B HEKOTOPOM
MOpsI/IKe HECKOJIbKO HOMEPOB, a 3ateM Carmna coobuaer ume B
TOM >Ke TIOpsi/iKe, KaKue 4icJa CTOAT 1o/l yKasaHHbIMM J{uMoit
HOMEPAMH, €CJIM CYUTATh YUCJIA [0 YaCOBOIl CTPEJIKe, HAUMHAS C
OJTHOTO ¥ TOTO Ke uncyaa. CmoxkeT yin /luMa 3aBeIoMO yraiath
KOJIMuecTBO Hanucanubix Carreil uynces, cooOImB:

a) 17 nomepos; 6) menee 16 HOMEpPOB?

O.Kocyxun

ITy6auxayuo nodzomosuru A.Boponaes, C./lopuuenko
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30paHHble 3aga4m MOCKOBCKOW
(OU3M4eckon onnmnmaabl

MepBbi TeopeTUYeCKUN Typ
7 Kracc

1. Ha npsmoii B Touke A (prc.1) HaXOAUTCS MyHKT OTIIPaBJIC-
Hust po6ota Kysn, KOTOpbBIl MOKET TiepeMemiaTbes BAOJb Mpsi-
MoOii OoT Touku A 10 Touku D ¢ OHOUN U TOW >Xe CKOPOCTBIO 0,

® ®
C D

ook

Puc. 1

MOAyJib KOoTOpoil paseH 0,5 m/c. Ilporpamma ympasieHust
po6oTa IO3BOJISIET UBMEHATD HalIpaBJieHe CKopocTu Ky3u ToJb-
ko BTOUKax A, B, Cu D, npuuem AB = BC = CD =300 m. Kpome
TOTrO, IIPpOrpaMMa Ipe/lyCMaTPpUBAET, YTO uYepe3 KaxK/blil dac
Kysst momken Bosspamatbess B Touky A. Ilpm mpoxokgaenun
toyek B, C u D cpaGaTbIBaeT 3aMbIKAIOINIIIT 3J1IEMEHT, KOTOPBIi
3aKUTaeT Harpa/Hyl0 CBETO/MO/HYIO JIAMIIOYKY Ha KOpIlyce
Kysu. 3asxkskeHHble JIaMIIOUYKH FOPST BO BCE BPEMs €ro JIBUXKe-
Hust. VI3BeCTHO, 4TO TIOCJIEI0BATEIBbHOCTD IPOXOK/ICHUS TOYEK,
3KUTAIONINX HArpajJHble JIAMIIOYKH, B KaXK/IOM dace Oblia
passmynoii. OnpezesanTe KOJNYECTBO HArpa/l Ha xopiyce Kysn
yepes3 IATh Y4acoB IocJ/e cTapTa u3 Toukn A.

E.Buwnsaxosa

2. B XVI Beke moinast Oypsi, npoiieiiias 1no AHTJIUA B
MecTHOCTH KambepJieHz, BBIBEpHYJIA ¢ KOPHSIMH [J€peBbsl, U
TOT/Ia MECTHbBIE TTACTYXU OOHAPYKHUJIN B OGHAKUBIIEHCS 3eMJie
I0/T BBIBEPHYTBIMU KODHIMU HEKYIO TEMHYIO Maccy, KOTOPYIO
OHU MOCYUTAJH YTJIEM, MO/PKEYb KOTOPBII, OIHAKO, HE Y/IAT0Ch.
Ito 6bu1 rpadguT. B ganbHeiieM 13 Hero Havyagu TPOU3BO/IUTD
TOHKHE 320CTPEHHbIe Ha KOHIe TaJIOUKH 1 HCIOIb30BAIH UX I
pucoBanus. ITH MATOYKU OBLIM MATKUMU, HAYKAJIH DYKH U
TIOZIXO/IAJIN TOJIBKO JIJIsT PUCOBAHMUS, HO He 1 ncbMa. CTosrsip
Kacmap ®a6ep navan ¢ 1761 roj1a cBoe Mpon3BOCTBO JePEBSIH-
HBIX KapalJalleil, 4To MOCJAYKUJIO0 HAYaaoM HUCTOpUU (hupMbl
Faber-Castell. Kapanpaim pasndyaiorcst

o TBepaoctu rpudens. Ipudensb kapan-

/’ ‘\ Jlallla  CPeJIHENl TBEPIOCTH MMeEeT TLIOT-
noctb 2,1 r/ CM3, IJIOTHOCTD JIEPEBSIHHON

. o6omoukn 0,72 r/ e, CrangapTHas JIJin-

\C + Ha Kapangama 17,5 cM. Cal\fblﬁ MPOCTOit
N - 13 BCEX TTPOCTBIX KapaHalleil uMeeT Kpyr-
soe cedenne. Vcrosb3yst npuBeIEeHHbBII

Puc 2 PHUCYHOK TIOIIEPEYHOT0 CEYEHUST TAKOTO Ka-
paHjaia Ha MHUJJIUMETPOBON Gymare

(puc.2), onpejenure ero CpepHIoN MJIOTHOCTb.
E.Buwmnaxosa

3. Paccrosnme mexay ormerkamu 35 °C u 42 °C  mkaspr
MEeJMIIMHCKOTO PTYTHOTO TEPMOMETPA PABHO 5 CM, a B Pe3epBY-
ape TepMoMeTpa XpaHutcs 2 T prytu. OLeHHUTe 10 STUM JTAHHBIM
IJIONA/Ib TIOTIEPEYHOr0 CeYeHUs Kanmmamsapa Ttepmomerpa (B
KBaJ[PATHBIX MUJLIMMETpax). V3BECTHO, 4TO M3-3a TEIIOBOTO
pacimpenus MJIOTHOCTb PTyTH 1pu temieparype 42 °C oka-

spiBaercs B 1,00125 pasa menbiie, gem 1ipu Temieparype 35 °C .
[InotHoCcTh pTyTH TpH Temueparype 35 °C  cunTaiite paBHOI
13,6 r/ eM” . Temmospv paCIIUPEHNEM CTeKJa MOXKHO TpeHel-
peub.

C.Bapaamos

4. Tlun cMacrepwsr i CMEHIapUKOB PaKeTy, U UM CTajH
JIOCTYTIHBI KOCMWYECKHe TMPOoCTOphbl. [lepBbIMU KOCMOHaABTAMM
cramm Kpom, Bapami, Exuk, Jlocsm n Hioma. Bee onn Goiin
oamHakoBoit Maccwl. [lun crporo makaszan Hrome ciaemuthb 3a
BECOM KOCMOHABTOB C TIOMOIIBIO CJOXKHEHIIEro mpubopa Ioj
naspanueM «/IMTHAMOMETP». «3anomun, Hioma! — ckasas
[Tun. — Bec tema maccoit 1 xr Ha 3emue pasen 10 H, na Jlyne
1,6 H, a na Mapce 4 H». Hioma nuyero He mnoHumasga B
JIMHAMOMETpaX, HO cTapajach ObITh OTBeTcTBeHHON. Ha 3emite
OHa B3BECHJIa CPa3y BCEX BMECTE, BKJIOUast ceOsi, 1 OOHAPYKIIA,
YTO TPYKUHA AUHAMOMETPA YJIMHUIACh HA 12,5 CAHTUMETPOB.
Tak ona u 3anucasna B 60pTOBOIl JKypHas: «Hain Bec Ha 3emite
12,5 cantumerpoB amHamomerpas. Ha Jlyne Hioma caesnana
cseytontyio 3ammch: «Hamr Bec ymensmmics Ha 10,5 cantumer-
pos». Ha Mapce B GoproBom xypHase Hioma cienana 3aroros-
Ky «Hamr o61uii Bec 1o cpaBHenuto ¢ JIyHOil ...1jcs Ha ...CM».
OnHako, B3BECUB BCEX, OHA OTBJIEKJIACh HA MAPCUAHCKUN TIeii-
3K W He 3akoHumsa (pasy. Bepuysmmcesr na 3emutio, Hiomma
nostyunsia Harousiit ot [Tuna ¢ yrposoii, 4to 60Jbllie OHA HUKY/1A
e nonernt. Ilun Takske ormerma: «Xe-xe! Macca-To Hammx
KOCMOHABTOB He MEHSJIACh BO BPEMS IOJIETOB!»

Sanummure nonyio ¢ppasy Hiotrmu, 9To6br 0OHA CMOTJIa TPOI0JI-
SKUTH CBOM KOCMHYECKHE MYTElIeCTBUS.

E.Buwnsaxoea

8 knacc

1. Besocunemucr ¢ mOCTOSIHHON CKOPOCTbIO 15 KM /4 Kypcu-
pyer Mexxay nmyHktamu A u B, naunnas us nynkra A. Ilemexog
KypCHUPYeT 10 TOIl 3ke Jopore Mex /1y myHkTamMu A u B, HaunHas
n3 myHKTa B, co ckopoctbio 5 kM /4. Paccrosume Mexmy
nyHktamu A u B pasao 10 kM. Uepes kakoe BpeMs y BeJIOCHIIe-
JIICTA U TIeleXo0/1a IPOU30IIeT TPEThsl BCTPeya Ha J0pore U Te,
€CJIM OHM HayaJy J[BUYKEHNE OIHOBPEMEHHO?

E.I1llenv

2. Nmetorest aBa cocyna o6bemMom 1 Mo Kax/iplii. B nepBom
cocyie HaxoauTesl 1 Kr a3oTa, BO BTOpOM — cMech asora n 18 v
Bo/isiHOTO Tapa. KoJsimuectBa MoJsiekyJ1 B 060UX COCY/IaX OMHA-
koBbl. Haiinre oTHOIIIEHNE Macchl CO/IEPKUMOT0O BTOPOTO COCY-
Jla K Macce CO/IEp:KMMOro IepBoro cocyja. Macca MoJIeKyJIbl
BOJIbI coctaBisieT 9,/ 14 oT Macchl MOJIEKYJIbI a30Ta.

O.Illsedos

3. Ha pucynke 3 u306-
paKeH JerKWil >KEeCcTKU
cTepsKeHb JUINHOW 3a, K
KOTOPOMY Ha PACCTOSTHUH
a OT OJIHOTO W3 KOHIIOB
MIPUKPEIJIEHa HeBecoMast M
HUTD, NIePEKUHYyTas uepes
6710k, K 1poTtnBomnosiox-
HOMY KOHILy HuTH 1npu- [ a 2a 2
KpeIJieH TPy3 Maccoii © ¢ O
M =3 kr. K xkoH1am crep-  pyc 2




JKHsI IPUKPEIIeHb! rpy3bl 1 u 2. Halimure Macesl my u my aTuX
IPY30B, €CJIM CHCTEMa HAXOANTCS B PAaBHOBECHH W TPEHUS B OCH
6JI0Ka HeT.

O.Illsedos

4. IllkonbHuk Bragucsas uccieayer oXJiadJeHHE BOJBI B
cTakaHe Ha Mopo3e. BiajmciaB 3aMeTHJI, 4TO OXJIXK/ICHHE OT
temrieparypel 91°C o 89 °C  mpoumcxoaut 3a 3 MuH, a OT
temneparypel 31°C no 29°C — 3a 6 mun. Yemy pasHa
TeMIiepaTypa OKpy:Kaiomel cpeapr? CunTtaiiTe, 4TO MOITHOCTD
TEIJIOOT/IAYH IIPOIIOPIIMOHAIbHA PA3HOCTU TEMIIEPATYP CTaKaHa
U OKPYIKAIOIIEN Cpe/bl.

O.Illsedos

9 knacc

1. Kamenb, OpOIIEHHDBIN BEPTUKAIBHO BBEPX € MOBEPXHOCTH
3emsn, Uepe3 MPOMEKYTOK Bpemenn T=1 ¢ mociae Havama
JIBIKEHIST OKA3aJICs BbIIe 3a60pa BBICOTOM /1 = 4 M, a elile yepe3
3TOT >Ke TIPOMEKYTOK BpeMeHN T — HIbKe aToro 3a6opa. Kaxoit
Morjia ObITb HaydaJbHas CKOPOCTb KaMHsS? B Kakoil MOMeHT
BpeMeHU OT HaydaJja JABUKEHUA MOTJia 6bITb JOCTUTHYTa MaKCH-
MasibHas BbICOTA MOabeMa KaMusa? Jlo Kakoi MakcuMaibHOI
BBICOTBI MOT TIOJIHATHCSI KaMeHb? Y cKopeHne cBOOOIHOTO Tajie-

HUA cyuTaiiTe paBHbIM g =10 M/ 2, COIIPOTUBJICHIE BO3/lyXa He

YUIUTBIBAMTE.
O.Illsedos

2. Paccrosine mexay otMerkamu 35 °C u 42 °C mkasrsr

MEUIITHCKOTO PTYTHOTO TEPMOMETPA PABHO 5 CM, a B Pe3epBY-

ape TepMoMeTpa XpaHHuTCs 2 T PTy-

vi TH. OIIeHUTE TI0 ITHM JIAHHBIM I1J710-

MIaJb TOMEPEeYHOTO CeYeHHs Ka-

/ nustpa repmomerpa (B kBagpart-

HBIX MUMMeTpax). I'paduk sa-

— BucUMOCTH o0beMa V PTyTH OT

TeMIIeparypbl ¢, BBIPDAKEHHOW B

rpagycax Ienbcus, sBisiercs mpsi-

Puc 40 t MOW JIMHUEH, M300pa’keHHON Ha

pucynke 4. Ilpm temmneparype

100 °C o6bem prytu B 1,018 pasa Gosbiiie o6beMa PTYTH TIpH

0 °C . Ilnotuocts prytuipu 0 °C cunraiite pasuoii 13,6 r/ eM®
TernoBbIM pacimpenneM CTeKJIa MOJKHO IpeHe6Gpeyb.

C.Bapaamos

Y

3. Ha pucynke 5 n3006-
pa’keH JeTKHil TOPU30H-
TaJIbHBIH JKeCTKUI cTep-
JKeHb JITMHON 3d, K KO-
TOPOMY Ha PACCTOSTHUSIX
a n 2a OT OJHOTO W3

i e KOHI[OB TPUKPEILICHBI
BepTHKaJ/IbHbIE HUTH, I1€-

u a a PEeKUHyTBIE Yepe3 6J10-

O : : @ «xu. K nporusonosox-
ms My  HbIM KOHILIAM HUTEl IIpu-
Puc 5 KpeILIeHbl I'Py3bl Mac-

caMu my m m, . K xon-

I[aM CTep>KHS IIPUKPEILJIeHbl IPY3bl MaccaMu mgy u my . VI3Bec-

THO, 4yTO My = 1 Kru mg = 2 xr. Kakumu JJ0JIKHBI OBITH MaCCh
my u my , 9TOOBI CHCTEMA HAXO/IIACh B PABHOBECHUN ?

O.Illsedos

4. IkospHnia VipuHa 1poBO/MIIA ONBITHI € AJEKTPUYECKOI
Ienblo, cXeMa KOTOpoil m3o6paskeHa Ha pucynke 6. Korga
Wpuna moxakmouynsia BoiBoAbI A u B 1enu K Garapeiike u
3aMKHYyJIa K104 K, OHa 3aMeTuJIa, YTo aMrepMerp A; TOKa3bl-
Baer 3HaueHue cuibl Toka I; = 1 MA, a ammnepmerp A, —

sHauenne I, =3 MA. Kakumu R,

Oy/ZlyT TOKa3aHusi aMIepMer- 2—@ 3
poB, xorga Vpumra pasoMk-
Het Kirou? [1pubops! cunraii-
pHbOp ]
Te W/leaIbHbIMH. R K
O.lllsedos  Puc 6 !

oo

10 knacc

1. [Ixonbuuku Bramucnas u SpocaaB cTrapToBain U3 epes-
nn Jlunoska B zfepesnio [lemyuikuno: Biaaucias nanpasuics
remkoM, a fApocnaB — crycrd ¢ = 8 MUH Ha BeJIOCHIIE/E.
Jlo6pasiiucs j0 JleMyIKnHO, KasK/Iblil 13 MIKOJbHUKOB pa3Bep-
HYJICS U TIPOJOJUKHJ JIBMKEHHE B OOGPATHOM HAIlPaBJEHUU C
TpeskHell cKopocThio. SpociaB mpubbLt B JIUMOBKY Ha @) =
= 32 muH panbiie BuaguciaaBa. Ha gucrtaHiium MIKOJbHUKA
BCTPETHJIMCD JIBa Pasa, MpuyeM 06e BCTPEYW IMPOU3OIILIN Ha
OJINHAKOBOM PACCTOSIHUU OT CEPEeINHBI TUCTAHIIK. BO CKOJIBKO
pa3 CKOPOCTb BEJIOCHIIEJNCTAa GOJIbIEe CKOPOCTH Ielexo/ia?
CKOJIBKO BpeMeHU ITPOIILIO MeXK/Y BCTPeuaMu?

M. Pomawrxa

2. TIpoBO/Ist OTIBITBI C BEPEBKOI, IMKOJbHIK Bacst o6Hapysku,
4TO ee y/JIMHEHUE IPOMOPIUOHAJBHO PACTATHBAIONIEH CHJIe,
npuyeM pu cuiie Hatskenust [y =4 kH yannHenue cocrasisier
20% OT HavaJabHOI AJMHDBI. Bacsg 3akpenuy KOHIbI BEPEBKU Ha
CTBOJIAX JIBYX [IEPEBBEB, PACIIONOKEHHBIX HA PACCTOSHUE L =
=20 M apyr or Apyra Ha pasHbIX Oeperax peku. Bepeska
okasamach Ha BbBIcoTe 0,1L = 2 ™M mHaxm Bomoit. I'pys kaxoit
MAaKCHUMAJIbHOI MacChl MOJKHO MTPUKPEIIUTD K CePE/IITHE BEPEBKH,
9TOOBI OH B MOJIOJKEHIN PABHOBECHUST He 0Ka3aJ/ics B Bojie? Perire
3ajlauy B JIBYX CJAydYasx: a) [UIMHA HEHATSHYTOIl BEPEBKM PaBHa
L; 6) BepeBKa BHauase HaTsaHyTa ¢ cuaoit Fy/3, T.e. mmmma
HEHATSIHyTOH BepeBKH MeHbllle L. Pasmepamu rpysa MOXKHO
npenebpeyn. Yckopemnue cBo6onoro najgenus g =10 M/ .

C.Baparamos, O.Illsedos

3. IIkonpuuk Braaucnaas uccieayer OXJasKIeHue BOJbI B
cTakaHe Ha Mopo3e. BiajyciaB 3aMeTHII, YTO OXJIAXK/EHHUE OT
temmeparypsr 91 °C mo 89 °C mpoucxomnt 3a 3 MUHYTHI, a OT
temneparyper 31°C o 29 °C — 3a 6 MunHyT. 3a KaKkoe BpeMst
Oy et npoucxoautb oxaaxaenne ot 11°C go 9 °C ? Aor +1°C
0 —1°C? Cuwuraiite, 4TO MOITHOCTD TETJIOOT/[AUU TTPOIIOPIHO-
HaJTbHA PAa3HOCTH TEMIIEPATyp CTAaKaHA M OKPY’KAIOMEeH CpeJibl.
Yaenbubie TEMIOEMKOCTH BOJIBI M JbJa COCTABJISIOT
4,2 xJlx/(xr-°C) n 2,1 KII}K/(Kr -°C) COOTBETCTBEHHO, Y/ieJIb-
Has TemioTa IaBIeHns Jbaa 336 k/Ix/Kr. TerIoeMKoCTbio
cTakaHa npeHeGpeub.

O.IIlsedos

4. Omuenute rtemmneparypy B 1entpe Counna. Cuunraiite,
YTO IJIOTHOCTD BemfecTBa COJTHITA TTOCTOSIHHA, a B IieHTpe CoJH-
112 aTOMbI BOJIOPO/IA MOJHOCTBIO PACIIA/IAIOTCS HA MPOTOHBI U
9JIEKTPOHBI, 00pa3ysl IJasMy € MOJSPHOH Maccoii M =
= 0,5 r/MOoJIb, JIsT KOTOPOII MOKHO HCIIOJb30BATh ypaBHEHUE
ngeasbHoro rasa. IlepBas xocmmdeckas ckopoctd ais ComHIia
(cxopocTh ABWKeHUS cryTHUKA BOMM3H nosepxuoctn CoHia)
cocrapyisier v = 400 kM ,/c. YHuUBepcaibHas ra3oBasi MOCTOSIH-
Hast R = 8,3 Jlx/(mosmn - K).

O.1llsedos

5. B rpex BepmmHax pasHocTOpoHHEero TpeyrojbHuka ABC
pasMecTHJIN 3JeKTpPHUecKre 3apsapl: B BepmmHax A n B —
3aKpeIJIEHHbIC 3JIEKTPUYECKUE 3aPS/Ibl +¢ U —¢ COOTBETCTBEHHO,
B BepuHe C — HE3aKPEINJICHHDINH 2JIEKTPUYECKUl 3apsij| +¢ .
Ykaxure, B kakoit Touke D mockoctd ABC Hajio pa3MecTuTb
elie OJMH 3JIEKTPUUECKUIl 3apsiii +¢, 4TOObI HAXOJSIIMIICS B
Touke C 3JIEKTPUYECKUIT 3apsi/l +¢; HAXOJUJICS B PaBHOBECUU ?

O.Illgedos




KBAHT -

48
71 knacc

1. Kpywusnbie mnaitnepor «Ilepsbrit> 1 <«Btopoii» mibiByT
PaBHOMEDHO U TPSIMOJMHEHHO. YToJ MeXay HUX KypcaMu
o = 60°, ckopoctb «IlepBoro» v, =
= 35 kM /4, ckopocTtb <«Broporo»
vy = 31,6 km /4 (puc.7). C naiinepa
«IlepBblil> ¢ BpeMEHHBIM HHTEPBa-
JIOM B HECKOJIBKO 4aCOB OTILJIBIBAIOT

u JBa KaTepa, KOTOpbIE, [BHUTAsICh C

- TIOCTOSTHHOH OIMHAKOBOH CKOPOCTBIO,

nepHeHAuKyIIpHON Kypcy «Ilep-

BOTO», TOYHO TIPUILJIBIBAIOT KO «BTO-

0y pomy». Ornpeiesite CKOPOCTD U Kate-
- pa.

Puc. 7 I'.Taiioyxos, H.Topbamoiii

2. TanTenb, cocrosiimas U3 BYX IMIAPUKOB MACCaMu m U 2m u
JIETKOTO CTEeP>KHA JUIMHON L, TOcTaBJieHa BEPTUKAJIbHO Ha
IJIAJIKYI0 TOPU3OHTAJBHYIO IMOBEPXHOCTH GOJiee MACCHBHBIM
mapukoM BHu3. Ilocse HEGOJBIIOrO TOMYKA HWKHUN IMApUK
TaHTE/JIN HAaYNHACT ABUTaTbCA 110 FOpI/ISOHTaJIbHOﬁ ITOBEPXHOCTH,
a BepXHMil — jBuraTbcsl B IpocTpaHcTBe. Haiinure momymn
CcKopocTeil ©; M ©, IIapUKOB B 3aBUCHMOCTH OT CHHYyCa yTJia
HAKJOHA [ TaHTeJW K TOPH30HTY. YCKOpEHHe CBOOOIHOTO
MaJIeHust PaBHO ¢.

O.IlIsedos

3. NpeanpHblil raz cHavyajJa WM30TEPMUUYCCKU PACIHIUPSIOT,
3aTeM OXJIAKJAIOT IIPH IIOCTOSIHHOM o06beMe, II0Ka ero TeMIlepa-
Typa (B KeJIbBUHAX) HE YMEHBIIUTCS B [IBA Pasa, MOCJE Yero ras
MN30TEPMHUYECKHU CXKIMAIOT JI0 IepPBOHAYATBHOTO 00beMa 1, HAKO-
Hell, 3aBepliasl IMUKJINIYECKHI Ipolece, H30XOPHO BO3BPAIAIOT
B HCXO/JHOE COCTOSIHUE, COOOIIast TAKOe XKe KOJIIMIeCTBO TEILIOTHI,
4yTto M Tpu uzorepmudeckom pacimmpenuu. Onpepesnnte KIT/]
9TOTO IHKJIA.

H.Topéamoiii

4. Haiiinre MO/YJIb 3JEKTPOCTATHYECKONW CHJIBI, JEUCTBYIO-
meil Ha TOYCYHBIN

0,4 0,09 0,016¢

? 6.7 ° a ° g ° q 3apsin Q B 6eckoned-

| a | a | a | a | HOHI cucTeMe Todeu-
HbIX 3apA/10B, I/1306-

Puc. 8

PaXKEHHOIT Ha PUCYH-
ke 8. Bce 3apsazbl 3akperieHbl B BakyyMe Ha OJIHOIL IIPAMOIt,
UMEIOT OJMH U TOT K€ 3HaK, PACCTOSIHUS MeXy COCeJIHHMU
3aps/laMi OJIMHAKOBbI U DaBHbL d.

A.Axyma

3. 3apsKeHHbI KoHeHcaTop eMKoCTbio C, aJIeKTpocTaTHyec-
Kasl 9HEeprHs KOTOPOTo paBHa W, HauMHaeT paspssKaThes depes
JIBe COeINHEHHbIE IIapa/ljIe/IbHO KAaTYMIKI WHAYKTUBHOCTSIMU L
n 2L. Kaxoii 6yier MakcuMaJ/IbHasi SHEPrus KaTyIIK1 HH/YKTHB-
HOCTBIO L B TIporiecce BO3HUKATONNX KoJe6anmnii? CormpoTus.ie-
HIIEM 2JICKTPUYECKON TIeTn MpeHe6peyn.

E.Huxanoposa

BTopon TeopeTuyeckmun Typ

8 knacc

1. Ouennte, ¢ KaKoil CKOPOCTBIO PACTET «XBOCT» ABTOMOGHIIb-
HOI IIPOOKH, 00pa3oBaBIIeics N3-32 PE3KOT0 CHIKEHUST CKOPO-
CTU HAa HEKOTOPOM ydacTke Aoporu. [[o mpoGKu aBTOMOOHIN
JIBIKYTCST OTHOPOJIHBIM TIOTOKOM €O CKOPOCTbIO 50 KM,/ 4 €O
cpesneii miotHocTbio 20 aBromo6usieit Ha 1 kM myTi. B npobke
CKOPOCTb aBTOMOOGUJIEH CHUXKAETCS /10 5 KM /U, U IBUXKYTCS OHU
[OYTH BIIOTHYIO JPYT K JIPYTY CO CpejHeil IJIOTHOCThIo 125
apromMoOmieil Ha 1 KM 1yTH.

H.Topbamuiii

2013/No4

2. Nmelorcs Be cu-
creMbl OJIOKOB, U300-
pakKeHHbIEe Ha PUCYH-
Ke 9. bioku coenune-
HBI JIEFKUME HepacTsi-
JKUMBIMH  HHUTAMHU. B
KaKI0i cucreme 6JI0-
KOB €CThb JINHAMOMETD,
3aKpeIIEHHbIIT MeXX Ty
COOTBETCTBYIONUMU
y4actkamu auteit (ju-
HaMOMETPbI B CHCTEMAX
ofmHakoBbie). Ipys 1
nMeeT Maccy
my=200r. I'pys 2
pecTaBsieT co6oii

COCY/I, HAIOJHEHHbBII
BOJIOH, €ro cyMMapHast
Macca my, =800 r. B cocyne umeercs orsepcrie, U3HauaJIbHO
3aKkpbIToe MpoOKoii. Ecim ee BbITAIUTD, TO 4Yepe3 OTBEPCTHE
Bojtia OyJleT BbITeKaTb TOHKOH CTPYHKOH CO CKOPOCTBIO U =
= 25 mat/muH. OnpezennTe, yepes CKOJbKO MUHYT MIOCJIE TOTO,
KaK BBITAIMIN TIPOOKY, NMOKAa3aHUsI JAUHAMOMETPOB OYIyT OJIH-

Puc. 9

HakoBbIMHU. [limoTHOCTD BogBl p = 1000 Kr/ M
E.Buwmnsaxoea

3. 3 0iMHAKOBBIX KYGUKOB CTPOST OOBEMHYTO TTMPAMU/IKY 13
10-ti ps/IoB, BepxXHUe TPHU pPsJa KOTOPOH M300pAsKEHbI Ha
pucynke 10 (Bum cBepxy). Ky6ukn
SKECTKO CKPeILIeHbI MeskLy coboit. Ecm | |
9Ty HHPAaMUJIKY OIIyCTHUTb B COCYZ C
6eH3UHOM, MJOTHOCTH KOTOPOTO |
p;=0,8T/cM’, To oHa Gyjer Tia-
BaTh, MOIPY’KasACh B GEH3MH POBHO HA
3 mmwkaux psaga. Omnpexpesute TJIOT-
HOCTb JKM/JKOCTH, B KOTOPOII 3Ta Iupa- |
MUIKa Oy/leT IJaBaTh, IMOrPYKAsCh | |
poBHO Ha 1 HIDKHUN PsI.

E.Buwmnsaxosa

Puc. 10

4. Tlo cyacT/MBOl C/Iy4ailHOCTH OTJIMYHUKY ['puiiie 1 1epBoii
KpacaBuile ApuIlie BBITAJIO BMeCTe Jies1aTh JaGopaTopHyIo pado-
Ty o ¢usuke. B pabore Tpe6OBANIOCH MOMECTUTD KAICYJTy CO
CHErOM B HATPEBAEMbBIN KAJOPUMETD U MOCTPOUTH TpaduK 3aBu-
CHMOCTH TeMIIepaTyPbl KAINCyJIbl OT BpeMeHU. ['puilia akkypaTHo
BKJTIOUNJT TIeYb, oMecTrs1 0,5 KI' cCHera B KAJOPUMETD M POBHO
B 9:00 M0 MOCKOBCKOMY BpeMeHM Havas n3Mepenns. « CKyIHO»,
— TPUMEPHO Yepe3 MUHYTY ToayMaga ApHIa U MOJChITaga

t,°CA
2

=

|
D

[t |

1081 168 <, ¢

Puc. 17

42 63 84 105 126 147



HEMHOrO CHera B Kajopumerp. ['puina B yskace cMOTpes Ha
rpacuk (puc.11) n nevanpmo gyman: «Kpacora rpedyer xkepTs...»
Wcenonb3ys rpaduk, ornpenesute MOIHOCTb I[E€YM U Maccy
noGaBjienHoro Apwuirieit cHera. Y ie/bHasl TEMJIOEMKOCTb CHera
¢ =2,1x/ix/(xkr-°C).

E. Buwnsixoea

9 knacc

1. Pa6oumii KaTUT KaTymKy ¢ KaHATOM BBepX IO ILTOCKOI
ropke, o6pasyionieit yrosa o = 6° ¢ TOpU3OHTOM, OTHOBPEMEHHO
pasMaTbhIBas ~ KaHaT
(puc.12). Buemmmii pa-
aumyc Karymkm R =
=60 cM, BHYTpeHHUIT 7 =
=40 cMm, a Macca Katyt-
ku ¢ kKanatoMm m = 100 kr.
Karymxka xarturca 6e3
MIPOCKATb3bIBAHMS 1 [le-
JIaeT OJMH TOJIHBIH 060-
por 3a Bpems t = 4 c,
Puc 12 IIpUYEM ee IEHTP J[BU-

skercst papHomepHo. C Ka-
KOW CKOpOCTbIO ujer paGounii? Kakoil BBIMTPBINT B CuJie OH
ToTyvaeT mpu TakoM moabeMe? C KaKkoW CHJIOW OH TSHET 3a
KOHell kKaHara? Kakyio IoJie3HyI0 MOIIHOCTb OH pPa3BUBAET?
Maccoit pagMOTAaHHOTO y4yacTKa KaHaTa TpeHeGpedb, CYUTATD
sin 6° = 0,10 .

M. Pomawxa

2. Y mkospHEKAa BOBBI ecTh TpH KyOHKa PasHbIX Pa3MepoB.
Jlmna pe6pa mepBoro kybuka [ = 10 cMm, Broporo 21 = 20 cM, a
tpetbero 31 = 30 cM. BoBa moctaBusi KyOUKH OIMH HA IPYTOi TaK,

D Kak M0Ka3aHo Ha pucyHke 13, no-

IpysusI B Bomy u ormyctui. [Ipu

YCTAHOBHBIIEMCSI PAaBHOBECHH Ca-

MbIii GOJIBIION KYOUMK TIOJTHOCTBIO

TOTPY3UJICS B BOMY, & [[BA IPYTUX

HaXOUJnCh Haj Bojoit. KyOuku

OJHOPOJIHBI U C/IeJIAaHBI U3 O/THOTO
TOTO JKe MaTepuaJa.

a) OnpejieuTe MI0THOCTD 3TOTO
MaTepHuasa, eCJaH H3BECTHO, 4YTO
TI0THOCTh BoAbl 1000 Kr/ M.

6) BoBa xouer norpysuTh B BoAy /Ba KyOnka (MajeHbKUH
cpeannit). Onpegennte, rae GyIeT HAXOAUTHCS TPAHUIA Pa3/ie-
Jla KyOUKOB: HaJl BOJIOH, TIO/1 BOIOI MJIM TOYHO HA YPOBHE BOJIBI.
Ecom Hag Bomoil mam moj BOMOHM, TO BBIYMCJNTE, Ha KaKOM
PACCTOSTHUM OT MOBEPXHOCTU BOJbI OKAJKETCS TPAHUIA Pa3jiesia
KyGHKOB.

Puc. 13

M. Pomawxa

3. Ilo cuacruBoil cayuaiinoctu ormynuky I'puiie u 1epsoii
KpacaBuile Apulile BBITTAJI0 BMeCTe Jies1aTh JabopaTopHyIio pado-
Ty 1o ¢pusure. B paGore Tpe6OBATOCH MOMECTUTD KAICYJIy CO
CHEroM B HarpeBaeMblil KaJOPUMETP M M3BJIeYb ee TOYHO B TOT
MOMEHT, KOT/Ia BECh CHET pPACTaeT, a TeMieparypa o6pa3oBas-
nreiicst Bozbl Bee ente Gyner pasua 0 °C . I'puma akkyparHo
paccuuTa; TOYHOEe BpeMs Hadasla W 3aBepIIeHUs M3MEPEHHI,
BKJIIOUUJT Tieub, roMectust (0,5 Kr cHera B KaJOPUMETP U POBHO
B 9:00 mo MOCKOBCKOMY BpeMeHHM Hauyas uaMmepeHus. «Ckyd-
HO», — IPUMEPHO Yepe3 MUHYTY TMoAyMaia ApHIla U MO/IChITa-
Jla HEMHOTO CHera B KajopuMmeTp. ['puima B y»kace cMOTpes Ha
rpadpuk (cm. puc.11) u mewansuo ayman «Kpacora tpeGyer
JKepTB...» Mcnonb3yst rpaduk, ornpeaennte, KakoBO TeIepb
JIOJKHO OBITb TOUHOE MOCKOBCKOE BPEMSI M3BJIEUEHUST KaIICyJIbl
73 KaJOpHMeTpa, 4YTOOBI BBIIOJIHUTD YCJIOBHS JaGOPATOPHOIL
pa6otbl. Y cHera yjesdbHas TeNJOTa IMJABJEHUS A =

=330 xIx/kr, a
=2,1x/lx/(kr-°C) .

yaejabHadA TEIJOEMKOCTDb c=

E. Buwunsxosa

4. Cucrema, n3o6pakentast Ha
pucyske 14, cocTOUT U3 pe3uncTo-
POB /IByX THIIOB, C COTIPOTUBJIE-
Husmu R =27 =200 Omu r =100
OM, NCTOYHUKA OCTOSTHHOTO Ha- 3
npsoxeanst U = 9 B n mectn
nepembruek (IIPOBOJIOB, COTIPO- 5
THBJIEHUEM KOTOPBIX MOXKHO TTpe-
ne6peun). Haligure cuibr TOKOB
yepes BCe Pe3UCTOPBI, epeMbId-
KU M UCTOYHHMK HAIIPSIKEHUSI. / 9

M.Pomawxa pyc 14

r AR

10 knacc

1. Ha nmaGoparopmoii pabote 110 ¢pusnke
oT/MYHWUKY ['puiie n kpacasuie Apwutie ¢
MTOMOIIBIO CUCTEMbBI OJIOKOB, U300paKeH-
Hoit ma pucynke 15, TpeGoBasoch nzMe-
PHUTDb MacCy BOJIbI, HAJUTOI B COCYJT, KOTO-
polii cam Gbln HeserkuM. K ogHOI 13
HuTell ['puma mpukpennsI AMHAMOMETP,
JKECTKOCTD MPYYKHUHBI KOTOPOTO ObLIA 13-
BectHa u cocraisiia 1000 H /M. Tpuina
HAJMJI BOJBI B COCY/l I aKKyPaTHO HU3Me-
puaT yAJIMHEHNE ITPYKUHDbI. B sToT MmOMeHT
Apurra cayyaiino 3ajesia 1HeGOJIbITYIO
poOKy B JIHE COCY/a W, BOOPY KUBIIHCH
TPSIKOI, CcTaJa JUKBIIIPOBATD pacTeKa-
IOIIYIOC 110 cToJIy Boay. I'pumry ske 3auH-
TEPECOBAJIO COBCEM JIPYTO€ SIBJIEHHE — OH
CTAJI 3aNNCHIBATD 3HAUEHUS Y/JIMHEHUS
TIPY>KHHBI, TTOTJIS/IbIBAst Ha Yachl. Vlcnon-
3ys rpaduk, moayuusimiica y pebar (puc.16), ompenenmute,
CKOJIBKO I'PAMMOB BO/IbI B CEKYH/Iy BBITEKAJIO M3 COCY/IA.

Puc. 15

Ax, cM
3,0
2,5
2,0
1,5
1,0
0,5

»

0 5 10 15 20 25 £, MUH
Puc. 16

E.Buwnsxosa

2. JIBa MasieHbKUX Tapuka ! 1 2, Macca Kask/[oro U3 KOTOPbIX
M, COEJMHEHbI HEBECOMbIM cTepskHeM juuHoil L (puc.17).
IlepBblil mapuk MApPHUPHO 3aKperi-
ngen B Touke O, a Bropoii mapumk A g B
coBepIIaeT KoJeOaHusI B BePTUKAJIb- 1
HOII mockocti. B ogmH 13 Momen-
TOB, KOT/JIa CTepyKeHb ObLlT BEPTHKA-
JIeH, BEPXHUIT MapHK 0CBOGO/VIN U3
kperuternst. Korza yromr Mmexay crep-
JKHEM U BEPTUKAJIbIO OKA3aJICS PaB-
HbIM 3 > 0, mapuk 2 npuGIH3HIICS K
npsMoii AB Ha MuUHHMaJbHOe pac- AMC 17
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crosinne. C KakOW CKOPOCTBIO JIBUTAJICS TIApUK 2 B MOMEHT
ocBoGoskaeHus mapuka 1? ConpoTuBjieHreM BO3/yXa mpeHes-
pedb.

M. Pomawrxa

3. Oronenne Ha fade paGoTaeT Ha IPUPOIHOM ra3e — MeTaHe
CH, , KoTOpBIil CIKUTAETCST B BO3/YXE, COEIUHSISICH C KUCTIOPO-
aoM O,. M3 tpy6nr goma B arMocdepy BBIXOJAT HPOLYKTbI
cropanust: Boga H,O u yruexucusiii raz CO,, a momyTHO C
HUMMN — HE y‘IaCTBOBaBH_II/II‘;I B TOPCHUM a30T; KHUCJOPOJa HET
cosceM. Temmeparypa Ha BbIxojie 13 TpyObt cocraisier 100 °C .
HaﬁLII/ITe OTHOCHUTEJIbHYIO BJIQJKHOCTb CMECH T'a30B, BbIXOAANINX
n3 TpyObl. Cunraiite, 4To B aTMOC(HEPHOM BO3/IyXe HA KAKIYIO
MOJIEKYJIy KUCJOPO/a IIPUXOJATCS 4 MOJIEKYJIbI a30Ta, a HAJH-
4yyeM JIPYTUX ra30B MOXKHO HpeHeGpeyb.

C.Bapaamoes

4. Cucrema, mnzoOpaskeHHas Ha pucyHke 18, cocrout us
BOCbMM O/IMHAKOBDBIX ITapaJiJie/IbHbIX METAJIJINYECKUX TLJIaCTUH
Ioma/bIo S Kaskaasa. PaccrosHie Mex/y COCeIHIMU T1IaCTHHA-
Mt d. TIpOMERKYTKH MeXKITYy HEKOTOPBIMH TIJIACTHHAMMI 3arOJIHe-
HBI JINBJIEKTPUKOM C JIM3JIEKTPUYECKOIl TIPOHUI[AEMOCTBIO €, U
IIJIACTUHDBI COE€/IMHEHDI ].lpyl" C ]_lpyFOM IIPOBOJIOYHBIMU ITEPEMbIY-
xamu. Haiiznre emxocts C,p MOJSyYNBINENCs CUCTEMbI KOH/IEH-
CaToOpPOB.

M. Pomawrxa

) 7
5 [J ]
A B QL_E f -
N
+ 4
Puc 18 Puc 19

5. B mectp pebep ky6a BIASHBI OJMHAKOBBIE PE3UCTOPDHI
CONPOTHBJIEHNEM R Kask/plil, Kak MokasaHo Ha pucynke 19.
CoIpoTHBJICHHS IIePEMbIYEK B OCTAIbHBIX PeGPax OMHAKOBDI 1
ouenb MaJbl. Vicrounnk nanpspkenust U MOIKJIIOUEH K BBIBOJAM
1 u 3 xy6a. Haitaute Toxu, Tekymme yepes pe6pa ky6a, u ob1ee
CONpoTHBIIEHIE Ky6a.

M. 3ansmnun

17 knacc

1. «Xyma-xym» — 310 06py4, KOTOPBIN JIEBYNIKH KPYTAT Ha
TAJINU, & CIIOPTCMEHKHU TIPOJIEJIBIBAIOT € HUM U Jpyrie «hoKy-
col». Hampumep, 3akpydunBaioT ero B BEPTHKAIBHON MJIOCKOCTH
7 TOJIKAIOT OT ce0sI TI0 TOPU30HTAJIH, TT0C/Ie YeTO BPAIAIOMINICS
00pyY, IIPOCKAIb3bIBas 110 MOJIY, OTbE3XKaeT OT HUX Ha HEKOTO-
poe paccTosinue u Bo3Bparaercs o6parro. Ilycts o6pyy pajm-
ycoM R B MOMEHT TOJIYKA 3aKPY-
YeH BOKPYT TOPH30HTAIBHON OCH
JI0 YTJIOBOH CKOpOCTH @y U eMy
TIPU/IAJIN CKOPOCTD, PABHYIO Uy U
HAIPABJEHHYIO BJIOJb T10J1a Tep-
MEHANKYJISPHO OCH BpAIleHUs
(puc.20). Koapdpurment tpenns
o6pyya 00 1oJ paBeH I .

1) Ha kakoe MakcHMaJbHOE
paccTosiHUEe B HAIIPABJICHUU Ha-
YAJbHOI CKOPOCTU YJAMUTCS 00pYyY OT HAYATHHOIH TOYKM?

2) Kakosa Gy/ieT ero yrioBast CKOPOCTb B MOMEHT OCTAHOBKH ?

3) C kakoif cKopocTbio OH Gy/IeT KaTUTHCSI TIOCJEe OKOHYAHUS
IIPOCKATb3BIBAHUS 110 IOJIY?

Puc. 20
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4) Kak cBgsaHbl Uy 1 () , ECJIM IPOCKAJIb3bIBAHIE IPEKPalla-
€TCsl B MOMEHT BO3BpaTa B MCXO/HYIO TOUKY?
M. Cenmenos

2. Ha n1iMHHOM TOPU3OHTAIBHOM CTOJIE JIEXKHT TPy3 | Maccoit
M, K KOTOPOMY TIPUBSI3aHa JIeTKast HepacTsKuMast Huth (puc.21).
OTa HUTH IepeKNHyTa 4yepes
YCTaHOBJIEHHBIN Ha KPAIO CTO- 1
Jla HEBECOMBIl OJIOK, KOTO-
pbIii MOXKeT Bpamarbesi 6e3

TPEHNA, ¥ KO BTOPOMY KOHILY l
2

HUTU TPUKPEIJIEH Takol ke

rpy3 2. Chuavanarpys ! yaep-  pyc 27

SKUBAIOT HETIO/IBUYKHO TaK, YTO

rpy3 2 cBOOO/IHO BUCUT HA HUTH, a 3aTe€M TPy3 | OTIIyCKaIOT 6e3
HavasbHOW ckopoctu. Ilpm aBukeHum cucrembl Ha rpy3 [
JIeHiCTBYeT CHJIa CYXOro TpeHusl, npuieM KoaMUITHEHT TPEHHs
CKOJIBKEHUSI 3aBUCHUT OT KOOPJIUHATBI X Tpy3a [ 10 3aKOHY
w(x) = kx (xoopauHara X OTCUUTBIBAETCS OT HAYAIBHOTO HOJIO-
JKeHus1 rpysa 1).

1) Kakoii myTb mpoiiier Tpys ! mocse oTiycKaHus?

2) Kakyio MakCUMAJbHYIO CKOPOCTb OYAYT UMETb IPY3bl B
rporecce JIBUXKEHHUS 9TOH CUCTEMbl?

3) HaiiauTe MakcnMaibHOE 3HAYCHUE MOYJIS CUJIBI HATSIKE-
HUS HUTU B TIPOIIECCE JBWIKEHUS 3TOI CHCTEMBI.

4) M3o6pasute rpadyk 3aBUCUMOCTH MPOEKIUU YCKOPEHUS
rpys3a ! Ha HanpaBJieHHe ero JBWXKEeHUS OT KOOPJMHATBI X 1
rpaduK 3aBUCHMOCTH MOJLYJIsl CUJIbI HATSIKEHMSI HUTH OT BpeMe-
HU.

A.Axyma

3. Ha pucynke 22 nmokazaHa BOJIbT-aMIIepHast XapaKTEPUCTHKA
HCTOYHUKA HANpspKeHusi. Ec/M cuia TOKa B IOJKJIIOYEHHON K
HCTOYHHUKY I€MH MeHbIIe

Iy =1 A, 10 nHampspkenne na [
KJIeMMaX HCTOYHUKA PaBHO
U, = 10 B. Ecomxe cunatoka Uy

B IIETIH MTpeBbINTaeT Beanunny Iy,
TO B UCTOYHUKE CPadaTbIBaeT 3a-
IuTa OT IIEPETPY3KU U HAIIPSIKe- »
nue U Ha ero kjieMMax HaumHaer 0 Iy 2y 1
yOBIBATH C POCTOM CIJIBI TOKA [ 10 Puc. 22
JINHEHHOMY 3aKOHY, TIOKa Ipu
cune Toka 21, (TOK KOPOTKOro 3aMblKaHus) Hanpsokenne U e
obparnTcs B HOJb. K KjleMMaM 3TOro MCTOYHMKA TIO/IKJIIOYHIN
1Iellb, COCTOAILYIO U3 MOCJIE/[0BATEIbHO COCIMHEHHBIX PE3NUCTO-
pa conporusyieHneM Ry = 15 OM u He3apsXKEHHOTO KOHJIEH-
catopa. K MOMeHTy, KOr/1a KOH/ICHCATOP TOJHOCTBIO 3aPSI/IHIICS,
B PE3UCTOPE BBIJIEIIOCH KOJUUYECTBO TeIoThl Qy = 12 Mk /K.
3areM Iellb OTCOEJMHUIN OT MCTOYHUKA, Pas3ps/U/ad KOHJEH-
caTop, 3aMEHWJIN Pe3NCTOp Ha APYTOil, COMPOTHBICHUEM R =
=5 OM, ¥ BHOBb MOJKJIIOYUJIN IIE€Nb K KJIEMMaM HCTOUYHUKA.

1) Uemy paBHAa MaKCHMaJbHas CHJA TOKA, MPOTEKAIONIETO B
LEMAX ¢ Pe3sucTopaMu colpoTuBienusaMu Ry, n Ry ?

2) UeMy paBHa eMKOCTb BKJIOYEHHOTO B IIENb KOHEHCATOpa?

3) Kakoe KOJIM9eCTBO TeTJIOThI BBIIEJUTCS B PE3UCTOPE COTIPO-
TUBJEHNEM R; K MOMEHTY TOJIHOH 3apsi/iKu KOH/eHcaTtopa?

A.Axyma

Hy6auxauuio nodzomosuiu
M. Cenmenos, O.Illsedos, A.Axyma



AX MexpgyHapoaHas onMnmana
LLIKONMbHWMKOB «Tynmaapa». Pr3mka

HblHeWHMM neTom cocTosnach tobunerHas, XX MexayHa-
pogHasa onumMnuaga «TyrMaaga» no @u3svke, MaTemaTtuke,
nHopmaTtke U XMMuK. B 3ToM cTaTbe Mbl pacckaxem O
Pr3MHeCKom HYacT ONMMNMaAbI, KOTOpas NPOXOAMNIa B AKyTCKe
c 17 no 24 wona 2013 rofa. Y4acTHWKYM COPEeBHOBaNNCh, Kak
00bI4HO, B ABYX NMrax: cTapLuen u Mnaglen (xiopv pacnpege-
NAET Y4aCTHWKOB MO NIramM B 3aBMCKMMOCTM OT MX BO3pacTta U
Knacca). OnuMnuaaa B Kaxkaow nure coctosna 13 AByX TypoOB:
TEOPETNYECKOro M 3KCNepMMeHTanbHoro. Ycnosums 3agay Bbliaa-
Ba/IMCb Ha PYCCKOM W aHTIUMCKOM fI3bIKaX, @ PeLLeHNs YHaCTHU-
KV M1canv Ha POAHOM si3blKe, KOTOPbIM [fs OOMbLIMHCTBA CTan
A3bIK PU3MKN 1 MaTeMaTukK. COrlacHoO mporpaMmMe ofanmmnma-
Ibl Mo (U3KMKe, yHacTHMKAM MOTyT ObiTb NpPeanoXeHbl 3a4a4u
Ha nobble Tembl, copepxalymecs B yrnyOneHHoOM LWKONbHOM
nporpamme (B MNafLLen fvure — 3a UCKIIIOYeHEeM TeM, OTHOCS -
WMXCH K ABYM MOCNeAHMM Kraccam).

Poccuiickiie 1 3apybeskHble LUKONbHMKN, KenatoLLme UCnbiTaTh
CBOW CUJTbl Ha onnMnvage «TyrMaagy» no Gusyike B CnefyioLlem
rogy, U 1Ux npenogasaTtefi MOryT COracoBaTb OPraHM3aLIOoH-
Hble BOMPOChI, CBA3aHHbIE C y4acTMeM, C XXIopK oavMnmnagbl no
dwmsmke (fiztuy@mail.ru). ABTOpbI OpUrMHanbHbIX 3adady (Kak
TEOPETNYECKMX, TaK M IKCMePUMEHTANbHbIX) MOTYT MpUCIaTh KX
MeTofmyeckon kommccum (achudn@mail.ru) — nydwme 3agaqm
BOVAYT B WTOrOBbIA KOMMMEKT U Mocne onuMmnuagbl Oyoyt
onybnvKoBaHbl B 06pa3oBaTenbHbIX XypHanax.

Huxxe npefncraBneHbl TeopeTMYeckmne U 3KCNepUMeHTalbHble
3afla4n Aans crapuien nurn (CTaths C 3adadamu Ans Miagwen
nnrn onybnmkoBaHa B 9 HoMepe XypHana «loTteHuman» 3a 2013
rof) 1 CNNCOK AMMNIOMAaHTOB ONUMMMaasl No 0benm nuram.

3A0AYM ONA CTAPLUEW nUrn

TeopeTnyecknn Typ

3anaua 1. CocraBHOIi crep:keHb

JlBa OJJHOPOIHBIX METAJIMYECKUX CTEPIKHS OJUHAKOBOTO IO-
MEPEYHOrO CEeYEHHsT TI00YEPE/HO MOABENNBAIOT 33 OJMH KOHEIL.
IIpm aTOM UX YAJIMHEHHUS COCTaBIIIOT AL =3 MM un AL, =
= 5 mM. UssectHbl oTHOmeHus mioTHOcTeld (py m py) u
mopyeit IOura ( E; u E,) ciIaBoB, U3 KOTOPHIX M3TOTOBJICHBI
HepBblii U BTOPOI CTEPIKHH COOTBETCTBEHHO: P/Ps =0,4 u
E,JE, =6 .

1) Uemy pasuo otHomenue amua Ly u L, wegedpopmuposan-
HBIK CTepsKHedi?

2) Onpepenure obmiee yamanHerne AL COCTABHOTO CTEPIKHST
(mocJreroBaTEIBHO COCAMHEHHBIX 0GONX CTEPKHElT), TTOABEIIeH-
HOTO 32 O/IH KOHEII.

3anava 2. [{ucconuanus BOAOpPoOJa

ITocae BbIOpoca mporyGepaniia BOM3n CosHila 0o6pasoBa-
JIOCh pacimpsiionieecst BOAopoaHoe o6yako. B HekoTopbril Mo-
MEHT BpeMeHU HeGOJIbIMas BHYTPEHHsS 4YacTh O6JIaKa uMesa
o6bem V; =1xm® u temneparypy T; = 4500 K . Kakoii o6bem
V, Oymer sanumMaTb 3Ta 4acTb, KOT/Aa ee TeMIiepaTrypa MOHH-
surcst go T, = 3500 K ? Cunraiite, uto jJaHHas yactb oOJaka
pacrmpsiercst aanabaTUIecKn W HAXOAUTCS B MEXAHUIECKOM
PABHOBECHH C OKPYKAIOMNM ra3oM. B paccMmatpuBaeMoMm jima-
[a30He TeMIIEPATyP /0JIsT IICCOMMUPOBABIINX MOJIEKYJI BOJIO-
poOfa 3aBHCHT OT TEMIEpAaTypbl JMHEIHO, YMEHBIIASICh OT
My =0,8 pu T} 1o Ny, =0,2 mpu T, . M3BecTHO, 4TO IHEPTHS

JIICCOLMAIIMU OJJHOU MOJIeKyJibl Bogopoga W =4,5 3B | uncio
ABoragpo N, = 6,0-10% momp™!, smementapublil 3apsj
e=1,6-10"" K1, ynusepcampmas rasoBas HOCTOSHHAS
R =8,3 Jlx/(momp - K).

Vxasanue. VIaTerpasbl OT OTHOIIEHUN MHOTOYJIEHOB MOKHO
BBIYICJUTD, €CJIN TPEBAPUTENBHO AareOpanyecKu IPUBECTH
ZIpo6u K TipocTeiinieMy Buy. KpoMe TOoro, HAMOMHUM OCHOBHBIE
opMyIbI MHTETPHPOBAHUS:

n+1

J'x”dx=:;+1

+C npu n# -1, Id—x=1n|x|+C.
x

3anaua 3. Konebanus 3apsiga

ITo menpoBozdleMy KOJIBILYy pajinycoM R paBHOMEPHO pac-
TIpejiesieH 3apsiji ¢ JIMHEITHON MJIOTHOCTBIO P. B menTpe kombia
HaXO/UTCSI TOYEeYHBbIN 3apsy g Maccoit m. Haligute nepuon T
MaJIbIX KOJIeGAHUN 9TOTO 3apsi/ia B IJIOCKOCTH KOJIBIIA.

3anaua 4. Macca dorona

IkcnepuMentatop [0k HaGIOIaeT 3aTMEHE JIBOITHON 3B€3-
JIbI, CBET OT KOTOPOii goxoaut 10 3emun 3a BpeMs T = 4 Troja.
Bymyun 6opmmm ckentukoM, [0k He BepHrt, 4T0 ¥ POTOHA HET
Macchl, W JUIS JI0Ka3aTesIbCTBA HAJWYUS 3TOH Maccbl HINET
3ara3/ibIBaHue TMPUXO/ISAIIET0 OT 3Be3/Ibl KPACHOTO CBeTa TI0
cpaBHEHNIO ¢ cHUM. JKesaHme ompoBepruyTh OCHOBBI (DU3UKI
y I'moka orpomMHoe, a anmapaTtypa — HecoBeplieHHas1. B pe3yib-
TaTe OH «OOGHAPYKUBAET»>, YTO KPACHDBIN CBET 3ala3/[bIBaeT Ha
1=0,1c no cpaBuenuio ¢ cunuM. Yemy paBua Macca m doroHa
1o mienio [moka? CKopocTh cBeta B BakyyMme ¢ = 3,0 - 10° M/c,
nocrostnast Ilmanka = 6,610 Ix - ¢, [UIHA BOJTHBI Kpac-
Horo csera A;=700HM , giuHa BOJHBI CHHEro cBeTa
Ay =450 1™ .

Vrxasanue. llpu nx <1 cnpaBeasmBo TpubInKeHHE
(1+x)" =1+nx.

SKCnepuMeHTanbHbIN Typ

3amava 5. MouHocTh B3pbIBa BO3/AYIIHOIO IMapHKa

IMosHast aHeprusi, KOTOpast BBIJEJSETCS IIPU B3PbIBE, TI0
TPAJMIINN HA3bIBAETCSI MOIIHOCTBIO B3PbIBA, XOTS MpaBHJbHEE
ObL7TO Obl HA3BaTh ATy BEJIMUNHY 9Heprueil B3pbiBa. UncienHoe
3HaYeHUEe MOITHOCTU B3PbIBa 06bI‘IHO YKa3bIBalOT B TPOTUJIOBOM
9KBUBAJEHTE, KOTOPBIH WMMEET CMbICJ MAaCChl TPOTUJIA, TIPH
B3PbIBE KOTOPOTO BbIJIEJISIETCS TAaKOe K€ KOJIMYECTBO HHEPTHH.
Hanpumep, MomuocTh B3pbiBa Tpu najgenun 15 ¢eBpans
2013 roma YeassOGUHCKOTO METEOPHUTA COCTABUIA B TPOTUJIOBOM
sxsuBasiente okos1o 500 kr (kumoronn) 1o ounenkam NASA u
npumepto 150 kr 1o onenkam PAH. Ha ocnoBanuu ycpejnen-
HBIX 9KCIIEPUMEHTAJIbHDIX JJAHHBIX IIPUHATO, UTO S9HEPTHS, BbI/IE-
JIFIONIAsICS TIPU B3PbIBE OJIHOTO I'PaMMa TPOTHJA, paBHa Q =
=1 xkan = 4184 [Ix. Takum 06pa3oM, MOIIHOCTb B3PbIBA TIPU
nagernn Yess6uickoro Meteoputa Gbiaa mopsmka 10" [Tk .

B pammoit 3aave mpesaraeTcst OIeHUTb MOIIHOCTb B3PbIBA
BOB/IYIITHOTO IapuKa W OIpPEIeJTUTh KPUTHYECKHE MapaMeTpbl
pEe3uHbI, U3 KOTOPOW OH H3roToBJeH. ATMocdepHoe [IaBieHne
Po =760 mm pr.cr. =10° ITa .

1) CHUMHTE 3aBHCHMOCTb H30BITOUHOrO JaBjieHus Ap B
mapuke ot ero oo0bema V 1 u306pasute pesy ibTarbl Ha rpaduke.

2) Onpegenute KpUTHIECKUE U3OBITOUHOE JaBJICHUE APy . U
o6beM V.. MapuKa, PN KOTOPBIX OH JIOMAETCS.
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3) Ouennre auepruio Wy, yupyroii gedopmarmun 060109KH
B MOMEHT B3pPbIBa IAPHUKA.

4) Omennre suepruio W, yaapHOH BO3AYNIHON BOJHBI,
BO3HHKaIOIIeHl 13-3a Pe3KOro paclIMpeHUsl BO3yXa B ILIapHKe
(6es yuera BausHUSA 0GOJIOUKN).

5) Bbruncaure o6Iy0 MOIHOCTH B3pbiBa W IHapuka B
TPOTUJIOBOM 9KBHBAJICHTEC M A0 Myyp M Ty, KaXKIOH 13
Hal/IEHHBIX BBIIIE COCTABJISIONINX.

2013/No4

6) OleHuTe MaKCUMAJIBHYIO OTHOCHTEIbHYIO JedOopMaIinio
€ax ¥ MAaKCUMAJIBHOE MEXaHMYECKOe HAlpsKeHne G PE3UHbI,
13 KOTOPOH M3TOTOBJIEH IIAPHK.

Obopydosanue: TP BO3AYIIHBIX MAPUKA, UMEONX (opMy
COCHCKH, TPYIIA UM MAJEHbKWIT MMOPITHEBON HACOC M3BECTHOTO
o0beMa, MeJUIMHCKII MAaHOMETp, TPOIHUK, COeIMHUTETbHBIE
TPyOKH, MUJIUMETPOBasi Oymara, OYMasKHbII MeTp, IITAHTeH-
[UPKYJIb, HOXKHUIBI, CKOTY, Gepyiu (BCTABAATH B yIIN).

ANMJIOMAHTbBI OJIMMINNADI

no Mnagiwlen nure

Ne YYaCTHUK JIUTLIOM
1 Wsan Yremes (Pecry6iuka Mopaosust) I

2 Buxtop Tacun (Pecry6mka Mopmosust) I

3 Usan Kapaces (Pecry6mka Mopmosust) 11

4 Kpucruan [Tyrecky (Pymbrauns) 11

5  Powman Tenaiikun (Pecry6nka Moposust) 11

6 Tune6 Opuapos (BraguBocTok) 11T
7  Wpuna Ilonamapesa (BraguBocTox) 111
8  Auppeit Bopucos (Mpxyrck) 111
9 mutpuit Tatapkun (Pecry6anka Mopaosus) 111

no craplien nure

Ne YVYIACTHUK JIATLIIOM
1 Baagumup Curnos (Buiick) I
2 Wrnar Woan (Pymbraust) I
3 Anton J[lerrapenko (BiaguBocTok) 1
4 Payuab-Anekc Tumuc (Pymbinus) 11
5  Xopua-Ilerpy Hukosaecky (PyMbirus) 11
6  Atficusn Vsanos (Peciy6imka Caxa (Akytus)) 11
7  Kpucrnan 3axapus (Pymbrans) 11
8  Haramua [Imurpuea (MpKyTck) 111
9  Aitaan Hosroponos (Pecny6auka Caxa (SIxyrus)) 111
10  Asnu Cerms6ait (Kasaxcran) 111

ITy6auxayuio nodzomosuru A.4yonoscxuit, FO.Ipuzopves

HAIIIN HABJIOAEHUNA

MunoTnpyemasa nomnocka

Wrpyika, o KOTOPOii ceroius MmoiiieT peub, MOSBUIACH BCEro
HECKOJIBKO JIeT Ha3aJl, ee aHrymniickoe HazBanue — tumblewing.
ITO MPSIMOYTOJIbHast OyMaskHasi MOJIOCKA € YE€THIPbMSI KOPOTKHU-
MU paspe3aMn M C YeTbIPbMsI OTOTHYTBIMH KPBIJIBIIIKAMU —
nByMs1 GOKOBBIMU ¥ JBYMsI TIPOJ0JIbHbIME. [TTabJoH /1151 u3ro-
TOBJICHUS MMUJIOTHPYEMON TIOJIOCKHU MPe/ICTaBJIeH Ha PUCyHKe 1.

o [e]
S LIpodonnoe, 6nus na 45° BN
S S < IS o
SR SR
S8y P2
SIS S HEE SRS
B N Hiii e
© [ IIpodosvnoe,e6epx na 45° | <

Puc. 1. [1/absioH [719 M3roTOBAeHUA [10/I0CKM

Pasmepbl BHeIIHEro NPsSMOYTOJIbHUKA O X 24 €M, padMepbl BHYT-
PEHHETO, OrPAHUYEHHOTO MYHKTUPHBIMU JTMHUSMU, 110 KOTOPBIM
6y/lyT TIPOBOUTBCS crubbl, 3x19 cM.

Jlyummit Mmarepuas /11 U3TOTOBJICHUS TUJIOTUPYEMOIl 10JI0C-
KU — 310 JiucT Gymaru u3 teseOHHON KHUTH. BbIpeskbre u3
TAKOTO JINCTA 3aTOTOBKY YKa3aHHbIX pagMepoB. Credaiite Ha Heit

- W il ]
M!:'E!;ild.m‘.’h:‘i.

Puc. 2. [oToBas nunotvpyemas rnoaocka

JyeThIpe KOPOTKUX Pa3pe3a M OTOTHUTE KPBIIBIIIKY, KAK HAIIUCA-
HO Ha pHCcyHKe 1 ¥ 1MoKa3aHo Ha PUCYHKe 2 — ¥ M0JIOCKa TOTOBA.
Jl1s1 ee MUJIOTUPOBAHUST TTOHAIOGUTCS €llle KapTOHKA Pa3MepoOM
50 x 50 cM.

ITepes HaYaIOM T10JIETOB TIOJIOCKY HYJKHO «HACTPOUTb», YTO-
Obl B CBOOO/THOM TaJIEHUW OHA JIBUTAJIaCh MPSIMOJIMHENHO U He
3aBOpavnBaja B Ty WJIH JIPYTYIO cTOpoHy. Bo3bMuTe mosocky 3a
MPO/IOJIBHOE KPBLIBIIIKO. [lepixute ee mepen co6oil Tak, YTOGbI
ee JieBoe GOKOBOE KPBLJIBIIIKO HaXO/II0Ch CJieBa OT Bac. JIBrxe-
HUEeM BIIEpe/[-BHU3 3aKpyTHTE W 3amycrtute moJjocky. Ecun
BpAIAIONIAsICcs TMOJI0CKA B MOJIeTe OTKJIOHSETCS BJIE€BO, TO YyTh
BJIEBO OTKJIOHHUTE M 06a GOKOBBIX KPBLIBIIKA. EcJU T0J0CKA
[MOBOPAYNBAET BIIPABO, TO COOTBETCTBEHHO OTKJIOHHUTE MX BIIpa-
BO. 3a HECKOJIPKO 3aITyCKOB YJIACTCS I0OUTHCS TIPSIMOJITHEITHOTO
noseta. V Temepb MOXHO MPUCTYNATh K MHJIOTHPOBAHUIO.

Ecuint natu Briepest ¢ 4yTh HAKJIOHEHHOM K ce6e KapTOHKOH, TO
HaJl ee BepXHell KPOMKOI BO3HHUKHET BOCXOJAIINN BO3/YIIHBII
norok. Bama 3ajaya — mocasuTb BPAIIAIONIYIOCS TIOJOCKY Ha
rpe6GeHb 3TOI BO3/YIIHOW BoJiHbL. [lepen 3amyckoMm Jep:kute
KapTOHKY Tiepes; co60il B OJIHON pyKe, a TOJIOCKY — B JPYTOii,
BBITSIHYTON Ha/| TOJIOBOIi. 3allyCTUTe TOJOCKY 1 ¢ KAPTOHKOI B
PYKax HauHUTE [[BUKEHNE BIIEPE]T, CTapasch IO/IXBATUTD Bpallia-
fontyiocst mosiocky. [loTpennpoBaBimch, BbI HAyUYNTECh HE TOJTh-
KO THJIOTUPOBATH MOJIOCKY BJOJIb MPSIMOii, HO U OCYIIECTBJISITH
¢ Hell TIOBOPOTBI U TIEPEJBUTATbCsT Ha GOJIBIINE PACCTOSTHUSI.

3ameruM, YTO MUJOTHPOBAHNE MOJOCKU BO3MOXKHO TOJBKO B
3aMKHYTBIX TTOMEMIEHUSX MTPU OTCYTCTBUH CKBO3HSIKOB W JPYTUX
BOB/IYIITHBIX TIOTOKOB.

ITopo6HbIe ONUCAHKS U JIEMOHCTPAIUN TIOJIETOB MOKHO I10-
CMOTpPETh Ha caiTax:

e http: / /www.youtube.com /watch?v=LefTqarcvCI
e http: / /sciencetoymaker.org /tumblewing /
makeTumblewing.htm
A.Ilanoe
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«KBAHT» AJ1a MNAALLINX LUKOJIbHUKOB

3AOA4N
(cm. «Ksanms No3)

1. Ha pucynke 1 mpusemeHbt

JiBa croco6a CJIOXKUTb KBajipar

U3 JAHHBIX TPEYTOJbHUKOB.

2. 45" —11=2014.

3amerumM, uro 2025 = 2014 +

+ 11 — 3T0 MOJHBIN KBajpar,

M03TOMY pelieHneM pebyca Oy-

puac. 1 paer A=4,B5=5C=1.

[lpyrux pemenuil Her: Ab ne MoXeT paBHATbCA 44 MU MeHblIIe-

My umcay, Tak Kak 44% = 1936 < 2014, u He MOKeT paBHSTbCs 46

1M GOJIbIIeMy dHCIy, Tak Kak 46% = 2116 > 2014 + 99 = 2113.

3. ¥ Broporo.

Tperuit Myzaper; TOUHO He COJraJ — WHA4Ye U MEePBbIid, U BTOPOI

o6a cKasaau Mpas/y, YTO HEBO3MOKHO (10 YCJI0BUIO, MPABILY

CKa3aJl TOJbKO OJIMH MyJpell). 3HAUUT, y TPETbero camast JJINH-

Hast 60poja, a MepBbIif 1 BTOPOH Myapens! cosraun. Iloatomy 6o-

pojia BTOPOTO My/iperia Kopoue 60PO/bI IIEPBOTO.

4. 30 npogak.

Bynem cumratp, uro ters [pyma oTkiaabBaga B GapTyK MO J0J-

Japy ¢ TMPOJaXk! KaXA0To KabadKka, a OCTaJbHOE TIpsTaga B Kap-
Man (mosydaercst o Ba JoJ1apa ¢
Kax/10it npopaxn). Torga B KOHIE

/ nHs y Hee B dapTyke 610 poBHO 100

AN JI0JIIapoB, a TOT/a ocTaibHble 60 Jse-

JKaJIM B KapMaHe. 3HAuuT, MPoJaxK
6bs10 60 :2 =30 .

N 3. MoxHo.
/ ITpuMep MOAXOJAIIEIO PACIIONOKEHIS
PSMBIX U KBAJPATOB M300PasKeH Ha

Puc 2 pucyHke 2.

OBMEH MELLOYKAMWHA NMOJIEYY AEC

Pasymeercst, HUKakoii Boirozpl (B cpeiHeM) OT Takoro oOMeHa
MOJIYYUThCS He MOKeT. Eciim Kak cjeiyer 3ayMarbcsi, TO CTaHO-
BUTCS HETOHATHO, TTodeMy JImca mpocTo Tak mMmoJiaraeT OQMHAKO-
BBIMI BEPOSITHOCTH BBIWTPBIIIA ¥ MTPOUTPHIIIA.

Ecmn y Kora B memouke Oyner, nanpumep, 1000000 cosbio, To
OH PENIUT, 4TO Y Hero ceityac GOJBIINN MENIOYEK, 1 MEHSIThCS He
3axouetr. Ecom ke nx tam okaxercs, Hampumep, 10, To oH momy-
MAaeT, 4TO €ro MeIIOYeK — MEHBINUH, U 3axodeT moMeHsTbes. Cra-
J1o OBITh, KaK TOJHKO OH Y3HAET, CKOJIbKO y HETO ceifyac mMeercst
JleHer, ero cyObeKTUBHAS OIleHKA IaHCA BBIUTPATH MPH OOMEHe
6yner e 50%. 3HAUNT, HETb3sT TAaK MPOCTO CYUTATh, YTO mMobesa
7 TOpaskeHNe OJIMTHAKOBO BEPOSITHDI.

Wi ke Tak: y Kax/ioro ectb CBOsI CyObeKTHBHAS TPAHUIA, [0
KOTOPOil OH TOTOB MOBEPUTH, YTO €r0 MEIIOYEK MEHDIINN, a TMoce
Hee ysKe TOyMaeT, 4To ero Memouek — Gospmmuil. [loaTomy ecam
OH Gy/IeT HEJIOBOJICH CBOMM COAEPAKUMBbIM (ecau B Memouke
BJPYT OKQ)KETCSI CyMMa MeHbIIle, YeM 3HaueHUe Ha HTOU TpaHu-
1e), T0 Gy/leT OLEHNBATh BEPOSITHOCTh BBIUTPHIIIA TIPU TAaKOM 06-
MeHe GOJIbIe BepOATHOCTH mpourpbima (1 Hao60poT).

Bousee cTporo: ecan GbI BEPOSTHOCTH BBINTPHIIIA U TPOUTPBITITA
Obljla OJMHAKOBOI, TO Kaykjoe 3HayeHne BO3MOKHOTO KOJUYECTBA
JleHer B Melouke Gblio Obl paBHOBEpOsITHO. Ho ecii 6bI Kaxaoe
73 9THX 3HAYCHWI MMEJIO0 OANHAKOBYIO HEHYJIEBYIO BEPOSTHOCTD
P, 10 o6mas BeposiTHOCTD 1 o/KHA ObLTa OBl IOTYYUTLCS U3
CYMMBI BCEX BEPOSITHOCTEl [IJIsI BCEX 3HAUEHUIl, T.e. OHa ObLaa Obl
paBHa P + P+ ... + P + ..., ut0o paBHO Geckoneunoctu. I[Iporu-
BOpeune.

KANENAOCKOM «KBAHTA»

1. /loctaTo4HO O/HOIT M3 JIEBOYEK OTAaTh sI6JOKO B KOP3UHE.

2. 0.

Benp Bce BopoGbH 1pu BH/IE KOTA JOJDKHBI OBLIN YJIETETH C TPSi/I-

KH.

3. 3naxk samaroil: 2,3.

4. 1 py6usp 1 2 py6aid.

Bropast monera jeiictBuresnibHo He 1 py6ib.

3. Ir0 Moxker ObITh, eciu 1podeccop — skenmuua. Torga cbin

oria mpodeccopa — ee 6par, a oTell cbiHa mpodeccopa — ee

MY’K, U AAAJOT TPOXOIUT TOJIBKO MEXAY OGpPaTtoM M My»KeM IIpo-

(eccopa.

6. Tpu.

Benp onHy oH yike ciomas, 3aBeIoOMO CJIOMAeT elie TpH, a 6oJib-

1Ie JIOMaTb eMy Heyero.

7. JlocTaTOYHO IepesnTb BCIO BOLY M3 5-TO CTaKaHa BO 2-if.

8. 0.

Beero aereit narepo (Bep MaMa WJIM Ialla — COOTBETCTBEHHO

NOYb MM ChIH GaOymIKn), W KasKAbli chegaer mo 3 Kycouka. Kyc-

KOB Bcero 15, M09TOMY OCTaJbHBIM HHYErO He OCTAHETCS.

9. Her, Hesb34.

Benpb vepes 72 = 3 - 24 vaca Oy/ieT OnATb HOYb, U HA COJHEYHYTO

TOTO/Ly PACCYUTHIBATD HE CTOMWT.

10. 250 meTpoB.

Ouepesnp 3a macjom 250 MeTpoB, a 3a xjae6om 250 : 5 = 50 mert-

pos. Ho macsio-to 711 Takoro 6yTep6pojia He HY>KHO — J10CTa-

TOYHO TOJBKO TpocTosTh 200 MeTpoB 3a KosabGacoit u SO MeTpoB

3a XJIe00M.

11. Bokcep — 310 ermie u nopoja cobaku. OnucanHbie COPEBHO-

BaHUS TPOXO/UIN MEXKIYy cO6aKaMil, TI09TOMY BCE MPH30BbIE

JIEHBI'U JIOCTABAJICh X03s€BaM COOaK.

12. 20.

3ayTble CBeYM OCTAHYTCS, a HE33yTble — CTOPSIT.

13. O6beM 1apa MpoNoOPIUOHATIEH TPETheil CTENEHN ero Pajiiy-
5)3

ca. IToaromy mepsblit apOy3 1o 00beMy G0JIbIlie BTOPOTO B (Z) ,

YTO YyTh MEHbIIE JIBYX, HO OoJbine moayTopa. [loatomy Bbiro-

Hee TIOKYIaTh MUPOKKil apOys.

14. 6.

OxorHnkoB (KOIMEK) cTalo B IECTh pa3 MeHbIue, n J06bran (MbI-

meKk) — Toxe. [[09TOMy BpeMst OXOTBI OCTAHETCS TEM JKE.

15. 12.

W3 Hux 7 OH HAPHCOBAJ HA OJHOII CTOPOHE JINCTA, & 5 — Ha JIPYy-

TOIi.

16. Takoe BO3MOKHO, eC/IM TIOMyTail OBLT TIYyXWM.

17. Kuonka «1», Beap Kaskabiii uureun (KpoMe sKUTeIel 1mepBo-

IO 1, BO3MOXKHO, KaKUX-TO ellle HUXKHHUX dTaeil) B II0JI0BHHE

C/IyYaeB Ha)KMMaeT KHOTIKY «1», Korma BeIxoamt Ha yamity (n

KHOTIKY CBOErO aTaka, Korja Bosspamtaercs). OcraBmmecs ciy-

yam — 9TO KOIJla HA)KUMAIOT BCE OCTAJbHbIE KHOMKHM, U Kaskaast

U3 HUX 110 OT/EJbHOCTH HAXKUMAETCSI PEKe.

18. Her, ne npo6exur.

Ecsim on 100 merpos mpoGeraer 3a 10 cexym, to B npease 600

METPOB TPOOEKUT 3a MUHYTY, a 36 KuaomMeTpoB — 3a yac. Ho B

TakoM ObicTpoM Temne Ilerss Gexatb 1esibiii yac He cMosker (Beb

OH BBIJIOXHETCS).

19. 0, 1, 2 ma oboux KyOHKax, 3, 4, 5 Ha 4epHoM, 6, 7, 8 Ha Ge-

JIOM.

Ha xanennape moxuo yBuzerb aarel 11 1 22, mosromy Ha 6esiom

KyOuKe TOJKHBI ObITh Takke 1 m 2. Ecum 661 0 6bIT TOTBKO HA

omaHoM Ky6uke, To Bce garer 01, 02, 03, 04, 05, 06, 07 GbL10 GBI

HEBO3MOKHO yBuAeTh (Belb y BTOPOro KyOuKa TOJIbKO 6 rpameii).

TToaromy Ha o6oux Ky6ukax no/ukHbl ObiTh 0, 1 u 2. Ocranoch

TOJIBKO /10 KOHIIA 3allOJHUTD YepHbIH KyOnk mudpavu 3, 4 u 5 (a
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JICBSITKY U HE HYKHO — Be/lb e MOJKHO IOJIYYHTb, TIEPEBEPHYB
KyOUK ¢ TTECTEpPKOii).

20. DTO BO3MOKHO, €CJIM KaKas-TO u3 vepenax coppasna (uam He-
CKOJIBKO cpasy). Ecim Mbl omyckaem, 4To Yepernaxu yMeoT pas-
roBapuBarh, TO MOYEMY K€ OHM HE MOTYT JITaTh?

MOEAJNbHbIN FA3 B KOHKYPCHbIX 3AAYAX

In(p/p)

nzm. 2. A =20 x/Ix.

T, -T,
5. 7=y a=3yu . a A= BB
RV, 2 2 T,
2q 1 T
>. v=——1—— 6. =—|p=+Ap |=900 mm pr.cT,
75 (ns + My) SRS :
pZ:% p%—Ap =100 MM pr.cT.
1%
7. pr=p| 14-2B o150 wupreer. 8. =2 11=4
CVpV V() VC;JT()
2(T-T,
9. F =TT ey g Yoy
4T, v,
XXXIV TYPHUP TOPOLOB

3apaun BeceHHero Typa

ba30Bblvi BapUaHT
8—9 knaccel

1. He Bceraa.
KonTprpumep: BepHIIMHBI W CePeAUHBI CTOPOH TPOU3BOJBHOTO
TPEYTrOJIbHUKA.
2. U3 mob6oro.
ITpummmem x uncry A + 1 caea 8 exnnnt. Ilosydyennoe wncmio
B 1ipu genennn Ha 9 aeT TOT K€ OCTATOK, 4TO U A, TT0ITOMY €ro
MOXKHO Tosty4nuTb n3 A npubasienuem jieBsaTok. Crepes 3ateM 8
eJIMHULL, 1oyuuM uncao A + 1.
3. Ymopsgounm rupu 1o Becy: @4 < dy <...< dyq . 3aMeTuM, 4TO
Beca COCEeHUX T'MPb OTJIMYAIOTCS He MeHbIe yeM Ha 1, moatomy
a, 2 a,, +(n—-m) upu m < n. Ilo yciosuo,

Ay +dy +...+dg>a; +ag +...+ay 2 (ay +5)+ ...+ (a5 +5),
OTKyia a; > 25 . 3Haunr, day; =a;+10>35.
3. 60°.
Ilycrb M — cepepuna BC, N — cepenuna AD. Iloctpoum mapas-
sejorpamm ABMK n npamoyroapuuk CDLM. Torna AKDL —
Toke mapasneaorpamm (cropoust AK n LD paBHBI 1 Tapasiesb-
ub). 3uauut, N sBasercs u cepeaunoii guaronanun KL. B tpe-
yrosbuuke KM L Boinonneno ZKML = ZKMC — ZLMC =
=150°-90°=60°, a KM = ML, ciepoBaTeJibHO, OH PAaBHOCTO-
pounwuii. IToaromy mMegmana MN ciayxut u GHCCEKTPUCOIA, T.e. , a

ZBMN = 60°,

10—11 knaccei

2. U3 oueBupnoro momobust tpeyroaphukoB AEC u ACB umeem
CE_CB_CM
EA CA AL
mieit romoretun ¢ menTpom E u koaddurimentrom CE /CA orpe-
30k EA mepexomut B EC, psamasg AL — B npsamyio CM. 3Hauwr,
orpe3ok AL nepexoautr B CM, a EL — B EM. CaenoBaTesbHo,
yroa LEM npsMoii.

5. Kaxomy cHOCHOMY Tpextiieny 2+ px+q ¢ p#0 coorser-
CTBYET napHwvlii CHOCHBIN TpeXdsIeH 22— px+q . X cymma pas-
Ha 2x° + 2q . Orcloa BUJHO, YTO CyMMa 6CeX CHOCHBIX TpexdJe-
HOB uMeeT B Ax’ +C . [ToaToMy mOCTaTOYHO IIPOBEPUTDH, YTO
cymma C BceX ¢60000HbIX 4JeHOE CHOCHBIX TPEXUJICHOB IOJOMKH-

. Ilostomy npu nosopore Ha 90° u mocJeLyI0-

2013/ Ne4

tesbHa. [TocMoTpuM, kakoil Bkiag B C BHOCST pa3Hble TPYIIIbI
CHOCHBIX TPEXUJIECHOB.

Jlng xaxngoin maper (a, b) menbix uncen, rae 0 <a <b <2013,
ab £2013 , paccMOTPUM BCe CHOCHbIE TPEXUJIEHBI ¢ KOPHAMHU, II0
MOJLYJII0 PaBHBIME @ U b. PaccMOTPUM HECKOJIBKO CJTyd4aeB.

0) @ = 0. Y Taknx Tpex4seHoB CBOGOHBIA YJIeH PaBEH HYJIIO.
1) @ =1, b = 2013. CoOTBETCTBYIOINX CHOCHBIX TPEXUJICHOB
aBa: 12 +£2012x — 2013 ; ux BrJyag B C pasen —4026.

2) a =1 < b < 2013. CoOTBETCTBYIONINX TPEXUJICHOB YETHIPE:
2+ O+1)x+0b, x>+ (b-1)x —b; ux Brrax pasen 0.

3) 1<a<b<2013. Torma a <b<2013/2, guauur, a + b <
<2013. IloaToMy COOTBETCTBYIONINX TPEXUYJIECHOB TaKKe YETBIPE;
Kak W B caydae 2), uX BKJIaj pasen .

4) 1<a=b, a* <2013. COOTBETCTBYIOINX TPEXUJCHOB TPH:
22 +2a+a*, x*—a®; ux sraan B C cocraBuster a .

Urax, C=12+22+... +44° - 4026 >0 .

CIOXHbIV BapUAHT

8—9 knaccer
1. /IBa.
[Iyctp @ — naunGosibiee u3 unces Ha jocke. OHO HAXOANTCS MEXK-
NIy KaKUMU-TO crereHsiMu ABoiku: 2" < a < on+l TIpubasus k a
Kakoe-HuGy/[b [Pyroe U3 HAMMCAHHBIX 4uces b, MOJydlM CTEleHb

2n+2

JBOIKY @ + b, nusa xoropoit 2" <a+b <2a< . 3uauur,

a+b=2""_ Wrak, Bce ocraipHble uncIa pasupl 2" —q | T.e.
PA3JMYHBIX Cpe/I HAIMCAHHBIX 4mcesT He 6ojee IBYyX. A /[Ba YHC-
J1a MOTyT ObITH, Harrpumep, 1 n 3.

2. IloMeHsieM MeCTaMH COCEHUX MaJbuMKa U /1eBOYKY. [lpu atom
YKa3aHHbIE CYMMbI OJJHOBpPEeMeHHO 60 yBesuvarcs Ha 1, amu6o
yMenbimarcs Ha 1. [leiicTBys TakmM 06pa3oM, MBI MOXKEM TOJIY-
YuTh JIOOYI0 PACCTAHOBKY JleTell. A B Ka/I0H PAacCTaHOBKeE, Tje
MAJIbYUKH CTOST CUMMETPUYHO [[€BOUYKAM OTHOCHUTEJHHO IEHTPA,
PABEHCTBO YKAa3aHHBIX CYMM OYEBHUJIHO.

3. MoxHo.

OtMeTnM Bce KJETKH BepXHUX JIEBATH I0JIOC, a B IEHTPAJTbHON
10JI0Ce OTMETHM IEHTPAJIbHYIO KJIETKY U BCE KJIETKU CJIeBAa OT
Hee. Torma B mecsaTu caMbIX HIDKHUX KBajapartax 10x10 Oymer
orMedeHo oT 1 10 10 xaerok. CaBuras KBagpar Ha OJHY MOJIOCY
BBEPX, MbI BBIKH/IBIBAEM U3 HETO I0JI0CY HEOTMEUEHHBIX KJICTOK U
J106aBJISIEM TIOJIOCY OTMEUYEHHDBIX KJIETOK, YBEJIUYUBAST KOJIMUYECTBO
OTMEYEHHBIX KJeTOK B HeM Ha 10. Ciie/joBaTesIbHO, B CJIEIYIONIIX
CcHU3Y KBajpaTax Oyaer otMederno ot 11 go 20 kieToK, ..., a B
cambIx BepxHux — ot 91 10 100 kieTox.

3ameuanue. 1leHTpaIbHYIO KJIETKY MOXKHO M HE OTMEYATh, TOTJA
KOJIMYECTBO OTMEUYCHHBIX B KBajparax 10x10 kieTok Gymer Me-
aarbea or 0 1o 99.

4. 375.

Bosbmem yepHoe uncsio ¢ u psijom ¢ HuM 6esoe uucao ab. Ilo
9THM YHUCJIAM CJIe/IyIOIINe TeCTh BOCCTAHABJINBAIOTCS O/THO3HAY-
no: b, b—ab, 1 —a, (1 —a)1 = b), 1 = b, a(1 = b). Cymma
atux 8 uncen paBHa 3. Vmetomnmecst 1000 uncen pasémBaroTcs Ha
125 Takux BOCHMEPOK, OTCIO/IA TOJIy4YaeM OTBET.

3ameuanue. CreylolIMI YUCJAMHI B BBINMCAHHON CTpouKe Oy-
JyT "epHoe a u 6esioe ab, MOITOMY YHCJIA O KPYTY TTOBTOPSIIOTCS
¢ nepuojiom 8.

3. Ilepsoe pewenue. Jlemma. Ilycrp toukn X, Y npuHajiesxar
TpeyroJabHuky ABC, HO HE COBIAJAIOT C €ro BEPIIMHAMMU, U OTpE-
30k XY He mapaJiyiesieH HU OJJHOH U3 CTOPOH TpeyroJbHuka. Tor-
Jla OT OJHOI 13 BepUINH TpeyroibHnKa ABC MOKHO OTJIOXHTD
OTPe30K, paBHbIl 1 napaJsenbHblit XY, Tak, 4TO BTOPOIi €ro Ko-
HeIl OKaKeTCsl BHYTPH TPEYTOJbHUKA.

[okasareanctBo. [IpoBeseM yepes BepummHBI TpeyrouabHuKka ABC
npsiMpble, napaJsienabibie XY . OHa U3 9TUX NPSIMbBIX JIEKUT MEXK-
oy aBymst apyrumu. Ecom, Hampumep, ata mpsiMas MPOXOIUT de-
pe3 BepuiuHy A, To oHa nepeceuer ctopony BC B HeKOTOPOii TOY-
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ke D u pazobber ABC Ha tpeyroapaukn ABD 1 ACD. Otpesok
XY JexuT B OJJHOM M3 HUX U HapaJuieseH cropone AD, moatomy
oH Kopoue AD. 3Ha4uT, ecJau OTJOXHUTb OT TOYKH A BHYTPb Tpe-
YTOJIbHUKA OTPe30K AZ, mapasuiesbublil n paBublii XY, €ro Ko-
Hell Z okaskeTcsl BHyTpu TpeyrosbHuka ABC.

Bepnemcs k 3amave. Ilycte X 1 Y — /1Ba y371a BHYTPU TPeyroJib-
nuka ABC. Eciu npsamas XY napaJsiesbHa OJHONH U3 CTOPOH
TPEyroJbHUKA, Bce B MOpPsKe. B IpoTHBHOM ciIydae TouKa Z,
MIOCTPOEHHAS COTJIACHO JieMMe, Takxke siBJsercs ysaom. [lo ycuo-
BHUIO OHA COBITaJaeT ¢ ojHoi n3 Touek X wuan Y. Ho torma toukn
X n Y jexaT Ha IPSIMOH, MPOXOAIIEH 4epe3 COOTBETCTBYIONLYIO
BEPUINHY TPEYrOJbHUKA.

Bmopoe pewenue (ana snarokos). Ecu npamas XY He MPOXOAUT
4yepes BepHIMHBI Tpeyroabhnka ABC, To oHa He nepecexaem OIHY
u3 ero cropon, Harpumep BC. Torzpa no ¢opmuyre IMuka mnomam
tpeyrobHukoB XBC n YBC paBHbl. 3HAUUT, B HUX PABHBI BBICO-
Tbl, onyuieHHble Ha BC, 1.e. npsamas XY napassenbua BC.

6. TIycto ZIAC =o., £IBC = . OueBugno, o+ =45° u
1A,CB, — xBazgpar. Kpome toro, £LPA,C = LIAC = 0. Kax yrJbt
¢ B3aUMHO II€PIIEH/NKY/ISIPHBIMU CTOPOHAMU. AHAJIOTUYHO,
ZPB,C =B . U3 tpeyronbanka AgByP Haxomum, 4to

ZAyPBy =180° — (ot + 45°) — (B + 45°) = 45° .

Pacemorpum okpysknocts Q ¢ nentpom C u paanycom CAy .
Brucamnmbie yrubi, onupatoruecs Ha ayry AygB, atoit oKpyKHOC-
TH, PaBHBI 45°, cJjenoBaresbHO, Touka P jeskut na Q. [Toaromy
ZPCBy = 2/PAyBy = 20.+90° | a cMeHbIiT yTOJI coCTaBJsieT
90° — 200 = 90° — LCAB . 9to u snauur, uro CP 1 AB.

7. IlpoHymMepyeM OT/eJIbHO TYMaHUTAPHEB W OTJEJbHO MaTeMaTH-
KOB B MOPS/IKE, OMPEAeJeHHOM NCXOAHON ovepennio (B mepBoit
naprun urpaior My u I'y). 3amerum, uto matemarukn (rymanu-
Tapun) oTAeabHO (cumTas TOro, KTO 3a CTOJOM) BCEr/a HaXOMAT-
Cs1 B OYepe/ll B TOM JK€ IUKJIMYECKOM TOPSI/IKe: HUKTO JAPYT ApY-
ra He o6rouser. MaTeMaTHK MOXKET CMECTHTLCS B OY€pE OTHO-
CUTEJbHO TYMAHUTAPHS, HO TOJBKO 3a CTOJIOM: HAIpHMep, MaTe-
MaTuK M MOXKeT BBIITH K CTOJY pawvuie TyMaHuTapus I', a Bblii-
TH U3-32 CTOJIA 103Ke HEero.

PasobbeM Bce WPl HA YuKAbL IO m + n — 2 UTPBL. 3a BpeMs
MIEPBOTO IMKJIA U3-3a CTOJIA BBIMAYT m + n — 2 UTPOKa, T.e. BCE
crosiie B ouepeau, kpome M,, u I', . 3uauut, onn crogar 3a
CTOJIOM B Hauase BToporo mukJia. [lo tem ske coobpaskeHusiM, B
HayaJie TPEThEro MUKJa 3a ctoyoM ctoar M,y u ',y mT.14.: ¢
KaK/IbIM IIMKJIOM HOMEpa WTPAIONINX B €ro IepBOil MapTHu cMe-
maioTcs <o kpyry» Ha 1. Ilosromy kask/[plit MaTeMaTuk 3a m
LUKJIOB 6bitidem u3-3a cmosa posHo m — 1 pas, a 3a mn UUKJIOB
- n(m - 1) . AHAJIOTMYHO, KaK/[plil 'yMaHUTapuil 3a mn 1UKJIOB
sviiidem us-3a cmoa posHo m(n—1) pas.

[ycrb, manpumep, m > n. Torga n(m—1)-mn—-1)=m-n=>1.
PaccMoTpuM mpomM3BOJIbHBIX MaTeMaTtnka M u rymanuTtapus .
Kax nokasano BbIle, 3a 2mn MUKIOB M BBIXOANI U3-3a CTOJIA
1o KpaiiHeit Mepe Ha 2 pasa Gousbiie, yem I'. Otciona cienyer,
4TO MEXY KAaKUME-TO IBYMsI «Bbixogamu» M y I BbIX0/0B u3-3a
crosra He 6b110. [lomyctum, I HU pasy He coirpan ¢ M. Torga I’
MeX/Iy aTuMu BpIxogamu M ocraBasica B ouepenn. Ho mocae mep-
BOTO BbIXOJIa OH ObLa Biepean M, a korga M cHoBa jonies 10
crosia — no3aau uero. IlporuBopeune, tak kKak [ He Mor o60rHATD
M B ouepenn.

Bameuanus. 1) Ha camom gmese Kakaast mapa MPOTUBHUKOB ChIT-
paet Mexxy co6oil yxKe 3a mn IUKJIOB. [[efcTBUTEBHO, €Cu m
U 7 B3aMMHO TIPOCTBI, TO, KAK BU/HO M3 BBIIIEU3JIOKEHHOTO, OHU
BCTPETATCS 32 CTOJIOM B TIEPBOH TTAPTHN OJHOTO W3 IMKJIOB. B
IIPOTUBHOM CJIy¥ae |m —n| 22, 1 KOHEl JOKA3aTe/IbCTBA IIPOXO-
JIUT y3Ke JUIS MmN 1IUKJIOB.

2) Tlpu n = m > 2 yrBepskjeHune HesepHo. Hanpumep, ecim ma-
TeMaTuKM OYAYT 4epeoBaThCs ¢ TYMAHUTAPUSAMM, TO KaK/IbIi

Bcer/ia 6y,/]CT Urparb TOJbKO CO CBOUMU COCEJAMU 110 KPyry, I10-
PAAOK B KOTOPOM MEHATDHCA HE 6yaeT.

10—11 knacce!

2. MosxHo.

I'pynmbl MaabunKoB YepeayloTcs ¢ IpynnaMmu JeBodek. Vsma-
4aJbHO 6bLIO JiBe rpymnmbl. Korja cajauics HEOTBAKHbIN peGeHOK,
TO OH HOJICAKUBAJICS K IPYIIIE, U KOJIMYECTBO IPYIIT HE MEHs-
soch. Korga caguiicst oTBaKHbIH peGeHoK, OH pa3éuBa TPYIITy
JIPYTOTro IoJIa Ha /IBE€ M COCTABJISJ HOBYIO TPYIILy U3 CaMOrO
cebs1, yBesmunBast o61ee KOJMYeCcTBO TPyl Ha 2.

B konie okazanoch 22 rpynimbl. 3HAYHT, OTBAKHBIX PEOST GbLIO
(22-2):2=10.

3. O6osnauum uyepes A;, B;, C| COOTBETCTBEHHO CepeIMHbI
cropon BC, CA n AB rtpeyrosnbuuka ABC. Bo3bMmeM jiBa 11pous-
BOJIbHBIX y371a X U Y BHYTpH TpeyrosbHuKa. IlycTh oauH n3 HEX
sexxut BHe Tpeyronpanka A BC; — mampumep, X J€XHUT BHYTPH
tpeyrosbanka ABC; . IToctpoum orpesok AW, cepeaunoii KoTo-
poro saBasiercs Touka X. Torpa W — Takske y3ses, OH HaXOJUTCS
BuyTpu ABC, u npsamas XW npoxoaut uepes A.

ITyctp Temepp 06a y3aa X u Y HPUHAIEKAT TPEYTOJBHUKY
AB,C, . Ecm npsimass XY napaJiiesbHa OJHON U3 CTOPOH Tpey-
TOJIbHUKA, BCe B IOPsi/iKe. B NPOTUBHOM ciiydae NPUMEHUM JIeM-
My M3 pelleHns 3aaun 5 JUIS MJIQ/IIIHNX KJIACCOB K TPEYTOJbHUKY
AB,C; . Tlycrp, nanpumep, konerr Z; orpeska A;Z;, paBHOTO 1
napaJtensioro XY, gexut suytpu tpeyroapuuka A B,C; . Toraga
oTpe3ok AZ, cummerpudHblii A;Z; OTHOCHTEJHHO CepeIHbI
B,Cy, raxxe pasen u napasuiesnen XY. Ioatomy Z — y3ei, jie-
skanit Buytpn ABjCy . Kak mokasano Bbiie, Ha npsmMoin AZ
€CTb ellle OJUH y3eJl.

4. He moxer.

IIpeanonosxum, ycaoBus BbinosHenbl. Hazosem uucsaa or 26 10
75 cpednumu, a octaibHble — Kpainumu. [[Ba KpaiiHUX Yncja
noapsaa uaTH He MoryT (MOYJib UX PA3HOCTU MEHbIIE 25 WJlH
Goabiie 50). Ho kpaiiHue umcsia cOCTaBJISIOT POBHO MOJOBUHY
obmiero KosmuecTsa unces. IloaTomy cpegHne n KpaiiHue 4mcsa
JOJLKHBI YyepesioBatbesi. Ho psioM co cpepnnM uncaoM 26 Moxer
CTOSATH TOJIBKO O/IHO Kpafinee uucjo — 76. [IporuBopeune.

6. 3amuineM HaM 5 YUCEJ 110 KPYTy U 0603HAYNM UX dy, dy,
as, a;, ds B nopsaake o6xoza (Mpl cyuTaeM, 4To dj,s5 = d; ).
[lokaskeM cHauasa, 4YTO HAWAYTCS TPU UUCIA HOAPSL: d;, di,q,
@i,y , NI KOTOPBIX @; 2 A + ;o (M, 3HAYNT, STH TPU UMCIA He
SIBJISIIOTCSL JIMHAME CTOPOH Tpeyrosbhuka). [Ipeamnonokum mpo-
THBHOE — TOTJ[a IPU KaxXJoM i = 1, ..., 5 IOJDKHO BBITOJHATHCS
HEPABEHCTBO @; < d;,q + d;,»; YMHOXAsI HA @; W CKJIA/bIBAsT BCE
[ATb STUX HEPABEHCTB, I0JIydaeM IIPOTHBOPEYUE C yCJIOBUEM.
3ameTuM Terepb, YTO ecTb Bcero 4! = 24 pa3juyHbIX BapuaHTa
3allUCH UCXO/HBIX IISITH YKiCes 10 KPyry (¢ TOYHOCTBIO [0 UKJIM-
4ecKoro cBura). M B Kask[0M TaKOM BapHaHTe HAHAETCS ymops-
nouennas tpoitka (a, b, ¢), uucia B KOTOPOIl He SABAAIOTCS JIJIN-
HAMU CTOPOH TpeyroJbHuKa. Kaskaas takas ynopsijiodeHHas
TPOIiKa MOKET BCTPETHTHCSI JIMIIb TIPH JABYX BapuanTtax (orimda-
IOIIXCSA TIOPSZIKOM OCTABIINXCS JIBYX YHUCENT). 3HAYUT, CPEAH
24-X HailJIeHHBIX YIOPSIIOUYEHHBIX TPOEK BCTPETATCS XOTs Gbl 12
Pa3HbIX.

C pyroii CTOPOHBI, O/IHOI HEYNOPSJ0UEHHON TPoiiKe, B KOTOPYIO
BXOJIAT YHCJIA @, b 1 ¢, MOTYT COOTBETCTBOBATD JIUIIb /(BE Haii-
JleHnble yropsaodennsie Tpoiikn: (a, b, ¢) u (a, ¢, b), tne a —
Hau6oJIbllIee YKCIO B TPOKe. 3HAUUT, PA3JMUHBIX HEYIOPS/I0-
YEHHBIX TPOeK HaiijieTcst XoTs ObI 6.

3ameuanue. Boiee mecTn «IJIOXUX» TPOEK rapaHTHPOBATDH
Henb3si. Bosbmem aq, a,, as, a, 6auskumu K 1, Torma ds mHaii-
NIeTCsT U3 KBaApaTHOro ypasuexus (ero cBo6oHbIi uieH GJIU30K
K —2, 1109TOMY OHO HMEET I0JI0KUTeNbHbIN KopeHb). [Ipu atom
KasK/ast TPOWKa dmcest u3 wHabopa {a, a, , ds, da,} — XOpouras.

7. Moryt (B 06oux cayyasx).
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a) [Tycrp 3aanunit My/apelr Ha3oBeT octatok ot jaesenus Ha 1001
cyMMbl unces, Kotopbie o Buaut (maspsas 1001, ecom octatok
0). Torma cJIeIy IOl MOKET BBIYUCJIUTD CBOE YUCJIO, OTHAB OT
Ha3BAHHOTO CYyMMY TOTO, 4TO BUJAUT. Tak IPOIOJIKAeTCs, TT0Ka
Ybe-TO BBIYMCJIEHHOE YHCJIO0 HE COBIAJET C T€M, YTO HasBasl 3ajl-
umii. Torga aToT Heydaunuk BMECTO CBOETO YHCJIA HA30BET YHCJIO
camoro nepezHero myzapena. [lo goroBopeHHOCTH OCTasbHbIE IOI-
MYT, 9TO OH UMeJ B BU/Y YHCJIO 3a/Hero, u OyayT pajee feii-
CTBOBATb UCXO/ISI U3 TOTO. B mTOTE OTBETAT MPAaBUJIBLHO BCE MYJI-
perbl, KpoMe, BO3MOKHO, 33HET0, Hey/JayHNKa U MepeIHETo.

6) IlycTb cpsTaHHbIi KOJMAK JIEKUT 33 CIUHONW 3aIHEr0 My/pe-
na. Torga HOMepa KOJITAKOB 00Pa3yIoT MePeCcTaHOBKY. 3aJHuil He
BUJIUT /IBYyX HOMEPOB, W JIJIS HUX €CTb /IBA BaphaHTa PacIioJoKe-
HiA. B ofHOM M3 BapmaHTOB TepecTanoBKa deTHad! (a B Apyrom
— HeT). B coOTBETCTBHM ¢ 5TUM BapHAHTOM 3a[HWH CBOIl HOMED 1
naspisaer (ommubasich ¢ BepositHocTbio 50%). B mosrydentoii uer-
HOII TepecTaHOBKe BTOPOH €3a/lM HEe 3HAET PACIIOJIOKEHUsT TOJHKO
JIByX HOMEPOB: CBOETO W TOTO, KOTOPBII, IO MHEHUIO TEPBOTO,
JIEKUT 110331, EcTb JiBa BapumaHTa PacioyiOKeHnsT Hen3BECTHDBIX
HOMEPOB, ¥ JIMIIb B OJIHOM M3 HUX IMEepecTaHoBKa yeTHa. B coor-
BETCTBMU C ATUM BTOPOM MPABUJIBHO BBIYUCJSIET CBOM HOMEP.
TouHO Tak ke Bce OCTaJbHbBIE MOCJIE[0BATETPHO BBIUNC/ISIOT CBOU
HOMepa. B pesyibrare IpaBHIBHO OTBETAT BCe, KpOMe, OBITb MO-
JKeT, 3a/{HEr0.

YcTHbIN TYyp Ang 11 knacca

1. Beerna.

Ilepsoe pewenue. Mbl 6yeM M0JIb30BATbCA TeM (AKTOM, UTO
06011 MHOTOUJIEH YeTHOMH CTEeNeHN C TTOJIOKHUTEJbHBIM CTapIIM
K09 UIMEHTOM TPUHIMAET MIHUMAJIbHOE 3HAYEHIE B HEKOTO-
poit Touke.

OGosuaunm gannbie MEorowrensl depes Q; (x). Pacemorpum
mHorounren P (x) = 22" rae 2n>degQ; s Beex i. Iokaxkem,
410 K P MOXHO HPHOGABUTh KOHCTAHTY ¢ Tak, 4To rpadux P + ¢
He nepeceveT HK oaHoro us rpaduxos Q;. s atoro 3amernum,
4r0 P —Q; — MHOrOuJIeHbl YeTHOIl CTENeHN, a 3HAYUT, JOCTUTAIOT
CBOMX MUHIMAJbHBIX 3HaueHuil m; . Ho torma, mojoxus

¢ = max; (-m; + 1), MBI TOIYYNM HCKOMBIIl MHOTOWJICH.

Bmopoe pewenue. B Tex xxe 0603HAUEHUSIX MOJOKUM

P = Qf +...+ Q;f +1. 3ameruM, 4TO HpHU JIOOOM i U JIOGOM X
BepHo HepaseHcTBO OF (x) — Oy (¥) +1+ 0% (¥) +...+ Q2 (¥) >0,

Tak kak a’ —a+1>0 npu mobom a. 3uaunt, P(x)>Q(x).

Anamormano, P(x)> Q;(x), u rpaduk P He mepecekaercs HI ¢
ogruM u3 rpaduxon Q; .

3. Ilycrp | — pagukanbHas 0Cb BIUCAHHOW OKPYIKHOCTH O Tpey-
rombunka ABC u toukn K (paceMaTpuBaeMoil Kak OKPY>KHOCTb
HYJIEBOTO pajinyca). 3aMeTuM, uto [ CyIecTByer, MOCKOIbKy K
oTmuHa oT Hentpa ® (B MPOTMBHOM cily¥ae paccMaTpUBaeMBbIe
NEPHEHNKYIAPDI MAPAJIIETLHBI COOTBETCTBYIONIMM CTOPOHAM).
Torpa pasencrso XX = X;K osnagaer, uto X, Jexur Ha /;
QHAJIOTMYHO, TOUKK Y] M Z; TaKxKe JiexkaT Ha [.

4. Beckoneuno.

IIpu m060M HATYpaJbHOM 1 HOJOXKHM dq, = 7" + 74T+
ITokaxxem, 4TO K @, MOKHO TPHOABUTD HECKOJBKO PA3JIMUHBIX
cTereHeil ceMepKu, He TPEeBOCXOANUX 7", 4To6bl MOJTyYHIOCH
yncso b, Ge3 Hyseil B gecarunuHoil 3ammcn. Torga cemepnyHas
3ammch b, OyzeT COCTOATb M3 eMHMII U J[BOEK. SICHO, UTO TaKMM
06pa3oM MbI HOCTPOUM GECKOHEYHO MHOTO Pa3IMYHBIX uuces b, ,
YIOBJIETBOPSIIONIMX Y CJIOBHIO.

VTtak, paccMOTPUM JIECSITHYHYIO 3aICh YUCIa d, W MEePBbIi ce-
6a noap B Heit (ecam on ectn). IlycTh OH CTOMT B i-M paspsze
cnpasa (paspsz equnui cuntaeM HyJaesbim). Haiigercst crenenb

! Mepecranoska a,,dy,...,d, qucen 1,2,...,n Ha3bIBa€TCS YETHOI,
ecam B Hell yeTHoe umcso uuBepcuii. VuBepcust — 210 Mo6ast Takast
napa umces d; u a;, uro i <j,Ho a; >d;.
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ceMepKin 7k, JIeKaIas MesKLy 10° u 7-10%; 3aMeruM, 4TO OHA
MEHbBIIe d,, ¥ TO3TOMY MEHbIIe 7" Toce mpubaBicHus ee K

@, Tmepexoja W3 i-TO paspsja He mpousoiizer (Tak Kak mepsas
mudpa 7% Menbine 9), Ipu 5TOM B i-M Paspsae OKAKETCS HE HOJD.
3HaYNT, B NOJYYEHHOM YHUCJIE TIEPBBIN CJeBa HOJb B JAECATUYHON
samcy (ec/iM OH eCTh) PacIoJIOKeH MpaBee, YeM B d,, ; TIPUMe-
HUM K 3TOMY HYJIO TO e aeiictBue (Ipu 9TOM MBI mpuGaBUM
MEHBIIYIO CTeNeHb CeMEpPKH, ueM B Tpeablaymuii pas). [Ipomo-
sKas Tak Jlajblie, B pesyJbrare noctpouM tpefyemoe uncio b, .
6. IIyctp O — o6mag TovyKa BceX JaHHBIX OKpYy»KHOcTeil. Pa3o6n-
€M BCIO IJIOCKOCTh, KpoMe TouKu O, Ha Takue KOJbIa ¢ HEHTPOM
B O, 4TO OTHOIIIEHNE BHENIHEr0 M BHYTPEHHErO Pa/InyCOB KaXK/10-
ro KOJIbI[a PaBHO V2. Bynem cumrarth, 4TO BHEMIHSS OKPYKHOCTD
Kayk/IOTO KOJIbIA TIPHHA/ICKAT eMy, a BHYTPEHHSS — HET. 3aHy-
MepyeM Bce KOJIbIa MOCTIE0BATEIbHO IEIBIMA YHCTIAMHU:
<R, Ry, R, ... Taxsxe npoBesem uepe3 Touky O ueTbIpe Hpsi-
Mble, JIeJISIIe JIOCKOCTh Ha BOCEMb PABHBIX YIJIOB M HE MPOXO-
JSTIIe yepes MEeHTPhl OKpYy:KHOCTell. PaccMoTpnuM mapy BepTu-
KaJIbHBIX YIJIOB W HOMECTUM B IIEPBYIO, BTOPYIO M TPETHIO I'PYIIILI
BCE OKPY’KHOCTH, IIeHTPbI KOTOPBIX JIesKaT B KOJbIAaX Ry 4,
R;;,» u Ry; coorserctserHo (11pu 1eabix i) U B 9TOI nape yr-
soB. Kaxxgasg w3 Tpex APyTHX Map BEPTUKAIBHBIX YIJIOB aHAJO-
THYHBIM 00pPa3oM JlaeT elle o TP Ipymnbl. Mbl yTBep:KaaeM,
4TO pasbHeHne — NCKOMOE.

ITycts A m B — 1eHTpBI ABYX OKPY’KHOCTEH ®, U ®p, npuueM A
JeXAT Ha Op , T.e. OB = AB (puc. 3). B wactnoctn, s1o 3na-
qut, 4T0 ZAOB OCTpbIii, TO3TOMY TOYKH JIeXKAT B OJHOM YIJe U
ZAOB < 45°. 3naunt, LZABO =180°-2/ZA0B > 90°. Orciona

OA? > AB* + OB? = 2OBZ, ¥ TouKa A JIEKUT B KOJIbIE C GOJIb-
muM HoMepoM, 4eM B. C apyroit cTOpoHbI,

2
OA<OA+ AB = (\/5) AB ; 3HauuT, 9TH HOMEPA PA3JIMUYAIOTCS

Puc. 3 Puc 4

He Gostee yeM Ha 2. TToatomy A u B nonajin B pasHble TPYIIIDI,
4TO U TPe6GOBAIOCD.

3ameuanue. MOXKHO TIPOJIEJIATh AHAJOTHMYHYIO TTPOLEAYPY, Pas-
6uB 1aockocTb Ha 12 yruos no 30° u 06beAnHUB UX B TPYIIIIbI
10 TPHU, KaK MOKA3aHO Ha PUCYHKe 4. B aTOM ciydae OTHOIICHHUE
PAIYCOB KOJIEIl MOXKET ObITb OGBIM B Npefenax or v2 1o /3 .

LXXVI MOCKOBCKAAA MATEMATUYECKAS
OJIMMINUAJZA

6 knacc

1. Jla.

Ato Morjo 6bth ynciao 0,2. B camom gere, u 0,2-10=2 u
0,2-15 =3 — mpoctbie yncaa. MOKHO J0Ka3aTb, YTO TPUBE/IEH-
HBII IIPUMep €JANHCTBEHHDIN.

2. 150.

4. 7.

[ToHsATHO, YTO 3a CTOJOM GBLIM M MAJbYUKHU, U JE€BOYKH. 3a TPYI-
MOW CHJIAINX PSIZIOM MAJbYUKOB CJIEIyeT TPYIIA J[eBOUEK, 3aTeM
CHOBA MaJIbYMKHU, CHOBA JIEBOUKM M Tak jajee (rpyrma MOXKeT co-
CTOATH M U3 OJHOTO YeJ0BeKa). I'PYIITbl MaIbulKOB M JICBOYEK
YepeyIoTCsI, T0ITOMY MX YeTHOe 4ncjo. HeBepmble yTBep:K/eHUs
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3BydYasIM Ha Iepexo/jax OT IPYIIIbI K IPYIIe, T.e. UX TOXKe YeTHOe
yicno. Tak Kak yTBep:K/eHWiT «OOMbIIMHCTBO U3 HAC MATbYNKN»
[IPO3BYYAJIO CEMb, TO HEBEPHBI MIECTD YTBEPIK/IEHUH «OOJIbIINH-
CTBO W3 HAC JIEBOYKH», U IPYIII TOXKE OBLIO IHIECTb.

UepesioBaHie BepHbIX I HEBEPHBIX YTBEPKAEHMII O3HAYAET, UTO B
Tpymmax ObLT0 Mo jBoe feTeil. JINmmb cuasAmIe psaoM HepBbIi 1
mocaeHuN peGEHOK CKa3all OHO U TO K€, I03TOMY B UX TIpYIIIe
TPU 4esioBeKa. DTO MAJbUMKH, TaK KaK uX OGOJBIIMHCTBO. Bcero
3a cToJIoM cujenn 2 + 2 + 2 =6 geBouek u 2 + 2 + 3 = 7 Maib-
YHKOB.

Ha pucynke 5 mokazano, Kak UIMEHHO pe6sTa CHJENN 32 CTOJIOM.
[TepBobrit roBopsinmit 06Be/leH B PAMOUKY.
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Puc. 5 Puc. 6

5. Ha pucynke 6 npusesen npumep 1711 9 rpadcers.

Bameuanue. Moxuo nokasarb, uto ajs 7 rpaders (uam Menbiie)
npuMepa He CYyIIeCTBYeT.

6. a) 31 moneta; 6) 30 MomerT.

C raxgoro orpsga B N Gorarsipeil UepHOMOD MOJYYHT B JIyd-
meM caydae N — 1 MOHeTy, Tak Kak OCTATOK MEHbIIe JIeJTUTeJIs.
3Ha4YuT, BCEro OH MOJYYHuT He 6Gosee yeM 33 — K moner, rae K —
YHCI0 OTPAA0B. Ecam orpsaa Becero ogu, To 240 : 33 = 7 (ocra-
ToK 9), Tak yro Yepnomopy mocranercs qmmib 9 moner. OH Mo-
JKET TIOMBITAaThCsI MOTyunTh 31 MoHeTy, pasjiesnB GoraTbipeil Ha
JIBa OTpsi/ia.

a) Ecim menprn gemith He 06g43aTeIbHO TIOPOBHY, TO 9TO BIOJHE
MOXKHO cjesatb. Hanpumep, mycts B mepsBoM otpsijie 32 6oraTbi-
p4, a Bo BropoM ozut. Torza MOXXHO JaTb nepBoMy oTpsay 63
MoHerbl (13 Kotopbix UepHomop u nosyunt 31), a ocraabHbie
177 MOHeT OTHATh €AMHCTBEHHOMY OOTATBIPIO U3 BTOPOTO OTPS/IA.
6) OfHaKo ecam JIeHbIH JeUTh MOPOBHY, TO TaK CAENaTh HE y/a-
crea. Ecan, BoigaB otpsany B N uenosek 120 moner, Yepromop
paccuutbiBaet noayuutb N — 1 mMoHery, To unciao 121 gosxHo
nemntbed Ha N. Ognako 121 gesmres toapko Ha 1, 11 mw 121, a
13 ByX TaKUX Yncea HEBO3MOXKHO clIokuTh 33. Ho BoT moury-
ynuth 30 MOHET yAacTcs, ecIH HOJeJUTb GoraTbipeil Ha TpU OTps-
fa: Ba 1mo 3 60raTbips 1 OJuH U3 27 60raTbipeil.

7/ Kjacc

5.4 M, 6M, 8 M.
JITMHBI CTOPOH ABYX COCEITHUX [0-
PO’KEK OTJMYAIOTCS HA 2 M
(puc.7). TloaToMy B MOMEHT, KOT/a
Puc. 7 My no6exan ao yraa, Pa npoGe-
JKaJT 10 TIPaBOil CTOPOHE JOPOIKKHI
2 M ¥ HAXO/MJICSI HA PACCTOSHUN 2 +
+ 1 =3 M OT «HW)XXHE» CTOPOHbI
BHemHel gopoxku. Ilockosnbky Pa Ha-
XOJWTCS TocepeHe Mexxay My u
Beem, Beit B 9TOT MOMEHT HaXOIUTCS
Ha BJIBOe GOJIbIIEM PACCTOSIHUM OT 3TOM
O CTOpPOHBI, 6 M, TaK Kak J(Ba BbIJEJICH-
HBIX Ha PUCYHKE 8 TpPeyToJbHUKa PaB-
3  HBI 10 THIOTEHY3€ U yriaM. 3Havur,
Beio ocraercs erie npo6exkars 110 60-
KOBoOIT ctopoHe 6 — 1 — 1 =4 M.
Ho ecsmm 661 Beit Gesxan nmpotus gaco-
Puc. 8 BOiT CTpEJIKH, TO OH MPoGeskas Gbl BCIO

1M x 1M

HIDKHIOIO CTOPOHY M ellle 4 M II0 IPaBOil CTOPOHE, T.e. OKa3aJcs
ObI B TOlf »ke Touke. Pa3 Beil momazaer B ofHy 1 Ty *Ke TOUKY,
JIBUTASICh U TI0 4aCOBOI CTpEJIKe, M IIPOTHB YaCOBOW CTPEJIKH, 3Ta
TOYKa — IIPaBblil BepXHUIl yroa KBajpara. Vtak, cropoHa 3TOro
kBajpara paBHa 4 M. COOTBETCTBEHHO, CTOPOHBI ABYX JAPYTHX
KBaJ[paToOB paBHbl 4 + 2=6Mu 6 + 2 = 8 M.

8 knacc

1. Ja, MOXHO TOTy4uTp cymmy 207.
Hamnpnumep, 207 =2+ 3 +5+41+67 +89,207=2+3+5+
+47 + 61 + 89 nmm 207 =2 + 5+ 7 + 43 + 61 + 89. MosHo 1no-
Kas3aTb, YTO B OCTAJIBHBIX CJIYYasX CyMMa
Oyziet He MeHble 225.

2. Ilyetp M’ — cepepuna croponnt BC,
touka N’ penut cropoHy AB B oTHOIIIeE-
nuu 3 : 1, cunrag or Bepumnbl B (puc.
9). Tpeyrombuukn BMN u BM’N  pas-
HbI, Tak yT0 MN = M’'N’ .

Tenepb 0CTATOYHO [JOKA3aTh, YTO 4YeTbIpe-
XyroabHuk APM’N’ — napaJjijiesorpamMM.
Ho peiictBuTesbHO, ero MPOTHBOTOJIOKHDIE
cropoubl PM’ u AN’ paBHbBI U napaJ-
JleJIbHbL: 0Tpe3ok M’P gaBigercs cpejneit
JmHuel tpeyroiibHuka CBM, 1103TOMY OH TapaJljieJieH OTPe3Ky
BM 1 paBeH ero moJioBuHe — T.e. otpe3ky AN’.

3. Na.

Ecau 6p1 mikosabHUKOB Gblio 11 U oHU penriin pasHoe KoJide-
CTBO 3ajiay, TO Bcero ObL10 Ob1 pemreno 0 + 1 + ... + 10 = 55 3a-
nad. Tak Kak IIKOJBHUKOB /I€CATH, TO OTCYTCTBYET OJUH W3 Bapu-
AHTOB, ¥ KOJIMYECTBO PEIIEHUl PaBHO 55 — X, T/ie X — IeJI0e YHC-
70 or 0 go 10.

Kasxpas n3 10 3azau penieHa OMHAKOBBIM KOJIMYECTBOM IIKOJIb-
HHUKOB, TaK YTO KOJMYECTBO pelleHui Bcex 3ajad kpatHo 10. Ilo-
9TOMY X = 5, T.e. HeT HIKOJIbHHUKA, PENIMBIIEr0 POBHO 5 3a/a4.
3naunt, Bops He MOr pemuTbh TOJIBKO 33/la4u € TepPBOil 110 Iis-
TyIO.

6. [Ipu N = 2, N = 17, a Tak:Xe IpU BCEeX COCTaBHBIX N, KpoMme
N =16, N=34u N = 289.

Bynem HasbIBaTh YHMCIIO 8blUZPbIULHBIM, €CTIN JUISL COOTBETCTBYIO-
mero N BBIUTPBIBAET HEPBBII, W npouzpblulliviM, €CJI BTOPOIL.
Uucsio ABASETCS BBINTPBIMIHBIM TOT/Ia M TOJBKO TOT/IA, KOTJA Cy-
LIECTBYET XOJ U3 HEero B IIPOUTPBIIIHOE YHCJIO, & IPOUTPBIIIHBIM
— TOr/la M TOJIbKO TOT/Ia, KOrja Jito6oil X0/ U3 HEero Be/leT B Bbl-
UTPBIITHOE YHUCJIO.

Ilonp3ysch aTM yTBEp KJIeHNEM, MOXKHO, pacCcMaTpUBasi HaTy-
pasibHble YHCJA TT0CJIEA0BATENbHO, BBISICHUTD PO JI060€ KOHK-
PETHOE UNCJIO, SIBJISIETCSI OHO BBIUTPBIIIHBIM MJIM HPOUTPBIITHbIM!
4qucsI0 1 TPOUTPBINTHOE, YHMCAO 2 BBIMTPBINIHOE, YNCJIO 3 TIPOUT-
pormaoe (Tak Kak €MHCTBEHHBIH XOJ BEACT U3 HETO B BBIUTPBIII-
HOE 4nC/I0 2), yncao 4 BourpbiniHoe (Tak Kak U3 HEro ecTb X0/
B IIPOMTPBINIHOE uKcsio 3) u Tak gaiee. Korga mbr goitaem go 17,
TO TIOJIYYUM, YTO CPe/i IPOBEPEHHBIX YHCEJ BCe MPOCThIe, KpoMe
2 n 17, 9BIAIOTCS NPOWTPBINIHBIMU, a BCE COCTaBHbIE, KpoMe 16,
BBIUTPBIIIHbIE. TaKke HECJH0XKHO YOeANTHCS B TOM, 4TO 34 — 1po-
UTPBIIIHOE.

Jloxaxkem, uro 2 u 17 — e/JUHCTBEHHbIE BBIMTPBIIIHbIE TIPOCTbIE
yrcaa. [Ipeamonoskum, 4To 3TO He Tak, W PACCMOTPUM CJIEIYIO-
Iiee BBIUTPBIIIHOE ITPOCTOe uncao p. B takom ciayuyae p — 1 —
[IPOUTPBIIIHOE COCTABHOE YUCJIO, II0ITOMY Cpe/ii JieJUTeseil uic-
Ja p — 1 He MOKeT OBbITb IPOUTPBINIHBIX IIPOCTBIX UHCEJ, T.€.
p—1=2"17" Ho

cecm p—1=2" 7% (rne xots 6b1 omHO U3 wCEN n, k Gomblie
1), To or p — 1 MOKHO TiepeiiTu K 34 U BbIMTrPATh;

eecmn p—1=2", 1o or p — 1 MOXxHO Hepeiiti K 16 U BbIUrPaTD;
« HaKower, ciyuaii p—1=17" HeBo3MOXeH, Tak Kak 4mCIO

p — 1 gerno.

A C
Puc. 9



58 KBAHT

Ocrasioch pazo6parbesi ¢ cOCTaBHbIMU Yncyamu. Ecum cocraBHOe
uic0 N UMeeT MPOCTOH Jie/nTesb p, OTAN4HbI oT 2 1 17, To n3
HETO eCTb X0/ B IIPOUTPLIIIHOE YHCJIO p, T.e. 4yicao N sgBisgercs
BBIUTPBITHBbIM. Ecin ske N = 2" 17" 10

eecmt N =2-17 = 34, 10 ynicsio N TPOUTPBIITHOE;

cecom N = 2" 17* (rte xoTs 6bI OHO U3 uncesa n, k Goble
1), To o1 N MOKHO mepeiT K 34 U BBIUTPATD;

«cayyan N =2" (n <4) pasoGpaHbl Bblile;

cecmm N =2" (n>4), To or N MokHO nepeiitu k 16 u Bbnr-
paTb;

cecmn N =17% = 289, 10 unco N IPOUTPBIITHOE;

cecim N =17 (k> 2), 10 or N Mosxno nepeiitn x 17° 1 Bbi-
UTPATh.

Wrak, MBI TTOTyYn/In 3asiBJACHHBII TIepe/] PEleHneM OTBeT.

9 knacc

1. 9.
Yxasanue. Y6eautech B TOM, YTO €CJH HHPOXKHBIX 9, TO KPYroBs
Gyner 7. (Ilocsie nepBoro Kpyra ocTaHercst 6 MUPOKHBIX, TTOCJE
Broporo — 4 u 1.1.) Tenepb Ha0 yOeAUTHCS, YTO APYTHX peliie-
Huit Her. Ecom muposkHBIX Gosbie 9, TO Yepe3 HEKOTOPOE BPEMs
ux Oyaer 9, u mocJe aT0T0 GyAET CIETaHo elfe 7 KPyroB, 3HAUNUT,
A Bcero Kpyros Gyzer Gosibiiie 7. AHaJO-
g IMYHO JIOKA3bIBAETCS, YTO MEHbINe 9 mu-
POXXHBIX OBITb HE MOXKET.
2. Tax xak BM — Mezpuana B IPSIMOY-
rOJIbHOM TpeyroJibHuke, To BM = CM =
M =AM (puc.10). 3HauuT, TPEyroJbHUK
N AMB paBHOOEPEHHDIIT, T.€.
ZABM = Z/BAM u AM = BM.
ITo ycnosuio ZABM = Z/MBL , 3Hauur,
ZMAN = ZMBL .
Bo BImcaHHOM 4YETBIPEXYTOJIbHUKE
B C BLMN cymma yrinoB MNB u MLB pas-
na 180°. Takske cymma yrinos MNA u
Puc. 10 MNB pasna 180°, Tak Kak OHU CMeXK-
wole. 3uHaunt, L/MNA = /MLB .
Taxum o6paszom, Tpeyroibuuku AMN n BML paBHbI 10 BYM
yrsiam u cropone. Otcioga AN = BL.
3. Cwm. perenuie 3agaun 6,a CJI0KHO-
ro Bapuanta XXXIV Typuupa ropo-
noB aag 10—11 xiaccos.
4. Cum. puc. 11.
6. 82 mynperna.
Vxasanue. 1lo npunnuny /lupuxie
€CTb /IBa BaroHa, B KOTOPBIX XOTS Obl
18 MyzperioB, wHave Bcero ux He 6o-
aee uem (9+8)+ 8 - 10 = 97 < 100.
3HauuT, KOHTPOJEPbI CMOIYT cpady ke 1oiiMarb 18 My/aperos.
Bce myaperttpr, koTopble He OyAyT MOWMAHBI cpasy, He GyayT MOii-
MaHbl HEKOrAa. /lokasaTb 3TO MOXKHO B /iBa aTana. Bo-liepBbIX,
HAJ/I0 1I0KA3aThb, YTO 3a IIEPBbIe TPH OCTAHOBKU KaXKIDbII My/pel
MOKeT TiepebeskaTh B BaroH, B KOTOPOM €ro He MOWMAaioT B Tep-
BBIII X0/ KOHTpoJiepoB. [Ipm aTOM HamO yumrtpiBath, uto 1-if u
12-ii BaroHel TakyKe SIBJISIOTCST HEXKeJATeJTbHBIMU — B GOJIBIIIH-
CTBe CJIydYaeB HX TaK)Ke MOXKHO m36ekarb. Bo-BTOpbIX, HAJO0 MO-
Ka3aTb, 4TO B JlaJIbHEHIIeM Ha KaX/0H OCTAHOBKE KaK/blil MYy/l-
perr MoxKeT TepebekaTh TakK, 4YTO OH He OyZeT MOoWMaH Ha CJeIyio-
IeM XO/Iy KOHTPOJIEPOB U HE OKAKETCS B KPAlHIX BaroHax.
Coaydan, Korja Myapell nocje 4-ii OCTAaHOBKU OKa3aJsics B Kpaii-
HEM BaroHe, pa3éUpaOTCs OTIEIbHO.

Puc. 17

10 knacc
1. O6osunaunm koopaunarst touex: M (xy, 0), A(x, 0),
B(x,,0). Torga tpexunenst pasust (x — xy)(x—x) u
(x = 2x9)(x = x,) coorsercrBenno. Opaunara toukn C paBHa 3Ha-

2013/ Ne4

YEHUIO MEePBOrO TPeX4sieHa B HyJe, T.e. XgX|. AHAJIOTMYHO, Op-
JMHaTa TOYKH D paBHA XX, . Temepb 3aMeTnM, 4TO

AO x| |xx|  CO
BO ‘xz‘ ‘xoxz‘ DO’
rakxke ZAOC =90° = ZBOD , cienoBaresbHO, TPEyTrOJbHUKI
AOC u BOD 1ojjo6HBI TIO IBYM CTOPOHAM U YTJIy MEXK/IY HHUMH.
S
3. R
n
OG6o3HaunM IEHTp Hallero MHOroyroJbHnka uepes O. Torzaa mio-
1a/{b BCETO MHOTOYTOJIbHIKA paBHA

S(OA1A2) + S(OA2A3) +...+ S(OA4,HA4,,) +
+ S(OA411A1) =4nS (OA1A2) ’
rye yepes S (P) Mbl 0003HAYNJIN TLJIOIIAb MHOTOYTOJbHIKA P.

3HaAunT, ecau 0603HAYNTD IIOMAAb TpeyroabHuKa Buga OA;A;,
yepe3 x, uMmeeM S = 4nx, A
% Aﬂﬂ

WHBIMH CJIOBAMH, & = 7. A,y
TTokazkeM, 4TO TLIOMIAIH
HCKOMOTO YeTBIPEXYTOJIb-

HUKa paBHa

S S
Zx—Z(E)—%.

Toukn Ay n Ay,,; — mpo-
THBOTOJIOKHbBIE BEPIIUHBI
muoroyroJpHuKa. CJiieno-
BaTeJbHO, JIMATOHAJD
AjA,,.4 TIPOXOINT Uepe3

O (puc.12). Oueuano, uto

A1A2n+1 Il A2A2n Il A3A2n—2 .. A1+(n—1)A2n+1—(n—1) = AnAn+2'

3naunr, wromaan tpeyroipankoB AjA,A,., nu OAA,,, pasubl,
TaK KaK y HOX COBIAAIOT OCHOBAHUS W BBICOTBI. OTCioa UMeeM

S(A1A17A71+1A17+2) = S(A1AnAn+2) + S(A71A11+1A71+2) =
= S(0A,4,15) + S (A, 4,41 4,12) = S (04,4,,44,,5) =
= S(04,4,,1) + S (04,.14,.) = 25 (04, 4,,,) = 2 ,

YTO U TPEGOBAJIOCE.

5. Bepro.

TTonpoGyeM NPUOJU3UTHCS K PEHICHHIO 3a/a4un: HaiileM MHOTo-
wnen f;(«) cremenn ne Boime 2013, kotopsril cosnagaer ¢ f(x)
B Toukax 1, 2, ..., 2014. Takoii MHOTOUYJICH M3BECTEH N Ha3bIBACT-
CST UHMEPNONAUUOHHBIM MHOZOUNIeHOM Jlazpansika, B HAIIEM CJIy-
vae OH 3agaercst hopMyJIoit

B (x=2)(x-3)...(x - 2014)
fole) = 1) =5)1=3)...(1 = 2014)
(x=1)..(x=(i=1))(x = (i +1))...(x — 2014)
(i=1)...(i-(i—-1)(i-(i+1))...(i - 2014)
(x=1)(x=2)...(x - 2013)
(2014 —1)(2014 - 2)...(2014 — 2013) -

Ay

A4 Ay

4n

Puc. 12

L+ (0)

o+ (2014)-

Buauo, 4to B BbIpaxkeHun Ausi [y (i) paBHbI HYJIO BCE ciaraeMble
CYMMBI, KPOME i-T0, KOTOPOE, B CBOIO ouepesb, pasio [ (i) . Ilo-
HTOMY MHOTOWJIEH fj () y/IOBJIETBOPSIET KeJaeMbIM TpeGoBamu-
M.

Iycrp ¢ = (2013!)2 . Torpa xoadduuuentsr Muorowrena cfy (x)
— meJble wncia. Ilyers p — mpocrtoe umncio, Gompiree ¢. Toraa
MHOTOUJICH cQ),, (x) = ¢fy (x) umeer cremennp ne Bbie 2013 1 ume-
et 2014 pasauuHbIX KOpHEH 110 MO0 p — 3To yucnaa 1, 2, ...
-y 2014 (mockombky €Q,, (i) = cfy (i) = c(Qp (i) - f(z)) npu

1<7 <2014 ). ToaToMy 5TOT MHOTOUJIEH TOXK/ECTBEHHO PaBeH
HYJIIO TI0 MOJYJIO p. 3HAUNT, YHUCJIO

c(f(x) -0, (x)) + (ch (%) —cfy (x)) = cf (x) = cfy (x)



OTBETHI,

JlenmTest Ha Jiio6oe 1ocTa-
o TOYHO GOJIBITIOE TIPOCTOE P
mpu smo6om tesom x. Cire-
posaresbro, f(x) = f,(x)
NP BCEX IEJbIX X.
6. O6o3HAYNM TOYKY IIe-
peceuenust npsimoii A A" ¢
¢ upsmoit A1 uepes X, , a
OIUCAHHYIO OKPY’KHOCTH
AABC — 4yepes ®
A, (puc.13). To ycaosumo,
LA X A =90° . Tak kak
AyA; — nuamerp ®, Touka X, JexuT Ha ®. Paccmorpum Te-
1epb OMUCAHHbIE OKPYXKHOCTH Tpeyroabuukos ABC, BIC u
IX, A . Pa[II/IKaJIbHaﬂ oco ! mepBoit n BTOpOIT OKpyXKHOCTEH CCTh
npsmast BC, a nepsoit n tperbeit — X, A4, (a10 npsamere, comep-
Kalue o6IMe XOp/bl ATHX OKPY’KHOCTEH). 3HA4YNT, pajuKasib-
HBIM IIEHTPOM 2 BCeX 3THX TPeX OKPY)KHOCTeil ABJsfeTcs TOuKa
A’. 3amernm, uTO

ZIBA, = ZIBC + ZCBA, = ZIBA + ZAAC =
= ZIBA + ZBAA, = ZBIA, .

Curenosaresbno, Al = A\B = A;C, uin, WHBIMI CJIOBaMU, TOYKa
A; gBJISETCS TEHTPOM OIMCAHHOI OKPYKHOCTU TPEYTOJIbHUKA
BIC. 3 Tak xax yron 1X,A, mpamoii, To X, — nmamerp omm-
cannoii okpysknoctu tpeyrompanka A IX . CienoBarenpo, omm-
canuble OKpyskHOCTH Tpeyrojbuukos BIC u X, IA; kacaiorcst B
touke /. 3HauuT, KacareJbHas K 9TUM OKDPY)KHOCTSIM, IPOBE/ICH-
Hast B Touke I, mpoxozaut yepes A’. IIpudueM 1o CBOHCTBY crere-
Hu toukn A’ oTHOCHTETBHO omucaHHO# OKpyskHOCTH ABIC Bep-
o AI> = A'B- A'C.

PaccMoTpyM @ u TOUKy / Kak BBIPDOXKJECHHYIO B TOUKY OKPY:K-
HocTh. V3 MOC/EHEr0 paBeHcTBa caedyer, uto Touka A’ jexur
Ha paJMKaJbHON OCcH 3TUX JBYX OKpyskHOcTell. Ilo aHanmornyubiM
MPUYMHAM Ha 9TOW paJMKaJIbHOil ocu Jexkar u toukn B u C’.
Tak kaxk paguKajgbHasi OCb ABYX OKPY’KHOCTE — TIpsiMasi, TO BCe
3TH TPU TOYKH JIEXKAT HA OJHOW MPSIMON, MEPIeH/INKYISPHON JH-
HUM LIEHTPOB 3TUX OKPYXKHOCTell, T.e. mpsamoil Of.

Xy

Puc. 13

11 knacc, nepsbiv AeHb

1. 3aMernM, 4TO JANCKPUMUHAHT HPUBEIEHHOTO KBA/[PATHOTO
tpexuiena f(x)=x? +px+q He MEHAeTcs NPU C/BHTE Hepe-
MEHHOIi, T.e. Ipu 3aMeHe x Ha x + A (posepbTe!). 3Hauwur,
MOJKHO CYHUTATh, YTO OOIINM KOPHEM 33/[aHHBIX B YCJIOBUU KBa/-
paTanx TpeX'—IJIeIIOB asistercst Xy =0 . Torga Tpeanenm NMeIoT
Bl 22+ px, &2+ p,x, a MX cyMMa pasHa 212 + (pr+p)x.
ITo ycJ0oBUIO MX JUCKPUMUHAHTDBI CBSI3aHbI PABEHCTBOM

(pr+ps )2 =p? +p5, otkyna 2pp, =0, 4TO I O3HAUACT PABCH-
CTBO HYJIIO Py WJIH Py, & 3HAYNT, W AUCKPUMUHAHTA OJIHOTO W3
TPEXUJIEHOB.

2.2u3,2us5,3nu1l. -
3. OégaHaqMM BEKTOPbI E@, XD, HA w HC yepes d, b,
¢ u d coorsercrBenno (puc.14). 3amerum, 4o

KL=KB+a+CL=KA+b+DL.

Ortciofia 1moJy4yaeM, 4To 2KL =d+b . 3amerum TaKkKe, 4TO
2HM =¢ +d .

YKA3AHUA,

1 Cmenenvio mouxu P otHOCHTEIBHO Opr}KHOCTI/I 0) c IIEHTPOM B
touke O n pajguycoM R Ha3bIBaeTcs BeJMYMHA \OP\ . Paou-
KaabHol 0cvlo ABYX oKpy»kHocTell nazpiBaetcs 'MT, cremenn koto-
PBIX OTHOCHTEJIBHO 00EnX OKPYKHOCTEH pPaBHBbI.

2 Paduxanvioim yenmpom TpexX OKPY’KHOCTeNl Ha3bIBAETCS TOYKA,
CTereHb KOTOPOIl OTHOCHTEIBHO BCEX TPeX OKPYKHOCTEH OMHaKoBa.

3 Dror akT MHOT/A HA3BIBAIOT JEMMOU O mpesyéue‘

PEIMEHNA 59

CuaenoBaresibHo, mpsimbie KL 1 B
HM mnepneHnKyJsSIpHBI TOTZa 1
TOJIBKO TOT/Ia, KOrja

(&+5)-(6+57):
Tak kak 110 ycaosuio AB = BC u
AD = DC, to npamast BD — ce-
PEeAMHHBII TTePIeHUKYISAP K OT-
pesky AC. CienoBaTesibHO, TOYKA

M nexxur Ha npgamoit BD u
BD 1 AC . PaccMOTpUM BEKTOP

G-b=BM+MC+DM +MA =

H

_BM+DM LAC=d-¢. pac. 14 D

TakuM 06pasoM, (Zz —5) . (c? - 5) =0.
Hockoubky 1o yeaosuio HA L BC u HC L AD , 1o d
b-d =0. CrnenoBaTesbHo,

@+6)¢+@=af G-d+b-c+b-d=
- _ 5.

Q..x
+
S
Y]

=—da-C+a-

+
Ul
Il
—_~
Qu
|
S
N’
—_~~
Ul
|
Y]
—_
Il
(=}

YTO M TPeGOBATIOCH [JOKA3aTh.
4. Moxmo (puc.15).
Iloxpacum B KpacHbIil IIBET Te \ f
KJIETKH, BCE TOYKU KOTOPBIX
YAOBIIETBOPAIOT OHOMY 13 HETbI- L o
pex HedeeH(,TB yz2x :@i
y<—x x>y NI x<—y2 = =
BCE OCTaJIbHbIE KJIETKU MOKPACHM
B GeJIbIii TIBET.

5. Her.

Vkazanue. 3amerum, 4TO A
JOOBIX TpeX 3a/IaHHBIX TOYEK Ha
TIPSIMOI CYTIECTBYET eMHCTBEH-
Hasl TOYKA, CyMMa PACCTOSIHUN OT KOTOPOil 0 3a/[aHHBIX Oy/eT

Puc. 15

MUHUMAJBHON, — 3TO CPeHsIsT U3 TPeX 3aJaHubix Touek. Ciesno-
BaTesbHO, TPEHEP BCerja

6ylleT HaXOANTbCS psiioM  § | — K g L b M

€O CIOPTCMEHOM, KOTO- pL_L N/p

Dbl HAXOJUIICS MEKITY O | Lol PN 0

aByms apyrumu. Hapu- Rpr—7/—-— —R

cyeM TpaduKy JIBUKEHIST

cropremenos (puc.16).

Torpa rpacdux aBuKeHMS

TpeHepa OIMChIBACTCS o : -

nomanoir OPRQT, a
JUIMHA [ ero 1yTH paBHA
CyMMe JJIMH OTpe3koB Op’, P'R’, R'Q', Q'O.

W3 110106151 TPEYTOIBHIKOB 1 TEOPEMBI O TIPOMOPIIMOHATBHBIX
OTpe3Kax MOXKHO BBIBECTH, UTO

l:OF+PRHJWJ+QD:1ﬂnti—+gi———J——)
a

Puc. 16

+[ b+l a+b+l

Ocrasoch 3aMEeTUTb, YTO HauMeHblllee 3Ha4Y€HUEe 9TO BbIpaKeHue

t
npuHuMaer npu b =t —a, a = 5 OTKyIa

[>120¢ £+£—l =100 m .
3t 3t 2t

6. 6) OGosmaunm 4epes a, dy, ..., d, KOJMYECTBO GAJLIOB, MOJY-
YEeHHOE MIAXMATHCTAMU TI€PBOH KOMAH/bI B MOPs/IKe YObIBAHUS, a
uepes by, by, ..., b, — KoJIMueCTBO GAIOB, MOJYUYEHHOE TTAXMATH-
CcTaM# BTOPOI KOMaH/[bl B TOpsifike yObiBanus. Tak Kak GbLIO
chIrpano n’ Mardei, TO CyMMa BCEX THX 27 UHCEN paBHA N’
TTpearooskuM, 4TO BCE 9TH YUCJAA PA3JHYHbL. Torga cpean HUX

1
BCTPEYAIOTCA BCE YHCJa O, 5, ..., N, KpOM€ OJHOTIO. HOCKOJII)Ky
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1 ) N
0 + -4+ n= nZ +—, TO cpean HO]Iy‘{eHH])IX mraxmMaTuctaMm

6aJlJIOB OTCYTCTBYET YUCJTO 1,/ 2.

PaceMoTpuM p HAUGOJIBIINX YUCEN CPEU dy, Ay, ..., d,,
by, by, ..., b, . DTO HamyunINe PE3YJABTATBI dy, dy, ..., A TTAXMA-
THCTOB MEPBON KOMaH/IbI U HAWUJTydIine pe3yJbrarsl by, by, ..., b,

ITAXMATHCTOB BTOPOIl KoMaH/bl, rie k=k(p) u m=m(p) 3asu-
car ot p, k+m=p.

ITpepnonoxknm, p <n, k = m. KoanuectBo Marueii, B KaX/0M U3
KOTOPBIX y4YaCTBOBAJ XOTs Obl OJIMH M3 HTHX MIAXMATHCTOB, PaB-
Ho k% +2k (n—k)=2kn—- k? . C apyroii CTOPOHDI, 0 HAmEMY
MPEJITIOJIOKEHNIO, BMECTE OHM HaGpaau OYKOB

n+ n—1 +..+ n—b =2nk—k2+é.
2 2 2

Ho arto Gouibinie, yeM KOJMYECTBO CHITPAHHBIX MU MaTdeil. [losy-
4aeM [pPOTHBOpEYHE, T.e. Tpu P SN BepHO R #Mm .

Caydait a1g n < p < 2n J0Ka3bIBaeTCs aHAJOTHIHO.

3amernm, 4To TIpH yBesmuennu p Ha 1 oano u3 uymcena kR u m TaK-
JKe yBesmuuBaercsi Ha 1, a gpyroe He mensiercsi. [lpu atom 1ipu

0 < p < 2n 31U 4ucsa He paBHbI. 3HAYUT, 110 JUCKPETHON Herpe-
PBIBHOCTH OJIHO W3 HUX Bcerfa 6oJblie apyroro. [Iycts
k(p)>m(p). D10 HepaBeHCTBO O3HAYaeT, 4TO @; > b; st JIO-
6oro 7 ot 1 1o n. Ho Torma m cymmapHoe KoJmuecTBO GaJIIoB,
HaGpaHHDBIX MEePBOl KOMaH/0ii, GoJibiie, yeM y BTopoil. I[IporuBo-
peune.

71 knacc, BTopou [eHb

1. Tpu apyrux camTKa MOrJM mMeThb Maceol 1, 1w 1 kr; 1, 2 m

2 xr; 3, 3 u 3 Kr.

2. a= 61/ ¢

Y3HaTh, KaKk PEIIaoTCcs TaKhe YPaBHEHUSI, MOKHO U3 CTAaTbi
[0.Cumoposa «O6 oanoM 3amedatesnbHoM ypasHennu» («Kpant»
Ne5 3a 1990 r.).

3. IlepBoe umc0 MeHbIIE.

Oo6o3nauum nepBoe uucso yepes A, a Bropoe — uepe3 B. Toraa

(g (5] ) <
<(1+;)(1+*)( “oHwi)
S(Ie= - )(”20133 )

341 341
3aMmernm, 4TO

12013° +1
2013 -1~

2~‘—1 F_1

n3+1_(n+1)(n2—n+1)
n3—1_(n—1)(n2+n+1)’

(41 —(n+)+1=n’+n+1.

HOSTOMy IIocJyie TaKOro pasJioyKeHuA Ha MHOKHUTEJJN YHCJIUTENEH
W 3HaMeHaTtesJeil MOKHO TIPOU3BECTHU COKpallleHue ap06ef/’1:

2014-(20132—2013+1)
'2012‘(20132+2013+1)_
3. 2013-2014 3 _ o

A2<33 4-7 5-13
1.7 213 3-21°

2 2013%+2013+1 2
Cuaepnosarenibio, A < B.
4. [la, naiinercs. Hampumep, us tpeyroipanka ABC co ctopoHa-
M AB = AC = 3 u BC = 2 MOXXHO CBEpHYTD Cpasy [Ba TaKUX
muororpannuka (puc.17 u 18).
3. a) lla; 6) na.
a) [Tycrp duma cooburmn Cate caemytontie 17 nomepos: 1, 2,...

2013/ Ne4

» <

A
K L 2
M
4
A
M
N
K
2 (& L

B
Puc. 17
A
K L
K S
M
M
B C C
Puc. 18
, 10, 40, 50, ..., 100. Ecsn uncnia, crosiue 1moji HOMEpaMu m

un (n > m), coBnaau, To KoJmuecTBo Hamnucanubix Camreil uu-
ceJl SBJISeTCs JeJinTesieM duciaa n — m. PasHocTb n — m ajs Ha-
3BaHHBIX /[MMoOIT HOMepoB MokeT paBHATbCs 1, 2, ..., 10, 30,
31, ..., 99.
Bynem nepeGupath 10 ouepean BCe BO3MOKHbBIE BADHAHTBI KOJIH-
yectBa Hanmcanubix Careil ynces ot 1 go 100. Ecsau Cama na-
MHcaJ OJHO YHCJI0, To [MMa y3HaeT aTo, CpaBHHUB MEPBOE M BTO-
poe uncaa. IIpeanosnoxnm, uro Jnuma yxxe 3uaer, uro Camra Ha-
nucaJj He Menbliie R uuces, rae k = 2, 3, ..., 99. ITokaxem, Kax
Jluma cMoskeT ornpenennTb, Hamnucas ju Caira poBHO R 4wces.
Ecmn k=2 , 9, To /luMa cpaBHMBAET TIEPBOE YHCJIO U YHC-
J0 ¢ HomMepoM k + 1. VIx coBmasenne Gy/eT 03HA4YaTh, YTO KOJIH-
yecTBO Hanucanubix Caieil ynces siBisiercs jgeautenem k. Ydu-
TBIBast, YTO TI0 HAIIEMY TIPEAINOJOKeHn0 [[uma yxxe 3HaeT, uToO
9TUX YHCEJ He MEHbINe R, OH MOJY4YHT, 4TO R M €CTh MCKOMOE KO-
smdectBo. Anasornyto, ecau k = 10, 30, 31, 32, ..., 99, on
CPaBHUT /(B M3BECTHBIX €My YHCJA C PA3HOCTHIO HOMEPOB, PaB-
HOU kR, W TOYHO Y3HAET, SIBJISIETCS Ji R KOJIMYECTBOM HAITMCAHHBIX
Cameil uncesn. Ecam xe k= 11, 12, ..., 29, o /luMa cMOKeT 110-
106paTh CPein M3BECTHBIX €My YHCEeJI TaKHe JIBe Mapbl, Pa3HOCTD
HOMEPOB epBOil U3 KOTOPbIX paBHa 2R, a Bropoil 3k. Ecau B
KaK/I0U M3 map YHCJIa COBIAAYT, TO R — HEIPEMEHHO UCKOMOE KO-
JINYECTBO YKCeJI, BeJb ATO €MHCTBEHHOEe YNCJIO, He MeHbliee R,
KoTtopoe gequt u 2k, u 3k. Hakownerr, ecim k = 100, To [uma
CMOXKET 3aKkJI0unTh, urto Camra namnucaa poHo 100 uucedr.
6) Tlycts n — KommvecTBO Harucanubix Cameil uncesn. ITokaske,
Kak /lmMa cMO’KeT y3HATb €To pasJioyKeHWe Ha MPOCTble MHOXKHUTE-
qn, coobmmus Carre 15 HOMEPOB.
OGosnaunm depe3 N HanMmenbliee o6Iiee KpaTHOe BCEX UUCE] OT
1 1o 100. 910 UKCJIO PABHO NPOU3BEIEHUIO CJEAYIONIUX UNUCEJ:
3%, 5%, 7%, 11,13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53,
59, 61, 67, 71, 73, 79, 83, 89 n 97. Kaxxnomy u3 uncesn 2k (k=
=1, 2, ..., 6) comocrasum uucio 2% kaxgomy u3 uncen 3
(l=1, 2, 4) — wucno 3>, KaxaoMy u3 uucesn 5" n 7"
(m=1,2) —uncaa 5> u 7°™ cooTBeTCTBENHO, KaKIOMY
npocroMy unciy or 11 mo 97 — camo 370 4mca0. 3aMeTnM, 4TO

N
4mcJg0 ¢ HoMepoM 1+ — , rzae s — gesauteab N, OyfeT COBIALATh
s

N
C IIEpBbIM YUCJIOM TOrZla U TOJIbKO TOT/la, KOI'/la — JICJIUTCA Ha
S
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n. 3aMeTUM TakyKe, 4To N JIEJIUTCST HAa 7 TOTJIa ¥ TOJIBKO TOT/Ia,
KOT/Ta JUTs MoGOTo AeqmTens wncaa n suga 2%, 31, 5™, 7",

11, ..., 97 comocraBjeHHOE €My YHCJO HE SBJISACTCS JICTUTEeNeM
yuca s.

IMepeuncium HOMEpa, KOTOpbIe JM0JBKeH HasBarh Juma. Ilyctb
nepBbiM [Inma nazoBer Homep 1. HeTpyaHo Buzersb, 4To HUKaKHe
aBa us 25 uncen 2°, 3%, 52, 7% 11, 13, 17, 19, 23, 29, 31, 37, 41,
43, 47, 53, 59, 61, 67, 71, 73, 79, 83, 89 u 97 ne moryT oJHOBpE-
MEHHO ObITh JICJIUTENAMU ducaa 7. [IPUCBOUM KasKJOMy M3 9TUX
gmcen cBoit kog ot 00001 go 11001, cocrosmumit n3 natu 1udp 0
nmm 1. Ilycts co BTOporo mo mectoif Homepa /lumMa HasoBeT

N N N
1+—, 1+—, ..., 1+—,
Sy S S5
e s; (G=1,2,..,5) — unucjo, paBHOE POUIBEAEHUIO BCEX

4qunceJs1, COIOCTaBJEHHDBIX KaKI0OMYy U3 YIIOMAHYTbBIX 25 quceJs, Koa
KOTOPbIX COJIEPIKUT €/IUHUIY Ha MECTE ]

Shii HOMeEpa MO3BOJIAT ZII/IMG OIIpeIeJINTDh, ABJIAETCA JU OJHO U3
YIIOMAHYTbHIX 25 yucen JeJINTEJIEM 4YucJia 7. II]IH 9TOro eMy IO0Ha-

N .
JOGUTCS CPaBHUTD umcaa ¢ Homepamn 1 u 1+— (G =1, 2, ...
s,

..., 3) W COCTaBUTb HOBBIH KOJ, Tjie Ha mecte j Gyzer 0, ecan
4ycJa COBNAJM, I 1 B MPOTHBHOM ciyd4ae. Ecan mosydntces Kof
00000, TO HU OZHO U3 YIOMSIHYTBIX 25 YHCEJ JeJUTEIEM 1 HE SIB-
asercs. Ecom ske nosyunscs apyroit ko, To luma onpezjenur,
4TO JIeJUTE]eM 72 OYET TO CaMOe YHCJIO, KOJ KOTOPOTO MOJTYYHTCS.
Huxakme j8a u3 tpex uncen 28, 3% 15 e MOTYT O/JHOBPEMEHHO
SIBJIATBCS JleJIUTeIsIMU uncaa n. [IpucBouM KaxaoMy u3 aTux uu-
cen cBoit ko ot 01 go 11, cocrosimuii u3 aByx nudp 0 wam 1.
ITyctp cenmbMbIM 1 BocbMbIM /luMa HazoBeT HOMepa 1+ N ,

N S6
1+S— , THE S5 (j =1, 2) = 4ncs0, paBHOE MPOM3BEECHUTO BCEX
'—II/ICeJ7I, COIOCTABJIEHHBIX KAXK/IOMY M3 YIIOMSHYTBIX TPEX UYUCEJI,
KOJI KOTOPBIX COJIEPIKUT eMHUIly Ha Mecte j. Kak u panee, atn
HOMepa T03BOJAT [lyMe ompefesnTh, SIBISeTCS U OJHO U3 YIO-
MSIHYTBIX TPEX YUCeJ JeJIUTeJIeEM YNCaa N, U €CJIH [Ia, TO KaKOoe.
Ilycrp takoxke /[[uMa HazoBeT HOMepa

1+ﬁ3, 1+ﬁ4, 1+E5, 1+ﬁ6, 1+ﬁ3, 1+ﬁ4, 1+ﬁ2.

2 2 2 2 3 3 7
Kak u panee, a1 HOMepa 103BoJAT J[UMe onpeeiuTh, SBJSIOTCS
 unena 24 , 23 , 22 , 2, 32 , 3 u 7 geauTenaMu d4ucia n.
Takum o6pasom, /luMa CMOKET OIpe/le/IUTh Pa3JioKeHe Jrcaa 1

Ha TIPOCTbI€ COMHOJKHUTEJIN, a 3HAYUT, U CaMO YUCJIO 7.

N3BPAHHbIE 3AJA4YN MOCKOBCKOW
PUSNYECKON ONNMINNALDI

MepBbIN TeOpeTUYECKUN TYP

7/ Kfacc
2
P1—P2)7" :
1. 21. 2. p:%+p2 =806 /e’
3. S:Mzo,oow M2 |
p

4. «Hamr o6muii Bec 110 cpaBHeHuio ¢ JIyHOH yBeJudn/cs Ha
3 cM».

8 knacc

1. Uepes 1,5 4 wa paccrosunu 2,5 kM ot mynkra A (Bocmosbayii-
Tech pucynkom19).
my
2. —==0,99 (3a7aua HArJIAAHO JIEMOHCTPUPYET, UTO TJIOTHOCTh
m
BJISKHOTO BO3/[yXa MEHbIIE [JIOTHOCTH CYXOro BO3/AyXa).

X, KM A
10
$
\Y
5 S Nz,
Q
o
s
Puc 19 () 1 2t u
2 1
3. m1=§M=21<r,m2=§M:1Kr_ 4. ty =-30°C.
9 knacc

1. HavasbHast CKOPOCTb MOTJIa HaXOUTHCSI B MHTEPBAJE OT

9 M/c 10 12 M/ ¢; MaKcHMaJIbHas BBICOTA MOTJIA JOCTUTATHCSI B
momeHT Bpemenu ot 0,9 ¢ g0 1,2 ¢; kKaMeHb MOT MOJHATHCS Ha
MaKCUMaJbHYIO BbICOTY OT 4,05 M 10 7,2 M.

2. 5 =0,0037 mm? .
3. my =3mg—2my =4 kv, my =2my—m =3 Kr .
h. I/ =0, =1, -1, =2 MA .

10 knacc

bty o a2 (itt)(l—34)
t,-3t, 8t

_0,04F, _0,176F,
g g

1. % _
0,

=5 MuH .
I

2.a) m =16 xr; 6) m =70,4 kr .

3. 1 =9 vun;

; Ty =81,
Mo?

4. T =

~5-10 K (MpaBUJIBHBIMEI CYMTAIOTCS OTBETHI BHA

TNMU

¢ m06bIM 6e3pa3MepHbIM K03 UIEHTOM TPOIOPIINO-

HAJIBHOCTH MOPSI/IKA €/IMHUIIDL).
3. B Bepumne D napasiesnorpamma ABDC.

11 knacc

U0y Sin o

1. u= = 50 kM/u (ygo6HO mepeiit B cucreMy orcue-

U — Uy COSOL
Ta, JBIKYLLYIOCS MOCTYIATEIbHO BMECTE ¢ JaiinepoM «Bropoii»).

1—sinB)(9 - 5sin® e
L( 5111[3)( sin [3)’ o = /2gL 1 51.n[;) sinB
9 —3sin’p 9 - 3sin” B

(L[BI/I}KEIII/IE TaHTeJNn MOJKHO IIPE/ICTaBUTb KaK COBOKYIIHOCTb I10-
CTyIIaTEJIbHOI'O /IBUJKEHUA IEHTPa MaCC CUCTEMbI 110 BEPTHUKAJIN U
BpallaTeJbHOTO ABMIKEHNSA BOKPYT II€HTaA MaCC&)‘

2. v =,|2¢g

$.m=t 4 F=—> 90 5w 2y,
4 18ney a 3

BTopoi TeopeTUYeCcKUN Typ

8 knacc
1.v:wz3,61<M/q. 2.t=w=3OMI/IH.
P2 =P 4op
3. py =2,45p; =1,96 r/cM® . 4. N = 125 Br, Am = 0,125 kr.
9 knacc
1. v = MTR@ +%): 1,57 M/c ; paGoumii BHIMTPHIBACT B CUJIC B
r 50 mg
10|14+ —= |=— pasa; F=—2 =60 H;
( R) 3 P 10(1+ (r/R))
N=Fo=94Br.
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2.a) p= %pn =750 kr/M> ; 6) rpannua GyeT HAXOAUTHCS HA

S5
MMOBEPXHOCTBIO BOJIbI HAa BBICOTE /2 = El =3,1cm.

3. 9:30:2,25.

4. Yepes pe3uctopbl TeKyT TOKU Iy =25 MA | I53 =40 MA |
Iy, =—45MA | I;5 =50 MA | I =20 MA | Ig; =90 MA |
I =25 MA | Igg =40 MA ; yepe3 mepeMbIYKE TEKYT TOKH
Isy =15 MA | I3 =15 MA | I35 =85 MA | I =195 MA |
I;; =115 MA | I;; =210 MA ; TOK 4Yepe3 MCTOYHUK PaBeH
Iy, =235 MA .

10 knacc
1AM _y r/c. 2. v, = M (B — B pagmanax).
At sin B
2
3. p=—=18%.
¢ 11 &
gy (5e+3)S
4. Cyp = o (oKBHBaJIeHTHas cxeMa M300paskeHa Ha
Ce pucynke 20, rie C = %.
|
f 3y
I 1,571 4
C Y =1 31 ln
0 n o I
A B foob bost | 4
Ce C SEAIPY i 3/1'11
|| |
1 I o L /31]
C Ce > 4
C 1 /:_ 4,51
1 I
Puc. 20 Puc. 21

U
5. Cuuibl ToKa moKaszanbl Ha pucynke 21, rue [ = 3R ;

3
RoémzﬂR-
17 knacc
2
1 1) Sm“:vio' 2) (")1:(0()_ﬁ 1"/160<(1)R'
. a4 2“9’ R’ 0 04
wyR -1, wyR
0, = —— Uy = ——
3) o 5 ;o 4) Yo 3 -

2 / g 3
X, =— - 0, =,/ = — :
2. 1) max k y 2) max 2k ) 3) TﬂlaX 2ng
4) cM. puc.22 u 23.

alk
TA
g2

3mg/2

0 2x, _ mg
xo\‘ x mg/2

g
0 =
=2 =2 t

/(20 mo,
Puc. 22 Puc. 23
Uy 2 2U, 4

3.1) I, =2 =2A, [, =—=0-0 _"A.
) In KT R +U, 3

0

3) Q1 — QO IOR1 (SUO — 10R1)

5
== =10 .
Uy (U + IR 6 Qo =10 aiclLic
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XX MEXXOAYHAPOAHASA OJIMMIMUALA
LUKONIbHUKOB «TYUMAALA». DUSUKA

1. PaccMoTpuM OJHOPO/HBII CTEPKeHb, UMEIONHil AauHy L, 1mio-
Majib MOIEPEYHOr0 cedeHus S, MIOTHOCTh P 1 MoAyJ b IOnra E.
Ecar taxoil cTepskeHb TOABECHTD 3a OJMH KOHEI[ W MPUIOKUTDH
KO BTOPOMY KOHILy cujIy F, HalpaBJEHHYIO BHHU3, TO CHJIAa HaTs-
sKeHust Oy/IeT JIMHEHHO PACTH BJIOJIb CTEPIKHS OT 3HAYEHUs
F, = F B6/im3u HIKHEro KOHIA /10 3HaveHuss I, = F +pSLg
OKOJI0 TOUKM TojBeca. [lockombKy cnmaa HaTsSOKeHUs JHHEHHO 3a-
BUCHT OT KOODJMHATBI, MOXXHO HaliTu ofliee yAJUHEHHE Ax ,
noactasus cpeamiono ety Fo, = (F + F)/2 B saxon T'yxka:

_ Tyl _FL  pgl®

ES ES 2

1) HpI/I IIO0YEPEIHOM ITO/ABEITNBAHUN CTBp}KHeﬁ JOITOJTHUTEJTbHAA
cuna F OTCYTCTBYET, IIOSTOMY IIOJIydYaemM

2 2
AL‘=P19L1 , MQ:prz,H L _ |pp B\ AL _ g
2F, 2E, L, \pi E, AL,

2) CoeMHNUTD JiBA CTEPKHA B OJMH COCTABHON MOKHO JBYMS
criocob6amu. ITycTh TepBbIil CTEPIKEHb HAXOIUTCS CBEPXY, a BTO-
poit — cuusy. Torga obiiee ypimHeHne COCTABHOTO CTEPIKHS
CKJIQ/[BIBACTCS U3 YBEJMYEHHOIO 32 CYET BECa BTOPOTO CTEPIKHS
F =p,SLyg ymmnenuss AL; 11epBoro cTepsKHsi U MPEKHEro 3Ha-
YeHUs yInHeHNst ALy BTOPOTO CTEPIKHS:

AL = AL +2 /p—Z%ALIALZ +AL, =13 Mu
P £y

TIycTpb Temepb MepBbIil cTepsKeHb HAXOIUTCS CHU3Y, a BTOPOH —
cBepxy. Torga /st moJiydeHns: OTBeTa JAOCTATOYHO 3aMEHUTD HH-
JIEKCBhI B npezbLayieit popmye:

AL = AL + AL +2.|PLEL AL AL = 20 3
Py E, '

2. 3aBucUMOCTDb A0X T AUCCOLUUPOBABIINX MOJEKYJ BOZOPOJAA
oT TemrepaTypbl T uMeeT JMHEHHBINH BU/L:

n=al +b,

rje koaduimenTsr @ u b OnperessiorTes M0 ABYM TOUKAM:
-n; 4 e 20— T
="M =6,0.10* K p = Meli = Mis - 1,9

) .
T, - T, T, - T,
CymMapHast BHyTpeHHsS aHeprust U paccMaTpmuBaeMoil qactn 06-
JIaKa CKJIAJIbIBACTCS U3 DHEPrUil ABYX uzeatbHbIX razos (oqHO-
AaTOMHOI'O 1 l_lByxaTOMHOFO) 1 9HEprun JAUCCOUNPOBABIINX MOJIE-
KyJI, TI09TOMYy, 0603HA4YMB uepe3 V oblee KOJHIEeCTBO Tap aro-
MOB BOJIOPO/ia B JIIOOOM COCTOSTHUH, MOXXHO 3alicaTh

U= g -2vnRT + %VU —MWRT + WN, vn =

_ VRaT?
2

((b +3)R
A%

2 +WNAa)T+vWNAb.

C nomonrpio muddepeHnnpoBaHusa HaX0/[IM H3MEHEHIE BHYTPEH-
Hell HHEPrUU MPH MAJIOM PaCIIUPEHnN:

dU :vR(aT+%+%de_

IIycte V' — o6beM paccmarpuBaeMoil 9acT o6Jraka TPH HEKOTO-
poit Temmnieparype T', Torga c¢ 1moMombio 3akona MenjgeneeBa—
Kunaneitpona BbIpakaeM JaBJieHye p ra3a U HAXOJHUM ero paboty
8A 1pu MajJoOM paclUIMpEHUu:

_v(1+mn)RT dv
P—iv )

84 = pdV =VR(aT? + (b + 1)T)7 _
CorJylacHO TIePBOMY Hadyasly TEPMOJMHAMUKH, B a/Ma0aTHIECKOM
mporecce Crpase/yinBo paseHctBo U = —A , u3 auddepennnaib-
noit popmer dU = —8A KOTOPOTO TMOCIE MOACTAHOBKU (HOPMYJT
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st dU u 8A mosydaeM ypaBHeHUE
T+x AT = — av.

T(T +y) v
rmae
oo b¥5 WNy_ (a# )T +5)T  WNy g s o g
2a R 2(ny —my)
_brt_ ()T -+ )7 = 1,510° K .
a -

Boruucanm HeorpeiesieHHbII MHTETPAJI OT JIEBOH 4acTH HAIIEro
YPaBHEHUSsI, 3aTeM TIPOUHTETPUPYEM €Tr0 MEJTUKOM OT (T1, V1) 110
(T, V,) . Tomyanm
x, |T; -x, |T, + 1%
D2+ LS |20 o g 2
y |T y Li+y Vi
win
b=lnT1 *Yy +£lnT1(Tz+y)
|4 Lty y LT+y’
OTKy/Ia HalileM MCKOMBIN KOHEUHBIH 00beM:

x/y
=~ 411,5 km® |

v, =y, ity (5T +y)
T+ y\ (T +y)

3. Ecim cMecTnThb 3apsiji ¢ U3 HMOJOKEHUST PAaBHOBECHS B IIEHTPe
KOJIbI[a Ha Masioe PacCTOSHUE X B MJIOCKOCTU KOJIbIIA, TO Ha 3TOT
3aps OyeT JeiicTBOBATh BO3BpAIIAON[as dJIEKTPHUYECKas CHJIa

F = gE, tne E — HanpsKeHHOCTb OIS, CO3/[aBAeMOTO KOJIBIIOM
Ha PacCTOSHUM X OT TenTpa. /L1 pacdera E paccMOTpUM ITH-
JIMH/IP MAJION BBICOTOH /i M PanycoM X, HIJKHEe OCHOBAHUE KO-
TOPOTO JISSKUT B TJIOCKOCTH KOJIbIA, a I[EHTP 3TOTO OCHOBAHMUS CO-
BIIAJAeT ¢ 1eHTPoM KoJiblia (puc.24). B cuiy cummerpuu Kosbiia

Puc. 24

1oJie B I[EHTPe BepXHero OCHOBaHUS HAIIPaBJEHO BJOJb OCH IH-
JINH/IPA, & HANPSIKEHHOCTh [F( 3TOro T0Jisk MOXKHO HAUTH 1O
MIPUHIAITY CYTIEPIIO3UINN, Pa30WB KOJBIIO HA MHOXKECTBO TOYEY-
HBIX 3aps/IOB:

E = p-2nR h _ ph
" dmey (R +IP) R 41 260RY

W3 ycaoBus masmoctu i u X 1O cpaBHEHHIO ¢ R ciefyer, 4To BO
BCeX TOYKaX GOKOBOII MOBEPXHOCTH IMJIHHAPA TePIeHNKYIsIp-
Hag COCTaBJIAIONIAS 10/ IPUMEPHO paBHa £, a BO BCeX TOUKAX
BEPXHET0 OCHOBAHMS OHA IIPHMepHO paBHa FEj . OTciofa HaX0[UM
motoku nost @ u @, uyepes GOKOBYIO MOBEPXHOCTDb U 4epe3
BepxXHee OCHOBAHHUE IUJIMHPA COOTBETCTBEHHO:

@O, =-E 2nxh, ®, ~ E,-nx’

[Torok mossg 4epes HIKHee OCHOBAHME OTCYTCTBYET, & BHYTPHU ITH-
JIMHJpA 3apsIoB HET, I03TOMY U3 TeopeMbl I'aycca caexyer, 4To

D, +D, =0,

OTKYy/la IIOJIydaeM

px qpx
E=PY L F=gE="T*_
de, R T T T e R

Cuna F 1psIMO IIPONOPINOHAIbHA CMEIIEHUIO X, TI09TOMY MOXKHO
onpenenuts s dekTuBHyI0 JKectkoctb R = F/x u Hajitn nepuos
Kosme6anuii mo opMye I MPYKUHHOTO MasTHUKA!

T=2TC\/E=4TCR eo—m‘
k \ pg

4. Jlna BbIpaskenus CKOPOCTH ¥ «MacCUBHOTrO» (oToHA uepes
JUIMHY ), COOTBETCTBYIOHIEH €My CBETOBOI BOJIHBI 3allUIIeM SHEpP-
ruio (poToHa ABYMS CIOCOOAMU:

2
E:@ mc

W HalijileM

Ilyctb v U ¥y — CKOPOCTH (DOTOHOB € [ITHHAMHI BOJH Ay U A,
COOTBETCTBEHHO, TOT/A

cT T
T=—-—,
9 O
u
) \1/2 5 9m 9 \1/2
LA mc*\? / _ly- m2c*\3 /
T n n

O6e 1po6u B cKOOKAX MaJibl, OITOMY BOCIIOJIb3YeMCsI IIPUBe/IeH-
HbIM B yCJIOBUN 11p1/16]11/1>1<eﬁmeM 1 3aluineM

LT i),

OTKyZla HalifieM nuckomylio maccy dorona no muenuio Imoka:

5. 1) Coemmusgem mapuk S, manomerp M u Hacoc N ¢ MOMOIIBIO
tpoiiuka T u Tpy6ok (puc.25). [locTenenno Hakauupas Iapuk,
u3MepsieM MaHOMETPOM U3OBITOUHOE JlaBJeHUe Ap B 3aBHCHMOCTH
oT o6beMa mapuka V, KOTOPBIf MOKHO OTIpEesUTh depes mapa-
MeTpBI Hacoca WM U3 TeoMeTpHYecKux coobpaskeHmii. Ha atom
JKe 9Talle U3MepsieM pa3Mephl HIapUKa B CILYTOM COCTOSHUM U He-
MOCPE/ICTBEHHO TIepe/|

B3PDBIBOM, TaK KaK 5TH Be- 1
JIMUMHBL TOTPEOYIOTCS IS B e |
B l
< 1
g 1301z 1
= |
S N § 1001 i
E |
T a 0 i 2 3va

Puc. 25 Puc. 26

pacyeToB MapaMeTPOB PE3NHbI, OIMMCAHHBIX B MOCJEHEM IYHKTE.
Kauecrennbrii rpaduk sapucumoctn Ap (V) , HmoJydeHHol mocie
YCPEHeHUST Pe3yIbTaToOB M3MePeHNH HEeCKOTbKUX OJHOTUITHBIX
LIAPUKOB, IIPUBE/ICH Ha pPHCYHKe 26.
2) Mo npuseseHHOMY TpadUKy HAXOAMM KPUTUUYECKHE Tapamer-
pBI:

Appax = 200 MM pr.cT. = 26,3 klla |

Vo =31=3-107 " .

3) U3 rpaduka HaxoauM cpejiHee u30bITOUHOE [aBJIeHHE:

Ap(.p ~130 mm pr.cT. = 17,1 xlla .
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Pa6ota raza 1o pactsskeHnio 060J0YKH MPOMOPIMOHANbHA T1JI0-
I 0 TpaduKoM:

A =Ap, Viax = 51 [k
V13 3aKOHA COXPAHEHMS SHEPIHH, MOJIy4aeM HCKOMYIO SHEPIUIO:
Wi =A4 =51 1x .

yip
4) Jlanee aist acHocti GyeM Ha3bIBaTh BO3AYX B ITAPHKE Ta3oM,
a BO3/yX BHe mapuka — armocdepoii. Bo Bpems B3pbiBa paciiu-
peHne rasa MPONCXOAUT OY€Hb OBICTPO, TTO3TOMY TETIIO06MEHOM
npere6pedb MOKHO, HO HCIIOJIb30BATh ypaBHEHHE anabaTbl u
cunTath paGoTy raza Kak miomaas mog ee rpaduxom p (V)
HeJIb3s1, TaK KaK TIPOIECC SIBJISETCS CYNIECTBEHHO HepaBHOBEC-
wpM. [Iyctp V) — o6bem rasza B KOHIIE B3pbIBA, KOT/JA €rO JIaBJe-
HUE CHUBHUTCS OT Phax = Po + MPrax 10 Py , TOTAA U3MEHEHUE
BHYTPEHHEW SHEPTUH ra3a COCTABUT
AU = SPOVO - gpmaxvmax y

a pa6orta mpoTuB arMocdepbl Oy/eT paBHa

A=pg (VO - Vmax) .
CorJlacHO TIepBOMY HavaJly TEPMOJMHAMUKH, CIIPABE/JTMBO PaBEH-
ctBO AU = —A, 13 KOTOPOTO HaX0/ M

V() :Vmax 1+5ﬂ .
7Py

Y,r[apHaﬂ BOJIHA IOJy4Ya€T SHEPruro 3a CHET paéOTI)I IIPpOTUB aT-
MOC(l)epI)I7 TI0O9TOMY MCKOMasd 3HEPTUA paBHA

WBOS =A= Po (VO - Vmax) = gApmameax =56 x

5) OO0uias MOLIHOCTb B3pblBa PaBHA
wW=Ww, +W

yup BO3 107 ﬂﬁ( )
uin 26 Mr B TPOTUJIOBOM 9KBUBaJieHTe. VIcKoMble 1011 cocTaBJisi-
10T

W,
T 599
w

nynp = ’

W,
W= 48%, Moy =

T.e. 06a BKJIQJla IPUMEPHO O/INHAKOBDI.

6) Bosayusbiil mapuk, umeronmi opMy COCUCKH, MOXKHO pac-
CMaTpHUBaTh KaK MOJIbI MUJINHAD. PasMepbl MUJIUHADPA B CIyTOM
cocrostHuu: Bbicota Hy = 32 cM, [uiHA OKDPYKHOCTH HOMEPEYHO-
ro ceuennst Ly = 23 MM, tommmna crenok dy = 0,25 MM. Pasme-
PbI IIUJIUH/IPA HEMOCPEJCTBEHHO Tepe]] B3PhIBOM: BbicoTa H =
=135 cM, JuIHA OKPYIKHOCTH TonepevHoro cedenust L = 160 M.
IIpu aToM oTHOCHTes bHBIE /eOPMAUN PE3UHBI B IONEPEYHOM U
[IPOJIOJIBHOM HAIIPABJIEHUSX COCTABJISIOT

H
£L:£—1z6,0 n EHZF—1:3y2~

0
IIpm B3pBIBE MIApUK pPBETCS BAOJb, a HE TOTEPEK, UTO TTOTHOCTHIO
COTJIACYETCSI € TEOpeTHYeCKuM pacuetroMm aedopmanmii (€, > ey ).
Takum o6pa3oM, MCKOMasi MAaKCHUMaJbHAsi OTHOCUTEJIbHAs edop-
Malus paBHa

— — o,
€nax = €7 =600% .
ITycrs d — TommuHa 060J0YKH TAPUKA HETIOCPEICTBEHHO MEPE]]

B3PBIBOM, TOI/[d U3 YCJIOBUS OCTOSTHCTBA 06bEMA PE3MHDI
HyLydy = HLd waxomnm

d= HOI{)dO
HL

Pajiiyc TONEpeuHOro cevenust InHApa pasen R = L/(2m).
MpbIC/IEHHO pa3peskeM [UIMHIAP OCEBbIM CEYEHHEM HA JIBA PABHBIX
HOJIYIMJIMH/PA U 3alUIIEM YCIOBUE PABHOBECUS! JUISL OJJHOTO W3
HUX HETOCPEACTBEHHO TIePel B3PhIBOM, KOT/[a MEXaHMYECKOe Ha-
[PSUKEHUE B PE3UHE JOCTUTAET MAKCHMAJIBHOTO 3HAYCHUS O

2R - H=6-2d-H,

=8,5 MKM .

Ap,

max

2013/Ne4

OTKy/la HAXOJUM
E — LApmax
ma:

“d 2nd
Tlosmyuentbie pe3yJibTaThl MPEBOCXOSAT TTapaMeTPbl OOBIYHON pe-
3UMHbBI, UMEIOIIEll, COrJIACHO CIPABOYHBIM JIAHHBIM, MAKCHMAJbHYIO
orHocuresbayio gedopmaimio g0 500% u MakCUMaibHOE MEXaHH-
veckoe Hampsikenne (mpounocts) o 25 Mlla.

c=Ap = 80 MlIla .

YMCNO SMNEPA B TPEYTOJIbHUKE NACKATSA

Kparko usmnoxum nokasaresnbctBo paBerctBa X.bpasepca. Tak

n!
Kak C,f = m, TO
n n n+l
s, = C,Lk = (n )
k=0 (k1)
Iloatomy k=0
n
+2 (ky)z n+2 7
g ey DO iy 0 ey
+1 +1 2 |
RN (OURS y (79 P (e
Orryna k=0
SntSnet _ Su=t Snat _ (”‘1)!.(”+1)n _ n+1Y _ 1_,_1 i
52 S, S, ntt n! n nj)

n

YTO B Ipejese n JaeT 4hucJjo e.
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IMAXMATHAA

CTPAHMUY KA

_Teomerpufl }
JIAJEMHHX OKOHYAHUU

K najelinsIM OKOHYAHTAM OTHOCAT Ta-
KIle, B KOTOPBIX Y KaJK/1011 CTOPOHBI HMe-
eTCS 110 OJIHOI WM JABE J1a/ibH H HECKOJIb-
Ko nemex. [las npocreiinero aninmis
Aadvs u newxa npomue aadvu paspado-
Tansl BrnojHe Maremarnueckue (reomer-
pPHYCCKIE) NpaBia.

Ilenrpaspuag mneuika Jaer cuibueii-
el eropoHe GOJIbIIE MAHCOB HA YCIex,
yeM kpaitnss. Ho npu kopoae, crosiem
fepe/i nenkoit, YacTo noayuaercs niveii-
Hag nosunug Dunngopa.

)

IMoxka mnemka na e5, uepHas Jajibs
MepeMenaeTcs 1Mo mecToil JuHuH, a Ha
e5-¢6 oHa HEMEICHHO CHYCKACTCH BHNS,
i Ge0oMY KOPOJTIO HEe YITH OT HIAXOB,

Orrecnenne kopoas caabeiiineil cro-
POHBI Ha /JiBe BepTHKAN OT nelky (ecan
oHa He Kpaiitsst) o6bIuHo obecneqnsact
noGe/y. Hpn sTom tess vacto jocturaer-
¢4 nocrpoerneM Mocta (ero Takske Ha3bl-
BAIOT 3aCJ0HOM ).

Beanie: ©2d8, Bf1l, Ad7; uepusie:
©2g7, Be.

1. Bf4 Hel 2. 2e7 Bel+ 3. 2d6
Bdi+4. Re6 Bel+5. 2d5 B di+6.
H d4. Moct 1octpocH, u Heika 1poxo-
JnT B (hepsu.

B anjpmnune ¢ kpaiineil nemkoil Juis
BBINTPBINA HHONZA TPeGyIoTest BechbMa
CepbesHbIe YOI,

Beanbie: ©2b8, Hg7, Aa7; uepusie:
@6, Be2.

1...Bb2+ 2. ©2c8! BEa2 3. Bgb+
©ed5 4. 2b7 BEb2+ 5. ©2c¢7 Ha2 6.
Bg5s+! Rcd 7. 2b7 BEb2+ 8. ©2¢6
Ha2 9. Bgi+ ©2d3 10. ©2b6 BEb2+
11, 2c5 Ba2 12. Bg3+ ©2c2 13,
B g2+ ¢ pasmenom aajeii.

Beanie: ©2h8, B g4, Ah7; uepunie:
©f8, B h2.

1. Bf4i+ 2e82. 2g7 BEg2+3. 2h6
Bh2+4. ©2g6 B g2+5. 2h5 B h2+6.
B h4. Beavie coopymmn Moct 11 Gepyr
BEPX.

Pacemorpennbie npuMepsl ¢ Kpaiineii
NelKoii, cKopee, HCKIOUEHNe U3 Ipa-
BUJIA.

B caeayomem cTanjiapTHOM 10JI0Ke-
HHU YePHBIIT KOPOJb OTPE3aH OT NEUIKH

(&)
A &

B

Ha TPH JIMHIH, W TeM He MeHee OeloMy
KOPOJII0 He BbIOpaThest Ha cBoGoy. TToxa
najibd nepeckount Ha b8, kopoas veneer
nonacts Ha ¢7: 1. Bh2 £2d7 2, Bh8
2 ¢7 u 1., Bosiikaer sonpoc, na cko.ib-
KO 3Ke J0/Ken ObiTh yaanen KopoJb oT
nenKi, 4Toln! ciabHeitel cropone Oblia
rapanTHposana nobeja?

Oxa3sblBaercsl, TOJbKO B TOM cJy4ae,
€CJIN KOpo/lb OTPEe3al Ha YeThIPe BEpPTH-
Ka/Iil, €ro ONHOHEHTY V/IAeTcs BBIITH 13
3aTOMEHIST,

Beabie: ©2a8, Be2, 2al; uepHubie:
27, Bbi.

1. Bc2 ©e7 2. Be§ ©2d7 3. Bb8
Bal 4. 2b7 Bbi+ 5. ©2ab Bal+ 6.
©2b6 BEbi+ 7. ©c5.

Caenyiommii Kypbesibiii cayyaii noka-
3BIBACT, KaK MOJKHO [POUTPATh HUYciinoe
HOJOMKEHHE, HMes... MIAHChl Ha BbINT-
phILL,

Hpumep — Yokpiars
Pymbinusa, 1955

B

b
@)

Y6euBLUINCD, YTO JHIIHION MKy He
PEATH30BATD, YePHBIE PENILIH 3aBePIINTDL
Jes1o KpacuBoil Hinubeii: 1... B g8?, nosa-
rasg, 4ro nart Henabexen. Camoe yansn-
TeJILHOE, 4T 3/lech ObLI 3aK/II04eH MHP,
xorsimocie 2. B:g8h23. g3l Lg14.
2 h3+ 2 h15. B a8 Genbie cpaszy Gpaiu
BEPX.

Ecan komy-T0 najeiinbie okonuanus ¢
OJLHOI 1EUIKOI  1O-TIPEIKHEMY  KasKyTes
HECJOKHBIMI, TIPHBEJAEM O/MH  YNBH-
TEJALHBIT TIpUMep.

Kak yeraHoBHJI Ha CBOEM KOMIIbIOTepe
anrsmiickuii rpocemeiicrep [ixou Hanm,
JTO MO3UIHA B3AUMHOrO IYTHBAHTA! TIPH
CBOEM XO/1e YePHbIE [TPOUTPBIBAIOT, a IPH
xoje Geanlx — Hnubd. Koneuno, nose-
PUTL B 9TO Ha CJIOBO JOBOJIBHO TPYIHO.
Jlis jokazarenbeTBa NPHBEJACM 110 JiBa

3

BAPHAHTA 1TPH BCTYITHTC/IBHOM XOJ1E Kai-
JIOI1 M3 CTOPOH.

5w wen-

Xog 6envix. [epsbiii sapuant. 1. 2 b2
BEb8+2. ©2c¢3 B c8+3. 2b4 Bb8+ 4.
©ed BEc8+ 5. ©2b6 Ha8 6. BEc2 (6.
© b7 Ba3) 6... 2et! ¢ ununeii,

Bropoii sapuanr. 1. Bh4 (¢ waeeii
JABuHYTh Bruepea nemky) 1... ©Re2 2.
©2b2 ©2d3! 3. a4 Bb8+ 4. 2a3 ©2¢3
5. a3 Eb1 6. 2ad Bgl Kiwouesas
Hiueiinag nosuuns. Ha 7. a6 nocaesyver
7...Bg6!8. 2b5 B g5+, u Gesomy Kopo-
JHO HE CHPATATHCA.

Xoa ucpubix. llepBorii Bapuanr.
1...2 g1 2. Hh4. Teneps y Genbix anni-
Uil TEMIT [0 CPaBHENIO CO BTOPBIM M3
PACCMOTPEHHbBIX BapHaHToB. 2... 2 f2 3.
ad 2e34. 2b2 2d35. 2b3 8 b8+ 6.
BEb4 Ba87. Eb> Hc8 8. a5 BEel 9.
Bd5+! Re4 10. Ed8! 2e5 11. 2 b4
Hal 12. 2b5! Bbi+ 13. ©c6 Bel+
14. 2b6 BEbi+ 15. 2a7l ©2eb6 16. ab
©2e7 17. B b8!

Bropoit sapuant. 1... 2 el. Haubonee
ecrecTBenublii xoa. M ne cpasy poraaa-
EHILCH, YTO MOCE HETO TO3NIHA HYePHBIX
ocaabasiercs. 2. 2b2 Eb8+ 3. ©2¢3
He8+ 4. @2b4 Bb8+5. 2c¢5 B c8+6.
©2 b6 B a8. Dra nosuiis HaM ViKe 3Ha-
KOM#: OHA BO3HHUKJIA 110CJ1e TSITH XO/I08 B
€aMOM TIEPBOM W3 BAPHAHTOB, INpaB/ja
npu uepuoM kopose wa f1. 7. Bh4ll
Mnmenno #3-3a 9T0r0 Xoja MOJOKEHHE
4epHOTo KopoJisa Ha el kpaiite HeyaqHo,
Waaunbrii Taktiuaecknit pecype nospo.s-
er GeibIM 06eCHedNTh IPOABIKEHIE Mell-
kn (7... B:a2 8. BEhi+ n 9. Bh2+ ¢
BoIMrpbitieM dajasu) 7... Ba3d 8. 2bs
©2di 9. Eh2 B g3 10. a4 n 1.4
E.lux
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MNoAsipyu3aumns Ha Hocy

CoBpeMeHHbIe COAHLE3aLLUNTHbIE O4KU — 3TO NOASIPU3AUVOHHbBIE O4KW.
C X NOMOLLLIO MOXXHO ONPeAeAUTb HanpasBAeHe NoOASPU3aUnn CBeTa
OT Pa3AUYHbIX Y43aCTKOB Heba 1 yBuAeTb HeOobbIHHYIO PaAyry...

(NMpoaoAKeHNe — Ha C. 28 BHYTPU XXYPHaAa)




