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Konnekunda roloBoJ1I0MOK

byxea

/

OTa ronoBofnioMKa (pMHCKOro aBTo-
pa Becbl TumoHeHa (Vesa Timonen)
coctout un3 cemu petanen. OHU
nokasaHbl Ha OTO M CXemMaTU4HO
n3obpaxeHbl Ha pucyHke. 3agadva
dhopmynupyeTcsi NpPOCTO: CINOXWUTb
durypy, KoTtopas BbIMSAUMT  Kak
3arnaBHas Gyksa H.

HayaB peluatb ronoBONOMKY, Bbl
AOBONBbHO ObICTPO OOHapyxuTe, 4TO
3TO 3aaHu1e BbINOMHUTb O4YEHb NETKO,
NPUYEM HECKOINbKMMK crocobamu.
lMpobnema TOMbKO B TOM, YTO B HUX
NCMonb3yeTcsa NULb LWECTb AeTanen,
a oOHa Kaxablh pa3 ocTaeTcsa nuLu-
Hen. T[losToMy OTU pelleHna He
cumTarTcs. A YToObl peLwnTb rofoBo-
FNIOMKY «MO-HacTosLLEeMy», BaM NnoTpe-
OyeTcs HecTaHOapTHbIM B3NS4 Ha
Hee.

YKenaewm ycniexos!

E.EnucpaHos
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TOYHbIX CTEeNeHAX N He TOJIbKO

A.KOPYEBCKUU

OKPOBUITHUIA TEOPUM YNCEJI, NJIN

apudmeTnkm, Kak 3Ty 06JacTh Ha3bIBa-
JIW paHbliie, IOUCTHHE Hercyeprnaema. MHO-
rue TaliHbl ITPOCTBIX YNUCEJI CETO/IHS PACKPbI-
Tol. Ho mepeneceMm myd cBera Ha Apyrue
3aMeydaTesibHble YUCJIOBBIE II0CJIEL0BATEIb-
HOCTH — U 3aTa/IOK Y HUX MOJKeT ObITb OTHIO/b
He MeHbIIle, YeM y CTapbiX JOOPbIX U TaKUX
HEIPOCTBIX «IIPOCTBIX> YHCEJ.

B wnauane 80-x romoB MpONLIOrO BeKa,
OyIyurt YYeHUKOM (DU3UKO-MaTeMaTHIeCKOi
IITKOJTBI, aBTOP WHTEPECOBAJICS PA3JTHMUHBIMU
«PACIIUPEHUSIMI> TTOHSITHUST TIPOCTBIX YHUCEJI.
ITpoctere uncaa (Kak Hamm yntarenu, Gesyc-
JIOBHO, TIOMHAT) — 3TO T€ CaMble, KOTOPBIE He
JIEJIITCS HU HA OJTHO YUCJI0, KpoMe 1 u camoro
cebsi. V13 ipocThIX unces, Kak U3 KUPIUYK-
KOB, CKJIA/[bIBAIOTCS BCE OCTAJIbHbBIX YUCJIA, U
CKPETLISIONINI [IeMEHT — OIlepaIlisl yMHOKe-
Hust. Uto ecsim MbI TIONIPOOYEM <«CKJIENBATh>
PSIL HATYPAJIbHBIX YHCEN € TIOMOIIBIO JIPYTO-
IO pacTBOpa — HaIIPUMeP, OTlepallii BO3Be/le-
HUs B cTerenb? Tak aBTopoM Gblia puyMa-
Ha «HI'pa B IIEJbIe CTETIEHN», KOTOPO ObLIN
MTOCBSITIIEHBI TOJTHE Yacht focyTa. [lomb3ysch
06pasIoM MPOCTHIX YUCEJ, MOYKHO IOIIbI-
TaThbCsl TOCTPOUTH eI TOPOJ MJN JlasKe
KOPOJIEBCTBO, T/ie XKy Obl UX POJCTBEHHU-
KU — HaTypaJIbHbIE YUCJA, KOTOPbIE HEJIb3s
MPEICTAaBUTD B BUJIE CTETIEHN a , Tle d U b —
Hatypasbhbie uyuciaa, b > 1. I[lpurnamaem
quTaTes s MOy4acTBOBaTh B 3TOH urpe. Bos-
MOJKHO, KTO-TO CMOKET BBIJyMaTh U JAPyrue
UTPBI, TOXOKNE HA 3TY. MUJIOCTH TTPOCUM, a
MOKa. ..

KOpOHEBCTBO TOYHbIX CTeneHen

Broinuiem HecKoIbKO II€pPBbIX YJIEHOB I10C-
JIeI0OBATE/IbHOCTH TMOYUHbBLY cmeneneil:

1,4, 8,9, 16, 25, 27, 36, ...

DOI: https://doi.org/10.4213/kvant20190601

Ecum ke HaTypasbHOE UnCJIO He SABJSETCS
TOYHON CTeneHbio, OyJeM IS KPaTKOCTH
HasbiBaTh ero HEcmenenvto. (Ilo-anrauiic-
KU TOYHBIE CTeleHW WUMeHyioTcs perfect
powers, a 4mcJia, He SBJISIONTNECS TOUHBIMI
crerreHsiMi, — not perfect powers nan, Gosee
KOPOTKO, non-powers. byayun 1mkoabHE-
KOM, aBTop npuaymads i1 HEcreneneil ums
SONOT, UJIK «COHOPHBIE YHCJIay , TAK UTO HaIlle
KOPOJIEBCTBO MOXKHO HAa3bIBaTh <«KOPOJIEB-
CTBOM COHOPHbBIX YHCEJ».)

Nrak, HEcrenenu — aro:

2,3,5,6,7,10, 11, 12, 13, ...

He cocraBasieT Tpya mokasarb, 4To CyIiie-
cTByeT GeckoHeuHoe KosmvectBo HEcrerme-
Heil (HanpuMep, NOCKOJIbKY Kayk/[0€ TPOCToe
uics1o asasgercs HEcremenpio).

VYupaxkunenue 1. a) Jlokaxnure, 4to ecim s
HEKOTOPOTO IIPOCTOTO YUCJIA P YUCIO N JEJIITCS Ha
p, HO He JenTCs Ha 7)2, TO OHO HE ABJIAETCS
TOYHOI1 cTernenblo. 6) JloKaskuTe, 4TO MHOXKECTBO
cocraBubIix HEcremeneii 6eckonevyHo.

B xarajsiore 1eo4nc/IeHHBIX TIOCJIE0BA-
TEJIBHOCTEN 0€is.org Tocae0BaTeTbHOCTD
TOuHbIX crereHeil mmeer kox A001597, a
HEcrenenun — xox A007916. B srtom xe
KaTaJiore MOKHO HaWlTH CCbLAIKU Ha WHTe-
PECHbIE CTaTbU O CBOMCTBAX TMOCJIEI0BATEIb-
HOCTEN.

OcHoBHas Teopema

OcHoBHas TeopeMa apu@MeTHKI FTOBOPUT O
TOM, YTO Kax/ioe HaTypaJjbHoe yncao N > 1
MOJKeT GbITh eIMHCTBEHHBIM 06pasoM (¢ Tou-
HOCTBIO [I0 TIOPSIIKA COMHOKUTENIEN) TIpeji-
craneHo B Buge N = pl'py? ... py, Tae
Pt P2s--s Py SABIAIOTCA PA3JINYHBIMU IIPO-
CTBIMU YHUCJIAMU, & Oly,..., 0, — HaTypaJsbHble
yycIa.

AmnaJior sToil Teopembl ectb n 151 HEcTe-
neneit. Ecom uncno N = p'py? ... pyn aBas-
€TCs TOYHOM £-11 CTeeHblo, TO ¢ JOJIKHO ObIThH

JIeJINTEJIEM KaXK/0r0 U3 3HaYeHUi Olyy.ey O
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Torga monstao, uro HO(ay,...,o,) =1,
ecim N — HEcrenensu HO (o, ..., 0, ) > 1,
ecsiu N — TouHas creniedb. Ternepb Mbl MOJKeM
OTIPEZIETUTD «HAMOOIBITHI eI KOPEHb>
[T KKI0TO HATYypasibHOTO N KaK HanboJIb-
1iee HATypaJibHOE ¢, TPU KOTOpoM N Vt gpna-
ercst esbim. SIcHo, uro t = HOJ (0, ..., 0, ).
N3 aTOT0 yTBEp:KAECHUS Cpady CJEIyeT, 4To
HanOOJIBbINNN TIeJIbIil KOpeHb ¢ CYIIeCTByeT
Juist mo6oro N > 1 1 4To MPU 3TOM NVt —
HEcrenenn. Orciofa, Mbl MOKEM BbIBECTH
caenyonmin axr.

Teopema 1. Kaxxodoe namypanvnoe N > 1
MoKem Ovimb NpedcmdasaenHo eOUHCMEeH-
HolM 06pazom 6 ¢popme N = m', 20e m —
HEcmenenv, a t — namypanvroe.

Yupaxkuenne 2. /lokaxure, 4to ecan N 0J[HO-
BPEMEHHO PaBHO HEKOTOPOIl CTEMEHN HaTypaib-
HOTO YHMCJIa @ U HEKOTOPOH CTETIEHN HATYPATBHOTO
b, To a n b SBIAIOTCS CTENEHSIMH HEKOTOPOTO
HATYPaJIbHOIO C.

Kak caencrBue Teopemsi 1, MOoKeM T10JTy-
YUTH CJEAYIOMUN JTIOOOTBITHBIN (haKT.

Kaxnoe narypasbnoe N > 2 MoxeT ObITh
€IMHCTBEHHBIM 06Pa30M MTPE/ICTABIECHO B BU/IE
6awnu cmeneneti (Tak Ha3bIBaeMasg POWET

K3
tower) N =m{™ ,rae k — HeKOTOpOE HaTy-
paJbHOE YUCJIO, & My,My,...,m;, — HEcre-
[IEeHN.

JokasareabcTBo. [IpuMennM WHIYKITHIO
mo N. Eciu N — HEcrenens (B yactHOCTH,
ecoimu N =2), 10 k=1wu m =N , unaue, B
cortacuu ¢ npejctasiaennem N =m' | ¢ > 2,
u3 rteopempl 1, mMeeM my =m, U TEHepb
gocratouno g ¢t < N BOCIOJIb30BaThCS
CYIIIECTBOBAHUEM U €IMHCTBEHHOCTHIO TIPE-

mp

CTaBJIeHUsI ¢ = my"™

«CTeneHHoe pelueTo»

Jlu1g HaXOKIeHNST BCeX MPOCTBIX YUCEs He
60JIbIIIE 3aaHHOr0 YHCJAa MMEETCS M3BECT-
HBI HECJOKHBIN aJTOPUTM, Ha3bIBAEMbBIH
pemetroMm Iparocdena. CyTb aToOl MPoTIeTy-
pbl TakoBa: cpeau uucea 2, 3, ..., N Gepem
HayMMeHbIIee IIPOCTOe YHCI0 (5TO uneao 2) u
BBIYEPKUBAEM BCE YUCJIA, KPATHBIE MY, KPO-
Me Hero camoro. Ha cienyrorem atare 6epeM
HanMeHblllee HEBBIYEPKHYTOE YHCJIO M CHOBA

BBIYEPKUBAEM BCE YMCJIa, KDATHBIE eMY, KPO-
Me Hero camoro. [leiictByeM Tak paJiee. B
pesysbTate BbIYEPKHYThIMU (XOTS GObI OJMH
pa3) OKaxKyTcsl BCE COCTABHBIE YMCJ/IA, A TTPO-
CTBIE OCTAHYTCS HEBBIYEPKHYTHIMU.
OTTaaKkuBasich OT Halllell OCHOBHOW Teope-
MbI 1, MbI MOJKET TTOCTPOUTH aHAJIOT pelIeTa
g HEcTeneneit. 9ta cxema mponJoCcTpu-
poBaHa Ha pucynke 1: 6epeM HaMMEHBIIYIO

m—HEcrertenn| 2 | 3| 5| 6| 7 | 10 | *| *
m? 419(125|36| 49100 | *| =*
m 8 [27(125|216|343(1000| * | =*
* * * * * * * % | %
* #* | ok * * * * | %
mt 235t 6| 70t | |k
* * * * * * * * *

Puc. 1. « CreneHHoe peLseror

HEcrenenn (910 uyncsao 2) u BblYEpPKUBaEM
Bee ero crerenn (mepsbiii crosber), Kpome
Hero camoro. Haxonum HauMmenblliee HeBbI-
YepKHYTOB umcyo, oHo 6yner HEcremenbio,
CHOBA BbIYEPKMBAEM €ro CTeleHu U T.[.

Kaskgoe marypaabHoe uncao N > 1 MoxkeT
ObITH HAIEHO B JAHHOW TabJuIle OAWH U
TOJIBKO OJMH Pas.

«Ha rpaHuuax KoponeecTBa»

[ToroBopuM 0 pacupe/ieIeHNN TOYHBIX CTe-
TeHel «6JmKe K 6eCKOHEYHOCTIS .

YuraresiM, KOTOPbIE HHTEPECOBATNCH TIPO-
6J1eMaMI TIPOCTBIX YNCEN, HAaBEPHSIKA N3BEC-
THBI Pe3y IbTathl 0 Gy T(x), paBHOIL
KOJIMYECTBY MTPOCTHIX YMCEJ, HE TIPEBBIIIA0-
X x: lim M

X—>+o0 X

n(x)Inx

= (0 u 6oJiee TOUHAS ACHM-

nrotTuka lim 1.
X—>too x

Kapruna «crereHHoro pemera» MOKET CO-
3/1aTh Bleuatsenue, uto HEcrenenu Berpe-
YaroTCcsl B HATYPAJIbHOM PSIJLy Peske TOUHBIX
crenereil: B tabumie Ha pucyake 1 HEcre-
[IeHM 3aHUMAIOT TOJIbKO OJHY IOPU30HTAJIb-
HYIO CTPOKY, II0 CDAaBHEHUIO ¢ GECKOHEUHBIM
KOJIMYECTBOM Ps/I0B, 3aHUMAEMbIX TOUHBIMU
creriensamMu. B geiicTBUTENIbHOCTY 9TO HE TaK.
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HEcrenenu cocraBisgioT [OMUHUPYIOIIYIO
yacTh HatypasibHoro psaa (puc.2). Cpeau
repBbix 100 MUJIJIMOHOB HATYpaJbHBIX YH-
cen 99,98% asagiorca HEcrenensamu, t.e.

¥ p(x) Mons p(x) or x
(B 1poLEHTAX)

10 4 40
100 13 13
1000 41 4.1
10000 125 1,25
100000 367 0,367
1000000 1111 0,1111
10000000 3395 0,03395
100000000 10491 0,010491
1000000000 32670 0,003267
10000000000 102231 0,00102231
100000000000 320990 0,00032099
1000000000000 1010196 | 0,00010102
10000000000000 | 3184139 | 0,00003184
100000000000000 | 10046921 | 0,00001005
1000000000000000 | 31723592 | 0,00000317

Puc. 2. Kommyecrso p(x) TOYHbIX CTENEHeu, He
[IPEBBILLIGIOLLNX X

TOYHAST CTENEHb — JOBOJBHO PEIKast HaXO/I-
Ka B HartypasbHOM psay, a HEcreneneii,
Hao00pOT, «O04YeHb MHOTO». Jlamee, uTOOBI
chOopMyIUPOBATh TOUHbBIE PE3YJIbTATHI, BBE-
neM GyHKIMO p(X) — KOJIMYECTBO TOYHBIX
crerieHeil, He IPEBBIIAONINX TTOJO0KHUTEb-
HOT'O 4YHuCJa X.

Teopema 2. a) lim
X—>+oo

6) lim M =1.
xote Afx
lokasareabcTBO. a) /s 10Ka3aTe bCTBA
3TOTO MyHKTA JIOCTATOYHO MPOBECTH TPYOYIO
OIIEHKY KOJTMYECTBA TOUHBIX CTeNeHei a’, ue
npeBoCxXoAAImMxX Hekoroporo x > 1. Ilpm

(ukcupoBanroM b > 2 umeem a < Y <x,
b

Tak Kak nmpn ¢ > /x moayunm a” > x. Mox-
HO cyutarh, uto b <log, x, Tak Kak NpU
a>2 u b>log, x uncio a” Gyner Gombine

2019/Neé

x (a cayvaii ¢ = 1 npusogur K a =1,
KoTOpoe yske yureHo npu b = 2). Taxum
06pa3oM, BCETO OCTAETCST B PACCMOTPEHUH He

Gomee x log, x map a, b, mnst KOTOPBIX
a"<x. Orcona p(x)<xlog,x m
p(x) < log, x '

x Jx

. log, x
aHaJM3a U3BECTHO, uTo lim —=2%—
X—>too xB

aio6pix o >0, B>0. Orcioga mnoaydaem
TpebyeMoe.

6) YTouHnM OlleHKy u3 nyHKTa a). IIpesk e
BCEro 3aMeTHM, YTO MMEETCs I:\/;] TOYHBIX
KBaJIpaTOB, HE IIPEBOCXO/AIINX X, B 4aCTHO-

crn p(x)= [\/;] ITpu urcupoBaHHOM
b>3 umeem a SQ/; < 3/; 1 MOJKeM Cuu-

tatb, uto b<log,x. Uroro Ja-1<

<p(x) <vx +3xlogy x .
. 3xlog,x
lim ——==—

xore Afx

Teopema jokasaHa.

Cpezin Bcex TOUHBIX CTEIEHENl yalie BCero
BCTPEYAIOTCST TOUHDbIE KBAJIPaThbl. Y TBEPIK/ie-
Hue 6) TEOPEMBI 2 COTJIACYETCsI ¢ TUM Hedop-
MaJIbHBIM TE3HUCOM.

W3 crargapTHOTO Kypca

=0 nna

[Tockoabky

=0, mosryyaem Tpebyemoe.

Bbnuskue To4YHble cTeneHn

N3 TeopeMbl 2 MOKHO BBIBECTH, YTO LIS
mo6oro 3amaHHoro N B HAaTYpaJbHOM DSy
MO>kHO oTbickaTh N moapsa naymnx HEcte-
neneii. Tem He MeHee, TTOKa)keM, KaK OTBIC-
KaTh JVIMHHBINA OTPE30K HATYPATBHOTO PS/Ia,
cocroauuil u3 HEcreneneii, KOHCTPYKTUB-
HO. JIJIs1 3TOTO MOKHO BOCIIOJIb30BATLCS YII-
paxuenueM 1,a. [loctarouno, HATTpUMEP, MO-
Tpe6OBaTh, YTOODI IEPBOE YUCJIO B PSILY OBLIO
YeTHBIM, HO He JIeJIMJIOCh Ha 4, BTOpoe —
JIeJINJIOCHh Ha 3, HO He HA 9, U T.J1., i-€ 4UCJI0
B pA/LY J€JINJIOCH Ha 0YepeiHOe IIPOCTOoE p, HO
He Ha p°.

Yupaxknenne 3. Peasnusyiite stor mjaH, Ha-
MpUMep, PaccMaTpuBasi CHUCTEMY CpPaBHEHWUI
x+i=p; (modpiz), i=1...,k.

Vxasanue. Bocnonbayiitech kutalickoil Teope-

MOil 06 ocrarkax.

C BOIPOCOM 0 TOM, KakuM 06pasom (1 Kak
JaJIeKO IPYr OT JPyra) PpacloJIOXKEHbl B
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HATypaJIbHOM PsJIy TOYHBbIE CTETeHM, CBI3a-
HbI MHOTME 3HAMEHUTbIE TEOPETUKO-YUCJIO-
BbI€ 3a/1a41 U UIIOTe3bl (B HEKOTOPOM CMBIC-
Jie, Besmkas Teopema (Depma OTHOCUTCS K
TOI Ke 06JIaCTH BOIIPOCOB).

Mo:KHO paccMOTpeTh Pa3HOCTH MEK/TY TTOC-
JIeIoBATEIbHBIMI TOUHBIMU crernernamn. OT-
CYUTAaeM CTO TAaKWX PA3HOCTEH, HaUWMHAS C
caMoil TepBoOii. 3aTeM IepeMecTuMCcs K cJe-
JlyIolieil TOUHOH cTerneHn U CHOBA MOJICUnTa-
€M cpeiHee MEXK/Iy cTa pasHocTaMu. Takum
00pa3oM CTPOUTCS TAK HA3BIBAEMOE CKOJIb3SI-
mee cpeganee. Ha pucynke 3 rmokasaHo, Kak
Be/leT ceOs 3TO cpejiHee MPU BO3PACTaHUU

25000

20000

15000 //
10000 /

5000

00 2000 4000 6000 8000 10000

Puc. 3. Ckonb3fiyee cpeqHee pazHocTess Mexay
[10C/IE0BATE b HbIMU TOYHBIMU CTEMEHAMU

«TOYKM OTCueTay x. st mociejoBaTesbHOC-
TH TOYHBIX KBAJPaTOB, B CHUJY PABEHCTBA
(n+ t)2 —n? =2nt + ¢, croubasimee cpej-
Hee TIPe/ICTaBJIsLIo 6T co60it THHEIHY 0 PyH-
kimio. Ha pucynke BujiHO, 4to 60Jiee BbICO-
K€ CTEIIeHN BHOCST HEKOTOPbIE, BIIPOYEM HE
OuYeHb 3aMeTHble, «OGUeHUs .

A MOTYT Jiu BCTPETUTHCS MHOTO TOAPSI
UAYIIUX HATyPaJbHBIX YHCEJ, KaXI0oe W3
KOTOPBIX — TOYHast crenedb (B NpUHILMILE,
TeopeMa 2 atoro He sampewaer)? Ciemyio-
Iiee yIpaskHeHHe JaeT OTPUIIATETbHBII OTBET
Ha 3TOT BOTIPOC.

VYupaxuenue 4. /[okaxure, 4TO He CYIIECTBYET
YeThIpeX WAYIUX TOAPSAT HaTyPaJbHDLIX UHCe,
ABJIAIONIUXCA TOYHBIMU CTECIICHAMMU.

Yxazanue. Onno n3 AByX HOC/E0BATEIbHbIX
YETHbIX YMCeJ HE NEJIUTCA Ha 4.

B 2002 roxy Ilpena Muxaiiiecky joKa3an
TaK Has3bIBaeMylo rurnoredy Karamana o ToMm,
uyto 8 U 9 ABAAIOTCS €IMHCTBEHHOW Tapoii
COCETHUX HATYPAJbHBIX YUCEJI, SBJSTIONTIX-

csl TOYHBIME cTeneHsaMu (CM., Hampumep,
cratbio B.CennepoBa u b.Dpenxkuna
«I'mmoresa Kartanana» B «KBante» Ne 4 3a
2007 r.). Bosiee o6uwmii BOIpoc 0 TOM, 4TO
PaCCTOSTHIE MEXK/Y COCETHIMU TOUHBIMU CTe-
MIEHSIMU CTPEMUTCS K OECKOHEYHOCTU € BO3-
pacTaHWeM TOPSIKOBOTO HOMEPA, OCTAETCS
OTKPBITOI TTPOGIEMOA.

Vupaxnenue 5. [Tokaxute, 4To 9Ta THIIOTE3A
SKBUBAJICHTHA CJEAYIONIEMY YTBEPIKACHUIO: ISt
JI060r0 HATYPaNbHOTO R CYIIECTBYET JIMIIb KO-
HEYHOe MHOXKECTBO pelleHuil ypaBHeHUs
x™ —y" =k B HaTypaNbHBIX X,y,m=2, n=2.

Eme 6ostee o61iag runtotesa Inman raacnr,
9TO ISt TIOOBIX HATYPAJIbHBIX d, b, k cytie-
CTBYET JIMIIIb KOHEYHOE MHOKECTBO PEIIeHIH
ypaBHenusi ax™ —by" =k B HaTypaibHBIX
x,yym=2, n>2.

Mporpecc ¢ nporpeccusmun

Kax MbI Bujiesint, JJIMHHBIX OTPE3KOB, T.€.
apudMeTHYecKux MpOrpeccuii ¢ pazHoCcTbio
1, cocrosinmux ns HEcreneneii, He cy1iecTBy-
er. A kak Hacuyer (HEmOCTOSHHDBIX) apudme-
THYECKHX IIPOIPECCUIl C TIPOU3BOJILHON pa3-
noctpio? Knaccnuecknii pesynbrar (Bo3MoxK-
HO, BIIEpBbIe J0KasaHHbIl DepMa) TJIACHT,
YTO He CYIIeCTBYET YeThIPEXUIeHHOH apud-
METUYECKON MTPOrPEeCCHy W3 TOYHBIX KBapa-
T0B (06 YCUJIEHWM 9TOTO pe3yJbTara CM.
Takke 3amauy M2025 «3amaunnka «Kpan-
ta» B Ne6 3a 2006 1.). A st mo6oro n > 3
He CyHIeCTBYeT apudMETHYecKOi Iporpec-
CUU U3 TPeX TOYHBIX n-X creneHei. [asg n =
=3 un=4>sror dakr 6611 roxazan 60.;ee 100
ger Hazaj Kapwmaitkiaom. Coywait mnpous-
BOJIbHOTO 7 >3 ObLI JIOKA3aH CXO/JAHBIMU
MeTOoJIaMU Yepe3 HeCKOJIBKO JIET MOCJsIe JOKa-
3aresbeTBa 60JIbInoil TeopeMbl Depma.

Tem He MeHee, B HATYPATbHOM PSIIY CyIIle-
CTBYIOT CKOJIb YTOJIHO JJIMHHBIE apuMeTH-
YecKue MPOTPEeCcCUr U3 TOYHBIX CTeTeHEH.
[TocTpouThb Takwme MPOTPECCUU MOXKHO TaK.
Ha wmavanbHOM aTamie KOHCTPYHUPOBAHUS
BO3bMEM IPOM3BOJBHYIO TIporpeccuio u3 N
HATYPaJbHBIX 4YHCesJ, Hampumep @ =1,
a, =2, ..., ay =N, una6op npocrbix (uam
MONapHO B3aMMHO TPOCTHIX) YHCEJ
D1y Poy---s Py - Vliest — momo6path MHOXKUTEb
M Bupa M =a;'...ay) Tak, utoObl B HPO-



6 KBAHT

rpeccun May,Ma,,...,May 4ucio Ha i-m
MeCTe SABJISJIOCH ObI TOYHOMN p; -if CTEIeHbIO.
[l aTOTO 10CTATOYHO 1OA06PATh TTOKa3aTe-
JW Sy,...,Sy TaK, 4TOGbI §; JEAUIOCH HA P;
npu j#1i u s; +1 genunoch Ha p; .

Yupasxknenue 6. PeanusyiitTe yKa3aHHbIi TJ1aH.
Ykasanue. Boconb3yiitech kuTaiickoii Teope-
MOIT 06 ocTaTKax.

1 cpaBHEHWST BCTIOMHWM 3HAMEHUTLIT
pesyabtaT 2004 rona — treopemy I'puna—Tao
0 HAJIMYUU B HATYPAJIBHOM PSI/IY CKOJIb YTO/I-
HO JIIMHHBIX apu(MeTHYECKUX TTPOTPECcCuii
u3 mpocTbix uncesn. Cremyioriee yrmpaxkHe-
HUE TOKA3bIBAET, YTO B NIMHHBIX apu(MeTH-
YEeCKUX TPOTPECCUSTX U3 TIPOCTHIX YNCET UJIN
M3 TOYHBIX CTereHel JO/UKHBI ObITh OYeHb
60JIbININE PABHOCTH, HECOM3MEPUMO OOJIbIIIE,
YeM KOJIMYECTBO YJIEHOB MPOTPECCUH.

Yupaxknenne 7. [Tycrp nana apudgmernyeckas
IIporpeccusi ¢ pasHocTblo d, cocTodAmas u3 2p
HATypaJbHBIX YHCeJ, T7Ae p — TIPOCTOE UHCJIO.
Jlokaxkure, 4TO B KaKJAOM U3 caydaes a), 0) d
JeJUTCS Ha p.

a) Bce weHbl MPOrpeccun — MpPOCTbie YHUCIA.

6) Bce 4iieHbl IPOrpeccun — TOYHbBIE CTENEHH.

(Cm. Takske 3agauy M2202 «3asaunnka « KBan-
ta» B Ne6 3a 2010 r.).

Yxaszanue. Ecimm d we peimTes ma p, TO B
TIPOTPECCUH JITUHDBI P BCTPETATCS BCE OCTATKU O
MOJYJIIO p, 3HAYNT, B HPOTPECCUH JJIUHBI 2P
HaiijyTes 2 uncsa, JeJAIXcs Ha p.

Ternepn 3aiiMmeMcst 6eCKOHEUHBIMU apudme-
THYECKUMN TiporpeccusiMu a + nd, n =0, 1,
2, ..., e au d — GUKCUPOBAHHBIE HATY PAJIb-
HBbIE YHCJIa, Tak 9TO d — Pa3HOCTh TPOTPEC-
CUU, a @ — ee TIEPBBIN YIeH. 3aMETUM, U4TO BCe
YJIEHBI TIPOTPECCUN C PA3HOCTBIO d JATOT OINH
¥ TOT K€ OCTATOK TIPH JleJeHnn Ha d.

3uamennTass teopema J[lupuxie TJacur,
uro npu HO/[(a,d)=1 B Geckoneunoii
apudmMeTnuecKoil nporpeccun a + nd npu-
CyTCTBYeT GECKOHEUHOE KOJNYECTBO MPOCTHIX
quceJ. A UYTO MOXKHO CKa3aThb O TOYHBIX
crenensix u HEctenensix B apudmernyec-
KOIl TIporpeccun?

W3 TeopemMbl 1 MOKHO BBIBECTH, UYTO B
0601 GeCKOHETHON apu(METHUECKOI Mpo-
rpeccun an + b, rie a, b — JaHHBIE TOJOKH-
TeJbHBIE YUCJIA, CYNECTByeT OGeCKOHEYHOoe
kosmuectBo HEcrteneneit. Hecnosxkno narp n

2019/Neé

KOHCTPYKTHBHOE 060CHOBaHue 3Toro (hakra
(cM. yrmpaknenue HuKe).

Ynpaxuenue 8. ITyctb p — mpocroe uucio, Ha
KOoTOpoe He sieutest d. JIoKkasKuTe, 4To B IPOrpec-
CUM @ + nd HAIYTCS YHCTIa, eNISImecs Ha p, HO
He JIeJISIecs: Ha pz.

Vxasanue. B Takoii mporpeccun BCTPETATCS Bce

OCTaTKM IIpu JleJIEHUN Ha pz.

He rak csio:xHO0 npuBecTu mpuMepbt 6eCKo-
HEYHDbIX apudMeTHyecKux Iporpeccuii, B
KOTOPBIX HET TOYHDBIX CTEICHEH.

Yupaxuenue 9. Crenaiite at0.
Vxasanue. Vicionb3yiiTe nzeo ynpaskaenns 1.
Pa3HoCTh POTPECCHI MOYKHO B3ATb PaBHOM p.

OnHaKO ecu TepBbIil UleH U PasHOCTb
MPOTPECCUH B3aWMHO TPOCTBI, TO TOYHBIE
CTereHn B NMPOrPECCUU HAMyTCS.

Teopema 3. I1ycmov a, d — 63aummo npo-
cmuvle HamypaivHvle uucad. Tozda cpedu
yucen 6uda a + nd natidemcs mounas cme-
nemb.

JlokasareascTtBo. Eciim @ = 1, B Hameit
mporpeccun OyIeT BCSIKasl CTeNeHb BUIA
(A+nd) .

Ecmm :xe @ > 1, To B mporpeccuut MOKHO
OTBICKATh CTeNeHb unca a. [leficteurenpio,
B psidy uncen a,a’,a’,... waiizercs mapa
uncen ¢ u a’, t <s, gaOIUX OJNHAKOBbIE
ocratku nupu pgensenun Ha d. Torpna
a* —a =a! (aHJr1 - a) nemutes wa d. B
CHJTY B3AaUMHOU TIPOCTOTDI @ U d MOJTyYaeTCs,

aro @ ™'-q¢ pgenmrcs wma d, T.e.

&M —a=dn, wm " = a + dn. 3ua-

s—t+1

4uT, a " €CTb UCKOMad CTEIICHD.

Yupaxnenus

10. [lokaskurte, uto OeckoHeuHas apudmeru-
4yeckasi POrPeccust U3 HATYPAJbHBIX YHCEN, CO-
JlepIKanias mo Kpaiineil Mepe OJHY TOYHYIO R-I0
CTeleHb, COJEPKUT U GECKOHEYHOE KOJMUYECTBO
TOYHBIX R-X CTEIeHEeN.

(Cwm. rakske, Hampumep, 3agaay M2059 «3a-
naunnka «Ksanta» B Ne5 3a 2007 r.)

Vxasanue. Bumecre ¢ c* MpOrpeccust AOJKHA
cozepxarh uucao (c+d) .

11. a) Jlokaskute, 4TO yTBEPIKICHUE TEOPEMBI 3
nepectaeT ObITh BEPHBIM TIOCJE 3aMEHbI CJIOB
«TOYHAs CTEMeHb» Ha «TOUYHBI KBagpaT»>. (VHbI-
MM CJIOBAMH, CYIIECTBYIOT TIporpeccuu a + dn, rjie



O TOYUHBIX CTENEHAX U HE TOJbBKO 7

HO/ (a, d) = 1, He comepsKalue TOUYHBIX KBA/I-
paros.)

6) Jlokasure, 4TO yTBEPIKIAEHHUE TEOPEMbI TIEpe-
cTaeT GbITb BEPHDIM HOC/IE 3aMeHbl CJIOB «TOYHAs
CTeleHb» Ha <«TOYHAs k-g crenenb» (11 puUKCH-
poBaHHOro k>2).

Vxasanue. Jloctatouno mpeapaButh d Takoe,
4TO k-€ CTemeHnm MpoGeraioT He BCe BO3MOJKHDIE
ocTaTKy mpu jeneHny Ha d (UM, SKBUBAJIEHTHO,
cpean vucen Ok,1k,...,(d —1)k HaiijryTest yncaa,
JAIOIINE OJMHAKOBbIC OCTATKH IIPH fieleHun Ha d ).

Bossparumcs eniie pas k reopeme JupuxJe
0 TIPOCTBIX YHUCJAX B apu(pMeTHUECKUX TIPO-
rpeccusix. Ha camom feste, ata TeopeMa nme-
€T KPacHUBOe YCUJIEHIEe, KOTOPOE B BU/IE THIT0-
Te3bl popmynpoBasn Jlarpamx u /lupuxie,
a gokazan Banne-Ilyccen. HedopmanbHo,
3TO YCHUJIEHWE TJIACHT, YTO JIJIS JTI0GOTO HATY-
PaIbHOTO d TIPOCTDIE YNCJIA «PACTIPEIETEHBI
MOPOBHY» MEXK/Ly OCTATKAMU, B3aUMHO IIPO-
croimu ¢ d (ckaskeM, Ha GOJIBIIOM HAYaIbHOM
OTPE3Ke HATYPAJIBHOTO Psijia TIPOCTBIX YNCE
Buga 3d + 1 m Buma 3d + 2 <«IIpuUMepHO
HOpPOBHY» ). MopMaJibHOE YTBEPIKICHNE Ta-
koBo. [lna xaxmoro t € {1,2,...,d —1} Tako-
ro, uro HO/I(¢,d) =1, onpenensercs dyn-
Kuust Ty, (X), paBHAs KOJIMYECTBY IIPOCTHIX
qices Buga t + nd, He MPEBOCXOASIINX X.
Torga lim ndt—(x) =1.

Totoe Ty g (x)

3ameTuM, 4T0 000OIUTH TeopeMy 3 B Ta-
KOM JKe KJjioue He ypaercs. Hampumep, B
nporpeccun 3d + 1 «ropa3ao GoJbies> TOU-
HBIX CTereHell, ueM B mporpeccuu 3d + 2, Tak
KaK B IOCJIE/{HEN HET TOYHBIX KBA/[PATOB.

YauBuTtesnbHble CYMMbI

3aBepinast IPOryJaKy 110 KOPOJIEBCTBY, T0-
KaKeM, KaK BbIUMC/IUTH HeKotopble (6ecko-
HEYHbIE) CYyMMBbI, T/I€ CyMMHUPOBAHKE TIPOM3-
Boaures 1o BceM HEctenenam (nau, Hao60-
pOT, 110 TOUHbIM cTenensm). Hamnpumep, Bep-
Ha cJefyronias TeopeMa.
1 n?
Y =1
m — HEcrenens M — 1 6
IlocnenoBarenbHocTh HECTEIEHET BechMa
HeperyJiipHa, M03TOMY BO3MOXKHOCTb HAUTH
TOYHOE 3HAYeHUE TIOJJOOHOI CyMMBI MOYKET 110
npaBy BbI3Barh yausJgenue. Ho ceiluac cek-
pet OyZleT PACKPBIT: UCHOJIb3Ys UICI0 «CTe-

Teopema 4.

[IEHHOT'0 PelieTas, Mbl CMOXKeM TpaHC(hOPMHU-
poBaTh pasjnyHble CyMMbI B cyMMbl ¢ «HE-
CTEIIeHHbIM» UH/EKCOM cyMMupoBanus. I1pu-
BE/IEM COOTBETCTBYIOILYIO BBIKJAJKY, OIIyC-
Kasl OOBSICHEHW, TT0UeMy B JaHHOM CJIydae
BO3MOKHO W3MEHEHNE MOPSIIKA CIaraeMbIX B
JaHHOI GecKoHeyHOH cymme (3HAKOMBIE C
QHATI30M YUTATEJIHN MOTYT JIaTh CTPOroe 060-

CHOBaHUeE). - 2
T
Kax usBecrtHo, 2—2 =—. Orcona
n=1 1 6
2 oo
i 1
5 1= Y=
n=2 1

N A R

2t et et
m — HEcrenenn| M (m ) (m )
CyMMa reoMeTpruiecKoii mporpeccuu B cKo6-
1

Kax paBHa , OTKY/1a 1 II0JIy4aeM My K-

. m* —1

HBII pesyJibTar.
Koneuno, Tox/ecTBa, aHaJOTHYHbIE pa-

BEHCTBY U3 TeOpeMbl 4, MOKHO BBIBECTH 1

[ G6oJiee OOIITMX CYMM BT
1
m — HEcrenenn m’ =1
Yupaknenune 12. Boruncaute
1

1

2 —
(/>1 — TOYHasA CTelleHb q

Vxasanue. VicionbayliTe paBeHCTBO

3t =%§(1 1j=§_

-1 n-1 n+1

[Ipenmaraem uurtaresnio mpojesiaTb MOXO-

co 1
JKue 1peo6pa3oBalus ¢ CyMMOIt 2— (BMme-
1 n=1
CTO CYMMbI 2—2 N3 TEOPEMbI 4) 1 BbIBECTU
n

KpaCnBO€ paBEHCTBO, N3BECTHOEC KaK (i)OpMy-

sa Tosb6axa uimm Teopema losbabaxa—Iii-
nepa (Goldbach—Euler theorem):

D 1

m>1 — ToyHasT cTernenb m-— 1

ABTOP 6518rofapIT PeqakLmio 3a peaoxeH-
Hble YIIyHLLEeHNS 1 [OMOIHEHUS B pa3gesnax ob
aCUMIITOTUIKE U O MPOrpeccusx, a Takxe 4obassie-
HUNE YIIPAXKHEHM.



| lOBEpPXHOCTHOE HaTsaXeHune
N TemnepaTypa

C.BAPJIAMOB

A PUCYHKE 1, B34TOM 113 CITPABOUY-
nuka «Dusndyeckne pemanHb» (1107 pe-
nakiueit 1.C.ITpuropbesa n E.3.Meiinuxo-
Ba), BU/HO, YTO 3aBUCUMOCTH KOd(pduIen-
TOB MTOBEPXHOCTHOTO HATSKEHUST G JIJIST pas-
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Puc. 1

HBIX COKIKEHHBIX Ta30B BBITJISIAAT TTOXOKUM
06pa3oM — oHHN BecbMa OJIM3KU K JIMHENHBIM.
[lmamasoH TeMmmeparyp, B KOTOPOM CyIIie-
CTBYET SKHJKOE COCTOSIHHE BEIIeCTBa, IS
KaoK/IOTO BETeCTBA OIPEAEISCTCS IBYMSI TOU-
KaMu: TeMIepaTypoii miasienns (a Tounee,
TeMIIEPaTypOii TPOIHON TOYKN) U KPUTHYEC-
Koii Temnepatypoii. Ilosb3ysch Mozesbio
B3aMMO/IEHCTBUA MOJIEKYJ, padMepbl KOTO-
pbIxX D, MOJKHO JaTh 0ObSICHEHIE STUM 3aBH-
cumocTsM. CyTb B TOM, 4YTO Yy MOJIEKYJI,
HaXO/4IINXCS Ha IIOBEPXHOCTU pas/iesia KOH-
JICHCUPOBAHHON 1 Tazoo6pas3Hoil (a3 Bere-
CTBa, yCpeAHEeHHOe YHCI0 Z,,, OMmKaNImx
COCeIOK, KaXk/1ast N3 KOTOPBIX o0ecrednBaeT
MOJIEKYJIe Ha TOBEPXHOCTH BKJIAJ B TJIyOHHY

DOI: https://doi.org/10.4213/kvant20190602

noreHyaabHoll Ambl U, , MeHblle COOTBeT-
CTBYIOIIETO YMCHA Zyyyp, COCEOK Yy MOJIE-
KYJI, HAXOJSIUXCS BHYTPU KOHJCHCHPOBAH-
Hoii paspi. C poctoM TeMIeparypbl ILIOT-
HOCTb ra3000pa3Hoil ¢a3bl pacTer, a IJIOT-
HOCTb KOH/IEHCUPOBAHHOIT (hasbl yObIBAET, 1
3TO COOTBETCTBYET YMEHbIIEHUIO Pa3HUIIbI

Zyyrp ~ Znon ) - B pesysibrate Mukpockonu-
yecKkasl TIOBEPXHOCTHASI 9HEPTHs, MPUXO/IS-
masicst Ha TJIONA/KY C pa3MepaMy MOpsI/IKa
pasMepoB o/Hoi Mosexy.Te1 ( S = D? ) 1 pas-

Has
UO (ZBHyTp - ZIIOB)
o= 2
yObIBAET C POCTOM TEMIIEPATyPBhI.
[Ipn HM3KUX TeMIlepaTypax MOBEPXHOCTH
JKUJIKOCTU TIOYTH ILJIOCKAS, 3TO IOXO0Ke Ha
[OBEPXHOCTb MOPS B OTCyTCTBHUE Betpa (puc.2,
cieBa). A ecim Temiiepatypa BbBICOKasi, TO
[IOBEPXHOCTD 110JIy4aeTCsl «Pa3BUTasd» — Kak
[IOBEPXHOCTb MOP$, IIOKpbITasd BOJHAMU
(puc.2, cpasa). Uem BbIe TeMneparypa,
TeM GOJIBIIE TTOJTydaeTcsT peaTbHast MO Ih
TTOBEPXHOCTH pas/iesia «>KUIKOCTb—Tap» Mpu
TOM K€ CaMOM «TE€OPETUYECKOM» IepuMeTpe
3TON TOBEPXHOCTH. IDTOT 006pa3 — IMOBEPX-
HOCTDb MOPSI ¢ BOJIHAMU — TI03BOJIIET TOHATD,
moyeMy Il YBEJWMYEHUS MOBEPXHOCTH Ha
AS Hy)XHa JONOJHHUTETbHO K paboTe BHe-
HIHUX CHUJI TEIJIOTA U [10YeMY C POCTOM TeM-
mepaTypbl yMeHbINaeTcsT Ko UIMEHT Mo-
BEPXHOCTHOI'O HATSKEHUS.
3aKOHHO IIOCTaBUTb BOIIPOC: & KAKOB BKJIA/]
BO BHYTPEHHIOIO HEPTHIO JKNU/IKOCTH yIaCTKA
ee TIOBEPXHOCTH, KOTOPBIH MMeeT TLJIOTIA/Ih
Sy, (mmockast MOBEPXHOCTD, OTPAHUYEHHAs!
NEPUMETPOM), U KaK 9TOT BKJAJ 3aBUCHT OT
TEeMITEPaTyPbI ?
Ecau pacemaTtpuBath MOBEepXHOCTHDIN CJIOH
MOJIEKYJI KaK ITPOMEXYTOUHYI0 (hasy Berre-

)



IIOBEPXHOCTHOE HATAXEHUWE U TEMIEPATYPA

Puc. 2

crBa (MeK/1y KOHJIEHCUPOBAHHBIM U ra3006-
Pa3HBIM COCTOSIHHEM), TO JIJIsl IepeBoia MO-
JIEKYJT W3 KOHJECHCHPOBAaHHOI (asbl B 3Ty
MIPOMEXXYTOUHYIO a3y HY>KHO COOGIIUTD UM
JTOTIOJTHUTEBbHYIO TETIJIOBYIO SHEPTHIO W TIPH
9TOM BHEINIHWE CUJIBI JOJIKHBI COBEPIINUTD
MeXaHndeckyto pa6ory. B pesymbrate BHYT-
peHHSA aHeprug yBesanunBaercs. Curyarus
3/1eCh AHAJOTUYHA TIEPEXO/y BelecTBa W3
KOH/IEHCHPOBAHHOTO COCTOSTHUS B Ta3006pa3-
mnoe. OTJAMYAIOTCS TONBKO 3HAKKU PAGOT Biie-
mHux cui. Ilpm ncmapenuu BelecTBa BHe-
Hne cuibl (CUJTbI IaBJIeHNsT CHAPY/KU) CO-
BEPIIAIOT OTPUIATEJNbHYIO paboTy, a Ipu
YBEJIMYEHUH TIJIOIA/ I TOBEPXHOCTH JKHU/IKO-
CTH BHEIITHYE CHJTBI COBEPIIAIOT TIOJI0KITETh-
Hy10 pa6oTy. CoOCTBEHHO, IMEHHO TT03TOMY
JTaBJIEHNE HACHIMEHHBIX APOB PacTeT ¢ POC-
TOM TEMIIepPaTyphl, a K0aP UINEHT MoBepX-
HOCTHOTO HATSI’KCHUSI YMEHDBIACTCS.

Ecii cuautath, uTO Ha IpOBeAeHHON (MbIC-
JIEHHO) TPaHUIlEe, BBIJEJAAIONEH yUacToK Mmo-
BEPXHOCTH KUJIKOCTH S, , TOBEPXHOCTD KH/I-
KOCTHU KOJIe6JIeTCs, TO CpejiHee 3HAUEHUe KO-
CHHYCA yIJIa O MEXK/Y PeasbHOIl MOBEPXHO-
CTBIO JKUJKOCTH W ILJIOCKOI MOBEPXHOCTBHIO
Sy, HarsgHyToii (MBICIEHHO) Ha TpaHMILy,
BMecCTe ¢ MUKPOCKOMITYECKOH BeJTMINHON 1T0-
BEPXHOCTHON SHEPTUH G , TPUXO/ISATIEHCS Ha
eIMHUILY TIJIOMIAN, OMPEIeISIOT TTPOEKINI0
CUJTBI HATSIKEHYS TMPSIMOTO YYACTKA TPAHUIIHI
puunoit AL, Ha IJIOCKYIO IIOBEPXHOCTD:
O6AL, coso. . C apyroii CTOPOHBI, €CJIH MbIC-
JIEHHO TIPOBECTU K <«CPEeIHEl» 110 BpeMeHu
IJIOCKOCTH TIOBEPXHOCTH JKUIKOCTHU TEPIIEH-
JIUKYJISIPHO €l TIJIOCKOCTD U 3aDUKCHPOBATDH
JUIMHY OTpe3Ka nepecevenns (dactu mepu-
MeTpa), TO IPU BbIIEJIEHHOM MBICJIEHHO <ITPSi-
MOM» OTpe3Ke TIepUMeTpPa «PeaJbHasT» M-

Ha TPaHWUIBI pasjiesia 3a CYeT BOJHHCTOCTH
noBepxHocTH Oy et 6oJbiie. Ecim yrou Mex-
Zy <IIPSIMBIM» Y4aCTKOM I'DAHUIBI U Peasib-
HBIM paBeH [, TO peajbHas JJIMHA y4acTKa
noBepXHOCTH cTasta Gosbine: ALy/cosf . U
BMecTe 3TH JBa (aKTopa B CPeAHEM IO
BPEMEHN JIOJDKHBI KOMIEHCHPOBATH JPYT
apyra. Tak kak cpejHume 3HAYCHUS YTJIOB
HakJoHa o U 3, OueBUAHO, OJMHAKOBBIC, TO
yCpeIHenHoe 3HadeHne TIPOEKINI CUIbI Ha
IJIOCKYTO MOBEPXHOCTDH Oy/eT paBHO

GAL cosa _ GAL
cosf
rje 6 — BeJuunHa Kod(UIMEHTa TTOBEPX-
HOCTHOTO HATsKEHMsI, IPUBOAMMAS B CIIpa-
BOUHHKE.
BHelaue cuiibl ipy yBEJMYEHUH IO/

HOBEPXHOCTH JKUJIKOCTH HA S, COBEPIIAIOT
paéory

A=0S,.
[Tpu sTOM AOMOTHUTENbHAS TEIJIOBAsI SHEP-
rusg Q, Hy>KHas 71 TOTO, YTOOBI TIPU YBEJIH-
YeHNHU ILJIOMAN <IIJIOCKON» ITOBEPXHOCTH
Ha S, COXpaHWJach TeMIepaTypa >KUJIKO-
CTH, Ha CaMOM JieJle WJIeT Ha TO, 4YTOObI
CO3/1aJ1ach JIONOJHKUTEbHAasd 6GOJIbIIas IJ10-
/b nosepxHoctu. Vsmepennas cyMMHUPO-
BaHUEM 110 BCEM MUKDOCKOINMYECKUM HU3IH-
6aM TMOBEPXHOCTH IJION[A/b MOKET ObITb B
HECKOJIBbKO pa3 6oJIbITe TITONAAN TOBEPXHO-
cru: Sy —» S =Syk, rne & > 1. B wurore
3aKOH coxpaHeHusa sHeprun Q + A =AU
JlaeT TaKoe COOTHOILICHUE:

Q +S()G = (Sok)c , WJINn Q = Soc(k —1) .
KoadbduimeHT moBepXHOCTHOTO HaTsKe-

nusa (JlaHHbIE CHPABOYHMKA) M3MEHSETCS C
TEeMIIEPaTypoil JUHEHHO. ITY 3aBUCHUMOCTD
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MO3KHO onucarb opMyJIoit

G = G TKpHT -T
T T =Ty
KpUT 0

3necp O, — K9 PUIMEHT OBEPXHOCTHOIO
HaTsSKeHus IIpU HeKoTopoii remiteparype 1y ,
a T — rexymiasa tremnepatypa. Eciau ycTponutb
TEIJIOBOIT IBUTATE b, PAGOTAIONIHUIT TI0 TIUKITY
Kapno ¢ narpesaresieM ¥ XOJOAMJIbHUKOM,
umeronumu 61u3kue remrepatypbol T+ AT u
T, B xoTOpPOM B KauecTBe pabouero resa 6yier
BBICTYIIATD IIJIEHKA IIOBEPXHOCTU JKU/IKOCTH,
to KIT/I rakoro gsuraresisi 6y et paser At/T
7 MOKHO HAaIlnmcaTh TaKOe COOTHOIIEHUE:

At
S()AG = QT ,
NJIn
At T . .-T
SOG'IE) — = SOGT —KPHT (k - 1)£.
TKpHT - T(') 0 TKpm - TO T

CoxpaTuB Ha OJMHAKOBbIE MHOXKUTEJIH, II0-
Jydaem
Tewr =T T
1= (k-1), wm k—1= —.
T Toom =T
[ToxcTaBuM TOJTydeHHOE BhIpaskeHme B (op-
Myay g Q:
Tow =T

0 = S,0r
KpUT

Ecnn no6aButh k artoit sneprun pabory Bie-

T

2019/Neé

HIHUX CHUJI, TO [TOJYYUTCS BKJIAJ BO BHYTPEH-
HIOIO 9HEPIHIO SKM/IKOCTH IIpu TeMiieparype T
ee MoBepxHOCTH BeJuuuHoi S, (rmmockas
[IOBEPXHOCTD € 3a/[aHHBIM TIEPUMETPOM ):

AU=Q+A=SOGTTT“¢‘T.
KpuTt

OTBeT Ha MOCTABJEHHBIN BOIIPOC MOJYYEH.

Kak Busino uz gpopmyaint st AU, B 3Hame-
HaTeJie CTOUT PA3HOCTDb TEMIIEPATY P, KOTOPas
upu npubmmkennn Tk T, cTpemMutcs K
nymo. Ho u cam koaddunuent oy Toxe
crpemMutcs K HyJo. IlogcraBuM B dhopmyry
3HAQUeHNe O , BBIpA)KEHHOE Yepe3 3HAUCHIe
1Ipu Hekoropoii Temuepatrype 1 :

AU=0Q+A =500T0TT“%.
KpHUT 0
[Tonyunnach yauBuUTEIbHAS Bellb: 106aBOK
BHYTPEHHEH sHEepPIruu, CBA3AHHDINH ¢ HAJINYM-
eM CBOOOJIHOI TTOBEPXHOCTH, HE 3aBUCHT OT
TemMmepaTypbi!

Nmeerca orzasennas aHaJorus ¢ U3BECT-
HOI 3ajavueil 0 3amace SHEPruy TEIJIOBOIO
JIBVIKEHUST BO3/yXa B KOMHATE TIPU Pa3HBIX
TeMIiepaTypax BO3/yXa, HO NpHu (PUKCUPO-
BAaHHOM JlaBJieHnn. M TaM ToKe 3arac sHeprun
He 3aBUCHT OT TEMIIEPATYPBbI, & ONPe/le/IseTCs
TOJIBKO JIaBJICHUEM BO3/yXa U 00bEMOM KOM-
HATDI.

«<KBAHT» AJ4d MJAAININX IMIKOJbDHHUKOB

TO He TaK C nepecTaHOBKOM
cnaraembix?

K.KOXAChH

JIPABCTBYMTE, YBA’KAEMBIE TE-
ae3purtesn! Hesamerno npomuia He-
JleJist, ¥ BBl CMOTPUTE OYepeHO ToTpscalo-
TUH BBITTYCK HAYYHO-TIONMYJITPHON TeJsernepe-

DOI: https://doi.org/10.4213/kvant20190603

naun «YUto He tak?» Mens 30ByT lopryJuii,
B Halleil nepejiaue Mbl He GOMMCS IPAMO 1
YeCTHO PACCKa3blBaThb O CaMbIX 3aMbICJIOBaA-
TBIX CIO’KeTaX. 3ajiaBaliTe HaM CBOU BOIIPOCDI
npsIMO Ha calite Tesenepesgaun. Tema ceroj-
HAIIHETO BBIMYCKA, KaK 0OBIYHO, MPEJI0Ke-
Ha TeJIe3PUTEAMN.
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Ham resiesputenns [Tunot Xykk cripaimsa-
€T: UTO He TaK C CYMMOIl, €CJIM MBI IT€PeCcTaB-
JsieM caaraempie? OTBETUTDH HA 3TOT BOIIPOC
HaM [IOMOXKET Halll HOCTOSHHBIN 9KCIEepT 110
BOIIpOcaM ajieKBaTHOCTH gTes Criaredt.

— IIpuser, apysbs! Bor u onsTh Mbl BeTpe-
TUJIMCH 110 Pa3Hble CTOPOHDI TeJedKpaHa!

— Ckaxxure, noxkaayicra, MascTpo, OTKY-
na BooGe y [Tnnora XyKKa MOTJIO TOSIBUTH-
cs1 6ecroKOICTBO O CyMMe, B KOTOPOH MBI
MeHseM [I0PsJok caaraeMbix ? Heyoxesn nain
TeJIe3pUTEJIb HE 3HAeT 3JeMEHTAapHBIX (ak-
TOB TIKOJIBHOW TPOTPAMMbI?

— Buawure sn, JKU3HD TPHUCYTCTBYET U 32
paMKaMHU IIKOJIbHOI IPOTpaMMbl, — 00bsC-
nua pared Crsaren. — MHOroymcieHHbIe TTPU-
Mepbl TOBOPAT HaM, UTO IIOPS/IOK IIPU CYMMHU-
poBaHMM BaxkeH. Bor, jomyctum, aToT Ball
[Tunor XykK Ipuiles B MarasuH...

— Ilpomry mporennsi, He XOTHUTE JU BbI
CKa3aTb, 4TO IPHU IOKYIIKE MOPOXKEHOIO U
HIOKOJIQZIKA Mbl 3allJIaTUM He CTOJIBKO JKe,
CKOJIbKO IIpU IIOKYIIKe HIOKOJIaJKU U MOPO-
JKEHOro?

— BbI ciopTUBHDBIN U 3HEPTUYHDII, 3a CJI0-
BOM B KapMmMaH He Je3eTe, Ja U BOOOIIe
MOCTOSIHHO Tiepe6uBaere U BejeTe ceOs Ha-
IJI0, K TOMY ’Ke PeYb UJIET O COBCEM HEGOJIb-
HI0H TOKYIIKe, [03TOMY, [yMaio, 4TO eCJu
MOKyMHaTh OyJieTe BbI, B 000UX CJAYYasIX I€Ha

nokynku 6y/er onHa u ta xxe. Ho npencrasb-
Te, YTO BbI IPUIILIN B IOBEJMPHDIN MAarasut u
XOTHTE KYTIUTD. .. HY CKayKeM, KOPOOOUKY [T
nepctasi. Kopo6ouka crout Bcero 100 py6-
Jiel, OJTHAKO B MOCJEIHWI MOMEHT BbI TOBO-
pute: «Tak ¥ ObITh, JlaBaiiTe S KYILIIO elle 1
nepcrerb 3a 100 000». Taxum o6pasom,
Bcero 3a 100 Toicsta 100 py6Jieii BbI CTAaHOBH-
TECh CUYACTJUBBIM 00JIAJaTeIeM [EPCTHS B
Kopo6ouke. Eciin ske BbI cTamneTe MOKYyTaTh
9TU TPEJMETHI B JAPYTOM TOPSIKE — CIepBa
BbIGepeTe MepcTeHb, a MOTOM COTJIACUTECH
«Jla-71a, yIakyiiTe, moxaayicras, TO IeHa
MOKYIIKM MOXKeT 0Ka3aTbCsl GOJIbIIle, HAPH-
mep 100 tercsta 500 py6aeii!

— 4 mymalto, Takme aHOMAJMH CJIy4YalOTCS
HEYacTo.

— He ckaxnre, ouenn gaxke gacto. Bor Bam
eTIe TpuMep: Ha PhIHKE MPOAI0TCS SI6JTOKN 1
arnesibcuHbl; Te u apyrue mo 100 py6reii 3a
kusorpamm. Ber Gepere oxHo si670k0 (11pu-
6/msurenbno 10 py6oeii 3a 100 rpamMMoB) u
oany Ttouny aneabcuuoB (100 Thicsu py6-
aeit). Utoro 100 010 py6ueii. Ecau ke Bbi
6epere TOHHY aIleJIbCUHOB, /1A €llle POCUTE
J06aBUTD Ty/la OJHO s16JIOKO, «OHU Beb 110
OJTHOI IIeHe», TO TOJYYHTE TO Ke CcaMoe,
ckopee Bcero, <«Bcero Junib» 3a 100 000
pyoO.Jieii.

— 4 monsn Bac, MO-BUANMOMY, MBI HMeEEM
3/1eCh JIeJI0 ¢ KOMMEpPYEeCKHM CJIOKEHUeM,
KOTOpPOE WMeEeT CBOM HIOAHCHI W HE BCET/a
HoJuUHAeTca MaTeMarudeckuM 3akonaM. Ho
MOJKET JII CyMMa H3MEHUTHCS, €CJU pedyb
UIET O YUCTOU MaTeMaTuke?

— Bbl, KOHEUHO, CJIBIMIAMN O BaKyyMHBIX
KBaHTOBBIX (DJIYKTyaIlusax? — HEOXHIIAHHO
cripocu jsaren Crsred.

— [la, — 6e3 3anunku orBetu l'oprysnit, —
ceifyac aToO OUEHb MOJHAS TeMa, BCe O HUX
caprmasn. Ho cenmaabHO /15 HAIIIETo TeJie-
sputens [Imrota XykKa CTOUT TTOSCHUTD.

— Bort, ectp y Bac mycToe MpocTpaHCTBO,
nosHelmuit Bakyym. Kopoue, Takoil HOJb-
npeHosb. HeoxknanHO OYKBAaJIbHO U3 HUOT-
Ky/Ia TTOSIBJISIETCST, CKAYKEM, DJIEKTPOH B TIape
C TIO3UTPOHOM. A Yepe3 MTHOBEHIe OHU THXO-
MHUPHO AHHUTHJIUPYIOT, BMECTO TOTO 4TOObBI
pasJieTeTbCsl B Pa3Hble CTOPOHBI.

— [Ma-ga, yAuBUTENbHO U OYEHb WHTEPEC-
HO, — corjacuics lopry/mii, cMayHO 3eB-
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HyB. — HenaBmxky ¢dusuky. K uemy ke BbI
KJIOHUTE?

— Ilpocto 3apucoBouka u3 »xusHun. OHa
HacTpamBaeT MbBICJIW Ha HYXXHBIH Jaza. Bor
YTO BBI CO CBOWM Teje3pureseM [ImHOTOM
XYKKOM MOKeTe CKasaTb O CyMMe

11 1T 1 1 1 1 1
|+ | === +|-—-=—= +
( 2 2) [2 4 4) (4 8 8]

(l_j__ij+ 9
T8 16 16)

— XMm... Hy... lla... Tunu4ynbie BakyyMHbIe
dayrryanun. OHa paBHa HYJIIO!

— He mory ne cormacutbesi. Ho, kcratw,
€CJIM BKJIIOYWTD OYEHDb CUJIHbHOE MArHUTHOE
1oJie, 3T HAIIN 3JIEKTPOHBI-TO3UTPOHBI KaK
pas3-Taku W Pa3JeTATCS B Pa3Hble CTOPOHDI!
BripoueM, 3TO CAWIIKOM XYIOKECTBEHHO, K
Jeny orHolrenus me umeer. [laBaiite pasGe-
pemcs co caaraeMbiMu B cymme. Camoe KpyTi-
HOE 110 MOJIYJIIO CJIaraeMoe TYT OJJHO: €/[NHM-
na. Corestyioniee 1o Besinune ciaaraemoe 1/2 .
Ono BcTpeuaercs TpU pasa: JBa pasa Cco
3HAKOM MUHYC ¥ OJIMH Pa3 CO 3HAKOM ILIIOC.
Uroro —1/2 . Caepyloree 110 BeTMUYNHE CJIa-
raemMoe 1/4 Toxke BCTpedaeTcs TPH pasa: Ba
pasa co 3HAaKOM MUHYC U OJINH Pa3 CO 3HAKOM
wtoc. Urtoro —1/4. To ke camoe MOKHO
CKa3aTb W TIPO BCE OCTAJbHBIE CJaraeMble.
[Tosmyvaercs, 4TO Hallla cCyMMa paBHA

— [la Beanw ato Bce ToT ke 0! Tombko Temepnb
9TO 3aIMCAHO HE CAMBIM OYEBUIHBIM CITOCO-
6oMm. [Toywaercs, 4TO BBI IEPECTABUIN CJIa-
raeMble U JJake KOe-4TO COKPATHIIN, a CyMMa
He M3MEeHWJIach. 3HAUYUT, BCE TaK?

— He Topomnutech. PaceMoTpum erie oiuH
npumMep <«QIyKTyaruii»:

11 T 1 1 11 1
-+ === +
2 2 2 4 4 3 6 6
11 1 1 1 1
+l——-=—= ||+
4 8 8 5 10 10

He npasna s, ata cymma Toxke paBHa HYJIIO.
Y1pocTuMm ee B CTUJIE TPEBIAYIIEr0 PACCy K-
neans. Kaskzioe ciaraeMoe ¢ YeTHBIM 3HaMe-
HaTesieM 2R BCTpeYaeTcs B CyMMe TPHU pasa:
JIBa pasa €O 3HAKOM MHHYC B CKoGKe

2019/Neé

1 1 1
(— - —) U OJIMH Pa3 CO 3HAKOM ILJIIOC

1 1 1
B CKOOKe (— - —) . A Kaxpoe ciara-
2k 4k 4k

eMoe ¢ HeyeTHbIM 3HameHarejeM 2k + 1
BCTpE€YaeTCda OAWH pa3 CO 3HAKOM IIJIIOC B

1 1
CKOOKe - - . [Toaromy
2k+1 4k+2 4k+2
CyMMa paBHA
UL A

— OcMemTioch TPEIoJI0KUTD, YTO 3TO TOXKE
HOJIb, TOJIBKO 3aIllMCAHHBIN ellle MeHee Oue-
BU/IHBIM CITIOCOGOM.

— Hy uro BbI, KaKoii sxe ato Hosb! CymMma,
KOTOPYIO s HAIKCaJ, IOJOXKHUTEIbHA, 3TO
COBEPIIEHHO OYEBU/IHO:

)

A BBI, g BIXKY, TIJIOXO OTJIMYAETE TOJIOKH-
TeJIbHbBIE YMCJa OT HYJIeBbIX. Kaxercs, g 3ps
[IPEIIONOXKUI, YTO CTOUMOCTb MOPOXKEHOIO
U IIOKOJIQJIKK Y Bac Oy/leT Bcerja ojiHa U Ta
kel [la Bbl, HaBepHO, U €CTb TOT CaMbIit
[Tunor XyKK, KOTOPbI 3a/1a71 9TOT JIy PAllKUil
Borpoc! IlpusnaBaiitecn!

— Hyyy, 2999... B nocnexnnee Bpems reJe-
3PUTEJN TPOSBISIOT MaJO AKTUBHOCTH Ha
caiite Hamren Tenernepenayn... OHU 3a7af0T
CKyYHbBIC W MAJOUHTEPECHBIE BOMPOCHI. ..

— [oporue npy3bs, s garea Crsren, skc-
mepT BEJUKOJIETTHON WHHOBAITMOHHOW MPO-
rpaMmbl «YUTO He Tak?» MO BOIIPOCAM aJleK-
BarHoctu. CerogHss Mbl OOCY’K/JAJU HHTeE-
pecHelInii BOIPOC O BO3MOXKHOM HeaJleK-
BATHOM TIIOBEJCHUU CYMMBbI IIpU IIepeMeHe
MecT cJjaraeMblX. Bmecro aToro Mbl crajan
CBUJIETEJISIMU HEa/IeKBATHOTO 110BE/ICHUS Ha-
mero Beaytiero! /laBaiite moansoanpyem eMmy
3a TIPEKpacHO MOCTaBJeHHbBIN Botpoc. [Ipo-
SICHWJIOCH JIN YTO-HUOY/Ib B pe3yJibTaTe Ha-
meit auckycenu? [lymato, He oyenb. Hy na
u JsanHo. bBeperute cebst, coxpausiite sic-
HOCTb yMa M TPE3BOCTb Mbicau! ¥YBUAUMCS
Ha cJeayolreil HezxeJe!
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«KBAHT>»

AJdAd MJAJININUX INIKOJbDHHUKOB 13

aa4dl

1. B napke aTTpakuUMOHOB koneco 0bo-
3peHuns paboTaeTt no cybboTam, BOCKkpe-
CEeHbSIM 11 BTOPHMKAM. B neTHMe KaHmKy-
bl Malle pa3speLlmnn xoguTts B napk 9

OHen noapan. B kakown aeHb Hegenu en
HY>XHO MOWTU B MapK NepBbIA pa3, ecu
OHa XO4eT KaTaTbCA Ha Konece obo3pe-
HUA KaK MOXHO DonbLue?

2. OpamHakoBble KBa[paTbl pa3fesieHbl
Ha MaJieHbKMe KBaapaTukin, KOTOpPble

=TRIA

noKpalleHbl B LLAXMaTHOM nopsake. Ha
KakoM M3 HUX 3aKpalleHHas nowanb
camas bonblias?

3. 13 pa3BepTkn, M300paxKeHHON Ha
pucyHke BBepxy, Calla cknenna Kopob-

ST 33da4yn npednarannce Ha MexayHapon-
HOM MaTemMaTM4eCckoM KOHKypce-urpe «KeHrypy»
B 2019 ropy.

Ky 1X1x2 n paccmaTtpyvBaeT ee C pas-
HbIX CTOPOH. Kakow 13 BapuaHToB @ — d
OHa He CMOXeT yBUAOeTb?

4. Nnct 4x 8 cnoxXxunu nononam, no-
TOM elle pa3 nornonam v T.4. — B utore
nonydunm ksagpat 1x1. [lotom nncT
pa3BepHyM 00paTHO, 1N HEKOTOPbIe OT-
pe3knM OKa3ajnCb «BbITHYTbI» BBEpPX, a
Lpyrue — «BbIrHYTbI» BHK3. Kakon mor-
Nla 0Kas3aTbCA CyMMa [LJIMH OTPE3KOB,
BbIFHYTbIX BBepx? (TpebyeTcs HalTh BCe
BapWaHTbl 1 [0Ka3aTb, YTO OPYrMX HeT.)




SJAHAAYHUK «KBAHTA»

3afa4m
Mo MaTtemMaTVKe 1 (PUsKKe

Jror pasfen Begercs y Hac U3 HOMepPa B HOMEP ¢ MOMEHTA OCHOBaHUS XypHana. [lybnvkyemsie B
HeM 3aAa4Yy HeCcTaHAapTHbl, HO A/ UX PelleHns He TpebyeTcs 3HaHuy, BbIXOJAMNX 33 PamMKu
LUKO/IbHOV Miporpammsl. Hanborsee TpyaHble 3aaa4u oTMeyaroTcs 38e3404kou. [Tocre gpopmynupoBiu
3afAa4n Mbl 06bI4YHO YKa3bIBaeM, KTO HaM ee MIPea/IoxXnI1. Pasymeercs, He Bce 3Tu 3a4a41 rnybnukyrorcs
Briepsble.

Pewienns 3aaa4 no maremMatvike u @usvKe 13 3Toro Homepa ciegyert OTrpas/isiTe 10 /1E€KTPOH=
HbIM aapecam: math@kvant.ras.ru n phys@kvant.ras.ru cooTBETCTBEHHO M/ T10 TOYTOBOMY aApPECY:
119296 MockBa, JleHuHckmvi rpocrnekT, 64-A, «KBaHT».

YaioBus kaxpgovi opurnHaneHod 3agayqu, npeaaaraemMon A nybnvkaymu, Bmecre ¢ Bawwim
peLueHnem 3Tou 3aAa4u MPUCbIIaiTe 1o TeM XKe aapecam.

3apayn M2562 — M2564, M2565a npeanaranuce Ha 3akmoyntesbHom 3tane XLV Bcepoccuvickor
OIUMINAAbI LIKO/IbHUKOB 110 MaTeMaTvKe.

3apayn @2569-@2572 npeanaramico Ha MHTepHeT-onumnmage CYHL B 2018/19 yyebHom roay.

Asrop 3ana4 — C.Bapnamos.

3apaun M2562-M2565, ®2569-D2572

M2562. Kaxoii Touke A IJIOCKOCTU COTIO-
craJieno Bemectsentoe uucio f (A). Usse-
CTHO, 4TO ecau M — TOuYKa IepeceyeHus
Mepuan Tpeyroibiuka ABC, 10 f (M) =
=f(A)+f(B)+[(C). Hokaxure, uTO
f(A) =0 s Bcex Todex A.

A.Tonosanoes

M2563. [1amma 1 BoBa urpaioT B CJIeyIOTNLYTO
UTpy, jesast XOo/bl 10 ouepeaun. Hauumaer
[Tamra. M3navyaabHo Tepes MaJbIMKaMu Jie-
SKUT GOJIBINON KYCOK TITACTUJINHA. 3a OJIUH
xon Ilarra Moxker paspesarb 000N U3 UMe-
IOIUXCST KYCKOB TIJIACTUJINHA HAa TPU YACTH.
BoBa cBouMm xoj/10M BbIOUpaeT Jr0Gble /iBa
KyCKa W cjernsieT ux BMecrte. [Tamma mo6esk-
JIaeT, €CJIM B HEKOTOPBIII MOMEHT CPE/IN UMe-
I0IUXCS KyCKOB IltacTunHa okaxercs 100
KYCKOB 0/InHaK0BO# Macchl. Mosker jim Bosa
noMeniarh [lame nmobeaurnp?

P.Egppenmos, /l.benos

M2564. /lan ocTpPOyTOJIBHBIN TPEYTOJTBHUK
ABC, Bxotopom AC < BC (puc. 1). Oxpyx-
HOCTb MTPOXOJUT yepe3 Toukn A nu B u nepe-
cekaet otpe3kn CA 1 CB oBTOPHO B TOUKaX
Ay n B, coorBerctBeHHO. OmHUCAHHBIE OK-
pysxHoctu TpeyroabHukoB ABC u A B,C
repecekaloTcs IHoBTOpHO B Touke P. OTpe3kn
AB; u BA; nepecekaiorcs B Touke S. Toukn
Q u R cuMMeTpuUYHbI S OTHOCUTEJBHO IIPSi-

Puc. 7

Mbix CA n CB. [lokasxkute, uro Touku P, Q,
R u C nexar na oJHON OKPY>KHOCTH.
A.Ilpoxonenxo

M2565". a) Jlanbl 7 MOHeET NOMAPHO pas-
JINYHBIX MACC M 7 YaIIE€YHBbIX BECOB, 1 > 2.
[Ipr KaskJOoM B3BENTMBAHUU Pa3PEIIAeTCS
BbIOpaTh KaKMe-TO OJHH BECHI, TTOJOKHUTDH
Ha WX Yallu Mo OJHON MOHETe, TTOCMOTPETDH
Ha TIOKa3aHNS BECOB M 3aTE€M CHSTH MOHETBI
o6partHo. Kakue-to oguu u3 Beco (Hensse-
CTHO, KaKMe) MCIIOPYEHDBI ¥ MOTYT BBIJABAThH
caydaiiHbIM 00pa3oM KaK MPaBUJIbHBIN, TaK
U HENpaBUJbHBIN pe3yabTaT. 3a Kakoe
HaMMelblilee KOJINYECTBO B3BEITMBAHII MOYK-



SAJAYHHUK

HO 3aBEJIOMO HAiTH CaMylo TSKEJIylo MO-
Hety?
6) Pemmre Ty jKe 3ajady, €CJIM Ha Yallu
BECOB Pa3pelaeTcs KJIACTb CKOJbKO YTOIHO
MOHeT.

M. Judun

®2569. Ha miockoil BepTUKAIbHOIN CTene
BUCAT YacChbl, Y KOTOPBIX CEKYH/HAS CTPEJKa
aBukercst miasHo (6e3 CKaukoB) B BepTH-
KanbHOU 10ckocTu. lnuna crpeaku R =
=10 cM, ocb BpallleHHs CTPEJIOK YaCOB TOPH-
30HTaJIbHA U HAXOAUTCS HA BBICOTE i =2 M
Ha/J| 110J10M. Ha KoHunKe ceKyH/IHOI cTpesIKn
CHUJMT MyXa M OTHOCUTEJbHO CTPEJIKU He
JIBUZKETCST, & IO TOPU30HTATBHOMY TIOJTY BJIOJTb
CTeHbl ¢ yacamMu Ha pacctosiann L = 10 cM ot
Hee OEXKUT TapaKaH C TIOCTOSTHHOM CKOPOCTHIO
v =10 cM/c. B HeKOTOPBIIl MOMEHT TapaKkaH
HaxoauTcs 6JmKe Bcero K yacam. Kakoii mo
BEJIMYUHE B 3TOT MOMEHT MOKeT OBbITbh CKO-
POCTDb TapaKaHa B CHCTeMe OTCYeTa MyXH, T/ie
OHA U CeKyH/[HAS CTPEJIKA YacOB MOKOATCH, a
BeCb MHpD BpallaeTcsi BOKPYT OCH YacoB?
Kakoil 110 BesnmunHe B 9TOT MOMEHT MOXKET
6BITh CKOPOCTb MYXH B CHCTEME OTCYeTa
TapakaHa, I/ie ero TyJOBUIIE IOKOUTCS, HOK-
KU TIEBEJATCS W MUMO HETO BECh MWD JIBU-
JKercs?

®2570. Mexay IByMs JOMaMU C TLIIOCKUMHU
KPBIIIAaMU, KOTOPBIE PACIOJIATAIOTCS HA OJ1-
HOM BBICOTE HaJ| 3eMJiell, paccTogHue 3 MeT-
pa. Bacg mpunec Ha OfHY W3 KPBINI [[Be
JIETKUE U TIPOYHbBIE JOCKU OMHAKOBOM IITUPH-
HbBI ¥ TOJIIUHBI, KAXK/Iash U3 KOTOPbIX UMeEeT
JqunHy 2 Merpa. CBsi3aB BepeBKaMU 3TH JOC-
KM Tak, Kak ITOKa3aHo Ha pucyHke 2, Bacs

1,05 M

Puc. 2

COEJIMHUJT KPBIIIHA JIOMOB MOCTUKOM. [lockn
CBOUMU CBOGOIHBIMU KOHIIAME OIUPAIOTCS O
Kpas KpPBIII, «3aXO/sT» Ha KKAYIO KPBITY
Ha 2,5 cM. A KaX/blil U3 TPUBSI3AHHBIX K
JIpYTOHl JJOCKe KOHIIOB OXBau€H BEpPEBKOIi,
o6pa3sylolieil «oMHapHoe» KOJbIo. Macca
Bacwu 60 kr. [Tpu kakoit MUHUMAJIBHOI TPOY-
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HOCTH BEpPEeBOK HA Pa3pbiB Bacs Moxker, He
60s1Ch yIacTb U He TOPOILSICh, TIEPEXOIUTH C
OJTHOH KPBIITH HA JIPYTYIO?

®2571. CrioniHoii cTaiabHON MAPUK PAIIy-
coM R =5 cM npuBsI3aH TOHKOI TIPOYHON U
HEePaCTSXKUMOM HUTBIO K /IHY cocyia. B cocy
HAJIUJIM CTOJIBKO PTYTH, UTO MIAPUK He Kaca-
ercd JlHa, a HUTb HaTgHyTa C cUjIoid F =
=13,6 H. B aror ke cocy AOMOTHUTETHHO
HAJIMBAIOT CTOJIBKO BOJIbI, YTO BECH MIAPUK
OKa3bIBAeTCS HIDKE ee BEPXHETO YPOBHS.
Kakoit Ttemepp crasa cumsia HATSXKEHUS
uutn? [LnorHocts prytn py, = 13,6 r/(:M3 ,
IJIOTHOCTD CTAJH P, = 7,8 r/ cM®, UIOTHOCTD

Boabl p, =1,0 r/CM3 . Cunuraiite, uTO

g=1OM/C2.

®2572. BomompoBOHBIH KpaH CJIOMAJICH,
MOITOMY W3 HETO B PAKOBUHY MOCTOSTHHO
KalmaeT Topsyas BoOJa C TeMIepaTypoit
+60 °C. Boja ckamnamBaeTcs B MO/ICTaBJIECH-
HOIi TapeJsike, a ee U3JMIIEK CTEKAET B CJIUB-
Hoe oTBepcTHe. Temmneparypa BOJbI B TapeJ-
Ke Yepe3 CyTKU IIOCJe TOJOMKU YCTaHOBH-
Jach paBuoit +30 °C . Kakoii ctaHer temie-
paTypa BOZIbI B TapeJsKe Yepe3 CyTKH II0CJie
NOYMHKK KpaHa CaHTeXHUKOM [[xaMiryToMm,
€CJIU B PE3YJIbTATe «IIOUNHKU» YaCTOTA T1ajie-
HUS Karesib yBeJnniaach B 4 paza? Komuat-
Hag temneparypa +20 °C. MomtHocTh Ten-
JIOBBIX TIOTEPb TPOMOPIINOHAJbHA Pa3HUIE
TEeMITEPATYP.

PeweHusa 3apay M2550-M2552,
®2557-d2560

M2550. /14 noroxumenvivix yuce a, b, ¢
doxaxume HepaABEeHCMEO

a+b b+c c+a
+ + >+/2 N2b ++/2c.
Jb+c e+a a+b @ e

[l1s1 perenust 6y/ieM HCHOJIb30BATh BCIIOMO-
raTtelbHbIe HEPaBEHCTBA IS TIOJOXKHTEb-
HBIX YHCeJI:

2 2 2

x—+y—+—2x+y+z, (1)
y z x

Ja+b+Jb+c+Jc+a>

> a +2b +2¢ . (2)

Ilna mokasatenbcrBa HepaBenctBa (1) MOx-
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HO, HallpuMep, B34ATb HEPaBEHCTBO

x
— 2 2x -y (KOTOPOE 9KBUBAJIEHTHO Hepa-
Y
BeHCTBAM A° > 2xy — y2 o - 2xy + yz 2
2
20 (x-y)" 20)u CIIQHHTD C aHATOTHIY-

z
HBIMU HEPaBeHCTBaMU LA 2y—z mu —2
X

z
>2z—x.
Yro6bl m0Ka3aTh HepaBeHCTBO (2), MOXKHO

HepaBeHCTBOVa + b > \Ja/2 + ,/b/2 (koTopoe

IKBUBAJIEHTHO HEpPaBeHCTBaM d +b 2 a/2 +
+Nab+b/2 © a-2Jab + bZO@(«/E—

2
- \/g) > 0) CJIOJKUTb C aHaAaJOTMYHbIMU HE-

paBencTBaMu  b+c¢ = .b/2+c/2 u
Ne+a z\jc/2 + a2 .

Tenepb JAaHHOE B YCJIOBUM HEPABEHCTBO MOJK-
HO JOKa3aTb B /IBa X0O/ia. BHaanIe, ITPUMEHNB

nepaserctBo (1) mns umcen x =+a+b,
y=~b+c, z=+c+a, moayanm

a+b
Jb+c¢

b+c
Je+a

L cta
Na+b
>Ja+b+b+c+e+a,

IIOCJIE YETO OCTAETCS BOCIOIb30BAThCS Hepa-
BercTtBoM (2).

B.Kaupam, A.Xpabpog

M2551. Ha docke napucosan evinyx.ivlii n-
yeononux (n=4). Kaxdyo ezo eepuuny
Hado okpacumv au60 6 uepuviil, AUOO 6
beavuii ysem. Hazosem duazonanv pasmo-
usemmoll, ecau ee KOHUbl OKPAWeEHbL 8 Pa3-
nole yeema. Packpacky eepuun mnasoeem
xopoweil, ecau N-yz0lbHUK MOKHO pA30umo
HA MPeyzorvHUKU PA3HOUBEMHBIMU OUAZ0-
Hansimu, He umerouumu o6uwux mouex (Kpo-
me sepwun). Hauoume xonuuecmeo xopo-
wWux packpacox.

Otser: n° —n.

Cpasgy ke 3aMeTHM, YTO pacKpacka BcCeX
BEPIIINH B OJIMH IIBET XOPOIIIEH He SBISIETCS;
TaKWe PACKPACKM B JaJbHEHTIIEM He paccMaT-
PHUBAIOTCS.

HasoBeM cTOpOHY MHOTOYrOJIbBHUKA pPA3HO-
ueemHoll, eCJii ee KOHIIbI OKpAIlleHbl B Pa3-
HbIE 1[BETa, U 00HOUGEMHOU — B IPOTUBHOM
caydae. HazoBeM packpacky BepIINH ynopsi-
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douennotll, ecau BCe 4YepHble BEPIIMHBbI Ha
rpaHuile MHOTOYTOJIbHUKA O6Pa3yioT OJNH
610K TOAPS MAYIIUX BEPIIUH, MHAUYe TOBO-
Psi, Y MHOTOYTOJIbHUKA €CTh POBHO JIBE pas-
HOIIBETHBIE CTOPOHBI (SICHO, 4TO MEHee JABYX
Pa3HOIBETHBIX CTOPOH OBITH HE MOJKET).
YcraHoBUM CIIEAYIOIIEe OMUCAHNe XOPOIINX
PaCKpacoK.

Jemma. Packpacka seepuiun 6vinyxiozo n -
yeonvnuka (npu n = 3 ) s6asemcs xopousetl
mozoa u movKo mozdd, K020a ond Yynopsoo-
uend.

JlokaszaTh JleMMy MOKHO pasHbIMU CI1oco6a-
MU, HalpUMep HCIOJb3YsT WHAYKINIO. MBbI
NPUBEJIEM 3J/IeChb JIOKA3aTeJbCTBO, KOTOPOE
BCTPETUJIOCH B PA6OTaX HECKOJBKUX MIKOJIb-
HUKOB Ha PeTHOHATHHOM aTarie Beepoccuiic-
KOW OJTMMITHA/IBI.

[oxkazareabctBo. [IpenmosnoxumM, 94T0 pac-
KPAacKa BEPIIUH BBIMYKJIOTO R-YTOJbHUKA
SIBJISIETCST XOPOIIell, U PaCCMOTPUM COOTBET-
cTByIOIllee pa3buenne MHOTOYTOJbHUKA Ha
TPEYTOJbHUKN PA3HOIBETHBIMU [IUATOHAJIS-
mu. Kak u3BecTHO, B TAKOM pa3OUeHun poOB-
HO n — 2 TpeyrosbHuka (aT0 ciemyer, Ha-
[IpUMeP, U3 TOJCYETa CYMMbI YTJIOB N-YTOJIb-
HUKa: € OJIHOW CTOPOHDBI, OHA paBHA
(n—2)-180°, a ¢ apyroii, oHa paBHa Cym-
M€ yTJIOB BCEX TPEYTOJIbHUKOB PasOueHnst).
B kak[I0M 13 9THX TPEYrOJBHUKOB MOKHO
BBIGpPATh CTOPOHY, COEIMHSIONIYIO BEPIIH-
HbI PA3HOTO I[BETA; TaKas CTOPOHA HE MO-
JKeT ObITb JMArOHAJbIO N-YTOJbHUKA, a 3HA-
YHT, 9TO OIHOIBETHAS CTOPOHA 7-yTOJbHU-
ka. Wrtak, I/ KaXXJI0r0o U3 7 — 2 TPEyrosb-
HUKOB HaIlIJach OJHOIBETHAs CTOPOHA
n-yroabHuka (JJisI pasHbIX TPEYTOJbHUKOB
5TH CTOPOHbBI, OYEBU/IHO, PA3HBIE), II09TOMY
BCETO B HAlIeM N1-yTOJbHUKE He MeHee
7 — 2 OJIHOIBETHBIX M, CJIE€J0OBATEJHHO, HE
6oJiee IBYX Pa3HOIBETHBIX CTOPOH. Takum
00pa3oM, pacKpacKa BEepIINH SBJSETCS YII0-
PSIIOUEHHO.

[TycTp Temepp packpacka BepIINH BBIMTYKJIO-
IO N-YTOJIbBHUKA SIBJISIETCST YIIOPSIZIOYEHHOM,
MoCJe0BATENBHO 0G03HAYUM BEPIIHHDBI
A Ay, AL B, B, tie A; — Genble Bep-
mmHpl, a B; — uepnbie (cM. pHCYHOK).
[TpoBesem Bce nuaronasnu, Beayiue u3 A, B
yepHble BEPIINHBI, U BCE UATOHAJH, BEy-
mue u3 B; B Gesble BepumHbl. OUeBUIHO,
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oJiy4eHo TpebyemMoe pazdueHne pa3HoIBeT-
HBIMU JIMATOHAJIAMU.
Jlemma fokasaHa.
BBumy JemMMbl, OCTAJOCH JUIIb TTOCYUTATH
YICJIO YIIOPSIOYEHHBIX PACKPACOK N-YTOJIb-
HuKa. g Kask0oro BO3MOYKHOTO KOJIdYe-
crBa k yepnbix Bepuun (k mpuHuMaer 3Haue-
g or 1 10 n — 1) cpeau Bcex n BepIIUH
MO3KHO 72 CITOCOGaM¥ BIOPATh PACIIONIOKEHIE
6J10Ka U3 R TOJIPSIT MAYIIIUX YePHBIX BEPIITHH,
T.€. 9MCa0 croco6oB paBHo 7(n—1).
C.Bepaos, H.Bozdanos

M2552. ITocaedosamenvrocmo ( a, ) namy-
panvrvix wucen 3adana ycaosusmu a; =1,

Ayyt = Ay T A 7 MPU GCEX HAMYPALLHBLX
n = 1. /lokaxxume, umo 015 Ka:x0020 Hamy-
panwnozo k 6 3moil nocaedosamenvrocmu

Haudemcs uaen, Oerauuiica na k.

Cpefu umcest @y, ay.q, Ay, ... BBIOEPEM UHC-
JIO, KOTOPOE JlaeT HauMEHbIIHI OCTaTOK I1PU
JesieHun Ha k. IIycTb 910 UnCIO @,,, ¥ IIyCTH
OHO JIaeT OCTATOK 7 1IpH JeieHun Ha k. Ecim
r=0,T0 @, — Hy>KHbIIl HAM 4JIeH 110CJIe/0-
BaresbHOCTH. [lpemmosoxnM Temephb, UTO
O<r<k.
[Mockombry m > k , nMeeM

m? +k<m® +m<m?+2m+1=(m+1),
I09TOMY

[m2+1]=
:[ m2+2]=...=[m}=m.

Orcrooma a,,,,=d,.,+4a,, a,.,=d, +
+d,, ..., an22+k = am2+k—1 +da,,T.c. am2+t =
=a,+ta, nat=1,2, .., k lycrs a ,
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JIaeT OCTaTOK R mpm geneHuu Ha kR, TOrja
a,., JNaer npu jeneHnn Ha R Takoii ke
OCTATOK, Kak u yucyao R + tr. B psuy uucen
R,R+7r, R+ 2r, ..., R+ kyuaiiiem niepBoe
yrcJ0, He Menblnee k (Takoe ymcso HaiigeT-
ca, Tak Kak R < k, a R+kr>2R+k2>Fk).
IIyctp 210 wmcao R + sr. Torga
R+(s=1)r<k<R+sr, orkyna 0<(R+
+sr)—k<r, mostomy y uucaa R + sr, a
3HAYAT, W y 4uCAd d . o, OCTATOK IIpH
JIeJIEeHUN Ha R CTPOTO MEHBINE #, UTO MPOTH-
BOPEUUT HAIMIEMy BBIGODY.

11. Ko.xesnukoe

®2557. Ha zopusonmanvnoli niocKocmu
HAX008Mmcst 084 00UHAKOBHIX OOHOPOOHDLIX
opycxa maccou M, 00un u3 Hux — <Jexa-
wuil», a Opyzoil — «<cmosiuuils (M. pucynox ).

Ha 6pycrax saxpenaenvl neeecomvie 6.10KuU
be3 mpenus 6 0CsxX, uepe3 Komopuie nepexu-
HYMA HeeecoMas U HePACMSKUMAS HUMD,
coedunsouas 06a 00UHAKOBHLX WAPA MAC-
coti m. Y numu uMeiomcs 6epmuKdibtvle u
eopusonmanvnvil. yuacmxu. Ilapor xaca-
tomes 6pycros. Buauane amu 6pycru yoep-
JKUBAIOMCSL BHEUWHUMU CUNAMU 8 HENOOBUK-
HOM cOCMOANUU. 3amem OpYcKu omnycmu-
JU, U OHU CMAAU 08UZAMNBCSL NOCINYNAMETb-
Ho. C KAKUMU HAUATLHUIMU YCKOPEHUSIMU
dsuzanuce 6pycku? Tpenus 6 cucmeme Huz-
de Hem.

Cyzs 1o pucyHky, 6pycku 6yayT cOMKATD-
€S, TaK KaK MEXK/y HUMHU UMeeTcs HaTSHY-
tag Huthb. [llap, mpukacaionmuiics K <«CTO-
sgueMy» GPYCKY, OCTAHETCSI B COIPUKOCHO-
BEHUHU C HUM, a BOT BTOpoil map (cieBa Ha
pUCYHKE) cpasy I10CJie TOro, Kak BHeEIIHUe
CHJIBI TIPOIIAJIU, TIePECcTaHeT KacaTbCs <Jie-
skavero» 6pycka. O6a mmapa HAYHYT OIyC-
KaTbCsl BHU3. BepTuKaabHbIE COCTABIISIONIIE
X YCKOPEHUl B HAYAJTBHBI MOMEHT OYIyT
omHAKOBBIMU. OG03HAYNM HEGOJBIIOE CMe-
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leHNe 1IapoB BHU3 Yepe3 X, TOTAa B CyMMe
TOPH30HTAJIbHDIE BCTPEYHbIE CMEIeHN OPyC-
kOB (6y/ieM WX CYMTATh MOJOKUTETbHBIMI)
Xep + Xy AAAYT BEJUUUHY 2x. ITO pac-
CTOSTHNE TOJETUTCS MEXKIY CMEIIEeHUSIMI
«JIeKQuero» M «CTOSIero» OPYCKOB B TIPO-
TTOPITIH
(M + m)xCT = Mx]IC)K N
Orcrojla HaXO UM
M M+m

Xpg =X ————, Xpoye = X —m
CT ’ JIexK .
M +m/2 M +m/2
ITocKko/IbKY TpeHHSI HET, TO MeXaHHYecKas
SHEPIUsl CUCTEMbI TeJl COXPaHSICTCS:

N2
)| o g MEm
2 M +m/2

+(M +m) - 2mgx =0.

M +m/2
OéOSHa‘II/IM Bpra)KeHI/Ie B KBaZIpaTHbIX CK06-
KaxX B HOJIylleHHOM ypaBHeHI/II/I qepes A
Ynpomas aTo BeIpakeHue, MOJIYIUM
m? +4mM + 2M?
M +m/2

U TIepenuiieM ypaBHeHnue B GoJjee ygao6HOM
BUJIE:

A=

2 4m
(x)" = 21
A
M3 kuHeMaTUKU U3BECTHO, UYTO TaKas CBI3b

KOOPJMHATHI X I CKOPOCTH X’ COOTBETCTBYET
2mg
ABIKEHHIO C YCKOPEHHEM, PABHBIM — = .

Orciojia TOJTyYaroTcsi NCKOMbIE YCKOPEHHUST
GPYCKOB cpasy MocJje nX 0CBOGOKICHHS:
YCKODPEHHE <JIesKauero» OpycKka paBHO
o - 2mg M+m _ 2gm(m+M)
JexK T -
! A M+m/2  m®+4mM +2M?
U HANPABJIEHO BIIPABO, YCKOPEHHE «CTOsTUE-

ro» GpycKa paBHO
- 2mg M 2gmM
A M4+m/2  m’+4mM +2M?

" HallpaBJIEHO BJIEBO.

”

M.Pomawxa

®2558. Illaposas avdunka paduycom R,
umerowas memnepamypy 0°C, e ycaoeu-
ax Hesecomocmu nawunaem masmo (naa-
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BUMBCS) NPU NOCMOSAHHOU <HEBLICOKOU>
memnepamype oxpyxawouei cpedv T,
(T, ~2-5°C). [Ipenebpezas ucnapenuen,
onpedequme epems masnus Av0uHKu. Bo
CKOLKO paA3 603pacmaem 6pems masus
ABOUHKU NPU YeeudeHuu ee paduycd 6 06d
pasa? Yoenvuas mensioma niasienus iv0d
A, Koahuyuenm mensonpoeodrocmu 600ut
M. Cuumaiime, 4¥mo npu niasieHuu JobOUH-
Ka coxpausem Gopmy wapa u cummempu-
HO OKpYxKena 6000t, 06paA306awelics npu
ee Masinui, NOCKOIbKY 600d XOPOWO CMA-
yusaem aed. Temnepamypa na enewnel
nosepxHocmu 800bl, KOMOPAas. NPeocmagis-
em coboil cehepy, eécezda pasna memnepa-
mype okpyxarwei cpedvl T .

CrayvaJsa onpenesnM, Kak BpeMs IJIaBJIeHUS
{ 3aBHUCUT OT CYIIECTBEHHDBIX IapaMeTpoOB
CUCTEeMbl, IIPUBE/IEHHBIX B YCJOBUU 33/1a4M.
«OrneHovyHoes ypaBHeHMe /IS BpeMEHH MOXK-
HO IIOJIYYUTh, CYUTAS, YTO TEILJIOTA /LIS T1JIaB-

4
JeHns mbaa o6beMoM V = —nR> u BbIHY K-

JIEHHOTO TIPU 3TOM HarpeBa 06pa3oBaBIieiics
BOZIbL 10 TeMIlepaTypbl opsaka 1, mocrya-
€T yepes3 MOBEPXHOCTD ILIOMA/IbI0 S ~ 4mR?
Yyepes CcJIOil BOJBI TOJIIMHOW /2~ R mpu
pasuuue Temueparyp Iy :

4 3 2 Ty
—nR” (A +cTy) ~Nn-4nR" - — -t .
p 3 ( Co) n

OTCIOZIa rnoJjsydaeM

t:AﬂRz(Hﬁ),
nT, A

IJie ¢ — TEeIJIOEMKOCTb BOJbI, A — HEKOTOpast
4UCJIeHHAas KOHCTAHTa, KOTOPYIO MOXKHO OII-
PEe/IeJIUTh TOJIbKO IIPH <«TOYHOM»> PEIICHUH
3aj1auil. 13 1101y 4eHHOT O BBIPAsKEHUS CIIe/Ly -
€T, 4TO BpeMs ILJIaBJIEHNS IPOIIOPIINOHATIBHO
KBa/[paTy HavyaJbHOTO pasMepa JbAWHKH H
IIPH yBeIMYEHNH JUaMeTpa JIbIHKH B 2 pa3a
BpeMs IIaBJIeHNs yBenunuTcs B 4 pasa. Ilpu
MajIoM 3HaueHnn T, BTOPBIM CJIaraeMbIM B
cKkoOKax MOKHO Tipere6peub. (ITpu Ty = 3 °C
BTOpOE ciaraemoe pasHo cTy /A = 1/30, uro
JeHCTBUTEIBHO MHOTO MeHble 1.)

Tenepp paccMOTpUM TOUHOE pelIeHHe 33/1a-
4. MOKHO CYHTaTh, YTO MPU HEBBICOKOIL
TeMIlepaType OKpYsKalollell cpeibl Ipolece
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TasiHus JIbJAUMHKK OY/IeT OYeHb MeIJIEHHBIM 1
UTO pacipe/iesieHre TeMIePaTypbl B PaciliaB-
JeHHO#l o6oJouKe
(Bose) Gyzer cramuo-
HapubiM. [lpu sTOM
IOTOK TeTLTa J7Is1 Tast-
HUS JTbIMHKY OTpe/ie-
JISIETCS  TPAAMEHTOM
TeMIIepaTypbl Ha Tpa-
HHUIlEe BOJa—JIe/ U Be-
JIMYUHON TIOBEPXHOC-
T 9TO# TIpaHUIbI
(puc.1). 3anumiem s10 ycaosue (B cOOTBET-
cTBUU ¢ 3aKOHOM Dypbe):

Puc. 1

Koncrantsl onpejiesisieM 13 TPAaHUYHBIX YC-
JIOBU

e C e
41 R
0:_£.1+C1
4mn r
1 TIOJIydaeM
c 1
c =1 ¢ mp, L.
41 ¥ R-r

B utore pacnpesesieHne TeMnepaTypbl B BOJ-
Hoit o6osi0uKe onpejesisieTcss GopmyJIoit

T=T, Rr (1_1)

R-r\r «x

CJOXHOCTD aTbHENIero TOYHOTO pacyeTa
CBsI3aHA ¢ M3MEHEHWEeM o0beMa MPU TASHUN
gpaa. IlpuMem TJIOTHOCTH JbJa PaBHOM
0,9 r/ cM° . JIeTKo TOKa3aTh, YTO BHEITHMIIT
PaJyC KUAKON chepbl OTpe/IessieTCst TaKOo
dopmymoit (# — paguyc ocTaBIIEHCs JIb/IMH-
KH):

3
- 1( 7
R(r)=R, 0,97 31+-| —| =
() =Ry 9[Rj

0

3
1( r
=0,963R 1+ = — | .
9\ Ry
Ipaduk aroii «Hexoporeii» (Ho o4eHb «cJia-
GeHbKOoit» ) (DYHKIMU PUBEJeH Ha PUCYHKE
2. OueBuJHO, YTO JJs YIPOIlEHUsS pacye-

R(r)

0,8

0,6

0,4

0,2

0 0,2 04 06 08
r

Puc. 2
TOB BHEIIHUI pajlyC MOXXHO CUNTATh KOH-
. 1+0,965
CTaHTOH co 3HauyeHueM R = TRO =

=~ 0,983R; (B COOTBETCTBUM C yCPEAHEHTEM
JIMHEHHON allIpOKCHMAIIN) .

Terepb HAXOAUM TPAJMEHT TEMIIEPATYPBI Y
MMOBEPXHOCTH JIbjla, KOTOPBII U OIpe/esieT
TETLIOBOU TIOTOK TIPU TasTHUU JIb/IUHKH:

dT Rr 1 dT R
— =T wm — =Ty ————.
dx (R=7)r

TOR ?’ dr
YPaBHeHI/Ie IIJIaBJICHUA 3allUIIeM B BHU/E
p-4mr? - (=dr)- L =n-4mr? -fl—T-dt =

r

R
— 2
= M- ATy ————dt .

(R=r)r
[Tocsie mpeo6pa3oBanis IPOUHTErPUPYEM:
Ll A
f=—_P j(R—r)r-dr - Pr R
NTHR 5, 6nT,
11 yuTeM M3MeHeHHe o6beMa IIpH ILIaBIeHIN:
pA pA

(0,983R, )" = 0,965
6n7, 6n7,
Urc/IeHHBIH pacyeT MoKa3bIBaeT, YTO IMapuK
pajuycoM B 1 ¢M 1pu BHEIIHEN TeMIiepaType
2,25 °C pacnaButest 3a 1 yac.

A.Banacos

t= R .

®2559. B mouke A, pacnonoxennoi Ha
paccmosnuu r om uenmpa O nezapsaxennou
nposodsiwell cghepol paduycom R, nHaxodum-
cst moueunwiil 3apso q (cm. pucynox). Cehe-
DY 3A3eMASI0M OJUHHBIM MOHKUM NPOBOOHU-
koM. Ha cxoavko nocae 3asemaenus usme-
Humces nomenyuan ¢ mouxku B, aensowetl-
€S BEPULUHOL PABHOCMOPOHHEZO MPEY20ib-
nuxa ABO? Kaxum 6ydem usmenenue ex-
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MOPa HanpsiKeHHOCIMU IJIeKMPULECK020 NOJLSL
68 amoil ke mouxe?

Pemenne anaornyHoi 3a/lau CM. B CTaThe
C.Kproxosa «IIpunimm cymepro3nuiinm B aJieK-
TPOCTATHKE» B MPeAbAYIIeM HOMepe « KBaH-
Tay.

Md2560. Hmeemces 6eckoneunas cemxa, coe-
AAHHAS U3 NPOBOJOKU NOCTNOSIHHOZ0 CEUCHUSL,
noxaszannas na pucymxe 1. /launa ompesxa

Puc. 1

AB pasna a. Conpomusienue eQunuybt 0Jiu-
HbL nposodnuxa pasuo P . Haiidume conpo-
muenenue R, p mexdy mouxamu A u B.

[Tpeo6pasyem Bce 3Be3/bI NCKOMOI CETKH B
TPEYrOJIbHUKU, KaK [IOKa3aHO Ha PUCYHKe 2.

2019/Neé

Y kaxpgoro TIOJTYUYUBIIETOCA TPEYyTOJbHUKA
COITPOTUBJIEHNE «CTOPOHBI» PaBHO

n3«/§

a
R =3-p-—cos—=——pa
1 p 5 6 1 P

EcJin Tenepb Bee mapasiiesibHble COeIMHEH ST
3aMEHUTh H9KBUBAJEHTHBIMHU, TO MOJYYUTCS
GeckoHeunasi TpeyrosbHas cetka (puc.3) ¢

AVAVAVA
\VAVA
IVAVAN

Puc. 3

COIIPOTUBJIEHUEM KasK/I0r0 pedpa

4 - 343 o
3\/§ 3«/§+4
4

Rzz

a.
—pPa +pa

Ecsm 6561 TOK 6bLT TO/IBE/IEH TOTBKO K OTHOMY
y37ay A, TO Janbliie OH CAMMETPUYHO paciipe-
Jiesisiyicst Obl 10 OCTATbHBIM yYacTKaM U yXO-
i B 6eckonevroctnb. [Ipu aToMm custa Toka B
MEePBbIX IIECTU OTPE3KaX perieTku ObLaa Gbl

1
asra — I . 1 Hao6opor, eciu 6bI TOK CTEKaJI-
6

cs1 U3 GECKOHEYHOCTH K Y34y B, To uepe3
KaKIBIN M3 TEeCTH OTPE3KOB PEIEeTKH, TO/-
XOJSATIUX K Y31y B, 1m1es 61 TOK B TIECTh pa3
MEHBIIIHI, yeM OOIIUIl TOK B IIPOBOJIE, KOTO-
pbIil coenHsIeT y3ea B ¢ HCTOYHUKOM TOKa.
[Toakmouenne sxe UCTOUHNUKA K y3aaM A u B
SIBJIAETCS CYTIEPIO3UITIEli IBYX PACCMOTPEH-
HBIX ciiydaeB. Torzaa Tok, TeKyHIuii o oTpes-

1
Ky AB, paBeH §] . [1J1s1 ICKOMOTO COTTPOTUB-
JIEHUST OKOHYATETbHO TTOTyYaeM
_Uss _3 3B+4 _ B
Ryp = = = pa.
3V3+4

1 1
A.Bviuxos




OT ny3blpbkKa
[10 YepHbIX Ablp

A.CTACEHKO

VY kaxgoro Yyenoseka ceou 38e34bl. Of-
HUM OHU YKA3bIBAIOT 11yThb. L1 [PYIVIX 3TO
[IPOCTO MasieHbKME OroHbKU. L[S yHeHbIx
— OHU KaK 33/a4a, KOTOPYIO H340 PeLIMTh.

AHTyaH fe CeHT-2K3t0Mepw.
ManeHbKUA NpUHL,

CE, YTO KOJIEBJIETCS, 3AABJIAET O CEBE

BOJIHAMM, PACHPOCTPAHSIONINMUCS B OKDY-
satolleM 1pocTpaHcTse. Kasaoch Gbl, 4TO
MOKeT ObITb Pa3J/IMyHee, YeM ra30Bblil 1y3bIPeK
B JKUJIKOCTH U Ye€pHas JbIPa Yy /I0BUIIHOII T1710T-
HOCTH B KOCMUYECKON <«IIyCTOTE> ...

HauneM ¢ mysbIpbKa B skujkoctu. Eciu ero
HOBEPXHOCTD KOJIe6eTcs cpepuuecKu-CHMMET-
PUYHO, TO (PPOHTHI BOJIH, PACHPOCTPAHSIOIINX-
cs B OKpysKalolleil KHMAKOCTH, TOoxke GyayT
cepamu (puc.1,a). A BEKTOPBI ILJIOTHOCTH
[OTOKA SHEPIUM Ha PACCTOSHUAX, MHOTO GOJIb-

Puc. 1. PazindHble KOMOUHALMM KOEOIIOLLMXCA
[1Y3bIPbKOB B XUAKOCTU. ) MoHorosb, 6) am-
110/1b, B) KBaApynosns, r) OKTynoss

DOI: https://doi.org/10.4213/kvant20190604

IIUX pa3Mepa My3bIpbKa, OYAYT HAIPaBJIEHBI
mo paamycam. KoHeuHO, ecim CUWTaTh KU[I-
KOCTb a0COJTIOTHO HEC)KMMAEMOM, TO TaKKe KO-
JiebaHust 11y3bIPbKa BO3MOJKHBI, TOJBKO €CJIn
JKUJKOCTD 06J1a/1aeT CBOOOHOI IIOBEPXHOCTHIO
WU €CJIU €eCTb BTOPOI MY3bIPEK, KOTOPBIil
O6yJZIeT CXKUMATbCS TPH PACIHIMPEHUH TIEPBOTO
(puc.1,6). Takas cTpyKTypa HazbIBaeTCs QUIIO-
jeM. COOTBETCTBEHHO, M3JIydeHHe OHOTO TIy-
3bIPbKAa MOKHO HA3BaTh MOHOTIOJHHBIM.

Jlyst KpyroBOi 4acTOTbI () MaJbiX KoJjeba-
HUHI OT/JEJBHOTO MY3bIPbKa M3 COOOPa’KEHMI
pasMepHOCTell MOKHO TOJIYYUTH CJeLyioliee
BBIpaYKCHME:

_2n 1 m
T a\p’
rae T — nepuoj KoJsieOaHwii, @, — pajuyc

PABHOBECHOTO HEBO3MYIIIEHHOTO ITy3BIPbKA, P
— JlaBJieHue B JKUIKOCTU, P — ee IJIOTHOCTD,
Tounoe Bbipaxkenue (Ppopmynra Munnapra)
COZIEPIKUT Oe3pa3MePHDII MHOKUTEb V3K =2,
rae K = z—p — OTHOIIIEHHE TEIJIOEMKOCTEN TIpr
HOCTOHHHgﬁ JIABJICHUH U TTPH TOCTOSTHHOM 00'be-
Me rasa B Iysbipbke. Ilonmarag a; = 1 MM,
Po = 10° ITa, p = 103 I<1'/M3 , ¥ = 1,4, momy-
YUM
®w=2-10" pan/c, T=310"c¢c.

A 4TO eCJIM PSIZIOM C 9TUM JIUIIOJIEM PACIIOJIO-
KUTh ente oaud (puc.1,6)? TIpaBuIbHO, MOJTY-
qures k6adpynonb (Ha AMCKOTEKAX 4acTO MC-
TIOJIB3YTOT KBAJIPOKOJOHK]) . OTMETHM, UTO STOT
TEPMEH BCTPETUTCS TIO33KE, IPU PACCMOTPEHUH
rpaBUTAIIMOHHOTO W3JaydeHusi 3Be3n. [lajee,
HETPY/IHO JIOTA/IaThCsI TOMECTUTD PSIZIOM C ITUM
kBazpynoseM eme oaud (puc.1,2). Tlousrho,
YTO NOJYYUTCST 0OKMYN0Jb (BOCHMUIIOTIOCHUK) .
Ha pucynkax 3HakoM <«+» 0603HA4YeHbI ITy-
3BIPHKU B MOMEHT HMX PACIIHUPEHUsI, 3HAKOM
«—» — B MOMEHT CJKaTHsl, a CTPEJKAMU MMOKa3a-
HbI JMHUHM TOKAa OKpY:Karoiieil skujkoctu. Ka-
YeCTBEHHO TaKasl K€ KapTHHA MOJYYUTCS JIJIst
CUJIOBBIX JIMHHI 3JIEKTPOCTATHYECKOTO TI0JIS,
€CJIU TTy3bIPbKU 3aMeHUTDb AJIEKTPUUECKH 3apsi-
JKEHHBIMU TaPUKAMHU.

Ho o6parumcst k 3Be3gam. HemaBHO cBep-
HIUJIOCH Yy/I0, KOTOPOTO (DUBMKH OXKU/IAJH T1€-
Jloe cToJieThe, — Ha 3emJie ObLIN 3aperucTpu-
POBaHbl TPABUTAIIMOHHBIE BOJIHBI, UIYIIHE U3
JlaJbHero Kocmoca! /leso B ToM, 9TO 3JIEKTPO-
MarHUTHOE M3JIyuyeHne 3Be3]| — CBeT — JIerKo
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Ha6I0JaeMO M MHOTOKPATHO BOCIIETO TI03Ta-
Mu, a paamo-, UK, YD, peHtrenoBckoe u
raMMa-u3JaydyeHusT YBEPEHHO PETUCTPUPYIOTCS
npubopamu. OnHAKO 006IIasi TEOPUs OTHOCH-
teabnoctn (OTO) mpejickasblBaeT U rpaBUTa-
IINOHHBIE BOJIHBI, KOTOpbIE [OJIKHBI BO3HH-
KaTb MpH KoJe6aHnIX POPM MACCUBHBIX 3BE3I.
[MpuHIUIUaIbHO Ba)KHO U TIPAKTUYECKH 3a-
MaHYIBO HAYYUTHCS PETUCTPUPOBATL ATH BOJI-
Hpl. Benp B mpuHiiunie, HampuMep, 0060
CTY/ICHT, YCKOPEHHO TIepeMeIasiCh U3 JIEKIIH-
OHHOTO 3asa B 6yder, U3MEHsIeT pacipe/ese-
Hue Macc Bo BcesieHHOII.

YesoBeuecTBO y3Ke MOYTH CTO JIET M3ydYaeT
BO3MO>KHOCTD 3aPETHCTPUPOBATD Ha 3eMJIe Ipa-
BUTAI[MOHHbBIE BOJHBI, UAYIINE K HAM U3 MUPO-
BOTO TIPOCTPAHCTBA. [[eTeKTOPbI, NCII0Ib30BaH-
nble J[x.BeGepom (mecrugecaroie ToabI Ipo-
IILJIOTO BEKa) MOTJIM «II04yBCTBOBATb» jedop-
MAITIIO TIPUHIMAIOIIETO YCTPOICTBA ¢ TOYHOC-
mpi0 g0 107 M — B gecarb pas Membie
paaumyca nporoHa! B onbitax B.b.Bparuncko-
ro (KOHEIl HPOILIOr0 — HAYaa0 HbIHEIIHEro
BeKa) MOPOr YYBCTBUTEJIBHOCTH ILIOTHOCTH
[IOTOKA 9HEPTUU JIOCTUTAT 107° BT/ M2 .

A cpaBHHTEIHHO HEJABHO CJESIAs CUCTEMA
3aperuCTPIPOBaJIa TPABUTAINIOHHBIC BOJTHBI OT
JIBOWHOI YepHON JBIPBI OOIIEl MacCcoil TIOUTH B
cotHio Macc Harrero CostHITa, yaJeHHON OT HaC
Ha 400 meranapcexos (1 napcex = 3-10'6 ).
Koneuno, o6e ee dYacTu Bpamiajuchb BOKPYT
o61ero nenrpa Mace (Harmpumep, Kak 3emJs n
JlyHa) ¢ rpoMaiHON M BCe BO3PACTAIOIIEH CKO-
POCTBIO MOPSAIKA CKOPOCTU cBeTa («IopsaKa>
HU B KOEM CJIyuae He O3HAUAeT «PaBHOM»). A
[TOCKOJIBKY PACCTOSIHUE MEXK/y HUMU U3MEHSI-
JIOCh, BO3HHKAJA CHJIbHAS MPUJINBHAS Jedop-
MAIs 9TUX 3Be3]] U OKPY>KAIOIIEro MPOCTPaH-
CTBA, YTO U TIOPO/IJIO TPABUTAIINOHHBIE BOJTHDI
(puc.2). U ecmm KoseGaHusl KaIiu BOJDBI Xa-
PAKTEepU3yIOTCs HE TOJIbKO HAGOPOM 4acToOT, HO
u GopM — Yero yk TyT kaathb ot 38e3a! Cpean
CIEKTpa 3THX KoJieGaHWI BaJKHYIO POJIb UTPa-
10T KBaJ[PYNOJbHBIE MOJIBI.

B pesyabTare csHIS 06pa3oBagach euHAS
depHas ngpipa Maccoil B 62Mg (rze
Mg =2- 10%° xr — macca Cosmma ), Ha u3JIy-
YeHUEe TPABUTAIMOHHBIX BOJH YILIa SHEPTHS
SMOC2 (rme ¢=3-108 M/C — CKOpOCTb CBe-
Ta), a MAKCUMAJIbHOE 3HAYEHHEe IPaBUTAIMOH-
HONl <«CBETUMOCTH» JocTuriao 3,6 - 10% Br,

YTO SKBUBAJIEHTHO MomHocTU B 200 Moc2 KO-

2019/Neé
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Puc. 2. CmsgHve rnapbl YePHbIX Ablp. BEpXHUM paa
— [10C1€[0BATEIbHbIE Pa3bl rpouecca. CpeqHv
— COOTBETCTBYIOLYME KOSIEOAHMS HAMPAXKEHHOCTA
rPaBUTALMOHHON BOJIHbI (YC/IOBHbIE E€4MHMLIbI),
1071y HEHHBIE B Pe3y/IbTate YUC/IeHHbIX UCCIe[0-
BaHui Ha ocHoBe OTO. BHU3y — u3MeEHEHME o
BPEMEHEM PACCTOSHMUA I MEXLAY 3BE3AAMU U MX
OTHOCUTENILHOV  CKOPOCT Av  (OTHECEHHOU K
cKopoCTH CBETa)

yaeil B cekyHny. Koneuno, o 3emmau joinen
JIMIITh O4YeHb cJalblil «3ByKy». OJUH U3 ucce-
JtoBatesiell CPaBHIJ TPYAHOCTH BBI/ICTICHIS HY K-
HBIX CUTHAJIOB C MOTIBITKON PACCJBINIATD MIEMOT
npuATesid HAa JPYTOM KOHIlE TIyMHOTO Kade.
Iosxanyii, u aT0 cpaBHEHNE HEJIOCTATOUHO SP-
KO€ — <«YCJIbIIIATb» T'PABUTAIMOHHBINA CUTHAJT
TIPY TTIOMOTIIN OJTHOTO JIeTEKTOpa ele TpY/IHee.

Wrak, B aByx Toukax CIIIA ma paccrosnun
npubsmsurespio 3000 KM Apyr OT gApyra ObLIN
YCTAHOBJEHBI JBa JeTeKTopa. [paBuTarmoH-
Hasi BOJIHA JIOJDKHA ObLMa MPONTH ITOT IIYTh
npubansutesbHo 3a 10 MUKPOCEKYH[ B TIpef-
MOJIO’KEHNH, 9TO ee CKOPOCTb paBHA CKOPOCTH
cBeta. OCHOBBIBAsICH HA 9TOM, M3 TPOMAIHOTO
MHO’KECTBA TIyMOB Y/IaJI0Ch BBIJIETUTD JIBA T10-
XOKUX CHUTHAJA, CABUHYTHIX BO BPEMEHH OT-
HOCHUTEJIbHO JPYT JPyra HAa U3BECTHYIO BeJu-
yuny sanasabiBanug (puc.3). Yacrora sape-
THCTPUPOBAHHBIX KOJe6aHUI Jexkasa B TIpe-
nmeaax 35—250 T Ilpu atoM HaIEKHOCTD K-
CTIEPUMEHTA CYUTAETCS OYeHb BBICOKOI: Bepo-
SITHOCTb JIOXKHOTO cpabaTbiBanusi TpuGOPOB
olleHMBaeTCd Kak oaHo cobbitre B 203 Thicsaun
JIeT.
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Puc. 3. IKCeprMeHTAIbHBIE PEe3y/ibTaThl. Kosie-

OaHNA HarpsaXeHHOCTI rPaBUTALMOHHOM BOJIHEI,

33pPervcTprpOBarHbIe B ABYX TOYKaX CO CABUIOM

110 BPEMEHM MOPALAKa 7 MUKPOCEKYH

Ho, Moxer GbITb, HE BCE MMOMHSIT, YTO TAKOE
yepHas bipa? A 9TO TaKas MacCUBHAS U IJIOT-
Has 3Be3/la, C TOBEPXHOCTH KOTOPOH Jlaxe
KBAHT 3JIEKTPOMATHUTHOTO W3JIyYEeHUs] HE MO-
JKeT BbIGpaTbesi Ha cBOOOMY. Pajauyc Takoii
3Be3/Ibl MOKHO OLEHUTH M3 CJAELYIONUX cO06-
paskeHWii. OJHeprus KBaHTAa paBHA [y, €ro

hv

Macca —5 - CJIe,Z[OBaTe]IbHO, €ro IIOoTeHInaJIb-
C

Hasd SHEPTruA TATOTEHHA Ha ITOBEPXHOCTU C(l)e-

puyeckoro reJia pajuycom R u maccoit M paBHa

GM hv

Ug = ————— . Uro6b1 BbIGparbecss u3 9Toi

c
noreHnuanbioii ampl (puc.4), KBaHT J0JKEH
UMETb HayaJbHYIO DHEPTUI0 HE MEHbIIe

GM
hv ~Ug , otkyna R ~ —5— . Tounoe sHauenne
c

R, Ry r

T

(’\/\/\/\/

U-"V - v—>0

Puc. 4. [loTeHumarn «criokosiHow» 4epHou (black)
Ablpbl € paguycom Ry < Rg. KBaHT, pagmaibsHo
U3J1YHEHHBIV C €€ [TOBEPXHOCTH, TEPAET BCIO CBOIO
«KUHETUYECKYIO» SHEPINIO, HE BbIXOAA 3a Mpese-
J1b] FOPUIOHTA COOBLITUL, T.€. Cepb! paamycom R

B/IBO€ 6OJIbIIIe M HasbiBaeTcs pajuycom HIBapir-
mubaa R, a cepa Takoro pajiyca Ha3blBa-
eTcst ropu3oHTOM cobbituii. [[ss paccmaTpuBa-
eMOro cJyJast IMeeM

_2-6,67-107"".62-2.10%
- 2
(3-10%)

Pammycpl mapbl uccieyeMbix 3Be3Jl — KOJIb
CKOPO OHU YepHbIE JbIPbI — €Ille€ MEHbIIE, W,
CJIEZIOBATEIBHO, UX TLIOTHOCTDH JOJDKHA ObITh
4y OBHINHO GoJbinoil (Hanpumep, HeATpOH-
Hble 3Be3/pl npu auamerpe 10—20 KM umeroT
moraocts 3-107 kr/M® ).

«BspocJbie ouenb 06T UMPHI... eCaTu UM
CKazarh, 4T0 MasleHbKuil TIPUHIL HA CAMOM JIeJie
CYIIECTBOBAJI,... OHM TOJIBKO MOXKMYT TLIeva-
MH... HO €CJIN UM CKa3aTh, YTO OH TPHUGBLI C
acreponza B-612, — aro ux y6enutr». Iloaromy
COOOIIMM, HAKOHEI[, YTO OIUCAHHOE COOBITHE
CJIMSTHUST JIBYX YE€PHBIX JIBIP U U3JyUEHUsT TPU
HTOM I'PABUTAIIMOHHBIX BOJH MAPKUPOBAHO KaK
GW150914 (GW — gravitational wave). (Bo-
Jgee moapo6uo cMm.: B.P.Abbott et. al.
Observation of gravitational waves from a
binary black hole merger /' / Physical Review
Letters, PRL 116, 061102 (2016), 16 p.)

BceromiuM, 4To elie B CpeiHne BEKa OJIHO 13
OCHOBHBIX TpPeGOBaHUil K IKCIEPUMEHTY 3aK-
JIIOYAJIOCh B ero nopropsieMoctu. M 4o ke — 3a
JIBa-TPU TOJa 3a OIMMCAHHBIM COOBITHEM OBLIO
3aPETUCTPUPOBAHO €Il[e HECKOJbKO CJIyYaeB
cpabaThIBaHUsI JIETEKTOPOB TPABUTAIHOHHBIX
BosiH. Bo Bcex aTuX cOOBITHSIX AKTHBHO yua-
CTBOBAJIU U poccHiickue (pU3nKM, 32 4T0 MHOTHE
U3 HUX HEABHO YJOCTOEHDBI FOCY/IaPCTBEHHDIX
Harpas.

[TpoBejieHHbIE 9KCIIEPUMEHTBI B OYEPEIHON
pas noarBepauau crpase/inBoct OTO, pas-
paGoTaHHON COTHIO JIET Ha3aj BEJUKUM AJib-
GeproM OJUHINTENHOM, B dYacTHOCTH, (dyH/A-
MEHTAJIbHOTO TOCTyJIaTa 00 OJIMHAKOBOI CKOPO-
CTH PACTIPOCTPAHEHIIS TPABUTAIINOHHBIX U JIEK-
TPOMArHUTHBIX BOJIH. Kak TyT He BO3HUKHYTbH
uaee o Exunoit Teopun [losst, koropyto JiiHi-
TEWH U IBITAJICS TOCTPOUTD BCIO CBOIO YKU3Hb. A
BCJI€[ 3a HUM U MHOTHe jpyrue. Tak uTO,
MPHICOeINHANTECD!

Ry M = 180 kM.
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KAJIEMJIOCKOII «<KBAHTA>»

..Ha4ano CyfaoCTPOEHMS BOCXOANT 33407150 [0
BCAKOU TACbMEHHOCTI 1 BCIKOUM UCTOPUN...

Anekcen Kpbinos

MOXHO CPaBHUTL COMPOTUBIICHUE TEST MEXAY
OOV 11 HAXOAMTL TE, KOTOPBIE MPUCITIOCOOIEHbI K
[IPOLOIIKEHMIO CBOErO [BUXECHMS B COMPOTUBIIA-
roLyevica cpese.

Vicaak HbtoTOH

A Tak 1 XOpOIIO 3HAKOM

MDOU3NKaTTEXHUKA

Kax M0oKHO ObLT0 GbI YeJIOBEKY 3aHUMATHCS
CTPOUTEJBCTBOM U 06pabaThiBaTh Pa3JIUYHbIE
MaTepuaabl — a UMEHHO 00 3TOM ILJIa pPedyb B
HAIUX TPEAbIAYIINX (DU3NKO-TEXHUYECKUX
BBIMIyCKaX, — ecJau Obl He ObITO BO3MOXKHOCTU
repeMenaTh pasHooOpasHble TPY3DI Ja U Iepe-
JBUTATHCST caMoMy? BoT u npuiiiocs emy Jio-
MaThb TOJIOBY HaJi TOMCKOM IPUCIIOCOOTEHHI,
MTO3BOJISIIONIUX [IE€PEBO3UTD O0JIbIe 1 ObICTPEE,
unbiMu caoBamu — pemmath TPAHCIIOPTHDBIE
SATAUN.

MHorue CTOJIeTHS HAC BBIPYYaIn KOJIECHBIC
MOBO3KM, BeCJa M Tlapyca — € UX HOMOIIbIO
y/1aBaJIOCh OCBANBATb OIPOMHbIE ITPOCTPAHCTBA
U JIaKe OTKPbIBATh HOBbIE KOHTHHEHTbI. HO BOT
HA CMEHY <«JIOIIAJMHBIM CHJIaM» U IIOMYTHBIM
BeTpaM TPUIILTA HOBbIE MAITIMHbBI, 3HAYUTETHHO
60J1ee MOITHBIE W CKOpbIe. AKTHBHO <«BITUTBHI-
Bast» JIOCTHKEHUS HAYKU, TPAHCIIOPTHASI TEXHU-
Ka GYyKBaJbHO 3a /iBa TOCJEHUX BeKa Kap/u-
HAJbHO WM3MEHUJIA TPEACTABJIEHUS O 3EMHBIX
MaciTabax u BpeMeH! JOCTUXKEHUS 000 TOY-
KU HaIleil MJIaHeThl.

CerogHs Hac yXe He YIAWBHUTb [POHAMU U
6eCTMIOTHBIMI ABTOMOOUJISIMU, CY/IAMU HA TIO/I-
BOJIHBIX KPBLIbSIX U BO3/YIIHON TO/YIIKE, Ca-
MOJIETAMU HA COJTHEYHDBIX OaTapesix U TyPHUCTC-
KUMH [TOJIETAMHU 110 OKOJIO3eMHBbIM op6uTam. UTto
6yzner 3aBtpa? llompobyem mpeactaButh cebe
Hallle TpaHCIOpTHOe OyAyliee, TPaBaa, OTTAl-
KHBasICh TIOKA TOJIbKO OT XOPOIIO M3BECTHDBIX
CPEJICTB TIEPE/IBUIKEHNSI .

.BCIOAY B YroJIbHbIX PAVIOHAX...[13POBLIE MaLLIM-
Hbl BE3YT yrosis! Camu o cebe Be3yT, be3 nomoLym
yersepoHormx!

EBreHnn Tapne

..MHOrme C He3ariaMAaTHbIX BpPpeMeH CMOTPESIN Ha
pPaKkery Kak Ha of4unH U3 criocobos BO34yXxoriasa-
HUIA.

KoHcTaHTUH LinonkoBckuin

aM

BOI'IpOCbI n 3aga4u

1. Hamm gasexne mpejky 1mMoJib30BaNCh Ha
TPYHTOBBIX JIOporax ap0aMi — MOBO3KaMH C
60JIbIIUME  KOJlecaMu. B ueM mnpeumyiiectBo
TAKOTO BUJIA TPaHCIoOpTa?

2. Kak Jjerye casuHyTbh ¢ Mecta apOy —
npuJlaras CUJly K ee KOPILyCy WJHM K BepXHei
yacTn 06012 KoJjeca?

3. Besiocureinct Jierko pa3BUBaeT CHUJY TATH
100 H. Cuna tpenmus ne mpesbimaer 50 H.
Kasasoch 0bl, 32 HECKOIBKO YacOB MOXKHO pas-
BUTb BTOPYIO KOCMHYECKYIO CKOPOCTb, OJHAKO
3TO HEBO3MOXKHO. [louemy?

4. 3ayeM Ha aBTOMOOMJIBHBIX MINHAX JIEJIAI0T
peabedubiii pucynok (mporektop)? C Kakoid
LEJIBIO OH COJIEPIKUT U TIOTIEPEYHbIE U TIPO/0JIb-
HbIE MOJIOCHI?

5. [Ipu ABMKEHNH TIO TIECKY WJIN CHETY PEKO-
MEH/IYIOT JIaBJIeHHE BO3/lyXa B HNIMHAX aBTOMO-
61y yMeHbIHTh. {715 yero?

6. KakoB cMbICJ YCTaHOBKH KpbLIbEB Ha
TOHOUYHBIX aBTOMOOUJISIX ?

7. YToO0BI CABUHYTD € MECTA TSKEJIbII JKeJie3-
HO/JIOPOKHBII COCTAB, MAIIMHUCT CHAYaJa J1aeT
3aguuil xon. [Houemy? Ecam ke pe3ko TPOHYTb
BIIEPE/ COCTaB, TO B KAKOW YacTH 110€3/1a MOKET
IIPOM30UTH Pa3pbIB CIETOK ?

8. 3auem mapycubM sxTaM GOJBIION KUJIb?

9. ITouemy y KOTeCHBIX KOpabJeli ABIKUTED
— KOJIECO — HE IOrPY’KaJI0Ch B BO/LY HEJMKOM, B
TO BpeMsl KaK Y COBPEMEHHbIX KopabJiell BUHT
TIOJIHOCTBIO TTOTPY>KEH B BOLY ?




10. Cynno mepenuio 3 pexu B Mope. Mort-
HOCTH JIBUTATeJIell He U3MEHUJINCh. A OCTalach
JIN TPEKHEN CKOPOCTb CYAHA OTHOCHTEJIHHO
BOJIbI?

11. MoXHO JT1 TPUMEHSTD ITapyca u PyJIb s
YIIPABJIEHUS MTOJIETOM BO3/YIIHOTO Iapa?

12. BeproJier, cTosAmmii Ha TOPU3OHTAIBHOI
MTOBEPXHOCTH 3€MJIM, TOJHSJICS W 3aBUC Ha
ne6osbioit Boicote. Korma BeproJier 1eiictBo-
BaJl HA 3eMJIIO ¢ GOJIbIIEl CUJION?

13. V3Mensercst i TIpU TOJIETe C BKJIOYCH-
HBIM JIBUTATEJIEM W PACXOMIYS TOILINBO MOJIOXKEe-
HUE IeHTPa TSKECTH caMoJIeTa B CHCTEME OTcYe-
Ta, CBI3AHHOIl C €ro KOpIycoM?

14. Tlouemy 1ipu paBHOMEPHOM TOPU3OHTAIIb-
HOM IIOJIETE€ TSKEJIO HArPYKEHHbBINH caMoJer
JIBUDKETCS MeJIJIeHHee HeHarpy>KeHHOro?

15. Otyero ¢ TOBBIINIEHUEM TEMIIEPATYPbI
BO3/yXa MOIMHOCTb BO3AYIIHBIX PEAKTHBHBIX
JBUTaTesell yMeHbIaeTcs?

16. Pakera setut ¢ paGoTaionuM JABuraresieM,
MPUYEM CKOPOCTb PaKeTbl GOJIbIIE CKOPOCTU
BBLJICTA PEAKTUBHOI CTPYW U3 JBHUTATENs. Y Be-
JIMYUBAETCS JIM TIPH 3TOM CKOPOCTH PAKEThI?

MwukpoonbIT

Hagepusika 1ipu e3/e Ha Bestocurie/ie Bbl o6pa-
[[aJIM BHUMAaHUe Ha UCIOJIb3yeMble B HEM ITPO-
CTble MEXAHWU3Mbl — PYyJib, MeJaH, IEMHYI0
nepeziady. B Kakux u3 HUX ¥ B 4eM JJ0OUBAIOTCST
BBIUTPHITITA?

JTo6onbITHO, YTO...

...M300PETEHNIO KOJIeCa IPEIIIECTBOBAJIO JIJIN-
TeJIbHOE OBJIa/IeHNe BPAIlaTeIbHbIM JIBHXKEHNEM
— OT BepUEHUs JIEPEBSHHON TTAJIOYKH JJIST TTOJTY-
YeHHs OTHsI, UCII0JIb30BaHNsI TOHYAPHOTO KPyTa
1 TO/{bEMHBIX IIPUCTIOCOGJICHH 0 IIPUMEHEHUS
KPYIJIOro OpeBHA MPH IIE€PEBO3KE TSKECTEH.

...y’ke MmoperuiaBatesu Jpesaero Erunra yme-
JIM YIIPaBJIATh CUJIOH BeTpa: mapyca MX Cy/I0B
MOCTEIEHHO MPUHSJIN ONTHMAJbHYIO II0 TeM
BpeMeHaM (opMy.

...HploTony, 3annmasiieMycsi, B TOM 4ncJe, 1
a3POJMHAMUKOH, yaJ0Ch YCTAaHOBUTD KBaJpa-
TUYHYIO 3aBUCHMOCTb CHJIBI CONPOTHBJIEHUS
CPe/Ibl OT CKOPOCTH, TaK BAXKHYIO BIIOCJIE/ICTBIN
JIUIST I03BYKOBO# aBnarmu. IIpm 601bImmx cko-
POCTSIX 3TA 3aBUCHMOCTD CTAHOBUTHCS KyOmdec-
KOH, 4YTO OBLIO TIOAMEYEHO apTUJJIePUCTAMU
OKOJIO CTa JIeT Hasaj, KOI/la CaMOJIETbl elle
TOJIbKO HayaJu OOTOHSITH IMTHIL.

...TIOSIBJIEHWE JIOKOMOTHBA — TAPOBOI MallTH-
HBI Ha pesjbcax — W M300peTeHHe Mapoxoja B
navase XIX Beka npoussesn (GOPMEHHYIO PEBO-
JIOIMIO B TPAHCIIOPTHOI TEXHUKE.

...TIPH TPAHCIIOPTHUPOBKE OTPOMHOTO KaMHS
JUIs TibefiecTasia « MeaHoro Bcagaukas B [letep-
6ypre MCIOJIb30BAJINCH TTOAKJIAIBIBAEMBIC O/
Hero 4yryHHbIE Mapbl — MTPoo6pasbl OyayluxX
HIAPUKOIO/IIUATHIKOB, MOy YUBIITHX PACIIPOCT-
panenue Jyunib B 80-x rogax XIX Beka. Buaro-
JIapsi 5TOMY TPEHUE CKOJIbKeHUS ObLIO 3aMEHEHO
B JIECATKHU Pa3 MEHBIIUM TPEHUEM KaueHUsI.

...J1.N.MenpeneeB, 6e3 THUJIOTAa COBEPIINB-
MWH TTOJIeT Ha BO3IYITHOM IIape, YTBEPIKAAJ,
41O TOKOpeHue armocdepbl Gyner OCyIIecTB-
JIATBCSI C TIOMOIIBIO a9POCTATOB, & HE MAIIUH
Tspkesee Bozayxa. K.9.[uoakoBckuii 10 Hava-
Jla 3aHATHI TeopHeil PaKeTHOTO JIBIKEHHS pas-
pabaTbiBa MPUHIIUTIBI TIOCTPOEHUS e TbHOME-
TAJIJITIECKOTO JTNPUKAOJIA.

... MIXeHepbl  MaccadyceTcKoro TeXHOJIOTH-
YeCKOr0 MHCTUTYTA CO3/IaJId J[BYXMECTHBIH Jie-
Tafonmii aBToMo6m.Ib. 110 3eMiie OH ABUKETCS CO
CJIOJKEHHBIMY KPBLIbSIMHU, & B BO3/[yX€e Pa3BUBa-
€T CKOpoCTb /10 185 KMjIOMeTpoOB B Yac ¢ MoJe3-
HOH Harpyskoi 1o 195 kuirorpaMmos.

...MeHee rojia Ha3a/| JoaKa-poboT, yrpasJsie-
Mag aBTONUJIOTOM, Tiepecekaa ATJaHTUYeCKWii
OKeaH. DOPTOBYIO 3JEKTPOHMKY MHUTATH YCTa-
HOBJIEHHBbIE Ha masy6e COJHEYHbIe 6Garapeu, a
JBIDKUTEsIeM OBLI TTapyc B popMe Tpamernun.

...MJIeI0 YCTAaHABJMBAEMOTO Ha OeCHUJIOT-
HUK TPHO0OPa, TIO3BOJISIONIETO OTCJIEUTD OTIAC-
Hoe COJIMKEHWE ¢ JPYTUMHU MalllMHAMHU, €ro
CO3/1aTeJN TT03aNMCTBOBAJIH. ..y CAPAHYH. ITHM
HACEKOMBIM y/IaeTCA HE CTATKUBATHCA HU MEXK-
[y co6oil, HU ¢ TOMABIIUMUCS Ha WX IyTH
NTUIAMU — U 9TO HECMOTPS HA TO, UTO B CTasIX
capaHul IJI0THOCTD 0cobeit JocturaeT 80 M-
JINOHOB HA KBAIPATHBIN KUJIOMETP!

Yto uutaTth B «KBaHTE» O TpaHcnopTe

(rybnvkaum nocneqHux sier)

1. «Kak BO3/[yX CONpOTHBJISETCS IBIKEHIIO TEJIa
— 2015, Net, ¢.35;

2. «Pakera na Boganom nape...» — 2016, IIpuo-
skenne Ne2, ¢.87;

3. «/IBm:xeHne aBTOMOOMIEH 1 JKUBBIX CYIIECTB. ..»
— 2017, Net, ¢.36;

4. «Kaxkoii 6piBaer kosest» — 2017, Ne7, c.21;

5. «Iloreps ynpasngemoctuy — 2018, Ne7, c.2.

Mamepuan nodeomosun A.Jleonosuy
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OKpYT
OPTOTPEYrONbHMKA

I1.CEPTEEB, A.CABEJIBEBA

BTOPBIIIOCBAIIAIOT OTY CTATBIO CBO-

eMy OOIIeMY YUUTENIO — BEJUKOMY 3HATO-

Ky reomerpun Padamry Kammanosuuy [opan-
HY, KOTOPOMY B 9TOM TOJly UCTIOJHUIOCH 70 J1eT.
[TocMoTpuTe BHUMATEJbHO Ha PHCYHOK 1.
aror uepresk npuaymad P.K.Topaunbim. Ha

A 2

As
Puc. 1

HeM 0TOGPAKEHO MHOTO HHTEPECHBIX FeOMETPH-
4ecKuX yTBepsKaenuii. Eciim Bl cX0My MOKeTe
Ha3BaTh 5>—6 BEPHBIX YTBEPIKIECHUN, KOTOPbIE
BBl y3HaeTe HA 9TOM YEpPTEKE, TO Ty CTATHIO
BaM MOJKHO He unTarth. Haie mocmianne aape-
COBAaHO TeM, KTO YK€ MOYYBCTBOBAJI KPACOTY
reoMeTpuu, HO CTAJIKMBAETCA C TPYIHOCTSMU
[PU DEIIEHUH TBOPYECKUX TI'eOMETPHIECKIX
3aga4. Jleso B TOM, YTO, NMPHUCTYIAs K TAKUM
3alavuaM, MOJIE3HO 00J1a/IaTh HEKOTOPHIM Gara-
JKOM T€OMETPUIECKUX 3HaHI/II>'I, YMEHUEM y3Ha-
BaTbh HEKOTOPbIE TI€OMETPUYECKHE KOHCTPYK-
mun. Jlast aToro, KoHEYHO, HAJAO 3HATH 3ITH
KoHcTpykumu. Hair pacckas Kak pa3 u I1oCBsi-
meH teM QaxraMm, He 3Has KOTOPBIX, MOYKHO
CTOJIKHYTBCSI CO CJIOIKHOCTSIMH TIPH PeIIeHIN
Jla’ke JIOBOJIBHO IIPOCTBIX 3ajad. Hamporus,
pazobpaBinch B HaiieMm uepreske — OyjeM
Ha3bIBATH €0 3[IECh 21AGHbLM YEPTEKOM, — KaK
MbI ceifuac y6eIuMest, MOSKHO CIIPABUTHCS YIKe
U C OTHOCHUTEJbHO CJOXKHBIME 3aadamu. Mbl

DOI: https://doi.org/10.4213/kvant20190605

MIPUHIUITNAIBHO B HAIIEM M3JI0KEHUH OTPAHU-
YIMCST TOJIBKO MeTo/laMi 1 (haKTaMu, TIPUCYT-
CTBYIOIMMH B JIIOGOM IITKOJIBHOM yueOHHKe
TEOMETPHN.

[Mpucrynum x geny. Toukamu A, By u C
Ha TJIaBHOM 4epTexke 0003HAYE€Hbl OCHOBAHUS
BBICOT, MpOBe/leHHbIX u3 BepimiuH A, B u C
COOTBETCTBEHHO, TOUKOIT H — Ilepeceuenne sTux
Bbicot (opmouyenmp), Toukoit O — LEHTP OIu-
caHHOHW OKpy:kHOCTH. [l Havana gaBaiiTe
3aMeTHM OYeHb I[0JIe3HOEe PABEHCTBO!
ZCBjA = ZCBA (xoHeuHO 3Ke, TOTja u
£/B,C;{A = ZBCA ). Tlpoie Bcero aTo JI0Ka-
3aThb € IOMOIIBIO Memoda 6CNOMO2aAMeNbHOU
oxpyxnocmu (puc.2). JlelicTBUTENbHO, U3 TO-

B,
G

Puc. 2

yek C; m By orpe3ok BC BujeH TOJ IPSIMBIM
yrjom, 3uauut, C; u B, J1exaT Ha OKPYKHO-
ctu, noctpoeHHoir Ha BC Kak Ha Juamerpe.
Curenosarenbho, Touku B, Cy, B, C nexar Ha
onHoll okpyskHoct. Torna LABC) = ZABC.

Tem cambiM, AAB,C; nopo6en AABC. Ho c
KakuM ko uimeHToM? 3/1eCh HaM TTOMOJKET
COBCEM JIPyTOe PacCcyKeHre, KOTopoe, KCTaTH,
ele pa3 /J0Ka3blBAET PABEHCTBO YKAa3aHHBIX
BbIIIIEe YTJIOB.

Koaddunment mogobuss — 3TO OTHOIICHWE
COOTBETCTBYIOMNUX cTOpoH. Tpeyrompunk BAB,
Aby _
AB
= |cos ZBAC | — koaddurment mogobus. Ecian
MPOBECTH AHAJIOTUYHOE PACCY’KACHHUE [JIT
ACAC, , oayyum Ipyroe J0Ka3aTeJbCTBO I10-
no6ust ABAC u ABAC, .

Wrak, Mpl JOKa3aan BaskHOE yTBEpsK/eHHeE,
KOTOPOE OYeHb YacTO MCIOJIb3YeTCs IIPU peliie-
HUW TCOMETPIUYECKUX 3a7ad:

Teopema 1. ITycmv C; u B — ocnosanus
svicom, onyuwennolx uz eepwun C u B mpeyzon-
nuxa ABC coomeemcmesenno. Toeda AAC By «

© AACB ¢ xoappuruenmom |cos ZCAB|.

— TIPAMOYTOJIbHBIN, CJIe/[0BaTesbHO,
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B
Puc. 3

Pucynok 3 o6bsicusier, 3aueM B hOpMyTHPOB-
Ke TeOPeMbl MCIIOJIb30BAH MOMYJIb.

3 n3/105K€HHOT0 BBIIIIE CPA3Y CJEILYeT TAKOe
YTBEpIK/CHUE.

Teopema 2. Buvicomvr mpeyzoavnuxa s6s-
1omest 6uccexmpucanu (uru enewnumu 6uc-
cexmpucamu) ezo0 OpMmompeyzoibHUKA, M. e.
mpeyzoabHUKd, 00pPaA308AHHO20 OCHOBAHUSIMU
8bLCOM.

B o603HavyeHnsAX HAIIEro YepTeka aTo O3Ha-
qaer, 4rto ZLCAA=sLBAA, ZABB=
=ZCBB n 4ZB,C,C = ZACC .

MprI coBeTyeM A0Ka3aTh aTOT (aKT CaMOCTO-
arenbHo. /laBajite pasbepeM, Kak yKe OAWH
3TOT (aKT MOKET ITTOMOYDL CIIPABUTBCS C He
OueHb TPOCTON 3agaveii. PaccMoTpum 3aa4y
13 bBpuranckoii MaTeMaTHYecKOH OJMMINAIbI
2012 roga (aBrop — Dr. David Monk).

3amaya 1. /[aH OCTPOYTOIHHBIN TPEYTOJBHUK
ABC. Ilyctb D, E n F — OCHOBaHUS BBICOT,
onytenHbix 13 Bepiui A, B u C cOOTBETCTBEH-
Ho. [lokaxkure, uro DE + DF < BC , u Haiigu-
TE€ TPEYTOJIbHUKY, JIJisi KOTOPDBIX BBITIOJIHSETCS
PaBEHCTBO.

Pemenune. Ha pucynke 4 ormeuenn (yixe
U3BECTHBIE HaM) paBHble yribl. Kpome Toro,
pas ecTb CyMMa OTPE3KOB, XOTEJIOCh Obl «BbIII-
PAMUTH> KOH(DUTYPAIUIO, OTJIOKUB UX HA OJI-
Hoii mpsimoii. Takyxe sicHo, 4To mOTpebyeTCst
HEPaBEHCTBO TpeyroabHuKa. OTciofa MBI U
nosyyaem pemenne. Iycrs F' — o6pas F npu
oTpakeHNu oTHOocuTeabHO BC. 3amernm, 4TO
tak kak ZBFC = Z/BEC = ZBF'C =90°, To
BFECF’ Buucan B OKpysKHOCTb C JIAaMETPOM
BC. OrmernM, uto ZEDC = ZFDB (110 Teo-
peme 2), atakske Z/BDF' = ZBDF u3 coo6pa-
sxennit cummerpun. Cnegosarenvo, E, Du F’
JieskaT Ha o/{HOH nipsamoii. Takske n3 cumMmmerpun
MOXHO 3aMeTnTh, uto DF = DF’, crnemosa-
tesapro, F'E = ED + DF . OcTanoch 10Ka3ath,
yro EF’ < BC. Jleiicrsurenbuo, BC — nna-
METp, a CJeIoBaTeNbHO, [JIMHHENIIAass Xop/aa
OKPY>KHOCTH.

Puc. 4

3aMeTnM, 4TO PaBEHCTBO JOCTHTAETCS TOT/A
U TOJIBKO TOrzla, Korja F'E — Toxe quamerp,
CJIeI0BaTeIbHO, [ — IEHTP OKPY>KHOCTH, TOT/IA
BD = DC, nmoatomy AD — Meamana W BBICOTA
TpeyroJibHuKa. 3Haunut, AABC — paBHOGEN-
PEHHDI.

Bepuemcs k teopeme 1. PaceMoTpuM B Kave-
CTBE OJTHOTO M3 €e MHOTOUYNMCJIEHHBIX ITpHMeHe-
il 3agauy Canxkr-lletepOyprckoii ogmMmma-
a6l mKoapHUKOB (aBTrop — C.JI.Bep/os).

3azava 2. B ocTpoyroJibHOM TpeyroJibHUKe
ABC nposesiennt BoicoTel AA; u BB, . buccex-
TpHca BHeIIHero yrJa 1pu BepumHe C nepece-
kaer mpamble AB u AB; B toukax L u K
coorBerctBerHO (puc.5). Okasanoch, uro CL =
=2CK. Haitaute yroa C TpeyroJbHUKA.

Puc. 5

Pemenne. /loxaxem, uto AKB,C ~ ALBC .
Heiicturensho, ZB,CK = ZBCL (puc.6), tak
kak CL — OucceKTpuca BHEIIHETO yrja Mpu

Puc. 6

Bepunne C. Bugum, uro ZKB,C =180° -
- ZAB,C =180° - ZABC (no Tteopeme 1),
180° - LZABC = ZCBL . CuaepoBaTelibHO,
AKB,C ~ ALBC 10 nBym yraam. V3 nomobus
TPEYTOIbHUKOB CJIEyeT PaBEHCTBO OTHOIIE-
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. CK CB CK 1
Huil: — = —— . ITo ycaoBuo, — = —. Ilo
CL CB CL 2

TeopeMe 1, % =|cos ZACB| kax koaddun-
ent nopobus ACB;A; u ACBA . CnenoBareiib-
HO, |cos ZACB| = % , otkyia ZACB = 60° (Tak

KaK 110 YCJIOBUIO 9TOT YrOJl OCTPbIii).

[IpumenuTe Termepb CAMOCTOSITEIBHO TEOPEMY
1 B caenyromeil 3anayve.

3anaya 3. Ha croponax BC u CD kBajpaTa
ABCD B3datrbel toukum E u F, npuuem
LEAF = 45°. Otpeskn AE n AF mepecekaoT
quaronasib BD B toukax P u Q. Jlokaxkurte, 4To
SmMeF _ 2
Saapo

Hesb3st He oTMeTHTD, YTO yalle, KOHEYHO,
TeopeMa | CJYJKUT JIUIIb OJJHUM M3 HEOOXO/IH-
MBIX TIIaTOB PEIeHMs, a He SBJISETCS KII0YeBOi
ujeeit 3agaun. BepHeMcs K OCHOBHOMY 4epTe-
Ky. Jlerko 3aMeTuTh creayioee.

Teopema 3. Kacamenvnuas x oxpyxnocmu,
onucannoil oxo10 mpeyzoavruxka ABC, npose-
dennas 6 mouke A, napairieivHda npsMoi
BC;.

[lokazarespCcTBO ToJTydaeTcss M3 TeopeMbl |
TIPOCTBIM TIOZICYEeTOM YTJIOB. [leficTBHTENbHO,
mycTh F — TOuKa Ha KacaTeJbHOM, JieKaIlas B
JIPYTOIT TIOJYTIJIOCKOCTH OTHOCUTEJIbHO AB, 4eM
touka C (puc.7). Torna £ZBAF pasen ZACB

Puc. 7

KaK yToJI MEeX/y KacaTeJbHOI U XOp/Ioi, a TOT,
B cBolo ouepenb, pasen LACB;. Otciona
AF || C\B;, Tak Kak HaKpecT-JiesKalllue YIJIbl
PAaBHBI.

Pemure Temepb ciemyiomiyio 3ajadyy camo-
CTOSTEJIBHO.

3amaua 4. Touku KacaHms BINCAHHOH B
TPEYTOJIbHUK OKPY>KHOCTH COEJMHEHBI OTpEe3-
KaMM, U B TIOJyYEHHOM TPEYTOJIbHIKE ITPOBEIe-
HBI BBICOTBI. /JOKasKuTe, YTO MPSIMbIE, COE/IUHSI-

2019/Neé

I0II[ie OCHOBAHMS 3THX BBICOT, MapaJljleIbHbI
CTOpPOHAM WMCXO/HOTO TPEYTOJLHUKA.

Kcratn, 3aMeTnM, 4TO 1O XOAy Jeja MBI C
BaMU JIOKa3aJu erie ol (hakxT.

Teopema 4. B o6osnauenusx nawezo z1ae-
nozo uepmexa £LBAH = LOAC . Tem camovin,
npamvie AA; u AO cummempuunvt OmMHOCU-
meavHo 6uccekmpucol LA .

B xagecTBe mpuMepa IpUMEHEHNS TEOPEMBI 3
pPaccMOTPUM 33/1auy M3 PErnoHAJIbHOTO 3Tara
Beepoccuiickoit osuMnmazbl MKOJIbHUKOB 110
maremaruke (aprop — JI.A.Eme/bsHoB).

3amaya 5. B ocTpoyroJibHOM TPEYroJbHUKE
ABC nposeaens! BoicoTel AA; 1 CC,; . OKpyx-
HOCTh £, OmHCaHHAA OKOJO TPEyTOJbHUKA
ABC, nepecekaer npsimyto A,C; B Toukax A’
u C’'. Kacatembuble k €, IpoBeleHHbIE B
toukax A" u C’, nepecekatorcss B Touke B’ .
Ilokaxwure, uTo npssMass BB’ mpoxoaut yepes
TIEHTP OKPYXKHOCTH Q.

Pemenue. Ilycts O — nenrp L. IIposenem
orpe3ok OB’ (puc.8). OH mepneHuKyIapen

Puc. 8

A’C’ u3 coobpaskenuii cummerpun. Paauyc OB
HepIeH/ Ky Isspen mpsaMoii [, rae [ — kacaresib-
Hasg Kk Q B Touke B. Ilpsimas [ mapasisenpha
A’C’ no teopeme 3, cieosarenbio, OB L A'C’.
Tax kak neprenaukysip u3 O na A'C’ eaun-
crBenet, Toukn O, B u B’ nexar Ha ojHOM
MIPSIMOIA.

Pemmre ceaytoniyio 3asaqy caMOCTOSITEb-
HO.

3agava 6. B ocTpoyrosibHOM TpeyroibHUKE
MKN tposesena 6uccexrpuca KL. Touka X
Ha cropoHe MK TtakoBa, uyto KX = KN.
Hokaxure, uro npsimpie KO u XL mnieprien/in-
Kysspabl (O — HEeHTP OMUCAHHON OKPYKHOCTH
tpeyroJibauka MKN).

Bepremcss k HameMmy TJIaBHOMY YEPTEXY.
Wexonst 13 HEro, JIOTUYHO TIPE/IIOI0XKUTD, YTO
Touku Ay, By, u C, (cuMMerpuvHbIe OPTOIIEH-
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py H OTHOCUTEJNBHO CTOPOH TPEYrOJbHUKA)
JIe)kaT Ha OMMCAHHON OKPYXKHOCTH TPEYTOJID-
nuka ABC. U neficTBUTETbHO, BepHA CJIeIyI0-
1asi Teopema.

Teopema 5. Touxu, cummempuunvle mouxe
nepeceuenus evicom ( opmovenmpy ) mpeyzoiv-
nuxa ABC omnocumenvno npsamvLx, cooepxa-
WUX €20 CMOPOHLL, JeKAM HA ONUCAHHOU OK-
PYHKHOCU MO0 MPEY20TbHUKA.

[lokazarp aTy TeopeMy HECJIO3KHO, HO Ha/0
aKKypaTHO CJIEJIUTD 32 JIOTUKON pacCysKIeHii.
B o603HaueHUAX TJABHOTO 4YepTexa,
ABAA; » ABCC;, Tak xKak ZABC — obummii,
ZAAB = ZCCB =90°. CuaenoBatreabHoO,
£ZBAA = ZC,CB . Ilponnmum AA; no mepece-
YeHUSI C OKPYKHOCTHIO, OIUCAHHON OKOJIO
AABC - Ilyctb A, — Touka nepeceuenus. Tor-
na ZBAA, = ZA,CB (kak yribl, ONUpaoNu-
ecst Ha oany ayry). 3uaunt, AC — GuccekTpu-
ca W BBICOTa, a CJEOBATeJbHO, WM MeauaHa
AA,AC . Takum o6pasom, A, — o6pas H 1nipu
OTpasKeHnn OTHOCUTebHO BC.

JToT (aKT OYEHb YACTO HCIOJDb3YETCsS TIpU
pelleHuu TeoMeTpuYecKuX 3ajgad. JlaBaiite
TIPIMEHUM €T0 B CJIYIONIeH He OUYeHb TPOCTOI
3a/1aue 3 MOCKOBCKOIT MaTeMaTIHYeCKO OJTIM-
mager (aBrop — A.A.3acaasckuii).

3agava 7. /[aH BIUCAHHDIA YETHIPEXYTOJIb-
HUK ABCD. Touku P u Q cuMMeTpUYHBI TOUKE
C orHocuTesbHO npsaMbix AB u AD cootser-
crenno (puc.9). Tokaxure, uto npaMas PQ

[POXOJIUT Yepe3 opToleHTp (TOUKy nepecede-
Hug Bbicor) H tpeyroabhuka ABD.

Pemmmm a1y 3amauqy Bmecrte. [l1s GoJibliiero
nHTepeca pasbepeM, Kak OyAyT BbBITJISI/IETD
HaIi KOHCTPYKINH B ciaydae Tymoro yria C
(0CTPOYTOJIbHBIN Calyyail paccMaTpPUBAETCS aHa-
JIOTHYHO) .

Pemenue. I[Iycts BB; — BbIcOTA, OMyIIeHHAS
n3 Toukn B Ha AD, H — Touka mnepecedyeHus
BB, u PQ (puc.10). Iycrs H' — touxa H,
OTpaskeHHast OTHOCUTEbHO AD. JlokasxkeM, 4TO

Puc. 10

H’ nexut Ha OKPY’>KHOCTH, OTTMCAHHOMN OKOJIO
ABCD. Ilycts K — cepequna PC, L — cepeanaa
CQ. Yrapt CDL u KBC paBHbI 110 CBOHCTBY
BIINCAHHOTO 4YeTblpexyroJbHuKa. [lockosbry
4DLC = ZCKB =90°, o ACDL ~ ACBK .
CrnenoBarenbuo, /DCL = ,/BCK . Torzna
ZDCL+ ZLCB = ZLCB+ 4ZBCK , oTKyna
/DCB = ZLCK . Taxxe u3 mogobusi Tpey-
rospHukoB CDL u CBK cienyer paBeHCTBO
OTHOIIIECHUI:

cL_cK
CD CB
3HauuT,

2CL _2CK _CQ _CP

~¢h B _CD CB’

ADCB « AQCP

[0 OTHOIIEHWIO JBYX CTOPOH W YTJY MEXK.IY
uumu. CuaenoBarenbno, ZCDB=/ZCQH .
[Tpsimbre HH' u CQ mapaJiiebHbl, TO3TOMY
ZH'HQ = ZHQC KakK HaKPECT-JTEKATIIE YTJIbI
IIPH TapaJJIETbHBIX MPSAMBIX 1 cekymedl HQ.
W3 cummerpun otHocutebio LBy QH'HC —
paBHOOOKasi Tparmenus. 3Hauut, xopjaa CB
BugHa u3 Touek H' u Q 1O OJHUM YTIJIOM:
/HH'C = ZQHH' = Z/CDB . CnefoBatesibHo,
H’ nexwur na okpyxuoctn ABCD. Torna H —
TOYKa Ha BbIcoTe BB, Tpeyroapnuka DBA,
KOTOpasi TPU OTPAKEHUH OTHOCUTETbHO AD
MOTA[aeT HA OIMCAHHYI0 OKPY’KHOCTb Tpey-
rospiuka ABD. ChenoBarenpio, H — opro-
IEHTP.

Temepp MOXXHO PEIINTD CIEAYIOMYIO 3a1aqy
CaMOCTOSITEJIBHO.

3anmaua 8. C oMoIbio MUPKYJIsS U JUHEHKH
nocrpoiite Tpeyronbuuk ABC no toukam A,
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By n C,, cuMMETpHYHBIM TOUKE IepeceueHns
BbIcOT (OPTOLEHTPY) TPEYroJbHUKA OTHOCH-
teapHo npsaAMbIXx BC, CA n AB.

CHoBa 06paTuMCcs K rJIaBHOMY 4epTesky. Jlerko
3aMETUTD, YTO /[BA JKEJTHIX TPEYTOJIbHUKA MO-
no6ub: AOQP ~ AHBA , tine P, Q — cepenu-
Hbl cropod BC n AC cootBercrBenHo. 1lo cyrn,
MBI 9TO C BaMU yoKe [104THU ZioKa3aau. [eiicTBu-
tenpno, AH ||OP, BH||OQ, AB| QP .

Orciozia cpasy cJaeyeT O4eHb BasKHbIH (HaKT:
AH =2O0OP. B Bujty 04eHb 4aCcTOT0 UCII0JIb30Ba-
HUS, C(OOPMYJIUPYEM 3TO B BHJIE TEOPEMDI.

Teopema 6. Paccmosanue om eepuunv. mpe-
Y20abHUKA 00 MOUKU NePeceUetUs, 6bICOM 8060€
boavue, uem paccmosiHue om yeHmpd onuca-
HOU OKPYHKHOCIU 0O NPOMUBONONOKHOU CMO-
pPOHDL.

Kcrarn, TeM caMbIM Mbl C BaMH JIOKa3aJH,
yto Toukn H, M u O Jsexar Ha OJHOI TIpAMOi
(KoTopast Ha3bIBaeTCs npsamas Juiepa), Upu-
TOM pacIosIoXeHbl B otHotenun HM : MO =
=2:1. Ho aT0 y3Ke oT/iesibHAsI, OUeHb MHTEPEC-
Has teMa. TeM, KTO XOueT Jjasblie yrayOnuTbCs
B HCCJIE/IOBAHUE 3TOTO BOIPOCA, MBI COBETYEM
Havatpb co craten W.1lapoiruna nu A.Ary6psn-
1ma «OKpY:XHOCTh [AEBATH TOUYEK W TIpsAMas
diinepar («Ksant» No8 3a 1981 1.).

[TorrpoGyem Teriepb yBHU/IETb U TIPUMEHHUTD
TeopeMy 6 B 3a/1aue n3 crapuHHoro «Cobpanns
reoMeTpuyeckux TeopeM u 3amauy» E.Ilpske-
Basbekoro (M.: Tunorpadus T.Jluccuepa n
J1.Co6xko, 1909).

3agzaya 9. /[an BUMCAHHBINA YeTbIPEXYTOJib-
nuk ABCD; H,, H,, H. u H,; — Touku
repeceyeHns BbICOT TpeyroyibHukoB BCD, ACD,
ABD n ABC cootBeTcTBeHHO. [lokaskuTe, 4TO
yerbipexyronbnuk H,H,H_H; paBeH yeTbipex-
yroabauky ABCD.

Pemenue. /lokaskeM, 4TO CTOPOHBI YeThIPEX-
yronvuuka H, H,H_H, cOOTBETCTBEHHO paB-
HBI U TapaJlJIeIbHbl CTOPOHAM YeTbIPEXyT0JIb-
Huka ABCD.

Moxaxem, uto H.H; =CD w H.H; | CD
(puc.11). Pacemorpum tpeyrosibiuku ADB u
ACB. Cropona AB u omcaHHasi OKPYKHOCTD
TPEYroJbHUKOB 00111ast, CJIeJ0BATEIbHO, 110 Te-
opeme 6, CH; = DH,.. Tak Kak OHU IIpDH 9TOM
enie u nepnenukyasapuel AB, to CDH H,; —
napaJstesorpamMm. Cire/oBaTesbHO, OTPE30K
CD pasen n napannenen H_H,;. Ananornu-
HBIe PACCY’KACHUSA BEPHBI W IS OCTATbHBIX
TPEX OTPE3KOB, UTO M JIOKA3bIBAET Hallle yT-
BepIK/IeHNe.

2019/Neé

Puc. 11

B cuenytomieit 3agave monpoO6yiiTe pasrTiis-
JIeTb TeopeMy 6 CaMOCTOSITEIbHO.

3angava 10. Haiigure yrasl ocTpoyTroIbHOTO
tpeyrombanka ABC, ecam W3BECTHO, UTO €TO
6uccexkrpuca AD pasua ctropone AC u nepieH-
nukyJasipHa orpesky OH, rae O — 1IeHTp onu-
CaHHOI OKpY>KHOCTH, H — TOUYKa TepeceyeHust
BbICOT TpeyroybHuka ABC.

Haxonelr, gokaxem emie oaun (He OTpaKeH-
HBIIT HA TJIABHOM YepTeske) METPUICCKU (pakT.
OxkasbiBaercst, uTo JJauHYy oTpe3ka AH MOXXHO
JIETKO BBIPA3WUTb Yepes3 Pajiiyc OIMMCAHHON OK-
PYKHOCTH | yTOJ A.

Teopema 7. IIycmv R — paduyc oxpysxHoc-
mu, onucamnol okoao mpeyzoaviuxa ABC,
ZBAC = o, H — opmouenmp mpeyzosvnura
(puc.12). Tozoa AH = 2R|cosal.

HokazarteabctBo. Ilyctp ZBAC <90°.
IIycts M, — cepepuna croponnt BC, O —
LEHTP ONUCAaHHOI okpyskHOCTH AABC . Yroua
BOC paBeH 200, Kak IIeHTPaJIbHbIN yToJ Ayru
BC. Tak kak OM, — MezanaHa paBHOOGe/IpeH-
Horo Ttpeyroapuuka BOC, 10 ZBOM, =
= £BOC =0o (puc.13). CuaegoBaTenbHoO,
OM, = BOcoso. = Rcosa. . Ilo Teopeme 6,
AH =2HM, =2Rcoso .

C TYNOYTOJIbHBIM TPEYTOJIbHIKOM aHAJOTUY-
HO, TobkO ZBOM, =180° - o . Ilostomy B
bopMy.THPOBKe TEOPEMbI CTOUT |cos Ol .
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B

[ —T}
B C

Puc. 13

3HaHue 3Toro (hakra MOMKET OYEHb ITOMOYb
npu penieHun 3ajad. Hanpumep, pacemorpum
3aflady n3 MOCKOBCKOI YCTHOH OJTMMIINA/IbI 110
reomerpun (aBrop — A.A.3acmaBckmii).

3agaya 11. B ocTpoyrosibHOM TpeyroJbHIKe
POBHO OJIMH M3 YIJIOB paBeH 60°. /loxaxkure,
YTO IPsIMAas, IPOXO/ISAIIAs Yepes IEHTP OIUCAH-
HOII OKPY’KHOCTH M TOYKY HIepeCCYCHHS Me/IHaH
TPEYTOJbHUKA, OTCEKAET OT HETO PAaBHOCTOPOH-
Huit Tpeyrorbauk (puc.14).

Pemenue. Ilo noxkaszanHoMy panee, OpTo-
IIEHTP, TOYKA ITIepeceyeHns MeJAMaH M IeHTP
OIMCAHHON OKPY>KHOCTH JIeXKaT Ha OJIHOW Ipsi-
MOI, MO3TOMy TmpsiMasi, JlaHHAs B YCJIOBUH
COJIEPIKHT TOUKY Tiepecevenusi BbicoT. O603Ha-
yuM BepmuHbl TpeyroapHuka A, B n C,
Z/BAC =60°. Ilycrb H — opTouentp Tpe-
yrojabHuKa, O — IIEHTP ero ONHMCAHHOH OKPYXK-
voctu, K, L — touku nepecevuennsi OH ¢ AB u

A
AN
B
C
Puc. 15

C

Y,

AC cootrsercreenno (puc.15). Toraa, mo Teope-
Me7, AH =2R|cos ZBAC|= R = AO . Cueno-
BarebHo, AOAH paBHOGEIPEHHDBI, OTKyIa
ZAOK = ZAHL . Tak Kak, 1o JOKa3aHHOMY
panee, £ZBAO = ZCAH , 10 AAHL = AAOK
10 CTOPOHE U ABYyM yriaMm. 3uaunt, AK = AL.
Cuaenosatesnbno, AKAL paBHOGE/PEHHDIIT,
a smaunt (rak kKak ZA =60°), u paBHOCTO-
POHHUIA.

Kak Bcerma, Termepb BaM MPEACTOUT PEIIUTH
ele OfIHYy 3aJady yiKe CaMOCTOSATETbHO.

3amaua 12. B Tpeyroapunke ABC BBICOTHI
WM UX TPOJOJ/UKEHHS MePeceKaloTcs B TOUKe
H, a R — paauyc ero onmMcaHHON OKPYKHOCTH.
Jlokaskute, uro ecaum LA<L/ZB</C, TO
AH + BH 22R.

B 3axiouenue mpuBeeM HECKOJBKO 3a/ad st
CaMOCTOSITEJIBHOTO PEIIEeHs, KI0UeBbIe UeH KOTO-
PBIX CBSI3AHbl C HAIIAM TJIABHBIM YEPTEKOM.

3anmava 13. [lokaxkute, 4TO B MPSIMOYTOJIBHOM
TPEYTOJIbHUKE OPTOIEHTP TPEyroJbHUKA, 06paso-
BAHHOTO TOYKAMM KACAHUs CTOPOH C BIIMCAHHON
OKPY’KHOCTbBIO, JIESKUT Ha BBICOTE, IIPOBEJICHHON U3
IPSIMOTO yTJIa.

3anava 14. B tpeyromsunke ABC u3BecTHO, 4TO
ZC =60°, £A =45° . Ilyctb M — cepepuna BC, H
— oprotentp. /lokaxure, uyro npsimas MH mpoxo-
JIIT 4Yepes cepeinHy Ayru AB ommcanHoil OKPYsKHO-
ctu tpeyroabHuka ABC.

3agava 15. B rpeyrosbruke ABC Touka H1
CHMMeTPHUYHA OPTOIEeHTPY H OTHOCHTETbHO BepIin-
upt C, a touka C; cummerpnuna touke C OTHOCH-
TeJIbHO cepeJuHbl croponbl AB. Jlokaxure, uTO
1enTp O OKPY’KHOCTH, OITHCAHHON OKOJIO TPEYTOJib-
nuka ABC, siBisercst cepeaunoit orpeska H,C; .

3amava 16. B rtpeyrosbruke ABC mpoBe/ieHbI
Boicotol AA; n BB, . Oxasamnocp, uro touka C’,
cuMMerpuuHas Touke C OTHOCHUTEJIBHO Cepe/iiHbI
orpeska ABy, nexur Ha npsmoit AB. [lokaskure,
UTO ONHCAHHAS OKPYKHOCTD Tpeyroubinka A BC’
Kacaercst npsiMoit AB.

3anava 17. B octpoyrosbHOM TpeyrosbHIKe ABC
mpoBesn BbicoTbl BB; n CC;. OnuncanHas OKpysK-
HOCTb Tpeyroibuuka AB;Cy mepecekaeT ONMMCaHHYIO
OKPY>KHOCTb TpeyroyibHuka ABC B Touke K, oT/114-
Hoit or A. [lokaxure, yro mpsamas KH mpoxoant
yepe3 Ay, rme Ay — cepenuna BC, H — opTotieHTp
TPEYTOIbHUKA.



B cratpe B.Pactopryesa «Uerbipbmsa pasJmy-
HbIME criocobamu» B «KBanTte» Ne12 3a 2018 rox
ObLT JIaH TIPIMep HECUMMETPHYHON (UTyphI, KO-
TOPYIO MOXKHO paspe3aTb Ha 2 paBHbIE YacTH 4
passmyHbIMU criocobamu. [TokaskeM, Kak mocTpo-
UTh HECKOJIbKO 60Jiee MPOCTOI MpHuMep.

PaccMoTpuM napasiiesiorpaMM, COCTABJICHHDBII
u3 4 paBHOGEIPEHHDBIX MPIMOYTOJBHBIX TPEY-
roabuukoB (puc.1). s yno6ersa paspeskeM ero

Puc. 7

Ha 16 MeHbIINX OJJMHAKOBBIX TPEYTOJIbHUKOB. Bee
paspesbl GyIyT TPOXOANUTD 110 UX TPAHHIIAM.

Ha pucynkax 2—5 mokaszaHo, Kak pa3pe3aTb
MapaJIJIeJIOrPAMM Ha 2 PaBHbIE YACTH — KPACHYIO

Puc. 2

Puc. 5

n 3esenyio. [IpaBaa, Ha puCyHKe 5 YaCTH HECBS3-
nple. /la 1 cam mapasiiesiorpaMm He HOAXO/INT T10/L
YCJIOBHS 33/la4d, TIOTOMY 4YTO Yy HEro €CTb IEHTP
CUMMETPUN.

Vcnpasum nipumep ciaeayionmm o6pasom. Oc-
HOBaHMUS TPEYTOJBLHUKOB, Y KOTOPBIX TH OCHOBA-
HUSI CHM3Y, 3aMEHUM Ha 4YacTH, MOKa3aHHbIe Ha
pucyHke 6. AHAJOTMYHO MOCTYHNUM C BEPXHUMHU
ocuoBanusmu (puc.7). Torja mpu TakoMm sKe
pa3pesaHnn, Kak Ha PHUCYHKE S, 4YacTH OYIyT
MOJIy4aTbCs CBS3HBIMU.

Puc. 6

Puc. 7

Puc. 8

Puc. 9

Tenepb uCIpaBUM MIPUMEP TaK, YTOObI MCXO/I-
Hasi (pUrypa morepsiia CUMMETPUYHOCTD. 3aMme-
HUM GOKOBBIE CTOPOHBI, KaK IIOKA3aHO Ha PUCYH-
kax 8 n 9. Kax/plit TpeyrosbHUK 1IPEBPATUTCA B
TpexkaerTounsiii yroaox (puc.10 u 11).

Puc. 10

Puc. 71

Wrorosblil npuMep n300paskeH Ha pucyHKe 12.
Paspesbl IPOBOAATCS aHAJIOTUYHO PUCYHKaM 2—5
10 TPAHUIAM YTOJIKOB.

Puc. 12
B.lopoghees



NHOOPMANINUA

AHN ®UN3NKU B AYBHE

B cepenune anpesst B nmoamockoBhoii [ly6ue
nporres VI Beepoccuiickuii Hay4HbIH decTu-
Basb «/lHn ¢usnku». Ero opranmsoBasu u
nposesn OGbeAMHCHHDBIH MHCTUTYT SCPHBIX
uccaegoBanuii, YueGno-nayunbiii entp OMAN
1 MeXIIKOABHBI  (PU3UKO-MaTeMaTHIeCKUIT
dakysapratus. Ha neckosbko nueit /oM KyJib-
TYpbl «Mup» npeBpaTnics B OfHY GOJbIIYIO
J1abopaToOPUIO: B MAJIOM 3aJjie JIeMOHCTPHUPOBA-
JIICD OTIBITBI, B GOJIBIIIOM 1 BBICTABOUHOM 3aJ1aX
npoxoaus kKsecT «llepuoguueckuil 3akoH».
3aTeM COCTOSJINCDH TPAIUIIOHHBIE MaTeMaTh-
YeCKU TIPas/HUK W MacTep-kJaccbl, a /leHb
KOCMOHABTHKH ObLT OTMEUEH 3allyCKOM PaKeT
na MouojiekHOI 1oJIsiHe. YUeHUKH CTapllInx
KJIaCCOB JIEMOHCTPUPOBAJN 1 OOBSICHSLIN TTOCE-
TUTEJSAM Pa3JaMdHble (PU3MUECKHe 3aKOHOMep-
HOCTH HA MMHU YK€ CKOHCTPYHUPOBAHHOM 0060pY-
JIOBaHUM. DTN 9KCIIEPUMEHTDI, BCeT/ia sipKue, a
MHOT/IA HEOXKHU/IAaHHbIE 1 3aCTaBJISIONINE 3a/1y-
MaTbCsl, HEM3MEHHO IPUBJIEKAIOT GOJIbIIOE KO-
JIMYECTBO 3pUTesell — OT JIONIKOJIBHOTO [0
TIEHCHOHHOTO Bo3pacTa. IIpuBiekaTe,bHBI OHI
1 IS YYaCTHUKOB, TOCKOJIBKY, CyAd 0 UX
oT3biBaM, Hurze, kpome [ly6Hbl, B TaKoM ¢op-
Mare 3TH MepoIpHUATHs He TPoBosATCs. Kpome
TOTO, MHOTOPO/IHIE YYACTHUKH CMOTJIN T03HA-
komuThest ¢ JIyGHOI, Tpoiijist yBJaeKaTebHbII
KBECT 110 TOPOJLy 1 1100bIBaB B My3ee ucropuu
Hayku u rexunkn OVAV, u mourpasu B mHTE -
JekTyasnbhuyto urpy «4ro? I'me? Korma?»

Bor Heckosbko (hparMeHTOB 13 MHTEPBbLIO,
B3SITBIX Y YYACTHUKOB (pecTHBAJIS.

[Ipenacenatens oprrkomMureta ¢ecTuBaISg
M. B.2Kabuyxuii (OVILN): Tak MHOTO rocreii
y Hac He ObLTO HUKOI/IA, B 3TOM TOJY K HaM
TIpUeXaJn MIecTb KOMaHA. JTO HEOJAHOKPATHO

y4acTBOBaBIIINE MOCKOBCKas TuMHAa3ust Ne 1514,
duamar-sureit u3 Cankr-Ilerepbypra, KomMaH-
ja 3 bpsuncka. Briepsbie npuexasu pebsita us
Boarorpana, T'smazoBa m moamockoBHoi M-
Tpbl. M3 jiyGHEHCKUX KOMaHJ BCerjla akTHBHO
y4acTBYIOT pebsta u3 pusmar-QakyJIbTaTuBOB
YHIL OUAN n nunies « [ly6uas . Bee axcnepu-
MEHTbI, Ipe/CTaBJICHHbIE peGsTaMu, Herpoc-
Tbie. MbI BCer/ia IpUBETCTBYEM OIIBITBI, CBSI3AH-
Hble TO TeMaTtnke ¢ (PU3UKOW YACTHUI] WJIN
(pusukoii sapa. B roz o6unes orkpoitus [lepu-
O/IMYECKOTO 3aKOHA HAIll TPA/UIIMOHHBIN KBECT
JUIsT ydacTHUKOB /IHell pM3nKu MOCBSIIEH 3TO-
My cob6biTuio. Pebsra noayvator kapty — [lepu-
OIMYECKYIO TabJINITy — W, TIPOXO/S CTAHITNN B
6osbiioM 3aste /LK, pemraior pasuble 3ajanust
1o ucTopun, reorpaduu, jaxke JUHIBUCTHIEC-
KM€ 3a/laHKsl, Y3HAIOT, KaKyl POJIb XUMHYeC-
KH€ 3JIEMEHTbI UTPAIOT B Halllell MOBCEe/IHEeBHOI
JKU3HU, KaKne U3 HUX ObLIN CHHTe3NPOBAHbI B
[ly6Gue, a B KOHIE MOJIydalOT 3aCJIyKeHHbII
pu3.

Vunrens pusuku M. B. Axumosa (muneit Ne 1
r.Bosrorpasia): Mol yuactByem B (becTuBase
BIIEpBbIe, a y3Hasta s 0 [lHax ¢puanuku mojaropa
roja Hasaa Ha nuposoaumoit YHIL OUAU
mkose yuuresneir usuku (nocjae KOTopoi s
nonasa eme u Ha mkoay B I[EPH). Mb
OTIPABUJIM CI0/1a JiBe paGOTbl, KOTOPbIE TO/r0-
TOBWJIM MOM JIEBOUKH, 1 >K/a/u penreHusi. Kor-
Ja y3Hasiu, 4rto o6e paboThl IPOILIN, ETH
ObLIN OYeHDb pajibl. Y Hac (PU3MKO-MareMaTi-
Jecknit jnneil, n ¢pusnka ¢ MaTeMaTHKOH mpe-
nojaiorest yray6jaenHo, 1o ¢usnke BeLeTcs
ele ¥ IpoeKTHas pa6ora. Mbl yuacTByeM B
006J1aCTHBIX (pecTUBAJISX, KOHKYPCcax. A 3/1ech —
6oJIbllle Hccye/oBaTesIbckas pabora, KpacuBble
SKCIIePUMEHTbI. MbI TOTOBUJIN UX OKOJIO YETbI-

PEX MECAIEB.
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Ouwza T'oauxosa (Boarorpan): Hanr mpoekr
«Menennbrii TaHel» ocHoBaH Ha uzee [Ixed-
da Jlubepmana — aMepuKaHCKOTO n3o6peTare-
JISt ¥ XyJI03KHEKA. Bee zieqio B ctpobocKorinyec-
koM apdexre. IIBeTOK, TPUKPETJICHHBIH K CO-
JIEHOUIY C KaTymrkamu, ObICTPO BUGPHUPYET, a
CBETOIMO/IHAST JIEHTA, 3alPOrpaMMUPOBAHHAS
CIIENUAJbHBIM YHUIIOM, MepIlaeT € YacTOTOM
80 I, uero mHamm rasza He 3amevaior. Ham
KasKeTcsl, YTO OCBEIleHHe ITOCTOSTHHOE, a 4acThb
JIBIDKEHWI I[BETKA MBI TIPOCTO He BUAUM —
BO3HUKAET OIIYIIEHNE, YTO OH TAHITYET Me/JIeH-
HbII TaHell.

DKCIepUMEHTATbHOI (DU3UKOIT CO TKOJIbHY-
kamu [ly6unr 3anumaercs H.A.J/lomauenxoe
(YHIT OMAN): MbI BbIHECM CEMb KCIIEPH-
MeHTOB Ha ceropngmune /lum ¢usmkn. Ha
caMOM JieJie UX 3HAYUTeJIbHO GOJIbIIe, HO MHO-
rme Mbl yyKe TIOKa3bIBaIM Ha IPEIbIIYIINX
Mpas3HUKaX U TTOBTOPSATHCS HE XOTen0Ch. /IBa
OTIbITA TIPOBOJSATCS C YCKOPUTEJSIMHU, 4TO, C
OJ/THOI CTOPOHBI, UHTEPECHO, a C JIPYTOi, OHU
cBa3anbl ¢ TeMatukoit OVAN, moguepkuBaior,
B KakKoM Harpasjienu pa6oraer HcTutyr.

O11bIT, CBSA3aHHBIN C 3JEKTPOMArHETU3MOM,
niokasbiBast Mean I1aurxonun (mateit Ne15 r.Tia-
30Ba): S JEMOHCTPUPYIO MOJEJb TeHepaTopa
®dapazed. Yuych B BOCBMOM KJacce, 3To (pu3n-
KO-MaTeMaTHYecKNi KJacc, W IJIAHUPYIO IO-
CTYIIaTh B (DU3NYECKUIT WM TEXHIYECKUH BY3.
Jlo Havasa IEMOHCTPAIUH OTIBITOB JIJisi 3pUTE-
JIell MbI CaMU CMOTPEJIU, YTO JAPYTUe KOMaH/IbI
moAroToBUIN. HekoTopbie aKcriepruMeHTbI MEHST
3anHTepecoBasy. B [IHAX PU3UKT MBI y4acTBY-
€M BIIEpPBbIe, HO 00GSI3aTEIbHO MPUENIEM EIIlE.

BocToprkeHHYI0 peaknuio MaJbliieil BbI3Ba-
JIN XUMHUYecKue ombiThl «llennast BeuepuHkas
ot crynento MMOTU.

Aapva [Trawunckas: $1 yuych Ha TepBOM
Kypce 6uodusndeckoro daxyabrera. Mpl roTO-
BUJIMCH K 9TUM OIIbITAM, HEKOTOPbIE PEAKTUBDI
HAILIM CaMM, HEKOTOpbIe /I Hall JabOpaHT,
KOTOPBIi Jlaske 06paIoBAJICsI, YTO Mbl CaMH
HEMHOXKKO HAYKOIl T03aHIMAeMCs U JIeTSIM 4TO-
TO TPOJIEMOHCTPUPYeM. MbI MHOTO perneTnpo-
Bamm. Kaxetcs, mosyuniaoce. <Cyasg mo aMmo-
1AM JleTell — elle KakK MOJy4uaoch!> Mos
HamapHuia Mara ciojla IpHue3skaeT y»Kke He-
CKOJIBKO JIET, OHa B BOCTOPre OT IIPa3/[HHUKA,
ouenb mo6ut [ly6uy. M MHE TOpOA OuYeHD
MOHPABUJICS, a JII060e MepOIpHATHe, CBSI3aH-
HOe ¢ HayKoW, TeM 6ojiee ¢ MOUM POJIOM Jiesi-
TEJTBbHOCTH, — 3TO WHTepecHo. C Hamm ere
pebsita TpUexasu, OHU TOMOTAIOT TIPOBO/IUTD
KBecT. Mbl 0613aTeJIbHO U B CJIE/LYIOIIEM TOJLY
IIPHEJIEM.

Y ucroxos /lueit pusuku B [{y6He cTOST YIeH
penKoJIIeTH KypHasna «KBaHT» mpemojaBa-
testb MesxmkoapHoro (akyabtatnsa A.A.Jleo-
nosmd. Ha aToM mpasganke on BMecTe ¢ YHHU-
BepcasbHoil 6ubsmorekoit OUAN npeacras-
Jista Tpu cBoM KHurn u3 cepunt «IIpocrast nHayka
s fereiiy: «Dusnka 6e3 popmyas, «Hyaeca
TEeXHUKU», « BuOHMKa: 1Mo/IcKa3aHo MPUPOI0ii» .
Kuurn MOKHO ObLIO TIOJyYUTb, BBIMIPAB B
6sni-BukTopune «Mu3nKa Ha BBIPOCT», KOTO-
pas mpuBJIeKJAa MHOTO JeTeil.

A.A.Jleonosuu: WsnareabctBo ACT <BbI-
myckatoniee kuurn cepun «IIpocras vayka s
JeTefi»> 3aMHTEPECOBAHO B IOMYJISPU3AIINN
cBOell paboThI, a rje, Kak He Ha Hamux J{Hsax
pu3NKN, MOKHO TTOJTYIUTDh 3TH KHUTH. IIpocTo
TaK Mbl UX HE JIApUM — HY’KHO OTBETHUTb HA
BOIPOCH! BUKTOPUHbBI, PACCUNTAHHON Ha JieTei
JI0 MIeCTOro KJacca, T.e. elle He HadaBIINX
n3ydaTb (PU3NKY B IIKOJIE.
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Bropoit Tog MpuxoanuT Ha MPa3HUK CO CBO-
efl muaameil pouepnio bopawa Kanumnoea
(OUAN): Xouy ckaszarh c1oBa 61arogapHOC-
TH OpPraHu3aToOpaM, MOTOMY YTO yYCTPOUTH BCE
3TO — OrpoMHbIil Tpya! ¥ agereil Hamoaro oc-
TaHEeTCS B TIAMSATU BCTpPEYA C <« KUBOI» Hay-
KOM, KOr/a BCE MOKHO IOTPOTaTh PyKaMW, a
YTO-TO U TPUMEHWUTD B KU3HU. HaMm mOHpaBu-
JI0Ch, MBI OYeHb JOBOJIbHBI. Most moub Pajga
YUUTCSI BO BTOPOM KJacce, HO OHA CMOTPUT
o6pasoBareJibHble Tepe/jayll Ha TeJeKaHase
«/la Bunum» u 3/1€ech HEKOTOPbIE 3JKCIEPH-
MEHTBI — C JKHJIKOCTSIMM, C PaKeToil Ha CKa-
TOM BO3/yXe — CMOTpesa ¢ ToHmMaeM. ['oBo-
PHUT: «3TO 4 y)Ke 3HAIO».

lFox or roma Bce GoJibliie 3puTesiell MpUBJie-
KalOT 3peJUIHbIe XUMUYeCKe U (U3nuecKue

onpitbl, mposogumbie /. K. /Apsbaroevim (Jla-
Gopartopusi pusMKU BbICOKUX aHepruii QM)
u A.E.3a0mnuxosoii (My3seil ucropun Hayku
u texuukn OVAN). B ator pas nmporpamma
X IOy cTajia emie OOIIUpHEe: OT IMPOCTHIX,
HO 2(ddeKTHBIX o6eci[BeYnBaHus ioja ¢ To-
MOIIBIO ACKOPOMHOBOW KUCJOTHI U CO3JaHUS
KIHOIIHOW <«KPOBW» /IO BBI3BIBAIONINX BOC-
TOPr 3aloJHeHHOTo GoJblioro 3aja Jloma
KYJIbTYPbI TUTAHTCKOU «3YOHOI MACTbI» JIJIst
CJIOHA, <«TOpSIIell» PYKU U a30THOTO <«B3DbI-
Ba».

IIpasguuk mpormen. Bor He 6blmm HAa HEM?
O0s13aTeIbHO TPUXOJIUTE B CJEAYIONIEM TO/y!

Mamepuan nodzomosuna O.Tapanmuna,
¢omo npedcmasuna E.Ily3vinuna
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HauMOHaNbHbIV

MCCenoBaTenbCKM YHUBEPCUTET
«MWNST»

HaumoHanbHbIV UCCNefoBaTeNbCKUA YHUBEP-
cuteT «MWIT» Ha NpoTAXEHWM MHOMMX NeT Nnpo-
BOOMT ON1A CTapLUeKNacCHMKOB OAVMMVaZbl Mo
MaTemaTuvike, hunsmke 1 MHPopMaTHKe, KOTopble
MoJb3yloTCA OOMbLUIOW MOMYNSPHOCTbIO Cpeau
WKOMbHMKOB cTpaHbl. C 2015 roga B 3a04HOM
(OMcTaHUMOHHOM) hopme NPOBOAMTCH ONUMIMN-
aga wkonbHukoB «PUTM MW3T». ExerogHo B
9 cekumax 3ToN ONMMNMAAbI MPUHMMAIOT y4ac-
Tve Gonee 2000 yenosek. B 2018 roay yHuBep-
CnTeT opraHm3oBan o4vHylo Dusrko-matemaTi-
Yeckyto onumnuagy MWST, koTopas npoxogut
B HECKONbKMX AecATKax ropofos Poccum 1 cTpaH
CHI. C 2019 ropa TakXxe nNpoBOAUTCH ONMMMMa-
Ja LWKOMbHVKOB «DNEKTPOHHbIA HaHOMUPY.

Huxe npusefeHbl 3amaydn no guisvke, npef-
naraBLUVECS Ha 3aKIOHYUTENIBHOM Type 3a04HOM
onumMnuagpl «PUTM MW3T», a Takke BapuaH-
Tol N0 pu3mke ans ydawmxca 10 n 11 knaccos
o4yHoW Pu3KKOo-MaTeMaTUYeckon OonmMMnuaabl
MWN3T.

NHTepHeT-onumnunaga «PUTM MUST»

OPUNIUNKA

1. Manbuuk, Gpocasi KaMeHb CO CKOPOCTBIO
vy =20 M/c ¢ KDBIIN [IOMa, OTNPEIEHI MaK-
CHMAJbHYTO TOPU3OHTATBHYIO JAJTBHOCTD TT0JIe-
ta. CIyCTUBIIMCH HA 3€MJIIO U OBTOPUB 6POC-
KM KaMH$ € TOH ’Ke Ha4aJIbHO# CKOPOCTBIO Ty ,
OH 3aMeTHJI, YTO MAaKCUMAaJIbHASI TOPU30HTAJb-
Hasl JIaJIbHOCTD [10JIeTa KaMHs YMEHbIIHIACh B
n=3/2 paza. Ha kakoil BbICOTE HAXOAUTCS
Kpbllia JjomMa?

2. /IBa OAMHAKOBBIX SIIMKA BBICOTON /2 =
=0,5 M KQK/Iblil CTOAT Ha IIOBEPXHOCTH I10JIA.
Mexy AmumKaMy BepTUKAJIbHO BCTaBJIEHA JKe-
CTKasi Jierkast jlocka jummnoi [ = 1,5 M, Kak
nokasano Ha pucynke 1. K Bepxuemy KoHILY
JIOCKH TIPHJIOKIIIN TOPU3OHTANBHYIO cUty F 1
CTaJM TOCTENEHHO ee yBeJaum4yuBaTh. llpn F =
=100 H oawx W3 A1UKOB MPHUIIET B MOCTYIIa-
TeJIbHOE JIBIDKeHHe. UeMy paBeH BeC KaskJO0ro
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Puc. 1

saimuKa P, ecan K09Q@UITMEHT TPEHUST MEKY
AmmUKoM 1 mosiom W = 0,27

3. OxHoposHOe MUJIMHAPUYECKOE TEJO TIa-
BaeT B BOJIE TaK, YTO €ro OCh BePTHKAJbHA.
YUto6b! Me/IJIEHHO MOTPY3UTDh TEJIO B BOJLY M0JI-
HOCTBIO, TpeGyeTcst coBepiiutb padoty A, a
yTOOBI CBOOOIHO ILJIABAIOIIEe TEJIO MOJHOCTHIO
BBITAIIUTH U3 BOJIbI, TPEGYETCSI COBEPIIUTD Pa-
6oty As . B o6oux ciydasix TeJio MepeMelaoT
roctytaresabHo. Haliinre mioTHOCTD TeJia, ecJiu
orHourenne pador A| /Ay =4 . TLnotHOCTB BOBI
pp = 1000 kr/m> .

4. lllap-oprrenb Maccoit M = 2 KT HAaXOUT-
Csl B PABHOBECHU B IUJIMH/IPUYECKOM COCY/IE
paauycoM R =5 cM, IJIOTHO
npuseras K €ro CreHKam
(puc.2). lenTp mapa Haxo-
JUTCST Ha BbicOoTe I = 2R OT
aHa cocyna. Kakyio MuHH-
MaJIbHYIO CUJIy HY3KHO TIPHU-
JIOSKUTD K TAPY, 4TOOBI [IPH-
JKaTh €ro K JHY cocyla |
VEPIKUBATH B TAKOM T10JIO-
skernn? ArmocdepHoe rasienue p, =100 xlla,
raz B COCy/le CUUTATh W/€aJbHBbIM, TPEHHEM
rpeHeGpeyb.

5. IlopiieHb B TOPU3OHTAIBLHOM IHJIHH/IPHU-
YEeCKOM COCY/Ie C OJIHOATOMHBIM H/IeaJIbHBIM
ra3oM 3aHMMAaeT B PABHOBECHUHU TaKO€ TOJIOJKe-
HUe, 4TO OTHOIeHne OOBEMOB Ta3a CJeBA U
cpaBa or mopmHA paBHo n = 2 (puc.3).

Puc. 2

Puc. 3

Temneparypa B Gousbieil yactu cocypa 1; =
=300 K, a B menbmeit 7, = 350 K. Cocyn
TeINJION30JIMPOBaH, HO TIOPIIEHb ME/IJIEHHO 11PO-
BOJIUT TEILJIO 1 Yepe3 HEKOTOPOE BPeMS B COCY/Ie
ycTaHaBJINBaeTCA TEIJI0BOe paBHOBecne. Ompe-
JIeTTe YCTAaHOBUBIIYIOCS TeMiepatypy rasa T,
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a Takske HOBOe CcOOTHoIIeHne 7’ 0ObeMOoB Ta3a
cJieBa M CIpaBa OT MOPIITHS.

6. Toueunnie 3apsiipl 4G, —q u 4qG pacmosioxe-
Hbl Ha OJHON mpsaMoii. Paccrosinue Mexay
3apsiZIOM —@ ¥ KaK/IBIM U3 3aPsi/IoB 4¢ PaBHO a.
Haiinute paccrosaue ot 3apsiia —q 70 TOUYEK, B
KOTOPBIX HAITPSIKEHHOCTD 3JIEKTPUIECKOTO TTOJIS
paBHa HYJIO.

7. B mpuBesennoil Ha pucyHke 4 cxeme
conpotuBierre R = 10 Owm, I/IC ucrounuka

G, Y|

I I
R

2R 3R

Puc. 4

¢ = 120 B, ero BHyTpeHHee CONPOTUBJICHIE
npenebpexkumo Mano a) Omupegennre Tok [
yepes ucTounuK. 6) Bo ckosibko pas oTmyaior-
cs 3aps/ibl KOHJICHCATOPOB, €CJM UX e€MKOCTH
O/INHAKOBHI ?

8. /IBe HecMmenmmBalonecs KUAKOCTH, C TI0-
KazaTeJasaIMHu TpeJoMJeHus n; u n, = 1,33,
HAXO/ISITCSL B TIPO-
3pavHOM TOHKO-
CTEHHOM cocyne ¢
BEPTUKAJbBHBIMU
TIJIOCKUMHU CTEHKA-
mu. Omnpenennte
MoKa3aTeJb IIpe-
JIOMJIEHUST 7y, €CJIH
U3BECTHO, YTO JIy4
cBeTa, Majalolnil
Ha CTEHKY COCyla
moj yraom o = 60° | mocse npesoMIeHusT Ha
IPAHUIAX KUIKOCTEN BBIXOJIUT U3 ITPOTHBOIO-
JIOKHOI CTEHKH cocyjia moj yrjaoMm [ = 45°
(puc.5).

Puc. 5

®dusnko-mareMaTuyeckas onmmnmaga
MW3T

OPUNIUNKA

10 knacc

Bapuanm 1

1. Teso 1BUKETCS IPSIMOTIMHENHO C TIOCTOSTH-
HBIM YCKOPEHHeM, OTJWYHBIM OT HyJd. 3a
HepBYI0 CEKYH/y ABMKEHUS TeJI0 IIPOILIO Ta-
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KO ke MyTb S = 6 M, YTO W 3a YETBEPTYIO
cexyHny. Ormpenennte BeJUUNHY YCKOPCHUS
Tema.

2. Hlapuk maccoit m = 50 r, Bucsmuii Ha
JUITMHHON HWTH, OTBOJSAT B CTOPOHY TaK, 4YTO
HUTH CTAHOBUTCS] TOPU30HTAJIbHOM, M OTITyCKa-
10T C HyJIeBOil HavasbHOW ckopocTblo. Haiijau-
Te: a) MaKCHMaJbHOE HaTsSKEHHne HUTH TIPH
JBIKCHUM IIapuKa; 0) HaTs)KeHHMe HUTH B
MOMEHT, KOIJa II0JIHOE YCKOPEHUe IapuKa
HaIPaBJICHO TOPU30HTaJbHO. HUTHh HeBecomast
u HepacTsokuMasi. CONpPOTHBIEHUEM BO3AyXa
npere6pedb. Y CKopeHue CBOOOIHOTO TaJICHUS
g =10 M/ .

3. Ha rmasikoM ropiusoHTaJIbHOM CTOJIE TTOKO-
SITCSI JIBE TMAObI MaccaMu m 1 2m, COeInHeH-
Hbl€e JIETKOI HejleDOPMUPOBAHHON TIPY>KUHOM.
Jlerkoii maiibe coo6IAT CKOPOCTb Ty BOJb
ocu Ipy:kuHbl. UeMy paBHa sHeprus nedopma-
IIUU TIPY>KUHBI B MOMEHT BPEMEHHU, KOT/J[a CKO-
POCTD JICTKOH Tai6bl, He N3MEHWB HaIpaBJIe-
HUS, YMEHBITUTCS B TPH pasa’?

4. Bannon ¢ reseM /s BO3AYIIHBIX IIapu-
koB umeer o6beM V = 10 g u mO3BOJISIET
HaJyTb, Kak mumryT npoussoauteu, N = 50
JIaTeKCHBIX (PE3MHOBBIX) MIAPUKOB JHaMETPOM
d = 20 cm. Onpenenm-
Te jlaBJjienne B GasioHe.
Cumnraiite, 9TO B IIapu-
Ke naByieHue 6JU3KO K
"_OU arMocepHOMY Py =

T =100 xIla.

J. B cxeme, usobpa-
SKeHHOH Ha pHcyHKe 6,
HanpsKeHne Ha KJeM-
Max wuctoyHuka U =
pac. 6 =10 B, conporuBJieHue
Kaxoro pesucropa R = 60 Om. Ompenennte
TOK 4Yepe3 NCTOYHUK.

Bapuanm 2

1. Testo ABUIKETCS IPSIMOJIMHERHO C ITOCTOSTH-
HBIM YCKOPEHHEM, OTJIMYHBIM OT HyJs. 3a
MEPBYIO CEKYH/Iy JABVIKEHUsS TEJIO TPOIILIO Ta-
KOH ke MyThb $ =6 M, 9TO U 32 TPETDIO CEKYHIY .
OtpeieinTe HAYAIbHYIO CKOPOCTb TeJa.

2. Ilapuk maccoit m = 50 T, BucANUMI Ha
JUIMHHON HUTH, OTBOJAST B CTOPOHY TaK, 4TO
HUTDb CTAHOBUTCS TOPU3OHTAJIBHON, U OTITyCKa-
10T C HyJIeBOW Hava/IbHOW cKopocTblo. Haiiau-
Te: a) CUJTYy HATSDKEHUS HUTH B MOMEHT BpEMe-
HU, KOT/JIa HHUTb COCTaBUT yroa o =60° c
BEPTUKAIbIO; 6) yroa [ Mexay HHUTBIO U

BEPTUKAJIbIO B MOMEHT BPEMEHH, KOT/[a BEPTH-
KaJIbHasl COCTABJIAIONIAS CKOPOCTH TMAPIKa MaK-
cuMasbia. ConpoTHBIEHHEM BO3/yXa MpeHe6-
peub. YckopeHue CBOGOJHOTO Ta/lEHUS
g=10wm/c*.

3. Ha rsiaikoit ropn3oHTaIbHON TOBEPXHOC-
TH HaXO/ISATCS JIBa OJIMHAKOBBIX GPyCKa Macca-
Mu m = 1 Kr, coeJIMHEHHbIE JIETKOH NPy KUHON
skectrocThio k =200 H/m . Opnomy us Gpyc-
KOB COOOIIAIOT CKOPOCTb ¥y = 1 M/c B Hampas-
JIEHUW BTOPOro GPYyCKa 10 JIMHUU, COEJAMHSIIO-
meil ux 1eHTpel. Onpeesnnre BeJNUYNHY MaK-
CHMAJIbHOTO PACTSIKEHNUST TPY>KUHbI TP TOCJIe-
JIYIOIIeM JIBUXKEHNN OPYCKOB.

4. Banmon ¢ remmem o6bemom V; = 10 1
MO/JICOCINHUIN K TIEePBOHAYAJILHO OTKPBITOMY
6aJIIoHy € BO3/LYXOM
o6beMoM V, = 5 I
[laByiieHne B cucreme
Terepb CTaJT0 PABHBIM
Py =95py, Tae py = U
=100 xIla—atmocdep- ¢ °
HOE [J[aBJICHUE B yCJO-
BHUSIX BKCIEPUMEHTA.
OrnpesiesTe HaYaIbHOE
JlaBJeHNe p; Teaus B
Gastone. Temueparypa — puc 7
TTOCTOSTHHAS.

3. B cxeme, usobpaskentoil Ha pucynke 7,
HalpsoKeHne Ha KJaemMMax wucrounnka U =
=12 B, conporuBjieHnEe KaXKIOTO PE3NCTOpa
R =6 Owm. OmnpenennTe TOK 4epe3 UCTOYHUK.

17 knacc

Bapuanm 1

1. Bpycok maccoiim = 200 rmpmxuMaior K
BepTUKaIbHOW cTeHe ¢ cuioit F = 3 H, ma-
paBJeHHOM Mo yrjaoM o = 60°
K BEPTHKAIHM, KaK MOKA3aHO Ha
pucynke 8. Ilpu sTOM Gpycok
IBIDKETCS BHI3 € TOCTOSHHON
ckopocTbio. Omnpezmeante K0ad-
(punment Tpenus mexay Opyc- g
KOM U CTEHOH. YCKOpeHHe CBO-
6onHoro nasennst g =10 M/ .

2. Tenexxka Maccoit my =2 KT pyc 8
MOKOUTCST HA TJIaJ[KOM TOPU30H-

TasbHOM cToJie. Ha Hee co ckopocTbio v = 2 M/c
HaJsletaeT Tesiekka Maccoit my = 1 xr. Ilocre
JI0OGOBOTO y/1apa TsKeJiast TeJesKKa [BIKETCS B
Ty JK€ CTOPOHY CO CKOPOCTBIO ¥y = 1,2 M/c . a)
C Kako#l CKOPOCTBIO JBIDKETCA TOCJE yaapa

F
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nerkas renesxxka? 6) Kakoe Koqm4ecTBo Termio-
TBI BBIZIETNJIOCH TIPH yape?

3. Ilpu n306apHOM pacUIUpeHnn uaeaTbHOTO
raza ero obbem yBeauunsics Ha AV =3 m1, a
TeMriepaTypa usMeHmiach Ha 8 = 30% . Uemy
paBeH TIepBOHAYAJIBHBIN 06beM Tasza?

4. HeGospimoii 3apsi:KeHHBIH TMAapUK, IOJ-
BEIIeHHbIH Ha JIETKOW HEPacTSKUMON HUTH,
1mocJie HAYaJabHOTO TOJYKA JIBUKETCS TI0 OK-
PY’KHOCTH B BEPTHUKAJbHOH TJIOCKOCTH. B MO-
MEHT BpPEMEHHU, KOT/[a HUTh COCTaBJSJIa YTOJI
0. C BEPTHKAJDbIO, BKJIOYIIH OJHOPOIHOE
3JICKTPIUYECKOE II0JIe, HATPaBJICHHOE BEPTH-
kampio (puc.9). Tlocme BKIIOYEHHUS MO KU-

[ .

Puc. 9

HeTUYeCKast SHEPTUS MapuKa B HIDKHeH TOuKe
Tpaekropun yBeamamiaach na AW, = 0,1 m/Ix,
a B BEPXHEU TOYKE TPAEKTOPUU YMEHbBIINIACH
na AW, =0,3 M/[>k 110 cpaBHEHUIO €O 3HaYe-
HUSIMH KWHETHYECKOW SHEPTMH B ATUX TOYKAX
[0 BKJIOYeHWS Toss. Ompemenante yroa o, .
Tpenuem n cormpoTuBJIeHNEM BO3/yXa MpeHes-
peyb.

5. OJHeprust KoHIeHcaTopa eMmkoctpio C =
=2 ud, BKJIIOYEHHOI'O B H/eaJbHbIA KoJeOa-
TEJIBHBIN KOHTYD, JOCTHTAET MPHU KOJeOAHMSIX
MakcuMagbHoro 3uadenuss W,, = 0,1 mx/[x
yepe3 MPOMEXYTKHN BpeMern T = 1 mkc. Orm-
pezesuTe aMILIUTYAy KoJieGaHuil TOKa B KOH-
Type.

Bapuanm 2

1. Bpycok maccoitm = 200 r npmKIMaIoOT K
BepTUKaJIbHOI creHe ¢ cunoin FF = 8 H, nHa-
paBJIeHHO# 1o/ yriom 0. = 60° K BepTHKam,
Kak IoKasaHo Ha pucyHke 8. [Ipu aTom 6pycok
JIBIDKETCST BBEPX C IMOCTOSIHHOW CKOPOCTBIO.
Ompenesnte K0a(pDUTIHEHT TPpEeHUS U MEXIY
OPYCKOM U CTEHOH. YcKopenue CBOGOIHOTO
masenus g =10 M/c2 .

2. Teso maccoit my = 1 Kr Hajereno co
ckopocteio vy =10 M/c Ha TIOKOsIIIEecsT TeJso
Maccoif m, =2 Kr uocranoBuiaoch. Onpeesn-

2019/Neé

Te: a) CKOPOCTb BTOPOTO TeJia 10CJje CoyAape-
Hus; 6) KOJUYECTBO TEIJIOTBI, BbIICJIUBIIEECS
pu yziape.

3. Ilpu uzoTEepMUYECKOM PACIIMPEHUH HUJIe-
JIBHOTO Ta3a ero o6beM yBesnuuics Ha AV =
=3 J, a gaBieHue usMeHusaoch Ha O =30% .
UeMy paBeH MepBOHAYAJIBHBIH 06beM rasa?

4. He6Gospbmiol 3apsiKEHHDIH MIAPWK, ITO/I-
BEIICHHBI Ha JETKOH HepacTsSLKUMON HUTH,
[ocJie HayaJIbHOIO TOJIYKA JIBHJKETCS 110 OK-
PY’KHOCTH B BEPTUKAJIbHON TIIOCKOCTH. B Mo-
MEHT BpPEMEHH, KOT/la HUTh COCTaBJISIA YTrOJ
0, C BEPTUKAJIbIO, BKJIOYUJIN OJHOPOHOE
AJIEKTPUYECKOe TIOJIe, HAINPaBJeHHOEe BEPTH-
kaapHo (puc.10). Tlocte BKIIOYEHNS TOMS KU~

P

Puc. 10

HeTUYecKasl SHEPTus MIapuKa B HIDKHEH TOYKe
TpaeKTOpuM yMeHbmuaacb Ha AW, =
=0,6 m/[>)x, a B BepXHell TOUKE TPACKTOPUU
yBemnuuiaach Ha AW, = 0,1 m/[>x 1no cpas-
HEHHUIO CO 3HAYEHUSIMHM KUHETHYeCKOil sHep-
THW B 3THUX TOYKaX /0 BKIoYeHns moss. Om-
peznesuTe yroa o . TpeHmeM u CONPOTHBJICHNU-
€M BO3/lyXa IpeHe6peyb.

S. B wumeanbHoM KoJie6aTeibHOM KOHTYPE,
cocrosinieM M3 KOHJleHcaropa eMKocTblo C =
=0,01 MkD ¥ KaTyIKH, TIPOUCXO/AT TAaPMOHU-
yeckue KoJebanusi. IJHeprus KOHJeHCATOPa
N3MEHSAETCS OT MaKCHMAJBHOTO 3HAYEHUSA J10
nynga3aspemsa T =1 Mxc. Onpejennure HHIYK-
TUBHOCTb KaTYIIIKH.

Hyb6auxayuio nodzomosuiu
I'.T'aiidoyxos, U.TopbamuvLii
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«KBAHT» Ang MIAALWNX LUKONbHUKOB
3AOAYN
(cm. <Ksanms No5)

1. He wmnaso nepekjajbiBaTh HU OJHON CIUYKH!
MoskHo mpocto moBepHyTh juct Gymaru ma 180°.
[Monyuntes uncsao 8281 (puc.1), kotopoe ABIsETCS
moabM kBagpatom ( 8281 = 912).

Puc. 1
2. 77.

IlycTh y meBovex mo x Terpajeil. Mamma ncnosb3o-
Basa 7+7(x-7) wHaxieek, a Csera -
11+11(x —11) . Tax kak Bce HAKIEHKU UCIOJIB30-
BaHbI, TO 7+7(x —7) = 11+11(x—11) . PemmuB aTo
ypasHenue, noaydnMm X =17 . 3Haunut, B Kaxa0M
naGope 6b110 10 7 +7 (17 —=7) =77 Haxieexk.

3. CM. mpumep Ha pucyHke 2.

Puc. 2

4. AnToH.

Kaxyto-to xamepy X onn mpoexanau B mnopsjake b,
A, B, a xamepy Y — B nopsijke B, A, b. IIpeanoso-
JKUM, 4TO Kamepy X OHH Tmpoexanu paubiie. [Ipes-
MIOJIOXKUM, 4TO AHTOH He Hajaj. Tak Kak OH caMblil
OBICTPBII 1 yoKe BIepean BoBbl, TO OH gasee Bceraa
Oyner Brepenn Bosor u curyanusi «B, A, B» ne
BosHuUKHeT. [IpotnBopeune. Ciyuaii, xkorga Y onu
MpoexaJil paHbline, 4eM X, paccMaTphBaeTcs aHa-
JIOTHYHO.

KANENOOCKOMN «KBAHTA»
Bonpocbkl 1 3agaun

1. BosbiioMy KoJiecy Jjierde, 4eM MaJIeHbKOMY, IIpe-
omoseBatb Oyrpel m Kamunm Ha gopore. (Kpome
TOTO, C YBEJMYCHUEM PAIyca KOJIECa YMEHbIIAeTC s
K09 UIMEHT TPEeHNsT KavyeHus.)

2. 3a BepXHIO YacTh KoJiec Jerde: OoJIbIlie Bpalia-
fomwii MoMeHT (I1JIeY0 CHJIBI PABHO JMAMETPy KoJie-
ca, B EPBOM JKe CJIy4ae — €ro pajamycy).

3. Cua, ¢ KOTOPO BEJIOCUITEANCT MOJKET TaBUTh Ha
e/Iajin, HelOCTOSIHHA: OHA MAaKCHUMaJIbHA Ha CTapTe
M CTAHOBHUTCSI PABHOW HYJIIO MPH TaKO# CKOPOCTH,
KOT/Ia TIepUo/] BpalleHns Teaneil cpaBHUBAETCS CO

BpPEMEHEM peakimnm Bestocuneancta (mepmomom Ha-
JKaThs Ha TNefaib M OTHyckanus negamn). Ilocae
3TOTO CKOPOCTb YK€ He MOXKET BO3PaCTaTb.

4. IIpOoTeKTOp CJYKUT /IJIST YBEJMYECHUS CIIEILICHIS
KoJieca ¢ MOJIOTHOM Jioporu. Ilomepednbie 1moJochi
HY3KHBI [IJIT YCKOPEHUsS] aBTOMOOUJISI B TIPSIMOM Ha-
NpaBJeHnn, NPOAOJabHbIE (I PaCIONOKEHHBIE TIOJ
YIJIOM) NPEnATCTBYIOT GOKOBOMY cMemtenmio. [lo-
MIMO 3TOTO, GOPO3JKU TTIOMOTraioT B 60pble ¢ aKkBa-
IJIAHNPOBAHMUEM, IIOCKOJDbKY [Jal0T BO3MOKHOCTD
BOJ/Ie BbITEKaTh BOOK.

5. Ecim mmHbl cjierka CryiieHbl, TO IMJIONAgb CO-
IIPUKOCHOBEHUSI ¢ I'PYHTOM Bo3pacTaeT. /laBienne
Ha TPYHT IPU HTOM YMEHbBINAETCS, KaK W TaIyOuHa
cJesa, — MeHbIe BEePOSITHOCTD 3aCTPSITh.

6. UtoGbl cusbHee MpHXaThb aBTOMOOWJIb K JIOpOre
Ha GOJBIIMX CKOpOCTSX. [Ipu aTOM MOBBIIIAETCS
YCTOWYUBOCTD MAIIUHBI.

7. llocne momaym cocraBa Ha3a/l ropasjo Jierde
C/BUTATh €ro BIIEpPeJl, MOCJAe/I0BATEIbHO TPUBO/IS B
JIBU)KeHHe BaroHbl. Ec/i ske pe3ko Tporarb cocTaB
C HATSHYTBIMHU CIIEIIKaMH BIIEpe]], MOKET IIPOU30ii-
TH Pa3pbIB OJIMKANIIMX K JOKOMOTHBY CIIETIOK, Tie
X HaTsKeHue HanboJibliee.

8. Urto6b! mpeypeanTb OMPOKI/IBIBAHNE SIXTDI IIPH
60JIPIINX HaKJIOHaX. Ele oHO Ha3HauYeHUe KU —
NpoTHBOEHCTBOBAaTE GOKOBOMY cMereHuio (peii-
dy) cyana.

9. 3ameTuM, YTO BpAlIEHWE B 3TUX [BYX CJIydasx
MIPOMCXO/IUT BO B3AUMHO MePHEHNKYJISPHBIX TJI0C-
KocTsAX. B mepBoM ciydae KoJieco MOTJIO OTOPAChI-
BaTh BOJly HA3a/l TOJbKO HUKHEI CBOEI 4acTbio, BO
BTOPOM — MOBEPXHOCTHIO BCEX JIOMACTEN BUHTA.

10. IIpu mepexoze B MOpe yMeHbIIaercs ruyGHHa
MOTPY>KEHMS CY/IHA, COOTBETCTBEHHO YMEHbBIIAETCS
CONPOTUBJIEHNE BOJbI [JBIDKeHWIO. [lpn mpesxHeit
MOIITHOCTH JBHUTATEIsI CKOPOCTDH CYJHA OTHOCHTE]b-
HO BOJIbI BbIpacTaeT (MOJTYAIMBO Mbl HOJIATaeM OJIU-
HAKOBOW BSIBKOCTH PEUHOM 1 MOPCKOW BOJBI).

11. Hesb3d, Tak Kak CKOPOCTD JBIDKEHIST BO3/LYII-
HOTO IIapa paBHAa CKOPOCTH BeTpa.

12. B o6oux ciayyasix cuja JaBJEHUs] OMHAKOBA.
Beprosier feficTByeT Ha BO3/AYyX C CHJION, PaBHOM
CBOeil cuJie TSJKECTH, a BO3/yX Tiepe/laeT JeiicTBre
9TOW CUJIBI Ha 3EMJIIO.

13. Baxku ¢ ropouyuM pacrosaraiorcs B camoJere
TaK, YTO IIEHTPbI €ro TSIKECTH C TOIIMBOM U (e3
TOILINBA COBIIA/AIOT.

14. llpn pomonHUTEJSbHOH Harpyske HEOOXOINMO
YBEJIMYUTD YTOJl aTaKd KPBLIbEB, YTOOBI TTOBBICHTDH
noabeMuyto cuty. OMHAKO TIPU 9TOM BO3pacTaer u
JI000BOE COTPOTHUBJIEHUE, U3-32 Y€ro CKOPOCTb Ca-
MOJIETa CTAHOBUTCS MEHbIIIE.

15. C pocroM TemrepaTypbl YMEHbIIAETCS TLIOT-
HOCTb, a 3HA4YUT, M MAaCCOBBII pacxXo/l BO3/1yXa,
MOCTYTIAIOMIETO B JIBUTATEJD.
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16. B cucreme orcuera, OTHOCHTEJBHO KOTOPOM
pakera B JIaHHBIII MOMEHT TIOKOUTCS, BBITEKAIOIIME
raspl TOJKAIOT pPaKeTy BIEPEJ — €€ CKOPOCTb B
JasbHelieM 6yeT pacTu.

MwukpoonbIT

Py]Ib " IejiaJin 103BOJIAKT BbIUT'PDAaTb B CUJIE, IEII-
Hada nepejaya — B CKOPOCTH.

KOHKYPC MMEHU A.N.CABNHA
(cm. <Keanm» No4)

29. a) MoxHo.

IIycrs N =HOK(1,2,...,8) =840 . Torza mocie
1 2 8

npuBe/ieHus Apobeit N N o N K Hecokpa-

THMOMY BUJ/ly WX 3HamMeHaTesu OyayT paBHbI 1.
6) MoskHO.
Yucao M =5-7-8-9 KpaTHO BceM 4mc/aM oT 3 10

3 4
10, mosToMy T0CJIE IPUBEACHUS APOOeit — , — ,...
y pusen np M’ M
10
-y 3y K HECOKDATHMOMY BHAY HX 3HAMEHATEH

OyayT paBHbl 1. OHE 00pa3yoT apmpMeTHIecKyo
Iporpeccuo. 3HaMeHaTeslb NEpBOH U3 HUX pPaBeH
M/3 =840, nocnenueit — M/10 =252, ux pas-
HocTh MenbIne 600.

30. 343.

HasoseMm curyauuio ysxacom, ecim 4YUCIO MOXHO
TIPE/ICTABUTD B BHUJIE TIPOM3BECHNS YeThIPeX Momap-
HO Pa3JIMYHBIX HATYPAJbHBIX UHCEJ.

PaccmoTpum umcsio n, npeicTaBuMoe B Bujie IIPOU3-
Be/IEHNSI TpPeX IOMAapHO Pa3INYHBIX HaTypaJbHbBIX
uyces KaKk a; -, -d; (Apyrue n Hac He MHTEpecy-
ior). Cpeau yncen d;, d, u dz POBHO OJHO PABHO
1, mnaue yxac: n=1-q,-a,-a; . He ymanas obm-
HOCTH, TIyCTh a; = 1.

JlokakeM, 4TO Cpejin 4ucen d, W d3 OJHO PABHO
49. IlpeanosoxuM, 4To 310 He Tak. Ho Torga yxkac:
49n =1-49 - a, - a3 . porusopeune. CHoBa He yMa-
Jisist o6mHoCTH, dy =49 |

Takum o6Gpaszom, n =1.7° ~az, roe az#1 u
ay # 7% . Tak kak 49n=1-7-7*-a;, 10 a3 papus-
ercst 7 wm 7° (umave yxac). Ecmu ay =77, 10
49n =1-7-7*-7" — yxac! 3naunr, a5 =7 .
Hokaxen, uto mpu a5 =7 (r.e. n=7°) ycrosue
3ajaun BbIMosHAeTcs. llpeamonoxum, 4To ¢ UHC-
aoM 49n cayuunca ysxac. CiepoBaTesbHO,
49 =1-7 7% 7% e ki, ky, k3 — nomapno
pas/JuyHble HaTypaJbhble 4vuciaa. Ho Toraa
R +ky +ky =6, smaunt, 497 >7° — nporusope-
yre! AHAQJIOTMYHO MOXKHO IIOKa3aTb, YTO C 7 TaKXKe
y»Kkaca He mpousoiiser. Tak uto n = 7% = 343 .
Omo pewenue 6vL10 npedcmasieno KoManodou mame-
mamuueckoil epynnot Llenmpa <Y cnexs I'amuunckozo
MyHUUUNAILHoZo pationa Jlenunepadckoil ob.aacmu.

2019/Neé

31. Bepno.

Pacemorpum Touky C u orpesok AB ogHOro ¢ Heil
nsera; myctb C gexxkut 6mmke K B, yem k A. Ilo
oTHolIeHn0 K AB touka C MOXeT 3aHUMAaTb OJ[HY
u3 25 BO3MOXKHDBIX IO3ULUI, HOTOMY YTO H II0
BEPTUKAJN ¥ 110 TOPU30HTAJIN PAa3HOCTH KOOP/MHAT
A u C pasna or 1 g0 5 (orMevennble Ha pUCyHKe 3
TOYKU — 9TO BapuauTbl pactooxenns C). 3Hauut,
BO3MOKHBIX yTJIOB He GOJIbIIe 23.

/O+ 0
NS
N Z

Puc. 3

Ho u3 HekoTopbIX Touek oTpe3ok AB BujeH 1oj
OJHUM U TeM >XKe YILJoM: Hanpumep, LAPB =
= ZLAQB = ZARB . 910 Tak, NOTOMY YTO TOYKH P,
Q, R usexar Ha OJIHOI, KPACHOMW, OKPYXKHOCTH,
npoxosiiieit uepe3 A u B; MOKHO B 3TOM yOeInTh-
cs1, nokasas, yto OA = OB = OP =... AHaJIOTUYHO
MOJKHO TI0Ka3aTh, 4TO ellle JIBe TPOUKH TOYEK JiesKar
Ha CUHEH U Ha 3eJIeHOH OKPYKHOCTSIX.

Torzia BO3MOKHBIX YTJIOB He GoJbiire 25 —2-3 =19.
3unauut, cpeau 20 yrioB HaiayTcs 2 0JJMHAKOBDBIX.
32.2) 2771,

CHavaJsia TyTHUK HUAET TOJMbKO Bipaso. Ilycts on B
KakoM-To ropojie C MOMeHsIJI HallpaBJeHue J[BUKe-
nust. Torga on HUKOr/IA HE CMOKET JIOHTU JI0 TOPO-
noB mpaBee C. A sunauurt, C MOxKeT ObITh TOJBKO
caMbIM TOCJeHUM TopogioM. Takum o6pa3oM, IyT-
HUK CHayaja JABWXKeTcsl BIpaBo n — 1 maros, a
nmotoM BJyieBO 7 — 1 mraroB. [lJ1s1 KayK0T0 M3 MEPBBIX
n — 1 maroB MyTHUK BBIGUPAET, O KaKOI M3 JBYX
JTOPOT TIOITH; 9TO MOKHO C/IeJIATh 2" criocoGam.
Ha o6patHoM myTH BbIGOpa YK€ HE OCTAETCS.

6) 27!—2 . 611—1 )

HasoBem Te ropona, B KOTOPBIX TIEIIEXO]] MEHSIET
HaIpaBJieHne JBIDKeHus1, nosopomuvimu. Ilycts nux
HoMepa B nopsjike Bospactanus Cp, C,,...

B niepBoM ropo/ie myTHUKY TOYHO TIPUIETCS TOBOPA-
quBath, Tak uto C; = 1. Ilpu gmwxennn ot 1 1o C,
OH JIBUTAJICS TOJIbKO BIIPaBo. /lommycTum, mocie aToro
OH TIPOJIOJIKUT JIBIKEHNE BIIpaBo. Toraa npu ciaemry-
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fomeM cBoeM nocemeHnn C, OH pasBepHETCS U
nexoropble jgoporn mexjay 1 n C, ocramyres e
TPOICHHBIMU. 3HAYNT, TyTHHUK /I0/DKEH TTOBEPHYTH
npu nepBoM cBoeM nocemennn C, . Iloce atoro on
noiizier 10 1, TaM pa3BepHeTCS M CHOBA TOWMIET /10
C, . K 5TOMY MOMEHTY ITPOI/ICHBI TOJIBKO BCE JIOPOTH
or 1 1o C,. Tenepn MoxxHO npuHATL C, 32 HavasIb-
HBIII TOPOJI U TIPOJIOJIKHUTD Te JKe PACCY>KAEHHUS.
W3 cka3aHHOTO BBINIE MOTydYaeTcs, 4To 1Mo Habopy
MIOBOPOTHBIX TOPOJIOB IOCJIE/[0BATEIBHOCTD IOCE-
IIEeHNs] TOPOJIOB BOCCTAHABJMBAETCS O/HO3HAYHO.
HaGopoB 110BOPOTHBIX TOPOJAOB CyliecTByer 2772,
TaK Kak MepBblil M MOCJIeHUI TOPo/ia TOYHO MOBO-
POTHBIE, & KaX/blil U3 OCTAJbHBIX T'OPOJIOB MOXKHO
BBIOpATh MOBOPOTHBIM HE3aBHCHMO OT JIPYTHUX.
Tenepp paccMOTpPUM OJIHY M3 TaKUX I0CJIE/[0Ba-
TEeJIbHOCTEH MOCeIeHsT TOPOAOB. BbIsACHUM, CKOJIb-
KO CyIIecTByeT MyTeil ¢ TaKoil mMocJeqoBaTeJbHOC-
THIO TOPOZIOB. B Kax/10M IIpOMeXyTKe MEXIy /JBY-
Mf coceHUMM ropojgamu 3 goporu; ectb 3! = 6
€1oco60B BBIGPATh, B KAKOM TOPS/IKE OHH BCTpeda-
1oTcst B mytd. Torja ymopsiouuTb MeKIy co6oil
JOPOTH BO BCEX IPOMEKYTKAX MOXKHO Beero 6"
crocoGami. 3HaunT, KoJuyecTBo myTeil B 6" pas
6ouIbllle, YeM KOJIMYECTBO TI0CJIe/I0BATEIbHOCTEl TO-
po0B (KOTOPBIX, KAK Mbl yXKe BBISCHIIH, 2"2).
3asaua perieHa.

3anHTepecoBaBIINMCS YHUTATEJSIM IpejljlaraeM Io-
JlyMaTh HaJl IOXOXKeit, Ho GoJjiee TPYAHOI 3ajaveit,
TJie TOpOZia MIYT 10 KPYTY:

ITo xpyey pacnonosxeno n zopodos (puc.4). Kax-
dvie d6a cocednux 20poda coedunenvl mexoy coool

Puc. 4

a) Osyms; 6) mpems dopozamu. Ilewexod 6vixo-
dum u3 zopoda 1 u xouem npotimu no ecem dopo-
2am, npurem no Kaxoot dopoze MoabKO 00UH Pa3.
Croavko cywecmseyem maxux mapupymos? Map-
WpymoL CUUMAIOMCA PASHLIMU, €CAU OHU OMAUUA-
10MCs NOCACO08AMENLHOCBIO 6bl00pa opoe.

Orsersl: a) (n+ 1)~2'Z+1 2 6) 2" 6" — 46"

HALIMOHAJTbHbIA NCCNEAOBATENIbCKUI
YHUBEPCUTET «MU3T»

NHTEPHET-OJIMMMUNALA «PUTM MUST»

ON3INKA
2 2
oy (n-—1
1.H=M=25M. 2. p=EL 15001
2g wh
Po__ _Po_333kr/m?

3.p=—F__ -
PTJa /A 3

4. Fpy =3(7R%py +mg) = 2,4 cH .

O TT.
5.T=—(n+)12=315K,men=2;n'=n£=z=
- T, + nT, T, 3
a 3 q 2
6. [ =—. 7.2) I=—=24A;6) 1L=2
J3 5R 7 3

OU3NKO-MATEMATUHECKAR ONTMMNNALA MUST

OUNIUNKA
10 knacc
Bapuanm 1
1.d=§=4M/C2,I‘AC ti=1c.
1
2.2) T,,. =3mg=15H;6) T=mgJ3=0,87H .
2 3
3. E="0 g p=pol 1+ ™V 00 M
3 \%
3. I=6—U=O,2A,
SR
Bapuanm 2
1. vO:E:QM/c,rz[e ti=1c.
2,

2.a) T =3mgcosa =0,75H;

6) B= arccosi = 55°.

NE]

3. Al=v, /2—n;=5CM.

, (Vi + V) = p V-
i p1:Pz(1 z) PoVa

=7p, =700 klla .
v, Po
5. I= 2U =4 A
R
71 knacc
Bapuanm 1

_mg—Fcosa

1. u ~0,19 .

Fsino
2. a) B o6paTHyl0 CTOPOHY €O CKOPOCTBIO
v=0,4m/c;6) Q=048 Tx .
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3 V=AV%—1O
4 cosoc:igj;igjj_;,oc:m".
5 m—@zsz,sm
T
Bapuanm 2
1, p=LC0S%=mg 99

Fsino
2.a) v, =5M/c; 6) O=25]Ix.

3. V:AV(10§A—1J=7H.

4. COSGZMZLzL, o =45°.
AW+ AW, 1,4 2
47°
d. L =—— =40 mxlu.
nC
XLTYPHUP rOPOAOB
(cm. <Keanms No5)
3AIAYM BECEHHETO TYPA
ba3oBbii BapraHT
8—9 knaccel
1. Morio.

IIpumep ¢ 11 yncnamm: 1, 1, 4, 1,1, 4,1, 1, 4, 1, 1.
MoskHo JlokasaTb, 4To OoJibiiie 11 unces He MOIJIO
OBITH BBINIICaHO. CM. Tak:ke GoJiee OOIIYIO 3329y 5
st 10—11 xjaccos.

2. Hycrs (n—1)-a mepesepuytas monera — X, a
n-ga — Y. Torma mexxay X n Y 1o 4acoBoif cTpesike
JeXuT n — 1 MOHeET, a pa3 BCEro MOHET B KpyTe
2n + 1, o Mmexxay Y u X 110 4acOBOIi CTpeJIKe JICSKUT
n moner (pmc.5). Ito suauwt, 4ro (n+1)-i MBI
CHOBA TiepeBepHeM MOHeTy X.

X

n—1 mMoner

7 MOHET
Puc 5

1 nanee mpr Gy/ieM repeBopavnBaTh yiKe IepeBopa-
YUBABIINECS. MOHETbI, HO B OGPATHOM MOPSI/IKe:
BeJIb MPOIYCTUTH 10 4acoBOil cTpeske 7 + 1 MoHeT
— BCE pPaBHO, YTO IIPOIYCTUTb HPOTHB YacOBOI
CTPEeJIKH 7 — 2 MOHET, ..., IPOILyCTUTDb 10 YacOBOII
CTpesike 2n — 2 MOHET — BCe PABHO, YTO TPOIYCTUTD

2019/Neé

[IPOTUB 4acoBoil crpeiku 1 MoHery. A Ha mocJie-
JIHAX JIBYX IIIaraxX Mbl [epeBEepHEM OJHY U Ty JKe
MOHETY .

B urore permkoii BBepx 6y/IeT JIeXXaTh TOJbKO MOHE-
Ta Y — oHa IlepeBopauuBasIach HedeTHOe YHCIO0 pas,
a BCe OcTasJbHbIe MOHETBI — UeTHOE.

3. Tockombky n? =n(m+n)—mn, u3 ycious
ciaeayer, 4ro n° fAeautess Ha m + n. 3HAUUT,
nw2men.

4. Ilyctp KLM — onuH U3 TaKWX TPEYTOJbHUKOB,
O — cepeauna ero ocuosanus KM (puc.6).

A D
,’——\O M

K /// \\

/ \

/ |

1 ]

\

\ )

B\ /L ¢
Puc. 6 T ]

Torga LO — Menuana, a 3HAuuT, U GUCCEKTPUCA, T
BbicoTa Tpeyrosabuuka KLM. Ilockosbky yriabst KBL
n LOK npsmble, Toukn B u O Jexkar Ha OKPY>KHO-
ctu ¢ auamerpom KL, orkyma £ZKBO = ZKLO =
=0/2. Ananoruuno moayuaem, uro ZMCO =
=/ZMLO =02 .

Torpa O — Touka nepeceyeHust MPsSIMbIX, TPOBE/IEH-
HbIX U3 BepiH B u C 1oJ yrjoM 0/2 K cTOpoHaM
npsamoyronbanka BA n CD COOTBETCTBEHHO, T.€.
OHA HE 3aBUCUT OT I0JI0’KeHUs TpeyrobHuka KLM .
5. MBICJIEHHO PACIIOJNONKUM IIKATYJIKH MO KPYTY,
1300pasnB UX TOYKAMHU, AEJISAMINMH OKPYSKHOCTDb Ha
12 paBHbBIX ayT AJuHBL 1, n GyzeM BbIpakaThb pac-
CTOSTHUISI MEK/TY MIKATyJKaMu B JIyraxX. Mesxmy Jio-
ObIMHI JBYM:I IIKATYJIKAMH C OJ{HOII M3 CTOPOH KpyTa
Haxoautcsd He Gosiee 6 mayr mmumubl 1. Torma Ham
JTOCTATOYHO TPUAYMATD «IIA0JOH» — YETHIPEXYTOJIb-
HUK C BepUIMHAMHU B MIKATYJKAX, — MEXK/Y BEpPIIH-
HaMU KOTOPOTO PEAM3YIOTCS BCE PACCTOSIHUS OT 1
1o 6. IIpumep Takoro

mabJona n306pasken 11 12 1

Ha pucyHke 7 (4eTbi-
PEXyrobHIK € Bep-  {() p)
mmuamu 1, 2, 5, 7),
OJ/IHA U3 €r0 BepIINH
oMevYeHa KPACHBIM.

IToT MabJIOH BCeT/a
MOJKHO TOBEPHYTH
Tak, 4TOObI OH <«Ha-
KpbLT> 00e MIKaTyJI-
Ku ¢ moHertamu. Ilo-

Puc. 7
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MOIHUK TaK U JieJaeT, a OTKPBIBAeT IIKATYJIKY
mnepesi KpacHOi BepunHoil mabnaona. DokycHUK
MoBOpavynBaeT Mab/I0H TaK, YTOOBI KpacHas BepIN-
Ha IJIa Cpa3y 3a MIKATYJIKOI, OTKPBITOIl TTOMOIIHHU-
KOM, U HaXO/UT MOHETHI.

IT0 ke peleHne MOKHO H3I0KUTD APYTUMH CJIOBa-
MH. 3aHyMepyeM IIKaTyJKH OCTaTKaMU 110 MOJLYJIIO
12. Ecin OMOIIHUK OTKPBIBAET HIKATYJKY C HOMe-
POM R, TO (DOKYCHHMK OTKPBIBACT MIKATYJIKN C HOME-
pamu k + 1, R+ 2, k+5u k+ 7 no moaysmo 12.
ITockonbky mm06ast mapa IMIKATyJOK HMeeT BH/[L
{nn+1}, {n,n+2}, {n,n+3}, {nn+4}, {n,n+5}
wi {n,n+ 6}, TO NMOMOIHUK BCera Haiier uer-
BepPKY MIKATYJIOK HY)KHOTO BH/IA, COJEPIKAILYIO Hapy
MKATYyJOK C MOHETaMH.

CymiecTByIoT n Apyrue ma6JOHBI — HalpuMep, de-
TBIPEXYTOJIbHUK ¢ Bepimuuamu 1, 2, 4, 8.

CMm. rtakke 3amauy 4 ang 10—11 xuaccos, rae
mKaryaok 13.

10—11 kaaccel

1. V3.

IIycte A, B, C — mnocjefoBaTeJbHbIE BEPIIMHDI
HIeCTUyroibHuKa, O — TOYKa BHYTPU HETO, U IyCTh
OA=0B=1, 0C=2.

PacemorpuM spyryio cocennioio ¢ A Bepumny F.
Torga FABC — pasnoGepennas Tpanenus (puc.8).

A B

F (&

Puc. 8
Touka O sexxut Ha 06IIEM Cepe/IMHHOM IIePIIeH/IN-
Kkynsape ee ocHoBauuit FC u AB, noatomy OF =
=0C = 2. Ho FC = 2AB (B npaBu/JIbHOM MIECTH-
VTOJIbHUKE TJIaBHAs AMaroHaslb B 2 pasa GoJblie
CTOPOHBI), OTKyaa Tpeyrojbauku AOB u FOC mo-
no6ubr ¢ koaddurmentom 2. Tlockoabry AB u FC
napaJuiesnbibl 1 ZBAO = ZOCF , Touka O Jiexxur
wa muaronasu AC (1, aHaJOrHYHO, HA JMATOHAIH
BF). Torma ZOBC=120°-30°=90°, =n

BC=+v2*-1= \/§ o Teopeme Iludaropa 1 nps-

MOyroJbHOro Tpeyrosbinka OBC.

2. O6s3aTeIbHO.

ITycrp, Hanpumep, a > b.

an+1 + bn+1
a" +b"

MeHbIIIe ¢ TIPH BCeX HATYPAJIbHBIX 72, HO CTPEMUTCS

K a Ipu n — oo (B caMoM jie/ie, II0/Ie/IUB YUC/IH-

n
TeJIb U 3HaMeHaresJab Ha d n 3aMeTuB, 4YTO
n

—| =0 mpu n—> oo, MOIYUNM, YTO YUCJIHUTEND
a

Apo0M CTpeMHTCS K @, a 3HaMeHateab — K 1).

Ilepsoe pewenue. [Ipo6b OUEeBU/IHO,

anH + bn+1

3nauur, a-1< — <d TIpU JIOCTaTO4HO

n
OGOJIBLIINX 7 M HE MOXKET ObIThb IEJIbIM. HpOTI/IBOpe—
que.

Bmopoe pewenue. OueBupno, 4yTo
an+1 +bn+1
b < ————— < a mpu Bcex HATYpaTbHBIX 7. Tax
a" +b"

KakK MeXAy b M d KOHEYHOE YHNCJIO IIeJbIX YHCeJI,
Haﬁ[[yTCSI TaKne pas3JiIMuHbl€ HaTypaJibHble m U k,
am+1 +bm+1 B ak+1 +bk+1
a™ +b™ ak + bk
MeHaTeJn u TIPUBOIAA HO[[OGHBIC, IIoJIyduM
a"bt (a—b):akb'” (a-0b). Cokparus na a — b,
m—k
nmeeM | —
b

qTo YMHOKUB Ha 3Ha-

=1, orkyna au6o a = b, 1mbo m = k

— TIPOTHBOpEYNE.
3. IlpusHaKk BIHMCAHHOCTH YETBIPEXYTOJbHHUKA — Pa-
BEHCTBO CYMM TIPOTHBOIIOJIOKHBIX YTJIOB, TPU3HAK
ONUCAHHOCTH — PABEHCTBO CYMM IIPOTHBOIIOJIOK-
HBbIX CTOpOH. Ec/m u3 meHTpa BIHMCAaHHOWU B TpPEY-
FOJIBHUK OKPYKHOCTH OIYCTUTD TEPIEH/IKY ISP
Ha CTOPOHBI TPEyTOJbHHKA, OH Pa3o0beTcsl Ha TPU
YEeTBIPEXYTOJbHNUKA, 006JaJalomux O000UMHI 3TUM
cBoiictBamu. Urto6pr pa3éurh TpeyrospbHuk Ha 2019
TAKNX YETBIPEXYTOJBHUKOB, JOCTATOYHO Pa3OUThH
ero Ha 2019 : 3 = 673 Tpeyrombuuka (Hanpumep,
OTpE3KaMM, MCXOAANIUME U3 OJHOW BEpIIMHbI), a
MOTOM KaK/Iblil M3 HUX — HA TPU YETBIPEXyTOJbHIH-
Ka, KaK MOKa3aHO BDIIIE.

4. MBbICJIEHHO PACTOJIOKIM IITKATYJKU TI0 KPYTY,
1300pasnB UX TOYKAMHU, ACJSAMINMU OKPY>KHOCTD Ha
13 paBHbBIX ayT AauHBL 1, n 6yseM BbIpaskaThb pac-
CTOSTHUSI MEK/IY IIKATyJKaMu B ayrax. Mesxmy Jito-
OBIMI IBYMSI IIKATYJIKAMHI C O/JIHON M3 CTOPOH KPyra
HaxonuTcs He Gosee 6 myr gmmebl 1. Torma Ham
JIOCTATOYHO TPUAYMATH «IMAGJ0H» — YE€THIPEXYTOJIb-
HUK C BepUIMHAMHI B IIKATYJKaX, — MEX/Y BEpIIH-
HaMU KOTOPOTO PeaU3yIOTCS BCE PACCTOSHUS OT 1
no 6. Ilpumep Taxo-

ro mabgoHa n306pa- 13 1 2

J)KeH Ha pucyHKe 9
(uerbipexyrompank ¢ 12
BepmmHamu 1, 2, 5,

7), ojHa u3 ero Bep- 11
IINH TIOMEYeHa Kpac-
HbIM. 10
Irot mabJoH Bceraa
MOJKHO TOBEPHYTD 9
Tak, 4TOObI OH <«Ha- S 7

KpbLT» 06€e WIKATYJI-  pPyc 9

k1 ¢ MoHeramu. Ilo-

MOIIHUK TaK M [eJaeT, a OTKPBbIBAeT IIKATYJKY
nepeji KpacHoil BepurnHoOi mrabiona. MOKycHUK
MOBOpaYnBaeT mabJoH Tak, 4TOObI KpacHasi BEPIITH-
Ha IIJTa cpasdy 3a IIKATYJKOI, OTKPBITOIl OMOIIHI-
KOM, ¥ HaXOJIUT MOHETBI.
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ITO Ke pelleHne MOKHO U3JI0KHUTD JAPYTHMH CJI0BA-
MH. 3aHyMepyeM IIKATYJKH OCTaTKaM# 110 MOJLYJIO
13. Ecmm TOMONIHNK OTKPBIBAET MIKATYJIKY € HOMe-
poM kR, To (DOKYCHUK OTKPBIBAET IIKATYJKH C HOME-
pamu R+ 1, R+ 2, k+ 5uk+ 7. [lockonbky J06ast
mapa mkarysiox umeer sup {n,n+1}, {nn+2},
{n,n+3}, {n,n + 4}, {n,n + 5} wm {n,n + 6}, 1o no-
MOIIHUK BCEr/[a HAlJIET YeTBEPKY IKATYJIOK HYKHO-
TO BU/IA, COAEPKAIILYIO TTapy MIKATYJI0K ¢ MOHETAMH.
/s 3namoxoe. Mbl onucann Koneunyio npoeKmus-
Y10 nAOCKOCMb Had nosem Zs, Te HIKATYJIKH
BBICTYIIAIOT B POJIM TOYEK, a IAGJOHBI — B POJIHI
npsambix. Ha artoii mnockoct kak pa3 13 Touek n 13
[IPSMBIX, IIPHYEM Ha KaXKJOH HPAMOIL JIeXKUT 10 4
TOYKH.

3. 1019 unce.

Jlemma. Cymma n00bix copoka noopso 3anucau-
noLx uucen ne menvuwe 80.

[okazareabctBo. Ilycrp umcna a,...,a, 3amuca-
upl noapsa. Cpeaum umcen by=0, b =aqa,
by=a+ay,, ..., bjg=a,+a,+...+a, Haiijgyrcs
nsauncna b, u b; (i < 7) C OZIMHAKOBBIM OCTaTKOM
npu genennn Ha 40. Torpa cymma @+ a0 +...
...t da; xparna 40, a snauur, ne mMenpure 80.
Ouenxa. llycrp Bbmucano n > 1019 uyucen. Ilo
semme, cymma 1epsbix 1000 = 25-40 u3 Hux He
Menbpie 25-80 = 2000 . Cymma ocTaBIImXCcs YnCesT
(ux no xpaiineit mepe 20) ne menpme 20. 3HauwuT,
Bca cymma ne Menbie 2020. IIporusopeune.
Ipumep. 25 rpynn 1, ..., 1, 41 (B kaxpaoil rpymnme
39 epunut u ymcsao 41) u 3arem 19 exuHUI.

CIOXHbIN BAPUAHT
8—9 knaccehl

1. Moryr.

Ilycrp nepsbrit Myapern sajgymaer uucaa 1, 2, 3, 22,
23, 24, 25 u naszoser umcao 22. Torma BTOpOI
OJ/IHO3HAYHO OIPE/IEJIUT BCE YUCJIA, TaK KAK CyMMY
100 mpm 3TOM MOXKHO IIOTYYUTD JIMIIH OJHUM CIIOCO-
60M — B3sB HaWMEHbIINE BO3MOKHbIEe uncaa: 1, 2,
3, 22, 23, 24 u 25.

3ameuanue. Ecim mepBbIit 3ajiyMaeT ApyTrHe 4uCIa,

TO BTOPOIl HE CMOJKET TapaHTUPOBAHHO yTraJaTh.
1

4. 7

Tlyctb B BepuMHax MO KPYTy PacCTaBJICHbI YHCA
Xq,...,Xq99 , U MYCTh R — CyMMa <«KPACHBIX» YHCE,
a s — «cunux». Torga cyMMa KpacHBIX YHCesl paBHA
CyMMe BCEX OJHOWICHOB BHJA X;X;, LAe iuJ
pasHoil detHoctn u i < j, a CyMMa CHHUX pPaBHa
CyMME BCEX OJHOUICHOB BHAA XX , TAC iy anoix’I
ueTHOCTH U { < J; KPOME TOro, (x1)2 +(9¢2)2 +..
oot (400 )2 =1. 3amMeTuM Temepb, UTO BbIPayKEHHE
(2p =2y + 23 — 24 +... + Xgg —36100)2 paBHo 1 — 2k +

1
+ 25 U HEOTPHIATENBHO, OTKyaa kR —§ < 3

2019/Neé

PaBenctBo jpocturaercs, Korjia BbIpaskeHne B CKOO-
KaX paBHO HyJIIO, HANpUMEDP, TPH X; = Xy = ...

.:xmo:m.

5. IIpu Bcex YeTHBIX 7.

[Tponymepyem croJibitel  cTpoku ot 1 70 1 coot-
BETCTBEHHO CJI€Ba HAllPpaBO U CBEPXY BHU3, a TAKXKe
pacKpacuM JOCKY B ITAXMAaTHOM TIOPS/IKE Tak, 4YTO-
Obl yTJIOBasi KJETKa B TIEPBOM CTOJIONE U TIEPBOit
CTpPOKe ObLIa YEePHOIL.

[Tyctp 1 yetHOE. 3anoyHUM TabJaUIly 4ymucjaaMu oT 1
10 n° Tak: CTABMM WX APYT 3a APYrOM, HAUMHAS OT
1, cHavaja B NEpBOH CTPOKe cJieBa HAIPaBO, a
MOTOM — B/OJb CTOJOIOB: BHHU3 IO MOCJEIHEMY
cTosi6Iy, BBEpX MO mpeanocieasemy u t.j. (mosy-
YaeTcst uTo-TO TOXOKee Ha 3Mefiky). B urtore uncsio
7’ okaxercs mpsiMo o 1 — cM. TIpuMep s 7 = 6
Ha pucynke 10.

1121314156 11213]4]15]0
3627126\ 17[16| 7 01312]5]4]|1
35(28(25|18|15] 8 S|41110[3]2
34(129|24|119(14] 9 41510(1(2]3
33(130]23|20(13[10 31015214
3213122211211 21114131035
Puc. 10 Puc. 11

3aMeHuM Ternepb YHCJaa HA UX OCTATKU 110 MOJLYJTIO 7:
0,1, ..., n—1 (puc.11). Herpyano pokasatb, uto
OHHU PACCTABJICHBI CICAYIONIM 00pa3oM: I HEUeT-
Horo croa6ia nocaeanee (HIKHee) YUCI0 COBNALAeT
C TIEPBBIM YUCJIOM CJIEYIONIErO YETHOTO CTOIOIA U CO
BTOPBIM UYHCJIOM CJIEAYIONIET0 HEYETHOTO.

3HaunuT, KaKAbIl cTOI6CI HAaYMHAeTCs ¢ OCTaTKa i,
PaBHOTO CBOEMY HOMEPY, KpOMe 7-TO, KOTOPbIil
HauMHACTCS C HYJS, IPHYEM B YETHBIX CTOJOIAX
OCTaTKU WIYT IO BO3pacTaHmio ¢ i mo0 n—1, a
IIOTOM € HyJg 0 i —1, a B He4eTHbIX — 110 yObIBa-
mmio ¢ 2 1o 0, amoromc n—1 mo i+1.
JlokaskeM, 4TO B KaXK/IOl CTPOKE BCE OCTATKI PA3JINY-
upl. IIycTb B Kakoi-TO CTPOKE COBIIAJNU /IBA OCTATKA.
OHI He MOTYT HAXOIUTLCS B CTOJIOIAX OHOI YETHO-
CTU — TaKue CTOJIOIBI MOJYYaloTCs APYT U3 Apyra
[UKJNYECKUM CABUTOM. 3HAUUT, OJINH OCTATOK HAXO-
JINTCS B YETHOM CTOJIOIE, a BTOPOil — B HeyeTHOM. Ho
TOTJIa 9T JIBA OCTaTKAa CTOSIT HA KJIETKAX PasHOTro
1BeTa ¥ He MOTYT coBlajaTb. [IpornBopeune.
[IpeamonokuM, 4TO yAAIOCh 3aMOJHUTL TaGJIHILY
[P HEYETHOM 7. 3aMEHUM YHMCJA HA UX OCTATKHU OT
JleJIeHUsT HA 11 ¥ TTPOBEJIEM CTPEJIKY U3 KaK/101 KJIeTKI
C eIMHUIIeHl B COCEHIO KJETKY C JIBOHKOIi. Y Hac
UMEETCS N CTPEJIOK, COeTMHSIIONINX eJIMHUIIBI U JABOTi-
Ki. Y HEKOTOPBIX CTPEJOK MOTYT ObITb napuoie —
CTPEJIKK TPOTHBOIIOJIOKHOTO HAIIPABJIEHUs, 3aHNMa-
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tomue Te e ABa paga (puc.12,a). Ho umcio crpenok
He4yeTHO, [0ITOMY HaliieTcs cTpeska 6e3 Mapbl.

IlycTtp, HampuMep, Takas CTPEJIKA TOPH30HTAJbHA T
Beger u3 i-ro croaéua B (i+1)-it (puc.12,6). B

a) 6)

1 [i+1)i+2i+3 n
1p2 1p2
1p2
1
241 1p2
1p2
152

Puc. 12

(i + 1) -M croJibIie Toxke ecTb eanHuIa. IlockoapKy y
MEPBON CTPEJIKKM HET Hapbl, BTOPas CTPeJKa MOKET
BecTH TOBKO B (i + 2}t cronbert (ssofika B (i +1)-m
crombie yxe sansita). B (i+2)-M cronbue Toxe
€CTb e/INHUIIA, 1 CTPEJIKA 13 Hee MOKET BECTH TOJIBKO
B (i+3)-it cronGen (aBoitkn B (i +1)-Mmu (i+2)-M
cronbuax yxke sanarol). llpomoskas, moiiaeM 1o
€/IMHUIIBI B 7-M CTOJIOIE, OTKY/Ia CTPEJIKE UITH YKe
nexkyza. IIporusopeune.

6. 150°.

IIycrb Boicotra BM Tpeyrosnbiuka ABC nepecekaer-
ca ¢ mpamoit AK B touke O (puc.13). Toraa
ZCOM = ZAOM =60°. 3uaunr, LAOC =120°
n ZCOB =120°. CuenoBaresbHO, TPEYroJbHUKU
BOC n KOC paBHBI 110 IBYM CTOpPOHaM HU YTy,

A M C
Puc. 13

JIeKAIeMy IpOTHB Gosbued u3 nux (Tak HasbiBae-
MBIl 4eTBePTHIIl TPHU3HAK paBEHCTBA TPEYTOJbHNU-
koB). Iloatomy OB = OK, t.e. Tpeyronbunk BOK
paBuoGezipenubiii ¢ yraom 120° mpu Bepumne O.
IToatomy ZOKB =30°, a LAKB =150°.

7. 3920000.

Ouenxa. BypeMm cuwWrtaTh, 4TO KaMHH B Ky4YKax
JIeKaT OJMH HA JPYTOM, IpUYeM U3 BBIGPAHHDBIX
kyuek Ilerst Geper Bepxuue (Ha JaHHBIH MOMEHT)
kamHHU. [IpoHyMepyeM KaMHH B KaX/I0i KydKe CHHU-
3y BBepx uncsaamu ot 1 10 400. Torga uncao oukos,
kotopoe lleTs mosydyaer Ha KaXX/[OM XOJy, PaBHO
PasHOCTH HOMEPOB YJAJsieMbIX KaMHeil. B pesyiib-
TaTe OH MOMYYNT CYMMY BUAA |d; — dy| + |a3 - a4| +...

)

<o |A39999 — @40000| » TAE @; — HOMepa COOTBETCTBY-
IOINX KaMHEH.

3aMeTuM, 4To MOCJIe PACKPBITUS CKOOOK MOJTYYaeTCs
anrebpandeckast cymma S cra unces 400, cra uncen
399, ..., cTa IBOEK M CTa €IUHUI], MPUYEM POBHO
nepe/l MOJIOBUHOI 9TUX YUCEJ CTOUT 3HAK MUHYC.
Hasosem uncia ot 1 go 200 marenvkumu, a ocTaab-
Hble — 6oavwumu. Ecmu 6l paspemragoch 6parb U3
Ky4€eK ITPOM3BOJIbHBIC KAMHH, TO MAaKCUMAJIbHOE 3HA-
yeHue .S, O4eBU/IHO, JOCTUTAETCS, KOrja Bce 00JIb-
e 4Ynucja BXOAAT B S €O 3HAKOM ILIIOC, a BCe
MaJIeHbKHe — O 3HAKOM MHHYC. Takas cymMMa paBHa
100(400+399+...+201—200—199—,..—1)=
= 100((400 - 200) + (399 - 199) +...+ (201 - 1)) =
=100-200% .
3aMeruM, OJIHAKO, YTO KayKjoe OOJIbIIoe YNCJIO
XO0Tst Obl OIMH pa3 BOWJET B CYMMY CO 3HAKOM
MUHYC: 9TO IPOU30IET, HAIIPUMED, B TOT MOMEHT,
korma llersa e nepswil pas ynammTt xaMeHb € 3THM
HOMepoM. AHajorndso, Kaxjaoe n3 200 MaseHbKIX
qrcest XOTs1 ObI OINH Pa3 BOUIET B CYyMMY CO 3HAKOM
mmoc (B ToT Moment, korga Ilerss ymamut nocae-
Onuil XKaMeHb ¢ aTUM HOMepom). [losTomy Makcu-
Masbhblil pesysbrar Iletn ne mpesbliaer
99-(400+399+...+201)—99-(200+199+...+1)—
—(400+399+...+201)+(200+199+..,+1):
=98-2007.
Ipumep. Jlo6uTbcs yKa3aHHOTO pe3yJ/IbTaTa MOK-
Ho, Hampumep, Tak. 3a nepsbole 200 xomos Ilers
3abupaer 1o 200 kamHeil M3 TEPBBIX [BYX Kydyek
(npu atom 200 GostbIMX YKCes — Kaxk/J0€e 110 pasy
— ToJiyyaloT 3HAK MHUHYC). 3a cieaymoliue
200 xomoB on cuumaer 200 BepXHUX KaMmHell u3
tperbeit kKyuku ¥ 200 HUKHUX U3 HEpBOH KyuKd,
nanee 1o 200 kamHell U3 BTOPOH M ueTBEPTOi,
Tperbeil m mectolt, ..., 98-it m 100-if xKyuex (npm
ATOM BCE YHCJA BXOJIAT C <«IPaBUJIbHBIMUY» 3HAKa-
mu). Haxoner, ocraerca no 200 HUKHUX KaMHel B
MOCTEHNX JIByX KY4YKaX, KOTOpble U CHHUMAIOTCS
3a mocaennre 200 xomoB (u Bozamkaer 200 3HAKOB
mtoc nepex uncaamu ¢ 200 o 1).

10—11 knaaccel

1. Ilycth uCXOMHOE YHUCTIO UMEET BH[T AB, npuyem
A npu penenun Ha 7 gaer ocratok 7. Bospmem
Takyio uudpy a, uro 2r + a peqnrca na 7 (ona,
oueBnHO, Haligercsa). Byaem aemutp umeno Buaa
Aa...aB na 7 B croa6uk. Korza Mbl 3aKOHUNM
nemnTbh A, ocraHercsa octaTok 7. Ha ciemyromem
mare Mbl  OyaeM JeJIUTb Ha 7 4YUCJIO
107 +a=7r +(2r + a)+7 , cHoBa mnoJydaercss oc-
tatok 7. Ha caenyionmx marax aTo HOBTOPSIETCS,
[OKa MblI He J0iiileM /10 JeJeHusl Ha 7 uucjaa 7B,
KOTOPOE JIEJIUTCS Ha 7 TI0 YCJIOBHUIO.

5. a) He moxer; 6) Moxer.

a) IIycrb equanunbtit kBagpar ABCD — npoeknus
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terpasgpa ABCD’ na miaockocts rpanu ABC. Tor-
Jla 3TOT TETPA3AP <«BIHCAH» B MPSIMOYTOJbHBIN TMa-
pamenenunes ABCDA'B'C'D’ .

W3 cuMMeTpUr OTHOCHTEJbHO Iiockoctu DBD'
SICHO, YTO MPOEKITHSI TETPAdIpa Ha TIOCKOCTh TPAHU
ACD’ Tpanenmeii GbITh
He Moxker (ec/m iBe mpo-
THBOTOJIOKHbBIE CTOPOHDI
TIPOEKIINT MapaJIIeIbHBI,
TO W JIBE JPyrHe TOXKeE),
a IPOEKIUN TeTpasapa
Ha IJIOCKOCTH TpaHeil
ABD’ u BCD’ pasHbL.
Boicora CK rterpaszpa,
OUYEBH/HO, COBIAJACT C
BBICOTOIl TPSIMOYTOJIBHO-
ro tpeyroabuuka BCC’
(puc.14), mostomy mpo-
eKINsI Ha NJOCKOCTH
ABD’ - rpanenus
ABKD'. Tak kak tpeyroabhukun BCC’ u BKC
noo6ubr 1 BC = 1, uMmeeMm

I

BK = BRI )
BC" AD’
Torga 1
Ap'+BK P
SABKD’ = = 21.
2 2
, 1
PasenctBo Bo3MOkHO b mpn AD" = — =1,
AD

HO 9TO HE TaK, MOCKOJbKY runorenysa AD’ GoJb-
me kareta AD, pasnoro 1. Mtak, oTBeT B myHKTE a)
oTpUIIaTe/IeH.

6) Otser B myHkTe 6) MOJOMKUTENEH: JOCTATOUHO

, 1
Bpi6parb DD’ Tak, uro6br AD” + i 2:2019, a

MIOTOM YMEHBIINUTD JIJIMHBI BCeX pebep TeTpasjpa B
2019 pas.

6. /la.

TlokaskeM, Kak MosKeT jeilictBoBarh Bacs, 4to06bl
CyMMa TIpOH3Be/IeHIH Ha ero KapTouKax 6bljaa 60.Ib-
me, uem y Ileru.

[lomyctuM, Iletss He B3si1 KapTOYKy, Ha KOTOPOIX
HaIWCaHO XgX;XgXgXyo. Torma Bacs moxker B3STh
3Ty KapTOuKy, a JaJbliie 6parb JoOble KapTOUKH.
Mpu x=xy=x3=x,=x5=0, x5=0x;=25=
=X9 = Xp =1 cymma npoussegennii y Iletn Oyzer
pasHa 0, a y Bacu Gyner paBna 1.

Ecim Ilets cpasy ke B35/ KapTOYKy, Ha KOTOPOI
HaIWCAaHO XgX7XgXgX(y, TO Bacg Moxer B3ATbh Kap-
TOUKY, Ha KOTOPOIl HAIMCAHO X5X7XgXgX{y, a CJe-
IYIOIMUM XOOM OJIHY U3 KapTO4eK X;X7XgXgX(o
W 526252910 (XOTsA GbI O/IHA M3 HUX OCTAHETCs,
MOCKOJIbKY 32 X0/ IleTst MoXXeT B3STb TOJBKO OJHY
U3 aTHX JABYX Kaprouek). /lasee Bacsi moxer Gparb
KapTOYKN KaK yTO/HO.
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B cayuae, ecom Bacs B3ssr KapTOUKy X;X7XgXgXqq ,
OH MOJKET IIPUCBOUTH IE€PEMEHHBIM TaKHe 3Haue-
HUS: X =X, =x3=0, x,=x5=06=1, 27 =15 =
=x9 = x; =100 .

Torga TonbKO Ha ABAALATH OAHONH KapTOYKEe OKa-
JKeTcsT HeHyJIeBoe TIPOM3Be/IeHNe, TIPIYeM [T TpexX
KapTOUYeK X X7XgXgX1g, X5X7XgXgXi) U XgX7XgXgXy(
aT0 npomusBezieHue Gyner pasuo 100000000, a s
ocTaJbHbIX He Oyjaer mpesocxoautp 1000000. Ta-
KM o6pasoM, cymMma y Bacu Oyzmer He MeHbIme
200000000, a y Ilern we Goubme 118000000.

B cayuae, ecau Bacs B3s1 KapTOUKy X5XgXgXgXyq ,
OH MOJKET TIPHCBONTH TIEPEMEHHBIM TaKhe 3Hade-
HUSAD Xy =Xy =x3=2,=0, x5 =x4=27 =1, 23 =
=9 = x49 = 10.

Torzia ToIbKO Ha IMIECTH KAPTOUYKAX OKa’KETCST HEHY-
JieBoe IIpousBe/ieHue, IpUYeM I TpeX KapTouek
Xs5XXgXgXyg, X5X7XgXoXig M XgX7XgXgX(y OTO TIPO-
usBesienne Oyger pasuo 1000, a 1 oCTaJbHBIX
tpex Gyner pasuo 100. Takum o6pasom, cymma y
Bacu 6yzner me menbmie 2000, a y Iletnn me Gosbine
1300.

YCTHBIVI TYP OJ19 11 KITACCA

1. Byaem naspiBath .1eCeHKoll CIEIYIONIYI0 YacTh
tabmunel 13 1+ (n—1)+...+1 KIeTok: camblil Je-
BbIil crosibel, ciaenytomuili crosber; 6e3 BepXHEro
qucaa, CJaeayomuil  cronber; 6e3 IBYX BEPXHUX
YICeN, ..., CAMBIH TIPaBbIil CTOMOEI] 6e3 BEpXHUX
n — 1 uuceur.

Ipumep. [[Burasicb oT camMoro JieBOro crosoua Jie-
CeHKM K CaMOMY TIPaBOMY, 3aIlOJIHsIeM WX CHHU3Y
BBepX uucjaamMu 1, 2, ... 110 BO3paCTaHUIO: B TIEPBOM
croJibiie JieceHkn OyyT CTosATh uncjaa ot 1 10 n, Bo
BropoMm — or n + 1 o 2n — 1 u 1.4, 3anojnus
JICCEHKY, 3allOJIHSEM OCTABIIMECS KJETKU TaGJIMIIBI
110 TOMY Ke TIPUHIIUIY: JIBUTASICh OT CAMOTO JIEBOTO
crosibia TabJuIbl K CaMOMY IIPABOMY, 3aIlOJIHSIEM
X CHHU3Y BBEPX OCTABIIMMUCS YHCJIAMU TI0 BO3PAC-
tauuio. Torpa tabauia GyneT yIOBJIETBOPSITD YCJIO-
BUIO, a CyMMa 4iceJ Ha IJIABHOW JnaroHaau Oyjer
paBHa

n+[n+(n-1)]+[n+(n-1)+n-2)]+..
B R | e (/) S L L

41O U TpeGyeTcs.

Ouyenxa. Ilyctp a; < a, <...< a, — 4ucja Ha TJaB-
Hoit auaronasu (MOPSIIOK, B KOTOPOM OHU Tam
croar, Ham Hemssecten). [/ KasI0TO @), TOKpa-
CHM caMo d;, ¥ BCE YHCJIa, cTosime Jubo noj d;, B
TOM JKe croJible, Jubo cjaeBa OT d, B TOH Ke
crpoke, B 1Ber nomep k. Torma umcen Kaxoro
1Bera OyJeT POBHO 7, W KaXK/J0E€ YUCJO JIECCHKH,
KpPOMe 4HCes IJIABHOW JinaroHasu, OyjeT HoKpaiie-
HO POBHO B [[Ba I[BeTa — <«I[BET CTPOKHU» M <IIBET
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croabias (a Kax10e YuCI0 Ha IJIAaBHON JuaroHasu
— TOJIbKO B OUH CBOil IIBET).

3amernm, 9TO d), GOJIBITE BCEX OCTAJBHBIX UMCE]
1BeTa R 1 GOJIbIIE BCEX YMCE, IBET KOTOPHIX MMEET
HOMep MeHblle R (Tak Kak a, >, >...>a ).
TeM caMbIM @), He MEHbIIIE, YeM KOJMUYECTBO YMCE]T
¢ useramu or 1 mo k. Ho Takux umces pPOBHO
n+(n=1)+...+(n-(k-1)), nockonpky unucen
nBera 1 poBHO n, yucesa 1Berta 2, HO He IBeTa 1,
poBHo n—1, ..., ymces uBera R, HO HU OJHOTO U3
useros 1, 2, ..., k-1, posno n—(k-1).

Orcrona

a+ota,zn+[n+(n-1)]+..

Hnt (=) r241]= P+ (-1 L+
2. Mosxer.

OtmeruM Ha TIaHere noJiocst N u S, U mycrb

Toukn A, B, C u D 1efsaT cooTBeTCTBYIONINIT 9KBa-
TOP Ha YeTbIPE PABHBIX JYTU, KaK Ha pUCYHKe 15.

Puc. 15

Paccmorpum 3amkHyTbIl IyTh A - B — S > D —
—C —> N —> A 10 NOBEPXHOCTU, COCTOSNNI U3
JyT GOJIBIIMAX OKPY’KHOCTEH € IeHTpaM; B IIeHTpe
IJTAHETBl. DTOT MyTb COCTOUT U3 6 OMHAKOBBIX YT
JUMHOH B 1/4  9KBaTOpa, MOATOMY JUIMHA IYTH
coctaister 600 kM.

[Tokaxxem, 4TO JIyHOXOJ MOGLIBAJ Ha PACCTOSHUN
e 6ostee 50 kM or Kaxjaoil Touku. IloBepxHOCTD
IITaHeThl pa3o6beM Ha 8 OANHAKOBBIX CepHIecKnx
TPEYTrOJIbHUKOB C BEpPIIMHAMU B OTMEUYECHHBIX TOU-
kax. Jlynoxoj moGbIBaj BO BceX BepIIMHAX U BO
BCEX TOYKAX XOTS ObI OJHONH CTOPOHBI Kak/[OTO
TpeyroybHuKa. Tak Kak paccTosSHEE 0 TTOBEPXHOC-
TH OT mnoJioca o 3skBaropa 100 kM, To moBepxX-
HOCTb TIJIAaHETBI pa3GMBaeTcs Ha 3KBATOPHAJbHbIH
M0SIC — TOYKH, y/IaJeHHbIE OT dKBATOpPa Ha PaccTosi-
une #e Gosee 50 KM, W [Be MOJISIPHBIE IMIATKA —
TOUKHN, yJaJeHHble OT TOJIOCOB Ha PAcCTOSTHUE He
6osiee S0 kM. Ha pucynke 16 3esenas yactb Tpey-
TOJIPHMKA HCCJIe0BaHA JIYHOXOJOM, TaK KaKk OH
poexas BAOJTb CTOPOHBI, a KpacHas WCCJe/[0BaHa,
TaK Kak OH MOGBIBAJ B BEpIINHE.

3ameuanue. Jlokakem GoJiee CUIbHOE YTBEPIKIIe-

Puc. 16

HHE: JIYHOXO/I MOXET TIOJTHOCTBIO MCCIe0BATh ITa-
HeTy, TpeojiosieB He 6osee 570 KM.

CHoBa pa3o6beM MOBEPXHOCTD TLIAHETDI Ha 8 PABHBIX
TpeyToJbHUKOB. CpeiHeil mapaiesbio TPeyTroabHI-
Ka HA30BEM 4YacTh JIMHUM, IapaJiiejibHOM CTOpOHE
TPEYTOJIbHUKA U COEMHSIIONIEH CepeINHbI IBYX JPY-
rux cropoH. Ha pucynke 16 cpenuss mapaJienb
TPEYTOJIbHUKA JIEXKUT Ha TPAHUIIE KPACHOU U 3€JIeHOI
obmacteil. Ilycrb JIyHOXOA Ipolies IO CpeJHUM
MapaJijiesisiM BCeX TPEYTOJbHUKOB, KaK HAa PUCYHKE
17. Bcs moBepXHOCTD IJTAHETBI Gy/IET MCCIeI0BaHA,
MOTOMY YTO JII00Ast TOYKA TPEYTOJbHIKA HAXOIUTCS

Ha paccrosinnu He 6osiee 50 KM OT HEKOTOPOH TOUKH
cpejiHell mapaJTenu, 9To BUAHO U3 pucyHka 16.
Hakonern, fokaxkeM, 4YTO JJIMHA OKPY>KHOCTH, Ha
KOTOPOHl JIeXKUT CpeHSAS Hapasienb, B V2 pas
MeHbIIle JUIMHBI 3KBatopa. M3 aroro Oyner cieso-
800

BaTb, 4TO /UUIMHA IIyTHU paBHa $ , YTO INPUMEPHO
paBsHo 566.

[Iyctp N m E — Bepmmmnbl Tpeyrojbuuka, O —
IEHTp TJIaHeTbl. Pajiryc oKpy»KHOCTH, Ha KOTOPOIi

JIOXKUT CPeJIHSS MapaJliesb, paBeH PACCTOSHUIO ¥ OT
cepepunbl M pyru NE po npsamoit ON. 13 pucyn-

OE
ka 18 BugHo, uTO ¥ = ﬁ 3HaYNT, paJnyc MCHb-

e OKPY’KHOCTU B \/5 pa3 MeHbllle pa/inyca Iljia-

HETBI, YTO 1 TPeGOBATIOCD.
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Puc 18

WutepecHo 6bL10 6bI y3HATH, KAKOBA HAUMEHbIIAS
BO3MOXKHAS JITMHA TAaKOTO IyTH. MOXHO /10Ka3aThb
(1paBaa, He COBCEM BJIEMEHTAPHO), UTO OHA 3aBe-
oMo Goutbrie 500.

3. Nla.

BBesmem Ha miocKoCcTH JIeKapTOBBI KOOP/MHATHI
(2;y) u paccMOTPHM BCEBO3MOIKHbIE 1APAGOJIBI €
ypaBHeHusaMHU BUAa y = ax’ +Ina, rae a — npons-
BOJIbHOE TI0JIOKHTEIbHOE uncyo. Cpen aTHX IMapa-
60JT HET OIMHAKOBDIX, TaK KaK KOa(MMOUINEHTHI TIpH
x% pasmmunsr. (EC/u COBMECTHTD BEpIIMHBI JABYX
mapa6oJi, a TakXKe UX OCH C y4eTOM HallpaBJICHUS,
TO 1apabosia, y KOTOpoil @ 6oJblie, TTOHAET MEXLY
«poramMu» JIPyTOii.)

3adurcupyeM Ipou3BOJIbHOE X, U IyCTh @ Ipobera-
€T TOJIOKUTEIbHYIO T01yoch. Torma y = ax” +Ina
ABJIseTcsT HellpepblBHON (ynkuueir ot a. [lockomn-
ky x% >0, BesmunHa ax’ He yObIBAeT ¢ POCTOM d.
Dyuxnus Ina crporo Bospacraer. IToatomy y cTpo-
TO BO3PACTaeT Mo @ KaK CyMMa HeyObIBAaIOIeld
crporo Boapactatouieit gynkimii. [Ipu a — +oo
uMeeM Yy — +eo, a nupu a — 0 umeem ¥y — —oo.
3Ha4YNT, KaXX/10€ 3HAYEHIEe ¥ IIPU JAHHOM X TTOSIBUT-
cs1 poBHO o/inH pa3. [ToatoMy mo6ast TOUKa TJIOCKO-
CTU TIPUHA/IEXKUT POBHO OJHOI mapabouie.
Kommenmapuii. Buecro Ina moxuo B3t smoGyio
HeIPEePbIBHYIO CTPOTO BO3PACTAIONLYI0 (DYHKIUIO OT
@, KOTopast 0TOOPasKAeT MOJIOKUTENBHYIO IOJYyOCh
Ha BCIO BEIIECTBEHHYIO OCh.

4. 3amernM, uTo mO6ble [Ba U3 4uCeI X, Y, 2
B3aUMHO HPOCTBI. [leficTBUTE/NbHO, IIYCTb, HAIPU-
Mep, X M y uMeoT OOmHUil MPOCTON JIeJUTEND P.
Torpa 2% = 2(xy + yz + xz) - x* — y* Takxe gemT-
cs Ha p, a TIOTOMY Ha p JAEANTCS W z. 3HAYNT,
HO/(x,y,2) menutcs Ha p, HO 9TO IPOTHBOPEUHT
YCJIOBHIO.

Tenepb 3ameTum, 4TO

O=x2+y2+22—2(xy+yz+zx)=
= (xz+y2+22+2xy—2y2—22x)—4xy:
= (x+y—2)2—4x]/.

Taxum o6pasoM, 4xy sBJsieTcsT TOJHBIM KBaJpa-
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toM. Tak Kak 4 — IOJHBII KBajpar, T0 U Xy —
HOJIHBII KBaipaT. A Tak Kak X U ¥ B3aUMHO IIPO-
CTBI, TO Ka)K/I0€ U3 HUX — MOJIHBIN KBaJgpaT. AHAJO-
IMYHO, M Z — TIOJIHBIH KBaJpar.

6. IIycto AM, AN — BHYTpeHHsISI 1 BHEIIHIsT GUCCeK-
TPHCHI TPEYToJbHUKa, a T — Touka nepeceuenns AM
u KL. Torga KL npoxoautr yepe3 N. Kpome Toro,
HETIOCPE/ICTBEHHDII T10/ICYET YTJIOB ITIOKA3bIBAET, YTO
npsmbie AP n KL o6pasyfor paBHbIe yTIibl ¢ AM.
(Hanpumep, npu AB < AC umeem <ZMAP =

= /MAB+ Z/BAP = ZCAM + ZLKA = ZLTA . )
[Toatomy Ha/to OKa3aTh, 4TO MPAMasi, TPOXOIIIAs
yepes J n mapasnenbHag KL, nepecekaetr BC B Toit
5Ke TOUKe, 4To W IpsiMasi, IPOXO/slias yepes cepe-
quny U orpeska AJ u napasienbnag AN, T.e. 4To
MJ/JT =MUJUA . A 910 paBeHCTBO CJIeAyeT W3
Toro, uro uersepka A, J, T, M rapmonnyeckas (1.e.
MJ/MA=TJ/TA).
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IMMAXMATHAAd CTPAHUUYKA

q eMﬂI/IOHCKaﬂ
UTPA

B 2019 roay ob6aagaresb MuUpo-
Boil koponbl Marnyc Kapuicen
JIEMOHCTPUPYET 10-HACTOSIIEMY
YEMITMOHCKYIO UTPY, BBIMIPbIBast
OJIMH CYTIEPTYPHUD 34 JAPYTUM. A
€ro OTPbIB B TEKYIeM pEHTHHT-
macre DUJE or 6awkaiiniero
npecaenoBaressi, @O.Kapyansr,
cocraBjsieT yxke nouru S0 IIyHK-
toB. [Tocsie mo6enbr Ha Memopua-
se Tammmosa B lllamkupe, oTBe-
yas Ha BOTPOC >KYPHAJNCTA, CO-
raacen Ju Marmuyc ¢ Tem, 4To
ceityac Mbl kuBeM B aroxy Kapui-
ceHa, YEMITHOH C YJbIOKOI OTBe-
THJI, YTO OHAa JJINTCS YXKe He-
cKoJIbKO JieT. HeckpomHO, HO
CIpaBe/IInBo!

B arom Bblllycke MbI paccMoT-
PHUM CBEXXHE IIPUMEPBI U3 TBOpYE-
crBa Marnyca KapJcena, B koro-
PBIX JKepTBAaMU BUPTYO3HOIT UTPDBI
HOPBEXIA CTAJN BeJyIIHe poc-
cuiickre TpoccMeiicTepsl.

MN.Cengnep - M.KapnceH
bapeH-bapgeH, 2019

1.edc52. 213 2c63. 2c3
e54. Lch L e75.d3d66. 2 d2
Af67. aft 4d78. 2ads ab6
9. 2b6 ab 10. ¢3 0-0 11. Q€3
& g5 12. 0-0 2 h8 13. a3?! (sa
MHUIIATIBY MOXXHO ObLIO 60POTh-
catax: 13. @ d5 & c114. ¥l £S5
15.f41)13...£514. A5 & c115.
Bel 415 16. ef d5 17. & a2
(cmapnee 17. & b5!?, popenpysa
pasMen Jierkux ¢Guryp Imocie
17... B f5 18. &Lc6 be 19. c4)
17... 215 18. ¥ g4 = £6 19. f4?!
Ipesknespemenno. Jlyuine 6b1I0
BKJIIOUUTD IIpe/BaputesbHoe 19.
g3!? ¢ pasnoii urpoii. 19...ef 20.
g5 Wf8! [lo-Bugumomy, Oc-
JIBIC YITYCTHJIN 9TOT CHJIbHBII X0/
B TpEIBAPUTEJNbHBIX pacyerax,
Telepb YepHble HAYMHAIOT aTaky
3a cYeT JIydIleil KOOpMHAIN
duryp. 21. ¥ d5> & d822. & 3?
C pacueTroM 3aMaHUTb KOHSI Ha
d3, HO yepHbIE HAXOMSAT JIydllee
noste st Hero. CuyibHee akTHB-

Hoe 22. ¥ g5 ¢ mancamm Ha yc-
nex. 22... 4ed 23. Yes Ag4l
24. Bcel Ae3. Uepnbiii KoHb
3aHSJI JIOMUHUPYIOIIYIO TIO3UIIIIO
B s1arepe 6CJIbIX, TI03BOJISISI TIPOBC-
CTH aTaky Ha KOPOJIEBCKOM (oram-
re. Ha mmaxmarHoMm cJjienre Takoro
KOHsI MHOT/Ia HAa3bIBAIOT «OCHMU-
HorOM». 25. H f2 2 e826. ¥ b7
g5! Tlemeunoe HaCTyTIeHUE pe-
maer ucxo/ napruu. 27. H fe2 g4
28. Hf2 Wh6 29. ¥c7 Eef§
30. h3 gh 31. g3 fg. Besbim nopa
cmaBathest, onHako I1.CButep B
JIyXe CTapbIX MACTEPOB [a€T BO3-
MOYKHOCTb Maruycy MHOCTAaBUTD
KpacuBblii MaT nemkamu. 32. B £6
h2+ 33. 2hi1 g2x. Bomrpbm
YepHbIX.

Mar — pesikuii rocTb B HapTuax
COBPEMEHHBIX TPOCCMEICTEPOB,
mo0aToMy (UHANbHAS TTO3UITH
JIOCTOWHA OT/IeTbHOM TMarpaMMbl.
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C.KapsknH — M.KapnceH
Lamkup, 2019

1.e4c>2. 2f3 Ac63.d4cd
4. 2d4af65. 2c3ed>6. 2 dbs
d67. Ad> Ad>8.ed 2e79. c4
Ag6 10. ¥a4 & d7 11. ¥b4
L £5 12. ¥a4 4 d7 13. ¥ b4
4 £5. B custy TYpPHUPHOTO MOJIO-
JKeHUsT, YepHble ObLIH COTJIACHBI
Ha ITOBTOPEHHE XOJO0B, OJHAKO
C.Kapsgkun pemmsi Ipogo/LKUTh
60pb0y. 14. h4h315. & g5 W b8
16. £ e2 a6 17. Qc3 W c7 18.
g3 4 e719. & e3 e4! Kmoucroii
X0/l B paBHOU 1o3uiinu, 0603Ha-
YaloNMil HaMepeHnue YepHbiX HC-
1MoJIb30Bath caabocTh mogeil {3
n d3.

20.0-0 0-0! KeprBys memiky,
YepHbIE PACCYUTHIBAIOT IIOTPATUTD

BBIMTPAHHbIC TEMITHI HA TTOJITOTOB-
Ky aTaky Ha KOPOJIEBCKOM (hJiaH-
re.21. & hs 4e522. & e2 W d7
23. Wad W c824.c5dc25.Q e4
c4 26. @ c3?! (IlepBag HeTOu-
HOCTB, MO3BOJISIONAst YEPHBIM
OTTECHUTb KOHS Ha Kpail JOCKW 1
MOJIYYUTDh TIPEUMYIIECTBO B IIEHT-
pe. Heo6x011M0 Gb17I0 COXPAHUTD
[EHTPATBHOE TOJOKEHUE KOHSI
nytem 26. ¥ c2! ¥ e827. B adl.)
26...b5 27. ¥d1 b4 28. Qa4
boes 29 ¥d4s Wf5 30. f4?
(Bropast HETOYHOCTb, pelaonas.
[Tanc GesibIX 3aKJII0YAJICS B JKeP-
tBe memkn: 30. f3] Af3 31, B3
4 332. Bf1.)30... W g6! Yem-
MMOH MUPA HAXOUT CUJIbHEN I
XO/1, TO3BOJISIIONITII HCITOJIb30BATD
dep3s B arake 1mo ocyrabJIeHHBIM
G6enbim nossM. 31, & f2 Ad3!
Elte oiuH mpuMep «KOHSI-OChMU-
HOTa», HOCATIUI nMst «KoHst Kac-
mapoBay: B 1985 roay B maTue ¢
KaproBeiM Ha TIEPBEHCTBO MUpa
Kacriapos maHeBpoM KoHst Ha d3
ckoBasl mosunmio 6esibix. 32. hJ
W5 33. Lgi Wg4h 34. Wed
£ d6 35. g2 (ma 35. We4 pemra-
er35...414) 35... 2 ae8 36. & d4
Why 37. #%f3 Wg6 38. 2hi
Eed 39. &2 Efe8, na jocke
MaTepuaIbHOE PABEHCTBO, HO Ge-
Jible GecCUJIbHBI TIPOTUB AKTUB-
HBIX YepHBIX (UTYD U IOITOMY
MPEANOUTH  CJOXKUTH OPYIKHUE.
Borpenn yepHbIx.

A.Pycanos
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CPEACTBA MNEPEABVIXKEHINS:
BYEPA, CEI' OAHSI, SABTPA

3AYEM NOBO3KE HYXHbI EOABLUNE KOAECA,
ABTOMOBUAIO — KPbIABS, NAPYCHOW 9XTE — EO0AbLUON KNAb ...
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