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Konnekuwms roJloBO/IOMOK

(NN AN

B ronoBosiomke «KybuKu coma», npugy-
MaHHow lNMuTtom XeriHom B 1933 rogy, Tpe-
byetca cnoxutb Ky6 3x3x3 13 cemn peta-
Ner — WecCTu MPOCTPaHCTBEHHbIX TeTpa-
MVHO M OQHOrO Yronka-TpumMmnHo. Hecmo-
TPA Ha CBOW MOYTEHHbIN BO3PacT, OHa
NPOoAOXaeT NPUHOCUTb BCE HOBble 3aja-
yn ana nobutenen ronoBoIoMoK. Mbl yxe
ABaXAbl pacCKa3biBain O Heln u ee
BapuaHTax TO/IbKO B 3TOM rofy — B Bbl-
nyckax «KBaHTa» N5 n N97. /I BOT ewle ogHa
Bapuauma Ha Temy 3TOM 3ameyaTesibHOW
ronoBOSIOMKY, MNpepnoxeHHasas Onerom
CMONbSKOBbIM.

i
‘| i | “|||Il ||||||

Habop cocTonT 13 BCe Tex e aeTanen, Ho
Ha 3TOT pa3 KaXAbli efVHWYHBbIA KyOuK
CKneeH M3 MONIOBUHOK [BYX LBETOB. A Ky6
3X%3X3 HY»HO CNOXUTb TakK, YTOObI TEMHbIN 1
CBET/bIV LBETa YepefoBaNnCh APYr C APYTOM.
flcHO, uTO TaKoe TpeboBaHMe CUTbHO OrpPaHn-
YMBaeT BO3MOXKHOCTU U JaneKo He Bce 13 240
pELUEHNA OPUTMHASIbHBIX «KYOUKOB COMay
30ecb noponayT. VIHTepecHo, CKONbKMMU
CNocobamr MOXHO CNOXWTb TaKoOW LUaxmMaT-
HbI Ky6?
MKenaem ycnexal
E.EnughaHos
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Du3miKa, reoMeTpus 1 KpacoTa

A.BAPJTAMOB, X.BUJIJIEH, A.PUTAMOHTU

AK HE U3YMJIATHCA TBOPEHUAM
MPUPO/IBI? IMOIUH TIEPENOJHIIOT HAC
[IPU BUJIE COBEPIIEHHOI CUMMETPHH KPUC-
TAJIOB WK paznoobpasust duryp XaaaHu.
Ydenble ToKe He OCTAIOTCS PABHOYIIHBIMU
K Kpacote npupojbt. Jlyu ne Bpoiiib roso-
PUJT O <«TaWHCTBEHHOW KpacoTe OGJIIMUWii,
MIPIHUMAEMBIX 3JIEKTPUIECKUM Pa3PSIOM»
(peun, nocesmennas yKany [leppeny, 1962).
leiizen6epr, KOTOPHIi BHICTYITUI € IOKJIATOM
0 «3HaueHUHu KpacoTbl B TOYHBIX HayKaX»
(Die Bedeutung Schénen in der exakten
Naturwissenschaft), nucan: <«BuyTtpenune
CBsI3U [aTOMOB B KBAaHTOBOU Teopuu| B Mare-
MATHYECKUX abCTpaIusaX [(eMOHCTPUPYIOT
HEBEPOSITHYIO CTENEeHb IPOCTOTbI U KPaco-
TBI — /Iap, KOTOPBI HAM OCTAeTCs TOJbKO
cvupenno npuHaThb. laske [lnaton ne mor
MIpeJICTaBuTh TOA06HYIO Kpacoty. OHa He
MorJyia ObITh TIPUIYMaHa, OHAa CYIIECTBYET C
MOMEHTa COTBOPEHUA MUPa». A BOT UTO I10JIa-
rajg JitHmTelH: «YTO Xe 0 MPOCTOTBHI M
KpacoTbl [ IPUPO/IbI ], 5T OT/IAT0 TOJIZKHOE 9CTe-
THYeCKUM actektam <...> ¢ 1npexJIoHSI0Ch
repe;i TPOCTOTON M KPAacoTOl MaTeMaTHyec-
KUX MOjieJiell, CO3aHHbIX MIPUPOION».
Crenyst 3a BequkuMu (pU3nKaMu, 3arJis-
HEM B MUKPOMUP U BOCXUTHMCSI HEKOTOPBIMU
XY/IO’KECTBEHHBIMU TBOPEHUSMU IPUPOJIBI.
B Hux 3azeiicTBOBaH OYeHb PACHPOCTPAHEH-
HBIIl 5JIEMEHT — YTJIEPOJ.

MeTtamopdo3bl yrnepona

UNranbaacknii nmucateab n xuMuk [Ipumo
Jlesn (u3BecTHBINH aBTOGHOTPAadUUECKUME
MMPOU3BEJEHUSIMA O CBOEM TPeObIBAHNU B
Ocgennume) ToBopua 06 yriaepoje: <Yrie-
PO/ — 0COObIIi JIEMEHT, €IMHCTBEHHbI, CIIO-
COOHBIN COEIMHSATHCST caM ¢ coO0i 1 06paso-
BBIBATh 6€3 GOJIBIIIOTO PACX0/1a SHEPTUH IJTHH-

DOI: https://doi.org/10.4213/kvant20201001

HbIe yCTOWYMBbIE LIEIH, a JJd JKU3HU Ha
3emie (Toil eqMHCTBEHHOI (opmbl KU3HH,
KOTOpas HaM HM3BECTHA) HY>KHBbI KakK pa3
JunHHbIE Tiern. [Toromy-To yroepos u sBJis-
€TCs KJIIOUEBBIM 9JIEMEHTOM B CO3aHINI K3~
HU». OTH [UJIMHHBIE YTJIEPOJHBIE TeTH, K
KOTOPBIM TIPUCOEAMHSIOTCS aTOMbI BOOPO-
Jla, a WHOT/IA M KHUCJ0poJ, a3oT, docdop,
SBJIAIOTCS OCHOBOI MOJIEKYJI, COCTaBJISIO-
MUX XUMUIO KUBoro Mupa. Hampumep, 6e-
K W caxapa WJIN JKe Takas COBepIIeHHast
MOJIEKyITpHast cTpykrypa, Kak JIHK (puc.1).

Uucerbiii yriaepoJ Takke 06J1a/1aeT yINBU-
TEJbHBIMU CBONCTBAMM, O KOTOPBIX W He
nostozpesast [Ipumo JleBu, Korja muca atn
crpoknu B 1970 rony. [lo HeslaBHEro BpeMeHM
(cxaxem, 10 1990 roga) yueGHUKYM FOBOPUIN

Puc. 1. [lBoviHas crivipasb mMoneky bl JHK (ae3ok-
CUPHOOHYKIICIHOBOV KICIIOTbI), KOTOPAas KOAM-
pyer reHernveckyro mnH@opmamio. Ctoyktypa JHK
Obl/1a BbISB/ICHA C [TOMOLLb IO PEHTIEHOBCKOM JMQD-
pakuum. Mornekyna CoCTouT 13 YeTbipex TUoB
HYKIIEOTHHOB, KOTOPbIE KOMIT/IEMEHTAPHO CObPa-
Hbl H3 KaXOW HUTY, YTO [AET exi BO3MOXHOCTH
PErnInUIpoBaTLCA (BO30OHOB/IATHCS)



OPNU3UNUKA, TEOMETPUA U KPACOTA

Puc. 2. Kpucramimdeckas CTpyKTypa asmasa rnpes-
CTaBnaer Ccobou [PaHELEHTPUPOBAHHYIO Kybu-
YeCKyIo PELLETKY, B KOTOPYIO BKITIOHEHO HETbIPE
JOMOJTHATESIb HbIX aTOMA yIT1epoaa. Kaxasivi arom
OKDYXKEH YETbIPbMS COCEAAMY, KOTOPhIE 0O6Pa3y-
0T 11PaBNIIbHBIV TETPAIAP

0 CYIIECTBOBAHUU [BYX KPHUCTATIUIECKUX
MouduKanuil yraepona — IOBOJBHO pac-
[IPOCTPaHeHHOro rpaduTa u ajaMasa.

AJMa3 — PeIKO BCTPEYAIONIUiiCcsS KpHUC-
TaJI, KPYIHHbIE 06PA3Ibl KOTOPOTO MOKET
CO3/IaBaTh TOJDBKO MIPUPO/IA TPU KCTPEMATb-
HBIX TeMIlepaTypax W jaBjenusx. U Bce e
XUMHWUYECKU aJIMa3 SIBJISIET OO0 caMylo Mpo-
cryio Moguduranuio yriaepoga (puc.2): B
Hell KayKIBI aTOM MMeeT YeThIpeX coceel, ¢
KOTOPBIME 06pa3yer OYeHb IIPOUYHbIE XUMHU-
yecKue CBA3HU, Ha3bIlBaeMble KOBAJEHTHBIMH.
CrpemJieHne aToMa yraepoja MIMETb YeThIPEX
cocelieit — pe3yJbTaT IOBOJIBHO TIPOCTHIX
3aKOHOB XUMWH. JlefiCcTBUTENHHO, B aTOMeE
yIJepo/ia, IIeCTOr0 dJeMEeHTa MePHOINYec-
KOU TabJIUIIbI, UMEETCST TIECTD 3JIEKTPOHOB. B
YIPOIIEHHOW MOJIEH AJIEKTPOHBI pacipe/ie-
JISTIOTCST BOKPYT sijipa 1o o6oJsioukam. JIBa
OMKAMIIX K SI/IPY 9JEKTPOHA 06pasyior
«3aMKHYTYI0 O0OJIOUKY»: OHH XUMUYECKH
nHepTHBI. OcCTalbHBIE YeThIPE HJIEKTPOHA
HAXOJSITCS HA BTOPOIl, GoJiee yaajJeHHoul ot
anapa obosiouke. OiHAKO Ha Hell XBATUIO Obl
MecTa M JJIsT BOCBMU 3JIEKTPOHOB, & aTOMBI,
KaK IPaBUJIO, CTPEMSITCS UMETh TAKYIO dJIEK-
TPOHHYIO CTPYKTYPY, 4TOOBI WUX BHEIIHSIS
000J104Ka ObLiIa 3aII0JHEHHON. JTO HalieH-

HOEe XUMUKAMHU JIPEBHOCTU «IIPABHIJIO OKTETA»
(vtm, 11T CaMBbIX JIETKHX JIEMEHTOB, <IIPaBU-
JIO Jly9Ta») — 3aKOH, KOTOPbIil COBPEMEHHbBIE
yueHble OODBSCHSIOT C TOMOIIBIO KBAHTOBOI
MexaHuku. Pajim ero coG/IoieHns: aToMbl ro-
TOBBI [IOJTyYaTh HJIH TEPSITH AJEKTPOHbI, 06pa-
3ys1 HOHBI, WJIH JEJUTh 3JIEKTPOHBI C IPYTUMI
aTOMaMH, CO3/1aBasi KOBAJEHTHDIE CBSI3N.

B asnmase kaxx/pIil 13 4eTbIpex 2JeKTPOHOB
BHeITHell 060JI0UYKI COeIUHSIETCS C AJIEKTPO-
HOM BHeIHell 060JOYKH [PYroro aroma ¢
obOpasoBanneM derbipex cpsizeir C—C, u, Ta-
KM 06Pa3oM, MPABUJIO OKTETA OKA3bIBAETCS
cob6uioieHHbIM. MTaK, Kask/plii aTOM B ajMa-
3e MMeeT YeThbIpex cocefHuX. llomydenHnas
TakuM 06Pa3oM CTPYKTYpa OKa3bIBAeTCs He-
BEPOSITHO MPOYHOIL, U MMOATOMY ajMa3 siBJIsi-
€TCsl OYEHDb TBEP/IBIM BEIECTBOM.

Kax MbI yske yIIOMUHAJM, aiMa3 — peKast
mMozudukanus yraepoja. Ilo mpuxoru xu-
MHHU aTOMBI yriepo/a 6oJjiee CKJIOHHBI 06pa-
30BBIBATD [[BYMEPHYIO CTPYKTYPY, B KOTOPOIt
KaUK/IbIi1 13 HUX CBSI3bIBAETCS TOJIBKO C TPEMSI
apyrumu. TakoB JABYMEpHbBINH KPUCTALIT —
rpaden (puc.3). Ocrapumiics HesaaeiicTBo-
BaHHBIM YETBEPTHIIl 2JIEKTPOH BHEIIHEI 060-
souku (OMH Ha aTOM) TOTOB y4acTBOBATH B
opmupoBanum ciaboil cBsI3u, KOTOopas co-
eIMHSET MeKIy co60il onH cyoii rpadena ¢
JIPyTUM, IPYTOii ¢ TPeThbUM U T.A. B pesyb-
Tare TaKoW yNakoBKH (HOpMUDPYETCST Tpa-
¢ut — nanbosee pacnpocrpanentas (opma
KpucTammmueckoro yriaepoga (puc.4). 9rto

TBEPAOEC TEMHOE BEHIECTBO MOJKET CJIYKUTD,

Puc. 3. [pageH coctouT v3 aroMos yr/ieposd,
0bpasyroLmx pelseTky 8 Buge cor
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Puc. 4. [pagput coCTouT 13 COBOKYITHOCTH C/1ab0
CBA3AHHBIX Mexay cobovi cioeB rpageHa (3t
Cr1abbie CBA3MN N30OPAXKEHBI [1YHKTUPOM)

HAIpUMep, B KavecTBe Tpudess B 0ObIYHOM
Kapas/arie.

Coenunsiolye Mex Iy co6oii cion rpacu-
Ta cJaabble CBSI3M OKA3bIBAIOTCS HEIPOYHDI-
MM, 1 UX JJOBOJIBHO JIETKO pa3opBaThb. Harmpu-
Mep, HaKJlenBast Ha TPaUT CKOTY U OTPbIBAS
€T0, JIETKO HECKOJbKO CJIOEB OT/CJUTD; T10-
BTOPHB TaKyfo TPOIEYyPY HECKOJIBKO pas, B
KOHIIe KOHI[OB MOKHO TIOJTYUNTH ¥ €JMHNT-
HBII ¢J10# TpadeHa. ITOT MPOCTOH U HAales-
muil IIIPOKoe TIPIMeHEHNe MEeTO/ IPUHeC B
2010 roxy HoGenesckyio pemuto 1o husnke
Anppero I'efimy n Koncrantuny HosocesoBy.

Yacrto asieKTpoH BHelHEl 060JI0YKH, He
Haxo/Amuil cebe KOBAJEHTHOH CBSI3M, He-
MHOT'0 YCHJIBAET TPU CBA3U CBOUX COOPATHEB
C 3JIEKTPOHAMH COCEHIX aToMOB. BMmecrto
TOTO YTOOBI YIIAKOBBIBATHCSA C JIPYTUMHI CJIO-
AMHU B TPeXMepHbIil rpadur, cioil rpadena
nedopmupyetcs, nepectaBasi GbITh TIIOCKUM,
1 CTIOHTAHHO 06pa3yeT HeOObIYHBIE CTPYKTY-
pbt. OmmieM HEKOTOpbIe U3 HUX.

Korpa yrnepop, urpaet B ¢yT60n

B pesy.ibrare HaGMOJEHUI U aHAIM3A HC-
CJIE/IOBATE/IN B PA3HBIX YACTAX MUPA TTPUIILIA
K BBIBOJY, YTO B Ca)kKe M IJIAMEHH CBEYH
NOSIBJISIETCST HEeGOJIBIIIOE KOJIMYECTBO CIIElu-
(dbuuecKoro BemecTBa, MOJEKYJIbl KOTOPOTO
cocrosT u3 60 aromos yriepoza (Cgy). Ato-
MbI yTJIEPO/Ia B HEM CBA3BIBAIOTCS TAK, YTO

2020/Ne10

Puc. 5. a) Monekyna Cg, BOCTIpoOM3B0AMT popmy
@yTO0/ILHOrO MS4a, KOTOPbI COCTOMT U3 KOXA-
HbIX [ITU- 1 LIECTUYrOMbHIKOB. 6) Monekyna Cy,
OTAANEHHO HAMOMUHAET MSY /15 perbu

o6pasyior 20 mecTuyroJbHUKOB 1 12 ngru-
YTOJBHUKOB, BOCIIPOM3BO/ISI TAKUM 00Pa3oM
dhopmy dyr6oabHoro Msua (puc.5,a).
BriocsieictBum, 1ocje OTKPBLITHS MOJIEKY-
abl Cgy, B Ipupo/ie 6blii 06GHAPY KEHbl HJIN
CHHTE3WPOBaHbI U Jpyrue, 6oJjee KpynHbIE,
MOJIEKYJIbI, TaKKe COCTOSAIINE U3 IIECTH- U
NATHYTOJBHUKOB. Tak, HarmpuMep, MoJeKyJia
C,, cropee nmeeT opMy MsIYa AJST peroOm:
OHA COCTONT W3 25 MIeCTUYTOJbHUKOB M 12
natuyroabHukoB (puc.5,6). K takum moste-
kysam orHocutcss u ruradt Csyy (puc.6),
KOTOPDII JIOBOJIBHO JIETKO MOJIY4aeTCs MTyTeM
ucrapeHus rpaura mocpeicTBOM 06.yue-
HUS JIA3€PHBIM HMILYJIbCOM WJIN JIyTOBOTO
paspssa. Taxkue MOJIEKyJIbl, BO3MOKHO, MO-
I'yT BXO/JUTb B COCTAB MEK3BE3/IHO IIbIJIH.
Bce atn Mosteky 11, mpuHIMaloiue Gopmy
BBITTYKJIBIX MHOTOTPDAHHUKOB U HMEIOIINe
¢opmyay C,,, rae n — 1eaoe 4UCJI0, MOTYT

Puc. 6. Monekyna Csy,
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COZIEPIKATD PA3HOE YHCJIO [EeCTUYTOIHHUKOB,
HO Becerga 12 mnarmyrosbHukoB. Kak aTo
O0BSCHUTD ?

[TycTb /2 — KOJIIYECTBO MIECTUYTOJIBHUKOB U
P — KOJMYeCTBO TATHYTONTBHIKOB. COTJIaCHO
CIIPABEIJIUBOI [IJIT MHOTOTPAHHIKOB TeOpe-
Me OJiijepa, TIpU yCJAOBUH, YTO BBIMTYKJIbIN
MHOTOTPAHHUK UMeeT f rpateii, s BEpIIUH U d
pebep, 3TU TPH YUCJA JTOJIKHBI YOBJIETBO-
parb opmye f+s=a+2. Yucna f, s u a
JIETKO HAXOJATCSl U3 KOJIMYECTBA INECTH- U
nSTHyroNbHUKOB (A ¥ P COOTBETCTBEHHO).
[Ipesxsie Bcero oueBuano, urto f=h+p. U
MOCKOJIbKY KasK/IbIi IIECTUYTOJbHUK MMeeT
nrecTb pebep, KaK/Jbl MATHYTOJTbHUK WX
UMeeT IATh, a KaxKaoe pe6po sBJsieTcs 06-
UM I8 IBYX CTOPOH, TO HAaXOIWM, YTO
a=(6h+5p)/2. Jlna HaxXOx[eHHUS dHHCIA
BEPIITHH S CJEIYET 3aMETUTb, UTO KasK/Iast U3
HUX SIBJISIETCST OOMIeH st Tpex TpaHel: co-
eIMHUTb MX GOJIbIIEE YUCJIO B BEPIINHE HE
MPEJICTABSETCS BO3MOKHBIM, a TPUHSTDH
s=2— abcypauo. Kaxaplil mecTuyrosbHIK
UMeeT MIeCTh BEePIINH, KaKIBIH MATHYTOh-
HUK — IISITh, a KaXKJasl BEPIIMHA SIBJSETCS
o611ell 1T TpeX CTOPOH; CJIeI0BaTeJbHO,
s = (6 + 5p)/3. Hoacrassst HailieHHbIE 3Ha-
yenud B popmyay Iiinepa, noayynm p = 12.
3aMeTnM, 4TO CyNIeCTBYeT MHOTOTPAHHUK C
12 naruyroJbHUKAMU U coBceM Ge3 IecTH-
YTOJIBHIKOB — TPAaBUJIbHBIH JOAEKAdIP, KO-
TOPBIN COOTBETCTBYeT MoJieKyse C,, caMoit
MaJIeHbKOIT B aTOM ceMeiicTBe. UTo Kacaercs
TOTO, UTO BCE TPAHU WJIH TECTU-, WJIN TISATH-
YTOJIbHBIE, 9TO HEYAUBUTEJNbHO: K TIPUMEDY,
KBajipaTHas Tpaib TpeboBasa Obl, 4TOOHI JIBE
cBsa3u C—C 06pa3oBbIBas MEKLY COOOM Mpsi-
MO¥1 yTOJI, B TO BpeMsI KaK BHEIIHIE 3JIEKTPO-
HbI, KaK TPABUJO, PACIPEesSIIOTCS B TIPO-
CTPAHCTBE BOKPYT aTOMOB CUMMETPHUYHO.

MouteKyibl, KOTOPbIE MBI TOJBKO YTO OTIH-
casiu, Ha3bIBAIOTCS (PyJIepeHaMu — B 4eCThb
aMepUKaHCKOro apxXuTekTopa baxmmHcTepa
Dynepa, co3maress TeoIe3MIECKUX KyTO-
JI0B, HanoMuHaiomux MoJekyay Cg,. Ona
6bLJ1a 0OOHAPY KEHA TIEPBOIL; ee elle Ha3bIBAIOT
footballen ws-3a cxopctBa ¢ (HyT6OIBHBIM
MsgoM. [lo ceft meHp ¢usmkm HAXOAAT U
UCCJIETYTOT MOTPSICAIONIE KPACUBBIE CTPYKTY-

GLEE.
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Puc. 7. YceqeHHbI MKoCasap, v3y4eHHsii [bepo
Ae11a OPaH1eckor 1 HaprUCoBaHHbIN JIeoHap[0
44 Buran gng kHirv Jlyku laqoim

PBI, CO3aHHbBIEC TTPUPOIOH M OOBIYHO CKPBI-
TbI€ OT HAC, & BE/Ib HEKOTOPDIE XYA0KHUKH UX
npesckasamu! VI3BeCTHBI TOCKAHCKUN XY-
noxkuuk Ilbepo gpenma @panvecka (ymep-
il B Bo3pacre noutu 80 set B 1492 roay),
BEpPOSITHO, OBLT TIEPBBIM, KTO W306pa3mi
(yT60bHBIIT MSTY — UJIH, BEPHEE, YCEUEHHbBII
MKOCAd/IP, MOJTYYEHHBIH B pe3yJibTaTe ycede-
HUS OOBIYHOTO MKOCA3/pa 1O MATH TLJIOCKO-
craMm. Ilbepo npessa dpanyecka yBJieKascs
MaTeMaTUKOM, HO PUCYHOK YCEYEHHOTO MKO-
caspa 6bL1 06HAPY KEH He B ero « Kumxuie
O TATH TIPABUJIBHBIX TeJaxX», a B TPYIe,
ory6smkoBanHoOM B 1510 To/1y 0JTHUM U3 €ro
yuennkos, Jlykoit [lavosm. MamoctpaTopom
KHUTH, 03arJiaBJeHHON « bokecTBeHHAS TIpO-
nopiws», 6bu. .. Jleonapo ga Buruu (puc.7).

YrnepogHbie HAHOTPYOKM

Yraepoa Takke crocoGeH CKPyYMBaTHCS,
dopmupys TpyOru. OHEM OBIBAIOT CaMbBIX
pasubix GOpM U PasMepoB, AMAMETPOM OT
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Puc. 8. [iBe pazHoBUAHOCTU YITIePOAHbIX HAHOTPYOOK. @) KOHCTRYKUNS «KPECIa» MMEET CBA3M, 1epreH-
AUKYTIFPHBIE OCh TPYOKU. 6) «31r3aroobpasHas» CTpyKTypa obranaer CBA3AMY, MapaniesibHbIMU Ok
Ty 6K

O/THOTO JI0 HECKOJIbKUX JIECATKOB HAHOMET-
pos (puc.8). Yraiepoanbie HAHOTPYOKH CO-
3/1aI0T B 1aGOPATOPUSX PA3IUUYHBIME CIIOCO-
6amMu: OTpbIBasi KYCOYKH OT YIJIEPOJHOTO
6J10Ka IIPU TIOMOIIIH JIA3€PA UJIN JIEKTPHYEC-
KOIl JIyTH WJIN K€ IIYTEeM OCAXK/IEHUS T10/[XO0-
Jsero yriepojnoro napa. Ha camom seste
MbI, CaMM TOTO HE 3Had, TPOU3BOANJIN X Ha
MIPOTS?KEHUU BEKOB, HO TOJIBKO C MOSIBJICHUEM
YCOBEPIIECHCTBOBAHHBIX NHCTPYMEHTOB CyMe-
Jit OGHAPYIKHUTb 3TU HAHOOOBEKTHI.
Hanotpy6xu, dymrepensl u apyrue mpo-
u3BO/IHbIE TpadeHa 00JaJaT0T HTEKTpHUYe-
CKHUMHU 1 OIITUYECCKUMN CBOI’ICTBaMH, KOTOpbIEe
Oyopaxkar yMbl (PUBUKOB M B TEPCIEKTUBE
MOIYT HailTH YHUKaJIbHbIE IPUMEHEHM, CKa-
’KeM B (potoasmemenTax. I'paceHoBast asexT-

POHUKaA Takke o6elaeT MpoJINTD JIeicTBIe
3akoHa Mypa, 103BOJIMB CO3/1aBaTh TPaH3H-
CTOPBDI e1lle MEHBIIIEro padMepa, 4YeM UCIO0JIb-
3yeMble Cero/iHs KPeMHUEBbIC.

HanoTtpy6Ku uMeIoT erre u 3aMmevyaTebHbIe
MeXaHW4ecKue CBONCTBA: OHU UPe3BBIUAITHO
YCTOWYUBDI K pacTszkeHusM. [loatomy Bcko-
pe MbI CMOKEM YBU/JETH JIETKHE U IIPOYHBIC
BEJIOCUIIC/Ibl M TCHHUCHBIC PAKETKHU, CO3/1aH-
HbIE U3 KOMIIO3UTHBIX MAaTePUAIOB, apMUPO-
BAHHBIX YIJIEPOJHBIMUA HAHOTPYOKAMU JHa-
METPOM B HECKOJIbKO MHUKpOH. Erie ojHa
MeramMmopd03a 3TOTO «0COGOTO AJIEMEHTA ,
Bocnetoro IIpumo Jlesu!

Crarbs mpefcraBisieT co0oil I1aBy M3 KHUTH
«®dusnka MoBceHEBHOCTH» , BBIIIYIIEHHO n3/1a-
TEJbCTBOM «AJubIHA HOH-(uKIIH» B 2020 roxy.
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HyBCTBUTENBHOCTb OYNEBbIX
VHK LMW

A.PA360POB

ATOMN CTATBE MbI PACCKAKEM

0 KpacuBOil 1 Ba)KHOU 3a/1aue ¢ BIIOJHE
aJIeMEHTAapHOU (POPMYJUPOBKOH, KOTOpas
OblLyIa TIPEJMETOM WHTEHCHUBHBIX HCCJE0Ba-
HMI MHOTMX MaTeMaTukoB (BKJ/IIOYas aBTopa
STOH CTaTby) Ha IPOTSKEHUU HECKOJBKUX
JIECATUJIETUI W TIPM ATOM HE TOJ/IaBajiach
HUKAKUM YCUJIUSIM. A JIajibllie BCe TPOU30III-
J10 Kak B cka3ke: 1 miossg 2019 roga Ha caiite
arxiv.org TMosiBUJIach IEeCTUCTPAHUYHAS pa-
6ora [1] amMepuKaHCKOro MaTeMaThKa IO
nmenn Xao Xyan (Hao Huang) ¢ momHbiM
pelieHrieM TPOOJIEMbl COBEPIIEHHO HEOKU-
JAHHDBIM U Y IUBUTEJIBHO IPOCTBIM CTIOCOO0M.

Haunem c asos.

ByJersl pyHKIUHM, PACKPACKH THIEPKY-
6a u uyBcrBuTeabHOCTB. Yepes {0, 1} mb
OyneM 00603HaYaTh MHOKECTBO BCEX JBOWY-
HBIX CJIOB JITHHBI 72 Harpumep, {0, 1}3 COCTO-
uT 13 BochMu aemenTos (000), (001), (010),
(011), (100), (101), (110), (111). Byaesa
pynxuyus om n nepemennvix f, :{0,1}" —
— {0, 1} knacenduuupyer caosa x € {0,1}" 8
«xopoume» (te, 1t Kotopsix f, (x)=1) u
<aioxue» (f, (x) = 0). Huxuuit nnaekc Bee-
raa 6yzer o603HaYaTh YUCJIO MTEPEMEHHDBIX.

ByJieBbl hyHKINM, KaK, BIIPOYEM, 1 JTIOGBIE
JIPYTHE, MOYKHO TIO/ICTABJATD JIPYT B JPYTa;
He MeHee BAaXKHO TO, YTO UX MOKHO TIO/[BEP-
raTh JOTHYECKIM OTIEPAIsIM, TaKUM Kak U,
NJIN, HE. Tloatomy OyJieBbl (DYHKITMH SIB-
JITOTCA OHUM 13 Hanbosee (hyHAAMEHTAb-
HBIX M YaCTO BCTPEYAIOIMXCA OGBEKTOB B
Pas3IMYHBIX KOMITBIOTEPHBIX HayKax (1 Teo-
PETHYECKNX, W MPUKJIAJHBIX) KaK CIIoco6

DOT: https://doi.org/10.4213/kvant20201002

MIPEICTABJIECHNS 1 Pe0OPa30BaHUST JUCKPET-
Holi mHMOpMaIy.

Hac ceropmns 6ynyT 60Jibliie HHTEPECOBATD
cBoiicTBa OysieBbIX (DYHKIMIT KaKk KOMOWHA-
TOPHBIX OOBEKTOB, a TaKyKe WHOT/a UX aHa-
JAuTHYeckue' cBOiiCTBA; M3yvyeHHeM Ioc/e-
JIHUX 3aHUMAETCS 11eJ1ast IUCIUTIIMHA, Ha3bl-
BaeMasi «aHaiu3 OyJieBbiX (yHKIwmii»>. [lo-
3TOMY, YTOOBI TIOYEPKHYTh KOMOMHATOPHYIO
1 TEOMETPUYECKYIO TPUPOY Oy IeBBIX (hyHK-
i, f[aBaiite 0 BO3MOKHOCTH BMECTO hop-
MYJI PacCMaTpUBAaTh KapTUHKU U Tpadbl.

JlBa cnoBa x, y € {0, 1}" HasbiBatotes coced-
HUMU, €CJTU OHWU OTJIMYAIOTCST POBHO B OJTHOM
nozui i € {1,...,n}. Coequnsisi pebpom Bce
Iapbl COCeJHUX BeplIuH, HosryduM rpad Q,
na 2" Bepmmnax. Jtu rpadr (Ha pucynke 1
nokaszaubl rpadt Qp, Q, u Q3 ) Ha3bIBAIOTCS

0) (1) (011) (111)
! (001) (101)
01) 11)
(010 (110)
(000) 100)
(00) (10) )
0, O
Puc 1

2unepKy6amu, i OHU OYEeHb BaXKHbI B KOMOH-
HATOPUKE 10 MHOTUM Pa3HbIM IpHYnHaM. Tem
campiM Oyiesst Gyukimn f,, : {0, 1} — {0, 1}
[PEBPAIIAIOTCS B PACKPACKU MHOKECTBA BEP-
ume V (Q,) n-MepHoro rumepkyGa B aBa
usera: 3exensiii (f, (x)=1) u xpacubrii

! 3peco crour mamomuuts, uyto 1 u 0 MOTYT
paccMaTpuBaThes He TOJBKO KaK JIOTHIeCKIe KOH-
crautel UICTUHA u JIOJKDbD, HO n mpocTo Kak
BeIlleCTBEHHbBIE YHCJIA.
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(011) (111) (f,(x)=0). Ha

\ UCYHKe 2 IIOKa-
(0ot) (101 EaH}I/)I Oy JIeBbBI
(010), dyHKIIUU, CO-
(110) OTBETCTBYIOTIHE
nanboJjiee Gasuc-
HBIM OTIEPATIHSIM:
", NN, cnoxe-
HUe 110 MOYJIIO 2
(XOR) u dynk-
IUSI TOJIOCOBAHMUS
(110) (MAJ;: 3HaueHne
MAJ; (x) pasHO

1, ecyi1 ¥ TOJIBKO

€CJIU CJIOBO X CO-

(011) (111) nepsxnr xXoTs GbI

(000) (100)
XA Xy Ay
(011) (111)
(001) (101
(010),

(000) 100)
X4V Xy Vg

(001) (o1 JIBE CJMHUILDI).
Ha xaxmom pwu-

(010), (110) CYHKE TaKxKe BbI-

(000) (100) JIeJJeHO CUHUM
IIBETOM MHOJKe-

1 @1, ® 1 ctBo Cut(f,) pe-

(011) (111) 0ep rtpada O,

BEPIINHBI KOTO-

(0ot (101) PbIX MOKpALIeHbI

(010), B pasHble I[BETA.

(110) 310 muOXKecTBO

(000) (100) Ha3bIBACTCST Pa3-

MAJ;(x,, 2y, 25) pesom (maunoii

pac. 2 byHKIN), 1 0HO

ABJIAETCS HEHTPANbHBIM T Hamleil crathn
HOHATHEM.

Yopaxuenue 1. Oynxuus f, cyuwecmeenno 3aeu-
Cum Om 6cex C60UX NepeMeHHvlx, eCIN OHa He
MOKeT ObITh BbIpaskeHa KaK (DYHKIHS OT MEHbIIero
yucJsa nepeMenHbix. Ha Hamreil kapTuHke aT0 03HA-
YaeT, 4To B ee paspe3e MMeeTcs XOTs OBl 0HO pe6po
B KXK/IOM U3 72 BO3MOSKHDBIX HalpasJiennii. yHKus
f, o6obwenno cummempuuna, eciu ee KapTHHKY
MO>KHO TIOBEPHYTb TaKIM 06Pa30M, UTO I[BET BEpPIIH-
Hbl GyJleT 3aBHCETb TOJIBKO OT €e YpoGHs, T.e. OT
KOJIMYECTBA €IMHUIl B COOTBETCTBYIOINIEM JBOMYHOM
crose (puc.3).

Jokaxure, uto Besikast (GyHKIUS [y , CYLUIECTBEHHO
3aBUCAIMAs OT 06enX CBOMX IEPEMEHHBIX, SBJISETCS
06001TIeHHO-CHMMETPIYHON. A BEPHO JIM TO JKe caMoe
st QYHKIWNA OT 3 1 GOJIBIIETO YKCTA TTEPEMEHHBIX ?

Mpbl Tenepb TOTOBBI OIPEIESUTh BAMKHYIO
YHCJOBYIO XapaKTePUCTUKY OyJieBoil (PYHK-
1HH f,, — ee 4yBCTBHTEIbHOCTS S (f,, ). Haumem
¢ uyecmeumenvrocmu s (f,,x) pynxyuu f, 6
dannoi eepuune x € V(Q,): 1o onpesee-

2020/Ne10
(111) f=0
(110) 011) f=0
<>

=1

(100) woty |
(000) f=0

Puc 3

HUIO, OHA TIPOCTO paBHa uucIy pebep B
paspese Cut (f,, ), BBIXOAAIMX 13 . DTO 0/(HA
13 HECKOJbKHUX ECTECTBEHHDBIX BO3MOXKHOC-
Teil U3MepsITh, HACKOJIbKO NMEHHO (DYHKIHSI
B TOUKE X UyBCTBUTEIbHA K MaJIbIM (B laHHOM
cJIydae — POBHO B OJHOI KOOp/JMHATE) H3Me-
HEHUAM BO BXO/JHbIX [JaHHBIX. qyb’cm@u'
menvHocmo ymuxyuu [, ONpeeseTcss Kak
MaKCHMAJIbHO BO3MOKHOE 3HaueHne s (f,, x):

S(fn)dif max)s(fn,x). 1)

2€V(0Q,
Taknm o6paszom (LIt 3HAKOMBIX ¢ TEPMUHO-
Jnorueit reopun rpados), s (£, ) — 210 HE 4TO
MHOe, KaK MaKcMMaJsbHas crernenb (Bepiiu-
b)) rpacda ¢ MHoxectBoM pebep Cut(f,).

YnpaxHeHus

2. Borunciure S ( f ) J1U1s BeeX (DYHKITHIT Ha PUCYH-
ke 1.

3. [lokaskute, 4to TIpu 72 > 2 J71s1 1060 PyHKIUN
f,, CYIECTBEHHO 3aBMCAINEH OT BCEX CBOMX Il€pe-
MEHHBIX, UMEET MeCTO S (fn) > 2.

Z[J'IH GOJIBIIINX 72 UMEET MECTO Oll€eHKa
1 1 1
S(ﬂ1)2§10g2n—§10g2 10g27’l+§, (2)

rje, Kak W B ynpaxuennu 3, QyHKIWMS [,
CYTIECTBEHHO 3aBWCUT OT BCEX CBOUX IEpe-
MEHHBIX. JTa OIleHKa, JokazaHHasa X.Y.Cu-
monom (H.U.Simon) B 1983 rosy, mo-Buan-
MOMY, SIBJISIETCS TIEPBBIM HETPUBUAJIHHBIM
Pe3yJbTaTOM B HUCCJIEIOBAHUH YYBCTBUTEIb-
noctu 6yneBbix dbyukimii. Ha nepsbiit B3risi
OHA MOXKET TOKa3aTbCs Ype3MepHO Tpy6oii,
HO Ha cCaMOM /ieJie OIleHKa /IOBOJIbHO TOYHA.



YYBCTBUTEJAUBHOCTD

VYupaxkuenune 4. /lnst Bcex 7 > 1 mocrpoiite mpu-
Mep (pyHKIUN fh+2’” CYII[ECTBEHHO 3aBUCAIIEH OT
h + 2" nepemenubIxX ¢ § fh+2” ) =h+1.

Biounasi yyscrBuTeabHOCTh. IlomsiTue
YyBCTBUTEJBHOCTU OYEHb TMPOCTOE H €CTe-
CTBEHHOE, HO OKA3bIBAETCSI, YTO GOJIBIIYIO
MOJIb3Y B PA3JMUYHBIX MTPUIOKCHUSAX TIPUHO-
CAT €T0 MOAN(UKAIIN.

Tak, wmanpumep, B dopmyae (1) BMecto
B3STHsI MAKCHMyMa 110 BceM & € V (O, ) MOX-
HO B35ITh cpejiHee 3HaveHue. [lonyunres cped-
a5 uyecmeumevrocms &s (f, ) bynximm £,
KOTOpast, KaK JIETKO MOHSITh, SIBJISIETCS] HE YeM
MHBIM, KaK Pa3MEPOM paspesa |Cut (7, )|, HOP-
MUPOBAHHBIM MOAXO/sAIIUM (BbIYUCIUTE €ro!)
MHOJKHUTEJIEM. DTO TOHSTHE UI'PAET [[EHTPAJIb-
HYIO POJib B aHajm3se GyyieBbiX (yHKIH.

Hac ceroansi, ofiHako, 6oJibliie HHTEPECyeT
apyrast Moandukarmst: bs (f,), HasbiBaeMmast
62040l wyecmeumespHocmvio. Kak u pamnb-
e, HAYHEM CO CJIydYas, KOrja y Hac ecTh
¢yukuns f, u Bxoanoe croso x e {0,1}".
Torna uyecmeumenvivim 6.10K0M Ha3bIBAET-
csa noamuoxkectso B € {1,2,...,n} takoe, uro
f(xB) # [ (x), rne x¥ — pesyabrar usmene-
HUSI CJIOBA X OJIHOBPEMEHHO BO BCEX MO3MIU-
ax 1€ B. Hanpuwmep, dynkuna MAJ; Ha
pucyuke 1 B Ttouke (000) wmmeer uerbipe
YyBCTBUTEJIBHBIX GJIOKA, a UMEHHO, T€ MOJ-
mHoxecrsa B C {1,2,3}, s koropoix | B| > 2.
Baounoti uyscmeumenvnocmuvio b6 (f,, x)
pynxuuu f, na 6xode* x Ha3bIBAETCS MAKCH-
MajibHOe 3Hadyenue [, JJisi KOTOPOTO CyIiie-
CTBYIOT [ HONIAPHO HeNePeCeKAIONNUXCS 1y B-
CTBUTEJbHBIX O0JI0KOB. TakuMm o6pasom,
bs (MAJ3,000) = 1 mpocto moTomy, 4TO JII0-
Oble JIBa YyBCTBUTEJBHBIX OJIOKA UMEIOT He-
mycroe mepecevenue. V, HaKOHeI, KaK U
paHblIiie, ToJIaraeM

def
bs (7,) = max 0 (/).
Yupaxnenne 5. Boraucaure b (f3) ama seex
¢yukuuit Ha pucynke 1.
Husxke Mbl 0ObsCHUM, Mo4eMy OJI0YHAsI
YYBCTBUTEJIbHOCTb Ba’KHa W HWHTEpEeCHa, HO

2 TepmuH «BXO/» Gy/IeT HHOT/IA HCTIOIb30BATD-
cs1 B JaJbHEIIEM B KadyecTBE COKPAMICHIS JIJIsT
«BXOJIHOE CJIOBO x € {0,1}"».

BYJEBBIX ®YHKIUNA 9

BHadaJie aaBaﬁTe CpaBHUM €€ C OOBIKHOBEH-
HOii, a Takxke chopMyupyeM rurnoresy (yxe
,ZIOKaSaHHyIO), KOTOpad IOCJIYyK1Jia ITOBO/IOM
JUIA HalluCaHMuA ATOM CTaThU.

[Ipexxe Bcero, OOGBIKHOBEHHAS YyBCTBU-
TE€JIBHOCTb, OYEBU/IHO, COOTBETCTBYET OTpa-
HUYEHUIO, COCTOAIIEMY B TOM, YTO BCE YyB-
crBuTebHbIe 6J10KK uMeloT pasmep 1. [Toaro-
My s (f,,x)<bs(f,,x) u, cooTBeTcTBEHHO,
s(f,)<bs(f,)-

YnpaxHeHus

6. Haiizinre onmmoOKy B CJIe/1y101IeM PacCy K/IeHIHN.

Tokasem, uto s (f, ) Beerna pasro bs (f, ). Iycrs
bs (f,,) = s. PaccMotpum coorsercTByIOmuii BXOA X
n CUCTEMY M3 S YYBCTBUTEJIbHDBIX 06JIOKOB Ha 3TOM
Bxoje. Tak kaxk orpanudenne Hamreil QyHKIME Ha
J060i1 6JIOK HETPUBUAIBHO, B KAXKJIOM OJIOKE CyTIle-
CTByeT HEKOTOPBI BXOJ[, Ha KOTOPOM (DYHKITHS
YYBCTBUTEJIbHA 110 KpaiiHell Mepe B OHOI MO3UIMHU.
Taxk kak OJIOKH IONAPHO HE MEPECceKaloTcsi, HTH
BXO/IbI MOJKHO MEKIY COéOI‘/’I CO€/INHUTD U TIOJIYYUTb
BXO/[ JUISI HCXOHON (DYHKIMHU, TyBCTBUTEJIbHBIIT 110
KpaliHell Mepe K S TlepeMeHHbBIM, TI0 O/THOI B KaKJ0M
6a0ke. Crenosarensno, S(f,) 2 s.

7*. Iocrpoitte dynrumo f; , y xKoropoii s (f;) =2
ubs(f;)=3.

Hackombko 601bIHUM MOKET GbITh Pa3pbiB
mesxay s (f,, ) m bs ( fa )? ITepBbiii 06U 1pu-
Mep B 9TOM HallpaBJeHUN TPUHAAIEKUT Py-
6unmreiiny (Rubinstein, 1995). Coorser-
CTBYIONIYIO (PYHKINIO R, 0T = m? epeMen-
HBIX OIKCATh JOBOJIbHO JIETKO, HO JIyYllle 3TO
JleJlaTb HE€ Ha KapTUHKeE. I/ITaK, Yy HaC eCTb
JIBOMYHOE CJIOBO X AJIMHbBI . HepBbIM J1€JIOM
pasoébeM ero Ha m GJIOKOB 110 7 3HAaKOB B
KaX10M 670ke. Hasosem 610K xopouwum,
€CJIN OH COJIEPXKUT POBHO /[IBE€ €AWMHUIIDI,
puYeM 3TN eIUHUIBI CJAEAYIOT APYT 3a JIPy-
TOM. PaCKpaCI/IM X B 3eJICHbII IIBE€T, €CJN B
HeM Haiijiercst X0Ts1 6bl OJINH XOPOInii 6JI0K,
1 B KPacHbBIH, €CJM TakoTo HeET.

YHpamnel-;zne 8. /Jlokaxkure, uTO S (Rmz): m, a
bs (R ,)=m’/2.

WTtax, pa3pbiB MeK/1y UyBCTBUTEIBHOCTHIO
1 6JIOYHO YYBCTBUTEIBHOCTBIO MOYKET BBIPA-
JKATbCSI KBQJ[PATHYHON (DYHKIMEH, U TOTIBIT-
KN €Tr0o yBEJUYUTDb OCTaBaJIMCh COBEPIIECHHO
6e3yCIENHBIMI B T€YEHUE JIOJITOTO BPEMEHH.
YaydnmmTb MyJIbTHIIMKATUBHYIO KOHCTAHTY
B TipuMepe PyOunmireiina ynasochb JHITb
COBCEM He/JJaBHO, HO (pyHKI_[I/IH IIpHU 3TOM TaK
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U ocTasach KBajpaTnyHoii. Bee ato mobyau-
g0 Hucan u Ceregm (Nisan u Szegedy)
copmysmpoBath B 1994 romy caemyioniyio
runoresy, GBICTPO 3aBOEBABINYIO MIMPOKYIO
U3BECTHOCTD.

Tunoresa o 6J04YHON YYBCTBUTEILHOCTH.
Cy1iecTBy10T Takue aGCoOIOTHbIE KOHCTAHTDI
£,8 > 0, uTo 114 J1060it 6y.1eBoit DyHKIUN [,
umeer mecto s (f,) = 8-bs (£,)".

Ecin aty runoresy chopMyampoBaTh CJI0-
BaMHU, TO B Hell yTBEPIKIAETCS, YTO (DyHKIIUN
s (f,) m bs (f,) coBmazaor «c TOYHOCTBIO /10
HEKOTOpOro moJyuHoMa (MHOrowIeHa)». Ta-
KOI yPOBEHb TOYHOCTH, B OCOGEHHOCTH KOT'/[a
MTOJIMTHOMUAJIbHBIE (DYHKIIUHU TIPOTHBOIIOCTAB-
JISIOTCSL HKCIIOHEHIIMABHDIM, SBJSETCS TH-
MUYHDBIM JIJISI COBPEMEHHOI TEOPUH CJIOXKHO-
cti; 6oJtee Mo POOHO 06 HTOM MOKHO TIPOUN-
TaTh B TOMYJSPHOM ouepke [2].

JlocTUTHYTBIIT B TeUeHue 25 JIeT TPOrpece B
JIOKa3aTe/IbCcTBe HTOro yrBepskaenus (niu
HOCTPOEHUH K HeMYy KOHTpIpUMepa) Iipe-
UMYTIECTBEHHO CBOJMJICS K HAXOMKIECHHUIO
HOBBIX TUNOTE3 Wik (HAaKTOB, HAIMPSIMYIO C
HUM CBSI3QHHBIX. [IPUSTHBIM HCKIIOYEHTEM
siBJisiercst paGora Kenbon n Kytuna (Kenyon
n Kutin) 2004 roga, B KoTopoll runoresa o
GJIOUHOI Uy BCTBUTEILHOCTH JIOKA3aHA B [1PE/I-
MOJIOYKEHHUH, Y4TO BCE UyBCTBUTEJbHbIE OJIOKN
uMeroT orpanndenubiii  (Hanpumep, <10)
pasMep. Mbl OTCHLIAEM 3aHHTEPECOBAHHOTO
guraress K 063opy [3], a camu nmepexomaum
HEMOCPEJCTBEHHO K JIOKa3aHHOMY XyaHOM
pe3yJibTary.

Teopema 1 ([1]). Jnra scaxoii 6yiesoii

pynxuuu f, umeem s (f,)=bs(f, )1/4.
[Ipesx/ie ueM pacckasbIBaTh 06 NAESAX JI0Ka-
3aTesIbCTBA, JaBaiiTe BBITOJIHIM JJAHHOE BBIIIE
o6ellaHue ¥ TOTOBOPHUM O TOM, TTI0YeMYy HMEH-
HO 6JI0YHAsl UyBCTBUTEJbHOCTb BaXKHAa U UH-
tepecta. OKasbIBaeTcsi, 4TO OHAa «C TOYHO-
CTBIO /IO IOJIMHOMa» 9KBUBAJIECHTHA 1[EJI0MY
PAMY APYTHX BaKHBIX XapaKTEPUCTHK OyJie-
BBIX (pyHKUMi. Bosjee Toro, ecam 4mTarth
COOTBETCTBYIOIIHE JJ0Ka3aTenbcTBa (710 4ero
MBI, K COXKaJEHMIO, He J0iieM), TO BH/IHO,
4To GJOUHAs YyBCTBUTEIBHOCTD 3aHUMAET B
HUX IEeHTPaJbHOE MeCTO. MBI pacCMOTPHM
TPU TaKUe XapaKTEPUCTHKHU, UMEIOIINe pa3-
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JIMYHYIO TPUPOAY: KOMOUHATOPHYIO, BbIYKC-
JIUTEIBHYIO U aHATUTHYECKYIO.

Cepruduxanuonnas caoxuocTs. Kak Bee-
I/la, HAYHEM ¢ PACCMOTPEHUS WH/NBH/IYAllb-
HOTO BXO/Ia X € {O, 1}". MHOKeCcTBO TTO3UITHI
I c{l,...,n} maspBactca cepmugpuuupyio-
wum (I JAHHOTO X), eI HaOop 3HAYCHHI
(x;]ie I) (uasbBaembiii cepmuchuramon)
10JTHOCTBIO onpenensert f, (x). UnpivMu co-
BaMu, 11 mo6oro jpyroro y € {0, 1}", co-
BIIA/IAIONIET0 € X BO BCeX MO3uUIusAX us I,
umeer mecro f, (y) = f, (x). Ceprudukars
JIATIEKO HE e/[MHCTBEHHbBI, U Cepmupurai-
onnoti caoxnocmvio C(f,,x) HasbiBaercs
MUHHMaabHbIH (06paTuTe BHUMaHUE Ha OT-
JIMYHE OT ONPe/IeICHUH Yy BCTBUTEIBHOCTH, B
KOTOPBIX Gepercss MakCHMyM) BO3MOKHBIIL
pasmep |I| ceprudpukara 1. Ilocae aToro, kak
1 pambIIe,

def

C ()" max C(fux),
xe{01}"

To ke camoe MOHATHE JIETKO OOGBACHUTH
reoMeTpUYecKu. PaccMOTpUM CeMEiiCTBO 101
Ky60B B Q,, MMEOINX KOPasMepHOCTb d
(r.e. comepxammx posro 2"¢ Beprmm).
Cpein HUX HAC WHTEPECYIOT MOHOXPOMAMU-
yeckue MOAKYObI, T.€. TaKue, Y KOTOPBIX BCe
BEPIIMHBI MOKPATIEHBI B OJIMH 1 TOT e I[BET.

VYnpaxuenue 9. [loxaxure, uto C(f,) pasmo
MUHUMAJIBHOMY d, JUIST KOTOPOTO MOHOXPOMATHYEC-
Knue H()[[Kyobl KOpasMepHOCTN d TIOJTHOCTBIO TIOKPbI-
saior {0,1}" .

Jlerko nousTe, uto bs (f,,x) < C(f,, x) n,
caepoBarenbio, bs(f,)< C(f,). Heiicrsu-
TEJBHO, BbIOEPEM MPOU3BOJIBHBIN cepTH(hH-
kar [ ¢ |I| = C(f,,x). Toraa Besikuii ayBeTBH-
TeJIbHBbIN GJIOK B Ha BXoje X 06si3aH cojep-
JKaThb x0T 6b1 oquH i€ [. [loatomy Besikoe
JM3BIOHKTHOE CEMENCTBO YYBCTBUTEIHHDBIX
6s0k0B (T.e. Takoe, 4TO HUKAKWe JBa €ro
6JI0Ka He TIEPECceKatOTCsT) MOKET COEPIKATh
e GoJiee || 4ienos.

B apyryio cTOpoHy 3TO HAMHOTO MEHee
OYEBH/IHO.

Teopema 2 (Hucan, Cerean, 1994). /lna
6cakoi Oynesou Qynxuyuu f, umeem
c(f,)<bs(f,).

Takum o6pasom, bs (f,) u C(f,) «oxBuBa-
JIEHTHBI C TOYHOCTBIO JI0 TIOJHUHOMAY , U TIPU
JKEJIAHUW B TeopeMe 1 MOJKHO 3aMeHUTD GJ10U-
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HYIO UyBCTBUTEIbHOCTb Ha CepTH(UKAIINOH-
Hyl0 c10%kHOCTh. OT 3TOrO ee cojepsKkaHue
(3a MCKIIOYEHNEM, BO3MOKHO, KOHCTAHThI B
SKCIOHeHTe) He u3MeHuTcsl. OTMEeTHM Tak-
e, UYTO B TEOMETPUYECKOM OIpee/IeHuH
C(f,) MOXHO OTIONHUTETBHO TIOTPE6OBATD,
4TOGBI MCKOMOE MOKPBITHE GBLIO HA CaMOM
Jeie pa3OUeHreM, T.e. BCe yYacTBYIONIME B
MTOKPBITUN TIOAKYOBI MOMAPHO HE Tepeceka-
1orcs. Tlosyyennas Besmunna Bee eiie Gyaer
NOJIMHOMIAIbHO BKBHBazeHTHA b6 (f,) 1
C(f,); nouemy 510 TaK, CTaHeT MOHATHBIM B
caleIyioleM pasjieie.

Pazpemaromue aepesbsi. /[0 cuxX mOp MbI
B OCHOBHOM 3aHUMAJIUCH KOMOUHATOPHBIMU U
K TOMY JKe JIOKAJTbHbIMU (T.€. oTpe/ieisieMbl-
MU B TepMUHAX HEKOTOPOH <«OKPECTHOCTU»
dukcuposannoit Bepmunb X € {0, 1}”)
cBoiictBamu OysieBbix pyHKIUi. B aTOM pas-
JieJie Mbl IIOKa)KeM, KaK BCe 9TO COOTHOCHUTCS
¢ Teopuell evruucUumebHOU CA0XKHOCTH.

Paspematomue gepesbs (decision trees) —
aTO, OXKAJIYI, HanboJee MPoCcTast, HO B TO Ke
BpeMs HamboJiee YacTo NCTIOIb3yeMasi B IIPH-
JIO’KEHUAX BbIYUCAUTENbHAd MoJeab. MHo-
rUe, BeposiTHO, 3HA1OT urpy B 20 Bompocos, B
KOTOpOii Tpebyercs yrajaTb HEM3BECTHBIN
mpeiMeT, 3ajiaBas TPO HEro BOMPOCHI, Ha
KOTOpblE [ONYCKAIOTCSA JHIIb OTBETbI
JA/HET. Jlio6yio MbICIUMYIO CTPaTEruio
JUISL 9TOW UTPbI MOXKHO IPE/ICTABUTDH B BUJIE
paspewaiowezo depesa (puc.4). Ero ewvico-
MO HA3bIBACTC MAKCUMAILHAS BO3MOXKHAL
JUTITHA TIYTH B 3TOM JepeBe. TaxkmM o6pasoMm,
BBICOTA JlepeBa OIIPE/IeIseTCs YUCIOM BOIIPO-
COB, 3a/1aBaeMbIX B Han6osIee HeGIaronpisT-
HoM (Hamxy/mem) s Hac ciaydae. Hanpu-

SKITBOE?
Her
TBépIOE?

[cTon?|

Jda

na
[ zepeso? |

[mrrua?| [xuaxoe?|
— @ her
3axTounTe bHasA BepHIMHA
(et pepesa)

Puc. 4
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Mep, eCJI Ha PUCYHKe 4 HaM 110BE3JI0 1 ObLI
3arajJlal UIMEHHO CTOJI, TO BCE PABHO BBICOTA
JiepeBa 6y/eT U3MEPSIThCS MOICUETOM JIJTITHBI
B/I0JIb JIPYI'MX BETBEHl 3TOro /epesa.

Yuraresio ipeiaraetcss 06[yMaTh cJaey-
TOIIIH TOBOJTbHO HEXUTPBIN Te3uc: urpy B 20
BOITPOCOB MOKHO 3d6€0J0MO BBIUTPATh TOTIA
1 TOJIBKO TOT/Ia, KOT/a IS Hee CYIeCTByeT
pasperiaolriee iepeBo, nmeroriee Bbicoty < 20.

Kak ™Mbl yke oTMeuyasu, pasperiaioniue
JIepeBbsl B TO¥ 1M nHOM (hopMe UCTTOIb3YIOT-
s Besjie, 1 BO MHOTUX IPUJIOKEHUSAX J0CTa-
TOYHO PacCcMaTpUBATh BBIUUCJIEHUE C UX I10-
Motpio Gy ieBbix GpyHKImii £, . LITOU6bI pasob-
paTbCs B TOM, YTO 9TO TaKoe, JlaBaiite cjerka
MoAUMUIMPYEeM IIpaBuJia UTPbl: IIPEI0JI0-
JKUM, 9TO BMECTO TpeJMeTa y Hac 3araiaHo
JBOMYHOE CJIOBO X € {O, 1}". Tornpa ecom cra-
BUTCH 33/1a9a YTaaTh X TIOJHOCTHIO, TO JIETKO
MOHSTh, YTO HUKAKOE pa3peniaioniee JepeBo
JUIS PellieHusT 3TON 3a/1aui He MOXKET MMeTb
BbIcOTY <1 — 1.

Yuopaxknenue 10. [Joxaxxure aTo yTBEpsKICHHUE.

IIpeamonoxnuM, OJHAKO, Y4TO BCE CJIOBO X
Hac He WHTepecyeT, a MHTepecyeT HeKOTopoe
€To CBOHCTBO, 3a7aBaeMoe 0y IeBOI (PyHKITH-
eii f,(x). B Takoii mocranoske 3ajaua He
CJIMITKOM MHTEPECHa, MOTOMY 4TO NP0 3ara-
JIaHHOE CBOMCTBO MOXKHO ITPOCTO CIIPOCUTD.
Ojnako B paccMaTpuBaeMoil HaMH MOJIE/IH
MBI paspemiaeM yTra/bIBalolieMy 3a/[aBaTh
TOJIbKO OY€Hb IPOCTbIE BOIPOCHI, a UMEHHO
BBIACHATD 3HAYCHHEe WHMBUIYATbHOTO GHTa
x; (ie {1,...,n}) B caose x. [Ipumep Takoro
Pa3peIIanlero JepeBa IPUBe/IeH Ha PUCYH-
Ke 5; Tpebyetcs, 4ToObl WHPOPMAINH, M0-
JTy4eHHO} yTa/IbIBATONINM BJIOJTh KasKI0H BeT-
BH, OBLTIO IOCTATOYHO JI7Is OTIPe/le/IeHNs 3Ha-

(=] [= 0= =]
x; =0 x; =1
X5
A P
f(*,0,1,0,%) =1
Puc. 5
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yenusi [, (X) HE3aBUCHMO OT TeX 3HAYEHHUI,
po Kotopble He crpamuBann. CroxHocm
D(f,) 6yneBoii byHKImMH f,, O OTHOIIEHUIO K
paspenraronum gepesbsim (query complexity)
OIPEIE/ISIETCS KaK MUHUMAJIbHO BO3MOKHAS
BBICOTA Pa3pelIaolero JepeBa, BbIUNCIISIO-
1ero Harry QyHKI0. VIHBIMI CJIOBaMH, 9TO
HaMMEHBIIEe YUCJO TPOCTBIX BOIIPOCOB PO
Bxoz x € {0, 1}", KOTOPBIX 3aBEAOMO JI0CTa-
TOYHO ISt BBIYUCTICHUS 3HAUCHUS [, (X).

YnpaxxHeHus

11. Onpenenure D (]‘3) JUIs BeeX (YHKIHM, n3006-
PaKCHHBIX Ha PHCYHKE 2.

12. Joxaxure, uro D (f, )= D(—f,), tae —f, —
orpuLanue QyHKIUN f,.

13. Joxaxure, uto D (f,) = D(f, (—|x1,...,—|xn)).

14. loxaxure, uto D (f, v ¢9,) < D(f,,) + D(g,).
MoskeT JiI 9TO HEPaBEHCTBO OBITb CTPOIHM?

Temepb naBaiiTe CBSKEM BCe 3TO € TPEbI-
AyumMu paceMoTtpenusmu. Kak Bcerza, B
O/IHy CTOPOHY 3TO 1pocto. Ecam umeercsa
paspernialoliee 1epeBo, TO KasK/10# 3aKI041-
TeJbHON BepIIMHE COOTBETCTBYET cepTudu-
KaT, COCTOSAIIMI 13 OTBETOB Ha BCE BOIIPOCHI,
KOTOPBIE yTabIBAIONINI CIIPOCUI TIPO X TIO
Jlopore B aTy BepimuHy. Ha pucynke 5 ator
ceprudMKAaT BBIMCAH SBHO JUUIs OJHON (3aK-
panrenHoii) Bepmunbl. Pasmep atoro cepru-
(pukara He MPEBOCXOUT BBHICOTHI JiepeBa, 1
6oJiee TOTO, KaK/Iblil BX0O/T X 06J1a/1aeT POBHO
OJTHUM TakuM ceprudurarom. TakuMm oGpa-
som, C(f,,) < D(f, ) n, 6osee toro (cpasnute
C 3aMeYaHueM B KOHIIE IIPebIAYIIero pasje-
JIa), MOCTPOEHHAsT HaMU CHCTeMa TOAKY6OB
sBasiercst pasbuenuem {0, 1}".

B o6parHyio CTOpPOHY 3TO HAMHOTO MeHee
OYEBU/THO.

Teopema 3 (Buas u ap., 2001). /[arsa
scaxot 6ynesou pynxyuu f, umeen D(f,) <
< C(f,)bs(f,) (umo < bs (f, )’ esudy meope-
Mot 2).

JToKa3aTeJIbCTBO 9TOI TEOPEMbI BBIXO/IUT 32
PaMKK HTOH CTaThu, HO OHA MO3BOJISIET 106a-
BUTb Paspeliaolniie JIepeBbst K CIUCKY Mep
CJIOJKHOCTH, ITOJIMHOMUAJIbHO SKBUBAJICHTHDIX
6]10qu171 IYBCTBUTEJbHOCTH. OTMeTnM JINIIb
OJIHO ee 3aMeyare/IbHOe CBOWCTBO: BEJNYUHDI
C(f,), s (f,) B mpaBoii acti umeror cyry6o

2020/Ne10

KOMOGHHATOPHYIO (MJTH TeOMETPIIECKY IO, ECJTH
YIOJIHO) mpuposy. B To ke Bpems paspe-
ITTAIOTINE IePEBbsT — 3TO KOHTIETIIS aJTOPUT-
muyeckas. Takum o6pasom, Teopema 3 yT-
BEpIK/AET CYIIEeCTBOBAHUE aJTOPUTMA, Kave-
CTBO PA6OTHI KOTOPOTO LEJTUKOM OIIPEIeISIET-
€51 KOMOMHATOPHBIMU CBONCTBAMU (DYHKITHH,
K KOTOPOIi OH IIPUMEHSETCH.

Bysesbl GpyHKIMH ¥ MOJAHHOMBI. B sTOM
pasjene Mbl paccmarpuBaeM 0 u 1 mpocTo Kak
BEIIIECTBEHHBIE YMCJIA, COBEPIIEHHO abCTpa-
TUPYSICh OT UX JIOTHYECKOTO cMbicia. Kpome
TOTO, Hac Gy/IeT MHTEPECOBaTh CJerka Goee
obmas curyarus f, : {0, 1}” — R, T1.e. 06J1a-
CTBIO OTIpe/ieseHns (yHKIMU [, Bce elre
CJIyKaT BEPIINHBI THIIEPKY6a, HO 3HAYCHUSI-
MH MOTYT GBITh YK€ TPOU3BOJIbHbBIC BEIIe-
CTBEHHBIE YHCJIA.

Mbi XOTHM TpeAcTaBuTh GyHKIUU [,
MaKCUMAJbHO MPOCTHIM BBIPAKEHUEM, TIPHU-
YeM TOJ[ <«MPEACTABJICHUEM» Mbl UMEEM B
BU/LY, UTO 3HAUYEHUE HAIIETO BHIPAKEHUS 10JI-
JKHO COBIIQJIaTh C [, TaM, riae ara (pyHKIs
onpezesena (r.e. npu x € {0,1}"), u moxer
BeCTH ce6s1 TTPOU3BOJIBHO HA BCEX OCTAJBHBIX.

Camblie TIPOCThIE W BayKHBIE aHATUTHYECKUE
BBIPAYKEHUS — 9TO IIOJUHOMBI (MHOTOUJICHDI)
OT HECKOJIbKUX TIEPEMEHHBIX, 1 OKa3bIBAET-
¢, 4TO B caMoM jesie Jso6as (YyHKITHS
f,:{0,1}" - R nomyckaer moJmHOMHMAND-
HOe TpejcTaBieHne. BoJiee TOro, B TakoM
IIPE/ICTABJICHUH HET Hy3K/bl B BbICHINX (> 2)
CTETEeHSIX O/THON M TOMU >Ke TTepeMeHHON: Tak
kak x; € {0,1}, 1o xf mpnm d>2 Bcerma
MOYKHO YIIPOCTUTD /10 X;. VIHBIME CJIOBaMH,
JIOCTATOYHO OTPAHUYUTHCS MYAMUAUHETHDL-
MU NOAUHOMAMU, T.€. TAKUMU, Y KOTOPBIX
CTETeHb TI0 KayK/0i mepeMeHHON He TTpeBoc-
xomut 1 (1, ciegoBaresbHO, CyMMapHast cre-
NeHb He MPEBOCXOANUT 7).

Vupaxuenue 135. [[okaxKuTe 910 yTBEPIK/IEHHE.

Vxasanue. Hanumure siBHy 10 opMy 1y, CBsI3bIBA-
omywo  f,(x,....x,) ¢ [, (%, %,,0) u
(g2, 1),

OKasbIBaeTCs, YTO TAKOE MPEACTABICHUE K
TOMY K€ M eMHCTBEHHO. TakuM 06pasoM,
Besikyio dynkimio £, : {0, 1} — R (i1, B gac-
THOCTH, BCSKYIO OyJieBy (DYHKIIHIO) MOKHO
OTOXKJIECTBUTD C €€ MYJIbTUJIMHEHHBIM MOJIH-
HOMUAJIbHBIM TTPE/ICTABICHIEM.
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Yuopaxunenue 16. [IpeacraBbTe B Bue MyJIbTHIN-
HENHBIX MOJMHOMOB BCe (_IJyHKLH/II/I Ha pUCYHKe 2.

Takum o6pasom, ¢ Kaxkmoil GyneBoit dyH-
KIueil f, MOKHO CBA3aTb ellle OAHNY Mepy
CJIOKHOCTH, HA ATOT pa3 ajire6panveckyio, a
umenno crenenp deg(f, ) npeacrassionero
ee MyJbTUJIMHEHHOro noJuHoMa. OTMeTuMm
ee BAKHOE OTJINYME OT BCEX paHee paccMOT-
PEHHBIX Mep. A UMEHHO, JI0 CUX 1I0p B Hallll
oTIpe/ieIeHNsT BXOANIN PasHOOOpasHbIE M-
HIMYMBI W MaKCHMyMBI, UTO Ha IPaKTHKe
Be/IET K TOMY, UTO BBIYHICJIUTD UX, WM JaxKe
IPUOM3UTD PA3yMHBIM 00Pa30M, MOKeT ObITh
nenpocto. Hampotus, crerenb deg (f,, ) coot-
BETCTBYET eOUHCMEEHHOMY TPeJCTABJIEHUIO
dyHKIMN f,, ¥, KaK CJE/ICTBUE, €€ MOXKHO
BBIUUCJIUTD SIBHO B OOJIBIIMHCTBE HHTEPEC-
HBIX CHUTyalllil, IPOCTO BLINKUCAB IIPEJICTAB-
JIATOIAN TTOJIMHOM.

Buaumo, ynraTesb yke gorajjajcs, K yemy
mbl Begem: crenenp deg(f,) oxaspiaercs
SKBUBAJICHTHOI BCeM paHee pacCMOTPEHHBIM
MepaM. /lokaszaTb HepaBEeHCTBO B OJJHY CTOPO-
HY /JIOBOJIbHO JIETKO.

Yupasxuenue 17. [lokaxure, uro deg(f, ) < D(f,).

B npyryio cropony zeJo mpejcTaBisercs
JIOBOJIBHO 3aTPYy/AHUTEIbHBIM: BCE, YTO Y HAC
€CTh — 3TO MYJIbTHJINHEHHBIN MOJTMHOM Ma-
JIOH CTETIeHN 1 3aBEPEHNS B TOM, UTO €CJIH MBI
B Hero nojcraBum 0 nam 1, To B pesyabTate
cuoBa nosyunrcsa 0 wam 1. Ham oxe nano
KaKNM-TO 06Pa3oM M3 3TOTO YCTAaHOBUTD, UYTO
noJiydentasi Takum o6pasom OyJeBa (yHK-
I[US1 UMEET BIIOJIHE OIPEeJeHHYI0 U IPUTOM
JIOBOJIBHO KeCTKYI0 CTPYyKTypy. Ha nomournb
IPUXOAUT GJIOYHAS YYBCTBUTEJHHOCTD: JI0-
KasbIBaeTcsl, 4To

deg(f,) 2 é,/bs(fn). 3)

[lokasaTeqbcTBO BecbMa HETPHUBUATIBHO W
UCTIONIb3YeT TIyOOKHi (DAKT U3 TEOPUH MOJIH-
HOMHAJIBbHON anmpoxcnMaln. ['py6o roBops,
OCHOBHast 11est CocTout BToM, utobs (£, ) = s —
3TO YTBEPIKIECHNE NO3UMUBGHOE, UIMEHHO 3THM
6J104HAsT 4yBCTBUTENBHOCTD U yzro6HA. OHO
03HAYACT CYU,ecmeosanue BXoja X u 6JIOKOB
B,..., B, c onipenieiennbiMu cBoiictBamu. [1o-
Ka3bIBaeTCA, YTO HAJIWYUE TaKuX X, By, ..., B,
HECOBMECTHMO C HAJINYNEM MOJIMHOMHAIbHO-
TO TPE/ICTABJICHUSA MAJIOH CTEeTICHN.
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B 3aksiouenue aToro paszesia OTMETUM, YTO
JIDYTOil BaKHOW XapaKTEPUCTUKOH OyJieBOM
yHKIIIU, B 0CO6EHHOCTH TPH PACCMOTPEHUN
BEPOATHOCTHBIX M KBAaHTOBBIX AJIOPUTMOB,

asercst ee npubausxennas cmenensdeg (f, ).
Ona omnpesiesisseTcsi Kak MUHUMAJIbHAS BO3-
MOJKHASI CTENeHb MYJIbTUINHEHOTO TIOJIMHO-
Map, (Xp,..., X, ), 01 KoToporo |p,, (..., x, ) -
-1, (x1,...,xn)| <1/3 paa Beex xe{0,1}
(TouHOE 3HAUEHNE KOHCTaHTBI 1/3 371€Ch GOJIb-
IIOH POJIN HE UTPAET, BASKHO JIUIIb, YTO OHA
MembIne 1/ 2). B artoMm omnpejejaeHun yixe
IPUCYTCTBYET MUHUMYM, TIO9TOMY MPHG.IH-
JKEHHAsl CTEIeHb — HAMHOTO GoJiee CI0KHAS
BeJIMYnHa, YeM 00bIKHOBeHHas . CKakeM, fasKe
JUIs mpocToii dyHKIMH Ha pucyHke 6 0-

X X Xy X Xp X

Puc. 6

X,

an XnZ nn

Ka3aTeJbCTBO TOLO, 4YTO €e HPUOIUKECHHAS
CTenenb JUHEHa 110 72, 0TPe60BaI0 MHOTHX
JieT paGoThI 1 OBLIO TIOJYYeHO CPABHUTETIHHO
HEJAaBHO CIIELUAIbHO pa3palOTaHHBIM /IS
stoii nemun merogom (Byn, Tamep (Bun,
Thaler), 2013; Ilepcros, 2014).

OpHako eci Mbl paboTaeM «C TOYHOCTBIO
JI0 IOJMHOMAa», TO NPUOIMKECHHAS CTEIICHD
IOIIOJIHSET HAlly KOJLIEKIMIO MEpP, MOJIMHO-
MaJIbHO SKBUBAJEHTHBIX GJOYHON YyBCTBH-
renproct. Hepasenctso deg(f,) < deg(f,)
OYEBH/IHO, a METOJI, UCIIOJIb3YEMbIH A J10-
KasaTesJbcTBa HybkHell onenkn (3) ma cre-
IeHb, C TEM e yclexoM paGoTaer u /s
IpUOIMKEHHON cTeneHy.

MBI 03HAKOMUJIUCH C HEKOTOPbIMU 6a30-
BBIMI Me€paMU CJIOKHOCTH OYJIEBBIX (DyHK-
nuit. HecMOTp4 Ha TO, 4TO OHU UMEIOT COBCEM
PasHylo NPUPOLY, BCE OHU IKBUBAJECHTHBI
APYT APYTY B HEKOTOPOM Pa3yMHOM CMBICJIE,
kpome (10 2019 roga!) o6bIKHOBEHHON 1yB-
ctBuTebHocT. OCTAIOCh CKA3aTh HECKOJIb-
KO CJIOB O JI0OKa3aTesibcTBe Xyama, JHUIMA-
meM OGBIKHOBEHHYIO 4yBCTBUTEJIBHOCTD €€
ocoboro craryca.
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Biouynasi 4yBCTBUTEJIbHOCTh NMOJHMHOMM-
aJlbHO 3JKBHBAJIEHTHA YYBCTBUTEJIbHOCTH.
[lokasatesbcTBo u3 [ 1] cymiecTBeHHO ommpa-
eTcsl Ha Tpeaplaynryio pa6ory lotcmaHa u
Jlnrmama (1997), B KOTOpOil IpemIoKeHa
ele OJHAa XapaKrepusanus OJOYHOW UyB-
CTBUTEJBHOCTH, U MBI HAUHEM C 9TOI pabOThI,
TeM 6oJiee UTO HTa YACTh OYTH 2JIeMEHTapHA.

OTIpaBHOI TOYKOII [/ HAC CIyKUT Gy.Jie-
Ba Gyukums f, ¢ deg(f,)=d, a B kouue
Gyzter nokazaro, uto s (f,) > d".

[TepBoe HabJt0/iIeHNE COCTOUT B TOM, 4TO
6e3 orpanuyuenus OGITHOCTH MOYKHO CUUTATD
d =n. [l 3TOTO OCTATOYHO B MPEJCTABJIS-
IONEM f, TOJMHOME BbIJIENUTDH MPOU3BOJIb-
HbBIIl YJIEH CcTaplieil CTemeHu, CKakeM
o, Xy ... x, (rie o # 0). IlogcraBuM BMeECTO
OCTABIINXCS TIEPEMEHHBIX Xy, {, ..., X, TPOU3-
BosibHble 0—1 3Havenus (Hanpumep, Hym).
Jlerko MOHSATH, YTO OT TAaKOil OMepaIuy CTe-
MeHb TOJUHOMA YMEHBITUTHCS HE MOXKET,
MPOCTO TOTOMY UYTO UJEH OLY;...X; MBI He
TpOTraeM M COKpanaTbes eMy OyJeT He ¢ KeM.
C zipyToii CTOPOHBI, 4yBCTBUTEIBHOCTD (KaK,
BIIPOYEM, U BCE OCTAJbHBIE PACCMOTPEHHDIE B
9TOH CTaTbe MEPBI) OT TaKOH IIOACTAHOBKU
MOJKET TOJIBKO YMEHbBITUTDHCS.

Yuopaxuenue 18. /lokaxkure 310 yTBEp:KACHUE.

Wrak, mpeamosioKnM, 9TO CTapIIni 4JaeH
X(Xy...X, NPHUCYTCTBYET B [, C HEHYJEBHIM
koadpdurmentom o. OxaspiBaercs, 4TO O
MMeeT OY€Hb 0JIe3HOe KOMOUHATOPHOE OITH-
canne. Pa3BepueM Haur rurepky6, 4To6bl Ha
Ka’K/IOM TOPH30HTAJIbHOM YPOBHE OKa3aJIHCh
BXO/IbI C O/IMHAKOBBIM KOJIMYECTBOM €/[IHUIL,
1 TIOMEHSEM IIBET BEpPIIMH C KPACHOTO Ha
3eJIeHbIIl 1 HA060POT, HO TOJBKO HAa HEYeT-
HbIX ypoBHsix (puc.7).

N

MAJ;(x, 25, 205)

Puc. 7

2020/Ne10

Yro npousoiijier oT Takoii onepanun? Bo-
nepsbIX, pazpes Cut (f, ) IPeBpaTUTCS B MHO-
JKECTBO MOHOXpOMAaTH4YecKnx pebep, T.e. Ta-
KHUX, Y KOTOPBIX 06a KOHIIA TOKpAIIeHbI B
00um 1iBet. TeM caMbIM, €CJIi Mbl DPACCMOTPUM
nozarpadot G, R,, MHAYIIMPOBAHHbIE 3€/I€HbI-
MU 1 KpacHbIMH (B HOBOIT packpacke!) Beprim-
HAaMH COOTBETCTBEHHO, TO § (f,, ) cTaHeT He yeM
b, kax max (A(G,),A(R,)), rae A(G) -
MaKCUMaJbHAasI CTelleHb Bepiuibl B rpade G.

OxaspiBaercs, 4To KOG PUITUEHT O TTPOCTO
uaMepsier «Hec6aJaHCHPOBAHHOCTbY» HAIIeit
HOBOIl packpacku. DBosee Touno, ecuan
9, =|[V(G,) u r,=|V(R,) - xommuecrsa
«HOBBIX» 3€JIEHBIX U KPACHBIX BEPIIHWH, TO
UMeeT MeCTO COOTHOIIIEHTIE

g, -1, =0-2"

[l1 Hac eIWHCTBEHHO BAXXHO, UTO ¢, # 7,
T.€. 4TO OJIHO W3 3THX umcea (ckaxem, g,)
crporo Goupiie 2",

Taxkum 06pa3oM, HaM <«BCETO JINIIb» OCTa-
JIOCh TI0Ka3aTb, YTO OJs NPOUIBOJLHOZO
noomnoxecmea V, < {0,1}" ¢ |V,|>2"" ¢
UHOYYUPOBAHHOM IMUM  NOOMHOKECTNEOM
epaghe H, ecmov eéepuuna cmenenu = n'?.

Yunpaxknenue 19. ITokaxure, 4TO 9T0 yTBEpIK/e-
HUE CTaHeT HEBEPHbIM, €CJIi HePaBeHCTBO T,Vn| > 2t
3aMEHUTb Ha HECTPOroe.

IT0 U ecTb cBeAeHne ['orcmana—/Inamasa.
JlJis1 IOJTHOTBI KapTHHBI OTMETUM, YTO OHO
paboraet B 06e CTOPOHbBI, U €CJIU B Bbl/I€JIEH-
HOM KYPCHUBOM YTBEPIKIEHUM 3aMEeHUTD n'/?
Ha n 18 IPOU3BOJILHON KOHCTAHTBI €, TO
MOJIYYUTCST ellle OfHa 1epedopMyJJIHPOBKa
TUITOTE3bI 0 GJIOYHON 4yBCTBUTENbHOCTH.

Wrak, HIDKHSS OlleHKAa HA MaKCHUMaJbHYIO
cTerenb H, ¥ ecTb TO, UTO JIOKA3bIBaeT XyaH.
JloKa3aTesbcTBO HECTOKHO JIJISI TOHUMAHWS,
HO WCTHOJb3yeT HEKOTOpPbIE dJeMeHTapHbIe
(Ha ypoBHe mepBoro Kypca Jo6oro mMarema-
THYeCKOTo (hakyIbTeTa) PaKkThl 13 JMHEHHOIT
anre6pbl. CTporo ux GopMyIupoBaTh, a TEM
6oJiee OKA3bIBaTh, Y HAC BOBMOYKHOCTH HET,
HO HEKOTOpOe TIPeICTaBJeHNE, O YeM WUIeT
peub, MBI IaTh MOKEM.

Mampuueti na3piBaeTcs KBajpaTHas Tab-
gutta A pa3mepa N x N, cocTogriasg U3 Ynce
a;; 1<i<N,1<j<N) . Marpuua A na-
3BIBACTCS CUMMEMPUUHOU, €CTTN d; ; = d; ; IS
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1 22 1
A=(2 1 -2 X=11
-2 -2 1 -1

)

AX =15

-5

Puc. 8

Bcex i, j. Ha xkapTwHKe 3TO 0O3HAUaeT, 4YTO
MaTPHIIA HE UBMEHUTCS TPU OTPAKEHUH OT-
HOCHUTEJIBHO 21d6HOU OUAZOHAIU, NTYTIEN 13
JIEBOTO BEPXHEro B TPaBbIil HWKHUN yroJ
(puc.8). B ocrabmeiics yacTi craTbu Hac
6yZlyT UHTEpPEeCcOBATb HUCKJIOUUTETHHO CUM-
MeTpU4ecKre MaTpHILbI.

Bexmop pasmeprnocmu N — ato cronben X
BbICOTBI N, TaKKe COCTOSIIIMIT U3 4nces X;
(1<j<N). Marpuny A pasmepa N xN
BCET/Ia MOKHO YMHOXKUTDH HA BEKTOP TOIH Ke
pasmepHocTH N; TTOJTYYUTCS HOBBIN BEKTOP,
KOTOpBI oGo3Havaercss vepe3 AX. B i-it
MTO3UIUN ITOTO BEKTOPA MOMEIIAETCS 3HAaUe-
HUE CYMMBI @; Xy + ... + @; y X ; TPUMED TAKO-
rO BBIYUCJIEHUS MPUBE/IEH HA PUCYHKE 8.

ITOT TIpUMep WHTEPECEH elle W TOTOMY,
4yTO BeKTOp AX OKa3bIBaeTCs 2oMomemuuen
HCXOJHOMY BEKTOPY X, T.€. CYLIeCTBYeT Ta-
koe uncao A, uro (AX), =Ax; anst Beex
1<i £ N, um, B BEKTOPHBIX 0003HAYEHUSIX,
AX =AX. Bekropsl, o6majgaioniue THM
3aMevaTeTbHBIM CBOWCTBOM, HAa3bIBAIOTCS
cobcmeennvimu (s MaTpuibl A), a «kKoad-
dunment romoretnn»® A — cobcmeennvimn
3HauenueM, COOTBETCTBYIONMM COOCTBEHHO-
My BeKTOpy X. Y KaKJOW MaTpHUIbl eCTb
TPUBHUAJTBHBIN COOCTBEHHBIN BEKTOP, a UMEH-
HO, COCTOSIIIINN W3 OAHMX HYyJel Hy.1esou
6€Kmop, HO Ha IEPBBII B3TJIA/ HEIOHATHO,
noyeMy y A HelnpeMeHHO [[O0JIKHBI ObITb Ka-
KHe-TO JIpyTue.

Ha camom jnesie y npousBoJibHoi (T.e. He
006513aTeIbHO CUMMETPHYECKON ) MaTPUILbI UX

3 Koaddurment A BriosHe MokeT ObITh HY.JIe-
BBIM MJIU OTPUIATEbHBIM!

BIIOJIHE MOJKET U He OKa3aThCs, U JIJIST ITOJTHO-
ro MOHUMAHUS KapTHHBI HEOOXOIMMO TIPH-
BJIEKaTh KOMILIEKCHBbIe yncaa. Ho maaa cum-
METPUUYECKIX MAaTPUIL BCE CYTIECTBEHHO MTPO-
e: BCsKas Takasg Marpuila o6Jjajiaer moJ-
HbIM HabopoM X 1,...,X N 1uneiino ne3zaBu-
cumbix (cM. ciemyomuii a6san) co6CTBEH-
HBIX BEKTOpPOB. Tak, HampuMmep, Halla MaT-
punia A Ha pucyHKe 8, TOMUMO y>Ke U3BECT-
HOTO HaM coOcTBeHHOTrO BekTopa X = X ! 06-
Janaet eme ABymd, X 21 X3, Tem cambiM y
HAC TaKKe TMOSBJSETCST HAaOOP COOCTBEHHBIX
3HAYEHUH Ay,..., Ay, COOTBETCTBYIONIHNX 3THM
COGCTBEHHBIM BeKTOpaM, npuueM (Bce 31O
HAa/I0 JIOKA3bIBaTh, KOHEUHO) ¢ TOYHOCTBIO 10
MEPECTAHOBKHU 3TOT HAGOP 3aBUCHUT TOJIHKO OT
MaTpullbl A U HasbIBaeTcd ee cnekmpor. B
HaIlleM IIpuMepe CIIeKTP MaTPHUILbI COCTOUT U3
wucen (5,—1,—1); o6parute BHUMaHue, 4TO B
HEM TIOSIBJISIOTCST HE TOTbKO OTPHUIATEIbHBIE
YHCJa, HO M KpaTHbIe 3HAYEHWS, T.€. OJTHOMY
U TOMY Ke COOCTBEHHOMY 3HAUYEHWIO MOTYT
COOTBETCTBOBATh HECKOIBbKO (JIMHEITHO He3a-
BUCHMBIX!) COGCTBEHHBIX BEKTOPOB.

B 3axJsioduenue Halrero KpaTkoro akcKypcea
B JIMHENHYIO aire6py CKajkeM, KaK MblI YiKe
o6elaan, HECKOJbKO CJOB IPO TEOPHUIO
pasMepHoCcTH. BekTopbl Xt xM pasmep-
Hoct N Ha3bIBAIOTCS AUHECUHO He3AGUCUMDBL-
Mu, ecJy He CYIeCTByeT HUKAKOW HeTPUBU-
abHOM (T.e. TaKOii, B KOTOPOH XOTs GbI OHO
U3 O; OTJIMYHO OT 0) suHeitHOM KOMOUHAITIHT
o X+ 4oy, XM PaBHON HYJIEBOMY BEK-
Topy. Uncso TMHEHO He3aBUCUMBIX BEKTO-
poB M B Takoil cucTeMe HE TTPEBOCXOIUT
pasmepHoctu N, n B cayuae M = N cucrema
JINHETHO HEe3aBUCUMBIX BEKTOPOB HA3bIBAETCS
6asucom. Ba3uchl MOKHO TaKKe OXapaKTepH-
30BaTh B IPOTUBONOJIOKHBIX (IIH, KaK 4acTo
FOBOPAT MaTeMaTUKU, OGOUCMEEHHBIX) Tep-
MmuHax. menHo, cucreMma X1,...,XN N-mep-
HBIX BEKTOPOB SIBJsiETCST GA3UCOM TOTJA U
TOJIbKO TOT/Ia, KOorja Jio6oi apyroi N-mep-
HBII BeKTOp Y MOXHO BBIPA3uTb B BHUJE
mmneiinoii kKomOnHamm o, X'+ ...+ oy X V.

YnpaxHeHus

20. /loxaskure, 4TO €CJIH X1,...,XN — 6asuc, 10O
BCSIKMIA N-MEpHDIiT BEKTOP 00J1a/1aeT € IHHCTBEHHBIM
npeJjicTaBIeHueM BHJa oc1X1 +..+ OLNXN.
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21. IIpoBepbTe, YTO BEKTOPDI X', X2 X3 ua pu-
cyHke 8 o6pasyioT 6asuc.

Bepuemcst K J0Ka3aTeIbCTBY BbIIEJIEHHOTO
KYPCHBOM YTBED3K/EHUS TIepejl YIIPaKHEeH!-
em 19. B xauectBe nepBoro nrara XyaH KOH-
CTPYHPYET CHEIUATbHYIO CHMMETPHYECKYIO
MmaTpuiy A, pasmepa N XN, tame N =27,
CTPOKM ¥ CTOJIOIBI KOTOPOH 3aHYMEPOBaHbI
BCeMHM BepummHamu runepkyba x, y (a mHe
TOJIBKO aJyieMenTamMu V,). Bce asieMeHTbl B
atoit Marpuiie pasubl 0, 1 nwaun —1, mpuyem
A, (x,y) =0 Torxa u TOILKO TOT/A, KOT/A X
u y He coeauHeHbl pebpom (B yacTHOCTH,
A, (x,x)=0 nwa amaronamm).

Ecnn 6br Bxoxaenuit —1 B maTpuiie A, ne
6b1710 BOOOIIIE, TO OHA HA3BIBAJIACH ObI MAM-
puueti cmexnocmu (runepky6a); 910 OUEHb
BaKHBII 00BEKT B Teopuu rpacoB. Ee crexktp
XOPOIIIO W3BECTeH, HO OH He TOT, Y4TO HaM
HykeH. IlyTem samensr 1 Ha —1 B mpaBMJIh-
HBIM 06pa3oM BLIGPAHHBIX MeCTaxX y/AaeTrcs
JIOOUTBCS TOTO, YTO CIEKTP OYJIeT COCTOSATDH
poBro u3 N/2 snauernii n'/? u N/2 smauermii
_—

[lanee, MHOXeCTBO BepIHH V, ompesenser
CUMMeTpUYecKylo roaMarpully B, B A,. Ita
MoIMATPUIIA UMeeT OOJIBITION pasMep, U Mbl
XOTHUM BBIBECTH OTCIOJIa Kakoe-HUOYIb He-
TPUBHAJIbHOE 3aKJIOYEHUE TIPO ee CIEeKTP.
Culerka yrpoiast 10Ka3areabcTBO XyaHa,
DPACCMOTPHUM CHCTEMY, COCTOSMIYI0 u3 N/2
JINHENTHO HE3aBUCHMBIX COOCTBEHHBIX BEKTO-
posB X L xN /2 MaTpuipl A, , COOTBETCTBYIO-
nmx cobersennoMy suadenmio n'/?, a Takxke
BEKTOPOB Y ?, [T K&KJIOT0 v € V, | B KOTOPBIX
B o-l mo3uimu crouT 1, a BCce OCTAJbHBbIE
MO3UTMN  3ATIOJTHEHbI HYJISIMU. BeKTopoB B
3TOIl cucreme cTporo 6oJibie, 4yeM N, moaTomy
6a3ncom oHa ObITh He MoxKeT. CJie/oBaTeIbHO,
CYIIECTBYET HETPUBHAIBLHOE PABEHCTBO BUA

o X"+ o, XV 4 Yoey, BY? = 0; ser0

BY"

|
nonsts (nmposepbre!), uTo TOrAA Zuev,,

2020/Ne10

6y}_‘[eT HEeTpUBHAJIbHBIM COOCTBEHHBIM BEKTO-

POM MaTpulibl Bn? n eMy BCe €llle COOTBET-
CTBYET coOCTBEHHOE 3HAYECHUE 7’l1/2.

HaKOHeL[ JOKa3blBaeTCAa, 4YTO MaKCUMaJIb-
Had CTelleHb B rpa(be Hn He MeHblie, 4eM
11060€e cOOCTBEHHOE 3HAUECHUE MaTpHUILbl Bn
Ecou 661 oTpuniatesibHbIX BXOXKAeHUH —1 B
matpuiie B, He 6b1710 (1.€. B, 6blia Gbl IPOCTO
MaTpuIeil CMEKHOCTH ), TO 3TOT (PAKT IHPO-
KO U3BECTEH N HE MEHEE IMNPOKO IIPUMEHATCA
B Teopuu TpadoB. 3aMeHa HeKoTopbixX 1 Ha—1
9TOMY PaCCYIKACHUIO TOJbKO IIOMOTa€T, 1 3TO
JIETKO IIPOBEPAETCA.

Yupasknenne 22. [Iyctb G — nponsBoibHbIN rpad
¢ MHOZKECTBOM BEPIITHH {1, 2. N} u A — IPOU3BOJIb-
Hasi cUMMeTpuyeckast Marpuiia pasmepa N X N Ta-
Kasi, 410 d; ; = 0, ecaint i u j He coeMHEHBI PEGPOM,
ua; ; = *1, ecimn coepnnensr. Jlokakute, 4TO BCAKOE
coOCTBEHHOE 3HaueHne A Marpuiipl A He IPEBOCXO-
JIIT MaKCUMAaJIbHON CTelleHn A(G) rpada G.

Bot cobcTBenmo n Bee.

B sakmouenme xoueTcs OTMETUTD, ITO BaK-
HbIE€ MAaTEMATUYCCKNE OTKPBITASA TPOUCXOIAT
mo-pa3HoMy. bbiBaet, uTo perenue Tpedyer
MOCTPOEHUST TIYOGOKUX W BAKHBIX TEOPHIi,
YCUJINN HECKOJbKUX TMOKOJeHWl Maremaru-
KOB U T.[. A ObIBaeT, KaK B HaIlleM CJydYae,
YTO BCeE, 4UTO 1JIdA 3TOTO TpeéyeTCH, — 9TO O/IlHa
KpacuBad W HEOKUIaHHaA HEA. HpeﬂeCTb
MaTeMaTUuKu (OﬂHa n3 MHOFI/IX) COCTOUT B ee
HENpeaCKa3dyeMOCTH: IIpeayTraaTb pa3BUTHE
COOBITH 3apaHee COBEPIICHHO HEBO3MOJKHO.

NutepaTtypa
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3. P.Hatami, R.Kulkarni, and D.Pankratoov.
Variations on the sensitivity conjecture. — Theory of
Computing Library, Graduate Surveys, 4:1-27,
2011.



Sadayuu

1. Ha nocke WKOoNbHMK Hanmcan HeBepHOoe
PaBeHCTBO:

CoTpuTe OfHY YepTy, HTOObI PaBEHCTBO CTa-
1O BEPHbIM.

2. MoxeT 1 NpounsBeaeHMe AByX nocse-
[0BaTeflbHbIX HATyPabHbIX Y/CEN PABHATb-
CSl MPOV3BEAEHMNIO ABYX NMOCNEA0BaTENbHbIX
YeTHbIX Yncen?

3 . Kaxpas rpaHb kyOuvika pasgeneHa Ha 4
KkBagpaTa. Kaxabivi kKBagpaT okpalleH B OAnH
M3 Tpex LBETOB — CUHUW, XeNTbi nnn

KpacHbI — Tak, YTO KBaApaTbl, MMeloLie
00LLLylo CTOPOHY, OKpaLlleHbl B pa3Hble LBETa.
CKOMbKO MOXET OblTb CUHMX KBaLPaTOB?

4. Nmeetcs 100 kapTodek. Kakume 6bl 50 13
HUX HY B3SITb, CPEAM HNX MOXHO BbIOpaTh 30
TaKux, 4TO Kakme Obl 20 N3 HUX HU B3ATb, 13
HUX MOXHO BbIOpaThb 10 Takmx, YTO Kakue Obl
5 W3 HUX HW B3ATb, CPEOM HUX OKaXeTCH He
MeHee 3 KpacHbIX KapTodek. B To xe Bpems
Kakue Obl 80 kapTodek 13 100 HK B3ATb,
CPean HUX MOXHO BbIOpaTb 20 TakWXx, 4TO

Kakne Obl 10 M3 HMX HW B3ATb, CPeOU HUX
OKaXeTCs He MeHee 2 CMHKX KapToyek. CKkosb-
KO KpaCHbIX N CKOJIbKO CUHKX KapToqu
HaxoaouTca B Konoge?

ABTOP 311X 33494 — B.B.[lpor380/108

Unmocrpaupm L1 puiuykosori
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3apaun M2622-M2625, ©2629-d2632

M2622. Touku E, F, G, H paciioJioskeHbl Ha
croponax DA, AB, BC, CD pom6a ABCD
COOTBETCTBEHHO Tak, uTo oTpe3ku EF u GH
KacaloTcd BIUCAHHONW B POMO OKPYKHOCTH

B G C

A E D
Puc. 1

(puc.1). [lokaxure, uto FG || HE .
B. Ausenwmaom

M2623. B omnokpyroBom (pyT6OIHLHOM TYP-
HUpEe Bce KOMaH/(bl HAaOpau pasHoe UYMCJIO
oukoB. Ecsim 61 32 mobey maBaju He TPH, a
JIBa 0YKa, TO Y BCEX KOMAaH/ TOJKe OKa3aJ0Ch
ObI Pa3HOE YHCJIO OYKOB, HO 3aHATOE MECTO Y
KaKI0# KoMamzabl 6bLI0 Obl apyrum. [lpm
KaKOM HalMeHbIIIeM YUCJIe KOMaHJ 3TO BO3-
MOSKHO?

A.3acrasckuil

M2624*. Jlaupl n > 2 HATypaJTbHBIX YHCE]
a; < a, <...<a, Takux, 410 @, < 2a;. Illycrb
KOJIMYECTBO PA3JINYHbBIX IIPOCTDIX JlenTe el
YUCIa Aydy ...d, paBHO m. Jlokaxmure, 4TO
(ayay...a,)"" = (n))".

/. Bypex (IToavwa)

M2625. Ha xuerdaroii 6ymare HapucoBaHa
cBg3Hag kjaervaras ¢urypa @. l3BectHo,

yTo urypy @ MOKHO
paspesarb Kak Ha KBaj-
parbl 2X2, Tak U Ha
burypku tuna Z (puc.2)
Jlokaskute, uTO B hbury-
pe @ ecTb abIpKA.
IO0.Mapxenos,
A.Caiipanos

Puc. 2

®2629. Jlerkasg ynpyras maactuia (KOH-
COJIb) AJMUHON L, OJUH U3 KOHI[OB KOTOPOI
3aKpelieH B CTeHe, IO/ JEHCTBUEM TPy3a
Maccoit m nporuGaercst Ha BeJuduHy 2 < L
(puc.3). Bes tpysa Ha CcBOGOJHOM KOHIIE
IJIaCTUHA TOpU3OHTaNbHA. Kakyio pabory

Puc. 3

HYJKHO COBEPIIHTD, YTOOBI TAKYIO K€ TIJIACTH-
HY CBEPHYTDb B KOJIBIO?
A.Baacos

®2630. Kocmonaster Ha MKC mamum B
O4YepeTHOM «TPY30BHUKE» TOHKOCTECHHYIO ITH-
JIMHJIPUYECKYIO TPYOy Maccoit m = 1 Kr, 1u-
HOWW L =1 M ¥ BHYTPEHHUM CeYEHUEM
S =10 cm®. Okasazoch, uTO BHYTpeHHAA
HOBEPXHOCTH TPYObI 3aMeYaTeIbHO CMauNBa-
eTcsl BOJION, a BHEIHSST COBCEM He CMavylBa-
ercs. V3 mmpuna BHYTpb TPYObI BbIIABUIIN
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BoAy. [lesanu aT0 O4eHb aKKYPaTHO, TaK YTO
HU OJIHOTO IIy3bIPbKAa BO3/yXa B TpyOe He
okasaJyioch. Tpy6a ¢ BOMOI BHYTPH JI0JTOE
BpeMs B HETIOJBUKHOCTH «BUCEJA» TTOCPEIN
KOCMHWYECKOI TabopaTtopun, TIOKa ee cayJaii-
HO HE TOJKHYJIN B HATTPABJICHUN OCH CUMMET-
puu. Tosuok OblJ KPAaTKOBPEMEHHBIM,
At <107 ¢, u Tpy6a mpuobpesa CKOPOCTh
0 =1 cMm/c. B fanbueiimem Tpy6a TO OCTaHAB-
JIUBAJIACh, TO BHOBH JIBUTAJIACh C TIpuoOpe-
TEHHOU 1IpHU yJape cKopocTbio. Uepes 60Jb-
III0€ BPeMsI CKOPOCTDb TPYOBI C BOJION YCTAHO-
Busach 1 craga pasuoii 0,5 cm/c. Onenure
nepuo/i KoiebGaHuii CUCTEMbI «BOJA-TPYOas .
KoaddutmeHnT moBepXHOCTHOTO HATSKEHUST
Boabi o = (0,07 [I;K/ M2, BA3KOCTBIO BO/IbI [IpU
pacdere niepro/ia KoJjeGaHuii MOKHO mpeHe6-
peyb.

I'. Azapun

@2631. KoJsiekTopHbIii IBUTATEb TOCTOSTH-
HOTO TOKa, WMEIOMUNCS B 3JEKTPOJPEH,
npu mojade Ha Hero Hanpspkenuss 100 B
ppaiaercss (Ha XOJOCTOM XOiy), Jeas B
ycranoBusiemcst pexkume 1000 o60poToB B
Munyty. Ilpu cBepJsiennu oTBepcTus B Jiepese
JIBUTATEJIb IIPOU3BOJUT MEXAHUYECKYIO MOIIL-
HocTh 100 Bt mHa 700 o6opoTax B MHUHYTY
npn Hanpspkeann Ha Hem 100 B. Kakyro
MaKCUMAJbHYI0 MEXaHWYECKYI0 MOIIHOCTD
CMOXKET B TeYeHHUe [IJIUTEJHbHOTO BpPEMEHU
pa3BUBATh TaKOU JBUTATEJb, €CJU Ha HETO
nojsath Hanpsokenne 220 B?

/l. Penes

@2632. /1151 3ByKOBOTO YCHUJIUTES NCTIOND-
3yercsl OJIOK TTUTAaHUS ¢ TPaHCHOPMATOPOM.
B HeM ecTb ABYXIIOIYTIEpPUOIHBIN BBITPSIMU-
TeJIb U3 YeTbIpexX ujeaqbHbIX JAUON0B. llep-
BUYHasi oOMOTKa TpaHchopMaropa BKJIIOYE-
Ha B cetb (220 B, 50 I'm). Ha BbIxOzIE
BTOPUYHON OOMOTKH 3(hHEKTUBHOE HaIpsi-
skenue paBao U =12 B, oHo nojiano Ha atot
caMblil BBITIPSIMHUTEb. AMIEPMETP TMOCTOSTH-
HOT'O TOKA, BKJIIOUEHHBIN MEXK/TY BBITTPSIMUTE-
JIEM W YCUJIUTEJIEM,, TTOKA3bIBAET CPEJTHUN TOK
I=1 A. Ycunurenp paborta, HO NPOTHBHO
rynes Ha gactote 100 I'm n ee TapMoHMKax,
TaK KaK KOHJIEHCATOP, CTOSIBIIHII Ha BBIXOJIE
BBITIPSIMUTEJIS TTAPAJIJIEJbHO Harpys3Ke, BbI-
mes u3 crposi. B pacnopsizkennn Bacn oka3za-
JUCHh JBa KOHJEHCATOPAa EMKOCTSIMHU

«KBAHTA »

C, =C, =10° Mx® u [Be KATYIKH HHIYK-
tuBHOCTAMU L = L,. Baca cobpan Taxyio
cxeMy, uro ryjgenue na yacrore 100 I'u po-
masgo BOBCE, a Ha APYTUX YacTOTaxX 3HAYM-
TeJbHO yMeHbIIUJoch. Hapucyiite cxewmy,
npugymannyio Baceii. Uemy paBHO compo-
THBJICHNE Harpy3ku? KakoBa HHyKTUBHOCTD
karymek? Cuwuraiite, 4ro Harpyska mpej-
cTaBJsAeT co60il aKTHBHOE CONPOTUBIICHHE 1
OHO OCTaBaJIOCh HEU3MEHHDIM.
C.Amumpues

PeweHusa 3apay M2610-M2613,
D2617-P2620

M2610. Bepwunv npasuivnozo cmoyzoiv-
Huxa nokpawenvt 6 10 yeemos. Jokaxume,
YUMo MOKHO 6blOpamv 4 eepuiuivt 3mMozo
CMOY20NbHUKA, SABAAIOUUECS BEPULUNAMU
NPAMOYZOILHUKA U NOKPAWEHHble He 6oee
uem 6 064 PAIUUHBLIY UBEMA.

Broumiem paHsblil CTOYrOJIbHUK B OKPYX-
Hoctb. Pacemorpum kask/ipiii u3 50 quamer-
poB, 06pa3yeMbIX BepIINHAMU CTOYTOJbHU-
Ka. 3aMeTuM, 4TO ecjid CPeid HUX eCTb JABA
JIMaMeTpa, JJis KOTOPBIX HAGOp I[BETOB BEp-
IIMH COBIAJIAET, TO YETbIPe KOHIIA ITUX /1A~
MeTpoB 06pa3yioT MOAXOAIINIT O/ yCJI0BUE
MpsSMOYTOJbHUK. BapmaHTOB pacKkpacuTb
KOHIIBI JUaMeTpa B [Ba PA3JNYHBIX IIBETA
(6e3 yuera mopsaka) Bcero 10-9:2 =45,
3HAUUT, €CH TTOAXOASIINN TPSMOYTOJbHUK
ele He HAlleH, HAayTcss XOTs Obl IATh
JINAMETPOB, KOHIIBI KOTOPBIX OJHOI[BETHBHI.
BoiGepem Jsto6bie Ba, UX KOHIIBI 00Pa3yioT
MOJXOSIIII TTPSIMOYTOJIbHUK.

E.Baxaes

M2611. /Jlan mpeyzonvnux ABC, 8 xomopon
AB # AC (puc.1). ITycmv M — cepeduna
ompeska AB, K — cepeduna dyeu BAC
ONUCAHHOU OKPYKHOCTNU MPEY2ONbHUKA
ABC, a P — mou-
Kd, 6 Komopou ce-
pedunnvLil nepnem-
Juxyasap x AC ne-
pecexaem Guccex-
mpucy yeaa BAC.
Jloxaxume, umo
mouku A, M, K, P
aexam Ha 00HOU
OKPYIKHOCU.

Puc. 7
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Puc. 2 L

ITIycte KL 1 AD — quameTpbl OKPY>KHOCTH
(ABC) (puc.2). Torma AKDL — npsiMoy-
TOJIBHUK, TIeHTP O KOTOPOTO SIBJISETCS 1EHT-
pom oxpy:kHocTu. O603HaUNM uepe3 [ Ty u3
oceil cuMMmeTpuu npsamoyroiabinka AKDL,
KoTopad IapaJuienbia AL.

3ameruM, uto AL — 6uccekrpuca yriaa BAC.
Orciona P = ALNON, the N — cepeaunHa
AC.

Cepeaunnbie neprieHuKyasspet OM 1 ON K
cropoHaM AB n AC cocTaBJsiiOT paBHbIE
yrabt ¢ AL, noatomy OM u ON cummerpny-
HBI OTHOCHTeNbHO [. 3Haumt, Touku P u
QO =KDNOM cuMMeTpuIHbl OTHOCHUTEJIb-
HO [, TeM cambiM AKQP — npsMOYTOJIbHUK,
n toukn A, K, Q, P nexar Ha OKpYKHOCTH
o ¢ auamerpom AQ. Ho mnockouabky
AM 1 OM (AB 1L OM), touka M Ttaxxke
JIEKUT Ha . 3ajiaua pernieHa.

3aMeTnM, 4TO «YJOXKUTb» YETbIpe TOYKU Ha
O/IHYy OKPY’KHOCTb IIOMOIJIA HOBas, IsATas
Touka Q, JMaMeTPaTbHO TPOTHBOMOJIOKHAS
TouKe A B HY>KHOI HaM OKpyskHOCTH (0 TaKOM
npueMe JI0Ka3aTebCTBA BIMCAHHOCTH Pac-
ckasano B cratbe E.Bakaesa, I1. KosxkeBHUKO-
Ba u W.AxoBaesa «llepnennukyasapsr n eme
O/IMH IIPU3HAK BIUCAHHOIO YETbIPEXYTOJib-
Huka» B «KBanre» Ne5—6 3a 2015 1.).
[IpuBeeM cxeMy elie oaHoro pernenus (ero
MPUAYMaI HEKOTOPbIe yYacTHUKM KaBrasc-
KOW OJIMMIIMA/IbI, Ha KOTOPOU IIpe/iiarajach
ata 3azada). Ha myde CA OTJIOKNUM OTPE30K
CS, pasubiit AB/2 (puc.3). V13 paBencTBa
CS = BM MO>XHO BBIBECTH PaBEHCTBO Tpey-
rospHukoB KCS u KBM u tot (akr, uTo
toukn A, K, S, M 7nexxat Ha OHON OKPYX-
Hoctu (mogpoGHee 06 ATOM MOKHO MPOYH-

2020/Ne10

C B

Puc. 3

TaTh, Hanpumep, B cratbe A.lloJstHCKOTO
«Bopo6bsimu o niynikam!s B « Kantes Ne 2
3a 2012 r.). [l;1g pemeHus 3agaun OCTaeTCS
MOHATH, 4To TOouku A, S, P, M jexar Ha
OJTHO¥ OKPY>KHOCTH.
Ecom R — mpoexnust P Ha AB, To NS = RM =
= |AC - AB|/2, rae N, Kak W B TEepPBOM
pemenun, cepeauna AC. Iloatomy npsmoy-
roJsibHbIe TpeyroabHukn PNS 1 PRM paBHbl
(mosrygarorcest 10BOpoToM BOKpyT P). Otcio-
na ZSPM = ZNPR =180°- ZBAC, u4ro
3aBepINaeT JIOKa3aTelbCTBO.
OrtMeTuM, 4TO B JIOKA3aTebCTBE HaM CHOBA
[IOMOTJIa HOBAsI, TISITasl TOUKA HA OKPYKHOC-
TH, Ha 9TOT pa3 — TOYKa S.
B 3aBepinenue oTMETHM, YTO BEPHO TAKIKe
VTBEPK/IEHNE, aHAJOTUIHOE YTBEPIKICHWUIO
namnoi sagaun: A, M, L m ON (| AK nexat
Ha OJTHON OKPY>KHOCTH.

11. Kosxesnuroe

M2612. [Tone 0ast uzpvL — 20pU3OHMAILHASL
xaemuamas nosocka 1 x 2019. Ilems u Bacs
ueparom 6 maxyio uepy. B nauane uzpo
Iems evibupaem n Hamyparvivlx 4uces u
3anucvleaem ux na 0ocke, nocsae uezo Bacs
cmasum puwiry 6 00ny u3 Kaemox. /laree na
Kaxoom caedyrouem xode Ilems nazvieaem
HeKOmopoe uucio s, KOmopoe 6blnUCano Ha
docke, a Bacs nepecmasnsiem ¢uwixy na s
KJAEMOK, ecau MO 603MOXKMHO, 6NPABO UNU
611660 — no ceoemy evibopy. Ecau xe nepe-
cmasumo uwKy Hu 61e80, MU BNPABGO HA S
KJeMOK He803MOKHO, MO puulka ocmaemcst
Ha mecme. Ilpu xaxom naumenvwem n Ilems
MOXKem uzpamv mar, uwmoOvl uuwra 3a
KOHeuMHoe KOAuuecmeo xo0o8 nobwvlednd Ha
6cex KAemKax noaocku?

OrBer: n=2.
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Acno, uro n=1 ue xBatut: ipu n =1 Ilera
00513aH HA3bIBATH HA BCEX XO/IaX OJTHO U TO JKe
4yucJgo, 1 ecau Bacg MoxeT cIBUHYTD (DUILIKY
C HayaJbHOW KJeTKH A 3a oAMH XOJ Ha
KJETKy B, To B pagpHeilIeM OH MOKeT
MIPOJIOJEKATD TepeiBUTaTh UKy 3 B B A,
n3 A B BwuT.mI

ITpu n=2 nycrp Ilera sammuer na Jgocke
gucsaa R=1009 u k+1=1010. Knerku mo-
JIOCKU JiJisT ynoOCTBA 3aHyMepyeM YUCIaMu
-k, —k+1, ..., -2,-1,0,1,2, ..., k.

IIyctp B Havyase urpol Bacs craBut ¢uniky B
kJjerky ¢ HomepoM a < (0. Torga mycrp [lers
HA3bIBAET MOCJIE0BATENbHO Ynciaa R u R+ 1.
B orBer Bacs momkeH OyerT OJHO3HAYHO
nepe/BUHYTh (DUIIKY B KJIETKY d + k 1 jajee
B kJeTKy a — 1. IIpomomxum Tak urpaTh 3a
[letio, moka (umka He OKaKeTCsT B KJIETKE —R
(nyts pumkn: @, a+k, a-1,a+k—-1,a-2,
a+k-2,...,2 —-k+1, 1, —=k). Ilocae sToro
nyctb Ilerst cuenaer 2k X010B, TOOYEPETHO
nasbiBast k+1 u k. Ilyts duniku oxmnosma-
ven: -k, 1, -k+1,2, -k+2, ..., k—1,-1, k,
0. HdeiictBys 1o ykasannoii crpareruu, Ilera
BBIUTpaeT. AHAJOrUYHAsI cTparerus: pabora-
€T, ecJI HOMepP HaYaIbHOI KiaeTKu 6obiire ().
Ecin sxe msHauasbHO Bacs mocrasut pumky
B KJIeTKY ¢ HoMepoM 0, To Ilets B nepsblii pa3
Hazoser k, torma Bacsi cisuner duiiky B
OJTHY M3 KJIeTOK tk, mocye gero [leTs cmMosker

ITPUMEHUTD OHI/ICEiHHyIO BbIIIE CTPATETUIO.
M. Tudun

M2613*. Haiidume ece maxue ynxuuu
f:N >N (m.e. onpederennvie na mnoxe-
CMBE HAMYPATLHBLX YUCEIL U NPUHUMAIOUUE
Hamyparhole 3navenus), 4¥mo 0 106blx
namyparonoix m u n uucao f(m)+n—m
denumcs na [ (n).

Otser: 1) f(n)=n+c (rae ¢ — 3anannoe
11eJI0e HEOTPUTIATETHHOE YHCIIO0);

2) [(n)=1;

3) f(n)=1 upu yernbix n u f(n)=2 upn
HEYETHDBIX 72;

4) f(n)=2 upu wernbix n u f(n)=1 upu
HEYETHDBIX 7.

[peanonosxkum, uto f(n) Moxer mpuHu-
MaTh CKOJIb yTOJHO GoJibline 3Havenust. [le-
perumem cpasuenne: f(m)-m=f(n)-
-n (mod f (n)) Torga HpeanoIoKUM, YTO
f(a)—a=f(b)-b nna xakux-to a n b.
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Pacemorpum taxoe 1, uto f (n) > |f (a) - a| +
+|f(b)=b]. Torma f(a)-a=f(n)-
—n(mod f (n)) m B T0 %xe Bpems f(b)—b =
=f(n)- n(modf(n)). Tem cambmv, f(a)-
—a—(f(b)-b) nemmres na f(n), wo f(n)
OBLJIO CITEITATBHO BBIGPAHO JIOCTATOUHO GOJTb-
1M, 9TOGBI 3TO GBIJIO HEBO3MOKHO.
Hoatomy ecam f (1) IpUHUMAET CKOJb yrOA-
HO OoJIbINe 3HadeHus1, 10 [ (n)—n — KOH-
cranta. OYeBNAHO, YTO BCe Takue (PYHKINN
HO/IXO/IAT.

Ocrancsa caydaii, xorna f(n) TpuHAMaeT
TOJbKO KOHEeUHOoe yncso 3HadeHuit. [lepemnn-
IeM CpaBHEHME B BHJIE

m— [ (m)=n(modf (n)). (%)

OGosnaunm nauboJbiiee 3uavene f (1) de-
pes s, a uepes @ 0603HAYUM TaKOe YUCJIO, YTO

f(a)=s.
Iycrb s=1, Toraa aas Jo6oro n uMeem
f(n)=1.

ITIyctb s =2. Torna ecau a Hedetrnoe, TO U3
(*) nosyuaem, uro m u f (m) pomKHBI GBITH
pasHoit uerHocTr 17151 Beex m. Otcionaf (n) = 1
JUTSL 9EeTHBIX 7 1 [ (1) = 2 [UIs HEYeTHBIX 7.
Ecim sxe a detHoe, TO m u [ (m) JIOJIKHDI
GbITh OJIHOI YE€THOCTH IS BCEX M, OTKYy/a
f(n)=1 nna nevernbix n u f(n)=2 ana
YETHBIX 7.
[yctb Teneps s>2. TloacraBum B (*) a
Mecto n. Ioayuum, uto [(m)=m-
—a(mods). Kpome Ttoro, ™Mbl 3Ha-
eM, uro 1 < f(m) < s, OTKy/1a TIoJTy4aem, 4to
f(a+ks)=s pnsmoboro k, u f (a+ts—1)=
=s—1 aas mio6oro t. Teneppb 1ojicTaBUM B
(*) a+ ks BMecto m u a+ts—1 BMecTO 7,
nonyunM a+ks—s=a+ts—1(mods—1),
i 1 =¢—k(mods—1). Ho tak kax k u ¢
MOJKHO BBIOPATD JIOOBIMHE, TTOTy4aeM MPOTH-
BOpeuue.

M. Cazagpusin

®2617.! Ha 3adnem xonece eenocuneda,
umerowem paduyc R =35 cm, na cnuyax
saxpennen marenvkuil honapux. Ilpu esde
sesocuneda no npsmoi dopoze co CKOpoc-
mvio v =7 M[C IunUs, KACamelvids K mpd-
exmopuu 08UXenus onapurd, ¢ HeKomo-

1 ABrop pemenuii 3agau D2617-Md2620 —
C.Bapaamos.
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PLIX MOUKAX COCMABIAAEM C 20PU3OHINOM
Maxkcumarvolll yezon o =45°. Ha xaxom
paccmosnuy om ocu 3aonezo Koaecd Haxo-
dumcs ponapux? C Kaxou MaxcumMaivHOl U
€ KAKOU MUHUMATLHOU NO BEAUNUHE CKOPOC-
muio deusxemcs ponapux? ( Jopoza nenoo-
GUKHA. )

[Bmxenne onapuka OTHOCUTETHHO CHCTE-
MbI OTCUETa, B KOTOPOIi IOPOTA HETIOIBUIKHA,
MOKHO pacCcMaTpuBaThb KaK Pe3yJbTaT CJO-
SKEHMST JIBYX JIBUJKEHUI: TOCTYNATETbHOTO
JIBIDKEHUST C TIEPEHOCHOM CKOPOCTBIO U BMEC-
Te C pamMoil BeJiocHWIela U BPaNaTETbHOTO
JIBIDKEHMST Ha PACCTOSTHUY X OT OCH KOJIeca co

x
CKOPOCTBIO U = U r [TockoJbKY 110 yCJIOBUIO

3a/1a4M MaKCUMAJbHBIH YrOJI KacaTeJbHON K
TPAEeKTOPUH IBWKEHNS (DOHAPUKA C TOPU30H-
TOM paBeH 45°, TO BEJTMYMHBI 3TUX CKOPOCTEN
OTHOCSITCSI KaK

u x V2
—=-—-=sina=—.
v R 2
Orciofa HaxouM paccrosiiue GoHapuka oT
ocH KoJieca:
x = Rsino = 24,75 cM = 25 ¢,

a TaKKe MaKCUMAJbHYI0 W MUHUMAJBHYIO
cKopocTH (pOHAPUKA OTHOCUTEJIBHO JOPOTH:

=o(1+sino) =11,95 M/c = 12 M/c,
=v(1-sina) = 2,05 M/c = 2 M/c.

[

max
[
MD2618. Yemvipe naacmuxosvlx cmaxanuu-
Ka 6w 6cmagaenvl Opyz 6 Opyza u 60
BHYMPEHHUT CMAKAHYUK OblLL HAAUM NaAPa-
Gun. Borvwoe KOIUUECMEO CMAKAHUUKOS
obecneuusano 3amedienue nPoueccos men-
aonepedauu. 3a nouv napagum 3acmoli u
npunsn unmepecryio ¢popmy (puc.1). Bue-
wHue NoBePXHOCIU NApapuHd 6 MOUHOCU
KONUPOBANU BHYMPEHHION NOGEPXHOCTND
CMEHOK CIAKAHUUKAd, 8 KOMOPOM napagun

Puc. 1

2020/Ne10

3acmoledn. A 60m GepXHsL NOBEPXHOCTNG
napaguna, xomopds Oviid 20PUIOHMAND-
Hotl, Ko0z0a napagum Gvla KUOKUM, CMALA
<He 20pU3OHMANLHOU». Bovicoma xaxdozo
cmaxanuuxa 9 cm, ouamemp 6 camom 6epxy
6,4 cm, emxocmo 200 ma. B yeaybiaenue-
amMKy nomewaemcs 30 ma 600vi. B sepmu-
KAJLHOM Ceuenuu, npoxoosujem uepe3 oco
CUMMEMPUU CMAKAHYUKA, 2AYOUHA AMKU
3a6uUCUM 0M PACCOAHUSL NO 20PUIOHINALU
0o ocu. Kaxoil 6via 6vt 3ma 3asucumocmn,
ecau Ovl CMAKAHUUK UMEIL 6 MOUHOCTIU UlL-
AUHOPUUECKYIO (POPpMY € COOMHOULCHUEM
svicoma,/ duamemp = 3/2?

[IpearooKmuM, 4TO TEmJIo OTBOAUTCS OT 3a-
CTBIBAIONIETO U KPUCTAJLIN3YIOMIETOCS TIapa-
¢uHa yepe3 GOKOBBIE CTEHKHU CTaKaHYMKA 1
Yyepe3 JHO, a YePe3 BEPXHIOI MOBEPXHOCTDb
MOTOKA TEITA HeT. DTO CHIbHOE YIPOIICHNEe
TOTO, KaK W/ET IPOIECC KPUCTAIN3ANNY Ha
camoM geJe. [IpeamonoxnmM Takske, 4TO CHU-
3y ¢ 60KOB CKOPOCTb POCTa TOJIIAHBI CIOS
napaduHa O/IMHAKOBAs, T.€. BILIOTb /IO 3aT-
BEp/IeBaHNA TOCJeHel Mopuuu napaduHa
Ha OCH CHMMETPUH CTaKaHYMKa BBEPXY €CTb
napauH B KMJAKOM COCTOSTHUH. YTIPOIIeHIe
MO/IEJIN OCTBIBAHIA HY>KHO, YTOOBI ypaBHEHIE
[T OTIUCAHMA TaKO# MOJENH MOXKHO OBLIO
PEIMUTh XOTS Obl YMCJIEHHBIMU METO/IaMU.

[110THOCTD KUJIKOTO BeliecTBa p, MEHBIIE
IIJTOTHOCT! TBEP/IOTO (P, , M OTHOIIECHNE TIIOT-
HOCTeli TaKoe, YTO BBIOIHAETCS] COOTHOIIEHTIC

200p,, = (200 - 30)p,, wn L = 20
Px 17
Macca BelecTBa COXpaHsieTcs, U U3 3TOTO
CcOOGpasKeHNsT HaM YJIacTCS TIOJYYUTh HYK-
Hoe ypaBHeHune. O603HaAUYNM TEKyIUe 3HAYe-
HUS BEJWYWH TaK: PaANyC SKUAKOH dYacTh
napaduna — yepe3 R, KOOpAMHATY BepXHel
YaCTH JKUJKOTO YUaCTKA, OTCYUTBIBAEMYTO OT
[lHa cocyzia, — yepe3 H, a KOOpJuHATY HMX-
Hell yacTu XKuJkoro mapadura — depes s.
Mauible u3MeHeHud pajuyca R u koopanHa-
TBI § 0003HAUNM Yepe3 X W BBIPA3WM HOBYIO
koopaunaty H; = H + h. Tlockoabky Macca
napaduHa coXpaHseTcst TPy 3aCTBIBAHUH, TO
MOJKHO 3aIliCcaTh TaKoe COOTHOIIEHUE:

MR? (H = 5)p, = M(R—x) (Hy — (s +x))py +

+(2TtRxH +xm(R - x) )pT.
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B atom ypaBuenun H n H; — 370 HavaabHas
U KOHeuYHasi KOOP/UHATLI BEPXHEro yyacTKa
JKUJIKOTO NapadiHa IIPH MAJIbIX N3MEHEHUAX
pajMyca U HUKHeHl KOOpJMHATBI KUIAKON
qacT. PacKkpbIB CKOOKM 1 OCTaBHUB TOJBKO
BEJIMYMHDI IIEPBOTO MOPsA/IKa MAJIOCTH, MOJIY-
M

0=R(h—x)p, —2x(H —5s)p, +
+(2xH + xR)p,.

[Tocie mpeobpasoBanmii ocTaeTcs

25+ (2H + R)| 21 —1
A P
R
ITockosbky R ¥ s M3MEHSIOTCS JIMHEHHO €
OJIMHAKOBOI CKOPOCTBIO, MOXXHO BBIPA3UTh
nx tak: R =Ry - X, s=X. Torga

2X +(2H + Ry - X)| P —1
h=-x =
Ry-X

Tenepb MOKHO 3aJaTh COOTBETCTBYIOIUE
YCJIOBUIO HayaJsIbHble 3HAYEHUS KOOP/AMHAT:
H, =6R,. IlockosbKy nepeMeHHbIC HE pa3-
JIeJISI0TCS, IIPOBEJEM BBIYMCJEHHSA € I1OMO-
mbio KoMmmbloTepa. IIponecce kpucrasnnsa-
LUU 3aKaHYMBaeTcs, Kor-
na H=s. Hyxno noay-
YT TPauUK 3aBUCHMOC-
n H(R). Pesyabrarsi
BBIYUCJECHUN C TTOMOII[BIO
nporpammbl Excel mpu-
BOJIAT K Tpadpuky, IpuBe-
JICHHOMY Ha PUCYHKE 2.

KauecTBeHHO KapTHHA
COOTBETCTBYET 3JKCIEPU-
MeHTy. B6umanm creHOK
HAKJIOH [I0BEPXHOCTU Ca-
MbBIIl MAJIEHBKUIL, & TIPU TPUOIMKEHUN K OCH
3TOT HAKJOH yBeamumBaercs. Camast 607b-
mast ry6uHa IMKH JIOCTUTAeTCst HA OCH CUM-
Merpun. EcTecTBEeHHO, UTO yIIpOIeHHAS MO-
JleJTb He IaeT TOYHOTO KOJNYEeCTBEHHOTO COOT-
BETCTBUS DKCIIEPUMEHTAJNbHDBIX [JJAHHBIX U
pe3yJIbTaToOB BblYMCJIeHWH. B yactHOCTH, 9K-
CHEPUMEHT IIPOBOJIIJICS C KOHNYECKHIM CTaKa-
HOM, a BBIUHCJICHUS — € MOJIEJIbIO IIMJINH/PU-
YEeCcKOro CTaKaHa, /ia U CaMO MOJIeJIbHOE OIIH-
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«KBAHTA »

caHue gBJIEHUS TOXKE He BIIOJIHE COOTBETCTBO-
BaJIo peasibHoil pusuke. Ho, Kak roBopurcs,
«JIydIlle CHHUIIA B PyKax, 4eM JKypaBJib B
Hebe» .

®2619. Cocyd 6 opme xyba ¢ pebpom
a = 1 m 3anoanen mopckotl 6000t ¢ yoew-
o conpomuesenuem P = 0,3 Om-m. /se
NPOMUBONOJOKHBIE BEPIMUKALLHBLE 2PANU
Kyba coenanvt u3 MeoHvlx NAACMUH, d OC-
manvnvle zpanu Kyoa coeanvt u3 noJudMmu-
aena (nenposodswezo mamepuana). K meo-
HOLM 2PANAM NOOBENU NePEMENHOe HANPLHKe-
nue U =30 B. Ecmecmesenno, nowes mox,
on Ovin pasen Iy=100 A. 3amem 6 uenmp
Kyba nomecmuiu NOAUSMULCHOBVLI WAPUK.
Ouenume pazmep 3mozo wapurd, ecau Juul-
Hss 600a evimexad, d MOK CMAJL PASeH
=99 A.

MbicienHo paspexxeM Ky6 Ha MHOXKECTBO
TOHKUX MJTACTUH, TTAPAJJIEIbHBIX IPYT APYTY
7 TIPOBOJISITITIM ME/THBIM cTeHKaM. Ecim Tor-
IMHA TJIACTHHBI paBHA dX, a ILIOMA/b,
3aHATas IpoBoAAIEil cpenoil (MOPCKoit Bo-
n0it), pasua @® - S,, rae S, — 970 ceucnme
TOJIMATUIEHOBOTO TIMApPHUKa, COOTBETCTBYIO-
Iiee KOOP/MHATE X, TO OIIEHKA OOIIeTO COTIPO-
THBJICHUST BOJBI MEXK/IY MEJHBIMU CTEHKAMI
[I0JIy4aeTcsl TaKoi:
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R_'([a S dx.

X
CoorsercrBerno, Tok Gyner pasen U/R.
ITockoJbKy TOK U3MeHHJCsl Bcero Ha 1%,
MOJKHO CYUTATD, YTO JJIST JIIO6OM IJIACTHHBI
BBITIOJIHACTCS HEPABEHCTBO ¢ > S,. Torna
COMpOTHBJIEHNE Ky0a C IIapuKOM BHYTPHU
MO3KHO MPUOJU3UTENBHO CYUTATH PABHBIM

ap a2+Sx 3
R=£%dx=l€o 1+43“773.

B aToii popmyste ¥ — 3TO paginyc BCTaBJICHHO-
TO B Ky6 TOJMATHIECHOBOTO TapuKa. Bropoe
cJaraeMoe B KPYTJIBIX CKOOKAX OKA3bIBAETCS
pasapiM mpumepHo 0,01. Orcioma MOXHO
BbIYUCJIUTDH PA/INyC MIapUKa:

r =0,13a = 0,13 m.
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Puc. 1

®2620. Ha ¢pomozpagpuu (puc.1), e3samoii
¢ cauma webdiscover.ru, eudHvl padyed,
Mmope, cmpoeHus, depesos, menu. Hcnoaw-
3yst amy pomozpaghuio u coenas pasymuoie
npeonosoKenus, nonpodyiime oueHuMy, Ha
Kaxoil 6vicome Had Mopem HaAX00uics homo-
epadgh, noayuuewull maxkoi CHUMOK.

2020/Ne10

Bynem cunrarnb, 4To oBEpX-
HOCTD CYIIH ILJIOCKASI U YTO
VJIHIIBI B TOPOJIKE JINGO Ta-
paJlIeNbHBl APYT IPYTY,
au6o TepIeHuKY JISTPHDI
(a10 pasymHOe MPEIoao-
sxerne). Torma MOKHO Hafi-
TH TOYKM Ha (oTorpadun,
COOTBETCTBYIOIINE TOPU30H-
Ty. OJHa Touka IoJydaer-
Csl, €CJii TPOBECTU JIMHUK
(uepHbIe) B/I0JIb ITapaJLIeIb-
HBIX [IOPOT TOPOJIKA M OHU
TepeceKyTcsl B OJHOI TOUKe
(puc.2). Bropasg touka mo-
JYUNTCSI, €CJU TIPOBECTH
smrun (KeTbie) 1Mo TeHsM,
HA/IAIOIMM HA TOPU30HTAb-
HYIO [TOBEPXHOCTb OT BBICO-
KX JepeBbeB. DnoJieToBas TOUKAa — IEHTP
JIBYX BUINMBIX pajayT. KpacHas JuHUS COOT-
BETCTBYET BUPTYaJbHOMY rOPH30HTY (B ripe/-
MOJIOKEHNH, 4TO 3eMJs iockas). [lo Tpey-
FOJIbHUKY, COCTABJIEHHOMY KPACHOU JIMHUEH 1
JIBYMsI 3€JIEHbIMH JIMHUSIMH, MOXHO BBIYHC-
JIUTD YTJIOBYIO BBIcOTY COJIHIIA HAJl TOPU30H-

Puc. 2
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ToM: pubm3uTesnHo 15,4°. Ilupuna nepsoit
[BETHON pajyrd paBHa IpUMEpPHO 3,5°, a Ha-
[IpaBJIeHNE HA Hee COCTABJISIET C HAITPABJIECHUEM
COJIHEUHBIX JIydell 0KoJIo 42°. Pa3Mepbl IBYX
JIOMOB, PACIIOJIOKEHHBIX Ha TIepeTHEM TIIaHe
ororpapum (3-X 1 2-X HTAKHBIX), U BBICOTHI
JIEPEBBEB, PACTIOJIOKEHHBIX PSJIOM C HUMH,
MOKHO OIIEHHUTDb TaK: BBICOTA JOMOB MOPSIIKA
10 MeTpOB, BBICOTA JIEPEBLEB U MIMPHHA JIOMOB
nopsizika 15 MeTpoB. ITH pasMepbl COOTBET-
CTBYIOT pa3MepaM aBTOMOOWJIEH Ha Jopore,
PACIIOJIOKEHHOM 3a JIOMaMU Ha HeGOJIBIIIOM
paccrosgHun oT HuX. /[oM, Haxozsmiics BHYT-
pu TepBoil pagyru Ha dororpacdun, nmeer
B/IOJIb HAIIPABJIEHUST HA [EHTP PAJYTU pasMep
nopsizika 1 ¢cM, a paguyc pajyru paBeH IMpH-
MepHO 7 cM. YTJIOBOW pa3Mep 3TOTO I0Ma
cocrapisieT mpuMepro 42°/7 = 6°, wm 0,1 paz.
Pasmep oMa BIOJIb BBIOPAHHOTO HAITPABJIECHNUST

npuGmmsutebio paser Y10% +152 M~ 18 M

u oM BuzieH o yraiom 0,1 paj, ciegoBaresib-
HO, paccTostHNe OT JoMa 1o ¢oTorpacda mpH-
mepuo 180 M. Ec/u Mbic/IeHHO I1epeJBUHYTb
TaKOI1 JIOM TI0 TOPU3OHTAJIN BIIPABO, YTOOBI HA
¢otorpadun on 6bL1 HA OJHOI IPSIMOIT TUHUN
¢ dororpadoM u IEHTPOM JIBYX PayT, TO €ro
VTJIOBOII pa3Mep M3MEHUTCST COBCEM HEMHOTO 1
Ha BEJTMYIHY OIIEHKH 3TO He TTOBJMSIET. B TakoM
cJIydae TOT JIOM JIeJIUT PACCTOSTHHUE OT IeHTpa
payr 0 MepBOil pajyru IOMoJaM, T.e. Ha-
npasJienre doroannapar—repeaBUHyThIN J0M
COCTABUT C HAIIPABJIEHIEM COJIHEYHBIX JIydeit
yron 42°/2 =21°. Boicory dororpada nas
MOpeM MOKHO OIIeHUTD TaK:

180 M- sin (15,4° + 21°) = 100 M.

Ckopee Bcero, ¢ororpad HAXOIUICS B Kpec-
Jie TIOJT TTapamntioToM, KOTOPBIH 3a co60il Ha
Tpoce Tamuy Katep (HO 9TO ML pasyMHOE
NPE/ITONOKEHHE) .

KOHKYPC MMEHU A.II.CABUHA

Mb1 npogo/mkaem o4epeSHOV KOHKYPC 10 PELLUEHMIO MATeMaTUYecknX 3a4aY. 3aaaHus paccym-
TaHbl B OCHOBHOM Ha y4awuuxcs 8-9 ksaccoB, a 6osee MAaZQLWUM LUIKOJIbHUKAM COBETyeM
nornpo6oBare cBou cnjibl B KOHKYpce XXypHana «KBaHTuk» (cm. cadt kvantik.com).

Bbicbinavite pelueHuss 3afad, ¢ KOTOPbIMU CIIPABUTECH, 3/IEKTPOHHON IMOYTON 10 aApecy:
savin.contest@gmail.com uan obbIr4HOV o4Tou o agpecy: 119296 MockBa, JleHUHCKkMI Mpo-
criekt, 64-A, «KBaHT» (c nomertkou «KoHkypc umern A.l1.CaBuHa»). Kpome vimeHu v gpammiun
YKa)XKnTe ropog, LWKOJy U KJ1acc, B KOTOPOM Bbl y4UTECh, & TaK)Ke 0OpaTHbIV 10YTOBbIN aapec.

MbI1 npuBeTcTByeM y4acTne B KOHKYpce He TOJIbKO OTAE/IbHbIX LUKOIbHMKOB, HO U KOMaHy (B
TaKkoMm cyyae rpucbIIaeTcs OfHAa pabotra co CrUCKOM yYacTHUKOB). Y4acTBOBaTb MOXXHO,
HayumHas ¢ /moboro Typa. [lobegurenes xayT AUMNIOMbI XXYpPHana «KBaHT» U rpu3sbl.

3aganns, peLueHuns v pesynbTatsl MybIKyOTC Ha cadTe sites.google.com/viewy/savin-contest

XKenaem ycriexa!

5. MOKHO /i BCe HaTypaJibHbIE YHCJIa
OKPACHTb B CEMb IIBETOB TaK, YTOOBI KasKIbIi
L[BET IIPUCYTCTBOBAJ 1 IIPOU3BEAEHUE JTI0OOBIX
JBYX umnces opHoro usera (B TOM umcIe,
PaBHBIX YnCe.T) GBLIO YUCIOM TOTO JKE [[BETa?

M. Eedokumos

7. Ha nocke B psijt ObLTH HATIMCAHDBI YHACJIA
1, 2, ..., n. OgHUM JeNCTBUEM MEXIy KaK-
JIBIMU JIBYMST COCE/THIMU YNCJTAMU 3aITNChIBA-
10T UX CyMMY, 3aT€M UCXO/HBIE YNCTA CTHPA-
oT. Uepe3 HECKOJBKO AEHCTBUH Ha JOCKE
ocTasoch oo uncyao. Kaxoe? (Hampumep,
ecJIi M3HauaabHO Hammucanbl yncyaa 1, 2, 3, To
BMeCTO HUX OyAyT HamucaHbl 3, 5, a 3aTeM
BMecTO HuX — 8.)

6. /IBa urpoka wurpa-
I0T B KPECTUKU-HOJUKHI
Ha OGECKOHEYHOI KJIeT-
4aTOW TIJIOCKOCTH. BbI-
UTPBbIBAET TOT, KTO OT-
METUT CBOUM 3HAYKOM
ST KJETOK B BUJIE Kpe-
cra. Becerma mm BTOpOW
UTPOK MOKET TIOMETIATh
1IePBOMY BBIUTPATh?

/. Heanos

B.Pacmopzyes

8. CymecTByer i1 BBITYKJIbIii MHOTOTPaH-
HUK, BCE TPAHW KOTOPOTO — PaBHbIE TYIIOY-
TOJIbHBIE TPEYTOJIbHUKH, €CJAU €ero rpaHu
a) paBHOOEPEHHbIE TPEyTroJbHUKM; 0) He
paBHOGEIPEHHDBIE TPEYTOJbHUKNI ?

E.Bbaxaes




IIPAKTUKYM ABUTYPHUEHTA

onpobyem
PELLNTb MHaYe

M.BEOHOAPOB

AKM3BECTHO, YHUBEPCAJIbBHOT'O
MeTo/la pelleHusl 3aja4 10 (Pu3nKe He
cymiectByeT. OJIHaKO €CTb MPHUEMbI, KOTOPbIE
MOJKHO TIPUMEHUTDH KO MHOTUM 3a7adaM. Cpenn
HUX BBIJIEJISTIOTCS TAK HA3bIBaeMbIE CIRAHIAPM-
Hble, 3HAKOMCTBY € KOTOPBIMU OGBIYHO Y/1eJIsd-
ercsi 6OJIbIas YacThb BpeMeHu Ha ypokax. Vc-
[0JIb3ysl CTAHJAPTHbIE MPUEMbI, MOXHO pe-
IIUTh MPAKTUYECKN BCE 3a/[a4M U3 PA3JTUIHBIX
3a/IaYHIKOB.

B 1O Xe BpeMsi HepeaKO ObIBAeT II0JIE3HO
3aHATBCS] TIOMCKOM A1bMEPHAMUBHBIY TIOJIXO-
JIOB K perireHuio 3agaun. Cirydaercsi, 9To TaKue
MTOUCKY TTI03BOJISIIOT PACKPBITH HOBOE COJEPIKa-
HUE B YCJIOBUU, OOHAPYKUTb HEKUW CKPBITHII
CMBICJT U TeM caMbIM TIy6ske pa3obpartbecs B
(pusnueckux SBJIEHUSIX, O KOTOPBIX TOBOPUTCS
B 3ajiaue.

PaccmoTpuM HEKOTOPBIE U3 3TUX TPUEMOB Ha
npuMepe KOHKPETHBbIX 3a/ay.

3agava 1. Ha z1a0xom 20pu3onmaivhom
cmoge Jexkum npusma maccou M ¢ yeaom
HAKJI0HA O, a HA Hel — NPusma Maccot m
(puc.1). Ha menv-
wy npusmy oeii-

F
- cmeyem 20pu3on-
manvnas cuna F,
npu amom obe npu-
Puc. 1 P P

3mvl deuxymcs
60016 cmoaa kax 00no yeaoe (m.e. ne usmenss
83aumn020 pacnonoxenus). Onpedesume cury
mpenusi Mex0y npusMami.

Crangapraoe pemenue. CTangapTHbI M0/
X0 K PENIeHHuIo TMOJA0GHBIX 3ajad XOPOIIOo
nsBecten. Bor ero kpatkmii myTh: 1) memaem
PHCYHOK, Ha KOTOPOM M300pa’keHbl Tesla, Jei-
CTBYIONIME HA HUX CUJIbI, YCKOPEHUS TEJ, OCH
KOOPZIMHAT; 2) 3aIliChIBAEM YPABHEHUS JIBUKE-
nua ten (sropoii 3akon Helortona); 3) numem
BCHOMoraTe/ibHble ypaBHeHust (TpeTuil 3aKoH
HproTona, ypaBHeHns KMHEMATHKA W T.II.).

DOI: https://doi.org/10.4213/kvant20201003

Wrak, nayneMm ¢ TOro, 4rto m300pasuM Ha
PHCYHKAX CHJIBI, JCHCTBYIOIMNE Ha KaXKAYIO
npusmy (Jyumie caenath ABa PUCYHKA IS
KaX/I0r0 Tesa B orgeabHoct). Ha BepxHion
MPU3My JIEHCTBYIOT CHJIA TSKECTH MG, cumia F
1 JIBE CUJIBI CO CTOPOHBI HIKHEH MPU3MBI: CHIA
peakiuu onopbl (paBHAsg 1O BeJUYUHE CUJIE

N, ﬂ»/zy HOPMAJIBHOTO IIaBJIe:
His) Nj M cuia Tpe

Yy Fopt % F nua  noxkod  Fyy
T_» (puc.2). Hampasie-
X HUS TPEX TIEPBBIX CHJI

mg OTIpE/IEIUTD HE CJOXK-
pac 2 HO, a BOT BBISCHHUTD,
Ky/la HallpaBJieHa CUJIa TPEHUsI, He TaK IPOCTO.
SlcHo, uTO OHA HaTpaBJIeHa B/I0JIb TIOBEPXHOCTH
CONPHUKOCHOBEHUSI TIPU3M, HO Ky/la UMEHHO —
BBEPX UJIK BHU3 — (€3 JIONOJHUTENBHOTO HCCJIe-
JTIOBaHWA e[Ba JI YJACTCS OnpefeauTb. 1Ipu-
JleTcs BBIOpaTh OJHO M3 3TUX HAMpPaBJICHUN
POM3BOJbHO (HAlpuMep, BHU3, MPOTHB OCU
z), a 3aTeM, JIOWAA [0 KOHEYHOTO OTBETA,
HY’KHO He 3a0bITh TPOaHAIM3MPOBATD MOTyYeH-
upii pesymaprar. Ilocie Takoro BpI6Opa OHO-
3HAYHO OTIPE/IENIAIOTCS HAIPABICHI BCEX CHII,
JIETICTBYIONINX Ha HIDKHIO TPU3MY. IJTO CUJIA
TsKect M@, cuia peakiiu ornopbl CO CTOPOHBI
cToma N,, /[Be CHJIbI CO CTOPOHbI BepXHeil
IPU3MBL:  CHJIa HOP-
Ny a, MaJIBHOTO J1aBJIeHnA N,

7 U cuja TPEHWS TOKOS
F,p7 — OHa HampasJjieHa
o (;sz npoTuB Fipy, T.€. BJOJIb
\ ocu z (puc.3).
Xy N, Pucynkn 2 n 3 1o-
Mg MOTAIOT HaM 3aIHCcaTh
Puc. 3 ) )
ypaBHEeHHsI BTOPOTo 3a-

xona HpioTona B BeKTOpHOI (opme 1 KaK-
JIOH TIPU3MDI:
F+mg+ Ny + Fpy = mdy,

Mg+ Ny + Fypy + Ny = Ma,.
OTH BEKTOPHbIC YPAaBHEHUSA B IPOCKIUAX HA
FOPH30HTAIBHYIO 0Ch (X) M BEPTUKATIBHYIO OCh
(y) ¢ yuerom tperbero 3akona Hpiorona: N
=-Ny, N1 = NZ =N; F'rp1 = _Frva Frp1 = Frp2 =
= F, u toro ¢akra, 4ro Tesaa JABIDKYTCA KaK
e/INHOe 1IeJI0e: Ay = dy = d, TIPUHUMAIOT BU/T

F - F,coso— Nsino = ma,

F,coso+ Nsino = Ma,
Ncosa—mg - Fy,sino =0,



NPAKTHUKYM

Takum o6pas3oM, IoJydeHa CHCTeMa ypaBHe-
HUI, 13 KOTOPOI MOXKHO OIIPe/IeJINTh HCKOMYIO
CUJIy TPEHUA:

™ = A e F cosa —mgsino.

Hy uTO X, KOHEYHDBIN pe3yJbTaT IOJIyYeH.
SBngerca s 9TOT OTBET IIOJHBIM U MOXKHO JI
13 HEro IOHATDH, yraJaHo JI1 HaMU HallpaBJie-
HUE CUJIbI TpeHI/IH? Bemommum marre pearoJo-
JKeHHUe: CuJjla TpeHus, JedcTByIolas Ha Bepx-
HIOIO NIPU3MY, HallpaBJeHa IpoTus ocu z. 3
aHa/In3a MOCJIC/IHETO BbIPasKEHHA CJIelyeT, 4TO
BbIOpaHHOe HAMU HalPaBJICHHUE CUJIbI TPeHUs
COBITQ/Ta€T C UCTUHHDBIM, €CJIN

Fcoso.—mgsino >0, T.e.
M+m
M +m

F>———mgtgo.
M gig
B nporusnom ciyuae, ecau
M +m
F<——mgtga,
M g8

HAIPaBJICHUs CUJI TPeHUst Frpyq v Frpyy MEHSIIOTCS
Ha IIPOTUBOIIOJIOXKHbBIE, HO UX MOJYJH MOKHO
PACCUUTBHIBATD TI0 €MHOI (opMyIe:

Fp = |——
M+m
ITO U ecTh OTBET K 3ajiaue.

[MogBoamM wuTOor atoMy croco6y pelieHs.
MoskHO Jiit 6BLJIO0 OCYTIIECTBUTH ero Kopoye? Ha
MepBbIil B3JIsi, Bpoje Obl, Her. Ho Ha camom
Jlesie TaKoi IyTb MIMeeTCsl, W COCTOUT OH B TOM,
yTOGBI 00BCOUNUMb Meld, 3AMEHIB UX OJHUM C
o011ieit Maccoit 1 O6IUM yCKOpeHueM. JTO Io-
3BOJINT HE YYUTBIBATh CHJIBI B3aUMOJICHCTBUS
MESK/Iy TPU3MaMy, KOTOPBIE CTAHYT BHYTPEHHHU-
MU T aBTOMaTHYeCKN WCYE3HYT M3 YpaBHEHUH.
IIpaBna, TeM caMbIM TIPOTIAIET NCKOMAs BEJTIIN-
Ha. YTo K, JOMOJHUTENbHO TPUETCS 3ancaTh
elle O/IHO YpaBHEHUe JBIKEHUS [T OJ[HOI U3
npuaM. A 4toObl U36eKaTh TOMAJIAHNUS B HETO
HEW3BECTHOH CHJIBI, BOCTIOIB3YEMCS €IIe OHUM
TIPUEMOM: YOAUHBIM 8LIOOPOM OCU KOOPOUHA.

AsbTepHaTHBHOE pe- AN,
menue. PaccMoTpum
o6e TPU3MbI KaK OIHO _a,
TEJ0, Macca KOTOPOro ]
paBHa M + m, QBUXKY- F

F coso —mgsin a.

a
11eecst TOPU30HTAIBHO C
yckopenueM d (puc.4). x
Ha nero feficTByiorpn  p,- 4

1(M+m)g
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cuibl: cuiaa Tsokectr (M +m)§, cuia HOp-
MasIbHOH PeakIuu CO CTOPOHBI CTOJA N, u
ropusoHTangbHas cuia F. Bropoit 3akon Hbio-
TOHA JIJIST 9TOTO OODBEMHEHHOTO Tesla B TPOEK-
I[11 HA TOPUBOHTAJIBHYIO OCb X TPUHUMAET BH[|

F = (M +m)a.

Vckomyio cuity TpeHUSs TIPOINe BCEro HaiTH,
paccMoTpeB BepxHiolo npusmy (cM. puc.2).
3anuieM IS 3TOW TPU3MbI BTOPOH 3aKOH
HpioToHa B IPOEKINAX Ha OCh Z:

Fcosa - F,, —mgsino = macosa.

Kax BuanM, BBIGOP OCH, JIEHCTBATEIBHO, OKa-
3ascs yaadabiM. [1ocKoIbKy BEKTOp CHJBI N,
MePIIEHANKYISIPEH OCH Z, €T0 TIPOEKITHS Ha 3Ty
ocb paBHa HyJi0. Takum 06pa3oMm, UMeeM CHC-
TeMy U3 /IBYX YPaBHEHUII C JIBYMSI HEU3BECTHDI-
MU, OTKy/Ja JIETKO HAXOJWM WCKOMYIO CHJTY
TPEHHUS:

= M+chosoc—mgsin0(.

[Moxsoaum urtor. IlpuMeHeHHDbIE HAMU TIpH-
eMbl — OObeJUHEHUE TeJT B €ANHOE LEeJoe U
Y/Ia4HbIii BIGOP OCH, Ha KOTOPYIO ITPOEINpyeT-
csl ypaBHEHHE BTOPOro 3akona HpiotoHa, —
MO3BOJINJIN 3HAYUTEIBHO YIPOCTUTD PeEIIeHIe
JIAHHOI 3a/1auu.

3agaua 2. Ha 21a0Koil 20pu30HmMAbHOU
N0BEPLHOCINU HAXOOUMCSL 20PKd, MACCA KOMO-
poii M =8 xe, a évicoma h=1 m (puc.5). Ha
BEPULUNY 20PKU NOJOKUAU MENO MACCOU
m=2 Kz, Komopoe, CKAMUSWUCH, Ynpyzo yoa-

psemcst 0 npyKumy, m
3axpenaennyio He-

NnO0BUKHO, U 6HOBL | k
nOOHUMACTCA HA 20p- M ]

xy. Haioume max-
cunannyio ewcomy ¢S
H, na xomopyio noonumemcs meio 6 Imon
cayuae. Tpenue 6 cucmeme omcymemeyem.
CrangaptHoe pemenue. 3aMeTHM, 4YTO B
JIAHHOM cJIydae [JBIKEHHS TeJja 10 TOpKe U
CaMoii TOPKM 110 TOPU3OHTATIBHON TOBEPXHOCTH
He SIBJISTIOTCS PaBHOYCKOpeHHbIMHU. [lostomy
JUHAMWYECKWIT TTOX0/ B IAHHON 3a/a4e TmpH-
MEHUTb He yxaactcs. Hwudero crpaimHoro, B
HAllleM PACHOPSKEHUH HMEIOTCSI 3aKOHbI CO-
xpanenus. VIX MOXKHO HCIIOJIb30BATD, TTOCKOJIb-
KY TPEHHUE B CHCTEME OTCYTCTBYET U B TOPU30H-
TAJHHOM HANIPABJICHUN HUKAKUX BHENTHUX BO3-
JIeHICTBUI HET, He CUnTas KPATKOBPEMEHHOTO
COIPUKOCHOBEHUSI TeJIa € MPYXKUHOI.
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Paso6beM perieHre Ha Tpu atamna: 1) cryck
TeJa ¢ TOPKK; 2) B3aUMOJEHCTBUE TeJia ¢ Mpy-
SKIHOIT; 3) Bbes/| TeJa Ha TOPKY.

1) Ilycth CKOPOCTH Tesa II0CJTE CIyCKa C
TOPKH PaBHA vy, & CKOPOCTb CAMOIi TOPKH B 3TOT
MOMEHT paBHA ¥,. 3aliIleM 3aKOHbI COXpaHe-
HUSI UMITYJIbCA W MEXAaHWYECKOH 3HEPTUH IS
CHCTEMbBI «TOPKa — TEJIO»:

0 = mo; — Muv,,
2 2
ngh =", M5

W3 sTux ypaBHeHMil onpeiesiuM CKOPOCTU TOP-
K{ U TeJia MPU ero JBUKEHUU [0 TIPY>KUHDI:

2m*gh 2Mgh
02 = |\ o -, .
M (M +m) M +m

2) BsaumoelicTBue Tes1a ¢ NpysKUHOI IpuBe-
JIeT K TOMY, UTO BEKTOP €r0 CKOPOCTH U3MEHUT
HaIpaBJieHne Ha IPOTUBOINOJOKHOE, OCTABUB
MIPesKHel CBOIO BEJTUYUHY 0.

3) Haxkomemn, OTCKOYUB OT HPY>KUHbBI, TEJIO
Maccoil m JIOTOHUT TOPKY, 3ae/leT Ha Hee U B
TOYKE HaMBBICIIETO To/beMa Oy/leT BMecTe C
Hell IBUTAThCSI OTHOCUTEIBHO 3€MJI CO CKOPO-
CTPIO U3. 3aKOHBI COXPAHEHUs Tenepb IPUMYT
TaKOil BUJL:

mo; + Mo, = (M +m)vs,
mo}  Muv? (M+m)v§
—+ = +mgH .
2 2 2

W3 sroil cucreMbl ypaBHeHUI IIOJIydaeM
2
M —m

+m

H=h =0,36 M.
AsbTepHaTHBHOE pemeHne. JHePTHus CrcTe-
MBI «TOpKa — TeJI0» 6YeT OCTaBAThCS HEM3MCH-
HOU B JIIOGOI MOMEHT BpEMEHHU, KOT/IA ITPY KIHA
He pgedopmupoBana. B HavyaTbHBIT MOMEHT
aHeprusl [E; cucTeMbl paBHA MOTEHIMATBHON
sHeprum Tesa (3a HOJMb MOTEHIMATBHON dHEP-
UM TIPUHATA S9HEPIUSA Ha YPOBHE IJIOCKOCTH):
E, =mgh.
N3 3akona coXpaHeHus UMILYJIbca CAelyeT, YTO
[10CJIe TOrO KaK TeJIO IIOKUHET TOPKY, HO ellle He
KOCHETCSI TIPY’KUHbI, TEJIO U TOPKa Oy1yT UMETH
paBHbIe 110 MOJYJII0 UMITYJIbCBI p. B aTO Bpemsa
9Heprusa cucrembl E, COCTOUT U3 CYyMMbI KHHe-

THYECKUX 3Hepr1/1131 TOPKU " TeJja:

2 2
P

E,=L_+ P
2M " 2m
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Korga teso, oTCKOYMB OT MPY)KUHBI, JOTOHHUT
TOPKY W TMOTHUMETCS Ha MaKCHIMaJbHYIO BBICO-
Ty, CHCTEMa <«TOpKa — Tejo» OyJer HMeTb
UMILYJIbC 2p, a ee dHEpPrus cTaHeT pPaBHOI

2
__(p)
5T 2(M +m)
[Tocko/bKy BbIIIOJHAETCA 3aKOH COXPaHEeHH
MeXaHn4yeckoil snepruu, 1o E; = E, = E3, nim
2 2 21)?
2M  2m 2(M +m)
Orcloa HaXOUM HCKOMYIO BBICOTY:
M-mY
M +m

Kak BUIUM, HEAGHOE UCNOIb3068AHUE 3AKOHA
COXPAHEeHUS UMNYAbCA U HE UACIO eCcmpeddro-
wascs 3anuco d)OpMy/lbl KUHeMUUECKoll IHep-

2
p

euu E, = £— TO3BOJMIN YIIPOCTHTD PeEIeHIe
2m

+mgH.

H=h

3a/a4ul.

3ameuanue. B HEKOTOPBIX 3a7aUax MOJE3HO
y4YecTb COOTHOIIIEHUE MEX/TY 33/[aHHBIMU BeJIU-
YIMHAMHU, YTO WHOT/JA MO3BOJISIET CYIECTBEHHO
COKpaTUTh TIporlecc perrenns. Tak, B HalieMm
cJIy4ae MOKHO ObLIO IIPUUATH K BEDHOMY OTBETY
MPAKTUYECKU YCTHO, 3aMeTuB, 4to M =4m.
[leiicTBUTEIbHO, W3 TIOCEHEH (POPMYIIBI [IJIst
KIMHETHYECKOI SHEPTUH CJELyeT, YTO I0CJIe
COCKQJIb3bIBAHUS KUHETHUYECKAST 9HEPTHS TeJsa
E, ., Oyzer cocraBisaTs 4/5 ot obuieil sneprun

4
cucrembl Ey, r.e. E .y = gmgh. Breipasum nanee

yepe3 E; 0o0Iy10 KUHETUYECKYIO aHepruio E;
CHCTEMBI «TOPKa — TeJO» B MOMEHT JJOCTHKe-
HusA TeJOoM BBICOTBI [ . IIOCKOMBKY MMITYJIbC
CHCTEeMbI BiBOe GOJIbIE MMITYJIbCa TeJa Toce
OTCKOKa OT IIPY)KHUHBI, a ee Macca OoJiblie
Macchl TeJla B 5 pas, TO

2? 2% 4 16
B
I/ITaK, B HaydaJie ABUKEHUA II0JIHasA SHEPTusd
CUCTEMbI PaBHsSIACh Mmgh, B KOHIIE KUHETHYE-

EK3 =

16
CKas 9HEPruA CHUCTEMbI COCTaBJIAJJga gmgh

3HaunT, HA OJI0 TOTEHIINATbHONW HSHEPTUU B
9
9TOT MOMEHT IPUXO/NJIOCH %mgh. Takum

06pa30M, HCKOMasd BbICOTa paBHa

H= ih =0,36 M.
25
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3anmaua 3. C nosepxnocmu 3emau nodopo-
wen 8epPMUKAILHO 88ePX HEOOILWOU WAPUK C
HAYAILHOU CKOpocmvio 0y = 5 mfc. B mom
MOMeHm Koz0d OH Oocmuez 6epxHel MOUKuU,
CHU3Y € MOz e Mmecma nodbpouler MouHo
Maxkoi ke wapux ¢ maxou Ke HAUAIbHOU
ckopocmoio. Ilpu cmoaxnosenuu wapuxu cau-
naiomes u 0suxymcs danee Kax 00HO yesoe.
Onpedenume npomesxymox epemenu t, ¢ meue-
HUe KOomopozo nepevlii wapux HAX00uics 6
noseme om momenma 6pocka 00 Momenma
CONPUKOCHOBEHUSL € TNOBEPXHOCNBIO 3EMJIL.
Conpomuenenuem 6030yxa MOKHO npeHes-
peuv. Ycxopenue c600001020 nadenus npumu-
me pagmvin g =10 mfc?.

CranpapTtHoe pemieHue. BoibepeM cucrtemy
OTCYETa C HAYAJOM HA MOBEPXHOCTU 3EMJU U
KOOD/IMHATHOI OChIO ¥, HAIPABJIECHHON BEPTH-
KaJIbHO BBEPX. YPaBHEHUs [BIKCHUS Iapu-
KOB UMEIOT BUJL

0
rjie ) = —> — BpeMsl [I0/beMa IIePBOro IIapHKa
Y

J1o BepxHeii Touku. V3 pasencrsa y, (t) = y, (t,)
HAXO/IMM, YTO MPOMEXKYTOK BPEMEHH f; OT MO-
MeHTa MNOAOPAChIBAHUS IIEPBOTO MIAPUKA JI0
CTOJIKHOBEHUS IIAPUKOB PaBEH

_ 3%
=%
a BbICOTA /2, HA KOTOPOI MIPOU30IIIET CTOTKHO-
BEHHE, COCTaBJISIET

4

)

8¢g '
HermocpecTBEHHO TIepe; CTOJKHOBEHUEM CKO-
POCTH KaK/[0T0 U3 MIAPUKOB 110 BEJIMYMHE PAB-
HBI 0 = ¥y /2, HO HAIIPABJIEHBI B TPOTHBOTIOJIOK-
Hbie cToponbl. [1o 3aK0Hy COXpaHEHHs UMITY.JIb-
ca cpasy 1ocJie CTOJIKHOBEHUSI CKOPOCTD CJIHTI-
HIMXCs MIAPUKOB paBHa HyJ0. Bpems ux cBo-
GOHOTO MaJIeHNsI Ha 3€MJIIO C BBICOTBI /2 PaBHO

2h _ v
g 29

O6iee BpeMs nosieta nepBoro mapuka (r.e.
HCKOMDIii TIPOMEKYTOK BPEMEHU) PABHO

t=t1+t2=§—;(3+ﬁ)z1,2c.

h
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AsbTepHaTuBHOE penieHue. Kak 1 B mepBoM
criocoGe pelieHns, OIpees UM CHaYalIa BpeMs
HOJIeTa [IepBOTrO IIapHKa /0 BEPXHeH TOUYKH:
ty =v,/g. PaccMoTpum nanee cucreMy us JIBYX
IIAPUKOB Kak eJiHoe Iesoe. LlenTp Macc aToit
CHCTEMBl HaXOJNTCS Ha Bbicote H/2 u nmeer
CKOpOCTb 0y/2. 3mecs H — MaKcHMasbHAs
BBICOTA IOJbEMa IEPBOTO IIAPUKA, KOTOPYIO
JIETKO HAllTH U3 3aKOHA COXPAHCHUS SHEPIHU:

2 2
"% =mgH, n H =2
2 2g

YPaBHeHI/IG JABMI)KEHUA IIEHTPpa MacC OT MOMEHTa
CJIMIIaHUA MIapruKOB 1O MOMEHTa UX Ta/ICHUA B
TE€YEHNE BpEMEHN T nmeet BUJ

H _wg gl
22 2’
nJjain
2
T2 -2 2.
g 2g

ITosoxxuTe bHBII KOpPEHb O5TOI0 YpaBHEHUA

pasen
=%
T = % (1 ++/3 )
Takum 06pa3oM, o0Iiee BpeMsi TI0JIeTa PABHO
- =%
t=t,+T = 29(3+«/§).

O6paTtuTe BHUMaHUE, YTO, PEIIas HEPBBHIM
croco60M, MBI IOIYTHO Y3HAIN HEKOTOPbIE
noApoGHOCTH ABIDKeHUst (HampuMep, BpeMs
JBIKCHUS IIAPUKOB /10 CTOJKHOBEHUS W BBICO-
Ty, Ha KOTOPOI OHM CTOJKHYJHUCH). 3aTO BTO-
poit crioco6 — memod yenmpa macc — OKazascst
3HAYHUTEILHO KOpoUe.

3anava 4. I'py3 sucum na npysxune xecm-
rkocmwio k = 60 Hfmn. Kaxyio nado cosepuumo
pabomy, umobvL pacmamnymo npyKuUnyY ewe na
x =2 cm?

CrangaprHoe pemenue. IIpu pacTsokenun
IPYXKUHBI M3MEHSIOTCSI J{BE MOTEHIMATbHbIE
SHEPTHUU: caMOil IPY KUHBI — OHA YBEJINUHBACT-

2
R+ n) ke o s mone
2 2

TATOTEHUA — €TI0 J9HEPTrusd YyMEHbIIA€TCA Ha

cana AL, =

AE,, = mgx,, Tie X, — HauaJbHas JedopManus
HPY’KUHBI, m — Macca rpysa. Vickomas pabora
MOW/IeT HA W3MEHEHUE 3TUX [OTEHIMATbHDBIX
SHEPruii:

2

_— - + —
mgx 5

2

A=
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HpI/I 9TOM B Ha4aJIbHOM IT1OJIOJKEHUU I'DY3 HaXO0-
ANJICA B PaBHOBECUU:

mg = kx.
N3 atux BbIpaskeHUil moayunm

ok

=12 m/Ix.

3ajava perieHa, HO TPYAHO HE 3aMETUTD, UTO
KOHEYHOE BbIpaXKeHUe /it PaboTbhl UMEET TOT
JKe BIJI, KaKk ecyii Obl MPOMCXO/IUIIO PACTSIKe-
Hue HelepOPMUPOBAHHON IPY’KUHBI HA BEJIN-
yuHy x;. llompoGyem pasobparbcsi, B 4eM
[IPUYUHA TAKOTO COBIA/ICHUSI.

AsbTepHaTHBHOE pemenue. [1306pasum rpa-
ux 3aBucumoctn cuibl yrpyroctu F, Bo3Hu-
Kalolei B IpysKuHe, oT ee yamuenns x (puc.6).

Fi N
F 1
M ABHCLLI
F, K
ATSI)K
0 -
xo B x1 C X

Puc. 6

[TepBonavyaybHO TPY3 PACTSHYJ IIPY>KUHY Ha
BEJIMYHMHY X, TO9TOMY
mg = Fy = kx,.
ITpu pacTskeHUN MPY>KUHDI ellle Ha BeJNUNHY
X{ OHAa COBEpIIaeT OTPHIATEJbHYIO PaboTy,
MO/Iy/Ib KOTOPOW YHCJEHHO paBeH ILIOMA/H
tpanenuun BMNC. B 1o ke Bpemsi u3 rpaduka
BU/IHO, 4TO paGota cuJbl Tskectd A, (Bbije-
JICHO SKEJThIM) M paboTa UCKOMOIl BHEIIHel
cusibl Ay, (BBIIETEHO CHHUM) B CyMME J[alOT
10 ke 3HavyeHue. Ilo ycuoBmio TpeGyercs onpe-
JeuTh Toabko Ay,.,. Ee jerko maitnm us
rpaduka:
A — (F1 — FO)X1 )

BHCIIT 2
Ho F - F, = kx;, moatomy

2
ABHCI_L[ = kﬁ'
2
3ameyanue. JlaBaiiTe cHOBa IOCMOTPUM Ha
rpaduk. Ecim mepenecTn BbIIeIeHHBII CHHUM
TPEYTOJIbHUK B HAYAJIO KOOP/IMHAT, TO HETPY/I-
HO BH/IETb, Y4TO €T0 ILIONA/b OYJeT YHCJICHHO
paBHa paboTe CUJIBI YIIPYTOCTH TIPU €€ PACTSI-
SKEHUN 13 HelepOpMIPOBAHHOTO COCTOSTHUS Ha

2020/Ne10

BEMYUHY Xq. [ pyTruMu cJIOBaMu, TTIOJIE3HO UMETD
B BHy, YTO IIPU CMEIIEHUH MOBEIIECHHOTO
rpys3a OT TIOJIOJKEHUS] PAaBHOBECHS delicmeue
08Yx Cul — TSKECTH W YIPYTOCTH — MOXKHO
3amenumo na deticmeue 00HOU CUTLLL YRPY2OC-
mu, pedopMalis KOTOPoil OTCYNTHIBAETCS OT
MOJIOJKEHNST PABHOBECHS.

3agaua 5. Ha HAKJI0OHHOU NAOCKOCMU C Ye-
aom o naxodumes kybux (puc. 7). K xybuxy
npukpenienda JezKdas
npyxKuna, opyeol Ko-
Hel, Komopou 3axpen-
AeH 6 HenodGuUKHOU
mouxe A. B ucxoonom
cocmosnuu  Kyoux
yoepixusaemcs 6 no-

JIOXKeHUuW, npu Komo-
pom npyxuna e OJe-
Gopmuposana. Kybux omnyckaiom 6e3 na-
uanvnotl ckopocmu. Onpedenume MaxcuMaiv-
HYI0 CKOPOC® KYOUKA 68 npoyecce OGUKEHUSL.
Macca xyouxa m, xecmxocmo npyxuiol R,
Koappuyuenm mpenus \ (U < tgo).
CranmapTHoe pemenne. B mporecce gBmxe-
HMA Ha KyOuK JeicTByioT (puc.8): cuia Tsxe-

Puc. 7

Puc. 8

CTH Mg, HaIpaBJeHHAS BEPTUKATHHO BHIS3;
CHJ1a HOPMAJIbHOI peakiu onopbl N, Hanpas-
JICHHAS TMePIEeHANKYISIPHO HAKJIOHHOMN IJI0CKO-
CTH; CUJIA TPEHUS CKOJIbXKEHNUST Fpr HallpaBJIeH-
Hasl B/IOJIb HAKJIOHHO} TIJIOCKOCTH BBEPX; CUJIA
YIPYTOCTHU TIPY>KUHbBI Fy,,p, HalpaBJIeHHAas TaK-
K€ BJI0JIb HAKJIOHHOI 1ockocTu BBepX (mpes-
MIOJIATAETCSs, YTO OChb IMPY’KUHBI TapaJiie/bHa
HAKJIOHHOH IJIOCKOCTH).

ITo ycoBUIO B HAYAIbHBINH MOMEHT TIPY>KUHA
ne sechopmupoBana. Korzia kyOuK OTITyCKaior,
OH HAYMHAET JABUTATHCS MPSMOJNHEHHO 0 Ha-
KJIOHHOI TITOCKOCTH BHU3. IIpn aTOM CKOPOCTD
KyOuKa yBEJMYNBAETCS U B HEKOTOPbBIII MOMEHT
BPEMEHN JIOCTUTAET UCKOMOTO MaKCHMAJIbHOTO
3Havyenus: 0. IlycTb K aTOMy MOMEHTY KyOUK
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MPOIIEN B/I0Jb HAKJIOHHOU TJIOCKOCTU Ty Th .
3uaunut, nedopMarus Mpy>KUHBI TPU ATOM TaK-
ke paBHa [. Kpome Toro, cMelenne KyOuka mo
BepTHUKaJIN BHU3 Oy/eT paBHO /2 = [sin o.. Ecom
CYNTATH TIOTEHINATBHYIO JHEPTHIO KyOuMKa B
T10JIE TSIKECTU B 9TOM TTOJIO3KEHIN PABHOMN HY IO,
TO IIpHUpAlleHne MeEXaHUYeCKOl aHepruu Kyou-
Ka 3a BpeMs, HpoIle/iiee ¢ MOMEHTa Hadyasa
JIBIDKEHUST, Oy/eT PaBHO
mov® kI .
AE = — + — —mglsino.

2 2
C apyroif CTOPOHBI, 3TO TPHUpPAIIEHNe JOJKHO
ObITb PAaBHO CyMMapHOI paboTe HeKoHCepBa-
TUBHBIX CHJI, JIeHCTBYIOMMX HAa KyOuk. Cusa
HOPMAaJIbHOI peakIuu ornopol paGoThbl HEe COBEP-
maer, a paboTa CUJIbl TPEHUS CKOJbKCHUS

paBHa ATP = —FTpl , IprueM FTp =uN. Torga

2 2
% + % —mglsina = —uNL.
3anumeM A/ Ky61/11<a YpaBHEHUA BTOPOTO 3a-

koHa HpIOTOHA B MPOEKINAX HA OCH X U Y /ISt
MOMEHTa BPEMEHH, KOT/ld CKOPOCTh KyOuKa
Makcumagbia (yckopenue KyOuKa TIpu 3TOM
PaBHO HYJIO):

E, =0,

mgsino — F,, - F,

N —mgcoso =0,
rae Fyy, = kI, F, = uN. Otciona

lzgg(sinoc—u.cosoc),

OxoHYaTespHO MOJTYUIM

m .
0= \/%g(smoc —ucosal).

AsnbrepHaTuBHOE penmenne. [loce pemenns
3a/1a4n B 00IIEM BHU/IE T10JIE3HO 33/lyMaThCsl Ha/l
orBetoM. He mpaBna s, B HeM MPOSBIAIOTCS
3HaKoMble 4epTbl? Hy, KoHeYHO, ncKkoMast CKO-
POCTb paBHA TIPOM3BEJCHUIO JIBYX XOPOIIO W3-
BeCTHBIX BesmuynH. OIWH U3 COMHOXKUTENEH —
3TO YCKOpEeHHEe ¢ Teja, CKaThIBAIOIIErocs C
HAKJIOHHOH TIJIOCKOCTH:

a=g(sino—pcosa).
Jpyroii coMHOXKUTE/Ib — BeJMYnuHa, oOparHas
IMKJINYeCKOll YacToTe ) rapMOHIYECKUX KOJle-
Ganuil rpysa Ha NPY>KUHE:

1 m

O] k
Cuayuaiino nu takoe coBrnajieHue? Cropee Bce-
TO, HET, Be/ib 00€ BEJIMIMHBI IMEIOT HETTOCPE/I-
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CTBEHHOE OTHOIIEHHE K IIporieccaM, MPOHUCXO0-
JamuM B Hamredl 3asmade. IIpasma, ¢opmyma
JLIST YyCKOPEHHS TOAXOJNT JIMID B CJlydae OT-
CYTCTBUS JIEHICTBHUSI HA TEJO CUJIbI YHPYTOCTH
npyskunbl. Torga kak hopMyIy HUKINIECKOI
YaCTOThl IPUBBIYHO TPUMEHSIOT [IIs1 Kose6a-
HUIT Tpy3a Ha IpyskuHe 6e3 TpeHus. Y Hac )xe
CHJIa YIIPYTOCTH MPY>KUHBI OTCYTCTBYET TOTHKO
B HAYAJBHBII MOMEHT JIBIKEHUS, KOT/Ia YCKO-
penue Ttena MakcumasnabHo. Crom! Bor Mbl n
HATKHYJMCb Ha Tojckasky. CyliecTByer ke
(popmyta cBsI3M MaKCUMAJIbHOI CKOPOCTH 0, 1
MaKCHMAaJbHOTO YCKOPEHUS d,, IPU TapMOHU-
YeCKNX KoJIeOaHnsX:

aﬂl = O‘)vﬂl’

BbIXouT, €cJu TO/ICTaBUTD B Hee BbIPAsKEHHs
UL @ 1 @, TIOJyYUTCS BepHOE 3HAYeHUe IS
MaKCHMAaJIbHON CKOPOCTH.

A BO3MO3KHO Jin ipuMenene (hopMy.JIbl, CBsI-
3BIBAIONIEH @, M U,,, B IaHHON 3aia4ye? Bemom-
HUM TIPOUCXOsK/IeHIe aToil hopmysibl. Kak us-
BECTHO, OHA BBIBO/INJIACH N3 YPABHEHMS 3aBU-
CHMOCTH KOOP/IMHATBI KOJIEOIIONIErocst Tea oT
BPEMEHH: X = X,, COS (0 + @ ). A caMo 910 ypas-
HeHIe OKa3asaoch pemenneM guddepeHnnaib-
Horo ypasuenust (Broporo 3akona Hpiotona)

g KosebaTtesnbHoro amwxenus: x” + ot =0,
f k .

rje ® = ,[— — YacToTa 1Jis KoJeGanuii rpy3a Ha
m

IIpYy’KUHE.

I/ITaK, HallpaBJieHUE TIOUCKa U3BECTHO! Haoo
sanucamo danajlozudtoe ypasnenue 6 Haulem
cayvae u CpasHums ¢ ypasnenuem Koae6anuil.
W3 anammsa CTaHIAapPTHOTO pENIeHNA CJIeNyeT:

mgsina — Fy,, — F, =ma.
Ho a = 1", F,,, = kx (x — yaumHeHne mpysxu-

yip *
Hbl B MPOU3BOJIbHBIM MOMEHT BpeMeHI/I),

F,, = wmgcosa. Torna nomyuum
mgsin o — kx — wmg cos o = mx”,

njin
x"+£x+g(p.cosoc—sinoc) =0.
m

ITO ypaBHEHME OTJIMYAETCS OT yPaBHEHUA KOJIe-
6aumit  owmp wa  komcrauty C=
=g(ucoso —sina). A 3HauNT, B HAIIEM CJIydae
LUKJINYEeCKasl 4acToTa U COOTHOLIEHHE MeXIy
MaKCHUMaJ/IbHbIMU BeJIMUMHAMU YCKOPEHUS U CKO-
POCTH UMEIOT TOT >Ke BUJL, UTO U JI/Is1 FapMOHUYeC-
KUX KOJIeGAHUIL.
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Kax 6bIcTpo npoBepuTh, SIBJISETCS JIH JIaH-
HOEe HaTypaJIbHOe Yucjo 7 mpocTbiM? Takas
3a/1avya 4acTo BO3HMKAET Ha TpakTuke. OImH
u3 npumepos — mudp RSA'. Ito acummer-
PUYHBIN mm@p: nmpoBaHue TPOU3BOIUTCS
3aKPBITBIM KTI0UOM (M3BECTEH TOMBKO OTIPa-
BUTENI0), a pacmudpoBKa — OTKPHITHIM (13-
BecTeH BceM). UToGbI CreHepupoBaTh TaKylo
napy kmoueit g mmdpa RSA, HyXKHO BbIO-
paTb /iBa OOJIBIINX YUCIA P U ¢, TpudeM 06a
YHCJa JOJDKHBL ObITh IPOCTBIMU — HWHAYe
mudp HeBO3MOKHO OyjieT paciudpoBarh.

[Ipome Bcero jeiicTBOBaTh II0 OIIpeee-
HUIO, mnepebupasi Bce uucaa or 1 g0 n u
MIPOBepsist, He SIBJSETCS JIM KaKoe-TO M3 HUX
JleuTesieM. JTOT Crocod MOKHO HEMHOTO yCO-
BEPIIIEHCTBOBATD: €CJIH 7 = @b, TO MEHbINI U3
JIBYX JIeJIUTENeN d 1 b OKasKeTCsI MEHbIITe WJTH
paBeH Vn. 3HAYUT, JOCTATOYHO TepeOUpaTh
qucaa He JI0 7, a BCETO JIMIIh JI0 V7.

Bpems paGoThI TAKOTO aaTOPUTMA, OJTHAKO,
Oyner orpoMHbIM. Hampumep, ecau B 1BOMY-
HOIi 3armucyu 4mcsia 7 Thicsada paspsiios (o
MUHUMaJbHAS [IJITHA KPHUITOTPa(UIecKoro
koda RSA, rapanTupyomias 6e3011acHOCTD),
TO YHCJIO TPOBEPOK PaBHO Jn =250 <
~3-10"°, Ecam naske osHa TIpOBepKa JeaeT-
cd 3a 1/ 10° CEKYH/IbI (yacrora 1 rHrarepu), TO
JUUIST BBISICHEHUST TIPOCTOTBI YHCJTIA 7 TIOHA[I0-
6urcs 3-10'" ¢ = 10" ger! Moxwuo mombi-
TATbCS «TT0106PATHCST» K YHCJIY 72 C TIOMOIIBTO
pemera JpartocdeHa, OIHAKO CEPHE3HOTO
YMEHBIIIEHUS] BpeMeHN PaGoThl 9TO HE JACT.
Hy:xHb! 60J1ee TIy6OKTE HICH.

Haunem ¢ manoti meopemvr @epma (MTD):
€CJIi 1 — TPOCTOE YUCJIO0, TO JJIS JIOOOTO @ OT
1 10 n—1 uncno " TIPY JIeJIEHUN Ha 7 JIaeT
ocratok 1 (r.e. a"'= 1(modn)). 3maunr,

Kak npoBepuTb 2
YCNO Ha MPOCTOTY &

€CJIM MBI BJIPYT HAIIIN TaKOE @, YTO OCTATOK
OKazaJICs JIPYTUM, TO 7 3aBE/IOMO He 1pocroe!
Pasymeetcst, mepe6uparb Bce @ B TIOTBITKE
HATH HY>KHOE — 3aTes He JIydIle, 4eM repeOu-
partb BO3MOKIble fiesiutesiin. Ho Mbl morrpobyem
Yyeadamoy a, BIGUPAsI €0 CJAYIaiHBIM 06Pa3OM.

OTa ujesd He Takasd Oe3HajeskHasl, Kak MO-
JKeT IIoKa3aThCd Ha IepBblil B3, eilcTBu-
TEJIbHO, TTYCTh OKA3aJI0Ch, 4TO a(’)H # 1(mod n),
aal™" =1(modn) (r.e. ecu MbI BHIOPATH d ,
TO MbI yraJlaii, a ecjii BbIOPAIH ¢, TO HET).
Torma (gy-a)"" =di™ @™ =d™ #1(mod ).
Takum 06pa3oM, ecii Mbl yTaJlasu ¢ BBIOOPOM
dy, TO TaK)ke YJAuHbIM OyIeT BBIGOD 4 - d;.
Bouee Toro, ecam @, B3amMHO TPOCTO € 72, TO
JIUIS PAsHBIX 3HAUEHWH @ 4ncia d, - a; OyayT
Pa3JMYHBI IO MOAYJI0 n. Takum o06pasoMm,
cpeau Bcex uucen or 1 po n—1, B3aumMHo
MPOCTBIX C 1, OKAKETCS He MeHee MOJIOBUHbI
«YJAUHBIX» JICHCTBUTEIHHO, KAKIOMY <He-
YIQUHOMY» UHCJIY @; COOTBETCTBYeT KaK MH-
HUMYM OJTHO YHUKAJIBHOE «y/IaqyHOe», PaBHOE
OCTaTKy OT JIeJIeHUsT dy - a; Ha n (rjie dy — OIHO
(PUKCUPOBAHHOE «yJJAYHOE» YKCJIO).

Wrak, aaroputM — ero Ha3bIBAIOT MECMOM
Depma — pelicTByeT Tak. BoiOupaeM cayuaii-
Hoe a B mmarazone oT 2 10 n—1 (uncao 1
BbIGUpATh GeceMbIcIeHH0) . Ecam @ He B3anmMHo
MIPOCTO C 72 — ATO MOXKHO OBICTPO MPOBEPHUTD C
HOMOIIIBIO alroput™Ma EBkina? , To n 3aBe1o-
MO cocTaBHOe. VIHaue BBIUMCJISIEM OCTAaTOK OT
JleJTeHNst @™~ Ha 1, ¥ eCJIi OH He paBeH 1, To 1 —
cocraBHoe. Eciin ke paBeH, TO 8eposimHocms
TOTO, YTO MBI BBIOPAJIN «HEYAAYHOE> d, & JIJIS
JIPYTOTO a@ TIOJTYyUUIcs: Obl HeeMHUYHbBII OCTa-
TOK, He 1peBocxout 1/2. Bossectu @ B 601b-
TITYIO CTETTEHDb MOYKHO METO/IOM MTOCJIE/IOBATETh-
HOTO JesleHus I1oKasaTess ronosaM («GbcT-
pOe BO3BEIEHUE B CTENEHbY ); TIPU 9TOM IOC/IE

! oxpoGree o mmgpe RSA unraiite B craTbe
B.A.Ycnenckoro «Kak Teopust 4mces momoraer B
mudposanbiom zgese» (CopocoBekuil o6pasoBa-
TebHBIN sKypHan, 1996, Ne6).

2 B.Bazymen. Anroputm EBkiHa n ocHOBHast
teopema apudmerukn («Kpanr», 1972, No6); C.A6-
pamos. Camprii suamenutbiii aaropurm («Ksanr»,
1985, Ne11).
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Ka)KJIOTO TIara Jiydire 6path OCTaTOK O MOJTY-
JII0 7, 4T0ObI M30€KarTh CJMIIKOM OOJIBIINX
qucen. [loBropsiss aaroput™ R pas, KaskIbrid
pa3 BbIOMpast CAy4YailHOE @ HE3aBUCUMO, MbI
YMEHDBIINM 3Ty BEPOSATHOCTD /10 1/2%, uto ouenn
OBICTPO CTPEMUTCS K HYJIIO C POCTOM K.

ITonsenem utor. Ecau Tect Mepma oTBeua-
€T, YTO 1 COCTABHOE, TO OH COBEPIIIEHHO TOYHO
IIPaB; €CJM TOBOPUT, YTO IPOCTOE — TO MOKET
OMUOUTDCS, HO C OUEHD MAJIOH BEPOSITHOCTDIO.
ATy BEPOATHOCTb MBI KOHTPOJIUPYEM 32 CUeT
U3MeHeHus mapamMmeTpa k — Hapumep, MOKeM
c/leJlaTh ee MeHbIlle, YeM BEPOSITHOCTb COOst
TexHuKu. Torna Ha mpakTuke ajroput™ 6yaer
HEOTJMYUM OT TOYHOTO — a PpaboTaeT OH
HaMHOTO ObICTpee, ueM Tepebop aeauTeseii!

K coxanennio, y tecra Depma ectb da-
TaJbHBIN HepocTaTok. CyIecTBYIOT TaK Ha-
3bIBaeMble yucaa Kapmaiixaa: st BpegHble
YycJa He SBJSIOTCS MPOCTBIMU, HO YOBJIET-
Bopstior MT®D s o60ro @, B3auMHO MPO-
cTOTO ¢ 7. B TakoMm ciydae MbI HE CMOXKEM
HAHTH HU OZTHOTO «YJaYHOTO» ¢, U IPUBE/IeH-
HOE BBINIE PACCYK/JCHUE HeeHCTBUTETHHO.
(BeposaTHOCTD 3Ke CIy4aifHO HATKHYThCSA Ha
YHCJIO ¢, HEe B3aWMHO TPOCTOE C 72, MaJja.)
Cawmpie Masenbkue umcia Kapmafikiaa: 561,
1105, 1729. Yucaa Kapmaiikjaa OTHOCHTEIHHO
pelKu, OIHAKO, K COKAJIEHUIO, X 6ECKOHEYHO
MHOr0.3 (MHaye MOKHO ObLIO Gbl «IIOUMHUTD>
tect DepMa, M00aBUB B Hadaje CBEPKY €
KOHEUHDBIM CTIUCKOM uuce Kapmaiikia.)

Tem He Menee, ocHOBHYIO n/eto Tecta Mep-
Ma MOYKHO «cractuy. Omaua u3 croco6oB 31O
caenarb gaet mecm Conoges — [lImpaccena.
[Tockosbky HaAcC MHTEepecyeT ciaydail HeueTHo-
ro n (MHAYe OHO 3aBEJIOMO COCTABHOE, ECJIU He
pasuo 2), To n — 1 naneno geaurcs na 2. Ecan
n poctoe, To B cury MTO nmeem

ot
a? —1la? +1|=a""-1= 0(modn),

n—1
otkyaa a 2 =+1(modn). Bomee toro, smak
(+ nm —) MOKHO BBIUNCJIUTD, 3HASI d 1 1 — 3TO

cumeon Arobu

n

Takum o6pazom, Mbl

IOJIy4YnJin HOBOE€ CpaBHEHUE, HAPDYIIICHNE KO-

3W.R.Alford, A.Granville, C.Pomerance. There
are infinitely many Carmichael numbers. Annals
of Mathematics, 1994, vol. 139, p. 703—722.

TOPOro 0O3HAYa€T HEIPOCTOTY 7, a UMEHHO:
n—1

- (a

a? =|—|(modn). Tenepp, ojHaKO, HHUKA-
n

KOro aHaJjora uyuces1 Kapmaiikia Her: okasbl-

BaeTCd, 4TO AJId COCTAaBHOI'O 72 BCerga HaﬁﬂeT-
n—1

- a
¢t ay, st kotroporo 4,% #| — |(mod n). [la-
n

Jiee, KaKk M /IJId TecTa CDepMa, MOJKXHO JO0Ka-

3aTb, 4YTO TaKWX <«Y/AuyHbIX» @ He MeHee
MIOJIOBWHBI cpejau Bcex umces ot 1 g0 n—1,
B3aMMHO TTPOCTHIX ¢ 1. [lokazaresbeTBa cop-
MYJIMPOBAHHBIX BbIIEe (PAKTOB 3JI€MEHTAPHDI-
€,HO JJOBOJIbHO TeXHnmYecKue. VX MOKHO Hail-
T, HarpuMep, B kaure O.H.Bacnnenko «Te-
OPETUKO-INCJIOBBIE aJTOPUTMBI B KPUTITOTPa-
un» (M.: MITHMO, 2003).

WNrak, mosyvaercss aJropuTM: BbIOUpaeM
cayyvaiinoe a ot 2 10 n — 1, B3aUMHO ITPOCTOE
¢ n (ecan HAILIOCHh HE B3aUMHO IIPOCTOE —

HEME/JJIEHHO OTBeYaeM, 4YTO 7 COCTaBHOQ);
n—1

BbIUUCJIAEM OCTAaTOK OT [eJICHUA d 2 Hanm

a
— |. Ecim
n

OTBET «HE paBHO», TO d COCTaBHOE, MHA4Y€C —

MPEANOJOKUTENBHO TpocToe. Bo BTopoM ciry-
Yae BEPOSITHOCTH OmMOKU paBHa 1/2, temepn
yike st o6oro n. Ilosropsis anmroputm k
pas, CHUXKAeM BEPOSITHOCTb OUMIUOKU J10 1/ 2k,

Cy1lecTBYIOT U [IPyTHie BepOSITHOCTHbIE Te-
CTBI Ha TPOCTOTY. A MOJKHO JIM TIOCTPOUTD
AJITOPUTM TIPOBEPKU HA TIPOCTOTY, KOTOPBIIL
paGotaer GBICTPO ¥ TIPU ITOM BBIJAET OTBET
mouno, a He ¢ HekoTopoil (IMycTh U CKOJIb
yroauo 6su3Koii k 1) BepositHocTbio? Takue
TECTbI HA3bIBAIOTCS OemepMUnUPOSaAHHHIMU.
TaxoB Tect Mumepa (1976). Irtor Tect
OBICTPBIN U IETEPMUHUPOBAHHBIN, OTHAKO J10-
Ka3aTeJbCTBO TOTO, UYTO OH PAGOTAET MPABUIIb-
HO, ONMpaeTcs Ha HEJOKA3aHHOE YTBepiKe-
HIle — paclIipeHHyfo rumnoredy Pumana. Bor-
CTPBIil JeTePMUHUPOBAHHDBIN TECT, KOPPEKT-
HOCTb KOTOPOTO /[[OKA3aHA MOJHOCTBIO, ObLT
[Pe/IJI0KEeH CPABHUTEbHO HEJJABHO — 3TO TECT
ArpaBana — Kasgna — Cakcennt uinn AKS-tecr
(2002). OmHako BEPOATHOCTHBIE TECTBI BCe
ente paboraior 6bicTpee, ueM AKS-tecr.

CpaBHUBaeM €ro 1o MoAyJio 7n C
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-ncna xapwag

A.TOJIfbIIO

PYT 3AJAY, KOTOPBIE PACCMA-
TPUBAIOTCS B 9TOI CTAThE, MOJKHO OTIHCATH
ontHOM (ppasoii:

Kax uacmo 6visaem, umo wucao deaumcs na
CYMMY CBOUX UUDpP?

OKasbIBaeTcsi, YTO ATOT IPOCTOI BOIPOC MIPH-
BOJIUT K 1I€JIOMY IUKJIY JIOBOJIBHO Pa3HOO6pa3-
HBIX 33J1a4.

Uwmcsa, o61aaonmuye 3THM CBOIICTBOM, Ha3bI-
BatoT yncjaamu HuBena, MM 9ucIaMu XapImaz
(0T CaHCKPHUTCKOrO «Xaplla» — BEJIHKas pa-
JIOCTh); TaKOe HaszBaHUe AajJ UM WHAUHCKUii
matemaruk J[.Y.Kampekap; g KpartkocTu
6y/eM MX HasbpBaTh X-uymcjaamu. llockosbky
O/THO3HAYHBIE YNCJIa 3aBEJIOMO SBJISIOTCS TaKO-
BBIMM, CPa3y yCJOBHUMCS, 9TO MBI pacCMaTpHBa-
€M TOJIbKO Te X-4HcCJjia, B KOTOPbIX HEe MeHee
aByx (mam jaske Jiydiie, He MeHee TpeX) 3Ha-
KOB.

Haunem ¢ Toro oueBugHOro pakra, 4ro Bce
ypcaa ¢ cymmoin mmudp 3 mam 9 — xapmaf.
Jlerko Tak:Ke TIpUBECTH TPUMEPBI X-4uCeJ C
JIPYruMK HeGOJIBIIUMU CyMMaMK 1T pP; HAIPHU-
Mep, TAaKOBBI BCE YETHBIE YHCJIA ¢ CyMMOH nndp
2 nwmm 6. Herpyano mpuaymartbh U Jpyrue
npuMepnr: ato yrcaa 224, 605 wim 999999999.

A xaxk ObITb, ecam cymma Idp Beanka?
Bcerma M MOMKHO TIOCTPOWTDL TaKOe YHCJIO
xapman? OTBeT — MOJOXKUTETbHBII.

YrBepxkaenue 1. /15 1106020 HamyparvHo-
20 m cyuecmeyem X-uucio ¢ CyYMMou yughp m.

HoxkazareabcTBo. Paccmorpum uncaa 1, 10,
100, ..., 10k, ... Cornacuo punInty /upnxie,
CyTIecTBYeT TaKOil OCTATOK 7, YTO CKOJb YTOIHO
60JIbIIIOE KOJIMYECTBO U3 ITUX YUCEJT JAIOT IIPU
JIeJIEHUN Ha M OCTATOK 7. Temeppb JOCTaTOYHO
B3ATb CYMMY 71 COOTBETCTBYIOIIUX YHCEJI 10*
I PasHbIX TakuX k (MOKHO M I COBIIajia-
IOIIUX, HO B KoJMuecTse He Gosee 9).

IIpumep 1. Ilycts m =37. Ilockoabky 999
nequres Ha 37, To Bee uwmeaa 1, 10% 107,
..., 103%*! najor oMHAKOBDBIE OCTATKIH 1pu jese-
unn Ha 37. Takum 06pa3om, Mbl MOKEM B3SITh

DOI: https://doi.org/10.4213/kvant20201004

uncao 100100100...1 (u tax 37 pas); Ho mpoe
B34Thb, Hampumep, uucjao 9009009009001.
3ameuanue. Huxe 6yner 0Ka3aHO CyIIe-
CTBEHHO 00Jiee CUJIbHOE YTBEPIK/IEHNE, a UMEH-
HO: KaKOBO GbI HI OBLJIO 72, 10JIsT X-UHUCEeJT CPEIT
BceX uuces ¢ cymmoii 1udp m GoJiblie HYJIsI
(cTpemMuTes K mpeiesry, KOTOPbIii GOTbIINe HyJIsT;
Gosee TouHast popMyIUPOBKa GYIET JAHA HIKE) .

JAnvHHbIe psagbl

Hazosem psidom Oauner k mocnenoBatesib-
Hoctb uncenn, n+ 1, n+2, ..., n+ k-1, xoro-
pble Bce XaplIaj.

[TockosbKy psii Bcerjia MOJTHOCTBIO OTpe/ie-
JISIETCST CBOUM TIEPBBIM UYJIEHOM, B JlajibHENIeM
MbI, KaK MpaBuJio, Gy/ieM BBIIHCHIBATD TOJIBKO
ero.

Herpyzano nipusecTn nmpumMep psijia AJIUHDL 3:
OH MOJKeT, HallpuMep, HaulHaThes ¢ yucsa 110,
nockosbky 111 1 112 — toske X-uncaa. (Topsar-
ca taxske uncaa 1010, 10010 w T.1.)

A MOYKHO JI TIOCTPOUTD PSi/L MOJITTUHHEe ?

Y1Bepxknenue 2. Cywecmeyem pso oaunwt 10.

[lnst okasaresibcTBa, KOHEYHO, JOCTATOUYHO
npuBecty ipuMep (4To MbI ceifuac u cjenaem),
HO HHTEPECHO BeJb 3HATD, KAK €r0 IOCTPOUTD.
MoskHo, padymeercsi, HOPYYHTD JeJI0 KOMIIbIO-
tepy (M 9TOT €1IOCOG MPUBOAUT K TI€JM), HO
TOT/Ia — T/Ie JKe TYT MaTeMaTHKa?

Bbiio 6bl 0YeHb JIETKO MOCTPOHUTH IIPUMEP,
eca Obl HaM paspeliajioch paccMaTpUBATh
onHo3HauHble uncaa (Bce umcaa or 1 go 10
JIEJIATCS Ha CYMMY CBOUX 11(Dp), HO HTO 3a1pe-
meHo. Tem He MeHee 9TO MOJICKA3bIBAET UJIEIO:
MyCTb TIE€PBOE YHCIO OKAHYMBAETCS HYJEM, U
nyctp cymma ero 1udp pasua ». Torzpa criemy-
fommue yncsaa 6yayT Konuatbcs Ha 1, 2, ..., 9, a
ux cymmbl iudp 6yayrr+ 1, ..., r+ 9. Herpya-
HO ObLTO GbI HaiiTm wmcao (IpUTOM paxke ¢
3a/TaHHON CyMMOH Tmdp, ecan TOJIbKO OHa
JIOCTATOYHO BEJIMKA), KOTOPOE JIEUTCS HA BCe
9TU YMCJIA, HO HAM HY)KHO, YTOGDI J€JHJI0Ch He
O/THO YHUCJIO, a IOCJIe/[0BATeIbHbIE.

Ho aT0 TOXE MOKHO cliesIaTh, €CJIU IIpHMe-
HHUTb BOT KaKyl0 XHUTPOCTb.

Haunem ¢ HeKOTOpOTO <«ya06HOTO» uncta (B
4eM HMEHHO COCTOMT €ero <«yno6CTBO», Oyjer
BH/IHO JIAJIbIIIE), KOTOPOE MBI IIPUMEM 32 7, T.C.
3a cymMMy nudp IEepBOrO U3 YHCEJ HAIIEro
psiia. ITO YUCJIO Mbl HA30BEM ONOPHBIM UUCTIOM.

[l Hadasa BO3bMEM B KadecTBE ONOPHOIO
gncao 30. Ilpeamosoxknum, 4TO IEpBOe Hallle
yucjao 3akanumpaercs nudpamn ...30 wam,
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ayuiie, ...00030 (uem 210 J1yyIe — cTaHeT ICHO
ouenb ckopo). Toraa ciepyioniue yncia GyayT
3akamumBartbca Ha ...00031, ...00032 u T.71.
ITockosbky cymMmbl udp caeayonmx 9 yucen
6yayT paBHBI Kak pa3 31, 32 u T.4. — moJryya-
eTcsl, 4TO <«XBOCT» Ka’K/IOTO U3 CJEAYIOIIUX
YHCceJI IeJUTCS Ha TO, YTO HAM HY’KHO.

Ocraercsa 100UTbCA TOro, 4TOObI HAYAJIO YNC-
Jia, 0603HauuM ero A, TakKe JeJUJOCh CPasy
Ha BCe HY’KHbIE YNCJIa 1 4TOObI ero cyMMa nudp
paBHsIach 27.

[Torpo6byemM Temepb TOJYYUTH TOAPSI S
X-unces. [luast aroro A nosmxno genrbesd Ha 30,
31, 32, 33 w 34 (a taxkxke Ha 9, TOCKONBKY
cymma ero nndp AomKHA ObITh 27). Bripouem,
nesumoctb Ha 30 1 HA 32 1oJydyaeTcst aBToMa-
yeckn (BOT 3aueM Hy KHbI OBbLIM TPU HYJIS
nepez TPUALATKOI!), 1 TpeGyeTcs TOMbKO, YTO-
6b1 oHo mesmyoch Ha 9, 31, 11 u 17. Nuaue
TOBOPST, A JTOJDKHO JIeTUTHCS Ha TTPOU3BE/IEHITE
9-11-17-31=52173.

Ecau 6b1 cymma 1udp 9TOTO YnCIa paBHS-
jgach 27, MOKHO ObLIO ObI Ha 9TOM U OCTAHO-
BuThcsa. Ho ona pasna 18. MoskHO 6bLI0 ObI
3anmcaTh 9TO YUCA0 ABaxk/bl (IIpM 5TOM e/~
MOCTB COXPAHUTCS), HO TOT/IA CyMMa TOJTy9UT-
csa 36. Kak 6bITh?

OTBeT HECJIOKEH: HaJ[0 3aIlUCAThb €ro ABasK-
JIbI, & 3aTeM <«B/JBUHYTb» OJIHO YHCJIO B IPyTOE
TaK, 4TOOBI TIPOU3OIIIE] POBHO OJIMH MEPEHOC B
paspsaax. Iosyuntes BOT 4TO:

52173
52173

52225173

Takum o6pazom, yucsao 5222517300030 romut-
Csi: OHO W cJieylolue 4 yncya — Xapriua.
YuraTeasmM TIPEJIATAETCS CaMOCTOSITEbHO
yOeUThCsT B TOM, 4YTO TaKUM JKe CIIOCOOOM
MO>KHO TIOCTPOUTD psifi 3 10 mocie1oBaTeTbHbIX
X-unces. EamHCcTBEHHAs OTOBOPKA COCTOUT B
TOM, 4TO 37ech uncao 30 yke He TOAUTCSA B
KavyecTBe OMOPHOTO: OHO CJMIIKOM MaJo, u
JIEJIIMOCTD CPa3y Ha BCe HYKHBIE JIEJTUTENN He
noryantest. Oaaako yncna 120 yike 10CcTaTOuHO.

3agaya 1. Haiizgure 10 mogpsa naynmx X-qnced,
ncxons u3 onopHoro yncaa 120.

3ameyanue. [l 1ATH YUCET MOXKHO IOCTY-
MTUTD U TIPOIIE, & UMEHHO, YMHOKUTD 52173 Ha 3.
[Momyuaercs 156519 — cymma 1mudp kax pas 27.

ITOT €1OCO6 MPENOUTHTETbHEE B TOM CMbIC-
Je, 9To X-4mcJia rnojydaioTtces npuMepro B 300
pas menbure (mepsoe — 15651900030). Ho ero
caaboe MeCTo B TOM, 4TO HE BUJHO rapaHTHH,
YTO TOAXO/SIINI MHOKUTENb BCEr/la YAACTCs
noao6patb (cTporo roBopst, IEpBbIi €1oco6
TOJKE TOJIHOI rapaHTUH He JIaeT, HO TaM eCTb,
Tak ckasaTb, 99%-a rapantns). Tak 4ro ecam
BaM, YHWTATeJH, IIPUJIETCS PeNiaTb CXOAHYIO
3a/1ady, TO BOT COBET — CHavaJia IMOmpoOOBaTh
BTOPOIT €10c06: 110100paTh MOAXO/SIINN MHO-
JKUTETb. A ec/M He yAaeTcss — HpUMeHsiiTe
TIePBDIil.

3apgava 2. Haiiante 6 noapsaa maymux X-umcen,
uCxXo/sl u3 onopHoro uncsaa 20.

Wrak, pan aauabl 10 mMoayuyuTb MOXKHO. A
eme aunHHEee? MoKeT ObITb, CYNIECTBYET PSI
Jo6oit ammubl? Her.

YrBepxkaenuune 3. He moxem cmosimv noo-
paod bonee 20 X-uucea.

[lnst jokasaresnibCcTBa pazoObeM HATYpasib-
HBII PSIZi HA COTHU, TPUYEM KAKAYIO COTHIO
6ynem orcuntbiBath 0T A00 10 A99 (A — moGoit
Ha6op udp), T.e. B KaXK/0ll COTHE COBIIAJAIOT
Bce U@PBI, KPOME JIBYX MOCJETHUX.

Jlemma. B comme He moxxem cmosmo 6oaee
11 X-uucen noopso.

B camom pesie, myctb N — OJJHO M3 HallnuxX
ancel1, S (N') — cymma ero udp. Kax npasiio,
BbinoHsgeTcss paBenctBo S(N)=S(N +9).
Ecau tak, 10 S (N') 1015KHO GbITH Takke J1e1u-
TeJIeM PA3HOCTH ITUX YHCEN, T.€. JAeguTeneM 9.
Ecau, cBepx Toro, N He menutcs Ha 3, TO 9TO
osnauaer, uto S (N) = 1, a aror curyuaii 3aBej1o-
MO HE TOJIUTCS.

OcraeTcsg coo6pasuTh, YTO 3TO PACCYSK/ICHIE
MPOXOAUT st JToObIX 12 umcenr TOAPSi B
oniHOM coTHe. [leficTBUTEBHO, cpean 12 ymcesn
€CTDb TPHU Mapbl, PA3JINYAIONINECS HA 9, U JIErKO
coo0pasuTh, YTO KaK MHUHUMYM JIJiss OHOI
paccy:KJeHue TIPOXO/IHUT.

V3 ckaszaHHOTO TTOKA CJIeyeT TOIbKO, YTO He
MOJKET CTOSITH ITOPsi/T 6oJiee 22 duceT Xapimaz.
Ho mame paccyxaenne HeTPY/HO YCHUJIUTD.

HaszoBeM «IiepecKOKOM» MeCTO Tepexoja OT
OJTHOW COTHM K [IPYTO, T.e. MECTO MEXK.IY
anciamn A99 u (A +1)00. [lomycrum, uro
mopsia ctouT 6osee 11 9mcen; M3 cKa3aHHOTO
BU/IHO, YTO OHU OOSI3aHBI CTOSITh HA MTEPECKOKE.
Honyctum, uto ux 21 nam 6osee, Toraa Jau6o
110, 60 TI0CyIe TIepecKoKa crout He menee 11
yucesi. Ho aToro 6pith He MoskeT. B camom zeue,
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ecsi 3T 11 Ymces CToAT 10 IEPECKOKA, TO 3TO
yncaa ot A89 mo A99; w©o Torza
S(A89) = S(A98) — cymma nndp oanHHAKOBASK
1 3aBegoMo OoJibllie 9 — ciieoBaTeJbHO, OHU
06a He MOTyT O6BITb X-4HCJIaMHU.

[onyctum tenepb, uro 11 ymces crost nocJie
nepeckoka, T.e. or (A+1)00 go (A+1)10.
Torma S((A + 1)01) = S((A + 1)10) — cJiejioBa-
TEeJIbHO, CyMMa JIOJKHA ObITb paBHa 6o 3,
m6o 9.

Ho ect S =3, 10 S((A + 1)08) =10, a ato
yucao Ha 10 He genuTcss — TNPOTUBOPEYHE.
Cayuait S =9 amanornyes.

Bupouewm, ouenb JIMHHDBIN P/l BCe sKe MOy~
YUTb MOKHO, HO TOJIBKO C ITOMOIIBIO JKYJIbHIU-
4yecTBa. A IMEHHO, BUIOM3MEHUM HAIITY 3a/1a4y:
BbIGEpPEM TIPOM3BOJIBHOE HATypaJbHoe g > 1 u
6yZieM paccMaTpuBarh ¢-X YHCJA, T.e. YUCJA,
KOTOpBIe GOJIbIIE ¢° W KOTOPbIE JEJATCS Ha
CYMMY CBOUX TP, 3anUCAHHYIO 6 G-UUHOU
cucmenme.

IIpumepsnt

2. Yncao 10 asagercsa 3-X 4UCI0M, [TOCKOJIb-
Ky B TPOMYHOIT CHCTEME OHO 3aIICBIBACTCS KaK
101 w mputoM nesmtcs HA 2.

3. Yucmo 231 gasaserca 11-X gmciaom, mo-
CKOJIbKY B OIMHHA/IATEPUYHON CHCTEME €ro
cymma 1udp pasta 11, n ono gemurca na 11. (B
camom jzedte, 231 =121+10-11— B ogunHa/ 1A~
TepuuHOi cucteme nmeer sug 1 [10]0).

3azava 3. [lokaxuTte, 4TO AJg JOOOTO N CyIIe-
CTBYET TAKOE ¢/, UTO B -NYHOI CHCTEME CYIECTBYET
n noJpsiy g-X 4uceJ.

3anava 4. a) Jlokaxure, 4To B IBOMYHOII cucTeMe
HE MOJKET CTOSITh MOJPSIT S5 UKMCET XapImas.

6) Iloctpoiite moApsL 4 TaKUX YHUCHA.

Bepuemcs, ognako, K 4yucjaaM B JeCATUUHON
3anucy. Kak Mbl Bujiesi, MakcuMaJibHas JIJIU-
Ha psaga — 20. MoXXHO JI1 yCHJIUTD 3Ty OIIEHKY,
HarmpuMep J0Ka3aTh, YTO [JWHA He 6OJbIe
19?

Oxa3sbIBaeTcst, OTBET OTPUIIATEJbHBIN: MTOCT-
poutb 20 umces Xapimaj TOJAPSIL MOXKHO, HO
TPY/HO. ITO C/IEJAHO C TIOMOIIBIO KOMITBIOTEPA,
MIPUYEM YNCTa B TPUMepe HACUUTHIBAIOT Goee
40 munmapaos uudp (1). Mbl nonpoGyem
o6oiiTnch Ge3 KOMIIbIOTepPa ¥ TIOTOMY OTpaHu-
YUMCSI T€M, YTO HAMETUM CII0COO TTOCTPOUTH
noapsa 11 yucen xapinaj.

B kauectBe omnopnoro uucsaa npumem 800,
npudyeM (MaseHbKasg XUTPOCTb) Oy[eM Cuu-
TaThb, YTO 3TO CyMMa IU(P 6MOpozo 4YnCyIa
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pAana. Hamm oppanaamath quceJsi, TakuM 06pa—
30M, UMEIOT CJIeIIyIOHlI/IfI BU/T.

A799, A800, A801, ..., A809.

[Ipum atom mpexmosiaraercst, 4To cymma 1udp
yucaa A paBHa 792. B Takom ciyyae CyMMbl
mudp HAmEro psgaa paBHBI COOTBETCTBEHHO
817, 800, 801, ..., 809.

[lanee HeoOXOAMMO HAWTH YHCJO, KOTOPOE
leJITCA Ha Bce HeoOxoaumble yncaa ot 800 1o
809 (xak MbI ysKe 3HaeM, Haao B3aTh HOK aTrx
YHUCEJT, HO HEKOTOPbIe MHOXKUTEIN — HATIPUMeEp,
JIBOIKM — MOHO OTOPOCUTBH) U, CBEPX TOTO,
JlaeT HY>KHBII OCTAaTOK OT JesienHus Ha 817.

[Tockouapky unciao 817 =19 - 43 B3anMuo 11po-
cro ¢ yncaamu ot 800 mo 809, kwuraiickas
TeopeMa 06 OCTaTKaX rapaHTUPYET, YTO TaKoe
yncno A cymiectByer. Ilpum atomM cymma ero
mudp erie He CJAWIIKOM BeJUKA; OHA CYIIe-
CTBEHHO MeHbIlle 792, 1 TTOTOMY Hy’KHO CJIeBa
oT A mpumnmucaTh ele OJHO Yucao B, KoTopoe
yoKe IeJIUTCS Ha BCE Te JKe YUCJA U CBEPX TOTrO
na 817. lckomoe 9mcio, TakuM 06pa3oM, UMeeT
Bug BA (a10 He npousseseHue, a ABa ducJa,
3alMCcaHHble TO/PSJT; TTpaBUJIbHee, TaKUM 00-
pasoMm, 6bL10 6B Mcath B - 10" + A), a Bropoe
yucsao Hamrero psga — BAS00.

[TogoGpats HyskHbIe yncaa A, B Hejierko, Ho
MoXHO. [TaBHAS TPYAHOCTD, OKATYH, 3aKTIO-
YaeTCs B TOM, 4TO Yncsio ¢ cymmoit indp 800 (u
GoJiee) J0JKHO UMETh KaK MUHUMYM ¢TO udp;
ABTOPY YAJI0Ch JOBECTH HTOT TPY /L 40 KoHia (1
JlasKe BPYYHYIO!), HO IIPUBOAUTH COOTBETCTBY-
IOIIUIN TIPUMED 3/1eCh BPSIZ JIU CTOWUT.

3aMeTnM ellle, 9TO, B3SB 32 OMOPHOE YHCJIO
800, MBI y3Ke He CMO>KeM TIPOJITATD 3TOT ps. B
caMoM JieJie, TPOJINTD ero Bnpaso (Ha umco
...810) HEBO3MOKHO, Kak ObLIO MOKA3aHO TIPH
JTOKa3aTeJbCTBe yTBep:kaAeHus 3. Ecam ske Mbl
MOTIBITAEMCST €r0 TIPOJIJINTD BJIEBO, T.€. JIOTHU-
caTb K Hemy 4mcsao ...798, to cymma nudp
TAaKOTO YHWCJa JOJUKHA paBHAThCS 816, Torma
Kak 4mcyao ...98 me genmrcsa maxke Ha 4.

HAona X-uncen

3aiiMeMcs Tenepb IPYTUM BOIIPOCOM, & IMEH-
HO: MHOTO JIM CYIIECTBYET YHCEJ XapImaj?

[TonsTHo, pasymeercsi, 4TO X GECKOHEYHO
MHOTO, HO BeZlb U GECKOHEYHOCTh ObIBAET Pas-
Hasd: K IPUMEPY, ITOJHBIX KyOOB MEHbIIE, 4eM
MOJIHBIX KBAJIPATOB, a KBA/[PATOB 3HAYUTEIHHO
MeHbIe, ueM MpoCThix umcen. (3ameuanme:
BTOPOE HEOUEBH/IHO, XOTSI U BEPHO; MEPBOE Ke
BIIOJTHE OYEBH/IHO, HO... TOJyMaiiTe caMi, Kak
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IPHUIaTh 5TOMY YTBEP>KAEHHIO TOUHBIIT MaTeMa-
THYECKUIl CMBICJI.)

EcTecTBenHass TOCTaHOBKA 3a/a4ll TaKOBa!
BbiGepeM TIpousBoJbHoe N, U IyCTb
M = M (N) — xo/muectBo X-ulce/I, MEHbIINX
N. Uemy pasen mpenen otHomienus M/N,
korga N cTpeMutcst K 6ECKOHEUHOCTH ?

YrBepxkaenue 4. [Ipedes omnowenus M /N
pasen 0.

JlokaskeM, HApUMep, YTO IS JJOCTATOYHO
6ompmux N goas X-umces cpefm MepBBIX N
Menbie 1074,

[lnst atoro BoiGepeM gocTatouHo 6GoJibinoe N
n pazo6beM Bce uncaa ot 101 1o N Ha Musm-
OHBI; TIPH ATOM KaX/Iblil MUJLIMOH MbI OyjieM
cuntath ot A000000 mo A999999 (B kaxkaOM
MUJLTHOHE BCe NPl COBMAAIOT, KPOMeE T0C-
JIE[IHUX TIECTH; TPaBAa, TPU TAKOM CyeTe B
[EPBOM MUJLJIMOHE TIOJYy4YaeTcsi HA CTO OJHO
YHCJIO MEHbIIIE, HO HTO HEBAXKHO).

ITyets S — cymma mudp uncra A. Torna,
0Y€BU/IHO, B BBIGPAHHOM MUJITHOHE JTI060€ YHC-
Jo nMeeT cymmy 1udp ot S 10 S+ 54 — ecThb
POBHO 55 pa3HbIX 3HAYEHUN.

Terepp paszobbeM Bce MUJIMOHBI Ha JIBE
rpymmbl: Te, B kotopbix S <1 000 000, u Bce
octajpHble. CKOJBKO MMEHHO X-YHCesT B MUJI-
JIMOHAX TIEPBOTO Poja, HescHO (BIIOJHE BO3-
MOXXHO, YTO JIOBOJIbHO MHOTO; HaIllpuMep, He-
TPY/ZIHO [IOKAa3aTh, 4YTO B IE€PBOM MUJLJINOHE
6oJiee JeCATU ThICSY X-YUCEN, TIPUYEM U 3Ta
OlleHKa JI0BOJIbHO rpy6as). Ho ma Hame cuyac-
Tbe, HaM He HYXHO 3TOTO 3HATDh, MOCKOJbKY
MULUOHOE Nep6020 Podd MA0: CCIH, HAIPH-
mep, N > 10109, T.e. COOTBETCTBYIOLUE YUCJIA
UMET 0 MUWLIHapaa nudp, TO SCHO, YTO
TTOYTH Bcerja cymma 1udp A HaMHOTO 60.IbIINe
MuLIIOoHa (IUTaTe IAM TPE/ITaraeTcsl caMOCTO-
ATETHHO OIEHNUTD JIOJTIO «MAJIBIX» MUJIJTMOHOB).

C Apyroit CTOPOHbI, ecJii HAlll MUJJIUOH —
BTOPOTO POJa, TO B HeM He GoJtee 55 X-unceJ.
B camom feste, mockosibKy sio6ast cymMMa 1udp
R Gouibllie MUJIJIIOHA, TO YUCJIA, JAEJSIHECs Ha
R, BcTpeuaiorest ¢ uHTEPBATIOM GOJIbIle MUJLITN-
OHa, TaK YTO B HAIll MIJLTHOH TIOMA/IaeT, caMoe
6oJbIoe, oHO U3 Hux (IIpUYeM HaM JaKe HEeT
HaJO0OHOCTH YUUTBIBATH YCJAOBHE Xapinaj).
Hrak, mouru B Kayk/1oM MUJLIMNOHE He 6oJee 5
X-yucesi, COOTBETCTBEHHO, UX JI0JIs1 He GOJIbIIe
55/10%, uto u TpeGoBaOCh.

YTo6bl 3aKOHUYUTH [JOKA3aTETbCTBO, HAJI0
IPO/IEIATh AHAJOTUYHYIO OIEPAIHIO /IS JII000-

TO JIPYTOTO, CKOJIb YTOJ{HO MAJIOTO YHCJIa — YTO
yuTaTeab cjenaer 6e3 Tpyaa.

Buzmo Takske 1 Apyroe: 11 9TOr0 HeoOX 011~
MO 6parb uymoBuIHO Gouibiiiue N. MoKHO
CKa3arb, 4TO J[0Js1 X-4nCeJ XOTS ¥ CTPEMUTCS
K HYyJIIO, HO CTPEMUTCSI OUYeHb ME/JICHHO, <«Ha
riasok» — kak 1/In N. B geficrBuresnbrocT Tak
OHO M €CTb, HO JIOKa3aTeJbCTBO 3TOrO (paxTa
y>Ke BBIXOAUT 32 PAMKU 3JIeMEHTAPHOI MaTeMa-
THKH.

Eue pas3 Bujion3mennum 3agady n GyjeM pac-
CMATPUBATD TOJIBKO YNCTA C 33JaHHON CyMMOI
mudp 7. Kakosa Gyger gona X-umcen (umm,
MOMPOCTY TOBOPSI, JOJIST YUCE, IEJSIUXCS Ha
r) Cpean HuX?

3/iech, pasyMeercsi, KapTHHA COBEPIIEHHO
MHAsI: HAIIPUMED, €CJIN 7 PABHO e/IUHUIIE, TPEM
wim aessitu, To BCE paccmarpuBaemblie umc-
Jla — Xapiiaj.

Jlist ApyTHX 7 9TO He TaK, HO TeM He MeHee
BIIOJIHE BEPOSITHO, YTO UX JIOJISI BEJIHKA.

Wrak, mycTb onTh 3a1aH0 IPou3BoJIbHOE N
Yro6bl 06JIeryuTh Jiesio, OTGPOCHM YCJOBHE,
yT0 Hamm gncsa 6ospire 100, — sicHo, 4to npu
HTOM TpejieJ He U3MEHUTCS, a PacyueThl He-
MHOKKO yrpomatorest. Ilyers P, = P(N,r) —
KOJIMYECTBO 4HCeT, MeHbINX N U ¢ CyMMOi
undp r, a M, = M(N,r) — xommdecrso X-
yrcest cpef HUX. Mbl BHOBb Oy/leM HCKATbh
npeses ornomenust M, /P, KOTOpblit Mbl 060-
snauum uepes L (7).

Ipumep 4. Eciu r =2, 10 L(2) =lim M, /P, =
=1 .

JoxkazarteabcTBO. PaccMoTpuM Bce umcia,
uMeionye He 6oJiee 7 3HAKOB U ¢ CyMMO# nudp
2. 910, Bo-1epBbIX, yncaa Buga 200...0 (uucao
nyneit — or 0 10 n — 1, mpuueM Bce 3TH YuCIa —~
Xapmaja), 4 BO-BTOPbIX, 4YHUcJa BHAA
100...0100...0. Ywuces BTOPOTrO BUIA UMEETCS
C?, w me-xapuiaj; Cpeii HIX — TOJBKO Te, Y
KOTOPBIX BTOPAsi €/IMHUIA CTOUT HA MOCJEHEM
mecte. Taxnx Beero jmmtb (72 — 1), Takum o6pa-
30M, BCETO 4HCes ¢ CyMMOl 1udp /Ba nMeeTcs
n+ C?, a xommdectBo X-4uMCeN CPeH HIX
paio n+Ca—(n-1)=C;+1. Scno, uto
L(2)=1.

3aMeTnM Terepb, YTO TAKOE JKe [0KA3ATesb-
CTBO, JIMIIb C HECYIIECTBEHHBIMU M3MEHEHMsI-
MI, [POXOMT 1S Beex umcen Buga 2°5.
[leiictBuTesibHo, pa3 1udp OdveHb MHOTO, a
cyMMa uX (DUKCHPOBaHA, TO 3TO GECCIIOPHO
O3HAYaeT, YTO TOUYTH Bce Pl paBHbl 0, 1
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KpOMe TOTr0, O3HAYaeT, YTO HeCKOJbKO TOCTe/-
Hux mudp, ckopee Beero, pasBHbl HyJO (10
YHCET, 7T KOTOPBIX 9TO HE TaK, cTpeMuTcs K 0).
Ho Torga «mourtu Bce» Hally Yucja JeaaTcs Ha
CTereHb JIeCSTKH, U TeM GoJiee esiTest Ha 2°5'.

Vrsepsxaenue 5. /s 1106020 v npeden L(r)
cywecmeyem, u on 6oavuie 0.

Ha6pocok nokasartebctBa. PaccMoTpuM Bee
n-3HAYHbIE YKCJIA JIJIS JOCTATOUYHO OOJIBIIOrO 7.
[Toutu Bce Takume umcaa ¢ cymmoinr nudp r
umeroT Bux 00...0100...01...0100...0. O6uee
KOJIMYECTBO TAaKUX 4vKces paBHO . HexoTopbie
U3 HUX SBJAFIOTCS X-4WCJaMH — 3TO Te, Yy
KOTOPBIX E€JAWHUIBI CTOSIT HA <«IPABUJIHHBIX»>
MecTax. JloJs «IIpaBUJIbHBIX» PACCTAHOBOK He
3aBucut or 7. COOTBETCTBEHHO, MOYKHO BbIUKC-
JIUTH TIpefies, U OH GOJIbIIe HYJIS.

Mbr pasoGpamich ¢ uncaamn 3, 9 u 2851 A
Kak ObITb C APYruMu vucjaamu? 3aiiMeMmcs,
HanpuMep, MepBOH JI0KUHOMN.

Kak mbt sustenu, L(r) =1 pna r=1, 2, 3, 4,
5,6,8,9, 10, 12. (Hanpumep, a1t TOro uTo6bI
yucao ¢ cymmoil mmugp 12 Obwio xapiaf,
JIOCTATOYHO, YTOObI OHO 3AKAHYNBAJIOCH JIBYMSI
HYJISIMH, a 5TO, KaK CKa3aHO Bbille, ObIBAeT
«1outn Beerjgar.) TakuM 06pasoM, OCTAIOTCS
TOJIbKO Yncaa 7 m 11, 11 KOTOPBIX MOJTy4YaroT-
cd JOBOJIBHO COfep KaTeslbHble 3a/adyn. MBbl
orpanmumMcs pasbopoM caydas v = 11.

Kak yxxe cxaszano, ecam KoJM4ecTBO TGP
JIOCTaTOYHO BeJUKO («CTpeMutrcs K GecKoHed-
HOCTH» ), TO IOYTH BCE YMCaa ¢ CyMMOI 1udp
rumeior Buz 00...0100...01...100...0 (r egummuig
HA PA3HBIX MECTaX M IIOMHOTY HYJel Mexy
HUMU). DTO BepHO u st 7= 11.

HaszoseM mudpy umcia «detHoi» (B KaBbIu-
Kax), eCJIi OHA CTOUT HA YETHOM II0 CYETY MECTE
(M BHE 3aBMCHMOCTH OT TOTO, Kakas 9To Iud-
pa). COOTBETCTBEHHO, HA30BEM €€ «HEYeTHOM» ,
€CJTM OHa CTOWT Ha HEYETHOM MecTe.

Xoporio m3BeCTeH TPHU3HAK JIEJMMOCTH Ha
11: uyucno gesmrest va 11, gubGo ecam cymma
BCEX €TI0 «YETHDbIX» 1P PaBHA CyMMe «HEUeT-
HBIX», JTIOO €CJIM PA3HOCTb MEK/Y STUMH CyM-
Mamu cama genurcs Ha 11. ITockosbky y Hac
cymMa Becex mmdp pasHa 11, T.e. HedeTHa, TO
[IEPBbIil ciyyail HCKJIIOYAeTCs, a BTOPOil BO3MO-
SKeH TOJIbKO, ecan ece 11 HeHyJseBbIX Tmdp
«O[IMHAKOBDBI», T.e. CTOST TOJBKO HA YETHBIX
MecTaX WJIHM TOJbKO Ha HeueTHbIX. Ho BeposT-
HOCTb TAKOTO PACIPEIEeHNs COCTaBseT 2 !
JUUIST KQXK/I0TO U3 3THUX /IBYX CJAyYaeB, a CyMMap-
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HO oma paBHa 27'°, T.e. HEMHOTO MeHbIe yeM
0,001.

Paccyskaenue ¢ «BeposSTHOCTBIO>, pa3yMeeT-
cs1, Hecrporoe. CTporoe J0Ka3aTesbCTBO BbIT-
Jgsaut tak: Beero 11 mudp Ha pasHbIX MecTax
MOKHO paccrasuts C'! crioco6amu, Torga Kak
Ha YeTHBIX MeCTaX MX MOKHO PacCTaBUTb C}z}z
criocoGamu (ecam 1 YETHO; JISI HEYETHOTO 7
IPUETCS ellle IICAThb OTBETBI OT/EeJbHO JUIS
YETHBIX ¥ HEYETHBIX (P, HO Ha OKOHYATEJIb-
HBLi OTBET 9TO He BJmser). JIerko npoBepuTh,
YTO OTHOIIEHWE ATUX YnceJ Hpu GOJbIINX 7
cTpeMuTCs Kak pas K 271

Oxonyvarespio nmeem: L(11) =1/1024.

Bameuanue. Iror oreet (MOJYIHIOCH OYEHD
MaJIeHbKOE 4ncJI0) Hertnmruen. Hanpumep, ecom
BMecto 11 B3atb 2-11 =22, To npeznen cpasy
crameT HaMHOro GoJiblie. A uMenHo, L(22) = 1/6
(nompoGyiite camu HaiiTn 510 uKc10). CMOTPH-
Te TakXKe HIDKe 3aaun 7 u 9.

Apyrne 3apaun

Boime 6bLT0 IOKA3aHO, YTO B OJJHOM JleCSATKE
MOJKET OBITb CKOJIDKO YIOAHO X-4lces — Jaxke
Bce 10. C xmpyroii croponbl, GbLIO TTOKA3aHO,
YTO B COTHE HEIIPEMEHHO €CTh YNCJIA HE XapIia/l.

3agauya 5. KakoBo MOXKeT ObITh MaKCHMAJbHOE
yncao X-4ucesl B OAHOIl COTHE:

a) ecM COTHIO MBI CUMTaeM HermpeMeHHo ot ...00
710 ...99;

6) B O6IIEM CJaydyae: eCqM COTHSI CUUTAETCSl OT
Hexoroporo k no k+99?

3amaua 6. Ornenure KoMyecTBO X-4nCea B Hep-
BOM MUJIJIMOHE. A MMEHHO:

a) pokaxkute, uto B HeM Gosee 10000 X-uuceu;

6) paiite Kakylo-HUOY/b OIEHKY CBEPXY: <«UHCes
xapiaz He 6oJjiee KaKOro-TO 4YHCJIa» .

3amaua 7. Haitaure L (7).

T'oBopAT, UTO IPOCTOE YUCJIO p UMEET TTOTHbBII
IIUKJI, €CJI TIepHoj| JAeCSTHYHOH apobu 1/p
umeer (p —1) snakos. W3 uncen or 1 o 40
TaKUMH 4ucJaMu ssistiotes 7, 17, 19, 23, 29
(no ne 11, 13, 31, 37). K npumepy:

1/7 = 0,(142857) nm
117 = 0,(05882352941 17647).

3azava 8. Haiigure L( p) B IIPEAIOJIOKEHUN, YTO
p MMeeT HOJHBIN IIHKJI.

Bapmaua 9. Jlokaxure, uro L(27)=1/3.

3agaua 10. [Jokaxure, uro aasa Joboro € >0
CYIIECTBYET JIMIIb KOHEYHOE YHCJIO TIPOCTBIX YNCET P
TaKUX, 4TO |pS (p)- 1| > €.
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ONMMMNMNALAa

OuepejiHasi MeXK/JyHAPOJHAS OJUMITHALA
(IMO) mokna 6pL1a npoiit B moste 2020 roga
B Cankr-IlerepOypre, HO U3-3a TAH/IEMUU CPOKH
OIUMITUAIBI CABUHYUCH HA 18—28 centsibpst u
dopmar BbIHYKIEHHO mpetepiies udmenenusi. K
COKAJIEHNIO, YYACTHUKOB HEBO3MOYKHO ObLIO
coGparb BMeCTe, I[OITOMY BO BCeEX CTpaHaXx,
yuactByonmx B IMO, O6blin OpraHu30BaHbI
cIlenMabHble SK3aMeHalMoHHble 1enTpbl (060-
pyJoBaHHble BuAecoHaboAeHneM), Tae 21 u 22
CeHTSIOPsT TIPOBOJIUJINCDH [[BA TYPa OJIMMITHA/IBI.
HecMoTpst Ha pa3HUIly B 4aCOBbBIX 110SICAX, TYPbI
MIPOIILJIK BO BCEX CTPaHaX «IOYTH OJHOBPEMEH-
HO», TaK 4TO caMOe T03/[Hee HAYaIo Typa Mpe/-
[IECTBOBAJIO CAMOMY PaHHEMY KOHILY Typa. Yua-
ctaukoB Oummnuazabt 66110 616, n3 105 crpan.
IenTpaibHblii OPrKOMHUTET OJIUMITUAIBI PACIIO-
aaraics B Cankt-IlerepOypre ma Gaze PTIIY
um.A.N.Tepuena.

B xomanny Poccun storo roga Bomin: Janu-
aa Hdemun (Coun), Axnexceii JIveoe (Hosocu-
6upck), Maxcum Typescxuii (Caukr-Iletep-
6ypr), Awmon Cadosnuuuii (Mocksa), Janun
Cubzamyanrun (Kasanb, Mocksa), HMean Iaii-
Oaii-Typaos (Mocksa).

PesysibTaThl HAIMX YYACTHUKOB MIOKA3aHbI B
TabJinie.

M.T, ypeBckuu,
A.JlbeoB, U.lavigavi-Typnos, [].CubratyanuH,
A.CanoBHuYMI

CneBa Hanpaso. [.[jemuH,

Co6opnasg Poccun craia BTOpoii B 0611ieKOMaH-
mHOM peiitare. Ha mepBoM Mecte — c6opHast
Kuras, tpetbe Mecto — y komanasr CIIA. Tlox-
POGHBIE pe3yJIbTaThl MOYKHO HAlTH Ha OPUTIHATD-
HOM caiite oymmMiaabl http://imo-official.com

Ha ¢unanpnolt craun noAroTOBKY COOPHOIT
GOJIBINON BKJIA/I BHECIM MATEMATHKH U TT€1aro-
rn: K.CyxoB (PyKOBOAMI IIPOIIECCOM IIOATO-
toBkn), B.Bparun, Bb.Baes, A. Kymraup, A.Kys-
nenos, II.Kosmnos, H.Bmacosa, M.IIpatyce-
Buu, K.KHom u muorme apyrue. OTmerum ¢
6J1aroJapHOCTBIO GOJBIIYIO TIOMOIIb W MOJI/Iep-
JKKY B OPTaHU3AIMOHHBIX U COAECPKATEIBHBIX
BOTIPOCAX MOITOTOBKI KOMaH/IbI, KOTOPYIO OKa-
s3amn O6pasoBaTebHbIl 1eHTp «Cupmycs
(Coun), TIeHTp I€AATOrMYECKOrO MACTEPCTBA
(Mocksa), TIpesugentckuil (pusnko-mareMa-
tudeckuii juneit Ne 239 (Cankr-ITerepGypr),
Marematnueckuit uncruryr PAH (Mockaa,
Cankr-IlerepGypr).

YyactHuUK

Basipr mo 3amauam

Wror Harpazna

Jemun Jlaanma

36 3oJioTas MeJanb

JIbBOB AJlekceii

36 3oJi0Tast MeJjasb

Typesckuit Maxcum

30 | CepebpsHas Menanb

CajoBHNYNIT AHTOH

29 CepeGpsiHast MeJ1aIb

Cubratynmms Jlannmt

29 CepeGpsinast Me/1ajib

ENTIESEIEN FEENTIEN S EN [ SN
IS NI RSN RN RN N
Njo|lolNwuu|l w

Taiipaii-Typnos VBan

ESTIENTIEN FIENIENEEN J NN

SN NN I IENIENE RN R )]
[SENG VNG PN RSN U N )

25 Cepe6psiHast Me/1a/Ib
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IMO /2020

3agauu onuMmnuagbl

1. BHyTpu BBIIYKJIOrO YETHIPEXYTOJIbHUKA
ABCD naninach Touka P Takasi, 4TO BBIIIOJIHS-
IOTCSI paBEHCTBA

ZPAD : ZPBA : ZDPA=1:2:3=
=ZCBP : ZBAP : ZBPC.

JloxaxxuTe, 4TO CJeAyIONINe TPH MPSMBIE Tepe-
CeKaloTCA B OJHOI TOUKe: BHYTPEHHIE GUCCEK-
tpucel yrinoB ADP w PCB u cepeIuHHbII
MePHEeHANKY ISP K oTpe3ky ADB.

Honvwa

2. JlaHbl BelecTBeHHbIe umucaa d, b, ¢, d
Takue,ytoa =2b>c>d>0ua+b+c+d=1.
Jlokazkure, 4TO

(a+2b+3c+ 4d)a“bbccdd <1.
benveus

3. Unmeercs 4n kamyuikoB maccamu 1, 2, 3,...
..., 4n. Kaxaplii W3 KaMyIIKOB MOKpalleH B
OIVWH W3 N 1BETOB, IPUYEM UHMEETCA 110 4
KaMyIIKa Kaxaoro mnsera. [Jokaxmure, 4To Ka-
MYIIKJA MOYKHO Pa3/IeJINTh Ha B€ KYU4U PABHOIO
CYMMapHOT0 Beca Tak, 4TOoObI B KaX/OH Kyde
ObLIO TIO [[BA KaMYIIKa KaX/Oro IBETa.

Benepus

4. Jlano mesoe unciao n>1. Ha ropuom
CKJIOHE PACIIOJIOKEHBI 72° (DYHIKYIePHBIX CTAH-
Uil HAa pasHbIX BbIcOTax. Kaxkpas u3 AByX
(dynuxynepubix komnanuii A u B Brajgeer k
Mo//beMHUKAMU. Kask/blil 10 /beMHUK OCYyIIle-
CTBJISIET PETYJISIPHBII Gecriepeca/0UHbIi TpaHC-
ep ¢ oxnolt M3 craHmmit Ha Apyryio, GoJiee
BBICOKO PACIIOJIOKEHHYIO cTaHnuio. V3BecTHo,
4T0: R TpancgepoB KOMHaHuun A HAYMHAIOTCS
Ha R PasJIMYHbIX CTAHIIMSX; TaK)Ke OHM 3aKaH-

2020/Ne10

YHBAIOTCS HAa R Pa3/IMUHBIX CTAHIHSIX; IPH 9TOM
TpaHcdep, KOTOPbIil HAYMHAETCS BbINIE, W 3a-
KaHYmBaeTcs BbIe. Te jke yCIoBUSA BBITIOJTHE-
HBI 1719 KoMTaanu B. ByieM roBopuThb, 4To IBE
CTAHIINN C6A3aHbl PYHUKYJIEPHON KOMIAHWEH,
ecJIi MOKHO JT0OPaThCsT U3 HIZKHEN CTAHIINU B
BEPXHIO, WCIHOJb3YSd OJNH WJIN HECKOJIbKO
TpancdepoB JaHHON KoMmanuu (apyrue mepe-
MEIIEHUST MEXKJY CTAHIMAME 3alpPEHICHbI).
Haiinure HanMenbIiiee R, Ipu KOTOPOM 3aBe/I0-
MO HANyTCsI JIBE CTAHIINM, CBSI3aHHbIE 00eUMI
KOMITAaHUSMU.

Hnous

3. Umeercst n>1 Kaprouek, Ha KaKJIOi U3
KOTOPBIX HAMTHCAHO T1€JI0€ TIOJIOKUTETBHOE YHC-
J10. OKa3asoch, YTo J1Jis JIOOBIX JIBYX KAPTOUEK
cpenHee apudMeTHYECKOe HAMMCAHHBIX HA HUX
4iCes PaBHO CPeJHeMYy T'e€OMETPUYECKOMY 4Yu-
ceJl, HAllMCAaHHBIX Ha KapTOYKaX HEKOTOPOTro
Habopa, COCTOSIIEro U3 OJHON nan 6oJiee Kap-
Tovek. [Ipn Kakux 7 U3 aTOTO CJIEAYeT, UTO BCE
yucJa, HAIMMCAHHbIE HA KAPTOYKaX, PaBHbI?

ICMOHUS

6. /lokaxkure, Y4TO CYIIECTBYET MOJIOKUTEb-
Hasg KOHCTaHTa €, JJIs1 KOTOPO# BbIIOJIHACTCA
caenyioliee yTBepikieHue:

[Iyctb § — MHOKecTBO U3 1 > 1 Touek 1J0c-
KOCTH, B KOTOPOM PACCTOSTHIE MEK/Ly JIOOBIMH
AByMa Toukamu He Menblte 1. Torga cymecrsy-
er mnpsMas [, pasiessionias MHOXKeECTBO .S,
Takast, 4TO PaccTosiHue ot Jo6oi Touku S 10 [
He Menbie em cn 72,

(ITpsavast [ pasdensiem MHOKeCTBO TOUEK .S,
€CJIM OHA TIepeceKaeT HeKOTOPBIH OTPE30K, KOH-
bl KOTOPOrO NPUHALIEKAT S.)

3ameuanue. Bosee caabble pe3yabTaTbhl C
samenoit cn 3 ma cn™® MOI'YT OLICHUBATbCA B
3aBUCHMOCTH OT 3HAYEHMSI KOHCTaHTBI O > 1/3.

Taiisanv

Iy6aurxayuio nodzomosuiu K.Cyxos,
B.Bbpazun, A.Kywnup, I1.Koxesnuxoe



IK3AMEHAINIUNOHHBIE MATEPHNAJBI

HCTUTYT KpUATOrpadumn, CBA3M
1 nHdopmaTnkm Akagemmnm O Chb
Poccnn

MexxpervnoHanbHas onmmMnuana
LUKOJIbHUKOB Ha b6aze BefOMCTBEHHbIX
obpa3zoBartesibHbIX OpraHu3ayni

MATEMATUKA

1 (9 ku.). Paccrosguus or nyHkra A [0
MyHKTa B 10 peKe 1 10 MPOTOKY OIMHAKOBBI 1
paBubr 1 kM (puc.1). Cropocth Teuenus B
nporoke paBHa V KM/4, 4
a B peke (2V +1) km/u.
TeueHne u B peke, U B
MIPOTOKE HATIPABJIEHO OT
A x B. Ecimm k paznoctn
BPEMEH JIBUKEHUs Kare-
pa 110 1POTOKy U3 B B A u 06paTHO 110 IPOTOKY
NpuGaBUTH BpeMsT JBUKEHUS MJI0Ta 110 PeKe 13
A B B, to nonyuutcs poHo 1 yac. Ha ckosbko
KUJIOMETPOB B 4ac CKOPOCTH Kartepa GOJIbIIe
CKOPOCTH T€UEHUsT B MPOTOKe? 3HaueHue V He
JaHo. B orBere J0JIKHO HOJTYYUTBCS YUCIIO.

2 (9, 10, 11 k1.). Bocemb uncen a,, ay, ds, d;
u by, by, b, by yIOBIETBOPSIOT COOTHOTIEHHSIM

aby + aybs =1,
aby + ayb; =0,
asby + a;bs =0,
asby +ab, =1.

W3sBectHO, uTO @yby = 7. Haitnure a,b,.

3 (9, 10, 11 ka.). Pemmre ypasuenue 2 +
+2Y = 6' B mesIBIX YHCIAX.
4 (9 k). Tatuyrosb-
nuk ABCDE Bmmcan B
OKPY>KHOCTb pajinyca R
(puc.2). Ussectno, 4to
/B =110°, ZE =100°.

Haiizure cropony CD.

3 (9 ka.). Iycrs O —
TOYKA TIEPECEUEHUsT Me-
AumaH TpeyroabHuka FAC 2
ABC. Haiigure nnHy MeIMaHbl, TPOBE/IEHHO
u3 sepumnbl A, ecin £LBAC =35°, ZBOC =
=145°, BC = a.

6 (9, 10 ka1.). HaiiauTe nomaab Tpeyroib-
unka ABC BepHmIMHbI KOTOPOTO UMEIOT KOOP-
nunater A(Q; 0), B(1424233; 2848467),
C(1424234; 2848469). Oter OKpyrJjure [0
COTBIX.

7 (9, 10, 11 k1.). PaccMOTpPUM BCEBO3MOXK-
uple 100-3HaunbIe HATYpaIbHbIC YHCJIA, B 1ECH-
THYHON 3aIMCH KOTOPBIX BCTPEYAIOTCS TOJBKO
uudpsol 1, 2. CKOJBKO Cpein HUX JeJSITCS Ha 3
HaleJso?

8 (9, 10 ku1.). Ha mexkaproBoil IIOCKOCTH
PacCMOTPUM OKPYJKHOCTH pajmyca R ¢ 1ieHT-
POM B Hayaje KOOPJAUHAT. YKakKuTe XOTs Obl
OJHO 3HaueHue R, NpPHU KOTOPOM Ha TaKoii
OKPY’KHOCTH JIEXKAT POBHO 32 TeJIOUNCIeHHbIE
TouKH (TOUKY HA3IBAIOT 11EJI0UUCIEHHOIT, ec/n
ee abciucca U OpAMHATa — IIEJIbIe YUC/Ia).

Yraszanue. HarypasibHoe 4nc/io X IpeJCTaBiMO B
Bue CyMMbl KBa/[paTOB /[IBYX I€JbIX YUCEJJT TOr/la 1
TOJIBKO TOT'/la, KOI'/la BCE IIPOCTbIE YNCJIa (KPOM(:‘ 2),
BXOo/gd1ume B pa3]10>KeHI/Ie YucJia X B HEYeTHOU CTelie-
HU, UMEIOT BU/ 4k + 1 J/I1 HEKOTOPBIX 1EebIX k. B
YaCTHOCTH, B BHU/IE Cyl\leI [[ByX KBa]lpaT()B Hpe]ICTa'
BUMO JI060€ TIPOCTOE YKCJIO, Jatoliee octaTok 1 npu
nenenun Ha 4. Ecam kaxkmoe w3 uucen a u b
Hl)e}ICT'dBI/IMO B BU/1e CyMI\/I])I ﬂByX KBaﬂpaTOB, TO 3TO
Ke BepIIO " aJia ux HpOI/I3BeZleIII/IfL

9 (10 ku1.). Pemure ypasHenue

NG}

10 (10 xni1.). B Bepmmuax Ksajgpara co
CTOPOHOH 4 PACIOJIOXKEHBI YeThIPe TOPoa. ITH
ropojia HaJl0 COEUHUTD JOPOTaMu TaK, 4TOODI
u3 JI060r0 TOpojia MOKHO ObLIO 10 HUM J06-
parbest B 1060ii. [Ipenioskure XoTb O1H Bapu-
aHT TaKUX JI0pOT, obmIeil finHoit menee 11.

Vxasanue. HpI/I peHIeHnN 3a/la4 MOKET OKa3aTb-
Ci IIOJIE3HBIM CJIEIYIONIEE YTBEPIKAECHUE (KOTOp()e
JA0IyCTUMO HCIIOJIb30BaThb 6e3 ﬂOKaSaTeJ’[bCTBa).
IIyctb BHyTpenHue yrabl Tpeyroibiuka ABC MeHb-
mre 120°. Cymma paccrosumit AT + BT + CT ot to4-
xku T J10 BEPUINH TPeyTroJIbHMKa MUHUMAJIbHA, €CJIN
u3 Toukm T CTOPOHBbI TPEYTOJIbHUKA BU/AHbI 110/

. 1 . . T
sin® x + 6 cos® x + —sin 2x sin x+Z =0.
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yraom 120° (T — touka Toppuyesym TpeyroibHu-
Ka). Ecnn xe O/INH U3 YIJIOB TPEYTOJbHUKA 60.JIbITIe
nan paset 120°, To TOUKO}l MHUHUMYyMa CyMMbL pac-
CTOSTHUI 6yaeT BEpIINHa 3TOro yrJja.

11 (10 x71.). B 0CTPOYTOIBHOM TPEYTONBHUKE
ABC na cropone AC Bbi6pana Touka Q Tak, 4to
AQ:QC=1:2. 13 Touku Q omyIleHbl MepreH-
qukynsipel QM u QK Ha croponbl AB u BC
coorBercTBeHHO. [lpm atom BM:MA =4:1,
BK = KC. Haiiagute MK:AC

12 (11 xu1.). Pemmre HepaBeHCTBO

2logix _ {9, 0805% o3 log;_ (x2 —6x+9.

13 (11 xu1.). Pemmre ypaBHenue

14 (11 k.). OcnoBanmem nupamuasr TABCD
apngerca tpaneius ABCD (BC || AD). Pac-
croguus ot Touek A u B po mnockoctu TCD
PaBHbI 7; U ¥, COOTBeTCTBeHHO. [liomaap Tpey-
rosbauka TCD pasua S. Haiiaure o6beM niupa-
musbl TABCD.

15 (11 kn.). Hau rtpeyrosbiuk ABC Ha
cropore AC BbIOHpaioT TOuKy Q TakuMm o6pa-
30M, 4T0ObI qanHa orpeska MK rome M u K —
OCHOBAHMUSI TIEPIEHIUKYISIPOB, OMYIIEHHDBIX U3
touku Q Ha ctopobl AB 1 AC COOTBETCTBEHHO,
okazasach MUHUMaJbHON. [Ipu aTom QM =1,
OK = \/E, ZB = 45°. Haiigure nioniaip Tpey-
robHuKa ABC.

16 (11 xn.). Hafigure Bce HeOTpUIIATEIBHDBIE
1[eJIble YUCaa d U b, YIOBJIETBOPSIONINE PABEH-
ctBy @’ +b* =841 (ab +1).

OPN3NKA
8 knacc

1. Besocurmeaucr mpoexan MepBylO TPETh
ITyTH CO CKOPOCTBIO ¥y, & OCTABIIYIOCS YacThb C
Kakoii-to npyroit ckopocrtbio. Haiinure sty
CKOPOCTb, €CJIN U3BECT-
HO, 9YTO CPEIHSsS CKO-
pPOCTD €ro IBUXKEHUS Ha
BCEM IYTH DPaBHA Ug,.
(20 6am10B)

2. HeBecoMblii ppruar,
JJIMHA Kotoporo [
(puc.3), maxomurca B
pasHoBecuu. Ha kakom
PACCTOSIHUM OT OCH Bpa-
menns (1.0) nozBeleH

2020/Ne10

BTOpOIi TPy3? Macchl TPy30B paBHBI My U 1M,
coorserctBenno. (20 6.)

3. JKuakocTHoii 6apoMeTp HAIIOJIHEH MAIINH-
HBIM MAacCJOM IJIOTHOCTBIO P,. Kaxoil BbICOTBI
ObLT CTOJI6 Macja B 9TOM GapoMeTpe TIPU HOP-
MaJbHOM aTMOC(hEPHOM JIaBJICHUU P.? (20 6.)

4. Jla mapa maccamu M u m (M >m),
UMEIONNX O JMHAKOBbIE 0OHEMbI, CBSI3a/I1 HEBeE-
COMOU U HEepPaCTSKUMON HUTHIO U OMYCTUJIH B
COCYJl C KUJKOCTBIO. «Jlerkuii» 1map BCIIbLI
TakK, 4TO B JKUJKOCTU OCTaJIACh JIUIIb €ro M-s
yacTh. <«TsoKenblily 1ap, He Kacasch [HA,
TTOBYIC HA BEPTUKAJIBHO OPUEHTHPOBAHHON HUTH.
Haiigure cuny Hatsokenus HUTH I, cunuTas, 4To
IJIOTHOCTD KUAKOCTH HEM3MEHHA OT MOBEPXHO-
CTH KUAKOCTH 110 aHa cocyaa. (20 6.)

5. Kakoe kosmuectBO Teryiorsl Q HYKHO
coobumTh m = 2,0 Kr Jbjia, B3STOTO IIPH TEM-
neparype t, = —10 °C, uTo6BI JTe[1 pacnjaaBUTh
(t,, =0°C), a noJiy4eHHYIO BOJY HArPEThb /0
kunennst (¢, = 100 °C) u Bbimaputn? Y gebHast
TerIoeMKoCTb abaa c, = 2,10 -10° JUx/(kr - K),
ylesJbHas TENJ0EeMKOCTb BOJBl C, =
=419-10° ﬂ}K/(Kr~K), yaeJabHasg TenjaoTa
ILJIABJICHUS JIbJa A, = 3,33 - 10° JUx/KT, yaenb-
Hasl TeryioTa Mapoo6pa3oBaHUsl BOJBI 7, =

=22,60-10° [ix/xr. (20 6.)

9 knacc

1. Cwm. 3agauy 4 aug 8 kaacca. (15 Gasios)

2. B 3aKkpbITOM ¢ 060MX KOHIIOB TEIJIOU30J11-
POBAHHOM TOPH30HTAJIBHO PACHOJOKEHHOM
IIUJIMH/IPE eCTh TOHKMI TerJIONPOBOISAIINI He-
BECOMDIIT TTOPIIEHD, [N IUINHAD Ha JBe
YacTH M MOTYIIMi JBHUrathcsl 6e3 TpeHus. B
OTHOW YacTH IMJIMHpA HAXOMWTCS MOJEKY-
JIAPHBIH BOJOPOJ Maccoil m,=3 1. B apyroit
YacTH IUJIMH/PA HAXO/UTCS MOJIEKYJISIPHbIH
kucaopoj Maccoit m, = 16 r. Haiiure otHoMIE-
uue o6beMoB M =V, /V,, 3aHUMAaeMbIX ITHMU
razamu. MoJisipibie Macchl razoB M, = 2 r/Moub
u M, =32 r/mosb. (15 6.)

3. Cm. sagauy 5 ana 8 kaacca. (15 6.)

4. Ha ropusoHTa/JbHOI OBEPXHOCTH CTOJIA
TIOKOUTCST JIOCKa Maccoit M, a Ha TOPU30HTAJIb-
1O BepXHel I0BepXHOCTH 9TOH JOCKU IIOKOUTCS
npyras gocka maccoii m. KoapduimenT tpenms
CKOJIDKEHNST MEKIy /I0CKaMU paBeH W, Koad-
(pUIHIEHT TPEHUS CKOJbKEHUS MEXAY HIDKHEH

F JIOCKOH 1 CTOJIOM paBeH

i Hymo. K BepxHeil nocke
HNPUJIOXKUIN TOPHU30H-
Puc 4 Taubiyio cuiy F (puc.4).




Haiiure yekopenust a, u a, (HIsKHEH 1 Bepx-

Hell) JI0COK W CHJTy TPeHmst F»
Meskay mockamu. (25 6.)

S. KIIJA unukna 7—-2-3—1, cocrosaiiero us
niporiecca 1—2 ¢ TMHENHON 3aBUCUMOCTBIO JIaBJie-
Hus OT oObeMa, aanadatbl 2—3 U M30TEPMbI 3—
1, pasen 1. KIIJ] tukna 1—3—4—1, cocrosiero
u3 u3oTepMbl 1—3, n3o6apbl 3—4 u aguabarnbl 4—
1, paBen n,. Uemy pa- P 5
Ben KIIJ m mmkia /
1—2—3-4—-1? Pab6o-
YUM BEIEeCTBOM Tell-
JIOBOI1 MallIMHbI ABJIS-
eTcs MieaIbHbIN Ta3.
[Iukipr TTOKA3aHbI HA 0
pucynke 5. (306.)  Puc 5

BO3HUKAIOILYIO

<y

10 knacc

1. Cm. sagauy 2 aus 9 kaacca. (20 6asios)

2. CraJpHON IMIAPUK Maccoii m TOJBENIeH K
MOTOJIKY Ha JIEFKOW TIPYKUHE JKeCTKOCTHIO R.
Ero mnepBoHAuaJbHO Y/IEPKUBAIOT TaK, YTO
MPY’KUHA He PACTSIHYTa, a 3aTeM OTIIYCKAaloT.
Haiinure cpeHio0 CKOPOCTD MIAPUKA IIPU /[BU-
JKEHUH JI0 OCTAHOBKHU. Y CKOpeHue CBOOOIHOTO
najenus pasuo g. (20 6.)

3. Cm. sajmauy 4 aaa 9 kaacca. (20 6.)

4. Bycurka ¢ TOJI0KUTeTbHBIM 3apsioM Q > 0
1 MacCO¥ M CKOJIb3UT IO TJIaIKOH TOPU30HTAJb-
HOW HarpasJsTioNiell InHO 2, Ha KOHIAX
KOTOPOU HAaXOJSATCS MOJIO-

—O—9@
JKUTEJbHBIE 3apsanl g >0 +q  +Om *q
(puc.6). Bycunka cosepiua-
eT Masble KoneGamus otHo-  LAC 6
CUTEJIbHO TOJIOKEHUST PABHOBECHS, MEPHO/]
KoTopbiX paBen T. Uemy OyzieT paBeH 1epHoj
KoJieGanuii 6GYCHHKH, €CJiU ee 3apsi/l YBEeJUUUTh
B 4 paza? Cuutaiite, 4yTO cMeleHue GYCHHKI
OTHOCHUTEJIbHO TIOJIOKEHWST PABHOBECHUST OY€Hb
mago. (20 6.).

S. IlpoBoasiumii cTepskeHb Maccoil m u JiIi-
HOU L 1o/iBelieH ropu3oHTa IbHO Ha JIBYX JIer-
KHMX TPOBOJISIIINX MTPOBOJIAX JUIMHOM L B Bep-
TUKAJIbHOM MarHUTHOM TI0Jie C WHAYKIel B
(puc.7). K Toukam 3ax-
peTnJieHus TPOBO/IOB
IIO/IKJIIOYAIOT KOH/[eHCa-
Top eMKocTbiO C, 3aps-
JKEHHBII JI0 Pa3HOCTH
norenrmanos U. B ne-
KOTOPBIII MOMEHT 3aMbl-
KaioT K09 K 1 KOH/IeH-
caTop HAYMHAET paspsi-

JKAThCS Uepes IPOBOAAIMI cTepskeHb. Onpe-
JIeJTATe MaKCUMaJbHBIN YTOT OTKIOHEHNST CHC-
TEMBI OT MOJIOKEHUST PABHOBECHS MIOCJIE 3aMbl-
Kanug kmoda. Cunraiite, 4To pasps MpOUCXO-
JT 3a oueHb Majoe spems. (20 6.)

71 knacc

1. /IBa Tesia MaccaMu m H 1M, COeMHEHHbIE
HEBECOMON M HEPACTSKMMON HHUTBIO, JIEKAT HA
TOPM30HTAIBHON TIOCKOCTH. B HaYaIbHBIH MO-
MEHT BpeMeHM HUTb He nposucaer. Koaddurn-
EHT TPEHUST MEXK/Iy TeJIaMU U [LIIOCKOCTHIO PaBeH
w. K sieBoMy Testy IPUKJIAIBIBAIOT IIOCTOSHHYIO
TOPHU30HTAJBHYIO cuily F, HAPABIEHHYIO BJe-
Bo. K mpaBoMy Tesly NpHKJIQIBIBAIOT JHHENHO
BO3PACTAIONLYIO TOPUOHTANbHYIO cuiy F' = ki,
HaTpasJieHHyIo Bipaso. Haiiaure ckopocTh 1BU-
JKEHUSI CUCTEMbI ¥ B MOMEHT BpeMett ¢,. [Tocro-
SIHHBIE BEJINYUHBI UMEIOT CJIC/YIOIIIE 3HAYCHUSI:
F=4 H,m=1 xr,n=2,u=0,1, k=0,5H/c,
g=10m/c% t,=10 c. (20 6anmoB)

2. Ha ropm3oHTaIbHON MPYKHUHE C JKECTKOC-
THIO k 3aKPETLIEHO TOHKOE KOJECHKO, KOTOPOe
6e3 MPOCKAJIb3bIBAHMUS 5 m
MO3KET KaTUThCSI II0 TO-

PU30HTATBHON [TOBEPX-
noctu (puc.8). Bes
Macca KoJecuka m co-  P1c 8

CpemoToueHa Ha ero 000/e, CIHUIBI HEBECOMBDI.
Orpe/iesinTe 4acTOTY MaJbIX KOJIeGaHuil TaKon
cucrembl. (20 6.)

3. Cm. sagauy 4 aag 10 kaacca. (20 6.)

4. Cm. sagauy 5 aag 9 kaacca. (20 6.)

5. JBa OMHAKOBBIX MPOBOJIOYHBIX KOJIBIA
paanycoM R ABIKYTCS MOCTYHATEJIbHO B OTHOM
MJIOCKOCTH HABCTPEUY APYT APYTY BIOJb TPS-
MOU, TIPOXO/SIEll Yepe3 UX IEHTPbI, B OJHO-
POJIHOM MarHUTHOM TI0JIe C MHAYKIIUELl, PABHOM
B 1 HanpaBJIeHHON HEPIIEHANKYISIPHO TIOCKO-
crtu koqer; (puc.9). Haiigure nampasieHus u
MOJLYJIH CUJT, IEHCTBYIONINX HA KAXKI0€ KOTIBI0
CO CTOPOHBI MATHUTHOTO TIOJIST, B TOT MOMEHT,
KOTJ[a CKOPOCTU KOJIEIl PaBHbI v, a LEHTPalb-
HbIIi yroJI, CTOPOHBI KOTOPOT'O [IPOXO/IST YePe3




44 KBAHT

TOYKHU KacaHUsi KoJiell ¢ u b, paBeH O.. B Toukax
KacaHusi KOJIell ¢ U b uMeeTcst XOPOIIni 3JieK-
TPUYECKUI KOHTAKT. JJIEKTPUYECKOE COTIPO-
TUBJICHUE TIPOBOJIOKYU KOJIbIIA, JJTMHA KOTOPOI
paBHA JIJIMHE OKPY’KHOCTH KOJIbIIA, PAaBHO 7.
VHAyKTUBHOCTAMU KOJIelL TpeHeGpeus. (20 6.)

MATEMATUKA
M KPUNTOTPADUNA

1 (8-9, 10 kmaccer). Ha 6uerax B KmHore-
aTpbl Kpumroananm mpocTaB/asieTcs MecT-
smaunpiit womep ot (0,0,0,0,0,0) 1o
(8,8,8,8,8,8) . Ilpn 9TOM HCIIO/IB3YIOTCS TOJID-
ko mudper 0, 1, 2, 3, 4, 5, 6, 7, 8. buner
CUUTAETCST <«CYACTJUBBIMY», €CJH OCTATKU OT
JleieHnss Ha 9 CyMMbI MepBbIX Tpex 1mudp u
CYMMBbI TIOCJIETHUX TPEX NU(P OTIUYAIOTCS HA
(ukcupoBannoe uucao k= 2. Hanpumep, 6u-
setbl ¢ HoMepamu 123026 u 123661 — cuacrtiu-
Bble, a ¢ HoMepamu 123000 u 876111 — wer.
Haiijiure uncsio cyactauBbiX GUJIETOB.

2 (8-11 ku.). UsBeCTHO, UTO D, Py, Py P3 —
pasIMYHbBIe MPOCTbie uucaa U p° —2p? —
—16p = p; - py - p3 —32. Haiiqure BCce Takue
quCaa P, Py, Po, P3. OTBET 060CHYIITE.

3 (8-9, 10 xa.). CooGmenne nepemaercs: B
Buse TaGauier 7 x 7 kaetok (puc.10). B kax-

3|c|3|4|e|Mm|3
ojcle|plajel|y
m|B|B|H|2|B|3d
o|r|aA|pP|6|o|d
alalo| x| a|xX|ad
Sk |H|T|IT|K|Yy
1|a|xk|2|T1|e|2
1 2 1 2
200 03" 2 3
Puc. 10

JI0i1 KJIeTKe 3amucana Ju6o 6ykBa, au6o nud-
pa. Uto6bl mpounTaTh cO0OIIenne, Heo6X0u-
MO 3a4€PKHYTb OTPE3KaMU JIMITHUE CHMBOJIBI.
OTpesKu MPOBOJAT IO CJEYIONIUM TPABUIaM
(cM. mpuMepbl Ha pucyHKe): 1) KOHIbI 0Tpes-
KOB JIe)KaT TOJIbKO B KJeTKax ¢ Iudpamu,
npuyeM udpa MoKa3bIBAeT, CKOJbKO KOHI[OB

2020/Ne10

B 9TOH KJETKE JEKHUT, 2) OTPE3KH MOTYyT
MPOXOIUTD TOJHKO FOPU30OHTAJIBHO MU BEPTH-
KaJbHO, 3) /Be 1udpbl MOTYT ObITh COEAUHE-
Hbl He 6OoJiee yeM JByMs orpeskamu. [Ipoun-
TaiiTe coobIIeHNe, KOTOPOE MOJIY4aeTCs BbIIII-
CbIBaHUeM KayKJO# TpeTbeil He3ayepKHYyTOI
GYKBBI.

4 (89, 10 xa1.). Jna samudpoBanus coo6-
MIEHNH KaXX/as ero OyKBa 3aMEHSCTCS YHCIOM
no tabmuie (puc.11). B pesyabrare monydaer-

=

A|lb FJA|E EPK|[3|U|U|K[J|M|H|O
0]1 314 S5 |6]7]18]9]10[11[12|13|14
I p T|V|D| X || Y| B|bI| b| 2 [IO] A
15[16[17]18]19]20] 21| 22|23|24|25] 26]27]28]29(30| 31

Cs1 YMCJOBAST TIOCTEAOBATEIBHOCTD Xy, ..., X,
3areM BbIPA0ATBIBAIOT TIOCJIEI0BATETHBHOCTD
Yis Yo, -~ TIO CEIYIONIEMY TIPABIIY: ¥y — HEKO-
TOPOE HATYPAJbHOE YUCJIO, Y, — CyMMa 1udp
KBajipara ¥, yBejauuentnas Ha 1, u t.1. Hanpu-
Mep, ecnn yy =7, 10 Yy =14, y3 =17 u 1.1.
[Tocsie aTOTO BBRIGUPAETCST HEKOTOPOE HATYPATTD-
Hoe t u dopmupyercs 3amudpoBanHoe coob-
leHnHe MO TakoMy NpaBuiy: 73 (X +y,), ...
oo 139 (X, + Ypyn), THE F3p(@) — octaTok oT
Jlesienns yucaa a wa 32. V3BectHo, 4to s
Yy = 2019 n HeKOTOPOTO ¢ TOMYUIIICS CIEAYIO-
mmii mmdpreker: 10, 6, 26, 22, 15, 13, 20, 13,
29, 13, 28, 23, 4. BoccranoBure HCXOIHOE
coof1enue.

5 (811 xu.). [lna 3aumdpoBaHus OCMbIC-
JIEHHOTO CJIOBA €r0 GYKBBI TIEPEBOIAT B YHUCJIA
Xyy Xy, ..ry X, 10 Tabaune (eM. puc.11). 3arem
BBIOMPAIOT HATYypaJbHbIE YHcIa X, U k. [Janee
YHCJIO X IPUIHCHIBAIOT B HAYAJIO H0CJIE/[0BA-
TEIbHOCTH Xy, Xy, ..., X,, & UHCIO X, = X, +
+19"% (rne n — pmuHa coBa) — B ee KOHeI.
[MosyunBinasicss B pesyJibrate MOCJEI0BATE b
HOCTD Xy, Xy, ..., X, X,,41 32T€M IIPeOOPA3yeTCs B
HOCJIEZI0BATEIBHOCTD Yy, Yy, -+« Yp» Ynst 1O HOP-
MyJie Y; = T3y (xi + 6x; B+ k), i=0,1,...,n+1,
rJie 73, (@) — OCTATOK OT Jle/ieHNs uncia a Ha 32.
3areM yKc/Ia 3aMEHSIOT OYKBaMU COTJIACHO Tab-
auiie. B pesysabrare moydusam BOT UTO:
KHUBIIHBHILI. Kakoe c0Bo GbLIO 3ammud-
poBaHo?

6 (8—11 xu1.). Kaxcjomy 13 uerbipex aGoHeH-
toB A, Ay, A3, A; HaJ10 BbIIATD 110 /IBa ypaBHe-
HUS BUujia aw +bx +cy +dz=t, rne a, b, ¢, d,



t, w, x, y, z€{0,1}. 3HaueHNST CEKPETHBIX
6UTOB W), X, Y, Z OAUHAKOBDI JIJis BCeX aOOHeH-
TOB W WM 3apaHee HEW3BEeCTHBI. llpuBemnte
X0Ts1 Obl OJMH TPUMEp ypaBHEHUN, KOTOpPbIE
HAJI0 BbIJIATh ATUM YeThIPeM a00HEHTaM, YTOGBI
kaxas napa {A;, A}, {4, A4}, {Ay, A3} moraa
JIOCTOBEPHO BBIYHUCJHUTD @, X, Y, Z, HO 4TOGBI
npu atoM: 1) HU oaHa Apyras napa aGOHEHTOB
He MOTJTa GbI JOCTOBEPHO BBIUHCIUTH GoJee
OJTHOTO CEKPETHOTo OMTa; 2) HU OAUH aGOHEHT
B OJIMHOYKY He GBLIT B COCTOSTHUU OCTOBEPHO
BBIYUCJIUTD JIAaJKe OJNH ceKpeTHbiil 6ut. Hampu-
Mep, aboHeHT A MOJXYyYNT ypaBHEHUS
{fw+x+y+z=tw+x+0-y+0-2=1}, ady—
{w+0-x+y+0-2=0, w+x+0-y+2z=0}
Torga, 06beANHUBIIICD, U3 UMEIONUXCS B UX
PACIIOPSKEHUN YeThIPEX YPABHEHUIT OHU OJTHO-
3HAYHO HalayT, uto w=1, x=0, y=1, z=1.
ITpu sTOM Gy/IeM TOBOPUTDH, YTO Tapa aGOHEH-
10B {A;, Ay} MOXKET docmoeepno 6vluucIUMDb
CeKpeTHbIe OUTHI W, 2, Y, 2. 3[ECH TPATUITHOHHO
noJsaraercs, uro 1 +1=0.

7 (11 xa.). Cama peuwns oTipaButh Maiie
3anucky. [lus atoro kaskayio OykBy cooGiie-
Hust OH 3aMeHua KomOunanwmein u3 0 m 1
corjacuo Tabaure (A — 00000, 5 — 00001,

g - 11111; puc.12). Bsas genb «/[» u HOMep
Mecsiiia «M» cBoero posk/enust Caiiia BbIYuc-
mn =12 +M?, uy=]1-M, uz=J/-M.
[lamee Cama BBIYUCAWJ YETBEPTOE Uy =
=13y (wy + tyu3), mwatoe us = 3 (uy + uzity ),

oy M€ WUCO U, = T3y (U, 3 + U, 5l 1), TAE
735 (@) — octaTox ot senenus ynca a na 32. K
i-My GUTY CUMBOJIY HCXoaHOro coolOmenus (0
unn 1) OH NPUGABKI YUCJIO U; W B3SLJ OCTATOK
or genennsi Ha 2. IlosyveHHyio nocJenoBa-
tesibHOCTb U3 0 1 1 OH BHOBB 11peo6pa3oBasl B
OyKBbI 110 TaOJHIlEe U TOJYUYUJT CJEAyIolee
coobuiennve: JKAYJIIIBIIJTBIIIY. ITomo-
rute Maie npouuTarhb ero.

8 (11 xu1.). 3BYK 3amuCHIBAETCS HA MATHUT-
HbIi coroit GapaGana (puc.13), KOTOpBIH Bpa-

Bapa6au
#1 Muxpogon

[aeTcsl ¢ MOCTOSIHHONW CKOPOCTbIO, COBEpIast
onuH 060poT 3a 4 cexyHabl. Psgom ¢ 6apaba-
HOM II0 OKPY’KHOCTU 4Yepe3 paBHbIE PACCTOsI-
HUA pasMmenienbl 3anucbiBaomas (1) u Tpn
yutaonme rojaosku (2), (3), (4). B kaxblit
MOMEHT BpeMeHHU B Tesie(pOHHYIO JHHUIO TTepe-
JlaeTCs CUTHAJ ¢ OJHOW M3 YUTAIONUX TOJIO-
BOK. YCTPOHCTBO CIPOEKTUPOBAHO TaK, YTO
Ka)k/Iblil y4acToK curHaJja Oy/er nepejaH B
JIMHWIO OJIMH Pa3, a caMa Iiepejlaya CTapTyer,
KaK TOJIbKO HAYaJiO 3aIMCUH OKaXKeTcst y 3-if
yuraoiieir TooBKu. CKOJIBKO pPa3THIHBIX
BApUAHTOB 3BYKa, MEPEJaHHOr0 B JIMHUIO,
MOZKET TIOJIYIUThCST, €CJIH COOOIIeHNE JTHI0CH
20 cexynna?

9 (11 ku.). PaccMOTpuM JIEBSATH YMCEJ
Ry, ..., ky, e k€ {0,1,2}. IIpu atom xorsi GbI
OJTHO YUCJIO R; OTIINYHO OT HyJA. C MOMOIIBIO
9TUX 4YHCeJ BbIPAGATHIBAIOT MOCJIEI0BATED-
HOCTD Uy, Uy, ..., Uyyqg 10 OpMyIaM: uy = R,
Uy =ky, .oy g = ko, Uirg =15 (U +Uiyy), =1,

, 2010, rae 73(a) — ocraTok OT AeseHHUs
ynucaa a Ha 3. Haligure Takoe HamMeHbIliee
HATyPaJbHOE YUCJIO0 [, 4TO Kakue Gbl HCXO/HbIE
yucaa ky, ..., kg Mbl HU B3$LJIH, B TIOCJIEI0BATEIb-
HOCTHU Uy, Uy, ..., t; Kakjoe u3 yucen 0, 1 u 2
rapaHTUPOBAHHO BCTPETUTCS XOTsSI Obl OAWH
pas.

Iy6aukayuo nodzomosusu:

no mamemamurxe, d MAKXKe Mamemamure
u kpunmoepagpuu — C.Pamodanos;

no ¢usuxe — M.Axexcees, B.Ilonos

A|B|B|T|A|EPK|3[U|[U|K|JA|M|H|O[TTI|P|C|T|V|d|X|IT|Y|II|I]DB|bI|b |5 O] g
0[0[0[0[0|0[0O[O]|0O[O[O[O[O|O|O[O]| 1|1 || t{t|1{1[1]|1|1|1|1[1]1]1]1
0/0[0[0]0]0O]OJO[1 1|1 |1][1][1]1[1]0]0/0[0]O0JO[O[O) 1|1ttt ][1]1]1
0[0[O[O[1[1[1[1[O0O[O[O[O[1]|1[1[{1][O][OJO[O[T1]|1[1][1]O][OJO[O[1]1[1]1
0[0[1]{1[0|O[1[1]|O0[O[1]{1][0|O|1[1]0[O0O|1][1][0O|O[1[1]|0O[O|1|1[0|0O|1]|1
O[1(0[1[{0[1]0O(1]|O0O[1[O|1]0O|1]{O[1]|{O[1|O|1[O|1{O|1]|O[1|O|1[O]|1[O]|1
Puc. 12
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OBOCHOMPCKNW FrOCYAaPCTBEHHbIV
YHUBEpCUTET

OPNU3UNKA

Onmnumnuaga «TBov nyTe
B HacTosiLLyro HAYKy»

| (oTGOpPOYUHbIN) 3Tan
NHTepHeT-TYyp

8 knacc

1. Mypaseil gBurajcst co ckopoctbio 1 cm/c
B/IOJTb CTOPOH PABHOCTOPOHHETO TPEYTOJIbHMU-
Ka, CTapTOBaB C CEPEMHBI OJHON M3 CTOPOH.
[Tpu aTOM KaskIbIT pa3, A0S 10 BEPIIUHDI, OH
3aziepskuBadict Ha 20 ¢ puig nmoBopota. Uepes
240 c¢ mocse Havasa ABUKEHUST MypaBeil ocTa-
HoBuJICS. UeMy paBHO pacCTOSTHHE MEX/y Ha-
YaJIbHON M KOHEYHOI TOYKaMU ero JBIKEHHUs,
€CJIN JIITHA CTOPOHBI TPeyrosbHuKa 1 M?

2. Ha seBoM Kpalo paBHOILIEUYNX BECOB HA
paccTosHuM L OT WX IEHTPa CUJAT T'yCEHUIIDI
MaccaMu my W m,. OHN HAUNHAIOT JBIDKEHNE
B/IOJTb BECOB BITPABO: MEPBasi CO CKOPOCTHIO ¥y,
BTOpAs CO CKOPOCTBIO ¥,. B HEKOTOPBIH MOMEHT
BeCbl MPUXOAAT B paBHOBecme. YUepes Kakoe
BpeMs OT HavaJa JBWKEHUSA 3TO IIPOU3OIILTIO?

3. [IBa croprcMeHa GeryT 10 CTAJMOHY B
ITPOTUBOIIOJIOKHBIX HarpaBJjeHusix. CKopocTb
OJTHOTO M3 HUX TIOCTOSIHHA M paBHa #, a CKO-
POCTb BTOPOTO MeHsleTcsl Kak/Iblil pa3, Korja
OHH BCTPEYAOTCS: MO0 C vy Ha Uy, JIHOO € 0, HA
v;. KakoBa cpefHssl CKOPOCTb BTOPOTO CHOPT-
cMena (ycpejiHeHHast 3a GOJIBIIOE BPeMst)?

4. B xanopudepe (Harpesaresie Bojibl) Boja
o6beMOM V =2 J1 HarpeBaeTcst OT TeMIIEpaTy-
pot Ty = 20 °C no temmeparypot 1; = 70 °C 3a
Bpemst ¢, =200 c. Kaxosa Gyzer temneparypa
Bozbl T, Ha BBIXOJe M3 KaJopudepa, ecan ee
IIPOKAYMBATL Yepe3 Hero ¢ 06beMHbIM Pacxo-
oM Q = 0,02 1/c? Temmeparypa Bojibl Ha BXO-
ne T,. Cunmraiite, 4TO MOIIHOCTb KaJopudepa
MIOCTOSTHHA M PACXO/LyeTcsl TOJIbKO Ha Harpes
BO/IbI. Termmoo6MeHOM ¢ OKpY’Karolell cpemoit
npeHe6peyb.

9 knacc

1. Ilama, mama 1 mX pe6eHOK 6eTyT B acTade-
TEC 110 OJHOMY KPYIy CTaJIMOHA KaXK[blil, 110

ouepeqn TepefaBas IPYT APYTY acTadeTHYIO
nanouky. Mama npoGeskana B N pa3 ObicTpee
pebenika, a mana — erie B N pa3 GbICTpee MaMbl.
Hafiure N, ecam nu3BecTHO, 4TO CPEIHSS CKO-
pocTh acTadeTHOl TaJOYKM Ha TPOTSKEHUN
BCell UCTaHIuu okasanach B 12/7 pas 6uicTpee
CKOpOCTU pebeHKa.

2. MaJibunK CTOUT HA HEKOTOPOM PACCTOSTHUH
OT TIJIOCKOCTH, HAKJOHEHHOI moj yriom 45° K
ropusonty (puc.1). OH Kugaer MSYuK co CKOpo-
CThIO u 110/ yr1oM 0. (0 > 45°) K TOPUBOHTY, TOT
VOPYTO yAapsercs O TJIOCKOCTD, IMOCJe Yero
BO3BpAIaeTCs B UCXOAHYyIo Touky. Haiiaure
paccrogame L MeXIy MaJbYNKOM U TIJIOCKO-
CTBI0. Y CKOpeHHe CBOOOHOTO TTAJIeHNS ¢, Pas-
MepaMHi MaJbuMKa M MAYa, a TaKXKE BJINSHUEM
BO3/IyXa MpeHeOpedb.

l g
u r
a 45°

5
Puc. 1 Puc. 2

3. Cetka 2 ma 3 KBajipara c/ejana 3 OJ{HO-
poaHoit mpoBoJiokn. COMPOTHBIIEHTE OTpe3Ka
TIPOBOJIOKH JITHHOW B OJHY CTOPOHY KBajpaTa
paBHO 7. UeMy paBHO CONPOTHUBJICHUE, U3MeE-
PEHHOE MEXK/Y IEHTPATbHBIMI TOYKAMH CETKHI
(puc.2)?

4. Ilnatdopma Maccoit M mogmmpaeTcs CHU-
3y NPYKUHOU skecTkoCThIO R (puc.3). C Bbico-
Tel H Ha Hee majaer Ma-
JIEHbKUI I1J1aCTUJINHOBBIIL
mapuk Maccoit m. Ha nar-
dopme Jekas Terkuii TucT
6ymaru, B pe3yJbTare Ira-
pUK He TPUJIHN K ILJIaT-
¢opme: BHU3 OH JBUTAJICS
BMecTe ¢ riatdopmoii, a
3aTeM, NpPHU JBUXCHUU
BBEPX, OTOPBAJICA OT Hee B
TOT MOMEHT, KOT/[a IeHCTBY-
Iommas Ha Hero CHJIa peak-
Puc 3 MU OTMOPBI 06paTnach B




Hosb. Ha kakyio Bbicory H; OTHOCHTEJBHO
HCXO/[HOTO TOJIOKEHHsT ILTaTOPMbI B3JIETHT
MIAPHUK TIOCJIE OTPbIBA OT Hee? Y CKOpEeHne CBO-
GOJHOTO TaJeHusT ¢, BJMSHIEM BO3yXa Ipe-
HeOpeyb.

10 knacc

1. IlapamroTucT, OMyCKAIOMNNCS C TOCTOSH-
HOI CKOPOCTBIO v, OpocaeT KaMeHb TaK, 4TO €ro
HayaIbHasi CKOPOCTh TOPH3OHTATbHA U PABHA U
oTHOCHTEsbHO 3eMJii. Kakoe paccrosinue 6yer
MEXK/ly NapalroTHCTOM U KaMHEM Yepe3 BpeMsl
¢ mocste 6pocKa, ecyIm K 9TOMY BpeMeHH OHH elIe
OyLyT HaXOAUTLCS B Bo3ayxe? BimsanueM Bo3-
JlyXa Ha KaMeHb 1peHe6peyb, yCKOpeHue CBO-
GOJTHOTO TAJIEHUS (.

2. B repMeTHYHOM IMJIMHIPHIECKOM COCY/IE
I0/1 TIO/[BHKHBIM [TOPIITHEM HAXO/UTCS ra3, Ha/l
nopureM — BakyyM (puc.4).
Bravase mopmenp Haxoau- l g
s TOuHO Tocepeaune cocy- | Baxyym
na. 3aTeM ra3 HaumHaeT mpo-
CcayuBaThHCS B BEPXHIOI M,S
YacTh COCyla depes3 Majioe -Ilm-
orBepctue B mopimue. Ilpm [+ - - -
5TOM TIOpIIEHb OYeHb Mea- |
JIeHHO omyckaercs. Haiian- -
Te JlaBJeHue B HUJKHEN vyac- | . .
TH COCY/Ia HEIIOCPEJCTBEHH) ————————
nepes TeM, Kak MOPIIEHb puc 4
JIOCTUTHET JHA. Y CKOpeHHe cBOGOJHOTO Iaje-
HHUA ¢, Macca HOpHIHA M, IUIOMAaAb CEY4eHUs
cocyna S. Temmeparypa nuanHapa, HOPIIHI 1
raza O/IMHAKOBA M MOJJIEPXKUBAETCS TTOCTOSIH-
voit. Tpenust Her.

3. HaropusoHTaIbHOI JIOCKOCTH TOKOUTCS
Tesi0. Ha Hero ¢ ropns3oHTaIbHON CKOPOCTBIO U
HasleTaeT KyCOK IUIACTHJIMHA ¥ IIPHJIAIACT.
Teso cMeraercst Ha paccTosiHME /) 1 OCTAHABJIN-
Baercs. [loce aTOTO Ha HErO HAJETAET C TOI XK€
CKOPOCTBIO TOYHO TAKOH 7K€ KYCOK IJIACTHIIIHA.
Tesio cMeraercst Ha paccTosiHue [, 1 OCTaHABIIN-
Baercs. Haiiante koappummenT TpeHns CKOJb-
JKEHUST MEXK/LY TEJIOM M IIJIOCKOCTBIO. Y CKOpe-
HUe CBOOO/HOTO TaJIeHUsT §.

4. Cm. samauy 2 aas 9 kuacca (TOaBKO
Tenepb yroJ 3 sagan B o6uieM BH/E).

11 knacc

1. /IBa cocy/a ¢ meaibHbIM ra3oM coe/inHe-
HbI TOHKOII TpyOKOii ¢ BeHTHJIeM. B mepBoM
cocyzie o6beMoM V, JlaBeHHe PaBHO Py, & BO
BTOpPOM 00beMOM V), JiaBjieHNe paBHO p,. Ben-

THJIb OTKPBIBAIOT HA OYEHb KOPOTKOE BPEMS U
cpasy :xe 3akpbiBaioT. [locsie ycranoBieHUs
pPaBHOBECHS B Ka)K/IOM W3 COCY/IOB [IaBJICHUE B
[EPBOM PaBHO py. UeMy PaBHO JlaBJeHue py BO
BTOpPOM cocyzie? TeMmmeparypa moaiep:KBaeT-
CsT TIOCTOSTHHOT.

2. Ha 3akperjieHHOe KOJIbIIO, IIJIOCKOCTD
KOTOPOTO BepTUKAJIbHA, HajleTa U 3aKpeIlieHa B
Touke B sierkas npyskuna (puc.5). B nHegedop-

Puc. 5

MHUPOBAaHHOM COCTOSIHUM CBOOOJHBII KOHeIl
MPY>KIHBI HAXO/JUTCS B TOUKe A Ha 0/INHAKOBOI
BBICOTE € TOUYKON B 1 1ieHTpoM kojbiia O. Ha
KOJIBIIO TaK3Ke Ha/le/In MACCUBHYIO a6y, TIpH-
KPermuB ee K CBOGOIHOMY KOHIy Npyskubl (B
touke A). Haiigure maccy mail6pr m, ecin
M3BECTHO, YTO ee MOJIOXKEHNE PAaBHOBECHS OKa-
3aJI0Ch 110 BbicOTe Ha R/2 Huke mpsimoil AB.
Yckopenue CcBOOOIHOTO MACHUS ¢, PAJUYC
KOJIbIIa R, »KeCTKOCTb NpPY:KUHbI R. Tpennem
MEK/Ly KOJIbIIOM M 11aii60i1, KOJIbIIOM U NIPYIKH-
HOIl 1peHe6peyb.

3. Ha ropnsoHTaJIbHOI MJIOCKOCTH PACIHOJIO-
JKEHbI MaCCHBHOE TeJIO M /IBa 3aKPeIJIEHHbIX
JIETCKUX ITyJIeMeTa — CJeBa M CIpaBa OT TeJsa
(puc.6). CTBOJIBI MyJIEMETOB OPHEHTHPOBAHDI
TOPU3OHTAJILHO U HAIEJIEHbI MePIeH/IKY IsIp-
HO noBepxHocTH Tesa. [Ipsmas, npoxozsinas
yepes IIeHTPBI IIyJIeMEeTOB, TaK)Ke HepIeH/INKY-
JISIPHA TIOBepXHOCTH TeJa. VI3 mysiemMeToB o/{HO-
BPEMEHHO HayaJl CTpessaTh. l3BecTHO, 4TO
BpeMEHHBIe HHTEPBAJIBI MEXK/IY BBIIETOM ITyJIeK
y KaXJO0TO ITyJeMeTa Majibl U (PUKCHPOBAHBI.
Takske n3BeCTHO, 4TO Y JIEBOTO ITyJIeMETa CKO-
POCTb BbLJIETA IyJIEK B 2 pasa BbIIIE, YeM Y
IPaBoOro, HO Macca myJiek B 1,5 pasa MeHblIe,
a BPEMEHHOH WMHTepBaJ MeK/Iy ITyJbKaMu Ha
30% GoubIrie, ueM y TIpaBoro. B Kakyto CTOPOHY

IIpaswvuii

RO

Jleswiil
o [

Puc. 6




48 KBAHT

Ha4yHeT JABUTAThCS Tesao? TpeHuneM MexKIy Te-
JIOM U IJIOCKOCTDBIO MpeHeGpedb, yaphbl MyJek
0 MOBEPXHOCTD TeJa CYUTATH AGCOJIOTHO YIIPY-
ruMu. CTOJIKHOBEHUSIMU I1yJIEK MEXKIy co60ii n
COTIPOTUBJICHUEM BO3/lyXa MpeHeOpeyb.

4. Ha rmagkyio ropusoHTaJbHYIO CIUILY Ha-
nerol tpu Oycunku (puc.7). Macca BTOpoit

qf,m q; 2m q;Bm
Puc. 7

Oycunku B 2 pasa GoJibllie TEPBOi, a Macca
TpeTbell 6ycmHKM B 3 pasa 6oJibllie TepBOii.
BycuHky HaXO/ATCS HA OJIMHAKOBBIX PACCTOSI-
HUSX JPYT OT JApyra U MOryT cBOGOAHO 6e3
TPEHUsI MepeMeliaTbcsi BoJb cruibl. Ha Oy-
CHHKAaX UMEIOTCS] O/[HOUMEHHDIE 3aPSI/IbI ¢y, Gy U
(3 COOTBETCTBEHHO. BYCHHKM OTIyCKaioT, W
OHM HAYMHAIOT PA3JIeTaThCsl TaK, YTO BTOPAs
OyCcHHKa BCe BPEMST OCTAETCsI CTPOTO MOCEPE/in-
He MeXIy nepBoil u Tperbeil. Haiigute 3apsasg
4, €CJIU 3APSIIBI §y U (5 UBBECTHDI.

BTopon Typ
8 knacc

1. Benpo mo kpaeB mHamoJsiHeHo Bojmoii. B
BE/IPO MEJIJIEHHO OITyCKAlOT CILJIONIHOW Jiepe-
BSIHHBII KyOUK ¢ pe6pom @. Ilpu atom u3 Bejpa
BbLIMBaeTcst Bojla o6beMoM V. 3areM KyOuK
yOHpaioT ¥ BMECTO HETO, HE JOJMBAsi BOJBI B
BE/IPO, MEJICHHO OITYyCKAIOT JIPyroil KyOuk u3
TOTO JKe MaTepuaya, HO ¢ pebpom 2a. Otmpe/e-
JIUTE, KAKOi 00beM BO/Ibl V TIPU ATOM BbLIbETCS
u3 Begpa. DpdeKTaMn MOBEPXHOCTHOTO HATS-
JKeHUsT peHe6peyb.

2. KyOuk miaBaeT B KUIKOCTH IJIOTHOCTHIO
p . Korma x HeMy IIpHCOeANHNIN TPY3UK, KYy-
OWK CTaJT TIaBaTh, MOTPYKeHHbIH Ha 60% CBO-
ero oobema. Korga x HeMy TNpUCOEMHUJIN
BTOPOII TaKOU Ke I'PYy3HK, KyOHUK MOJHOCTDHIO
MOTPY3UJICS B JKUAKOCTH M CTAJ TIABATh B
6€e3pasJIMYHOM TOJIOKEeHHN paBHOoBecusi. Haii-
JUATE TJIOTHOCTD MaTepuasa, U3 KOTOPOro cjie-
JIaH KyOUK.

3. LlupkoBas Tpanenus npejcTaBseT co6oi
JUTMHHYIO TAJKY, HOJBENIEHHYIO HA JIBYX YIIPY-
rux Beprukajabhbix Tpocax (puc.8). Kormga na
Tparnenun MoBucaa 06e3bsHKA, YXBATHUBIIUCH
3a cepe/IMHy MaJIKH, TO I1aJKa OIyCTUIACh BHU3
Ha d=1,5 cM. 3areM 00e3bsiHKA IEPEMECTH-
Jlach B TOUKY A, KoTopas B /1Ba pasa GJimKe K
JIEBOMY KOHITY MAJKK P, 4eM K TIPaBOMY KOHILY

2020/Ne10

d

Puc. 8

Q. Ha cxoubKo 1ocje 3TOro JeBblil KOHEI]
OKa3aJsics HIKe MPaBoro?

4. B HyJeBOIl MOMEHT BpPEMEHHM B BaHHY C
BOJION HAUMHAIOT HAJIWBATDL TOPSYYIO BOIY U3
kpana. Boxy HempepbIBHO TOMENTMBAIOT U W3-
MepsioT Temriepatypy. I'paduk saBucuMocTn
TEMIIEPATyPbl OT BPEMEHU MOKA3aH HA PUCYH-
ke 9. Onpegennre TeMiepaTypy HaJauBaeMoii

T, °Cl

60

40

20

3 t,MI/Iﬁ

0 1 2
Puc. 9

BOJIBI, €CJIU PACXOJ BOJBI U3 KpaHA MOCTOSH-
HbIii. TernmoeMKoCTbI0 BAHHDI U TETIJIO0OMEHOM
C OKpy:Kaloleil cpesoil mpene6peyb.

9 knacc

1. [IBa memexoma [IBWXKYTCS TIO YacCOBOI
CTpeJIKe C MOCTOSHHBIMU IO a6COJTIOTHON Be-
Jamaune cropoctsimu vy = 1,2 M/c, v, =1mM/c,
TIEPBBIN — MO OKPY>KHOCTH PAINYCOM # =8 M,
BTOPOIT — 1T0 OKPY>KHOCTH PANyCOM 7, = 10 M.
IenTpnl OKpy:KHOCTEH cOBMAgAiOT. 3a KakKoe
BpeMsI pacCcTOSHNE MEKIY TIeMeX0aM1 n3Me-
HUTCST OT MUHUMAJBbHO BO3MOXKHOTO TIPH TAKOM
JIBUDKEHUH JI0 MaKCUMAaJIbHO BO3MOKHOTO?

2. MaJsbyuK, cTos Ha TOPU30HTAIBHOI ILJI0C-
KOCTH, KHJaeT KaMeHb TakK, YTOOBI TOT yJIeTes
Ha MaKCHMaJbHOe paccTosgame. Bropoil kameHb
oH 6pocaeT ¢ TOll JKe 10 aGCOMIOTHOI BeJTNUYnHE
CKOPOCTBIO BEPTHKAJbHO BBepX. Ero soBut
JIPYTOH MaJibuMK B BEPXHEH TOUKE TPAEKTOPUHI
u 3areM 6pocaeT U3 3TOH TOYKH IMOJ TEM Ke
YIJIOM W C TOif JKe CKOPOCTBIO, YTO W TEPBBII



KaMeHb. Bo CKOJIbKO pa3 pacCTOsiHUE 10 FOpH-
30HTAJIN, KOTOPOE MIPEOJ0IE]T BTOPOIl KaMeHb,
60JIblIIe TI0 CPABHEHUIO C 1epBbIM? BunsHuem
BO3/lyXa MpeHeOpeyb.

3. HoBoroausisi rupJisinzia mpecTaBisieT co-
60ii NIPSIMOYTOJILHYIO TIPOBOJIOYHYIO CETKY, B
TOPU3OHTAJIBHBIE TIEPEMBIYKH KOTOPOH BCTaB-
JICHBI OJITHAKOBBIE JIAMITIOYKH, KaK TIOKa3aHo Ha
pucynke 10. ComporuBienne TUPJSH/IBI, HU3-

Puc. 10

MepeHHoe MexTy KiaemMamu A un B, paBHO
Ry=1919 Om. Ilocse Toro Kak B THpJAHAE
reperopesia O/lHA JIAMIIOYKA, COIPOTUBJIEHUE
crasio paBubiM R = 1920 Om. Omupenenute 06-
1ee KOJIMYECTBO JIAMITOUEK B THPJISHIE, €CJII
M3BECTHO, YTO UX YMCJIO 3aBe1oMO OoJibIie 1938
n Menbiie 3838. CompoTHBJIEHUS JaMIOYEK
O/INHAKOBBI, COMPOTHBJIEHNEM IIPOBOIOB IIpe-
HeOpeUb.

4. Tlo jiecTHUIIE C OMHAKOBBIME CTYIIEHSIMUI
NpbIraeT BHU3 MajieHbKas Jsryika (puc.11).

Puc. 11

Kaxaprit pa3 oHa OTTAIKNBAETCS OIMHAKOBBIM
00pa3oM ¥ TIONA/AeT ¢ Cepe/InHbl CTYIIeHN Ha
cepefinHy cJenytouteit crynenu. Ilocaennunii
IIPBIKOK OHA COBEPIITHJIA TT0 POBHOI OBEPXHO-
CTH, JJINHA 3TOTO TIPbIKKA d, a Bbicota h.
Haitigure BbicoTy cryneneit H, eciau [JinHa
cryneHeil pasua L. Biusauem Bo3ayxa npene6-
peub.

10 knacc

1. Ha ocrtpoBe Manxarren r.Hpio-Mopka
MHOTO YJIHII, KOTOPBIE PACTIOJIOKEHDBI B3AIIMHO
MEPHEHIUKYISIPHO HA HEGOIBINUX PACCTOSHU-
SX APYT OT Apyra. Auekceil u Bacuuauit, npo-
T'YJUBAsICh MO OCTPOBY, B HEKWiIl MOMEHT C

MTOMOII[bI0 HABUTATOPa OIPEIEJUIN, YTO pac-
CTOSHIIE MEXXIY HUMH paBHO 3,4 KM. Bacwamit
ocTaJICd Ha MecTe, a AJIeKcell HadyaJl ABUTaThCs
K HEMY TIEIIKOM TI0 YJIUIAM [0 ONTHMAJbHOMY
nytu. B orimume or Ajiekcesi, Mbl He 3HaeM,
rje TOYHO HaXosATcst mpusitesm. Ilocrapaii-
TeCh, € MOMOIIBIO uMeroleiics nndopmaiunu,
OTIPEIETUTh MUHUMAJIbHOE U MAKCHUMAJbHOE
BO3MOJXHO€ 3HaUYeHue [AJUHbI 9TOTrO OIITHU-
MaJibHOTO TIyTu. OTBET OKPYTJHUTE 0 COTEH
METPOB.

2. Tpu onMHAKOBBIX COCY/a C H/I€AJbHBIM
ra3oM COe/[MHeHbl TOHKUMH TpyOKamu, cHaG-
skeHHbIME BenTuaamu (puc.12). laBienus B

2 P

Puc. 12

1-M, 2-M u 3-M cocynax paBHBI p;, Py U P3
COOTBETCTBEHHO. Bentnib Mexay cocynamu 1
U 2 OTKPBIBAIOT U I10CJIE HACTYILJIEHUS] PABHO-
BECHSI 3aKPbIBAIOT. 3aTE€M OTKPBIBAIOT BEHTHJIb
Mexxay cocynamu 2 u 3. Haiinure naBienue pé
B 3-M cocy/ie 1ocJie HaCTYIJIeHNsT PaBHOBECHS.
Temmeparypa noep>KUBACTCs ITOCTOSTHHOI.
3. Ha ropmsoHTaJbHON MOBEPXHOCTH CTOST
Tpu oauHakoBbix Ky6mka (puc.13). KyGuxn

Puc. 13

COe/IMHEHb! O/IMHAKOBBIMU IPYKUHAME, HATs-
JKeHHe KOTOPBIX ojinHakoBo. Ecmm 1-if ky6ux
Me/IJIEHHO TSHYTb BJIEBO, TO, KOT/Ia OH Ipoiijer
paccrosinue d;, 3-it KyOUK HayHET [(BUTaTbCH.
Ecam u3 Toro »xe MCXOJHOTO TOJIOXKeHus 1-it
KyOHK Me/IJICHHO TOJIKATh BIIPABO, TO, KOT/la OH
npoiizer paccrosune d,, 3-ii KyOMK HayHET
asurarbest. Ha xakoe paccrosume d, Hy»KHO
O/THOBPEMEHHO HepeMecTUTb BipaBo 1-if u 3-if
KyOUKH M3 TOTO K€ HMCXO/HOTO IIOJIOKEHHUS,
4yTOGbI CPeJHUIT KyOUK NpHIIEST B JIBIDKEHUE?
KoaddunmenTs! TpeHns MOKOS 1 CKOJTbKEHUS
CUUTATh OINHAKOBDBIMIU.

4. 3HayoK B BHJE PABHOCTOPOHHETO TpeEy-
TOJIbHUKA, €Tr0 BBICOTHI M BIIMCAHHON B HETO




50 KBAHT

OKPY>KHOCTH Pa/InyCcoOM
r (puc.14) BbinoJHEH
13 OJTHOPOHON MPOBO-
JIOKH C COIPOTHBJIEHU-
eM P Ha eJNHUILY -
Hbl. Haiiiure conpotus-
JIEHWEe MEXKIY TOYKaMHU
An B.

Puc. 14

17 kracc

1. YetnIpe memexoga ABIKYTCS C TTOCTOSH-
HBIMU TIOJIOKUTEJBHBIMA CKOPOCTAMU 0f =
=1,8 M/c, v, =1,4 M/c, v3 =1,2 M/c, v =1 M/c
B/IOJIb OCH X. B HauaIbHBII MOMEHT BPEMEHN UX
koopAuHATBHL paBubl: x; =0 M, x,=30 M,
x3=65 M, x,=80 M. Ilocse Toro kaxk ojuH
JIOTOHSIET JIPYTOTO, JlaJiee OHU JIBIDKYTCSI BMecTe
€O CKOPOCTBIO ITIelexo/ia, KOTOPOTo JIOTHAJIN.
Kakoii nmyTb npoiizer nepsblil nemexoj K Mo-
MEHTY, KOT/Ia BCE OHU BCTPETATCS?

2. B BepmmHax paBHOCTOPOHHETO TPEYTOJIb-
HIKA PACTIOI0KEHBI TOUeUHBIE 3aPS/Ibl Pa3JInd-
HOIT Besmunnbl. YeMy paBeH IOTEHIIUAJ DJICK-
TPHIUYECKOTO MOJIS B IIEHTPE TPEYTOIbHIKA, €CJIN
TTOTEHINAJIBI B CEpPeITHAX CTOPOH PABHBI @, 5
n@3?

3. B nummHapuueckoM cocy/ie o/L ITOpIIHEM
Maccoit M HaXOANTCS HeC)KMMaeMas SKUJKOCTb
Mmaccoit M. Cocya HOMeCTUIN TOJ, FepMeTny-
HBIIl KOJIaK ¥ OTKayaau Bo3ayx. Ha nHe
cocy/ia HaXO/IUJICST MaJIeHbKUI ITy3bIPeK BO3/TY-
xa. Bo ckosbko pas yBemmuntcs oObeM IIy-
3bIPbKA, KOTJIAa OH BCILIBIBET II0/i ITOPIIEHD?
Kanmnnnsapupimu addextamu 1 gaBieHneM Ha-
CBITIEHHDIX TapoB JKU/JKOCTH B My3bIPbKeE Mpe-
HeOpeyb.

4. Ha nakJoHHOIT MEepoX0BaTON MJIOCKOCTH
€ YIJIOM HaKJOHA O, JIEKUT iaiiba, IpUBSA3aH-

Hasg K TOPU3OHTATIBHO

lg pPACIOJIOKEeHHON HUTH

JUIMHOM L, KoTopasi Apy-

MM KOHIIOM TIPUKpeIl-

[ JleHa K TIJIOCKOCTH

Puc. 15 (puc.15). Iaii6y oTmyc-

KaloT, 1 OHA HAYMHAET CKOJIb3UTDH MO MJIOCKO-

ctu. HafinnTte yros moBopoTa HUTH, TIPU KOTO-

POM CKOPOCTD HIAiGbI JIOCTUTAeT MAKCUMAbHO-

TO 3HAUEHWs, a TaK)Xe BeJNYNHY 3TOH MaKCH-

MaJIbHOW CKOPOCTH. Y CKOpeHHe CBOGOIHOTO

najsienns g, KoapduimenT TpeHus manbbl o
TIJIOCKOCTD .

2020/Ne10

Il (3aknounTenbHbIN) 3Tan

8 knacc

1. Tousa u Ilonsg maxomarTcss Ha OHON TIps-
Moit Ha paccrogaun 3900 M ApyT OT Apyra.
OHU 0THOBPEMEHHO HAYMHAIOT O€KaTh HaBCTPe-
qy apyr apyry: Tojst co ckopocTbio S5 M/c, a
[Toust co ckopoctpio 3 M/c. Tosist ocranaBBa-
eTCsl Ha JIeCATUCEKYH/IHBIN OTIBIX KasK/ble
200 M, a Iloms — Ha aBaAIATHCEKYHIHBII
orabix Kaxkapie 300 M. Uepes kakoe BpeMs
mocJie Havyasa JBUKEHNS] OHH BCTPETSITCS?

2. B Temion30JupoBaHHOM COCY /1€ HAXO/IST-
Cs1 B TEILJIOBOM PABHOBECHUM BOJIA U KYCOK JIb/IA.
BryTpb cocy/ta moMemaior mopucTbiii (mpomu-
HaeMblil [Ji1 BOJbI) HEBECOMDbIi IOPIIEHb U
VAEPKUBAIOT €T0 HA OHOM yYPOBHE TaK, YTO B
HAYaIbHBIII MOMEHT BPEMEHH MJIOCKOCTD TIOPIII-
HsI COBIA/AJa C TIOBEPXHOCTBIO BO/bBI, a BECH
nex 6oL1 noa Bogoit (puc.16). CHavanma ans
YAEPKAHUS TTOPITHS OBLIO JOCTATOYHO TIPHJIO-
KUTH cuy F. 3aTeM K cocymy TOABEN HEKO-
Topoe KosmdecTBO TernoThl Q. [Tocie ycranos-
JIEHWSI HOBOTO TEIJIOBOTO PABHOBECHSI ITPUKJIA-
JipIBaeMas cujia crana pasuoi F’. Haiigure Q,
€CJIM U3BECTHO, YTO JIe][ PACTASIT HE IOJHOCTHIO.
[TnoTHOCTD BOJBI Py, MJIOTHOCTD JIb/IA P, Y/1€]b-
Hasg TeIJIoTa TIIaBJICHUS JbJAa A, YCKOpeHHe
cBoboHOTO MaseHus g. Cuntaiite, 4TO JIef He
KacaeTcs IHA COCy/a.

g
g
T
pO pO
[ —
Puc. 16 Puc. 17

3. CnsomHoil Ky6uk €O CTOPOHOH @ TIpu-
KPEIJIeH K MAaCCHBHOM IIeTIOYKe, TIePeKNHYTOMH
4yepe3 HENOABMXKHBIN OJIOK, KaK [MOKa3aHO Ha
pucynke 17, 1 HOTpy>KeH B KUIKOCTD TJIOTHO-
CTBIO Py. B MCX0HOI cuTyarun BepxXHss TrpaHb
KyO6uKa M MOBEPXHOCTb KUJIKOCTH HAXOATCS
Ha ojaHOM ypoBHe. TouKy mojBeca HadaJIl
nogHuMarh BBepX. Koria ee nopnsiim Ha AR,
KyOUK CHOBa OKa3aJCcs B PAaBHOBECHHU, HO Te-
TIepb ero HIDKHSIS IPaHb Kacajgach Bojbl. Haitin-



Te Maccy eIMHUIIbI JVIHHBI 1enovku W. Tpernem
rpeneGpeyb.
4. B crakan ceuenuem S HaJIUTBI IBE HECMe-

HINBAIOTIIECS] YKUJIKOCTH TIJIOTHOCTSIMU Py U P
(p; <py). Ha rpa-
HUIE Pa3jiesia 3TUX g
SKIIKOCTEN  I11aBa-
er teJ10 00beMoM V, P,
[pUYeM J0JIs O €r0
oO6beMa HaXOAUTCS
BBIIIIE IPAHUIIBI Pa3-
nena (puc.18). Jler-
KYIO KUJKOCTD CJIH-
pator. Ha ckompko “~—uw———  J
U3MEHUTCS YPOBEHD S

TSKEJION JKUIKOCTI
B crakaHe? Tejo /Ha crakaHa He Kacaercs.

P2

Puc. 18

9 knacc

1. Kamenb, OpOIIEHHDIIT BBEPX, MTEPECEKAET
YPOBEHB BTOPOTO aTaka ABaskabl (ITpH MorpeMe
U CITyCKe) ¢ MHTEPBAJIOM BPEMEHN T. AHAJIOTHY-
HbIl MHTEpBaJ /I 60Jiee BBICOKOIO ITayKka
cocraBasier T. OmpejennTte PasHUILy BBICOT
MEK/y BTOPbIM U Go0Jjiee BBICOKUM 3TASKOM.
Yckopenue ¢cBo6OHOTO najieHust g. Bausnuem
BO3/IyXa MpeHe6peyb.

2. 3akperuieHHas CIHIA WU30THYTA B BH[E
JIBYX TTOJTyOKpYy»KHOCTel AB n BC, nexamux B
BEPTHUKAJbHOHN TJIOCKOCTH, C A
pajinycaMu, COOTBETCTBEHHO,
anb (puc.19). Toukn A, B
1 C (KOHIIbI IOy OKPYKHOC-
Teil) HaXOJATCS Ha OAHOM
BepTUKAJILHOI TIpsiMoii. /[Ba
O/IMHAKOBBIX MIAPUKA MTOKO- B
arcsa B Toukax A u B. Hlapuxk
B TOUKe A HAaYMHAET CKOJIb-
3UTb B/OJIb CIIUIBI. B Touke
B mapuku ciumnatores. C ka- C
KOH CKOPOCTDBIO OHY BbLIETAT Puc 19
co crutpl B Touke C? Yckopenue cBoGOHOTO
najsiennss ¢g. TpennmeMm u BJIMSHUEM BO3/yXa
1peneGpeyb.

3. Jlocka mgymHoi L ABMIKETCS IO TJIAJIKOKI
TOPU30HTAJIBHON TIJIOCKOCTH B/IOJb CBOEH J/TH-
HBI U Hae3’kaeT Ha MIepoXO0BaTyIo MOJIOCY JJIN-
Hoii L ¢ koadduimenTom TpeHusi | ¥, KOTaa
MTOJTHOCTBIO CHE3KAET, CPA3Y OCTAHABJIUBACTCS.
Haiiinre HauaIbHYI0 CKOPOCTD JIOCKU. Y CKOpe-
HUe CBOGO/THOTO TAJIEHUST §.

4. Ilentp kKoJeca
paauycoM R TOmHAT
HaJ[ TTOJIOM Ha HEKO-
Topylo BbicoTy H R
(puc.20). Koneco Bpa- o
IIaeTcs ¢ yTI0BOH CKO-
POCTDHIO M B BEPTUKATb-
HOM mIockocTu. B ka-
KOI-TO MOMEHT OT 000~ H-7
Jla OTPBIBAETCST KYyCO-
yek rpsasu (yros mex-
Iy PaauycoM BEKTO-
POM, TIPOBE/IEHHBIM K
ATOMY KYCOUYKY U3 I[EHTpa KoJieca, M BepTHKA-
JIbIO O) ¥ MAJaeT Ha MOJ TOYHO IO/ IEHTPOM
KoJieca. Haiiure H. YckopeHre CBOOOIHOTO
TMaJIeHus ¢.

5. Ha ropmsoHTaIbHOMN MIIOCKOCTH PACTIOJIO-
JKEHbI MaCCHBHOE TeJIO U JIBa 3aKPEIJIeHHbIX
nerckux mysemera — 1 u 2 (puc. 21). Creombr

1 2

o el

Puc. 21

IyJIEMETOB OPHEHTHPOBAHbI TOPH3OHTAJIBHO U
HalleJIeHbl MEPHeHNKYISIPHO MOBEPXHOCTH
tesa. llpsiMas, Tpoxojsmass depe3 IEHTPBI
yJIEeMEeTOB, TaKKe HMepHeHANKyJIIpHa TOBepX-
HOCTH TeJia. VI3 mmysieMeToB OAHOBPEMEHHO Ha-
YaJam CTpPesAThb. VI3BeCTHO, YTO BpeMeHHbIe
MHTEPBAJIBI MEXX/Ty BBIJICTOM ITyJEK Y IIyJieMe-
TOB MaJIbl W PABHBI T; U T,, COOTBETCTBEHHO.
CxopocTb BbLIETA IIyJIeK U3 IIyJIeMeTOB paBHA
v. C xakoil ycranoBuBIIElCS CKOPOCTBIO U
6y/leT ABUTaThCs Te10? TpeHneM Mex/y TeaoM
1 MJIOCKOCTHIO, CTOJIKHOBEHUSIMH ITyJIEK MEK/LY
co60ii M CONPOTHBJIEHWEM BO3/yXa IpeHe6-
peub. ¥Yapbl IIyJIeK 0 MOBEPXHOCTD Tesra abco-
motHO yrupyrue. CumrtaTh, YTO K MOMEHTY
JOCTIKEHUST yCTAaHOBUBIIEHCS CKOPOCTH TeJso
He CTOJIKHETCS HU C OJHUM W3 IIyJIeMeTOB.

Puc. 20

10 knacc

1. /IBe npy:KMHKU OAUHAKOBOI JJIMHBL HOA-
BelieHbl K MOTOJKYy. CHU3Y K HUM KDPEIMUTCS
OJTHOPOJTHBIN CTepKeHb JAJUHON L: OMH KOHEIT
KPENUTCS K MPY)KUHKE JKECTKOCTBIO Ry, a Jpy-
TOI KOHET] pacrojaraeTcs Ha PacCTOSHUN d OT
MeCTa KpEIJIeHUsI K MPYIKUHKE JKECTKOCTBIO K
(puc.22). Haiigute ornomenme k,/k, ecmn
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Puc. 22

U3BECTHO, YTO TOCJE PACTSDKEHUS MPYKIHOK
CTep)KeHb BUCHUT TOPU3OHTAJIBHO.

2. Ha cocyn ceuenmeM S TMJIOTHO MTOCTaBJIEHA
KaCTPIOJISI TOTO K€ CEYEHUsI, TaK YTO BO3IAYX
MEKIY COCYIOM U KacTpiojell He MPOHWKAeT

(puc.23). Kacrpioss
Po 3axperiena. B anoka-
lg CTPIOJIN BCTABJIEHA TOH-
Kag TpybOKa, KOTOpas
CITyCKaeTCsI B COCY/I TT0-
yTH 710 AHa. B cocyn
B KACTPIOTIO HATINTA
JKUJTKOCTD IIJIOTHOCTBIO
p. HauasnbHast pasHocTb
YPOBHEH >KuKOCTell B
p Hux paBHa H. Mexzy
V= 7?7 pmom xactpionu u
TTOBEPXHOCTBIO JKI/TKO-
CTH B COCY/I€ UMEECTCS
BO3JLyIITHAS TPOCJIOIKA TOMIUHOI /2. Best cucre-
Ma Haxomutcst B paBHoBecuu. COOKy cocyaa
OTKPBIBAIOT HEGOJIBINIOE OTBEPCTUE, YePe3 KOTO-
poe HaumHAaeT BBITEKATh JKUIKOCTD. Kaxoii 06beM
V' SKHAKOCTH BBITEUET W3 COCyJa, KOTAA ee
YPOBeHb B cocy/ie Tonusutest Ha h? Armocdep-
HOe JIaBJIeHUe p,, TeMIleparypa He MeHseTcs, B
KacTproJie BCETJAa €CTb JXUAKOCTb, YCKOpPEHUE
CcBOGOTHOTO TAJICHUS (.

3. Cocyn pasmesieH Ha TPH paBHBIE YacTH
TTOJTYTIPO3PAYHBIMI TTEPETOPOIKAMN: JIeBas Tie-
peropojika Me/IJICHHO TIPOITycKaeT rasel A u B,
HO He nporyckaet ra3 C, mpaBast IIeperopojika

MPOITYCKAeT TOJIbKO Ta3
A5, X A (puc.24). B nauasp-
HBIIT MOMEHT BpEMEHU
BCE Ta3bl HAXO/IIJINCD B
JIEBOW TPETHU COCYIA, TIE
JlaBJIEHUE DPaBHSJIOCH
po- B ocranbhoil yvactu
cocyzia OBLIT BaKyyM.
Yucma mouieit razos A, B, u C paBHbI, COOTBET-
CTBEHHO, V4, Vg 1 V.. Haligure ycranosusie-
ecsl JaBJIeHUE B JIEBOI TpeTn cocyaa. Temmepa-
Typa TOIEP>KUBAETCS TIOCTOSIHHOI, Ta3bl CUM-
TaliTe MeaJbHBIMU.

S
Puc. 23

AKX
Puc. 24

2020/Ne10

4. JlymuaHag 1uiat-
lg bopma crout na rauaj-
koM 11osty. Ha npaBom
ﬁ& KOHIIE T11aThOPMBI JTe-
SKUT TPY3, MPUBSI3aH-
Puc. 25 HbBIII HEBECOMOI Hepa-
CTSKUMOHN TOPHM30HTATHHON HHUTHIO K CTEHE
caeBa (puc.25). Tlnardopme yapoM IpugaioT
HeKoTopyio ckopoctb. Ilinardopma Bbieskaer
us-moj rpysa, norepsis 40% cBoeil miepBoHa-
YaJabHOI cKopocTH. Bo CKOJIBKO pa3 HYy:KHO
YBEJMYUTDb MAcCy Ipy3a, 4ToObl MPH TTOBTOPE-
HUW dKCIIepUMeHTa TatgopMa He CMOTJIa BbI-
exaTb W3-/l Tpy3a?
5. UerbIpe OIMHAKOBBIE METALIMYECKIE TI1a-
CTHHBI TJIOIMA/IBIO S KaXK/ast PACIIONIOKEHDbI HA

0 GJU3KOM  OJINHAKOBOM

_ paccrosituu d_Jpyr ot

g apyra (d < /S) u ue-

d _Q CyT Bapﬂﬂbl Q’ _Q’ Qr

—-O (puc.26). Ilepsyio

N U YETBEPTYIO IJIACTUHBI
Puc 26 COE/IMHSIIOT IIPOBO/IHU-
koM. Haiigure HanpskeHue Mexxay BTOPOH u
TpeTell MIacTUHAMK. DJIEKTPUYeCKast TIOCTOSTH-
Has €.

11 knacc

1. Tag u Iletsa maxoaarcs Ha OHOM TIPSIMOT
Ha paccrogunu 3980 m apyr ot apyra. Onu
O/THOBPEMEHHO HAYMHAIOT OeXXaTb HABCTPEUy
apyr apyry: Tas co ckopoctbio 3 M/c, a Ilers
co ckopoctbio 5 M/c. Tasi ocTaHaBJIMBaETCsT HA
JIBA/IITATUCEKYH/IHBIH OTAbIX Kaskapie 300 M, a
[letss — Ha AECATHCEKYHIHBIH OTABIX KaK/bIE
200 M. Yepes kakoe BpeMs TOCJie HAvaIa JABU-
JKEHUS OHU BCTPETSITCS?

2. K motoJsiky Ho/iBeIIeHbl /iBe JIeTKue Hejle-
(gopMupoBaHHbIE NPYXKUHBI KECTKOCTSMHU
k =100 H/m u k, =60 H/M cooTBercTBeHHO 1
qmaoi Ly =0,2 muL,=0,15 McooTBeTCTBeH-
no (puc.27). K KoHIAM NPY>KMH MPUKPEININ
OJIHOPO/IHBIH CTepsKeHb JIJIMHOM, PaBHOW pac-

Puc. 27



CTOSTHUIO M@Ky TOYKAMU TIOBeca MPYKUH, 1
ormyctian. OKas3aaoch, YTO CTEP:KEHb B pPaB-
HOBECHH CTPOTO TMapaJuieseH ropu3onty. Haii-
JIUTE BEC CTEPIKHS.

3. Ha rtoHKOe MOJYKOJBIIO, CleJaHHOE U3
HEMpPOBO/IAIEr0 MaTepuaja, HaHW3AJIN Ma-
JIEHBKYIO OYCHHKY, HMMEIONYIO TTOJOMKUTEb-
ubtii sapsan (puc.28). Ha KoHIax MOJIyKOJIbLA
3aKpEINUJIN MOJIOKUTETbHbIE TOYEUHbIE 3apsi-
Il gy 1 gy (g < @) B Toukax A u B coorser-
ctBeHHO. IloyKOJMBIIO Tak:Ke B3aKpENmuJIn.
Uepes piureabHoe BpeMsi 6YCUHKA OCTaHOBU-
gacb B touke C. Haiinure yron o. Cusbl
TSIDKECTH HET.

Puc. 28 Puc. 29

4. Kousbiio mMaccoit M, paBHOMEPHO 3apsi-
JKEHHOE TI0 1IePUMEeTPY 3apsiioM Q, KaTUTCS 110
ropusoHTaabHON TIockoctu (puc.29). B ka-
KOU-TO MOMEHT BPEMEHU BKJIIOUAETCS MarHWT-
HOe ToJie ¢ WHAYKIMeH B meprneHAnKYJISpHO
IJIOCKOCTH KOJibla. Cujia JaBaeHust KOJbla Ha
TJIOCKOCTb Bo3pacTaeT B 3 pasa. Haiigute cko-
POCTb KOJIbIIA. Y CKOpeHHe CBOGOHOTO Iajie-
HUS .

5. OrtenuTe Mepro/L OCTATOYHBIX KOJTEGAHII
6CH3WHA B HATIOJIOBUHY 3aITOTHEHHOM KeJIe3HO-
JIOPOZKHOI IIUCTEPHE, BOBHUKIINX B Pe3yJibTaTe
ee topmoxkenusi. Ilpeanonaraercst, uro Bor
XOPOIIIO TIPEJ/ICTABJISIETE SIBJIEHIE, MOJKETE CaMU
3a/1aTh HEJOCTAIOIINE B YCJOBUH 33/[a4l BEJIU-
YUHBI, BLIOPATh WX YHCJCHHbIC 3HAYCHUS U
MTOJTYYUTD YUCTCHHDINH pPe3yJIbTar.

6. 3agaua-gemoncrpamus (JeMOHCTPUPYET-
csl BUIEOPOJNK). BHYTpH 0OBIMHON KOHCEpB-
HOII 6aHKU HaXOAUTCS HeGOJIbIIOe YCTPOICTBO,
MIPUKPEIJIEHHOE K IEHTPY KPDIIIKH U COCTOSI-
1iee 13 MOTOPYMKA ¥ MUTAIONIEr0 €ro OTCEKa C
Gatapeiikamu (puc.30). TIpu BKIIOUEHHH MO-
TOPUYUK BPAIIAET 110 KPYTy OTCeK ¢ Garapeiika-
MH. DBaHKy IJIOTHO 3aKpbIBAIOT KPBIMIKOH C

Puc. 30

BKJIIOYEHHBIM MOTOPYUKOM M KJIQIyT Ha GOK.
Omna Tpuxo/uT B IBMKEHNE U TIePeMeNIaeTcs Mo
TOPU3OHTAJBbHOMY cTOJTy. Eciu Ha ee mytu
YCTAHOBUTb HEGOJIbINOE TIPEMSATCTBHE, TO OHA
IIPEO/I0JIEBAET €ro, MPHYEeM WHOTAA C TIepPBOi
MOTIBITKU, a WHOT/A, YIAapUBIINCH O TIPEIAT-
CTBUE, OTKATHIBAETCS HAa3aJl MW IPEO/I0JTeBaeT
MIPETSITCTBUE TIOCJE€ HECKOJBKUX TIOMBITOK.
OO6bsicauTe HabIOgaEMOE SIBJIEHUE.
ITy6nuxayuio nodzomosuru B.Boposros,
E.2Kodanos, A.Kunpusnos, C.Jlexnumn,
M.Maxmyouan, A.Henawes, E.Ilarvuuros,
A.Ilozocos, /l.IToxabos, I'.Dedomosuu
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OTBETHI,

«KBaHT» and Mmnaglumx wKoJIbHUKOB
(cm. <Keanm» Ne9)

1. Hampumep, TycTh HeN3BEeCTHDBIE PABHAIOTCS COOT-
BETCTBYIONNM K03 uImenTaM n3 Jpyroii moJoBu-
ubl ypasHenus: 11-14+12-15+13-16=14-11+
+15-12+16-13.
2. Ecom dammus cectpel, Hanpumep, CMopoanHa,
TO Opar Moxer uMeTh (hamuinio CMOpojMHA MK
CMOpPOJMH — O/IHO3HAYHO CKa3aTh HEJb3s.
3. Ilnomamn cuanx duryp pasubl. OTHouleHHe
TIJTOTIA/IM BIMCAHHOTO B KPYT KBajpaTa K ILIOMAN
Kpyra, B KOTOPBbIit OH BIIICAH, HEe 3aBUCUT OT Pa3Mepa
atux ¢uryp. Ilycts aTo otHOMIEHNE paBHO @. TouHo
TaK >XKe OTHOILIEHNE TIJION[A/{M BIMCAHHOTO B KBajpar
KpyTa K ITOIMAAN KBaJpaTa, B KOTOPBII OH BINCaH,
He 3aBUCHUT OT padMepa aTuX (puryp; mycrb OHO PAaBHO
2 kL
b (ua camom jperne, a= o b= T HO HaM [T
PelleHNsT 3TU 3HAYCHUS He MOHAL00SATCS).
ITnomanp cumero xpyra: a-b-1, miomaab cHHEro
KBajgpara: b-a -1, T.e. 3TH IIOMA/N PABHDI.
4. OO6o3HaymM MacChl CKYJBINTYp dYepes
M, M,,...,M;y,. Maccpl MmapoB paBHBI |M1 - M2|,
|My = M;|, ..., My, - M.
Pacemorpum ToXx/1€CTBO

(My=My)+(My—M3z)+...+ (M - M) =0.

W3 necsatn uncest, 3aKIIOYEHHBIX B CKOOKU, HEKOTO-
pble TMOJOKUTETbHBIE, OCTAJbHBIE OTPHI[ATETbHbI.
Ocranoch 3aMeTHTb, YTO CyMMa MOJyJeil TOJI0XKMN-
TeJIbHBIX CKOOOK PaBHACTCS CyMMe MOAyJIell OTpHLia-
TeJbHBIX CKOGOK. Iloatomy ecim Te mapsr, s
KOTOPBIX COOTBETCTBYIONAsi CKOOKA MOJIOKNTETbHA,
TOJIOXKNTh Ha OJIHY YalllKy BecOB, a OCTaJbHble — Ha
JPYTyIo, TO BECbl OKAKYTCS B PaBHOBECHUH.

LXI MexpyHaponHas
MaTemMaTnyeckas onMmMmnuaga

1. Honoxum ¢ = LZPADwu\y = ZCBP; torna ZPBA =
=2¢,£DPA =3¢, ZBAP = 2yu/BPC = 3y (puc.1).
IIyctp X — Touka Ha orpeske AD Takasg, 4TO
ZXPA = ¢@. Nmeem

ZPXD = ZPAX + ZXPA =2¢ =
= /ZDPA - Z/XPA = ZDPX.

ITomyuyaem, uto Tpeyrosbauk DPX — paBHOGepeH-
Hplii ¢ 6okoBbIMH croponamu DX = DP, moatomy
6uccexrpuca yriaa ADP siBisieTcst cepeinHHbIM T1ep-
neHAnKyaapoM K XP. Anajornyto, ecan Y — Touyka
Ha orpeske BC takast, uto ZBPY =\, T0 6HCCEKT-
puca yria PCB saBisieTcs cepe/JMHHDbIM MePIeH/TIKY -
sgsgpom k PY. Wrax, nam tpefyercst 0KasaTb, 4TO
cepeIMHHbIe TIePIIeHANKYISIPbl K oTpeskam XP, PY
u AB mepecekaroTcs B OJHOW TOUKe.

YKAS3AHUA, PEIIEHNA

3amMeTuM, 4TO
ZAXP =180° - ZPXD =180° - 2¢ = 180° — LPBA.

3Hauut, yerpipexyrojbHuk AXPB BlucaHHbIl, 110-
aTOMy X JIEKUT HA OMHCAHHOW OKPY’KHOCTH TDPEY-
rorbnnka APB. Anamornuno, Y JeKUT Ha ONKACAH-
HOIT OKpy:kHOCTH Tpeyroabuuka APB. Chenosa-
TEJIbHO, CEpeIMHHbIC MEPIEH/INKYISIPbI K OTPE3KaM
XP, PY u AB 1pOXOJAT uepes IEHTP OKPYKHOCTH
(ABYPX). Otum 3aBepHiaeTcsl JOKa3aTeJbCTBO.
2. [Tpumenunm o6o6uiennoe (BecoBoe) HEPABEHCTBO O
CPEJIHUX JIJIsI TIOJIOXKUTENBHBIX Xy, ..., X, U Oy, ..., O,
TaKMX, 94TO Oy +...+ 0, = 1:

PP LA S O+ Oy F .+ O,
Nnmeem
ab’cd <a-a+b-b+c-c+d-d=a>+b*+c* +d?,
3HA4YUT, AOCTATOYHO /IOKa3aTb, 4TO
(a+2b+3c+4d)(a* + b +c* +d”) < 1=
=(a+b+c+d).
Hepasencrso
(a+b+c+d)’ >
> (a+2b+3c+4d)(a* + b +¢* + d°)

MOXKHO JIOKa3aTh, HATPUMEDP, CJIEAYIONIM 00Pa3oM.
Hmeem

(a+b+c+d)’ >a*(a+3b+3c+3d)+
+b*(3a+b+3c+3d)+c* (3a+3b+c+3d)+
d*(3a+3b+3c+d), (+)

TaK KaK BCE CJaraeMble B IPABOU YaCTU TIPUCYTCTBY-
0T SIBHO TIOCJI€ PACKPBITHS CKOOOK B JIEBOW YACTH.
IMockobKy Kask/0e 13 Boipaxkennit @ + 3b + 3¢ + 3d,
3a+b+3c+3d, 3a+3b+c+3d, 3a+3b+3c+d
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He MeHbIIe ueM @ + 2b + 3¢ + 4d, npaBas yactb B ( )
e Menpue yeM (@ + 2b + 3¢ + 4(1)(512 +02+%+ dz).
3. O6GbequunM B mapbl KaMyIIKH C CYMMOH Macc
4n+ 1, Tak 4TO MOJy4YaeTcss MHOXKECTBO S, COCTOS-
mee u3 2n map: {1,4n}, {2, 4n-1}, {1, 4n}, ...
.oy {2n, 2n +1}. locratouno pasbuts S Ha aBa M0/-
MHOKECTBA TI0 72 TIap TaK, YT0O0bI KayK/10€ MO/IMHOKE-
CTBO COZIEP’KAJIO TI0 JIBA KaMYIIKa Ka’KJOTO IIBETA.
Beepem mysbturpad G (t.e. rpad, B KOTOpOM
JIOTIYCKAIOTCS TIETJIH W KPaTHble peGpa) Ha 1 BEPII-
HaX TaK, 4TO KaK/as BEPIIITHA COOTBETCTBYET OIpe-
JleJIEHHOMY 1IBeTY. /11 Kask/0it Tapbl KaMyIIIKOB 13
MHOXKeCTBa .S TIpoBesieM pe6po MeXX/y BEpIIMHAMI,
COOTBETCTBYIOIMIMMHI IIBeTaM 3THX KaMyUIKoB. [Ipm
ITOM CTelleHb KaK/J0il BepumHbl OyjeT paBHA 4.
Taxske 3ameTum, uto TpeGyeMoe pazbueHne Kamyi-
KOB COOTBETCTBYET packpacke pebep rpada B aBa
1IBeTa, CKa)KeM B CUHUIl M KPACHBIN, TaKOl, 4TO W3
KaKJOH BEPHIMHBI BBIXOJUT POBHO M0 2 KPACHBIX U
2 cuHEX pebpa.

[luist 3aBepienus pereHus JJ0CTaTOYHO C/IesaTh Co-
OTBETCTBYIONIYIO PACKPACKY [IISI KaXKI0i KOMITOHEH-
o1 cBsizrocTi G’ rpada G. [TocKObKY CTENeHn Beex
BepIuH YeTHbl, B G’ cymectByer ditepos o6xox C
(r.e. muka, mpoxomAmMit Mo KaxgoMmy pe6py G’
POBHO OJIMH Pa3). 3aMeTnuM, 4To KOJIMYECTBO pebep
B C verno (OHO PaBHO YJABOEHHOMY KOJHMYECTBY
BepuuH B G7). Takum o6pasoM, Bce peGpa MOKHO
MOKPACUTh B KPACHbII M CUHMH I[BETa TaK, 4TO
Jo6bIe JiBa coceiinx pedpa u3 C UMeioT pasjndHble
nsera (MoXxHO czenath 06xo4 BAoab C U KPacwuTh
pebpa, vepemyst Kpacublii 1 cunuii msera). Taxum
06pasoM, B G’ 13 KaXK/10il BEPUINHbBI BBIXO/IUT IIOPOB-
HY KPaCHBIX U CHHUX pebep, Kak U Tpe6OBaJIOCh.
4ek=n’-n+1.

CHavyaJa [OKasKeM, 4To st 1060ro k < n> —n Mo-
SKeT He OBbITh Tapbl CTAHIININ, CBA3AHHBIX KayK/I0# 13
JIByX KOMITaHWH. /{0CTaTOYHO IPUBECTH TIPUMEP [/
k=n*>-n.

[ycrb xommanus A Brageer tpancdepamu (i, i + 1),
rje i He JeJWTCS Ha 1, a KOMIaHus B Bjajeer
tpancdepamu Buza (i, i+n), rae 1< < n?> —n. Tor-
Jla HoMepa i, j CTaHIil, CBI3aHHBIX KOMITaHuei A,
TaKOBbBI, YTO |i - ]'| <n-1. dcno, 4ro Takas napa He
cBsi3aHa KomIaHueil B.

3aMeTuM, 4To Bce KOHEUHbIe CTaHIu A-Tpancdepon
PA3JINYHBI, TI03TOMY MMEETCs n* -k =n—1 crasmuit
dy, ..., 4,_{, KOTOpbIE HE SIBJISIOTCS KOHEYHBIMH JIJIsI
A-rpancdepos. Co cTaHIIN ¢ HOAHNMEMCS A-TpaHc-
¢epaMu MaKCHMaJIbHO BBICOKO. DTOT MapHIPYT JaeT
Maxcumanrvnyio A-yenv U3 craniuil. AHAJIOTHYHO,
KasK/ast U3 CTaHIUil dy, ..., d,_{ ONPEEJSeT MaKCH-
MaJbHyI0 A-11erb (BO3MOXKHO, COCTOSAIIYO JIUIIb U3

OJIHOM cramimn). SICHO, YTO Kask/Aas U3 n° CTaHIuil

BXOJIUT B O/IHY M3 MaKCUMaIbHbIX A-eneit (tax Kak
JUIST KOKJOU CTAHIIMU OJHO3HAYHO OMpEIEJeH MyTh
BHU3 A-TpancdepaMu 10 OJHOW U3 CTAHIIUI
i, ..., d,_1). AHAJIOTUYHO TIOKA3bIBAEM, UTO Kay/Jasl
CTaHIUsI TTPUHA/JIESKUT OJIHONW U3 1 — 1 MaKkcuMasib-
HBIX B-1ierneii. 3aMeTnM, 4TO O/{HA M3 MAaKCUMaJbHBIX
A-11eneil cofiepKuT He MeHee nz/(n - 1) > 7 CTAHINA
1 XOTs1 OBl /IBE U3 3TUX CTAHIIUI MPUHAIEKAT OTHON
1 TOHN ke MakcuMasibHON B-menu. Hailigennble ase
CTAHI[UU — HCKOMBIE.

3. Ipu Beex n.

[Ipeanonoxum, YTO He BCe YKMCJAAa PaBHBI, U
b > b, >...> b, — Bce pasnMYHbIE YNCIA CPEN UN-
ces Ha Kaproukax, k =2 (taxk 4ro HaGop umces Ha
KapTouKaX COCTOUT M3 HECKOJbKUX KON uncesn by,
HeCKOJIbKUX Konuil umcen b, u 1.1.). Ecam
d =HO/(b, ..., by) > 1, 10, pasze/uB Bce ducIa Ha
KapToyKax Ha d, MPUXOJUM K TIPUMEpPY, KOTODBIil
YAOBJIETBOPsieT ycjaoBuio U B KotopoMm yxe HO/[
BceX umcea Ha Kaprouykax pasen 1. Mrak, gasee
6yaeM cuurars, uto HOJL (b, ..., b, ) = 1. Ilycts p —
npocroii gesmrens uncia by (oH ecTb, Tak Kak by > 1).
Tax xax HOZ(by, ..., b,) = 1, Haiizercs MEHEMATb-
HOE M 2 2 Takoe, 4TO b, He [eJqUTCS Ha p.

" TOJKHO OBITH CPEJIHIM IreOMeT-

Yucno g = b’"’12+ b

PHYECKHM HeCKOJIbKHX b;, T.e. q' =c¢(cy...c, Ans
nekotopsix te N u ¢; € {by, ..., b,}. 3amernm, 4ro
HEKOTOPOE C; COBMA/IAET ¢ OAHNM U3 uncen by, ..., b,,_i,
IOCKOJIBKY HMHAYE ¢(Cy...c, < bl < q'. 3uauur, p
SBJISICTCS JICJIUTEIEM HEKOTOPOTO C;, CJIE0BATEJIBHO,
C(Cy ... C;, IETUTCS HA P.

Pasenctso ¢' = ¢(Cy...c, CBOAUTCS K CJEIYIONEMY
PaBEHCTBY B IEJBIX YUCTAX:

t ot
(bt +b,,) =2"ciey...cq.

ITocKoJIbKY IIpaBasi 4acTb e utcsi Hap, rou b, + b,
neiutess Ha p. Ho ¢ apyroit cropombl, corsiacHo
OIpejiesIeHuio m, b,,_; Aequtest Ha p, a b, — ner. Mo
HoJTyJaeM TIPOTHBOpeUNe, 3aBeplialoliee pelreHne.

6. [loxaskeMm TpeGyeMoe YTBEPKAEHHE [JISI C :%.

-3

[Mosoxnm & = %n . [lst so6oit ipstmoii [ u mro6oit

toukn X uepe3 X; ob6osnauyaem Ipoexnnio X Ha [;
aHAJOTHYHOEe 0G03HAYCHNE MPUMEHSEM W I MHO-
JKECTB TOYEK.

[Ipeanosoxum, 4To JJIs1 HEKOTOPO#t MpsMoii [ MHO-
JKecTBO S; cofep kUt JBe coceiuue Toukn X u Y Ha
paccrosiann XY =2d. Torga cepeauHHbBIN MeprieH-
MUKYyJIIp oTpe3ka XY paspgenser S, mpu 3TOM Bce
TOYKM MHOKecTBa S Gy/yT HAXOAUTHCS HA PACCTOSI-
Hun He MeHee d ot npsimoii /. Takum o6pasom, ecan
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H h
A D, | 4

d 23, To TpebGyemast npsimas Haiijena. IIpenmosio-
JKAM, 4YTO, HANpOTHB, /JIS BCSIKOM TpsMoil [ B
MHOJKECTBE S; PACCTOSTHIE MEK/LY COCEAHUMH TOUKA-
MU MeHblle 2§ .

Broi6epem Toukn A, B € S Ha MaKCHUMaJIbHOM PaccTo-
suun M = AB npyr ot apyra, Tak uto AB — quamerp
muoskectBa S (puc.2); ouesnano, M = 1. Ilycrs [ —
910 npsamast AB. MuoxxecTBo S HaXOUTCS B Iiepece-
yeHuu ABYX Kpyros D, u Dy paguyca M ¢ 1ieHTpoM
B Toukax A u B. 3Hauut, mpoekius S; JEKUT Ha
orpeske AB. BoJee TOro, TOUKI MHOKECTBA S; JIeJAT
orpe3ok AB ma He Gojiee ueM p —1 4yacrte, AuHA
Kak0oi U3 KOTOpbIX Memble 23. Iloatomy

M <n-23. (1)
Ha orpeske AB BbiGepeM Touky H Takyio, uTO

AH = % [Tyctb P — nmoJioca MesKy IpSIMbIMU a 1 /2,

npoxojdnmmn yepe3 A u H neprnenaukyasapio AB
(cuymraeM, 4TO TpaHMIBI MOJOCHI P NpuHaaIeKaT
eit). Honosxum T = P .S u mycrs ¢ =|T|. o name-
My TIPEAIIOJIOXKEHNIO, OTpe3ok AH comepxxur He

MeHee [% : (28)—‘ TOYEK MHOMKECTBA S;, OTKy/1a

1
t>—. (2)
49
3amerum, uto T copepsxkurca 8 Q = P () Dy. Muosxe-
cTBO Q — cerMent, u ero npoexims Q, — 9T0 OTPE30K
JUTHHBI

C 1pyroii cTOPOHBI, /115 TIO6BIX ABYX Touek X,Y € T
nmeeM XY 21 u X,Y,S%, sHauyut, X,Y, =

=JXY2 - XY 2 ? Wrak, ¢ Toyek, cocraBdio-

e MHOKecTBO T, JeskaT Ha OTpe3Ke JITNHBI MeHb-

3
1ie 2\/M, 1 OHM HE MEHEE Y€M Ha 7 yAaaeHnbl Apyr

or apyra. Moaromy 24/M > (t - 1)@, i

t<1+4://_3ﬁ<4\/ﬁ, (3)

2020/Ne10

TTOCKOJIbKY M 2> 1.
U3 onenox (1), (2) u (3) moryqaem
41_6 <t <4M < 4208, oTkyna 512n8° > 1,

YTO HEBEPHO /IS BHIOPAHHOTO §.

NHcTUTYT Kpuntorpacgpuu, cBs3u n
nHpopmaTuku Akagemun ®Cb Poccun

MartemaTtuka

1. 1xm/a .

2. a;b; = 6.

JlokaskeM, uTo dybs = azb,. YMHOKUM TIepBOe ypas-
HEHHE HCXOJAHON CHCTEMbI Ha b, ¥ BBIYTEM U3 HETO
BTOPOE ypaBHeHWe, YMHOKEHHOe Ha by. B pesysbrare
HOJIy4UM dy - A =b,. 3nech A = byb; — bb,. Anaino-
I'UYHO, U3 TPEThEro M YeTBEPTOTO yPaBHEHUH HaXo-
JM, 4TO d3 - A = by. 3amerum, 4to A # 0, Tak Kak B
MPOTHBHOM CJIy4ae 13 MOCJAEHEr0 PABEHCTBA CJEI0-
Banmo Obl, 4T0 by =0, a 3uaunt, u dybs =0, uro
[NPOTUBOPEUYUT YCIOBHIO 3aaun. VI3 aTuxX JABYX pa-
BEHCTB JIETKO CJEAYET, uTo dyby = asb,. U3 artoro
PABEHCTBA U TOCJIEIHEr0 YPABHEHUST CUCTEMBI TOJTY-
vyaem a;b; =1-ash, =1-a,b; = 6.

3. (-1,-1,0), (1,2,1), (2,5,2) (mpu ycuoBuu x < y).
ITycrp cHavana x = y. VICXO/[IHOE ypaBHEHUE B HTOM
cJlydae MpUMET BU[|

2x+1 =6t. (1)

Ecim >0, To mpasag wacth (1) kpaTHa TpeM, a
geBass — Her. 3uauut, t < 0. Ecam xe npeanoJo-
KUTB, uT0 t < 0, T0, mepermcas (1) BBuge 2! = 67,
BHOBb TIPU/IEM K TIPOTHBOPEUYMIO: KpPaTHOE TpeMm
yneao 67 He MokeT GbITb HUKAKOII CTENeHbIO JBOII-
ku. Ilostomy t=0m x =y =-1.

[Tyctp Temepp umesna x U y pasauyubl. MoxxHO
cunTarb, 4to X < y. Ilomokum

y=x+n neN. 2)
I/ICXOJIHOE ypaBIIeIII/Ie 3aluiIieTcsda B BU/AE
2"'-(1+2”):6t. (3)

3amertnm, uto ¢t > 0. [lefictButensno, us (3) caemy-
er, uro 3. 1+2")= 20°% Ecam t<0, TO JIeBast
YACTh TIOCJIEIHEr0 PABEHCTBA JIEJUTCS Ha 3, a Ipa-
Bad — Her. 3nauut, ¢ > 0. Ho Torma n x > 0 (unaue,
cormacHo (3), Apo6HOe YNCI0 PaBHAIOCH GBI TIEJI0-
My). Yo 2 BXOAUT B KAHOHUYECKHUE PA3JI0KEHHsT
Ha MPOCTble MHOKUTEJIH JIEBOH 1 paBoii uacreii (3)
B OJ/IHOI 1 TOH ke CTerneHu, Mo3aTOMy

x=t. (4)

Coxparus o6e yactn (3) ma 2 u mnepenecss 1 B
JIPYTYIO 4acTb, MOJYYNM

M =3, (5)

Pemnm ypasuenue (5), mpeanosaras n HaTypasib-
HBIM, a ¢ — HEOTPHIATeJbHBIM I[EJIBIM.
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Ilycts n=1. Torma t=1. C yuerom (2) u (4)
HAXO/MM DellleHne HCXOJHOrO ypaBHeHus:: x =1,
y=2,t=1.
ITyctp n > 1. Torga seBast 9acTb (5) xpatna 4. Ecm
t wedetno, To mpaBas 4actb (5) Ha 4 me menwuTcs.
3uaunr, t =2m, me€ Z, m > 0. Uz (5) caenyer, uto
"= (3’" - 1)(3’" + 1). CuetoBaresibho, uncaa 3" —1
u 3" 41 4BiagorTcd CTEelleHsAMU [JBOHKU. 3aMeTHM
TaKyke, 4TO Ha YMCJIOBOM OCHM 3TH uYMCJa HAXO/ATCS
JIPYT OT jipyra Ha paccrosiuuu 2. Takoe BO3MOXKHO,
tosbko ecin 3" —1=2u3" +1=4. Orcionam=1u
torja t=2, n=23. IlojacraBisgs Hali/leHHbIe 3Haye-
mug B (2) n (4), nomyuaem pemenme x =2, y =25,
t=2.
4. CD = R.
I'pamycubie Mepnt 1yr AD 1 CA paBHBI COOTBETCTBEH-

1o 2-(180° - ZE) u 2 - (180° — £B). Cymma rpazyc-
ubix Mep ayr AD, CA n DC pasna 360°, 3uauwnt,

sesuunna yraa CAD (paBHas MOJOBUHE IPajLy CHOIL
Mepbl ayr DC) onpesessieTcsi paBeHCTBOM

ZLCAD = ZB + ZE -180° = 30°.

ITo ¢opmyne pia papnyca OnHCAHHON OKOJIO TpeEy-
rojibHuKa CAD OKPY>KHOCTH HaXOUM

 2sin ZCAD

o3
N
O603Ha4YUM JIIMHY UCKOMOU Menanbl AD depes m.
Ha npamoit AD BHe TpeyroJbHHUKa OTMETHUM TaKylo
touky F, uto OD = DF =m/3 (puc.3). Yersipex-
yrompuuk OBFC — ma-
paJlyiesiorpaMm, TaKk Kak
€T0 JIMArOHAJN TOUYKOI T1e-
pecevyeHust JlesIATes 110-
noaam (10 ycaoBuio
BD=DC, a OD=DF C
no nocrpoenuio). B ma-
paJuiesorpaMMe IIpOTHU-
BOIIOJIOJKHBIE YTJIbI paB-  PuC 3
HbI, caegosaresapio, ZCFB = ZBOC.
3HaynT, B yeTbIpexyroibunke ABFC cymMa mpoTu-
BoToI0KHBIX yT710B BAC 1 CFB pasna 180°, mosto-
My BOKPYT HETO MOKHO OIIHCATh OKPY’KHOCTD. VI3Be-
CTHO, 4TO ecJil JBe XopAbl okpyxkHoct, BC u AF,
nepeceKaiTcsl B Touke [, TO IpPOU3BeJeHIe OTpes-
KOB OJ[HOIl XOp/IbI PaBHO IIPOU3BE/ICHUIO OTPE3KOB
npyroit xopaet, T.e. BD-DC=AD-DF, wnan

(d/2)2 =m-m/3. Orciona m = a/3/2.
6. 0,50.

3amerum, uyto Toukun B m C jexar Ha TPSAMON
y =2x+ 1. Vx aGcumccent otamvaores Ha 1, cremoBa-
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tesbHo, BC = 5. [lHA BBICOTBI TPEYTOJIbHUKA
ABC, npoBejieHHOl 13 BepIIHbI A, paBHa paccTos-
HUIO /2 OT TOUKN A 10 ipsiMoii y = 2x + 1, KoTOpOe, B
CBOIO Ouepe/lb, PABHO 1/ 5. Uckomas miomazn

1 1
SABC—2 h BC—2.
40 42
3
Kaskmoe 100-sHauHOEe HATypaJbHOE UHCJIO MOKET
OBITD TIOJTyYEHO JOTIUCHIBAHIEM JBYX 1P CripaBa K
98-s3naunomy umcay. Ilyctb x — wnexoropoe 98-
3HAYHOE YKCJIO, B 3allUCH KOTOPOTO €CTb TOJIbKO
mudper 1 u 2. [TocMoTpuM, Kakue cripaBa Be udpb
(Ka1as1 M3 KOTOPBIX paBHa 1 miu 2) Hy KHO K YHCIY
X mpummcath, 4To6bl momyunsiieecs: 100-3maunoe
yucsao Jennyoch Ha 3. Bocmosabdyemcs TeM, 4TO
OCTATOK OT JIeJIEHNSI HATYPAJbHOTO YUCJIa HAa 3 PaBEeH
ocTatKy OT jesieHns Ha 3 cymmbl ero mudp. Ilycrb
Hallle YUCJIO X MPH JeJeHHH Ha 3 JIaeT OCTaTOK M.
Tormpa
ecu m = 0, To npunumem 12 um 21;
ecau m = 1, To npunuiem 11;
ecau m = 2, To npumnuiem 22.
Taxum o6pasoM, u3 Kakgoro 98-3HauHOrO 4YHCJIa,
KpaTHOTO 3, MOXKHO TIOJIYYUTb [[BA KPATHBIX TPeEM
100-3naunbix yncaa. Kaxkgoe ne kparnoe tpem 98-
3HAYHOE YMCJIO TOPOK/IAET TOJIBKO OJIHO KpaTHOE
tpem 100-3uaunoe uncao. Beero 98-3naunbix uunced,
cocrapyennsix u3 wdp 1 u 2, 2% Tyers cpesn Hux
Agg uncest KpatHo TpeM. Tora KoJm4ecTBO KpaTHbIX
tpem 100-3HauHBIX ynces MOKET ObITh Haii/IeHO 110
bopmyine Ajgy = 2Agg + (298 - Ayx) = 2% + Agg.
Bepubr, TaknM 00pasoM, CIEAYIONHE COOTHONICHHU:

7.

Aggo = 2% + Agss
Agg = 2% 4 Aggs
A6 2% 4 4,
Ay =22+ A,

CJ105KMB 9T paBEHCTBA, HOJIYyYUM Ajg) = Ay + 22 4
+2%4+ ... +2%. Ocraerca npocymmuposarb reomer-
PHUYECKYIO MPOTPECCHI0 ¥ 3aMeTHTb, 4To Ay = 2.
40 — 4 4042

Torma Ajgg =2+ 3

8. Hampumep, v1105.

Ecnn kasxxmoe u3 unces a u b npejactaBuMo B BHIE
CYMMBbI /IBYX KBa/[paTOB, TO 3TO K€ BEPHO M JIJIs UX
npoussesienuda. Bosee Toro, mpoussesenne, Kak
[PaBUJIO, TPEJCTABUMO B BUJIE CYMMbI JIBYX KBaj[pa-
TOB GOJIBIIUM KOJIMYECTBOM CIIOCOGOB, YeM KasK/bIil
n3 coMHOXuTeseil. Hampumep, dWnmcio 5 B BHIC
CYMMbI [IBYX KBa/IPaTOB HEOTPUIATEJbHBIX YHUCEeJ
[PE/ICTAaBUMO €/IMHCTBEHHBIM C TOYHOCTBIO /10 TIepe-
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CTAHOBKH CJIATaeMbIX CrocoboM: 5 = 2% + 12, YUCJIO0
13 To3Ke TOJTBKO OHIM criocobom: 13 = 22 + 32, a BOT
X IPOU3BE/IEHHE Y3Ke ABYMsi: 65 = 5-13 = 42 472 =
=1+ 8. JloGaBuB ele OJIMH TIPOCTOI MHOKHUTEJTb,
JLAloNii ocTaTok 1 mpu zeeHnn Ha 4, HOJIy4uM 4
criocoba:

1105=5-13-17 = 4% + 33% =

=97 +322 =12% + 31 = 232 + 242,
3HaunT, HA OKPYKHOCTH pagunyca R = /1105 B mep-
BOI1 YeTBEPTH JIeKAT 8 11eJI0UNCICHHBIX TOUEK: (4; 33),
(33;4), (9;32), (329), (12,31), (31;,12), (23;24),
(24;23). CrreroBatebo, BCETo Ha 9TOI OKPYKHOCTH
JIesKaT 32 LeJOYNCIEHHBIE TOYKH.
9. x =-arctg2+mn, ne Z.
TIpeo6pasyem ypaBhenue:

sin3x+sinxcosx(sinx+Cosx)+6(:053x =0,

2 xcosx +sinxcos’ x + 6cos’ x = 0.

sin® x + sin
Ecmmn cosx =0, to sinx =0, 4ero ObITb HE MOKET.
3
Paspemm Ha cos” x:

tadx + tg’x + tgr + 6 = 0.
CnenaeM 3ameny y = tgx:
y3+y2+y+6:0,
(y+2)(y2 —y+3)=0,
y=-2,tgx =-2,x =-arctg2+mn, ne Z.
10. Hampumep, cucreMa JOpOT ¢ IBYMS TIEPEKPECT-
KaMH Ha HapaJijieJbHOI IBYM CTOPOHAM OCH CHMMeT-
pun kBagpata (puc.4,e). V3 Kaxaoro nepekpecTka
poporu BbixozaT nog yraamu 120°0 VIx cymmapnas
JUnHa pasHa 4 - (\/§ + 1) <11.
flcHO, 4TO WCKOMas cHCTeMa JOpOr JIOJDKHA HMETb
nepekpecTki. YToObI MOHATh, KaKIM 00Pa3oM MOK-
1o 9 eKTUBHO yMeHbIaTh OOMLYI0 JJIMHY [OPOT,
0JIe3HO IPEK/ie 00PaTUTh BHUMAHKNE HA HEKOTOPbIE
CBOMCTBA, KOTOPBIMU KPAMUAtwas, cucmema 0opoz
o0g3ana o06JiajiaTh:

B
B
FG‘LLS)AL‘C
J/BQ*B
™ ¢
E 0
a) 6) 6)
F G F G F G
E H E H E H
2) 0) e)
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i. Kparuaiimasi cucremMa J0pOT COCTOHT U3 OTPE3-
KOB, COCMHSIONNX MEPEKPECTKI U BEPIINHBI KBaJI-
para.

ii. Kaskaprii mepekpecTok J0JKeH ObITh COeJIMHEeH
MUHUMYM € TpeMs BepumHamu rpada (BepumHamu
KBaJpata WM MepeKpecTKaMi).

iii. Yrox Mexy JIOOBIMU IBYMS IOPOTaMH, BBIXO/IS-
UMK U3 OJHOTO TnepekpecTka (Miu u3 oaHo# Bep-
IIMHBI KBajpata), He MokeT ObiTh Menbline 120°.
[leiicTBUTEIBHO, TIYCTb U3 TOYKU A BBIXOAAT J0POTU
AB n AC u yron BAC menbie 120°. Torpa noporu
AB n AC MOXXHO 3aMEHHTD JOPOTaMH C MEHbIIEH
cymmapHoii qinoit. Ecim B Tpeyronbuuke ABC Bce
BHyTpeHHHUE yrJbl Menbine 120°, To qoporu AB u AC
3amernM Ha joporu TA, TB n TC, tne T — TOouKa
Toppuuesm tpeyroasuuka ABC (puc.4,6). Ecmu
e, Hampumep, yroi B Goabine 120°, to AB u AC
samenuM Ha AB u BC (puc.4,6).

iv. I3 ogHOTO TepeKkpecTKa BBIXOASAT POBHO TPH
nopornu nof yraamu 120° (nnave gmna 10por MOKeT
ObITb yMEHbIEHa). JTO HEMEJJIEHHO CJeLyeT u3
ceoiicr (ii) u (iii).

[IpeamosoxuM, 4TO crcTeMa 0POT 061aJaeT OJJHUM
HepeKpecTKoM. Ecim on coefnHen co BceMU BepIii-
Havmu (puc.4,2), TO JAJMHA IOPOT HE MEHbIIE CyMMbI
JiuaroHasieii, Kotopas paBHa 82 > 11. Ecau ske ou
COEJIMHEH TOJIBKO ¢ TpeMs Bepmmnamu (puc.4,0), 1o
T — touka Toppuuesnn Tpeyroabnuka EFH, Bepiu-
na G coepunena ¢ F. B atom ciydae JauHa J0por
npubsnsnresbio pasHa 11,7. Bouee Toro, Hapyiie-
Ho coifcrso (iii), Tak xaxk ZTHG < 120°, a 3Hayur,
JUTHHY JIOPOT MOXXHO YMEHDBIINTD, 100aBUB ellle OJHH
nepekpectok (Kak B caydae Ha puc.4,6).

[TycTp nepexpectkoB siBa. 13 coobpaskeHuii cuMmet-
PHUH PACTIOJIOKUM UX Ha TTapasieIbHOI ABYM CTOPO-
HaM ocu cumMerpun KBajaparta (puc.4,e) tax, uytoGbr
13 KaXIOTO IIEPEKPECTKA JOPOTU BLIXOJMJIN IOJ
yraamu 120° (cBoiictso (iv)). B atom cayyae cym-
MapHas JJIMHA J0pOT paBHA 4 - (\/§ + 1) <10,92.
11. MK : AC = %

ITposenem Boicotsr AK; u CM,. JloctaTouHo moKa-
3ath, uTo Tpeyronbuukn M,;BK,;, MBK n ABC npyr
JIPYTy TOJO0GHDBI; oTciofa OyAeT JIeTKO HalTH Tpely-
eMoe OTHOIIEHNE.

12. xe (2%2)U (227).
[TpeoGpasyeM HepaBeHCTBO:
218 122195 < 3-log (2 —6x+9) &

o %t 12718 <3 log,  (3- x)2 =

alot _qopTloR < f (1)

x<3 x#2. (2)
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Pemnm mepasenctso (1) cucrembr. O6o3HaunM
21%%2% = > 0. Torna

(1) @y—2<1@w<0.
Yy Y
Tak kak y >0, To y € (0;4). Orciona

P <4 o logir<2e —2<log,x <2 &
22 cx<2?

IJ1o orser B Hepasenctse (1).
Jlanee yurem orpanndenust (2). [l 5TOro cpaBHuM

qucsa 2‘/E 1 3. 3aMeTHM, 4TO Zﬁ <22t < 3, Tak
2 :

kak 8 = (21°) < 32 = 9. Tloaromy 22 < 3. anmmen

orser ¢ yuerom (2).

13. t € {0;1}.
CresaeM 3aMeny:
t:tg%,oce(—n;n). 1)
Torna
2
=sina, = Cos .,
1462 +12

1 UCXOJHOE YpaBHEHUE ITPUMET BU/L

Jsino + 3cosa = 1. 2)

Ecin cosou <0, TO JieBast yacTb CTPOrO MEHbIIE
npasoii u kopueilt y (2) ner. B ciaywae ke, xorja
cosot >0 m sina >0, umeeM oveBH/HOE HEpPaBEH-
CTBO:

Jsina + ¥coso = cos® o +sin o = 1.

[TpuyeM paBeHCTBO JOCTUrAETCH, TOJBKO KO MK
coso. =1 wm sino = 1. 3uauur, gn6o o =0, 6o
o = 7/2. HopcraBus Haiienuble snavenus o 8 (1),
HailJleM uckoMoe t.

14. V= w

O6bem nupamuapl TABCD paBeH cymme 06beMOB
mmpamn TBCD u TABD (puc.5): Viypep = Vigen +
+ Vragp- puuem Viypn = Vigep, Tak Kak y nmpa-
mug, TABD n TACD o6uaga T

Boicota (u3 Bepumubl T), a

TaK)Ke PaBHBI IO/ OCHO-

Banuil: S5, = Sycp (v o1uX

TPEYTOJBHUKOB 06IIee OCHO-

Barue BC u paBuble 110 /e B

BBICOTBI, TIPOBE/IEHHDIE U3 BEP-

mue B m C, TOCKOJbKY D
ABCD — tpamenus 1o ycJo-

Buio). Urak, Puc 5

1 1
Vraseop = Vrsep + Veaco 25'5"’2 +§'5'71~

5. Supe =

JI/mMHbI epIeH/ iKY IIPOB, OIyIEeHHbIX U3 TOUKH Q
ocnoBannst AC, o6osnaunM depe3 d; u d,; mycTh
4B =f. Yerpipexyrospank MBKQ Brucan B OK-
pyxkHoctb, u BQ ee muamerp. Ilo dopmysne mms
pajuyca OIMCAHHOW OKoJio TpeyrojbHuka MBK
OKPY’KHOCTH HMeeM

BQ = MK/sinp = MK = BQ -sinp. (1)

ITockouabky BesnunHa yria 3 ¢pukcupoBana, AJIMHA
orpeska MK Tem MeHbIle, yeM MeHblle jinHa BQ.
3Ha4nT, TouKa Q — 3TO OCHOBAHMWE MEPIICH/INKYISPA,
omymuienHoro u3 toukn B Ha AC, m BQ — BbicoTa
(ocHoBanme mepreH UKy AApa Q NEKUT UMEHHO Ha
cropore AC, a He Ha ee IIPOJIOJIKEHUH, TaK KaK yTJIbl
An C ocrtpble; ecait 6bI, CKaxkeM, yToJ A ObLT TyTIbIM,
TO Touka M okazasach Obl Ha MTPOJOJIKEHUH CTOPO-
Hol AB, a He Ha Heil camoii); moaoxum BQ = h.
Haiigem mwnomans AABQ, cunras 1moka /2 n3BeCTHOI
BEJIUMYNHOM.

Wnmeem AQ = hfsin LA = h/ 1—d?/n*.

h4
Torpa SABQ =— . Anajsoruuno, Sgoc =
[12 2 <
y 2\/h" —d;

= —5— Vckomas miomap pasHa uxX cyme:
20" —d;

Sapc =Sapo + Spoc =
L D W
2\ 2 -a ¥ -a

Ocraerca maiitu h. Tak kak h=BQ, 1o uz (1)
cnenyer, uro h = MK/sin . Haitnem MK us AMKQ
(B HeM ZMQK =180° — ) 10 Teopeme KOCHHYCOB:

MK? = d? + d? + 2d,d, cos.

. (2)

Urak,

2,
h=MK/sinf = \/d1 ) TFZ;HdZ cosp .
sin

Yro6bl BoctioabzoBathest (2), npesk/e aas yao6eTsa
BbIYHCJINM:

d} +d3 +2d,d, cosp - d} sin’ B _

W - df = .
! sin’p

_ (d; cosp+ d2)2
B sin?f
_ (dycosPp +d, )2
sin’
noJiyyeHHble Boipaskenus B (2), HaXoauM
2 2 2
o (d7 +d; +2d,d; cosp)
Ape 2(d, cosB +d,)(dy cosB+d,)sinB’

AHaJIOTNYHO, h - dzz . ITojcraBus
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Vcrioib3yst Terepb YnCIOBbIE JaHHbIE 33/1aUH, [0y~
4aeM OTBET.

16. Peurermsamu (a,b) (npu yciosuu ¢ < b) ciayxar
Te I TOJNBKO Te mapsl ymcel (d,,b,), KoTopbie mpH
kaskgoM 1 € N Bpruncsisiorest no popmyaiam: @, = b,_y,
b, = kb, —a, , dy =0, by = k; 3ecp k=29.
ycrp mapa unces (@,b) y10BIETBOPSIET yPaBHEHIIO
3aj1aun:

@’ +b* = k* (ab +1), k= 29. (1)

[Ipe/nonoKuM, YTO OJHO W3 YUCEJ, HApPUMED d,
paBHo HyJo. Torga, ouesupHo, b=k. Ilostomy
nanee GyzieM paccMaTpmBath Takme penterns (a,b)
ypastenust (1), 17151 KOTOPBIX

a#0,b#0. (2)
Bouee Toro, Gyzem mpeamnosararb, 4To
a<b. (3)

Urak, uycrs napa (agy,by) yaosaersopsier (1), a
takxke yeaosusm (2), (3). Uz (1) naxoaum, uto

bE - Kagby + ai — k* = 0.

ITO PaBEHCTBO MOXKHO TPAKTOBATbh KaK KBA[pPaTHOE
yPaBHEHKe OTHOCUTEIbHO Hen3BecTHOI by. [To Teope-
me Buera, nomumo, co6erBeHHo, by, aT0 ypaBHeHue
ele UMeeT Kopenb by Takoii, 4To

by + by = kay, (4)
bob = aj — k% (5)

VrBepskaenue. ITOT HOBbI KOpeHb by yaI0BIETBO-
pser yeaosusM: by 20, by € Z u by < a.

okazateabctso. Unucna a; u b) ynoBreTBopsaior
(1), nosromy b = 0 (unaue npasas yactb (1) Gblra
6bl OTPHIATEJIBHOIT, TAK KaK, 110 YCJIOBHIO 3a/a4u U

B cuny (2), ay > 0). Us (4) cienyer, uto HeOTpHUIa-

,
TeqpHOe by saBagercsa neabiM, a uz (5) — uroO
at - k?
by = L——_ Vcranosuwm, uto b < d,. JleiicrBuTen-
by
HO,
&%

by < ay & <ay & at -k < by < ad < apb,.
TMocreanee Bepro B cuay (3).
Takum oGpasom, napa (dg,by), yAoBiIeTBOpsiONLas
ypastenuio (1) u orpanndenusam (2), (3), mopoxna-
er nosyio mapy (cm. (4)) muma (byap)=
= (kZaO - by, ay ), kotopas Takske ynosersopsier (1),
(2), (3) (ecau, koHeuHo, ¢y # k; Tak Kak, COrIacHO
(5), b, eme moxer ObiTb Haiigen 1o opmy.Jie
2 k2
=D

T Tak uto ecam dy = k, 1o (3) ne Gyzmer
o
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BBINOJIHEHO). ByzieM aTy HOByIO mapy oGo3Hauarh
Kkak (a;,by). atem 10 TeM ke GOpPMyIaM MOKHO 13
napst (a;,b;) mouydurs eme peuenne (dy,by) 1 T.4.
CHMBOJIMYECKH IOy YEHHBIH Pe3yJIbTaT MPe/ICTABIM
CIEAYIONMM 00pasoM:

(a0,00) = (a1,by) = (K = by, ay) = (a2,5,) > ... (6)

_ 32 —
3nech y = k Ay~ bm—1y bm = dy,—1, 1IpU 3TOM

A > Ay (7)

(cm. yTBepskaenue).
Cpagy ke oTMeTHM 1 opMyJIbI 06paTHOTO Ipeobpa-
30BaHUS:

=b

m’

b

2 ,
1 m—1 — k bm — Ay (7 )

€ TIOMOIBIO KOTOPBIX MOKHO 1enouky (6) npomos-
suTh BaeBo. C nomompio npasuiaa (7) us ogHoro
pewens (g, by ), yrosaersopsuomero (1), (2), (3),
MBI MOYKEM TOJYYUTD JIUIIb KOHEYHOE YMCJI0 HOBBIX
pemrenuii ypasuenus (1), Tak Kak, COIJIACHO JI0Ka-
3aHHOMY YTBEPIKACHUIO, dy > a; > dy > ... 2 0. 3Ha-
YUT, Ha KAKOM-TO Imare OOsI3aTebHO MOJYYHTCS
a, =0 (rorpa, kak GbLIO TOKazaHo Bbime, b, = k).
Yro6bl Ha n-M Imare nosy4ntb 0, Ha TpebIIyIeM
mare J0/KHO Obio 6bith d,_y = k (mogcraBus
a=a,,=ks (1), naiinem b, , = k*). Taxum o6pa-
30M, OKOHYaHue 1enodyku (6) BBITIAANT Tak:

(a,,b,) = (0,k). (8)

(Ilenouxy (8) BrpaBo NPOJOJIKATH CMBICIA HET, TAK
kak gaiee (0,k) — (—k,0) = (0,k) - ....) A Bor urO
MIPE/IIeCTBYET mape (a,l,1,bn,1) = k,k3 )? CorJulacto
(7'), na npeapitymeM mare a, , = k>,b, , = k> —k —
u 510 TOKe pemenne ypasuerus (1)! Moskno mpo-
JOJKUTD, TOMydast HOBBIC DEMICHHS: a, , = k> — k,
b,y = E” — 2k3 u Tak nasee. 3HauuT, BCero penieHui
y ypasuenus (1) 6eCKOHEYHO MHOTO, TaK Kak 11ernoy-
Ky (8) MOXHO TPOMOJIKHTH BJIEBO CKOJb YTOAHO
JIAJIEKO.

[osicaum, nouemy (8) copepsxur ece pewenus (1),
yaosaersopsionme yeaosnio (3). Ilycrp (a*,b*) -
kakoe-10 (ynosnersopsiomee (3)) pemenue ypasme-
mus (1). BbL1o nokasano, 4to ¢ MOMONIBIO POPMY.T
(7) us pemennus (a*,b*) MOYKHO TIOJTYYUTD IIETIOUKY
noBbix pemennit (cm. (6)), KoTopas HempeMeHHo
saxonunres pemenued (0, k). Ho ato it osHauaer, 410
(a*,b*) comepxnurca B (8), Bemb, NMPUHSAB Temephb
pemrerine (0, k) 32 OTIIPABHYIO TOUKY, MBI € TIOMOTIBIO
o6parHbIX TIpeo6pasoBanuii (7) BepHeMca K (a*,b*)
(a nemouka (8) wMeHHO Tak M ycTpoeHa: HayaB C
(0,k), Mo ¢ momowio (7') momydaeM ee BCIO).

el ™ (d,,,1,b,,,1) = (k’ k3) -
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YTo6bI 3alllCaTh OTBET, HECKOIBKO IOMEHsIeM HyMe-
parmmio: mostoskuM (dy,by) = (0,k) u gBHHEMCS € TO-
mompio (7°) mo menouxe (8) Baeso (y mac Gymer

(abr) = (k k), (az,by) = (K, & = k) 1 1.0).

dusunka
8 knacc
20,
1. v, Cet
301 =0
2.0, =,
2m,
3. h="La
Pug
4 poM-mg
1+m

5. O=cm(ty, —t,)+hm+cm(t, —t,)+rm=

=6 M/[x.
9 knacc
2.1 =%=3.
my /M
4. a . =a r MFE , ecm 0< F <

T Maiam P M+m
m
< umg(1 + M] (OCKM ABUIKYTCST OTHOCUTENIBHO CTO-

umg F —umg

Ja Kak efuHoe 1esoe); Gy = ——— (y = ———
M m

Fy, =umg, ecom F > umg(l + %] (mockm gBUAKYyTCS

1 OTHOCHUTEJIbHO CTOJIa, 1 OTHOCHUTEJIbHO ]_[pyl‘ Llpy-
ra).
S. =N +n, —NMn,.

10 ksacc

2g |m
2. v, = —>,|— (mapuk coBepuiaeT rapMOHHYECKIE
T on Nk

KoJIe6aHus B BEPTHUKaJbHOM HallpaBJICHUMU C IIEPUO-

oM T = 27':\/% u aMIuuTyaoi [ = %).

T
4. T} = — (Gycunka cosepiiaeT TapMOHIYECKHIE KO-
2

mi®
neGanusa ¢ nepuogom T =T [——).
kQq
5. o= 2arcsin LCU (
. o= 2arcsin —— (3a MaJjioe BpeMs paspsiia
2my[gLy

KOH/IEHCATOPa CTEPIKEHDb 11OJIydaeT I‘OpI/ISOHT&JIbeIfI

umIyJanc p = mov = BLCU, nocJe 4ero OTKJI0HAETCs
OT TOJIOJKEHTS] PABHOBECHS HA YTOJ OL).

11 kiacc

1. v=0 (cocrosiuue cUCTEMBI MOXKHO Pas3/e/UTh Ha
3 arama: JBUKCHHE BJICBO 0 MOMEHTAa BPEMEHH &,
cucTeMa HelloIBUKHA 1 IBUYKEHHUE BIIPABO C MOMEHTA
t); B COOTBETCTBMU CO BTOPHIM 3akoHOM HbloTona,
ty=2 cuty=14 c;caenoBarenpnoBMoMenTty =10 ¢
CHCTEMa HEMO/[BIIKHA).

/ k
2.0= 2— (KI/IHCTI/I’{CCK&H IHEPIusA KoJIECUKa CKJla-
m

JbIBAETCA U3 SHEPTUU ITOCTYIIATEJTDbHOI'O ABUKEHNA 1

paBHOIT el SHEPrUy BPANIATETbHOTO JBIKCHSI).
5. Ha ka/IoM U3 4eTbIpeX y4acTKOB KOJIEI, Paciio-
JIOKEHHDBIX MEX/Iy TOYKaMH KacaHuuii ¢ u b, BO3HHUKa-

et /1C nngykunm & = 2BoR sin%. OKBUBATEHTHAS

JJIEKTpUUECKasl cXxeMa M306paskeHa Ha PUCYHKe 4.

11T 12l TIZ l11

Elry by 6|1 (,‘7_71

Puc. 4

CompoTHBIEHNST yYaCTKOB TIOTIAPHO OANHAKOBBI 1
PaBHDI
r(2m—o) . _TY
H=———"2uh="7—.
! 2n on
HampaBieHust TOKOB Ha KaXKIOM y4yacTKe YKa3aHbl
Ha pHCYHKe. BeamumHbI TOKOB oOIpeessiorces c
HOMOIIbIO 3aKoHOB Kupxroda n paBHbI
& &
L=—nul,=—.
" &)
B cumy cumMeTpun 3ajjaun pe3yJIbTHPYIOIIAs CHIA
Awmiepa, JeficTByIOIass €O CTOPOHbI MarHUTHOTIO
[OJI Ha KakJoe U3 KoJiell, HallpaBJeHa BJO0JIb
IPSIMOIl, IPOXO/IIEil Yepes IEeHTPBI KoJlell, TTPOTH-
BOIIOJIO’KHO BEKTOPY CKOPOCTH 3TOr0 Kouibla. Mo-
JlyJib CHJIBI AMIlepa paBeH

F =Y (I;+1,)BAl;cos ¢; = (I, + 1,) BY Al; cos ¢; =
i i

_oB’R* 167

o
=(l,+1,)Bl, = 7 S— —,
(5 + 1) Bl r 0L(21r—0c)5 2

rae Al
nefictByer cuma Ammepa F;, HamnpaBieHHas BJOJb

MaJTbIi Y4aCTOK KOJblla, Ha KOTOprﬁ

pajiyca KoJiblia IO/ YIJIOM ¢; K IPSIMOii, IPOXO0/s-
e yepes eHTpol Kodel, L, — paccrosiine Mexy
TOYKAMH KacaHWus d@ U b; CyMMHUpOBaHUE BeJETCsI 110
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BCeM yrjaM @; B mpeaenax or —o/2 jgo 0/2 (na
OCTAJIbHBIX CErMEHTAaX KOJIEL CHJIbI AMIIepa B3aUMHO
KOMIIEHCUPYIOTCST) .

MaTtemaTtuka u Kpunrorpadpus

1. 91854.

2. p=7, py=3, py=5, py=11 (upu ycaosun
Pr<pa<ps).

3. Ceropnst.

4. BpIXo/uM B 1IECTbD.

5. BICOKOC.

6. Hanpumep,

A w+x=wy +xy, X+y=2x5+ Yo,
Ayiw+x=wy+xy, X+y+z=x)+Yy+2;

Ay y+z=yy+z), w+x+y=wy+x5+Ypy

A wrx+y=wy+xy+yy, x+y+tz=xy+yy+

+ 20.
7. CKOPOIIEPEMEHA.
8. 10946.
9. 27.
HoBocnMGupckum rocypapcrTBeHHbIN
yHUBepTeT
DOU3UKA
ONMMMUALA «TBOW MYTb
B HACTOSALLYIO HAYKY»
| (oTGOpPOYHbIN) 3Tan
NHTepHeT-Typ
8 knacc
1. 1=0,5 m.
9. (= Llmtm)
Moy + myv,
3., =% +u(o +0y)/2

P u+ (o +0y)/2

v o
4. Tx=T0+Q—tO(T1—TO)=45 C.

9 knacc
1. N=2.

2
2. L= g—(sinoc +cosa)(3coso —sina).
g

3.R= %r (mapucyiite 9KBUBAJCHTHYIO CXEMY).
m? M?

=+ g
(m+M)2 2k (m + M)
csi B TOT MOMEHT, KOTJIa TpyskuHa 6yner nemedop-

4.H =H (mapux oTopser-

MUPOBaHHON ).

2020/Ne10
10 knacc
2 2 9 gtz
1. 1= - - =t AN
\/(xn )+ (Y — Y) u +(v 2)
3Mg
2. p=—2>.
P=7s

2
w1

1
3. u=—| —=-—=| (Bcs upuoGperentas nocie
29\ b

a6CoOMOTHO HeyTIPYTUX yJapoB KHHETHYecKas sHep-
TSI PACXOJIYETCsT Ha PAGOTY TIPOTHB CUJIBI TPEHUS).

2
4.1= ;‘—cos2 o (tga+ctgB)(2(tga—ctgP)ctgp).
g
11 knacc
’ ’ V
1. py = (py —P1)71+P2-
P

m = ik—R (Ha maitoy aeficTBYIOT: cuja TsKec-
. 303 p y VIOT:

T, HalIpaBJIEHHAA BEPTUKAJDbHO BHU3; CUJIA YIPY-

2

TOCTHU, HaIllpaBJIEHHasdA 110 KacaTeJbHOI K KOJIbILY;
CHJIa peaknuu, INepreHnKYyJIsapHas K()JH)LIy).
3. Tesno nauner JIBUTATbCA BIIPABO.

4. q, = _ 29205 (ueHTp Mace cucreMbl GyCHHOK
3g, +q3/4
OCTAETCS HEeTIO/[BUKHDIM).
Btopown Typ
8 knacc
1.V =7V,
2. p, =0,2p.
3. x= gd =1cMm.
3
4. T.=80°C.
9 knacc
1. At=—"12  _63c.
U = h
9 b _1+ J3
I, 2
3. N =2020.
AL(L-d)h
4. H = %
10 knacc
1.0, =1=34 &M, [\ = V2I = 4,8 km.
2. py =Bt

4 2
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3.d, = M
12
4mrp
4. Ryp=——.
AB \/§n +9
11 knacc
1.1 =205 u.
0= L(({)1 +¢, +¢3) (BocmosbsyiiTech
2+ 443
TIPUHITAIIOM CynepHOSI/ILII/II/I).
3. AN ﬂ.
Vi m

4. B = arccos(uctga), Pmax =

= \/ZgL (sin a1 - u? ctg?o — wcos oLarccos (nctg (x))

(Ha mai6y AeliCTBYIOT: CHJIa TSPKECTH, HANPABJICH-
Hasl BEPTUKAJDHO BHU3; CUJIA HATSDKEHUS HUTH,
HaIpaBJeHHas BIOJIb HUTH; CUJIA PEAKIIMU HAKJIOH-
HOH TIJIOCKOCTH, HaIpaBJieHHAs MePHEeHANKYJISPHO
IJIOCKOCTH; CHUJIa TPEHUs, HalpaBJeHHas IMPOTUB
CKOPOCTH, T.€. TEPIEHIUKYJISIPHO HHUTH; CKOPOCTbH
mailébl MaKCUMaJbHA, KOT/Ia PABHO HYJIIO YCKOpe-
HUE, NEPHEHANKYIAPHOE HUTH).

Il (3aknounTenbHbIN) 3Tan

8 knacc
1. At =590 c.
Ap(F - F’)
2. Q = —————= (B0 BTOPOM cJlyuae TeMIiepaTypa
(Po—P)g
B cocyze paga 0 °C).
3
Pod
. U=
"2 an)

4. Ah = % (ypoBeHb TKETON KUAKOCTH TOBDI-
P

cures).

9 ksiacc
o2 -1?)
8

2. ve = /g (a+4b).
3. vy =+2ugL.

4. H = R_,gt8 =
cos 0. 20

S.u= v—“TZ/T1 -1
) Jo/t + 1

1. Al =

10 knacc
1. k—z :1—2—44
ky L
2.V :(”—°+£+2hjs.
2pg 2

Vo +Vg/2+v,/3

3.p=
P=ro Ve + Vg +Vvy
4. oczé.
16
5.0 = 294
3g)S
11 knacc
1. t=610 c.
kik,
2. P=2 L - =15 H.
k1—k2( 1 LQ)
3. oc:argtgi/q:.
%]
4.0 = m
OB

5. Bysem cumtarh KOTEN IUCTEPHbBI IUJIXH/PUYEC-
KHM cocytoM aynHoi L = 10 Mu imameTpoM 2R = 3 M.
[TycTp B mucrepHe KUKOCTD IIOTHOCTBIO P COBEp-
raeT MaJipie KoJiebanusi. PaccMOTpuM ceverme 1uc-
TEPHbI BEPTUKAJBHOU IJOCKOCTDBIO, TPOXO/SIIEi
yepes ee 0Ch, B JIBYX COCTOAHMAX: 1) MOBEPXHOCTDH
SKUJIKOCTU TOpU30HTanbHa (IIJIOCKOCTh PaBHOBECHS),
MOTEHIMAIbHAST SHEPTHS MUHUMAJIbHA, TIPUMEM €€ 3a
HOJIb, KUHETHYECKasl SHEPTHs MAaKCUMAJIbHA U paBHA
E,; 2) m0oBepXHOCTD KUAKOCTH HAKJIOHEHA TaK, 4TO
Ha Kpalo IUCTEPHBI KUAKOCTb MOJHUMAETCS HA Ma-
JIVIO BBICOTY X HaJl IIJIOCKOCTbIO PABHOBECHS, KUHE-
THYeCKast SHEPTrust MUHUMAJIbHA, TIPUOJIMKEHHO PaB-
Ha HyJII0, TIOTEHIINAJIbHAS SHEPrUs MaKCHMaJbHA U
pasHa E,. B cocTostHum 2 Ha/l MJIOCKOCTHIO PaBHOBE-
CHST BBICTYTIAeT 00beM KUIKOCTH

V., = 2R(1£x) = lRLJC,
22 2
€ro IEHTP TSHKECTH HAXOJUTCS Ha BbICOTE X/3 Hal
IJIOCKOCTBIO PABHOBECHSI, a B COCTOSTHUN | OH Haxo-
aniicst Huske atoii mmockoctu Ha x/3. CueoBarelib-
HO, IIEHTP TSDKECTH KuAKocTH ob6bemom V. mpm

nepexo/ie U3 coctosinust 1 B 2 MOAHSJICS HA BBICOTY
2x/3, u

2
E, =png~§x.

[Tepexon u3 cocrosinus 2 B 1 3aHMMaeT 4eTBEPTH
nepuoja koaebanuii (T'/4), u 3a 910 BpeMst U3 OHO
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TOJIOBUHBI IHCTEPHBI B APYIYIO 4Yepe3 cedeHne
1

S =§nR2 neperexaer o6bem V. xuaxoctu. Ecim

CKOPOCTH TIOTOKA JKUJIKOCTH PaBHA 0, TO

V., :lTvS.
: 4

HpI/I 9TOM KHMHETHYECKasd SHEPrusda KUIKOCTU
1 1 . .

E ~—|p-=7mRL |o*.
207 2

31ech Mbl /17T OTIEHKH TI0JIaraeM, u4To B COCTOSTHIN 1
BCST3KIJIKOCTD, 3aHUMAIOIIAS TTOJOBHHY 06beMa TR2L
LUCTEPHDI, JBUXKETCS C HEKOTOPOil cpe/Hell CKOpo-
cTbi0 0. VI3 3aKOHA COXPAHEHUSI SHEPIHU CJEIYET,
4TO

E, =E

1 K*

3 nosy4eHHBIX paBEHCTB HalizieM

T =2 EL~~~5c.

 JoR
6. Banka nmpuxoauT B ABI)KEHUE, TaK Kak 6Jaroja-
pPs BpAIlleHUI0 MOTOPYMKA IEHTP TSKECTU BCeit
KOHCTPYKIIUU OTKJIOHSIETCS OT BEPTUKAJBHOW JIH-
HUU, TTPOXOAsIIell yepes TouKy onopbl 6anku (Toy-
Ky CONPHKOCHOBEHHUS CO CTOJIOM). VIHBIMU CJIOBa-
MU, CHJIA TSKECTH, JeficTByIolas Ha OoTcek ¢ 6ara-
peiikamMu, co3/1aeT MOMEHT CUJIbI OTHOCHTEJNBHO TOY-
KH OTOPBI, B pe3yJsbrare yero Gamka mprodperaer
YTJIOBYIO CKOPOCTD. /L7151 TOro 4TO6BI 6aHKA IIPEO0/I0-
JieJia TIPengTcTBre, HeoOX0UMO, YTOObI B MOMEHT
KacaHus MPensITCTBUS OHa 00Ja/1ada [0CTaTOYHOM
KHHEeTH4YecKoil aneprueii. M3 Bugeopoamnka BUAHO,
41O GaHKa JBUIKETCS MO CTOJY HEPABHOMEPHO, TaK
YTO CKOPOCTb €€ [BIKEHHSI B MOMEHT KacaHus
MPETSATCTBUS 3aBUCUT OT HAYAJbHBIX YCJIOBHUII: OT
TOTO, Ha KAKOM PACCTOSHUU OT MPENSTCTBUS GaHKY
MOCTABUJIM HA CTOJI U B KAKOM TOJIOKEHUH [TPU 9TOM
HaxoJuJcsd oTcek ¢ 6atapeiikamu. IlosToMy mHOTIA
GaHKa MPeo/I0JIeBAET MPEISATCTBUE C IEPBOIi MOTIBIT-
K1, a NHOT/IA TIePBOI TOMBITKA OKA3bIBAETCS HEJ/0-
CTaTOYHO.

HepaBHoMepHoe aBUKeHIEe GAaHKHU CBSI3aHO C TEM,
410 GJIOK ¢ OaTapeiikaMi TO ONepeKaeT [BIKeHUe
Gankn (M B 3TO BpeMs GaHKa YCKOPSIETCS), TO
orcraer (Torga 6aHka 3aMe/IseTCA U 1aske HEeKOTO-
poe BpeMs JBIsKeTCS B 06paTHyIo cTopoHy). Takue
«CaMOIIOJIJIEPIKUBAIONIUECS> KOJeOaHUST BO3MOIK-
HbI TIPU TIOCTYIJIEHUW SHEPIUH B MEXaHUYECKYIO
cucremy (B JaHHOM cuaydae — 6Jarojaps MOTOpPYH-

2020/Ne10

Ky). Ecom ke Ganka octaHoBUIACH TIEpe/l TIPEIST-
CTBUEM, TO 4Yepe3 HeKOTOPOe BpeMs, M3-3a Bpallle-
HUST MOTOpYMKA, GJIOK ¢ GaTapeidKaMu MpeoosieeT
BepXHeEe MOJIOKEHUE U OKAXKETCsI CjieBa OT BEPTHU-
KaJbHOI JIMHUM, TPOXOJsIieil depe3 1eHTp OaH-
K, — B pe3yJibrate 6GaHKa OTKATUTCS Hasaj. IlocJe
HTOTO OHA CHOBA Hae/leT Ha MPEMSITCTBHE, HO YIKe C
JIPYTUMU  HAYAJIbHBIMU YCJIOBUSIMU, a 3HAYWUT, C
ZIpyroii ckopocThio. 1 TakuM o6pazom 6aHka Oyaer
COBEpIIaTh TOMBITKE TPEOIOJEHNST MPEISTCTBUS,
moka me UpHOJM3UTCS K HeMy B Takoil «(dase»
CBOEr0 HEPAaBHOMEPHOTO /[[BIKEHHs, B KOTOPOH ee
CKOPOCTb OKKETCST JIOCTATOYHOMN JIJIST TIPEO/I0IEHNST
MIPETSITCTBYS.
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IMMAXMATHAA CTPAHUUYUKA

nOMVIHaLWIﬂ

Mup nocreneHHO HaKpbLIa BTO-
past BOJIHA KOPOHABUPYCA, YTO He
MOTJIO He OTPa3uThes Ha mpoddec-
CHOHAJbHBIX MmaxMarax. Exsa
OTBITPAB HECKOJIBKO <KUBBIX» TYP-
HUPOB B KJIACCUKY, I'POCCMeicTe-
PbI BO3BPATUJINCh K OHJIAiH-Cpa-
JKEHUSIM HA JIBYXMEPHbBIX [JOCKAX,
a TYpHHD TIPETEH/IEHTOB IepeHe-
CeH Ha Heompe/leJIeHHbIN cpoK. B
CBSI3M C JTHM Mbl BEpHEMCS K
pa36opy OCOOEHHOCTEH UTPHI
AlpaZero u o6paTuM BHUMaHUE
Ha TIEHTPATBLHYIO TEMY €€ TBOpYe-
CTBa — CTPeMJIeHNE K MaKCUMaJIb-
HOW JIOMMHAIMM Ha IMaXMaTHOM
JIOCKeE.

AlphaZero - Stockfish
JNoHpoH, 2018

1. 2f3e62. c4af63. Ac3 4 b4
4. ¥c2 0-0 5. a3 Lc3 6. ¥c3 d6
7.b4 €5 8. &b2 Abd7 9. €3 Ee8
10. d3 2f8 11. Le2 a5 12.0-0
Lg4 13.h3 4h5 14. ®c2 h6
15. fL.c3 b6 16. bS> 26d7 17. Bad1
Ac5 18. Lal g6 19. b2 Aa4
20. a2 AcS. «CrangaprHbie»
MaXMaTHble MTPOTPAMMBI  OTICHN-
BAIOT 3Ty MO3UIMIO KaK TOJHOC-
ThIO paBHyio, ojanako AlphaZero
OTKa3bIBAETCS OT TIOCTOPEHHS XO-
JIOB, TaK KaK BUANT OCHOBAHWS
LIS TIPOTOJIKeHIsT GOPHOBI 32 CUET
MIPENMYIIECTBA IBYX CJIOHOB U BO3-
MOKHOTO JIaBJE€HHUS 1O OOJIbINOM
juaronanu. 21. d4 ed 22. Ad4 Le4
23. LHf3 4f3.

1 wile

0 B BO

24. gf. BobIIMHCTBO GEJTKOBBIX
MIAXMATHCTOB B3siM Obl CJIOHA
KOHEM, TIPAKTHYECKN He 3aTyMbl-
Basich, onHako AlphaZero corac-
Ha Ha OcJIabJIeHUE TEeYHOI CTPYK-
TYpbl B OGMEH Ha BO3MOKHOCTD
nasiennsi o Juann g. 24...Afe6

25.%2h2 Ad4 26. 82d4 %2h7
(26...We7 27. Bg4d f6 28. Bgb c
nasbheiimmm 29. Bfg1 coBeeM mwio-
X0 st uepHbix) 27. ¥%c2+ g6
28. Bf4! We7 29. Bg1! ITocaennne
JIBa XO/la — MOKa3aTe/b BbICOYAIL-
IIer0 TMOHMMAHUS UTPBI HCKYCCT-
BEHHBIM MHTEJIEKTOM. Besbie He-
YMOJIIMO HAPAIUBAIOT TPENMY-
ectBo. 29...2g8 30. h4 h3 (sbI-
HY>X/I€HHO, WHAaYe TMOoCTenyer
31.h5) 31. BgS 2h6 32. e4 2eb
33. Bf6. Besbie TOTOBBI TIOKEPT-
BOBATb KAYECTBO, YTOOBI N30ABUTH-
Cs1 OT MAKCUMAJTbHO AKTHBHOTO 3a-
MUTHAKA B Jarepe YepHbIX.
33...4g5 34. hg+ ®2h7 35. f4 2ae8
36. ¥d3 2g7 37.{3. ToranbHas
nomuHaimsa. Beero 3a 13 xoz08
ToCJIe TIO3UTINHN Ha Anarpamme Ge-
JIle CMOTJIH Pa3BUTh AKTHBHOCTD
110 YepHbIM MOJISIM, He JIaB COTep-
HUKY HU IAHCA HA OTBETHbIE [eii-
creus. 37...%2g8 38.¥d4 %28
39. Lc3 Eg840. a4 2d841. 2h3.
Kopoub ocraBasicsi e imHCTBEHHOI
¢urypoit, He 3a/1eficTBOBAaHHOI B
arake, AlphaZero Haxoaur BO3-
MOJKHOCTb HCIIOJIb30BAaTh U ITOT
pecype. 41... Bd7 42. £5 gf 43. BfS
We6 (B3siTHE TIEIIKY BE/IET K T10TE-
pe Jaapu mocse 43... 8g5 44. ¥h8
Bg8 45. Lg7+) 44.2h4 EeT
45. ¥1d5 2g6 46. 2h5 Ze8 47. L6
Wd7 48. segh Ec8 49. ¥4c6. Be-
sipie popcupyloT pasmeH gepaeit,
YTOGBI UCKJIIOYUTH BO3MOXKHOCTD
KOHTPUTPBI, CBSI3AHHOW C TIOJPbI-
BoM c7-c6. 49...We8 50. He8+
®e8 51. BAS Ef6. (51...%2d7
52. $2f5 ¢6 53. Bd2 cb 54. cb Ec5+
55. €5 cToJIb JKe 6e3pPaJ0CTHO LISt
uepubix) 32. gf 2d7 53. A5 c6
54. be+ 2¢6 55. f4 2h8 56. €5, u
YepHble TPU3HAIN 6eccMbICJIeH-
HOCTh JIAJIbHEHTIIETO COMPOTUBIIE-
Husi. Boarpeim Gebix.

Ecim 6p1 AlphaZero uwmrama
ITaXMaTHbIE KHUTH, TO MbI MOTJIN
OBl IIPEJINOJIOKNUTD, YTO OHA 3HA-
xoMma ¢ tBopuectBoM b.Jlapcena,
oObIrpasiiero 6oJiee 53 JeT Ha3a/l
JI.IlopTumia B OX0KeM CTHJIE.

B. JlapceH - J1. MopTuwl
Amcreppam, 1964
1.e4 e6 2.d4 d5 3. &c3 Lb4
4. ed> ed> 5. ¥f3!? (na Tor MO-

MeHT — HOBHHKaA) Ac6 (cubueii-

1IMit OTBET ObLJ HAl/IEH Yy Th 1103-
xKe — We7!) 6. &bS Age7 7. Lf4
0-0 8. 0-0-0 2a5? (noreps Temma,
KPUTHYECKH BaKHAsI IIPU Pas3HO-
CTOPOHHKMX POKUPOBKAX, JIydllle
8...4e6) 9. Age2 c6 10. £d3 b5
11. h4! (B crune AlphaZero!) Ac4
12. h5 6 13. g4 Wa5 14. Lc4d dc4
15. a3 4.¢3. Uepuble He NONAINUCH
ByoByHiKy: 15...2a3 16. ba Wa3+
17.%2d2 b4 18. Bal bet 19. Qc3
Wh4 20. Ehb1! ¢ BwIMrpbIIIEM
(epsst, HO moOCITE pa3dMeHa CJOHA
YepHbIE TIOJIST CTAHOBSITCST C1a60C-
tp10. 16. Ac3 Wd8 17. Bhel a5
18. ¥ g3 Za7 19. h6! Besbim ne
006s13aTeJIbHO OTKPBIBATH JIMHIU HA
KOPOJIEBCKOM (hJIaHTE, TIOCKOJIBKY
OHM MOTYT aTaKOBaTbh 110 JINHUH €
n ocJabJICHHOI OOJIBIION /Iaro-
wamu. 19...g6 20. &d6 Ze8
21. wf4 22£7 (21...4d5 nossoag-
J0 GenbiM 3 HEKTHO MOKEPTBO-
BaTb depasi: 22. Ad5 cd 23. #f6!
Wf6 24. Be8+ 2f7 25. B8+ Reb
26. Bel+!) 22. Hed 5 23. &b8
Eb7 24. ®eS (nposanueckuii BbI-
UrpbIlI KavyecTBa mocie 24. Qed
ads 25. ad6+ 2f8 26. b7 rtak
sKe Xopou /st 6eibix) 2g823. g5.
YepHble MOJHOCTBIO TTAPATH30Ba-
HbI, IpUYeM GeJIbIM JaKe He MPU-
ntoch npuberatb K skeprBam!
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25...b4 (25...ad5 26. &d5 cd
27. £d6!) 26, ¥f6+ ®e8
27. ¥c6+ 2f7 28. ¥f6+ 2e8
29.d5 Ef8 30. ¥c6+ Wd7 (ua
30...92f7 pemaer 31. ¥c4) 31. Ld6
Ef7 (B cayuae 31...Wc6 32.dc
®a7 33.4ad> Ef7 34.c7 Geayio
ENIKY MOKHO OCTAaHOBHTD TOJBKO
IIEHO# MaTepUANbHBIX TIOTEPD)
32. &e7 be (ecm 32...Wc6, TO

33. &c5+) 33. b4+, u uepnbie
C/IAJUCh.

A.Pycanos
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