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a IIPOTAKEHUU MHOTOBEKOBOU HUCTOPHUHU A3BIKA €T0 CUCTEMA 3BYKOB HP€O6- ; é gi

pAasyeTcs; P 9TOM 3By4YaHHE OTHE/IbHBIX CJIOB MOXKET [JO HEy3HaBaeMOCTHU
M3MEHHTHCS. I3MeHeHNs 3ByKOB IOJYMHEHBI OOBIYHO CTPOIMM 3aKOHOMEPHO-
cTAM ((pOHETUIECKUM 3aKOHAM).

JlaBaiiTe IpeAIIOIOKUM, YTO Pa3BUTHE PYCCKOTO SI3bIKA ITOIUIO OBbI B COOT-
BETCTBHM C HEKOTOPOI BOOOpaykaeMOl COBOKYITHOCTBIO (DOHETHYECKUX 3aKO-
HOB. Torja ofiMH U3 XOPOIIIO U3BECTHBIX TEKCTOB IIpHOOper 6Bl B «HOBOPYC-
CKOM» sI3BIKe C/ICAYIOIINIT BUJL (IIpaBMIa YTeHUs OYyKB Te >Ke, YTO U B OOBIYHOM

PYCCKOM $I3BIKe): “

Ma Tara camu CMHU pPaBH,
KaTa Hu cyKy caHUMa,

Wa ByBaca cuma caraBu
Wu pycu BUTyMa HU Ma.
uBa puMu pyKu HaByKa;
Ha, macu Ma, kakaita Kyka
[Tanu cutu U TH 11U Ha,
Hu itakaTta HU caky pa!
Kakaiiu HuKaiti KaBaBa
[TapycuBaBa camnapa,
Mumy maryku mapapa,
[Incana maHacu pUKaBa,
Tuka i1 Tyma pa cuna:
Kara cu ca Bama Tuna!

3AITAHUE /1

Ompenenure, 9TO 3TO 32 TEKCT.

3AIIAHUE /22

ITo xakuM pOHETHIECKUM 3aKOHaM 00pa30BaJICA sA3BIK, HA KOTOPOM HAIlMCaH
aTOT TeKCT? K KakoMy fI3bIKY — YCTHOMY WM NICbMEHHOMY — OHU IPUMEHSINCH!
KakoBa 0CHOBHasl 3aKOHOMEPHOCTb «HOBOPYCCKOM» 3BYKOBOM CUCTEMBI?

W3 xuuru «3az[atm JIMHIBUCTHUYCCKUX OJIMMITHA)

R
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“HeObbILLEB 1 TEOPUS
NPUONXEHNN

B.[TPOTACOB

SaMeHa CJIOKHOTO TIPOCTBIM — BOT /I€BU3
Teopun IPubINKeHuii.

UTo6bI HE IMETD JIEJI0 CO CJAOXKHBIM 06bEK-
TOM, HY’KHO IPUOJIU3UTD €ro mpocTbiM. Oc-
HOBHbIE BOTIPOCHI: YeM IPUOIIKATD, KaK, C
KaKoii TOYHOCTBIO? [lpuMepnl npubmske-
HU QYHKIINN BOCXOJAT ellie K ApXumey, u
B MaTreMaTHKe OHU BCTPEYAJIUCH TTOCTOSTHHO.
Ho patoii poskaenust Teopuu npubInKeHit
cuntaerca 1854 rox, xorma I1.J1.Uebbrmén
omy6sukoBasn pabory «Teopusi mexanus-
MOB, W3BECTHBIX TI0J] Ha3BaHUEM TapaJiie-
JIOTPAMMOB», T7ie cPOPMYIUPOBAT TIEPBbIe
MPUHITUIIBI TIOMCKA HAMIYYIINX TPUOJIIKe-
Hull QyHKIMIM.

[Tpenmnosoxkum, MbI UCCJIEyEM MEXAHU3M,
KOTOPBIN 3a/1a€T IBUKEHUE TOUKH 110 HEKOTO-
poii kpuBoii — kak Ha pucyHke 1. Kax

Puc. 1

onucarb TpaekTopuio ABMKenus? Ecau ne
[IOJIy4aeTcsl TOUHO, c/ieslaeM MPUOIUKEHHO.
Hanpumep, npsimoit sinaneit. Bozbmem myry
AB 3TOil KpUBOIl U NIPUOJIN3UM €€ TIPSIMOIA.
L1 aTOrO TpEACTAaBUM YTy KPHUBOH Kak
rpacduk dynkmun f (1), a mpaMyto — uHeti-
Hoit pynkmeii p (x) = kx + b (puc.2). Kaue-

A () B
— 3
TF () =kr+ b
a b 75
Puc. 2

DOT: https://doi.org/10.4213/kvant20210601

crBo npubamxenus [1.J1.Ye6bimés mpemio-
JKUJT UBMEPSITD HAUOOJOUWUM  YKIOHEHUCM:

max |f (x)- p(x)|, BMecTO GOJiee MPHBBIY-
xela,b]

HBIX TOTJa CPEIHET0 MM CPEIHErO KBajpa-
TUYHOTO YKJIOHEHWH. ByieM 0603Hauarh Hau-
6oJibllee YKJIOHEHHEe CUMBOJIOM ||f — p| u Ha-
3bIBaTh €ro paccmosnuem Mexuny [ u p.
KmoueBag jgoraaka YeObliéBa COCTOUT B
TOM, uTO OJsKaiiimas K f mpsaMas [oJIKHA
UMETb Ha OTPE3KE <«TPH TOYKH OIIOPbLI», B
KOTOPBIX aGCOJIIOTHAS BEJIMYMHA PasHOCTU
f(x)=p(x) npunuMaer (oHO M TO 3KE)
HauboIbIee 3Havenue, T.e. pasHa ||/ — p), a
3HAKM HTOW PpasHocTh uvepeayiorcs. Ecum
TPEX TOYEK OIOPbI HET, TO TaKas MPIMast He
MOsKeT ObITh Oumkaiiiieil. Ee Bcerga MOYKHO
HEMHOTO TOMIEBEINTh, 4TOObI BeumHa £ — p||
yMenblaack. [locrapaiitech 910 06bSICHUTD
camocrosTebHo (B momomb GyaeT pucy-

HOK 3).
—_ 3 '/I_
—=4 ) S
a b a I b
Puc. 3

[TpeamosoxmM, MBI HAILIN caMyio GJII3-
KYIO K [ IPSIMYI0, HO Ka4eCTBO MPUOIUKEH IS
Hac To-TpexkHeMy He ycrpauBaer. Hyskno
npUOIU3UTh TOUHEE, a JIMHENHbIe DYHKIINI
cebs1 ucuepnanu. EAMHCTBEHHDBIN BBIXOA —
PACIIUPUTD apCeHAT TPUOIKAIONNX (DYHK-
muit. [TockosbKy JimHeliHbIe PYHKIUU — 3TO
MHOTOUYJIEHBI cTerieHn 1, ornpolyeM UCIoIb-
30BaTh MHOTOUJICHBI 60JIe€ BBICOKOI CTETICHM.
A WMeHHO, HOBbBIN KJacc TPUOIMIKAIONINX
ysKIIMiT 6yAET COCTOSTH W3 MHOTOUJICHOB
cTerieH He Bblile 7. IIoCKOJIbKY 9TOT KJacc
COJIEPIKUT U JINHEHHbIE (QPYHKIIH, Pe3yJIbTaT
Oy/leT TI0 KpaifHell Mepe He XYyKe.



YEBBIIMEB M TEOPUY NPUBJUXEHHUINA

Wrak, 3agava npubamxenuss GopMyaupy-
eTcst CIeyIoNuM 06pa3oM.

3apmaua 1. Ha ompeske 3adana nenpepuis-
Has pynxuyus f. Cpedu ecex MHO20UIEHOE
cmenenu He Gvlwle N HYKHO HAUMuU mom,
KOMOPbIIL umMeem Haumenvuiee YyKioHeHue om f.

OxasbIBaeTcsi, 4To MpU JIOOOM 7 TaKOi
HAWJTY YT MHOTOUJIEH BCET/IA CYTIECTBYET, 1
MIPUTOM TOJIbKO o/inH! OH Gy/1eT UMETh TOYKN
omopbl, X yucao pasHo n + 2. I1.J1. Uebbié
copMyIUPOBAJL CIEAYIONIYIO TEOPEMY .

Teopema. /[[ns xaxoou ¢yukyuu [ Ha
ompesxke [a;b] u uucia n cywecmeyem edun-
CMBEHNBLI MHO20UILEH, pewtatouull 3adauy 1.
Owu xapaxmepudyemcs maxum c8OUCNEOM:
Hatloymesan + 2 mouku x; < ... < X, Hd 0aH-
HOM Ompe3sKe, 8 KOMOPLIX MOOYLb PAZHOCTNU
f(x)=p(x) npunumaem (0dno u mo ixe)
Maxcumanivroe 3navenue, a 3HaxKu Mo pas-
nocmu, uepe@yromc;z, m.e. f(x,)-p(az)=
—( 1) 1, ..., n+2, 2de a.pasno

unu —

Yxe B XX BeKe BbIJAIOIINUIICS COBETCKUL
marematuk C.H.Bepuinreiin, pa3suBaBiimii
uzien Ue6biiéBa, HA3BAT TAKYIO CUCTEMY W3
n+2 TOueK albmepHAHcOM, OT (DPAHILY3C-
Koro «alternance» — uepezoBanue.

Ha pucynke 4 uso-
OpaskeHO HaWTydIee .
npubmkenre QyHK- P

(

-
e

nun napabosoii. B X, X, ¥y X
9TOM CJIyYae MHOTO- o - 4

4jeH p KBaApaTHu-

HBIH, 3HAYNUT, n = 2, U aJIbTEPHAHC COCTOUT
U3 YeThIPEX TOYCK.

Ecsii MHOTrOYJIEH MMeeT aJbTEePHAHC, TO
on — Omkaiimuii k dyHkuu [ cpeau Beex
MHOTOYJIEHOB CTEIIeHN He Bbilie 1. JlokaskeM
9TO OT HPOTHBHOTO. IIyCTh HAIIEJICS MHOTO-
YJIEH ¢ C MEHBIIUM PACCTOSIHHEM OT [, CcTe-
IIeHb KOTOPOTO TAK)XKe He MPEBOCXOAUT 7.
Torza ero yKkJIOHeHHEe BO BCEX TOYKAX Allb-
TepHamnca X, Oyner Membiie, ueM |f —p|.
CuieioBate/IbHO, Ha KaXK/[OM M3 HHTEPBAJIOB
(24, Xp1) MuoOrOuneH ¢ (x)—p(x) menser
3HaK, a 3HAYMT, T/le-TO 0OPAIAETCsT B HOJIb.
Bceero nnrepBasios n + 1, H03TOMY MHOTOUJIEH
q(x)-p(x) nomwxen umers He menee n+ 1
KOpHeii, 4TO HEBO3MOXKHO, TIOTOMY YTO €ro
crenenb cTporo Menbuie 7+ 1 (puc.5).

q 1
! |
- oW
li i i ' q-p
! It ! SN/
X X, Xy X o N
1 2 3 Xy XX, X5 x
Puc. 5

Teopema YeObITIéBa HEKOHCTPYKTUBHA: OHA
He IO03BOJIECT SIBHO HAWTH MHOTOWIEH P,
MOCKOJIbKY HEM3BECTHBI TOUKH aJbTepHAHCA.
Ho mna ato ectb 6bICTpble YUCTIEHHbIE AJTO-
putMbl. CaMmblii M3BECTHBI U3 HUX — ajro-
put™, paszpatoranubiii E.f.Pemesom ere B
1934 rony! On peanuayer reopemy Yebbré-
Ba, HAXO/IS AJIbTEPHAHC, & C HUM 1 MHOTOYJIEH
p, METOJIOM TIOCJIEZIOBATEIbHBIX MPHUOIIIKe-
HUil. Ha coBpeMeHHBIX KOMIBbIOTEPAX 3TO
3aHUMAaeT CYNTAHHDBIC CEKYH/IDI.

KaxoBa TOYHOCTD TPUOJIDKEHNUS HAWMIYd-
HIUM MHOTOYJIEHOM? ITO 3aBUCUT OT IJIAJIKO-
cru dyuxunn f. Hanpumep, ecan f umeer
BTOPYIO TPOM3BO/IHYI0, KOTOPAst He IPEBOCXO-
qut o moxaysio 1, To paccrosiime ot f 10
6JIKANIIIero0 MHOTOYJIEHA CTEleHu 72 He TIpe-

C
BOCXOIHUT 5 , rje C — onpeiesieHHOe YHUCIO,
n

He szapucsamee or n (xomcramra @asapa).
CkaskeM, JUIsi TIPOU3BOJIBHON [ HamIydimii
MHOTOYJIEH JIECSITOH cTeTeHn OY/eT YKJIOHATD-
cs1 o1 f na paccrosiaue ropsizika 0,01. A Bot ecsin
f MeeT TPeThIO IPOU3BOIHYIO, TO YKJIOHEHE
y:ke 6yzer nopszaka 0,001. Dto caenyer us
NPSIMBIX Meopem meopuu nPubIUXeHutl, 1o-
JIydeHHBIX yoKe mocse Uebbimépa, B XX Beke.

[TpubmmxaTh, KOHETHO, MOKHO HE TOJBKO
MHOTOUWIeHaMu. OUeHb TIOMYJISPHBIN CITo-
co6 — TpHOIIKATh CyMMaMH CHHYCOB U
KOCHHYCOB, T.€. TPUTOHOMETPHYECKIMHI MHO-
rouwseHaMn. Tax:xe MOSKHO TPHOIIKATD CYyM-
MaMI 5KCIIOHEHT WX PAlNOHAJbHBIME JIPO-
6smu (OTHOIIEHUAMU JIBYX MHOTOYJIEHOB).
Ectb paxke oco6oe MOHATHE 4eObULEGCKOL
cucmemvl hyHKyull, ¢ TOMOIIBIO KOTOPBIX
MOJKHO MTPUOIMIKATD, UCIIONb3YST AJTbTEPHAHC.

Ho Bepuemcs k MHOTOUsIEHAM. [/ HEKO-
TOPBIX (QYHKIWI OIMKAUIINN MHOTOYJIEH
CTETIEHN He BBIIIE 72 MOJKHO HaliTH B SIBHOM
BUjie, He Tpuberas K YNCJIEHHBIM aJTOPUT-
mam. Hanpumep, as dynkmn £ (x) = K
€CJIN p — MHOTOUJIEH HAWJTy IIIero IpubImKe-




4 KBAHT

HUSI CTEleHW He BBIIIE 7, TO PA3HOCTH
xmh p(x) sBIsIETCS MHOTOYJIEHOM CTelle-
HU 72 + 1, HAaUMeHee YKJIOHSIIOMUMCS OT HY.JISI.
MbI IpUXOAUM K TaKoil 3ajade.

3apaua 2. Cpedu 6cex mHoz0uI€HO8 OdM-
HOT cmenenu co Cmapuium Ko3ghpuyuenmomn
1 nysxno natimu mom, Komopwlii menee 6cezo
YKIOHAeMCsL OM HYAsL HA 3A0AHHOM OMpe3Ke.

O603HAUYNM CTETIEHb MHOTOUJIEHA Yepes k, a
orpe3ok BozbMeM [—1; 1] (so6oii apyroii oTpe-
30K MOKHO CBECTH K HEMY IMOJXOJISIIELl Jin-
Heiinoii samenoii nepemennoii). Teopema UYe-
ObIIIEBA TapAHTUPYET, YTO CYIIECTBYET €/INH-
CTBEHHBII MHOTOYJIEH, PEHIAIONHi 3a/1a4y 2,
Uy HEro ecTb ajbTepHaHc u3 k+1 Toukn.
OcraeTcst TOJIbKO MPEABSBUTD TAKOW MHOTO-
wieH. /lemaeM 3aMeHy x = cost 1 0603HaUaeM
T, () = cos kt. Vinaue roBopst, 17151 Kask 1010 k
BbIpakaeM cos kt depe3 cost. B pesysbrare
MOJTy4aeM 3HAMEHHUTbIE MHOTOYJIEHBI YeObl-
mésa. BoT mepBble YeThipe M3 HUX:

Ty(x)=1,T;(x) = x,
T, (x) = 2x% -1, Ty (x) = 42° - 3x.

Uuraresb, pazyMeeTcs, y3HaJ B MHOTOYJIe-
ne 7, dopMmyny A1d KocuWHyca JBOIHOTO
yraa, a B T3 — g tpoitnoro yria. MaTema-
THKH OTIPE/IeISIIOT MHOTOUIeH YeObIéBa Tak:
T, (x) = cos (karccos x). HecMoTpst Ha «TpH-
TOHOMETPUYECKUI» BUJI JIaHHOW (DYHKINH,
OHa SABJISIETCS MHOTOYJIEHOM. JTO CJEAYeT U3

pekyppeHTHOro cootHomenus Ty (x)=

= 24T}, (x) — Tj_y, KOTOPOE MPOCTO BHIBOJNT-
cst u3 GOPMYJIBI JIJIsI CYMMbI KOCUHYCOB:

Thot () + Ty (x) = cos (R +1)t + cos (k- 1)t =
= 2cosktcost = 2xT}, (x).

Hauwnass ¢ mepBbIX JABYX MHOTOYJIEHOB
Ty (x)=1, T;(x) = x, HAXOAMM TMOC/IEI0BA-
tebHO T (), 3arem Ty (x) m t.4. Ha pucyH-
Ke 6 m3ob6paken muorouseH Yebprmésa. Ilo
MHIYKITAN 0Ka3bIBaeM, uTo 1), — MHOTOUJIEH
crenenu k co crapmuM koadduimentom 2¢.
Tnasuoe: y muorouiena T, ecTb ajgbrepHaHc!
B camom nene, dyukims cos kt Kosebercs
Mexay 1 u—1, npunuMas KpailHue 3HaYeHsI

0 (k-1)m
rnooyepesiHo B Toukax 0, —, ..., T, T

k

ITocne 3amenbr x = cost IoJiy4aem, 4YTO MHOT'O-

2021/Neé

unien Ty, (x) resaer To
JKe, uepejlysl 3Haue-
nng t1 B TOukax 1,

i COSE,...,COS—(k_1)n,

. k k

—1, KOTOpPbIE 1 COCTaB-

JISTIOT  aJbTEPHAHC.
Morousen 2 ¥ T, (x)
6yzleT UMeTh aJIbTep-
HAHC B 3TUX K€ TOY-
Kax M CTapimil Ko-
apdunnent 1, asna-
YUT, OH SIBJISIETCS] PEIICHUEM 3ajiaun 2.

Muorousienbl Ye6bIniéBa JaI0T pelleHus
OTPOMHOTO YHCJIA 3KCTPEMAJBHBIX 3ajad.
Hampumep, cpein BceX MHOTOUJIEHOB CTele-
HU kR, y KOTOPBIX YKJOHEHHE OT HyJisI Ha
orpeske [—1; 1] He mpeBocxOANT 1, MHOTOUTEH
T, uMeer Ha 3TOM OTPE3KE MAKCUMAJIbHO
BOBMOKHYIO TIponsBognyio (pasmyio k* B
TOuKe ¥ =1) M MaKCUMaJbHO BO3MOKHBIE
MIPOU3BO/IHBIE BBICIINX MOPSIAKOB. JTO CJie-
JlyeT N3 HepaBeHCTBa, /JokazaHHoro A.A.Map-
KOBBIM, yueHukoM II.JI.He6brméBa.

A BOT mpuMep U3 BbIYMCJIUTEJbHOH MaTe-
Matuku. Yto6bl mpuOAU3UTh (GYHKIHIO f,
IIyCTb Ha TOM ke oTpeske [—1; 1], Ho mpu sTOM
He MCKATh aJbTEPHAHC, YaCTO MPOBOJISAT UH-
TEPIOJISIIIUIO 110 HECKOJbKUM TOYKAM. ITO
3HAYWT, YTO OEPYT «CETKY» U3 R TOUEK 2|, ..., 2}
U CTPOST MHOTOYJIEH p, JJIsI KOTOPOTO
f(z;) = p(2;) npu Beex i. Kakyio cerky s
aTOrO Jyytiie Bcero 6parh? OKasbIBaeTcst, He
paBHoMepuyio! Hajo B3sTb B KauecTBe
2y, ..., Zz KopHr MHOrouseHa Yebprména T, ().
VMenHo Takas ceTka JaeT HauJydiiee Mpu-
6mxenne. Kopan T), HaliTn mpocTto — 1ocTa-
TOYHO PeIuTh ypaBHemnue cos Rt = ().

Muorounensr UeObITéBa TPUMEHSIOTCS B
BBIYUCJUTENbHON MaTeMaThKe, MOJIeJHPOBa-
Huu, craructuke. KpymHeiimmii Mexyna-
poaHbIil  uWHTepHET-pecypc  https://
www.chebfun.org, mnocssiennprii mpuGau-
JKEHHDBIM BbIUMCIeHUsIM, HasbiBaercst Chebfun
(«Chebyshev fun»). 3axomure u ybeaurech
camu — uzen YeGpIméBa B TeOpUn PUGIIIKE-
HUI JKWBBI U aKTUBHO Pa3BUBAIOTCS.

Puc. 6



YOap 1 ero okpectHOCTU

JLALLKNHA3U

B mo6om mikobHOM yuebHUKe (DUBNKU
PacCcMOTPEH CJIyYail IPSIMOTO TIEHTPAJIbHOTO
coyapeHns IByX IMapoB — a6COTIOTHO yTIpY-
roro m abcomoTHO Heympyroro. CooTBeT-
CTBYIOTIE YPaBHEHNS, O ABa AJS KasK0TO
cJydasi, BbI, KOHEYHO, MOKETE€ HAMUCATb 1
pemnTh. B peanbHOI ;KU3HN He GbIBAET <ITPSI-
MOTO IEHTPAJTbHOTO> W He ObIBAaeT «Ila-
POB» — KaKhe-TO OTKJIOHEHUs eCTb BCeria.
Kcraru, pas Her mapos, To Kak HaM (hopMy-
JIUPOBATb YCJIOBHUE <IIPSIMU3HBI> U <IIEHT-
pajbHOCTUY U OYJET JIM HAM C 3TOi hopMy-
supoBku npok? Hy u, Koneuno, He GpiBaeT
«abCOIOTHO yIIpyroro» u, GoJjiee TOTO, He
6bIBaeT «ymapas. BBoxasg aTo MOHATHE, MBI
OOBIYHO TIpeHeOperaeM BpPEMEHEM B3aMMO-
JeficTBUSA, a I M3MEHEHUs MMITYyJbca 3a
GECKOHEYHO MaJioe BpeMsi HyskHa (BCIIOMHM-
Te ypaBHenne m-Av = F -At) 6ecKOHEYHO
6oJIbITIas CuJaa, KOTOpas paspymuT Jro0oi
matepuai. [louemy ke Bce 91O eCTb B yues-
HUKaX, U JAJeKO He TOJbKO B IIKOJbHBIX ?

Korga B dusuke paccMaTpuBaioT MOJIEJH,
BbIGOP KOHKPETHOTO YIIPOIIEHMs OIpe/eis-
eTcst (POPMaJIbHON BO3MOKHOCTBIO IOJTyYe-
HUSI PENIeHNs] W Pa3yMHOCTBIO 9TOTO pellie-
Hus. [IpiueM «pasyMHOCTb» 3aBUCHT OT TOTO,
KaK MBI cobmpaeMcsl TIPUMEHSITH pelleHne.
Ecom peub ujer o mMpakTHYECKOM TpUMEHe-
HUU, T.€. 00 NHXEHEPUH, O CO3/IaHUN Belel,
TO TJIABHOE — JIOCTATOYHO JIW TOYHO TTOJTyYeH-
HOE pellieHre B TeX YCJAOBUSAX W TPU TEX
OTPAHUYEHUSX, [IJIT KOTOPBIX OHO HAM HYK-
1o. Eciiu peub 0 mpakTHKe TIOKA He U/ET, T.€.
ecyin ATO «BHYTPUDUINYECKAST> MOJIENb, TO
cutyanus cjaoxHee. TyT BaXKHO, HACKOJbKO
MOJIeJIb ONUpaercs Ha (QYHIAMEHTAIbHYIO
¢usuky, ectb M B Hell HETOHIATHbBIE TOTO-
HOYHBIE TTapaMeTPhI U CKOJIBKO MX, HACKOJIb-
KO MOJIesTb JIOTHYHA, JJOTyCKaeT JIM OHA pa3-
BHUTHE. JTO MeHee YeTKIe KPUTEPUH, MO3TO-
My B (pu3UKe MOTYT B TeUCHHWE KaKOTO-TO

DOT: https://doi.org/10.4213/kvant20210602

BPEMEHU COCYIIECTBOBATh HECKOJIBKO MOJIe-
JIeH OJTHOTO ¥ TOTO 3Ke KpyTra siBjieHwii. VHke-
HEpHs TAaKUX CUTYyalluil cTapaercss u3berarb,
XOTS1 9TO He Bcerma ymaercsi. Hampumep, B
JUICITATLINHE, HasBaHMe KOTOPON BbI, HAaBEP-
HOE, CJIBITIAJ — «COTPOTHBJICHNE MaTepua-
JIOB», €CTh HECKOJIBKO CITOCOOOB OIIEHKH Tpe-
JIeTbHBIX HATPY30K HA 3JIEMEHTBI KOHCTPYK-
I, KOTOpbIe TaK M Ha3bIBAIOT — <«TEOPUU
npounocTu». Ho ato pezakas curyanusi.

Mojestb yiapa, u3J0KeHHast B MKOJbHbIX
yueOHUKAX, CYIECTBYET IPUMEPHO TPH BeKa
(ee mcropusa pacckasaHa, HallPUMED, BOT
tyT — http://physiclib.ru/books/item/f00/s00/
z0000053/st059.shtml). Tloatomy ona He
«BHYTpU(U3NIECKAsT>, a BIOJHE TPUMEHN-
Mast Ha Tpaktuke. Kpome Toro, y Hee ecThb
MOJIe3HBIE U MHTEPECHBIE PACIITIPEHNUST, KOTO-
PBIM U TTOCBSITIIEHA JaHHAsT cTaThs. [Ipmuem
pACIIUPEHUSIM KaK IIKOJbHBIM, BCTPEUAfo-
MIUMCST B 33/1a¥aX 1 BOIIPOCAX Ha HK3aMeHax,
TaK W BHENTKOJbHBIM.

Ho st navasa, 4to6bl OCBEKUTH 3Ty MO-
JleJTb B TaMSITH U <«3aKPENuTh Ha IaHeJn
OBICTPOTO JIOCTYIIa», 0O03HAUNM MACCHI IIa-
POB My U My, UX CKOPOCTH, COOTBETCTBEHHO,
Y 7107 (%)) 7107
0y 1o = 0 mocTponM Kpacusble rpauKu 3aBy-
CHMOCTH O ¢ e /01 10 192 nocne /01 oT my /m2

Ot nocse X 02 nocre U AJIL CUTYalluN
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At o6oux Tinos coyaapenuii (puc.1). Kera-
TH, HOJAyMaiiTe, oYeMy Mbl CTPOUJIN 3aBUCH-
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Puc. 1. [loBegeHune apoB ocie CoyaAapEHIA.
KpuBas 1 OTHOCUTCA K EPBOMY LUAPY B C1y4ae
YIAPYroro yaapa, KpuBas 2 — K 06OUM LLUEPaM rpu
HEeYpyrom yaape; Kpusasa 3 — KO BTOPOMY LUapy
B TJIy4ae yrnpyroro yaapa
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MOCTH JIJIsI, KaK IPUHSTO TOBOPUTH B PU3UKE,
«06e3pa3MePEeHHbIX> BEJUYNH.
[TomoGoBaBmuch Ha TpaduKu, MOMIEM
paspiie. [Ipocreifmuii BapuaHT 3ajaun 1O
(pusure — Kor/1a HYKHO MCITOJIH30BATH POBHO
TO, YTO HaNMCaHO B yuyeGHUKe. Yare cocta-
BUTEJb 33/1a4M JI0JI’KEH, B35IB 32 OCHOBY UTO-
TO TPOCTOE U3 Y4eOHUKA, <«HABECUTb» HAa
3ajlauy 4TO-TO ellle, IPUUeM ToKe MMerolee-
csa B yueGHUKe — 4TOOBI 3TA 3aja4ya Crajga
npurogua s ETD wianm mHOrO 3K3aMeHa.
Hanpumep, B cay-
a) Yae TpsIMOTO TIeH-
- O TPaJIbHOTO yJlapa
(puc.2,a) MoxHO
MOCTYJMPOBATDH,
YTO B MOMEHT CO-
yAapeHus Tesia 06-
MEHUBAIOTCA Ka-
6) KOH-TO Maccou —
BBO/IUTCS OJTHA HO-
Basl BeJINUMHA, JI0-
6aBJIAIOTCS ypaB-
2 HEHUs, CBS3bIBa-
OII[e HOBbIE Mac-
Chbl CO CTapbIMH.
O6i1iee KoJmue-
CTBO TIapaMeTpPOB
YBEJNYNBAETCS C
Puc. 2. PazmdnHbie Turibl G 10 9, Kosmde-
VAAPOB: a) MPamMori  LieH-
TPAILHEI, 6) rPaMoLi  He
LEHTPA/IbHBIV, B) KOCOM,
) KOCOWV B 4acTHOM Crly4ae

6)

© @
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N

CTBO HE3aBUCH-
MbIX YypaBHEHUI
CTAHOBUTCS HE 2,
a4, crajo ObITb, 1
HEN3BECTHBIX MOKET ObITh Terepb He 2, a 4.
Y6enurech camu, 4TO BCe UMEHHO TaK.
Pasymeercst, Bbl MOHUMaeTe, 4TO 3aKOHBI
(busuKn onpenessior, KakoBbl OYyAyT BeJu-
YMHBI TI0CJIe B3auMogeiicTBus (Hanpumep,
CKOPOCTH TI0CJIE€ CTOJIKHOBEHHUSI), HO aBTOP
3a/1a4M MOT OOBIBUTD HEM3BECTHBIMA JTI00ODIE
U3 mapamMeTpoB. boJiee Toro, Ha sK3aMeHax
OYeHb YaCTO B COCEJHWX BapHaHTaX JAeTcs
O/THA ¥ Ta ’Ke 10 CYNIeCTBY 3ajlada, HO C
pasHbIMU HAGOpaMu «HEU3BeCTHBIX» . 1 Ha/10
ObITh BHUMATEJHHBIM, YTOOBI HE PENIUTH 10
HEAKKYPATHOCTHU 3a/1a4y U3 PYroro BapuaH-
Ta — 3TO TPAKTYETCsI KaK CIUCBhIBAHUE.
[Ipyroii BapuaHT (GOpMabHOTO YCJIOKHE-
HUS 33/1a4l — yKasaTh, 4TO KaKas-TO J10JIs
CyMMapHON KMHETUYECKON SHEPTUH MepPexo-
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JIIT B TEILJIO U 9TO HAJIO YUECTDb B PEIEHUH, a
TaKXKe OIIPEIEJUTb, HACKOJBKO HArpeioTCs
TeJsla TIPU M3BECTHBIX YEJbHBIX TeIT0eMKO-
cTax. JIn6o MOJKHO 3a/1aTh HATPEB U CIEJTATh
HEW3BECTHOH O/IHY 13 YAEJbHBIX TETITOeMKO-
creif (coo6pasute camu, mouemy ozuy). [pu
3TOM JIOJDKHO OBITH YKAa3aHO, UTO HAarpeB TeJ
OJIMHAKOB, OO0 yTOYHEHO, KaK PacHpe/esis-
eTCsI MeXX/Ty HUMU TeIIo0. Beepbes aTo mocun-
TaTbh TPYAHO, HO €CJU MPEINOJOXKUTD, YTO
oy sueprun Jedopmainu, mnpeobpasyio-
Iuecs B TEIJIO, OJMHAKOBbI, TO OTHOIEHUE
TEIJIOBbI/IeJIeHnil 6y/IeT TPOIOPIIMOHATBHO
sueprun gedopmanuu, GopmyJia s KOTO-
poit m3BectHa. Ho naske ecsim He 3aMopaun-
BaTbCs pacHpe/iesleHHeM TerJia, TO COCTaBH-
Tesb 337184 MOKET IPUAYMATh BCIKYTIO 9K30-
TUKY Jake Ha 6ase MPOCTEHTIIero ypaBHEeHNS
O = (¢ymy + cymy )AT. Hampumep, mompo-
CUTDH OTIPE/ICTUTh MaTepuaJsibl, 6iaro Ha ET9
€CTb CITMCOK MaTepuaJoB ¢ UX MapaMeTpaMH,
Jau6o TIPEeANOKHUTh OIPEJENUTh [IUATA30H
BO3MOXKHbBIX 3HAUEHUN C; U Cy.

Eme 3amevyanue B paMKax IIpsSMOro U IeH-
TPAJIBHOTO yJapa — I0YeMy-TO OObIYHO He
OrOBapUBAETCS, UTO MIAPUKU He BPAIAIOTCS.
[TocMoTpHUM, HA UTO 3TO MOTJIO GBI MTOBJIUSATD.
Ecsom oHm BpamaroTcs Tax, 4TO JIMHEITHbIE
CKOPOCTH TTOBEPXHOCTH OJMHAKOBBI, TO BCE
npocto — gaske mpu Hagwauu Tpernst (N # 0)
HeT KacaTeJbHBIX cHI. Eciam ckopoctn He
PaBHBI, JKN3Hb CTAHOBUTCS CJOXHee. llpnm
Koa(dUIIIeHTe TPEHUsI, PAaBHOM HYJIO, 1
oTcyTCTBUU OOMEHa MaccaMu YIJjoBasi CKO-
POCTb COXPAHSIETCS — OIISATD K€ HET KacaTesb-
HOU cuibl U HerT MoMeHta. Ilpm Hammuun
o6MeHa MaccaMU B UTPY BCTYIAeT 3aKOH
COXPaHEHMsI MOMEHTa MMIIYJIbCA U YIJIOBbIE
CKOPOCTH M3MEHSIOTCS.

A BoT ecsit K0a(DDUINEHT TPEHUS HYJTIO HE
paBeH, TO TIOJydYaeTcs sBHAasT HEKOPPEKT-
HOCTB. Y HAc Ke «y/Aap», BpeMs B3anMoieii-
CTBHS PaBHO HYJIO, HO CHJA, € KOTOPOI
MIAPUKU IaBAT APYT HA ApYyra, 6eCKOHEJHa,
3HAYWT, U CUJIA TPEHUS OeCKOHEeYHA. A MyTh,
TIPOilIeHHbII TOBEPXHOCTDHIO 3a HYJIeBOe Bpe-
M, paBen nyJo! Mubivu ciioBamu, u pabora
cuJibl Tperus (cusia Ha myTh) U nepeaHHblii
eio uMmyJbe (cuaa Ha BpeMmsi) He ornpejesie-
bl (HOJIb Ha GECKOHEYHOCTH). Mbl yIIEPJIHCH
B TPAHUILy MOJEJH, A PU3NKH 3TO CUTya-
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IUsl HOpMaJsibHAs — Y JI060W MOJIeJ N eCTh
IPAHUIIbI, UX TI0JIe3HO 3HATh. B maeanbHoM
yueGHIKE OHM TOJIPKHBI OBITh YKa3aHbI, HJIN —
ecam MBI UX HE 3HAeM — JOJDKHO OBITh
YKa3aHo, KaKoBa 00J1acThb IeHCTBUS MOJIEIT,
T.e. 10 KaKWX 3HAYEHUI TMapaMeTpoB OHA
paborocrioco6Ha U ¢ KaKO#l TOYHOCTHIO MPO-
BepeHa. B aHHOM citydae y HaC ecThb, OHA-
KO, Jla3eilika — ecJii B YCJIOBUH CKa3aHO, YTO
coyzapenne a0CoJIIOTHO yIpyroe, To padora
CHUJIBI TPeHUs paBHa mnymo. Ho 1y uMmyibca
TaKOI1 JIa3elKu HeT, U HEKOPPEKTHOCTb OCTa-
eTcs.

[TpaBna, uHorga «ymap» OlpeiessioT HHa-
4e W aKKypaTHee — KaK B3amMO/IeiCTBIE
JIOCTATOYHO KOPOTKOE, Y4TOOBI MOKHO OBLIO
npeneGpedb BHEITHIMHI CUJIaMu. B aTOM ciry-
yae BpeMs COy/IapeHus He PAaBHO HYJIIO, CUJIBI
He paBHBI GECKOHEYHOCTH U TO, BO UTO MBI
VIEPJNCh B TIPEAbIIynieM ab3aie, Mbl 060-
. Ho Bce paBHO TIpu aGCOTIOTHON yIIpYy-
FOCTHU COyIapenust HeT PabOThl CUJIbI TPEHUSI,
a 3HAYUT — WJIU HET JTOH CUJbI WU HeT
nepemernienusa. OHAKO UMITYJIbCOM IHAPUKI
06MEHMBATHCSI MOTYT, a CJIEJ0BATENbHO, MO-
IYT ¥ U3MEHSITh CBOU YIJIOBbIE CKOPOCTH, U
paasreTatbest B60K. OTcroja MOpab — BHIMA-
TEJIbHO YHUTATh OTIpe/ieJieHus, 60 9TO TOXKe
YacTh MOJIEJIN, & Pa3Hble OMpe/leJICHIS 03Ha-
4aloT, 4TO y Hac pasubie Mogenu. K mosese-
HUIO BPAIIAIONIETOCS MapUKa ¢ TPEHUEM MbI
e1ie BepHeMCsI.

Crenytonmmii mar B TIyOMHY 3aaudl —
npsAMoii He TeHTpaibHbiil yaap (puc.2,6),
HMIAPUKU PATOCTHO JIETST IO TTAPAJIIeTbHbIM
[PSIMBIM U TIPUKH/IBIBAIOT, CTOJKHYTCS JIU
onu. TyT B UTpPy BCTyHAIOT TPU HapaMeTpa —
JIBA PA/INYCA U PACCTOSTHUE MEK/TY IIPSIMBIMHU.
Ecsin oHO paBHO HYJTIO, MeEM TPEABIAYIILY O
3a/1a4y — IEeHTPaJbHBIH yaap. Ecim paccro-
sHUE 6OJIbIIIe CyMMBI PAINYCOB, TO COy1ape-
HUS BooOIIEe HeT. Ec/in CTOJKHOBEHUE TTPOHC-
XO[HUT, TO OTH TPHU TapaMerpa — TOYHEe,
OTHOTIICHUE MEX/Y HUMU — ONPEEesSIOT M0-
JIOKEHUE TOYKHM CTOJIKHOBEHUS U HalpaBJie-
Hue JeHCTBYIONNX HA MIAPUKU TIPU CTOJKHO-
Bennu cui. Ecaum coyapenue a6coioTHO
HEYIPYroe, TO BCe 9TO HE UMEET 3HAUEHUS —
y HAC OIATD /[BA YPABHEHUS U [[BE HEU3BECT-
HbIe BEJMYUHDBI, HAPUMEP CKOPOCTH IIOCJIEe
COyIapeHusl.

Ecuii coyrapenue ynpyroe, oJiHOCTbIO UJIT
YaCTUYHO, TO HOBbIE IapaMeTPbl — TOYKA
CTOJIKHOBEHMS U HallPaBJEHUS CUJ — Jlesa-
10TCS BaskHbI. Ecsin TpeHus Her, TO CUJIbI —
9TO TOJIBKO CUJIbI PEAKIUK, OHU IIepIeHIUKY-
JIIPHBI IIOBEPXHOCTU U IIPOXOJAT Yepes LieH-
Tpbl 1apoB. VX KOMIIOHEHTbI, HalpaBJeH-
Hble BJI0JIb llapaJ/Le/IbHbIX [IPAMBIX, BJIUAIOT
Ha HPOJOJbHbIC CKOPOCTH, a IOIepeYHble
KOMIIOHEHTDBI BbBI3bIBAIOT pasjeT IIApUKOB
Homepek MpsIMBIX. 3ajlada BIIOJHE pellae-
Masi, HO B TaKOM BH/JIe €€ B IIKOJIe He JIaloT,
a IIOCTYIIAIOT IIpolie — yOUBAIOT O/[HO HEN3Be-
crHoe. /[leficTBUTEIbHO, Y HAC Tenepb TPU
ypastenust (JI71s1 SHEPTHHU, UMITYJIbCa BAOJIb 1
I0IIePeK ), a HEM3BECTHBIX BEJIMYMH YEThIPE.
B ecrectBennoil curyanuu 3T0 KOMIIOHEHTBI
CKOPOCTEIi 1mocJjie coyfapeHus, U HaiiTh ux,
He 3Has HallluX HOBBIX IIapaMeTPOB, HeJb3s.
Ho 1o B mpupoje, a B IHIKOJE IOCTYIIAIOT
IPOCTO, JEJAI0T HEM3BECTHBIMHU TPHU JIOObIE
BEJIMYMHBI — TI0 yucay ypaBHenuil. Hampu-
Mep, HOJIATAIOT «U3BECTHOWH» MUHUMYM OJTHY
U3 KOMIIOHEHT OJIHON M3 CKOpocTeil mocJe
coyaapenus. JIn6o mocTynaoT HeMHOTO TIPH-
JIMYHee — IPOCAT HallTH He caMi KOMIIOHEeH-
Tbl, & OTHOIIEHUE KaKUX-TO JIBYX, OISTb K€
UCKYCCTBEHHO yMEHbIas KOJUYECTBO HEU3-
BECTHDIX.

Ecom BBectTH KOa(pPHUIMEHT TpeHWS, TO
CTOJIKHOBEHHE TiepectaeT OBbIThb a0COJIOTHO
VIIPYTHM, U Y HAC BO3HUKAET BLIOOP. MOKHO
9TO UTHOPUPOBATH, IPUMEHATb 3aKOH COXPa-
HEeHUs KUHeTHUeCKO! dHeprum, a CUJIy Tpe-
HUSI CUNTAThb IPOIOPIUOHAIBHON peakuun
ornopsl. B atoM ciydae yuer TpeHus cseiercst
K TOMY, YTO CWJIA, C KOTOPOil OJMH IIapuK
JleficTByeT Ha JIpyroil, craHer He IepIeH/ -
KyJIIpHA IHOBEPXHOCTH — Yy Hee BO3HHUKHET
KacaTesbHas KoMmoHeHTta. M Bce 6bLI0 Ob
XOpOHIO, HO CUJIa TPEHUS MPOIOPIIMOHANbHA
peakluu OIOPbI TOJIbKO [PU HAJIUYUU JIBU-
JKeHud. B Hauvase CTOJNIKHOBEHMS INAPUKU
JApYr 110 APYyTry AEUCTBUTENbHO CKOJIb3AT, HO
He MOT'YT JIi OHU B [Ipoliecce B3auMogeicTBUA
OCTaHOBUTLCA? Ecan ke Mbl OTKa3bIBaeMCsI
oT abCOJIIOTHOIT YIIPYTOCTH, MBI JINGO TEpsieM
O/IHO ypaBHeHMe, Ju60 HaM HAJ0 YECTHO
nocyutaTb paGoTy CHJIbI TPEHUS U BbIYECTb
pesyJbTaT M3 KUHETUYeCKO#l aHepruu. ITo
6yJieT He ITpocTas 3ajja4a, 0COOEHHO C YIETOM



8 KBAHT

TOTO, YTO B KaKOI-TO MOMEHT CKOJIbXKEHUE
MOKeT U TpeKpatutbesi. K aToii mpobieme
MBI ellle BepHEeMCSI.

Eme oqma mar B riry6uHy — Kocoe coyza-
penne (puc.2,6), Korja HavalbHO IMAPUKI
JIETIT TIO He TapajulebHbIM TpsSIMbIM. B
TAKOM CJIy4ae JJIsl BBISCHEHUS, CTOJKHYTCS
JIV TIIAPUKY U €CJTH 13, TO B KAKOH TOUKE, HAZI0
pas3bupaTbcsi ¢ XUTPOI reoMeTpueil aToil 3a-
Jlauu — BO3HUKAIOT [[BA HOBBIX ITIapaMeTpa,
HavaJbHbIE PACCTOSHUS OT TIePECeUeH s TIPsi-
MbIX (M 9TOT ysKac Ha MJIOCKOCTH, a B 06GbeMe
Gyzmer yskac-yxac-yxac). Ilogymaiite, Kak
9TO MOKHO 6bLT0 6bI cjiesath. [lasbiie cury-
arys TakoBa. Ecam cTrosikHOBeHME a6CoJTIOT-
HO HEYTIPYTOe, TO HAJI0 BBOAUTH OCU KOOP/IH-
HAT, UCKATh MIPOEKITNT MMITY TbCOB NCXOTHBIX
TEJT Ha 3TH OCU W OTPENENSITh IBUKCHUE
CYMMapHOTO TeJia W3 3aKOHA COXPaHEHUS
uMIyJbca. B mkose, 175 yIpoIeHns ;Ku3im
HECYACTHOTO TIMKOJbHUKA, MPSIMbIE [IETat0T
neprieH MKy asgpabiMu (puc.2,2), hakt cToJ-
KHOBEHUsI BBOJST B YCJOBUE, U peIlleHue
JlenaeTcst OueBUIHBIM. Ecii jke cTONKHOBe-
Hue a6COJIOTHO YIIPYroe, TO IOBTOPSIETCS
BCe, M3JIOXKEHHOE BBIIIle, U, €CTECTBEHHO 3a-
Jlagy MOKHO C/IeJIaTh BIOJIHE peltabesTbHOi,
PACTIOJIOXKWB TIPSIMble, HATIPUMEP, MO TIPs-
MBIM YTJIOM U Cpa3y yKa3aB TOUKY KacaHuWs.
[Momymaiite, Kak GBI BBl BBIOPAJU THAMETPBI
MTAapUKOB W TOYKY KacaHWs, ecJu Obl BaM
MIPETIOKIIA aJAaITUPOBATD 3Ty 3a/auy s
cebs1, mobumoro. Kceratu, BOT HOBBII THII
3a/a4 1o pusuKe — 3a7a4a A€TCs C YACTHIHO
cBOGO/IHBIM YCJIOBHEM U IPE/JIAraeTcs: cle-
JIaTh U3 Hee JIBe — OJHY BO3MOXKHO IIPOIIE, a
JIPYTYI0O BO3MOXKHO cJokHee. Bropoe, kcra-
TH, MOKET ObITb CJIOKHEe, 4eM IepBoe!

[lenenne ynapoB Ha a6COJIOTHO YIIPYTHE U
a6COJTIOTHO HEYTIPYTHE UMEET /[BA CBSI3aHHBIX
Hegoctatka. [TepBbiit — y Hac HeT XapakTepu-
CTHKH JIJIST TIPOMEXKYTOYHBIX CIydaeB, BIoGA-
BOK OJINH M3 KPAalHUX TOXKE SIBJISETCS hjea-
mm3arueit. BTopoll HemocTaTOK — 3TH JBa
KpallHUX c/aydast XapaKTepU3yIoTcs Pa3HbI-
MU TTapaMeTPaMu: OJIUH YeM-TO, CBSI3AHHBIM C
9HePrusiMu, APYroil — CO CKOPOCTSIMU. ITO
[IOXO03KE Ha TaKOM CII0cO6 OLEHMBAHUST KOHT-
POJIbHBIX 110 (DU3UKE: «aOCOTIOTHO MI0XAST»
pa6ora — 3TO Takas, T/e He pelleHa Hi O/IHA
3a/1a4a, a «abCoI0THO XOPOIIasty — HallNCaH-
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Hag UleaJbHbIM TToYepKoM. U Bce, HUKaKuX
JIPYTUX OIIEHOK M KputepueB. Kak BaMm Takas
njea? EcrecTBeHHDIN BBIXO/] — XapaKTepPU30-
BaTbh BCe BU/IbI y/apa /joJiell oTepb KUHETH-
4yeckoii aHeprun. Ho BBIXO 3TOT TTOX, TTOTO-
My 4YTO TIpU aGCOJIIOTHO HEYTPYTOM yaape
MOTEPU KWHETHUYECKOI 9HEPTUN MOTYT OBITD 1
OUYeHb MaJIBIMH, HAIIpUMEp, TpH OJIM30CTH
HavyaabHBIX cKopocTeir. Kcratm, aTo Benb
O3HAYaeT, YyTo yAap MOKeT ObITb 1 a0COJIOT-
HO HEYNPYTUM M CKOJb YTOAHO OJU3KUM K
a6COJIIOTHO yIIpyroMy!

B TexHuke [/ XapaKTEePUCTUKHU yjapa
BBOJUTCA HapaMeTp «Koap@uimenT Boccra-
HOBJICHUST» , [IPHYEM CYIIECTBYIOT /Ba (11paB-
na, GIu3KnX) crnocoba ero OlpeeseHNs.
[TepBoril crioco6 MCMOJMb3yeTcs, KOTAa Teso
CTAJTKWBAETCST C 3aBE/IOMO HETIO/IBUKHON
MIperpajioii — T.€. OHA N3HAYATHLHO TOKOUTCS
1 ee Macca MHOTO GOJIbITIE MACCHI JIETSIIETO
tena. Torga aToT K02 UIMEHT onpe/ies-
0T KaK R = 0 155 /01 4o BTOPOIL criOCO6 HE

HCIIOJIb3YET O9TOI0 IIPEANOJOKEHNA, TOr/da

k= ‘(01 nocae — 92 nocate )/(01 10 02 ,10) - Bro-
poit croco6 NpemyioXKua He KTO-HuGymb, a
cam Hpioton. Ilepsblii criocob sBJisgeTcs npo-
CTO YaCTHBIM CJIydyaeM BTOPOro, a GopMyJin-
PYIOT €ro OT/IeJIbHO IIPOCTO HOTOMY, YTO €r0o
yIO6HO TIPUMEHSATb J[JI XapaKTePUCTHKN
VIPYIUX CBOMCTB MAaTepUAJIOB, €CJU U3 HUX
MOJKHO cJ/leJlaTb U MaJIeHbKUH IapuK, Hu
6oJpiiyio TATy. Termepb MOCMOTPUTE Ha
PHUCYHOK 1 711 carydast abCOTIOTHO YIIPYTOTO
ynapa n ybeantech, 4to ompezesaerne Hoio-
TOHa pafoTaeT BO BCEM JUATA30HE OTHOIIE-
HUN Macc.

Bam, OyneM najesaTbes, yxKe XO4eTcs 3ar-
JITHYTb <«BHYTPb» TIpOIlecca COyJapeHus u
y3HaTh, KaKOBa €ro JJINTEJbHOCTb. Kpome
TOTO, MbI O6€IAIN CKa3aTh YTO-TO O IIPOLIEC-
ce coy/lapeHus ¢ TpeHueM, Korjia BO3HUKaeT
BpalleHue. ITU BOIIPOCHI BIIOJIHE JOCTYIIHO
JUUIST TITKOJTBHUKOB 1 BeCbMa Mo Ipo6HO pa3os-
panbl B kuure E. M. Bytukosa, A.A.BbikoBa u
A.C.KongparbeBa «®Du3nka B mpuMepax n
3aJlavax», ¥ OHa, K CYaCThI0, €CTh B UHTEPHe-
Te. MBI 3ke 06paTHMcs K MHOH 3ajaue, ToxXe
CBSI3aHHOH C <«BHYTPEHHOCTSIMH» IIpollecca
yaapa, HO MeHee U3BeCTHOH.




YAAP U ETO OKPECTHOCTH 9

Anpo aroit 3aaun TakoBo. Mmeercst 1map
MU3BECTHOTO paszMepa, KOTOPbI M3HAYATHHO
nokoutcst. [lo mpsmoii, mpoxogsmieii yepes
€ro IIeHTP, JIETUT TeJIO MHOTO MEHbIIeil Mac-
CBI, KOTOPOE CTAJKWUBACTCS C 9TUM IIapOM.
Cuna, neiicTByIonas MeK/ly TeJaMu, CUnTa-
ercs n3BecTHo. KakoBbl najbHelime coObl-
THA? Y CJIOBHE Ha MacChl O3HAYAET, UYTO 6OJIb-
MOW mIap TOKOWTCS, TOYHEe — IBUTAETCS
MHOTO MeJJIeHHee Majoro teja. /lanee, ecan
cua pagHa HyJo (OUeHb YacTO UMEHHO Tak
[POIe BCEro HAUMHATH PACCMOTPEHHE), TO
B3aMMO/IENICTBUE OTCYTCTBYeT — OO0JIbIIOe
TTOKOUTCST, MAJIOE JIETUT, YAUBJISSCH, YTO €ro
CKOPOCTH He u3MeHmsIach. Haunnaem yBesn-
YUBATH CUJY — HAUMHAETCS OOMEH UMITYJIbCa-
MU, TPUYEM MbI MOYKEM I0JIb30BAThCS WU
3aKOHOM COXpPaHEHUsI SHEPTUU, BBIYUTAST W3
KUHETHYECKON sHeprum paboTy AeicTBYTO-
meit Mexxay tenamu cuabl A =FD, tne D —
nuametp. [Ipu nasnpHeiineM yBesmaeHUH CUJTbI
MbI TPUXOAMM K <«aOCOJIOTHO HEYTIPYTOMY
yAapy», Korja Majoe TeJIO OCTAaHABJINBAETCS
BHYTpH GoJibIioro. Bbl camMmu MoskeTe Harm-
caThb COOTBETCTBYIOIIME yYPAaBHEHUS U TIOJIY-
YUTH pelleHue.

Ecsm oTkazarbes ot ycJ10BUS Ha COOTHOIITE-
HUE Macc, TO MPUAETCS YUUTBIBATD, YTO GOJIb-
1oe TeJIo TOKe TIepeMeniaeTcs, U TOT/a IBU-
JKeHIe MaJIoTo TeJia TTPOMCXOINUT He 10 OCTa-
HOBKH, a JI0 COBTMAJICHUS CKOpocTeil. MoxHO
pPaccMOTPETh U CUTyalMio, Korjaa GOJbIIoe
TEJO0 MMeeT HAavaJbHYI0 CKOPOCTb, 3TO He
CUJIbHO YCJIOKHUT 33/1a4y.

Y aroit MojesM CyIecTBYIOT HECKOJbKO
CUMIATUYHBIX BAPUAHTOB YCJIOXKHEHUS, He-
KOTOPbIE U3 HUX BCTPEYAIOTCS B 33/[AaUHUKAX.
Hanpumep, majioe Teso MOKET JETeThb 110
MPSIMOIi, He TIPOXOJIAIIEN Yepes TeHTp 6G0Jb-
moro teJsia. B aToMm ciarydae y cusbl F BO3HU-
KaeT MOMEHT, U OOJBIIOE TEeJ0 HAYMHAET,
O0YEBUIHO, Bpamatbcsi. MeHee 04eBUIHO, UTO
TIPU 9TOM Y GOJIBIIOTO TeJsla BO3HUKAET KOM-
TTOHEHTAa CKOPOCTHU, HATPaBJIEHHAS MOTEPEK
WCXOIHOTO HAIPABJCHUS ABWKEHUS MAJOTO
Tesa. JIpyroit BapuaHT yCJOXHEHUS — eCJn
HavyaJIbHAs CKOPOCTH GOJIBIIIOTO TeJIa HAIlPaB-
JIeHAa He BJI0JIb MPSIMOM, 110 KOTOPON W3Ha-
YaJIbHO JIETUT Majioe TeJia, a, HaIlpuMep,
nepreHnKyJasgpHo. Paccmorpure aTy cutya-
W10 U yOEIUTECh, YTO BpallleHue BO3HUKAET

U B 3TOM CJydae. A BOT €CJHM MAaJoe TeJo
HOMaaeT B 6OJIbINOE, JIETS 10 IPSIMOii, TIPo-
XOJATIel uepe3 IeHTP He UMEIOIIEeTo JTHHel-
HOM CKOPOCTH, HO N3HAYATBHO BPAIAOIIETO-
cs1 GOJIBITIOTO TeJla, TO €TO BpallleHne 3aMe/l-
Jutcs. «Bce cTpaHbiie W cTpaHbIIe», — CKa-
sanma 6e1 Asmmca. (ITomuuTe Takyio?)

Ecsm m3s0keHHOE BBIIE MTOKA3aJI0Ch BaM
MHTEPECHDBIM, TOYTH HaBEpHSIKa BaM OYIyT
UHTEPeCHBI 1 cTaThll 00 ynape, pamee omy6-
JIMKOBaHHbIE B :KypHasie «Kpanr» — A.Ilano-
Ba (1990, Ne8), B.Kosznosa (1988, Ne9 u
1995, Ne4), C.Xopososa (1997, Ned) u
A.Tpoc6epra u M.Karanosa (1993, Ne9/10 u
1996, Ne2). IIpuueM MOJIE3HO MPOYECTH MX
BCE, TIOTOMY YTO aBTOPBI TOAXO/AT K SIBJIE-
HUIO C PA3HBIX CTOPOH M CTPOST Pa3HbBIE €r0
MojieJ — WHOT[Aa GoJiee MaTeMaTHYecKue,
nHOTAa 6ostee (pu3MuecKme. A U3 MOCTeTHEH
CTaTbW BBI elle W y3HaeTe, IMOYeMy IpU
CTOJIKHOBEHWH CJIBIIIEH 3BYK U KaKyIO JIOJIO
9HEPTUu OH YHOCHT.

B 3axJiouenue... 0TOpBEMCs OT KHUTH UJIH
MOHHTOpA M TTOCMOTPHM HaBepX. Kak namu-
can Cranucias Jlem, KocMOC He ITyCT — <ero
HeNpPEePbIBHO MPOHU3bIBAIOT B3TJISI/IbI MUJLIH-
OHOB JKHMBBIX CyIIecTB». MosKeT ObITb, ceii-
yac Balll B3TJISA[ TIEPECEKAETCS C UbUM-TO
B3TJIIJIOM C Apyroro Kouma lamaxtuku. B
KOCMOCE TOKE eCTh CTOJIKHOBEHMNS, N3BeCTEH
OJINH CJIydall CTOJIKHOBEHWUSI CITyTHUKOB, U
BOOOIIIE JTsT KOCMIYECKNX allapaToB CyIIe-
CTBYET OMACHOCTH CTOJKHOBEHUS CO BCAKUM
MycopoM, Jietaiomum Haj Hamu. [IpaBaa,
[OPU 3TUX CKOPOCTSIX PACCMOTPEHHbIE HAMU
Moziesin He paboTaloT, MeXaHU3M B3anMo/Ieii-
CTBUS BBITJISIUT HHAYE U BCET/IA TIPOUCXOIUT
paspyuienune. Eciu yesoBedecTBo 6y €T po-
JI0JDKATh OCBAMBaTh KOCMOC, TO Ba’KHOCTD
COOTBETCTBYIOINX 3a7a4 GyAeT PacTH, TaK
9TO, €CJIM BBI TIOJIYINTE cepbesHoe 06pa3oBa-
HUe U 3afiMeTech 3THM KJIAcCOM 3a/1ad, CKy-
YaTh BaM He MPUIETCS.

Kcratn, B crarbe Mbl He pa3 yHOMUHAJH
BpallleHue. A TaJaKTHKH, KaK BbI 3HaeTe,
Bpamaiorcsi. He ¢Bsizaano Jjin 910 €O CTOJKHO-
BEHISIMU Yero-To, u3 4ero o6pasoBasuch ra-
JIAKTUKH ?
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3a4a4u
Mo MaTeMaTuke 1N Musnke

10T paznen BegeTcs y HaC U3 HOMepPa B HOMEP ¢ MOMEHTA OCHOBaHMS XypHana. llybnvkyemsie B
HeM 33[a4Yn HeCTaHAAapPTHbI, HO AJIS UX PelleHns He TpebyeTcs 3HaHWV, BbIXOASMX 3a pamMKu
LUKO/ILHOW MporpamMmel. Hanborsee TpyaHbIe 334341 OTMeYaroTcs 38e3404Kkou. [Toce gpopmynvpoBku
3a4a4v Mbl 06bIYHO YKa3bIBAEM, KTO HaM ee MPERIOXuI. PazyMmeeTcs, He Bce 3Tv 3aAa4u ryonvkyroTcs
BriepBble.

PeluerHus 3a4a4 o mMarematvke v @u3svKe U3 3Toro HoOMepa CiegyeT OTNPaB/sTh 10 3/1eKTPOH-

HbIM agpecam: math@kvant.ras.ru v phys@kvant.ras.ru cooTBeTCTBEHHO WJ/IN I10 TOYTOBOMY aApPecy:
119296 MockBa, JleHuHCkmi rpocnekT, 64-A, «KBaHT».

YanoBus Kaxxaodi opurMHanbHou 3agayqu, npessaraeMod A nybnavkauyny, Bmecte ¢ Bawwwim
PpeLLeHnemM 3Tov 3a4a4u MPUCbISIAUTe 110 TeM XKe aapecam.

3agayn M2654, M2655, M2657 npeanaranuce Ha 3akmoqyutesibHom 3tane XLVII Bcepoccuvickor

o/mmMITnaabl LLUKOJIbHUKOB 110 MaTeMaTtuke.

3apaya M2656 npennaranace Ha XLl TypHupe roponos.

3apaun M2654-M2657, ©2661-D2664

M2654. Ha cropore BC mapaJiesorpaMmma
ABCD ormeuennt touku E u F, npuuem E
JeXKUT Mexay B n
F (puc.1). [luaro-
vamm AC n BD 1ie-
pecekaloTcs B TOY-
ke O. Ilpampie AE
n DF kacarorcst oK-
PY>KHOCTH, OTTNCAH-
HOW OKOJIO Tpey-
rosbuuka AOD. [loka)kute, 4TO OHU Kaca-
I0TCSI M OKPY>KHOCTH, ONUCAHHOM OKOJIO Tpe-
yroabuuka EOF.

A.Ky3neuos

M2655. /lana 6eckoHeyHas KjaeTdaras Ijioc-
KOCTb. YuuTeJapHuIa u kaacc u3 30 yueHuKoB
UTPAIOT B UTPY, Jeast XO/bI M0 OYepean —
CHAvaJIa yYUTeTbHUIIA, 3aTeM 110 OUePe/in BCe
YUEHUKH, 3aTeM CHOBA YUYUTEJbHUIA U T.1.
3a 0JiUH X0/l MOKHO HOKPACHUTDb €/[MHUYHbII
OTPE3OK, SIBJISTIONIICS TPAHUIIEH MEXK/TY /IBY-
MS COCEIHUMU KJeTKaMu. [[BaXK/bl KPACUTD
OTPE3KU HeJb3s. Y UUTeNbHUIa MOGeKIAeT,
ecay mocJie Xo/a OoJHOro u3 31 UrpokoB
Haiijiercd KJerdarblil nmpaMoyrosbHuk 1x2
i 2x1 Takoi, 4TO y HEro BCS TPaHUIA
MOKpaIieHa, a eJIMHNYHDBII OTPE30K BHYTPU
Hero He nokpartieH. [lokaxuTe, 4TO yUNTeIb-
HUTA CMOKET TTOOENTh.

M. Tudun, A.Kysneuoe

M2656. Bospacraionias oc/ie/J0BaTeIbHOCTD
HATYPAJIbHBIX YUCEJ @y < d < ... TAKOBA, YTO
pu KaxaoM n > 100 yuciao @, paBHo Hau-
MeHbIIIeMY HATYPAJbHOMY YUCIY, GOJIbIIEMY
a,_q 1 He JIeJIAIIEeMYCsl HU HA OJIHO U3 YUCeJI
a,a,,...,a,_;. JJoxaxxunte, 9TO B TAKOI MOCJIE-
JIOBATEJIbHOCTH JIUIIb KOHEYHOE YHCJIO CO-
CTaBHBIX YHCEI.

11. Koxxeenurxos

M2657*. Harypasbubie uncian > 20u k > 1
TAKOBBI, UTO 7 Ae/TUTCs Ha k2. JOKaKuTe, 4To
Hali/[yTCsT HATYPAJIbHbIE YHCIa d, b U ¢ TaKue,
qyto n = ab + be + ca.

A. Xpabpos

®D2661. [lng niraBHOro U3MeHEHUS YPOBHS
PAcCIIOJIOKEHHS JIeTaJl Haj/l TTOBEPXHOCTHIO
CTOJIa COOPYANIN TOKA3aHHYIO Ha PUCYH-
Ke 2 YCTaHOBKY, COCTOSIIYIO U3 HECKOJbKHIX
MIAPHUPHO COEMHEH-
HBIX CTEP’KHEH. YTJIbI,
06pa3oBaHHbBIE CTEPIKHSI-
mu, pasubl 120° u 60°.
CrepokeHb, OTMEYEHHDbII
Ha PHCYHKE KPacHBIM
I[BETOM, CTAJbHOH, OH
nmeet uuHy L =10 cM.
Ero narpesaior co cko-
pocrpio 10 K/muu. C
KaKoi CKOPOCTHIO TMO/-
numaerca jeranb? Ko-

Puc. 2




SAJAYHHUK

a(pPuUIMEHT TEIIOBOTO PACIHTUPEHUS CTaJN
paBeH 10 K.
C.Bapaamos

M2662. TopusoHTATBHDBIN CTEPIKEHD, BCETA
HaxoJdIuiicss Ha OJ/HOHM BBICOTE, XKECTKO
COEIMHSIET [[Ba TIapaJi-
B | gl JIEJTBHBIX [JIPYT JIPYTY
BEPTUKAJBHBIX CTEPXK-
HS U IEPIIEHANKY TSI PCH
a um (puc.3). Bee crep-
Cl JKHU HeBecoMmble. Ha
Puc 3 BEPTUKAJIDbHDBIC CTEPXK-
HU, OCH CUMMETPUHU
KOTOPBIX PACIIOJIOKEHbI Ha PaCcCTOSHUU d
JIPYT OT IPyTa, HAaCAXKEHbI MOAMUITHUKK (TOXKe
HeBecoMble). A K BHENIHUM 06oiWMaM moj-
HIMITHUKOB IIPUKPEIJIEHbl /[Ba OJMHAKOBBIX
MACCHBHBIX TIJIOCKUX TOHKUX JMCKA C PABHO-
MEPHBIM pacipe/ieIeHneM Mace TI0 UX MOBep-
xHOCTSIM. OCH CUMMETPHH JUCKOB COBIAIa-
10T C OCSIMU CUMMETPUH BEPTUKATIBHBIX CTEP-
skHeit. OZIMH 13 BEPTUKAJIbHBIX CTEpsKHe
(na pucynke cieBa) Moxer cBo6oano (co-
BceM Ge3 TPEHHUs1) BPAIaThCsl BOKPYT CBOEH
ocu cummerpun (1 a1a ocb BC Beerja Heno-
BisKHa). TpeHue B MOAMUIHAKAX MaJIO, T10-
9TOMY HA HEGOJIBIIUX TIPOMEKYTKAX BpeMe-
HU UM MOXXHO TipeHe6peub. CHavyama KOHCT-
PYKIIMIO, HAXOJAIIYIOCS B BaKyyMe, PacKpy-
TUJW TaK, 4TO OHA KaK IleJoe Bpalajach
BOKPYT ocu BC ¢ TTOCTOSTHHON YTJI0BON CKO-
POCTBIO ®, T.€. TPAEKTOPHUH BCEX TOUEK KOH-
CTPYKIIUU TIPECTABJISIN COOO0I TOPU3OHTATb-
Hble OKPY’KHOCTH. 3aTeM TOPU30HTAJIbHbBIN
cTepyKeHb ObICTPO OCTAHOBHJIU U TYT K€
BHOBDB OTIYCTHJIHM. Uepe3 HEKOTOpoe BpeMsi
3a cueT HeGOIBIIIOT0 TPEHUS B TIOAMIUITHIKAX
cucTeMa CHOBA CTaJla KPYTUTHCS Kak IieJioe,
HO C HOBOIl YIJIOBOH CKOPOCTbIO, PaBHOM
u)/ 10. KakoBbl pajiiychbl AMCKOB?
B./Imumpues

®2663. [Ipo manery Cheese naectHo, 4to
OHAa TPeJCTaBJsIeT cOO0N OHOPOIHDBIN THap
paauycoM R, B KotopoMm umeetcst cchepuuec-
Kasl [0JIOCTD PaiiycoM R/2, IprdeM noJI0CTh
COTIPUKACAETCSd C IMOBEPXHOCTHIO TIJIAHETDI
(puc.4). IlnoTHOCTH MaTepHaJia IJIAHETDI P .
Tax>ke n3BeCTHO, YTO 3TA TIJIAHETA PABHOMED-
HO BpaIllaeTcst BOKPYT OCH, MTPOXO/IATIEH ve-
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pe3 ee IIEHTP Macc |
TIePIIEH/TKY JIIPHOI OCH
CUMMETPUH TJIAHETHI.
BuyTtpu mosioctu 661710
PpeIeHo PasMeCTUTh Ha-
6TIOIATeTbHBIN  TYHKT
TakK, 4TOObI OH OKa3aJ-
CS Ha OCH CHMMETPHH
TIJIAHETBI U TTPU HTOM He
mMoTpeGOBATOCH OBI BKIIOYATD IBUTATEN UJIN
[IPUBI3bIBATH €r0 K BHYTPEHHUM CTEHKAM
[IOJIOCTH. BbluncieHus mokasaaud, 4YTo 3TOT
HAGJIIO/IATe/IbHBIN [IYHKT MOJKET pacIiosa-
ratbcst B caMoM 1ieHTpe tojocti. C Kakoi
YIJIOBOW CKOPOCTBIO BpalllaeTcs MaHeTa?

B.Huxonos

Puc. 4

Md2664. Paccrosinue ot IOnurepa o Conniia
IPUMEPHO B 5,2 pasa 60Jbllle CPeIHero pac-
croguuss ot 3emsm g0 Counna. FOmwurep
CBETUT He COOCTBEHHBIM U3JIyYEeHHEM, & Pac-
CESTHHBIM BO BCE CTOPOHBI COJTHEYHBIM CBe-
TOM, KOTOPBIM OH oOcBemiaercsi. Ilimockoctn
nouTtu Kpyrosbix op6ut 3emsu (3) u IOnu-
tepa (I0) npu ux aBmxennn Bokpyr CosHia
(C) mourn cosmamarot. [Ipn KakoM 3HAYEHIH
yraa 3CIO Bugumas ¢ 3emiam yacTh OcCBe-
nieHHoi noepxuoctu IOmurepa camas Ma-
JnenbKas? Halijure TakKe OTHOILLIEHUE BUU-
MBIX C MEK/YHApOJHONH KOCMHUYEeCKOH cTaH-
i (MKC) aprocreit IOnurepa B cutyanu-
ax, korja suano oyt 100% ero ocseren-
HOW TIOBEPXHOCTH.

. Cepeees

PeweHus 3apay M2642-M2645,
d2649-P2652

M2642. Henyesuvle uucia x u iy yyoo8iemeo-
pAOM HEPABEHCMEAM

x2n _yZn S yu y2n _xZn >y
npu HeKOMopom HaAmypaivHon n. Moxem
JU NPou3se0eHue Xy pPAsHMbCs OMpPuld-
MeJIbHOMY YUCAY?

OTBer: HEe MOXET.

Jlokaskem, uto xy > 0. IIpeanosoxkum mpo-
tusnoe: xy <0 (xy #0 mo yciosuio). He
ymasisis obirHocTu, 6yneM cuutarb x > 0,
y < 0. Cy105KkuB JJaHHbIE B YCJIOBUU HEPABEH-
cTBa, noayynM x+y <0, T.e. 0 <x <—y.
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Caenosartenpto, x°" < yZ". Ho Torga
0> 2" — y*" > x — npoTuBopeune.
H.Azaxanos

M2643. Oxpysxnocmu Q u o xacaromes Opye
Opyea enympennum obpazom 6 mouke A
(puc.1). IIposedem 6 Gorvwetl okpyKHOCMU

Puc. 7
Q xopdy CD, xacaowyiocs 0 6 mouke B
(xopda AB ne sigasemcs duamempom ).
Touxa M — cepeduna ompesxa AB. /loxaxu-
me, 4mMO OKPYKHOCMb, ONUCAHMHASL OKOJO
mpeyzonvuuxa CMD, npoxodum uepes
uenmp o.

O6osnaunm uepes O TEHTP OKPYKHOCTH
(puc.2). Tlposenem uepes Touky A 0o6ILyIO

Puc. 2

KacareJbHYIO K HAITMM OKPYKHOCTSIM; IIyCTh
oHa nepecekaer mnpsimyio CD B Touke P.
[Mockosbky PA = PB, Touka P jieskut Ha cepe-
JUIHHOM IePIIeH/IKYJIsIpe K 0Tpe3Ky AB, KoTo-
pbIil Takxke mpoxoauT yepe3 Toukn M u O.
Tak kak AM — BblcOoTa B NPAMOYTOJBHOM
Tpeyrosbuike PAO, nmeem PM - PO = PA”.
C npyroit CTOPOHBI, TTO CBOWCTBY KacaTesib-
HOIt 1 cexymeit umeem PA® = PC - PD. 3na-
unut, PM - PO = PC - PD. JTo 1 03HauaerT,
uyro toukn C, D, O u M Jnexar Ha OJHOUI
OKPY>KHOCTH.

I1. Bubuxoe

2021/Neé

M2644. ITemss u Bacs uzparom Ha docke
100 x100. H3nauarvno ece xaemxu docku
6envie. Kaxovim ceoum xodom Ilems xpa-
cum 6 uepuvlii usem 00HY UIU HECKOAbKO
Oesblx KAeMOK, CIoauux noopsad no ouazo-
nau. Kaxoovm ceoum xodom Bacs kpacum
6 uepHoLil ysem 001y UAU HECKOILKO Oeblx
KAEMOK, CMOAUUX NOOPSO NO 8ePMUK AL
Hepswiti x00 denaem Ilems. Ipouzpvisaem
mom, Kmo He moxxem coenamov x00. Kmo
BbIUZPYIGACTN NPU NPAGULLHOU Uzpe?

Ortser: BomrpoiBaer Ilers.

[IpuBesieM ofiHy M3 BO3MOKHBIX BBIUTPBIII-
Hpix crpareruil mus I[letn. On Bce Bpems
OyJieT JieTaTh X0/Ibl, TapaJsiiebHbIe OJHOM 13
JINaroHaseil JOCKU, Ha30BEM ee 21d8HOl.
IlepsoiM xom0M IleTst 3akpacut Bce KJIETKU
TJIABHON IMaroHaJIi, TOCJIe 3TOTO I0CKA pa3-
6uUBaeTCSI Ha [[BE OJMHAKOBBIE <JIECEHKU»
(puc.1). MbICJEHHO c/IeJaeM Kakayio Jie-
CEHKY CHMMETPUYHOH OTHOCH-
TEJbHO BEPTUKAJBHON TPIMOI,
C/IBUHYB B HEH Ka’K/[bIil TOPU30H-
TAJTbHBIN P, KpoOMe TEepPBOTo,
Ha TIOJTKJIETKH OTHOCUTEJBLHO TIpe-
abityntero paga (puc.2).

Puc. 1

Puc. 2

B pesysibraTe ¢/IBUTOB 1 OBIBIITIE BEPTUKAJIH,
u ObIBIIME IMArOHAJIU, TapaJjijiesibHble TJIaB-
HOH, cTaJqu HaKJIOHHBIMU psgamu. [Ipu atom
«BEPTUKAJM» OJIHON JIECEHKU CUMMETPUYHBI
«/IMarOHAJISIM» JIPYTOil. JTO 3HAYWT, YTO HA
Kak/bil xoa Bacu Ilets MoskeT OoTBeTUTDH
CUMMETPUYHBIM XOJIOM B JIPYTYIO JIECEHKY
(1Ba Takmx OTBeTa IIOKa3aHbl Ha PUCYH-
ke 2). Torma nocse xaxaoro Ilernrnoro xomna
CUTYyaIlns Ha «CABUHYTOI» KapTUHKE Gyaer
OCTaBaTbCS CUMMETPUIHON, a 3Ha4uT, IleTs
BCET/A CMOYKET CcJleJlaTh XOJ COTJIACHO OIH-
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caHHo# cTpareruu. Tak Kak Urpa 3aKOHUNTCS
3a KOHEYHOEe KOJHUYEeCTBO XO/I0B, B HEKOTO-
porii MoMeHT Bace 6yzer HeKkyZa XOIuTh, U
[Iera BbIMTpaer.

M. Judun

M2645>. Bums sanucan ¢ mempadv n pas-
JUUHBLX HAMYPATLHOIX quce. [as Kaxooul
napol uuces U3 mempaou oH GuNUCAN HA
00CKYy ux HaumeHvwee obwee Kpamuoe.
Mozso au npu kaxom-mo n > 100 cayuumocsa

n(n-1)
max, umo ——— wucen na docxe a6.1s10m-

ca (8 mexomopom nopsoxe) nociedoga-

MESHBIMU UAEHAMU HEeNOCMOSHHOU apudg-
MemUUecKoll npozpeccuu?

OrtBert: Hert.
HasoBem Ha60p 13 7 unces1 B TETPAIN KPACU-
8bLM, €CJIW M3 HETO TIOJTydaeTcss TpeOyeMbIit
HabOp HAUMEHBINNX 06X KPaTHBIX. OTMe-
THUM, 9TO B KPAaCMBOM HabOpe HET PaBHBIX
yuces, wHave cpean BbimucanHbix HOKos
TOKe ObLTM Obl PABHBIE, YTO MPOTHBOPEUUT
YCJIOBHIO.
[IpeamonosxkumM, dYTO KpacuBBI HAabGOp U3
n > 100 yucen cymectByer. Boi6epem us Bcex
TaKUX HabOpoB HAGOP C HAUMEHbIIel CyMMOIt
qiceJ.
3aMeTuM, YTO €CJIM Pa3HOCTb IOJIyYEHHO
nporpeccunt d >0 umeer o6IuUil IPOCTOI Jie-
JIUTENb p ¢ KaKNM-HHOY/b ee 4JIEeHOM, TO Bce
YJIEHBI 3TOH TPOTPECCHN IETISITCS Ha P, a TOT/IA
7 BCe YHMCJIa KPacHBOTO Habopa, 3a MCKJI0Uue-
HueM, ObITb MOYKET, OJHOTO, TAKIKe [EJISITCS
Ha p. Pasgesum Bee atn yucaa Ha p (KpoMe,
BO3MOKHO, TOTO, KOTOPOE He JIEJIUTCS); BCe
BBITMCAHHDBIE HA JIOCKY YHUCJIA TOXKE PA3/IesaT-
Cs HA p U TO-TIpeXHEMY OYIyT MOCJIeI0Ba-
TeJIbHBIMU YJIEHAMU HENOCTOSTHHON apudme-
TUYECKON IIPOTPECCHH, T.€. TAKKe MOJYUUTCS
KpacuBbIil HA60p. ITO TPOTHBOPEUUT MHUHU-
MaJIbHOCTH CYMMBI YCeJ B BBIOPAHHOM Ha60-
pe. CuaenosaresibHo, d B3aUMHO TIPOCTO CO
BCEMU BBITTUCAHHBIMI HA JIOCKY YHCJAMHU.
[Iycte @ — MakcuMaJbHOE YHCJO HAIETOo
KpacuBoro Habopa; torzia a > n. B nporpec-
cUM Ha Jocke Oy/eT He MeHee n — | WIeHOB,
KPATHBIX @. Y KaKUX-TO /IByX U3 HUX HOMepa
orauyaoTcd He  GoJsiee  YeM  Ha
n(n-1)
2

:(n—2) < n, T.e. pa3HOCTD STHX UJIE-
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HoB (Takke Jessiasics Ha @) paBHa kd 1pu
HEKOTOpOM k<pn-1<a. Ho d B3aumHo
MPOCTO C @, O3TOMY Rd HE MOKET JIeJUThCS
Ha @ — TIPOTHBOpEYIIE.

C.Bepaos

D2649. Ha mpex ¢homocrumrax 00HO20
yuacmxa mecmmocmu, cOeLanHblx ¢ PaAeHbL-
MU unmepeaiamu epe-

Menu T, 3aneuamien ue- ¢
pyweunviii naposos u
ppazmenmor waeiiha
dvina om nezo. Hano- 10
JKennvie dpye na opyza
Gomozpagpuu npusede-
HbL HA pucynke. 3uas,
4Mo, MPOHYBULUCH C
Mecma, naposos noexan &
Ha cesep ¢ NOCTNOSHHBIM
ycxopenuem a = 0,4 m/c?
u umo 6 amom detv Oy
3anadmuvlii gemep co cxo- L -
pocmoio u = 4 m/c, nai-
OJume unmepean epeme-
Hu T u paccmosmue om O

mouxu O, na KOMopom

HAxX00UnaAch Mpyoda Henodeu Hoz0 NaApo6o-
3a. Ilenvl desenuil wkan cemxu no 6epmuxa-
JU U 20PUSOHMANU PABGHDL.

=
w
o]

e

—

—

[Iyctp 1eHa mesieHUsT MIKATbl PACCTOSHUH
paBHa s. /laniee BOBMOKHDBI pa3HbIe BADUAHTDI
paccyxaenunii. PaccMorpuM /iBa U3 HUX.
Bapuanm nepsuiil

O0603HaYMM CKOPOCTDb B KOHIIE TTEPBOTO yvac-
TKA 0, B KOHIIE BTOPOT'O U I B KOHIIE TPETHErO
v3. Tak KaK CHUMKH JIeJIa/INCh Yepe3 paBHbIE
MPOMEXYTKH BPEMEHN T, TO ¥, =0 +dart,
v3 = vy + 2at. Haiinem cpejiHiie CKOpocTu Ha
BTOPOM W HA TPETbEM YYaCTKe KaK CpejHee
apudmernyeckoe CKOpPOCTell B Hadaje U B
KOHIIE yYacTKa 1 KaK OTHOIIeHUE PO e HHO-
TO TyTH KO BPEMEHHU:

v+ 1 6s
Vaep =T=U1+§a’t=—,
0y + 03 10s
O3cp =0 +—at=—
2 T
Orcroza
4s 4s
at=—, 0 =—, 0 =at
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ITO O3HAYAET, YTO TAPOBO3 HAYAJ [[BHIKEHIE

3a T CeKYH/I JI0 TOTO, KaK ObLJI C/IeJTaH TIePBbIi

cHUMOK. Torjga IyTb, NPOIJIEHHBIH UM Ha

[IePBOM YUYaCTKe, paBeH
0+

Uept =5 7

= 2—51 = 2s.

T

3HAuNT, TapOBO3 HAYAJ JBUKEHNE U3 TOUKH,
pactonokeHHo Ha 3s BbImie Touku O.
PaccmorpuMm TpeTuil yyacTok JBU>KeHHS Ma-

poBo3a:

3 ) 10s o
Usep =0 +-aT=—-at=—, at’ =4s.
2 2 T
W3 pucynka BUJHO, UTO, IIOKA ITaPOBO3 IIPO-
e3>KaJl TPeTHii OTPE30K, JIbIM, BBITYIIEHHDBIN
B CaMOM KOHII€ BTOPOT'O OTpE3Ka, CABUHYJICA
Ha BOCTOK Ha paccTosiune 8s = ut. Torzma

. u
ut=2at’, 1=—=>5c.
2a

[ena nenenus mKaJbl pacCTOSHUN
2

s = % =2,5M,
cJIeI0BaTeIbHO, N3HAYATHbHO TTapOBO3 HAXO-
JiJicst Ha 7,5 MeTpoB ceBepHee Touku O.
Bmopoii eapuanm
ITyctb ¢y — BpeMs JABMXKEHHMA I1apOBO3a OT
cTapTa 10 MOMEHTA BBITTOJHEHUS MEPBOTO
CHIMKA, a Sy — €r0 HauaJabHOe PACCTOSIHUE OT
toukn O. Tormga MokeM 3amncaTh:

2

35 =35, +ﬂ,

2
2

t +
11S:SO+M’

2
2

ty +2
215=30+%_

Bbrutem 13 TpeThero ypaBHeHue BTOPOE, a U3
BTOPOTO TEPBOE:

_ a(t, +27:)2 _al(t +1:)2
2 2

10s

)

P
GS:a(t0+r) _ﬁ.
2 2

[Tonenmum BepXHEE ypaBHEHHE Ha HUKHEE:

5 (bt 21)2 -(t, + 1)2 3T+ 21

3 (ty +1) — 12 T+ 26yt

2021/Neé

1 IoJIiydyum
2

art
2 i —— =25, u s, = 3s.
5 0

3
ty =1, 6s=—at

2
3HaAYNT, MapoBO3 HAYAJI [BUKEHNE 13 TOUKH,
pacmoyioXkeHHoi Ha 3s BbImie Touku O.
PacemoTrpuM TpeTuit oTpe3ok ABUIKEHUS Tia-
poBo3a:

2 2
a(ty+2t) a(ty+1) 5

- =—art’,
2 2 2

Wi at’ = 4s.

10s =

W3 pucyHka BUHO, YTO, TIOKA TTAPOBO3 MPO-
€3KaJl TPETU OTPE3OK, JIBIM, BBIMYIIEHHBIN
B CaMOM KOHIIE BTOPOTO OTPE3Ka, CIIBUHYJICS
Ha BOCTOK Ha paccrosinne 8s = ut. Torma
2 u de
ut=2at", T=—=5¢,s=—=25M.
2a 4
CrieroBate/ibHO, U3HAYATBHO 1TAPOBO3 HAXO-
Jqusicst Ha 7,5 MeTpoB ceBepHee Touku O.
M. 3amsmuun

®2650. B sepmuranvioti niockocmu Haxo-
0simcsit 064 HEBECOMBIX CMEPIHKHS, COCOUHEH-
HOLX ULAPHUPOM MAC-
coiu M (puc.1). Ha
c60600HOM KOHUE
BEPAHELO CMEPIKHS
3aKpenien epy3 mac-
coil m, a na c8o600-
HOM KOHUE HUNKHe20
CMEPIKHS 3AKPENACHO Te2KOe KOICUKO, KO-
Mopoe MoXKem CKOAb3UMb NO 2AA0KOU 20PU-
30HMANLHOU 3AKpenienHol cnuye. [liuna
8epxHezo cmepokHs |, Ouna HuxHezo cmep-
HKus L > 1. H3nauarono cmepixnu cocmas-
JSIIOM Y2Jbl O C 20PUIOHMOM U YOepKued-
H0MCsL HENOOBUKHO. SAEM UX OMNYCKAIOM.
Haiioume:

1) ycxopenus wapnupa a,, u zpy3uxa dy
Cpa3y nocJie Hawaia 08UKeHusl,

2) yckopenue KoieuKa d, 6 MOMEHM epeme-
HU, K020a WAPHUP, 2PY3 U KOJEUKO OKAKYM-
¢l Ha 00HOU NPAMOIL.

Cuumaiime, 4mo cmepxHu u cnuud MonKue
U 6ce mead Mozym npoiemamov MuMo opye
dpyea ne coydapsisicv. Y ckopernue c60600H0-
20 nadenus g.

Puc. 1

Paccmorpum HIKHIH cTeps:keHb. Tak Kak OH
HEBECOMbIN, TO BEKTOpHasl cyMMa CHJI, Jeil-
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CTBYIOIIMX HA HETO, /J0J/UKHA ObITb paBHA
nymo. Ha crepskenb geficTByeT cuja peak-
IIUU OIIOPbI CO CTOPOHDBI CIUIIbI, HAIIPABJICH-
Hasgd BepTUKAJIbHO BBEPX, U HEKOTOpasd CUJa
CO CTOPOHBI MAPHNPA, KOTOPast JOJKHA OBITh
HalpaBJieHa BepTuKajabHO BHU3. Ecuu crep-
JKEHb JIETKUU, TO HYJIO TaKKe J0JDKHA paB-
HSATBCSI U CyMMa MOMEHTOB [IeHCTBYIOINX Ha
Hero cuJi. BMecre ¢ mpebIyluM yca0BreM
3TO O3HAYAET, YTO CHUJIA PEAKIIMH OMOPBI CO
CTOPOHDBI CIUIIBI, KaK U CUJIA, JAeHCTBYIONIAs
Ha CTep’KeHb CO CTOPOHDI IIAPHUPA, PaBHbI
HYJTIO.

PaccMotpuM Teriepb BepXHUil CTepsKeHb BMe-
cTe ¢ mapHupom u rpysom. Ha nero geiictBy-
10T /IB€ CHMJIbI TSXKECTH M CHJIA CO CTOPOHDI
nmknero crepxxus. Ilocaennss no Tperbemy
3akony HbploToHa nporuBoIoJioskua cuje, ¢
KOTOPOH MapHUP AeHCTBYeT Ha HIKHIH cTep-
JKeHb, a OHa paBHa HyJ0. Torna Ha BEpXHMA
CTep>KeHb, MapHUP U I'PY3 JeHCTBYIOT TOJbKO
CHUJIBI TSPKECTH, 3HAYWT, OHU JIBUTAIOTCS BEP-
TUKAJbHO BHU3 C TIOCTOSHHBIM YCKOPEHUEM

Ao = Ao = 9,
a CTep>KeHb cOXpaHseT OPUEeHTAIUIO B IIPO-
CTPAHCTBE.
[[Tapuup KOJIBIO U IPY3 OKAXKYTCS HAa OJIHON
IPsIMOI, Korjla BepXHUil cTepKeHb OILyCTUT-
€Sl HUM3KE CIUIIBI M HUKHUIL CTepiKeHb OISATh
6yZIeT COCTABJIATH YTOJ O C TOPH3OHTOM.
3amnimeM 3aKOH COXPAaHEHNST SHEPTHH U BbI-
Pas3uM CKOPOCTb KOPOTKOTO CTEPIKHS B 3TOT
MOMEHT BpeMeHH. K 3ToMy BpeMeHN OH Tepe-
MECTHJICSI TI0 BEPTHKAIN HA PACCTOSTHUE
Ah = 2L sin o, T0O3TOMY
2
M =(M+m)g-2Lsina,
i v = 4gLsin a.

[Tyctb 4 — cKOpPOCTDb KOJIEYKa B MHTEPECYIO-
muii Hac MomeHT Bpemenu. Ilepeiizem B
CHCTEMY OTCUETA, CBASANHYIO C KOJIETKOM. B
HEl MIapHUP ABUKETCS 110 OKPY’KHOCTH pa-
puycoM L. Ero ckopocTb paBHa Uy, =0 — U
1 HalpaBjeHa MEepHEeHANKYJISPHO CTEPKHIO,
MOITOMY Uy, = 0fcos . HampaBum och x
TaK, KaK MOKa3aHo Ha PUCYHKe 2, 1 HalijeM
HOPMAJIBHYIO COCTABJISIONIYIO YCKOPEHUs
HapHupa:

«KBAHTA »

a,=g,—a, =-gsino+a,coso =1L

Torna
2

a, = —"— Jom +gtgo = g(5+4tg oc)tgoc
Lcosa

A.YViimun

D2651. /lge odunaxosvie nposodsuiue 060-
JOUKU 8 hopMe YUIUHOPOG C MATBIMU OMEeD-
cmusmu na obweti ocu obpasyiom Konoenca-
mop emxocmoio C (cm. pucynox). B yenmpe

b

€601 00010UKU YOePKUBAIOM WAPUK C 3d-
padom q. Cymmapnolii 3apso eceil cucmemul,
6KII0UAsL 3aPsi0 wapuxa, pagen nyuo. Komn-
dencamop 3apsiKam, NOOKII0UUE K UCTROY-
HUKY ¢ Hanpsxenuem U, 3amem omxaoua-
10m OM UCTMOUHUKA U OMNYCKAIOM WAPUK.
IIlapux nHauunaem dsuzamvcs 6001 OCU U,
nposemes uepe3 omeepcmus, nonaddaem
enympov npasoti oborouru. Kaxyio xunemu-
uecKkylo Imepzuio Gydem umemv WAPUK 6
uenmpe npasoti o6oaouxu? Ilpu xaxom saps-
Oe wapuxa 3ma dHepeus MAKCUMAILHA U
uemy ona pasna? Buvidenenuem menaa u3-3a
moxa 6 060104Kax M0XHO npenedpeus. Ilone
msiKecmu He yuumoleatime.

Brauase Ha BHyTpeHHeH TOBEPXHOCTH JIEBOH
MTOJIOCTU MMEeTCsI 3KPAHUPYIONINA 3apsia —(q ,
YTO JIaeT HOJIb B CyMMe C 3apsi/IOM ITapuKa.
Ha BHyTpeHHell TOBepXHOCTH TIPaBO 1M0JI0-
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cTu 3apsaja Het. Ilocse noakI0YeHns ucTou-
HUKa MOJIHBIM 3apsi/i CUCTEMbl OCTAETCS PaB-
HBIM HYJII0. 3aps/ibl HA BHEITHUX [10BEPXHO-
cTIX 060J109eK TTPOTUBOIOJIOKHBI TI0 3HAKY,
a TaK Kak 060JIOUYKN 00pas3yioT KOHAEHCATOD
eMKocTbIo C, TO 9TH 3aps/bl paBubl Qy = CU
u —Q,.

[Tocsie mepemeriieHus: MapuKa B 1EHTP Tpa-
BO# o6onoukn K 3apsany Q, = CU seBoit
060J104YKH JI06aBUTCS 3apsi/ —( C €€ BHYTPEH-
Hell nmosepxHocrTu, a K 3apsangy —Q, mpasoit
0060J104KK J06ABUTCS 3apsi[l § U3-32 YXOJa
3apsjia —¢ Ha [IOBEPXHOCTD MIOJIOCTU IIPABOil
o6o0ukn (JIJIst 9KPAHUPOBKY 3apsijia Mapu-
ka). Takum 06pas3oM, 3apsijibl Ha BHENIHUX
[IOBEPXHOCTAX CTaHyT paBHbIMU Q 1 —Q, e
Q = CU - q. Hanpskenne Ha KOH/IEHCATOPE
pu atoM cranet paBubiM V =U —¢q/C.
BBumay Takoro ke, Kak B JIEBOM IUJUHJPE,
pacriosio;keHust 3apsijla ¢ CclpaBa, 3HEpPrus
€T0 B3aMMOJICHCTBUS C «3KPAHUPYIONIUMU»>
3aps/laMi Ha BHYTPEeHHEH TTOBEPXHOCTH IH-
JIUHAPA He u3MeHuTcs. VI3MEeHSI0TCS TOJIbKO
KUHEeTH4ecKasl sHeprus Iapuka U dHeprus
Konjiencaropa. Torza, Ipu OTCYTCTBUU I10-
Tepb 9HEPTHUH,

cu* _cv?
2 2

rae K — KuHeTWuecKas dHEPTUSA MIapuKa B

IEHTpEe MPaBoii 060J0YKH, 1
2

q
K=qU-—.
7 "5¢
Haunb6osbias kuHerndyeckast aHeprusi oTBe-
vaer cayvyaio V =U —g/C =0, Torzna

CcU?

+K,

g=CU,aK=

H.Bopobves

®2652. B saxyyme 6 Hesecomocmu Mmexoy
KPY2JblMU NOJIOCAMU ITeKMPOMAZHUMA HA
PACCMOAHUU X OM OCU MAZHUMA NOKOUMCS
yacmuya ¢ maccoi m u 3apsdom q (puc.1).
Cuauana maznummnoe nojie paero nHyiw. 3a-
mem, 3a MAavlii NPOMEKYMOK 8PeMeHU, UH-
JYyKYuUs MaAzZHUMHOZO NOJASL YBEAUUUBACNCS
do 3nauenus B, u noddepxusaemcs nocmo-
annoii 6 meuenue epemenu T<nm/(qBy),
nocie 4ezo 04eHb ObICIPO YMEHbULAEeMCsL 00
HYLs.

2021/Neé

Puc. 7

1) Ilouemy uacmuuya npuxodum e 0susxe-
Hue? Onuwume KauecmeeHHo mpaexmopuio
UACTNULDL.

2) C kaxoi ckopocmvio 06uKemcs 4acmuud
nocje 6KI0UeHU MAZHUMHOZO NOJLA?

3) C kaxoi ckopocmvio 06uUKemcs 4acmuud
nocJie 8blKAI0UEHUSL MAZHUMHOZ0 NOJLA?

4) Ha kakom MunumMaisHom paccmosnuu om
0CU MAZHUMA NPOXOOUM MPAEKMOPUSL UAC-
muybl?

5) Uepes kaxoe epems om MoMeHMA 6K10-
YeHUs NOJIsL YACTNUUA OKAKEMCS HA MUHU-
MATLHOM PACCMOAHUU OM OCU MAZHUMA?
Maznummnoe noJie 6 npedeax noancos Mox-
no cuumamv 00nopodnvim. Ilepemeujeruem
YACUUDL 3a 6PEMS 6KIOUEHUS U BbIKII0UE-
HUSL NOJLSL MOKHO npenedpets.

[Ipu BRJIIOYEHUN U3MEHSIONIEECST BO BPEMEHH
MarHUTHOE TI0JIE TIOPOK/IAET BUXPEBOE JJIEK-
TPUUYECKOE, KOTOPOE JICHCTBYET HAa YACTUILY U
coo0IIaeT eif HeKOTOPYyIo CKOPOCTh. M3 c006-
Pa’KeHWIT CUMMETPUHU SICHO, YTO CHUJIOBBIE
JIMHUU 9TOTO BUXPEBOTO TOJISI — KOHIEHTPH-
YecKue OKPY)KHOCTH € TIEHTPOM HA OCH Mar-
Huta. COrjacHO 3aKOHY 3JIEKTPOMATrHUTHOMN
WHIYKITH, HATTPSIZKEHHOCTD ATOTO TTOJIS Fmp
Hanpasjena (IIpu yKazaHHoM Ha pucyHke |
HaIIpaBJIeHIN MATHUTHOTO HOJI) IO 9aCOBOI
CTpEJIKE TIPU BKJIOYEHUW TOJST W TPOTHB
Hee — TpU BbIKToYeHnn. Onpenesnm Besn-
YUHY HAIMPSKEHHOCTH BUXPEBOTO 3JIEKTPH-
ueckoro moss Ey,. B MecTe pacroJiokeHus
yactuilbl. Bemmunna I/IC wuaykmum & B
KOHTYPE PaJINyCOM X OIPEJIEJISIETCS CKOPOC-
ThIO M3MEHEHUSI MATHUTHOTO ITOTOKA:

6 = dﬁ = T[xz d_B
dt dt
C apyroii cTopoHbl,
& =2mxE

BUXD*
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Orcroza
_xdB

BUXD EE

3a MaJbIil TpoMe-

do
ITockombky m — = gE, ..,
y dt q BUXD

JKYTOK BpEMEHN dt usmenenue CKOPOCTH YacC-
THITBI
_ qEBI/IXpdt _ CIXdB

m 2m

dov

3a Bce BpeMA YyCTaHOBJIEHUSA TIOCTOAHHOI'O
3HaYCHUA BO N3MEHEHNE CKOPOCTU COCTAaBUT

o= B

2m _
dTa CKOPOCTb COHANpaBleHa € Ey., T.e.
HaIIpaBJIeHa «II0 YaCOBOIl CTPeJKe» IMepIieH-
JIUKYJISIPHO PAJINYCY, TIPOBEJAEHHOMY OT OCH
MOJIIOCOB 3JieKTpoMaruuta. [losromy jasee B
TeyeHue BpeMeHM T yactuia jsuxkercs (o
neiicrBueM cuibl JIopeHia) 1Mo oKpysKHOCTH
paanycoM

Rom _ %
B, 2
¢ TIepHo/IoM o6GpalleHus

T - 2nR _ 2mm
v qB, '
OT™MeTnM, YTO OKPY>KHOCTb IIPOXO/IUT Yepes3

ochb O TOJII0COB JJIEKTPOMAruura, a 10 ycCJo-

mm T
BUIO T < —— = —, T.€. 10 MOMEHTa BbIKJIOUe-
9B,
HUAd MArHmMTHOT'O II10JIA YaCTUlla ycneBaeT
MIPOJIETETh MeHee TIOJIOBIWHBI 9TOW OKPYKHO-
ctu. Ha pucynke 2: B — Touka, B KOTOPOii
HaXoanJjacb 4YaCTulia B Ha‘iaJIbeIﬁ MOMECHT
BpeMenu, C — TOUKa, B KOTOPOU Oy /1T 4aCcTH-
I1a qepe3 BpeMﬂ T B MOMCHT BbIKJIIOUCHUA
1noJst, D — HEeHTp OKPYKHOCTH, 110 KOTOPOi
ABUsKeTcd yactuiia. IlomoskeHne 4acTHIbI Ha

OKPY>KHOCTH B MOMEHT BPEMEHU T 33/1a€TCs
YIJIOM
T 198
o=2n— =020
m
a paccrostare 70 ocu O MarHWTa TPU 3TOM

paBHO

X4 =2Rcos% = xcos%.

HpI/I BBIK/JIIOYEHUM MAaTrHUTHOTO IIOJIA M3-3a
£[€I71CTBI/I$I BUXPEBOTO 3JEKTPUYECKOTO ITOJIA
CKOPOCTDb YaCTUIIbI U3MEHUTCSA Ha BEJIUUYUHY

| = guib vCos g,

2m 2
puYeM BEKTOD Ty HallpaBJIeH IepHeH/NKY-
asapuo otpesky OC, B TO BpeMs KaK BEKTOD
o nepuenjukyasapen DC. Ilocie Bbikioue-
HHA IO PE3YIbTUPYIOMAs CKOPOCTD YaCTH-
I[bI

il =0+7.
HerpyHo 3aMeTUTD, YTO COCTABJISIONIAS BEK-
Topa ¥, nmepnenankyagpHas CO, paBHa 1O

(04 — —
BEJIMYUHE V| = vcosE, T.€. 0, +7; =0. 3na-

YUT, BEKTOP # HallpaBJeH B1oJib oTpeska CO,
[IPOXO/IAIIETr0 Yepe3 OChb 3JIEKTPOMATHUTA.
Bnosb aToro orpeska m JBHUIKETCS YacTHUIlA
110CJIe BBIKJIIOYEHNST MarHUTHOTO 110715, CKo-
POCTb U ee JBUIKEHUS IIPU 9TOM paBHa

u= vsing = %si (x_
2 2m 2

Taxkum o6pasom, tpaektopus BCO nBumke-
HUST YaCTUI[bI TIPEJCTABJISIET CO60il YTy OK-
PY’KHOCTH, IEPeXOAANIYI0 B Jy4, HMIyIIUi
yepe3 ocb Maruuta. MuHUMaIbHOE PACCTOS-
HIe OT OCH MAaTHUTA TIPU JO6bIX 3HAYEHUSIX
T 1 X PaBHO HYJIIO.

Bpemsa ot MoMeHTa BKJIOUEHHS TOJS 10
MOMEHTA TIPOJIeTa YaCTUIIhI Yepes TeHTP Mar-
HUTA PaBHO

At:r+ﬁ:r+ —r+2—mctgg,
u CIJCBOS1 o qB,
2m 2
a__qbBy
ve S = o

A.Anosonckuil
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[lenanbHble OTpe3ku:
roe MakcriMmym?

M.AUuLAUH, 11.KOXXEBHUKOB

IIycte Ha TJIOCKOCTH J1aH TPEYTOJIBHHUK
ABC u touka X. Ilpoexkmunm toukm X Ha
cropoubl BC, CA, AB 0603HaulM COOTBET-
crenno X,, X,, X,.. Kax ussecrno, Touxu
X,, X, X, 6yayT nexarb Ha OAHON HMPSIMOI
TOTJla W TOJBKO Torza, Korja X JIeXXHT Ha
OTIMCAHHON OKPY>KHOCTH TpeyroabHuka ABC
(B Takom caryuae nipsimast X, X, X, Ha3biBaeT-
cst npsamott Cumcona). Jlanee cantaem, 4o X
He Jjexur Ha okpysxkHoctn (ABC), torma
nposegeM depes Touku X,, X, X, OKpyK-
HOCTb — TaK Ha3bIBAEMYIO NeJdJbHYI0 OK-
pyxnocTh Toukn X (puc.1). Broppie Touku
nepecevenus okpyxxunocru X, X, X, co cropo-
HaMW TpeyroJbHUKa o6o3HaumM Y,, Y, Y,.
ITedanvrvimu ompeskamu To9k X Ha30BEM
orpesku X,Y,, X,Y,, X,/ Y,.

B aroii He6OBINOI CcTaThe MBI U3YUHM,
KaKoi U3 1e/IaIbHbIX OTPE3KOB OY/IeT MAKCH-

Puc. 1

DOI: https://doi.org/10.4213/kvant20210603
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MaJIbHbIM WJM MUHUMAJbHBIM 1O JJIMHE, B
3aBUCUMOCTH OT noJoxkenus Toukn X. Ilo
pesyJbTaTaM aTOro HeGOJBIIOTO MCCJIeI0Ba-
HUS Mbl PACCMOTPUM HEKOTOPbIE HHTEPECHbIE
YACTHBIE CJIy4Yau W JaJUM peIieHue 3aaun
M2621 us «3amaunmka <«Ksanrta» (cm.
«Ksanr» Ne9 3a 2020 r.). ABTOpCKOE pernre-
HUe 3TOW 33/1a4M OMMPAJIOCh Ha BBIYHCJCHNE
JUTUH TIeJAThHBIX OTPE3KOB.

Byaem ncnosb3oBarh ciaeyonmii 13BecT-
wbiii pakr (cm., wanpumep, crartbio 11.Ko-
JKeBHUKOBA «VI30TOHAIBHO COIPSKEHHbIE
Toukn» B «Kpanre» Ne13a 2016 r.): nepnen-
nukyaspbl K npsimbim BC, CA, AB, npose-
JleHHbIe B TouKax Y,, Y,, Y, COOTBETCTBEHHO,
Bcer/ia [epecekyTes B OIHOH Touke Y, u3020-
HabHO conpaxennol Touke X, T.e. B TOUKE
Y taxoii, uto mpsmbie AX n AY cummerpnd-
HBI OTHOCUTEJNBHO GuccekTpuchl yriaa BAC,
npsambie BX u BY cuMMeTpUYHBI OTHOCH-
TeIbHO 6uccekTpuch yriaa ABC, mpsimbie CX
u CY CUMMETPUYHBI OTHOCUTEIBHO OUCCEKT-
pucel yrina ACB. nave roBopsi, Toukn X n
Y B HalMX PacCMOTPEHUSAX PaBHOIIPABHDI,
OHU UMEIOT OOIIYIO MeIaJbHYI0 OKPYKHOCTD.
Touke Y Mbl Takxe 3alpeTHM JeKaTb Ha
okpyskuoctu (ABC) (B atom ciyuae X He
ollpe/iesieHa, MJIM, Kak TOBOPAT, <yllia B
GECKOHEYHOCTh» ), KpoMe cirydast, Korga X
JIEXKUT Ha ofiHOH n3 npambix AB, BC, CA —
TOT/Ia TlelaTbHAs OKPYYKHOCTD TOUKHM X Oompe-
JleJieHa W TPOXO/IUT 4epe3 BEPIINHY Tpey-
rompHuKa ABC, a Y coBmagaeT ¢ 3TOi Bep-
IITIHO.

OcnoBuas uest 6yJer B cjaenyioiiemM. Mbl
HaliJileM TeOMeTpUYecKoe MecTo ToYeK X, JIJIs
KOTOPBIX HAWyTCS /IBa PABHBIX I1€IaTbHbBIX
orpeska, 3170 'MT okaxkercs: o6beiuHeHIeM
HECKOJIbKUX IIPSMBIX M OKPY’KHOCTEH, KOTO-
pble Pa3o6bIOT TIOCKOCTh Ha ofaacmu. Jla-
Jiee I03BOJINM TOuKe X HEMTPEPBIBHO JIBUTATH-
€4 110 ILJIOCKOCTH, He IepeceKast «KpUTuyec-
Koii okpyskHOCTH> (ABC); IpM 5TOM JJIMHBI
MeIATBHBIX OTPE3KOB OY/IyT MEHSTHCS He-
MIPEPBIBHO, a 3HAYUT, MOKa X HaXOIUTCS
BHYTPH O/IHOM U3 OTIpe/ieJIeHHbIX BbIilie 00.1a-
CTeil, YTMOPS/I0YEHHOCTD 10 JIJIMHE Telab-
nbix orpeskos X, Y,, X, Y, X, Y, coxpauurcs.

[anee nposeseM BHYTpPEHHUE M BHEIIHHE
GUCCEKTPUCHI TPEYTOJbHUKA; MYCTh TOUYKU MX
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nepeceuenus — I, 1,, I, I, — 1leHTpbI BIMCaH-
HOM M BHEBIMCAHHBIX OKpYskHOCTEH. OTMe-
™M, uro I, 1,, I, I, — 3TO B TOUHOCTH TOYKH,
COBHA/IAIONIIE CO CBOMMU U30TOHAJIBHO COLPS-
SKEHHBIMH; MOJKHO CKa3aTh, UTO JIJISI 3THX TOUEK
JUTMHBI BCEX TeJJATbHBIX OTPE3KOB PaBHBI ().

Bynem paccmarpuBath TouKH X, OTIUIHBIE
or I, 1, I, I., c yciosueM X,Y, = X Y,.
ITpoexkunn X,Y, u X.Y, orpeska XY Ha
npsimbie AC u AB paBHBI TIO IJIMHE TOTAA 1
TOJBKO TOT/1a, Korga XY cocTaBiseT paBHbIC
yrabl ¢ npsmbimu AC u AB, T.e. Korua
orpe3ok XY napaJienien 60 BHyTpeHHE,
an6o BHelrHel 6Guccektpuce yriaa BAC.

Ipu stom ecm XY || 1., 1o (ocTpbrii)
yros Mexxay npsmbimu XY n BC Menbiie,
yem yroa mMeskay npsambivu XY u AC (um
AB), n0aTOMY J/IMHA TIPOEKIINK oTpeska XY
Ha nipsMyto BC 6oJrbIe IIITHBI TPOEKITNH Ha
npamyio AB nim AC, t.e. XY, > XY, =
= X.Y.

Ecmu xe XY || I, 1o (octpblii) yrox
Mexxay npsmbivu XY u BC 6oJibiiie, 4eM
yroa mesky npsimbivu XY u AC (unu AB),
3HauuT, B 9TOM caydae X, Y, < XV, = X Y.

Jemma. ITycmo dan npsmoyzonvtviil mpe-
yeorvnux POR, ZR =90° u pasiuunvie
mouxu X u'Y, cuMmempuurvie OmHocumev-
no npamou PQ. Ipamvie RX u RY cummem-
PUYHBL OMHOCUMENLHO npsimoli RP mozda u
moavko mozoa, xkozda X u Y Jaexam Ha
oxpyxnocmu (POR).

[okazareabctBo. Eciiu X u Y Jsexxar Ha
okpyskaoctu (PQR) (T.e. OKPYKHOCTH, O~
cTpoeHHo# Ha PQ Kaxk AR
Ha JuaMerpe; puc.2),
To yru PX u PY pas-
HbBI, M03TOMYy RP -—
GuccexTpuca (BHYTPEH-
HAg 6O BHEIIHAS)
yraa XRY.

[lycTp, HAOGOpPOT,
RP — Ouccektpuca yrJja MEXAy MPSMbIMH
RX n RY. Torna RP mepecekaeT cepe/nH-
HbpIfl neprenankyasap QP k orpesky XY B
cepegunax AByX ayr X Y oxpyskuoctn (RXY).
Ho st Toukn nepecevenns — P u Q, moatomy
Bce mATh Touek R, P, Q, X, Y jexar Ha
O/IHOHI OKpy:kHOCTH. JleMMa JoKasaHa.

Puc. 2

Paccmorpum ycaosue XY || I1,. 910 ycio-
BIU€, OYEBU/IHO, BBITIOTHEHO, Korja X JIesKUT
Ha camoit 6uccexrtpuce 11, yraa A. Ilycrb
Jajsee X He Jjekut Ha npamoit I1,. Toraa
npsambie AX n AY He coBmagafoT U CUMMET-
PUYHBI OTHOCUTEBHO OucceKTpuchl (BHeI-
Hell ¥ BHYTpeHHe) yria A, a MOCKOJbKY
XY || 11, Toukn X u Y MOJKHBI OBITH CHUM-
MeTPHUYHBI OTHOCUTEIHHO BHENTHEH GMCCEeKT-
pucst I, yrna A. Ho torpa ans rouexk X, Y
I IPAMOYIOJIbHBIX Tpeyrojabnukos [,1 B,
I,1.C BbINIOJHEHDBI YCJIOBUS JIEMMbI, 2 3Ha-
unt, X n Y sexar Ha okpysknoctu (1,1, BC)
(¢ muamerpom I,1,). HaoGopor, eciiu X u Y
JIeKAT Ha 9Toii OKpy:KHOCTH (M cUMMeTpuy-
HbI OTHOCUTENBHO [}, 1,), T0 X 11 Y N30roHab-
HO comnpspxenbl. MTak, Mbl IOJYyYUIN TaKoe
yTBepsKieHue.

YrBepxkaenue 1. Ycaosue X,Y, < X,)Y, =
= XY, evinosneno mozda u moavko mozod,
xozda X aexum wma npsmou I, uru na
oxkpyxnocmu (1,1, BC).

Onarpamma MakcMmMmymMoB

Bynem ciieinTb 3a MaKCHMAJIBHBIM U3 TPEX
nejanbHbIX oTpe3koB. Ilposesem Bce Tpu
6uccekrpucst u okpyxuoctu (I,I.BC),
(1.1,CA), (I,I,AB) (puc.3). IIposenentbIe
OpsIMbIe M OKPY’KHOCTH pa3OMBAIOT TJIOC-
Kocth Ha o6aactu. OxasbiBaercst (u ceifuac
MbI 9TO TIOKAKEM), YTO MAKCUMYM M3 TpPEX
He/[aJIbHBIX OTPE3KOB OIPe/esIIeTCsl I[BETOM
06J1acTH, B KOTOPOIi JIeXKUT TouKa X: ecn X
JIKUT B TOTyOOH 06JaCTH, TO MaKCUMAJb-

Puc. 3
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HBIM ABJAETCA IeJalbHblil oTpesok X,Y,,
ecJiu B 3eJIeHOi — To XY, a ecain B pO30BOi —
o X,/ Y,.

[Tyctp must Touek X u3 HeKoTOpoit obaactu
MaKCUMAJIbHBIM TI€aTbHBIM OTPE3KOM SIBJIsI-
erca X,Y,. Bynem HenpepbIBHO ABUIaTh TOY-
Ky X, He 1epeceKast «<KPUTUYECKON» OKPYIK-
noctu (ABC). Ilycrp X nepenia u3 oHoii
06J1acT B COCeHION (rpaHuJallyo mo or-
pe3Ky WJm jayre) 06JacTh; Takoil Mepexo/l
6y/ieM Ha3bIBaTh «KatacTpodoii». 113 yTBep-
sKaenust 1 ciemyer, 94To mocse KatacTpodbl
MaKCHMaJIbHbIM MOT CTaTh OTPe30K XY, TOJIb-
KO B CJIyYae mepexoja TOYKu X uepe3 Tpsi-
myto 11, miGo depes oxpyskaocts (1,1, BC).
[Tocsie Takoro mepexoja MPOEKIIHs BEKTOPA
XY Ha BHENIHIOO GHCCEKTPUCY MEHseT Ha-
npasaenue (1okaxure 910!), MOITOMY JI€ii-
CTBUTEJbHO MAKCUMAJIbHDIN OTPE30K MEHSIET-
cac XY, na X_/Y,.

Hecno:xxuo ompemesnTh IBET HEKOTOPBIX
obmacteii. Hampumep, ecom X HaxoauTcs
BOM3M OoTpe3ka Al BHYTpH TPeyroJbHUKA,
o6pasoBannoro npsimeimu AB, Al, CI, 0 Y
HaxouTcs BOM3M TipsiMoit AI BHYTpH Tpey-
roJibHUKa, o6pasoBanHoro npsimeimu BC, Al
CI; B TakOM CJIyuae HATpasJjieHe XY 6aus-
Ko Kk Hampabaenuio Al, #o (ocTpbrit) yron
Mesxay XY u AB Gosbine, yem (ocTpbiii)
yrox Mexay XY u AC, M03TOMY JI/Isl TaKHX
touek X (u Y) Bepro X,Y, <X Y, <X,Y, u
COOTBETCTBYIOIe 06JacTH Ha pHUCYHKE 3
(kpuBoO/IMHElTHBIE TPEYTONBHIKH, 06Pa3oBaH-
uple npambiMu AI, CI w opHOW w3 myr
okpy:xuoctu (1,1, AB) uma (I,1_BC)) nonx-
HBI OBITD 3esieHbIMH. [lastee T[BET Kaxk10i U3
obyacTelt, JeXaNMX BHYTPU OKPY)KHOCTH
(ABC), MOXHO OIIpEJeNnTh, OTCJIEKNBAs
KaTacTpodbl IPY TEepPeXojie U3 OTHON 00.J1ac-
TH B COCEIHIOI0.

[Tyctb Teepp X HaX0AUTCS BHE OKPYIKHO-
ctn (ABC), cxaxxkem, X JeXUT B 00JaCTH,
PACIIOJIOKEHHON HEemoCPeICTBEHHO HA -
roit Al b Torpa HeTpynHO BHIETb, uTO Y
Jexut BHyTpH OKpyskHocTH (ABC) B o6ac-
TH, TIPO KOTOPYIO y’Ke€ HM3BECTHO, 4TO OHA
3esieHasi. 3HaYnT, 06J1aCTh, KOTOPOU IIPUHA/I-
gekut X, Toxke 3eseHas. OnpenesuThb 1IBET
JIpyrux 06J1acTeil, JeXKaNX BHEe OKPYKHOC-
™ (ABC), MOXHO OTISITh, OTCJEKUBAS KaTa-
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crpodbr. TakuM 06pasoM ToJTydaercss pac-
Kpacka Ha pucyHKe 3; 1o (aKTy oKa3bIBaer-
Cs, 4TO MePexo/l 4epe3 KpUTHIECKYIO OKPY K-
Hoctb (ABC) He MeHseT I[BeT 06IaACTH.

AnarpaMmma MUHUMYMOB

Paccy:»x/ieHns1, aHaTOrNUHbIE [TPOBEJEHHDIM
BbIIIIE, MOSKHO IIPOBECTH U JIJIsI MUHUMAJIbHO-
O TIe/IaIbHOTO OTPe3Ka. AHAJOTOM YTBEPIK-
nenus 1 Oyzer ciepympouiee.

YrBepxaenue 2. Ycaosue X,Y, > XY, =
= XY, evinoamneno mozda u moavko moezod,
xozda X aexum wna npsmou I I, uru na
oxkpyxnocmu (11,BC).

3a MUHUMYM OTBEYAeT MPUHAIJIEKHOCTD
Toukn X Kako#-To 006JacTH, Ha KOTOPHIE
IJIOCKOCTD Pa3OUBAIOT BHEINTHNE GHCCEKTPHU-
cot u oxpyxuoctu (II,BC), (II,CA),
(I1.AB) (puc.4). UuraTesb MOKET IIPOBECTH

Puc. 4

paccy>k/IeHus B MOJPOOGHOCTSX U YO UThCH,
YTO B KA4eCTBE UArPaMMbl MUHUMYMOB TI0-
JIy4aeTcs packpacka Ha PUCYHKE 4.

PewleHue 3apaum M2621

M2621 (U. Baiinurreitn). /Jan mpeyzono-
nux ABC, ¢ xomopom AB < BC < CA. Bue-
BNUCANHDIE OKPYHKHOCIMU KACAIOMCSL CTROPOH
BC, CA, AB ¢ moukax A;, By u C; coomeem-
cmeenno. Yepes mouxu Ay, B; u C, npogede-
HA OKPYIKHOCb, KOMOPAS BMOPULHO nepe-
cexaem cmoponvt BC, CA, AB ¢ mouxax A,,
B, u C, coomsemcmeenno. Ha xaxoil u3
CMOPOH MPEY20IbHUKA MOKEM NeKaAMb HAl-
boavuuil uz ompesxos AjAy, BB, u C,Cy?
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Jlnst pelenus aToil 3a/1aun 3aMeTHM, UYTO
HepIeH/UKY ISIPbl, IPOBe/IeHHbIE K CTOPOHAM
TPEYTOJIbHUKA Yepe3 TOUKU KacaHus C BHe-
BIIMCAHHBIMU OKDY>KHOCTSIMH, IIPOXOJIAT ue-
pes3 TeHTPHI BHEBIHMCAHHBIX OKPYKHOCTEH,
T.e. 3TO TEPIEHANKYJISIPBI, IPOBEICHHBIC
uepes [,, I, I. x npambim BC, CA, AB
COOTBETCTBEHHO. VIHBIMU CJIOBAMU, 3TO TIEp-
MEeH/IUKY ISP, OMYIIeHHbIC U3 BEPIINH Tpe-
yrosabuuka I, I I, Ha cCTOPOHBL €ro OPTOTPEy-
roJbHUKA. Kak 13BeCTHO, OHU IepeceKaloTest
B uenrpe O oxpysxkuoctu (I,I,1.). Takum
06pa3oM, OKPY>KHOCTD M3 YCJIOBHUS 3a/1a4n —
3TO TeJalbHas OKPY)KHOCTb Toukn X = O’

OO6paTuMcs Tenepb K AnarpaMMe MaKCcuMy-
MoB (cM. prc.3)  BOCIOIB3YEMCsI YCJI0BUEM
AB <BC < CA. U3 AB < CA nerko cJaefnyer
/Z1,BC < /Z1,CB, 4Bl < £ZCI,I, orkyla
moJryyaeM, 4To BblcoTa Tpeyroybnuka I,BC,
mpoBejieHHas U3 I,, HaXOAUTCST BHYTPU yTIJIa
11,C. Ananoruuno, us AB < BC cienyer, 4To
BbIcoTa Tpeyrosabhuka [ .AC, nposejeHHas
u3 I, naxoxurca suyrpu yriaa I1,C; a us
BC < CA caenyet, 4To BbICOTA TPEYyrOJIbHIKA
1, BC, nposenennas u3 I, HaxoquTcsa BHYT-
pu yria II,A. 3uauut, touka O JeXUT
suytpu yraos 11,1, 11,1, w I1 I, T.e. Haxo-
quTcs BHYTpH TpeyroabHuKa [1,C. Buanm,
YTO 3TOT TPEYTOJBHNUK COCTOWT M3 CHHEH 1
KpacHOll o6JiacTelt, TpaHullell MeXKIy KOTO-
pbimMu siBJstercst gyra okpyskaoctu (1,1, AC).
Ecot Touka O HAXOUTCST BHYTPU 9TOH OK-
PYKHOCTH, T.e. B CHHeW o6JjacT, TO
Z1,0'1, >90°, orkyma ZI,0,1, >45°, dro
cooTtBeTcTBYyeT ycuoBuio LABC < 90°, 3Ha-
unt, npu LABC < 90° MakcuMaJsbHBII Iie-
JanbHblil oTpe3sok — sT1o X,Y,. Ilpn
ZABC >90° Touka O JEXHUT B KpacHOH
006J1aCTH, 3HAYUT, MAKCUMAJDBHDBIN I1€/1a/Ib-
ublit otpe3ok — X, Y,. llpu ZABC = 90° ume-
em X, Y, = XY, >X,Y,

MBI IOy YU TTOJTHBIN OTBET, U Bpo/ie Obl
3agava M2621 pemrena. Oxnaxko B GopMyn-
POBKe 3a/1aull eCTb TOHKOCTb: 00PaTHM BHU-
MaHHe, UYTO B YCJIOBUU CKA3aHO, YTO JlaHHAs
HejlaJbHasl OKPYKHOCTDL IepeceKkaeT CTOPO-
bl (a He ux npoo/Kenus ). Bo Beex Hanmx
paccy k/IeHUAX BbIIIe PACIOJIOMKEHUE TIPOEK-
it X, Y, U T./|. HUKaK He UCII0JIb30BaIOCh.
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OxaspiBaercs, 1npu ZABC > 90° naia re-
JQJbHAsT OKPYIKHOCTB TOUKM O COMEPIKUT
BepumHy B BHyTpH ceb6s, 3HAUUT, B 3TOM
clydae IleJlaJibHble OTPE3KM, Jiexxaliue Ha
npamMeix AB m BC, He MOTyT JekaTb Ha
orpeskax AB n BC. [lokaxkeM 3TO.

Touka kacanua X, = A; TakoBa, 4TO

_AB+BC-AC - AB
¢ 2 2’
noaromy A jsexut Ha orpeske CA,, rae Ay —
cepepnia BC (puc.5). AHAJIOTHYHO, TOYKA

OI

CX

Puc. 5

C, orpeska AB nexur na orpeske AC,, rae
Cy— cepeguna AB. B cuay ycaoBus
ZABC 2= 90°, rouka O miepeceueHus cepe/inH-
HBIX MepHeHnKyasspoB kK AB u BC nexur 1o
JPYLyIO CTOPOHY OT B OTHOCHUTEJIbHO IIPSAMOi
AC, a 3nauut, Touka O — toxe, 1pu atom O
JexxnT BHyTpu Tpeyrombauka AOQ'C. 3ame-
THUM, 4TO YeTbipexyroibuk O'B;AC — Biu-
cannplii (B okpyskHOCTD ¢ anamerpom O'C),
orkyna ZAB,C = ZAO'C =90° - LA, CO' <
<90° - ZLACO = LA,OC = ZBAC. Amnaino-
runyno, ZCBiA < ZBCA.

[omywaem, uro ZAB,C; =180° — (LA B,C +
+2£CBA) >180° - (£BAC + ZBCA) = ZABC.
Torna LA, B,C, + ZABC, > 90°+90° = 180°.
3uauur, B nexxut Bue okpyskuoctu ( A B,C, ),
YTO MBI M XOTeJU [[0KA3aTh.

Ewe Heckonbko (pakToB

B 3aBepiienue npusejieM ele HECKOJbKO
3a/1a4, B KOTOPbIX C(HOPMYJIUPOBAHBI HHTE-
pecHble (PaKTbl /11 OCTPOYIOJBHOIO TpeEy-
rosapbHuka ABC naty ke temy. Jlokaskure ux.

1. Kak m3BecTHO, OKPY’KHOCTbD JIEBSATH TO-
ek SIBJISETCS TeIaTbHOT 11T opTotieHTpa H




22 KBAHT

WJIN TIeHTpa onucanHoi okpysknoctu O. Econ
Cpe/lHuil yroJ TpeyroJbHUKa MeHblie 60°, To
HaWMEHBIIUN U3 TeJaJbHBIX OTPE3KOB /IS
X = H 7e;kUT Ha HauMeHbIIel CTOPOHe, ecin
3Ke CpeTHUi yroJt TpeyroJabHuKa Gorbire 60°,
TO — Ha HaMOOJIbIEH CTOPOHE.

2. Ilyctp # — pagnyc BINCAHHON OKPY>KHO-
CTH, %, — PaJINyC BHEBITMCAHHOI OKPYKHOCTH,
Kacaolieicst cpefiHeil cTOpoHbl, R — pajunyc
ONMCAHHOW OKpYyskHOCTH. Torja HamMeHb-
Ui 13 TeIaTbHbIX OTPE3KOB 3a1aun M2621
(xopz okpyskHOoCcTH Haresist) JIeXKuT Ha MEHb-
11eii CTOPOHE eCJIU ¥ TOJIbKO €CJIU 2R <7 + 7.
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3. Hawmboubiiast u3 Xop/ negaaabHON OK-
PY’KHOCTH TOUKN TOppHYe/LIN JIEKUT HA CPe/i-
Hell CTOPOHE TPEYTOTbHUKA.

4. HamMenbmiass n3 Xop/| nejajgbHON OK-
PY’KHOCTH TOUYKH Toppmdessm JEKHT Ha
MEeHBITeHl CTOPOHE, eCJI CPeJHUI YToJI Tpe-
yrosbHUKA 601b11e 60°, 11 Ha 60TBIIElH CTOPO-
He — B IIPOTHBHOM CJIydae.

Moo IIPOAOJIKUTh MCCJEA0BaHNE JIA
APYIux 3aMevaTeJJIbHbIX TOYEK TPEYTOJIbHU-
Ka, a TaKXe€ [AJad CJaydad TYHOYTroJIbHOTO
TPEYTOoJIbHUKA.

CKpbITagd
CMMeTPUA

E. PAKAEB

B aToM HOMepe TpuBOANTCS pelienne 3a/1a-
gy M2644. Kpacora aToif 3agaun B TOM, UTO,
HECMOTPsI Ha COBEPIIEHHO Pa3Hble TPaBUJIa
XO0/1a JIJIS IByX UTPOKOB, OKA3BbIBAETCS, MOJK-
HO B3TJISHYTb HA CUTYAIIUIO MO/ TAKUM YT-
JIOM, UTO B KavecTBe CTpaTernnm paboTaer
CUMMETPUS HETOCPEJCTBEHHO B TEOMETPH-
YyeCcKOM CMbIcJie!

MpbI npuBejieM elile TPU UTPbI C TTOXOXKEH
«M3IOMUHKOM». B 3amavax 1 u 2 wurpoku
XOJISIT TI0 O/IMHAKOBBIM TIPAaBUJIaM, HO BCE JKe
noJioskerre (GUryp Ha J0OCKe CUMMeTpHeil He
obJiajlaeT — mpejiaraeM moJyMaTh, Kak 3Toi
CUMMETpHUH JIocThYb. B 3agavue 3 u BOBce
UTPOKH XOJIST COBEPITEHHO TIO-PAa3HOMY , TasKe
HUKAKOTO PACIOJIOKEHUST TIPEJIMETOB He 3a-
JIAeTCsI, HO U TaM, TeM He MeHee, PasrJisi/IeB
CKPBITYIO CUMMETPHUIO, BBl PEIIUTe 3a/1a4y.

1 (A.Tonmbiro). Besag maabd CTOUT Ha
mosie b2 mraxmatHoi qocku 8 X 8, a uepHas —
Ha mone c4. Vrpoku XoJdT TO OuYepe,
KasK/blil cBoeil Jajbeil, HauyMHAOT OGeJble.
3armperaercsi CTaBUTb CBOIO J1aJIbI0 1101 GOi
JIPYTOH JaJibu, a TakyKe HA T0Jie, TAE YKe
no6bIBasIa Kakass-HuGyab gaibs. ToT, KTo He
MOKET cielaTh X0, mpourpbiBaer. Kro us

UTPOKOB MOKeT obectieduTh cebe mobey, Kak
6b1 Hu urpas aApyroii? (3a Xox naabs cABU-
raercs 1o rOPU3OHTAJN WMJIU BEPTHKATH HA
J060€ YKCJI0 KJIETOK, U CYUTAETCS, YTO OHA
mo6bIBaJIa TOJBKO B HAUAJbHON U KOHEUHOI
KJIETKaX 9TOTO XO/a.)

2 (A. Byuun, A. MBanumyk). /IBoe urpo-
KOB TI0 OYepe/IN BBICTABJISIOT Ha IOCKY 63%X65
mo omHou mramke. [Ipm aToM HU B ofHON
K (TOPUBOHTAIM WJIM BEPTHKAIN) He
JIOJEKHO ObITh GoJiblite ABYX miatmiek. Kro we
MOJKET cJIesiaTh X0/ — mpourpaj. Krto Bbiur-
PBIBAET TIPH MIPABUJIbHOI UTPe?

3 (E.Bakaes). Ilers u Bacs urpaior B
takylo urpy. Cnauasa Ha croJie Jjexkur 11
kydexk 1o 10 kamueii. Wrpoku xomdar 1o
ouepenn, HaunHaer Ilers. KaxapiM xomom
urpok Geper 1, 2 wau 3 kamus, Ho Ilers
KK/l pa3 BBIGpaeT Bce KaMHU W3 JI060IT
onHOIT Kyum, a Bacs Bcerna BbIOmpaer Bce
KaMHU M3 PasHbIx Kydek (ecam mx Gosbine
ofHOr0). TIpOUrphIBaeT TOT, KTO HE MOKET
czieqath Xo/1. Kto n3 urpoxkos moxxer obecrie-
quTh cebe mobeny, Kak ObI HH HUIPAJI €ro
COTIEPHUK?
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aa4yl

1. 3 kyburkoB Anmnca noctpouna nurpy-
WeYyHbIM ropof. Ha pucyHke nokasaH

BWMO Ha 3TOT ropod CBepxy 1N C OfHOW 13
CTOPOH. Kakoe Hanbonbllee KonnM4ecTBo
Ky6I/IKOB MOrna Mcnonb3oBaTe Anmca?

2. BHyTpb KBagpaTa MOMECTUU Tpu
ManeHbkKX KBadpaTnka. KakoBa A/ivHa
oTpe3ka, 0603Ha4eHHOro x?

22 cm

28 cm

3 . Llapb noobewan Harpagy TomMy, KTO
CMOXKET Ha KaMEHWCTOM MyCTbipe noca-
OUTb KpacmBbii dpykToBbi cad. OO
3TOM y3Hanu ABa Opata. CTaplimin cmor
BblkonaTtb 18 aM (cM. puc. cnesa). bonb-
Le HUrAe He YAanoch, TONbKO BCe nona-
Tbl cniomMarn. Llapb paccepamncs v noca-
OUN ero B TeMHuuy. Torga mnagwmm
Opat VBaH npeanoxun pasMectnts s6-
NOHM, FPYLUM U CIMBbI B BEPLUMHAX paB-
HbIX TPEYrofbHMKOB (CM. p1C. CNpaBa), a
OCTanbHble IMbl 3acbiNaTb.

Llapb oTBeTMN Tak:

3agayn 1 2 npepnaranvcb Ha MexayHapon-
HOM MaTeMaTU4eCKOM KOHKypce-urpe «KeHrypy»,
3afa4m 3 1 4 — Ha MateMatnyeckom npasgHuKe.

! ©0© C{ID
L - 000 @

@

— XOpoLo, eCnv epeBbEB KaXa0ro Bnaa
OyOeT POBHO MO TPW, W OHW OyayT pactn
B BEPLUMHAX PABHbIX TPEYTrOSIbHNKOB, BbIV-
[eT KpacvBo. Ho Tpyv BMAa — CUIMLLKOM
Mano. Ecnm kpome 5610Hb, rpyLl 1 CnB
OyayT elle 1 abpukockl — oTnyLLy OpaTa.
Ecnv nobaBuLLb NATLIV BUA, — YepeLUHio —
3annady 3a paboty. MHe elle MUMHOANb
HPaBWTCA, HO LWEeCTb TPeYrofbHVKOB Tbl
TYT HE CMOXELLUb Pa3MeCTUTb.
— A ecm cmory?
— Torga npocn Yero xo4els!
IBaH 3amymancs, He NONy4uTb 1 3a04-
HO W1 nonuapctBa. [logymamte ©n Bbi:
pa3MecTuTe Kak MOXHO Oofblie BUAOB
[epeBbeB B BepLUMHAX PaBHbIX Tpey-
ronbHWKOB. (PaBEHCTBO TPeyrofbHUKOB
O3Ha4aeT PaBEHCTBO BCEX €ro CTOPOH U
YrnoB, T.e. TO4HOE COBMafeHMe NpU Ha-
NOXEHUW; TPeYrofibHNUKM MOXHO MOBO-
pa4MBaTb M MNepeBopa4vMBaTth. B ogHom
fIMe MOXEeT pacT/ TONbKO OAHO Aepe-
BO.)

Ebhakaes

4. [aH npaBunbHbIN TpeyronbHNMK ABC.
Ha ctopoHe AB oTMme4deHa Toyka K, Ha
ctopoHe BC — Touku L 1 M (L nexurt
Ha oTpeske BM) TaK, 4yto KL =KM,
BL =2, AK = 3. Hangnte CM.

E.bakaes
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epe4ymnTbiBas
(PaAHTaCTOB

C.IMAPHOBCKUu

KoMuKcbI 1 co3iaHHbIe Ha TX OCHOBE (PILITb-
MBI €O crelp@@eKTaMn TTOJHBI TePOSIMHI CO
CBEPXCIOCOOGHOCTIMI pa3Horo poja. UyTb
pexxe WX MOKHO HalWTW B KHUTAX B ’KaHpe
(paHTE3N. A €CTb JM OHM B KJIACCHYECKOM
Hay4Hol anTactuke? Ilouemy UMeHHO Kac-
CHYeCKOH, crpocute BBI. [la IPOCTO MOTOMY,
YTO Ha PaHHUX dTallaX PAa3BUTH KaHpa CUl-
TaJIOCh, YTO aBTOP JIOJDKEH JIaTh 0ObsCHEHHE
CBEPXCIIOCOGHOCTAM CBOETO I'eposi, XOTb KaK-
TO IIOXO’Kee Ha pasymHoe. B xo num uyaec-
Hble N306peTEeHNs, TATHO CO3/IaHHbIE HETIPH3-
HAHHBIMHU TEHISIMN MAIlNHBI, HEKHe 3INKCH-
Dbl WJIH JIEKAPCTBa, HOBbIEe MaTepuasbl (skesa-
TEeJIbHO — HEM3BECTHBIN HayKe MeTaJlT He3eM-
HOTO MTPOMCXOK/IEHNST) U TaK Jlajiee.

Kraccuka sxanpa — aTo 4es10BeK-HeBU/IUMKa
Iep6epra ¥Yasica, craBiimii Takum 6Jarogapst
CBOEMY Hay4YHOMY OTKPBITHIO. U TpakTidecKn
€ CaMOTr0 MOMEHTA IOSBJIEHHUS KHUTH 00 3TOM
cylneprepoe OHa CTaJO OOBEKTOM HAay4HOTO
pasbopa u Hacmernek. /leficTBUTENbHO, CBET,
rona/as Ha Kakoii-To 1pe/iMeT, MOKET II0TJI0-
HIATbCs, OTPAXKATHCS, PACCEUBATHCS, IPEJIOM-
JaThes. VIMEHHO 3TO 1 ieaeT BUANMBIM 3TOT
mpeaMer. Momofoit yuensrii ['puddna npu-
JIyMasl crnoco6 YCTPAHUTD BCe ATH SBICHUS U

DOI: https://doi.org/10.4213/kvant20210604
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IpUMEHW ero K csoemy Teay. UM uro B
pesyJsibTate? Becb cBer, momasmmit emy B
IJ1a3a, CIIOKOIHO MPOXO/NJ CKBO3b HUX, HE
B3aMMOJIEHICTBYSI € TAJOYKAMU M KOJGOYKA-
MU — CBETOYYBCTBUTEJbHBIMU ITPUEMHUKAMU
Ha ceTyaTKe ero TJia3. Tak uTo TMPecJOBYTHIN
YyesoBeK-HeBUIMMKa ['pudpdun cam He 10J-
JKeH ObLT BUIETh HIUYero BOKpyT. [Ipwuem nHe
TOJIBKO JTIO/Iel, HO W OKPYKAIoMNUN Mup.
Ocraetcst 1okajerb GeAHOro CJeNa.

Bropouem, ecin gathb BoJiio dantazuu, TO
MOJKHO TIPUAYMATh CIIoco6 060UTH 3Ty IIPO-
6siemy. Ilpocreiinmit — pa3pemuTb ceTyaTKe
norsonats ceer. Ho aroro maso, mnpuzgercs
c/ieJIaTh BUIUMBIM M XPYCTATHK T71a3a, BeIb
€CJI ero MOKa3aTesb MPeJOMJIEHUST CPABHS-
eTcsI, Kak y YaJiica, ¢ TToKasaTeeM TIpeioM-
JIEHWSI BO3/yXa, TO XPYCTAJUK TepecTaHer
GoKycHpOBaTh CBET Ha CETYATKy U OT ee
BU/IUMOCTH TIPOKY OyJieT HEMHOTO.

Mo:xHO TTOUTH JAJTbITIE U TTPEICTABUTD CJI0XK-
HO€e YCTPOICTBO, KOTOPOE eJNUT TIOTaaio-
Uil Ha Hero cBeT, CKaykeM, momoJam. OqHa
[I0JIOBUHA UJIET B IJ1a3a HAGJIIOIATEIIO MU Ha
JIPyroe CBETOUYBCTBUTEJNbHOE YCTPOICTBO, a
BTOpAsI TI0JIOBUHA YCUJINBAETCS BABOE U TIPO-
JIOJKAeT CBOW TyTh, obecrevynBast HEBHU/M-
MocTb. [IoHATHO, YTO PO MOJTOBUHBI HATHCA-
HO TIPOCTO IS TipuMepa. BaskHo, 9ToO CBeT,
TTOTTAIAIONINI Ha YCTPOMCTBO, aHATM3UPYET-
Cs M TIOTJIONEHHAS €r0 YacTh MOJAMEHSIETCS
CBETOM, MCIYHIEHHDBIM CHIEIUAJbHDbIM U3JY-
yaTesieM. I3ayuennblil cBer AOJDKeH 3aMme-
HATD MOTJIOIIEHHDIH, MPUYeM KaK 10 WHTEH-
CUBHOCTH, TaK U [0 HAIIPABJIEHHIO U CIIEKTPY.
Y1paBagarbest Bce 9TO IOJIKHO, CKOPee BCETo,
C MOMOIIIBIO KOMITBIOTEPA.

B coserckoit nayunoii danrac-
THKE MOXXHO HAWTH JPYTOTO CY-
mepreposi, CTABIIETO TAKOBBIM B
pe3yJibTaTe HAy9HOTO OTKPBITHUS,
MIpUYEM He OJHOTO, a MHOYKECTBA
pa3IMyHBIX. ITO — mpodeccop
Barmep, repoii MHOrmX paccka-
308 Aunekcanjpa bessea. Ot-
KpbiBaeM u3ganubiit B 1926 rogy
pacckas «['ocTb u3 KHIZKHOTO TTKa-
a» us cepuu «l306perenus rnpo-
deccopa Barnepas u unrtaem:

«Ho mnpodeccop Barumep ne
crmt. OH He COHUT Yy’Ke MHOTO
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JIET — € TeX MOop, KakK mo6eu co. Ero skusnb
— OJIMH HeTNpepbIBHBIN paGounii genp. U
BBITIOJIHSIET OH JiBe paGoThl cpasy. Kaxmoe
€ro MO3TOBOE TTOJyIIapue, Kak JiBa CaMOCTO-
STENBHBIX BEpPETEeHAa, TKeT cpa3y JBe HUTH
MBICJIEH.

OjiHa U3 HUX — O CTpoeHur atoMa. Bot Ha
yeM pabotaet ceitqac mpodeccop Barnep.

A 1pyroii TIOJIOBUHOHM MO3ra — 4TO C HUM
ObIBAET OYEHDb PEIKO — OH JYMaeT O CaMOM
cebe. OH TOABOAUT WUTOT TE€M COOBITHAM,
KOTOPbIE BHOBb C/IEJIAJU €r0 MJIEHHUKOM.

[To6Gema Ha/1 CHOM JIOPOTO €My JOCTAJIACD.
Taiinast HeMerkast MOJUTUYECKAsT OpraHu3a-
s “JluxraTop”, JKeJsiaBiias BOCIIOJIb30BaTh-
s ero u306peTeHneM, ImyTeM oOMaHa 3aMaHu-
Jga ero B cBom ceru. Ilpodeccop Baruep
6exxas Ha camosiere. Ho korma cmacenme,
Ka3aJoch, Y Ke MPUIILIO0, KOT/Ia OH yKe BUIe
Pa3BeBAIOIIUNCS BN, HA PYCCKOI rpaHy-
1le, KpacHblii Jar, cayduaoch TO, 4ero OH
MeHee Bcero okujgas. Ero Hacturia HeoXn-
JaHHas TOTOHS> .

Cpasy BH/IHO, YTO Tiepe/l HaMU KOJLIera
Cymnepmena. W MoxHO Tmpeayrajartb, 4TO
npodeccop J1acT IPUKYPHUTDH O0IIECTBY « /InK-
TATOP» W €r0 MPHUCIENTHUKAM:

«IIpomyio Tpm Mecsima ¢ TexX TOp, Kak
Baruep BepHyJIcS B CBOE 3aKJIIOUEHHUE TIOCTE
HEyIaqHoTO To6era. ...V BOT TOJbKO Tenephb,
B 3Ty OYPHYIO, TOKIJUBYIO HOUD, OH CIEJaJ
OJIHO OTKPbBITHE, KOTOPOE JIOJIKHO ObLIO pac-
KPBITh TIEepe/i HUM BCe JBEPH, CJleJlaTh €ro
CcBOOOJHBIM — CBOOOAHBIM, KaKk HU OJUH
yesioBek Ha 3emuie. “Ckasano — caenano!” 1
OH BJIPYT HAIPaBUJICS 10 KOMHATe Harps-
MUK, 4epe3 CTOJbl U KpecJsaa, W TTPOXOJIUJI
CKBO3b HUX, KaK 4epe3 BO3AyX. ...V Bapyr
Barnep, K y:xacy 3puresieit, ToYTH TEPSIBITIX
CcO3HaHUe, BOIIEJI B IBLIAIONMI KaMUH, Bece-
JIO KMBHYJI UM TOCJEIHWI pas, CTOS cpean
TJIaMeHH, W MCYe3 B KAMUHHON CTEHE» .

[Ipoxons uepes mpeaMeTsl n JIOeH, po-
(beccop HecnentHo myTenecTBOBaN IO ['epMa-
HUW, TIyras cBouM BuJoM oObiBaresneii. Ho
Bparu MOJTHbI KOBAPCTBA:

«Bumure nm, B uem neso: mpodeccop Bar-
Hep HeyJioBUM U Heysa3BuM. Ho u y Hero
JloJKHA OBITH axuJjiiecoBa rsara. /la, axuiie-
COBa UMEHHO II51Ta, MOYKHO CKa3aTh HE TOJIBKO
MHOCKA3aTeJbHO, HO U TOYTH OYKBAJbBHO.

Ecsau 6b1 Bce Teno, rosoput mpodeccop
[IIMuar, 6BLTO TPOHUIIAEMO JIJISE MATEPUH, TO
SICHO, uTO Barnep 1oJiKeH ObLIT TPOBAUTHCS
CKBO3b 3eMJTIO. ..

— Bot-Bot! B aTom Bce feno! Ecim semust ve
paccTymuaach MO/ €ro HOTaMW, 3HAYUT, €ro
TIOJIOMIBBI CHAGKEHBI 0COOBIMH U30JISATOPAMI
YTO JIN. DTU U30JIATOPDI JOJKHBI ObITH MTHOTO
CTPOEHUS aTOMOB, 4eM ero Tesio. Kakum o6pa-
30M 3T M30JISATOPbI, WM CAH/AJIUM, BCE JKe
MTPOHUKAIOT CKBO3b crenbl, IMuar ne ysc-
Hua. OH JIONYyCKaeT, 4To BIEpeAu WJU TI0
KpasiM OHM CHaG:KeHbI 0O0JIOUKOI, KOTOpast
croco6Ha M3MEHUTb ATOMHBIN COCTAaB Mare-
puu, BCTpevarolelicss Ha MyTH, W JIeJlaTh ee
nponunaemoit. Ho cambie canamim, niam Ka-
JIOITH, HA30BUTE KAaK XOTHUTE, JTOJIKHBI OBITH
MaTepuaJbHbl. B aTOM Bee zedo...

— Hy u?..

— Hy 1 04eHb IpocTo: HYKHO JIOBUTD €TO 32
a1 Kajoumu! OKPYKUTb U XBaTaTb CKBO3b
woru nogomBbl! Torpa on 6yaer B HaAmmx
pykax! IloiimMaB Kkasjomnm, MbI TOWMaeM u
Barnepal»

Ho onu, ecrecrBenno, npocunranucs. [lo-
cJIylliaeM pacckas camoro rnpodeccopa:

«Onu, Mou nipecJieIoBaTeNN, AYMaoT, YTO
s IOJDKEH UMETh 0COObIe M30JISITOPBI HA TTO/10-
MIBaX, YTOOI He MPOBATUTHCS CKBO3b 3€MJTIO.
Tombko ceituac, mepes TeM Kak MHE YKPBITh-
csy Bac, OHM CeJaJIi Halla/leHue Ha MEeHS,
BepHee Ha Mou HOrM. OHU XBaTaJu MEHS 3a
MOJIONIBEI y 3eMJ. Ho s BoIires1 1o KoJieHn B
3emutio. C TakuM JKe yCIeXoM g MOT ObI BOWTH
10 TOJIOBY, W TOT/Ia OHU yBUJATH Obl OIHY
TOJIOBY, JABUTAIONLYIOCS 110 3eMye. Ho y Mens
Her HuKakux “‘mogomB”’. OuHM OmmMOJINCH.
3aKOHBI TSKECTH He CYIIECTBYIOT JIJIsI MEHSI.
N s 61ar010IyYHO YIEea OT HUX>.

Camoe BpeMs mpepBarh uTeHWE W 3ay-
MaThCs, KaK BCE JIOJIKHO BBITJISIZIETD ¢ TOUKN
3penus ¢usnkn. ChopMmymupyem 3agady:
€CTb TEJIO, B HAIIIEM CJIyJae aTo TeJsio podec-
copa Barmepa, Ha KOTOpOE He JEHCTBYIOT
HUKaKue cuJbl. Hu rpaBuTamys, H1u peakims
OTIOPbI, HU MEXaHUYECKUE CUJIbI TTPY B3aUMO-
JIENCTBUU C COMPUKACAIONIMMUCS C HUM TIPE/I-
metamu. CorJyiacHo iepBoMy 3akony Hbioro-
Ha 3TO Teso OY/IeT IBUTATHCS C IMOCTOSHHON
ckopoctbio. Heyskenn mpodeccop Baruep
BMECTO TOTO, YTOOBI HE CIIEIIA U/ITH B CTOPOHY
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CCCP, 6yner Gecriomonino 6apaxTarbcsi Ha
OJIHOM MECTe, IbITAsACh JOOBITH IJIOTOK BO3-
JlyXa, KOTOPBIN TPOXO/IUT CKBO3b HETO He
3ajiepsxuBasics? IIpo emxy n Bomy g naske He
BcrioMuHap. OTBET: BCe HEMHOIO CJIOJKHEE.

Teno mpodeccopa Barmepa B 0o6braHOM
COCTOSTHUW TIPUTSATUBAETCS HE TOJBKO K 3eM-
se, Ho u K Counity, Jlyne, neatpy FamakTu-
KU, CKOIJIEHUSIM W CBEPCKOILICHUSAM TaJlaK-
tuk. W ecan mpodeccop B HEKMIT MOMEHT
OJTHOBPEMEHHO C/IEJIAET CBOE TEJIO MPOHUIA-
e€MbIM U He IPUTATHBAIONUMCS K JAPYIUM
TejaM, TO OHO JeUCTBUTENbHO Gy/eT IBU-
raTbCsl PABHOMEPHO U TIPSIMOJIMHENTHO, HO He
B CUCTEME OTCUeTa, CBSI3aHHOI ¢ 3eMJIell 1n
HEMEIKIM 3aMKOM, B KOTOPOM JIEP>KaJIN IPO-
(beccopa, a OTHOCUTETTHHO HEKOH HE COBCEM
TIOHSITHON <«WHEPITMAJIbHON CUCTEMBI OTCUe-
Ta». 3aMOK BpallaeTcst BOKPYT OCH 3eMJIH 3a
CYTKH, 3eMJIsl BO3BPAIAaeTCs BOKPYT IEHTPA
Macc cucrembl 3emug—JIyna 3a mecsi], oHa
ske BOKpyT CouHnia — 3a roxa. Tpaekrtopus
3aMKa B 3TOU caMOll WHePINaJIbHON cucTeMe
orcuera Oy/IeT CYIIECTBEHHO OTJIMYATHCS OT
MPSIMOI.

C TOuKHM 3peHust TeX, KTO HAOIIOIaI 1CUes-
HOBeHue rnpodeccopa B KaMuHe, KAPTUHA /101
JKHA BBITJISIZETh Tak: Tmpodeccop o6iydaeT
ce6s1 TAWMHCTBEHHBIMH JIyYaMH, IIOCJE Yero
HAUMHAET 3a/[bIXaThCsl, 6apaxXTasch B BO3[Y-
Xe, W IIOJJHUMAECTCA BCE BbBIIIC M BbBIIIEC C
yBeJMunBaronieiics ckopocTtbio. Ecam on pn
ATOM TIBITAETCS YTO-TO MTPOUZHECTH, TO €T BCE
PaBHO HEBO3MOXKHO YCJBINIATD — BEIb €ro
rOpJIo, JIETKUE, TOJOCOBbIE CBSI3KKU U BCE OC-
TaJIbHOE CIOKONHO TTPOXOAAT CKBO3b BO3/YX,
He TIPUBO/IS €ro B KosieGaTeIbHOe JIBUIKEHNE,
T.e. HE BbI3bIBAsI 3BYKOBbIE BOJIHbI. HaBepHoe,
B IIpOYME JETATN MOKHO He B/IABATHCSI.

Ho B 3ax.miouenne peisiaraeTcst YnTaTesisaMm
CaMOCTOSITETBHO Pa3o0bpaThCsl B €Ile OJHOM
KOPOHHOM TpPIOKEe M3 apceHasa (paHTaCTHKN —
B IMyTEMIECCTBUAX BO BPDEMCHU. He CIipanimBa-
eTcsl, KaK 3TO MOKHO YCTPOHTD, a CIIpaIInBa-
eTcs, Ky/1a UMEHHO TOTAJIeT Ty TENIeCTBEHHIK
BO BpeMEHU, IEPEMECTUBIINCDH BIIEPpE HJIN
HAa3a/l B/IOJIb ATOTO CaMOTO BPEMEHM, HO OKa-
3aBIINCH, 0 MHEHUIO (DAHTACTOB, «B TOM K€
camoM Mecte». U TpaekTopus ABMIXKEHUS CY-
neprpodeccopa Barnepa nomMoskeT BaM B pas-
MBIIIJIEHUSIX HAJl 9THM BOIIPOCOM.

KOHKYPC UMEHU A.II.CABUHA

NTOI KOHKYPCA MMEHW A.N.CABUHA
2020/21 YYEBHOIo rogA

MoGeputenn

Jlydime pe3yJibTaTbl TOKa3aH
Bupionaun Anexceti — Mocksa, mkoma 179,
8 1.,
Apenuesa Mapus — bonrapus, Codus, Co-
(uiickag maTemMaTnueckas ruMHasus, 9 Ki.,
Hecmepenxo Anexcandpa — MockBa, 1IKoJa
1287, 8 k1.,
Yacosecxux Hean — Xumru, MoCKOBCKast
006.1., mKoJa 14, 7 K.

Mpusepsbl
Taxke BBICOKHE Pe3yJIbTaTbl MOKa3aju
xomanda MAOY <«Axademuuecxuii Jlu-

uet» 2opoda Maznumozopcra (pPyKoBoIH-
tesb Momkun Burammit CrannciaBosuy):

Yepuos Borgan (10 ki1.), Kasakosa Exa-
tepuna (9 ku1.), Todmreiin Jles (9 xi1.),
Koposnes Muxann (10 ki1.),

COBMECTIHAS, MAMEMAMUYECKAS ZPYNNd
Lenmpa <«Ycnexs I'amuuncxkozo mynuuu-
nanvhozo paiiona u Hugopmayuonno-memo-
OQuueckozo uenmpa Jlyxcrozo Mynuyundaiy-
nozo pationa Jlenunzpadckou obaacmu (py-
kosoauteb IlaBnos Cepreii [TaBaoBmd):

Crpekosos [lenuc (5 ka.), Topoxosa Co-
dos (7 ka.), Kpouos Tumodeir (7 xi1.),
Mapkun Usan (8 kia.), Tiokos Janumun (10
kia.), Eponun Banepuii (10 ku.).

Mo3ppasnsem!

[To6enutesnsm u npusepamM GyIyT BbICTAHBI
JILIOMBbL JKypHata «KBanT» ¥ mpusbl oT
MITHMO. IToMuMoO 3TOTO MTPU3BI TTOJTyYaT TaK-
ke HanboJiee aKTHBHBIE YYACTHUKI KOHKYPCA.




MATEMATHUYECKUMN KPYJXOK

3aja4a o Lwape
B TPEeYroibHOWU
npu3me

r.LUAPBITMIH

Ira cratbs pPOAMJIACh U3 OOCYXKICHUS CO
mxosbHuKaMu 2007 MOCKOBCKOII IIKOJIBI CJIe-
Jytorieii omuMmuaHoin 3agaun (aBTop 3a1a4u-
W.Bornanos).

3anaua 1. B mpeyzonvnyio npuzmy
ABCAB,C, énucan wap, xacanouuics 60ko-
svix epaneti BCC\B;, CAAC, u ABBA; &
mouxax Ay By, C, coomsemcmesenno. Ilpu
amom LAyBB, = £ZB)CC, = ZCyAA, (puc.1).

a) Yemy mozym pas-
HAMYCA IMU Y2 /1bl?

6) Jloxaxume, umo
ompesxu AA, BB,
CC, nepecexaromcs 6
00HOU mouxe.

B) /Jloxaxume, umo
npoexuyuu uenmpda
chepor na npsamvie
ABy, B/C,, C A, o6pa-
3Y10m npasuivbHblil
Mpey2oivHUK. Puc. 1

3ajlady 9Ty HECJO0XKHO PEelInTh reoMeTpuyec-
KI1; XOTSI OHA U He SIBJIAETCS TJIaBHbIM COJIeprKa-
HHUEM CTaTbU, Mbl IIPUBE/IEeM JIJIs ITOJHOTBI Kap-
THHDBL €e pelleHue.

Pemenne. a) HarmoMunM, 4TO JJIHHBI Kaca-
TeJIbHbIX, IIPOBeJeHHbIX K cdepe U3 OJHOI
TOUKHN, paBHbl, mno03toMy AB)=AC,,
BA, = BC,,, CA, = CB,. Kpome Toro, 1o 310i
ke npuunne (M 10 TeopeMe O Tpex MepreH/u-
KyJIsIpax) T0JIy4aeM, 4TO PABHBI [EPIEHIHKY-
Japsbl, onymennole us A,, By, C, Ha cooTBeT-
cTByIommue 60KoBbIe pe6pa mpusMbl. [lostomy

B CHJIY YyCJIOBUA, BCE 3TU MIECTDH YIJIOB OKAa3bl-
BalOTCS PaBHBIMU, IIYCTb ¢ — UX BeJIMYMHA. Tax
KaK CyMMa yTJIOB IIpHU CTOPOHE AB ITapaJuiesior-
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pamma AAB;B pasna 180°, kKak u cyMMa yIJIOB
tpeyrombanka CyAB, MBI BUIUM, YTO

W, ananornuno, ZBA,C = ZCAyB = 2¢. ITyctb
T — ToYKa KacaHUs BIHCAHHOIO MIapa C OCHO-
BanueMm ABC nannoit mpusmbl. Torma mo Toii ke
MIPIYNHE TMOTTapHO paBHBI Tpeyroabnukn A,BC
uTBC, B)AC uTAC, CyAB n TAB. Ilostomy
cymma yrios ZACyB + ZBA,C + LCA\B = 6¢
pasHa cymme yrios LATB + ZBTC + ZLCTA =
= 360°, otkyna, @ = 60°. OtMeruM, 4To TOuKa T'
OKa3bIBAeTCS MPH 3TOM TOukoi Toppmuesnin,
t.e. yraot ATB, BTC, CTA pasubl no 120°.

6) Jlokaxem, uto orpeskn AA, nu BB, mepe-
ceKaloTcs B OJHOI TouKe. B camoMm jgeste, ecin
MPOAINTE 0Tpe3kn ABy n BA, no mepecedenns
¢ CCj, T0 B cuJly IOKa3aHHOTO TMOJIYYUM, 4TO
TpeyroJbHuKH, o6pasyembie npsamoii CCy, 1npo-
BeZleHHbIMU npsiMbiMu 1 oTpeskamu CAy, CB,
npasuiabable. Tak kak CA, = CB), Mbl BUJNM,
YTO 9TU TPEYTOJIbHUKHN PAaBHbI, 1, CJICJ0BATCIb-
no, npamele AB,, BA, n CC, nepecekaiorcs B
oxHol Touke. 3Haunt, Toukn A, Ay, B n B,
JieXKaT B OZHOI IVIOCKOCTH, HO3TOMY OTPE3KU
AAy n BB, nepecexaiorcsi. AHAJIOTHYHO JI0Ka-
xeM, uto otpeskn AAy n CC, Toke mepecexa-
1oTcs, Kak u orpesku BBy u CC,. Ilockombky
toukn A, Ay, B, By, C n C, He Jexar B 0JHOI
ILJIOCKOCTH, MBI 3aKJIIOYaeM, 4TO OTpe3Ku A,
BB, n CC,, nepecekaioTcs B OJHON TOUKE.

B) 33MeTI/IM, YTO I10 TEM JK€ IIpuInHaM, 4TO 1N
pamnbie, Tpeyroabuuku AA By u AAC, paBHbDL.
Taxk xaxk x TomMy xe AACC un AABB -
HapaJsleIorpaMMbl, IOJTy4aeM PaBEHCTBO

£ZByAC + £LByAC, = LAByA, =

C npyroit croponbl, cymma yrioB ZByAC +
+ £ZCyAB paBua yrany ZBAC ocHoBa-
HA NPU3MBI, a cymMa yrioB £ByACy + LCyA B,
paBHa £BjA,Cy = ZBAC. Iloatomy

Ecm § — Touka kacaHus BIIMCAHHOIO Iapa €
<BEPXHHM» OCHOBAHIEM IIPH3MbI, TO B CUILy pa-
BeHcTBa Tpeyrobnukos SAC u ByA,C,, n ana-
JIOTHYHO [IJ1 HUPKHErO OCHOBAaHUA, MOJIydaeM:

ZSAC, = ZByAC, = ZCyAB = /TAB.
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[To cxonnbiv puunnam LSA By = ZTAC. Touno
tak ke, ZLSBC =/£TBA, ZSBA, = /ZTBC,
LSCA = LTCB, £SC\B, = = LT CA.
PaccMoTpyM BepxHee OCHOBaHME IPU3MBI;
JUIs1 yIo6CTBA Mbl HApUCOBAIM Ha HeM o6pa3 T;
Touku T, moJryyaromuiics IIpu OTOXK/1eCTBICHIH
BEpXHEro u HuUkHero ocHosauuii. Ilycts P, Q,
R — ocHoBanus NEpIEHINKYJIAPOB, OIyIIeH-
HBIX U3 S Ha cTOpoHbI Tpeyroabuuka AB;C;
(puc.2). Toraa, coriacHo U3BECTHOMY ITPU3HA-

Puc. 2 O

Ky, ueTsIipexyroapnukn APSR, BPSO,
C{RSQ MOXHO BIUCaThb B OKPY>KHOCTH, a CJIe-
naosatesapHo, ZSPR = ZSAR, £LSPQ = ZSBQ.

3HAUUT, 110 JOKA3aHHOMY,

ZRPQ = /SPR + Z/SPQ = /SAR + Z/SBQ =
= Z/T,AB, + ZT,B,A, = 60°,

tak kak ZATB; = ZATB =120°. OueBunno,
TOYHO TaKHe K€ PacCy>kK/IeHNsI MPUMEHUMBI K
OCTaJIbHBIM yrjaM TpeyroJbHuka PQR, 3Ha-
YT, OH MPaBUJIbHBIN. OCTATOCh 3aMETUTD, YTO
110 TeOpeMe O TPeX MepPHIeH/ Ky IIpax TOuKn P,
Q, R aBag10TCS IPOEKIUIME 1IeHTPa cepbl Ha
npameie A By, B,C; u C{A; cOOTBeTCTBEHHO.

Ha sToM 3akaH4MBaeTcsl pelieHue 3aadi;
Mbl TIPUBEJIN €r0 IOJHOCTDBIO, IIOTOMY UTO TIO
XO/Iy 9TOTO PACCYX/eHHs HaM yJaJoCh JOKa-
3aTb HECKOJIDKO 3aMevaTe/IbHbIX (DaKTOB, KOTO-
pble Mbl Gy/ieM ceifuac uccJe/joBaTh.

HamomunM, uro ase touxkn P u P’ BHyTpn!
tpeyrompanka ABC Ha3BIBAIOTCS U3020HANILHO
conpsaKennvIMu IPYT APYTY, €CJIH

ZPAB = ZP’AC, ZPBC = ZP'BA,

! Ha camom geite ato TpeboBaHIe He SIBJISIETCS
00s13aTeJIbHBIM; OJIHAKO HaM JIJIsl HAluX IleJieit
JIOCTATOYHO PacCMAaTPUBATD TOJBKO TAKHMe TOUYKH.

2021/Neé

/PCA = ZP'CB.

W3 sroro omnpejesieHnsi, KOHEUYHO, He CJIEYeT,
YTO M30TOHAJIBHO CONPSDKEHHAs] TOUYKa CyIie-
cTBYeT /U1 mio60it Touky BHyTpu ABC. IT1OT hakT
06BIYHO /IOKA3bIBAIOT TIPH TIOMOIIN TaK Ha3bIBae-
Mol Teopembl UeBbl «B cuHycax» (XOTS €CTh
MHOTO JIPDYTUX JIOKa3aTesJbCTB; CM. HalpuUMep,
crarbio [1.KosxxeBH1IKOBA «l30r0HATBHO COTIPS-
skenHble Toukn» B «Kpanre» Nel 3a 2016 1.).

Ho, kaskeTcst, Mbl 6JIM3KH K JI0KA3aTEJIbCTBY
CYTIECTBOBAHNS M30TOHAJBHO COTMPSIKEHHOM
TOYKHU, HE WCHOJb3Ys TPUTOHOMETPHHU, a TP
MOMOIIIHU... cTepeoMeTpun! B camom nese, u3
IIPUBE/IEHHOTO perieHns 3ajia4yn 1 cuejpyer Ta-
Koe of1Iee yTBep:K/IeHHE.

YrBepxkaenue 1. Ecau cihepa, enucannas 6
MPeYzoavHYI0 NPUIMY, KACACMCS HUKHEZO
0CHOBaHUSL 6 HeKOmOpPol mouke P, mo eepxue-
20 ocHoganus ona Oydem KACAMvbCs 68 U3020-
HAADHO CONPAKEHHOU C Hell mouke.

JlefiCTBUTEIbHO, TIPU PEIICHIN YaCTH B) 3a/1a-
4yt 1 MBI TOJIBKO B CAMOM KOHI[E BOCIIOJIb30Ba-
JUCh TeM, 4YTo Kacamme TpeyroabHuKa ABC
MPOUCXOMIAT B CrienuatbHoil Touke (touxe Top-
puueann). O6mee yreepskaeHue 1 mpo U3oro-
HaJIbHOE COTIPSI’KEHHE TOUEK KACAHWs BEPXHETO
1 HIDKHETO OCHOBAHMUIT TIPU3MBI OT 3TOTO (PaKTa
COBCEM HE 3aBHCHT!

Kcrarn, nis toukn Topprdesin n30roHaIbHO
COMPSKEHHON ABJISETCS TaK Has3bIBaeMasl TOUKA
ATIOJITOHUS, KOTOPYIO MOXKHO OIIpPE/IeJINTh KaK
TOUKY, TPOEKIMN KOTOPOH Ha MpsIMble, CoJiep-
JKAIlFie CTOPOHBI TPEYTOJbHIKA, SBJISIOTCS Bep-
IMIMHAMK TIPaBUJIBHOTO TpPeyroJibHuKa. Koneu-
HO, 9TO COIJIACYETCsI C YacThio B) 3ajgaun 1.

[TpuBeneM Takske MHTEpecHYIO mepedopMy-
JIUPOBKY yTBep:kaeHus 1.

Yreepxkaenue 1. ITycmo dana (Geckoneu-
HaAs) MpeyzonvHaAs NPUIMA U NAOCKOCTb, Ne-
pecexarwuas npusmy no mpeyzoivuuxy ABC.
B npusmy enucanvt dse (pasuvie) cehepu,
xacarwuecst naiockocmu ABC 6 mouxkax P u
P’. Tozda P u P’ — usozonanvio conpsikenivle
mouxu mpeyzoavnurxa ABC.?

2 B KauecTBe YIPAKHCHHSI YHTATETb MOXKET
MTOKA3aTh 9KBUBAJEHTHOCTH yTBepskaeHnii 1 m 1.
Y1Bepskaenne 1" MOKHO I0Ka3aTh HE3ABUCHMO Pa3-
mbiMu criocobamu. OjHa u3 wjeil — BHucarb B
npu3My Kpyrosoil munuap (o Gy/IeT onucaHHbIM
BOKPYT cep) U CBeCTH BOMPOC K M3BECTHON KOH-
uryparmu cipep /lanoenena n ssmiica — CeUeHUst
IIJITHIPA, Kacaiotierocs o6enx cdep.
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Yero ke HaM He XBaraeT, 4YTOOLI 3aBEPIIUTD
JTOKA3aTeJbCTBO CYTIECTBOBAHWS M30TOHATHHO
conpsiKkeHHON Toukn (st OGON TOUKM BHYT-
pu tpeyroabHuka ABC) crepeoMerpudecku?
CaMy1o MasIoCTh: MbI TIOKa He 3HaeM, CYIIECTBY-
€T JIM IPU3Ma, B KOTOPYIO MOYKHO BITUCATD TIIap
Tak, 4TOObI OH KAcaJICsl HUKHETO OCHOBAHUS B
J00OI Harepe/l JAaHHON TOYKE TPEyroJbHHUKA.
Hrak, BoT HOBas 3ajaua.

3anauva 2. /loxa:xume, umo 015 110601 mou-
xu P enympu danmnoeo mpeyeorvuurxa ABC
natidemcs npusma c ocnosanuem ABC, é komo-
PYI0 MOKHO 6NUCATMD WAP MAK, YMO NPU IMOM
P 6ydem mouxoii ezo xacanus ¢ mpeyzovHu-
xom ABC.

Kax HEM cTpaHHO, HO [I0Ka3aTb CYIIECTBOBA-
HUE TaKol IPU3Mbl HECJIOXKHO, €CJIM BOCIIOJIb-
30BaThCSI TAK HA3bIBAEMBIM <«IIPUHIIUIIOM ITPO-
MEXKYTOYHOTO 3HAUEHHS». €CJU HEeKOTopas
¢yuknus f HenpepbiBHa, IPU X = d ee 3HaYe-
HIIE OTPUTIATETBHO, & TP X = b — MOJIOKHUTETH-
HO, TO B KaKoOi-TO TOUYKe ¢ Mexay a u b
okaxercst, urto [(c)=0. Iro yrBepKAEHHE
BeCbMa YHUBEPCAJIbHO M NPUMEHSIETCS] BO MHO-
rux 3ajgadax. [TocMorpuM, Kak oHO cpaboTaer
3/1€Ch.

Pemenue. PaccMoTprm BceBo3MOsKHbBIE Ce-
PbI, Kacaloluecs II0CKOCTH Tpeyroabuuka ABC
B TOuKe P 11 JIekalye 110 o/{Hy CTOPOHY OT 3TOH
miockoctu. [l Kaskmoil Takoil cdepbl MbI
MOKeM MOCTPOUTD TJIOCKOCTH, KACAIOIIecs ee
u npoxozsiine yepes npsambie AB, BC u CA.
OueBNAHO, 4YTO TPH MAJCHBKAX 3HAYCHUSIX
pajimyca cepbl TOUKA [epeceyeHnst aTUX 11J10C-
Kocreil 6yJierT Jexxartb 1o Ty »Ke CTOPOHY OT
IIJIOCKOCTH TPEeyToJIbHUKA, 4To 1 cdepa. OjHa-
KO, KOIJla pajInyC CTAaHeT [OCTATOYHO GOJIb-
IIIM, TOUKA TEepecedenus] OKaKeTcs C JIPyroi
CTOPOHBI. 3HAYNT, COTJIACHO BBINMIECYKA3aHHOMY
MPUHINITY, B KAKOW-TO MOMEHT 3Ta TOYKa MC-
4ye3HeT BOBCE, T.€. 3TH IJIOCKOCTH Oy/IyT 06pa-
30BbIBaTb OOKOBYIO IIOBEPXHOCTb TIPU3MbI C
ocHoBanueM ABC, B kotopyio OyjieT Brincana
manHasg cdepa. OcTasoch TMPOBECTH BepxHee
OCHOBaHMe TakK, YTOObI OHO Kacasoch TOi ke
cepnl.

MoO>KHO, KOHEYHO, CIIPOCHTb, UYTO HUIpaeT
poJib GYHKINHK [ B TIPUBEACHHOM HAMU PACCY K-
nennn. Ha camom ziesie, Taknx (yHKI[HIT MHOTO;
HaIpuMep, MOXKHO B3STb B Ka4ecTBe [ Pa3HOCTD
Meskay 180° n cyMMOil IJIOCKKX YIJI0B, 00pas3o-
BAHHbBIX CTOPOHOI AB TpeyroIbHUKA 1 TTPSIMbI-
MM, II0 KOTOPBIM MepeceKaioTcsl IIIOCKOCTH,

IIPOBE/IEHHDbIE Yepe3 CTOPOHBbI TPEyTOJIbHUKA;
KOHEYHO, MbI PACCMATPHUBAEM TOJIBKO yTJIbI IPH
BepumHax A 1 B 1 TOJDbKO YIJIbI, JIeXKallie 10
oJiHy cTopoHy oT mnockoctu ABC. Pasenctso
HYJIIO 9TOH Pa3HOCTH TAaPAHTHPYET, YTO IPSIMbIe
napaJiJiesbHbl, a 3HAYUT, NTPOBE/IEHHbIE T1JIOC-
KOCTH 00pa3yioT MOBEPXHOCTb MPU3MBI.

Wrak, samava 2 pemreHa, TeM CaMbIM, MbI
JIOKA3AJIU CYUWECMBO8ANUE U3020HALLHO-CONPSL-
JKEHHOU mouKu 05 11060t MOUKU 6 MPEYy20ib-
Huxe.

[TpuBesieHHOE HAMU paccy’KJeHue BCEM XO-
poIIo, 0/HAKO HUKAKOI mHQpopMamu o cde-
pe, KpoMe TOro, 4TO OHa CYIIeCTBYeT, Mbl U3
HETo He TOJIYYUJIU U [TOJYYUTh, TI0-BUUMOMY,
He cMoskeM. KoneuHo, 110 cyniecTBy, 1oJI0XKe-
HUe cdepbl B HaIIeM CJydyae OIpPe/eJsieTcs
TOJIBKO €e PajinycoM, pa3 Y’k Mbl 3HAeM ee
TOUKY KacaHusg c¢ TpeyroabHukoM ABC. Ilo-
3TOMY MOXKHO Tak C(OpMyJHpOBaTb HOBYIO
3ajauy.

3apnaua 3. Haiioume paduyc cghepul, énucar-
HOU 6 npusmy, ecau ama cghepa racaemcs
OCHOBANUSL NPUBMBL — DAHNH020 TPEY20TLHUKA
ABC — ¢ dannoii mouxe P.

ITousiTHO, YTO BBIpAKATH pAANyC cepbl Mbl
JIOJDKHBI Yepe3 BEeJIMUUHDI, CBSI3AHHDBIE C TPEY-
TOJIBHUKOM 1 ¢ Toukoii P. Takike gcHO, uToO,
KOT/[a HaM JIaH TPEYTOJIbHUK, MBI MOKEM TT0JTb30-
BaTbCS €TO [IMHAMU CTOPOH, BEJMYNHAMH yT-
JoB ® T.m. Ho 4YTO 3HAUNT «JaHHAsS TOYKa
BHYTPH TpeyroJbHHKa»? YeMm ompezessercs
takasg Touka? Komeuno, Ham Obl XOTEJIOCH,
4yTOOBI HAIIl C1TOCO6 33aBATh TOUKY ObLT CBSI3aH
C TPEYTOJIbHUKOM, nHaue Gy/IeT TPY/IHO CBS3aTh
JIPYT C IPYTOM /IBA YCJIOBUS 33[a91 — TPEYTOIb-
HUK 1 TOUKY.

Cr1oco60B o11caTh M0JI0XKEHNE TOYKU BHYTPU
TPEYrOJIbHUKA TaK, 4YTOObI ObLIO BBIIOJIHEHO
OrOBOPEHHOE BbIIIIE YCJIOBHE, MHOTO. MOMKHO,
HAIIPUMEp, BbIPA3HTh BEKTOP AP uepes BEeKTo-
pot AB u AC u ucno/ib3oBath KoapduIIeHTbI
9TOTO PA3JIOKEHUS JIJIsI ONPe/IeJIeHUsT TI0JI0Ke-
Hus Touku. [IpaBna, pu 5TOM BEPIIUHBI TPEy-
roJbHuKa Oy/ayT He COBCEM PABHOIPABHBI —
Touka A, 04eBuHO, GyIET UTPATD CYIIECTBEHHO
UHYyI0 poJib, ueM B u C.

Ecan peiictBoBaTh GoJiee reOMETPUYECKH,
MOJKHO TIPOBECTH JIYYH 4Yepe3 BEPIIUHBI Tpey-
roJbHMKA U TOUuKy P. Torpaa mososkeHne TOUKH
P 6ynet onpeeIaThCs MOJI0SKEHUEM TPOBE/ICH-
HBIX JydYelf, KOTOpble, B CBOIO O4Yepeab, HA/O
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KaK-TO OMPE/EJNUTD: WM TP MTOMOIITH (PUKca-
MU TOYEK WX MEPECEUEHHS] C TTPOTHBOIOJIOK-
HBIMU CTOPOHAMHU TPEYTOJIbHUKA, U/ MPH I10-
MOIIM YKa3aHUsI YIJI0B, KOTOPbIe OHI 06Pa3yioT
€O CTOPOHAMU TPEyToJIbHUKA. Takoe ompe/ee-
HUe JIydille, TaK KaK BCE TPH Jy4a UTPAIOT
MIPUMEPHO OJMHAKOBYIO POJIb; MPaB/a, BBHIOH-
paTb Jiyuu Mbl MOJKEM He COBCEM CBOOOJHO —
teopema Uernl (n 06bIYHAS, U «B CHHYyCaxX»)
[MOKA3bIBAET, YTO IPOU3BE/CHUE OTHOIIEHU
OTPE3KOB, HA KOTOPBIE MMPOBE/ICHHBIC JYYH JIe-
JIIT TIPOTUBOIOJIOKHBIE CTOPOHBI (MM OTHO-
IIIeHUsT CHHYCOB YTJIOB, HA KOTOPBIE YTJbI Tpe-
YIOJIbHUKA JEJATCS MPOBEIEHHBIMU JIyYaMu),
paBuo 1. XoTsi, KOHEYHO, BCE IPUBEIECHHDBIE
METO/IbI 32/IaHUSI TOUKH B TPEYTOJIbHIKE B3aNM-
HO 9KBUBAJICHTHBI — BCEr/a MOYKHO BBbIUYNCJIUTD
OJIHU JTaHHDBIE, €CJIN U3BECTHBI JPyTUe, — HO BCE
pPaBHO, 3a7[aBaTh TOYKY HAGOPOM U3 TPEX YICe
TAKOT0 POJIa TOPA3/0 y100Hee, eCu Mbl XOTUM
U3y4yaTb reOMETPHUIO TPEyTrOJIbHUKA.

IIpaBaa, Takoro poja TPOEK YHCET MOMKHO
YKa3aTh JIOBOJIbHO MHOTO: [IOMUMO OTHOIIIEHUTT
OTPE3KOB WJIM CHHYCOB YTJIOB, MOKHO 6paTh
mwromau tpeyroiabuukos ABP, BCP, CAP
N, CKaykeM, JJTHHBI oTpe3koB AP, BP, CP u
toMmy nojo6Hoe. Ham juist Hammx 1eseit 6yzer
y106HO UCII0JIb30BATH B KAUECTBE «KOOPIMHAT >
TOYKHU P ee pacCTOSTHUS JI0 CTOPOH TPEYTOJIbHMU-
ka: PQ=u, PR=0, PS=w (puc.3). Kcraru,
KaBBbIUKA B JaHHOM
cJIydJae He O9€Hb HY K-
HbI: BBe/IeHHAS TPOii-
R ka (u, v, w), pac-
cMaTpUBaeMasi ¢ TOU-
HOCTBIO JI0 YMHOMKe-
HUS Ha KOHCTAHTY, B
MaTeMaTUYecKOl JIn-
TepaType YacTo Ha-
3BIBAIOTCST MPULUHEUHBIMU KOOPOUHAMAMU.

YTounum teniepb POPMYJIUPOBKY 3aIauu.

3apava 3 . [Tycmo 6 dannom mpeyzovruke
ABC 3adana mouxa P, paccmosnus om xomo-
poii do npsmvix AB, BC, CA pasuvt u, v, w,
coomsemcmeenno. Haiioume paduyc 1, cehe-
pol, enucannotl 6 npusmy c ocnosanuem ABC u
Kacarowetics ocnosanus. ¢ mouxe P (svipasu-
me ezo uepes napamempv. mpeyzoivHuKd U
mpuauneivie KOOPOUHaAMol MOUKU ).

Puc. 3 C

CHavana Mbl peuruM 3Ty 3a/layy BBbIYUC/IU-
TEeJIbHO — UCII0JIb3ys TPUTOHOMETPUIO, BEKTOPbI
(10 myTH BCIOMHHUM CBOICTBA CMENIAHHOTO

2021/Neé

[POM3BEJEHUS) W T.JL., U TOJyYuM POpMY.JIy

»  uvw(wsinP+vsino + usiny)
n =

1)

uvsin P + uwsin o + vwsiny

(rne ZA=0, £B=p, £C =y — yrasl Tpey-
roabuuka). ITocsie 5TOro Mbl MOJIyYUM APYTHE
(opmybl A1 7, 06CYANM MOAXOJbI K WX
BBIBOJTY, & TAKyKe CBA3W C IPYTUMHU 33/1a4aMU 1
BO3MO>KHBIE 0000TICHNS.

Pemenue 3agauu 3'. [IpoBeseM uepes cTopo-
HBI TPEYTOJbHUKA TIJIOCKOCTH, KacaTeJabHbIE K
cepe. [lousATHO, YTO 3TU IJIOCKOCTH 06PAZYIOT
6OKOBYIO TIOBEPXHOCTD TIPU3MBI B TOM U TOJIHKO
B TOM cJIydae, KOT/la PaJinychl, IPOBE/ICHHDIC B
TOYKHN KacaHus cpepsl ¢ HIMH, JeXaT B OTHOI
TIJIOCKOCTH.

Wrak, HaMm Hajo0 Tak 10100path 7,, 4TOOBI
COOTBETCTBYIOIINE OTPE3KU IOMATH B OJHY
MJIOCKOCTD. /{711 3TOTO MBI BOCTIOJTb3yeMCsI CJIe-
AYIOIIUM KPUTEPUEM KOJJIMHEAPHOCTH BEKTO-
POB: TpPH BeKkTOpa d, b, C Jexar B OJHON
TIJIOCKOCTH, €CJIN U TOJBKO ecin 06beM TapaJi-
JIeJIETNIe/Ia, <«HATSHYTOrO» HAa HUX, PaBeH
Hymio. B ananutuveckoil reomerpuu 06beM
TAKOTO TTapaJljiesIeNuIIe/[a Ha3bIBAeTCs CMEIIaH-
HBIM ITPON3BE/IEHIIEM BEKTOPOB, TOYHEE TOBOPS,
MOJYJIeEM CMEITaHHOTO TTPON3BE/ICH:

vol (d,b,¢) = Ka,é,e)‘.

Camo cMeriaHHOe TPOU3BE/ICHIE YaCTO HA3bI-
BalOT «HAINPaBJEHHBIM 0ObEMOM TapaJiyiesieIu-
1e/1a» ; 10 ONpe/IeJIEHNIO, OH COBIA/IaeT ¢ 06bIY-
HBIM 06bEMOM, €CJIN TPOIKa BEKTOPOB d, b, ¢ —
NOJ0KUMENbHAS, T.C. CCJI HAIIPABJICHHEC BEK-
TOpa ¢ CBSA3AaHO C HATIPABJIEHUSMH d, b «TIpaBu-
JoM OypaBuuka». B mporuBHOM ciyuae

‘<&,b,6>‘ = —v0l (@,b,¢ ).
Hec105kHO IPOBEPUTD, YTO BEJIMYNHA <é, b,¢ >,

olpe/iesieHHast TakiuM 06pas3oM, Y/IOBJIETBOPSIET
CJIEYIONNM CBOMCTBAM:

0 (a,6,¢)=-(b,a,c)=-(acb)

3) <M,5,E>=k<&,5,6>

JUIS1 BCEX BEKTOPOB d, dy, Gy, b, € 1 BCEX 4mce
A. OTtmeTuM, 4To U3 cBOHCTBa 1 caemayer, 4To

(a.b.c)=-(b,ac)=(b¢a)=-(cba).



MATEMATHYECKHUHA KPYXKOK

W BooGIe, st o000l Hamepes 3alaHHOM
[IepecTaHOBKU BEKTOPOB @, b, ¢ MbI IIOJIy4uM,
YTO COOTBETCTBYIOIIEE CMEIIAHHOE TTPOU3BEIE-

HIE ¢ TOYHOCTBIO /[0 3HaKa COBIIA/IaeT C <&, b,c >

Kpowme ToTO, SICHO, UTO €cm B34Th B KaueCTBe
BEKTOPOB d, b, ¢ €IMHUYHbIE BEKTOPbI, HAITPAB-
JIeHHble B/I0JIb KoopJuHaTHbIX oceil Ox, Oy,

Oz cOOTBETCTBEHHO, TO, OYEBH/IHO, <Zz’,5,6> =1.

OxasbIBaeTCs, 9TOro JOCTATOYHO, YTOObI Ha-
nucatb GopMyJry, BBIPAKAIONIYIO <d,5,6> qe-
pe3 KOOpAMHATBI BEKTOPOB @, b, €. B camom
JleJie, TaKk KakK, IepPecTaB/ss JBa COCETHUX
BEKTOPA, MBI MOKEM TTOJIYUUTH JTI060T Hamepes

3a/IaHHBII TIOPSI/IOK, CBOWCTBA, aHAJOTHYHbBIE 2
n 3, Gy/lyT BBIIOJHEHDI JIJISI BCEX BEKTOPOB B
BBIpKEHUH <&,5,E>. C apyroil CTOPOHDI, MbI
MO3KeM J1I060i BEKTOP BbIPA3UTh B BH/IE CYyMMbI
€/INHIYHBIX BEKTOPOB, HAIIPABJIECHHDBIX BIOJIb
oceil kKoopanHAT ¢ KOa(pPUIMeHTaMH, KaK pa3
PaBHBIMU KOOP/IMHATAM BEKTOPOB.
Boopy»KuBIINCH ATUMU 3HAHUSIMU, PACCMOT-
PHM cedyeHue Hallleil IPU3Mbl TJI0OCKOCTBIO, TIPO-
xozstieit uepes 1earp O
nckomoil cepor n ee
TOYKM KaCaHUsl C OCHO-
BanneM ABC 1 60K0BOI
croponoit BB,C,C (1ou-
xu T u A, na pucyn-
ke 4). TpeyroabHuk
OTQ npsamoyrombubii O a,
(O —Touka nepeceyeHust
IJIOCKOCTH U OTPe3Ka 0
BC); ero xarerbl paBHbI T @
W W 7, IOITOMY TaHT€HC @ Q
yraa ¢ = ZOQT pasen /¢4

N
Qﬁ

7
0
e Tak kak QO — 6ucceKTpuca, TO BeJUIHMHA

yraa ZAyQT pasna 2@, a €ro TaHTEHC PaBeH

2tge 2pw

1—tg2(p_w2—72'

tg20 =

Paccmorpum Terepb eIMHUYHBINH BEKTOp Z,
HaIlPaBJIEHHDIIT BEPTUKAJIBHO BBEPX, U €INHIY-
HBIH BeKTOp ¢ B Tiockoctn ABC, HampaBJeH-
HBII TEePHEeHANKYIApHO cTopoHe BC ocHOBa-
HUSI TIPU3MbI BO BHEIIHIOIO CTOPOHY OTHOCHU-
TEJbHO TpeyrosibHuKa. V3 pucyHka 4 BUIHO,
4TO BeKTOp 7, = OA, MOXKeT ObITh IIPe/ICTaBIeH
B BHUJIE CYMMDI:

7, =C0s2Q-Z +sin2¢ - d;.

HOE)TOMy I10cJie HpeOépaSOBaHI/Iﬁ C HCIIOJIb30-
BaHUEM TPUTOHOMETPUYUYECKUX TOXKIECTB

sinx + cos® x = 1, — = tgzx + 1 momyanm
cos” x

22
. wt -1 . drw
7 = 0.3 = .a

=
w2 +7'02 w2 +7'02

(MBI TIpUHUMAeM BO BHUMAHHE, 4YTO yrOJa 2¢
TYTIOI, €CJIN M TOJIBKO eC/n @ < 7). AHaIOrny-
Hbl€ PACCY>K/IEHNUS JIAl0T CJIE/LyIONINe BbIpasKe-

nust s 7, = OBy u 7, = OCy:

e L
7, = . -b
b 2 2 2 2 VD
o7+ 7 07+ 1y
_u2—r02 A .
c T T it 5%
U+ U+

r/ie Mbl 0603HAYMJIN CUMBOJIAMHE 51 u ¢y eINHIY-
Hble BEKTOPHI B I1ockoctu ABC, nepneHuky-
napubre croponam AC u AB coorerctBenno (n
HallpaBJIeHHbIE BO BHEITHIOIO CTOPOHY OTHOCH-
TesbHO Tpeyrosbiuka ABC). UtoObl HaiiTu
Terepb CMEIIAHHOE IIPOU3Be/[eHIe BEKTOPOB 7,
7y, 7., MbI BOCIIOJIb3YEMCSI T€M, YTO TI0 CJIeJIaH-
HOMY paHee 3aMEYaHWI0 Z MOJKET IIOSIBUTHCS
TOJIBKO, O/INH Pa3 B Ka’k/IOM MeCTe BbIPAYKEHUS
<ﬁ,b,5> , 1 [03TOMY

Wi Ano 4dryw

Pl i) = : : dy,b,7 )+
(i) (d062)
e g g

2 _ 2
dngu v -1y A

: : (¢ d,2) +
wrrg O vrg Wt
4ryu 4o W' -w - . L
o 00 0 (b e
2, .2 ~2, 2 3 _ o\
u +7’0 (e +70 w +ro

C npyroii cToponbl, cMelllaHHble TPOU3Be/ie-
HUSI, CTOSIIIME cIipaBa 3TO OODBEMbI IPSIMbIX
apaJiieJIennIe 0B BbICOTI 1 ¢ ocHOBaHHEM —
poMG6OM, 00pa3oOBaHHBIM d;, by, C; (Heca10:xHO
BUJIETH, YTO BCE 3HAKW IPU ITUX 00bEMAX
otcyTeTByIOT). Tak Kak Mo OnpefesieHuio BeK-
TOPOB d, 51, C; YIJIbI MEXX/y HUMH JOHOJHAIOT
20 180° yr/ibl TpeyroJbHUKA, I10JIy4aeM

<ﬁ1,51,61> = siny,<51,ﬁ1,2> =sinf, <51,Z‘1,§> =sino.
Orcrozna
(7,7, 7.) = 1677 ((uvw(wsinﬁ +osin o+

+usiny) - 75 (uosin B + uwsin o +

+owsiny)): (u2 + 702)(02 + roz)(w2 + 702)).
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KAJIEMJIOCKOII «<KBAHTA>»

..4TO XOPOLLEro MOXHO CAenaTs C BELYaMU, HE
[IPUBELEHHBIMU K CTEMEHU U MEPE, OCOOEHHO B
pusnke?

AneccaHgpo BonbTta

[povizBenerHHoe ¢ 6o/bLIes TOYHOCTLIO H3Me-
PEHME [JINHbI YT MEPUANAHA ... ObI/IO [10JIOXEHO
B OCHOBY Hambornee rpocror v eCcTecTBeHHOM
METPUYECKON CUCTEMbI MEP.

Mbep CumoH Jlannac

..Kaxnas Mosekysia BO BCeneHHoyw HOCUT Ha
cebe re4arb Mepbl 1 Y3 HACTOMIbKO Xe ACHYIO,
KaK 11 MeTP rapuXckux apX1BOB UITN KaK [BOVIHOM
LEPCKUV JIOKOTb KapHAaKCKOIo Xpama.

[xenmc Knepk Makcsenn

A 4acro YAUBJIAOCE TOMY HE3HaY1NT€/Ib HOMY
BHUIMAaHUIO, KOTOPOE YAESIAETCA BEJIMKOMY [PVIH-
yury /70,[706%5 Aa>XXe CO CTOPOHbI BeCbMa KpPYHbIX
YHEHBbIX.

[xoH Yunbam Panen

B @usuke .. HeT Mecra a1 MyTaHbIX MbIC/IEMN. .
LevicTBUTENIbHO TOHVMMAIOLLYME [IPUPOLY TOro MM
WHOIo ABIEHUS JOSIXKHBI [10/1y4aT OCHOBHbIE 33-
KOHbI 113 COOOPAXEHII Pa3MEDHOCTU.,

SHpurko dDepmm

byabTe ocropoxHsl! [TpoBepsvite cucremy equ-
HUL, KOIa OTKPLIBAETE HOBYIO KHUIY 0O S/1€KTPM-
yecrse!

flkoB CMOPOAMHCKINN

A Taxk M XOPOIIO 3HAKOMBI Ba

Da3MEepPHOCTb 1 nogobue &

ITepeBoa Mep, m3Mepenus, pa3MepHOCTb —
OJ/IHM M3 NEPBbIX TEPMUHOB, BCTPEUYAIOIIIXCS
B CaMOM Hauasne uaydeHus ¢pusuku. B nx
ocHoBanuu — mouarue MEPDI, ¢ xortopbim
CTOUT KPEMKO TOAPYKUTHCS U KaK ¢ Heo6Xo-
JIUMBIM MHCTPYMEHTOM JIJII TPAMOTHOTO pe-
HIEHUS 3/1a4, U KaK C OIOPOIi /1J1 KauecTBeH-
HOTO aHanm3a PasHooOpPasHbIX (DU3NUECKUX
cuTyarmii.

[TouaTp, 4TO <«CKpeIiseT» OIUCbIBAIOLIE
SIBJICHVE BEJMYUHDI, UTO JIESKUT B PyHIAMEH-
Te MCMOJb3yEMbIX BAMU CUCTEM €MHUII, Ka-
KOB GaJIaHC MEK/Ty WHTYUITEH W PacyeToM —
3TO M ellle OYeHb MHOrOoe [laeT BJajieHne
METO/IOM Pa3MepPHOCTEe U TECHO CBSI3aHHBIM C
HUM TIPUHITUIIOM TIO06S.

PasroBop 06 aTOM 3aiiMeT He OJIMH BBIYCK
«Kamneiigockomnas . [Toka e, 7000610 HAIUM
HacTaBHUKaM u3 anurpados, 3alimeMcs pas-
BUTHEM 4y6cmed mepvl B (pusnke.

Bonpocbl 1 3apaun

1. Urto ofmiero Mexkjy MOPCKOI MuJeit
(paBHoii 1852 M) u CeKyH/IOM?

2. Jlo oTxoma moesga 2 MWH, a MYyTb [0
Bok3asa 2 KM. Ecin 11epBblil KHJIOMETP CLIOPT-
cMen Gexkas co ckopoctbio 30 KM/4, TO ¢
KaKoif CKOPOCTBIO OH JI0KEH Tpo6eskaTh BTO-

3. Mosxer sin camodiet 3a 1 cekyH/y 1IpoJie-
TeTh 1 Kusomerp?

4. JIeBOYKM CJIETIMJIA CHETOBUKA, A MaJIbYl-
KU COOPY/IUJIM TOYHYIO ero KOIIMIO, HO B JiBa
pasa 6oJiblieil BbicoTbl. KakoBa Macca Kormmu,
ecau macca opurnnasa S0 xr? IlmorHOCTD
cHera cuyuTaiite Hem3MeHHOII.

5. Backer6oIbHBII MsTY HYKHO HAKAYaTh Ha
8 ¢ynros Ha kBaapaTHbiil aoitm (PSI, pound
per square inch). MaHoMeTp Hacoca u3Mepsi-
eT JlaBJeHue B Hackaigax. UTo MOKaxkeT 1pu-
60p TIOCJIe HAKAYKI?

6. OxHoll 13 XapaKTepuCTUK mucyeii Gyma-
T'U SIBJIIETCS ee IJIOTHOCTD G , /IJ1d U3MEPEeHUs
KOTOPOIi UCHOJIb3YIOT BHECUCTEMHYIO €MHU-

my I'/M2. Kaxoe maBienne oka3bIiBaeT Ha CTOJ

JucT 6yMaru MmJIOTHOCTBIO G?

7. Kaxk, mosp3ysicb COOOPOKEHUSMU Pas-
MEPHOCTH, OIPE/ICTTUTh 3aBUCUMOCTb CKOPOC-
TH 3BYKOBBIX BOJIH B CTEPIKHE OT MOJIYJIS
IOnra n nrotHOCTH MaTepmaia?

8. Meramimyeckoe KOJBIIO Pa3opBaJOCh
KYJIOHOBCKMMU CUJIAMH, KOT/Ia 3apsi/ KOJIbIa
6611 paBeH . HoBoe koJbIo Takux ke rabda-
PUTOB CJIETAaHO W3 MaTepuaja, IJIOTHOCTh
koroporo B 10 pas Gousibuie. Kakoit 3apsij
pPasopBeT HOBOE KOJIBIO?

poii KuoMeTp?
7\ _)
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9. Kakaa ¢usnuueckas BeauunHa MOXKET
U3MEPATHCA B €AUHUIAX (ZI;K/ KJIZ) .c?

10. Ilorenmwan B BepiiuHe KyOwWKa, 3apsi-
JKEHHOTO PaBHOMEPHO 110 06beMy, paBen 12 B.
UeMy paBeH MOTEHIMAT B IEHTPe KyOuUKa?

11. B kakux eIUHUIIAX BbIPAKACTCS HHTEH-
CUBHOCTD 3JIEKTPOMArHUTHOTO U3JTy4eHUSs?

MukpoonbIT
N3o6pasurte, HAIpUMeEp € MTOMOIIBIO TPAHC-
MTOPTHUPA, TIEHTPAJIbHbBIN YToJ BeJnanHoi B 10
I'Paj/yCoB, 3aTeM PACCMOTPHUTE €TI0 Yepe3 JIyIly.
WN3amennrcs i BenymHa yTJia?

Jio6onbITHO, YTO...

. C IPEBHUX BPEMEH WHJIEHIIBI TPU TIOKYTI-
Ke 3eMJId B KayecTBE C[MHUIbI M3MEPEHUS
MIPUHUMAJIN TEPPUTOPHIO, KOTOPYIO YeJIOBEK
Mor 000TH 3a ofnH ieHb. [ToaToMy mokyra-
Tesin OObIYHO HAHMMAJM JIJII 3TOTO CaMOro
6bIcTpOro GeryHa.

. pazMepbl MHOI'MX MOHYMEHTAJbHbBIX CO-
OPYKeHUH, B TOM vucJie u 3HaMmeHuToro Cro-
VHXEH/I’Ka, KPaTHbBI 0c060i Mepe JJINHBI, Ha-
3BAHHOW METAJUTHYECKUM SPJIOM W PABHOM
82,9 cantumerpa.

. Tasnmueit ¢ momonipio anaaM3a pa3MepHo-
CTeli BIIEPBbIE TIPUTITEJT K BBIBO/LY,, UTO BEJTNYH-
Ha 6e30I1acHO HATPY3KU HA eJNHUILY 00beMa
6aJiKi 06paTHO TIPOITOPITMOHATIBHA €€ JIJINHE.

. B pemernu [ammneem 3azaum o KoJieba-
HUSIX MaSTHUKA Y3Ke COJIEP3KaINCh coobpaske-
HUS O 110JJOGHOM TIOBEIEHUU MOJOGHBIX CHC-
teM. [IpuHIMT Xe TOAO6US B SICHOM BH[IE
Brepsble copmynupoBaan Heioton u I'yk.

K TOHATHIO PasMepHOCTH (PU3MUECKOIT
BEJWYUHBI W TPUHIUITY OJHOPOJHOCTH TIO
pasMepHocTsIM B 1822 Tomy 1epBbIM Npuber-
Hy dpanimysckuii yuenbiii sKan Dypbe, a
pasBus u pacnpoctpanuna J[xeiimc Maxc-
BeJLIL.

B 1832 romy HeMmelnkuii mMareMaTuk u
dusuk Kapx layce cozmgan abeosornyio cuc-
TEeMy Mep, BBe/Isl TPU OCHOBHBIE €IHHUIIbI /1T
TPeX OCHOBHBIX BeJIEYMH — BPEMEHH, JJTUHDI 1
Mmacchl. A B 1881 roay B Ilapuske 6bLa co3BaH
MesxryHapo/iHbIll KOHIpece, BIIEpBble yupe-
JUBIIUH  OOIIETIPIHSTBIE €IHUIBI M3Mepe-
HUS 15 (PUBWUYECKUX BEJIUYWH, TIPUCBOWB UM
Ha3BaHUS B YECTh BEJUKUX (PUIUKOB.

. TI0 Ceil JileHb HEKOTOpbIe BHECHCTEMHbIE
eIMHUIIBI He YTPAuMBaIOT CBOEH aKTyasbHOC-
TH U yA06CTBA M TPOJOJIKAIOT aKTUBHO WC-
M0JIb30BAThCS — KaK, HANPHUMEp, <JIOIIAIH-
Has CUJIay, «aCTPOHOMMUECKAST e[ITHATIA [IJTH-
HBbI» U «MUJLIIMETP PTYTHOTO CTOJOA> .

Maxc Ilnank, BBemmmii B 1900 romy
CBOI0 3HAMEHWUTYIO TOCTOSHHYIO, OTMEYal,
YTO €r0 KOHCTAHTA BMECTE CO CKOPOCTDHIO CBETA
U HBIOTOHOBCKON TPaBUTAIIMOHHOW MOCTOSH-
HOIT 06pa3yioT aGCOMIOTHYIO CUCTEMY €/[UHHUII.
[TpuHIIUIIIANBHO, YTO C TOYHBIM OTIPEIeJIeH -
eM u (ukcaiyeil BeuunHbl yHIaAMEHTAb-
HBIX KOHCTAHT TECHO CBSI3aHBI COBPEMEHHBIE
3HAYEHUS HTAJOHOB eMHUI MI3MEePEHNUS.

OCHOBOIIOJIATaloIIee OTKPBITHE KBAHTO-
BOIl (pUBWKN — WIest KBAHTOBAHUS — POJINJIOCDH
Ha ocHOBe anasm3a Humbcom Bopom pazmep-
HOCTel (PU3MYeCKuX BEJIMYMH, XapaKTepusy-
IOIMUX JIBIDKEHUE 3JIEKTPOHA BOKPYT S/Ipa
aToMa.

..mogutereBmuit B 1999 rogy k Mapcy koc-
mudeckuit anmnapar HACA nporesn ciunikoMm
HU3KO HAJl TIOBEPXHOCTDIO MJIAHETBI U CTOpeT
B ee armocdepe. K aBapuu mpuBesia nocTbi-
Hasl onmmMOKa: O/IHA TPYTIIA CIIEIHATNCTOB HC-
M0JIb30Baa TIPU pacueTax OpUTAHCKUE €lIH-
Hunbl usmepenust (GyHT-cuaa), a apyras —
MeTpudeckne (HbIOTOH).

YT1o yutatb B «KBaHTEe»
0 pa3mMepHOCTU U nogobun
(ny6auxauuu nocaednux rem)

1. «M3 3anucnoil KHUMKKM YyuuTeasd» —
2014, Ne> /6, c. 18;
2. «Cuna B opun 6ypatuno» — 2015, Ne2,
c.30;
3. «PasmepHOCTH U ... IPABUJIO KBAaHTOBA-
nusg bopay — 2016, ITpunoxenne Ne2, c.144;
4. «O06bBsTh HEOObsATHOE, 1M Ee npellomo-
6ue Pazmepnoctby — 2019, Ne2, c.2;
5. «3aueM TLTIONUTh 3epHa, nian O MI0THO-
cti motokoBy» — 2019, Ne11, c. 27;
6. «Boruncienns 6e3 BoruncaeHnii> — 2020,
Net, c.21;
7. «benple xapaumkm — KpucCTaJandecKne
3Be3anl» — 2021, Ne5, c.17.

Mamepuan nodeomosun A.Jleonosuy




34 KBAHT

PaBEHCTBO HYJIIO 9TOTO BHIPAKEHUS] HKBUBA-
JIEHTHO OOPAIEHUIO B HOJIb YUCIUTEIsE APpo0H,
OTKY/Ia [0JIy4aeM UCKOMOE BbIPAKEHUE IS 7
u3 mpasoii yactu dpopmy.abr (1).

[Ipesxkae BCEro OTMETUM, UTO MOJTYIUBIIEECST
BbIPaKEHUE BCEr/ia MMeeT CMbICI: TaK Kak o, B
U Y — yrJbl TPEYrOJbHUKA, UX CHHYCBI BCErja
HOJIOKUTE/IbHbIE, & 3HAYUT, APOOb, CTOSAIIASL
crpaBa, Beer/a noJoskurebHas. [loatomy, Ham
MOKHO He 6ecrnokoutbess — Hama (Gopmyiia
BCer/la IaeT OTBET Ha MOCTaBJIEHHbBI BOIPOC.

Takum o6pasom, popmyaa (1), mosyuennas
HaMU, BCEM XOPOIIa, KPOME OJ[HOTO: MbI TIOJIy-
YU ee YMCTO anreGpandecku, a 3HAYUT, HAM
GyJeT TPY/IHO IIOHATDH, KAKOBbI F€OMETPUYECKIE
cBOiicTBa y 3TOrO BbIpaskeHus. [la u BooGie,
XOTeJOoCh Gbl UMeTh GOJiee «CHHTETHYECKOE>
«IIKOJIbHOE» pellleHre Halleil 3a/1aun.

[laBaiite g Havyaja MOCMOTPUM TTOBHMMA-
TeJIbHee Ha TI0JIYYHBIIEECs BbIPAJKEHUE: B 3Ha-
Menateste popmybt (1) crout cymma uosinp +
+uwsina + vwsiny. Tak kak sin (180° - x) =
=sinx, Mbl BuauM (puc.5), 4TO sTa CyMMa

Puc. 5 C

PpaBHA Y/IBOEHHOH 1110111811 TpeyroJbHIUKa QRS.
C npyroii cTtopoHbl, B yucauTes e [POGH CTOUT
BBIpKEHTEe

uvw (wsin P + vsin oL+ usiny) =

b a c
= Uow| W—+0—+u—
2R 2R 2R

)

rae da, b, ¢ — croponst Tpeyrosibanka ABC, a

R — pagnyc onucanHoii 0K0JIO HETO OKPYKHOC-
i (MBI BOCIIOJIB30BAJINCH TEOPEMOIT CHHYCOB).

1 1
Tak xax 740= Spep, Ebw = Scap, FM= Sapp,

2021/Neé

Mbl BHJAUM, 4YTO YHCJIUTEJIb leOéI/I paBEH

uovw
—— S 4pc- B utore Mbl nostydaem cieayronyo

R
dopmyary nmg pagmyca cdepbr:

2 =40 Sasc, 2)
2R SQRS

CorJilacHO 3HaMEHUTOH TeopeMe Dilaepa o TJI0-
MM MeaJbHOTO TPEYTOJIbHUKA,
R - d* s

ABC>

4R

rie d — paccrosinue ot P /10 TIeHTpa OnucaHHoil
okoso ABC okpyxHoctu. IloxcraBisiga ato
BbIpaykeHUE B QOpMyJTy AJS paanyca cdepsl,
TmoJTydaeM

SQRS =

5 2Ruvw
= o7
Ira GopMy.Ia Topas/Io IPolie U CHMMETPUYHee
IpebIAYIel, OJHAKO OCTaBJISIET He MEHbIIe
BOIIPOCOB; TIPEXK/e BCETO, HETIOHATHO, MOKHO
JIN TIOJIyYUTDb BBIPAJKEHHUE, CTOAIee CIIPaBa,
UCXOJISl U3 TEOMETPUUYECKUX COOOPasKeHuit?
[TpusHatoCch 4eCTHO, OTBETA HA 3TOT BOIIPOC Y
MEeHsI HET, W ecJM KTO-HuOy/b 13 uuTaresei
Hall/ieT pelieHue, Bblaolee MoJIydYeHHoe HaM 1
BBIPaKEHNE IS 7, ICXO/I N3 YNCTO TEOMETPH-
YEeCKUX COOOpaKeHWil, U He HCIOJb3yloliee
6O0JIBIIIOTO KOJMYECTBA BBIKJIAJOK, S OYIY paj
Ha Hero mocMoTpeTb. OTHAKO IPUBE/LY PACCY K-
JIeHne, TI03BOJISIolee HEMHOTO COKPATHTD BbI-
YICJIEHUST U 3a0/HO TIPOSICHSIONIEe CBS3b MeK-
Iy PaJnyCcoM BITMCAHHOH cepbl 1 CBOHCTBAMNI
U30TOHATBHOTO COTIPS>KEHMUS.
[Tocmorpute Ha pucyHok 6: Ha HeM u306pa-
JKEHO CeveHHe JaHHOW IPHU3MbI IJIOCKOCTDIO,
T W O npoxo/sieil yepes
, LEHTP cepbl U TOUKN
ee KacaHusl ¢ OCHOBa-
HUSAMH U TPaHbIO
/ BB, Aj/A. Bunno, uto
o noJryyuBIIascss Qury-
pa SBJISIETCS Tparery-
eil ¢ PSMBIMU yTJIaMI
U mpu Beprmuax T uT”.
T u Q B cuny pasencrsa o1-
puc 6 PE3KOB  KacaTe/bHbIX
noJsygaeM, uto QQ’ = u +u’ (rae u’ — paccro-
SHWE OT TOYKM KacaHusl cepbl ¢ BEPXHUM
ocHOBaHueM Tpu3Mbl Q' 10 cTOPOHBI BjA)).
ITpoBest BBICOTY MPU3MBI Yepe3 Q’, MoTydaeM
PSIMOYTOBbHBIN TpeyroabHuk QUQ’ ¢ Karte-

3)




MATEMATHYECKHUHA KPYXKOK

tamu [u — | u 2#,. Orcioga no reopeme ITuda-
ropa mosyJaeM

4ig = (u+ u')2 —(u- u')2 = 4ud,

T.e. uw’ = 7¢. Mbl BUAUM, UTO %) OYEHD IIPOCTO
BBIpAyKAETCsl uepe3 paccTostHus u u . Takum
JKe 00pa3oM,

wl =0t = ww =17 4
2 2 2
7 7 7
CaenoBarensiio, v’ =2, ¢/ =L o' =2 C
u
JIPYTOil CTOPOHDI,

cu+tav+bw=28,p5c =2S,p50 =

7 7 7
=c/+av +bw' =cL +aL +p L
u v w
Orcoa
2 (c a b
1‘0 =2SABC' —+—+_,
u v w

YTO C HOMOIIbIO TEOPEMbI CHHYCOB HECJIO0KHO
1peo6pas3oBaTh K y)Ke 3HAaKOMOMY HaM BUJLY

2 _ uvw Sppc
Ty = —— 2=
2R Sogs

Taxoe perenue, KOHEYHO, BBITJISIUT MPOIILE,
4yeM MpefbliyIiee, HO OHO TOXE B KOHEYHOM
utore OODBICHSCT TIOSBJIEHUE ILJIONIAIN TpEy-
rojibHuKa QRS 1py OMOIIM TeOPeMbl CUHYCOB
U HEKOTOPOro KOJHMYECTBA IPeoGpasoBaHMil.
Kpome TorO, OHO TO3BOJIAET HaM MOJYYUTDH
opmyty, BbIpaskalollyio paccrosiius u’, o', w’
OT TOYKH, U30TOHAJIBHO CONPSIKEHHON JaHHOI,
IO TIPSIMBIX, COJIEPKAIUX CTOPOHBI TPEYTOJIb-
HUKa:

u’=7_= 2Row P 2Ruw
u R*-d* v R?*-d*¥

, _r*  2Ruv

© R'-d*

Koneuno, atu (popMyJsibl N3BECTHBI, HO MHTe-
PEecHO, OJHAKO, YTO MbI NPHILIN K HUM U3
CTEPEOMETPHUYECKUX COOOPASKEHHIA.

3asepiasi pasroBop, HpuBeaeM 060GIIEHST
IS OIIMCAHHOI BOKPYT cepbl yceueHHOil Tpe-
yrosbHoil nmupamuibl. OcHoBaHus TaKoil yce-
4yeHHOW mnupamujipl — TpeyrojbHuku ABC u
A’B’'C’, y KOTOPBIX COOTBETCTBYIOIIIE CTOPOHBI
napasenbibl. Takum o0pasoMm, ciaydvail 1pu-
3MbI BOBHUKAET [P PABEHCTBE TPEYTOJbHIUKOB
ABC u A'B'C’. JlokasaTe/ibCTBa TPEIOKEH-

HBIX YTBEP>KICHNUI MBI He TPUBOANM. UnTaTesb
MOJKET MOMpoOOBaTh J0KA3aTh MX CAMOCTOSI-
TeapHo (XOTS JJ0Ka3aTh UX HE TaK MPOCTO).

YrBepxknaenue 2. Ecau cghepa, snucannas 6
YceueHnyo mpeyzoavHyio nupamudy, Kacaem-
ca ocnosanus ABC 6 nexomopoti mouxe P, a
ocnosanuss A'B'C’ — ¢ mouxe P’, mo npeobpa-
306anue nododus, KOMopoe nepesooum mpey-
eomvnux A'B'C" ¢ ABC, 6ydem nepesodumo
mouxy P’ ¢ mouxy, u3020HAILHO CONPSKEH-
nyto mouxe P (omuocumenvio mpeyzoivnuxa
ABC).

YrBepxkaenune 2'. [lycmov dan mpexzpanmoiii
Y2071 U NJOCKOCMb, Nepecexaowds ezo no
mpeyzonvnuxy ABC. B mpexepannviil yzon
snucanovl 0se chepol, Kacarouuecs niocKkoCmu
ABC 6 mouxax P u P'. Tozda P u P -
U30Z0HANLHO CONPSAKEHHBIE MOUKU MPEY20b-
nuxa ABC.

3amaua 4 (A. 3acnasckuit, XVII Oaumnna-
na mo reomerpun uvenu 1. @ . [lappiruna). B
YCEUEHHYIO MPEY20abHYI0 NUPAMUOY BNUCAHA
cpepa, xacarwascs ocnosanuil 6 mouxax Ty,
T,. Ilycmo h — evicoma nupamudst, a Ry, Ry —
paouycol OKPYHKHOCMEL, ONUCAHHBLX OKOJIO ee
ocnosanuil, O, O, — ueHmpvL IMUX OKPYHKHOC-
meit. [loxkaxume, umo

RiR = (Rf —OT?) (RS = O,T7).  (5)

Otmernm, uto dopmy.ta (5) cormacyercs c
Hameil popmy.ioi (3).

B camoMm neste, muisa carydas onmmcaHHON TTPH-
3mbl popmya (5) mpuobperaer Bu

ARM = (R*=d*)(R*-d?),  (6)

nockonbky Ry =R, =R, h=2r, Oli=d n
anasorndno O,T, = d’ 17151 U30rOHAJIBHO COTIPSI-
sKeHHOU Touku. Tenepb paBeHCTBO (6) MOKHO
HOJIYYnTh, epeMHOXUB Gopmy.ry (3) ¢ Takoit
e (OPMYJTIOH /71 M30TOHAIBHO COMPSIKEHHOM
TOYKM M BOCIIOJIb30BaBIINCH paBeHcTBaMu (4).

Aemop 6aazodapum Ilasra Kosxesnuxosa
3G MHOZOUUCICHHDLE GAKHBLE U NOJLE3HbIE 3AME-
yanus u 000asenus, KoOmopwvie 6 IHAUUMe b
HOU Mepe YAYuwuiu mexcm.




OU3UNYECKUN DAKYJIbBTATHUB

34aneka gonro
TeYeT peka...

A.CTACEHKO

B npyvpoge ...Bcoay pazmmro YyBCTBo,
HO TOJIbKO B PEKAX COAEPXKUTCH MbIC/Ib.

Anekcen VBaHoB

Pek na 3emue — Besmmkoe MHOXkecTBO. Cpejin
HUX €CTb ITOJTHOBOJHBIC TIOTOKH, TOPOIUBINTE
nbiable tusrausaun (Huo, Esdpat...), n
muduueckue peku 3aésenus (Jlera, Crukc). A
KTO ’Ke He 3HaeT PYCCKHX pek — oT Bosru u
[ona o Jlenor u Amypa...

Jlto6ast pexka — CJIOKHBIN OpraHu3M, HE YH-
BHUTEJIHHO, YTO K KOHI[Yy TPOIIJIOTO ThICSYese-
THS y3Ke cymecTBoBasno 6osee 350 (peromeno-
JIOTHYECKUX TEOPUH peduHbix mporeccoB. Og-
HAKO 3TO He OCTaHOBUJIO Hekoro CrocoGHOro
ET91mHuka, KOTOPbBIN pemn pa3BuThb caMmylo
COBPEMEHHYI0 (DU3MKO-MATEMATHUYECKY IO MOJIEIb
pexn. KoHeuHO, Kak moJlaraeTcss BO BCSIKOI
MIPUJIMYHON MOJZENN, TIPUHSAB <P YIIPOIIato-
MUX TIPEITOJN0KEHUN> .

IIpesxme Bcero Hair uccjaeqOBaTesb BCIOM-
HILI O INHAMHEKE TeJIa IlepeMeHHOi Macent m (t),
KoTopas onucbiBaercs ussectubiM (1897) ypas-
nennem Memepckoro (1859-1935), comepska-

. dm
UM CEKYH/IHBIH PAacXoj MaccChl uz—%

([u] = xr/c) u ckopocts ABHIKEHNS 9TOI Macchl
OTHOCHUTEJIBHO TeJIa U:

dov
m—=uu+ F.
a "

B orcyrcreue Bremuux cui (F=0) orcona
nosyyaercss 3Hamenuroe ypastenne (1903)
[Tnoakosckoro (1857—1935), nesxkariee B 0OCHO-
BE COBPEMEHHOII PaKETHON TEXHUKM:

mdo = —udm, wm < = 1n 220_,

u m(t)
3ech moJioxkeHo v = 0 u m = m, B HAYAJIbHBIN
MoMeHT Bpemenu ¢ =0, a pacxoj Maccbl W
CUUTACTCSA TIOCTOAHHBIM, TaK 4YTO M = my — Mt

(puc.1).

3aMeTuM, 4To 10/I00HbIE NCCJIe/JOBAHIS HEO-
JTHOKPATHO ITPOBO/IIINCDH B TeueHne 19-ro Beka,

DOI: https://doi.org/10.4213/kvant20210606

0 1 t
my/1

Puc. 1. Pakera xXepTByer Maccou 1 MoXer rpuob-
PECTI CKOJIb YrofHO OOJIbLLYIO CKOPOCTE

HO, 3HAYUTEJbHO OIepexkas CBOe BpeMs, He
[IPOU3BEJIU TOTO BIIEYATJICHMS, KOTOPOE BbBITIa-
JIO Ha JoJ0 6GoJiee ITO3AHUX KCCJELOBAHUN
Havasa 20-ro cTOJIETHS.

[pyroii mpumep — POCT Kallld, KOTOpas
HAYMHAET Najarh B moJe Tskectn (yeKopeHue
g) B O6JIaKe HEMOABMKHBIX MHUKDOKATIETD CO
cpejHell II0THOCTBIO P,.. PocT Maccwl najaro-
IIeil Karn OMUCHIBAETCS YPAaBHEHIEM

dm = 7'wr2pK =u>0.

dt
[Tpu sTOM OTHOCHTEIBHAS CKOPOCTD MPHUJINIA-
IOIUX MHKpPOKaleab paBHAa # = —v, TaK 4YTO
ypaBHeHue Melepckoro gaer
dm d(mv)

— ———Z=m
de "M ar g

43
YuuteiBas, 4ro m = §W Py, M3 3TUX ypaBHe-

Huit mosyunm (puc.2)

Q
Il
~[Q
~

0 t
Puc. 2. MnepTHbie mukpokanm obnaka, CivBa-
ACb C Na[arnLLers MakpoKarniey, 3HaqymTes1bHO
YMEHbLLIAIT yCKopeHue rocieqHev. [lokazaH pe-
3Y/ILTAT B Ha4asie rpouecca, Korga cornpormsie-
HUEM BO3AyXa elye MOXHO rpeHebpeys
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Hcmounux

Puc. 3. Mogenb peku, rnotok BoAbl B KOTOPOH
pacrer 3a cder MpuToKoB, O — YroJl HakIoHa
PABHUHBI, 10 KOTOPOU TeYer peka

rJle X — PacCTosiHNe, IPOUIEHHOE C HAYAJIbHOTO
MOMEHTA, P, — IJIOTHOCTb BOJbI, ¥ — PaJHyC
KaIJf, @ — ee YCKOPEHHE.

A Kak ke peka? B orTsmume oT pakersl,
TepsIoNiell MacCy paan yBEJIMYeHNs CKOPOCTH,
pPAcXo/l BOJBI B PEKE PACTET 34 CYET MPUTOKOB.
Ecuu csieBa 1 cripaBa nmopiiuu Bo/ibl IpUGLIBAIOT
1o/ NPSAMBIM YIJIOM K pyciy peku (puc.3),
mocJieiHell IPUXOANTCS YCKOPATh WX, KaK U
Karuie, najaiouieii B o6sake (BCIOMHUM, 4TO
u = —v). Pacxos BOIbI P,0S MOXKHO BbIPAsKaTh
B KI/C, HO TIOCKOJIbKY TIJIOTHOCTD BOJBI TOYTH
MIOCTOSTHHA, TO B PEYHOM XO3SIIICTBE €€ pacxo/l
SO BBIPAXKAIOT B M° / c. Namenenue aToit Bemdn-
HbI BIOJIb X (BI0JIb TEUEHMS ) 3AITUIIIETCS B BUJIE

d (sv) oM
— =4, [q] - .
dx C M,
3/1ech BBEJIEH «METp BJIOJIb TIOTOKA — M,», BO
n30esKaHe UCKYIIEHUs] COKPATUTD ero ¢ Ky6o-
METpaMu.

Harmomuum, 4to cyiecTByeT /iBa MMoOAX0/a B
JMIMHAMUKE HETPEPLIBHON Cpeibl, CBI3aHHBIX C
UMEHaMHU [JBYX BeJIMKUX yueHbIX. CoryacHo
Jlarpamsky (1736—1813), npeasaraercs Bbije-
JINTH, T.€. TIOMETUTD HAYAIbHBIMH 3HAYEHUSIMU
KOOPAMHAT, YACTHUILY CPE/IbI U CJIEUTH 3 U3Me-
HEHHEM BO BPEMEHM 3THX 3HAYEHUIl BIOJIb
tpaextopun yactuibl. Corsacuo Jiinepy (1707—
1783), Teuenne HenpephIBHON Cpe/ibl aHAIN3U-
pyeTcsl B Pa3JMYHBIX TOYKAX MPOCTPAHCTBA B
JTAHHBI OTPE30K BPEMEHH.

OtrennBast BbIllle IUHAMUKY Kallin B 00JIake,
MbI IpuHsIN nojaxos Jlarpanxka. [las aBosio-
1Y TIAPAMETPOB PEKU KaK MPOCTPAHCTBEHHO
TIPOTSKEHHOTO TeJsla 11eJIecO06pa3Ho MPUHATH
TOYKY 3peHUs Oiinepa. [ng Hammx 1eseit

JIOCTATOYHO UMETb B BU/Y CBSI3b MEK/Y 3THMHU
MOAXO0/aMI — Macca TeJsla 3aMeHsIeTCs TI0THO-
CTBIO MIOTOKA MACCBI: M <> PSU, TPOU3BO/IHAS
10 BPEMEHHU 3aMeHsieTCsl ITPOU3BOJHON 10

MIPOCTPAHCTBY: —— ¢> U——, 4TO BIIOJIHE OYe-
dt dx
dx
BH/JIHO, TaK Kak 0=E. [Momuepkuem, uTO

3/leCb PACCMATPUBACTCSI CMAUUOHAPHOE Tede-
uue pexn. [lo cytn, MBI y3Ke HCIONTb30BAIN 3Ty
3aMeHy TIpH (POPMHUPOBAHNN YPABHEHMS PacXo-
Jla Macchl.

[Ipu BbIBOMIE ypaBHEHMS] UMITYJIbCOB JIJIs Te-
KyIIell PeKW BCIIOMHUM BBIBOJI YPABHEHUS [IU-
HAMWKHI KaIlJU TePeMEHHOI Macchl, pacTyIiei
32 CYET BCTPEYHBIX WHEPTHBIX MUKPOKAIEJh:

do dm d (mv)
m— =—-v——+mg, Wim —_—~ =mg.
dt dt dt
[l pexu, Teky1iei o HaKJIOHHON TJIOCKOCTH,
MOJTY UM

do d(sv) , f
SO—— =—v——2+sgsino + -,
dx dx R
TaK 4To
M =sg sin o, + L
dx P

3/1ech MBI y>Ke MOJIeJININ Ha TIIOTHOCTD BO/IBI
KpPOMeE CKATBIBAIOMIECH CHJIBI YU TOPMO3SIILYIO
CHJLY , IIPUXOASIITYIOCS Ha €IUHUILY JJIMHDI PEKH,
oT Bcex nputokoB. OHAKO, TI0 KpaiiHeil Mepe
13 coo6pakeHUil pa3sMepHOCTH, MOKHO 3arlu-
caTh BBIPAXKEHHE 3TOI CHIIbI B BHIe &P,0°hAX,
B KOTOPOM BC€ OCOOGEHHOCTH <«CIIPATAHbI» B
kosdduimente &. (Hermmoxo 6bL10 Obl, MOIY-
MaJl Halll CIIOCOOHDIH Tepoii, OIleHUTb XOTs Obl
nopsAaok sroro koadggpunnenra.) B pesyabrate
MOJIyYUM N3MEHEHHE NMITYJIbCa TOTOKA XKHIJIKO-
CTH B BUje

d(sv-v)
dx

3/1ech yuTeHO, UTO peKa IMIMPOKa, HO He OYeHb

= sgsino - E0%b.

h
myéoKa OTHOCHTEJIbHO CBOEW IINPUHDI: E < 1,

MO3TOMY «CMOYEHHDII» TIEPUMETD MOYTH PaBeH
b (cM. puc.3).

[lns ymobcTBa ananumsa ypaBHEHHN 4YacTo
UCTIOJTb3YIOT MacIiTaGupOBaHUE TIEPEMEHHDBIX,
OTHOCS UX K COOTBETCTBYIONINM XapaKTePHBIM
3HaveHusIM. B paccMaTpuBaeMom ciydae Taku-
MU MacitabaMi MOKHO BBIOPATb 3HAYEHUS



38 KBAHT

[IePEMEHHBIX B YCTbE PEKU: CKOpOCTh V, ceye-
Hye moroka S, mimHa pexu L. IIpoenas ato
MacIITabupoBaHue U COXPAHIA AJIS IPOCTOTHI
npeskane o6osHauenus (HO Hu4ero mHe 3a0bl-
Bast), 3alliIeM CUCTEMY yDaBHEHUH B «Ge3pas-
MEpPHOM»> BH/[E:

d (sv) L d(sv-0) )

Y g S 45—

dx qSV’ dx s~ Bo's,
i L{B/H

rﬂeAngsmoc Bt /

. axe me pe-
2 ’ ﬂ
v AY .
mast MoJIyYeHHYl0 cucrteMy ypasHeHuil (KTo
XO4eT — movyeMy Gbl HET?), MOKHO ITIOJyYUTh
BaKHble cBejleHusA. B yacTHOCTH, NepBbIil KO-
aurenT A B mpaBoil 4acTH BTOPOTO ypaBHe-
HUA UMeeT IIyGoKuit (pusndeckuit cmbica. Beab
PaBEHCTBO
V2
max
2

orpeiesisieT MaKCUMAaJIbHYIO CKOPOCTb, KOTO-
pyIo puo6peTaeT TeJao WM Ta JKe peKa, CBO-
6omHO Tazasg ¢ BbICOTBI Y = Lsino. Bropoe
cJaraeMoe COJIeP>KHUT BCe TeOMETPUYECKIe Mac-
mrabbl peKu — JUTMHY, IMUPUHY, TJIyOUHY.
Opnako, noxyman Crnocobubiit EI9mnuk,
1opa CJ/ieJiaTh HEKOTOPbIE YHUCJEHHbIE OIEHKH.
[Tpumem cremymomue 3HAYCHUS OIpeIesIsio-
X TTapaMeTpOB, XapaKTepPHBIE /IS <«THUITIY-
Hoit» paBuunaHO# pexu: L = 3000 kM, S = 10% M2,
B/H =10%, Y =300 m, 0. =107 paz., V =1 mjc.
OtMmeTnM, B 9aCTHOCTH, YTO BCJEJCTBHE MAJO-
CTH YTJia HAKJIOHA JOJMHDBI MOXHO TIOJIOXKUTH
sino = o.. Y paBHEeHUe UMITY.JTbCOB B 6e3pasMep-

2021/Neé

HBIX HepPeMeHHbIX MPUMeT BUJL
d(sv-0)
X

=3-10%s — £0%s - 3-10°.

Bupno, uTo mepBbIil yncieHHbIH KoadduiueHTt
A B TIpaBoii YacTy ypaBHEHNS HAMHOTO TPEBBHI-
aeT eMHNILY, a Belb HAanOOJIbINe 3HAYCHNS
BCEX MCKOMBIX TEPEMEHHBIX PABHbBI €NHHUIIE,
COTJIACHO BBITIOJTHEHHOMY MAaCHITaAOMPOBAHUIO.
CiiefioBaTesibHO, JieBasi 4acTb YPaBHEHUS He
NpPEBBINIAET €IUHUIbI, a 3HAYUT, U BTOPOE
cJjaraemMoe cIipaBa MOYTH paBHO mepBoMy. Ta-
KM 06pa3oM, MbI IMeeM MaJIyio pa3HOCTDb JIBYX
OOJIBIINX BEJMYNH, OIMUCHIBAIOIINX CKAThIBAIO-
MIYIO CUJTY U CUJTY TOPMOSKEHUS, ¥ 9TY Pa3HOCTD
MO3KHO MOJIOKUTH paBHOI Hy 0. (DakTHyecKkn
ATO O3HAYAET, YTO CUJION WHEPIIMKA MOKHO Ipe-
He6peunb. VHaue, cuas B JOAKe, yBJICKAEMOIl
MOTOKOM, MbI TIOYYBCTBOBaJM Obl, 4YTO HAac
or6pacbiBaer K kopMme.) OTciofa, INOJI0XKUB
v =1, s =1, MOJYyYNM TOJIE3HYIO OLIEHKY K0a(-
urnumenra: & = 1072

KoneuHo, B mpuBe/IeHHBIX BBIIIIE PACCYK/IE-
HUSX HE YYTEHO BJIUSHUE TOK/CH, NCTmapeHus,
[IO/IBO/JIHBIX KJIIOuell, reii3epoB, pycaJlok U BO-
JISTHBIX, NH(UABTPAIIMN BOJBI B I'PYHT, BETPO-
BbIX BOJH, cuibl Kopmosmca (Begp 3emis
ppamaercs)... Ho «ne sarpaxiail ncrounuka,
KOTOPDIIf TOTOB MPOU3BECTU U3 ce6s GOJIBIIYIO
peky» (Tpuropuii Borocios).

BrpoueM, kto Mernraer BaymMmunBomy Hnrare-
JIIO yuecTb Bce 3TO B (oJiee COBEpIIEHHbIX
GU3UKO — MaTeMaTHYECKUX MOJIEJISX ?

HAIIN HABJIOAEHUA

Y710 Takoe
noXxaesaHue

C.4BOPAHUHOB

pekpacHoe BpeMmsi roja — BecHa. OHO

MOJKeT OECIIOKOUTH: BHE3aIlHOEe H3MeHe-
Hue 1morobl. OpUEeHTUPOBATHCS TOJBKO Ha Ka-
JIEH/Iapb HEJb3s: TO BAPYT TOAYET XOJIOIHBII
BeTep, TO 3aMOPO3KU HATPSIHYT. A erile ObiBaeT
U TaK, 4TO TPOUET JIeASTHON /T0K/Ib.

Y yesioBeKa IPH ATOM HET HUKAKKX IIPOGJIEM.
Kak ckasam 1moar, y TPHPOAbI HET IJIOXON
TOTO/IBI. B 710Me MOXXHO CHOBA BKJIIOYUTDH OTO-
IJICHNE, a BBIXO/A Ha YJWILY, HAJeTh TEIIyIo
kyprky u manky. Ho Bor y Ilpupospr...

BosbHO BujieTb, Kak MOKPBIBAIOTCS KOPKOM
JIbJla BETKH JIEPEBbEB C PACIYCTHBIINMHUCS
mBeTkamu (puc.1) WM Kak Ha Ta30HaX 3aKPbl-
BAIOTCS W JK/AYT TEIJIa 3HAKOMbIE HaM O/lyBaH-
unkn (puc.2). A 4TO memaTh € IBETYIIMH
TLJIOZIOBBIMHU JIEPEBbSIMU U KycTapHuKamu ? Kak
3alUTUTD WX OT MO3/IHNX BECEHHUX 3aMOpPO3-
koB? Hwuskas teMmmeparypa MOKET CBECTH Ha
HeT Bech OyAYIINI yposKaii.



HAIIKM HABJIOAEHMHUA

Puc. 2

CpezcTBa 3ammThHI I3BECTHBI. Meskue pacre-
Hus (Hanpumep, paccaly NOMUAOPOB) MOKHO
YKpbITh. Bo MHOTHX MecTax, 0COGEHHO B HU3U-
HaX, CaJl0BO/JbI ¥ BUHOTPAIapU PA3BOAAT JIbIM-
Hble KOCTPBI WM JKTYT CIEIHaJbHbIC CBEYH.
Tenplii BO3/yX COXpaHSIET HEXKHbIE IOYKH,
POCTKH U IIBETKU OT XoJi0/1a. Kaptuna mpu atom
BO3HUKaeT paHTacTUYeCcKash M HATOMUHAET Ta-
MHCTBEHHBIN HouHOU Topox (puc.3). Ho ceeun
CTOAT [IOPOTO, a [BIMIATh JBIMOM HE OYeHb
TIPUSATHO.

Puc. 3

Cpenu MHOTHX CIIOCOOOB 3allUThl PACTEHUI
OT BO3/ICHCTBUSA HU3KHUX TeMIepaTtyp ecTb |
croco6 soskaeBanusi. Ha ogHoM cazoBojvec-
KOM caiiTe 6bLIO HAIIMCAHO, YTO «MEJKO PACITbI-
JisieMasi BOJIa IIPU TIONA/IAHUU HA PACTEHUs
UCIIApsIeTCsi, TeM CaMbIM IOJIOTPEBasi BO3/yX
BOKpYT». [IpounTaB aT0, MOXKHO HACTOPOKHUTD-
csa. Heyskennm Bce MpPOMCXOAUT MMEHHO TaK?
Kazamocs 6b1, ecyi Bojia cIiapiuach ¢ moBepX-
HOCTH PAacTeHHs, TO OHa 3abpajia Temao y
PACTEHUS, POCTOUKY-JEMECTOUKY CTAT0 XYJKe.
Kaxaprii MOMHUT, YTO ecJm Tocje AyIna He
BBITEPETHCS MOJIOTEHIIEM HACYXO, TO TPH/ETCS
TPATUTD TEILJIO HA HCIAPEHNE BOJIBI C TIOBEPXHO-
CTH TeJa, a Tak U JI0 MPOCTYy/bl Heganeko. U
JlasKe B sKapKylo oroay (IIpu ucrnapenuy nora,
HaIpUMep) Ha CKO3HSAKE MOKHO 3aCTYAUTb U
ropJio, U JIerKUe.

Kak »xe Ha caMoM JieJie IefiCTBYeT JOK/IeBaHIe
npu 3amMopo3kax? Ilonmpo6yem pazo6parbcs.

[Ipm pacmblieHnn BOABI B BO3AyXeE TOJIyYa-
I0TCS OYCHb MEJIKWE BOJSHBIEC KallJi, KOTOPbIE
3aTeM CJIMBAfOTCS B 60JIee KPYITHDbIE KA. Bot
TP 3TOM-TO CJWMSHUW U BBIEJISETCS B aTMOC-
depy sHeprua B Buze Temsa. [loscamM aTOT
¢akr. Hasepnoe, Bce Buen, Kak Ha TOPU30H-
TaJbHON TTOBEPXHOCTH CTEKJIA JIBEe KaIlIN CJIH-
BaloTcs B oJHYy. Ecam MBI XOTHM CHOBa TIOJY-
YUTDb J[BE KAILJIU, T.€. «PACHIENUTH> GOJDBIIYIO
KaIlJIio Ha MaJible, TO [JIsi 3TOrO HAI0 COBep-
IIUTh ompeeseHnyio pabdory. Ilo kpaitHeit
Mepe — JUJISE TPEOI0JICHUST CUJT TIOBEPXHOCTHOTO
HaTspKeHus. CoBeprraemas paGora mepeiiieT B
MOTEHIINATBHYI0 9HEPTUIO KaIesIb, KOTOpas MpH
WX CJUSHUU BBIJCIUTCS B BUJE TEILIA.

[Ipm nosxreBanmy B BO3-
ayxe ¢aktuyeckun oOpa-
3yeTcst TYMaH, COCTOSTINT
113 OTPOMHOTO YHCJIA MEJTb-
yalllnx KareJeK BOJIBI.
[Ipu ux causinum u mocJe-
JIYIOIEeM BBINAJEHUN B
BU/IC TOXK/S BBIIEJSETCS
TEIJI0, KOTOpOE CyIie-
CTBEHHBIM 06PA30M MOBbI-
IIaeT TeMIeparypy BO3/Iy-
xa. [lo aroii xe npuunne
3UMOI TIOCJIe CHeromajaa
CTaHOBWTCS TETLIee, TOPOit
JI0 OTTeTIeJIH.
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N3GpaHHble 3agaun

1.(8) Bapon MionxrayseH yTBeps;KAaeT, 4TO
K JII0OOMY JIBY3HQUHOMY YHCJY MOXKHO CIIPaBa
[IPUIHCATD ele JBe MUQPbI TaK, YTOObI MOJIy-
unJICS TOJHBIA KBagpaT (K TpuMepy, ecam
3azgano ynco 10, To gonucbiBaeM 24 n mosry4da-
em 1024 = 32%). Ipas u Gapon?

M. Egdoxumos

2.(8) MuTs Ky Ha IeHb POKIAEHUST KPyT-
Jblil TOpT AuameTpoM 36 cantuMeTpoB u 13
TOHEHbKMX CBeueK. MuTe He HPABUTCS, KOT/A
CBEUKU CTOST CJHIIKOM OJHM3KO, MO3TOMY OH
XOYeT MOCTAaBUTh UX HAa PACCTOSIHUY He MEHbIIe
10 canTuMeTpoB ApyT OT Apyra. [lomMecTaTes gm
BCE CBEUKU Ha TOPTE?

A Myxun

3.(8) B npasuibHoM msiTiyrosbHuke ABCDE
oTmeuena touka I — cepeauna CD. Cepeann-
HbI neprneHaAnKyaap Kk AF nepecexaer CE B
touke H. [lokaxure, uto npsmas AH nepren-
nukyaspHa npsmoit CE.

A.Bbaunxos

4.(8) B kaxxnom u3 16 oraesenuii KOpoOKu
4 X 4 J1ekuT 1o 30J10Toi MoHeTe. KoJurekimo-
Hep MOMHHUT, YTO KaKWe-TO J[BE JIeXKAIUe PSI/IOM
MoHetbl (cocesHue Mo CTOpPOHE) BecaT 1o 9
TpaMMOB, a octasbible — 1o 10 rpammoB. 3a
KaKoe HauMeHbIee YKCJAO B3BEIINBAHUI Ha
Becax, MMOKa3bIBAOIMX OOIIUIl BeC B rpaMMax,
MOJKHO OTIPE/IEJTUTH ATH JIBE MOHETHI ?

M. Egdoxumos

5.(8) B mexoropom rocyaapcrse 32 ropoja,
KasK/Ible /[Ba N3 KOTOPBIX COEINHEHDI I0POTOii C

OJTHOCTOPOHHUM [IBIDKEHUEM. MUHHUCTD IIyTeit
COOOIIIEeHNsT, TalHBII 3JI0/Ieif, PENIMJ TaK Opra-
HU30BaTh JBIDKEHNE, YTO, MOKWHYB JI06O0I TO-
PoJi, B HETo HeJib3s1 OyieT BepHyThest. [71st aToro
OH KasK/IbIil 1eHb, HaunHad ¢ 1 mionst 2021 roxa,
MEHsIeT HarpaBJeHue [BUKEHUS HAa OIHOW M3
nmopor. JlokaxkuTe, 4TO OH CMOMKET IO0OUTHCS
cpoero k 2022 roay (r.e. 3a 214 aueii).
A.3acrascruil

6.(9) IosoxuresbHbie yncaa a@ 1 b TakoBbI,
4yto @ — b = a/b. Uro Goubiie: a +b unn ab?
B.Kaenywvin, A.IT'ycee

7.(9) Kuerku GymakHOro KBajpaTta 8x 8
packpaileHsl B iBa 1iseta. /lokaskure, uto Apce-
HUIl MOYKET BBIPE3aTh M3 HEro 10 JTMHUSIM CEeTKH
JIBa KBajipara 2 X 2, He UMEeIONNX OOIIX KJIETOK
oaMHaKoBON packpackn. (Packpacku, oTimya-
IOIMECs] TTOBOPOTOM, CUUTAIOTCST PA3HBIMU. )

Jl.1Ionos, A.T'ycee

8.(10) Ha pmocke sammcaHo HaTypasbHOE
yucao. Ecin y Hero creperdb 1ocieiHion mud-
py (B paspszie equHUIL), TO OCTAHETCS HEHYJIe-
BOE YHCJIO, KOTOpoe Oyzer jpenutbest Ha 20, a
ecqin mepByio — 1o Ha 21. Kakoe HaumenblIiee
YHICJI0 MOXKET ObITh 3allMCAHO HA JIOCKE, eCJIH
ero BTOopas mudpa He paBHa 0?

M. Esdoxumoe

9.(10) [Tana paBHOGOKast Tpalemusi, CyMMa
GOKOBBIX CTOPOH KOTOPOil paBHA GOJIbIIEMY
OCHOBaHHUIO. [JoKaskuTe, 4TO OCTPBII yTroJ1 Mesx-
Jly AMaroHaJyisiMu He Gouibiire 60°.

A. Baunxoe

10.(10) Ectb GeckoHeuHast B OJHY CTOPOHY
KJIeTYaTast MoJI0CKA, KJIETKH KOTOPOI IPOHYMe-
POBaHbl HATYPAJIbHBIMU YHCJTAME, U MEIIOK C
JIECSITBIO KaMHSIMU. B KJIeTKaX MMOJIOCKH KaMHeil
N3HAYAJIBHO HET. MOKHO [IeslaTh CJIeyIOlIee:

— nepeMeniaTh KaMeHb U3 MeIKa B MEPBYIO
KJIETKY MOJIOCKU HJIK 00PaTHO;

— €cJIN B KJIETKE C HOMEPOM 1 JIE)KUT KaMeHb,
TO MOJKHO TEPEJOKUTh KaMeHb U3 MeIIKa B
KJIETKYy ¢ HOMepoM I+ 1 uim o6parHo.
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MoxkHO s, JEHCTBYSI 1O 3THM IIpaBHJIaM,
TTOJIO’KUTh KaMeHb B KJIeTKy ¢ HomepoM 10007
A.Hlenw

11.(10) Buyrpu uerbipexyrosnbanka ABCD
B3as Touky P. IIpambie BC u AD nepeceka-
1oTca B Touke X. Okasasoch, 4To mpsMasg XP
SIBJISIETCS] BHelIHel Guccekrpucoit yrios APD
n BPC. Ilyctb PY u PZ — Ouccekrpuchbl
tpeyronbuukos APB u DPC. [lokaxure, 4To
toukn X, Y u Z Jexar Ha OJHON MPSIMOIL.

@.Hunoe

12.(11) Cymecrsyer qm dbyurmnus f, onpese-
nennas Ha orpeske [—1; 1|, xoropaa mpu Beex
JeIICTBUTEIbHBIX X YAOBJIETBOPSET PABEHCTBY

2f (cosx) = f(sinx)+sinx?
A.Topswun

13.(11) B mexoropoii crpane ectb 100 ropo-
JIOB, KOTOPBIE CBSI3AHbBI TAKOU CETBIO JI0OPOT, YTO
u3 Jo6oro ropoja B JIOOOH [PYyroil MOKHO
IpoOexXaTh TOJbKO OJHUM CHOCOGOM 6e3 pas3Bo-
poroB. Cxema ceTu JOPOT U3BECTHA, PA3BIIKK
U TIEPEKPECTKU CETH HeOOSA3aTeIbHO SIBJISIOTCS
rOpo/IaMH, BCSIKAst TYNUKOBAsl BETBb CeTH 00si-
3aTeIbHO 3aKaHYMBAETCSI rOpojioM. Hasuratop
MOJKET M3MEPHUTDb JUIMHY IYTH 10 3TOW CeTH
MKy JIOOBIMU JIBYMSI TOPOJaMu. MOKHO Jin
3a 100 Takux usMepeHnil TapaHTUPOBAHHO OII-
pelleUTh JIIMHY BCeil ceTH Jopor?

I1.5opodun

14.(11) Muororpanunk (BBITYKIBII) ¢ Bep-
HIMHAMU B cepejinHaxX peGep HEKOTOpPOoro Kyo6a
HasbIBaeTcst Ky6ooxmasdpom. B cevennu ky6o-
OKTa3/Ipa TJIOCKOCTBIO TIOJYUHUJICS MTPABUJIb-
HbIIl MHOTOYTOIBHUK. Kakoe nHanGosibiiee qric-
JIO CTOPOH OH MOJKET MMETD?

M. Egdoxumos

15.(11) Muorousnen P(x)= 22 +ax? +bx +

+ ¢ uMeeT TP PA3JIMYHBIX JCHCTBHTEJIBHDLIX

KOPHS1, HanGOJIBIINI 3 KOTOPLIX PABEH CyMMe
nByx apyrux. /lokaxkwure, uto ¢ > ab.

Doavkaop

16.(11) B ocrpoyromnbHoM Tpeyroabiuke ABC
touka O — IEHTP OIMCAHHOW OKPY>KHOCTH.
Touka By cuMmMeTpuyHa TOUKe B OTHOCUTEIbHO
ctopoHbl AC. IIpambie AO n B|C nepecexaioTcs
B Touke K. [loxaxure, uyto ayu KA saBisercs
6uccekrpucoii yria BKB;.

M. Egdoxumos

17.(11) Haiizute HauMeHbInee HATYPAJbHOE
qucao N > 9, KoTopoe He IeJIUTCs Ha 7, HO eCJIN

BMECTO J11060ii ero 1udpbl HOCTaBUTbH CEMEPKY,
TO HOJIYYUTCS YUCJI0, KOTOPOE [IEJUTCS Ha 7.
M. E6dokumos

18.(11) CymectByer u Takoil BBIIYKJbIi
YETHIPEXYTONBHUK, Y KOTOPOrO JJIMHBI BCEX
CTOPOH W AMaroHajeil B HEKOTOPOM MOPSIIKE
06pa3yIoT reOMETPUIECKYIO MPOTPECCHIO?

O.Kocyxumn

19.(11) B naGoparopuu na noJke croar 120
BHEIIIHE Hepa3TMIUMbIX Tpo6upok, B 118 us
KOTOPBIX HAXOAWTCS HeHTpaIbHOE BEIIEeCTBO, B
OJTHOU — si/T ¥ B O/IHO¥ — poTuBosiue. [Ipobup-
KU CJIyYallHO IMepeMeNiaanch, U Hy>KHO HAUTH
MPOGUPKY C S/IOM 1 TPOOUPKY C TPOTUBOSITUCM.
[l 3TOTO MOKHO BOCIIOJTB30BATHCS yCIyTaMHu
BHEIITHEN TeCTUpyIoleil 1abopatopuu, B KOTO-
PYIO OJIHOBPEMEHHO OTIPABJISIOT HECKOJIBKO
cMeceil JKUIKOCTel 13 J1o60T0o yncja mpoOGupoK
(110 oHO KarLte 13 IPOCHPKK), U IS KaxK 101t
cMecu J1aboparopust COOOUIUT pe3yJabTar: +1,
ecJIi B CMECH eCTb S W HeT npotuBosans; —1,
€CJIM B CMECH eCTh MPOTUBOsIINE, HO HeT sija; ()
B OCTAJIbHBIX CJIydasiX. MOKHO Jin, TIO/IrOTOBUB
19 Takux cMeceil 1 MOCJAAB UX B J1aGOPATOPUIO
€/INHOI MOCBLIKOMU, 110 COOOIIEHHBIM Pe3yIbTa-
TaM TapaHTHUPOBAHHO OIPEIEJUTb, B KaKOM
poOGUPKe sIJI, & B KAKOW MPOTUBOSsI/IIE?

C.bpaeun, /I.Ianamenxo

y6auxayuio nodeomosur E.Enupaios
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LLHKOJIBHWKOB MO

3aknounTenbHbIN 3Tan
7/ Kjiacc

1. O6brunbie u «Jlactouku» (7 6asnos)

Ha sxesie3H00pOKHON BETKe, CBA3bIBAIOIIEH
ropoa M ¢ o6nactabiM ientpom T, ectb (kpome
IPOYNX) OCTAaHOBKM B ropojke 3 u nocenke I1.
Ot M 10 3 IPOJIOSKEHDI /IBA TIYTH JIJIST JIBUKE-
Hud 1oe3/10B B HanpaBjenuu T, a ot 3 1o 11 —
omun nyTb (puc.1). Paccrognue or M no 3

1\O4< 3 I
< 45 KM >§<15 KM>§

Puc. 1

paBHO 45 kM, a oT 3 o 11 — 15 xm. Hauunas
¢ 17:00 u go 21:00 or M B nHanpasienuun T
KaXK/ple TSTHAJAIATD MUHYT OTIPAaBJSIOTCS
CKOPOCTHBIE 3JieKTponoesaa «Jlactoukas, Ko-
TOPBIE OCTAHABJIUBAIOTCS B 3, HO HE OCTAHABJIU-
Batorcsi B II, a takxe XoTsi Obl pa3 B yac
OTIIPABJISIIOTCSI OODbIYHBIE 3JIEKTPUYKHU, OCTa-
HaBauBamolumecs u B 3 u B Il. Jlacrouku
JIBIDKYTCSI CO cpeqHeii ckopoctbio 120 kMm/4, a
OOBbIYHbBIE AJIEKTPUYKU — CO CPeJIHEll CKOPOCTDHIO
45 wM/u. Ha nytu or M pgo 3 Jlacrouku u
OObIYHBIE JJIEKTPUYKK JBIKYTCS 110 PAa3HBIM
MyTsIM, HE MENIasi IPYT APYTY. DJIEKTPUUKA He
ornpasJisiercss u3 3, ecau Ha mytu g0 II ee
MoKeT forHath Jlactouka, BbrKuAas B 3 ya06-
HOTO MOMEHTa /st orrpasienns (Tak, 4To6bl
MOJKHO ObLIO froexath /10 11, e memrag Jlacrou-
kaM). MOKHO CUNTATh, UTO MTOCA/KA, BbICA/IKA
U TIepeca/ika maccaXupoB ¢ OJTHOTO 2JIEKTPOIIO-
e3/1a Ha JIPYrOil HA OCTAHOBKAX IIPOUCXO/IAT 32
peHe6peKuMO Majioe BpeMs.

A. 3a Kakoe MUHUMAJbHOE BpPEMSI MOKHO
JoexaTb 1o nocesnka Il 1o sxeje3Hoit gopore,
OTIIPABUBIIICH U3 M B MHTEPBaJie BPEMEHHU OT
18:00 1o 19:00 BkIIOUNTENBHO, B CJayUae Hau-
6osiee  yOGHOTO PACIUCAHUS IJIEKTPUUEK?
(3 6amnna)

B. B kaxoe Bpems (4acoB, MUHYT) B MHTED-
BaJjie ot 18:00 g0 18:30 BK/IIOUUTETBHO CAeyeT
Ha3HAYUTh OTIPaBJEHUE 3dJeKTpudeKk oT M,
4TOOBI OHU TIpUX0uan B I, He 3a/epKUBAsICh
B 3? Ykaxute Bce 3nauenus. (4 Gasma)

11. Kproxos, A.Bwiuxos

n3vke 2021 rona

2. Ty6ka Menrepa (10 Ganos)
Ha pucyHke 2 BOCUPOU3BEEH KOMITBIOTED-
HbII prcyHOK 3 « Bukuneauns» (asrop: Niabot),

Puc. 2

Ha KOTOPOM W300paKeHbI TIepPBbIE WTEPAIIUI
nocrpoenust ppaxrana 1o/ HazBanueMm «I'yOka
Menrepa». Ha nepsoit ureparn B ky6e sie1aior
TPU CKBO3HBIX OTBEPCTHSI KBA/[PATHOTO CCUCHUSI.
Ocu orBepcTuil B3aUMHO TEPIEHNKYJISPHDI,
TEPIICH/INKYIPHBI TPaHsAM Kyb6a U TIPOXOMISAT
4yepes cepeIMHbI rpaneii. J[1mHa CTOPOHBI KBaI-
para, JIeXallero B CeYeHnur OTBEPCTHsI, PaBHA
1/3 bl cropoHbl rpanu kyGa. Ha Bropoit
nTepaIN 10J00HbIE OTBEPCTHS PO/IEJIbIBAIOT B
MaJIeHbKUX KyOuKax, o6pa3oBaBIINXCs HA Ipa-
HsX GoJiblioro Ky6a, M Tak Jajiee.

[Tyctp mMeercst 3aroToBKa B Buae Kyba C
JUTMHOW CTOPOHBI 1 M, M3rOTOBJIEHHAS U3 TLJIa-
ctuka 1roTHocThio 1000 KF/ M) a TakKe yCT-
POICTBO, TIPU HOMOIIM KOTOPOT'O MOYKHO JIeJIaTh
B 9TOIf 3arOTOBKE OTBEPCTHUSI KBA[PATHOTO Cceve-
HUS CKOJIb YTOIHO MaJsioro pasmepa. M3 kyb6a
peImnJgn M3TOTOBUTL 71-T0 WTeparuio [yOoKu
Memnrepa.

A. Uemy paBHa cpejiHsis IJIOTHOCTb Ky0Oa Ha
wyeTBepTOll Mrepanmu (mocaenHuii KyOuK Ha
pucynke)? (4 Ganna)

B. IlpencraBum ce6e, uto ob6pasyromiyecss Ha
n-il UTeparyu TOJOCTU 3aTOJHSIOT TIIACTHKOM
morHocTbio 2000 KF/ M°. Uemy MOKeT GbITh PaB-
Ha CpeaHsAs IUIOTHOCTh KyGa Ha n-it (n>0)
utepain? B oTBeTe yKajkuTe TPAHUITLI HAIas0-
Ha BO3MOKHBIX 3HaueHui maotHoctr. (2 Gana)

C. Ham ©e wupasurcs, uto Ty6ka Gemas.
Pemmmi mokpacuTh Bce rpaHu I'yOKN Ha BTOPOIA
urepanuu (B TOM YKC/Ie BCE BHYTPEHHUE) CUHEN
KPacKoil, pacxoz KoTopoii coctasisiet 100 r/ M2,
XBaTuT JIU VIS 9TOTO OJIHON GaHKH, COJleprKa-
mei 1 kr xkpacku? A asyx Ganok? (4 Gama)

11. Kpiokos, A.Bwvuxoe
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3. «Ter-apM, TBI-ABIM> (8 6GaIoB)

[TyremrecTByst Ha T0Oe3/ie, MOXKHO 0OpPATHUTh
BHUMAHWE HA XaPAKTEPHDIN TTEPUOUYECKHU TO-
BTOPSIONIIICS 3BYK CTyKa KOJIeC, KOTOPbIIl B
MMUCbMEHHOM BHJI€ MOKHO TIepPe/IaTh IIPUMEPHO
Tak: «TbI-IbIM, Tbi-AbIM». Ha pucynke 3 Bbl
BH/IUTE CXeMaTHYHOe N306pajkeHne BaroHa mo-
e3/1a ¢ yKa3aHneM HEKOTOPBIX PasMepoB, a Ha
pUCYHKe 4 — BHU3yaJu3aliio KOPOTKOro gpar-
MeHTa 3aIHCH TOTO 3BYKa, C/IeJIaHHOIT B BArOHe
noeszia. (Mbl He 3HaeM, KTO 3aIicalt, IOCKOJIb-

—i o o o

i' IERIEREN-N-NEN-N=-E=E=E:8]

= = O EBE== ==

2400 2570

0,0 1,0 2,0 3,0 4,0 5,0

l

Puc. 4

Ky T03aHMCTBOBAJIM 9TOT 3BYK Ha Youtube B
BU/ICO TIOJ Ha3BaHMeM «8 4acoB CHA IO/ CTYK
kosec» or asropa Faktor Zet.) Korma mbr
TOBOPUM <«BU3YAJIN3AIUsI» — TO UMEEM B BUIY
3aBUCUMOCTD AMILIUTY /bl 3BYKOBbBIX BOJIH (1IpO-
e roBopsi, I'POMKOCTH 3ByKa) OT BPEMEHH.
AGcosmoTHO THIIHE Ha TpadKe COOTBETCTBY-
€T JIMHUS, TIPOBe/IeHHast BJIOJIb TOPU30HTAJb-
HOW OCH CHUMMETPUHU PHUCYHKa. TOYKH, Jexa-
1Tre Ha GOJTBIIOM PACCTOSTHUH TTO0 BEPTUKAJH OT
9TOIl JIMHUU, COOTBETCTBYIOT I'POMKUM 3BYKaM,
a Jexxkane BOJU3M 9TON guHuy — tuxuM. Ha
rpaduke Ha (OHE IIyMa MOMKHO PA3JIUYUTH
TTEPUOINIECKH TTOBTOPSIONINECS IBONHBIE TITKH
I'POMKOCTH — 3TO ¥ €CTh OTICAHHbBIE BBIIIE «ThI-
JIBIM, TBI-AbIM». IIpoanammsupyiite mpejcras-
JIEHHBIN TpadWK W ompenesauTe KaK MOKHO
TOYHEE CKOPOCTH TI0e3/Ia U JJIUHY peJibca.
A.Axyma, I1.Kproxos, A.Bbviukos

4. Morpemmnocts miaotnoctu (7 Ganios)

B pacropsikeHUH TTKOJBHUKA UMEIOTCST PhI-
YasKHBIE BECDI, IIPe/IHA3HAYECHHDIE /LISl H3Mepe-
HUS Macchbl ¢ TOYHOCTBIO 10 10 Mr, Tpu rupu
maccoit 100 1, 20 ru 5 1, NJIACTUKOBbIII KyOUK
n JuHeiika. J[JuHbl cTOPOH KyOUKa M3MepuJIn
JIMHENKOW U onpeeauym ero o0beM, MOTydn-

noch 3Havenue V =100 cm® + 5 em®. Cunraer-
€SI, YTO YaIleYHbIe BeChl, M3MEPSIONIIe Maccy C
ToyHOCTbIO 10 MT, YpaBHOBEIIECHDI, €CJN pa3-
HOCTb MacC TeJ, HaXOAANMXCS Ha dallax,
menbiie 10 mr. Ilpeamnosiaraercs, 4ro Macchbl
THPb OIIPeIesIEHbI C OY€Hb BBICOKON TOYHOCTBIO.

C 1oMoIbIo TAHHOTO 060PY/I0BAHUS KO-
HUK OIIPe/IeJIUJ CPEIHION TJIOTHOCTh KyOuKa ¢
MaKCHUMAaJIbHO BO3MOKHOII TOYHOCTHIO, a IIOC/Ie
paccynTas OTHOCUTEJIHHYIO MOTPEHTHOCTb I0-
JIYYEHHOTO pe3yJbTata. Kakoe HamMeHbIee W
Kakoe HauOoJblllee 3HayeHHe OTHOCUTEIHbHOM
MOTPENTHOCTH OH MOT TOJYYUTH, €CJIH U3BECT-
HO, 4TO Macca Ky6uka touno 6osbire 100 r, Ho
Menblie 125 1?

Ykazanue. Ecnu B pesysbraTe u3MepeHHi yja-
JIOChb OIIpEeAeJanTb, YTO H3MepseMad BeJIMYMHa X
JIeKUT B TIpeJiesiax JuarnaszoHa Xy, < X < X.., TO
OTHOCUTEJIbHAA ITOTPEITHOCTD U3MEPEHUA MOJKET 6bITb
— X

ax min

xm
orerena 1o dopmy.e Ox =
bopsty Xy + X

max min

A.Bbuvuxos, I1.Kpiokoe

8 knacc

1. Koabno ¢ 6ycamu (11 Gasios)

W3BecTHO, UTO ympyrue GYCHHKU OJMHAKO-
BOM MacChl, HAaCaKEHHbIe Ha TOPU30HTATBHYIO
CIIUILY, TIO0 KOTOPOH OHM MOTYT CKOJIB3UTDH Ge3
TPEHHUSI, B TPOIECCE CTOJKHOBEHUsST OOMEHNBA-
I0TCSL CKOPOCTSIMU, YTO CXEMATUYHO HJLIIOCTPU-
pPYET PHCYHOK .

HO CTOJIKHOBEHMA ITocne cronknoBenus

1 o 0, 2 0, 1 2 v
Puc. 5

[TycTb Ha rJTa/IKOE PACTIOIOKEHHOE B TOPH30H-
TAJIbHOI TJIOCKOCTH KOJIBIIO pajmycom 1 M Ha-
caskeHbl 4 ynpyrue GyCHHKU OJIMHAKOBOI MaCChl
(puc.6). Tonoxkenne mo6oit GycUHKE B OG0T
MOMEHT BPEMEHU OIPEJE/ISAETCs YTIJIOM @, KO-
TOPbIN oTcuuTbiBaeTcd OT JuHuM OA TpoTUB
YACOBOU CTPEJIKHU 1 MOYKET TIPUHUMATD 3HAYEHUST
or 0° go 360°. B myseBoil MOMEHT BpeMeHU
YTJIBI, 33/IA10IIHe TOJI0-
sKeHne OYCMHOK Ha KOJIb-
ue, pasupl ¢ (0)=0,
@,(0) =90 ¢3(0) =180°
1 ¢, (0) = 270°. Cropoc-
T GYCHHOK B 3TOT MOMEHT
paBHbBI ¥ =21 M/C, V,=
0y =0, vy=mM/c, v =mM/C

Puc. 6
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U HAIPaBJIEHbI TaK, KaK MOKA3aHO HA PUCYH-
Ke 6.

A. 1) Ecsu 6bl BTOPO# 1 4eTBepTOl OYCHHOK
He OBbLJI0, TO KaK BBITJIA/IE] OBl TpaduK 3aBUCH-
MOCTH yTJ1a Q3 (t), OTIPEJIEJISTIONIETO TTOJIOKEHUE
Tperbeil OYCHHKH, OT BPEMEHH JJisI TEePBBIX
IBYX cekynp apmxkennsa? (1 Gasn)

2) Wso6pasure rpaduk 3aBUCHMOCTH YIJa
(O3 (t), OTIPEIEISIONIETO TI0JOKEHNE BTOPOI
6YCUHKH, OT BPEMEHH [IJIS TIEPBBIX JIBYX CEKYH/T
nBwkenns (Ha Koubie yerbipe Oycunkn). (3
6amna).

B. B kakoii Touke KoJibia Oy/1eT HAaXOUThCS
yepe3 2 CEKyHIbl TOCJEe Havyaia JBUKCHUS
nepBast 6ycuaka? CKOJIbKO CTOJIKHOBEHWI OHA
ucnbiTaeT 3a 510 BpeMa? (2 Gaja)

C. Bepuo Jiu, 4TO yTIJIbl, XapaKTepusyIolie
mosiokenne OYCUHOK, a TaK)Ke UX CKOPOCTH
yepe3 Hekotopoe Bpemsi T GynyT Takumu ke,
KaK B HauaJbHbI MoMeHT? Ecam a, To Halin-
te Bpemsa T. (5 Gasnos)

11. Kproxos

2. Cm. 3agauy D2658 «3anaunuka «KBan-
ta» (8 Gannos).

3. IIpo saekrpocamokar (6 Ganios)

B asexTpocamokare B KadeCcTBE MCTOYHHKA
HEPTUH UCIOJIb3YeTCs GaTtapest INTUNH-MOHHBIX
AKKyMyJIITOPOB. [Ipu moMoIu crenuaabHoro
YCTPOUCTBA, KOTOPOE HA3bIBAETCSI KOHTPOJLIE-
POM, ¥ MOTOpa 3JIEKTpUYECKasi SHEPTHUsI, 3ara-
CEHHas B aKKyMyJgTope, TTpeo6pasyercs B Me-
XaHU4YecKyto paboTy 6e3 morepb. MoXKHO cun-
TaTh, YTO MMPHU JABWKEHUHU C TOCTOSIHHOI CKOPO-
CTHIO BCSI MEXaHWUYeCKass paboTa COBEPINAETCs
MOTOPOM CaMOKaTa MPOTUB CUJIbI COIPOTHBIIE-
HUS BO3/IyXa, KOTOPAs IPONOPIIMOHATbHA KBA/I-
paTy CKOpDOCTH caMoKara. Y POBEHDL 3apsija
Garapen IIPOMOPIIHOHAJIEH 3JIEKTPUYECKON SHEP-
TUM, 3aMaCeHHON B aKKyMYJISITOPE.

IIpu aBUKEHUU HAa CaMOKaTe CO CKOPOCTHIO
15 KM/4 IO TOPU3OHTAJIBHON JOPOTe YPOBEHb
3apsiia Gatapen ymenbimaercst ot 80% 10 70%
3a 20 muHyT. 3a Kakoe BpeMs IPOU30MHAET
TaKOe jKe YMeHblleHue 3apsiia Garapen IpH
JIBIDKEHUN CO CKOpOCThio 18,9 kM/4 110 TOT 3Ke
JIOPOTe Ha TOM K€ CaMOKATe TOTO K€ CaMOro
YesIoBeKa, YTO U B IIEPBOM cJydae?

Iosicnenue. Korjga Mbl roBopuM «paboTa coBep-
mnraerca Hp()TI/IB CHUJIbI COHPOTI/IBJIGHI/Iﬂ Bosayxa», TO
uMmeeMm B BUAy, 4YTO pa60Ta CHJI, 3aCTaBJIAIOIIUX
CaMOKaT /IBUTraTbCA, paBHa I10 aéCOJHOTHOﬁ BeJINYN-
He paéoTe CHJIbI COIPOTUBJIEHUA.

M. Ponawxa, I1.Kpiokoe

2021/Neé

4. CMm. zamauy D2659 «3amaynnka «Ksan-
ta> (10 Ganios).

9 knacc

1. Mucko-map (10 Gaunnios)

JlncKo-1map — 2T0 map ¢ 3epKaJIbHON TTOBepX-
HOCTBIO, COCTOSINIEN M3 COTEH WJIM THICAY Tpa-
Hell, KaX1ast 13 KOTOPBIX — MaJIEHBKOE TLITOCKOE
sepkaso. OGbIYHO OH TIO/BENINBAETCS Ha 110~
TOJIKE K yCTPOICTBY, KOTOPOE PaBHOMEPHO Bpa-
I[aeT ero BOKPYT BepTHKa/bHOH ocu. Korma
IIap OCBEIIAETCS TTPOYKEKTOPAMHU, 3PUTENN BU-
JIAT MHOTOYNC/IEHHbBIe 0TOIeckn («3aifunkm» ),
Gerylue 110 110J1y, CTEHAM U IOTOJIKY TIOMEIle-
nua ($poTo Ha pucyHke 7). 3epKasbHbIE Iapbl

Puc. 7

pUOGpeIH MOy JISIPHOCTD B TIEPUOJT PACIIBETA
MY3BbIKQJIBHOTO CTHJIS JUCKO B KOHIE 70-X
rozioB 20 Beka, KOT/a X CTAJIN yCTAHABJINBATDH
B 3aJ7aX JMCKOTEK M HOYHBIX KIyGOB.

[Tyctp map paamycom R Bpammaetcss BOKPYT
BEPTUKAJIBHOW OCH, TMPOXOJAIIEl uYepe3 ero
tentp (Touka A Ha pucyHke 8, Bui cBEpXy),
coBepirast 7 060pOTOB B CeKyH[y. Paccrosinue
OT IIEHTpa Imapa [0 BEPTUKAJbHOH CTEHDI,
COBITA/IAIOIIEH C TOPI30HTAIBHON OCBIO X, PABHO
H, mpu stom H > R. Illap ocBemntaeTcs myIxoM
MapaJiielbHbIX JTIydelt, KoTopblil (hopMupyercst
MIPOKEKTOPOM, PACIIOJIOKEHHBIM HA CTEHE Ha
TOII JKe BBICOTE, YTO U IeHTp mapa. Jlyun cBera
OT TIPOKEKTOpA UIYT TEPIEHANKYISIPHO CTEHE,
MOIepPeYHbIil pa3Mep Iydka paBeH 2d.

\X
xmﬂx
e '
¢
A \ > d
R I 0
w o
H

Puc. 8
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PaceMoTpuM «3aiiunku», Geryliiue mo creHe
Ha TOW e BBICOTE, UTO W MPOKEKTOP.

A. YeMy paBHO MaKCUMaJbHOE 3HAYCHUE
KOOPJMHATHI 3aifunka x,,.? (2 Gamna)

B. Omnpenemure ckopocth v (x) ABUKEHHSA
«3aliunKa», MPOXOJAIIETrO TOUKY € KOOP/MHA-
Toil x. (4 Gasna)

C. Ilycrb OJMHAKOBbIE MaJIEHbKUE MJIOCKUE
3epKaJia, MOKPBIBAIOIIME IOBEPXHOCTD Iapa,
uMeroT GopMy KBaJPATUKOB C JJIUHON CTOPOHBI
a (a < R). Tlyctb 11y4oK cBeTa IPOKEKTOPa,
HaJIAONKil Ha map, uMeeT HEGOJbINYI0 PACX0-
JIMOCTD, omnpegessiemyio yraom 2¢ (¢ < 1).
OleHuTe MaKCUMaIbHOE 3HAYEHUE YIJIa @, IPU
KOTOPOM XOTsI Gbl B HEKOTOPBIX TOYKAX CTEHbBI
MOKHO Oy/IeT Pa3IU4UTh OTIAEIbHbIE <«3aiiun-
ku». (4 Ganna)

Vxasanue. HpI/I penieHnn MOTYT OKa3aTbCA 110J1€3~
HBIMH  CJIe/LyIONe TPUOIMIKEHHbIE COOTHONIEHMUST
JUIS1 TPUTOHOMETPHYECKNX (DYHKIINH MaJIbIX yTJIOB O
(o< 1,[o] = pa): sinat =~ o, cosow =1, tgo = o

I1. Kprwxos

2. CMm. zamauy 2657 «3amaunmka «Kan-
ta> (10 Gamnios).

3. Cum. zamauy 2660 «3amaunmka «KBan-
Ta» (8 Gammos).

4. Maotnocts mantuu (6 6asoB)

[To cyecTBYOIMUM MPEJACTABIEHUSIM O CTPO-
eHUN 3eMJIH TI0J] CJI0EM 3eMHON KOPbI HeGO0JIb-
IO TOJIIMHDI HAXOUTCS MAHTHS, COCTOSIIAsS
13 CHJIMKATHBIX II0POJ U IIPOCTHPAIOMIASCS
pUMepHO J10 Tay6unb 2900 KM, MaHTHS OKPY-
JKaeT skujKoe BHerHee si/ipo. C HeGOJIbIINX
ryOuH 13-32 BBICOKUX JIABJECHUHA TBEP/OE Be-
IECTBO MAHTHM HAYMHAET MPOSIBJSATD IJIACTH-
YecKue CBOWCTBA, IO3TOMY IIPU pacyeTax MOXK-
HO cymTath ero kxuakuM. Ha ocHoBe anammsa
JIAHHBIX O CKOPOCTSX PACHPOCTPAHEHUsI Celic-
MUYECKUX BOJH BO3HUKJIA MOJEJbHbIE TIPE/I-
CTABJIEHUSI O PACTIPEICIEHIN JABICHUS BHYTPU
3emun. B nepsom npubsmikennn rpaduk 3aBu-
cUMOCTH JlaBjeHusi p ot rayGunst i (mpu
h < 3500 KM) COCTOUT U3 ABYX JMHEHHBIX yda-
cTKOB (prc.9), TPU 5TOM rPaBUTAIIMOHHAS CUJIA,
JleficTByIoNas Ha TEJO Maccoil m CO CTOPOHBI
3emun Ha raybunax go 3000 kM, onpeesser-
csi 110 TOii ske (hopMyJie, YTO U HA TOBEPXHOCTH:
F =mg. MoxHO cuutaTth, 4TO YCKOPEHWE CBO-
6omuoro nagenus g =10 M/ 2.

W3o6pasure rpaduyecKt 3aBUCHMOCTD TLJIOT-
HOCTU BellecTBa 3eMJIH OT TJIyOUHbBI, COOTBET-
CTBYIOIIYIO Y4aCTKy MPSIMOIl TIPOIOPIIMOHAJb-
HocTn Ha rpaduke gasjenusi. Ha ckoJbko

P, 108
klla

1,5

1,0

0,5

0 500 1000 1500 2000 2500 h, kM
Puc. 9

M3MEHSCTCS IIJIOTHOCTD B TOUKE U3JI0Ma Tpadu-
Ka /TaBJIEeHNS?
A.Bbuvuxos, I1.Kpiokoe

5. Ilnanuposanue (9 Ganios)

Ha KpbLIO JIeTaTeTbHOTO aTapaTa co CTOPO-
HbI HATEKAIONIEr0 Ha HEro IOTOKa BO3JyXa,
JBIDKYILErocsl CO CKOPOCTbIo 0 (0THOCHTEIbHO
KpbLia), JAefCTBYIOT CUJIbl, 3aBUCSILIUE OT CKO-
pocti v: nogbeMHast cuia L(v), opToroHasn-
Hasi CKOpOCTH, 1 cua conporusicaust D (v),
conarnpasJennas ckopoctu (puc.10). OtHomre-

L
0
D -~
Puc. 10
L
nne K ()= D((Z)) HA3BIBAETCS AIPOOUHAMU-

yeckum KavecmeoMm. B aToil 3amave paccMat-

puBaercst noJiet mianepa (6e3MOTOPHOro JeTa-
TEJILHOTO armapaTa), /Uil KOTOPOro aspojuHa-
MHYECKOEe KAadecTBO MOKHO CUUTATh IIOCTOSH-
HbIM, HE 3aBUCANIIUM OT HaAIIPpaBJICHUA U BeEJIN-
YHHBI CKOPOCTHU 0.

V3BeCTHO, 4TO B HEMOABHKHOM (OTHOCHTEIb-
HO 3eMJIM) BO3/JyXe ILJIAHED MOKET JIEeTETh,
CHIDKASICD, C MOCTOSIHHOM CKOPOCTBIO, TaK 4TO
yMeHblIIeHne BbICOTbI Gy/IeT cocTaBsATh 20 MeT-
POB Ha Ka’KIDbL KUJIOMETp IepeMelleHus IO
ropusonTtamm (puc.11).

A‘b

e 20 M

Puc. 17
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Tor 5Ke IIaHep MOJKET JIETETh, He CHIKASCD,
€O CKOPOCTBIO @ = 20 M/C OTHOCUTEILHO 3eMJIU
BO BCTPEYHOM BOCXO/SIIEM IOTOKE BO3/yXa,
CKOPOCTb KOTOPOTO OTHOCUTEIBHO 3€MJIM PaBHA
% =5 M/C M HANPABJIEHA MO/l MAJBIM YTJOM O
K ropusonram. Haiigure snauenue yria o (cM.
yKasanue K sagade 1).

11. Kproxos

10 knacc

1. Cm. 3amauy D2653 «3amaunnka «KBan-
Ta» (8 Gasios).

2. Cwm. sagauy D2654 «3amaynnka «KBan-
Ta» (9 Gasios).

3. Cwm. sagauy D2655 «3amaunuka «Ksan-
ta» (10 Ganios).

4. CMm. zamauy D2656 «3amaunmka «Kan-
ta> (10 Ganios).

3. Ycroituusocts armocdepst (13 Gaios)

A. Cyxoii aduabamoti Ha3bIBAETCS TaKoe
pacupesenenue temueparypot T, (k) B armo-
chepe 3emisin, 4TO MPHU YBEJIUYEHUU BbICOTBI
Ma10ii opimu (B METEOPOJIOTHU UX HAa3bIBAIOT
YaCTHI[AMK) CYXOr0 BO3/yXa Ha HeGOJIbIIYIO
BesmunHy Az 6e3 Teroo6MeHa ¢ OKPYyKatomu-
MU YACTUIIAMU ee TeMIepaTypa U3MeHsIeTCsT Ha
madyio Besnuuny AT, . Haiigure AT, cunrtas Ah
U3BECTHBIM. Y CKOpeHUEe CBOGOHOTO Ta/[eHUs
g =10 M/Cz. Cpennue MosApHas Macca U Tell-
JIOEMKOCTb BO3/lyXa HPU TOCTOSTHHOM OGbeMe
paBubl M =29 r1/Momp u ¢, =2,5R (R=
=83 I[;K/(MOJH) -K) ) coorsercrsenno. [Isu-
JKEHMEM BO3JLYIITHBIX MacC MOKHO IIpeHe6peyb.
(6 Gasnos)

Vxasanue. 151 MaJablX U3MEHEHUIl IapaMeTpoB
uneanptoro raza (T, p, V) wm (T, p, p), rae p —
IJIOTHOCTD, U3 yPaBHEHUS COCTOSIHUA CJlelyIoT (hop-
MY JIbI

AT _Ap AV AT _Ap %
T p V' T p p’

B. B ecTecTBeHHBIX YCJIOBHAX PABHOBECHOE
pacrpe/iesieHie TeMIIePaTypbl BO3/yXa IO Bbi-
coTe UMeeT CJOXKHBIN Buj. Jlunus na rpaduke
(puc.12) monempyer saBucumocts t(h), Bos-
HUKIIYIO B BO3/lyXe HaJ ropojioM X B JieHb Y.
B ¢usuke armocdepbr NPUHATO OTKJIA/BIBATH
TeMIepaTypy 10 rOpU30HTAJIbHON OCH.

YCTOWYMBBIM ABJISETCS TaKOe PaBHOBECHOE
cocTosiHre BO3/ayXa B arMocdepe, 4TO IpH
aduabamuyeckom CMETIEHNT YaCTHIIBI BO3/yXa
13 TMOJIOXKEHUS] PABHOBECHS 10 BePTHKAJIN Ha
HEeOOJIBINYIO BeTUYUHY Al IeiCTBYOIINE HA Hee
CHJIBI CTPEMSITCS BEPHYTb 9Ty YACTHUILY B M0JIO-

2021/Neé

h, kM

10,0

8,0

6,0

4,0

2,0

0 t°C

=50 —-40 -30 -20 -10
Puc. 12

JKeHHe PaBHOBeCHs. YKaxkuTe Ha rpaduKe rpa-
Huupl (10 BBICOTE) YYACTKOB YCTOIYMBOM at-
mMocdepnl. Bosayx mpeamaraercss cautath Cy-
XHMM, HaJMYUeM IapoB BOABI M /JBHKCHHEM
BO3/JYIIHBIX MacC IpeHe6pedb, 3HAYCHUS, 3a-
JIAaHHBbIe B 4YacTH A 3a/auM, MOKHO CUUTATh

nssectubiMu. (7 6asnoB)
I1. Kproxos

17 knacc
MNepBbIN TYp
1. Ta3 Ha xoxecukax (12 6ann0B)
Ta3uK Ha KOJECUKAX JBUXKETCS IO L0K/1eM

no ropusonranbHoit gopore (puc.13). Cym-
MapHas Macca KareJsb B eJnHIIe 06beMa paBHa

S <
e
— "
© ©
Puc. 13

P, @ UX CKOPOCTb BOJIM3U TIOBEPXHOCTH 3€MJIH
paBHa u. [Iromaap BepXHETro TOPU30HTATIBHOTO
cevyeHus Ta3uka paBHa S. B HyseBoii MOMeHT
(t =0) ras nmycroii, ero Macca BMeCTe ¢ KoJieca-
Mu paBHa M, a ckopocTb paBHa v, (¥y < u).
[anee Bese cusioit TpeHUsT KaueHUsT M CUJION
CONPOTUBJIEHUST BO3/lyXa MOXKHO ITPeHeOPEeYb.

A. Ilyctp B e Tasa ectb HEGOJIBIIOE OTBEP-
crue. [loxaeBasi Bojia, momajasi B Ta3, CTEKaeT
Ha JTHO, PaCIpe/IesIsIeTcst M0 HeMY TOHKHIM CJIO-
€M U BBITEKaeT yepe3 oTBepcTre. MoKHO cun-
TaTh, YTO Macca BOJbI B Tasy MPeHeOPEKIMO
MaJja 10 CPaBHEHMIO C Maccol Tasa.

1) Kaxkoe paccrosnme L, mpoiiger Tas 10
OCTAaHOBKH, €CJIU KaILIU T1a/Ial0T BEPTUKAJIbHO?

(5 6annoB)
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2) Tlopyn Berpeunbiii (s Tasuka) Berep,
TaK 4TO TOPM3OHTATbHAS COCTABJSAIONIAS CKO-
POCTH Kariesib BOJIM3M 3eMJIM OKa3alach paBHA
w, a BepTHKa/bHas paBHa 1. Kakoe paccroanue
L, npoiijieT TazuK JI0 OCTAHOBKH, €CJIH BPEMsI
JBsKeHns: pasHo t? (2 G6anna)

B. B oroif wactm 3amaum cuWTaercs, 4TO
JIBIPOK B TasWKe HET, BCs TOTAJAoNas B Ta3
JIOK/IEBAs BOJIA OCTAETCS B HEM. 3a paccMaTpH-
BaeMoe BpeMs BoJla He 3aIl0JIHseT Ta3 HeJUKOM
U He IlepejuBaeTcs uepes GopT. Berpa mer,
CKOPOCTb KalleJib BepPTHKaJIbHA.

1) Onpenennre 3aBUCEMOCTh CKOPOCTH Tasa
ot Bpemenn 0(t) B aToMm cayuae. (2 6anna)

2) EcJm Ta3 TpOXOUT PACCTOSTHUE S K MOMEH-
Ty, KOIJIa Macca BOZbl B HeM CTaHOBUTCs PaBHa
Macce Taza M, TO KaKoe pacCTOsIHHE OH IIPOii-
JIeT K MOMEHTY, KOTJIa Macca BOJbI B HEM CTaHeT
pasHa 3M? (3 Gata)

Doavkaop

2. UzoGpasure xapakrtepuctuky (7 Ga-
JIOB)

B cxeMme cenmaIbHOTO MCTOUHUKA HATIPSIIKE-
HUS, TIOKA3aHHON Ha pucynke 14, nmomsr —

> L4

&, T/ 26,2r —— 36,3r
T 8
> o

Puc. 14

nzeasbible (OTKPBIBAIOTCS NPY GIU3KOM K HYJIIO
Hanpsrenun ), snadennsa I J1C u BHyTpeHHEro
corpoTuBJeHNs paBHbl ¢ =1,5 Bur=1,0 Om
coorBercTBeHHO. V306pasure rpadguueckn 3a-
sucumocts 1(U) (BAX ucrounmka), rae i —
TOK, BO3HUKAIONIHIT MPU TIOAKJIOUEHUN K ¥C-
TOYHUKY HArpysku, a U — pasHOCTb MOTEHIIU-
asoB BbIBOJIOB A u B: U = @4 — @p.
o momusam sadauu
A.Bunvbepmana D753

3. Toku uepes cexkynay (8 Gaunios)

B cxeme, mokazaHHO Ha pucyHke 15, KJIIOY
K nsHavasbHO PA30MKHYT, KOHAEHCATOP €MKO-
ctpio C =100 MKD 3apskeH, a KOHAEHCATOD

R, K
| —
LT
RZ
| —
LT

emKocTbio 3C He 3apsKeH, TOK B IEMH PaBeH
Hyaio. /lpyrHe mapaMeTphl CXeMBl DaBHbI
R, =10 MOwMm, R, =10 Owm, & =12 B. Buyrpen-
HUM COIPOTUBJIEHNEM HCTOYHUKA U COIPOTUB-
JIEHUEM TIPOBOJIOB MOXHO Ipere6peub. Kimou
3ambIkatoT. OTnpejienTe TOKU 4 U &y, TEKyIe
Yyepes PEesNCTOPbl COMPOTUBICHUAME Ry n R,
COOTBETCTBEHHO, 4Yepe3 OAHY CEKYHIY IOCTIe
3aMBIKAHHA KJIOYa.

M. Pomawra

4. PaccmatpuBas Mmonetouky (9 6asios)

Ha ame cocyna riay6umnoii i, 3amoJIHEHHOTO
JKUJIKOCTBIO C TIOKa3aTeJeM MPeJTOMIEHUS 1, B
touke ¢ koopaunaramu (0, /) (Hanpasienue
oceli nmokasano Ha pucyHke 16) pacnonaraercs

AKS

Puc. 16

0,2 0406 08 10 1,2 1,4 x,m

-

0,0

—

0,2 -

0,4

0,6

0,8

/
1,0

Y™
Puc. 17

Morerouka S. Habuogaresnb BuAUT M306paske-
HIle MOHETOYKH S; B TOYKE € KOOpAMHATAMU
(x, y). Muoxecrso snauennii (x, y) a1s pas-
HBIX YIJIOB 3peHusi u3o0paskeHo Ha rpadure
(puc.17). Ucnonbsys rpaduk, HaliguTe moKa-
3aresib MPEJTOMJIECHUS JKUAKOCTH 7 U TIyOuHy
cocyzaa h.

I1. Kproxos

5. O kamae (12 6an10B)

B osroit samave paccMmarpuBaercss addexT
YMEHBIITEHNS TEMTIEPATY PBI KATLTH BOBI BCJTE/-
CTBHE NCIIAPEHUS C €€ MOBEPXHOCTU TIPH OJIH3-
KX K KOMHATHbIM [JAaBJICHUU U TeMHepaType.
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B oaHOM M3 3KCIEpHMEHTOB IapooGpasHast
KaTyIg BOJBI PAIyCOM TIOPS/IKa MUJIIIMETpa
yAEP’KUBAJIACH CUJIAMH TTOBEPXHOCTHOTO HATS-
SKEHUsI Ha TOHKON MOJIMMEPHOH Jiecke. 3aBUCH-
MOCTb TEMITEPATyPbl KAILJIM OT BpeMeH! n3Mepsi-
JIach € TIOMOIIBIO BBICOKOTOUHOTO HMH(paKpac-
HOro TeroBnsopa. Buami ot karum (Ha «6ecko-
HEYHOCTH» ) TIO/UIEPSKIBAJIICH TIOCTOSTHHbIE 3HAYC-
HUS Temieparypbl 1., JaBJIeHus p,, 1 OTHOCH-
TeJIbHOW BJIQJKHOCTH BO3/tyXa @,. OO6Hapyku-
JIOCh, YTO €CJIM B HAuaJIbHBIF MOMEHT TeMIlepa-
Typa Karm Oblila paBHa TeMIeparype Ha 6ecKo-
HeyHoct# 7T, TO 3aTeM B TeUeHWE KOPOTKOTO
BpeMeHU OHa yMeHblllaIach /10 3Hauenus 1, — AT
(AT 1opsiika HECKOJIBKUX TPAJyCcOB) U Jajiee
JUTNTEJbHOE BpeMsl OCTaBaJaCh IOCTOSHHOM.
[Tpesnaraercst onpe/iesIMTh BEJMUNHY Pa3HOCTH
temrieparyp AT, yuntbiBast inddysuio mapa or
Karam Ha GeCKOHEYHOCTb M TEIJIOBOH MOTOK,
00y CJIOBJIEHHDIII PA3HOCTBIO TEMIIEPATYD KarlJiu
n Bozjayxa Ha Geckoneunoctu. KouBekiueit u
riepe/iaueil Teria 1o Jecke MOKHO TIpeHe6peyb.

B cranmonapHOM peskiMe B IIPOCTPAHCTBE BHE
KAl yCTaHABJIMBAETCS Paclipe/ieJieHne KOH-
uentparun mapa 1 (r) u remneparypot T (7). B
cnty cepudecKoil CHMMETPHH KOHIIEHT AT 1
TeMIepaTypa 3aBUCAT TOIBKO OT PACCTOSHUS 10
LIEHTpa KaIlIi 7 U y/IOBJETBOPSIOT YPABHEHUSIM

d—N:—D-4m’2@, d—Qz—K-4nr —T,

dt dr dt dr
rae dN — KOJIM4YecTBO MOJIEKYJI 1apa, IPOXO/Is-
mux 3a BpeMs dt depe3 TOBEPXHOCTb cepbl
PaZIyCcoM 7, KOHIIEHTPUYECKOU ¢ Karieit, dQ —
KOJIMYECTBO TEIJIOTBI, IepeHoCuMoe 3a BpeMs dt
Yepes3 TIOBEPXHOCTD TOH ke cdepbl; Koahduimm-
entol quddysun D U TEMJOIPOBOJHOCTA K
MOXXHO CYH-
TaTh TIOCTOSTH-
HbiMu. CuHU-
MU CTpeJiKa-
MU Ha PUCYH-
ke 18 cumBo-
JUYEeCKN TI0-
KasaH TOTOK
andbynn-
pPYIOIIX MO-
JIEKyJI mapa.

A. Koapdunmenrsr anddysnn n Tenaonpo-
BoaHoctn D m K, MouaspHas Macca My,o,
yeJbHas TETI0Ta NCapeHns BOABI L 1 pajimyc
KallJIn 7%, CUUTAIOTCS N3BECTHbIMU. V3MeHeHune

Puc. 18

2021/Neé

pajiyca Karii BCJIEJICTBUE UCTAPEHUST MOYKHO
CUNTATH HE3HAYUTEJHHDIM.

1) Temneparypa y noBepxxoctu Karu T (1)
1 TemMreparypa Ha 6eckoHeqHocTH T, U3BECTHDI.

do

Omnpenenmre TETIOBOW MOTOK It u pacripeje-

nenne temmeparypsl T (7). (3 Gamna)

2) UsBecTubl KoHUeHTpaun napa 7.7 ) u n.,.
Onpeniesinte Maccy BOJIbI, HUcHapsioiieics ¢
HOBEPXHOCTH Kallin 3a MaJjioe Bpems ¢. (1 6anr)

3) Hcnosbays pesyabTaThl HyHKTOB 1) 1 2),
BBIPA3NTE PA3HOCTD MJIOTHOCTEN TTapa y Karam
1 Ha GeckoneuHocTH Ap = p (7)) — p., Yepes pas-
Hoctb temueparyp AT =T, —T (). (1 Gann)

B. Otnomenne xoaduUIHUEHTOB TETIONPO-
BogHOCTH U Anddy3un B yCIOBHAX 3a7adn
V/IOBJIETBOPSIET COOTHOIIEHHIO

K 0y CyPy

D oo M,
I/Ie Up,0 U U, — CPEJIHEKBA/IPATHYHBIE CKOPOCTH
MOJIEKYJT BOJIBI M BO3/yXa, ¢y = 2,5R — Mosp-
Has TeMJIOEMKOCTb BO3/yXa IMPH TTOCTOSHHOM
o6beMe, P, — TIOTHOCTH Bo3ayxa. Ompenesnnre
oTHOIIeHre KOa(MOUIMEHTOB MTPU TeMIleparype
300 K. ITpu pacuere JIOTHOCTH JaBJIE€HIE BO3/LY-
Xa MOXHO cumtath pasubiM 10° Ila. Yuusep-
calmpHasg Ta3oBasg IOCTOSHHAs paBHAa R =
=38,3 ﬂ}K/(MOJIb . K), MOJISIPHBIE MACChI BO/IbI U
Bo3/lyXa paBhbl My =18r1/Momb u M, =
= 29 1/MOJIb COOTBETCTBEHHO. Y Ge/IUTECD B TOM,
YTO 1pU U3MeHeHuU TeMmiepaTypbl Ha 10 K
oTHoIIeHne Ko3(PUINEHTOB MEHSeTCs He3Ha-
yuresbro. (1 Gaswn)

C. Ucnonb3yst rpad ik 3aBUCUMOCTH MJIOTHO-
CTH HACBIIEHHOTO TIapa BOJIbI OT TEMIIEPATY PbI,
NIpUBE/IeHHbII Ha pPUCYHKe 19, a Tak:Ke pe3yJib-
TaTBI, TOJTy4YeHHbBIE B YacTaxX A u B, onpenesmre
KaK MOKHO TOYHee BeJIMYUHY PA3HOCTU TeMIIe-
paryp AT A7t caeyionmX 3HaYeHUil mapaMeT-
pos Ha 6eckoneunocru: T, = 27 °C, ¢, =70%.

)

T
Py —
M3

24
22
20
18
16

=

17 18 19 20 21 22 23 24 25 26 T,°C
Puc. 19
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Y jiesbHas TemsIoTa NCHapeHus BOJbl 1 JlaBJie-
Hue Bosayxa pasHbl L =2,4-10° [x/xr n
po =10° Ila coorsercrsento. (6 6as1oB)

I pumeuanue. Ipu BoioHEHNY 3alaHIH YacTn A

. Tdx 1
MOJKET OKa3aThesl MOME3HOI (popmyra I—z =—.
a x a
11. Kproxos

Btopon Typ

1. Ha pesunkax (6 Gajios)

Macca rOpu30HTATBHO PACTIONOKEHHOTO KO-
Jeca, HACAKEHHOTO Ha BEPTHKATbHYIO 0cb O
(puc.20), paBHa m U PaBHOMEPHO pacIpeieie-

A 3k

Puc. 20

Ha TI0 €T0 TPaHUIIe — OKPY’KHOCTU panycoM R.
B roukax A u B, siexxainux Ha OJTHOM i1aMeTpe,
3aKPEIIeHbl PE3NHOBbIE HUTH KECTKOCTBIO R 1
3k. [lpyrue KOHIIbI HUTEW NPUCOEIUHEHBI K
BEPTHUKAJbHOU cTeHe. B mosoxenun paBHOBe-
cust oTpe3oK AB pacrioJiaraercs mapaJijieibHO
CTeHe, HUTH He TIPOBUCAIOT, HO ¥ He JedOpMuU-
POBAHBI, PACCTOSTHIE MEXK/y HUMH PaBHO 2R.

A. IlycTp mnck MOKeT BpaIaThCs, He MCITbI-
TBIBas TPEHU, BOKPYT ocu. OmpeaennTe nepu-
0J1 MaJIbIX KoseGannit aucka. (2 Gamna)

B. Ocpb Bpaiaercst 1Mo 4acoBoil CTpeJKe C
JIOCTATOYHO OOJIBIION MOCTOSIHHON  yTJIOBOI
CKopocTbio. TpeHMe MeXIy OCbIo W KOJECOM
cyxoe. MakcuMaJ/bHbIiI MOMEHT CHUJI TPEHHUS,
MefcTBYIOMUX Ha KoJeco, paBeH M,
(M, < kR?). Cuadama KOJIECO yAeP)KUBAIOT,
TIPU 3TOM HUTH OCTAIOTCS HEPACTSHYTBIMH, TIO-
TOM OTITyCKAIOT.

1) Yepes Kakoe BpeMs MOCJE STOTO YTJIOBAST
CKOPOCTD KoJieca CTaHeT MaKCUMasibHOI ? Uemy
paBHa 5Ta MaKCUMaJbHas ckopocTb? (3 Gaia)

2) Kak usMeHHTCS OTBET, ecau 0ocb Gyjer
BpamaThcs MPOTUB YacoBoii crpeaku? (1 6aswr)

I1. Kprwxos

2. Tloxoxe Ha coimt-cuctemy (7 6asios)
TemoBast MamHa KOMHATHON CILTHT-CHCTe-
MbI paboTtaer 1o o6paTHoMy 1Ky Kapho, rpu
9TOM MOXHO CUYHUTaTb, 4YTO TeMHepaTypr B
KOMHATe W Ha YJIHIe COOTBETCTBYIOT TeMIlepa-
TypaM Ha u30TepMax IWKjIa. JletoM, Koraa

TeMIiepaTtypa 3a okHoM paBHa +27 °C, crimT-
crcreMa, paboTast B pekiMe KOH/IUITMOHNPOBA-
Hust (Kak XOJIOMUJIBHBIA arperar), TOIepKu-
BaeT B KoMHare temneparypy +17 °C u norpe6-
JISIET OT AJIEKTPOCETH CPe/IHIO MolHOCTh Ny. B
Havajle 3UMbI, KOTJa TeMIeparypa Ha YJuIe
omyckaercst 1o =3 °C, B CIIUT-CHCTEME BKJIIO-
YJaeTcs PeXNM TEIJIOBOTO Hacoca, M OHa TIOI-
JIep’)KUBaeT B KOMHATE Ty JK€ TeMIeparypy
+17 °C, uro u jeroMm, TOTPEGJISAST CPEIHIO
MomHOCTb Ny. MOXKHO c4uTaTh, YTO TEIJIOBOI
1oTok (4epe3 OKHA M CTEHbI) MPOMOPIHOHAIEH
Pa3HOCTH TeMIepaTyp B KOMHATE W Ha YJHUIE C
O/ITHAKOBBIM K03(DUITHEHTOM ITIPOTIOPITHOHAD-
HOCTH JieToM 1 3uMoii. Hafiante otnommenne

. N.
MOITHOCTEHN N = VZ’ HOTpeéJIHeMbIX CILJINT-CU-

1
cTeMoii Ipu paboTe B PAa3HBIX PEKUMAX.

11. Kproxos

3. Illmpen-meron (9 Ganios)

Jlnst pororpadpupoBaHus ONTHYECKUX HEO/I-
HOPOJIHOCTETT B TTPO3PAYHBIX CPE/IAX YACTO IIPHU-
MeHSIOT waupen-memod. Ha dororpadpun
(puc.21; Flickr.com, asr. Phil Taylor) mosxuo

Puc. 271

BUJIETH TTOTOKK TOPSTYEr0 BO3/yXa, MOPOK/iae-
MbI€ TIJTaMEHEeM Ta30BOil Topesku U 06TeKaio-
e JTa/I0Hb YeJOBEKA.

[Tnupen-mero MOKET ObITh PEATU30BAH TI0
cxeMe, M300paxkeHHON Ha pucynke 22. [[Be
TOHKHUeE JIMH3bL L, u L, pacioJiaralorcs Tak, 4To
X OITHYEeCKHe ocu cosnagaior. B dokyce
OJTHOM JINH3DI, B TOUKe [, HAXOAUTCS TOUCUHBIH
UCTOYHUK CBETa, a B (POKAJBHON TLIIOCKOCTH
apyroii muHsbl (Touka F,) HAXOMUTCS HOX
Dyro — 6oblIoi Herrpo3paulbiii akpan K ¢
OCTPOIl KPOMKOI, BBICTYTIAIONIEl HaJl ypOBHEM
OIITHYECKOI 0CH Ha HEOOJIbIIOE PACCTOSTHIE /1.
DokanbHas MIOCKOCTh 00BbEKTHBA (oToara-
paTa coBnajiaet ¢ GOKATbHOI TIIOCKOCTHIO JINH-
3bl L.
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/\L1 /\LZ
F, O, |7 0, F, \fh
7 A
A A Ly
Vv Vv
Puc 22
N y N
Hy-m [
fj1 O, H 0, F, h
e # b LeJ?
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Puc 23

A. Ilyctp Mexay JIMH3aMH PacHosaraercs
TIPU3Ma C MAJBIM TPEJOMJSIONIIM YTJIOM @ I
nokazaresiem tpeiomsienus n (cMm. puc.22).
®DokycHOe paccTostHue JUH3bI L, paBHo f,. [Ipn
Kakux 3HaveHussx 7 Ha dororpaduu OGymger
BUJIEH TOJIbKO cepbiil on? (3 Gasna)

B. IIpusmy 3aMeHSTIOT Ha IJIOCKOTAPAJLIE ] b-
Hyto mmacTuHKy (prc.23) TomuHoit d 1 BbIco-
toit H (d < H), TOKasaTeb IPENOMIEHNUS
KOTOPOH JIMHEHHO 3aBUCUT OT KOOPMHATEI Y/ TI0

oy
sakony n(y)=mny| 1+—== |, sHauenus ny n o
0 H 0

(o0 < 1) cumraorcsa ussectapivu. [Ipn kKakwx

3HAYEHWAX 7 B 5TOM caydae Ha (otorpadpun
GyJeT BUJEH TOMbKO cepblii (on? (5 6anios)
C. Kopotko o6bsacHuTe (1Ba-Tpu mpeiosKe-
Hus), nodemy Ha ¢ororpadpuu (cMm. puc.21)
JIaJIOHb U TOPEJKA TEMHbIE, TOTOKU BO3/yXa
CBETJIBIE, a TaKKe MOoYeMy BCe M300paKeHms

BuHbl Ha doue ceporo kpyra. (1 Gajn)
I1. Kpiokos

4. Marnutnas sapsaka (12 6annos)

Axkymynarop ¢ D/IC &, BHyTpeHHee COmpo-
TUBJIEHUE KOTOPOTO MOKHO CUUTATD PABHBIM
HYJII0, 3apsiKaloT B 1€, u300Pa’KeHHON Ha
pucytke 24. /InogHbIil MOCT COCTOUT U3 H/le-
AJBbHBIX /IMOJIOB, OTKPBIBAIONIIXCS MPH HYyJIe-
BOM HampsDKeHWH. Karynrka WHAYKTHBHOCTDHIO
L pacmosaraercsi B 06J1aCTH TTEPUOIMYECKT

R

B(t)
L

Puc. 24

2021/Neé

B(t)
BO

T 2t 3t 47t

Puc. 25

H3MEHSION[Er0Cst MArHUTHOTO 110151 B (). Mosx-
HO CYHTaTh, YTO COIPOTHB/IEHHE KATYIIKH U
HOBO/ISIINX POBOJOB COCPEIOTOYEHO B PE3U-
crope conporusiaenneM R. Karymka mamorana
Ha Cep/IEYHIK B BUJIE TIOJIOTO ITUJINH/PA CEUeHN-
eM S 1 comep;kut N BUTKOB. BHenmHuii paamyc
KaTyIIKY He3HAYUTEJbHO OTJMYAETCH OT BHYT-
pennero. Muaykuust MarautHOro mnous B(t),
CO3/]aBAEMOr0 BHEIIHUMU HCTOYHMKAMH, Ha-
IpaBJeHa BAOJb OCH KaTymKH. MOKHO cun-
TaTh, YTO BHYTPH CEPAECUHIKA TT0JIE OTHOPOIHO.
DparMeHT 3aBUCUMOCTH WHAYKIMH MOJS OT
BpeMenn 1okasan Ha rpaduxe (puc.25). Ilo-
CTostHHbBIE By 1 T CUMTAIOTCS M3BECTHBIME, DU
5TOM MX 3HA4Y€HHUs TaKOBBI, YTO CXEMa MOKET
06ECTIeYNTh 3apSAAKY aKKyMyJIATOpa 3a KOHed-
HOE BpeMs.

A. V3BeCcTHO, YTO IapaMeTpbl CXEMbl Y/IOB-

JIETBOPAIOT COOTHOIIEHUTO E < T. Onpez[eJmTe

3apsi, IIPOTEKAIONMIl Yepe3 aKKyMyJIITop 3a
Bpems t,. (4 Gama)
B. Ilyctb conporusiieHne R HACTOIBKO Mo,

L ;
YTO BDbIIIOJHAECTCA YCJIOBUE E > 1. Haiigure

CPeIHMII TOK, TEeKyIIUi uepe3 aKKyMYJSITOp
CIyCTSl JTUTEJIbHOE BpeMs TIocje Hadasua 3a-
panku. (8 6Ganaos)

M. Ponawxa, II. Kproxos, A.Bbviukos

5. Bopora (18 6anos)

Mexanusm, 1pu HOMOIIU KOTOPOTO ITPOU3BO-
JIATCST TIOJIBEM OTKHJIHBIX BOPOT rapaska, u3o6-
paskeH Ha pucyHke 26, npu atoMm Bopora ABC
HAXO/ISATCS B BEPTUKAIBHOM MosioxkeHnn (3ax-
poiThl). TIPUKIAIBIBAS CHITY K PYYKE, PACIONO-
JKEHHOH y HIDKHETo Kpas BOPOT B TOuke A,
MOXXHO TIEpEBECTH BOPOTa B TOPH3OHTAJIHHOE
nonoxenue (oTkpoiTh). [Ipw mogbeMe BOpPOT
pommk C, 3aKpelnJieHHbIN Ha UX BEPXHEM Kpae,
JIBIDKETCST 110 TOPM30HTAJIbHBIM HAIPABJISIO-
muM. B touke B (AB = BC = L) Bopora niap-
HUPHO COEJUHEHBI C KOPOMBICJIOM, KOTOPOe
MOXKET BPAIaTbCcs BOKPYT HEMOABIDKHON OCH
O. Ha apyroM KoHIIe KOPOMBICTA HAXOIUTCS
rpys Maccoit m =25 xr. Bopora MOXXHO cun-
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T
C/‘(c) y

e
(@)

Ale
Puc. 26

TaTb TOHKON OJHOPO/HON IIJIACTUHOW Maccoi
M =30 kr. Maccoil KOpOMBICTAa W POJHKA,
JOOBIMU BUJAMU TPEHUS, & TAK)KE JTHHEHHBIMU
pasMepamMi POJIMKA U I'Py3a MOXKHO IpeHe6-
peub. YckopeHue cBOOOIHOTO MAJEHUsT U 3HA-
YeHUs TapaMeTPOB, YKA3aHHBIX Ha PUCYHKeE,
pasHbl g =10 M/Cz, L=92cMm, h=65cMm. B
BEepXHEM TOJOXEHUN BOpOTa (PUKCHPYIOTCS
3aIIEJIKOI.

A. 1) Kakyio cuny F, nepreHaukyaspHyio
BOpOTaM, HeOOXO/IMMO TIPUKJIA/IBIBATD K PYUKE,
4TOOBI YJEPKUBATD BOPOTA HEIOJBUIKHO IPH
TOPU30HTAJBLHOM TOJOXKEHUN KOPOMbICTA?
(2 6anna)

2) Kakyto munnmanbhyto (1) cuny F, Heo6xo-
JIMO TIPUKJIA/ILIBATh K PydYKe, YyTOOBI BOPOTA
OCTAaBAJINCH HEMOABMKHBIMU IIPU TOPU30HTAJb-
HOM TIOJIOKeHnH Kopombicaa? (4 Gamna)

B. Ilycth nipu oueHb MeJJIEHHOM IMO/IbeMe
BOPOT U3 HAYATBLHOTO BEPTHKAIBHOTO TOJIOKE-
HUSE B KOHEYHOE TOPUBOHTAJIBHOE K PydyKe B
KQK/Iblil MOMEHT BPEMEHH IIPUKJIA/(bIBACTCS
MHUHUMAJIbHAS HEOOXO/IMMast JIJIs1 TI0/{beMa CHJIA.
Yemy paBHO MaKcuMaJIbHOE 3Hauenue [, aToii
MuHAMaIbHON cunbl? (8 Ganos)

C. Eciau B BepxXHeM TIIOJIOXKEHUH OTKPBITb
3allesIKy, TO BOPOTa HAYHYT JIBUTATHCS BHU3, &
KOPOMBICJIO — IOBOpauymMBaTbes. Onpezesnnte
CKOPOCTh HUIKHEH TOYKH BOPOT B MOMEHT,
Korma oHa KocHetcst semun. (4 Gamma)

M.Ponawxa, II.Kprwoxos, A.Bviukos

Hy6auxayuio nodzomosun I1. Kproxos

NHOOPMANINA

3A0Y4YHAS{ WWKONA CYHL Hry

B HoBocu6upckomM AKa/ileMropo/ike B COCTaBe
Crienuaan3npoBaHHOro yueGHO-HAYYHOTO I1€H-
tpa HoBocub6mpcKoro rocyapcTBEHHOTO YHU-
gepcutera (CYHIL HTY) yske Gosee 50 mer
pabortaer 3aouHas (UNKO-MaTeMaTHYeCKas
mroma (3OMII HTY) mag yuammxess 5—11
KJIacCOB 00611e06pa3oBaTeIbHbIX IMKOJI. B
3OMII HT'Y npunumalorcs Bce skeJaioliue,
6€e3 BCTYIHTEIHHBIX 9K3aMeHOB. [Ipuem B 1mIKo-
JIy BeJeTcs KpyrjoroamdHo. Eskeromno myd-
mme yuennkn 8—10 kmacco 3OMII npuria-
maiotes B Jlernioo mkoxy CYHIL HI'Y, koto-
pasi IPOXOAUT B HOBOCHOMPCKOM AKaIeMro-
poake ¢ 1 mo 23 asrycra. Ilo pesymbraTam
obyuenus B JleTHeii NIKOJIe TIPOBOIUTCS 3aYIC-
nerue B CYHIL HI'Y.

Yuaruecsi, yCIemHo BbIOJHUBIINE BCE 3a-
JIaHus, 10 OKOHYAHWHU OMHHA/IIATOrO KJacca
[IOJTy4aloT yIOCTOBEPEHNE BBIMTYCKHUKA 3a04-
Hoit mkoser CYHIL HI'Y.

Yuurens o611eo6pa3oBaTeIbHBIX YUPEXK/Ie-
HUI MOTYT OPTaHW30BBIBATD IPYIIIHI YIAITIXCS

U TpoBOAUTH (DaKyJbTATUBHDBIE 3AHSTHUS 110
nporpammam 3OMIII, wucnosnb3ys mnosyyen-
Hble METO/INYECKIe MaTepHaJbl.

Bcio mogpob6uyio nHopMamio MOKHO Haii-
™™ Ha caiite 3DMII
https://sesc.nsu.ru/education/zfmsh
Hamr mouToBbrii azpec:

630090 Hosocubupck, yia. Iluporosa, 11/1,
3aounas mkoaa CYHIL HI'Y

Tenedon: +7 (383) 363-40-66

E-mail: zfmsh@yandex.ru

MepBble 3apaHud
Ha 2021/22 y4yeOHbIN rop,
Heo6x011M0 1puchLIaTh PEIIeHHOE 3a/[aHIe

TOrO KJacca, B KOTOpoM Oyjiere yYUTbCsS B
3a0YHOH IIKO.JIE.

MaTtemaTtnyeckoe otaeneHme

5 kiacc

1. Ecsin y 3a/laHHOTO TIPSIMOYTOJIbHUKA OJIHY
U3 CTOPOH YBEJMYHUTb Ha 9 CM, TO IIOJIyunM
IPSIMOYTOJIBHUK C HOBBIMH CTOPOHAMH, ILJIO-
maap Kotoporo Ha 90 cm? Gostbime mIOmALN
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3aJITAHHOTO MIPSIMOYTOIbHIKA. Ecuii ske y 3aan-
HOTO MIPSIMOYTOJIBHUKA BTOPYIO CTOPOHY YBEJN-
YUTb HA 9 CM, TO TOJIYYUM IPSIMOYTOJBLHUK C
HOBBIMH CTOPOHAMH, ILJIOIQ/[b KOTOPOro Ha
180 cm? Goutblne TLIOA/I 3a/[AHHOTO TIPSMOY-
rosibHuKa. HaiiauTe miomanb 3aganHoro mps-
MOYTOJIbHUKA.

2. N3o6paskeHHyI0 Ha PH-
cyHKe 1 1 COCTaBJIEHHYIO U3
AT KBAJpaTtoB (UTypy
pas3pekbTe Ha YeTbIpe OfH-
HAKOBbIC YaCTH.

3. U3 nynkroB A u b
O/IHOBPEMEHHO HaBCTpeuy
puc 1 JIPYT IPYTY BBIILIH JBA TIe-
1IeX0/1a ¥ BCTPETUJINCH Yepe3 2 4 B 5 KM OT
nyHkra b. Ecom 6bl Kaskaplil meniexoz et co
ckopocTbio Ha 1 KM/4 6GoJibllle, TO UX BCTpeda
rpousoriia 6bl Ha MoJIYaca paubiie B 6,75 KM
or nyHkra A. Hailigure paccrosiHue Mexay
nyHkramu A u b.

4. K yncimresio n 3HaAMEHATEJIO 3a/laHHOM
Apo6u npubaBuin 1o uyucay 1 u nosydnsan

1
HOBYIO ,ZIpOéb, KOTOpasd Ha % 60JTbITIE 3a/laH-

Hoil gpo6u. Haiiante kakyio-HuGy/ b U3 TaKUX
JpoGeii.

5. Haiiiure cymMMy Beex JIBy3HAUHBIX YHCEJ,
y KOTOPBIX 06e MU@PLI YeTHBIE.

6. meerca 25 moner 110 1 KOII., 5 MOHET 110
5 kor., 2 mouersl mo 10 xom., 1 Momera mo
20 xom. KaxkuMm umcgoM croco60B U3 3TUX
MOHET MOXHO COCTaBUTb CyMMY B 25 KOII.?

6 Knacc

1. Ecsin y 3a/1aHHOTO IIPSIMOYTOJIBHUKA OJTHY
13 CTOPOH YBEJMYHUTb HAa O CM, TO IOJIy4UM
MIPSIMOYTOJIbBHUK C HOBBIMH CTOPOHAMM, ILJIO-
aib KOTOPOro B 2,5 pasa 6oJIblie ILIOMAIH
3a/1aHHOTO IIPSIMOYTOJIbHUKA. Ecii ske y 3azan-
HOT'O IIPSIMOYTOJIbHIKA BTOPYIO CTOPOHY YBeJIN-
YUTb HA 5 CM, TO IOJIYYHM IPSIMOYTOJbHUK C
HOBBIMHM CTOPOHaMH, ILJIOIIA/b KOTOPOTO B
1,5 pasa 6oJbllre MJIONAAN 3a/[aHHOTO TIPSIMO-
yrosabpHuka. Haiigure
IJIOIA/lb 3a/aHHOTO
MIPSIMOYTOJIbHUKA.

2. U3o06pakeHHYIO
Ha PUCYHKE 2 1 COCTaB-
JIEHHYIO U3 JecsTn
KBagpatoB GUrypy
paspeskbTe Ha ueTbIpe
O/ITHAKOBbIE YaCTH.

Puc. 2

2021/Neé

3. 3 mynkroB A 1 b 0THOBpEMEHHO HAaBCTPe-
4y PYT APYTY BBINLIN Ba MEIIeXo/1a U BCTpe-
THNCH Yepes 2 yaca. Ecsm Obl Kaxk/blil 1erie-
XO/I 1IIeJl CO CKOPOCThio Ha 1 KM/4 6oJibliie, TO
OHM BCTpeTUJIHCh ObI 4epe3 1,5 vaca. Haiigute
paccTogHue Mexay nyHkramu A u b.

4. K uncimrenio M 3HaAMEHATEJIO 3aaHHOM
Apo6u TpubaBuIn mo uucay 1 um momydnsm

1
HOBYIO Z[p06b, KOTOpasa Ha 5 60JIBIIIE 3a/laH-

Hoit apo6u. Haiigure kakyio-uuGy/b n3 Takux
JpoGeii.

5. Haiiziure cymMy BcexX /IBy3HAYHBIX YHCEJI,
Yy KOTOPBIX 06¢ Pl HEUYETHBIE.

6. Nmeerca 30 moner o 1 xorr., 6 MoHET 110
5 kot., 3 monerst 110 10 xom., 1 Mmonera o 20
kon. KakuM 4mcsioM croco60B U3 3TUX MOHET
MOKHO COCTaBUTb cyMMmy B 30 KoII.?

7/ Knacc

1. Tpu 3asanHbIe MpsIMblE NPOBE/EHBI TaK,
YTO JIEJIAT IIJIOCKOCTD Ha IIecThb yacTeil. Yersep-
Task MpsiMast MPOBOAUTCS TaK, YTO IepeceKaeT
3a/laHHbIE TIPSIMbIE B TPEX PA3JUYHBIX TOUKAX.
Ha kaxoe uncso wacrteil pasziesaT ILIOCKOCTD
BCe YeThbIpe MpsMble?

2. Y npsMOyroJibHHKA CO CTOPOHOH 4 cM
YICJIO, PABHOE IIJIONIA/IM B KBa/[PATHBIX CAHTH-
MeTpax, B 1,5 pasza Gouibllie 4HCIA, PABHOTO
MepUMETPY TIPSIMOYTOJbHUKA B CAHTUMETPAX.
Haiiure nJomaab 9TOro npsiMOyroJibHUKA.

3. Nz nynkroB A u b 0/JHOBpEMEHHO HaBCTPE-
4y JAPYT APYTY BBIILJIN /IBA IenexXo/ia 1 BCTpe-
THJINCH 4Yepe3 2 4aca Ha paccTossHuu 1 KM OT
cepenHbl myTn. Ecsm Obl KaXK/bIil 13 HUX 1€
Ha 1 KM/4 ObICTPEE, TO OHU BCTPETUJINCH ObI HA
paccrosinuu 750 M ot cepeunbl yTi. Haitanre
paccrosinue Mexy nynkramu A u b.

4. Haiijinte KOJIMYECTBO YeTbIPEX3HAYHBIX
HATyPaJbHBIX YHCET, Y KOTOPBIX BCe IU(PDI
YeTHBDI.

3. Ilycrp @, — marypajbHOe YUC/I0, KOTOPOe
He jgenuTcsa Ha 3. Bropoe umncio a, mosydaior
KaK CyMMYy YHucJIa @ 1 cyMMbI ero 1udp. Tperbe
YHCJIO @3 TOJYYaOT KaK CyMMYy 4HCIA @y W
CYMMBI ero 1udp u Tak jpajee. JJokaxure, 4To
B 3TOIl 1OCJIe/IOBATEIbHOCTH HI OJTHO U3 YHCET
He mennTes Ha 3.

6. Ilpencrasbre uucao 677 B Buie CyMMbI
a,-3" +a, 3% +a; 3%+ +a, 3% rae k,
ky, k3, ..., k, — pasyM4YHbIC HEOTPHIATEJIbHbBIC
I[eJTble 9mcJIa, a KasK/[0e U3 Ymnces paBHO JH60
yucay 1, au6o yucay —1.
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8 kjacc

1. Pemmre ypasnenue |x + 1| = |x2 -x- 6| +1.

2. Ecim y4eHMK TpeTb IyTH WJeT IIaroM, a
OCTAJIbHYIO YacTb IyTH GEKUT, TO HA BECh IIyTh
on Tpatut 15 Mun. Ecin xe yuennk 0,2 myTtn
UJIET IIAroM, a OCTAJbHYIO Y4acCTb IyTH GEXKUT,
TO Ha Becb MyTb OH Tparut 16 mMuH. 3a Kakoe
BpeMsI YUEHHUK 3TOT IIyTh IIPeojiosieeT Gerom?

3. Tpu paBuble OKpyKHOCTH S}, S,, S onap-
HO KacaloTces Apyr apyra: S; u S, B Touke A; S|
un S; B TOuKe B; S, n S35
Brouke C (puc.3). [Ipa-
Mag AB mepecekaer Ok-
pykHoCTb S3 B Touke K
1 OKPY>KHOCTD S B TOU-
ke L. [Ipsmasa KC nepe-
CeKaeT OKPY’KHOCTD S, B
touke M. Jlokakure,
yTO Tpeyroabnuk KLM
MPSIMOYTOJTbHBIIA.

4. Jlokaxknure TOXX/IECTBO

2-aY (1-2aY
a+a + =1.
a+1 a+1

5. Jlokaxkure, 4TO CyMMa KBAJPATOB [IEBITU
[IOCJICIOBATENbHBIX HATYPAJIbHBIX YHUCEJ Jie-
JuTCs Ha 3.

6. Haiigute npoussejenue Bcex JeJurTesieit
unceaa 105, Broiouas wnesno 1 u camo wneo 108,

9 knacc

1. Ecit yueHNK TIepBYIO YacTb IMyTH OT JOMa
IO TIKOJIBI WJET IIaroM, a OCTaJbHYIO YacTb
myTu 6E3KUT, TO HAa BECh ITyTh OH TPATUT 22 MUH.
Ecnu ke y4eHUK MEpBYIO YacTb 3TOTO IyTH
6EKUT, a OCTANbHYIO YaCTDh ITYTH UJET IaroM,
TO Ha Becb IyTb OH Tparut 16 MuH. 3a Kakoe
BpeMsl YYEHUK 106epeTcsi OT I0Ma JI0 TITKOJIBI,
€CJIM TIOJIOBUHY 3TOTO TYTH OH OyIeT WATH
1IaroM, a Jpyryio MOJIOBUHY TyTH Gy/IeT /IBU-
raTbcsi 6erom?

2. Haiire Bce 3HAUEHUS @, TIPU KaXK/IOM U3
KOTOPBIX ypaBHeHHS x> -x+a=0 u
2x% + x +a+1=0 umeror 06wl KOPeHb.

3. B ocrpoyroapHOM C
TpeyrosibHuke ABC Bbl-
cotpl AK n BL niepecexa-
10TCs B TOouKe H, Touku
M u N — cepefiiHbl BbI-
cor AK u BL cootBet-
creenno (puc.4). loxa- 4 B
SKUTE, 4TO Puc. 4

AM? - MH? = BN?> - NH?,

4. JIOKa>KnTe TOXK/IECTBO
3
52-p° 1-2p°

+ =1
p3+1 p3+1

PP+ p

npu p # —1.

5. Haiimure Kom4ecTBO BCeX TPeX3HAYHBIX
HATyPAJIBHBIX YHCEJ, B JCCATHYHON 3aIich KO-
TOPBIX 1U(PBI CIIpaBa HAJIEBO CTPOTO YObIBAIOT.

6. Haiigure 11aTh pasMuHbIX HATYPATbHbBIX
YycesJ TaKWX, 4TO IPOM3BE/IEHHWE JBYX Hau-
60JIBIINX U3 3TUX Ynces Ha 16 Gosbie CyMMBI
BCEX TATH YHCEJI.

10 knacc

1. Haiiure Bce uncsa b takue, 4To BBIIOJIHS-
9 3 c
erca pasencrso 37 =9 (sammcn a” - co-

c

KpalleHue 3aiucu a' ).

2. Haiinnre Bce 3HaUEHUS @, TIPU KAXK/IOM U3
KOTOpbIX ypapHenns x”—(a-1)x+2=0 u
242 - (a+1)x +2 =0 umeror o6IIT KOPEHD.

3. B tpeyrompauke ABC, y KOTOPOTO yro
ABC paBen 120°, mpoBejierbt 6uccekTpuchl BK
u CL (puc.5). oka- B
JKUTE, YTO B JIaHHOM I
caydae orpe3ok KL
ABysgercs OUCCEKTPU- K
coll TpeyroibHuUKa A
AKB. Puc. 5

4. Kakum umnciom croco60B MOXKHO paccTa-
BUTb B HIEPEHTY TIATH T1ap OJN3HEI0B, YTOObI
Kak/ibie /1Ba 6JIM3HEIa HAXOAMINUCH PSIZOM IPYT
¢ apyrom?

5. Haiijiure HaTypasibHOE YUCTIO 7, IPU KOTO-

)

n!

C

POM BbIpakeHne IIPpUHUMAET Haun-

6oJblliee 3HAYEHHE.

6. Haiignre maTh pa3indHbIX HATYPATbHBIX
YrceJ TaKWX, YTO TPOM3Be/leHWE IBYX Ham-
GosIbIINX U3 9TUX unces Ha 16 GoJibliile CyMMbl
BCEX TISATH YHCET.

17 knacc

1. B Bbipaxkenun (1 +a+ a0 * PacKpbLIU
CKOOKH 1 TIpuBe/H too6uble. Kaxoil koaddu-
1went Gy/eT y OHOUICHA X2

2. Haiiure Bce 3HAUEHUS @, TIPU KAXK/OM U3
KOTOPBIX ypaBHeHust (a — 1)x2 +3x+2=0mu
ax® +7x +2 = 0 uMeoT OOt KOPEeHb.

3. Brpeyrompunke ABC, y kotoporoAB < BC,
Touka M — cepepnna croponsl AC u Touka D Ha
cropoie BC ormeyeHa Ttak, uro BD =AB
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B (puc.6). Haiigure Benn-
ynay yraa ABC, ecim
D n3BecTHO, ut0 LABM =
=57°, ZBMD = 90°.
¢ 4. B npaBusibHOIi ye-
TBIPEXYTOJBHON MTIPAMU-
ne SABCD Bce pe6pa pasubl 1. Haiigure
IJIOIIA/Ib OPTOTOHAJBHON IPOEKIINU TTHPAMHU-
JIbI Ha TLIOCKOCTH GOKOBO# rpanu SAB.

5. Haiijure koimuecTBO BCeX BUJOB PABHO-
6e/IPEHHBIX TPAIEIU C TIeJTIOUUCIEHHBIMU CTO-
pOHAMU, TIEPUMETP KaKJAOU M3 KOTOPBIX pa-
Ben 30.

A M
Puc. 6

sinx + 2cosx
6. IIpencraBbTe BBIpOKEHNE ——— —

4cosx —3sinx
B BUJe @ +btg(x + @), rae a, b,  — pukcupo-

BaHHbIE YHCJIA.

®dusnyeckoe otpeneHue

7/ Kjiacc

1. OxHO B KOMHATE 3aKpBITO IJIOTHBIMHU
MTOpPaMy, B KOTOPBIX €CTh HEGOJBINOE OTBEP-
ctue. CoJHile ¢BeTUT MpIMO B okHO. OreHuTe
CKOPOCTb JIBUKEHUSI CBETJIOTO TISITHA TI0 CTEHE,
PACIIOJIOXKEHHOH HAIPOTUB OKHA.

2. VlamepbTe, KaKkoii Iy Th BBI MPOXOINTE TIPH
CIyCKe TI0 JIECTHHUIIE W3 Ballell KBapTHUPBI Ha
yAWIy W Ha CKOJBKO METPOB OIyCKaeTech.
OrneHnTe TOTPEITHOCTD U3MEPEHITH.

3. Besocureuct u memniexo/; O[[HOBPEMEHHO
OTITPABUJINICH B COCETHUI TOPOJI, HAXOIATIUIICS
Ha paccrostaun 20 kM. Ilo myTn BeocumeamncT
OCTAHOBUJICS TI000EIaTh, M B UTOTE B COCETHMIA
ropoJl OHU TPHUOLLIM TOXKE OJHOBPEMEHHO.
Ckousibko Bpemenu mpojoskasicst 06en? Cko-
pocTb BestocutieaucTa 15 kv/4, nernexozia 6 km/4.

4. BemocumemucT, ABWKYIIUICS CO CKOPOC-
110 20 KM/4, OOrOHsSIeT CTOSIINI Ha OCTAHOBKE
anexTporoe3q 3a 36 c. Ilpm kakoif ckopocTn
9JIEKTPOTIOE3/Ia TOT OOTOHUT MPOJOJIKAIOINIETO
JIBUTATBCSI C TOM K€ CKOPOCTBIO BEJIOCUTIETNCTA
3a 12 ¢?

3. Karep npoxoaur paccrosiiue 20 KM BHU3
10 TEYEHUIO 32 48 MUH, a TPOTHUB TeyeHus 3a 1 4
20 mumH. YeMy paBHa CKOPOCTb KaTepa B CIIO-
KOIHOI BojEe?

8 kracc

1. C Kakoil CKOPOCTHIO JIOJIKEH JIETETH CAMO-
sieT BoJb 60-it mapaJsuiesn, yToGbl accazKup
Buea CoJtHile Ha OJTHOI U TOM »Ke BbICOTE Ha/l
TOPU30OHTOM?

2021/Neé

2. Eciu B BEAPO € BOJION TIOMECTUTDH IIECTD
JIEPEBSIHHBIX KYOMKOB, BO/Ia HAUYMHAET HePeIu-
BaTbcA uepe3 kpail. CKOIbKO KaMHeH TOH ke
MAacChl MOYKHO TIOMECTHTD B BEJ[PO, YTOOBI BOJA
He mepeauBanach? IlmoTHOCTD KaMHS
2500 Kr/m°.

3. Kakyio MuamMasbHyo paboTy HYKHO CO-
BEPINTDH, YTOOBI BbIYEPIATh BOJY M3 HAIOJI-
HEHHOTO JI0BEPXY KyOmdueckoro 6aka ¢ peGpom
2 M? Yckopenue cBOGOJHOTO MaJeHUs
g =10 M/ .

4. Orennre, Kakasi Cpe/HsIsl TEILIOBAsi MOII-
HOCTD BBIJIEJISIETCS B BAIIIEM TeJIe TIPH CITYCKe 110
JIECTHHUIIE.

3. Ilemexom, BemocUTIENCT W ABTOMOOWTD
OJTHOBPEMEHHO OTIPABUJIUCH B COCEHUIT TOPO/I.
Besocumnieiuer npuObLI paHblile Temexoa Ha
14, a aBTOMOOWJIb OIepe/iy Melexosa Ha
1 4 15 mun. Cropoctb nemniexoa 6 km/4. Otpe-
JIeJTUTe CKOPOCTDb BEJIOCUIIENCTA, €CTU M3BECT-
HO, YTO OHA BYETBEPO MEHbIIIE CKOPOCTH ABTOMO-
OuIs.

9 knacc

1. /IBa aBTOMOOWJIS MPOILIN OHY JAUCTAH-
o nytu. OHU OJIHOBPEMEHHO BBINLIA U3
HCXOJIHOTO MyHKTA U OJIHOBPEMEHHO yepe3 1 u
20 MHUH NPHILIA B KOHEYHBIH MYHKT, TPUYEM
1epBbIil aBTOMOOUJIb TIEPBYIO, MEHDBIIYIO 4acCThb
BpeMeHN Ies co ckopoctoio oy =100 xm/4, a
0CTaBIIYIOCsI, OOJBIIYI0O — €O CKOPOCTHIO
v, =60 kM/u. Bropoii aBTOMOOUJIb, HAIIPOTUB,
CHavaJa JIBUTAJCS CO CKOPOCTBIO Uy, & 3aTeM
eI O CKOPOCThIO vy. Orpe/ieinTe NpoOTsKeH-
HOCTD Iy TH, €CJI1 HanOOJIbIIIast IUCTAHIINS MEK-
Jly aBTOMOOGUJISIMM B IPOIECCe UX JIBUXKEHUSI
cocrapisiia s =20 KM.

2. IJKCIEePUMEHTATOp MPHUAJ MPOBOJIOKE
¢opmy 3ursara, 06pazoBaHHOTO PABHBIMU ITPsi-
MOJIMHEIHBIMU OTPE3KaMH, MOBEPHYTHIMU Ha
yron 90° apyr k apyry (puc.7). 3arem ou
JIOJIKeH ObLT oTpe3aTh ()parMeHT MPOBOJIOKH
POBHO TOCPE/IHHE OTPE3KOB. Y JKCIEPUMEHTA-
TOpa He 0KA3aJ0Ch JUHEHKN, 4TOObl HAMETUTD
TOYKH OTpe3a, 3aTo Haiescss ommerp. OH HaMe-
THJI Takue ToYku A u B, 4TO conpoTuBJjenue
3Ur3aroo6pa3Hoil MPOBOJIOKN MEXK/IYy HUMU
YMEHbBINATIOCH B U3BECTHOE MY YHCJIO Pa3 110c-
Jie 3aMbIKAHUST UX MPSIMOJIMHEHHBIM OTPE3KOM
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TOH >Ke TPOBOJIOKHM. BO CKOJBKO Pas JOJKHO
OBIJIO YMEHBINUTHCS COMPOTHBJICHE?

3. B mwnmuHapuyeckoil Kosbe JIMH3A JIbJA
ILJIABAET TIOBEPX CJIOSI BOJbI, MIPUJIErast K CTeH-
kamM Kos6bl. Kosnba HarpeBaercsi TOPEJKOM,
coobmamonieil el TEeNmJIOBYIO MOIIHOCTD
N =100 Br. Onpeaennre CKOPOCTD ABUKEHUS
BepXHell TpaHUIbl JbJa. [[JO0THOCTD BOMIBI
p, = 1000 KF/ M, miorHocTs bA P, = 900 Kr/ M,
yaejgbHasg TeNJ0Ta TJAABJIEHUS JbJa
A =330 xJ[/Kr, TIIONA/ b OCHOBAHMS KOJIOBI
S =50 cM?. Cuwnraiite, 410 TeMIiepaTypa BOJIbI
n spga 0 °C.

4. [lag Toro UYTOOBI MOAKIIOYNTD MOIIHBIN
3JIEKTPOIPUOOP K PO3ETKE, IMPUIILTIOCH UCIOJIb-
30BaTh /[Ba IIOCJIE/IOBATEIbHO COEAMHEHHBIX
yaauauress. [lepBblii copepskan MeJHbli 1po-
BOJI € ILIONA/bIO cevenus Sy =1,5 MMZ, BTO-
poil — Takoil Xe TPOBOJ C CEYEeHUEeM
S, =0,75 mm2. TTocre KPaTKOBPEMEHHOTO BKJIIO-
YeHUsST 3JIEKTPONPuOOpa MPOBOSAIIAS KA
[IPOBOJ/Ia TIEPBOTO Y/IJIMHUTE/ISI HArpesjach Ha
AT, =5 °C. Ha ckosibKOo Harpesjach IpOBOJIS-
masi JKUjia IIPOBOJA BTOPOTO YAJUHUTEJS ?
O6MeHOM TeTTa MeK/Ty TTPOBOTHITKOM U H30JIsI-
IIHOHHBIM TIOKPBITHEM TIPOBO/IA TIPEHEOPEUD.

5. Ha gme mycroit muanHIpuaeckoii KoaObt
crour ummaap (puc.8). B konby Havamm c

h
hZ
\ ’
hS
Oto t t, t
Puc. 8 Puc. 9

HOCTOSIHHBIM PACXO0/I0M HAJIMBATH BOAY. Uepes
HEKOTOPOE BPeMsI MPUJIUTIIITII KO JIHY TTUJITH/D
OTOPBAJICSI OT [[HA U BCILIbLI. Bbipasure miotr-
HOCTb MaTepuajia, U3 KOTOPOTO C/eJIaH I[i-
JIMHJIP, Yepes NpuBejieHHble Ha rpaduke (puc.9)
JaHHbIE 3aBUCUMOCTU BbICOTbBI YPOBHA BO/Ibl B
K0JI6e OT BPEMEHH U IIJIOTHOCTD BOJIBI Q.

10 knacc

1. Pemmre 3agauy 1 mias 9 kiacca.

2. ABTOMOOWJIb HAUAJI ABUXKEHNE C ITIOCTOSH-
HBIM YCKOpPEHWEM, 3aTeM, [IOCTUTHYB HEKOTO-
pOil CKOpPOCTH, TIeJ € 3TOW CKOPOCTbIO. 3a
BpeMs ¢ OT HavaJia ABWKCHUS OH TIPOTIET My Th

s, 3a 2t — myThb 3,5s. OmnpeaesnTe MakCHUMaJIb-
HYIO CKOPOCTb aBTOMOOGUJIS.

3. Ha naxsonennyio mox yriaom o = 30° k
TOPU30HTAJIH TTOBEPXHOCTD JIEJASTHONU TOPKU OJI-
HOBPEMEHHO Ha paccrostuuu [ =15 M Apyr or
JIpyTa CTyIHII Ba Maabunka. CKOJbKO BpeMe-
HU MaJIEHbKUI MAJBYIK, PACTIOJIOKEHHBIN HIKE
0 CKJIOHY, MOYKET OCTaBaThCsl HEIO/BIKHBIM,
BBITSITUBAsi BEPEBKY, KOTOPYIO AEPKUT GOJIb-
IIOM MaJIbuMK, PACIIOJIOXKEHHBIN Bbilie? Macca
60sb110r0 MaJsibunika M =40 Kr, MaJeHbKOro
m =20 Kr, ycKopeHHe CBOGOIHOTO TIaJICHUS
g =10 M/CZ, TPEHUST HET.

4. Pemnre 3amauy S5 a1 9 kiacca.

5. Kaperka CKOJIb3UT €O CKOPOCTBIO v 6€e3
TPeHuUsI BJI0JIb TOPU3OHTAIBbHOI ocu. K Kaperke
HUTBIO JJIMHOW [ Tpu-

. Y5
KpEILIeH TPY3, KOTOPbIil |
TIPU IBYOKEHUHN KapeTKU |
COXpaHsIeT BEPTUKAJb-
d

[

HOE HalpaBJeHue HUTH
(puc.10). Ha kaxoii Mak-

CHMAJIbHBLI YO OTKIO- 5 19

HUTCS TPY3 HA HUTH MOC-

Je TOro, Kak KapeTka YIPYro yJAapurcsi o
npensaTcrBrue? Macchl rpysa v KapeTKu OJIMHa-
KOBbIE. YCKOpeHne cBOGOHOTO MAJIEHUs ¢ .

11 knacc

1. V3 oxHa B cTopoHy cocemero goma Ilets
6pocu kamerniek. V3 okHa coceHero Joma,
TOYHO pacrojiokeHHoro Hanpotus I[letnnoro
okna, Crena 6pocus npyroit kamemiek. Hu
TOT, HU JIPYTOil KaMellleK He JI0JIeTeT /10 e,
MIOTOMY YTO OHU CTOJIKHYJIUCH B TIOJIETE B TOUKE
Ha paccTogann 1/3 OT IepBOTO J0Ma Ha BBICOTY
h ke mecta 6pocanusi. OTpeeIuTe Haua b-
HbIe CKOPOCTH KaMENIKOB. PaccTtosame Mex Iy
momamu L. Kamemrku 6pocasivi TOPU30OHTATb-
HO.

2. 3akpbITas CHU3y U CMOHTHPOBaHHAs BEp-
THKAJIBbHO TPy6a pas/esieHa momoaM BeHTHIeM
(puc.11). B HUKHEM 3aKPBITOM OTCEKe TPYObl
HaXOJIUJICS BO3YX TIpH atMocdep-
HOM JIaBJICHUHN P = 10° IIa, B Bep-
XHUN OTKPBITBIIl OTCEK [10BEPXY
HAJTIJN BO/IbI. Uepes HeTIOTHO 3aK-
PBITBII BEHTHJIb BO/Ia HAYaIa Me/- 0
JIEHHO TIPOCAYMBATHCS W KamaTh B
HIDKHUN oTcek. IIpoiecc mpekpa-
TUJICS, KOT/Ia BOJIa MIOPOBHY TIOjI€- ¢
JInIach MekIy orcekamu. Omnpe/e-
Jmrte BbicoTy TpyObI. IlaoTHOCTD  py 77
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BozbI p = 1000 KF/ M°. OGDBEMOM BEHTILIS Tpe-
HeGpeub. YcCKopeHue CBOGOJHOTO TajieHust
g=10 M/ .

3. Bpycok 1mosiosknan Ha HAKJOHHYIO IJIOC-
KOCTb U OTITyCTHJIN — OH B TeUeHHe BPEMEHH ¢
CKOJIb3WJI BHU3, YIPYTO yAApUics o 6apbep H
BHOBb HA4aJI TIOTHIMATBCS, 3aTPATHB Ha [T0/bEeM
J10 BbICIIE TOUKM BpeMs &,. Uepes Kakoe BpeMs
110cJIe T1epBOro yjaapa GPyCcoK BHOBb YAapUTCS
o Gapbep?

4. BycuHKka HajieTa Ha TOPU30HTAJIbHYIO CIIN-
Iy ¥ C TIOMOIIbIO PE3NH-
KU TIPUKpeIJieHa K TOY-
Ke, PacIoJIOXKEHHOU Ha
PACCTOSIHUKM OT CITHIIBI,
paBHOM HegedopMupo-
BaHHOH /IJIMHE PE3NHKN
(puc.12). Ecnu B Touke puc 12
paBHOBecust GyCHHKE COOOLIUTH CKOPOCTb 0,
JIOCTUTAETCS MaKCHMAJIbHOE OTKJIOHEHHE pe-
3UHKH, [P KOTOPOM OHa 00pasyer co CIuilei
yros o = 60°. Korzpa 6ycutke B TOUKE paBHOBe-
cHUsl COOOIIIIN CKOPOCTh 80, pe3mHKa MopBa-

OTBETbHI, YKA3

«KBaHT» angd Mmnagumx LWKOJIbHUKOB
(cm. <Keanms» No5)

1. OrBer MoKa3aH Ha pucyHke 1.

2. 50°.

PaccMOTpHUM TISITHYTOJIBHUK, BBIIEJTEHHBIN KPACHBIM
nserom (puc.2). Cymma ero yrios pabHa

@
Puc. 1 Puc. 2

180x 3 = 540° (kak u cymMMa yIJIOB J0GOrO IsATH-
YTOJIbHUKA) — 9TO MOKHO [I0Ka3aTh, pa3pes3aB €ero
[MAroHaJsIMu Ha 3 TpeyrosbHuka (Ha PUCYHKE 9TH
JMATOHAJIM BBIAEICHbI CHHUM), CyMMa YIJIOB KasK-
JIoro 13 KOTOpbIX paBHa 180°. Yribl aTOro IsaTH-
yroabpunka: 70°, 60°, 90°, 270° u o, 3Hauwr,
o =540 - (70 + 60 + 90 + 270) = 50°.

3. IlycTb B HE3amoJHEHHOI KJIETKE MEPBOil CTPOKI
crout unciao x. llocaegoBateqbHO 3aMOTHUM elie
HECKOJIbKO KJeTok (puc.3), B 1IPaBOM BepXHEM
Y1y KJaeTku GyJieM IHcaTh, KaKoil MO CYeTy MbI ee
sanoHnan. CyMma 4mces TepBOil CTPOUKHM paBHA

2021/Neé

Jacp rpu yrJue 3 = 30° 110 OTHONIEHHIO K CIIUIIE.
Ompezieure CKOPOCTb, € KOTOPOI OyCHHKA
IIPOIOJIKUIA IBUKEHNUe TOC/Ie Pa3pbiBa PEe3UH-
ku. Pesunka nogunnsercs 3akony ['yka BIJoTh
JI0 MOMeHTa ee pa3pbiBa. Tpenus Her. Pe3nnka
HeBecoMasl.

5. /lBa Gpycka OIMHAKOBOI Macchl HETO[-
BIDKHO JIeXKaT Ha paccTossHum L =1 M ApyT oT

A x—?

»0

.EL;.

Puc. 13

Jpyra Ha ropusonranbiom croje (puc.13). Ha
KaK/I0M OpYCKe CMOHTHPOBAH HEBECOMBIi GJTOK.
Yepes 6Ji0ku TiepeGpolieHa HepacTsKuUMas u
HeBecoMasi HUTD, IPUKPEIIEHHAS OJIHUM KOH-
IOM K JleBoMy Opycky. Ha kakoe paccrosmue
HY’KHO, HE paccjaalsgsd HUTD, epeMeCTUTDb ee
cBOOOIHDBIN KOHEIl A, 4TO6bI GPYCKU CTOJIKHY-
JIICH JIPYT C IpyroM? Bpycku He nepeBopayun-
Batorcsi. Tpenus Her.

AHNA, PEIIEHUA

1| &' 3
2] 21 8
7 4
7% 1° 7 [x-5
Puc. 3

10+ x, a 3HA4YMT, TaKOBa M CyMMa 4YHCeJ J060TO
psina. PaccMoTpuM BTOpPOIl cTOIOEI] — 3HAST CyMMY
4yhcesJ B HEM, Mbl MOXEM Telepb 3allOJHUTH €ro
HIDKHIOIO KJIETKYy — TaM cTouT umncyao 10+x —x —
—2-7=1. AHAJIOTMYHO TOCTYIUM C YETBEPTHIM
CTOJIGIIOM U BIIMIIEM B €r0 HIJKHIOO KJETKY X — 3.
Haxoner, paccMOTpeB HIDKHIOIO CTPOKY, TaKUM JKe
06pa3oM HaiiieM UCKOMOE YHCJIO: TO 7.

4. a) Her; 6) na, 2021.

a) 3amernm, uto KE m KC samensior pasnble
4HcJia, HO OT UX MepecTaHOBKU IIPOU3Be/IeHIe yuym
He M3MEHUTCS. 3HAUUT, Ui KaKJIO0TO perieHus
pebyca ecTb TapHoe, TAe THdPbI, COOTBETCTBYIO-
e E u C, nomensnpl Mectamu. [loatomy opno-
3HAYHO BOCCTAHOBUTH pelIeHHe, 3aJyMaHHoe ¢o-
KYCHHUKOM, HE IOJYYHTCS.

6) Tlocne ysennuenns eex nudp Ha 1 nomyunioch
CHOBa perieHne pe6yca, 3HAUNUT,

YUY+ 1111 = (KE+11)(KC+11) = KE-KC +
+11-KE+11-KC+11-11.



OTBETbl, YKA3AHUA, PEINIEHHNUI 57

[ockosbky mpu atoM YUY = KE - KC, nonyuaem,
4TO

1M11=11-KE+11-KC+11-11,
101 =KE + KC + 11,
KE + KC =90,

10-K+E+10-K+C =90,
20-K+E+C=90.

3amernm, uto E+ C—»s10 unciao or 1 mo 17, a
gaunt, 20-K — unciao or 73 no 89, kortopoe
nenutcss Ha 20. Torma 20-K=80 m K=4, a
E+C=10.

Hudper E n C—pasnble, HU 0[HA U3 HUX HE paBHA
4, a TakyKe HU OJIHA U3 HUX He paBHa 9 (uHaue ObI
pu po6asienun 1 k kaskgoil mudpe mpounsories 6ot
nepexo/l yepe3 JECSATOK, KOTOPBIH M3MEHUT POBHO
onny u3 nudp Ha Mecte 6ykB Y man K, u utor ne
Gynet pemennem pebyca). s pasencrsa E + C =10
ocTaeTcs TOJbKO [Ba Bapuanta: 2+ 8 u 3+ 7. Torzna
KE-KC =42-48=2016 uaun KE-KC=43-47 =
=2021. Ho B cnoBe YUYW coBmamaior mepsast n
TpeTbs OYKBa, a 3HAYUT, TTOJXOIUT TOJBLKO BapHAHT
YUYii=2021.

KoHkypc umenn A.l.CaBnHa
(cm. <Keanm»> Nod)

29. Jla.

Tak kak Bce ymcJga HEYETHBI U UX CyMMa HEUYeTHA,
TO W UX KOJUYECTBO HEYETHO. 3HAYUT, CTOPOHA
TaOJIUIbI COCTOUT U3 HEYETHOTO YNCJIA KJIETOK: 2k + 1.
Torga Beero kaetok B Tabmmie 4k> + 4k +1. Tax
KaK CyMMa BCex 4Ymcest pasHa 1, cpey HUX e[MHUIL
Ha ojgny GoJjbinie, dYeM MHHYC eIHHHUIL.
CiieroBaTeIbHO, MUHYC €IMHUIL 2k% + 2k — werHOE
grcso. 1loaToMmy mpomnsBeieHe Beex 4nces paBHO 1.
30. Mor.ro.

PaccMoTpuM HeBbITYKJIbII yeTblpexyroibHuk ABCD
¢ Bepumnamu B toukax (0;0), (3;0), (a;a), (0;3) u
BbiGepem K, L, M, N rax, uto AK : KB=BL : LC =
=2:1, CM:MD=DN:NA=1:2 (puc.4).
Bosbmem @ ouens manennkum. ILaomags ABCD
OyzieT Toraa TOYTH
HyJsesoit. IIpu aTom
YETBIPEXYTONBHUK —  [)
KLMN 6yner 67m-
30K K Tpamemnun ¢ \
BepumHaMu B To4- N
kax (2;0), (1;0), \
(0;1), (0;2), u ero NV
niaomaap  Oymper
6/m3Ka K 3/2. C
31. Her. A 174 B
Tpeyrosmbuuku Je-

JIATCS Ha OCTPO- puc. 4

b

YTOJIbHBIE, TYIIOYTOJIbHBIE U HIPSMOYTOJIbHBIE. TTycTh
OCTPOYTOJIbHBIX TPEYTOJbHUKOB X, TOTJA TYIOY-
FOJIBHBIX 2X, 4TO B CyMMeE JICJIUTCS Ha 3.

Terepp paccMOTPUM IPSIMOYTOJIBHbBIE TPEYTOJIbHH-
ku. VX runorenyssl OyayT AuaMeTpamMu OKPYSKHO-
cru (TaK Kak Ha HUX ONHUPAETCS MPSAMON yroa), u
ecan J[Be TOYKH JMAMETPAJIbHO IIPOTHBOIOJIOMKHDI
Ha OKPY’KHOCTH, TO JI00ast U3 48 0CTaBIINXCST TOUEK
o6pasyer ¢ HUMH IPSIMOYTOJBHbBII TPEYTroJbHUK.
3HAYNT, KOJMIECTBO MPSIMOYTOJIBHBIX TPEYTOJIbHNI-
KOB paBHO 48¢, rje ¢ — KOJINYECTBO JHAMETPAIBHO
HPOTUBOIIOJIOKHBIX TIap To4YeK. ITak, KOJMYecTBO
HPSIMOYTOJIBHBIX TPEYTOJIbHUKOB TOXKE JICJIUTCS Ha
3. 3uaunt, U o6lIee KOJMYECTBO TPEYTOJbHUKOB
JlenTes Ha 3.

Ho o6iiiee KOIMYeCTBO TPEYTOILHUKOB PABHO YNC/IY
crioco60B BoiGpath 3 Bepumbl 13 50:

c3 :W:SQ.@;.&

4TO He JIeJUTCS Ha 3.

32. (n-1)!

3ameruM, 4TO JTHIOGYIO TOCJE0BATEIBHOCTD MOYKHO
noJTyunth He Gostee uyeM 3a n —1 maroB. CHauama
MoCTaBUM 4ucjao 1 Ha TO MeCTo, Ha KOTOPOM OHO
JIOJLUKHO OKasaTbCs B WTOre. 3aTeM IIOCTaBUM Ha
Hy>KHOe MecTo 4ncyo 2 u T.71. Korga uncna 1, 2, ...
..., n—1 oKaxxyTcs Ha CBOMX MeCTax, TO M YHCJIO 1
BBIHYK/IEHHO OKa’KETCS Ha CBOeM MecTe. 3HAuuT,
Tpebyercsi HATH KOJUYECTBO MOCJIEI0BATEIHHOC-
Tei, KOTOpble HeJb3sl IMOJYYUTh MEHDIe 4YeM 3a
n —1 maros.

Kaxoit BO3MOXKHOI 11OCJIE0BATEBHOCTH TOCTA-
BUM B COOTBETCTBHE OPUEHTHUPOBAHHBIA Tpad ¢ n
BEpIINHAME, MPOHYMepOBaHHbIME OT 1 10 n, B
KOTOPOM peOpa MPOBEIEHDbI TAK: €CJU Ha i-M MecTe
HI0CJIEZI0BATEABHOCTH CTOUT YUCJIO j, TO IIPOBEAEHA
CTpeJIKa U3 BEPIUINHDI i B Bepiiuny j, Gy/eM TakiKe
nucarb i — j; Upu i=j

nomydaerca merada. Tax 7 2

KaK U3 KayKIOU BEPIIUHBI

BBIXOJIUT OJIHA CTPEJIKA U /§
B KaX/IYyI0O BXOJUT OJHA 4 5 6
crpeika, 1o rpad upeia-  Puc 5 [Ipumep: rpag
cTaBysieT co00it 00beiute- /15 [10C/1e40BaTE b HO-
mue 1ukaos (puc.5). cv 7367425
[TocmorpuM, kak mpeobpasyercsa rpad, xorga asa
YHCJaa B MOCTEI0BATETBHOCTH MEHSIIOTCS MECTaMH.
Crpenku a — ¢ u b — d samenstiorcss va @ > d u
b — c¢. Herpynno y6eautbcsi B TOM, YTO €CJIH JIBE
CTPEJIKM OBLIN U3 OJHOTO IUKJA, TO OH PacIajiaeT-
cs Ha JIBa NUKIAa. A ecjau OHU ObLIN B PAa3HBIX
IIIKJIAX, TO TPU TAKOIl OTEpaIuu 9TH IUKJIbI 00be-
JIMHATCS B OfWH. [109TOMY KOJIMYECTBO IUKJIOB 32
OJIMH IIar u3MeHsieTcsi popuo Ha 1.
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JlokaxxeM, YTO IOCJIE/[OBATEIBHOCTH, KOJIMIECTBO
KOTOpBIX TpeGyeTcst HAlTH B 3ajade, ITO BCe TaKue
I0CJIe/IOBATEIbHOCTH, I'pad KOTOPBIX HPECTaBIISIET
co00 OJINH TUKJI.

B mawasbHOI cuTyarum, Korja Bce 4KC/Ia CTOSAT HA
CBOMX MeCTax, Takoil rpad mpejcraBisieT co6oil n
k0B junnet 1. IToatomy ecom B rpade, coorser-
CTBYIOIIEM II0CJIE/[0BATEIbHOCTH, POBHO 1 IUKJI, TO
ee HeJIb3s1 MOJIyYUTh MEHblIe yeM 3a 17 — 1 maroB. A
ecJiit 60JIbIIe YeM 2 IHKJIA, TO MOKHO — Bejlb BCETr/Ia
MOXKHO CJleJIaThb IIar, YMEHbIIAION[Iii KOJINYeCTBO
uKJa0B Ha 1.

Ocrasoch HalTH KOJMYECTBO Takux rpados, B KO-
TOpbIX poBHO 1 mmkia. Byjgem pucoBaTh 3TOT UK
nocJsieioBaTeIbHO; HauHeM ¢ Bepmmubl 1. ITpose-
JleM "3 Hee CTPEeJKY, 9TO MOXKHO cjenarb n—1
crioco6amu. V3 KOHIIA 3TOI CTPEJKH MOKHO IpOBe-
CTH CTPEJIKY y:Ke 7 —2 crnocobamu, 4ToObl HE BO3-
BpaIlaTbhcs B BepIINHY, B KOTOPOIl yske Oblam. Ha
cJeqyoneM mare 6y/er yke n — 3 crocoba mpoBec-
TH CTPEJIKY U T.J. — KOJMYECTBO BAPHAHTOB OYJET
Kakaplil paz ymenpmarses ma 1. Tlosyunm, dro
KOJIMYECTBO CIOCOGOB IIPOBECTU TAKOIl INKJ PaBHO
(n=1).

OcHoBHAsT 9aCTh TOTO PeleHns yske 06CyK/Ianach B
«Ksanre»: cm., Hanpumep, crarbio «CyeTunku u pac-
crostnust B rpadax» I1.KoxeBHukosa B Ne6 3a 2017 .

Kanenpockon «KBaHTa»
Bonpocbl n 3apauun

1. /l7TMHA MOPCKOIi MIJIN PABHA JIINHE JIYTU 9KBATO-
pHATbHON OKPY)KHOCTH, CTATMBAIOIIEH ILEHTpasb-
HBIIl yroJi, paBHbIH yryioBoil cexyHe.

2. Cxopoctb criopreMeHa pasHa 30 kM/4 = 0,5 Kv/MuH.
3HAUYNT, TIEPBBIl KHJIOMETDP CIOPTCMEH TIPOGeskal 3a
2 MWH, T.e. OE3J yKe yIIes.

3. Heo6xoumas ckopocTb pabHa 1 km/c = 3600 kv/u =
=1000 m/c. Ito npumepro 3 ckopoctH 3ByKa. Ta-
KOH py6exx AeHCTBUTETBHO IIPEOIOJIEBAIOT COBpPE-
MEHHbIE BOECHHbBIE CaMOJIETBI.

4. Ilpu U3rOTOBJICHHH TOYHOIl KOIUH BCE Pa3Mepbl
CHETOBHUKA JOJDKHBI OBITh YBEJMYCHBI B 2 pasa.
3naunt, o6beM Koruu Oyaer B 8 pas GoJiblie 06be-
Ma opurmHasna, a macca Oyaer pasuHa 50 Kr-8 =
=400 kr.

3. Ilockoabky 1 dyur = 450 r, 1 gioiim = 2,5 cM, To
JaBJeHue

=8"£:L4'10.Ha=581<ﬂa.

2
S (25-107)

6. 3anuiieM pasMEepHOCTH COOTBETCTBYIOIIMX BEJIH-

uyyH B egunniax CU:

KT M

o|l=— =

[o]="3. lg] a0

H KT+ M KI' M
== =—.—=|0 .
[»] Nl R i [c][g]
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3Hauut, p = og.

7. Boimumenm pasmepoctu: [E] =
M

[0] = —. Byzem uckarp sasucumocts v ot E u p B
c

Buge v = kE%pP, re k — Geapasmepmast mocrostH-
Hasg. V3 paBencrBa pazMepHoOCTeil JIeBOI U IpaBoii

o 1 1
yacTell HAXOAUM O = 5 uf= —5. CieioBaTeibHo,

v="Fk E
p

8. Ilpounoctp KoJIbI[a HAa Pa3pbIB OIPEIEIIeTCs

KYJIOHOBCKHMH CHJIaMH, 3aBUCSIIUMH OT KBa/lpara

BEJIMYMHDI 3apsiia. TakuMm 06pasoM, HOBBIH 3apsiit

0 =10g.

9. IIpeobGpazyem: (Z[)K/KJIZ) -c= Lox/Ka _B
Ka/e A

ITO Pa3MEPHOCTD AIECKTPUYECKOTO CONPOTHBJICHNUS.

=Om.

10. V3 coobpaskeHuit pasMepHOCTell MOTEHIHAT B
BepIMHe KyGHKa IPOIOPIMOHAJIEH OTHONIEHUIO G/ a,
rjae g — 3apsg Kyb6uka, @ — ero pebpo. llentp ke
KyOMKa HAXOJUTCS B BepIIMHAX BOCbMH KyOHKOB
BABOE MEHBIIETO pa3Mepa. 3HAUNT, NMOTEHNHAT B
LeHTpe paseH 24 B.

11. VurencuBHOCTD HM3/IydeHHs BbIpaxkaercst (op-
Myoit [ = gyE>c, T/Ie €y — 3JEKTPHUCCKAS TIOCTOSTH-
Hast, E — HaIpsDKEHHOCTb 3JIEKTPUYECKOTO II0JIS,
¢ — ckopoctb cBeta. Torma

=2 (B ° M _ Ki-B® _ Jlx _Br

M M 2 2

¢ B:m-c M-c M

MwukpoonbIT

[Tpn yBesmyeHNN pajiryca OKPy>KHOCTU BO CTOJIBKO
JKe pa3 yBeJMYHMBaeTcs JUIMHA 06pasyeMoil CeKTo-
POM JIyTH, a UX OTHOIIECHHUE OCTACTCS HEeM3MEHHDBIM —
urypsl o06HBI APYT APYry. 3HAYUT, HE H3Me-
HHUTCS M BesJMuMHa yrua. Takas cBs3b, KCTaTH,
IIpHUBeJIa K MBICJH U3MEpATDh YIJIbI He TPAycaMi, a
pajraHaMi — OTHOIIECHWSMH JMHEHHbIX 2JIEMEHTOB
TeX (Uryp, KOTOPHIM IIPHHAJIEXKAT YIJIbL.

CKpbiTas cMMMeTpus

1. ITo6exmaer BTOPOIT UTPOK.

Hecnosxuo mpoBeputhb, 4TO ecsu Obl JaJbu H3HA-
YaJIbHO CTOSIN HA [EHTPAJBHO CHMMETPUYHBIX KJIET-
KaX, TO BTOPOH HWTPOK MOT ObI BBIUTPATb, HIPast
CUMMETPUYHO OTHOCUTEJIBHO IeHTpa. [IycTh BTOpOit
UTPOK MBICJIEHHO MEPECTABUT CTOJOIBI TaK, 4TOOLI
JaJIbN CTOSLN CUMMeTpraHO (HampumMep, TOMeHseT
Mecramu Beptukaau b u f Mexy co6oii u ropusoH-
Tam 2 u 5 Mexay co6oii; puc.6). 3areM oH MOKeET
Ha 9TOI BOOOpAXKAEMON /IOCKE XOJUTH CUMMETPHUY-
HO OTHOCHUTEJIbHO IIEHTPa JOCKH U JIeJaThb XOJbl B
KJIETKH C TEeMH jKe KOOpAMHATAMU HA HUCXOHOI
JTOCKe.
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8 8

7 7

6 6 .

5 2

4 | 1K T4

3 3

2| |8 5)

1 1
abcdefgh afcdebgh
Puc. 6

2. TloGexxaer BTOpOii UTPOK.

[TycTb nepBblil TOCTaBUT HA JOCKY HEPBYIO IMAIIKY.
OT mepecTaHOBKN TOPH30HTAsell JOCKM HUYETO He
namensiercs. To ’Ke OTHOCHTCSI M K IIepeCTaHOBKe
BepTukaseii. ITosroMmy GyjieM cuuTaTh, YTO BTOPOMY
UTPOKY JOTIOJHUTEIBHO PA3PEINAeTCs] MEHSATh Mec-
TaMH Jo0Oble TOPH3OHTAMN W BepTHKamn. IlycTs
110cJle [ePBOTO X0/1a TIEPBOTO UTPOKA BTOPOI UIPOK
MepecTaBUT TOPU3OHTANN U BEPTUKAIM TaK, YTOOBI
mepBasi IMaika OKasajach B CPeHell BepTHKAJM,
HO He B IeHTpe jgocku. /lamee OH MOXKeT jesaTb
XO/IbI CHMMETPHYHO XOJIaM TIePBOTO NTPOKA OTHOCHU-
TeJIbHO IEeHTPa JOCKU. B uactHocTH, Bropas mamka
TOXKE OKa’KeTCSI B CPe/HEeHl BepTHKAJM, W IEpBbIil
UTPOK HE CMOKeT 3aHATh IEeHTPAJbHYIO KJETKY.
Jlerxo mpoBepuTh, YTO BTOPOIl BCETJa CMOXKET cJie-
JaTh cuMMerpuuHbli X0 (OTAenbHO cuaejyer pac-
CMOTPETDb CJydail Xo[a B CPEAHION TOPU30HTAID).

3. BemrpsiBaer Bacs.

PacrosioxxuM kaMHH, KakK II0OKa3aHo Ha PUCYHKe 7,
rjie Ky4l COOTBETCTBYIOT croJbmam. Ilers nomken

Puc. 7

6parb HECKOJbKO KaMHeil W3 OJHOrO CcToJbna, a
Baca — u3 pasubix. Crparerus Bacm — pgenarb
XO/Ibl, CUMMeTpHYHbIe [IeTHHBIM OTHOCHTEIBHO ITy-
croit auaronasu. V3HavyajbHO KapTHHKA CHMMET-
puuHa. IlockobKY CTpOKa, CUMMETpUYHAs CTOJIG-
1y, He uMeeT ¢ HUM OOmuX Kamuedl, To Bacs
Ka)k/[blil pa3 CMOXKET BOCCTAHABJMBATD HAPYIIEH-
HYIO CHMMETPHIO, T.€. y Hero Bcerja ecTb Xofa. Tak
KaK urpa KoHeuHa, To Korzpa-to Ilerst mpourpaer.

LXXXIV MockoBckas MaTemaTnyeckas
onuMnuaga WKoNbHUKOB

1. Bapon He mpas.
3amernm, uto 99° = (100—1)2 =100 -2-100+1=
=9801 <9900, a 100> = 10000 > 9999. Taxum 06-
Pa30M, YETHIPEX3HAYHBIX TOYHBIX KBAJPATOB, HAUM-
Haronmxcs Ha 99, He CcyIecTByeT, TT03TOMY K YUCJITy
99 Hesb3s IpuIICATD ABE IUQPBI TaK, YTOOBI MOJTY-
YUJICST TOUHBIH KBapar.
2. ITomecrsares.
PasmecTuM CcBeuKH Tak, Kak TOKA3aHO HA PUCYH-
ke 8. [lokaxeM, uTo orpe3ok OA MeHbIle pajmyca,
T.e. caMble y/JaJeHHbIE OT IEHTPAa TOYKH JIEKaT
BHYTpHU Kpyra. B camom nene, ABC — paBHOCTOPOH-
HUIT TpeyroapHUK co croponoil 20 cm. Torma ero
2
Bbicota AO = 10\/§ cM < 18 cM, Tak Kak (10\/5) =
=300 < 324 = 182,

Puc. 8 Puc. 9

3. Yron mpaBmabHOTO MATHYTOMbHIKA pasen 108°,
180° —-108°

torpa (puc.9) ZECD = ZCED = — = 36°,

a LZACD =108°-36° =72°. Taxum o6paszom, CE
cogepxut GuccekTpucy tpeyroabuuka ACF u, cie-
JI0BaTebHO, TepeceKaeT Cepe/IMHHbIH MepHeH/ Ky -
JISIp K cTropone AF B Touke, Jiexkateil Ha OmMcanHoi
OKOJIO 3TOrO TpeyroJbHUKa OKpyxHoctu. Ho LF
npsiMoit, 3nauut, u LAHC npsmoii, kak onupato-
Miicst Ha Ty »Ke AYTY.

4. 3a Tpu B3BEIINBAHUSA.

OrMeruM, 4TO B3BelIMBaHUe JI000I IPYNIBI MOHET
MOJKET MoKa3aTb oJuH u3 Tpex ucxonos: 0, 1 wam 2
JIETKIIe MOHETBI CPelll B3BelleHHBbIX. /lelicTBUTeNDb-
HO, 3TH HCXO/bI COOTBETCTBYIOT ITOKA3aHUSM BECOB
B 10k, 10k —1 u 10k — 2 rpammoB, rae k — KoJuue-
CTBO MOHET Ha BecaX, a HUYEro JPyroro npu B3Be-
IIMBAHNK kR MOHET BEChI MOKA3aTb HE MOTYT.
Tenepp JoKaskeM, YTO MeHee YeM TpeMs B3BelINBa-
HUSIMU OGOUTHCH He TIoJTyuuTcsi. Beero map momer,
KOTOpbIe MOTYT OBbITb JErKuMu, 24: 1o 3 mapbl
COCETHUX MOHET B KaXKIOH CTPOUYKEe M B KasKOM
crombne. Tax Kak OFHO B3BeNIMBAHUE [AeT TPHU
Pa3HbIX MCXO/a, TO /IBA B3BEUIMBAHUA JajyT JIUIIb
3% = 9 PaBMIYHBIX UCXOIOB.

[TokaxxeM, Kak ONpeJeJUTh JeTKne MOHETBl 3a TpH
B3BEIINBAHUS.
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Ilepeoe e3sewusanue. PazobbeM MOHETbI Ha JBe
IPYIIBI TaK, Kak II0KaszaHo Ha pucynke 10, 1 B3Be-
cUM OofiHy HHX. Tak Kak IpyMNIbI CHMMETPUYHBI, TO
BO3MOJKHBI /IBA PA3JIIMYHBIX CJIy4as: JIEKHe MOHETBI
B OZIHOH TpYIIIE U JIeTKHEe MOHETbl B Pa3HbIX I'PYII-

OO00
OO0
OO0
0000

Puc. 10 Puc. 11

1) Hepewuii cayuaii (Jierkue MOHETHI B OJHON TpyTI-
1e), emopoe 63seuwusanue. OCTaBUM Ha DHCYHKE
TOJIBKO T€ MOHETBI, KOTOPBbIE MOTYT OKA3aThCs JIer-
KIMH, Pa300beM MX Ha [[Be IPYIIIBI U IIPOHyMepyeM
(puc.11). Basecum omny us rpymir. 31ech BO3MOK-
Hbl TPH cJydasi: o6e Jlerkue MOHETbI B rpyine A,
o0e Jlerkiie MOHETBI B rpyliie B, 10 0JHOIl Jierkoii
MOHETEe B KaXK/I0i M3 I'PYIII.

XOTsI B 9TOM B3BEIMIMBAHUN TPYIIIIbI HEe CHUMMETPHY-
HBI, CUTyalluu ¢ 06elMH MOHeTaMH B OJHOIi TpyTiIe
pasbuparorcst aHaJIOrnyHO. Bo3MOKHBbIE Hapbl Jer-
kux monetr: (X, Xy ), (Xo, X3) u (X3, X;) coorBet-
cTByIOIell Tpymmnel, re X — TPymma ¢ JEerKiuMu
monetamu. [loatomy mpemvun 636ewusanuem B3se-
cum monerbl Xy u X,. Jlu6o onum obGe Jjerkue, u
TOT/Ia MBI UX HAILIM, JHO0 CPeJii HUX OJ(HA JIeTKasl,
1 TOT/Ia Jierkue MOHeTbI — 3T0 X, 1 X3, 60 cpe/iu
HUX JIETKUX HET, U TOr/a Jierkue MoHerbl — Xz i Xj.
Ecan sterkme MOHETHI B pasHbIX TPYIIAX, TO I9TO
MOTYT GBITb <«IOPH3OHTAIbHBIE» mapbl (A, By),
(Ay, B3) wmn (A3, By). Torna mpemoum 636ewusa-
Huem B3BecuM MomueTol Ay, By mw Ay. Ecan cpean
HUX [Be Jerkue, 10 ato Ay u B,. Ecau oxna, TO
Jlerkne MoHeTbl — 2910 Ay u B3, ecin Jerkux Her —
To Az u By.

2) Bmopoii cayuaii (Jierkue MOHETBI B Pa3HbIX TPYII-
nax), emopoe 63sewusanue. OCTaBUM Ha PUCYHKE
TOJIBKO T€ MOHETBI, KOTOPbIe MOTYT OKa3aThCs JICTKH-
MM, pa3o6beM X HA JIBE TPYIIIBI U IIPOHYyMepyeM
(puc.12). Bssecum oamy us rpymin. Tak Kaxk rpyTimb

CUMMETPUYHDbI, TO BO3MOKHbI

JIBa PA3JIMYHbIX CJIy4dad: Jier-

Kne MOHETbI B 0[IH017I rpyunie

" JIerkue MOHETbI B pPa3HbIX

IpyIiax.
Curyanus, xorga obe Jer-
KHe MOHeTbl B OJIHOH TpyTl-
me, pa3éupaeTcss TOYHO TakK
Puc 12 JKe, KaK M B TPeTbeM B3Be-

2021/Neé

[IUBAHUK TIEPBOTO CJIydyasi, HO MOHeTbl X3 U X,
JIETKUMH OKA3aThCsl HEe MOTYT.
Ecsin Jterkme MOHeTBHI B Pas3HbIX TPYIIAX, TO ITO
6o mapa (As, By), :m6o mapa (A, By). Uro6nr
HANTH JIETKIE€ MOHETDBI, TPETHUM B3BENTHMBAHUEM J10-
CTATOYHO B3BECHUTH OJIHY U3 HTHX TIap.
5. Tokaxem o6uyo dopmyay. Ilyers B rocymap-
crBe 2" roposios. Torga MUHUCTD CMOKET JA0GUTHCS
skesaeMoro He GoJsiee ueM 3a 272 (2" -n- 1) JIHEl.
Jlemma. ITyctb B rocyzapctBe 2k rOpOJIOB, KasK/ble
[IBa U3 KOTOPbIX COEAUHEHBI JOPOroil ¢ OJHOCTO-
POHHUM /(BIDKeHneM. BpiGepeM M3 HUX MOJIOBHHY C
HauGOJIBIIIM YHCJIOM UCXOosmuX jgopor. Tora Beero
U3 BbIOPAHHBIX FOPOJIOB MCXOJUT CyMMapHO HE Me-
mee k° JTOpOT.
HMoxazareabctBo. [Iycts u3 k BBIOPAHHBIX TOPOJOB
nexoauT Menee k2 nopor, Toraa mo mpuuimmy Jli-
puxJie HailIeTcss TOPOJ, W3 KOTOPOTO WMCXOAWUT HE
6osiee k —1 moporu. Torma, Tak Kak BbIOPAHbBI TOPO-
Ja ¢ HauGOJIbIIUM YHCJIOM HCXOSIIUX JOPOT, U3
KayK/IOTO M3 OCTABIINXCSI R TOPOJIOB MCXONUT TaKKe
He GoJsiee k—1 goporu. CyMMapHO HCXOIUT MeHee
E o+ k(k-1)= 2k? — k jopor, mpu ToMm uto ofmee
YHCJIO JIOPOT B TOYHOCTH w =2k* — k. Ipo-
THBOpEYME, JIeMMa JIOKa3aHa.
Temnepn mepeiiieM K JOKa3aTeJIbCTBY OCHOBHOM (hop-
MyJibl. JIOKaskeM ee 110 WH/YKIIUH.
Basa n=1: Mexxay ABYMsI TOPOJAMHU TOJIBKO OJIHA
Jlopora, M OHa YK€ W TaK B OJHOM HAIIPABJIEHUH.
Hudero MeHsITh HE MPUIETCH.
ITaz undyxyuu. Tlycrb puas 2" TOPOMOB yTBEPIK/e-
e Bepro. Jlokakem st 2" Pasgennm roposa
Ha JiBe rpyImmbl no 2" ropogos. B mepsyto rpymmy
MTOMECTUM TOPOJA ¢ HANOOBIINM KOJIUIECTBOM HUC-
XOZSAMUX I0POr. B cooTBETCTBUN € JIEMMOIT U3 BCeX
I‘(Z)pO[[OB ATOU IPYIIIBI CYMMAapHO UCXO/UT HE MeHee
n
2" nopor. o (2n ~ 1)
N3 atux jgopor — JIOpPOTH BHYTPU TPYII-
IIbI, TT09TOMY M3 TIEPBOW TIPYIIIBI BO BTOPYIO BEJET
e menee 2" (2” +1) nopor. Torga us 2% JI0por
MeX/ly TEepBOil 1 BTOPOW IPyIIIaMi B TEPBYIO Ha-
npasicno me Gosee 2" (2" —1). He Gosiee yem 3a
on-t (2" - 1) JIHell MUHHICTD HallpaBUT BCe 3TH JOPO-
ru Bo Bropyio rpymmy. U eme He GoJjiee yeMm 3a
2.2"2 (2” -n- 1) fHel oH jo6bercs Toro, 4roGbl B
KasK/[0i TpyIIe HeTb3s ObLIO BbIEXATh M3 TOPOja I
B Hero BepHyTbcsi. Torga Bcero morpebyercst He
Gonee 2" (2 —p - 2) JTHel.
Tak kax 32 = 25, TO HA OCYIIECTBJIEHUE JKEJIaeMOro
MUHHCTDY HOTpebyercs e Gosee 2° (25 -5- 1) =208
nHel, uto MeHbIre 214 pueit, ocraBmmxcs go 2022
rojia.
6. ab>a+b.
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PaccMOTpUM HCKOMOE CpaBHEHUE
abv a+b.

VMuO)UM ero Ha paseHctBo af/b=a—-b (aeByio
YaCTh Ha JIEBYIO, IIPaBylo Ha mpaByio). IIpu yMHO-
JKeHuH Ha mosoxuteabHoe uucio (a a/b nonoxu-
TEJIbHO) HEPABEHCTBO COXPAHUTCA.
ITomyuyaem

a’va* - b
Orcioza sICHO, 4TO JIeBast 4acTb GOJIbIlie MPaBOIl.
7. IlpeanosoKuM, 4TO BbIpe3aThb TaKHe JBa KBapa-
Ta ApCEHHUIO He yJacTcsl. ITO 03HAYAeT, YTo J06ble
J[Ba KBaJpaTa, COBIIAJAIONINE MO pacKkpacke, IHepe-
CEeKaIOTCsI XOTs ObI 110 OJ{HOI KJIeTKE.
Pazo6bem narr kBagpar Ha 16 KBagpaTtoB 2 X 2, Kak
OTMEYEHO Ha pucyHKe 13; Bce OHM JOJUKHBI OBITH
pacKpalieHpl 1Mo-pasHoMy. Tak Kak BCEro pasHbIX
€1oco60B pacKpacuTb KBagpaT 2X2 B JBa I[BeTa
poBHO 16, TO BCe pacKpacKu cpejyl HUX HPHUCYT-
CTBYIOT IO OJIHOMY pasy.

Puc. 13 Puc. 14

Tenepp BbieauM 12 KBajpaToOB-<«IIOTOMKOB» 2 X 2,
OTMEUEHHbIX Ha PUCYHKe 14, KaXK/blil U3 KOTOPBIX
[epecekaercsl ¢ JABYMs KBa/IpaTaMU-<«POJUTEISIMIS
ePBOTO pa3OMeHusi, COCTBIKOBAHHBIMU TOPU30HTAJb-
HO. 3aMeTHM, 4TO KaK/bIil <«IIOTOMOK» COBIIQ/aer
MO packpacke ¢ OJHUM U3 <«pojuteneii» (Tak Kak
OH JIOJIZKEH COBIIACTh C OJHUM K3 KBa/IPATOB IEPBO-
ro pa30HeHus] W He MOXKET COBIACTb C TEMH, C
KOTOPBIMU OH HE MEPECEKAeTCs).

Ho ecam nBa kBajgpara, CMeIEHHBIE [PYT OTHOCH-
TeJIbHO Jpyra Ha OJHY KJETKY II0 TOPU30HTAJIM,
COBIIQIAIOT TI0 pacKpacke, TO WX BepXHUE KJETKU
JIOJIZKHBI OBITH OJHOTO IIBETa M WX HIKHUE KJIETKH
TOXKE OJTHOTO IIBETa. JTO [IAeT BCETO YeThIpe Bapi-
aHTa PACKPACKHU JIJIST TAKUX KBAJPATOB-<IIOTOMKOBY .
Ho Bcero mx 12, 3HauuT, KakHe-TO [JBa U3 HUX
COBIIA/IYT IO PACKPACKE; TIPH 3TOM OHU BCE MOMAPHO
He repecekaiorcsi. [IpotuBopeune.

8. 1609.

[Ipennocnennsas mudpa umcaa pasHa 0, Tak Kak
yncsio 6e3 nocaeareil udpot geaurces Ha 20. 3Ha-
YUT, YUCJAO XOTSI Obl YEThIPEX3HAYHOe. 3aMeTuM,
YTO YUCJIO, OCTABIIEECS MOCJE CTUPAHUS MOCae/IHER
mndpel, He Moxer paBHATbes 100 1Mo ycioBuio.
Takxe ato uncsao ne Moxer pauatbes 120 u 140,

Tak kak uncaa Buga 20 i 40a me gensres ma 21.
[lins 160 cymecrByer euHcTBeHHbI pumep: 1609.
9. Tpanemus ABCD Buucana B OKpy»KHOCTb. Ee
60KOBast CTOpPOHA B/IBOE MEHbBIIIe OCHOBAHNUS M, 3Ha-
YHUT, He JUIMHHee pajmyca okpyskHocTH. I[loatomy
GOKOBBIE CTOPOHBI CTSTUBAIOT Jyru He GOJIbIlle YeM
60°. A yros MeXX/Iy AMATOHAJISIMH PaBEH TOJIYCYyMMe
ITUX [IYT.
10. [Ja.
3ameTnM, IS KaXJ0To JeHCTBHUS ecThb o6paTHoe
emy. Iloaromy ecam mbl u3 curyanuu A, jaeiictBys
10 [IpaBUJIaM, MOJIYYHJIN CUTyaluio B, To U3 cutya-
1 B Mo)keM TOJIy4uTb cutyaruio A, nefictBys 1o
IPaBUIAM.
[TokaskeM 10 MHIYKIMU, YTO €CJH €CTb 3alac B 7
KaMHeli, To, AeflcTBYS MO BBbINMIEYKAa3aHHBIM MTPABHU-
JIaM, MOXKHO TIOJIOXKHTD KaM€Hb B JIO6YIO KJIETKY OT
1 02" —1.
Baza undyxuyuu: n =1. OueBuano.
Iepexod undyxyuu. JlonycTHM, MbI OKa3aJi, 4TO
IIPU IIOMOIY 3alaca B 72 KaMHell MOXXHO IIOJIOKUTb
KaMeHb BO BCe KJIETKH 0 (2" - 1)—171. [Iyctpb Temepn
ecTb 7 YePHBIX KaMHell M OJMH KPACHBII KaMeHb.
Bynem neiicTBoBaTh CJAEAYIONIM 06Pa3oM:
(1) He BbIHUMast KpacHbli KaMeHb M3 MeIIKa, [0-
6beMcsl TOro, utoObl B (2" —1)-171 KJIETKE OKa3aJICs
YEepHBIIf KaMeHb. JTO MOXKHO C/IeJIaTh IO IIPE/III0JI0-
JKEHHUIO MH/YKIJHH.
(2) TlosokuM KpacHblii KaMeHb B 2"-10 KJIETKY.
(3) TIposemem omepamuu, kak B mynkre (1), Ho
IIPOTHBOIIOJIOXKHBIE U B o6parHoM mnopsijike. [lonsr-
HO, 4TO KPACHbII KaMeHb He TIOMEeNIaeT 3TO C/leNaTh.
B KoHIle OKa’keTcs, YTO BCe YepHbIe KaMHH CHOBA
Jle)KaT B MellKe, a Ha IOJOCKe POBHO OAMH Ka-
MeHb — KPacHbIil KaMeHb B KJaeTke 2" . JloroBopnM-
csl, 4TO Jajee MbI KDacHBII KaMeHb y6HpaTb He
OyeM.
(4) Kaerku ¢ nomepamu ot 2" +1 10 —1 o6pa-
3ylor nosiocky jgaunoi 2" —1. K weil mpumennmo
IIPEAIIONOKEHNE NHAYKIUT IS 1 KaMHel, Tak Kak
KPacHBII KaMeHb M03BOJISIET COBEPIIATh ONeparni ¢
caMoil J1eBoil KJ1eTKoil aToit mosiocku. [loaTomy MOsK-
HO HOJIOXKHUTb KaMeHb B IOCJIEAHIOI KJIETKY.
Taxum o6pasom, umes 3armac B 10 xKaMHeil, MOXKHO
HOJIOKUTh KaMeHb BO BCe KJIETKU ¢ HoMepamu oT 1
20 1023 =2'0 —1.
11. Paccmorpum APBC u BHEIIHIOW GUCCEKTPUCY
XP yrna BPC, AAPB wu Guccexkrpucy PY yria
APB, APCD wu 6uccexrpucy PZ yrna DPC, AAPD
u BHelHo0 6uccektpucy XP yria APD. 113 cBoii-
cTBa GUCCEKTPHCHI

BX PB AY PA

XC PC’YB PB’

PD DZ PA AX

PC  zZC' PD XD

2n+1
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Puc. 15

IIycrp npamas XY nepecekaer orpe3ok AC B Touke
R (puc.15). Ucnonbsys teopemy Menenast st Tpe-
yrompanka ABC n npsamoit XY R, nomydaem

IIpumensas teopemy Menemas A TPEYTOJbHUKA
ACD, mnonydaem, 4yto Touku Z, R, X jexar Ha
0/1HO#1 1psiMoii. OcTaercst BCIOMHUTD, U4TO TOYKA Y
TOKE JIEKUT Ha ATOM MPSMOIi.

12. Ilyctp Ttakag ¢yHkusa cymectByer. Torna,
MOJICTABJISISE TT— X BMECTO X B JIAHHOE DPaBEHCTBO,
noJryqaeM

2f (-cosx) = f(sinx)+sinx.
3naunt, f(-cosx) = f(cosx) mpu BCeX X, MOITOMY
f(=t) =f(t) upn Beex te[-11], 1.e. dynkuus [
ueTHas.

C JIpyFOfI CTOPOHDI, TOJCTABJIAA B NUCXO/JHOE PaBEH-
CTBO —X BMECTO X, IIOJIy4YUM

2f (cosx) = f(-sinx)—sinx,

a mockombky [ werHas, To f(-sinx)=f(sinx),
05TOMY

2f (cosx) = f (sinx) —sinx.

BeranTass aT0 paBEHCTBO M3 MCXOJHOTO, TIOJydaeM
sinx = 0 npu Bcex x. [IporuBopeune.

(Mpogonxenme cregyer)
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MocKoBcKasa onuMnuaga LKONbHUKOB
no ¢gusnke 2021 ropa

3aknwuunTenbHbIn dTan’

7 knacc
1. At = 42,5 vum.
B. 18:07 — 18:10, 18:22 —18:25.
1000 kr/m® (20\" 5
2. A py _T(ﬁ) M” =301 KF/M .

B. p,i, = 1000 kr/m% p,.. = 2000 kr/M>.

C. Opmoit Gankn mHe XBaTuUT, a AByX Oojiee deMm
nocratouno (ogHa GaHKa I0O3BOJSET IIOKPACHUTh
10 M2, a aBe — 20 M2).

3. v=(40%5) km/u; [ = (25£3) m.

i (@j = 5% (ﬂ) = 9,5%
p min p max

8 kracc

1. A. 1) Cwm. puc.16 (kpacuas aunus); 2) cM. puc.17
(kpacHasg muHus).
B. 180°; 7 crosxkHOBEHMII.

(pS’ok
3601

27071

1801

360 1

270+

180+

90

Puc. 17

! Moxpo6ubie pemens Beex 3a1a4 MOXKHO HafiTh
na cafire http://mosphys.olimpiada.ru (IIpun.
ped.)



OTBETHI,
C. Bepuo; T =4 c.
3
3. ¢ =(ﬂj t;, =10 muH.
)

9 knacc
2dH

R
22
B. o(x) = 475Hn[1+?}

1. A, 200

C. OrzgenpbHable <«3aiiunku» HaOIIOLAIOTCS BCeraa
(nonymena omm6ka B (hOPMYJTMPOBKE BOMPOCA).
4. Cm. puc.18; p = (4830 £ 50) xr/um’;

KT

p, MS

4830

h, kM 2300
Puc. 18 ’
= (5200 +100) xr/m°.
3. o= 0,1paz.
10 knacc
_2Mg 2Mg 0

3. AL AT, = 7R Ah, e R =~ 10 °C/xm.

B. Or 0 g0 600 M, or 2000 m mo 2600 M, ot
7200 ™M mo 8000 M.

1 knacc
Hepswvii myp

LA DL =

M_
M + puSt’

2. CwM. puc.19.

B. 1) o(t) = 2) s = 2s.

1A

1,5 3’,0 3,6 45
B

Puc. 19

3.4, = 0,9 MKA; iy = 0,68 MKA.

4.n=1,33+0,05~ 1,34;

h=(1,34%0,05) M ~ 1,34 m.

49
dt

- (1. =T () 2

5. A. 1) —= = ~4mxny (T, = T (1)),

T(r)=T,

YKA3B3AHNA,
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M

2) m = 4nDnt (n(r) —n, ) ==;

B 0( (0) )NA

3)AP=EAT.

K 103 3

B. [ = 0,657-10 Jox /(K- %),
C. AT =(5%0,5) K

Bmopoit myp

m m
1. A. T = TE[«’? + 4 @J
} M, 1

B. 1 t— mv max:_o_;

) R? \km

’ M, 1
2) t= “ » Omax = — :
) R? \3km

&

"N,

3.A h>o(n—1)f
anydf,
T

=4.

B. >

C. B norokax Bo3jyXa, BO3HUKAIOIUX HAJL IjIaMe-
HEM, TIOKa3aTesb MPEJOMJICHUS 3aMETHO MEHSETCS
Ha HeOOJIBIION JyinHe. IJTO NPUBOAUT K OTKJIOHE-
HUIO JIyUeil, IPOXO/NMX Yepe3 06JacTb HarpeToro
Bo3ayxa. [lanmee oHE poxoAAT BhIIe HOXA (Dyko n
MoNa/aloT B 00bEeKTUB (poToarapara, mosToMy IMo-
TOKN M300PasKAIOTCs CBET/IbIME. [opeska 1 JIa/[0Hb
MEPEKPBIBAIOT Ty Th JIydaM, TO3TOMY N300paskatoTcs
TeMHbIME. BO3HUKHOBeHUe ceporo Kpyra, Ha ¢one
KOTOPOro HaGJIOJAIOTCST M TOpeJKa, U JIAJ0Hb, W
MIOTOKK HarpeToro BO3yXa, MOXKET ObITb 06YyCJOB-
JieHo pasHbpiMu dakropamu. Hampumep, peannso-
BaTb TOUEYHDIII HCTOUYHUK CBETA Ha IIPAKTHKE [0CTA-
TOYHO CJIOJKHO, JIMH3BI MOTYT OBITH HEHACATbHBIMU
(poxyc He B TOYKE), YaCTMYHO MarTepuas JUH3
MOXKeT pacceuBaThb I1aJAIOUil CBeT.

ByNS — ¢t
4. A. q, = OT%
B - (ByNS)’ - £
“to T TALB,NS
5.A. 1) EzMzB,GH;
(M -m)g
D F~— 229 o4 H.
) F NG
B.p, - M=M9 o5y
C.o, 6gL(M —m) _ 3w/
M
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JINHrBuCcTUYECKMe 3agaun
(cm. 210 ¢. 06.)

3ananne 1. IlpensoxkeHHblil TekcT — HavaJbHAs
crpoda 1epBoit riaBbl «EBrenus Onerunar:

Moit ag15 caMbIX 4eCTHBIX Ma Tata caMu CUHH
TIPaBUII, pasu,

Korma mne B myTky sane- Kara Hu cyKky caHuMma,
MOT,

On yBaxaTb cebs 3acra- [la ByBaca CHIla cara-
BILJI BU

U sy4ie BbtyMath He MOT. Ml pycu BUTYMa HE Ma.
Ero npumep Apyrum HayKa; MuBa puMu pyku HaBy-

Ka;
Ho, Goxe moii, kakas cky- Ha, nacm Ma, Kakaiia
Ka KyKa
C 6oJIbHBIM CcHIEeTh ¥ JeHb [lanu cutu #Wu tH iin
¥ HOYb, Ha,

He orxoas nu mary npoun! Hu ifakata Hu caky pal
Kakoe nuskoe xosapctBo  Kakaiin Hukaiin KaBaBsa
ITomysknBoro 3a6aBiath,  [lapycusasa camapa,
EMy noayuiku nonpasisats, Mumy naryku nmapapa,
[Teyanpro mopnHocuTh Je- Ilucana mmaHacw pUKa-
KapcTBo, Ba,

Bsgpixath m gymarh mpo Tuka iin Tyma pa cuma:
cebst:

Korga sxe dweprt BosbmeT Karta cu ca Bama Tumal
Tebs!

3aganne 2. OCHOBHas 3aKOHOMEPHOCTH «HOBOPYC-
CKOIi» 3BYKOBOII CHCTEMBI COCTOHUT B TOM, 4TO Ka’K-
apiit caor umeer crpykrypy CI, t.e. cocrout us
OJTHOTO COTJIACHOTO ¥ CJIE/IYIONIETO 32 HUM TJIACHO-
ro. C 3T0i1 3aKOHOMEPHOCTBIO CBSI3aHBI CJIEIYIOIINE
(hoHeTHUeCKIIE M3MEHEHUS:

1) coryacHble B KOHIIE CJIOTa BBIIAAAIOT;

2) U3 HECKOJbKHX COTJIACHBIX 3BYKOB, CTOAIIMX B
Hauaze cjora, ocraerca nocaeguuii (B uacraocTu,
10 3TOMY TIPAaBUJIYy OITyCKAaeTCsS TIPEJIOT, COCTOSI-
Uil 13 OJJHOTO COTJIACHOTO 3BYKA);

3) nepes HauaJbHBIM TJAacHBIM caora (B TOM 4ncie
U B Hauase CJI0Ba) BCTaBJSETCS COTJIACHBII: Tepest
[yl — [B], nepen ocrampubivMu — [it].

B «HOBOpyCCKOM» $I3bIKEe MEHbIlle 3BYKOB, Ye€M B
PYCCKOM. JTO TIPOUCXOANWT 3a CYET COBIA/CHUS
HECKOJIbKUX PYCCKHUX 3BYKOB B OJIHOM 3BYKE «HOBO-
PYCCKOTO» sI3bIKa. ['pyTire riacHbix, 0603HAYAEMbIX
Ha TIMCbME 4Yepe3 d, s, 0, €, B <HOBOPYCCKOM»
COOTBETCTBYET d; €, bl, U — u; Yy — y. s cormac-
HBIX 3BYKOB JIEHCTBYIOT CJIEIYIOIINE MTPABUIA;

m, 0 — m;

n, 6 — n

K, 2, X — K;

C, 3, W, XK, 4 —> C;
nLp = p;

M — M,

2021/Neé

Ho—
6 — 6.

TBepaoCTb / MATKOCTD COTJIACHBIX MOTJIA U3MEHUTD-
csl, TaK KaK B <HOBOPYCCKOM» Ilepe/l @, Y COTrJac-
HbIe BCerjia TBEp/ble, Tepeli # — BCEer/la MATKHE.
DoHeTHYECKIE MPABUIA TPUMEHSJINCH K YCTHOMY
SI3BIKY, YTO BHJIHO M3 IIPe00PA30BAHIS CJIOB €20 —
tluea, noayKueozo — napycusaea, rae GykBe e,
nepezaonieil 3ByK [B], coOTBeTCTBYET B «HOBOpPYC-
ckoM» ¢ (B ciryuae IpUMEHEHNsT IPABUI K TTHCHMEH-
HOMY $3BIKY GBLIO OBI k).
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IMMAXMATHAA CTPAHUNUUYKA

TypHVIP
B BYXAPECTE

B ycaoBugx npojoJpkaionieiics
MAH/IEMUN TYPHUPDI € KJaccuyec-
KMM KOHTPOJIEM OCTAIOTCS JIOBOJIb-
HO PEIKUM COObITHEM, U BHUMa-
HUe JIIOOUTe el maxmMar B HayaJse
MIOHS ObLJIO TPUKOBAHO K ITPOXO0-
J[uBIIEMY B croJuiie PyMbiHUM
[IPE/ICTAaBUTEIbHOMY TyPHUPY, 1O~
6ely B KOTOPOM OJIepyKaJsl asep-
Gaityizkanckuii rpocemeiictep Ilax-
pusip Mamebspos.

®.KapyaHa - LL.MameppspoB
Byxapecr, 2021

1.e4e52. 2f3 Ac6 3. b5 af6
4. d3 4c¢5 5. QAc3?! Penxuii un
00BEKTHBHO COMHUTEJBHBII XO/I.
Ocnosuble pogomkennd 5. Lc6
u 5. 3. 5...4d4!? 6. La4. B
cilydae IIPUHATUS KePTBbIL: 6. Aed
0-0 y uepHBIX CJIWIIKOM OTIacHAas
nnniatusa. 6...c6 7. 0-0 d6
8. ad4 £d4 9. h3 g5?! Cmeunnbrii,
HO HETOYHBII XOJI.

T ]
i

10. Qe2? CiUIIKOM TIaCCUB-
HBIN XO, TIOMOTAONINII YEePHBIM
mpoBecTn aTtaky. OTIPOBEPrHYTDH
UX 3aMbICEJ MOIJIO aKTUBHOE
10. @d5! h6 11. ¢3 Lb6 12. Qb6
ab 13. &b3, 1 6e3 UepHOIIOIBHOTO
ciaonHa Bectu ataky Illaxpusipy
6b110 GBI TOPa3a0 CJOKHEe.
10...4b6 11. c3 g8 12. d4 2e4
13. &c2 d5 14. Le4 de 15. de
Wwd116. 8d1g417.h4 g3 18. ad4
(na 18. f.e3 yepHble IPOAOIAKILIK
6bI aTakoBaThb TryTem 18...4.g4

19. &b6 ab 20. Bel gf 21. ©f2
0-0-0) £d8 19. fg 2g3 20. Hel
H#g4 21. Lg> 4g5 22. hg ®e7
23. Had1?! UyTs GoJiblie MaHCOB
ocraBysiyio 23. Be3 Eg5 24, Bael ¢
JlaBjienneM Ha nemky e4. 23....2.d7
24. e6 fe 25. g6 hg 26. 4b3 e5
27. Qa5 Le6, u y uepHbIX Ipe-
UMYIIECTBO B JIBE TELIKH, KOTOPOE
OHM TEXHUYHO peaiusytor. 28. Bd2
b8 29. b4 216 30. a4 2g3 31. He4
Ld> 32. 2Eh4 Zc3 33. Bh7 b6
34.Qc6 Lc6 35. He7 Eci+
36. 2f2 2f837. b5 we6+ 38. g3
Hc3+ 39. 2h2 2h8+ 40. segi
Ehi+ 41. 9h1 4g2+ 42. Hg?
Ec7 43. Bg6+ 2dS 44. a5 ®c5
45. ab ab 46. Be6 2b5 47. Be5+
EcS 48. Bel #g5, Geanle caa-
JIMCh.

LW.MamepbsipoB — JI.ApOHSIH
Byxapecr, 2021

")

AV 60 akd

oW B

a4 4 a4

= Q

[To3uist Ha JJOCKE BO3HUKJIA
mocJie 22 XO/I0B: B MUTTEJTBIITTIIE
6eJTble CMOTJTH BBINTPATD TIETITKY, &
mnocJie HeyJZauyHOTO IOCJIEeHEro
xoza yepubix (22...8e8?) nobas-
JIFIOT K Heil eme oany. 23. Be8+
4e8 24. &f7+! IIpocras, HO pes-
KO BCTpeYaloniasicss KOMOMHAIWS.
Crona Hesb3st 6paTh U3-3a JIUHEN-
Horo Mara: 24.... 87 25. #c8+!.
24...2£8 25. &b3 WeS (o6e Ge-
Jble TEeNIKH <«OTPaBJEHBI»:
25...Wb2 26. ¥b4x; 25...Wf4
26. Wa7 Wcl+ 27. Mgl Wh2
28. Mc5x) 26. #dS Wel+ 27. Ldi
Wf4. Ilemka b2 cHoBa Hempukoc-
HoBeHHa: 27...Wh2 28. ¥d6+ g8

29. &b3+ ¢ marom. 28. S+
@298 29. ¥a7. Besbie BoccTaHaB-
JIMBAIOT TIPEUMYTIIECTBO B /IBE TIETII-
k. OcranpHoe — [1e10 TEXHUKM.
29...h5 30. h3 4c6 31. Lb3+
©2h7 32. ¥f7 Wel+ 33. 2h2 Wed
34. Mg8+ ®h6 35. ®eb+ g6
36. #4f6 £.d7 37. h4 Wc7+ 38. g3
W8 39, M4+ ®h7 40. ©f7+, u
YepHble CAATHCH.

B.Ask — JILApOHSIH
Byxapecr, 2021

K rakoii mosumuum ImpuiiLia
naptug nocye 60 xonoB. besbie
PACCUMTBHIBAIM HA CIIACEHHUE IMOC-
ne 60...%c2 61. af6 &d1 62. h5!,
OJ/IHAKO YepHbIe HAILIN 3TIOHOE
60...e5! — memka cTaHOBUTCS TTOJT
nBa 60st, HO 00a B3STHS BEAYT K
mopaskennio: B cayvae 61. fe ce-
nyer 61...f4+, orBiekas KOpoJist
or nemku g3. B mapruu mocJieo-
Baso 61. Qe5%c2 62. Ad3 ®d1, u
Geabie B myriBanre — 63. 2d4 g2,
a Ha JI0O0H OTXOT KOHSI TIOCTIETYET
®el-2f1 ¢ gampueiimm g2-g1W,
noaTOMY GeJble CAATUCH.

A.Pycamnoe



NHpeKke 90964

Kak 3awumnTnuTb

useTtyuilne nNnNoAoBble AepeBbsl

21006

- (MOAPOBHEE — HA C. 38 BHYTPU XKYPHAAA)




	obl1-4
	obl2-3
	01-64
	obl2-3
	obl1-4



