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Konnekumda ro1oBoJ1I0MOK

“LETKA HA KYEE

\

OTa ronoBofiIOMKa COCTOUT U3 Kybuka 2x2x2 1 BOCbMM NPOBOSOYHbIX AeTanen
ANUHbI 6 Kaxkaasi, NokasaHHbIX Ha doTorpadun. Ha kybuke caenaHbl enobku
Ans aTux Aetanen. Llenb ronoBornoMkn — pas3mecTuTb BCe AeTany Ha nosBepx-
HOCTM KyBuka Tak, 4YToObl HUYEro He TOpYano Hapyxy U Bce Xernobku Obinu
NOKPbITbl NPOBONOKOW. B ntore kybuk OyaeT nNonHOCTbIO 3aKMoyeH B MeTanmnu-
YeCKyHo ceTb.

B gomaluHuX ycnoBusax BblTa4unBaTth xenobkn Ha AepeBaHHOM Kyburke Henpoc-
TO, HO U3rOTOBUTbL MOMOBOSTIOMKY MOXHO U 6e3 aToro. Hanpumep, MOXHO NpocTo
HaknemtTb Ha MOBEPXHOCTb KyOWKa KBajpaTHble KyCOYkM KapToHa (Mo 4 Ha
KaXkayto rpaHb) — NPOMEXYTKU MeXAy HUMK 1 ByayT xenobkamu.

OTa rorioBofioMKa Cry>uT CBOEro poAa «BbIXOAOM B MPOCTPAHCTBO» ANSA rono-
BONoMkun «KBagpaTtHas ceTkay, KoTopasi, B CBOK o4Yepedb, OCHOBaHa Ha 3agade
M824 «3apgauHunka "KBaHTa"». B 3agaye cnpalwumBanocb, MOXHO NN Nped-
CTaBWUTb KBaApaTHyl CeTKy 4x4 B Buae obbednHeHus: a) BOCbMU NOMaHbIX
OJMHbI 5; 6) NSATKM NOMaHbIX ANWHBI 8.

>Kenaem ycrnexoB B peLleHun 1 rofioBONTIOMKM, U 3agaun!

H.Asuros
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ODBATL HEODBATHOE, UMK
Fe npellogobue PasamepHOCTb

f0.6PYK, A.CTACEHKO

..HEOODBATHBILI OKeaH UCTUHbI
TIPOCTUPAETCA NEPELO MHOIO,
VYBOLAA B HEBELOMbIE [aJIM.

I1pep,BapV|Ten bHbl€ pa3MblilUIeHUs

O uem aymaer Jo6o3HatenbHbIH [lacca-
KUP aBHAJIaliHepa, IS/ Yepes HILTIOMITHA-
TOP Ha U30THYTOe KPbLIo camoJsera? Koneu-
HO JKe, O TOM, OT KaKHX [apaMeTPOB 3aBUCUT
MOIbEMHAST CHJIA, KOTOPAst JEPKHUT CTOTOH-
HyI0 MaiuHy B Bozayxe. IIpexuie Bcero, On
MOJKET COOGPasuTh, UTO 3Ta CHUJIA JOJDKHA

DOT: https://doi.org/10.4213/kvant20190201

N HbloTOH

pacTu ¢ yBeJMYeHIeM pasMepa aBuaJaiinepa
[, ero ckOpoCTH © 1 IJIOTHOCTH P BO3JyXa. A
ecsm ipu aToM OH 3HAET, B KAaKUX €IMHATIAX
BBIpAKaeTCs Kaskjaass U3 TepednCJeHHDBIX
(pusnyuecKknx BeJTMUYNH, T.€. UX Pa3MEPHOCTD,
TO TIOJIy4UT COOTHOIIEHNE, YTOUHSIONIee Xd-
paxmep 3TOU 3aBUCUMOCTH:

F = [’v*p - const ([F] =H= KF2M) .
c
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OBDATb HEOBDBATHOE,

3nech const — 6e3pa3MepHbIil MHOKHTEJIb,
3aBUCANMI OT popMbl Tesa, O6TEKaeMOro
BO3/LyXOM, U OT JPYIMX HapamMeTpoB, pajiu
OTIPE/IeIEHNUST KOTOPBIX BO BCEM MUPE TIOCTPO-
€HDI TBICSYN adPOJAUHAMUYECKUX TPYO.

Kakasg 1moJib3a OT 3TOro COOTHOIIEHUS?
Ouenp Gospirag. OHO ITO3BOJISIET HAEATh-
cs, 9TO IS TeJia 3aJlaHHOM (hOPMBI yiKe He
HY>KHO 39KCIIEPUMEHTAJbHO <«HATIYTIHIBATHY>
3aBUCHMOCTb CUJIbI OT BCEX OIIPeJIEJIONINX
rapaMerpoB, a MPOM3BECTU JIUIIb OJHO U3-
MepeHIe Ha yMEHbBIIEHHOU MO/, TeOMeT-
puYecKu n0006HOU «GOJBIIOMY» aBHUAJIAN-
HEpYy.

Ho 4rto sTO0 — caMmoJsieT Hayaao cJierka
TPSCTU? ITO MOTOMY, UTO OH JIETUT B TIEPEOX-
JaKJAEHHOM obJlake — HadaIoch 00JiejeHe-
Hue. BcrnommHaercss 3HaMEHUTBIH YKaJIOBC-
kuii repesier B AMepuky (1936 1.): «Ilepsbrii
KOHTAKT CO CTUXUell HaunHaercst Haj Kosbe-
KUM TIOJIyOCTPOBOM... [TosiBASIOTCS TIepBbIE
MPU3HAKN 06JIe[IeHEHNUST — CTEKJIA TTIOTCKON
KaOUHbBI CTAaHOBATCS MaToBbIMU. Haumnaercs
TPSICKA...»

Kak MoxHO cMozennpoBath B 1aboparop-
HBIX YCJOBUSIX OOTEKAHUE CAMOJIETAa BO3JLY-
XOM, HECYIIIMM BO/ISTHBIE KAILJIH PAJIUyCOM a?
3acTaBUTD ATY KaIlIio 06TEKATh TEJO Pay-
coM R, kKorja oHa mproGpeTaeT MeHTPOCTpe-

2

0
MUTEJIbHOE YyCKOpeHUue E, MOJKET TOJbKO

A9POIMHAMITIECKAs CHIA TOPSAKA @ 0P .
Ho MOCKOJIbKY Macca KAl m ~ pyd”, U3
mv2 2.2
paBeHCTBA —— ~ a“0°p cJenyer
R
A

R py
rje Py — IJIOTHOCTb BOJbBI. DTO SHUNT, 4TO
ecam B peasnbHocTH d =1 MM = 102 M, R =
=1 M, TO Ha MOJEeJTH B CTO Pa3 MEHBIIUX
Pa3MepoB HY’KHO HCII0JIb30BATh KAILIH B CTO
pa3 MeHblIIe, T.€. PAIUYCOM 107 M = 10 MKM.
«KoneuHo, Bce ciiojkHee, HO TYT y’Ke yKa3aHa
HeKasl IyTeBO/HAS MBICJb»,— TIOLyMaJl JIIO-
6o3narespHblil [Taccaskup aBuasaiinepa.

3ech BUIHA CBSI3b METO/Ia pa3MepHOCTell ¢
BaKHBIM (PU3MUYECKIM TIPUHIINIIOM, HA3bIBA-
€MbBIM TIPUHITUTIOM 1T0106ust. DakTuyecku 06
9TOM TIPUHITUIIE MBI YK€ TOBOPWJIH BBIIIE.

NJN EE NPENOAJOBUE PA3SMEPHOCTD 3

WmenHo 110/1061€ M03BOJISIET HaM MOJIEJTHUPO-
BaTh pas3jinyHble (DU3UUECKUE SBIEHII.

B ¢dusuke nBa siBiaeHus Ha3bIBAIOTCS TO-
JIOOHBIMU, €CJIN OJIMHAKOBBI Oe3pa3MepHbie
KOMOWHAIINN OIMCHIBAOINX WX BEJUYNH.
[lepeiitn oT ommcaHust OJHOTO SIBJIEHUS K
OTIMCAHUIO JIPYTOT0, eMy MOI0GHOTO, MBI BCe-
rjla MOKEM IPOCTBIM TIEPECYeTOM MaclTa-
60B.

A 0 YeM aymMasM JIUJIWITYTbI, B3Upas Ha
rpomajy I'ynnusepa? [Ipesie Bcero — Kak ee
npokopMutb. U npuaymanu. Eciu cunrars,
YTO TeJa JUJIUIYTa U ['yJIiBepa He TOJbKO
reOMeTPUUYECKN TTO0OHDBI, HO ¥ OJINHAKOBDI
0 CBOEH CTpyKType, TO ['y/uBepy HYsKHO
Uiy GOJIbIle, YeM JIMJIUIYTY, BO CTOJBKO
pa3, BO CKOJIBKO pa3 OTJIANYAIOTCS 00BEMbI UX
Ten, T.e. B 12° = 1728 pa3. OTKy/za B35J10Ch
yucao 12?7 Hamo otnarh LoJKHOE T0Ta/LIn-
BOCTH WX YY€HBIX. /[esio B TOM, UTO MOBEPX-
HOCTb KOPBI TOJIOBHOTO MO3Ta JIMJUMYTAa B
12% =144 pasa MeHbllle; 3HAUUT, U KJETOK
ceporo BemectBa (OTBETCTBEHHBIX 3a MBbIII-
JIEHKE) MEHbLIE BO CTOJIbKO e pa3 (KjieTku
He HOAJaloTCs MaclTabupoBaHuio). Brpo-
yeM, UM 1iomor cam J[>konatan Cudr.

Ho Bor I'ysmBep momas B cTpany BeJMKa-
HOB, TOXKe B 12 pa3 GOJIbINNUX POCTOM, YeM OH
caM, TI0 CBUJIETEJILCTBY aBTOPA, M CTOJDb XK€
U3AMHBIX. Bo3MokHO /i 3T0'? Benp Bec Tena
BeJImKaHa O6oJIbIe B 123 pas, a ceuyenue
KocTeit — Beero B 122 pa3. A 4To6bl peanso-
BaTh TO JKe 3HAUEHWE HATPY3KU Ha €IMHUILY
IJIOTIA/IN [TONIEPEYHOTO CeYeHust KOCTH, Jiha-
MeTp CeueHus HY’KHO YBEJUYUTH ele B 12
pas! Tyt yk He 10 uU3sIIECTBA — BCIIOMHUM
CJIOHOB M MaMOHTOB. ..

Eme Jleonapao na Bunum «BbIBOAUJ U3
cooGpazkeHuit moJoOusT TPUYMHY GOJIBIIOTO
pazMepa KUTOB IO CPABHEHUIO CO CJIOHAMMU:
BeC TeJIa PACTET TPOIMOPIIMOHATIBHO KYOy JIn-
HEWHBIX Pa3MepoB, TIPOYHOCTDH KOCTEN — MTPO-
HOPIUOHANBHO Keadpamy...» [1, ¢.73]. On
JKe «IIBITAJICSI TTOHSITh 3aKOHBI Ta30NHAMUKI
U TypOYJEHTHOCTH Ha OCHOBE CTEIEHHBIX
3aKOHOB TEOPUU PAa3MEPHOCTEll, SIBUBIIUXCS
[PE/IIIIECTBEHHUKOM KOJIMOTOPOBCKUX» .

A BOT ellle OJIMH TIPUMEpP OIEHKU, OTHOCS-
1ieiics K «>KuBoii mpupoie» . buosorn yreep-
JKJIAIOT, YTO TOJIBKO OJ[HA U3 JIECATH OXOTHU-
YbMX OKCIHEAUINNA CTaul TOJOHBIX BOJKOB




4 KBAHT

3aKaHyMBaeTcs ycrexoM. Ecin ctag ronutes
3a TaGyHOM JIMKUX Jotiajiet, To B 90% ciy-
yaeB TaOyH yXOJUT OT BOJKOB 6€3 1oTepb. A
Be/[b B HEM, KPOME B3POCJIbIX JIOTIA/IEN, €CTh
U MaJieHbKHe kepebsiTa. 3HAUUT, OHU GeraioT
TakK ke GbICTPO, KaK ¥ B3POCJIbIe?
Paccmorpum B3pocayto Jsiomaib UoKepe-
6enka. bymem mymMarhb, 4TO C/ICTAHBI OHU <13
OTHOTO U TOTO JKe Mscay, T.e. IPUMEM, UTO,
HECMOTPs Ha pa3jinune B pa3Mepax, MJI0THO-
CTH WX TeJ ofinHakoBbl. IlycTh, Kpome TorO,
cHJIa MBIIIIL B pacyeTe Ha eIMHUILY [oTepey-
HOTO ceyeHus ojHa M Ta xe. OO6o03HAUYNM
yepes M, L, n T mMaccy, XapaKTepHbIN pa3-
Mep M XapaKTepHoe BpeMsl IBUKEHUST B3POC-
JIOTO JKMBOTHOTO, a uepe3 m, [ u t — Te Ke
BEJIUYUHBI 1711 MOJI00r0. Tormaa mioTHOCTh
U CHJTY MOKHO 3aITHCaTh B COOTBETCTBUH € UX

M ML
PasMepHOCTSIMU B BU/IE Ia u 7z ", aHaJo-

ml

m
TUYHO, 7 u e 7Kepe6eHok u B3pocJas

JIONa/lb € JIOCTATOYHOW TOYHOCTBIO MOTYT
CUUTATHCS] TEOMETPUIECKH TIOJJOOHBIMU. ITH
MPE/IITOJIOKEHUS JAIOT Telepb TaKue 04eBU/I-
HbIE€ COOTHOIIEHUS

M MLY
F ? L
~1, ~1.

m ml) /2

I ¢
Orcro/la TOJIy4aeTcst, YT0 CKOPOCTH JIBHIKE-
HEST B3POCJIOi JTomaan u skepebeHKa o/[nHa-

KOBbBI:

L I

T t

ITO OODBACHSET, TOYEMY KepeOCHOK B TaGyHe
JIOTAJIeH, YXOASTIUX OT BOJKOB, HE OTCTAET:
OH JleJIaeT JBMKEHUS XOTS U 60Jiee MeJKHe,
4yeM B3pocJsasi 0coOb, HO GoJiee YyacTble.

HeXI/IprII?I MeTon Teopun pasMepHOCTU

Paccmorpum knaccnueckyto 3agauy Pasest.
IMycts mesxkny Toukamu A u B naramyTta
CTpyHa, Ha cepeHe KOTOPOH HaXOUTCsS
mapuk. Macca mapuka M HaMHOro 6oJibIie
Maccbl caMoit cTpyHbl. CTPYHY OTTATUBAIOT U
ormyckaioT. IlycTb MakcuMaJabHOE PacCTosi-
HUe X, OT llapuka [0 npsamoil AB majo 10
cpaBHeHUIO ¢ JInHO oTpe3ka AB. Cepenuny
aToTO OTpe3Ka obo3HaunmM G6yksoii C. [Ipu-

2019/ Ne2

MmeMm eife, uto AC = CB = a, JABUXKeHUe
mapuka OyeM CYUTaThb TAPMOHUYECKUMU
kosebanusMu. Kak 6yzeT 3aBUCETHh 4acToTa
3TUX KOJIeOAHUI (O OT HATSKEHUS CTPYHBI F,
Macchl mapuka M u pazmepa a?

[IpeamosoxuM, 94TO BEANIUHBI ®, F, M n

@ CBSI3aHDBI CTENIEHHOM 3aBUCUMOCTBIO:
o~ F'MY%°*.

3nech x, y, z — HEKOTOPbIE YNCJIA, KOTOPbIE
HaM ceifyac TpeJCTOUT OmpeneauTb. s
ATOTO BBIIHIIEM PAa3MEPHOCTH — HAUMEHOBA-
HUS eIUHUI[, B KOTOPBIX M3MEPSIOTCS MHTe-
pecyrolre Hac BequdnHbl B cucreme CIU:

[0]=c", [F]=H =xr-M-c?,

[M]=kr, [a]=m

(kBazpaTHble CKOOKH KaK pa3 n 0003HAYaioT
PasMepHOCTD CTOSIIIEH B HUX BEJMYUHBI).

Mpr He numeM B hOpMyJIax, TMOTYIEHHBIX
TaKUM METO/IOM, 3HAK PABEHCTBA, 3aMEHSIsT
ero BOJHMCTON 4eproil (3HaK MPOMOPIMO-
nambroctn). Cremyer uMerb B BUAY, YTO
METOJ/l pa3MepHOCTEll He MOKET TOMOYb B
BBIYHCJICHUH YHCJICHHBIX KO2(h(MUITNEHTOB B
dopmy.iax.

Ecnn nanucannas Boiiite dhopmysia 1Is o
BBIPAJKAET PeasbHyio (PU3NYECKYIO 3aKOHO-
MepHOCTb, TO Pa3MepPHOCTHU TIPABOIl 1 JIEBOI
qacreil 9Toil pOPMYJIBI JOJKHBI COBIIA/ATD.
[ToaToMy MOKHO 3amHCaTh TAKOE PABEHCTBO:
T kY oMt =
—2x

¢ =H" -k’ -M° =kr* M
=, M L

OueBUIHO, UYTO JIOJGKHDBI Y/IOBJIETBOPATHCS
CJIe/LYIOTINE YPABHEHUS JUIS X, § W Z:

x+y=0 x+2z=0, -2x =-1.
Otcrofa mosygaem

x=1/2, y=-12, z=-1/2,
a 3HAYMNT,
w~ FP2p12q7V2,

VHTEpecHo OTMETUTD, YTO TouHast POpMy-
Jla JIJIS YaCTOTHI OTJIMYAETCS OT HallfeHHOH
HAMHI Bcero B N2 pas ((1)2 = 2F/(Ma)) .
JIpyruMu c10BaM1, MOKHO B JAHHOM CJIydae
CUNTATh, YTO ONEHKA /I () TOJydYeHa He
TOJIBKO KauecTBeHHas (B CMbICJE 3aBHCHMO-

¢t ot nmapameTpos F, M u @), HO n KoJmye-
crenHad. [lo mopsaky BesmunH HalizieHHAs



OBDBbATh HEOBBATHOE, UJU EE INPEINOAOBUE PA3BMEPHOCTD )

crerneHHag komOunaiumsa F, M u a paer
[IPaBUJIbHbIE 3HAYEHUS YACTOTBI.

Hac u B naspHeitmem yacto 6y1eT nHTEpe-
cOBaTb OIIEHKA IO TMOPSAKY BeJIWYWHBI. B
MIPOCTBIX 3a/auax OOBIYHO HEompesesiseMble
METO/IOM pa3MepHocTel K0a(hUITNEHTBI MOK-
HO CYUTATD YNCJIaMHU ITOPSIIKA eANHUIIBI. JTO,
OIHAKO, He cTporoe mpaBuio. OKOHYATE b
HDBIH BBIBOJT O BETMIIHE YHCJICHHOTO KO3 (iI-
[[HeHTa MOKHO C/IeJIaTh, KOHEYHO, IOCJIe CPaB-
HeHust ¢ ToYHou hopMy.JI0it Tu6O 13 KAKUX-TO
JIOTIOJTHUTETBHBIX coobpaskenuii. Mbr 6yiem
06Cy:K/IaTh 1OI06HbBIE BOIIPOCHI TIO33KeE.

A ceifyac cTouT BepHYTbCS K 3a1aue Pasest
1 YTOYHUTD CeTaHHbIe TPeIoIoKeHrs . Bo-
MEPBBIX, MBI CYUTAIH, UTO HATSDKEHHE CTPY-
HBI F mpu6IM3uTETbHO OJMHAKOBO, KOTJA
CTpYHA BBITSIHYTA BJIOJb JUHUU AB 1 xorga
OHA OTTSHYTA NEepPHeHIUKYJISIPHO 3TOH JIH-
HUH. ITO MPEIOJJIOKEHIE OCHOBAHO HA TOM,
4TO JIeWCTBUTEIBHO CYIIECTBYET CBSI3b MEK-
ny napamerpamu o, F, M u a. Bo-BTopbIX,
CYUTANOCD, YTO (DOPMY.JIA, BBIPAYKAIOIIAS ATY
CBS13b, UMeeT CTeleHHol BUuIL: o ~ F*MYa”.

OmHako MeTo/ pa3MepHOCTell MoMoraer
HAXOJWUThb (PYHKI[MOHATbHbIE 3aBUCUMOCTH
MEXK/Y Pa3HbIMU MapaMeTpaMH 3a/avyil He
TOJIBKO JIJISI TeX CUTYAIHiT, KOTJa 9TH 3aBUCH-
MOCTH CTeTleHHbIe. K cuacThbio, TaKNX 3aBUCH-
MocTeil B IpUpo/ie JOBOJBbHO MHOTO, T METO[T
pasMepHOCTell CTAaHOBUTCS XOPOIIUM II0-
MOIITHIKOM.

MpaBuno N - K=1

[TousiTie pasMepHOCTH (DUBNIECKON BEJH-
YUHBI BBOJUTCS TOT/IA, KOT/Ia YK€ BIOPAHDI
HEKOTOPbIE OCHOBHBIC (PU3WYECKUE BEJTUUM-
HBI U YCTAHOBJICHBI €/ITMTHWIIBI JIJIST TX U3Mepe-
Husg. BesnvwHbl, HEe BKJIOYEHHDBIE B YUCJIO
OCHOBHDBIX, HA3bIBAIOTCS TPOU3BOHBIMU Be-
JUYrHaMu. Bpipaxkenue eMHUIL N3MEPEHMS
[IPOU3BO/IHON (PU3MUYECKOI BEJNYUHDI Yyepe3
€/IMHUIbI U3MEPEHUST OCHOBHBIX BEJUYWH U
03HAYaeT Pa3MepPHOCTbD.

B o6miem ciydae BbIOOP OCHOBHBIX BEJIH-
YUH U eIWHUI] JJIS UX WU3MEPEHUS] MOXKET
MIPOU3BO/IUTLCS PA3HBIMU CTIOCO6aMU. 3/1€Ch,
KOHEYHO, MHOTOE 3aBUCHT OT YJI00CTBa, Tpa-
AT U CYIIECTBYIOMUX CTAHAAPTOB U CO-
riameHnii. B Mexannke OCHOBHBIMU BEJINYN-
HaMM SIBJSIIOTCS Macca, JJUHA W BpeMs.

WHorma roBopsIT, 4TO TaKue CUCTEMBI €/ITMHUI]
npuHajiexkar K kaaccy MLT. PasmepHocTb
CHJIBI B 9TOM KJIacce OIpeJieisieTcsl BbIpaske-
Hiem MLT™2, pasMepHOCTb 3JHEPTrUU —
MI*T™%u T.JI. 3aMEeHsISI B 3TUX BBIPAXKEHUSIX
M wna xr, L ma M, T Ha ¢, MBI TIOJy4YNM
pasMepHOCTH CUJIbI 1 9Heprun B cucteme CU.
Ecsmm MbI paccmaTpuBaeM 3a/1aun, B KOTOPBIX
GuUrypupyoT HeMeXaHW4YeCKue BeJTMYNHDI,
HalpuMep 3JIeKTPUYECKHUil 3apsii, TOK, IO-
TEHINaJI, TO MOXKHO YBEJUYUTb YICJIO OCHOB-
HBIX BEJIMYMH U COOTBETCTBYIOMINX OCHOBHbBIX
equHuI] uamepenusi. B cucreme CU B umncio
OCHOBHBIX BEJINYUH JOOABJISIOT CUJIY TOKA,
koTopyio usMepsior B amnepax (A). Touno
TaK JKe B TEPMO/IMHAMUKE B YNCJIO OCHOBHBIX
BEJIMYMH MOKHO BKJIIOUUTDH TeMIepaTypy, ee
equnnna nsmepenns — keapsun (K).

BaskHO OTMETHTD, YTO MOJTH30BATHCS METO-
JIOM Pa3MepHOCTeN MOKHO B JII0OOI cucTeMe
equuutl. Kaxapiii pa3, KOHETHO, BEIPAKCHUS
JUUI pa3MepHOoCTel pas3InyHbIX BeJNYIH HY K-
HO TIMCaTh B OJHOW 3apaHee BBIOPAHHON
CUCTEME.

IIpenmnonoxum, 4To B KAKOH-TO 3a/1a4e MbI
OTBICKMBaeM (DYHKIIMOHAJIbHYIO CBA3b MEKLY
N Bemuuunamu. Ilpeamnosiarass creneHHyTO
3aBUCHMOCTD OJTHON M3 BEJIMYUH OT IPYTUX 1
BBITTACHIBAST PA3MEPHOCTH 3TUX BEJUUYNH, Mbl
MO3KeM TTbITAThCS TOCTPOUTH HHTEPECYIONIY IO
Hac ¢opmy.ry. Ecii Bce pazMepHOCTH BbIpa-
JKaroTes 4yepes pa3MepHoOcTH K OCHOBHBIX
BemanH u ecau mpu 3ToM N — K =1, ToO MOXKHO
YTBEPK/IaTh, YTO MCKOMasi opmyJsa euH-
CTBEHHO BO3MOXKHAS. DTO IPABUJIO HATJISITHO
MJLITIOCTPUPYETCS PACCMOTPEHHBIM  BbITIIE
IPUMEPOM € KOJIeOAHUSIMU MAPUKA HA CTPY-
He. /[ aToro ciydas y Hac GbLIO 4YeTbIpe
napaMerpa: o, I', M u a; pa3MepHOCTH BCeX
ATUX BEJIMYUH BBIPAYKAJIUCH Yepe3 Pa3MepHO-
CTW OCHOBHBIX BEJMYWH, T.€. yepe3 KT, M, C.
[pyrumu cioBamu, N =4, K=3uN - K =
=1. To, uro dopmysa ® ~ TN V2q 2
€JIMTHCTBEHHO BO3MO’KHAsI, CJEyeT U3 TOTO,
YTO CHCTeMa YpaBHEHWH JJIsT OTpe/esieHus
noKasareJieil creneHeil x, y, z UMeeT eH-
CTBEHHOE pellleHne.

PaccMoTrpuM Tenepsb ere oJHy MOYy4YUTeb-
HYIO 3aj1auy — 0 KoJsieGaHuIX chepruecKoit
karu. [Ipocroe petienue aToit 3aja4u € 110-
MOIIBIO COOOPAKEHUI Pa3MEPHOCTH OGCYK-
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nanock Paseem eme B 1915 rogy. K aroit
3a/laue CBOJUTCS, IO CYIIECTBY, M BOIPOC
0 KOJTIe6aHUSIX ATOMHBIX si/Iep, KOTOPbIE MOK-
HO CYMTATh KallJISIMU SI/IEPHOTO BeEIecTBa.
3nmech MBI OOCYIUM CHavaja TPOCTEHTITYTO
CUTYAIHIO.

[Tyctp W3 KpyTJOro OTBEPCTHSI BBITEKAET
chepuveckas kanssi. [loBepxHOCTHAS 9HED-
TUST TIPU 9TOM MUHUMAJIbHA, a BCSIKAs CUCTe-
Ma CTPEMUTCS TOMACTh B COCTOSTHUE C MUHU-
MasbHOI sHeprueil. /laxke oyeHb masbie [e-
opManuu Kamim NpUBEAYT K TOMY, UTO
CUJIBI TIOBEPXHOCTHOTO HATSKEHUST «3acTa-
BAT» €€ IyJbCUPOBATb C HEKOTOPOU YacTo-
Toii. [Ipr aTOM o1 My IbCAUSIMU TOHUMAIOT-
csl IepuoJinuecKre n3MeHeHus GopMbl Kari-
. OTBJIedeMcsI ceifuac OT BOIIPOCa, CKOJIb
OBICTPO 3aTyXaIOT MOI06HBIE KoJtebanus. Hac
Gyjer maTepecoBarh yactora (mam mepuosn)
rnporiecca, KoTopast MOJKeT 3aBUCETh, OUEBU/I-
HO, OT K03(h(PHUIMEHTA TOBEPXHOCTHOTO Ha-
TSDKEHUSI G , TIOTHOCTH JKUAKOCTH P U pa-
JIIyca KAl @. 3aIuiieM COOTHOIIEH e

o~ o'pla’
¥ TIonpoOyeM HalTH 4ucia X, ¥, z. 3aMeTuM,
KCTaTh, 4YTO 0] G MOYKHO IOHUMATb U
[JIOTHOCTh TTOBEPXHOCTHOI SHEPTUU C pas-

ox
MEPHOCTBIO —5, M CHUJy, OTHECEHHYIO K
M

., H
e/IMHUIIC JUINHBI, Pa3MEPHOCTb KOTOPO — .

Bommmmem pasmepHOCTH BCex HapaMeTpoll\sd:

[0] =™, [0] = kr-c?,

[p]=xr M7, [a] =m.
YVpaBHEHUS ISt ONPeeJeHUs X, ¥, Z MOJIy-
Yarcd U3 paBeHCTBa

e =wrt e k! MY M
JLJist TpeX HEM3BECTHBIX YHCEJT €CTh TPU YPaB-
HeHU:

—1=-2x, x+y=0, -3y+2z=0.

ITa cucTeMa ypaBHEHMI MMEET eIMHCTBEH-
HOE pelICHNUE:

x=1/2, y=-1/2, z=-3/2,
YTO HAXOAMUTCA B IIOJHOM COOTBETCTBHH C
npasuiom N — K = 1.

OxonuarebHO (POPMyJIa A YaCTOThI KO-
JeGanuii 3anumercs Tak:
i - 1/2

pa’
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Ona 10/IcKa3bIBaeT cpady ke ¥ MPUHIIMUIIN-
JIbHO BO3MOJKHBIN CITOCOG HKCIIEPUMEHTATb-
HOTO oTpejiesieHus BeJinunuHbl ©. [lyisg aToro
HY’KHO 3HATh IJIOTHOCTD JKUJKOCTH P, Pau-
yC KallJIi @ U OTIPEJICIUTD HA OTIBITE YaCTOTY
. To, 4TO MBI HE 3HAEM YHCJIECHHOTO KOA(D-
¢ummenTa B aT0I popMyJie, He TOTKHO OBITh
Cepbe3HbIM TPENnaTcTBUEM. MOKHO, HAIPH-
Mep, TPO/JIEJIATD OIBIT ellfe Pa3 ¢ JKUIAKOCTHIO,
JUIsI KOTOPOU BeJIMUYMHA TOBEPXHOCTHOTO Ha-
TSOKEHUST M3BEeCTHA, M IIOCJE€ JTOTO BBIUKC-
JIUTh 3HAYEHWs] G JIJIsI PaccMaTPUBAEMON
SKUJIKOCTH.

[To cymiecTBy, MBI CTaJTKUBaeMCs ceiiyac ¢
[IPOCTBIM CJTyYaeM MOOeAUPO8AHUsL — KOJieba-
HUS Karid UccaelyeMoi JKUIKOCTH MOXKHO
MO/IEJINPOBATh KOJIEOAHUSIMU KAILJIN JKHIKO-
CTH C U3BECTHBIMU G U P . B Takmx cayvasax
1 TOBOPSAT O MoJ06MN (PU3NIECKUX SBJICHUIT
(B mannom caydae — xoaeGanuii popmbl
Karesb) IS JIBYX Pa3HbIX JKUAKOCTEH.

Ente ogno mo6ornbitHOe 3amevanue. [lepe-
nuiieM GOpMyJIy s 4acTOThI KoJieGanuit
TakK:

S B

p
Yurem Ternepsb, 4TO YacToTa 06PaATHO MIPOIOP-
IMOHAJbHA Tlepuoay Kosebauuii. [Tapamer-
pbl G W P XapaKTepusyioT >KHIKOCTb WU
[IOTOMY OJIMHAKOBBI JIJIsI JIIOOBIX KaIleIh 3TON
skuakoctu. Ilyers T — mepuoj KosebGanuit
KareJgbKu, Torga 1° = const - @®. D10 Bax-
HOe yTBepskaeHne. Ecim B3STh /B KaleJabKn
OJTHO¥ KHUJIKOCTH, HO PA3HBIX PAJMYCOB, TO
OTHOIIIEHNE KBA/[PATOB TIEPUOIOB UX KoJieha-
HUH OyJeT paBHO OTHOIIEHWIO Ky0OB WUX
pasmepoB. Kak TyT He BCIOMHUTH 3aKOH
Kennepa js asuskenns miaanet BOKpyT Cout-
nia! Tam, mpaBzia, HYKHO TOBOPUTb HE O
paJycax MIapoB-TJIaHeT, a 0 paJuycax nux
opout. Ilogymaiite camMmu — HeIb3s JU U3-
BJIeUb YTO-HUOY/b IOJE3HOE U3 ITOU aHda-
Jlo2u’?

Aecm N-K>1?

Y3Ke 1pu BLITMCHIBAHUY CHCTEMBI TTApaMeT-
POB, CBSI3b MEXK/y KOTOPBIMH MbI XOTHM
OTBICKATD, HYKHO OT/IaBaTh ceOe OTUET B TOM,
YTO CYNIECTBEHHO W YTO HECYIIECTBEHHO [IJIST
KOHKpPeTHOro (hU3WYECKOTO sIBJeHus. Ecuan
peub ujer o guHamuke (Harmpumep, o Kosreba-
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HUSX ), TO B YKCJIE IAPAMETPOB J0JKHBI ObITh
CUJIOBAst M MaccoBast XapakTepucTuku. PoJib
MEepPBOM M3 HUX B TPEJbIAYINEM IpPUMEpe
urpajia BeJIM4MHa G, POJb BTOPOW — TLIOT-
HOCTb JKUAKOCTH . B cymHoctu, BbIlIe
CUHTAJIOCD, YTO KOJICGAHUS KATLTH OTIPEIeIs-
IOTCSI TIOBEPXHOCTHBIM HaTsikeHueM. [loury-
YeHHOE pelente, 6e3yCJA0BHO, TOAUTCS, €CJIU
Karist Kojebjercss B KabuHe KOCMUYECKOTO
KopabJisi. A TOAUTCS Jii OHO BOJIU3Y [TOBEPX-
noctu 3emsu? He caemyer nm yvecTb ele n
3eMHOe TITOTEHWE, [PYIMMHU CJIOBAMU BeC
Karin?

[IpearooxuM, 9TO MbI 3aX0TEJH TO Cle-
garp. Iloctynum cHavyana hopmMaabHO U 3a-
MHIIeM

o~ c'pla’q’,
rie g — yCKopemnue cBOGOIHOrO MajeHus, X,
Y, z U t — HeU3BecTHbIe yncJa. BpimucbiBas
Pa3MEpHOCTH BCEX BEJUYNH, MPHUXOAUM K

COOTHOIIEHNIO

-1

¢ =kt

t 2t

Tt oMY oMM
Orcioia MOKHO COCTaBUTH BCETO TP YpaBHe-
HUSI, @ HEU3BECTHBIX Y HAac — veTbipe. Pere-
HUE TaKol CHCTEMBI Y3Ke He eIMHCTBEHHOE, 1
BO3HHUKAET BOTIPOC: KaK K€ TEmepb IMOCTY-
muTh? Bbrio 6br gocamno, ecau Obl ObLIO
HEBO3MOKHO <«BBIIIYTATbCS» W3 3TOTO 3aT-
PYIHEHUSI.

[Toripo6yem paccyskaatb Tak. 3abuxcupy-
€M TIOKa YHCJIO X, T.€. OCTABUM €T0 HeOTIpe/ie-
nennbiM  (GespasMepHbIM!) TTapaMeTpoM.
OcrayibHble HEM3BECTHbIE BBIPA3UM Yepe3

HEro:

1 1
= —X, =—2 __,t=__ .
Y X, Z X B 2 X

1/2
g o
a pa-g

VMerHO A1 MAJIBIX Kalesb Bec He TOKEH
OBITH OTIPEIeIIONIIM TTapaMeTpoM Koseba-
nuil. Ho Torza u yckopenue g He JOJDKHO
BxoauTh B dopmynry nn1i . IlosTomy
x =1/2. (HanucanHbie PaBEHCTBA BEPHBI,
pasyMeeTcst, ¢ TOUHOCTBIO «II0 TIOPSIKY Be-
suanny. Heyurenuble uncieHuble Koo diu-
IIMEHTBI B 9TON 3ajaue TaKKe TTOPSAKA e/Ii-
HUIIBL. )

Mpbr BepHyJHCh K hopMyJie, TIOJYydeHHOI
panbmie. OcTaeTcs, BO3SMOXKHO, Bce JKe He-

Torma

X

KOTOpAasi HEY/IOBJIETBOPEHHOCTD TEM, UTO TIPH-
IJIOCH TTPUOErHYTh K IONOJHUTENbHBIM ap-
TYMEHTAM U OIPDAHUYUTHCS YACTHBIM CJIyda-
eM JIOCTaTOYHO MaJblX Kamesek. IIpo kouie-
Ganus kaneab (uam GOJIBIIMX MIAPOB), KOT-
Jla HY>KHO VUYNTBIBATh TPABUTAINIO, peYb
elle moizer B gajapHenmeM. Iloka ke crour
MOYEPKHYTh, YTO METO PA3MEPHOCTEN BOB-
ce He eCThb YHUBEPCAJbHBIA WHCTPYMEHT JJIst
nosydenust ¢popmyn B ¢pusuke. OH MHOTOE
MOJKET, HO He TaK YK PeIKU U TaKue 3aja-
Yi1, KOJIa ero pa3yMHO KOMOMHUPOBATD C TEM
WM MHBIM CIIOCOGOM, C JAPYTUMH UeIMU U
MeTO/IaMU.

METPI:I «BAOJIb N Nonepek»

B mexoTopbIx caydasgx yno6HO pa3indarb
[IPOJIOJIbHBIE U TIOIIEPEYHbIE Pa3Mephl T 1
BBOJIUTH PasJIMUHbIe €AMHUIIBI /LIS M3Mepe-
HUSl JUIAH B Pa3HbIX HAMPaBJEHUSAX. ITOT
MIPHUEM TO3BOJISIET YBEJNYNTh YHUCJIO OCHOB-
HBIX BEJMYMH M YacTO OKa3bIBAECTCH I10JIE3-
ueiM. [lompoGyem, Hampumep, OIEHUTb C
MOMOIIIBIO METO/Ia PA3MEPHOCTEN [TUHY CBO-
60HOTO TTpo0era MOJIeKyJT B Taze. MoJseky-
JIBI IMEIOT KOHEYHBIE PA3MEPBHI 1 MOTYT CTAJI-
KUBATHCST IPYT C IPYTOM [IaKe B [OCTATOUHO
paspeskeHHbIX Tazax. CpenHee paccTosiHUE,
npoberaeMoe MOJIEKYJTaMU MEXKIY [IBYMs
MOCJIE/I0BATEJIbHBIMU COYIAPEHUSIMU, U Ha-
3bIBAETCSI JVINHON cBOOOAHOTO TIpobera. O6o-
sHauuM ee GykBoil [, pasmep (paamyc mim
JIMaMeTp) MOJIEKYJIbl — GYKBOM @, a KOHIEH-
TpaInIo MOJIEKYJ B Tase — OyKBoit n. MoJie-
KYJIbI YCJIOBHO CYMTAIOTCST IAPUKAMU, a MO/
IJIOTHOCTBIO TIOHUMAETCS YHCJIO YacTUI[ B
eINHIYHOM 00beMeE.

PasmepHOCTD 1 €CTh, OYEBU/THO, M7 pas-
MepHocTH [ 1 @ — 310 M. OCHOBHAs BeIMYnHA
B JAHHOM cJydae oxna — muwmna. [lapamer-
POB, CBsI3b MEXKIY KOTOPBIMH MbI XOTUM
maiiru, tpu: [, @ u n. Pagaocts N — K =2. C
TOYKHU 3pEHNs Pa3MepHOCTEN yCTPauBaiOT B
KauyecTBe JOMYCTUMbIX JI0Oble KOMOMHAIIUI
BHA

-1
l~a, l~n"3 1~ (na2) 1~ a3,

Kakyio ske u3 Hux Boi6pars? Hey:xenn Meto/q
PasMepHOCTEN HE MOMOYKET HANTH MTPABUJIb-
nyo ¢dopmyay? Ito O6blio Gbl TeM Jl0Jee
06U/IHO, UTO 33/1a9a-TO BE/Ib COBCEM TIPOCTasT,
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a MeTo][ pa3MepHOCTeil «paboTaeTy, KaKk Mbl
3HaeM, U B 6oJiee CJOXKHBIX ciaydasx. Bor
3/1€Cb-TO U IIOMOJKET YIIOMSHYTBII B HauaJe
9TOTO pasjiesia IpueM.

YcmoBuMces caenTh 3a KakoiH-HUOY b Of1-
HOil MosiekyJ10l. «IIpuBsskem» K Heil cucre-
MY IIPSIMOYTOJIbHBIX KOOP/INHAT, TPHYEM O/THY
n3 ocelf HAIIPaBUM BJI0JIb TPAEKTOPHU MOJIe-
KyJel. Ilpeamomaraercs, 9To B IepBOM TIPH-
OIMKEHUT MEXK/TY ABYMS MTOCJIE0BATETbHBI-
MU CTOJKHOBEHHSAMH MOJIEKyJa JIETUT TI0
npsaMoit uHun. /{ymHy npo6era ecTecTBEHHO
U3MepATb B <«IPOJOJbHBIX» MeTpax — M.
[Toriepeunbie pa3Mepbl MOJIEKYJ, MeIIaio-
MIUX JIBUKEHUIO Halell n36panHuib, 6yaeMm
U3MEPSATD, COOTBETCTBEHHO, B <IIOIIEPEYHbBIX »
MeTpax — M, . A Kak OBbITb C KOHIIEHTPAI[H-
eii? Kakwe merpnl BoIOpatTh 3/ech? Cunras,
YTO HAINPABJIEHUs, MOMEPEUHbIe TIO0 OTHOIIe-
HUIO K TPAEKTOPUHU MOJIEKYJIbI, SKBUBAJICHT-
HbI, JIETKO COOOPa3uTh, 4TO OOBEM IIPOU3-
BOJIbHOTO, B TOM YHUCJI€ U €IMHUYHOTO, KyOu-
Ka, TIOCTPOEHHOT0 HA HAIIMX KOOPAWHATHBIX
0CdX, €CTEeCTBEHHO U3MEPATh B M”Mi. Ho
TOT/Ia PA3MEPHOCTb YUCJIA YACTHUIL B €JIMHNY-
HoM o6bene (7) Gyaer MM, a pasMepHo-
CTbIO IIOIIEPEYHDIX CeYeHU MOJIEKY.JI, Mellla-
IOTITX WHTEPECYIOIEeMY Hac ABI)KEHUIO, 6Y-
er [ =k

[Tocne Bcex aTUX yXUIIPEHUN U3 MHOKe-
CTBa BBIIMCAHHBIX BbIIE BO3MOXKHBIX 3aBH-
CHMOCTell [ OT 72 U @ COBEPIIIEHHO OTHO3HAYHO
ocraeTcd euHCTBeHHasd dopmy.Ja:

[ ~n'a™.
«PaccyiouB» MeTpbl Ha <IapaJiiebHble» U
<IIePIEH/INKYIAPHbIC», Mbl YBEJUUMJIU TeM
CaMbIM YHCJIO OCHOBHBIX BEJUYUH, UX CTAJIO
JiBe, U Teriepb pazHoctb N — K cHOBa paBHa
eIMHNULIE.

BBenennble euHUIIbI HOCAT Ha3BaHUe Ha-
MPABJEHHBIX WU BEKTOPHBIX EMHMUIL JIJTH-
Hbl. YTOObI TOJIydIlle OCBOWTHLCS C HUMH,
BepHeMCS K yKe 00Cy>K/IaBIIeiicsl BBIIIe 3a-
Jade o KoseGaHWAX Kamn. llpeamomoskum
CHOBA, 4TO YacToTa KoJebaHuil MOKeT ObITb
CBs3aHa C BEJIMYMNHOI TTOBEPXHOCTHOTO HATSI-
JKEHUSI O , IVIOTHOCTBIO P, Pa3MepOM Karlin
a W YCKOpeHueM CBOGOJHOTO MAJEHUS (.
BoimuiieM pasMepHOCTH OCHOBHbBIX BEJINYNH
KI, ¢, M, M, . B 3agade ectb BblieseHHOE

2019/ Ne2

HaIllpaBJIEHUE — OHO 3a/la€TCA BEKTOPOM g ,
MOJKHO Ha3BaTb €ro <IIpo/I0JIbHbIM», TOTr/a

[g] = ny -
PATLCA B €JIMHUIIAX M”Mi , PasMepHOCTb pa-
JIyca Kallil d TpH 3TOM Oyer Mﬁ/ SME_/s
PasMepHOCTD sKe MIOTHOCTH P GyzieT paBHa

O6beM kamm OyeT m3Me-

KF-MFMJ__Z, a pasMepHOCTb G OyJaer
KT - M -
——— =kr-c¢~. To, 4ro pasmeprocts ©

¢’ M

Couep!KMT FMEHHO <IIPOJIOJIBHbIE» METPBI M,
HETPY/IHO MOHATH, BCIIOMHUB, KaK OTPeIes-
ercsl MOBEPXHOCTHOE HaTsKeHue. PaceMor-
PUM MBLIbHYIO TJIEHKY, HATSHYTYIO Ha IPO-
BOJIOYHYIO paMKy. IlJIeHKa conpoTuBsiercs
PACTSAKEHUIO B TOM HATIPABJIEHNH, B KOTOPOM
ee TAHYT. YCKOPEHHEe, KaK yiKe J0rOBOPH-
JIUCh, U3MeEpsAEM B M -¢™?, 3HaunT, pasMep-
HOCTb CHJIBI — 9TO Kr-M;-¢ - . Mopmyma
o ~ 6°p’a’ g’ IPUBOANT TeNEPD K PABEHCTBY

-1

- —y 2
=kt kY MY MY x

X Mﬁ/s SV SR
IIpaBuno N — K = 1 Bbmmoanserca: N = 5,
K = 4. Cucrema JTWHEWHBIX ypaBHEHUN JIJIsT
orpe/iesIeHus X, ¥, Z U t TaKOBa:

—1==2x-2t, 0=x+y, 0:—y+£+t,

) 3
V4
0=-2y+=.

Y73

E/nHCTBEHHOE PelleHne TOil CHCTEMBI:
x=1/2, y=-1/2, z=-3/2, t =0.

Dopmya s 4acToThl KoJieGaHU Karlim,
KOHEYHO, TIPEKHSIS:
172

c

pa’
To, 4uto u3 hopMyJIbI «BBIIATIO> YCKOPEHUE
g, 03HAYAET, UTO TIEPBOHAYAJBHOE MTPEJIITOJO-
JKEeHUE O BO3MOKHON 3aBUCUMOCTH OT g OKa-
3aJ10Ch HECTpaBe/I/INBBIM. MeTo/1 pa3MepHo-
CTeil TT03BOJISIET, TAKUM 06Pa30M, UCKJII0YATh
JIMITHUE ITapaMETPbI.

Ho mbI kak OyaTo HE WCMOJb30BATH Celi-
Yac MPEINOJIOKEeHNe 0 MaJOCTH Kameab? A
B€/Ib paHbIlie TOBOPUJIOCH O TOM, YTO IOJY-
yenHas Qopmyna IS ® TOAUTCS TOJBKO
[IPU OTMCAHUN JIOCTATOYHO MAJIBIX Karlesek.
W kpurepneM MajiocTH ObLIO HEPABEHCTBO

(’0~



OBDbATb HEOBBDATHOE, UJU EE INIPEINOJAOBUE PASMEPHOCTD )

oa > paSg . [lepentuiiem ero B BuE

172 3\1/2
al S|Pr

g o

U 3aMETHM, YTO CJIEBA CTOUT BPEMs TaIEHsI
KAaIlJid Ha PAcCTOsIHUE MOPSIJIKA ee PA3MepOB,
a cripaBa — mepuof kouebanuii (~w™' ). D10
ocJie/THee HEPABEHCTBO O3HAYAET, UTO KOJIe-
6anust, 00yCJIOBJIEHHbIE CUJIAMU TTOBEPXHOC-
THOTO HATSIKEHUsST, MOJKHO PacCMaTpPUBATD Ha
doHe OTHOCUTENBHO ME/JIEHHOTO Ta/[eHIs
Karu. Pasuuiia XxapakTepHoro BpeMeHu Tra-
nennst (Ha paccTosHEe ~ ) U Ieprojia KoJie-
GaHMWii TO3BOJISIET PA3/IETUTh 9TH JIBA TTPOIEC-
ca W paccMaTpuBaTh X He3aBUCHMO. [1oaTo-
My B HAIlleM MPUMepe TePUO KoJeCaHuil u
Ha CaMOM [IeJie He 3aBUCHT OT §.

CliesiaeM eliie HECKOJIBKO 3aMevatuii O BeK-
TOPHbBIX €[IMHUIAX [JIUHbI. Bo-1epBbIx, cy-
IIECTBYIOT 3a/layi, B KOTOPBIX I€JeC0006-
Pa3HO BBOJIUTDH HE TOJIBKO <«IPOJOJbHbBIE> U
«TIOTIEPEYHbBIE» PA3MEPDI, HO U Pa3HbIe CUJIBI
(omnu, usmepsiembie B Kr- M ™%, gpyrue
— B K[-M, -¢%). BO-BTOPBIX, BO3MOXHO
ecTecTBeHHOE 0000IIeHNe UIeH O BBEAEeHUN
«CBOUX EJIWHUIl> JJisI U3MEPEHUs MTPOI0JIh-
HBIX W TIOTIEPeYHBbIX pasMepoB. B cuydae
HeoOXO/IMMOCTH B KaKOW-TO KOHKPETHOU 3a-
Jlaue MOXHO ObL10 Obl BBECTU <«CBOU MET-
pPbI» IS KaKJIOTO W3 TpeX B3aMMHO-TIEP-
MEHIUKYJISIPHBIX HANPABJIEHWIT B MPOCTPaH-
ctBe. UMCJI0 OCHOBHBIX €IMHMUII, TAaKUM 00-
pas3oM, yBeJIMuYuBaeTcs cpasy Ha JBe. Tpe-
Thbe 3aMevyaHue Takoe. DbiBaeT Tak, 4To J/iBe
CYIIECTBEHHO pa3JnmyHbie (puamyecKkue Be-
JIMYMHBI UMETOT B KAKOW-TO CUCTEME €JIMHUIT
ofiMHAaKOBbIe pasMmepHocTu. B cucreme CU,
HalpuMep, TaKUMU BEJUUYNHAMU SBJSIOTCS
MomeHT cusibl L u pabora A. ObGe Besnyu-
HBI UMEIOT Pa3MEePHOCTU KT - M2 - ¢ . OGbru-
HBI MeTOJi pa3MepHOCTell He MOXKeT 3TH
BEJIMYMHBI pa3anunTh. Ho ecam MBI CHOBa
[PUMEHUM HAIy <«MaJEeHbKYI0 XUTPOCTb,
BBe/ISI pasHble €IMHUIIBI JIJTHMHBI BIOJb TPa-
€KTOPUY [[BUYKEHUSI U TEePHEeHNKYIIPHO K
Heit, To L u A cpasy CTaHyT pasjamyaTbCs.
IIpu BbruMcaeHun paboOThl BCETAa MPOEKTH-
pyercst cujia Ha HarpaBJjeHue JBUXKeHusi. B
OTIPE/IEJIEHNN MOMEHTA CHJIbI CYIIECTBEHHBI
«TePUEHINKYJISAPHBbIE> €IUHUIIBI JIJTUHDI.

[pyrumMu cjoBaMu, MOMEHT €CTb BEKTOp-
Hoe, a paboTa — CKaJsIpHOe MPOu3Be/ieHue:
L=Fx7, A=F-7, tne F — cuna, v —
paZiyc-BeKTOp. SICHO elre, 4TO pasMepHOCTD
CaMoO¥ CHJIBI COJEPIKUT «IIPOJIOJIbHbIE> MeT-
pol. Torma mosnyuurcsi, uro L wumeeT pas-
MEPHOCTD KT - M) - M | ¢ A - Pa3MepHOCTD
Kr-Mﬁ 2

Kone6aHus cdopmbl Kannm

13 Bcero CKa3aHHOTO BBINIE SICHO, YTO
KOJIeOaHUsT KATLIA TPOUCXO/ISAT B PE3yJIbTaTe
MPOTUBOIENCTBUI TOBEPXHOCTHOTO HATSIKE-
HUS, XapaKkTepudyemMoro koadpuimentom o
(5KeCTKOCTB), KOTOPOE CTPEMUTCST BOCCTAHO-
BUTH MIAPOBYIO (POPMY, U HHEPTHOCTHU, U3Me-
pseMoil Maccoil m, 3acTaBJSIONEN MpOCcKa-
KUBaTh MOJIOKEHHE PABHOBECHSI, TaK UTO

c c
030"" - = _3.
m pa

Hanpumep, g Karim S0/ PaJUycoM a =
=1 MM [OJIy4UM OLEHKY

c'=250 ¢!

Kone6aHus ¢opmMbl aToMHOro sigpa
(kanenbHas mopenb)

Anapo ¢ atomMHBIM HOMEpOM A COMEPIKUT
YHCJIO IIPOTOHOB U HEHTPOHOB, B CYyMMe paB-
Hoe A. IlpuHNMas sHepruio CBs3W pPaBHOU
E; =8,5 M>sB/HyKJOH, TOJHYIO 3HEPTHUIO
CBSI3U OLCHUM Kak AFE; ¥, «IPUIIUCHIBAsA> €€
MOBEPXHOCTHOMY HATSKEHHUIO, HalijieM KO-

AE
addunmenr o = . L, e a =rp1/§/Z -
na

pajinyc Apa-Karm, 7, — pajuyc HyKJIOHa
(mporona). Torga yacrora Kosebanuii Gy et
OPSIIKA

1/2 1/2
E E
S 2 - 13,2
4Tma m, 4mA rym,
~4-10*" ¢!
(spmecp nmpuHATO m, = 1,67~1O_27 KT,

r, ~10" M, A = 235 pus sgpa ZSQU).
Takas yactoTa XapakTepHa JIsl Y -U3/Tyde-
HUA.
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Kone6aHus cdopmbl 3emnun
Ecnu 3emuoit map ynogoOUTh Karie, TO
IPaBUTAIMOHHAS YHEPTHUS, <«Pa3Ma3aHHas»
Mo ee TMOBEPXHOCTU, OyIeT TOpsIKa

GM* o
0 ~———, 0TKyZa M, ~ ,|— ~ +/Gp , T1e
ARmR? O Q0 Ty TP
G=6,67-10"H- M2/1<r2 — IOCTOSAHHAA
BCEMUPHOTO TATOTEHUS . Cunuraga

p~355 r/CM3 , TIOJIYYUM

4 - 2n
wy ~6-10" ¢ Y owm Ty = 2= ~ 3 vaca .
W
Kone6aHus BceneHHomn
[Ipunumas cpesHio TI0THOCTH Beesen-
Hoit pasHO# Py, ~ 5107 r/em®  (kpurn-
JecKoe 3HAUeHNe, pasjiesistoniee Koae6aTesb-

HbBI 1 MOHOTOHHDBIM XapaKTephbl ee TUHAMU-
K1), JUISE TIEPUOJIa KOJIeGaHUil TT0JyYnm

Ty ~ (Gp)™* ~ 10 ¢ ~ 3-10"° ser .

(B nacrosmee Bpems Beenennas paciupsi-
eTcsi, a ee JajibHelimias cyapba, COrJacHo
KOCMOJIOTHH, 3aBUCUT OT TOTO, YTO GOJIbIIIE:
CpeJHss WM KPUTHYECKas MJIOTHOCTD. )
ActpoHoMuveckue HaOIOI€HUST CMETEH IS
JIMHUT U3JIy4eHWS TIOKA3aJH, YTO TAJTaKTHKN
VAAJSIOTCS OT HAC CO CKOPOCTDHIO, TIPOTIOPITH-
oHaJIbHOH paccrognuio: V = Hr (uem gampire
HabJIo/laeMast TaJlakKTHKa, TeM OHa <«Kpac-
Hee» ). ITa CUTyalnsl aHAJTOTHYHA PACTIPEIe-
JIEHWIO CKOPOCTEii B CIy4ae TOYeYHOTO B3PbI-
Ba. KoadduimenT npornopuuoHaabHOCTH —
510 mocrosumas Xa66ma H =2,2-107"% ¢
(HO OOBIYHO OHA BBIPAYKAETCSI B KM/C Ha MJIH
CBETOBBIX JieT). VIHTepecHO OTMETUTb, YTO

1
oOpaTHasi BeJUYMHA T = T > 10 mupz Jsiet

uMeeT CMBICJT Tepuojia Kosebanmii Beesen-

o ¢ 26 _
HOW, a BeJnJYmHa T~ 10° ™ pasMepoB

Bcenennoii.

B uacrnoctn, Tpernii 3akon Kerrepa Mo:x-
HO CUUTATh OJHWM U3 TPUMEPOB TOHAOOUS.
[leficTBUTETHHO, 3aNMCaB 3aKOH BCEMUPHOTO
tsaroterusi HpioToHa B Ge3pasMepHOM BH/IE,
OTHecs paccToguue r maaneTsl ot CosHIa K
GOJTBIINOI TTIOJYOCH d €€ HJIIUTITHYECKOH Tpa-
eKTOPUHU, & COOTBETCTBYIONINII MOMEHT Bpe-
MeHu t — K 1epuony ee obGpamenus T,
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TIIoJIyYnuM

B

Tak kak G u M (macca Comnia) — nocro-

SIHHDBIE, CJIE/IyeT, 4TO T? ~ &° I BCeX ILIa-
HeT Halllell CUCTEMBbI.

2 2
(o
:

rpaBI/ITaLI,I/IOHHaFI NoCTodHHasn
N CKOPOCTb CBE€Ta

[Tpomosmskum 06CysK/IeHne BOIIPOCA O TOM, B
KaKHX CJIydagx CJeyeT O3KU/IaTh MOSBJICHIS
B ¢opMysax pasMepHBIX [OCTOSHHBIX. B
3TOM pas/iesie peyb MOWJIET O IPaBUTAIMOH-
HOIi TIocTOAHHON G 1 CKOPOCTH CBETa C.

EcrectBenno, uro G 1osBJsercd B 3ajia-
yax, OIMCBIBAIONIUX I'PaBUTAIlMOHHOE B3au-
Mo/ieiicTBuE, a ¢ — B 3ajladax, Ije peyb ujaer
O JIBWJKEHUHU YaCTHUI] CO CKOPOCTSIMH, OJIU3KH-
MU K CKOpOCTH cBera. llpucyTcTByer cKo-
pPOCTh CBeTa W B 33Jla4aX, OTHOCAIINXCS K
PACIIPOCTPAHEHUIO CBETA W ATEKTPOMATHUT-
HOTO WM3Jy4YeHHS — TaKoe WU3JIy4eHUe ecTb
IIPOCTO MOTOK (POTOHOB, a OHU BCET/A, KOHEY-
HO, JIBUKYTCSI CO CKOPOCTBIO CBETA.

[Ipumep, KOTOPbLIA MBI Telepb PaccMoT-
puM, TpebyeT OJHOBPEMEHHOTO BKJIOYCHUS
B YUCJIO OTIPEIEJISIONINX TapaMeTPOB 00enx
koHcranT G u c. Ceifuac XOpoIIO M3BECTHO,
YTO JIy4d CBeTa, WAYLIMH U3 JlaJeKoil rajak-
TUKHU W TIPOXOJSINNIN BOJU3H Kpasi COJTHEY-
HOTO JINCKA, OTKJIOHSIETCS HAa MAJIbIi YToJI
®c = 2-107° payx . Mssectisr macca CoJth-
na Mq= 210 kxr  u ero panuyc
Rc = 7-10° kM . IpaBuramnuonnoe mnoJe
CosHIla CJIy>KUT TPUYUHON OTKJIOHEHUS CBe-
TOBOI'O JIy4ya, CaMO K€ 3TO II0Jie Ollpelesis-
erca napamerpamu G, Me u R . Unre-
pecHO 1oJy4YUTb (POPMYJLY, CBA3bIBAIOLIYIO
yron @c ¢ napamerpamu G, M-, Rq u c.
Hukakux npyrux mapamMeTpoB B 3ajiadye HeT.
lFoBopsi, uTO Jyd cBerta MPOXOAUT BOJU3N
3Be3/Ibl, Mbl TIpeHe6peraeM, KOHEYHO, pas-
HUTEH MEXIY PajilyCcoM 3BE3/Ibl M PACCTOSI-
HUEM OT ee IleHTpa JI0 OGJusKaillieil TOYKu
Jyya. 3anuiieM, Kak o6bid4HO, GopMyTy

Oc ~ MERLGC

PasMepHOCTb TpaBUTAIIMOHHON MTOCTOSIHHON
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IIpoMI€ BCETO IOJIYYUTb U3 3aKOHA BCEMUPHO-
T'O TATOTCHUA:

=H-m* xkr?=xr M c?

Yrom xxe @- — BeamumHa O6e3pasMepHasd,
[109TOMY MBI IIOJIYYUM TPU TAKUX YPaBHEHUS:

x—2z=0, y+3z+t=0, -2zt =0.

HemnsBecTHBIX ske UmCesT — YeThIpe, MPABUJIO
N — K =1 ue Boimosneno. Ho ¢ mogo6Hoi
cuTyalnueil Mbl y3Ke CTaJIKUBAJNCh W 3HAEM,
YTO Terepb HyXKHA KaKasg-TO JIOTOJHHUTEb-
Hag undopmaing. 3adUKCUPYeM UYUCTO X,
Torga y = —x, z=x, t = —2x. Vlurepecyio-
mas Hac gpopmyJia MOKeT ObITh ITPe/CTaBIe-

Ha B BU/E
x

GM,.
RC C2
I[]Iﬂ orpeieJieHnd Ynucjaa X MOKHO UCITI0JIb30~

BaTh Telepb WM3BECTHOE W3 HAOJIOJEeHUI U
IIPUBE/ICHHOE BBIIIIE YNCJICHHOE 3SHAUCHUE @ .
YuyursiBag, yto G = 6,67-10_11 H~M2/Kr2 ,
a ckopoctb cBeta ¢ = 3-10% M/c | nerko mpo-
BEPUTDH, YTO HaNMcaHHas (hopMy.Jia IIPABHUIb-
Ha ipu X = 1.

CoobpaskeHust TO0OUST TIO3BOJISIIOT CUH-
TaTbh, YTO YTOJ OTKJOHEHUSI CBETOBOTO JIy4ya B
IPABUTAIIMOHHOM I10JI€ JII060IT 3BE3/IbI ¢ Mac-

coit M u paamycoM R oTipesiesisieTcs aHAJO-
GM

TUYHBIM 06PAa30M U PaBeH ¢ ~ R

B aTuX paccysk/eHusIX MOSBUINCH 1BA HO-
BbIX coobpakenusi. [Ipexkje Bcero, Mbl He
MOJKEM YTBEpIKJATh TOJBKO HA OCHOBAHUU
CKazaHHOTO BbIme, yTo x = 1. DopmyJb
BBITIMCAHBI TOJIBKO 110 TIOPSIAKY BEJINYNHDI, 1,
Ka3aJoch ObI, HUYTO HE MelTaeT HaM CYNTATD,
yto x = 0,99 mmm x = 1,02. YBepenHoctb B
TOM, 4TO X = 1 OCHOBaHa He Ha IPUBEEHHBIX
(popMaTbHBIX BBIYHUCJACHUAX, a U K TOMY K€
C HEM3BECTHDBIM YNCIEHHBIM K03 duiinenTom
u ¢ npuOJIMKEHHBIMU 3HAYEHUSIMU BCEX Ia-
paMeTpoB, a Ha OIIbITe M HA COOOPAKEHUSX
y>Ke He PAa3MEPHOCTH, a «pa3yMHOCTU» . OIbIT
TOBOPHUT HaM, 4YTO IIOKA3aTeJH CTeleHeil B
dopmyax 6bIBAIOT OOBIYHO TIE€JTBIMU YHUCTIA-
MU HJIU TIPOCTBIMU /1po6saMu. B To ske Bpems
He BUJHO KaKMUX-JN60 OCHOBAHWII /T TOTO,

Pc ~

9TOGBI CYNTATD, HAmpumep, x =§8/9 wuan
x =19/21. «Pa3yMHOCTb» U >KeJlaHUe BHU-
Jetb PopMyJIbl BO3MOKHO 6oJiee U3SIIHBIMI
UTPAIOT BOBCE HE IIOCJIEHIO POJIb B Pu3nKe!
Hesb3st, KOHEUHO, TIEJTMKOM OTaBAThCS 9MO-
IIISIM, HO HITUETO JIPYTOTo 6e3 TOUHOTO perre-
HUST 0OCY’XKAaeMOH 3a/aqll MBI BCe PaBHO
cKazatph He cMorym Obl. TowyHOe e pelenne
Ha caMoM JieJie IPUBOINT K X = 1.

Bropoe 06cTosiTeIbCTBO 3aKJII0YAETCS B TOM,
4yT0 Ge3pasmMepasi KOMOUHAIIUS TTAPAMETPOB
M, R, G v ¢ npuBOUT JIJIsT GOJIBIIIOTO YHCIa
3Be3/l K 3HaueHnio @ < 1. O6parure BHUMA-
HUe Ha TO, 4TO ¢ ceilyac He SIBJSETCS
6e3pa3MepHbIM TIOCTOSIHHBIM KO3(MduIinen-
TOM, 9TO — (YHKIUS JPYTUX TapaMeTpoB,
dyuKIMS 6e3pa3zMepHasi, HO BoBce He 00s-
3aHHast OBITb YHWBEPCAJbHOW KOHCTaHTO¥!
Heonpenemnsiemas sxe u3 cooOpakeHuii pas-
MEPHOCTH KOHCTAHTA B TIPAaBOit 4acTu popmy-

GM
JBL @ ~ R KOHEYHO, TOXXE€ €CTb, U BOT
OHA-TO TIOPSIKA €[MHUIIBI.

Mautoctp 3HaueHust Gpyakimn @ pias Co-
HI[a BOBCE HE O3HAYAEeT, YTO 3Ta (DYHKIIHS
Bcersia Masia. Ilosb3ysich mosiyueHHOW st
Hee (OPMYJIOii, MOKHO OIIEHUTDb OTKJOHEHUE
JIy4ya cBeTa, IPOXO/SIIero BOIU3N HeUTPOH-
HBbIX 3Be3/[. Tak HasbIBAIOT 3BE3[bI, MJIOT-
HOCTb KOTOPBIX TIPUMEPHO TaKas Xe, KakK
MIJIOTHOCTD BEIIECTBA BHYTPUATOMHBIX SIIED.
Wx MacchI 1o TOPSIAKY BEJMINHBI COBIAAAI0T
¢ maccoii Hammero CoJiHIa, a paJinychl COCTaB-
JISTIOT BCETO JIHIITh IECSATKU KIJIOMETPOB. ['pa-
BUTAIlMOHHOE II0JIE HEﬁTpOHHbIX 3Be31 Ha-
MHOTO «cujbHee» ToJist CoOJHIA, TT03TOMY
HEYAMUBUTEJ/IbHO, YTO TUIIMIHOE 3HAYE€HUE YTJI1a
¢ [ HUX JIOCTUTAeT yxKe JecsIThbIX JoJel
pazuana! UuraTesb JIETKO TIPOBEPUT 9TO CaM.

Tpu dyHAameHTanbHble KOHCTAHTbI

OyujgaMenTaabubiMu (MM MUPOBBIME)
KOHCTaHTaMH 4aCcTO HA3bIBAIOT I'PABUTAIIMOH-
HyI0 MocTosiHHyio G, CKOpPOCTb CBeTa ¢ U
nocrosinuyio [lmanka £, Bxozasiryio B dop-
MYJIbI, OTIMCBIBAIOIINE KBAHTOBBIE SIBJICHUS.

Hamr yuratesb yxe 3Haer, BEPOSTHO, YTO
uzsiydaemass (Wi morJonmaemMasi) aroMaMu
IHEpTUs KBaHTyeTcs. B mpocreiitieil KBaHTO-
BOIT MOJIEJIN aTOM pacCMaTPUBAETCS MO aHa-
JIOTUW C TIJIAHETHOW CHCTEMOW. IDJIEKTPOHDI
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BPAIIAIOTCST BOKPYT sI/Ipa 110 OpOUTAM BIIOJIHE
OlIpe/IeIEHHBIX PAJIYCOB, TIEPEXO/I JKe DJIEK-
TPOHA € OJIHOI OPOUTHI HA JIPYTYIO JIOJIKEH
COIIPOBOK/ATHCS U3JIYUEHUEM UJIU MTOTJIONTe-
HUEM KBaHTa SHEPTUH BEJUYUHON Av. 3/1ech
V. — gacToTa M3JIydeHus, oTpeiessieMast pas-
HOCTBIO SHEPIHil 2JIEKTPOHA HA COOTBETCTBY-
fomux opéutax. OTciona SICHO, YTO pa3Mep-
HoCTh 22 B cucteme CU ompenensieTcst Tak:
[h] = lx-c =xr-m”-c",

Ternepb MOXKIHO 06CYAUTH, HAIIPUMED, BOII-
poc 06 U3JIydeHun JHEPTUH HATPETHIM TEJIOM.
Takoe Teno u3aydaer OObIYHO IHEPTUIO B
pasHbIX aAuanasonax. [loToku Tersia, ceeta n
PEHTIeHOBCKOTO M3JIyYeHUsT MOXKHO PACCMAaT-
pUBaTh, KOHEYHO, KaK TIOTOKU KBAHTOB COOT-
BETCTBYIOIIUX YacTOT.

[Tyctp TemrmepaTypa u3Jydaiolieil moBep-
xHocTH paBHa I. OG6GosHaunM G6yKBOH ¢
9HEPTHUIO, M3JIYYAEMYIO C €IMHUIIBI TTOBEPX-
HOCTHU 3a €JIMHUILY BPEMEHU. JTa BEJUYNHA
UMeeT CMBICJ TIJIOTHOCTH TIOTOKA JHEPTHUH,
ee pasmepunoctb B cucreme CU ectb
[q] = I2I>1< =xr-c™.

M°-C
HUTHOTO W3JIy4eHUS JBWIKYTCS CO CKOPOC-
Thio ¢. OTBevatomas Temneparype T Xapak-
TepHast HEPTUST ecTh, oueBuHO, RT, T7ie k
— mocrossuHags bouabiimana. EcrectBenno
IPE/IOI0KITD, YTO (PYHKIIMOHAIBHO MOTYT
ObITh CBsI3aHbI YeTbipe Besnuunbl: ¢, (kT),
¢ n h. 13 coobpakennii pasMepHOCTH TOT/A

KBanTtbl asexkTpomar-

JIETKO TOJTy4uTh (hopMyIy ¢ ~ (kT)4 c2hS.
YacTto 3TOT 3aKOH 3alnCBIBAIOT B BHU/E
g =oT" u waspBaor 3akomom Credana—
Boapimana. Koadduimenr ¢ wasbiaetcs,
cooTBeTcTBeHHO, mocTosiHHON Credana—
Boabpmmana. {Acwo, uro B cucreme CU
[6] = xr-c¢™ K™ Tpusexem eme s nos-
HOTBI YNCJIEHHbIE 3HAYEHUS KOHCTAHT, BXO-
JAMIAX B HAMUCaHHble (DOPMYJIBL:

—2:
k=1,38-10"% JIx/K,
h=6,63 10" kr-m>-c7".

TaKI/IM 06pa30M, MblI TIO3HAKOMUJIUCH C
HECKOJIbKUMUN paSMepHI)IMI/I KOHCTaHTaMu.
Dopmytbl 17151 g U G cojiepkat e QpyH/a-
MEHTaJIbHbI€ KOHCTaAHTBbI. C U h 9T0 €CTb
pamMoe yKaSaHI/Ie Ha TO, 4TO CTpOroe pemnie-
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HUe 33724 06 U3JyIeHUH HYKHO CTPOUTD HA
OCHOBE KBAHTOBOI1 U OJTHOBPEMEHHO PEJISTH-
Bucrckoit Teopuit. I[locrosunas Credana—
Bousbipmana, BBITHC/IsEMast B TaKOil Teopun,
567107 ke K,
60/°c?

3Has 9TOT 3aKOH, MOKHO JJOBOJIBHO MPOCTO
OLIeHNTb TeMIepatypy T- <«IIOBEpXHOCTH»
CoJtHIa MI0MAAbI0 4TRZ | HCIIOMB3YST ypaB-
HeHue GajaHca Temsa, IOTJIONIAeMOro a-

METpaJIbHbIM CE€YCHHEM 3emn TER§ n mns-

paBHa C =

JIy4aeMOTO € ee IOBEPXHOCTH 4nR§ npu
u3BecTHOI cpeaneill temnieparype T3 = 300 K:

2 4
—4TERCZG Ic nR3 = 4AnR36Ty
4nlis
OTKy/Ia
1/2
To=Ty-(4-4)"" 21%3 = 20T; = 6000 K.

C
3aech oz — paccrosuue ot 3emiu 1o ConH-

2R, _
1a, a l_c ~1072 pajl — yroJ, 1moJji KOTOPbIM
C3
nuamerp Counna Bujier ¢ 3emuu. Ilpu atom

HaM He TIPUTILIOCH JieTeTh K COJHITY ¢ TepMO-
MeTpoM. boJjiee Toro, okasanoch Heobsi3a-
TEJHHO 3HATh U O, a HY’KHO 3HATH TOJBKO
TEeMIEPaTypHYIO 3aBUCUMOCTD TJIOTHOCTU
[OTOKA U3JIyYeHus.

He cayuaiino akagemux H.H.Boromo6os
«BCeT/Ia IeHUJl yMeHue ObICTPO MPUKUHYTDH
OTBeT Ha TpamBaiiHoM Guiere» [1, ¢.196].

A BoT ucropnueckuii pakr. «Kamnura 6611
BEJINKMM WHKEHEPOM U 3aMeyaTesIbHbIM (hu-
3UKOM... s TIOMHIO TO BIl€YatJieHHe, KOTOPOe
[pou3Beja Ha Hac cJ/leJlaHHash UM OIleHKa
MOII[HOCTH B3PbIBa 1epBoii 6GOMGbI B X UPOCH-
Me... Kako#-1o... »KypHAJINCT. .. 3aMeTHJI, 4TO
Ha HEKOel »KeJIe3HOAOPOXKHOW CTaHITAM. ..
HeBJaseke OT XUPOCUMBI... aKKypPaTHO BbI-
BaJINJIUCH HAITUCAHHbIE YEPHOU TYIITHIO HEPOT-
audsl... Besas yactb 6yMaKHOI MOBEPXHO-
CcTH OGDSIBJIEHUS HUKAaK He IOCTpajasa...
Wcexopst U3 TOTO, YTO OKpallleHHAs] 4YacTb
MUIIEHN TIOTJIOIAET Bee, a 6esiast OTpasKaer,
[Terp JleonuaoBUY... BBIYUCJIHUI PaBHOBEC-
HYIO TEMIIepaTypy B 00JIacTH B3pbIBA, YTO U
[TO3BOJINJIO OIEHUTH ero MOoIHOCTh. .. I1.JI. Ka-
M1l TOKa3aJl HaM... BCIO MOII[b METO/a OIle-
HOK TIOPSIZIKA BEJUYMH UCXO/s U3 3/[paBOrO



OBDbATb HEOBBDATHOE, UJU EE INIPEINOJAOBUE PASMEPHOCTD 13

CMbIC/Ia M TPOCTBIX (PU3UYECKUX COOOparKe-
Huit (4TO Ha cAMOM fieJie, 3aMeTHM B CKOOKAX,
0JIHO U TO xe)» [2, ¢.230].

OTMeTHM, KCTaTH, YTO YUCJEHHBIA KO-
2

b o
unment m B IIPUBE/IEHHO}T BbIIIE POpMY-

Jie 1T G TOXKe MOKHO CYMTATD IIPU IPyObIX
OIIEHKAX YWCJIOM IOPSI/IKA €JINHUIIbI.
3amauM Terepb TaKoil BOIPOC: B KAKOM
caydae B OpMyTax MOTYT COIEPIKATHCS BCe
Tpu (yHAAMEHTATbHBIE KOHCTAHTBI? Oue-
BU/HO, YTO JIJISI 3TOTO CYTIECTBEHHBIMU JI0JI-
JKHBI ObITh OJHOBPEMEHHO TPABUTAIUS, Pe-
JIATUBU3M U KBaHtoBanue. JII060MBITHO, 4TO
u3 G, ¢ 1 h MOXXHO CKOHCTPYUPOBATH BEJIH-
YUHBI C PA3MEPHOCTSIME MACChl, [JIUHBI U
BpemeHu. I3 coob6paskeHuil paszMepHOCTH
TaKue COOTHOIIEHUS CTPOSITCS Cpasy ke U
O/THO3HAYHO U MMEIOT TaKOil BUJ:
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Ecsm nmpuHATH Heompe/eleHHbIE YNCIEHHbIE
ko3 durmenTor B 9TX HOpMyJiaxX paBHLIMU
eINHUIIE, TO MOJIYYaIOTCSI <«EeCTeCTBEHHBIE»
MacmTabbl 1 M3MEpeHWs] Macc, AJUH U
BpeMeHU. ITU MacmTabbl BIEPBbIE BBEJ
M.Il1aHK, ¥ OHU HaA3bIBAIOTCS IIJIAHKOBCKU-
MU equHuIamMu. HeTpyaHo npoBeputb, 4To
mp ~2-10° kr, [, ~2.10 u
wtp ~5-10" ¢

[l TpakTUYecKux 3a/ad, BO3ZHUKAIOMINX
B ITOBCETHEBHOM JKU3HU, 9TO CJAUTITKOM MaJIbIe
Mmacitabpl. CoBpeMeHHast huanveckast Teo-
pHUsI, OJHAKO, He MOKeT TpeHeOperatb u
takumu Maciirtabamu. B xkocmosiorun — mHa-
yKe, ONHUCHIBaIoIeil aBoJonmio Beenennoii,
[IJIAHKOBCKUIA TIEPUOJT UTPAET OYeHDb BAXKHYIO
POJIb, UMEHHO IIJTAHKOBCKUE MACIITaObI OTIpe-
JIeJIII0T caMyio PAHHIO MCTOPHIO HAIIero
Mupa. Crporoit Teopuu (puanyecKux mpo-
I[eCCOB, MTPONCXOINBINNX HA HAYAJbHBIX CTa-
X KU3HN BeeseHHol, oKa etie He cyTie-
crByeT. Hukakux axcrepumMeHTOB o Beesen-
Holt (kpoMe, OBITh MOJKET, MBICJIEHHBIX) MBI
MTPOBO/INTH TOXXe He MoxkeM. Ho yske cama
BO3MOKHOCTD OCTPOEHUS TIIIAHKOBCKUX €11~

HUII [TOKA3bIBAET HaM, 4TO OY/yIIast TEOPUs
panHeit BeestenHoit 10/5KHA OBITH, BO BCSIKOM
cJIy4yae, KBAaHTOBOM I'PaBUTAIMIOHHON Teopueil.

UToG6bl JIUIITHWIT pa3 IPOUJLIIOCTPUPOBATD,
CKOJIb HEIIPOCTO MOCTPOUTH TaKYIO TEOPHIO,
BBIYUCJINM ellle IIJIAHKOBCKHUE e/InHUIbI T1J10T-
HOCTU M TeMIIepaTypbl:

5
mp ¢ 96 3
~—a ~——=5-10" xr/™M" |
Pp l?) Gzl’l /
S \1/2
Y STNE IS
k| G

BeposiTHO, 5TH IpaHAMO3HbIE YNCICHHDIE 3HA-
YeHUS JODKHDI 3ACTaBUTD YUTATENST OKOHYA-
TEJIbHO TIOBEPHUTH B TO, YTO CBOMCTBA Belle-
CTBA WJIM M3JIYYEHUs, XapaKTePHU3YIOIINecs
TAKUMU T1apaMeTpaMu, He MOryT ObITb IPO-
CTBIMH U, CKOPEe BCEro, BOBCE HE IMOXO0XKH Ha
BCE TO, K Y€MY MbI [PUBbBIKJIH.

Wrak, paccMOTpeHHbBIE MTPUMEPDBI UCIIOJb-
30BaHUS METO/la PA3MEPHOCTel U IMOM06W
TIO3BOJISTIOT ONPEIETUTD XapaKTeP 3aBUCHMO-
CTH MEX/Iy BEJMYMHAMHU C TOYHOCTBIO [0
6e3pa3MepHBIX MHOXKHTENEH, HO 3aTO KaKOi
JIMATTa3oH — OT aTOMHOTO sjpa 1o Bcesen-
Hoii!

3aBepimM CJI0BaMH 3aMEYaTEJbHbBIX yue-
HBIX 06 yANBUTEJbHO TLIOI0TBOPHOM (PU3H-
KO-MaTeMaTHIeCKOM CHHTE3e:

<...CMsIHUE MaTeMaTWKM W (U3NKH 3ac-
TaBJISeT... BCIIOMUHATL O TOM BPEMEHH, KOT-
Jla TPeJICTABUTENN TOYHBIX HAYK MMEHOBa-
Jich mpocto Hatypduaocodamus [3, ¢.34].

«IT0 6oslee MOTTHBIN WHCTPYMEHT TO3HA-
HUS, 4YeM BCe OCTaJbHOe, 4YTO Jaja HaM
YeJsioBeUYeCKast [eSITeNbHOCTD... PaccMaTpu-
Baercst 60 MOPSIOK, JUGO Mepa U COBep-
IEHHO HeCYTECTBEHHO, O6YAYT JIH 3TO YNCJIA,
(urypnl, 3Be3IbI, 3BYKHM WJIN YTO-HUOY/Ib
npyroe» [4, c¢.538].
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3Jafa4dun 0 MOKYyCHMKaXx
N TeopemMbl Xonna u LLnepHepa

A.3BHUH

Teopema Xonna

B nomy nisipHoii MaTeMaTHuecKoi JuTepary-
pe MIMPOKYIO U3BECTHOCTD TIOTYUUJIA CJIELY-
I0Iast 33/1a4a.

3amaya o caabGax. Hmeemcs Muoxe-
cmeo roHouell, Kaxoblil U3 KOMOPbLY 3HAKOM
¢ Hekomopvimu desywramu. Ipu xakux yc-
JOBUSAX  MOKHO OOHOBPEMEHHO NOKEHUMD
gcex 1wHouell max, umoobvl KAXKOvbill U3 HUX
JKEHUCS HA 3HAKOMOU emy Oesyuike?

OrTBeT TAaKOB: 3a/1a4a pa3periuma Toraa u
TOJIBKO TOT/Ia, Korjga JioOble R 1oHOIIeH u3
JIAHHOTO MHOJKECTBA 3HAKOMBI B COBOKYIIHO-
CTH He MeHee YeM C R JIeBYIIKaMU.

3aMeTuM, 4TO HEOOXOAUMOCTDb 3/IeCh Ove-
BujiHa. [leficTBUTEIBHO, €CHU JIJISI KAKUX-TO R
TOHOIIIE} YMCJITO TOTEHITNATBHBIX HEBECT MEHb-
1ie R, TO y3Ke 9TUX Rk 1oHOIIel 0IHOBPEMEHHO
MTO’KEHNTD He yaacTes. [locTaTouHOCTD JOKa-
3bIBAETCSI HE TaK MPOCTO!

[l1s1 Toro uto6b1 chOpMyIUPOBAThH 3a1aUy
0 cBaIbOaX HA MATEMATUYECKOM SI3bIKE, MTPH-
BeJleM HEKOTOPbIE OMpEeeseHrs 3 TeOpun
rpacdos [1].

Bepmunbl rpacda — cMexxHbIe, ecid OHU
coenunsiioTes pe6pom. Pe6pa rpacda HasbiBa-
I0TCS CMEKHBIMU, €CJIM y HUX ecTb 0o6Iias
BEPINHA, 1 HECMEXKHBIMU B IPOTUBHOM CJIY-
yae. [Tommapno necmesxnbie pe6pa rpada 06-
pasyioT napocouemanue. Hampumep, B rpa-
(e Ha prucyHKe 1 MOKHO yKa3aTb HECKOJBKO
mapocoyeTanuii u3 yeTbipex pebdep. OnHO u3
unx {aa,, bb, cc;, dd;} .

Hycrs G(V;, Vo) — aBynoubsbiil rpad ¢
nossimu Vi u V, (8 atoM rpade so6oe peGpo
coe/MHSeT HEKOTOPYIO BepuimHy u3 V) ¢
HexoTopoil Bepumnoii uz V, ). Cogepuen-
HulM napocowemanuem us Vy; B 'V, HasbiBaeT-
cs1 TapocoveTaHue B 3ToM rpade, OKPbIBAIO-

DOI: https://doi.org/10.4213/kvant20190202

b, c
b, €y
a4 d,
a d
Puc. 1

mee V; (r.e. st Besikoit Bepumusl u3 V) B
MapoCoOYETaHUN HAllIeTCS BBIXO/ISAIIEE U3 Hee
pe6po). Hanpumep, na pucynke 2 nzobpa-
xen rpad ¢ gomsmu Vy={x;, 1y, 23} u

Xy R X3

Y1 Y Ys Yu
Puc. 2

Vo ={y1, Y2, U3, Ya} . Pebpa xyy;, xpy, u
X3y, OOPa3ylOT COBEPIIEHHOE I1apOCoyeTa-
nue us V; B V5.

[Tyctb G — rpad ¢ MHOXKeCTBOM BepiiH V,
a A — noamuoxectso V. Oxpyixenuem MHO-
JKecTBa A Ha3bIBAIOT MHOKECTBO

r(4)= UAF(U),

rae I'(v) — MHOKECTBO BEpIINH, CMEKHBIX
c o



HarmoMHIM Tak:Ke, 4TO MOUHOCMb KOHEY-
HOTO MHOJKECTBA — 9TO UHCJO €ro dJeMeH-
TOB.

Tenepnp pemnrenue 3agaun 0 cBagbOAX MO-
JKeT GBITh C(POPMYJIUPOBAHO CIAEAYIONUM 00-
pasoM.

Teopema 1 (D.Xomr, 1935 r.). Cosep-
wennoe napocovemanue uz Vy ¢ V, 6 08y-
domvnom zpape G (Vy, V,) cywecmeyem
mozoa u moavko mozod, Koz0d 015 4106020
muosxecmea A C Vi mownocmv ezo okpy.ike-
Hus He MenHvwe mowHocmu A, m.e.
P(a) 2 4.

Yerbipe pasHbIX crocoba /I0Ka3aTebCTBa
TeopeMbl X0JIJIa MOKHO HailTu B KHure [2].

JocTtaTo4yHoe yaioBue

B npammoii crarbe peup moiigier 06 OnHOM
(IIPOCTOM, HO MAJIOM3BECTHOM) JI0CTATOYHOM
YCJIOBUM CYIECTBOBAHUS COBEPIIEHHOTO Ia-
pocoveTaHus B ABYZOJbHOM Tpade.

Teopema 2. ITycmo 6 nenycmom (m.e.
umerowem xoms 6ot 0010 pebpo) 068ydob-
nom zpagpe G (Vy, V) cmenenv mob6oii eep-
wunel u3 0oau 'V, He MeHvbuwe CMmeneHu
060t gepuunot u3 doau V,. Tozda 6 amon
zpacghe cywecmsyem cogepuiennoe napoco-
uemanue u3 Vy 6 V,.

HoxazareabctBo. Ilycth ¢ — uncsio, ko-
TOpOe He OOJIbIIE CTENEHN 000 BepITIHHBI
un3 V| U He MeHBbINE CTeTleHN 0601 BepIIi-
Hol u3 V,. BosbMeM 1ponssosibHble R Bep-
HINH T1epBOii 1o by, b,,...,b, 1 cMexRHbBIE €
HUMM BEpIIUHBL @y, §>,...,J; BTOPOIl AOJU.
Paccmorpum noposkaentpiii atumu R+ [
BepimHaMu oArpad G” ucxognoro rpada
(B G’ BXOAAT yKaszaHHble BEpUIMHBI U BCe
pebpa MeKIy HUMH, UMEOInecs B MCXOJ-
nom rpade). dcno, uro B rpade G’ cre-
IeHb JI0O0I BEpIINHBI M3 TEPBOI [I0JU He
MEHbIIE ¢, a U3 BTOPOil He GoJbiie . Ync-
JIo pebep ABYJ0JbHOTO Tpada paBHO cyMMe
cTernenell BepiuH 1060i u3 ero gogeit. I1o-
ATOMY

k l
kg <Y deg(b;) = Zdeg(gj) <lq,
i1 =

orkyna k </[. Takum o6pasoM, BBIIOJTHEHDBI
ycJioBusi TeopeMbl XO0JJIa O CYHIECTBOBAHUU
COBEPIIEHHOTO MAPOCOYETAHUST B JIBY/I0JIb-
HOM Tpade.

I'pad HA3BIBAETCS pezyisipHbLM, €CIU CTe-
MEeHU BCEX €r0O BEPIIMH PABHBI MEK/Y COGOM.
Hazosem jByoJibHblil rpady noaypezyisip-
HbLM, €CJIU B KaXKJIOI J0Jie CTEleHn BCeX ee
BEPINUH PaBHBI MEX/y co6oil. V3BieuemM nu3
TEOPEMBI 2 CJIe/lYIOIIe CJIe/[CTBUSI.

Caencreue 1. B n060m nenycmom pezy-
ASAPHOM  08YJ0ILHOM 2paghe cyuecmsyem
cogepulenroe napocovemanue.

CaenctBue 2. B nenycmom noaypezyasp-
nom deydonvrom epage G(V,,V,) cosep-
wenHoe napocouemanue Cyuecmayem moes-
0a u moavKo moeoa, kozda 6 done Vy eepuiun
ne 6oavue, uem 6 V.

HMokazatenbctBo. Heobxodumocms oue-
BUJIHA.

Hocmamounocme. Illycte B V) u V, crere-
HU BEPIIMH PAaBHBI ¢ U b COOTBETCTBEHHO.
IMogcunTas ABYMsi CIOCOOAMH KOJMYECTBO
pebep B ABYAOTBHOM Tpade, TTOTYINM
alVj| =b|V,|. YuursiBas HepaBeHCTBO
[Vi|<|V,|, orciopa nomyuaem, uto a=b.
OcTajoch BOCIOTIb30BATHCS TEOPEMON 2.

3apaun o ¢oKycHUKax

Wmeetcst pszt 3a7ad, KOTOPBIE JIETKO pela-
IOTCST € TIOMOIIIBIO TEOPEMBI 2 U CJIEJICTBUIT U3
Hee. Dalya 9TUX 3a7a4 TaKOBa. 3PUTEJIN
IPEDSIBISIOT ACCUCTEHTY (POKYCHHUKA HEKO-
TOPBII CAydailHbiM 06pa3oM BbIOPAHHBIN
06bekT (HampuMep, HECKOJIbKO MIPaJbHBIX
KapT), I10CJe Yero acCUCTEHT 10 CBOEMY
BbIGOPY KaK-TO U3MEHSIET ATOT 00beKT. [laee
(poKyCHUK 110 HOBOMY O6BEKTY BOCCTAHABJIM-
BaeT MCXO/HBIN.

[Tocrponm By noabubiit rpad G (Vi, V)
caemytomuM o6paszoM. Ilycts BepmmHBI 13
Vi — 2TO BCEBO3MOKHbIE KOH(PUTYpAINH,
KOTOPDBIE 3PUTEH MOTYT TPEbIBUTD aCCUC-
tenty (okychuka, a Bepuunsl U3 V, — Te
KOH(UTYpAINU, KOTOPbIE MOXKET IIOJIyYUThb
accuctenT. Ecim u3 xoudurypanun a € V;
MOKeT OBbITh MOJiydyeHa KOHQUTYpaius
be V,, 10 B rpade n0/KHO 6bITH pe6po ab;
JIpyrux pebep B rpade Her.

Ecsm B mannoMm rpade cymiecTByeT coBep-
nieHHoe mapocodertanne ns V; B V,, TO
(pOKYCHUK € acCHCTEHTOM, WCIOJIb3YS €ro,
CMOTYT OCyHIecTBUTH (hOKyc: (POKYCHUK TIO
KoH(UTypanun b O0HO3HAYHO OIPEIETUT
KOH(UTYparnmio a.




16 KBAHT

PaCCMOTpI/IM KOHKPETHDbIE 3a/lavun.

Jlnst peneHns HEKOTOPBIX M3 HUX HYXKHO 3HATD
popmynn s yucJaa codyeTaHmi

o _ n(n—-1)...(n—k+1)

n
!
co60B BBIOPATh Rk HIEMEHTOB M3 7 MMEIOTINXCS,
ecJM MOPSAMIOK BBIOOpA HE BAYKEH) W IS 4UCJIA

(3TO KOJIMYECTBO CIIO-

pasmertennit Af =n(n—-1)...(n - k+1) (510 KO-
JIMYECTBO CMOCOGOB BBIOPATH R ATEMEHTOB U3 7
UMEIOIINXCS, eCJU MOPAIOK BBIGOPA BAXKCH).

3anava 1. Umeromes 27 kxapmouex ¢ uuc-
aamu om 1 do 27. /leoe nokasvieaiom caedy-
towuil oxyc. Ilepesuvlii noayuaem uemvipe
Kapmouxu, GulOpanHvie CAYUAUnvIM 00pa-
s3om. O0ny us nux on youpaem, a mpu
ocmaswuecs: svikaadvieaem 6 psid. Bmopoii
JoJIKEH HA36AMb CNPAMAHHYIO KAPMOUKY.
Mozym s yuacmuuxu 002080pUMbCs MAK,
4MOObL NO BHLIOIKEHHBIM KAPMOUKAM MOIKHO
ObLI0 Onpedeums CRPAMAHHYI?

OtBer: /12, MOT'YT.

Pemenue. PaccMoTpuM IBY101bHBII rpad,
B OJTHOM J10JTe KOTOPOTO coueTaHust u3 27 1mo
4, B IpyToil pazmerenus u3 27 1o 3 u pe6po
COE/IMHSIET Pa3MelleHne ¢ COYeTaHueM, ecyin
BCE 2JIEMEHTBI Pa3MEIIeHUs] BXO/SIT B COUe-
TaHue.

Ouesngno, rpad mosyperymasipubiii (Ha
caMoM Jiesie, Jaxe peryaspubiii). TTockob-
Ky Cyy = A3, =27-26-25, k rpady MOxKHO
TPUMEHUTDL caencTtBue 2. B paccmatpuBae-
MOM JIBY/JIOJIbHOM Tpade CyIecTBYeT coBep-
nrernoe mapocoveranue. MOKyCHUKAM OCTa-
JIOCH JIOTOBOPHUTBCST O TOM, KAKOe COBepIIeH-
HOE MAapOCOYETAHNE UM UCIIOIb30BATh.

3dagava 2. Doxycnuk u €20 NOMOULHUK
noxasvieaiom caedyrowuii ¢oxyc. Doxyc-
HUK 6viKadviedem koa00y u3 36 xapm u
npocum 08yx 3pumeetl — MAILYUKA U Oe-
60UKY — GLIOPAM® NO 06€ Kapmul. Buds, kmo
Kaxue Kapmol 66lOPAL, NOMOUHUK MOKE
bepem dse Kapmul u3 OCMAGUUXCS U OMOd-
em ux 3pumensm. 3pumenu nepemMeunusalom
sce 6 xapm u omoaiom ux goxycrnuxy. Tom
00vs65em, KMO Kaxue Kapmol Opar u3
K0a000L. [lokaxume, umo maxoti hoxyc deii-
CMBUMETILHO BOIMOXKEH.

Pemenne. 3nech B nepBoit joJie rpada —
VIOPSI/IOYeHHbIE TIapbl HEYIOPSI0UeHHBIX
nap. Hampumep, Bepmmna ({1,2}, {3,4}) co-

2019/ Ne2

OTBETCTBYET CJIydyalio, KOTJa MaJb4UK BBbIO-
pan kaprbl ¢ HoMepamu 1 u 2 (MOXHO
CYNTATD, YTO KAPThI IIPOHYMEPOBAHBI YHCIA-
mu or 1 go 36), a geBouka — KapTbl C
HoMepamu 3 u 4. Bo Bropoii nose rpada —
HeyHopsiIoueHHbIe IecTepku KapT. Pe6po
ITPOBOJIUTCS B CJIydae, KOT/IA IIeCTepKa MoJTy-
JaeTcs N3 YeTBEPKH 100aBICHNEM ABYX KapT.
B mepBoit f071e TOCTPOEHHOTO ABY/0JBHOTO
nosypery.isipaoro rpada Cig - C34 Bepims,
a Bo Bropoii Ci. Ouesmmno, [Vj|<|V,|.
BoimosTHeHBI yCJIOBHS CIEACTBUS 2, TapaHTH-
PYIOIIETO CYIIECTBOBAHNE COBEPIIEHHOTO TIa-
pocodeTaHus — (POKYC BO3MOXKEH.

3apaua 3. 3pumenv nuwem na docxke cae-
6a nanpaeo 10 yughp. Iomownux ghoxycnu-
Ka 3axkpvieaem 00HY U3 UUDp Kapmouxoi.
IHocne amozo 6xodum oxycuux u Hasviea-
em 3axpumyio uugpy. /oxaxume, umo
maxotl oxyc 0eticmeumesvHo 803MOKEH.

Pemwenue. Ilycto V; u V, — Muoxecrsa
TeX <«KapTHHOK», KOTOpble MOTYT YBU/IETDH
MOMOIIHNK W (POKYCHUK COOTBETCTBEHHO.
Pacemorpum By nosbabiil rpad G (V;,V5),
pebpa KOTOPOTO OMMCHIBAIOT BO3MOSKHBIE TIe-
pexonbl OT KapTHHOK u3 V) K KapTHHKaM
u3 V,. Tpebyercs mokasaTb, 4TO B 3TOM
rpadye cyiecTByeT COBepIeHHOe apocoye-
TaHue.

Ecin ue Vy, 1o deg(u) =10, nockomnbky
MIOMOIIHUK MOXKET 3aKpbiTh Jai06yio u3 10
3anucanubIX 3puresneM udp. Ecan ve V,,
10 deg(v) = 10, MOCKOIBbKY KAPTOYKA MOXKET
3akppiBath J06yio u3 mnudp or 0 mo 9.
Cornacuo cxegcrsuio 1, B G(V;,V5,) cyre-
CTBYET COBEPIIEHHOE MapOCOYETAHNE.

3amerum, 4TO B rpade JAOBOJBHO MHOTO

BEPIINH — T10 10" g Kaskoi soge. Iloka-
JKeM, 4TO0 (POKYC OCYIIECTBUM HE TOJBKO
TEOPETUYECKU, HO M MPAKTUIECKH.

[Iyctp MecTa, rae 3amnucanbl udpol, MPo-
HyMepoBaHbI cjeBa Hampaso: 1, 2, ..., 9, 0.
[ToMomHUK MOJACYNTBIBAET CyMMYy S Bcex
3alMCAHHBIX 3pHTeJeM NU(p U 3aKpbiBaeT
KapTOUKOI MECTO, HOMEP KOTOPOTO SIBJISIETCST
nocsennein nudpoit uynciaa S. DOKyCHHUK
BBIYHCJISIET CYMMY JIEBSITH OTKPBITBIX UMD
n, (10 MOMOKEHNI0 KapTOYKK) 3Has MOCJe-
JHIOI 1Py CYyMMBI Jecsatu 1udp, Jerko
OTIpe/iesisieT 3aKPhITYIo TPy .



3amaua 4. 3pumenv nuwem na Jdocke
caeea nanpaso n yugp. Homowpnux oxyc-
HUKA 3dKxpuledem 00HY U3 yugp KpacHoi
Kapmouxotl, Opyzyr cuneil, ewe 00HY 3eje-
noti. Ilocae 3mozo exodum oxycuux u
Haszvieaem 3axpvimole wuppol. [pu Kaxom
HAUMEHbUWEM N MAKOU (POKYC B03MOKEH?

Orter: ipu n = 12.

Pemenne. Ilycte V; u V, — MHOXecTBa
TeX <«KapTHHOK», KOTOPbIE MOTYT YBUJETDH
MOMOIIHUK ¥ (DOKYCHUK COOTBETCTBEHHO.
Pacemorpum asyaoabubiii rpad G (Vy,Vs),
pebpa KOTOPOro OIKMCHIBAIOT BO3MOJKHDIE T1e-
Pexo/bl OT KaPTUHOK U3 V| K KapTHHKaM U3
V,. Tpad mnomyperynspusri, |[Vj|=10",
[Vo|=n(n-1)(n-2)- 10”3 . Tlo cnenctBuio
2, IS CYTIeCTBOBAHUS COBEPIIEHHOTO T1apo-
covetanusg u3 V; B V, HeoOXOANMO U [T0CTA-
TOYHO, 4TOOBI B josie V, BepmmH OBLIO He
Mebie, 4eMm B V;. Orciona n(n—1)(n—2) >
>10%, uto PaBHOCUJILHO HEPABEHCTBY 7 > 12 .
Takum o6pasoM, HauMeHbIllee 3HAYEHUE 7
pasHo 12.

[ToxaxxeM, kKax (poKyc OCYIIECTBUTD MPaK-
THaecku ipu 1 = 12 . Mecra, T/1e 3anUcaHbl
nepBole 12 1mudp, MpoHyMepyeM cjeBa Ha-
mpaso: 1, 2, ..., 9, 0, 11, 12 (ocranpubre
MecTa, /M OHH ecTh, He mymepyem!). IlycTn
S — cymMMa BceX 3alIMCaHHbIX 3puTesieM udp.
Bynem geiicrBoBaTh 3a IOMOIIHUKA CJIEYIO-
UM 06pa3oM. 3aKpoeM KPACHO# KapTOuKOi
MeCTO, HOMEpP KOTOPOTO SIBJISIETCS TIOCJIEHEN
nudpoit yncaa S, 1mocje 4Yero MbICJEHHO
V1AM 3TO MECTO, a CHHel KapTOUYKOil 3aKpoeM
MECTO ¢ HOMEPOM, PaBHBIM 1udpe, KoTopas
cripgTaHa ToJi KPAcHON KapTOuKoil. 3aTeMm
3€JIeHON KapTOYKOH 3aKpoeM MecTo, HOMep
KOTOPOTo (BBIYUCJIEHHDII [TOCTIE «Y/IaJCHUS»
ndp, HAXOAAIUXCS TOJ] KPACHOW U CHHENH
KapTOYKAMI) CIIPATAH MO CHHEN KapTOYKOI.

Temnepb (hOKYCHUK 110 TTOTOKEHUIO 3€JIeHON
KapTOUKH TolMeT, Kakasd 1mudpa 1moj1 cuHei,
a TO TOJIOKEHWIO CUHEN KapTOYKU — KaKas
nudpa 1moJ KpacHoi. Bce nudpbi, kpome
TOM, KOTOPAs 1O/ 3€JCHOH KapTOYKOii, yKe
n3BeCTHBI (DOKYCHUKY, a TOJIOXKEHHWE Kpac-
HOI KapTOUKM TOBOPHT O TIocJje/Hell mindpe
CYMMBI BceX IN(pP, 3aNCAHHBIX 3PUTEJEM.
[ToatoMy (OKYCHUK CMOJKET OIpe/eJNTh
udpy u 1Mo 3eJeHOI KapTOYKOI.

3apauu ansi CaMoCTOATENbHOMO pelueHus

[Ipusesem 1oaGOpKy 3ajga4 !, mpu pere-
HUW KOTOPBIX BO3MOXXHO IIPUMEHEHMWE Teope-
MbI Xosna. HexkoTtopble 3aaun coBceM po-
croie (penraioTest MPoOCToil CCBLTKOM, HalPH-
Mep, Ha ciae/cTBre 1; HY>KHO JIUTIb YBUAETDH
COOTBETCTBYIOIMIT IBY10/IbHBIHA rpad!), He-
KOTOPBIE TIPE/IJIAraIuCh HA TMKOJbHBIX U CTY-
JIEHYECKUX OJUMINAZAX PAJUYHOTO YPOB-
ua. 3agayn 11—15 mocsAleHbl 0Ka3aTeb-
CTBY U npuMeHeHusM TeopeMbl [llnepuepa.

1. Vmeercst 6eCKOHETHOE MHOKECTBO IOHOIIIE
n GeCKOHEYHOe MHOXKECTBO JeBylek. [lyst Jmio-
60T0 HATYyPaJbHOTO YUCJa R BEPHO, UYTO JIOObIE
k 1oHOIIEN 3HAKOMBI B COBOKYITHOCTH HE MEHEe
yeM ¢ R geBymikamMu. BepHO sii, 4TO BCEX IOHO-
nieil yJjactcsi OJTHOBPEMEHHO TIOKEHUTh HA 3Ha-
KOMBIX UM JIeByIIKax? J[pyrumu cjoBamu, clipa-
BeJINBA Ji TeopeMa XoJia B caydae 6ecKoHeu-
Horo rpacda?

2. Pemure 3agauy 1 B pe/Iosio;KeHUN CYeTHO-
cTH %> MHOYKECTB IOHOWIEH U JEBYIIEK.

3. B mHekoTopoMm paiione, COCTOSIIEM W3 He-
CKOJIBKUX JICPEBCHD, YHCJIO JKEHUXOB PABHO YUC-
Jay HeBecT. B kaxaoil nepeBHe ofIee YUCJIO
SKEHUXOB U HeBecT He GOJIbIIe TI0JIOBUHBI 00IIEro
ux yncaa. Joxaxkure, 4TO MOXKHO BCeX Iepeske-
HHUTD TaK, YTOOBI B KQXK/IO0I Tape *KeHIX U HeBeCTa
ObLIY U3 PA3HbBIX /IEPEBEHD.

4. OaHOKPYTrOBOU BOJIEHOOIbHDIH TYpHUD 21
KoMaH/ pofoJrKascs 2n — 1 queit. Kaxxprit gennb
MPOXO/IIJIO 12 TP, KaXK/Iast KOMaHJa B O/INH JIeHb
IPOBO/NIA POBHO OfHY Hrpy. Ilo okonwanmm
TYpPHHPa OPTaHU3aTOPBI PEIININ HArPaJnuTh TOP-
TaMU HEKOTOPbIe KOMaH/IbI: 32 Ka’X/blil UTPOBOH

! 3azaua 3 npesraranacek Ha 11 atare Poccnii-
CKOI otmMIIna/ibl IKOJIbHUKOB 1995 ro/a, 3amava
4 —na Putnam Competition 2012 roza, 3agaua 14
— Ha Mockosckoil onumnuaje 2017 roja, 3ajgaya
15 — na Orkportoit onmmnnage GMJI 239 B 2004
rogy. OcrajbHble 3ajauil B3SITHI U3 COOPHUKOB
[3, 4].

2 MHOECTBO HA3bIBACTCS CUCTHBIM, CCJIH cy-
IECTBYET B3aMMHO OJ[HO3HAYHOE COOTBETCTBUE
MeXK/ly HUM M MHOKECTBOM HATYPAJbHBIX UYHCEJ
(ApyruME CJI0BaMU, 3JIEMEHTHI JAHHOTO GECKO-
HEYHOTO MHOKECTBa MOKHO IPOHYMEPOBAaTb Ha-
TypaibHbiME  unciamMu). CUETHBIMU  SBJSIOTCA
MHOKECTBA HATYPAJIBHBIX YHCET, HEOTPUIATEb-
HBIX I1EJIBIX YHCEJI, TIEJIbIX YUCEJI, PAIIMOHATBHBIX
quceJI.
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JIEHb TOPT BPYy4aeTcsi KaKOH-To KoMar/ie, mooe/nB-
1Ieil B 9TOT JieHb. Beer/a im oprannsartopbl CMOTY T
OCYIIECTBUTD CBOIi BBIGOP TaKUM 06pPa3oM, YTOODI
TOJIBKO OJ[HA KOMaH/1a octajiach 6e3 Topra?

5. Ha ranneBaibHOM Beuepe KaXK/blil IOHOIIA
3HaKOM ¢ k [eBymIKaMu, a Kask[as J[eBYIIKa
3HaKoMa ¢ R onomamu. JloKa)KuTe, 4TO MOIKHO
nposectn R (MeIUIEHHBIX) TaHIEB TaK, YTOOBI
KayK/IbIil YYaCTHUK Bevepa CTAHIEeBAJI CO BCEMU
CBOMMHE 3HAKOMbIMU (IIPOTHBOIOJIOKHOIO 0J1a).

6. Ha mraxmarhoii gocke momerwin 16 us 64
KJIETOK TaK, YTO HAa KayK/I0i BEPTUKAJN M KaK/I0#
FOPHU30HTAJIH 0KA3aJI0Ch 110 JIBE TIOMEUYEHHbIE KJIEeT-
kn. Jlokakure, YTO Ha IMOMEYEHHBIX KJETKAX
MOXKHO PACcCTaBUTb 8 UepHBbIX U 8 OeJsbIxX (Uryp
Tak, 4TOObl Ha KaK/OH BEPTHKAJU U KaK0il
TOPU3OHTAJIM CTOSLIO TI0 OJIHOI Gesioil ¥ OHOi
YyepHO#l urype.

7. Kaprounas kosiona u3 36 Kapr pasgaercst Ha
9 uesoBex TO 4 KapThl Kaxkaomy. [loxaxnre,
4TOODBI KAJK/IbIi1 MOYKET BBLIOKUTH M0 OHON KapTe
TaK, YTO BCE ATU KApPThl ObLIN PA3HOTO JOCTOUH-
cTBa.

8. Bblmosnsgs goMainbee 3ajaHue, KayK/blii
CTY/IEHT TPYTIIbI PENTu 1o 4 3aga4n. V3BecTHO,
4YTO Kakjas 3ajaua Oblia pelleHa YeTbIPbMs
crygentamu. JloKakute, 4TO MOYKHO OPraHM30-
Barb pa3bop 3aj1a4y Tak, YTOObI KK/l CTYICHT
pacckasaji pelieHre pOBHO OJIHOIT 3a/1aun U YTOOBI
Bee 3ajiaur GbLaK paso6panbl (10 OHOMY pasy).

9. Iycrs G (V;,V,) — aBymoubHbll rpad; s
106010 moAMHOKecTBa A 101 V) BbIIOJIHSIETCS
HepaBeHCTBO ‘F(A)‘ >|A| - d. lokaskute, uto Mak-
CUMAaJIbHASI MOIIIHOCTD TTapocouetanus B rpade G
ne menbue |Vi|-d.

Jlost jaspHeiinero naMm moHaJo00sITCs cJie-
ayiorue TepMuHbl. [IycTh UMeeTcs: HEKOTO-
PbIil HA0Op Pa3JIMYHBIX MHOXKECTB. [0BOPSIT,
YTO OHU O0PA3yIOT YUeNndb, €Cn IS JHOOBIX
JIBYX 13 HUX OJIHO SIBJISIETCSI TIOJMHOKECTBOM
JIPYTOTO, U AHINUUEND, ECJIU [IJIST TIOOBIX ABYX
13 HUX HU O/THO HE SIBJISIETCS TIOJIMHOKECTBOM
npyroro. Hampumep, muoskecrsa {1}, {1, 3},
{1, 3, 4} o6pasyior 1enb, a MHOKecTBa {1},
{2, 3}, {3, 4} ob6pasyior antuienn. Bymem
CUUTATD, YTO €CJU Y HAC BCErO OJHO MHOKe-
CTBO, TO OHO OJITHOBPEMEHHO U IIelb, 1 aHTU-
nerb. OuYeBUIHO, YTO IENb W aHTHUIIENb He
MOTYT TepeceKaTbcst Gojiee 4eM 10 OJHOMY
MHOKECTBY. Byean MHOKeECTBA — 3TO MHO-
JKECTBO BCEX €r0 TOJAMHOKECTB.
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10. /Toxaxkute, 4TO CyIIeCTByeT pasbuenue Gy-
JleaHa 1-37IeMEHTHOTO MHOXKECTBA Ha Ieln, KaxK-
J1asl 13 KOTOPBIX COAEP>KUT MHOKECTBO MOITHOCTH
[n/2].

11. [lokaxunte teopemy Illmepuepa: makcu-
MaJsIbHas JIJTMHA AHTUIENN B OyJjieane 7n-3J1eMeHT-
noro Muoxecrsa pasua CL/2

12. Cpean 250 coTpy/HUKOB MeXK/LyHAPO/IHOM
¢upmMbl B 060 T1ape COTPYAHUKOB KasK/IbIii
3HAET S3bIK, KOTOPBIii He 3HAET IPYTOI COTPYHUK
n3 aTOi mapbl. Kakoe HamMeHbllee BO3MOKHOE
YUCJIO A3BIKOB 3HAIOT (B COBOKYIHOCTH) COTPY/I-
HUKN (PUPMDBI?

13. B nepesue sxxuByt 250 x066uTOB. Kaskbrii
X066UT JKUBET B OTJebHOM oMuke. [To Beyepam
OHHU XOJIAT JIPYT K JIPYTY B TOCTH. 3a O/IMH Beyep
KasK/[bIil XOOOWT I10Cenaer BCeX, KOro MOXKHO
3acTarh /IOMa, TIPUYEM €CJIM OH UJIET B TOCTH, TO
y ce6st JIoMa B 9TOT Bevep yKe He TOSBJSETCS. 3a
KaKoe HanMeHbIIIee YICJIO0 BEYePOB MOXKET CJIy-
YHUTBCS TAK, YTO KaXK/IbI KUTETb JIePEBHI TTOODI-
BAET B TOCTSAX Y BCEX OCTAJBHDIX?

14. [lerextus Hupo Byusbd paccaemyer mpe-
crynsenue. B rese 3amenanbt 80 yesioBek, cpein
KOTOPBIX OJIMH — NPECTYITHUK, ellle OJINH — CBUJIE-
Tesib Tpectyiieruss (HO HEM3BECTHO, KTO 9TO).
Kaskaplil /1eHb JeTeKTUB MOJKET MPHUTJIACHTD K
ce6e OJTHOTO NI HECKOIBbKHX U3 3TuX 80 YesoBex,
M €CJIV CPe/iu TIPUTJIAIIEHHBIX €CThb CBU/IETEJb, HO
HeT TPeCTYNHUKA, TO CBUETESb COOOIIUT, KTO
MIPECTYNHUK. MOJKET JIN IETEKTHB 3aBE/IOMO Pac-
KpPBITh Jesio 3a 12 mmeit?

15. Ilyers G — rpad ¢ MHOKECTBOM BepttuH V.
WsBectHo, uTO Myt MI060TO MHOXKecTBa A C V
MOII[HOCTD €I0 OKPY>KEHUSI HE MEHbIIIE MOIHOCTH
A. [lokaxure, uyro B rpade G Haiijercs napoco-
deramiie, B KOTOPOM He Membiiie |V|/3 peGep.

JNntepatypa

1. M.JI.Kpacnos. Bcsa Bbiciiasg MareMaTHKa:
yue6nuk. T.7 /M.JI.Kpacuos, A.UN.Kucenes,
I''".Maxapenko, E.B.lwukun, B.U.3anamms,
A.1O.9BHuH. — M.: URSS, 2017.

2. A.JO .96nun. Boxpyr Teopembl XoJna. — M.:
URSS, 2019.

3. A.JO.96nun. 3aiayHuK MO AMCKPETHON Ma-
tematnke. 6-e uzg. — M.: URSS, 2016.

4. Bcepoccuiickne cTyieHIecKe TYPHUPBI Ma-
tematndeckux 6oes. Tyna, 2002-2015 r. Y. II. —
Tyna: Wzn-so TIITY um. JI.H.Toxacroro, 2017.

Hepsonauarvnolii eapuanm cmamou onyo6.u-
Kogaw 6 Kypuanre <Mamemamuxka e wxone»
(2019, Ne2).
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3apaun M2546-M2549, ©2553-P2556

M2546. Cymma uucen a, b u ¢ pasua 0.
Jlokaskure, 4TO:

a® +b*+c? a3+b3+03_a5+b5+cs.
2) 2 3 B 5
A +b P+ @+ +” ad +b +c]

6) 2 ' 5 N 7
DosvKaop

M2547. Okpyxxnoctu Q n Q, ¢ IeHTpaMu
O, u O, XacaioTcs BHENTHNM 06pa3oM B
touke T (puc.1). OkpyHoctb Q5 (c 1eHt-

Puc. 1

pom O,) Kacaercs BHEIIHUM 00Pa30M OKPY K-
HocTelt Q m Q,, a TakXKe KacaeTcst o6rmeit
KacaresbHON AB, npose/ieHHoil Kk Q n Q,,
B Touke D. [Ipsamasg TD BTOpWYHO TiepeceKa-
eT okpy>kHocTb € B Touke C. [lokaxure,
yro O,C || AB .

B.Pacmopeyes

M2548". HaTypabHOe YIC/I0 7 Ha3bIBaeTCs
uU3061MOUHBIM, €CIN CyMMa BCeX ero coG-
CTBEHHDbIX ,[[6JIHT€JI€I71 (T.e. HaTypaJIbHbIX
JlesuTesiell, OTJAMYHBIX OT CaMoTo 72) OOJIbIIe
n. JlokaxuTe, 4TO JJIs1 TI0O0TO HaTypaJIbHOTO
N cymectByer N 1ojpsiji naynmx n36bITou-
HDBIX YHCeJ.

B.Bpazun

M2549. [l Kaka0r0 HATyPaJbHOTO 1 Hali-
JAUTE CYMMY BCE€X 1n-3HAYHbIX YHCEJ, Y KOTO-
PBIX MOCJIEI0BATEIBHOCTD L[I/I(bp B JlI€CATUY-
HOU 3amucu HeyObIBAIOIIAS.

11. Kosxeenuroe

®2553. OcHoBaHueM TeTPadAPa U3 CKOJIb3-
KOTO JIbJIa, CTOSIIIET0 HA TOPH30HTAIbHOM
CTOJIE, SIBJISIETCS] PABHOCTOPOHHUI TPEYTOJTb-
HUK ¢ pe6bpomM a = 1 M. OcrajbHble TpaHu
TeTpaspa MPeICTABIIIOT co60il paBHOGE-
PEHHbBIE TPEYTOJIHHUKHN, TTPUYEM OJIMHAKOBBIE
VTJIBI B 9TUX TPEYTOJbHUKAX paBHBI 75°. Ha
TeTpas/p MOMECTIIN TOHKYIO JIETKYIO Hepac-
TSOKUMYTO TIETTOUKY JIMHON L = V2a, samk-
HYTYI0 B KoJibllo. llemoyka B ToJIOKeHUN
PaBHOBECHS PACTIOJIOKHUIACH B TOPU3OHTAIb-
HOW TIJTOCKOCTH W 00pa3oBaJia TTPAaBUIHHbBIN
TpeyroJbHUK. K cepeanne olHOHN 13 CTOPOH
MOJIYYMBIIETOCS U3 IENOYKU TPEYrOJIbHUKA
MIPUJIOYKILIN CUITY , HAITPABJIEHHYIO BHU3 B/IOJIb
rpaHy, Ha KOTOPOI HaXO/UJIACh 3Ta CTOPOHA
TpeyroybHika (B HAIIPABJIEHUN HAUCKOPEii-
mero ciycka). Ilenoyka mnpuIia K HOBOMY
MOJIOXKEHWIO paBHOBecus. Ha xakom paccro-
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STHUU S OT caMOil BepXHeil BepIIMHBI TeTPasd/l-
pa HaXoAUTCsS Telepb TOYKA HPUJIOKEHUS
CUJIbL?

Doavkaop

®2554. HeBecoMBIiT KECTKUI CTEPIKEHD JITH-
Hoi 2/ ¢ IOMOIIBIO MIAPHUPA TIPUKPEILTIEH K
MOTOJIKY TaK, YTO MOXKET COBepIIaTh Koseba-
HUS TOJDBKO B BEPTUKAJb-
Hoit mockoctu (puc.2). B
/1 i m5 m; cepe/iiHe CTEPXKHSI U Ha
o CcBOOOIHOM €T0 KOHIIe 3aK-
It peTLIeHbl TapuKNd MacCou
o M KaKIbIH, pazMepbl KO-
TOPBIX MHOTO MeHbIle .
Puc. 2 C ~
Tep>KeHb OTBOJAT U3 TI0
JosKeHust paBHoBecusi Ha yroa 90° (yrou
OTCYUTBIBAETCS OT BEPTUKAIM) U aKKyPATHO
ormyckaior (6e3 HadanbHoit ckopocti). Haii-
JIUTe MOIIHOCTb CHJIbI PEAKIIMKU CTEepPXKH4,
JleficTByIO1Iel Ha Cpe/HNIl IIapyK, B 3aBUCH-
MOCTH OT yria o . Juccunanuu Mmexanuyec-
KO 9HEPIUu B CUCTEMe HeT.
H.Maxapos

®2555. Bosa B akBapuyMme Jijist PhIGOK U3
I0KHBIX CTPaH MMeeT TeMIIepaTypy BBIIIIE,
YeM KOMHATHasi, 1 MON[HOCTH TEIJIOBBIX I0-
Tepb aKBapUyMa MPOIOPIIMOHATIbHA PA3HIUIE
TEeMITepaTyp BOJBI M BO3JyXa B KOMHATE,
KOTOPBIiT 06/IyBaeT akBapuyM, obecrieunBasi
3T TelyoBbie oTepu. Koaddurment mpo-
MOPIIMOHAJBHOCTU JIJIST TETLIOBBIX TOTEPD
pasern 5 Br/°C . Bmiornyio X cepeanne o/-
HOI M3 CTEHOK aKBapmyMa yCTaHOBJIEHA Ma-
JIEHbKas TI0 pa3MepaM JIAMIIOYKA HaKaJnBa-
HUS ¢ TOTPEOSIEMONl OT CETH MOIIHOCTHIO
25 Br, pa6oraiomias nernpepbsiBio. CBer ot
JIAMITOYKH, UJYIIUN PABHOMEPHO BO BCE CTO-
POHBI, ¥ OCBeIaeT AaKBAPUYM U I'DEET BOLY B
HeM. [lockosTbKy BUAHBI 1 PBIOKHU U BOIOPOC-
JI, TO CBET OT JIAMIIOYKHU, TMONAaBIIUI B
AKBapUyM, YaCTMYHO BBIXOJUT HAPYXKYy B
BUJIe M3JIYYEHUS. ITU MOTEPU COCTABJISIOT
Bcero 1% OT M3JIydYeHUs, MOMAJAIOIIEro OT
JIAMITOUKHU B aKBapnyM. 3UMOI XO31H aKBa-
pUyMa TIOCTaBUJ ILJIOCKOE 3€PKAJO TTapaji-
JIEJTHHO CTEHKE aKBapuyMa BILIOTHYIO K JIaM-
MOYKe, W JAMITOYKA OKa3aJach <«3a’KaTon»
MEXK/Iy CTEHKOU aKBapuyMa M 3epKaJoM.
Koaddunmenr orpaskenusi cBera 3epKajioM
pasen 90%. B komHaTe 3uMOil TeMIieparypa
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Bo3ayxa paBHa 18 °C . KakoBa 31uMoii TemIie-
paTypa BObI B akBapuyme?
3. Puibka

®2556. Ha pucynke 3 cxemaru4no u3o6pa-
JKEHO YCTPOWCTBO, HasblBaeMoOe KaTyIIKON
Pymropda. Ha cepaeunux ¢ Gosbiioit mMar-
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HUTHOU POHMIIAEMOCTBIO HAMOTAHBI /IBE 006-
MOTKH: IePBUYHAST 0OMOTKA U3 TOJICTOTO TIPO-
BOJIa ¥ TIOBEPX Hee BTOPHYHAs O0OMOTKA W3
TOHKOTO TIpoBofa. Pasmpikaresn (P) mnpen-
BapUTEJbHO PETYINPYIOT, 3aMKHYB HAKOPOT-
ko xougencarop (C), Tax, 4To6bI pa3MbIKa-
TeJIb cpabaThIBAJ B TOT MOMEHT, KOT/Ia TOK B
nepBUYHOiT 06MOTKe gocturaet 90% oT Mak-
CUMAJIBHOTO 3HAYEHUS TOKA MPU BBIGPAHHOM
ncrounnke mmranusa. [locae peryamposkn
Koy K 1mepeBoJdAr B pa30MKHYTOE HOJI0MKe-
HUE U «3aKOPOTKY» KOH/IeHCATOPa yOUPAIOT.
Tenepb ycranoBka rotoBa K pabote. B ncxoz-
HOM TI0JIOJKEHUY Pa3MbIKaTeJb P 3aMKHYT Ha
koHTakT K. Ilocne 3ampikanus kiaouya K
TOK dYepe3 MEepBUYHYI0O OOMOTKY HAuMHAET
YBEJUUNBATLCS, M B KAKOH-TO MOMEHT pas-
MBIKaTeJ b cpabarbiBaeT. Mexay BbIBOAAMNI
A n B BTOpUYHO# 0OMOTKHN BO3HUKAeET 6OJIb-
1moe Hanpsikenne. Ecom cpeiHsst HanpsikeH-
HOCTb 1I0JIA B IpoMexyTke AB IpeBbICUT
snauenne 30 kB/cM, B TpOMEIKyTKE BO3HHK-
HeT UCKPOBOI pa3psja. Bue saBucumocTu or
TOTO, BO3HUK WJM HET UCKPOBOW Pasps,
SHEprus, 3armaceHHas B BUJE MArHUTHOTO
TI0JIsT, TIOCJIe Pa3MbIKAHUS 11T MOCTETIeHHO
MEPEXO/IUT B TEIJIO U TIPU €e YMEHDITeHUN
TIOYUTH /10 HYJISI pa3MbIKaTeJb IepecTaeT Mpu-
TATUBATHCS K CEP/IEYHUKY U CHOBA 3aMbIKAeT
mertb.  CKOJIBKO OJIMHAKOBBIX ABTOMOOHUJIb-



SAJAYHHUK

HBIX akkymyJssitopoB ¢ DJAC &;= 12 B un
BHYTPEHHUM conporusyerneM # = 0,5 Om
HYJXHO COEIMHUTD TOCJIE0BATEIbHO JIPYT C
JIPYTOM U HCIIOJIb30BATh B KAUECTBE NCTOYHU-
Ka TUTAHNS B yCTPOICTBE, YTOOBI BO3IYIII-
HBIH TPOMEKYTOK TAaPAHTHPOBAHHO <«IIPOOTH-
BaJscsi» ? 3HAUEHUS /IPYTUX TapaMeTpoB yc-
TAHOBKM YKAa3aHbI HA PUCYHKeE.

11. Kproxos

PeweHusa 3apay M2534-M2537,
®d2541-D2544

M2534. Ha ocmpoee sxueym pviiapu, Jixeusl
u nooneeavl; Ka:Kovlil 3uaem npo cex, Kmo
u3 Hux xmo. B pad nocmpounu ecex 2018
JKumesell. ocmposa U NONPOCUNU  KAKO020
omeemumo </la» uau «Hem» na eonpoc: «Ha
ocmpose  poapetl 60vwe, UeM JLKeU0e? >
sKumeau omseuanu no ouepedu u max, umo ux
cavlwan ocmanvvle. Puuapu omeeuanu
npaedy, axeyvl azaiu. Kaxovil noonesana
omeeuanr max xe, Kax OONLUWUHCINGO Omee-
muewux 00 Hezo, a ecau omeemos </la» u
«Hems 6vL10 noposny, dasan moboi u3 smux
omeemos. OKaanocy, umo omeemos «/las Ovi-
20 poso 1009. Kaxoe naubomuee uucio noo-
nesas Mozio Ovbimy cpedu Kumeaet 0Cmposar

Ortser: 1009 nozmesadt.
Ouenxa. I1o Mepe mosrydeHust OTBETOB Oy/1eM
CJICITD 32 MUHUMYMOM W3 KOJUYECTB OTBE-
toB «/la» m «Her». O603HauNM 9TOT MUHMN-
MyM m. Brauase m =0, a mocJsie TOTo, KaK Bce
sxuresn otBetnsn, m = 1009 (o yenoswuio,
otBeTOoB «/lay 66110 1009, 3HAUNT, U OTBETOB
«Her» — To:Ke). 3aMeTHM, 4TO OTBET MOJIIE-
BaJIbI HE MOT YBEJIMYUBATD 712, & OTBET PhIIaps
WJIV JDKEI[a MOT YBEJIMYUTD 7 He 60Jiee ueM Ha
eIMHUILY . SHAYHT, BMECTE PhIIIapeil 1 JHKEI0B
ne meree 1009, a moamesas ne 6osee 1009.
Hpumep. 1009 noamesas mormo 6uITh. Ha-
npuMep, mycTb Ha ocTpose kuByT 1009 moz-
neBast n 1009 peiapeit n cHavasa Bee Mo Ie-
BaJIbl 1O ouepean ckazamu «Hery», a 3atem
1009 pemapeii ckasamm «/la». (Herpyano
JI0Ka3aTh, 4TO TIPUMEP MOKHO TIOCTPOUTD
MHOTHIMHI CITOCOOAMHU, TOCTABUB TpEABAPH-
TEJBHO B P/l MPOU3BOJIbHBIM 06pasom 1009
pbillapeii 1 JUKENoB, a 3aTeM J06ABUB MEXKLY
HEMHU NOAXOAAINM 06Pa3oM MOAIEBa. )
M. Ky3sueyos
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M2535. Tpebyemcs 3anucamov uucio 6udd
77...7, uCnosn3y s moavKo cemepku (ux mosx-
HO NUCATND U NO OOHOU, U NO HECKOLLKY WMYK
noopsd), npuuem paspemenvt moivKo cJo-
JKeHue, 8bluUmanue, YMHoXeHue, desernue u
6036e0dene 6 CMmenens, d MaKxe cKoOKU.
s wucaa 77 camas xopomxds 3anucv —
amo npocmo 77. A cywecmeyem Ju UUCLIO
suda 77...7, Komopoe MOKHO 3aNUCAmMb No
IMUM NPABULAM, UCNOALIYS MEHLULEE KO-
4ecmeo cemepox, uem 6 ez0 0ecamuunol
3anucu?

OTBeT: CylIecTBYyeT.

OjiHa U3 BO3MOJKHBIX HJIel, KaK MpUayMaTh
KOHCTPYKI[HIO, — 3alUCaTh € TIOMOMIBIO [I0C-
TATOYHO MAJIOrO KOJMYECTBA CEMEPOK YHCJIO
99999...9= 10" — 1 (r/e 4KCI0 N JOCTATOUHO
GOJIbIIIOE U 3AMUCHIBAETCS C TOMOIIBIO He-
GOJIBIIION0  KOJIMYECTBA CEMEPOK), a 3aTeM
HOJIYYUTh M Yucao 77777...7 = 7(10" - 1)/9 :
PeanusyeMm sty uzelo:

n n
0t 710" 7

T 9 9 )

rae uncso 10 moskHo sammcarb kak (77 =7) : 7
it Kak 7+ (7+7+7):7 (B mnocrexneM
cJrydae Mbl OGOILINCD Jaxke 0e3 HCIO0Ib30Ba-
HUS JIBY3HAYHBIX YHCEIT), & YUCI0 9 3aruiinem
kak 7+(7+7):7. B kauectBe n MOXHO
B34Tb 77 wom 14 =7 + 7.
Komneuno, ectb u apyrue npumepsi. Bot ta-
KYI0 KOHCTPYKIINIO PETIOKUT yqacTHUK Typ-
Huparoponosus larectana by iyn ByiyHos:

7+7
B R  §

14 %
3/1ech OCHOBHAS MjiesT — MCTIOJIb30BAHNE MHO-
sxxkuresist suga 1000...01, yaBamBaomiero Ko-
JIMYIECTBO CEMEPOK B JIECATHYHON 3amncu
quca.

A.Cenenos

M2536". H3nauarvno na 6eaoii kiemuamoti
NJIOCKOCIU KOHEUHOe YUCAO KIAeMOK OKPA-
weno 6 uepuvlii ysem. Ha naocxocmu ne-
KUM OYMAKHOIL KACMUAMBIL MHOZOY20/1b-
nux M, 6 xomopom Gosvue 00HOU KACTNKU.
Ez0 mosxno cdsuzamv, ne nosopauusas, 6
JH060M HaANpasienul Ha Ja06oe PAccmos-
Hue, Ho max, ymoOvL NOCAe CO8ULA OH JeHK A
«no kaemxams. Ecau nocae ouepednozo cosu-
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2a poeHo 0ona kaemxa y M nexum na 6euoi
KJAemKe nAOCKoCmu, Imy OGeayio Kiemy
OKPAWUBAIOM 6 UEePHBLL Usem U 0eAaom
caedyrouguil cosue. /loxaxume, 4mo cyuye-
cmeyem maxas 6eadas KAEmKd, KOMOpds
Hukozda ne Oydem okpaulena 6 uepHwlil
usem, cKoavKo OvL paz mvl Hu cosuzaiu M
1O ONUCANHBIM NPAGUTLAM.

Bmecto KaeTok Oy/eM paccMaTpuBaTh HX
LIEHTPBI, KOTOPbIe HazoBeM y3aamu. Takum
06pa3oM, y HaC eCTb KOHEYHOE MHOKECTBO
M3HAYAIBHO YEPHBIX Y3JI0B W WabOIOH —
MHOKECTBO IIEHTPOB KJIETOK GYMaskKHOIO MHO-
royrosabuuka M. B 3azaue IpouCXOAUT cJie-
JYIOIIMI TIPOIECC: €CIU YAAETCs HOMO0KHUTD
a6JI0H TaK, YTO U3 €ro y3JI0B POBHO OJMH
y3eJ1 GeJiblii, TO 9TOT y3€es Mbl MOXKEM Tiepe-
KPACUTb B YePHBIT 1BET.

3adurcupyeMm HEKOTOPOE MOJIOKeHHe Ial-
Jona K, u 1poBeseM BEPTHKATbHYIO Hpsi-
MYIO Yepes caMoii JIeBbIH y3eJ1, TPUHA/IIeKa-
it K, (puc.1). (ITockoJibKy Mbl He 3HaeM,

/

/

/

/l K

Puc. 1

JepHbIe WJN Gesble y3Jbl monaan B K, Ha
pucyHke 1 oHM M300paKEHBI TPETHUM I[BETOM
— kpacubpiM.) Ecam aTa npsiMas He comepsKuT
JIPYTUX Y3JI0B [1abioHa, To Gy 1eM MoBopayn-
BaTh MPSAMYIO TI0 4acOBOI CTpeJKe [0 TeX
1op, TOKa Ha Hee He MOTa/IeT ellle O/IUH y3elI,
npuHagaexamuii Ky . Mbl Hanim /14 Hante-
ro ma6JIoHA TaK HA3bIBAEMYIO OROPHYI0 NPsi-
Mmyro [, comepskalyio He MeHee JIBYX Y3JI0B
mab/oHa, TakKyio, 4TO BCe Y3Jbl ImabJoHa
JIeXkaT B OJIHOM TOJIYIJIOCKOCTH L OTHOCH-
TeJIHbHO TIPSAMOit [.

Temnepp niepeHeceM TapajiebHO TPSAMYIO [
BMECTE C TOJYIIOCKOCTBbIO L Tak, 4YTOOBI
TTOJTYTITOCKOCTh HaKpblJa BCe M3HAYATBHO
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Puc. 2

uepHbie y3/bl (puc.2). Tpu atom npsimast [
nepeniia B HEKOTOPYIO MPSAMYIO m, TapaJ-
JiebHyto TipsiMoii [. Jlokaxkem, 4TO BCe U3-
HavaJbHO GeJible Y3JIbl, JIeXKaIlue B MPOTH-
BOIIOJIO’KHOH MOJIYIIJIOCKOCTH OTHOCUTEIHHO
m, Bcerga OyyT OCTaBaThCs GEJIBIMU.
[TpeanomoxxuM TPOTUBHOE U PACCMOTPUM
MOMEHT, KOT/la TIepBbIi Takou ysesa A cran
4YepHbIM. J3HAUYUT, OH HAKPBIT cABUTOM K
namiero ma6Jsona. IIpoBenem uepe3 A mpsi-
MyI0 @, napaJenbnyio upsmoit [. Ilo omxmy
CTOPOHY OT @ BCe Y3JIbl MO-TIPEKHeMY OeJibie
(Tak Kak A — eMHCTBEHHbIN MepeKpaIiBa-
eMblii y3es1), 3HAYUT, ¢ — ONOPHAast MpsMast
nns K. Ho torga casur, nepeBojdiuii K B
K, , mepeBoguT IpAMYIO @ B [, ciemoBaresb-
HO, Ha IIPAMON @ MOMUMO A JIeSKUT elle XOTs
Ob1 o/InH y3eJ1, npuHaaiexanmii K. Kak Mb
BH/IUM, B MOMEHT Tepekpacku y3ia A 1mab-
Jior K HakpbIBaeT XOTs ObI JBa GEJIbIX y3Ja.
[Tomyyaem mnpormBopeune, 3aBeplamiee
perienne 3aaun.
3ameuanue. Kax BuguM u3 peienus, mab-
JIOH MOJKeT OBbITb IIPOM3BOJIBHBIM, OITOMY
CBA3HOCTb MHOTOYTrOJIbHUKA M M3 yCJIOBUS
3a/1aum He BakHa. Takke 13 peleHus 3aja9n
HECJIOJKHO BBIBECTH, YTO €CJH IIa6JIOH He
[IOMeEIIaeTcsl HU B TOPU3OHTAJBHBIN, HU B
BEPTUKAJBHBII PsJL, TO Ipolece epekpacku
Gyjer KoneunbiM (T.e. B HTOTre Ha MJIOCKOCTH
OyJleT KOHEYHOE YMC/I0 KJAEeTOK). OTMernm,
YTO 3a/laya UMEET ecTeCTBeHHoe 0600IIeHe
Ha MPOCTPAHCTBEHHYIO permerky (B amao-
THYHOM TIpoTiecce pa3peniaeTcst IepeKpacuTh
J1Ba GeJsbIX y3J1a) WM PEIIeTKY KOHEUHOMEp-
HOT'O TPOCTPAHCTBA.

.3axapoe

£ o
M2537". Ha uucao60t ocu ommeuero 6ecko-
HEUHO MHOZ0 MOYUEK C HAMYPASLbHbIMU KOO~
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Oounamamu. Kozda no ocu xkamumcs xosaeco,
KAXXOAs OMMEUeHHAsE MOYKd, NO KOMOpOul
NPOEXANO KOJECO, OCMABISIeM HA HeM Mo-
yeunwiil caed. Jlokaxume, 4mo MOKHO GblO-
pamov marxoe deticmeumenvroe R, umo ecau
NPOKAMUMD NO OCU, HAUUHAS U3 HYLSl, KOJLe-
co paduyca R, mo na xaxooi dyze xoreca
seaununotl ¢ 1° 6ydem caed xoms 61 00HOT
OMMeUueHHOl MOUKU.

Paznenum oxpyskHOCTH KOJleca Ha n = 720
nyr BeauwunHoi 0,5° M IMOKpacuM KaxK/Iyio
JIyTy B CBOWi 1BeT (KOHIIBI JyT HE KPACHM).
[TpokaTM KoJieco Mo TPSIMON Tak, YTOOBI
HOJIb COOTBETCTBOBAJ TPAHUIIE MEKIY 1-M 1
n-M 1uBetamu. CunraeMm, 4TO KaK7as TOUYKA
[PSIMOIT OKPAIIIMBAETCS B I[BET [IyTH, KOTOPAst
o TouKe Tmpoesskaer. Tormaa mpsimast paszoOb-
€TCsT Ha MHTEPBAJIbI 72 PA3HBIX I[BETOB, COOT-
BETCTBYIONIMX AyraM. HaM Hajio HailTh Takoii
paaumyc R, wiaum Takyio [JUHY KoJeca
S = 2nR, 4T0O6BI IS KasK/I0ro U3 7 I[BETOB
HalllJIaCh OTMEYEHHAsl TOYKA 9TOTO ILIBETa.
Jlomyctum, Mbl yske ojo6pasu Takoe S, 4To
JUUIST HEKOTOPOTO R < 7 BBITIOJHEHO CJIEYIO-
1iee R-yCJIOBUHE:

nnga 1-ro, 2-to, ... , k-TO UBETOB MMeeTCA

OTMEYEHHAsI TOYKa 9TOrO LIBETa.

[l BoImosTHeHUs 1-yc/I0BHS BO3bMEM TaKOe
JIOCTATOYHO GOJIBINOE S, YTOOBI IEPBBIIi OTpe-
30K 1-rO 1IBeTa TOKPBIJI OTMEYEHHYTIO TOUKY.
[TokasxkeM, 4TO, COXpaHsIs k-yCJIOBHE, MOXKHO
HEMHOTO U3MEHUTD JITNHY KOJIeca Tak, 4TOObI
HEKOTOPast OTMEeYeHHAasT TOUKa 0Ka3ajiach OK-
pamenHnoii B (k +1)-it user, t.e. 4T06bI CTAIO
BBINIOJIHEHO (k + 1)-ycaoue. TloBTopss sty
MIPOTIEZYPY, MBI B KOHIIE KOHIIOB J0ObEMCS
BBITIOJTHEH ST N-YCJIOBUs, 4TO HaM u Tpey-
ercs.
Wraxk, mycTb 17151 HEKOTOPOI JAJTMHBI KOJieca S
BBITIOJTHEHO R-YCJIOBUE TIPU HEKOTOPOM R < 7.
3aduKcUpyeM 10 OTMEUYEHHON TOUKE KaK/0-
rous1seroB 1, 2, ..., k. He6oubimoe nusmene-
HUe JITMHBI KOJIECA COOTBETCTBYET FOMOTETUN
MIPSIMOii ¢ TIeHTpoM B Touke 0 1 Koadpuimen-
toM, Oyu3kuM K 1. IIoHATHO, YTO MOKHO
BBIOpATh KO3 UINEHT TOMOTETHH HACTOb-
KO OJm3KkuM K 1, 4To KapTuHa /I HAIIUX
3a(UKCUPOBAHHBIX k OTMEYEHHBIX TOUYEK HE
U3MEHUTCSI: BCE OHU OCTAHYTCS BHYTPHU «Pa-
CTSHYTBIX» HHTEPBAJIOB TOTO )Ke IBeta. MTak,
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HalileTcst Takoe g > (), 4TO IIPU JIJINHE KOJie-
ca, MpUHA/JIesKalell HHTepBaTy (S ;S(1+ e))
Juist 1-to, 2-10, ..., k-TO IIBETOB, TIO-TIPEKHE-
My HallJIeTcsl OTMeYeHHasl TOYKA 9TOTO I1[BETA.
Ternepb paccMOTPUM «/IOCTATOYHO JATEKYIO>
OTMEYEHHYIO TOUKY Z, HaM Oy/IeT MOJXO/UTh
Z>S(1+ 8)/ € . PaccMoTpuM packpacky 1psi-
MOIl [OCJie TOrO, Kak WPOKATHIN KOJECO
pmnbt S. Ha unrepsane (Z - S; Z) xoaeco
C/IeJIAIo TIOJIHBIH KPYr, I09TOMY Ha HeM
o6si3atesibHO Haiizeress Touka T (k+1)-ro
nBera. Termepb yBeJUuuM [JIMHY KoJieca B
Z|T pas. Ecan npoxatutb KOJECO HOBOI
pimnbt ZS/T , 1o Touka Z craner (R+1)-ro
mBera. Ilockoabky

1<ZIT<Z/(Z-S)=1+S/(Z-S)<1+¢,

k-ycioBUE COXPaHUTCS. JTUM 3aBEPIIACTCS
pelienne.
3ameyanue. Kak BUIHO W3 pelieHus, yCJIO-
BUE, YTO OTMEUYEHHbIE TOYKH HMEIOT HATy-
paJibHble KOOPJMHATHI, MOYKeT ObITb OCJa0-
Jiero. JloctaTtouHo JHIh, YTOOBI MHOKECTBO
OTMEUYEHHBIX TOYEK OBLIO HEOTPAaHHYEHHBIM
CBEPXY.

H.Mumpogpanos, I1.Koxesnuros

®2541. C gepwunvl 20pu3onmaiviozo yu-
AUHOPa 6e3 HauaIbHOTU CKOPOCU CKAMbIEA-
emcs neboavwoi 06pyyu (ommouwenue padu-
yca o6pyua Kk paouycy uuiunopa — Mandas
seauuuna). Koagppu-
yuenm mpenus Mexoy
NOBEPXHOCMAMU U~
aunopa u obpyua
w =1. puxaxom yeie
MeKOY 6EPMUKAIBIO U
AuHuetl, npoxoodsueil
uepes yenmp o6pyua u
ocv yurunopa (puc.1),
HAUHEMCS NPOCKALb-
3vLarue 06PYUA No Uu-
aundpy? Ilpu kaxom yeie mexoy memu xe
JUHUSMU NPOU3OTUdem Ompuie 06pyud om
yuaunopa?

Puc. 1

[IBm:kenne o6pyua pasessieTcss Ha JBa aTa-
na: 6e3 IPOCKATb3bIBAHUS U C TIPOCKATb3bI-
BaHMeM, KOT/la BpaleHne o6pyda OTcTaeT OT
IIOCTYIIaTeJIbHOIO JIBUSKEHNUS 1IeHTPa Macc.

Paccmorpum cHauasia mepBbIil aTan JBUKe-




24 KBAHT

Hust. Uto6bl HAWTH 3aBUCHMOCTD HOpMaJib-
HOM COCTaBJISIIONIEN CHJIbI peaknumn OT yrJa
O, UCIIOJIb3yEM ypaBHEHUE /ITUHaAMUKN U 3a-
KOH COXpaHEHUSA SHEPIruu:

2
mgcosao— N, = m% ,
2
mgR (1 - coso) = 2mv7 :
[lesum Ha mg u BBO/IMM Ge3pa3MepHble Tepe-
N . 2
mennpie N = —2 u v? = —— . Tlomyuaem
mqg R

coso.— N =0°,

2
1—coso =07,
OTKyI.[a HaXO0/InuM
N =2cosa—1.
Touky navasa CKO/IbXKEHU, T.€. YIOJ O,
onpeaeﬂﬂeM, HpI/IpaBHI/IBaH HOCTyHaTeJIbHOG
U BpallaTebHOE YCKOPEHUs o6pyya:

w(2cosay —1) =sinay.
O6o3HaYNM X = cOS O, 1 y4TeM, 9To W =1.

Torma
2r—1=v1-22
4x2—4x+1=1—x2,
Cos 0 =é, sinoy =—, o) =1,
5) S 5
o, =arccos0,8 = 0,644 pan = 37°,
M=2

Tenepb paccMOTPUM BTOPOH ATAll ABHXKEHUS.
3anuiieM ypaBHeHue JBUKEHHS 110c/e Haua-
Jla CKOJIb)KEHUS:

. dVv
mgsino. — N, = mﬁ ,
W B 6€3pa3MepHbIX MepeMEeHHbIX —
do

sinoc—uN=E.

[Tpu aTOM cuily peakiiu 3aliCbIBaeM B BU/IE
N =coso —v°.

ypaBHeHI/Ie JUHaAMUKU TIPUHUMAET BU/L

. 2 do
SlIlOL—M(COSOC—ZJ )Z—,
dt

. 2 (%

WIN SIN O —UCcoso = —ho~ + —

dt -
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MMonyunnu HesiBHOE auddepeHInaIbHoe
ypaBHeHHe, KOTOpoe He uHTerpupyercs. I1o-
poOyeM PENIUTb ero MPUOJINKEHHO.
3aHI/ICI)IB38M ypaBHeHNe [IMHAMUKH B BH/IE

v
T = sin o — ucos o + po? .

[Tpeo6pasoBbIBaeM MPOM3BOIHYIO:
dVv _dV do dl _V dV _

. V
= g(sinoa—pcosa) +pu—,
R
HJIN TIPH €ANHIYHDIX BeJTIMYIHHAX
do . 2
v— =sino — pcos o + uo” .
do

[nddepertmpyem mo yray ypaBHEHUE CHJIBI
peakmmu N =coso — o0~ :

dN . do

— =—sina— 20— .

do do
Wcnonbsyem npebiayliiee BbIpaskeHue:
dN
— = —sinoc—2(sin0c —MCOSOC+MZ)2) =
da

= —3sina+2ucoso — 2va2 i
Bepem BTOpYyTO NMPOU3BOIHYIO:

d*N . do
5 =—3cosa —2usino - 4po— .
do do.
OrsATh UCII0JIb3y€eM FOTOBOE 3HAUEHIE TTPOU3-
BO/IHOI:
d’°N
do?

=-3cosa —2usin o —
- 4u(sin0c —uncoso+ ;wz) =
= (4u2 - 3) coso — Gusin o — 4;1202 )
[lna TpeTbeil TPOU3BO/IHON MOTyYaeM
d’°N
dO(B

— 8u? (sinoc—ucosowuvz) =

(3—4u2)sin0c—6ucosoc—

= (3 — 12M2) sin o + (8;13 — Gu) Ccos oL — 8}1302,

IIpu w=1 B TOouKe OTpHIBA
dN 3 d’N 18
NOZ_?_:__7_2:__’
5’ do 5 da 5
d°N 27

do® 5
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3Hanune (l)yHKHI/II/I " ee IMpOn3BO/IHbIX B TOUKE
OTpbIBa ITO3BOJIAET 3aIllCaTb (byHKI_[I/IIO CUJIbl
peakin (B GespasMepHbIX BeJMYMHAX) B
Bu/e IoJIMHOMa TpeTbefI CTeIleHN:
N(3=o0-o0y) _3 35 9y Ao
5 5 5 5

Temepb MOXHO MOACYUTATH PAOOTY CHJI Tpe-
HUA

o
A= [u N(o) Rdo.
%o
B 6e3pasmepnom Bujie ata paboTa paBHA
§5_252 _§53 _i54 ,
5 10 ) 40

4 YHEPreTUIECKOE YPaBHEHUE IPDUHUMAET BUJL
2 2

2% COS 0Ly — COS O —
2
_ (§5_352 _§53 _354)
5 10 S 40

B Touke oTpbiBa

()2 =cosa ,

1
cosoL—— =
)

=2(£—cosa—§6+362 +§63 +i64),
5 5 10 ) 40

15coso =9 — 68 + 38° + 65° +g64.

[Tocaeanee ypaBHeHe pemaeM TpUGInKeH-
Ho. Kocunyc npeo6pasosbiBaem (1 cumtaem
§ Masol BeJIMYMHOMN):

coso = cos (o +8) =

= COS Ol COS O — Sin Ol Sin & =— 1—§ —§8
- 0 0 5 2) 5
2
15 4 1_8_ _Es =
5 2 )

=9—66+362+663+1—8864.

Or6pacbiBaeM MaJioe cjiaraeMoe ¢ YeTBepPTOil
CTEeIIEHbIO " HOJIy‘IaeM ypaBHeHI/Ie
2
28% +38%+85-1=0.

[lepBoe npubmKeHne HAXOIMM, Peliast KBaI-
paTHOe ypaBHEHHE

382 +85-1=0.
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Ero nonoxurenbnoe penieHune:

Ji3

6=T_1=0,434z0,4.

Pemnenne ky6uaeckoro ypaBHEHUS] yTOUHSIEM
NUTEpaIlMOHHBIM METOIOM:
1
0= ———=.
1+3(3+23)
ITocye HECKOBKIX I/ITepaI_[I/Ifl IoJIy4aeM ToO4-

noe (y10 3 sHaxoB) 3Havenue § = 0,398 .
TakuM 06pa3oM, yros OTpbiBa paBeH

o = 0,644 pan + 0,398 pan =
=1,042 pan = 59,7° .
[laHHbIIl pe3yJbTaT MHTEPECHO CPABHUTH C

TOYHDbIM PE3YyJIbTATOM KOMIIbIOTEPHOI'O MO-
JleJINpOBaHMA. Ha pUCyHKE 2 CUHSS TUHUST —

0,6+

0,4+

0,21

0 t t i
0,6 0,8

Puc. 2

rpapuK 3aBUCHIMOCTH HOPMAaJbHOH COCTaB-
JITIOMIEH CHJIBI PEaKINy TTOBEPXHOCTH ITH-
JWH]pA OT yIJa B 06acTH OTCYTCTBUS TIPO-
CKaJIb3BIBAHUS; [[BE UEPHbIE JIMHUN — alll-
pokcuManus B 06JACTH MPOCKAJIb3bIBAHUS
MOJUHOMAMU BTOPOW W TpeTbel CTeleHu;
KpacHasi JWHHUS U3 CUMBOJIOB — TOYHBIN pe-
3yJIbTAT KOMITBIOTEPHOTO MOJIC/TUPOBAHUS , KO-
TOPBIH COBIIA/IAET ¢ OJNHOMOM TPETbeil cTe-
nenu. PaccunTaHHBIH yroJ OoTpbiBa paBeH
o = 1,048 pax . Uto oyeHb XopoIio corJacy-
eTCsI C Pe3yJIbTaTOM, MOJYYEHHBIM MPUGJIH-
JKEHHBIM METOJIOM.

A.Baacos

®2542. Tennosoti deuzamenv paxemut 0bec-
neuugaem avLiem NPOOYKMOE Peaxyuil 2ope-
Hus u3 conaa deuezamessi O CKOPOCMbIO
v=3xmfc. Uepes At =5 ¢ nocae ex.a0ue-
Hust 21aen0z0 dsuzamens (6 MOMEHM GKAI0-
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YeHUsL CKOPOCINL PAKEMbL PAGHA HYI0) Pa-
Kema noOHUMANACL 68ePX CO CKOPOCMbIO
u =100 n/c. K amomy momenmy macca
paxemovr 6viia M = 10 m. Cuumas KII/]
npeobPA30eanus Menio6oll IHePeull 6 MexXd-
Huueckylo paeuvim 309, ouenume mensio-
BY10 MOUHOCTD XUMULECKOU PeaKyull 6 06U-
eamesie 1 natloume 00110 IMOL MOUHOCTNUL,
Komopas. docmaemcsi paxeme 6 3MOM MO-
menm epemenu. Kaxoii 6vina cmapmoeas
macca paxemvt M, (do 3anycka zrasnozo
deuzamensn)?

[lng Havyasa TmpoBe/ieM OIIEHKY MOTIHOCTH,
CUMTAsT, YTO HET CUJIBI TSIPKECTH U OTCYTCTBYET
COTIPOTHUBJIEHUE BO3/yXa MPHU IBMKEHUN pa-
KEeTbl OTHOCHUTEJIbHO Hero. lIpearoJiosxkum,
YTO HA MPOMEKYTKE BpeMeHU At U3MeHeHue
MacChl PakKeTbl 1 MaJi0 B CPAaBHEHWM C ee
craproBoil mMaccoit M, . Torga msmenenue
UMITYJIbCA OCTaBIIEICS YaCcTH PaKeThbl PABHO
UMITYJIbCY BBIGDOIIEHHBIX BHU3 IPOIYKTOB
peakiuu: My = mo . OTciofa ciemyer, uTo
yepes COTJIO JBUTATessl BbLJIETEJa Macca,
paBHasi ipuMepHo m = Mu/v = 333 kr . Ta-
KM 00pa3oM, CTapToBas Macca pakeTel M,
6bL1a ipuMepro 10333 Kr.

Macce TpOyKTOB CTOPaHUs JJOCTAJINCD TTPH-
6mmsurenbno 97% or tex cambix 30% or
TOJHON TEIJIOBOM MOIIHOCTH XWUMUYECKOU
peaKI, paBHOU mo? / 2, IOCKOJIbKY Ha JTOJTIO

2
pPaKeTbl 0CTaloCh TOJbKO Mu /2 . OrHore-

HUE 5TUX BEJTUYHH PABHO (mvz/Z)/(Muz/Z) =
~ M/m =30. Orcioga HAXOJAUM TEILIOBYIO
MONIIHOCTDb, Pa3BUBAEMYIO ABUTATEJIEM:

2
mo

W=
2At-0,97-0,3

Pacxon maccel paBeH (333 Kr)/(S c)=
= 67 kr/c . PeakTuBHas cuia paBHa IIPOU3-
BE/IEHIIO CKOPOCTU BBLJIETA MPOJAYKTOB CTO-
paHUsT Ha MacCOBBI PACXO/l, a CKOPOCTHb
M3MEHEHUST MEXaHNYEeCKON 9HEPTUU PAKETHI
paBHA TTPOM3BE/IEHUIO €€ CKOPOCTH HA peax-
TUBHYTO cuiry. OTciola HaXOAUM MOTITHOCTD,
JIOCTAIONIYTOCS paKeTe B MHTEPECYIOMUil HaC
MoMmeHT (4epe3 5 cekyH/| mocJje crapra):

= 1,03 I'Br.

W, = =~ ou = 20 MBr.
A

CJIe]_IOBaTeJII)HO, J0JId MOIITHOCTH, [J10CTalo-

2019/ Ne2

I{asACda pakeTe B 3TOT MOMEHT, paBHa

W 108
P 100% = w.mo% ~1,94% .
W, 1,03-10° Br

Tenepnb yuteM HaaWune CUJIBI TSXKECTH. 3a
BpeMsi At cuja TSKECTH COOOIINJIA paKere
umIysabc MgAt, HanpaBieHHBIH BHU3, a
pakera npuobpesna umiysiabc Mu, Hanpas-
JieHHbIN BBepX. CJiefloBaTeIbHO, TPOILYKTHI
CTOPAHMS MOJYYUJIU OT PAKEeTbl HMILYJIbC
Mu + MgAt , HanipaBJIeHHbIIl BHU3. 3HAYUT,
Macca IMPOAYKTOB cropanHus 3a Bpems At
paBHa

"= Mu+ MgAt

0

500 kr

MoskHO cunTaTh, 4TO 9TO Majasd 0Jd oT 10
TOHH, T.€. CTapTOBas Macca PaKeThl Oblia
mnpumepro 10500 kr.

Macca npoJiyKToB cropanus ctaja B 1,5 paza
GoJbie (yem 333 Kr), MOATOMY M PeaKTHBHAST
CHUJIa, ¥ MOIIHOCTD JIBUTATEJIS IOJIKHBI TOXKE
ctath Gosbie B 1,5 pasa. Takum o6pasom,
OIlEHKA JJIsT TEIJIOBOH MOTIHOCTH TaKas:
W, = 1,4 I'Br. Cuna, jgeiicrByionjas Ha pa-
KETy CO CTOPOHBI TIPOLYKTOB CrOPaHUSs, TOXKE
yBesanumigach B 1,5 pasa, MOITOMY JOJIS
MOIITHOCTH JIBUTATEJIST, TOCTAIONIAsICS paKeTe,
He U3MEHWUJIACh, T.€. OCTAJach PaBHON TpH-
MepHO 1,94%.

Pakera ¢ takoii Maccoil uMeeT IMoOIepevHOE
cevenne nopsiaka S = 2 M2, Ilpu ckopocrn
newkennd u =100 M/c B BO3/AyXe, HMeIo-
neM miIoTHocTh P = 1,3 KF/ M®, paKeTa ucIbl-
TBIBAET CUJIy CONPOTUBJICHUS BO3/YyXa, PaB-
= pu2S =

HYIO II0 TOPSIAKY BeTHYHHbL Fi o\,

=26 xH . 910 ropasmo menbiie, yem 300 kH

(peakTuBHAA CUIA), T.€. CHJION COMPOTUBJIE-

HUS BO3/LyXa MOYKHO CMeJIO IIPeHeOPeyb.
C.Koposés

®2543. Cnrownoit wap paduycom r =4 cm,
COeNANHDBLI U3 80ALPPAMA, HAzpem 00 meM-
nepamypuot t, =1000 °C . Ezo onycmuau na
nOBEPXHOCINL KPY2a020 UUIUNOPA U3 CEUN-
ua, mopupL KOMopPozo 20pu3oHmatvivl. Ceu-
Hey umeem KOMHAMHYIO MeMnepamypy
ty =27 °C . B yunundpe umeemcs MHOXe-
CcME0 00UHAKOBVIX GEPMUKAJILHBLY CKEO3-
HbIX Omeepcmull, pacnpedesientvlx pasHo-
MEPHO NO NAOUAOU 20PUIOHMATILHOZO ceye-



SAJAYHHUK

HUSL, MAK 4o 00wdst naowa0s NONEPeUHozo
ceuenus OMeepcmutl PasHd noJa08UHe Nio-
wadu kpyza paduycom 2r. Buewnuii paduyc
20PUBOHMANDHO20 CEUEHUS. YUIUNOPA PAGEH
2%, yuaunop 3axpenien Ha Kpasx, a wap
onyuien Ha ueHmp 6epxHezo 20PUIOHMANL-
noz0 mopya. Ouenume MaAKCUMATLHYIO Gbl-
COMyY UUAUNOPA, NPU KOMOPOU 60bPPAMO-
6bUL WAP CMOXKEMm <NPouUmu» CK603b U~
aundp (cm. eudeo https:/ www.youtube.
com/watch?v=P—uuKuhBO0). Moaspnoie
MENI0eMKOCIU CEUHUA U BOTbDPAMA NPU-
MEPHO 00UHAKOB8VL U OUKU K 3HAUEHUIO
3R =25 [x/(momw-K). Temnepamypa
naasnenus ceunua t ., =600 K, ezo monap-
nasmenaomanaaeaenus L = 4,77 k/x/monv.
Tennonposodunocmoio ceunya, pasguoil
35,3 Bm/(m- K), mosxno npenebpeus 6 cpas-
HeHUU C MenjonpogooHOCvIO B0bhpama
163 Bm/(m-K). Moaspuvie macco. u
NJAOMHOCIU 6 MEEPOOM COCMOAHUU IMUX
INEMENUTNOE PAGHBL, COOMEEMCMEEHHO,
M, = 207 ¢/mors u  p., =11,3 zfca’
M, =184 ¢/morv u p, =19,3 of cm® .

[Tap u3 BosbpamMa TOKEH «IIPOTIABUTH>
B CBHHIIE JIBIPKY H IPEBPATUTD B JKUKOCTDH
CBUHEI[ B 06beMe Tcrzh/2 (nesmrens 2 06yc-
JIOBJIEH HastmuneM otsepctuii) . YKukuii cau-
HeIl CTeKaeT BHU3 TI0 OTBEPCTHSAM U He Harpe-
Baercst Boie 600 K. Ecom npene6peun 1mo-
TepsSIMU TeIIa, CBS3AaHHBIMHA C TETIJIOIIPOBO/I-
HOCTBIO CBHHIIA, TO KOJMYECTBO TETLJIOTHI,
KOTOpOe TPe6YeTCs AT PACTIIABJICHUS TaKO-
TO KOJIMUECTBA CBUHITA, PABHO

nr?h L+3R(t,, — )
2 M.,
[Tocsie Tpoxo/1a Yepes CBUHIIOBYIO TIJTACTHHY
y BoJIb(hPaMOBOTO ITapa TeMIIepaTypa J0JIK-
Ha ObITb GOJIBIIE, YeM TeMIIepaTypa TIaBJe-

HHUA CBUHIA, CJEJOBATeJIbHO, HOJIKHO BbI-
MOJIHATBCA cooTHOMEeHUe Q. < Q,, uin

Ocs = Pes

o nr’h L+3R (t, —t) 3
2 M

CB

47‘57’3 3R (tB - tlljl)
3 M .

OTCIO[[B. Oll€HUBa€eM BDbICOTY AbIPABOIO IN-

<Py

B

«KBAHTA »

JUHApA:
poBy B My 3R(, )
3 P M, L+3R(t, —t)

=7r=28cm.

A. Ceunuos-Borvgppamos

®2544. [1o Geckoneuno OAUHHOU HAKIOH-
HOU NAOCKOCTNU Wupunot 2L ¢ yzaiom naxio-
na x zopu3onmy o O0BUXKEMCS MANEHbKAS
watiba ¢ 3apsdom q u maccoi m. Koaghpuuu-
enm mpenus waibovi 0 HAKJIOHHYIO NIOC-
Kocmov W = tgo.. Ilepnenduxyaspno naocko-
cmu deticmeyem MazHumHoe noJie ¢ UHOYK-
yuetl B. B HauaivHvlil MOMEHM waibd Haxo-
dumcsi Ha paccmosimuu L om Kpas HAKA0H-
HOU naockocmu. Kaxyio munumaivuyio wa-
YATLHYIO CKOPOCT® HYHKHO COOOUUMb WATi-
b6e, umobv. OHA MO2]A CAECMEeMmb C IMOU
HAKJOHHOU NAOCKOCTNU?

[Iyctp mavasno koopaumnar 0 coBmagaer c
HavyaJIbHbIM MOJI0KEHNneM ImaiGor (M. pucy-
HOK). HampaBuM oCb X TOPU3OHTAJbHO U

0Chb y BHW3 B/IOJIb HAKJIOHHOH IJIOCKOCTH.
O6Gosnaunm I =mgsino. Cuma TpeHwus,
AeiicTBytomas Ha maiily, pasha [, =
= wmg cos o = F'. O603HAYNM CKOPOCTD MIaii-
6Bl Yepes v M YTOJ MEXK/IY BEKTOPOM CKOPO-
¢t maiiésl u ockio y yepes . MaruurHoe
mosje JeficTByeT Ha maii6y ¢ cuioi
F, = quB. Cunras, uyro maiiba Bce BpeMsd
HAXO/ANTCS Ha HAaKJIOHHOI TJIOCKOCTH, Haii-
JeM HamOoJiblllee yaajeHue Mmai6sl x,, OT
HavaJa KOOPJAMHAT TI0 OCH X. Y CJIOBHE TOTO,
9TO TMafiba CJETUT ¢ HAKJIOHHOH IJIOCKOCTH
mupuHoit L, Gy/ieT Tor/ia uMeTh BujL X, > L.
3ammiieM BTOpoil 3akoH HbioToHa B TIpoek-
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1N Ha OChb Y:
’ p—
muv, = F — F cosp — qBo,
W B TIPOEKITNN Ha HaIpaBJieHWEe ABUKEHUS
aiobl:
mv’ = Fcosp—F .
CkJaipiBasi OJTHO ypaBHEHHE C JIPYTUM, TO-
JlydyaeM
’ 7\ _
m(vy +0 ) =—-gBo,.
ITO ypaBHEHWE JIETKO WHTEeTPUPYeTCs:
m(vy + U) = —qBx + const .
B navanpHblii MOMEHT miaiiba HaxOJAUTCI B
TOYKe ¢ KoopJAuHaToil x = 0, U IycTb HAYaJIb-

Hasl CKOPOCTb paBHA ¥, M HallpaBJeHa O]
yriaom @ k ocu y. Toraa
const = moy (1+ cos0) .
B utore nosyuaem ypaBHeHue
gB

UO(1+COSG)=U]/+Z)+WX,

2019/ Ne2

SIcHO, YTO CKOpOCTDH MIAMOBI CTPEMUTCS K
HYyJTI0 TP ¢ — oo . OTCIO/]a HAXO/IUM, YTO B
TOYKE OCTAHOBKH, T/Ie 0 =0, = 0,

x=x :ﬂ(lJrcose).
qB

OueBuzHoO, 4TO X,, €CTb MAKCUMaJIbHOE Y/Ia-
JIeHWe TIaiihbl 0T HavaJa KOOPJAWHAT M0 OCH
X, TaKk Kak JJs1 BCEX MOMEHTOB BpEMEHU
vy +0 > (0. CienoBaresibHO, MUHHMAaJbHAS
HavyaJIbHAs CKOPOCTh IIANObI, IPU KOTOPOIi
OHA CJETUT € HAKJOHHOIW TJIOCKOCTH, COOT-
BercTByeT yraiy 0 =0 u paBHa

gBL
2m

min —

Buano, 4To 3TAa CKOPOCTH HE 3aBUCHUT HU OT

BEJIMUUHDBI YCKOPEHUST CBOOOTHOTO TaJICHS

¢, HU OT YTJIa HAaKJIOHA IIJIOCKOCTU K TOPU30H-
Ty O .

M.Huxoacon

HAM NIUIOYT

HeMHoOro o LUKONbHOMN KNHEMaTUKe

Kax usBectno, npsamosmneiinoe paBHOYCKOPEH-
HOe JBIDKEHHE ONNCHIBAETCS MPOCTBIME (DOPMY-
JIaMH JI/I1 CKOPOCTH:

=10, +at

W JUIS TIPOHICHHOTO TIyTH:
1
s=ot+s at*.

V3 HUX MOKHO UCKJIOUYUTD BPeMs ¢ U TOJTYyYUTD
UCKJIIOYUTENHHO 110JIe3HYI0 (HOpMY.Ty
v = 05 + 2as .

Ee ncrnosb3oBanue B psijie CJIydaeB CYINIECTBEHHO
VIIPOIIAET pelleHre HeKOTOPBIX 3a/1a4. A HHOTIa
U TTO3BOJISIET CPA3y YBUETh HEKOPPEKTHOCTH yC-
JoBus 3aja4un. Bot aBa npumepa.

3anxavya 1. ABTOMOOWJIb IBUTAETCSI PABHOYCKO-
perno (v, =0). Ha mepBoM KniomMeTpe ero cko-
poctb Bospactaer Ha 10 M/c, Ha BTOPOM — Ha
5 M/c. CKOJIBKO BpeMEHHU 3aTPAvY€eHO HA MPOXO0XK-
JleHne iepBoro kusomerpa? Broporo kuromerpa?

3apmaua 2. [Toe3 HauMHAET ABIKEHUE U3 COCTO-
STHUST TIOKOSI M PABHOMEPHO YBEJUYUBAET CBOIO
ckopocTb. Ha nepBoM KuJoMeTpe oHa BO3pPOCJa
ma 10 m/c. Ha ckoJIbKO BO3pacTeT oHa Ha BTOPOM
KuoMeTpe?

Paccmorpum Tpetuii, «0600IIEHHbIIT» BapHAHT
ITON 3ajaun.

3agava 3. Onpejienure pupaiieHue CKOpOCTH
MaTEepPHAJIbHON TOYKH, JBUKYIIEHCS € TOCTOSH-
HBIM YCKOPEHUEM, Ha COTOM KUJIOMETpPe, eCcJii Ha
MEPBOM KHJIOMETPE €€ CKOPOCTh M3MEHWJIACh Ha
10 M/c .

[l Havaia BBIYMCIUM TPUPATIEHIST CKOPOCTH
Ha CPABHUTEJHHOM HEGOJIBIIOM YHCJIE OJMHAKO-
BBIX [TOCJIE/IOBATEIHHBIX OTPE3KOB MYTH [IJITHOI $
Kak/plil. /7151 KOHIIA MepBOTO OTpe3Ka 3aluiieM

v? = 2as,

JIJIA KOHITa BTOPOTO OTpE3Ka —

v =0} + 2as = 20},

TPETHETO OTPE3Ka —
2

V3 =03 + 2as = 307,
JIEBSITOTO —

v_g = 9012 ,
J1ecAToro —

2 _ 10,2

vy = 1007 .
Torma ecsi Ha IEPBOM OTPe3Ke CKOPOCTDb BO3POC-
Jla Ha
Aoy =0,

(MpogonxeHmne cm. Ha ¢ 31)
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afa4m

1 . [psMble, napannenbHble CTOPOHaM KBaf-
paTa, 00pa3syioT KBaZpaTUK, LIEHTP KOTOPO-
o COBMAAAET C LIEHTPOM MCXOLHOMO KBaf-
paTa. //13BecTHo, 4To NnoLLaab kpecTa, obpa-
30BaHHOrO KBaapaTuKoM (CM. p1UCyHOK), B

17 pa3 bonblue NnoLlaam kBagpaTtmka. A Bo

CKOMNbKO Pa3 MoLLaib MCXOOHOro KBafpa-

Ta OonbLie nnoLaan KBagpaTmka?
HAraxaHos

2. Marnb4mKm NPUHECSIN B KNTaCC KOHMETHI
1 pasfany Ux Aesovkam. leTq ckasan, 4to
OH MPVHEC POBHO MONOBKHY 0BLLIErO YiCa
KOHpeT. Konsa ckaszal, 4To OH NprHeC pOBHO
TpeTb 00LLero YMcna KOHGET 1 oTAaN CBOM
KOHeTbl Tonbko Malle 1 TaHe, npudem

ST 3afa4n NpefHa3HadYeHbl npexmae BCero yya-
LWMMCS 6—8 KNaccoB.

STV 33da4v npefnaranncb Ha MyHULMNANbHOM
sTane XLV Bcepoccumckonm onvMnmagbl WKONbHM-
KOB Mo MaTemaTvke B MOCKOBCKOWM 00nacTu.

Malue foctanocb Ha 3 KoHdeTbl Oonblile,
yem TaHe. [lokaxuTe, YTO KTO-TO U3 pednT
oLLmbCs.

HAraxaHos

3. B komHaTe 10 4enoBek — JKeubl U
pbillapy (MmKelbl Bcerga NnryT, a pbilapu

BCeraa roBopsT npasmy). MepBbii ckasan:
«B 3TOM KOMHaTe Mo kKpanHen mepe TxeL».
BTopow ckasan: «B 3Ton KoMHaTe no Kpau-
Heln Mepe 2 nxxela». TpeTnin ckasan: «B aton
KOMHaTe Nno KparHen Mepe 3 mxela». M tak
[anee OO OeCATOro, KOTOpbIN CKasan: «B
3TOM KOMHaTe Bce yixeLb». CKONbKO Jixe-
LIOB MOrfo ObITb cpeam 3Tnx 10 Yenosek?
O.[Togmnickui

4. B pecatnyHom 3anmcun 13 4umcen umc-
MOnb3yeTca ofHa M Ta Xe undpa N 1 He
NCNOMb3YIOTCA HWKaKne Apyrve Ludpbl.
MOXeT N CyMMa 3TUX YMCeN PaBHATbCS
89000987

HAraxaros, O.[Toqnmncku
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TO TaKOe TeryionpoBoOOHOCTb

C.4ABOPAHUHOB

CIIOMHUM O/IHY CTAPVYIO 3AAUY.

Ectpb aBTo6Gyc, TpamBail, Tposuieitbyc. Uto
3ech jumHee? Jlummuit TyT aBrobyc, Io-
CKOJIbKY OH paGoraer Ha GeH3uie, a He Ha
2JIEKTPUYECTBE, KaK TPaMBail U TPOJLIei6ycC.
A MOKHO CUUTATD JIMIITHUM TPaMBaii, TOTOMY
YTO ero KoJieca He <«OOYyTbl» B PE3MHOBBIE
IIIWHBI.

A Terrepb HOBas 3a7ava. V13 Tpex coBoco-
yeTaHWl — TEIJIbII OCEHHUI JIeHb, TeILIoe
Mope, TeTTast o/ie)k/1a — KaKkoe JuirHee? Mbl
Ha3bIBaeM JIEHD TETJIBIM COTJIACHO TTOKA3aHM-
SIM TEPMOMeTPa, U3MEPSIIOIIETO TEMIIEPATy Py
Bo3ayxa. U TeMmepaTypy BOABI B MOpE MBI
Takke uaMepsieM. Ho mHasbiBasg najbpro win
KYPTKY TEILION, Mbl HUKAK He CBSI3bIBAEM TO
KauecTBO OJIEK/IbI C ee TeMiepaTypoii. Ciie-
JIOBaTeJIbHO, JIMIITHEN 3/1eCh SIBJISIETCS TEILIast
oJleK/Ia.

A kaxas ke pusmuecKkass XapakTepuCcTHKA
MTO3BOJISTIET HAM Ha3bIBATh O/EKAY TETLIOH?
OxKasbIBaeTcst, aTo TEMJIONPOBOIHOCTD, TOU-
Hee — KoaduimenT TemronposogHocTH. Ho
— 060 BCEM TIO TIOPSIIKY .

Hacrymmma suma. B kBaptupe Oarapen
I[EHTPATbHOTO OTOIJICHHUST HArpeBaloT BO3-
nyx. Ilouemy >xe TeMiieparypa IOBBILIIAETCS
TOJIBKO JIO OIIPe/IesIeHHOT0 ypoBHs? [la moTo-
MY, YTO TEILIO Yepe3 CTEHbI OTBOMUTCS HAPY-

¥

Ky, Ha yauiyy. CBoiicTBO Marepuasa IIpoBo-
JINTD TEILTO OT 6oJiee HATPeTOTo Tesla K MeHee
HarpeToMy Ha3bIBAIOT TEIJIONPOBOIHOCTHIO.

PaccMOTpnM KyCOK KUPITMYHOI CTEHBI TJI0-
mapio S u ool /2. [lycts Temmeparypa
B kBaptupe 71;, a cuapyxu T, u 1ycTb 3a
IIPOMEXYTOK BpeMeHn Af depes 3TOT ydac-
TOK CTEHBI HAPYKY MTPOIIIO KOJTUYECTBO TeTl-
Jotel Q. EcTecTBeHHO CUMTATD, YTO BEJINYH-
Ha Q IPSMO MPOTIOPIIMOHATbHA IO/ S,
pasnoctu Temueparyp 1; — 7T, , TPOMEKYTKY
BpeMeHn At U 06pPaTHO IPONOPIIMOHAIbHA
toJuee /. VHpIMu cioBamu,

7 .

Koadduiment k& u nasbiBaercs koauiim-
€HTOM TeIIONPOBOAHOCTH (MHOI/IA €ro Ha3bl-
BAIOT [IPOCTO TEILJIOIPOBOHOCTDHIO), €r0 Pas-
MEpHOCTb €CTb
i loln
1= ST - 1 18
[STIT; - T3 ][Al]
_ HMdx-m  Ix_ Br
M2 -K-c M-K-c MK’

VY cuwmkarnoro (MHOrAa TOBOPAT GEIOr0)

Kupimnya k = 0,810B—TK . JTO 03HAYAET, UTO
M .
P PA3HUIIE TEMTIEPATYP B JIOME 1 Ha
yanie B 1 Tpajgyc Kaxayio cexyHIy
yepe3 1 KBaJpaTHbBI MeTpP CTEHBI,
TOJIIINHA KOTOPOH 1 MeTp, TPOXOANT
0,810 Oy TEMJIOBOW SHEPIUH.
Ecin xe tonmuna crennsr 10 cM, TO
motepu Tema coctaBat 8,1 Bt. ¥V

Br
nmepea k =0,200 T U TOTOMY
M .
MOJKHO CKa3aTh, YTO JI€PEBSHHBIN I0M
Teriee KUPIMYHOTO TIPUMEPHO B Ue-
TBIpE pasa.

BerioMHUM JIeTCKUN CTHUIIOK:

Ox, 6eja, 6ena, Gena,
Hacrynumum xomno/a.
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Ha crekuie ropioer myxa:
«Boiman cHer 6esee myxal
Ecim 6b1 MHe BaJIeHKH,
[TycTh MOAIIUTEI, CTApEHBKH,
[la cyKkoHHBIE MTaHBI —
Jlosxkmma 6bI 10 BecHBI!..»

[lesio B TOM, 4TO y IIEPCTSHOTO BOILIOKA, a
3HAUYNUT y TeX Ke BajeHOK, k = 0,045 coor-
BercTByommx exannuil (Bupeap He OyzaeM
BBINUCHIBATD [T0JTHOE HANMEHOBAHIE, T.€. Pa3-
MEpPHOCTH). 3UMOii B BaJIEHKaX HAMHOTO TeTl-
Jlee, 4eM B KOXKaHbIX GortmHKaxX. KoneduHo,
BAJIEHKH HOTH HE TPEIOT B GYKBAJBHOM CMBbIC-
Jie, OHU JIUIIDb TIPENSATCTBYIOT OOJIBIIAM T10-
TEPSIM TEILJIA.

Y xqonkosoit Batbl B = 0,055. Ilotomy
UCIIOKOH BEKOB BATHBIE XAJAThI 3AIIUIIAIN
sxkutenein Cpemneln A3WyM OT HECTEPIUMON
JieTHelt xxapbl. TeMieparypa Tesa yeloBeKa
36,7 °C, remmneparypa Bosayxa 40—45 °C .
B arom ciryuae BaTHbBIN Xasar B MUHIMAJIb-
HOIl CTeTIeHN CrIoCOOCTBYET TIO/IBO/LY TEILIa K
Tesy, TMpeJoXpaHss YeJoBeKa OT Teperpesa.
TouHO Tak ke MEXOBbIE PYKABUIIBI 3aIUIIA-
JIN PYKW KYy3HEIA, JEpIKaBIIEro pacKaJieH-
HYIO 3arOTOBKY. Y MHHEpaJbHOW BaTbl R =
=0,045-0,055. Ee ucnoab3yior s TEPMO-
U30JIAIHANA TPYO OTOTLIECHUS.

l'agpr — 1m10X1€ TPOBOIHUKY TEILTA, Y HUX
koadpdurment renonposogroctu Mas. ITo-
9TOMY OKOHHbBIE PaMbl [I€JAI0T BONHBIMIU:

MOJKHO CKa3aTh, YTO TETLIO B JIOME COXPAaHsIeT
HE CTEKJIO, a BO3/LyX MEXK/y CTEKJIAMU BHYT-
pu pambl. [lo aToii Xe TTpPUUYWHE MOPUCTHIE
MaTepuaJIbl 06J1a/IaI0T XOPOIIUMHU TETJIOU30-
JAITUMOHHBIMU CBOﬁCTBaMH.

MHOFI/IQ IITUIIbI 3HMOI7I BO BpeEMA CUJIbHbBIX
MOPO30B 3apbIBAIOTCS B CHer. B cHery coxpa-
HSIETCSI TIOCTOSTHHAST TEMIIEPATYPA, TOTIA KaK
BO3/YX B CTYKY MOXKeT OBITb OYEeHb XOJIOJ-
HbIM. Tak cmacaTbCst OT MOPO30B Ja W OT
XUITHUKOB Hay‘H/UII/ICb rﬂyxapn, TeTepeBa,
Kyponatku, pa6uuku. [ITuipr crioco6HbI Ipo-
BOJIUTD T10]T CHETOM G€3 JIBUKEHNUST HECKOJIbKO
JIHE, TIPU 9TOM WX TOTEPU SHEPTUN MUHU-
MajbHbl. [la u MemBenu cnst B GepJorax,
3aHECEHHBIX CHETOM, CJIOBHO TTOKPBITHIX TETI-
JIbIM O/I€AJIOM.

Cpeit MeTaJIJIOB PEKOPIICMEHOM TIO TEILIO-
MPOBOJIHOCTH MOYKHO CYHUTATh cepebpo — y
uero k = 430, a y skese3a, Harpumep, k= 92.
Eciu crosioByio cepeGpsiHyio JIOXKKY OITycC-
TUTH B KUTISIIYIO BOIY, TO YAEPKATD JOKKY
B pyKax, MOKajiyil, He yIacTCs: OHa OYeHb
OBICTPO CTAHET HECTEPIIUMO TOPSIUENL.

Harmocrejok Takast, To;Ke crapas, 3ajada.
JlBa TOIIpHUKA BBINLIM U3 TTAJTATKH Ha JIE]I.
[Tagatomuii cHer Ha KOMOHMHE30HE OIHOTO
MOTUXOHBKY Tasiyl, a y APYroro — HeT, Je-
Jlas 4JeJloBeKa TMOXOKMM Ha CHETOBHKA. Y
KOTO OJIE’K/1a TeTljiee: y TMepBOTO WJU Y BTO-
poro?

(Hayano cm. Ha ¢. 28)

TO Ha BTOPOM OTPE3KE CKOPOCTb U3MEHUTCA Ha

Aoy = 207 — o = 0,410,

a Ha J€CATOM OTPE3KE — Ha

Avyy = 100} — /907 = 0,160,

U 210 camMoe MHTEpeCHOE: /IBUKEHNE PABHOYCKO-
PEHHOe, & CKOPOCTD pacTeT Bce MEHbIIle I MeHbIITe!

[Tapasiokc paspemraercs jerko. B o6cysxae-
MBIX 3a/1aUaX YCKOpeHHe TOCTOSIHHO W PaBHO
0,05 M/ ¢? , Ha IPOXO3KIEHIE MepBOro KMIOMeTpa
tpebyercst 200 ¢, Ha BTOPOM KUJIOMETPE CKOPOCTD
yseaunuuBaercs Ha 4,1 M/c (ane na 5 M/c, kak B
sagade 1!) ¥ 5TO IPOUCXOAUT IPUMEPHO 3a 82 C.
Ho ecim ydectb, 4TO Ha [€CSITOM KHJIOMETpE
cKopocTb uaMenntes Ha 1,6 M/c, To Bpemenu Ha
aT0 1orpebdyercs yxe 32 ¢ u T.4. [Ipu nocrosis-

HoM yckopenuu 0,05 M/ B KOHIIE COTOTO KUJIO-

MeTpa ckopoctb gomuia 661 10 100 M/c, HO m0-
CKOJIBKY CKOPOCTDb Ha 3TOM OTpe3Ke MyTH yBeJsH-
YUBaeTcs HEe3HAUUTEJbHO, TO CTOJh K& MaJjioe
BpeMs HY)KHO, 4TOOBI TIPEOJIOJIETh 3TOT OTPE3OK.
Bce-taku nomunmM, yto Av = at , T.e. ueM MeHbIIIe
n3MeHeHNe CKOPOCTH, TeM MeHbIllee BpeMs s
9TOTO HeoOXoMMo. MTak, HAa cOTOM KMJaoMerpe
CKOPOCTb MU3MEHUTCS Ha

Avyp = 10002 — /9902 = 0,052, = 0,5 m/c .

Mesky TpOYNM, TPH BBIYUCIECHUU TPUPOCTA
CKOPOCTU HAa COTOM KIJIOMETPE PA3yMHO UCIOJIb-
30BaTh CIOCO0 TTPUOJIMKEHHOTO BBIYKMCIEHUS KBA/I-
paTHOTO KOPHS u3 yncya 99, npejcTaBuB ero Kak
100 —1=10> (1-0,01). Ecom B ckoGkax mpuGa-
BUTb U OTHATH MAJIYI0 BeJUUYNHY 0,0052 , TO
VBIJIUM TaM KBajpatr pasHocru (1 —0,005)2.

M.Cmapwos



KAJIEMJIOCKOII «<KBAHTA>»

ECrm oCTpOeHHbIVI apXUTEKTOPOM [OM Pa3Ba-
JIATCA U TPyl 3TOM [10rMOHET €ro Brafenel, apxu-
TEKTOP 10A/IEXKUT CMEPTHOM KA3HM.

3aKoH BaBUJIOHCKOro Liaps XammMyparna

(18 B. O H.3.)

.J110638 /IHeVIKa v rpri3mMa, LLUMPYHG KOTO-
pOﬁ bosnbLe ee TOJILMHbI, OKaXxeTr bosibLIee co-
[1POTUBJIEHUE U3JTIOMY, KOrAa OHa oCcTaB/IeHa Ha
,06’5,00, Yem Korda OHa JIEXKUT [/1aLLIMA...

Fanuneo lanunen
.. TEJ10 [TUILIbI HEMPOOPLIMOHATbHO SIErYe, Yem y
yes10BeKa i y miboro YeTBEPOHOroro..., Tak Kak

KOCTY Y [ITVL] ITOPUCTBIE, 110/1b1€ C UCTOHYEHHOM 0
npenena CreHKou.

[>xosaHHW bopennn

OpHa W3 caMbIX BOCTPeOGOBAHHBIX CETO/IHS
npodeccuit — nmkenep. IIpuuem unkenep wH-
HOBAIMOHHBIN, CHenuagnctT oco6oii popmariui,
BOOpPY:KeHHbI 3HaHusIME X X1 Beka, paz6buparo-
HIMiCS B HOBOHM TeXHUKE U CO3/IAI0NUI TEXHUKY
3aBTpalrHero aHg. YTo HEO6XOIUMO [JiS €T0
BBIYYKH, YTO OH JOJDKEH TOJYYNTDL B TITKOJE?
Koneuno, mpesx/e Bcero — 6a30BYI0 TIOATOTOBKY
4 110 TOYHDIM HAyKaM, I/ie, eCTECTBEHHO, He TT0cie-
JIHee MecTo 3aHuMaet ¢pusnka. BoT o cBs3u aToit
HAYKHU C TEXHUKOU U TIOI/IET peub B GJIMKANIINX
Bblllyckax «Kaseiigockonas. HauBHo nymarb,
YTO HaM yAacTcsd 3aTPOHYTH XOTSA Obl MaJyio
] 4acTb OTPOMHOTO M Pa3HOOOPA3HOTO MHUPA X
KoHTakToB. Ho Kak pa3 mKobHbIN Kype ¢husn-
KU IO/ICKA3bIBAET, HA YTO MMEHHO CTOUT 06pa-
TUTb BHIMAaHHUE, KAKNE TEMbI JJAI0T BOBMOKHOCTD
BbIOpATh WHTEPECHBIE U TMOJIe3HDBIC CIOXKETHI,
oTpaskatorne ux B3ammo/eiictBue. Ceituac Mbl
cocpenorounmcsi Ha CTPOUTEJIBCTBE -
OJTHOU U3 JApPEeBHEHINX 06JacTell TeXHUIECKOI
JIeSITEIbBHOCTH YeJIOBEeKA.

Pazymeercsi, sBHOe BJIMSIHIE HAYKU HA 30/14€-
CTBO CTaJI0O 3aMETHBIM JIHIb B TOCJEJHUEC He-
CKOJIBKO BEKOB. /[0 ATOTO ThICSYETeTUSIMHU JTIOIH
HaKaIJINBAJIY 3HAHUS, PA3BUBAJIN TEXHUIECKYTO
CMETKY U MPOSIBJISLIN U300PETaTeIbHOCTD, OIIU-
pasicb Ha OIBIT MPEIKOB U COOCTBEHHYIO MHTYH-
0. OJHAKO HaM, Ja’Ke TIOJYUYHBIIUM JOCTYII

A Taxk JM XOPOIIO 3HAKOM

i MU3NKaTTEXHNKA

UMeHHO Ha CcTebngx Y3Ham Mel Lenbii P
110033UTEN b HbIX PAKTOB, [JOKA3bIBAIOLLMX, YTO OHU
[10CTPOEHBI 110 BCEM 1PABUIAM  CTPOUTESILHOMO
MCKYCCTBA.

KnnmeHT Tummnpsizes

XOTS OT [PEBHUX OCTANINCEH TUrAHTCKUE 10 pa3-
MEPaM 1 U3YMUTESILHBIE 10 KPACOTE U [1PONOPLIM-
OHANIbHOCTU 3[aHNS 1 COOPYXEHMS, HO COBEp-
LLIEHHO HE M3BECTHO, KakuiM 0BPpa3oM OHY pPaspa-
6aTbIBa/IN [POEKTBLI ITUX COOPYKEHM...

Anekcen Kpblnos

.3HAHNE, LNPOKOE, [10JIHOE 3HaHWe (pMj‘MKM
A1 MHXEeHePa He POCKOLLb, a /-/6'06)(0,17//7/\//0(7'&:...

JNleoHna MaHgensLtam

aM

K TUTAHTCKUM 00beMaM COBpeMeHHO nHdopma-
11K, He CTOUT IpeHeOperarb 3TUM <«30JI0TbIM
onmom». Beap 3auacTyio MbI TOJBKO Y/MBJIS-
€MCSI TOMY , HACKOJIBKO 1 CeTo/THsI paGoTOCIOCO6-
HbI J]ABHUIIIHUE TeXHUUYeCKIe Haxo/iku. Hanpu-
Mep, ITIPOCTble MEXAHU3MbI MJIM HWHCTPYMEHTDI
IS OOYCTPONCTBA U PEMOHTA HAIINUX JKUJIATI.

Bonpocm " 3aga4n

1. [Touemy morbeMHBII KPAaH HE OTIPOKU/IBIBA-
eTcsi B CTOPOHY TofiHuMaeMoro rpysa? [louemy
6e3 rpy3a KpaH He ONPOKHUIBIBACTCS B CTOPOHY
TIpoTHBOBECa?

2. Ppruar u3orHyT TaK,
KaK MOKa3aHo Ha PUCYH- ¢
ke. Ocb pbluara Haxo-

IUTCI B TOuke B, I F
AB = BC = CD. llep-
MNEeHAUKYJISAPHO ILJIeqy =

AB npunoxena cunia F. ¢ D
Kakyio MUHMMAaJbHYIO CHJIIYy, HYKHO IPUJIO-
JKUTD B TouKe D, 4TO6bI pbryar 6bLJI B PABHOBE-
cun? Maccoii ppraara npexHe6pedb.

3. PabGoumne wHOTZIA TPUMEHSIOT HEITOBUXK-
HBIT OJIOK, TIOAHUMAast caMu ceGsl M0 BEpPEBKE.
[TosrygaeTcs m TpHU 9TOM BBIUTPBIINT B CHJIE?

4. Tlpensiosxknte BapuaHT COeIMHEHUS UIeaTh-
HBIX TIOJIBVKHBIX U HEMO/[BUKHBIX 6JIOKOB, UTO-
6bl yaep:kuBath rpy3 Maccoit 40 xr cuoit 50 H.

e oz o



5. MOsKHO Ji 3a0UTb I'BO3/Ib B JIEPEBO JIETKH-
MU TOCTYKUBAHUSAMU MOJIOTKA?

6. ITouemy npu BOWBAHUY TBO3/A B JIE€PEBSIH-
HYIO JIOCKY ero HuIsIKa Harpesaercsi cjabo, a
KOT/Ia TBO3/1b y3Ke BOUT, TO IOCTATOYHO HECKOJIb-
KHUX Y/IapOB, 4TOObI CHUJIBHO HATpeThb IJISIIKY ?

7. IToueMy CTEHKH IIJIIO30B, TJIOTHH, PE3ePBY-
apoB ISl XpaHeHWsl TOIIMBA Jiejaior OoJee
TOJICTBIMH B HMKHEW 4acTn?

8. N3BecrHble ¢ riy6oOKOil JAPEBHOCTH apoy-
HbIe KOHCTPYKIIMH /IO CHX TIOP aKTUBHO MCIOJIb-
3YI0TCSI B CTPOUTEJbCTBE. B ueM MX JI0CTOMH-
CTBO?

9. Crnnuky WM COJTOMUHKY JIOBOJIBHO TPY/THO
pasopBarh, PacTATUBasi UX BJOJb OCH, U OYE€Hb
JIETKO CJIOMaTh, n30rHyB nx. [louemy?

10. KaxoBbl KOHCTPYKTHBHbBIE OCOOEHHOCTH
crebuist 371aka U Tpy6bI? Kakue oHM Jaror 1pe-
HMYIIeCTBA?

11. TIpas au Tamuneit (cm. snurpad), wau
KOTJIa ¥ T0YeMy [IOCKA BBIIEPKUT OOJIBIIYIO
HArpy3Ky: €cJi ee IOJIOXKHUTD IJIAIIMs MM Ha
pebpo?

12. [lns 4ero B CTPOUTEJIBCTBE UCIIOJIbB3YIOT
Takne IOPUCTbIe MaTepuasbl, KakK IEHOILTACT,
MOPOJIOH, KEPAM3UT, a TaKKe KUPITUYK C BHYT-
PEHHUMH IyCTOTAMN?

13. Tlouemy dynmaMeHTbl 3[MaHUIT [OJIKHDI
ObITH OT/IEJIEHDbI OT CTEH CJI0EM BOJIOHEIIPOHUIIA-
eMOii U301 ?

14. Tlonzemuble Kabesu, O KOTOPBIM TO/AeT-
Cs1 9JIEKTPUYECTBO B JKUJIbIE JIOMA, He paspelia-
10T TPOKJI/IBIBATD BOJIM3KM Ta30BbIX, BOJOIPO-
BOJIHBIX U TeIIOPUKAIMOHHBIX TPY6. C yeM 10
CBSI3aHO?

MwukpoonbIT

[TonoskuTe TeTpaHblii TUCTOK KPasMU Ha JBe
CTOIIKU KHUT. 3aMeTbTe ero 1porud. 3areM TOT
JKe JIICTOK CBepHHTEe TPYOKOil 1 o6Moraiite
HUTKOH, 4TOObI OH He Pa3BEPTHIBAJICS, 1 BHOBD
noJokuTe Ha KHUrH. Kak Terepb on cebd 110-
Beer?

JTlo6onbITHO, YTO...

...MHOTOBEKOBOI1 OIBIT CTPOUTEJICI TTO3BOJIILT
HalTH BepHYIO (POPMY BBICOKOTO COOPYIKEHUSI.
Taxk, y>xe B 18 Beke /10 HOBOH 9pbl ipeBHEETUIICT-
CKMIT JXpell ¥ 3044nii VIMXOTer BO3ABHT TTEPBYIO
crynenvatyio nupamuay B Cakkape.

...IpEBHIE ETUNTSIHE, KaK HeJaBHO ObLIO T10-
Ka3aHo C TIOMOIIbI0 (DUBMYECKUX IKCIEPU-

MEHTOB, MOIJIA II€PEBO3UTHb I'MIaHTCKHUE KaMHH

JUIS TIMPaMI/T, YBJIaXKHSS Mecok. Bosa cBg3bIBa-
€T OT/eJbHBbIE TEeCYNHKH, 00pasys >XEeCTKYIO
KOPKY, TI0 KOTOPOH JIaXKe TSKEeJI0 HarpysKeHHbIe
[10JI03bsI OTHOCHUTEJIBHO JIETKO MEPEBUTAIOTCS,
He TIo[iHUMAsT KIyOOB TIBLIH.

... B counHeHnu 3 BeKa /10 HOBOIi apbl « Mexa-
HUYeCKue Mpo6JIeMbIy , TIPUITICHIBAEMOM ApHc-
TOTEJI0, MCCIEOBATICH MTPOCTbIe MEXAHU3MBbI,
JleficTBE KOTOPBIX CBOJMJIOCH K CBOWCTBAM
poruara. Mcnosb3oBanue sxe 6J10K0B B Accupuu
Jlatupyercs 7 BEKOM /10 HOBOH 3pbl.

...TI0-BUJIUMOMY, /IDEBHHUE CTPOUTEJU 3HAIU
06 omacHOCTSX aedopMariii, BOSHIKAINX B
Harpy»KeHHBIX KOJOHHAX, TTOCKOIbKY 1 B Ernm-
Te u B I'peniu OHU BO3BOJMJIUCH BBICOTON HE
6oJiee [IE€BSITH JUAMETPOB.

...caMoe paHHee YIIOMHHAHUE O IOJbEMHOM
KpaHe BCTPeYaeTcsl B KHUTe PUMCKOTO apXUTEK-
Topa 1 uHxxeHepa Butpysus B 1 Beke /10 HOBOI
apbl. Kpan mpe/craBiisii co6oil Mo/ iepKuBae-
Moe KanataMu OPeBHO ¢ OJIOKOM Ha KOHIIE, Yepe3
KOTOPBIiT 11epe6pachIBaJICsS TPOYHBIN TPOC.

...GBICTPOE PA3BUTHE KETE3HOIOPOKHOTO CTPO-
utesbcTBa B cepesimHe X1X Beka BbIJIBUHYJIO Ha
MIePBBIN MIJIaH COOPY3KeHNe MOCTOB. /{7151 3aMeHbI
B HUX onacHbix jedopmariuii uaruba na jgedop-
MAIIH PACTSKEHUsI-CKATHS OOJIBIIEPOJIETHDIE
MOCTBL CTaJId JIeJIaTh U3 OTHOCUTEJIbHO JIETKUX
METAITHYECKUX CTEepP)KHEH, COe/IMHEHHBIX CHC-
TEMOIl MIAPHUPOB, — U3 CTPOUTEJbHBIX (epM.
Korga ke B MpakTUKY CTaJ BHEAPSATHCS KeJie-
300€TOH, W3JeJusT W3 KOTOPOTo paboTain B
ocHOBHOM Ha u3ru6, 1o ¢ 30-x rogos XX Beka
BMecTO (hepM BHOBD MOSIBUJIUCH apKH.

...o6parienne K GU3NIeCKUM UesM, Kacaio-
IUMCS PACIIPOCTPAHEHUsT BOJIH, TIPUBEJIO K CO-
3IAHUIO JIOMOB, «HEBUIMMBIX> JIJIs1 3€MJIETPsICe-
Huii. OKpy»Kas *KUJI0H KBapTaT YepeayoNuMi-
¢S MUJINHPUYECKIMHA SIMaMU, WH>KEHEPBI CyMe-
JIN HA TMPAKTUKe JAOOUTHCS PaCCesHUs 3HAUYH-
TEJbHOM IO SHEPTUN CEMCMUYECKUX BOJIH.

Yto uutaTth B «KBaHTE» O cTpouTenbCcTBe

(nybrvikaLpm rnocneaHmux 7er)

1. «¥Y muBuTesnbHas KOHCTPYKINS, W Pacckas
o roppe» — 2013, Ne3, ¢.31;

2. «Kakue 6piBaioT poruarn» — 2014, Ne2, ¢.30;

3. «Bucgune mocrer» — 2016, Nel, ¢.29;

4. «MocTte! n mapamiorer» — 2016, [Ipunosxenne
Ne2, ¢.58;

5. «Kakwue 6biBator onopbi> — 2017, Ne3, ¢.28.

Mamepuan nodzomosun A.Jleonosuu
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MbiI nposomkaem o4epeHON KOHKYPC 10 PELLIEHNIO MaTeEMAaTNYECKUX 3a4a4. OHN paccyn-
TaHbl B 11EPBYIO 04EPERb HA yHaLunxcs 7-9 K1accoB, HO Mbl ByAeM pagbl yHaCTUIO LLIKObHUKOB
Bcex Bo3pacroB. KOHKypC rpoBoanTcs cOBMECTHO C )KYPHanom «KBaHTUK.

Bbicbinavite peleHunss 3aga4d, ¢ KOTOPbIMU CIIPaBUTECh, 3/IEKTPOHHOM MOYTON 10 aapecy:
savin.contest@gmail.com wmm obbidHovi noytori no agpecy: 119296 MockBa, JleHUHCKuY po-
crnekT, 64-A, «KBaHT» (c nometkou «KoHKypc nmenn A.l1.CaBuHa»). Kpome nimeHu u gpamunnm
YKa)knTe ropos, KOy U Kacc, B KOTOPOM Bbl YYUTECh, & Tak)Ke 0bpaTHbIi MoYTOBbIN aApec.

Mbi npuseTcTBYeM yHactme B KOHKYPCe He TOJIbKO OTAE/IbHBIX LUKO/IbHUKOB, HO M KOMAaH/
(B Takom ciyyqae npucsiiaeTcd ogHa pabora co CrIcKoM y4acTHUKOB). Y4acTBOBaTh MOXHO,
HaumHasi ¢ moboro Typa. [Mobeaurenesi XAyT ANIIOMbI XKYPHANa «KBaHT» U rpu3bl. 3a8aHus,
peLuenns v pesysnibTats! nybnnkyloTcs Ha caniTe sites.google.com/vView,/savin-contest

Xenaem ycnexa!

21. MosKHO /1 Ha HEKOTOPbIE KJIETKU IIax-
MaTHOUM Jocku 8X8 1ocTaBuTh 10 QuUIllKe
Tak, 4TOObI KoJmuecTBa (DUIEK B JHOOBIX
JIBYX COCETHUX BEPTHKAJSAX U B JIOOBIX BYX
COCETHUX TOPUBOHTAJIAX ObLIN HEHYJIEBBIMU
1 OTJMYANNCh: a) B 5 pa3; 6) B 6 pas?

H. Axyauu

22. MOXHO JM PacKpacuTb BCE TOUYKH
6ECKOHEUHOIT TIITOCKOCTH! B: a) 3; 6) 4 1Bera
TakK, ‘{TOébI BCe€ IIBETa HpI/IcyTCTBOBaJII/I, HO
HeJsb3st ObLIO TIPOBECTH OKPYIKHOCTD, HA KO-
TOpOIi ecTh Touku Beex useros? (Kucrouka,
KOTOPOH KPacHTCS ILJIOCKOCTh, HACTOJBKO
TOHKASI, 4TO MOKHO JIOGYI0 TOUKY TOKPACHTD
B J060I1 I[BET, He 3allauKaB HUKAKUe JAPyTrie
TOUKN. )

E.Baxkaes

23. Touxku A, B;, C; — cepeiuHbI CTOPOH
pasHocToponHero tpeyrojbuuka ABC. Tak-
e Ha ero CTOpOHaX oTMedeHbl TOukH M u
K, xax 1mokasano Ha pucynke. Jlokaxure,

B

M B,

YTO IJION[A/IN JIBYX 3aKPAIICHHDIX YEThIPEX-
YTOJBHUKOB PABHBI.
B.Pacmopeyes

1
24. VI3BecTHO, 4TO ypaBHEHNE — +— = —
X N

Y
(rae N — nexoropoe pUKCHPOBAHHOE HATY-
pajbHOE ‘H/ICJIO) MUMEET B HATYPaJbHbIX YHNC-
Jax x, y poBHO 777 pemennii. CKOJbKO
peLHeHI/Iﬁ B HaTypaJibHbIX YUCJIaX X, Y UMEET

l _ l = i 9
ypaBHeHHe . N
C.Kocmumn

BUBJINO-1JIOBYC

BAL FNABHbIW KHWXHbIWA

Mbl MPEOJTATAEM
BONbLLIOW BLIEOP TOBAPOB U YCNYT

YCINyrn ACCOPTUMEHT

! leTepHET-MarasuH 1 Keuru
www.bgshop.ru 1 AyAHOKHUTT

I Kage 1 AETUKBapuar

1 KnyGHble (JUCKOHTHBIE)
KapThl M1 aKIIUN
1 ITogapouHbIe KapThl

¥ IIpeIMeThI
KOJIJIEKIIMOHNPOBAHUSA
1 DUIbMBI, My3bIKa,
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INKOJA B «KBAHTE »

ANrOpUTM
BblYCIeHNS
OCTaTKOB

B.rOJ1IYBEB

5TOU CTATHE MbI PACCKAKEM O IIPO-

cTOM 1 9(p(PEKTUBHOM aJITOPUTME HAXOK/Ie-
HUSI OCTATKOB OT JIeJIEHVS HATYPATbHOTO YHCJIa
Ha TIPOCTbIE YHCJIA.

UTo6bI MTHOBEHHO OBJIQJICTh BAITMM BHHUMA-
HUeM, TIOKa)KeM pelleHre ABYX MpUMepoB. B
o6oux TpuMepax Haa0 HAUTH OCTATOK OT jle-
JIEHNSI Ha 7 HEKOTOPOTO JIOBOJIBHO OOJIBIIOTO
yncyia. MOKHO, KOHEYHO, B3SITb U IOJETHUTDH
yrosixkoMm. OiHaKO Mbl 3HaeM, 4YTO, HAIIPUMeED,
€CJTM MBI BBIYMCJSIEM OCTATOK OT JIeJIeHUS He
Ha 7, aHa 3 win Ha 9, TO 0ObEM BBIYNUCICHUN
MOXXHO COKPATHTDb, 3aMEHHB HCXOHOE UYHCJIO
Ha cymmy ero 1udp. Ilpu penennn na 11
pa6oTaeT Ta ke mesi, HO CyMMHPOBATb HYXK-
HO C TepeMeHOl 3Haka: IM(pPbl Ha YETHBIX
MecTax TPHUOABJISATH, HA HEYETHBIX BBIYUTATH.
OxaspiBaeTcs, /IS BBIUNCICHUS OCTaTKa TPH
JleJIeHNN Ha 7 MOXKHO TIPUMEHUTDh MOXOXKUMN
MeTOJI — OJIHAKO IHM@Pbl HCXOJHOTO YHUCJA
nepej; CyMMUPOBAHUEM HY)KHO JIOMHOKHTH Ha
YycJia U3 CIEUaTbHO NOJ06PAHHON MOCJIe10-
BaTeJbHOCTH, KOTOPYIO MBI HA30BEM <«KJIO-
yoM». O TOM, KaK HAlTH K09 U TIOYEMY
TIpEeJITAaTAaeMbIl  AJTOPUTM /laeT TMPABUJIHHBIN
OTBET, MBI PacCKa’keM 4yTb 1o3ke. [loka xe
MIPOCTO TIOCMOTPUTE.

IIpumep 1. Haiigure octaTok oT /1eeHus HA
7 ymcia

n = 385034034.

Pemenne. Bepem ko |—2;—3;—1; 2;3:1 un
HA/IIMChIBAEM ero Hajl U paMu 4icia n cipa-
Ba HAJEBO CTOJIbKO Pa3, CKOJIBKO HYKHO:

231-2-3-123 1
385034034.

YMuoxaem III/I(I)pr Halllero 4ucJia Ha COOTBET-
CTBYIOIIME 4YHCJaa KJIIO4Ya W HaAXOAUM CyMMY

DOI: https://doi.org/10.4213/kvant20190203

MOJTYYEHHDBIX TTPOM3BECHUI:
3-2+8-3+5-1+
+0-(-2)+3-(-3)+4-(-1)+0-2+3-3+4-1=

=6+24+5+0-9-4+0+9+4=35.
Jenum 35 na 7 u HaxoquM octatok. OH paBeH
0, ciegoBaTeIbHO, N JIEJUTCS Ha 7.

ITpoBepsieM pe3yJIbTaT CTAHAAPTHBIM CIIOCO-
60OM — JlelleHUeM YTOJIKOM:

385034034|7
35 55004862
_35
35
_34
28
_60
56
_43
42
_14
14
0
OrtBet: ocraTok pasen 0.
IIpumep 2. Haiijinte ocTaTtok OT /lesieHus Ha
7 4ucaa

n = 19421948213546978.

Pemenne. Bepem kmou |[—2;-3;-1;2; 3; 1| u
BBICTPAMBAEM CIIPaBa HAJIEBO IEPUOIUUECKYIO
MMOCJIEI0BATEIBHOCTD:
23, —1;2;3;1; —2;,-3;,—1;2;3;1;

-2;-3;—1;2;3;1. (*)

Hapmumem aTy mocJsie[oBaTeIbHOCTD — OTSTDH
JKe cIlipaBa HAJIeBO — HaJ Iu@paMH HAIIETo
Yuca;

-3-1231-2-3-1231-2-3-12 3 1
19421948213546978.

Haxomum cyMMy mpounsseienuii mudp dncia n
Ha COOTBETCTBYIOIIWE MM HJEHBI TOCIEI0Ba-
TesbHoCTH (*):

1-(=3)+9-(-1)+4-2+
+2:3+1-149-(=2)+4-(-3)+8-(-1)+2-2+
+1:3+3-1+5-(-2)+4-(-3)+
+6-(-1)+9-2+7-3+8-1=-3-9+8+6+
+1-18-12-8+4+3+3-10-12 -
-6+18+ 21 +8=-6.
Ocrarok ot jenenus —6 wa 7 pasen 1.
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[IpoBepka gesieHIEM YTOJIKOM HOATBEPIKIACT
MPaBUJILHOCTD HAIIETO PEIeHMS.

OTBeT: ocTaTok paBen 1.

YT0o6bI MPUCTYNUTD K JATbHEUIIEMY H3JI0Ke-
HUIO, JaBaiiTe MO3HAKOMMMCS C IpU3HAKAMM
nesumoctu u3 kauru A.I1.Pasanosckoro «Ma-
temaruka. Ilogroroska k OI'9 u EID» (M.:
Pycckuii donj cogeiictBusi 06pasoBaHuio U
nayke, 2015).

Ecau uucio n < 1000, To y106HO UCIIOIH30-
BaTh CJEAYIONNI TTPU3HAK [EJUMOCTH YHCJIA
n=10a + b na 7 u 13, r/1e YUCJIO @ OJYIEHO
oTOpaChIBaHNEM TIOCJEIHEN TIPDI Yncaa 7:

Yucao n = 10a + b dequmcs na 7 mozda u
moavko mozda, xozda cymma 3a + b deaumces
na 7. Yucno n= 10a + b deaumcs na 13 mozoa
U Mmoavko mozda, Kozda pazmocmsv 3a — b
Oeumes na 13.

JlokasaTeabCTBO KaXKAOTO M3 YKA3aHHBIX
TIPU3HAKOB CJEIyeT M3 TOXAECTB

n=10a +b=7a+ (3a + b) =
=13a — (3a - b).

[lnsg gncen n > 1000 yao6HO MCIIONB30BATDH
TaKOH MPU3HAK:

Yucno n = 1000a + b deaumcs na 7 (na 13)
mozda u movko mozdd, K0z0d pasHocims Mex-
Y wuciom a, npeocmassiowum wucio n 6e3
nocaeonux mpex yupp, u uucaom b, sanucam-
HoLM nocaeOHUMU mpems yugppamu uucia n (6
mom xe nopsaoxe), deaumcs na 7 (coomeem-
cmeenno, na 13).

JlokasaTeibcTBO ocHOBaHO Ha ToM, yto 1001
neautcst Ha 7, Ha 11, Ha 13, U Ha TOX/ecTBe

n=1000a + b = 1001a — (a — b).

IIpumep 3. [TomecTute BMECTO X TakyIO 1H -
py, 4T06BI uncao 1234x5 mennsoch HA 7.
Pemenne. CocraBum pasnocts a@ — b:

123 — 4x5 =123 — 405 — 10x =
=—282 — 10x.
[anee 3anuiem:
282 + 10x = (280 + 7x) + (2 + 3x).

Yucao B nepBoil cKoOKe JeauTcss Ha 7 Tpu
mo6oM x. Uncsio Bo BTOPOit CKOOKeE JIeTUTCS Ha
7 TombKO TIipm x = 4. VTak, MCKOMOE YHCJIO
123445.

A Teriepb TOCMOTPUTE PETIeHNe 1O MpeIara-
€MOMY aJIFOPUTMY C KCIHOJb30BAHUEM <«KJIIO-

123
-2-3-12 31
1234257 (1-(-2)+2-(-3)+
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+3-(-1)+4-2+x-3+51)7 o
& (-2-6-3+8+3x+5)i7 &
o 2+3x)iTex=4.
OrBeT: x = 4.

CorJiacutech, 4TO 3TO pellleHNE Becesee U
obIcTpee.

Omako Kak y3HATh KJIOY W UTO JIeJIaTh, €CJI
BbI €ro 3a0bLau?

BoccranoBuThb K04 JIOBOJIBHO 1ipocTo. Haj
MepBoii cripaBa 1 poii JAHHOTO YUCJ/IA TUIIEM
1. Hdanee 1 ymuoskaem Ha 10, genmum Ha 7 u
MOJIYIEHHBIH OCTATOK 3 THIIEM HaJ[ BTOPOii
cipaBa nugpoii. To ke camoe sies1aeM ablie.

3 ymuoxkaem Ha 10, genum Ha 7 U OCTATOK 2
MUIIEM HaJ[ TPeTbell crpaBa nudpoii.

2 ymHoxkaeM Ha 10, genum Ha 7 u octaTok 6
MUIIeM HaJ[ 9eTBepToii crpasa 1udpoii. Ecan
BaM KOT1a-HUOY ib OGBSICHSIIN, YTO OCTATOK 6 —
3TO TO e camoe, uTo U octaTok (—1) (1mockon-
Ky 6 =7 + (=1)), To Mmoxkere tmcarb u (—1).

6 (umn (=1)) ymuoxkaem na 10, geum Ha 7
un ocratok 4 (mmm (—3)) nuimeMm Haj TSTOMN
cipaBa Idpoii.

4 (umm (=3)) ymuoxxkaem Ha 10, geaum na 7
u ocratok 5 (mmm (—2)) numeMm Haj IIecToit
cripaBa 1udpoii.

5 (uim (=2) ymuoxaem Ha 10, genum Ha 7 1
octaToK 1 muieM HaJi ceibMoii cripaBa 1 poii.

Kpyr 3amkny.Jics.

Bbl ipekpacHo 3HaeTe, U4TO MPH JIeJIEHUN HA
7 TosydaeTcsl POBHO 6 HEHYJEBBIX OCTATKOB.
VMenHO TO3TOMY KJIIOY YJIOKHUJICA B 6 duces.

HaKOHeLI, IIPOAEMOHCTPUPYEM YHUTATEJIIO,
KakuM 06pa3oM BO3HUK 0OCYIK/IaeMbIil B CTAThe
QJITOPUTM, Ha IIPUMeEpe OLpe/esIeHUsT OCTaTKa
OT [IeJIEHUd Ha 13 JABEHaAIlaTU3HAYHOTI'O YucJia.

Bo-nepBbIX, BBIYUCIUM OCTATKH OT JEJCHHUA
na 13 creneneii yncaa 10:

10" =13 + (=3);

102 =13- K, + (-4) ;
10° =13- Ky + (-1 ;
10" =13-K, +3;
10° =13- K5 + 4;
105 =13 - K +1;
10" =13 K; +(-3);
10° =13 Ky + (<4) ;
10 =13 K + (1) ;
10" =13 Ky + 3;
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10" =13 - K, +4;

10" =13- Ky +1.
Mbl BuinM, 4To 3TN OCTaTKU 00PA3yIOT ITOBTO-
pAOIINECA YncjIa. ITO U eCThb KJI0U

BO-BTOprX, JUIA ABEeHaIIaTU3HAYHOI'O YHCJla
nMeeM CJIeAyIomue TOKIAECTBA:

= a1y Ay gy dg sy A3ayaydy =
=a;; 10" + a5 - 10" + ag - 10 + ag -10° +
+a; 107 +a5-10% + a5 -10° +a, - 10" + a5 -10° +
+ay 10" +a; 10"+ ay -10° = 4, (13- Kyy +4) +
+ayy (13- Kyg +3) + ag (13- Kg + (-1)) +
+ag (13- Kg + (—4)) + a; (13- K; +(-3)) +
+a5 (13- Kg +1) + a5 (13- K5 + 4) +
+a, (13- K, +3)+ a3 (13- Ky + (-1)) +
+ay (13- Ky + (<4)) +a, (13 + (-3)) + ¢y =
=13(ay, - Ky + ay - Kyg + a9 - Kg +
+ag-Kg+a; - Ky +ag-Kg + a5 - K5 +
+ag-Ky+a3-Kz+a,-Ky+a,)+
+(4ay; + 3ayy — ag — 4ag — 3a; + ag + 4as + 3a, -
—az —4a, —3a; + ay) .
[TepBoe ciraraeMoe O4YeBUHO JleJuTcs Ha 13.
CremoBaTesibHO, OCTaTOK OT [JejenHns Ha 13

YucJga 7 paBE€H OCTaTKy OT /JAeJIeHHA Ha 13
BTOPOT'O CJjiaraeMoro.

Orciona TI0JIy4Ya€eM ITpU3HaK A€JIMMOCTU Ha 13
JABEHAAIIAaTU3HAYHOI'O YHCJIa:

Hucao n = ayaydydga;dgdsd;dzasdidy Oeaum-
cs na 13 mozda u moavko mozoa, xozoa na 13
deumes caedyrouds CyYMma:

4dayy + 3ayy — ag — 4ag — 3a; + ag + 4as + 3a; -
—a;—4ay, - 3a; + q .

Iockombky yike 108 maer nmpu senennm na 13
OCTaTOK 1, 1ajiee OCTaTKY «3alUKIUBAIOTCS» , U
MOJKHO TIOJIYYHTb AJTOPUTM BBIYHCJECHUS OC-
TaTKa npu jejieHnu Ha 13 vucia ¢ mpousBoJib-
HBIM KOJMYECTBOM paspsaoB. Kiou atoro as-

ropurMa Gy/IeT TaKoM:
npumepe /1y 12-3HaUHOTO YUCJIa KJI0Y TTOBTO-
pHJICS JIBa pasa.

W3105keHHbII B cTaTbe aJropuTM 060611aeT-
Cs1 10 METO/Ia BBIYMCJIEHHUST OCTATKOB MPH JleJIe-
HUW Ha TPOM3BOJIbHOE TIpocToe yncio. O mo-
XOKUX TPU3HAKaX JeJnMocTn 6oJee TOapo6-
HO PaccKasbiBAJOCh B craThe B.AGpamoBuda
«Ipusnaxu geaumoctu Ha [» («Ksant» Ne10
3a 1978 r.).

ABTOp BbIpa)KaeT OrpoMHyI0 GJIaroapHOCTDb
JI.A.EMenbgHOBY, HATOJIKHYBIIIEMY €0 Ha BO3-
MOXKHOCTDb Haxoxxienus anropurma, u C.JI. Kys-
HETIOBY, KOTOPBIN MO/ICKA3aJ1, KaK MOKHO H3JI0-
JKATh MaTepuaJl CyIMIeCTBEHHO KOpoyYe.

MATEMATHUYECKHUUN KPYJXOK

30roHanbHoe
COMPSXXEHVE B
YETbIPEXYTONMBbHIIKE

A.YTKUH

PEOBPASOBAHUE H30I'OHAJIBHOE CO-
npaxeuue — BAXHBIH WHCTPYMEHT B T€O-
MeTpun. V3 HelaBHUX MaTepraoB B « KBaHTe»
yrnomsinem ctatbu [1], [2]. B aToit cratbe MbI
pacckaskeM 06 M30TOHATBHOM COIIPSDKEHWN B
YEeTBIPEXYTOJbHUKE U TIOKAKEM, YTO OHO MOKET

DOI: https://doi.org/10.4213/kvant20190204

OKa3aTbCs TOJIE3HBIM MPH PelleHnn 3ajad. B
YACTHOCTH, Mbl H3JI0XKUM pellleHHe 3a/auu
M2529 n3 «3amaunnka «KBanra».

Jl1s1 Havasa 1aiuM oTIpe/lesIeH e,

Onpegenenne. Tosopsit, uto Touku P u P’
(ormmunbie ot A, B, C, D) u3020Ha1vHO cO-
npssxenvt 6 uemvipexyzoavhuxe ABCD (wm
OTHOCHUTEJIBHO 4eThipexyrobhnka ABCD),
ecJI TIpsIMble, COeJMHSIoNMe J00YI0 BepIlu-
HY 4eTbIpexyroJibHUKa ¢ Toukamu P un P’
CHMMETPUYHBI OTHOCUTEJIbHO COOTBETCTBYIOIIEH
GUCCEKTPUCHI yIJIa yeTbipexyrobhuka (r.e.
AP n AP’ cuMMeTpUYHBI OTHOCHUTEJbHO YTJa
DAB, BP uw BP’ — ornocuresnbto yria ABC,
CP u CP’ — ornocuresnbto yrina BCD, a DP
u DP’ — ornocutesnbHo yraa CDA).

Mb! BUinM, 4TO N30TOHATIBHO COTPSIKEHHDIE
TOYKN P 1 P’ OTHOCHTEBbHO YETHIPEXyTOJIbHNI-
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ka ABCD no/KHBI SIBJASTBCS M30TOHAJIBHO
CONPSIKEHHBIMU U B TPEYTOJIbHIKE, 00PAa30BaH-
HOM TpeMs U3 ueTbipex npambix AB, BC, CD,
DA. A u3 310T0 COOOPAKEHUST BBITEKAET, YTO
€cJii B YEThIPEXYTOJIbHUKE M30roHamm K AP,
BP, CP 0OTHOCUTEJIbHO COOTBETCTBYIOIINX YyT-
JIOB TIEPECEKJNCh B OJHON Touke Q, TO U B
yeTBepTOM yrite, D, mpsambie DP u DQ
OyyT M30TOHAJISIMU.

Koneuno, ne g 060l Touku P umeercs
cooTBercTByIomast (M30rOHANIBHO CONMPSKEHHAS)
Touka. V3BecTeH cienyonuii KpuTepuil HaJu-
YWST T30TOHAJIBHO COTPSIKEHHON TOUKM.

Teopema. [lycmv P — mouxa, nexawas
BHYMPU 8bINYKA020 yemvipexyzoavnuka ABCD.
/st mouxu P cyuecmsyem mouxa, u3ozoHaiv-
HO conpskennas omuocumenvio ABCD, moe-
0a u moavko mozod, xK0z0d

ZAPB + ZCPD = 180° . (%)

OTJI0KMB 00CYK/IEHNE IOKA3ATENBCTBA TEO-
pPEMBI I HEKOTOPbBIE 3aMedaHust 0 ee 0600IIEeH -
SIX HATIOCJIE/IOK, Celluac MbI TIOKaKEM BO3MOIK-
HYIO CXeMy TIpuMeHeHus: reopembl. IlycTh, Ha-
[pUMep, Tepejl HaMK CJelyomas KOHCTPYK-
1USA: BHYTPH BBIIMYKJIOTO YETHIPEXYTOJIbHUKA
ABCD mnaxoagarcsa toukun P m Q Takue, 4TO
£ZBAP = ZDAQ, ZABP = ZCBQ u nna to4-
ku P Boinosnero yeaosue (=) (puc.1). Toraa
oTciofla cpasy cJeayior pasenctBa LCDP =
=/ADQ wu ZDCP =/BCQ, a rakxke

B

Puc. 1 D

ZAQB+ ZCQD =180°. B camom jejne, u3
(%) cnenyer, uto a5t TOukn P ectb Touka P,
U30TOHAJBHO COTPSIKEHHAST OTHOCUTEJHHO
ABCD. Tlosatomy £/BAP = ZDAP’, ZABP =
= ZCBP’. Ho 911 paBeHCTBa OIPEAEIIOT TOY-
Ky €QMHCTBEHHBIM O6pasoMm, 3uauut, P’ =Q .

PasencrBa ZCDP = ZADQ u ZDCP =
= ZBCQ cuenyior renepb u3 Toro, uto P u Q
M30TOHAJBHO COMNPSIKEHBI, a PaBEHCTBO

2019/ Ne2

ZAQB + ZCQD =180° — aro ycaosue ()
JUIsE TOuKN Q.

Tenepnb nepeiijieM K 06CYKAEHUIO PeIIEHNUS
3a/1a4 C TIOMOIIBIO N30TOHAJIBHOTO COTIPSIKEHNUS
B UeTHIPEXyToJIbHIKE (KOHEUHO, 3a/[a4H JIOITyC-
KAIOT pelieHust 1 6e3 9T0ro coo0pasKeHus ).

Haunewm ¢ takoil 3agaun.

3amaya 1 (M2007, JI.Emenbsinos). Bunyk-
avil wemoipexyzoaviux ABCD onucan okoso
okpysnocmu ¢ yenmpom I (puc.2). Ha om-
peskax Al u CI ewibpanor mouxu P u Q

Puc. 2 D
coomeemcmeenno max, umo ZLPBQ =
1
ZEAABC. Hoxaxume, umo ZPDQ =
=%LADC.
Pemenne. U3 ycioBus cieayer, 4To

ZPBQ = ZIBC, a pna pemennsa JOCTaTOYHO
oKasatb, yto ZPDQ = ZIDC.

[lns ommcanHoro etbipexyroabanka ABCD
BBITNIOJIHEHO paBeHcTBO LAIB + ZCID =180°
wmm £ZPIB + ZCID =180°. ITocienHee paBeH-
CTBO O3HAYaeT, 4To TOUKa I UMeeT N30TOHATBHO
COTIPSPKEHHYIO TOYKY OTHOCHTEJNBHO YeThIpeX-
yrompanka BCDP. A pasenctsa ZPBQ =
= ZCBI n £ZBCQ = £DCI o3Ha4aior, 4To 3Ta
touka — Q. Ortciofa mojydyaeM uU3020HAlb-
nocmy Touek I u Q orHocutesbHO yraa PCD,
T.e. ZPDQ = ZIDC, uro u tpeGyercs.

Vupasxuenue 1 (M. 1llappirun). B tpeyrobunke
ABC na cropone BC Boi6pana touka D. OKpysKHO-
cTu ¢ eHTpamu J; u J, BIHCAHBI B TPEYTOJTbHUKH
ABD n ACD. Ilyctp M — TOUKa KacaHWs BIIMCAHHOI
okpyskHoctu ABC co croponoii BC. [lokaxute, 4To
torga ZJ{MJ, =90°.

Vxasanue. MaxTnueckn 510 YacTHBIH (BBIPOXK-
JIeHHDBIIT) cayuail sagaun 1.

3amava 1 yxe o6cyskaaniach pamee — HAMPH-
Mmep, B cratbe [3]. OxasbiBaercsi, oHa ecTte-
CTBEHHO CBSI3aHA C PAa3HBIMU KOHCTPYKIIUSIMHU,
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B KOTOPbIX YYacCTBYIOT OKDYXKHOCTH M Kaca-
TesbHble. V1 He cuaydaiiHo crocol paccyskie-
HUH, MOXO0KUIl Ha Hallle pellleHne ToM 3a/aui,
IIOMO’KeT HaM B PelIeHUN cIefylommeil 3asaqu.

3amaua 2 (M2529, A.Ytrun). Jan onucan-
Hottl yemoipexyzoavuux ABCD. Ha cmopone
BC swvibpanor mouxu M u N max, umo N
aexum mexdy B u M (puc.3). B mpeyzonvru-
ku MNX, ADX, ABM u DCN snucanovi

A
Puc. 3

D

okpyxnocmu ¢ yenmpamu Ji, Jo, J3 u Jy
coomeemcemeenno. [lokaxume, 4mo ux yenm-
poL AeKAM HA 00OHOU OKPYHKHOCTU.
Pemenue. /{151 penienust 3a1a4m JOCTaTOYHO
YCTaHOBUTH, 4TO ZJ3J1J4 + £J3)5J0,; =180°.
3aMeTuM, 4To II0CKOJAbKY MJ; u NJ; — Guc-
cexrpucsl Tpeyrosibiuka MXN, to JiJ3 u JiJ4

— 6uccekTpucel yriaoB M u N,

LI, = ZMIN = 90° + %LMXN.

N3 tpeyrosbuuka AXD 1moJsyyaeM, 4TO
ZLAJ,D =90° + % ZAXD =
=90°+ %LMXN =ZJ3JJ, .

Taxum o6pa3oM, HaM JIOCTATOYHO IIOHATH, YTO
ZAJ],D + £]3],J; =180° , nim, nHbIMU CTOBa-
MH, YTO TOYKa J, MMeeT M30TOHAIBHO COIPSI-
KEHHYI0O TOYKY OTHOCHTEJbHO YeTbIpeX-
yronbuuka AJsJD .

IIyctb I — 11eHTpP OIMCAHHOTO YETbIPEXYTOJIb-
muka ABCD. NUmeem ZAIB + ZCID =180°,
nm £LMIJy + £J, 0D =180°. Ilocneanee pa-
BEHCTBO O3HAYAET, YTO TOUKa | MMeeT U30ro-
HaJIbHO CONPSDKEHHYIO TOYKY OTHOCUTEIbHO
yerblpexyroabuuka AJsJ,D . Hdanee,

ZLJ,AD = %LMAD = % ZBAD — %LBAM =

= ZBAI — ZBAJ, = ZIAJ, .

AHAJIOTHYHO yCTaHAaBJINBAEM pPaBEHCTBO
Z£J,DA = ZIDJ, . 3HaunT, N30TOHAJIBHO CO-
IpPsDKEHHAs TOYKA [T TOYKH | OTHOCUTEIBHO
yetbIpexyrojabnuka AJ;J,D —ato Touka J, 1,
Hao6opor, A1 J, Haluach MCKOMas M30T0-
HAJIbHO CONPSI)KEHHAs! TOUKA OTHOCUTEJIBHO Ye-
Toipexyronbuuka AJzJ,D — Touka I.

PemnM eme ofHy IOIYJSPHYIO 33ja4y Ha-
UM METOJIOM.

3agava 3. Bunyxavii uemuvipexyzosivnux
paspezan na 0eésimv GLINYKALIY UeMblpex-
Y20IHUKOB O8YMSL NPAMBIMU, COCOUHSIOUUMU
AB u CD, u 0syms npsamoimu, cOeOuHsOuu-
mu BC u AD (puc.4). Yenosvie u uenmpano-

Puc. 4

HOLL YembvlpexyzoavHuKy onucannvle. /loka-
JKUME, UMO UCXOOHLU UENBIPEXY2ONbHUK ONUL-
Cammwlil.

Pemenune. PaccMOTpUM 4eTBIPEXYTOJbHUK
PQRS c BepminHaMu B IIEHTPaX OKPY>KHOCTEN.
Ilyctb I — 1eHTP OKPY’KHOCTH, BIIMCAHHON B
LEeHTpabHbI yeTbipexyroabHuk KLMN. Tou-
ku P, K, I nexar Ha oJ{HOI TIpSIMOIi — OUCCeK-
Tpuce yrjaa LKN, To e BEepHO /I aHAJOTHY-
HBIX TPOEK Tovek. Vmeem

ZPIQ + LRIS = ZKIL + ZMIN =180°.

3HaunT, y TOYKN | MMeeTcs M30TOHAIBHO CO-
IpsSDKEHHAs TOYKAa OTHOCHTETBHO YETBIPEX-
yroabuuka PQRS. TlokaxeM, 4TO B 4eTbIpeX-
yrosbHuke PORS nsoronanu k npsambiMm PKI,
QLI, RMI, SNI — sto npsimbie AP, BQ, CR,
DS, T.e. 6uccextpucel yriaos LA, ZB, ZC,
ZD . Orciojia nocJsejyer, 4To 9T GUCCeKTPH-
CBI TIEPECEKATOTCS B OJHOH Touke (M30TOHATD-
Hoil Touke I otHOCUTeIbHO PQRS), 4TO HAM 1
HY’KHO [IJIS1 JIOKa3aTesIbCTBA OIMMCAHHOCTH Ye-
ThIpexyrojbHuka ABCD.
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[Toxaxkem, Hanpumep, uto LQPK =180° -
— ZSPA (a10 Gymer osnauatb, uto PK u PA
U30TOHATBHBI OTHOCUTETHHO yriaa QPS). Ilycts
U — touka nepeceuenuss AD u KN, a V —
Touka nepecedenus AB u KL. cnoab3ys To,
yro PQ — GUCCeKTprCca YIia MEK/LY MPSMbIMU
AE un KF, a PS — 6uccexkTpuca yria Mex.Iy
npambiMn AF n KE, caenaeM HYXXHBIH TIO7-
CUET yTJIOB:

ZKPS = %L(AD,KN) + %AUKF =

= 90°— %LAFK,

ZAPQ = LPAV + ZAVP =

_ (180° - % LEAF) + %4 (AB,KL) =

=180°—%4AFV :90°+%4AFK.

Takum o6pazom, LZAPQ + £SPK =180°, 3na-
yut, AP nu KP usoronanpunl B ZSPQ | uto u
Tpe6oBasiock. Mbl npuHuManu, 4yro U JIeKuT
Ha sayue FA, a V — na ayue EA. OcranabHble
CJIyYan aHaJIOTHYHBI.

3amada 3 perrena. 3aMeTnM, 4To 60JIee «CTaH-
JIlapTHOE» PelleHne 3a/1a4i 3 UCIIOJIb3YeT «Ile-
PEeKHU/IbIBAHUE» PaBHBIX OTPE3KOB KacaTelib-
ubix (cMm., manpumep, [1]). ITo cyru, B peme-
Hun 3agaun M2529 («Kpanr» Ne12 3a 2018 1.)
MbI UCTIOJIB30BAJM BBIPOXKJIEHHbBII BAPUAHT 3a-
naun 3 (a TouHee, yTBepsKAeHUs, 0OPATHOIO K
Hell) — Korjga OKpY:KHOCTH ¢ 1eHTtpamu P u S
ABAAIOTCS TOUuKaMi (OKPY>KHOCTAMHU HYJIEBOTO
paauyca).

3amava 3 oTpaykaeT JOBOJBHO OOMHUI (HaKT.
K HeMy MOKHO CBECTH M yTBEPIK/IEHUE TIPE/IbI-
Aylieil 3ajjaun. YCTpeMUB PaJyChl JABYX OK-

Puc. 5
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PYKHOCTEIl K HYJIIO, MOKHO IOJIYYUTD APYTO€e
pemenne 3agaun 2 (puc.5).

3anaua 4 (Omumnuaga umenu .. Mlapbi-
runa, 2017, A.Cokonos). Iycmv ¢ ocmpo-
yeoavrom mpeyzoavhuxe ABC mouxa O —
uenmp onucannoi oxpyxnocmu, H — opmo-
uenmp (puc.6). Ecau E u F — mouxu nepece-

B

Puc. 6

ueHus cpedunnozo nepnenduxyaspa x BH ¢
boxosvimu cmoponamu, mo OB — 6uccexkmpuca
ZEOF .

Pemenune. Paccmorpum tparernmio AEFC.
W3 cummerpun tpeyronpnukos BEF n HEF
oTHOCHUTeNbHO Tipamoit EF umeem /EHF =
= /ABC , a, xkak usBecrtno, ZAHC+
+ ZABC =180° . 3nayur, /1 Touky H B 4eTbI-
pexyrosbauke AEFC cyuiecTByeT U30TOHAb-
HO COIPSIKEHHas Touyka, W arta Touka — O
(nockonbky B Tpeyrosbhuke ABC touku O u H
U30rOHAJBHO conpsikenbl). OTciona notyyaeMm
ZAEO = ZFEH . N3 cummerpun ZFEH =
= /FEB , 3nauur, ZAEO = ZFEB,1.e. AB—
BHelHsAs 6uccekTpuca yriaa OEF. Ananorny-
Ho, CB — BHemmHss 6uccexktpuca yria OFE,
MO03TOMY B SBJIgeTCS I[eHTPOM BHEBIINCAHHOI
OKpy:KHOCTH TpeyroabHuka EOF u moaTomy
OB — 6uccekrpuca LEOF .

Yupaknenue 2. B ycioBusx 3anaun 4:

a) seipasure ZEOF uepes ZABC

6) OKasKKUTE, YTO HEHTP ONMUCAHHON OKPYKHOCTH
tpeyroibHuka EBF gexut Ha npamoit OB u Ha
okpysxkuoctu (EOF);

B) u3 6) BbIBEAUTE APYroe pernenue 3agaqn 1.

3amaya 5 (IV Mpanckasg reoMerpudeckast
omumiaza). ITycme O — yewmp onucannoi
oxkpy.xnocmu mpeyzorvnuxa ABC. Ilpamas
CO nepecexaem evicomy, nposedennyio u3
sepuunvt A, ¢ mouxe K (puc.7,a). ITycmo P u
M — cepedunvt ompesxos AK u AC coomeem-
cmeenno. Iycmo npamvie PO u BC nepecexa-
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c

A
Puc. 7

1omcst 6 mouxe Y , d ONUCANHAS OKPYHKHOCD
mpeyzonrvnuxa BCM emopuuno nepecexaem
npamyrw AB e mouke X. Jokaxume, umo
uemvipexyzoavnux BXOY enucanmwiil.

Pemenune. Pemum 3asauy g oCTpOYroJib-
Horo TpeyroabHuka. Torma ZCMX Tymoi,
3HAYUT, 4eThIPeXyTroJabHUK AM OX BbITYKJIbIH.
[Tpu roMoTeTnN OTHOCHTEJBHO TOUKH A 1 3aTeM
CUMMETPUN OTHOCHUTEJBHO OMCCEKTPHCHI yTJa
A, nepeBojsnieii AABC B AAMX, ipsimag AK
nepeiizer B uzoronanb AO, mostomy MX L AO .

Torpa nepeceuenne T npsambix MX u AO
nMeeT N30TOHAIBHO CONPSIKEHHYI0 TOUKY OTHO-
cuTeIbHO YeTbipexyroabiuka AMOX (Tak kak
LATM + Z0TX =90°+90°=180°). [Ilpu
9TOM 3Ta M30TOHAJIBHO COIIPSKEHHAS TOUKA —
310 TouKa P, mockombky AO n AP — uzoronaim
B yrie A, a

ZOMX =90° - ZLZMOA = ZOAM =

= ZOAM = ZACO = ZAMP (CK || MP).

3uaunt, A u P u30roHaJbHbl OTHOCUTEJIHHO
yrnaMOX, r.e. ZMOA = ZPOX (= ZABC) .
Toraa verpipexyropHuk BXOY BIUCAHHBIH.

Yupaxknenue 3. Pemure 3asauy 5 s pyrux
KOH(UTYpPAIHH TOUeK.

Mpbr yBHIEH, KaK TeopeMa MOKET OMOYb B
pellleHny 3a/1a4: W3 OJHUX COOTHOIIEHWIl Ha
YTJIBI MBI OBICTPO TIOJYYAIH IPYTHe HeOUeBI/I-
Hble paBeHcTBa (MUHYS MHOTOYMCJIEHHDIE TIPO-
MexKyTouHble marn). Kak o6emano, o6eyanm
Telepb caMmy Teopemy.

[oka3zateiabcTBo Teopemsl. [IpoBesieM BHa-
YaJie JOKa3aTeJaIbCTBO B 0{HY cTopony. [Ipearo-
JIOKWM, YTO BHYTPU BBITYKJOTO YETBIPEX-
yrosibauka ABCD (puc.8) ectb mapa u30ro-
HAJbHO cONpsDKeHHbIX Todek P u Q. Torma

C

—

L
A
Puc 8 D

nokaskeM pasenctso (). ITycrb P’ — touka,
M30TOHATBHO COMPSIKEHHAs P B TPeyTroIbHUKE
ABC, Q' — TouKka, N30TOHAJbHO COTIPSIKEHHAS
Q B Tpeyrompuuke ADC. Torma £P’AC =
= ZBAP = ZQAD = ZCAQ'’. Amnaiorudto,
ZP'CA = ZACQ’ . 3nauur, touku P’ u Q'
cuMMeTpuYHbI oTHOocuTe bHO AC. [lamee, P’
Jexxut Ha BQ, Q’ mexut Ha DP. B Tpeyroun-
unke APC toukn B n Q’ M30TOHATIBHO COMPSI-
>KeHbl, 3HaunT, BP nu DP — u3oronanau B yrJie
APC. Cunenosarenbno, ZAPB+ ZCPD =
=180°, 4T0 U TPebGOBAIOCH.

Oxa3sbpIBaeTcs, 4TO APYTHE CJIyYal PacroJio-
sKeHust Touek (BbIPOJKIEHHBINH YeThIPEXYTroib-
HUK, TOYKU P u Q JjieKaT BHe YeThIPEXyTOIbHU-
Ka WM Ha €ro CTOPOHAX M T.J[.) PacCMaTpHBa-
ioTcst anasornyno. Cpasy [10Ka3aTb TeopeMmy
JUIST BCEX CJY4YaeB MOYKHO, CUUTas B 3TOM
JTIOKA3aTeJbCTBE, YTO IS JTIOOBIX Touek X, Y,
7 ZXYZ o3navaer OpUEHTHUPOBAHHBIN YroJ
Z(XY,YZ). 910 o6obuienne OyieT MHOJIE3HO
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IIPH JIOKA3aTeIbCTBE TEOPEMBI B 06PATHYIO CTO-
pOHY.

[l nokasaTesbeTBa B OOPATHYIO CTOPOHY
JIOCTaTOYHO TIOCTPOUTDH TOYKY (Q KaK TOYKY
nepeceuenust nzoronann AQ x mpsamoit AP u
nzoronam CQ x mpamoirt CP. PaccMmoTrpum
yeTpIpexyroabHuk APCQ. Ilo ycaoBuio panbt
paBenctBa ZPAB=4ZDAQ wu ZPCB-=
= £ZDCQ. Tem cambIM TOUKU B u D — KaHau-
JIaThI B TIAPY M30TOHAJIBHO COTIPSPKEHHBIX TOUYEK
otnocuresbno APCQ. 3ametnm, uto PB u PD
— uzoronamn B yrae APC, a OB u QD —
nsoronamu B yrae AQC. Ilostomy B u D
JIeCTBUTENbHO M30TOHAJIBHO COTIPSIPKEHBDI.

Ocrasioch BOCIOJIb30BATHCS TIPSIMON Teope-
MOil J1s derbipexyrojbHuka APCQ u napbl
toyek B, D. CyMMa OpHEHTHPOBAHHBIX YTJIOB
Z(AB,BP) u Z(CB,BQ) pasna 0, T.e. kpat-
na 180°. Ilomyvaem, uro BP u BQ — uzoronaniu
B yrJie B. Ananornuno noJydaercst, uto DP u
DQ — uzoronasu B yryie D. OkonuaresbHo, P
n (Q W30TOHAJbHO CONPSDKEHbI B YeThIPeX-
yrospauke ABCD. «CKOJIb3KIM» MECTOM SIB-
JieTcs CyTeCcTBOBaHIMe TOUKH repecedernst AQ
n CQ. B atom caryvae Gy1eM CUnTaTh, 4YTO TOUKE
P 130rOHAJIBHO CONpsKeHa GECKOHEYHO y/ia-
JIEHHAsl TOUKA.

Nmeercss m pyroii MOAXOJZ K JIOKa3aTesb-
CTBY, OCHOBaHHBI Ha TOM, YTO M30TOHAJIBHO
COTPSKEHHBIE TOUKU BHYTPH YeTHIPEXyTOIbHNI-
xa ABCD — 3710 B TouHOCTH (POKYCBHI BIHCAH-
HBIX B Hero a/umicos (puc.9), a uto oTpesku

KacaTeJbHbIX, IIPOBEJICHHBIX U3 O/IHOH TOYKH,
BuHbL 13 GoKyca noa pasupiMu yraamu (M.,
HanpuMmep, KHury [4]).

Yeaosue () MOKHO TiepedOpMyJIHPOBATH
pasHbIMU crioco0aMyl, HallpUMep Kak paBeH-
CTBO HarpasJeHHbIX yrioB APB nu DPC (uimn,

2019/ Ne2

HKBHUBAJICHTHO, KaK PABCHCTBO HAIIPABJICHHDBIX
yraos BPC u APD). Tlo-gpyromy: (* ) 9KBuU-
BaJieHTHO ToMy, 4To PA 1 PC M30roHasbHbI
OTHOCHUTEJIbHO Iapbl IpsMblx PB u PD. Unu
tak: yroa APC u yroa BPD nMeIoT ofHy 1 Ty
ke mapy Ouccextpuc (BHYTPEHHSS U BHEIIHSIS
GUCCEKTPHCHI).

N3oronasbHoe comnpsikerne 06J1aaeT B He-
KOTOPOM CMbIcJie cuMMeTpuuHocThio. [Ipesna-
raeM YHTaTeJIo Ty6:Ke TOHATD KOHCTPYKITHIO
N30TOHATBHOTO COMPSIKEHUS, PEIINB CIEAYIO-
iee yrnpakHeHHe.

Yupaxnenue 4. ITycrs A, Ay, B, B,,C;,C, — 1pu
nmapbl Touek (Bce TOYKM — OOIIEro MOJOKEHU).
Jlokakute Takue YTBEPIKICHUS.

a) Ecom C; m C, H30TOHAIBHO CONPSIKEHBI
ornHocurenvuo ABA,B, , to B, B, usoronaabHo
conpsikenbl otHocuteapno AC;A,C, .

6) Ilycts ussectno, uto (AB,AB,) u
(A1C1,A1C2) N30TOHAJIN OTHOCHUTEJbHO Aj,
(B4, Bi4y) u (BCy,BCy) — m3oroHamm OTHOCH-
temsno By, (CiA;,Ci4,) n (CB;,C,B,) — usorona-
au oruocureasuo Cp. Torpa (4,B;,4,B,) u
(A,Cy, AyCy) U30TOHAIN OTHOCUTENbHO A
(ByAy, ByAy) m (ByCy, B,Cy) — M30roHaty OTHOCH-
temsno By, (CyA4y,CyAy) u (CyBy,CyB,) — nzorona-
s orHocutebHo Cy .

B 3ak/iouenne oTMETUM, 4TO 3Ta CTAThs ObLIA
HaIlCaHa Ha OCHOBE PalOThI, C KOTOPOil aBTOP
BbICTYNAl Ha MOCKOBCKOII MaTeMaTHiecKoii
KOH(epeHI TKOTbHUKOB B Aekabpe 2018
roga (https: / /www.mccme.ru /circles /oim /
mmks /works2018 /utkin5.pdf). B aroii pa6o-
Te € UCII0JIb30BAHUEM N30TOHABHOTO COTIPSIKE-
HUS JIOTIOJTHUTEIBHO ObLIH MOJIyYeHbl HEKOTO-
pbli€e CBOHCTBA ONMUCAHHOTO YETHIPEXYTOJIbHUKA.

Asrop OGuaaromapur I1.A.KoskeBHukoBa 3a
BHUMAaHWE U TIOMOIIb P HATMCAHUN CTATBHH.
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(OTHOCUTENBbHOCTb
OBUXXEHNS
B 3aa4aX
KNHEMATUKU

A.YEPHOYLUAH

P PEHIEHUUA 3A/IAY MEXAHUKUN I10-

JIE3HO BJIAJIETh YMEHHEM [EPEXO/UTh B
asukynecs: cucrempl orcuera (CO). Boibop
yaagnoii CO MoXKeT TIpUBECTH K 3aMETHOMY
VIPOIIEHUIO PeIeHusi, C/eaaTh TPY/Hble MO-
MEHTDBI HArJIAAHbIMU 1 OYCBU/HDbIMU. B HEKOTO-
PBIX 3a/1a4ax yCJIOBHUE CPa3y COEPIKUT JaHHDIE,
otHocsiuecst K pazanaibiM CO, 1 HCTI0Ib30Ba-
Hue dhopmy mepexoza ot oxnoit CO K apyroit
CTaHOBUTCS HEN30EKHBIM. ITO OTHOCUTCS, Ha-
[IPUMeED, K JIBUMKEHUIO JIETATEbHbIX allllapaToB
(caMoJIeTOB) IPM HAIMYNY BETPA WJIN K JIBHKE-
HUIO IJIaBaTebHbIX cpeAcTB (JIOZOK, KaTepoB)
[IPY HAJIMY UK TedeHust. JIeTYnK yipaBJisieT CKo-
POCTBIO caMoJieTa OTHOCUTENIbHO Bozayxa (B
CO, cBA3aHHON ¢ ABMKYIIEMCS BO3IYXOM): B
peskuMe TPSMOJIMHENHOTO JIBUMKEHUST OHA Ha-
IIpaBJIeHa B/IOJIb IMHUU KOPITYCa CaMOJIeTa, a ee
BEJINUUHA OTIPEIeIIeTCsl BBIOPAHHOI JIETYUKOM
MOIIHOCTBIO. TOUHO TaK ke KAlUTaH yIIPaBJISeT
JIBU)KEHUEM KaTepa OTHOCUTEJNbHO BOJbI. [liist
pacuera JIBUKEHHSI CAMOJIETA OTHOCHTEJBHO
semun (B ool CO OH [0JKEH JIeTeTh B 3a/1aH-
HOM HAIIPaBJIEHUU, OT MYHKTA OTIIPABJIEHUS K
MIYHKTY HAa3HAYEHUsI, a OT MOMYJSI CKOPOCTH
OTHOCHTEJIBHO 3eMJIM 3aBUCUT BPeMsl I10JIeTa)
WM KaTepa OTHOCUTEJbHO Gepera Hy KHO TIPHU-
MEHUTDb 3aKOH CJIOXKEHUs] CKOPOCTEii.

S3aAKoH C0KeHUSL CKOPOCMell CBA3bIBAET ME3K-
ny co0oil CKOpOCTb Ty TeJaa OTHOCUTETBHO
semun (HenoaBmskHONH CO), €10 CKOPOCTD Ty
OTHOCHTEJIBHO JBIKYyIIerocss tesia (T.e. OTHO-
CUTEJIBHO TIOCcTymnaTeabHo JBikyiieiicss CO,
CBSI3aHHOIT C IBWKYIINMCS TETOM 1) 1 CKOpOCTh
g, camoit CO (cxopoctb Tena 1):

DOI: https://doi.org/10.4213/kvant20190205

(B 3azauax yJj00HO IPUMEHSTD HE YHCJIEHHbIE,
a «ToBOpAIME» GYyKBEHHBIE MHAEKCHI.) OTMe-
THM, YTO MOCKOJIBKY PeYb IOKa UJIET O ROCMY-
nameavno auskyumxcss CO, TO MOXKHO TOBO-
puth o ckopoct CO, He yKasbiBast, 0 KaKOW ee
TOYKe M/eT pedb. B caydae Bpamatonmxes CO
1o ¥, Gy/eT MoApasyMeBaThcsi CKOPOCTh TON
touku CO, rje B JaHHBII MOMEHT HAXOIUTCS
Tesio (ee HA3BIBAIOT NEPenoCHOl CKOPOCTDHIO).
AHAJIOTHYHO 3aMUChIBAIOTCS  (POPMYJIbI /ISt
CJIOJKEHUST TIePEMEITEHUTT U CJIOKEHUsT yCKOPe-
nuit (g nocrynaresbio aswkymmxes CO):

Sy =8y + 38, dy =dy +4d . (2)

Bo mMuorux 3azadax gopmyabt (1), (2) yao6-
HO TPHUMEHATL B BHJE, CPa3y BBIPAKAIOMIEM
OTHOCHUTEBHYIO CKOPOCTh (mepeMenenue, yc-
KOPEHHUE) OJIHOTO JIBUKYIIErOCsT TeIa OTHOCU-
TEJIBbHO APYToro (OTHOCHTENIBHO MOCTYATE b
Ho jaBiskylieiicss CO, CBSI3aHHOI ¢ ATHM JIpY-
UM TEJIOM):

Oy =0y =0y, Sy =5 -8, dyy =dy—dy. (3)
(MDopMyTBI B TAKOM BHJIE YAOGHDI [IJTST 3aTIOMHE-
HaHWsl BBU/LY HOBTOPEHUS MH/EKCOB B [IPABOIi 1
JIEBOW 1aCTSIX).

IIpu perieHUN MaTeMATHYECKUX 3aj1au Ha
JIBUDKEHWE, HAIIPUMED KaTtepa 1o Bojie, hopMy-
aa (1) ucrosbayercs yke B MJAAIIIHX KIACCAX
B BH/I€ ITPOCTOTO IpaBuJjia: Ipu ABUKEHUN BHU3
[0 TEYEHWUIO CKOPOCTb TEYeHUs: Hal0 Npuban-
JISITh, MIPOTHUB TeyeHust — BbruuTaTh. OGbsICHsI-
0T 9TO MPABUJIO UHTYUTHBHO [IPOCTO: CHAYAJA
KaTep MEPEMEIAeTcsl OTHOCUTEJIBHO BOJIBI, a
II0TOM BMecTe ¢ BOjoi. Pesysbrar Takoil xe,
Kak ecjid Obl BCe IPOUCXO/IIIIO OJJHOBPEMEHHO.
Ho Takoe e paccyskienue roguTcst st 00bsic-
Henuss U o6mieil BekropHoit dopmyant (1):
CHAYaIa TEJIo 2 MEepPEeMeIaeTcsl OTHOCHTEIbHO
CO, Ha Ty At (Tes10 1 IPU 5TOM HEMOBUIKHO),
a 3atem BMecTe ¢ TesioM 1 1 COy — Ha At . B
uTore Bce Ha cBomX MecTax — u tesio 2 u COy !

B ciyuae ABIDKEHUs BCEX TeJI BJOJb OIHON
npsimoit hopmy bt (1)—(3) yao6Ho cpasy npu-
MEHSITh B ITPOEKINHU Ha BBIGPAHIYIO OCb.

3anaya 1. Crxopocmbv mMomoyuxiucma
v, = 54 kM[u, a cxopocmv 6cmpeurozo eempa
v, = 3 xm/c. Kaxosa ckopocmv éempa 6 cuc-
meme omcuemd, CGA3AHHOU C MOMOUUKIUC-
mom? B omeeme daiime mo0y1v cKopocmu.

Pemenne. Y0610 BoCIosb30BaThest Gop-
myJoit (3):

Upy = U — 0y
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" 3alliCaThb €€ B IPOCKIUU Ha OCb X, HallpaBJICH-
HYIO BJIOJIb CKOPOCTH MOTOHUKJINCTA:

Upynx = OUpy ~ Oyx = (_vB ) Uy = -18 M/C .
Ecmm BbIépaTb OCb «IIO BETPY», TO IIPOEKNIUA
TIOJIYYUTCA TOJIOKUTEJIbHOM

Vpue = 0, — (-0, ) =18 M/c.

BMX B

Cuestytolnue HECKOJBKO 3324 OTHOCSITCSI K
VIOMSIHYTBIM BBIIIIE 33/[a4aM HABUTAIUE — YII-
paBJIeHHEeM JIeTaTeJbHBIMI WM TLJIaBaTeTbHbI-
MM alliapataMu B JABIDKYIINXCS CPe/iax.

3amaua 2. Kamep, nepenpasiasicy uepes
pexy wupunoti L = 800 m, deuzancs co ckopo-
cmvio Uy, =4 M/c nepnenouxyisiprHo meue-
HUI0 pexu 6 cucmeme omcuemd, CEA3ANHOU C
600ou. Ha crxonvko 6ydem cuecen xamep me-
YenueMm, ecau CKOPOCMb MeUueHus pexu
o, =1,5mfc?

Pemenune. Eciu BexTOpb! cKOpOCTeil He ma-
paJLTeNIbHbL, TO HA/I0 HAYATh C BEKTOPHOIT 3a1u-
CU 3aKOHa CJIOXKEHUSI CKOPOCTeii, 3aTeM c/ies1aTh
PHCYHOK, COOTBETCTBYIOIIII 5TOMY BEKTODHO-
My PaBEHCTBY, W TOJDBKO MOTOM, OMHPASICh Ha
JTOT PUCYHOK, IPOBO/IUTD BbIUMCIeHNs. B 1aH-
Hoit 3azaue, corsaco gopmyae (1),

Oy = Oy + 0, -
CoOTBeTCTBYIONNI 9TOMY PaBEHCTBY BEKTOP-
HBIIl TPEYroJIbHUK M300pakeH Ha pucyHke 1 ¢

Y

| S | x
Puc 1
YYETOM TOrO, YTO CKOPOCTb BOJbBI T, Iapal-
JiesibHa 6epery, a CKOPOCTb KaTepa OTHOCHTEJIb-
HO BOZIbI Oy, TEPIEHANKYJSIpHA Gepery. YTo
0., KOTOPBIIl TPAEeKTOPHs KaTepa COCTABJISET C
6eperoM, paBeH YIJy B TPEYTOJbHUKE CKOPOC-
Teft. J[J1s1 MICKOMOTO pPacCcTOSTHUA S TIOJIydaeM

Ug

=300 M.

s=Lctga=L

z)KB

Mo3KHO GbLIO He BBO/JMTD YIoJ1 O. ¥ BOCIIOJIb-
30BaTbCA HOZ[OéI/IeM TPEYTrOJIbHUKOB. A ele
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MOJKHO, KaK IPH pPaccMOTpeHun OGpocKa MO
VTJIOM, 3aMuCcaTh 3aKOH /IBUKEHUS B MTPOEKIIU-
IX Ha och X 1 y. V13 3aKOHA CJIOJKEHUS CKOPO-
CTell CACAYET, UTO Uy = Uy, & Uy = Uyy . Ilo-
JlydaeM JIBa PAaBHOMEPHBIX JIBUKEHUS:

s=ot, L=0,t.

Wckatouas ¢, HAXOIUM S.

3amauya 3. Camonem nemen ma ceeep co
CKOPOCMBIO Ugy = 48 M[c omnocumenvno 3em-
au. C Kakou CKopoCcmvio OMHOCUTNESbHO 3eMIU
b6ydem nememv camonem, eciu nodyem 3ando-
Holtl emep co ckopocmvio vy =14 mfc?

Pemenue. [Toka camosier jietest B OTCYTCTBHE
BETPA, €ro CKOPOCTH OTHOCUTEJLHO 3eMJIH W
OTHOCHUTEJIbHO BO3/IyXa COBMAJANN W OBLIN Ha-
[IPABJIEHDBI HA CEBEP: Upy = Uyy - UTO K€ UBMEHU-
JIOCH TIOCJIE TOTO, KaK TO/YJT 3alla/IHbIN BeTep?
Cylsi 10 YCJIOBHMIO 33/lauM, JIETYUK IIOKA He
3HAeT, YTO MOJYJ BETEP, U HUYETO He CleJas
JUUIT KOPPEKTHPOBKH ToJIeTa. JTO 3HAYUT, YTO
KOPIIyC caMoJieTa Bce Tak >Ke HallpaBJeH Ha
ceBep U MOTOp paloTaeT ¢ MpeskHeil MOIHOC-
ThIO. OTO, B CBOIO OYe-
pelib, 03HAYAET, YTO OTHO- ch
CUTEJIbHO BO3/[yXa CaMo-
JIET JBWKETCS C TOW Ke cB
CKOPOCTbIO T, , PaBHOI
48 M/c W HampaBiIeHHO o
Ha ceBep. A BOT HOBYIO
CKOPOCTb CaMoJieTa OTHO-
CUTEJIbHO 3eMJIM HalijieM
13 3aKOHA CJIOKEHUS CKO-
pocreii:

- ~ Puc. 2

Oc2 = Ugy + Uy .
M306pa3I/IB TPEYTOJbHUK CKOpOCTefI (pI/IC.z),
JJI BeJIMYUHDBI HCKOMOI CKOPOCTH TOJYYUM

— 2 2 _
Uy =05 + 05 =50 M/c.
HeTpyaHo Tarxske HAHTH YOI OTKJIOHEHMUS Ca-

MOJIETa OT KypCa Ha CeBep:

. v
sino = —2

=0,28, u o =16°,
U2

3anaua 4. [Ipu nepenpase uepes pexy wupu-
nott L = 80 M nHado nonacmov 6 mouxy, Jjexa-
wy10 Ha s = 60 M gviuLe NO MEUHUIO, UeM MOUKA
cmapma. Jlodounux ynpaensem MOMOPHOU
J00KOU Max, 4mo oHa 08UKemcs MOUHO K UeAU
co ckopocmvio v, =4,5 mfc omHocumesvHO
Oepeza. Kaxosea npu amom cxopocmov 100KU
OMHOCUMENLHO 600bL, ECAU CKOPOCTNb MEUCHUS
pexu v, = 2,1 mfc?



Pemenne. CxopocTb JIOAKH OTHOCHTEIbHO
Gepera ¥, HalpaBJeHa BJIOJIb YKAa3aHHOW B
yCJIoBHHI JTuHIH BUsKeHus (puc.3), a CKopocTb

—0, Yo
0
JI
vJIB
L
\ vB
\\ —_—
oc:\
Puc. 3

BOZIBI PaBHA CKOPOCTU TEUEHWsT M HalpaBJeHa
napasiesbio 6epery. CKOpoCTb JIOJKH, KOTO-
POIt yIIPaBJISIET JIOJIOUHUK, OTHOCHTEIBHO BO/IbI
BbIpaskaercs opmy.ioi (3):

-0, =0, +(-7,).
ITO BEKTOPHOE PABEHCTBO H300PAKEHO Ha PH-

cyHke 3. BennuuHy 2Toil OTHOCUTENBHON CKO-
POCTH Haii/IeM ¢ MOMOIIbIO TEOPEMbI KOCHHYCOB!

Oy = \/vi + 07 — 20,0, cos (180° — ) =

_ [, 2
= \/vjI + v, + 20,0, cosa

Tle o — YroJI MeXJy TPaeKTOpueil JIOAKN H
6eperom. Kocunyc aroro yruia Haiijiem us tpe-
YIOJIbHUKA PACCTOSHHUIL:

S5 ___06
Ns? + 12 o

HOZ[CTaBJIHH qucJja, ToJgay4acM

cosol =

v, =6 M/c.
MoskeM Takke HaHTH yrosa Y, Ha KOTOPBIi
JIOJIOYHUK JIOJDKEH OTKJIOHUTb HOC JIOJIKM OT
3a/laHHOH TpaekTtopun. [l aTOro mpuaeTcs
BOCIIOJIb30BATHCST TEOPEMOH CHHYCOB:
siny _sinao

, orkyaa siny =0,28, u y = 16°.

Z)B JIB

3amaua 5. B 6esgempennyio nozody camo-
Jem 3ampavusdem na nepeaem mexoy 20pooa-
Mu bty =6 u. Ha cxonvko munym yeeauuumcs
epems. noaemd, ecau Oydem Oymov 6OK0BOU
semep co cxopocmovio v, = 20 m/c nepnendu-
Kyaapro aunuu nosema? Cxopocmo camosiema
OMHOCUMENLHO 8030YXA PABHA Uy, = 328 KM[u.

Pemenue. B niepBoM ciyuae caMoJieT 1iepe-
MEIIaeTcsi OTHOCUTEJBHO 3eMJI CO CKOPOCTHIO

Oy » T.€. PACCTOSTHNE MEXK/LY TOPOJIAMU CBSI3aHO
¢ BpeMeHeM Toseta hopMyIoit
S =0yl .

Ecam iyer GoKoBOI BeTep, TO, /ISt TOTO 4TOOBI
COXPAHUTh /BIDKEHHUE IO TIPEXHEH TPAMOil
JIMHUU, coeuHsoNIel ropoja A u B, jeTuuky
HAJI0 OTKJIOHUTDb HOC CaMOJIETa B CTOPOHY BETPa
(puc.4; Bun csepxy). Baosib ocu camosera

0,

o) _ cB
l ’ vB k

L >

A C

Q
e

Puc. 4

Gy/leT HATIPaBJIeHa CKOPOCTD CAMOJIETA OTHOCH-
TEIbHO BO3/yXa, KOTOPas CBsA3aHA CO CKOPOC-
TBIO CAMOJIETa OTHOCHTEBHO 3eMJU U CKOPOC-
Thio Bozayxa (Berpa) dopmy.ioit (3):

Oy =0, — 0y =0, + (-7, .

U3 pucynka 4, Ha KOTOPOM H306paKEHO TO
BEKTOPHOE PABEHCTBO, HAXOANM BEJTMUUHY CKO-
POCTH CaMoJIeTa OTHOCUTEJIBHO 3EMJIN:

2 02

V. =47, s

( cB

1ocJjie 4ero moJjiydaeM HOBOE BpPeMsl MOJIeTa:
S Ot

=—<1  — 369 qun.

c 02

e ~ O

B

Jto Ha 9 MUHYT 6OJIbIE, YeM B OTCYTCTBHE
Berpa. Harmocietok moMoskeM JIeTYNKY BBIYHC-
JIUTh HEOOXOAUMBIIL YyTOJI O OTKJIOHEHUS KOP-
Imyca caMoJ/IeTa OT JIMHHU I10JIeTa:

sino = 2 = 0,22, 1 o =12,7°.

UCB

Crenyromas 3afada JEMOHCTPUPYeET, Kak
MOXKHO € HOMOIIBIO 3aKOHA CJIOKEHHS CKOPOC-
Tell TpapuUecKn peraTth 33/7a4, CBSI3AHHbBIC C
HAaXOXK/CHUEM 9KCTPEMyMa.

3agaya 6. Ckopocmv meuenus pexu
v, =5 mfc, ee wupuna L = 32 m. Ilepenpas-
JAAACY Yepe3 pexy na A00Ke, CKOPoCmv KOmo-
potl omuocumenvno 600b. v, =4 mfc, pyae-
601l 06eCnedIl HAUMEHDUULL BO3MOKHBLU CHOC
200ku mevenuem. Yemy pasen smom cHoc?

Pemenue. Paciuipum pamku 3ajauu — Haii-
JleM MUHHUMAJbHBINH CHOC /IS PA3/JMYHbBIX 3HA-
YeHUH CKOPOCTH JIOAKH OTHOCHUTEIBHO BOJIDI.
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Ecmt ©,, > 0,, TO JOLOYHUK MOXeT BbIOPATH
TaKoii Kypc (T.e. Tak HaPaBUTh Oy, ), YTO CHOC

Jofxn Oyaer paseH HyJo. Ha pucynke 5,a
n300paskeH 3aKOH CJIOKEHHS CKOPOCTeil

Up = Uy + Uy
JUIA CJydast, Korja Za)ﬂ IIEPIIEHANKYJISIpDHA JIN-

| S |

Puc. 5

Hun Gepera. Kopiryc JOAKN TOKEH TTPH 3TOM
COCTABJIATD C MEPIEHNKYIIPHBIM HAIIPaBJIe-
HUEM yTOJI, CHHYC KOTOPOTO paBeH

Yy

Z)]IB

sino =
Ecam ke 0, <0, (Kak B HameM cjiydae), TO
CHOC HeJIb3SI CJIeJaTh PaBHBIM HYJIO U HAJ0
BBIOpATh TAaKOE HAIPaBJCHHE CKOPOCTH Oy,
IIpU KOTOPOM CKOPOCTb O, OYZET COCTaBJIATD
MaKCHMAaJbHbI yroa ¢ Jjunueii Gepera. Ha
pucyHKe 5,60 u300paskeH 3aKOH CJI0MKEHUS CKO-
pocreii /7ist aT0oT0 caydasi. K KOHIlY MOCTOSTHHO-
IO BEKTOPA 0, TIPUCTABJISETCS BEKTOP MEHbIIEH
JUTHHBL O, , KOTOPBI MOKET MPUHUMATH BCE
BO3MOJKHbBIE HAIIPABJIEHNUST «OT Geperas . Konigst
BCEX 9TUX BEKTOPOB OIMCHIBAIOT MOJIYOKPYIK-
HOCTb PAJIIyCOM 0, , & HAHOOJbIIHUIl yTroI o,
KOTOPBIil BEKTOP T, MOKET COCTABJISITD C JIUHNU-
eil 6epera, COOTBETCTBYET CJIyd4alo, KOT/a JIH-
HUS CKOPOCTU U, IPOXOAUT IO KacaTeJbHOU K

OKpy»kHOCTU. 13 pucyHKa HaXOoauM

. 0
sinot = -2 =(,8.

Z)B

(Taxoii ke yroJi COCTABJISIET [IPU ATOM Ty , T.€.
HalpaBJieHue KOpIlyca JIOJAKHU, ¢ IIePIeHUKY-
JIApoM K suHun 6epera. OTMeTHM, 4TO KOPILYC
JIOJIKM TIPY TOM HalIPaBJIeH IePIIeH/ UKy IAPHO
BEKTODPY Uy, T.e. JIHUU JIBHJKEHUS JIOJKIL.)

MuHNMaJIbHBIN CHOC TIPH 3TOM PaBeH

s=Lctga =24 ™.

B caenyrommx aBYX 3ajauax Mbl 6yjeM Ha-
OJII0/1aTh 3a TaJeHUeM Karlesb JTOMK/IS.
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3amaua 7. Kozda asmobyc cmoum na ocma-
HOBKE, KAnAu 00K0SL OCMABLIIOM HaA 6OKOGOM
cmexae eepmuKaivivie caedvl, a K020d OH
edem co ckopocmuvio v, =72 kmfu, caedvi
Kanesb HAKJAOHEHbl K GEPMUKAIU NOO Y2JOM
o = 30°. C xakoii ckopocmuio nadaiom xaniu
00:K05?

Pemenune. Korpa B 3amave ujer peuyb o
MaJICHUN KareJsb, Y YYeHHKOB YaCcTO BO3HIUKAET
BOTIPOC: KaK MOKHO TOBOPHUTD O CKOPOCTH Tajie-
HUS KalleJb, KOT/[a BCe OHNU TJIAI0T C yCKope-
Huem g W IOCTUTAIOT 3eMJIM C Pa3HOil CKOpoC-
ThI0? ITO He Tak. Kaskgas Kallig JOCTUTAeT
MTOBEPXHOCTH 3€MJIH YK€ B PEKUME YCTAaHOBUB-
TIerocsl BIKEHN, TMa/jast ¢ TaKoH CKOPOCTBIO,
TP KOTOPOH CHUJIa COMPOTHBJIECHUS BO3IyXa
yYPaBHOBENMBAET CHJy TskecTn (B OTCyTCTBHE
Berpa). Kak ImokasbiBaeT aHamms, KpyIHbIC
KAl TajaioT ¢ GOJbliell CKOPOCTBIO, 4eM
Meskue. B 3asauax 0ObIYHO MPEANOJaraercs,
YTO BCE KaIlJIN JAHHOTO 0K/ UMEIOT O/TITHAKO-
Byl0 Maccy («MOHOMONK/b»), T.e. MNAJAlOT C
OJTHOI W TOIi K€ CKOPOCTBIO.

[TepBas ¢pasza ycaoBus 03HAYAET, YTO BETEP
orcyrcrByer (06 ydere BeTpa pedb HOHAET B
cnenyiomeit sagaue). B CO, cgsannoii ¢ asu-
JKYTIUMCS aBTOOYCOM, KAl O[S TaJaioT
MO/l YIJIOM O K BEPTHUKAJIN. 3aluiieM 3aKOH
cnoxenns ckopocreii B gpopme (3):

:()K —()a Ua

vKa
u yureM (puc.6), 4rto CKOPOCTbH

Kalleslb HarpaBJeHa BepTHKaJIb- »
HO, a CKOPOCTb aBTo0yca — ropu- g

sonTasbHO. [lomyunm

Ka

v = v, ctga = 34 m/c. Pue 6

3amava 8. [lpu cxopocmu eempa, pasoii
vy =10 m/c, kanau doxds nadawom nod ye-
aom oy = 30° x eepmurxanu. Ipu xaxoi cxo-
pocmu eempa kaniu 6yoym naoamv noo yziom
oy = 060° x eepmuxaiu?

Pemenune. B CO, aBmkyimeiics co ckopoc-
TBIO BETPA, BO3/YX HENOJBIDKEH, T.e. KaIlIn
JIO’K/IS T1a/1al0T BePTHKAJIbHO BHU3. CKOPOCTD
U, NajieHus Kanespb B atoit CO
3aBHCHT TOJBKO OT pasMepoB Ka-
HeJb ¥ HEe 3aBHCUT OT CKOPOCTH
BeTpa. J3ammcaB W HapHCOBaB
(puc.7) 3aK0H CJIOKEHUS CKOPOC-
Teil IS IepBOro BeTpa:

¢

B1

Ukt = Oy + g1y



pujeM K COOTHOILIEHUIO
0
_ YBl
tgoy = .
KB
AHAJIOTUYHOE COOTHOIIIEHUE MOJIyvdaeTcs s

BTOPOI'O BETpa. Wcknrouns Oy » IOJIyUUM
tga
Oy = Uy 8% _ 39 M/c.
tg oy

B caenylomeil 3azaue yjgaerca ydectb B3au-
MoJleficTBUe MsYa € JBUMKYIIUMCS BO3/yXOM C
moMoIrhio nepexosa B apyryio CO.

3anaua 9. ITocae yoapa ¢pymborucma msu
nosemesl 6 CIMOPOHY BOPOM, HAXOOAUUXC HA
paccmoanuu L = 32 m, co ckopocmvio vy =
=25 m/c nod yeaom o K zopu3oHmMy MAKUM,
ymo coso. = 0,8. Hz-3a 6oxosozo sempa, dy-
1ouezo 600 6OPOM NEPNEHOUKYAAPHO HA-
UANBHOTL CKOPOCU MAUA, 20PUIOHMANLHOC
cmeujenue MAUA 6 NAOCKOCMU GOPOMm OKA3d-
20¢H pasuvim s = 2 m. Haiidume epems nosema
Msua 0o naockocmu opom. Msu ne epawaem-
cs, ckopocmy sempa u =10 m/c.

Pemenue. B CO 3emsn TpaekTOpus Msqa —
CJI03KHAsT IpOCTpaHcTBeHHast kpusas (puc.8,a;
BUZ cBepxy; OykBa «[[» 0603Ha4yaeT LEHTP
Bopot). B pesyubrare Bo3zeiicTBis GOKOBOrO

a) I 6) ut 4
S RN
u \\\
— N\
L L
Uor“ Yoru ri B‘ Oor
—u
CO semau CO 603dyxa
Puc. 8

BeTpa MECTO MepeceyeHrs] MSUOM JIMHUKA BOPOT
CMeIIeHo Ha S BIIPaBo, B CTOPOHY BeTpa. OxHa-
ko B CO, cBg3aHHOIT ¢ BO3yXOM, CHJIA COTIPO-
TUBJIEHUSA HaHpaBJIeHa HpOTI/IB CKOPOCTI/I n ABU-
JKEHUe TMPOUCXONT B BEPTUKAIHHOI ILIOCKO-
CTH, HalpaBJieHue KOTOPOI 3a/1aeTCsl TOPU3O0H-
TaJIbHOI COCTABJISTIONIE Ha4YaJbHOW OTHOCH-
TestbHON ckopoctn (puc.8,6; BUI CBepXy)
50THI‘ = Z_).Or —u= 50r + (—ﬁ)

Ilepemeriasich B 3TOM TJIOCKOCTH, MY CMECTUT-
Cs1 BJIEBO Ha

Ltgp=L -1 %
Uy Y COS O

u

Bce Bpems mosera 1eHTp BOPOT JABUTAfCS B
atoit CO BJIEBO CO CKOPOCTDBIO U, TIePEMECTUB-
much Ha paccrosiHue ut. OJHAKO B MOMEHT
HepecevyeHnst MsYOM JIMHUN BOPOT OH JIOJIKEH
HaXOJUThCS Ha § TIpaBee IeHTpa BOpoT (cM.
puc.8,a). [Moxyuaem

Lu

s=ut——,
0y COS O
OTKy/1a

S L

—=18c.
U Yycoso

B paMkax KHHEMATHKH MOKHO Ha PaBHDBIX
npasax ucnoJsbsosatb CO, ABMXKYyIIHeCs He
TOJIBKO PABHOMEPHO, HO 1 YCKOPeHHO (B JiMHA-
MHKe HeOOXO/MMO Pa3/IH4aTh HHEPIHAJIbHbIC U
uenneprmaasasie CO). [Tpormmoctpupyem aTo
CJTETYTOTIM TTPUMEPOM.

3anaya 10. Cxopocmuoii aughm onycxaemces
¢ yckoperuem d =5 M/ ¢* ommocumenvno sem-
JU. B HeKomopulil MoMenm epemeru ¢ NomoaKd
augpma navunaem nadamo 60am. Buvicoma
aupma h = 2,5 n. Onpedenume epems nade-
Hus 60ma.

Pemenne. MOXHO, KOHEYHO, peIIaTb 3Ty
3amauy B CO 3emum. Hamo 3ammcarb 3aKOHBI
IBUKeHust Goara u aHa mudra (¢ yuerom mx
CKOPOCTU B MOMEHT OTPbIBA) U MPUPABHATD UX
koopauHatel (yeaosue najenus). OgHAKO B
CO sudrra 6oaT HAIAET € HYJIEBOH HAYATBHON
CKOPOCTBIO C YCKOPEHHEM

Aoy =dg —dy; =g—d
(ocb HampaBsieHa BHU3) U IPOJIETAET PACCTOS-
nue . Iomyuaem
5= M ¢ 2h

,ut= [——=1c.
2 g—a

Crenyionyio 3aady yAo6HO pelarh repe-
x071oM B CO 0/(HOTO U3 TeJI, KOTOPOE JABHKETCS
C YCKOpPEHHEM.

3anava 11. /[ea mena nauunawom oonospe-
MEHHO 068UzaMbCst NO NPAMOU HAGCcmpeny Opye
Opyzy ¢ MHAYAALHLIMU — CKOPOCMAMU
vy =10 Mfc u vyy = 20 M/c u c nocmosinmo-
nu yexopenus a; = 2 mfc? u ay =1 nfc?,
HANPAGACHHLIMU NPOMUBONOTOKHO COOMBEM-
CMBYIOUUM HAUATLHIM cKOpocmar. Hauany-
Hoe paccmosnue mexdy meramu Sy, = 200 m.
Onpedenume MUHUMATLHOE PACCNOSIHUE MEK-
dy meaamu.
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Pemenue. CranjapTHoe pelieHue aToii 3a/1a-
Yy BBITVISUT HECJIOKHO: HAJ/I0 3alUcaTh 3aK0-
HBI IBIDKEHUS [IBYX TeJI, BBIPA3UTDh PACCTOSTHIE
MEXIy HUMH B 3aBUCHMOCTH OT BpEMEHH U
HAiTH MWHUMYM TIOJYY€HHOTO BBIPASKEHMUS.
Opnnaxo ecan niepeittu B CO oHOTO U3 TeJ, TO
apyroe Teso Oyner TpubIuKaTbCsi K HEMY C
HavyalbHOI CKOPOCTBIO Ty = Vjy + Uy U C HO-
CTOSTHHBIM YCKOpeHHeM d = dq + d,, Halpas-
JIEHHBIM MTPOTHUB HAYAJIbHOI cKopocTH. V3 cTan-
JapTHoii (hOpPMyJIbl KHHEMATUKI

0-0f = —2as
HAXO/(UM, YTO 3TO JPYroe TeJO IMPOUIET 10
pa3BOpPOTa PACCTOSTHUE )
2
_% (010 +22)

2a  2(a+a)
T.€. MUHUMaJbHOE PACCTOAHUE MEK/Y TEJIaMU
COCTaBJIAET

=150 M,

Lnin = S0 —S=50 M.

Cuetytormue Tpu 3aJa4l BO3BpAIAiOT HAC K
TeMe TpadUUecKOro HaXOXKJAEHUsT HIKCTPEMYMA.

3anava 12. Ha aenwmy mpancnopmepa, no-
3yuwy1o co ckopocmuvio v, = 4 mfc, cOoKy cman-
xugarom xopobxy. Cxopocmsv KopoOKu cpasy
nocJjie nonadanus Ha 1eHmy pasud vy = 3 mfc
U nepnenouryiapua ckopocmu renmul. Kaxyio
MUHUMATIOHYIO CKOPOCG OMHOCUMENDHO 3eM-
au 6ydem umemv KOpoOKA 60 epems 0suxe-
nusa? Cuna mpenus 0ocmamouna eeiuxd, max
4mo KopoOKda He COCKAIb3bledem ¢ JEHINbL.

Pemenne. B CO, cBga3anHOIi ¢ 3eMJ€ii, I1BU-
sKeHHe KOPOOKH! BBITJISIZIUT CJIOKHO. SICHO, 4TO
HadaJbHass CKOPOCTb KOPOOKW paBHA 0, , a
KOHe4yHast paBHa v, . B mpolecce aBuxKeHust
CKOPOCTb M3MEHSIET BEJMYMHY M HAIIPABJIEHHUE,
noBopaunBagch Ha 90°. Ho kax mpu atom
MEHSIETCSI  CKOPOCTb KOPOOKM — HEIOHSITHO.
Omnako B CO, cBsI3aHHOH C ABIDKYIIEHCS
JIEHTO#l TpaHCIopTepa, JBUMKEHHE KOPOOKH
BBITJISIAUT coBceM npocto. [lo HernmoaBm:xHOi
JIEHTe HAYMHAET JBHUIaTh-
cs1 KOpoOKa ¢ HavaJbHOU
CKOPOCTBIO

Ogno = Oxo — 5JI
1 TIPOJIOJIKAET J[BUTATHCS
110 3TOW IPSIMOIL ¢ yMeHb-
matomeiicst (3a cuer Tpe-
HUS) CKOPOCTBIO. UTOGHI
HAUTH CKOPOCTb KOPOOKU
OTHOCHUTEJbHO 3€eMJHU B
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MTPOM3BOJIbHBIN MOMEHT BPEMEHH, HAJIO ellle pa3
NPUMEHUTD 3aKOH CJI0KeHUs cKopocteii (puc.9):

O =0y + 0, .
Kak BuaHO M3 pHCYHKa, CKOPOCTb KOPOOKH
MPUHUMAET HaWMEHbIlee 3HAYeHHE B TOT MO-
MEeHT, KOr/[a BEKTOP U, HPOXOJUT TI0 BBICOTE
TpeyroJbHuKa ckopocreit. [lomyuaem

U

oo + 0

3anaua 13. Asemomobunv npubaruxaemes x
nynkmy A co cxopocmovio v, =80 km/u. B
mom MoMmenm, k0204 eMy 0CMAEanoch Npo-
examyv sy =10 xm , us nynxma A 6 nepnenou-
KYAAPHOM HANPAGICHUU GbLe3KACM. 2PY306UK
co ckopocmovio v, = 60 xmfu. Yemy pasno nau-
menvutee paccmosiue (6 xm) mexdy asmomo-
ounem u 2py306uUKOM?

Pemenne. Koneuno, sty 3ajiauy MOXKHO pe-
MIATD «B JI00» YHCTO aJreOpandecku, He repe-
xozs B ipyryio CO. [l151 3TOr0o HA/IO BBIPA3UTD
paccrosHue MeXIy aBTOMOOUJIEM U I'DY30BHU-
KOM KakK (DYHKIMIO BpeMEeHU U MCCJeJ0BaTb
[OJIyueHHOe BblpaskeHue Ha MuUHuMyM. IIpoze-
JlajiTe 9TH BbIUUC/JEHMA M CPAaBHUTE C TeM
pelieHneM, KOTopoe Ipe/yiaracM Mbl.

Korga peub uger o6 usydyeHUH B3aUMHOTIO
PACHOJIOKEHUS ABYX JBIDKYIIUXCS TeJI, 3aja-
4a, KaK IIPaBHJIO, CYILIECTBEHHO YIIPOLIACTCS
npu nepexoze B CO, cBs3aHHYyIO ¢ OAHUM U3
atux tex. (B aroii CO Hamo paccMarpuBath
TOJIBKO OJTHO JABIIKYyIIeecst Tesio.) Ilepeiizem B
CO asromo6uasi. B aroit CO rpysoBuk JBu-
JKETCs € HOCTOSHHON CKOPOCTBIO

v =0, Sin 0 = vy =2,4wm/c.

Kmin

Oy =0, =0, =0, +(-7,)
[0 MPSIMOU JTMHUU MUMO HETO/IBUKHOTO aBTO-
mo6unsa (puc.10). Haumenbinee paccrosnue

7 Sni
} [____Z_);a____i/ min
r |
A | -
-0, Sy 0,
Puc. 10

MeXK/Jy HUMU HAXOJIUTCS IOCTPOEHHEM — OHO
PaBHO JAJIMHE INEPIeHAUKYJ/SAPA, OILYILEHHOrO
Ha 3Ty JINHUIO:

. v v
=spsina = 55— =5, L =6 KM .

min
Ora A , Z)E + 03

S,



AHaJIOTHYHbIE PACCYXKJEHUST MPOXO/SAT U B
cJydae cBOOOIHOTO JIBMIKEHHUSI JIBYX TEJI B MOJIE
TSDKECTH, XOTSI JIBIDKEHHE KasK[Oro Teja B
OT/IEJIBHOCTH BBITJISITUT CJIOXKHEE.

3agava 14. /lsa xammus pacnosoxenvl na
00HOU 20PU3OHMANU HA PACCTNOAHUU Sy = 42 M
dpye om dpyza. Odun kamenv 6pocaiom eep-
MUKABHO 86EPX CO CKOPOCMBIO Uiy = 5 Mfc, a
6mopotl 00HO8PEMENHO Opocalom nood yziom
o= 30° K 20pu3oHmMy NO HANPAGIEHUIO K
nepeoMYy KAMMHIO CO CKOPOCMLIO Uy, = 8 MfcC.
Yemy pasHo naumeHvulee PACCMOSHUE MEKOY
KaMHAMU 6 npouecce 08UKeHUs?

Pemenue. Ilepeiinem B CO mnepBoro kamHsi.
Yckopenne Broporo Kamis B atoit CO Haxoium
no dopmy.ie (3):

dy=dy—dy=§—g=0.
3uaunt, aBukenue BToporo Kamusg B CO mep-
BOTO KaMH# ITPOUCXOUT PABHOMEPHO U IIPSAMO-
JIMHEITHO CO CKOPOCTBIO
By = Tyg —Byg = Ty +(~Tyg) .

(3710 CBOICTBO OTHOCHTEIBHOTO IBUSKEHUS HHOT-
Jla Ha3bIBAIOT IPUHIUIIOM GapoHa MioHXray3e-
Ha. Bapom, Kak M3BECTHO, JIOOMJ KaTaTbCsl
BEPXOM Ha TTyIIeTHOM siape. ) JIMHuS ABMKeHns
Broporo tesa B CO mepBoro teJia mocTpoeHa Ha
pucynke 11. HamMenbiee pacctosiHme MeskIy

Puc. 11

KaMHAMU PaBHO, KaK I B IIpe/bLAylieil 3a1aye,
JUIIHE TIepIIeH/IKYIApa!

Smin = So SinP .
A 'BOT c HAXOXK/IEHUEM CHHYCA YIJIa 3 IpueTcs
HOBO3UTDCS:

[o1g — vy sinal

\/(010 — 0y SiN oc)2 + (vy cos oc)2

IloacTraBnssa uncha, TIoJy4aem

sinf =

SinB=%,I/Ismin=6M,

[Tpuniun Gapona MioHXTay3eHa HCIOJIb3Y-
eTcsl U B CJEyIONIeit 3ajaye.

3agava 15. 13 nexomopoti mouxu o0Hospe-
MeHHO Opocalom 08a KAMHS: 00U 6 CEGEPHOM
nanpasaenuu nod yeaom o4 = 60° K zopuson-
my co ckopocmvio vy =18 mfc, Opyeoii 6
H0KHOM HANPABACHUU NOO Y2JIoM Oy = 60° K
20PU3OHIMY CO CKOPOCLIO Uy = 48 m[fc. Haii-
dume paccmosinue mexoy Kamuamu uepes t =
=1,5 c.

Pemenue. Ilepeiiiem B CO mepBoro KaMmusi.
[TocKOJIBKY OTHOCHTEJNBHOE YCKOPEHHE DPABHO
HYJIIO:

dy=g-g=0,
To B artoit CO BTOpOH KaMeHb yIaJsfeTcs OT
IIePBOT'O PABHOMEPHO M IPSAMOJIUHENHO CO CKO-
POCTBIO

Uy1 = Ty9 = Dy
a PACCTOSTHHE MEK/Y KaMHSIMU yepe3 BpeMmst ¢
OKa3bIBACTCS PABHBIM S = Uyt . Mojysib OTHO-
CUTEHBHON CKOPOCTH HAlIeM C TIOMOIIBIO TeOo-

PEMBI KOCHHYCOB (IIPOTUE OTHOCUTETHHON CKO-
poctu Jgexut yroa f=180°-oy — o,y =60°;

1
%10 990
0(1 (X‘Z

Puc. 12

puc.12):

Uy = \/050 + 0% — 20,00, cOSP = 42 M/c .
Torpa
s=vyut =63 M.

Koneuno, aTy 3asady MOKHO PEHIUTb <«B
J106», 3aI11CcaB KOOPAUHATBI KaMHell uepes Bpe-
M ¢ U Hail/1g paccTosHHIe MEK/Y 9TUMU TOYKa-
mu. Ho B namem 1nozxoze Ba)KHO IIOHUMaHKe,
YTO OTBET 3aBUCUT He OT YIJIOB Oy U Oy, a OT
yria (. Ecau usmenutb yciosue, 3ajiaB, Ha-
npumep, o4 =50° u o, =70°, To perienue «B
706> cuibHO  ycaoskHuTCs (IIPUAETCST MOBO-
3UTHCSI C TPHTOHOMETPHETT), a B HAIIIEM [OX0/[e
Cpasy BUJIHO, YTO OTBET He U3MEHUTCH.

Yupaxuenus

1. Dckajatop MeTpOIOJNTEHA, [BUTASCh PABHO-
MEpHO, TOJHUMAET HETO/BIIKHO CTOSIIIEr0 Ha HeM
nmaccakupa B Tedenue ojHoil mumytbl. [lo Heno-
BIDKHOMY 39CKaJIaTOPY IACCaXKHUp, /IBUTASICh PABHO-
MEpHO, ToxHuMaeTcss 3a Tpu MuHyTbl. CKOJIBKO
ceKyH/[ Oy/IeT TIOJHIMATBCS TTACCAXKUP 110 [IBIDKYIIIE-
MyCsl BBEPX 3CKaJaTOpy?
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2. B Oes3BerTpeHHyIO TIOTOMY JJIsI IiepesieTa u3
ropozia A B Topos b 1 06paTHO caMOJIeT 3aTpaynBaeT
8 wacoB mosieTHOTO BpeMeHH. Ha CKOIBKO MUHYT
YBEJUYUTCSI 3TO BPEMS, €CJIU BO BpeMs 1oJieta Oy/ier
JIyThb BeTep co cKkopocTbio 20 M/C B HarpaBJeHIH OT
A x B? CkopocTb caMosieTa OTHOCHTEJIbHO BO3IyXa
312 kM/u .

3. U3 nyHKTa A 10 B3aNMHO IEPIIEH/IKYISPHBIM
JIoporaM OTHOBPEMEHHO BbIEXaJsN /IBa aBTOMOOUJI:
oziH co ckopoctbio 80 KM/4 , APyroii co CKOPOCTDIO
60 xm/u . C kakoii ckopoctbto (B KM/4 ) oHU yja-
JIIOTCS IPYT OT Apyra?

4. Ipu cxopocru Berpa 20 M/C CKOPOCTb Karlesib
noxaa 40 m/c . Kakoil Gyer ckopocTb Kalesib Ipu
cKopocTH Berpa S M/C ?

5. Camouier, coBepliaiomuii mepesierbl U3 ropoja
A B ropox b m o6paTHO, pa3BUBAaeT B IOJeTe
ckopocth 328 KM/4  OTHOCHTENBHO Bo3yxa. Ilpu
6OKOBOM BeTpE, TEPIEHIUKYISIPHOM JIHHUH TI0JIETa,
nepeJsieT Ty/ia 1 06paTHO 3aHSAJ 6 4acoB MOJIETHOTO
BpeMeHn. Ha ckosbko MHHYT 6OJblHe 3afiMeT 3TOT
nepeJiet, ecyiu Betep Gy/IeT Bce BPeMsi Iy Th B HAIIPAB-
sernn ot A k 5? CropocTb BeTpa B 000UX CJIydasix
20 m/c .

6. Ilpu nepenpase uepe3 pexy umpuHOil 60 M
HAJI0 TONACTh B TOUYKY, Jexanryio Ha 80 M Hmke
10 TEYEHMIO, YeM TodKa cTtapra. JlogouHuk ympas-
JISIeT MOTOPHOU JIOIKOIl Tak, 4TO OHA [[BUXKETCS

2019/Ne?

TOYHO K HLEJIU CO CKOPOCTBIO 8 M/C OTHOCHTEJbHO
6epera. KaxkoBa mpu aTOM CKOPOCTD JIOAKH OTHOCH-
TEJBHO BOJBI, €CJAU CKOPOCTb TEUYEHUS PEKH
2,8 m/c ?

7. Korga maccaskupy oCTaJoCh JIOWTH [0 JABEPH
BaroHa 25 M, TOe3/ TPOHYJICS C MecTa M CTajl
pasrouaTbes ¢ yckopenueMm 0,5 M/c2 ITaccaxup
nobeskas ¢ TMOCTOSIHHON cKopocTbio. [lpu Kakoii
MUHUMAJIbHON CKOPOCTH OH JIOTOHUT CBOI Barom?

8. U3 oaHOil TOYKU OJHOBPEMEHHO GPOCAIOT JBA
TeJa: OJIH0 TOPH30HTAJBHO CO CKOPOCTbIo 6 M/C
JIPYrO€e BEPTUKAJIbHO €O cKopocThio 8 M/c . Ha ka-
KOM PACCTOSTHUU JPYT OT Apyra OyAyT HAXOAUTHCS
Tesia yepe3 2 c?

9. /IBa KaMHS PaCIOJIOKEHbl HA OJIHOM TOPU30H-
tanu Ha paccroguuu 30 M apyr or apyra. Opun
KaMeHb OpocaioT BEPTHKAJbHO BBEPX CO CKOPOC-
ThI0 9 M/C, a BTOPOIi OAHOBPEMEHHO GPOCAIOT TO-
PU3OHTAIBHO 10 HAIPABJIEHUIO K MEPBOMY KaMHIO
co ckopoctbio 12 M/c. YeMy paBHO HamMeHbIIee
pPAcCTOSIHME MEXJYy KaMHSMH B IIpollecce JIBH-
JKeHust?

10. Yepes G6JOK NEPEKWHYJN HEPACTIKUMYTO
HUTb, K KOHIIaM KOTOPOIl NPHKPENUIN [Ba TPy3a.
B HekoTOpbIii MOMEHT OCh GJIOKA TIOJHUMAETCST Bep-
THKAJbHO BBEPX CO CKOPOCTBIO 2 M/C, a OJMH U3
IPY30B OIyCKaercs co ckopoctbio 3 M/c . C kakoil
CKOPOCTDBIO [IBIKETCSI B 9TOT MOMEHT JPYTOU TPy3?

VYHULMNANBbHbBIV 3Tam
LIl Bcepoccmmckom onnmMnmagbl
LLIKOSTbHMKOB MO U3KKe

3A0AYN ONIMMINUALDI

7 K/acc

3agaua 1. 3a6bBunBseIi Bar

Teoperuk Bar nsmepus Maccy u 06beM K-
nuya. OHK 0Ka3aIuch PaBHbI, COOTBETCTBEHHO,
m = 5400 (...) u V = 1800 (...). 3arem on
BBIUUCJIUI MJOTHOCTD KHprnuda
p =0,000000003 (...). Omuako Bar 3aGbLn
yKasaTh, B KaKMX EJAMHMIAX B3alMCAHbl 3TH
BesimunHbl. [IpuBe/st pacCysKaeHusi, OCHOBaH-
HbIE Ha BallleM KM3HEHHOM OIIbITE, BOCCTAHOBU-
Te eJAMHUIIBI, B KOTOPBIX BBIPa’KEHbI Macca,
00beM M IJIOTHOCTH KMpIn4Ya. VI3BECTHO, 4TO
Macca M3MepsieTcsl B TpaMMaxX, KHJIOrpaMMax

I TOHHAX, 00beM U3MEPSIETCS B MMe, oM,

,Z[M3 njan MB.
C.Kapmasun

3anmava 2. /IBa yyacTKka myTH
Ha repBoM y4acTke 1o0por aBTOMOOUJIb €XaJl
CO CKOPOCTBIO ¥y =45 KM/4, Ha BTOPOM — CO
CKOPOCTBIO Uy = 60 kM/4 . CpenHsisi CKOPOCTh
JBIDKEHUS Ha BCEeM IIyTU OKa3ajach PaBHOI
Uep = 50 kM/u . Kakoii n3 yuactkos jaiunnee u
BO CKOJIbKO pa3?
B.Crobo0smumn

3anxaua 3. Ha kapycesu
IKcrnepuMeHTaTop [JIIOK yCTaHOBHJI, YTO OH
COBEpINaeT MOJHBIA KPYT, TMPOXOAs MO Kparo



HeIo/IBIKHON Kapyceun, 3a 8 c¢. Korma xapy-
CceJIb TIOJKJIIOYHIIN K 3JIEKTPHYECKON CeTH, OHA
cTaja coBepiiaTh oauH o6opor 3a 12 c. 3a
Kaxoe BpeM4 ok caesaer ogun 060poT OTHO-
CUTEJIBHO HEMOJABUKHOTO Habmoparens (Teo-
peruka Bara), ecau moliieT IPOTUB HATIPaBJIe-
HUs BpamieHus kapyceaun? Ckopoctb [imioka
OTHOCHUTEJIHO Kapycesn B 060UX 9KCIePHMEH-
TaxX O/IMHAKOBA.

B.Cuo600sinumn

3anaua 4. Ky6uku B cupone
Cemukiaccuuk Ilerst momectus KyGuK IioT-
mocteio Py =19t e’ B KaCTPIOJIO, 3amoJi-
HEHHYIO JIOBEPXY CHPOIIOM, IHOCJE Yero akKy-
PATHO MOCTABUJI €e HA BECHI N N3MEPUJI Maccy.
3aTeM OH IMOBTOPUJI IKCIIEPUMEHT € KyOUKOM
B/[BOe GOJIBIINX JINHEHHBIX PA3MEPOB U ILIOT-
HOCTBIO Py = 1200 KF/M3 , TpeJBapuTeJIbHO
BBIHYB IIePBbLil KyOuK u3 Kacrpioyau. K yaus-
JICHUIO 9KCIIEPUMEHTATOPA, Macca KacTPIOJn C
CO/IEPXKUMbBIM He u3MeHusach. Onpejennre
IJIOTHOCTb CUPOIIA, €CJAM W3BECTHO, YTO BO
BpeMs aKCIIEPUMEHTa KYOUKH TIOTPY>KAINCh B
HETO TTOJTHOCTBIO.
M. 3amamun
8 knacc

3anmava 1. Ha xapycein

CM. 3amauy 3 [ 7 Kjacca, TOJbKO Tenepb
Tok weT 1Mo HanpaBJIeHUIO BpallleHus Kapa-
CeJIn.

3anava 2. [loaBemeHHspIii mapHup
OanHakoBble OJHOPOAHbBIE CTEPKHU AB 1
BC coepunensl mapaupHo B Touke B (puc.1).

Crep:xenb AB ynep:KUBaeTcs BepTHKAIBHOM
nutbio. Ctepxkennb BC konnoM C onmpaercs Ha
TJIa/IKYI0 TOPU3OHTAJBHYIO TIOBEPXHOCTD. Tou-
ku A u C nexkar Ha oJ{HOI BepTHKau. B Kakom
OTHOIIIEHUN HUTD JEJUT cTep:kerb AB? Mecro
KpeTJIeHNs] HUTH K CTeP)KHIO Ha PUCYHKe TTOKa-
3aHO YCJIOBHO.

M.3amsmnuun

3amaua 3. Coobmaronuecs cocyapt (1)

B coo6miaionuxcst cocysax BbIcOTOH 2/
1 TJIOMABIO CeUeHns S HAXOMUTCS SKUIKOCTD
mrorocteio P (puc.2). B mesom cocyze

k M &m

- J

Puc. 2

JKUJIKOCTb 3aKPbITa HEBECOMBIM TIOPIIHEM, KO-
TOPBIi MO/[BEIIIEH HA HEBECOMON TIPY>KUHE Ke-
CTKOCTBIO k. B HavyasbHbIi MOMeHT 06a cocy-
Jla 3all0JIHeHbl HAIloJIOBUHY. B mpasblil cocyn
JIOJIUBAIOT CTOJIBKO >KMJKOCTH IJIOTHOCTBIO Py
(py<p), 9TO COCY/l OKA3BIBACTCS 3ArMOJIHEH
nosepxy. Ormpejgennrte cMelleHre MTOPITHS.
JKunzkocTn He cMenMBaOTCS.

K.Kymeaes

3anava 4. BoipaBHUBaHUe TeMnepatyp

B kajopuMerp MOMECTHJIN [[BA CTaJbHDBIX
HMIApUKa C PAa3HBIMU HAYaJbHBIMHI TEMIIepaTy-
pamu. [losydenHble B pe3yibTaTe TEII000MEHA
3aBUCHMOCTH TEMITEPATYP IMAPUKOB OT BpeMe-
HU TIpuBefieHBl Ha pucynke 3. Omnpegesnute

£,°CA__
I
60 T 1
1
40
5
/
/
/
20 >
0 1 2 3 4
Puc 3 T, MIH

KOHEYHYIO TeMIIepaTypy IIAPUKOB U OTHOIIIE-
HHEe UX 00bEMOB.
M.3amsmnun

9 knacc

3amava 1. Ot ay6a g0 Gepesbi...

ABTOMOOHIb U MOTOIMKT (OJHOBPEMEHHO C
JIMHAM CTapTa) HauYWHAlOT PaBHOYCKOPEHHOE
JIBUKCHHE U3 COCTOSIHUS TIOKOS 110 HPAMON
jopore. Yepes HEKOTOPOE BPeMs aBTOMOOWIb
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mpoe3skaeT MUMO Jy6a, Pa30THABIINCD /IO CKO-
poctu ©v;. MOTOIMKJ, JIOCTUIHYB CKOPOCTH
v, =10 M/c, mopaBHsiICS ¢ TeM Ke ay6oM,
KOr/la aBTOMOOWJIb y3Ke HaXOuJcs y 6epe3bl u
JIBUTAJICST CO CKOPOCTBIO 053 = 40 M/c . Onpesie-
JIUTE, C KaKOW CKOPOCTHIO ¥ MOTOIMKJI IPO-
ezietr MuUMo 6Gepe3bl. UeMy paBHA CKOPOCTD 0y ?

M. 3amsmuun

3agaua 2. CoobGmaromuecs cocyasi (2)

B cooGmaronmxcsi cocyiax BbICOTOH 27 u
JIOIIA/IbI0 TOPU3OHTAJIBHOTO CeUeHusT S Haxo-
JIATCS SKUKOCTD TJIOTHOCTBIO P (cM. puc.2).
CrpaBa JKHJIKOCTb 3aKPbITA TOHKHM JIETKUM
MOPIITHEM, & CJIEBA TAKOI >Ke MOPIIEHb T0/IBe-
[IeH Ha JIETKOU TMPY)KUHE KeCcTKOCThio k. B
HAaYaJIbHBIII MOMEHT o6a cocyAa 3amloJHCHBI
HaIl0JIOBUHY. B 1paBblil cocy/1 0JIMBAIOT KU/
KOCTb TIJIOTHOCTBIO Py /IO €ro 3aloJHEeHUs.
Ompenesute cMeNeHUs TTOPIITHEN.

K.Kymenes

3anmaya 3. Tennooraaya

3aMKHYyTasI 1IeITb COCTOUT M3 TIOCJIE[0BATE b~
HO BKJIIOYEHHBIX U/I€AJbHOTO UCTOUHUKA TOKA C
HanpspkeHneM U, pe3ucTopa ¢ COnpoTUBJICHU-
eM 7 ¥ TIPOBO/Ia, JTMHA KOTOPOTO L, W JaMeTp
d, N3rOTOBJIEHHOTO U3 MaTepuaJa ¢ yAeSbHbIM
cornporuBjeHnem P . [Ipu mpoTekaHun TOKa 1o
IIPOBO/Iy OH HarpeBaercs /[0 TeMIIepPaTyphl f .
Kaxoit jumnabl L, 10/1KeH GbITh TPOBOJL U3 TOTO
JKe Marepuajia ¢ TeM JKe [UaMeTPOM, UYTOObI
Pa3HOCTb MEXK/Iy TeMIlepaTypoil mpoBoga t, u
TEMIIEPATY POl ¢, OKpyKalolleil cpe/pl cTala B
n = 4 pasa MeHblIle, YeM B IIEPBOM CJIydae?

Hpumeuanue. 3axon HpioTona—Puxmana:
HOTOK TeILIa Yepes3 MUY MoBepXHoCTH (BbI-
paxaerca B Br/m?) ma rpammme ABYX cper
MIPOIOPIINOHAJIEH PA3HOCTH HX TeMIeparyp,
T.e. ¢ =0At, tae o — koadduimeHT npormop-
IINOHAJBLHOCTH.

C.Kapmaszun

3axaya 4. UcToyHHUK TOKa
M eanbHblil UCTOYHMK IIOCTOSIHHOIO TOKa
MOJL/IePoKUBAEeT Cuay Toka I, uepes Jo6oii

@) 6) /‘\10
=)
10

2R

Puc. 4

2019/ Ne2

TTOJIKJTIOYEHHBIH K HEMY PE3NCTOp HEe3aBUCHMO
ot ero cornporusjenns. [[oKIOYeHHbI K Ta-
KOMY HCTOYHUKY BOTGT™METp (pHC.4,d) MOKa3bI-
Baer Hanpsoxenue Uy =12 B . B xakom auamna-
30He OY/IyT U3MEHSTHCS TTOKA3aHUS BOJBTMET-
pa Mpu CMeIIeHNH M0JI3YHKA PeocTara B IellH,
cxeMa KOTOpOil TpuBefieHa Ha PUCYHKe 4,67
ConpoTuBJeHre BOJbTMETPA PAaBHO R.

M. 3amammuun

3azaua 5. B kamepe...
B/10J1b KBa/IpaTHOli KaMepbl-06CKYPbI CO CTO-
poHoii @ Ha paccroaHuu [ OT Hee JBHKETCS
4eJI0BEK CO CKOPOCTbIO ¥
(puc.5). C xaxoit ckopo-
CTbIO JIBUKETCA U306pa- -
JKeHre JeJIoBeKa Ha K-
pate kameps! (ee 3ameit
CTEeHKe), ecJaU caMa Ka- v

<
Q

Mepa JABUXKETCH BO -
BCTPEYHOM HANPABICHUN (Yoo - _
€O CKOPOCTbBIO U?

M.3amamnun  pyc 5

10 kacc

3anmaua 1. IIpaBuibHbI Harpes
[ToceoBaTebHAsT IEKTPHUYECKAs IeTlb CO-
CTOUT W3 M/ICATHbHOTO HCTOUYHIKA C HATIPSKCHNU-
em U, pe3ucropa C COIpPOTHUBJIEHHEM R, 1
MIPOBO/Ia KPYTJIOTO CEUCHUS PAINYCOM 7 U JIJIN-
Hoit L. [lo Kakoit MaKCUMaJIbHOM TeMIlepaTypbl
MOJKET HarpeTbcsi MPOBOJ IPH MPABUJILHOM
BbIOOpE MaTepHasa, 13 KOTOPOro OH M3TOTOB-
gen? Temmeparypa B momemenun 7T, . Momr-
HOCTD TEIJIOOTJAuN MPONOPITIOHATbHA PAa3HO-
cru temneparyp AT =T -1, , rne T — remnepa-
Typa [poBoO/Ia, U IJIOMIA/H ero G0OKOBOI ITOBEpPX-
HocTn. KoadduipenT mponopnnoHaabHOCTH
o u3BecTeH. TemrepaTypHBIM HM3MEHEHHEM
COTIPOTHUBJICHNA 1 TETJIOOTAAa4YeH ¢ TOPIIOB TPO-
BOJ/Ia MOXKHO TIpeHe6pedb.
C.Kapmasun

3azaua 2. [nok Ha asTomMmoGuIe

IkcrepumenTarop [JIOK exan Ha aBTOMO-
6usie. B MOMeHT 1poesjia MUMO /IOMa CBOETo
npyra teoperuka bara Tuok pemmua uame-
PHUTb 3aBHCHMOCTb CBOEH cpedHell CKOPOCTH
ot BpemeHu. [lomyumnBiiecss pe3y/bTaTbl OH
cBest B tabunity. CKOPOCTh U3MEHsIIach MOHO-
ToHHo. M3BectHo, 4to [JIIOK AOCTATOYHO TOY-

tvmun | 2 | 4| 6| 8] 10
v, xM/a | 96| 52| 49| 43| 39
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HO M3MepsieT BpeMsi, a CKOPOCTb OH OIpe/ieJIs-
er ¢ norpemnoctsio +1 km/u . Haiigure max-
cUMaJbHOE YJaJeHHue 3SKCIEePIMEHTATOpa OT
noma bara. B kakoil MOMEHT BpeMeHU 3TO
npousoiizier? Yemy 6yzer paBHA B 3TOT MO-
MEHT CPEeJIHSIsI CKOPOCTh IepeMelieHus? Haii-
JINTe TMYTb, TPOUACHHDIH KCIIEPUMEHTATOPOM
K 20-if MUHYTe ABV>KEHHUS.

JI.Kondytos

3anava 3. l'opusoHTaJIbHBIE CUJIBI
Ha wmakjonnoit mjaockoctu, o6pasyioiieil ¢
FOPU3OHTOM YTOJ @ = 45°, PacHOJIOKEHO TeJIO
maccoir m = 1 Xr
(puc.6). Kosdpdpuun-
F, F, EHT TPEHUsS MEeXIY
TJIOCKOCTBIO U TEJIOM
» uw=0,5. B mepsom
caydae Ha TeJio Jeli-
Puc 6 CTBYIOT TOPH30HTAJIb-
Hoit cuoit F{ =5H,
HAIPaBJICHHOII BJIEBO, BO BTOPOM CJydYae Jeii-
CTBYIOT TOpPHU30HTaIbHON cunoit F, =5 H | Ha-
TIpaBJICHHO BIpaBo. UeMy paBHO OTHOIIEHNE
Ol CHJI TPEHUS B TIEPBOM U BO BTOPOM CJIy4asIX ?
JI. Kondynos

m

3aaaua 4. Coo6maromuecs cocyapi (3)

B aByX BBICOKMX COOGIIAIOMNXCS COCYAAX
OJIMHAKOBOTO CEUEHMS HAXOJUTCSI HeGObIIoe
KOJIMYECTBO KHU/IKOCTU HeI/ISBeCTHOI‘/,I IIJIOTHOC-
ThIO P . B JIeBOM cocyme KMAKOCTb 3aKpbiTa
VIEPKUBAEMbIM TIPYKUHON mHopiiHeM. Ecim
HadyaTb HaJuBaTb XKHUJIKOCTb B HpaBbH‘/JI COCy]I
(puc.7,a), To ee ypoBeHb B HeM Gy/IeT pacTu Ha
10% GbicTpee, yeM B JieBoM. Eciin ke B JieBbIil

P S RPYA

pM

. J . J

Puc. 7

COCy/l Ha MOPIIEHb HAJIMBATH MeJ] ILIOTHOCTHIO
p, =1,6 r/eM® (puc.7,6), To Hekotopoe Bpemst
BEpXHASA TpaHulia Mega OyJeT ocTaBaTbCs Ha
onHoit BBICOTE. Onpe/ie/mTe MIOTHOCTD P He-
WU3BECTHON KU/IKOCTH.

K.Kymenes

3anmauva 5. Illaii6a B kopoOke

[MTait6a Maccoii m HAXOAUTCS BHYTPU KOPOO-
ku jumHOM [ m maccoit 2m (puc.8). IlaiiGe
coO00IIAIT cKopocTh v. M3BecTHO, uTO, KOTAa
KOpOOKa yJapuiach

cTopoHoit AB o cre- k——,
HY, B TOT K€ MOMEHT v
maiiba ygapuiacb o (@ 7
CTEHKY KOPOOKH AB. B
Ipu kakmx L ato
BO3MOYKHO? puc 8

Hpumeuanue. Ynapol maiibbl 0 CTEHKY KO-
po6Ku cynTaiiTe aBCOMIOTHO YIIPYTUMHE, TPEHUS
B CHCTeMe HeT, ABVKEHNE MPOUCXOINUT B TOPH-
30HTAJIbHOI ILJIOCKOCTH.

JI. Koadynos

71 knacc

3amaua 1. /IBoiinas KoMeTa

B 2016 rojy ¢ moMoIIbIo KOCMUYECKOTO TeJie-
ckoria Hubble actponombr o6Hapy»kuiu B 10-
sice acTepou/IoB Mexkay opbutamu Mapca u
IOnurepa neoGbrunplii 06bexT 288P (puc.9):

Puc. 9

JIBa acTepom/ia IPUMEPHO OJIMHAKOBON MacChl
Ha opOuTe APYT y Apyra u 1npu aToM 06.J1a/1a10-
ue cBoiictBamMu Komer (SIpKoe SApo M JJIHH-
HbIi XBocT). Paccrosgnme Mexay ILeHTpamMu
acrepouzioB L = 100 &M, mepuo ux obpaiie-
HUS ApYyT OTHocuTenbHO apyra I = 3 cyT,
CpeHSAS TJIOTHOCTDb BEIIECTBA, M3 KOTOPOTO
cocToAT acrepoujipl, p =0,6 r/ em® . Omnpesie-
gute guamerp D KaXKIOro U3 acTepPOUIOB,
CYUTAsI, YTO ACTEPOU/IbI — ATO /[BA TAPa OJUHA-
KOBOH Macchl.
Hpumeuanue. I'paBUTaIIOHHAS TOCTOSTHHAS
G=67-10"H-m” xr.
B.Cro6odsnun

3anava 2. /[Ba mapuka M Npy>kKHHa
Ha snerkoit npy:kute 3axperieH HeGOIbIIon
10 pasMepaM IapuK, Kak MOKa3ano Ha PUCYHKe
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10. Ipyroii koHell IPYy>KUHbI [1PU-

,,  KPEILIEH K TOPH30HTaJIbHOMY CTO-
ay. C BbicoTbl /i 6e3 HAYAIbHOI
CKOPOCTHU OTIYCKAIOT BTOPOIi TOY-
HO Takoil e mapuk. V3BecTHO,
YTO TIOCJIE TIEPBOTO TIEHTPATHHOTO
YIIPYTOTO yapa cJeayIoliee CToJI-
KHOBEHWE TMAapUKOB MTPOUCXOJINT,
KOT/1a TIePBBII MaphK OKa3bIBaeT-
cs1 B HIDKHEH TOYKe CBOEH Tpaek-
Topun. UeMy paBHO BpPEMSI MEK/LY
MIEPBBIM U BTOPBIM CTOJIKHOBEHUSI-
MU TIaPUKOB?

2Q
o

Puc. 10

H.Hozoneeuu

3anaua 3. RC-moct

M3 Tpex OANHAKOBBIX PE3UCTOPOB COMPOTHB-
JieHneM R ¥ IByX OJINHAKOBBIX KOHIEHCATOPOB
JIEKTPUIECKOIN eM-
xoctpio C cobpaHa
AJIEKTPUYECKAST IIETTh
(MocroBas cxema) u
yepes KJIIOY TMOJ-
KJIIOYEHa K Ujeasib-
HO#  GaTtapeiike
(puc.11). IlepBona-
YaJIbHO KOH/IEHCATO-

Puc. 11

PbI He 3apsiKEHbI.

1) Omnpepenure cuiy TOKa U €ro HarpasJe-
HUEe B KaX/IOM U3 PE3UCTOPOB Cpasy IocJie
3aMpIKanng KJoda. CresafiTe MOSCHATIONTIH
PHUCYHOK.

2) Onpejaenure CuUly TOKA U €TO HAMPABJIeE-
HUe B Ka)X/IOM M3 Pe3NCTOPOB MO HCTEYEHUH
MPOJIOJIKUTEIBHOTO BPEMEHH, IIPOIIE/IIero
rocJie 3aMbiKanust Kiioua. Cjesaiite nosicHsiio-
I PHCYHOK.

3) Kakue sapsaapr (yKakure BETMYUHY U
HOJIAPHOCTH) YCTAHOBATCS Ha KOHEHCATOPAX
CITyCTSI JIJINTEJbHOE BPeMs MOCJEe 3aMbIKAaHUS
KJtoua? 3HAKM 3aps/I0B IJIACTHH KOH/IEHCATO-
POB YKa)XKHTe HA PUCYHKE.

H.Hozonesuu

3anaua 4. Tpy6ka Toppuuesin

JletoM B TrOPHOII MECTHOCTH C PE3KO KOHTH-
HEHTAJIbHbIM KJIMMaTOM SKCIIEPUMEHTATOP ok
PEeLINJI [IOBTOPUTD OIILIT TOppUUesIin 1 Coopy-
aua BoAsiHON Gapomerp. IlepBonavasbHo OH
YIUBUJICS, OOHAPYIKUB CYIIIECTBEHHbBIC H3MEHE-
HUS B TIOKa3aHUAX 6apoMeTpa B TCYCHHE [IHS,
HECMOTPS. Ha TO, YTO HAXO/SAIIMHCS PSIOM
6apoMeTp IOPTATHBHON METEOCTAHIIUH ITOCTO-
SHHO TTOKa3bIBaJ 1aByeHne p, = 700 MM pT.CT.

2019/Ne2

Ho moTroM OH MOHSLI, YTO HPUYMHA STUX U3Me-
HeHuil cBsi3ana ¢ TeM, uyTo TpyOka Toppudesin
PACIIOJIOKEeHA HAa COJIHEYHOU CTOPOHE FOPHOTO
CKJIOHA U TIOKA3aHUST HAXOJAIIETOCS PSIJIOM C
Hell TepMOMeTPa U3MEHSIIOTCSI B TEYEHHE CYTOK
or 0°C g0 40 °C . 3aBUCHMOCTD BBICOTBI CTOJI-
6a Bo/IbI B TPyOKe /i OT Temiieparypsl t, MOJy-
4JeHHasl B 9KCIIEPUMEHTE, TPUBe/ieHa B TabJIUIIE.

Ne | 1 2034 5|6 71819
t,°Cl 0 | 5| 10| 15| 20| 25| 30| 35| 40
h,m |9,46]9,43|9,40]9,35|9,29|9,20[9,10[8,96|8,78

Wcnosb3yst 9TH JaHibble, ONpPeJeJNUTe IJ0T-
HOCTb HACBIIIEHHDBIX BOASHBIX TAPOB Py, A1 9
PA3JIMYHBIX TEMIIEPATYp, 3aIOJHUTE MYCTOl
cTosi6ert Ta6 b U TOCTPOIiTe rpaduK 3aBUCH-
moct p,, (t°C). IlaoTtHOCTD PTYTH

Ppr = 13600 kr/n’ .
C.Kapmasun
3azaua 5. B moxe

B 061acTh 0HOPOAHOTO MATHUTHOTO TIOJIS €
unaykimein B (puc.12) (npasee myHKTUPHON

Cmenxa
| @B ®B
a
o— »
: 0
| @B ®B
Puc. 12

JIMHUM) BJIETAET CO CKOPOCTBIO O TIOJIOKUTETb-
HO 3apsDKEHHBIN MAPHUK € Y/eJbHBIM 3aps/ioM

Y= =

m
MmapuKa B 001aCTh MATHUTHOTO TIOJIST PACTIOJIO-
JKeHa HeTPOBOJSIIIAs cTeHKa. Hampasseme
CKOPOCTH TTapHKa TTapaIJIeSTbHO CTEHKE U Tep-
TIEHAUKYJIAPHO JIUHUAM MarHUTHOU WHAYKIUUA.
Haiizure, npn Kakux 3HayeHUsX b MIapuk He
BBLJIETUT OGPATHO B 06J1aCTh, T/l HET MATHUTHO-
ro ToJsi. Ygap Iapuka O CTeHKY CUHTaTh
a6comoTHo yrpyruM. CHIAMHI COMTPOTHBICHUS
U CHJIOW TSIKECTU TIpeHeOpeyb.

Ha paccrosuun b or Mecra BXoja

JI. Koadynos

Hy6auxayuio nodzomosun B.Crobodsnun



NHOOPMANINUA

OuepepnHoun Habop B B3MILL

Bcepoccuiickasi 3a0uHasi MHOTOIIpEMETHAS
mkosa (B3MIII) — cTpykTypHOE HOApaseie-
Hue Jmines <«Btopas mkomas — 06DBIBJISET
TpreM ITKOTbHNKOB 5—11 Kaccos na 2019 /20
yueOHbIil TOI.

B3MIII — crapeiiiiee 3a0uHoe cpejiHee y4ue6-
Hoe 3aBesieHne Poccun — cymectByer ¢ 1964
roga. BAMIII gaer ponosHnTebHOE 06pa3oBa-
HUe TI0 MaTeMaTnke, puanke, 6MOJIOTUHU, FCTO-
pun u ob1ecTBO3Hanno, rotoBut K OI'9, ETD,
JTOTIOTHUTEIBHBIM BCTYHHUTEIBHBIM dK3aMeHAM
B BY3BbI.

3aHATHS BEAYT OIBITHEHININE TPerno/aBare-
JIN: IOKTOPA U KaHIUJATbI HAYK, aBTOPDI yueb-
HBIX TTOCOOMI.

O6yuenne B8 BSBMIII kak maamBuaya bHOe,
Tak 1 B rpynmnax «KoJIeKTUBHbIN yueHnk». B
[OCJIE[IHEM CJIydae TIPU IIKOJIAX CO3/IAI0TCs
IPYIIIBI TI0]] PYKOBOJICTBOM yuuTeJieil, pa6ora-
foumx 1o nporpammam B3MIII.

Ha wnnuBuayasbHoe o6yueHne TpueM TIpo-
MCXOJINT TI0 pe3yJIbTaTaM BBITTOJTHEHNS BCTYTIN-
tesbHON paGorbl. [pymniel  «KosmekTuBHbIi
YUEHUK» MPUHIUMAIOTCS 10 3asIBJEHUIO PYKOBO-
JIUTEJIST TPYIIbI, 6€3 BBITIOJHEHUS BCTYITHTE -
HO# pabGoTHI.

CpoK OTHPaBKH BCTYUTENBHOI paGoThl — do
25 wons 2019 zooa.

OrBeTbl OTIIPaBJISgiiTe JTO6BIM YIOGHDIM CIIO-
cO6OM: 3JIEKTPOHHON MOYTOMH, POCTHIM ITHCh-
MOM WJIM C TIOMOIIbI0 O6PATHOI CBSI3U Ha Ha-
mem caiite. TpebGyiorcst smiib 6a3oBble 3HA-
HUS — He GECTIOKONTeCh, eCJIi PEInIN He BCe
3a/1a4M.

He 3a0y/ibTe npeacTaBUThCS U yKA3aTh CBOM
ajzipec 1 Bo3pact!

Caiir: https: /' /vzms.ru

E-mail: 2015vzms@mail.ru

Tenedonnr: 8-495-939-39-30,

8-926-280-28-20

Anpec: 119234 Mocksa, BopoGbeBbl ropsi,
MTY, B3MII

BCTYMNMUTEJIbHbIE 3SAAAHUA

OTpeneHme MaTeMaTUKN

[Tpuanmaem yuyennkos 5—11 kaccos.

Ecsm BbI XOTHTE YUYMTbCS HHIMBUILYAJBHO,
BBIIOJIHUTE BCTYHHTEIbHYIO PAGOTy, YCIOBHUS
3a/1a4 KOTOPOIl IIPIBE/ICHBI HILKE.

Pettennst 3a1a4, ¢ KOTOPBIMHA YAI0Ch CIIpa-
BUTBCSI, MOKHO 3aITHICaTh B OGBIYHOI yUeHIIec-

KOWl TeTpajii W BbICJATh B BHJE CKaHA WJN
dororpadun BMecTe ¢ 3agBJICHUEM O TIpHEMe Ha
aapec priem@math-vzms.org nam Ha 1MOYTO-
BBII a/ipec MIKOJIBI.

3asBJieHre 0 IpuUeMe MUIIeTCss B CBOOGOHOM
dopme. Cooburure haMuanio, uMs, OTIECTBO,
roj poskaenusi, 6asosoe oOpazosanue (Ham
661710 6b1 y106HO TipodecThb: «C 1-rO ceHTSA6pS
2019 roma s Oyay yuuTbCcsl B KJacce» ),
TIOJTHBIN TIOYTOBBIN a/ipec ¢ WHIEKCOM, OTKY/a
ysuanu 0 B3MIII (u3 nunTepHeTa, u3 »ypHaIOB
«KBanTt», «Hayka m xusHb», or yuuress,
poauTesiei, Apyseil Wi U3 APYTUX HCTOYHU-
KOB).

Bo BeTynuTeibHOM 33IaHUK PSIJIOM € HOPSIJI-
KOBBIM HOMEPOM 3a/[aul B CKOOKaX yKa3aHo,
yUYEeHHKaM Kakoro kjacca (MMeercs B BULY TOT
KJIacc, B KOTOPOM BBI TIPE/IIIOJIATAETe YIUTHCS C
1 centabpa 2019 rozga) arta 3ajaua 1Ipe/HA3HA-
yaercs. Bbl Moskere, ecu XOTHUTE, JIONOJIHU-
TEJIPHO PEINaTh 3a7adi, aJPecOBaHHbBIE CTap-
M KJIACCAM.

He Toponurecs, a eciiu 3a/ja4u He Oy 4aiOT-
cs1, BO3BpallaiiTech K HUM HECKOJIbKO pa3. [lo
25 WIOHSI BpEMEHH elrle I0CTaTouHo. Bo3MoikHoO,
Bbl He CMOYKETe PENIUTh BCE 3aJa4ll CBOETrO
KJIacca, TOT/[a IPUCLIaiiTe PENIeHUs TeX, KOTO-
pble crenarh yaasnoch. He 3alyzabre o6ocHO-
BaThb CBOU PEIIEHUsI, «TOJIbIil» OTBET K 3ajiaue
peleHneM He CUUTAETC.

Hamr caiit: http: / /www.math-vzms.org /

Hamr teredon: +7 495-939-39-30

3anayu

1 (5-6). [I>xon rooput, 4to J[3KacTuH BperT.
[>xactun rosBoput, yto Bper Tom. Tom roso-
put, uto BpyT u />kactun u [>xon. Mcexonsa us
TOTO0, 4TO BCe Tpoe Ju6O BCEr/a TOBOPST MPaB-
Jly, 160 Bcerjia BPyT, KTO M3 HUX TOBOPUT
mpaBy?

2 (5-6). IloBepxHOCTb Kyba €O CTOPOHOI
6 cM TOKpacHJU CHapy>KH B KPACHBIH IIBET.
[Tocsie aToro ero pacnmananm Ha KyOUKH CO
CTOPOHOI 1 cM. Y KaX/I0TO U3 IOy YHBIITIXCS
KyOGUKOB ITOCUNTAJIN KOJIMUECTBO KPACHBIX IPa-
Heil. Y CKOJIbKUX KyOUKOB 3TO KOJIMYECTBO He
PaBHO JABYyM?

3 (5-7). /lBa KBagpaTHBIX KOBPA BHEC/IM B
KBagpatHylo KoMmHaTy. CTOpoHa OHOTO U3
KOBPOB B /[Ba pa3a GoJibIlle CTOPOHBI J[PYTOTO.
Oxasasoch, 4TO ey MOJOKUTh KOBPBI B MPO-
TUBOIIOJIO}KHDIE YTJIbI KOMHATDBI, TO OHU ITOKPO-
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IOT B /[Ba CJIOS YYaCTOK TI0J1a TIOMAAbI0 9 M.
A ecam TIOJOXXWUTD KOBPBI B COCETHWE YTJIBI
KOMHATBI, TO B JBa CJIOSI OKAa)XETCS MOKPBIT
YYACTOK 110MaAb10 15 M2 . UeMy paBHa CTOPO-
Ha KOMHATbI?

4 (6-7). Benukan Gpocuics B IIOFOHIO 32
JIMJIAITYTOM, KOT/IA PACCTOSHHE MEXAY HUMHI
6b110 paBHO 8 mmiaram Besnkana. Iloka Besn-
KaH fesaer 1 mar, guaumnyTt npoberaer 7 mia-
roB, Ho 1 mar Benukana pasen 11 maram
smannyTa. CKOJBKO 1AroB MPO6esKas JIVJIH-
MyT JI0 MOMEHTa, KOT/J[a BEJMKAH ero JOTHAJ?

5 (7-10). IllecThb MaJbYNKOB M YETHIPE J€-
BOUKHM OPTaHW30BATIN TYPHUDP B KPECTUKHU-HO-
Jukn. KaskIbIl y9aCTHUK CBITPAJ C KaK/IbIM
110 O/IHOM MapTHU. 3a BBIUTPBIII IPUCYSKIATN
2 ouka, 32 HUYBIO — 1 OYKO, 32 MPOUTPHINT —
0 oukoB. /leBouku BMecte HabGpain 40 OUKOB.
Ha ckosbko Wrp, B KOTOPBIX BBIUTpaJa Jie-
BOUYKA y MaJb4HKa, OOJbINE, 9YeM UTP, B KOTO-
PBIX BBIUTPAJ MAJbYUK Y JIEBOUKH?

6 (8-9). UssectHo, yro X+ — — 1iesoe
x

8
4yncyo. JJoKaxknTe, 4To TOrAa X + —g — TOXKe
X

1[€JI0€ YHUCJIO.

7 (8-9). B BepmmHaxX HECKOJIBKUX OJMHAKO-
BBIX 110 Pa3Mepy IPABUJIbHBIX KAPTOHHbBIX TPe-
YTOJIbBHUKOB B IIPOU3BOJIBHOM MOPSIIKE HAIIICA-
uol uncaa 1, 2, 3 (B KaKAOM TpeyroibHUKE
BCTPEYAIOTCS BCE TPU YMcaa). TpeyrobHUKN
CJIOKUJIK B CTONKY TaK, YTO WX BEPIINHbBI
coBnasim. MOryT Jii CyMMbI YHCEJ, HAMHCAH-
HBIX B KQ)K/I0# BEPIINHE CTONKHU, OBITb PABHBI:
a) 2019; 6) 20207

8 (8-10). Iycrp abc — HekoTopoe TpexsHau-
HOe YucJI0, 3anucantoe mudpamu a, b, ¢ ciesa
HarpaBo. MoskeT s uncio abe + bea + cab
ObITH TIOJTHBIM KBA[PATOM?

9 (9-11). KBagparuas miomazib pasMepoM
100 x100 M BbLIOKEHA KBa/IPATHBIMU TLJIUTA-
MU €O cTopoHamu 1X1M dYeThipex IIBETOB:
6eJI0ro, KpacHOro, YepHOrO U CEPOro TakK, 4TO
HUKaKWe JBe TUINTBI OJMHAKOBOTO IIBETa HeE
corpuKacaiorest Apyr ¢ apyrom (He MMeIOT HI
o6ueit croponsl, Hu obuieit Bepumnb!). CKOIb-
KO MOJKeT ObITb KPACHBIX ILJIUT?

10 (9—11). JIokaxkuTe, YTO €CJIU B TPEYTOJIb-
HUKE COBHAAIOT KaKue-HUOY/[b /IBe TOYKU U3
Tpex: 1) ILeHTP BIUCAHHOI OKPY;KHOCTH, 2)
LEHTP OIMCAHHOI OKPYKHOCTH, 3) TOUKA IIepe-
CeyeHUs] MeJHaH, TO TPEYTOJbHUK PABHOCTO-
POHHUIA.

2019/Ne2

11 (10—11). B BbBIIYKJIOM YeTHIPEXYTOJIbHHU-
Ke T0CIeI0BAaTEIBHO COEMHEHbI CEPENHBI €T0
ctopoH. Kakme 3nadenms MoXKeT HTPHHHMATb
OTHOIIEHNE TLIOMAN TIOJYYEHHOTO YeTBIPEX-
YIOJIbHUKA K TUIONIAJN UCXOJHOTO?

12 (10—11). a) CKoJbKO KOpHE#i UMeeT ypas-
Henme x° —3|x|+ 1=07?

6) Hapucyiite rpadux
y=x"=3x|+1.

dyHKIIUN

OTpeneHve GU3NKN

OO6yueHue Ha OTIEJICHUU OJHO-, [BYX- U
tpexroanynoe. Ha tpexroamunbiii motok (Kypc
®3) npunuMaroTcs okanumpaiomme B 2019
roay 8 KJIAacCOB cpejHell MIKOJbI, Ha JBYXTO-
quabtit (kype M2) — okanumBaomue 9 Kmac-
coB u Ha ogHorogmunbii (kypc d1) — 10
KJgaccoB. Yualquecst, okaHumpatoime 10-it
KJIacc, MOTYT IIPOITH YCKOPEHHO BCIO MPOTrPaM-
My 3a oaun rog (kype @0). Jlag mocTyiieHns
Ha kypc D3 Hy:KHO pemnth 3agaun 1-5 npuse-
JIEHHOI HUKE BCTYNUTEIbHOM paGoThl, Ha KypC
D2 — zamaun 4-9, na kypc @1 — 3agaun 5—10,
Ha kypc @O0 — szagaum 4—10. Ha ob6uoxkke
TETpaJM CJefyeT yKasaTb (aMuanio, UMs ¥
oryectBO, Ko Kypca (D0, @1, D2 wau D3),
CKOJIBKO KJIaccoB Oy/ieT 3akondeHo K 1 ceHTsi6-
ps 2019 roma, nosmbli 1mouroBblii agpec (¢
ungexcom), aapec e-mail (ecnm ectp), Tese-
don. I'pynmbr «KostekTuBHbIN yuyeHUn» 1pu-
HuMarorcst Ha Kypebl D1, D2, D3 6e3 Berynu-
TeJbHOI pabOTHI.

E-mail: olphys@ phys.problems.ru

Wnrepuer-caiit: http: / /phys.problems.ru

3anayu

1. Ha craumuio MeTpo BeayT JeCTHUIA U
ackasatopbl. [laccaskup cryckaeTcs 1o Jiect-
HUIIE B MOJITOpPa pasa GbIcTpee, YyeM MOHIMA-
ercsa. Korma oH Takum >xe o6pasoM H[ET IO
aCKaJaToOpaM, TO BKOHOMHT B CyMMe Ha CITyCKe
u ogpeme 30% BpeMeru. OHAKIBI TTACCAKITD
BOCIIOJTb30BAJICS 9CKAJIATOPAMU, JIBUTASICD IIPO-
TUB WX X0Ja. BO CKOJIbKO pa3 oH B cymMMme
JIOJIbIIIE CITYCKAJICS W TOJHUMAJICS, 4YeM IIpu
JIBIDKEHWH TI0 JIECTHUTIE?

2. Bpycok caImBOYHOTO Macja Maccoil m =
=500 r omycTuam B KaCTPIOJIO C TOPSYUM
MoJ0KOM. Haiigure, Ha CKOJIBKO M3MEHUTCS
YPOBEHb JKIIKOCTH B KACTPIOJie, KOT/[a MacJjo
pacraer. Ilsomaab cedeHUs KacTPIOJU
S =200 cm? . [110THOCTD PACTOILIEHHOTO Mac-
ga p; =09 r/CM3 , MOJIOKa Py = 1,0 F/CMj .
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3. B Gynkep CHeromaBu/IbHOI MalIMHbI 3ar-
pyskaior cuer npu temneparype —10°C, xo-
TOPBII 3aTeM HArpeBalOT M TIJIABAT 3a CYET
TEIJIOTHI, BBIAEJSIONIENHCS] TPU CTOPAHUK TOII-
JmBa. Bo CKOJIbKO pas oTjiyaeTcss Macca 4uc-
TOTO CHETA OT MACChl CHera ¢ MPHUMEChIO MecKa
(10% 10 Macce), ec/im Ha MPOIECC TIJIABJICHHST
cHera B 000UX CJyYasX VILIO OJMHAKOBOE
BpeMs?

4. B rupmsuzge, cocrosiieil U3 1ocseoBa-
TEJIbHO COE/INHEHHDBIX O/INHAKOBBIX JIAMII, O/IHY
13 HUX 3aMEHWJIM HA JIAMILy C TeM JKe HOMU-
HAJbHBIM HANpPsDKeHHeM, HO OoJiblleldl HOMH-
HaJILHOH MOIIHOCTBIO. By/ieT oHa CBETUTD CHJID-
Hee wian cjaabee MPeKHen?

5. Ha miockyto cTOpomy CTEKISTHHOTO MOJTY-
HIapust pajinycoM R ¢ rokasaresieM IpeJiomJie-
HUs n = 1,3 nepreH Ky IIpHO Ma/laeT MyvYoK
MapalJIeIbHBIX JIydell KPyTJIOro CeYeHU s TOTO
JKe paamyca. 3a moJIyIiapieM Ha pacCTOSTHIH R
YCTAQHOBJIEH 9KpaH, TMapaJIeTbHbII ero IJIoc-
Kot ctopone. Haiifnurte pajguyc cBeTOBOTO IIAT-
Ha Ha aKpaHe. [7ie oHO Oy/leT OCBEIeHO CHUJIb-
Hee: B IIEHTPe WJIHM 1O KpasiM?

6. Mutenb BbLITIETAET OT 3eMJIH CO CKOPOCTHIO
v =120 M/c, HanpaBJIeHHOIT IO/ yTJIOM O = 45°
K TOPU30HTY. Uepes BpeMs Af € TOTO JKe MecTa
ITPOM3BOJIUTCST BbICTpes. HauanmbHast ckopocTb
cuapsizia u = 400 m/c. Haiinure anamnason 3na-
YeHWil Af, IPU KOTOPOM MHIIEHb MOXXET ObITb
nopakeHa B mostete. CHapsi/1 M MUIIIEHb CUNTAli-
Te MaTepruaJbHBIMH TOUYKAMU.

7. JIBe MaJlOuKM PaBHOW JJTMHBI, HO PA3HBIX
Macc my U my, KECTKO COEJAMHEHBI TT0/T ITPSIMbIM
YIJIOM W TO/BEIIEeHbl, Kak
I0Ka3aHo Ha prcyHKe. K cBo-
6OJTHBIM KOHI[AM TaJIOYeK
TpUBsA3aHa HUTD, MO KOTO-
poii 6e3 TpeHusi MOKET J[BU-
rarbcest 6JI0K ¢ Tpy3oM. V3Be-
CTHO, YTO B PABHOBECHH yTOJI
¢ = arctg (m;/m,). Haiign-
TE YyroJa o .

8. I'py3, moxBeIeHHbBII HA
HUTH, COBEpPIIAeT KPyroBoe
JBIDKEHTE C TOCTOSTHHO CKO-
poctpio. JIMUHy HUTH MEJICHHO YMEHDBIIAIOT.
Kaxk uamensercs npu aToM yroJi, KOTOPbIi HUTD
COCTaBJISIET € BepTUKAIbi0? OTBET MOSICHUTE.

9. B cocyne, nmerorieM hopmy Ky6a o6 beMoM
V =1 7, Haxoautcda resquil Ipu Temieparype
T =300 K. Ouennte KOJIMIECTBO COYAAPEHITH
€O CTEHKAMM COCY/1a, KOTOPOE B CPe/IHEM COBep-

IIaeT O/lHa MOJIEKyJIa Telus 3a MPOMEKYTOK
Bpemenn At =14,

10. /IBa pesncropa MOAKJIIOUEHBI TIOCTIE0BA-
TEJIbHO K UCTOYHUKY TIOCTOSIHHOTO TOKa. BosibT-
MeTp cornporuyienrneM R = 6 kOM 1oka3sbiBa-
€T, YTO Ta/IeHNe HATIPS)KEHUs Ha YYaCTKe T[eTlH,
coJiepsKaleM 3T pe3ncTophbl, paBHo U =6 B.
Ecmn namMepsATDh aTHM ke BOTHTMETPOM TTAJCHNUS
HANPSDKEHNST HA KaXXJOM U3 PE3UCTOPOB, TO
noayuurea Uy =2 Bu U, =3 B. Haitgure
COIIPOTHUBJICHUS PE3UCTOPOB. BHYTpeHHNUM CO-
MIPOTUBJICHUEM UCTOYHUKA TOKA MOXKHO TIpe-
He6peYb.

OTpeneHve Guonornun

Yyanmmvcsa 8 KgaccoB HEOOXOANMO PEITHTD
IpHUBe/ilecHHbIe HIDKe 3agaun 1—-3 u omgHy u3s
3aja4 4, 5, a yuanmmcs 9—10 kaaccos — 3aaun
2, 3 u aBe u3 3aza4d 4—6.

B oTBerax MO’KHO HCIOJIb30BaTh M (PAKThI,
Hali/leHHbIe B JINTePaType, 1 COOCTBEHHDIE H/ICN.
[Ipocum a71a cBefreHnil, TOUEPITHYTHIX U3 KHMT,
HPUBOJMUTD CCBLIKK HA MCTOYHUKU (17151 cBejie-
HUM, B3ITBIX U3 MHTEPHETA, — TOUHbBIN ajpec
COOTBETCTBYIOMIEH CTPAHUIIDL).

3anayu

1. IlpexacraBbre cebe, 4TO BaM JIJIsT BaIInX
MCCJIe/JOBAHMI HY>KHO COZIEP)KATh *KUBOTHBIX B
HeBoJsle. Bara 3ajada — cBeCTH K MUHUMYMY
yiep6 »KUBOTHBIM, KOTOPBIN OHU OY/yT MOJIy-
4aTh OT TAKOTO COJEPIKAHMS, U 0OECTIEIUTh UM
MaKcUMaIbHO KoM(pOpTHOe IpoxkuBanue. Tax-
JKe Ballll SKMBOTHBIE JIOJDKHBI HAXO/ANTHCS B
TaKNUX YCJIOBHUSX, YTOObI OHM MOTJIM Pa3MHO-
JKATBCSL.

B kakux ycJjioBusiX Bbl Obl COJEPIKATN CJIETY-
IOIUX JKMBOTHBIX: BUHOIPAJHAS YJIUTKA, MOP-
CKOIi aHreJ, OCbMHHOT, aKCOJIOTJIb, CPE/IHea3n-
aTckas yepernaxa, 3e6poBast aMa/inHa, repereJi-
Ka, KpbICa, KPOJMKH, HODKH, MaKaku a) B
yCJIOBUSAX J1aGOPATOPHOro BuBapus u 6) B
YCJIOBUSIX 30011apKa? YuTHTe, 4TO B YCJIOBHIX
300MapKa Bbl JOJDKHBI Pa3MeliaTh >KUBOTHBIX
TakuM 00pa3oM, YTOObI OHU ObLIM TOCTYITHBI
JUIs1 0630pa noceruresieil.

2. Kak BbI iymMaeTe, 3a4eM 4eJIOBEeKY HY>KHbBI
MoJiouHble 3yOpi? Wam 210 GeceMbICIeH b
aTaBN3M?

3. Kaxue cBoiicTBa MUKPOOPTAaHU3MOB MOXK-
HO u3y4arb 6e3 MUKPOCKOIAa?

4. Kak BBl NOHMMaeTe — 3a 4YTO NPUCY/IUIN
HobGesneBckyio mpemuio 110 (GpU3HOJIOrHU U Me-
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quimne ocenbio 2015 roga? Msimoxure cBouMn
CJIOBAMHU CYTb OTKDBITHSI U €ro 3Ha4YeHue [JIs1
JTAJIbHENIIIEr0 PA3BUTUST MEIUITHDI.

5. U3BecTHo, 4TO OpraHu3Mbl ObIBAIOT OJTHO-
KJIETOYHbIE, MHOTOKJIETOYHbIE U KOJIOHWAJIb-
ubie. [IpuBeanTe Kak MOKHO GOJIbINE PA3JINIHii
MEXIy 3THAMU OpraHmsMamu. Kak OTJHYnThH
KOJIOHMAJBHOCTH OT WCTUHHON MHOT'OKJIETOY-
HOCTH?

6. Kaxoe orkpbitiie B o6sactu GHOJIOrHN
KasKercsl BaM HanboJiee 0yKU/IaeMbIM B HACTOS-
it MmomenT? [Torpo6yiitTe 06bSICHUTD, TOYEMY
WMEHHO BBIOpAHHOE BaMU OTKPBITHE BaXKHO,
KaKne MepCrieKTUBbI OHO OTKPBIBAET U TI0YEMY
OHO He C/IeJIaHO JI0 CHUX TIOp.

OTpeneHvne ncropmuun

Bornpoce!

1. CKOJIbKO TIPABUTEBHUI] TOCY/IaPCTBA Ha-
cuntbiBaer ucropusi Poccuu?

2. Kaxkoil c60pHUK 3aKOHOB U3 HIKE Iepe-
YHUCJAEHHBIX ObLJI MEPBBIM, HM3JaHHBIM MAcCO-
BBIM THPa’KOM ?

a) Cyne6nuk Mpana II1.

6) Cyne6nux Mpana IV.

B) CoGoproe Y.osxkeHue.

r) Bounckuii apruxya Ilerpa 1.

3. Ilouemy B coBx03e Obll JUPEKTOP, a B
KOJIX03€ TIPEJICe/IaTeh?

OTaeneHne obLLEeCTBO3HAHUA

Boripocs/

1. Kakas pecriy6/mika — cy6bext Poccuiickoit
Deziepaliin — UMeEET TEPPUTOPHATBHYIO OC-
HOBY?

2. Kakast ¢hopma 1paBJieHusI CYIECTBOBAJIA B
Poccum ¢ ampesrs 1906 o mapt 1917 roga?

a) AGCOMIOTHAS MOHAPXUSL.

6) [lyaiucruyeckasi MOHAPXUSI.

B) COCJIOBHO-TIPEICTABUTEIbHAS MOHAPXHSI.

r) Teokparuueckass MOHADXUS.

1) TpajuiMoHHAsT MOHAPXUSI.

3. B crpane Yxmguauu B 2016 roxy dpupma
«I'peiiiep», UCIOB3YsT HKCKABATOP U TIPOUYIO
TEXHUKY, BBIPbLIA, BO UCIOJHEHUE KOHTPAKT-
HBIX 00SI3aTebCTB, KAaHABY [IIMHOW B OIUH
KIJIOMETP U IIUPUHONW B OJUH METP, 3a 4TO
MOJYYUJIa OT 3aKa3YMKa OIJIATy B pasMmepe
2000 poikUKOB (PBIKUKU — YXJISHACKAS BAJIO-
ta). B 2017 rozy Takie 110 3alaHUI0 3aKa34uKa
OHa ATy KaHaBy 3apblja, Ha 4yeM 3apaboraa
3000 popxukoB. Ha ckoabko m3MeHmJICS B

2019/Ne2

peayJbTare 3TUX JIBYX OTIepPaIiii BATTOBOW BHYT-
PEHHUH MPOAYKT YXJISHANU, €CJIN YIeCTh, 9TO
OH U3MEHSETCS MO COCTOSHIIO HA KOHEIT KasK/10-
ro roja?

a) Boipoc Ha 2000 pbLKMKOB.

6) Boipoc na 3000 pbIKHKOB.

B) Ynan na 1000 pbrKUKOB.

r) He namenmcs.

1) Boipoc Ha 5000 pBIKUKOB.

5’0/7,00Cb/ 10 3KOHOMUKe

(cneyrype 6 pamxax kypca «O6uecmeosna-
Hue»

1. [leHbrum cayskar B KayecTBe

a) e/IUMHUIIBI CYETa,

6) cpejcTBa ILIaTexXa,

B) CpeJCTBa HAKOILICHUS,

I') BCEro BBIIIEIEPEUHCICHHOTO.

2. Ilpsamoii o6MeH ToBapa Ha ToBap 6e3
UCTIOJTb30BaHNs JIEHET B 9KOHOMHKE Ha3bIBa-
ercst

a) Gaprep,

6) GesHanMuHbLi pacyer,

B) JICMITHHT,

r) pedoar.

3. IlpucraspHo M3yuynB co6CTBEHHYIO 60OPO-
ny, crapuk XoTTaGbld 0OHAPYIKUJI, YTO TOCJIe
TOTO, KaK OH BBIPBIBAET BOJIOCKH JIJIs MCIIOJTHE-
HUSI CBOUX KEJaHUIl, OHU HEME/IJIEHHO OTpacTa-
10T BHOBb. HysxHo sm XorraGbluy usyuarb
9KOHOMMUKY ?

a) Hy>KHO, OCKOJIbKY M3yUYeHre 9KOHOMUKH
MO3BOJIAT €My TIOJIy4aThb MAKCUMAJbHYIO TIPHU-
OBLIIb.

6) He Hy>KHO, TIOCKOJIBKY JIJIS1 HETO HE CyIIe-
CTBYET MPOOJIeMbl OTPAHHYEHHOCTU PECYPCOB.

B) HyKHO, HMOCKONbKY TOIJa OH CMOJKET
HAWIY4IIIM 06pa3oM SKOHOMMUTD.

r) He Hy’KHO, IOCKOJIbKY OH OY€Hb He JIOOUT
YUUTHCS.

4. EMens cyMeJs TOJBIME PyKaMH TMOWMAaTh
BoJiie6GHyI0 1yKy B 1npopy6u. C Toil 1opbl
Emens, xotopblii 1 paHbIiie ObLI Ype3BbIYAITHO
JileHnB, He pa6otaer. Kak 3TO cKas3piBaeTcs Ha
6espaGoruiie B TpuaeBsaTom 1apcrse?

a) YBeqm4nBaeT CTpyKTypHYI0 6e3paGoTHILy .

6) Y BeIMUYNBACT IIUKJIMYECKYIO 6e3pa0OTHILY.

B) YBesnmuusaeT GPUKIHOHHYIO 6e3paGoOTHILY .

r) Hukak He ckaspiBaercs Ha 6e3palboTHILe.



OTBETbHI, YKA3AHUA, PEINIEHUA

«KBAHT» A4 MJTIAALLUNX LUKOJIbBHUKOB
3AOAYN
(cm. <Keanwms Not)

1. 0.

IIpu cnoxxennn Bropas nndpa MepBoro CJaaraeMoro
ABB usmenunacs (/I BMmecto B). Oto Morso 6bITh
TOJBKO B TOM CJydae, KOTJa M3 Paspsjia eIMHUI]
1pu cJaoKeHnu Oblaa nepeHecena 1 B paspsiji 1ecsar-
koB. Ho u nepsag nudpa npu cjaokeHuu n3MeHu-
aacp (I BMecto A). 3HA4UT, TPU CJIOKEHUM W3
paspsijia JIeCATKOB B pa3psii COTEH TOXKe TepeHece-
Ha eJJUHUIA. ITO BO3MOXKHO, TOJBKO Korja b + 1 =
=10. 3uauut, b =9, a rorma /[ = 0.

3ameuanue. Y pebyca ecTb pelIeHHs, HaIpHUMep
194 + 9 = 203.

2. Hampuwmep, 4, 2, 8, 6, 8, 2.

CyIIecTBYIOT U APyTHE MPUMEPHI.

3. MoxHo.

OnuH U3 TPUMEPOB pa3pe3aHns MOKa3aH Ha PHCYH-
Ke 1.

Puc 7
4. Bepno.
Hanpumep,
99100 +100-101 =100(99 +101) =
=100-200 = 20000.
3ameuanue. Ele BO3MOXKHDBI TOJbKO TPH IIPHMepa:
54-55+130-131, 40-41+135-136,
89-90 +109-110.

KOHKYPC UMEHU A.N.CABUHA

(cm. «Keanwm»> Ne12 3a 2018 2.)
13. a) Hert; 6) 1a.

[lBa MOJTUyHA He MOTYT CH/IETb PSI/IOM, UHAYe TIPO-
THBOIIOJIOXKHDBIC M GOJTYHBI OKa3aInch Obl coCe/s-
MU. 3HAYWT, GOJTYHBI N MOJYYHBI I0OJDKHBI Yepe/o-
BaTbest. B mynkre a) Beero 40 uyenosex — 20 Mosruy-
noB u 20 Gosnrynos. Ho Torza HampoTuB MOJTIyHA
CHJIUT TOT, KTO CUJUT yepe3 19 yesoBek yepes Hero.
ITO HeYeTHOE YUCJIO, TTOITOMY HANPOTHB HETO CH-
JTAT MOJIYYH — TIPOTHBOpeYne. AHAJOTHIHO, B TyHK-

Te 6) HANMPOTHB KaXKJ0r0 MOJYYHA CHJUT TOT, KTO
cuauT 4epe3 18 yesoBek yepes HEro, a 310 OOJTYH.
3uaunt, B nyHKkre 6) IpUMep, KOraa GOJTYHbI |
MOJIYYHBI YEePEYIOTCS, MOAXO/UT.

14. Ilycts O — uentp okpysxkuoctn (puc.2).

Puc. 2

a) Paz a = b, to AOAA = AOAA, (1o Tperbemy
MPHU3HAKY PABEHCTBA TPEYTOJIBHUKOB), U pa3 ¢ = d,
to AOBB; = AOBB, . Torga O — Touka mepeceue-
uust 6uccekrpuc yriaoB A u B tpeyroapauka ABC,
3HAYAT, OHa JIEKUT U Ha Ouccexrpuce yraa C.
CrietoBaresibHO, CcTOpOHBI yria C CUMMETPUYHBI
orHocutesibHO CO U OKPYIKHOCTH CUMMETPUYHA OT-
HocurenbHo CO. Iloatomy tpeyroapnukn OCC; n
OCC, cummerpuunbl oTHocutesbHo CO, a 3Ha-
qur, u pasubl. Torzga e = f.

6) llentp O OKPYKHOCTH JIEKUT HA CEPEANHHOM
nepreH Ky Jsipe K xopae A,By, a paz b = ¢, o aT0
U CepeIMHHbIN MepIeHuKyasIp K AB. AHajioruvso,
pad d = e, To O JIeXUT HAa CePeMHHOM TIepPIIEeH/IN-
kyngape k BC. Torma O — Touka nepeceueHust
Cepe/IMHHbIX TEepPIEeH/IMKYJISIPOB K cTopoHam AB u
BC tpeyrompanka ABC, a 3HAuuT, JEXHUT U Ha
cepeunnom neprengukysipe kK AC. Tak kax AC,
— 3TO XOp/ia OKpY:KHOCTH, TO O JIEXKUT U Ha cepe-
mqunioMm neprenukyssipe k- AC, . CiegoBaresbHo,
OHU COBIAJIAIOT 1 [ = d.

15. IIycre C = 99999999 — A. Yucso C sBisiercst
BOCHMHU3HAYHBIM, B €T0 3AIICH IPHCYTCTBYET KaK-
nag uz wudp 1, 2, ..., 8 m C:i137 (1ockoabky
99999999 : 137 ). Yncsio B — nauGoJibliee U3 4nucen
C TeMHU JKe cBolicTBamMu, 3HauntT, B> C, T.e. A+ B>
299999999 .

[Iycrp D = 99999999 — B. Ananoruuno, uucsao D
SIBJISIETCST BOCBMU3HAYHBIM, B €r0 3alUCH MPUCYT-
crByer Kakaas us wudp 1, 2, ..., 8 u D :137. Yuc-
JI0 A — HauMeHblllee U3 YKCeJ ¢ TEMU JKe CBONCTBa-
mu, sHaunt, A<D, t.e. A+ B <99999999 .

W3 nosy4eHHbIX BYX HEPABEHCTB 3aKJIOYAEM, UTO
A+ B=99999999:73.

16. Bynem o6osnadarp uepes C,’f qHICa0 Croco6oB
BBIOpATh U3 7 PA3JNYHbIX MPEAMETOB R MPEIMETOB
(0 umenax coueranuii B «KBaHre» cM., Hampumep,
crarbio H.Bunenkuna «KomOunaropuka» B Nel 3a
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1971 r.). Ilpu 0 < k < n 5To uMCIO HaTypajbHOE, a
IS BCEX OCTAJIbHBIX LEJIBIX Hap 7 1 k oHo pasHo 0.
OGosnaunm uepes C;" cymmy CF nans Beex
k=r(mod3). Tax kak B oToHl cyMMe KOHEYHOE
KOJIMYeCTBO HEHYJEBBIX CJaraeMbIX, TO OIpejese-
Hiue KoppektHo. Torma pasuocto Oy — Py, 1po
KOTOPYIO B 3ajiaue TpeGyeTcst J0Ka3aTb, YTO OHA II0
MOJIyJII0O He MPeBOCXOANT 1, Tpe/jcraBisercss Kak
CY - Cx'. Bocrombayencs dopmy.ioit ck=ckly
+Ck, npu n > 0. 3aduxcupyem n u r u ci0KHM
BCE PaBEHCTBA TAKOro BIja A/t Beex k =7 (mod 3) .

Honyunm C;" = C;'' +C;7, . Bannuenm anaoriny-
HO€ Pa3JioKEeHMEe Ha CJjaraembie [1Jis1 Cf’7 n BbIY-
TEM OAHO U3 APYyroro:
=r =r—-1 _
Cn _Cn -
=r—1 =r =r—2 =r—1\) _ _r 2
(C +Cn—1)_( n—1 +C )_ 111 C .

Tak kak 7 —2 =7 +1(mod 3), 10 HOIyUeHHAS CyM-
Ma paBHa

= _ EIH _ (C r1+17C r1)

n-1 n-1 n— n
= =r—1
Takum o6pasom, gokazano Toxaectso C," —C," ™ =
_ =r+1 =r
=-(C,{ =C,). llpumennm ero n pas:
C=r Csr—1 _ CErH C—r+2 C—r+1 _
n T “n — A\ M-t T - 1 n-2

_( 1)'1 (C_r+n C_r+n 1)
IloiimeM, uyemy MOXeT PaBHATbHCS Pa3HOCTb
Gyl -Gt Takkak CJ =1 u Ck =0 mpu k#0,
o C3'=1, C5'=0, C32=0. Torna Cy' - Cj'~ v
mo Moayaio He OGosbme 1, a 3HAUYUT,

|C_”” —~C5™" Y <1 s Beex n w7, B TOM uncie

|QN - PNl = |Cif2 _Cf11| =1.

3agaua pemena. OTMETHM, YTO TEIEPb HECJIOKHO
BoiBectu popmyay ana C,” . He OyneM IpUBOAUTD
[IOJIHOE JI0KA3aTeJIbCTBO, JIMIIb HAMETHM IIyTh.
CJ10XUB TPU PaBEHCTBA

C’Tr C_r 1 ( : C_r 1)
C C—r+1 ( : :r) 7
Cc= = C="

n

3

n mojiesmB Ha 3, Boipasum C,” . B cymme C,fr_1,
Cx' u CZ pamyr 2", MOTOMY YTO B COBOKYITHO-
CTH 3TO BCe CHOCO6bl BBIOPATh HECKOJBKO IpejMe-
TOB U3 N Pa3JUYHbBIX. A Pa3HOCTH BHIA
(Cf' _er—1) JUIST BCEX 7 W 7 BBIPAKAIOTCS Yepes
PasHoOCTH BHJA (C()Et
pasuThb uepes t.
Taxxxe C,” MOXKHO HAHTH € HOMOIIBIO KOMILTEKCHBIX
yncesi. KopoTko perienne u3j0KeHo0, HalpuMep, Ha
caiite problems.ru, 3agasa 61128. ITogpo6uo ara
nyiest o6eysxaercs B crarbe A. KanyHunkoBa «Marus
komrtekcHbix uuces» («Kpant»> No6 3a 2017 r.).

—C(TH) , KOTOpbIE JICTKO BbI-

2019/Ne?2

KANENOOCKON «<KBAHTA»
Bonpocbl n 3apaun

1. Beprukanb, 1npoBeneHHas yepe3 HEHTP TIKECTH
KpaHa, B 060UX CJy4asX MPOXOAUT Yepe3 IJIOIMIAIb
€ro OIOPBHI.
2. /lng paBHOBecHsI pblyara MpUJIOKEHHAs B TOUKe
D cuna posKHA co3JaThb MOMEHT, paBHbii F-AB.
Cuta Gy1eT MUHIMAJIBHOI MTPH MAaKCHMAaJIBHOM TLTe-
ye, paBHom BD. CuegoBaTtesbHo, OHa paBHA
F o -F AB _F

in = E_ﬁ ¥ HampaBjieHa TepHeHINKY-
aspHo BD.
3. MakcuMaJIbHBIH BBIMTPBIIT B CHJIE, PABHBIN ABYM,
MOJKHO TOJIYYUTH, UCTOJIB3Ys OJOK TaK, Kak MOKa-
3aHO Ha pucyHke 3 (ecau GJIOK JIErKUil U TpeHue
MaJso).

L/
.
N/

[

Puc 3

Puc 4

4. TlogBukublil GJIOK [a€T BBIMTPHINI B CUJIE B /B
pasa. Bec rpysa 6osble NpHJIOKEHHONH CHIBI B 8
pa3. 3HauuT, MOXKHO MCIIOJIb30BATh YeTbIPE II0J-
BIDKHBIX GJIOKA, /IAIOMINX HYSKHBIIT BBIUTPBIII B CHJIE,
1 elje TPH HeMmoABIDKHBIX 6s0ka. OHAKO, HMCIOJb-
3ysl MUHMMAJIbHOE YUCJIO GJIOKOB, HOJIYYUM IIPH TOM
JKe BBIUTPBINIE B CHJE CXeMy, M300paKeHHyIo Ha
pHUCYHKe 4.

5. Heubss. Uto6bl TBO3/b BXOAWI B JIEPEBO, a HE
MPYKUHWJI, SHEPTUS MOJOTKA JOJIKHA MPEBOCXO-
JITD ONpe/IeJIeHHYI0 «IOPOTOBYIO» SHEPIHUio.

6. IIpu BOMBaHUY TBO3/S B JJOCKY SHEPIUS MOJIOTKA
pacxojyercsi B OCHOBHOM Ha IPEOJIOJIEHIE COTPO-
THBJEeHN focku. Korma ske rBo3/ib BOUT, BCS KUHe-
THYECKasi HHEPrUsl MOJIOTKA IIPEBPAIIAETCS BO BHYT-
PEHHIOI0 YHEPTHIO IISTIKA TBO3/I.

7. C yBenmueHneM TTyOMHDI SKUAKOCTH YBEJIMYIBA-
eTcsl ee JIaBJIeHUe, TI09TOMY /ISl HOBBIIIEHHs 11POU-
HOCTH COOPY)KEHUS €ro
CTeHKH B HIDKHeHl dvacTn
JIOJDKHBI ObITh TOJIIIE.

8. B apouHBIX KOHCTPYK-
muax (puc.5) BepTHKATb-
Hble Harpy3ku Tpancdop-
MHPYIOTCS B OOKOBDBIC /1aB-

Puc. 5
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JICHUSI apOYHOIi IyT'M, KOTOPbIE MEePeIaloTCs Ha OC-
HOBaHIe apKu.

9. IlpouHocTh Ha pacTsyKeHHe CIHUYKH WJIN COJIO-
MUHKH, KaK 1 GOJIBITMHCTBA CTPOUTEIBHBIX dJIeMEH-
TOB, MHOTOKPATHO IIPEBBINIAET WX MPOYHOCTH HA
u3rub.

10. OGe KOHCTPYKIIMM — TOJIbIE. 3aroJHsoIIee
Cep/IIIEBIHY BEIECTBO YBEJMUHBAIO ObI OOTIYIO Mac-
Cy " TOBBIIAN0 Obl M3rnbaoIe n CKUMAroIme
cuibl. Tlosblit IMHHDBIA HUJIMH/P JIydllle CIJIONTHO-
TO C TOUKH 3PEHUsT COMPOTUBJISIEMOCTH HATPY3KaM.
11. Korzpa jgocka Jexkut Ha pebpe, OCHOBHOI Jie-
(opMupyeMbIil MaTepHas pacliojiaraeTcsi JaJblie
CEep/IEBUHBI U YKECTKOCTD KOHCTPYKITHH YBEJTHUN-
BaeTcs.

12. B mopax u mycToTax TaKuX MaTephasioB COJep-
JKaTCsl Ta3bl, B TOM YHCJE BO3/AYyX, O0O0Jajaroriue
MJIOXOM  TETIONPOBO/HOCTHIO, UYTO IMO3BOJISIET HC-
[10JIb30BaTh UX [IJISI TEILIOM30JISIIIIH.

13. {151 Toro 4TOOBI BiIara He MOTJIA IIPOCAYUBATHCS
13 3eMJIH 4epe3 (DYHTaMEHT B TOJIIIY CTEH.

14. [lepemennoe MarauTHOE ToJie KaGessi HABOJIUT B
Tpy6ax WHAYKIIHOHHbBIE TOKU, HA YTO TPATUTCS dHEP-
rusg. Takske 3TN TOKH CHIDKAIOT CPOK CJIy»KObI TPYO.

MwukpoonbIT

Bo BTOpOM ciyyae Hporu6 Oy/eT NPaKTHYECKH He-
3aMETeH, Y4TO CBUETEJNBCTBYET O 3HAYNUTEHHO GOJIb-
el JKeCTKOCTU MOJIOH KOHCTPYKITHH.

3A0AYN O POKYCHUKAX
M TEOPEMbI XOJIJIA U LLMNEPHEPA

1. Ecsm MHOKeCTBO fOHOIIEHl KOHTHHYAJIbHO, a Jie-
BYIIIEK CYETHO, TO JIEBYIIEK Ha BCEX IOHOIIEH He
XBaTHUT!

2. Ilponymepyem fonomreit yncaamu 0, 1, 2, ..., a
nesyiek — uncaamu 1, 2,... Ilyctb HyzeBoil 10HO-
1ma, Ha30BeM ero 3epo, 3HAKOM CO BCEMU JIeBYIIKa-
MH, a 1ad 1€ N i-if JoHOIIa 3HAKOM TOJIBKO C 1-i
JIeBYIIKOI. Bo3bMeM IPOU3BOJIBHYIO TIPYIIy U3 R
fonoteit. Ecau cpean nux ectb 3epo, TO o6iiee
YICJO 3HAKOMBIX ATHM IOHOIIAM [EBYIIEK 0ecKo-
HEYHO, NHAYe KOJMYECTBO 3HAKOMBIX JICBYIIEK PaB-
o k. B mo6Gom ciyuae wa k toHOIIEll TPUXOAUTCS
He MeHbIIlee YHCJI0 JieBylek. TeM He MeHee, BCceX
IOHOIIIEl MOKEHUTh He YAACTCS, TMOCKOJDbKY €CJIi
obecrieunTh Cy/ b0y BCeX IOHOIIEl, Kpome 3epo, TO
OHHU «pa3bepyT» BceX JIeBYIIEK, I 3epo, HECMOTPS
Ha TO, YTO y HEro 6O0JIbIIe BCErO 3HAKOMBIX JIEBY-
1IeK, OCTAHEeTCS He y JieJ.

3. IlycTtp Bcero s JepeBeHb, a B i-il JlepeBHE M
skennxoB n 1; nesect (i =1,..., ). Ilycrtp Takxke N
— ofuiee KomuecTBo skenuxoB (a TakKe HEBECT).
ITo ycaoButo, s m060TO i CIPaBEAINBO HEPABEH-
ctBo m; +n; <N .

Bosbmem mnpousBosibHbIX k IoHOImIEl. Ecau cpenn
HUX €CTb MPeCTABUTETN PA3HDBIX /IEPEBEHDb, TO KO-
JIMYECTBO TOTEHIIMATBHBIX HEBECT /1T HUX PaBHO
N. Ecim sxe st kR 1oHOIIEH W3 O/HOI JilepeBHH,
HATIpUMep I-if, TO KOJUYECTBO MOTEHIIMAIbHBIX He-
Bect pasio N —n; . Torga k< m; < N —n; . B o6o-
UX CJIYYasX BBIIOJHEHO YCJIOBHE TeOpeMbl XOJa.
4. Paccmorpnm sBynossHsil tpad G (V;,V,), B
kotopoM V| — MHOXecTBO ameit, V), — MHOXeCTBO
KOMaH/s, ‘Vd =2n-1, ‘Vz‘ =2n . Ilposesem pebpa
OT KaXk/I0il KOMaH/IbI K /THSM, B KOTOPbIe OHA BBIWT-
poiBasia. Tpebyercs gokasath, 4To B 3TOM rpade
CYIIIECTBYET COBEPIIEHHOE MapocoueTanne u3 V| B
V,. Uto6bl mpHUMEHUTb TeopeMy XoJuIa, HYKHO
[OKa3aTh, 4TO B TeyeHue JOObIX k [Heil He Menee k
KOMamH/1 o/iepKuBasu mobe/pt. [leficTBuTebio, ecan
He Bce 2n KOMaH/l BBIUTPBIBAJIM B 3TH JHU, TO
Kakas-TO KOMaHJa motepresa k mopaxkenuit. Ee
COTMIEPHUKH — 3TO yKe R KOMamH, MOOeKIABIINX B
yKazaHHbIe qHU. Bce mokasano!

5—8. IIpumenure caeacrsue 1.

9. HoGaBum Bo BrOpylo joJio rpada d HOBBIX
BEPIINH, COEAMHUB KKy U3 HUX peGpaMu co
BCEMU BepIIMHAMU TEPBOii rosu. [lyiss HOBOTO rpa-
da Oyaer BBITOJIHEHO YCIOBHE TeOpeMbl XOJLIa, B
CILJTy Y€TO B HEM CYIIECTBYET COBEPIIEHHOE Mapoco-
yeranue. Termepb yzaguM U3 9TOTO MAPOCOYECTAHS
«HOBbBIe» pebpa. x xosmuecTBO He Gosbiie d.

10. ITycrp V; — MHOKECTBO i-2JIEMEHTHBIX MOAMHO-
JKECTB N-3JIEMEHTHOTO MHOXKecTBa. PaccMoTpuM nBy-
noxpusie rpadpor G(V, Vi) mpum i<n/2 m
G(Vi,VM) npu 1> (n+1)/2 (B KaKJIOM W3 3THUX
rpacoB BepumHbl X 1 Y, B3STbIE U3 PA3HBIX J10JIEid,
CMEJKHBI TOT/Ia M TOJIBKO TOT/IAa, KOTJA OJHO M3 HUX
~ MOAMHOKECTBO JAPYTOr0). ITH Tpadbl YAOBIETBO-
PSIOT YCJOBHUIO CJEACTBHS 2, B CHJIy 4€ro B HUX
CYIIECTBYIOT COBEpIIEHHbIE Mapocoyeranus. 113 pe-
6ep ATUX MAPOCOUETAHMT 06PA3YIOTCS TeTH B OyJie-
aHe n-3JEMEHTHOTO MHOXKecTBa. Ecam Kakoe-TO
[n/2] -2JIEMEHTHOE MHOKeCTBO A He BXOAUT HU B
OJIHYy W3 3HTUX Ierell, [06aBUM OHOIIEMEHTHYIO
IeNb, COCTOSIYI0 M3 MHOXecTBa A. B pesysbrare
nosyyuM pasbueHue OyJeaHa Ha IeNH, KaKaas U3
KOTOPBIX COZEPKUT MHOKECTBO MOIHOCTH [n/2].
KosmmyecTBo Takux 11erneil paBHO Cn”/ 2,

[l nnmoctpanuu paceMotTpuM caydait n = 4. Ha
pucynke 6 BbIjleJIeHbl COBepIIEHHbIE TapocoveTa-
HUSI B COOTBETCTBYIOIINX /IBY/IOJBHBIX Tpadax.
Bort coorBercTByoliee pa3bieHe Ha Ieru:

1) @c{t} {13} ={1,2,3};

2) {2} {12} < {1,2,4};

3) {3} ={2,3};

4) {4} < {1,4} = {1,3,4};

5) {2,4} ={2,3,4} = {1,2,3,4};

6) {3,4} .
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11. C oamHOi CTOPOHBI, MHOKECTBA MOIIHOCTH [12/2]
06pasyioT aHTHIENb, B KOTOPOH CL”/ 2l 5emenToB.
Capyroii cTOpoOHBI, J06asi aHTHIEb MePeceKaeTCst
¢ KasK/I0ii u3 CL"/ 2l neneit, na KOTOpbIe pa36uBa-
ercst GyJieaH n-3JTEMEHTHOTO MHOKECTBa, He OoJee
YeM 10 OJIHOMY 3JIEMEHTY; TI09TOMY ee [IJTUHA He
6oee C,[f‘/ 2

12. Kax/plii 13 COTPYAHNKOB HAC MHTEpeCyeT JHIIb
KaK 3HAOIUI Kakue-To s3bIku. [loaTtoMy ero mMosk-
HO paccMaTpUBATh KaK TOJMHOKECTBO MHOMKECTBA
SI3BIKOB, KOTOPBIMH BJA/EIOT COTPYAHUKH (DUPMBI.
W3 ycnoBus 3ajiaun cjeyer, 4To COTPYAHUKH 00-
pasyioT aHTtuilenb B Oyjearme MHOMECTBA SI3BIKOB.
Ecsn sI13BIKOB 77, TO JOJKHO BBITIOJTHITHCS HEPABEH-
CTBO CL"/ 2> 250 . Uncsio 10 — HanMeHbIee n, yioB-
JIETBOPSIIONEE HEPABEHCTBY.

13. CBsoKeM € KaKIbIM XOOOGMTOM MHOKECTBO TEX
BEYEPOB, KOTJA OH XOJUT 10 roctsiM. COOTBETCTBY-
I0TI[IIe  MHOJKECTBA JOJUKHBI 0OPA30BBIBATD AHTH-
11eIb.

14. [leTekTUB MOJKET CIIPABUTHCS ¥ 3a 9 JHEH, ecan
BocroJbdyercst Teopemoii llnepuepa. Emy my:xuo
JIOOUTBCST TOTO, UTOOBI JIJIs JTI0O0H TTaphl 10/I03peBa-
embix A w B B Kakoi-ro neHb Ha Gecemy ObBLI
npursaied A u He npurJanien B, a B Ipyroil eHb,
Hao60pOT, ObLT TpUTIalieH B u He TpurJamien A.
BroBb ujer peub 06 aHTHUIIENHN, €CJU KaXKOTO IM0-
JI03PEBAEMOTO  OTOXK/ECTBUTD C TEM MHOMKECTBOM
JTHell, KOrjia OH TpurJanied Ha Oecefy C JETEKTH-
BOM.

15. Ilycts M — MakcHMaJsIbHOe 110 MOIIHOCTH T1apo-
covertanue B rpade G, a B — MHOKECTBO OCTJIbHBIX
BepmH rpada. Bepmuubl 13 B 1momapHO He CMEXK-
ubl (nHave K mapocodetannio M MOXKHO GbLIO Gbl
no6aButh pe6po). PaccMoTpum ABYR0ABHBINH rpad
G(B, C) , Tie C — MHOKEeCTBO BEpIINH, TTOKPBITHIX
pe6pamu mapocoueranust M. V3 yciaoBus 3agaun
CJIE/lyeT, YTO K HEMY MOYKHO NPHMEHHTb TEOPEMY
Xousma. B atom rpade cyiecTByeT coBepilieHHOEe
napocoueranne. Ecan B ucxomnom rpacde n Bep-
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muH, a napocoderanne M comepsxut m pebep, To,
CpaBHUBASI MOIHOCTH [BYX MAapOCOYETAHUil, MOJIy-
yaeM 7 —2m < m, oTKyaa m 2 n/3 , 4ro n rpeoBa-
JIOCh JIOKA3aTh.

OTHOCHUTEJIbHOCTb ABVOKEHNA

B 3AAAYAX KWHEMATUKH
1. t=45c. 2. At =27 mun.
3. vy, =100 kM/u. 4. v, =35 M/c.
5. At =9 mun. 6. v, =6M/c.
7. Opin =5 M/C. 8. [=20m.
9. [, =18 m. 10. v, =7 m/c.

MYHULUWMNANbHbIA 3TAMN
LIl BCEPOCCUNCKON ONTMMMNUAADI
LUKONbHMKOB MO dU3UKE

/ Kniacc

1. m=5400T1, V =1800 cm®,
p = 0,000000003 1/mm°> .
2. Ilepsblit yuacTok aaunnee B 1,5 pasa.

3.t =12 g 4 p =SP2TPL_ g e
L c 7
8 knacc
1. t,=-2 _48¢.
+
2. B OTII1OI_H62III/II/I 1 : 2 (cunras or Touku B).
3.x=h—2P9 44 ~485°C, V17,
2pg —pg + k/S Vy
9 knacc
1. v = oo =20 M/c; 4 =ﬂ=20M/C.
(2]
:p1—gh pu p1<p+L; x=h
209 —pig + k/S 298
k
>p+—-.
upu Py = p 295

2
3. L2=2L1+”Z’. 4. BU1=GB;§U1=8B]
P

5. v = (04 u)% .

10 knacc

1. Temmosoe paBHOBECHE HACTYIIUT HPU PaBEHCTBE
KOJIMYEeCTBa TEIJIOTbI, BbIAEJ/IAEMOTO B €/IMHUILY Bpe-
MEHU B IIPOBO/E IIPU ITPOXOKAECHUN T10 HEMY IJIEKT-
PUYECKOTO0 TOKa, W KOJIMYEeCTBa TEIJIOTbI, OTAaBac-
MOTO IIPOBOJIOM B OKPYJKAlolllee MPOCTPAHCTBO:
UL

7 = 2nrLaAT .
L
nr? (RO + oo )

‘I'l:?’2
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OTcrozia HaXO UM

U 2pr

] 2 -
20 (nrzRO + pL)

ITO KBaJpaTHOE OTHOCHTEJIBHO P yPaBHEHUE NMEET
TOJIKO OJ[HO PEIIeHNe, €CJH €ro JUCKPUMIHAHT
paser HyJ10. OKOHYATEJBHO HAXO/IM
2 2
U U
ATIT!},\X = bl Tm}lx = ]b + .
8naLrR, 8nalrR,
2. IToctpoum rpaduk 3aBHCUMOCTH CPEIHEIT CKOPO-
ctu mepememenns ot spemenn (puc.7). 3asmcn-

=N WS Ul
S oo ooo oo

Cpedusisi ckopocmov, KM/4

2 4 6 8 10 12
Bpems,mun
Puc. 7

MOCTb JIMHelHas 1 ee MOXKHO 3aIllcaTh B BHJE
(9
(v) =0y -1t
t
rae vy = 60 kM/u, a t;, = 30 Mun. CpeHAA CKOPOCTH

X
IepeMeneHnst paBHa (0) = =, CJIEI0BATEJBHO,
0
x =gyt - 2047
0
3asucumocts ¥ (t) — mapaGosa, BETBU KOTOpPOit
HarpaBJleHbl BHI3. BepimmHa mapaGosbl COOTBeT-
CTBYeT MOMEHTY BpeMeHHM, Korja [0k MakcuMalib-
HO yaaauicsa ot goMa bara:
t 1
boax = 2 =15 Mun = — u.
2 4
Bemuuna cpeineil CKOpocTH B 3TOT MOMEHT OyjeT
pasia 30 KM/4, a yjajgeHume OT JloMa TEOPETHKA
bBara cocraBur 7,5 kM. IlyTh, KoTOpbBIi TpoemeT
Tmox k 20-it MunyTte ABMKeHUst, paBeH 8,3 KM.

1 _M
3. FTp1 :E(mg_ﬁ)Y F‘l‘p2 —ﬁ(MQ—Fz)»

_ﬁ=l=2.

F, ™2 u
4. 3ammcaB ycJOBHe DAaBHOBECHS JJIsI KaXKIOTO U3
TpeX cJy4aeB, HaiijeM
p= Pu 0,76 r/CM3 .

2,1
5. Bravase mentp mMacc KOpOOKH ¢ 1raii6oii Haxo-
JTCs Ha paccrosuun /3 or summm crapra, a B
MOMEHT CTOJIKHOBEHHS CO CTEHOW OH G6yjieT Haxo-
auThest Ha paccroshue [/3 nesee crembl. Takum

06pa3oM, HEHTPY Macc HEOGXOAUMO TIPOITH PaccTo-
sune L —2l/3 . Crkopocrs uenrpa mace o, =0/3.

Bpems, 3a koropoe creHka AB jmoener 10 CTeHDI,

3L-2]

pasuo T = CKOpOCTDb /IBIKEHUST TIAiObI

OTHOCHTEJIbHO Ig)opoélm He u3MeHsiercs. Bpems mesk-
ay yrapamu At = [/v . Uto6bl yI0BJIETBOPUTD YCJIO-
BUIO 3ajaun, Heo6xoauMo, uto6bl T = nAt , rae n —
Jmo6oe HeueTHOe HaTypasbHoe uucyo. OTciona Ha-
X0/ UM

L:2+nl,
3
17 knacc
1/3
1. D=L 12;2 ~ 24 k0,

2. OHeprug ynpyroi aeopMaiui IPY>KUHBL C Jie-
JKalMM He Hell IapUKOM paBHA

U, = %k(AL)2 , tae kAL =mg .

[Iyctb mocsie CTOMKHOBEHUS IAPUKOB JJIMHA TIPY-
JKUHBI yMeHbInnach eme Ha L. Temepp sHeprus
MIPY’KIHBI paBHA

U, = %k(L+AL)2 ,
a U3MEeHEeHUe sHeprum CoCTaBJisdeT
AU = %k(L +ALY —%k(AL)2 = %kLZ +RLAL .

Tak Kax CTOJKHOBEHUe IIAPUKOB a0COIIOTHO YIIPY-
roe, Mapukn OOMEHUBAIOTCS UMITyJIbcaMu. V13 3aKo-
Ha COXPAHEHUS] SHEPIUH CJIEIYeT

mg(h+L)= %kLZ +RLAL , wmu mgh = %kﬁ :

2 47'52 k
[l1s1 IPY;KUHHOTO MasTHUKA 0 = 77 =— . Torma
MOCJIe/IHee ypaBHEHNE TTPUMET BHT
1 2
gh=—-w’* = —2L2 .
2 T

3

[Tagenue nepBoro mapuka onuileM ypaBHeHHEM
2

gt T
L=— rne 1=—.
2 M 4

OKOHYATEJbHO MOJIYIUM

2 22
Uiy T () I 2h
2n 214 n\ g

3. Cpasy nocJie 3aMbIKaHis KJIIO4Ya HallpsikeHue Ha
KOH/IEHCATOPAX PABHO HYJIO. [109TOMY TOUKH, MEK-
/1y KOTOPbIMH ITOJIKJIIOYEHbI KOH/EHCATOPbI, B Ha-
YasIbHbII MOMEHT BPEMEHH UMEIOT PaBHbIE TIOTEHIIU-
anpr (puc.8). Cura ToKa, TEKYIIEro uepes Kaxblii

&
u3 pesucropos, pasua I = — . Hanpasnenusa to-

KOB YKa3aHbl Ha PUCYHKe 8.
Korma koHgencaTopbl 3apsiisircsi, TOK B 1enu Oyaer
TeYb TOJIBKO 4Yepe3 Pe3nucTOPbl. JKBUBAJIEHTHOE CO-



Puc. 8

Puc. 9

nportussenue 1ernu pasHo 3R (puc.9). Cuma Toka,

TEeKYIero 4Yepe3 pe3ucTopbl, pasHa [, = 3— Ha-
TIpaBJIeHNe TOKa yKa3aHoO Ha PUCyHKe 9.
HampsokeHnst Ha KOH/IGHCATOPAX OIPEEISIOTCS Ta-
JIeHHeM HallpsDKEeHHs Ha Pe3UCTOpax:

UC:2R12:§£, q:UCC=§5C.

[TonstpHOCTD  KAKJOTO KOHJEHCATOPA yKasaHa Ha
pucyske 9.

B Mg (pp’rh() - th)
"R
rae fy — atMocdepHOe jlaBiieHie, BbIDAKEHHOE B
MM PT.CT., a M — MOJIsIpHasi Macca BOJbI; Pe3y.Jib-
TaThl BBIYKCJICHUSI 110 TOU POpMyJie MPUBEJCHDI B
TabJInIe.

4. p

’

Ne [ 11234 |5 6| 7] 8] 9

34,8(7,019,2(12,8(17,0|23,3|30,0|39,4|51,2

d. IHapI/IK 6yﬂCT JABUTATbCA 110 OKPYIKHOCTU pajiny-

[
com R = _B J10 TeX II0p, IOKa He CTOJIKHETCA CO

CTeIIKOfI I/’IYJ'II/I HE€ BDLIJIETUT U3 OéJIElCTI/I MaramTHOTrO
TTOJIS.

Ecim b > 2R | To mapuk nokuner 06JacTh MarHHUT-
HOTO TIOJISI, He CTOJKHYBIINCH cO cTenkoil. Ecium
b < R, 10 mapuK, CTOJKHYBIIHCH CO CTEHKOIA, MPO-
JIOJUKHT JIBUJKEHME BHYTPU MarHUTHOTO ToJst. Econ
R <b<2R, 10 mapuk CTOJKHETCS CO CTEHKOW 1
Jlaiee BO3MOYKHBI /IBE CUTYAIMN: WJIM IApHUK BBLIE-
Taer 13 00JIaCTH MAarHUTHOIO II0JIs, WU He BbLIeTa-
€T U [ABUTaETCA II0 TpaeKTOpI/II/I, HOKaSaIIIIOfI Ha
pucynke 10,a.

a) 6)
K
O B
A
: g
®B ®B'

Y,

Puc. 10

W3 pucynka 10,6 ciemyer, 9TO MAPUK HE BBLIETUT
13 06JIaCTH MAarHUTHOTO TIOJISI, €CJIH

Rcoso 2 R(1-cosa), mmum coso > 1/2 .
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N3 PUCYHKa HaXoJuM
b-R ) b 2b

, sinfo=—-—+1.
R R
VuurbiBast, uto cosa = 1/2 | noayyaem

b 2 1 J3 b . 3

——-——+—<0, otkyma 1-—< =—<1+—.
RZ R 4 Y 2 R 2

sino =

B wmamem ciaysae R <b<2R, 1031OMy OKOHYa-
TeJIbHO HAXO/UM

bsze(nﬁ]si[uﬁj.
2 yB 2
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IMMAXMATHAA CTPAHUUKA

n06er
KOPOJIA

B ceropnsammem Boiycke max-
MaTHOI CTPAHMYKU MBI TIPOJIOJI-
JKUM TeMYy HeOObIYHbBIX peiiJloB
KopoJist, HauaTylo ertie B 2017 rozy.
OTKpBIBAET BBINYCK TapTHS SIp-
KUX IMaxMaTucToB Havama XX
Beka, P.IlImuabmana u C.Tapra-
KOBepa, B KOTOPOU UTPaBIINii yep-
HBIMU TpoccMelicTep OJHUM U3
MEePBBIX B UCTOPUH TPUMEHHI TIJIAH
¢ Jep3KuM TOOEroM KOpOJsS U3
cBoero jarepsi. Hecayuaiino, uro
ato caenan umenno C.Tapraxo-
Bep, BeJib UMEHHO €My TIPUHAJIIe-
JKUT aBTOPCTBO TEPMUHA «THUIIEP-
MO/ICPHU3M» TIPUMEHUTEJIbHO K
naxmaraMm, M MUMEHHO OH YacTo
cTapajicsi OTOUTH OT KJjaccuyec-
KMX KaHOHOB UTPbl, 9KCHCPUMECH-
TUPYS € 1e0I0TaMy 1 1IPU/LYMbIBast
HeOObIYHbIE IIAHBI 33 MIaXMart-
HOM JTOCKOT.

P.LLUnunbmaH — C.TapTakosep

KoneHraren, 1923

1.e4c62.d4d53. eded 4. c3.
OO6bIuHO 3/1eCh UTpAIoT 4. ¢4, 4TO
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Qf4 A6 6. 2d2g67. Agf3 ag7
8.h3 2e49. Qedde10. 2d21511.
Qoch e5 12. de ae5 13. Led5 Led
14. ¥b3 Wb6. B ciyuae pasmena
(epseil uepuble OyAyT BJIA/ETb
OTKPBITBIMU JIMHUSIMI, & B OTBET
Ha 1ax CJOHOM OHH 3arOTOBUJIN
HEOOBIYHBIN MOGET KOPOJIS.
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BAlOT aKTUBHOCTb YEPHOTO KOPO-
Jis1, Jydnie eMorpedsioch ¥ ¢7, 6eps
na npuies nemky h7. 23...% g4
26. B df1 W b6! Bresanno Bbisc-
HSIETCst, 4TO GeJjible HE MOTYT Me-
HATBCS (HepP3sIMU, TaK KaK aKTHB-
Hast O3UITHS KOPOJIst 06ecTieunBa-
€T YePHBIM pellaolee IpernMyIie-
cTBO B snammmae. 27. ¥c4 Ed2
28. b4 We3. Coxpanenue Ha J10C-
Ke BCEX TSHKEJIbIX (PUryp Mo3BoJIs-
€T YepHBIM OPTAaHN30BaTh aTaKy Ha
6enoro koposd. 29. Bh3 W b6
30. Ehf3 2g231. & f4+ g3 32.
wd5> 2c8? Owmmbka, Koropas
MOTJIa CTOMTH YEPHBIM M0JI-OUKA.
Heo6x011M0 6bLTO 3aTIUTHTE ITCITI-
Ky e4 ocpezictBoM ¥e8. 33. ¥ d7?
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{4+ Eg3. 33... Wa6. Bropyio
TOPU30HTAJIb HE 3alIUTUTD, TI09TO-
My Gebie CAANUCh.

3a 100 ser maxmarbl CUJIBHO
U3MEHUJINCH, U B HACTOsIIEe Bpe-
M MOJACPHUCTCKMC BapHaHThl HE
MeHee MOITYJISIPHbI, YeM KJIACCH-
yeckue JuHuu. Tem He MeHee,
IJTAHBI ¢ TIOGETOM KOPOJIsS BCTPe-
JaloTCs BCE Tak ke peako. Himke
[IPUBEJIEH IPUMepP TaKol mapTui,
CBHITPAHHON COBPEMEHHBIMU MOJIO-
JIBIMI TpoccMeiicTepaMu B 1e610-
Te, KOTOPBIN TaK W Ha3bIBAECTCS —
coBpeMeHHast 3aliuTa.

I.AHToH MNMxappo - T.J1.MeTpocsH
CesaH, 2015
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32. 2 c4! Touno paccuuTas 1M0-
ceJIcTBUs, GeJble BeyT KOPOJs
OpsIMO B Jlarepb TPOTUBHUKA.
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WN3BECTHBLIE C TAYEOKOWM APEBHOCTU APOYHLIE KOHCTPYKUNN
AKTVBHO NCNOABL3YIOTCSI N CEFOAHS. B YEM NX AOCTONHCTBO?
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