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J1eBUTUPYIOLLIMA MArHUTHbI
BOJTHOK

A.lTAHOB

IIPEAEJINMJIEBUTAILINIO KAK CBOBO/IHOE 3A-

BUCAHUE TeJ B BO3/lyXe. Mbl OyJieM paccMaTpuBa-

pPUBATh UCKJIOYUTENBHO MATHUTHYIO JIEBUTAIIUIO.
I/I B CaMOM /ieJjie, MaramuTbl Kamy'rc;{ MoAXOJAIIIMMU KaH /-
JdaTaMn. 1:‘IT06bI 3aCTaBUTb TeJio JICBI/ITI/IpOBaTb, Hy)KHO
KaKuM-TO 00pa3oM KOMIIEHCHPOBATb CUJIY TSDKECTH. A
MAaTHUTBI, OGpaIleHHbIe APYTr K APYyry OJAHOUMEHHbIMU
IIOJII0CaMH, OTTAaJIKUBAIOTCA. EC]II/I pacnonomynb X Ha
OlIpe/le/IEHHOM PAacCTOAHUU APYT HaJl APYIOM, TO MarHuT-
HOE OTTAJTKUBAHUE KAK pa3 CMOXKET YPABHOBECUTH CHTY
TSDKECTH, W BEPXHUI MarHuT 3aBUCHET HAJl HWKHUM.

MHorwue bITaJnuCh JeiCTBOBATh IOJOOHBIM 06pPa3oM, HO
HUYEro He TI0Jy4aiochb. MarHuThl KaKUM-TO 0Opa3oM
M3BOPAYNBAJINCH B BO3/lyXe, OKA3bIBAJINCDH TTOBEPHYTHIMU
JIPYT K JIPYTY Pa3HOMMEHHBIMU TMOJIOCAME W TIPUTSTHBA-
auch. VM Ha 9TOM Bce 3aKaHUYMBAJIOCh — HUKAKOUW JIEBUTA-
. He moMoraeT n 3aMeHa OTTAIKMBAIOIIETO MarHUTa Ha
1IEIYI0 CUCTEMY MAarHiTOB, PACIIOJIOKEHHBIX Ha TIJIOCKOCTH
WJIN B IPOCTPAHCTBE, — U B 9TOM CJiydae T0OUTHCS 3aBUCA-
HUS HE YIaeTcs.
Ka3zanocp, yTo sieBuTaiiusg HeBo3MoKHa. U atomy OBLIO

MOIITHOE TEOPETUUYECKOE TTOATBEPIK/ICHIE.

Teopema Mle.Lloy — HEBO3MOXXHOCTb NIeBUTaunn

Haunem c¢ aBoiiHoii nurarel eiima — Beppu u3 cratbn
Annpesa Teiima «Marnetusm gaa Bcex» (http://
www.physics.umd.edu /grt /taj,/411c/Everyones
Magnetism.pdf, http://www.scientific.ru/journal /
translations /magn_ed.html):

«ITonpobGyiime, nanpumep, 3acmasums 1e6UMUPOBAMb
Maznummuoe meao. Bol, KoHeuno, 1ezko cMoxeme noOHsImb
€20 C NOMOWDLIO NOOKOBOOOPAIHO20 MAZHUMA, HO Gbl HE
CMOKeme 3ACaAsUms €20 3A8UCHYMb ¢ NOMOWDIO KAKOU
OvL MO HU OBLIO XUMPOYMHOU KOHGDUZYPAUUU MAZHUMOS.
YmobvL nousmo, 6 uem 30ech 0e40, HYKHO GCOMHUIND
meopemy Hpnwoy, xomopas (xax ee nedasno nepegdop-
myauposar Maiixa Beppu) ymeepxdaem, wmo nuxaxoil
CMAYUOHAPHBLTL 00BEKM, COCAAHNBLI U3 3API008, MAZHU-
MO U MACC, He MOXKem Oblmb NOOGEULeH 8 NPOCTIPAHCINGE
€ NOMOWBIO 060U PUKCUPOBANHOU KOMOUHAUUU INEKM-
PUUCCKUX, MAZHUMHBLY U 2PABUMAUUOHHBIX CULS.

IT1a TeopeMa Obljia J0Ka3aHa AaHTJINHCKUM CBSIEHUKOM,
MaTeMatukoM u ¢usukom Camysnem Mpumoy B 1842
rony. OHa mMeeT NPOCTYIO (DOPMYJIUPOBKY, KPACHBOE
JIOKA3aTeIbCTBO M XOPOIIO U3BECTHA KAXKIOMY (DUBHKY.
MHorwue ¢pusnkn cautasn ee aGCOJIOTHBIM 3alIPETOM Mar-
HUTHOHN JIEBUTAIMM, HO OKAa3aJ0Ch, YTO CYIIECTBYIOT 00-
XOJIHBIE TIYTH.

MpocTon aKkcnepnmeHT

HaunewM ¢ mpocToro skcnepuMenTa, KOTOPbIi Ha ITePBbIT
B3TJISII TIPEICTABIISIET COOO0I He GOJIbINE YeM TTapOIUI0 HA
MarHuTHyIo Jepuraiuio. Ha pucynke 1 BUIHBI JIBa Marau-
Ta, HAHW3aHHDIC Ha JIEPEBSH-
HbBIN CTEp)KeHb, — OJIUH HeO-
JIUMOBBIH, Jpyroit (eppuro-
BbIil, HO 3TO IIOKa HE TaK
BakHO. [1aBHOE, 4TO Maruu-
Tbl IIOBEPHYTHI APYT K JIPYTY
O/IHOMMEHHDBIMU I10JI0CAaMU U
B3aMMHO OTTAJTKUBAIOTCS —
BEPXHUI BUCUT HAJ HIKHUM.

[Touemy aTo0 HEJIb35I HA3BATH
JeBuTaleit? A 10ToMy, 4TO
3TO 3aBHCAaHHUE He SIBJSETCS
cBOGO/IHBIM — CBOOOIHOMY
JIBUKEHUIO BEPXHETO MarHu-
Ta MPEIATCTBYET JlepeBsSHHAS
nasouka. Her s 3gech mpo-
TUBOpeuns ¢ teopemoii Mpn-
moy? Het, motomy uto KpoMe  Puc.]. Marmr Ha ranoqke
MarHUTHBIX U T'PaBUTAIMOH-

HBIX CHJI HA BEPXHUI MarHWT JEHCTBYIOT YIIPYTUE CUJIBI,
BO3HUKAIONNE TIPU €r0 B3aWMOJIECTBUN C JIEPEBIHHON
TTaJI0UKOH.

Ho Bce me tak maoxo. IlpogomxuM ananus HAIero
aKcriepuMeHTa. BbicoTa 3aBHCAaHUS BEPXHETO MarHWTa —
3TO Ta BbHICOTA, HA KOTOPOIl JleiicTBYIOIIEe Ha HEro cuJa
TSDKECTU M MArHUTHAsS CHUJa ypaBHoOBemuBaioTcsi. He 6y-
JleM CHUMaTb BEPXHUI MArHuT C IaJ0YKH, & PACIOJIOXKIM
€ro Ha 3TOH BBICOTE CTPOTO FOPU3OHTAIBHO U OTIIYCTHM.
Jlerko y6emuThCsl, YTO B ATOM CJydae MOTEHIMATbHAS
SHEPrusi MaruuTa GyJeT YMEHBINAThCS HE 32 CUET BEPTH-
KaJIbHOTO TMaJIEHNs, a 32 CYEeT €ro MOBOPOTA B MArHUTHOM
nosie. Ecsin GbI He iepeBsSHHAS TTAT0YKa, BEDXHUI MarHuT
noBepHyJcsa Obl Ha 180° — cBOMM TPOTHBOIOJJOKHBIM
MOJTIOCOM K HIDKHEMY MarHuTy — W TPUTSHYJICS K HEMY.
[Tamouka mpensaTcTByeT aTOMY.

Ecmm 6b1 yaanoch 3aMEeHUTD TIAJOYKY Ha YTO-TO MEHee
Bell[eCTBEHHOEe, HO TOKe IMPEIsITCTBYIONIee TOBOPOTY, TO
BO3MOXKHO, 11po6siema JjieBuraimn Obliaa 6ot pemrerna. Oka-
3bIBACTCS, B 9TOM MOXKET TIOMOYb TMPOCKOINYECKH ah-
dexr. VIMeHHO 3aKpyTKa KOJIBIIEBOIO MAarHUTA BOKPYT OCH
MOJKET BOCIHPEIISITCTBOBATD €r0 ONPOKU/IBIBAHUIO U 1AJb-
HellieMy naJieHnio. JTo — KJIoueBas ujaed /11 TOro THIa
JIEBUTAINH, KOTOPBIiT MbI 06cy:x1aeM. Ho, Bo-TiepBbIX, ee
He Tak IIPOCTO pean3oBaTb. A BO-BTOPBIX, Kak YiKe




JEBUTUPYIOI UM

MATHUTHBIA BOJYOK

TOBOPHUJIOCH, JJIS €€ Peajn3alni MMeeTcsl JOMOJTHUTEeTb-
HOE TICUXOJIOTUYECKOe TPENSATCTBIE B BUE TeOpeMbl Mp-
HITIOY .

Pon XappuraH — npakTuka neBvraumm

B 1976 roay amepukanckuii uzo6perarenn Poit Xappu-
raH I0cJe MHOTOYMCJEHHBIX 3SKCIEPUMEHTOB 3aCTaBUJI
JIEBUTUPOBATH B MAarHUTHOM I10JIe MATHUTHBII BOTYOK. B
1983 roxy Xappuran mosiyuns naTeHT Ha cBoe u306pere-
nue. C gambHeiinieii cyp60ii 9TOro N306peTeHns CBsI3aHa
1esas IeTeKTUBHAS UCTOPUSI, HO 3/IeCh Mbl He 6y/eM eio
3aHMMaTbCA. Tak MM mHaye, HA OCHOBE TOTO M306peTe-
HUs OblJIa cO3/laHa WTPYIIKA MOJ Ha3BAaHUEM JIeGUMPOH,
KOTOpasi TOJIb3yeTcs OTPOMHBIM YCIIEXOM M IPOJAeTCs
MUJITHOHHBIMU THPAYKAMHU.

Mawikn beppu — Teopusi neBUTaLUn

O/Ha 13 TIePBBIX HAYYHBIX MyOIUKAII O JAHHOM THITE
JIEBUTAIMH TIPUHAJIEKUT U3BECTHOMY AHTJIHICKOMY yde-
HOMY, CIIEIMAJNCTy B O6JACTH MaTeMaTHYeCKOil busmku
Maiixay Beppu. B 1996 roay on ormy611mKoBas cTaThio, Tie
olMcaHa TeOPUsI JABMKEHISI MATHUTHOIO BOJTYKA B MATHUT-
nom mnoae (http://www.phy.bris.ac.uk /people /
berry_mv /the_papers /Berry271.pdf). 39t0 ynpouen-
HAasi TEOPHsI, HO OHA XOPOIIIO COTJIACYETCS € PE3YJIbTATAMU
KOHKPETHBIX 9KCIIEPUMEHTOB. B cTa-
The MHOTO MaTEMaTHKHU, W MbI Orpa-
HUYUMCST JTAIITh HeGOIIITIM U3BJIe-
yenueM orryzaa (K cyactbio, Beppu
HAIIICAJI ellle ¥ KOPOTKUH MOy JIsIp-
HBI TEKCT, KOTOPBIH pacrpocTpa-
Hsiyicst BMecte ¢ urpykoii: http: /
/www.phy.bris.ac.uk /people /
berry_mv /the_papers/
Berry272.pdf).

OkaspIBaercst, 4TO JJIs JIAHHOI
MarHuTHO# Gasbl (60JbIIOrO Mar-
HWTA, HAXOASLIErocs BHU3Y) U Ma-
JIEHBKOTO MAarHuTa, PaCIIOJIOKeH-
HOTO BHYTPH BOJIYKA, CYIIECTBYET
V3KUIl AUANa30H Macc BOJYKA, ST
KOTOPBIX BO3MOJKHA JIEBUTAIIWSI.
ITO O3HAYAeT, YTO HYKHO OYEHD
TOYHO OTPEryJMPOBATb MACCY BOJI-
yka. Ha mpaxTtuke 3T0 JOCTHTAET-
CS1 ero TOCTEIeHHDbIM YyTsIKeJeHU-
€M C IIOMOIIbBIO I1JIaCTMACCOBBIX
a6 MM Pe3MHOBBIX KOJIEYEK Ma-
Joro Beca. VIMeroTcst CymiecTBeH-
Hble OTPAaHUYEHUS] OTHOCHUTEJBHO
CKOPOCTH BpAIIE€HIsT BOJIYKA U BbI-
cotbl ero moJiera. Hysxen ormpeje-
JIEHHBIII HaBBIK JOCTABKU BOJYKA
B TOUKy JeBuTanmu. Tax:xe Heo6-
XOJMMO AKKYyPaTHOE TOPU30HTAJIb-
HOe BbIpaBHUBaHKME MaTHUTHOI
6a3bl. Hakower, aTtm HACTPOUKHU
MOTYT MEHSTBCSI B TIPOMENKYTKE OT
OJIHOTO 3arycka o japyroro. He-
MY/JIpeHO, 4TO XappuraHy Ipu-
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Puc.2. KaptuHsl ypos

MIJIOCh MPOSIBUTD HEMAJIOE YIOPCTBO, YTOOBI 3aCTABHUTD
BOJTYOK JIEBUTHPOBATD.

Ho Mbl oTkJIOHUMNCH OT Teopuu, BepHeMcd K Hell. B
cBoeii cratbe beppu BbIBOAUT yIporieHHyo (hopMyJry s
MMOTEHIIMATHHOW SHEPTUM MATHUTHOTO BOJIYKA B MATHUT-
HOM T10JIe, CO3/JaHHOM MAarHUTHBIM JIMCKOM PaJInyCOM d.
Wcnonbsyerca cucreMa KOOpPAMHAT, B KOTOPOH OCb Z
HarpasJieHa BEPTUKAJIBHO BBEPX, & OCU X U § — TOPU30H-
taJpHO. Tloce nepexosia K 6e3pa3MepHbIM BEJTUYNHAM:
z

X Y
x—o&==—, yon==, z5L{=—

a a a
1 T10CJI€ COOTBETCTBYIOMINUX npeoépasoBaHI/Iﬁ MacCcChbI BOJIY-
Ka 1 ero HOTCHHI/IaJIbHOﬁ SHEpPrun (I)OpMy.IIa JJIA IIOTEeHIN -

aJibHOIT aHeprun E mpro6peraer cieyiomuii By
2 2
1 8(g+n’)(2-7)
72
(1+2° 8(1+2%)
rae M, — npuBeleHHas Ge3pazMepHasi Macca BOJYKA.
O6oszHaunM uepes {, BbIcOTY (PaBHOBECHYIO BBICOTY), Ha
KOTOPOI TPaBUTAIIMOHHAS M MAarHUTHAST CUJIBI, I€HCTBYIO-
11e Ha BOJYOK Maccoil M|y , KOMIIEHCUPYIOT ApYT JApyra.
Meskny M, u {, uMeercsi Takoe COOTHOIIEHUE:
3¢,
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W3 ¢opMysIp! 11 TOTEHINAIBHON 9HEPTUH CJIEAYeT, 9TO
JIEBUTAIMA BO3MOYKHA TOJIBKO TOTJA, KOTJa OTHOCHUTE b~
Hasl BbICOTA HAXOK/EHUS BOJTYKA { = z/a 3akioueHa B

npejesax
0,5<2 < \E =0,632...
a 5

Torpa nuanason st COOTBETCTBYIOIUX MaCC I10JIy4a€TCs
TaKHM:

0,859...> M, >0,818...

Mp1 BUAUM, YTO 3TN JUaIla30HbI Ha CaMOM /JeJIe JOCTAaTO4Y-
HO Y3KH.

JLJ1st TI0JIy Y€HHBIX TEOPETHYECKUX PE3YJIbTATOB NMEETCs
XOpolllee BU3yalbHOe MpencraBienne. Ha pucynke 2
MIPEe/ICTABIEHbI KAPTHHBI YPOBHEN TOTEHINATLHOM 9Hep-
TUW [T PA3JIMYHBIX 3HAYEHUI PABHOBECHOI BBICOTHI () ,
a MOJKHO CKazaTb, W [JISI COOTBETCTBYIOIINX 3HAYEHMUIT

5/2
paBHoBecHOIi Macebl M, = 3¢, / (1 + Zg) / . Fopusontanb-

Hasg OCb HA KaX/OM Kajipe — 9T0 ocb § = x/a, wiaymas
B/IOJIb pajiiyca JNCKOBOTO MarHWTa, MPEICTABJISIONIEr0
Gasy. Beprukaabhas ocb — 310 ocb { = zfa . IlBeramu
[Ipe/ICTaBJeHbl 3HAYEHHUS MOTEHIMAJIbHOW SHEPIUud — OT
(burosreToBOTO /IS MUHUMYMA 10 KPACHOTO JIJIST MAaKCUMY-
Mma. Ha kagpax ot {, = 0,52 mo {, = 0,62 BuanbI puo.e-
TOBbIEe TOYKM MUHHMYyMa ITOTEHIINAJbHON SHEPTUH, WX
OKPY’KAIOT MOTEHIINATbHbIE SIMbI, W BOJU3U 3TUX TOUYEK
BOJTYOK MOJKET JICBUTHPOBaTh. Ha KpaitHUX Kaapax paBHO-
secubte Toukn (0; o) = (0;0,48) u (0;Z,)=(0;0,64)
HAXOIATCS Ha BeplInHAX HeGOJIBIINX FOPOK, M 9TH PABHO-
BecHble TOUKH HeycToiunBbl. C 1MepBoil M3 HUX BOJYOK
CKaTbhIBaeTCsl BHU3, CO BTOPOH — BOOK.

3aMeTnM, 9TO TEOPETUYECKOE OIMCAHNE XOPOIIO COTJIa-
CyeTcsl ¢ peasibHbIMU aKcriepuMenTamu. Ho teM He Menee,
ATO BCETO JIMIIb MPUOIIKEHHAS] MOJIE/Ib, KOTOPast OIChI-
BaeT MmoBejieHne OBICTPO BPATIAIOIIETOCs BOIYKa. B cTatbe
Beppu ectb 1 60J1e€ TOUHAST MOJIETH, KOTOPAs YCTaHABJIN-
BaeT JIONOJHUTEIbHbIE TPAHUIIBI [JIs1 CKOPOCTU YCTOMIMBO
BPAIIAIOIIET0Cs BOTYKA. Ho 3T0 yiKe /1151 caMOCTOSATETBHO-
ro yreHus.

Ha 5ToM MbI 3aKaHYMBAEM Hallle 3aTSIHYBIEECs BCTYTLIe-
HUE U TIEPEXOUM K TJIABHOMY.

Kak 3To caenatb camomy

Koneuno, BbI Bcerjia MOKeTe TIOCMOTPETb B UHTEPHETE,
KaK MOXKHO JIOOUTBCS JieBUTaIuy BoJrdka. [Torck Ha cioBo
Levitron jgact ruraHTCKoe KOJMUYECTBO CCHIIOK. A s pac-
CKa)Xy O CBOEM OIIbITE.

B kauectBe 6a3bI NCTIOJB30BATHUCH TPU KOJBIEBBIX (pep-
putoBbIX MarauTa (puc.3) ¢ BHenmuM quamerpom 110 M.
3axa3bIBaJICh OHU B T1eTepOyprekoil Kommanuu «Marmu-
o1 1 cucTeMbl» (http: / /magnet-prof.ru). Ber6op nmen-
Ho (eppHUTOBBIX MATHUTOB — NPUHIUIIAAJIbHAS Bellb.
A.Teiim B cBoeil ysxe IMTHpOBaBIEHCS cTaThe MUIIeT, YTo
HCTI0JIb30BAHKE KEPAMUYECKUX MAaTHUTOB HEOOXOIUMO JIJIs1
MpEeIOTBPAIEHNS] BOSHUKHOBEHUST MHIYIIMPOBAHHBIX TO-
KOB, PacCEeMBAIONINX SHEPIHUIO BPAIIEHUS.

Camoe cJIo3kHOEe — 3TO cOOpKa M HACTPOWKA MarHUTHO-
ro BOJIYKA. B BoJYKe MCMOTB30BAJICS MAJEHBKUN KOJb-
1eBoit (peppomaruuT gauamerpoM 20 MM, BBIHYTBIN W3

2014/Ne4

Puc.3. JleButaLms MarHUTHOro BOJIYKa

nuHamuka. Ha pucynke 4 1pejicraBieH Becb TOT JIOIOJI-
HUTEJIbHBIIH «MyCOpP», 3 KOTOPOro cob6paH Bo4OK. OChio
BOJIYKA CJY>KUT YeTbIPeXCAHTUMETPOBBII IJIACTUKOBBIN

Puc4. [eramm 45 cOOpkiy BOIYKa

BUHT C Pe3b6oil B 5 MM U C OTHUJIEHHOII roJyioBkoit. U
BUHT, U raiika, 4To 1oG6O0Jbllle, KyILJIeHbl B MarasuHe
aBmamo/ieJiell, a Ta, 4YTO MOMEHbIIle, — B MarasuHe pajiuo-
netasein. OCHOBOW [IISi COOPKHM BOJIYKA CJYKUT TLIACT-
MaccoBasi KpPBINIKA OT MOJIOYHOH OyTbIIKUA. B 1eHTpe
KPBIIIKA ITIJIOM TIPOTBIKAETCS OTBEPCTHE, B KOTOPOE BBUH-
YUBAaeTCd BWHT. B KPBIMNKY BKJA/bIBAETCS MArHuT M
YTSDKESIoN e 3JeMeHThbl: Pe3NHOBbIE TTPOKJIA/IKH, T1J1ac-
TUKOBbIE WJIM KapTOHHbIE IMaii6bl u T.11. IIpw aToM Jyd-
1Ile HEMHOTO He/IOTPY3UThb, YeM IepPerpy3uTb, — TOHKAas
HaAcTpoiika GyeT mpoucxoauTh modxke. 1 Bce 310 ¢ AByX
KOHIIOB cTsruBaercs raiikamu. CkajkeMm elie, 4TO ILJIac-
THKOBbIE KPBIIKH 10 KpasM JeJaloTcsl peOpPUCTHIMH,
4yTOGBI UX Jierde GbLIO OTKpy4uuBath. Ho atu pe6pbiiiku
B TO ’Ke BpeMs YXY/IIAT adPOMHAMUKY BOJYKA, TOP-
MO3ST €ro, YTO IMPUBO/IUT K YMEHbIIEHUIO BPEMEHU JIeBU-
taruu. Tak 4T0 GOKOBYIO MOBEPXHOCTH KPBIIIKH CTOWT
0oOMOTaTh IJIaJKON KJIEHKON JIEHTOI.

3amyck BOJUKa yA0GHO TPOU3BOJAUTH CO CTONKHU W3
MPO3PauHbIX KOPOOOK IS KOMNAKT-ANCKOB (OHHM TOXKe
MPUCYTCTBYIOT Ha pUCyHKe 4). VIX Ha10 MOJ0KNTD Ha 6a3y



JEBATUPYIOUUNA MATHUTHBIH BOJYOK

13 KOJIBIIEBBIX MAaTHUTOB TOYHO TI0 TIEHTPY. BOJIOK HYKHO
PacKpyTHTD, 1 3TO y3ke HerrpocTo. CireyeT OTHOBPEMEHHO
u 1moso6paTh BBICOTY CTOIKH, C KOTOPOM 3aIycKaeTrcs
BOJTYOK, W yOEAUTHCS B TOM, YTO BOJYOK JIOCTATOYHO
TSDKEJI, MHavye OH He OyJieT YCTOWYMBO BPAIIATHCS.

Kak To/bKO BOJTUOK Y Bac pacKpyTUTCS, HY3KHO OCTO-
POKHO U Me/IJIEHHO MOJJHUMATb CTOIKY KOPOGOK BMeCTe ¢
BOJIYKOM. U, ecsim ioBe3eT, B HEKOTOPbIIf MOMEHT BOJTYOK
oTtopBeTrcd BBepX 1 moBucHetr. Ho, ckopee Bcero, cpasy Tak
He cayuntcs. JIn6o BoTdoK He 6y/IeT OTPBIBATHCS, M TOTAA
HY>KHO YMEHBUIUTD €r0 MacCy — CHATb OJUH U3 I'PY3UKOB.
JIn60 ero pesko moA6GPOCUT BBEPX, 1 OH OTJIETHT B CTOPOHY
u cpa3y pyxHeT. B aToM ciyuae ero Hy»KHO YTSKeJTUTh, U
yAI06HEee BCETo TO CAeNaTh ¢ TOMOIIBIO PE3NHOBBIX KOJie-
yek. HacTh U3 TexX KoJieyek, 4TO TTOKa3aHbl HA PUCYHKe 4,
KYTIJIeHbI B MarasuHe CAaHTEeXHUKH, a CBETJIble BbIPE3aHbl 13
pesunku ot numerku. Y te u gpyrue y106HO HATATUBAIOTCS
Ha TalKu.

Ho u a70 etne He Bce. [lake pu MpaBuIbHO TIOA00PAH-
HOI1 Macce BOJTYKA OH MOKET He 3aBUCATh, a CBAJUBATbHCS
B60K. OIHAKO B ATOM CJlyyae CBAJTMBAHUE MPH KAKIOM
3amycke 06s13aTeJlbHO OyIeT TPOUCXOIUTD B OJIHY | TY K€
cTtopoHy. U Tor/ia Hy’>KHO 3aHATHCS] BBIPDABHUBAHWEM Mar-
HUTHOHN 6a3bl. IMEHHO [IJIST 9TOTO HYKHBI CHHUE KJIUHDS,
/1Ba 13 KOTOPBIX BU/IHBI HA PUCYHKE 3, a TPETUI CKPBIT 3a
MarHUTaMHu.

OTMeTHM, YTO BCE 3TH HACTPOUKHU MPUJETCS TTOBTOPUTH
Heo/iHOKpaTHO. Ho ecyii BaM XOTb pa3 yacTcs 3alyCTUTD
BOJTYOK, JIaJsiblile OH OyJIeT JeTaTh Kak MusieHbkuii. I1pas-
J1a, BpeMs OT BPEeMEHU MPUIETCS TPOBOAUTD MUKPOCKOIIHU-
YeCKYI0 KOPPEKTUPOBKY MacChl BOJYKA.

B npunnune, MOXXHO KyIUTb U TOTOBYIO UIPYILIKY, HO
3TO y3K€ COBCEM JIpyroe /IeJio.

MocnecnoBune

B To0 e camoe Bpems, Korga Maiika Beppu pas6upasics
¢ JeBuTpoHOM, AHpeir T'eliM 3acTaBmJ JIEBUTHPOBATDH
JIATYIIKY B CUJIBHOM MArHUTHOM MoJie. DTO ObLI APYToit
THII JIEBUTAIINN — [[HAMATHUTHAS JIEBUTA-
nusg. Ho nomyuennboie Beppu Tteopern-
YecKue Pe3yJIbTaTbl MOJAXOAUIN U JIJist
atoro ciaydas, u B 1997 rony bBeppu u
leiim Hanucan ysxe COBMECTHYIO CTATHIO
«Jletarone JIATYIIKM W JIEBUTPOHDBI»
(Of flying frogs and levitrons; http: / /
www.phy.bris.ac.uk /people /
berry_mv /the_papers /Berry285.pdf).
3a ary pabory um B 2000 Tomy mpucyau-
ma Urno6enesckyio npemuto (http: //
www.phy.bris.ac.uk /people /
berry_mv /igberry.html). Bor, uto onn
CKa3aJIi [0 9TOMY TIOBO/Y:

«B nocaednue 200v1 nesumavus 6ouia
HAWUM CUTOHOIM HAYUHDIM YBIeUCHUCM.

A B 2010 rony Aunpgpeil I'eitm Bmecre ¢ Koncranrunom
HosocenoBbiM osryuns yxxe 1 HoGeseBeKyto nmpemMuio —
3a ortkpeitre rpadena (HoGenesckas sexiust A.Tefima;
http: / /ufn.ru/ru/articles /2011 /12 /e /).

MpunoxxeHwune

[Tocnie aKcriepUMEHTOB C JIEBUTHPYIOIIMM MAaTrHUTHBIM
BOJTYKOM OCTAJIOCh HECKOJBKO HEGOIBITNX MarauToB. /la-
BaiiTe MMyCTUM WX B JIEJIO W CJIEJIaeM eIlle OJIHY ABWKYIILY-
10CST UTPYTIKY — IPOCTOI a71eKTpoMoTOp. Kpome MaruuToB
MOHAIOOUTCS TakKe GaTapeiika, mapa aHTJuicKux Gyra-
BOK HMJIM METAJJIMIECKIX CKPENOK, CKOTY ¥ MOTOK TOHKOM
Me/THOI U30JTMPOBAHHON ITPOBOJIOKU. V3 feTasieii, nuzobpa-
JKEHHBIX HA PUCYHKE 5, MOKHO OyeT co6paTh [Ba MOTOPA.

Puc.5. flerama [ns cOOpki S7€KTDOMOTOPA

Camoe mepBoe, 4YTO HYKHO CJ/leJlaTh, 3TO HAMOTATH
HECKOJIbKO BUTKOB IIPOBOJIOKH, CKasKeM, Ha TOJICTBII (hJ1o-
MacTep, 3aTeM CHSITh UX U C/IeJIaTh KOJIeYKo. [[JinHa Takoro
KOJIEYKa BMECTE C JBYMsl TPSMOJMHEHHBIMU OTBOIAAMU
JTOJKHA HEMHOTO TIPEBBIIIATh AJIUHY GaTapeiiku, KaKk 9T0O
BUIHO Ha pucyHKe 5. Cpasdy Ke 3aunCTUTe OT M30JISAIUN
o6a mpsIMbIX KOHIIA TIPOBOJIOKU. V30rHUTE /1BE CKPEIKN
WM auraniickue GyJIaBKU, KaK MOKA3aHO HA PUCYHKE S5, U

Mut nompamuiu na mee MHO20 CUL U Pycé. Paboratoume MOTops!

MHOZ0 6peMmenu, omeeuds Hd nocmdaejien-

Hble nepea HAMU 60NPOCHL. Ho mot HUYYmMvb He )Kaleem 06
IMOM U cuumaem, 4mo HaAwu Ycuiusi Onpd@@d?—lbl mem
O6W€Cﬂ’l6‘€HHblM unmepecom, KOWlOpblﬁ 6bL36ANU NOJAYUEH-
Hble HAMU pe3Yy1omdamol».

MpUMOTaiiTe UX CKOTUeM K OaTapeiike. B ylikm ckpernok
(6y1aBOK) BCTaBbTE 3aUMIEHHbIE KOHI[BI TPOBOJIOKH, J10-
6aBbTe MarHUTBI — W MOTOPBI 3akpyTaTcs (puc.6).




BSXKMTECH C rpadoMm

1. KOXEBHUKOB, A.LLIATTOBAJIOB

IOBUTEJIN SAHUMATEJIbHbBIX 3A/IAY BEPOT-

HO BCTPEYAN BOMPOC TAKOTO POJIA:

3apmaua 1. Kaxoe naubonvuee uucio pebep moxHo
nepexycumy 6 nPogoIOUHOM KapKace Kyba max, umooo.
KApKac ne paseaiuics na uacmu?

TyT, KOHEYHO, Hal0 YTOYHUTb, YTO BEPIIMHbI TPOTaTh
HeJb3s, a pe6pPo pasperaercsl NepeKkychiBaTh TAe-To To-
cpeaute. HeTpyiHo npuBecTn mpuMep, KOr/a IepeKychl-

BaloT 5 pebep u3 12, m Kapkac He
> passammBaercs (puc. 1). Ho scro, uto
npu Mo6Oi MOMbITKE MEPEKYCUTH elle
OJTHO Pe6PO KapKac paciajleTcsl Ha JiBe

A vactu. Bee, 3agaua pemena? Her, xo-
&< HeyHo! ONBITHBIM B pelleHnn 3a1a4
Puc 1 YUTaTe b TTOHUMAET, YTO 3TO TOJDBKO

navaso. To, 4T0 3TOT MIpUMEpP Heb3s
YAYUWUMD, He O3HAYAET, YTO HEJIb3s1 IEPEKYCUTD 6OIbliiee
qicJa0 pebep KaKUM-TO JPYTUM CIIOCOO0M, MOJKET ObITh
COBCEM He MOXOXXKnM Ha Haml. OJHAKO [PYTrHe IMONbITKH
IPUBOJAT K TOMY JK€ Pe3yJbTary: > pebep IepeKyCUTb
ynaetcs, a 6 — Het. [losiBJisieTcsl YBEpEHHOCTD B CIIPABE]I-
JIMBOCTH TAKOTO YTBEPIKACHUS: KAPKAC KYOd, 6 KOMOPOM
nepexycuau 6 pebep, o6sazamenvno pacnademcs. Ho kak
3T0 ToKa3ath? Ilepe6uparh BapuaHTbl He XOUETCS: JaxKe ¢
YYETOM CUMMeTpUH Ky6a ux He Tak y:k mMasio. [TompoGyem
MPUIYMAaTh T0OKA3aTENbCTBO, KOTOPOE 0055CHUI0 ObI CYTh!

Urobbl gasiee ObLIO yaoOHEE PACCYyKAATh, KaXKIYIO

BepumHy KyGa Oyzem cunrarh mapukom (puc.2). IToka
KapKac He pacraJjics, MypaBeil MOJKeT
10 UeibtM pebpaM TIPOIIOJI3TU OT JITo-
60oro Imapuka Jo Jio6oro Jpyroro.
[Tpu atom mepekyreHuble pebpa a-
BaiiTe BOBCE YJAJHM — CBI3b MEXIY
mapukamMu He Hapymutcesi. CKOJIBKO
JKe HY’KHO TIeJIbIX pebep, 4To6bl obec-

Puc 2 [EYUTH CBSI3b MEXK/IYy BCEMU IIAPHU-
Kamu?

Bynem pmeficTBoBaTh ¢ KOHIIA: yaJNM BHauaJe BOOOIIe
Bce pebpa, a 3aTeM HEKOTOPble U3 HUX OyjieM BOCCTaHAB-
auBathb. [locse ynamenust Bcex peGep y Hac ectb 8
Pa3pO3HEHHBIX MIAPUKOB. BoccTaHoBUM pebpo MexiLy
KaKUMU-TO [IByMs IIAPUKAMU — Y HAC TIOSIBUTCS HEGOJb-
moil Kycok Kapkaca. [lanee, BoccTaHaBIMBAas ele OHO
pe6po, MOKHO K HallleMy KyCKY MPUCOEIMHUTD ellle OJnH
IapuKk — W B HalleM KycKe GyaeT y:Ke TpH IIapuKa.
[TpomoJkast 10 OAHOMY NPHCOEJNHSTD MAPUKN K HUMEIO-
HeMycst KyCcKy, Ha 7-M Iiare Mbl [PHCOEJUHUM T10CJIe-
nauii, 8-if mapuk. Ilate pebep, KOTOpbIE MBI HE 3ajI€H-
CTBOBaJIM B TIpoliecce, — aTo pebpa, KOTOPble MOKHO He
BoccTaHaBMBaTh (B MCXOAHON (POPMYJIUPOBKE ATO TE 5
pebep, KOTopble MOKHO MepekycuTh). Bo3aMoHbIi mpo-

IIECC BOCCTAHOBJIEHUS IIOKa3aH Ha
pucyuke 3.

Wrak, cMbIC] OTBETA «3» IIPOSICHSI-
ercsa. Ho Bapyr Mbl zeficTBoBasn He-
akoHoMHO?! Hesb3s au mpucoean-
HATD [MIAPUKU HE 10 OJHOMY, a TPYII-
mamu? OJHAKO TOr/a MPUJIETCS [10-
6aBJsATh pebpa Ha CO3/IaHUE 3TUX
IPYII, Belb M3HAYAIbHO INAPUKKM Pa3posHenbl (4To6bI
cieathb TPYIINY W3 JIBYX I[IAPUKOB, MOTPEOYETCs OJHO
JIOIIOJIHUTEIbHOE pe6po, M3 Tpex — ABa pebpa M T.1.).
BosHs ¢ rpymmaMu 1o/IcKa3bIBaeT Ueio: JlaBaire moce-
JIUM 32 9UCJIOM TPy

Bravase KaXX/Iblii MapuK COCTABJSIET OTAEIbHYIO TPYII-
my, T.€. Bcero rpymi 8. BoccranasiamBas ouepernoe pe6po,
MbI MOKEM CBSI3aTh [[BE TPYIIIIBI B OJIHY, YMEHBIINUB YUCJIO
rpynn Ha oany. Ecam ke BoccraHaBiamBaeMoe peOpo
COe/IUHSIET /IBA APUKA BHYTPH OJHOI TPYIIIBI, TO YUCJIO
IpyIIl He u3MeHsieTcs. B KoOHIle Tpoiiecca Bce IMAPUKU
JTOJKHBI OBITH CBSI3aHbI B OJIHY TPYIIITY, a 3HAYUT, Olepa-
IIUI0 BOCCTAHOBJIEHUST pebOpa MPHUAETCs TPoJesaTh He Me-
Hee yeM 8 — 1 = 7 pas, T.e. NPUJIETCS BOCCTAHOBUTDH HE
Mmenee 7 pe6ep.

Bce, 3aymaua, nakoner, perrenal

Yro6bl Jiydniie pazo6paTbcsl B UCIIOJH30BAHHOM HAMU
rpueMe, PerinM elre OJHy
3a/1a4y.

3agaua 2. /3 cnuuex
CILOKEHA WAXMAMHASL 0OC-
Ka 88, cmopona xax-
00l Kaemxu pasna djume
cnuuxu (puc.4). 2Kyx xo-
yem, umobol ¢ 4100601
KAMKU MOHKHO ObLIL0 00T~
mu do 110601 Opyeotl, He
nepenonsas uepe3 cnuu-
xu. Kaxoe mnaumenvuiee
qucao chuvex npudemcs  Puc 4
05 amozo ybpamn, ecau
Zpanuunbie Cnuuku Yyou-
pamo Heav3a?

Pemenne. Buauane y
Hac ectb 64 OTAeeHHbIE
JIPyr OT apyra o0JacTu-
KJIeTKU. B KoHIle oHn 10J1-
SKHBI 00beIMHUTHCS B €/11-
Hy10 00J1acTh. bysem you-
paTb CHUYKHU TIO0 OJHON 1
CJIEIATD 32 00JIACTSIMM, Ha
KOTOpPbIE CIUYKK Pas3Ou-
Bafor pocky (mom obaac- Puc 5

Puc. 3

E.E.E.E.E.E.E.EJ



CBAXKUTECD C TPAD®DOM 7

M0 MBI TIOHUMaeM HaGop KJETOK, 10 KOTOPBIM JKYK
MO’KET MyTeIeCTBOBAaTh, HEe MEPEnosas dyepes CIMYKM).
fAcuo, uT0, YOPaB CIIUYKY, MBI MOKEM CJUTH He 6oJiee IBYX
o6JiacTell B O/IHY, T.€. YMEHbBIITNM YU CJI0 o6acTeii He 6oJee
4yeM Ha ojny. Ham nonagoburcs ne menee 63 causinuii, u
3HauuT, y6paTh HAMO He MeHee 63 CIMYeK.

A Bor npumep (puc.5): y6epem Bce BHYTPEHHUE TOPH-
30HTAJbHbIE CIUYKU W BCE BHYTPEHHUE BEPTUKAJbHBIE
CIIMYKY HA HUKHEN TOPU30HTAJIN — Kak pa3 63 crnuyku B
cymMe. 3ajiava perieHa.

Teopema o cBA3HOCTU rpada

UYro obmiero B pemennsx 3agad 1 m 2? U tam u TyT 6p17TH
pa3posHeHHbIe 06bEKThI (MAPUKH, KJIETKH), KOTOPbIE MbI
o6beunsaa B rpymnbl (061aCTh), a KJII0YOM K PEIEHUIO
cTala mjaesl MPOCJeNTb 3a KOJMYECTBOM TaKHUX TPYIII
(o6uacreit).

B o6enx 3asayax ecTb CBSI3U MEXK/IY IapamMut 0GbEKTOB:
pebpo Kyba coeAMHSIET APy BEPIIUH, CIIMYKA CJYSKUT
rpaHuiiell Mex/Jy Mapoil cocefHUX KJaeTok. CBgA3u TyT
OYeHb HATJISIZHBI, ¥ 3TO 06JIer4aer UX IOJICYUET.

UYro6b! IO BO3MOXKHOCTH HE TIOBTOPSTH OJHHU U Te K€
paccysk/ieHusl B Pa3HbIX CUTyallusX, MaTeMaTUKU BBOJAT
obmne ToHATHA. CTPYKTYpBI, B KOTOPBIX €CTb CBSI3U
MEXKIy TMapaMn oO6beKTOB, HasbIBatoTcs ezpaghamu. Ha-
TJIITHOE TIpeJicTaBJIeHne rpada Takoe: M300pasKaeTcs CH-
cTeMa TOUeK — BepHmIMH rpada, TAe HEeKOTOpble Mapbl
BEPIINH COeNHEHbl JuHusAMu — pebpamu tpada. IIpn
3TOM HEe Ba)KHO, T/le UMEHHO HAa TIJIOCKOCTU PACIIOJIOKe-
Hbl BEpPHIMHDBI, KaK MMEHHO BBITJISAIAT pedpa — B BUjE
OTPe3KOB WK KpuBbIX. 3o6pakas rpad, Mbl TakxKe He
obpaiiaeM BHUMAHUSI HA BO3MOXKHbBIE MepeceyeHnst pebep
B TOYKAX, OTJIMYHBIX OT BEPIIHH.

MO3KHO U3rOTOBUTD MO/IeJb rpada 13 MyroBUIl-BePIINH
n HUTEH-pebep. PackiaapiBast Takyio MO/IEIb Ha CTOJIE HJTH
3amyThIBast Kak yrolHo, MBI Tpad He m3MeHsgeM. B mogesnn
13 TYTOBUI[ U HUTEH XOPOIIO BUIHBI C653HbIE KYCKH —
KOMnoHenmyl: Ha TaKue KOMIIOHEHTBI MOXKHO Pas/esnTh
MO/iesib, He pa3pbIBasi HUTEH.

[laBaiiTe 6oJiee CTPOTO TIOTOBOPUM O CBSIBHOCTH B Tpa-
(hax. I'pacd HasbIBaercst cgsa3mbLM, ecaun OT JIOOOH €ro
BEPIIUHBI MOJKHO [OUTH [0 JIIOOON APYTONl BEPIIMHBI,
aBurasch 1o pe6pam (T.e. mepexos HECKOJNBKO pa3 U3
BEPIIMHBI B BEPIIUHY 110 pe6py). IIycTb B IPOM3BOIBHOM
rpade 3adukcuposana BepimmHa A. MHOXeCTBO BepIInH,
B KOTOPble MOXKHO IIOIIACTb M3 JIaHHOW BepInHbl A,
JBUTASICH TT0 pe6paM, Ha30BeM KOMNOHEeHMOU C8A3HOCTNU
BepumHbl A 1 0603Haunm K (A). IIpu aToM cuntaercst, 4to
cama BepmuHa A BXOAWUT B KOMITOHEHTY K (A)

Econ w3 Bepmmabl A B BepmmHy B MOXHO TIPOHUTH,
JIBUTASICh 110 pebpaM, TO KoMIoHeHTbI cBsisHocTH K (A)
n K(B) coBnajaor, a B MPOTUBHOM CJy4ae y HUX HET
o6umx BepmmH (gokaxkute 510!). Takum 00pa3oM, MHO-

Puc. 6

’KECTBO BCEX BEpIIMH rpada pazbmBaeTcss Ha KOMIIOHEH-
ThI CBSI3HOCTH (B YaCTHOCTH, MHOKECTBO BEPIIUH CBSI3-
Horo rpacda npejcrasaser co6oii oy Komionenty). Ha
pucynke 6 mzo6paken npumep rpada, y KOTOporo Bcero
4 komroHeHTbl cBsg3nocTu. O6paTuM BHUMAHUE HA TO,
YTO KOMIIOHEHTA MOXKET COCTOATb W M3 OJIHOI U30.1upo-
68AHHOU BEPIIUHDI.

CdopmynpyeM BasKHYTO 1 4ACTO MCIOJb3YEMYTO Teope-
MY O CBSI3HOCTH.

Teopema. 1. [Tycmo dan ces3nblil zpagh ¢ n sepuunamil.
Tozda 6 nem ne menee n — 1 pebep.

2. IMycmwv zpagh ¢ n eepwunanu pacnadaemcs Ha k
Komnonenm cessnocmu. Tozda 6 nem He menee n — R
pebep.

HokazateabctBo. (OHO (PaKTHUECKH BOCIPOU3BOIUT
paccy>k/IeHUs U3 pelleHni yXe pa3oOpaHHbIX HAMH 3a-
J1a4.)

Cotpem B rpade Bce pebpa. Torga Bce ero BepuInHbI
CTaHyT U30JMPOBAHHBIMHU, T.e. rpad pacmajgercs Ha n
KOMITOHEHT CBsi3HOCTH. HauneM BoccranaBimBath peGpa
o ogHOMy. Kaskzoe mpoBeseHHoe pe6po b0 coeauHsIeT
JTBE KOMTIOHEHTBI CBSI3HOCTH B O/IHY, THO0 HUKAK He MEHSET
pasbueHne Ha KOMIIOHEHTBI. TeM caMbIM, BOCCTAHOBJICHNE
pe6pa MOXKET YMEHbBIINTD YNCJI0 KOMIOHEHT He 6oJee YeM
Ha 1. IloaToMy, 4TO6BI yMEHBIIUTD YMCJI0 KOMIOHEHT C 1
no k, morpebyercst mpoBectu He menee n — k peGep. B
4acTHOCTH, 4TOGbI cjeqarh rpad cssasubiM (T.e. cjenarhb
k = 1), Hazso nposectn He menee n — 1 pebep.

[Toripo6yeM erte pa3 BepHyTbcs K 3agadam 1 u 2 u
[IPOAHATM3UPOBATH, KAKOE OTHOIIIEHUE K HUM UMEET Teope-
Ma CBS3HOCTH.

Kaprunka Ha pucyHKe 1 mo4YTH COBIAIAET C HATJISTHBIM
npe/icTaByeHreM rpada, U 13 TeOPEMbBI CPasy CJIEAYeT, YTO
JUTST COXPAHEHNUS CBSI3HOCTH HY’KHO OCTABUTH He MeHee 7
pebep.

KapruaKka co cimakamMu Ha pucyHKe 4 ToKe MTpe/ICTaBJIs-
eT coboii m3obpaskenue rpada, HO HE TOTO, KOTOPBIN
HY’KEH /I pelleHns 3ajaun. 1V HeyIWBUTEIBHO: BEIb
4TOGBI CO3/IATh CBSI3b MEXK/IY KJIETKAMU, MBI youpaem
crmuky! Onmmem HyskHbIH Ham rpad. IlocTaBum Bepumm-
HbI B IEHTPbI KJeToK (Bcero 64 Bepimnbl), a peGpoMm
6y/IeM COeJMHSTD TTapbl IEHTPOB COCEIHUX KJIETOK, €CJIU
Ha TpaHuile MEeXKIy HUMHU HeT cimyku. PaccMarpuBas
TakKoii Tpad, MBI MMOJHOCTHIO CBOUM 33/1aUy K CUTYAIUH,
OTIMCAHHOI B TeopeMe.

Hagepnoe, nges nozcuera uncia obaacteit 6oJiee sSICHO
BU/IHA B 3a/1aue PO crinyku (1 ee pereHne BITJIIAT ke
6oJiee TIPOCTO, YeM JIOKA3ATENbCTBO TEOPEMBI).

Yupaxxuenust

1. [okomaaka 4 x 6 pasgesnena 6opo3akamMu HA 24 KBaJpar-
HbI€e TIIUTOYKU. 32 OJIUH X0/ MOYKHO PA3JIaMbIBATh OJIMH JIIOOOIT
KYCOK B JIIOOOM MecTe M JTI060M HAlpaBJIeHnn, HO 00s3aTeIbHO
BJI0JIb 60OPO3/I0K. 32 KaKoe HalMEeHbIIIee YNCJI0 PA3JOMOB MOXKHO
IIOJIHOCTBIO PA3/le/IUTh 1eJIyl0 MOKOIAKY Ha ILINTOUYKH?

2. Pemnre 3a/1a4y 2 B [PEAIOJNIOKEHNH, YTO YOUPATh TPAaHUY-
HbI€ CITMYKK MOKHO ¥ JKYK MOJKET BBITIOJI3ATH 32 TIPE/IEIbI JOCKH
(HO KyK XOYET TOJIbKO MMETh BO3MOKHOCTB TOCEMarh Bee 64
KJIETKN).

Vxasanue. MoxHO cyuTaTbh, 4YTO BHauyajge y Hac ectb 65
o6JracTeil, cuuTasi BHENIHIOW.

3. Ilycrtp man cBssublii rpad ¢ n BepmmHamMu u R pebpamu,
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npudeM k > n — 1. [lokaxxute, 4T0 MOXKHO yIATUTh PeOPO TaK,
4TOGBI rpad OCTATICS CBSI3HDBIM.

Vxasanue. M0oXHO UCTIOJTL30BATDh TIPUEM, KOTOPDBII MbI BCTpe-
qaJin: y]_la./'ll/lTb CHavaJia BCe peépa, a 3aTeM BOCCTaHaBJ/IMBATb UX
110 OJTHOMY.

W3 ynpasxknenus 3 BbIT€KaeT, YTO 1puMepbl B 3a7aue 1
BCET/Ia MOYKHO TIOJTYUUTh, TIEPEKYChIBAsI OHO 32 JPYTUM D
pebep, 3a60TSCDH JUIIb O COXPAHEHUN CBSI3HOCTH.

Vupaxkunenue 4 (JI.Xpamuos, Bcepoceniickas onmmmmmana,
okpyxxnoii aram, 1998 r.). Ky6 co cropomnoii n =3 pas6ur
MeperopojikaMu Ha eJMHNYHble KyOuku. Kakoe MuHMMasibHOE
YICJIO TIEPETOPOJIOK MEKIAY KyOMKaMW HY’KHO YIQJIUTb, YTOOBI
M3 KaKJIOro KyOMKa MOKHO ObLIO J00paThCsl JIO0 TPAHWIIbI
Ky6a?

HeoGbIuHble BcomoraTtesbHble rpadbl

[ToHSATHBI TUTIOBBIE CUTYAIINN, KOTOPBIE JIETKO OTMCHIBA-
10TCS Ha s3bIKe TpadoB: 9TO TOPOJA M COEINHSIONIIE WX
poporn (aBHaTMHMM), 3HAKOMCTBA JIOAEH B HEKOTOPOIL
KOMITAHUH. ..

Jlasiee MBI PACCMOTPHUM 33/1a4H, B KOTOPBIX TIPUMEHEHNE
rpaoB (1 KOHKPETHO TEOPeMbl CBA3HOCTH) He CTOJIb
OYEBU/IHO, HO BECbMa MIPOAYKTUBHO. HaMeKoM Ha MCI0JIb-
3oBanue rpada B peleHuy TOW WM WHOM 3a/jaui MOTYT
CTaTh CBS3U MexdYy napamu 0OGbEKTOB WU JIaXKe TPOCTO
BBIJICJIEHHBII HAGOP Tap.

3agava 3 (1o motusam 3ajaun M. Packunoil). Ecmos m
Gonenvuuros: nexomopoie u3 nux (603mMoXKHO, 6ce UNU
nuxmo) Goaeiom 3a <«Cnapmaxs, a ocmaivivie — 3d
«/lunamos. Paspewaemcs cnpocumv y mo00blx 060UX,
boselom 1w OHU 3d pazuvie KOMAHObL, U OHU YUECMHO
omeemsam <«oa» uau <nwems. Tpebyemcs nocadums 60-
ACABUUKOG 6 06a aemobyca max, 4mobvl 8 Kaxoom Gvliu
OONCILULUKLU TMOALKO 00HOU KOMAHObL 34 KAKOE MUHU-
MavHOe KOIUUECMBO 8ONPOCOE MO HABEPHIKA MOKHO
coenamv?

OtBet: m — 1.

Pemenue. [/pumep. Eciau 3a1aTh BOIPOCH IEPBOMY U
BTOPOMY, INEPBOMY U TPETHEMY, ..., IEPBOMY U M-y, TO
paccaautb Oy[eT JIeTKO: OTBETHBINNX <«JIa» CaKaeM B
aBTOOyC BMECTE C IIEPBBIM, a OCTAJbHBIX — B JPYTOil
aBTOOYC.

Ouenka. A Terepb pacCMOTPUM CUTYAIUIO, KOT/a OBLIO
3a7laHo He OoJiee yeM m — 2 Bompoca. Ilocrpoum rpad
BOIIPOCOB: BEPIIHHbI COOTBETCTBYIOT OOJIEJbIINKAM, a
pebpa COeMHSIOT Tapbl GOJENbITIKOB, KOTOPBIM ObLI
3ajian Bompoc. B mamem rpacde m Bepimmu u He Gosee
m — 2 pebGep, 3HAYWUT, [0 TeOpPeEMe CBSI3HOCTH OH HeE
cBsizeH. Ho BO3MOJKHO Jin 110 HECBSI3HOMY TI'pady MOHSITH,
KaK MPaBUJIbHO Pas/ieJinTb 00JeJbInKoB? PaceMoTpumM
OJTHY 13 KOMIIOHEHT cBsizHOCT! A. MHOXecTBO A mesmTest
na aBa mogmuoxkectsa A’ u A” (6omenpmukn «Crapra-
Ka» 1 OOJEJBbIUKN «/[MHAMO» COOTBETCTBEHHO). AHaJIO-
FUYHO, KOMIIOHEHTA CBSI3HOCTH B JIe/IUTCS Ha MTOJAMHOMKe-
ctBa B’ m B”. B oxnmH m3 aBToOyCOB HAJ0 MOCAANUTDH
60JIEIBIUKOB U3 MHOXKecTtBa A’, 0ofHAKO HEM3BECTHO,
KaKoe UMEHHO U3 MOJAMHOKeCTB B’ u B” K HUM HY)XHO
no6asuth. B camoM zede, ecuan 6bI MHOXKecTBO B’ okasa-
Jgoch Gosenbiukamu «/lurnamos, a B” — «Crnaprakay,
Ha BCe 3a/IaHHbIe UM BOIIPOCHI OHU JaJi Obl B TOYHOCTH T€

2014/Ne4

JK€ OTBETbI (BCG BOITPOCHI 6bI]II/I 3a/laHbl BHyTpI/I KOMIIO-
HEHTBI CBA3HOCTH). A paccajka A0JKHa Oblaa GbITh Apy-
roif. 3HAYUT, IO OTBETAM PacCajJiKa OJHO3HAYHO HE BOC-
CTaHaBJINBA€TCA.

Yupaxknenue 5 (M.Packuna, Typuup umenn A.I1.Casuna,
2011 r.). Pemmnre npeabayILyio 3ajgady, eCJau JOMOJHUTENbHO
M3BECTHO, 4TO M = 2n W 4YTO POBHO N 4YeJIOBeK OOJIEI0T 32
«Crnaprak» u n — 3a «/luHamo».

Pas6epem erre HECKOJIBKO 3a/1ay TIPO KJeT4aTbie (hury-
pul. B cemnyromieii 3aiave, Kak 1 B 3a7a4e 2, HaM TOMOKET
rpad, WILTIOCTPUPYIOIINN COCE/ICTBO KJIETOK.

3amava 4. Ha xaemuamoil 6ymaze napucosan mmozo-
Y20NbHUK NAowadvio 6 n kaemox. Ezo kowmyp udem no
aunusm cemxu. Kaxos naubomvwuil nepumemp mmozo-
yzomvnuxa? (Cmopona xaemxu pasna 1.)

Ortser: 2n + 2.

Pemenmne. IIpumep. Ilpamoyrospnuk nx1.

Ouenxa. CymMMa TIepuMeTpoB 7 KJETOK paBHa 4n. U3
ATUX TIEPUMETPOB CKJIA/IBIBACTCS TIEPUMETP MHOTOYTOJIb-
HUKa W yJBOEHHAS CyMMa [IJINH OTPE3KOB CETKW BHYTPU
MHOTOYTOJIbHUKA: BE/b K KAXKJIOMY BHYTPEHHEMY OTPE3KY
KJIETKU TIPUMBIKAIOT C JBYX CTOPOH. UTOOBI OILEHUTH
OOIIyI0 JJTMHY BHYTPEHHUX OTPE3KOB, TOCTPOMM Tpad:
BEPIIMHBI — KJETKHU MPSIMOYTOJbHUKA, pedpa CBSI3bIBAIOT
KJETKH ¢ oO0mieil cTopoHoi. IToT rpad CBSI3eH: JIa/bs
MO3KET CBOOO/THO Ty TENIECTBOBATD MEK/TY BCEMU KJIETKAMU
BHYTpU MHOTOyTOJIbHUKA. [lo Teopeme, y rpada He meHee
n — 1 pebpa, T.e. obIIast AJIWHA BHYTPEHHUX OTPE3KOB HE
meHee n — 1. Ho Torma mepuMerp MHOTOYTOJIbHUKA He
Gonee 4n—2(n—1)=2n+2.

Kommenmapuii. KoHedHo, 3Ty OLIEHKY MOKHO JJ0Ka3aTb
U MHYKIUER 1o yncay Kjiaetok. Ho WHIyKTHBHOE yTBEP-
JKIeHre Hy:KHO (opMyaupoBath ymeso. Ha 3aHsatusix
MaTeMaTHYECKOTO KPYsKKa HEMAJIO IKOJIbHUKOB IbITATNCDH
OIMpaTbCs Ha KaxKyleecst oueBuAHBIM (a 110 cyTH 6JI3K0e
K YIOPaKHEHUIO 3) yTBEpPKAEHUE: <«MHOTOYTOJbHUK 13
(k +1) -ii KI€TKI MOYKHO MOJTYYUTD, 1I06ABUB O/IHY KJIETKY
K KaKoOMy-HHOY/Ib MHOTOYTOJIbBHUKY U3 R KJIETOK», HO TaKk
U He CMOTJIN €ro JI0Ka3arh...

3aMeTbTe, YTO BO MHOTHX 3ajladax ObIBaeT MOJe3Ha
6oJiee 0OTITAsT KOHCTPYKITUS «IBOWCTBEHHOTO Tpadas, KOor-
Jla 06JTaCTH B HEKOTOPOU «KapTey» Ha TIJIOCKOCTH 0ObSBIIS -
I0TCSI BEPITUHAMHU, & €CJIU Y ABYX 00JacTeli-BepIINH eCTh
00111251 9aCTh TPAHUIIBI, TO OHU COEAMHSIOTCS PeGPOM.

Yupaxknenue 6 (A.Illanosanos, Typuup umenn A.I1.Casu-
Ha, 2009 r.). Ha kJeryaroii GymMare HapicOBaH ThICAUYEYTOJIbHUK
CO CTOPOHAMU II0 TPAHUIIAM KJIETOK. V13 Kakoro HamMEHbBIIETO
4Hcaa KIETOK OH MOXKET COCTOSITH?

3agaua 5 (X Typuup ropogo). Tempaduvii sucm
pacxkpacuiu 6 23 yeema no xaemxam (npu smom ece
usema npucymcmeyiom). Ilapa uyeemos nasvieaemcs
xopouwtetl, ecau Haudymcs dse cocednue KAemxiu, 3aKpa-
wennole amumu yeemamu. Kaxoso mMunumaivroe wucio
xopowux nap?

Ilyts k pemennio. Cpeau BCEBO3MOKHBIX Tap IIBETOB
SIBHO BBIJIEJIEHBI XOPOIIHe. JTO HaMEeK Ha BO3MOYKHOCTH
MOCTPOUTH Tpad «I[BETOB» U OIEHUTH YKCJI0 pebep B HeM!

Ortser: 22 mapsol.



CBAXKUTECD C TPAD®DOM 9

Pemenue. IIpunep. Herpyano nocrpouts npumep ¢ 22
XOPOIIUMHE TTapaMu 11BeToB. Hampumep, 22 xoporine mapb
MOJIY4alOTCS, €CJU B «MOpe» TIePBOTO IIBETA ILIABAIOT
«OCTPOBKH» KaJK/IOTO M3 OCTAJbHBIX 22 1BETOB. 3/eCh
XOPOIIINE MAPBI IBETOB — 3TO B TOYHOCTH MAPBI € y4acTHEM
1IEepPBOro 1[BETA.

Ouenxa. JlokaskeM, 4To MEHbBIITE YeM 22 XOPOIITHE Mapbl
6bITh He MOxkeT. Paccmorpum Taxoit rpad I': kaxmomy
BETY cONOCTaBUM BepumHy rpada (uroro 23 BepuinHb),
JUTST KQSKIIOW XOpOIIell Tapbl I[BETOB COEAMHUM pPe6poM
COOTBETCTBYIOlLMe UM Bepuiuubl. Eciau jokaszarb, 4To
rpad I' cBA3HDBIN, TO TIO TEOpEMe O CBSI3HOCTH B HEM OyIeT
He MeHee 22 pebep. BosbmeMm B I' mo6yio mapy BepuInH-
1BeToB A, B W Ha TETPAJHOM JIHCTE OTMETUM KJIeTKy K
uBera A n kjerky L 1Bera B. Bynem nepememarbcs,
HayMHas ¢ KJIeTku K, B cocelHue TIO CTOPOHE KJETKU U
yepes HECKOJIbKO XOJI0B IIpu/ieM B KJeTky L. B coorsert-
CTBUHU C TIepeMeIleHueM 10 TeTPAIHOMYy JHCTy OyjeM
JIBUTATHCA 110 BepiiuHaM rpada I': ecm Mbl Ha ouepeiHoM
xony u3 kjerku M nBera C nepeniu B COCEHION ¢ Hell
kJaetrky N apyroro 1sera D, To B rpade I Mbl 13 BepIIMHbI
C nepexoanm B Bepruny D (C u D coegunens peGpom,
Tak Kak KJIeTKU M u N COCe[IHHE); eCii 1BET KJIETKU He
MensieTcsi, To B Tpade I Mbr octaemcst Ha Mecte. Tak Mbl
nosyyaeM B Tpade I' myTh 1o pebpaM u3 BepiiumHbl A B
BepimHy B. 9T0 /oKa3biBaeT cBsA3HOCTDL Tpada I

Yupaxuenue 7. KieTku maxmaTHON [JOCKM PaCKpacCHJIM
posHo B 33 11Beta. [Tapy pasHbIX 1[BETOB HA30BEM XOPOIIIEi, eCJn
MOYKHO MOCTaBUTD TTapy OBIONINX JPYT /Pyra KOHEH Ha KJIETKH
9TuX 11BeToB. Haiinte HanMenbIee BO3MOXKHOE YHCJIO XOPOIINX
map.

Vkasanue. 3aech Hac MHTEPECYIOT HE TTaPbl COCETHUX KJIETOK,
a Iapbl KJIETOK, C OJHOH M3 KOTOPLIX XO/IOM KOHS MOKHO
nepeiTn Ha Jpyryio.

3apgaua 6 (C.Toxkapes). [an xaemuamoiil nPAMOYZONb-
nuxk m x n . Kaxoyio ezo xkaemxy paspezaiu no o0noii u3
Ouazonareu. Ha xaxoe naumenvuiee uucio 4acmeri Moz
Pacnacmovcs nPAMOYz0IoHUK?

OrtBer: m + n.

Pemenue. [Ipumep. MoxxHO BO BceX KJIETKAX IIPOBECTH
napaJiiesbhble paspesbl (puc.7), Toraa KoJIm4ecTBo JacTei
oyner m + n.

Ouenxa. Ilyctb B K01

KJIeTKe IIPOBE/IeH paspes
CARNC ) °
L I WP n ¢
® o e
PN ALY
7 ey Yars '
[ 4 o e
Puc. 7 Puc. 8

BJIOJIb O/IHON u3 jquaronasieii. [loctpoum rpad: BepumHb!
O6YyZyT COOTBETCTBOBATH TPEYTOJBHUYKAM — ITOJIOBIHAM
Pa3pe3aHHbIX KJIETOK, a Pe6PO MEXKIY BepIIMHAMU TTPOBe-
JIeM, eCJII COOTBETCTBYIOIIIE TPEYTOJbHIUKH UMET 06-
it karet. HeTpy/iHO IOHATD, YTO KasK/01 U3 YacTell, Ha
KOTOpble paclaJics IPSMOYTOIbHIK, COOTBETCTBYET KOM-
MOHEHTA CBA3HOCTH Hamero rpada (mpuMep — Ha pUCYHKe
8). Uncio BepuImH paBHO YIBOEHHOMY YHCJY KJIETOK, T.C.
2mn. Yucyo pebep paBHO YNCTY IPAHUIL MEKIY COCETHU-

Mu kaetkamu, T.e. m(n—1)+n(m—1) =2mn—(m+n).
CoryracHo TeopeMe, KOJIMYECTBO KOMITIOHEHT CBSI3HOCTH B
TakoM rpade He MeHbIIe yeM m + n.

Vupasxkuenue 8 (1. Axyuu, XXIV Typuup roposos). Kakoe
HamboJIblIIee YHCIO KJIETOK JOCKH 9X 9 MOKHO paspesarb IO
006enM JMaroHassiM, 4yToObI I0CKA He Pacraiach HA YacTH?

Vrxasanue. loctpoiite rpad, BepmUHBI KOTOPOTO — IIeJible
KJIETKY MJIM 9eTBEPTYIIKH PA3PE3aHHbIX KAeTOK (U0 BepImH
B HEM 3aBHCHT OT YHCJIA PA3PE3AHHBIX KJIETOK).

[Tocnennee yrnpaskiene HHTEPECHO T€M, YTO BCIIOMOTa-
TeNbHbI Tpad B HEM MOYKHO MOCTPOUTH MHOTUMHU CITOCO-
6amu. KcraTtu, n OTBET JJa7IeKO He OUYEBUJIEH.

Tenepn npusesiem perrenne 3asaun M2339 «3aaunnka
«KBanras.

3azmaua 7 (B.Moxkun, 3asaua M2339, o6o61eHime 3a1a-
un M1295). Jlana docka mxn, pasbumas na eQunuuvle
kaemxu. Cnavanra ¢ (m—1)(n—1)+1 xaemox cmasumcs
no ¢uwre. Ilycmv 6 HeKOMOPwLL MOMEHM HA 0OCKe
HAWAUCL Mmaxue uemvlpe KIAeMKU, UCHMPbL KOMOPHIX
ABAIOMCS BEPUUNAMU NPAMOY20JbHUKA CO CMOPOHAMU,
NAPaAIIebHOIMU KPASM 0OCKU, 4O POEHO 6 00HOU U3
IMUX KAemMoK cmoum uwrda; mozod 3my UKy MoKHoO
cuamo. [lokaxume, umo xoms Ovl 00nYy QuuKy ne
yoacmes cnsmv ¢ 00CKU, NPOOeAbIBAs. MOJLKO ONUCANHDLE
onepauuu.

Pemenue. [Toctpoum rpad: BepmmHbI — BEPTUKAJIN U
TOPHU30HTAJN, UX Bcero m + n. Pe6po cBS3bIBAET BepTH-
KajJdb C TOPU3OHTAJBIO, €CJIU Ha WX MePeceveHur Hem
puwru. Visnauaabho coboaust mn —(m—1)(n—-1)—1=
=m+n—2 KjieTku, T.e. YucJao pebep Menbie m +n — 1.
[To Teopeme Hamt rpad — He CBS3HDIN.

Kietky Ha mepecedyeHnn TOPU3OHTAIN /2 U BEPTUKAIN U
6ynem o603HauaTh (h,v), a e/ aTa KJ1eTka cBoOOIHA, TO
(h,0) osnauaer u pe6po or h 10 v. YUTo mpousoiiger npu
onucanuoM B ycsoBuu custuu dumiu? Ilycts derbipe
[IEHTPA KJIETOK PACIIOJIOKEHBI B BEPIIMHAX IIPSIMOYTOJIb-
HUKa Ha llepece4eHuy FOpU3oHTalell p, ¢ U BepTUKaJeil 7,
s, a umika cunmaercs ¢ kaetku (p,r). Torma, no ycmo-
Buio, kaetkn (p,s), (¢,5) u (g,7), cBo6oaHbI. ITO O3HAUA-
€T, 4YTO B MOMEHT Tiepesl cHgatueM dumniku B rpade ObLin
pebpa (p,s), (¢,s) u (g,7). Onn 06pasoBbIBAIU TyTH U3 P
B 7, T.e. p U ¥ JIEXKAJIN B OJHOH KOMIIOHEHTE CBS3HOCTH.
Cunmas duriky, Mbi 1o6aBisieM B rpade pebpo ( p,r), HO
KOMIIOHEHT CBSI3HOCTH 3TO He MeHseT. [loatomy rpad 6b11
1 OCTAETCS He CEAINBIM.

3aMeTuM Tereph, U4TO HA MyCTOH JOCKE KaXKIasi BEPTH-
KaJb CBsI3aHa € KaXX/I0H ropusoHTasbio. Takoii rpad
CBsI3€H: TOPU3OHTAJU B HEM CBSI3AHbI [[BY3BEHHDBIM ITyTeM
Yyepes J06YI0 BepTHKAIb, 1 Hao60poT. Ho yike mokazano,
YTO CBS3HDBIN Ipad MbI TOJYIUTH HE MOXKEM, TI09TOMY BCE
KN CHATH HEJD3S.

IIytp k pemenuto. Iloctpoennbiii rpad Kaskercss HeO-
6br9HBIM. OHAKO TSI MAaTeMAaTHKOB TaOINIa U3 HYJIel 1
€INHUI] — JOCTATOYHO IPUBBIYHBIH CIIOCOO TPEICTABIEHIS
TaK Ha3bIBaeMbIX 06ydosvHbix TPadoB: B Takux rpadax
BEPIIUHBI JIEIATCA Ha JiBa copra (11Be doau), a pe6pa MoryT
CBSI3BIBATb TOJIBKO BEPINUHBI Pa3HbIX cOpToB. [locka u3
MoCJIeTHEN 3a/1a4l eCTECTBEHHO TTPeBparaeTcs B TA0UILY
u3 HyJieil u einnuil, eciu Gpuiiku 3ameHuTb Ha 0, a mycrbie
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Mecta — Ha 1. Kak Mbl Buzesm, WHTEPIpETAIus Ta0UIIbI
B BHJE JABYAOJLHOTO rpada MoxKeT moMoub (CM. Takke
pemenne 3agaun 8 a1 10 xkmacca permoHaIbHOTO 3Tara
Beepoccniickoit onummmanet B «Ksanre» Ne2 3a 2014 1.).

Vmeercs elite MHOTO HHTEPECHBIX 3a/1a4, T/ie HEOKUIaH-
HOE HUCII0JIb30BaHue rpadoB IIOMOTaeT PeluTb TPY/IHYIO
3azauy. Ilogo6mbie CIOXKeTHI yIKe MONaaiu HA CTPAHUIIBI
«Ksanra» (cM., Hanpumep, cTaThio « PEKOHCTPYKIMS re-
HOMA: TOJIOBOJIOMKA M3 MUJIJIHAP/IA KYCOUYKOBY» B ITPOIILIOM
HOMepe KypHaJsa). Mbl HajleeMcsl BEPHYTbCS K JIaJibHeii-
meMy OOCY:KIEHUIO ATON KPacHBOH TeMbl B Oyaymiem. A
TTOKA 3aBEPIINM 3HAKOMCTBO TPYAHOI 3a/1auell, B KOTOPOi
TeopeMa O CBsIBHOCTH Tpada cpabaThIBAET COBEPIIEHHO
YAUBUTEJIbHBIM 06Pa30M.

3azmaua 8 (JI.Domun, sazaua M1232). Xossiixa ucnex-
aa 0ast 2ocmeil nupoez. 3a cMOJOM MOXKem OKA3AMbCs
aubo p uenosex, aubo q. Ha kaxoe munumaivroe Koiuue-
cmeo Kyckos (He 0013amesvHO PAGHBLX) HYKHO 3apatee
paspezamo nupoz, 4mobdvl ¢ A1000M CAYUde €20 MOKHO
6vL10 pazdamv noposny? Paccmompume cayuau:

a) p u q — 63auUMHO NPOCMbIE YUCLA;

6) p u q umerom nauborvwuil o6uwui deaumens d > 1.

OmBer: a) pt+tqg—1,6) p+q—d.

Pemenue. [Tpumep. Ham BaskHa He popMa KyCKOB, a UX
Bec. M3o6pasum mmpor otpeskoMm [0, pg] Ha uncioBoit
mpsiMoit u Gy/ieM JIeJUTh eTo Ha MEHbIINe OTpe3Ku. Beca
KYCKOB OY/IyT IPOMOPIIMOHAIbHBI JIJIHHAM 9THX OTPE3KOB.
Pasgennm cuHuME ToukaMu GOJIBIION OTPE3OK Ha p paB-
HBIX YacTell, a KpaCHbIMU — Ha ¢ PaBHbBIX yacreii. Bymer
p — 1 cunsag u g — 1 kpacHast TOYKU. 3aMETUM, YTO TOYKH
JleTIeH1sl COOTBETCTBYIOT 1I€JIBIM YUCJIaM, TIPU 3TOM CHHUE
KpaTHBI ¢, a KpacHble KPAaTHBI p.

a) Ecau p m ¢ B3aMMHO TIPOCTBI, TO TOYKHU JIEJEHUS
COOTBETCTBYIOT PA3HBIM I€JIbIM YncIaM. /eficTBUTENbHO,
o6Tasl TouKa J0/DKHA OBITh OOINM KPAaTHBIM p U . B
HAIIEM CJyYae 9T0 KaK MUHUMYM YHCJO P¢, T.e. BHYTPb
OoTpe3Ka 3Ta TOYKa He momazgaer. Torma Oymer BCero
(p=1)+(9—1) = p+q—2 TOUKH, U OHI PABAEAT THPOT
Ha p + g — 1 yacreii.

6) Eciu HOMl(p,q)=d >1, 1o p = md, q = nd, rne
HATypaJbHble YHCAa M U 7 B3auMHO TpocThbl. OObIime
KpaTHble p U g UMeloT BuL kmnd, rie k — natypasabio. Ha
6OJIBITION OTPe30K OHM Tomagalor pu k=1, 2, ..., d — 1.
Tem cambiM, Bcero Gymer (p—1)+(q-1)—(d-1)=
=p+q—d—1T04ek, u oHM pasgesdaT TMpor na p +q — d
yacTei.

Ouyenrxa. MOXHO cUnNTaTh, YTO B TOCTH MOTJIM MPUITH
aubo p nmam, au6o g rycap. Bcex ux OyaeMm cuutarb
BepmmHaMu rpada. Beero B rpade p + g BepummH. [Tyctpb
ecTb IIJIaH pasfaud KyCKOB U JaMaM, U rycapaM. Jlamy u
rycapa, KOTOPbIM JIoCTaJIcsi Obl OZIMH U TOT ke Kycok (ujm
HECKOJIBKO KYCKOB), coeauHnM pebpom. MTak, dmcso
pebep rpada He GoJibliie yncaa KyckoB. bygeMm cuutarb,
4TO TUPOr BecuT pq ¢GyHTOB. PaccMOTpUM KOMIIOHEHTY
ca3Hoctu. WM gambl, ¥ rycapbl M3 3TOH KOMIIOHEHTDI
mostyuusin Obl OJIMH U TOT JKe HaOOP KYyCKOB, T.e. B CyMMe
noposuy. Ho nambl nosiygaior 1o ¢ GpyHTOB, rycapbl — 110
p, 0ITOMY CYyMMAapHbIl BeC /U/I1 KOMIOHEHTDI JICJIUTCS Ha
HOK(p,q) . (Kcratu, Bec oT/1e/bHOTO Kycka He o6s3aH
ObITH TI€JIbIM, HO HAM 3TO He BAJKHO, MbI CJIEJMM JIUIIb 32
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CyMMapHbIMH BecaMi.) 3HauuT, KOMIIOHEHTa TI0JTyYaeT B
cymme ne menee HOK (p,q) dynros.

a) Tak xax p u g B3aumuo npoctsi, 7o HOK (p,q) = pq .
3HAYuT, KOMIIOHEHTa MOJy4aeT BeCh MUPOT, U JPYrUX
KoMrioHeHT HeT. I'pady cBAseH, 1M0aTOMY uHCIO pebep He
MeHbIe p + ¢ — 1, TO 5Ke BepHO U /IS YHCIa KYCKOB.

6) Ussecrno pasenctso HOJ(p,q)- HOK (p,q) = pq .
3Hauut, KOMIIOHEHTa MoJiydaet He Menee pq/d ¢yHTOB.
Ho toryia B rpade ne Gosee d KOMIIOHEHT cBa3HoCTH. 110
TeopeMe, YuCI0 peGep He MeHblle p + ¢ — d, To e BepHO
W JIISL YACTIa KYCKOB.

Ynpaxuenune 9. IIpugymaiite pemenne npeablayeil 3asaqun
s caydas ¢ = p + 1 6e3 npumenenus rpacos.

3apgaun ang caMmocTosiTeNlbHOro peweHuns

3agaua 9 (A.Illanosasnos, Typuup umenu A.I1.Casuna, 2014
r.). HapuncoBan BBIMyKJIbI MHOTOYTOJNBHIK, Pa3GUTBIH Hemepe-
CEKAOIUMUCS MATOHAJNSIMU HA TPEYyroJbHUKH. MOXKHO Jin
CTOPOHBI U JIMATOHAJIN PACKPACHUTD B JKEJITBIN U KPACHBIII 11BeTa
TaK, 4TOObI JKYK MOT IIPOTIOJI3TH M3 KaXI0il BEPIIUHBI B JIIOOYIO
JIPYTYIO TI0 JKEJITBIM OTpPe3KaM, a KJOI — 10 KPACHBbIM?

3agaua 10 (A.Ilanosanos, Typuup umenn A.Il.Casuna,
2011 r.). Kneruarbiii kBagpar 8 X8 paspesann 110 rpaHuiam
KJIETOK Ha TPU MHOTOYTOJIbHUKA OJMHAKOBOTO TtepuMeTpa. Haii-
nute HanboJIblliee BO3MOKHOE 3HAYEHUE HTOTO TIEPUMETPA.

3azava 11 (A.Anmxanc,
XXV Bcecorosnasg oJMMITH-
aza). Durypa Ha pucyHke 9
paspesana 1mo CTopoHaM KJie-
TOK Ha HECKOJbKO MHOTO-
YTOJBHUKOB, HU OJIH U3 KO-
TOPBIX HE COJIEPIKUT KBAJIpa-
ta 2X2. KakoBo HanMeHb-
11iee BO3MOYKHOE YHCJIO MHO-
TOYTOJIbHIKOB?

3amauya 12 (A.Mapaues,
XXXV TypHup ropomosn).
W3 ky6ukos 1 X1 X1 ckieen
Ky6 3X3X3. Kakoe nau-
6oJTbITIee KOJIMYECTBO KyGHKOB MOYKHO U3 HETO BBIKUHYTb, YTOOBI
ocranach GUrypa ¢ TaKUMHU JIBYMSI CBONCTBAMU:

— CO CTOPOHBI KaXKI0H IPaHu UCXOHOTO KyOa purypa BbITis-
T Kak kBagpar 3 X3 (rsans nepreHuKyasapHoO 9TOH TpaHu,
MbI He YBUMM TIPOCBETAa — BUAHBI 9 KyGUKOB (UrypbI);

— nepexozisi B purype oT KyOuka K KyOuKy 4depes ux 0O0ILyio
IpaHb, MOXKHO OT KaXKI0ro KyOuKa Jo6paTbcs 0 JI000ro
JIpyroro?

3agaua 13 (A.Ilanosanos, Typuup umenn A.I1.CaBuna,
2000 r.). Ectb 101 6anka koncepsos Becamu 1001 1, 1002 T,...
..., 1101 r. OTHKeTKHN ¢ BecaMy MOTEPSIJINCH, HO 3aBX03Y KasKeT-
CsI, YTO OH IIOMHUT, Kakas GaHKa CKoJbkKo Becur. OH Xouer
yOeuTbCs B ATOM 32 HaMMEHbIIIee YHCJIO B3BENINBAHMIA.

a) ¥V 3aBxo3a ecTb [BOC YallEYHbIX BECOB: OHHM TOYHbBIE,
npyrue — rpy6ble. 3a OJTHO B3BENIMBAHUE MOXKHO CDABHUTD J/IBE
Oanku. Tounble Becbl BCerja MOKa3bIBalOT, KaKas OaHKa TsKe-
Jee, a rpy6ble — TOJAbKO ecsin pasuuiia Gosbine 1,1 r (a unaue
MOKA3BIBAIOT PaBHOBECHE) . 3aBX03 MOYKET MCTIOTb30BATh TOJBKO
onHM Becbl. Kakue emy cienyer BbiOparh?

6) ¥V 3aBx03a eCTh TOJBKO rpyObie Bechl. Kakoe HanMeHbInee
YICJIO B3BEIIMBAHUIT €My TOHAZ00UTCS ?

3agaua 14 (B.Bonrancknii, sagaga M980, 6). [Tycts Touka O
JIESKUT BHYTPHU BBIIYKJIOrO MHOTOTPAHHUKA C BEPIIMHAMHU
Ay, ..., A, . [okaxure, 4T0 Cpeiyl YIJOB AiOAf HEe MeHee
n — 1 He oCTPBIX.

Puc. 9




“aBHOBecCue Ter
N NoTepa yCTONYMBOCTY

U.FOPBATbHIV

YIHECTBYIOT ABJEHNA, B KOTOPBIX IIPU MA-

JIOM U3MEHEHUN HEKOTOPOTO TTapaMeTpa IPOucXo-

JINT Pe3Koe U3MEeHEeHNe COCTOSHUS paccMaTpuBae-
MOIi cucTeMbl. B aTOM ciydae TOBOPSAT O TOTepe yCTOWYH-
BOCTH, OU(ypKaIMIX, ePeKIIOUeHIX, CPbIBAX 1 KaTac-
tpodax. Kpyr rakux sBienuii paznoobpaseH, OHM IPOsIB-
JITIOTCSI He TOJIbKO B (pU3WKe, HO M B JAPYrUX HayKax,
HanpuMep B GUOJIOTMM W 9KOHOMEKe. MareMaTudeckas
TEOpHs YCTONYMBOCTH CBSI3aHA C MIMEHAMHU POCCHICKUX
maremaTnkoB A.M.JlanyHoBa, A.A.Anaponosa, B.1.Ap-
HOJIBZIA U UX YYEHHUKOB.

B aT0i1 cTaThe paccMaTpuUBAOTCS HEKOTOPbBIE 3adadn
PaBHOBECHS M YCTOHYMBOCTU B MEXaHUYECKUX CHUCTEMAX,
KOTOpbIE MOTYT OBbITh PEIIEHBbI MKOJbHBIMI METOAMU.

CocTosiHneM paBHOBECHUS MEXAHUYECKOH CHCTEMbI HAa3bI-
BAaIOT TAKOE ee COCTOSIHIE, IIPU KOTOPOM BCE TOYKU CHUCTe-
Mbl IIOKOSTCSI 110 OTHOIIEHUIO K BbIOPAHHON CcHCTEMe
orcuera. Eciau B KavyecTBe MeXaHMYECKOIl CHCTEMBI pac-
CMaTpHUBaeTcsl TBEP/OE TeJO, TO JJiI €ro PaBHOBECHS
HEOOXO/IMIMBI 1B YCJIOBHS:

FBHeH.I =O’ MBHBH_[ :0’
riie Fyem — BEKTOPHAS CyMMa BHEIIHUX CHLJI, JHCTBYIO-
UX Ha Testo, a My, — UX CyMMapHbIf MOMEHT OTHOCH-
TEeJIbHO IPOU3BOJIbHON ocH. [l 1os1ydeHus 10cTaTouyHbIX
VCJIOBUI PAaBHOBECHUS K 9TUM YCJIOBUSM CJIeIyeT JOOABUTD
elle PaBEHCTBO HYJIO CKOPOCTEH BceX TOYeK Tesaa B
HEKOTOPbII MOMEHT BPEMEHU.

Pasnosecue Tesa ycroiluuBo, ecju IIPU MaJIOM CMellle-
HUW TeJa W3 TI0JIOKeHUSI PAaBHOBECHSI BO3HUKAIOT CHJIBI,
BO3BpAIlAONUe €ro B MOJIO-

JKEHHe PaBHOBECHS. IIpu ne- @) 6) Q 0
YCTOMYMBOM PaBHOBECHU Ma-

I
a) I
I

6)
+Q +q +0 I

—0—0 Qo

Puc.l. Ycronmsoe paBHoOBeCHe:  Puc.2. HeycTonYnBoe pasHoO-
a) my@ra Ha crepxHe MexAy  pecue:a) Mydra Ha cTeEpXHe
AByMS npyxurHamy, 6) nogsux-  mexs 1V [ABYMSA CKATBIMU [T0Y -
Has byCcuHKka Mexay AByMsA 3aK-  xuHamy, 6) nogsuxHas by-
PEMIEHHBLIMM 33PAAAMM CUIHKE MeXAY ABYMS 3aKPErT-
JIEHHbBIMU 33PAAaMU

JIo€ OTKJIOHEHUE TeJla OT 110JI0XKeHUsI PaBHOBECHs Bbl3blBa-
€T CUJbl, CcTpeMdlluecs yBeJIMYUTb 9TO OTKJoHenue. Ha
pucyHke 1 IpHUBeJeHBI IPUMepPbl YCTOWYUBOTO PABHOBE-
cHus, a HAa PUCYHKe 2 — HEYCTOWYMBOTO.

[Ipuctynum Terepb K pacCMOTPEHMIO KOHKPETHDBIX 3a-
zad.

3apava 1. [iBa 3apsapa

Hebonvwot wapux ¢ maccoti m u 3apsadom ¢ nokoumcsi
Ha 20pU30HMAILHOU Henposodsuwetl nosepxrocmu (puc. 3).
K nemy ouenv mednenno noonocam, nepemew,as eepmu-
KawHo 6HU3, 0py20tl wapux ¢ 3apsdom —q. Ha xaxon
PACCTMOAHUU 0TI 20PUSOHINASLHOU NOGEPX-

HOCIU WAPUKU CINOJKHYMCA? Q -4

Ha nwxuuil nmapux AeidcTBYIOT CHJIbL
TSKECTH, PEaKIMK ONOPbI U KYJOHOBCKO-
ro B3auMOJIHCTBUs. 3amuileM YCIOBHUe

|

|
PaBHOBECHA TMaprUKa Ha TOPU3OHTAJbHOU m‘ ! q
TIOBEPXHOCTH:

2
kiz"'N—mg:O, Puc 3
h

rje i — paccTosinue MeK/Iy MapuKaMu, k — IOCTOSIHHAST B
3akone Kysnona. ITo paBHOBecHe yCTOWYNBOE: TIPU MaJIOM
CMEIeHUN HIDKHETO TIApUKa M3 3TOTO TOJIOKEHUS TI0
BEPTUKAJN TN TI0 TOPI30HTAIN BO3HIKAET «BO3BPAIIafo-
mast» cusa. C ymenbiienueM i cuiia peakimu N yMeHblIIa-
€TCcsl U TIPU HEKOTOPOM /i 0KasbiBaercs paBHoil HyJo. C
9TOTO MOMEHTA TOJIOXKEHNEe HUMKHETO MapUKa HA TOPU30H-
TAJbHOI IOBEPXHOCTH CTAHOBUTCS HEYCTOWYMBBIM, OH
OTPBIBAETCS OT MOBEPXHOCTH U YCTPEMJISIETCS K BEPXHEMY
IIAPUKY CO BCE BO3pACTAIONUM ycKopeHnueM. [lockoabky
BEPXHU MAPHUK ABUKETCS 0YeHb Me/IJIEHHO, TO CTOJKHO-
BeHIe IapUKOB MPOMCXONT HA BbICOTE

2
h:ki

mg
3apava 2. MydTa U yeTbipe NPY>XUHbI

K mychme, xomopas moxem cKoav3umv no 2adoxkomy
CMePIHKHIO, NPUKPENIEeHbL uemblpe NpYKumol, Kax nOKA3aHo
na pucynxe 4. /lee u3 nux, pacnoaoxennvle 600 cmepiK-
HA, UMEIOM KECTKOCb 6 N = 2 MeHbue, YeM <Nonepeunvies
npYKumoL, nepnenouxyaaprvie cmepaknio. Ilepeonauaivno
npYKUnbL He 0ehoOPMUPOBAYL, d 3amem nonepeutvle npy-
JKUNDL HAYUHAIOM MeOJIeHHO Coxumamo. Ipu xaxoi ommo-
cumevHotl 0ehopmanuu SMux NPy KuH paeHo8ecHoe NoJio-
JKeHue Myghmol nomepsiem ycmouuusocmn?
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Hampasum ock x Brosb crepHs. Ilycts Mydra cMecTn-
Jlach W3 TOJOXKEHNS PABHOBECHST HA MAJYIO BEJUYNHY X.
[leiicTByIoIie HA Hee CUJIbI M300PAKEHbl HA PUCYHKE .
[Tpoexnust pe3yibTUpyIOINiell CUJIbI HA OChb X paBHA

. k

F. =2kAlsina—2—ux,
n
rae k — kectrocTb, a Al — medopMaliusi onepevHbIx
[IPY>KUH. YUYUTbIBasi, YTO
. X
sind = —— |
[-Al

TIOJIYyYM

2kxl Al O
Fo=—2m Lo an 2o
g n(l—Al)§n+)l H

U3 s1oit popmy.st cretyer, uto ecau (n+1)Al/1 <1, to
npoeknus cusbl F, orpunaresnbHa npu x > 0 U1 1M0JI0KH-
teabHa TIpu & < 0, T.e. B 3TOM cJiydae MPH OTKJIOHEHUN
CHUCTEMbBI OT TOJIOKEHUsI PABHOBECUsI BO3HUKAIOT CHUJIBI,
CTpeMAIMecss BEPHYTh cucTeMy K pasHosecuio (x = 0).
[TostosxeHe paBHOBECUST CTAHOBUTCSI HEYCTOWYUBBIM TIPH
(n + 1) Al / [ >1. Orcrojia HAXOAUM <IIOPOTOBYI0» OTHOCH-
TEJBHYIO IeOPMAIUIO TTIOTIEPEYHBIX TIPYIKUH:

3apaya 3. Tpu 3apsaga

Honoxumenvnoitl G, U OMPUUAMENLHBIL () MOYEUHDLE
3apsidvL 3axpenyienvl Hd OCU X WO PA3Hble CMOPOHLL OM
271a0K 0T HeNPOBOOSUWeTl NIACTNUHDL, NIOCKOCMb KOMOPOLL
nepnenouxyaspua ocu x. Manrenvkuil noL0KUMENLHO
3APSKENHDIL WAPUK MAK IKE HAXOOUMCS HA OCU X, Ynupd-
ACH 68 NAACTNUNY, KAK NOKA-
3ano na pucynxe 6. Ilepso-
HAYAILHO NAACTIUNA  PAC-
noJ0Kena 606.1u3u ompuld-
mesvHoz0 3apsaod, Wapux
npu 3MoM HAXOOUMCSL 8 PAG-
Hoesecuu. Ilnacmuny nauu-
HAom noCmMynamevHo ne-
pemewamov 600ab ocu X,
MeONeHHO YBeaUUUBAs. PAC-
cmosmue | mexdy naacmunoll u OmpulamesvHulM 3apsi-
don. Kozda | docmuzaem 1,3 paccmosnus mexoy 3aps-
damu, wapux <yremaems ¢ ocu x. Onpedesume ommnowe-
nue q,/q, . Bausanuem seujecmea naacmumol na 31eKmpu-
yeckoe noje, a MaxKe cCuIOl MsKecmu npeneopeus.

Puc. 6
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[IpeamonoxuM, 9TO TMAPUK CMECTHJICS BIOJb OCH Y,
HepNeHINKY IAPHON OCH X, Ha MaJioe paccrosame i (puc.7).

-

o
P i B
A 4

q4
Puc. 7

[Tpoekius Ha oCb y pe3yJIbTUPYIOIECH CUJIbI, JAeHCTBYIO-
TIeil Ha MapWK CO CTOPOHBI TOUEYHBIX 3apS/IOB, paBHA

F, = Fsinay - Fysina, |
rae sinoy = h/r,, sina, = A/r,, a # U % — PACCTOSHUS
OT IIAPHKA JI0 3aPs/IOB ¢y U ¢, cOooTBeTCcTBeHHO. [TososKe-

HUe mapuKa Ha ocu x Gyzer ycroituusbiv, ecan £, <0,
[Totepst ycTOMUNBOCTH MPOUCXOUT TIPU YCJIOBUI

Fisinay = Fysina, .

N3 3axona Kysona cremyer, 4to

2
Hh_an
2
E g
CJiefoBaTeIbHO,
G 5 _sind, _#

DrD3
ho-fig
q9> [0

[Ipu manbIx /h paccrosiHust # U #, TPUMEPHO PABHbBI
COOTBETCTBYIOIIMM PACCTOAHUAM, U3BMEPEHHDIM B/I0JIb OCH
x. Iloatomy

ﬂ = 23 =8

9>

3apaua 4. YeTblpe 3apspa

Ha xonuax monxoi nenpoeodsueti cnuypt 0aunot 21
3axpensienvl NOJOKUMEIbHble Mmoueunvle 3apsiovi Q
(puc.8). Ilonoxumenvho 3apsKennas Oycunka Moxem
deuzamovcsi no cnuye Oe3
mpeHust U 6 HAYAIbHBLL *1Q
MOMEHM NOKOUMCSL 8 NO- #v
aoxenuu pasuosecus. K
cnuue ¢ 60vu020 paccmo-  TQ /}\ +0Q
AHUL MEOAEeHHO NPUOIU- Q W P
KAIOM  NOJOKUMELbHBLI Y Y
3apad q, nepemewas ezo  p - g
6006 NePReHOUKYIpPa K
cnuue, npoxodswezo yepes ee cepeduny. Kozoa paccmo-
aHue mMexoy 3apsadom q u OYCUHKOU CMAI0 PAsHvIM I,
Oycunxa npuwna 6 deuxenue. Onpedenume omuoue-
Hue 3apsdos Q/q.

HamnpaBuM ocb X BJIOJIb CIUIBI, OCh § — Yepe3 IEHTP
CIHUIBI U JIBISKYIIUNACS 3apsi/l, a HAYAJI0 OTCYETa OCeil
BbIOepeM B 1ieHTpe cruilbl. [lycrs x > 0 — Masioe cmerie-
Hie OYCHHKY M3 HEHTPa CIUIbl. Torja mpoeKius Ha ocbh
X Ppe3yJbTHPYIONIEN CUJIbI, JelCcTByIomleil Ha OyCHHKY,




paBHa
= _kQqy _ _kOqy | kqqex _
) (-2

_ _AkQqyx _kqqyx _ (49 g

= 3 P G| 73 7 )
riae ¢, — 3apsii OyCUHKH, y — KOOpAMHATA 3apsijia ¢, k —
nocrostntasi B 3akone Kysona. PaBnosecue 6ycunku cra-
nosutcd neycroifuusbim 1pu F, =0 . IIpu atom 110 ycuo-
Buio 3asaun y = [. CJejoBaTeNbHO,

o_1

qg 4

3apava 5. [1Ba 3apsaaa 1 nNpy>XnHKa

Heb6omvuwiotl 3apsaskennolil wapui noKoumcs Ha z1aokom
20PUSOHMATLHOM Henposodsuem cmoae. K wapuxy npu-
coeduHena npyKunkd xecmxocmoro k, emopoil xowey
KOMOpou 3axkpeniien na cmose. Booav ocu npyxunku
Wapuxy ¢ 60abUO20 PACCOANUSL 0UeHb MEONEHHO NPU-
OauKaom maxoii xe, Ho NPOMUBONOTOIKHO 3APAKEHHBLI
wapux. Onpedesume dehopmayuio NPy KunKU 6 MoMenm
CMOJIKHOBEHUS WAPUK OB, eCAU BEUNURA 3APAOA KAKO020
wapuxa pasua q.

HampaBuM 0Cb X BAOJb OCH IPYKUHKH OT MEPBOTO
mapuka (OH 3aKperien Ha Mpy>KuHe) KO BTOPOMY, KOTO-
PBIi MeIJIEHHO TIPUGJIKAETCST
k nepsomy (puc.9). Hauano
orcyera MpUMeM B TOYKE, TJ€
[EePBOHAYAJIDHO HAXO/MJICS
MIEPBBI MapuK npu Hexedop-
MUPOBaHHOU nipy:kuHKe. [Tpo-
eKI[USI Ha OCb X CHUJbI, Jeil-
CTBYIOIIE Ha MepBbIN MTapHK,
orpejiesisiercs: HOPMYy.JIOit

|- 60000,

{f}}
}

Puc. 9

P
Rk
4mg) (1 —x)
Iie X — KOOpJWHATa TMepBOTO IMaphKa, | — KOOpAMHATA
BTOPOTO, €, — aJeKTpUYecKass MOCTosHHas. Ipaduku
sapucumoctu F, (x) npn 0 < x < [ ana pasiauumbix
3HAYEHWH TmapamMerpa
3

" 1B

npuBezieHbl Ha pucyHke 10. MunnmMaabHOe 3HaUCHUE CUITBI
JIOCTUTAETCS TIPU

)

x=ux, =1(1-0q).

ITO BbIpaXKEHNE HETPYHO MOJYUYUTD CTAHJAPTHBIM METO-
JIOM, BDBIYHCJISIST TIPOM3BOJIHYIO M pelllass ypaBHeHHUE
F (xm) =0. IloxcraBass HaiijieHHOE 3HAYeHME X,, B

F. (xm) , TIOJIyYNM MUHUMAJIbHOE 3HAUeHUe (PYHKIUN:
B O
E, = BE a- 1Hkl .

Ilpu o < 2/3 snauenue F,, OTPHUIATCIbHO U, KaK BIIHO U3
pucyuka 10, ypaBuenue F, =0 umeeT ABa KOPH:, OJUH U3

KOTOPBIX COOTBETCTBY- [,
€T YCTOHYNBOMY paB-
HOBECUIO lapuKa Ha
MPY>KNHKE, a BTOPOH
— HeycToluuBOMY.
Ipu o = 2/3 aBakop-

Hst ypasHenust F, =0 \
«CJIMBAIOTCSI» B OJIMH, — -

o> 2/3

o=2/3 o< 2/3

atpu d > 2/3 npoek-
nug cuabl F, 1oJo-
SKUTEJTbHA ITPH JIFOOBIX
3HAUEHUSX X B Hara-
3one 0 <& < [.

Wrak, Korja BTOPOH MIAPUK HAXOJAUTCS Ha OOJIBIIOM
PACCTOSTHUU OT TIEPBOTO, BeJUYUHA [ BEJIUKA U MIOITOMY
a < 2/3 . IIpu 5TOM 1IepBbIil MAPUK PACTATHBAET IIPY>KUH-
Ky Ha X = Xy, W ero pasHosecue ycroituugoe. ITo mepe
MpUOIKEHIS BTOPOTO IIAPUKA K TIEPBOMY BeJuuynHa [
YMEHDBIIAETCS, a BeMMuuHbl F,,, Xy, M O PacTyr —
[IPY>KUHKA pacTsruBaercs Bce cuibHee. [Ipu goctmxenun
yCaoBusI O = 2/3 1apuK HA NPYKUHKE TepsieT yCTOHYH-
BOCTb, ITPOEKINS CUJIbI [, CTAHOBHUTCA MOJIOXKUTEIbHON I
TIEPBBII MTAPUK YCTPEMJISIETCS HABCTPEUy BTOPOMY, TIOKA
He TIPOUCXOAWT WX CTOJKHOBeHWe. IlockosbKy BTOpOIt
MTapHK M0 YCJOBUIO 3a/1a4 TPUOJIMKAETCS OUeHD Me/JIeH-
HO, TO JAedopMaIysi MPYKUHBI B MOMEHT CTOJKHOBEHUS
paBHA 3HAYEHHIO [, Ipu KOTOpOoM O = 2/3:

30 q2 D1/3

' 2 Bomer

3apaya 6. [1Ba 3apsiXKeHHbIX LLapuKa Ha HUTAX

xyc'\ Xm / Xpeyer. X
F

m

Puc. 10

/lsa manrenvrkux wapuxa, 3apsio o0nozo u3 KOMOPwvIX
Gy, a Opyeozo —q,, nodsewensvl Ha 08YX USOIUPYIOUUX
Humsax oaunoil L = 1 m kaxoas. Touku nodseca numeti
ouens MeOeHHo COIU-
JKAWM Max, 4mo oHu
0CMarnmes 6ce 8pems.
6 00HOU 20PU3OHM AL o o
notl naocxocmu. Koe- L
da paccmosinue mex-
dy mouxamu nodeeca
HUmMeil cmaio pasHvim
a = 5 cm, wapuxu x
cmoaxnyauce. Haiou-
me eeuduny 3apsoa
Gy . Macca xaxdoeo mg
wapuxa m = 4 a. Puc 17

Hanpasum ocp x,

Kak rnokasano Ha pucynke 11. Torya npoekiust Ha 3Ty OCb
PE3YJIbTUPYIOLIEN CHIIBI, JEHCTBYIONIEN HA OJ[MH U3 [IAPH-
KOB, paBHa

-
-

=Y

0

2
F,=F-Tsina= —0
4mg) (s —2x)
TJie § — pacCcTOsTHME MeXKly TOUKaMu IojBeca HutTel, T —
cuJjla HaTSKEHUsA HUTH, O — yToJ, KOTOPbId cocTaBJger
Kaok/las HUTb ¢ BepTukanibio. VM3 pucynka 11 Bujno, uto
sina = x/L. Ilo ycroBuio L > s, HOITOMY yroa o
SIBJISIETCS MaJTbIM, sind = tga u cosa = 1. Berpaskas us

-Tsina,
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ypaBHEHUS
T cosa = mg
CcUIy HaTsbkeHus T M ITIOACTaBJAS ee B Ipejblayliee

ypaBHEHUE, TTOJYINM

F 4o mg

x = 7 X
4mg) (s —2x) L
wim
2
(610/2) _mg .
L

F =

X
3aMeTnM, UTO MOCTeHee BHIPAKEHNE OTJINIAETCST OT aHa-
JIOTUYHOTO BbIPAJKEHUS U3 33Jla4ul S JIUIIb 0003HAUYEHUSI-
Mu: g =qy/2, 1 =s/2, k=mg/L . TloaToMy MOKHO BOC-
I10JIb30BaTbC4A peSyJIbTaTOM peIHeHI/IH 3a/lauyn 5 " 3allicaTb
yCJIOBUE TIOTEPU YCTOWYMBOCTH B PACCMATPUBAEMOM CJIY-
yae B BUJE )

. 3

s _30 giL 0

2 2H8ngmgH

r7ie s = a. Beipaskas orciona ¢, , MOJyYUM OTBET:

Go = EQ“DS&L’”Q =6,40107° Ki .

30

3apava 7. Ctep)keHb, ONyLeHHbIN B BOAY

O0HOPOOHDLT MOHKULL CMEPHKEHb, NOOBCUEHHBIL HA
HUMKe 3a 00UH U3 KOHY08, HAUUHAIOM NOZPYKAMb & 600Y,
medaenno onyckas mouxy nodseca (puc.12). Onpedenu-
me MaKcumaibnylo eayouny noepyxenus h nuxmezo
KoHya cmepkns, ecau ezo daunal = 18 cm, a naiomnocmo
mamepuana cmepikus cocmasnsemn = 1,2 om naommo-

cmit 6000L.
T

Puc. 12 Puc. 13

PaccMmoTrpuM cTepskeHb, MOTPY>KEHHDIN B BOJLY U OTKJIO-
HEHHBIH oT BepTukamu Ha yro a (puc.13). CymmapHbIit
MOMEHT CUJIbI TSDKECTU M aPXUME/IOBOIT CHJIbI OTHOCHTETb-
HO TOPHM3OHTAJbHOU OCH, MPOXOJIeil yepe3 BepXHUI
KOHeIl CTEeP>KHSI, PaBeH

M =F, ﬁ —gﬁsina—mgésina,

rae Fy, = pgSx — cuna Apxumeza, P — IJIOTHOCTb BOJBI,
X — J[JWHA TIOTPY’KEHHOW B BOJY YacTH CTEep:KHS, S —
ILJIOIIA/Ib TIOIIEPEYHOT0 CEYeH s CTePKHs, m = PpnS| — ero
Mmacca. ITpu M < 0 MomeHT cuJl yMeHblllaeT yroJl o , a Iipu

2014/Ne4

M >0 — yBeTMUUBAET OTKJIOHEHUE CTEPIKHS OT BEPTHKAJIH.
Ycnosue M = ( ompepessieT YTrJbl, COOTBETCTBYIOIINE
nosioykeHnsaM paBHoBecud. llojcraBrsigs B hopmysty A7st
MOMEHTA BbIPasKeHWe /IS CUJTbl APXUMe/Ia U MACChI CTEPIK-
HS, TIOJYYUM

M = —(x2 =2lx +nl2)@sina.
2

U3 popmynbt coso = H/(I = x) Bbipazum x, NoJcTaBuM B
npebLIyIyo (hopMyJTy U MoCje MpeobpaszoBanuii moTy-
M

i O il g
M:%Hﬁlwmosu—imcosa-}-iﬂ,
2 COS GD HﬂZDD HmD

rne H,, =IN1-n .1lpu H > H,, ypasuenue M = 0 umeer
TOJIBKO OJMH KOpeHb: O =0, KOTOPbIil COOTBETCTBYET
YCTOWYMBOMY II0JIOKEHUIO paBHOBecHs. [lelicTBUTEIbHO, B
Touke o = 0 MomentT cusi M (O) MensieT 3HaK ¢ «MUHyCa»
Ha «ILIIOC», KaK MOKAa3aHO Ha pUCYyHKe 14, mosToMy 1pu

M A M A
\ H>Hm H<Hm
0 o 0 o
Puc. 14 Puc. 15

MasoM OTKJIOHEHHM OT PaBHOBECUS BO3HMUKAET MOMEHT
CIJI, BO3BPAIAIONUI CTepsKeHb K II0JI0XKEHUIO PaBHOBE-
cuda. Ecimmske H < H,, , To Xapakrep 3aBucuMoctu M (0()
u3mensiercsi. Kak Buano u3 pucynka 15, touka o =0
CTAHOBUTCS] HEYCTONYMBOIA, a yCTOWYMBOE MOJIOKEHUE PaB-
HOBECHS peau3yercs Mnpu o = arccos (H/Hm). B atom
caydae TyOMHA MOTPY)KEHUS HIDKHETO KOHIIA CTEPIKHS
onpegensercs hopmyJioi

Ol O
h=lcosa-H =H3—-10.
0, O

Bumno, uto ¢ ymenbienuem H BesmunHa /i Toxke yMeHb-
IIaeTcs, cJie/J0BaTeIbHO, MaKCUMaJIbHOe 3HaYeHue /2 goc-
turaerca npu H = H,,:

I =y =1 =H,, =1(1 —JT=n) =53 cm |

Wrak, npu MeJJICHHOM OIyCKaHUU TOYKH TIOJ[BECA CTep-
JKeHb CHavasa Oy/leT OCTaBaTbCS BEPTHUKAJIbHBIM, a TpU
H < H,, nauHeT OTKJOHATbCA OT BEPTUKAJIU Ha YroJ,
onpesiensiemprii popmymoii o = arccos(H/H,,) .

A Ttenepb — skcriepuMeHT. Bo3pmuTe Kapanjani, npu-
KpernuTe K ero KOHILy HUTOYKY M MEJIEHHO OIycKaiTe
MO/IBENIEHHDI HAa HUTOYKE KapaHJall B KAaCTPIOJIO C
Boztoil. Ecam Hamm TeoperuyecKkue IMpeACKa3aHus I10/1-
TBepAATCA — pajyiitech. Hy a ecsin Het — BcrioMHMTE CI0BA
BesIMKOro pusuka: «Hem Jasblie 9KCIIEPUMEHT OT TCOPUH,
tem 6smke oH K HobGesieBckoil npemMums .



SAJAYHUK «KBAHTA»

3ada4m
No MateMaTnke N uinke

Jror pasgen Begercs y Hac u3 HOMepPa B HOMEP C MOMEHTa OCHOBaHWS XXypHana. [lybrmvkyemple B HeMm 3agayu
HeCTaHAAapTHbI, HO AJ1S UX PeLLEHUS He TPebyeTcs 3HaHUM, BbIXOASALUNX 33 PaMKU LUKOJIbHOM MporpamMmsl. Hanbonee TpyaHsie
3a34a4n oTMeYaroTcs 38e3404Kkou. [Tocsie popmymMpoBKY 3a8a4m Mbl 06bIYHO YKA3LIBAEM, KTO HAM €e rpeasoxun. Pasymeercs,
He Bce 3Tu 3aga4u ry6/vKyroTcs Briepssle.

PeLuerHus 3aga4 13 3Toro HOMepa c1eayeT oTnpasasaTsL o aapecy: 119296 Mocksa, JleHUHCKkmvi rpocrnekT, 64-A, «KBaHT».
Peluerus 3ana4 U3 pasHbIX HOMEPOB XXYPHA/Ia U/ 10 Pa3HbIM IpegMeTaM (MaTeMaTuke U @uU3nKe) rpucbliiaite B PasHbIX
KoHBepTax. Ha koHBeprte B rpagpe «Komy» Hannwure: «3agaqdHnk «KBaHta» Ne4d—-2014» n Homepa 3a4aY, peLueHUs KOTopbIX
Bb1 nocbinaere, Hanpumep «M2349» nnn «@2355». B rpaghe «OT KOro» gpamununro v MMs rpocvm nucate pazbopyuso. B nucemo
BJIOXKUTE KOHBEPT C HAMUCAHHbIM Ha HeM Bawumm agpecom v Heobxognmbii Habop Mapok (B 3ToM KoHBepTe Bbi nomyyure
PEe3yNIbTaTbl MPOBEPKU peLueHuV). PelueHns 3a[a4 o MaremMatmke v @U3nKe MOXHO MPUCbIIAaTb TakXKe 110 3/1EKTPOHHBIM
agpecam: math@kvant.ras.ru n phys@kvant.ras.ru coorBeTcTBeHHO.

YcroBus Kaxkaovi opurvHazIbHoOVI 3a8ayy, rpeaaaraemMod 4ns rybnvkaumm, npyucbiiaiTe B OT4e/IbHOM KOHBEPTE B ABYX
3K3emMmispax BMecre ¢ Bawum pelweHnem 3Tovi 3aaa4u (Ha KoHBepTe romersre: «3agayHuk «KBaHvta», HoBasi 3agaya o

pusuke» nnmn «3agadyHnk «KBaHra», HoBasi 3a4ayqya o MareMaTrke»).
B Hayane Kaxgoro nmcbmMa rpocriM yKasbiBaTb HOMEP LUKOJIbI U K/1acC, B KOTOPOM Bbl y4uTecs.
3agaun M2349-M2351, M2354 npegnaramice Ha XXXV TypHupe roposos, 3agadya M2352 npegnaranace Ha Xll YcrHov

ommMmInnage rno reomMeTpuin.

3apaun M2349-M2355, ©2355-d2362

M2349. ITpodeccop Boiberanno nanucan 1001 crarpio. B
KaKJION CTaTbe OH MOXKET TIOCTaBUTH CCHLJIKHM Ha JPyrue
CTaTbW, HO HUKAKWE J[BE CTATbU HE JIOJUKHBI CCHLIATHCS
JIpyT Ha apyra. Beiberaaio noaydut 3HAYNMOCTD R, ecjin
mocjae 9Toro y Hero Oyjaer k crareil, Ha KaKIyl0 u3
KOTOPBIX CChLIAIOTCS XOTs1 Obl R crateii. Kakoil Han6oJib-
mreil 3HAYUMOCTU OH MOYKeT JOOUTHCS?

U.Bozoanos, E.Moauaros

M2350. Kierku tabuuiibl 7 X 5 3a10JHEHbI YUCIaMU TaK,
YTO B KaKIOM MIPAMOYTOIbHUKE 2 X 3 (BepTHKAIbHOM NN
FOPU30HTATILHOM) CyMMa YHCEJT PaBHa HyJI0. 3arjaTuB
100 py6uieit, MOXHO BBIOpATh JTIOOYIO KJIETKY W y3HATD,
KaKOoe 4uCJ/I0 B Hell 3anrcano. Kakoro HamMeHbIero yucia
py6uieit xBaTuT, 4TOOBI HABEPHSKA OIPEIETUTb CYyMMY
BcexX uuces TaOIuIbl?

E.Baxaes

M2351. /lan MHOrouJieH ABaIaTON CTEIeHU C IIeJIbIMU
koapdumentamu. Ha TIockocTH OTMETHIN BCE TOUKH C
IIEJTBIMU KOOP/IMHATAMHU, Y KOTOPBIX OPJINHATHI HE MEHDBITIE
0 u ze 6oubire 10. Kakoe nau6oJbliiee 4ucI0 OTMEYEHHDBIX
TOYEK MOXKET JieXKaTh Ha Tpaduke 3TOr0 MHOTOYJIeHA?
I'.2Kyxos

M2352. /Tar npaBusbabIi Tpeyroabank ABC mioma/m 1
n Touka P Ha ero omucaHHOW okpy:kHOCTH. [Ipsimbie AP,
BP, CP mnepecekator npsambie BC, CA, AB B Toukax A’,
B’, C’ coorBercrBento. Haiijure 1m01mma/ib Tpeyroibuu-
ka A’B'C’.

A.3acrascruil
M12353. Ha oKpy>KHOCTH PacIoIOKeHbI 72 puIek. 3a X0/
MOJKHO B3SITh JIBE U3 HUX U TIEPEMECTUTD B IIPOTUBOTIOJIOXK-
HBIX HAMTPABJEHUAX Ha paBHbIe yTH. a) JloKaxkuTe, 4To He
6osee yeM 3a n — 1 XOI MOKHO JOOUTHCS TOTO, YTOODI

TOYKHU, B KOTOPBIX CTOSAT (DUIITKI, 00PA30BBIBAJIY TTPABUITH-

HBI 7-yroabHUK. ) PemmTe Ty 5Ke 3a1a9y € JOTMOTHUTE b

HBIM OTPAHWYEHUEM: B IpoIlecce mepeMenieHns (uirkam
3aIIPeIAeTcs: IePEeCKAKUBATD Yepe3 Apyrue PUilku.

Ilo momusam 3adauu oiuUMRUAODL

Gulf Mathematical Olympiad

M2354. [larn TpeyroJabHUK, Yy KOTOPOTO HET PaBHBIX
yraos. Ilersa u Baca urpalor B Takylo urpy: 3a OAUH XOZ
ITerst ormeuaeT TOUKy Ha ILJIOCKOCTH, a Baca kpacut ee 110
CcBOEeMY BBIGOPY B KPACHBIHM Wu cuHMii 11Bet. [leTs Boimr-
paeT, ecJn Kakne-To TP U3 OTMEYEHHBIX UM U TIOKpallieH-
ubix Baceil Touek 06pasyioT OJHOIBETHBIN TPEYTOJIbHUK,
oI0OHDBIN  UCXOJHOMY. 3a Kakoe HauMeHbIee YUCJIO0
x0/10B [leTs cMOKeT rapaHTUPOBAHHO BBIMTPaTh (KakoB
6bl HU GBI UCXO/HBIN TPEYTOJNbHUK ) ?

K.Knon

M2355". Jlokaxure, 4TO CyIeCTBYeT GECKOHEYHO MHOTO
a b
p_-p
c d
p =P
p — upocroe, a a, b, ¢, d — HarypasbHble YNCIIA.
B. Cendepos

HaTypaJIbHbIX 72, HE IIPE/ICTAaBUMbIX B BU/I€ , /1€

®2355. U3 peunoro nopra A K pacroJIOXKEHHOMY HIUKe
[0 TEYEHWIO PEKU MOPTYy B OIHOBPEMEHHO CTApTOBAJN
Gykcup u derbipe (N) 3arpyskeHHbIX 10Ta. Paccrosuue
MeX1y TopTamMu L, CKOpOCTb TeueHWsl peku u. Bykcup
TAlUT TJIOTHI 110 OJHOMY, TpPU 3TOM €r0 CKOPOCTb O
OTHOCUTEJIBHO BOJIbI ¢ OYKCHPYEMBIM IIJIOTOM TaKasl e,
Kak u 0e3 1ora. 3a Kakoe MUHMMAJbHOE BPEMS BCe
IJIOTBI MOTYT OBITh JIOCTaBJEHBI B TOPT B? Bpems, HyX-
HOE JIJIS CIIETIJICHUS] W PaCIelJIEHUS TIJIOTOB ¢ OYKCUPOM,
MaJo. Pazmepamu miotoB W OyKcupa B cpaBHeHWH ¢ L
MOJKHO TTpeHeOPEYb.

P.Asanecan, 9. Xavampsan
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®2356. Tpu HeBeCOMbBIX IIKUBA PAIi-
ycamu R, 2R 11 3R KOHIIEHTPIYHO CKPETI-
JIeHbI MeXy co60il B enuublii 6JIOK 1
HACAKEHbl HA OCb, HA KOTOPOH GJIOK
MO3KET Bpaiarbes 6e3 tpenns (puc.1).
Ha 1uIkuBbl HAMOTAHBI HEBECOMbBIE WU
HEpACTSIKUMbIE HUTH, K KOTOPBIM TO/I-
BeleHbl rpy3bl Mmaccamu 10m, m n 2m
coorBercTBenno Haiigure ycropenue

10, 2™ rpysa maccoit 10m.

Puc 1 . Axyauu

m

®2357. /Tuem 21 nronss CoJHIlE «CTOUT» BBICOKO, U Ha
KaK/IbIl KBAJPATHBII METP TOBEPXHOCTH 3€MJIN TaJAeT
naJaydenne, Hecyniee montHoctb W = 1 kBt. Berpa ner,
BJIAJKHOCTb BO3/[yXa HEBBICOKAs, TeMIlepaTypa BO3AyXa
ty = 20 °C . Ouenure BpeMs, 3a KOTOPOE BbICOXHET JIy>Ka
Ha acdasbre, ecqn ee HavasibHas raybmHa £ = 1 cM.
Hy>kHble JaHHBIE OTBINUTE CAMOCTOSITEIBHO.
C.Bapaamos

®2358. JyekTpuveckue 3apsibl PABHOMEPHO pacIipejie-
JIEHDB! 110 JIIMHHOMY TOHKOMY M30JIMPOBAHHOMY CTEP>KHIO
MN ¢ nuHelHOH MJI0THOCTBIO 3aPSI0B O .
1) Hoxaxmute, 4TO B MPOU3BOJIBHON TOUKE
K ssexrpnyeckoe noJse E crepxkHA Ha-
npasJieHo 1o 6uccekrpuce yriaa MKN. 2)
Omnpenesnte HaANpaBJeHNE U BEJIUYHHY
HaIPSKEHHOCTH 3JEKTPUIECKOTO OIS B
TJIOCKOCTH, KOTOpasi TepIreHuKYIsIpHa
CTEPIKHIO U COJIEPKUT OJIHY U3 KOHEUHBIX
Touek crepxusa. 3) Onpenenanre Hanps-
o B JKEHHOCTD 3JIEKTPUYECKOTO T10JI OTpe3Ka
AB, paBHOMEPHO 3aps’KEHHOTO C JINHEH-
HOIi TIJIOTHOCTBIO O , B Touke O, yaJeH-
pY  Hoit ot orpeska Ha paccrosinue 7 (puc.2).
Yraer o u B 3amanbi.

r A. Bviuxos

A

puc 2 ®2359. Ha crek/aHHOM GaslJoHe JaM-
[IOYKHM HaKajauBaHus HamwucaHo: 220 B,
10 Br. Comnporusisienne cnupajy XOJOIHOW JaMIIOYKH,
U3MEpEHHOE C TIOMOIIBI0 MYJbTUMETPA, OKa3aJoCh PaB-
HbIM 484 Om. Kakoii TOK moreder yepes 3Ty JaMIIOUKY,
€CJIN BKJTIOYHTD €€ B CETh TIOCTOSTHHOTO TOKA HATIPSI)KEHNEM
110 B?
A.Cmapos

®2360. /IBe TOICTBIE ME/HbIE NIUHBI JEKAT HA TOPU3OH-
TasbHoM crosie (puc.3; Bua cBepxy). K munam moak.io-
yena uaeasnbHas Garapeiika ¢ 9/C & = 1 B. Ha munax
HaXOJUTCS MeJlHasi TepeMbIuKa mn, KOTOpasl JIBUXKETCS

2014 /Ne4

MTOCTYTATEJbHO C TOCTOSIHHON TOPHU30HTAJIbHONW CKOPOC-
TbI0 © = 1 M/ C B HAIPABJIECHNH, YKA3aHHOM CTPEJKOi. B
IepeMbIUKy BCTaBJIeHO conporuBiaenne R =1 Om. B ogny
13 IMUH <«Bpe3aH» W/ICAJbHBIH aMIepMeTp M YKa3aHo
pacnosioskerue (3Hakn) ero KjieMM. BeprukaibHOoe U
OJIHOPOJIHOE MAarHUTHOE TI0JIe Harpas/ieHo Beepx (0T pu-
CYHKa K YUTATEJ0), ero WHAYKIUSA PaBHA 110 MO0 B =
=1 Tna. Kakoi#l Tok Tek dyepe3 aMIepMeTp B MOMEHTDI
BPEMEHHU, KOI'/la IlepeMbluKa IIPOXO/HIa yepe3 Toukn A u
C, ecii B MOMEHT TIPOXOXK/ICHUS TIEPEMBIYKI Y€Pe3 TOUKY
D ammepmerp nokasbiBai [ = +1A? Kakum ObL10 paccro-
SHUE MEXIY TOYKaMU KaCaHUs TePEMbIYKOI ITMH B MOMEHT
MIPOXOXK/IEHUS TIepPeMbIuKoi Toukn D? Yros Mexay nepe-
MBIYKON W TIPSIMON MMHOW paBeH O = 21/5 =72°. [lag
N3MepeHnsl PACCTOSIHUI Ha PUCYHKe T0JIb3yiTech JnHel-
KO ¢ MUJITMMETPOBBIMU JI€JIEHUSIMU.

. Cepeees

®2361. CTexJIIHHYIO IITOCKOTAPAJIETbHYIO IITACTHHKY B
(opme nucka ruamerpom d = 4 cM paszpesasin Ha JIBe YacTH
¢ oguHakoBbiMu Maccamu m = 10 r B Buze cobuparorieit
U paccenBaronieii mH3 u ¢ (POKYCHBI-
mu paccrogauuamu F =+10 cMm u ——>

F,=-10 cM  coOTBeTCTBEHHO —>
——
(puc.4). JIuH3bl pasiBUHYJIM TaK, ———>

4TO MeXKJIy HUMHU 0o6pasoBajcs He- ———>
GOJILITION 3230p MOCTOSITHHON TOJIH- ——————>

el & =1 mM. Cucrema JuH3 06Jy- ———>
YaeTCsl MOUIHBIM TIYYKOM JIa3€PHOTO  p, - 4
U3JIyYeHUsT WHTEHCUBHOCTbIO [ =

_ 2 .

=10 KBT/ cM” . Paccumrafite ah(heKTHBHYIO CHITy B3au-
MO/JICHCTBUS MEX/y JUH3aMW, BO3HUKAIONIYTO W3-3a Tpe-
JIOMJICHUST cBeTa. Yepe3 Kakoe BpeMsi JIMH3DI «CXJIOTHYT-
csi»? Ha moBepxHOCTH JIMH3 HAHECEHO IIPOCBETJISIONIEE
nokpoitre. [lotepsimu B crekiie mpenebpeun. Cuity TsiKe-
CTU He YYUTbIBATD.

A.Tyoenxo

®2362. Tonuaiiniasg mayTuHKa, CJAy4ailHO TOTaBIIast B
kazp 1pu GoTorpadupoBaHUN CO BCIIBIIKONW YAATEHHOTO
npeamera (y30poB rapaunen), Ha (pororpadum npeBpaTn-
JIACh B SIPKYIO IIHPOKYIO JIMHUIO, MEPECEKAIONIYI0 Kajap
(puc.5).KaxoBo paccrosinue oT JuH3bI 00beKTHBA (HOTO-
amnmapara /10 naytuaku? JIuHzy o6beKTuBa CUnTalTe TOH-

Puc. 5
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Koit. Kagp Ha pucyHKe B yBeJIMYeHHOM MaciTade BOCTIPO-
M3BOJUT CBETOYYBCTBUTENBHYIO MATPUILy PasMepoM
4,3%5,8 MM .
Ykasanue. Texundyeckue XapakTepUCTUKKM (POTOCHUMKA:
muadparma D = 2,75 MM, GOKycHOe paccTOsTHUE JIMH3DI
ob6bekTuBa F = 14 MM, Boiiep:kka T = 1,/80 ¢, npucyt-
cTBYeT (DOTOBCIIBIIIKA.

A.Tydenxo

PeweHuns 3apgay M2334-M2340
®2340-D2347

M2334. Sxcnepmy npedeasuru 12 odunaxoevix na eud
MOHem, cpedu KOMOPbLX, 603MOKHO, eCb Parvuuussle.
Bce nacmoswue monemot secsim 00uHaxoso, ece paivuuiu-
evle — moiKe, (arvuueas monema nezue nacmosuei. Y
aKcnepma ecmu uauieuHvle 6echl U IMAIOHHbLE MOHEMbL: )
Hacmoswux u 5 parvwusvix. Cmoxem au on 3a 4
636CUUCANU ONPEOeNUMD KOIUECMEO PATbUUBHIX MO-
Hem cpedu npedssieaeHHbLY?

OTBer: cMOXKeT.
OueBH/HO, IOCTATOYHO TIOKA3aTh, YTO MOXKHO 3a JBa
B3BENTMBAHUS ONPEIETUTh KOJNYECTBO (PAJIBITHBBIX MO-
HeT cpean IMecTH JaHHBIX. HasoBeM aTm mmecTb MOHET
Hens3BecTHbIMH. DBepeM Tpm HacTosIme MOHETBI W TPHU
(papITIBBIE, B3BETIIBAEM X ¢ Hen3BecTHBIMU. Ecyii Bechl
B PaBHOBECHH, TO CpPeIN HEN3BECTHBIX MOHET POBHO TPHU
dampnmbix. [TycTpb Bec aTamoHHBIX MOHET GoJibiie. Toraa
CPEN HEW3BECTHBIX MOHET 4, 5 minm 6 (HaabIuBbIX.
BosbMeM 1sATh ATaNOHHBIX (DAJBIIUBBIX W OJHY ATAJIOH-
HYIO HACTOSIIIYIO U B3BECHM MX C HEU3BECTHBIMU MOHETa-
mu. [Ipu paBemncTBe MblI TOJy4aeM, 4TO CPe/yl HEU3BECT-
HBIX MOHET POBHO S (DAJIBIIMBbBIX, €CJIH TIEPEBECSIT ITATIOH-
Hble — 6 (asIbIINBBIX, €C/IU TIepeBecsiT Heu3BeCTHbIE — 4
damprmmsele. Coydvail, Kora TpHU MEPBOM B3BEITHBAHUT
TIepeBeCUJIN HeM3BECTHBIE MOHETBI, PACCMATPIBAETCS aHa-
JIOTUYHO, HO BTOpOE B3BENIMBAHWE IPOU3BOAUTCI C S
STAJIOHHBIMH HACTOSTIMMHI MOHETAMI 1 OJHOHN 3TAJOHHOMN
GaspmmBoii.

O.Heuaesa

M2335. ITo kpyzy pacnoiioxewvl n AyHOUEK, OOHA U3
Komopvix ommeuend. Ilems u Bacs ueparom 6 caedyro-
wyro uzpy. B nauane uzpor Bacsi kaadem wapux 6 00y u3
aynouex. /laree 3a xaxoviii xo0 I[lems nasvieaem namy-
panvroe uucao k (uucaa k mozym omiuuamocs na pasnvlx
xodax), a Bacs nepemewaem wapux u3 JIyHOUKU, &
KOMOPOU o1 HAX00umcst, na k aynouex no 4acogou aub6o
npomus uacoeoti cmpeaxu (no ceoemy ycmompenuio).
IIpu kaxux n Ilems moxem uzpamv max, 4modvl uepes
HECKOIbKO X0006 WaApuk: d) 2apanmuposanto nondi @
omMmeueHny1o AYHouKy; 0) eapanmuposanto nonai aubo
6 OMMEUCHHYIO JYHOUKY, AUO0 6 00HY U3 COCCOHUX C
OmMMeUeHHOU TYHOUEK?

OtBer: a) IpU 72, PABHOM CTEIIEHH ABONKI;

6) npu BCex 7.

Byaem cunrtath, 4TO JIYHOUKHU 3aHYyMePOBaHbI 110 YaCOBOM
crpesike ot 0 10 n — 1, npuyem HoMep () UMeeT OTMEUEHHAS
JIYHOUKA.

a) Iycrb n =2%, k> 1 (upu k =0 aynouka Bcero ogna).
OpHa 13 BO3MOKHBIX cTparernii [letn ouens mpocra: ecm

NIAPUK HAXO/UTCS B JIYHOUKE HOMED S, OH HA3bIBAET YNUCJIO
s. Eciin Bacs caiuHeT miapuk mpoTHB 4aCcoBOI CTPEJIKH, TO
OH HEME/IJIEHHO MOMAeT B OTMeYeHHYIO JIYHOUKY . 3HAUNUT,
OH BBIHYJKJIEH CABUHYTD MIAPUK 10 YACOBOU CTPEJKE, T.€.
B nyHouky Homep t, rae ¢ =2s(modn). Tak kak t — 2s
penurcs Ha 2%, To t verno. Takum o6Gpasom, Toce
MEePBOTO IIara MapuK 0053aTeJbHO HAXOAUTCS B JIYHOUKE
C YeTHBIM HOMEpPOM. AHAJOTMYHO, HA CJEAYIONEeM Iiare
HOMep JIYHOUKH 6y/eT 00513aTebHO AeJUThC Ha 4 U T.1.
[ToaTomy He 1037Ke YeM Ha R-M Iare HOMep JIyHOUKH Oy1er
gemutbest Ha 28 | a Takast IyHOUKA TONBKO O/[HA — OTMEYeH-
Has.
[TycTb Teneps 1 He ABISETCS CTENEHDIO IBOWKH, T.€. UMEET
HewerHbIil emuTens, Gompumii 1: 7 = 2% (2r +1) . Mycts
st Hadama k = 0, 1.e. n Heuerno. Torma Bacst Moxer B
Havyajge TOJMOKHTh IMapuk B Jo0yio ayHouky (kpome
orMeueHHON ). JlelicTBUTENbHO, B 9TOM cJlydae paccTosgHue
MEXKIY 3TOW JYHOYKOH W OTMEYEeHHOU OY/IeT YeTHDBIM,
cuuTasg MO YaCOBOW CTpEJKe, W HEYETHBIM B MPOTUBHOM
caydae (umm waoGopor). Ilosromy, nasoer s Ilerst
YeTHOe YUCJI0 UK HeveTHoe, Bacs B 1i060M cirydae MOKeT
C/IBUHYTD MIAPUK TaK, YTOOBI OH He TONaT B OTMEYEHHYIO
JIYHOUKY — a 60Jbllle HITYero u He Tpebyetcs. To ke camoe
BepHO U B caryydae k> (), Ho ¢ ojiHuM oT/inuueM: Bacs Mosker
TIOJIOXKUTD MAPHK B JIYHKY, HOMEP KOTOPOH He AeJUTCS Ha
2r + 1, ¥ B JaJibHENIIIEM COXPAHSTh 3TO ycjaoBue. B caMmom
JieJie, yCTh MapuK HaXO/NUTCS B JIYHOUKE C HOMEPOM S, He
nesdamiemcs Ha 2r + 1, u Ilers naseiBaer uncio t. Toraa
Bacs MosxeT 1mepeMecTuTh MapuK B JYHOUKY C HOMEPOM
u=s+t(modn) nm v =s-¢(modn). O6a uncna uu v
He MOTyT jlenthes Ha 2r + 1, umaue u+o =(s +t)+
+(S —t) +cn =2s +cn pemutcs wa 2r + 1, oTtkyzaa s
Jlesintest Ha 2r + 1 — mporuBopeune.
OrmeTtnM, 4TOo ecau Bacsgs B Havaje MOJOXKHUT TIApHK,
HampuMmep, B JyHKY HOMep 27 + 1, To Iletss cmosker
BBIUTPATD TI0 CXeMe, aHAJOTUYHON cJydan n = 2k
6) Iycrb n > 3 (st n < 3 3amaua oueBuzana). [lycte ®,
— MHOKECTBO HOMEPOB JYHOUEK, B KOTOPbIE MOXKHO TOJIO-
JKUTD Tapuk, 9To6bl [leTst Mor BeinTpath He GoJiee yeM 3a
7 xo10B, B "actnoctu Py ={n -1,0,} (mapux ysxe me-
JKUT B HYSKHOU JIYHOUKE).
[Tyctp MHOKecTBO @, He coBmagaer ¢ MHOKecTBOM {0, 1,
2, ..., n— 1}, u nyctb k + 1 — HauMeHbIIUil HOMEp, HE
Bxofsimuii B @, (3amerum, uto k=1, tak xak 10D ,),
a m — HauMEeHbIINI HoMep, GoJbliil kR 1 BXoasmmii B ®,
(raxoit Homep m waiizercs, Tak Kak n—10® ). Takum
obpaszom, 0,1, ..., k, mEP ., k+1, ..., m—-10p .. Eciu
k ¥ m OJHOIl Y€THOCTH, PACCMOTPUM JYHOUYKY C HOMEPOM
k+m
2

MOJKET Ha3BaTb YMCJIO

. Eciim m3navanbrao mmapuk Jjexut B Hell, To Ilers
m=—Fk

2
[IapuK, OH momajaer JuGo B JYHOUYKY HOMep R, iu6o B

JYHOYKY m, ¥, HOCKOJbKY k, mP ., mnonydaem

k+m k+m
> [ . (ipu sTom

YeTHOCTH, aHAJOTHYHO TIPEIBLAYIIEMY, PACCMOTPHM JIy-
(k=1)+m
2

, ¥ Kyza 6b1 Bacs nu numyt

[ , ). Ecu k um pasHoit

HOYKY HOMED . Ecmm m3navanabHO ITapuK Jie-
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3 m—(k—-1)
T B Heit, 10 Tlets MOeT Ha3BaTh YHCa0 —— —, u

Kyqna Obl Bacst Hu fBMHYJI HIApHWK, OH TONajaerT Jubo B
JIYHOUKY HOMep R — 1, 60 B JIyHOUKY M, U, TTOCKOJBKY

k=1, m3b ,, noaysaem MBD o+ (mpu aTOM
W@ .

Mpr mokasasu, 4To MHOXKecTBO P, CTporo mmpe, 4eM
®, (ecTb JIYHOUKH, KOTOPBIE €lile He BXOAAT B @, , HO yiKe
BXOST B @, ). 3HAUNT, [JIsI HEKOTOPOTO 7 < 1 OJTYYUM
&, ={0,1, 2, ..., n—1}. Takum o6pasom, IleTss BBINTPBI-
BaeT BCerja.
B cBs3u ¢ TpUBE/IEHHBIM PENIEHUEM OTMETHM CJIETY IOTIN T
MHTEPECHBIN BOMPOC: KaK TO 3aJaHHOMY 7 HAyYUTbCS
orpeesisITh HauMenblitee 7, 1Jist koroporo @, ={0, 1, 2,...
,on—1}?

I1. Koxesnurxos, A.Toanwvizo

M2336. /lanv nosoxumenvnvie uucaa x u y, x < y. /s

m00bLx uucen a, b, ¢, npunadaexawux ompesxy [x; y],

doxaxume HepaABEHCMBO
2 b2

a
+
bc+xy ca+xy

2

+b+
c>abc

ab+xy  x+y

U3 yenosusi crenyor nepasenctsa (b—x)(c-y) <0,
(c=x)(b-y) <0, cknaapiBasg KOTOPBIE, MOMyTaEM

2(be + xy) = (bx +cy +by +cx) <0 =

& 2(be+xy) - (b +c)(x +y) <0 =

(b+e)(x+y)

< be+xy <
Y 2

(D)

AHaJIOTHYHO,

2014 /Ne4

BocrmionbayemMcss M3BECTHBIM HEPABEHCTBOM

2 2 2

2
a; a ata,+...+a
_1+_2+_.+i>(1 2 ") ,
b b b, b +b, +...+b,
KOTOpPO€ CIIPaBEAJUBO TPH BCEX MOJOKUTEIbHBIX
ay, Ay, ..., dy, by, by, ..., b, . (ITO HEpABEHCTBO cieyeT u3

KJIacCMYecKoro HepaBeHcTBa Komu—ByHskoBCKOro—
IIBapia

(xf + 23 >

+... +x,§)(y12 +y5 o +yfz)

2
2 (.X1y1 + X2 Y .. +xnyn)

IocJIe 3aMEeHbl Xx; = a—é, = \/E )
Nnmeem ‘/_1
a* vt o, (a+b+c)
bc+xy ca+xy ab+xy bc+ca+ab+3xy’

Cxaagpisag (1), (2) u (3), noayuaem, 4ro 3HAMEHATEb
Jipo6u B 1IpaBoii yacTu He GOJIbIIe YeM (a +b+ c) (x + y) ,
OTKY/1a

2 b2 2

a4 +C >
bc+xy ca+xy ab+xy
2
(a+b+c)  _a+b+c

> —_—

_(a+b+c)(x+y) x+y
4TO 1 TPeOOBATIOCH.

/. Ayb6exepos

M2337. Hmeromca n kapmouex, Ha KOMOPLIX HANUCAHA
uughpa 1, u n xapmouex, na KOMopvix HANUCAHA UUPPA
2. Bacs ckaadvieaem us 3mux Kapmouex 2n-sHauroe
yucao. 3a odun xo0 Ilems moxem nomensamo mecmamu
Hexomopule 0se Kapmouku u saniamums Bace 1 py6.av.

ca+xy < 7 ) (2) Ilpoyecc 3axanuusaemcs, xoeda y Ilemu noayuaemcs
uucao, densupeecs na 11. Kaxyo nauborvuyio cymmy
ab + xy < (a b)2(x +y) (3) moxem 3apabomamv Bacs, ecau Ilemsi cmpemumcs
n=11m,r=0 01112/314/5/6/7/8 9/10111213114]15[1617/18/1920/1212
n=11m+1,r=6 0/1112[314/5/6/7/8 9/10/11/1213114]15/161718/1920/2122/23
n=11m+2,r=1 0111231415678 910111213114]15[1617118/19/20(21/222324]
n=11m+3,r=7 0/ 112[3/4]5]6[7[8/9/1011]1213]14]15[16/17[18/19/20/21]22)23242
n=11m+4,r=2 01112[314]15/6/7/8 9/10[11]12113114]15[16/17/18/19/20121/22/23|24/1252
n=11m+5,r=8 01112[31415/6/7[8/9/10[11]1213114]15[16/17/18/19/120/21/22/23/24/12526/27
n=11m+6,r=3 0/ 112[314/5/6/7/8 910111211314]15[1617/18/19/20121/22/23/2412526/2728
n=11m+7,r=9 01112[31415|6/7/8/9/10111213114]15[1617/18{19]20121/22/23/24/2526/27|28/29
n=11m+8,r=4 0/112[3/14/5/6/7/8/9/10[1112113114/15[16117/18/1920/21|22/2324/25126/27 2829 30
n=11m+9,r=10 01112[31415/6/7/8/911011/12113114]15[16/17/18/19/20[21/22/23|24/2526/27/2829)30/3 1]
n=11m+10,r=5 011]12[3/4]5]6/7/8/9/10/11[1213]14]15/16/17/18/19/20/21/22/23|24/2526/27|2829)30[31 32




SAJAYHHUK
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3aniamumo Kax MoKno menvue? Pewume sadauy: a) ors
n=2013; 6) 0aa mobozo 3adanmnozo n =11 .

PaccMmoTpum 2n-3Ha4HOE YHCJI0 A, COCTOSIIIEE U3 72 €ANHUIL
u n aBoek. IIycTb B TOM 4mc/ie B HEYETHBIX PaspsijiaX
CTOAT k(A) eIVHUIL] U l(A) =n —k(A) JIBOEK, TOr/a B
YETHBIX Paspsiiax Hao00poT Gyjer k(A) aBoek u [ (A)
equnut; (3716Ch k(A) MOJKeT TpUHUMATh JI060e IeJ0e
snauenue or 0 10 7).
ITyctp 3a ogun xox u3 uncjaa A nomydaercst uncio A'.
Torma |k (4)- k(A')| <1, npuuem Ilerss MoxkeT B caMoM
Jlesie 32 OJTUH X0/l yMEHbIHTD uin yseaununts k(A) na 1,
€CJIN TOJIBKO R (A') He BBIieT 3a mpefenbt otpeska [0; n].
(Or™eTum Taxke, uto IleTs Bcerjia MOSKeT OCTaBUTD R (A)
HEM3MEHHBIM, OOMEHSIB [BE KAPTOYKU C OAMHAKOBBIMU
mudpamu. )
PasHocth cyMM 1P B HEUETHBIX Pa3psiiax U YETHBIX
paspsjax uuciaa A pasHa
(k () +20(4)) - (2 (4) +1(5)) =

= 1(A)-k(A)=n-2k(A).
[Tokpacum B MHOXecTBe {1, 2, ..., n} Bce uncaa k Takue,
yto n — 2k pemwrcst wa 11. [Tokparniennbie uncaa — ato
qrcJia, gamonie GUKCHPOBAHHBII OCTATOK 7 TIPU JeJICHUN
Ha 11.
Ecin Bacst u3HayaibHO CJIOMKUT U3 KaPTOYEK Yucyio A, To
MuHMMaabHasg cymma (B py6.isax), kotopyio Ilere mpuaer-
A 3alIaTHTh, paBHa d k(A)), rie d (k) paHo paccro-
AHUIO om R 10 GsKalliero MoKpameHHoro Yuc/ia.
PaccMaTpuBast HOKpAIEHHbIE YHCIA B KaXK/IOM U3 CIy4aeB
(cM. tabauiy), moJydaeM ciepyiomuii pesyabrar. Eciu
n=0,24,06,8, 10(m0d11) , 07 =20,1, 2, 3, 4, 5
COOTBETCTBEHHO U HauOoJbllee 3HadeHue d (k) paBHO 5
(nocturaercs npu k=r+5(mod11)). Ecam xe
n=1,357, 9(m0d11), tor=6,7,8,9, 10 coorBercr-
BEHHO U HanboJblllee 3HadeHue d (k) pasno r (jocruraer-
canpu k=0 um k=n).

11. Ko.xxesnuxoe

M2338. Cyuwecmeyem au na niockocmu maxoe MHoKe-
CMBO MOUEK, U0 BHYMPU J100020 MPEY20NLHUKA NAOULI-
ou 1 oxaxemcs Koneunoe HenYcmoe MHOKECMEO MOUeK
U3 IMO20 MHOKECmea?

OTBerT: cyrmecTByer.

B xaxnaprit TpeyrosbHuK Tionmaau 1 MOXKHO BHHCATh
IPSIMOYTOJIBHUK ILTOMaAn 1 /2, mpoBeis caMyio AINHHYIO
CPEIHIOI0 JIMHUIO U OITyCTUB U3 €€ KOHIIOB MePIEeH/INKY -
pbl Ha mnapasnenbHyto et cropony (puc.1). Ilostomy
JIOCTATOYHO TIOCTPOUTH MHOXKECTBO ToueK, Kortopoe (i)
nuMeeT HeIycToe MepeceyeHne ¢ KaxK/bIM MPSAMOYTOJIbHU-

Puc. 1

koM tmomazan 1,/2 n (ii) nmeer KoHEYHOE TIepeceveHne ¢
JIIOOBIM OTPAHUYEHHBIM MHOKECTBOM.

3acdukcupyeM Ha maockoct Touky O. IlycTs Ha II0CKO-
CTH PaCIoJIOXKeH IpAMOoyToibHuK ABCD tomaan 1,2,
E — 1ieHTp 3TOTO IPSIMOYTOJIBHUKA, a €ro CTOPOHbI AB n
AD paBubl a u b, tne ab =1,/2, a=b . Ilonoxum 2¢ =
=MN, tne M u N — cepenunbl orpe3koB FA n EC
COOTBETCTBeHHO. XO0Ts 6bI oHa 13 Touek M u N ymareHa
ot O He MeHbIIle YeM Ha ¢. 3aMeTuM, 4To 06e Touku M n
N nexar B npamoyroabauke ABCD BMmecTe ¢ KpyraMu
paauyca b/4 =1/(8a) >1/(32¢) (rak xax AC = 4¢ > a) ¢
nearpamu B a1ux Toukax (puc.2). Takum o6pasoM, Ham

JIOCTaTOYHO Gy/IeT TIOCTPONTh MHOXKECTBO TOUYEK, KOTOPOE
yaosiersopser ycaosuio (ii) m creayiomemMy ycaoBuio
(i'): mpu Beex ¢ > 0 OHO UMeEET HEIYCTOE TIEPEcEUeHNE ¢
KaKJIbIM KPYTOM Pasinyca 1/ (320) , IEHTP KOTOPOTO OTCTO-
UT He MeHee yeM Ha ¢ oT Touku O.

CrenaeM elie o110 HAGTIO/IEHUE: €CJIN HA IJIOCKOCTH JaHa
orpannvennas cdurypa F, to ans mo6oro € >0 B Heit
MOKHO BBIOPATH TaK HA3BIBAEMYIO KOHEUHYIO € -Cemb, T.€.
TaKoe KOHEUHOe MoMHOKecTBO G [ F , uTo /106ast TOuKa
u3 F ynamena ot HekoTopoil Toukn u3 G Ha paccTosHNE
menbiie €. (Ecim, ckaxem, F — MHOrOYrOJbHUK, TO B
kagectBe G MOKHO B3SIThb Y3JIBI KBAJPATHOW CETKH C
JIOCTAaTOYHO MaJIOH CTOPOHON &, mpuHaanexamue F. B
o611eM caaydae B KagecTBe G MOKHO B3SIThb MAKCHMAJIbHOE
MOJIMHOKECTBO MHOXKecTBa F Takoe, UTO KPYTH Pajiyca
€/2 ¢ ueHTpaMH B TOYKax MHOKecTBa G MOMApHO He
nepecekaiorcs. /leiicrBuresnpno, ecam A F, To Kpyr
pajmyca €/2 ¢ 1ueHTPOM B A JIOJIKEH Iepecekarbesi ¢
KPyroM pajmyca €/2 ¢ I[EHTPOM B HEKOTOPOHl TOYKe
BOG. Tem cambiM, paccrosaue AB menbiue € .)
Tenepb MbI TOTOBBI OTHCATh TPeGyEMOe MHOXKECTBO.
Pacemorpum kpyru B, paauyca n ¢ nentpom O, n =0, 1,
2, ... (ana n = 0 nosyuaercs, 4To B, coBnasaer ¢ TOUKOi
O). B koabiie R, = B, \ B,_; MKy OKPYKHOCTSMU
pazuycos n — 1 u n BoiGepeM koneunyio 1/(32n)-cers G, .
[Tyctp MHORECTBO G — 3TO
touka O U 0oObeUHEeHnEe
BceX 9TUX  E-ceTeW
Gy, Gy, ... (puc.3). fcwo,
yto G yJOBJETBOPSET yC-
gomio (ii), Tak Kak Kax-
poe u3 muoxecrs G, Ko-
Heuno. Kpome Toro, ono
YIOBJIETBOPSIET yCJIOBUIO
(i'). [leiicTBUTENADBHO,
MyCTb IEHTP HEKOTOPOTO
kpyra paauyca 1/(32¢)
HAXO/IUTCS HA PACCTOSTHUU
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€ OT Hayala KOOpAMHAT, rae n-1<c¢ <n. Torma, 1o
onpegesnenuio muoxecrsa G, , B KoJble R, naiigercsa
touka 13 G, , ylajJeHHas OT IIeHTPa Kpyra Ha PAcCTOSHUE
menpiee 1/(32n) <1/(32¢), uro u tpebyercs.
OTMeTHM, 4TO yCJIOBUE TOH 3a/1a4¥ 110 3BYYAHUIO OINU3KO
K II0Ka He pewnenHoii mpo6aeme [lanuepa (Danzer problem).
[l nmockocTr ata mpo6iiemMa hopMyIUPYeTCs TaK: Cyliie-
CTBYET JIN MHOKEeCTBO M TOYEK IIJIOCKOCTH Takoe, YTo
so6ast BeIMyKJIas purypa maomaan 1 comepskut XoTs 6b1
OHy W3 3THX TO4YeK W B JIOOOM Kpyre pajmyca R
coziepuTes He 6osee cR? Touek MHOMKecTBa M, T]I€ ¢ —
HEKOTOpas KOHCTAHTAa?

U.Bozoanos, I1.Koxesnurxos

M2339. /Jlana docka mXn, pazbumas na eounuumvie
xaemxu. Cnauara ¢ (m—1)(n—1)+ 1 xaemox cmasumcs
no uwrxe. Ilycmv 6 nekomopwiti MOMenm Ha Jocke Hd-
WAUCH uemblpe KACMKU, UCHMPbL KOMOPHIX SELSHOMCS,
BEPULUHAMU NPSAMOYZOILHUKA CO CTROPOHAMU, NAPAIIETD-
HOLMU KpAsii OOCKU, maxue, 4mo poeHo 6 00HOU U3 IMUX
KACMOK cmoum (puwikd, mozod my uuKy MOHKHO CHIMD.
[lokaxume, umo xomsi 6ot 00HY PUWKY HE YOACMCsL CHAMD
¢ 00CKU nYymeM HeCKOMbKUX ONUCAHHBIX ONePAyUL.

Pemtenne cm. B crarbe 1. Koskesunkosa u A. Ilanosasiosa
«CasuzxuTech ¢ rpadoM» B 9TOM HOMEpE KypHAJIA.

M2340". Yemwvipexyzomnux ABCD onucan 0k0.10 0Kpyx-
nocmu  (puc. 1). Hycmo I u J — uenmpuol okpyxuocmetl,
snucannvlx 6 mpeyzosvnuxu ABC u ADC coomeemcmeen-
Ho. Kasxoas us okpyx-
nocmeil Vg, Yp Npoxo-
dum uepes mouxu A u
C. 9mu okpyxnocmu
KACAOMCs  OKPYHKHOC-
mu w 6 mouxax Ku L.
okasxume, umo mou-
xkul, J, K, L nexxam na
00HOTL OKPYKHOCTL.

Hawm nmonazo6urcs cJe-
Ayioniass M3BecTHas
JleMMa.

Jlemma. Ilycmv OKpyKHOCMb W) KACACMCS OKPYKHOCTRU
Q ¢ mouxe T u ee xopo AC u BD e mouxax K u L
coomeemcmeentno, npuuem T nexum na dyze AD, mne
codepixauweti mouvex B u C; I — mouka nepeceuenus
6uccexmpuc yzaoe CAD u BDA. Tozda TI — 6uccexmpuca
yeaa ATD.

HoxkazareasctBo.! Ilycts Touku A, B, C, D cieayior Ha
OKPY’KHOCTH B 9TOM nopsijike (ocrajpHble cTydan pa3upa-
orest anasiornyto). Ilyerse E = AC(\BD, Iy — ueHtp
BIUCAHHOU OKpyskHocTH Tpeyrouabuuxka ABD. Ileutp Ip
gesxut "Ha 6uccexrpuce DI yraa ADB. Tlo nemve CaBasMbl
(M., HanpuMep, ocHosHYI0 meopeny B cratbe B.IIporacoa
«Kacarormmecst oxpyxnoctu: or Te6o no Deiiepbaxas B
«KBante» Ne4 3a 2008 r.) Touka [ snexur na npsimoit KL.
[IycTp s onpenenennoctu Iy aesxut meskay Ku L, al

Puc. 1

1o JIPYTOM TIO/IXO/I€ K JIOKA3aTeJbCTBY ATON JIEMMbBI CM. CTATHIO
W.BormanoBa «O6 ofHON KOHCTPYKIINH C KACAIOMINMUCS OKPYIKHO-
CTSIMU» B 9TOM HOMEpe >KypHaJa.
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aexut mexay I u D (puc.2) (apyrue ciryyan aHaiorny-
HBI). 3aMeTUM, YTO

UAll=0 IAPO IBA

:%(DEADF 0 EDA %(180° - OKEL).

W3 paBHoGenpennoro tpeyrojabinka EKL nmMeem
UEKI= %(180— O KEL).

Orciopa UEKI= O Allg, snauur, touku A, K, Ig, I
JIEKAT HA OJTHON OKPY’KHOCTH Y .
Jlanee,

DAILK= 0 EKBO CA#,
- %0"—%51@%% 0 BAR;O BAE)

(0CAD+ O BDA) % BAIY]  BAC

N | —

- 1??[%[3—350 vopcE=YaBc
4 H 4

[Ipu romorerun ¢ uentpom 7', nepeBojslieil OKPYKHOCTb
W B Q, Touka K 1epexoJuT B TOUKY Ha OKPYKHOCTU Q ,
KacateJibHas B KOTopoil napasienbHa AC, T.e. B cepeJuHy

nyrn AC. CrenoBatesnho, TK — 6uccexrpuca yraa ATC,

1 -~
n UATK= ZABC. IMonyuaem UAIgK= 0 ATK , 3ma-

quT, TOUKa T JIEXKUT HA OKPYKHOCTH Y .
Orciona

OATE 180-0 AlzB OAzADy O I,DA

- %(IZIBAD!- 0 BDA

- i(DBADIr 0 BDA) %AE’D = % DATD

4yTo u TpeboBasoch. Jlemma joKazana.

[lepeiinem k perieHuIo 3a1a4. 3aMeTUM, YTO BIIMCAHHbBIE
OKpY>KHOCTH TpeyroiabHukoB ABC u ADC xacaiotcs.
JleiictBuTenbHo, ecan X — TOYKa KacaHusl BIMCAHHON
okpyxkHocTH Tpeyroabanka ABC co croponoit AC, TO,
ncnosbays omucanHoctb ABCD, numeem 2AX =AB +AC —
—BC=AD+AC - DC, 3unauur, X TakKe IBJISIETCSI TOUKON
KacaHWs BIMCAHHOI OKpysKHOCTH TpeyroybHuka ADC co
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croponoii AC. Orciona npamas IJ cosnajgaer ¢ IX, a
3Hauut, [J O AC.

[Iycto K u I jexart 1o onHy cTropoHy oT mpsimoit AC
(puc.3). Ilycts A" m C' — Bropble TOYKH nepecevenns KA

Puc. 3

n KCc w. OKpyKHOCTH W U Yg TOMOTETHYHBI C IIEHTPOM
B Touke K. ITpu aroii romoretnn A u C nepexogar B A’
u C' coorBetcTBenHO, moatomy A'C' || AC . Ilo semme KJ
— Ouccekrpuca yrma A'K'C , a smauur, KJ mpoxomut
yepes cepennny P ayru A'C', He comepsraieit Toukn K.
Kacatempuas k w B Touke P mapannenbaa AC. Ananormd-
HO, LI npoxoauT yepe3 TOUKy Q OKPY>KHOCTH (), KOTOPast
JlnaMeTpaJibHO IPOTHBONOJ0KHA Touke P. Tak kak
IJ|PQ u IJ]OAC, monywaem OKJE[O KPO
= UOKLQO=0 KLI. W3 pasencrsa yrioB OKJI= 0O KLI
BbITEKAET TpebyeMoe.

@.Henes

®2340. [Iooxodswuii k cmanyuu noe3d 08uUKemcs co
ckopocmvio v = 36 xm/u. OO0ur U3 NAccaKupos nocma-
8uUJL yemodan na no.Ji 0aunHozo kopudopa eazona. Ho mym
noe3d Hauan mopmo3umn, 06uzasco 00 NOJHOU OCTNAHOG-
KU PABHO3AMEOJICHHO C YCKOPEHUEM, PAGHBIM NO MOOYIIO
a=2 M/ ¢®. Yemodan npu smom cman cKorb3umv no
nOLY u npouesi 0o c80etl NOAHOU OCMAHOBKU NYMb S = 12 M
omuocumenvio eazond. Onpedeaume Ko3pDuyuenm
mperust Mex0y UeMOOAHOM U NOJIOM, d MAKKe MOOYJIb
MAKCUMATILHOT CKOPOCU, KOMOPYIO UME]L 4eMOOAH OMHO-
CUMENDHO 8AZOHA.

Bynem pemiath 3asauy B cucTeMe OTCUeTa, CBSIBAHHOM C
3eMJeil. 3aMeTuM, 4TO BpeMsl JIBUKEHUS M0e3/la U BpeMst
JBIDKEHUS 4eMO/IaHa /10 UX TT0JTHO OCTaHOBKU HEOJUHAKO-
BBl — 4YeMojaH Oy/leT B TEYEHHE HEKOTOPOTO BPEMEHU
IPO/IOJIKATD JIBUTATHCS TIOCJIE TOTO, KaK 110€3/] OCTAHOBUT-
cs1. IloaToMy 3aavqy yI06HO penaTh, NCHOJIb3YsT KIHEMAa-
THYecKre (POPMYJIbI, M3 KOTOPBIX BpPeMs /IBIDKEHUS Y3Ke
UCKI0YeHO. TakKe 3aMeTHM, 4TO 4eMOo/IaH Oy/IeT IBUTATh-
€S OTHOCUTEJILHO 110€3/1a BIlepe/] 110 X0y ero ABM)KeHUS.
N3 Broporo 3akonHa HbloToHa cienyer, 4TO yCKOpeHHe
yeMoJlaHa OTHOCHTEJbHO 3eMJIM B TO BpeMs, MOKa OH

CKOJIb3UT, HallpaBJeHO IOPU30HTAJNbHO, Ha3aJ 10 XOAY
1oes/ia, 1 paBHO 110 MOAYJIO @ = HUg , Thae M - ucKomblit
K03(UIIEHT TPEHUS MEXX/Ty YeMOIAHOM U TOIOM. I1yTh,
Hpoﬁae2HHbH‘/’1 YeMO/JIaHOM OTHOCHUTEJbHO 3eMJIU, paBeH

M [TyTb, mpoOiiIeHHDbIN T0€3/10M OTHOCUTEJIbHO
2

2ug
3eMJIN, PaBeH Sy = 2— . Pagnoctp aTux myreii kak pas u
a

paBHa s. OTcioa moJyqaeM ypaBHeHHE

02 02
8281—52 =,
2ug  2a
N3 KOTOpPOro HaXxo/uM
2
av )
=—=0,135.

! g(ZaS +02) 37
CKOpOCTb ¢ YeMO/TaHa OTHOCHTEJIBHO BArOHA PaBHA PA3HO-
CTH CKOPOCTeil 4eMo/laHa 1 BaroHa OTHOCHTENBHO 3EMJIH.
B Teuenue BpeMeHH, MOKa TMOE3]T IBUKETCS, HTa CKOPOCTh
Oyner Bbipaxkatbesi opmysoii u = (a—ug)t . Uz nee
CJIEJlyeT, UTO CKOPOCTb # GyjeT MaKCUMAJBHOI B TOT
MOMEHT, KOI/a [10€3/] OCTAHOBHTCS, T.€. B MOMEHT { = < .

a
Torpga mssg MomyJsiss MaKCUMaJabHOM CKOPOCTH 4YeMoOJlaHa
noJryyaeM

_(a-pg)v  2aso

umax - -
a 2as +v

5 = 3,24 m/c.

M.Pomawxa

®2341. Ha 20pu30numaivHotl nO6epXHOCIU JKU CION-
Ka Kupnuuei max, kax noxasano na pucyuxe. Iaowaov
CONPUKACAIOUUXCA YUa-

CMKO8 Kupnuuell oueHv

mana (mmozo menvwe

naowadetl ecex epaueil

Kupnuuei). Bce xupnu-

4 00HOPOOHDLE U uMerom 00un u mom xe eec P = 24 H.
Bovruucaume, ¢ kaxoi cunotl Kaxovlil KUpnuu u3 HUXHezo
psida dasum na noGepXHOCmy.

MoxHO 1306pasuTh HA PUCYHKE CHJIBI, JEHCTBYIOIINE Ha
KaXK/IbIH M3 KUPIMUEH, 3a1TcaTh YCJI0BUS UX PABHOBECHS
— nmotpe6oBaTh IS KKJIOTO KUPIMYa PaBEHCTBA HYJIIO
CYMMBI CUJI 1 CyMMbBI MOMEHTOB CHJI — W TIOJIYYUTb OTBET.
Ho Mo:xHO 1 TTPOCTO TIopaccy»KAaTh, UCTOJIb3Ys cooOpa-
JKeHns cuMMeTpun. Byziem ncnosib3oBarb BTOPOH TTOAXO/I.
AcHo, 9TO ABAa KpallHUX KUPIIMYA W3 HIKHETO PS/a TaBIT
Ha MTOBEPXHOCTH ¢ OJIMHAKOBBIMU CUJIAMU U IBA CPEIHUX —
TOXE C OJJMHAKOBBIMU CHJIAMU, HO Apyrumu. Kaxmapiii 3
KUpIHYeii pacrpesiesiser cBoii Bec P moposny, 1o P /2, Ha
JIBa CBOMX OIOPHBIX KPasl U ellle Tepe/laeT BePTUKAJIbHO
BHU3 T€ CHUJIbI, KOTOpbIE JeHCTBYIOT Ha €ro Kpasi CBepXy.
Jluig kpallHuX Kuprnuyedl M3 HUMKHEro Psijia, OYEBU/IHO,
CUJIa JIABJIEHNS Ha TIOBEPXHOCTb, PaBHA

P+§=1,5P=36H,

st cpequux Kupnmuell 13 HUKHETO Psi/la CUJIa TaBJICHUS
[0 OJTHOMY WX Kpaio paBHA
P P P 3P
—+—=—+—=—=—=15P,
2 2 2 2
a 10 JPYroMy MX Kpaio, KOTOPbIil OJMKe K CepeliHe
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CTOIIKM, OHa COCTaBJIAET

TaK 4TO CyMMapHas CHJIa MX JIaBJCHUS Ha MOBEPXHOCTDH
paBHa

3,0P = 84 H.

[Tonnas cuma naBjeHUss HA MTOBEPXHOCTb, €CTECTBEHHO,
paBHa Becy BCEW CTONKHW KUPINYei:

2-36 H+2-84 H=240H = 10P.
M.Pomawxa

®2342. Banna na HoKKax 6 opme npaMoyzoivHOz0
napaaiesenuneda Moxem 3anoAHAMsCst 6000U U3 KPAnd,
a vlxodum 600a u3 Hee uepe3 CAUBHOE OMEepCmue 6 OHe
8anHbL NPAMO Ha noa. Ecau causnoe omseepcmue 3axpol-
Mo, Mo NPU NOJIHOCMBIO OMKPLIMOM KPAHe NePEOHAYUA b
HO NYCMASL BANHA 3ANOIHUMCS 000U 00 MAKCUMAILHOZO
yposusa Hy 3a epemsa t; = 10 mun. Ecau kpan 3axpoimo
U OMKPLIMb CAUBHOE OMEEPCIUe, MO USHAUATOHO NOJHASL
60001 6AHHA ONOPOKHUMCS 3d 6pemsi Ly, = 20 MuH.
Kaxum 6ydem yposenv 600l 6 nepeoHauarvbio nycmou
sanme uepe3 t; =5 mun, ecau 00HO8PEMEHHO NOJHOCIDIO
OMKPLIMb KPAH U OCIASUMb OMKPHINBIM CAUBHOE OEED-
cmue? Kax uzmenumcsi omeem, ecau 6 6anmny ¢ OMKpoL-
MbLM CAUSHBIM OMEepcmuem 6000A60K K NePEOMY KPAHy
00HOBPeMENHO NOOAGAM® 600Y U3 6MOP020 ( MOUHO MaAKO-
20 2Ke) noamocmuvio omrpuimozo kpawa? Uepes kaxoe
8peMsi NOCAe HAUALA IKChePUMeHma 600d HAUHEm nepe-
AUBAMBCS. Uepe3 KPasi AHHLL 6 CAyuae padomvl 06Yx
Kpanog?

IIpumeuanue. Pewamv dughpepenyuanvivie ypasnenus
anarumunecku ne nyKno! Bocnonvsyiimecsy xomnviome-
poM.

OG6o3HaYUM OTHOIIEHUE IO/ CeYeHUusT BaHHbI S, K
IJIOIA/[ CeYEHUsT CIAMBHOTO OTBepcTust S uepes o,
a=S,/S,. IIpu ommycromeHnn MepBOHAYAIBHO TIOJHON
BaHHBI YPOBEHb BO/IbI B HEil YMEHDIIAETCS COTJIACHO YPaB-
HEHHIO

dH  +2gH

dt a
BpeMH, 3a KOTOpO€ BaHHa TIOJHOCTHBIO OIOPOKHUTCA,

paBHO
: _S /2H0 Cy /2H0 .
S\ g g

OTCIOlIa ToJgy4vaem
dH HH,

EC]II/I BaHHa 6[)1]13_ IIycta 1 OAHOBPEMECHHO OTKPbILJIN KPpaH
1 OCTaBUJIN OTKPbBITbIM CJIMBHOE OTBEPCTUE, TO JUHAMUKA
pocTa ypOBHH BO/JbI B BaHHE OIINCbIBAECTCA ypaBHeHI/IeM
dH _H, ,NHH
dt ~ t t
3aM€‘TI/IM, 4yTOo yCTaHOBHBIlIHfICH YPOBE€HDb BO/Ibl B BaHHE,

Kor/la IIPOM3BOJIHAs YPOBHS BOJbl 110 BpPeMEHHU paBHA
HyJIO, TIpU &, /t; =2 Kak pa3 paBeH MaKCUMAJbHOMY

2014 /Ne4

ypoBHIO BosibI H|, . B ciydae paboTsl Bcero 0fHOTO KpaHa
1 OTKPBITOTO CJAUBHOTO OTBEPCTHS BOJA U3 BAaHHBI HE OY/ICT
[ePeNBAThCS Yepe3 Kpail HIUKOI/a.

[Tpu pabote o/HHOBPEMEHHO IBYX KPAHOB ypaBHEHUE 3Me-
HUTCSI U CTAHET TAKUM:

dH _2H, ,yHHy
dt ty

B aToM caryuae Bojia uepe3 HEKOTOPOe BpeMst 0053aTeTbHO
OyJIeT TiepeiuBaThCs Yepe3 Kpail BaHHbI. [leficTBUTEBHO,
€CJI TIPEATNOJOKUTD, UTO CTEHKW BAHHBI CTAJU OUYEHD
BBICOKMMHU, a IJIONIA/[b €€ TOPU3OHTAJbHOTO CEYeHUs] HA
BCEX BBICOTAX OCTaJach IpekHell, TO yCTaHOBUBIINNCS
YPOBEHb BO/IbI B BaHHe Oy/ieT paseH 4H, .

Yto6bl HAlITH OTBETHI HA TOCTABJEHHbBIE BOMPOCHI, BOC-
[I0JIb3yEeMCS KOMITBIOTEPOM, TaK KaK aHAJUTHYECKH HAIU-
CaHHbIE yPaBHEHUS B PAMKaX IMTKOJbHBIX BO3MOKHOCTEH
pemmTh He yaaetcs. Ha pucyHke, MoydeHHOM € TTOMOIIBTO
mporpamMmbl «Excel», IpuBe/IeHbI BE 3aBUCUMOCTH OTHO-
CUTEJTbHOTO yPOBHS

Bosel H/H, B ciy- Hi

yasgx padoTbl OHO-  °

r0 M ABYX KPAHOB B 1,2

reuenue 10 mun (cu- 120 /

HSSI U KpacHas Kpu- 0.8 /

Bble coorsercrBen- 00

o). Ilpu paGore 0’4'7’%'4
otHOro Kpana uepes 0-2

5MHHYPOBEHbBOJABI o 5 4
JIOCTUTHET TPHUMEp-

HO 0,3H,, a mpu paboTe ABYX KPAHOB Yepe3 > MUH
ypoBeHb Bojbl Jocrurner npumepuo 0,8H,. Boma B
cJaydae OJHOBPEMEHHOW paboThl JBYX KPAHOB HAYHET
MepeIMBaThCS Yepes3 Kpaii BAHHBI TPUMEPHO Yepe3 6,5 MWUH
mocJIe Havajga dKCIepUMeHTa.

6 8 10 12 f,mum

C.Bapaamos

®2343. B pacnopsixenuu wxoavnuka Boevi umeemcs
6000nposodnas eoda ¢ memnepamypoti 20 °C , uaiinux
mougnocmoio 1,2 kBmu emecmumenvrocmovio 1,5 1, s1ek-
MPoKUNIMUILHUK MOwHocmuio 500 Bm, a maxxe 6016-
wotl Kaiopumemp, 6 KOMopom mpeOyemcs noiyuumo
100 & xunamxa ¢ memnepamypoi 100 °C . Kax coenramo
amo 3a naumenvuee epemsi? Bosa npedioxun caedyio-
Wil naan 0elcmeuti: HYKHO HAAUML 6 KAJLOPUMEMD
HEKOMOPLLLL HAUAILHBLU 00BeM 600bL V), onycmums myoa
BKAIOUEHHDI KUNAMULGHUK U 00HOBPEMEHHO KUNAMUND
600y 6 uaiinuxe, 00JUBASL U3 HE20 8 KALOPUMEMP NOPUUU
Kunsmxa no mepe ezo eomosnocmu. Onpedeume, Kaxum
doauken 6vims Hauarvhbll 00sem V) u 3a kaxkoe epems T
yoacmes noayuums 6 Kaiopumempe 100 1 xunsmka,
Oeticmeys YKa3annvlm cnocobom. Yoeavnas menaoem-
xkocmo 600v. 4200 [x/(xz-°C), naommnocmov 600w
1 Z/CM3 . Tennoemxocmvio Kaiopumempa, nomepamu
Menia 6 OKpYKaouyo cpedy u 6pemeneM, 3ampaieHvim
Ha HANOJIHEHUE YAUHUKA U 6bLAUCAHUE U3 He20 KUNAMKA,
MOKHO npenedpeus.

B pesyuibrare Becex petictuii Bosbr 100 o1 kungTka nosry-
4yaTcs 32 MUHUMaJbHOE BpeMsi T, ecJiu Bce BpeMsi OYIyT
paboTaTh U YAHWUK, U KUMSATHIBHUK, TIPUYEM JI0JIST BOJIBI,
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HarpeBacMoOil KUIIATUJIbHUKOM, JOJKHA PAaBHATHCA J10JI€
€ro MOIIHOCTU B CyMMapHOIl MOILIHOCTH HarpeBaTe/IbHbIX
YCTPOHCTB. Y paBHEHUS TEILIOBOrO GalaHCca B 3TOM CIydae
UMEIOT BUJL

cpVAt = (P +P)T u cpVylt = Py,

rae ¢ = 4200 x/(kr-°C), p =1000 kr/M>, V =0,1M%,
At =100°C-20°C=80°C, P = 1200 Br, P, =
=500 Br.

ITH ypaBHEHMs MOKHO TPAKTOBaTh U nHayve. Tak Kak 1o
YCJIOBHIO 33/IaYil TIOTEPH TEIJIa B OKPYKAIOIIYIO CPEeIy
npeHe6pesKuMO MaJbl, TO MOXKHO CYUTATh, YTO TOPIUU
BOJBI, KOTOpas 3aKkumesa B 4YaiiHuke, BoBa cimBaer B
3aITacHOM KaJopUMeETp, B KOTOPOM BOJIa COXPAHSET TeMIle-
parypy 100 °C . On gosmkeH MoCTynarh Tak J0 TeX Top,
MOKa He 3aKUMHNT Bojla 06beMoM V|, B OCHOBHOM KaJIOpH-
Merpe (ITOTOM OH MepesIbeT BOLY M3 3alaCHOTO KaJIOPUMET-
pa B OCHOBHOIi, W 1esb Oymaer pocturyta). Iloatomy
BpeMs KUIISTUCHNUST T MOXKHO HAalTH M3 YpaBHEHUS

VoAt = Pyt

[Tpu aTom 1pu mOMOIIN YalHUKA 32 TO JKe BpeMsi OyieT
BCKHUIIsAUeH 06beM Bojibl V' — V), 4TO onuchIBaeTcst ypaBHe-
HHUEeM

cp(V-Vy)At =Pt

I/ITaK, 13 TIOJTYyY€HHDBIX ypaBHeHI/Iﬁ HaXoJuM

_ PVAL  19765¢ =554,
P +P
=B BV 60094 WP =294 1.
cpAt P+ P,

M.Pomawxa

®2344. 3uaiixa pewun nposecmu uccaedosanus Iei-
Jloccaxa 0as udeanvrozo zasa, moavko 6oiee aKKypam-
Ho. [as amux uesell on 63587 YUAUHOPUUECKUU COCYO
bo1buL020 0O6BEMA C NOPULHEM, KOMOPHLI MOZ 08UZAMbCS
npaxmuuecku 6e3 mpenusi, 6viHYL NOPUeHb U OXAAOUTL
cocyd u nopwenv do memnepamypor 200 K. 3amem on
6CMABUL NOPULEHL 0OPAMHO 8 COCYO MAK, UMO GHYMPU
0KA3aACA OXJAKOEHNHbI D0 MOl Ke MmeMnepamypuvl 603-
dyx, obecneuus nocmosiHHoe 0dsieHue u NPoseJL uU3mepe-

HUSL 3A68UCUMOC-

Virp mu obeema V
40 Ld 2asa e cocyde om
v memnepamypuol

30 7 T. Ilo noayuen-
20 HbLM pe3yioma-
10 PR mam 3natika no-

H } cmpous zpad)u]c

0100 200 300 400 5007,k (puc.1). Hai-
Puc 1 dennas 3asucu-

MOCG MAL0 HA-
nomunanra pesyivmamot, noayuennvie Iei-Jlioccaxon.
Buaiixa nousn c6oio owubry. O 6cMAGUL NOPUEHD 6
vuaunop npu memnepamype 200 K, u, ouesuorno, na oue
cocyda npu ImMoM OKA3ALOCH HEKOMOPOe KOJUUECTNEO
a60d, KOMopwvlil 00PA306aics U3 600bl, CKOHOEHCUPOBAG-
weiics npu oxaaxoenuu 6030yxa. Quenume maccy ivod,

KOMOPbLL 0KA3ALCS 6 Yuaunope y 3naiixu, ecau dasienue
6 meuenue onvima Goo 2-10° Ila. Moanspnas macca
600bL 18 2/mono.

[Ipu Huskux Ttemmeparypax, KOrja BOJa HAXOIUTCS B
TBEPJIOM WJIU [aKe B JKUIKOM COCTOSIHUM, JIaBJIEHHEM
BOJITHBIX TApOB MOKHO 1peHeOpeub. CliefoBaTesIbHO,
nepsbie 4—5 Touek rpaduka (cM. puc.1) COOTBETCTBYIOT
n306apHYECKOMY PACITHPEHUIO UCCJIe[yeMOTO H/IeaTbHOTO
rasza — CyXOro BO3/IyXa, U3 KOTOPOTO BBIMOPO3UJIN BOJY.
[Tosromy nipsimast 1 (puc.2), sBASIONIASICS TPOAOJIKEHIEM

V, 1
40 Lc,
]
30 Zaiis
20 o]
10 ot
Noz:zienrinning N
100 200 300 400 5007, K
Puc. 2

HAYaJbHOTO y4yacTKa MOJy4YeHHOro 3Haiikoil rpaduka,
JIOJIPKHA IIPOXO/UTh Yepe3 Hayaslo KOOp/JUHAT.
Ucnionmbays Touky rpaduka ¢ koopaunatamu T = 240 K u
V =102 M®, npu nomomm ypasuenns Kiameiipona—
MeHjiesieeBa Hali/ieM KOJIMYECTBO Hea bHOro rasa (cyxo-
ro BO3/yXa) B COCY/E:

v1=%z1M0ﬂb,

[Tpu Temiteparypax, IMPEBBIMIAIONINX TOUYKY KUIIEHUS BO/IbI
(6omee 373 K), Boma mpeBpamiaercs B map, KOTOPbIii
TAK)Ke MOKHO CUUTATD M/eATbHBIM ra3oM. [loaromy Toukn
JITHEITHOTO yuyacTKa rpaduka — npsmas 2 Ha PUCYHKe 2,
cootBeTcTByIoIue Temreparypam GoJsiee 380 K, msobpa-
JKAIOT M300apHBII TPOTIECC AJsI CMECH JABYX MIEaJbHBIX
ra3oB — CYXOTO BO3/yXa U BOISHBIX ITApOB.

Wcnonb3ys Touky rpaduka ¢ koopaunaramun T = 420 K

u V =35-10" M°, nupu nomomm ypasuenus: Knameitpo-
Ha—MeHn/iesieeBa Haii/ileM CyMMapHOe KOJIMYeCTBO ujieasb-
HOTO Tasa B cocy/e:

szﬂz2MOJIb,
RT

CrieioBaTesibHO, KOJMYECTBO BOJSHOTO Tlapa B CMeCHU
PaBHO

V, =V, =V, =1 Moub .
Macca ognoro moJist BojisgHoro rapa pasua 18 r. ITockoib-
Ky BeCb map, HAXO/SIIUNCS B COCy/le, U3HAYATBHO CO/EP-
JKaJicsd B HEM B BHJE Jibjla, TO MCKOMas Macca JbJa B

IUJIMH/IpEe TakKe paBHa 18 T.
B.Kpviumon

®2345. /lsa odunaxosvix 6osvmmempa coeOuHuIUu na-
PANNENLHO, Mpemull 60JbMMEempP NOOKIIOUUIU K IMOU
KOMOUHAUUU NOCCO0BAMETLHO U K KOHUAM NOAYUUBULET-
¢ uyenu npucoedunuau udedivnyr Oamapeury. IIpu
amom eosrommempol noxazviearu 4 B, 4 B u 5 B. Kakxoeo
Hanpsixenue bamapeixu? Mozym au 6vbims 00UHAKOBbL-
Mu ece mpu eoavmmempa? Umo noxaxym smu xe
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npubopuvl, ecau ux ece coeOuHumy nocaedo8amesbHo U
noox.ouums x moi xe 6amapeiixe? Iloxazanus npudo-
po6 cuumaiime MmoUHbIMU.

[IBa mapasniesbHO BKJIIOYEHHBIX BOJbTMETPA MTOKA3bIBAIOT
npasuabHoe (OIMHAKOBOE) HANPSKEHUE MEKILY UX KJIEM-
mamu, paBHoe U = 4 B. Tak kak Gatapeiika ujeajbHas,
ee J/IC paBHa cymMe Ta/ieHN HANPSKEHUN Ha OJIMHOY-
HOM BoJibT™MeTpe V' = 5 B u Ha 0/lHOM M3 BKJIIOYEHHBIX
napaJiiesibHo JIpyT Apyry BojabTMmerpoB U = 4 B, T.e.
HampsoKkenne 6aTapeiiki paBHO

U+ V=9 B.

CyMMa TOKOB, TPOTEKAIONMX Yepe3 /iBa OJNHAKOBBIX
BOJIbTMETPA, PaBHA TOKY, POTEKAIOIIEMY Yepe3 OJINHOY-
Hbiii BosibT™MeTp. Ecim Obl Bce Tpu BoJbTMeTpa Obl-
JIM OJIMHAKOBBIMHU, TO Ha OJUHOYHOM BOJIBTMETPE ObLIO
661 Hanpsikerne 2U =8 B# 5 B =V . Takum o6pasom,
BOJIBTMETPBI HE MOTYT OBITh OJINHAKOBBIMH.
Kaxx/ip1ii BOIbTMETp UMeeT CBOe BHYTPEHHEE COITPOTHBIIE-
nue. Eciam conporuBiienus OJMHAKOBBIX BOJIBTMETPOB
pPaBHbBI 7, TO CONPOTUBJEHUE R OJIMHOYHOTO BOJBTMETPA
Halinem u3 coornomenusi 2U/r=V/R, orTkyna
r = 2UR/V . Korga Bce BoJIbTMETPDBI BKJIIOUEHDBI JIPYT 32
JIDYTOM TIOCJIe/IOBATEJbHO, TOK B T[eNN PaBeH
_u+v . U+V

2r+R  R(4UJV +1)°
[Ipu sTOM Ha KaKJOM U3 OJMHAKOBBIX BOJIBTMETPOB
HampsokeHne OyIeT paBHO

]rzwzzﬁ B =~ 3,43 B,

4U +V 7

a Ha OJIMHOYHOM BOJIBTMETPE —
]R:MZE B=214B.

4U +V 7

C.Bapaamos

®2346. B yenu, cxema Komopou uzodpaxenda Ha pucyH-
Ke, no ouepedu zamwvixaiom kaouu K, —Ks, evixudas
Kax0blil pas 0oCmamouro 0aumenvHoe epemst 00 OKOHYUA-

K, K, K, K

K
R 1
U C | cl cl cl a
Hust npoueccos 3apsoku xondencamopos. Bo ckonvro pas
OMAUYAIOMCSL KOAUUECTNEA MENJOMbL, GblOCIUBUUECS 6
pesucmope R nocne samvikanus xawoua K u kaoua Ks?
/o 3amvikanus kax0020 u3 IMuUX K104l 6ce OCMAIbHbLE

KAwuu  yxxe OvLiu 3AMKHYMOL. CO?’lpO?’}’lUGJZQHuﬂ ecex
npoeoaoe U UCMoOYHUKdA moKda npeueépe;mmo MdaJjlol.

CorylacHO 3aKOHY COXPAHEHUS SHEPruH, MOCJe 3aMbIKa-
nus kiaioua K, pabGora ucrounuka UAg 1mpu 3apsiake
1epBOro KoHjeHcaropa eMkoctbio C jo Hanpskenuss U
pacxo/lyeTcsl Ha Co3/laHKe B TOM KOH/IEHCATOPe 3JIEKTPO-
CTATUYECKOTO MOJIs, 061a1at01ero sneprueit CU 2 /2 , 1 Ha
Bbl/leJIeHe B Pe3UCTOpe KOJnYecTBa TelaoTbl Q) :
CW+Q
2 b

Ulg =

2014 /Ne4

IIpu mosiHON 3apsiike KOHJIEHCATOpPA €ro 3apsi/i PaBeH
Aqg = CU , oTkyna moaydaeMm

_CcuU?

Q= 5
ITpu sambikanuu kmoueil K, — K5 cjeznyer ydecrb, 4To
BCE COIPOTUBJIEHUS ITPOBOJIOB IIPEHEOPEIKUMO MaJibl, HO
OHM 00JIAZATOT MAJEHbKOW WHAYKTHBHOCTHIO, TOITOMY
BHayase MPOUCXOANUT OBICTPBIH HEKBA3UCTAIMOHAPHBIN
Tporiecc repepactpesieleHns 3apsi/ioB MexX/Iy ysKe 3aps-
JKEHHBIMU KOH/IEHCATOPAMK M KaXK/bIM CJIe/[yIONUM He3a-
PSUKEHHBIM KOHJ/teHcaTopoM. [Ipu 9TOM BO3HUKAIOT HJIEKT-
POMAarHUTHbIE KOJIe6aHUsI, COIPOBOXKIAIONINECS U3JTyde-
HUEM 3JIEKTPOMATHUTHBIX BOJH U MOTEPSIMH YacTU HEP-
TUM, 3alaCeHHON B 3apsKeHHbIX KoHjeHcaTopax. [locre
TOTO KaK 3apsi/ibl HA COEJIMHEHHBIX KOH/IEHCATOPaX BHIPOB-
HSTIOTCST, TIPOUCXOAUT GoJiee MeJIEHHDIH, KBAa3UCTAIMO-
HapHBIA TIpoOIecc HUX [J03apsSAKW [0 HapSKEeHUS
ncrouynnka U depe3 pe3ucTop, MpH 3TOM TOCJEe 3aMbIKa-
HUS OYepeJHOr0 KJo4Ya 4epe3 MCTOUHMK KaKAbI pa3s
MPOTEKAeT OJIMH U TOT Ke 3apsig Aq .
ITocne sambikanus kioueit Ky — K; nepsble 4 konjeHca-
TOpa 3apsidaTcsa 0 HanpspKenus ucrtouynuka U, m ux
3apsza Gyner paBen 4Aq = 4CU . Korga Gyzner 3aMKHYT
ko Ky, aTOT 3aps/| ObICTPO TIepepacipe/ieJInTCs MEXK1LY
MATHI0 KOHJ/IEHCATOPAMM, TaK YTO Ha KaXKJOM M3 HUX
okaxercs 3apsiy Ag’ = 4CU /5 , HalpsIPKeHUe Ha KaXK/10M
konjiericarope Oyzer U’ = 4U/5 u sueprust Bcex 5 3apsi-
JKEHHBIX KOH/IEHCATOPOB COCTABUT
72
W’ = SC_U - §CU2 .

2 5
[Ipw manbHeTIEN MeIIeHHON T03apsaKe Yepe3 NCTOTHUK
npotever eme oawH 3apsAn Ag = CU , UCTOYHUK ONATH
cosepuut padory UAg = CU 2 SHEPrud AT 3aPAKEeH-
HBIX KOHJCHCATOPOB CTAaHET PAaBHOM

2
W= SCU ,
2

U B PE3UCTOPE BBLIEIUTCSI KOJMYECTBO TEILIOThI Qs .
TakuM 06pa3oM, 3aKOH COXPAHEHWS] HSHEPTUM Ha 3TOM
atane umeer Buj UAg =W — W’ + Qs , oTKy1a HAXOUM

2 2
O; =CU2_5C_U+§CU2 =£7 n %:5'
5 10 s
M. Cemenos

®2347. Tenexka evicomot H = 30 cm u daunotl
L = 40 cx donxna npoexams nod cmoiom no 20pu3oH-
MALLHOMY NOLY, 08UZASCH PABHOMEPHO U NPAMOJUHETHO
(cm. pucymnox). K xpviuxe cmoia chudy npuxpenuiu
JAezKY10 npyKuny xecmxocmoio k = 50 H/m. K npyxu-
He npuyenuiu marenvkutl 2py3 maccou m = 0,4 xe. Ilpu
HedeghopMuposannoi npyKume 2py3 Haxo0uics Ha 6vlco-
me h = 42 cm nao nosom. 3amem 2py3z omnycmuau. C
KAKOU MUNUMATLHOU CKOPOCMBIO MOKEmM 08U2AMbCS Me-




OIPOTYJIKHN C ®U3UKOMN

JeKKd, umobvl oHda, npoexas nod cmoioM, He 3adeid
epy3?

[Tocsie ormyckanusi rpysa Ha Ipy:KuHE OH OyIeT COBEp-
NIaTh TapMOHUYECKNE KOJeGaHUsI ¢ KPYTOBON 4acTOTOM

k

w=,|—.

m
[Ipexx e Bcero BbIACHUM, Ha KaKOH MUHUMAJbHON BBICOTE
Haj 1osioM GyIeT OCTaHABJUBATHCS TPY3 B IIPOIECCE
KoJsieGannii. M3 3akoHa cCOXpaHEHMs] MEXAaHMYECKOW dHeP-
U UMeeM

ky2
mgh =mg(h=y)+="-,

rjie y — MakcuMaJsbHas epopMariis MpysKUHbI B IPOTIecce
xosrebanmii. OTciomga HAXOAUM

y=2"9 _ 016 .
k

[Tockousbky © — y = 26 cM, 4TO MeHbIIe BBICOTBI TEJIEKKH
L =40 cM, TO TeeXKa He CMOXKET TIPOeXath O[] CTOJIOM
[IPU [IPOUBBOJIBHON CKOPOCTU JIBHIKEHHS .

OueBHIHO, YTO MUHMMAJIBHO BO3MOXKHAS CKOPOCTD [[BH-
JKEHHSI TeJIe)KKH Oy/leT pean30BbIBAThCsl NMPH HanboJiee
«yJAYHOM» BapuaHTe ee Ipoe3ja I[OJ CTOJOM. ITOT
BapUaHT TAKOB: HAYAJIO TEJIESKKH JOJDKHO IIOPABHATHCS C
MasITHIKOM TOI/A, KOIZa I'Py3, JABUTasiChb CHU3Y BBEPX,
OKaxkeTcsl Ha BblcoTe H HaJ CTOJIOM, a KOHEI[ TeJIe:KKU
JOJDKEH HOPAaBHATBCS € MasiTHUKOM TOTAQ, KOTJa I'PY3
OKaXKeTcsl Ha 9TOI »Xe BBICOTE IIPH JABMKCHHU MasTHUKA
CBEPXY BHUS.

[ToMecTuM Hayalo KOOPAUHATHOU OCU X, HAIPABICHHOII
BHU3, B [IOJIOJKEHIE PABHOBECUS TPY3a MAsITHUKA U Oy/1eM
OTCYUTBIBATD BPEMsI £ OT MOMEHTA HAYaJIa IBIKEHIS IPy3a
U3 HUKHETO I10JI0KeHHsT BBepX. Torjga 3aKoH JIBMKEHUs

NPOTYJKHA

rpy3a OyzeT uMeTb BUJI
x(t) = xgcoswt , rae Xy = % = % =0,08 M,

B MoMmeHT BpeMeHn T, KOT/Ia IPy3 OKaxkeTcs Ha BbicoTe H
Ha/l CTOJIOM, €ro KoopjaumHara Oyjaer pasHa h— H —x,
IO3TOMY

h—H —xy, = x5 coswT,
OTKy/1a

1 h—-H - x,
T=—arccos——— .

w X
[lasee rpy3 Gy et IBUTATHCS BBEPX /IO HCXOIHOTO MOJIOKE-
HUs, a 3aTeM cHoBa BHH3. Ha BbicoTe H Haj CTOJIOM OH
BHOBb OKQJKETCSI Uepe3 BPeMsi

21 21 2 h—H - x
At =" —-21=""—Zarccos———=0
w w W X

ITO BpeMs [OJUKHO ObITh PABHO BPEMEHN [ABUKEHUS
TEJIEXKKH TI0J] MasITHUKOM

L

At = —

0
rpe 0 — HCKOMad MHUHHMaJibHasl CKOPOCTb JIBUJKEHUSA
TEJICKKU. HpI/IpaBHI/IBaH JIBa TIOCJIE/THUX BbIPAKECHUA,

ToJiy4aeM OTBET:

)

o wL _ wlL _
T T
2 n—arccosu 2(1'[——)
X 3
_ oL £:1,07M/C,
4TT\'m

M.Pomawxa

C ®U3UKOMH

HeBansiwka n3 BO34YyLUHOrO wwapuka

(Hayano cm. Ha 4-vi cTpaHuie obrioxku)

... Becp mporiecc npespareHus BO3/YUIHOTO MapUKa B UTPYIII-
Ky-HEBAJAMIKY 3aHIMACT HECKOJIBKO CEKYH/] I TIOKa3aH Ha BU/EO
(http: / /youtu.be /JyfGRejU1b0).

MoO:KHO JIerKO yOeJuTbCcsl B TOM, YTO OOBbIMHBIH BO3/YIIHBII
IIAPUK, €CJH €ro TOJIOXKNTh Ha cToJI, Bajutcst Ha6ok (puc.1).
OpHako ecain mapuk cHavaia TMoTepeTh Tymoil gactbio (CTopo-

Puc. 1

Puc. 2

HOM, TIPOTUBOTIOJNIOKHOIN OTBEPCTHIO IS HaJlyBaHusi, 0003HA-
YEHHOMY CTPEJIKON) 0 GyMaskHble 060M, a MOTOM TIOJOKHUTH Ha
TOT K€ CTOJI, TO OH He Oy/eT BAIUThCS HAa OOK U MIPEBPATUTCS B
Heassmky (puc. 2).

[IpepmaraeM ymuTaTeIsIM ITIOBTOPHUTD 9KCIEPHMEHT, TIPOJIEIaH-
HbBIil aBTOPOM, 1 HalTH OGbSICHEHNE ATOMY 3ara/[lOuHOMY IpeBpa-
I[EHUIO IapuKa. B xayecTBe MOJICKa3KK COOOIAEM, YTO TOT JKe
MIApHK 10CJIe TIOTUPAHUS 06 060U TIPHUJIUTIAET K HIM.

K.Bozdanos
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AJdd MIJAAIIINX IMIKOJbBDHHUKOB

aa4yl

1. HamaunTe BCe BO3MOXHbIe pelleHns pebyca

Tbl + Tbl + Tbl + Thl + Tbl = Bbl.
@onbkiop

2 . Ha TapakaHbux 6erax 20 TapakaHOB BbiOeratoT Apyr 3a
LLPYrOM C MHTEPBANOM B 1 MUHYTY 1 BeryT ¢ NOCTOSHHbIMY
CKopoCTsiMW. BTopowr gorHan nepBoro 4vepes 2 MUHYThI
nocne CBOEro cTapTa, TPETUM BTOPOro — Yyepes 3 MUHYTbI
nocne CBOEro CTapTa, .., ABagUaThi AeBATHAALATOro —
yepe3 20 MUWHYT nocne CBOEero crapTa. Yepes CKonbko
MWHYT NOC/e CBOero cTapTa ABaALaTbi TapakaH AorHan
nepBoro?

A.Lllarosasnos

3 . Y IpsMOM LOPOr Ha PAacCTOAHMI 5 MeTpOB CTOAT ABa
ctonba. Bbicota Oonee Bbicokoro ctonba Toxe 5 MeTpos.
Mexny Bepxyllkamuy CTONOOB HaTAHYT nposod. lloayn
BeTep, U ManeHbKnn cTonb ynan Ha Jopory B Hanpasfe-
HUWM BbICOKOTO CTONDOAa, Kak Moka3aHo Ha pucyHke. YT1o
CTano C NpoOBOAOM: OH MPOBUCAET, OH CHOBA HATAHYT U
OH nopsanca?

M.PackunH, E.bakaes

DTV 3afa4v npefHa3HaveHbl Npexae BCero yyawmmca 6—8
KN1accoB.

37K 33fa4u npednarannce Ha XX JIeTHeM TypHUpe MMEeHU
A.MN.CaBuHa.

4. BHYTpY paBHOCTOPOHHErO TPEYrofibHMKA OTMETUNN
TOYKY, COeOVMHUIM ee C BepLUMHAMWN 1 pa3pe3ann Tpey-
FONbHWK MO 3TUM oTpe3kaM. MoXHO N BbIbpaTh TOYKY
TaK, YTOObI U3 MOMYyYEHHbIX TPEYroNbHMKOB 6e3 CriboB U
HaNoXeHU YAanocb CIIOXUTb APYron TPeyronbHUK?
A.barHH1KOBa

5. N3 wect MoHeT OBe Oonee nerkie — danblumBble.
ECTb YalueyHble BeChl, 3a KaXaoe B3BeLUVBaHMe Ha KOTO-
PbIX Ha0 NpedBapUTENIbHO 3anNaTUTb OAHY MOHeTY. Ecnn
ynna4yeHHas MOHeTa HacTosLlas, BeChbl MOKasblBaloT npa-
BUMbHbIN pe3ynbTaT, a ecin panblumMBas — HEU3BECTHO
y1o. Kak HatM (M He noTpaTUTb) OAHY HACTOSLLYIO
MOHeTy?

B.KnerybiH, A.3acnaBckiiv

Wnmoctpaumm .1 puyiykoBov
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Ronkypc nmenn A.Il.CaBuHa
«MatemaTtnka 6—8»

Mpbl HaYMHaemM oYepenHOV KOHKYPC I10 PELUEHUIO MaTeMaTuqYeckmx 3aaay Ana yyawymxcs 6-8 knaccos. Pewuerns 3agay
BbICbIIAATE B TEHEHUE MECALA I1OC1e [10/lyHeHNSI ITOro HoMepa XXypHana ro agpecy: 119296 MockBa, JIeHUHCKUM POCIIeKT,
64-A, «KBaHT» wam 1o 371eKTPOHHOMY agpecy: savin.contest@gmail.com (c nomerxovi «KoHkypc «Martemartuka 6-8»). He

3a6y,qbre YKa3arb nmMms, Kiaacc 1 AOMaLLHUV agpec.

Kak n npexxae, Mbl pUBETCTBYEM y4acTve B KOHKYPCE He TOJIbKO OTAE/bHbIX LUKOIbHUKOB, HO M MAaTeMaTn4ecKuX KpPYXKKOB.
PykoBoauresnes Kpy>KKoB MpocuM yKa3aTb 3/1EKTPOHHbIV aAPEC Win KOHTAKTHbIA Tene@oH. [To TpaanLmm, kKpyxxku-rnobegurenu
3304YHOro KOHKYpCa MPUINALLAIOTCS Ha QUHATIbHBLIN OYHBIA TYPHUP.

et 1. OKpy>XHOCTb MepecekaeTt
KaXaylo CTOPOHY 4YeTbipex-
YrofibHMKa, MPUYeM CTOPOHbI
OTCEKaIOT OT OKPYXKHOCTL paB-
Hble ayr (M. pucyHok). [loka-

KUTE, HTO B 3TOT HETbIPEXYTONb-

\\ HMK MOXHO BMMCATb OKPYX-
HOCTb.
C/liBopsHmHOB

2. Knetyatein kBagpat 20 x20
paspesaH Ha KjeTyaTtble NOnocku WwupuHon 1. Kaxabiv
FOPU3OHTANbHBIV W BEPTVKAbHBIV PR NepecekaeT He
bonee k nonocok. Hamoute HavMeHbluee BO3MOXHOE
3Ha4eHVe k

[1.KoxeBHuKoB

3. lMyctb K, L — cepeduHbl cTOpoH BC n DA YeTbipex-
yronbHuKka ABCD. [JokaxuTte, 4TO YyTPOEHHas nnollanb
yeTblpexyronbHika ABKL Gonblie nnowaan YeTblpex-
yronbHuka DCKL.

[1.KoxeBHuKoB

4. Tlpn KakUx HeyeTHbIXx N = 2k + 1 4ucno
1.2 3. k+(k+10)-(k+2)-...-(2k) nHe penutca Ha m?
[1.KoxeBHuKoB

5. Korga 2014 nopenuin Ha HeKoTopoe HaTypalibHoe
YUCII0, MOMYYUIIN HEMONTHOE YaCTHOE M OCTaToK. A ec/n Obl
2014 nogenunu Ha 3TO HernoJyiHoe YaCTHOe, OCTaToK OKa-
3ancs 6bl B 50 pa3 MeHblle. HanauTe 3TOT OCTaTok.

UAKymmy

YPaTUHO 1 €ro yHMBepCasbHbIV
11abIOH KBagpaTUYHOM Napadosbl

C.ABOPAHUHOB

ATIAKAPJIO, 1UTO-TO HE MOTY HAWTU HOJK-
nuipl! He momunmb, rae onn aexar? — Byparn-
HO TIOJTHSLTT TOJIOBY OT JINCTa OyMaru.
— Hosxuuupr? 3auem onu tebe? Thi, KasKkercs, ceiiuac
JleJaelltb yPOKH 1o MareMaTuke, — yausuics [lama Kapao.
— Jla, mo matematuke. Ho B 1mkose Mbl HayaJu MPOXO-
JINTHb KB/IpATUUHY10 PyHKINIO. HacTo IPUXOAUTCS PUCO-
Bath ee rpaduk — mapabosy. S ceiiuac Ha KapTOHKe
HapHUCOBaJ UX TPU —
y=x* y=22% y =%x2.
Boipesxy ux m 6ymy MCIOJb30BaTh HA YPOKAX: COBMEIILY
BepIIUHY TTapaGoJibl ¢ HY3KHOM TOYKONH — BEPIIMHON — U
o6Bety 1maboH Kapanjamom! Jlerko u 6victpo! Tak re
JKe HaIli HOXXHUIIHI ?
— Hosxnautet BoT, Ha MecTe. TOBKO CKOTBKO Ke 3T0 Tebe
nra6J0HOB noHazo6utes? Benb B popmyme

y = ax’

napamMerp @ MoKeT ObITb JIIOObIM YKUCJOM. Thl JKe He
MOZKEIITb 3aTOTOBUTH GECKOHETHO MHOTO IMIabGJIOHOB?!

— Corusacen, Ilama Kapao, — Byparnno B3poxHyma. —
[Tapa6os GeckoHe4HO MHOrO, OHU BCe pasHble. Tak uTo
6y1y KaKIblil leHb BbIPe3aTh HOBbIE MIA0I0HbBI, CO BPeMe-
HeM y MeHsl HaKOIUTCS Iesiass 6ubanoTeKa.

— Crasio 6bITh, Tpebyercsi 66CKOHEYHO MHOTO T1apa6o?

— Koneuno! A pasBe He Tak?

[asait mogymaem. Haunem c¢ mpoctoro. CKOJbKO
YIICJIOBBIX MPSIMBIX ThI MOKEIIb HAPUCOBATDH C MOMOIIBIO
JUHEHKN 1 upKyJass? Onny, ABe nin 6ECKOHEYHO MHOTO?

— IIpoBoxxy mo JHMHElKe TPSAMYIO, TOYHEE, ee YacTb.
Bri6upato HarpaBiieHne, 0TMevaio TOUKYy HOJTb, — YBEPEHHO
Havyas1 ByparuHo. — Bepy 060l eIMHUYHBIN OTPE30K U
oTMevalo TUpKyaeM Touku +1, +2, +3,... IIoCcKOIbKY TOUKY
0 MOKHO OTMETUTH B JIOOOM MeCTe U, TJIaBHOE, eAMHUIIA
MaciTaba MOXET ObITb JII0OOH, TO YHUCJIOBBIX TTPSIMBIX
moJryyaercst 6eCKOHEYHO MHOTO, — [O/IBes uTor Byparuto.
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— Bepno. A ecim y Te0st ecTb BbIPE3aHHBIN M3 KapTOHA
KPYT C JIBIPKOIL B TIEHTPE, TO, OOBOJIS €T0 KapaHIAIIOM, TbI
MOJKEIllb 3aTeM IPUHSATb €ro PaJuyC PABHBIM JTIO60MY
yucay. Opun KpyroBoil 1maGJoH II03BOJISIET PHCOBATDH
OKPY3KHOCTb JII060T0 pajauyca. Bee neso B Bbi6ope eqnHm-
1B JITUHBI. 3aMevyaTeIbHO, YTO 3TOT K€ MPHEM TOAUTCS 1
Juist apaboJipl! — TopskecTBeHHO 3akoun [Tama KapJo.

— [l mapa6oybl? Odun wabaon napaboJibl TTO3BOJISET
HapucoBarb 200 y10 napa6oy? — yAUBJIEHHO BOCKINKHY.JI
Byparuno. [la vu B :xusun! Beith Takoro He moxert! Ilo
cpaBHenmio ¢ mapaGonoii y = x> mapabona y = 10x>

2
TaKa-a-fg y3Kad, a Hapaéoﬂa Yy = E X~ TaKa-a-d H_H/IpOKaH!

Y Hux COBEPIIEHHO pPa3HbIe (l)OprI, O/lHa HHKaK He

1I0X03Ka Ha JIPyTylo, — TBep/lo Bo3pasus byparuno. — Bee
Kpyru nojno6ubl. Bor Buepa s Buzmes B HeGe GOJBINOLN
BO3/IYIIHBII 11ap, OH BBITJISIAEN KpyroM. [Jisaas Ha Hero
OJTHUM T'JIa30M, I PACIIOJIOKIII TIEPE] TJIA30M MaJIEHbKYIO
KPYIJYyI0O MOHETY TaK, 4YTO OHAa B TOYHOCTU 3aKPbLIA
BO3/YIIHBI Iap. JTO HATJISAHOE NOATBEPKIEHIE TI0/10-
6Ws IBYX KPYTOB. A pasBe 9TO BO3MOKHO JJIs mapaboJi?
— Xopo111o, MOi I0HBIH JTIOOUTETh MAaTEMAaTHKH, — JIACKO-
Bo ckasaJs [Tana Kapuio. S Buxy, Tl yausuicsa. Besukuii
Apucrorenb cKasaj, YTO YAWBJCHUE — MaTb MO3HAHMUS.
[laBaii ;e ceifyac BHUMATEJbHO, HE CIelIa TPUCMOTPUMCS
K napa6oJie. Ilyctp y Te6s1 ecTb BbIpe3aHHbiil U3 KapTOHA
ma6aoH mapa6ossl y = x> . S BO3bMY €ro, mOMeIy Bep-
A _ 4,2 lMHY B TOUKY (0, 0) cBo-
¥ Y eil JexapToBOIl CHUCTEMbI
y= i KOOpAUHAT U O0O6Bemy
o1 (puc.1). Jlna mpocToTs
4 13/ MOJKHO eTlfe moTpe6oBaTh,
, yTOoOBI Ha mrabyione Oblia
4 OTMeYeHa OCh MapaboJIbl.
3ameTb, TIOKa y MeHS Ha
0CSIX He YKa3aHa eMHUIA
JuimHbll ATy ennHuIy s
bYZY BbBIBUPATDB!!!
Kax BbI6uparp — 3aBUCUT OT TOTO, KAKyI0 Tapabo.Iy s X0uy
HapucoBath. IlycTb — s OIpeieIeHHOCTH — MHE HY>KHA
napaGona y = 4x* . IIpoBosy GUCCEKTPHCY NEPBOii KOOp-
MUHATHON dYeTBepTH. BTOpOil pas aroT Jiyd mepecexaer
napa6o.ty B Touke P ¢ koopaunatamu (n, ng, n60 Touxa P
paBHOy 1asieHa ot oceii koopanHat (06o3HaUYeHNE 12y MEHs
— OT cJoBa <«HeusBecTHasi»). Ho Touka P JiekuT U Ha
napaGose y = 4x°, ee KOOP/MHATBI Y/IOBJIETBOPSIOT 9TO-
MY YPaBHEHHWIO, T.€.

N PN
N

X

N PN

Puc. 1

2 1
n=4n", um n=-—.

3Has, TakuM 06pa3oM, aGCINCCy U OPAWHATY TOYKHU P, MbI
MOXKeM yKasarb Toukn X = 1 m y = 1 Ha ocsIX KOOp/NHAT.
B aTofi cucteMe KoopAMHAT HApWCOBAaHHAS HAMU KpPUBas
ecTb rpaduk PyHKINN y = 4% .

— A TOYHO cTapas mapaboJia IMeJMKOM COBIAIET C HOBO ?
MpbI BeZib 9TO TOJBKO JIJIS OJHOM TOYKH TTPOBEPUIH.

— A Bor cMoTpu. MbI ¢ TO6OI M3MEHUIN MACIITab 10
Kax /0l u3 oceil B 4 pasa. [Ipu crapom macrira6e ycjaoBue
Toro, uro Touka (x,y) JAexuT Ha crapoii mapaGoue,
3a/1aBaJIOCh PAaBEHCTBOM ¥ = x° . A Temnepb 3Ta JKe TOYKa
uMeeT HOBble KoopauHaTbl. Coobpasui, Kakue?

2014/No4
— Hy, pa3 y nac 1 mo xak1oif u3 oceil mpeBpaTniach B

1 e y0,
7 TO TouKa (x, y) , HaBepHoOe, MpeBpaTUTCS B BZ’ 4H.

— Bepno! A renepb mojictaBb HOBbIE KOOPJAMHATHI B
ypaBHEHMEe HOBOW 1apaboJibl U IPOBEPb, CXOAUTCS MU
HeT.

Y-
4
PACKpbITb, Kak pa3 BbIHJET, 4TO y = x? . 3noposo! Bee

— JIO/KHO TIOJIYYHUTHCS, UTO 4 Sﬁﬁz . Eciin cko6kn

BepHO! — Bypartuno 4yTb He 3ax/0na7 B Jagonu. — [laBait

1
S TIOIPOGYIO TIPEBPATHTD TY JKe KPHBYIO B rpadpuk y = — x> .

Tenepb Yy Me€HA KOoOpAMHATbl TOYKHU P(n, 7’l) JOJIZKHDI

1
YJIOBJICTBOPATD yPaBHEHUIO 7 = an , T.e. n = 4. Y uBn-

tesibio! Ilpocroe msMmenenuwe efnHUIbI JAJIUHBI — M Mbl
oJryyaeM KakKylo yrogHo mapa6ooy!

— Ilomuumb, Ilana Kapsio, panbiine Oblia pekaama
MEKYTOPOIHON TesiehOHHON CBSI3U:

OnuH TOBOPOT TeeOHHOTO JMCKA,
U ropoj nasiekuii ctaHoBUTCS GJIN3KUM!

Tak u y Hac:

Opnno n3MeHeHbe JJIMHBI 110 OCSAM —
[Tapa6osa gButcs, Hy:kHas Bam!..

ToJIbKO MHE €llle HHTEPECHO, a MOJKHO U TYT, KaK B CJIyYae
C KPyraMu, PacioyOsKUTh Mepe r1a3oM malioH «y3Kon»
napaboJibl Tak, 4TOObI OH KaK pa3 3aKpbLi NIAGJ0H <«IIU-
pokoii» mapabosnr? [lokaxn, moxasyiicrta, — MOMPOCHIT
Byparuno.

[Tama KapJuio mpozenas aTo st 1ByX pasHbIX mapabo.i.
Mbr ke 111 IpUMepa MPUBOJMM PUCYHOK 2, HA KOTOPOM
«y3Kas» napabosa y = 2x° 3aKpbIBaeT «IIUPOKYI0» Ma-
pabony y = x*. llepsas na-
paboJia HaXOANTCS TTOCEPE/TH-
He MeXIy HabmofaTeseM u
BTOPO# mapaboJIoii.

[Mapabory y = x% MOKHO
3aKpbBITh u Tapabonoit
y = 4x° — IIpH 9TOM «y3Kas»
napaGona y = 4x*, nomkna
6bITH B YeTbIpe pa3a GJrKe K HAGJII0IaTeNio, YeM «IITHpPO-
Kast» mapaGona y = x* . IlonpoGyiite 970 0Ka3aTh.

Hamr pacckas ocHOBaH Ha TOM MareMaTHYecKoM (axTe,
YTO BCE KBa[PATUYHbIE TapalOJIbl SIBJISIIOTCS TIOAOGHBIMHU.
CorJtacurech, yTBEp:KI€HIE JOBOJBHO HeOKuaHHoe. JIio-
6asi mapaboJia momo0Ha JIIOGOH ApYyTOil Tak Ke, Kak
MOIOOHBI  MEXKAY cOo60i Bce KPYTH W BCE KBAJPATHI.

Puc. 2

. a
[Tomo6HBI O1HA APYTOH 1 Bce THIEPOOB BUAA Y = — .
X

3amaua 1. B nexaproBoii KOOpAUHATHON TIJIOCKOCTA HAPUCO-
1
BaHa rutep6osia y = — . V3sMeHuTe eiMHUIy JJIUHBI Ha OCSIX
X
KOOPJIMHAT TaK, 4TOObI 9Ta jKe KpuBas crtasa rpaduxoM QyHK-
9
i y == .
x

3amaua 2. B nexaptoBoii KOOPAUHATHON TIJIOCKOCTA HAPUCO-
Bama Ky6uueckas mapaGona y = x° . I3MeHUTe eIMHUITY JUIHHBI
HA 0CSIX KOOPJMHAT TaK, YTOObI 9Ta JKe KPUBas CTajaa rpadukom
yuxyn y = 4o



OU3UYECKUN ®AKYJIbBTATUB

NnepeBepHyTOM
MaATHUKe

A.BYPOB, . KOCEHKO

3 HOBCE]IHEBHOI7I JKN3HU MBI XOPOIIIO 3HAEM, UTO
TIepeBepHYThII MasTHUK — CKa’keM, HEBECOMBIH CTep>KeHb ¢
IPY3MKOM Ha KOHIle — HeycToiyuB. [Ipnuem oH roToB najarb «Ha
BCe UYETbIpe CTOPOHBI» — BJIEBO W BIIPABO, BIEpe] W Ha3a]l.
CrpammBaercs, COXpaHSIETCS JIU 9TO CBOWCTBO, €CJN MasTHUK
«HYy O4YeHb JINHHBIN» . OKa3biBaeTcs, HeT. Ecin MasiTHUK OueHb
U OuYeHb JIJIMHHBIN, TO €ro paBHOBECHE OTHOCHTEJIbHO Bpalllalo-
ieiicst 3eMJI CTAHOBUTCST YCTOWYMBBIM — OH BOOOIIE HUKY/Ia HE
XOYeT 1ajarb. JTO CBONUCTBO ObLi0 moamederHo K.9.Ilnoakosc-
KM U COCTaBUJIO OCHOBY TaK Ha3bIBAEMOTO KOCMHYECKOTO JdTa
(cMm., nanpumep, [1-3]).
Tak re »ke KOHYaeTCsT HeyCTONYNBOCTh PaBHOBECHS TIepeBep-
HYTOTO <«KOPOTKOTO» MasgTHUKAa W HAUYNHAETCS yCTOHYNBOCTD
MagTHUKA «IJIMHHOTO» ? [locTapaemMcs oTBEeTUTh HA 3TOT BOIIPOC.

MoctaHoBKa 3apgauu

PaccMoTpuM MagTHHK, TO/BEIIEHHBIH B HEKOTOPOW Touke O
Ha sKBarope Bpamaomieiics 3emun. [louemy Ha akBatope? [la
[IPOCTO MOTOMY, YTO B 3TOM cJydae (DOPMYJbl OKa3blBAIOTCS
HEMHOTO TIpotiie. Bysem cunTarh, 4ToO IJIMHA MAsITHUKA PaBHA [,
a Macca m cocpe/loToYeHa Ha ero cBOOO/IHOM KOHIIE — B TOUKe P.
B cucreme orcuera, cBsi3aHHOU ¢ Bpalaioleiica 3emieil, Ha
MasTHUK JCHCTBYIOT TPU CUJIbI — CHJIA HBIOTOHOBCKOTO ITPUTSKE-
HUS, EHTPOOEKHAS CUJIA WHEPIUU W PEAKIUS OIOPBI.

B mixkosibHOI (husnke, Kak N3BECTHO, HACTOPOKEHHO OTHOCST-
€Sl K PACCMOTPEHMIO /IBUKEHUS B HEMHEPIUAIbHDIX, B YaCTHOCTH
BO Bpalalonmxcs, cucremMax orcyera. OHAKO U3 TaKOro pac-
CMOTPEHHS MOJKHO TIOUEPITHYTh KOe-uTo noJieaHoe. Tak, HalJ10-
JlaeMasi B TaKoil cucTeMe oTcueTa IeHTPOOEesKHAs CUJla MHEPIUN
OKa3bIBACTCA TOTEHIMAIBHONW M «C TOYHOCTHIO /0 HA060POT»>
MOXO3Kell Ha CUJIy YIPYTOCTH, MOJunHSAIONyiocs 3akony ['yka.

[leficTBUTEIbHO, CPABHUM JIBUKEHNE TPY3UKA HA TIPYKIUHKE U
JIBUSKeHNe TPy3nKa Ha paBHOMEPHO Bparaomeiics kapycean. V1
CHJIa YIPYTOCTH ¥ IEHTPOGEKHAS CUJIA JIMHEHHO 3aBUCIT OT
OTKJIOHEHHUSI TPY3MKa OT PaBHOBECHS, A COOTBETCTBYIOIIUE UM
notenunanbl  (MOTEHIMATbHBIE SHEPIUU) TIPOTMOPINOHATHHEI
KBa/IPATy 3TOTO OTKJIOHEHUSI:

F,=-k(x-1x)), F, =-mwx,

Uy = %k(x —xo)z, U, = —%mu)zx2 .

Ho B 10 Bpemsi kKak cuia T'yka (cuma yupyroctu) cTpeMutcst
BEPHYTb I'PY3UK B MOJIOXKEHNE PABHOBECHS, IIEHTPOGEIKHAS CUIIA
CTPEMUTCS YBECTH €T0 IOIaJIbIIIe OT PABHOBECH. DTOH pasHulieit
B HaIPaBJEHUU JEHCTBUS CHJ OOYCJOBJIEHA TIPOTHBOIOJOK-
HOCTb 3HAKOB UX IOTEHIMAJIOB. BripoyeM, 1eHTpobeKHAs cuJia
He Tak mpocta (0 HEKOTOPBIX ee OCOGEHHOCTSX MOKHO TIOYNTATD,
Harpumep, B [4]).

Wrtak, MagTHUK Oy/IeT HAXOUTHCS B PABHOBECHHU T10 OTHOIIIE-
HUIO K Bpalaolieiicsa 3eMJie, ecjau JAelcTBYONe Ha HerO CUJIb
YPaBHOBEIIEHbI. IJTUM PAaBHOBECHSAM OTBEYalOT KPUTHYECKHEe
TOYKM — TOYKM MHUHMMYMa M MaKCHMyMa — TaK Ha3bIBAeMOTrO
M3MEHEHHOTO MOTEHIINAJA

U=U,+U,, U, = —gﬂ, U, = {;%, (1)

rae U, — morennmas LeHTPOOGEKHBIX cua uHeprmu, U, —
TTOTEHITNAJ CHJI HbIOTOHOBCKOTO TPUTSKEHUS. TepMHUH <«u3Me-
HEHHDIIl TIOTEHIMAI» IOJYEPKUBACT, YTO BO Bpamiaomeics
cucreMe OTcyeTa IOTEHIMAJ He TaKOil, Kak B HENO/BUXHOI
cucreMe. 3/1ech U Jlajiee ¥ — PaccTosHuEe OT ToYKu P 10 3eMHOI
ocu, P — paccrogHue OT TOuKM P g0 nentpa 3emuan, W —
YTIJIOBas CKOPOCTb BPAIIEHUsT 3eMJIN.

BBesiem Bpamaongyiocss BMecTe ¢ 3eMJieil cucTeMy oTcyera
Oxyz, Ha4asI0 KOTOPOI1 pacIoyaraeTcs B TOUKe 110/[Beca MasATHU-
Ka, OCb X KacaeTcs 9KBATOPA, OCb ¥ MapaJiiesibHa 3eMHON OCH,
OCb z HallpaBJieHa B/IOJIb BOCXOjslell Beprukanmu. Ecim R —
paauyc 3eman, a (x, Y, z) — KoOpAMHATHI BekTopa OP , TO
n3MeHeHHbIil noteHuans U MOXKHO 3anucarb B Buje

2 3
U =mU, U = - K0
2 p

r=\[x2 +(R +2)2, p=\/x2 +y2 +(R +z)2 .

Besmunna Ry — He 9TO MHOE KaK paJinyc TeOCTAIIMOHAPHON, HJIN
CYTOYHOI, OpOWTBI, T.e. TOH OpPOUTHI, Ha KOTOPOH CITyTHUK
coBepiaer 060pOT BOKPYTr 3eMJH 3a OJHM CyTKU. B Haimem
«9KBATOPHAJIBHOM» CJIydae 3TO 03HAYAET, YTO CITyTHUK OCTAETCS
HaJL O/IHOM 1 TOH e TOYKOH 9KBATOPA BO BCE BPEMS JIBIDKCHUS.
CrpaBeiIuBOCTb CKA3aHHOTO CJEAYyeT N3 TOTO, UTO TPH ABIKE-
HUM TI0 TEOCTAIMOHAPHOIT op6uTe BTOPOil 3aKoH HbioToHa npu-
HUMaeT BU/L

(2)

rje

Mm
2
0

mw'R, =G

CBOWCTBa paBHOBECUSI NepeBepHYTOro MasiTHNKa

Tenepn nopa nckath kputHdeckne Toukn gynkimm Uy, otm-
varomeficst oT GyHKkuuu U JIHIIb TTOJI0KUTETHHBIM MHOXKHUTEIEM.
Ho... VIMeercst 04HO «HO» — KOOpAUHATE (X, ¥, Z) 3aBUCHUMBL I
CBSI3aHBI COOTHOIICHUEM

f=xa*+y*+2* -1* =0, (3)
BBIPA’KAIOINM MTOCTOSHCTBO JJIMHDI MasATHIKA. CBeyIne o/
TOTYaC BOCHOB3YIOTCS MeTOAOM MHOXuTeneil Jlarpamxa, u
O6ynyt npasbl. Hy a kax ObITb HecBeaymmM? [laBaiitTe BMecTe C
HIMHI 06paTuM BHUMAaHHe Ha TO OOCTOSITEJbCTBO, YTO BepxHee
nosoxenne Mastnka (0, 0, /) Gyzer MOI0KeHIeM OTHOCHTEIb-
HOTO PaBHOBECHS YK€ U3 COOOPasKeHWl CHMMETPUM — 3eMHOE
IPUTSDKEHNUE, IIEHTPOGEKHAS CHJIa MHEPIUN U PEaKIHs CBI3H
6yIyT JeiicTBOBATD BOJIb OJHOI MPAMOIl, T PEAKINA CBA3M YK
Kak-An6yab cOanamcupyeT MepBble ABe CHABl. A pa3 Tak, TO B
OKPECTHOCTH 3TOTO OTHOCHTEJIbHOTO PaBHOBECHUS

z=P -2 -y* =1 -¢ =l§ —% £

RPN
85 +"'H’ )
e

2y

o
IpruieMm HpI/I6JII/I>KeHHOG PAaBEHCTBO BDBIIIOJIHEHO IIPpU MaJbIX II0

CpaBHEHHUIO ¢ [ 3HAYEHUSAX X U ¥. 37eCh Mbl BOCIIOJIb30BAINUCH
TOK/IECTBOM

€

(1+B) =1+(1(B+%0((0(—1)B2 +o. (5)

st o0 =1/2 u B = €. ITO TOKAECTBO CIPABEITNBO TIPU MAJIBIX
sHauenugx napamerpa B. IloacraBiss z B BbIpaxkenue /s P
13 HBIOTOHOBCKOT'O TIOTEHIMAJA U BHOBD IIPUMEHSS TOX/IECTBO
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(5), 1o Temepp yxe A O = —1/2 | umeem

. 5 -1/2
1 :(x2 +y2 +22 + R? +2R2) -
p

=ﬁ2 + R? +2Rl§—1s—1§
2 8

=R+ 1+ =(r )" H -2 B B g ©®

:+
Ea=

rjie
:R—lzﬁ—e _1 82 +ﬁ
(R+1) 4
IMoacrasisa reneps pasnoxenusa (4) u (6) B BbIpakenue /s

MN3MEHEHHOI'O IoTeHInaJjia (2) u CO6I/IpaH HO[[OéHbIe CJ/laraeMmblie,
B KOHEYHOM HTOT€ II0JIy4YaeM

Ug=a, +%(axx2 +ayy2) +o., (7)
e
O 3 0
ay = -(R +1)’ L e

as -0,
B (R+1)'H
r: O

O RrU J

M [0 g =1+=0-—4 _ .
1 e T TR

Ilocrognnas @, HecyniecTBeHHa, OHA He OIPEAEJSeT THII
n3y4aeMoil KpUTHYECKO TOYKH. JTa KPUTHYECKAs TOYKA OKA3bl-
BaeTCs TOUKOH MIUHWMYyMa MTOTEHI[MAJbHON SHEPTHUH, a BMECTe C
TeM U TOUKOW YCTOWYMBOTO, B BEKOBOM CMbICJIE, OTHOCUTEJIbHOTO
PaBHOBECHUSI, €CJIM BBINOJHEHD! yeaous d, >0, a, >0, Tak
Kak @, > d, , TO IPU BbIIIOJHEHUH YCIOBUS d, > 0 uccaenyemoe
OTHOCHUTEJIbHOE PaBHOBecHe YCTOWYMBO. VIHbIME cjoBaMu, W3Y-
yaeMoe paBHOBeCHEe YCTOWYMBO IIPU BBIMOJHEHUU YCJOBUS
R +1 > Ry, eciut 1151 HEro cBOGOAHBIN KOHEIl MAATHUKA — TOYKA
P — HaxoamTcs 3a reolleHTpuueckoil op6utoii. Ecam ke mamna
MasATHUKa OKasbiBaeTcst MeHble = Ry — R, 10 xoaddurmeHt
d, CTAHOBHUTCS OTPUIATEJbHBIM, a KPUTHUYECKas TOYKA CTAHO-
BUTCA CEIJIOBOM M OCTAeTCA CEIJIOBOM, IOKyja d, > 0. lna
TaKMX 3HAYEHUH JTMHBI MassTHUKA HEYCTOHUYNBOCTD NMEET MECTO
JIUIID B TIIOCKOCTH OPOUTDI.

3HaueHne JJIMHBI MasiTHUKA, NIPU KOTOPOM M3MeHsIeTCsl 3HaK
koadduienTa a,, onpejessercss COOTHOIIEHUEM

I; = RVRY" -R.

ITO O3HAYaerT, 4To, KaK TOJBKO [JIMHA MasTHUKA CTAHOBUTCS
MeHbIne [, ceanoBas KPUTHYECKAsA TOYKA N3MEHEHHOTO TTOTEH-
[aja MPEBPAIAeTcss B TOYKY MaKCUMyMa, W MbI oOpeTaem
MPUBBIYHDII MePEeBEPHYTBIM MasATHUK, KOTOPBIH MajaeT B JIiO-
6OM HaIpaBJIeHUH, a He TOJbKO B 3KBaTOpUasbHOM. OCTajoch
cKkaszaTh, uto aas 3eman R =6378 kM, R5=42164 xm,
lm =19917 xm. Takum 06pa3oM, HepeBepHYTbIN MAITHUK CTa-
HOBUTCSI «BO BCE CTOPOHDBI HEYCTONYMBBIM», €CJU [JIMHA €ro
MeHbIIIe YIIOMSIHYTOIl YNCJAeHHON BeJMYnHbl Iy .

«Kocbie» paBHOBeCUs

Broicokas nayka, umMenyemas teopueil 6udypranuii, mojicka-
3bIBAET HaM, YTO H3MEHEHWE CBOWCTB YCTOWYMBOCTU OGBIYHO
COIIPOBOJK/JIAETCS POXKIEHWEM WM WCYEe3HOBEHNEM JIOTOJIHHU-
TeJbHBIX paBHOBecwii. ITonpoGyeM pa3o6parbcs ¢ 3TUM BOIPO-
COM <«IIO-IIKOJIbHOMY » .

Bo-mepBbix, 06paTiM BHUMaHHE HA TO OOCTOSITEJNBCTBO, UTO
pacCTOsTHUE OT TOYKH TTo[Beca MasTHHKA O 10 TPON3BOJHLHOTO
CHyTHHKa P, cOoBepUIAloIIero JBMKEHHE IO TeOCTAIMOHAPHOM
op6uTe B Ty JKe CTOPOHY, 4TO U 3eMJIsI, OCTAETCS HEU3MEHHDIM.

2014/Ne4

WMubiMu cioBamu, ecau coeuHuTb Touku O 1 P HepacTsSKUMbIM
(1 HeC:KUMaeMbIM) CTEPKHEM [TPEHEGPERKUMO MO MacChl, TO
TaKOIl cTepKeHb He Oy/IeT UCTIBITHIBATD HAIPsKEHMid. Tak moJry-
YaeTcs MepBOe OJHOTapaMeTPUYEeCKoe CEeMEHCTBO «KOCBIX» OT-

Pucl. «Kocble» paBHOBECUS B 3KBATOPUAsIbHOM 1/I0CKOCTH

HOCHUTEJNBHBIX PABHOBECHIl, /11 KOTOPBIX CBOGOAHBIN KOHell
MasTHUKA PacIioJiaraercs B SKBaTopuaabHoii miockoctn (puc.1).
Bo-BTOpBIX, TONMPOOyeM TIOMCKATh DPABHOBECUS B MEPH/MO-
HaJBHON TIOCKOCTH yZz. I/t 5TOTO HaiieM yCIoBue PaBeHCTBa
HYJIIO CyMMbl MOMEHTOB CHJIbl HBIOTOHOBCKOTO MPHTSKEHUS 1
HEHTPOGEKHOI CHJTbI MHEPIME OTHOCHTENbHO Toukk O. IIpoek-
MU BEKTOPa CyMMapHOT0 MOMEHTa Ha OCH ¥ M Z PaBHbI HY.IIO,
nmpoekimioo Ha och x (mocste MpUBEIeHNs MOAOGHBIX UJIEHOB)
MOYKHO TIPEJICTaBUTh B BUJIE
0 ?0
M, = moty gR +z) =R %gﬂ.
0p OF

IT0 BBIpakeHne 00paraeTcs B HoJb Ipu y = 0, YTO COOTBETCTBY-
€T JIBYM OTHOCUTEJIbHBIM PAaBHOBECHSIM, PACCMOTPEHHDBIM BBIIIE,
a TakXKe B CJaydae, KOTJa oGpaiiaercs B HOJIb KBaJpaTHast
ckoOka. Takum 06pa3oM, «KOCbIe» OTHOCHTEJbHbIE PABHOBECHS
ATOTO THUIIA 33/1aI0TCSI CUCTEMON ypaBHEHUI

0 i

RDLD =0,
Ay’ + (e +RY'H

(R+2)-
(8)

Bpra)KaH yz 13 IIEPBOTO ypaBHEHUA, NMEEM

OR +2:07°

f:#ﬁaij

ITpaBast wacTb 5TOTO COOTHOIIEHUST OOPAIIAETCSI B HOJIb, KOT/A
z=2z7=ky, T.e. B TOYKE CMEHBI YCTOHYMBOCTH — 6 MOUKe
oupyprayuu. Tpu aroM [t 2z < 2z BO3HUKAIOT /[BE BETOYKH
OTHOCHUTEJIbHBIX PABHOBECHIl, OTBEYAIONMX CUMMETPUYHDBIM I10-
noxennsm mastauka B CeseproM n FOQskHOM nosymapusx (Ha

~(z+R).

Puc 2. «Kockle» paBHOBECHS B MEPUAMOHAIbHOM 1/10CKOCTA

pUCYHKe 2 u300pa)keHO IoJoKeHne MastHuKa B CeBepHOM
HOJTyImapum ).

3aBHCHMOCTD OTKJIOHEHUST MaSITHUKA OT 9KBATOPHAJIBHOIT IL10C-
KOCTH Kak (DYHKIMSI KOOPAMHATDI Z N300paskeHa Ha PUCYHKe 3.
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Puc.3. YkinoHeHne KoHLUa MastHuka — Puc4. [JiiHa MasgTHnka Kak QyHK-
OT 3KBATOPUA/IbHOM VIOCKOCTV KaK LIS y.AGSIEHMSA €0 KOHLA OT 3eM-
QYHKUMA ero yaaneHus ot 3eMHoM — HOM OCu
ocu

ITpu yObiBanuu z 10 —R KpuBasi paBHOBECHH TPUOIIKAETCS K
3eMHOIl OCH, TOT/Ia KaK IOJIOKeHe KOHIIA MasTHUKA P Heorpa-
HIYEHHO y/aJsiercst oT HenTpa 3emun. Ilpn atoM asmHa Mast-
HHKa HeorpaHndyeHHo Bospacraer (puc.4).

3amMeTnM, 4TO Cpel dTUX PABHOBECHI MMeEETCsS W TaKoe, Ha
KOTOPOM MAasITHHK HapaJiiesieH 3eMHOIi ocu. B aToMm cayuae z =
=0, nu B cuiay ycaosuii (8) aImMHa MasgTHHKA COCTaBJSET

— [p2 2
Yo =+ Ry —R” . llpu atom paccTtossHuEe OT KOHIIA MasiTHUKA [0
HeHTpa 3eMJl B TOYHOCTH PABHO PAAUYCY TeOCTAIlMOHAPHOI

opbuter Ry.

BmecTto sanunora

Wrax, kax okasanroch, Jaske CTOJIb MPUBBIYHBINH 0OBEKT, KaK
MIEPEBEPHYTHIN MASITHUK, JEMOHCTPUPYET HE COBCEM OOBIYHOE
HOBE/ICHUE.

[Tocaie Toro, Kak IyTb MCCJIE/OBAHUSA HAMEYEH, MOXHO M3Y-
YHUTh, KaKk Gy/eT BecTH ce0sl MepeBepHyThIil MasATHUK Ha JAPYTHX
manerax. Hampumep, oTBeTuTh Ha BOIIPOC, OKAXKYTCS JIN KOJIb-
na Catypna B 00J1aCTH, T/Ie TAMOITHUI 1TePEBEPHYTHIN MasTHUK
ycroitunB. He MeHee nHTEpeCHDBII BOIIPOC OTHOCUTCA K YCTOHYH-
BOCTH IIEPEBEPHYTHIX MAATHUKOB, IIPUBA3AHHBIX K BPAIIAIOINM-
cst acteponsiaM. B aToM caryuae, mpaBzia, penienne Borpoca OyaeT
OCJIO’KHEHO TUITUYHBIM JIJIE aCTEPOUIOB OTCYTCTBUEM chepryec-
KO CUMMETPHUU B paclipe/leJIeHnu Macc.
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KOJJERIOUA TOJOBOMOMORK

«lMopTpeT» yncna m

(Hayano cm. Ha 2-vi CTpaHuiLe o0brioxki)

Yto6bl 1OGUTHCS TAKOTO PABHOMEDPHOTO 3AIIOJHEHHS KpPYTa,
Bacune pasaesmr kaskapiii cektop Ha 10000 «touek» (cTOJIBKO

JKe, CKOJBKO 3HAKOB umcaa TI OH mcrmogbzosan). Kaxias
Jyra <«COEQMHSET» JIBE€ TOCJe/0BaTe/bHble U(MPbI B 3aMucu
yucaa TI: OHA WJET U3 CEKTOpa, COOTBETCTBYIONIErO OYepe/[HOI
mudpe, B CEKTOP, COOTBETCTBYIONMII cuemyomieil mudpe. [Ipn
stoM ecau coemuHstiorest n- u (n + 1)-a mo cuery mmdpsr B
3amcu yucaa Tr, TO Jiyra WAeT U3 n-i TOYKH OJIHOTO CEKTopa
B (n + 1)-10 Touky apyroro. Hampummep, BTOpasg mo cuery
[yra, Kotopas «u3o0paskaers mapy 14, uaer 3 BTOPOH TOYKH
cexTopa 1 B TPeThIO TOUKY CEKTOPa 4, MOTOMY UTO 3TU UMD
CTOAT Ha BTOPOM U TPeTbeM MecTaxX B wmcae TU= 3,1415 ...

[TocTpoenHbie TakuM 00Pa30M <«IOPTPETHI» YUCEJ TOJIyYa-
I0TCSI KPACUBBIMU, HO OHHU He HeCyT B ce0e MOYTH HUKAKOTO
MaTeMaTHUeCcKoro cojepkanus. [l cpaBHEHUS TPHBOAUM
«TIOPTPET» ellle OJHOI Ba)kKHEHImell KOHCTAaHTBI — 4YHCIA e.
Pasuuity mexay ABYMsST HM300PKEHUSIMH MOYKHO 3aMETHTD,
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