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KBAHT ... s No

HAYUYHO-IONYJSAPHBIN ®OUIUKO-MATEMATUUYECKUN KYPHAJ
N3JAETCA C AHBAPA 1970 TOOA

B Homepe:
2 MartemaTtuka 1 KOMMbIOTEPLI: MPO6eMbl U NepcrekTUBbI.
YUPEJUTEIN P.[paxem
Poccuiickas akagemus Hayk 10 Papyra Jekapta—HbtoToHa—tOHra. A.llaHoB

MaTemMaTn4yecKnin MUHCTUTYT UM.

B.A.CteknoBa Poccuiickoli akageMmm Hayk SALNAYHUK «KBAHTA>

. 15 3agaun M2421-M2428, ©2428-d2434
usndeckuit MHeTUTYT M. M.H.Jle6enesa 17  PeweHnus 3agady M2405-M2413, ©2413-$2419

Pocauiickoi akanemmm Hayk 21 OT NoACTaHOBKM KOPHSA A0 TPaHCUEHOEHTHOro Ynucna.
C.[opwu4eHko, [1.KoxeBHyKOB
TTABHBIIL PEJAKTOP «KBAHT» JJISI MJUAJZIINUX MKOJbHUKOB
A.J1.CemeHoB 24 3amauu
25  Koposbl Ncaaka HbloToHa. U.Akymmny
PEJAKIIMOHHAS KOJNJETUS 27  bypatuHo n ero kadenu. C./]1BOpsiHUHOB
H.H.AHppees, A.fl.benos,
10.M.Bpyk, A.A.Bapnamos, C.[l.Bapnamos, IMKOJA B «KBAHTE»
A.H.BuneHnkuH, B.\.ronyGes, _
HINTonGuns, ‘CA flopAiero, 29  Awanoruu — Bcrogy. A.CraceHko
B.H.Lly6posckun, -
A.A.Eropos, A.A.3acnaBckui, DOU3SNYECKUUN DODAKYJIDBTATUB
M.A.Koxesnukos (samecrurens riastoro 30  3akoH 'yka u koadduumeHT MyaccoHa, unu Yem peavHa

pesakTopa), C.N.KoHoBanos, A.A.JleoHoBWY,
10.M.JIbicoB, B.B.Mpoussonos, B.lO.Mpotacos,
A.M.Paiiropopckuii, H.X.Po3oB, A.B.CocrHcKuiA,

oTnmMyaetcs oT Boabl. [1.CypoBuH

AJ1.CraceHko, B.I.CypavH, B.M.Tuxommupos, KAJE I/UI NOCKOI <KBAHTA»
B.A.Tuxomuposa, A.N.YepHoyuaH
(3amectureny rnasHoro peaaxkTopa) 32 KoHnpeHcaTop

MATEMATUUYECKUN KPYJXOK

PEIAKILTOHHBI COBET 34  AnnogmMcMeHTbl 34ech Tuxve. B.Unbude, A.MapuHuH
AB.AHpXaHC, MM.Bawmakos, B.W.BepHuK, 35 O gByx kjaccax TpeyronbHUkos, unu OTkyaa 6epyTcs 3ajau.
B.r.bontsiHckun, A.A.BopoBon, A.3acnaBckuii
H.H.Kouctantutos, FJ1.KoTkuH, C.N.HoBuKos, 39  Ewe oOHO O0Ka3aTeNbCTBO TEOPEeMbl 06 U30roHaIbHOM
N.0.dappees conpsbxenuun. B.JybpoBckuii

NPAKTUKYM ABUTYPUEHTA

PEAAKIMOHHAS KOJIMELUS 40  YpaBHeHus cBsa3eii B MexaHuke. K.Pbi6
1970 TOJA
OJIMMIIUNA /I bl
TTABHBIM PETAKTOP 44 XXXVII TypHup roponos
N.K.KukounH 45 LXXIX MockoBckasa MaTemaTtudeckas onumnuaga
47 MockoBckasa ¢puamndeckasa onumnuaga 2016 roga
IIEPBbBIII BAMECTUTEJD 53 XXIV MexayHapoaHasa onumnmaga «VIHTennekTyasnbHbIi MapagpoH»
ITABHOTO PEJAKTOPA
A.H.Konmoropos NMHODOPMAIINA

57  3aoyHaga wkona CYHL, HI'Y

JN.A.Apuymosuy, M.U.Bawmakos,
B.r.bontsiHckun, W.H.BpoHLTElH,

H.B.Bacunbes, W.d.rmH36ypr, B.I.3y6os,
N.N.Kanuua, B.A.Knpunnun, IU.Kocoypos, 60 OTBeTbI, yKa3aHus, peleHnda
B.A.JlewkoBues, B.M.Jnwesckun,
A.N. Mapkywesny, M.A.MunnnoHwmkos,

H.A.Natpukeesa, H.X.Po3os, A.M.CaBuH,
W.LL.Cno6opeukuin, M.J.CmonsHcKui, HA OBJTOJKE
A.A.CmopoauHckuin, B.A.DabpukaHT, | Unnioctpaums k ctatee A.llaHoBa
f.E.lUHanaep ] Kosnnekumsi ronoBosioMoOK

I LLlaxmaTHasi cTpaHunyka
v lporysnkn ¢ ¢usnkori




B s1OoM rogy wcnonHdercd 80 neT 3amMevateSlbHOMY MaTeMaTuKy
PoHanbay paxemMy. OH WMPOKO U3BECTEH KaK KPYMHEWLLIMIA CNELMANACT Mo
KOMOWHaTOpKKe, noenm 1 MeTodbl KOTOPOW MCMNOMb3yloTcd BO BCex 0e3
NCKItoYeHWs 0bnacTax MaTemMaTki. HaBepHoe, MHOMMe 3HatloT 3HAMEHUTYIO
KHUrY «KOHKpeTHas MatemMaThka», HamnnCaHHyl UM B COAaBTOPCTBE C
[oHanbaomM KHytoM 1 OpeHom [MaTawHukom (okono 10 neT Hasag, Bbilen

ee nepeBof, Ha PyCCKUI A3bIK).

KHura PoHanbaa I'paxema «Havana Teopun Pamcea» Obina nepeBefeHa
Ha PyCCKuM A3bIK U M3daHa eule B 1984 roay, a B «KBaHTe» N24 33 1988

rog OI'Iy6J'II/IKOBaHO MHTEPBbIO C HMM.

C pa3pelleHnsa aBTopa Mbl NMyOnuMKyemM CTaTblo MO MaTepuanam ero
0oKnapa, caenaHHoro netom 2014 Ha KoHdepeHumn MexayHapoaHou
henepaumm MaTemMaTUHeCcKX CopeBHOBaHWN B bapaHkuiie (Konymbus), B

nepesoge C. JIbBOBCKOrO.

PoHanbg [paxem

MaTtemaTvka v KOMMbIOTEPbI:
NPOONEMbI U NePCNeKTUBDI

P.TP3XEM

XOTEJI bbl JATH OB30P HEKOTOPDBIX PE-
3yJIbTATOB, OTHOCSIIINXCS K B3aMMO/IEHICTBUIO
MaTeMaTHKH ¥ KOMITbIOTEPOB. BbI moHnumaere,
YTO KOMIBIOTEPBI €CTh U OYIyT, U OHU ObLITN YPE3BbHI-
YaitHo a(pPeKTUBHBI PN paboTe ¢ CAMBIMU PA3HBIMU
3afauamMu. Ecim cMOTpeTDb ¢ TOUKHU 3pEeHus MareMa-
TUYeCKUX Mpo6JieM, TO BOIPOC B TOM, HACKOJBKO
XOPOIIO KOMIBIOTEPHI JIEAI0T TO, YTO OHU JEJaloT,
7 KaKOBBI MEPCIEKTUBBI Ha Oy/IyIIee.
[Ipencrasisiercst TpaBMJIbHBIM BCIIOMHUTD Ha 9TOM
KOH(MEepeHINH O BeJu-
KoM Matemaruke [la-
Buge I'miabbepre. Kak
BbI, HaBEPHOE, 3HaETe,
Iums6ept B 1900 Tomy
Ha MaTeMaTU4ecKOM
KoHTpecce chopmyin-
poBan 23 mpo6JeMbl,
pellieHneM KOTOPBIX,
1o ero muenuio (n on
okasajcs 6oJiee WJIH
MeHee ITIpaB), MaTeMa-
TUKU GyayT 3aHSATHI B
HACTyTaBIleM CToJie-
tun. B 37O cBSI3W OH
TaK3Ke CJIeJ1aJT HECKOJIb-
KO 3aMe4YaHUil O poJiu

Lasug Mnbbepr (1862—1943)

3ajiau B MaTtematruke. OH ckas3as: «IIoka B HEKOTO-
pOM pazjiesie MaTeMaTUKH HaOJIofaeTcss u306uane
3aja4, 9TO KMU3HDB, KOTJa 3ajadydl KOHYAIOTCS, 3TO
Havyaso KoHmay». OH TakyKe OTMETHJ, YTO MMEHHO
HEOOXOIUMOCTD PellaTh 3a/1a4¥ BbIHYXK/AeT Jo/iei
nsobperatb HOBbIe MeTO/bl. OH TOBOPUJI, YTO «BaM
MIPUXO/IUTCS TIPOBEPSTDH 3aKAJKy CBOEH CTasm, BaM
HY>KHBI HOBbIE METO/Ibl 1 HOBbIe TI0/1X0/1bl». U ere:
«Opnna 3 mpo6JieM B TOM, KaK MOHSTH, YTO TaKoe
xXopotag 3ajiaua. 3ajada JoJsKHA ObITh I0CTATOYHO
TPY/HOM, 4TOOBI OHA TIPUBJIEKIA Ballle BHUMAHWE, HO
oHa He JIOJDKHA OBIThb IIOJHOCTHIO Oe3HaLesKHOI.
Yacto oYeHb TPyAHO CKa3aThb 3apaHee, B KaKylO
KaTeropuio Toma/laeT 3a/ja4ya, Tak 4YTO HUKTO BaM He
ckasker «/lasaiils.

Wrak, g cobupaioch JaTh MpeJicTaBIeHne O HEKO-
TOPBIX 3ajla4aX, ¢ KOTOPBIMU s JABHO WJIU OTHOCH-
TEJbHO HEJABHO CTAJKHUBAJICS, U CKa3aTb, KaK KOM-
MBIOTEPBI MOTYT TOMOYb B PENIEHWH 3TUX 3ajad.
Kaxk Bbl yBuuTE, B HEKOTOPBIX CJAyYasdX KOMIIbIOTe-
PbI OKa3aJch OY€HDb TOJIE3HBI, B HEKOTOPBIX — OHU
MOTYT TIPUHECTH TI0JIb3y, HO TOKa 4YTO 3TOTO He
MIPOM3OIILJIO, a TPUMEHUTETBHO K HEKOTOPBIM 3a/1a-
4aM s COMHEBAIOCh, YTO OT KOMITBIOTEPOB MOJKET
OBITh XOTb KaKag-HUOY/Ib TT0Jb3a — I, 3TO CUJIbHOE
yTBepxIeHue!

JlaBaliTe HauHeM C Hayaja. Y Hac ecTb IeJible



[IOJIO>KUTEIbHBIE YUCJIA, U YUCJIO p HA3bIBACTCS IIPO-
CTBbIM, €CJIM y Hero Her jesaurtesieil, kpome 1 u p.
Hanpumep, uncma 2, 3, 5, 7, 11 u tak gajee —
npoctbie, a y uncen 14, 15 n 100 ectp pesmuresn,
OTJINYHbIE OT €JUHUIBI U MX CaMUX, TaK 4TO 3TH
ymncsa coctaBubie. [IpocTbie yncaa — 3T0 «KUPIUYH-
K>, 13 KOTOPBIX COOPAHBI BCE T[eJIble YHCJIA: BCIKOe
1eJ10e TIOJIOKUTEIbHOE YHICJI0 eJMHCTBEHHbIM 00pa-
30M TIPE/ICTABJISIETCS B BU/IE TPOU3Be/IeHNS HeYObIBa-
IOIIel TT0CJIeI0BATeIbHOCTA TTPOCTBIX. A CKOJIBKO
BCero npocteix uyncen? Beckoneuno muoro. Hacro
TOBOPSIT, YTO B MI€AJTBHOM MaTeMaTHYECKOM JIOKJIa-
Jie IOJKHO CO/IepKaTbCsl POBHO OJTHO /I0KA3aTeJb-
CTBO M POBHO OjiHa IyTKa. MTak, BOT 3HaMeHUTOE
JTIOKA3aTeIbCTBO, MPUHAIEKAIIee, BO3MOKHO, EBK-
JIUJTY: €CJIU CYIIECTBYET JINITb KOHEYHOEe YHCJIO TPO-
CTBIX Py,..., Py, TO HaJ0 HOCMOTPETb Ha 4uCIO N,
paBHOE TIPOU3BEACHWIO BCEX 3TUX Py,..., P, IIIOC
equaniia. [lo ocHoBHOI Teopeme apudmetnku, N —
[IpoM3Be/leHNe TPOCTbIX yuces, HO Tak Kak N He
JleINTCA HU Ha OJJHO U3 YUCeJL Py, ..., P, , OHO JOJKHO
JIeJIUTBCS. HAa HOBOE IIPOCTOE YUCJIO0, W TOJydaeM
nporuBopeune. Hano aymarb, Bce aTo 0Ka3aTesib-
cTBO Bujiesin. Ho GOJIBIIUHCTBO cJyIiaTteseil, Bepo-
SITHO, HE 3HAKOMDI C IPYTUM Pe3yJIbTaTOM, MaJION3-
BECTHBIM, SBJISIONIMMCS IIPEAIIECTBEHHUKOM 3TOTO
pesysbrata EBKIMIA, @ UIMEHHO, C TEM, YTO KOJJe-
CTBO COCTaBHBIX 4YHcesJ ToxKe GeckonewyHo. [lokaza-
TEJBCTBO TaKoe: IIyCTb YHUCJA Cy,...,C, COCTaBHbIE,
6epeTe UX POU3BE/ICHNE, eIMHNILY He TpubaBJiseTe.
(B 3azne cmex.) Ira myTKa, KCTaTH, MPUHALIEKAT
Xenzpuky Jlencrpe.

Haun6onbiee n3 m3BeCTHBIX HA CETOMHSANTHUN I€HD
MIPOCTBIX YHCeJ PAaBHO 2 B CTENEHN 57 MUJJIUOHOB C
4eM-TO MUHYC e/iluHuIa. B ero gecsatnynoii 3anucn 17
MUJIJTHOHOB TH(P; OHO TOJYUMJIO TPEMITO KaK Tep-
BOe IPOCTOE YUCJI0, cojep:kaiiee 6osee 10 mMumim-
OHOB JICCATUYHBIX 3HAKOB. ET0 OTKPBLIN B IIPOIILIOM
rogy B pamkax mpoekta <«llomck mpocThix umcesn
Mepcennay. Y4acCTHUKN 3TOTO TIPOEKTA yCTAHABJINU-
BaJIi Ha CBOU KOMIIbIOTEPHI CIIEIUAJBHYIO IIPOrpaM-
My, 1 OHa B (POHOBOM peskMMe TTpPOBepsIa Pa3/nd-
HbIE TTOKa3aresn. Bbl 3HaeTe, 4TO 1MoKa3aTeab B 3TOM
npumepe (57885161) saBigercs MPOCTHIM YKUCIOM,
3TO OJIHO M3 MPOCTBIX unces MepceHHa, W YTO [/
TOro 4To0bI 2” —1 GBLIO MIPOCTBIM YHCJIOM, CAMO P
JIOJIZKHO OBITDH TIPOCTBIM YHCJIOM; TIPU TIPOBEPKE 3TOi
MPOCTOTHI PabOTATO OKOJIO 32 MUJIMOHOB TPOTIEC-
COB; Il TIPOBEPKM KaXK/OTO TOKasaTess HyKeH
npumepHo yac. Electronic Frontier Foundation mpe-
JOkUA0 Tipemuio B 150 Thicsy m0J171apOB 3a TTepBoe
MIPOCTOE YHCJIO, B KOTOPOM Oy/ieT GoJiee cTa MUJLIU-
OHOB JIECATUYHBIX 3HaKoB. BoT B aroil o6Jactu
KOMITBIOTEPBI TOUHO MOTYT KOE-4TO C/IeJIaTh; TaJIbIiie
MBI YBU/IUM, 3a4eM JIIO/IM UHTEPECYIOTCS MPOCTBIMU
YHCJIaMHU.

Hy xopormio, BepHeMcs K IpocTbiM yucaam. Ecan
Ha HUX BHUMATEJIbHO MOCMOTPETb, TO MOXKHO YBH-
JIeTh, 4TO, MTOXO0’Ke, BCe YeTHbIe YncJa, GobIime 2,
SIBJIIOTCST CYMMO# JIBYX TPOCTBIX, IPUYEM BU/HO,
YTO 4eM 4ucJo 60Jible, TeM 6OJIbIIe Croco60B ero B
TaKOM Bu/le TIpe/icTaBuTh. ViMeercs rumoresa, cdop-
MysaupoBaHHass B 1742 rony, corjacHO KOTOPOii
BCSIKOE YeTHOE YHCJI0, GOoJIbllee 2, SBJSETCS CyMMOM
JIBYX TIPOCTBIX. KOMITbIOTEPBI MOTYT B HEKOTOPOM
pojie 3aHATHCSA 3TOM TPOOJIEMOI; ¢ WX TTOMOIIBIO
ruroTe3a 6blyia poBepeHa /It YeTHBIX YNCe, MEHb-
mmx 10'® | — BoirysyguT Hemtoxo! OfHO GpPHTAHCKOE
usnarenbctso (Faber & Faber) mpeanoxuio mpe-
MUIO B MUJIJIMOH JIOJIJIAPOB TOMY, KTO IOKQ)KET 9Ty
runotedy losaba6axa k ompepeneHHoMy cpoky. Ho
OHO HAJIOKUJIO JIONOJHUTENbHbIE YCJIOBUS: MPETeH-
JIEHT Ha TIPEMUIO T0JUKEH ObLT ObITh I'PaKIaHUHOM
CHIA unn BesukoGputanuu B Bo3pacte He Hike 18
Jer. S Obl cKasas, 4TO €CJaW KTO-TO, KOMY €llle HeT
BOCEMHA/IIIATH, TaKOe JOKAXKET, TO OH 3aCJy’KUBAET
etre OOJIbIIEN TPEMUH, HO TaK WJIM MHAYE 9TA TTPEMUST
HUKOMY He JIOCTAJach, U JIOBOJBHO 06 3TOM.

Boasee 40 ner naszan kuraiickuit matemMatuk YsHb
[[3uHKYHb [IOKA3aJ, 4TO BCSKOE TOCTATOYHO GOJIb-
1Moe YeTHOEe YHUCJO MOKHO IIPEJICTAaBUTh B BUJIE
CYMMBI JIBYX CJIaTA€MBIX, OJTHO U3 KOTOPBIX IIPOCTOE,
a JIPyroe pasJaraercs B Ipou3Be/ieHue He GoJee IBYX
npocteix. bmmke x nHammm gaaaMm, B 2013 romy
Xesndrorr TMMOKazaJa, YTO BCSIKOE HEYETHOE YHUCJIO,
6oJibIliee 5, MOXKHO MPECTABUTD B BU/IE CYMMBbI TPEX
NpoCThIX. $1 MOMUYEepPKUBAIO: HE <«/IOCTATOYHO 0OJIb-
moe», a Job6oe! Ilpeapiaymieit rpanuiieir 6b1I0
2-10"% | tak uro on ee ocnosarenbno cuuzuil U B
€ro JI0Ka3aTeJbCTBE MCII0Jb30BATUCh HEKOTOPbIE
KOMITbIOTEPHBIE BBIYMCJIEHUS.

[TocmoTpuM Ha TIpocThie unca emie pa3. MoKHO
3aMeTHTh, YTO B Havaje WX I0CJE[0BATETHHOCTI
OYEHb YaCTO BCTPEYAIOTCS Mapbl MPOCTBIX YHCEJI,
oTamyalonrecs Ha 2. Takue pocThie YncIa Ha3bIBa-
I0TCsl OIM3HEIaMH, W CyIeCTBYeT TpolsemMa: JoKa-
3aTh, YTO YHCJO TIap TIPOCTBIX 4YHUCE-OJIM3HEI0B

YxaH UraH




4 KBAHT

6eckoneuno. HaunbGosbias naBectHas napa OJmu3He-
110B cojiepskuT rnmopsaka 200000 gecaTHUHBIX 3HAKOB
(anmenno, 510 3756801695685 - 209999 + 1), wonsars
oHa GblJTa HaliieHa ¢ TOMOIIBIO KOMITBIOTEPOB: CYTIle-
CTBYIOT KPUTEPUHU, C MOMOIIbIO KOTOPBIX IPOBEPS-
0T, sABJIIeTcst i yrco npoctbiM. B 2013 rogy Yskan
Wran, kotopbliii pabortan mnpernojasareseM B Hbio-
Xemmuupe, J/0Ka3al TeopeMy, COIJIaCHO KOTOPOM
cymiectByet Takoe uncyao N, menbiiee 70000000, uto
6eCKOHEYHO MHOTO Tap MPOCTBIX YHCEJ OTJINYAIOTCS
MeHblle yeM Ha N. DTO ObLIO CEPbE3HOE TOCTHKE-
HUe, WCroJb3yloliee HOBbie maen. Kcerarm, mocse
aTOrO pedyabTaTa UskaHa MOBBICUIN B JOJKHOCTH C
accucTenTa /10 mpodeccopa, Tak 4To JJ0Ka3aTeJTbCTBO
moTiIo eMy Ha moJsib3y. Ilocsre aToro pasBepHygach
6opb6a 3a TO, YTO6 HTO YNCJIO YMEHbINTD. Ee ycnexn
OoTMeuYaloTcs Ha creluaabHoM caiite. Hampumep,
HECKOJIbKO He/IeJTb Ha3a/[ 3TO YNCJI0 yAAT0Ch CHU3UTD
C CeMUIeCATH MUJITMOHOB /10 246. 1 He mymaio, 4To
TaK ynaactess qo0paTbesi /0 Pa3HOCTH 2, HO 110
KpaiiHeil Mepe JI0Ka3aHo, 4To CyIecTByeT GeCKoHeu-
HO MHOTO TIap TPOCTBIX YHCEJI, OTJIMYAIONINXCS He
60J1iee yeM Ha 246.

OcHoBHas TeopeMa apudMeTHKH TJTACUT, YTO BCS-
KO€ YMCJ0 MOKHO TIPE/ICTAaBUTh B BHJIE TPOU3Bejie-
HUS IIPOCTBIX, HO TOI/la BO3HUKAeT BOIIPOC, Kak
KOHKPETHO 3TO MOXHO cienarb. Hamnpumep, 11 —
npoctoe uyucJo, 111 pasnaraercs kak 3-37, a Kak
o6crosat aena ¢ yucaom 1111 — ono npocroe? Her,
ono pasuo 11-101. Hy a ecsm Mbl BbINuIieM msTb
equnuil noapsaa? /lasaiite mocmorpum. Ha tpu me
JeauTed, Ha nath Toxe. Ha cemb?.. B urtore okasbl-
BaeTcs, 4To oHo paBHO 41-271. Kak Bujure, yem
yicsio 6OJIbIlle, TeM TPYJHEE PasoXKHUTbh €ro Ha
npoctble MHOKUTe M. Hanpumep, ecsiu B34Th 111€CTh
eIMHUT] TIOAPs. IDTo mpoctoe yncao? Her, ono B
BBICITIENl CTENeHW COCTaBHOE, W Telepb pasJaraTh
yicsaa yxke tpyanee. CyliecTByeT oueHb CUMIIATHY-
HOe TIPUJIOXKeHne /i aitpoHa, KOTOPOe TOCTATOUHO
OBICTPO pasJiaraeT Ha MPOCTbIe MHOKUTEH JII060€E He
6osee yeM TpuANATUNIATH3HAUYHOE ymcyao. Ho Bor
BO3bMEM YHCJO, 3anucbiBaeMoe 71 egunuieii. OHO
mpocroe? A ecsii HeT, Kak ero pasioxuTb? OKa3bl-
BaeTCs, 3TO YKCJO SBJSETCS IIPOU3BEJACHUEM [BYX
npocteix (06bIYHO MHOKHTENEH GbiBaeT GOJIbIIE).
Ha sty Temy Oblia omy6amkoBana craTbs B «USA
today», sier Tpuanath Tomy Haszaja. Pasmnoskenue
6bL710 Halieno Ha KommbioTepe Cray B Jloc-Amamoc-
ckoit jaboparopun. Ecaim BHUMATEIbHO TTOCMOTPETH
Ha 3Ty CTaTblO, TO MOKHO 3aMETUTh, YTO IOCJIEHAS
nndpa 0THOTO N3 MHOKUTEIE paBHA 8, UTO BBI3DI-
BaeT ollpejieieHHble TMof03peHus. Tak 4To KoTraa
YyuTaeTe ra3eTbl, Oy/1bTe HAUEKY.

Ho ¢ kakoil ke 1eJsibto JIto/In MHTEPECYIOTCS pa3-
JIo’KeHueM OOJIBIINX YHCeJ Ha TPOCTble MHOMKHTE-
au? Jleso B TOM, 4TO BO3HUKJIO HOBOE HallpaBJeHUe
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Mega-number is factor in this equation

What's 241575143627 6T STEA0T 430,048 Hmes
45 504 810,347 BRE B46 310,221, T8 B0G T2 0034, 301 B39T The
pwer B 7] comsecutive 15 — (he biggest number a
compter hes ever faciored. (Factoring determines the
Wwest pumbers, greater than one, that can be multiplied by
each other to equal the base number, For example, the
base 15 & factored inbo 3 dmes 5. The T1digl number was
tnctored this month in 8.5 hours of @ Cray superoomputers
time pl Los Adamos National Laboratory in New Mexico,
besting the previous high — 68 digiis — by two. Why
bather? The feal mighl affect nationsl security. Some
compuier sysems anre guarded by cryplographic codes
once thought 1o be beyond factoring The work a1 Los
Alnmos could help intelligence expents break codes

Repored by John Hillkick and Kevin Anderson

Belpeska n3 razersi «USA today»

B Kpurrorpadun — mudpoBaHue ¢ OTKPBITBIM KJTIO-
YOM, HaJIe’KHOCTb KOTOPOTO OCHOBBIBAETCS HA TOM,
YTO, KaK CYMTAETCs, pasjaraTb GOJIbIINE YHCJIA B
npousBe/ieHne mpocThiXx TpyaHo. Ha dorto psmgom —
Pon Pusecr, ¢amuansg KoToporo BXOAUT B ab6pe-
Buarypy RSA, aBasioniyocs HazBanueM /il OHON
u3 cucteM Mu@POBaHMS C OTKPBITBIM KJII0uoM. OnH
u3 croco60B PACKPBITh TaKoil MudpP — PasIoKUTh
Ha TPOCTbIe MHOXKHTEIN OOJIbIIIOe 4Yucsao. Pusect
ory6smKkoBas 129-3Ha4HOE YNCTIO W TPEIJIOKUT BCEM
JKEJIAIONINM  Pa3JIoXUTh ero Ha MHoxkutean. OH
ObLJ YBEpPEH, UTO NP HMCIIOJIb30BAHUM U3BECTHBIX B
TO BpPEMSI METOOB [IJISI 3TOTO TOTPeGYeTcsl OKOJIO
4-10' ner. DTo umca0 6BLIO OMYGINKOBAHO B
cratbe B razere «Taiimc» okosio 20 jieT ToMy Hasa/l.
Ha camom pesie pasjoskeHue Hallau IIPUMEPHO 32
20 zer, Tak uto onenka B 10'® oxasamace, ckaxem
TaK, W3JUIIHE IIeCCUMUCTUYEeCKOoil. B Hamm gHu B
OYEHb MHOTHUX CHUTYallMsX, KoTJa Tpedyercs: co6JIio-
ctu KoHuUIeHIMaIbHOCTh (Hanpumep, pu padore
¢ GaHKOBCKMME KapTaMu), HaJAeKHOCTb mudposa-
HUSI 3aBUCUT OT TPYAHOCTH Pa3JIOKeHUs GOJBITIX
yucesn. Ecam o6napyskutcs adpdextuBHbIii criocob
HAXO[WTh TaKWe PAa3J0XKeHNs, TO OYeHb MHOTOe
N3MEHUTCS.

OxasbiBaercs, 4To 4yucJo, 3amnucbiBaemoe 1031
1IOCJIeZIOBATEIbHON €/IMHUTICH, SBJISETCS MPOCTbIM.
[Tocneanee s a0 TpocToe uncio Takoro Bua? [lou
Ipaénr ckasaa Obl, YTO BCIKHUI NIHPOKO MbICSIUI
YeJ0BEeK 3HAEeT, YTO MPOCTBIX YUCEJT TaKOTO BH/A
6eCKOHEYHO MHOTO, TOJIbKO OH HE MOXKET 3TO JI0Ka-
3arb. [loxoske, uto uncyao, 3anucantoe 270343 moc-
JIe[IOBATEIbHBIMU  €/THHUIIAMU, MOXKET ObITb IIPO-
CTBIM: 3TO ITOKA He JIOKa3aHO, HO OHO OYEHb TTOX0XKe
ce0s1 BeJIeT, OHO Y/IOBJIETBOPsiET MHOTMM HeO6X0/H-
MBIM YCJIOBUSIM TIPOCTOTHI.
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Assault on Big Number
Said to Be Near Success

Ha ¢oro — PoHasneg Pusect

Bor npumep. Kaxercs, B 9TOM rojy Mbl Ipa3iHy-
€M COPOKOBYIO TOJIOBHIMHY H300peTeHus KyOuKa
Py6uKka, B CBSI3M ¢ KOTOPBIM KOMITBIOTEPHI CIEJIaJn
KOe-4TO U3 TOTO, 4TO JojasiM HemoctynHo. Ilocra-
BHUM BOIIPOC: CKOJIbKO
XO/IOB TpeOyeTcs, 4To-
661 «cobpaTb» KyOUK,
ecJau TOJb30BaTbhCS
U/IeaJbHBIM  aJITOPUT-
MOM, WYIUM, TakK
cKasaTb, OT bora?
Oxa3sbpiBaercst, 43 Xo-
JIOB JTOCTATOYHO IO
TPUBHUATHHBIM TIPUYH-
HaM. B03MOXKHbBIX T10-
suimii 'y kybuka Py-
6uka muoro. Corpyn-
Hukn [yrsia mompo6o-
BaJIM MPOBEPUTH KAXK/AYIO M3 HUX U BBISICHUTH, KaK
6bIcTpee Bcero co6path KyOWMK W3 JTOW TTO3WITHH.
Okazajoch, 4YTO 3TO BCerjla MOJKHO C/leJlaThb He
6osee yeM 3a 20 xog0B. Panbline ObLIO M3BECTHO,
YTO BCerja JOCTaToOuyHO 26 umm 27 XO0[0B, HO Yy

Kybuk Pybuka

I'yria ectb Gosbliasi ceTb cepBEPOB MO BCEMY MUPY,
1 3TH KOMITBIOTEPbI 3aHNMAJINCh TPO6IeMOit KyOrKa
Py6uka B To BpeMs, Kor/la Harpyaka OblJa HEBBICO-
koil. Tak 4YTO BOT elle OAMH IPUMEP TOrO, UYTO
KOMIIBIOTEPBI MOTYT C/IeJIaTh B MaTeMaTHhKe.

BosmoskHO, BBI BUpemn u KyOWKHW MOGOJIBIIE:
AX4X4 mam SX3XS; y MeHS eCTb 4y/IeCHbIH
KyOuK paszmepoM 8 X 8 X 8 KHTaiicKOTO TTPOU3BOJI-
cTBa — 3TOi 3asaueil I'yry moka He 3aHUMAJICS.

A BOT ellle HEOXKUJIAHHBIA TIpUMep — ceifyac BBI
YBU/IUTE, B UM €TI0 HEOKUJAHHOCTD. ITO UemblpHAOD-
uamv uydecnvlx uacmmuvlx. BOT CHUCOK W3 4YETHIP-
HAJIIaTH HECOKPATUMBIX JIPOOEii:

17 78 19 23 29 77 95 77 1 11 13 15 15 55

91’85'51°38733729°23719°17713"11'14" 2 " 1

C atuMu 1po6sSIMU MOXKHO JlesiaTh cJejyioniee. Hau-
HeM ¢ uyncsaa 2 u Oy/ieM IOBTOPATDH CJEAYIONIYIo
orepanuio. YMHOXKaeM 4icJIo Ha IIepByIo U3 pobeii,
JLIs1 KOTOPOI TpousBe/ieHue OyAeT e/ IbIM JicaoM. B
HalleM cJyd4ae, Harnpumep, Mbl OyjaeM IIpo06OBaTh,

o 15
IIOKa He JIoii/ieM /10 1po6u Eh Ecan 2 ymMHOXUTD HA

15

— » TO moayuntes 15. Tenepb moBTOpSIEM 3TOT

nporttecc ¢ yncaom 15. Ecim ymuoxkutb 15 Ha Kakoe-
HUOY/Ib U3 ATUX Ynces, moaydnrces 1menoe? Her, Her,
HET... K CYACTBIO, TIOCJIeHEee YHNCJIO0 YIKe caMo IeJioe,
TaK 4YTO HAM TPHUJETCS JIOUTH JI0 CaMOTO KOHIIA, /10

35

T Ecmu mpomo/kaTh ATOT HpOIecc, TO OYeHb
CKOPO BBI floiijleTe 0 uncaa 68, KOTOpoe MOKHO
1

YMHOMNHTb Ha = H NOAYIHTE 4 =2%. D10 crenenb
nBoiiku. [Ipoposmkum. Bekope Mbr osryunm 8 = 23
Cremyioriieit cTernenbio ABOHKM Oy /€T 2° , 3aTeM 27,
sarem 2'!:

2—>2-§=
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91
1 15
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Ecam 3ammcarp 1mokasaresin CTeneHu, TO MOJTyYnT-
ca 2, 3, 5, 7, 11, 13... mopasutenpHo! IT10 B
TOYHOCTH TIOCJIe/IOBATEBHOCTD TTPOCTHIX unces. Bor
3TOT HabOp U3 ueTbIpHAJANATH ApoOeil JaeT Ham
AJTOPUTM, C TIOMOIIBIO KOTOPOTO MOXKHO IOPOUTH
BCe TIPOCThIE YMCJA U TOJbKO uX. Korga s roBopio
006 atoM (pakre... 3HaeTe, KCTaTH, KTO €r0 OTKPbLI?
[lxxon Xoprou Kouseii, y Hero ectb 06 aToM cTa-
Thsl, KOTOpas HasbiBaeTcsad «DpakTpaHy, MO aHAJO-
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TUU C Ha3BaHUEM
A3bIKa IIPOrPpaMMU-
poBanusa <«®opr-
paH». IJTO HOTOMY,
YTO B CTaTbe IIOKa-
3aHO: BCAKAs PEKyp-
cuBHasg (QYHKIHSA,
J060€e MHOXECTBO,
JoIlycKalolee pe-
KypCHUBHOE OIIpe/ie-
JeHue, MOXKHO 3a-
JaTh C TIOMONIBIO
AHAJIOTMYHOTO HAG0-
pa mapobeii. Takoit
HabOp BMyJupyer
mamuny Tblopunra,
a B KayecTBe peruc-
TPOB HCIIOJIb3YIOTCS TIOKA3aTeIH MPOCTBIX YUCEs B
pasjoxkennsx. Ha camoM pese TyT TPOMCXOIUT
IIpollecc, aHAJOTUYHbBIN IPOBEPKe YhcJa Ha IIPO-
CTOTY C TOMOIbI0 permeta Jpatocdena. B oxnoit
u3 myOauKaImii AMEeprKaHCKOl MaTeMaTU4ecKoil ac-
colpanuu ecTb MHTepecHast crarbsi (ee nmucan Pu-
yapa laii, no Konseil Tam gBIS€TCS COABTOPOM)
mo/i HasBaHueM <«YeTbIpHAIIATh YYJECHBIX YacT-
HbIX». Tak 4TO moJsy4yusaach Takasi CBs3b ¢ Teopuei
aBromMatoB. IlpaBma, aTOT aATOPUTM TOPOKAEHUS
MIPOCTBIX YHCEJ SABJSETCS OYeHb Me/IJIEHHBIM.
Tenepb, ¢ Ballero Mo3BOJIEHHUS], HEMHOTO I'eOMeT-
pun. BOT 3HAMEHUTBIN <«ETUMETCKUI» MPSIMOYTOJIb-
HBII TPEYTOJIbHUK:! 3% + 4% = 5* — nomuute TeOpeMy
[Tucparopa? Ectb u MHOKECTBO PYTUX HPUMEPOB,
KOI'/la KaTeThl Iiesible, HO M TUIOTeHy3a ToxXe IieJas,
nampnvep, 5° +122 =13? u rtak gance. Besmkas
teopema DepMa yTBEp:K/JaeT, YTO CO CTENEHSMH,
Go/bIIUME  JIBOWKU, Tak He ObiBaer: x" + y" He
MOJKET PaBHATBCS z", ecyiu 1eoe 7 = 3 U HU OJTHO
U3 IeJbIX YKCeJa X, ¥ U z He paBHO HyJ10. Depma
Jl0Ka3al, 9TO
2+ yt 22 wma-
HUCcaJa, 4YTO I10J4
kuurn [unodanta
CJUIIKOM MaJbl M
JIOKA3aTeJIbCTBO /11
o0riero ciay4as He
oMertaercs. Jiaep
BbICKA3aJl THIIOTE3Y,
4TO U CyMMa mpex
YeTBEPTHIX CTele-
Hell He MOJKeT sB-
JISITbCST 4eTBEPTOi
CTeTleHblo; MaTeMa-
TUKHM HaJ| 3TOI Tu-
TOTE301 HATPSKeH-
HO Pa3MbIILISAIN 1
IBITATUCh ee JIOKa-

/xoH XoproH KoHsevi

Hoam 3rkuc
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3aTb, HO Yy HUX HUYETO HE BbIILJIO, IPUYEM IIPpUINHA
Hey/jaun OblTa B BBICIIEH CTeTIeHN eCTeCTBEHHOII: aTa
TUIIOTe3a HeBEePHA, a KOT/Ia ThI IIbITACIIbCS [J0Ka3aTh
YTO-TO HEBEPHOE, TO PAGOTA YACTEHBKO 3aMe/IJISIETC.
Bot MuHUMAaIBbHBII KOHTPIIPUMEDP; OH ObLIT IPUBE/IeH
rapBapackuM mpodeccopom Hoamom Iikucom:

95800 +217519% + 414560* = 422481".

CyiectByeT 3amevaresibHast UCTOPUS, TJacsIas,
YTO OH U ellle 0/InH MaTeMaTuK, /lon 3arbe, paboraan
HaJl 3TOH 3a/1ayueil, MbITadCh J0KAa3aTh, YTO PEIICHUN
JIeiCTBUTEIBHO HET, WM, HAa00ODPOT, HAWTH pelile-
nue. B rteopermueckoil yactu oHu o6a JIONLIH IO
O/IHOIO U TOTO K€ MeCTa, HO JJIKUC elle U OYEHb
XOPOIINIA XaKep; OH CTaJ IPOBOAUTH KOMITbIOTEPHBIE
BBIYHICJIEHUS C TEJTbI0 TOJYUYUTh 9KCIEPUMEHTAb-
HBIIl MaTtepuaJs, U B KOHIIE KOHIIOB 3TO IIPUBEJIO €r0
K TIPOPBIBY B 3ajlaue: OH HaiieJ 6ECKOHEYHO MHOTO
pellieHnii, Tak 4To 3arbe TOBOPHUT, YTO Telepb OH
Bcerjia 6epeT B TOE3KU CBOH KOMIIbIOTED, UYTOO
60JIbIIIe HUYETO He YIYCTUTh. B 3TOI MCTOpUM KOM-
IIbIOTEP MaTeMATUKaM CePbe3HO IOMOT.

Kax BbI 3Haete, Bestnkyio reopemy Mepma gokaza-
JIA, 3TO clleJan JH/pIo Yaic: BunTe, KaKol OH
cYacT/mBbIN Ha aToi pororpacdum 1994 rona.

SHapro Yavic

B nokasarenbcTBe Yaiinaca ObL1 HeOOJBINION TIPO-
6es1. 3HaeTe, KCTATH, Kak MUIIYT B pepepaTax? «IJta
CTaTbhs 3aTOJHSAET OYeHb HY)KHbBIN 1po6est B JTUTepa-
type». B 1995 rony aToT mpo6est 6b11 3aII0JTHEH; YTO
JKe Jlajiblie?

Yrobbl pemmth 3Ty 3ajady, YalJcy NpHUIILIOCH
paspaboTaTb HOBBIE TEXHWUYECKHWE CPEICTBA, U Te-
mepb Mbl MOXXEM TOPJAMTbCS TeM, UYTO JIOKa3aHa
runiore3a Tanugmbi-1Iumypoi-Beitng. Koreuno, atu
HOBbBIE TEXHUYECKHE CPE/ICTBA [Iaii BO3MOKHOCTH
MaremMaTukaMm, TakuM, Kak Puwuapa Teitnop, mpo-
JIBUTATb MCCJIEOBAaHUS JlaJbliie, HO 1 Ha 3Ty TeMy
PacCIpOCTPAHATLCS He OYIY.

Temepb 3ameTHM, YTO €CTb ellle OJHA TUIIOTE3a,
BoigBuHYyTasg D bunom (A. Beal), koropas Bbir-
JAAAT Kak o6061eHne tTeopeMbl Mepma. VMeHHO,
ecom  x° +yb = 2%, rae uenble a,b,c>3 (HO oHU



MOTyT ObITb Pa3HBIMU YUCJIAMK), TO X, Y U Z UMe-
10T OOIUIl JleTnTesb, OTJAMYHBINA OT eaumHuIbl. Ha-
npumep, 3% +6% =3, wwm sor npuMep ¢ 6OJbIIN-
M umcaamn:  85683° +21977 = 1485172" . Duan
bun o6bsaBun vyepes AMepuKaHCKOe MaTeMaTHyec-
Koe OOIIeCTBO IMPEMHUI0 B MUJIIMOH JOJIJIAapOB 32
JIOKA3aTeJbCTBO WM OMPOBEPKeHNEe 3TOW THIOTe-
3bl. KT0 ke Takoit Duaum bun? IJro Gorarbiii Texac-
CKuil GAHKWP, MUJJINApP/AEP, OH BJAJEET OJHUM W3
KpymHeimux yacTubix 6ankoB B [lammace. Kpome
TOTO, OH OY€Hb XOPOIIO WTPaeT B TEXACCKUH TIO-
kep!. ¥V Hero BO3HHMKJIa MbIC/Ab, 4YTO OBLIO Obl
uHTepecHo noexartb B Jlac-Berac u cpazurbest tTam ¢
JIYUIIUMU MacTepaMH TeXaccKoro mokepa. /[leno B
TOM, 4TO y 3THX Tpodeccnonaso u3 Jlac-Beraca
eCcThb CJIE/IyIOllee MPEeNMYIIECTBO Mepe; OObIYHBIM
UTPOKOM, JIa’kKe €eCJIM OH MIPAET XOPOIIO: CTaBKH
MOTyT ObITb OYEeHb BBICOKMMM — CKa’KeM, JBA/IaTh
WJIN TSATBECAT THICSY JTOJIJIAPOB, — W ecan y Tebs
HET TaKuX CBOOOHBIX JIEHET, TO MPH TAaKOil CTaBKe
ThI He CMOKelrb y6eaureabno 6iedosarb. Ho Bun
6bL1 TOpasfno Oorade, 4eM OHHM: OH MOT JIeJIaTh
CTOJIb BBICOKHE CTaBKH, YTO YK€ €ro IPOTUBHUKHI
okazasuch 6bl B xy/mieM nojoxennu! M po kako-
ro-To MOMeHTa TakKas TakTtuka pabGorana. Korpa
oo 1o 30 MUIIMOHOB JIOJIAPOB, UTPa MpeKpa-
THJIAach, HO, MO cJoBaM JHAM buma, «oHO TOTO
cronsio». Maiika Kpelir pacckasbiBaer 3Ty HCTO-
puio B cBoeil kuure <«IIpodeccop, Gankup u Ko-
pOJIb uepBeil».

Ouaun bun gBisgercs MaTreMaTHKOM-JIOOGUTENEM.
OH NpeaoKuI 3JeMeHTapHoe [I0KAa3aTeabCTBO Te-
opembl DepMa, HO OHO, KaK M BCe IPOYME TaKHe
JIOKA3aTeqbCTBA, OKA3aJ0Ch HEBEPHBIM.

B maremaruke, u 0cO6EHHO B TEOPUU YKCEJI, OJTHA
u3, BEPOSTHO, CAaMbIX OCHOBHBIX CTPYKTYp — 3TO
apudmeTmieckass mporpeccus. Apudmernyeckas
mporpeccusi — 3TO 4YHCJIA, PACIOJIOKEHHbIE Yepe3
paBHbBIE TIPOMEKYTKHU, HAIIPUMep, Tak: 53, 72, 91...
mwim 199, 409, 619, 829, 1039, 1249, 1459, 1669,
1879, 2089. 3amerum, 4TO BO BTOPOM IIPUMeEPE BCE
YHCJa OKA3aJiCh ITPOCTBIMU: 3TO TPUMEp [JeCSITH
MPOCTBIX UMceN, 06pa3yolux apu@MeTniIecKyio
nporpeccuto. BosHukaer caenyonuii BOIpoc, o Ko-
TopoM Jo6ua HatomuHath [Tonr Dpaénr: MokHO 1
HallTH apudMeTHIecKyi0 MPOTPECCUIO MPON3BOJIb-
HOI JIINHBI, COCTOSILYIO U3 HPOCTBIX 4YUcesa? ITOT
BOIIPOC OCTAaBAJICSI OTKPBITBIM B TeUeHWe HECKOJIb-
KUX COTEH JIET, W JIUIIb COBCEM HelaBHO, He (oJiee
necatu et tomy Haszal, ben I'pun u Teppu Tao
MOKAa3aJ/y, 4TO JEHCTBUTEIBHO CYIIECTBYIOT apud-
MeTH4YecKre MPOTPECCH KaKOW YTOIHO [IJINHBI, B
KOTOPBIX BCE 3JIEMEHTbI — MPOCTbie uncaa. B 60Jb-

! 910 Kaproumas urpa, pasnoBuaHOCTH TOKepa. Ilo-anTmmii-
cku ona HasbiBaercst Texas hold’em. — IIpum. ped.

ber [puH n Teppu Tao

moil crermeHn uxX pa6oTa OCHOBBIBAJAch Ha OoJiee
panneit pabore Cemepenun. OHM TIOKa3aJau, 4TO Cy-
IecTByeT apudMeTndeckass MpoOrpeccus JIMHBI R,

COCTOAIIad N3 IIPOCTbIX YUCEJI, HE IMPEBOCXOLANINX
5100k

22
22 ITO, KOHEUHO, OYeHb OOJIBIIOE YNCJIO,

ceifyac 13BECTHDI ropas/lo Jyulie OlleHKU. A BOT U
60Jiee Tpy/[HAs 3ajJa4a: MOKA3aTb, YTO CYIIECTBYIOT
JUIMHHDIE TTPOTPECCUM U3 TMOCJe0BATEbHBIX IIPO-
cTbix yuces. Ha ceroguamauii eHb pekop — 1po-
rpeccusg juuHbl 10 ¢ marom 210 u 93-3HauHbBIM
MIEPBBLIM YJIEHOM, 3aIMCh KOTOPOTO HE TIOMENAeTCs B
CTpOKe:

100 99697 24697 14247 63778 66555 87969 84032
95093 24689 19004 18036 03417 75890 43417 03348
88215 90672 29719.

Jror mpumep Obla HalijieH € TOMOIIbIO OYeHb
JUINHHOTO KOMIIbIOTEPHOTO BbIYMCJICHUS; OTKPbIBA-
TEJIW 3TOTO TIPUMEpPa CYUTAIOT, YTO TPOTPECCUIO
quinibl 11 TakuM crioco6oM He HaiTu. $1 criparmBast
Tao n I'puna, 4yro oHM 06 3TOM [AyMalT, W OHH
OTBETUJIM, UTO Y HHUX HET CPEACTB /s peNieHus
Taxkoll 3ajauu.

Terepp Ha COBEpIIEHHO JPYTYIO TeMy — O KOMOU-
Hatopuke. Hazmo momarate, Bce 3HAIOT, 4TO Tpad —
3TO MHOXECTBO V' BepIIMH ILJIIOC MHOXeCTBO E
pe6ep. Ecsin BepHIMHbI X 1 y coeinHeHbl peOPOM, MbI
O6yleM TmHcath 3TO Tak: X ~ Y. Bor Hekoropbie
npumepnol rpadoB. Ha pucynke 1 BbI BUuTe S-1HK.JI,
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Puc. 1

a TakyKe TOJTHBIN Tpad HA MATH BEpIIMHAX: BCEBO3-
MOJKHBIE Mapbl TOYEK COEAMHEHBI peGpOM, Yy 3TOTO
rpacda 10 pebep.

Ha pucynke 2 — rpad Mosepa u rpad Iletepcena.
It Tpadbl YaCTO BCTPEYAIOTCS B KOMOMHATOPUKE.
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Ha pucynxe 3 — pu rpada, KoTopble BBITJIS/IAT T0-
pa3HoMYy, HO Ha CAMOM JieJie BCe OHU OJIMHAKOBBI: 3TO
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Puc. 3

TpH pasHbix cnocoba n3o6pasuth rpad Ilerepcena.

B Teopun rpadoB HeBaxKHO, Kak Bbl M306paxkaeTe
rpad, BaXKHO TOJIBKO, KTO € KeM coefmHeH. Ecim
MOJKHO TIOMETUTH BEPIINHBI HA JABYX M300Pa’KeHUIX
rpadoB Tak, YTOGBI O/IHU U T€ K€ Mapbl BEPITMH ObLIN
COeIMHEHBI, TO Tpadbl HA3BIBAIOTCS N30MOPMOHBIMA.
Nmeercs BbrumcanTebHAS 33/1a4a, PelIeHne KOTO-
poii HEM3BECTHO: JIaHbl /1Ba n3o6paskeHust rpados,
TpebyeTcs BbIICHUTD, n30MopdHbI s onn. Heusse-
CTHO, sIBJIIeTCS J1 9Ta 33/jaua NP-niosnoil, u adpdek-
TUBHDBIN aJITOPUTM JIJIsI €€ PelleHUsl TOXKe Hen3Bec-
TEH.

Bynem roBoputb, uTO OTOGpaKEHNE MHOXKECTBA
BEPIINH B MHOXKECTBO U3 7 IIBETOB SIBJISETCS 7-
packpackoil, eciay coceHIe BEPITNHBI BCET/Ia OKpa-
IIEHbI B pPa3Hble I[BeTa. JTa MpobJieMa BO3HUKIIA TTPH
M3TOTOBJIEHUN TeorpaduyecKuX KapT: eCJIu /IBe CTpa-
HbI I'DAHUYAT, OHU JIOJDKHBI ObITh PacKpaIleHbl B
pasHble 1[BeTa, YTOObI UX MOKHO OBLIO PA3JUYUTD.
Yucsio x(G) , Ha3bIBAEMOE XPOMAMUUCCKUM UUCIOM
rpada G — 3TO HaMMeHbIIee 7, JisT KOTOPOTO CYyIIe-
CTBYET 7-pacKkpacka rpada. MoKHO KaX/yio BepIIu-
HY TIOKPACUTb B CBOIl I[BET, HO, BO3MOXHO, 3TO
CJTMIIKOM PACTOYHUTENBHO: MOXKET ObITh, MOKHO 0001i-
TUCh MEHBIIUM KOJUYECTBOM I[BETOB?

Hamnpumep, xpomarnueckoe uncio rpada Ilerep-
CeHa PaBHO TPEM: MOXKHO PACKPACHTD €0 B TPH IIBETA
(puc.4), vo ne B nBa. [l1g rpadpa Mosepa xpomaTu-

2016/Ne3

YeCKOe YMCJI0 PaBHO YeThipeM (puc.5): Tpex Kpacok
HEJ0CTaTOuHO. A Kak o6cToaT jgena ¢ rpadoM Ha
pucyHke 6?
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Puc 6

41 He 3HAI0, ATO CJIOXKHBIN BOIIPOC. XPOMaTHUECKOE
YHUCJIO He MPEBOCXOIUT JBYX, ecau B rpade HeT
IUKJIa HEYETHOMH JUIMHBI. A KOT/Jla OHO PABHO TPEM?
HukTo He 3Haer aaropurMma, paboTaloOINIero 3a TOJIH-
HOMUAJbHOE BPEMS U [IAIOIIETO OTBET HA ATOT BOI-
poc. Kaxercs, Ha JaHHBIII MOMEHT HEMOHSITHO, KaK
3a Takylo 3ajiauy B3ATbCsA. VITak, Mbl mepexonnM K
computer science, wia uHPOPMATHKE.

I'pad HaspiBaercss niaamaphvim, €Cau ero MOXKHO
n306pa3uTh Ha TJIOCKOCTH Tak, 4yToObI pebpa He
nepecekasuch. Hampumep, rpad Mosepa mranapes:
ecJii PacTIHyTb HIKHee pe6po, TO IepecevyeHust
ocTaabHbIX pebep npomnaayr (puc.7).
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Puc. 7

A Bot rpad Ilerepcena He MTaHapeH: Kak ero HU
pucyit, kakue-tTo pe6pa mnepecekyTcs. [mmnoresa o
4yeTbIpex Kpackax, BbiiBUHYyTas B 1852 rofy, riacur,
YTO [IJIS PacKpacKyW BEPIINH TJIaHapHOTO Trpada
BCer/la I0CTaTOYHO YeThbIpeX Kpacok. Ee nokasann B
konIe XIX Beka, HO uepe3 12 Jer B ee jloKa3aTesb-
CTBe HaAILIM OMMOKY, 3TO JOKA3aTeJbCTBO ObBLIO
orpoBepruyTo. M TobKo B GoJiee HeaBHee BpeMs,
B 1976 rony, Anmesb n XaKkeH I0Ka3aJu TUTIOTE3Y O
YeThIPeX KPacKaxX, OHA CTAJIA MeopeMoll 0 uemvipex
Kkpackax. He Bce 3HAIOT, Kak 3TO /I0KA3aTe/bCTBO
yctpoeno. Ha camom fiesie aTo He o/iHa cTathb, a /iBe.
C momomIbio KpacuBON H/IeN JJOKA3aTeTbCTBO OBLIO
CBE/IEHO K KOHEYHOMY mepe6opy, MoTpe6GoBaBIIEMY
15 ThICSY YAcOB MAIIMHHOTO BPEMEHU Ha CaMbIX
MOIIHBIX M3 TOTJANIHUX OOJIBIIUX KOMIIBIOTEPOB.
Bes Hux 6bl B 9TOM J/I0Ka3aTebCTBE HHUYETO HE



MOJTY4YUJI0Ch. Tenepb BO3HUKAET BOMPOC: MOXKHO JIN
HaliT OoJiee anre6pamveckoe J/I0KAa3aTeJIbCTBO, B
KOTOPOM BC€ 3TH BBIYNCJEHUs He HYXHbI? Pobeprt-
con, Cannepc, Cumyp u Tomac Havam B cBoe BpeMst
MIPOEKT, 11eJbI0 KOTOPOTO OBLIO TTepeioKkasaThb Teope-
MY O 4eTbIpeX KpacKax, He NCIMOTb3ys KOMIBIOTEPOB,
HO BOCIIOJIb30BATHCS KOMIbIOTEPAMU UM BCE PAaBHO
npuiiock. VIM 1oHago6uioch TpU € TIOJOBHHOM
yaca Ha KomImbioTepe Sparc-20, 3TO MWUJTHAP/BI
BBIUMCJIUTEJbHBIX onepanuii. Tak uyto Teopema o
YyeTbIpeX KpacKax IO-TpeKHEMY BepHa, HO, MOXKET
ObITh, y Hee MOKHO HAUTH JJOKA3aTEJbCTBO, KOTOPOE
4yesJoBeK cMoskeT mpouecTb? Bor Xaken B Takoe He
Beput. OH BEpUT B TO, YTO TeOPeMa BepHa, IIOCKOJIb-
Ky OHa TIpOBepeHa /i CTa MWIJINAPIOB YACTHBIX
CJIy4aes.

Y mpo6JieMbl yeTbIpeX KPacoK eCTb YaCTHBIH CJry-
yail — runoresa XajBurepa. JTa runoresa yrBepK-
naet cJaexayiomniee. byaem rosoputb, uto rpad H
munop rpada G (o6osnauenue: G > H), ecau H
MOJKHO TIOJIyunTh 13 G ¢ TOMOTIBIO TIOCJIeI0BATEb-
HOCTU yOd/lenuti BepIiuH Uian pebep u cmszueanull
pe6ep. Ha pucynke 8 Buano, kax u3 rpada M
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[0JIy4aeTcs ero MuHop K, : cHavajia Mbl CTATHBAEM
pe6po, 3areM coelnHSeM B OJHO BO3HUKAIOIIHNE
JIBOiiHbIEe pebpa, 3aTeM youpaeM BOZHUKAIOTILYTO JIUIII-
HIOIO BEPIIUHY.

Tak Bot, rumoresa XajBurepa yTBEp>K/IaeT, UTO
ecqu XpoMmMaTWdyeckoe 4Ymcao Tpada paBHO R, TO
aTOT Tpad 006s13aH co/EepKaThb B KavyecTBe MUHOPA
nosHbiil rpad ¢ k BepmmHamu (ecsau TakoH MHUHOP
€cTh, TO XPOMATUYECKOE YUCJIO He MOXKeT ObITh
MeHbIlle 4YeM R — 3TO CBUJIETETHCTBO B TIOJb3Y
runoresbl). Takyio TUIIOTE3y KOHKPETHO ISl XPO-
MaTHYeCcKOTO 4Hcaa k o6osHavaior H (k). ITa TH-
1oTe3a OCTaBAJIACh OTKPBITBIM BOIIPOCOM B TE€YEHUE
JUINTEJIbHOTO BpeMeHn — MosKeT ObIThb, 70 jser. Uto
’Ke n3BecTHO? I'mmoresa H (5) paBHOCHJIbHA Teope-
Me 0 YerbIpex Kpackax. Cumyp, Po6eprcon un To-
Mac JioKaszaau runoresy H(6), HO Jajblie y HUX
Jeno He momuio. S xoresm OBl TOXHUTH [0 JOKa3a-
TeJIbCTBA THUNOTe3bl H (k) /8 IPOU3BOJBHOTO R,
HO BBl BCE-TAKM MOTOPOIUTECH, KJATh J[Ba/IaTb-
TPU/IATH JieT MHe Heoxora!

B npumenenun KOMIIBIOTEPOB K MaTeMaTUKE €CThb
o[lHa Tyramomias TeHjeHIMs. VIMeHHO, B CBS3HOM
rpade (910 rpad, B KOTOPOM JOOBIE [IBE BEPIIMHBI
MOKHO COEJIMHUTD MyTeM) MOKHO OIPEIENTh Pac-
CTOSIHUE MEXK/y BEPIIMHAMU — 3TO IIPOCTO KOJIMYe-

CTBO pebep B COeUHSIONIEM X KpPATYaNIIeM TTyTH.
Hamnpumep, B rpade I[letepcena paccrosinne Mesxy

BepumHamMu % 1 o pasHo d(u,v) =2, HOTOMY 4TO
eCTb COeAMHAIONMIA WX MyTh AJUHBI 2, a GoJee
KOPOTKOTO HeTy. MO’KHO TakKyKe ONpeAe/uTh cped-
nee paccmosinue Meﬁcay BepH_[I/IHaMI/I B rpade G,

2 sz X, y
JIbIBAeM Bce TOTIapHbIe paCCTOFIHI/IH MEKIY BEPIIIH-
HaM¥M W JIeJTUM Ha KBajJpar uucjia BepimuH. [lis
rpada Ilerepcena sto wmcsao pasuo 1,5. [Ipyras
YHCJIEHHAS XapaKTepUCTHKa rpada — aTo ero uuc/io
Hesasucumocmu, Kotopoe o6o3Hauaercs ind(G).
Ito HauboJIblllee KOJUYECTBO BEPIINH, KOTOPOE
MOKHO BBIOpaTh TakK, 4yToO HUKaKWe /iBe He ObLIN
coequHenbl pebpom. Hanpumep, nms rpada Ilerep-
ceHa 3TO YMCJO paBHO yeTbipeM. CylecTByeT Kpa-
cuBas runotesa, npuHaanexamas Graffiti, cormac-
HO KOTOPOH JJIST BCSKOTO CBS3HOTO Tpada ero umc-
JIO HE3aBUCUMOCTH He MeHbIIle CPEeHETO PaCCTOs-
HUSI: €CJIU Ccpe/iHee paccTosHue 6OJIbIIoe, TO JTOJIXK-
HO HAWTUCh MHOTO HE3aBUCHMBIX TOUYEK. JTa THUIO-
Te3a JIoKazaHa MOWM JIOOMMbIM coaBTopoM @DaHb
Uyn. Tak BOT, 3TO /I0OKa3aTeJbCTBO HENPOCTOE, HO
uHTepecHo TyT TO, 4to Graffiti — ato ne uvesoBex,
a KOMIIbIOTepHasd TporpaMma, cosjannas Cumeo-
nom @afitoBuueM u3 XbIOCTOHCKOTO yHUBEPCHUTE-
ta. Jta mporpamma chopmyarpoBaia okoso 6000
rumnote3 B Teopun rpacdos n reomerpun. Cosaatesb
ATOI TIPOTPAMMbl — CHEIUAJNCT B 06JACTH HCKYC-
CTBeHHOTO MHTeJIeKTa. [lo ero cioBam, camoe CJI0XK-
HOe B 9THX THUIIOTE3aX, CTeHePUPOBAHHBIX KOMITHIO-
TEPOM, — IMOHATh, MHTEPECHA JIW Ta WJIM WHas TUTIO-
te3a. O B3gyg 50—60 pa3aUYHBIX HMHBAPHAHTOB
rpada (my, nanpumep: cOOCTBEHHbIE YMCJIA MATPH-
bl MHIMJIEHTHOCTH), ¥ Jajblleé OH € IOMOMIbIO
KOMITBIOTEDHON TIPOTPAMMbBI HUIIET COOTHOIIEHUS
MeXAay aTuMu nHBapuantamMu. OH UX MpoBepseT Ha
pazmmuubix Tpadax, Ha rpadax, KOTopble CYMTa-
I0TCST 0COGEHHO TPY/IHBIMHU, W €CJIU TPU ITUX TIPO-
BepKax He HaXO/UTCS KOHTpPIpUMepa, oH (opMmy-
JUPYeT TUnoTesy. MHOTHE M3 ATHX THIIOTe3 ObLIH
n3yueHbl. HekoTopble oKa3aauch JIOKHBIMA — ObLI
HalifieH «OOJIbIION» KOHTPIIPUMED, HEKOTOPbIE ObLIN
JIOKa3aHbl WJU OKa3aJMCh TPUBUAJBHBIMHU, HO TIPO
MHOTHE Mbl He 3HaeM, BEPHbI OHUM WJU HeT. Tak
YTO, XOTSI KOMITBIOTEPHI TIIOXO yMeEIOT JOKa3bIBaTh
TEOpPEeMbI, OHU XOPOIIO yMelT (PopMyIupoBaTh THU-
MOTe3bl. ¥ TOHUMCS JIM Mbl KOT/1a-HUOY/Ib 32 HUMM ?

0HO 00603HaYAETCS d MbI CRJIa-

(Okor4arme creqyer)
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AJIYTA — 3TO TUTAHTCKU OIITUYECKHN I DKC-

[EPUMEHT, KOTOPBIH NMPUPOJA IEMOHCTPUPYET

HaM BCSKHIl pa3, KaK TOJIBKO CKJIQ/IbIBAIOTCS
MTOIXO/IATIIE YCJIOBUS: YXO/SAMIast CTeHa JTOKIS OC-
BeIlaeTcs HU3KO CTOSIINM COJIHIIEM, U B HeOe BCIIbI-
XUBAIOT OTHeHHbIe Ayru. B bubmuu pagyra ssuiach
Holo B MOMEHT OKOHYAaHUS BCEMUPHOTO MOTOMA Kak
3HameHue 3aBera Mexay borom u moabmu. Ho Hac
Bce-Taky GoJbllle MHTepecyeT (hu3nveckasi CTOPOHA
ATOTO SIBJIEHUSI, U 3/IeCh CaMblil BayKHBIN Pe3yJbTaT
npunaznexut [lekapry.

JekapToBa paayra

B 1637 rony nosasuscs snameHuTblii TpakTtar [le-
kapra <«Paccyknenne o Metoze, uYTOOBI XOPOIIO
HAINpaBJATb CBOW Pa3yM M OTBICKMBATh WCTUHY B
HayKax». B MHOTOUNCJ/IEHHBIX TTPUJIOKEHUSX K TPaK-
taty /lekapT mposeMOHCTPUPOBAJ MOIIb CBOETO Me-
TOJIa, ¥ OJIHA U3 ATUX JIEMOHCTPAIINI — TO ONUCAHUE
MexXaHu3Ma 00pa30BaHMS PATyTH.

Ixcnepument. C momorpbio cBoero Metona /[le-
KapT OBICTPO YCTAHABJIUBAET, UTO [IJISI TIOHMMAHUS
paayTu cHavaja HYKHO M3YYUTh B3anMOJIENCTBUE
IIy4Ka COJIHEYHBIX JIydeil ¢ OT[e/bHOil Karieil. B
KayecTBe TaKO#l TUTAaHTCKON Karau oH GepeT KpyT-
JIBIA CTEKJITHHBIN COCY/l, HAIOJHEHHbI BOJOU, W
HaOJI0/IaeT 32 COCYZIOM, OCBEIEeHHBIM coJiHIleM. OH
00XOIUT BOKPYT €OCY/1a, OOHOCUT ero BOKPYT CBOE
TOJIOBBI U BBISICHSIET, YTO
B HaIIpaBJeHUN K COJH-
I[y 9Ta OCBENIEeHHAs T'H-
TaHTCKas «Karljis» U3JIy-
YaeT IeJiblii KOHYC CBe-
TOBBIX JIy4ell € yTJIOM

nosnypactBopa 42° (puc.
Puc. 1 Ot ConHUa Ha Kario 1). Ve 9TOro OJHOTO
TIPAXOANT 11y HOK [18PAIIIEN b HbIX aKTa AOCTATOUHO, HTO-
JIy<edi, 6 OTBET Kanng nasy4aer o ’ 6
Henbivi KoHyc nyseri ¢ nonypac- OPITTOHATD MEXaHI3M 00-
Pa30BaHUs PaJyTH.

7BOpPOM 42°
Mexanu3m o6pa3oBa-
HUs paayru. Vtak, yxo/dinas cTeHa oK/ OCBela-
eTcs TIOSBUBIIMMCS COJHIIEM. JlaBaliTe HayHeM C
caMoii TPOCTOI KapTUHKU U TOCMOTPHUM, YTO TTPOUC-
XOJIUT B BEPTUKAJIBHON TIJIOCKOCTH, ITPOXOJSIIEN
yepe3 cosHIe n rias3 mabmogarens (puc. 2).
CorsacHo /[lekapry, Kaxjas Kaljsl U3JIy4aeT B
HaIrpaBJeHUH COJIHIIA TIeJIbIi KOHYC CBETOBBIX JIy-
yeit. /i karesb, Jexkamux B IJIOCKOCTH PUCYHKA,

3TOT KOHYC I1Pe/ICTaB-
JIeH BYMS JIy4aMHu:
O/IUH UJIeT BBEPX OT
Kamnjau, JApyroum —
BHI3, 06a O] YTJIOM
42°. U3 Bcex aTux
Jrydeii B ria3 HabJIio-
jJartesis MOIajgaioT
JIYU’ TOJIBKO OT JIBYX
KalleJib.

Ecau sxe roBoputb
000 BCeM TIPOCTpaH-
CTBE B I1€JIOM, TO B
rra3 HabIIOAaTeNsd
[oTa/laloT JIyun OT TeX Kalesb, KOTOPble OH caM
BU/IUT TI0/T YTJIOM 42° OTHOCUTEJIbHO OCU COJIHIIe—
ry1a3. ITH JIyun JexkaT Ha KOHyce ¢ YIJIOM IOJypa-
ctBOopa 42°. Habmonaresb BOCHPUHUMAET UX KakK
SIPKYIO OKPY’KHOCTb C YIJIOBBIM pajumycoMm 42°,
yAQJEeHHYIO0 OT HETO Ha HEKOTOPOEe PACCTOsSTHHE. ITO
U ecTb pajiyra, 1OKa ellle He I[BeTHas U He 06J1a/1ai0-
1mag NIMPUHOM, HO TeM He MeHee pajayra. PucyHok 2
— CaMblil BaXKHBII B TCOPUM PAAYTH, U C HUM HYXKHO
XOPOIIEHbKO pa3obparhes.
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Puc. 2. CTeHa [oXas, /1exallas B
1/10CKOCTH,  MEPNEHANKYIAPHOM
M/I0CKOCTU  PUCYHKE, OCBELAETCH
1Y4KOM 13PAIIIENb HBIX J1yHeV], TPu-
XOAALMM OT COJIHLIG

Yupaxuenue 1

1) Y6ennrecn, uto Bua pagyru (ee yraosoii pasmep) He
3aBUCUT OT PACCTOSIHUSI MEXKIy HaGJI0faTesleM U CTEHON
JTOK]ISL.

2) YV6eanTech, 4TO KallJiu, HE JeKalie B OJHOH IJI0C-
KOCTH, a 3aIOJHSIONINE HEKOTOPYIO 06J1aCTh B IIPOCTPAH-
CTBe, BCe PaBHO OY/IYT CO3/1aBaTh BUIUMYIO HAGJIIO[ATEIIIO
Paiyry TeX Ke pa3MepoB.

Ha pucynke 2 He XBaTaer ele o/{HOI CyIIeCTBeH-
HOW JieTaJim — TIOBEPXHOCTU 3€MJIM, OTPAaHMYNBAIO-
neit 0630p peaJsibHoro HaOsoAaress. Ilocmorpure
Ha PUCYHOK 3, r/ie Jo0aBJieHa 3Ta TOBEPXHOCTb, U
OTBETbTE €llle Ha HECKOJbKO BOITPOCOB.

Yupaxuenue 2

1) Kakoe BpeMs CYTOK NPEJCTABJEHO HA PUCYHKE 3?
Kakyio wactb pamyru
BU/IUT HaOJTIO/IaTeND?

2) Kak Gynmer me-
HATBCS BUJA PaAyTH,
ecyim Habmogaresb 6y-
JIET TLIABHO TTOTHAMATD- o
csI BBEpPX Ha aspocra-
Te? Puc. 3. [ToBEpXHOCTL 3emim orpa-

3) Kak Oyzier BoITISA-  HuymBaerT ob3op Habroaarens
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JIETh PalyTa, ecJu U3MEHUTCS BBICOTA COJIHIIA HAJ TOPH-
30HTOM? Byner s BugHa paayra, ecyam CoHIE TOHIMET-
¢ IOCTATOYHO BBICOKO?

Jlyun, orBevaiomue 3a oOpa3oBaHHE PaJyrH.
CostHevyHbIE JIy4d MOTYT MO-PAa3HOMY B3auMO/IEH-
cTBOBaTh ¢ Karieir. OJHU OTPaXKaroTCs OT TepeHei
MOBEPXHOCTH Kamu. /[pyrue, mpeoMassach, BXOASIT
B KAILJIIO, HECKOJIBKO Pa3 OTPAXKAIOTCS BHYTPU Hee U
TOJIBKO TIOTOM BBIXO/ISIT HAPYXKY.

C 1OMOIIbIO JOMOJHUTENbHBIX SKCIIEPUMEHTOB, a
UMEHHO C TIOMOIIbIO SKPAHUPOBAHUS CBETOBBIX JIy-
yeit, /lekapT ycTaHOBUJI, YTO
3a o6pasoBaHMe PagyTH OT-
BEYAIOT Te JYy4YH, KOTOpbIE
BXOJISIT B KATLJTIO, OTPAXKAIOT-
€51 OT ee 3a/IHel TOBEPXHOCTH
M 3aTeM BBIXOJAT W3 Hee
(puc.4). Ho pasbiue /Iexapt
MUIIET, YTO OH TaK U HE I0-
HSLJI, TIOYEMY BBIXO/ISIINE U3
- KaIIm Jiydu 06pasyioT KOHYC
Puc. 4. Jlyd ogHokpatHo € yraoMm B 42°. He monsrn,
OTPaxaerca BHYTpU Kal-  <«NOKA He 63AJIC5 3 NePO U He
T, MIMEHHO Takve JIY91  gypyucaus x00 ecex ayuell,
Z;Z‘j;‘;’o 733 00pazoBIMIE 1 omoprie nadaiom na_pas-

AUUHBLE TMOUKU 800SIHOU KaAN-
AU, 4mobvl Y3namo, no0 KAKUM YzJIOM OHU MOZYM
nonacmy 6 21a3 noce 08Yx NPesoMAeHUU U 00H020
OMPAKEHUSL>.

YT0o6bI TPOM3BECTU pAaCUeT TPACKTOPUHU TaKUX CBe-
TOBBIX JIyuell, Hy>KHO 3HATh 3aKOH IIPEJIOMJIEHMUS,
Be/Ib CBETOBOII JIyd TIPEJIOMJISIETCS JIBA Pa3a — OJMH
pa3 Ha BXO/Ie B KaIlJIIO U JIPYTOil pa3 Ha BBIXOJIE.

3akoH npejomienusi. /lekapt ObLT OJHUM U3 TEX,
KTO OTKPbBLJI 3aKOH TIpesioMmJieHusi. Bo Besgkom cary-
4ae, OH omy6JIMKOBAJI €r0 B TOM K€ CaMOM TpaKTare
«Paccyxnenue o metosie». V1 BHe BCSIKUX COMHEHUN
OH ObLJI TIEPBBIM, KTO IPUMEHMUJT €70 /I 00bSICHEH NS
payTu.

3akoH Tpesomienus, chopmyanpoBanubiii [le-
KapToM, MOKHO 3aIlicaTh B BUJIE

nsini = nysinr .

3pecp ny — 9TO MOKA3aTeJIb PEJOMJIEHNS CPE/IbI, 13
KOTOPOII TPUXO/IUT CBETOBOM JIy, & 7, — MOKA3aTeb
[PEJIOMJIEHUS CPEJIbl, B KOTOPYIO OH MPEJOMJISIETCS.
Yrou i, yros Mexay HalpaBJeHHEM MPUXOISIIEro
CBETOBOTO JIyYa U MePIeH/IUKYISIPOM K TOBEPXHOCTH
[PEJOMJICHUSI, — Y20/
nadenusi, a v, yroa Mex-
JIy TIPEJOMJIEHHBIM JIy-
YOM U TeM K€ CaMbIM
HEePIEHIUKYIIPOM, —
Yyzoa  nperomienus

Puc. 5. [penomieHve cBeToBoro
JIyHa npy repexone 13 OfHoV (pHC-S)U- Ipu arom ma-
onmuyeckovi cpeqy B Apyryro  MAIOIUAWU  JIyd, IIePIICH-

JIUKYJIIP U TIPEJIOMJIEHHBIN JIyd JIe)KaT B OJIHOI
MIJIOCKOCTH.

IIpenomaenue Ha kamne. B Hamem cayvae Karist
pacrosioxkeHa B BO3/yXe, MOKa3aTe b MpeoMIeHNs
KOTOPOTO ¢ GOJIBINON TOY-
HOCTBIO MOKHO CUUTATh
pPaBHBIM e/IuHUILE:
Myosyxa = 1, U TOKA IIPU-
MEM, UTO My, =4/3.
[lepnenaukynsgpamMu K
MOBEPXHOCTH KallJIi CJIy-
JKaT ee paJlychl, a BCe
HE06XOIUMbIE YTJIbI 060-
3HaueHbl Ha pucyske 6.
Yroa Mex 1y BbIXOSIIM
13 KAl JIy4OM U TIepBO-
HAYaJIbHBIM HAIIPABJIEHU-
€M TaJIafoNIero Ha KarIio
CBETOBOTO Jiyuya 00603Ha-
yeH O, Oy/ieM Ha3bIBATh €r0 Y2/10M 8blX00d.

B aTux 00603HAUEHMSIX 3aKOH MPEJOMJIEHUS Ha
BXO/I€ B KAILJIIO 3aIMChIBAETCS B BUjIE

Puc. 6. []Ba ripesomiaeHns 1
ogHo ompaxerne, © — yron
BbIXOAA J1y4a

o4

SlHl:§SID7’,
a Ha BbIXO/€ MMEEeM

4 o

§SIHT=SIDZ,

YTO MO CyTH OJHO u TO >xe. U eme, B TOuke
OTpa’keHMsl Ha PUCYHKE 6 YYTEHO, UTO yToJl NaJeHus
PaBeH YIJIy OTPa’KeHUSI.

Bot neckompko (hakToB, TMOJIE3HBIX TPHU pacyeTe
TPAEKTOPUH CBETOBOTO JIyya.

Yupaxkuenune 3

1) Y6enuTech, 4TO U3 3aKOHA IIPEJTOMICHHS /I KAILIK
caenyer

r =arcsin| —sini |,
4

2) Vcnosp3ays pucyHOK 6, JOKasKuTe Caeayiontyio ¢hop-
MyJly JUId yIJla BbIXOoJa 0 :

0=4r—2i.

«B3siica 3a mepo um BbruMcJauJa». Vcmoab3ys
3aKOH TipesiomJenusi, Jlekaprt paccumran xox 27
CBETOBDBIX JIydell, 1 3TOr0 eMy 0Ka3asochb J0CTaTO4-
HO, 4TOOBI TIOHATH, MTOYEMY KallJig M3JydaeT B Ha-
MIPABJEHUN K COJHITY KOHYC C YTJIOM ITOJypacTBOpa
42° . IlocMOTpUM, 4TO UMEHHO BBIYUCST JlexkapT u
KaK OH WHTEPIPETHPOBAJ CBOU BBIYHMCJIEHUS.

Bynem cunrtath, 4TO Kamsas eAMHUYHOTO pajuyca
OCBelIl[aeTCsl IIyYKOM MapaJljleJIbHbIX COJTHEYHBIX JIy-
4yel, T/ie ecTb IeHTPaJIbHbBIN Jyd, KOTOPbI HAIPaB-
JieH B 1eHTp Kamau. [lus mo6oro syda paccrosinue
OT HEro JI0 IeHTPaJbHOrO 0603HAYNM /i ¥ HA30BeM
8bLCOMOLL 6X00d B KAILIIO.
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Yupaknenue 4. [IposepbTe, UTO AJIS KAIJIN ¢IMNHUIHO-
rO paauyca BBICOTA BXOJA Jiyda /2 M YTOJ €ro MaJeHust i
CBsI3aHbI COOTHOIIIEHUEM ]’l = sini .

Jlist 3a1annoii BbICOTHI BXo/1a /2 JleKapT BbIYMC/ISLI
yroJ Beixoga 6. CHavasa OH MpOBeJ BBIYUCJICHUS
s BeicoT oT 0,1 1o 1 ¢ marom 0, 1. Ilocse sToro aas
BoicoT ot 0,81 10 0,98 oH npozenan Te ke BbIUnCIE-
Hust ¢ ymenbiienusiM 1marom 0,01. Takum o6pasom,
[lexapT yCcTaHOBUJI, YTO MAaKCUMAaJbHBIH YroJ BbIXO-
na 0 jgocturaercs y Jiyda ¢ BeicoToit 2 = 0,86 u 10T
YroJi Kak pa3 cocrasJjsier 42°.

[TocmoTpum, kak /lekapT reoMeTpuvecKn WHTEP-
MIPEeTUPOBAJ 3TOT pe3yJibrar. KoMiboTep m03BoJIsIeT
He SKOHOMWTD HA BBIYHUCJIEHUSX, TaK YTO 3aIyCTUM
cpasy 101 J1y4 u nmorsigAnM, 4To ¢ HUMU IIPOUCXOUT
1pu BbIxo/le u3 Kamu. CresaeM 9To B JIBA IIpUEMa.
Crauasia Ha KaIiio eIMHTYHOTO PaJnyca 3armyCTuM
87 nmapaJiyieJIbHbIX Jy4ell, Ipyu 3TOM HavyaJbHBIH Jy4
MIPOXO/IUT Yepe3 IMEeHTP Kalljin, a TOCJeIHUI BXOUT
B Hee Ha BoIcoTe (0,86. Ha pucynke 7 Bxozsmme ayun
CJAUJNCh B KOPOTKYIO TOPU3OHTAJBHYIO MOJOCKY.
BryTpu kammm Kaskabiil JIy4d OJMH pa3 OTPasKaeTcs,
Kak Ha pUCYHKe 4. ITO 3/IeCb HE HAPUCOBAHO, & BOT
BCe BBIXO/IAIIUE JIyun M300pakeHbl. Mbl BUIUM, 4TO
KoT/1a BbIcoTa Bxoa ayda pactet ot 0 1o 0,86, yron
BbIXO/a iyya @ Bospactaer ot 0° mo 42° . [Ipu aTom
CHayasja yroJ BbIXO/Jla pacTeT PaBHOMEPHO, MOTOM

Puc. 8 Beicora Bxoza J1yqeu
pacrer or 0,86 go 1, a yron
BbIXOAA YMEHbLLIAETCs 0T 42°
o 14°

Puc. 7. [lo mepe pocra BbICOTbI
Bxoga ayyevi or 0 go 0,86 yron
BbIX0Aa yBenm4mrBaercs or 0°
Ao 42°

YTOJI MEK/1y COCETHUMU Jy4yaMy HauMHaeTCs YMeHb-
matbess ¥ NpHU NPUOIMKEHUN K 42° CTAaHOBUTCS
HYJIeBBIM — BBIXOJAIINN Jy4 ocTaHaBauBaercs. Oc-
TAHABJIMBAETCS M HAYMHAET [[BUTATHCA B OOPATHOM
HallpaBJIeHUM, YTO BU/IHO Ha PUCYHKe 8, r/ie BbICOTa
BXofa Jjydeir yBeamunBaercs oT 0,86 mo 1, a yroa
BBIXO/Ia YMEHbIIaeTcst B Tpu pasa, ot 42° 10 14°. B
06011 caydyae BOIM3M KpaifHeTo Jiydya, WyIero 1Mo/
MaKCUMAJbHBIM YIJIoM 42°, HaOII0/JaeTcsl BBICOKAS
KOHIIEHTPAIlMSl BbBIXOJASNIMX U3 KallJli CBETOBBIX
Jyqei.

Y6epem BxoadIIMe TyYn HA PUCYHKAX 7 U 8, TTOCTE
3TOTO HAJIOXXUM PUCYHKH ApyT Ha japyra. [lomyunm
BCe JIy4YH, BbIXO/IAIINE U3 HIDKHEH TOJIOBUHbI KallJIH,
a 3aTeM JIOTIOJTHUM WX €Ile JIy9aMu, BBIXO/SIINMI
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13 BEpXHEl I0JOBUHDI
(puc.9). 1 Tenepb MOKHO
CKa3aTh, YTO KOHI[EHTPAIU
JIy4deit, BBIXOASAIINX 13 Kall-
JI, MaJsia BOJIN3H IIeHTpasib-
HOTO JIy4da U 4Ype3BblYaiiHO
BBICOKA Ha TPAHUIAX Iyy-
Ka. OTH TPaHUIlbl IIOYTH
MPSAMOJIMHEHHDBI U TIPAKTH-
YeCcKu COBIQIAIOT € Kpaii-
HUMH JIy4aMd, HaKJIOHEH-
HBIMH TI0/T MAaKCUMAJTbHBIM
yrjaom B 42°.

YT06BI MOJYYUTH TIPO-
CTPaHCTBEHHOE paclpe/e-
JeHne Jydeii, He0OX0ANMO
IIPOBEPHYTh BECh PUCYHOK
8 BOKpPYT IeHTpaJbHOTO Jyda. VI MbI yBUIUM, YTO
9KCIIepUMEHTAIbHOE IIPeJCTaBJIeHue O Kallle, 13-
JIy4aroleil KOHyC B HallpaBJIeHUH COJIHITA, 3aDUKCH-
poBaHHOE Ha puUCyHKe 1, HYKJaeTcsl B yTOUHCHWH.
Ha camom jgese, BHYTPEHHOCTb KOHYyCa IIEJIMKOM
3al0JIHeHA BBIXOASANMMM M3 Kaman Jydamu. Ha
MOBEPXHOCTH KOHYCA C TTOJYyPacTBOPOM 42° HabJIio-
JIaeTCsl JIUTIb TTOBbIIEHHAs! KOHIIEHTPAIIMS CBETOBBIX
Jydeil. IJTO CyIIeCTBEHHOE YTOYHEHHE peaTbHOU
KapTHUHbI B3aUMOJIEHCTBUS COJTHEUHDBIX Jyueill ¢ Kall-
gdeil jgoxzad. Tem He MeHee, ryas HaOJogaTes s
pPerucTpupyer UMEHHO 3TY IOBBIIIEHHYIO KOHIEHT-
paiuio cBeToBbIX Jyueil. [Toatomy mnpeanoskeHHbII
paHee MexXaHm3M 0Opa3oBaHUS PALYTH 6e3yCJIOBHO
OCTaeTCsl B CUJIE.

Boruncienns [lekapra, KoTopbie Mbl OOCYINJIN, W
€r0 MHTEPIpeTaIs 3TUX BBIYNCIEHUN COCTABJSIOT
OCHOBY TEOPHUU PaJyru.

Puc. 9. Bce siyym, BbIXOAA-
me 13 Karim rnocie o4Ho-
IO BHYTDEHHEO OTPAXEHMUS

Yupakuenue 5. Vcmonb3yst yrnpakuenus 3 u 4, moKa-
JKUTE, UTO /IS KaIlJIn eTHHUIHOTO PajIyca

0(h) = 4arcsin%k —2arcsin /& |

[Tocrpoiite Tpaduk atoit ¢yukimu. /lokaxure, 4to ee
MaKCUMYM JIOCTUTAeTCS IpU /2 = 24/15 /9 , & MaKCHUMaJb-
HOe 3HauyeHue 3ToH (PyHKINU paBHO 42°27 .

Kak ona Beirssigur Ha camom aese? [lopa B3riis-
HYTb HA HACTOSIIYI0 paayTy. B orimume ot pamgyru

Puc. 10. Hacrosiyasa ripypogHasa pagyra



Jlekapra, ona mmpokas u 1sernas (puc.10), Ho 310
MbI 0OCY/TUM Y9y Tb TT03Ke. A TOKa 0OpaTUM BHUMaHNeE
Ha TeHU OT JlepeBbeB. Ha 3eMyie oHM napaJijieibHbl 1
TaK JKe, KaK TapaJijieJbHble PEJbChl, CXOIATCS B
O/IHOI TOuKe — 6Jyiaro/iaps TepCreKTrBe. JTa TOUKa
pacmosiokeHa Ha TOPU30HTE TIOJ] CAaMOW BEPUTUHON
paayru. U ecam g Kask10ro fepeBa MpOBECTH Ty
OT €r0 BEPIIUHBI K BEpIINHE TEHU, TO BCE ITU JYUN
COUJIyTCSI B CAMOM IIEHTPe PaJIyTH.

A Terepb 1pe/icTaBbTe cebe, UYTO BbI HAXOUTECDH
BHYTPH 3TOI KapTuHbl. [locMoTpuTe cCHava a Ha TEHD
CBO€Il TOJIOBBI, a TIOTOM Ha JIOGYI0 TOYKY PayTH.
YToa MeX/ Iy 9TUMU IByMSI HAlPABJIEHUSIMU KaK Pa3
coctaBuT 42° , Beruncyenubie ekaprom. [TocmMoTpu-
Te ellle Ha BepXHUe YrOJKu pucyHKa 10 — MoKeT, BbI
pasrJsiiuTe TaM HespKHe IIBeTHble moJiochl. Ecom
HET, B3TJISTHUTE HAa PUCYHOK 11.

~—

Puc. 11. [jBoviHas pagyra

W Tyt Hy’>kHO CKa3aTb, 4TO MOYTH BCET/Ia BMECTE C
MepPBOil, OCHOBHOI /IyTOl, KOTOPYIO MbI 06CY KA1
1 KOTOpas BUIHA MO YTJIOM 42° | TOSIBJIsIETCST MeHee
sIpKasi, BHEIHSS 6mopds 0yed, BUIHAS TO/ YTJIOM
51°. Ha pucynke 11 Takke 3ameTHa TeMHas 110J10ca,
pacmosio:keHHag Mexay ayramu. OHa Ha3bIBaeTCs
meMHbLM NPOCmpancmeom Anexcanopa, no UMeHH
OTIMCABIIEro ee rpeyeckoro ¢guiaocoda-nepumnaTeTu-
ka Anexcangpa Adpoancuiickoro.

Bropasi ayra. Bropas ayra ugeaJbHO BIHCHIBA-
etca B Teopuio [lekapra. Yke B mpoliecce aKcrepu-
MeHTa ¢ KoJ6oit [lekapT oTMevaer HaUMYne BTOPO-
ro, MeHee SIPKOTO KOHyca € yTJIOM IOJypacTBOpa
51°, m3iry4yaeMoro KarJeil B HAllPaBJIE€HUN K COJIH-
1y. MubiMu cioBami,
pucynok 1 Ha camom
Jiesie Hy>KHO 3aMEHUTD
pucynkom 12 ¢ aBy-
Mg KoHycamu. Ecuan
Terepb BEPHYThCS K
PUCYHKY 2 U TIOMe-
HATb TaM yroa 42°
Ha yroa 51°, To cra-
HOBUTCSI $ICHO, OTKY-
na Gepercsi BTOpas
ayra. Onarh ke aKc-

Puc. 12. B HanpasieHum K CosHLY
Karia u3/1y4aer 4Ba KOHyca. OauH
C yr7iom nosiypacreopa 42° , apy-
rovi ¢ yriom 571°

nepuMeHTanIbHO [lekapt yc-
TAHOBUJI, 4YTO 3a 0Opa3oBa-
HHUE BTOPOIi /IyTM OTBEYAIOT
JIy4H, JIBaXK/(bI OTPA3UBIIIH-
ecst BuyTpu Karm (puc.13).
JlekapT paccuuTas TpPaeKTo-
puto Takux Jayueir. OH BbI-
SICHUJI, YTO BBIXO/ISIIE U3
KaIlIi JIy4d 3ar0JHSIOT BHE-
HIHIOI0 YacTh KOHyca C yrI-
JIOM TIoTypacTtBopa 51°, mpu
3TOM Ha TIOBEPXHOCTU KOHY-
ca HaOJI0/IaeTCsl TOBBIIIEH-

Puc. 13, Jlyum, L[ABaxsasl
OTPAXAIOLYNECSH BHYTOU
Karmm, orBeqamnr 3a ob-
PA30BAHME BTOPOU [YIH,
0 — yron Boixona

Puc. 14. Bce n1y4u, BIXOAALLME U3 Kall/Iv 110CT1€ ABYX BHYTDEHHUX
OTPAXEHMM

Has KOHIEHTpalus cBeToBbIX aydeil (puc.14). Tax
YTO TIOCJIe HEKOTOPOW KOPPEKTUPOBKU PHUCYHOK 12
ocraerca B cuie. Octaercss B cujie U OOGbSICHEHUE
BTOPOH Jyr¥, OCHOBAHHOE Ha PaCCMOTPEHUH PHU-
CYHKa 2, TOJIBKO OIISITb XK€ TaM YTOJ 42° Hy>KHO
MIOMEHATb Ha yroa 51°.

Vupaxnenue 6. /lokaxxure, 4TO [JISI ABAK/(BI OTPAKEH-
HbIX BHYTPH KaIlJIi €[MHIYHOTO PAJINyCca CBETOBBIX JIyYeil
(cM. puc.13) 3aBHCHMOCTD yrJia BBIXOAA © OT BBICOTHI
BXoJa i uMeer BUJ

0(h) = 2arcsink—6arcsin%h+n,

[Toctpoiite rpacdux aroit dyukiuu. loxkaxure, 4To ee
MUHUMYM JIOCTUTAeTCS 1pu 7 = \/130/ 12, a caM0O MUHH-
MaJIbHOE 3HaueHue B rpajycax pasHo 50°59”.

IIpocrpancTtBo Agnekcanapa. Ternepb HaJOKUM
npyT Ha apyra pucyaku 9 n 13. Pucynok 15 nokasbi-
BaeT, 4TO Ha GOJIBIIOM y/aJleHUH OT Kalljiu MepBast
Jlyra JIeXKUT BHYTpH BTOpoil. VX paszpender mpo-
CTPAHCTBO, KyJa He IOTaJaeT HU OJWH U3 JIy4Yei,
OTHOKPATHO WJIM JBYKPATHO OTPa)KEHHBIX BHYTPHU
kari. C TOuKM 3peHust HabJIo/IaTe s, 9TO O3HAYAET,
B €ro rJja3 He GyAyT TONajaTh Jy4dd OT KarleJb,
PACTIOJIOKEHHDIX MEXK/y TepBOHU /yroii U BTOPON.
MMenHO 3a c4eT 3TOro MPOCTPAHCTBO MEXK/Y yraMu
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Puc. 15. [][Ba KOHyca v MpoCTpaHCTBO AnekcaHapa

BBITJISIUT Gosiee TeMHbIM (elie pa3 1mocMOTpHUTE Ha
pucyHok 11).

Yupaxkuenue 7. OrneHute yriaoByio HUPUHY TEMHOTO
MpPOCTpaHCTBA AJIEKCAH/pa B TPAIycax.

Caemnaem He6oubioe gonosaHenne. Cyist o pucyH-
Ky 9, BeplmHa KOHyca C YIJIOM ToJiypactBopa 42°
JIEKUT BOJTM3U 3a/IHEN TIOBEPXHOCTU KaTlin. A pucy-
HOK 14 1okasbIBaeT, YTO BeplINHA KOHYCa C YIJIOM
nmoypactBopa 51° Haxomutcs BOJIW3W TiepeHei
MOBEPXHOCTH KA. IJTO HPUBOAUT K TOMY, YTO
BOIM3M KA GOJIbIINI KOHYC PaCHoJIOKeH BHYTpU
MEHDBITIEro KOHyCa, UYTO TaKXKe MOATBEPKIAeTCS PH-
cyHkom 195.

IKCIEepUMENT ¢ KOJA00H. Mbl [I0YTH YTO 3aKOHYH-
Jm ¢ reopueit [lexkapra. [lombrraemcs ere Boctipons-
BECTH €To aKCIepuMenT. «Karmeity mocayXKuT Kpyr-
JsofoHHas Kouba o6bemoM 250 mu. Ha xomimbiotepe
HapucoBaH GeJblil KPYT Ha yepHOM (doHe — m306pa-
JKEHWe COJIHIIA, U 9TO M300pa’keHue 3aIyCKaeTCs
yepe3 npoexTop. /lis HabmoneHus pajayra B Kaue-
CTBE dKpaHa MCIOJIb30BAJCS JUCT BaTMaHa C KPYTO-
BbIM OTBepcTueM nocepeanae. Ha pucynke 16 BumnbI
K0J16a 1 9KpaH, a IPOEKTOP, BMECTE C KOMITBIOTEPOM,
HaXO/MTCA 32 9KPAHOM W Yepe3 OTBEPCTHE OCBEIaeT
KOJIOY .

Konba — ato, xoHeuHo, He cpepuueckuii cocy, y
Hee ecTb TOpJo, TaK YTO BOMOHN Obla 3ammoJiHeHa
TOJIbKO ee chepudeckas yactb. [loaTomy Kpyrosbie
JAyru Ha pucyHke 16 BUAHDBI JUIIb YaCTUYHO, HPU
9TOM HUKHSISI M BEPXHSS 4acTH M300pa’kKeHus Ha
aKkpaHe (POPMUPYIOTCS TOPU3OHTATHHON TTOBEPXHOC-
TBIO BOJIbI B KOJIO€.

Ine 3neco nepsag ayra, a rje sropas? Bor npusna-
KU, 110 KOTOPBIM MBI MOJKeM UX OTJUYNUTh. Bropas —
MeHee sIpKas, 3a CuYeT TOro uto (popMuUpylomue ee
JIY9W UCTIBITBIBAIOT BHYTPU KAl JIOTIOJTHUTETHHOE
orpasxkenue. Kpome TOrOo, B TepBOi mIyre IIBeTa
U3HYTPU CHAPYKU UIYT OT (PMOJIETOBOTO K KPACHO-

2016/Ne3

Puc. 16. SKcrieprMeHT ¢ ko160, BTOPAs Ayra BHYTOM IEPBOL

My, a BO BTOpOil — B o6patHoM mopsjke. Cynas 1o
STHUM IIPU3HAKAM, BHYTPH HAXOAUTCS BTOpas ayra. U
3TO COOTBeTCTByeT Teopun Jlekapra, C IIOMOIIbIO
KOTOPOIi GbLT TOCTpoeH pucyHok 15. /lyru o6Gparie-
HbI JIpYT K JpYry (HUOJETOBBIMU CTOPOHAMU, WU
IIPOCTPAHCTBO MEXK/y HUMU 3aII0JIHEHO (PHOJIETOBBIM
I[BETOM. JTO IMMPOCTPAHCTBO, PACIIOJI0KEHHOE BOJN3N
KallJIi, TI0 aHAJOTHH MOKHO Ha3BaTb (huoiemosvim
npocmpancmeom Anexcanopa.

Cyas no pucynky 15, cranpapTtHoe B3auMHOE
pacroJio’keHne Ayr, KOrja IiepBas JIeXKUT BHYTPH
BTOPO#, BOCCTAHABJIMBAECTCS, €CJIU PACCTOSHHE OT
Karm 710 9KpaHa Gyzer OoJibliie JeCITH PayCcoB
Kamumm. U, KoHe4yHO, Tpu HaGJIOJEHNN OOGBIYHOIM
IIPUPOHON PAJyTH PACCTOSIHUE OT KaIleJIb T0XK/Is /10
rjiaza HabJIo/[aTesisi MHOTOKPATHO TIPEBBIIIAET 3TOT
npeseJ.

(OkoH4aHume creqyer)
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YcnoBus kaxgovi opurviHanIbHoOV 3a4ayu, npeanaraeMont 4is nyonukauuu, rnpucbiiaite B oTAe/IbHOM KOHBEpPTE B ABYX
3K3emmisipax BMecTe ¢ Bawwum pelweHnem 31ov 3agaqu (Ha KOHBepTe romersre: «3agayHnk «KBaHTa», HoBasi 3a4a4a o
pusnke» nmm «3agaqyHuk «KeaHta», HoBasi 3a4aya o maremarvke»).

B Hayarne Kaxgoro rnmcbmMa rpocrm yKasbiBaTb HOMEP LUKOJIbI U KJ1acc, B KOTOPOM Bbl y4YuTech.

3agayn M2421, M2422a, M2426, M2427, M2428a,6 npegnaranvce Ha XXXVII Typuupe ropoaos, 3agava M2423 npegnaranacb
Ha V EBporievickovi MateMaTn4eckou onumniage ans 4esylek, 3agada ®2432 - na MockoBckovi gpmusnyeckoni onumnuage 2016
roja.

B
3apaun M2421-M2428, ©2428-D2434 - ~Xy /:1- ; H“':*x

M2421. dupma 3ammcana cBoU pacxoibl B py6.asix mo 100 4 J/(\ f
cratbsiM Gro/pKera, nouayuns crimcok u3 100 wmcen (y 'l Ny | -.
KasK/[0r0 4mcJaa He Gosiee IBYX 3HAKOB IOCJIE 3AISITOMN). { ,-"' i, g
Kaxxaprii cyeToBO B34 KOMHUIO CMUCKA W HAXOMAUT TIPH- ' f ., : A |
6JIMKEHHYIO0 CYMMY PacXoJIOB, JIEHCTBYsI CJAeIyiomuM 06- |

pasoM. BHauame oH BbIOMpaeT W3 CIUCKa Ji0ObIe [Ba \ A F)
4ycsia, CKJIAJbIBAeT MX, OTOPACBHIBAET y CYMMblI 3HAKH b N bl y
nocJie 3arsitoif (ec/Ii OHM eCTh) ¥ 3aINChIBACT PE3YIbTAT MH LW /
BMECTO BbIOPaHHBIX /BYX unces. C HOIyueHHBIM CIHCKOM ) T =

13 99 unces OH JielaeT TO JKe caMoe U Tak Jjajiee, TIOKa B '
CIIMCKE He OCTaHeTCs OHO Iiesoe uncao. OKasanoch, 4To
B UTOre BCE CUYETOBO/bBI TMOJYYMJIN PA3HBIC PE3YJIbTaTbI.
Kakoe namn6oJibIliee 9iCI0 CYETOBOJOB MOTJIO paboTaTh B

Puc. 1

NIPSAMBIX MOXKHO PAaCKpPacuTb KPAaCHBIM WJW CHHUM Tak,
9T00BI HA IJIOCKOCTH HAILIACh TOYKa, oriamdyuas ot O,

¢upme? " o
CyMMa pacCTOSTHNN OT KOTOPOH JI0 BCEX KPACHBIX MPSIMbIX
M. Esdoxumos Y P po A P P
6bl7Ia paBHA CyMMe PACCTOSHUI OT Hee JIO BCeX CHHUX
M2422. IIpaMoyrofbHuK p X, rjie p, ¢ — HaTypaJjbHble MIPSIMBIX.
B3aMIMHO TIPOCTBIE YnCiaa, p < ¢, pasbUT HA €ANHUYHBIE H. Batinwmerin

kBajpaTuku. V3 jeBoro HUKHEro yria IpsMOyTrOIbHUKA
B €T0 TIPaBbIF BEPXHU YTOJ MpoBe/ieHa AnaroHaab. Ona
oTCeKaeT TPEYTOJbHUKU OT HEKOTOPBbIX KBaJpaTHKOB.
Haiigure: a) cymmapHbiii mepumerp; 6) CyMMapHyIo IJ10-
11a/1b BCeX 3TUX TPEYTrOJbHUKOB.

M2425. Ilpamoyrosbublil napaJienenunes 2x2x100
HY>KHO pa36utb Ha kuprmum 1x1x2. /lokaxkwure, 4TO
KOJIITYECTBO CII0COO0B C/IeIaTh 3TO SIBJISETCS TOUHBIM KBAJI-
parom. (I1pu nmojicuere napasieUmuIe/ He BpaiaeM u He
A Tonnwzo [ePEBOPAYNBAEM. )

B.Pacmopzyes
M2423. OxpyXHOCTH ) M O, OJMHAKOBOIO pajuyca
nepecekatorest B toukax X, u X, (puc. 1). OKpysKHOCTD
® KacaeTcst OKPY’KHOCTH (0 BHEITHNM 00pa3oM B Touke T
I OKPY’KHOCTH (), BHYTPEHHHM 00pasoM B Touke T, .
Jokaxure, uyro npample X1} u X,T, nepecekarorca Ha
OKPYXKHOCTH .

M2426. B crpane 64 roposia, HEKOTOpbIE Mapbl U3 HUX
COeJINHEHBI JIOPOTOil, HO HaM HEU3BECTHO, KaKue UMEHHO.
Mpbr MokeM BBIOpATH JIOOYIO Tapy TOPOJIOB M TOJIYYUTDH
OTBET Ha BOIPOC, €CTD JIX IOPOTA MEKIY HUMU. MBI XOTHM
y3HaTb, MOKHO JI B 9TOU CTpame 106parbcsi OT JI0G0ro
ropoja Jio Jio60ro Apyroro, ABUTasich 1o goporam. /[Joka-
JKUTE, YTO HE CYIIEeCTBYET AaJITOPUTMA, ITO3BOJISIONIETO
M2424. Ha mIocKOCTH TaHO HECKOJIBKO MPSIMBIX, UMeET0- caenath ato Menee yeM 3a 2016 Borpocos.

mwmx o6myio Touky O. [lokaxuTe, 9TO KaXKIyI0 U3 3TUX K.Knon

q.Jletmem (JToxcembype)
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M2427. Ha nocke nanrcano N uucesi, BCe OHU Pa3JIMYHBI,
1 o71HO U3 HUX paBHo (0. MoXXHO B3STb JI060 MHOTOUJIEH,
KKl KO3 UIIMEHT KOTOPOTO PaBeH O/IHOMY M3 HAIlH-
canubix uncea (cpeau KoaUINEHTOB MOTYT OBITh paB-
HbIE), W OTMCATH HA JOCKY BCE KOPHM 9TOTO MHOTOYJICHA.
3a HEeCKOJIbKO TaKWX OTepalnii Ha JOCKEe OKa3aJncCh BCe
nesbie yncaa ot —2016 1o 2016 (1, BO3MOKHO, ele Kakue-
TO ymcaa). Haiiaure HaMMeHblee BO3MOKHOE 3HAYCHHE
N.

I'.72Kyxos

M2428. Ha cdepudeckoii niianeTe ¢ AJIuHON akBaTtopa 1
MJIAHUPYIOT TTPOJIOKUTD N KOJIBIIEBBIX JOPOT, KaXXIas M3
KOTOPBIX OYy/IeT W/ITH TI0 OKPYKHOCTU JATWHBI 1. 3aTeM 1o
KayKJIO0H JIopoTe 3amyCTAT HECKOJbKO T0e3/10B. Bee moe3na
OyyT €3[IUTD TI0 IOPOTAM C OJIHOU ¥ TOH K€ TIOJI0KUTE b=
HOH TTOCTOIHHON CKOPOCTBIO, HUKOT/[A HEe OCTAHABINBASICDH
n ne craskuBasch. (IToe3ma cuunraiite JlyraMy HyJIeBoi
TOJILIMHBI, U3 KOTOPBIX BHIOPOIIEHBI KOHIIEBbIE TOYKH.)
KakoBa B TakWx ycCJOBHUSAX MaKCHUMaJIbHO BO3MOXKHAS
cyMMapHas JIMHA BeexX moe3fos: a) npu N = 3; 6) npu
N = 4? B*) Mosxer qm 1pu HekoTopoM N cyMMapHast
JanHa moe3gos 66ITh 6osbire 10007

A.Beponukos

®2428. I'pynma u3 Tpex TypPHUCTOB [I0JIKHA MepedpaThCs
n3 MyHKTa A B MyHKT B 1O gopore MJWHON S = 45 KM.
CrapryioT Bce ogHOBpeMeHHO. Ha Bcio TpyTIy TypUCTOB
€CTb TOJIBKO /IBa BEJIOCHIIE/Ia, TIPUIEM eCJIN Ha BEJTOCHIIe/Ie
e/lyT IBOE, TO X CKOPOCTDb paBHA 30, a eCJIH Ha BEJIOCHIIe/Ie
eZIeT OJINH YeJI0BEK, TO eT0 CKOPOCTh paBHa 4v. Ecan xe
TYPUCT W/ET TIIEeNIKOM, TO €ro CKOPOCTb paBHA ¥ =
=5 KM /4. 3a Kakoe MUHHMAaJbHOE BPeMs BCE TYPUCTDHI
MOTYT OKa3aTbCs B IIyHKTe HA3HAUEHUS ?

B.Cepeees

®2429. Kos6oii npussian Msduk js Oeiicbona, m,, =
=150 r w D = 7,3 cM, K cyposoii (HepacTsKUMOH n
JIETKO#T) HUTKE /HOM L = 1 M, KOTOpast IPyruM KOHIIOM
6bLIa 3aKpellieHa Ha KPYTJIOW rOPU30HTATbHON MepeKIa-
nute quamerpom d =6 cm. 3arem on orornes Ha 10 maros
B HAIIPABJICHUHU, TIEPIEHINKYIIPHOM TIEePEKJIAIIHE, U BbI-
CTPEJIIII U3 KOJIbTA TI0 MsTay. Mstd ctaj 6bICTPO JABUTATHCS,
HaKPy4MBas HUTKY Ha IePeKJIaJnHy, a IOTOM OTOPBAJIC.
[Ipn ocMoTpe okazasoch, YTO IyJiS 3acTpsijia B Mdue, a
HUTKa O0GepHyJachb BOKDYT TEepPEeKJAJWHBI 17 = 2 pa3sa.
Ornennre, Kakoil 6bLIa CKOPOCTD ITYJIN TI€pe]] CTOJTKHOBE-
HUeM ¢ MfA4YoM, ecau Macca nyau m, = 10 r, a HUTKa
BBIJIEPXKNBACT TPY3 Maccoil He Goabure m,, = 10 xr.
A.bozpaues

®2430. Bacs pemms B3BECUTH € MOMOIIBIO JKEJE3HBIX
TUpDb HAllIeHHbIII WM HexajJeko oT o3epa YebGapKyJib
He6OJIBINON KYCOK Yeasi6MHCKOTO MeTeoputa. [lisg atoro
OH HCIOJIb30BAJ CHMMETPHYHbIE PABHOILJIECYHDBIC BeEChI,
clielaHHble U3 JKeje3a. B Bo3myxe B3BeNIMBAHUE [AJI0
pesyabrar M = 2,1 kr. Korzma Becbl ObLIH MOJHOCTHIO
MOTPY3KEHBI B BOJY 03€pa, pPe3yJabTat ObLIT APYTUM — JJIs
YPaBHOBEITMBAHUS BECOB MOTPEOOBAJIOCH MOJOXKUTb Ha
HUX TUPHU, CyMMapHas Macca KOTOPBIX OKa3aJach paBHON
m = 1,8 kr. Ilpu 3TOoM U B3BeNIMBAEMOE BEIECTBO, U
TUPH TaKKe ObLIN MOJHOCTBIO TIOTPYIKEHbI B BoLy. Uemy

2016/Ne3

paBHa IIJIOTHOCTh MaTepuana Mereoputa? IL1oTHOCTD Ke-
nesa p, =7,9 r/CM3 , IJIOTHOCTD BOAbI P, = 1,0 F/CM3 .
B.Cmamuxos

®2431. Tpu Komjencaropa ¢ JeKTPUIECKUMEI eMKOCTSI-
mMu C, 2C u 3C coennHEHBI B 3aMKHYTYIO IIETIOYKY
[I0CJIe/IOBATENbHO IPYT 32 APYroM. C MOMOIIIbIO CIIeIUaTb-
HOro npu6opa, MOJKJIIOYEHHOTO K TPEM MeCcTaM COe/lnHe-
HUIT KOHIEHCATOPOB, 9TUM CAMbBIM MeCTaM ObLIH COOGIIEHbI
(nepemanbl) asexTpuyeckue 3apsabl +Q, +Q u —20.
[puGop orkaounin. Kakas makcumanbHas (MUHUMAIIb-
Hasi) 9HEPrusi MOXKeT ObITh 3alaceHa B CHCTEMe 3aPsKeH-
HBIX KOHCHCATOPOB?

C.Bapaamos

®2432. Beckoneunast ceTka ¢ pOMOOBU/IHBIME STYEHKAMH,
[MOKa3aHHasl Ha PUCYHKE 2, COCTOUT U3 OJINHAKOBBIX Pe3u-

-

Puc. 2

CTOPOB COTPOTHBJIEHNEM #. HaliiuTe CONpPOTUBJIECHIE MEX-
ny Toukamu A u B.
A.Buviuxos

®2433. Banekrpuueckoii cxe- o
Me, n306paskeHHON Ha pUCyHKe | i
3, Bce 2JeMEHTbl HjeajbHble, =

TOK B KaTyllIKe MHJYKTUBHOC- Ef
TbI0 L paBeH HyJ10. Kiiou 3a-
MBIKAIOT, & Pa3MBIKAIOT €r0 Je-

pe3 IPOMEKYTOK BpeMeHH f , R R
KOT/Ia CKOPOCTb H3MEHEHUS
3HEPTUH, 3a1racaeMoil B KaTylil-
Ke MHAYKTUBHOCTHU, JOCTUTAET
mMakcumyma. Mssecrno, 4yro ¢, =2In2- (L/R). Haiinure:
1) MougHOCTh P, KOTOPYIO DasBMBAJ MCTOYHUK TOKA B
MOMEHT Pa3MbIKaHWS KJI0Ya;

2) KOJMYECTBO TEMJIOThI Q; , KOTOPOE BBIIEIUIOCH B CXEME
mocJie pa3MblKaHUS KJI0Ya;

3) Kom4ecTBO TEII0Thl Q) , KOTOPOE BBIIENUIOCH B CXEME
[IPU 3aMKHYTOM KJIIOUE.

| T
Puc. 3

A.Illeponos

®2434. Haj n0cKoii rOpU30HTAIbHON ITOBEPXHOCTHIO HA
Boicore H = 10 M HAXOAUTCS TOYEUHBIN M30TPOIHbBIN
HCTOYHKK cBeta nHTencuBHocTbio Wy = 1000 K. (Thicsua
Kanzen). B 6mkaiiineil K HCTOUHUKY CBETa TOUKE IIOBEPX-
HOCTH YCTAHOBJIEH MAaJIEHbKWI TIJIOCKUHN JATYUK OCBEIIEH-
HOCTH, €ro TJIOCKOCTb MEPHEH/NKYJISIPHA JydaM CBeTa.
[Tnomanb 4YyBCTBUTEJNBHOTO 3JeMEHTA /aTYMKA
S=0,1 oM . Kakyio ocsemennocts Ej (B JmoKCax) peru-
CTpPUPYET JJaTUMK? 3aTeM MPsIMO M0/l KCTOYHUKOM CBETa Ha
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[IOBEPXHOCTDb IIOCTAaBUJIM BEPTUKAJIbHYIO IUJIMH/PUYEC-
Kylo TpyO6y ¢ BuyTpennuM quamerpom d = 10 cm. Boicora
Tpy6bI paBHa H . VICTOYHUK cBeTa 1 JaTYIK OCBEIIEHHOCTH
HAXOATCS Ha OCU CHMMETPHH TpyObl. BHyTpeHHME CTeHKN
TpyOBbI TJaJKue, 3epkajibHbie u orpaxkator 100% cBeta.
Kaxyto Temepb ocBemeHHOCTh E, PETHCTPUPYET JATUHK?
UTo mMOKaKeT AATYNK, €CJAW CTEHKW TP JIOOGOM yrie
nagenus ceta orpaxkaoT 99% magaromero csera? (Umc-
JIEHHbBIE PAcyeTbl MOKHO MPOBECTH C IMOMOIIBIO KOMITBIO-
Tepa.)

M.Cesemios

PeweHuns 3apay M2405-M2413,
®2413-d2419

M2405. [Tpsmas, coedunsowds UeHMPvL ONUCAHHOU U
BNUCAHHOU OKPYHKHOCMEl MpeyzobHUKd, nepecexaem
00HY U3 €20 CIOPOH 8 OCHOBANUU GbICOMYL, d OPY2YI0 — 6
mouke ee Kacanus ¢ COOMEEeMCmeyou,eti 6HesNUCAHHOU
okpyxnocmoio. Haiioume yzon mex0y smumu cmopond-
MU MPeY20abHUKA.

Pemenne cM. B cratbe A.3acnaBckoro «O 1ByX KJjaccax
TpeyroJbHUKOB, mian OTkyga 6epyTcs 3alaud» B 3TOM
HOMeEpe KypHaJa.

M2406. 13 yeavix uuces om 1 do 100 yoaruru k wucen.
Ob6s13amenvHo Ju cpedu OCMABUUXCS WUCET. MOKHO 8blO-
pamo k pasauunvix wucen ¢ cymmoi 100, ecau:

a)k=9;,6) k=8

a) OtBer. Heo6sa3arenbuo.
Ypamam umcaa 1, 2, ..., 9. Torma cymma pasxe JeBsiTH
HauMeHBINX u3 ocrapinnxcs uncea (10 + 11 + ... + 18 =
=126) 6osabie 100.
6) OtBer. O653aTENBHO.
Paccmorpum 12 map uncelt, gaomux B cymme 25: (1, 24),
(2,23), ..., (12, 13). Ilocse ypanenus 8 ynuces ocTaHeTCs
He MEHbIIe YeTbIpeX HETPOHYThIX map. OHU U JaJyT B
cymme 100.

A.Illanosanoe

M2407. Bce xoagpuyuenmor nexomopozo muozounena
yeavle u no modyao He npesocxodsm 2015. Joxaxume,
4mo 10601 NOLOKUMETLHBLI KOPEHb IM020 MHO20ULEHA
6oavute uem 1,/2016.

Pemrenue cm. B crartbe C.J/lopuuenko, II.KoxeBHUKOBa
«OT TOJICTAHOBKYU KOPHSI JI0 TPAHCIIEAEHTHOTO YKCIa» B
3TOM HOMEpE JKypHAaJIa.

M2408. B mpeyzorvnuxe ABC meduanvt AA,, BBy,
CC, nepecexaiomcs 6 mouxe M. /loxaxume, wmo uenm-
pPbL ONUCAHHBIX OKPYKHOCMEU mpeyzoivnurxos MAB, ,
MCB,, MA,C,, MBC, u mouxa M nexam na o0noi
OKPYHKHOCIU.

ITycrp Oy, O,, O3, O; — HEHTPDI OIUCAHHBIX OKPYKHOCTEH
Tpeyroiabunkos MA,B,, MCB,, MA,C,, MBC, coor-
BeTCTBeHHO. IIpoBesieM paccy kaenus A1 pacloI0KeHNs
TOYEK, MOKA3aHHOTO Ha pHCyHKe (U APYTHX C/Iydaen
paco/IoKeHHs IIeHTPOB pacCy KAeHUs aHaJOTHYHbI; YTO-
6b1 136e3KaTh pazbopa ciyyaeB, MOXKHO CUYHTATH BCE YTJIbI
OPHEHTHPOBAHHBIMN).

okaxem, uto O, JEKUT !
na okpyskaoct ( MO,0; ).
[Ipamaa O,05 — cepeaun-
HBIIl TepIeHANKYIADP K
MA,. Yron MOO; pa-
BEH TIOJIOBUHE IEHTPATb-
noro yriaa MO;A, okpyx-
nocru ( MAyB, ), 1.e. Bin-
CaHHOMY B Hee YIJIy
MByA4, . llpamaa O,03 —
CepeIMHHbIN TepIeH/INKY-
asap k orpesky MC,, 1o-
3TOMY yTOJI MEX/Ly IIPSMbI-
mu MO, u MO; pasen
MOJIOBUHE I[EHTPAJIBHOTO
yraa MO,C,y 0OKpyKHOCTH
(MBC,), t.e. BuncanHomy B Hee yriiy MBC,. A yribl
MByAy, n MBC, paBubl U3 napajiefbHocTu ByA, 1
BC, . Ilostomy £ZMO0O5 + ZMO,0O3 =180°, T.e. Oy
aexur Ha okpyxkuoctn ( MO,0O;). Anamornuno, O,
aexut Ha okpyskHoctn ( MO,0;).

11.Kosxxeenuros

M24009. /13 cnuuex croxen xkaemuamoiii keaopam 9 x 9,
CMOPOHA Kaxdotl Kaemku — 00na cnuuxa. Ilems u Bacs
no ouepedu ybupawom no cnuuke, nauunaem Ilems.
Buviuzpaem mom, nociie 4vezo0 x00d He 0OCMAaHemcs Uesblx
xeadpamuxose 1Xx1. Kmo moxem Oeticmeosamsv max,
umobol obecneuumn cebe nobedy, Kax OvL HU UZPAL €20
COnepHuK?

Ortser. Bacs.
3amernM, 4To Tiepesi BacuHbIM X0/10M Beerzia Oy/IeT ocTa-
BaTbCs HeuemHoe yucyo crimdek. [IoHITHO, 4TO BbIMTpaet
TOT, KOMY JIOCTaHETCS TO3UINS, KOT/Ia KBa[PATUKOB OJINH
nsm Ba cMexkubix (1o cropone). Toatomy Bace gocratou-
HO HE OCTaBJATH MocJje ceOs TaKOoW MO3UINH, W TOT/Ia OH
BBIUTPAET, IOCKOJbKY HUUbs HeBO3MOsKHA. [TokaskeM, Kak
OH MOXKET [leJIaTh 3TO B PA3HBIX CJydyasdx.
1) Ocramnoch Goablie Tpex KpagpartukoB. OH BO3bMET
KPaiHIOO CIINYKY , UCTIOPTUB He 6oJiee 0JTHOTO KBA[PATUKA.
2) Ocrasnoch Tpu KBaapaTnka. OH BO3BMET CIUYKY HE U3
HUX, a €CJIM TAKUX CITUYEK HET, TO M3-32 HEYETHOCTH YHCJIa
CTIMYEK SICHO, YTO JIBa KBAJ[PATHMKA CMEXHDI, a TPETH
HECMeKEeH ¢ HUMHU, TOT/[a OH MCIIOPTUT OJIMH U3 CMEKHBIX
KBa/J[PATHKOB.
3) Ocranoch ABa KBagpaTHKa U OHM HECMEKHbI. V3-3a
HEYETHOCTH €CTh CIIUYKA, B HUX HE BXOASIIAs, KOTOPYIO U
Bo3bMeT Bacs.
Bce mosunum paccMOTpeHbI.

A.Illanosanos

M2410. Jan enucannwvii wemvipexyzonvnux ABCD. Ilpo-
00J1KeHUsL €20 NPOMUBONOLOKHBIY CIMOPOH NEPECeKaom-
ca 6 moukax P u Q. Iycmv K u N — cepedumnvi
duazonazei. /loxaxume, umo cymma yzao8 PKQ u PNQ
pasua 180°.

ITyctp TOUKM pacrosioskeHbl Tak, Kak Ha puCyHKe. Tpe-
yronbaukn ACP 1 BD P no1o6HbI, TOCKOJIBKY Y HUX YTJIBI
C u D omwmpaioTcss Ha OAHY AyTy, a yroJa P oGnmii.
[TosroMmy cooTBeTCcTBeHHbIC MEJMaHbl B HHUX OTCEKAIOT
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nofo6ubIe Tpeyrombankn ANP n BKP. CaenoBarelbHo,
yrabl ANP w BKP paBHbl. AHAJOTHYHO, TOf06UE Tpe-
yroabHukoB ACQ n DBQ BJieueT paBeHCTBO yriaoB ANQ
u DKQ. CrenoBaTeabHo,

Z/PKQ + £ZPNQ =
= LPKQ+ 4BKP + ZDKQ = ZBKD =180° .
JI. Meonuxos, A.Cemenos, A.Illanosanios

M2411. [Tems yeuden na 0OCKe HECKOILKO PA3IUUHBLY
quces U Pewusl CoOCMAsUms gulpasxenue, cpedu 3Haienul
KOMOPOzo 6ce Imu uucaa ecmo, a opyeux nem. Cocmas-
Aaa svipaskenue, llemsa moxem ucnosw3oeamv xaxue
Y200H0 uucaa, 0coObUL 3HAK <+ », a4 MAKKe 00bLuHbLe
HAKU <F», «—», <X » U CKOOKU. SHAUEHUS COCMABACHHO-
20 BLIPAKEHUS. OH BLIUUCASEM, BbIOUPAs 01 KaAKOD0Z0
3naKa <+ » aubo <«+», aUb0 <—» 60 6CEX BO3MOKHBIX
Kombunayusix. Hanpumep, ecau na docke 6oiru uucaa 4
u 6, nodotidem svipasxenue > 1, a ecau na docke oviiu
wucaa 1, 2 u 3, mo nodoiidem evipasxenue (2+0,5)£0,5.
Bosmoxno au cocmasums HeoOX00uMoe Guipaixerue,
ecau Ha docke Obliu HANUCAHDL:

a) wucaa 1, 2, 4;

6) mobuvie 100 pasiuunvix OeicmeUme IbHoLX YUCEN?

Otser. Bosmoxno (B o6mem cirydae 6).
[Iyctp nmeetcst HekoTopoe Boipakenue 7. [lokaskeMm, kak
«HAJICTPOUTb» MMEIOIIeecs BbIPAXKeHe, YTOObI K MHOXKe-
CTBY €ro 3HaueHWil J06aBUJIOCH 3a/aHHoe uucyao a. [l
atoro mogoiizer Boipaxenne @ +(0,5+0,5)(T —a) (npu
BbIGOpE 3HAKA «+» MOJIYyYaroTCsl 3HAYEHUsT BhIpaskeHus T,
a 1pu BbIGOPE 3HAKA «—» TOJydYaeTcs 3HaueHue a). Tak
MOJKHO, CTapTysl ¢ HEKOTOPOI'O YNCJIa, BBIIOIHATD HOCJIe-
JTIOBATEJBbHO «HAJICTPOIMKI» 1 3a 99 maroB 106UTHCS TOTO,
YTOOBI MHOKECTBO 3HAYEHNH BBIPASKEHUS COBIAJIO C 33/[aH-
HbIM MHOKecTBOM n3 100 fneficTBUTEIbHBIX YHCeT.

Ko Bbowu I'on

M2412. Hempyoro nposepumn, wmo 06sem npasuibHOz0
OKMAIoOpa, onucannozo okoao cgepovr paduyca 1, pasen
43 . Bowscuume, 6epHO JU caedyrouee ymeepioenue:
«00BeM 11100020 B0COMUZPAHHUKA, ONUCAHHOZ0 OKO.I0 Che-
poL paduyca 1, ne menvwe A3 ».

OTBeT: HEBEPHO.

[Ipusesem npumep. IIpaBusbHbINl OKTad/Ip COCTABJECH U3
JIBYX TTMPaMu/{ (ma pucynke 1 ato nmupamuast EABCD n
E,ABCD ). Ec/im NOBEepHYTb BEPXHIO MUPAMULY OTHO-

2016/Ne3

CUTEJIBHO €€ BBbICOThI Ha 45°,
MOJIyYUTCSI MHOTOTPAHHUK,
n300pasKeHHbII Ha PUCYHKE 2.
[Ipu sTOoM GokoBBIE Tpanu Oy-
YT TO-TIPEKHEMY KacCaTbhCs
ceppl, BMHMCAHHONW B MCXO[-
HBI OKTasap.
Tenepp mnpopoKNM rpaHu
BepxXHeil MupamMujibl BHU3, a
HIDKHEH — BBEpX, OTpe3as TeM
CaMbIM OT 3TOrO MHOTOTPaH-
HUKA BOCEMb MaJIEHbKUX ITH-
pamuy ¢ Bepiimmaamu A, B, C,
D, A, B, C;, D,. Tornas
nepeceyeHny BOCBMH  TIOJTY-
IPOCTPAHCTB, OTPAaHUYEHHBIX |
niaockoctamu EAB, EBC,
ECD,EDA, E/AB,, EBC,,
EC\Dy, E/DA;, nomyunm
BocbMurpanuuk (puc.3) —ato
1 ecTb Hy>KHbII npumep.
3ameuanus. O6beM MOJTyUEHHOTO
MHOTOIpaHHMKA IIPUMEPHO Ha 2,94 %
MeHbIIIe 06'beMa NCXOHOTO ITPABUIb-
HOro oKTaszpa. OKasbIBaercs, aTOT
06beM MOJKHO €llle YMEHbBIIHUTD MPH-
mepro Ha 0,07 %: cpe/iu Bcex ornucan-
HBIX OKOJIO cepbl pajmyca 1 Boch-
MUTPaHHUKOB MUHUMYM 00beMa JI0-
CTUTaeTcst Ha HEKOTOPOM MHOTOrpan- /¢ 7
HUKE C YeTBIPbMS MATHYTOJTHHBIMU U YETBIPbMS YETBIPEX-
VYTOJbHBIMU IPaHAMU. VIHTEPECHO BBISICHUTD, SIBJSETCS JIA
MMOCTPOEHHBIN HAMU MHOTOTPAHHUK MUHUMAJBHBIM 10
006beMy XOTs1 bl Cpe/ii BCEX OIUCAHHBIX BOCbMUTPAHHUKOB
TOTO K& KOMOMHATOPHOro THma (T.e. UMEIOMNX 8 YeThIpex-
YTOJIbHBIX TPaHeii ¢ TAKUM 3Ke TIPUHIIUIIOM CKJICHKN).
A.Mepxyrosa

Puc. 1

Puc. 2

M2413". IIlepenza cocmoum uz N pe6sm nonapno pas-
Auun0z0 pocma. Ee pasbunu na naumenvuiee 03MOKHOE
KOUUECMB0 2PYNi CIOAUUX NOOPsO pedsim, 6 Kaxoou u3
KOMOPLLX pedsima cmosim no 03pAcmanuio pocmd cieéd
nanpaso (603MoKHbL 2pynnvL U3 00HOZ0 Yenosexa). Ilo-
mom 6 Ka:xk0oi zpynne nepecmasuiu pebsim no yovleanuo
pocma caeéa wanpaso. JAoxaxume, umo nocie N — 1
maxot onepavuu pe6ama 6yoym cmosimo no YovleanuIo
pocma cieea Hanpaso.

Bri6epem sio6oe dncio /2, u Bcex pebST pOCTOM MeHbIIe /
HA30BEM KAPJIUKAMU, & OCTATBHBIX — geuxanamu. Mecto
MEK/IY COCEISIMHU, JIEBBII U3 KOTOPBIX KAPJIHK, a MPaBBIi
— BeJINKaH, HAa30BEM cmuvlkoM. Becom cTbIKa HA30BeM
KOJIYECTBO KapJMKOB CJIeBa U BEJINKAHOB CIIPaBa OT HErO
(ne o6asaresnbro noapsa). Bec Moxker mpuHuMaTh 3Have-
Hust or 2 o N. Jlo onepaiuu BCSIKHI CTBIK MOT ObITb
TOJBKO BHYTPHU TPYIIIbI, IpudeM He O00Jiee OIHOTO B
rpymie. A 1mocJje onepanuy — ToJbKO Ha TPaHuTle ObIBIIe
IPYIIIbI, KOTOPas cojiepskasia cThiK. Beca 060ux BO3MOK-
HBIX CTBIKOB HA TPAHUIIAX TPYIIbI OYAyT MEHbIe Beca
ObIBINIETO CTBIKA 9TOM Tpymiibl. [loaToMy MakcuMyM BecoB
yMeHblIraercst pu onepaiuu (ecyin, KOHEYHO, CTBIKH elle
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HOSIBAAIOTCS) . 3HauuT, nocjae N — 1 onepaiuu CTbIKOB He
ocranercs. TeM caMbIM, BCe BeJIMKAHbI Oy IyT CTOSITD JieBee
BCEX KapJIMKOB.
PaccmarpuBast HyKHbBIE /1, TIOJYYHM, YTO TEPBBIH GyaeT
BBIIIIE BCEX, MEPBBIE ABOE — BBIIE BCEX OCTAJBHBIX U T.JI.
Taxkum 06paszom, pebsita BLICTPOSTCS 1O YOBIBAHUIO.

JI. Meonuxos, A.Cemenos, A.Illanosanoe

®2413. B H06020011010 HOUb 6 Oe36empeniyio nozody c
aspoopoma Canxm-ITemepbypea ( 60° ceseproil wupo-
mo) cmapmyem camosem u JemMum Hd NOCMOSAHHOU
svicome h =5 KM ¢ NOCMOAHNHOU NO 8eJUUUNHE CKOPOCTNBIO
v = 1000 xm/u, depixa ece epems KYpc Ha cesepo-
socmok (no 3eezdan). C Kakum yckopeHuem OmHocu-
meavro 3emau (cucmema ITmoaemes) 0suxemcs camo-
aem poeno uepes T =4 unosema? 3emaio MOKHO Cuumamo
wapom paduycom R = 6400 xn.

3a ueTbipe yaca moJieTa camoJieT Tmposeren s = vl =
= 4000 kM m cMecTUJICS B/IOJTb [MOBEPXHOCTU 3eMJIH
HalpaBJeHUU Ha CeBep Ha PacCTosiHue s, = (v/ V2 )T
= 2828 KM. ITO COOTBETCTBYET HOBOM IMUPOTE

1807 2828 _ 85,32°
6400
(ceBepHoii muporsr). Paccrosinue oT camMosieTa jio ceBep-
HOTO 110J1I0Ca B 3TOT MOMEHT PaBHO

I= R(E- i ) =522,6 1o .

2 180°

3a At =1 ¢ camosieT cMelaeTcs B HalpaBJIeHNH Ha BOCTOK
Ha PacCTOsiHUE S, = (v/ V2 )At =0,196 xm. CrenoBaTesib-
HO, 32 9TO BPEMsI CKOPOCTb caMoJleTa IIOBEPHETCS Ha YroJl

s, 0,196 kM 4
== " =376-10"" pax.
[ 522,6 km
OTO O3HAYaeT, YTO YCKOPEHWE caMoJieTa B YKa3aHHbIN
MOMEHT BpEMEHN paBHO
o
a=—z0,1M/02.
At
Boicora mosiera s MHOoro Membine pajaumyca 3emin R,
TI09TOMY OT HEE OTBET HE 3aBUCHUT.

=

¢ =60°+

B.Yxanos

D2414. Manenvruii 6pycox Maccoi m HAXOOUMCS Ha
221a0K0U 20pU3OHMANLHOT NOBEPXHOCINU HA PACCINOIHUU
Ly, om sepmuxanviozo cmonba, na Komopom na ebicome
h 3axpennen marenvkuil Hegecomviil 610K ¢ HENOOGUKHOL
eopusonmavnoti ocvio. Hesecomas nepacmsiumas Onumn-
HAsL HUMb O0HUM KOHYOM NPUKPENTeHd K OPYCKY, nepexi-
Hyma uepe3 OJ0K U HAMAHYMA C NOCMOSIHHOU CULOU
F > mg. Tpenus 6 ocu 610ka Hem. B HAUAIbHBITL MOMEHM
OPYCOK CKOIL3UM NO NOBEPXHOCIU U UMEem CKOPOCMb
vy, Hanpasaennyio om cmoaoa. Kaxum 6ydem paccmos-
Hue om cmoaba 0o 6pycKa 6 mom Momenm, Kozod 6pycox
na mznosenue ocmanogumcs? Kaxoi 6ydem cxopocmo
bpycka 6 mom momenm, kozda Opycox nepecmanem
0asumov na NOBEPXHOCMb?

W3 ycaoBus 3ajjaun SICHO, 4TO B HAYaJbHbIH MOMEHT
6pPYCOK JJaBUT HA TOPU3OHTAIBHYIO IIOBEPXHOCTD, I0ITOMY
«OTOPBATbCS» OT IIOBEPXHOCTH OH CMOXKET TOJIbKO Ha
0o6paTHOM TyTH K cToJ0y, KOrja paccrogaue [, craHeTr

menbine L. Kunerndeckas sneprust 6pycKa u3MeHseTcs,
Tak Kak cusa F coBepinaer pa6ory. Pabora cuJibl, ¢ yueroMm
3HaKa, paBHA MPOM3BEICHUIO BEJTMYMHBI CUJIbI Ha M3MEHE-
nue (yKopodeHue) JIMHBI yU4acTKa HUTH MEXKIY GPYCKOM
7 GJIOKOM.

Jl1s1 oTBeTa Ha TIEPBBIN BOMPOC 3aaudl HYKHO PEIIUTbH
ypaBHEHHE

mTvg+F(\/h2+l% —\/h2+L%)=O,

OTKYy/Ia HAXOJIUM HCKOMO€e PacCTosiiue OT cToJi6a 10 6pyc-
Ka:

g
p

muo,

P+ | -

L= 2F

Korpa paccrosnue L, craner MeHblie L,, CKOPOCTb
6pycka v, HaliieM U3 COOTHOIIEHUS

mTvg+F(\/h2+l% —\/h2+l§):m;22.

Tak Kak B MOMEHT OTPbIBA OPYCOK IMepecTaeT /aBUTh Ha
[IOBEPXHOCTD, TO BBIIOJHAETCS YCJIOBHE

h

——=mg.

2+ 13

Otcrofia MOXKHO TOJYIUTh OTBET HA BTOPOI BOMPOC 3a/1a-
YW, T.e. HAWTH CKOPOCTb GPyCKa B MOMEHT OTPBbIBa OT

OBEPXHOCTH:
NI - Fh

F

, 2F

UZ= Uo+—
m

A.Cmapos

®2415. Jaunnvii, L = 1 m, npamoyzonvnviil 6pycok
Keadpammnozo ceuenuss axa =10x10 cm umeem niom-
nocmo p = 500 KZ/ n . B PYCOK onycmuau 6 600y 03epa u
yoepiusast ezo0 6 MAKOM HeYCMOUUUBOM NOJIOKEHUU
pasmnogecus, WMo 00Ha U3 OIUHHBLL 2panetl Opycka 6viid
CYXOU U 20PU3OHMANLHOU, NPU IMOM NOLOBUHA 00BEMA
Opycxa 6viria noepyxena 6 60dy. Bpycok omnycmuau, u
O 3aMsLL YCMOUUUBOE NOJOKEHUE, NOBEPHYBULUCH BOKDY2
ocu cummempuu na yzon o = 45°. Ha ckoavko ymenvuiu-
JACH NOMEHUUALLHAS IHEPZUSL CUCTREMBL <B00A—OPYCOK »?

[entp macc 6pycka cBoe moJioxenue ve u3menusa. O6bem
BBITECHEHHOI OPYCKOM BOJIbI, paBHbIA V/2 = azL/2, oc-
TaJCS TOCTEe TOBOPOTA TPEXKHUM, OIHAKO TMOJOKEHIE
IEHTPA MacC BBITECHEHHON BOJIBI H3MEHUJIOCH. V3MeHeH e
MOTEHITNATHHON SHEPTUN CHCTEMbI MOJKHO BBIYUCJHUTD KaK
pe3yJbTaT TaKoii, MPOBEJCHHON MBICJIEHHO, MPOTIE/LYPbI:
1) cHagasa ¢ HOBEPXHOCTH O3epa CHEMAETCs TOHKUIL CJI0I
BOJIBI 00beMoM V/2 u 3anmBaetcst B 00beM, 3aHIMAeMbIi
HIDKHEH MOJTOBUHON GPyCKa B HAYAIbHOM TIOJIOXKEHUH, 2)
3aTeM TO JKe caMOe KOJIMYEeCTBO BO/IbI /I0CTAETCS U3 BbIEMKU
TaKkoro ke o6beMa V/2, HO 3aHUMAIOILIEil HOBOE IOJIOXKe-
HHUe, ¥ paclipe/iesisieTcsl BHOBb TOHKUM CJIOEM 110 II0BEPX-
HocTH o3epa. I110THOCTD BOMBI BABOE GOJIBIIIE MJIOTHOCTH
Marepuasa 6pycka. Ha mepBoM arame cuiaMu TSKECTH
COBepIIaeTcsT MOJOKUTEIbHAS paboTa

Vi a apVyg

Ay =20-9-=——,
274 4
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a Ha BTOPOM aralie — OTpI/IHaTeJIbHaH pa60Ta
|4 a2 _ a\/EpVg
27976 6

B peayibTaTe cyMMapHasi paboTa CUI TSKEeCTH OKa3aach
[OJIOKUTEJIbHOMU, T.€. MOTEHINAIbHAS SHEPTHsI CUCTEMbL
yMe€nblinaaCb Ha BEJTUINHY

AEH=A1+A2= %—% apVg=
1 2

3 -3
=|——— |a’Lpg =71,5-10 .
76 a Lpg IV
C.Amumpues

®2416. Bacs evidysaem uepes 0aunnyio mpyoxy Moliv-
notl ny3oipv. Hadye nysvips, on guinyckaem mpyoxy u3o
pma, npu Imom 6030YX U3 NY3vIPs bIXOOUM Yepes
mpybry napyxy. OKOHUAMEALHO NY3bIPb UCue3aem,
max u He JONHYS, uepe3 epems T. 3a Kaxoe epems
coyemes HAdymoLil Maxum xe 06pPA30M MuLILHOLL NY-
361pb 6060e Goavuezo paduyca? Cuumaiime, 4mo 030yx
no mpyobre dsuKemcss O0OCMAMOUHO MEONEHHO, d CEOl-
CMBA MHLILHOT NACHKU Y 000UX NY3bIPell 00UNAKOBDL.

[ToBepxHOCTHOE HATSKEHHE MBLIbHOH IIJIEHKH CO3/1aeT
BHYTPH Iy3bIpst J06aBouHOE AaBieHue (gaBienue Jlarnia-

Ca) pﬂ,oﬁ =
HATS)KEHUsT MbLIbHOH TIJIEHKHU, a R — pajuyc my3bipsi. DTo
J106aBOYHOE JIaBJIEHNE /IS Iy3bIpeil «pasyMHbBIX» pasMe-
poB (pajuyc KOTOPBIX 3HAYUTENBHO GOJIbIIE Pa3MEPOB
MOJIEKYJI BOJIbI M MBIJIA) CYIIECTBEHHO MEHbIIIE BHEITHETO
atmocdeproro jgasienus. [Ipn MesIieHHOM TeYeHnN BO3-
Jyxa B TpyOKe CHJIbI TPEHUS BO3/lyXa O CTEHKH TPYOKH
HPOINOPIMOHAIBHDI BEJTMYUHE CPE/IHEH CKOPOCTHU JIBUKe-
HUsS Bo3syxa B TpyOKe. Ciie/loBaTeIbHO, CPE/HSS CKO-
POCTb TIPONOPIUOHATbHA U3OBITOYHOMY JIABJIEHUIO B IIy-
3bIpe, T.e. 06PATHO MPOIOPIMOHAIBHA PAIYCY ITY3bIPSL:
1
?)Cp ~ E .
O6beM 1y3bIpst yObIBAET CO CKOPOCTBIO, TPOIOPIIHMOHAb-
HOM CKOPOCTHU [IBUIKEHUSI BO3AyXa B TPyOKe:
d (R3 ) 1
dt P R’

N3 sroro auddepeHnasbHOT0 COOTHOMIEHUS CJIeyeT,
9TO BPEMSI «CyBAHHS» My3BIPSI IPONOPIHOHATbHO R .
TakuM 06pa3oM, My3bIpb BBOE GOJBINETO PAIIYCA CIY-
eTcs 3a BpeMmsi, paBHoe 167 .

o
—,11e 6 — K0a(hUINEHT TOBEPXHOCTHOTO

B.11ysvipes
.“' ®2417. I'as ghomonos,
e 7| B o .y 0151 KOMOpPozo 6HYym-

pennss anepeus U npo-
nopyuonaivna obsemy
V u abconomuou
mennepamype T 6 uem-
! : eepmoi _ cmenenu:

: U=aVT", a dasire-
{ Hue 2a3a p pasno 00Hou
mpemoveii. omHoueHus:
GHYMPeHHell Inepzun K

2016/Ne3

obveny: p=ol" / 3, yuacmeyem 6 npoyecce, u300paxeH-
nom Ha pucynke. Kaxos KII/[ amoeo npouecca? Kaxos
maxcumanvno eoamoxuoii KIIJT menioeozo dsuzamens
npu meMnepamypax Hazpesamens u X0A00UIbHUKd, Pas-
HOLX MAKCUMATLHOU U MUHUMATLHOU MEeMNepamypam 6
paccmampusaemon npovecce?

P8.60T8., COBEplI€eHHadA 3a IUKJ, paBHa
A=(2p-p)2V-V)=pV.

la3 doronos nomyyaer rensno Ha yyactkax /—2 m 2—=3 u
OTZaeT TeIio Ha ydacTkax 3—4 u 4—1. Ilosydyennoe koJm-
YeCTBO TETJIOTHI PABHO

Qo = 2PV + (U3 ~Uy) = 2pV +a(2VTS VT ) = 11pV.

KoaddutmenT nosie3Horo geicTBus Mpoiiecca, CJeoBa-
TEJbHO, PaBeH

A 1
']"l = = —_—= 9,09% .
Q]'IOJT 1 1
Temnepatypa raza MakcuMaJbHa B TOUKe 3, a MUHMMaJIbHa

B Touke /. OTHOIIEHNE 3TUX TEMIIEPATYpP PaBHO

Thax — 4’& — ii/i
Tmin P

KII/I mukmra Kapno, T.e. MakcuMaabHO BO3MOXKHBIT KIT/I
TETIOBOTO JIBUTATEJIS TIPU 33JJaHHBIX TeMIepaTypax Harpe-
BaTeJisl U XOJIO/INJIbHUKA, PaBeH

1—Tm =0,1591=15,91%.

in _ 1—
A.l'a3oe

1
Mmax = Tmax %

®2418. Jsa odunaxosvix npogodsuux wapa 1 u 2 c
Quamempamu d = 10 cm Kax0vill YcMaHoB1eHbL HA HENPO-
600suUX NOJCMABKAX 6 6030Yxe max, umo paccmosmue
mexdy ux yenmpanu L =1 m. Cuauara wapvt noox.aouu-
AU K BBICOKOBOJILMHOMY UCMOUHUKY U 3APAOUNU MAKCU-
MATOHO B03MOKHUIMU O0UHAKOSVIMU 3apsdanu Q. 3amenm
OMKJIOUUNU WAPBL OM UCTHOUHUKA U OJUHHBIM TMOHKUM
nPogoodoM CIAIU NO OUePedu 3a3eMAAMb WAPbL U OMKII0-
uamo om 3azemaenust. ITocae nepeozo 3asemaenus wapa 1
Ha Hem ObLA 3apsi0 Gy, NOCAe 3d3eMAeHUs wapa 2 na mem
Ovin 3apsd ¢, u max oanee. Hnoinu crosamu, neuemmuole
3asemaenus nposoousucy 04 wapa 1, a yemmnvie — 015
wapa 2. Hatioume Q, qy, Gy, q3, -.. 8NI0Mb 00 MAKCUMATD-
11020 HOMEPd ONEPAYUL 3AIeMACHUS, K020a ewe NoLyudem-
csi <pasymmoiits omeem. <IIpobuenas» nanpsxennocmo
anexmpureckozo noas ¢ 603dyxe E, =3-10° B/m.

CHayasa HY>KHO HaliTH MaKCHMaJIbHbIE 3apsjibl MapoB Q.
Ecsm yuectb mepepactipe/iesienie 3aps/oB Ha 11ape, BbI3-
BaHHOE HAJWUYHUEM COCEHEro 1apa, TO MOHATHO, YTO MaK-
CUMAaJIbHOE 110 HANPSIKEHHOCTH 3JIEKTPUYECKOe T10J1e Oy IeT
€03/1aBaThCS MApaMu B TOUYKAX WX MOBEPXHOCTEH, HAXO/Is-
IMUXCST HAa MaKCUMAJbHOM PACCTOSIHUM JPYT OT JIpyTa.
Paccrossnme L = 1 ™ 3naumresipbio 6osbire D = 10 cm,
MTOSTOMY TIPU BBIUMCJEHUSX MOKHO TIOJB30BATHCS MaJsio-
CTBIO BeJMYMHbI /L ¥ cumTarh, UTO KK Map HaXo-
JINTCSI B TIOYTH OJHOPOJIHOM TIOJIe, CO3/IaHHOM JIPYTUM
nrapom. Bremnee nose pasio E., = kQ/ I? . Tlepepaci-
pejiesienre 3apsi/IoB Ha Tape Co3aeT 1moJje, KOMIeHCHPYTo-
niee BHeEINIHee TI0Jie TakuM 06pa3oM, 4YTO BHYTPHU MIapa
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e n i | 3 K|

£ nymo. Ectb, Hanpumep, takoe ycJjoBue:
3a CYeT TeIJIOBOIO JBIKCHUSI 3SHEPTHUs

ahapEL

waEpsE 1. Ka Bhe 19

L 4k

1 3apAKEeHHOro MapuKa qu2 /D He MOXKeT
6biTh Menbiie uem RgT /2 (3mech kg

Jdapaa

w@pa 2, 150 L

0831077 0LES

nocrosiiHas BoubiMana). Jrta sHeprus
Juis mapuka auamerpom 10 e ripu temire-

o

Elymenen i

parype 300 K cootBerctByeT 3apsiy
g =~5-10""" Kn. Takum o6pasom, yske

Aapag T o
ipa | G510

Bal™

i BOCbBMOE T10 CHETY 3a3€MJICHHE /Ia€T «HEPa-
3yMHO€» 3HaUYCHHUE 3apd/la Ha O/[HOM Hn3

AAHLL ; BT - S e g .
mizpra 2, Ka i i.24 0 i T |

HAIPSKEHHOCTb 3JIEKTPUYECKOro 10t paBua nyJo. Cob-
CTBEHHOE TOJIS 111apa, CO3/[aHHOE ero 3apsi/IoM Ha TTOBEPX-

Hoctu, paBHo E. .. =4k D? . OtHolenye BeamunH
cobeT

aTHX 10.1ei nMeeT HOPSIAOK E,ygor/ Eppen = 412/ D? = 400 .
3HauuT, IeWCTBUTEIBHO MOXKHO TIpU pacuete Q mepepac-
npejieIeHne 3aps/oB He YUUTbIBaTh. TOT/ja TepBOHAYAb-
HbIe 3apsi/ibl MapoB OyAyT PaBHbBI

0= E,D?

4k

[Ipu 3azemyieHuN OJHOTO U3 LIAPOB 3aps/l JAPYroro mapa
¢ OCTaeTCs MPEKHIM, a 3apsiji 3a3€MJIEHHOTO Mapa mpruoo-
peTaeT MPOTUBOIOJIOXKHBIN 3HAK W 110 MOJIYJIIO CTAHOBUTCS
MeHbIe 3apsaaa aApyroro mapa B N (onpezgenentoe Koim-
4ecTBO) pas. [ToTeHImaT 3a3eMIEHHOTO MIapa PaBeH Hy.JTio,
TTO9TOMY BBITIOJTHSIETCST YCJIOBUE

~0,83-107% Ku.

1 2 2L
kgl —+——|=0, otkyma N = —— =
L ND D
[Tocsie BbITIOIHEHUST OlEpaIK 3a3eMJIEHUsT B n-il pa3
3aps/l 1iapa, 3a3eMJIEHHOTO MOCJEJHUM, CTAaHET PaBHBIM
Q/(-N )" . PagymubIM GyzieT BeJIMunHa 3apsijia BO MHOTO
pa3 GoJbliasg eJUHUYHOTO 3apsjga 3JeKTPOHA
= ~19 ) T
e=16-10 Kux . Ionydaercst, 9To BCero omeparnuii 3a-
3eMJIEHUST HYJKHO TIPOBECTH CTOJBKO, 4YTOOBI BCe e€le
BBIIOJIHSIIIOCHh HEPABEHCTBO
n
2LY D*E,
D 4dke

YucJ10 onepanuii 3a3eMaeHNs, HOCIE KOTOPOTO MOJTyYaloT-
cs ellle «pasyMHbIe» BEJIMYMHbI 3aPsA/I0B Ha Iapax, PaBHO
n =9 (cM. ta6x.). Iocrae gecaroro sazemuenus (IIATOro
LI BTOPOTO IapuKa) 3apsjl Ha 3a3eMJICHHOM IIapuKe 2
JOJKEH ObITh PaBeH MPUMEPHO €/2, uero, eCcTeCTBEHHO,
6biTh He MokerT. Kaszanoch Obl, 4TO B IIOC/IEAHHUE TPU
KJIETOYKH TaGIHIbl HAO TTIOCTABUTD HY.JIN.

Ha camoM jieJ1e 3apsi/ibl aPUKOB He MOTYT GbITh PaBHbIMU

-20.

=52-10"2 > 20"

IIAPHKOB.
C.3apsdos

®2419. Hssecmno, umo macca Coanuya
pasna M = 2-10% xz. ITpumepno 73% maccor Connua —
amo 60dopod, 25% maccet — zeauil, a HA OCMANLHOE
npuxodumcs ecezo-mo 2% maccor Coanya. Mcmounuron
anepeuu Coanya A6A10MCS L0EPHLIE PEAKUUL NPespaue-
nus 6000poda 6 zeauil, Komopwvie udym 6 neboavuoil (6
cpasnenuu ¢ pasmepamu canozo Coanya) obaacmu 66.1u-
3u ezo uenmpa. /Ipyzue peaxyuu, 6 4aCMHOCMU PeaKyuu
npespawenus 2eaust 6 yeaepod u m.o., no pacuemam
yuenvix naunym npoucxodumv 6 Coanye Moavko Ha
Gunanvrot cmaduu ssonoyuu. Yepes kaxoe epemsi 004
sodopoda ¢ macce Coanya cmanem pasnoti 72957
s cnpasxu:
CcoNHeuHast nocmoannas 66ausu 3emau W = 1370 Bm/ M s
macca npomona my, = 1,0072765 a.e.m., npomon maccus-
nee anexmpona e 1836,1527 pas, macca adpa eenus4
m. = 4,00260325415 a.e.n.

YUto6b1 06pa30BATIOCh OTHO SIIPO TEJIUS, HYKHO COETNHUTD
4 aapa Bogopoga (4 mporona) u 2 5I€KTPOHA, U IIPH STOM
Macca gzpa requs Oy/eT MeHbIle NCXOIHONH CyMMapHON
Macchbl cocTasistroninx vacruil Ha Am = 0,0276 a.e.Mm.
dueprus, «cOpollleHHasg» B pe3y./IbTaTe TAKOI0 IpeBpalie-
Hus, paBHa Amc’. 3a To BpeMs II0Ka Macca BOJOPOJA B
Cousnnie ymenpbmmmress ¢ 73% g0 72%, t.e. 1% Maccel
BOJIOPO/IA ITPEBPATHUTCS B reJinii, 6Y/IeT BbljieJeHa SHEPrHist
. 0,001M

4m,, +2m,
CoJtHeuHast TIOCTOSTHHAS Ha paccrosaun ot CoJsHIla, pas-
HOM pacctogano ot 3eman go CousHIla, paBHAa
W =1370 BT/ M2 . Cpennee pacctosuue ot ComHIA 10
3emun L = 150 moa kM. CrenoBatesnbno, CosHIIE U3JTY-
YaeT MOIIHOCTb, PaBHYIO W - 4nI* =3,85-10%° Br. Or-

CIO/IA TIOJTYYaeM OIEHKY MCKOMOTO BPEMEHH:
E

"W dnl?

Amc? = 0,685-107 Mc? =1,23-10" [Tx .

=32-10' ¢ =1 MJIDJT JIET .

M. Coanuyes

OT noacTtaHOBKN KOpPHSA
A0 TPpaHCUeHAEeHTHOro 4ndia

B 37011 cTaThe MbI HAUHEM C PEIIEHUST O/IHOM OJUMITHA-
HO¥ 3ajaun 06 OIlEHKEe KOPHSI MHOTOUJIEHAa, a B KOHIlE
MMOCTPOUM SIBHBII MPUMED TPAHCIIEHJIEHTHOTO YUCJIA.

Ocenbio 3Toro rojia Ha TypHUpPE TOPOIOB MIKOJbHIKAM
mpeasnaranach Takasd 3afgada (oma ke — samaua M2407
«3amaunuka «Ksanra», aBrop — A.Xpa6pos).

3agaua. Bce xkoaghduvuuernmuol nexomopozo nenocmosim-
HO20 MHOZOUJIEHA Ueavle U NO MOOYII0 He NPesocxoosm
2015. Jdoxaxume, umo 1060t NOJOKUMETLHBIL KOPEHD
amozo mmnozounena boavwe uem 1,/2016.

JKiopu TypHupa o6cy:Kmano BapumaHT — AaTh ee st
KBAIPATHOTO TPEXUJIEHA, HO MOOOSJIOCH, YTO MIKOJbHIKI
6POCSITCS BBIUCHIBATE (DOPMY Ty KOpHETT Yepes JUCKPUMI-
HAHT ¥ TIOTPSI3HYT B BbIYKCIeHUSAX. B utorosoit popmy.iu-
POBKe MHOTOUJIEH UMEET IPOU3BOJIbHYIO CTEEHb, TaK YTO
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(k cyactpio!) HUKakUX QOPMY.I A1 KOpHs y Hac HeT. Kak
JKe Torja pemaTb 3azauy? Ocraercsl TOJbKO ITIPEAIoJIo-
JKUTH TPOTUBHOE, YTO Y MHOTOUJIEHA €CTD MOJIOXKUTETbHBIT
KopeHb o, Menbmmuii 12016, moacTaBUTH €10 B MHOTO-
YJIeH U TMIOCMOTPETH, YTO TOJYUUTCS.

Beegem oGosnavenust. Ilycrs f(x) = a,x" +...+ ax +
+ a, — HaIll MHOTOWIeH. MOXXHO CUNTaTh, ITO €To CBOGO/I-
HbIil uien a, Henyxesoii (nHaue naiigem @; # 0 ¢ Han-
MEHBIIUM WH/EKCOM i W pasfeauM [ Ha x') W jgaxe
nosioskutesbHbiil (MHaue jgoMuoKUM f Ha —1).

Torna snauenue [ (0l) He MEHbIIE UEM caMOe MaJeHbKOE
BO3MOJKHOE — KOr/la Bce KO3(@UIMEHTB OT d, 10 &
pasubl —2015, a koadduuuent @, pasen 1 (oH Bexb
nesblit u 6osbine Hyss). Bocrnoabsosasumch popmy.toi
JUIST CYMMBI T€OMETPHYECKOI MTPOTPeCcCul, TTOTyIaeM

f(o) > =20150" —... - 20150 — 20150+ 1 =
_ oyt
=-2015(0" +...+ 00+ 1) + 2016 = —2015-%+2016 >
> —2015— 42016 > —2015- — 42016 =0,
1—o 1-1/2016

T.e. [(a)>0. [IporuBopeune.

[Tpoctasg maes — TOACTaBUTb YHCJIO B MHOTOWIEH —
MIOMOTJIA PEIINTD 3a7auy. sKalKo Ha 3TOM OCTaHABJINBATD-
Cs1 — TIOMIIIEM ellfe KaKne-HUOY/Ib NHTePEeCHbIE TPUMEHEHHS
Haieit unen. /s yno6erBa 1oroBopuMcest HauOGO Iz 13
Moty Jieit KoapuIEeHTOB Y MHOTOUJIEHA [ Ha3bIBATh HOP-
Mot muozounena f u obosnauatb |f|. Tombko 4To MbI
JIOKA3aJIM: €CJIM Y HEMOCTOSIHHOTO MHOTOYJIEHA C I[eJIbIMU
koadumnmrentamu HopMa He rpesocxout 2015, To NoJI0-
JKUTEJBHBIN KOpeHb MHOToUIeHa 6oJibiiie 1 ,/2016. [TepBoe
0600611I€HIIe OYE€BUIHO HATIPAIINBAETCS.

Ynpaxknenue 1. Ilycts o — HeHyJIeBOil KOpeHb HEMOC-
TOSIHHOTO MHOTOYJIEHA C TIEJBIMH K03 PUIMEHTaMI |

If < A. Noxasure, aro |oc| > T
HeGombimoil TPIOK MO3BOJISIET TEMU K€ PACCYKACHUEM

OIICHUTb KOPEHb CBEPXY.

Vupaxknenne 2. Ilyctb O — KOpeHb HEIIOCTOSHHOIO
MHOTO4JIeHa ¢ meapiMn Koadduumentamn n |f]| < A.
Jlokasxkute, uto |of <A + 1.

Vrkazanue. Ecanm o #0 — KopeHb MHOrodJeHa
: 1

a,x" +...+ax+d,, TO — — KOpPEHb MHOTOYJCHA
o

ayx" +...+a, x+a,.

Ho a7o0 ete gaseko ne Bee. I[TonpobGyem BMecTo paccTo-
STHUST OT KOPHSI IO HYJISi PACCMOTPETH PACCTOSIHIE OT KOPHSI
IO IPYTOTO KaKOTO-HUOY/Ib YUCTIA — CKaxKeM, /10 (PUKCUPO-

BaHHOTI'O pallMOHAJIbBHOT'O 4YMCJIa

. Komeuno, MOJKET

MIPOCTO COBHACTb € KOPHEM. A €ecJu He COBIAJET —
HACKOJIbKO OJIM3KO CMOXKeT Tojo0parbest? /laBaiite ore-
HuM. OTBeT OyJIeT 3aBHCETh y)Ke HE TOJBKO OT HOPMBI

MHOrodJjieHa, HO M OT CaMOIro 1 HpuBe/IeT HaC K

3aMedaresbHON Teopeme JIMyBUILISA O TPUOTKEHNSIX 1 K
SBHOMY MOCTPOEHUIO IIPUMEPOB TPAHCIIEH/IEHTHBIX unce!

Urak, nycrb [(x) = a,x" +...+ ax + a, — HeHyJIeBoil
MHOTOYJIEH CTENeHH He BbIIIe 7, ¢ 1e1bMU KodduImen-

2016/Ne3

tamit, mpudeM |f]| £ A . Ilyets  — pamuoHaIbHOE YHCII0
(¢ 1eJIbIM p ¥ HATYPAJIBHBIM ¢), @ o0 — KOPEHD f, OTJIMYHBII

oT q Hama 3amaua — oneHuTb CHU3Yy MO/yJib YHCJa

B:a—ﬁ.
q

p
Cornacuo ynpasKHeHuIo 2, OL‘ < A+1. Ecan uncio ;

JIOCTaTOYHO BEJIMKO — CKaxkeM, OGoJibiiie A + 2, To u

|B| = o = 2| te cammxom manenbkoe — Goubime 1. Han ske
q

HNHTEPECHO, HACKOJbKO 6JIM3KO K O MOJKET HaXOAUTbCA

E, TaK YTO Jlajee paccMaTpuBaeM cJydail Plca+2.
q

(3a6eras Biepes1, CKaskeM, 4TO B 9TOM CJyYae MbI OIICHUM
|B| CHU3Y 4ucJoM, MeHbImM 1, T.e. JJoKazaHHas jjajee

p
olleHKa OyeT BepHa IS 6ceX —, OTIMYHBIX OT O .)
YTo6BI CBECTH CHUTyaluio K pa3oOpaHOil B yIpakHe-
Huu 1, caenaem cBUT HA

q
P

f| x++|. Ero koappunmentsr MOTYT GBITH He 1EIBIMH,

, T.€. PACCMOTPHUM MHOTOUJICH

HO 9TO JIETKO HUCIIPpaBUTbh /JIOMHOKEHUEM Ha qn HOBTOMy
pPacCMOTPUM MHOI'OYJIEH

g(x)=q"f|x +§ =

77

=q"|a, x+2 +...+q x+ 2 + a,

q
Toraa g umeer neJbie koaduimentb u g (B) =0 . Urobb
otennts ||, ocranoch oneHUTH HOPMY MHOTOUYJIEHA g, a

JJIA 9TOrOo /IOCTAaTOYHO OI€EHUTb HOPMbl MHOT'OYJIEHOB,
CyMMOI'/JI KOTOPbIX ABJIAECTCA §.

Vnpasxnenue 3. a) Haiiure Hopmy Muorousiena (x — 1)5 .
6) Jlokaxkure, 4TO “(x - 1)"” <o

100
B) JlokaxkuTe, 4TO H(x -1) H =Cioo -

<6".

r) Jlokaxmure, 4TO “(x -3)

Y muorounena | x + P
q

m m

Mockonbky Cp' <2k <2" a Pl o<
q
k

He TIPEBOCX0-

KaxAbIi KoapDUImeHT nmeet

sug Cp' P

<(A+2)" <(A+2)", Tonopmay x+ P
q

nut yucaa 2" (A + 2)" . Rasxzptit koadduiinent y g ckia-
abiBaetcst us He 6osiee ueM (72 + 1) Takux wmcest, yMHOKEH-
HBIX Ha ¢, OTKy/Ia
gl < (n+1)-2" (A+2)"q".
Torpa, no ynpaxkuenuo 1 u yuutbsas, uro |g| =1,
MO>KeM HalucaTb
B> el s
G120 ety 2 (v 2y @
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SAJAYHHUK

[lepBblii COMHOXKUTE/Ib B IPABOI YACTH 9TOI0 HEPABEHCTBA
o6osnaunm C (n, A) . Koncranta C(n, A) 3aBucut tonpko
or n nu A (orpanndenuii Ha crenenb u HopMmy [). Wrax:

a—fz>(?OLA)j;, (+)
q q

[Topa mepeBectu JyX U HOHSTD, YTO MOYKHO U3BJIE€YD 13
MOJIYYeHHOTO pe3yJIbTaTa.

Onpenesenue. BernectBeHHOE YUCI0 O HA3BIBAETCS 7~
HeNpUOIUKACMbIM, €CTU HANJIETCS TAKOE MOJIOKUTENBHOE
YICJIO €, YTO TPHU JIO60M IIeJIOM p U HATYPAJIbHOM ¢
BBITIOJIHEHO OJTHO M3 JIBYX YCJOBHIA:

0c=£ WJIn oc—ﬁ >L.
q q qi’l

VYnpaxuenune 4. [Tokaxure, 4T0 U3 JOKA3aHHON HAMU
OIICHKH CJIeyeT meopema JIuyeuiis: KopeHb MHOTOUYJIeHA
C 1eJIbIMU KO3 PUIUEHTaMU U CTENIEHBIO, HE TPEBOCXO/IsI-
Ieit 7, SABJISIETCS N-HEeNPUOIUKAEMbBIM.

[TosicHuM CMBICT JTAaHHOTO OTIPEEIEHUSI W TEOPEMbI
JInysunnga. Ilycte Mbl XOTUM TIPUOJHM3UTH HEKOTOPOE
MOJIOJKUTEJIbHOE YNCJIO O OTJMYHBIM OT HETO PalmoHab-

HbIM 4YHMCJIOM B BbIépaB 3HaMe€HaTeJb ¢, [ABUHEMCA I10

o . 1
YUCJIOBOM IIPAMOUN N3 HYJIA HIaraMu JJHWHBI — B CTOPOHY

O W Haii/ileM 4MCJI0 MAros p, 4To6bl OKa3aTbhCs HA CTOJIb

MaJIOM PACCTOSIHUU OT O, HACKOJIBKO 3TO BO3MOXKHO I1pU

BbI6paHHOM ¢. [lajee Mo)keM YMEHBITUTh ¢ TaK, 4TOOBI

HAIIW Tark CTaJl MEHbIIE yKe JOCTUTHYTOTO PACCTOSTHUS

JIO OL: TAKVMU TIAaraMy MBI CMOKEM MTOI06PAThCS K 0L elre

6mmke, n Tak gagee. Ho mpn aToM Bo3pacTeT . X0opoImo
p

NMETDH HpI/IéJII/DKeHI/IH —, B KOTOPbIX W 3HaM€HaTE€J/Jb HE

., 49
CJIMIIIKOM 6OJ'H)IHOI/I, 1 paCCTOAHUE /10 KOpHA MaJIEHbKOE.

Mo:kHO ake BBECTU IIOHSITHE nficoad)¢uuueﬂma Kaue-
P

cmed npuéﬂumeHuﬂ: 9TO pacCcTodHue OoT — /10 KOpHA,

YMHOKEHHOE Ha 3HaMeHaTeJIb B crerenn 7 (T.e. |0 — P q").

Uem Gosbiiie n u yeM OJiDKe K HYJTO KoahUIUEHT
KauyecTBa, TeM Jjyuine npubiamkenue. Tak BOT, TeopeMa
JInyBUILISL TOBOPUT: K KOPHIO MHOTOYJIEHA CTEIIEHH 72 Mbl
He CcMOXKeM 10/06paTh TPUGIMKEHUe CO CKOJIb YTOHO
MaJIEHbKUM TIOJIOKUTETHHBIM 7-KO3(DDUIIMEHTOM Kaue-
crBa. Haiizercd Takas mMoJIosKUTeIbHASA KOHCTAHTA €, YTO
n-koadgduiment Kayecta Beerga Oyner 6oJblie Hee.

ITO TO/ICKA3BIBAET H/IEI0, KAK TTOCTPOUTD MPAHCUCHOCH-
mHoe 4uco, T.e. TAKOe YUCJI0, KOTOPOE He SIBJISETCS
KOPHEM HHUKAKOTO HEHYJEBOTO MHOTOYJIEHA C IeJbIMI
KoaddumenTamu: y Hero /171 JI060TO 7 JOJIKHO HAUTHCD
IPUOJIIIKEHIE CO CKOJIb YTOIHO MAJTEHbKUM TIOJIOKITE b=
HBIM n-Koa(puimenToMm KavecTna.

M3rotoBuTh Takoe YHUCJO HEMPOCTO, HO MBI TIPUMEHUM
HEGOJBIITYI0 XUTPOCTH: MOCTPOUM TaKOe o, 4YTO TIpU

o p
KaXJI0M 71 Hau/leTCA HpI/IéJ'II/DKEHI/Ie —, JI&I KOTOPOro

o-2|< C(n,n)in. 3pecn C(n,n) — Ta camas onpese-

q
nennas soimie koucranra C(n, A), B Kotopoii B3aTo A = n.

[TocTpoenHoe TakuM 06pa3oM YUCIO O HHU JJIsT KAKOTO 12
He MO3KeT ObITh KOPHEM HEHYJIEBOIO MHOTOUJIEHA C T[eJIbIMU
K02 PUIIEHTaMH, ¥ KOTOPOTO U CTeTeHb, U HOpMa He
BbIlie 7. A TOTJa OHO BOOOIIE HE MOXKET OBITh KOPHEM
HUKAKOTO HEHYJIEBOTO MHOTOuIeHa P (x) ¢ messivu koad-
Cl)I/I]_[I/IeHTaMI/IZ HNHa4Y€ paCCMOTpUM 71, paBHOE MaKCUMYMY
13 HOPMbI 1 creniedn P (X), u moJiyduM npoTuBopeyne.

Bynem cTpouTh MOJTOKUTENbHOE TPAHCIIEH/IEHTHOE YHC-
JO o B Buje GECKOHEYHON eCATHYHON Apo6U, 3alncCh
KOTOPOW COAEPKUT JIUIIb HYJAW W eAUMHUIIbI, [pUYeM
e/IMHUIIBI BCTPEYAIOTCS BCe pexke U peske. bosee touno,

a=+ L1y
T10m 10 10m o)
rjae 7’l1 < 1’l2 < ...~ InocjaeaoBaTeJIbHOCTh HOMepOB 7’l1, 7’12, ooy

TJle Y Hac TocJje 3amsATON CTOST eIMHNUIIBI I KOTOPYT0 HaM
MIPEICTOUT TPABUIBHO MO06PATD.

Bospmem 7y =1 m 3amernm, uro unmciao o =0,1...
3aBe/loMO Menblite 4yeM (0,2 U He MOXKeT ObITbh KOpPHEM
HEHYJIEBOTO MHOTOYJIEHA C IeJbIMU Ko PuIMeHTamu,
creneny He Bbiue 1 1 Hopmbl He Bbime 1 (okasxure!).

Bynem noa6uparp Kask/10e cieyIoliee 7, Tak, 4TOObI o
He $SIBJISJIOCh KOPHEM HUKAKOrO MHOTOYJIEHA C I[eJIbIMU
K02 PUITIEHTaMH, ¥ KOTOPOTO CTeleHb U HOpMa He Tpe-
BocxoaaT k (kak Obl B jajibHeiileM HU BbIOUPAJINCH
MOKA3ATEN Ny, g, Npyny--- )

IIycts MBI y:Re BbIGpanm HOMepa #y, ..., Ny_q. CyMMy
nepBbIxX k — 1 cmaraemMprx B mpaBoii gactu (# x ) 0603HauNM
o_y — aTo OyneT ouepegHoe mpubamxenne Kk o . CymMma
OCTaJIbHBIX caaraeMbix (XBocT Apo6u) — 9TO paccrosHue
MEXIY O 1 O .

Yuceno o,y MOXKHO 3alMCaTb B BHIE O = 2, rue
g =10"1. 3ameruMm, 4YTO XBOCT O —0 4= o™ +
1 1
+ + ... TIOJIOKUTEJIEH W 3aBEJIOMO MEHbIIEe — 5, 7 .
10"k+1 10"

1
Torna BbiGepem ny, , GoJiblliee 7y,_q, Tak, 4TOObI —1 T
oKasajgoch MeHbIre (UKCHPOBAHHOTO YHUCJIA
C(kk) C(kk)
= o Pagymeercst, 3T0 BO3MOKHO, TTOCKOJTb-
q -
Ky 1, MOKHO B3SIThb CKOJIb YTOJHO GOJIBIIHIM.

C (k,k)

Torpa mosryunm, 4TO |0c - OL,H| < 7

, 4TO U Tpe-

6oBasioch (orenka () He BBITIOJHSIETCS).

[TocnenoBarenbHO BBIGUpAsT 7y, , onipesiessieM o hopMy-
Joit (## ). TpaHCIEHIEHTHOE YKCJIO MOCTPOEHO.

[logxopmsamue moce10BaTETbHOCTH 7, MOKHO, KOHEU-
HO, yKa3aTb U SBHO.

1 1
Yupaxuenue 5. J[okakure, 4TO YNCIO —5 +—57 +

1
+ F +... TpaHCLEHJAEHTHO.

3anHTePeCcOBABIINMCS 3TOH TEMOI PEKOMEH/[yeM ITPOYH-
taTh ctathio H.MDempamana «Anre6pamueckne W TpPaHC-
LeHeHTHbIe yncaa» B «KBanre» Ne7 3a 1983 roz.

C.Aopuuenxo, 1. Koxeenuxos
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AJdAd MITAAIIINXX MIKOJbBDHHUKOB

aJa4yu

1 . Y He3Hamkm ectb nNate kapTodek ¢ umdpamu: 1, 2, 3, 4
1 5. TToMornTe emMy COCTaBUTb M3 3TUX KapToYeK ABa YMcsia
— Tpex3Ha4yHoe W IBYy3Ha4YHOe — TaK, 4TOObI NePBOE YNCIIO
Oennnocb Ha BTopoe.

A.lllarioBasioB

2. Mo NOBEPXHOCTW NNaHeTbl, MetoLLen hopmy byonu-
Ka, Mpornon3nu, octasnss 3a cobon cnegpl, ABe YNUTKN:
OflHa MO KPACHOW JIMHWK, a Apyras no cuHen (kak Ha
PUCYHKe). Ha CKOMbKO 4acTel pasfenunn noBepXHOCTb
nfiaHeTbl cnefbl YIMTOK?

C CmupHoB, V. AeHko

3. AHs 3axoTena BN1caTb B KaXAaylo KneTky Tabnuupl
5x 8 no opHom uudpe Tak, 4TOObI Kaxmpas uMdpa
BCTpeYanacb POBHO B YeTblpex psaax. (Pagamm mMbl cHmTta-
eM Kak cTonbubl, Tak 1 CTPOYKM Tabnuupl.) LokaxuTte, 4To
y Hee HMYero He NoslyymnTCA.

Ebakaes

37K 3a4a4M NpefHa3HayeHbl Npexae BCero yyalmmes 6—8
KNaccoB.

371 3a8a4m npegnaranucb Ha XXVII Matematnyeckom npas-
OHVIKe.

4. OnouH yron TpeyrofibHMKa paBeH 6(0°, a nexaiias
NpOTKB 3TOr0 yrfla CTOPOHa paBHa TPeTV nepumeTpa
TpeyrofibH1Ka. [lokaxnte, Y4To 3TOT TPEYrofibHNUK PaBHO-
CTOPOHHMUN.

M.Bon4kesuy

5. Ha koHkypce «A Hy-Ka, dyouwal» croat B pag 15
OPaKoHOB. Y cocefien YMC0 rofioB oTnmYaeTcs Ha 1. Ecim
y OpakoHa 6orblie rofnos, Yem y 0bourx ero cocefien, ero
CHUTAIOT XUTPbIM, €CIIU MeHbLLIE, YeM y 0DomX cocenent, —
CUNbHbIM, @ OCTanbHbIX (B TOM YMCe CTOSLIMX C Kpalo)
CYUTAIOT OObIYHBIMW. B psify eCTb POBHO YeTbipe XUTPbIX
OpakoHa — c 4, 6,7 1 7 ronoBaMn 1 POBHO TPU CUNbHbIX
— 3,316 ronoBamu. Y nepBoro 1 NocneaHero ApakoHoB
rof10B MOPOBHY.
a) MNpvBeanTte NprmMep TOro, Kak Takoe MOro ObiTb.
0) [okaxuTe, 4TO YMCNIO TONOB Y MEPBOro ApakoHa BO
BCEX MPUMEPAxX OAHO N TO Xe.

A.lllanoBasnos, W.41eHko

Unnoctpaumm .1 puriLykoBov
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NAKYIINnY
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AK IMAIIET A.N.ITEPEJIbMAH B KHUTE «3A-

HuMareabHas ajre6pas (rmasa II, cratbsa «Ko-
POBBI Ha JIyTy»), MO HEKOTOPBIM CBEJEHUSM, 9Ty
CeJbCKOXO3SIUCTBEHHYIO 3a/aqy TPEeJIOKNI caM
Wcaax Hpioton nn, 1o Kpaiineit Mmepe, KTO-TO U3 €T0
COBPEMEHHUKOB!

Tpasa na ecem nyey pacmem o0unaxoso 2ycmo u
ovicmpo. Hzeecmno, umo 70 xopos noesu 6vl ee 6 24
ous, a 30 xopos — 6 60 dneii. Cxoavko KOpos noeau
OvL 6ct0 mpasy ayza ¢ 96 Oneu?

[IpsiMoil U ¢ BUAY ecTeCTBeHHbIH 110/1X0/] HaTaJ K1~
BaeTcsl HA HeNPeo0JIUMble TpPyAHOCTH. B camom
nene, 96 aueit Gosbiie, yeM 24 [HsS, POBHO B 4 pasa.
[Toatomy ecam 70 KOpOB cbeadT TpaBy B 24 mHS, TO,
yTOOBI Tpamesa MPO/0JKAIACh BYETBEPO [IOJIBIIIE,
KOJIMYECTBO KOPOB HAJ/IO BO CTOJIBKO K€ pa3 yMeHb-
ITUTh, U OHO cTaHOBUTCA paBHbIM 70 : 4=17,5. [Ipn
TAKOM OTBeTe€ cpa3y BCIIOMUHAIOTCS 3HAMEHWTbIE
noamopa 3emnexona Buxtopa Ilepecrykuna!, HO
aTo ete 1mosa6ebl. XysKe APyToe: ecr ONnpaThCs Ha
JIpyTHe JaHHbIE YCJIOBHS, a MMEHHO He Ha 70 KOpoB,
a Ha 30, caonasmux Tpasy 3a 60 gueit, To 96 : 60 =
= 1,6, u moToMy OTpe6HOE YUCJI0 KOPOB CTAHOBUTCS
pasubpiM 30 : 1,6 = 18,75. B pe3ysibraTe BO3HUKAET
MpayHoe OoIyleHne 6e3bICXO{HOCTH, CJETKa CMSIT-
YeHHOe HAJeXK/I0H, 4TO YCJOBHE TIPOCTO-HATIPOCTO
COZIEPKUT OMMUOKY, a 3HAYUT, U OPaThCs 3a TaKyIO
3a71a4y He MMeeT CMbICJIA.

Mexay Tem, ommOOK B 3agade Her, u GoJee
BHUMATeJIbHBbIE cpa3y o6paTsT BHUMaHUe Ha IepBoe
npe/IoskeHne — o pacrtyiieil Tpase. Bot rze 3apbita
cobaka® — OKa3bIBaeTcs, MOKa KOPOBbI /AT, TpaBa
ycCIIeBaeT TMO/IPACTH, U 3a11ac KOPMOB Ha JIyTy YBeJIn-
unBaercst (XOTs U He MOXKeT 0GECIIEUUTD KUBOTHBIM
GECKOHEYHO JI0JIT0e TIUTAHUE).

Kak sxe pemarpb takyio 3agauy? Bo3MokHbIi TI0/-
xon mpeanaraer cam S.M.Ilepenrbman B TOl ke
kaure. [Ipommtupyem ero paccykiaeHms.

BBenmem BcmomoraTtebHOE HEM3BECTHOE, KOTOpOe
6yner 0603HAYaTh CyTOYHBIN TPUPOCT TPaBBI B [10-
JIAX ee 3araca Ha Jyry. B ofHu cyTKu npupacraer y,
B 24 nHs — 24y; ecaw o6uuil 3amac mpuHATD 3a 1, TO
B TeueHue 24 jHelt KopoBbl cbegaotr 1+ 24y. B cyTkn

e ckasounyio nosects JI.B.Tepackunoii «B crpane nesbry-
YEHHBIX YDOKOB».
2 B jannOM ciiyuac BepHeil GbLIO Gbl CKA3aTh «3apbITa KOPOBA» .
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1+24
Bce ctago (u3 70 KOpoB) cbegaer 2—y, a oJ(Ha
1+ 24
KOPOBa CbheJlaeT 24—73 . [Toio6HbBIM ke 06pa3oM U3

Toro, 4to 30 KOopoB moesn 6bI TPABY TOTO K€ JyTa B
60 cyToK, BBIBOAMM, YTO OJHA KOPOBA CbeJaeT B
1+ 60y
30-60
KOPOBOI B CyTKM, JAJg 0060MX CTaJ OJUHAKOBO.
[ToaTomy

CYTKHN Ho konunuectBo TpaBbl, CbE€/aeMOE€

1+24y 1+60y
24-70  30-60

OTKy/la Y = ﬁ Haiing y (Besmunny tpupocra),

JIETKO YJKe€ OIIPpEAeJnTb, KaKyl0 JOJIIO II€EpBOHAYaJIb-
HOT'O 3altaCa TpaBbl CbedaeT OJHa KOPOBa B CYTKH!

1r24 L

480 _ 1
24-70 1600

1424y
24-70

HaKOHeH, COCTaBJIZAEM ypaBHEHUE [JII OKOHYATEJIb-
HOT'0 petieHunA 3a/fla4uu: €CJau UCKOMOE Y1CJIO KOPOB X,
TO

1496

480 _ 1
962 1600

otkyaa x = 20. /[Bajnatb KOPOB MmoeJin 6bl BCIO TPaBY
B 96 nHeii.

Bor n Bce pemenne. Huvero He ckaskentb — 106poT-
HO 1 ocHoBaTtesbHO. Ho yx oyenb rpomosniko. [loka
JI0 KOHIIA JIOYMUTAEIb — yiKe U HadaJo 1103a0y/ellb.
Henb3s s kak-HuOYy b KOpoye?

MozkHo. U ryiaBHOi OIIOpPOil B 9TOM IOCJIyKaT He
repou CIOJKeTa — KOPOBBI, a... CAM aémop 3adayu!
Ncaak HpioTon ObLT He TOTHKO TeHNATbHBIM MaTeMa-
TUKOM, HO U He MeHee TeHnaabHbIM dusnukom (3aKo-
bl Hbiorona rosopsar camm 3a ceOsa!). Bennkuii
YUEHDIII TIOCTABUJI HA CTPOTHE MaTeMaTHYeCKIe PeJib-
Cbl TIPUHIINI OTHOCUTEJbHOCTH JIBUKEHUS U yMEJIO
€T0 UCII0JIb30BaJ B pellleHN MHOTUX 1pobJeM. Tak
JlaBaiite ¥ Mbl Tak iepeopMyInpyeM 3a/1a4y, YTo0bI
Ha [epeIHNi 1J1aH BbILIa ee (pu3nyecKasi CylHOCTb.
[l aTOTO 3aMEHNM JIYT ¢ KOPOBaMU PEeKOil ¢ Kare-
poM. W BOT 4TO y Hac BBIXOJNT.

Hasosem cobcmeennoti ckopocmuio Kamepa ezo
cKkopocmv npu Osukenuu 6 cmosuei eode. Ecau
Kamep nonivleem 66epx No MmeueHuro peKku ¢ coo-
cmeennoii ckopocmowio 70 km,/ 1, mo on dobepemcs 0o
nynKma wazuavenus 3a 24 uwaca, a ecau on nonjivl-
sem ¢ cobcmeennoll cxopocmvio 30 Km/4, mo OH
dobepemcst do nynkma nasnavenus 3a 60 uacos. C
Kaxotl coOCMBEHHOU CKOPOCbIO eMy HAO NAbIMD,
umobwvL docmuuwv ueau 3a 96 wacos?

2016/Ne3

3/1echb KOJIMYECTBO KOPOB MPeoOPa3oBaioch B CKO-
poCTb Karepa, a pacTyllas TpaBa — BO BCTPEYHOE
teuenne (IIpaB/ia, caMy YKCJIOBbIE 3HAYEHMS T10JTyda-
I0TCSI IAJIEKUMU OT PeaibHbIX, HO KOT'O 9TO BOJIHYET).
[Hanee, He caumikoM OTKJOHSACh oT Ilepesbmana,
0603HaUNM COOCTBEHHYIO CKOPOCTh Karepa depes3 X,
a CKOPOCThb TedeHus 4epe3 y. Torga ogHO W TO Ke
paccrosinue, Kotopoe npoiibLt (6b1) KaTep, MOKHO
3anucaTb TpeMs croco6aMu, YTO TIOPOZK/JAeT BOT
TaKyI0 CHCTEMY YPaBHEHWUIA:

(70-y)-24=(30-y)-60 =(x—y)-96.

Pemraerca ona mnpoie mapeHoil pembl, a riaaBHoe —
npocra 1 Harsgana. OTBeT, ecTeCTBeHHO, COBIIalaeT
¢ TeM, 4T0 GbLI TosTyueH panee: x = 20 (3nauemnme xe
¥ Hac BOOOle-TO He MHTepecyeT, HO ecJu 101060~
IBITCTBOBATb U BBIYMCJIUTH €r0, OHO OKa3bIBAeTCs

1
PaBHbIM 3§, caMun COOépaSI/ITG, IoyeMy OHO HE

1

COBIIAIa€T C BbIYMCJICHHDbIM paHE€ 3HAaYCHUEM 4_80 ).3

Kak BuanM, 3HaMeHUTOE TeaTpajbHOE BOCKJIUILA-
Hue: «ABTopal> MOXXHO € yCIeXOM IPUMEHSTb Mpu
pelieHnn MaTeMaTW4YecKuX 3ajad. Yero u Hammm
gHuTaTeJ M JKeJaeM. A B 3akJiodeHne, 4ToObl y6e-
JINTHCSI, YTO ONUCAHHBIN NPHEM OCBOEH IIPOYHO U
HAJIe’KHO, MTOTIPOOYiiTe PenuThb IpyTyio, 60see Ca0XK-
HYIO 33j1auy, npuBe/eHHy0 IlepesbManoM B TOil ke
«3aHuMares bHON anre6pes:

Tpu nyza, nokpvimoie mpasoi 00uHAK0801 2Ycmo-

1
movL U CKOpocmu pocmd, umerom n/loumau: 3 2a,

10 2a u 24 ea. Ilepeuviii npokopmur 12 6vikos &
npodosxkenue 4 wedeav;, emopoi — 21 Ovika &
meuenue 9 nedenv. CKOAbKO GbIKO8 MOKEM NPOKOP-
Mumv mpemuil 1ye 6 mevenue 18 nedenn?

Kak u ciegoBano oxujarb, pelleHue, IpuBe/ieH-
Hoe B kuure Ilepesbmana, 3aHsan0 6e3 Masoro zise
crpanuiibl Tekcta (He Gy/ieM ero jaxe NPUBOIUTD).
Ho BbI, KOHEUHO, 060iieTeCh MEHBITUMU 3aTpaTaMHU.
Brnepen!

3 A TOMY, KTO BCe-TaKu He cooépasnn, IIOJICKaKeM: 3HadeHue

1
E TIOABJIAECTCA TIpU 0603HAYEHNN BCETO IIyTH (JH/I60 JKe ero
9KBHBaJIeHTa — MUCXO/IHOI'O 3allaCca TpaBbl Ha JIyI‘y) yepe3 enHuLy,
KaK 9TO c/jesiaga HepenbMaH. Mpr1 ke o6omLTICh 6€3 3TOr0 1 JlaxKe

BOOOIIe /IINHY IYTH He BBIUKUC/IAIN — 3a4eM HaM JIMIIHsS padoTa?
Mesk/ly IIpOYMM, CKOPOCTb TeYECHUS PeKU, PaBHad 3% , CBUJIETE/Ib~
CTBYET 0 TOM, UTO Gy/[b CKOPOCTD KaTepa He 60JIbIIe ATON BeJTUINHbI
— ¥ OH HHUKOT/la He jo6epeTcs /10 TyHKTa HasHavdeHns. B mepesose
Ha KOPOBHUIl A3bIK 5TO O3HAYAET: €CJIU KOPOB He OOJIbIIe 3% , TO OHH

MOTYT CKOJIb YTO/IHO JIOJITO IIUTAThCA Ha JIYTY, B IIPOTUBHOM CJIydyae
IIPOJIOBOJIBCTBEHHAS TIPO0IeMa Hen30eKHa.
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YPATVHO M ero Kayenu

C.[ABOPAHUHOB

EBE, HABEPHOE, TPYIHAA 3A/IAYA I10O-
naJjach? — obparuicsi K bypaTuno ¢ Borpo-
com ITama KapJio, oTopBaBIIch OT CBOETO BEPCTAKA.
— Ilouemy TbI Tak pemnn? — yausuics byparuno.
— [la Bce ouenn mpocTo. [lepen To6oit KHUTA, HO THI
yoKe JIJaBHO ee He IIepe/IICThIBAellIb 1 He OTKPbIBACIIb
HOBYIO cTpaHUIly. Tak ObIBaer, KOrja Thl 06/[yMbIBa-
elllb CJOXKHYIO MaTeMaTH4ecKylo 3a/avy.

Mos kHura BoBCe He 110 MaTeMaTuKe, s YUTao Mpo
npukJodeHnst 6apona MionxrayseHa. A 3aymasics
s BOT HaJ ueM. OpHaK bl 3TOT 6apoH 6GyaATo 6bI caM
ceOs1 3a BOJIOCHI BbITanmmy u3 Gosora. Kaxkaomy
MOHATHO, YTO 3TO HEBO3MOXKHO TIO0 BCEM 3aKOHAM
(pusuxu u yTo Tak HUKOT/AA He O6bIBaeT. Ho s BOT uTO
BCIIOMHILIL.

Korga s 6p11 coBceM MaJIeHbKUM, Thl Kadas MeHs
Ha Kayessx. S ycaskuBascs B KpecJjulle, U Tbl BpeMs
OT BpPEMEHHU B TaKT ero mojraikuBai. {1 eme Tebs
npocus: « Cusbnee! Boime! Eme Borme!s Tyt Bce
MOHATHO — HE MOT e g caM ce6s1 TonkHyTh. Ho BOT
BYEepa MbI € peOsiTaMH KavyaJuch Ha Kavyesisdx, U TyT
cutyarusi Oblaa cOBceM Jipyras. 3acKOYWsa g Ha
Kadeau M IIOTOM caM, 6e3 KakKoH-JmOO0 IIOMOIIH,
packavascs oueHb Jlaxke CUabHO. Eciu Obl ThI B 3TO
BpeMsI ObLTT PSI/IOM, TO HaBEPHSIKA MOMPOCHUT ObI MEHS
6bITh octoposkHee. Ho ziesio ve B atoM. MHe kasket-
Csl, UTO 3TO pacKayMBaHUE CPOJHU BBITACKIBAHUIO
camoro cebst u3 6osnota. Ho mocsiennee HUKTO He
MOXKET c/leJIaTh, a BOT Ha KavyessaX KasK/IbIH MOXKeT
packavatbes. Ilouemy tak?

Hageproe, TyT CKPBITO Kakoe-TO IPOTUBOPEYne 1
ecTb Kakas-To TaiiHa. MHe XoueTcss pa3o6parbes C
aTUM BonpocoM. I aTo Tak MHTEpecHO, YTO 5 roToB
IpepBaTh YTeHUE YBJIEKATEJbHOI KHUKKU O IIPU-
kJoueHnsax Mionxraysetna. Tak Kak ke Mbl pacKauu-
BaeMcs Ha KaueJsx?

— UYro x, Oymem pas6uparbcs, — Ilama Kapuo
CTPSIXHYJI CTPYKKHU ¢ papTyKa U MOJACEN K CTOTY. —
[laBait Gymary. Buauajie MbI [TOJSKHBI BCIIOMHUTH
PO 3HEPTrui0. A UMEHHO, SHEPTUI0 MEXaHWYECKYIO.
Takast aHeprusi ObIBaeT IBYX BU/IOB...

— [Mla, 3Hat, — yBepeHHO mnojaXBaTtuy Byparuho.
OHeprusi 6bIBaeT KMHETUYeCKash M TOTEHINaJbHas.
Korpa g pasronsgioch Ha camokaTe, TO COBEpHIAO
pa6oty. U camoxkar, u s Ha HEM JIBUKEMCSI C Hapac-
Tatoneil ckopoctbio. YeMm 6oJibllle CKOPOCTb, TEM
6osibille  KuHetnveckass aueprus. Ilotom kakoe-TO
BpeMs S 110 MHEPIIMH MOTY KaTUTBCS C MOCTOSTHHON
ckopoctbio. Ecanm 1npum atom Mos jgopora mnoijer
BBEPX, TO 32 CYET HAKOIJIECHHON KMHETUYeCKOHN aHep-
I'UU s MOTY U Ha TOPKY 3akatutbest. [Ipu asuskennn
BBEPX CKOPOCTb YMEHbIIAETCs, KHHETHUECKas SHep-
IS TOXKE yMeHblaeTcs. B KoHIle KOHIIOB S OCTaHOB-
JIIOCh, KMHETUYecKast SHEePIrus CTaHeT PaBHOI HY.JIIO.
Ho sneprus ne ucdesner, oHa rnepeijier B aHepruio
MOTEHIMAJIbHYI0. DTa SHEPrus CBs3aHa ¢ BbICOTOH. S
JKe 0Ka3aJicst Ha TOPKe, U TI0TOMY 006J1a/1a10 TIOTEeHIN-
aypHOil aHeprueil. Tenepb s MOry pa3BepHYTbCS U
nokatutbcs BHU3. [lpu aTOM mnoreHnma bHas sHep-
rusg Oyner yObiBaTb — oHa OyjleT Tepexo/uTb B
KHHETUYECKYIO0 9HEPTUIO JIBUXKECHUSI.

— Hy uT0 3K, & BIKY, ThI XOPOIIO 3HaeIb (DU3UKY
n Tebe TOHATHO, YTO TaK >Ke MEHSeTCd W TBOS
9HepTus, Kor/la Thl Kayaelibcs Ha Kauessax. Okasad-
CS Thl HA CAMOM BepXy M Ha MUT OCTAaHOBUJICS — TBOS
MOTEHIMAIbHAs dHeprus camasi 6oJibllasi, KUHEeTHu-
yeckasl Ke paBHa HyJio. B camoll HusKHeil Touke
TBOEH TPaeKTOpPUM TOTEHIMAJbHAs dHEPIUs paBHA
HYJI0, a KUHETHYeCKash OKa3bIBaeTcsl caMoil 60Jib-
moit. BaskHo, 4To mpu Takux TBOUX KOJEGAHUSX —
TaK Ha3bIBAIOT KAYaHUs MAasITHUKA, & TBOU KQUEJIH 3TO
TOT K€ MaATHUK — BBIIIOJIHACTCS 3aKOH COXPAHEHUS
3HEprun

K+1I=C,
rae K — ato kunernueckasd sHeprusi, [/ — moreHIu-
ajabHag sHeprus, C — I[OCTOAHHAS BeJUYMHA LIS

KoslebaHWil ¢ paHHON amrmtymoi. /la, moscHio:
aMILIUTY/Ia — 9TO pa3MaxX KoJeOaHUi.
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— CulefloBaTesIbHO, ecjii XO4y pacKayuBaTbCs BCe
CUJbHee U CuJbHee, T.e. IOJHUMATbCS BCE BbBIIIE U
BbIIIE, 5 JIOJDKEH YBeJIMYNBaTh 3HAYEHHE TOW KOH-
ctantel C. A 3TOr0 MOXKHO JIOGUTBCS, YBEJIUIUB JUGO
sHauenune K, mm6o suauvenue [I. Scmo! Korma ToI
paHbIlie MOATAJTKABAT MOW JIETCKUE KadeJu, TO ThbI
YBEJUYMBAJ MOIO KMHETUYECKYIO sHepTuio. Tak e
Terepb MOTYT JIefiCTBOBATh MOU TOBAPHIIHU, €CJI OHI
psnom. Ho naske ecim ux u Her, s caM, OJIMH, MOTY
packauMBaTbCs Bce cUJbHee U cusbHee. Kak ke 310
jpocturaercsa? BoT aTo U ecTh MO TJIaBHbBIN BOpoc!
— ¢ BoojylieBJeHueM npoustec bypartuno.

— JlaBaii BbISICHUM: KaKyl0 93HEpPIuio — KHHeTHYec-
KYIO WJIM TOTEHIIUAJbHYIO — ThI MOXKEIllb YBEJNYHTD,
HaXo/[Ch Ha Kavaiommxcs kadesnsx. [loaronaxknyTsb
caM ceOsi Thl He MOMKEIlb, CTal0 ObITh, BCS HAJEXK/1a
OCTaeTCs Ha yBeJMYeHUe TOTEHIIMAIbHON aHepruu. A
BOT YBEJMUNUTD €€ IEHCTBUTETHHO MOKHO. M 4TO ThI
JUIST 9TOTO Jlesiaelllb, HaXO/sICh Ha Kauesdax?.. A?..
Benomunn?..

— [la, — o6panoBasica bypatuno. Benomuni! Crost
Ha Joleyke, s TONEpPeMeHHO To cru6ail HOTU B
KOJIEHAX, TO HX PacIpsMJAIO, T.e. 10 OYepean
npucesaio 1 pacnpamisioch. U xorja g pacupsamis-
I0Ch, T.e. BCTAl0 B TMOJHBI POCT, TO S COBEPIIAIO
paboTy 10 TTOIbeMY CBOEro 1eHTpa Mace (M1 1enTpa
TSOKECTH), U 9Ta paboTa NepexoAuT B MOTEHIATb-
HYI0 sHepruio Kadeseii. Ho motom, xorga g mpuce-
Jlalo, TOTEHIMaJbHAs 3sHeprus, — TyT DbypaTwHo
3aMoJiya]l U Ha €ro Jiuie IOSIBUJIOCh BbIpaKeHue
pasoyapoBaHus.

— Tax 4yTO TaM noTeHIMaJbHAS dHEPIUS [leaeT? —
non6oapua ero Ilama Kapuo.

— Ilorennmanpuas sHeprus yObIBaeT, u, CTAJO
6bITh, HUKAKOTO ITPUPOCTA TIOJHAS SHEPTUS pAaccMar-
pUBaeMoil MEXaHMYeCKO# cucTeMbl He MOJyyaer.
Packauarbcs cuibHee He MOTy4YaeTcs, — 3aKJIIOYNIT
Bypartnno ¢ pasodapoBanuem.

— [laBait He GyzeM TOpomwmThes, a GyJeM BHUMA-
TeJbHbIMU. Beab sKCIepuUMeHTbI, T.e. TBOH OIBIT,
rOBOPAT, UTO packauuBanue npoucxoaut! He omyc-
Kail pyKU 1 He YHBIBail, WIIM TeopeTndeckoe oObsic-
HEHUe 3TOTO SIBJIEHUS.

— 3Jt0o TpUOBI B Jecy HILYT, a OObICHEHHE Te
UCKaTh? — MPUyHbLT Byparuno.

— Kak rne? B tBoux paccyxaenusx! boiBaer, uro
PeIuJI Thl ypaBHEHNE, CBEPUJ OTBET U BUAWIID, YTO
omu6esa. Haumnaenms permath 3aHOBO, aKKypaTHO
MPOBO/IA Bce BbIKIaAKU. Tak u ceituac. Bor g Te6e
HeMHOTO To/ickaky. Haunem ¢ camoro Havama. Ka-
Yaelbcs Thl Ha KadeJsdX TyJa-CcloJla ¢ TTOCTOSHHON
aMILJIUTY/I0} Ha COTHYTBIX B KoJieHAX Horax. M Bor
8 CaMOU Hu KHell Mmouxke Tbl MIHOBEHHO BCTaJ B
MOJIHBIN pocT. Kak ThI yMaelb, TOcJIe 3TOT0 aMILIN-
Tyaa (T.e. pasMax) yBeJIMUNTCS?

2016/Ne3

— Koneuno. {1 Bemap momusan cebs, COBepPIIUI
paboTy, yBeJNUNJI NOTEHIINAJIbHYIO SHEPTHUIO, a 3Ha-
YUT, ¥ OOIIYI0 S9HEPTUIO CHCTEMBI.

— Urak, ectb croco6 yBeJIMYUTH TTOTEHIINAJIbHYIO
sHepruto. MoskeT 6bITb, U HE HA MHOTO, HO YBeJHU-
YUTh. XOUETCS ITOT IpUeM TOBTOPUTHb. BepHo?
WNubiMu cioBaMu, keaTteJbHO ONSATb BCTATh B T10JI-
HbIil poct. Ho ceifyac Tbl y:Ke CTOUIID U TOBTOPUTH
3TOT TIpHEM HEBO3MOXKHO. Kak ke ObITh?..

— Berarb B 10JIHBINM POCT MOKHO TOJIBKO U3 COCTO-
SHUS, B KOTOPOM HOTM COTHYTbI B KoJieHsax. U
MO3TOMY Terepb 1 JIOJKEH TPUCECTDh, — COTJIACUJICS
byparuno.

Camoe rnaBHOe — BbIGpAaTb MOMEHT, KOTJa 3TO
cjaenyer caenarb. Ecanu cOrHyTh HOI'M B KOJICHSIX B
caMoil HI)KHel TOYKe TPAeKTOPUU, TO YObLIb TTOTEH-
IUAJbHON dHeprun Oy/leT TaKoil >Ke, KaKuM ObLT
nepen 3TUM ee nipupoct. Cymmapubiii aderT ot
JBYX neficTBuil Oy/ieT HyJeBbIM, Mbl BepHEMCS Ha
UCXOJHBIN pexxuM KojeGanus. Jlydrme Bcero mpu-
cectb... [logymaii, korma.

A 4TO6BI aTh NMPABUJIBHBIN OTBET, MOCMOTPH HA
JIBe OJIMHAKOBbIe JIeCTHUIIbI. ToJbKO O/HAa M3 HUX
crouT BepTHKaibHO (Kak IMOJKapHasi JIECTHUIA Y
JoMa), a japyras — HakJoHHO. Eciau 110 Kaskaoi
JIECTHHUIIE TTOJHATBCS, cKaxkeM, Ha 10 cTynenek, To B
KaKOM CJIy4ae Tbl TIOJHUMEIILCS Ha GOJBITYIO BBICO-
Ty — 10 BEPTUKAIbHON JIECTHULIE W/ 110 HAKJIOHHON ?
3/1ecb YMECTHO BCIIOMHUTD, YTO KaTeT MPSIMOYTr0Jib-
HOTO TPEYTOJIbHUKA MEHDBINE TUIIOTEHY3bI.

Bce mue scno! — Beceso mpousHec bypatuno.
OxkasaBImch B caMOil BepXHell TOUKe TPAeKTOPUH, S
JIOJI>KeH MTHOBEHHO IIPUCECTb, COTHYTb HOTU B KOJIe-
nax. Ilpu arom mMoe cMmenienue 1o BEPTUKAIU OKa-
JKETCSl MeHbule MOeTo TIo/beMa 10 BePTUKaJIN, KOTO-
poIil 6bLT B HIDKHEH Touke Tpaektopuu. Iloaromy
yObLTb TOTEHIMAJIbHO 2HepTUU Oy/IeT MEeHbIIe ee
npupocra. B pesyabraTte ABYyX AelcTBU — pacnpsam-
JeHue 8 HUuXHel mouxe u npucedanue 6 eepxmell
mouke — Kavyesau ToJy4daT IPUPOCT SHEPTUH, aMILIu-
Ty/a KOJeOaHnil yBEJUIUTCS.

MoskHO Takue AefcTBUS MOBTOPSITb, HaKayuBas,
TEM CaMbIM, HEPTHUIO B HAIIy MEXAaHUYECKYIO CUCTe-
Mmy. [Ipu aToM Hamm Kauesn OKasbIBAIOTCS MasTHU-
KOM TiepeMeHHO# JinHbl. COrHyJin HOI'M B KOJIEHSIX
— MOJIYYUJIN JIIMHHBINA MasgTHUK JJIMHON L, BCTaau B
MOJIHBII POCT — IMOJIYYUJIN KOPOTKUI MasgTHUK [IJIU-
HOIi /.

— Hy uto xe, ¢ dusukoii pazobpamcs. Tor Mo-
JKeNTh TIPOIOJIKUTH CBOE YTEHNUE, a I — CBOIO PaboTy.
Ho mazmo 3ameTnTh, 4TO MBI 1asTH TIpocTeliniee 06bsic-
HEHWE TOTO, KaK pacKauymBaroTcst Kaudeyan. Mbl He
Y4JIH BCEX OOCTOSITENBCTB.

Ho at0 yxxe Tema [ 1pyroro pasroBopa.
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A.CTACEHKO

3ayem KpyTUTCS BETP B OBPAre,
[loabemner Jimcr v rblib Hecer,
Korza kopabrib B HEABUXHOU Briare
Ero fbIXaHba XaqHoO Xaer?

3avem ot rop v MuMo baiueH
Jletut opesi, TAXEN v CTPALLEH,
Ha vaxnbii nerHb ? Cripocu ero.
3avem aparna cBoero

Mianas mobur [le3nemoHa,
Kak mecsu mobur Houm Mriy?

3arem, yro Berpy v opIy
U cepaLly [€BbI HET 3aKOHaA..

A.ClywknH

HECOMHEHHO, B 9TUX ITAPAJIJIEJIbHBIX COITOCTAB-
nenusx TToaT HaMeKaeT Ha HeKoTopble aHajsoruu. Ipu-
CTYIIMM U Mbl K UX HOUCKY.

Hanpumep, KaKyio aHaJI0OrHI0 MOKHO [TPOBECTH, COMOCTaB-
JISISE MEXaHUKY IPY3MKa Ha [PYKUHKE U J[BUKEHUE 3apsi/lOB
B 3JIEKTPUYECKOM KOHTYPE, COJlepsKallleM eMKOCTb W UHJYK-
tuBHOCTD (M. pucyHok)? Ipeskae

iy | | 1) -:Iﬂ Bcero, B 00enx CHUCTEMAaX MOTYT
| | il g % IpoMCXOAMTh KOJIEeGAHUS, U €CJIH

C HET TI0TE€Ph MEXaHWYeCKOW HHep-
K IUU Ha TPEHUE WJIU HA OMUYECKOE

r_,.-f"r conporusierue (OHO OTCYTCTBYeT

B WJICAIM3UPOBAHHOI cucTeMe), TO
I KOJIeGaHUs, OJJHAXK/IbI BOSHUKHYB,
— Oy/yT TPOJOJUKATBCS BEYHO. A
AR BO3HUKHYTb OHU MOTYT, €CJIH Jie-
(opMIpOBaTL TMPYKHUHY, OTKJO-
HUB TPY3 OT IOJIOXKEHUSA PAaBHOBE-
CHUS, WM 3aMKHYTb KOHTYP C TIPE/I-
BAPUTEJIBHO 3apsyKEHHbIM KoHJeHcaTtopoMm. M moreHnnasib-
Hasl 9HEPTUsl 1ePOPMUPOBAHHON TIPY KUHBI

2
kx
— m
1, =—7
2
Oy/JIeT BEYHO Yepe3 KasK/ble YeTBePThb Mepro/ia EPEXOUTh B
KUHETUYECKYIO DHEPTHIO JABUKYIIEHCS Macchl

fi s
L Loes
£

K - mo?,
n .
2
3necs u panee m (oT maximum) B UHAEKCE O3HAUAET
Han6oMbLIYI0 BeauuuHy. TOYHO Tak >Ke IOTeHIUalbHas
SHeprusl KoHJeHcaTopa

2
w=—
2
HepeﬁﬂeT B KMHETUYECKYIO SHEPIUIO KaTyIIKU MHAYKTUBHOC-
™

2
K - LI,
m=—".
2
[Ipuuem B 11060ii MOMEHT BpeMeHH cymMMa OGOMX BH/IOB

IHEPIrum COXpaHACTCA:

2 2 2 2

W/C)q”  LI* _ (YC)qy Ll
2 2 2 2

Yixe OTCI0OJa BU/IHO, YTO CMEIlEHNE I'DY3UKa Ha IIPYKUHE
AHAJIOTUYHO 3apAy KOHAEHCATOPpa, CKOPOCTb CMEUIEHUA aHa~
JIOTUYHA 3JIEKTPUYECKOMY TOKY, MacCCa I'Py3UKa — MHAYKTHUB-
HOCTH, a JKECKOCTD IIPYIKUHDbI — BEJTUINHE, OépaTHOfI E€MKOCTH
KOH/ZIEHCaTOpa. Bce aTo MoskHO 3ammcarth Tak:

= const.

X q, me L

v I, kei_
C

HOJIy‘IeHHbIe COOTHOIIIEHNA CBUAETEJBCTBYIOT O TaK Ha3bI-
BaeMoii asiekrpoMexannveckoit anasorun. O6 atoMm cBuje-
TEJIbCTBYIOT M BBIPAXKEHUS JIJIsT BOXKHEIIel XapakTepuCTHKY
K0J1e6aTeIbHOTO Mpoliecca — KPyrosoii yactotsl. [luis rpysu-
Ka Ha IpPY’KUHE OHA paBHA

k
0=,[|—,
m
JUIA 9JIEKTPUYECKOTO KOHTYpa —
1/C
T

3aMeTuM, 4TO B MOCJEHEN 3aUCh MBI YoKe YUJIH TOJBKO 4TO
C/IETAHHOE <OTKPBITHE» 00 AHAJOTHH XapaKTEPUCTHK JBYX
paccMaTpUBaeMbIX CXEM.

Temepb MOKHO cjies1aTh OOGIINI BBIBOI: BO BCSIKOW CHCTEME,
o6aaaomneil MHEPTHBIM 3JeMeHTOM (<«HMHEepPTHOCTBIO») 1
Bo3Bpamaoeil cuioil («KecTKocTbio» ), MOIyT BO3HUKHYTh
KOJIe6aHUS ¢ 4aCTOTOMR

«KECMKOCb>
<UHEPMHOCTLY

«/KecTKOCTb» CTPEMUTCS BEPHYTb CHCTEMY B IIOJIOKEHHE
PaBHOBECHS, & <MHEPTHOCTb» MPUBOJUT K TOMY, UTO CHCTEMA
<ITIPOCKAKMBAET MHUMO» 3TOTO TIOJIOKeHus. U mpomexomaur
[EPUO/IMYECKOe TIPEBPAIleHNe TOTEeHIMANbHO sHeprun (B
HAIIIeM CJTy4ae COOTBETCTBYIONIEH X, U ¢, ) B KHHETHIECKYIO
suepruio (v, u 1, ). Tlosyyaercs, 4T0 MbI MOKEM OIEHUTH
1 4acTOTy KoJIeGaHHIl KaIlJli, U — JaXKe CTPAIIHO CKa3aTb —
yactoTy KoJsiebanuit BeeseHHOI.

[elicTBUTE/IbHO, B C/Iydae KaILIU >KeCTKOCTD OIIpe/ie/IsieTcs
K02 HUIMEHTOM TOBEPXHOCTHOTO HATSIKEHUS ©
([c]=H/M), crpemamumMcs BepHYTb 1eOPMUPOBAHHYIO
Karmo K cepryeckoil popMe, a MHEPTHOCTDb CBSI3aHA C ee

Maccoil 7, TaK 4ToO
c
(l) ~ J—
m

(poBepbTE PasMEPHOCTD).

A Bceenennas aBisercs rpoMajiHbIM KOHIEHCATOPOM TOTEH-
IUAJIbHOI SHEPTUN TATOTeHHs, CBA3aHHON ¢ DyHaMeHTa b
Hoit koucrantoit G ([G]=H - M2/ Kkr? ). DTy SHEPrUIO MOKHO




30 KBAHT

M2
omneuntb Kak I ~G——, tne M u R — macca u pajuyc

Bcenennoii. Ynono6uB aTy sHEpPTHIO MOTEHIIMAIBHON 3HEP-
THH CKATOH TIPY’KUHBI, 3aMUIIeM

kR?
H~T,
2
. GM
OTKy[[a HOJIy‘{I/IM <«JKECTKOCTb» BCEJIeHHOI/I k= 3 ~

~ G<p>M , TJIe <p> — CpeHsis IIOTHOCTD. Ternepnb sicHO, 4TO
ecqin yxk Beesiennoii npujiercst Kosie6aTbesi, TO 4aCTOTA HTUX
KoJiebanuii OyjieT mopsijika

o |- J5H.

[Tpunumasi, corJacHo acTpopU3NYECKUM J[IaHHDBIM, <p>~

2016/Ne3

~107% xr/p? ®~6-107"1.10720 ¢! <

~107"% ¢! Bmaunr, nepuox xomeGamuii Beenennoit cocra-
BUT

IIoJaydynM

T:Ez6-1018 ¢ = 200 mapx Jiet
®

(3zecn yureno, uro 1o =3-107 cexyna.) A ¢ MoMenTa
Bouspimoro B3peiBa mponwio yxe nopsiika 10 Musmapaos
Jer. Tak 4TO HEZOITO OCTAJNOCH JKAATh, YTOOBI OIPE/IEIUTD
3TU KOJIeGAHUSA: eCTb OHH HJIU HeT.

Brpodem, B MOaTHUECKOI aHAJIOTHH, TIPUBEICHHO B IINUT-
pade, ToXKe MOXKHO HAWTH «3aKOHbI». Berep 1npejickasbiBaer
METEOPOJIOrHs; OpeJI, BO3MOXHO, IIPOBOJAUT 00sA3aTe/bHbIe
TPEHUPOBKY BBICIIErO IUIOTAXa; a Jle3seMonbl Beerja clie-

maT 3aMy’yK — XOTb 3a apalia.

3aKoH [yka U
KOS PULINEHT
[TyaccoHa, nnn Hewm
pPe3nHa OTNM4aeTCy
OT BObl

1.CYPOBUH

KAKAH CUJIA BYJIET JIENICTBOBATb HA CTEHKU AB-
COJTIOTHO 3KeCTKOro (IIpu JIOGBIX BO3AEHCTBHIAX pasMepbl
u popMa He UBMEHSIOTCS) COCyAa, mMeomero (GopMy Kyba ¢
pe6poM @, ecJii HAJTUTh B HETO BOJLY U HA MOBEPXHOCTH BOJIBI
MIOJIOKUTD HEBECOMBIil MOPIIEHb, K KOTOPOMY IPUJIOKUTD
cuay F, Kak mokazaHo Ha pucynke 1? OTBeT oueBH/ieH — B
cooTBeTcTBUM ¢ 3akoHOM Ilackass, maBienue Bojbl GyeT
Be3/ie OJMHAKOBO M PABHO P = F/ a® . UnpMu caoBaMi, K
cTeHKaM cocyia OyzieT npuioxena cuna Iy, = pa2 =r.
Y6epem Tenepb mnopiieHb U J06aBUM B BOJY 3apaHee
MIPUTOTOBJIEHHBIT 1IeMenT.! J[0JK/IeMcs ero 3aTBep/IeBaHus 1
BHOBD IIpuyioskuM cuity F. Kakue cuibl 6yyT MpUIOKEHbI K
CTeHKaM cocy/a tenepb? MoskeT ObITb, M0 aHAJIOTUU C TIpe-
AbLAyIM nipumepom, noayuntcess F? Ho 3zakon Ilackasns
MIPUMEHNM K JKHUIKOCTSM, OH HIYETO HE TOBOPUT O TBEPJBIX

! Cunraem, 4t0 06BEM TOJMYUYHBIIErocs HEMEHTHOrO KyOuKa B
TOYHOCTU PaBEH 06'beMy BO/IbI. Ha camom JieJie BO BPEMA XUMUYeC-
KOl peaKInu MeXX/1y BOJIOIl 1 1IeMEHTOM 00beM YMEHDBIINTCS, HO 9TOIt
yCaJKoil Mbl IIpeHeGPesKeM.

| F
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o e
IR
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Puc. 1

tesax. Mosker ObiTh, HOMIb? Ho u 310 comuurenpHo. Bcee
BUJIEJIH, YTO TIPOUCXOJIUT C TIACTUIHHOBBIM KYOUKOM, KOTO-
pBIif XOTAT pa3faBUTh, — OH YBEJIWYMBACTCS B ITOTIEPEYHBIX
pasmepax. Briosine BepositHO, 4TO 11eMeHT Gy/ieT BecTu ceGst
aHasJornyHbIM 00pasoM. Ho B HaieM ciydae Takoe yBeJside-
HHE HEBO3MOXHO, TaK KaK CTEHKHW COCYAa TIPETSATCTBYIOT
TOTIEPEYHOMY PACHINPEHNIO. SICHO TOJIBKO O/IHO — /IaBJICHIE
KyOHnKa Ha [THO cocyia paBHo p = F) a*, unage ne GyieT pas-
HoBecusi. Ho ueMy paBHO /1aBjieHHe Ha CTEHKH, HEU3BECTHO.

[lnst Toro uTo6bI Pa3o6paThest B 9TOM, paccMoTpum edop-
MUPOBaHHE ITOJIOCKU AJIMHON [, MMPUHONA b M TOJIIMHOI ¢.
PactstHeM ee HeKOTOpO# cuioit F u u3MepuM JJIuHY [ U
mupuny by nocae aedopmaiuu (prc.2). [lnuHa 1M0J0CKH
mpu 9ToM u3Menutes Ha Al = [ — [, a mupuHa U3MEHUTCS Ha
Ab = b, —b . Y o6Hee, 0JiHAKO, TOJb30BATHCST GE3pA3MEPHbI-

% e T,

§ =
< : =

fe : 3

Puc. 2
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Ab
MU BEJINYHMHAMU € = — U € = — . DT BeJINUYNHbBI HA3bIBAIOT

l

omuocumenvol npodoavioll deghopmavueti 1 OmHocumeb-
notl nonepeunoti deghopmayueti coorserctBeHno. /s xpar-
KOCTH B JajIbHeilleM CJI0BO «OTHOCUTeslbHasgy» OyJeM OIyc-
katb. Kpome Toro, 6yiemM cunrarb, 4To eOpMaIis 0JI0KHI-
TeJIbHA, €CJIU Pa3Mep YBeJInUNBaeTCs, U OTPULIATe/IbHA — eC/IN
YMEHBIIAETCs. DTO O3HAYAET, UTO /IS TIOJIOCKU € U € MMEIOT
pasHble 3HAKU.

Kak 3aBucur mpomosibHas pedopmaryss OT cuapl F?
Yrto6b! He 3aBHCETb OT Pa3MepoOB TIOJOCKHM, mepeiieM K
OTHOCHUTEJIbHOIL cHJle, KOTOPYIO HOJIyYlM, Pas/ie/InB CUIy Ha

F
TLJIOIIA/Ab ITOMIEPEYHOTO CEYEHUA ITOJIOCKN: O = E . 3Ty Ben-

YUHY HA3bIBAIOT HANPAKECHUEM. ByILEM CYUTATb HalIpSAKEHUNE
ITOJIOKUTEJIbHBIM, €CJIM OHO pacCTATruBalollee, n OTpUullaTe/ib-
HbIM, €CJIM CKHMaloIlee. MHuoro4nc/IeHHbIe OIBITHI ITOKa3a-
JIX, 4YTO 3aBUCHUMOCTb MEXAY HalIpAKEHUEM N HpOZ[OJIbHOfI

. . G
nedopmanueii auHeiiHa, T.e. € = £ e E — modyan ynpy-

zocmu win mMoO0yavs FOmza, KOTOPBI 3aBUCHT TOJBKO OT

’

€
Matepuasa. Te Ke OMbITBI TIOKA3aJH, YTO BeJUYNHA V = e

TaKXKe IOCTOSIHHA W 3aBHCHT TOJBKO OT MaTepHaja. ITy

BEJIMUUHY HA3bIBAIOT K03ppuyuenmom Ilyaccona. Tenepnb
o

MBI MOYKEM TIOJTYYUTD HONEpeuHyio gedopMaiuio: € = —v z

OaHako Kakoe OTHOIIEHWE PACTSKEHHe MOJIOCKN MMeeT K

Hameil 3azade? OKasbIBaeTcs, caMoe HeTOCPe/CTBEHHOE.
Bepuemcs k iementHOMY KyOuky. Bosbmem cuctemy koopn-
HAT, B KOTOPOI OCH X, ¥ 1 Z HAIIPABJIEHDBI BIOJIb pedep KyOuKa.
O6o3HauuM HaIpsKEHUs Ha TpaHAX Kybuka ©,, O, U O,
coorerctBerHo (puc.3). TlompoGyem Haiiti pedopmarun
pebep, KoTopble 0003HAUNM €, — AedopMaIis B10JIb OCH X,

i
W
e

1

=

Puc. 3

€, — BJOJb OocU y M €, — BAOJb ocu 2. Jledpopmanua €,
BbI3bIBAETCS TpeMs puunHamu. Ilepsas — Hanpsiokenue 6,
7 COOTBETCTBYIOMas AedopMaIrisl SBJISETCS MPOFOJIHHOM.
Bropas npuuuna — Hanpsikenne O, , W B 3TOM Clydae
nedopmarnust Oy/er nomnepednoii. Tperbs npuunta — Harpsi-
JKeHue o, , U gedopmanus takxe mnonepeunas. CkJagbiBas
Bce Tpu jsiepopMaIiu, MmogyIuM

€, =%(cx -vo, —vcz)_

AHaJjiorn4HbIe paccysK/ieHusAa NpUuBOJAT K CbOpMyJIaM

€, =%(cz -Vvo, —vcy)_

Itu tpu hopmyibl ectb 0OobweHnbll 3akon TyKa.
Tenepb mMOCMOTPUM, B KAKOM COCTOSTHMM HAXOJMTCS Halll

F
IHEMEHTHbIN Ky6I/IK IIJIH HEro HallpsAKeHune Gy =3, Ae-
a

dbopmanmn €, =€, =0 (me 3a6pH, 4TO COCYA aGCOMOTHO
xectkmii?). [lomyuaeM cucreMy Tpex ypaBHEHHIT ¢ TpeMs
HCU3BECTHDBIMMU

1 F
O:E 6, +V——Vo, |,
a
1( F
Ey =E —?—VGX—VGZ ,
1 F
0= = 0,-V0o,+V—
a
Pemag 9Ty CUCTEMY, HAXOAUM
F v F [ 2v°

6,=0,=———— =—|—

T -y Y Ed*|1-v
[lnst mementa koadduiment ITyaccoma v =0,2. B takom
caydae

I
Ed®’

6,=0,=—

» =0, i ag, =-09

HpI/I 9TOM CHJIa [IaBJEHUA Ha CTEHKHN COCYy/la PaBHa

sl b
FCT - |Gx| a = Z .
ITopa mepefiTn K BOIPOCY, BBIHECEHHOMY B 3aTOJIOBOK. UeM
JKe OTJIMYAeTCs pe3suHa oT Bobl? [l pe3nHbl Koaduiment

F
[yaccona v = 0,5 . B atom ciyuae 6, =6, =—— n g, =0.
a

Kak mcrosikoBarh mosrydeHHbIH pesyabrar? Tak xak gedop-
Maliy O BCEM TPEM OCSM KOOPAMHAT PaBHBI HYJIO, TO
pasMepbl KyOuKa He H3MEHIINCH. A HEN3MEHHOCTD Pa3MepPOB
O3HavYaeT ¥ HeM3MeHHOCTh oObeMa.’ Pesmna HecskuMaeMma!
[Tpu aTOM CHJTa TaBJEHUS HA CTEHKH COCYa PaBHA

F.,=|o,|a*=F.

A uto xe Bonma? Ilpu mpunoxkenun pasienusi 100 arm
OTHOCUTEJIbHOE U3MeHeHue oObeMa Bozabl cocrasur 1,200,
T.e. BOJa BCe-TaKU CIKUMAETCS.

2 Bomee ofmee paccMOTPEHHE TPUBOAUT K COOTHOMICHHIO
AV
v = €, +¢g, +¢,, e Ty T OTHOCHTeJIbHOE H3MeHeHie o6bema.
Taxum 06pasoM, [JIsT HEM3MEHHOCTH 00'bEMa J[OCTATOYHO BBITTOJIHE-
Hust ycnosust €, +€, +€, =0 . Ilpn atom copcem Heobsi3aTebHO

PaBEHCTBO HYJIO KaK/I0H U3 jiehopMaliii B OT/I€IbHOCTH.
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B npasosi pyke £ [epXain.. COCya, APYrol Xe pyKor
rpobOBas U3BEYL UCKPbI 13 HAEKTPUIOBAHHOIO CTBOJIA.
Bapyr mMosi rpaBas pyka Oblia OpaxeHa ¢ Takovi CU/IoH, YTO
BCe Te/I0 COLPOrHYIOCh Kak OT yAapa MOJIHWN... 5 AYMaJI, YTO
MPULLIEST KOHEL.

Mutep BaH MyLeHOpYK

[lpy rpoBeneHn 3KCrIepUMEHTOB evaeHckas barHka, rno-
KPbITasi CTAaHUONIEM, COEQMHATIACH C POBOAOM, YEPE3 KOTO-
PbIV HASIEKTPUIOBLIBASINCE 10/TYCHEPHL...

leHpn KasenawLu

A Tak JI1 XOPOIIO 3Ha

= Pf\]f‘_\\,eg

KAJEMIOCKOTI «KBAHTA»

=E o nirEm s ml e et R

G AR

Mos r1€pBasd r1oriblTka OTK/IOHUTL [1yH0K Karoh4HbIX /7y'-/ey7
COCTOAJIa B IIPOr1YCKaHUM €ro MeXXy [BYMSA MeTas/l/in4eCckviMiu
[1aCTUHKAGMU... 11 B CO34aHUV SJIEKTPUHECKOIO [10J19 MEXLY
T1/1aCTviHKaMU.

[xo3ed [O>XoH TomMCoH

[PA3HOCTb [IOTEHLMANIOB ABYX MPOBOAHUKOB [1POMOPLMO-
HanbHa VX 33PSAAM ..KO3DGULNEHT PONOPLMOHAIBHOCTH
HA3BaI EMKOCTBIO, & CUCTEMY ABYX MPOBOLHUKOB — KOHLAEH-
caropom.

Pryapn, @enHmaH

BaM

KOHOEeHcaTop ¢

He cimiikom s MHOTO yecTn osiHOMY Ipu6opy B pyOpu-
Ke, TPAJMIIMOHHO TTOCBSIIEHHON (DyH/IaMeHTaIbHbIM 3aKO0-
HaM, SBJICHUSIM U TIOHATUSIM ?

Bo-miepBoIx, yske 6oJiee ABYX C TTOJOBUHON CTOJICTUIH OH
— HelpeMEeHHbII yUYaCTHIUK MHOKECTBA BaJKHEHIINX MccJie-
JoBanuii. OTKPBITHE <«JIeHIeHCKOI GaHKHI» MIPOCTO TIPON3-
BEJIO PEBOJIIOINIO B OIBITAX C 3JIEKTPHUECTBOM, a B IaJIbHEl-
meM KOHEHCATOPB TIPUMEHSJIICh BO BCEX PEIMIAIONINX
SKCIIEPUMEHTAaX, B KOTOPBIX PO’KIAJAch COBPEMEHHAs Ha-
yKa, BILTIOTD JI0 TIOATBEPIK/ICHUS TEOPUN OTHOCUTEIBHOCTH.

Bo-BTOpBIX, KOHIEHCATOPDI 10 CUX MOP KpaiiHe BaXKHBI
JUIS IPAKTUKN. Pa3psaaka KoHAeHcaTopa B JTaMIle-BCIBIII-
Ke, BO30Y’K/EHHE Ja3epoB U JIIOMUHECIIEHTHBIX JIAMII,
netictue 1euGpUISTOPOB, BO3BPAIIAIONINX TAIIMEHTA K
JKU3HU TIPOITYCKAHNEM 4Yepe3 cep/ille MMITyJbCOB TOKa, —
JIIITb HEMHOTHE 06JIaCTH X MPUMEHEHUsI. A YTO TOBOPUTD
0 TeJIEBU30pPax M PAMOIPUEMHIKAX, KAPMAHHDIX KaJbKy-
JTOpax M GOJBIINX BBIYMCJIUTEIbHBIX MalIMHAX, MUKPO-
(onax m TemedoHaxX M O MHOTUX JPYTUX CPEICTBBAX
KoMMyHUKaiun! Besze, T/ie NCIOIb3YIOTCS HHTErPAJIbHbIE
CXeMbI, MO’KHO HalTH KOH/leHcaTopbl. IlpaBaa, oHm yxke
HIYEeM He HAIlOMUHAIOT NepBble YCTPONCTBA /IS HAKOILIe-
HUS 3aps1/I0B — MUHHATIOPU3AIUS JIUTPOBON <«JIei/IeHCKOI
Ganku» 103BOJIMJA Obl YMECTUTb €e B 3JIeMeHTe, eJie
pa3MUIuMOM Ha OYJTaBOYHON TOJIOBKE.

Hy, n B-TpeTbuX, BBI He pa3 CTOJKHETECh ¢ KOHCHCATO-
paMH B IIKOJIbHOM Kypce ¢dusuku. Kaxoe mose B HHUX
o6pasyercsi, Kakue BO3MOKHbI BAPHAHTBI UX COE/JINHEHUSI,
KaK OHM HAKaIlJUBAIOT 1 OTAAI0T 9HEPIUIO, KaK BeJyT cels
B IIEIISIX TIOCTOSTHHOTO WJIM TIEPEMEHHOTO TOKA, KakK IpoJie-
TAIOT Yepe3 HUX 3aPsPKEHHbIE YACTUIIbI, KaK C UX HOMOII[bIO
MIPUHUMAIOT 1 Tlepe/laloT NHGOPMAINIO — BOT BOIIPOCHI, HA
KOTOpbIe Ha/I0 YMeTb OTBeuaTh. Hajeemcs, aTOT BBIITYCK
«Kauseiijockonas 1mMoMoskeT BaM C HUMH CIIPABUTHCS.

BOﬂpOCbI N 3agavyun

1. Mo:XHO /1 3apSAIUTD <«JIeHeHCKYI0 OaHKY >, He 3a3eM-
JISisST OJTHY M3 ee OOKJIAJIOK?

2. Kak u3MeHUTCsT HAIPSIKEHHOCTD TIO0JIST MEKIY OOKJIa/I-
KaMHU YeJINHEHHOTO TJIOCKOTO KOHJIEHCATOPA, €CJId Ha OJI-
HOU U3 OOKJIAJIOK 3apsi/i GyleT YBeJUYeH B /[Ba pasa?

3. B xaxom cirydae cuira B3anMoeHCTBIS MesK Ty OOKIa/I-
KaMU [TOMEIEHHOTO B JKUIKWUI [TUAIEKTPUK 3apPSIKEHHOTO
KOHJIEHCATOPA: a) IIPSAMO IIPONOPIUOHAIBHA JAUICKTPHU-
YeCKOH ITPOHUIIAEMOCTH Cpebl; 6) 06pPATHO HPOIOPIMO-
HaJbHa eif?

4. Tlmockuii BO3MYIIHBIN KOHIEHCATOP, TJIACTUHBI KOTO-
pOro PacIOJIOKEHbI TOPU3OHTAIBHO, HATIOJOBUHY 3aJTHT
SKUJIKUM JIM3JIEKTPUKOM C TIPOHMIIaeMocTbio € . Kakymo
YacThb KOH/ICHCATOPA HA/0 3aJUTh 3TUM K€ JIMAJCKTPIKOM
MPU BEPTUKATBHOM PACIOJIOKEHUH TLIACTHH, YTOOBI EMKO-
CTH B 000WX CJIy4dasX ObLIN OJNHAKOBBI?

5. Haiimure emkocTs Gatapen KOHEHCATOPOB, n300pa-
’KEHHOH Ha pHUCyHKe 1, ecam eMKOCTb KasK/I0TO KOH/EeHCa-
Topa pasHa C.

6. Uemy pasua emxoctb C,, ecam o6mas eMKOCTb
MIpe/ICTaBACHHON Ha PUCYHKe 2 cXeMbl paBHa 2C?

== | E

L | 3t jiie

Puc. 2

Puc. 1

7. YerbIpe 0iMHAKOBbIE METAJJINUECKIE TIJIACTHHBI Pac-
MIOJIOJKEHDbI B BO3/[yXe Ha OJIMHAKOBBIX Pac-
CTOSTHUSIX JIPYT OT JIpyra W COEJAMHEHBI IPO-
BOJIHMKOM, KaK yKa3aHo Ha pucyHke 3. O1-
pesesiuTe €MKOCTb TaKOW CHCTEMbI, ecJn
€MKOCTb KaK/I0#l OT/IeJIbHO B3SITOH Iapbl
niactud pasHa Cj .

8. 3apsrkeHHDBIN KOH/IEHCATOP MO/IKITIOYH-
JI TTapaJiIesbHO K TaKOMY >Ke, HO Hesaps-
*KeHHoMy . Bo cKoJIbKO pa3 m3MeHmIach SHep-
TS TOJIA TIEPBOTO KOHJIEHCATOpa?

9. B 3apsiKeHHbIN KOH/IEHCATOP BCTABJISI-
10T Kpall IJIAaCTUHBI U3 JAUsJeKTpuKa. UTo

%
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[IPOM30U/IET, €CJIU TIJIACTUHY TPEJIOCTABUTh caMoil cebe?
Tpenuem npeneOpedb.

10. ITnockwil KOHAEHCATOP 3aPSANIN W OTKJIOYHIA OT
ucTouHnKa ToKa. Kak maMeHuTCs: 0ObeMHAas ILJIOTHOCTD
SHEPIUU HJIEKTPUUYECKOTO IMOJIST BHYTPH KOHJEHCATOPA,
€CJIi YBEJIMYUTD B 2 pa3a PacCTOSIHUE MEKIY ero 0OKJajl-
Kamn?

11. Barapes u3 AByX IOCJIEIOBATENbHO COEIMHEHHDIX
KoueHcatopos eMkocTsimi C; 1 C, MOJAKIIOUEHA K HCTOY-
HUKY TOKa HarpsikenneM & . Bo3aMOKHO Jiut, 4TOObI HAIIPSI-
JKeHMe Ha KOHJIEHCATOPe eMKOCThIo C; PaBHSJIOCH HYJIO, &
Ha KOH/leHcaTope eMKocThio C, paBHSJIOCH & ?

12. TlepeMeHHBIIT TOK IIPEKPATIAETCST, ECJIU IETIb B KAKOM-
6O MecTe pasopBaTh, B TO BPEMST KaK BKJIIOUYEHHE B TIEITb
KOH/IEHCATOPA HE HPUBOJIUT K TAKOMY K€ Pe3yJIbTary.
[Touemy?

13. DsekTpuueckast Jamiia OCIe0BATEIHHO C TUOOM,
K KOTOPOMY MapaJsijieJIbHO MPUCOENHEHbI KOHIEHCATOP U
KJIIOY, TOJK/IIOYeHa K CETH
MEPEMEHHOTO HATIPSIKEHU ST
(puc.4). Tlouemy 1pu 3aMK-
HYTOM KJIIOYE JlaMIla TOPUT
spue, 4YeM IPU PA3OMKHYTOM?

14. Yro npowusoiizer ¢ cob-
e CTBEHHBIMU KOJIEGAHUSIMEI B

9JIEKTPUUYECKOM KOHTYPE, aK-

TUBHBIM COTIPOTHUBJIEHHEM KO-
TOPOr0 MOXKHO TIpeHeOpedb, ecjii ero eMKOCTb B 3 pasa
YBEJINUUTD, & UHIYKTUBHOCTb B 3 pa3a YMEHbIINTDH?

15. Uepes Kakyio JI0OJIO TIEPHOJA TIOCJE MOAKIIOYEHUS
3apsKEHHOT0 KOH/IEHCATOpA K KATYIIKe MHIYKTHUBHOCTH
9HEPIrHUsl B KOHTYPE PaCHpeessieTcss MKy KOHIEeHCATO-
POM U KaTyIIKOH MOPOBHY ?

i |

fr=l

Puc. 4

MwukpoonbIT

[Tycture M3 BOJONPOBOIHOTO KpaHa Kak MOKHO GoJiee
TOHKYIO cTpyiiky. Hartepes Jinct cyxoit 6ymaru o nsiactu-
KOBYIO ITIOBEPXHOCTb, HAIPUMEpP O Pa3/IeIOYHYI0 JIOCKY,
MO/IHECUTE WX B BEPTUKAJBHOM IOJIOKEHNN C Pa3HbIX
cTopoH K crpyiike. Kak ona 6yzer cebs BecTu?

Jlo6onbITHO, YTO...

...Ha3BaHUE TIEPBOMY 3JIEKTPHYECKOMY KOH/IEHCATOPY
nocJje onpIToB 1745 roma, mpoBeJeHHBIX TpodeccopoM
YHHUBEpCUTeTa ToJulaHAckoro ropona Jleiinena ITutepom
Ban Myten6pykom, fan (ppaniysckuii pusuk sKan-Anry-
an Houwe. C Tex 11op «Jieiiienckas Gankas BOILIa B OOUXO]
(br3MKOB KaK MOIIHBIN ¥ HAJEXKHBIN UCTOUHUK dJIEKTPUYe-
crBa. Ho rmo/tHOe MOHUMAaHIe MTPOIECCOB 3apPSIIKU 1 Pa3Psi/l-
K1 «GaHKu» ObLJIO JIOCTUTHYTO JIMIh B Hauate XX Beka.
...TEPMUH <«KoHgeHcaTop» (0T JATHHCKOTO Czyuydmy)
BBes1 Ageccanznpo Bousbra B 1782 rtomy. Ilepsbrii sxe
IJIOCKMIT KOHJIeHcaTop ObL1 u3obpeten emte B 1748 romy.
[Tinockue KoHIEHCATOPBI U3TOTABIMBAJN TAK)KE TaKUeE yde-
Hble, Kak benmxkamun Opankaun, Opanil INUHYC U
[lxxambarTucra bekkapua, paszesisis ux 0OKI KM PA3JINY-
HBIMU JIMAJICKTPUKAMU U COEJIUHSS X B 6arapew.
...MICTIOJIb30BaHNe c(HEPUIECKOTO0 KOHJICHCATOPA IMO3BO-
sunao Ienpu KaBenauiry ycTaHOBUTH 3aKOH B3anMMOJIEHi-
CTBUS 3JIeKTpIUecKuX 3apsaaoB eme 10 [lapaa Kymona; ¢

MIOMOIIIbIO TAKOTrO KOH/leHcaTopa Maiika MDapajeil usydas
BJIUSTHUE CPE/bl HA HJIEKTPU3AIMIO TEJ; PA3BUTHE OIIBITOB
Dapajies IPUBEJIO K CO3/JaHIIO 3JICKTPOCTATHYCCKUX TEHE-
paTopoB — Tak, aMmepukaHckuii ¢usuk Pobepr Bam ne
I'paad B 1933 rony gocTur B HUX HAMpPsDKEHUS 15 MUJLTH-
OHOB BOJIBT.

...TIEPBBIM 3KCTIEPIMEHTATBHBIM JI0KA3aTeTbCTBOM CYTIle-
CTBOBAHMUSI MAKCBEJIJIOBCKUX TOKOB CMeIeHUs ObLIH OTIBIThI
orevectBentoro ¢pusuka Hukonas [umnepa, nabaiogas-
mrero B 1875 romy nieiicTBre A7I€KTPOMArHUTA HA 3aPsIKeH-
HBIIl KOHJIEHCATOP.

...M3 PA3JINYHDIX IKCIIEPUMEHTOB C Pa3PsiaMu «JIel/1eH-
CKUX O6aHOK», IPOBOJIUBIINXCS HE OJHO JIECSTUJIETHE,
Tepman T'esbMroJIBIT CIETAT BBIBOJ O KOJeOATETHHOM Xa-
paxrepe paspsaga. B 1853 rogy Yuabam Tomcon (1opa
KesibBHH) a1 MaTeMaTHYECKYIO TEOPHUIO HTOTO SBJCHHS,
BBIBe/Is (popMyty Ui iepuofa konebarmii. K xonmy XIX
BeKa OJTHUM M3 TIEPBBIX HOOETIEBCKIX JTAyPEaTOB HEMEITKITM
¢usuxom Kapiom Bpayrom 6b11 m306pereH Koxebaresnb-
HBIH KOHTYD 3HAYNTEJHHOI EMKOCTH ¥ C MAJIbIM 3aTyXaHU-
eM, 4TO ObLIO CYIIECTBEHHO [IIsI PA3BUTHS PAJIMOTEXHUKH.

...koHzleHcaTop Ha py6exxe XIX-XX BekoB okaszascs
HEOOXO/IMMbBIM 3JIEMEHTOM B IPUGOPAX, C TOMOIIBIO KOTO-
PBIX COBEPIIANCH 3MOXaJbHbIe OTKPbITHS. Hampumep, B
«tpy6re ToMconay, NCIIOIH30BAHHOI IIPU OTKPBITHH 3JI€K-
TPOHA U CTaBIIEN MPOOGPAZOM AJIEKTPOHHO-JIYUY€EBOI TPYO-
ku. W B ombitax cynpyroB Kiopu 1o o6HApY:KEHUIO
PAJMOAKTUBHBIX 3JIEMEHTOB U BECbMA TOYHOMY U3MEPEHUIO
PAJIMOAKTUBHOCTH, a TaKXKe B ycTaHOBKe Pobepra Musiin-
KEHa I10 OIpe/IeJICHUIO BEJTMYNHbBI 3apsi/ia JeKTPOHA.

...3apsIbl, pacroJiaramolyecss B moHocdepe, o6pasyor
COBMECTHO C 3eMJell «ITPUPOJHBIN KOHAEHCATOP» eMKOC-
TBIO HECKOJIbKO COTHIX (papasa. [1om06HBIM ecTeCTBEHHBIM
[IPUMEPOM CJIYIKUT MOJIHUS, TIPEJCTABJISIONas co00il pas-
PSIZL KOHJIEHCATOPA, <«OOKJIJIKaMi» KOTOPOTO SIBJISTIOTCS
6o Ba o6saka, Ju6o 06JaK0O W MOBEPXHOCTD 3eMJIN.

...JlIs1 cO3/1aHksl MATOraGapuTHBIX KOH/IEHCATOPOB OY€Hb
6OJIBIIOI EMKOCTH UCIIOJIB3YIOT CErHETOKEPAMUKY HA OCHO-
Be TuTanara 6apusi ¢ BBICOKOI, B HECKOJIBKO THICSTY €IUHUII,
JINAJIEKTPUYECKON TTPOHUIIAEMOCTbIO. B MHOTOCJIOMHbBIX
CTPYKTyPaxX U3 HMapajeabHO COeJUHEHHBIX TOHKUX CJIOEB
ynaercsi 106GUTbCsSI EMKOCTU B HECKOJIBKO MUKpOdapa.

...KOH/ICHCATOP OCTAETCSI 3HAYMMBIM YYAaCTHUKOM Ba’K-
HBIX COBPEMEHHBIX OMBITOB. Tak, ¢ ero moMoIbIo MbITATICh
06HAPYKUTH CBOOOHDBIC KBAPKH, 06Jaiafoliue JPOGHBIMU
3apsiaMi.

Y1o yntaTtb B «KBaHTe» 0 KOHAEHcaTopax
(r1y6rKaLn rnocieqHmx 1er,)

1. «Ilepesapsaka kongencatoposs — 2013, [punosxenne
Net, c¢.140;

2.«3amayn Ha M3MCHEHHWe SHEpPTHu cucteMbl» — 2014,
Ne2, ¢.38;

3. «KosebaresbHbIil KOHTYD U 3aKOHbI COXPAHEHUST> —
2014, Ne5 /6, ¢.56;

4. «Konzencatop B KopoOKe U TOTEHIIUATHHOCTD KYJIO-
HoBckoro mossiy — 2015, Ipunoxenue Ne3, c¢.123;

5. «DJIEKTPOCTATUKA [Tl YMHBIX MKOJbHUKOB» — 2016,
Ne2, c.44.

Mamepuan nodeomosun A. Jleonosuu
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MATEMATHUYECKUUN KPYXOK

NA0ONCMEHTDI
3[1eCb TUXme

B.UJIBUYEB, A.MAPUHUH

[naBHas rpobrnema 3Ko0rin 4e/10BeKka — beckoH-
@GIMKTHOE CyLLECTBOBaHUE PAHOM C [PYIVIMA.

B.A.JoNMHCKMIN. HeBoMbHMK cBODOAbI

PU COOPYJKEHUNU BOJIBIINX AYIUTOPUN, TEAT-

PaJbHBIX 3aJ0B U TOMY MOAOGHOTO OpraHm3atopaMm u
crpouteisiMm Heo6X0auMo 3MHOEKTUBHO PENIUTD CJIEIYIONHe
JIBE 3aJIa4M.

1) Budeo-npob.iema: Kaxblii 3pUTENb BIPABE PACCUUTHI-
BaTh Ha IMOJHOLEHHBIN 0630p IEHCTBUS, TPOUCXO/ISIIEr0 HA
ciiere. B mpunnune sta mnpo6siema Oblaa pelieHa erie B
JTAJIEKOM TIPOIILJIOM, KOT/Ia 3PUTEIbCKUE MeCTa CTaJIu PACIIO-
naratbes amburearpom (puc.1).

= i

= :

Ho, Takoii. [Toutasbon u3 nmepeBHu A ujer B pepeBHIO B,
KOTOPbIE JIeXaT M0 OJHY CTOPOHY peku. Tpebyercss HaiiTh
KpaTuailmuii nytb u3 A B B, ecau mo popore MmoyYTaaboOH
pelna 06sI3aTeIbHO UCKYIIaThest B peke (puc.2).

A

i

A

Puc. 2. PaBeHCTBO yr/ioB B KPpaT4aviLeM JIOMaHoM 1yt 13 A B B

Pemenne ocHoBaHO Ha 3amene 0fHOTO (CJI0KHOTO)
JIOMAHOTO MYTH Ha JPYroil paBHOBEJIMKHH, HO GoJiee
mpocToil myTh. Tak, MOCTPOUM <«BUPTYaJbHYIO» [ie-
PEBHIO b, PACIOJIOKEHHYI0 CHMMETPUYHO B OoTHOCH-
TeabHO peku. Torga, ovyeBUAHO, MjanuHa nytn AD +
+ DB pasna aaune jgomanoit AD + Db. Pasymeercs,
13 BCEX TaKUX JIOMaHbIX, COCJIUHAIONINX JEPEBHU A

f ,1 1 b, HAUMEHDINYIO [JIMHY MMEET caM OTpe3oK Ab.

Touky nepeceuenuss Ab ¢ pexoit o6o3naunm uepes C,
torga Jjomanad AC + CB u ecTb HUCKOMbBIN OIITH-
. MaJIbHBII IyTb.

] OtmeTuM, 4TO octpble yribl orpe3koB AC u CB ¢

o
= w TOPU3OHTAJIBIO PABHBI. A MOCKOJbKY st BoH (cBe-
g | Ta WM 3ByKa) yroJ HaJeHusi PaBeH YTy OTpaske-

:f HUA, TO MOJKHO CKa3aTb, YTO JIy4 CB€Ta, a TaKiKe

3BYKOBasl BOJIHA YCIIEIITHO pPENIaioT MaHHYIO 3aaqy

Puc. 1. fpesHui Konv3ed usHyTou: Yem JalibLue OT apeHbl, TeM Bolue pfg  noucka MuaumMyMa (IIPUHIUI HAUMEHbIIEro MmyTu).

2) Ayouo-npobiema, KOTOpast MOAPA3yMEBACT <UUCTYIO>
JIOCTABKY 3BYKOB cIeHbl (TO0ca TEBIOB, APaMaTHIECKIX
apTUCTOB 1 T.J.) IO CJIyTIaTeseii.

Bropas npo6iema okazasach cJoxHee 1epBoil. [Ipuunna
ATOTO B TOM, YTO CBET BeJleT ce6st JIOBOJIBHO TIPOCTO — OH He
«Jo6UT» OTpaxkaTbest (KOHEUHO, KPOME 3€PKaJIbHON TT0BEpX-
HOCTH), a 3BYK He CTOJIb IIPUBEPEJINB 1 OTPAYKATHCS <TI0~
6ut» (BCIIOMHUTE MHOTOKPATHOE 9X0 B Topax). U Torga us-
3a npoueccos nurepdepennnu (HaaoKeHUs) BOJH CTpaja-
eT KayecTBO 3By4YaHUs. '

lurnorernyeckn, ueanbHas aKyCTUYECKash CUTYaIusl 3aK-
JIIOYAETCS] B TOYEYHOI [IOCTABKE CIIEHMYECKOTO T0JI0ca KaK-
JIOMy KOHKPETHOMY cJIymatesio. B atom ciaydae muTepde-
peniuy He Bo3HuKaeT. OIHAKO MOXKHO JIM Takoro A0GUTb-
cs1? OKasbiBaeTcsi, MOXKHO, OIMPAsiCh HA HEKOTOPBbIE 3ame-
yaTeJIbHbIE CBOIICTBA JJIJINIICA.

Jlst ux 060CHOBaHUSI TOHAMOOUTCST pellieHne U3BECTHOU
3a/1a4d TIOMCKA MUHUMYMA JIJIMHBI JIOMAHOTO MyTH. A MMeH-

! 3ByKoBoii xaoc BHI3BIBACT CHIbHBIE HeraTHBHbIe dMoru. Tak,
Ha6Jo/las 3a Pas3BJCYEHUAMM B OJHOM M3 3aBejeHuil obmennra,
C.Ecenun nevanbno sametn: «IIlyM i ramM B 9TOM JIOTOBE XKYTKOM» .

Ternepp Hamom- %
HUM OIpe/ieJIeHUe 3JITUTI- 5
ca. IlycTtp Ha maockocTn
3a(UKCHPOBAHDI /IBE TOU-
ku S u P (rak HasbiBae-
Mble (DOKYCbI) U 3ajaH
mapamerp R > SP. Tor-
JIa JIJIATIC — 3TO MHOXKe- "

CTBO TOYeK ILockoctu C -
(puc.3), ana xoroppix |
BBINOJIHSIETCS PABEHCTBO
SC+ CP=R. T
OueBUIHO, TIPU COBIIA-
nernu (POKYCOB 3JLIHIIC
MIPEBPAIACTCS B OKPYIK-

Puc. 3. PaBeHCTBO yI710B (POKYCHbIX
OTPE3KOB C KacaresibHou

2 EcrecTBeHHO-HAYYHBIE JUICIHILINHDI GYKBAIBHO HABOJHEHDI
Besakumu npuniunamu: Jle arenbe—bpayna, Jupuxie u ap. [la u
B OODBIZIEHHOM JKU3HU WX HeMaso. Tak, B OJHON BOCTOYHON TIPUTUE
aKcakaJsl pacKpbLJI BHYKY CEKPET CBOEIl 0JITOi U YCIENTHOl KU3HU.
OkasabIBaercsi, JOCTaTOYHO COGJIOIATh JHIIb /[Ba TpuHImna. Ilep-
BBIl — €CaMm ThI YTO-TO KOMY-TO TOOOEIAJ, TO BBIIOJHE 3TO
o6si3aresibHo. BTopoil — HUKOr/Ia HUKOMY HUYEro He oGelaii.
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HOCTh. A ecsim Touke C paspemniaeTcs «6eraTtb» MO TpeXMep-
HOMY TIPOCTPAHCTBY, TO BO3HUKAET 3aMKHyTas /IByMepHas
TTOBEPXHOCTD, HATIOMUHAIONAS KypUHOE SHI0.

ITycrp Ha rpamuile aJunca BoiGpaHa IPOU3BOJIbHAST TOY-
ka C, B KOTOpOil TIpoBe/ieHa KacaTesnbHasi. [lanee, coemu-
HuM touky C ¢ xaxabiM ¢okycom. Torja okasbiBaerTcs, 4to
orpe3knt SC u PC coCTaBJSIOT ¢ KacaTeJIbHON OJMHAKOBBIE
yrupl. [Tokaxkem ato.

Hapsny ¢ nyrem SCP paccmorpum Jomanyio SDP, B
KOTOpOH Touka DD ToXXe HaXoJMTCS Ha JIAaHHOHM KacaTeJbHOM
(D ne cosmagaer ¢ C). OGosnauum vepes E ToUKy nepece-
yeHus orpeska SD c rpanuiieit asmrnca. O4eBUHO, UMEIOT
MECTO COOTHOIIEHMSI

SE+EP=SC+ CPuSD+DP>SE + EP.

[Toaromy nyts SCP saBisgercs caMbIM KOPOTKUM. B cuiy
TIPe/IbIIYINETO, YTJIbI TAHHOW JIOMAaHOU € KacaTeJabHOH Tpsi-
MO paBHBI MeXIy co6oii. 3HAYUT, 3BYK, BBIXOASIIUI U3
onHoro (pokyca, TOcjie OTpakeHUsS 06s13aTeTbHO BXOIWUT B
apyroit dokyc. Pasymeercs, Takoe <«IIpaBUJIbHOE»> JIBUIKE-
Hue 3ByKa Oy/IeT UMETb MeCTO KaK IPH CILJIONIHOM, TaK |
TIPH YaCTUYHOM TTOKPBITHHU TPAHUIIBI JIJIUTICA.

Terepb Bce TOTOBO, YTOOBI MPEABIBUTD HjeaabHyI0 Gop-
My KOHI[EPTHOTO 3aJa.

Jlna npocrorsl GyaeM cuutath, uto mesen (P) u coyma-
remu {S},S,,...} maxomarca B oanoit maockoctu. Jlanee Bce
JIeJI0 B KOHCTPYKIIMU Kpbimm. Tak, Aasd KasKIoil Tmapbl
{P,S;} MblcieHHO TIpOBeAEM BSITHIC W Ha €ro BepXHeil
YaCcTH OCTaBMM HEOOJBITYIO TJIOMAIKY, COOTBETCTBYIOIIYTO
dparmenty ero rpanuisl (puc. 4). B cuny cBoiictBa <mpa-
BUJIBHOTO» OTPaXKEHUsI, TOJIOC TeBIa Oy/er GJAronoayqHo
JTIOCTUTATh «CBOEro» ciaymaress. OcTaloch TOJBKO IOJ0-
6paTh <«XOpOIlKe» TapaMeTPhbl AJINICOB, YTOObI KPbIIa
(cBOEOOPA3HDIT TMAHIMPD Yepenaxu) B IIEJOM BBITJISAENA
He CJUIMKOM GYTPHUCTOM.

[Tocnennee. Ecom nieser = -
0Ka3aJics OYeHb XOpo-
1AM, TO eMy HeoOXOo/u-
MO 1103a60TUTHCST M O CBO- |k - "
eit Gesomachnoctu. Tak, ¥
GypHbBIE 1 IPOIOJAKUTE b o
HbIE AIJIOMCMEHTBI BbI-
30BYyT, 110 cyTHu, obpaie- |
HHUE BCEX CTPEJIOK Ha pH- r’

CyHKe 4. ITO MOXKeT TpaB- | fo ’
1 1 -
MHPOBATb CJHYX M JaXe =
- L
IIPUBECTU K HEXKeJaTeJIb- T T

HOMY JUIS TI€BLA UCXOMY.
3/4ech MOXKHO IIpejJIo-
JKUTD JIBe Mepbl Oe30tac-
noctu. IlepBag: mesel
MOXET B KOHIIC BBICTYIUICHHS BBIHTH 13 CBoero (oKyca
(Bolitn B axycruueckyio tenb). Bropas: Bce dparMeHTb
KPBIMIN TTOBOPAYMBAIOTCS Ha HEOOJBINION YTroJ, W TOT/Aa
ncyes3aroT TyOuTebHbIE PE30HAHCHDBIE CBOMCTBA aKyCTHKH.

B sakmodenne xoueTcs MOPEKOMEH/I0BATh YUTATEISAM Ha-
yuHo-nionyyisipuyto kuury [.A.Tanbnepuna u A.H.3emug-
KoBa «Maremarnueckue GUIbSIPABI», B KOTOPOIl COMEPIKUT-
€ MHOTO HHTEPECHBIX U HEOXKUJAHHBIX TIeOMETPUYCCKIX
CBOICTB 9JUIMIICA U MX HPUJIOKEHUH,

Puc. 4. IKausuayanbHad 4oCTaB-
Ka rosioca nesua ciyLaTesIsim

3 Cpe/:[I/I MHOJXeCTBa MaTeMaTU4YeCKUX JUCITUILINH 6OJHJH_II/IIICTBO
YUEHBIX OTAAI0T SBHOE TPEANOUTeHHe reoMeTpur. B wactHOCTH,
[O.11.CosioBbeB KOHCTaTHPYyET: «Bunosam xouxpemmno ITugpazop,
xomopwiii ckazan, umo «BCE ecmv uucao»! Boavwyio nenpagdy
0151 Mamemamuxu mpyono npuoymamo u cezoous! Xoms x nugpa-
20posoim wmanan npemensuii nem...Cxpoenot na eexa» («Jlnck-
perHas mMareMatuka 6e3 (opmya»).

NBYX KJaccax
TPEYrofIbHUKOB,
mnn OTkyna
OepyTCs 3a0a4M

A.3AC/TIABCKUU

Korga 6 Bbl 3Ha/M, 13 KAKOIo copa
Pacryr CTuxuv, He BgAas CTbija...

A.AxmaToBa

ATEMATUKOB YACTO CIIPAIIIMBAIOT, OTKY JIA BE-
pyrcs 3ajaun. Bo3MOXKHO, ata cTaTbhs JAcT 4acTUy-
HBIIl OTBeT Ha 3TOT Bompoc. [l Havasa Mbl PACCMOTPUM
HECKOJIbKO 3a/1ay, IpPeJIaraBIINXcs B pas3Hble TrOjbl Ha

OJIUMNNA/IAX, 3aT€M HCCJIEIyeM HEKOTOpble CBOICTBA Tpe-
YTOJTBHUKOB, O KOTOPBIX WET peyb B ATHX 3aJadax, U B
pesyJbTate TPHUAYMaeM elle JBe 3aa4d, OJHa M3 KOTOPBIX
— a10 3amava M2405 (cm. «3amaunuk «Kpanra» Ne5—6 3a
2015 1.).

3apgaua 1. /[se oxpyxnocmu paduyca 1 nepecexaiomcsi 6
mouxax P, Q, paccmosinue mexoy Komopoimu maxxe pagHo
1. U3 mouxu C 0010t 0KpyKHOCIU NPOBEOEHDL KACAMENb-
nvie CX, CY x dpyeoii (X, Y — mouxu xacanus). IIpsamas
CX emopuuno nepecexaem nepsyio oKpyKHocmv 6 mouke A.
Hatioume paccmosnue AY.

JTa 3ajava npejuarajgach Ha IlepBoit osmMmnuage 1o
reomerpun umenn WM. .Illapeirnna u He OblIa penieHa HU
OJTHUM W3 YYaCTHUKOB. XOTs, €CJM 3HATh UCTOPUIO ee BO3-
HUKHOBEHWS, OHA COBCEM HecJio)kHas. /leso B TOM, 4WTO B
mpolecce TMOJATOTOBKU OJUMONAJbI Y OJHOTO W3 YJICHOB
JKIOPH BO3HHK BOIIPOC: CYIIECTBYIOT JH TPEYTOJBHUKH, Y
KOTOPBIX PAANYC OMUCAHHON OKPYKHOCTH PaBEH PaIIyCy
o/HOIl 13 BHeBNMcaHHbIX? Pasymeercsi, cam 10 cebe ITOT
BOIPOC GOJIBIIOrO MHTEPeca He IMPeJCTABJSET, TaK Kak I10-
JIOSKUTEJIbHBIN OTBET Ha HEro 6oJiee-MeHee OYeBHUJIEH, HO OH
€cTeCTBEHHbIM 00Pa30M BJIeYeT J[PYroii BOIPOC O CBOICTBAX
TaKUX TPEYroJbHUKOB. U Tmpesxjie Bcero, XouyeTcs BBISIC-
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HUTb, KaK TaKue TPEYroJbHUKN cTpouThb. OTBET JaeT Xopo-
110 U3BECTHAST hopmyaa IJinepa, TouHee, ee MOIUDUKATINS
JIUIs1 BHEBIICAHHDBIX OKPYIKHOCTEI].

YnpakHeHus

1. Jloxkaxkure, 4to, ecau O, I — IEHTPBI OIMMCAHHON u
BIIMCAHHOI OKPY’KHOCTEi TpeyroJbHUKa, a R, r — ux pajau-
yeol, to OI* = R* = 2Ry .

2. Jokaxure, uto ecau O, I° — LEHTPHI OMMCAHHONW 1
BHEBIIMCAHHON OKPY’KHOCTeil TpeyroJibHuka, a R, ¥ — ux
pammycoi, To OI” = R* 2Ry’ .

([TokasatenbcrBa (popmys U3 ynpakHeHuid 1, 2 MOKHO
HalTH, HATIPUMEP, B CTaThbe «Iijep U reoMeTpusi» B «KBan-
te» Ne3 3a 2007 r.)

3 (JI.Emeansnos, T.Emenbanosa). OKpyKHOCTH o U O
nepecekatorcst B Toukax P u Q. Jlokaxkure, 4TO 3TH OKPYK-
HOCTH SIBJISIIOTCSI COOTBETCTBEHHO OIMCAHHOI M BHEBIIMCAH-
HOI OKPY>KHOCTSIMI HEKOTOPOTO TPeyTOJbHUKA TOT/Ia 1 TOJIb-
KO Torjla, KOrja KacaTeJbHas K ) B Touke P ¥ ojHa u3
OOIIIX KACaTeJbHBIX K OKPY’KHOCTSIM TIEPECEKAIOTCS HA O .

Ternepb HeTPY/HO NOHSATH, OTKY/Ia B3s11ach 3aa4a 1. Ecim
pajinychl ONMCAHHON ¥ BHEBIMCAHHOW OKPY>KHOCTEH Tpey-
TOJbHUKA paBHBI 1, To mo ¢opmyie Iiijepa paccTOSTHUE
MESK/Ly UX IEHTPAMII PABHO /3 , @ TOT/[A JIETKO BUJETD, UTO
obmasi Xxopaa 3Tux OKpyskHocteil Toxe paBua 1. Otcioma
MOJTy4aeM pelIeHue.

Pemenune. Ilyctb O — 1eHTp OKPY’KHOCTH, Ha KOTOPOH
aexut touka C, O — meHrp Apyroil okpysxkuocru. Tak Kak

— K=,
= , "
A ﬂ...:".‘:.g'fl k .
b . M, h
r, - 9
f il 1 S
f - R o W s '
o~
gt T I | |
" II_ |I f f
h L | ]
L Co [ "wia | /A
i e i /J/)KM | ¥
B Eraass I

Puc. 1

OO’ =+/3, npsamas AB kacaercsi BTOPOil OKPYKHOCTH B
Hekoropoit Touke C’ (puc.1). Caemnosaresbho,

LAOYY = LZAO'C'+ £LC'O'Y =

= %AXO'C' +£C°OY = %ACAB + ZABC |

[lanee,

ZO'AO = /BAO' + ZOAB = g —/COA+ g — /BCA =

= n—-4ZBCA —%LCAB = %4CAB+ ZABC .

Honyuaem, uro yrast AO'Y u O’AO pasubl. Tak Kak
YO =0A, 10 AO’YO - paHoGoKasi Tpallelusi, MoaToMy
AY =00 =43

N3y4unm mozpo6Hee CBONCTBA TPEYTOJIbHUKOB C PaBHBIMA
ONMCAHHON ¥ BHEBIIMCAHHOH OKpYy:KHOCTsSMHU. Bynem cunm-
TaTh, YTO OMUCAHHAg OKPYKHOCTD TpeyroabHka ABC paBHA
€TO BHEBMHCAHHOW OKPY’KHOCTH, Kacarolielics cTopoHbl AB.
Bocmonbayemest caenyiorieir hopMyioit, BEpHOI 1Jist TIOO0T0O
TPEYTOTbHUKA.

2016/Ne3

Yupaxxnenne 4. [loxaxxnTe, 4TO pajnyC BHEBIHMCAHHON

LA /B . ZC
OKDPY’KHOCTH 7, = 4R cos - cos - sin — .

2
W3 yrpaskHeHust 3 CJeyeT, YTO B HAIIMX TPEYTOJbHUKAX
/A /B . ZC 1
cos =N cos B3 sin < "% Wcnonbayst popmyibl mpeobpa-

30BaHUA HpOI/ISBeZ[eHI/Iﬁ TpI/IFOHOMeTpI/I‘{eCKI/IX q)yHKHI/II‘/JI B
CyMMbI, STOMy paBeHCTBy MOXHO l'[pI/I,ZIaTI) 60]166 I/ISHH_[H])IIL/,I
BUJL.

Yopaxkuenue 5. J[oKaxkure 9KBUBAJIEHTHOCTb PABEHCTB

cos%cosé—BsinZ—C:i n cos ZC = cos LA + cos £B .

2 2
HOC]IelIHeMy PaBEHCTBY HETPYAHO HPUAATb I'€OMETPpUYEC-

kuil cmpica. Tak kak paccrogHust or neHtpa O olucaHHOI
OKPY>KHOCTH OCTPOYTOJBHOTO TPEYTOJbHUKA 0 €T0 CTOPOH
paBHbl Rcos ZA , Rcos ZB, Rcos ZC (s TynoyroibHOTo
3TO TOKE BEPHO, €CJIN PACCTOSHIS CUNTATD OPUEHTHPOBAHHDI-
Mu), to paccrogune or O 10 npsmMoii AB paBHO cymMMe
paccroguuii 1o nByx npsiMmbix AC u BC. Jlerko Ha3Bathb elie
JIBE TOUKH, 00J1aJIalolne aTHM CBOWCTBOM, — 3TO OCHOBAHUS
6uccexrpuc AL, , BL, tpeyrombuuka (mogpoGHee o mpsMoit
L,L, MoxkHo mpouutarb B cTartbe [.DUIUNIIOBCKOTO U
A.Kapuaouenko «JleMmMa 61CCEKTPaIbHOTO TPEYTOJbHIKAY> B
«Ksanre» Neo2 3a 2016 r.). Orcrosa cpagy nosaydaem, uro O
JIeKUT Ha npamoit L, L, .

ITycrb renepy AH, , BH, , CH, — BbICOTbBI TPEYTOJbHUKA.
Paccmorpes nogo6ue (KOMIIO3UIUIO CUMMETPUH OTHOCHTETb-
Ho Ouccextpuchl yrma C m romMortetnu ¢ IeHTpoM C 7
koaddurmentom cos ZC ), nepeBosiiee Tpeyroibuuk ABC
B H,H,C , noxyuuM, uro upamas H,H, neaut GuccekTpucy
u3 sBepumnbl C B ornomennn cos ZC :(1 — cos £C), cuuras
oT BepmuHbl. C APYroifl CTOPOHBI, MCIOJb3YysS TEOPeMy O
6uccekTpuce, Heca0KHO mnoayunth (caenaiire sto!), 4ro
HeHTp [ BINCAHHON OKPY)KHOCTH JI€JUT OUCCEKTPHUCY B
ornomenuu (@ +b): ¢, cunras or Bepmmnbl (31€ch U Aasee
a=BC, b= CA, c = AB — JJIMHbBI CTOPOH TPEYTOJIbHUKA).
Herpyaro Busers (71t IPOBEPKH «B JI06» MOXKHO HCIIOJIb30-
BaTbh TEOPEMY KOCHHYCOB), 4TO paBeHCTBO c0s ZC = cos LA +
+ c0s ZB paBHOCWJIBHO PaBEHCTBY 3THUX OTHOIICHWH, T.e.
ToMy, uto I snexur na H,H, .

Hakownern, 3ameruM, urto Guccexkrpuca yria C sBisiercs
Takxke 6nccekrpucoii yrma OCH, (mokaxure 510). 3HauuT,
oHa mepecekaer otpesok OH, B touxe [’ , mensmieii ero B
orsomennn R : h,,tae h, = CH, . Orciona paccrosiue ot 1’
1o AB paBHO

’

Rcos«C - IH, =RcosLC-L
OH, h.+ R’

ITockoabky paccrossuue or H o croponbl BC paBHO
h, cos ZB , paccrosinue ot I’ no BC pasno

Rcos £A - TH, +h, cos LB - ro _
OH, OH,
= RcosAA~L+hccoséB-L:
h.+R h.+R
= R(COSZA+COSZB)~L.
h.+R

[MTosywyaem, uro cos ZC = cos LA + cos ZB Ttorjja u TOJBKO
Torma, korma I’ pasHoymanena ot ctopon AB m CB, T.e.
cosrajiaer ¢ 1.



MATEMATUYECKHUN KPYXKOK 37

Mpr cBgsamm yciaoBue R =7, paBeHCTBa ONHMCaHHOW 1
BHEBITHCAHHOIT OKPYKHOCTE!T ¢ IPYTUMU HHTEPECHBIMHU CBOII-
crBamu TpeyroJibHuKa. CBeeM Bee HOJLyYeHHbIe Pe3yJIbTaTbl
B O/IHO yTBEP)K/CHUE.

Vreepxkaenue 1. /s nepasnobeopennozo mpeyzoavHurd
ABC caedyouue ycaosus pasnocuvivl (GHUMAMENLHO
npocaeous 3a paccyxoenusimu eviuie, yoeoumecor 6 pPasHo-
cunvrocmu ycaosuii! ) (puc.2):

s — - > i
- - _L;?.-r" \"'g__
I_."f II “’ by __-'"'.-.-I' I‘: .11
f is o Al Y L1
i .___.--'J-\. .:‘-_ .'I I' I| |
[t i'; i
7 i g /
3 -.‘____IT- A ;
3 i i 4
\"'\-\.__ __'.-" 5 --\-.H-\-h_____-.-
Puc. 2 N
e R= T

e cos£LC =cos LA +cos4LB;

e O nexum na npamou L,L ;

o [ nexum na npamou H, H, ;

o npamas Ol npoxodum uepes H,..

PaccmoTpennble TPEYTOJBHUKN 06JI3AI0T eTlle MHOTHMHU
MHTEPECHBIMU CBOWCTBaMU, HO He Oy/leM JIMIIATh YuTaresei
YIOBOJIBCTBUS OOHAPYXKHUTb HX CaMOCTOATEJbHO. Takske o
HUX MOXHO IpounTath B MaTepuatax XX VII Jlerneit konde-
penruu Typuupa ropogos (http: / /www.turgor.ru /lktg /
2015/3/index.htm).

A Mbl niepeiijieM K U3y4eHHro JIPYroro Kjacca TpeyroJbHu-
koB. Haunem co caenytoneit 3agaun.

3apava 2 (D .Ueaes, IX Ommnuajga umenn .M. Iapbi-
runa). Iycmv T, u T, — mouku xacanus 6nUCAHHOLU
oxpyxnocmu mpeyzoavnuxa ABC co cmoponamu AC u AB
coomeemcmeenno, a K — mouxa xacanus 6He6NUCAHHOU
OKPYHKHOCIU MPEY20NbHUKA, BNUCAHHOU 6 Y201 A, ¢ npodoa-
senuem cmoponvt AC (puc. 3). Jlokaxume, wmo opmouermp

Puc. 3

H mpeyeonvnuxa ABC aexum na npsmou T,T, mozda u
moavko mozoa, xozda KT, L AB.

Pemenune. B orsmune ot 3agaun 1, ata 3ajada perraercs
cpaBHUTEJIbHO Tpocto. /lefictBuTeapHo, mycts KT, L BA.
Torma o Teopeme Maseca BbicoTa, TpoBeeHHas 13 C, 1euT
orpesok T,T, B ornomenun T,C : CK =(p—c): (p—-b), rae
p — LoJyllepuMeTp. AHAIOIMYHAs BbIKJIaJKa IIOKa3blBaer,
4TO Yepe3 Ty JKe TOUKY ITPOXOAUT W BBICOTA, OIYyIIEeHHAS U3
BepIHbI B.

OGparHoe yTBep KICHUE TIpe/IaraeM YNTaTe/IsIM J0Ka3aTh
CaMOCTOSITEJIbHO.

3amaua 3 (U.dxosaes, XI Ommmuana nmenn 1. D.111a-
pbirnHa). B ocmpoyz0.1o1om nepasnobedpennom mpeyzoiv-
nuxe ABC nposedenwvt evicomvr AH,, BH,, CH. u omme-
uenvt mouku S,, S,, S., 6 Komopv.x eHesnucauHvle
oxpyxnocmu xacaiomcs cmopon BC, CA, AB coomesem-
cmeenno. Ilpamas H,H,. xacaemcs énucanmoii okpyKnoc-
mu mpeyeoavruxa. /Joxaxume, umo mouka H, nexum na
oxpyxnocmu S,S,S, .

Pemenue. Ilycrb Biycannas OKPy>KHOCTb () KacaeTcsl CTo-
pou AB, BC, CA B toukax T,, T,, T, COOTBETCTBEHHO, a
BHEBIINCAHHAS OKPYKHOCTD (), KacaeTcs npsiMoit AB B Touke
M (puc.4). Tlogo6ue ¢ kKoadduimentom €os LA , nepeBojis-

Puc 4

mee Tpeyroapnuk ABC B AH_H, , 1epeBOUT OKPY>KHOCTD

¢
o, B ®. 3uaunt, AT, : AM =cosZA , t.e. MT, L AC, n
MT, npoxoaut uepes I. (MOKHO yKe IOHATD, 9TO B 3a7a4aX
2 u 3 peub uget 06 OJIHOM U TOM K€ KJIacce TPEYrOJbHIUKOB!
3aMeTUTb 3TO MOXKHO M TO-PyrOMy, € HUCIOJb30BaHUEM
U3BECTHOTO CBOICTBA ONMCAHHOIO YETbIPEXYTOJbHUKA: TIPS-

Masi, COeJIMHSIONIAsT TOYKN KaCaHHsl ITPOTUBOIOJIOKHDBIX CTO-
POH ¢ BIMCAHHOI OKPY>KHOCTBIO, — B HaleM ciaydae ato 1,7,
— MIPOXO/IUT YePe3 TOUKY Iepecevenust anaronaleii.) Temnepb
B IIpsAAMOYTOJIbHOM Tpeyroabuuke MT,. I umeem ZMIT, = ZA
n MT,=MB+BT,=MB+BT,=BS,+CS,=BC=a,
orkysa MI = a :sinZA = 2R . 3uauur, cos LA =IT,.[IM =
=7:(2R). U3 nonobust AABC ~ AAH,H, ¢ xoadduiuen-
ToM €0s ZA moayuaem, uro AH (amamerp OKPY>KHOCTH,
ormcanHon okoso AH,H_) pasen 7.

[Tpu romorernu ¢ nentpom S, u xoaduimentom 1,2
TOYKa | MepexojUT B TOUKY, JIEXKAILYIO 110 OJHY CTOPOHY ¢ [
ot cropousl BC, mpoenupyonryiocs B cepeauny M, sToi
CTOPOHBI 1 y/1aleHHy1o oT Hee Ha /2 = AH/2 (31ech ucnoib-
3yeM usBectHoe paBeHcTBO AH =20M , , BepHoe /17151 11060-
IO TPEYTOJbHUKA); TaKas TOUKa ojiHa, 1 910 O. 3Hauut, O —
cepequna S,1 .

Tak kax Toukum 7, m S, CUMMETPUYHDBI OTHOCHUTEJIHHO
cepeintbl AB, TO nepreHnKyasap k AB, 1poBe/leHHblil uepes
S, , cummerpuuer npsamoit IT, ornocutenbno O, 3HaYNUT, OH
TIPOXO/IUT Yepe3 TOYKY, CAMMETPIHYHYIO TOUKe | OTHOCHTEIb-
Ho O, T.e. uepe3 S, . Tem campim, £S5,S.A =90° = LAH,S, .
Ananornuno, Z£S,5,A=90°. Irto 3HAUMT, YTO BCe IIATH
touek A, S,, S,, S,, H, nexar Ha OKPYXXHOCTH C
auamerpom AH, .
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3aMeTuM, 4TO B TIpollecce perienus u3 noaobus AABC ~
~AAH,H, ™Mbl noayunsan paBeHctBa r = AH = 2Rcos LA
n r=1,c0s£A, T.e. paguyCc BHEBIHNCAHHOH OKPY>KHOCTH,
kacatoreiicst croponbl BC, BiiBoe 6oJbllie pa/iiryca ONNCAH-
HOM oKpy:kHOCTH. IIpuMenns dopmyy ditsepa, moxydaeM,
YTO PACCTOSTHUE MEX/LY TIEHTPAMU HTUX OKPYIKHOCTEN PaBHO
R+/5, a 3HaunT, OHM TMEPECEKAIOTCS TOJ TPSIMBIM YIJIOM.
Kpome Toro, mo yTBep:K/I€HHIO YIPakKHEHHS 4 Mbl nMeeM

£C 4B . 1
PaBEHCTBO COST COSTSIH 7 = E , KOTOPOE II0CJIie IIpe-

o6paszoBaHuili TPUBOAUTCS K BUAY €0S~LB+cosZC =
=cosZLA+1.

Takske samerum, uro uerbipexyroabnuk BH H,C omnucan
OKOJIO OKPY’KHOCTH, a TaK>Ke BITNCAH B OKPY>KHOCTD C THaMeT-
pom BC. BenomuuM usBectHbiii akt (3agava M1154, cm.
«3amaunuk «Ksanra» Ne3 3a 1989 r.): BO BIIMCAHHO-OITHCAH-
HOM YeTBIPEXYTOJbHUKE TOYKM TIEepeceueHms JraroHaJell,
IEHTPBI BIUCAHHOW W ONMHMCAHHON OKPY’KHOCTEH JiexaT Ha
onHoit ipsimoit. Takum o6pasom, touxku H, I, M, nexar Ha
OJTHOH TIPSIMOI.

3azaua 4 (I1.Koxkesnukos, Beepoccmiickas onmmimaza,
2003 r.). B mpeyzomvnuxe ABC uepes O, I ob6osnauervt
uenmpuvl ONUCAMNOU U BNUCAHHOU OKPYKHOCME COOMEEMm-
cmeenno. Buesnucannas oxpyxmnocmv ®, Kacaemcs npo-
donskenuti cmopon AB u AC 6 mouxkax K u M coomeem-
cmeenno, a cmoponv. BC — ¢ mouxe S,. Hszsecmmno, umo
cepeduna P ompesxka KM nexum na onucannoii oKpyxHo-
cmu mpeyzoavuuxa ABC. [Joxaxume, umo mouxu O, S, u
I nexam na o0not npsmotl.

Pemenue. ITycts I, — 1eHTp OKPYKHOCTH @, . Tpeyromb-
nuk AKM — paBHOGe[pEHHBIN, 10aTOMY cepeiinHa P ero
ocunoBanusi KM nexut Ha 6uccekrpuce yria A, a 3Hauut, Ha
orpeske I1,. C npyroii croponbl, P — aTo TOYKa epecedenus
OTpe3Ka, COeJINHSIONIEr0 IIEHTPHI BIIMCAHHON W BHEBITHCAH-
HOIl OKPY’KHOCTEl TPEeyroJIbHHUKA, C OMUCAHHOI OKPYKHOC-
TBIO 3TOTO TpeyroJibHuka, T.e. P — cepeauna nyru BC,
3HAYUT, 1O TeopeMe o Tpuauctanke BP = IP = [,P (puc.5).

Puc. 5

ITycth R — pagnyc oMCanHoON OKPYKHOCTH TPEYTOTbHIKA
ABC, r, — pajuyc oKpyxxHoctn ®,, ZA =2a . V3 npsiMo-
yroaxbnoro rtpeyroabnuka KPI,
Pl, =Kl,sin ZPKI, =r,;sinoc. C apyroil cTOpoOHDI,
Pl,=PB=2Rsino, 3HAuWT,
OP || 1,5, (o6a stux orpeska mepreHaukyasspusi BC) u

HaxXxoaumMm, qyToO

r, =2R . 3amerum, uTO

2016/Ne3

OP=R=r1,/2=1,5,/2. Caenosarenvro, OP — cpeausis
JquHug Tpeyronbuuka S,I1, , T.e. Touku O, S, u I jgexar Ha
OJTHOM TIPSIMOIA.
Co6epem Bce 06Hapy KeHHbIe (DAKTHI B OJ[HO YTBEPIK/ICHIE.
YrBepxaenue 2. Ciaedyrouue ycarosus 0as nepasnobeo-
pennozo mpeyzorvnuxa ABC pasnocunvivl (onsmo-maxu
ybedumecw ¢ pasnocunvrocmu! ) (puc.6):

Puc. 6

® BHEGNUCAHNAS OKPYIKHOCb OO, NePReHOUKYIAPHA ONU-
Canmoll OKPYHKHOCIU
o 7, =2R;
cos £B +cos LC = cos LA + 1;
opmouenmp H ne:xum na npanou T,T,;
BNUCAHNAS OKPYKHOCMY Kacaemcs npamot HyH . ;
npamas IH deaum cmopony BC nononam;
npamas Ol npoxodum uepesz S, ;
mouxa H, nexum na oxpyxmnocmu S,S,S;;
o cepeduna ompeska, coOeOUHAOW,e20 MOUKU KACAHUA O,
¢ npamvimu AB u AC, nexum Ha onucanuoll oKpyKHoCmu.
B saksouenne mcciaeayeM IepecedeHre PaCcCMOTPEHHDIX
KJIACCOB TPEYTOJbHUKOB. OUeBH/HO, UTO 13 PaBeHCTB cos LC =
=c0s LA +cosZLB u cos LB + cos ZC = cos LA + 1 caenyet
cos £B = c0s ZC — cos LA = 1/2 , 94T0 103BOJISIET HAUTH YTJIbI
TpeyroyabHuka. OGOpMUM 9TOT pe3yabTaT B BUje 3aJaull.
3apmaua 5. Odua u3 enesnucanmvlx oxpyKHocmel mpey-
20IbHUKA PABHA ONUCANNOU, a Opyzas nepecexaem ee noo
npamuim yeaom. Haiioume yzon mexdy coomeemcemeyousu-
MU CIOPOHAMU MPEY2ONbHUK .

1
Otsert: 60°. (/IBa 1pyrux yriaa pasubl 60° + arcsin —— .)
HBa fpyrux yria p >3

Wcnonbsys yrepsxaenus 1 m 2, MOXHO 3Ty XXe 3a/ady
cOpMyIUPOBATDb M0-/IPYTOMY.

3agaua 6 (M2405). IIpamas, coedunsiowas uenmpol
ONUCANHOU U BNUCAHHOU OKPYIKHOCEU MPeyzoivHUKd, ne-
pecexaem O00HY U3 €20 CMOPOH 6 OCHOBAHUU GbLCOMbL, d
Opyey1o — 6 MouKe ee KACAHUS C COOMBEMCMBYIOWET BHeENU-
cannoil oxpyxnocmovio. Hatidume yeon mexoy smumu cmo-
ponamu.

WuTepecHo, MOXKHO JIM PeHmIUTb 3Ty 3ajady, He 3Had,
OTKy/la OHA B35J1aCh?..

Astop 6saronapen [I.KoxesuamkoBy n JI.EMenpsanoBy 3a
3aMeYaHus W JOTOJTHEHMNS.
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LLle OfHO
[N,0Ka3aTeNbCTBO
TeopeMbl 00
M30rOHaNbHOM
conpsixkeHnn

B.1YBPOBCKUU

JOIIOJIHEHME K CTATBE II. KOJKEBHNKOBA «1130T'0O-

HasnbHO conpskennbie Toukn» («Kpaut» Nel 3a 2016 1.)
TIPUBE/IEM ellle OJTHO 3aMeYaTeTbHOe TOKA3aTeJbCTBO Teope-
Mbl 06 M30TOHAJTBHOM COIPSIKEHUN. IDTO JIOKA3ATETBCTBO He
MOXOKe HU Ha OJHO W3 TIPUBEJACHHBIX B CTaTbe — OHO
UCIOJIb3YET KOMIIO3UIMIO peobpasoBanuii miockoctu (1o-
3TOMY 3TO [OKa3aTeJIbCTBO MOKHO Ha3BaTbh <«TEOPETHKO-
IPYIIIOBBIMY ).

[lins nokasaresibcTBA HAM MOHAOOUTCS JieMMa.

Jemma. Ecau cpedu mpex npsmoix I, m, n ecmo nepecexa-
owuecs, mo 6ce OHU NEPeceKarmes 6 00Ol mouxe mozoa
U MOALKO Mo20d, K020d KOMNOIUUUS MPeX CUMMEemPUil
OMHOCUMETDHO IMUX NPSIMBLX UMeem X0msi Obl 00HY Henoo-
BUKHYIO MOUKY.

[oxkazarteabcTBo. OHA YaCTb YTBEPIKAEHUS OYEBU/IHA!
€CJIH TIPSIMbIE MMEIOT OOIIYTO TOYKY, TO 3TA TOUKA HETO/[BIK-
Ha OTHOCHUTEJBHO BCEX TPEX CHMMETPHIi.

[lokaskem oGpaTHoe yTBepskienue. B mpanbHeiinem ycso-
BUMCSI 0603HAYATh CHMMETPHIO OTHOCUTEIbHO IPSIMON p TOH
ke 6ykBoil p. IlycTb KOMITO3HILHST CUMMETPHIl 72 0 m o [ 1Meet
HENOJABIKHYIO TOYKYy A (HAIlOMHUM, 4TO peo0pasoBaHus B
KOMIIO3UIIMU BBITIOJHSIOTCS CIIPaBa HAJIEBO — CUMMETPUS
OTHOCHUTEJIbHO [ TEPBOH, OTHOCUTEJNBHO 7 — TOCJEHEH).
Cpenu oceii 3THX CUMMETPHII €CTh TIepeCceKaloNuecs, moaTo-
MY OCb m TiepeceKaeTcst ui ¢ [, uiau ¢ n. Jlonyctum cHavasma,
4To m Tepecekaercs ¢ [ B Hekoropoii touke O. O6o3HaunM
yepe3 L u M o6pasbl TOUKM A TIpU TOCJIEI0BATETHHBIX
cummerpusix otHocutensho [ u m: L =1(A), M =m(L),
torga n(M)=A (puc.1). Ilockoabky Touku A u M paBHO-
yaanaenbl oT Touku O, ocb 7 TOLKHA TPOXOAuTh yepes O.

Ecnm n3navaabHO M3BECTHO, UTO MEPECEKAIOTCS MPSIMBIE M
1 7, TO PACCMOTPHUM KOMITO3UIHIO [ o m o 1 . DTO TpeoGpaso-

Puc. 1

BaHue ABJIgeTcs 06paTHBIM K 710 m o [ (1posepbre!) u moro-
MY TOJKe MMeeT HEIMOJBIKHYIO TOYKY, a OTCIO/Ia, Kak U B
TIEePBOM CJIyYae, CJeyeT, 9TO BCe TPU IIPSIMbIC UMEIOT 00TIyT0
Touky. JleMMma mokasaHa.

OO6paruMmcs K TeopeMe.

Teopema. Ilycmov dan mpeyeorvnux ABC u mouxa P.
Yepes a, b, ¢ obosnauum npsamwie BC, CA, AB, uepes
ay, by, ¢, —npsimvie AP, BP, CP uuepes a,, by, ¢, — npsimuvle,
CUMMEmpuyHble NPAMUIM a4, by, ¢ omHOCUmMeILHO coomeem-
cmeyrowux 6uccexmpuc (puc.2). Teopema ymeepsxdaem,

Puc 2

umo npamvle dy, by, ¢, nepecexaiomes 6 00HOIU MouKe Ul
napaiienviol. ( Cognadaiougue npamoie Mol Cuumaem napdai-
NeSoHBIMU. )

lokazaTeabcTBO. [[ONyCTUM, YTO CPE/IM IIPAMBIX dy, by, Cy
ectb nepecekaionecss (B IPOTUBHOM CJydae JOKa3blBaTh
wevero). Torma, B CHLy JIEMMBI, OCTATOYHO JOKA3aTh, 4TO
KOMITO3HITAST dy o by © ¢, WMEeT HEMOABUKHYIO TOUKY.

Io ycnosuio, Z(b, a;) = Z(ay,, ¢) (em. puc. 2). Komnosu-
U ABYX CHMMETPHH € INEPECeKaloNUMUICS OCAMUH — 3TO
HOBOPOT BOKPYT TOUYKH TIEPECe-
YeHUsI ocell Ha y/IBOCHHDIN YT0JI
meskay ocamu (puc.3). [oato-
My KOMIIO3UIIMM CHMMETPHUii
boa; n a,oc — onHO 1 TO XKe
npeo6pasosanne (IOBOPOT Ha
yron BenmunHoit 2/ (ay, b) =
=2/(c, ay) Bokpyr A). Amna-
JIOTHYHO JOKa3bIBAIOTCA Pa-
BeHCTBA Ccob =byeca 1
aoc; =cyb. Ilonp3yach sTMMU paBeHCTBAMH W TIOJIarast
fi=aoboc, [, =ayob,oc,, moayanm

ZXOY =28 paq)
Puc. 3

bof1ob:boa1oc1ob:azocob1oc1ob:

= a20b20a061ob=a20b2oc2obob=a20b2002=f2y

otkyra f, (b(P))=(bof;)(P)=b(P), tax xak f;(P)=P .
Craenosarenbio, f, OCTaBiIfgeT Ha MecTe TOUKy b(P), uto n
TPe6GOBAIOChH JI0KA3aTh.

Wcnonb30BaHHY0 HAMU JIEMMY MOXKHO YTOUHUTD.

Ynpaxknenue. /[oxaskute, 4TO eCam KOMIO3UIMS [ TPEX OCEBBIX
CUMMETPUIl uMeeT XOTsi Obl OJHY HEIOJBIKHYIO TOYKY, TO OHA
ABNSETCA OceBO cummerpueil (1, TeM caMbIM, HMeeT GeCKOHEYHO
MHOTO HEMOJ[BUKHBIX TOYEK), TPUYEM ITO YCJIOBHE BBITOJTHICTCS
TOTJ/Ia U TOJIBKO TOT/Ia, KOTJIa OCH CUMMETPHIl IIPOXO/AT YepPe3 OJIHY
TOYKY WJIM MOMAapHO Mapasaebhbl (B wacTHOCTH, coBmajaior). B
OCTAJIBHBIX CJYYasIX [ SIBJISIETCS CKOAb3suwel cummempuetl, T.e.
KOMIIO3UIIUEH OCEBON CUMMETPUM U HAPAJLIEJBbHOTO IEePEeHoca Ha
HEHYJIEBOW BEKTOp, MapaJsuIeJIbHbIA ee OCH.



NIPAKTUKYM ABUTYPUEHTA

PAaBHEHWA CBA3eM
B MeXaHuke

K.Pblb

PAJIMITMOHHBIV TTOJIXO/T K PEIIEHUIO 3AJIAY ME-
XaHUKH [peJroJaraeT UCIob3oBanne (hopMyJs KuHeMa-
THKW, YPaBHEHUI AWHAMUKH, 3aKOHOB coxpaHenus. llpu
9TOM BO3MOYKHDI CUTYAITHH, KOT/JA 9TH YPABHEHUST COCTABJISI-
10T CHCTEMY, He JAIONYIO OHO3HAYHOTO PEIMIEHHS TPOOJIEMBI.
HyskHBI OMOTHUTEIbHbIE YPABHEHUSI, YIUTBIBAIOIIIE OTPa-
HUYEHUs 1 CBSI3M, HaJaraeMble Ha ABMKeHne. OrpaHndeHns
MOTYT OBbITb CBSI3AHDBI C JKECTKOCTDBIO TeJIa, HEPACTSKIMOCTHIO
HUTH, IBUKECHIEM TI0 TIOBEPXHOCTH, HAJTHYHEM OCOOBIX TOUYEK
TPAEKTOPHHU. BBIPa3uTh 5TH OrpaHYeHHUs CIICIHAIbHBIM YPaB-
HEHHIEM, KOTOpOe Ha3bIBAIOT YPAaBHCHUEM CBS3M, — 3a/1a4a,
Tpebyloniast JONOJHATEJILHOTO BHUMAHUS U OmbITa. Takue
YPaBHEHHS KOHKPETH3UPYIOT CUTYAIMIO U II03BOJISAIOT MOJIY-
YUTh OJIHO3HAYHDII OTBET.
PaccMoTpyuM KOHKpeTHbBIE 33/1aull, pellieHne KOTOPbIX Tpe-
OyeT COCTaBJIEHUSI YPABHEHUN CBS3€l.
3agaua 1. Cmepixensv daunoii | o0num Konyom onupaemcs
0 BEPMUKANLHYIO CMEHY, d OpYzuM — O 20PU3OHMATLHYHO
Sk nogepxnocmv noaa (puc.1).
Huxnuil koney, cmepikns 0eu-
JKeMCsL 20PUIOHINATLHO CO CKO-
pocmuio vy . [as momenma,
Kozda cmepixens obpazyem c
20PU3OHMOM Y20 O., HAUOU-
me MmouKy cmepKui, 06UKY-
WYI10Cs OMHOCUTNENLHO NOJA C
MUHUMATOHOU  CKOPOCMDIO.
= Yeny pasna sma CKOPOCIM®?
Puc 1 ! I:eulelme. Crepsxenb xect-
KU, BHAYWT, PACCTOSTHUE MEXK-
JIy €ro KOHI[AMU HeM3MeHHO. [Ipoeximu ckopocTeii KOHIIOB
CTEPIKHS HA HANPABJEHUE CTEPXKHS PA3HBIMU ObITH HE MOTYT
(ycJ1oBHE KECTKOCTH), MOITOMY

0,4 COS0L=DgSIiNO .

J{BUIKCHIE CTEPIKHA MOKHO IIPEJICTABUTD CyMMOM HOCTyIA-
TEJDbHOI'O ABWIKEHUA W BpallaTEJIbHOTO /ABMXEHHA OTHOCHU-
TEJbHO MTHOBEHHOI'O ITIEHTPa Bpalll€eHNd, KOTOpri/JI yAaJien oT
KoHIa A crepykus na paccrosine x. Torfga st TPOEKIHit
CKOPOCTe}l KOHIIOB CTEPIKHSI HA HAIPABJEHNE, IIEPIEH/HKY-
JISIPHOE CTEPIKHIO, MOYKHO 3AIUCATh

v sina = wxo, vgcoso=o(l-xc),

T7le Xc — YJAaJeHHOCTb MTHOBEHHOTO 1ieHTpa BpatmieHus C oT
xonna A, ® — yrioBasg CKOPOCTb BpAl[eHUS CTEP>KHS.
[Tpuvem atoT 11eHTp Gy/IeT UMETh TOJIBKO CKOPOCTD TTOCTYIIA-
TeJIbHOTO JIBUKEHUS, PABHYIO

U, =0, COSO..

N ata ckopocTb 6y/ieT MUHUMATBHOM.

W3 sanucanHbIX ypaBHEHUIT cJjeayeT

v X ,
“tgo=-—— orkyma x. =Isin’o .
Up [ —xc

Cxopoctb aToil Toukn C MUHMMAaJIbHA U PaBHA
Omin = ¥y COS L .

3anaua 2. I1o 21adkomy 20pU30OHMATLHOMY CIMOLY C60600-
HO CKOL3UM 00HOPOOHAS npsmds naiouxa oaumnoi l. B
HEeKOMOpbLiL MOMEHM CKOPOCmb ee Konuya A pasna v, u
obpasyem npamotl yzoi ¢ NALOUKOU, d CKOPOCMb KoHyd B
pasna 2v,. 3a xaxoe sepems naiouxa coeiaem NOJHbLI
obopom? Ha ckovbKo cMeCumcs ee uenmp npu 3mom?

Pemenne. CxopocTb Toukm B Takke HepHeHANKYJISIPHA
masouKe (yCI0BIE JKECTKOCTH CTEPIKHSL) , HO [JIST Hee BO3MOJK-
HbI [Ba HampasJjenus. IIpeictaBuM JBIDKEHHE ITQJOYKH
CylepIo3niineii oCTyIaTeIbHOTo ABmKenus ee nenrpa C u
BpAIATE/bHOTO JIBUXKEHUS OTHOCUTEJbHO 3TOTO IEHTPa U
paccMOTpuM 06a ciryvasi.

1) Ilycrp ckopoctn Touek A u B comanpasaenst. Torma

ToJjgydaeM /

UA = UC - 0)5 y

B [

Op =0¢ + (1)5 s
vg =20,.

OTCIOlIa HaXOAUM YTJIOBYIO CKOPOCTH BpAIllCHUA TTaJOUKHN:

[
® = —= u BpeMs MOJHOTO 060poTa:

/
ro2m 2

Cmernennie TieHTpa TMAJOYKHI 32 9TO BPeMs PaBHO
sc =vcT =3nl.

2) Ilyctb Tenepb HAlIPaBJEHUsT CKOPOCTEl KOHIOB MATOYKK
ITPOTUBOIIOJIOJKHDBI. B atom CJIydae /1J11 COOTHOIIEHUS CKOPO-
cTell MOYKHO 3aIticaTh

UA = OC - (,05 ,
UB = UC + (1)5 ,
UB = _ZUA .

Orciofia g yTJI0BOI CKOPOCTH, TEPHO/Ia BPAIIEHUSA U CMe-
IeHnA HeHTpa IMaJIOYKU MOJIy4YUM

0):—3&, T=2—nl n SC:n_l
l 3o, 3
3anxaua 3. Fanmenvka daunoi [ cmoum é yeay, 00pasosar-
HOM eaadxumu naockocmamu. Ipu marom cmewenuu Hux-
nezo wapuxa A zanmenvka nauunaem deuzamocs. Hatioume
CKOPOC® HUXKHEZO WAPUKA 8 MOM MOMEHM, K020d 8ePAHUL
wapux B omopeemcs om sepmukxdaivHol NA0OCKOCMU.
Pemenune. CxopocTu IapuKOB raHTEJIbKU CBA3AHBI yCJIO-
BHEM €€ XKECTKOCTH: TIPOEKIINH UX CKOPOCTel Ha HaIlpaB/IeHue
[ pagupIiMu OBITH He MOTYT. IlycTh o0 — yroJ, 0Opa3oBaHHbII
ocbio [ ¢ Beprukasibio. Torga

VR COSOL =0, SINQL .

[Ipu cxosbXKeHNM TaHTEIbKU ee IIeHTP Macc HOHIDKAETCS, U
yObLJIb NOTEHITMAJIbHOI SHEPIHN NJIET HA TIPUPOCT KMHETHYec-



NPAKTUKYM

KOI 9Hepruy IapuKoB, MOCKOJIbKY CTEHKU TJIa/KHeE:

mop | moy
2

Cusa peakiiny BepTUKAJbHOM CTEHKN YBEJIMYNBAET CKOPOCTD

HIDKHETO IlapuKa /0 MOMEHTa OTpbIBA, KOT/la aTa CHJja

CTaHOBUTCS PaBHOI Hy 0. TakuM 06pa3oM, B MOMEHT OTPbIBA

v, MakcuMaJsbHa. V13 sHEpPreTnueckoro COOTHOIIEHNUS MOJIY-

qaeM

=mgl(1-cosa).

vg +04 =2gl(1-cosa),
WJIH, C YYETOM YCJIOBHUS *KECTKOCTH,
vy = 2gl (0052 o — cos® (x) .

IKCTpeMasbHOe 3HAUCHUE BBIPASKEHUS B CKOOKAX OIpe/Ieis-
€T MaKCHMyM CKOPOCTH ¥y , T.€. CKOPOCTb B MOMEHT OTPbIBA.
[TpupaBHuUBas IPOM3BOJHYIO ATOTO BBHIPAKEHUS K HYJIIO,

2
HaXO/IUM COS Ol = 3 Torpa

2 2
U4 max =§ ggl .

3apava 4. JKecmrue cmepxnu oaunoti Ly u L, coedune-
nol wapnupno ¢ mouxe A (puc.2). Hx céo6odnvie xonuypt B
u C pa3wse3Karmcs co CKOPOCMAMU Uy U Uy , HANPAGICHHbL-

1

)
Puc. 2

MU 80026 00HOU npsamoi. Haildume ycxopenue mouxu A
mom momenm, xoz0a cmepikuu o0pa3yIom NpPsMol Yzo..
susxenue cmepoxkuetl npoucxooum 6 00HOU NAOCKOCL.
Pemenne. IlepeiiieM B cucreMy oTyera, CBA3aHHYIO C
TouKoiil B. B aT0il cucreme ckopoctb Touku C paBHA 0y + 0y ,
a ee IIPOeKIMA Ha HallpaBJieHue CTepsKHsA JauHoil L, cocras-
L,
JKECTKOCTH CTePKHS MPoeKInu ckopocteil Touek B u C Ha

nser (o +0,)cos0, rae coso = Us ycaosus

HanpasJieHne crepykHs L, ojauHakoBbl. Torjga cocrasiisio-
mas ycKopeHust Touku A BAOJb HanpasjeHus L, T.e. ee
LEHTPOCTPEMUTENbHOE YCKOpeHue, 6yer

(v + 0, )’ cos? o
L

[TepeiineM Temepb B CHCTEMY OTYETa, CBI3aHHYIO C TOUKOI
C. B ar0ii cucreme npoekiuu ckopocteil Touek B u A Ha
HarnpasJenue crepskhs L, pasubl (0) +0,)sin o, Tak Kak yrou
BAC 1o ycaoBuio npsaMoil. ITo ONpeJesuT BTOPYIO COCTaB-
JIFIONIYIO YCKOpeHus Toyku A — BAosb HampasieHus L, :

(v +oy ) sin® o0
= i, .

CocraBJisiiolye yCKOPEHHs BO BCEX NHEPIHUAIbHBIX CHCTe-
Max OTCYeTa OJMHAKOBBI U B3AUMHO IIEPIEH/NKYJISIPHBL.

a
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IIosTomy MOZy/Ib HCKOMOIO IIOJIHOTO YCKODEHUSI paBeH
cosa sina

2, 2 2
ay = ai +a; = (0, +0vy) | —5—+—5—.
D

C ydeToM BBIpKEHHUI I TPUTOHOMETPUYECKUX (PYHKITUI
OKOHYATEJNbHO TIOJIyYNM

_ (o + 02)2 \IL? + 12
(& +n)Lr, -

3anxaua J. I[ITmox A éwodasiueaem kaun B nod deticmeuem
cob6ecmesennozo eeca (puc.3). Conpuracaiuguecs nogepxuo-
cmu zaadkue. Kaun o6pasyem c 20pusonmanvnoii nosepxno-
cmvIo Yyzos o, a4 OMHOWEHUE €20 MACCbl K Macce WmoKd
pasno M. Haildoume ycxopenus wmoxa u KAunda.

Pemenne. IlITox n
KJIMH B3aUMOJICHCTBY-
10T C CHJIaMH, PAaBHBI-
MM 10 MOJIYJIIO 1 TIPO-
TUBOIOJIOKHBIMI 110
HanpaBJEHWIO:
N, =—-Njg . lpuuem
006€ 3TH CHUJIbI TTIePIIeH-
JIUKYJISIPHBI  COOTBET-
CTBYIOIIEll TIOBEPXHO-
CTH KJIMHA.

3arnuiieM ypaBHEHUs JUHAMHUKH [T [MITOKA B IPOEKIINSX
Ha BEPTUKAJBHYIO OCh U JJISI KJIMHA B MPOEKIINAX Ha TOPU30H-
TAJBHYIO OCh:

ay

my

Puc. 3

N, =mA(g_aA)’

myg — N, coso =myay, cos ol
. nJjin
Npgsino = mgag, N, = MBdB
sino

YdauThiBas paBeHCTBO MOJLYJIEl CHJI B3AaUMOJIEHCTBUS, a TaK-
JKe COOTHOIIEHNE MACcC, MOJYIuM
Ndp
g—ay
CootHollleHre Mex/y TepeMelieHusIMI THTOKA U KJIMHA
OTIPEJIEJISIET CBSI3b MEXKIY MX YCKOPEHUSIMIU:

=tgo .

s a
A=A —tga.
Sp dp
[Tocneanue Ba paBeHcTBa 00PA3yeT CUCTEMY € HCKOMBIMU

HeusBecTHbIMU. VI3 Hee mosryyum
=g tg’ o iy = g tg o

A9 5 =95 .

tg2 o+mn tg2 a+n

3anaua 6. Cmepikenv, WaApHUPHO 3AKPENTIeHHbIIL 6 MOUKe
O Ha 20pu30HMANLHOL NAOCKOCU, JeXKUm Hd YUAUHOpe
(puc.4). B pesyivmame npokamvleanus yuiunopd no nioc-
Kocmu 6e3 NPOCKAIbL3bIBAHUS. CINEPIKEHD NOBOPAUUBACNCSL C
Y2a0601 CKOPOCmbI0 O, . Haiidume 3asucumocmv yen060i
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CKOPOCIU YUAUHOPA )y OM Yead O. Mex0y cmepkneMm u
NJIOCKOCMBIO.
Pemenune. Coenunum och muanaapa C ¢ mapaupom O.
ITycts OC = L. OtmeTn™M, 9TO
R |«
— =sin—,
L 2
rae R — paanyc nuanHapa. YrJjoBasi CKOPOCTb cTepskHs OA
B /IBa pasa GoJIblIIe YIJI0BOI CKOPOCTH pajuyca-Bektopa OC :
o = P
P 2
[Ipm oTCYTCTBUM TTPOCKAJIb3BIBAHNS IIIIIH/PA IO TIITOCKOCTH
JIMHelHasg CKOPOCTb ero OCu paBHa vy = OyR . IIpoexnua
JINHEHHOI CKOPOCTU OCH Ha HATIpaBJieHUe, TIePIeH/UKY JISIp-
HOE CTEPIKHIO, U JIMHENWHAs CKOPOCTb KOHI[A PA/INyCa-BEeKTOPa
onuHakoBbl. OTCIO/A MOJyYyaeM yPaBHEHUE CBSI3U:

1 .o 1 R Lo
0, L=ysin—~ wm —o,——=0,Rsin=.
2 2 2 .o 2
S1n —
ITO U JaeT UCKOMYIO 3aBUCUMOCTD:
0‘)CT
(1)0 = 5 o
2sin” —
2

3apava 7. Lecneunoviii 3asy, 6exadn no mponuxke ¢ nocmo-
SHHOU NO eudUHe U HAnpasaeHulo ckopocmovio 0. Jluca
cudeia 6 3acade, cboxy om mponunxu. Kozda sasu oxasancs
Ha Gausxatwem om aucvl paccmosnuu L, ona nycmuadace 6
nozomio co cxopocmwio u (u > v), depxa Kypc 6ce epems na
satiya (puc.5). 3a xaxoe epems auca 0ozonum 3aiiua?

Ay -_-.i-'". R T

Puc. 5 Hy

Pemenune. IlycTb B HeKOTOpbIII MOMEHT BpeMeHH JHCA
OKaxkeTcd B Touke B;, a 3asai — B Touke A; . Uepes Maublii
MIPOMEXKYTOK BpeMeHH Af HUCTAHIUS <«JIHca—3asil» COKpa-
tires Ha Ad = (u—0vcoso, ) At , a IPOEKIHA MepeMeleHus
JINCHI HA HAIPaBJIEHHE OCH X, T.€. BJOJb TPOIMHKH, Oy/eT
paBna Ax =ucoso;-At. Ilpm cymmupoBaHum 1o BceMy
BpPEMEHHU JIBUXKEHUS yuTeM, 4To obliee COKpalleHne JUCTaH-
IUN <«JICa—3asI» PaBHO ZAdi =L, a cymMMa Ipoekiuit

i
IepeMenieHusa Ha OCb X paBHa JUCTaHIIUU, KOTOPYIO npoée—
JKaJl 3adl] 3a BCE BpeMdA IIpecjefoBaHuA T . TOF[[a Inpun
CyMMHPpOBaHUU HOJYYUM

L=uty-vY cosa; At
:
uy coso - Aty = 01y .
i

OTcio/la HaXO/IM UCKOMOE BPEMSI:
T = % :
u —v
3agava 8. Ha HaxomHOU naockocmu, cocmagasoued
yeon o= 30° ¢ zopusonmom, noxoumcs monema. Koaghgu-

2016/Ne3

YueHm mpenus, MOHemvl 0 NJI0CKOCMb W = \/5/3 Momneme
COOOWUNU  HAYATLHYIO CKOPOCG Ty MAK, YN0 6EKMOp
HAUAIbHOU CKOPOCMU NAPALIe]eH HAKAOHHOU NAOCKOCTU U
HaxaoHer nod yzaom B = 30° enus om zopusonmanu (puc.6).

Puc. 6

Cnycms docmamouno Gonvuioe epems Monemd npuobpeid
cxopocmv v = 3 cm/c. Haiioume nauanonyio ckopocmy vy .

Pemenne. PaccMoTpuM cuiibl, feficTByIonie Ha MOHETY.
Cuna TsDKeCTH M CHJIa peakIMi ONOpPbl B CyMME JaioT
«CKATBIBAIOINLYT0» CUJIY, HATIPABJICHHYIO BHI3 110 HAKJIOHHOM
IJIOCKOCTU U paBuylo F, =mgsino . Cura TpeHus Hanpas-
JIeHa IIPOTHB CKOPOCTH, paBHa Fj, = Wmgcosa n oGpasyer
YTOJ @ ¢ TOPU3OHTAJIBIO, TIpHUeM @ MeHsiercs ot B = 30° 1o
90°. /lsna ycTaHOBUBIIETOCs JBUXKEHUSA 9TU CUJIbI IPOTUBO-
MOJIO>KHBI U KOMIIEHCUPYIOT APYT Apyra. B camom jerne, ecun
F. =Fy, =F ,wm mgsino = wmgcosa, o UL =tgo. —uro
COOTBETCTBYET YCJIOBHIO.

ITyctp B TIPOM3BOJIBHBIE MOMEHT MTHOBEHHAs CKOPOCTHb
o6paayeT yroa ¢ c¢ ropuzonToM. HampaBum KoOpAMHATHYIO
0Cb X TIO HAIPABJEHNIO MTHOBEHHOI CKOPOCTH, a OCh ¥ — TIO
HAMPaBJICHNIO CKATBIBAIONIEH CHJIBI M OTPECINM TTPOCKITIH
YCKOPEHUIl Ha 3TH OCH, YYWUTBIBAsA, YTO CHJIBI PABHBI II0
MOJLY IO
_ —F(1-cosg) _ F(1-coso) p

X m ) Yy m y y= x -

a

[Tpoexin yckopeHus /it KasKJ0ro MOMeHTa BPEeMeH! O/11-
HAKOBBI 110 3HAUEHNIO, T.€. PA3TOHSAIONIEe YCKOPEHHE BJIOJb
OCH y PABHO TOPMO3SIIEMY YCKOPEHHIO BJ/IOJIb OCH X IS
JI000r0 MOMEHTa BPeMEHH. JTO U eCTb yPaBHEHHE CBSI3H.
Torga s KOHEYHOTO BPEMEHHOTO OTPE3Ka OJMHAKOBBIMH
GysyT nm ofmue M3MEHeHMs HPOEKIMil ckopocreii Av, n
—Av,.:

Av, =v-gycosP, —Av, =vy—v, v—vycosPp=1y, - 0.

Orciofa HaXO/UM UCKOMYIO HAYAJTbHYIO CKOPOCTD:
20

vy =———
0 14 cosP

=3,2 eM/c .

3amavua 9. Ha enadxuil 20pu3onmanvivlii cmepikens naoe-
Ju 0ge odunarosuvie waiudvl maccou M kaxoas u ces3aiu ux
J1e2KOU HepacmsKuUMOU Hu-
moto daunoti 2L. K cepedu- M M
He HUMU NPUeA3aIu 2py3
maccou 2M. I'pys omnycka-
1om, u cucmema 6e3 povieka e ’
npuxooum 6 0uxenue T *”f
(puc.7). Kaxoso nmaxcu-
ManrvHoe 3HAUenue CKopoc-
metl waib u zpy3a 6 npo-
uecce deusxenus? Bnauane
HUMb He NPOBUCAJA. Puc. 7



NPAKTUKYM

Pemenne. I1laii6pr Maccoit M IBUXKYTCS TOPU3OHTAIBHO C
MTHOBEHHBIM YCKOPEHUeM d,. , a I'py3 Maccoil 2M aBuxercs
BEPTUKAJIbHO C yCKOpeHueM «, . Hutb Hepactskuma, 1oato-
MY TPOEKIINN YCKOPEHWH IMaii6bl W Tpy3a Ha HaIpaBJIeHHUE
HUTH OJIMHAKOBBI: @, COS O = @, sin o . Toraa aas mpoexIiii
CKOPOCTEH BBITIOJHAETCS PaBEHCTBO 0, = v, tg o . V13 ypaBne-
HUH AMHAMUKE [T 11aidl6bl U Tpy3a:

Tcoso=Ma,,

2Mg -2Tsino = 2Ma,,
rae T — cuina HaTsKEHWA HUTH, MOJIYYHM
a,=g—a.tga.

ITyctp Tpys cMecTnicsa no BepTukaan Ha Ax . Ilo saxomy
COXpaHeHUs SHEPTUH,
2 2
2% + 21\470 = 2MgAx .

Orcioia, ¢ y4eToM CBSI3M MEX/1y CKOPOCTSIMH, MOJIydaeM

2 1
v? =2gcos’o- Ax, of[1+ — | = 29Ax .
tg

Ilpn Ax =L v, .« =+29L , clefoBaTeIbHO, CKOPOCThb
Tpy3a B HIDKHEM IIOJIOKEHHN paBHa Hymo: v, =0 .

JL71s1 HaX 0K IeHUsT MaKCUMyMa CKOPOCTH TPY3a U, BOCIHOJIb-
3yeMmcs TeM, 9to Ax = Lsino . Torga vf =2¢gL cos® oLsin o, .
Uro6bl HallTH KCTpeMyM 2T0i (yHKIuH, npoauddepennn-
pyeM ee U NPOM3BOHYIO IIPHPABHUBAEM K HYJIIO:

3

’
(cos2 osin oc) =-2cososin o+ cosPa=0.

Orcioga moirydaeMm
2 _ 1 . _ 1 _ 2
tg Olyye = 5 y SIN Oy = T , COs Olyee = ? ,

3
’4 f2
o= |—=qglL o . .. = |—=¢glL
BMmax 3\/59 y T max 3\/§g .

3amgava 10. M3 mouxu, naxodsweiics Had eepuunoil
noaycghepvl paduycom R, 6pocaiom zopusonmanvro wapux
(puc.8). Kaxyio munumaiy-

'::;"_ HYI0 CKOPOCMb OH MOXKem

: -H"‘\..\ uMemv npu npu3eMieHuu?

o :,L i Pemenune. TpaexkTopus
oA (R e, | IIapuKa — 9TO BETBDb Mapa-

60JIbI, KOTOPAST MOJKET UMETH
¢ nostycdepoil OfHy TOUYKY
kacanust A. Pagmnyc, npose-
JIEHHBI B TOUKY KacaHus,
o6pasyer ¢ BepTUKAJIbIo yroJ ¢ . [[yg mocseyomnero anamm-
3a MICKOMOW CKOPOCTH TOIMpoOyeM BBIPA3uTh ee (PyHKITHEH
O/IHOIl IlepeMeHHOM, HalpuMep yrjaa @ .

ITycTp cKOpPOCTD B TOUKE KacaHus v, , a BPeMs ABIKCHUS
OT BEPUIMHBI 10 3TOH TOUKM Ty . /11 ropusoHTaJbHOI ocH
TIPOEKIINS CKOPOCTH HEM3MeHHa, a 10 BepTHKAJN OHa MeHI-
ercst ¢ yckopenueM g. Toraa

Puc. 8

Rsing =0, cos@- 1,

vy SinQ = g1y,
OTKyZla HaXOInUM
_ Rsing o = gR

A~ .
V4 C08Q’ Ccos @

ABUTYPHUEHTA 43

JIns ABYX COCTOAHMIL MapuKa 3aluieM 3aKOH COXPaHeHMs
MeXaHH4ecKoil SHepruu:
2 p
moy _ mo
TB = TA+ mgR cos @ .

2
C y4eToM BbIpayKeHHS A 5 LOJYYUM

1
v5 =2gR| cos ¢+ ——
2cos @
Mpb! BbIPasun MCKOMYIO CKOPOCTb Kak (DYHKIHIO OJHOM
MepeMEHHOH @ . ITO U eCcTb yPaBHEHUE CBSI3HU, OTBevaolee
YCJIOBUSIM 33Jiaduil. JKCTPEMAJIbHOE 3HAYEHUE BBIPAKEHUS B
CKOOKax OIPEIETUT NCKOMYI0O MIHUMAJIbHYIO cKOopocTb. Ha
ocHOBe HepaseHcTBa Bynsaxosckoro—Komm,
cos @

cos @ + ! >2
2cos @

2cosQ@’

IIprUvY€eM paBEHCTBO ONpeeJad€eT MUHUMAJbHOE 3HaUYCHUE!

costp+; =2,
2cos @

min

Tor/:[a MHUHUMaJIbHasA CKOPOCTD Te€Jia ITpU IIPpU3EMJIEHNN paBHA

OBmin = V2\/§gR .

Yupaxnenus

1. VI3 yeTbIpex OJIMHAKOBBIX TOHKUX CTEPKHEN VIMHON L Kak 101t
cienanu poMO, CKpenuB MapHupHO uX KoHIbl. [lapuup A 3akpern-
JIEH, a TPOTUBOIOJOKHBIN
mapuup C JBUTAIOT BIOJIb
JnaroHa un poMba ¢ TOCTOSTH-

HbM yckopenuem a (puc.9). 1
Buauase sepmumnnbt A u C pac-
[0JIaraloTest OJIM3KO JPyr K
ZIpyry, a ckopoctb Touku C
pasna mymo. Kakoe yckope- py- g

une Oy/ZieT UMeTh mapuup B B

TOT MOMEHT, Korza crep:kuu AB u BC cocraBst yroa 20 ? Cuyurarb
JIBUDKEHNE BCEX TOYEK IJIOCKHUM.

2. Ha aBa KaTKa PasHOTO PA/yca MOJOKUIN TSLKEIYIO TLIUTY.
Omna o6pasyer yroJa o ¢ ropusoHToM. Haiiiute yckopeHue atoit
mnTbl. [Ipockasb3piBanus ner. Maccoit KaTKOB mpeHe6peyb.

3. DBpeBno, ymupasicb HUKHUM CBOUM KOHIIOM B YTOJ MEXK[IY
CTEHOI U 3eMJiell, KacaeTcst Kpasi Ky30Ba Ipy30BHKa Ha Bbicote H oT
3eMuH. I'Py3oBHK OTBe3KaeT OT
CTEHBI CO CKOPOCTBIO U, U GPEBHO
MIPOCKAJIb3bIBAET OTHOCHTEJIBHO
Kpag KysoBa. Kak mpu atom Me-
HSIETCST YTJIOBasi CKOPOCTh OpeBHA
B 3aBHCHMOCTH OT YTJia MEXKIY
HUM U TOPH3OHTAJBIO?

4. lnnuuaap ¢ HaMOTaHHOH Ha
HEro HUTbIO, BTOPOIl KOHEIl KOTO-
poii 3aKperyieH, CKaTbIBAETCS ¢
IJIQJIKON HAKJIOHHON ILJIOCKOCTH,
o6pasylolieii yroa o ¢ TOPH30H-
tom (puc.10). 3mas, 4yro B Mo-
MEHT, KOTjla HUTb BepTuKajbHa, A 10
YIJIOBast CKOPOCTH BPAIIEHUS ITH-

JNWHIpA paBHA O, HaliuTe: a) CKOPOCTb ABMKEHWS €ro ocu; 6)
CKOPOCTh TOYKU €r0 KAaCcaHWsl ¢ HAKJIOHHOW IJIOCKOCTbIO. Pasmmyc
nuiuHIpa R.




AXXVIl TypHUp roponos

3AAAYN BECEHHEIO TYPA

EA30BbIV BAPUAHT
8—9 knaccel

1 (3)'. Tlo kpyry cTosIiT MaabyuKu U jesouku (ecTb u T€, U
apyrue), Beero 20 gereii. M3BecTHO, 4TO y KasKAOTO MaJbuMKa
coce/l 110 4acoBO#l cTpesike — peGeHOoK B cuHell dyT6oske, a y
KaK/IOI [IeBOYKU COCeJl TPOTUB YACOBOIl CTPEKN — peGeHoK B
KpacHoii pyT6oske. MOKHO JIT OZIHO3HAYHO YCTAHOBHUTD, CKOJIb-
KO B Kpyre MaJbulKOB?

E.Baxaes

2 (4). B ocrpoyrombnoM Tpeyroapuuke ABC yron C paBeH
60° . Ilyctp H — Touka nepeceueHns BbICOT 9TOTO TPEYTOIbHIKA.
OxpyskHOCTD ¢ ientpoM H u pajguycom HC BTOpOIt pas nepece-
kaer mnpsmble CA u CB B Toukax M u N COOTBETCTBEHHO.
Jlokaxute, uto AN u BM mapasnenpusl (MM cOBITafaior).

E.Baxaes

3 (5). Cymecrsytor Jin 2016 1e/IbIX Ynces, cyMMa i IPOU3Be-
JleHne KOoTopbIxX paBHbI 20167
Doavraop, npedaoxui M.Eedoxumos

4 (5). B xBagpate 10x10 Bce KJETKH JIEBOTO BEPXHETO
KBaJpaTa DX 3aKpallleHbl YEPHbIM I[BETOM, a OCTaJbHbIE
kierkn — GesbiM. Ha kakoe HauGoJiblliee KOJUYECTBO MHOIO-
YIOJIBHUKOB MOJKHO paspesath ([0 TpaHUIAM KJETOK) 3TOT
KBaJpaT TaK, YTOOBI B KAK/OM MHOTOYTOJIBHIKE YEPHDBIX KIETOK
6bLTO B TpH pasa MeHblre, yeM 6enbix? (MHOrOyronbHUKN He
06s13aHbI ObITh PABHBIMU UJIU JIaXK€ PABHOBEJIUKUMH. )

E.Bbaxaes

5 (5). Ha smcre Gymaru cuHMM KapaHJIAIIOM HApHCOBAJN
TPEYTOJIbHUK, & 3aTeM IIPOBEJH B HEM KPACHBIM KapaH/AIIOM
Meany, GUCCEKTPHCY U BbICOTY (BO3MOXKHO, HE BCE U3 Pa3HBIX
BEpIINH), JeKallue BHYTPH TPeyroJbHuKa. Iloayummm pas6ue-
HUe TpeyroJabHUKa Ha dYacTu. Mor M cpeau 3THX uacTeil
0Ka3aTbCsl PABHOCTOPOHHUIT TPEYTOIbHUK € KPACHBIMU CTOPOHA-
Mu?

M. E600Kumos

10—11 knaccor

1 (4). TouKy BHYTpPH BBIIYKJIOTO YETHIPEXYTOJIBHUKA COE/U-
HUJIM CO BCEMU BEPIINHAMHU ¥ C YETbIPbMS TOYKAMK HA CTOPOHAX
(1o ool Ha cTopoHe). UeThIPexXyTobHUK OKA3aJcst pas/ieieH
Ha BOCEMb TPEYTOJbHUKOB C O/IMHAKOBBIMU PA/INyCaMU OINCAH-
HBIX OKpY’KHOCTeil. [[okaskuTe, 4TO MCXOAHBIN YeTbIPeXyroJib-
HUK — BIIUCAHHbIM.

E.Bbaxaes

2 (4). Cm. samauy 3 s 8—9 KJIaccos.
3 (4). Cm. 3amauy 4 s 8—9 K1accos.
4 (6). Cm. samauy M2421 «3ajgaunuka «Ksanras.

5. Ha xaxgom u3 12 pebep kyb6a OTMETHJIN €r0 CEPenHY.
O6s13aresibHO Jiu cepa IIPOXO/IUT Yepe3 BCe OTMEUEHHBIE TOUKH,
€CJI M3BECTHO, YTO OHA TIPOXOJINT:

1'B cxobrax nocse HOMepa 3a/1a4ll YKa3aHO MaKCHMaJsbHOEe YHCJIO
6aJII0B, MPUCYIK/AABIINXCS 3a ee pelnienue. VTor moaBoanTes 1o Tpem
3ajla4aM, 10 KOTOPBIM JIOCTUTHYTHI HAMJIYYIINE Pe3yJIbTaThl; GaJJIbl 32
TIYHKTBI O/IHOH 3a7ia4i CyMMUPYIOTCS.

a) (3) depes kakme-T0 6 U3 OTMEYEHHBIX TOUEK;
6) (3) uepes kakue-TO 7 U3 OTMEUEHHBIX TOYEK?
M.Esdokumos

CITOXHbI BAPUAHT
8—9 knaccel

1. Ha pyunnoit jente Gymaru BbIucaau Bce ducyaa ot 1 1o
MUJLIMOHA BKJIIOYUTENbHO (B HEKOTOPOM IIPOM3BOJILHOM TIOPS/I-
Ke). 3areM JIeHTY paspesaji Ha KyCOYKM 10 jBe 1udpbl B
KaX/I0M Kycouke. [lokaskute, 4TO B KakoM Obl IMOPS/KE HU
BBITUCHIBATUACH YUCJIA, HA KYCOUKAX BCTPETSTCS BCE JIBY3HAUHBIE
ypca.

A.Toanvizo

2. CyllecTBYIOT JIM Takue IeJIble Ynucaa @ u b, uTo:
a) (2) ypasnenne x” +ax +b =0 He uMeer Kopeil, a ypas-

nenne | x° |+ ax +b =0 umeer?
6) (3) ypasnenne x°+2ax+b=0 He uMeeT KoOpHeil, a

ypaBHeHHe I:xz:l +2ax +b =0 nmeer?
(3naxom [k] o6osnauaerca 1esnad yacTb 4yucaa k, T.e. Hau-
GoJibliee 1eI0e YncI0, He mpeBocxosiee R.)
A.Xpabpos

3 (6). Mau xBagapar co croponoii 10. Paspexnre ero na 100
PAaBHBIX YETBIPEXYTOJbHUKOB, Ka’K/blii U3 KOTOPBIX BIIMCAH B
OKPYKHOCTD JaMeTpa /3 .

H.Bozdanos

4 (8). XynoKHUK-aGCTPaKIMOHNCT B3 JCPEBAHHBIN Ky6
5X 5% 5, pa3Ousa Kak/Iyio TpaHb HAa eJIMHUYHBIC KBAJPaThl U
OKDACUJI KaK/[blll U3 HUX B OJUH M3 TPEX IBETOB — YEPHBIA,
GeJiblil WJIM KPACHBI — TaK, YTO HET COCEHUX II0 CTOPOHE
KBa/IPATOB OJIHOTO IBeTa. Kakoe HamMeHbIee YHCJI0 YEePHBIX
KBa/IPaToB MOTJIO ipu 91oM noayunthesi? (Ksagparsr, nmeronue
001y CTOPOHY, CYMTAIOTCS COCEJAHUME U B CJIy4ae, ecjid OHU
JIesKaT Ha OJHOH rpanu Ky6a, U B CJIydyae, eCJIiu OHU JIEKaT Ha
PasHbIX TpaHsx Kyba.)

M. Esdoxumos

5 (8). Iyctb p — npoctoe unc.io, GoJblnee 10* . Baam YUCIIO,
Jleqisiieecss Ha p, W BCTaBUJIM MEXKAY KaKUMU-TO JIBYMS €ro
cocequumu 1dpamu k-znaunoe uuciao A. Iomyuwrn gucio,
Jlesisiiiieecst Ha p. B Hero BctaBuim k-3HauHoe 4ncsao B — Mexay
JByMsi cocelHuMu 1iudpamMu yucaa A, — U pe3yJbTaT CHOBA
oKasaJsicd sesdmumes na p. Jlokaskure, 4To 4ncao B noayvaercs
u3 yncsaa A nepectaHoBKO# nudp.

U.Bozdanos

6 (9). PoGor-mbLiecoc, umeronmit hopMy Kpyra, mpoexas mo
I0cKoMy ToJty. [l KasK[Ioil TOUYKM IPaHIMYHON OKPYXKHOCTH
po6oTa MOKHO yKasaTh IPSIMYIO, Ha KOTOPOil aTa TOUKa OcTaBa-
JIach B TedeHue Bcero BpeMeHu JBukeHus. OO6S3aTesbHO 0 U
1eHTp po6OTa OCTABAJICS HA HEKOTOPOIT MPSIMOI B T€UEHUE BCETO
BpEMEHU JIBUIKEHVISI?

U. Baiinwmeiin

7. a) (5) Ecrb 2n + 1 Gatapeex (n > 2). M3BecTHO, 4TO
XOPOIIHMX CPEAN HUX Ha O/iHYy OOJIbIle, YeM TIOXUX, HO KaKue
UMEHHO Oatapeiiku XOpoliue, a Kakue IJI0Xnue, HeM3BecTHO. B
(oHAPUK BCTABIAIOTCA /iBe Garapeiik, IPH 3TOM OH CBETHT,
TOJIBKO eCJi 06€e — Xopolire. 3a KaKoe HanMeHbIIee YHCJI0 TAaKUX



HOMBITOK MOYHO FapaHTHPOBAHHO J06UTbCS, 4TOObI (POHAPHK
CBEeTUJI?

6) (5) Ta xe samadya, Ho Gartapeek 2n (n > 2), mpmdeMm
XOPOUIUX U IJIOXUX TIOPOBHY.

A.Illlanosanos

10—17 knacce!
1 (4). Cm. samauy 1 ast 8—9 kuaccos.
2 (5). Cm. 3agauy 3 s 8—9 KJaccoB.

3 (6). Ilycts M — cepeuna ocroBannss AC paBHOGEAPEHHOTO
tpeyrosbinka ABC. Ha croponax AB u BC oTMe4eHbl COOTBET-
crBeHHo Toukn E u F rak, uto AE # CF n LFMC = ZMEF =
= o . Haitqiure ZAEM .

M. Ilpaconos

4 (8). Cm. samauy M2426 «3agaunmka «Kpamnra».

5 (8). Ha mocke HammcaHO HECKOJDBKO TPUBEEHHBIX MHOTO-
4yjeHoB 37-it cTenenu, Bce KOAPUIMEHTbI KOTOPBIX HEOTpPHUILa-
tesbabl. (MHOTOUIEH Ha3BIBACTCS TPUBEICHHBIM, €CJH €T0
crapumii koaddunument pasen 1.) Pasperaercs BbIOpath Jiio-
6ble /1Ba BBIMMCAHHBIX MHOTOYJIEHA [ M ¢ W 3aMEHNTb UX Ha
so0ble [IBa TIPUBEICHHBIX MHOrOujIeHa 37-if creneHu f; u g
takue, uto [ +¢g = f; + g, wnn fg = fig;. Hokaxure, 4to 1ocje
MpUMEHEeHNsT JI060r0 KOHEYHOTO 4YHCJAa TAKUX ONepalii He
MOJKET OKa3aTbCsl, YTO KaK/blil MHOTOUJIEH Ha JI0CcKe mMeeT 37
PAa3JIMYHBIX TTOJIOKUTEIbHBIX KOPHEN.

A.Kysneuyoe

6. HamoMumM, 9TO TAJIHHIPOM — HTO CJOBO, KOTOPOE OJMHA-
KOBO UHTAETCs CJIeBa HAIlPaBO U CIipaBa HAJEBO.

a) (4) Ecrb neorpanuyeHnbiii HaGOP KapTOYEK CO CJIOBAMU
«abcy, «bca», «cab». VI3 HUX COCTABJSIIOT CJIOBO TI0 TaKOMY
npaBmay. B kadecTBe HAuaJbHOTO CJIOBa BBIOMpaeTcst Jrobast
KapTouKa, a jajee Ha KaKJIOM IMare K UMEIONEMYCS CJOBY
MOKHO JI6GO ITIPUKJIEMTh KAPTOYKY CJIeBa WJIM CIpaBa, J6Oo
paspesaThb cJI0BO B Jo60M MecTe (Meskmy GYKBaMi) U BKJICHTH
KapTouyKy Ty/Ja. MOXXHO M TaK COCTaBUTH TATHH/POM ?

(6) (6) Ectb HeorpanmueHHbIl HAGOP KPACHBIX KAPTOYEK CO
ciaoBamu «abcy», «bcar», «cab» W CHHUX KapTOYEK CO CJIOBAMHU
«cbay, «acby», «bac». V13 HUX 110 TeM 3Ke MPaBUJIaM COCTABUJIN

HaJUHAPOM. BepHO /i, 4TO GBIIO MCHOJb30BAHO OJIMHAKOBOE
KOJIMYECTBO KPACHDBIX M CUHUX KApTOYeK?
A.Tpubanxo, H.Mumpoghanos

7. Cm. 3amauy M2428, a, 6 «3amaunnka «Kpantas.

YCTHbIV TYP A9 11 KNTACCA

1. Ha pgocke mnammcano mpoussegenne logoo-...-logoo,
Bcero 50 muoskureseit. Y Bacu ectb 100 xaprouex: , o
u(32),..., . Bacst BbIK/Ta/IbIBAET KPYTJIble KAPTOUKN HA MECTA
KPY’KOUKOB 1 KBaJ[paTHble — Ha MecTa KBaJgpaTtukos. Haiigure
Pa3HOCTb MEKIY HaHéOJIbHH/IM 1N HAaUMCEHBIINM 3HAYCHHUAMU,
KOTOpbIe MOXKeT MOJIy4YuTh Bacs.

I'.Kyxos

2. Ha nutockoctn 3apuKCUPOBAHbI JIy4 € BEPIIUHON A 1 TOYKa
P Bue mpsmoii, comepskanieii ator Jjyd. Ha syde BbiGupaior
nepeMeHHyio Touky K, 3arem Ha npojosskennn AK 3a Touky K
otMedaioT Touky N Tak, uro NK = 1, a Ha mpamoit PK otMedaioT
touky M (orsmunyio or K) tak, uro NM = 1. Jlokaxute, 410
Bce npsimbie NM, TIOJTyueHHble TaKiM 00PA30M, KACAIOTCsT OTHOI
OKPY>KHOCTH.

E.Baxaes

3. Cwm. 3amauy M2422,a «3anaunuka «KBanras.

4. Ha c6opax rennucuctoB 66110 30 MactepoB n 30 I0HHOPOB.
Kaskaplit MacTep CpIrpaJ ¢ OJHUM MacTePOM U MSATHA/IIATHIO
IOHMOPAMH, a KayK/Iblii IOHUOP — € O/THMM IOHHOPOM | ISITHA/IIA-
ThIO MacTepaMu. JlokaskuTe, 4TO HAAYTCSA TaKkue /IBa MacTepa 1
[IBA IOHUOPA, YTO ATU MACTEPA CHITPAJIH MEXIY c000il, IOHHOPHI
— Mex1y co00il, KaxK/Iblii U3 JIBYX MAcTePOB — XOTs ObI C OJHUM
13 BYX IOHHOPOB, a KaXX/Iblii U3 IBYX IOHHOPOB — XOTS ObI C
OJHUM 13 JABYX MAcTEpOB.

A.T'pubaixo

5. B BBIYKII0# 1IECTUYTOMBHON TIMpaMU/IE ITMHBI OMHHAT-
nat pebep pasabl 1. Uemy Moxker ObITh paBHA JJIMHA JIBEHA/I-
1aToro peGpa?

M. Egdoxumos

6. Cm. zamauy M2427 «3anaunuka «KBanras.
ITy6auxayuio nodzomosu.u
C. Aopuuenxo, JI.Mednukos, A.Cemnenos

XXIX MockoBckass MatemaTmyeckas
oNiMMnNMana

8 knacc

1. MoKHO JIT 9HCJIO 10 TIPE/ICTaBUTh B BUJI€ ITPON3BEICHNSA
JIECATH TIOJIOKUTEbHBIX MTPABIIBHBIX Apoleii (T.e. BhIpakeHuit

BUA 2 , T p U ¢ — HaTypaJbHble yncaa u p < q)?
q . Mumpoganoe

2. 3aKpyrabM cTo1oM cuaT 10 yestoBek, Kax/iblil 13 KOTOPBIX
Jm60 phIApb, KOTOPBI BCETJa TOBOPUT TIPaBAY, JUOO JIKEII,
KOTOPBIi Beerzia JokeT. [[Boe n3 Hux 3asBuin: «O6a Moux cocesa
— JDKeI[bl», a OCTaIbHbIe BoceMb 3asBun: «O0a MOUX cocesa —
poiapus». CKOJBKO pbItiapeil Moryo ObITh cpen aTux 10 ueso-
Bek? (Ilepeuncinre Bee BADHAHTDI U JIOKQKUTE, UTO IPYTUX HET. )

A. Menvuuros

3. Ha meguane AM tpeyrosbpanka ABC HamIach Takas TOUKa
K, uro AK = BM. Kpome toro, ZABC = 60° . Jlokaskure, 4TO
AC = BK.

E.Baxaes

4. Haiijinre HamMeHbllee HaTypaJbHOE 4HCJI0, KpaTHoe 99,
B JICCATUYHON 3allMCH KOTOPOTO YYACTBYIOT TOJBKO YeTHbIE

1udpoI.
P.2Kenodapos

3. Ham Beimykabri msaruyroabauk ABCDE, Bce CTOPOHBI
KOTOPOTO paBHbI MeX/y coboii. M3BecTHO, uTO yrom A paseH
120°, yroa C pasen 135°, a yroan D pasen n° . Haiigure Bce
BO3MOJKHBIE TI€JIble 3HAUEHUS 72.

B.O6yxo6
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6. YerHoe 4nc/I0 OPEeXOB PA3JIOKEHO HA TPU KYUYKU. 32 OJHY
OTIEPAIMIO MOXKHO IEPEIOKUTD TTOJOBUHY OPEXOB M3 KYYKH C
YeTHBIM YHCJIOM OPEXOB B JIIOOYIO APYryIo Kyuky. Jlokasxkmure,
4TO, KaK Obl OPeXU HU ObLIM PA3JIOKEHbl N3HAYATIBHO, TAKUMU
oreparsIMi MOJKHO B KaKOi-HHOY/Ib Kydke coOpaTb POBHO
MOJIOBIHY BCEX OPEXOB.

A.Illanosanos

9 knacc

1. CyMMa Tpex HOJOKHUTEJbHBIX YHCes paBHA UX IIPOU3Bee-
Hu1o. JloKaxuTe, 4TO XOTs Obl /{Ba U3 HUX GOJIbIIEC €/[MHUIIDL.
b. Openxun

2. B tpeyrosbuuke ABC na npojposkennn Meaunansl CM 3a
touky C ormernan Touky K rtak, uro AM = CK. V3BecTHO, uTO
yron BMC pasen 60°. [lokaxkwure, uto AC = BK.

E.baxaes

3. Bace 3ajasiu Ha /oM ypaBHeHUe x4+ px+q =0, rne Py
u ¢; — uenple yncaa. OH Halles ero KOPHU Py U ¢, 1 HAIHCAT
HOBOE YpaBHeHUe 2+ PrX + g, =0 . IloBTOPUB OMEpaIiio etmie
TpuK/bl, Bacs samernsi, 4To oH pemiasn 4 KBaJpaTHbIX ypaBHe-
HUS W KQOKI0€ UMEJIO [[Ba PAa3JUMIHBIX IEbIX KopHs (ecm u3
JABYX BO3MOJKHbBIX ypaBHCHI/IfI /IBa Pa3JIMYHbIX KOPHA UMEJIO0
POBHO 0/1HO, TO Bacs Bcera BbiGupal ero, a ecau 06a — Jo6oe).
OpnHako, Kak Hu crapasics Bacs, y HEro He moJiy4ujoch cOCTa-
BUTDb MSITOE ypaBHEHHE TaK, YTOObI OHO MIMEJIO JBA PA3JIMIHbBIX
BeIeCTBEHHBIX KOPHs, W Baca cmmpHO paccrpommics. Kaxoe
ypaBHeHHne Bace 3ajaan Ha 10M?
M. Esdoxumos

4. Touka O — 1EHTP OMHUCAHHOI OKPYKHOCTH OCTPOYTOJIBHOTO
tpeyroabHuka ABC. llpsamas, neprnenguky.aspaas cropone AC,
nepecekaer orpesok BC un npamyio AB B Toukax Q um P
cooTBeTCTBeHHO. JlokaskuTte, uto TOukm B, O ™ cepeamHbI
orpe3skoB AP u CQ Jsexxar Ha O/IHON OKPYHOCTH.

E.Bbaxaes

5. Ectp sm 2016-3naun0e 4ncyio, mepecTaHoBKOi mudp KOTo-
poro MoxHO T0ry4nuTb 2016 pasubix 2016-3HAYHBIX TOJHBIX
KBaJ[paTOB?

M. Eedokumos

6. B CTpaHe€ JIMHTBUCTOB CYHIECTBYET 72 sI3bIKOB. Tam xuset m
]IIO[[eﬁ, Ka)K[[beI 13 KOTOPbIX 3HAECT POBHO 3 A3bIKa, IpUYEM JIA
Pa3HbIX JIIOI[Cﬁ TN Ha60pbl Pa3JMYHbI. I/ISBCCTHO, YTO MaKCH-
MaJIbHO€ YMCJIO JIIO,/Z[eIL/,I, Jro6bIe JiBa U3 KOTOPbIX MOTYT IIOIOBO-

m
puTh 6e3 MOCPeAHNKOB, paBHO k. Okasanock, uto 11n < k < OR

Jlokaxkure, 4TO TOrJAA B CTpaHe HailjyTcst XOTsi Obl mn map
JIoJieit, KOTOpbIe He CMOTYT HOTOBOPHTH (€3 HOCPEeHUKOB.
A. Paiizopodckuii
10 knacc

1. Cm. 3ajauy 1 s 8 kiacca.

2. Buyrpm Bbimyksoro wernipexyroabnuka A A,B,B; mna-
muach Takasg touka C, uro TpeyroapHuku CAA, u CB,B,
npasusbhble. Touku C; u C, cummerpuunbl Touke C OTHOCH-
TesbHO npsmbix A,B, u AB; coorserctBenHo. /lokaxure, 4TO
tpeyroabuukn ABC; n A,B,C, mono6HbI.

A.3acrascxuil

3. Vpasuenue ¢ reabivMi koaddummentamn xt + ax® + bx? +

+ ¢x + d = 0 umeer 4 1MOJIOKUTENTBHBIX KOPHS € Y4€TOM KPaTHO-

cru (T.e. cyMMa KpaTHOCTEH BCeX TOJIOKUTETbHBIX KOPHEH 5TOT0

ypasHenusi pasua 4). Haiifure nanMenbiinee BO3MOKHOE 3HAYE-
He KoadduimenTa b mpu aTHX YCIOBUSIX.

M. Egdoxumos
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4. BeCcKOHEYHYIO KJIEeTYaTyIo I0CKY PACKPACHJIN MIAXMATHBIM
006pa3oM 1 B KOK/IYIO 6eJyIo KJIETKY BIIMCAIN MO OTJINYHOMY OT
HyJis1 1tesioMmy uncaty. [Tocse aToro s Kask0il 4epHOi KIeTKH
MMOCYUTATM PA3HOCTDL: IPOU3BEJEHUE TOTO, YTO HAMUCAHO B
COCEIHUX 10 TOPUIOHTAHN KJIETKAX, MUHYC TPOU3BE/IEHIEe TOTO,
YTO HAIMCAHO B COCETHUX TI0 BEPTHKAIH. MOryT /i Bce Takue
pasHocTH paBHATHCS 17

B. Knenuvin

3. B ky6 ¢ peGpom 1 nomecTn/m 8 HernepeceKaonxcst Mmapos
(BO3MOKHO, pasHoro pasMepa). MoKeT JIM CyMMa JMaMETPOB
ATUX TAPOB ObITH GoJibIie 47

M. Esdoxumos

6. B 0/lHOKPYTrOBOM XOKKEIHOM TypHUPE MPUHUMAJIO y4acTHe
2016 xomarz. ITo pernamMenty TypHupa 3a mobejry AaeTcst 3 0uKa,
3a nopaxkenne 0 OUKOB, a B C/Iy4ae HUYbEH UIPACTCS JOMOJIHH-
TeJbHOE BpeMsi, MOOEANUTEJb KOTOPOTO MOJIydaeT 2 O4Ka, a
npourpaBiumii — 1 ouko. Ilo oxonuanunm typHupa Ocramy
Benzepy coobuim KoOJIMYeCTBO OYKOB, HaGPAHHbBIX KaKI0i
KOMaH/I0if, Ha OCHOBAHUM YETO OH CJieJIall BBIBOJ, YTO HE MeHee
N Mardeil 3aKOHUMJIUCD JIOTIOJIHUTEIbHBIM BpeMeneM. Haiinnre
HanboJblilee BO3MOXKHOE 3HaueHue N.

Jl. 11l abamnos

11 knacc (1-vi ferb)

1. Ha maxmaraHom typHupe st 12 y4acTHUKOB KasK/Iblii
CBITPAJI POBHO MO OJIHOH TIAPTHM € KaXKJBIM M3 OCTAJbHBIX. 3a

BbIUTPDBIII JaBaJJan 1 O4YKO, 3a HUYbIO — , 3a IIPOUTPDIIIL 0. Bacsa
2

IIPOUTPAJ TOJIBKO OJIHY MApTUIO, HO 3aHsJ IIOCJE/IHEE MECTo,
HaGpaB MeHble BceX oukoB. Ilers sanss nepBoe Mecto, HaGpaB
6oubinie Becex 0ukoB. Ha ckosbko oukoB Bacst orcran ot Iletn?

A.Tanouxun

2. CyuiecTByeT JIM TaKoe 3HAYEHUE X, YTO BBIIOJHIETCS
pasencTBo arcsin® x + arccos” x = 1?
. Topawun

3. Buyrpn tpaneuun ABCD c¢ ocuoBanusmu AD u BC
orMmeuerbl Toukn M un N tak, uto AM = CN u BM = DN, a
yeTbipexyroabHukn AMND u BMNC Buucanuble. /lokaxure,
yto npgamasg MN napaJsiesibHa OCHOBAHUSM Tpaleluu.

M. Bacuives

4. B anrsmiickoM kiayGe BeuepoM COOPAJIICH 7 €r0 YJIeHOB
(n>3). Ho tpaguiusam kay6a Kak/Iblil npuHec ¢ co60i COK
TOTO BW/A, KOTOPBI OH TIPEIIOYUTAET, B TOM KOJIMYECTBE,
KOTOpPOE OH IJTAHUPYET BBIMUTH B TeueHue Beuepa. CorsacHo
mpaBuaaM Kiay6a, B 000 MOMEHT JTI0ObIe TPHU €r0 4jieHa MOTYT
[PHUCECTh 32 CTOJMK U BBIUTH cOKa (Kaskblil — CBOEro) B J1060M
KOJIMYeCTBe, HO 00s13aTeJIbHO BCe TPOe TIOPOBHY . [loKkaskuTe, 4To,
JIUISE TOTO YTOOBI BCE YJIEHBI MOTJIN B TEYEHUE Beyepa MOJHOCTHIO
BBITIUTD MTPUHECEHHBIN ¢ c000iT COK, HEOOXOMMO U TOCTATOYHO,
4TOOBI [I0JIS1 COKA, MPUHECEHHOTO JIOObIM YjIeHOM KJayba, He
MIPEBOCXO/INJIA OJTHON TPETH OT OOIIETO KOJNYEeCTBa.

A.Kaauxo

3. MOKHO /I 4eThIpbMsI ILJIOCKOCTSIME paspe3aTb Ky6 ¢
pe6bpom 1 Ha wactu Tak, 4TOOBI AJIST KJKIOH M3 YacTeil paccTo-
SHIE MKy JIOObIMA JBYMS €€ TOYKaMH ObLIO: a) MEHbIIe — ;

4
6) menbie — ? [Ipeanonaraercs, 4To BCe IIOCKOCTH IPOBO/AT-
cs1 OJTHOBPEMEHHO, KyO M €ro 4acTh He JBUTAIOTCS.
O.Kocyxun

6. C sieBoro Gepera peKku Ha TIPaBblii € MOMOIIBIO OIHOM JIOAKN
nepenpaBuynch N Ty3eMIleB, KaKIbIil pa3 IIaBas HAIpaBo
BJBOEM, a 06PATHO — B OAMHOUKY. VI3HAUaJIbHO KQXK/IbII 3HA 110



OJTHOMY aHeK/IOTY, Kax/Iplil — cBoil. Ha Geperax oHu anexoToB
He PACCKa3bIBAJIU, HO B JIOJKE KAK/BII PACCKA3BIBAJ IOy TYNKY
BCE M3BECTHBIE MY Ha JIaHHbIN MOMEHT aHEKIOThI. J[JIs1 Kask/10ro
HATYPAJBHOTO k HaliIuTe HAMMEHBINEe BO3MOKHOE 3HavYeHme N,
pU KOTOPOM MOTJIO CJYYHTBCS TaK, YTO B KOHIIE KaXKIbIil
Ty3eMell 3HAJ, KPOMe CBOETO, ellle He MeHee YeM R aHeK/OTOB.

A.Illanosanos

11 knacc (2-v1 feHb)

1. Haiiute HamMeHblllee HATYyPAJIbHOE YHUCJO, JECATHYHAS
3aIMch KBajpaTa KOTOporo okanyusaercs Ha 2016.
O.Kocyxun

2. VIMeroTcs yalieunble BeChl, KOTOPbIE HAXOAATCS B PABHOBE-
CHH, €CJIM Pa3HOCTh MacC Ha MX yamax He npesocxoaut 1 r, a
rakke rupu maccamu In3, In4,..., In79 r. MoxkHo sm
Pa3NOKATh BCE T TUPM Ha Yalld BECOB TaK, YTOOBI BECHI
HAXOJU/INCHh B PABHOBECUN?

U.Cepeees

3. MOsKHO JIt OTMETHUTD R BEPIIUH MPABUIBHOTO 14-yroIbHIKA
TaK, 4YTO JII0OO0iT YeTHIPEXYTOJbHIUK C BEPIIUHAME B OTMEYEHHBIX
TOYKAX, UMEIOMINI JIBE TTapaJljie/IbHbIe CTOPOHDI, SBJSACTCS TIPS-
MOYTOJTBHUKOM, €CJIN:

a) k=6;6) k>7?

A.bezyny, C.Iawxoe

4. 3a HexkoTOpOE BpeMS MaJIbYMK IIPOEXAJ Ha BEJOCHIIE/e
1eJIOe YHCJIO0 Pa3 10 MePUMETPY KBAIPATHON IIKOJBI B OJ[HOM
HAIpaBJIeHNN C MOCTOSTHHON 110 BesimuuHe cKopoctbio 10 kM /4.
B 5710 Ke BpeMst 110 MepUMETPY MIKOJIBI TPOTYJINBAJICS €r0 Tama
CO CKOPOCTBIO 5 KM /4, IIPU 9TOM OH MOT MEHSITh HallpaBJeHue
nBiokenusi. [lama Bujies MajbyiiKa B T€ M TOJBKO T€ MOMEHTBI,
KOT/1a OHU HAXO/IMUJINCDh HAa OJIHON CTOPOHE MIKOJIbI. Mor Jin mara
BU/IETH MaJIbUMKa GOJIBIIE TTOJIOBHHBI YKA3aHHOTO BPEMEHN ?

I1.opodun

5. TIpo npusesenublii Muorounen P(x)=x"+a, "' +...
p p n—1

...+ ax + a, c pefictBUTeIbHBIMU K03(DDUIIEeHTaMU H3BECTHO,
YTO IIPM HEKOTOPOM HATYpaJIbHOM m > 2 MHOTIOYJEH
P(P(...P(x)...)) nmveer reficTBHTe.bHbIE KOPHIT, TPHYEM TOJTb-
|

m pa3
KO ToJioKuTeabHble. O6g43aTebHO JIU caM MHOTOYJICH P(x)

nMeeT JeficTBUTEIbHbIE KOPHH, TIPIHYEM TOTBKO TTOJOXKUTEDb-
Hple?
O.Kocyxun

ITy6.auxauuio nodzomosunu C./lopuuenxo, E.Enuganos

\VlockoBCKas ®usmnyeckaa onvMnmana
2016 rona

MNEPBbIN TEOPETUYECKA TYP

7 K/acc

1. Topu3oHTATBHBIN KaHAJ COEUHSET JBE CYJOXO/HbIE PEKH
Awub. noraa B HeM BO3HUKAET cjiaboe TeueHre, KOTOPOe MOYKET
ObITh HATpaBJeHo Jubo B oany, Jub0 B APyryio cropony. OT
OJIHOI PeKN K JIPYTOii 10 KaHaly KypCUpPYeT KaTep, CKOPOCTb
KOTOPOTO OTHOCHTEJIbHO BOJBI TOCTOsIHHA. Kammrtan karepa
3aMEeTHJI, YTO 32 MHOTO JIET eMy HUKOT/IA He Y/IaBaJOCh COBEp-
HIUTD peiic Tyga u o6paTHO GbIcTpee 4eM 3a f; = 2 4, a caMblit
HeyAauHbIi pefic mumacs ¢, = 3 1 (BpeMsi pa3BopoTa Karepa u
OCTaHOBOK He yuntbiBaercs). OIHaMkK /bl MOTOP KaTepa CJIOMAJ-
s, HO M3-3a cTeueHust 00CTOATENbCTB peiic o1 A Kk b 1 06paTHO
Bce-TaKky Gbla BbITTOIHEH. Kakoe MUHUMAJIbHOE BPEMsI [IJIsT TOTO
MorJyio ToHazobutbes Kartepy? Ilocie pemoHTa Karep cras
pasBUBATh B /[Ba pasa GOJIBIIYI0 CKOPOCTh OTHOCUTETBHO BOJIBI.
Kaxk go/ro Ternepb MOXeT JJIMTLCS Pelc Tyna 1 00paTHO?

M. 3amsamuun

2. Cembs IleTpoBbix exajia Ha MallllHE U3 TOPO/A B IEPEBHIO.
Becoh nyTtph 3amssn y Hux 2,5 yaca. M3BecTHO, YTO CpejHss
CKOPOCTb MAIllMHbI 3a HepBble 2 yaca 1yt paBHa 60 kM /4, a
CPe/IHSSI CKOPOCTb 3a MocJe/inue 2 yaca myTr pasHa 80 kM /4.
Orell TONPOCHJI CBIHA, 3HAsl 3TO, BBIYUCIUTDH CPEAHION CKO-
poctb MammHbl Ha BceM nyTtu. [lomymaB, CbIH crpaBe/IMBO
CKa3aj, 4TO [JIsI 9TOrO HEJOCTATOYHO [JAHHBIX, HO MOXKHO
BBIUNCJUTD HaMMeHblllee N HanOOoJIbIlee BO3MOYKHbBIE 3HAYEHIS
cpefiHell CKOPOCTH, 3Hasl, YTO CeMbsl HHUKOTJa He HapyliaeT
MpaBuJa JIOPOKHOTO JIBMKEHUS, a MalllMHA €JIeT TOJIbKO BIIe-
pen. CorJyiacHo IpaBmJIaM, CKOPOCTb MAIlIUHbI Be3jie Ha TyTH OT
ropojia K JiepeBie He JoJikHa 1peBbimarh 90 kv /4. Haiigure
HalMeHbIllee W HamOoJblilee BO3MOKHBIE 3HAYCHUSI CpeHeit
ckopoctu MamuHbl [leTpoBbIX.

M. Pomawxa

3. B rtekcre oxmoit u3 3ajmau 3amaunuka [puropusi Ocrepa
«Henarusanoe moco6ue 1Mo MateMaTuKe» HAIUCAHO CJIEAyIOIIee:
«B crermapHBIN MUK MOKHO yI0XKNTD 68 KypuHbIX sutl. Ecian
YMHUHATD UX Horamu, To nomecturest B 100 pas 6osbies. C Toukn
3pernst UMK, ATO MOKET TTOKA3aThCsl CTpanibiM. AKugkocti
(ByacTHOCTH, GEJTOK M 5KEJITOK Ky PUHDBIX ML) TPY/IHO MO/IAI0TCS
cxarmo. ITostoMy moTHOCTH G€IKA M JKEJNTKA MTPAKTHYECKH
HEBO3MOKHO M3MeHWUTb, yMHUHas fiilla Horamu. To »xe camoe
CIIPABE/IMBO U B OTHOIIEHUH SIMYHON CKOPJIyIibl. [ToaTomy ecin
giilla B SIMIUKe JIeKAT BIUVIOTHYIO JAPYT K JAPYTrY, TO 06beM
COZIEP’KUMOTO SIMINKA HEJTb3s1 H3MEHUTD B Takoe OOJIBIIOe YHCIIO
(100) pas. Oanako, B 3a1a4e CKa3aHO, YTO SIIUK — CIIEL[HA/IbHbIIA.
MOKHO TIPEIIOIOKUTD, YTO B SIIUKe ObLIN CIIEIHaJbHbIe
MePErOPO/IKH, 32 CYeT KOTOPBIX sTiilla YKJIA/IbIBAJINCH HE BILIOT-
HYIO, & Ha HEKOTOPOM PACCTOSTHHHU JIPYT OT JpYyTa, U GOJIBIILYIO
qacTh 00beMa SMUKA 3AaHUMAJ BO3/IyX. [IPeANoNoKIM, 4TO 3T
Meperopo/ikit ObLIM JIETKUMU U TOHKHUMHU: Macca 1 00beM BCEX
MIePEropo/IOK TPEHEeGPEKUMO MAJBI TI0 CPABHEHHMIO C MACCOM 1
00beMOM BceX snIl. Byzem cumrarh Takske, 4YTO MPU YMUHAHUT
SUIl HOTaMU GeJIOK U SKEJITOK He BBITIECKUBAIOTCS M3 SIHAKA.
W3BeCTHO, YTO CPe/IHSS TIIIOTHOCTD O/IHOTO KYPHHOTO ST paBHa
1060 KF/ M° . 3mas at0, oTBeTHTE Ha CJIe/LyI0IIHE BOIIPOCHI.

1) UeMy paBHA CPEAHSIS TIOTHOCTD COJAEPKIUMOTO CIEIUATb-
HOTO gmunKa ¢ 68 KypuHbIME gifTiamMu?

2) Uemy paBHa CPEIHSS TUIOTHOCTD COJEPKUMOTO SIIIMKA,
€CJIi B HETO TIOJIOKIJN TOJbKO 40 suir?

M. Pomawxa

4. Bacs B3BecHs Ha O4YeHb TOYHBIX 3JIEKTPOHHBIX Becax
(koropbie «uyBCTBYIOT> uaMenenue mMacebt 0,01 r) gBa uncThIX
Genpix mcta Gymaru dopmara A4 (rmornoets Gymarn 80 r/m?
pasmepnt smcTa 297 X 210 Mm). Macchl TMCTOB GBLIN COBEPIITEH-
HO oiuHaKOBbIMU. Ha 0JHOM H3 JHCTOB Ha /IByX €r0 CTOPOHAX
Bacs namevartasn Ha NPHUHTEPE TEKCT, B KOTOPOM ObLIo 6500
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cuMBoJI0B. TToc/ie B3BemBanns JIKCTa C TEKCTOM 0Ka3a/10Ch, YTO
ero Macca yBesmuniach Ha 1,6%. CKOJIbKO B CPe/[HEM BECUT OJIUH
CUMBOJI?

C.Bapaamos

8 knacc

1. /IBe TPYIIIbI TYPUCTOB OJHOBPEMEHHO BBIILIN 13 TYPGA3bI

B /IByX TPOTHBOIIOJIOKHBIX HANPABJIEHUSIX. [Pynibl mojaep-
JKUBAIOT MeEK/y cOGOW CBSI3b 10 palli, PaIUyCc JAelCTBHS
kotopoit R = 10 kM. IlepBas rpynma, npoiijg nytb s; = 2 KM
10 JieCcy, BBIIJIA U3 JIeca M YBEJIUYNIa CBOIO CKOPOCTh Ha Av =
= 1,5 km/4, u cruycra ¢ = 40 MUH HOcJe 3TOTO CBSA3b 10
paryu npepsasiach. Bropas rpymnna nociae ¢, = 30 MuH X0/b-
Obl YMEHDIITIJIA CBOI0 CKOPOCTb B 7 = 1,2 pasa, u, mocjae Toro
KaK OHa IIpollla elle S, = 3 KM, CBS3b 10 palluyl IIpepBa-
Jack. Haiimre cKopocTh Kask[Oil TPYMIIbI Cpasdy MOcJje BbIXO-
na u3 Typ6aspi. TypucTbl ABMIKYTCS BCE BpeMsl 0 OJIHOM
NPSIMOIl, He MEHsisi HalpaBJeHusi cBoero ABmKeHusi. OTBETHI
Jlafite B YNCJEHHOM BHUJIE, OKPYTJIUB [I0 JIECSTBIX [I0Jeil KM /4.
M. Ponawxa

2. OpHopojHas JMHeliKa IO/BelleHAa K IOTOJKY Ha HUTH,
MIPUBS3aHHON K cepeauHe JauHelkn. K juHelike MpUKperieHbr
TPY3 1 OTHOPO/IHAS I[ETTOYKA TaK, KaK MOKa3aHo Ha pUCyHKe 1,a.

IIpu aTOM JIMHElKA TOPUBOHTAIbHA U

i) —_— HaXO/IUTCS B paBHOBeCUN. 3aTeM IPy3
MIOJIHOCTBIO TIOTPY3UJIM B BOJY TakK,

5 J UTO OH He KacaJcs [Ha W CTEHOK
F ! crakana. /[y TOro 4T06BI COXPAaHUTh
PaBHOBECHE CHCTEMbI, TIPUIILJIOCDH TIe-
PEMECTUTD TOYKY TNPHUKPEIIEHHsS K
JIMHEHKe OJTHOTO M3 KOHIIOB HETIOYKN
Ha 1 /4 nIUHBI TMHEHKN — KaK TMOoKa-
3aHO Ha pucytke 1,6. Kakoa cpej-

Ty 4 | Hs IUIOTHOCTD MaTepuafa, U3 KOTo-
I
poTO cAeTan rpys3?
: C.Bapaamos
3. Ha xyxme cTOAT JBe BKJIIOUYCH-

ubie (IpoTpeBImIMecs) 5IeKTPOTLINT-
pac 1 kn momqHOcTssMu 1 kBt m 2 xBr, a
TaKyKe eCTh OJUH KUIATUIBHUK MOIHOCThIo 0,5 kBT (Bpema ero
mporpeBanus Masio). Xo3siika 3amo/HsaeT BoAoi TpU KacTpIOJIH,
HaJMB B HUX 1, 2 1 3 IMTpa BOJIbI COOTBETCTBEHHO, 1 MJIAHUPYET
KaK MOXKHO ObIcTpee TOy4YuTh 6 auTpoB Kungrka. Havanpuas
TeMIepaTypa BOJbI BO BCEX KACTPIOJISAX OJMHAKOBA U DPaBHA
20 °C . Ynempuas TermoeMkocTb Bombl 4200 [I)K/ (KI‘ . °C) .
UeMy paBHO MUHUMAJIbHOE BPEMsi, HECOOXOIMMOE [IJISI TTOJTy YeHHS
kungaTka? Onuinmre oHy 13 BO3MOKHDBIX TIPOIIEAYP MAHUILYJIs-
[UIT ¢ KaCTPIOJISIMU, TIJIUTKAMU W KUITSITUJIBHIKOM, [TPH KOTOPOI
9TO peKOp/HOe BpeMsi jpocturaercsi. Cuntaiite, 4yTO BCE TEILIO
nepeiaeTcst TOJbKO Bojie. BpeMenamu, KOTOPbIE X03sIKa TPATUT
Ha TIEPECTAHOBKY KAaCTPIOJIb M IepeMelleHne KUISTHIbHUKA,
MO3KHO TpeHeOpeyb.

C.Bapaamos

4. JIBa JUIMHHBIX KYCKa ITPOBOJIOKM M3TOTOBJIEHDI U3 PA3HBIX
MetasioB A n B. B niepBoM oribiTe OT IPOBOJIOKHN 13 MeTaJia A
oTpe3au KyCOK JUIMHOW [, W Harpesn ero, yBEJIUYUB €ro
Temueparypy Ha Af; . Ilpu aToM A/HMHA KyCKa yBeJIMUUIACh Ha
Al; . Bo BTOpOM oIbITE OT TIPOBOJIOKH M3 MeTaslia B orpesasm
KYCOK JIINHOI [, ¥ Harpesu ero, YBEJHIHB €ro TEMIIEpaTypy Ha
At,, u jumHa aToro Kycka yBemmuniach Ha Al, . B Tperbem
OTIBITE OT IIPOBOJIOKM U3 MeTasia A oTpesanyn Kycok JJIUHOH a,
a OT TIPOBOJIOKHM U3 MeTajuia B oTpe3anyu KyCOK /[JUHON b u
COCIMHUJIM 3TH KYCKM JIpYT € JIpyroMm nocjienosaresnbno. Ha
CKOJIBKO HY)KHO HArpeTb MOJyUYHBHINHCS COCTABHOM KYCOK I1PO-
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BOJIOKM [IJisi TOTO, 4TOObI €ro [JiuHa yBesinuyuiaach Ha AL ?
Cuyuraiite, 4T0 /11 000MX METAJIJIOB BBIIOJIHSETCS JIMHEHHbIN
3aKOH TEIJIOBOTO PACHIMPEHUsI, TPU KOTOPOM OTHOCUTENbHOE
yBeJMYEHNE JIJIMHBI KaXKJO0TO KYCKa IMPOBOJIOKU ITPOMOPIHO-
HATBHO AGCOTIOTHOMY YBEJTMYEHHIO €r0 TeMIepaTyphl.

M. Pomawxa

9 knacc

1. I'pynma us Tpex TYpHCTOB I0JIKHA Mepe6parbes U3 IMyHKTa
A B myHKT B 1o gopore jpuHOit s = 45 kM. Crapryior Bce
TYPHUCTBI O/IHOBPEeMEeHHO. Ha BCIO rpymity TypuCTOB €CTb TOJHKO
JIBa BEJIOCHUIIE/A, IPUYEM eCJIM Ha BeJIoCUIe/e eyT J[BOe, TO 1X
CKOPOCTDb paBHa 3v, a ecJii Ha BEJIOCUIIe/Ie e/IeT OJJMH YeJI0BeK,
TO €r0 CKOPOCTDb paBHa 4v. EcJin Jke TypucT u/ier nemkoM, To ero
CKOPOCTD JIBIDKEHUS paBHA v = 5 KM /4. 3a KaKoe MUHUMAJIb-
HOE BPEMsI BCe TYPUCTBI MOTYT OKa3aTbCs B IIYHKTE Ha3HAYEHUS ?
Bpemenem nocajiku TYpHUCTOB Ha BEJOCHIIE, & TaKyKe BpeMeHa-
MU Pa3roHa U TOPMOKEHUSI MOYKHO TIpeHeOpeyb.
C.Baparamos

2. C momeHTa Hanmcanus nucarenem ['puropuem Ocrepom
HOBEJITT TIPO YeTBepbIX /py3eit — MapToiniky, Cionenka, ¥ gaBa
u [omyras — nporwio yske nourn 40 ser. 3a ato BpemMsi CJI0HEHOK
BpIpoc U mpesparuics B Ciona, YgaB craj emie JJIMHHEE,
[Tomyrait coctapuicst u crop6uicss, a MapTbIlIKa CJIY>KUT Te-
IIepb 4y4eJsIoM B 3007I0rHYecKoM My3see. Ha ouepeanom cobpanun
JIPY3bsl BCIIOMHIJIN, KAK OHM U3MEPSIIN JUIHHY Y/aBa, U PEITIN
TPSIXHYTh CTAPUHON. Y[aB, Jie)ka HAa TOPH30HTAJIBHOM IMOJIY,
BBIUIC/IMJI PAcCTOSIHEE OT IoJIa [0 CBOEro IeHTpa Macc, I
oKazaJsioch, uTo oHO paBHO 10 cm. Ilentp macc Caona okasancs
Ha BbicoTe 2 M Haj 1osioM. Ilentp mace Yaaa u Cuona Bmecre
B3STBIX HaxouuIcs Ha Beicote 1,7 M. Korza Ha rosioBy cjioHa Ha
BbIcOTe 3,5 M HaJ[ 1oJsioM cedt Tlomyraii, 1eHTp Macc BceX TPOUX
okasazncsa sbime eme Ha 0,5 mm. KakoBa macca Yapasa B
IMonyrasx, ecau BbicoTa Ilomyrasi HAMHOTO MEHbIIIE TOJIIHHbI
YnaBa?

C.Bapaamos

3. HeBecomast HepacTsKUMasi HUTh TEPEKUHYTA Y€PE3 UIealb-
HbIiT 6;10K. K 0IHOMY KOHILYy HUTH IPUKPEILIEH TPY3 Maccoil m, ,
a Jpyroil KOHeIl HUTH HAMATBIBAETCS Ha
HEBECOMYIO KATYILIKY PAJUyCOM 7, PACIIOJIO-

JKEHHYI0 BHYTDH siunKa Maccoit my (puc.2).

Karymika Bpammaercst aJeKTPOJABUTATEEM C

TIOCTOSTHHOM YTJIOBOH CKOPOCTBIO () . YUacT- |

KU HUTH, HE [IPUJIETAIONIIE K GJIOKY U KaTyIIl- l

Ke, B TIpOIlECcCe [IBUKEHHs BEPTHKAJDHDI,

cucTeMa KPENJIeHUs] KATYIIKU K SIUKY | -_,\-JI: Fi !

3JIEKTPOJIBUTATENIb OueHb Jerkue. Haiigure l"-'_-:; ,-,h! """

MO/LyJIb YCKOPEHHS IPy3a Maccoil m . I
A.Bvukos  p, >

4. B mupokoM umamnapuueckoM kajopumerpe (puc.3), ua-
CTUYHO 3AI0JHEHHOM JbJoM 1pu Temieparype t, =0 °C, Bo
JIbJly IMEETCS! IIMJIMH/IPUYECKas TOJ0CTh paamycoM R = 10 ¢,

A Bkl

Puc. 3



KOTOpast cHavaja HU4YeM He 3aroJiieHa. B 3Ty moJocth depes
He6GOJIBIII0E OTBEPCTHE CBEPXY OBICTPO 3AJUJIM BOJY, UMEBIIYIO
temieparypy t =10 °C . Jlex navas t1asaTh, 1, HOCKOJbKY IJIOT-
HOCTb JIbJIa MEHbIIE IIJIOTHOCTH BOJbI, YPOBEHb BOJbI HayaJl
oryckarbest. Ho uepe3 oTBepcTHe cBepXY Cpasy CTaJH I0JTUBATD
BOJy TaK, 4YTOOBI TOJIOCTh B KaJOpPUMETpe BCe BpeMs OblLia
TIOJIHOCTBIO 3al0JTHEeHA Bozioil. TemiiepaTypa /10JMBaeMoil BObI
TakyKe paBHa t. Bomy BHyTpH KaJOpPUMETPa MOCTOSHHO TIepeMe-
MIUBAIOT TaK, YTOOBI Jiel BO BCEX TOYKAX TasJI C OJUHAKOBOM
CKOPOCTBIO. B HEKOTOPBII MOMEHT TeMIIepaTypa BOIbI B KAJIOPHU-
Merpe omycrusace 1o ty = 0 °C, u ey rastb nepecrasn. Haiiu-
Te PaguyC MOJIOCTH, 3allOJHEHHOI BOJOH, B 3TOT MOMEHT.
IInoTHOCTD BO/BI Py = 1000 Kr/M3 , IJOTHOCTb Jbja
p, =900 Kr/M3 ,
¢ =4200 Jlx / (xr-°C), yaesnbHasi TemnoTa IJIABJIEHUs Jibjla
A =330 xJx/kr .

yaeabHada TEIIJIOEMKOCTb BO/1 bl

M. Pomawxa
10 knacc

1. Ha ropusonTayspHOM moJy crouT Tabyperka maccoit M =
= 4,5 xr. Boicora Tabypetku 2 = 45 M, a pacCTOSHUE MEXKTY
ee noxxkamn d = 30 cm. Koadurment tpenust Mex/y HOKKa-
mMu u monom W = 0,4. DxcnepumenTtatop [0k mpuBszan k
cepeJIiTHe CTOPOHBI CH/ICHDST TaGyPETKH HEBECOMYIO HEPACTSIKHU-
MY HUTb, IEPEKUHY Tyt uepes 610K (puc.4). Ha BTopoM KoHIe

Puc 4

HUTH BHUCHUT BeJIepKO ¢ BOjIoii. Macca Bejiepka BMecTe ¢ BOJIOI
m = 0,6 xr. IkcnepuMentarop [JIIOK OMyCTH B BeJIePKO TOH-
Kyl0 TPyOKY C BHYTPEHHUM HaMeTpoM D = 4 MM, 10 KOTOPOit
B Be/IEPKO CTaJIa I0JUBATHCS BO/IA C TIOCTOSIHHOI CKOPOCTBIO ¥ =
=0,2 m/c. ILnorrocts Bognl p = 1000 Kr/ M° , YCKOpeHHe CBO-
GOIHOrO MaieHus MOKHO CYUTATh PaBHbIM g = 10 M ¢? . Yepes
KakKoe BpeMs 1ocJie 9Toro tabyperka npuzer B Asmxenne? Kax
HauHeT JBHUTATbCS TaOypeTKa: CKOJb3WUTh, ABHTAsICh MOCTYIA-
TEJIbHO, WJIM ONPOKU/IBIBATHCS, MOBOPAYUBASCH BOKPYT HEKOTO-
poii ocu?

M. Pomawxa

2. Tlo HakJOHHOH TLIOCKOCTH, 06pasyioiieil yroa o = 30° ¢
TOPU30HTOM, €JIeT C MOCTOSIHHOW CKOPOCThIO © = 1 M /¢ urpy-
MmevHblii aBTOMOOHIb, Macca kotoporo M = 300 r (puc.5).
ABTOMOGUJTH CBSI3aH
JIETKON HUTDBIO, TIepe-
KUHYTOIl 4epe3 HeBe-
coMmblii  6JIOK, € Tpy-
30M Maccoit
m = 200 T, KOTOpDIi
JIBUKETCS BePTHKAJIb-
HO. ABTOMOGUJIb TIPH-
BOJIUTCA B JIBUKEHUC
3JIEKTPOMOTOPOM, KO-
TOPBIIl THUTAeTCd OT
G6arapeiiku. Ilpm takom pasuskenun KII/[ saekrpomoropa
N = 60%. HaiianTe KOJMIECTBO TEILIOTHI, BBIAECISIONIEECS TIPH
MPOTEKAHNH TOKA Yepe3 OOMOTKH 3JIEKTPOMOTOPA 32 BPEMsi

t = 2,5 c. ABTOMOGUIIb 1BIKETCS Ge3 [IPOCKaIb3bIBAHUS, TPe-
HUEM B OCAX M COIPOTHUBIJICHUEM BO3/yXa MOXKHO IIpeHe(peub,
yCKOpeHHe CBOOOJHOIO MHaJeHus MOXKHO CYHTATh DaBHBIM
g =10 M/ ¢t

M. Pomawxa

3. MecaruxaaccHuK Bacst IpoBOANT JOMAITHUI 9KCIIEPIMEHT.
On namusaer B kpyskky 200 M Boabt (10 KpaeB) pu Temmepa-
type +20 °C. 3areM oH OTHHBAEeT OJWUH MaJEHbKUIl TJIOTOK
(5 M), TYT 5Ke JOJMBACT B KPYIKKY KUIISITOK /10 KPAeB, aKKypaT-
HO IEPEMENINBAET COJACP>KUMOE OYEHb JIETKOH IJIACTUKOBOM
J0keukoil (He pacIIeCKuBas COAEPKUMOr0) U HOBTOPSET OIK-
CaHHYIO MPOIEAYPY MHOTO pa3. MakcuMasibHasi TeMreparypa
BOJBI, KOTOPYIO Bacsi ele MOKeT NPOTJIOTHTH, HE PUCKYS
o6skeuncs, pagaa +60 °C. Ckousbko Boabl BbilbeT Bacst 10
KOHIIA CBOETO 9KCIIePHMEHTA?

C.Bapaiamos

4. B xon6e o6bemMoM V' = 2 J1 Ipu KOMHATHOI1 TeMIlepaType
naxomurcs v = 0,1 mouab requa. Topabiko ko6 (puc.6)
nMeer JmHY [ = 2 cM U cede-
Hne S =10 cM” . 1o ropabmko
3aKPBITO IUJINHPUYECKOIT TPo06-
kol maccoit m = 10 r, Mory-
Iieil CKoJIb3UTh MO HeMy 6e3 Tpe-
Husi. B HaYaIbHbII MOMEHT T1PO6-
Ka YZep’KUBAeTCSI y OCHOBAHUS
TOPJIBIIIKA, ¥ TeJINi He BBbIXOUT
Hapyky. IIpo6ry ormyckator, n
OHa BBLJIETAET U3 TOPJIBIIIKA CO cKopocTbio v = 10 M /c. Haii-
[IITEe N3MEHEeHNe TeMIIEPATY PhI TeJTHsT B KOJI0e K MOMEHTY BBLIETA
npo6ku u3 ropJbiimka. /[aBiaeHue BO3jyXa B KOMHATE Py =
= 1 art™M, TemI006MEHOM TeJUsl B KOJIOe C OKPYSKAIOUIMI
TeJlaMy 3a BpPeMs BblIeTa POOKU MOKHO TIPeHeOPeyb.

A. Bviuxos

Puc. 6

5. Ha saxpenennbrie menmoasmkno kaemmbl A u B (puc.7),
paccTosTHIe MEXK/Ty KOTOPhIME 40 CM, MOJKET MOIaBAThCSI TOCTO-
aunoe nanpsprenne 0,3 B. K kiem-
MaM TPHUKPEIJIEHbl [[BE MeJ/IHbIe
MIPOBOJIOKN (€3 M30JISIIIH, BCIOLY A B
UMeEIoIUe KPYTJoe IoNepevyHoe
ceuenne. OHa U3 IPOBOJIOK Hats- /¢ 7
Hyrta u uMeer jumunHy 40 cm, a apyrag umeer auuny 70 cM.
[namerp o6Genx npososiok 0,6 mm. Kak caenarb Tak, 4ToGbBI
TEIJIOBAsT MOIIHOCTH, BBIJEISIONIASCS B 9TOH cucTeme, ObLIa
MakcuManbHoi? YeMy paBHa 9Ta MOIMHOCTB? [IPOBOJIOKH MOK-
HO MPHUBO/UTD B DJIEKTPUYECKUH KOHTAKT JIPYT C IPYTOM BCEMHU
BO3MOJKHBIMHU CIIOCOGaMM, HO HeJb3si OOPBIBATD UX M OTCOEIH-
HSATH KOHI[BI IIPOBOJIOK OT KJIEMM. Y/IeJIbHOE COIMPOTHUBJICHNE
memn 1,7-107° Om - M.

M. Pomawxa

71 knacc

1. IIxonsHuk Jjerom 6ot B KppiMy n ¢ BbicOTBI i = 4 M
HaJ{ YPOBHEM MOpsSI YBHJEJ Ha JIMHUU TOPU30HTA PaKeTHBIH
Kkpeiicep «MockBa», KOTOPBIi 1iieJ B1oJb Gepera u ObLI BUIEH
«BO BECb POCT», OT BaTepJMHHUN /10 Bepxa HajacTpoek. [Ikosb-
HUK MPUKPBLI OJMH TJIa3, BBITSHYJ Hepes co0oit pyKy u 60Jb-
UM TIAJbIIEM, TIOJHATBIM BBEPX, <«3aKPbLI» BeChb Kpelicep OT
Hoca 110 KOpMbl Kopabast (s otkpbitoro raasza). IlMupuna
najblla @ = 2 €M, PAcCTOSIHUE OT TJasa JI0 GOJBIIOro Tajibla
mpu BBITSHYTOH pyke [ = 70 cM. [lerb ObLT COTHEYHBIM, ITO-
ATOMY JIMaMeTp 3padkKa OTKPBITOTO TJia3a ObLT HEeOGOJbITNM —
Bcero 1 mMM. 3areM IIKOJBHHUK 4Yepe3 CBOW cMapTgOH Haries
CIIPaBKy O TlapaMeTpax Kpeiicepa, Tjie 0OHAPYXKUJ, UTO JJINHA
kopabuisi cocraBiasier L = 186,5 m. KakoB pamamyc 3emun,




50 KBAHT -

BBIUMCJIEHHBIN IMKOJIbHUKOM Ha OCHOBAHUM BCEX UMEIOINXCS
JIAaHHBIX ?
M. Cenmenos

2. Ha xpaio taGyperxku maccoit M = 4,5 KI' CHAUT KOIIKA
maccoit m = 1,5 xr (puc.8). Boicota Tabypetkn i = 45 cm, a
paccrosiHue MeX[Jy HOMKKaMU
d = 30 cm. Koaddurumenr tpe-
HUS MEX/Y HOXKAMU U TI0JI0M
u = 0,5. Komka nppiraer ¢ ta-
OypeTKy B HalpaBJEHUHU, MOKa-
3aHHOM cTpeJsikoil. IIpu aTom yc-
KOpeHUe IEeHTPa MacC KOIIKH
HAIIpaBJICHO TOPU30HTAIbHO. [Tpn
KaKOM MaKCHMAaJIbHOM 3HAYEHHU
MOJIyJIsl 9TOTO YCKOpeHusi Tady-
perka Gy/leT OCTaBaTbCsI HENo/I-
BIokHON? Ecam Momyp yckope-
HUSI TIPEBBICUT 3TO 3HAYCHME HA
Puc. 8 OYeHb MaJlyl0 BEeJMYMHY, TO KaK

HAaYHeT [BUTATbCS TabypeTKa:
CKOJIB3UTD TI0 TIOJIY /I ONPOKUABIBATHCS, TOBOPAUNBASICH BOK-
PYT HEKOTOPOii ocu? YcKopeHue CBOOOIHOTO TAJeHUs MOXKHO
cunrarb paBubiM g =10 M}DC2 .

M. Pomawxa
3. Cm. zagmauy 2416 «3agaunnka «KBaHras.

4. B 6ecKOHEYHYIO TTPOBOJIOYHYIO CETKY, COCTOSIILYIO U3 IIeC-
THYTOJBHUKOB ¢ COIPOTUBJIEHUAMU KaxK0r0 pedpa 7 (puc.9,a),

Hj""*—u.r-"""\-\.. i % .-""J.\-"""‘-\-..l ™ 5 -\"'-:rr’-\""-- T
q""--\. ot S N - -
X i
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J06aBUIN TIPOBOJHUKH € TAKUMHU K€ CONPOTUBJIEHUSAMU — TaK,
KaK II0Ka3aHo Ha pucyHKe 9,6 (KasK Yo IIeCTHyTOJMbHY IO STYeiKY
pasjie/lIIl TpeMsl OTpe3KaMU IIPOBOJIOKH COLPOTUBJIEHHEM 7
KasK/Iblil Ha TPH OJMHAKOBBIX poMGa). Haiiaure conporusienue
Meky Toukamu A u B.

A.Bbviuxos

5. Ha pucynke 10 mzo6paskera MexaHWdyecKasl CHCTEMa, B
KOTOPOIl uepe3 HeBeCOMbIN GJIOK ¢ MPUKPEIJICHHONW K HOTOJIKY
TOPU3OHTAJIBHOI OCHIO TIEPEKUHYTA
HeBecoMasl HepacTsKuMas HUTh. K
KOHIIaM HUTH ITPUKPEILJIEHbI He0O b~
F mue rpy3bl Maccamu m u 2m. I'pys
Maccoi 2m JIeXKUT Ha TOPU3OHTAb-
n HOIT o1tope, Tpy3 Maccoii m Bucut. K
Ipy3y Maccoii m uepe3 HeBeCOMYIO
UJICAJIBHYIO TIPYJKHHY C JKECTKOC-
THIO R, PACTIONIOKEHHYIO BEPTHKAb-
HO ¥ UMEIOIIYI0 HEGOJIBIYIO JITHHY

Ly L, , IpUKpenIen BTOPOIt TaKoii ke

0 N rpy3. B HauaIbHBIN MOMEHT IIPY>KU-

A Ha He AedOpMHUPOBAHA U TOT BTO-

| poif TPy3 JEeKHUT Ha TOH JKe OIope,
Puc 10 YTO U TPy3 Maccoll 2m. Pacctosnne

OT BepXHero rpysa /1o 6JIoKa paBHO
Iy . CBoGomHble yUacTKH HUTH, He JEKAIINe Ha IIKUBE GJIOKa,
BepTHKaIbHBI. B MomeHT Bpemenu ¢ = 0 omopa ucuesaer (ee
6bIcTpO youpatoT BHU3). Uepes BpeMsi T MOCJE 9TOTO OJMH W3

2016/ Ne3

rpy30B KocHy.Jics 6710ka. Kakoit ato rpys? Ilpu kakom 3HaueHnn
[y BpeMs T MakcmMasipHO? UeMy PaBHO 3TO MaKCHMAJbHOE
3HavyeHue?

C.Bapaamos

BTOPOW TEOPETUYECKWUIA TYP

7 Knacc
1. Cm. 3agauy 2420 «3ajsaunuka «KBanras.

2. Typucr nepexoausi y3KWil >KeJe3HOAOPOKHBbII MOCT B
Hampasjenun or Touku A k touke B (puc.11). Haxopsach Ha

Puc. 17

paccrostaun d = 50 M OT cepeMHBI MOCTa, OJIKe K TOuKe B,
OH YBUJIEJ TOE3/l, [BUXKYIIHICS eMy HaBCTPEUY CO CKOPOCTBIO
V = 54 &M /4, KOTOpPbIIl B 3TOT MOMEHT HAaXO/IUJICSI HA PACCTO-
aanns = 300 Mot Typucra. Typuct no6exaJs Bliepei, HaBcTpe-
4y MOe3Jy, C MOCTOSHHOH CKOpPOCTBIO © = 5 M/C U ycHea
JIOCTUTHYTb TOUKM B B MOMEHT, KOTJa TI0e3/] HaXOJWJCsS Ha
paccrostaun [ = 60 M ot 9T0# TOUKU. Ycrmen Gbl TypucT 1006e-
Karb 10 Toukn A, ecsm Obl OH, YBHJEB I10€3Jl, MTHOBEHHO
pasBepHYyJICS U TT06esKaJI ¢ TAaKOM Ke CKOpocThio Hazan? Ecim 1a,
TO Ha KAKOM PACCTOSTHUY OT TOUKH A HaXo/uJcs Obl IOe3/1 B ATOT
MoMeHT? Ecam HeT, TO Ha KaKOM PAacCTOSTHUM OT TOUYKU A 1oe3
Mor Gbr siorHath Typucta? CKOPOCTb 10€e3/1a TIOCTOSTHHA.

M. Pomawxa

3. B nuuHpuveckuii ctakaH /[0 MOJOBUHbBI HAJIMIIN 3€JIEHY IO
JKUJIKOCTD, KOTOpas He CMENIMBAETCS U HUKAK HEe pearupyer ¢
BOJIOH, IOCJTE Yero OTMETHJIM Ha CTEHKE YPOBEHb SKHIKOCTH.
3areM B CTakaH OIMYCTHJM MAJCHbKUI Kycodek mbaa (06bem
KyCOuKa ropasjio Menbiie o0beMa Kuakoct). [Ipu aToM ypo-
BEHb 3€JIEHOH JKHM/IKOCTU B CTaKaHe IOHAJCS Ha BeJUYUHY X.
ITocae Toro Kax Bech JieJ PAcTasiyl, YPOBEHDb 3€JCHOMN *KUIKOCTH
HaJl HauaavHoi oTMeTkoil coctaBusn y. Ilocrpoiite rpadux
3aBUCUMOCTHU OTHOIIEHUS ¥ /X OT IJIOTHOCTU P 3€JIeHOU SKUIKO-
CTH.

A.Dposos

4. K npaBomy KoHIty A cTepsKHsI, Macca KOTOPOTro npeHe6pe-
JKUMO MaJja, TIOABECHJIM Ha TOHKON HUTH aJIOMIHHUEBBIN IIa-
puk. Crep:KeHb MOJOXKUII
Ha Kpail cocyfa ¢ MalluH- 2
HBIM MAacJ/IOM, KaK ITOKa3a-
HO Ha pucynke 12, a x Tou-
Ke B, Haxojsueiics Ha pac-
crosumu [ = 50 cm core-

Ba oT Touku ornopsl O, mojI-
BeCUJIN TPy3 Maccoil

my = 2,3 xr. Ilpu stom
HIAPUK OKa3aJics I0TPYKeH

B Mac/Io Ha HOJIOBUHY CBO-  p. - 75

ero oO6bema. 3aTeM Tpy3

CHSIJIM, a CTepKeHb C IMIapoM IlepeHecyn U MOJOXKUJIN Ha Kpail
cocy/la ¢ BO/IOH Tak, 4To To4YKa onopbl O ocrajach IPEXKHeil.
I'pys kakoii Maccoil m, Haj0 NOABECUTb K JPYyrOMY KOHILY




crepxkust C, HaxojsiieMycst Ha paccrosituu l, = 110 cm ot
toukn O, 4TOOBI AJIOMUHHMEBBIIl MIADUK CHOBA OKA3aJICsS T10-
TPY;KEHHBIM Ha TIOJIOBUHY cBoero oObema? IlmotHocTn amomu-
HUSI, MANIMHHOIO Macja M BOJBI PaBHBI P, = 2700 Kr/M3 ,
py =800 KI‘/ M® 1 p, =1000 Kr/ Mm% coorsercrsenno. Ilepen
MOTPY’KEHUEM IIApHKa B BOJY €ro THIATEJIbHO IIPOTEPJN OT
MacJia.

E.Axyma
8 kracc

1. ABTOMOGHIIb YACTD IIyTH €XaJl C IIOCTOSIHHOI CKOPOCTBIO 0y
10 TPYHTOBOM Jlopore, a 3aTeM, BbleXaB Ha Xopommil acdasbT,
moexasn ObICTpee C JPYTOil MOCTOSHHOI CKOpoCcThio 0, . Ha
pucyske 13 npuBefeH rpadux 3aBHCHMOCTU CpeHEIl CKOPOCTH

o BA

Fil
ﬁ“ 1 4 t | 1 1 ! 3 ! ! ] .
L

i
i

1] 2 L] 13 1] 101 120
Puc 13 AL

Uep ABTOMOOMJIA OT IIpoiifientoro um mytu s. K cosxasenuo,
6osibiliasi vactb TpaduKa OT BPEMEHU BBIIBEJA, W HA HEM
OCTaJINCh JIUIIb OT/ACJbHDBIC Cl)pal"MEHTbI. OHpe,ZIe]II/ITe 3HAUYCHUA
ckopocteil v; 1 Uy . CKOJbKO BpeMeHH JJIUIOCDH [IBUXKEHHe 110
rpyHTOBOI fopore? Kakoro 3navyeHus ZOCTHUIJIA CPEHSSI CKO-
POCTb aBTOMOOUJISI K COTOMY KUJIOMETPY TIyTH?

M. 3amsmnun

2. K mpaBoMy KoHILy A cTepsKHsI, Macca KOTOPOTro mpeHe6pe-
JKIMO MaJta, TTIOIBECUJIN Ha TOHKOH HUTH aJIOMIHHUEBBIN MTapuK
(cm. puc.12). CrepskeHb MOMOKUIN Ha Kpaii cocysia ¢ BOAOI, a
K Touke B, Haxogsmeicst Ha paccrosiauu [ = 50 cM ciesa oT
TOUKH onopbl O, MOABECUJIN I'PY3 TAKOW MAcCoil m, 4TO MIapuK
OKa3aJICs TIOTPYKEHHDBIM B BOJIY Ha MOJIOBUHY cBoero oObema. Ha
KaKyI0 4acThb CBOEro 00beMa OKaXKeTCs MOTPY’KEHHBIM B BOJY
9TOT IMIAPHK, €CJU TPy3 NepeBecuTb 3 Touku B B TOuky C,
HaxodIyiocst Ha paccrosianu [, = 60 cm creBa ot Toukn O?
[LnotHocTs  amomunns  p, = 2700 Kr/ M° , IUIOTHOCTb BOZBI
p, = 1000 kr/m® .

E.Axyma

3. Cm. samauy D2422 «3amaunnka «Kpanras.

4. Tlana pemus B3sTh ¢ co6o0ii Bacio Ha 3UMHIOI0 PBIGAJIKY .
B unBeHTape marmbl 0Ka3aJuch JBa JUITHAX CBUHIIOBBIX I'PY3H-
Ja ¢ oxmHakoBoi Maccoil. IlepBoe mnpenacraBisiiio co6oit Ky-
6UK, a BTOpOe — IMJIMHJP, BBICOTA KOTOPOIO paBHA JUIMHE
pe6pa kxybuka. K cepemune oot 13 rpaHeil KyOmKa um K
HEHTPY OJHOTO M3 OCHOBAHWN IMJIMHAPA ObLIM MPUKPETJIEHDI
MasenbKue Kpiouku. B kakoii-to moment Bace crano ckyuno,
U OH HayvaJ 3KCIepUMEHTHPOBATh C 3TUMHU Tpysujamu. Bacs
NPHUBI3aJ K KPIOYKAM HUTKHU, MOBECHJ TPY3UJIA 32 9TU HUTKU
U 3aKJeNJT BepXHUE U HIDKHUE MTOBEPXHOCTH TPY3UJ M30JISAIH-
OHHOM JIEHTOI, KOTOpas IJ10X0 nposoauT Temo. Ilocae atoro
Baca marpen Ha 1moOXo/HON TasoBoOW ropeske BOJLYy B MHCKe,
OIyCTUJI B Hee CBHUHIOBBIN KyOWK, [OXKIAJCS €ro TOJHOTO
nporpesanus g0 80 °C u mocse 3TOro morpysmsa KyOuk B
1npopyOb. OKazanoch, 4To KyOUK OXJIAJMJICS /10 TEMIIEPATypbl
36,6 °C 3a 30 cexyna. 3atem Baca marpen tem ke croco6oMm
JI0 TOil JKe TeMIepaTypbl MUJIUHAPHYECKOE TPY3HUJIO U TOKE

HOrPy3UJI ero B mpopy6b. 3a Kakoe BPeMsi OHO OXJIAJUTCS /10
temnepatypst 36,6 °C ?
Cnpasra: o6beM IUJIMHIPA PABEH TPOU3BECHUIO TLIOIIA/IH
€r0 OCHOBAHWSA Ha BBICOTY.
A.Buvuxos

9 knacc

1. Ha nnanere cucrempr 3Be3zbl lenap ofuH M3 IyHKTOB
3apsIKN pOGOTOB-UCTIOHITEEH 0OCTY KUBAET 10 OTHOMY PO6O-
Ty co ckopoctbio 60 po6otos B wac (p/4). B omun us mmeit
POGOTBI TIPUXOMUIN HA TYHKT B Tedernne 8 wacoB. [lepBbiii uac
OHM TIPUXOIIH €O ckopocTbio 70 p /4. B teuenne Broporo yaca
CKOPOCTb TOCTYILJIEHUSI POOOTOB PAaBHOMEPHO YBEJIMINBAJIACD,
cocTaBuB K ero KoHIy 80 p /4. [lotom B TeueHre TPeThero yaca
CKOPOCTb TOCTYILJIEHUST POOOTOB PABHOMEPHO YMEHBINAIACH T
yrnajia K ero koHiy ob6parao jgo 70 p/4. Ha uerBeprom uacy
CKOPOCTb MPUXOJa POGOTOB PABHOMEPHO MAJAsa, COCTaBUB K
KOHITy 4aca 20 p /4 1 [TOTOM 0CTaBaJIaCh TAKOIi B TEUEHHE MSTOTO
U 11ecToro 4acoB. Ha cepMOM 4acy OTsTh GbLIT PAaBHOMEDHDII
MO/IbEM CKOPOCTH MOCTYTIIeHUs1 po60ToB — 10 100 p /4 B KOHIlE
Yaca, a Ha BOCbMOM 4acy HaGJI0/Ia7I0Ch PABHOMEPHOE YObIBAHIE
ckopoctu rocryrerus 10 60 p /4. Po6oTbl cTporo cobmoaanoT
O4YepeHOCTb, a HOCJIe 3apsiAKU CPasy IOKUAAIOT IIyHKT.

1) CkoJabKO BpeMenu paGoTas MyHKT B ATOT JIeHb, eCJii ObliIn
3apsKEHbI Bce pOGOTHI?

2) KaxoBa HamGoJbIIAs TPOJOKATENBHOCTD TPEObIBAHIS
poGota Ha TyHKTe 3apsiku (B ouepenn u Ha caMoii 3apsijiKe) B
JTOT JIeHD?

A.Dponos

2. Cm. sagauy D2423 «3anaunnka «Kpanras.

3. Kumn maccoit M = 5 Kr ¢ yIJIOM TIPH OCHOBAHUH O = 45°
PACIOJIOKEH Ha IIaJKoM ropusonTaibaom crose (puc.14). Ha
HAKJIOHHOW TIOBEPXHOCTH KJIHA
JIEKUT OPYCOK Maccoii m =1 Kr.
Ha G6pycox HaumHaeT [eiiCTBO-
BaTh CUJIA, HATIPABJIEHHAS TOPHU-
30HTQJIBHO B CTOPOHY KJMHA.
Mosyb 3TOH CHJIBI BO3PACTAET C
TEUCHUEM BPEMEHU [ 110 3aKOHY
F =8t , tiie xoapdurient mpo-
nopuuonaisuoctn 8 =1H/c .
Koadpdunment Tpenuss Mexay —
KJIMHOM U GpyckoMm U=12. p, 74
Haiizinte MOJyJib CHJIbI TPEHHUST,

JIeHCTBYIOIIEIl €O CTOPOHBI KJMHA Ha OpYCOK dYepe3 BpeMs
T = 12 c nocsie Havasa JEHCTBUS CHUJIBI, €CAN KJIWH K 3TOMY
MOMEHTY ellle He Ha4yaJl OIPOKU/IBIBATHCS. Y CKOpeHHe CBOGO/HO-

o majieHus MOKHO CUMTaThb paBHbIM ¢ =10 M/ 2.
A.bviukos

4. Anuca u Bacumica wrpator B urpy <«IlocTOsSIHHBIN TOK».
OHU cOeANHUIN TIOCIeJOBATEIbHO Ba peocTaTa U M/eaIbHbIil
aMIepMeTp M MOJKJIOYHJN TIOJyYeHHYIO IIellb K HCTOYHUKY
Hampspokenna. AMmepmerp okasan tok I, = 100 MA. IIxoms-
HUIBI «XOAAT» N0 odepean. OpiHa ABUTAET MOJ3YHOK CBOETO
peocrara, 1 IIOKa3aHHs aMIlepMeTpa MeHsIoTes. Jpyras fo/mKHa
TOXKE TTOJ[BUHYTD MOJIBYHOK CBOETO PEOCTaTa, KaK MOKHO OBICT-
pee BepHYB TOK K HpekHeMy 3HaudeHuio. Ilocsie aToro <«xom»
mepexoanT K Hell. PeocTarsl y feByIex pasHble, HO HA KOKIOM
U3 HUX ITIOJIBYHOK IlepeMellaeTcsl IPSIMOJIMHEIHO U B Havae
UTPBI HAXO/UTCS B CPEJTHEM TIOJIOKEHUU. Y AJINCHI PACCTOSTHUE
MeX/Ty KPAalHUMH BO3MOXKHBIMU MOJIOKEHISIMH MTOJI3YHKA PABHO
L, = 36 cM, ay Bacuwmucsr — Ly = 40 cm.

1) Tlepoii «xoauT»> Aymca. OHa ¢IBUHYJIA CBOIT TTOJ3YHOK Ha
4 cM BIPaBO, M aMIIEPMETP CTAJ OKa3bIBaTh TOK [; = 90 MA.
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Bacusmmca ciBuHysia CBOW TMOJIBYHOK Ha 5 CM BJIEBO, U TOK
BEPHYJICS K TIPeKHeMy 3HaueHnio. Tenepb «xoaut» Bacusuca.
Omna ziBuraer 1noJsisyHok Ha 6 cM BieBo. Ha CKOJIbKO U B KaKOM
HAIPABJIEHUN JIOJKHA C/IBUHYTDH MOJ3YHOK AJca, oTBeyasl Ha
«xo/1» Bacumcbr?

2) MoseT i B TeUeHWe UTPbl BO3HUKHYTH CUTYallUs, KOT/a
AJmca He CMOJKET OTBETUTDH Ha «XO0/» Bacuincor?

3) Mosker i B TeueHHe UIPbl BO3HUKHYTb CUTYAIUs, KOT/a
Bacumca He cMOKeT OTBETUTb Ha «X0/» AJUCHI?

4) YeMy paBHO HaIIPsKEHNE NCTOYHNKA, €CJIN €T0 BHYTPEHHEE
conporusyenue ¥ = 4 Om?

M. Pomawxa

10 knacc
1. Cm. 3amauy D2413 «3amaunnkas» «Kpanras.

2. Cm. sagauy 3 musa 9 kjaacca. JlonmosHUTENbHBIN BONPOC!
HaliinTe yCKOPEHns KJIWHa n 6pycka depes BpeMsa 5T = 1 mun
nocJie Havaga AeHCTBUA CHIbI F.

3. Cm. sagauy D2424 «3amaunnka «Kpanras.

4. JIBe mokosmuecs B KOCMOCE BJAIK OT JIPYTUX TeJl MaTepu-
aJIbHbIE TOUKH, UMEIOIINe OMHAKOBBIE MACChl 7 M dJIeKTpHyec-
KHEe 3apsiibl ¢, CKPEILICHbI HEBECOMON HEPACTSLDKUMOM M He
MIPOBO/ISAIIE AJIEKTPUUECKIIT TOK TTPOYHOI THOKOM HUTHIO [IJIU-
noit L. Hesapskennoe Ttesio MasibIX pa3MepoB Maccoil 2m
JIBUZKETCST TIOCTYTIATEIbHO B HATIPABJIECHUN CPEIHEH TOUKH HUTH
CO CKOPOCTBIO ¥, HAIIPABJEHHON MepHeHAnKYIIpHO HUTH. [Ipn
COIPUKOCHOBEHWH TeJIa 1 HUTH OHU JIPYT OTHOCUTEJBHO JPYTa He
[IPOCKAJIb3BIBAIOT, HO M HE MPUJIMIAIOT APYT K Apyry. Kakumu
OyLyT MOJYJIH CKOPOCTell MaTepHaJbHBIX TOUEK M TeJa depe3
oueHb GoJibiioe BpeMsi? Ha KakoM MUHMMAaJbHOM PacCTOSHUN
Ipyr OT npyra OyIyT HaXOJMTbCS MaTepHajbHble TOYKU B
rporecce JIBUXKeHMs ?

C.Bapaamos

3. Yuactok AD 2/IeKTPUYECKOIL LElH, cXeMa KOTOPOro MoKa-
3aHa Ha PUCYHKe 15, COCTOHT U3 4eThIPeX INOCTOSHHBIX PE3UCTO-
poB ¢ comporuBieHusMu R; = 20 Om, R, = 40 Om,
R; = 80 Om, R, = 25 OM u 0JJHOrO [IEPEMEHHOTO PE3HCTO-

pa R, COIIPOTUBJIEHUE KOTOPOIO MOYKET UBMEHATHCA OT HYJIA J10

Puc. 15

R,.x = 10 xOm. Cuia ToKa, TeKylero uepes ydactox AD,
HOIEPKUBAETCS TIOCTOSHHOI 1 pauoit 1 = 1,2 A. 1) Ilpnu
KAKIX 3HAYEHUSX COIMPOTHBJIIEHHS MEPEMEHHOTO PE3NCTOPA TOK
yepes pe3uCTOp CONPOTUBIeHNEM R, Oy/eT Teub B HAIIPABICHUN
or To4ykHu B K Touke C, a Ipu KaKuX — B 00paTHOM HallpaBJeHUN ?
2) TIpu KaKoM 3HAYEHUHU COMPOTUBJIEHHS TIEPEMEHHOTO PE3UCTO-
pa HampsUKeHHe Ha pesucTope CompoTuBieHuneM R, Oymer
MaKCHUMaJIbHBIM M YeMy PAaBHO 3TO HAIpPSKEHHE?

M. Pomawxa
71 knacc

1. Tonkwuii ofHOPOHBIN >KECTKUII CTep:KeHb S CKOJIb3WUT TI0
[JIQIKOI  HAKJIOHHOH TIJTOCKOCTH, COCTaBJISIIONIENH Yro o ¢
ropusonroM (puc.16). B Hava/bHbI MOMEHT BpeMEHN HUKHUIL
KOHEI[ CTEP3KHS JIBUYKETCS BHU3 BJIOJIb HAKJOHHO TIOCKOCTH
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(1o muauu L «naje-
HHUS BOJIBI» , KaK yKa-
3aHO KPaCHOH cTpes-
KOW Ha PUCyHKe), a
BEPXHUI KOHEI CTep-
AKHS JIBUKETCS TOPH-
30HTAJIBHO, TIPUYEM
MOJYJTb CKOPOCTH
BEPXHEr0 KOHIA B
[iBa pasza GOJIblle, YeM HUXHero. 110 IpoecTBUE HEKOTOPOTO
MPOMEKYTKA BPEMEHH OKAa3aJI0Ch, YTO CEPEIMHA CTEPIKHS CMEC-
THJTach Ha OJMHAKOBBIC PACCTOSHUS 1O TOPU3OHTAMM W BIOJb
JIMHUM <«ITaJIeHusi BOJbI». BO CKOJIBKO pa3 M3MEHUJICS MOyJib
CKOPOCTH CEPEIIMHBI CTEPKHS 3a 9TOT MPOMEXKYTOK BPEMEHN?
K.Iapgenos

Puc. 16

2. Baosap riazikoil TOPU30HTATBHON TIOBEPXHOCTU CKOJIB3UT
IIap HEM3BECTHOH MACChl B HAIIPABJIECHUH J[PYTOTO TIOKOSIIEr0CsT
mapa Maccoit 120 t. B HexoTopbIit MOMEHT BpeMeHH TPONCXOUT
a6COJIIOTHO YIIpyToe JJ060BOE COyIapeHiie ATUX MIAPOB, B PE3yJIb-
TaTte KOTOPOTO MEPBBIH Immap mepegaer Bropomy 64% cBoeil
KIHETHYeCKOoil aHeprun. OTBIT TOBTOPSIIOT, 3aMEHUB JIBUXKY-
HIMICS Tap MApOM JPYTOil Macchl, HO HE UBMEHUB ero Hayajb-
HO# ckopoctu. OKaszajoch, 4TO B pe3yJbTaTe BTOPOTO OIIbITA
JIOJIST TIepEeJJTAHHON TIOKOSITIIEMYCSI APy KUHETHYECKOU dHEPrun
He n3MeHmnJIach. OnpezenanTe, Ha KaKylo BEJMYIHY OTJIHYATINCH
MAacChl JIBIDKYIIMXCS MAPOB B JIBYX OIBITaX.

E.Buwnsxoea

3. JIBe TemIOBbIe MAITHHBI MCHOIL3YIOT B KauecTBe paGodero
TeJ1a IIOCTOSIHHOE KOJIMYECTBO OJiHOATOMHOTO H/IEA/IbHOIO Tasa.
[uk/bl, 1m0 KOTOpbIM pabo-
TAIOT TU MAIUHDBI, IPU H306-  # ¥l
pPaskeHNW B KOOPAMHATAX : it

«JlaBjieHne—00beM» P He- C =
KOTOPOM BbIGOpE MacIiTaboB

SIBJISIIOTCSI IByMsI TTOJIOBUHA- Y

MH OJTHOI OKPY>KHOCTH: IIep- AN 'n

Basi MaimuHa paboraer 1o y 1
nukiay ACBA, a Bropas — 1o :
wukiny ABDA (puc.17). [Tu-
ameTp AB 2TOli OKPY>KHOCTH “!"'— e 1l|-
JICKHUT HA TIPSIMOU, TPOXO/IS-

meil 4yepes Havyajo KOOPIU- puc. 7

HAT, 1 06J1a/IaeT TEM CBOICTBOM, uTO Ha yuactke ACB ra3 ToJbKO
MOJIy4YaeT TeIJIo OT Harpeparesisi, a Ha ydactke BDA — TOJIbKO
OT/ZIaeT TEIIO XOJOAUIbHUKY. IIeHTP OKPYKHOCTH COOTBETCTBY-
et o6bemy V[, panyc OKpPY>KHOCTH IIpU BBIGPAHHOM MacITabe

1
paBeH 7 = ﬁ . Bo ckospko pa3 MaKCHUMaJbHO BO3MOKHBIN

KII/l BTOpOI#f MamuHbI OTJINYAETCST OT MAaKCUMAJIbHO BO3MOXKHO-
ro KII/l mepBoit mMantimab:?
K.Ilapgenos Be

4. B Touke A, pacnoJiosken- ]
HOW Ha PACCTOSTHUM 7 OT I[CHT- ,
pa O He3apsHKEeHHON TPOBO/IA- /
meit cpepnl paanycom R, Ha- A
XOJAUTCA TOYEUHbIH 3apan ¢ 4 -
(puc.18). Cdepy sazemusior £ e S
JUINHHBIM TOHKUM TIPOBOIHU- e
koM. Ha cKoabKO m3MeHuTCS
(1ocJe 3a3eMileHNs) TOTEHI-
aJI TOYKN B, ABIsionielics Bep- |
IMUHOW PaBHOCTOPOHHETO Tpe-
yrosbuuka ABO?

A.Bviuxos Puc. 18 —_!—



i 5. Hesapsixkenublit MeTasLIu-

YecKUi  map  paauycom

f— = R = 10 cM aBmKercss B OJHO-
e POZHOM MarHWUTHOM TIOJIE TIep-

l.f MEH/INKYJISSPHO BEKTOPY MarHuT-
HOIl HHAYKIUN B C IIOCTOAHHO
cxopocteio v =1 M/ ¢ (puc.19).
IToBepxHnocTnasg MmjaIOTHOCTD 3a-
PSLIIOB Ha «I10JII0CE» TIapa B TOY-

ke A oxasanachb paBHOH O .
i OmnpegennTe MOBEPXHOCTHYIO

IJIOTHOCTD 3aps/10B B Touke C, HalpaB/ieHHe Ha KOTOPYIO U3
IeHTpa mapa cocrapiser yron o = 60° c¢ mampasiennem OA.
Uemy paBHa pasHocTb moTeHIanoB Todek A mw C? Moaymib
BEKTOpA MHAYKINU MaruutHoro nosas B = 2 Ti.

A.Bvuxos

ITy6auxayuo nodzomosuiu
M.Cemenos, A.Axyma

AXIV MexayHaponHasa onMmMmnmana
«IHTennekTyanbHbiM MapaoH»

MexayHapofHbi uHTennekT-kny6 (MUK) «IooH» B pam-
Kax MexayHapoLHoW mporpaMmbl «[leTu. ViHTennekT. TBopye-
CcTBO» MpW y4actmm MIY umenn M.BJTomoHocoBa, MHCTUTYTa
nefarornyecknx UCCnefoBaHuin ogapeHHoct PAO (r. HoBocun-
Bupck) 1 npy nogaepsxke MexayHapoaHom accoumaumm «MMe-
[arorvika ofapeHHoCTn 1 Tananta», @orHga «1C», M3gatenscko-
ro Joma «lepBoe ceHTAOPs» 1 XypHanoB «KBaHT», «oTeHUn-
an» n «Pur3mKa Ana LWKOMbHMKOB» NMPOBEN O4epefHyio MexXay-
HapOOHYIO TECT-PEUTUHIOBYIO ONMMAVAAyY «/HTennekTyanbHbI
MapadoH» ana yyawmxcs 9—11 knaccos.

OnumMnuaga npoxoamna ¢ 4 no 11 oktsbpst 2015 rofa B ropoae
Coun (Poccusi), Ha TeppuTOpWMM YIOTHOrO CaHaTopusi«berbie
HOYM», KOTOPbIN pacrofiokeH Ha Oepery YepHoro mops. Ha
onMMnMagy npuexanu y4acTHUKM 13 pa3HblX permoHos Poccunn
M OUCTaHLMOHHO y4acTBOBanv KomaHAabl KasaxcrtaHa v beno-
pyccuu. B kadecTBe Habniofatenen bbinv npeactasutenn spa-
mna. OfapeHHble WKOMbHVIKK, NPOSBMBLUME MHTEpeC K (yHAa-
MEHTanbHbIM HayKaM, COPEBHOBaNNCb B KOMaHAHbIX VI UHAMBU-
OyanbHbIX Typax Mo maTtematuke, (uU3vKe, NCTOPUM HayYHbIX
naen 1 oTKpbITUW. B ABeHaaLaTbiv pas y4acTBOBaNM B OIUMIN-
afe LWKOJbHUKK, WHTEpEeCyloLLMecs 3KoNorven 1 ouonoruen,
COPEBHYACb B MHAMBUAYANbHBIX Typax Mo GUONOrMM 1 3KONo-
rmn. Meparorm M NCUXONOTM CODPanmMcb Ha CBOKO HayyHyio
ceccnio B cefibMoU pas.

ABCOMIOTHBIM MobeauTeneM onMMnvadbl «VHTennekTyanb-
HbI MapahoH-2015» no dyHAaMeHTaNbHbIM HaykaM B KOMaH-
OHOM 3a4eTe CTana KomaHZa nvues 1 «Knaccudeckmn» m3
PoctoBa-Ha-[oHy. En Obin BpyYeH rmaBHbIN NpW3 COpeBHOBA-
HUM — cynepkyOoK M Mpu3bl OT CNoHCOpoB. KomaHaa Obina
Tak>ke flyyLlen B Typax no MaTemaTtuke 1 humsnke, a no Uctopum
Hay4HbIX MOer 1 OTKPbITUI — Oblina Npr3epom. BTopoe mMecTo B
o0LLieM 3a4eTe 3aHsNa KomaHaa nuues 2 13 AnbmeTbeBcka. OHa
TakXe 3aHsna nepBoe MeCTo MO WCTOPWUW Hay4YHbIX MAen ©
OTKPbITUI 1 BTOPOE MeCTO Mo MaTeMaTuke 1 usmke. Komange
Obin BpyYeH bonblLon KyOoK 3a BTOpoe MecTo B 0bLlem 3a4eTe
1 COOTBETCTBYIOLLME OUMIOMbI 338 YCexmn B KOMaHOHbIX COpeB-
HOBaHMAX. Ha TpeTbe MecTo BbIlWa BTOpas koMaHaa nuues 1u13
PoctoBa-Ha-[oHy. OHa TakXe 3aHfAna NpmM3oBble MecTa BO BCEX
Typax onMmnunanbl, en Obinv BpydeHbl KyOoK 1 AMNAOMbl.

B MHAMBMAYaNbHbIX COPEBHOBAHMAX abCOMIOTHBIM NobenunTe-
nem ctan Omutpuin @uHarees, eMy Obinvi BpyYeHbl Gonblune
30M10Tble Mefanu No MaTtemaTtike v ursmke. BropsiM npusepom
B obuiemM 3ayeTe ctan PomaH 3yauH. bonbuwylo GpoH30BYO
Mefanb B oOlem 3ayeTe 3aBoeBan Hukuta Konomoel, [leHumc
LLlepemeT nony4mn mManyto cepedbpsHyio Medanb No mMatematu-

ke, Cepren MagdeHko — Masylo OPOH30BYlO Medanb Mo Ma-
TemaTtuke. AHTOH [lepenneTynkoB Nony4un Manyto cepebpsiHyto
Meganb no usnke, OaHuun TankuH — Manylo OpOH30BYtO
Mefdanb no dusnke. Bce nobeomteny v npusepbl — y4eHUKM
nvues 1 «Knaccnyecknn» mn3 PoctoBa-Ha-[oHy.

Y>ke 4eTBepTbIM pa3 BCTpeyatoTcs Ha MexayHapoaHOM MaTe-
MaTU4eCckoM TypHUpe nmeHn M.B.JTomoHocoBa MnaaLUve LWKOSb-
HUKK (5—8 Knacchbl), ABAAICH ONUMMIUIACKAM Pe3ePBOM ONM-
nuagbl «VHTennekTyanbHbIM MapadoH». Y1cio y4acTHUKOB
TYPHMPA pacTeT, 4YTO YCUMBAET HaKan UHTEeNNeKTyanbHbIX CO-
PEBHOBAHWI Cpeam MAaALWMX LKObHUKOB.

KomMaHIHble copeBHOBaHMs «MaTeMaTnyieckmnin bmuatnoH» ans
7—8 KnaccoB 3aBepLUNNNCL Nobenon KoMaHas! nvues 1 «Knac-
cnyeckuii» n3 PoctoBa-Ha-[oHy. MNobeantenem B nHAMBMAY-
anbHbIX COPEBHOBAHMAX Cpedu y4allmxcs 7—8 KNaccoB CTan
OMuTpuit BuHorpaackun (nuuen 1 «Knaccuyeckmin», PocToB-
Ha-[oHy). Mpusepamu ctanu AnbbepT Pacmkos, dayapa Cabu-
poB 1 Kamunb Camurynnund (nuuen 2, Anbmetbesck). Cpeaou
yJalmxcs 5—6 knaccos nobeautenem cran Bayecnas batasnb-
LLIMKOB, Npy3epamu cTanu Banepui PagyeHkoB 1 Hukmta bon-
KoB (BCce — 13 nuies 1, PocToB-Ha-LoHy). TpaAWLMOHHbIN NpK3
«bepecTaHas Tapenka» Obin BpydeH MeaHy Exosy (nuuen 1,
PoctoB-Ha-[loHy) 1 Kapumy Teperynosy (nvuen 2, AnbmeTb-
eBCK).

Bce nobenutenn 1 npusepbl NOAYSUIN NOAAPKA 1 NPU3bl OT
OPraH13aTopoB M CMOHCOPOB ONMMMMAAbI.

Kybku, KyoKku ...
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XKiopu orgeixaer

MexayHapomHbin nHTennekT-kny6 (MUK) «IniooH» npurna-
LIAeT pervoHanbHble LEHTPbI, WKOMbl, NUUEN U TUMHa3nK,
paboTatolLpe C OfapeHHbIMU AeTbMU, MPUHATL yHacT1e B 0OU-
nevHon XXV MexayHapoaHou onumnuage «/HTennektyanb-
HbIl MapadoH», KoTopas nponaetr B okTabpe 2016 ropa B
N3paunne.

3a8BKM Ha y4acTne npucbinamTe no agpecy: 115522 Poccus,
MockBa, Mponetapckmm npocnekT, 4.15/6, kopn.2, MUK «[nio-
OH»

TenedoH: +7(925)517-8014, dakc: (495)396-8227

E-mail:gluon@yandex.ru (cm. Takxe canTt http:www.gluon.ru)

ONIMMNUNALA MO ®YHAAMEHTAJIbHbIM HAYKAM
MATEMATUKA

YCTHBIVI KOMaHAHBIV TYD

1. Cxosbko aueit (cyTok) Moker 6biTh B 11 Mecauax, uaymnmx
MO/PSiZI? YKaKUTe BCe BO3MOKHBIE BAPUAHTHI.

2. Bacs na HeckoJibko Jiet MmoJioske [leru. B 2015 roy Bospact
Ka)X/IOTO M3 HHUX paBeH cymme 1udp ero roja poxjieHus. B
KakoM rony poauscs Bacg n B xakom Ilers? 5

3. Ilpu Kakux MpocTbIX 3HaueHusx p uucao P~ +11 umeer
poBHO 6 gemmresieii?

4. Mosxuo ymm uncaa 1, 2, ..., 20 paccraButh B BepIUIMHAX U
cepennnax pebep Kyba Tak, 4ToObI KaXKJ0e YKCJIO, CTOSIIEee B
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cepenutie peGpa, ObLIO PABHO cpenHeMy apudMeTHuecKoMy
YIcesl, CTOSIMX Ha KOHI[AX 3TOro pebpa?

3. M3BectHO, uTO BCe 1MPBI AECSTHIHON 3alMCH YHCIA
paszimunbl. Ecte s cpeau atux mudgp 0?

6. Paspeskbre MPOM3BOJIBHBIN TPEYTOJbHUK HA 4 BBITYKJIbIE
urypbl: MECTUYTOMbHUK, TIATUYTOJBHUK, YeTbIPEXYTOJbHUK 1
TPEYTOJIbHUK.

7. Ha6op u3 100 uuces takos, uto 2015 monapHbIX Mpou3se-
Jlenuii aTux uucesa orpuraresbibl. CKOJBKO B 3TOM Habope
HyJIeii?

8. Ilycte M — touka BHYTpHU napasienorpamyma ABCD. Yro
6oJIbIIie: CyMMa PacCTOSTHHI OT TOuku M /10 BepIINH MapaJiie-
JIoTpaMMa Wik €ro TepuMeTp?

9. Pemnte cucteMy ypaBHEHMI

x+1-y? =1,
y+\/1—x2 \/5

10. Yucna O<wx; <1, i = 1, 2, ..., n, yJIOBIETBOPSIOT
COOTHOLIEHUIO

XXy x, =(1=2) (1= 25)...(1-2x,) .

Haiignte nHauGoJibliiee BO3MOXKHOE 3HAUECHHE ITPOU3BEJICHMUS
X( Xy ein Xy
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1. B kakoii cucreme cuucaenns yucao 31 gemmrea na 13?

2. Ha runotenyse AB npsimoyrosbHOTO TpeyrojbHuka ABC
TTOCTPOEH BO BHEINIHIOID CTOpPOHY KkBajpaTr ABDE. B kakom
orHomennn 6uccektpuca yraa C gennt orpesok DE, ecoim AC =
=b, BC = a?

3. HasoBem Mecsil] TPyAHBIM, €CJIM B HEM JHIIb YeTbIpe
BOCKpeceHbs. MoryT jim: a) TpH; 6) YeThbIpe MecAIa MoAPs/ ObITh
TPY/HbIMU?

4. Ilpexacrasbre uncao 2015 B Bue CyMMbl HaMEHbBIIETO
BO3MOKHOTO KOJIMYECTBA YETBEPTBIX CTENeHell HaTypaJbHbBIX
quCceJ.

5. U3BecTHO, 9TO Cpe/in 4IE€HOB apI/Igt)MeTH‘IeCKOﬁ rporpeccuu
ay, dy, s, ...d,, ... €CTb YHCTIA af, a;, a§ . Bepno s, 4rto Bce
YJIEHBI TIPOTPECCHN — IIeJIble YicJIa?

6. ITepumerp uerbipexyroybHuKa paBen 2016, a ogHa U3 ero
nuaronasieit pasHa 1007. Moxer s Bropas [uaroHajb ObITb
paBsHoii: a) 1; 6) 2; B) 1007?

7. HaszoBeM /[Ba HaTypasbHBIX YHCJA COCEIHVMH, €CJIH HX
JIECSITUYHBIE 3AMTUCH OTJNYAIOTCS TOJIBKO OJHOM 1 POii B OZTHOM
u3 paspsaos (Harmpumep, uucaa 23578 u 23478 — cocennue).
Kaxoe nan6osibliiee KOJMYECTBO N-3HAYHBIX YUCET MOKHO BbIG-
patb TakK, 4ToObI Cpe/ll HUX He OBLIO COCEHUX ?

VICTOpMS HAYYHBIX MAEY 11 OTKPBITIM

1. B 1948 rosy oiMH 3HAMEHUTDII MaTeMaTHK B COABTOPCTBE
¢ u3BecTHbIM (usnosorom A.Pozenbiaarom omy6ankoBai GyH-
JIAMEHTAJIBHBIN TPY /I, B KOTOPOM ObLN c(hOPMY THPOBAHBI OCHOB-
Hble IOJIOXKeHUs HOBOI Hayku. BaskneilmmmM nonsatueMm artoit
HAYKW SBJISIETCST 0OpATHAS CBSI3b — BO3/JEHCTBUE MPOIIECCA MJIH
o0beKTa HA caMoro cebs.

Kmo smom mamemamux u xax nazvieaemcs co30aHHdAsi UM
nayxa?

2. Benukuil dpaniysckuii Matemartuk, Qusuk, ¢urocod u
mcatenb X VI Beka BriepBbie TOUHO C(HOPMYJIHPOBAJ U BIIEPBbBIE
MIPUMEHNUJT METO/I MATeMATHYeCKON HHITYKITIH.

Hasosume ums amozo uenosexa.

3. TIbep Depma (1601-1665) — aBrop BhigaIOMUXCA PAGOT MO
TEOPUH YHCeJ U [PYTUM pas/iesiaM MaTeMaTuKu — c(hopMyIpo-



BaJ M [IOKA3aJ YTBEPIXKJEHWHE O TOM, YTO BCSIKOE HEYeTHOE
MIPOCTOE YHUCJIO OJJHO3HAYHO MPEACTABUMO B BHU/IE PA3HOCTH JIBYX
KBA/IpaTOB HATYPAJbHBIX UHCEJI.

Hokaxume smo ymeepixoenue.

4. JIBe burypbl OIMHAKOBON IO/ HA3BIBAIOTCS PABHOCO-
CTaBJIEHHBIMHU, €CJIM OJIHY M3 HUX MOKHO pa3pe3aTb Ha YacTH, U3
KOTOPBIX MOXKHO CJIOKHUTH Apyryio. B mepsoit mosoBmae XIX
BeKa ObLTa COBEPIICHHO 3JIeMEHTAPHO /[oKa3aHa TeopeMa boitan—
TepBuna: Jo6ble JiBa MHOTOYTOJbHUKA OJMHAKOBON TLIOMIAIN
paBHOCOCTABJIEHbI. B OZHOM M3 J0KA3aTesNbCTB ATON TEOPeMbI
WCIIOJIBb3YIOTCST TAKHe JIEMMBI:

a) moGOoH TPEYTOTBHIK PABHOCOCTABJIEH C HEKOTOPDBIM TIPSIMO-
YTOJIbHIKOM;

6) m06OH TIapasIeJIorpaMM PABHOCOCTABJIEH C MPSMOYTOJIb-
HUKOM, OJIHA M3 CTOPOH KOTOPOTO PaBHA CTOPOHE MapaJljiesior-
paMMa;

B) JOGOH MHOTOYTOJNIBHUK MOYKHO Pa3pes3aTb Ha TPEyrOJib-
HUKH.

Hoxasxume smu semmol.

5. Bwipaommiics memerknii martematnk XIX Beka Iletep
Tycras Jlexxen Tupuxae (1805—1859) noxaszan omy us Baskueii-
MIUX TEOPEM TEOPUH YHCEN: BO BCIKON GeCKOHEUHOIT apudMeTH-
YeCKOW MPOrPecCHy, TIEPBBIH YJI€H KOTOPOil M PasHOCTb —
B3AMMHO IIPOCTBIE HATypaJIbHbIE UMCJIA, COAEPIKUTCS GECKOHEU-
HO MHOTO IIPOCTBIX YHUCEJI.

Honv3ysco meopemoti [upuxie, doxkaume, umo cyuecmesy-
em 6ecKoHeuno MHOZO NPOCMBLY YUCEL P MAKUX, UMO 06d Yucld
p+2up— 2 cocmasnoie.

DOU3BUKA
YCTHBIV KOMaHAHBIV TYP

1. MoskeT /M CHOPTCMEH Ha BOJHBIX JIBKAX JIBUTATHCS
ObicTpee Karepa?

2. Ha cron6e na Bbicote H = 10 M yKperieH TPEBOKHBII
3BoHOK. Havasics yparan, ckopoctb Berpa B yparane 20 m,/c. B
KaKOM MecTe Ha 3eMJie 3BYK TPEBOrM OyJ/IeT CJIbIIEH TpoMue
Bcero? Ckopoctb 3ByKa 330 M/c.

3. C Kkakoil MUHUMAJbHOW TOPU3OHTAJBHON CHUJIOW HAIO0
JIeiCTBOBATh HA OPYCOK Maccoil 2 Kr, HaXOASNIWHCSI Ha Ha-
KJIOHHO TLJTIOCKOCTH ¢ yriaoM Hakiaona 307, 4ToGbl OH HOKOWII-
csa? Koaddurment tpenus 6pycka O HAKJIOHHYIO ILIOCKOCTD
0,3.

4. JlepeBSTHHDBIN ITApUK, BMOPOSKEHHBIH B KYCOK JIbJA, YAep-
JKUBACTCS BHYTPH ITMJIMH/IPUYECKOTO CTAKAHA € TIOMOIILIO HUTH,
MPUKPEIIEHHON K JHY. JIe/l ¢ MapuKoM HeJTUKOM TOTPYKeH B
BOJly M He KacaeTcsl CTeHOK u jHa cocyna. [locie toro kak Jief
pacTasii, MAapHUK OCTAJICS IJIaBaTh BHYTPH CTaKaHA, IIEJHKOM
MOrpy»KeHHbIH B Boy. CHia HATS’KEHUS HUTH BO BPEMS TasHUS
b2 yMeHbmuaach B 7 pa3 (n > 1), ypoBeHb BOJAbI B CTaKkaHe
yMmenbimiacs Ha AH (AH > (). Uemy paBen o6beM mapuka,
ecJIl TUIOTHOCTb BOJBI P, , IUIOTHOCTH JepeBa P, IJIOMIAIb
BHYTPEHHETO CedeHHs CTakaHa S?

5. Tpu 0MHAKOBBIX IAPA, CBSI3AHHBIX JABYMS OJMHAKOBBIMU
MIPYKIHAMHM, TO/IBEIIEHbI BEPTUKAJIBHO HA HUTHU, TIPUBSI3AHHOIN
K BepxHeMy Imapy. Kaxkumum GynyT yCKOpeHHs IIapoB cpasy
TOCJIe TepPeKUTanus HUTH?

6. Oaun W3 yYacTHUKOB OJUMINAAbI 3a0JIyIUJICS B Jiecy.
Cremuesnio. Bapyr on 060 4to-to criotkuy.icst. [Ipu cete cimuku
OH YBHJEJT METaJIMYecKyIo BOJONPOBOAHYIO TpyOy. Kax on
MOJKET OTIPE/IE/INTDh, B KaKyI0 CTOPOHY TEYeT BOja TO Tpybe?

7. Byner /i IPOMCXOANTD CMeHA [IHS U HOYM HA 3eMJe, ecyin
OHA TIepPecTaHeT BPAIIAThCS BOKPYT CBOeil ocu?

8. Kak wm3Mmeputpb TemiepaTypy Tesa udenoBeka B Caxape
OOBIYHBIM MEJMIIMHCKUM PTYTHBIM TEPMOMETPOM, €CJIU TeMIIepa-
Typa Bosayxa B Tenu GoJpine 42 °C ?

K¢l r1eprMeHTal/lb Hble 34/4aHuAa

9. JleMOHCTpPHUpYeTCS CTPAHHOE CTEKJBIIKO. OObsCHUTE Ha-
6sroTaeMoe SIBJIEHIE, TTPUBEANTE TIPUMEPBI TIPUMEHEHUST TaKIX
CBOICTB.

10. [lemoHCTpUpPYeETCS MOJIe/Ib Be4HOTo JABuraresis. O6bscHu-
Te (pU3NKy HaOIIOAeMOTO SBJICHMUS.

[TNCHMEHHBIV MHANBULAYATbHBIN TV

3anmaua 1. Ilepenpasa ... nepenpaBa

UYesoBex Ha JIOJKE T0J-
JKEH TIOTIacTb U3 ITyHKTA O 3
A, pacroJiokenHoro Ha *
ontnoMm Oepery peku, B
IMyHKT B Ha HPOTHUBOIO-
JIOSKHOM Gepery HIDKe 110
teuenuio (puc.1). Pacero- ;
guume BC = s = 150 M. i
ITupuna pekun AC = d = L
=200 M. C kakoii Hau- o

. Puc. 1

MeHbITell CKOPOCTBIO U
OTHOCUTEJBHO BOJIBI U MO/l KAKUM YTJIOM O K Gepery J0JDKHA
IJIBITH JIOZKA, YTOOBI MPUILIBITH B MYHKT B, He MeHss Kypca?
CropocTb Teuennst pekm v, = 2 M/c. CKOJbKO BpeMeHH
MOHAJIOOUTCS HA TIeperpaBy ?

3anava 2. Hepacrsokumasi HUTD

Ha crosie mpumepHO B OJHOM MeCTe HAXOMAATCS IIAPUKU
maccamu M =400 rum =100 r, cBI3aHHBIE NCXOHO HEHATS-
Hyrtoil Huthio. Ilapuky maccoit m coo6-
maiot ckopoctb 0 = 10 M /¢ (puc.2). B 4
MOMEHT KOT/JIa HUTb OKA3bIBAETCS HATSI- f
HyTOIl, oHa o6pasdyer yroa o =60° c
HaIpaBJeHneM TE€PBOHAYAIBHOTO [IBU- g
JKeHus mapuka maccoit m. Haiinure cko- & e
pocTh miapuka Maccoit M cpasy, Kak
HUTb HarsHercs. HuTb HepacTskuMa.  pyc 2
Tpenus ner.

3azava 3. MoJjekysa Bogopojaa

Hunbe Bop B 1913 roay nan omucanue MoJesNd MOJIEKYJIbL
Bogopoza. CorsacHo Bopy, [Ba BHENIHWX 3JIEKTPOHA JBYX
aTOMOB BOJIOPOJA, O6PasyoIUX MOJIEKYJIy, BpaIlaioTcs II0
OJTHOW U TOH 3Ke KPYroBOil OpOuTEe BOKPYT JIMHUM, TPOXO/ISIIEH
4yepes si/ipa 060X aTOMOB, W YIEP:KUBAIOT MOCJIEHNE HA OTIpe-
JIeJleHHOM pacctostinn apyr ot apyra (puc.3). Boposckas

Puc 3

MO/IeJTb XMMHUYECKOW CBSI3U [[aBajia YeTKYI0 KapTuHy o6pasoBa-
HUSI MOJIEKYJISIPHOTO BOJIOPO/Ia KaK JMHAMHYECKOe PaBHOBECHE
CHCTEMBI, COJepyKalllell /[Ba ITIPOTOHA, YAEP)KUBAIOIINXCS Ha
OTIPE/IEJIEHHOM PaccTosiHn d JAPyr OT [Pyra MPUTSKEHHEM
KOJIbIIA U3 JIBYX 9JIEKTPOHOB. VICXO/sT M3 TOTO UTO JIJisI atoMa
BOJIOPO/Ia M3BECTEH NepPBbIil GOPOBCKUIT pajnyc OpOUTHI JJIEKT-
pora d, = 53 TM, HaiiauTe pajmyc OGOGIMEHHONi OpPOUTHI
3JIEKTPOHOB 7, . KakoBa opOuTasbHast CKOPOCTb 2JIEKTPOHOB?
UYemy paBHO d?

3anava 4. XuTpeii HMIHHADP

[lopmens maccoit m = 20 xr u cedennem .S =100 cm’ B
NCXOJHOM TOPHU3OHTAJIBHOM IIOJIOKEHUU HUJINH/APAa HAXOAUTCA




KBAHT -

nocepeaune (puc.4,a).
CuieBa 1 cripaBa OT TIOPIII-
HS — BO3/IyX TIPH aTMOC-
¢depHoM JNlaBJEHUN
i p= 10° Ila . Kraman B
TOpIle TMJIMHIPA OTKPBIT
TOJIBKO TOT/A, KOT/la TO-
per; 00pallieH CTPOTro BHUS.
Hunuuap moBopayuBaioT
na 90°, npuBeas ero B BeprukaibHoe nosoxenue (puc.4,6).
Kakast nosig Bosayxa Beriizer n3 mummaapa? [Ipn xaxoii macce
TIOPIITHST OH OIMYCTUTCS Ha HIDKHMI Topent? Tpenns wer. Temre-
parypa HeumsaMeHHa. YcKopenue CcBOGOIHOTO MaeHUs
g =10 M/ .

3agaua 5. 'paBuTanmonHOe B3aUMO/eiiCTBHE CBeTa

Kax nsBectHo, cBeT 06J1a/1aeT KOPITYCKYJISIPHBIMU CBOIICTBAMU
1, CJIeI0BATEJIbHO, KaK YacTHIA — TPABUTAIIMOHHBIMU CBOWCTBA-
MU. DifHIITElH B cBoeil (hopMysie yKasaa Ha CBSI3b 9HEPTUU U
maccst: E =mc?. C Jipyroil croponbl, no runorese Ilnanka,
sueprus ksanra csera (doroma) pasma E =hv, tne h —
nocrosaHas lmanka, v — vacrora nasaydenus. VHpIME cioBa-
MU, €CJI U3MEPHUTD YaCTOThI (POTOHOB B JIBYX TOUKAX HAa PA3HBIX
DACCTOSTHUSIX OT TIOBEPXHOCTU 3eMJIM: B TOUKE MCIYCKAHWS U B
TOYKe TOTJIOIIEHUS, TO 32 CUET TPABUTAIIMOHHOTO B3auMOjIeli-
CTBUSI M3MEPEHHbIE YACTOTBI B OKOJIO3EMHBIX YCJOBHSX OYIyT
6/m3KUMM, HO pasHbiMU. [103TOMY OIEHMBAIOT TOJBKO OTHOCH-
TeJIbHOE CMeIeHne 3TUX YacToT.

OtnennTe, OTHOCUTEJNBHOE TPABUTAIIMOHHOE CMETI[EHUe YacTO-
TBbI M3JIy4€HUsT BOJOPOHOTO JIa3epa, YCTAHOBJIEHHOTO Ha CITyT-
HUKE, BPAIIAONIEMCS Ha CTAllMOHAPHOI OpOUTEe, OTHOCUTEIHHO
YACTOTBI M3/IyYEHUsT Jla3epa, MPUHATOTO HA3EMHBIM HAOIOaTe-
geMm. Pammyc 3emsmm R = 6400 M, yckopenue cBOOGOIHOTO
nagennsa g =9,8 M/C2

3agaua 6. TennoBasi MamuHa

TernioBast MarnHa, pabounM TEJIOM KOTOPOU SIBJISIETCST OJTHO-
ATOMHBIN M/IeaJTbHBIN Ta3, paGoTaeT Mo IHUKJIY, COCTOSIIEMY U3
JIBYX M30XOP M JABYX YYaCTKOB, Ha KOTOPBIX JIaBJEHHUE MTPOIOP-
uoHaabHO o6bemy. Ompenenure KITJ[ aroit mMammzbl, ecuan
oTHOTIeHe 00bEMOB Ha HM30XOPHBIX IPOIECCax paBHO 3, a
K03 PUIMEHTHI TPOMOPIINOHATBHOCTH OTHOCATCS Kak 1 : 2.

3amava 7. Illap u ky6
l,-r Tsoxenprit map npuBsI3aH
HUTBIO K KyOy Maccoit M =
: . =4 xr (puc.5). 3a apyryio
| T “]: . HUTD AP TSHYT TOPH30HTAb-
| HO TaK, 4TO OH U KyO JBIKYT-
H Cs1 C TIOCTOSTHHOM CKOPOCTBIO.
Puc 5 Hakmonnast HuTbh 06pasyer
yros o = 45° ¢ BepTHKAJIBIO.
Haiigure maccy mapa, ecan xkoadduiinert Tperns Kyba o 1o

n=0,5.

Puc. 4

UIcTopusi HayYHbIX MAEY 1 OTKPAITIV

1. HoGenesckast npemust 1915 rojia Gbliia BpyueHa «3a 3acIyTn
B HCCJIE/OBAHNH CTPYKTYPbI KPUCTAJJIOB C IOMOIIBIO PEHTIEHO-
BCKUX Jiy4eil». [IpeMuto moJydmin aHrJuiicKue yu4eHbie — OTell
U CbIH, CTABIIMI CAMBIM MOJIOJBIM JIAyPEATOM 3 BCIO UCTOPUIO
npemun. OJHAKO y 3TOrO OTKPBLITHS OBLT €llle OJUH aBTOP —
pycckuit Kpucrasiorpad. DTH MCCIeJOBAHIS MOJTOKIIN HAYa-
JIO OYeHb BAKHOMY HAyYHO-TEXHUYECKOMY HAIPABJEHUIO —
PEHTTEeHOCTPYKTYPHOMY aHAJN3Y, MOCKOJIbKY MO3BOJIUIN CBSI-
3aTh B €INHOE yPaBHEHHUE [[JINHY BOJIHBI PEHTTEHOBCKOTO M3JIY-
YEHMSI, PACCTOSTHHE MEXK/IY KPUCTAJLIOrPAadUIeCcKNMHI TJIOCKO-
CTSIMU U YTOJI, MOJi KOTOPBbIM HabJogaercst AudpaKkinOHHbIIL
MakcuMyM. IIoMEMO ypaBHEHWUs, ONUCBHIBAIONIETO 3aKOH Auc-
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PaKIUu, aHTIUHCKUI (PU3UK CO3/1a1 IepBbIil TPUOOP JJIsT Peru-
cTpanuu Au(GPaKINOHHON KapTUHBI I BMECTE C CBIHOM pa3pabo-
TaJl OCHOBBI METOJA OIIpe/ieIeHUs CTPYKTYPbl KPHCTAJLIOB II0
M PAKITOHHON KapTHHE PEHTTeHOBCKUX Jiyueil. Mcmnosb3oBa-
HIIe 9TOTO MPHOOPA MO3BOJIHIIO UM YCTAHOBUTD CTPYKTYPY MHO-
TUX MPOCTBIX KPHUCTAIOB, TIEPBBIM 13 KOTOPBIX 611 NaCl. O6a
aHIMHCKUX (U3NKa, W OTell U CbIH, JOJIO U ILJIOJOTBOPHO
paboTasu 1 BHeC M 6OJIBbIION BKJIA/] B PA3BUTIIE MIPOBOW HAYKH.

1) Hasosume aaypeamos HobGenesckoi npemuu no usuxe
1915 200a.

2) Hasosume pyccrozo yuenozo, He3a8uUcUMo 0m ame utickux
Du3uKoe noayuusULC20 YNOMAHYMOE Ypasuenue.

2. B mnpeapinynieM Bompoce pedb Tta o6 OTIE M ChIHE,
nosyunBimux HobGeseBckyio mpeMuio 1o pusnke o JHOBPEMEHHO.
O/HaKOo UCTOPUS HAYKHU 3HACT U APYTHE CIydau, Korjga GUanuku,
OTell U CbIH, TTOJYYaJu TOT BBICITHI 3HAK MTPU3HAHUS HAYUYHBIX
3aCJYT C Pa3HUIlEl BO BPEMEHH, KaXK/Iblil 32 CBOM PaGOTHI.

Haszosume smux yuenvix u Hanpasienus pabom, 3da Komopowie
Oviau noayuenvt Hobenescxue npemuu.

3. B npepiayieM Bopoce roBOPUIOCh 06 oTkpbiTun Hiurbca
Bopa, npuseaieM K co3JaHNIO aTOMHON (DU3UKH U KBAHTOBOM
MeXaHUKH, — 0 pa3paboTKe ITaHeTapHON Mojenn atoma. [l
IIPOBEPKU JTOI TOr/1a ellfe TUIIOTe3bl AByMsI HeMelKuMu pusnuka-
MI ObLJIH TIOCTaBJIEHBI OIBITHI 110 COYIAPEHHIO AJEKTPOHOB C
atomMaMu. HekoTopble HCTOPUKU YTBEPIKAAIOT, YTO ATH OIBITHI
CTaBIJIN CBOEII 11eJTbI0 OTIPOBEpPIKeHNe THIoTe3bl bopa, Apyrue —
4yTO paboTa BeJIacCh /sl TIOATBEPIKIEHUST 3TON runore3bl. Kax 6ol
TO HU ObLIO, IKCIEPUMEHTATbHBIE PE3YJbTAThI MOATBEPIMJIN
CTIPaBeIIMBOCTD TTOCTYJIaToB bopa.

1) Kmo amu yuenvie?

2) Kakue umenno pesyivmamo. IKCNEPUMEHMos NOoKA3d
cnpasedausocmy nocmy.iamog bBopa?

4. KaBrkasckoe 1o6epeskbe UepHOTO MOpSI — 9TO HE TOJBKO
KypOpTHAas 30Ha, He TOJIBKO OJTMMITHIICKIE U IPYTHe CIIOPTUBHBIE
U TYPHUCTCKUE OOBEKTDbI, He TOJBKO Ba’KHBbIE B 9KOHOMUYECKOM
OTHOIIIEHUH TOPTBbI, HO U cepbe3nas nayunas 6aza. B crosmie
Ab6xaszun ropoge Cyxymn B cepepmie XX Beka ObLI CO3/aH
YHUKAJbHBIH MHCTUTYT, 3aHUMABIIMICS TIEPBOOYEPEHON B TO
BpeMs pusnveckoii mpo6emoit. Tam paGotaau MHOTHE BbIAIO-
muecst HeMenkue (GU3NKU, CIEIHATUCTBI B 061aCTH KBAHTOBOI
MeXaHUKH, JaboparopusaMu 3aBeqoBain HobeneBckuil aypear
Tycra Jliogsur Tepir u «nemerkuit daucons» Mandpen don
Appense. 37ech ObLT yCTAHOBJIEH IIEPBBII B 3aKaBKa3be IIKIOT-
poH, paspa6oran nepsbiii B CoBerckom Coro3e Macc-CIEKTpO-
MeTp.

1) Kax nasvieaemcs amom uncmumyms?

2) Kaxue npobaemvl S6ASIUCH 2AABHBLMU 6 €20 pabome &
cepedune XX gexa?

3. B nepsoii Tpern XX Beka GblIa H3BECTHA TOJIBKO OJHA
silepHAs YacTuIa — mpoToH. OgHaxo k Hauaay 30-X rofoB CTaao
SICHO, YTO B COCTaBe aTOMHOTO $Ipa [OJUKHBI ObITh elle U
HeiiTpabiblie yactuipl. CoBerckue husnku B.A. AMOapIyMsiH i
J1.[1.ViBanenko, nemenkue ¢usnku B.Bore u I'.Bekep, dpan-
my3ckue yuenble Vpen n dpenepuk sKommo-Kiopn B pasubix
HKCIIEPUMEHTAX MOKa3ai HeoOXOIMMOCTb HAJIMYMS TaKOH dac-
Tuibl. AHrimiickomy ¢usmnky, yueHuky 9. Pesepdopaa, yaa-
JIOCD 9KCIIEPUMEHTAJIBHO YCTAaHOBUTD ee cytectBoBanue. B 1935
roy 3a aTy paboty emy ObL1a mpucyxaeHa HoGemeBckas mpemMust
1o ¢usuke.

1) Kmo amom yuenwviii?

2) Kaxyio uwacmuyy on OmMKpwlL U KAKOBHL €€ OCHOGHbLE
ceoticmea?



NHOPOPMANINA

IV MEXXAYHAPOHbI MATEMATUYECKUA TYPHUP
MMEHU M.B.JIOMOHOCOBA AJ1 YHALLUUXCSA
5-8 KJIACCOB

YCTHBIV KOMaHAHBIV TYD

5—6 knaccel

1. Paspexxbre npsmoyronabiuk ABCD mwa Tpu paBHbIe IO
TIJIONA/IN YaCTH ABYMSI IPSIMBIMU, TPOXO/ISIIINMHI Yepe3 TOUKY A.

2. lmeetcs 6 0MHAKOBBIX C BUJY MOHeET: 3 HACTOSIIMX U 3
(hasbIUBBIX, KOTOPBIE Jierde HACTOSIINX 1 UMEIOT OIMHAKOBDIiT
Bec. MOXKHO JIM 32 /IBA B3BEIIUBAHUSI HA YAIllleYHBIX Becax 0e3
TUPDb HAUTH [Be HACTOSIIIIIE MOHETHI?

3. Moxxuo s tabsuity 7 X7 KJIETOK 3alOJHHUTH dyncjaamu 1,
2, 3 Tak, 4TOo6bI CyMMa YHCes B KaXK/OI CTPOKe ObLIa YeTHOl, a
B KaKJIOM CTOJIOIe HEYeTHOM ?

4. Byner mu mpocteiM umcio 20167 + 20162 + 1?2

/=8 Ks1acce/
1. Uem aBHO IIPOM3Be/IeHUE 1—l 1—l 1—i
Coewp P 7 S T
1
I——1?
2025

2. Tano 2016 unces. M3BectHo, 4To cymma JIOOBIX IISTH U3
HUX [TOJIOKUTEIbHA. BEpHO JI, 4TO CyMMa BCeX YHCEJT MOJOKH-
teabHa? OTBeT 06GOCHYIiTE.

3. B tpeyroabauke ABC toukn K n L — ocHOBaHUSI BBICOT,
onyteHnbix Ha cropobl AB n BC coorserctBenno. Jlokaxkure,
YTO OTPE30K, COeINHSIONMI cepeinHy oTpeska KL ¢ cepeinHOI
orpe3ka AC, meprieHuKyasipen otpesky KL.
17° +19°

2

KBa/I[paTOB HaTypaJbHbIX YHCEJI.

4. llpencraBbTe YHCJIO B BHJ/IE CYMMbI JIBYX

5. OKpPY)KHOCTH KacaeTcs CTOPOH yTrJjaa ¢ BepmmuHOd M B
toukax A u B, orpesok AC — auamerp okpyskHocTtu. [Ipsmas,
MPOXO/IAIIAsT Yyepe3 TOUuKy B mapasienbHo ctopone MA yria,
nepecexaeT quametrp AC B Touke D n otpe3ok M C — B Touke N.
Jlokaxkure, uro BN = ND.

6. Pemmute cucremy

x| 1+2 | =225,
y

y(1+£J=144.
X

[TNCbMEHHbIVI MHANBUAYATbHBIA TV

5—6 knaccel

1. Kakoii JJIMHBI TOTYYUTCS TOI0CA, eCIU KyOUIecKuii Kiio-
MeTp pa3pe3arb Ha KyOUYeCKIe MeTPbl W BBLJIOXKHUTD WX B OJHY
JIMHUIO?

2. MOKHO JIT B KBA/IPAT CO CTOPOHO#T 1 TTOMECTHTD HECKOJIBKO
HeIepeceKaloNXcsl KBAIPATHKOB TaK, YTOObI CyMMa MepUMeT-
POB 3THUX KBaJ[PATUKOB OKazajach GoJibie 2015?

3. Mosker /in ynCsI0, 3aMMCAHHOE C TOMOIMIBIO OJHUX TOJBKO
mudp 8, AeIUTHCST HA YUCTO0, 3AMUCAHHOE € TTOMOIIBIO HECKOJIb-
kux nudp 9? A naobopor?

4. Ha xusieruaroii 6ymare nan ksajapar ABCD pasmepoM 6 X 6
kJjetok. Ha ctopone AB B3saTa touka M Ttak, 4to 2AM = MB.
I'ne na auaronamn AC BbiGparpb Touky N Tak, 4to6nl yroa MND
ObLIT TIPSIMBIM ?

5. Ha mockocTu 1ai IpsSIMOYTOJIBHUK, B KOTOPOM PAaCIioJio-
JKeH Kpyr. Kak mpoBecTn JIMHUIO, KOTOpask paspe3aeT IOIoJIaM
U TIPSIMOYTOJIbHUK, U KPYT?

7/—8 Ksiacchl

200...01  200...03
200...02 " 200...04

3HaAMeHaTe X KOTOphiX 3anucanbl 100-3navynble Ymcaa, a BMec-
TO TOYEK B 3amucu crosAT Hyau. Ompegesnrte, Kakas U3 dTHX
npoGeit Gouibiie ipyroit. OTBeT 060CHYIITE.

2. Haymnag ¢ uymncsa 1, 3ammcany 1mojps/ Bce HATypaJbHbIe
yucaa o uncsaa 2015 BKJIIOYUTENBHO W TIOJYYHJIM  3AIHCh
HaTypasibHOro yncaa M. Halianre ocTatok, KOTOPBIH MTOJTYIATCS
pu gesnenun M na 9.

3. B kBagpare ABCD na cropone AB B3gTa Touka M Tak, 4TO
AM = MB, a na qmuaronamn AC — touka N tak, uto orpe3ok NC
paBeH o/{HOI yeTBepTOl quaroHaan. [loxaxkwnre, uro yronm MND
IIPSMOI.

4. Jlokaxnure, 4TO YUCJIO 2015 + 4 me apngercs MIPOCTHIM.

5. B pasuoGeapennom tpeyrosibHuke ABC co cropoHamu
AB = BC =8, AC = 4 na cropote BC BbiGpana Touka K Tak, 4To
OKPY’KHOCTH, Bicanmnbie B tpeyrosabnukn ABK n ACK, kacaiot-
csa npyr apyra. Haiigurte otnomenune BK : KC.

1. Taubl q8e a1pobu , B YHCJNTEIAX U

ITy6auxauuio nodzomosuiu A.Arvmundepos, B./lyb6posckuil,
A.Ezopos, A.Kpasuos, B.Kpvuumon, A.Maprosuues

NHOOPMANINUA

3ao4yHasqa wkona CYHLU HI'Y

B HoBocKbUpckom Akagemropogke B coctaBe Crneupmanmsu-
POBaHHOro y4ebHO-Hay4HOro LeHTpa HoBocubupckoro rocy-
napcreeHHoro yHmeepcuteta (CYHLL HI'Y) yxe Gonee 50 net
paboTaeT 3ao4Has hu3nko-MaTeMaTyeckas wkona (3LU) ans
yqalmxcs 5—11 knaccoB obueobpazoBaTebHbIX WKOJ.

Yyawpmecs 3L, ycnewHo BbIMOAHMBLUME BCe 3adaHWs, MO
OKOHYaHWWM OAMHHaALATOro Kflacca MofyvatoT yAOCTOBEpeHume
BbIMYCKHMKOB 3ao4Hou Lwikonbl CYHLL HIY.

MpenopaBaTteny obLLeobpa3oBaTeNbHbIX YHPEXAEHUA MOTYT
pabotatb no nporpammam 3L B dopme dakynbTaTUBHbIX
3aHATUM C FPYNMOM yHaLLMXCS.

ExxerogHo ny4ime y4eHnkn 8—10 knaccos 3LU npurnatuatorcs
B JIeTHIol LWKOMy, KOoTopas MPOBOAWTCS B HOBOCMOMPCKOM

Akapmemropogke ¢ 1 no 23 aBrycra, 4f1d y4actua B KOHKypce B
CYHL, HI'Y.

B 3L CYHL, HI'Y npuHMmatoTcs BCe xenatolyue, 6e3 BCTynu-
TeNbHbIX 3K3amMeHOB. lpreM B LLKOMY BEAETCA KPYrIOrOANYHO.
Y700kl CTaThb y4eHrKoM 3LLI, HeoOXoaMMO NpucnaTh 3asBreHue,
yKa3aB KJ1acC 1 OTAENEeHMS, Ha KOTOPbIX Bbl XOTUTE YHUTLCA, CBOU
hamMununio, UMs U 0T4ecTBO (NedaTHbIMKU BykBammM), CBOM Nof-
pobHbIN afpec C MHAEKCOM W BbIMOMHEHHOe NepBOe 3aAaHue.
3apaHve BbIMOMHAETCH B OObIYHOM y4eHWYeCKOW TeTpagn U
BbICbISIAETCS MPOCTOM UK 3aKa3HoW BaHaeposbio. Heobxoanmo
npucbINaTh peLleHHoe 3afaHve TOro Knacca, B KOTOPOM Bbl
OypeTe y4uTbCa B 3a04HOM LIKOSe.

Mo>KHO NpucbinaTe pPaboTbl 1 MO 3neKTPOHHOM noyTe. Tpebo-
BaHWs K 0pOpMIIEHMIO PabOT B 31EKTPOHHOM BUAE, Heobxoam-




58 KBAHT -

Mble AOKYMeHTbl 1 nofdpobHyio nHdopmMaumio o 3L MoxHO
HaWTW Ha caunTe 3ao4HoW wkonbl: http://zfmsh.nsu.ru

Haw noytoBbIN agpec: 630090 HoBocnbupck, yn. Muporosa,
1, 3ao4Hasa wkona CYHL, HI'Y

TenedoH/dakc: (383) 363-40-66

E-mail: distant@sesc.nsu.ru unn zfmsh@yandex.ru

MEPBbIE 3AAHUS HA 2016 /17 YYEBHbIA FO,

MaTtemaTtnyeckoe otgeneHue

MATEMATUKA
5 knacc

1. Kaxxty1o u3 CTOPOH MPSMOYTOJIbHUKA, TIEPUMETP KOTOPOTO
pasen 26,8 cM, yBesanunan Ha 1 cMm. Haiiaure, Ha CKOJIBKO 11pu
ATOM YBEJNYNJIACH IJIONIA/Ib TIPSIMOYTOTBHUKA.

17
4620
MEHBIITIMHI 3HAMEHATE ISIMU.

3. U3 crnmuek cocTaBW/IM HENPABUJIbHOE DPABEHCTBO V —
— I = IX. IlokaxnTe, Kak MOKHO TEPEJOXKUTH TOJTHKO OIHY
CITMYKY, 4TOOBI MOJYYHIOCH NTPABUIBHOE PABEHCTBO.

4. TlecTuyrobHUK COCTABJEH U3 ITECTU OJMHAKOBBIX TpEY-
FOJIbHUKOB, MMEIOIMX paBHbie croponbl (puc.1). Pasnesure

9TOT IIECTUYTOJBHUK HA BOCEMb OJIH-
HAKOBBIX YacTeil.

2. IlpencraBbre ApoOH B BH/IE CYMMBI /IByX JIpo0eii ¢

,.r"v_f'\,_ 5. Haiimure, na kakyo mudpy B

;I L B, npumepe 864 — 68 HYKHO 3aMEHUTD

T R 3Be3/I0UKy, YTOOBI TIOJy4eHHas pas-
£ I HOCTD Jle/nyach Ha 9.

5 T 6. B amuke naxoaurcs 140 kapanga-

il nieif, KOTOpble pasJOXKeHbl 110 TpeM

KOpoOKaM, IpHYeM H3BECTHO, YTO B
KaKoH-TO M3 KOPOGOK B 2 paza 6oJIble
Kapan/jalieif, ueM B KaKOI-To Apyroil
KOpOOKe, 1 B KaKOIi-To 13 KOPOGOK B 3 pasa 6oJibliie KapaHja-
nieil, 4eM B KakoOH-TO Jpyroii kKopoGke. Ornpenennre 4ncIO
Kapanjaiieil B Kak/10ii KopoOKe.

Puc 1

6 ksacc

1. Cm. 3ajauy 3 nus S Kiacca.

2. Ha uncsioBoil IpsIMOIT BBIYMCJIAETCS CyMMa PACCTOSTHUN OT
TOYKH, M300pakaomieil Yicao x, 0 ISTH TOYeK, N300paXKaio-
mux umcaa 1, 2, 3, 5, 7. Haiigure,
KaKoe HaumMeHbIee 3HAaueHHe MOXKET
[IPUHUMATD 3Ta CyMMa.

3. UNso6paskeHHyio Ha pHUCYHKe 2
(urypy paspexbre Ha 4acTH, U3 KOTO-
PBIX MOXHO COCTaBHUTb KBaJ[parT.

4. Haiimure, Ha kakyio mudpy B
npumepe 98765 — 4321" HyskHO 3ame-
HUTb 3BE3/I0YKY, 4TOOBI TOJy4YeHHAs
Puc 2 pasHocTb Jennaach Ha 9.

5. Haiiziute KosmuecTBO BCEX [BY-
3HAYHDBIX YUCEJI, B JIECATUYHON 3alMCH KOTOPBIX HE BCTPEYACTCS
mudpa J.

6. B aumke naxondarcs 153 kapaHania, KOTOpbIe PasJiosKeHbl
o TpeM KOpOOKaM, IpHYeM H3BECTHO, YTO B KAaKOI-TO U3
KOPOOGOK B 2 pa3a GoJiblile KapaHjailieil, 4eM B KaKO-TO JIpyroit
KOpoOKe, I B KaKOI-TO M3 KOPOGOK B 3 pada 6oJblle KapaH/a-
mefi, YeM B Kakoi-tTo Apyroii xopobGke. Otpenenute YuCIo
Kapan/aiieil B Kak/10i KOpoOKe.

7 Kjiacc

1. 32 KOHTPOJIbHYIO PA6OTY KakK/IbIil U3 25 yUAIIXCsl 0Ty Yl
OJIHY U3 OIIeHOK 3, 4, 5. Korza BbIYMCcInIn CyMMy BCeX OIEHOK,

2016/ Ne3

to nosyunsu yucsao 106. Haiinure,
Ha CKOJIbKO 6OJIbIIIe GbLJIO TTOCTABIIE-
HO <IISITEPOK», YeM <TPOEK>.

2. Ha xuseryaroii Oymare 3ajian
yerpipexyroabuuk ABCD (puc. 3),
1 JUUIST KaKI0i TOUKn M TLIOCKOCTH
BBIYHCJISIETCS CYyMMa PACCTOSTHUI
AM, BM, CM, DM . Haiigure, ka- FP1c 3
KOe HamMeHbIllee 3HAYEHUE MOXKET
MIPUHUMATD 3TA CYMMa, €CJIM CTOPOHBI KBA/[PATOB CETKH PABHBI
0,4 cM.

3. Haiigure aBa moc/e0oBaTeNbHBIX HATYPATBHBIX UHCJIA,
IIpou3Be/iecHne KOTOpPbIX Ha 250 MeHbllle, 4eM Npou3Be/leHue
JIBYX CJIE/IYIONINX 32 HUMH HATYPAJbHbBIX
YIICeT.

4. N306paskeHHyI0 Ha pUCYHKe 4 pury-
DY paspexbTe HA YACTH, M3 KOTOPBIX
MOYKHO COCTaBUTb KBAJIPaT.

3. Haiiiire BeposITHOCTD TOTO, UTO CJIy-
YaiiHo BRIOPAHHOE TPEX3HAUHOE UNCTIO HE
UMeeT B CBOEH JIeCATUYHOI 3amucu nud-
pBI 5.

6. bpuraga n3 HeCKOJIBKUX paGOvHX 3a
CeMb TIOJTHBIX JIHEH MOYKET BBITOJIHUTD  pyc 4
TaKoe 3ajlanne, KaKoe MOYKET BBITIOJTHUTD
aTa OGpurajza 6e3 JBYX UYEJOBEK 32 HECKOJDbKO TIOJHBIX JIHEH.
Haiizinre, Kakoe Han6oJIbIIIEe YUCI0 PAGOYUX MOTJIO GBITD B 9TOI
6pura/ie nepBoHayaabio (Ipe/rmoaraeTesi, 9To TPOU3BOANTEb-
HOCTh PabOUMX OJUHAKOBA).

8 knacc

1. Ilpu a20, b>0, ¢>0, d >0 ymnpocrure BbIpakeHie

\/a+b+c+d+2 ac +ad + bc + bd +

+ \/a+b+c+d—2«/ac+ad+bc+bd .

2. Haiijiurte 4eTbIpe TOCJIE0BATE/IbHBIX HATYPAJIbHBIX YHCJIA,
CyMMa KBa/IpaToOB KOTOPbIX paBHA CyMMe KBa/[PaTOB TPEX CJIe/ly-
IOHUX 32 HUMM HATypPa/abHBIX YHCEJI.

3. Pemure ypaBuenne 2 (xs + 1) =7 (x2 - 1)

4. B ocrpoyronbaom Tpeyroabuuke ABC Boicotst AK, BL,
CM nepecekaiorcs B touke H, Touxku E u F — cepeiibl OTPE3KOB
AH wn BH cootBerctBenHo, psambie ME n AC miepecexarorcst B
touke P, mpsimbie M F n BC mepecekaiorcs B Touke Q. /lokasku-
te, uto PQ || AB.

5. Haitaure cymmy a; + ay +...+a, , ecim a, = 4k° — 6k* + 4k
P KKJOM HATYpaJIbHOM R.

6. Dpurama m3 HecKoJbKUX pabOYMX 3a CEMb MOJHBIX JTHEH
MOJKET BBITIOJTHUTD TAKOE 3a/[aHNe, KAKOe MOKET BBITIOJHUTD 3Ta
6purazia 6e3 ByX 4eJIOBEK 32 HECKOJIbKO TIOJNHBIX jiHel u 6e3
IIECTH YeJOBEeK 3a HEeCKOJbKO MOJHbIX AHeil. Haiigure, kakoe
yncso pabounx GbLIO B 9ToI Gpuraje mepBoHava bHo (IIpearo-
JIaraeTcsl, U4To MPOM3BOUTENIHLHOCTh PA00UYNX OJMHAKOBA).

9 knacc

1. Pemmre ypasnenne Y4x+3 =~/x+3 .

2. B tpeyroabauke ABC, 1J0I1a/{b KOTOPOTO paBHa 24, TOYKa
K — cepemnna ctoponns! BC, Toukn L n M pacnoJsioXeHbl Ha
MPOA0JBKeHNsIX cTOpOH AB 1 AC cOOTBETCTBEHHO Tak, 4To BL =

1 1
= §AB , CM = ZAC . Haitture urormazp tpeyrossanka KLM .

3.1pu a20, b=20, ¢=0 ynpocrure BbIpaskeHue

\/2a+b+c+2x/a2+ab+ac+bc—

- \/2a+b+c—2 a* +ab +ac +bc .
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4. Cm. sazauy 4 a7 8 kiacca.

5. Haiture cymmy ay + dy +...+a,  ecmn a;, = 2k — 3k* + 2k
PU KKJIOM HATYPATbHOM R.

6. /lokaxure, uro u3 o6bIxX 11 1esbIX Ynces Beeraa MOKHO
BBIOpATh POBHO IIECTb, CyMMa KOTOPBIX JlesiuTest Ha 6.

10 knacc

1. Haiiiute KOJIMYECTBO BCEX YETBIPEX3HAYHBIX YHCEN, Y
KOTOPBIX TOJIbKO OJIHA U3 IUMP JAeJUTCS Ha 3.

2. CraproBaB Ha CTa[UOHE B PA3HBIX HANPABJEHUSX, /B
crioprcMena nopaBHsumch 4epe3 30 cexyna. Ecom Gbr oHm
CTapTOBAJHM B OJHOM HAIPABJEHUH, TO BIEPBbIe MOPABHSINCH
6b1 yepes 30 munyT. Haiigure, 3a kakoe BpeMsi ObICTpeiinmii u3
9TUX CHOPTCMEHOB MPOOGEKUT MOJIHBIA KPYT.

3. Haiiiure cymMMy BcexX JIEHCTBUTENBHBIX KOPHEN ypaBHEHUS
af =627 +132" - 122 +3=0 .

4. B ocrpoyronbaom Tpeyroabauke ABC Boicotot AK, BL,
CM mnepecekaiorcs B touke H. Ha npoposmkennn Boicorst CM
OTKJIaZIbIBaeTcss oTpe3ok MN, paBHbIH oTpe3ky MH, n mpoBo-
qutea neprengukyasap NP k npamoit AC. [lokaxure, uTo
PM || KL .

5. Haiianre nBa mocsefoBaTesbHbIX HATYPAJbHBIX YHCJIA,
npousBesieHne KOTopbix Ha 100 MeHbIIe MPOM3BEJEHUS IBYX
APYTUX TIOCJICAOBATEJIbHBIX HATYPAJbHBIX YNCECJT (paCCMOTpI/ITe
BCE BO3MOJKHBIE CJTydan).

6. Dpurajga u3 HeckoJbKUX paGounx 3a 14 TOJHBIX [HEN
MO>KET BBITTOJTHUTD TAKOE 33/IaHie, KAKOe MOXKeT BBITIOJIHUTD 9Ta
O6purajia 6e3 Tpex 4esOBEeK 3a HECKOJIbKO TOJIHBIX JiHeil u 6e3
IISITU 4eJIOBEK 3a HECKOJIbKO IIOJIHBIX JHeil. Haiigure, CKOJIbKO
pa6ounx ObLIO B 9TOl Gpuraje nepsoHadasbuo (mpejoaaraer-
Csl, 4TO MPOU3BOAUTESBHOCTD PAGOUMX OJIMHAKOBA).

11 knacc
1. Ompezenure, NMpu KaKUX IEJbIX 3HAYEHUSX X (PYHKIMS

2
xf—x-1
f(x)= Y MPUHUMAeT HauMeHblllee 11eJIoe 3HAYeHe.
X

2. B ogHoMm GapabaHe HaXo[uTCss 8 MIAPOB, 13 KOTOPHIX 3
mapa KpacHoro IBera, B Apyrom OapaGane — 7 IIapoB, u3
KOTOPBIX 4 KpacHOro 1BeTa. C paBHOII BEPOSITHOCTHIO BBIOHpA-
10T ofuH u3 GapabGaHoOB, a 3aTeM U3 HEro0 BbIHUMAIOT OJMH
map. Haiiure BepoaTHOCTD TOTO, YTO ATOT 1ap OyeT KpacHo-
ro IIBeTa.

3. Haiiure cymMMy BcexX JIEHCTBUTENbHBIX KOPHEH yPaBHEHUS
af - x? 44 -2=0.

4. Cm. samauy 4 ana 10 kuacca.

5. Haiimure aBa mocJie[JoBaTesbHBIX HATYPAJbHBIX UHCJIA,
npousseenne Kotopbix Ha 1000 Menbie nmpousBegeHus JIByX
APYTUX IOCJEA0BAaTE/IbHBIX HATYPaJbHbIX YNCEJ (paCCMOTpI/ITe
BCe BO3MOJKHbIE CJIydan).

6. B mpaBnJIbHOIT 4eTBIPEXyTOIbHON MipamMu/ie pe6po OCHOBA-
HIS paBHO 6, BbIcoTa paBHa 4. HaliagnTe mromaan mepmennKy-
JIIPHON TIPOEKIUU 3HTON TUPaMH/IbI Ha ILJIOCKOCTh OOKOBOI
rpaHu.

dusnyeckoe otToeneHue
OVBNKA
7 Knacc

1. Nsmepbre auny cBoero mara. [Tob3ysich aToit «Mepoiis,
OIIpe/IeJINTE PACCTOSTHHE MEXKIY JBYMS COCEIHHMH JOMAaMH.
O1ieHuTe TOrpenHoCcTb N3MEPEHUs.

2. l3MepbTe pa3Mepbl KOMHATBI, HATIPUMED KJIacca, PyJIeTKOM
— JUIMHY, MUPUHY, BbicoTy. OTpeiesnTe TIOMAAb B KBaIpart-
HBIX MeTpax, o6beM B KyOmdeckux MerpaxX. OIleHUTEe pa3HUILY
Pe3yJIbTaToB.

3. TTompoGyiite O1EeHUTH OMIOKY KaXKI0TO U3 ONpPe/IeIsTeMbIX
BBIIITE TTAPAMETPOB.

4. TlombiTaiiTech ¢ TOMOIIBIO OOBIYHON JMHEHKN W3MEPHUTDH
TOJIIMHY OT/IeJIbHOTO JicTa OyMarn Ballero ydeOHHUKA.

5. ITaccaxkup moes/ia 3aMeTHII, YTO BCTPEUHDIH MTOE3/] AJTUHOM
L = 200 M mpomen mumo Hero 3a Bpems t = 10 c. Kakosbr
CKOPOCTH TI0€3/I0B, €CJIF N3BECTHO, YTO B MOMEHT BCTPEYH MTOE3/1a
IIJIT ¢ OZINHAKOBBIMU CKOPOCTSIMU ?

8 knacc

1. [lo kaxoii BbicoTbl H Ha/0 HAJIUTD BOAY B COCY[, JIHO
KOTOPOTO KBAJIPAT CO CTOPOHON ¢ = 5 CM, a CTEHKU BePTHKAJIb-
HBI, 9TOOBI CHJIA JIABJIEHHUS Ha JHO OblIa PaBHA CHUJIE JABJIEHHS
Ha OJTHy W3 CTEHOK?

2. Bec kycka crekia B Bozayxe P =2,1H, a B BOME
P, =1,26 H . Haiisure 1mJ0THOCTb CTEKJIA.

3. BesocumeucT mepByIo TPEThb IMyTH MTPOEXAT CO CKOPOCTHIO
oy =30 KM/4, a ocraBmmecss ABE TPETH — CO CKOPOCTHIO
vy, = 30 kM/u . Haliure cpeiHIO CKOPOCTh HA BCEM ITyTH.

4. Teno maccoii m =1 Kr ¢ HayaIbHON CKOpocTbio v = 14 M/c
najiaer ¢ Boicotol H = 240 M 1 yray6JisieTcst B IECOK Ha TJIyOHHY
h = 0,3 M. HalianTe cpeaHion CuIy COMPOTHBJICHUS Mecka F.

J. [IBa moesna oxmuaxoBoit aiuubl L = 800 M mBUIKyTCS
HABCTPEYy JPYr APYTY CO CKOPOCTAMHU 0y =72 KM/4 U
0, =108 kM/4 . CKOJIbKO BpeMeHU OHM OY/yT MPOXOAUTH APYT
MHUMO Jpyra’?

9 knacc

1. VI3 OAPYYHBIX CPE/CTB
JIeJIAI0TCST  PBIYa’KHbBIE BeChI
(puc.5). Vcnoabsyores ase
JIMHEHKY, /1Ba CIITYEYHBIX KO-
poO6Ka 1 HeMHOTO HUTOK. OiHa
JIMHeHKa CTaBUTCSI BePTUKAJIb-

HO, Ha Hee Cepe/InHoN HaKJIa-

JIbIBAETCSI BTOPAs JIMHENKa 1 K

ee KOHIIAM IPHKPEIISIOTCS

crimdevnble KopoOku. B e-

BYI0O KOPOOKY KJIQJyT TUPIO

maccoit M =50 r.Omnpenenu-

Te, TIPU KaKoil Macce B IPaBoil  Auc 5

KOpoOKe Becbl OyIyT cOoXpa-

HATb paBHOBecue. Pasmep smnHeiikn axbxc=30x3%x0,3 cm .
Macca sgmmeiikn m = 10 T, Maccoil OCTaJTbHBIX IPEIMETOB
MOXKHO TIpeHeOPEeUb.

2. JIBa TypuCTa BBIILJIN OJHOBPEMEHHO U3 NMyHKTOB A 1 B B
MoMeHT BpeMenu ¢ =10 4 u ABUTAINCH TPSIMOJUHENHBIM Map-
MPYTOM C OJMHAKOBOI CKOPOCTBIO, HAMEpPEBAasCh HPUITH B
nyHKT c6opa C B MOMEHT ¢, =14 4, HO BCTPETUJINCH B MOMEHT
t3 =13 4w 30 mun BHe mnynkra C, OGHApPYXXUB, YTO HIYT B
MepreHinKyIIpHBIX Hanpaienusax. Korma, aBurasch ¢ mpe-
JKHell CKOPOCTBIO, TYPHUCTBI IIPUAYT B IYHKT c6opa mocJje Ipa-
BUJIbHON KOPPEKIIMU Maplipyra?

3. B 3ano/iHeHHYI0 BOOI MUINHAPUYECKYIO KOJIOY HACDIIAIN
HEKOTOPOE KOJMYECTBO MEJKUX IJIACTUKOBBIX NTAPUKOB — OHU
ob6pasoBasin cJioit Boicotoit H = 10 cM, 3aTeM cBepXy Hadaju
AKKypaTHO HACBINATh CBUHIIOBBIE Apo6GUHKHN. Korjga cBUHIIOBBIE
mapukn o6pasoBajii CJOW BBICOTOH 7 = 2,9 MM, o6a cios
norpys3uanch B Bozy. Otpenenute MIOTHOCTD MacTuka. [1aot-
HocThb Bozbl 1000 KT/ M° , II0THOCTD cBUHIA 11340 Kl"/ M

4. Ha a71eKTpOIINTKY MOCTAaBU/IN KacTpioso ¢ Bogoil. Ilocie
TOTO Kak Boja Harpesnach 10 ¢ =70 °C MmInTKy BBIKIIOUYUIN.
OcTraBasichb Ha BBIKJIIOYEHHON TIINTKE, KACTPIOJIS HArPEIach /10
t, =80 °C . ITocJe 3TOr0 rOPSTUYIO BOJLY M3 KACTPIOJIHM BBLINJIH,
3aMEHIJIN €€ B/[BOE MEHBIINM KOJIMYECTBOM BOJIbI U3-TI0/] KpaHa
¢ temneparypoir t3 =20°C u BHOBb MOCTABUIN HA TEILIYIO
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91eKTpoKoHdOPKY — Boja Harpesach Ha At =5 °C . Onpezenu-
Te TEMIIEPATYPy BKJIIOUEHHOU aJekTpokoH(opku. TermoeMkoc-
TBIO KACTPIOJH U TIOTe-
b5 B i ! B 4aw peit Temma moxuo mpe-
1 == ]—'I' HeGpeub.
| S. B wuso6paxennoii
Ha pHUCYHKe 6 cxeMe n3-
BECTHBI COMPOTHUBJICHIS
pesucropo R; =1 Om
1 n R, =2 0OM u ykasa-
HBl HAIPSDKEHUST HEKO-
TOPBIX TOYEK OTHOCH-
TeJbHO OTPHUIATENBHOTO moJioca Garapeiiku. Ortpejennte co-
MPOTHUBJIEHUST Pe3ucTOpoB Ry u Ry .

Puc. 6

10 knacc

1. C oaMHaKOBOIl HAYAJbHOI CKOPOCTBIO ¥ OJHOBPEMEHHO
OGPOCHLITH IBa MsTIA: OJINH BBEPX, BTOPOI BHU3 € BBICOTHI /2. Mstum
CTOJIKHYJIUCH B BO3/yXe, MPEXK/Ie YeM KAKOU-Iu60 U3 HUX yIas
Ha 3emuio. Ha kakoil BbicoTe oHM cTOJKHYMCh? Ilpu Kakoii
MHHUMAJIBHON CKOPOCTH © 9TO GBIJIO BO3MOKHO?

2. Masburk 6pocuJI KaMeHb TePIEeH/IHKYISIPHO Gepery peKu.
Kamenb ynan B Bosy Ha paccrosinuu L ot Gepera, Ha KOTOPOM
crosii Maibuuk. OT Mecra mNajieHus KaMHsI IOMLJIa BOJIHA,
KOTOpAast BIIEPBbIE JIOCTHTJIA ATOTO Gepera yepes BpeMs & TocJie
NaJIeHus KaMHs, a uepe3 BpeMs @, OHa ILIECHyJa Yy HOT
Maspunka. OTperennTe CKOPOCTh TEUEHHST PEKH.

3. Pakera maccoit m crapryer o[ YIJIOM K TOPHU3OHTY U
MOMA/[aeT B TOYKY Ha KPYTOM CKJIOHE TOPBI, YIATEHHYIO OT MeCTa
crapTa Ha L mo ropusonTasnn n Ha H o Beprukamm. Omnpepeante
CHJTy TSTH [IBUTATEJisi PAKEThI, €CJU OHA BO BPeMs IOJeTa He
MeHsJIach ¥ Oblla HANpaBJeHa IOJ YIJIOM ¢ K TOPHU30HTY.

V3MenenneM Macchbl pa-
=1 KeTbl IpeHedpedb. Y CKo-

g o

r - peHne cBOOOIHOTO Tiajie-
|4 U PABHO g. .

§ 4. Bpycok maccoit m

o JIEKWT HA TIJIOCKOCTH, Ha-

KJIOHEHHOH II0/1 yIJIOM O
K ropusonty (puc.7). Ha
HETO JIEHCTBYET TOPU30H-

OTBETHI,

«KBAHT» AJ11 MJIAALLUNX LLUKOJIbHAKOB
3AOAHN

(cm. <Keanm» No2)

1. Takux mpuMepoB OYeHb MHOTO, BOT HEKOTOpbIe 3 Hux: 11 u 22
(11+22=33, 11-22=242), 12 u 21 (12+21 = 33, 12-21 =
=252), 18 m 37 (18 + 37 = 55, 18 - 37 = 666).

2. OanH W3 BO3MOKHBIX OTBETOB IPUBE/ICH HA pHCYHKe 1.

3. Ilo ycnoBuio, Ha BceX KJETKAX JIEKUT
pasHoe umucjo 3epeH. Kakum MoskeT ObiTh
HaMMeHbIIIee BO3MOXKHOE YHCJIO 3epeH Ha
nocke? Camoe MaJIeHbKOe YHCJIO 3epeH Ha
- { xmerke — o10 0, caexyomee — 1 u Tak

L - |

s | mamee, T.e. Bcero 3epeH He MeHblie
| 0+1+2+ ...+62+63=(0+63) +
—l & p—
" ™ +(1+62)+ ...+ (B1+32)=63-32=
=2016. 3Hauut, BHEpBbIE UCTOPUS MOIJIA
Puc. 1

npousoiitn B 2016 rogy. Ho B kak/biii

2016/ Ne3

TasibHas cusa F, Harpas-

JieHnast 1o ckyony. Otpe- i
JleJIiTe yCKopenue 6pyc- ) L
ka. Koapurment rpenms "
6pycKa O IJIOCKOCTb pa- i
BeH W . I

S. Inaunapuaeckmii i

coCy/l ¢ IJIOMA/IbIO ceye-
HUS S 3aKPBIT TOJBUK-
HBIM TIOPIIHEM, B KOTO-
PbIii cMOHTHPOBaHa TPyOKa BBICOTOM /4 Masoro cevenns (puc.8).
[Tox mopireM B paBHOBECHOM COCTOSHUU HAXOJATCS /iBa CJIOS
SKUIKOCTeH ofnHakoBoit BbicoTbl H. [lnoTHOCTH sKujKocTeill Py
n Py, IpUYeM Py > Py . B TpyOKe KuaKocTb 06pasyer CTOIOUK
BbICOTOI /2. Kakyio cnity Hy»>KHO TIPUJIOKATD K HOPITHIO, YTOGI
OH OITyCTHJICA Ha JHO?

Puc. 8

17 knacc

1. U3 Touku, pacrosiokeHHON Ha paccrosHuu L oT jgoMma,
MaJIbYUK BEPTUKAJIBHO OGPOCAET MU €O CKOPOCThbIo . OHOBpe-
MEHHO /IPYTOil MATbYHK C PACIIOJIOKEHHOTO Ha BBICOTE /2 GaTKOHA
3TOTO JIOMa TOPH30HTAJIBHO GPOCAET JIPYTOil MsIY, U MM CTajl-
KHMBAIOTCS B BO3jyxe. Ha Kakoil BbIcOTE OHU CTOJIKHYJIUCH?

2. Pemmre 3agauy 4 g 10 kiacca.

3. Pemure 3agauy 5 ams 10 kaacca.

4. Banmxu-mkamuep (anrsm. bungee jumping — mmpoxo
PACIIPOCTPAHEHHDBIN B MHMpE aTTPAKIMOH, YacTO Ha3bIBAeMbIil B
Pocenu «tap3aHka» ) MPbIraeT ¢ BBICOKOTO MOCTa Ha YIPYroM
kanare JuHoi L. Kakyio MakCMMaJIbHYI0 CKOPOCTb OH Pa30BbeT
BO BpeMs IIPbDKKA, €CJIN HU3IIAs TOUKA MaJeHIs] HaXOJUTCs Ha
h nmke mMocta? Yckopernue ¢BOGOIHOTO MAEHUsT PABHO .

5. IlosoBUHY 3aKpPBITOrO MUJIMHAPHYECKOTO COCY/IA BBICOTOM
2/ 3anoJHSeT JKUAKOCTb TIOTHOCTBIO P, B KOTOPOIl IJaBaeT
TOHKUIT TIOPIIEeHb. BepXHss 4acTb cocy/ja COAEPSKUT BO3/LYX TIPH
JaBIeHnn py . Ilocse Toro xkak cocy/ mepeBepHyJIN U 3al0IHEH-
Has JKUJIKOCTHIO TIOJIOBHHA COCY/la OKAa3aJach HABEPXY, BO3/YX
yepe3 3a30p MEK/y I[OPHIHEM M CTEHKaMM IUJIMHJpa HavaJl
MeUIEHHO HpocaunBaTbesl. OmupejesnTe JaBJIeHHE B HIDKHEH
YacTH COCy/ia, KOrJa TaM OCTAaHeTcs CTOJIO BO3/JyXa BBICOTOMH X.
Temneparypa He MeHsieTcs. YcKopeHune CBOOOJHOTO Ta/leHUs
paBHO g.

YKA3AHNA, PEIIEHNA

CJIEJIYIONIMH TOJ[ 3ePHA TOXKE MOKHO PA3JIOKHUTh, Kak Tpedyercs —
HarpuMmep, A06aBJsisi O 3€PHBINIKY Ha KJIETKY € HauGOJIBIINM
qicioM 3eper. [1oaToMy MPO CJIeyIONIe TOAbI HEJIb3sT CKAa3aTh
«HAKOHEI[-TO HACTAJ TaKOil TOJ, YTO...», W MCTOPUS TPOHU3OIILIA B

2016 rony.

4. CoetuHUB cepeinHbI TPOTUBOIIOIOK- f,-"'ﬁ'“ﬂ.x
HBIX CTOPOH IMPSIMOYTOJIbHIKA, MbI Pa30- .;’_'_

ObeM €ro Ha 4 OJIMHAKOBbIX MPAMOYTOJb- ! 1', 1
HITYKa Membliiero pagmepa. CTopomst poM- | 1 !
6a OyjyT [UarOHAJSIMU 3TUX IPSIMOY- || [
roJapHNYKoB. Ho amaroHab MCXOAHOTO Y ,-’/ ':'I
IPSIMOYTOJTBHUKA CKJIA/IBIBAETCS M3 JIBYX : : i
JMaroHasel npsaMoyroabunakos (puc.2), "H,q_ = P
T.e. CTOpOHA poMOa paBHA MOJOBHHE JIU- Puc 2

aroHaJil MCXO/HOTO MPSIMOYTOJIbHUKA.
TToCKOJIBKY TIEHTP OIMCAHHON OKPYJKHOCTH IPSIMOYTOJbHUKA —
TOUYKA TIePecedensi ero [aronaJseil, CropoHa poM6a paBHA Pajny-
Cy OINUCAHHOI OKPYIKHOCTH WCXOJHOTO TIPSIMOYTOJbHUKA, T.€.
5 cM.
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5. Bynem o6o3navyarb HPHHAIEKHOCTD K TIEPBOMY KJaHy OYKBOIl
A, a xo Bropomy — GykBoil b. KaxJioMy pbIlIapio COIOCTaBUM
mapy — caM 3TOT PBIIaphb M CJAEAYIOMNUIl 32 HUM IMPOTHB YacOBOIT
crpesku. ITaper GeiBaior dersipex tunoB: AA, b5, Ab n BA, a
BCEro Iap CTOJIbKO JKe, CKOJIbKO Bcero pbinapeit. [To yciosuio,
nap tuna AA u b6 cronbko ke, ckoibko map Ab u BA, o6o3na-
YUM 3TO KOJM4uecTBO 3a x. Torga obmiee uncyo poiapeii 6yzaer
paBHO 2x.

Temnepb pazo6beM CHASAIMX 3a CTOJIOM Ha T'PYIIBI PhILapeil 0HO-
ro KJaaHa, cugamux noapsa (B rpyrie MoKer GbITb U OJIMH Pbi-
1apb), TaK, 4ToObl TPYIIIbI PA3HBIX KJIAHOB YepeloBanuch. Tak
KaK PBIApU CH/AT 10 KPYTY, YHCJIO TPYIII HEPBOTO KJaaHa OyaeT
PaBHATBCS YUCJy TPYHII BToporo kiana. Ho B kaxzoil rpyiie
HaiiJleTcsl POBHO OJIMH PBII[aph, CIIpaBa OT KOTOPOTO CH/HUT PbI-
apb Apyroro kiana (caMblil npasblii B rpymme). 3HAUUT, YUCJIO
TPYTI HepBOTro KJaHa PaBHO YHCIy Tap Buaa AbD, a 4ncyio rpymm
BTOPOTO KJaHa paBHO uncay nap Buzpa bA. Iloaywaercs, uto nap
Buaa Ab crosbko ke, ckoJbKo nap Bujga bA, HO cymMMapHOe uX
YHICJIO PaBHO X — 3HA4WT, x 4eTHO. Torga obmiee uncJo poinapeii,
paBHOe 2x, AenuTcs Ha 4.

KOHKYPC UMEHW A.M.CABVHA

(cm. <Keanms» Not)

11. a) 2016 =252-2-2-2;

6) 2016 =252-(2-5-2).

12. He moro.

[TpeAmnooKuM IPOTHBHOE, U IIyCTh CYMMbI OKa3aJiCh PABHbI d,

a+1, .., a+ 13. Tak kak cymma IleTWHBIX umces paBHA CymMMe
Bacunpix wucesn (1 To m gpyroe — cyMMa BCeX umces B TabauIe),
To uncna a, a + 1, ..., a + 13 MoxkHO pa3éuTh HA [[BE IPYIIIDI O

7 4ucen ¢ paBHbIME cymMamu. Ho Torma cymma Bcex umces
S =14a+(1+2+...+13) yerHa, 4TO HEBEPHO.
3ameuanue. YTBepK/JeHUE 3a/1a4l MOKHO YCUJIHUTDH: 14 cymMM u3
YCJIOBUS 33/1a4M HE MOTYT SIBJISITBCS JIa’Ke MOCJIe/I0BATENbHbIMU
14-10 unenamu apudmerndeckoit nmporpeccun. Ilpeamnosnoxnm
MPOTHBHOE, W TyCTh CYMMbBI OKA3aJHCh paBHbl ¢, d + d, ..., a +
+13d. Yncna a, a + d, ..., a + 13d Moxno pa3butb Ha jBe rpyr-
bl 10 7 umncen ¢ paBHbiMu cymmamu. Ho Ttorma (Beranmraem us
CyMM 10 7a u cokpamaeM Ha d) To ke BepHo aas uucen 0, 1,
2, ..., 13. [Maree ucrnonp3yemM cooOpaykeHne YeTHOCTH, KaKk B pe-
[IeHNH 3aa9M.
13. 4.
[IycTb st onpeieJIeHHOCTH X 2 y , TOT/Ia HAllle BBIPAsKEHHE PaB-

(Zx)z 4x _

—— =—24. PaBeHcTBO jocTHraeTcs 1pu x = y.

Xy Y

14. [lna n = 4, 6, 8, 10, 12.
OTJI0KUM OT Havyajia KOOPAUHAT BCEBO3MOKHBIE BEKTOPDI [IJIITHDI
5, UMEIONINe Teble KOOPAMHATBI, TaKUX BeKTopoB 12 mryk (puc.
3). ITyctp fan BBINYKJbIH 72-yTOJBHUK, Y/IOBJIETBOPAIONUI yCJI0-
Buio 3ajaun. [Ipu 06X0/e €ro KOHTypa IO YaCOBOW CTpeJKe KasK-
JIblil 13 JaHHBIX 12 BEKTOPOB MOXKET BCTPETHUTHCS He (oJiee O/IHO-
ro pasa, 3Haunut, 17 <12, OkpacuM Bce IEJTOUYNCIEHHBIE BEPIIN-
HBI B <IIAXMATHOM» nopsiike (TOYKM, y KOTOPBIX abeimeca u op-
JINHATA OJIMHAKOBOI YETHOCTH, OKpAIeHbl YEPHBIM, & TOYKHU, Y
KOTOPBIX abcIicca 1 OpJHaTa Pa3Hoil YeTHOCTH, OKpalieHbl Ge-
abiM). Kak BuanM, Kaskablil M3 HAIINIX BEKTOPOB COEAMHSIET TOY-
KI Pa3HBIX I[BETOB, IT03TOMY IIpH 06XOjie KOHTypa HAIero
n-yTOJIbHUKA 1[BETA YEPEAYIOTCs, 3HAUYUT, 7 — 4eTHO. OcraeTcs
[IPUBECTU IIPUMEPDI /I 17, YKa3aHHbIX B orBere. [lng n = 12 noc-
TATOYHO OTJIOKUTH MOCJIEIOBATENbHO /IPYT 3a JIPYroM Bce 12 Bek-
TOPOB dy, Ay, ..., dg, =y, —0y, ..., —dg . L7151 n = 10 aHATOTHYHO OT-
KJIaJIbIBA€M BEKTOPBI Ay, Ay, ..., A5, =y, —0y, ..., —d5 W T.[I., JUJIS
7 = 4 OTKJAJbIBA€M BEKTOPDI dy, dy, —y,—0y .
15. Tlpeanosoxum, 9To ydeHslii He omuées. BospmeM mapy yue-

—_——— e » - ® R = ] . ———
3 | -2 2 1 Ix
2+ ] = L] - ES - £ ] =1 [ [ L3
" > " o " s @ & - " 4 .

Puc. 3

Hpix A, B. Y Hux ectb napa o6mmux 3nakompix C u D. Ho Torza
it apel C, D napa A, B siBJisieTcsl eIMHCTBEHHON Mapoil 001X
s3HakoMbIX. ComocraBuM mape A, B mapy C, D. Kak BuauM, 310
COOTBETCTBUE B3aUMHO OJHO3HAYHO, TIOITOMY KOJMYECTBO TIap
YUYEHBIX JIOJKHO ObITh 4eTHO. C JAPYroil CTOPOHbBI, 9TO KOJMYe-

2015-2014

CTBO Hap PaBHO =2015-1007 — HevyeTHOE YUCJIO.

[TporuBopeune.

KAJIEMOOCKOM «<KBAHTA»
BOMPOCbI M 3AAAYN

1. Henp3s. 3apsn Ha <JeiijieHCKol 6aHKe» OY/JIeT OY€Hb MaJIbIM.
Ha nsosmpoBanHoil 06KIaKe BCICACTBHE WHIYKIINN BO3HUKHYT
n Oy/yT YAEP>KUBATBCS Ha Heil 3apsiibl 060ux 3HaKkoB. [Ipu6op
He GyleT KOHIEHCATOPOM.
2. VYBeJU4HUTCs B TOJTOPA pasa.
3. a) IIpu MOCTOSHCTBE HAIPSKEHNS MEKILy OOKaagKamMu; 6) Tpn
MTOCTOSTHCTBE 3aPsI/IOB. .
hok=— |

e+1 R — re—
5. DKBUBAJEHTHAS CXEMa MPeCTaB- | I
JleHa Ha pucyHke 4. PaszHoCTb 10TeH- |
UaJIOB MeX/ly Toukamu A u B paBHa

nyao. OOmast eMKOCTh Oarapen paB- | i == J=
na 2C. ! |
6. C.=C. Puc. 4

7. OépaSOBaBmMI?ICH CJIOSKHBII
KOH/IEHCATOP MOKHO PaccMaTpH- |
BaTh Kak Oarapeio, COCTOSIILYIO U3 =1
TPeX OJMHAKOBBIX KOHJEHCATOPOB |
emkoctbio Cy (puc.5). O6masa 1
eMKoCTh cucteMbl paBHa 2/3C, . Puc 5
8. Ymenbumnace B 4 pasa. [Tocae
MOJIKJIIOYEHHSI Y JIBYX KOHJIEHCATOPOB OCTAHETCSI TOJBKO MOJIOBU-
Ha HAYAJIbHON 9HEPTHU 3apsIKEHHOrO KOH/EHCATOpa, KOTOpast
PACIIPEIETUTCST MEXK/Y KOH/IEHCATOPAMH MOPOBHY.

9. Ilnactuna BTsiHETCS BHYTPD KoHzeHcartopa (kpaesoii adekr).
10. He usmenurcs.

11. Bo3mokHO, ecsiu /10 MOAKIIOYEHHsT KOHIEHCATOP €MKOCTHIO
C, 3apsiUTh JI0 PA3HOCTH MOTEHIHATOB § .

12. EMKOCTb MecTa paspbiBa OYeHb Majia U eMKOCTHOE COMPOTHBIIE-
HI€ B CBSI3U C 9TUM OYEHb BEJIMKO, MMOITOMY TOK IPEKPAIIAETCs.
13. IIpu 3aMKHYTOM KJIO4Ye MEepPEMEHHBIN TOK IIPOTEKAET Yepe3
JIAMITY B TeYeHUe KayK/JOTO MOJyIepPHO/IA.
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14. CoGcTBeHHbIe KOJIEOAHUSI B KOHTYPE HE U3MEHSITCSI.

15. Yepes o/Hy BOCBMYIO MEPHOJA: KOJEGAHNST IHEPIUH B KaTyII-
Ke U B KOHJICHCATOPE TIPOUCXOJAT B IPOTHBOdA3E ¢ 4acToToil, B
J1Ba pasa GoJblieil cOOCTBEHHOI Y4acTOTBI KOHTYPA.

MUKPOOIbIT

Hatepes ipyr o gpyra 6ymMary u IMJIacTHK, BbI COOOGIIIIN UM pa3-
HoOMMeHHbIe 3apsiibl. [lojHecst aTH mpeaMeTsl K CTpYiiKe BOJIbI,
BbI 06pa3oBasIM IJIOCKUIT KOHJEHCATOP, B HOJIE€ KOTOPOrO CTPyIKa
ATEKTPU3YETCST M OTKJOHAETCS K OJHOI M3 ero IJIaCTHH.

YPABHEHWS CBA3E/ B MEXAHUKE

1 9 3 2 .o
1. ag =a, |- +|tg"o+— |tg 0 . 2. a=gsin— .
B \/4 (8 2)8 g 5
[ oR 1-sina
3. @=gsin”o. 4. a) v, =g’ 6) Vgae :wRW

XXIV MEXXAYHAPOOHAS OIMMINNALA
«NHTENNEKTYAJIbHbI MAPA®OH»

ONNMMUNALA MO OYHOAMEHTAJTIbHbIM HAYKAM

MaTtemaTtnka

Yemuoiii komanonoiii myp

1. 334, 335, 336 win 337. 2. 2011, 1993. 3. p = 3.

4. Heub3ss.

Viasanue. Yncia B BeplinHax UMEIOT OJUHAKOBYIO Y€THOCTH, HO
1 u 20 MOTYT CTOATH TOJIBKO B BEpIINHAX.

d. Ecrb.

Vrxaszanue. Yucnio

2% =1024%512 > 10 u noro-
My COCTOUT He MeHee 4eM u3 9
undp. Ecom cpexn nux met 0,
TO 3TO Bee mudpotor 1 10 9.
Ho rtorza ux cymma, a 3Havut,
7 caMO YMCJIO KPaTHBI 3.

6. Cwm. puc.6. 7. 4.

Puc. 6

8. Ilepumerp Goblite.

Vxasanue. 1lyctb, 11 onpejiesieHHOCTH, ToYKa M JIe)KUT BHYTpPU
tpeyrosbHuka OAB, tae O — Touka IepeceyeHus JuaroHaJseit ma-
pasesorpaMma, T.e. BHYTPH KaX/I0TO U3 TpeyroibHnKoB ABC u
BAD. Torna AM + MC < AB + BC (paBeHcTBO TOJBKO TIpU

M =B)uBM + MD £ BA + AD (pasencrso npu M = D).
Ocraercs CJI0XXKHUTDb 3TN HEPABEHCTBA.

1
9. x=-, yzﬁ.

2 2

ITucomennwiti unoueudyarLHvLll Myp

10. 27",

1. B cucreme 110 OCHOBAHMIO 3.

Vckomoe ocnoBanme b cucteMbl 6osiblie 3, Tak Kak cpean nudp
B 9TOH cucTeMe ecTh 3. YCJoBHe JeJuMocTi yrcaa 3b + 1 Ha
3b+1 3 8
b+3  b+3
r.e. b + 3 — genurens 8. Exuncrsen-

b + 3 PaBHOCHJBHO TOMY, YTO

i

— 1[eJI0e YnCJIo,

| HOE YHCJIO, Y/IOBJIETBOPSIOIIEE ITUM
YCJIOBHSIM, 9T0 b = 3.
2. b:a.
3amerum, uto Guccexrpuca yraa C
npoxoauT depes eHTp O KBajpara
(puc.7). JleiictBurenbHo, Touka O
JIESKUT HA OIMICAHHON OKPY)KHOCTH
tpeyroabHuka ABC, Tak Kak
ZACB = ZAOB = 90° . Tenepsb pa-
Puc 7 BeHcTBO yrioB ACO u BCO caenyer

2016/Ne3

13 TOTO, YTO OHM BIHCAHBI B 3Ty OKPY’KHOCTH U OMHUPAIOTCS Ha
pasubie xopabl AO n OB. Ilockoapky O — IEHTP CUMMETPHH
kBagpara, npamas CO penut cropousl AB u CD Ha cooTBet-
CTBEHHO paBHble oTpe3ku: AL = DM, LB = ME. Ilo cBoiicTBy
6uccekTpuchl Tpeyroabanka, AL : LB = AC : AB = b:a, a 3Ha-
yur, DM : ME = AL : LB = b:a .

3. a) MoryT; 6) He MOTyT.

a) [IpuMep Tpex TPyAHBIX MecsleB MoApsAa — (eBpaib, MapT
anpesib 2016 roga.

6) Yerpipe Tpyambix Mecsia cogepkar 16 Bockpecenmii. Ho wau-
MeHbIllee YUCI0 [Hel B 4 Mecsax moapsii, OY€BHIHO, PABHO

31 + 28 + 31 + 30 = 120 (auBapb — anpesb HEBHCOKOCHOIO
roga), a mo6bie 120 aueit comepskar 17 momubix megenb (7 X 17=
= 119), a smauut, 17 Bockpecennii. [109TOMy BCe Takue MECSIbI
TPYAHBIMHU OBITH HE MOTYT.

4.2015 = 6" +5"+3"+13-1" (16 caaraempix).

3aMernM, 4TO €CJIM YNCJI0 d HedeTHo, d = 2n + 1, To a* maer oc-
tatok 1 npu gesennu Ha 16. (JleficTBUTENBHO, MOCKOIBKY
n(n+1) uerno, To (2n+1)2 =4dn(n+1)+1=8k+1, rae k — ne-
noe; noatomy a’ = (8k + 1)2 = 16(4k2 + k) +1.) C gpyroii cropo-
Hbl, ocraTok yucaa 2015 npu genenuu na 16 pasen 15. CieroBa-
TEJIbHO, B UCKOMON cyMMe He MeHee 15 HEUeTHbBIX CJlaraeMbiX.
[Tockosbry 7' = 2401 > 2015, Taxas CyMMa MOYKET CO/lepiKaTb
TOJIbKO wienbl Buga 5 = 625 (ue Gosee tpex), 3' =81 u 1*.
Haubombime cymmbl, copepskamnue 3, 2 u 1 ciaaraemoe Buja 54
u He npeBocxoie 2015, paBHbl 3 - 5" +3" +11-1" = 1967 ,
2.5 493"+ 4.1 =1983 u 5% +14-3" = 1759 . Bee omn mep-
nre 2015, a cyMMbI, He cojepsKaIine 5%, oueBH/HO, MeHbIIE TIOC-
JieHell 13 yKa3aHHBbIX. 3Ha4yuT, Tpebyercs He MeHee 16 cuarae-
MBIX; COOTBETCTBYIOIINIT IIPUMED MIPUBEJEH B OTBETE.

5. Bepno.

[Tycts d — pasnocthb mawuoil mporpeccun. Yucaa

ai —at =(a, - a))(a, +a)) =d(2a, +d) n a3 a3 = d(2a, +3d)

KaK PasHOCTH UJICHOB 3TOil MPOTPECCHH KPaTHBI d, 3HAUMT,
2a;+d u 2a;+3d — uenste. Ilostomy 2d = (2a, +3d) -

—(2a; +d) - nenoe uncno, T.e. d — nomynenoe (kparuo 1/2).
Buaunt, wncao n =4a; =2(2a; +d)-2d — uenoe, T.e. a@p, ac
HIM B BCC HJICHDL HPOTPECCHI KpaTHbI 1/4 . Ecm n meuerHo, To

n
a12 =16 we kpatHo 1/4, nosromy n — werno. Ho torma @y = 1/4

— MOJIYIEJIOe YUCJI0; 3HAYUT, W BCE UWJICHDI TIPOTPECCUH TTOJTyIIe-
sbie. Tloatomy m =22a1 n d=(2a +d)-m — nenste. B uacrHo-

m
CTH, 4YHCJI0 d12 = 7 — [OJIyIIeJIoE. CJIeJIOBB.Te]II)HO, m 4€THO, a

a; =mj2 — nenoe. Wtak, /0Ka3aHo, 4TO IEPBbIH YJIEH IIPOrpec-
CUU ¥ ee pa3HoCTh — 1eJsble yncaa. CrenoBareabHO, BCe YIeHb
[IPOrPeccuu IeJible.

6. a) He Mosxer; 6), B) MOXeT.

IIycts ABCD — pmaHHbBIN 4eTbIpeXyroJibHUK, P — ero nepumerp,
O — ToYKa IepecedeHns ero JuaroHaseil.

a) Tlo mepasenctBy tpeyroibuuka, AB < AO + OB. Auanoruu-
HbIe HEPABEHCTBA BBIMOJHSIOTCS U /IS TPEX JPYTUX CTOPOH ye-
TBIpeXyToJbHNKa. CKJIaIbIBas BCe YeTbIpe HEPABEHCTBA, MOJYUYIM
P < 2(AC + BD), uto neBepno npu P = 2016 u AC + BD =
=1007 + 1 = 1008.

6) Vraszanue. PaccMoTpuTe BBIPOKICHHBIE YETBIPEXYTOJIbHUKH C
B=CucD nsaAC nmm Ha NPOJIOJIKEHUN.

B) IloxaskeM, 4TO CyIIECTBYET MPAMOYTOJBHUK C MEPUMETPOM
2016 u auaronassmu il 1007. 9T0 MOKHO c/ieatbh u3 cooo-
pa’kKeHnil HEeNpepbIBHOCTH, KaK B 1. 6), MM HEMOCPEJICTBEHHO pe-
[IUB CUCTEMY ypPaBHEHUIl /ist ero cTopoH ¢ u b: a + b = 1008,

a® +b* =1007% . Jlerko BUJIETD, YTO CE PEIICHUS — HTO KOPHH
KBa/IPaTHOIO ypaBHEHUA 2x% —2016x + 2015 = 0, UMEIOLIETO 110~
JIOXKUTEJIBHDII JMCKPIUMUHAHT.
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7. 9-10"%

SIcHO, YTO B KasKJOM JIECATKE IMOCJIE0BATEIbHBIX YHCEN, T.€. Cpe-
qn unces ot 10N + 1 1o 11N, MoxkHO BBIOpaTh He GoJiee OJHOTO
ancia. Komuectso n-3uaunbix uncen pasuo 10" —10"7! =
=9.10"" , OHU pas3bumBaoTCs Ha 9 - 10”72 pecarkos. 1o maer
BEPXHIOIO OIEHKY /TSI ICKOMOTO KOJIMYECTBA TIOTIAPHO HECOCE/I-
HUX 7-3HAYHBIX YnCes. BpIGparh M3 Kask0TO ECSTKA OIHO YnC-
JI0 Tak, 4TOOBI CPeN BBIOPAHHBIX YHCEJT HE OKA3aJ0Ch COCETHUX,
MO’KHO, HAIPUMEp, TakK: CyMMbl 1udp BCeX YUCes] B OJHOM jie-
caTke nipn gesnernn #Ha 10 gaior mo pasy Bce octaTké oT 0 10 9;
BbIOEpEM Cpeil HUX YUCJI0 ¢ cyMMoil nndp, xkparHoit 10.

Hcmopusi nayunvix udei u omxpwimuil

1. HopGept Bunep, kuGepnernka.

2. bues Ilackaib.

3. Vxasanue. TIpoctoe YuCIO p UMEET €IMHCTBEHHOE PA3JIOKEHHE
Ha Hatypasbibie Muoxuresu: p=p-1. Ecm p=n*—m’ =
=(n+m)(n—m), Ton+m=p,n—m=1.

4. Yxasanue. a), 6) VI B TpeyroJibHuKe, U B IapaJjjejorpaMme
BBICOTA MPOBOAUTCA K HanGoJbIIeil CTOpoHe, 4TOObI ee OCHOBAHME
najaso Ha caMy 3Ty CTOPOHY, a He Ha ee mpojoskenne (puc.8).

fi)

Puc. 8

B) PaspeskeM MHOrOYrOJIbHUK 110 BCEM TIPSIMbIM, COCAMHSIONINM
naper ero BepumH. Torja oH pacrajeTcss Ha BBIMYKJble MHOTO-
YTOJIBHUKH, KOTOPbIe Pa3pe3aioTcsi Ha TPEYTroJbHUKHU [(HArOHAJIs-
MM, BBIXOJSIIIUMU U3 OJHOIl BEPIINHBDI.

5. JlocratovHo ykazarh KaKyoo-HHOY/b apu(MeTHIecKyio mpo-
rpeccuio @, , YAOBJIETBOPSIONYIO YCJIOBUSIM TeopeMbl [lMpuxJie,
JUISL KOTOPOIi BCe YMCJIa, OTJIMYAIONIMECS] OT ee 4YJeHOB Ha 2, COo-
crasubie. [lo aToil TeopeMe B Hell 6ECKOHEYHO MHOTO TIPOCTBIX
yuces; oHU U OyayT ucKoMbiMu. Takoii mporpeccueil sBJsiercs,
Hanpumep, @, = 15n + 7. [leiictBurenpHo, 4, + 2 = 15n+ 9 ne-
qutest Ha 3 (1 we pasno 3), a @, — 2 = 15n + 5 gemurca wa 5 (u
He paBHO 5 tipu 7 > 0).

dusuka

Yemuoiii komanonoii myp

1. Moxer. 2. Ha paccrosiuuu [ = oY% - 0,61 ™.
USB
3. F=mg N0 RSO gy gy PuSAH

(n - 1)(pn - p)

5. Hwxknwii map Gy/ieT nMeTh HyJIeBOe YCKOpeHe, CPeIHnil map
GyJieT JIBUTaThCs C YCKOPEHUEM ¢, BEPXHUII — ¢ yCKOpeHueM 2g.
6. Hy>xHO Ha ONIyNb OIEHUTDb TEMIIEPaTypy TPYOBI B ABYX J0CTa-
TOYHO Pa3HEeCeHHbIX Toukax. Ecim TemmepaTypa TpyGbI HIKe
TEMIICPATYPbl OKPY’KAIOIIEr0 BO3/lyXa, TO BO/la Te4yeT oT GoJiee
XOJIO/[HOI K GoJiee TEIIOil TOuKe, ec/u Jke TeMieparypa TpyObl
BBIIIE TEMIIEPATYPbl OKPY’KAIOIIEro BO3yXa, To Hao6opor. B
cTyyae PaBeHCTBA TeMIeparyp TpyObl I BO3jyXa OIpe/esUTh Ha-
HPaBJICHUE TCYCHUS TAKUM CIIOCOOOM HEBO3MOXKHO.

7. Cmena s v Houu Oy/ieT IIPOMCXO/UTD ¢ IepuogoM 1 roj.

8. HyskHo o6ecrieunTdb TETJION30JISAIMIO Tesla YeJoBeKa OT OKpY-
JKafoleil cpe/ipl, HalpuMep € IOMOIIBIO TIOTHON 6esloif 0/1esK/Ibl.
Torga BHyTpH OeK/IbI TeMIepatypa Oy/eT paBHa TeMIIepaType
4eJI0BEYECKOr0 TeJla.

cos oL+ [Lsin o

ITucvomennwviti undusUIYaILHLLL MYP

d
v, sino
2. CuJta HaTsDKEHUsT HUTH HANPABJICHA BJOJIb HUTH, [I09TOMY IIa-
puK Maccoit M mprHOGPeTeT UMITYJIbC 10 HAIPaBJIeHH0 HUTH. V3
COXPAHEHHS MMILYJIbCa BAOJDb HUTH umeeM (M +m)u = mocosa.
mo cos o.
nu=———=1nm/c.
M +m
3. Takas cucrema 3apsiioB 06pasyer poMO cO CTOPOHOU dj ,
6oJIbIlIast IUATOHANb COEUHSICT HEMOABUKHBIC MPOTOHBI M PaBHA
d, a MeHbIIas — 3TO [[HaMETP
OKPY’KHOCTH BPAIIEHHs [[BYX
9JIEKTPOHOB, PaBHBIN 27,
(puc. 9), npuuem

1. v, =gy, cosa=12wm/c, ¢ = =208,3 ¢c=3mun 28,3 ¢c.

. i
d =2aycoso. u 7, =aqysino . F :
Ha xaxaplii IpoTOH JeiCcTBY- -
10T TPU CHJIBI — CHJIA KYJIO- L

HOBCKOTO OTTAJIKMBAHUS [[PY-
rOTO TIPOTOHA ¥ J[BE CHJIbI KY-
JIOHOBCKOTO TIPUTSKEHUST
9JIEKTPOHOB, IIPUYEM CyMMa BCeX CUJI PaBHA HYJIIO.
Orcrozia HaxX0/ UM

Puc. 9

cosaz%, o =60°, ’e=d0§=46m’[v d=ay=>53 M.

Ha xasxaprii IJIEKTPOH [IeﬁCTByIOT JABE€ CHJIbI IIPUTAKEHUA ITPOTO-
HOB 1 O/iHa CHUJIa OTTAJKUBAaHUA BTOPOTO 3JIEKTPOHA. ]1]151 HaX0xX-
J€HUA CKOPOCTU 3JIEKTPOHOB 3allAIlIeM BTOpOfI 3akon Hplorona u
TI0JIy4YnM

= 2404 xm/c .

4. Vckomad J10JisT COCTaBUT

mg 1

2(pS —mg) 8"
3aMeruM, 4To npu m = pS/(2g) =50 Kr TOpIIEHDb BBIIABUT BECH
ra3 U3 HIDKHEH 4acT! IUJIMHIPA, T.e. BbIHJET POBHO MOJOBHHA
rasa.
5. Ecusir MBI TOBOPUM O TPaBUTAIMOHHOM B3anMO/IEHCTBUN CBETA,
TO HeOOXOUMO BBeCTH TOHsITHE d(P(DEKTUBHOI IPaBUTAIINOHHOI

E
MacCCbI. m = 5 - Torz[a, B COOTBETCTBUU C 3aKOHOM COXPaHEHU
C

OHEPIrun, B IpaBUTAIITMOHHOM II10JIE€ 3emin

’ Mhv , Mhv’
E_GMign:E’_GMT , NI hv -G 5 =hv —G%,
o R opC R<c
rie M — macca 3emun, Ry, — paamyc crarmonapHoil opOuThI, Ha

KOTOPOIl HAXOJMUTCSI UCIyCcKaomuii gasep, E’ u m’ — asHeprus n
acddextuBHasS Macca (GOTOHA HA MTOBEPXHOCTU 3EMJIH.

TTo Bropomy 3akony HbioTOHA /ijIsi BpAIaTEIbHOTO JBUYKEHUS,

G Mm(:

2
op

= 2n/(24 q) — yTJIOBas CKOPOCTH BpalleHus ciyTHuKa. OTtcioga

2
=mR,,, rie m. — Macca cuyTHHKa, 0 =271/T =

22
RUP:SGMQ:39127T:42,3»103 KM, @Ri«@,
® T ¢ R, ¢

Torma 3aKOH COXpaHEHUST SHEPIUM NPUMET BUI hv = hv’ —

+gR )
—hv el OTKy/1a

Av_v “’:@:7,1-10‘10.
A% A% C

6. Iluxs TerioBoit Mammubl u306paxken Ha pucynke 10. B mpo-
necce /—2—3 Tas mosyyns ot Harpesatess temno Q, , a B Ipo-
necce 3—4—1 organ xonomuabhuky temno Q, . KITJI remsoBoit
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i " MaIlMHbI PaBeH
Ml e - b A
i 1-9 _0119-11,9% .
u.---___,-' Oy
7. Tax xak Ky6 JBIDKETCS C TIO-

CTOSIHHO} CKOPOCTBIO, TO BEK-
TOpHAsI CyMMa CHJI, JeHCTBYIO-

| T e [UX HA KaXK/0€ U3 TeJ, PaBHa
Hifmrzaiy — 8 | HyJio . OTcio/ia HaXOUM Maccy

Vi S mapa:m=ML=4Kr.
Puc. 10 tgo—Lu

Hcmopus nayunvix udeti u omxpvimull

1. 1) Yunpam Tenpu Bparr n Yumbam Jlopernc Bparr. 2) Teop-
ruit (FOpuit) Buxroposuu Bysbd.

2. [Ixxo3ed [xxon Tomcon, 1906 r., «B 3HAK MPU3HAHUS €TO TEO-
PETHYECKUX U AKCIEPUMEHTATbHBIX HCCJEI0BAHNUIT, MOCBSIIEHHDBIX
MIPOBOAMMOCTH 3JIeKTpudecTBa razamu» u xopmrx [lamkert
Tomcon (cosmectno ¢ Jxosedom [lasucconom), 1937 r., «3a ak-
CIIEPUMEHTAIbHOE OTKPBITHE AM(PAKINK JEKTPOHOB HA KPUC-
tasnaxy; Hunbe Xenpuk [laBug Bop, 1922 r., «3a 3acayru B uc-
CJIEIOBAaHUN CTPOEHUS aTOMOB ¥ HCITYyCKAEMOTO MMU M3JTyYCHUS>
n Ore Hunne Bop (B compyxectse ¢ Benom Poem Motrenbconom
u Jleo [Ixkeiimcom Peiinyorepom), 1975 T., «3a OTKpbITHE B3au-
MOCBSI3U MEXK/Y KOJIJIEKTHBHDLIM JIBMKEHHEM U JIBUXKECHUEM OT-
JICTbHON YaCTUIIBI B aTOMHOM s/Ipe U Pa3BUTHE TEOPHU CTPOCHUS
AQTOMHOTO $7Ipa, OCHOBAHHOH Ha 9TOH B3amMOCBA3U». VHTepecHo
3aMeTuTb, uto Bop-muammuii poauscs B roj nosydenus bopom-
crapmum HobGesieBckoil mipemMun.

3. 1) Tycras Jliogsur Tepu n [[xeiime Mpank. 2) Onbir Mpanka
n Tepua moxasas, 4To CIEKTP MOIJIONAEMOIl aTOMOM 9HEPTUU He
HenpepbIBeH, a AMCKPETeH W YTO MUHUMAJIbHAS TTOPIUS MOTJIOIA-
eMOii 9HEePTUH MOXKeT ObITb paccuuTaHa 1o teopun bopa.

4. 1) Cyxymckuii ¢pusuko-Texunuecknii mucTuTyT. 2) OCHOBHBI-
MM HAINPaBJeHUsIMU PAaGOThl ObLIN pasjiesieHne PajnoaKTHBHBIX
U30TOIOB B IEJISIX Pa3paboTKU SIEPHOTO OpPYysKust U paboThl B 06-
JIACTH YIIPABJISIEMOTO TEPMOSIZIEPHOTO CHHTE3A.

5. 1) Jxkeiim Uensuk. 2) ITa wactuna — HeiiTpon. Macca HeilT-
pOHa TIOYTH paBHA Macce MPOTOHA U COCTaBJsgeT puMepHo 1839
Macc aseKkTpoHa. CyMMapHBI 9/IeKTPHYECKUN 3aps/ HelTpoHa
paBeH HYJIO.

IV MEXOYHAPOOHbBI MATEMATUYECKUW TYPHP UMEHN
M.BJTOMOHOCOBA A4 YHALLINXCA 5—8 KITACCOB

Yemuvii komanonowi myp

5—6 knaccobl

1. [Lnomaap tpeyrosbiuka ABK paBHa TLIONAIN YETBIPEXYTOJIb-
Huka AKCL n paBHa miomaaun tpeyrojabuuka ADL.

2. MosxHo. 3. Heubas.

4. Yncro 2016 +2016% +1= (20167 — 2016 +1)(2016 + 2016 +

+ 1) — COCTaBHOE.

7—8 Kknaaccel

1. 23 .2. Bepno.
45

3. Vkasanue. Meanana npsMOyroJbHOTO TPeyroJIbHIKA PaBHA
[I0JIOBUHE €r0 I'MIIOTEHY3bI.

4. 260 +195°.
3. Uepes Touky C napasienbHo MA mposeseM HpsiMyio, mepece-
Karolyio ctopony yraa MB B Touke P. O6osnaunm AM = MB =

=x, PB = PC = y. I3 cooTHoleHNs BN = MB cJesyer, 4Tto

prPC MP

2016/Ne3
BN:PC-M—Bzy- o , U3 COOTHOIIEHUS ﬂ=ﬂ=£
MP x+y AM CM MP
cJIeayeT, 4To DN:AM-—BP =2~ Takum o6pasom,
MP x+y
BN =ND=—Y_
x+y

6. x =100, y = 80; x = —900, y = 720.
ITucvomennoviti uHOUSUIYALHBLIL MYP

5—6 knaccel
1. 1000000 xM. 2. MosxHO.
3. Yucio, 3a1mich KOTOPOrO COCTOUT U3 27 BOCbMEPOK, JETUTCS
Ha 999. Yucso, 3anucanHoe ¢ MOMOIIBIO OJHUX TOJBKO Iudp 9,
HEYETHO ¥ He MOJKeT JIEJUThCS Ha YeTHOEe YHCIO0 8.
4. Touky N Hy:xHO B34Tb Ha auaroHann AC Tak, yTo6pr AN =
=2CN.
5. HyskHO mpoBecTn mpsiMyio, HPOXO/SINYIO Yepe3 IIEeHTPBI U Tpsi-
MOYTOJIbHIKA, U KpyTa.

7—=8 knaccel

1. IlepBast u3 maHHbLIX Apo6ell MeHbIlie BTOPOI.
2. Ocratok pasen 0.
3. U3 Toukn N omyctum neprneHankyasapsl NK u NL Ha cTOpO-
ol AB u AD coorBercTBeHHO. IIpsAMOyrosbHbIe TPEYrOJbHUKI
KMN u LDN paBHbI, 1109TOMY PaBHbI UX yIJIbI IIpU BepluiuHe N.
Beqnuuna yraa MND pasua 90°— ZKNM + ZLND =90° .

4 4 2 2 2, 9\ 2
4. n"+4=n"+4n"+4—-4n =(n +2) -(2n)" =
= (n2 —2n+2)(n2 +2n+2).
3. BK:KC=3:1.

RBAHT

HOMEP IMOATOTOBUJH

C.A.fopuuerko, A.A.Eropos, E.M.Enudanos,
MN.A.KoxeBHukos, A.I0.KoroBa, B.A.Tuxomupoea,
A.N.YepHoyuaH
HOMEP O®OPMUJIN

A.H.rpnwykosa, A.E.NMauxsepusa, M.H.CymHuHa,
B.M.Xne6HukoBa

XYZIO}ICECTBEHHbIﬁ PEOJAKTOP
E.B.Mopo3oBa

KOMIIBIOTEPHAA TPYIIIIA
M.H.fpuuyk, E.A.Mutyuenko

XypHan «Keaut» 3apeructrpupoeas B Komurere PO
no neyaru. Per. cB-Bo Ne0110473

Tupax: 1-# 3aBop 900 3k3. 3aka3s Ne

Appec pepaxkuum:
119296 Mockeaq, JleHuHckuii npocnekrt, 64-A, «KBaHT»
Ten.: (495) 930-56-48
E-mail: math@kvant.ras.ru, phys@kvant.ras.ru

OrtneuaraHo
B COOTBETCTEMM C NPEAOCTABAEHHbLIMU MATEPUANAMMU
B 000 «MMK Mapero-Mpunt», r.Teepn
www.Pareto-print.ru



A X

AMATHASA

CTPFAHHYEKA

MensHnuA
KAFMOBA

LHpienpamiess I jGIcCicd o ST TR
e a nemEn C19EE=20016), oo
TURHOMA HIEERpY. By Hamiossianinm, arn
S BRGNS GO G T SRR RE AN
FEEPHOIY RS SETHEa Y IEREe im
masere — o« [laxsamiorn wndopsaro-
pias. PpocemlicTepokne e i CocTiase
0 nesmoper WMEECIT CRo nsen Do
JAECHTHOALILIION C30TEME b, (1R 081
BULTCA, Bl 0 PeayRTUTY OHpCEeIaeTe
MMPTIER- AV PCeaT,

A Kapnon=B, Kopuad

D s Rl ST WPETERITOn,
2-n iapris
Mockea, 1974

CHnauascEaa SRl

f.edeh 2, @F3d6 3, dded 4. & dd
L6 5 @cdgh 6. Ael Lol 7. 13
web 8, Bd2 009, Led LdV 10, b
E o8, Mo neicarmg ey e i
o repeoepeson v { a5 o B ok
HERTee eddin OJiescThiG e
HESIFAEIEAES pE ros IEHE afiesennn
Ay, 11, & bY@ a5 12, 0-0-0 @ cd.
13. A swed Hocd 14 b3 @:h5 15 g4
& Fh. Y denniy aacch eCTh pEIERLE TVTH
paciiTig dvarn — 16 Bdpl, (6. &d3,
M, g lule, 16, o5, Ciypien Kapnoe pwiG-
[r CEPOMEDE BTCTVIL RIS KOHES Hi 2.
CHEEAALAD. IOATDTORACIINN K Mgy,
6. & deRl ¥ O omorn X B YEReD-
NI MVHETA €8, IGCEAREY 1F BRI
APFAROE THIFDIAS 36 THE Kaneemmn i o3
A AT S GOETY IO K0T
pv. 16 HWad, Hanewpce 16, Bob:
wrnlid W oo i 17 Ed 15 LT T
EFLOTEE TR A I bt & ke 1R
b Ble® 19 BEd31 Haiconn smor
Anpeid xog ol Kapnoe,  Soa-
b PoaE poiceiseeinin 15 2005 w19,
B3 pe OmeeAn, iomomMy e Bapasoi
EriperEA s e romon e 19... B 4e57?
TR T T bR, Bl Y 3T OTETVILTe
AT QPeApRERING TPNPEEECT.
Vagpeert Boero faio npoLamEesnme Bor
earingoes T8 dE, 20, gh, Komn 3 i
(8 U T & s KOPOACE 1 sy
AGNIE ACPHRATICH 50 I0CIangr, nas
gy, VEDVLIEpROrO e BB epey i
o E e TR R TR PR T e | =
M. JdF Bemeano, e 2105 d5 gl
WTRIAEART R RIS Ko,
wons 16, oceaered o snnsax, .. B «dS
21 @adhk Bed. epan me o yoersnaet
Gy IO I cnedl angeps 2208 23
Befd BB 2 € 2 BT
Ecan e 22, 0@ b, oo 23 8 el+ o 24,
00k 23, &efd el Heodgoaumo
BAATE  OVIET 03 100 KGHTPOIE; 118
P &b oneapuan 2 R oh fe 25

w0 of 26, wchy+ &E 2T HohT
B+ 24, S b Bed 29,8 i B R
W (oo ome 30 BhESEIY Bl w
FELIAFT AL HS T YR M HI b, KOFTORIc PR
aar . BEl=) 50 Hed 3 wbEs
Hed 32 8 b — conrafpsanng, peaks
IETPEAINBEAC M

24, bl Hleprpeans ucks T B0 DATVER
(ot TR DT T PR T TR 11 5 T
M TNACTEH P Tod . @
AU T TERIBI T sy preikieeT,

I @
BAN Bl
éh WA
U
g

o
ﬂ.

Al A N
@ H

24, &L 3B, [Tonae 24, e 25, 8 TG
o D, @ WD s venheden. 25, of of - H
AAC T A T OELA DR 3T
it 26, @ WS de usamepeanies 6.l 27
B+ i 28 8 afx b eocmon Grpesi-
g M B el 36 @ ehT+E ST8
7. Ehi+. Yepuwie caasmes, Ecau

T %ol I8, 8 d5F B oda2i Jeis

Meppyir Gorny lKapposa © Kopuasius
WMOC T T, Fak ﬂjlrll'llf']? OTERIANCH OT
CIRETD TATY. T, lj!'\-EIBi'I'-II'Iﬂ'H!I SUCGKIRO {'EE -
TUT L MAETHCM & UPIETHTHO SR, Hﬂ[l
nop nenTpan oo cyerog EESHLS non
ST HIRILL M. Poay LNE] TP SRR E
ygErsEn e A ZiRE napTid  dabpece
B0 fonson wa B Fioweem MCTUPHIED KO-
I [UECH TR B R Do s e i
CPMIICTEPERNIT WK e el Tk
AR L,

A Kapnoes—6G. Craceril
Pura, 1975

Hopowmasuiickas aanwta

fodd P62 cd e 3, @13 LA 4. g3
AbT5 Lgr Lel6 Re3007. He2
A3 8ed E 590002 7 10, & A5 ed
1. 5 0612, 4 efe5 13 de L el
14, @d3d Ad615. ATE BHel 16, 3
woed 17, A d6 & adb 18, 14 B aech.
He stenan nocunnii 30AH0ETLER, wep-
MBS (A ASBIEEAROT THETINECHILE OeaHI-
mis. 19, ¥ ad ed 20, Al 8 2 2.
@ ad5, Koo, e 21 8227 8 els
MO Bod n vepume GopyT mep
20..080d5 22, #eT @ odl Bearoao
AAA Beamx | ar L, B
noirae AL BT 33, Soadd Ee
Jhd et 25, &R &3 26 Bl
RI62T Bds Bef a8, &5 2. Hel)
Ebi24. %hd g g2 25, ﬁ':g! & elt
2. ggl Beb 27, BI04 BJ8 28, &dd
HdeS 20, 2d7 Sgi 30, Ecd 6.

Bewipafi piax e oy sactea: 30 B el+
J1, 2 e Bel+ 3 B R3 8- wh
Bed+ 34, gd BE:gd+ 35 topd 31
BB+ BB 3L BbT gob i3 trbe+
Lol 34, a4 gb 5. bi & g7 36, Ehi b3
37. bk S f6 38, Sk 54639, a5 ba 40,
ba Beb 4, af @cf 42, af Hed 43,
Boh+ el 4. 203 Yepowe can-
AL,

E.Teanep— A Kapnon
Mocksa, 1976

PpannyFCEan AANATA

ed el 2 b d5 3. & cd & bd 4 e
i 5, Af3bE6. Lod2 Aab7. 4 wb
& ol B, 00, Yepmaae il aomumaes
pceInrE e, 6 leaaep e nooaes
ﬁllll:l,' TV ELT :I.1H|'=“|'T\!_":Ilullhﬂ.i |||_'|:|’|'|H_'|'.
I{III.II."Il“:I. el OBl e EHESSIRLHERRSS I HE |
RORTAEATAET ¢ WepTRoll degar, mapTim
OETAENE (M Hesamenensodl. 8. & b8 9.
Ged Aol 10. Ecl B3 Hensfpkijmil
dpapii £2-0d  cue Goaudg - Y aETsenT
pepreeeGean. 11, 8 F b3 12, b3 Ll
13. B b ad 14, cf of 15, c5 & bd 16,
Sielad 17, £d3 & a5 18, ba ba 15,
Bopd ¥ a7 20, fpd Aoed 2. B :hE+
Nepen sdgupeemmai vaap, ao Gepaep,
BONSMIE, TMET 1 TIEY W ETeay i,
20... % :hE 2, fh:ch+ VIR I3 w4
Bad 24, @hd ®el Swmmaa -
LU T < mnnieystamiid e i ie ade
|IH:‘|iT|“‘I|—| :fﬂill:l. [ RS I1i|:l!l|¢"|1ll|||'l.'|I|I:'|l
;O SETEpE ey n
(VI M IO Ry R e i,

TWeT
A & 13
=t O
HaiE O
Nk
&l &

|ﬂ.

Dﬂﬂ-

L@_.

25, B el Waw puuere, Faporog veeen

MBIy TR T b, 10 KPS0
wrpnimer . 2. fe 26, & fgh+ gl
Mpugaanren  Biagapaugare  popsn
B BT TR ChEY o IR TE, hpts
Heenacaer. 27, & ph+ 3 el 28, 4 1hE.
nllL‘IHLll_HH SACPIAINTEECH - VORE G,
2B Had 29. Bdl sel 30, 47
Boed M. @i+ ST 3 2 & aed
33.de B f434. BEcl] SB35, of & d8
36. 7+ TeB 37, p3 Ead 3. Beb
B 239, B :chbgsi0, Bd6 EA2 41, ch
el 42, el Yepuwe canamnck,
i




Bepcuio aKcnepumeHTa AekapTa, ONUCaHHOro B ero
«Paccy>)kaeHnsxX o meToAe».




