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Konnekunsa ronoBosIOMOK

U3 nonvRySuHoR

BosbMeM napy npsiMOyrornbHbIX napanrnenenunenoB pasmepom 2x2x1. Ecnv ux
CKMenTb No camon 60MbLUIOW rpaHu, TO MOMYyYnTCA KYOUK 2x2x2, NO3TOMYy Takue
AeTanu MOXHO Ha3BaTb nonykybukamu. [lanee gBa nonykybuka MOXHO ckneumBaTb
pasHbiMu cnocobamu. Ho ecnu genatb 9TO, HAHOCH KIen TONbKO LEeNMKOM Ha KBa-
ApaTtukm 1x1, Ha KoTopble pa3buBaloTcsa rpaHn NonykyobuKkoB, TO OKa3bliBaeTCH, YTO
MOXeT nonyuntbcs Bcero 10 pasHbix uryp, nokasaHHbix Ha pucyHke. C Habopamu
N3 Takmx uryp ectb Uenbli psaz ronoBoriIOMOK, HEKOTOPbIE U3 HUX MPeaCcTaBrieHbl
HUXe.

I Vcnonbays ce 10 duryp, cnoxuTe napannenenunes 5x4x4.

E Bbibupasa noaxoaswue N duryp ns Habopa, rae 3 < N <9, cnoxuTe napan-
nenenunen 2x4xN.,

ﬂ YaBonTe kaxayto ns guryp Habopa, Bbibpas Nnogxoasiumne ans aTom BoCb-
MepKU ouUrypbl.

n Ecnu He 6paTb KpacHble ourypbl, a 3eneHyto B3siTb B ABYX aK3eMnspax,
TO M3 3TUX BOCbMU PUTYP MOXHO CITIOXMUTb KyO 4%4x4.
Cpenante aT0!

A MOXET BaM yaacTcsi npuaymaTh CBOK FOfIOBOSIOMKY C NOMyKyGukamm?

E.EnugpaHos
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CUMMETPUM B HECUMMETPUYHOW
BCeneHHon AHapes CaxapoBa

r.rOPEJINK

Buorpadbl cegbmoro knacca

Ha moe xenanue sausaTbes 6uorpadueit
Annpes [ImutpueBnuya CaxapoBa OTKJIWK-
HyJIcsT 3aoKeaHcKuit VIHCTUTYT mcTopun Ha-
VKU 1 TexHuKN. BoT moyemy B 1993 rony 5 ¢
ceMbell OKa3aJicss B HEGOJIBIIIOM aMepUKaHC-
koM ropojie bpyknaitne, uto BxoauT B Bosb-
moit Bocron. Cimycts Tpu ropa s momaa B
KaOWHET AUpeKTOpa BpyKIaitHCKOM MKOJIDI.
[leno B ToM, 4TO K TOMY BpeMeHU MOl ChIH
HACTOJIBKO OCBOWJICS B IIKOJIE, YTO HA TIepe-
MEeHEe I0/[PAJICSI C OJTHOKJIACCHUKOM.

PasbupaTesbCcTBO AUPEKTOP IIKOJBI TIPO-
BOAMJ Ha Moux riasax. VM pmenan ato 3a-
MeyaTeapbHO. C yBa)KE€HHEM K JOCTOWHCTBY
13-7eTHUX TpakaH OH COOOIIN UM HEMHO-
TOCJIOBHO, HETPOMKO, HO COBEPIIEHHO TBEP-
JI0, UTO €lle OJWH TMOAOOHBIN caydall cTaHer
WX TIOCJEIHUM COOBITHEM B 3TOHM TIIKOJE.
[Tocsie paszbupareabcTBa, OTIYCTUB TIPABO-
HapyHIiTeseit, AUPEKTOP BAPYT CIPOCHJ
MeHsI, He MOTY JI 51 PACCKa3aTh CEMUKJIACC-
HUKaM O CBOUX Ouorpaduyeckmx uccaeno-
BaHUAX. JTa ujes, [yMaio, HECTy4aiiHO IM0-
ceTu/Ia MPEKTOPA IMIKOJIbI, KAK-TO Y3HAaBIIe-
0, 4TO POJUTEJb €0 CEMUKJIACCHUKA TTHIIIET
KHWUTY O 3HAMEHUTOM TYMaHUTApHOM (DHU3H-
Kke. Buorpadueii B 310l 1IKOJIE 3aHUMAINCD
Bcepbes. Kask/oMy CeMUKJIACCHUKY MPeIoc-
TaBUJIN BBIOPATh, TIO CBOEMY BKYCY, JINY-
HOCTB, 4YeM-HUOY/Ib 3aMedaTebHyI0, — XOTb
ApxuMesia, XOTb KMHO3Be3ay. Hamo 6bLio,
co6paB B OMOIMOTEKE CBEIEHUs, HAIMCATD
6uorpaduio, mog06paTh WILTIOCTPAIMI U, Ha-
KOHell, Ha UTOTOBOM CMOTPE B IIKOJbHOM
3aJIe TEePEeBOIIOTUTBCSI B U36PAHHYIO 3aMe-
YyareJbHYIO JUYHOCTb. BMecte ¢ apyrumu
poauTessiMu s MOGBIBAJ HAa 9TOM IE€PEBOII-
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AHgpeu Amutpnesnd Caxapos

gomennu. IToGecemoBas TaM ¢ OWHIITEN-
noM, IIukacco, ¢ KaKUM-TO 3HAMEHHUTDHIM
(x0Tb M HemsBecTHBIM MHE) (yTOOIUCTOM.
[lpyrue pomurtenn 6ecefioBaJu ¢ MOUM ChI-
HOM, TiepeBoILIOTHBINIMMCS B JleoHapao na
Bunuu, u o uM 00bsicHsI cBOIO [[KOKOHITY
U CBOM Hay4Hble N300PETEHHUS.

[Mosyuns Hexpantoe goMaliiee 3aJaHue,
g HavaJ JIyMaTbh, KaK PaccKa3aTb aMepH-
KaHCKOMY CEMHKJACCHUKY O 4esOBeKe, KO-
TOpBI B Jajiekoil coBeTckoii Poccuu m3o6-
peras BOopoJHyio 60MOY, pasrajblBa 3a-
ragku Beenennoit, 3ammiian cBoOOY MbIC-
JIM ¥ OTCTaMBaJ TpaBa 4ejoBeKa. 3ajlaHue
HeJeTKoe.

HeckoJsbko HeZe b CITyCTsI, B TOM JKe ca-
MOM TIKOJIbHOM 3aJie, T/Ie IIPOUCX0,Inin Guo-



l"paCbI/I‘{ECKI/Ie IepeBolionenusda, Te Ke ca-
MbI€ CEMUKJIACCHUKHN YIOTHO PaCCEJIMCh 1P~
MO Ha II0JIy W YCTpEMUJIN CBOU IIBITJIMBbIE
TJla3da Ha IIpuIlIeablia. HaKaHYHe Ka)KI[bIIL/'I n3
HUX TIOJIYYWUJT TIO JUCTOYKY, B KOTOPOM €TO

CIIPOCIJIN, 3HAET JIN OH:

«UTO BO BpeMSI BTOPOW MWPOBON BOMHBI
COBETCKHE W aMepUKAHCKHE COJIJAThl BOEBa-
JI ¢ OOIMUM BparoM — HAIM3MOM;

« HO YTO CIYCTS TIOJITOPA JCCATUIETUS CO-
BETCKIe TePMOsiZiepHble PAKeThbl ObLIN Halle-
JIeHbl Ha aMePUKAHCKHUE TOPo/ia, a aMepUKaH-
ckue pakerol — Ha Poccuio;

«YTO COBETCKOE TEPMOL/IepHOE OpYKHe
npuayMan MmoJooin dpusuk Auapeit Caxapon
1 32 9TO OBLI PO HATPAXK/IEH COBETCKUM
TIPaBUTEIBCTBOM;

«YTO, OCO3HAB 3JOBPETHOE BO3/eHCTBHE
aTMOC(MEPHBIX SIEPHBIX MCIBITAHUN HA 3/10-
POBbE Y€JI0BEYECTBa, OH CIIOCOOCTBOBAJI 3all-
peTy TaKuUX UCIIbITaHWii;

« 2 TIOHSB, YTO HECBOOOIA YTPOKAET SKUBHI
YeJI0BeYecTBa, HayaJ OTCTAMBATh IIpaBa ye-
JIOBEKa KaK OCHOBY HAJIESKHOTO MUPA MEXJLY
HApO/IaMI;

«uTo ero ycuaus HobeneBckuii xomurer
HarpajuJ IpeMueil Mupa, a coBeTcKoe Ipa-
BUTEJBCTBO — BBICBIIKON B Topoji ['opbkuii;

«uyTo ¢usnka CaxapoBa 60JbIIE BCETO
MHTEpecoBaso, Kak ycTpoeHa BcemeHnas;

«W — CEMHKJACCHUKaM Ha JiecepT — HUTO
Annpeit CaxapoB HavyasJl YYUTLCS B IIKOJE
UMEHHO C CeJIbMOTO KJIACCa, a 10 TOTO YUUJICS
JIoMa.

N3 pykonucHoro Hacneaus AHppes
Caxaposa

Jly4ime oamH pa3 yBHUETb, YeM CTO pa3
YCJBIATh, ¥, 4YTOOBI TMOMOYb 13-eTHUM
aMepUKaHIaM MOHATb PYCCKOro (hU3nmKa-Ty-
MaHMCTA, 51 3aXBATUJI C COOOII JIBE er0 MaJIeHb-
KIe pyKonucu. 51 Hajiesicst, 9To OHU IIOMOTY T
CBSI3aTh HEBEPOSITHBIE MOBOPOTHI CaxapoBc-
Koii 6uorpacdum, 1Mokasas, Kak MOTYT ObITb
CBSI3aHBI CHMMETPUS U aCHMMETPHSI.

[TepBoii g mokasas pPyKOMWCH, HAMWCAH-
HYIO YaCTHYHO HAa WHTEPHAIIMOHATBHOM SI3bI-
ke apudmernkn (puc.1). Kak Toabpko Kap-
THHKA MOSIBUJIACH HA dKPAaHe, TEMHOKOXKAst
OTJIMYHUIIA U3 TIEPBOTO PSIJIa JEJTUKATHO MO/
CKaszajga MHe, YTO <«IIPO3PAUYKY» ST MOJOMKUI
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Puc. 1

ne Ttoit croponoii. (B Te Bpemena emie He
HAYYHJIUCH TIOKA3bIBATh KAPTHHKY IIPSIMO 13
amikn, na u JdIIKY elle He U306peH.
[ToaToMy IpUXOAUTOCDH MTEYATATH-TIICATH-PH-
COBaTb Ha TIPO3PAUHBIX JHCTaX, KOTOPBIE
MOMETaN B TIPOEKTOP, WHOT/IA He TOMH CTOo-
ponoii.) Torma g mpexbsaBUI BTOPOil aBTO-
rpad, yxe Ges apupmernkm (puc.2), u
o0bsicim, uto CaxapoB yMeJ IMHCAThb HE
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Puc. 2

TOJIBKO OJTHOW PYKOH B 3epKaJbHOM H300-
PaXKEHWW, HO W OGEWMU PYKaMU OJHOBpE-
MEHHO B pasHble ctoponbl. A Jlugus Kop-
HeeBHAa YyKOBCKasi, KOTOPOH OH JIEMOHCT-
pPUPOBAJ CBOE yMeHHe U KOTopas cOeperJia
9T aBTorpadbl, OYEBUIHO, TAK HE yMeJa.
Ecnu 6b1 ona 6bL1a IIPaBo-JIeBO-PYKOIl, KAk
Caxapos, u ecau 6bI oHu 06a MucCajau Mo-
AHTJINIICKI, TO MOU CJIYIIATeH YBUIe U Obl
HeuTo, noxoxkee Ha 6a6ouky (puc.3). Tpya-
Hee ObBLTO OOGBICHUTD MO-aHTJIMHCKH, Kak
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3aIUTa YHUYKEHHBIX U OCKOPOJIEHHDBIX CBSI-
3aj1a 9TUX JBYX JIO/Iell ¢ Pa3HbIMU JKU3HEH-
HBIMU TIPU3BAHUAMU: Y OIHOTO — (PU3UKA, Y
Jpyroil — Jupuka. A 4TO OHM HE 3aMblIKa-
JIUCh B CBOMX MUpaxX, SICHO U3 TMPUBEICH-
HBIX KapTUHOK.




4 KBAHT

ITU Ke KAPTUHKU [TOMOTJIM MHE paccKa-
3aTb CEMUKJIACCHUKAM O CUMMETPHSX U He-
CUMMETPUAX TOIO MUPA, B KOTOPOM AH/IPEIO
CaxapoBy [noBesoch >KUTb. Bor aTOT pac-
CKas.

MpaBoe n nesoe

B mepBble amepuKaHCKHME MeCSIIbl MEHs
opasuyio o6uIIe JIIo/eH, MUIIYINX JIEBOI
PYKOIi. 3a COPOK TISATh JIeT MpebIAyIiein —
poccuiicKoif — JKM3HI HUYIETo MO06HOTO 5T He
Bujes. Pazymeercs, s 3HAT, UTO TaKue JIOIN
€CTb, 1 KOHEYHO K€ YNTAJI JIECKOBCKOTO «JIeB-
Iy », HO NOYeMY-TO B MOBCEHEBHOH KU3HU
UX He BCTPeYaJ U JlaxKe KaK-TO CBSI3BIBAJ
evaabHyio cyab0y JleBiiu ¢ ero BpOKieH-
HOU 0COGEHHOCTDHIO.

CaxapoBy II0Be3JI0, YTO OH OTHOCHJICSI K
ene 60Jiee PEKOMY MEHBITHMHCTBY 060I0/10-
PYKHUX U TTIOTOMY OBLI HE CTOJb YS3BUM [T
TIOJIABJISIONIET0 GOJBITMHCTBA MPABOPYKHUX.
Ho uTo ect 6B1 ero pouresi He 06eCTIeunIi
eMy JoMarrHee o6pa3oBaHme 10 7-TO KJacca,
a cpasy oTJaJu OBl €ro Ha TIepeBOCTINTaHNE B
COBETCKYIO IIKOJIy? A TaM — 110 MasikoBCKO-
My — cKoMaHjaoBaim Obl: «KTo TaM mmmrer
nesoit?! Ilpasoii! Ilpasoii! IIpaBoiil» Ilo
muenuio camoro Amnzpest Caxaposa, J0Jroe
JomaiiHee oOydeHre YCUIIIO €ro «HEeKOH-
TaKTHOCTb, OT KOTOpoii [oH] cTpasan morom
U B IIIKOJIe, U B YHUBEPCUTETE, Ja U BOoGIe
MOYTH BCIO JKM3Hb». KTO 3HaeT, paHHue Tec-
HbIe KOHTAKTBI C COBETCKOI KM3HBIO MOTJIN
6bI ¥ TIOZIOPBATh YYBCTBO COOCTBEHHOTO JI0C-
TOMHCTBA 3TOTO MATKOTO YeJOBeKa C TBEP/IbI-
MH MOpPAJbHBIMH YCTOSMH, W JIHIINATH €r0o
CTIOCOOGHOCTH OBITh B MEHBIINHCTBE. A BeJlb B
HayKe HOBOE CJOBO BCET/la TOBOPHUT caMoe
MaJeHbKOe MEHBIINHCTBO — OJINH YeJIOBeK.

CumMmmeTpum B pusmke U NonnTuke

CJIOBOM «CUMMETpUsi» OOBIYHO OIHICHIBA-
10T (opMy 3manusi, y30p, TeOMeTPHYECKYIO
burypy — aTo Bcerma Kakas-TO 3aKOHOMED-
HocTb hopmbl. OrHako B 20-M Beke y1aa0ch
B (pUBUYECKUX 3aKOHAX PA3TJIS/IETD IIPOsIBJIE-
HUSI CUMMETPUIl MUPO3anusi. BoiscHUIOCH,
HampuMep, 4TO KPYTSIIHICS BOJYOK J[I0JITO
He MaJIaeT MPOCTO MOTOMY, UTO «HE 3HAET», B
KaKyIo CTOPOHY YTIaCTh: BCEe TOPN30HTAJIbHBIE
HaIlPaBJIECHUS B MPOCTPAHCTBE PABHOTIPABHBI
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— BCE CTOPOHbBI CUMMETPUYHBI OTHOCUTETIHHO
BepTukaabHoii ocu.! M Boobune, Beakuii yn-
JIaMEHTAJbHBIN (PU3NUECKUI 3aKOH PacKpbI-
BaeT Hekylo cuMMmerpuio Bcesennoil. Eciun
JKe HKCIEPUMEHT OOHAPYKUBAET KaKYyTO-TO
acCUMMETPHIo, TO (PU3UK-TEOPETUK MOTyJdaeT
TPYJIHYIO, HO 3aXBaTbIBAIONIE WHTEPECHYIO
3a/1a4y — HAWTH MeCTO 3TOI acCUMMETPUU B
TapMOHHUU MUPO3/IaHUS.

[Momo6uoI 3amaueit CaxapoB 3aMHTEpPECO-
Basicss B 60-e rompl. Cummerpust 6aGoOuKH,
WJU 3epKaJibHasg CUMMETpud, NpUYyacTHa K
CaMOl 3HAYUTEJIbHON €ro ujiee B KOCMOJIOTUN
— B pusuke Beenennoii. Onako npexe yem
3aHSATBCST ATOI aOCOJIIOTHO MUPHON wujeei,
[Ipe/IbIIyINE /IBa IeCATUIETUS CBOCH SKM3HU
— HamboJiee TIIIOOTBOPHBIE TOBI s (Pusn-
Ka-TeopeTnka — CaxapoB OTAAJT CO3/IaHUIO
€aMOT0 Pa3pyIMIUTETHHOTO OPYKUS B MCTO-
pun yesnosevyectBa. [louemy? Acummerpun,
¢gopMupoBaBINE €ro KU3Hb, OTHOCHIACH HE
K ¢dusmnke, a K MOJUTHKE.

Annpeit CaxapoB IMOCTYTIIT B YHUBEPCUTET
B 1938 roj1y, HakaHyHe MUPOBOIi BOITHBI. Mup
TOr/1a IIPEJICTABJIAJICS eMy KpaliHe acuMMeT-
puYHBIM. Briepeau mianeTol Beeii 1a cTpa-
Ha, B KOTOPOH €My 110CYaCTIMBUIOCH POJUTH-
ca. Illna HaBcTpeuy cBersioMy OyIyIIeMy,
OOITECTBY BCEIJIAHETHOM COTMAIBHON cIpa-
BE/ITUBOCTH W OeCTpe/Ie TbHBIX BO3MOKHOC-
teii. [Tozaam octaBasich cTpaHbl KaUTAN3-
Ma ¥ cpeu HUX HamboJee 3JI0Belas TUTJie-
poBckas I'epmanus, B KOTOPOH HaJPyTaJnch
HaJ[ CJIOBOM «COIMAJN3M» TTPUCTABKON «Ha-
IINOHAJI-» W OTBEPraJi HAyYHbIC TCOPUH U3-
32 UX «HEAPUHCKOT0» MPOUCXOK/ICHUS.

AcuMMeTpHIO 3Ty OTMEHUJIa MUPOBas BO¥i-
Ha. 3aocTpeHHas ocb bepann-Tokno BoH3u-
JIACh TIOYTHU O/IHOBPEMEHHO B KOMMYHUCTH-
YecKylo IUKTAaTyPy U B KPYIIHEHIIyIo KarnuTa-
JINCTHYECKYTO JIEMOKPATHUIO, YTO TIOPONIIO
CTPAHHYIO CHMMETPHUIO TOJI HEMBICIUMBIM
npesk/ie HazBauueM « O6beIMHeHHbIE HAITNT Y ,

1 3uamenuras teopema Hérep (moxasannas
Immu Hérep B 1918 rojty) cBsi3bIBaeT pasinyHbie
CHUMMETpUH (PU3NYECKUX CHCTEM C 3aKOHAMHE CO-
XpaHeHusi. B yactHOCTH, H30TPOIHOCTD IPOCTPAH-
ctBa (paBHONpaBHe BCEX HATIPABJICHUI) CBA3aHA
C 3aKOHOM COXpaHEHHs MOMEHTa MMIIYJbCa.
(ITpum. ped.)



korga CIIA n Benuko6puranus crasu coio3-
nukamu CCCP B BoliHe MPOTUB HAIMCTCKOM
Fepmannn.

YeTbIpe TOJA CIIYyCTS, CJIOMAB BOWHCTBEH-
HYI0 OCb, MOGEAMBIINE COIO3HUKU CO3/1aJN
MEXKAYHAPOJHYIO opranusanuio — Opranu-
3ario OO6beIMHEHHBIX HAIIUN — B KauecTBe
WHCTPYMeHTa Tojjep:kanuss mupa. [locre
HCYE3HOBEHUS OCH, OJIHAKO, «OCEBas» CUM-
MEeTPHsI CTPEMUTEIBHO TTPe0OPA3UIach B aH-
THCUMMETPUIO, U TEPBbIE SI[IePHbIe B3PbIBbI
o6o3Haumu 1o 1pespaiienne. B Xupocume
n Haracaku Hayka 3pyMO BOIILJIA B TIOJIUTH-
Ky. U dusuku, npuyacTabie K 3TOMY, ObICT-
pee TTOTUTHKOB MOHSIJIN, YTO HOBAsT AaHTHCHM-
MeTpHs YpeBaTa CaMOYHHUTOXKEHWEM YeJo-
BevecTBa. KpymHeiine (pU3MKA-TEOPETHKN
20-ro Beka ditainreiin u bop obpamaancek K
HOBOPOSK/IEHHOMY MUPOBOMY TIapJIaMeHTy —
OOH, mnpusbiBasi co3marb MUPOBOE MPaBU-
TEJBCTBO, YTOOBI SI/ICPHBIN BEK HE CTAJI ITOC-
JIEJIHUM BEKOM IIMBUJIN3AIMH. Y BBI, TOT/A
9TO ObLIA CJIUIIKOM TEOPETUUECKAsT UJIEsl.

TeopeTuk-usobperartenb

CauikoM teoperndeckoii st 20-ietHero
Angpess CaxapoBa ObLia U OOpHUCOBAHHAS
rao6anbHast KapTHHA MUPOBBIX CUMMETPHI.
B smoBete-mpakTuaecKnx 00CTOSITETbCTBAX,
Korja dammcTsl mogouL K MockBe, cTy-
JIEHT-YeTBEPOKYPCHUK 9BAKYHUPOBAJICS BMEC-
TE C YHUBEPCUTETOM B Jlajiekuii Amxaban. 1
0CJIe YCKOPEHHOTO OKOHYAHUST YHUBEPCUTE-
Ta OTMPABUJICS HA BOEHHBIH 3aBOJI B Y JIbsi-
HOBCKe. 3aBOJI JieJIal TaTPOHbBI — Uit (DpOH-
Ta, 71 mo6eabl. A MOJIOON CIIEINAJINICT TI0
«000POHHOMY METAJIJIOBEIEHUIO», CTAPAsCh
TOMOYB T100€e/1e, N300 PeT MAaTHUTHBIN TTPHOOD
IS IPOBEPKH KadecTBa myJb. M mepsas ero
CaMOCTOSITeJIbHAST 3a7ada B TEOPETUYECKON
¢usuke poamnach U3 Pa3MbIILIEHUIT HAJ
ATUM U300pETEHUEM.

YT0o6bI U3 TTATPOHHOTO TIPOU3BO/ICTBA BO3-
HUKJIa pusnueckasi 3aJjlauka COMHHUTETbHON
BJKHOCTH, HYKEH YeJOBEK € IPU3BAHUEM
dusuka-teopernka. Muaye wusobpereHue
BIIOJIHE KOHKPETHOTO Mpubopa He MoBeeT K
CTPAHHOMY BOTIPOCY: & UTO €CJIN MATHUTHBIE
CHUJIBI 3aMEHUTD JJIEKTPUUECKUMU? ITO OBLI
He TIPOM3BO/ICTBEHHBII BOIIPOC, 3TO GBLT BOTI-
pOC K IpPUPOjie, B KOTOPOWl MMEETCsT CTPaH-

Hag CUMMETPUS 3JIEKTPUYECTBA W Marte-
THU3MA.

3a COPOK JIET /10 TOTO CJIy>Kallluil HaTeHTHO-
ro 6iopo B bepre Anbbept DiiHIITElH, pas-
MBITIJISIST HA/ KaKyIleicss HecuMMeTpuei
JBIDKYIIUXCS 3aPs/IOB, CO3/JaJl caMylo 3Ha-
MEHUTYIO (PU3UUECKYI0 TEOpPHI0 — TEOPHIO
OTHOCUTEJbHOCTH. HaunmHas pasMbIISTh O
KaKOH-HUOY/Ib HECUMMETPUU TIPUPO/IBI, TEO-
PETUK He 3HaeT, TPUJET JU OH K HOBOK
TEOpUH, MPOCTO K HOBOI (opMmyse WUJIu He
IpueT HU K 4yeMy pasymHoMy Bosce. Ho
JIBUKET Pa3MbIIJIEHUSIMU O/IHO M TO JKe
CcTpeMJIeHHEe K TTO3HAHUIO.

Wrak, B caMOM TEILJIOM U CBETJIOM ITOMellle-
HUU Y JIbSHOBCKOT'O IIATPOHHOTO 3aBO/la — B
naptkabuHere, PSJAOM C IMOJKAMH TOJUTH-
YeCKUX KHUT, MOJIOJION WHIKEHEP 3aHUMAJICST
TeopeTHYeCcKoi (PU3NKOW U MPUAYMaJI-TaKkH,
KaK PernTh CBOIO 3JEKTPOMAarHUTHYIO 3a/1a-
qy. 3a 3Toll 3ajaueil mocJae10BaIn ApyTrue —
HEHY>KHDIC [IJI TTATPOHHOTO TTPOM3BOICTBA,
HO WHTEPECHDIE [IJII HAUWHAIOMIETO TeOPETH-
ka. Teopertux 3agaBas Ilpupose Bompocor,
OTBETbI HA KOTOpbIE IOJIyYasa C ITOMOIILIO
usnyueckux paccykJeHnil 1 MaTeMaTHuKH,
YMeJIO PacHopsKasCh CUMMETPUSIMU U aCUM-
MeTpusMu. ToJIbKO O/IHY U3 9TUX 3a/1a4 MOK-
HO TIOHATH Ge3 nosicHenwii: «C Kakoil cKopo-
CTHIO YBEJUYMBAECTCS TOJIIUHA JIbJIA, OKPY-
JKEHHOT'O JIeJAHOI BOLOH?»

Pemenmnst aByX [Ipyrux 3aJa4 HaymHATO-
NIWI TEOPETUK OTIIPABUI OTIY B MOCKBY, a
TOT TokasaJi ux Mropio EsrenbeBuuy Tammy,
rJIaBHOMY TeopeTuky B (DU3NYECKOM MHCTH-
TyTe AKaJleMun HayK. B pesymbrarte B Havyase
1945 rona Anzpeit CaxapoB cTaJ acnupan-
toMm DOVAHa u 1enmkoM otjajncsi TeopeTu-
yeckoil pusnke. Ha 4mcryio HayKy mCTOPHS
JlaJla eMy BCEero HECKOJIbKO JeT. ATOMHbIN
B3pBIB B XupocuMe B aBrycre 1945 roja 6611
yeaprman 1 B Coetckom Coroze. Axepras
acuMMeTpus TpeboBasa otBeTa. Tak cunrann
He TOJIbKO TIOJIUTUKHU, HO U poccuiickue hu-
3UKH. BoccTraHOBJIEHNME CUMMETPUHU, CO371a-
HUE COBETCKOTO S/IEPHOTO OPYKU J1s1 Pprusn-
KOB ObLJIO He CTOJbKO BeJUKOEepPKABHOM
IIpeTeH3ueit, CKOJbKO IpeJoTBpallleHueM
HOBOI1 Boiinbl. Jletom 1948 roxa k paspabot-
Ke cynep-6om6b1 noakmounau M. E. Tamma n
ero corpynnukoB. Caxapos, TOJbKO YTO 3a-
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AHpaperi Caxapos ¢ fgodkow, nero 1948 roga
(HECUMMETUYHO HALIESIEHHBIV (OTOANIAPAT)

MUTUBIIAI IUCCEPTAIUIO TI0O YUCTON HayKe,
BepHYJICS K (PU3UKO-TEXHUUECKOMY H3006pe-
taresbcTBY. [loutn Ha 1Ba gecatunerus. On
CUUTAT 3TO JIEJI0 HEOOXOIMMBIM, OHO €My
HPABUJIOCH, ¥ OHO Y HETO MOJIy9anioch. Yepes
cunTaHHble Heean y CaxapoBa pouTCs nes
«Croifkm» — TIepBON COBETCKOW TEPMOSIIEP-
HOIl 6OMOBI. «IDTO JIETO TTAMATHO MHe 6Jiec-
KOM BO/JIbI, COJTHIIEM, CBEJKeli 3eJIeHbIO, CKOJTh-
3SIIMMU 0 BOJOXPAHUIHILY dxTamu ... He-
CMOTPSI Ha JIeTHee BpeMsi, Mbl Bce paboTan
OuYeHb HAIPSPKEHHO. TOT MUp, B KOTOPbII Mbl
MOTPY3UJIHCD, ObLT CTPAHHO-(DAHTACTHYECKUM,
pasnuTesbHO KOHTPACTUPOBABIIMM C TIOBCE/I-
HEBHOU TOPOJICKON W CEMEWHOH >KM3HBIO 3a
npejiesiaMu Hatireit pa6oueil KOMHATbI, ¢ 00bIY-
HOI Hay4HOH paboToiis.

N3o6peTarebecTBO COBMECTUMO C TEOPETHU-
yeckoit (hU3HUKoi. 3HAMEHWTBIH TEOPETHK
dupuko dDepmu 00 nM300peTATEHUN CyTep-
60oMObI ckazan: «IIpeBocxomnas ¢usukals
Benb tepmosinepHblii B3pbIB ¢ €r0 acTPOHO-
MUYECKUMU TeMIEePATypaMu U JIaBJEHUSMU
JIA€T TEOPETUKY BO3MOXKHOCTD «IIPOHUKHYTH>
BHYTPb 3BE€3/IbI.

Bce ato tak. Ho crycrst copok ner Caxa-
POB € TPyCTbIO THcaa B chbMe: «IIbrtaoch
MU3y4yaTh C/IEJAHHOE YMHBIMU JIIOJBMU B 00-
JIACTH KBAHTOBOW TEOPUH TIOJIS BeIb
KpaiiHe Tpy/[Has, W S YacTO OTYANBAIOCDH
Korla-HUGOY/Ib BBINTH HA JOJIKHBIH YPOBEHD
— ynyueno ¢ 1948 roga caunikoM MHOroe,
CILJTONIHBIE TTPOOENbl, W BCE MOCJEAYIONINe
TOJIbI S TOJBKO 3a CYET yJauu M <«HaXajb-
CTBa» MOT 4YTO-TO JIeJIaTh, 4YacTo TOIajas
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BIIPOCAK mjn paboTas BIycTyio». «Haxamn-
CTBO» I0-/IPYTOMY HAa3bIBAETCS CMEJIOCTDIO,
a y/llaya — Harpajia 3a CMeJIoCTb U B HayKe.
Ho ner ocnoBanuii He Beputb CaxapoBy:
TepMOsiIepHOE M300PeTaTeqbCTBO OTHSIIO
CJIMITITKOM MHOTO €TO CHJI.

N3o6peTaTenbHbI TeopeTuk
VN1 NpakTUYeCcKUn NoanTuK?

Kax H1 yBJI€KaTeIbHO BHUAETH B BOAOPO/I-
HOIt 60M6€e NCKYCCTBEHHYTO 3B€3/y, K KOHILY
50-x T0o/10B 1IeIh OblIa JOCTUTHYTA, HAYYHO
mpobJseMa mcdepnanach. Hacrama odepenb
U30IIPEeHHON TeXHuKu. TaM ToxKe ecTb TBOP-
YecKuil TpocTop, HO He /g (usnuka-Teope-
THKa. A Kak ObITb TEOPETUKY, KOTOPDII 3HA-
€eT, 9TO N306PeJI CAMO€e MOTYIIIECTBEHHOE OpY-
JKHe B MCTOPUU U — T10 BOJIE MCTOPUHU — CTaJl
OuYeHb BJIMATEJbHBIM YUYEHBIM B BOCHHO-HA-
YUHOM KOMILIEKce cTpanbl? OTBETCTBEHHOCTD
3a [POUCXOJdllee BOKPYT — POJOBOE UyB-
CTBO POCCHICKON WHTEJJIUTEHIINN — TIPUBeE-
JI0 (pM3WKA-TEOPETHKA B TMPAKTHIECKYTO TT0-
JINTHKY .

CBoio mosmtudeckyio 6uorpaduio Caxa-
POB HadaJs B 00J1acTh CBOEii Tipodeccuut: ero
3a00THJIN sI/IepHbIe UCTIBITAHUS B aTMOocdepe
— BPEJIOHOCHBIE JIJIS1 4eJIoBeYeCcTBA U He0O0sI-
3aTeJsibHbIE [IJIS MOJ/IepKanud sjepHoro 6a-
Janca. HaunnaromeMy moJmTHKy COIyTCTBO-
Ban ycrex — B 1963 romy MeskyHapOIHbBIN
JIOTOBOP 3alIPeTH/I Ha/l3eMHbIE HCIIBITAHUS.
Iro yrBepanao CaxapoBa B BaKHOCTH CBO-
eft HOBOIT posn. Bmecte ¢ TeM, oOleHne ¢
BBICITUMU PYKOBOJUTEJISIMHU TOCY/IapCcTBa
JIaBAJI0 €My OTBITHBIE 3HAHUS O COBETCKOM
MIPaBUTEJNLCTBE, HEJOCTYIHBIE ipyTuM. Cama
mpobJieMa CTPaTeTHUeCKOr0 PABHOBECHS CBSI-
3aHa ¢ O6IIMM TTOTEHIMAIOM TOCYIapCTBA U
ob1ecrna.

B cepenune 60-X ros10B pasButue g1epHO-
PAKETHOTO OPY KU IMOJBENIO K HEOObIYATHO
OIIACHOMY IIOBOPOTY B T'OHKE BOOPY’KEHUS,
X0Ts1 peub nura 06 o6opoHe. [IpormBopakert-
Hast 060pOHA OKa3asach OTacHee JJ MUPA,
4eM CpeCTBAa HamaJeHusi. IDTOT HEOUeBU/I-
HBIN, HO BITOJHE BeposiTHBIN BBIBOJ Caxa-
POB, KaK OJIMH W3 BBICHINX BOCHHO-TEXHMU-
YECKUX JKCIEPTOB, TOMBITAJICA OODICHUTD
mpasutebeTBy 21 mions 1967 roma. On
HaIpaBUJI — CEKPETHOW TOYTON — COOTBET-



cTByIOIIee pazbicuenne. OaHaKO
COBETCKIE PYKOBO/IUTEH OTBEPTI-
JIM, a TOYHEE MPOUTHOPHUPOBAJIH,
3TO TIPEJIOCTEPEKEHIE.

[Moryyenuble <«dKCIEPUMEH-
TaJTbHBIE» (PAKTBI O COBETCKOM
pEXKUME U O COCTOSTHUU SIZIEPHO-
PAKETHOrO MPOTUBOCTOSIHUS Tpe-
60BaJI TEOPETHUYECKOTO OCMBbIC-
JIeHUsI, Pe3yJbTaTOM Yero U CTa-
gn CaxapoBckne «PasMbIiiienns
0 TIporpecce, MHUPHOM COCYIIle-
CTBOBAHUM U UHTEJJIEKTYaTbHOMN
cBobosie». B mae 1968 roga on
BBINIYCTUJ CBOIO cTatbio B Cam-
u3/ar, B WIOJEe TIePEBOJl CTaTbhH
omy6amkoBamn Ha 3amage. Ca-
XapoB He MPOTIOBEI0BAJ MOPAJb
HECUMMETPUIHOMY Y€JIOBEYECTRY,
a IPeJIO>KUJ KOHKPETHBIH IIyTb
K CUMMeTpU3alui — OH ObLI1 He
MOPAJIN3aToOpP, a TEOPETHUK-U306peTaTesib.
KopueBast mpo6JiemMa BBIpOCJIa U3 €ro mpo-
deccronabHOI 06/1aCTH: KaK Y€JIOBEYECTBY
BBUKHTD B YCJIOBHIX SI/IEPHOTO PABHOBECUSI,
KOT/Jla 9TO PABHOBECHE — <«IIO0 BUHE» HAy4Y-
HO-TEXHUYECKOTO TIPOrpecca — CTaHOBUTCS
HEyCTOWYNBBIM. TeXHUYECKHue HKCIEPTHI
OOBIYHO TIPEAJIAraloT TeEXHUYECKUE PerieHust
— KaK yBEJMUYUTb HAJIEKHOCTH CBOUX CTPAIIl-
HBIX <«M37eauii». ItuM 3anumascs n Caxa-
POB BMECTE CO CBOUMU KOJIJIETaMM, MOKa He
0CO3HAJI TYIMTUKOBOCTD Y3KO-TEXHUYECKUX Pe-
IIEHNI — CJIMIIKOM TECHO TJIaBHast mpoOJie-
Ma CBg3aHa € JKU3HDIO YeJIOBEUECTBA.

W on BbImen 3a Npeanucanible PaMKH.
Pemtenne mpo6JieMbl OH yBHUIET B TOM, YTO
cynp6a yesoBeYecTBa 3aBUCHT OT cOGJIIo/Ie-
HUSI TIpaB OT/AEJbHOI JuyHOCTH. Beeobiime
IpaBa 4YeJIOBeKa O3HAYalOT OTKPBITHIH MUP,
B KOTOPOM TOJIbBKO M BO3MOKHO B3aWMHOE
y3HaBaHUeE, B3aWMOIMOHUMAaHWeE, JOBepHe U
MUPHOE COCYyIlecTBOBaHue. B mupe, paszie-
JIECHHOM TJIYXUMH TIEPETOPOJKAMHU, CaMO CO-
60l BO3HUKAET B3aMMHOE HEeJIOBEPUE U CTPaX.
Kparko CaxapoBcKyio TyMaHuTapHyIio Ueio
1968 rojia MOKHO omucarb Tak: CIIPABUTHCS
¢ ry6uTesbHOI acuMMeTpueil 60JIbIIOro Iie-
JIOTO MOJKHO, O6ecrieuynBasi CHMMETPHUIO JIJIsT
€ro HamMeHbIIuX cocraBisgiomux. [Iyts K
91Ol mjee, ObITb MOKeT, gajcsi CaxapoBy

&

ABaxzabl lepovi Coymanicrmyeckoro Tpyaa akanemmk
Caxapos v Tpuxasl [epovi CoLmnanicTn4eckoro Tpyaa akagemmk
Uropb Kypyaros, 1958 roa

AHLzpe

Jierye OTTOTO, YTO OH YiKe AyMas O 3aBUCH-
MOCTH TaKOTO pO/ia, XOTSI M B COBCEM [IPY-
roii cdepe. IlpumepHo 3a rox 0 ero pas-
MBIIIJIEHUN O TIOJUTUYECKUX ACUMMETPUIX
pPOJMJIACch O/lHA M3 CaMBIX SPKUX €ro ujeii B
TeopeTHyecKoil pusnke.

CMMeTpUsS U aHTUCUMMETpPUS

Ecau B nosmtuke CaxapoB pasMblIILIAI O
TOM, Kak 006eCIeulTb 4YesoBeuecTBy O6o0Jiee
CIMMETPUYHYIO KU3Hb, TO B (PHU3MKe — Ha-
060DPOT — OH TIBITAJICS MTOHSATD, ITOYEMY CTOJIb
HecMMMeTpu4Ha BcesienHas, yrpasJsgemas
CUMMETPUYHBIMU 3aKOHamMu. B obonx ciy-
YasX OH CBS3BIBAJ SIBJCHUS CAMBIX MAJIbIX
u cambix 6Gosibinx MacirtaGoB. B cormasb-
HOU JKU3HM — TJIOOATbHBIA MUD U CBOOOLY
OT/IEJIbHON JIMYHOCTH, a B (PU3UKe — CBOIi-
cTBa Bcenennoit u moBeseHne MHUKpOYAc-
THII.

B 20-m Beke (pu3uKM OTKPBLIM, UTO 3Jje-
MeHTapHbIE YaCTHUIIBl OBIBAIOT a6GCOTIOTHO
TOK/ICCTBEHHBIMU U IIOTOMY B3aMMO3aMEHU-
MBIMH, HO OBbIBAfOT M a6COJIOTHO TPOTHUBO-
110J103kHbIMU. HacTo/ibko IPOTUBOIIOJIOMKHDI-
MU, YTO TPHM BCTpedYe B3aUMHO YHUUYTOXKA-
TOTCST, TOJBKO BCIIBITIIKON COOOIAast 0 CBOEH
coBMecTHO# rubesn. Takne MPOTHBOIIOJIOK-
HbIE YaCTHIIbI Ha3Bau aHTndactuiiamu. [lep-
BYIO AHTHYACTHUILy TEOPETUYECKU IIPE/ICKaA-
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3a7 M 9KCIIEPUMEHTAJbHO OTKPBLIN ellle B
navase 30-x rogoB. DTO OblLIa AHTUKOIUA
9JIEKTPOHA — aHTHUAJIEKTPOH, 3a KOTOPbIM
3aKPEIUJIOCh Ha3BaHue «I03UTpoH». IloTom
AKCTEPUMEHTATOPHl HAIJIN AHTHUKOTUU 1
JIPYTUX 3JIEMEHTAPHBIX YACTHII.
Acummerpust BceenenHoit, HaJ KOTOPOH
CaxapoB 3amymaJjcsi B cepeaute 60-x ro-
JIOB, COCTOSLIa B TOM, YTO AHTUYACTHUI] BO
Bcesiennoit ouenb y:k MaJio — IO CpaBHe-
Huio ¢ yactuiiamu. U1 caasa Bory 3a Takyio
ACUMMETPUIO — MHAue KaK/bIil BTOPOH Me-
TEOPUT COCTOsT Obl M3 aHTHUBeNeCTBa. A
TAKOIl aHTUMETEOPUT, Ja’ke ecu Obl B HEM
6bLT BCErO OJUH TPaMM, CONPHUKOCHYBIINCH
C BeIeCTBOM 3eMJIH, Tpou3Bes Gbl B3DbIB
MOITHOCTH aToMHON 6oM6bl. Ho 3Ty BoJO
Boxpio pusuknm He MOHWMAJIN — camMoode-
BU/IHBIM Ka3aJ0Ch, YTO BCSKAs YaCTHUIA W
ee aHTUYACTHUIIA CO3/IJAHBI PABHBIMHU B CBOUX
mpaBax. A 3HAYWT, Ka3aJochb Obl, BEIIECTBO
U AHTHUBEIECTBO JIOJDKHBI ObITh PABHO MPE/I-
cTaBJyieHbl Bo Beesnennoii. Acrpodusuku cra-
JIN MCKaTb IPU3HAKM AHTUBEIIECTBA B KOC-
Mmoce. [Iucaresnn-danrtactel ycTpanBaau apa-
MaTHYeCKUEe BCTPEYM 3eMHOI0 KOCMHYECKO-
ro KOpalJs ¢ He3eMHBIM W — BITOJIHE BO3-
MOXKHO! — COCTOSIIIMM U3 aHTUBEIEeCTBA.
Caxapos, oJiHaKoO, CO BCeil Cepbe3HOCTbIO
oTHeccsT K HaGJII0IaeMOil acCUMMETPUH U TIPH-
nucaj ee Beesennoil B 1ies10M, a He IpocTo
KOCMHUYECKOMY OKpYyskeHHio 3emun. Torja
Ha/IJIeXKAT0 TOHSTb, KaK CHUMMETPUS MUK-
POYACTHIl MOXKET COBMEIIATHCS € ACUMMET-
pueit Beenennoii. K Tomy Bpemenu, BIpo-
YyeM, CUMMETPHUS MHUKPOMHpA CTajla yxKe He
CTOJIb IIPOCTOH, KaK IIpaBOe U JIEBOE KPbl-
Jabsg 6a60YKHU, 3€epPKATbHO CUMMETPHYHDBIE
(puc.4). B 1956 romy mpousolio sHamMeHa-
TeJbHOE COOBITHE — KCIEPUMEHTATOPHI 006-
Hapy>KWJIHM, 9TO B MUPE dJTEMEHTAPHBIX Yac-
i Her napurera (Parity) npasoro u Je-
BOTO, WM P-cmMMeTpuu. JTO 3HAMEHWeE Te-
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Puc. 5

OPETHKH TOHSJIM KaK yKasaHWe Ha TO, YTO
6ab0YKa MUKPOMUPA BBITJISINAT, CKOpee, Tak,
KaK Ha pucyHke 5. VHbiMu cioBamu, 6a-
60YKa He UBMEHUTCS, €CJIU OJJHOBPEMEHHO C
MIePECTAaHOBKOI TTPABOTO U JIEBOTO MOMEHSITD
MeCTaM¥ YepPHbIN 1 OeJiblil 1IBETa — YaCTHIIbI
[OMEHSTb MeCTaMU ¢ AHTUYACTUIIAMU U, CO-
OTBETCTBEHHO, Kaskablii 3apsan (Charge) 3a-
MEHUTh Ha IPOTUBOIOJIOXHBIN eMy. ITO
CP-cummerpusi. Ho u ona okasanach He
nocjeHuM cjgoBoM Hayku. B 1964 rtomy
9KCIIEpPUMEHTATOPDBI 0OHAPYSKUJIN MTEPBOE He
CP-cuMMeTpUYHOE SIBJICHHE.

UTo Ha 9TO MOTJIM CKa3aTb TEOPETUKH?
Hampumep, 10, 4TO U B OOBIIEHHON >KU3HU
HEpeIKO MyTaloT MpaBoe 1 JIEBOE U TIPEeBpa-
nrafor 6esoe B yepHoe. (DUBMKU-TEOPETHKN
yMeoT ropaszio 6oJiee XUTPOe — U3MEHSATD
HAIPaBJeHe BpPeMEHH Ha ITPOTUBOIIOJIONK-
noe. IlokaspiBasi dusbM B 06paTHOM Ha-
[IPaBJIEHUH, MOKHO 3yOGHYIO TIAaCTy, BbIIaB-
JIEHHYI0 u3 TiO6UKA, BEPHYTb HA 3JKpaHe
BCIATH. B peaybHOIl KM3HU HUKTO TaKOro
He BU/JeJ, M (PU3NKN HA3BIBAIOT TAKOH TIPO-
I[ecC aCMMMETPUYHBIM BO BpeMeHH, Win T-
acUMMEeTPUYHBIM. UTO KacaeTcst ajeMeHTap-
HBIX YacTHUIl, TO (GPU3UKH JOJTOE BPEMS CUH-
TaJaW, YTO B MHUKPOMHpE Bce sBjeHUS T-
CUMMETPUYHBI, KaK B OWJIbsIp/E: CHSAB Ha
BH/ICO COYy/IapeHNe MTapoB U IYCTHB TJIEHKY
B 06pATHOM HAIPABJIEHUN, HUYETO CTPAHHO-
ro Ha sKpame He 3ameTuiib. [locse kpyiie-
HUsl P-cumMerpun (UMK CTAJU BCMATPH-
BarbCs B Apyrue cuMMmerpuu. VM He Hy»KHA
Obly1a KHOTIKA 0OPaTHOW TEePEMOTKH, YTOObI
3a/1aTh BOIPOC O T-CIMMETPUM B MUKPOMI-
pe, UM XBaTayo pyukn u 6ymaru. B pesyin-
TaTe OHM YCTAHOBWJIM CaMbIil OO 3aKOH
cummerpun Mukpomupa — CPT-3axkon. Uto-
OBl TIPEBPATUTH OAHO KpbLio CPT-6a6oukn
B JIpyroe, HaJ0 TIOMEHSTh MECTaMU IpaBoe
u JieBoe, Jactuiy n ee anrudactuiy (dep-
Hoe u Gejioe), mponwioe n Gymyiee (mepe-
BepuyTh Bpems T) (puc.6).



Puc. 6

N CaxapoB npujymMas, Kak Takoil Tpoii-
HOIl cuMMeTpHueil MHKpoMupa OOBSCHUTH
acummerpuio BcesieHHOI. ACTPOHOMBI J1aB-
HO y’Ke o6Hapy»Xmuiaum, uTo BcesieHHas He-
cuMMeTpuyHa BO BpemeHu. OHa pacimmps-
€TCsI — COCTABJIIONINE ee TAJaKTHKN YAAJsI-
1oTcs aApyr ot gapyra. Ceronnsa Bcenennas
mupe, 4eM Buepa. A 103a-1103a-1osa...Bue-
pa? 3amycTuM KOCMOJOTHYECKHN (HuaIbM
BcATh. Pacmmpenune Bcesiennoil Temnepb
BBITJISIIUT CXKATHEM, TaJaKTUKK TIPUOJIIKA-
10TCSL IPYT K Apyry, cauBaiorcs. Ilpu atom
cOMIIKAIOTCST M CAMU dJIEMEHTAPHbBIE YaCTH-

Bcenennag nHauMHaeT 4yBCTBOBATb 3a-
KOHBI MUKPOMUPA.

MmenHo B Ty amnoxy, HasbiBaeMylo BoJib-
ITIM B3PBIBOM, acuUMMeTpusi BcereHHON —
mo naee CaxapoBa — CKJAABIBAJIACH B TIPO-
reccax, GypJIsiuX TOTAA B KaXK/0H MUKPO-
TOYKEe KOCMUYECKOTO IPOCTPAHCTBA, T-acuM-
MeTpHs T03BOJIIJIA TOPOANUTD HAOTIOAEMYIO
ceituac C-acCUMMETPHIO — pa3HoOe CcojepsKa-
HUe 4YacTul] m antudactuil. llomumo Toro
KPBLIBIIIKA BCEJEHCKON 6a60uKM, KOTOpOe
BU/IHO acTpoHoMaM, (usuk-reopetur Caxa-
POB yBHUJIeJI MBICJICHHO U JIPYTO€ KPbI/IbIII-
KO, packpbiBlieecs J0 bBousbioro B3pbiBa
(puc.7). Cama ara 6aGouka CPT-cummer-
pUYHA, HO VBUETH €€ I[eNKOM He JaeT

Puc. 7

KpPaTKOCTb YeJI0BEYECKON KM3HU T10 CpaBHE-
HUIO C BO3pPAaCTOM Bceenennoii.

* ok ok

Y IuBUTENbHO, KAK MHOTO MOKET YeJIOBEK
YCIIETb 32 CBOIO KOPOTKYIO KU3Hb: HAYYUTb-
cs IucaTb MPaBoil U JIEBOI PYKOI OJHOBpe-
MEHHO, PasrJsi/IeTb CUMMETPUIO ACUMMET-
PUYHOTO MUpA TIPUPOIBI U CIeTaTh CUMMET-
pUuYHee MHp uesJoBeKa. llpmmepHO Tak s
3aBepiua pacckad o6 Amnjpee Caxapose
JUIST aMePUKAHCKIX CEeMHUKJACCHUKOB. U He
6BLT yBepeH, YTO OHU TIOHSIITN MOl pacckas.
[Toatomy o6GpajsioBasics, TTOJYYUB U3 TKOJIBI
navyky OJarolapcTBeHHbIX muceM. OMHO U3
HUX JIOCTABUJIO MHE 0CO60€ YIO0BOJIbCTBHE.
ABTOp TO-aMePUKAHCKU CAeP3KaHHO, HO
9HEPrUYHO TO6JIATO/IAPII MEHS 32 PACcCKa3
U BBIPA3WJ HAJEXKIY, 4TO MOsi Oyayiias
kuura o Caxapose craner 6ecrcesiepom. U
TIO/ITTHCATICS:

@‘% Moﬁé 230“33”3\’\/

Willie Moss ssoM eilliW

He cpagy s 3amernsi, 4To OH IOJITHCAJICS
nHave, yeM CaxapoB, XOTS W 3ePKaJbHO-
cummerpuyHo. [IpaBo-neBo-pykuii CaxapoB
mucas JByMs pyKaMu OT IIEHTPAa K KpasiM
<= =>, a mpaBopykuil Bumu, umurupys
JBYPYKOCTD, Hamucag => <=. 3aMeyaresb-
HO, YTO U CHUMMETPUU 1 JIOAW ObIBAIOT Ta-
kuMu pa3abpiMu. W urto MHOTHE 3araakn Bce-
JIEHHOW S>KIYT ele CBOWX pasrafok. Jlms
TeX, KTO X0ueT UM 3aHATbcsA, Annpeir Ca-
XapOB OCTABMJI COBET:

DA é—\%&‘%i S N“Q

L RAQRTIND




{Obunen TeopemMbl Panckoro

A.POMAHOB

5 JIET HA3A/l B ) KYPHAJI «<MATEMA-

THYECKHE 3aMeTKh» Oblia IoJaHa
cratbs mikosibuuka J[murpus Paiickoro [1] ¢
CYIIECTBEHHBIM MPO/IBIJKEHIEM B TIPOGJIEME,
noctaByieHHoi Xagsurepom [2]. [Imutpwii
JIOKA3aJl TAKYIO TEOPEMY':

IIpu packpacke niockocmu 6 mpu ygema
(pasbuenuu na mpu nenepecexaouuecs MHo-
JKecmea) 6cezda MOKHO GblOpamy usem, 6
KOMOPOM Pearu3yromcs 6ce pPAccmosiHusl,
m.e. 0as 100020 NOJIOKUMENLHO20 d HATl-
dymcs dee mouxu na paccmosnuu d, oxpa-
wennole 6 8LIOPANHBIIL UBEM.

Teopema Paiickoro gBAsSeTCS 3aMETHBIM
ycuienueM jgokazanuoit B 1961 romy 6path-
ssMu Mo3sepaMu TEOPEMbI O TOM, YTO TIPU
PacKpacke MJIOCKOCTU B TPH I[BETa HAWTyTCsT
JIBE TOUKH OJIHOTO I[BETa Ha paccTosiuu 1.
ITpu nogroroBke cratbu [1] k meuatn Teope-
Ma ObLi1a 060061ieHa Ha N-MepHoe MpocTpaH-
CTBO M CYIIECTBEHHO OTPeJaKTHpOBaHa. B
pesyJibTate paboTa MIKOJbHUKA OKA3a71ach
TPYAHOUUTAEMON ¥ HEJOCTYIIHON /I I0HBIX
MATEMATUKOB. 37€Ch ST TIOCTApPaJICsl BOCIIPO-
U3BECTH TE€PBOHAYATBHBIN BApUAHT pellie-
Hus. S 6maromaper H.H.KoncrantnaoBYy,
kotopbii B 1971 rogy pacckasan MHe 10Ka3a-
TeJILCTBO TeopeMbl Paiickoro. KoncraHTuHOB
nomora JIMUTPHIO B MOATOTOBKE CTATbU U
6€e3 ero ydacTus IIy6JuKanust BpsiL Ju Oblia
6bI BO3MOSKHA.

BcnomorartenbHble fIeMMbl

ITycth Ha TI0CKOCTH 3aj1aHa (UTYpa U3 n
DA3JIMYHBIX TOYEK — N-TOYEUHUK. Bbibepem
O/IHY W3 9THX TOYEK U HA30BEM N-NYUKOM
HA60P BEKTOPOB, BBIXOSIIUX U3 ATOH TOUKH
KO BCeM TOYKaM 7-TodedHuKa (O[MH 13 BEK-
TOPOB N-TIy4Ka — HyJb-BeKTOp). Onpepenum
MTPON3BE/IEHNE N-TIYUKa U R-TIyUKa KaK My4oK
BEKTOPOB a + ¢, T/ie BEKTOpP a Gepercs m3
n-mydKa, a ¢ — u3 k-myuka.

DOI: https://doi.org/10.4213/kvant20190702

OrnpejiesieHHOE TaKIM 06Pa3oM MPOU3Be/Ie-
HIE COJIEPIKUT He GoJiee ueM 7 - R Pas/ImIHbIX
BEKTOPOB, TaK KaK CYMMbI BEKTOPOB [IJIst
PasHBIX Map MOTYT U COBIA/ATD.

Jlemma 1. Ecau mvL paccmompum nogopo-
mol k-nyuxa na npouseovHuill Y20, Mo
JUWD 0151 KOHEUHO20 YUCLA Y2108 NOGOPOMA
npoussedenue GuUKCUPOsanozo n-nyuxa u
nosepuymozo k-nyuxa 6Gydem codepixamo
MeHee uem N - R pasauunvix 6exmopos.

JleiicTBUTETHHO, BBIGPATH /IBA PAJUIHBIX
BEKTOPA ¢, b M3 n-1yuka n /1Ba PasaUIHbBIX
BeKTOpa ¢, d M3 R-IIyIKa MOKHO JIUIITb KOHEY-
HBIM YUCJIOM CII0CO00B. Jl1g Kaxk/ 10l Takoii
YeTBEPKU BEKTOPOB PACCMOTPUM I[1OBOPOTHI
k-1ryuka Ha yroJs 0L U CPaBHUM CyMMBbI BEK-
TOPOB d + ¢, U b+ d,, . Tak Kak OKpy>KHOCTH
HepeceraioTest He 60JIee YeM B JIBYX TOUKAX,
He 6oJiee IByX YIJIOB O MOTYT JlaTh PaBeH-
CTBO 3TUX CYMM, YTO U /IOKa3bIBaeT jieMmy 1.

Jemma 2. Ecau npoussederue n-nyuxd u
k-nyuxa codepxum n-k pasiuunvix 6exmo-
P06, mo n -k KoHY06 Imux 6exmopos obpa-
3yrom n puzyp, NOIYUEHHLIY NAPALIETLHIM
nepenocom k-moueunuxa, u k ¢uzyp, noay-

Puc. 1

YCHHDLX NAPATLCTOHOLM NEPEHOCOM N-MOUEU-
nuxa (puc.1).

JlokasaTenbcTtBO TeopeMbl

[TpeamosoxmM, YTO YTBEPIK/ICHIE HEBEPHO
M CyTIECTBYET pacKpacKa TLIOCKOCTH B TPH
1[BETA, JIJIs1 KOTOPOI HeJlb3st BBIOPATD IBET, B
KOTOPOM PeaJN3yIOTCsI BCe pacCTosTHUS. Tor-
JIa 17151 3TOH pacKpacKn y Kask/I0TO I[BETA eCTh



paccrosiHie, KOTOPOro He MOJKET ObITh MeK-
Iy JIBYMsI TOYKaMU 3TO IIBETA.

Paccmorpum 7-TOYeUHUK, TIPEIIOKEHHBIT
O6parbsiMu  Mosepamu, KOTOpPbI Paiicknit
HazBaa «30H710M» (puc.2). Bee mapucosan-
Hble oTpe3kn uMmerorT juuHy 1. IIpocTbmM
epe6opoM MOKHO yOEAUTHCS, UTO €CJIA W3

3TUX CEMH TOYEK BbIOpATDh JIOObIE TPH, TO
HAIyTCsT /1Be BBIOPAHHDBIE TOYKU, COEIMHEH-
Hble oTpe3koM. V3 aroro cpasy ciemyer
TeopemMa Mo3epos.

Y Hac s Kakaoro 1seta OyJeT CBOIt
7-TOUEYHUK-30H[, B KOTOPOM BMecTO 1 Oy-
JIET OTCYTCTBYIOIIlee B 3TOM I[BETE PACCTOS-
Hue. BopibepeM MpOM3BOBHYIO TOUKY TLIOC-
KOCTH W BCE BEKTOPBI IIyYKOB Oy/eM CUH-
TaThb BBIXOJSIIMMU U3 3TOH Touku. [Ipony-
MepyeM IIBeTa MPOU3BOJIBHO U PACCMOTPUM
3o mas mBera 1. B kakaom u3 Tpex
7-TOYEYHNKOB-30H/I0B BbiGepeM OjHYy u3 7
touek, nanpumep A, . Torma mns kaxkaoro
30H/Ia OTIpejieien cBoil 7-my4ok. [lo memme
1 moBepHeM 7-TOYEYHWK-30H/ /JIs 1IBeTa 2
Ha Takoil yroJ, 4TOoOBI TpPOHW3BEJEeHUE
7-nyukoB 1 u 2 cozmepxkaso 7° pasdyHbIX
BekTOpoB (6bIm0 49-miyuxom), a 7-Toueu-
HUK-30H [AJS 1IBeTa 3 TOBEpHEM Ha TaKOH
yroJ1, 4ToObl IPOU3Be/IcHNEe 49-TTyuKa 1 3TO-
ro 7-Tiy4Ka coJepsKaso 73 Pa3JINYHBbIX BEK-
TopoB. ITo JeMMe 2, KOHIIbI 9THX 7° BEKTO-
pOB — 7° Pa3/MYHBIX TOYEK Ha MIOCKOCTH
— o6pasyioT 49 30HI0B [/ 1BeTa 3, OHU
ke o6padyior 49 30HI0B g 1BeTa 2 u 49
3ou/10B Ji7s1 1iBeta 1. /Ly 3aBepiienust /10-
KasaTeJIbCTBa OCTATOYHO 3aMEeTUTh, YTO B

J1060M 30Hj€e g 1Beta 1 U3 7 TOueKk He
6osee aByx 1Bera 1, B JI06OM 30HE [
1BeTta 2 U3 7 Touek He OoJiee IBYX IIBeTa 2,
a B JI0O0M 30HJE JId IBeTa 3 U3 7 TOUYeK
He 6oJiee IBYX IBeTa 3.

Tem cambiM, He Gomee 2-7% TOUEK MOKET
OBITh OKpAIEHO B KayKIBIN I[BET, BCETO HE
6omee 6-7% Touek u3 7° MOKeT GbITH OKpa-
1IEHO.

JloKa3aTebcTBO 3aBEPIIEHO.

MHoromepHbIn cnyvan

B cratpbe Paiickoro mnpuBeseHO AoKasa-
TEJIbCTBO TEOPEMBbI /IS 71-MEPHOTO IIPOCTPaH-
cTBa:

ITycmo muoxecmsa Ay, Ay, ..., A, .4 06pa-
3Y10M NOKPLLINUE N-MEPHOZ0 e6KAUI08A NPO-
cmpancmea R" (n > 1); mozda cpedu nux
Hatidemcs. maxoe MHOKXecmso A;, umo 01
scakozo d > 0 Haiidemcs napa mouex u3
IMO20 MHOXKECBA, PACCMOSHUE MeKDY KO-
mopulmu pasHo d.

[lns moxasaTtembcTBa TEOPEMBI B TaKOM
Bujie He TpeOyeTCst HOBBIX Ujell, KPOMe KOH-
CTPyHUpoOBaHus 30HAa B R”" U 1oKasaTesb-
crBa jieMMbl 1. HTo6bl He KepTBOBaTh J0C-
TYITHOCTHIO U3JTOKEHNUST, PACCMOTPUM CJIyYail
TPEXMEPHOI0 IIPOCTPAHCTBA, s GOJbBIINX
U3MepeHuil TPYIHOCTH HOCST YHCTO TEXHU-
uecknii xapakrep. (3amerum, 4TO B CTaThe
Paiickoro JoKka3aTesbCTBO CYIIECTBEHHO OT-
PEIaKTHPOBAHO, 3/IECh S IOCTAPAJICS BOCIIPO-
M3BECTH TEPBOHAYAIBHBIN BaPUAHT.)

[ocrponm 30uz 15t R® . Bepererom Paii-
CKUI HA3BAJI 5-TOYEUHUK 13 YETHIPEX BEPIIUH
MPaBUJIBHOTO TETPadapa CcO CTOPOHOH d u
elle OJHON TOYKU b,

CUMMETPUYHO OTHOM b
U3 €ro BEePIINH — Bep-

IINHE @ — OTHOCHTEJIb-

no rpanu (puc.3).
30HIOM OH Ha3BaJ
9-TOYEUHUK, TIOJTyYeH-

HBIH W3 [BYX Bepe-

TEH, COBMEIIEHHBIX
BEPUTMHAMU ¢ W TIO-
BEPHYTBIX TaK, 4TO-

ObI PACCTOSTHIE MEJK-

oy Toukamu b atmx
BepeTeH ToKe ObLIO

pasuo d (puc.4). Puc3
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lA

OueBU/HO, YTO TaKOW TOBOPOT BepeTeH Cy-
I[eCTBYET.

JTokazaTeIbeTBO JieMMbl 1 HysKaaercss B
He3HAYNTENbHOI MoiepHu3aruu. [17is 3a1aH-
HOTO N-TOYEUHNKA BBIGEPEM T110CKOCTb B R
Tak, 4TOOBI MPOEKIUS N-TOYEYHWKA Ha 9Ty
IIOCKOCTD COfIepsKasia 7 Pa3JNIHbIX TOYEK.
Boi6epem mcxoanoe nosoxkenne (moBopor)
k-TOYEUHMKA OTHOCUTENBHO STOIi MJIOCKOCTH,
4TOObI €r0 MPOEKIUS colepKata k pasimd-
HBIX ToYeK. Ha IJI0CKOCTH TOMyYuInuch n-
IyYOK 1 R-IIyYOK, /11 KOTOPBIX CIIPaBeIIuBa
semma 1. PaccMOTpUM MOBOPOT HCXOHOTO k-
IyYKa BOKPYT TPSIMOii, NepHeHuKyIapHOIL
BbIGPaHHOIT 110cKOCTH. TTpoeKius Ha 110c-
KOCTb COJICPIKUT 7 - R Pa3IHBIX BEKTOPOB,
a0 1 oKasbiBaet emmy 1 st R . Ocrasn-
Has 4acTh J0Ka3aTeIbCTBA MPOBOANTCS 6e3
W3MEHEeHWH.

OonTuMUusaumsa [oKasaTenbCcTBa
Teopembl Paickoro

[TpeanoskeHHOE TOKA3ATETBCTBO HE MCTIOT-
3y€eT I/IZ[eI‘/’Iy OTCYTCTBYIOIIINX B II€PBOHAYAJIb-
HoM BapuanTe Paiickoro. OkasbpiBaeTcsi, MOX-
HO OTKa3aTbCs OT PACCMOTPEHHS TOBOPOTOB,
JIEJTAIONIMX TOYKH He coBraatommmu (reMmma
1). BMeCTO 9TOTO MOJKHO KasKIOMY BEKTOPY
[IPOU3BEJIEHUST N-TIyUKA W R-TIYUKA IIPUIH-
caTb KPATHOCTb — KOJMYECTBO BAPUAHTOB
BbI6Opa BEKTOpa M3 M-TyYKa U BEKTOpa U3
k-1ryuKa, JIJIsi KOTOPBIX CYMMbBI BEKTOPOB CO-
BITA/IATOT.

2019/Ne7

Jlemma 2 mensercs nesnauurtesbHo. [1po-
u3Be/ieHne N-Tydka 1 k-TyuKa COMEPIKUT
n -k BEKTOPOB C Y4eTOM KpaTHOCTHU, U 7 -k
KOHIIOB 9TUX BEKTOPOB 06pasyioT n Quryp,
[OJIyYeHHBIX IIapaJsjeJbHbIM I[ePeHOCOM
k-Toueunuka, u k Guryp, mMoaydeHHbIX Ia-
PaJLIEJIbHBIM [IEPEHOCOM N-ToYeyHUKa. Kask-
Jlasg TOYKa [IPOM3BE/ICHUS IIyYKOB BCTpeYaeT-
cs B oTHX (UTypax CTOJBKO Pas3, KaKoBa
KPaTHOCTb TOYKH.

[Ipu TakoM no/1X0/1€e MHOTOMEPHbIN CIyvai
OTJINYAETCS OT JABYMEPHOIO TOJIbBKO KOHCT-
pyKIIHei 3oH/1a.

OueHka cBepxy

o my6ankannm cratbn Pafickoro 6bliaa
M3BEeCTHA PACKPACKa IJIOCKOCTH B 7 IIBETOB, B
KOTOPOII To6bIe /[Be TOUYKU Ha PACCTOSTHUM 1
pacKpallieHbl B Pa3Hble 1IBeTa. JTa packpac-
Ka OcHOBaHa Ha pa3bUeHuu IJIOCKOCTH Ha
paBHbIE MPABUJIbHbIE MIECTUYTOJbHUKH.

C.B.Creukun samerus (M ¢ paspenieHus
Paiickoro BCTaBuII B CTaThio), 4TO IJIOCKOCTD
MOKHO Pa36buTh Ha 6 TAKMX MHOKECTB, UTOODI
Ha KaK/JOM W3 HHUX PeaJn30BATHCh He BCe
paccTosHNSA. DIEeMEHT KOHCTPYKITHHI COCTOUT
13 4 TPaBUJILHBIX IMECTUYTOJHHUKOB U 8
MPaBUJIBHBIX TPEYTOJTBHUKOB. [lyTem mapas-
JIEJTbHBIX TIEPEHOCOB 3TUM 3JIEMEHTOM MOC-
THUTCST BCSI IJIOCKOCTD, KaK TTOKAa3aHO HA PH-

100094

6 6 6 6
5 5 5 5
1 2 1 2
6 6 6 6
5 5 5
3 4 3 4
6 6 6 6
/ / /

Puc. 5

cyHke 5. Bce TpeyroJbHUKHN SIBJSIOTCSI OT-
KDPBITBIMU, 4 HIDKHUE ¥ IPaBble BEPIIUHbBI
[IECTUYTOJIbHUKOB HE IPHHAJIEKAT 9TUM (Pu-
rypaM. Eciiu npuHATD CTOPOHY TPEYTOJbHIU-
Ka 3a 1, To paccrosgHue d; =2 He peausy-
eTcsa Ha MHOXxectBax Ay, ..., Ay oAMHAKOBO

(MpogomxerHme cm. Ha ¢. 23)



SANJAYHUK «KBAHTA»

3a4a4u
Mo MatemMaTke 1 Qu3rkKe

3r0T pasaen BegerTcs y Hac N3 HOMepa B HOMEP ¢ MOMEHTA OCHOBAHMSA Xy pHana. [Tybnvkyemsie B
HeM 33[ayn HeCTaHAapTHbl, HO A1 UX PELUeHUs He TPebyeTca 3HaHuV, BbIXOZALUMUX 33 paMKu
LUKO/IbHOW Tiporpammel. Hanborsee TpyaHbie 3a4a4u OTMeYaroTcs 38e3404K0u. lTocne ghopmynupoBku
3a4a4m Mbl 06bIYHO YKa3bIBAEM, KTO HaM ee MPeasIoxusl. PazyMeeTcs, He Bce 3Ty 3a4a41 My6uKkyroTcs
Briepsble.

Petuerus 3aaa4 1o marematvike v pU3NKe U3 3TOro HoOMepa CIERYET OTIIPAaBIATb 110 IEKTPOH-
HbIM agpecam: math@kvant.ras.ru v phys@kvant.ras.ru cooTBETCTBEHHO WJ/IN 110 MTOYTOBOMY aAPeCy:
119296 MockBa, JleHnHckmii npocriekt, 64-A, «KBaHT».

YcnoBusa Kaxgovi opurvHanbHod 3afaayuv, npeanaraemMoii Ais nybnukauynv, Bmecre ¢ Bawim
PeLLeHreM 3TOH 3aAa4u MPUCLIIANTE 10 TeM XKe aapecam.

3apaun M2566-M2569 npegnaranuce Ha IV KaBka3ckovi MaTteMaTn4eckou onmmmInnase.

3apaun M2566-M2569, ®2573-dD2576

M2566. CymiecTBYIOT Jin TISITh MOCJE/I0BA-
TEJTHHBIX HATYPAJTbHBIX YHUCE], HAUMEHDIIIee
ofIee KpaTHOE KOTOPBIX SBJISETCS TOYHBIM
KBaJpaTtom?

11. Koxeenuxos

M2567. Ha croponax BC, CA, AB Ttpe-
yronbHuKa ABC BBIGpaHBI COOTBETCTBEHHO
toukn K, L, M, a BHYTpU TpeyTOJbHUKA
BbiOpana Touka P Tak, uro PL | BC,
PM ||CA, PK || AB (puc. 1). Moxer m

A

M

B K C
Puc. 1

okasaTbcs, 4To Bce Tpu Tpanernn AMPL,
BKPM, CLPK — onucansbie?
11. Koxeenuxoe

M2568. lmeercss 15 W3HAYAJTBHO IYCTHIX
SIUKOB. 3a OJIMH XOJI Pa3peliaercs: BbIOpaTh
HECKOJIBKO SITTIKOB U JOOABUTH B HUX KOJIH-
yecTBa aGPUKOCOB, PaBHBIE HEKOTOPBIM TIO-
MapHO PAa3JUYHBIM cTeneHaM ABoiiku. [lpm
KaKOM HAWMEHDIIIEM HATYPAJIbHOM R MOKHO
JIOOUTHCST TOTO, YTOOBI TTOCTE HEKOTOPHIX K

XOJIOB BO BCEX SMIMKAX OKA3aJ0Ch TTOPOBHY
aOpPUKOCOB?
11. Ko.xeenukoe

M2569*. V [lumbl ecth 100 kamueii, Huka-
KHe JBa M3 KOTOPBIX HE PaBHBI MO Macce.
Taxske y Hero ecTb CTpaHHbIE By XYallleTHbIE
BECDbI, Ha KaXKIYIO YalllKy KOTOPBIX MOXKHO
kaactb poBHo 10 xammueii. Hazosem mapy
KaMHell scroil, ecn [[1Ma MOXKeT BbISICHUTD,
KaKkol m3 KaMHEH B 3TOU Tape TsDKeJee.
KakoBo HamMeHblllee BO3MOXKHOE KOJUYE-
CTBO SICHBIX TIap?

B.Bbpazun

®2573. Illapuk maccoii M ¢ KeCTKUMU
[LJIACTUKOBBIMU CTEHKaMU 1ocJ1e astenus (6e3
Ha4YaJbHOH CKOPOCTH) C BBICOTBI /i Ha CTOJ
noJickakuBaet Ha Boicoty 0,7/4. CKoJbKO Tiec-
ka (Kakyto Maccy m) Hy>KHO HaChITIaTh BHYTPb
Hrapuka, 4toObl OH TOCJIE TTa/IeHusl ¢ TOH JKe
BBICOTBI MOJICKaKuBas Ha Bbicoty 0,3/?
B.IIlapuxos

®2574. Ha kpaii Gouabioii Bassl (0H TOKa-
3aH KpPaCHOW JIMHU-

ell Ha puCyHKe 2; BU[[

cBEpXy), crosmeil

Ha TOPU30HTATHHOM

CTOJIE, OIUPAIOTCS

TPU OJMHAKOBbBIE
JUIMHHBbIE W TOHKUE
[MAJIOUKH, KaK/asd U3

KOTOPBIX UMEET MacC-

cy m, pacipejesiet- Puc. 2
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HYIO paBHOMepPHO 110 Beeil junne. C Kakoi
CUJION B3aMMOJIEICTBYIOT JIBE U3 TPeX MaJIo-
yek? KoHIIbI O/IHON TTaJI0UKN KacatoTcs Kpast
Ba3bl U CEPEJMHBI JPYTOH MAJOYKH.
C.Tamuxos

@®2575. Kakosbl mIOKasaHuUd OAMHAKOBBIX
MYJIbTHMETPOB B JIEKTPUYECKON I[eTu, N306-
paxenHoit Ha pucynke 3? Tpu mupubopa
pa6oTailoT OMMETpaMH Ha /JHMamna3oHe

—Q+HH-V+H-Q+

+Q-

Puc. 3

2000 xOwm, a Tpu ApyTUX U3MEPSIIOT HATIPSI-
>KeHusl. BHyTpeHHIe cOpOTHBIEHUS TTPU60-
POB B 9TUX PEKMMaX U3MEPEHUH OJTHAKOBDI
u paBHbl R = 1 MOwM. 9/[C axBuBasIeHTHOM
(n1a BHemmHel memm) GaTapelKy B KasKIOM
oMMeTpe paBHa § = 2,2 B.

C.Bapaamos

®2576. 113 0{HOPOIHOTO PE3MHOBOIO IITHY Pa
c/leJIaJIi TIETJII0 C «XBOCTOM», T.€. OJUH U3
KOHIIOB IITHypa HAKPEIKO [IPUBA3AIN Y3JI0M
K OJTHO#1 13 €T0 TOUeK Mexk /1y KoHIamu (puc.4).
[Tuyp B34/1M 3a /1Be TOUKU U PACTAHYJIU TAK,

Puc. 4

YTO IIETJIA MIPEBPATUJIACh B /IBA BbITAHYTDIX
BJIOJIb JIPYT APYTa OTPE3Ka OJAMHAKOBOI JIJTH-
HBbI ¥ MacChbl, & XBOCT LIE€JMKOM BBITSHYJICS
BJIOJIb TOU K€ JINHUM, HA KOTOPOIl PacIioJio-
SKEHBI yUacTKH netJiu. [1pu atoMm Bce He60Th-
I¥e yYacTKY NTHYpa TpUoOGpeIH AJUHY, KO-
TOpasi BO MHOTO pa3 GOJIbIIe [IJIITHBI 3THX K€
VUaCTKOB B Hele(OPMUPOBAHHOM COCTOSI-
vun. Ilpm pacTskeHun MHYP TOIIMHSIETCS
3akony I'yka. Ecsm «1meskHyTb» 110 y3J1y, TO
BOJIHBI, MTpoOeraolue mo IHypy, OTPa3uB-
IIUCh OT MeCT KPEILJIeHUs, BO3BPAIIAIOTC K
y3Jay oxnoBpeMenno. Kakyio fgoJio oT Bceit
MAacChl PE3UHOBOTO [IIHYPA COCTABJISIET XBOCT?

A. IInypos

2019/Ne7

PeweHusa 3apay M2553 - M2557,
®2561-P2564

* o
M2553". Perteninie 1011 3a/1a4n CM. B CTaTbe
A.3acmnasckoro «O6 o/iHOIT OPTOIEHTPUYEC-
KOU YeTBepKe» .

M2554. Oxpy.xnocmu Q u Q, xacaomcs
dpyz Opyea enewnum o6pasomn ¢ mouxe C u
KACAMCst GHYMPeHHUM 00PA30M OKPYKHO-
cmu Q 6 moukax A u B (puc.1). Hpsmas
AB emopuuno nepecexaem oxpyKHocmo
6 mouxe D. [loxaxxume, umo LBCD = 90°,

B

IIyctp O, Oy, O, — LEHTPbI OKPY>KHOCTEH
Q, Q, Q, coorsercrBerHo (puc. 2). Tor-
Ja Ttoukn Op u O, pacrosoKeHbl Ha CTOPO-
HaxX paBHOOEIPEHHOTO Tpeyroabanka AOB.
Tpeyrompnuk AOD Takxe paBHOGenpEH-
HbI, moatomy ZLADO; = ZABO, otkyla
OD | OB.

[Iyctb npamas DC nepecekaer BTOpUYHO €,
B Touke E. Tak kak C nexxur na O,0,, us
paBHOGeipeHHBIX TpeyroabHIKoB DOC 1

Puc. 2
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EO,C umeem
ZEDO, = LO,CD = LO,CE = LZO,ED,

otkyaa O;D || O,E . (I1y mapainesbHOCTb
MOZKHO IIOJIyYUTb U MO-IPYTOMY, pPaccMaTpu-
Bas roMoTeTuio ¢ 1eHTpoM C, 1epeBoJsILyIo
Q B Q)
Taxnm o6pasom, E aexnt Ha npsmoit BO, .
3uaunt, BE — nuaMeTp OKpy»KHOCTH Q, U
/BCE =90°. Otciona ZBCD = 90°, uto u
TPe6OBATIOCD.

B.Pacmopeyes

M2555. B kaxdyio xiemxy mabiunbl
2019 %2019 3anucaru uucao 1 uwau —1.
[Jlokasxume, wmo 01 HEKOMOPO2O HAMY-
panwnozo k moxno evidesumv k cmporx u k
cmoabuos max, umobvr Modyas cymmor k
YUCeN 6 KAeMKAX HA NePeceueHul Gbl0eaeH-
HOLX cMPoK U cmoaby06 6vlr 6oavuwe 1000.

IHonoxum k = 1009 u BblIESUM B Tab/ulle
nepBoie 1009 crpok. OcraBimmecs CTPOKN
Jlajiee He WUCIIOJb3yeM U COTPeM, CUuTas,
gyro y Hac Tabsuna 1009 x 2019 . [Tockosn-
Ky 1009 HeuyeTHO, B KaXXJIOM CTOJIOIE CyM-
Ma HeyerHa, a 3HauuT, orsmyHa or 0. Tem
caMbIM Bce CTOJIOIbI pa3béUBatoTCsT Ha CTOO-
IIbI C TIOJIOKHUTEJbHONU CYMMOW ¥ OTpHIIa-
TesbHOH cyMMoii. CTOJIGIIOB KaKOTO-TO BH/A
ne menbure 1009 (rax kax Bcero croJ6LOB
2019), 3uauut, Mbl MokeM BblaesuTb 1009
¢T0160B 0/HOrO BUja. Ecan 910 ¢TONIOIBI C
OTPUIIATEIbHON CYMMOH, TO B Ka’K/IOM BBI-
JleJIeHHOM CTOJIOIe cymma He Gosbiie —1,
03TOMY 00II[asi CyMMa B BBIJIEJIEHHBIX CTOJI-
6uax He Goupime —1009. Ecau xe y Hac
1009 cTOM6IOB € TOJIOKUTETBHOI CYyMMOIt,
TO B Ka)K/IOM BbIJIEJIEHHOM CTOJIOIE CyMMa
He MeHblie 1, moatoMy oOmas cymMma B
BblleJIEHHBIX crosOax He Menbire 1009.
3amaua perieHa.
JlokasamnHadg oljeHKa Ha MaKCHMaJIbHOe 3Ha-
YeHWe MOJIYJISI CyMMBI YNCENT B «KBaJPATHOM
rnoATabauIEe» , KOHEYHO, HETOYHA.

11. Ko.xeenukoe

M2556. Ana u bops uzpaiom 6 maxyro uzpy.
Buauane Ans nuwem na docke uesoe noJio-
JKUMENbHOE YUCT0. 3ameM uzpoxu 0eaaiom
x00bL no ouepedu. Bops xodum nepsuviM.
Kaxovim ceoum xodom Bops evibupaem ue-

«KBAHTA »

JI0e NOJOKUMENbHOe Yucio b u 3amensem
3anucannoe Ha 00CKe UUCAO N HA HUC]O
n—b*. Kaxovin ceoum x000m Ans 6vibupa-
em ueaoe NOLOKUMeIbHoe YUcao k u 3ame-
Hsiem 3anUcantoe Ha 00CKe YUCA0 N Hd YUCTO
n*. Bopsa eviuzpvieaem, ecau wucao, 3anu-
cannoe na docke, K0z0a-Hubyov cmanem
pasnvim nya0. Crmoxem au Aus noMewams
bope eviuepamv?

OTBeT: HET, HE CMOJKET.
[IpenbssBuM BBIMTPBINIHYIO CTPATETUIO 32
Bopio.
HasoBem HaTypasibHOE YUCTIO G-KBAJIPATHDBIM,
€CJIN OHO TIPEJICTABJISIETCS B BU/IE CYMMBI HE
60J1ee ¢ TOUHBIX KBaaparoB. Hampumep, Tou-
HBII KBajIpaT SIBJISETCS ¢-KBAJPAaTHBIM YHC-
JIOM TIpH JTIO60M HATypaabHOM ¢. OTMETHM,
YTO N SBJSETCS N-KBAJPATHBIM, TTOCKOJBKY
n=1+1%+. +1% .

n cjaraeMbIxX
[Toxaxkem, 4to ecsu mepes XoA0M AHU OBLIO
G-KBaJIpaTHOE HATYpaJbHOE YUCJIO 7, TO U
nocse xoJa AHU OHO OCTaHETCS ¢-KBajpaT-
HbiM. Ecsii k 4eTHO, TO YHCJI0 N° — TOUYHBIN
KBaJIpaT, M 3HAYNT, OHO g-KBasipaTHoeE. [lycThb
terepb R = 2m + 1 meuerno. Torma ecsin

n=xi+x5+..+X,, TO

2
nk :n_(nm) _

2 2 2
= (xmm) + (xzn’") +..+ (anm) .

Bops »xe cBouM X0/10M MOXKeT U3 ¢-KBajpar-
HOro uncsia moxyunts (g — 1)-kBagpartoe (B
YaCTHOCTH, U3 1-KBaJpaTHOrO MOXKET I0JIy-

anth 0). J[eHCTBUTEIBHO, U3 7 = X7 + X5 + ...

et xé Bopsi MOKET IOYYnTD X + ... + xf, .
TaxkuM o6pasoM, ecan HavdaTbHOE UNCIO
g-kBajpaTtHoe, Bops MoxkeT 3a Kaskablil X0/
yMeHbIaTh ¢ Ha 1 1 BbIMTpaTh He 60Jiee yeM
3a ¢ XOJI0B. 3ajlaua peliexa.
Ha camom nene Bopsi moskerT BbIMTpaTh He
6osiee yeM 3a 4 X0j1a, TIOCKOJIBKY, COTJIACHO
3HaMeHUTOl Teopeme Jlarpamxka, Jo6oe Ha-
TYpaJIbHOE YHUCJIO IPEJICTABJLETCS B BUJE
CYMMbI 4eThIPeX KBa/IPaToB 1IEJIbIX YHCEJI.
M. Tudun

M2557. /Jlano nonoxumenivHoe YUCIO €.
Hoxaxume, umo cyuwecmsyem Hamypaivo-
noe N maxoe, umo npu 1060m HAMYpaiv-
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nom n>=N eepno caedyiowee ymeepxoe-
Hue: 6 mobom zpage na n eepuunax, y
KOMOP0OzO KOAUUECEO pebep He MeHnee
(1+¢)n, naiidymcs dea pasiuunvix npo-
CMBLX UYUKIA 00UHAKOBOU OJUHDL.

[Tycte G — rpad ¢ v = n BeplIMHAMET U HE
menee e (1+€)v peGpamu, y KOTOPOro
JUIUHBI BCEX TPOCTBIX I[UKJOB MOTTAPHO Pa3-
JnaHbl. [T0CKOBKY JJTMHA KaXKIO0TO TIPOCTO-
ro IUKJa He TPEBbINIaeT v, obliee Koaude-
CTBO TPOCTBIX IUKJIOB HE TIPEBBIMNAET 0.
Ianee, mpeanonaras (g 10CTaTOYHO GOJIb-
mmx ), 4to €20 >1, Mbl OlLEHNM CHUBY
KOJIMYECTBO MPOCTHIX I[UKJIOB KBAIPATUYHOM
dysrimeir or v, oTKyma OyIeT cJaef0BaTh
YTBEpIKIEHIEe 3a/aUn.

B kaxzgoii komrnonenTe csasnoctu rpada G
BbIOEpPEM 0cmosHoe depeso, NX 00beINHEH e
nactT ocmoshulil siec F. O6o3naunm depes A
MHOJKECTBO BCeX pebep ATOro OCTOBHOTO Jieca,
a MHOKECTBO OCTaJbHBIX pebep Tpada G
o6o3HaunM uepe3 B. fcuo, uTO |A| <v,
B| > ev. Jlo6asum durcnpoanHoe peGpo b
n3 MHOXecTBa B K Jsiecy F; B MOJTyYeHHOM
rpade ecTb eIMHCTBEHHBINH TIPOCTOH TTHKJI
C,. Hukan C, copepxxutr pe6po b. Ilpu
yranenun u3 mukiaa C, pebpa b ocraercs
IPOCTOIi 1yTh S, , COCTOAIMIA U3 HECKOJIb-
Kux pebep MHOXecTBa A.

[Mockoabky 1uksabl C, MMEOT pasHble JJIH-
Hbl /1151 pasHbIX pebep b € B, umeeM ciesy-
IOIYIO OIEHKY:

YIS, z2+3+..+(B]+1)=
beB

=(1B|+3)|B|/2 > £%0°/2.
CuieioBaTe/IbHO, HEKOTOpPOe pe6po U3 MHO-
xkecTBa A mHpuHaAAERUT Gojee UeM
e%?/(20) = £%0/2 muoxectsam S, . 3adux-
cupyem Takoe pebpo a€ A, u nycte B’ —

MHOKecTBO pebep b€ B, 119 KOTOPBIX
a e S, . U3 onpenenenus pe6pa a BbITEKAET,

uto |B) > e%0/2 .
JList KaXK/10T0 IBYX9JIEMEHTHOTO MOJIMHOKe-
crBa {b;,b,} € B’ paccMoTpuM 06beUHEHE

mukaos C, UG, (cM. pucyHok).

Muoxectsa S, u S, 00pasyioT npocrbie
myTH B I, mpudeM 3TH IyTH UMEIOT OOIMunit
MOJIITYTh, CO/EPKAIuil pebpo a. Y IaJuB U3

2019/Ne7

/.&

g
L]

Cb1 ] Cb2 3TOT MOANYTb, MOJYYUM IMPOCTOI
IUKJI, cofepskamuil poBHO aBa pebpa U3
MHOKectBa B — pebpa b u b,. Taxkum
06pasoM, Mo KakJOoil Tape 3J1eMEeHTOB MHO-
’KecTBa B’ MBI ITOCTPOUJN TPOCTON ITHKJ B
rpape G, mpuWUeM I PaA3HBIX Tap 3TH
IIIKJIBI PasHBIE.
TakuM 00pasoM, KOJWYECTBO ITMKJIOB B
rpade G me menpme yem |B|(|B]-1)/2 2
> (82?) —2)/8, 4To ycTaHaBIMBAET HYXK-
HYIO HaM KBaJ[paTHUHYIO OIEHKY.
@.Ilempos

®2561. B 00noil usz modesei pacuupsiowei-
¢ Beenennoii paduyc Bceaennoti uzmens-
emcs co CKOPOCMbI0, KOMOPAs 3AGUCUTN OM
epemenu t u mexywezo 3navenus r(t) no

popmy.e v(zf)—vR—Zl—i ede t —
i "o\ 4)

8pems, OmcuumvledemMoe om HACMOAUEL20
MoMeHma epemenu, Kozda paduyc Bceaen-
not pasen R. Hatidume epems, uepes xomo-
poe npousoiidem KOJLANC, M.e. CHKAMUE 8
mouxy, 6 maxoi modeau Bcenennot, cuu-
mas R, vy u t, uzeecmmnoimu.

Kak wm3BecTHO, 006BEM ImMapa paauycoMm 7
4
paser V = —mr° . Masoe namMenenune oGbeMa

O6yner pasHo AV = Amr’Ar , Tae Ar — maJjioe
n3MeHeHue pajanyca mapa. B nHamreit Mozsenn
pacmupsiolelics BcesenHolr ckopocTb u3-
MeHeHnus: paauyca Bcesnennoii paBHa
2
Ar R t
o(t)= L =g 1-—
At r to
Borpaxkas orcioma Ar , HaxoauM, 9TO CKO-
pocTb u3MeHeHUs1 oGbeMa JUHEWHa 10
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BpeMEHN:

AV dmoyR* | 1 - L
At to
Taxkum o6pasoM, HavaJbHasd BEJIMYMHA CKO-
poctu nzmMenenus oobema Beesennoil pasna
Uy = 41woR2 , @ YCKOpeHue, ¢ KOTOPBIM Me-
HSIETCSI CKOPOCTD, OTPULIATENBHO M 110 MOAY-

4oy R

JIIO paBHO @ = . Torma 3axkon usme-

0
Henng oObeMa BceslenHoil nmeer Buj

2
V(t)=%+uot—%, rae 'V, =§7‘ER3.

Bo Bpems kosmanca o6beM Oyser paBeH
Hymo, u pemenue ypasuenus V (t.)=0
JlaeT UCKOMOE BpeMsl KOJLIamca:

2R

te=ty| 1+ 1+
0oty

A.Heamnoe

®2562. Ydeavuas menioma niasienus cre-
2d, COCMOSIUE20 U3 NAOCKUX CHEKUHOK CO
cpednum duamempon D = 5 mm u cpedueil
maccou m = 0,004 2, pasna L, =
= 0,26 M/x/xe, ayoervnas menioma niag-
JAeHUs. CNAOWH0Z20 Abda paena L, =
=0,33 M/Ix/xe. Ecau cmompemv Ha CHe-
JKUNKY, depika ee neped coboil max, 4mo ona
8vl210uUm  Puzypoil ¢ Wecmuryueeoll Cum-
mempuei (cm. pucynok), mo noumu ecs ee

nA0WA0b 3AKPLIMA JEOAHIMU KPUCTIALLAMU.
Ouenume MUHUMANOHYIO PAOOMY BHEUWHUX
cun, Komopas Heobxoouma, umobvi packo-
JA0Mb KYCOK 160a 6 Ghopme kyba ¢ pedbpom 1 m
Ha manenvrue xkyouxu ¢ pebpom 1 cm.

Ecim cnavasa 1 KT CIUIONIHOTO JIB/IA, HAXO-
namierocs pu Temmepatype 0 °C, npespa-
TUTh B CHEXMHKHU, a 3aTeM 5TU CHEKUHKH
pacTomnuTh, Ha uTo moHazobntes 0,26 M [Ix

«KBAHTA »

9HEPIuu, TO MOJYyUUuTCs 1 KI KUIKOI BOIbI
npu 0 °C u Ha BCio onepaiuio moTpedyercs
0,33 M/Dx suepruu (u3MeHeHHe SHEPrUH
CHICTEMBI 3aBHCHUT TOJIBKO OT €€ HAaYaJIbHOTO 1
KOHEYHOTO cocTostHmil). Takum o6pasoM, Ha
06pa3oBaHne MOBEPXHOCTH BCEX CHEKMHOK,
M3 KOTOPBIX COCTOUT 1 KI' CHera, TpaTUTCs
SHEprus

LJT _LC =
=0,33 M/I:x — 0,26 M/I:x = 0,07 M/Ix .

OL[eHI/IM TLJI0IIa/Ib ITOBEPXHOCTH BCEX CHEIKM -
HOK, N3 KOTOPbIX COCTOUT 1 Kr cHera:

2
S, M DT 94w > 0,06 M2
m 4
T.€. OHA BO MHOTO pa3 6oJIblile, YeM Yy CILIOII-
HOrO JiefigHOTO Ky6uka ¢ pe6pom 0,01 M.
[Tnomma b MOBEPXHOCTH BCEX JIEASHBIX KyOu-
KOB ¢ pe6poM 1 cM, o6t 06beM KOTOPBIX
1M, paBHa

S, =6x107 x10° Mm% = 600 M°.

Iro B 100 pas 6o.biiie, YeM MI0MIA/b TOBEPX-
HOCTH Ky6a ¢ pe6poM 1 M.

Wrak, a1 packasbiBaHust 60JIBIIOT0 Kyba Ha
MHOTO MEJKHX KyOUKOB MOTPeOyeTcst aHep-

TUs OPSI/IKA
(L, —L.) 22 = 4,5 M]lx.

A.Aiicbepe

2
Si

®2563. Bce napamempol, ommeuennvle Ha
cxeme anexmpuueckoii yenu (cm. pucynox),
ussecmuol. Hnvinu crosamu, ussecmuol 3/[C
bamapeiixu, ee GHympennee conpomMueae-
HUe, CONPOMUBIEHUSL PEIUCTNOPOS U eMKOC-
mu Kondencamopos. /[o 3amvikanus Kioua
3apaodvL gcex NAACMUN KOHOEHCAMOPOs Pas-
noL ny.o. Kaxum 6ydem 3apso na naacmune
KOHOeHCcamopd, NOOKJIOUEHHOU K moyke 3,

'K 1 C,
p
R,
6
_— 2
r C,
R,
3 Cs
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uepes OO0ALULOE BpPeMsi NOCIe 3AMbIKAHUS
Kaoua?

[TockobKy cyMMapHbBIi 3aps/l COeIMHEHHBIX
MIPOBOJIAMM TPeX TILJIACTUH KOH/IEHCATOPOB
emxoctamu C;, C, m C; U3MEHUTHCA HE
MOXKET, TO OH ObLT U OCTAHETCS PABHBIM
ny0. O603HAYNM MTOTEHITUAJBI TOYeK 1, 2 1
3 uepe3 @y, @y U (@3 COOTBETCTBEHHO. A
[IOTEHIMA COEJAMHEHHDIX IIPOBOJAMU ILJIac-
THH KOHJIEHCATOPOB 0603HAYNM @4 . IJTOT
MTOTEHIINAT MOKHO B34Tb JIIOOBIM; HAIIPIIMeED,
mycTh OH 6yzieT paBeH Hyo. Torma, B cooT-
BETCTBUM C YCJOBUEM, HYXXKHO OyIerT HaiTn
Besmunny Cz03 .

CyMMapHbIil 3apsi/l MJIACTHH, COEIMHEHHBIX
MIPOBOJIAMH, PaBEH

Ci (05 =01)+Cy (05 = 02) + C5 (05 —03) = 0.
Ecm ¢4 =0, To nomyuum
Cioy + G0y + C303 = 0.

Pasznoctn noreHuanIoB TOYEK, B3ATbIX II0-
[IapHO, PaBHbI

.
O =61
P =05 =6 R +Ry,+7
OTKy/a
.
=@P3+6|1—-—m8m—
(p1 (pB ‘ R1+R2+7
R
_ :5—1;
b1 P R +Ry+r
R
y— Py = ——2
P2~ ®s R +Ry+7
OTKy/a
R
= +é’—2
(p2 (\03 R1+R2+r
Takum 06pas3oM, TOJyUaeM
r
C +61l-—m—
1| #s R +Ry,+7
R.
+ C +6——2 |4+ C =0.
2| @3 R+ Ry +7 303

Orciona caenyer
C (R +R)+CR,
(Ci+Cy+C3) (R +Ry+71)°
A.Hcazynos

Cs305 = —6C;

2019/Ne7

®2564. B 001HOpoOHOM 20PUIOHMALLHOM
Maznummnom nojie B ¢ eepmuxanivnoil nioc-
KOCIU HAX00UMCSL 3AKPENACHHAS KeCKAS
MEMALIUMECKAS. NPOBOIOKA, UMEIOUds op-
My uacmu oxpyxuocmu paduycom R (cnu.
pucynox). Booav npososoku moxem 6e3

mpenusi, Ho ¢ obecneuenuem Xxopouiezo dex-
MPULECK020 KOHMAKMA CKOJIb3UMb MAeHb-
Kdsi N0 pasmepam Memaiiuueckds waiba
maccou m. Illaiba coedunena ¢ 00HuUM U3
661600068 KAMYWKU UHOYKMUSHOCMbIO L, na-
xodsuumcs 6 uyenmpe O nposoJsouHoll OK-
PYKHOCNU, MOHKUM 2UOKUM U JeZKUM NPO-
BOOHUKOM, KOMOPLIL 6cezdd HAXOOUMCS 6
NnoUMU  BLINPAMICHHOM NOAOKeHuUu. Bmo-
potl 6v1600 KAMYWKU COCOUNEH C U302HY-
MO JKeCMKOU NPOBOJIOKOU. IJNeKMmpuyec-
KUM CONPOMUBTECHUCM 6CEX IJLeMEHINOE KOH-
cmpyKyuu MoKHo npenebpeun. Taxxe Mox-
HO npenebpeut UHOYKMUSHOCBIO UI0ZHY-
MOt NPOBOJIOKU, NO KOMOPOU CKOIbIUM ULALL-
ba, e cpasnenuu ¢ gequuunoll L. B nauanv-
HOLL MOMEHM WAtlbd HAXOOUNCS UYMb NPd-
gee caMmoll eepxHell MouKu, ee CKOpOCMb
pPaAsHa Hy10 U MOK 8 NPOBOAX PABeH HY10.
B mom momenm, xozda waiba oxazvieaem-
Ci 8 CAMOU HUKHEU mouke, ee CKOpOCMb
cmanoeumcs pasnou nyo. C Kaxoi ckopo-
CMBI0 V U € KAKUM YCKOPEHUeM a 06UKEMCS
waiba 6 mom momenm, xozda OMA HAXO-
dumcs na yposue uenmpa okpyxnocmu O?
Kaxoi mox I meuem 6 amom momenm no
nposodam?

MetosioM pazmepHOCTEHl MOXKHO IIOJIYYUTD
OTBETbl B TAKOM BH/IE:

Z):(gR)O’S‘oc, I=

05
mgR \”
—_— P, a = . .

i Boa=g-v

Uucsennble 3naueHust 6e3pa3MepHbIX BeJH-
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unH o, B, Y Hy)KHO MCKaTbh, TaK KaK OHU
METO/IOM Pa3MepHOCTell He OIpPeessIoTC.
[TockosbKy 3JIEKTPUYECKOE CONPOTUBJICHUE
[IPOBOJIHMKOB PAaBHO HYJIIO, TO 3TO O3Haya-
€T, UTO COXPAHSIOTCS SHEPTHST M CcyMMap-
HBbIII MArHUTHBIM TIOTOK, CKJIAJbIBAION[UIICS
U3 MArHUTHOTO TMOTOKa LI B KaTylike WH-
JMIYKTUBHOCTU W TIOTOKA Yepe3 3aMKHYTbBIi
KOHTYP, 0Opa30BaHHbII TIPOBOHUKAME KOH-
crpykiun. O603HAUYNM YrOJ IOBOPOTA BbIT-
PSAMJIEHHOTO TTPOBOJIHAKA OT HAYAJILHOTO BEP-
TUKAJIBHOTO MOJIOXKEHUS 10 TEKYIETo M0JI0-
skenust yepe3 @ . Torza ycioBus coxpane-
HUS MarHUTHOTO IIOTOKA W SHEPIUU 3alli-
LIyTCS B BUJIE

_ BoR® _
2

LI 0,

Rmg =

2 2 /o)
= Rm COS + m_R2 @ + M
N o

3/ech TIPeAoIaraeTest, YTo MOTEHITHATbHAS
9HEPrus B MOJIe TSLKECTH IS MIali6bl OTCUH-
TBIBACTCS OT MOJIOXKEHUSI, KOT/Ia OHA HAaXO-
nutcss Ha ypoBHe Toukn O. Ilockoibky B
caMoil HIKHEN TOYKe CKOPOCTH IMaiibpr 06pa-
TUJACh B HOJIb, TO 3TO O3HAYAET, 4TO
2\2
(BrR?)
2Rmg = ———
8L
Korga mraitba maxoguTcss Ha ypoOBHE TOUYKHU
O, sHeprug MarHUTHOTO TI0JI PaBHA
(BR® (71/2))2 (BrR® )2

_ Rmg

8L 32L 2

CrenmoBaresibHO, TOK, TEKYTINN TI0 TTPOBOJIAM

B 9TOT MOMEHT, paB€H
0,5

(nmmm B=1).

[:%
L

[ToTentmanbHast sHEepPrus Maidpl B TOJE TSI-
JKECTH B ATOT MOMEHT paBHA HYJIIO, TI03TOMY
KHHeTH4yecKad »Heprusi paBHa mov /2=
= Rmg/2, a cKOPOCTD IaiGbl paBHA

0= (gR)O’5 (oo =1).

[Ipuyem ata cKOpPOCTb MOXKeT OBITH HAIpaB-
JIeHa WJIN BBEPX WJIM BHU3, TOCKOJIBKY Taiiba
3TO MecTo OYJeT TIPOXOIUTh MHOTOKPATHO.

«KBAHTA »

Co cTOPOHDI )KECTKON U30THYTOI TPOBOJIOKH
Ha 1mai6y B TOPU3OHTAJIBHOM HAIIPABJIEHUN
JIENCTBYET CuJia va/R =mg, T.€. TOPU3OH-~
TaJTbHASI COCTABJISIONIAS YCKOPEHS Mai6bl B
9TOT MOMEHT paBHa 110 Besuuune ¢g. Halinem
CILTy, KOTOpas AeficTByeT Ha IMai6y co cTo-
POHBI TTIPOBOJIHUKA, COETMHSIONIETO a6y ¢
KaTyLIKOl MHAYKTUBHOCTU. IJTa CUJIa Ha-
IIpaBJleHa BBepX BHE 3aBUCUMOCTU OT TOIO,
MOIHUMAETCS 11aiiba BBEPX UJIM OMYCKAETCs
BHU3. [locKOIbKY cunTaercs, 4To Macca aTo-
IO [IPOBO/IHMKA PaBHA HYJIIO, TO CyMMa BCEX
CHJI, KOTOPbIE HA HEro JeHCTBYIOT, B JIIOGOI
MOMEHT paBHa HYJIO. A JIEHCTBYIOT Ha HETO
TPU CUJIbL: cUJIa AMIIEpa U CUJIbL, IIPUJIOXKEH-
Hble K ero KOHIlaM, O/Ha U3 KOTOPbIX — CO
CTOPOHBI Maiibel. B paccmaTpuBaeMblil MO-
MEHT BPEMEHU 9TU <«KOHIEBbIC» CUJIbI, OYe-
BU/IHO, OZIMHAKOBDI 110 BeJIMUMHE U HaIIPaBJIe-
Hbl BEPTUKA/IbHO, IOCKOJbKY IIPOBOJHUK
HAXO/JUTCA B II0YTHU BbIIPAMJICHHOM I10JI0Ke-
uun. TakiM 06pasom, Kask/as u3 TUX CUJI IO
BEJMYMHE paBHA IOJOBUHE OT BEJUYMHDI
cuyibl Amrmepa:

F, BRI _BR(Rmg/L)"”

F=2A
2 2 2
_ BRY(mg/(RL))" _
2
_ (16mgLR/7t2 )0'5 (mg/(RL))O’5 _
2
_ (16"79/752 )O’S (mg)o,s _2myg .
2 i

B pesysnbrate Ha maiiy B 9TOT MOMEHT B
BEPTUKAIbHOM HAIIPABJIEHUY JIEHCTBYIOT CHJIa
TSKECTH My, HallpaBJeHHAs BHU3, U CUJIA CO
CTOPOHBI IPOBOJIHNIKA, paBHast 2mg/m U Ha-
npasJsienHas BBepX. CiejoBaTe/bHO, YCKO-
peHne Mai6bl B pacCMaTpPUBAEMBIHT MOMEHT
PaBHO 110 MOJLYJIIO

9105
a=g(1+(1-2ny)" ~1,064g
(nm v =1,064).
C.Amumpues
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O6 ogHON OPTOLLEHTPUYECKON
yeTBepKe

A.3AC/IABCKUY

JTa CTaTbs IOCBAIIEHA T€OMETPUYECKON
KOHCTPYKITHH U3 3a/1au M2553 «3a1aqaHnKa
«KBanta» (sTa 3a7a4a Tak:Ke Ipe/1araaach
na XXII Ky6xke mamsaru A.H.Kosmoroposa).
B mportecce n3ydenust aToil KOHCTPYKITNH, a
TaK’Ke COBMECTHOI paboThl Ha/Jl Heil BMecTe ¢
W.BornanoseiM u I1.KoyxeBHUKOBBIM OOHa-
PYSKHIJIOCH JIOBOJIBHO MHOTO MHTEPECHBIX T€0-
METPUYECKUX CIOXKETOB, O KOTOPbIX Mbl U
XOTHM pacckasaTb yutaressam. Ho HauneM c
caMO¥ MCXOHON 3a/1auil.

3agavya M23553*. Obosuauum uepes I
UEHMP OKPYKHOCMU, SNUCAHHOU 8 OCMPO-
yeoavnwlil mpeyzovuuxk ABC , uepes A, B,
u C; —mouxu ee kacanus co cmopornamu BC,
CA u AB coomeemcmeenno, uepes K u L —
UEHMPbL OKPY KHOCEU, BNUCAHHDLX 6 UCTNbl-
pexyeoavnuxu ABIC, u BAIC, coomsem-
cmeenno, uepes H — ocnoeanue evicomol,

C

onywennou uz mouxu C (puc.1). Buccexm-
puca yeaa AHC nepecexaem npamyio AC,
6 mouxke P, a 6ucce7<mpuca yzana BHC
nepecexaem npsanyio BC, ¢ mouke Q. /o-
Kaxume, umo Q — opmoyenmp mpeyzoioHu-
ka KLP.

YcaoBue 3ajiaun, 04eBUIHO, O3HAYAET, YTO
Kakgag w3 Touek K, L, P, Q gaBiaserca
OPTOIIEHTPOM TPEYTOJbHUKA, 00PA30BAHHO-
TO TpeMs OCTAJbHBIMH. Taxas deTBepka TO-
YeK Ha3bIBACTCS OPMOUCHMPUUECKOU.

DOI: https://doi.org/10.4213/kvant20190703
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Huwuxe a1 kparkocTu 6y/ieM Ha3bIBaTh J[BE
urypbl nepnendukyaapno nodoOHbIMU, €CIH
OHU MTO/T0GHBI, OIMHAKOBO OPHEHTHPOBAHBI 1
YIJIbI MEXK/IY COOTBETCTBYIOIIMMHU OTPE3KaMU
¢uryp pasubr 90° . IHBIMI cTOBaMH, HA3BI-
BaeM (UTYPBI NEPIEHANKYJISIPHO TOJO6GHBI-
M, €CJIM OJHY U3 JPYTOH MOKHO MOJYIHUTDH
OBOPOTHON romoteTneii (T.e. Tmocie0Ba-
TEeJIbHBIM BBITIOTHEHIEM TIOBOPOTA U TOMOTe-
THI) ¢ yTJIoM mosopora 90° .

Pemenne 3amauun. B ciayvae AC = BC
touku P, Q u C; COBIAJAIOT, & TPEYTOJbHUK
KC{L — npsaMoyroJbHbIil U paBHOGEIpPEH-
HBIH, CJIeloBaTeIbHO, YTBEPIKIEHUE 3a/1a4u
BepHO. [lanee He yMasistst OGIITHOCTH CUHTAEM,
yro AC < BC.

W3 cummerpuu yerbipexyrosabuuka BAIC,
orHocuTebHO BI (puc.2) 1€rko BUAETD, 9TO

npsmast C;A; (Ha KOTOpO# TaksKe Jesxut P)
nepuenuKyaapha npsamoil BI (na koropoit
TaksKe JeKUT ). AHAJOTMYHO, IepPIeHNKY-
agpubl npsaMble C,OB; u AKI. [danee, 1o-
ckombky C;K m C{L — GUCCEKTPHCHI TIps-
mbix yraos ACI wu BCJI, umeem
PH ||CK L CL| QH . IloatoMmy TpeyroJb-
nukn KIC;, n QCH 1nepuenpukyJaspHO
mof06HbI. Takske MepIeHANKYJISIPHO 10106~
Hol Tpeyroapuuku LIC; u CPH , a snHauwur,
TO K€ BEPHO W JJISI UeThIPEXYTOJIbHUKOB
KILC, n QC,PH , otkyna PQ u KL nep-
MEHAUKYJISPHBI KaK COOTBETCTBYIOIINE A~
FOHAJIU TIEPIEHUKYJISPHO TOAOGHBIX YeThI-
PEXYTrOJbHUKOB.

Tenepp JgocTaToOyHO I1OKa3aTb, 4YTO
PK L QL.Tlyects X = HPN AIuY = HQON



SAJAYHHUK

(1 BI — 1IeHTPBI OKPY>KHOCTEH, BIUCAHHDBIX B

tpeyrosbunkn AHC, BHC (puc.3). He-
TpyAHo mnokasartb, uto XC; LYC, n
XC, =YC,. leiicturenpho, ecoiu X', Y’
— npoekinu X, Y Ha AB, to XX '=CY' u
YY' =C X (cm. ynpaxuenue 1 Huxe), a
3HAYKUT, ITIPAMOYIOJbHBIE TPEYTOJbHUKU
XX'C; nu CY'Y pasHbl.

Vupaxnenne 1. [Joxaxure, uto XX =CY’.

Vxasanue. 13 IIPAMOYTOJIPHOTO TPEYTroJIbHUKA
AHCnomyuaem XX = X'H ,a CY' = BC, - BY’.
Nanee orpesku X’H , BC;, BY’ mo:xHO BbIpa3uth
KaK OTpE€3KM KacCaTeJIbHbIX /O TOYKM KaCaHusd C

BIIMCAHHOH OKPY’KHOCTBbIO B TpeyrospHuKax AHC,
BHC, ABC.

W3 nepnengukynagpuoctu XC; u YC
noJstyyaeM, uto rpeyroibuuku PXC, u LCY
MEPIEHUKYSIPHO TTOA00HBI U Ta’Ke PABHbI
(puc.4). Takske nepHEHANKYIAPHO TOLO0OHBI
tpeyroabuukn KXC; u QC,Y , a 3HaunT, TO
JKe BEPHO U JIJIS YeThIPEXYTObHUKOB (Tpartre-
mmii) PXKC; u LC,QY ,orkyna PK 1 LQ,
YTO 3aBeplIaeT pelieHue.

Wrak, ncxoanas 3aznava pemrena. OHako
paccMaTpuBaeMast KoHurypanus o6sazaer
PSIOM JPYTUX KPAaCHUBbBIX CBONCTB.

YkaxxeM HEKOTOPbIE MHTEPECHbBIE OMTMCAHNS
OCHOBAHWH BBICOT HaIeH OPTOIEHTPUIECKON
vetBepku K, L, P, Q; Ha30BeM 3TU TOUYKU
D=KQNLP,E=LONKP,F=KLNPOQ.

Touka F
W3 opromnenTpudeckoit yetsepku K, L, P,
Q nmeem mogobue AKFP » AQFL (cm.
puc. 4), uxade ropops, F — LEHTP IIOBO-
POTHOH TOMOTETHH, IIEPEBOJSIIEHl BEKTOD

«KBAHTA »

KP 8 QL. 3ra MMOBOPOTHAsI TOMOTETHS
COBMeNIaeT /MaroHaJn TepHeHAuKYJITPHO
MoJ06HBIX W paBHBIX Tpamennit PXKC, n
LC,QY . 3naunr, Ha caMOM JieJIe 9Ta HOBO-
pPOTHast TOMOTETHST — MPOCTO noBopor (Ha
90°), KOTOpbIi, B YaCTHOCTH, IEPEBOAUT
XC, B CY . lleHTp Takoro moBopoTa —
cepefiHA THTIOTEHY3bI X Y TIPSIMOYTOJHHOTO
paBHOGeipenHOTO Tpeyroabanka XCY . Tem
cambiM, F — cepenmaa XY

Kpowme Toro, Mbl IOHSJIN, YTO TPEYTOJbHU-
xu KFP u QFL #He TOJbKO HOJ00HBI, HO U
paBubl, B yactHocTu KP = QL. 13 atoro xe
PaBEHCTBA TPEYrOJbHUKOB BBITEKAET, YTO
TpeyroibHuk PFL — paBHOGeAPEHHDIH, HO,
KaK Mbl 3HaeM, OH IIPSIMOYTOJIbHBIH, OTKYy/a
ZKLP = 45°.

Yupaxuenus

2. Jlokaxxure, 4TO /IJIsT JIIOGOH OPTOIEHTPHIECKOIT
yersepku K, L, P, Q ycaoBue KP = QL »skBuBa-
sentHo paseHcTBy 45° wim 180° 4+ 45° mo6oro us
yraoB (HeBbiykmoro) uersipexyroapinka KLPQ.

3. Hoxaxure, uto F J€XUT Ha Cepe/lMHHOM Iiep-
nenaukyaspe k orpesky HC; .

Vxasanue. MoXHO HCIOJIb30BaTh PaBEHCTBO
X'H=Y'C,; (cm. ynpaxuenue 1).

Touka £

[Tosb3ysich HalIeil OPTOIEHTPUIECKOIT YeT-
BEPKOIi, TOHNMaeM, 4To E — I[eHTp MMOBOPOT-
HOJ TOMOTETHH, TIePEBOJISIIEH BEKTOP PO B
LK (cm. puc.2). Dra mOBOPOTHAs TOMOTe-
THS COBMENIAET IUATOHAJU TIePIeH/ITKY Iap-
HO 1T0JIOGHBIX YeTbipexyroibuukoB QCPH
n KILC;. 3HauuT, 3T0 IOBOPOTHAS FOMOTE-
tus (¢ yraom nosopora 90° ), Kotopasi nepe-
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BOJIUT H—C1 B CTI . lHenTp Takoii 1oBOPOTHOI
roMorerun — Ipoekuus BepumnHbl C; Ha
runoreny3y IH 1mpsiMOyroJibHOTO TPeyTroJib-
nuka IC H . Takum o6pasom, E coBmazsaer ¢
npoekiueir C; Ha IH.

Touka D

Tak xak PH L QH u PD 1 DQ, Touka
D nexur na okpyxunoctn (PHQ) (puc.5).

C

Yuopaxunenue 4. /lokaxxure, 4yTo E Tax:xKe JICKUT
na okpyxuoctu (PHQ).

Kak mbr 3naeM, tpeyroabauk PDQ — nipsi-
MOYTOJIbHBIN paBHOOEAPEHHDIH, D — cepe-
quHa ayru PQ, moatomy HD — GuccekTpu-
ca yraa PHQ. 3naunt, npsimasg HD cosma-
naet ¢ AB, T.e. D nexur Ha AB.

OTtmernmM, uTo D Takxe JeKUT HA OKPYK-
Hoctu ( KC,L) ¢ mmamerpom KL. Takum
o6pasoM, D — TouKa, B KOTOPOIl OKPYKHOCTh
( KLC,) Bropuuno nepecekaer AB.

WssectHo (cM., Hanpumep, cratbio «Oru-
CaHHbIE YETBIPEXYTOJbHUKN ¥ JIOMaHbIe» B
«KBante» Nel 3a 2010 r., sagaua 3), urto
001I1as1 BHYTPEHHSIS KacaTeJbHast K OKPY>KHO-
CTSIM, BIIMCAHHBIM B YETHIPEXYTOJHHUKU
ABICy n BAIC,, otimunas ot IC;, npoxo-
qut yepes C. Tlycrb ata KacaresibHas — CD’,
rge D’ — rouxa Ha npsimoit AB. Torna C; u
D’ nexar Ha Okpy»kHOCTH ¢ AnameTpoM KL,
nockosibky KD’ L LD" (6uccektpuchl yr-
JIOB MEK/Ty TIPSIMBIMU CD’ u AB) u, anajo-
riuno, KC; L LC; (6ucceKTpuch yrioB MesxK-
ny npsampivu [Cy n AB). Torna D’ coBna-
naer ¢ D.

2019/Ne7

Ynpaxknenus

5. U3 nosyuennbIx omnucanuii Touku D BbIBeUTE,
yro npsmbie CD, ICy u KL nepecekarorcst B OJ[HOI
TOYKe.

Vkazanue. Itu npsimbie — o0IIne KacaTeabHbIE I
JIMHUS TIEHTPOB OKPY’KHOCTEIA.

6. /loxkaxkute apyruM crnoco6oM, HCIOJb3Ys TEO-
pemy /[lesapra, uto a) D nexur na AB, 6) E nexur
Ha [H.

Vxasanue. Mo>kxHo IpuMeHUTDb TeopeMmy /[lesapra
k tpeyroibaukam a) KLC; w QPH, 6) QYL u
PXK.

Haxownen, 3ameTtnm etfe oguH ¢GakT o TOU-
kax P u Q: npamag PO npoxoaut depes C.
[lokasaTb 3TO MOKHO, HAPUMEpP CJEAYIO-
MM 06pa3oM, HCIOJb3ys TapMOHUYECKUE
yeTBepku. Pacecmorpum Touku U u V niepece-
yenug CH ¢ BC; u AC; cOOTBETCTBEHHO
(puc.6). Herpyano jnokasats (mampumep,

C

Vv
Puc. 6

MOJIb3YSICh TeopeMoii UeBbI AT TPEYTOJIbHI-
ka CUV ), uro npsimbie UP, VQ u CH
HepeceKkaroTcsl B OTHOM TOUKeE, CJIe/[0BATeb-
wo, U, V, H u touka PQ(CH o6pa3yior
rapMoHnueckyio yetsepky. Ho psimbie C, By,
CiA;, C;H u C,C Taxxe 06pa3yioT rapMo-
HUUYECKYIO YeTBEPKY, 3HAUUT, TOUKA [epece-
yernsi PQ(VCH cosmazaer ¢ C.

Yupaxkuenune 7. [lokaxure, uro npsimMbie AH u
AD cuMMeTpUYHBI OTHOCHUTEbHO AF.
Ykazanue. Victiosbayiite ynpasknenue J.
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[TonBenem wuror, eie pa3 copMyJIUpO-
BaB OCHOBHbIE CBOMCTBA /IaHHOH KOH(MUTY-
panuu.

1. Touku K, L, P, Q 06pa3yioT OpTOIIEHT-
PUYECKYIO YETBEPKY.

2. KP = QL; yrjabl 4eTbIpexXyro/JbHHUKa
KLPQ pasubr 45° nim 180° + 45° .

3. Touka F = KL PQ - cepeauta oTpes-
ka XY.

4. Touka E=LQNKP — mpoeknus C;
Ha npamyio [H.

5. Touka D = KQ () LP JjeXuT Ha PsSIMOit
AB.

6. [Ipamas PQ npoxoaur uepes C.

B 3aBepienue ckaxem, uro na X XII Ky6-
ke mamsartu A.H.KoJsmoroposa opuHHajIa-
tukaaccHuk Buagumup IlerpoB 3 CankT-
[Terep6ypra npugyman apyroe peiieHue ¥c-
XO/IHOII 3a/1a4H, MO3BOJISTIONIee 0OHAPYKUTD
emte paxa csoiictB. IlpuBesem mian atoro
peleHus.

Tak e, Kak 1 paHee, 3aMeTUM HePIIEH/IH-
KyJsSpHOe T0M00ue YeThIPEeXyTOJbHUKOB
KILC, n QCPH, orkyma PO LKL.

«KBAHTA »

[ycrs E’ — npoeknusa C; na ITH (1o dakry
Mbl 3HaeM, uto E = E ), torga E° — nenrp
MOBOPOTHON ToMoTeTnn (¢ yriIoM HOBOPOTa
90° ), nepeposmeii H—C1 B CTI, a 3HAYWUT,
QC,PH B KILC, . 13 noBOpoTHO! roMoTe-
tuu E'P 1 E’L. Tenepb J0OCTaTOYHO JOKa-

3atb, uto Z/KE'L =90°, t.e. Toukn K, C,
E’, L nexar Ha ofHoM OKPY>KHOCTH.

IIpu uHBepcuM OTHOCUTENIBHO BIMCAHHOUN
okpyxknoctn E’ mepexomur B H. Ormerum
touky T na mpoposxenun HC 3a touxky C
takylo, yto CT =CB; =CA,. Torna nnaa
3aBepINeHNs PENIeHNsT JOCTATOYHO I0Ka3aTh,
urto o6pasel K, L', Hu C; touex K, L, E’
n C; JexaT Ha OKPY’KHOCTH C JHaMeTpOM
CT.

Yupaxxuenus

8. Jloxaxkure aT0.

9. Ilyctp okpyskHocts ¢ eHTpoM C 1 pajuycom
CA; = CB, nepecekaer CH B touke G. Jlokaxure,
yro F — cepequna GC; .

lO6unen Teopembl Parickoro

(Hayasno cm. Ha ¢ 10)

OTMEUYEHHDBIX HIECTUYTOJbHUKOB, & PacCTos-
e d, =1 He peanu3yercs Ha MHOXKECTBAX
As 1 Ag 0OJMHAKOBO OTMEUEHHDBIX TPEYIOJIb-
HUKOB.

Oxunpaemble npopasmxeHusa

Bormpoc 0 TOM, MOXKHO JIH aHAJTOTHYHBIM
o6pa3oM pas3buTh IJIOCKOCTD HA 4 Wl S
MHOJKECTB, OCTAeTCs OTKPBIThIM. Ho Heas-
Hee JI0Ka3aTeJbCcTBO [3] TeopeMbl 0 TOM, 4TO
[IPU PACKPACKe ILIOCKOCTU B YETHIPE I[BETA
HAi/IyTCsI BE TOUKH OJHOTO I[BETA HA PACCTO-
sTHUM 1, IaeT OCHOBaHUe HAJIESIThCS, UTO JIJIST
YeThIPEX IIBETOB YTBEPIKIEHIE TeOpeMbI Paii-
CKOTO TOXe BepHo. JlocTarouno HailTH auc-
tanumonnerii rpad (r.e. rpad, BepIIMHBI
KOTOPOT'O — TOYKH Ha IJIOCKOCTH, a peGpamMu
COEeIMHEHBI TOJBKO MAPhI BEPIINH HA PACCTO-
sauuu 1) U3 n BEepIIVH, U KOTOPOTO, €CJIi

BbIGpaTh He MeHee 7/4 BepIIMH, KAKasi-TO
napa BbIGPAHHBIX BEpPIUIMH 00s13aTeabHO Gy-
ner coeanHera pe6bpom. Ilpeamararo unrare-
JIIM y6eINTBCS, UTO eCJIM B KauecTBe 30H/A
BBIOpATD TaKoi rpad, To KOHCTPYKIUs Paii-
CKOTO JIOKa3bIBAET yYTBEPIK/CHWE IJIST UEThI-
pex IIBETOB, & MaTeMaTHKaM-TIPOTPaMMHICTaM
— 3aHATHCS yBJEKATEJIbHOW 3ajiauell TTONCKa
noaxo/smiero rpada. Ceifuac M13BeCTHO MHO-
ro rpadoB, JOKA3bIBATONIIX TEOPEMY O YETbI-
pex 1BeTax, HO, BO3MOXHO, HE KaKIbIi
rpad, Haliienubiil A5 9TOM 1esiu, 06Jag1aeT
HY>KHBIM HaM CBOWHCTBOM.

JNlntepartypa

1. A.E.Patickuii. Peanusanus BceX paccTOSHUI
1pu pasz6uenun npocrpanctsa R” wa n + 1 vacrp. —
Marematnyeckne 3amerku, 1.7, Ne3, 1970, ¢.319—
323.

2. I.Xaodsuzep, I./le6pynnep. Kombunarophas
reomerpus miaockoctu. — M., 1965.

3. A.Patizopoockuii, B.Boponos, A.Cassamees,
[IpopsIB B 3a/1a4€e 0 pacKpacke MJI0CKOCTH. — «KBaHT»,
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«<KBAHT» AJd MJAAININX NIKOJbBHHUKOB
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1. BonbLiov TpeyronbHWK pasaeneH Ha
ManeHbkye TPeyrobHMKKM, KaK nokasa-
HO Ha pUCYHKe . B KaxXaoM TpeyronbHu-

e IR RIS

!

Ll e

Ke BCe CTOPOHbl OAMHaKoBbl. CTOpOHa
3aKpalleHHoro pasHa 1. Yemy paBHa
CTOpPOHa OO0NbLIOro TPeyrofbHMKa?

Z. DMUNb N 8 ero cecrep caenanm
Heckofbko doTorpadumn. Kaxabin pas
IMunb  dotorpadupoBancsd Bmecte C

NATbIO CeCTPaMM, 1 Kaxaaa cectpa oka-
3anacb Ha ABYX WM Tpex (oTorpadusx.
CKOMbKO Mony4unocsk GoTtorpahunin?

STW 33dayn npegnaranvce Ha MexayHapon-
HOM MaTeMaT14eCckoM KOHKypce-urpe «KeHrypy»
B 2019 ropy.

3. N3 kakown pasBepTkn (a—z) nony-
4ynTCA KyOUMK, Ha MNOBEPXHOCTU KOTOPOroO
OyaeT 3amMKkHyTas NuHUA?

4. B knetkn kBagpata Bacd xo4eT Bnu-
caTb 4mcna or 1 go 5 Tak, 4tobbl B
KaxxaoWn CTpoke K Kaxaom cTonbue Bce
ymcna ObiNKy pa3nuyHbl. KBagpat pa3out
Ha TpwW 0bnacTh, Kak noka3aHo Ha pu-
cyHke . CyMMbl Ymcen B obnactax oonx-
Hbl ObITb PaBHbIl. B NeBYIO HUXHIOK KNeT-
Ky Bacsa Bnvcan ymcno 2. Kakoe 4mcsio oH
OOJKEeH BMUCaTb B MPaBYlO BEPXHIO
KneTky?

Unmoctpatm [.1puiykoBovi



INMKOJA B «KBAHTE »

Kobe C
3KCNOHEHTaMM

A.CTACEHKO

OBOPAT, KOI'/IA BHAMEHUTOI'O NTAJIb-

sgHckoro dusnka Dupuko MepMn aHTIMYA-
He CIpalliiBaJi, MOYeMy OH He J06aBJISeT
CJIWBKH B Koe, OH OTBEYAJ HEYTO BPOJIE TOTO:
KaK BbI HE TIOHUMaeTe — Bellb 1pU 3TOM Kode
6o.piie!

Ho pmesmo He TOMbKO B KOJWYECTBE, HO W B
KadecTBe — TIOJHOTE 3KCTPAKINU, KOTOPYIO
yaaeTcsl OCTHYD 32 OTPAHWYEHHOE BPEMS 3a-
BApKH t, . A «9KCTPAKINA» O3HAUACT «BBITSXK-
Kay, «U3BJjedeHues»... TyT caMo CJI0BO YyKa3bi-
BaeT, YTO HY’KHO [IOCTaTh HEYTO TI0JIe3HOE U3
KaKOI-TO MOTEHIMAIbHON SMBbI. DHEpreTHyec-
Ky1o r1y6umy a1oii sibl o6o3uaunm Q ( [Q] =
JIx). Ho KTo 3aHMMaeTrcst 9TUM M3BJIeUeHHEM ?
Komneuno, TenoBasg aneprus — sHePrusg XaoTu-
YECKOTO JIBUKEHUSI MUKPOYACTHUI[, XapaKTep-
HOe 3HayeHue KOTopoii paBHO RT.

W BOT TyT BCIOMUHAETCS OHA W3 Beamyaii-
X WAeH TepMOAMHAMWUKU: KOHIICHTPAIINS
YACTHUI[, U3BJCUYCHHDBIX U3 TOTEHITNAIBHON SIMbI
UX TEIJIOBBIM J[BUJKEHHEM, 3aBUCHUT OT OTHOIIIE-
HUSI YIOMSIHYTBIX XapaKTepHbIX aHepruii Q u
kRT. U1 3aBucuT He Kak-HuGY/b, a 9KCIOHEHI[-
aJIbHO:

f(T)~e_%Eexp(—k%). (1)

YUT06bI sIpye OCBETUTDH POJIb HKCIIOHEHTDI, BMe-
cT0 e Tak m Oy/ieM Mucarb exp X.

OTa muaes cBs3aHa C MMEHAMU 3aMevaTesib-
HBIX yueHblX — ['u66ca, BonpiMana, Appeniy-
ca... (Buacrtnoctu, k =1,4- 10723 Il /K nasbi-
BaeTcsl mHocToAHHON BoubiMana). la u kax-
JIBIIT TITKOJTPHUK 3HAET, YTO B M30TEPMHUUYECKON
armocdepe paciipesiesienne KOHIIEHTPAIIUN MO-
JIEKYJI TI0 BBICOTE ¥y OlleHuBaercs: (hopMy.JIoit
(1), tne Q =mygy (m, — Macca MOJIEKY.JIbI,
g — yCKopeHue cBOGOIHOTO NajeHus ). YueHble
PA3IMYHBIX Pa3/le/I0B HAYKHW HA3LIBAIOT BEJIU-
ynHy Q sHeprueil akKTUBAINN XUMUYECKOH pe-
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aKIMU, TEIJIOTON wucrnapeHust uau cyGJanMa-
uun... KadecTBeHHO Bu 9TOH 3aBUCUMOCTHU
[OKa3aH Ha pucyHKe 1.

AT /

|
1
- | .
T, T, T, T
Puc. 1. C yMeHbLLIEHNEM TEMIEPATYPbI OT HAYaslb -
Horo 3rHaverms Ty Ao 3azarHoro T, pesko (3kc-
[IOHEHLIMATbHO) NaAAaeT MHTEHCUBHOCTL KCTPAK -
ymm, T, — Temneparypa okpyxanoLer cpessl

Crporo roBopst, Boipakenue (1) MOxKeT ObITb
JIOTIOJTHEHO ellle NPeIKCIIOHEeHIINATIbHBIM MHO-
JKUTEJIeM — CTelleHHOI 3aBUCUMOCTBIO OT TeMIle-
partypbl, KOTOPast TOpaszio «cjaabees 3KCIOHEH-
IITAJTBHOM, HO 3TO JIOTIOJHEHNE HE CYTECTBEHHO
BJISIET HA KAYECTBEHHOE OTMCAHIE PACCMATPH-
BAEMOTO TIPOIIecca.

dcHo, uro 3Havenme skcroHeHThl (1) TeM
Goupiie, dYeM Bblme TeMieparypa. Ho Bexmb
Yalika ¢ 3aBapuBaeMbIM MOJIOTBIM Kode Io-
CTETIEHHO OCTBIBAET. DTOT TIPOIECC OTHOCUTCS
K KJIacCy PpeJTaKCAIMOHHBIX, €ro WHTEHCHB-
HOCTb XapaKTePU3yeTcst TaK HA3bIBAEMbIM Bpe-
MeHeM pesakcaru T. ONHIIeM 3TOT MPOoIece
noapooHee.

Ecom macca octemBatomero tema m (Kr),
yaeabnas temnoemkocts ¢ ([Lx/(xr-K), To
U3MEHEHWE ero TEeMIIEPATypPbl CO BPEMEHEM 32
CYeT TEIJIO0TBO/IA 3AMKCBIBAIOT B BHUJIC

d(mcT) =o(T, -T)dt,
rone o — koadduiumeHt TemnaoobMeHa
([a]=/x/c-K), T, — Temueparypa OKpy:xa-
1omteit cpenpl. [Ipeanomaras, aro m, ¢, oo u T,

IIOCTOAHHbBI, MOXHO HepelmcaTb rocJseaaee
ypaBHeHI/Ie TakK:
T.-T

d(T.-T)
dt oo

me
r7ie T=— U eCTb BpeMs peJsakcaiuu. Perre-
o

HUE STOr0 ypaBHEHUSA ONIATb-TaKU COAEPIKUT
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IKCHOHEHTY:
T,-T
1—0—®:exp(—£). (2)
T, - T, T

KauecrBennbrit BU/T 3aBUCUMOCTU TEMIIEPATYPbIL
OT BPEMEHU JlaH Ha PUCYHKe 2.

A

ale

0 T, T.T, T, T

Puc. 2. Co BpemMeHeM 3KCIOHEHLMAIbHO YMEHb -
waercsa remneparypa, T, — 3Ha4eHue TemMrnepary-
Pbl, JOCTUraeMOoe 10 UCTEeYEHUM X3pPaKTepPHOro
BpemeHu t = T (BpemeHu penakcaiiiv)

Yro ke mosryuyaercsi: Temnepatypa T', BXO/Is-
mas B nokasaresb sKkcronentsl (1), cama skc-
HOHEHIMAJIBHO 3aBUCcUT OT Bpemenu! IToacra-
Bus (2) B (1), Halizem BBIpasKEHNE IJIST CKOPO-
CTU 9KCTpakiuu Kode, MPONOPIUOHAIBHOE
dbyuxim

1+a
exp 9 txa (3)
KTy ( t)
+aexp|——
T
T,-T. AT, N
rae a= e HAYATbHBI TIepe-

IPeB, OTHECEHHDIN K TEMIIEPATyPE B OKPYIKAIO-
IIeM TIPOCTPAHCTBE.

Bousiee Toro, ecam 3aBapuBaTh Kode <«IIpu
HOPMAJIbHBIX YCJIOBHUsIX> (KaK rOBOPSIT HACTO-
sume Gusnkn) — temneparype 0°C u gasie-
HUW B OAHY aTMocdepy, TO OTHOTIECHHE

_ AT, 100K 1

T T27315K e

=

MOJKHO Ha3BaTb TPUK/bI SKCITOHEHIINAJbHDBIM!

9 expl+1
KTy exp1+exp(-t/T) |’

u Bbipakenue (3)

(4)

aymncto e = exp 1 — dyngamentanbroii Kodeii-
Hoil [Toctostauoil. [lo uero ke Be3zecylie OCHO-
BaHHe HATYypPaJbHBIX Jiorapugmos!
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Ha pucynke 3 mpezcraBieHa KadeCTBEHHAs
3aBucuMocTb (4) CKOPOCTH KCTPaKIny Kode
OT BPEMEHH — CJIC/ICTBHUE TTO/ICTAHOBKY JAHHDBIX
pucyska 2 B pucyHok 1. Pe3yabTar akcTpakiuu

o'l w=0

o, >0
oy > oy
t*

[ roar

0

0 t, t
Puc. 3. 3aBUCUMOCTb OT BPEMEHM CKOPOCTH 3KCT-
PAKLMM, Y IUTLIBAIOLLAA 1 €€ [T3AEHMNE C YMEHbLLIE-
roLevica Temrepartypoi (cm. puc. 1), v nagerme
CaMovi TeMIepaTypbl Co BpeMeHeM (CM. puc. 2);
oL — KOIPDULNEHT TErI00OMEHA C OKPYXAIOLLEN
qoegoun.  UHterpan o spemern or t =0 go
3afaHHoOro t = t, — KO/IMYECTBO SKCTPArMPOBAaH-
HOro Belecraa

— 9TO MHTETPAJI 32 BCE OTBEIEHHOE JIJIST 3aBaPKU
BpeMs (., T.e. 3aKpallleHHas TIJIOM/lb IO/
kpuBoii. KoHeyHo, aTOT pesysnbraT HamboJee
BreyatsgeT, ecan o = 0 (HeT TelooTmayn B
OKpysKaioniee npocTpanctso). He cuayuaiino
JUKE3BY € Kope CTaBAT Ha PACKAJCHHDIH TIeCOK
1 JIa’ke HEKOTOPOE BPEMS KUTIATST COIEPKUMOE
(«Bapsar»).

BeposTHo, BlyMUuBbIil unTaTE b yIKe MOHSI,
YTO He CJielyeT OCTaBJISATb JIOXKKY B 3aBapHOil
Yaike, KJACTb Ha TOPKY MOJIOTOTO Kode Jie-
TIETITIKY MeJla WJIN CBITTaTh caXap, KOTOPbIe «OT-
TATUBAIOT» Ha ceOsT 9acTh TEIJIOTHI KHUIISATKA,
yBesmumBas Ternooraady (o, >0y ), u 4ro
CIIMBKM HY>KHO 106aBasaTh (ecam, KOHEUHO,
HY’KHO) IIpu ¢ = t,, a He panblue. MoeT ObITb,
3TOTO He 3Hasja ojHa u3 repontb A.ll.Yexosa,
KoTOpas «...Kohwuii cerous mmia,  6e3 BCIKO-
TO yIoBOJbCTBUSI». HO BbI-TO BCé monsim?

[Ipugrnoro ammerural
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HOroKpaTHaf
nemma Xonmna
B 3a[a4ax Mnpo

MY0PELOB

M.LEBL|OBA

BBepeHue

3ajaun, CBsI3aHHBIE C KOOIEPATUBHBIMU aJi-
roputMamu (IIpoIIe TOBOPS, 3aJaull O MyIpe-
1ax) TPaAMIMOHHO CYUTAIOTCS JOBOJBHO TPY/I-
HBIMA. [[es1o B TOM, 4TO 3a4acTyio TIPUAYMaTh
COOTBETCTBYIOUIYIO CTpaTeruio JeicTBuil, ra-
paHTHpyIONIyI0 Myapenam ycnex (Hampumep,
[IPU OTTA/IBIBAHUY 1[BETOB KOJIIIAKOB, KOTOPbIE
Ha HUX HAJETbl), BECbMa HEIPOCTO; HET KAKHMX-
TO 06X COOOPAKEHUIT, TTO3BOJISIONINX CTPO-
UTh HYKHBIe cTpaTernu. KoHeyHO, ecTh cTaH-
JMapTHbIE WAeW HyMeparnW, KOJWPOBAaHUS W
T.[J., HO KaK IMEHHO 3aHYMEPOBATh, 3aKOINPO-
BaTh U TepeiaTh TeM CaMbIM HYSKHYIO HHQOP-
MAIIUIO, MPUXOAUTCS KaKAbII pa3 MPUAYyMbI-
BaThb 3aHOBO.

B aToil cratbe MBI pacckaxkeM o6 WHTepec-
HOM TIO/IXO/I€ K MOJ0GHBIM 33jia4aM, Mpu KOTO-
POM HPUYMbBIBATh NMOJOOHBIE CTPATErNH JIeii-
CTBUH He HYKHO. JTO KAJKETCS HEBEPOATHDIM,
HO €eCTb CIT0c06 JI0KAa3aTh CYIEeCTBOBAHIE CTPa-
TETuu, He NpeabsBiss ee sisuo! Te »xe mmen
TIPIMEHUMBI K 337[a4aM 0 (POKYCHUKAX: MOKHO
JTOKa3aTb BO3MOXKHOCTDH (POKyca, He PacKpbI-
Basi crioco6 ero mposegenusi! Kak ato MokHO
c/iesIaTh, MbI Y3HaeM, TIO3HAKOMUBIIICD C KJIac-
CHUYECKUM KOMOMHATOPHBIM Pe3yJIbTaTOM: JIeM-
Moii XoJua.

OGbIYHasA N MHOrokpaTHas neMmmbl Xonna

Haunem ¢ QopMyJMpOBKM KJIACCHYECKOMN
seMmMbl XoJuta. IlpexcraBumM cebe, 4TO BEUepOM
Ha TaHIbI MPHUNLIN I0HOMN U AeBymKu. Hexo-
TOpbIE U3 I0HOIIEH 1 I€BYIIEK 3HAKOMBI JIPYT C
npyrom. Kak aTo yacTo 6bIBaer, Kask/Iblil IOHO-
1a XOo4eT I0TaHIeBAThb TOJIBKO CO 3HAKOMOU
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eMy fieByImKoii. CrparmBaeTcst, CMOTYT JI BCE
IOHOIIN TPUTJIACUTD HA TaHEI[ 3HAKOMBIX MM
neBytiek? OKa3bIBaeTCs, YTO CYIIECTBYET IPO-
cToe HeoOXOJMMOE M JIOCTATOYHOE YCJIOBHE,
IIPU BBINOJHEHUN KOTOPOTO KAXK/IOMY IOHOIIE
Haiizercss mapa (XOTsl, BO3MOJKHO, KaKue-TO
JIEBYILIKK [IPU 3TOM ocTaHyTcst 6e3 1mapbi). B
HTOM U 3AKJIOUAETCS CYTh JIEMMBI XOJLIA.

Teopema 1. Jlemma Xouauna. Paccmompum
08ydonvnulil epagh, 20e sepuunsvl nepeotl 00U
— MO 1OHOWU, A EePUUNL 8MOPOL 00aU —
desyuru. Coedunum pebpom wHowy u desyul-
Ky, ecau onu 3naiom opye opyea. Ilpednono-
SKUM, w0 Jr00ble kR 10Howetl 3HAI0M He MeHblLe
k desywex, das no6ozo k om 1 do obuwezo
Koauuecmsa tonoutetl. Tozda ece wHOWU CMO-
2ym npuziacumv HAd Maney; SHAKOMbIX UM
desyuiex.

EcTh MHOTO PasHbIX CITOCOG0OB JJOKA3aTh JIEM-
My XoJuta. Mbl IpuBesieM KJaacCUuecKoe 10Ka-
3aTeJIbCTBO, KOTOPOE €Tl HA3bIBAETCS METOIOM
yepeaytomuxcsi rereii. /Ipyrue nokasaresipb-
CcTBa MOJKHO HaliTh B ctatbe [1].

JoxaszareabcTBo. [1pe/11o103K1MM IPOTUBHOE:
MyCTh BCE IOHOIM HE CMOTYT TAHIEBATh CO
3HAKOMBIMHI UM [IeByTITKaMu. PaccMOTpuM Ham-
GoJibIliee KOJIMYECTBO TAHITYIOMNX T1ap, KOTO-
poe MOKHO o6GpasoBarb. /[lasee paccMOTpUM
IOHOIILY, He BOIIe/Iero B 3TH 1mapbl. OH Hauu-
HAeT OPTaHM30BBIBATD CBOE TaifHOE OGIECTBO.
B nepsblii jileHb B 9TOM 001I€CTBE TOJBKO OH.
Kaxprit caenyiomuii eHb KasKAbIll TOHOIIA,
BXOJISAMIUI B 9TO OGIIECTBO, MPUTJIANIAET Ty
BCEX 3HAKOMBIX C HUM JIEBYIIEK, & OHU TIPHBO-
JSIT TyJla CBOUX HapTHEpoB 10 TaHiy (ecim
TaKOBbIE €CTb).

Yupaxxunenus

1. JlokaxkuTe, 4TO paHO MJIU TO3/IHO B OOIIECTBO
MPU/IET JIEBYIIKA, Y KOTOPOIl HE ObLIO Mapbl.

2. JlokaxkuTe, 4TO B TAKOM CJIy4ae MOXKHO Pa3OuTh
IOHOIIIE}T 1 JIeBYIIIEK HA MaPbI TaK, YTOOBI KOJIIIECTBO
1ap yBeJUYUJIOCh.

3. BoiBenute orciona jsemmy XoJuia.

CyTb eMMbl X0J171a 3aKJII0YAETCS B YCTAHOB-
JICHUW COOTBETCTBUH MEXK/ly [JBYMS THIIAMU
06bexTOB (FOHOITM ¥ JIEBYIIKU) [IPH BHITOJTHE-
HUM HEKOTOPBIX YCJOBUI CBSI3U MEXK/Y STUMU
oObekTaMu. B KoMOMHATOPUKE CyIIeCTByeT He
TaK YK MHOTO HOJAOGHBIX YTBEPIKAEHWH, U
JemMa XoJla — BO3MOXKHO, HanboJsiee MOIITHOe
n3 Hux. YUTOOBI MOTPEHUPOBATHCS €e TIpUMe-
HSTH, MONPOOYIiTe PENNTD CIEAYIONIIE 3a/[aun.
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YunpakHenus

4. Kaxaplii U3 /BYX PaBHOBEJIMKUX KBA/[PATOB
pas6ut na 100 paBHOBesukux vacreil. Jlokaxkure,
YTO MOKHO CJIOKUTH 3TH KBAJApaTbl B CTONKY U
mpotkuyTh B 100 Toukax tax, uto6n! Kaxas u3 100
YacTeil KasK/J0ro U3 KBaJparoB ObLIa MPOTKHYTA.

5. M3 maxMaTHOH [OCKM BbIpe3ain 7 KJETOK.
JlokaxkuTe, 4TO Ha OCTABIIMECS KJIETKH MOYKHO I10-
CTaBUTH 8 HE GBIONINX JPYT JApyra Jajeil.

Vkaszanue. Paccmorpute IBY0JIbHBII Tpad, Bep-
MIUHBL KOTOPOro — 310 ctpoku (1epsas posis1) u
crosi6upr (BTopast 110J14) JaHHOii TaGIuIbl.

Ha mpaxTuke Mbl OyieM HCIIOJb30BATH JIEM-
My XoJsJIla B OYeHb KOHKPETHOH CHTYaIuy,
COOTBETCTBYIOIIEH TaK HA3bIBAEMOMY PETyJIsip-
Homy aBynaospHOMYy rpady. Cdopmymmpyem
OT/IeTBHO COOTBETCTBYIOIIEE YTBEP:K/ICHUE, KO-
Topoe 1 Oy/IeT KJIIOUeBbIM TIPU PelIeHrH 3a/1a4
¢ My/Iperamu.

Teopema 2. Jlemma XoJu1a sl peryJisipHO-
ro rpada. [Ipednonosxum, wmo 0us HeKOMOpPo-
20 | > 0 xaxowil 1onowa 3smaem poeno [
desywex u Kaxdas desywxa 3naem poeHo |
tonowetl. Tozda éce tonowu cmozym npuzid-
CUMb HA MAHeY, 3HAKOMBIX UM Oe8YUEK.

B Ttepmunax rpacdoB 910 yTBEPKICHHE 3BY-
YUT TaK: €CJU B JIBYJOJBHOM rpade CTereHu
BCEX BEPIIUH OJIMHAKOBBI, TO BepIIMHAM U3
OJTHOIl JIOJTM MO3KHO COINOCTaBUTH POBHO 110
OJTHOM CMEXHOW BepIINHE U3 APYTOil J0JN.

HoxkazareabcTBo. PaccMOTpUM 1TPOM3BOJIb-
HBIX k I0HOIIEH U OKAXKEM, 4TO OHU 3HAIOT HE
MeHee k jgeBymiek (B TaKOM cJIydae Haie yT-
BepIK/IeHe cae/yeT u3 geMmbl Xoita). IIpe-
IIOJIO’KUM, YTO R IOHOIIEH 3HAIOT X JIEBYIICK.
[Tocunraem KomuecTBO pebep, UCXOAAMNX U3
3TUX R IOHOIIEH, U KOJImuecTBo pebep, BXO/Is-
MUX B 3HAKOMBIX MM X JIeByIIeK. SIcHO, 4TO
pebep, BBIXOJAIMNX M3 IOHOIICH, He GoJblie,
yeMm pebep, BXOJAIMX B JeByliek. Torzaa
kl < xl, otkyma x 2=k, uT0 U Tpe6OBAIOCH
J0Ka3aTh.

Yunpaxsenue 6. B yacTHOM OXpaHHOM TIpeIpH-
STl paboTaloT 72 OXPAHHNKOB. EikeneBHO NM HY K-
HO pacrpe/essitbes 1mo 1 o6bektaM. [lo mporectBun
k mHEll OKa3ajoch, YTO HUKTO [BAYKIBI HA OHOM
o0beKTe He eKypuil. JJOKaKuTe, 4T0 MOKHO COCTa-
BUTH paclUCaHue Ha OcTaBivecss n — R IHeH Tak,
94TOOBI BCEe OXPAHHUKH TTO/ICKYPIJIN TI0 OJHOMY pasy
Ha BcexX 00beKTax.

B nampmeitmmem waM GyayT BasKHBI HJIEH,
CBSI3aHHDIE C IPUMEHEHUEM JIeMMbl XO0JLIa JIJIs
penienus 3a7a4 Mpo POKYCHUKOB. Mbl TIpuBe-
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JIeM JINIIb OJIHY 3ajiady Ha 3Ty TeMY, OTCBLIas
3aMHTEPECOBAHHOTO YnuTaTeN sl K craTbe [2].

3azaua 1 (Bcepoccuiickasg oamMMImMaza Imo
Matematuke, 2007). DOKYCHUK ¢ NOMOUHUKOM
cobuparomes noxazame maxou goxyc. 3pu-
meav nuuiem Ha Jocke nocled08amesbHOCNY
u3 N yugp. Homownux ¢hoxycnuxa 3axpulea-
em 06e COCCOHUX UUDPLL UePHBIM KPYHKKOM.
3amen exodum ¢oxycnux. Ez0 3adaua — om-
2adamu o6e saxpvimovle yugpor (u nopsdox, 6
Komopom onu pacnonoxenvt). Ilpu xaxom
naumenvuiem N poxycHux moxem 0020680-
PUMDBCSL € NOMOWHUKOM Max, umobsi (hoxyc
2apanmuposanno yodicsa?

Ortgert: 101.

Pemenne. Ilepen tem, kak mnepexoauTb K
peleHnio, TONpoOyeM TIOHATh, KaK MOKHO
(opmanmzoBaTh oTrajibiBaHne (HOKYCHUKOM
HauaJbHON paccTaHOBKN IM@p. Y HAC ecTb
MHOJKECTBO HavyasbHbIX HaGopoB u3 N 1udp.
Ot u3 9TuX HAGOPOB MHIIET 3PUTEJb — €r0 U
JTOJDKEH OTTaiath (POKYCHUK. DTU HAGOPBI CO-
CTaBAT TEPBYIO JIOJIIO B HAllleM [BY/IOJbHOM
rpae. CaM (POKYCHUK TIPH 3TOM BH/IUT JIUIIb
4acTb 3TOT0 HAGOPa C JIBYMSI 3aKPbITBIMHU I10-
MOIIHUKOM T pamMu. DT HAGOPbI COCTABIT
BEPIIHMHBI BTOPOI /10JIU /IBY/10JIbHOTO rpada.

IT10 mpocroe coobpakeHue, MO3BOJISIONIEe
BBECTH B Hallly 3ajauy /BY/OJbHBIH rpad,
M0JICKa3bIBaeT OleHKy st yncaa N. Pacemor-
PHUM BC€ BePIINHbBI BTOPOI JI0JIN. DTUX BEPIINH
B tounoctu (N —1)-10Y2. C apyroii ctopo-
HbI, BEPIIVH B MI€PBOH /10JIe POBHO 10N . dcno,
YTO eCJIN BEPIINH BO BTOPOII /I0J1e MEHbIIIE, YeM
B IIEpBOH, TO (poKyc He yaacTes. [leficTBUTEND-
HO, B TAKOM CJIydae HalljlyTcsl /[Ba CTApPTOBbIX
Ha6opa 3 N 1udp, KOTOpble 1ocie 3aKPhITUS
mudp JagyT OJNH U TOT ke HaGOP, KOTOPLIi
YBUIUT (POKYCHUK, TTO3TOMY yTajaTh HY KHbIH
HaGop oH He cMoskeT. OTCIO/A TTOJTydaeM orpa-
Huvenue Ha N:

(N -1)-10V2 > 10V,

otkyma N >101.

Ocrasoch TPUBECTH AJTOPUTM JeHCTBUI
(poxycHmKa, 4TOOBI OH MOT yraJaTb 3aKpbITbIE
nu@pbl B TOCIELOBATEJbHOCTH [JJUHDI
N, =101. Bot 3aech Mbl U IIPUMEHUM JIEMMY
Xouna.

UTto HAM HY’KHO c/le1aTh? Y Hac eCTb BepIin-
HBI BTOPOIT 101, KOTOPbIe BUANT (POKYCHUK, U
BEPIIUHDI IEPBOH /10JI1, KOTOPBIE 3arajas 3pu-
Tesib. HaM HYJKHO yCTaHOBUTb OuUeKUUio, T.€.
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B3aNMHO-O/IHO3HAYHOE COOTBETCTBHUE, MEXKIY
aTIMN Habopamu. Bosee Toro, Kak MBI yCTaHO-
BUM GUEKIIMIO, COBEPIIEHHO He BaxkHO! BaskHo
Juip Hanuuue takoi 6mekimu! Takum o6pa-
30M, MOKHO /IOKa3aTh, YTO Y (DOKYCHUKA TTOJTY-
YHUTCS OTTaJIaTh IIN(PBI, He paACKpbieads cexpem
¢oxyca, T.e. He TPEABSBIASA SBHO CIIOCOO
orragpBanmsa!l B aToM m 3axsiodaercs IeHT-
paJbHas njes 9TOH CTaTbH: JOKA3bIBATD CYIIIe-
crBoBanue 6uekimit (am Apyrux, Goee CiIoxkK-
HBIX OTOOPasKEHHI), He CTPOS UX SBHO.

[Tokaxem, Kak aTO MOXKHO c/iesnath. PaceMoT-
pPUM y3Ke 3HAKOMBIH HaM ABY/OJBHBIN Tpad, B
KOTOPOM OTHA JI0JIST — 3TO MOCJIeIOBATETbHOCTH,
KOTOpBbIE MOXKET YBHU/CTb (DOKYCHUK, a APyTas
JIoJisi — 3TO HAbGOPbBI, KOTOPbIE MOT 3ara/iath
3puresb. CoelMHUM [BE BEPIIUHBI B PA3HBIX
JTOJISIX, €CJIN, 3aKPbIB B IEPBOII BepIIIHE KaKne-
TO [Be cocefHue IUMPBI, MOXHO IOJTYYUTH
BEPIINHY M3 BTOPOH J0JH. 3aMETHM, UTO TTOJY-
yuBIINica rpad ABageTca peryasapHbIM. [leii-
crButesbHO, ipu N = 101 kaxko#t mocyienoBa-
tesbHOCTH U3 N 1udp coorBerctByer N — 1 =
=100 croco6oB 3aKpBITh B Hell JIBE COCEIHIE
mudpoel. C ApYroil CTOPOHDI, AT JaHHOH ToC-
JIeTOBATEJIbHOCTH € IBYMSI 3aKPBITBIMH T pa-
mu umeercs Takxke 100 =10-10 cnoco6os atu
1udpbl BOCCTAHOBUTD. 3HAYUT, rpad yA0BJIET-
BODSIET YCJIOBUSIM JIEMMbI X0JLJ1a, H MBI MOKEM
MTOCTaBUTh B COOTBETCTBHE KakAOMy Habopy
mndp, 3araJlaHHOMY 3pHUTEJIeM, POBHO OJUH
Habop 1UQP, KOTOPLIH YBUIUT (HOKYCHHUK.

Takum o06pasoM, (HOKYCHUK U TIOMOIIHUK
CHaYaJa JOJUKHBI BBIYUYUTb BCE COOTBETCTBUS
MEK/1y BEPHIMHAME [IepBOii 1 BTOpoii poeil (a
Beero s1ix coorBerctsmii posro 10" —crommko,
CKOJIbKO BepuIMH B 6ol n3 poueit). Korpa
3pUTEJb HAMUIIET CBOIO IOCJIEI0BATEIbHOCTD
1ndp, TOMOIMHNK BCIIOMIHAET, KaKasi BEepIIH-
Ha BTOPOH /IO COOTBETCTBYET TOi, KOTOpas
MOJTyYNJIaCh y 3PUTEJSA, U 3aKPBIBACT HYKHbBIC
nudpsl. 3aTeM (OKYCHUK, BXOS B ayAuUTO-
pUIO, BUIUT BEPIIUHY BTOPOH JI0JU U BCIIOMU-
HaeT, KaKoll BepIIUHe MEepBOI 0JH OHA COOT-
BETCTBYET. DTO MO3BOJISIET €My Ha3BaTh 3aKPbI-
TBIE TIPHI.

Tenepn chopmysmpyem HeCKoJIbKO GoJiee 06-
1iee yTBepIK/IeHNEe, KOTOpoe Mbl Gy/eM Ha3bl-
BaThb MHOzZOKpammou aemmou Xoanra. VImenno
3TO yTBepsK/eHue GyAeT I HAC KJIOUEBBIM.

OmngaTth paccMOTpPUM IOHOIIEH W JeBYIIEK,
TIPHUTIEINX Ha TAHIIbI, KOTOPBIE TOLKHBI Pas-
6UTbCS HA Hapbl Tak, YTOObI B KaXK/IOH mape

napTHepbl 3HAMM Apyr apyra. Ho Temeppb yec-
JOKHUM 3azauy. [IpearnonoskuM, 4To 0HOMN
JIOJKHBI CTAHIIEBATH POBHO 71 TAHIIEB KaKIbIi
U TI0-TIPEIKHEMY TaHIIEBATb OHU MOTYT TOJIBKO
CO 3HAKOMBIMH WM jeBymKamu. OHaKO e-
BYIIKH TIPU 9TOM He MOTYT TAaHIEBATh GOJIbIIE
OlHOTO TaHI@a (B TOM YMCJIE U C TeM e CaMbIM
naprHepoM). OKasbIBaeTcsi, 4TO TapaHTHUPO-
BaTb CYIIECTBOBAHUE TAKOTO Pa30HEHNUs HA IPYTI-
bl <OJMH IOHOIIA M 7 JIEBYIIEK»> MOKHO C
TOMOIIBIO YCJIOBHUST, OUEHD MOXOKETO HA YCJIO-
Bue u3 0ObIYHOI JieMMbl XO0J1JIa.

Teopema 3. Muorokparnas semma XoJia.
Paccmompum deydorvuviii epagh, z0e eeputumot
nepeotl 001U — IMo 10HOWU, d BePULUHDL 81O~
poi doau — desywru. Coedunum pedpom 10Ho-
wy u 0egywiKy, ecau onu 3narm opyz opyezd.
Kasxowuii 1onowa xouem manyesamv ¢ m 3nd-
KOMBIMU Oe8yuKaMUL, NpuLeM KaKoas desyul-
Ka ne moxem manuesamv 0éa manya (6 mom
yucae ¢ oOnum tonoweil). Jloxaxume, umo
ecau npu no6om k das mobozo nabopa uz k
1oHoULell KOAUUECTNEO SHAKOMBIX UM 6 COBOKYN-
nocmu desyulex e menvuie km, mo xaxowii
HOHOULA CMOXKEM CMAHUEBANb M MAHYES.

HokazatenbctBo. KioHNpyeM KaK/10ro I0HO-
Iy 7 pa3, U MyCTb KasK/bIil KJIOH 3HAET TeX JKe
JIeBYIIIEK, YTO U M3HAYAJIBHDIN ToHOIIa. Terepnb
PacCMOTPUM JBYIOJBHBIN Tpad, r/ie BEPITHHBI
MIePBOI 10T — 3TO BCe KJIOHBI BCEX IOHOMICH, a
BEPIIMHbBI BTOPOIi 1011 — aTo AeBymiku. [Toka-
JKEM, UTO B MOJy4eHHOM rpade BBIIOTHSIETCS
ycJIOBHE OGBIYHOI JieMMbl XO0JI7Ia, T.€e. MOXKHO
BCEX KJIOHOB IOHOIIEI IIOCTaBUTb B Hapbl C
Pa3IUIHBIMA 3HAKOMBIME WM [IEBYIIKAMI.
BosbmeM s ki1oHOB. 3aMeTHM, 4YTO OHHM 3HAIOT
TEX JKe JIEBYIIEK, YTO W M3HAYATbHDIC IOHOIIH,
KJIOHAMHU KOTOPBIX OHM SIBJSIIOTCS. A 9THX

. s
foHotrell 6b11o0 XoTst 661 — . Ilo ycioBuio
m

MHOTOKPATHON JIeMMbI XO0JITa, 9T! IOHOMIN 3Ha-
s
JIN XOTs 6bI — - m = S JIeBYIIeK. 3HAYUT, 9TH S

KJIOHOB 3HAIOT XOTsI OBl S JIEBYIIEK, T.€. YCJIOBHE
JieMMbI XO0JIJTa BBITIOJTHSIETCS.

[Iyctpb Temephb Kakablii 1oHOIIA Gy IET TaHIe-
BaTb C TEMU JA€BYHIKaMM, KOTOPbIE OBLIIN B
rnapax ¢ ero kJjoHamu. Jlerko BujeTb, 4TO
JlaHHOe pa3bueHye SBJSIETCS UCKOMbIM.

Kax u B caydae ¢ o6bruHOil jieMmMoii XoJiia,
HaM OyzeT yZ0OHO HCIIOJIb30BAaTh MHOTOKPAT-
Hyl0 JeMMy XoJiTa B CJIEAYIONEM YacTHOM
cayuae.
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Teopema 4. MHuorokparHas jemMmMa Xo0Jjia B
peryJaspHoM cay4ae. Paccmompum 06ydonn-
HoLlL 2pacgh, 20e sepuunvl Nepsoll Joau — Mo
1OHOWU, d 8ePUUNBL 8MOPOU 00U — 0eBYUIK.
Coedunum pebpom 1onowy u O0esywKy, ecau
onu 3naiom opye opyea. Ilpeonoaoxum, umo
CMmenenu 6cex Gepuut, COOMEEMCMBEYIOUUX
IOHOWAM, 0OUHAKOBYL U PAGHL M U CMENeHU
6Cex epuu, COOMBEMCMBYIOUUX 0e8YUKAM,
maxxe odunaxosvt u paswvl d. [loxaxume,

UMO KAXKOBIL 10HOUA MOKem. cmanuesdmns C
m
E SHAKOMbIMU eMY aeeywxamu, npuuem

Kaxoas desywka npu 3mom Oydem manie-
samo He 6oaee 00H020 pPa3d.

Yunpaxuenue 7. [lokakuTe 3Ty Teopemy.

MyapeLbl 1 MHOrokpaTHas nemma Xonna

Wrak, MBI BBISICHUIN, KaK JOKa3bIBaTh BO3-
MOJKHOCTb HpOBe/ieHnst (POKYCOB € HOMOII[bIO
JieMMbl XO0J11a: KJTI0YEBBIM SIBJSIETCS COOGpaske-
HUE O BO3MOXKHOCTU YCTAHOBJICHUS] UHBEKUUU
MEK/Iy MHOJKECTBOM CTApTOBBIX COCTOSIHUIA,
KOTOpbIe BUIUT (POKYCHUK, U MHOKECTBOM KO-
HEYHbIX (SaFaHaHHbIX 3pI/IT€‘]I€M) COCTOHHHfI,
KOTOpPble HY’KHO OTrajath. VHDbeKIus — aTo
TaKOE COOTBETCTBUE, YTO PA3HBIM CTAPTOBBIM
COCTOSTHUSIM COTIOCTABJICHBI PA3HbIE KOHEUHBIE.
O/1HaKo B 3a/1a4axX ¢ My/IpelaMy U KOOIePaTHB-
HBIMU CTPATETUSIMU CUTYyalust GoJiee CJAOMKHAS.
BO-HepBbIX, B II0/4aBJIAIOIIEM 6OJHJU_H/IHCTBG
TaKMX 3ama4 MyApensl MoryT (M JOJIKHBI)
omunbarbes, T.e. 6e30mnOOYHOTO OTrabIBaHN
MPOCTO HE CYIIECTBYET. BO-BTOPHIX, BO3MOXK-
HOCTb HAJIMYUsT ONMMOOK JIeJTaeT HEOHO3HAY-
HBIM IIPOIIECC JleKo/iupoBanusi. Mnade roBops,
KOHeYHast CUTyalusi, KOTOPYI0O MOXKHO MOJIy-
YUTh U3 CTApTOBOI, He ofgHO3HAa4YHA. Ho y Hac
Ha Tako#l ciydail Kak pa3 eCTb MHOTOKpaTHAas
semma Xosmal

KioueBoe coobpakerine, MO3BOJISIONIEE 3a-
CTaBUTh MHOTOKpaTHYIO JieMMy XoJiia pa6o-
TaTh B 3a/la4aX C My/IpelaMu, 3aKJII09aeTcsl B
caenyionieM. Ilpeanonoxum, uto Myzapenam
HaJe/in KOJIIaKW pa3HbiX IIBETOB U UM HYKHO
yrajarb ILBeT CBOETO KOJIIaKa, BUAA Iepej
c060ii TOJIBKO KOJIAKU JAPYTUX MY/PENOB. 3a-
HyMepyeM MYy/peroB u Oy/eM HajeBaTh Ha
HHUX KOJIIIaK1 BCEMU BO3MOKHDBIMHN CHOCOéaMI/I.
Boopy:xumest oroanmapaToMm W HayHEM WX
dororpaduposats. Bynem memars ¢otorpa-
durto kaxkmoii cuTyanuu cBepxy, 4ToObl ObLIH

2019/Ne7

BIJIHBI BCe IIAIKK, a 3aTeM IiepegagnM (oto-
anmapar KakJoMy U3 My/peloB, 4ToObl OH
cam czenan ¢potorpadun BCeX OCTATbHBIX MY/I-
PEeroB, KOTOPBIX OH BU/IUT CO CBOETO MECTA.

Paccmorpum /1By10/1bHBIN Tpad, B KOTOPOM
BEPIIHMHBI TIEPBOIT /1071 — 3TO Bee poTorpadni,
cienannbie Hamu (110 (akTy MPOCTO BCEBO3-
MOKHbIE HaYaJIbHbIE PACIIOJIOMKEHUST KOJITAKOB
Ha MyZpelax), a BTopas JoJisi — 3TO BCe
dororpaduu, cpesaHHbIe BCEMH MYAPEIAMHU.
[lanee, coeiMHUM BEPIINHY © U3 BTOPOIl 071
C BepIINHOI u U3 1epBoii, ecan gororpacdus v
c/leJlaHa OJJHUM W3 MYJPEIOB B CHUTYAIUH U.
YT0 HOLKHBI cenaTh Myapenni? L1 kaxkmaoin
caerarHoil UM oTtorpadum Myaper] J0JKeH
MOCTapaThCst BOCCTAHOBUTD IIBET CBOETO KOJITIA-
ka. Pasymeercst, B HEKOTOPBIX CJydasX My/pe-
el onmmo6yTesi. HaM HyskHO HaliTn Tex Myjpe-
1[0B, KOTOPbIE TAPAaHTHPOBAHHO OTBETST BEPHO.
Tounee ToBOPs, cjiejlyeT PABHOMEPHO paclipe-
JIeJINTDh OTBETBI BCEX MY/PeNoB 110 ¢gororpadu-
M U, 4TOOBI Ha KOKIYI0 hoTorpaduio mpuxo-
JIAJIOCH JIOCTATOYHOE KOJTMYECTBO ITPABUJIbHDIX
OTBETOB.

Jl1s1 3TOTO  BOCIIOJIB3YEMCSI MHOTOKPATHOI
Jgemmoit XoJta. My/pelibl, Ybd TOUKU 3PEHUS
BbIOPAHbI B COOTBETCTBUM C JaHHOW 0Olei
dororpadueit u, 6ygayT oTBEYaTh WCXOIS U3
MIPE/IIOIOKEHHsI, YTO OHM HAaXOJSATCSl B 3TOM
CUTyallny, a 3HAUUT, TIpaBUIbHO. TakuM o6pa-
30M, ecJil Kak/0i poTorpacdum ¢ MocTaBJIeHO
B COOTBETCTBHE XOTs 6bl m ororpadpuii u ,...

..y U, , CAEJIAHHBIX MY/[PElaMi, TO B KaXK/I01
CUTYaIlNN TIPABUJIBHO OTBETAT XOTSI ObI 1 My/I-
peroB. Yncso m MbI OIIPe/Ie/IM U3 TapaMeTpoB
3a/a4M.

[TocmorpuM, Kak ara cxema paboTaer Ha
IIPaKTHKE.

3agaua 2 (MocKOBCKast MaTeMaTHUYeCKast
omumimaja, 2010). Komanda us n myopeyos
yuacmeyem 6 uzpe: Ha Ka;x0020 u3 Hux nade-
saiom wanxy 00Hozo u3 k saparee uzsecmuvlx
16emos, a 3amem NO CEUCMKY 6Ce MYopeubl
oonospemenno ewvibupaiom cebe no 00HOMY
wapgy. Komanda noryuaem cmoavko oukos, y
CKOMLKUX ee YUaACHUKOG UBem Uanki Coend.J
¢ ysemom wapgha (wapghos u wanox 1106020
yeema umeemcs 00CMAmouHoe KoJIUUeCmeo;
60 8peMsi uzpol KAKObIL YUACMHUK He UOUMm
ceoell wanku, 3amo euoum wWankiu 6cex 0c-
MATLHBIX, HO He uMeem npasa 6vldasamv 00
ceucmra nuxaxyio ungpopmauuio). Kaxoe nau-
OonbULee YUCTO OUK08 KOMANOA, 3Apanee Hame-
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mue naan O0etucmeull Kaxoozo ee uiend, Mo-
Kem 2apanmuposanio NOAYUUMb?

Ortser: [n/k].

Pemenune. PaccMoTpuM omnucaHHbIi Bbillie
rpad, B KOTOPOM BEPIIUHBI IEPBOI 10X — 3TO
BCEBO3MOKHBIE HAYATbHbBIC MO3UITUN KOMAaH/IbI
Myapenos (T.e. BCEBO3MOKHbIE BaPUAHTHI Ha-
JleTh Ha HUX MKW R IBETOB), a BEPIIUHbBI
BTOpOI moam — ato (ortorpadun, caesaHHbIe
KaXX/IbIM 13 MY/JPEIOB B KaX/0Wl BO3MOXKHOI
CTapTOBON cuTyaru. IcHo, 4TO B 11€pBOIi 1071€
k", a Bo BrOpOii nk""' Bepmmmm.

Kaxxmas BepmuHa 13 mepBoil JOIM coeinHe-
Ha C 7 BepIIMHAMHU M3 BTOPOH JOJHM, TaK KakK
TAKyIO PacCcaKy MOXKeT BHJICTb KaK/bIil U3 7
myzapenoB. C 1pyToil CTOPOHDI, KaXK/1asi BepIIu-
HA U3 BTOPOH JIOJIA COeINHeHa ¢ k BEPITHHAME
13 MePBOH [T0JIM, TaK KaK y Ka’KIOr0 MyJpera
ectb k BapuaHTOB I1BeTa CBOETO mmapda.

Tenepb IOCTPOUM AJrOPUTM JAeiiCTBUN 111
MY/IPEIIOB, TIPU KOTOPOM OHH TapaHTHPOBAHHO
HabGepyT [n/k] oukoB. [l 9TOTO HOCTATOUHO
JTIOKA3aTb, YTO MOXKHO COIIOCTABUTDH KaXKJOM
BepuINHe U3 IepBoil gouu [n/k] Bepummx us
BTOPOH J10JIU.

Bocnosbdyemces MHOrokpaTHoii ieMmMoit XoJi-
Jla B peryJsipHOM ciydae. [Ipumennm aTy JjeM-
MY, CONOCTaBUB Ka’KJOW HaJaJbHOW paccra-
HOBKE % MY/IPEIOB U3 nepBoil gom m = [n/k]
BEPIINH W3 BTOPOH goJn. VIMeHHO T Myape-
1bI OTBETSIT IIPABUJIBHO IIPU HAYAJIBHOI paccra-
HoBke u. Takum o6pa3oM, MyJpeIbl MOTYT
rapaHTHPOBAHHO HaGpartb [n/k| 0YKOB.

Ocrasioch f0kaszaTh, uto GoJbine [n/k] ou-
KOB TapaHTHPOBATh HesTb3s. Ha camoMm zeste aTo
TaK)Ke OOBSICHSIETCS BO3MOYKHOCTBIO MPHMeEHe-
HUS JieMMbl XoJia: ecyim Obl MOXKHO ObLIO
COTIOCTaBUTDb KaXK/I0l BepIIuHEe MepBOH /10J1
Gosbiie [n/k] BepumH U3 BTOPON 10H, TO BO
BTOPOIi /I0Jie HaM TIPOCTO He XBaTUJI0 ObI Bep-
mmH. DopMaTbHO 3TO MOXKHO JOKa3aTb Tak.
[IpeAmomokmM, 9TO ecTh TaKas CTpaTerws 3a
MY/[PEIlOB, KOTOpas TapaHTHpyeT XOTs Obl
[7/k] +1 ouxos. 3amernuM, UTO OTBET KAXKOTO
My/Iperia OJHO3HAYHO OIPEJENISIeTCS IIBETOM
HIATIOK y OCTasibHbIX MyzperoB. [loctaBum B
COOTBETCTBUE Kaxa0l pororpadun us nepBoit
JIOJIU TOYKU 3PEHUS MYJPEIoB, KOTOPbIe B
JTAHHON CHUTYaIlN OTBEYAIOT MPaBUIbHO. Ecim
JUISL KasK/10i packpacku ux Gosbmie [n/k], To

nk"™" = k" ([n/k]+1) > k" [n/k] = nk"™"

— ipotuBopeune. Takum o6pazoM, MaKCUMaJIb-

HOE KOJIMYECTBO OYKOB, HAOPAHHBIX My/pela-
Mu, pasHo [n/k].

Ectb kitace 3a/1a4 mpo My/1penos, rie Tpedy-
eTcsl HaliTh HauOOJIbIIYI0 BEPOSITHOCTb rapaH-
THUPOBAHHO YTra/laTh I[BET CBOETo KoJimaka. Pac-
CMOTPHM, HAIIpUMep, cJeayiomue MoanduKa-
IIUH TIPEABIAYIIEH 3a/1a4H.

Yupaxuenus

8. B ycuoBusax mpezbiayieil 3agaun GyeM cun-
TaTh, 4To 72 < k. C KaKoil MaKCUMaIbHON BEPOSITHO-
CTBIO XOTSI ObI O/INH M3 MY/IPEIOB yTraJlaeT IIBeT CBOeil
IIANKK?

9. B aToT pa3 Myzaperpl MUITYT IPe/IIoaraeMblil
I[BET CBOETO KOJITIAKa 7 Pa3, IIPH 3TOM OHU HE BUJAT,
YTO Hammcaln ux cocean. Kakyio MaKcnMaabHYIO
BEPOSITHOCTD TOTO, YTO XOTsI Obl OJIH U3 HUX YrajaeT
3a 9TH 7 TIONBITOK, MOTYT FAPaHTHPOBATDb MY/IPeI[bl?

3agaua 3 (Oummnumagna umenu Jleonapaa
diisepa, 2013). 99 mydpeuoes cesu 3a Kpyzaviil
cmos. Um uzeecmmo, umo nsamudecsamu u3 Hux
Hadeau KoAnaxu 00H0zo U3 08YX usemos, d
copoxa Oegsmu ocmanvhvin — 0pyzozo (1o
3aparnee HeU38eCmHo, KAK020 UMEHHO U3 08YX
ueemos 50 koanaxos, a kaxozo —49). Kaxowlii
u3 Myopeuos eudum usema e6cex KOJINAKOS,
Kpome ceoezo cobcmeeniozo. Bce myopeuot
QoknbL 00nospemento nanucamov (Kaxovil
na ceoell GymaxkKe) uygem ce0ezo KOANAKd.
Cmozym au myopeyvt 3aparee 002080PUNCSL
omeeuamv max, wmobvl He menee 74 u3 nux
danu eeprvle omeemol?

OrtBer: 1a.

Pemenue. [TonsaTno, 4To ecim Mypert BUIUT
50 KOJITIAaKOB OJIHOTO 1[BETA, TO Y HETo KOJIIAaK
I[BETa, OTJNYHOTO OT TOTO, KOTOpOoro 50, T.e. OH
3HaeT CBOW KoJimak. 3HauuT, 49 Myzapelos
3HAIOT I[BET CBOETO KOJITAKA U OTBETST TIpa-
BuibHO. OcraBmmxcs 50 MyaperoB, KOTOpbIe
BUAAT 49 KOaKoB OHOTO 11BeTa 1 49 apyroro,
Oy/ieM Ha3bIBATb HEGe3yUUMU.

[lo6beMcst Toro, 4ToObl U3 HEBE3YUUX My/Ipe-
OB 25 Ka)K/(blil pa3 yraJblBaji KOJIAK TIpa-
BUJIBHO.

PaccmorpuM orucanubiii Boiiiie rpad, B KOTO-
POM BEPIINUHbBI TEPBON JJOJIU — 3TO BCEBO3MOK-
HbI€ MO3UINK KOMAH/IbI MYIPEIOB, a BEPIIUHDI
BTOpOIi sosm — ato ororpaduu, cresaHHbIe
KQ)K/[bIM U3 HEBE3yYnX MYJIPEIOB B Kax/0ii
BO3MOJKHOIT cTapTOBOI cutyarmu. Kaxias Bep-
muHa W3 1epBoil jonm coexntena ¢ 50 us

(MpogonxexHmne cm. Ha ¢. 34)
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[104T11 BO BCEX CITyHasnx, BLTPEYAKOLMXCA B [PAK-
TUHECKOM MEXaHVIKe, pabora, Heobxoammas /s
BOCIIPOU3IBELNEHMNS [BUXKEHMNS, [TPOMOPLIMOHA b -
Ha... SHEPIN MPON3BEAEHHOIO PAbOTO ABMXE-
HUA...

Tomac KOHr

HUKAKEA MALLIMHA HE MOXET U3BJIeYb U3 faH-
HOIo KOJIMYeCTBa BBELEHHOM B HEe TerioTs! 6O/ib -
e paborsl, YeM MalLIHaE, yAO0BIETBOPSIOLAS JC-
JI0BUSM 0OPATUMOCTH...

Yunbam TomcoH (KefibBUH)

Tpex@asHbivi TOK CTall COBPEMEHHBIM KyJ1bTyp-
HbIM QaKTOPOM, B/IAroTBOPHOE B/IMSHIE, KOTOPOE
OKa3bIBACT S/IEKTPOTEXHUKA HA XU3Hb 3aM1aaqHbIX

A Taxk M XOpPOIIO 3HAKOM

MN3VKa

Jlaske TTOBEPXHOCTHO OPOIIEHHDBIN HA ATUTPa-
(bl B3rIISI 3aMETUT KITIOUEBOE MOHSITHE, YKA3bI-
Batollee Ha TeMmy artoro Bbiycka, — QHEPTE-
TUKA. [leiicTBUTEIbHO, KaK MOYKHO OOOUTHCH B
Hamreif MHKeHepHOIl cepuy BBIMTYCKOB 6e3 06-
CY’KJIeHUS BO3MOXKHOCTEH ¥ BKJaJa HAYKH B
roJiyvyenue, XpaHeHue, TpancQopMaliuio, mnepe-
Jlauy ¥ UCII0JIb30BaHNE PA3JINUHbIX BUJIOB 9HEP-
run? Dusnka, HECOMHEHHO, CbITpaja B 3TOM
PelaIyo poJib, 1 KakK/Iblii pasjies1 IKOJIbHO-
TO ee Kypca COAEPKUT dHEPTETUYECKHEe BOTIPO-
cpl. Ba)XHOCTD WX OCBOEHWS TOAYEPKUBAET Ta-
KOIl TIPOTHO3: Pa3BUTHE H9KOHOMUKH, HEOOXO0/11-
MO€ JIJIsI COXPAHEHUST HbIHEIITHETO YPOBHSI JK13-
Hu g0 2050 roma, ¢ yuyeroM pocta HacesJIeHus,
oTpedyeT MHOTOKPATHOTO YBeJIMYeHHs r106a1b-
HOTO TIPOM3BOJICTBA 3HEPTUW, TIOMCKA HOBBIX,
HETPA/INIIMOHHBIX CIIOCOOOB €€ MoJIydeHus. ITo
— Cepbe3HbIil BBI3OB, (POPMUPYIOMINI TIEJTBIi
psn PUBUKO-TEXHUYECKUX MTPOOIIEM.

Uro :x, jaBaiite anepzuuno, He OTKJA/IbIBAL,
BO3bMeEMCS 3a UX pelleHne!

Bonipocbl 1 3apaumn

1. CxopocTb BBIXOJAMIEH W3 THAPOTYPOMHDBI
BO/IbI MeHbIIle, yeM Bxojsmieil. C yeM 9To CBSI-
3aHO?

2. Ilouemy cexiusM GaTapeii TIEHTPATBHOTO
OTOTLJICHWS TIPUAAToT pebpuctyio ¢opmy, a He

KPYIJIYIo, KaK y OOBIYHBIX TPYO6?

HAPOLOB, HE 3aMELITNT OOHAPYXNTLCH U Y HAC HA
Pycun.
Mwuxaunn Lonneo-[1ob6poBofbCkii

[Toytn BcA sHeprvs COMTHLA Mpornaaaer B Hacro-
[uee Bpems becrionesHo /i 4e/10BEHeCTBa... Y1o
CTPaHHOIro B 1Aee BOCI0/b30BATLCH STOM SHEPI M-
en?!

KoHcTaHTuH LnonkoBckui

..HEMPEPbLIBHOE U3/TyYEHNE SHEPIM OT <pa-
AN0> aKTUBHbIX TEJl.. YKA3bIBAET HA [OOMALAHbIE
3arace! CKPbITOV SHEPIM, HaXOAAaLLUEVICH B CaMUX
pPanmnoaTomax.

JpHecT Pesepdopa

aM

TEXHVIKA =

3. Otuero TeMiepaTypa BbIXJIOIMHDIX Ta30B HA
BBIXO/IC U3 TJIYITUTEJST aBTOMOOUJIS B HECKOJIb-
KO pa3 HWKe, 4YeM B IUJIMHJIPE JBUTATEJIS?

4. YeMm 06DBACHUTD, YTO JIBUTATEJIN BHYTpPEH-
Hero cropaHusi umeror OoJiee Bbicokmii KIT/I,
4YeM MapOBbIE MAIIUHBI?

5. Ha uro pacxojyercst aneprust, norpe6Jisie-
Masi JIOMAIIHUM XOJIO/{UJIbHIKOM ?

6. K xakomy Tumy aBuratesieil cieayeT oTHe-
CTH OTHECTPEJbHOE OPYIKIe?

7. Uto siBsteTcst HarpeBartesieM, paGodnM Te-
JIOM ¥ XOJIOJUJIbHUKOM B PAKETHOM JIBUTaTeJie?

8. BkUTI0YeHHDBIIT B CeTh 3JIEKTPUYECKUI yTIOT
HETPEPBIBHO BbI/EseT Terio. [louemy ero 06-
MOTKa He Tieperopaer?

9. B MOMEHT BKJTIOUEHUS B CETh IHEPTOEMKUX
npu6opos  (ssekTpoyaiinuKa, 9JEKTPOYyTIOra,
SJIEKTPOKAMHMHA U T.[.) APKOCTb TOPAIUX B
KBapTHpe JIaMIIOUeK 3aMeTHO MA/IaeT, HO BCKOPe
BoccTaHaB inBaeTcsi. Kak 310 0ObSICHUTH?

10. /IBe seKTpUUECKIEe JaMITbl HAKAJTMBAHUST
motgHocThio 25 n 200 BT BKJIOYEHBI B IEIb
mocJieioBaTesbHO. Kakas m3 Hux 6yeT TopeThb
sgpye TIPU 3aMbIKAHUU TIETTH ?

11. KakuM KUIISTUJIBHIKOM MOJKHO BCKHIISI-
TUTb BOJY B KAaCTpPIoJie C MEHbIIEH 3aTparoif
aHeprun: MomHocTbio 600 Bt mm 1 xBr?

12. DJeKTpOmpOBOKA BHYTPH KBapTHP I0-
KpBITa CJOEM W30JSAINN, a BBICOKOBOJIBTHBIE
JIMHUK  3JIeKTpotiepenayn — uer. [louemy?




13. Ilouemy Heo6xommMO TpeobpasoBaHme
HanpsiKeHus: TpancdopMaTopaMu B BbICOKO-
BOJIBTHOE 11 OGPATHO NPH Tiepe/laue IHEPTUH Ha
JlaJibHIE PACCTOSTHUS?

14. Kak usmMeHuTCS Cnjia TOKa B TIEPBUYHON 1
BTOPUYHOI IemsIX paboTaroiiero Tpancdopma-
TOpA, €CJIU €TO KEeJIE3HBIH Cep/ICYHIK Pa3oMK-
HYTB?

15. Tlouemy y asieKTpoABUTATETEN TACTO Tie-
peropaer 06MOTKa, €CJIi BHE3AITHO OCTAHOBUTD
porop?

16. B kakoMm cuyyae Jerde BpaliaTb pPOTOP
3JICKTPOTEHEepaTopa: KOT/a BHENTHSAS IeNb pa-
30MKHYTa MJIHM KOT/J[a 3aMKHYyTa?

17. BepHno /in yTBepiK/eHNE, YTO B BETPSIHBIX
JIBUTATENISIX HUCIOJb3yeTcs: 1peo6pasoBaHHast
COJITHEYHAsT SHEeprus?

18. Ilouemy B kocmoce KII/I cosHeyHBIX
GaTapeii BbIIE, YeM Ha 3eMJIe?

19. B kakoii Buj nmpeoGpasyercss MaKCUMaJib-
Hasi JI0JiIS BBICBOOOXK/AIONIEICS dHEPrun Ipu
JleJIeHUN si/iep ypaHa?

MwukpoonbIT

Hasepusika Bbl He pa3 HaGJIO/AMM 32 BOJIO-
ITPOBO/THBIMU HACA/IKAMH, € TIOMOIIbIO KOTOPbIX
OpONIAIOT MAPKOBbIe JIYKAHKN, & BO3MOKHO, U
caMH NCIOJIb30BAJN UX Ha JJAUHBIX yyacTKax. B
KaKWX 9HEPTeTHYCCKNX YCTAHOBKAX MIPUMEHSIET-
¢S TaKOH ke MPUHINN JeficTBuS?

Jio6oNbITHO, YTO...

...CTpEMJIEHNE TOCTaBUTb HA CJIYKOY CHJIbI
MPUPO/IbI yoKe 3 THICSYM JIET JI0 HOBOH 3pbl
MPUBEJO K TOCTPOIKE BOJSHBIX U BeTps-
HBIX MEJIbHHIL — ITPOO6PA30B COBPEMEHHbBIX TYyP-
OUH.

...ipeBHerpeueckuil yuyenblii u umxenep [le-
poH AjiekcaHApuiicKuii n306pes U HOCTPOUJI
J0JIMINJ — TEPBYIO JIEHCTBYIONIYIO I1apOBYIO
MallHy.

...oTKpbITHE B 1643 TO1y UTAIbSHIIEM DBaH/I-
sxeqmcta Topprdesn aTMochepHOTO /1aBJIeHUS
MOBJIEKJIO 32 cO60N n306peTenne BO3/YITHBIX
HACOCOB M TIAPOATMOC(EpPHBIX yCTAaHOBOK. B
1675 rony rosnanmer Xpucruad [ioiirenc mpo-
JIEMOHCTPHPOBAJ MAIINHY, PA0OTAONLYI0 CUJION
B3pbIBA 1I0POXa, a COTPYAHUYAONNI € HUM
dpannys denn Ilanmen B 1690 romy mepBbIM
MCTOJb30BAJ Tap A TOTHATHS TOPIIHS U
OTIHCAJT 3aMKHYTBIN TePMOAMHAMUYCCKAN ITIKJI
MIapOBOTO JIBUTATEJIS.

...muTOMIBI  napukckoil Ilosmrtexuuueckoit
moJsl acnmap-Tiocta Kopnosnce n JKan-Buk-
top [loncesne, ctpeMach IPUMEHNTD TEOPETHYEC-
KHe MeTOJ[bl K 33/[auaM IIPUKJIAJHOTO XapaKTe-
pa, YETKO OTPEe/ININ TIOHATHE PAGOTHI, a TaK-
JKe BBEJIHM OIIEHKY TOTepPb SHEPTUU M3-32 HaJH-
YU TPEHUS.

...TIEPBBIII B MWpE 3JIEKTPOJBUTATETH OBLT
noctpoen Maiikiaom @apageem B 1821 roxy, a
JIECSITUJIETHEM TI03/lHEe UM Ke ObLT OTKPBIT
3aKOH 3JICKTPOMATHUTHOW WHIYKIIUH, JICTIIAN B
OCHOBY COBPEMEHHON 3JIEKTPOIHEPTETUKH.

...O/IMH W3 CaMbIX BBIJAIONINXCS n3o6peTaTe-
Jieii B o6actu asiektporexunkn Hukona Tecaa,
paspaboTaBIIuii s/l KOHCTPYKIUIT 2JIEKTPO/IBHU-
raTeJsieif, aJeKTPOreHepaTopoB U TpaHchopMa-
TOPOB, MPOCJABUJICS elie U moctpoiikoil Hua-
rapcKOf TH/PO3TEKTPOCTAHITIH.

...HeJIaBHO ATIOHCKIE WHKEHEPDI ITyYKOM MUK-
POBOJTHOBOTO N3JIYYEeHNUS TTepeiaan 2 KUJIoBaTTa
MOIITHOCTH Ha 35 METPOB. JTO OUEPETHON TIar K
peasin3aiuu reocTaloHaAPHON 3I€KTPOCTAHITHH,
KOr/1a Ha BbIcOoTe 36 ThICSY KUJIOMETPOB CITY THH-
KN «COOUPAIOT» W TPAHCIUPYIOT Ha 3eMJII0
COJTHEYHYIO SHEPTHUIO.

...paspaboTaHa MeTO/IKa HAIBIIIEHUS Ha JIIO-
Oble THOKME MaTepuasbl — TKAHU, IJIACTUK U
JlaKe TyaseTHylo OGymary — COJHEeYHbIX (hOTO-
2JIEMEHTOB, BBIPAGATHIBAIONINX 3aMETHOE Ha-
npsokenne 6e3 yrparst KIT/T.

...CcTyIeHTy u3 [epMaHWm yaanoch co3aaTb
«3JIEKTPOMATHUTHBIN KOMOAH», yJIaBJINBAIO-
il sHepruio GyKBaJbHO U3 BO3IyXa, a UMEH-
HO — (POHOBBIX TOJIENl MOOUJIBHOI CBSI3U, CUT-
HasioB Wi-Fi u apyrux 6bITOBBIX MCTOYHUKOB,
3aTeM 3apspKas elo 6aTtapeiiku onpe/eIeHHOTO
THUTIA.

Yto yutatbh B «KBaHTe» 006 SHepreTuke

(ny6rmKkaumm nocneqHX Jer)

1. «Bemmikas n y>kacHas snepnas aHeprust» — 2015,
Ne3, c.11;

2. «Tepmomunamuxa u MOTOLINKJI» — 2017, Ne2,
c.25;

3. «Tpancdopmarop Tecsa — 4ro ato Takoe» —
2017, Ne10, ¢.31;

4. «Ilouemy JIDII rynar na wacrore 100 I'i?» —
2018, No2, ¢.38;

5. «Uro Tpancdopmupyer TpanHchopmarop?s —
2018, Ne3, ¢.36;

6. «UUTOP — zemmag 3Be3ga» — 2018, Ne8, c.2;

7. «<ATIP — cerogusa» — 2018, Ne10, c.2.

Mamepuan nodzomosun A.Jleonosuu
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34 KBAHT
(Hayano cm. Ha ¢. 27)

BTOPOIi, TaK KaK HEBE3Y4MX MY/PEIOB B KaX-
noit curyarm 50. C ApyToif CTOPOHDI, Kaskaas
BEPIIIHA U3 BTOPOIl 0N COEHEHA C JIBYMS
BepIIMHAMI M3 TEPBOH, TaK KaK y HEBE3Y4eTO
My/Jpelia ecTh /IBa BapmaHTa, KAaKOro I[BeTa y
Hero KoJimak. Terepb JJOCTATOYHO JIOKAa3aTh,
YTO MOJKHO COIIOCTaBHUTH KaK/OH BepIInHe 13
1IepBOii 0 25 BEpIINH U3 BTOPOH JIOJIN.

J17151 3TOTO OIISATDH BOCHOJIb3yEeMCsI MHOTOKPAT-
Hoit gemmoit Xosma. K kakmoit HavaabHOI
paccranoBke (HasoBeM ee %) MYAPENOB U3
epBoit 1oy OYAYT COMOCTABJIEHDBI 25 BEPIINH
13 BTOPOIi 710711. VIMEHHO 5TH My/Ipelibl OTBETSIT
MPaBUJIBHO TIPH HAYAJbHOIl PAcCTAHOBKE U.
Taxum 06pa3oM My/Iperibl TapaHTHPOBAHHO CMO-
TyT yragarb 25 + 49 = 74 pasa.

3amawa 4 (MaTeMaTHUeCKWH TpasaHUK,
2011). /Jpaxon 3anep 6 newepe wecmepvix
ZHOMOG U CKA3AL: <Y MeHs ecb ceMb KOAna-
KO8 ceMu usemos padyeu. 3aempa ympom s
3ABSKY 6AM 21d3d U HAOEHY HA KAKAD020 NO
KOINAKY, a 00U KOANAK COPAYY. 3amem cHul-
MY NOBSA3KU, U Bbl CMOXKEMe Yeudemv KoANAKU
Ha 20/1084X Y OpY2ux, HO OOUAMBCSL S BAM YKe
He no3eo.o. Ilocae amozo kaxowviil ématime om
Opyeux cxaxem Mmue ygem CupAmManinozo KoJ-
naxa. Ecau yzadaiom xoms 6v. mpoe, ecex
omnywy. Ecau menvwe — coem na o06eds.
Crozym au znomvlr 3apanee 002060PUMBCSL
deticmeosamv max, 4mobwvl CRACUCH?

Pemenne. PaccmoTpuM oONUMCaHHbBIN BbIlle
rpad, rie BepIInHbI IEePBOIi 10JI1 — 3TO BCEBO3-
MOKHbIE TTO3UIMN KOMAH/Ibl THOMOB, a BepIIn-
HBI BTOPOI 10711 — 3TO poTorpadnn, caeJaHHbIe
KaXJbIM W3 THOMOB B KaXXTOH BO3MOXKHOI
crapToBoil cutyanuu. Kaxjgasg BeprimnHa U3
1epBoii Jloyin coeinHeHa ¢ 6 BepHIMHAMU U3
BTOPOIi, Tak Kak THOMOB Bcero 6. [lasee, kax/1as
BEPIIITHA 3 BTOPOI JI0JI1 COeITNHEHA C 2 BepIIIn-
HaMMU U3 TIePBOi, TaK KaK BCETO I[BETOB 7, a O/TNH
THOM BH/JUT 5 W3 HHUX, 3HAYNUT, €T0 KOJIIAK
OJTHOTO M3 JIByX OCTaBIIMXCS I[BETOB. Terepb
COCTaBUM QJITOPUTM JICHCTBUIT THOMOB, IIpH
KOTOPOM OHU TapaHTHPOBAHHO CMOTYT yTra/laTh
3 pasa. [lis 3TOrO JOCTATOYHO /I0KA3aThb, 4YTO
MO>KHO COTIOCTaBHUTD KayKI0H BEpIINHE U3 Mep-
BOII oy 3 n3 BTOPoil. Bocmosnb3yemcest MHOTO-
KpaTHOW JieMMO#l XoJlia: KaXK/[0il HayaJabHOI
paccTaHOBKe THOMOB # 13 MEpPBOii JI0JIH COTIOC-
TaBUM 3 BEPIINHBI U3 BTOPOIi /10/11. VIMeHHO aTH
THOMBI OTBETAT IPaBUJIBHO MHPH HAYaJbHOMH

2019/Ne7

paccranoBke u. Takum 06pa3oM rHOMBI MOTYT
TapaHTUPOBAHHO yTajaTh 3 pasa ¥ CIIACTHUCD.
Paccmorpum o6o61iieHne JIBYX MpeblyInx
3a/1a4.
3azaua 5. Ecmo koanaxu k usemos, kaxoo-
20 no m wmyx. Odun xoanax ybupaiom, a
ocmanvivie mk — 1 nadesarom na myopeyos.
Hocae 3mozo mydpeywt nasvieaiom ysem ceoe-
20 xoanaxa. Kaxoe maxcumanvrnoe xosuue-
CMBO NPABULLHBLY OMEEMOE MOZYM 2APAHINU-
posamv myopeuvl?
m(k—1)

Orser: — +m-1.

Pemenne. [louaTHO, 4TO ecyim My Iper BUIUT
POBHO 1 — 2 KOJIIIaKa OJIHOTO M3 I[BETOB, TO Yy
HETO KOJIIAK 3TOTO IBeTa W OH OTBETUT IIpa-
BWJIbHO. 3HA4WT, 7 — | TIPaBUJIbHBIH OTBET
MY/IpeIbl 1aTh CMOTYT.

Ecam e Myaperr Takoro I[BeTa He BUANT, TO
Ha HeM KOJITIaK OJ{HOTO U3 I[BETOB, KOTOPBIX IO
m mryk. Takoit Mmyapert Bugut B — 2 rpymiibt
KOJITIAKOB OJTHOTO IIBETa 1O 77 KOJIIaKOB W 2
rpynmbl o m — 1 Koamaky. TeM caMbIM, y 3TOTO
My/qpena 2 BapWaHTa, B KaKOM OH KOJITIAaKe.
PaccmoTtpuM By 10TBHBIH Tpad, Tie oHa A0S
— (pororpadun, cresannble TAKUMI COMHEBAIO-
HIMMUCST MyJIpellaMu, a JPyras — PaCKPACKHU.
CoeluHIM KaK/IyT0 PACKPACKY C COMHEBAIOIIU-
Mucs B Heil My ipertamu. Torza creneHb Kax /0
packpacku pasna m(k — 1). Tlo MHOTOKpaTHON
JeMMe XO0J1Ta MBI MOKEM COTTOCTaBUTD KaKI0i

m(k—1)
packpacke mo — My/apenoB. TakmM
0o0pa3oM, yragaloT B Ka’KIOH pacKpacke IO
k-1
% +m—1 pas.

Yunpaxuenne 10. /loxaxure, 4To O60JbIIe

m(k=1) +m -1 a
— My/IpeLoB He CMOIyT OTrajarb

I[BET CBOEro KoJIllakKa.

Asrop 6narogapur [1.B. bubukosa 3a ro-
MOLb B OArOTOBKE CTATbi U BHUMAHUE K
pabore.

Jluteparypa

1. A.Pomanog. 3ajaun u TeOPEMbBI O TIPE/ICTaBU-
tensax. — «Ksanr», 2015, Nel.

2. A. 9snun. 3agaun 0 POKyCHUKAX U TEOPEMbL
Xouna u Hlneprepa. — «Kpanty, 2019, No2.



NHOOPMANINUA

3AO04YHAS{ LUKOJIA CYHU Hry

B HoBOCMOMpCKOM AKagemropopake B COCTaBe
Cneumanm3npoBaHHOro y4ebHO-HayYHOro LieHT-
pa HoBOCMOMPCKOro rocyiapcTBEHHOMO YHUBEP-
cnteta (CYHLL HIY) yxe 6onee 50 net pabotaet
3ao04Hast h13Knko-MaTemaTyeckas wkona (3OMLL
HI'Y) ons yydawmxcs 5—11 knaccos 0bLleobpaso-
BaTe/bHbIX LUKO.

Yyawmecs 3OMLL, ycnewHo BbINOAHUBLIME
BCe 33[aHWs, MO OKOHYaHWMM OAMHHAALATOro Knac-
Ca Nony4valoT yAOoCTOBEPEHMNE BblMyCKHMKa 3a04-
Hon wkonbl CYHL, HI'Y.

MpenopasaTeny obLleobpa3oBaTeNibHbIX Yy4-
pexneHur MoryT paboTtaTb Mo nporpaMmmam
3OMLL B dopMe akyNbTaTUBHBIX 3aHATUM C
rpynnamm yyaLmxcs.

ExxerogHo ny4wme yyeHnkn 8—10 Kknaccos
3OML npurnawatotcs B JletHioo wkony CYHL|
HI'Y, koTopasi MpPOBOAWTCS B HOBOCUMOWMPCKOM
Akagemropogke ¢ 1 1o 23 aBrycrta. o pesynbTa-
TaMm oby4eHus B JIeTHel LWKone NpoBOAUTCS 3a-
yucnenme B CYHL HI'Y.

B 3OMLL HI'Y npuHMMatoTCs BCe xenawouime,
0e3 BCTyNUTeNbHbIX 3k3aMeHOoB. [prem B Koy
BEOETCS KPYroroAuM4Ho. Bcilo MogpobHylo UH-
popmMaLmMio MOXHO HamTh Ha camte 3OMLL
http://zfmsh.nsu.ru

Haw agpec: 630090 HoBocmbupck, yn.Muporo-
Ba, 4.11/1, 3ao4Hasa wkona CYHU, HI'Y

TenedoH,/dakc: (383) 363-40-66

E-mail: zfmsh@yandex.ru

MepBble 3apaHnsa Ha 2019/20 yyeGHbIN rop,

HeobxogMmMo npucbinaTh pelleHHoe 3apaHue
TOro KkJjlacca, B KOTOpOM Bbl OymeTe y4nTbcs B
3a04HOW LIKOSe.

MATEMATWNYECKOE OTAEJNIEHUE
MATEMATUKA

5 knacc

1. Haiiiure nHau6ospbinyio 1pobb co 3HaMeHa-
tenem 17, xotopas menbine 0,75.

2. [Tpousseienne AByX unces Ha 142 GoJibiie
X CYMMBbI, & CyMMa 3TUX duces Ha 24 GoJiblie
ux pasnoctu. Haiigute atn uncma.

3. Haiinure, CKOJIBKO BCEro TPEX3HAYHDBIX
qIceJs, B 3allCH KOTOPBIX XOTsi 6bI o/1HA 1iudpa
paBHA HYJIIO.

4. Koria n3 mpaBoro KapMaHa KypTKH Iepe-
JIOXKUJIK B JieBbIit kKapMan 20 py6., TO B JieBOM
KapMaHe crajo B 3 pasa GoJibllie JIeHer, 4eM

OKasaJoch B IpaBoM KapMmane. Korza mocie
3TOTO M3 JIEBOTO KapMaHa IIePesIOKIJIN B TIpa-
Boiit kapman 30 py6., TO B MpaBOM KapMaHe
cTaszo B 2 pasa GoJblle JeHer, 4eM OKa3aIo0Ch
B JIEBOM KapMaHe.
CKOJIbKO BCEro JieHer
6bLTIO B KapMaHaX Kyp-
TKI?

d. Haiiqure, us xa- B et s
KOTO KOJINYeCTBA KJle-
TOYEK COCTOUT PUTYpa, —
KoTOpasi IMOXOXa Ha
durypy, wusobpaken-
HYIO Ha pucyHke 1, HOB  p, - 4
CaMOM JIJTUHHOM TOPH-
30HTAJBHOM Py COAEPKUT He 7, a 21 KyieTod-
KY.

6. /[By™M mIKOJIbHMKAM Jajin 3a/laHKe BbIYNC-
JIUTb CyMMY KBQ/IPATOB TPeX MOJPSL WYX
HaTyPAJIbHBIX YUCEJI. Y OJJHOTO N3 HUX IOy 4H-
Jock 434, a 'y apyroro 508, HO oaWH U3 HUX
JIOIyCTUJ oNMOKY B Bbruncaenusx. Otnpesenu-
Te, KaKoil U3 pe3yJbTaTOB HEBEPHDI.

6 Kracc

1. O6bIYHO COTPYAHUK 6AHKA €IET OT JIOMa JI0
pa6oter 30 MUH ¢ HEKOTOPOIi MMOCTOSTHHOI CKO-
pocTbio. OHAXK/IBI TIEPBYIO MTOJOBUHY Ty TH OH
poexaJji co cKopocThio Ha 20% MeHbIIe epBo-
HAYaJbHOW CKOPOCTH JBIKeHHS. BO CKOTBKO
pa3 OH [IOJUKEH YBEJIUYUTb HOBYIO CKOPOCTD
JIBHDKEHMS, 9YTOOBI T0OPaThCs /10 pabOoThI TaKKe
3a 30 mMuH?

2. Haiijinte HauMeHbIIyIo ApoOb CO 3HaMeHa-

4
TesieM 53, KOTOpasi GOJIbIIle Yncaa = .

7
3. Haiigure, CKOJBKO BCEro TPEeX3HAYHBIX

YrIceJsI, B 3aIIICH KOTOPBIX He BCTpedaeTcs Iid-
pa 3.

4. Korja u3 mpaBoro kapmana KypTKu mepe-
JIOKUJIN B JieBbIil kKapMaH 40 py6., TO B JIeBOM
KapMaHne ctaso B 1,5 pasa 60Jblle JeHeT, 4eM
OKa3aJoch B JieBOM KapMmane. Korga mocie
3TOTO M3 JIEBOTO KapMaHa MepesIOKUIN B Tpa-
Bblit kapman 60 py6., TO B IPaBOM KapMaHe
cTasio B 2 pasa 6oJibliie JIEHeT, YeM 0KAa3aIoCh
B JieBOM KapMmaHe. CKOJIbKO BCETO JieHer ObLIOo
B KapMaHax 3TOW KypTKu?

5. Haiijinre, 13 KaKoro KOJIMYECTBA KJIETOUEK
cocTouT purypa, KotTopas moxosxka Ha purypy,
n300paskeHHYI0 Ha pHCyHKe 1, HO B camMoM
JUITHHOM TOPU30HTAJbHOM PSIIy COAEPIKUT He
7, a 63 KIeTOUYKH.
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6. IByM MIKOJbHUKAM JaJH 33[aHVe BBIYNC-
JINTH CYMMY KBa/IPATOB TPeX MOJPS/ MAYIINX
HATYPAJbHBIX YHCEI. Y OJHOTO U3 HUX TTOJTyIH-
soch 1085, a y apyroro 1453. Omupegenure,
KaKoii U3 pe3yJibTaTOB HEBEPHbIN.

/ Kriacc

1. OnpeaeJmTe, KaKO€ 4YHuCJIO HYJKHO O/IHO-
BPEMEHHO HpI/IéaBI/ITb K YMCJIMTEIIO 1 3HaM€Ha-

379
TeJIIo APo6U 552 YTOGBI IOy YUBIIASICS IPO6OH

cTaja paBHOM Apo6u 3
2. O6BIYHO COTPY/THUK GAHKA €/IeT OT JI0Ma /10

paboter 40 MWH ¢ HEKOTOPOI TIOCTOSTHHOI CKO-
poctpio. OHAXKIB! TEePBYIO TTOJTOBUHY MYTH OH
mpoexasa ¢ MEHBIIEH CKOPOCTBIO, a BTOPYIO
MOJIOBUHY TIyTH TIPOEXAJT CO CKOPOCTHIO Ha 20%
60JIbIIIE TIEPBOHAYAIBHOI CKOPOCTH JABIKEHUS .
Ortpeziesute, BO CKOJIBKO Pa3 CKOPOCTD JIBUIKE-
HUS Ha BTOPOIH TOJIOBUHE TYTH GOJIbBIIE CKOPO-
CTH JBIKEHNS Ha TIEPBOH TTOJOBUHE TTYTH.

3. K 3ajianHOMY IIPSIMOYTOJIHUKY C 1EJIbIMU
CTOPOHAME MO3KHO JI06aBUTH IMPSIMOYTOJbHUK
romam 12 cM? ¥ Oy YnTD KBAJ[PAT, 4 TAK3Ke
OT 3a/IAHHOTO TPSIMOYTOJIbHUKA MOKHO OTpe-
3aTh MPSIMOYTOJbHUK muromaan 11 eM? 1 ToKe
[OJIyuuTh KBajpaT. Haiigure cToponbl 3ajaH-
HOTO TIPSMOYTOJIbHUKA.

4. Onpenennre KOJIUIECTBO HYJIEH, CTOSIIUX
B KOHIIE 3aMMUCH YNCJA, KOTOPOE TIOJTYIUTCS TPU
BBITIOJIHEHUN BCEX JIEHCTBUI B MPOU3BEJICHUN
1-2.3....-99.

3. /IBe okpysknoct S; U S, OAMHAKOBOTO
paamyca Kacaiorcs B Touke A. Tperpa oxpyxk-
HOCTb S5 TaKOTO K€ Pajinyca MPOXO/NT Yepes
TOYKY A ¥ BTOPUYHO TIepeceKaeT OKPY>KHOCTH
S; u S, Broukax B u C. [lokaxure, uto BC
— InaMeTp OKPY>KHOCTH S .

6. /IByM MIKOJBHUKAM AW 33JaHNe BBIUNC-
JINTh CYMMY KBa/IPATOB TPeX MOJPS] MAYIINX
HATYPAJbHBIX YHCE. Y OJHOTO U3 HUX TTOJTYIH-
sock 3073, a'y aApyroro 2525, HO OJIMH U3 HUX
JIOITYCTUJT OMMOKY B BBIYHCACHUSIX . OTIpe/esu-
Te, KAaKoil U3 pe3yJibTaTOB BEPHBbIN.

8 knacc
1. Haiigure nan6osbiinyio Apo0b co 3HaMeHa-

tenem 2019, xoTopas MeHbllle 4ucaAd 75 .
17
2. IIpoexaB Tpu 4eTBEPTH MyTH OT MyHKTa A
[0 IyHKTa B ¢ HEKOTOpOil IOCTOSHHOW CKO-

POCTHIO, BOAUTEJIb YBEJNYNJT CKOPOCTb Ha

2019/Ne7

10 xm/9 u mpoexas Bechb myTh 3a 1,3 4. Ecom
Obl BOJUTENb HA TIOCJE/HENH YeTBEPTH IyTH
YMEHBIJI cKOpocTh Ha 10 kM/4, TO Bech MyTh

3 .
oH npoexas 6ot 3a 1= u . Haiigure aauny mytu

OT IyHKTa A /10 nyHKTa B.

3. K 3aanHOMY TIPSIMOYTOJIBHUKY C TETBIMHI
CTOPOHAMM MOYKHO JI06ABUTH MPSIMOYTOJIbHUK
mroram 30 ¢M? I OTYYHTD KBAZPAT, a TAKIKe
OT 3a/IaHHOTO MPSIMOYTOJIbHUKA MOKHO OTpe-
3aTh IPAMOYTOIBHIK MIOMAAM 26 cM? 1 TOXKe
moJTydnTh KBajpaT. Haiiaure croponsl 3a1aH-
HOTO TIPSIMOYTOJIbHUKA.

4. Tlpu Kak/IOM 1 HalljNTE CyMMY
4n-(4dn-1)-(4n-2)-(4n-3)+

+ (4n—-4)-(4dn-5)—...+4-3-2-1,

3. B kBaspate ABCD 0Kpy»KHOCTB, 1TPOXO-
JiA1as yepes Bepmuny D 1 TOYKY IepecedeHs
JluaroHasiel, rnepecexaer ctopony AD B Touke
L u cropony DC B touke K. [lokaxkure, 4To
DL = CK.

6. /IBy™M IMIKOJbHUKAM AW 3aJaHNE BBIYNC-
JUTh CYMMY KBaJIPAaTOB TPEX MOAPS MIYIINX
HATYPAJbHBIX YHCE. Y OJHOTO N3 HUX MOTy4Nn-
Jgock 1016173, a 'y apyroro 1124309. Oupene-
JIUTE, KAKOW M3 Pe3yJIbTaTOB BEPHDINA.

9 knacc

1. Pemmre 3amauy 2 mus 8 kJacca.

2. Haiigure Bce MOJIOKUTEJbHDBIE [ECATHY-
Hble J[pO6U, NPHU BbIYEPKUBAHUK Y KOTOPbIX
udpbl paspsiia IeCSThIX MOTydaeTcs 1podb, B
Z1Ba pasa 6oJIbIliasi MCXOIHOU APo6H.

3. Ilpu Kaka0M n HaliuTe CyMMY

2n-(4n—-1)—(2n-1)-(4n-3)+
+(2n-2)-(4n=5)-...+2-3-1-1.

4. Ha miockocTu 3ajiaH mpaBUJIbHBIN 60-
yroabHUK. CKOJIBKO elfe MOXKHO YKa3aTh Mpa-
BIJIBHBIX MHOTOYTOJIbHUKOB, BBIOMPAs BEPIIU-
HBI W3 YHCJA BEPIINH 33JaHHOTO MHOTOYTOJIb-
HUKA?

3. B kBagpare ABCD touku K Ha cTOpOHE
BC u L na cropone CD BbI6paHbI TaK, YTO yTOJI
KAL pasen 45° . JlokaskuTe, 4ToO [Ba U3 TPEX
OCHOBaHUii BbICOT TpeyrosbHuka AKL pacrio-
JIOKEHDbI Ha auaroHasun BD.

6. Jluct Gymaru paspesaior Jau6o Ha 4, 6o
Ha 7 yacreil. 3aTeM HEKOTOPbIE U3 YacTell TaksKe
paspesaror 6o Ha 4, 160 Ha 7 JacTell U Tak
TIPO/ICTIBIBAIOT HECKOJIbKO pa3. B HexoTopsbIil
MOMEHT TO/ICYUTANN BCE YACTH W TOJTYyYNJIN
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qucao 2019. JlokaxuTe, YTO TpU TIOJCUETE
ObLTa JomyIieHa onmoKa.

10 knacc
1. Haiigute 3Hayenue BbIpasKEHUs
999997 —995-993 +991-989 — ...
e+ 7-5-3-1.

2. Ha mockoctu 3aian mpaBusibHbIil 120-
yroabHUK. CKOJIBKO elfe MOXKHO YKa3aTb Mpa-
BUJIBHBIX MHOTOYTOJIBHUKOB, BbIOMPast BepIn-
HBI U3 YUCJIA BEPIINH 33JaHHOTO MHOTOYTOJTb-
HHUKa?

3. Haiinure Bce 1lesible 3HAYeHUs d, IHPU
KaKJIOM U3 KOTOPBIX YpaBHEHIE

(a+1)x*-2ax+a-1=0

umeer 60Jiee OJTHOTO I11€JIOTO KOPHSI.
4. Pemute ypaBHeHUE

3
V7 -2x +42x -1 Jx+1+m,

3. B kBagpare ABCD touku K Ha CTOPOHE
BC u L na cropore CD BbI6paHbBI TakK, YTO yTOJ
KAL pasen 45°, orpeskun AK u AL niepeceka-
10T auaronaJyb BD B toukax M u N. [lokaxure,
gyto Tpeyroibuuku AKL u AMN 1on106HbI.

T
6. /loxaskure, 4TO YHCJIO cosﬂ HUppaIno-

HaJbHO.
71 knacc

1. [IpencraBbTre MHOTOUIEH at=2x% 54 -2
B BUJIe TIPOM3BE/ICHUS JABYX MHOTOYJIEHOB BTO-
poii cTerneHu.

2. Y mpaBUJIBbHON YeTBIPEXYTOJIbHON THpa-
MUJIbI TIEHTPBI BIUCAHHON 1 omucaHHoi cdep
coBmaaioT. Haiiinre oTHOMIEHNE Py COB 9TUX
cep.

3. Pemmre 3amauy 4 nist 10 xiacca.

4. PaccmaTtpuBaioTcs 1MOCJE0BATEIbHOCTH
nnHbl 8, cocrasiennble n3 uyncea 1, 0, —1.
HaiimnTe 13 HUX KOJTMYECTBO TAKUX MOCJIEI0BA-
TeJBbHOCTEH, CyMMa 4JIEHOB KOTOPBIX paBHa (.

3. B kBagpare ABCD touku K Ha CTOpOHE
AB u L na cropone CD BbIGpaHbl Tak, 4TO
AK = %AB , CL = %CD. Orpesxkn DK u BL
nepecekaior auaronanb AC B Toukax M u N
COOTBeTCTBEHHO. [lOKa)kWTe, YTO TPEyTOJIbHU-
ku AKM u CNL nogo6HbI.

6. Pemure 3amauy 6 st 10 xiacca.

PU3NYECKOE OTAEJIEHUE
OPUNIUNKA

7 Kjacc

1. Omupeaenure TOJNIMUHY TATHKOIEEYHON
MOHETBI C MOMOIIbI0 00bIYHOI JuHeiiku. [Ipu-
JiyMaiiTe, Kak MOYKHO YMEHBIIUTD ONHOKY U3-
MEpPeHWUS.

2. VIaMepbTe JWHEHKOI BHYTPEHHUN 06beM
SIUKA TUCbMEHHOTo cTosa. OteHure ommuoKy
n3Mepenus.

3. Ormennte BbicoTy epesa. Criocob npujy-
Mmaiite camu. Ha nepeBo ne3tb He Haz0!

4. OmpesiesuTe CKOPOCTH TEUEHUS PEKH, €CJTU
KaTep MPOXO/IUT 32 Yac 110 TEUEHUTIO PACCTOSTHIE
x =10 M, a IPOTUB TeyeHnsd y = 6 KM.

3. U3 nynkrta A B 9 u 00 MUH BBIXOIUT
aBToOyC U JIBHIKETCS 110 TPSIMOMY IIOCCE C
MOCTOSTHHO¥M cKopocThio © = 40 kM /4. U3
3TOTO K€ TIYHKTa B MOMEHT BpeMeHn 9 1 30 MuH
BBIXOJINT BTOPOI aBTOOYC M JIBUKETCS CO CKO-
poctbio # = 80 kM /4. Ha KakoM paccTosTHun
OoT TyHKTa A W dYepe3 Kakoe BpeMs IOCJe
OTIIpaBJIEHUsI TIepPBOTO aBTOGyca BTOPOIl aBTO-
6yC ¢ HUM MOPaBHSETCS?

8 knacc

1. C kaxoii cuioii Bojia B KBaJ[paTHOM aKBa-
puyMe co cTopoHamu iHa X = 20 ¢M U BbICOTOM
Bonbl H = 30 cM feificTByeT Ha €ro JHO W
crenkn? Ilnotnoctp Bogbr p = 1000 Kr/M3 .
AtMmocdepHoe naBieHWEe He YYUTHIBATb, TakK
KaK OHO JIeHCTBYeT ¢ 06X CTOPOH.

2. Testo B BOJie BECHUT B TPH Pa3a MEHbIIE, UeM
B Bo3jtyxe. UeMy paBHA IJIOTHOCTD TeJa?

3. Paccrosiane mexay npuctansmu A n B Ha
peke paBHOo s = 144 xM. CKOJIBKO BpeMeHuU
norpeGyercst Katepy JIJIsl COBEpIeHus: peiica
MeXK/y HPUCTAHAMHU TyJa U O0OPaTHO
A — B — A, ecau CKOPOCTDb KaTepa B cTos4ei
Bojie v = 18 KM,/4, CKOPOCTb TeUeHUsI BO/Ibl
u =3 M/c, a BpeMs er0o CTOSIHKU y TIPUCTaHN
B nesnauntespbHo? Pycio pexn mpsimoe.

4. Iop peiictuem cuanl =500 H npysxuna
cxanacb Hax =10 mM. Ha ckosnbko Musmmer-
POB COXKMETCsl TIPY’KMHA [pH Harpyske F =
=2 xH?

5. B maxty ray6unoit H = 100 M kaxyio
MHHYTY ITOCTYIAeT OIpe/ieJIeHHbI 00beM TPYH-
TOBOH BOABI. JTa BOJa C TOMOIIBIO Hacoca U
TPYObI OIPEIENEHHOTO CeYeHHs Y/IASIeTcsl 13
maxtol. Otkaunsas o6bem V =1 m° BOJIbI,
Hacoc coBepmiaer pa6ory A = 2 M/x. Bo




38 KBAHT

CKOJIKO Pa3 yBeJIMYUTcs 3Ta paboTa, ec/u
KOJIMYECTBO €KEMUHYTHO TOCTYTNAIONIENR BOJIbI
Bo3pacteT B/Boe? CHUIION TpeHus Tpu JABUXKe-
HUU BOJbI 110 Tpy6e mpeHe6peub. YcCKopeHue
cBoGoiHOTO Tajienus g = 10 M/c2 .

9 knacc

1. /IBa oT;aeHHBIX yYacTKa asporopra A u
B cBsizanb!l ABIKymmMcs TpoTtyapoMm. [lacca-
SKUP IBAK/IBI TIepeMeIascs Mo 3TOMY MapIIpy-
Ty. B nepsblii pa3 paGorana TOJbKO JOPOKKA
us A B B, W maccaxxup 3arpaTua BpeMs
t;, = 4 mun 50 ¢ Ha 3aMKHYTBI MapuIpyT
A — B — A . Bo BTopoM ciaydae o6e JOPOKKHI
He JIBUTAJINCD, W MACCAKIP Ha 3TOT K€ MapIil-
pyT 3arpaTuy BpeMs ¢, = 6 mun 40 ¢ . Kakoe
BpeMsi MOTpaTusl Obl MACCAKUP HA MapIIPyT
A—B— A, eciu 6b1 06e TOPOXKKH J[BUTA-
sucwh? Ilaccaxxup BO BceX caydasx HIET C
OJIHOI ¥ TOIl ke OTHOCUTEJBbHOH CKOPOCTBHIO.

2. VIMeeTcs HECKOJIBKO OMHAKOBBIX MC/THBIX
KyOMKOB 7 3JIEKTPOIJINTKA. l[lepBoHavarnpHO
Bce KyOUKM MMeJI KOMHATHYIO TeMIlepaTypy.
Kondopka anexrporsiutku 6blia Harpera u
HaXO/JUJach TIPH TIOCTOSTHHOW TeMIieparype.
[TepBorii Ky6UK AJUTETbHOE BpEMs HArpeBasH
Ha KoH(QOpKe, a 3aTeM, CHIB C Hee, TIOJIOXKIIN
Ha BTODPOH, XOJOAHDBI KyOWK W W3MepUJIN
YCTaHOBUBIIIYIOCS TEMIIEPATYPY 00pa30BaBIIei-
¢4 CTOIIKM — OHa OKasajach paBHoil T;. Bo
BTOPOM OIIBITE AHAJOTHMYHO HATPEThIi HA TLJIUT-
Ke TpeTuil KyOWK IMOJOXWIN Ha CTOIKY U3
XOJIOMHBIX KYOUKOB 4 W 5 — YCTAaHOBUJIACH
temmiepatypa T, . Kakasg yctaHOBUTCS TeMIIe-
parypa, ecau Temabiii KyOuk 1 u3 mepBoit
CTOIIKK IIOJIOKUTb HA XOJIOJHBIH KyOux 67
[Torepeii Ky6UKaMu TerIa BO BHEIIHIO CPE/LY
npeHe6peyb.

3. IlepeBepHYTLIN MUANHAPUIECKUI CTaKaH
3aKPBIT JIETKAM TO/BIKHBIM TTOPITHEM. B 11O

Puc. 2

2019/Ne7

cTakaHa BCTPOEHA JUIMHHASA TPYOKa cevenneM S
(puc.2). Tlopiienb yaepKUBaeT HEKOTOPOE KO-
JIMYECTBO JKUAKOCTH. Ero MeJIeHHO TiepeMerna-
10T BBepX. I'paduk mpukiaabiBaeMoii K mopii-
HIO CHJIBI B 3aBUCUMOCTH OT BBICOTBI €TI0 TIO/[be-
Ma TpuBe[eH Ha pucynke 3. Onpenenure 1o

FA

F,

F,

h, h, h
Puc 3

rpaduKy 1 TMPUBEIECHHBIM JaHHBIM TJIOTHOCTD
skuAKocTu. Tpenue oTcyTCTBYeT.

4. VM3onmmpyiomiast KioBeta JJIUHON L 0 BbI-
coTbl H 3amoJjiHeHa TPOBOJSIIEN JKHIKOCTHIO
(puc.4). CoupoTusienne Mex/Ly JEBbIM 1 [TPa-

)

H
le S|
I L 2|
Puc. 4 R

BBIM KpaeM o6beMa skukoctu R. Kakum craner
3TO CONPOTHBJIEHWE, €CJIN B KIOBETY HapaJ-
JIEJIbHO €e JIHYy TIOMECTUTb BBIIOJHEHHbIH U3
n30J1TOpa OPYCOK JITMHOI [ ¥ IIMPHUHOI, paB-
HOI MUPHHE KI0BETHI ? PaccTosmnme Mesx /1y HIXK-
Heil rpaHblo 6pycKa U JIHOM KioBeTbl 2, h < H.
JKuzskocTb He TepesimBaercsi uyepe3 Kpaih u
OpyCOK He yTOMaeT B JKMIKOCTH IIEJHKOM,
I>H.

S. Crpesia aBTOMOOHMIBHOTO KpaHa JIJINHOIN [
ommpaeTcs Ha MapHUP U yAepsKUBaeTcs B Ha-
KJIOHHOM TIOJIOXKEHUH TPOCOM, TPUKPEILICH-
HBIM K BEPTUKAJIbHOI CTOWKE TOUHO HaJl Imap-
HUPOM Ha BbicoTe /i OTHOCUTEJBHO Hero (puc.
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Puc. 5

5).Onpeennre MaKCUMaJIbHbLI BEC IPy3a, KO-
TOPBI MOKHO TIO/IHATH C TIOMOIIBIO TaKOTO
KpaHa TpPU BBICOTE BEPXHETO KOHIIA CTPEJTBI
OTHOCHUTEJIbHO TapHupa H, ecam Tpoc BbIIEP-
JKMBaeT MakcuMasbHoe ycusue T .

10 knacc

1. [IBa moesga MBUXKYTCS C TIOCTOSTHHBIMU
CKOPOCTSIMH TIO BCTPEUHBIM TyTsiM. [laccaxxup
TIEePBOT0 KyIle TIePBOTO BaroHa TEepPBOTO TT0e3/a
YBUJIEJ CTOSIIIIETO Ha JKeJIe3HOT0POKHON HACDI-
N MesBeAs Ha { =4 ¢ paHblle, YeM Tacca-
JKUP TIEPBOTO KYII€ TIOCJIEHEr0, MSTOr0 BaroHa
aToro ke moe3zna. I[laccaxup mepBoro Kyie
MIEePBOTO BaroHa BTOPOTO O€3/1a YBHU/IEJ 3TOTO
JKe MeaBensd Ha t, =4 C paHbIlle TMaccaxxmpa
TEepBOTO KyTIe TOCJeIHer0, IMeCTOTO BaroHa
JTOTO JKe Moe3/a. 3a KaKoe BPeMs BTOPOH TToe3/1
MPOUIET Tepe]] rJazaMy IaccakKupa MepBOro
noesua?

2. Pemure 3amauy 3 aas 9 kiacca.

3. Uepes Bpems ¢t = 200 c¢ mocsie oTrpaBJie-
HUS TOJIOBA TMOe3/la TTOPAaBHAIACh C JKeJe3HO-
JIOPOKHBIM TIepeessioM, n 3a BpeMsa Ty = 23,6 ¢
1oe3/; TPOIeJ MHMO 3TOrO Iiepee3ja Ieu-
koM. MUMO cJeyioliero mnepeesza, pacroJio-
skenHoro Ha paccrostnuu L = 2500 M ot mep-
BOTO, OH Tpores 3a BpeMs T, = 16,23 c. C
KaKWM MOCTOSTHHBIM YCKOPEHWEM JBHUTAJICS TIO-
e3n?

4. Pemmure 3amauy 5 nas 9 kiacca.

5. Ha mmockoctu, HAKJIOHEHHO 1O/ YTIJIOM
0. K TOPU30HTY, JIE3KAT /IBA OJIMHAKOBBIX OpyC-
Ka, yAePKUBACMbIX CHUJIOW TpeHUs ¢ Koahdu-

Puc. 6

mueHTom W, W>tgo . K BepxueMy 6pycky
MIPUKPEIIeHA HUT, TlepeGpoliieHHast yepes 6JI0K,
3aKpeILIeHHbI Ha HmkHeM Opycke (puc.6).
IIpu kakom koadduilMenTe TPEHUs: MOKHO,
HATSATUBAs] HUTb C HEKOTOPBIM YCHJIMEM BIOJIb
CKJIOHA, TTOJIHUMATD HUKHUIT OPYCOK, OCTaBJISIS
BEPXHUII HENOBHIKHBIM?

17 knacc

1. Pemmre 3amauy 1 musa 10 xmacca.

2. Ha rsiaikoif ropu30HTAIbHON 1TOBEPXHOC-
TH JICKUT JOCKa AnHoi L 1 Maccoit M (puc.7).
Ha ee seBbril Kpail MOJIOKNJIM MaJIeHbKUI
6pycok Maccoit m. TosYKoM JOCKe COOOTIUITH

g
m
n
= M <
le N|
N I i

Puc. 7

HEKOTOPYIO HAYaJIbHYI0 CKOPOCTb, U 00a TeJsa
npunm B aBukenue. [Ipu xakoit HavaabHON
CKOPOCTHU JTIOCKM 6PYCOK TIpro6GpereT Ham6oJIb-
nryio ckopoctb? KoaduImeHT TpeHust Mesk Iy
OPYCKOM U JIOCKOI W, a TPEHHEe MEX/LY JIOCKOi
U TOPU30HTAJIBHON MOBEPXHOCTHIO OTCYTCTBY-
er.

3. Ha ryiialkoM ropusoHTaJbHOM CTOJIE Jie-
JKaT MAPUK W MTOJIBUXKHBII TPAMILINH, TOBEPX-
HOCTh KOTOPOTO BHauaJie TOPM3OHTAJTbHA, a B
KoHIle Beptukaibha (puc.8). TpaMiiud Toay-
KOM IIPUBO/ISIT B JIBUSKEHNE HABCTPEUY MAPUKY

Q

Puc. 8

co ckopocTbhio v. Ha kakoe paccrosHue 1o
TOPHU30HTAJIH IIPOJICTUT MIAPUK TIOCJIE TOTO, KaK
MOZICKOYUT Ha Tpamiuinbae? Tpenus ner. Mac-
CBI TMapWKa ¥ TPaMILIMHA PaBHBI. Pazmepom
TpaMILTHHA TPeHe6pedb.

4. Ilmpur 3akpblin CO CTOPOHBI UTOJIKH,
BCTaBUJIM B HETO IMOPIIEHD; TOCTEIIEHHO yBeIu-
yuBas yCHUJIMEe, BJBUHYJH MOpIIeHb 10 1,/2
JUIVHBI TITIPUIA ¥, TIOCTETIEHHO OCIabJIsAs yCu-
JIie, ero OTHYCTHUJIA — B Pe3yJIbTaTe OH OCTaHO-
BUJICA HA PACCTOSHUH 3 /4 JIJTWHBI MIPUTIA OT
ero konma (puc.9). Onpenesure ycumme mpu
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P P =7

K] == B 1
12 3/4

Puc. 9

HOPIIHE, BABUHYTOM [0 JUIMHBI IIIPHIA, €CJIN
arMocepHoe [aBjeHne p, , a IJIONALb Ceve-
Hng moprHg S. VIaMeHenmeM TeMIepaTypbl
rpeHeGpeyb.

2019/Ne7

5. Ha npyskume BUCHT THPSt Mac-
coit m. K maxonsimieiics B paBHOBe-
CHW THPE TIPH MOMOIIN HUTH TIPH-
COE/IMHIIN BTOPYIO IMPIO TOi ke
Macchl 7 1, He PACTATHBAs TPYIKH-
ny, ornyctuian (puc.10). Kakyio
MUHUMAJIBHYIO CHJTy HATSKEHUS
JIOJKHA BBIEPKUBATH HATH, 4TO-
6bl OHa He OpPBaach?

SaKoYnTenbHbIV 3Tan

XLV Bcepoccmnmckon onmmnviaabl

LLIKOJIbBHVKOB MO MaTeéMaTUKeE

3akno4uTensHbI 3Tan Bcepoccunckon mate-
MaTW4eCKOW ONMMNVaAb! LWKOMbHUKOB NPOLUen B
MNepmckom Kpae ¢ 21 no 27 anpensa 2019 roga. Bce
YHaCTHVKM ONMMMNNaAbI MPOXKMBaNMU B KOpMnycax
pacnonoXeHHOro Ha XMBonucHoM depery Kambi
KypopTa YcTb-Kayka, a Typbl OnnMMnnagsl npoxo-
LMV B HAXOOALLEMCA HenoJaneky COBpeMeHHOM
3p0aHnn Kagetckoro kopnyca. B 3KCKypCroHHYo
nporpamMmy onMMnuaibl Obinv BKIOHEHbI NOe3[-
K1 B KyHrypckyto netiepy, oCMOTP SOCTONpUMe-
YaTtenoHocTen Mepmn. IHTepecHOM 1 HacbILeH-
HOW Oblna Hay4HO-Mo3HaBaTebHas NporpaMMa
onMMMMadbl: nepen y4acTHMKaMW BbICTynanu ¢
neKkuMaMn NpencTaBUTenn BeoyLUMX YHUBEPCK-
TETOB CTPaHbI.

B onumnmage npuHann ydactme 378 OHbIX
MateMaTuKoB 13 65 pervioHoB Poccuun. Kpome
TOro, TPAANUMOHHBIMU YHaCTHUKAMKW ONIUMMAMabI

9 knacc

Homep 1y | o | 5 4| 5
3aayn

KomaectBo|114| 38| 66| 3 | 93
YUYACTHUKOB
(u3 130),

PEIIUBIINX

3aja4y

101

30

10 knacc

Homep 1y 1o 1 5] 4 | 5
3a/lauyn

KomuvectBo|115(102| 46 | 13| 92
VUACTHIKOB
(u3 119),

PeIINBHINX
3aza4y

90

85

11 knacc

Homep |45 | 5| 4 | 5
3a/lauyn

KommaectBo (126 84 | 36 | 7 |111
VYACTHIKOB
(u3 129),

PEIMBIIIX

3aja4y

91




ObINK roct — koMaHabl Kutas n bonrapuu. O
CNOXHOCTW 33[ja4 MOXHO CyauTb M3 Tabnuu, B
KOTOPbIX YKa3aHO KOSIMYECTBO LWKOMbHIMKOB, pe-
WMBWMX 3amdady (T.e. HabpaBLIMX MO [AAHHOWM
3aga4e He MeHee 5 6annoB 13 7 BO3MOXHbIX).

MIHTEpeCcHO, 4TO B KaXOow W3 napannenem
nyywve y4acTHUKM Habpan oAMHaKoBOe YMCIo
©annos — 50 13 56 BO3MOXHbIX.

Mocrne TypoB onumnuadbl Obio NposefeHo
ronocoBaHue (CcBoeobpasHbI KOHKYPC KPacoTbl
cpean 3adad), B KOTOPOM YHACTHWUKM yKaszamu
Hambonee NOHpaBMBLLMECS UM 3afa4u. B 9 knac-
ce Tpovika NyyWwMx 3afdady okasanacb Takow: 8
(1 mecto), 3 (Il MmecTo), 7 (Il MecTo); B 10 knacce
— 2 (I mecto), 7 (Il mecto), 6 (Il mecTo), B 1
knacce — 3 (I mecto), 6 (Il mecto), 1 n 4
(nogenunu Il mecto).

Huxe npuBoOATCS YCNOBWUS 3adady WM CrMCOK
nobenurenen 3akno4uTensHoro stana XLV Bce-
POCCUNCKON ONMMMNMAaAb! LKOMbHUKOB MO MaTe-
MaTuKe.

YCNoBUs 3A0AY
9 knacc

1. Ha miockocT otMeueHbl 5 Touek. J[oka-
JKUTE, 4YTO MOKXHO BbIépaTb HeKOTOpre N3 HUX
U TePeMEeCTUTb WX TaK, YTOObI PACCTOSIHUE
MEKy JTIOOBIMU JIBYMs TIepEMEIIEHHbIMU TOY-
KaMW He W3MEHWJOCh, a B pe3yJbTaTe Ha
IJIOCKOCTH OCTAJIOCh MHOJKECTBO U3 5 TOYEK,
CUMMETPUYHOE OTHOCUTEJHHO HEKOTOPOW
TIPSIMOM.

C.Boauénxos

2. Ilpn KakoM HaWMeEHbBIIIEM HATyPAaTbHOM 7
CYIIECTBYIOT TaKHe LeJble dy, dy, ..., d,, 9TO
KBaJIPATHDBIN TPeX4JieH

2
=2t +ay +...+a,) x+
+(a14+a24+...+a2+1)

UMeeT TI0 KpaliHell Mepe OJIMH 1IeJIbIil KOPEHb?
11.Ko3nos

3. OxpyskHoctb Q ¢ 1eHTpoM B Touke O
OINCaHa OKOJIO OCTPOYTOJbHOTO TPEYTOJIbHIKA
ABC, B xotopom AB < BC; ero BbICOTBI
nepecekaiorcss B Touke H. Ha mpoposnkennn
orpeska BO 3a Touky O oTmedeHa Touka D
takas, uto ZADC = ZABC . Tlpsimast, Ipoxo-
JiSIast yepes TOYKy H T1apasiiesibHO MpsiMoii
BO, nepecekaer Menbliyio ayry AC okpyskHO-
ctn Q B Touke E. [/lokakure, yutro BH = DE.

A.Kysneuos

4. B mareps npuexanu 10000 geteit, Kaskabrit
JIPYKUT POBHO ¢ 11 ApyruMHU AeTbMU B J1arepe
(npyx6a Bzammua). Kaxapiii peGeHOK HOCHT
(byT6OIKY OJHOTO U3 CEMU IIBETOB PAIYTH,
npuyeM y JoObIX [BYX JPy3eil IBeTa pasJimd-
Hbl. BoskaTbie moTpe6oBasi, UYTOOBI KaKue-
HuGy b getn (xors 6ol opun) Hageau GyT6oJ-
kn apyrux usetoB (u3 tex ke cemu). Onpoc
rmokasaJy, uro 100 gereit MeHSATH I[BET He HaMe-
penbl. [[oKakuTe, 4TO HEKOTOPLIE U3 OCTAJD-
HBIX JIETell BCe JKe MOTYT U3MEHUTD 1IBETA CBOMX
¢yT6070K TaK, YTOOBI O-TIPEKHEMY Y JIOOBIX
JBYX Jpy3eil 1BeTa GblIH Pa3/InyHbI.

A.Mazazunoe

5. B gerckom cajy BocIuTaTeIbHUNA B3sLIA
n > 1 0/IMHAKOBBIX KAPTOHHDIX IIPSIMOYTOJIbHU-
KOB U pasjala uUxX 7 JETsM, KaKAOMY 0
HPSMOYTOTPHIKY. Kask/plii pe6eHOK pas3pesast
CBOIf MPSIMOYTOJTBHIK Ha HECKOJBKO OJWHAKO-
BbIX KBaJIpaTUKOB (KBa,[[paTI/IKI/I Y pa3HbIX ae-
Teit Moram GbiTh pasubiMn). OKaszanoch, 4TO
ofliee KOJHMYECTBO KBAAPATUKOB — IIPOCTOE
yncsio. JlokaskuTe, YTO HCXO/HBIE TIPSIMOYTOJIb-
HUKN ObLIN KBajlpaTaM.

C.bepaos

6. Ha cropone AC paBHOGe/peHHOTO Tpey-
rosnbauka ABC ¢ ocHoBanueM BC B3gTa TOYKa
D. Ha menbuieit gyre CD OKpPY’KHOCTH, OIIU-
caHHoil OKoJIO Tpeyroabiuka BCD, BbiGpana
touka K. JIyu CK mepecekaeT IpsaMyIo, mapa-
Jenpuyio BC u mpoxoadiryio 4epe3 A, B TOUKe
T. Ilycts M — cepenuna orpeska DT'. [lokaxu-
te, yto LAKT = LZCAM .

A.Kysneuyos

7.Cpemn 16 MoHET ecTh 8 msokebix — Maccoit
mo 11 r, u 8 seexux — macconr nmo 10 r, Ho
HEM3BECTHO, KaKue 13 MOHET KaKOW MacChl.
Opnna u3 Monet o6uieiinas. Kak 3a Tpu B3Be-
NIMBAHUSA HA JBYXYaIlEYHBIX BecaX 6e3 TUpb
y3HATD, ABJISAETCS I06MJIeiTHas MOHeTa TS0

WJIU JIETKOI?
K.Knon

8. aubl umciaa a, b, ¢, He Menbume 1.
Jlokaskure, 4TO

a+b+cZ\/ab—1+\/bc—1+x/ca—1'
4 b+c c+a a+b
K. Touwyx

10 knacc
1. Cm. 3amauy M2562 «3amaunnka «KBanras.

2. Cm. 3agauy M2563 «3agaunnka « Kpanras.
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3. B meskranakrtuueckoii rocrununie ectb 100
komuat BMectumocTbio 101, 102, ..., 200 geso-
BeK. B armx KoMHaTax CyMMapHO >XUBET 7
yesnoBek. B roctunuiyy npuexan VIP-rocts,
JUISE KOTOPOTO HYKHO OCBOOGOHTD TIEJIYI0 KOM-
Haty. [lJs 3TOrO AMPEKTOpP TOCTUHUIIHI BBHIOH-
paeT oAHYy KOMHATy WU TiepecesisieT BCEX ee
JKUTEJIe B OJTHY U Ty Ke Ipyryio Komuary. [Tpu
KaKOM HauOOJIbIlIeM 7 UPEKTOP TOCTHHUIIHI
BCEr/[a MOXKET TaKUM 06pa3oM 0CBOGOIUTD KOM-
HATY HE3aBHCUMO OT TEKYIIETO PACCETEHUS?

/.Benos, A.Cadpuyrnuna

4. Cu. 3amauy M2564 «3anaunuka «KBanras.
3. Cm. 3ajauy 5 assg 9 kiacca.

6. B ocrpoyroapHOM TpeyrosabHuke ABC
npoBeena Ouccexkrpuca BL. Touku D u E —
cepeanHbl MeHbINX AyT AB 11 BC OKPY>KHOCTH
Q, ommcannoit okosno TpeyroapHuka ABC,
cooTBeTcTBeHHO. Ha mnpojosskeHnn orpeska
BD 3a Touky D ormeyeHa Touka P, a Ha
npojoJikeHuu orpeska BE 3a Touky E — Touka
O T1ak, uro ZAPB = ZCQB = 90°. JlokasxuTe,
YTO cepeimHa OTpe3ka BL JeXUT Ha TPSIMOi
PO.

A.Kysneuyos

7. B MaTeMaTHYecKOM KpPYy’KKe 3aHNMAIOTCS
24 mxompHMKA. KaxXayio KOMaHIy, COCTOSI-
HIYI0 13 6 IIKOJIBHIKOB, PYKOBOJUTEb CUUTAET
Jnbo cvizpannol, 6o wnecvizpanno. Jlns
TYpPHHpaA MaTeMaTHYECKNX 00eB PYKOBO/UTEb
cobupaetcst pa3OuTh JleTell Ha 4 KOMaH/IbI 1Mo 6
gesoBeK. MOKeT JI 0Ka3aThCs, 9TO TTPH JTI000M
pas36ueHnn MKOJIbHUKOB HAa 4 KOMAaH/bl CbIT-
panHbiMu 6yayT JuGO POBHO TPU KOMAH/IBI,
Ju60 POBHO OfiHA, NpUYEeM M TOT U JIPYTOi
BapHaHTbl TIPUCYTCTBYIOT?

H.Bozdanos

8. Jlanbl HernoctosiHHBIN MHOrousen P(x) c
eTBIME KO3 (DUTIHEHTaMI 1 HATY PAJbHOE UHC-
non. onoxum @y = n, @, = P(a,_;) npuBcex
HaTypasabHbix k. OKazanoch, 4to st J060ro
HATYPATBLHOTO b B TIOCIEA0BATENBHOCTH dj , d ,
@, ,... €CTb YUCJIO, SABJSIONeecs: b-it CTeneHbio
HaTypaJbHOTO unca, GoJbiiero 1. J[okaxkure,
yT1o MHOroujeH P(x) — jauHelHbIH.

M. Aumunoe

71 knacc

1. Cum. 3amaqy M2562 «3amaunnka «KBan-
Tay.

2019/Ne7

2. BepHo Jm, 4TO TIpU JMIOGBIX HEHYJIEBBIX
LIeJIbIX YucJaax ¢ u b cucrema

tg13xtgay =1,
tg21x tgby =1

uMeeT XOTsi ObI OJJHO peleHue?
M. Anmunoe

3. Cm. 3amauy M2565,a «3amaunnka «Kpan-
Tar.

4. Jlana Ttpeyrompuas mmpamuga ABCD.
Cdepa o, xacaerca rpamm BCD, a Takxke
MJIOCKOCTEN OCTATbHBIX I'PaHeil BHe caMUX I'pa-
Heil. AHaJornuHo, cepa Mg Kacaercst TpaHu
ACD, a Tak:Ke TIJIOCKOCTEH OCTAJIbHBIX I'PaHeit
BHe camux rpaseii. Ilycts K — Touka KacaHus
cepor w, ¢ maockocteio ACD, a L — Touka
kacanus cdeprel g ¢ maockoctbio BCD. Ha
npookeHusax orpe3koB AK u BL 3a Toukn K
u L Boi6panpi Touku X u Y COOTBETCTBEHHO TaK,
yro ZCKD = £ZCXD+ ZCBD u ZCLD =
=/ZCYD + LZCAD . [Tokaxure, 4T0 Touku X 1
Y paBHOyZATeHBbI OT cepeAuHbl oTpeska CD.

D.baxapes

5. Pajiychl 1151TH KOHIIEHTPUYECKIX OKPYIK-
HOCTeHl @), @, ®,, ®3, 0; 0OpasyioT B
YKa3aHHOM MOPS/IKe TeOMETPUIECKYIO TPOTpec-
cuio co 3HameHaresieM ¢. Ilpn kakom Han6GoJib-
1IeM ¢ MOKHO HAPUCOBATh HE3AMKHYTYIO JIOMa-
nyo AyAiA,A3A,, cocTodlylo U3 YeTbIpex
OTPE3KOB PaBHOM JIJIMHbI, B KOTOPO#l A; JexuT
Ha o; npu Bcex i =0, 1, 2, 3, 4?

H.Bozdanos

6. Cm. 3agauy 6 mug 9 kiacca.
7. Cm. 3amauy 8 must 10 kuacca.

8. [lano marypasbaoe n. 13 26 exuHudHbIX
6esibIX KyOMKOB ¥ OJIHOTO YEepPHOro KyOuKa
cobupaercss Ky6 3x3 X3 Tak, 4TO YEPHbIil
KyOUK HAXOMTCS B ero nentpe. Vs n° raxnx
Ky60B ¢ pe6pom 3 coctaBuiin Ky6 ¢ peGpom 3n.
Kaxkoe nanmenbIiiee KoJMYeCTBO GeJIbIX KyOH-
KOB MOJKHO MEPEKPACUTDH B KPACHBIN I1[BET TaK,
4TOOBI KaXK/[blii OeJiblii KyOUMK uMeJs XOTsi Obl
oJiHy OOIIYI0 BEPIIMHY € KAaKUM-HUOY/Ib Kpac-
HBIM?

H.Bozdanos



Mobeputenn

9 knacc

Cadoenuuuit Anmon — Mocksa, juieil «Bro-
pas HIKoJay,

Anuxun Cepeeit — Mocksa, snieit «Bropas
LIKOJIa» ;

10 knacc

Anopees Apxaduii — Kasanb, nuneit 131,
3axapos ['eopzuii — Kypran, rumuasus 47,
IHucyoe I'eopzuii — Mocksa, mkosaa 1329,
Xpamnoe Bnaducnaé — Kazaub, rumuazus 7
umenn l'epost Poccun A.B.Kosuna,
Bacunves Hean — Canxkr-IlerepGypr, Ilpesu-
JIEHTCKU# (PU3UKO-MaTeMaTuIecKuii jiuiieii 239,

onuMmnuaabl

Ecpemoe Anopeii — Canxr-Ilerep6ypr, Ilpe-
3UIEHTCKUH (PMU3NKO-MaTeMaTHIeCKN JTnTeit
239;

71 knacc

Kosanes Tumogheti — Mocksa, CYHIL MI'Y,

Jlveos Aznexceii — HoBocubupck, TuMHasust 6
«Topnocraiiy,

Kyauwoe Baaepuii — Mocksa, [BOY «IIars-
JIECST ceibMast IKOJIay,

Hempoe Baadumup — Cankr-Ilerep6ypr, Ipe-
3UIEHTCKUI (PUBUKO-MAaTEeMATHYECKUI TUTIeit
239.

ITy6auxayuio nodzomosuru H.Azaxanos, /[.Beaos, H.Bozdanos, A.Taiipyrnum,

M. Ipuzopves, 11.Koxeenuros, O.Ilodrunckuil

3aKMOYUTENbHbIN 3Tar
LIl Bcepoccumckom onumMmnmabl
LLIKOJNTbHMKOB MO Pr3mnKe

TEOPETUYECKU TYP

9 knacc

3agaua 1. HaBuranus

[ Brskymuiicss paBHOMEPHO U TIPSIMOJTMHENHO
KOpalJib TpoIies TOUKY A, HaXOJSIIyiocs Ha
paccrosuun L = 5 kM ot npucranu B (puc. 1).
Uepes HekoTOpoe BpeMs T TIOCJTE 3TOTO OT
KOpaOlJist ¥ OT TIPUCTAHN HABCTPEYY JIPYT APYTY
OTIIPABIJINCH JBa KaTepa. [lepepucyiite pucy-
HOK B OJIaHK pelIeHUil U TOCTPOEHUSIMU C

Puc. 7
MOMOIIBIO TIUPKYJIST U JHHEHKH 6e3 [leeHuii
OTIpe/IeJINTe TOYKY, B KOTOPOW HAXOJUJICS KO-
pa6Jib B MOMEHT BCTPEYN KAaTePOB, eCJIH U3BeC-
THO, YTO:

- KaTepa JIBUTAJIHC TI0 TIPSIMOU € OJINHAKOBbI-
ME CKOPOCTSIME, COCTaBJISIIONMME 3 /8 OT CKO-
poctu KopabJis;

* BpeMsl JIBMKEHHsI KaTepoB OT UX CTapTa /[0
BCTPEYN TaK)Ke PABHO T ;

* IpM BCTpede KarepoB KopalJib BHOBb OKa-
3aJIcsl Ha paccTosHUM L OT IPUCTaHMU.

Onuiure MOCAe0BATENBHOCTD TOCTPOECHU
1 HaiiauTe paccrognue (B KnaoMerpax), KOTO-
poe TMpOXOAuT Karep 3a BpeMsi T. Berpa u
TEYEeHMs HET.
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Ipumeuanue. Ha pucynke paccroanune AB
pas/iesieno Ha S PaBHBIX WHTEPBAJIOB.
E.Ilodonsiko

3amaua 2. be3onacnasa aucranmus
[To npsiMoMy y4acTKy JOPOTH € OJMHAKOBOI
CKOPOCTDBIO O JIPYT 32 [IPYTOM €IyT [[BE MAIl-
HbI, OJIHA 3 KOTOPBIX [IPU TOPMOKEHUU 3aMe/]l-
JISIETCSI C YCKOPEHUEM ¢ , & JIPyrasi C yCKOPEeHN-
eM a@,. Ecim HayHeT TOPMO3WUTb BOJUTE]b
repeiHell MaIlHbI, TO BOJAUTEIDb 3aIHEl cpea-
TUPYeT U HAXKMET Ha TeJlajib TOPMO3a He cpasy,
a ¢ 3agepxkkoit T = 1,0 c¢. B 3aBucumocTtu or
TOTO, Kakasi M3 MamuH Oy/eT exaTb BIEpei,
MUHUMaJIbHAsT 6e30TacHast TUCTAHIUS, TI03BO-
Jisronasi u36eKaTh CTOJKHOBEHUS MEXK/TY HUMH,
oKaykercst paBHoit 6o I, =5 M, subo L, =
=40 M. OmpenesnTe, ¢ KaKOH CKOPOCTBIO €IyT
MAIIUHDI.
M.3amsmnun

3anava 3. Crpemsinka
Ha pucynke 2 usoGpajkeHa yrpolieHHas
MOJIeJIb JIECTHUIIBI-CTPEMSIHKH, COCTOSIIEN n3
COE/INHEHHDBIX IAPHUPHO
JIETKOH OTIOPbI M MaCCHB-
HOM 9acTH, HaKJOHEHHBIX
m  nogyraamu B =20"ny K
Beprukam (tgy = 2tgf).
Macca nectHunbl m =
=20 xr. Ompeznenure, ¢
KaKoii cUJION B3anuMo/eii-
CTBYIOT MEX/Ly COO0I yac-
TH JecTHUIBI. Tperns B mapuupe Het. Koad-
(unmenT TpeHust U MeX/Ly HOJOM U Kacaloli-
MHCSI €0 YacTsSIMU CTPeMSHKHN ojnHaKkoB. [Ipu
KAKOM MUHUMAJbHOM 3HaueHuu Koa(duim-
€HTa [l 4acTH JIECTHUIIBI He OY/1yT Pa3be3 KaThb-
cs1? YckopeHue cBOOOJHOTO TIaJeHUS

g=10M/C2.

Jlezkas
onopa

Puc. 2

M.3amamuun

3azaya 4. YeTblpeX1MINH/APOBBI Harpes

B umnmnapuueckuil crakan kaJopumerpa
HaymuTo My = 200 r SKUIKOCTU IJIOTHOCTBIO
npu temneparype f, = 0 C . B repmocrate npu
Hen3BecTHOI Temnepatype T HaxoauTcs HAGOP
OJIHOPOJIHBIX IIMJINHAPOB U3 OJIHOTO U TOTO e
MeTaJsIa IJI0THOCThIO P = 6p; . [mamerp Bcex
LHUJIMH/IPOB OJJMHAKOB U MPAKTUYECKU COBIIa/1a-
er (4yTb MeHbIIE) ¢ AMaMETPOM cTakaHa. IIpu
TIOTPY>KEHIN B KQJIOPUMETP HUJIMH/IPA Maccoil
m TeIJIoBoe PaBHOBECHE YCTAHABJINBACTCA IPU
temneparype ¢, =10 °C . Eciin BMecTo miepBoro

2019/Ne7

IUJIMHIpA B KaJopuMeTp ObLI OBl MOTPY:KEH
UanHAp Maccoit 1,6m, To ycraHoBusiach Gbl
temneparypa t, =15°C. Ilpu norpyskenuu
LUJIMH/IPA MACCOiT 31 yCTaHOBUJIACH OBl TEMIIe-
parypa t; = 30 °C , a i nuamHpa Maccoi 4m
— TeMmmeparypa t; = 45 °C. Och KaxI0ro M-
JINH/IpA TIPY TIOTPY>KeHNN BepTuKaabHa. Otmpe-
JIeJINTE:

1) temmeparypy T IMJIMHAPOB;

2) nomo y ob0beMa CTakaHa KaJOpuMeTpa,
3al0JHEHHOI0 JKUKOCTbIO;

3) Maccy m nepBoro HUJIMHAPA;

4) OTHOIIEHUE Y/IETbHBIX TEMIOEMKOCTEN ¢
SKUJIKOCTU U ¢ MeTaJljia.

A.Anosonckuil

3agaua 5. TpeyroabHas npusma

DJIEKTPUYECKas IIEMb, MPEICTABISAIONAsS CO-
6011 TPeyTroJbHYIO MPHU3MY C JMATOHAJISMHU B
GOKOBBIX TpaHsiIX
(puc. 3), cocrout us
IIPOBOJIHUKOB C OJU-
HAKOBBIM COIPOTHUB-
seaneM R = 12 Om
HE3aBWCHMO OT WX
numnbl. OnpenennTe

A B

COILPOTHBJICHUE LEIIN 4, B,
Mexay yaaamu: 1) A 2

B.Cao6o0anun

10 knacc

3axaua 1. Tanrenn

Ha riaJIkoM ropu3oHTaJbHOM CTOJIE JICKHT
raHTeJsib, COCTOSINIAs U3 JIBYX MAaJIEHBKHUX 10
pasMmepy 1aiib, UMEIONMX Macchl my W My,
COEZIMHEHHBIX JIErKNM skectkuM (gedopmarun
CTEPIKHSI MAJIbI 110 CPABHEHUIO F
C €ro pasMepamMi) CTEPKHEM

I, o
pauHON L. B MOMEHT BpeMeHu

t =0 ma m.’iméy Maccoit my g, m,
HauYMHAET JIeCTBOBATH IIOCTO-

auMHaeT JeICTBOBA ocTo- o 4

SIHHAS TO0 BEJUYWHE TOPU3O0H-
tanpias cuna F (puc. 4). Hanpasnenue peii-
CTBUSI CUJIBI BCEr/Ia COCTABJISIET OJMH U TOT K€
OCTpbIil yrosi o, co crepskHeM. Cunraiite n3Be-
CTHBIM, YTO TIPU TAaKOM JBVKCHUU YTJIOBOE
YCKOPEHNE CTEPSKHS SABISACTCS TTOCTOSTHHBIM. B
HEKOTOPBINT MOMEHT BPEMEHU T TIOCJe Havasa
JIENCTBUST CUJIbI CTEPIKEHb HA MTHOBEHHE OKa-
3aJcs He HANpPssKeHHbIM (T.e. HH CHKATBIM, HI
pacrsanyTeiM). Haligure:

1) YrJI0BYIO CKOPOCTb (0 BPAIIECHUS CTEPIKHS
B MOMEHT BpeMeH! T ;



2) yrioBoe yckopenue crepkus dw/dt ;

3) IPOMEKYTOK BpeMeHH T;

4) yroJ1 oBOpOTa CTEPIKHSI K MOMEHTY BPeMe-
HU T.

C.Bapaanos

3anaua 2. ITokanajbpHoOE ABUKEHUE

HeG6obline yacTuiibl ¢ 0JHHAKOBbIMU MaCCa-
MM 7 ¥ 3aPSIIaMU § U — ¢ ABUGKYTCS Ge3 TpeHUst
M0 TIePECEKaoNUMCS IO/l MPSIMbIM YTIJIOM Y3-
KMM [PSIMbBIM KaHajlaM, PacloJIOKEHHbIM B

o7

Puc. 5

TOPU30HTAIBHON MIocKocTH (prc.S). [Ipi aToM
OKA3aJI0Ch, YTO B TIPOIECCe TaTbHEHINero IBU-
JKEHHST PACCTOSIHNE R MEXAy YaCTHIAME OCTa-
ercst Hem3MeHHbIM. Haiizinre cyMMapHyIo KiHe-
THYECKYIO SHEPIHI0 YACTHII.

H.Bopob6ves

3agava 3. Apxus jopaa Keabsuna

B apxuBe mopaa KesbBuna wanumi rpadux
[UKJUYECKOTO MPOIECCa, COBEPIIEHHOTO HAJl
(pUKCUPOBAHBIM KOJMYECTBOM OJ[HOATOMHOTO
nzeanpHoro rasa (puc. 6). OT BpeMeHH YepHU-
JIa BBITIBEJIH, U UH(OPMAIIHS [TPO HAIPABJIEHNUST
HEKOTOPBIX TIpolieccoB Oblia yTpaveHa. Taxxe
Oblia yrpadeHa u uHGOpPMAIMS PO TO, UTO
OTJIOKEeHO 110 ocu a6cenucce. V3BecTHO JIHIb,
4TO Ha OCH aGCIUCC OTIOKEHA OJIHA U3 CJIe/Iy-
01X BeJTMYUH: 00bEM, JIaBJeHNe, TeMIIepaTy-
pa WM IJIOTHOCTH, a IIKAJa BBINOJHEHA B
YCJIOBHBIX €ANHAIaX. IIo ocn opAnHAaT OTJIOXKE-

CA
SR/2 >
2R
3R/2

Ha MoJigpHas TernyoeMKocTh ra3a C. Haiipure
MakcuMasIbHo Bo3MoskHbIN KII/I muxia.
JI. Kondynos, A.2Kueap

3amaua 4. 3apsKkeHHAs NMJIACTHHKA

ToHKas NI0CKast MIACTHHKA U3 [IIJIEeKTPUKA
B hopMe poM6Ga CO CTOPOHOI @ ¥ OCTPBIM YTJIOM
60° sapsKeHa OJHOPOAHO € MOBEPXHOCTHON
MJIOTHOCTDBIO 3apsijia 6. [lorenimasn B BepiinHe
OCTPOro yria pom6a paBeH ¢, B BepIINHE
Tymoro paseH ¢, (puc.7). U3 Takoro xe

%
a
Py
a

Puc. 7

JINDJIEKTPUKA BBIPE3AIOT TOHKYIO IJIACTUHKY B
dopme paBHOCTOpOHHETO TpeyroibHuka ABC
o cToponoii 2a (puc. 8) u 3apsaxKaioT ee ¢ TaKoi

B
2a
D
A C

Puc. 8

K€ TIOBEPXHOCTHOM MJIOTHOCTDIO 3apsiga. Otmpe-
JleJIuTe:

1) motentman B Touke C TPEyTroJIbHON TLIAC-
THHKU;

2) moteHnuan B Touke D, nexkamieil Ha cepe-
JINHE CTOPOHBI TPEYTOJIBbHON MJIACTUHKH.

Tenepp u3 tpeyrosapHoil miaactuku ABC
VAQISAIOT TPABUIBHBIH TPEYTOJBHUK CO CTOPO-
noii a (puc. 9). Onpezpenure:

BI
2a
Dl
AI Cl

Puc. 9
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3) noreHuuMan B Touke [’ <«AbIPABOii» Ila-
CTUHKW,
4) morenyan B Touke C’ «IbIPABOii» TLIaC-
THUHKU.
I pumeuanue. Bee NIacTUHKY yIaI€HbI IPYT
OT JIpyTa M OT JIPYTUX TeJ.
A.Anononckuil

3azaua 5. Ouenu u 10-

KaskH
Beckoneunas certka c
KBaIPATHBIMH SYCHKaMM CO-
A OpaHa U3 OJMHAKOBBIX pe-
sucropos (puc. 10). B ysen
) A nssue Brexaer Tok /. Orge-
I HUTe cuiy Toka B 3BeHe BC
C TIOTPEITHOCTBI0 He 6oJiee
10%. Jlokaskure, 4YTO IIO-
TPENTHOCTD Barreil onenkn He mnpesbimmaer 10%.
P.Komnaneey

Puc. 10

71 knacc

3anmaua 1. [IBa umimHapa

BHYTpPb 3aKPEIIEHHOTO TUJINH/IPA PA/INYCOM
R, ocb O KOTOPOTO rOpU30HTANbHA, TIOMENAI0T

JEerKuil  MUJUHID

gl B/[BOE MEHDIIETO pa-

auyca (puc. 11). Ocb

C MeHbIIero MuJInH/I-

4 pa Tak)Ke TOPHU30H-

tasbHa. Ha moBepx-

HOCTH MEHBIIIETO IIH-

JIUH/IpA 3aKperieHo

MaJIeHbKOE TeJIO Mac-

coil m. MeHbInii -

JITHJIP YJIEPKUBAIOT TAK, 4TO TEJIO HAXOUTCS HA

ocu 60JIbIIero muanHApa, a mockoctb OC (B

KOTOPOIi JIeKAT 0cr 060UX IIUIHHAPOB) COCTAB-

JIIET YTOJI O, C BEePTUKAIbio. MeHbIIWii 1u-

JIMHJIP OTHYCKAIOT, U OH HAYMHAET KATUTHCS 110

BHYTpeHHell 1oBepXHocTu 60Jbiinero 6Ge3 mpo-
ckasib3biBanus. Ornpeennre:

1) ycKopeHue Tesa cpasy TocJie Hauaua JIBu-
SKEHMNST;

2) YCKOpEHHEe W CKOPOCTh Tejla B MOMEHT
BpeMenH, Korja 1miaockoctb OC BepTUKAJIbHA,;
cunTaiite, 4TO JI0 ATOrO MOMEHTA JIBUIKEHUE
1o 6e3 MPOCKaIb3bIBAHUS;

3) MuHUMazIbHOE 3HavyeHue KodPuIEeHTa
TPEHUST MEX/ly IUJINHAPAMH W, TIPU KOTOPOM
BO3MOKHO JIBIXKeHNe 6e3 TPOCKAIb3bIBAHUS /10
MOMeHTa, Korja mockoctb OC 3aiimer moJio-
JKEHUE, CUMMETPUYHOE HAYaJbHOMY 110 OTHO-
HIEHWIO K BEPTUKAJIN;

el
Puc. 17

2019/Ne7

4) CKOpOCTb TeJa B MOMEHT HadyaJa IMpO-
CKQJIb3BIBAHUS, ecan KO3(D(UIMEHT TpeHus
MEK/IY IMJINHIPAMU 3a/laH 1 paBeH .

A.YViimun

3amaya 2. BemectBa X n'Y

B 1ByX OAMHAKOBBIX COCY/aX C MOPIIHAMU
IIPU OINHAKOBDIX JIABJIEHUN P4 U TEMIIEPAType
T, HaxoAdTCs OJIMHAKOBBIE CMECH PAaBHbIX
Macc m JKUAKOU u TBepnaoit da3 BeirecTBa X.
[Ipu sToM mIOTHOCTE TBEpAOU (hasbr Ha 20%
6oJbllie TIIOTHOCTH JKU/AKOH aspl py . He
U3MEHSIS BHEITHETO JIaBJICH, K TIEPBOMY COCY-
Ty MEJIJIEHHO TIO/IBO/IAT M3BECTHOE KOJIMIECTBO
TerioTel Q. B aToM mporecce Macca TBepOit
daspl ymeHbIaeTcsi BABoe. 3ateM, 06eciievnB
HAJIESKHYIO TEIJIOU30JISIIUIO COCY/la, HEMHOTO
YBEJMYUBAIOT BHelTHee jgaBieHne. O603HaYNM
3TO cocTosiHue «B». BHennue BoseiicTBus Ha
BTOPOII COCY/I TIPOBOASAT B 0OPATHOM TOPSI/IKE:
CHavaJIa yBeJINYNBAIOT JIaBJICHIE, a 3aTEM, TTO/I-
JIEPKUBAsI €r0 MIOCTOSIHHDBIM, TIO/IBOJSIT HEO6X0-
IuMoe JIJISi TIepeBo/la B TO JKe cocTosinue B
KOJIMYECTBO TEIIOTBI Q.

1) Kakoe KoJmuecTBo Teriorsl GoJbie: Qy
nm Q, ?

2) Onpefenure faBIeHUE Py B COCTOAHEN B.

3) Ompenenute temmnepatypy Ty B COCTOS-
Hum B.

ITOT JKe IKCIIEPUMEHT C IBYMSI COCYIaMu ObLI
TIPOBEJICH CO CMECSIMU PABHBIX MacCC 1M SKUIKOI
1 TBepAoil ¢as Apyroro BemecTBa Y, y KOTOPO-
ro B HaYaJIbHOM cocTosiHiK C T1JI0THOCTD TBEP-
noit daser Ha 20% MeHbue TIOTHOCTH SKUIKOM
dasbr py . Oxazanoco, 4To /1151 1306apUUECKO-
TO TIJIABJIEHNS TIOJIOBUHBI TBePI0it asnl Y mpu
nepexojie M3 COCTOSHUS P, I morpe6oBa-
JIOCH TIOJIBECTH KOJIMUECTBO TeTJIOThI Qs , a 11
mepexo/ia B KOHEYHOe COCTOsIHNE D BO BTOPOM
cocysie — KOJIMYECTBO TEIJIOTBI Q) .

4) Kakoe KommuectBo Teriore Goubiine: Qs
nwm Q; ?

5) Ompejenure JaBJieHue Py B COCTOSHUM
D.

6) Onpenenure Temmeparypy T, B COCTOSI-
Huu D.

A.Anononckuil

3amaya 3. 3aueM HY>KHBI THO/IBI

DJIEKTPUYECKAsT CXeMa COCTOUT U3 TPeX KOH-
nercatopos C;, C,, C; oAMHAKOBOH eMKOCTH
C, KaTylky WHAYKTUBHOCTBIO L, IByX W/ieaib-
HBIX JINOJIOB, MCTOYHHMKA TIOCTOSIHHOTO HAIPsi-
sxkennst Uy, kmoua K (puc. 12). TleppoHauasib-
HO TIepe/| 3aMbIKAaHHEM KJI0Ya KOH/EHCATOPDI



He 3apspKeHbl. 3aTeM KJII0U IePeBO/IAT B M0JI0-
skeHne 1 W TIocsie yCTAHOBJIGHNS PAaBHOBECHS
TIePEKTIOYAIOT B TIOJIOKEHe 2.

1) UeMy paBHBI HATTPSKEHNS HA KOH/IEHCATO-
pax U;, U, u Uz nepen nepekaodyeHueM
KJII0Ya B TI0JIOKeHue 27

2) YeMy paBHO MakcuMasbHOe 3HaueHue [,
TOKa Yepes JINO/IbI ITOCJIe MePeKJIIOYeHNs KIoua
B THoJIOXKeHne 2?

3) B kakux mpejgenax ([U{“in, 1‘“2"‘},

[Uﬁ“i“, ;“ax] [Uémn, Y ax}) U3MEHSIOTCSI
HAIpsKEHUsT Ha KOHJEHCATOpaxX IocJe repe-
KJIIOYEHHS KJII04Ya B MOJOKeHue 27

4) KauectBeHHO u306pasute rpad K 3aBUCH-
MOCTH CHJIa TOKa I, TPOTEKAIONIETO Yepe3 Ka-
TYHIKY WH/JYKTUBHOCTH, OT BPEMEHH.

5) Yemy pasen nepuoj kosreGanuii T Toka I?

AKTHBHDBIM COTIPDOTUBJICHHEM KATYIIKH HH-
JYKTHBHOCTHU U TIPOBOJIOB MOKHO TIPEHEOPEYD.

A.Anosonckuil

3amava 4. MarHuTHbIi DIHYP

ToHKMiT, OJHOPOIHBIN HEPACTSIKUMBIN THO-
KUl IHYp AJnHOo#l [ u3rotosJien u3 gpeppomar-
HeTWKa, MPIYeM MarHUTHBIH MOMEHT KaXKIOTO
€ro MaJIeHbKOTrO 3JIeMEeHTa HAIpPaBJieH BJOJIb
mraypa. OJuH KOHeIl HIHypa yAEP:KUBAIOT Ha
paccrosmamu [ (I > 1) or
6ECKOHEYHOTO TIPSIMOTO
MIPOBOJIA, MO0 KOTOPOMY Te-
4yeT 3JIEKTPUYEeCKuit Tox [
(puc. 13). TIpeneGperas
CHLJION TSIKECTH 1 COOCTBEH-
HBIM MarHHUTHBIM TI0JIEM
HIHypa, HalauTe:

1) paccrosnue MeKay KOHIAMH IIHypa B
COCTOSTHUU PaBHOBECHS;

2) Ha KaKOM PaCCTOSHUM OT IIPOBO/IA OKAsKeT-
cs1 cBOGO/IHDIIT KOHEI TITHYpa.

Ykasanue. Dueprusg MaJIeHbKOTO 3JIeMEHTA
HIHypa JUIMHONW Al BO BHEIIHEM MarHUTHOM

Puc. 13

noJie ¢ mHAyKImeit B onpe/eisercs Bbipaske-
nueMm AW = —kBAlcos@, rjie @ — yros Mex-
1y B un HampasjeHueM mHypa, a R — mocro-
STHHBIH Koa(puIment.

B.Mapunwx, C.Mypaeves, A.Yepnos

3anaua 5. Pycamouxa

«B omxpvimom mope 600a coscem cumnsis, Kax
AENECKU CAMBLX KPACUBHLX 8ACUNLKOS, U NPO-
3paunas, Kaxk wucmoe cmekao, — HO 3amo U
eny6oko mam! Hu odun sixopv ne docmanem 0o
ona; na ono Mopsi NPUULIOCL 6l NOCINABUMND
00HY Ha Opyzy10 MHOZO-MHOZ0 KOJIOKOIEH, MOJIb-
K0 M020a Obl OHU MOZAU BHICYHYMBCSA U3 B00DL.
Ha camom oue sxueym pycarxu» (I.X. Aunep-
CEH).

Acnoit nousto Ilpunt, pocrom H = 1,8 M,
MeuTas Ha Gepery CIOKoHHOro THXoro okeana
I CMOTpeJ Ha JYyHHYIO JOPOXKKY, KOTOpas
HAuYMHAJIACh OT HEro Ha paccTostHun Dy = 5 M
10 TOPM3OHTAJN W uMesna JuHy Ly =50 M
(puc.14). B 1o ke camoe BpeMs y 6epera 1o

Puc. 14

BoJO# Ha roryoune H nexana Pycanouka, Toxe
0 YeM-TO MeyuTasl.

1) Ha xaxom paccrosituu D ot ce6sa (Toxe
10 TOPU3OHTAJN) JIYHHYIO JOPOXKKY Oy/eT BU-
netb Pycamouka?

2) Kakoit gymmsr L, Gyzmer sTta JOpoKKa?

Cuwraiite, 4TO JIeTKnit 6PU3 CO3/[AET MEJIKYIO
OJIMHAKOBYIO PsiOb 110 BCEIl TIOBEPXHOCTH OKea-
Ha. I[lokazartesb MpeJOMJIEHIST MOPCKO# BOJIBI
n = 1,35. YrioBbM pasmepoM JIyHBI MOKHO
npeHe6pedb.

Vkasanue. Bpus — cabbrii Geperosoii BeTep,
JLYIOIIUIT THEM C MOPSI Ha CYTILY, & HOYbIO C CYIITH
Ha Mope. Psibb, — MeJsikoe BOJIHEHUE BOJHOI
MOBEPXHOCTH.

JI. M envnuxosckuil
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Mobeputenn onuMmnuaambl

9 knacc

Amumpuii Copoxun — Mocksa, <«Ilarbaecar
cebMast ITKOJAy,

Januun 2Kumoe — Mocksa, I1Ikosa «/IetoBo»,

Tuxon Eemees — Mocksa, mkoaa 179,

Anmon Pydenxo — Mocksa, mkosa 1329,

Kupunn Apixanvix — Mocksa, Jluteit «Bropas
IIKOJIay,

Mameeii Knases — DbBepesnuku Ilepmckoro
Kpas, IIKoJa 3,

Tunyp Ipadurun — Mocksa, Illkoaa «Jleto-
BO»;

10 knacc

Tamwvana Emenvanosa — Mocksa, @MIII 2007,

Hean Xapuuxun — Cankr-IlerepOypr, [Ipesu-
JEHTCKUIT  (DU3UKO-MaTeMAaTHIeCKU JTUIEl
239,

Cepzetii Casenvee — MockBa, mkoaa 1568
nmenn [Ta6mo Hepympr,
Anexcandp Tonosacmenxo — Cankr-Ilerep-

6ypr, Axajsemudeckuii el «Dusnko-Tex-
HIYECKas IIKOJIay,

Aunexceti Kadvixoe — Pectiy6inka MopaoBus,
Pecrry6imkanckuii el AJis OJapeHHBIX
nereit,

Huxuma Mocxanese — Kunposckasi 06JacTb,
Kuposckuii pusmko-MareMaTnaecKuii JTuiei,

Dedop Oxcanuuenxo — Cankr-IlerepGypr,
mkosa umenn A.M.T'opyakosa,

Anmonuii Beaviwes — Cauxt-IlerepOypr, Aka-
nemMuuecknil gniein «OU3UKo-TeXHIYeCKas
LIKOJIay

Koncmanmun Bedepnurxos — Mocksa, Illkona
«JleToBO>;

17 knacc

TI'puzopuii Fo6xoe — Mocksa, mkosa 1589,

Anexceu IHTuwrxun — Mocksa, mrosa 1589,

Baadumup Marunosckuii — MockBa, TIKOJA
1589,

Amumpuii [lapés — Mocksa, Jluneit «Bropas
ITKOJTa

Huxuma Yyiixun — Yepenoser, Bosorozackoii
oOJsactu, mKoJa 17,

IOpuit Bpysxun — Mocksa, 1llkosa «Bopo6b-
€BbI TOPbI»,

Buraoducnas Ionsxos — Cankr-llerepGypr,
[TpesuenTckuit pu3NKo-MaTeMaTHUECKUI JIH-
et 239,

Tepenmuii Kysneuos — HoBocubupck, CYHIL
HTY.

ITy6auxayuio nodzomosun B.Cao6o0sun

IK3AMEHAIINOHHDBIE MATEPHAJBI

M OCKOBCKMW rOCYOaPCTBEHHbIV
TEXHNYECKN YHUBEPCUTET
MMeHn H.2.baymMaHa

OPU3UNKA
Onnmnuapa-2019
MepBbi TYp
BapuaHt 1

1. U3 nynkra A, maxopsiierocsi Ha Gepery
DPEKHU, BBIE3IKAET BEJOCHIIEJUCT W, JBUTASIChH
CO CKOPOCTBIO © =5 M/C BIOJb PEKH , TPHU-

6bIBaeT B IYHKT B, Haxo[dAUiics HIDKE IO
teuennio, yepes 80 ¢ (puc.1). Onnospemen-
HO C BEJOCHIEANCTOM C ITPOTHBOIOJIOMKHOTO
Gepera m3 Toukn C OTIUIBIBAET Karep, KOTO-
Pblii JOJDKEH TOmacTb B IIYHKT B oZHOBpe-
MeHHO ¢ BesocuneauctoM. C Kakoil MuHH-
MaJIbHOI CKOpocThio (B KM,/ 4) OTHOCHUTEIBHO
BOJBI JOJKEH ILIBITh KaTep, €CIU CKOPOCTh
TEYEHUs] PEKM Uy =5 KM/4, a IUPUHA DEKH
b =300 m?
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C
Yo
b _—
A B
Puc. 1

2. Teno, ABUrasich U3 COCTOSIHUS TIOKOST TIO/]
JleficTBUEM ITOCTOSTHHOIT cuJibl, paBHoit 20 H, 3a
Bpemst At = 0,1 ¢ npuobperaer KHHETHIECKYIO
sunepruio W, = 10 /x. Haiigure sHepruio,
KOTOPYIO COOOIIHT 3Ta CHJIa TOMY JKe Tesy 3a
caeayonmii mpomeskyTok Bpemenu At =0,1c.

3. Iocsie nmajienust Ha TOPU3OHTATIBHYIO TIO-
BEPXHOCTD ITAPUK, OTCKOYHB OT Hee, [IBUTAJICS
1o napaboJindeckoil Tpaektopun. B Teuenue 1
CEKYH/IbI HalpaBJieHIe BEKTOpa CKOPOCTHU IIa-
puka usMeHusochb Ha 9(°. Haiigure momysib
TepeMeneHns MapuKa 3a 3To BpeMd. [IpuHaTn
yCKopeHne cBoOGOAHOTO najeHns g =10 M/ 2.

4. B mranerapHoii 3y6uaToil epegaue miec-
tepuu 1 u 2 (puc.2) NpUBOAATCA B ABMIKCHIE
KPHUBOIIUIIOM 3, OCh BPAIICHUS KOTOPOTO CO-

Puc. 2

BIIQJIA€T C OChIO HEIOABIIKHOIO KoJieca 4. Uuc-
JI0 3y0beB 1ectepen Z; = 15u Z, =25, auucio
3y6beB Kosleca Z, = 75. Haiiaute orHOmeHNe
ymcyia 060poTOB TectepHu 1 K 4ncIy 060poToB
mectepHu 2 3a JBa 000pOTa KPUBOIINIIA.

m L O
®

|
|
L2] |
|

Puc. 3

S>. Ha nutu gaunoit L = 5,4 M nojselieH
mapuk Maccoil m. Ha paccrosuun L/2 ot
touru noaseca O B6uT reosap A (puc.3). Huts
orBejieHa Ha yrosi 90° oT BepTUKAJIM 1 OTITyIIie-
Ha 6e3 HavaIbHOI ckopocTu. Ha kakyio makcu-
MAaJIbHYIO BBICOTY OT HUYKHETO TIOJIOKEHUS MO/
HUMETCS TapUK?

6. Anbga-uactuna (sapo 4He) asmkercs
IPSIMOJIMHENHO BJIOJIb OCH X T0J| JIeHCTBUEM
9JIEKTPUYECKOTO TMOJII € HAIPSKEHHOCTHIO
E.=E,-bx,rne E, ub— usBecTHble 10CTO-
sSHHbIE. B HauaIbHBI MOMEHT BpeMeHN astbda-
YyacTuIa moKomiIach B Touke x = (. Yemy paBHa
MaKCHMaJbHash KWHETHYECKast SHeprust asibda-
YaCTHUIBI B TakoM JABM:KeHuu? UYepes kakroe
BpeMsI OT Havyasa JBUKEHUSI OHA JOCTUTAETCs?

7. B Tenyon30JupoOBaHHOM COCY/IC HAXO/IUT-
ca aszot npu temneparype 73 = 300 K. Uepes
HEKOTOPOE BpPeMs, TIO/ ACHCTBUEM U3JTy4CHUS,
BCe MOJIEKYJIbI a30Ta pactaaiorces. Onpe/enu-
Te TeMIepaTypy rasa B cocy/le 1ocJe pacrajia
BCEX MOJIEKYJI, ecJiu Tpu pac-

najie OJIHON MOJIEKYJIbI a30Ta
Ha aTOMbl BbLIEJILETCS KOJIU-
yecTBO Teriotel ¢ = 0,6 2B.

8. C kaxoil cujioil 4esoBeK
JIOJI)KEH TSIHYTb BEPEBKY
(puc.4), ato6el yepsKkarh celst
u mwiaropmy, Ha KOTOPOil OH
cTouT, B paBHOBecun? Macca
yesoBeka my = 70 Kkr, mMacca a
nratgopMer m, = 30 Kr. -
Maccoit 6JI0OKOB U BEPEBOK !

npene6peub. YCKOpeHHe CBO-
60/THOTO TAaJeHUS TPUHSATH
paBubIM 10 M/c2 .

9. Ha ropusoHTasbHOl He-
MIPOBOAATIEH TTOBEPXHOCTH B
OTHOPOJTHOM MArHWTHOM TIOJIe, JTMHUW WHIYK-
I[UY KOTOPOTO TOPU3OHTAIHHbBI, HAXOUTCS JKe-
CTKO€ TOHKOE OJTHOPO/THOE TTPOBO/ISAIICE KOJIBIIO
paauycoM R u maccoit m. Hailigure Besnunny
WH/LYKITAU MATHUTHOTO MOJIS TAKY10, 4TOOBI TPU
IIPOIYyCKaHUM 110 KOJIbLY TOKa CHJIOH [ OHO
HAYaJI0 MOAHUMATHCS.

Puc. 4

BapuaHt 2

1. YesoBex B JI0/IKe TIEPEILIBIBAET PEKY IITH-
punoit 1 kM. CKOPOCTb TeUeHHsT peKH B 2 pasa
60JTbIlIe CKOPOCTH JIOJKU OTHOCHTEJIHHO BOJIBI.
Haiimnte MuHIMaIbHOE PACCTOSHNE, HA KOTO-
poe cHeceT JOAKY BHHU3 TI0 TEUCHUIO PEKU 3a
BpeMs TIePEPaBbI.
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2. MypaBeii CHANT B HIDKHEH TOYKE BHYTPEH-
Hell TOBEPXHOCTH TOHKOCTEHHOTO 06pyYa pajin-
ycom R =0,5 M, KOTOPBIIl KATUTCSI TI0 TOPU30H-
TAJbHOU TILJIOCKOCTH 6€3 MPOCKATb3bIBAHUS.
Ormpesiesute pajilyc KPUBU3HBI TPAEKTOPUH
MYPaBbsi B TOT MOMEHT, KOT/Ia MypaBeil OKasKeT-
¢ B BepXHell Touke o6pyya.

3. /lBa OAHOPOAHBIX CBUHIIOBBIX CTEPIKHS
qumHol L = 1,3 M KaKAbIE MOTYT CBOOOHO
BpAIIATbCs B BEPTUKATBHON IJIOCKOCTH BOKPYT
o06111eil TOPU3OHTAJBHOM OCH, TIPOXOJISINEN ye-
pes Kpas aTuX crep:kHeii. CTep KHI OTKJIOHUIN
B pasHbie cropobl Ha 90° or BepTUKaaM U
ornycTuan 6e3 HauaabHoil ckopoctu. Onpejie-
JINTE, Ha CKOJIbKO I'PA/yCOB HATPEIOTCS CTEPIK-
HU [0CJIE CTOJIKHOBEHWH, CUUTAs €ro aBCoJIoT-
HO HeynpyruM. [IpuHSATH, 4TO Bee Terio, Bbije-
JINBIIIEECS TIPU CTOJKHOBEHWU CTEPKHEH, UIeT
Ha uX HarpeBanue. COMPOTHBIIEHNE BO3/IyXa He
YUUTBIBATh. ¥ eabHas TEIJIOEMKOCTh CBUHIA
¢ =130 Jlx/(xr-rpax) . Yckopenne cBo6oj-
HOTO TaJIeHusI MPUHATh paBHbIM ¢ = 10 M/ .

4. Tlo HAKJIOHHOII TLIOCKOCTH, PACIIOJIOKEH-
HOU 1101 yriioMm 45° K TOPU30HTY, OJ[HOBPEMEH-
HO HAYMHAIOT CKATBIBATHCST 6€3 TIPOCKAJIb3bIBA-
HIA 06pyY M COCKaTbh3bIBaTh 6pycok. Hafianre
K03 PUITMEHT TPeHusT MeX/Ly OPYCKOM 1 T110C-
KOCTBIO, TIPU KOTOPOM 06a TeJia OyIyT IBUTATD-
cst, He OOTOHSISI IPYT Jpyra.

5. B BepTuKasbHO PACIOIOKEHHOM TIUJIHH/I-
pe Mo/ OopITHEM HaXOAUTCS MoJib resus. Ha
TopIrHe JTeXuT Tpy3. llpm atom o6bem Tasa
V; =10 n, a nasnenme p, =4-10°[a. B
HEKOTOPBIT MOMEHT BPEMEHU T'PY3 C MOPITHS
y6pasu. B pesysbraTe ra3 mo MOpIIHEM a/i1-
abaTUYecKy M3MEHUJI CBOI 00beM, a /IaBJIeHHUe
rasa yMeHbBIIHJIOCh B JBa pasa. Ompenesnre
TeMIIepaTypy Tasa IocJje YCTAaHOBJICHUS TePMO-
JIMHAMUYeCKoro paBHoBecus. CujaMu TpeHUs
MpU TIepeMeNIeHnn TTOPIIH B IUJINH/PE Tpe-
He6peyb.

6. Ha rBoszie, BOUTOM B CTeHY, BUCUT THOKIIT
Tpoc aauHO#M 20 M Tak, 4TO €ro KOHIbI HaXo-
JIATCS Ha O/THOM YPOBHE. B HavabHBII MOMEHT
TPOC TIOKOWUTCS. B HEKOTOpBINE MOMEHT B pe-
3ysbraTe HeGOJDBIIOr0 TOYKA TPOC HAYMHAET
CKOJIb3UTD 110 TBO3/10. OripesiesinTe CKOPOCTh
TpOCa B MOMEHT BPEMEHM, KOT/Ja OTHOIICHUE
JUTIH TPOCa TI0 pa3Hble CTOPOHBI TBO3/A GyIeT
paBHo 3:1. YckopeHme CBOOGOTHOTO TAJCHUS
NpUHATH paBHbIM 10 M/ ¢t

7. Beronnas oHOpOJHAS CBasg Maccoil m u
JUMHON L nesxut Ha jHe Bojgoema. [IpuBsg3as
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TPOC K OJIHOMY KOHIly CBaW, €€ Me/JIeHHO
MOJHUMAIOT B BEPTUKAJIBHOE TIOJIOKEHNE, B
KOTOPOM CBasi, ONUPAsICh HA JIHO, BBICTYIIAET
Ha/1 TOBEPXHOCTbHIO BO/IbI HA O/IHY TPETHIO YaCTh
cBoeil anunbl. Haiinute paboty, KOTOpyIio He-
06X0/IIMO COBEPIIUTD IIPH TAKOM TTO/[bEMe CBAN.
IInoTHOCTL GeToHAa B 7 = 4 pasa G6oJiblie
IJIOTHOCTH BOJibI. CHJIaMM COTIPOTUBJIEHUST 1
Maccoit Tpoca npeHe6peyb.

8. bBarapest xonzieHcaToOpoB, cocTosimas u3
YeTbIpeX OJMHAKOBBIX MeTAJJIMYecKUX ILIac-
THH, PACIOJIOKEHHBIX B BO3/lyXe Ha PaBHbIX
paccTosHuAX d APYT OT JIpyra, IMOJKJIOYEHA K
NCTOYHUKY TOCTOSHHOTO ToKa ¢ J/IC, paBHOI
&, Kak 1okaszaHo Ha pucyHke 5. [lmomazab

Puc. 5

Kaxkjoi m3 mactuH paHa S. [lmactmna 1
coe/lMHeHa TTPOBOHUKOM ¢ TacTuHoil 3. On-
pejiesiuTe BeJIMYUHY 3aps/ia, KOTOPbId IIpoiijer
4yepe3 ICTOYHNK TOKA, eCJIN TPOCTPAHCTBO MESK-
Jly TIACTUHAMU 2 1 3 3aTI0JTHUTD JUATEKTPUKOM
C JIM3JIEKTPUYECKON MPOHMUIIAEMOCTbI0 € =4 .
Paccrosinie d Meskjy MJIacTUHAME MaJio 10
CpPaBHEHUIO C UX Pa3MepaMu.

9. Metammaecknit map pagumycom R; =
=4 cM OKpY’KeH KOHIIEHTPUYECKOH ITPOBOI-
et o6os10uKkoit paguycom R, = 10 cm. IIpo-
CTPAHCTBO MEK/LY IIapoM 1 000JIOUKOIl 3a110J1-
HEHO OJJHOPO/IHBIM JuaaekTpuxkoM. Onpe/enn-
Te BeJIMYMHY MaKCUMAIbHOTO HAIIPSYKEHUS, KO-
TOpPOE MOXKHO TIOZBECTH K TAKOMY cpepHrdecKo-
My KOHJIEHCATOPY, €cJiu TIPo0Ooil UaJIeKTPUKa
IIPOUCXONUT IIPU HANPSKEHHOCTH dJICKTpUYec-
koro noJisi B HemM E =100 kB/cwm .

Btopon Typ

BapuaHt 1

1. OgHOPOIHBIN CTEPKEHb MACCOi m 1 JJIH-
HOIl L JIe)KUT Ha FOPU3OHTAJIBHON HIepoxoBa-
TOU MOBEPXHOCTU. Y IAPOM CTEPIKHIO COOO0IIa-
10T CKOPOCTb ©, HAIPaBJCHHYIO BJOJb €ro
Ipo/ioJbHON ocu. OnpejennTe MaKCUMaIbHOE
paccrosiHie, Ha KOTOPOE CMECTUTCS CTEP>KeHb,
€CJIM U3BECTHO, 4TO JUJIA TIOBOPOTA CTEPKHA Ha
TOI1 K€ IJIOCKOCTH BOKPYI OJHOTO U3 €r0 KOH-
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MATEPMA JbI

L[OB Ha yroJ O HYXHO COBepIIUTb paloTy,
paBHyIO A.

2. Ha mepoxoBaTyio TOPH3OHTAJIBHYIO TIO-
BEPXHOCTb BEPTHKAJIbHO IIOCTABHJIM T'AHTEJb,
COCTOSIIIYIO U3 IByX MAJEHbKHUX MIAPUKOB Mac-
caMu my =2m W m, = m , COeJITHCHHBIX HeBe-
COMBIM KecTKHM crepskneM (puc.6). Tantesn

2m° O

!
1

1
g

!

Puc. 6

OTIYCKAlOT 6e3 HAavyaJdbHOW CKOPOCTH, U OHA
HaumHaeT najartb. OnpeneauTe BeJUYUHY KO-
acpdurmenTa TpeHus MEX/IY TAHTEIbIO U TLI0C-
KOCTDBIO, €CJIN HUYKHUM IAaPUK HAYUHAET CKOJIb-
3UTH 110 IJIOCKOCTH, KOI'/la YroJ HaKJIOHa CTep-
KHSA € TJOCKOCTBIO JOCTUTHET ¢ =75°
(sin75°=0,97).

3. MoJib 0/[HOATOMHOIO M/I€aIbHOIO rasa u3
Ha4YaJbHOTO COCTOSHUS | pacHIMpseTcs B Mpo-
ecce 1—2 (pnc.7) C IIOCTOSTHHOM TeTJIOEMKOC-

1
pA
!

Puc. 7

TbIO, cOBeplIas B HeM paGory A, =200 [Ix.
3areM K ragy moJBOJUTCS KOJTNIECTBO TETLIOTHI
Qy3 = 200 [I>x B mporecce 2—3, B KOTOPOM
JIABJIEHUE Ta3a MPsIMO IMPONOPIIMOHANBHO €ro
o6bemy. Temmneparypnl B cocrosgHusix / u 3
onuHakoBble. Haiigure KOJMYECTBO TEIIOTHI,
o/IBe/IEHHOE K Tady B mporiecce /—2.

4. B cxeme, n300payKeHHON HA PHUCYHKe 8,
[IPU PA3OMKHYTOM KJiode K KOHJIEHCATOP eM-

Y Y YL
L
cl- €
= U, e
+
Lo
K
Puc. 8

koctbio C = 10 Mx®D 3apsiKeH /10 HAIPSOKEHUS
U, = 2 B. MugyxkrtuBHoCTb Karymku L =
=0,1 I'm, D/C 6arapeun & =35 B, quon D —
njeabubIil. OnpeesnTe MaKCHMaIbHBIN TOK B
I[N TIocJe 3aMbIKaHWus Kuioya. Haiianre ma-
IpsDKEHIe, KOTOPOe YCTAaHOBUTCS Ha KOH/CHCA-
TOpE MOCJI€e 3aMbIKaHUsT KJIIOUA.

d. Ha riazixoii ropusoHTaNIbHON TOBEPXHOC-
TH PacIoJIoXKeHa TPeyroJbHash Mpr3Ma Maccoil
2m c yraom o = 30°, coemHEHHAS HEBECOMOI
HeiepopMIPOBAHHON TPYKUHOH KECTKOCTHIO
k ¢ 6pyckom maccoit m (puc.9). Ilap Maccoii m

m
Q
¢g

m 2m

Puc. 9

Ma/1aeT BEPTUKAJIBHO BHU3 U y/apSIeTCsT B TIPU-
3My €O cKopocTbio v. Ofpeyesinte BeJTUYNHY
MaKCHMAJIbHOW JedopMalu TPY>KUHbl [PU
JabHelineM aBukennu tei. CujaaMu TpeHust
npeHe6peyb.

6. Kakoe MaKkcHMaJIbHOE YHCJIO 3JIEKTPOHHO-
MMO3UTPOHHBIX AP MOKET 00pas3oBaTbCs IMPH
B3aMMO/IENCTBUHU C BEIECTBOM J[BYX O/[MHAKO-
BBIX raMMa-KBaHTOB, HAa KOTOPbBIE PaCHasach
JIBIDKYIIASICS HEUTpaJbHAS PEJISITHBUCTCKAS
YaCTHUIIA C MACCOIT TIOKOST 71 , €CJIH YTOJ MEXK/LY
HallpaBJEHUSIME pasjieTa TaMMa-KBaHTOB
0 = 60°? Cuurarh, 4TO BCS 9HEPTHS TraMMa-
KBAaHTOB W/ET Ha 00PAa30BaHWE 3JIEKTPOHHO-
MO3UTPOHHDIX TIap.

BapuaHt 2

1. Ha mepoxoBaroii oBepXHOCTH CTOJIA JIe-
JKUT TeMoYKa [UIMHOH L Tak, 4To OJMH ee
KOHEI[ CBEIMBaeTcs ¢ kpast crosa. Korzia cse-
MIUBAIOIIASCS YaCTb IIETIOYKN coctaBiser 1,4
YacTb ee IIOJIHOH JITMHBI, 1[eTI0YKa HAaYnHAeT
COCKATb3bIBaTh. HaiinTe CKOPOCTH IETOYKH
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B MOMEHT TIOJTHOTO COCKaJIb3BIBAHNUS €€ CO CTO-
ga. IIpn cockaab3bIBAaHNN T[ETIOYKA HE KacaeT-
€S TIOBePXHOCTH T0J1a, Ha KOTOPOM CTOHT CTOJ.

2. Ha pgne Bomoema BBIJIEIUJICS ITy3bIPEK
raza guamerpom d. Ilpu 1ojbemMe atoro Iy-
3bIpbKa K IOBEPXHOCTH BOJBI €T0 JHAMETP
yBesmuuics B n pa3. Haiinmnure roy6uny BoJ0-
eMa B aToM MecTe. ATMocdepHOe TaBJeHne
Py, KOI(P@UITHEHT MTOBEPXHOCTHOTO HaTSKe-
HUA BOAbl O U €€ IJIOTHOCTb (@ WU3BECTHDI.
[Ipu pacmmpennu rasza ero temrepaTrypa He
U3MEHSIACD.

3. TemioBoii fBUTaTEH PAOOTAET TIO TIUKJTY,
COCTOSITIIEMY M3 JIByX M30XOP U ABYX ajguabar
(puc.10). Vismenenne o6bemMa niea bHOTO Tasa

Y
1
4 ?
; 3
!
0 v v, V
Puc. 10

v,
B IpejiesiaX IUKJIa — =4 . YpaBHeHHe aana-

6atbl MOkeT GbITb saimcano B suge TV® =
= const, rje o0 — M3BECTHDII ITOKA3aTe Db CTere-
Hu. Ornpejieite MacCOBbIN PacxXo/ TOTLINMBA C
Y/IeJbHOMU TEIJIOTO CropaHus ¢ Ipu COBEpIIe-
uuu jaBuraresiemM pabotsl A. Ilorepsimu Teria
npene6peyb.

4. Tpu ToHKOCTEHHDbIE MeTajInYecKkue ce-
pbI, paanychl KOTOpuiXx R, 2R u 3R, pacrio-
JIO)KEHBI TaK, YTO WX IEHTPHI COBIA/AIOT
(puc.11). Ha Buemmeii cdepe HaxoauTcs 3a-

@

¢

Puc. 17
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psax —2q, Ha cpefHell — 3apsja +¢, HA BHYT-
penneit — 3apsaa —q . Bayrpennsas chepa mo-
JKeT ObIThb COeJMHEHAa C 3eMJIeil, MOTeHInaJ
Kotopoit paBen Hymo. Onpegenure 3apsaa Q,
KOTOPBIII ITpoTeveT yepes rajabBaHoMerp I, ecam
3aMKHYTb KJou K.

5. B nonnoM sBuratesie, uCIosbayeMoM st
N3MEHEHNS OpHWEHTAINN KOCMUYecKOil CcTaH-
I[MN, TOTOK MOHOB ATOMOB BOJOPO/A, YCKO-
peHHblil Hanpskennem U = 10* B, BbuIeTaer
13 JIBUTATEJISI, CO3/1aBasi PEAKTHUBHYIO TATY.
OrnpejiesnTe CeKYH/HBII Pacxos BOLOpPOJa B
JIBUTaTeJie, TPU KOTOPOM peakTHBHAS CHJIA
Oy/ieT paBHA CHJle CBETOBOTO JIaBJIEeHHs Ha
MOBEPXHOCTb COJIHEYHOI GaTapen KocMHUYec-
KOIl CTaHIIUM, BBITIOJHEHHOW B BHU/E KpyTa
pamuycoM R = 100 M u umeroreit koadduiu-
€HT OTPaKeHUs] COJNHeYHbIX Jydeid P =0,2.
CyMMapHasi MOIIHOCTb CBETOBOTO H3JIyYEeHUs
Comima W =4-10% Br. Commeunbie yun
Maaf0T TEePHEHNKYISAPHO TTOBEPXHOCTH COJI-
HeyHoil 6aTapeu. PaccTosiHue 0T KOCMUYECKOM
cranuumn 10 Counna 7 =150 - 105 k™ .

6. Ilapuk maccoit m = 2 T, UMEIOMHNIA TO-
JIOXKUTEJIbHDIH 3apsjl ¢, HAUMHAET CKOJIb3UTDH
C HAYaJBHOW CKOPOCTBIO, PaBHOH HYJIO, IO
cepruieckoil MOBEPXHOCTH paguycoM R =
=10 cm u3 Toukn A (puc.12). Ilorenunannb-

A 9 O
+
m
R
B
@Q
Puc. 12

Hasl SHEPTUS B3aMMOJIENHCTBUS 3apsijia ¢ U He-
MOJIBIKHOTO OTPHUIIATEJLHOTO 3apsijia Q B TOU-
ke A paua W, =-2- 10~ I . Ompenemnte
MOTEHIUAJIBHYIO HEPTUIO B3ANMO/IEHCTBUS 3a-
PSJIOB, KOT/Ia 3apsi/l ¢ HAXOAUTCS B TOUKe B,
ec/in pe3yJIbTUPYIOiasi CUJl JIaBJEeHUusT U Ky-
JIOHOBCKOTO B3aUMOJIEICTBHSI B TOUKe B pas-
na F=0,1 H.

ITy6auxayuio nodzomosur FO.Cmpyros



OTBETbHI, YKA3AHUA, PEINIEHUA

«KBAHT» AJ1a MNAALWNX LUKOJIbHUKOB
3AO0AYN

(cm. <Ksanms No6)

1. B cy66ory.

Pazo6bem atu 9 gHeit Ha nepBbie 2 U TOCJAeHIE 7.
Ecan npuiit B cy660Ty, TO IIOJyYUTCS KATATbCS B
006a TIepBbIX JHS, a B JIPYTUX CJAYYasX HE MOJTydHT-
csl. A cpean mocJsieJHIX ceMU JiHell B 1060M cirydae
Oymer poBHO ojHa cy660Ta, OJHO BOCKpECEHbe I
OJITH BTOPHUK.

2. Ha npasom BepxueM (puc.1).

Puc. 7

Ha aByx J1eBBIX PHCYHKaX YCJOBHUS IOPOBHY 4ep-
HBIX 1 GeJbIX KJIETOK, TaK 4TO 3aKpalleHa MOJTOBHU-
Ha KBajapara. Ha Kak[JoM n3 INpaBbIX PHCYHKOB
YepHBIX KBQ/[PATUKOB Ha OANH 60JIblle, yeM OeJbIX,
HO Ha BEPXHEM IJIOMA/Ab OJHOTO KBaJipaThKa 60Jb-
e, 4eM Ha HIDKHEM. 3HA4YMT, ¥ CyMMapHas ILIO-
/(b YEPHBIX KBAJPATHKOB OOJbIIE HA IIPABOM
BepXHEM DHCYHKE.

3. PucyHoK 6) u3 ycJIOBHUS.

4. 22, 24, 28, 30.

PaccmoTpum mocresHee pasBopaumBaHme. B Hem
cru6 MPOXOAUT 10 OJHON M3 CPEeHUX JIMHUIL 1Ipsi-
MoyrosbHuKa 4 x 8 . Torzga Bce orpesku aToil cpe/i-
Hell JMHUM BBITHYTBI ofmHaKoBo. /o mociegHero
PasBOpPaYMBAHMS J[BE IOJOBHHBI HPSIMOYTOJbHUKA
CKJIQ/IBIBATTACD KaK €MHOe Ilesioe, 3HA4YHT, JI0ObIe
J[Ba OTPe3Ka, CHUMMETPHYHbIe OTHOCHTEJNbHO 3TOI
cpesiHell JIMHUM, BBITHYTBI pa3HbiM o6pa3oM. Torza

oHM GBIOTCS HA Tapbl, B KAXK/0H U3 KOTOPBIX POBHO
OINH BBITHYT BBEPX.

Bcero orpeskos 3-8 +4-7 =52. Tlonyyaem 4 Ba-
pHaHTa, CKOJIBKO OTPE3KOB MOTJIO OBITh BBITHYTO
BBepX. Ecum mocaennuii cru6 ObLI JIMHBI 4 W €ro
OTPE3KU BBITHYTBHI BBEPX, TO BCETO BBEPX BBHIFHYTO

4+———=28 OTpe3KOB, ecju Ke ero OTPe3Ku
2 52— 4

BBITHYTBI BHU3 — TO 0+ =24 . Anajoru4no

TI0JIYy4a€M [IBa BapuaHTa, KOrJa cru6 ObLI JJTUHBI

8:8+M=30 u O+H=22‘

2 2
OueBH/JHO, YTO KaK MPUMEPHI € MOCTeHUM CTHOOM
JUIMHBL 4, Tak W TIPUMEpBI C IOCJEJHUM Cruéom
JUIMHBI 8 CYIIECTBYIOT, TaK 4YTO BCE 3TH BaPHAHTDI
peannsylorcs.

KAJIENQOCKONM «KBAHTA»

BOHpOCbI n 3agadn

1. Tumporyp6uHa coBepiiaeT MeXaHUYeCKyio pabo-
TY 3a cYeT yObLIM KMHETHYECKOIl 9Hepruu MOTOKa
BO/JIBI.

2. barapen pebpucroii ¢GopMbl UMEIOT OGOJIBIIYIO
HOBEPXHOCTD, Gsarojapsi 4emy 06/1aaioT 6oJblieil
TEILJIOOT/Iauei.

3. BpixstonHble Tas3bl coBepuIailoT paboTy 3a cueT
yObLIM UX BHYTPEHHEN dHEPruyl U, CJeJ0BATENbHO,
MOHVKEHHST TeMIIepaTyphl.

4. Y nBuraresieil BHyTPEHHETrO CrOPaHUs JOCTHIAET-
cst GoJiee BbICOKasi TeMieparypa paGodero TeJa.

5. Ecsin immresibHOE BpeMsi HE OTKPBIBATD J[BEPILY
paboTaroiero XoI0[UJIbHIKA, TO TeMIIEPATyPa BHYT-
pU Hero, a 3HAYWUT, U BHYTPEHHsIS SHEPIUsl IPAKTH-
Jeckn He maMeHsorcsa. CiegoBaTesbHO, TOTpe6Is-
eMasi XOJIOANJIBHUKOM 3JIEKTPOSHEPIUsl PACXO/yerT-
Cs1 Ha HarpeBatie KOMHATbI.

6. K gBuratessiM BHYTPEHHETO CTOPAHHS OJHOPA30-
Boro (IIpu Ka)KIOM BBICTpEJIC) MCTOJIb30BAHMUS.

7. Harpesaresb — Kamepa CropaHusi TOIUINBA, pa-
6ovee TeIO — MPOAYKTBI €r0 CTOPAHMS, XOJO/IJIb-
HHUK — BHEIIHSS Cpejia.

8. YcranasimBaercst aHepreTHdyeckuil Gajanc: Bbl-
JlesiieMoe  JDKOYJIEBO TETlJIO pacCemBaeTcsl B OKPY-
JKAIONLYIO Cpejly, IIPH 9TOM TeMIlepaTypa MaTepuasa
OOMOTKH He JIOCTUTAET TOUYKH €r0 IJIABJIEHMUSI.

9. MomnocTb, norpebsieMas BKJIIOUEHHBIM TPUGO-
pOM, BHavajie BO MHOTO pa3 GoJblile HOMIHAJIBHOM,
TaK KaK CONPOTUBJIEHHE €ro XOJIOAHOIH CIUpaJi
MaJIo, 4TO TIPUBOJHUT K POCTY HANPSDKEHUS Ha TOJ1-
BoAAIMX mpoBojax. [lo Mepe HarpeBanus crnmpasau
norpe6JsieMasi puGOPOM MOIIHOCTb IJaeT, HpHU-
6IKAsICh K HOMUHATBHOI, UTO MPUBOJANT K YBEJN-
YEeHMIO HaKaJa JIAMIIOYEK.

10. Bousiee Momunas JjlaMia MMeeT MeHbIlee COIpO-
tuBJjenne. IIpn mocaeoBaTebHOM BKIIOUEHUH CHIA
TOKa B jlaMnax Oy/leT OJIMHAKOBA, a HAIIPsSKEeHHe Ha
6osiee MorHON Jamie OGymer Menbine. [loaTomy
MeHee MOIIHAs JaMma GyeT TOpeTb spue.

11. JIyuire BOCIOIb30BaTHCS KUMSTHILHIKOM GOJIb-
el MOIHOCTH, ITOCKOJIBKY IIPH 9TOM BOJla Harpe-
ercst ObIcTpee M, 3HAUNT, MEHbINEe TeTJa 3a 3TO
BpeMs OyJIeT OT/ZIaHO OKpYysKalolleil cpeje.

12. Cu0ii Bo3/yxa MesK/1y BBICOKO PACIIOJIOKEHHbI-
M TIPOBOJIAMH T 3eMJIe CIY>KUT H30JISITOPOM.

13. [lanbHsis mepegaya aJeKTpOIHeprun 6e3 TpaHc-
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bopmaiy BbI3bIBAET GOJIBIIYIO TEIJIOBYIO MOTEPIO
MOII[HOCTH B IIPOBO/IAX.

14. Tox B mepBUYHON IeMH BO3PACTET, BO BTOPHY-
HOIl — YMEHbIIUTCS.

15. Best sHeprusi MarHUTHOTO 10JIsI, COCPEJ0TOYEH-
HOTO B 06MOTKe, mpeo6pasyercs B TEIIo, UTO MpH-
BOJIUT K IVIABJIECHHUIO MaTepuasa 06MOTKU.

16. Mexanuueckass paboTa 110 BpAIIEHHIO POTOPA
reHepaTopa Mpeo6pas3yeTcss B 3JIEKTPUUECKYIO dHep-
THIO, a TaKyKe PacXofAyercs Ha IHPeoji0JIeHUe CHUT
conpoTuBJieHus. B pa3oMKHYyTOl Iienu TOKa HET, U
MeXaHMYeCcKol paboThl TpeGyeTcst MeHbIIe.

17. /la. CBoMM IPOUCXOXK/EHUEM BETPbI 0OsI3aHbI
HEPABHOMEPHOMY PACIIPE/IeIEHNIO COTHEUHOI dHep-
THH B aTMocdepe U MO TIOBEPXHOCTH 3€MJIH.

18. 3a npezmenamn arMocdepbl HHTEHCUBHOCTD COJI-
HEYHOTO M3JIyYeHUsI BbIIIIE.

19. B xmHeTHuYecKyio aHEpPruio 00PasyIoOIXCsS OC-
KOJIKOB.

MukpoonbIT

[leficTBUE peakIny CTPYM KUIKOCTH MJIM Tasza HC-
MOJIB3YETCS B PA3JIMIHBIX THIIAX MypOun — OT THA-
pOCTaHIMil 10 BeTpoABHUTaTE el .

3AKJIIOYUTENbHBIA 3TAM
XLV BCEPOCCUACKON ONIMMMNNAbI
LUKOJIbHUKOB NO MATEMATUKE

9 knacc

1. O6osnauum panubie Touku yepe3 A, B, C, D u
E. BoibepeM U3 HUX /IBE caMble Y/IaJeHHbIC IPYT OT
apyra, nycrb ato A n B. Ilokaxem, 4TOo MOXKHO
nepeMecTuTh UX TpebyeMbiM o6GpasoMm. I[lpoBegem
Cepe/IMHHDbIN TepHeH/uKYJIsAp o K oTrpe3ky CD.
Ecim E nexut HA oL, TO IOCTATOYHO TI€PEMECTUTH
Toukn A u B na upsmyo o . Unaue nycrp E' —
TOYKa, CHUMMeTpHYHasg E OTHOCHTEJBHO o . 3ame-
THM, 4YTO paccTtosHue oT E /10 o MeHbIle [JIITHbI
onnoro u3 orpeskoB EC u ED, T.e. menbiie AB.
Takum 06pasoM, MOKHO IEpEeMECTHTb TOUKy A B
touky E’, a Touky B — B TOUKY, JexKallylo Ha O U
yaanennyio or E’ na paccrostue AB. Jlerko Bu-
JIeTb, YTO O — OCb CHMMETPHH HOBOTO MHOXKECTBA
TOYEK, Y4TO W TPeOOBATIOCD.

2. Ilpu n = 6.

TIpu n = 6 MOXKHO TIOJIOKUTD @4 = dy = dy = dy = 1
u as = ag =—1; Torga TpexwieH u3 yCJOBUS IPU-
HEMaeT BUJL x° — 8x + 7 U UMeeT JiBa Le/IbIX KOPHS:
1 u 7. Ocrajoch MokasaTb, 4YTO 9TO — HaMMEHbIIee
BO3MOJKHOE 3HAUYCHUE 7.

Ilycrs wucna a;, a,,..., a, ynoBJIETBOPSIOT yCJIO-
BUIO 33/[aUl; TOT/IA JICJICHHDbI Ha 4 AMCKPUMUHAHT
KBa/IDATHOTO TPEXUJICHA U3 YCJOBUS [IOJIKEH ObITh
noJiHbIM KBaspaTtoM. OH paBeH

4
d=(a+a+..+a,) —(af +a; +..+a;+1).
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Torga umcio d HEYETHO U SBJSETCS KBaJpaToM,
II03TOMY OHO JaeT octaTok 1 mpu pesenun Ha 8.
[lepernimieM paBeHCTBO BbIIIE B BH/E
dl+ai+a} +. . +a' =(a +ay+...+a,)
1 paccMoOTpuM ero no MoayJo 8. Herpyano mpose-
PHTb, YTO 4YeTBEepTbIe CTENECHN IEeJbIX YhCes JaioT
sk octatk 0 u 1 npm gesiennu Ha 8, T.e. mpasast
YyacTb paBeHCTBa JaeT octaTok 0 mmm 1. JleBas sxe
yacTb cpaBuuMa ¢ 1 + 1 + k, rae B — KosmuecTBo
HEYEeTHBIX 4nces cpean d; . 3uaunr, n 2 k=6 .
3. Ilyctp P — BrOpas Touka mepecedennsi BO c
okpyskuoctbio  (puc.2). Torma BP — amamerp
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Puc. 2

Q,u ZBCP =90° = ZBAP . 3uaunr, CP || AH u
AP || CH . CuenoBaTelbHO, YeTbIPEXyTOJbHUK
AHCP — mnapamnenorpamm. O6osnauuMm uyeped M
TOUKY TIepecedyeHus ero auaronaseii. Oua siBisieTcst
cepeaunoit orpeskoB PH n AC.

[Ipu cummerpum orHocutesbHO Touku M TOuka A
nepexoauT B Touky C, a touka P — B Touky H.
[Tyctp npu aT0il cumMerpun Touka E mepexojuT B
E’, a okpyxkuoctb Q — B Q. Torga touxku A, H,
E’ u C nexar ma Q. Ilockonbky ZADC =
= ZABC =180° — ZAHC , touka D Taxxe JEXHT
Ha Q.

B cuny cummerpun, LECP = ZE’AH, a rakxke
PE’|| HE — nosromy touka E’ nexur na npamoii
PB. U3 BuucanHocTy yerbipexyroabuukos AHE'D
u BEPC mnonyuaem, uto ZEBP=/ECP =
= /ZF'AH = ZE'DH . Takum o6pasom, ZEBD =
=ZBDH . 910 o3navaer, 4yro tpaneuuss BHED —
paBHOGOKas1, noatomy BH = DE.

4. llepeiinem x rpady, BepHIMHBI KOTOPOTO COOT-
BETCTBYIOT JIeTsiM, a pebpa — apysk6am. Hanmomuunm,
YTO pacKpacKka BEPIINH HA3bIBAETCSI NPABULLHOU,
ecy 1iBeTa JIOOBIX [ABYX BEPIINH, COEIMHEHHbIX
pe6poM, passnuHbl. TakuMm o6pasoM, rpad mpa-
BUJIBHO pacKpaiieH B 7 I[BETOB, B HEM BBIJEJIEHO
100 cmabuivnvix BepumH, 1 Tpedyercss mepekpa-
CUTb YacTh OCTAJbHBIX BEPIINH TaK, 4TOOBI pac-
KpPacKa 0CTagach MPaBUJIbHON.

[Ipeanonoxxum, 4to 310 HEBO3MOXHO. [Ipomymepy-
em 1Bera yuciaamu 1, 2,...,7. Paccmorpum JiioGbie
nBa 1Bera i < j. OcraBuM B rpade TOJBKO BEPIITH-
HBI 9THX IBETOB M pe6pa MeKay HUMH; 0603HAYNM
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nosyueHHblil rpad uepes G;; . I1oT rpad Moxker
pacracTbesi Ha HECKOJbKO KOMIIOHEHT CBSI3BHOCTH;
0603HaunMM uepes C; WX KOJau4ecTBo. Ecam
Cij > 100 , To B OJHOII U3 KOMIIOHEHT HET CTaOW/Ib-
HBIX BEPIIIH; TOTJA MOKHO M3MEHUTD IIBET KaXKIOI
BEPIIMHBI B 3TOH KOMIIOHEHTE, 3aMEHUB I Ha |
Hao60poT, 1 106UTbCS TpeGyeMoil albTepHATUBHOI
PaCKpacku.

3Haunr, cij S 100 mpwm Bcex ¢ W j. 3aMeTHM, UYTO
Kak/lag KOMIIOHEHTA CBSIBHOCTHU, COJEepIKalias X
BEPIINH, COJAePKUT He Menee X — 1 peGep; 3HaunT,
ecim B Gj; eCTb 0jj BEPUIMH, TO KOJTMYECTBO peGep
B HEM €;; He MeHbIIe 4eM U;; — Cj; , T.e.

]
e;; > v; =100 (%)

C 71pyroil CTOPOHBI, HETPYAHO HaliTu cymMy V Bcex
uncen vy u cymmy E Beex uucen e . [leitcrsu-
TesbHO, B ucxonHoMm rpacde 10000 BepmuH n Kask-
Aas w3 Hux ydacrsyer B 6 rpadax susa Gy ;
noaromy V =6-10000 = 60000 . C apyroii cropo-
Hbl, B ucxogaom rpage 11-10000/2 = 55000 peGep
1 Kaxkjl0e yuacTByer poBHO B oanom rpade Gy ;
nmoatomy E = 55000.

ITockosbky map 1BETOB BCero C? =21, HepaBeH-
ctBo (* ) Braeder E =V —21-100 , uto He Tak g
HalJIeHHbIX 3HAYEHWI. 3HAYNUT, HAIIE TIPEITIOI0MKe-
HIIe HEeBepHO, U TpefyeMasl IepeKpacka BO3MOKHA.
5. IIpeanoyioskuM TIPOTHBHOE: IYCTh MPSMOYTOJIb-
HUKY uMesn pagmepsl kX[, rae [ < k. Ilycrs a; —
JUIMHA CTOPOHBI KBajpaTta y i-ro peb6eHka. Torja
Ka’K/asi CTOPOHA IPSIMOYTOJbHUKA COCTABJEHA U3
HEeCKOJbKIX OTPe3KOB [IMHOW a;, T.e. | =Dba; u
k=ca;, rne b; u ¢; — HarypaJbHble yncaa. [Ipu
ATOM y pebeHKa HoJIy4nnoch b;c; KBajpaTHKOB.
3amerum, uto 1< k/l =¢;/b; , T.e. uucno k/l paun-
onanpHo. Ilycts $/t — ero mecokparmMas 3ammch;
Torga s > 1, M ¢; JeJUTCsS HA S P BCeX 1. 3HAYNT,
1 4NCJIO KBAJIPATHKOB Yy i-TO peGeHKa JEIUTCS HA S.
Torga oburee 4ncI0 KBaAPATHKOB Q TakKe /1eTUTCS
Ha s > 1, u mpuroM Q > s (OCKOIBKY KOJHYECTBO
gereit 6ospbie 1). 3uaunt, Q — COCTABHOE YKCJIO;
IIPOTHBOPEYHE.

6. Ilpommum orpe3ok AM Ha ero JJIMHY 32 TOYKY
M, nonyunm touky N Takyio, uro ADNT — napai-
genorpamM. Ilockompry ZANT = LCAM |, nis pe-
MeHWs 3ajadyl JAOCTATOYHO II0Ka3aTb, dYTO
ZAKT = ZANT, uan uro touku A, T, N, K
JIeKAT Ha OfHON OokpykHocTH (puc.3).

IIycte ND nepecekaer AB B Touke S; Torja
DS || BC, u BSDC — paBuo6okasi Tpareiusi. Mbt
JTIOKakeM, 4To Toukn K 1 N JieskaT Ha OKPY>KHOCTH
®, olucaHHoil okoJio TpeyrosbHuka AST. NMeem
ZATN = ZADN =180° — ZSDA = 180° - ZASD ,
3HauuT, N JIeXKUT Ha OKPY’KHOCTH . V13 OKpyskHO-
CTH, ONHMCaHHoil okoJsio Tpareiun BSDC, wnMeeMm
ZSKT = ZSBC =180° — ZSAT , mnostromy K ne-
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Puc. 3

JKAT HA OKPYKHOCTU (), YTO U TPeGOBAIOCH JIOKA-
3aTb.

7. O6o3HaunM 106uIeitHyI0 MOHETY uepe3 FO. OTio-
JKUM [J[B€ HeloOuIeiiHble MOHETbI A 1 B 1 pas3ioxum
ocrasumecs: 14 MOHeT 10 7 Ha KaXAylo 4ally Tak,
4yT006bI 1O momnasa Ha JieByio. HazoBeM MoHeTy 1601
W NPaeoil, ecJ IPU B3BEIINBAHUY OHA TI0TIAsIa Ha
JIEBYIO WJII IIPABYIO Yallly COOTBETCTBEHHO.
Cayuaii (=). IlycTp 4amm OKasaguch B PaBHOBE-
CHIH.

B arom ciayuae qm6o Ha Kax10i uarie 110 3 TsoKe-
abrx Monetsl (n toraa A m B obe Tskenbie), 6o
mo 4 (torma A u B nmerxkue). B mo6om caydae obe
OTJIO)KEHHBbIE MOHETbI OJUHAKOBLI. B atom ciyuae
BO3bMeM c JieBoit vamu FO u emte ogny Monery C un
CpaBHUM 3Ty 1apy ¢ napoit A u B.

Ioocayuaii (=,=). Ilyctb CHOBa MOJYYEHO PABHO-
BecHe.

Tornma Bce 4 monetsl A, B, C, FO BecsaT 0JIMHAKOBO.
CpaBHUM UX ¢ JIOOGBIMU JAPYTHMHU YETHIPbMS JIEBBI-
MH MOHeTaMH. EcJii Becbl OKaXyTcs B PaBHOBECHH,
TO Bce 8 MOHET BO B3BEIIMBAHHU — OJHOTO Beca.
Torpa cpeau JyieBbix MoHET ObLIO 6 MOHET TAKOTO
BeCa; 3TO HEBO3MOKHO. 3HAYHT. KaKas-TO dYalma
nepeBecutT, u Mbl y3HaeM, sBisiuch A, B, C u O
TSDKEJIBIMU UJTH JIETKUMU.

IToocayuaii (=,<). Uama, comepxamas FO Bo BToO-
POM B3BEIIUBAHUU, JETYe.

Toraa na aroii yaie He MOXKeET ObITb JBYX TSIXKEJIbIX
MoHeT. CpaBHUB 3TH [BE MOHETBI JPYT C JIPYTOM,
MBI B CJIy4ae HepaBeHCTBA cpasy y3HaeM Bec FO, a B
cJIydae PaBeHCTBA CMOKEM C/eJIaTb BBIBOJ O TOM,
4TO0 00c MOHETBI Ha 3TOIl Jaire — Jerkue.
Ioocayuaii (=,>), xorma wama ¢ FO Ttsxenee,
AQHAJIOTNYEH.

Cayuaii (<). IlycTp JeBasd 4aima B MEPBOM B3BEIIH-
BaHWUI OKA3aJach Jierye.

Toraa cpesn J1eBbIX MOHET He 60JIee TPeX TSIKeJIbIX.
CpasnuB fO ¢ Kakoil-HuOy b JeBoit MOHeTOI C, MBI
sm6o ysnaem Bec FO (B cirydae HepaBeHcTBa), 1160
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Haiizlem jBe oxunakosble MoHeTbl (FO u C). Cpas-
HUB 3Ty IIapy ¢ APYToil Iapoil JIeBBIX MOHET, MbI
onATh JKe y3HaeM Bec fO B caydae HepaBeHCTBa. B
cJIyvae yKe PaBeHCTBA Mbl Haii/leM 4 JieBble MOHETbI
OHOrO Beca, ofHa u3 koropbix — FO. Kax yxe
0TMEYaJI0Ch, OHN MOTYT OBITb TOJBKO JIETKUMH.
Cayuaii (>), Korja B IepBOM B3BELIMBAHUM Yalla C
1O TsKesiee, aHAJIOTHYEH TIPE/bILYIIEMY .

8. Ilo HepaBeHCTBY O cpeIHUX UMeeM b + ¢ > N ,
OTKy/la

4\/ab—1 SZ\/ab_1 =2 a—l lS a—l +l,
b+c be bc b) ¢
rJie B HOCJIE/THEM TePeX0/ie OIsATh MPUMEHEHO Hepa-
BEHCTBO O CPEIHMX. AHAJOTMYHO BBIBOJSTCS Hepa-
BEHCTBA
4_“170_1 pol) L gdea—t (1 +l_
c+a a’ a+b al b
CrJtajipiBasi TPH TOJYYEHHBIX HEPABEHCTBA, MOJIY-
yaeM Tpebyemoe.

3ameuanue. PaBeHCTBO IOCTHUTAETCs mnpu a = b=
=c=42.

IN

Cc

10 knacc

3. 8824.
IIpenmnonoxum, uro npu 8824 MOCTOSIbIIAX UPEK-
TOP He MOXeT OCYIIeCTBUTD Iiepecesenue. Pasolb-
eM KOMHAThl Ha mnapel 1o Bmectumocti: 101-200,
102—-199,..., 150—-151. OT™MeTnM, 4YTO AJIS KasKIOil
mapbl KOMHAT CYMMapHOe KOJIMYeCTBO 4YeJOBeK,
SKUBYIIMX B BYX KOMHATax, OOJIbIIE, YeM BMECTH-
MOCTb GOJIbIIell KOMHATBI W3 TIapbl, MHA4Ye BCEX
YeJ0BEK U3 ITOU Mapbl MOKHO OblI0 Gbl cOOPATh B
KOMHaTe ¢ GoJibllicii BMeCTHMOCTBbI0. Takmm o6pa-
30M, oflee KOJIMYECTBO Jiojeil He Menbime 201 +
+200 + 199 +... + 152 =353-25 = 8825. Iloaromy
npu 8824 TOCTOSAIBIIAX AUPEKTOP MOMKET OCBOOO-
JINTb KOMHATY.
Tenepp npusegeM IpuMep, AOKa3bIBAIONIMIL, YTO
rpu 8825 n GoJiee MOCTOAIBIIAX CYIIECTBYET pacce-
JIeHHE, B KOTOPOM OCBOOOJIUTH KOMHATY YKA3aHHBIM
00pa3oM He yIacTCs.
YHOopsAZ0unM KOMHATBI 10 BO3PACTAHUIO BMECTHMO-
ctu. [lycTb B MepBbIX MATHIECATH KOMHATAX KIBET
mo 76, a B KOMHaTe BMECTHMOCTH KR TpH
151 < k<200 xuBer k — 75 venoBek. ITocunraem
KOJITYECTBO TOCTOSIJIbIIEB B TOCTHHUIIE:
76-50+ (76 +77 + 78 + ...+ 125) =

=3800 +201-25 = 3800 + 5025 = 8825 -
PaccmoTpuM J1Be MPOM3BOJIbHBIE KOMHATBI BMECTH-
MocTu @ < b. 3aMeTuM, 4TO B KOMHATE BMECTUMOCTH
b xuBer we Menbiie b — 75 YesoBeK, a B KOMHATe
a — He Menblie 76 yenoBek. Takum o6pasom, 1epe-
cesUTb JIOJEH U3 OHOI KOMHATDI B IPYTyI0 HU JIJI
KaKoii Tapbl KOMHAT HE y/AacTCS, MO3TOMY IIpPUMEp
noaxomut. Ecaum n > 8825, To 10OCTATOYHO CEJINUTH

2019/Ne7

OCTaBIINXCS JIOJEH TooYepefHO B J06ble KOMHA-
bl, IJIC €lle OCTAIOTCH CBOOO/HbIE MECTa.

6. O6osnaunm ZBAC =20, ZACB =2y . He yma-
s OOIIHOCTH, cYMTaeM, 4to o >y . Ilockoubky
toukt D u E — cepenunnl ayr AB u AC okpy:»KHOC-

TH O, UMeeM MBDz#zy u LCBE =a..

Oo6oznaunm uepe3 M u N cepenutbl CTOpoH AB 1
BC coorserctsenno (puc.4). Torga MN — cpeauss

pm4\/

auHus Tpeyrosbnuka ABC, oHa HapaJiiesbHa CTO-
poue AC u mpoxojutr yepe3 cepeanny K oTpeska
BL. Taxxe ZAMK =180° — ZMAC =180° - 20, u
ZBNK = ZBCA =2y .

IIycrs BM = MA = ¢, BN = NC = a. Orpesok MP
SIBJISIETCS] MEJIMAHOI B NIPSMOYTOJIbHOM TPEYTOJIbHU-
ke APB, noatomy MP =cu LMPB = ZMBP =y
anasornyio, NOQ =aun ZNOB = o . CiegoBareib-
1o, ZQNK = Z/BNK + ZBNQ =2y +180° - 20, u
/PMK = ZAMK + ZPMA =180° =200+ 2y . Tak
Kak o>y , 10 60 Touku P u Q Jieskat Ha npsiMoit
MN, 1 B TakoM cJydae 3ajada yske perieHa, J6o
TOYKa P JIKUT B TOW K€ MOJYIJIOCKOCTH, YTO U
Touka A orHOCuTE/bHO IpaAMoil MN, a Touka Q — B
JIPYTOii TIOTYTIIIOCKOCTH.

3amerum, yto BK — OGuccekrpuca TPEyroJbHUKA
BMN, nostomy MK/KN =c/a = MP/ON . Bumec-
Te ¢ paBenctBoM ZPMK = ZQNK 5310 o3navaer,
yTo TpeyroapHUKn PMK n QNK momo6ubl. 3Ha-
uutr, LMKP = ZNKQ . Ilockosbky Touku P u Q
JIeKAT B PA3HbIX MOJYIJIOCKOCTSIX OTHOCUTEJNbHO
npamoit MN, touku P, M m K nexar Ha OIHOU
NPSIMOIA, 4TO U TPeGOBATIOCH JI0KA3aTh.

7. Jla, Moxer.

[IpuBesieM ofMH M3 BO3MOXHBIX MPUMEPOB. Bbije-
JINM TpeX MIKOJbHUKOB. Dy/ieM HasbIBaTh CbITpaH-
HBIMU KOMaH/Ibl, B KOTOPbIX cojepxutca 1 nam 3
BBIZIEIEHHBIX IMKOJbHUKA, a OCTAJbHbIE — HECHIT-
PaHHBIMU.

Boizesteribie MKOMBHUKH MOTYT JIHOO OKA3aThbCsl B
TPEX Pa3HBIX KOMaH/JaX, M TOT/Ia MBI MOJYYUM TPH
CBITPAHHbIC KOMAH/IbI M OJIHY HECBITPAaHHYIO, JH60
O0Ka3aTbCsl BCE B O/IHOM KOMaH/ie, ¥ Mbl TOJYYUM
OJIHY CBITPaHHYIO W TPH HECBITPaHHbIC, Ju60 ABOE
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MOIYT OKa3aTbCsl B OJIHOIT KOMaH/ile W OJMH B JIPY-
rOd, B BTOM CJIydae MbI TaKKe TOJydaeM OJHY
CHITPAHHYIO M TPH HEChITPAHHbIE KOMaH/bl. Takum
06pasoM, Bce YCJAOBHsL COOIIOAIOTCS.

Sameuanue. Takske MOAXOAAT BCe IPUMEPDI, KOr/a
BBIJIEJIEHO HEYETHOE KOJIMIECTBO IMKOJIBHUKOB, GOJIb-
mee 1 u Menbiee 23, U Bce KOMaH/Ibl, B KOTOPHIX
MPUCYTCTBYET HEYETHOE KOJMYECTBO BbIJIEJEHHBIX
MIKOJIbHUKOB, OOBSBJAIOTCS ChIFPAHHBIME, a BCE
OCTaJIbHbIC — HECHIIPAHHDBIMI.

8. 3ameruM cpasy, uTO MPU KAKJIOM HATYPATLHOM
b B mOCI€I0BATENBHOCTH gy, @y, dy ,... BCTDETHTCS
GeCKOHEUHO MHOTO b-X CrerieHeill HaTypasbHbIX uM-
cesi, OOJBIINX eAUHUIBI. [lefiCTBUTEIHHO, €CIN UX
KOJIMYECTBO KOHEYHO M HamOOJbIIasd N3 HUX — 3TO
N = x”, To B TOCJEOBATEILHOCTH HE BCTPETUTCS
nn oguoit (Nb)-ii crernenu, 4To HEBO3MOSKHO.
HonoxuM dj, = dyyy — ay; TOTAA @)y = @y (Mod dy).
TTockosbKy Bce KO3(MOUIMEHTHI MHOrOYJIEHA Iie-
abie, u3 a=d(moddy) caeayer P(a) =
= P(a’) (mod d,). Ortciofa HemocpeacTBEHHOI HH-
JYKIUEH 110 § TIOJyuaeM, uto dy, .,y = d,(moddy),
T.€. dy,s = ay(moddy,) mpm Beex s20.

Jemma. a (a, —1) deaumes na d, .
[oxa3zareasctBo. [lycrb pl — MaKCHMaJIbHas CTe-
[eHb TPOCTOTO YHCTA P, AeJsmast dy, ; T0CTaTOuHO

nokasarb, uto @ (a, —1) nemnres wa p'. Iomo-

kM b = p'~' (p—1)1; cornacno sameuanuio Bbite,

HaiiieTcs Takoil ungekc s > R, 4t0 @, = m® mpu

HATyPaJbHOM Mm2; TIPH 3TOM dg = dj, (mod pl) .
Ecnu m ne penurca nHa p, 10 1O TeopeMme Iilje-

~ 1
pa a, = mpl 'p-DY) = 1l = 1(modpl) , OTKyJa

a, = 1(Hl0d pl) . Ecam ske m peswnrest Ha p, 10 d
femTess Ha pl, a sHaunt, W @, TOxRe. B moGoMm
cayuae @y (a, —1) neantes wa p', uro u TpeGoba-
JIOCh.

Cormacno nmemme, s mo6oro R ancno a, (a, —1)
nesmrest Ha dj, = P(ay) — a;, ; IpU 9TOM 10 YCJIOBHIO
CPeaN TEIBIX Yhcen d; GEeCKOHEYHO MHOTO pas-
JmYHBIX. B wactHOCTH, |x (x- 1)| = |Q (x)l mpu
GeCKOHEYHOM KOJIMYeCTBe Iesblx sHauennii x (rje
O(x) = P(x) — x).

[IpearonoKuM Ternepb, 9TO CTENEeHb MHOTOYJICHA
P(x) (u, kax caencrsue, muorousena Q(x)) 60Jb-
e 1. Torjia HEPaBEHCTBO BbIIE MOXKET BBIIOIHATD-
¢s s GECKOHEYHO MHOTUX MEJbIX X JINIIb TOT/A,
korga Q(x) — KBaJ[paTHBIl TPEXUJIEH CO CTAapIINM
koadpduimentom 1, T.e. Q(x) =42’ +ur+o. B
STOM TIOCJE/[HEM CJIyvac 3HAYEHHS] MHOTOYJIEHA
O@)Fx(x-1)=(utl)x+o pemarca ma Q(x)
JUIs1 GECKOHEYHOTO KOJIMYECTBA [EJbIX X5 3TO MOXKET
6biTb b ecom Q (x) = tx (x — 1), e, P(x) = &
wm P (x) = 2x - «? =1—(x—1)2 .

B nepsom cayuae @, = n’ , T.e. @, He MOXeT GbiTh
HCYCTHOH CTENEHBIO HATYPAJIBHOTO HHCIA, CCIAU 7
He SIBJISIETCS] TAKOBOM cTemenblo. Bo BTopoM cuyuae
P(x)<1 npu Beex x, T.e. P(x) He MoKeT ObITb
CTENEHBIO HATYPAaJbHOr0 umciaa, Gombumero 1. B
060X CJIydasX yC/IOBHE 3a[aud HE BBIIOJHEHO;
snaunt, P(x) JmHeeH.

71 knacc

2. Her.

[Tokaskem, 4to cmcrema He OyZeT MMETh peEITeHUi
npu a = 8, b = 13. [leiicTBUTEIHHO, U3 yPaBHEHUI
CHCTEMBI BBITEKAET, UTO

13x+ay:§+nk, 21x+by:§+nl

npu nensix k u . Orciopa caiegyer

(21a-13b)y = 21(13x + ay) - 13 (21x + by) =

= n(4+21k-13l).
Ipu a =8, b =13 nonyyaem y = (13 -21k—4)m,
a snaunt, tg(ay) =0 . [oaTomMy nepsoe ypaBHeHHe
CHCTEMBl HE MOJKET BBITOTHSATHCS.
4. Ormerum touku K; m L; kacanus BIUCAHHOI
ceppr @ Terpasapa ¢ rpauamu ACD u BCD
COOTBETCTBEHHO, a Takke Toukn K, u L, xacamnns
chep wg u Wy c atumu rparsmMu. Coepbl © 1 Wy
TOMOTETUYHBI C IIEHTPOM B TOUKe A, 1103TOMYy TOUKa
K, nexut na orpeske AK. Anamorndano, toura L
JIESKUT Ha oTpeske BL.
[Tokaxem, uto Touku L; n L, M30roHasbHO COMps-
JKEHbI OTHOCHTEJbHO TpeyroibHuka BCD, T.e.
4BCL, = «DCL,, ZDBL, = ZCBL, u ZCDL; =
=/ZBDL, . ]JlokaxeM mHepBoe U3 ITUX PABEHCTB;
oCTaJbHBIE [[BA JIOKa3biBaioTcst amagorndio. O6o-
3HaunM uepes M; m M TOUKHM KacaHMs IIJIOCKOCTH
ABC co cdepamu o 1 ®y cootBercTBeHHO (pHc.5).
N3 paBeHCcTBa OTPE3KOB KaCATEJbHBIX, ITPOBE/CH-
HBIX U3 OJHOI TOUKH K cepe, cleayeT, 4TO TaKue
Hapbl TPEYTOJbHUKOB PABHBI 110 TPEM CTOPOHAM:
ACK\D = ACLiD, AAK,C =AAM,C, ABLC =
=ABM,C, ACL,D=ACKD, ABL,C=ABMC,

AAKC = AAMC . 3uauur, ZBCL;+ZBCL, =
A B
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=/BCM, + ZBCM = LZACM - LZACM, =£ACK -
- ZLACK, = ZDCK, + ZDCK = ZDCL; + £DCL, ,
oTKyma cueayer TtpeGyemoe pasenctBo ZBCL; =
=/ZDCL, .
Wcnonb3yst ycsoBHe 3a/auil M JOKA3aHHYIO N30TO-
HAJIbHYIO CONPSDKEHHOCTb Touek Ly u L, , mouyda-
eM, 4To
£ZCXD = LCKD - ZCBD =
=/CL,D - ZCBD = ZBCL, + ZBDL, =
= /DCL + ZCDL, =180° - ZCL,D =
=180° - ZCK,D .
CuenoBarensio, 4ersipexyroipunk CK{DX  Brn-
CaHHBI. AHAJOTMYHO yCTAHABIMBACTCS BIMCAHHOCTD
yerpipexyroipiuka CLIDY .
O6osmaunm yepe3 N; Touky Kacamnus cepbl © u
rpanu ABD. U3 paBeHCTBa TPeyroJibHUKOB

AAK,C = AAMC u paBeHCTBA aHAJOTHMYHBIX Tap
TPEYTOJbHUKOB, IIPUMBIKAIONIIX K MSTH OCTAJIbHBIM

A

D
pe6pam terpasapa ABCD, nonyuaem (puc.6), uro
2/AKC = ZAKC + LAM,C =

=(360° - ZAK,D - ZCK,D) +

+(360° - £ZAM,B - ZBM,C) =

=360° - ZAN,D — ZCL,D + 360° — ZAN,B —

- 4BL,C = 4BLD + ZBN\D = 2/BLD .
Tax xax toukn K; u L; nexar na orpeskax AX u
BY CcOOTBETCTBEHHO, OTCIOJa CJEAyeT, UYTO
ZCK,X = ZDLY .
IToBepuem 1iockocts BCD Bokpyr unpsmoit CD
TaK, 4TOOBI OHAa COBMECTILIACH C ILIOCKOCTBI0O ACD
u upu srom tpeyroaphuk CLiD  coBmectuiics ¢
pasupiM emy Tpeyrobiukom CK(D (puc.7). Ilpu
9TOM TIOBOPOTE OKPY’KHOCTB, OIMCAHHAS OKOJIO Ue-
teipexyroabanka CLIDY | nepeiiier B OKPY>KHOCTD
Y, OIHCAHHYIO 0KOJIO YeTbipexyrosbanka CK{ DX .
B wacrnoctn, Touka Y riepeiijieT B HEKOTOPYIO
Touky Y’ Ha okpyskHOcTH Y . VI3 paBeHCTBa yrioB
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Puc. 7

ZCK\X = ZDLY = ZDKY’ cnemyer, 4T0 TOYKH
X u Y’ CcUMMETPHYHBI OTHOCHTEJBHO JMaMeTpa
OKDY’KHOCTH Y, TlepHeHAnKyaspaoro xopjae CD.
CuestoBaresibHo, Toukn X Y’ , a 3HAYUT, U TOUYKU
X u Y paBHOynaseHbl oT cepeannbl orpeska CD.

NGRS
2
Mosxkno cumurarb, uyto ¢ =1. Ilycrp pammyc o;

pasen R; = Rq'.

BbiGepeM HEKOTOpoOE I10JI0KUTENbHOE | 1 TIOTbITa-
eMCSl IOCTPOUTD TPEGYEMYIO JIOMAHYIO C OTPE3KaMH
JUIMHBL [, CTapTyst ¢ IPOU3BOJIBHOI ToukH Ay € W) .
Iycth Touka A; € ®; ysxke moctpoena. Paccrosmus
OT Hee JI0 TOYEK OKPYXHOCTH ;.4 MpoGeraor
otpesok [Ri. — R;; Ry + R;], T.e. [Rq’ (g-1);
Rq' (g + 1)} . Touky A;,; MOXHO HOCTPOUTH TOT/A
W TOJBKO TOT/A, KOTAa [ MPUHAJIEKUT HTOMY OT-
PesKy. 3HAuUT, JOMaHYK YAACTCs IOCTPOUTD TOJA
U ToIbKO Torza, korma Rq' (q—1)< 1< Rq' (q+1)
npu Beex ¢ =0, 1, 2, 3.

[MockombKy ¢ =1, 9Ta cuCTeMa HEPABEHCTB PABHO-
custbia nepasenctsaM Rq” (g —1) <1< Rg® (g +1).
Jlimna [, y0BJIETBOPSIONIAs UM, CYUIECTBYET TOT/A
1 Tonbko Torja, korga ¢ (g-1)<g+1, t.e.

T - -qg-1<0, wm (qz—q—1)(q2+1)so.
HawuGoJbiee 3HaYeHne ¢, yIOBJIECTBOPSIONIEE HTOMY

J5 41

HEPABEHCTBY, €CTb ¢ = 7

8. (n+1) n*.

BBegem cucreMy KOOpJAMHAT TaK, YTOOBI IEHTPBI
KyOUKOB UMEJIH KOOPAMHATHI OT 1 /10 37 10 KaxKa0it
ocu. KaxpoMmy KyOUKY NMPUCBOMM KOOPJUHATBI €rO
nentpa. Taxum o6paszoMm, KyOMK 4epHBIH TOrja u
TOJBKO TOT/Ia, KOTJA BCE €ro KOOPAWHATBHI JaioT
OCTaTOK 2 TIpU JIeJIeHUH Ha 3.

5. Ilpu g =
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OxpacnuM KpacHbIM Bee 6eJible KyOHKH ¢ KOOp/iHa-
tamu (a,b,c), rae a jgenurca Ha 3, a
b=c= Z(mod 3) , a Takke Bce KYyOWKH € KOOP/H-
maramu (1,b,¢), rae b =c=2(mod3). Herpyxato
BHJIETD, YTO MOJY4UI0Ch (1 + 1)n® KpacHbx KyGu-
KOB, 1 TpeOOBaHus 3a/1au¥l BbIOJHEHbI. OCTan0Ch
MOKa3aTh, YTO A0OUTHCA TPEGYEMOTO HEJb3st, OKpa-
cus menee (n+1)n? kyGukos.

Ilpu i =1, 2,..., n NOJOKUM Ws; =1, w3 4 =0,
ws;_» =n+1-1i; nocregoBaresbHoctb (w;) BbIT-
aamat tak: n, 0, 1, n—1,0, 2, n—2,..., 1, 0, n.

3anumeM B Kbl KyOuk ¢ koopaunatamu (a,b,c)
yneno w,w,w, (B 4aCTHOCTH, B YEPHBIX KyGHKax
3anucanbl Hyaun). Torga obmas cyMMa BCEX YHCET,
3aMUCAHHBIX B 0eJIbIX KyOMKaX, OKAXKeTCsl PaBHOIt

= = (wy +...+w3n)3 =n’ (n+1)3 .

Hasosem uenoii S(X) xy6uka X cymMMy 4mcesa BO
BCeX KyOMKax, MMEIONHUX C HUM OOIIyI0 BEpIINHY
(Brmovas cam X). Torma B mo6oii okpacke, YJ0B-
JleTBOpsSIIoNIell TpeGOBaHMAM, CyMMa IIeH KPacHbBIX
KyOUKOB He MeHble 4eM X . /loKaxkeM Telepb, YTO
S(X)<(n+1Yn ans moboro Genoro kyGuka X.
W3 atoro Gyner ciefoBaTh, YTO B KPACHBIH I[BET

2
Hajl0 OKPacuTh He MeHee —=(n+1)n" ky-
n+1)n
6UKOB, 4TO U TPeGOBAJIOCD.
ITycrp (a,b,c) — koopaunatsl Ky6uka X. AGCIECCHI
Bcex KyOUKOB, HMEOIMX ¢ HUM OOIIYIO BEPIINHY,
PaBHbBI @ Ui @ +1; TaKoe e YTBePIK/IEHUE BEPHO

IS OCTAJIbHBIX KoopauHar. [lostomy
S(X) = (wa—1 tw, + waH)X

X(wyy + Wy + Wyy) (Vg + W, + W)
rje Mbl HojaraeM @, = @s,,q = 0. Ocrajgoch 3ame-
THTD, 4TO Wy + W, + @, =71, ecom t # 2(mod3),
nHaue @,y +w; +w; =n+1. TlockoibKy He Bce

KOOp/WHATBL X JAIOT OCTATOK 2, OTCIONA CICAYCT,
aro S(X)<(n+1)"n.

3AKJIIOUYUTENBbHbIN 3TAN
LIl BCEPOCCUNCKOW ONTIMMMUALbI
LLUKONbHUKOB MO ®dU3UNKE

TeopeTuueckun Typ
9 knacc

1. IlocTpoenus BuAHBI Ha pUCyHKe 8. 3a BpeMs T
Karep mpoxoaut paccrosinue 1,5 kM.

2. v=% 1+ﬁ—1]=20M/C.
T L,

3. u=tgp=0,36 (uepBoii NPOCKOIB3HET Jierkas
oropa, Tak KaK Ha Hee JIeHCTBYeT MeHbIIas CHJa
HOPMaJIbHOH peakIum).

4. Ilyctp M — macca numaunsapa. B cayyae, xorga
1ocJie MOrpy’KeHUs IIMJINHAPA B KAJOPUMETP KU/I-
KOCTb HE BBITEKACT, M3 YPaBHEHHS TeEIJIOBOrO 6a-

Puc 8

JlaHCa HAaXOAWM YCTAHOBHBIIYIOCS B KaJOpHUMETpe
TeMIIepaTypy U 06paTHYIO eil BeJMYHHY:

cMT 1
t=—1u Z=

1 cogmy 1
= — 4070
cM + cymy

T ¢ T M’
1 1 ..
3aBUCUMOCTD ¥ :Z or x = M Oy/ieT JIMHEITHOH ¢

com
yrioBbIM Koaddurmentom gy = O—TO 1 CBOGOTHBIM
c

1
wieHoM by = T Ecimi ipu norpy>KeHnn 4actb SKuji-

KOCTH BbITEKaeT, T.e. 06beM NMJIMHApPaA OoJIblle
o0beMa yacTu Kasopumerpa AV, He 3aHATOrO KUA-
KOCTbBIO, TO MOJIyYNM

= cMT ,

cM + comy + coPoAV — M PoCo
p

1_1 1— %Po |, Co Mg +Am 1

t T o) ¢ T M’

e Am =pyAV .

HareceM Ha KOOPAMHATHYIO IJIOCKOCTD (y,X), TaAe

1 m
y= o X = o JlaHHble ycaoBus 3agaun. W3 pu-

cynka 9 BUAHO, uTO TOYKH 1 M 2 COOTBETCTBYIOT

HepBOMY cJlyualo, a Touku 3 u 4 — Bropomy. Otcio-

na momyunm: 1) T =90°C; 2) y=§; 3) m=

=300r; 4) L=12.
C

1octs
t
0,10 4
0,08
2
0,06 //’
s
0,04 Z 3
0,02 4

0 0204 0608 1,0 1,2

m/M
Puc. 9
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3. 1) DKBuUBajeHTHas cXeMa U306PasKeHa Ha PUCYH-
ke 10. Pasopsas ysibt A u By, nojy4um cucremy
HapaJJeIbHbIX ¥ IOCJEJ0BATEIbHBIX COCIMHEHMIT

A
A, B
oY o
B1
Rl_l
| I |

Puc. 10

PE3NUCTOPOB, OTKyda HaiieM

Ry, =%R=SOM.

2) B artom caydae skBuBajeHTHas cxema (puc.11)

Puc. 11 B,
npe/cTaB/sieT co60il cOaJIaHCHPOBAHHDI MOCT 1
Rey, =%R=60M.
10 knacc

1. 1) Paccmorpum moment Bpemenn T . Tak Kak
CTEep>KEeHb He HAIPSDKEH, TO YCKOPEHHe Iaiihbl Mac-
coit m, paBHO HymO. Eciau BbIGpATh MHEPIHATD-
HYIO CHCTEMY OTCYe€Ta, B KOTOPOH 3Ta maiiba B
JIAHHDBIII MOMEHT BPEMEHH UMEET HYJICBYIO CKOPOCTD,
TO 1maiiéa Maccoit My B 3TOT MOMEHT JBIIKETCS 110
TPAEeKTOPHUH, PaJNyC KPUBU3HBI KOTOPOW paBeH L.
IIpoexiuss yckopeHusi 3Toil maiibbl Ha CTEP3KEHb

o
paBHa , 1 OHa ’Ke paBHa o’L . 3Hauur,

my
Fcosa
Lmy
2) 3a HeGOJBIION TPOMEKYTOK BPEMEHH TIOCJE
HavaJja JeificTBUS CUJIbl maiiba, K KOTOPOil MpHUJIo-

JKeHa CuJia, CMECTUTCA B HallpaBJIEeHUU, TIepHeH/ -
KYJAPHOM K II€EPBOHAYAJIDHOMY HAIIPABJICHUIO pac-
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IIOJIOKEHUA CTEPIKHA, Ha MaJioe pacCToOAHUE

_ Fsina ?

nonep m 2

dL

U CTEPKEHDb TIOBEPHETCS] HA MAJIBIH yTroJl
. 2
do= dLyyey _ Fsinot*
L mL 2

Tak Kak yrjoBoe YCKODEHHE MOCTOSIHHO, TO

2 .

t Fsino

do=B—, orkyna p=——

2 Lmy

3) TIoCKOJIBKY yIJIOBOE YCKOPEHHE [OCTOSIHHO, TO

Lm, cosa
o=pt,n 1=, [———
Fsin® o
4) Yros noBopoTa K MOMEHTY BPEMEHH T DaBeH

Br®  ctga
2 2

2. BBejieM ocu KOOp/IMHAT X U ¥ C HAYAJIOM B TOUKe
TepeceyeHns KaHaloB, HallpaBJIeHHbIC BI0JTb HuX. Ec-
MU X My — KOOPAMHATEI yacTuil, 10 x> +y° = R*
HPI/I HEM3MEHHOCTU PACCTOAHUA, a 3HAYUT, U IIOTEH-
[[MATbHON SHEPIUM M3 3aKOHA COXPAHCHUS SHEPIUH
cJIe[lyeT, 4To CyMMa KBa/[PAaTOB CKOPOCTEH ITAPHKOB
HEU3MEHHA: vf. + vﬁ = const . [l yckopeHuit mapu-
KOB 13 BTOpOro 3akoHa HpioToHa u 3akona Kysona
nMeem

kq’x kq’y
Ay == 3 0y =——03,

mR mR
MIOCKOJIbKY TOIepeyHble KaHAaJIaM TPOEKIUU KYJIO-
HOBCKOI CHJIbI YPABHOBENIMBAIOTCS CHUJIAMH  HOP-
MaJIbHON PeaxIuy OMOPbI, & CUJI TPEHUs HeT.
PaccMoTpiM BooGpaskaeMylo «KBa3WYacTHILY» Mac-
COil m, IBUKYIIYIOCS B 1iockocTu xy. Ilycrb koop-
JIMHATBI YACTUIBI PABHBI KOOPJMHATAM X M § HAITNX
yacrui. Ilyctb Ha Hee [eiicTByeT cuia, paBHas
qu / R u HaIlpaBJeHHAas K Havajly KOOP/AMHAT.
3aMeTnM, 4TO HPOEKINN YCKOPEHHS KBAa3MYaCTHIIBI
HA OCH X U ¥ B TOYHOCTU PABHbBI YCKOPEHUSIM MCXOJI-
HBIX YaCTHIL d, W d,, . YIUTbIBAsA, 9TO M KOOPAMHATDI
KBA3MYACTUIIBI PABHBI KOOP/MHATAM MCXO/HBIX Yac-
THIIL, TIOJYYUM, YTO JIBIKEHHE KBAa3WYACTUIIBI 110 OK-
PY’KHOCTH PajinycoM R 9KBUBAJEHTHO [BUKEHUIO
UCXOAHBIX YacTuil. [Ipu aToM cKOpPOCTh © IBUKEHUS
KBa3MYaCTUIIBI 10 OKPY)KHOCTH MOCTOSIHHA, TaK KakK
0* = vﬁ + vj RINT LIGIITpOCTpeMI/IT‘?JIbIIOFO yCKOpe:
HUST KBA3WYACTHUIIBI U3 BBIPAKEHUN [JIST TTPOEKITHii
YCKOPEHUS MOJTyYIM
v* kg
R - mR*’ or 2402 2 2

m (vx + vy) mo kq
EKHH = 2 = T = ﬁ .

3. BaMeTI/IM, YTO IUKJ COCTOUT M3 TPeEX IIPOIECCOB

5 3
C TEIJIOEMKOCTSIMU 5R, —R wu 2R, 3nauurt, mnep-

2
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Bble /{Ba IIpoliecca 3TO M30XOPHUYECKUN U U306apH-
yeckuii. BoisicHuM, Kakoil mpoiiecc uMeer TerJioeM-
KOCTDb 2R:

_dQ _ (3/2)(pdV +Vdp) + pdV _

= = 2R
dT

(1/R)(pdV + Vdp) ’

orkyna pdV = Vdp, wm 2 =Q,
vV o dv

CTBYET TIPOIECCY, B KOTOPOM JIaBJICHKE [TPOMOPIIHO-
HAJBHO 06beMy.

IMockoJbKy M30X0puyecKuii mpoiecc Ha rpaduke B
YCJIOBUY IIPEJICTABJIEH B BU/IE TOYKH, TO 3TO O3HAYAET,
YTO 110 OCH A6CIICC OTI0KEHBI 00BEM N ILJIOTHOCTD.
PaceMoTpuM BapuanT, Tjie Mo ocu aGCIuce OTI0KeH
oO6beM. Torga moJydaeM IUKJ, M300PayKeHHbIH Ha

pucynake 12. Hafinem ero KIIJ[, o603HaunB MUHU-

YTO COOTBET-

PA PA
A
g Pl o
L 0
-l Pl >
1 37 1 37
V,oTH. en. V,oTtH. en.
Puc. 12 Puc. 13
MaJIibHbIe JlaBJeHus u o0beM py u V@
n= A _ (1/2) 2p, -2V} _
Oron (3/2)(3}00 -3V = Vo) +3py - 2V,
_ 2pVe _l
18pVy 9

Ecsm o ocu a6erice rpacduka U3 yCJI0BHS OTJI0XKe-
HO P WIM — , TO COOTBETCTBYIONWI IMKJ Mpes-
crasyien Ha pucynke 13. KIIJI atoro mux/a pasen
A
’n = =
QI'IOH

_ (1/2) 2pg - 2V _
(3/2)(3py - 3V — poVp) + ((Po + 37)0)/2) 2V,
_2pV l

T 16pV, 8°

Takum o6pasom, makcumanpubiii KII/[ mukaa pa-
Ben 1/8.

4. 1) Tlo upuHIMILY CYTIEPIO3UIHH, TTOTEHIUAT ()
paBeH y/BOEHHOMY IOTEHINANY BEpIINHBI PaBHO-
CTOPOHHEl TPEYTOJIbHOI IJIACTHHKH CO CTOPOHON ¢
7 TIOBEPXHOCTHOH TJIOTHOCTBIO 3apsiia o . Ecim
pasMepbl IJIACTUHKY YBEJMYUTD B 2 Pa3a, COXPAHUB
MIOBEPXHOCTHYIO IJIOTHOCTD 3apsiia, TO IOTEHIINAJ
Kask/10#l Toukn Toke yBesnuntess B 2 pasa. ([loka-
SKHUTE 9T0.) 3HauuT, moreHimas Toukn C B 2 pasa
60JIbIIIe MOTEHIMAJa BEPHINHDI IJIACTHHKH CO CTO-
pOHOI a, T.e. Pc = @, .

2) MblIcaeHHO pa3o6b-
eM TPeyroJbHUK Ha 4
TPEyTOJbHHUKA CO CTO-
ponamu a (puc.14).
3amerum, uro AEDF
— 9TO UCXOHBII poMO,
KOTOPBIil CO37aeT B
Touke D morteHuumasn
¢, . K memy Hy»XHO 110-
6aBUTDH TMOTEHIUAJDI,
coszmaBaeMble Tpeyronbuukamu BDE u DFC. Ilo-
TEHIMAT KaKJOTO M3 HUX B BepmmHe [ paBeH
0y /2. Orcrona @p =@ + ¢, .

3) Ilocne ypaneHuss HEHTPAJIBHOTO TPEYTOJIbHUKA
MOTEHIMA B TOYKe [D yMEHBINMMJICS Ha @y /2 M cTam
paseH Qpr = @y + 9y/2.

4) Jlnsg HaxOKAeHUA moTeHIuana Toukn C «/IpIps-
BOIl» IJIACTUHKU HY’KHO Y3HATb, KAKOH MOTEHIIMAJ
co3faBai B Heil TpeyronbHuk DEF. Paccmorpum
pom6 CFED. Ero norenian B Touke C paBeH @ u
CKJIQ/IBIBAETCSI U3 TOTEHIMAJIa, CO3/1aBaeMoro Tpe-
yroibuukoM DEF, u mHoTeHIMajga, CO3/aBaeMoro
tpeyrosbinkoM FDC n pasHoro @,/2 . Torma tpe-
yrompuuk DEF cosgaer B Touke C IHOTeHIIHAJ
@1 — ¢,/2 . 3HauuT, MOCIE YAANEHHS EHTPAIBHOTO
TPeyTOJIbHUKA TTOTeHInAaT TOYKH C CTaHeT PaBHBIM

Puc. 14

co [ 2|23, _
Pcr =P ((01 2) 2(92 P

5. U3 cooOpaskeHuil CHMMETPUE OYEBH/HO, YTO
n3 y3na A TOk pas3GesKuTcst IOPOBHY 110 4 BO3MOXK-
HBIM HAINPaBJICHUAM
(puc.15). 3nauur, It
I, =1/4 . Bysaze B Tok
neauTcd Ha 3 4acTu, Dy I 5 Vi )
npuueM TOK, Oerymiuii I, )
BIpaBo, OyjeT paseH < > >
TOKY, Geryuiemy BJIeBO. M ‘12
O603HaYUM 3TH TOKU

I, , a ocraBmmiicst TOK 1
- I3. U3 coobpaxe- I
HUIl CHMMETPHM OTHO-
curesbHo Tnpsmoit AC
caemyer, 4To 10 3BeHny FC Toxe TeueT TOK Iy .
Tax:xe n3 CHMMETPHH CJIE/IyeT, YTO TOKHU, BBITEKAIO-
mue u3 y3;aa C BBepX U BIIPABO, PABHBI PYT APYTY.
Yuaureisas, uto B y3ea C Brekaer Tok 2/, , mosyda-
€M, UTO BBITEKAION[NE N3 HEr0 TOKH TOXKE PaBHbBI
I, .

[lna ysna B: I1=£:212+I3,1/UH/1 13=£—212.

\
Ly e

A=

Puc. 15

Hanpsoxenne mesxxay ysnamu B 1 E MOXKHO 1TOCUH-
TaTh JByMsa cnocobamu: I3R+ IR =1R+ R,
orkyma I, =21, - I3 .

[ns yana D: I3 =21, —15. Tak kak I5 >0, 10
I3 > 21, . Tlpeo6pasyem: I3 >2(21,—13), um
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31, > 41, 3(%—212}412 . 31-241, > 161, ,

Ledr
40
C onapyroit cropount, I;>0, 2I,-13>0,
1 1
I, ——+2I, , L>—.
" 4+?2>0 23 10 10 12
—I<Il,<—1I — 1<l <—1I.
3Haunr, 16 < 2<40 , TN 160 2 <760

OKOHYATEIBHO ToJIyunm

1, = (iiL)]
160 160

IlorpenrHocTb OlEHKN COCTABJISIET 1/ 11=9%.

11 knacc

1. Ecim mpockasb3pIBaHus HeT, TO JIHHA IyTH AB
(puc. 16) pasua mmane ayru BD (u OE). Tax kak
pPaZnyChl IIJINHAPOB PA3INYAIOTCS B /IBa pasa, TO
Z/0OCE =2/A0B . Tpeyromsuuk OCE — paBHO-

ZCOE =90° - EAOCE =

Oe/IpeH b, 3HAYUT,

=90° - ZAOB , u
ZAOE =90° . Taxuwm
06pasomM, TeJio Bceraa Ha-
XOJWTCS Ha TIEPIEHANKY-
qasape k OA, T.e. IBUXKET-
Cs TIO TIPSIMOM, COCTaB-
JIIOMIEH yToI o ¢ TOpu-
30HTOM.

1) 3anumeMm 3aKoH CO-
XpaHeHUs SHEPTUN ISt
Tesia, KOTOpoe ABIXKETCs 1o mpsiMoil suuun. [lycrhb
OHO CMECTHJIOCh Ha PaccTosiHne [ BIOJb TPSMOi
OE. Torma nusMeHeHne BBICOTHI paBHO Al = —[sina.,
YCKOpEHHUe MOCTOSTHHO U PaBHO d = gsSina .

2) M3menenne BBICOTBI TeJa, KOTAA MI0CKOCTh OC
BepTHKaJbHa, paBHo Al =—R(1-cos2a)/2. Tor-
na, WO 3aKOHY COXpaHeHWs dHEpPrum,

e

Puc. 16

v =4/2gRsina .

3) Ha cucremy <«Teno—MeHbUIMI HMIUHAP»> I€ii-
CTBYIOT CHJIa TSKECTH mg , cuma peakimn N 1
CHJIA TPEHUsI FTP . CyMMa BEKTOPOB CHJI PeaKIiu 1
tpenns (puc. 17) nanpas-
JIeHA TIepIIeH/UKYISIPHO
OE (npsMo Ha TeJio B ToU-
ke E, Tak Kak Ha MEHbIIN
IIJINHAD HE MOXKeT Jeii-
CTBOBAThb HEHYJIEBOH MO-
MEHT CHJI, I[OTOMY 4TO
Maccoil IMJIMH/ApPa U pas-
MepoM TeJa Mbl IpeHes-
peraeM) m paBHa TIO MOJLy-
JI10 mgcosa. . Torna
N =mgcosocos(a+), F, =mgcosasin(a+p),
rae B — yrou ortkionenus miockoctn OC ot BepTH-
KaJll, OTCUNTBIBAeMbIll B HaNpaBJeHUN KAdeHMUS.
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HepasencTtBo FTp < uN paer ycJjoBue s OTCYT-
CTBUSI IIPOCKA/Ib3bIBaHUs: [ 2 tg (o + ). dust Toro
4T00B!I TI0CKOCTh OC 3aHATa CHMMETPUYHOE Ha-
YaJIbHOMY II0JIOXKEHUE, JOJDKHO OBITh BBITIOJTHEHO
B = o, 3uaunr, W, = tg2o.

4) TIpockasbabiBatne Haunercst mpu tg (o +P) = .
A K 3TOMY MOMEHTY TeJI0 B/10Jb 1psiMoii OF 1poii-
Lz s

1+

3aKOHA COXPAHEHUS SHEPIruu I10JIydaeM

ger paccrosaue [ = Rsin(o+B)=R

2. Ilpn m3o6apuuecKoM ILJIABJEHHM TeMIIEPaTypa
orpe/iesisieTcs yCJIOBHeM paBHOBecus a3 m He Me-
Hsercs. l3MeHeHVe /jaBIeHUs B TEIJIOM30IMPOBAH-
HOM cocy/ie SIBJISeTCsI anabaTHuecKuM MPOILECCOM.
CreoBaTeJIbHO, €CJIHM TIPOIeCC, IIPOBEJCHHBIN B
epBOM cocy/ie, OObeJMHUTh € OGPAIIEHHBIM IIPO-
1[eCCOM, ITPOBEJIEHHOM BO BTOPOM COCY/I€, Mbl IOJIy-
gnM ks Kapuo. B atom mukire Qp — ato KoJmye-
CTBO TEIJIOTHI, MOJ(BEJ[CHHOE OT HarpeBaTess,
O, —Qy =—(pg—pa)AVx <0 — coBepmennas pa-
6ora, T, — remmeparypa Harpesareys, a Tp —
TeMIepaTypa XoJIoiIbHIKa, a AVy — yBenmuenne
ob6beMa TIpH ILIaBjeHnd. [lockosbky

3 5 1 5 m
AVy =m| — + -m|—+—|= ,
2px  12px px  6px 12px

TO

Q, - 0O
P =pPat =Pa
AV
Koaddumment nosesnoro geiictsug mnukiaa Kapao

paBeH

T, -T, -
n=-4-£ B=—Q1 Q2,0T1<y11a TB=TA&>TA.
Ty O O
Amajoruuno, /1 BemecTBa Y II0Jydaem

Q3 -0, = —(PD _pC)AVY >0,

[ 3 5 ] [1 5 j m

AVy =m| —+—|-m| —+—|=——,

2oy 8py Py 4py 8py
8 —

. Py (O3 = O4)

m

TD=TC%<TC,
3

N 12px (Qz _Q1) .
m

Pp = Pc

)

3. Ilpu 3ambikanuu KJI0Ya B mojokeHne 1 KOHIeH-
CaToOPBI TTO/IKTIOYEHBI K MCTOYHUKY TapaJiIebHO 1
3apspkalored 1o Hanpsbkenus U, Kaxablil 3apsaiom
qo = CU, . Tlocse mepexTiOUeHNs] KJII04a B TI0JIO-
JKeHue 2 HaumHalotcs KoJsieGanusi. Tok mpm aTom
TeyeT B HANPABJEHUSX, YKA3aHHBIX HA pHCyHKe 18,
Hanpspkenns: Ha Kougencaropax C; u Cs yMeHb-
maiorest, na C, — yBesmunBaercst. [loreHtmarn @y
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Puc. 18

Toukn d Gosbliie TOTEHINAKa ¢, TOUYKH d, @
GoJblte ¢ , TOK Yepe3 AUOJDbI He TedeT.
IlycTp B MOMEHT BpeMeHH ¢ 3apsii KOHJIEHCATOPOB
Cy u Cy pasen ¢(t) (¢ =0 npu mepex/oYeHnn
kioua B nostoxenne 2), ¢(0)=¢q, . Toraa nporek-
MU Yepe3 KaTyIliKy HHIYKTHBHOCTH 3apsi/[ PaBeH
Ag = qy —q, a na xonzencarope C, 3apsii pasen
Gy = 2q, — q . s xourypa abdca nosydaem

=9 _20-q. 49

C C C
YuureiBas, uro [ = —q’, 3anuiieMm
39 2q, 3 ( 2 j
-Lg"=—+-—"" uwm Lg"+—=|qg-= =0.
q C C q C q 3%

2
3aMeHuB ¢ —=¢, = ¢; " yuurbiBas, uro q” =qi ,
Oy YUM

” 3
Lg{= E(h =0.

910 ypaBHEHUE raDMOHUYECKHUX KOJIeGaHuil, mpudeM
npu t =0 ¢;(0) = g,/3 . Pelerne 51010 ypaBHeHs:

G, (t) = g, (0)coswt = %Ocos(ot, rae o = 3/(LC).

g sapsga q(t) nmeem

q(t)=q(t) +§¢/o =4y (% +%coswt) .
Kauecrsenno rpaduk I(t) upeacrasisier coGoit
CHHYCOM/LY, CHMMETPUYHYIO OTHOCUTEJIBHO OCH Bpe-
MEeHM U BBIXOJAINYIO M3 Hayama koopaunat. Tox
uepe3 KaTylIKy WHAYKTHBHOCTH [P 5TOM MEHSETCs
10 TAPMOHUYECKOMY 3aKOHY

It)y=-q" = %sinmt .
Jlns 3apsina @, (t) xompencaropa C, umeem
4 1
G, (t) =2qy —q(t) = q (5 —§coswtj )

T =n LC
Ilpu ¢t =—=—=m,/—— TOK uepe3 KaTyIIKy HH-
2 o 3
JYKTHBHOCTH CTAaHOBHUTCS PaBeH HYJIO, 3aTeM TedeT
B o6paTtHOM HampasJsennu. OJHAKO JNO/BI MO-TIpe-

JKHEMY 3aKpBITBI, TaK Kak @y > @, u @, > @, ,

M03TOMY B KOJICOAHUSIX YYACTBYET BCE Ta JKe MOCJie-

JIOBaTeJbHAsT 1EMOYKA U BCe paHee BbIIMHCAHHDIE

YpaBHEHHS /IS KOJeOAHUII OCTAIOTCS CIIpaBE/IJIN-

BbiMu. [lo mMcTeyeHnun MOJHOTO Tepuoa KoaeGaHuit
2n fLC

T=—=2mn ? TOK IIpeKpaliaeTcsi, KOH/eHca-

TOPBI BO3BPAIIAIOTCS B UCXOHOE COCTOSIHUE U ITPO-
I[eCC TIOBTOPSIETCS] BHOBD.

Taxum o6pasom, B mpolecce Kosebanuii TOK depes
JIMOJIbI HE Te4eT M KOJEeGAHUS TOKA SIBJSAIOTCS rap-

’L
MoHHYecKuMu ¢ nepuopoMm 1T =2m ?C Hamps-

skenne wa komzencaropax C; u Cz Mensiercss B
Yo
npejiestax or 5= J1o U, , na xongencarope C, — B
S5U,

npegenax or Uy 1o —5  3HaKi 3apaloB Ha
[JIACTUHAX BCEX TPEX KOH/EHCATOPOB HE MEHSIOTCSI.
4. TITHYpP PACIIOTIOKHUTCS B MATHUTHOM T10JIe TTPOBO-
Jla Tak, 4ToObl SHEPrHsi €ro B3aUMOJCHCTBUS C T10-
JieM Oblila MUHUMAJIbHA. DHEPTHsI MAJIoro dJieMeHTa
IIHypa B MATHUTHOM MOJIE OTHCBIBAETCSI B TOYHOCTH
TaKoii ke (GOPMYJIOil, YTO 1 HHEPTHS AJIEKTPHIECKO-
TO JIMIIOJIS, T.€. CHCTEMBI [BYX 3apsiioB +q U —¢,
PACIIOJIOKEHHBIX HA MAJIOM PACCTOSTHUE Al JPYT OT
Apyra, B snekTpuueckoM mnose E . Ilostomy npu
olpe/IeJIEHNI PABHOBECHOTO TMOJIOKEHHsT MIHYPa BO
BHeIIHeM 1oJie B MOJKHO 3aMEHUTh ero Ha <«I[eToy-
Ky» u3 aunoseil B noxe E Taxoil xe Kondurypa-
wun, uto u B . B aT0il LemouKe AUIIOMI OPHCHTHPO-
BaHbl BJOJIb Hee W MPOTHBOIOJIOKHbIE 3apsi/ibl CO-
cefiHUX Junosieil kommencupyiores. Iloatomy 1ie-
HoYKa U3 JIUI0JIel SKBUBAJIEHTHA TMOKOI 1IeroyuKe ¢
3apsaiaMu +g n —q Ha Koumax. Ecum mpeneGpeub
HJIEKTPUYECKUM B3aUMOJICHCTBUEM ATHX 3apsijloB 1
CHIOH TSKCCTH, TO OYEBMANO, 4TO BekTop E B
TOYKE PACIOJOKEHUST CBOOOHOTO KOHIA IHEMOYKH
JI0JoKeH ObITh HampasJeH Boub 1enouku (cuia
gE ypaBHOBeIMBAETCS CHIOM
HaTsUKeHnst 1enoukn). Taxske
SICHO, YTO B COCTOSIHUM PAaBHO-
BECHSI 1[ETMI0YKA, PACTSTHBaeMast
3a cBOOOHBI Komer, Oy/er
OTPE3KOM, HPOXO/AIINM Yepes
3akpemiennpii komeny u E .
3HAUNT, PACCTOSTHUE MEXK/Y
€ro KOHIIAMH PAaBHO [IJIHHE
mraypa /. BosBparmasicn K mmy-
py B MOJie TIPOBOJIA, MPUXO-
JIM K BBIBOAY: IIHYp Oyzer
pacTAHyT 1Mo npsAMoii B mioc-  Pac 19

KOCTH, TIePIeH/INKYISAPHOIL

HPOBOJLY C TOKOM, U IEPIEH/NKYJISPEH PaJuycy,
[POBEJEHHOMY OT OCH MPOBOZIA K CBOOOJHOMY KOH-

ny mypa (puc.19). Crenosatesnbio, x = 11112 —%.
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&I Ve

Puc. 20

5. O603HaunM BbIcoTy JIyHDBI HaJl TOPH3OHTOM O, a
aMILIUTY/ly HaKJOHA MOBEPXHOCTH Boabl @ . Ha-
HpaBJIeHI/Ie ﬂy‘{eﬁ, OrpaHI/I'-II/IBaI()IHI/IX BI/I]II/IMyI()
[IpUHIIEM JIYHHYIO JOPOXKKY, OIIpejesseTcs YIIaMu
a+20 u o—2¢ (puc.20):

H H
t8(0<+2(0)=D—, tg(cx—2<p)=m.
11
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Orcojia
o= 1[arctg£ + arctg —j = 0,189 ,
2 Dy Dy + Ly
0= 1 arctgi - arctgL = 0,078 .
4 Dy Dy + Ly

U3 sakona mpenomaennsi, 7cos (B — @) = cos (o —

- @) u ncos(B, +¢) = cos(o+ @) . Torna

B, = arccos(a;(pj+(p, B, = arccos(a;(pj—(p .

YuureiBas, uro tgP, = 8 u tgp, = 1

— 10
Dy Dp + Lp

JIyqInM

D, = HctgP; =1,67m, Lp = HetgBy — Dp = 0,48 M.
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IMMAXMATHAAd CTPAHUUYKA

rpaH-anI
B MOCKBE

B mae 2019 roma B Mockse
npomen sran I'pan-npn OUJLE,
BBI3BABIINI HACTOSIINHN a3KHOTaX
cpeau Jirooureseil maxmar. B co-
PEBHOBAHUU TIPUHSJIN ydacTHe
MHOTHE BeJyIlHe IaXMaTHCTDI
Mupa, a mobeuTeseM CTajl poc-
cuiickuii rpocemeiicrep An He-
TTOMHSIIN, TTePEeNTPaBIIii B hu-
HaJle CBOETO COOTEYeCTBEHHHMKA
Anexcanzipa I'pumryka.

Cerojnist Mbl pazéepem JBe sip-
KHe IapTHU U3 3TOr0 TYpHUPA,
BbIUTPAHHbIE B PUHIMITHAIBHO
PA3HOM CTHJIE.

0.0y6oB - A.l'vipu
MockBa, 2019

1.d4 2f62.c4e63. 2f3d>5
4. £.g5dc 5. e4 b3 6. a4 c6 7.
Ac3bi8 bl £2a69. e5h6
10. & f6 gf 11. ef ¢5 12. @ bd2
c3?! (12...4c6 13. bc be 14.
Qcd W6 15. dc B d8 ¢ ympore-
HUSMU BBITJISUT HaziexHee) 13.
be be 14. Qe4 cd 15. & b3+!
(cuspHee, yeM pasMeH Ha a6, Te-
Hepb YepHbIE UCTIBITBIBAIOT TPY/I-
HOCTH C 3aBEPLICHUEM PA3BUTHS)
15... 2 b5 16. ab W d5 17. ¥ d4
W b5 18. & ¢3?! (1ocae Gomee
tounoro 18. @ e5! A4 d719. Ha5!
Whi+ 20. Re2 Wh2 21. Rf3
pasHuIa B IOJOKEHUK KOPOJel
jaer GesbIM 3HAuYUTeJbHbIC HIAH-
cpl Ha ycrex) 18... & b4.
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19. 0-0-0!? Cmenoe u kpacuBoe
peliete AeHCTBYIONIEr0 YeMITHO-

Ha MUpA 110 GBICTPBIM MIaXMaTaM:
IPO3UT U BBIUTPHINI (hep3sd, 1 Mar.

19... W a5? Omubka. Yepubie
PACCUNTBHIBAIOT HAKa3aTb OeJbIX
3a POKHMPOBKY 06€3 TIeNIeyHOro
npukpeITHs. Tloc/e npaBuIbHOTO
19... W b6! 20. @ b5 W c6+! 21.
2 b1 @ a6 mance! Ha oGe/ty Bbille
yxke y Hux. 20. @ b3! Aa6 21.
W d7+ %28 22. ©2b1! Heoxu-
JIAHHDBIH TPOMUIAKTUYECKUN X0/
B ocTpoil mo3uiuu. Besble yrpo-
JKAIOT TIOCTABUTh MaT 110cjIe A e5.
22... 4 a3 23. 2d3! Eme oaun
TOUHeHmil 3amuTHbil xo1. Te-
repb GeJiblii MOHAPX TOTOB K Mo0e-
Iy Ha KOpoJeBcKuii uanr.
23... W b4+ 24. 22 W a4+ 25.
©2d2 4 b4+ 26. 2e2 2 g8 27.
Qed W2+ 28. 2f3 =8 29.
B hd1 hS! Beabiit koposb B 6e30-
MACHOCTHU, U TENepb UrPa UJET «B
omxuu Bopotay. [locreanuii mamc
YepHBIX 3aKJIOYAeTCsS B aKTHBU-
sarmu jgaapu h8, oamako Genbre
HaXo[AT TouHbIi oTBeT: 30. ¥ d4!
2h7 31. ¥f4 L¢5 32. 2d4
W a233, BE1d2 W d5+ 34. Re2
£ b435. 2dc6 Wc536. Qe+
® h8. UepHble CAAMUCH BBUY
Hens6exxkHoro Mata B 3 xoza: 37.
QA {7+ & ff7(37... 8 hf7 38. ¥ h6+
2 h739. ¥f8x)38. Bd8+ E {8
39. B f8X. Ouepentoe sproe
TBOPYECKOE JIOCTIDKEHIE MOJIO/IO-
TO MOCKOBCKOTO TpoccMeiictepal

A.l'pnwyk - X.Hakamypa
Mocksa, 2019

1.d4 216 2.cde63. 2Af3dS
4.g3 4 e75. £820-06.0-0dc
7. ¥c2 b5 8. a4 b4 9. afd2
[Ipuniunuanbipiii oTBeT, 6€sbie
JKEPTBYIOT TEIIKY 32 [[0Jr0CPOU-
Hyio ununuaruy. 9...c6 10. A c4
Wd4 11, Bdl WeS 12, L el
W hy 13. @bd2 Ags 14. 213
ae315. QAe3a>16. ads & a6
17. Bacl 2c8 18. L3 W g6
19. Le4s WhS 20. &3 W g6
21. Les Why 22. g2 Ea7
23. h4 g6 24. f4 W h6 25. 2 b3?!
@ h8? Uepuble MOIJIH BOCHOJb-
30BaTbCsl HETOUHOCTBIO OEJIbIX U
pasBuTh KoHs Ha dep3eBoM (ran-
re, coirpas 25...c5! 26. & d3!
L b7 27. @chc5+ 28. Ledc

BbIUTPBIIIEM ITCITKHA. qeprIe J1OJI-

JKHBI YKJIOHSITBCS OT Pa3MeHa CJI0-
HOB, MHA4e PasHUIa B aKTHBHOC-
i (Uryp CraHer pemraIileii.
28...4 a6 29. Qba>. Bexnle
OTBITPBIBAIOT TICIIKY, COXpPAarsis
nasaenue. 29... W f8 30. &3
2 d8 31. h3! Cuiepyst npuHIUIIaM
MO3UIMOHHON UTPBI, GeJible cTpe-
MSTCST CO3/IAaTh CTab0CTh YEPHBIM
Ha o6oux paanrax. 31... £ £6 32.
Bd8 W d8 33. Bd1 =d7 34.
Bd7 Ad7 35. h6 A4b6 36. Qe5
4 e5? YepHble CTPEMATCH YCA0K-
HUTb UTPY, OJHAKO GeJibie [0JIK-
HBI BBIMTPATh U 1pu 6oJiee yIop-
HoM 36...W c7 37. Qac6 Le5
38. Qe> ®gs.
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37. 2 c6! Ac4? Taxkruuecckuii
npocuer. 38. A d8 2e3+ 39.
22 Ac2 40. Qf7T+ 2 g8 41.
A ed. Y GeJibIX JIUIIHSS [EIIKA 1
TO/TABJISAIONIAS TTO3UIHS, BLIUTPATD
KOTOPYIO JUJIsl TpoceMedicTepa 9K-
CTpa-KJacca He COCTABJISAET TPY-
na. 41...ch 42. Lgs Ad4 43.
el 21844, Rdl ®e7 45. 3
Ab3 46. 2c6+ |6 47. Qb4
L b7 48. DLe2 Aa5 49. 2d2
Ab3+ 50. 2c3 AcS 51. ad
Aci+ 52. 9ch Ag353. &d3
g5 54. fg+. Yepubie caaiamch.
Brecrammit mpuMep mapTum, BbI-
UTPAHHON B TIO3UIIMOHHOM CTHJTE,
XapPAKTEPHOM I KATAJIOHCKOTO
Havasa.

A.Pycanos
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