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J1azep — 3amedaTenbHoe
OOCTUXKEHMEe XX BEKa

1. KPIOKOB

Bbicokne MoLHOCTU

[lns yBeTMueHus sHEPTUN B UMITYJIbCE U, COOTBETCTBEH-
HO, MoIlHOCTH Tpebyercs: ycusenue. Jlazep-ycunurenp —
3TO, MOMPOCTY TOBOPS, Jiazep 6e3 pe3oHaTopa. Y cuieHne
MOJIy4aeTcsl TIPU TIPOIYCKAHUH JIa3ePHOTO M3JIyYeHHs ye-
pe3 aKTUBHYIO cpefny Ju60 MyTeM TOCJTIeA0BATENbHBIX
IIPOXO/IOB Yepe3 HECKOJIbKO CJI0eB aKTHBHOI cpeibl (MHO-
rOKacKa/iHoe yCUJIeHHe), TGO MyTeM HECKOIbKUX MPOX0-
JIOB 4€Pe3 OUH 1 TOT ke ¢J10i (MHOTOIpOXom0Boe ycuie-
aue). ViMmysibe, npeiHasHaueHHblil /ISl yCUIEHNS, BBIPe-
3aeTcsd W3 HEMPEepBhIBHON TmociemoBaTeabHocTH Y KU ¢
TIOMOIIIBIO 3JEKMPOONMUUECKO20 3AMBOPA.

Opnako ycusenue JlasepHoro usiaydenusa B suzge Y KM
CBSI3aHO C MPHUHIUINAJBHON TPy/AHOCTbIO. V3-3a MaJioii
JUINTEJIbHOCTH MMITYJIbCa MOIIHOCTD TIPH CPaBHUTEJIBHO
MaJIol AHEPrUH MMITYJIbCa IOCTUTAET TAKOTO YPOBHS, TIPU
KOTOPOM IIPOMCXOJNT MOBPEXK/CHNE MaTepraia akTHBHON
cpebl COGCTBEHHBIM YCUJIEHHBIM u3JaydenueM. Tak, mpu
JuuTenbHocTH uMmnysabca menbire 100 dbc aneprunm um-
nyabca 0koo 10 J[ COOTBETCTBYET MOIHOCTD CBBIIITE
10'% Br. IIpu Takoit MomuocTH 5 deKT caMopoKycupos-
KU WIpaeT BpelHyio poJib. M3nyudenne dokycupyercs
BHYTPU MaTepHaJia W BBI3bIBAET €TO MOBPEXK/ICHIE.

[lnst ipeotosieHust aTOro TPENATCTBUS ObLT M300peTeH
3aMedaTebHBIN CII0Cc00, CYITHOCTD KOTOPOTO 3aKTI0YAETCS
B caeaymomieM. /UTeqbHOCTD UMITYIbCa TIEePe/T ero yCuJie-
HUEM YBEJIMUMBACTCS BO MHOTO pa3 (MMITyJIbC «PacTArnBa-
ercst» ). IIpu 5TOM MOIIHOCTD YMEHBIIAETCS BO CTOJIBKO HKe
pa3s. Ilocie 3TOTO «pacTAHYTHIN» UMITYJIbC MOKHO YCHJIH-
BaThb /[0 YPOBHS 9HEPrHH, GOJIBIIETO BO CTOJBKO Ke pa3.
3aTeM TaKol «pacTIHYTbII» M YCUJIEHHbBIN UMITYJIbC CHOBA
«CXKUMaeTcdy /10 IlepBOHAYaIbHON AauTebHOCTH. B pe-
3yJIbTaTe MOITHOCTD YCUJIEHHOTO UMITYJIbCa COOTBETCTBEH-
HO BO3pacTaer.

KonkperHo ato fenaercs ciegyomnm ob6pasoMm. Kax
YKa3bIBAJIOCh PAHbIIIE, [JIUTEJIbHOCTD UMITYJIbCa YBEJINYNU-
BaeTcs W3-3a JIUCIIEPCUN, & YBEJNIEHHYIO TAaKUM 00pa3oM
JUTITEJIbHOCTD MOJKHO CBECTH K TIEPBOHAYAJIbHOMY 3HAUe-
HUIO C TTOMOTI[BIO JIUCTIEPCUH TTPOTUBOIIOJIOKHOTO 3HAKA B
YCTpOICTBE M3 ABYX MpU3M. BOT Takas onepaius pactsi-
JKEHUS M COKpAICHUS JJUTETbHOCTH M TIPUMEHSIETCS B
VCUJMTEJIbHBIX cucTteMax. lIpw aTOM /1719 TOBBIIEHUS
BEJIMYUHDI JMCIIEPCUU UCIIONb3YIOTCS He IIPU3MbL, a Jud-
pakionuble pemietku. OHM ropas/io cujbHee OTKJIOHSIOT
JIYUU ¢ PA3HON JIJTMHON BOJTHBI, M, COOTBETCTBEHHO, C HUMU

IIpodonsxenue. Hauano cm. 6 «Keanmes No3.

MOJKHO IIOJIYYUTb ropas/io 6oJIbIiIee pacTAaKeHue 1 1mocJjae-
JIyIoliee cyKaTue.

Cxema SKCHBPHMCHTaJIbHOfI YCTaHOBKH, B KOTOpOfI nuc-
ITOJIB3YETCA 9Ta TEXHHKa, ITOKa3daHa Ha PUCYHKE 15. C

Bxoonoil umny.avc «Pacmazusamenvs
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«Komnpeccops
Veunrennotii coxamotil

UMNYTIbC
Puc.15. Cxema ycraHoBku 41a ycuneHvs YK

HOMOIIBIO Mapbl AN PAKIMOHHBIX pereTok («pacrsiruBa-
TEJIb» ) JUTUTEJIBHOCTD (DEMTOCEKYHIHOTO MMITYJIbCA YBe-
mmamnBaercst Gomee vem B 107 pas. JHepTHUs TPU ITOM
yMeHbIaeTcss He GoJjiee yeM B 2 pasa, HO MOITHOCTD
YMEHBIIIACTCS MOYTH B 10% pas3. 3areM pacTSIHYTBINH MM-
IIyJIbC HAINPABJSETCS B YCHJHUTEJbHYIO CHUCTEMY, OOMINit
K02 UINEHT YCUIEHUS KOTOPOH MOXKET JOCTUTATD
10° =107 . Iocre YCUJICHUA HMITyJIbC IIPOXOAUT Yepe3
BTOPYIO Iapy A PaKIMOHHBIX PEIIETOK («KOMIpeccop» ).
OHU HACTPOEHBI TaK, UYTO KOMIEHCHUPYIOT JHCIEPCHIO
1epBoil 1apbl, U JUIMTENbHOCTb YCUJIEHHOIO HUMITYJbCa
CHOBa CTAHOBHUTCA GJIM3KOI K IepBOHAYAIBHOI. VIMeHnHo ¢
MIOMOIIBIO TAKUX CHCTEM YA€TCS T0Jy4daTh PeMTOCEKYH-
JIHbIe MMIIYJIbCbl C IMKOBBIMU MOIIHOCTSIMU BILJIOTb [10
[IETaBATTHOTO YPOBHA.

N3mepeHne pnutenbHoctn YKU

Tenepp ciemyer paccMOTpeTb BOIPOC B TOM, Kak JKe
U3MEPSIIOT JIIUTEIbHOCTH CTOJb KOPOTKUX UMITYJIbCOB.
O6b14HO (hOPMY HMITyJIbCA CBETOBOTO M3JIyUEHHS PETHCT-
pUpyIoT, ucnonb3ys (horoasnekrportbie npuéops ((oro-
5JIeMeHTBI, (POTOCONPOTHBIIEHUST, (DOTOYMHOKHUTEIH), KO-
TOpble TPeo6PasyloT CBET B 3JEKTPUYECKHE CHUTHAJIDI,



[IPOTNIOPIIMOHATbHBIE MHTEHCUBHOCTH CBETA. 3aTEM AJIEKT-
pUYECKHe CUTHAJBI PErUCTPUPYIOTCS € MOMOIIBIO OCITUJI-
norpada. Bpemennode pasperenue tTakoit Meroguku (mo-
psiaka 1 HC) OrpaHUYEHO TI0JI0COM POITYCKAHUS IEKTPHU-
YeCKUX Ielei.

g noayuenus myumero B 1000 pas paspeienns,
HY>KHOTO /115 u3Mepenus Y KU, ncnosb3yiorcst onu camu.
Konkpetnee, ncrnosnbayetcs ad@exT HeJNHEHHONH OMTHKI
— zenepayus 2- 2apMOHUKU JIA3ePHOTO U3JydeHus. IJTo
SBJIEHWE 3aKJII0YaeTcs B TOM, YTO TPH TIPOIYCKAHWH
JIa3€PHOTO M3JIy4YeHUsI Yepe3 TaK Ha3bIBaeMblll Heaunel-
HbLE KPUCTAL HEKOTOPAs YaCTb N3JydeHus peobpasyer-
cs B M3JIly4eHHUE C JJIMHON BOJIHBI B 2 pa3a MeHble — 2-5
TapMOHMKA YaCTOTBI. IIpM 3TOM MHTEHCHBHOCTDL HM3Jyye-
HUS 3TON TAPMOHUKH ITPOITOPIIMOHATIbHA KBAJPaTy MHTEH-
CUBHOCTH JIA3ePHOTO W3JIyYeHUs, MPOXO/MIIEro uYepes
KPHUCTAJLIL.

Cxema ycrpolicTsa /g u3aMepenus jumreabaoctu Y KU,
OCHOBaHHAs Ha reHepaluu 2-if TapMOHUKH, IIPe/ICTaBIeHa
Ha pucynke 16. OCHOBHOI 4YacTbiO SIBJISIETCSI XOPOIIO
M3BECTHBII B ONTHKE unmepgepomemp Maiixesvcona.
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Puc.16. Cxema vmeperHmns anrensHoct YKU: 1, 2 — orpaxaresm (oqmH
C perympyemsiM nepemeLyeHmem);, 3 — JmH3a, 4 — HeIHeriHbI
KpUCTans, 5 — @uibTp 4715 BbIAENEHUS 2-11 rapMOHVKK, 6 — oTO3/1ek-
TOUHECKIL [TPUEMHMK

[Ty4ox cBera B Buzie Y KU pasnessercs mosynpo3pavHbiM
3ePKaJIOM Ha JiBa PaBHBIX 110 MHTEHCUBHOCTH T1y4Ka (rie-
yn untepdepomerpa). Kakapiii us Hux orpaskaercst 06-
paTHO Ha IIOJIYIPO3PavyHOE 3€PKaJo, HIPUYEM OJUH U3
oTpakareseil MOXeT IlepeMellaTbcs ¢ COOTBETCTBYIONIeH
3a/iep>kKoit cBeta. llocse oTpaskeHUsT OT HOIYIPO3PAYHO-
T0 3epKaJia myYKku 060uX I11ed CBoASTCst BMecTe (Hakia/bl-
BAlOTCS JPYr Ha JApyra) U MOTYT UHTEP(EPUPOBATH.
CroskeHHbIE BMeCTe MyYKH TTPOXO/IAT HeJUHEHHDIN KpHC-
TaJL1, TJie TeHepupyeTcs U3/aydeHue 2-ii rapMOHUKH, KOTO-
poe BblesieTcs (PUIbTPOM U PErUCTPUPYETCS.
[TocmoTpum, Kak OyZieT M3MEHSTHCSI MHTEHCHUBHOCTD
PEerucTpupyeMoro cCuruaJa pu pasubix sagepxkax. [lycro
aTa 3a/iep:KKa 6OJIbIle [TUTEJIbHOCTH UMITYJIbca. B atoM
CJIydae Kask/blif IMITYJIbC Pa3jieJIbHO TeHepUpYyeT U3JIyde-
HUe 2-if TapMOHWKH, 1 6YET PETHCTPUPOBATHCS CUTHAJ C

UHTeHCUBHOCTBIO oy, ~ (If, + 13,) = 213,, re I, — curnan
Ha BTODOil rapMoHuKe, a [, — CUTHAJ HA OCHOBHOIQ
yacrore. IlycTh Temeppb 3ajep:kKa paBHa HYJIO, T.€. UM-
IyJIbChl HAKJIA/bIBAIOTCSA APYr Ha Apyra. B sTtoM ciydae
npoucxoant uarepdepeniys. [Ipu cI0KEeHNT aMILITUTY L B
(ase pe3yIbTHPYIONIAS HHTEHCUBHOCTD BO3PACTACT HE B 2,
a 4 pasa. CuenoBaTeTbHO, CUTHAQJ BTOPOH TapMOHUKH

L, ~ (4Im)2 = 16]3). [Ipu cnoxkenuu amIINTy/l B IPOTH-
Bodaze WMHTEHCHBHOCTH paBHa HyJi0. llpu 3amepikke,
OTJIMYHOIT OT HYJISI, HO MeHbIIIEell AJTNTeNbHOCTU UMITYJIbCA,
6yIyT CKJIAJBIBATHCS HEPABHbIE AMILIUTYIbI, U CUTHAJ
I, Gyzer mpuHUMATh IPOMESKYTOYHbIE 3HAUCHUS MEXKTY

1612 1 0.

3aBUCUMOCTbh CUTHAJA 2-fi TAapMOHHMKU OT 3a/ePyKKH
OJTHOTO HMITYJIbCA OTHOCHTEJIBHO [PYrOro UMeEeT BUJ,
noxasanubiii Ha pucynke 17. [lpu 3azepskkax, 6OJbIIUX
JUIITESDHOCTI MM~ o . _ . .
nymabca, uHTepde-
PEHIIUSA OTCYTCTBYET,
n HaGJIIO/IAeTCsT T10-
CTOSHHDBIN YPOBEHb
curtana. Ilpu mos-
HOM COBIIQ/ICHUY CUT-
HaJl Bo3pacTtaer B 8 2
pas3, TpuyeM Wu3-3a
unTepdepennun Ha- 0
6JII0/1aeTcs  «u3pe-
3aHHOCTb>. llepuon Puc17 AsrokoppenauymorHas @yHkums
I/IHTep(i)epeHI_[I/IOH- UHTeHCUBHOCTU
HOI KapTHUHBI ofpe-
JlesIsieTcs JIMHON BOJTHBI MaKCUMyMa CIEKTpa N3JIyYeHUs.
AHasn3 110Ka3bIBAeT, 4TO MIMPUHA TPOQPUIIS 3aBUCUMOCTI
MHTEHCUBHOCTY OT BPEMEHHU 3a/IePXKKU — 9Ta 3aBUCUMOCTD
HA3bIBAETCS] A8MOKOPPENAUUOHNOU DyHK YUt uHMeNncus-
HOCMu — OIHO3HAYHO CBSI3aHA C IMUPHUHONW TpOodIIsS
3aBUCUMOCTU MHTEHCUBHOCTU B MMILYJbCE OT BpEMEHU
(amurenbrocTs nMmyJbca). C XOPOIeld TOYHOCTBIO MOK-
HO CYWTaTh, YTO TepBbIii mpoduabp B 1,5 pasa mmpe
BTOPOTO.

MpumeHeHne na3epoB peMToCeKYHAHbIX
MMMyJ/bCOB

W3 Bcero pasnoo6pasusi UCIOJb30BAHUS B HAyKe U
TeXHUKe Ja3epoB Y KU paccMOTpUM JIMITL TP TIPUMeEpa.
OnuH — OCHOBAHHBIN Ha YJbTPAKOPOTKOH JJINTEJbHOCTI
JIa3ePHOTO M3JIy4eHus, APYTroil — Ha CBEPXBBICOKOI MHTEH-
CUBHOCTH W TPETHH — HAa YHUKATbHOH 0COGEHHOCTH HM3JIy-
JeHUsT (DEMTOCEKYH/THOTO JIa3epa HeTIPEPBIBHOTO JeHCTBYS.

1) BbICTpOAENCTBYIOLLANA SNEKTPOHUKA

Crpemyienne K MUHIATIOPU3AIIH U TIOBBITIEHITO OBICTPO-
JIENICTBUS 3JEKTPOHHBIX CXEM MPUBOJUT K MHTETPAJbHBIM
cxemaM. IIpu 3TOM cTaHOBUTCS TPY/IHO MCCJEI0BATDH 11PO-
XO0>K/leHUe KOPOTKUX 3JIeKTPUYECKUX CUTHAJIOB 110 9JIeMeH-
TaM CXeMBI ¢ TIOMOIIBIO 3JEKTPOHHOTO OCIILIorpada n3-
3a MCKaXEHWH CUTHAJIOB B TPOBO/IAX, TOJCOCANHIEMBIX K
cxeme. Jlazeppr YK 103BOJIMIN YCIEITHO PeaJn30BaTh
cxeMy GECKOHTAKTHOTO OCIHJLIOTPAUPOBAHIS JIEKTPH-
YeCKUX CUTHAJIOB C paspelienueM, Jydmum yeMm 1 1ic.



4 KBAHT -

a) Jaszepruiii nyuox

VY

2007/ Ne4
o
) Crpewennie
NOAAPUIAMOPDL

Onexmpoonmuneckuil
KpUcmaai

Dnexmpodol

MUKPOCXEMbL Hodaoxra

MUKPOCXEMbL

Junuu IACKMPUYECKO20 NOJA

8) DnexmpoHHbL
ocyuII02PAPp
Vcurumenv
X Y
? Q
I G I puemnux
& >
Tenepamo DeKmpoonmutecKuil
pamer / N m n NPOGHUK

Jasepnviil
UMNYIC OJLA
3anycKa cxemol

\
=\
Jaseprviii umny.ivc
0114 37eKmpoonmu- Muxpocxena
I

YECKOZ20 npo6Hu1ca

Puc. 18, OnToanekTpoHuka ¢ UCIoNb30BaHNeM 71a3epHbIX YKU: @) OnMTOeKTPOHHBbIG KoY, 6) [PUHLMIT 27eKTPOONTUYECKOro CTPOOMPOBAHIS

JIEKTPUHECKOro CHUrHasia, B) 0/7TO3/76’KTIDOHHb/I/7 ocyHIIIIor} ,06[27

OcHoBHasI ujes 3akjaiouaeTcss B ToMm, uro oguH Y KU
3aIyCKaeT AJEKTPOHHYIO CXEMY, a C MOMOIIbI0 BTOPOTO
YKU, 3amep:kaHHOTO Ha OMpeAeJeHHBINI WHTEpPBaJ Bpe-
MEHU, HU3MepseTcsl 3JeKTPUYeCKUH CUTHAA B HYKHOU
Touke cxeMbl. CyIecTBEHHON JIeTaTbIO SIBJISIETCS ONMO3I-
AEKMPOHHLIL KAH0Y, C TIOMOIIBI0 KOTOPOTO 3aIlyCKaeTCsl
uccaenyemas cxema. OCHOBOW CJOYKHUT TJIACTUHKA W3
MOJIYITPOBO/IHAKA C BBICOKUM Y/EJbHBIM CONPOTHUBJIECHU-
eM, Ha KOTOPOH HaHeceHbI TPOBOJAIINE METAJINYECKHIE
nosnocku — anextpoabl (puc.18,a). Bepxusas mosocka
uMeeT paspes B BUJE ILEJHM, KOTOPas Pa3pbIBaeT 3JEKT-
puyeckylo 1erib. K KOHI[aM 3JIeKTPO/I0B MOKHO I1O/IKJIIO-
YUTHh UCTOYHWK HampsiKeHus. [Ipuw ocBeneHnn morynpo-
BOJIHUKA 4Yepe3 IIeb JIAa3epPHLIM W3JyuyeHHeM B BHUJIE
YRKU c ompejiesieHHOI UIMHOM BOJHDBI B TOBEPXHOCTHOM
cJIoe TIOJMYTIPOBO/IHUKA 3a BpeMs JeUCTBUS OOJIyYeHUs
BO3HUKaeT GOJIBIIIOE YKHCI0 HocuTeseii Toka (aiexmpon-
HO-0bIPOUHBLX NAP), W TIOJYTPOBOJHUK CTAHOBHUTCS TIPO-
BomsmM. Takum 06pasoM OcCyIiecTBJsieTcss ObICTPOE,
paBHoe agutesbHocTH Y KU, 3aMbIkanue aaeKTpUYecKoi
menu. B orcyTcTBHE cBETa MPOUCXOANUT CaMOIIPOU3BOJIb-
HOE ¥ JIOCTaTOYHO GbICTPOE YHUYTOKeHHe HocuTeeli (pe-
KOMOUHAIIUSA 3IEKTPOHOB ¥ JIBIPOK), a 3HAUHUT, U BOCCTa-
HOBJIEHUE BBICOKOTO COIIPOTHBJICHUS 32 BPEMS, MeHbliee
1 mc. Ilomydvaercst, 94T0 MOKHO OBICTPO BKJIOYHTD U
BBIKJTIOYUTH HAIPsLDKEHUE, T.€. chOPMUPOBATH YJIbTPAKO-
POTKUIl 2JIEKTPUYECKUI UMILYJIbC, 3allyCKAIOMIMNA HHTer-
PaJIbHYIO CXeMY.

Perucrpaiius s71eKTPUUECKUX HMMITYJIbCOB TIPOBOJUTCS
METOJIOM 3IEKMPOONINUUECKOZ0 CMPOOUPOGAHUS C TIOMO-
bI0 d1eKkmpoonmuyeckozo npoonuxa (puc.18,6). dror

MPOOHWK OCHOBaH Ha 3 deKTe TBOIHOTO JIyuerpeaomie-
HUS B 3JIEKTPOONITHYECKOM KPUCTAJIIIE TIPU TTPUJIOKEHIH
K HEMYy 3JIEKTpUYecKoro moJis. Ecim Takoit Kpucrast
MOMeIIeH MeK/Iy CKPEIEeHHBIMU TIOJISIPU3aTOPaMi, TO MPO-
MMyCKaHue cBeTa 4Yepe3 HUX OyleT 3aBUCETb OT HAIps-
SKEHHOCTH 3JIEKTPUYECKOTo 1101, [Ipu mpoxosxaenun mo
e 9JIEKTPUIECKOTO UMITYJIbCa BOKPYT MTPOBOJHUKA BO3-
HUKaeT ObICTPO M3MEHSIONIeecsT aJieKTpideckoe moJe. OHo
MPOHUKAET B GJU3KO PACIIOJIOKEHHBIH KPHUCTAJI, U IO
MPOMYCKAHUIO CBETA Yepe3 CKPEIIeHHbIE TOJSIPU3ATOPbI
MO>KHO OIPE/IEIUTh BEJIMYMHY AJIEKTPUYECKOro moJisi. Ecin
aTo cBer B Buje Y KU, To asekTpuyeckoe 1oJie peruct-
pupyeTcss JuIb B MOMEHT mpoxoxiaeHuss Y KU uepes
KPUCTAJLI.

W3mensis BeIMIUAY 3aJIePsKKI MEK/ITY 3aITyCKOM HCCJIe-
JlyeMOH 3JIeKTPOHHON CXeMbl M CHUTHAJIOM HaBe/IeHHOTO
JIBOITHOTO JIyUeTIPeJIOMJICHIS, MOKHO U3MEPHUTD BEJTMUNHY
9JIEKTPUYECKOTO CHTHAJA B 3aBUCHUMOCTH OT BpPEMEHU
3a7iepkku. Takum 06pa3oM Mosydaercss OCIHULIOTpaMMa
9JIEKTPUYECKOr0 CHTHAJA, PACIPOCTPAHSIIONIErOCS B UH-
TerpajbHOll CXeMe.

Ha ocHOBe Takoro mpuHIUIIA GbLI CO3[aH CMPOOOCKONU-
yeckutl onmoareKmponHlil ocyuaiozpag. Ero npuHmm-
nuaibHas cxeMa n3o6paskeHa Ha pucyHke 18,6. Mcmnon-
30BaJICSI OYE€HD MAJIEHbKHUT JIEKTPOONITHUECKUT KPUCTAJLT,
Ha HIDKHIO TPaHb KOTOPOTO HAHECEHO INAJICKTPHUECKOE
oTpaskaioliee MOKpbITHE. Tak Kak 3amycK HCCIeryeMoit
CXEMBI W PETUCTPAIINS CUTHAJIA OCYTIECTBISIOTCS OJHUM 1
TeM ke JazepabiM Y KU, nickaodaeTca «IposKaHmes CUT-
HaJla OTHOCHUTEJIbHO 3aIyCcKa. JTO MO3BOJSAET JOCTATOUHO
TOYHO PEruCTPUPOBATH IJEKTPUUECKUE CUTHAJIDI.



2) FeHepauus MMMYNbCOB PEHTrEeHOBCKOro U3ny4yeHus
aTTOCEKYHAHOW BJINTENbHOCTU

JlocturayTast IMTEJbHOCTD UMITyJIbca S5 ¢ 6JaM3Ka K
Hepuo/ly CBeTOBOI BOJIHBI — JmnHe BOJHBI 0,8 MKM COOT-
BeTCTBYeT Tepuoj 2,7 pc. UToOb! MOTYUNTD T TETHHOCTD
UMITYJIbCA N3JIyYeHH ellle MEHbIIIE, HY>KHO, YTOODI IePUO/T
U JUIMHA BOJIHBI ObLH Kopoye. C IIOMOIIBIO JIA3€PHOTO
U3JIyYeHUs B BUJIEC UMITYJIbCOB B HECKOJIBKO MEPUOJIOB U €

MHTEHCUBHOCTAMM, JJOCTUTAIOIIUMU 10'8 BT/ oM , yaaer-
€S TIOJIy4aTh BCIBIIIKK YK€ He ONTUYECKOTO, a PEHTTeHO-
BCKOTO U3JIy4YeHUS C JUIMHAMU BOJIH /IO 3 HM U C JIJINTEb-
noctbio 10 200 ac (1 aTrocekynma = 10718 cekynn). C aroit
1eJIbI0 JTa3epHoe u3JaydyeHne (GoKycupyercss B OJHOATOM-
HbIiT Ta3 (resmit MM KPUIITOH), aTOMBI KOTOPOTO CHJIBHO
YAep>KUBAIOT 3/71eKTpoHbl. Ha HayuyHOM sI3bIKe 3TO 03HAUaA-
€T, YTO aTOMBbI UMEIOT BBICOKUN NOMEHUUAN UOHUIAUUU
(HampsKeHne 5IeKTPUYECKOTO MO, IIPU KOTOPOM SJIEK-
TPOH OTPBIBAETCS OT aToOMa).

dusnyeckas KapTUHA B3aUMOJCHCTBUS 3ICKTPOMATrHUT-
HO BOJTHBI C aTOMOM B TeUeHUE ee MePU0/Ia C MAaKCUMaIb-
HOI aMIJIUTYZON mpe/cTaBiaeHa Ha pucynke 19. Makcu-
MaJIbHAsT HATIPSKEHHOCTD AJIEKTPUYECKOTO TI0JIST CBETOBOM
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Puc19. B3avimonencrsme cBeToBOLV BOJIHbI CBEPXMOLHOIO MU3J1yYeHus
@GemToceKyHAHOro /1a3epa ¢ aroMOM KPUMTOHA

BOJIHBI IIPEBBIMIACT Ty, UTO y/IePXKUBAET 2JIEKTPOH B aTOME.
B MoMeHT 7 2JIeKTPOH OTpbIBaeTcs 0T atoMa (IIPONCXOuT
NOHM3aIA II0JIEM CBETOBOM BOJIHI)I) N Ha4YMHAET YCKO-
parbes. Ho mpeskzie 4yeM OH yJasUTcs. Ha 3HAUUTEJBHOE
paccrosiHie OT CBOErO aToMa, NIPEBPATHBIIErOCS B MOH,
1oJjie B BOJHE M3MEHSET 3HAK Ha IPOTHBOIIOJOKHBII
(Moment 2). Tenepb Hapacraiolee 3J1eKTPHIECKOe M0JIe
YCKOPSIET 3JIEKTPOH 06PATHO K HOHY, TPHYEM Ha 3JIeKTPOH
JICHCTBYIOT KaK HANPS’KEHHOCTb MOJIS CBETOBOH BOJIHBI,
TaK 1 KyJIOHOBCKOE TIPUTSKEHUE TTOJIOXKUTETbHO 3apsKeH-
HOro noHa. B peaysbrare yCKOPEHHBIH JIE€KTPOH yiapseT
HOH ¥ BBI3bIBACT HCITycKaHue (oToHa, MOJL00HO TOMY Kak
3TO IMIPOMCXO/IUT B PEHTTEHOBCKOM TPyOKe. MaxkcumanbHas
sHeprus (HOTOHA pPaBHA KMHETHUECKOH 9HEPTUH 3JIeKTPOHA
B MOMEHT y/lapa U MOJKET JIOCTUraTbh, KaK IIOKa3blBAIOT
pacuetsl, 300 5B, 4To COOTBETCTBYET JJIITHE BOJHBI (POTOHA
3 uM. B o6uactb dokyca sa3zepHOro u3/IyueHus Momajjaer
6OJIbIIIOE YHUCJIO ATOMOB, II03TOMY IIPOMCXOJUT COIJIACO-
BaHHOE HCITycKaHne MHOrHX ¢oronos. CaM mporiecc uc-
MYCKaHWS TIPU TOM TIPOJIOJIKAETCS JIOJN MIEPUOJIa CBETO-
BOIl BoJsHbI. TakuM 06pasoM MOJIy4aeTcsl aTTOCEKYH/[HAS
JUTMTEJbHOCTD BCIBIIIKN M KOTEPEHTHOCTD UCITyCKAeMOTO
U3JIY4EHHUS.

3) MpeunsnoHHoe UaMepeHne 4acToTbl CBETOBOW BOJHbI
(onTnyeckme 4achbl)

Jlo cpaBHUTEIBHO HeJABHETO BPEMEHN JIa3ephl, TeHEPH-
pyloliue yJbTPAKOPOTKUE UMITYJIbChI I MUMEIOIINe TIHPO-
KUl CIIEKTP, COOTBETCTBYIOIMIUIT IJIUTETHHOCTH UMITYJIbCA,
U Jla3epbl, TEHEPUPYIONIHe BBICOKO MOHOXPOMATHYHOE
U3JIyYeHne ¢ OYeHb Y3KUM CIIEKTPOM, PacCMaTPUBAJUCD
Kak B3anMHO WCcKJovaione cuctembl. Jlazeper YKU
MpeIHA3HAYAJNCD JIJISI MCCJIeIOBAaHUI, CBSI3aHHDIX C TIpe-
JIEJIbHO KOPOTKMMU MHTEPBAJIaMU BPEMEHH, a JIa3epbl CO
CBEPXY3KHUM CIIEKTPOM — JIJISI TIPEIU3MOHHOTO N3MEPEHS
TEKYIEr0 BpPeMEHN B CXeMaX CBEPXTOYHBIX yacoB. C
nosiByieHneM (HeMTOCEKYH/IHBIX JIa3epoB, paboTAIONNX B
HENPEPBIBHOM PEXUME, MTPOUIONLIO0 YAUBUTEIbHOE CJIHS-
HUE 3TUX, Ka3aJ0Ch Obl, COBEPIIEHHO Pa3JTMUHBIX HATIPAB-
JIEHWT.

Or rry60KOii IPEBHOCTH JI0 HAIINX JIHEl YeJ0BEK pelra-
eT mpobJieMy n3MepeHusi BpeMenu. B pesyJibrare co3aioT-
cs1 Bce 6oJiee TOUHBIE Yachl U CIOCOOBI M3MepeHust Bee 6oJiee
KOPOTKUX WHTEPBAJIOB BpeMeHU. /1 m3MepeHus TeKyIie-
IO BPEMEHU HCIOJb3YeTCsS CTAGUJIbHBIN TepuoInIecKuii
MIPOIIECC — TOT/[a U3MEPEHNE BPEMEHHU CBOIUTCS K MTO/ICUETY
Yyucaa TeprojoB 3a M3MepseMblii mHTepBaJs. [las Toro
4TOGBI OMPE/IETUTh TOUHOCTD X0/Ia YaCOB, HY’KHO CPABHUTD
WX C 9TAJIOHOM. JTO O3HAYAET, YTO HY)KHO TI€PECUUTATD
YUCJIO TIEPUOJIOB TAJIOHA U CPABHUBAEMbBIX YaCOB, II0KA HE
MOJIYYUTCST pasjinune B ofuH nepuon. Besnunna, o6part-
Hasi 4YUCJy TEpPUOAOB, U OyIeT OIpeiessiTb TOUYHOCTD.
OueBnHO, YTO YeM BBIIIE YaCcTOTA, TEM MEHBINUN HHTEP-
BaJl BpeMeHU MoTpebyeTcs [t TaKoro cpaBHenus. [1oaro-
MY CTPEMSITCSI MCIIOJIb30BATh MEPUOMUECKUI TIPOIIECC He
TOJIBKO CO CTAOM/JIBHOI, HO U C BBICOKOM YaCTOTOM.

C IaBHUX TIOP B KaUeCTBe CTAOMIBHOTO IEPHOJUTYECKOTO
nporiecca npuHUMaeTcs Bpaienue 3emsm. Ho ero nepuon
CJIUIITKOM BEJIWK, W TI03TOMY YacTOTa BpalleHus 3eMJn
COTIOCTABJIIETCSI ¢ 0O0JIee BBICOKOM YacTOTON KOJieOaHUIA
MasITHUKA — OH CTAOUJIM3UPYETCST 110 YacCTOTe BPAIIEHUs
3emusn. 3aTeM Ha CMEHY YacOB € MASTHUKOM HPUIILIN
KBapIeBble 4achl CO 3HAYUTETHHO O0Jiee BBICOKOW M CTa-
OMJIBHOM 4acTOTOIA.

Ycrexu B CIIEKTPOCKONINN U KBAHTOBOI TEOPUH TIOKA3a-
JIM, 4TO KOJIeGaHUSI B CIIEKTPAX aTOMOB U MOJIEKYJI MOTYT
ObITh MCIIOJH30BAHBI KAK CTAH/IaPThl 4YacTOThI. B KauecTBe
TaKoro cranzjapra Gblia BbiOpaHa JuHus criekTpa (ceepx-
MONKASL CMPYKMYPA) aTOMA T1E3HsI Cs'3 | wacrora koro-
poit paBua 9192631770 T'm. Ona npuHATa B KayecTBe
MEXYHAPO/THOTO ATAJIOHA CEKYH/IBI. DTA YaCTOTA TIOTa/[a-
€T B JINANa30H, B KOTOPOM M3MEPEHUS YacTOThI TPOU3BO-
JIITCST METOJIAMU PA/IN0JIEKTPOHUKH.

[loctimxerns B 06J1aCTH JTA3€POB MO3BOJIUIH MTOJTYYUTD
Ype3BbIYAIHO y3KWe JWHUM — BIUIOTH [0 3HAYCHUS
Av/v ~107"® na wacrore 10" Ty, uwro, B mpuHuuIE,
[M03BOJIMJIO ObI ITOCTPOUTH CBEPXTOUYHbIE Yachl. Bbicokast
ONITUYECKAST YaCTOTA SBJSETCS HECOMHEHHDBIM TTPEnMyIIe-
crBoM. Tak, cpaBHeHHe ABYX Ie3MeBbIX YacoB (4acTora
nopsaka 10'° Ty ) ¢ Tounoctsio Ha ypoBHE 1071 Tpebyer
HECKOJIbKUX JIHEH, CPABHEHUE Ke /IBYX ONTHYECKUX YACOB
(yacrora nopska 10— 10") ¢ Takum xe YPOBHEM
TOYHOCTH 3aHUMAET BCETO JIUIIb HECKOJbKO ceKyH . OHa-
KO, JUIsT TOTO 4TOOBI JIeJaTh Yachl HA OCHOBE JIa3epPHBIX
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BOJIH, HEOOXO/IUMO U3MEPSTh UX YaCTOTBI, T.€. COMOCTaB-
JIATb UX C 3TAJIOHOM CeKyH/bl. Ho B onTuke, B OTJIMYUE OT
pagnodU3NKN W 3JTEKTPOHUKU, HE CYIIECTBYET IMPSIMBIX
METO/I0B U3MEPEHNUS YaCTOThI, TAM U3MEPSIOT JIJIMHBI BOJIH.
Kazanoch 6bl, HET IPO6JIEMbBI OTIPEJETUTD YaCTOTY, 3HAS
JUTMHY BOJIHBI, MMOCKOJIBKY V = ¢/A, HO CKOPOCTb CBETa ¢
cama JIoJuKHA OBITh U3MEpPEHa ¢ COOTBETCTBYIOINIEH TOYHO-
croio. [Ipo6iieMa TOYHOTO U3MEPEHHST BpEMEHH KaK pa3 U
CBsi3aHa CO cTpemJieHneM 6oJiee TOYHOTO U3MEPEHMUs C.
Jlazepnl (HeMTOCEKYHIHBIX WMITYJIbCOB [laJU 3aMcya-
TeJIbHBIH CIOCO6 COMOCTABJIEHUS YAaCTOTHI JIa3epHOI
CBEPXY3KOH JIMHUU € 4YacTOTOH I1[€3MeBOTO CTaH/apTa.
O6cynuM CyIHOCTb 9TOTO crioco6a Ha MpHUMeEpe Jiazepa,
paboTalolero B HEIIPEPHIBHOM PESKUME, T.€. UCITYCKAIOTIe-
IO IIEPUOIMYECKYIO TI0CI€A0BATEIBHOCT UMY IbCOB (pHC.
20,a). Kak O6bLI0 II0KasaHo, 3Ta I0CJeJ0BATeIbHOCTD
MOJIYYaeTCsl B Pe3yJibTaTe CJIOKEHUST MHOJKECTBA BOJIH C
OJIMHAKOBBIMY MHTEPBAJIAMY YaCTOT MEXK/Ty HUMU. VIHbIMU
CJIOBAMU, CIIEKTP TAKOTO M3JYYEHUS MPEICTABJSET «Tpe-
OEeHKY» 9KBU/IUCTAHTHO PACTIOJIOKEHHBIX JUCKPETHLIX Ya-
cror (puc.20,6). Illupuna Bcero crnekTpa rpeGeHKn Av
OTIPEIENISIETCST ITUTETBHOCTBIO UMITYIbca: AV ~ 1/T, a uH-
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Puc.20. BoemerHas (a) v criektpaibHas (6) Xapaktepucrviki gemroce-
KYHAHOIO J1a3€Pa HEMPEPLIBHOTO AEVCTBUS

TepBAJ MEXY «3yObsiMU» TPEGEHKH dV — UX TIEPHOIOM B
nocjenosareabroctu: Ov = 1/7. Kak Mbl Buiean, 10T
HEePHUO/L 33/IAETCST PACCTOSTHUEM MESK/IY 3ePKaJaMu Pe30Ha-
TOpPa, TO3TOMY IIyTEM IEPEMEIEHNs] OJHOTO M3 3€PKaJ
MOZKHO PEryJIupoBaTh U CTaOUJIN3NPOBATH YACTOTHBIN MH-
TepBasi rpeGenku. Yacrora 9TOTO WHTEpBAIA JIEKUT B
06J1aCTH JI0JI€l ¥ eIMHULL TUTAreplia, 1 ee MOKHO COIoCTa-
BUTb C YaCcTOTOI 3TaJOHA CeKyH/bl. Takum o006pasoM,
ussyderne GeMTOCEKYH/IHOTO JIa3epa HEPEPHIBHOTO el
CTBUSI JIa€T CBOCOOPA3HYIO «JIHHEIKY» ONTHYECKUX YACTOT
C «JIeJIEHUSIMU >, 3HAYEHHsI KOTOPBIX MOKHO TOYHO OIpe-
JICJIUTD TI0 OTHOIIEHHIO K CTAHAPTY YACTOTBL
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Puc2l. Cxema n3MepPEeHMs YacToTbl 1a3ePHOU JIMHUA TyTeM fepecdera
AENEHMV «<JTMHEVIKN» ONTUYECKUX 4aCTOT
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Bospact Beenennoii oniennBaerca

B 12—14Mummuapaos jaer (~ 4- 10" c)

15
— 10 "¢
Hpe]:[HOJIaI‘aeTCH,‘{TO YeJOBEK IMOABUJICA Ha 36MJI€

3—-5 mummonos et (~10"¢) TOMY Hasa

L 102
3a croaetne (3,15 - 109 c) JlyHa orpansercs or 3eMJn
Ha 3,8 M

— 10°¢c
1 rox (3,15 ~107 C) — ecTecTBeHHAS Mepa HCTopudec-
KHUX COOBITHI

= 10°c

3 .
1 gac (3,6 -10°c) — ecTecTBeHHas Mepa TTOBCEeTHEBHOM
JKU3HU

L 10%c

— 10°¢ (oana cexkyna)

OGBIUHBII IS Y€JIOBEKA KOPOTKUIT HHTEPBAT BPEMEHH.
JLIUTeIbHOCTD TIPECIOBYTOIO «MTHOBEHUS OKay» MOPS/I-
ka 0,1 c. [lepuon cepreunoro mymbca okono 1 ¢

-3
— 10 ° ¢ (oana MHAIHCEKYyH/a)
Camas MaseHbKad BbIep:KKa B (poroannapare

L 10° ¢ (oama MHKPOCEKYH/a)

3a 310 BpeMs cBeT ycneBaer npoiitn 300 M, a BOT 3By-
KOBasg BOJIHA B BO3/yxe — Bcero aumb 1,/3mM. 3a He-
CKOJIBKO MUKDOCEKYH/I IPOUCXO/AT B3PHIBLL, B TOM UHC-
Jle saepHble

L 10 ¢ (oma HAHOCEKYH/[2)

3a 310 Bpemsa cBeT mnpoxoauT 30 cM. DTa BeaWYHHA
XapaKTepHa 1S TIepHo0B PaHOBOH, HCIOb3YEMBIX
B paJHMONaKallll W B CIyTHHKOBOI CBA3M

12
- 10 " c (oana nukocexynza)

Cambiit 6BICTPBIN TPAH3UCTOP CPAGATHIBAET 34 BPEMS
HECKOJbKUX TMHKOCEKYH/T

- 10 "¢ (oama demrocexkynma)

Ilepuon cBeToBoil BosHb cocTasser 1—2 ¢ge. Ilepuon
KoJsieGaHuii aTOMOB B MOJIeKy1ax o6braHo oT 10 10

100 ¢c. Cospemennnie sazepbl Y KU mospossior reHe-
PHPOBATH MMILYJILCHI CBETA JJIMTENBHOCTHIO 3—5 ¢

10 ¢ (oama aTTOCEeKyH/a)

B aTToceRyHIax H3MepsAioT caMble CKOpPOTEUHbIE
COOBITHA, JTHTEIBHOCTH KOTOPHIX CIIOCOGHEI
saduKcHpoBaTh yueHnie. C MOMOIILIO HOBEHITIX
nasepoB YKM ymamoch MOTydITh HMITY.IBCH H3MIyUCHIIA
JUTHTEBHOCTHIO 0K0Io 200 ac B IMATIA30HEe MATKOTO
penTrena

Wurepsan gmurenbhoctedi, ocBoeHusbii tazepamu Y KA

Puc22 Llkana spemeH



C moMoIIbIo TaKol JTMHEHKN MOKHO U3MEPUTH YaCTOTY
y3KOi sasepHoil unun V.. ITycrb sTa vacrora moma-
JlaeT Ha KPACHBII Kpail rpeGeHKy, a ee 2-9 rapMOHNKA —
Ha (uoJsieTOBBII Kpall, Kak ToKa3aHo Ha pucyHke 21.
Torja 1pu coorBercTByIOlIel HACTPOIIKe JJIMHDBI Pe30HA-
TOpa (PEMTOCEKYH/IHOTO JIa3ePa BBIOJHAECTCA COOTHOIIE-
Hue 2V, —Vv,.. =V, .= N3OV, U u3MepeHue Ja3epHoii
YacTOTBI CBOAWTCS K TIO/ICUETY UHMCJa «3yObeB» TpeGeH-
K¥. DTOT MPHHIAI, KOTOPBIi, Kak OBLIO yKazaHO paHee,
ormeuen HoGesieBcKoii ripemueil, JIeKUT B OCHOBE CO3/la-
HUSI CBEPXTOUYHBIX ONTHYECKIIX YaCOB.

[logBoast mTOTH, OTMETHM, YTO C MOMOIIBIO JIA3€POB
MOJKHO KCCJIEZIOBATh UCKJIIOYUTETBHO MAJble TIPOMENKYT-
KH BPEMEHU U U3MEPSITHb TEKYIllee BPEMsI C UPE3BbIUANTHO
BBICOKOIT TOUHOCTBIO. COrJIacHO COBPEMEHHBIM BO33PEHM-
gaM, Bo3pacT Hamreit Bcesennoit oxosno 20 mMusmap/ioB
ger. Ecam 6b1 cBEpXTOUHBIE ONTHYECKIE YaChI, KOTOPHIE
CO3/1aI0TCS B HACTOsIIIEe BPeMsI, ObLIM 3aIyIIeHbl B MO-
MEHT <«POKIEHUSI» BceseHHOH, ToKa3aHnus MX PacXofi-
Jch 6bI He 60JIee 9eM Ha HECKOJbKO CEKYHI.

OTMeTHM, 4TO CBepXTOYHBbIE Yackl (€ TOYHOCTBIO MO-

-14 -16 .
pagka 107" — 107") gBmaiorcs HEOOXOAMMOII YacCThIO

nasuranuonHoii cucrembr [JIOHACC, koTtopas mo3Bo-
JISIeT OIPEAEsATh KOOPJAUHATBI € TOYHOCTBIO [0 JOJIei

MeTpa.

Ha pucynke 22 mokasaHa mrkaga BpeMeH, Ha KOTOPOW
OTMEUYeHbl XapaKTepHble COOBITHS W yKazaHa O00JIaCTb,
U3MepPEHNS B KOTOPOI TTPOBOJSTCS € TIOMOIIBIO JIa3ePOB.

3ak/iloyeHne

Pa6ota 1o JazepaM M MX HPUMEHEHUSIM HHTEHCHBHO
pasBuBaeTcs. BakHeiiteil 4acTbio 3TOH pabOThI SBJISET-
Csl CTPEMJIEHHE YCOBEpIIEHCTBOBATb CaMU Ja3epbl, ce-
Jath ux 6GoJiee 3PEKTUBHBIMU U JIOCTYHHBIMU. JTO, B
CBOIO 04epejib, Oy/ieT crocoO6CTBOBATD PA3BUTUIO PA3JINY-
HBIX HAYYHBIX U TEXHUYECKUX IpuMeHenuii. B oGiaactu
byngaMenTasbHOIl HAYKNM PAcCMATPUBAIOTCS TaKHe aM-
OUIMO3HbIE MPOEKTHI, KaK OOGHApY’KeHhe TI'PABUTAIMOH-
HBIX BOJIH WJHU BBISICHEHWE TOTO, HE U3MEHSIOTCS JIU
MHpOBbIe (DU3NYECKHEe KOHCTAHTBI C TEUYEHUEM BPEMEHU
(runoresa [upaxa).

JIto603HaTeTbHBIE YNTATENN, JKEJTAOITHIE TIOCBATHTD cebs
HayKe ¥ TeXHHKe, UMEIOT IaHC TPUHSTD y4acTue B 9TON
YBJIEKATEJNbHON 1 TEPCIEKTUBHON JeTeJIbHOCTH.
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Mb! pagbl COOOWMTb HALUMM YMTaTeNsM, YTO BbilleNl B CBET 3J/IEKTPOHHbIN apXuB
)XypHana «KsaHT» ¢ 1970 no 2006 rog.

MaTtepuanbl, ony6nukoBaHHble B XXypHane «KBaHT» 3a MHOrue rogbl ero cyLiecTBoBa-
Hus, GecueHHbl. W 3To He nycTblie cnoBa. He ogHO MoKoNeHue «npoLUealunx» yepes
«KBaHT» MonopabixX noaen, Kak N3 YA 3aHABLUUX CErOAHS A0CTOMHOE MeCTO B MUPOBOW
HayKe, TaK 1 MOMONHMNBLUUX Ny4LUue psabl CEroAHALHEro y4uTenbCcTBa, ¢ 6rnarogapHoCcTbio
BCMOMMHAIOT XXypHan «KBaHT», KOTOPbIA B UX XXU3HU Cbirpa posib NyTeBOA4HOW 3Be3Abl,
onpepenun Bbioop B Nonb3y ¢pyHAaMeHTaNbHbIX 3HAHUMN.

CerogHs B HalleM obOLLecTBe IBHO NPOC/IeXXUBaeTcs TeHAEHLUUSA BO3POXKAEHUSA UCTUH-
HbIX LLeHHOCTeNn, BUTAeT B BO3AyXe NOTPeOHOCTb B BOCCTAHOBIEHUMN pearbHbIX NpuopuTte-
TOB B 00pa3oBaHuMK, NpodyXpaeTcs MHTepec K PyHAAMEHTaNbHbIM 3HAHMSAM. [T03TOMY Mbl
pewnnn Ha 6a3se rPoOMagHOro NO3NTUBHOIO OMbITa, HAKOMIEHHOro TBOPYECKUM KOJieK-
TUBOM XypHana «KBaHT», co3aaTb afeKBaTHbI COBPEMEHHOMY COCTOSIHUIO N TeHAEeHLUN-
SIM PasBUTUSA UH(POPMALIMOHHBIX TEXHONOIMN Hay4YHO-obpa3oBaTenbHbI NPOAYKT. Mbi
yBepeHbl, YTO OH, BO-NEpPBbIX, OTKPOET BCEM XXeNnarwwmm NyTb K YHUKAJIbHOMY apXuUBY
XypHana «KBaHT», a BO-BTOpbIX, AJi1 KOro-To CbIrpaeT pellalollyio posib B BblGope
Ooyaywen npodeccmn.

Auck MoXxxHO ripnobpectn B pegaxkunu xxypHana «KBaHT».
Hawm koopamHaTtel — Ha NocieaHe CTPaHULE XKYPHANA.

_ [Muwmre, 3BoHMuTE. MbI Bac Xxgem. )




| MnoTte3sa KatanaHa

B.CEHAEPOB, b. QPEHKUH

bITIMIITEM ITOAPAJ HATYPAJIbHBIE UNCJIA, {B-
apsomuecs crerenamu (GOIbIIIME IEPBON) Ha-
TypasabHbix uuces. [loaydaercs mocJenoBaresib-
wocte: 1,4, 8, 9, 16, 25, 27, 32, 36, 49, 64, 81, ... Uucna
8 u 9 BbI/IeICHbI He CIyYaifHo — 5T0 coceIHue HaTypaIbHble
yrca. BosHUKaeT BOpoc: CyIecTBYIOT Jid ellle COCeHIe
CTENeHN HATYPATbHBIX YUCEJT?
BriepBbie 3TOT BOnpoc 1mocTaBus OeJbIHiiCKUil MaTeMa-
tuk J.Kartanan: B 1844 rojty oH BbICKa3as MpeIooxKe-
HUe, YTO ypaBHEHUE

2 -2 =1 (1)

nMeeT eJMHCTBEHHOe perieHne x =3, y =2,z =2, t =3
B HATYPAJbHBIX YHCJIaX, OOJBIINX €IMHUIIDI.

Jrta rumnoresa mnpojep;kansach moutn 160 ger, xoTs
MHOTH€ N3BECTHBIE MATEMATUKHY ITBITATICH HAWTH TIOX OB
K ee JIOKa3aTesbCTBY.

B 2003 roxy pymbrackmit matematuk [I.Muxaiinecky
JIOKa3aJl CcrpaBelJuBOCTb rurore3bl Karamana. /lokasa-

TeNbCTBO Muxaiisecky BecbMa CJI0XKHO U HEJIEMEHTAPHO
1 TIOTOMY He MOJKeT GBbITh N3JI03KEHO Ha CTPAHUIIAX HAIIETO
skypHasa. OJHAKO caM pe3yJbTaT CBSI3aH CO MHOTHMHU
MareMaTHyecKuMu (paKkTaMu U 33/1a4aMi, KOTOPbIe MOTYT
OBITb W3YYEHbI B paMKaxX 3JIEMEHTAPHONH MaTeMaTHKH.
Hanpumep, 3 gokazanHoit Muxaiijiecky TeopeMbl HeMe/I-
JIEHHO TIOJTy4aeTcss OTBET Ha BOMPOC IyHKTA a) 3aJa4u
M2032 («Ksant» Ne1 3a 2007 r.; penrerne omy6IMKOBaHO
B 9TOM HOMEpE KypHAJIA).

NcTopusa Bonpoca

Emnte B XIV Bexe JleBu Gen I'epiion, n3BecTHbIN TakKe
kak Jleo TeGpakyc, fokasain, uto ypasaenue 3*° — 27 = +1
uMeeT eJIMHCTBEHHOE pellieHne X = 2, y = 3 B HaTypaJbHbIX
yrcaax, 6ompmux 1. B 1657 romy ®penukanb ne becen
eI B HATYPAJIbHBIX YUCJTIaX YpaBHEHUE

x? -pY =1, rney > 1, ap — mpocroe YKUCO.

B 1738 romy JI.Diinep nokasaJ, 4TO ypaBHEHUe

(/|
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2% +1=y* UMeer eAMHCTBEHHOE PeICHIE (2; 3) B nary-
pambHbIX yncgaax (0 peneHnu 9Toro ypaBHEHUS U €ro
MIPUJIOXKEHUSX CM. B pereHnu 3ajgayn M2025 B TpeTbeM
HOMepe Haiero ;kypaaia 3a 2007 r.).

B 1850 romy B.A.JleGer mokasan HepaspemnMOCTb
ypasernst x¥ — 22 = 1 B Ie/IbIX 4HC/IaX, GOJIBITIX €/IIHII-
upl, mpu ycaosun y #3. A B 1921 romy T.Haremn
IOJHOCTBIO MCCAeJ0Bal ypaBHeHHs x° —z' =1 u
¥ -2 =1 npu y=2.

B pesysbraTe 6bLIM N3yY€HBI TPU CJIydast OGIIETO yPaB-
nenus Karamana (1) npu KOHKPETHBIX 3HAYEHUSIX TTOKA3a-
TeJsei:

1) 23 -2 =1,

2) 2V -2 =1,

3) x¥ -2 =1.

W3 uux nanbosiee BAJKHBIM OKA3aJCs MOCJEIHWIT: MpH
pemeHun o61ieit Tpo6aeMbl 0CO6YI0 POJIb UTPAET CUTya-
U, KOrjia OIMH U3 MoKa3aTeJsiell yeTeH.

3aMeTuM ele, YTO IIOJIHOE PACCMOTPEHUE TPETbEro
cJydasi MOKHO MPOBECTH C TIOMOINBIO TaK Ha3bIBAEMBIX
Ueavlx 2ayccosuvlx yuce. JlocTaTouHas s 3TOT0 HHDOP-
mManns cofepxutcst B cratbe B.Cenzmeposa n A.CrnmBaka
«CyMMBI KBaJIPaToB M 1eJible TayccoBbl uncaa» («Kpant»
Ne3 321999 r.,). Bupouem, ata 3aj1a4a JajieKo He POCTa.

Hamuoro c/oxHee NpeAblIyImX OKa3aJach CUTYaIUs
npu yetHbIX y. [ng ypasnenns x? — 2/ =1 sazaua Gblia
pemena C.Cenb6eprom B 1932 romy, a okoHuyaresbHOE
pelenne ypasuenuss x> — z' =1 GblJI0 HOJIYYeHO JIHIIb B
1960 roay kuraiickum mMatemarukom Ko Yao.

[lanee Mbl paccMOTPUM HEKOTOpbIE YacTHbIE CJydyau
ypasHenusi Karasana (B 0CHOBHOM Korjia 06a TloKas3aTeist
CTENeHN HeYeTHBI) . BHUMATe TbHBIIT YnTaTe b MOKET 3aMe-
TUTH, YTO HA MATEMaTHYECKUX OJUMITHA/IaX WHOT/A BCTPe-
YaloTCs 3a/1a4ll, SBJSIONHECS YACTHBIMU CJIy4YasMU ypaB-
Henwsi Karasana, Tak 4To 3HAKOMCTBO C HJI€MEHTAPHBIMU
METO/IAMU UX PEIICHUS MOXKET U B ATOH CUTYAIUU OKA3aTh-
cst mosie3ubiM. [loka sxe OTpoOyiiTe PENIUTD CJeIyIoIue
YIpaKHEHUS.

Yupaxknenus

1. Pemmre B IeJIbIX 4YHncCJjax, OOJIBINNAX YEM 1, YpaBHEHUA:

a) 3" =2V =1,

6) 3" -2 =1,
B) 25 =2 =1,
0 z' -2 =1,

2. Haiinure Bce Tpoiiku (a,b,y) ,rae a,y € N ab- pocToe
qneso, takue, uto a> —b? =1.
HekoTopble NpepBapuTenbHble pe3ynbTaTtbl

IIJIH ITIOJIHOTO JOKa3aTeJIbCTBa 'MIIOTE3bI Karamana J10C-
TaTOYHO [I0Ka3aTb €€ [AJiid YPaBHEHUA

D
x; - yq =1, (2)
rae ob6a HAaTypaJabHbIX YUCJia X U Y 60.IbIITE 1, apunqg-—
pa3/invHbI€ TIPOCTbIEC YHCJIA.

Yupaxuenue 3. a) JJokaxure 570.
6*) Tyers x¥ —2' =1, e x,ze N, y,t e N\ {1}, y,

t HEYCTHBDI. ﬂOKa?KI/ITe, 4YTO YHCJla X U Z COCTaBHbIE.

Hanomuum nekotopbie oGosnauenns. Uepes (@, b) mbi
O6yzieM 0603HAaYaTh HAMOOJBLIIAN OO JIeJTUTE b HATY-
panbHbIX uncen a u b. 3anuch ke alb osnavaer, uTO @
aBisiercs geauteneMm b (uuraercs: a genut b).

Ham nonaio6utcst cemyiolnee yTBepsKIeHue.

Ecau x u y — 83aumno npocmole HAMypaivHvle Yucd,

mo
n n

x"+y
a) | ———, x +y |n npu a060M HEYETHOM HATYPaJib-
X+
HOM 72;
xn yn
6) ,X—y |n mupm mo6oM HATYPAJbHOM N U
xX-y
x>y

Yupaxkuenune 4. [/lokaxure arto.

ITO MPOCTOE YTBEPIKAEHNE TO3BOJISET Pa3OUTh MHOKe-
CTBO BCEX YETBEPOK, YJAOBJETBOPAIONMX ypaBHeHuio (2),
Ha /IB€ TPYIIIbI.

. xP -1
Cayuaii I. Ecom | p,—— =1, 10
x—1
p
xP -1
x-1=r", —— =57 y=rs,
x—1
rjie ¥ ¥ § — HEKOTOPbIE HATypPaJbHbIE YUCJIA.
p
xP -1
Cayuyaii II. Ecou | p, ~1l° p, TO
x p—

x—1=pTa?, x—zpv”,y:pav,
x-1

rjie d, v — HEKOTOpble HaTypaJibHble YUCJIA.
VYupaxuenue 5. [[oKakute 3TH PaBEHCTBA.

B CJiydae HEYETHOI'0 ¢ aHaJIOTUMYHbIE PABEHCTBa MOYKHO

q
y! +1
[IOJIy4YNUTh, paccMaTpuBasd BbIpaskeHUe W .
Yupaknenus
6. Permure ypaBnenus:
a) 3" =y° +1,
6) 3" =y° -1,

rae x,y,ze N, z> 1.

7. a) Pemmre ypasuenne (x +1) +1=x7
y > 1.

6) Pemmte ypasuenue (x+1)’ =1+x°, rue x,9,ze N,
y > 1.

B) (M. Xamuen, A.Ilunnens) [Toxkaxute runoresy Karamana
JUISL cJTydas, KOrjla OCHOBAHUS cTereHeil pasauyaiorcs Ha 1.

, Tne x,y,z€ N,

Teopema Kaccenca—Harens

DyHIaMEeHTATbHBIN TPOPBIB B /I0KA3aTEIbCTBE TUIIOTe-
3p1 Karajana mpowsolies B CepeHe JBAJIaTOT0 BEKA,
crycrst GoJiee 4eM CTOJIETHE CO BPEMEHU ITOCTAHOBKH
3amaun: Kaccesic mMOMHOCTBIO [lOKasan ee B ciaydae I.
VmenHo, i HEYETHBIX TMOKasaTesteil Kaccesc mokasal
cyielyioniee yTBepiKIeHNUe.

Teopema. [lycmov p u g — npocmole uucaa; p>q22;
a’ —b? =+1, 20e a u b — yeavie uucaa, 6orvuue uem 1.
Toz0a a denumcs na q, b deaumcs na p.

Cayuaii ¢ = 2 orHocutcst K ypasHenuto a? —b? = —1:
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Korga popMyJIHpPOBATACh U [TOKA3BIBAJIACH TEOpEMa, He-
paspemmuMocTb ypasHenns @’ —b* =1 6bLia ysKe OKOHYA-
TeIbHO ycTaHoBJleHa. IIpu aToM yTBep:kaenue gla ObLIO
Jlokaszano B pa6ore 1953 rosa, a ropasjo 6oJjiee CJI0KHOE
plb — cemb siet ciycrs. [l ciyuas g = 2 TeopeMy okasaln
T.Harespb B pa6orax 1921 u 1934 rojos.

Yunpaxknenne 8. Boisesure u3 TeopemMbl Kaccesica HeBO3MOXK-
HOCTb cayuad [.

Urak, ecmu (x,y,p,q) — pemenne ypasuenus (2), p,
@ — HeveTHBIE TTPOCThIE YICJIA, TO CIPABE/THBBI PABEHCTBA

x—1:pq_1a‘7 n ——=pv?, y = pavo,

(3)

1
—+:qu”,x=qbu

q
=g u <
Y 7 " y+1

[IPM HEKOTOPBIX HATYPaJbHbBIX d, U, b, u.

3ametnM, uTo Teopema Kaccesca, Hapsay ¢ HEKOTOPBIMI
6oJiee paHHUMY Pe3yJIbTaTaMy, MO3BOJSJIA YiKe YTBEP:K-
JlaTh, uTO runore3a KaTtajmaHa MOXeT OKa3aTbCsl HEBEPHOI
JINIIIb IIPpU BE€CbMa 60.HbH_II/IX OCHOBAHUAX CTEIEHEH.

Vnpaxuenue 9* (A.Porkesuu). Ilycte x,y € N\ {1};
z,te P\ {2}; (x,9,2,t) #(3,2,2,3) . Torna
x,y >10%. Jokaxure ato

-y =1;

Takum o6pasom, Teopema Kaccesca ocrasiisiia npo6.ie-
5 5
MY OTKPBITON JIMIIb /IS Yuces x° > (1 06) Ly > (1 06) .

3aMeruM, 4TO elfe HeJaBHO ObLIO BeCbMa CJIOMKHO JasKe C
MTOMOTITBIO KOMITBIOTEPOB ONEPUPOBATH UUCJIAMHE, TIOPSI/IOK

KOTOPBIX TIPEBOCXOANT 232 .

Onwmpasich Ha pasercTBa (3) 1 UCHOJIB3Ys COBPEMEHHbIE
MOTIHbIE ajre6panyeckue M aHAJTUTHYECKUE METOJIbI,
Muxaiisecky u oJyunJI CBoe 3aMeyuaresibHOe J0Ka3aTeb-
CTBO.

O 3apaue M2032

Vreepsxaenne nynkra a) sagaun M2032 mpeacrasiisger
coboit ocnabyenublii BapuanT runore3nl Karasana. Oj-
HUM U3 TaKUX OCTaGJCHII WH/IYITTPOBAHO W YTBEPIK/ICHIE
myHKTa 6).

B 1956 rony B kypce teopum umncen B.7K.JleBeka
oTMevasioch: «He jqokaszaHo jaxke, 4To TPH IOCJE0BA-
TEJIBHBIX 1EJbIX YUCTa HE MOTYT ObITh CTENeHsSMU...» B
1960 romy B cTaThe BBIAAIONIETOCS MTOJTHCKOTO MaTEMATHKA
B.CepnimHcKoTo 0 HepeleHHbIX mpoleMax apupMeTHKn
6611 chOPMYIUPOBAH CJieyIonuit Bopoc: «CyIecTByioT
JIT TPU TIOCJIe/IOBATENbHBIX HATYPAJIbHBIX YNCIA, KAKI0E
U3 KOTOPBIX SIBJISIETCSI CTENEHbI0 HATYPAJbHOTO YHCJIA C
HATYpaJbHBIM TTOKa3areseM, 60JbinnuM yeM 1?» OTBeTy Ha
3TOT BOIIPOC MBI TIPEIIONLIEM HECKOJIBKO 3JI€MEHTAPHBIX
YTBEPXK/JIEHUN O TpoiKax (n, n+1,n+ 2) HaTypaJbHbBIX
quce.

IIpasunvroti cmenenwvio Ha3bIBAIOT YNCJIO B/ a’, tie

a,be N\ {1}.

Yupaxkuenust

10. IIyctb 7, n + 2 — TpaBUIbHbIE cTermeHn. JJoKaXUTe, 4TO
(n,n+2)=1,

2007/ Ne4

11. Iycrb (Zk)2 — 2" =1, tae kz,me N . [lokaxure, 4To
m=1.

12. Iycts x" - (2k - 1)2 =1, tne x,m,ke N . [lokaxmure,
qro m = 1.

13. [lycrb n, n + 1, n + 2 — npaBusbHbIC cTenenu. /JJokaxure,
41O

a) n+1zt? ,

6) n#t*,
rae te N .

Bepuemcst k Bonpocy CepnuHckoro. OTpuIlaTebHbIN
otBeT Ha Hero gaja B 1961 romy moabckuil MareMaTukK
A.Maxkoscknii. [IpuBesem ero qoxasaresbetBo. bes more-
P OOITHOCTH MOXKHO CYUTATD, YTO TMTOKA3ATEH CTETIeHEH,
VIOMSIHYTBIE B 3ajiaue, — MpocThie yncaa. [Tokaxkem, 4to
cucreMa ypasHeHuil

X -y =1,
y! -z =1

He uMeeT pelleHnii B HaTypaJbHbIX YHUCJIAX X, Y, Z U
MIPOCTBIX YUCJAX P, ¢, 7.

Ilycto x, ¥, z, p, g, ¥ yAOBJAETBOPSIOT 3TOM cucteme. Ilo
teopeme Kaccesnca nmeem glx, glz. Orciona glxa? -2 =2,
u g = 2. llepsoe ypasenne npunumaer su x” = y* +1.
Ho arto ypaBHenue, kax mokasan JleGer, He umeer 1eJo-
YUCJIEHHBIX PENIEHUT € TIOJIOKUTEHbHBIM i. OTCIo/1a cpasy
BBITEKAET OTBET Ha BOoNpoc CeprmHCKOro.

3aMeTnM, 4TO TPOBECTH [TOKA3ATENbCTBO MOXKHO U 6e3
MCTOJb30BaHMs peayJbTaTa JleGera—Haressi: HeueTHOCTD
g M ¥ cpasy ceayeT u3 ynpaxknenns 13, a glx, glz cpasy
MIPUBOJIAT K IMPOTUBOPEUHIO ¢ yrpaxkueHuem 10.

3aMeTuM TaKkiKe, UTo 06e IPABUIbHBIE CTEIIEHU B TPOIKY

(n, n+1,n+ 2) BXO/JIUTb BCE-TAaKU MOTYT: (52, 26, 33) .
ABTOpaM HEM3BECTHO, CYIIECTBYIOT JIU JPYTrHe TPOWKHU C

aTHM cBoiicTBOM. Bo Besikom caydae, ipu n < 2147483645
TaKUX TPOEK HET.

06 aHTUNPOCTbIX YMCIax

Hamocsemoxk KocHeMcs aHTHUIIPOCTBIX YHCEJT — ecTe-
CTBEHHOTO 0600111eHNs urypupyomux B npobdiaeme Kara-
JIaHA TIPABUJIBHBIX CTeNeHel. Mbl Ha3bIBaeM HaTYpaJbHOE
YICJIO AHIMUNPOCBIM, €CJIL KaXKAbLI ero IIPOCTOI MHOXKU-
TeJb BXOJUT B Pa3JIoXKeHue ¢ mokasaresem, 60Jbmum 1.
Jlerko BUETD, YTO B HATYPATbHOM Py HE MOTYT WATH
MTO/IPSI/T YEThIPE AHTUIIPOCTBIX YNCJIA.

Yupaxkuenune 14. /[okaxure 510.

B pemennn 3amaun M2032 Mbl paccMaTpuBaan TPOHKH
(n -1L,nn+ 1) HaTypaJbHBIX YHCeJ, B KaXKI0H M3 KOTO-
PBIX €CTh /[Ba aHTHIIPOCTBIX 4HWcaa. MbI MOKa3aad, 4To
cpeiu ATUX TPoeK GECKOHEYHO MHOTO TaKWX, B KOTOPBIX
n—1wun+1— antunpocreie yncaa, 1 6eCKOHEYHO MHOTO
TaKMX, B KOTOPBIX YHCJO 7 — OJHO U3 AHTUIPOCTDHIX.
Moryt s Bce Tpu uncsaa n — 1, n, n + 1 ObITb aHTUIIPO-
creiMu? OTBeT aBTOpaM HewsBecTeH. Bo Besgkom ciryuae,
cpeau yncen jgo 2000000 takux Tpoek HeT.



Ckmaka 15 npoLeHTOoB

A.MUHEEB

I[IOBECTU H.HOCOBA <«BECEJIAd CEMENMKA»

eCThb BCe OT XOPOIIEro JeTeKTUBA — UHTPUTA, [H-

HAMUYHbBII CIOJKET, KEPTBbI, MOMEHT OTYASTHUS W,
HaKOHel[, cyacTauBbIil ¢uHajs. Kak Bbl, HaBepHOE, TIO-
MHHTE, PeYb B HEll WJeT O ABYX IIKOJIbHUKAX, Kose u
Muiiie, KOTOpbIe 3aJyMaji IOCTPOUTh UHKYOATOP U BbI-
BECTU MBIJIAT U3 KYPUHBIX SHIl, U O TOM, YTO K€ W3
9TOTO BBIIILIO.

ITa TOBECTH JIJISI MJIAJIIIETO MIKOJIBHOTO BO3pacTa OKa-
3aJ1ach JIIOOOIBITHON TeM, YTO B Hell demdaavio ONucanbl
BCE TOHKOCTH IIPOLECCA «BBICHKHBaHMA» (Tak B jKU3HM)
nm <«uakyGanun» (Tak B 1IOBECTH) IUBILIAT N3 SHIL.
JlaHHbBIX, NPHUBEJEHHBIX B KHHUTE, BIIOJIHE J[OCTATOYHO,
4TO6BI CPOPMYTHPOBATH W PENTUTH PSJI MHTEPECHBIX (Pu-
3UYECKUX 3a/1a4 1, KPOME TOro, C/IeJIaTh HECKOJIBKO 06006-
[IEeHUII W IOIBITAThbCA OOBIACHUTH HEKUI BO3HUKAIOI[UI
rnapajiokc.

Uto6bl HAIPACHO HE MYYHUTb 4yuTartess, chopMyaupy-
eM OJIMH M3 HTUX TapaJioKcoB cpasy. /leso B ToM, 4TO B
TeueHue Tepuoja MHKyOanuu siio tepsier 15% cBoeil
Mmaccel. Kaszanmoch 6b1, Hy u uro? OkasbiBaercs, aTa
BEJIMYMHA OTHOCUTEJIbHON 1oTepn Macchl, 15%, oanHaKo-
Ba JUISL STMII 6CeX SKUBYIIUX Ha 3eMJie TTUIl — KakK s
KypwHOTrOo siina maccoit 60 Tpamm, Tak W s Siina
Komm6pu Maccoit 0,2 T U jgaske AJs sTiflia KOPOJIEBCKOTO
cTpayca mMaccoir 1,5 Kr. ITOT mapaJloKC W HaIlleJ oTpa-
JKeHWe B 3arjiaBud, KOTopoe cOpMYyJIHPOBAHO HA CO-
BPEMEHHBIN «PBbIHOUHDI» J1a]1 — «CKuji-
Ka 15 TpoIeHToB> .

Utak, moctapaeMcs TMPOUTH TIO CTpa-
HUIlaM TIoBecTH <«Becesmas cemeiika» ¢
PYUKOIl U KaJbKyJSITOPOM, [leasi KOM-
MEHTApUU U OIEHKM, 3aTeM 0000IInuM
[OJIyYeHHbIE PE3YJIbTaThl, a B KOHIlE
HAIllero PaccKasa MocTapaeMcst mpuMe-
HUTH TIOJyYeHHbIE 3HAHUS IS CaMoii
KPYITHOI TTHIIBI, KOTOpasi Koraa-au6o
skusa Ha 3emJje. Macca aToil CJI0HOBOI
NTUIbI, WJIK SIMOPHUCA, OOUTaBIIe B
paiione Majarackapa, cocCTaBJsiIa
500 xr, ee BbIcOTa AocTUraJa 3 M, a
S0 nMesio maccy okoJio 10 xr.

CoOTBETCTBYIONNE BEJUUYNHBI Macc
JUIST PsIla PA3JIMYHBIX TITUTL TIPUBEIEHBI
B Tabuie (3TH JaHHbIE 3aUMCTBOBAHDI
u3 «Hogeiimnero crnpaBounuka Heo6Xo-
JuMbIX 3HaHui (0T anbdbl 10 OMern)» ).
W3 nosectnn «Becenas cemeiikay» Gymem
HCIOJIb30BATh HEKOTOPbIE IUTATHI B Ka-
yecTBe a1UTpadoB K OTAEJbHBIM pas/ie-
JIaM.

Tabauua
IItuna Macca ntuupt Macca siina

CJiionoBag mnruia

(snmopnuc) 500 kr 10 kr
Crpayc 90 xr 1,5 Kr
Nmmepatopckmit

MUHTBUH 45 Kr 500 T
Jlebenp-mmumyH 10 xr 350
Besprit anct 3 Kr M"M5r
Cepebpucras yaiika 1,5 kr 90 r
[lomaniass Kypuiia 2,5 Kr 60 r
Bopou 1,2 xr 20T
Copoxka 300 T 10r
CxBopert 90 r 6T
Bopobeit 35T 3r
Kpacuas xomu6pu 1,6 T 0,2r

TemnepaTtypa

— B uHkybarope [onxHa ObiTb BCe BPEMS OANHAKOBAS
TeMnepaTypa — TPMALAaTe AEBATL rpanycos. — [loyemy
TomauaTe [esste? — [loToMy 4TO Takas Temneparypa
ObIBAET y KypuLibl, KOTOPASA CUAMUT Ha SLILIAX.

— PazBe y KypuLibl ObIBAET TEMNIEPATYPA? — rOBOPIO A.
— Temnepatypa bbIBaeT y 4e/10BeKka, Korga oH bosieH.

A peficrBuresibo, nouemy 39 °C? Mosker, y KypHllbl B
MOMEHT BBICHKUBAHIS NOGviuennas Temmeparypa (kak
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npeanoaoxnt Ko B nosectn) ? OkasbiBaercs, HeT. Beab
ATO TOJIBKO Y TIAIIEHTAPHBIX MJeKonuTaomux (K KoTo-
PbIM IPUHAJIEXKUM U MbI) HOPMaJibHasl TeMIIepaTypa Teja
MensteTcst B ipezesiax 36—-37 °C. Y cymuarsix (mpumep —
KeHrypy) oHa coctaBisier 34—36 °C, y 0fHOIPOXOIHBIX
maekonmTaiomux (yrkonoc) yxke 30—31 °C. A BoT y 1T
HOpMaJIbHas TeMllepaTypa Tesja CyIeCTBEHHO BbIllle U
cocrapysger 39—41 °C. Taxkum o6pas3om, TemIepaTypa
BoickuBaHusA 39 °C gBisIeTCsT €CTECTBEHHOHN TeMIlepary-
pOIi Tesia TITUIIBI.

Kaxk cosmatbh n mo/iIep:KUBaTh MOCTOSTHHYTO TEMIIepaTy-
py B nuky6arope? B noBectn Gblia ucrosb3oBana 60Jb-
miasi KoHcepBHasi 6aHKa ¢ BOJOU, KOTOpas HarpeBasach
CHU3Y C TOMOIIBIO TEILJIA OT 3JEKTPUYECKOil JaMnodku. OT
6anku 6bl1a TpoBeneHa Tpy6ka K QamepHOil KOpoOKe ¢
aiamu. Harperas Boza nmpoxozauia o Tpy6ke u o60rpe-
Bajla AMMK. B npunuumie, takasg KOHCTPYKIUS MOXKET
[IO/I/IEP’KUBATD IIOCTOSIHHDBIE TeMIlepaTypHble YCJIOBUS B
TeyeHHe BCero Teproja uaky6anuu. Ho ocymiecTBumMo jn
3TO B KyPSITHUKE WJIM HA BOJLHOW Tpupoje?

Her. I B xuure HocoBa Ha 3Ty TeMy ecThb TOJie3HOE
paccyxaenne yunteabHuilbl Mapon IleTposubI, cienan-
HOE y’Ke TOCJe TOTO, KaK KCHepUMEHT YCIIEIHO 3aKOH-
YUJICS: «3apO/IbII MOTYT BBIJIEPXKATh JOBOJBHO JIJIU-
TeJbHOE OXJaxkJeHue, — ckazana Mapbsa IlerpoBHa. —
Benp nacenka He cuauT Bce BpeMd Ha siiiiax. Pas B 1eHb
OHA CXOJUT C THE3[Ja Il TOro, 4TOObI MOKOPMUTBHCS, U
gfiia ocTeiBaioT. B mHKy6aTopax ToKe OCTYKAIOT S pa3
B JIeHb, YTOOBI 3aPO/IBIITH PA3BUBAIICD, KAK B IPUPOHBIX
YCJIOBUAX, HO TOPA3/lo ollacHee UX Ieperperhb...»

Wrak, Hacegka nHOr/ZA HEHAOJrO IIOKHUIAET TIHE3/I0
(kypuma — pas B aenb, rpy6o — Ha vac). Kpome Toro,
BpeMS OT BpeMEHN siila HysKHO MepeBopaunBath. Ha ary
TeMy B ITOBECTU XapaKTepHa CJeIyolast Iepernagka MesK-
ay Komeit m Mumeit: «Tpl 3aueM WHKy6aTop OTKPBLT?
MoskeT OBITb TbI JIyMaelllb, YTO IBIIJISATA HA [IPYTO /IeHb
BbIBeyTCsi? — Hudero s He gymaio, — roBOpIO S U XO4Yy
O00BSCHUTD, YTO FHI1a HYKHO TIOBOPAYMBATD Ye€pe3 KaXK/[ble
TPH Hacas.

[eiicTBUTEIBHO, KypHUIla HArpeBaeT S0 TOJbKO C Ofl-
HOI CTOPOHBI, ¥ YTOOBI [Tepemnajt TeMIepaTyp O6bLT HEBEJIUK,
ANI0 HY>KHO [ePHOAMYECKHU I0BOPAYMBaTh. JTOT Iepera
JI0JKeH OBITh IPUMEPHO TaKUM K€, KaK 32 BPeMsI OTCYT-
CTBUST HACE/IKH.

ANnNTenbHOCTb BbICM)KUBAHUS, BJIQXXHOCTb
n BeHTUunnauunsa

[pagycHuK Bce BPeMs UCTPaBHO MOKa3biBasl 39 rpa-
Aycos. — Xopollo nger geno! — panosasnca Muika. —
Ecnm Bce obovinercs 6aarornosyyHo, 1o Yepes 21 [eHs
¥ Hac éyayt usinnara. Lensix 12 wiyk. Becenas 6yner
cemerika.

W neiicTBUTENBHO, BpEMsi, 32 KOTOPOE BBLIYILISIOTCS
IBILIATA, cocTaBsieT 21 ieHb.

J119 HeCKOJIbKMUX COTEH BUJIOB IITHUI] ObljIa MCCJIe0BaHa
3aBUCUMOCTD JIJINTEJIBHOCTH BBICHKUBAHUS B MHKyOaTOpe

tuwc OT Macchl siia My, ., KOTOpast MOKeT GbITb TIpe/i-
CTaBJIEHA TaKUM yCPEJHECHHDBIM COOTHOIICHUEM!
_ 0,22
tHHK =12- Mﬂl‘/’lua )
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T/A€e BpEMA U3MEPAECTCA B CYyTKaX, a MaCCa — B I'PaMMax.

OTtMeTnM €I1€ HEKOTOPbIE YCJI0BUA, KOTOPbIE CBA3aHbI C
MoJI/ICPsKaHNeM SKI3HEAEeATeJbHOCTH B THE3/le UJIN UHKY-
Gatope: u3 fiila ucrnapgaercs Bojia, Ty/a MocTyaeT KUco-
pol U OTTyJa OTBOAMTCA yriaekucsablit rasz. Ilo aromy
[IOBO/IY [IPUBE/IEM CJie/lyIOIie BbICKa3bIBaHUS B [10OBECTH!

«B mHKy6aTope 10/3KeH GBITh BJAKHBII BO3/IYX, TIOTOMY
YTO ecJI BO3AYX OyIeT CyXOil, TO 13 NI CKBO3b CKOPJIYILY
6YIIeT NCIIapATbCA MHOIO JKMAKOCTHU W 3apOAbIIIN MOTYT
noru6uyTh. [loaToMy B WHKy6aTOp BCeTJa TOMENAIOT
COCY/IbI C BOJION»;

«Ilomom Muwxka npunec c6epio u npoceepiusL 8 UHKY-
bamope HeCKONbKO MALEHLKUX ObPOUeK, MoObL YeaeKuc-
bl 2A3 MOZ 8LIXOOUMb HAPYKY>.

Komneuno, B ruesme 06a 3T yCJIOBUS BBIOJHSIOTCS, a B
UHKy6aTOpe UX HYXKHO CIEIMaabHO 06eCIIeunBaTh.

KypuHoe s1L,0: ncxogHble AaHHble

Bocnosbayemest kauroii « Pazmepbl SJKUBOTHBIX: TTOUEMY
onn Tak Baxkubl ?» (arop K. [1IMuar-Huenbcen) 1 BozbMeM
13 Hee HeOOXOAMMbIE HAM CBEJIEHUS:

« Macca TUIIMYHOTO KYPUHOTO siitia coctasisieT 60 T;

« 3aTPAThl SHEPTUN HA PA3BUTHUE I[BIIIJIEHKA COCTABJSIOT
30 kxau;

« BBICMZKMBAHUE TPOUCXO/INT B TedeHue 21 cyTok B Terie
[PU MOAXOJSIIEN BJAKHOCTU U MEPUOJIUIECKOM TIEPEBO-
paunBaHuM;

- 32 BpeMd BBICIDKMBAHUS Macca giflla yMeHbIIaeTcs /10
Sir (yMeHbI_HeHI/Ie Ha 15%), B X0/l 4ero OHO TIOTJIONACT
6 J1 KUCJIOPO/ia U BbljiesieT 4,5 J1 IBYOKUCH YIJIepojia u
11 o1 BogsiHOTO Tapa.

HEKOTopre SHepreTnyeckmne oueHkKun

3a BpeMst HHKYOAIUHU STHITO TOTJI0IIAeT 6 TUTPOB KUCJIO0-
po/ia, KOTOPbI MOJIEPKUBAET IHEPTETUKY PA3BUTHS 3a-
pogpbiina. Tak Kak ouH MOJIb JTI0O0TO Ta3a Mpu HOPMaJib-
HBIX YCJIOBUSX 3aHUMaeT o6beM 22,4 sutpa, To 6 IUTpPOB
COOTBETCTBYIOT 8,6 rpamMMam Kucaopoja. OKucJIeHne Kuc-
JIOPOJIa COTIPOBOXK/IAETCS BbIJIEJICHUEM SHEPTUU — Y/I€JThb-
Hasl 9HEProOeMKOCThb 3TOro Impoiecca okosio 14 /[ /T,
noatomy noryotienue 8,6 r kucaoposa gaet 120 k /Ix, wam
30 kkasn snepruu. IlocJsieHee 4KMCIO COBIAJIAET C TEM,
KOTOpOE TIPUBE/IEHO B YKA3aHHON KHUTE.

Ecom B3ate 3atpadennyio snepruio (120 k/[x) u noze-
JUTh ee Ha BpeMs uHKyGaiun (21 1eHp), TO cpeonss
MOIITHOCTh OOMEHHBIX PEAKITHii 32 BPeMsl BLICHIKUBAHS /10
nosiBaenus ipiaenka coctasut 0,07 Br. [lag nrui Morr-
HOCTb OOMEHHDBIX peakiuii P, T.e. UHTEHCUBHOCTb MeTab0-
JM3Ma, CBA3aHa ¢ UX Maccoi M ... ciaeayonmM o6pa-
30M:

p~5. MO

IITUIBL

rjie MOIIHOCTh M3MePSIeTCsl B BaTTaX, a Macca — B KHJO-
rpaMmax. 3aMeTuM, 4TO 3aBUCUMOCTb MOIIIHOCTH OT MaCcChl
JUISL TITHIL TA JKe, YTO ¥ JIJIS1 MJIEKOITUTAIONINX,, HO K03 du-
LIEHT Nepes Maccoi 3aech 6ompe (5 — s ru, 3 — A7t
MJIEKOTIUTAIONINX ), YTO CBA3AHO ¢ GOJIbIIEl TeMIiepaTy poi
Tesay nTuil. [1J1g TOJbKO YTO POAMBIIETOCS IBITIJIEHKA 3Ta
dopmyna maetr MHTEHCHBHOCTb MeTab0JM3Ma OKOJO
0,6 Br. ConocraBiienue cpejiHeil MOIMIHOCTH MeTab0TM3Ma



(0,07 Br) u mouHocty B KoHIle BuiczkuBanus (0,6 Br)
[PUBOJUT K BBIBO/Y, YTO B siiille B TeueHre UHKYyOAIH 6
cpednem OOMEHHbIE PEAKIINT TPOTEKAIOT MOYTH HA MOPSI-
JIOK MeHee WHTEHCUBHO, YeM B KOHIIE.

ITOT MapaoKC MOKeT ObITh Pas3pellieH TeM, UTo 110 Mepe
Pa3BUTHUS 3apOJIbIIIA MWHTEHCHBHOCTH MeTaboJM3Ma pac-
teT. COOTBETCTBYIOIIAsI OPUEHTHPOBOYHAS KPUBAsH IPUBE-
neHa Ha pucyHke 1. [l Takoil 3aBUCHUMOCTH CpeIHSIS
MHTEHCUBHOCTh MeTaboJM3Ma 3a BPEMST BBICIKIBAHUS
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PuUC.1. 3aBUCUMOCTL MHTEHCUBHOCTI METabOosIN3Ma 3M6,0MOH5 UbI/1eH-
Ka OT BpeMeHU
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Puc2. 3aBUCLIMOCTb MACChl YE/IOBEHYECKOIrO 3MOPUOHA OT BPEMEHM

JIefICTBUTEJBHO CYTIECTBEHHO MEHbIe MaKCHMaJTbHOI.
[Ipu mocTpoernn KpuBoOil, M306pakeHHO Ha pUCyHKe 1,
OBLIN MCTIOb30BAHBI MHTYUTHBHbBIE COOOPASKEHNS O ObIC-
TpoM (9KCIOHEHIIMANBHOM) pOCTe METaG0M3Ma B HAUATIe
mporecca 1 IMOCTEIIEHHOM 3aMe/IJICHIN €T0 K KOHITY.

B kavectBe 060cHOBaHUST OOGHOTO TUIIA KPUBBIX MIPH-
BeJIleM BUJI 3aBUCUMOCTH WHTEHCUBHOCTU METab0IM3Ma OT
BpEMEHH B CJy4ae BbIHANIMBAHUS Y€JIOBEUECKOTO J€TEHbI-
ma. ByseM oTTaakuBaTbCs OT JAHHBIX MO 3aBUCHMOCTH
MAacChl YeJI0BEYECKOro 9MOPUOHA OT BPEMEHH, H300PakeH-
HOll Ha pucynke 2. Termepb mepeiiieM OT 3aBUCHUMOCTH
Macchl OT BPEMEHHM K 3aBHCHUMOCTH OT BPEMEHU [T
MHTEHCUBHOCTH MeTabom3Ma. [l 3ToTo BOCTIONb3yeMest
YpaBHEHWEM, CBSI3BIBAIONINM MAacCy OpraHW3Ma C WHTEH-
CHBHOCTBIO MeTaboIn3Ma:

()= NP+ E, e
dt
3aecb N, — 4HCJIO KJIETOK B opraiusMe, P. — MHTEHCHB-
HOCTb MeTabosu3Ma KjeTkd, E, — sHeprus, uaymas Ha
o6pasoBaHue OJHOI KJeTKH. Macca opranusMa IIpOCTO
BBIDAKAETC 4epe3 Maccy OJHON KJETKM M MX KOJHUue-
ctBo: m =m.N,. B pesyibrare 1HoABIAETCS BO3MOXK-
HOCTb 10 M3BECTHOI 3aBucMMOCTH m(t) TOTYyYUTDH
BPEMEHHYIO 3aBUCUMOCTD [IJ11 HHTEHCUBHOCTH METa60/I13-
Ma P(t), usobpaxennyio Ha pucynke 3. IIpu mocrpoe-
HUM 3TOHl KpUBOW ObLIM MCHOJIb30BAHDI CJIEAYIONINE
u3BeCTHBIE 3HaueHns peamuun: m, =3-107 r,

E =2107 Jx, P.=1-10"'! Br.
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Puc.3. 3aBUCMOCTb MIHTEHCUBHOCTI METabosIN3Ma Ye/10BEYEeCKoro M-
OpHIoHa OT BPEMEHM

50 t,nenenn

Kax y>ke roBopnioch, S0 3a BpeMst HHKYOAIN BbI/ie-
ager 11 qutpos BoggHoro napa. Iockoapky 1 moab (T.e.
18 rpaMM) BOJASHOTO Tapa IPH HOPMAJBHBIX YCJIOBHIX
3aHuMaeT o0beM 22,4 uTpa, To 11 IUTPOB COOTBETCTBYIOT
8,8 rpammam. Tak kak mMacca siilia B X0Jie BbICUKUBAHUS
ymenbimaercs ¢ 60 go 51 r (ma te xe 9 1), TO 9TO
yMeHbIIIeHuEe TPOUCXOAUT IIaBHBIM 06Pa30M M3-3a UCIIA-
penus Bogbl. llpu ynenpHOI TemsioTe MCIAPEHUs BOIbBI
okosio 2 k/I>k /T Ha ucnapenue 9 r BoJAbI TpeOyeTcs
aneprus nopsaka 20 x/[>x. Jra BesnYMHA CYNIECTBEHHO
MeHblIe 061X 3aTpar 3a Bpems unkyGanun (120 k/[x),
7 €10 B IIepBOM NPUOIMIKEHNN MOKHO TpeHeOpedb.

Mopbl B ckopnyne anua: audgdysnsa BogsHoro napa

Erte pas BocrosibayeMcst JaHHBIMU U3 YKA3aHHON KHUTH
0 pasMepax KUBOTHBIX:

« TOJIIITHA CKOPJIyTIbI 0,35 MM;

o CKOpJIyTIA MMeeT IJIoMa/ib moBepxuoctu 70 CM2, ee
nporusbiBaiot mpuMepto 107 nop, anamerp kasxoii mopsi
17 MKM.

[Ipu temneparype 39 °C naBiieHme HACHIIEHHOTO BO/IS-
Horo mapa 6iausko K 55 mm pr. cr. (r.e. 0,073 atm), a
JIaBJIEHIE BOJISTHOTO TIapa B THE3/le, COTJIACHO CIIPABOYHDBIM
JIAHHBIM, COCTaBJSIET 33 MM PT. CT. ITO COOTBETCTBYET
YPOBHIO BJIasKHOCTH TTopsiaKka 60 %.

OteHrM BpeMsi UCTIAPeHHs BOSTHOTO Tapa Yepes IOoPbl
B cKopuytie. /1yt 3TOTO BOCHOJIB3YeMCsST COOTHOTIEHUSIMU
u3 cratbii «JIucrbst yuabibaiores» (em. «Ksant»> Ned 3a
2006 r.) pa sagaun Credana:

|4 n(1-
byen =—, Ty =NT,, T, z4aD—( f).

I's n,
3necp I's u I'j — ckopocTn UcHapeHus, MOIHAs U CKBO3b

onny mopy. IlogcTaBuB B 3TH COOTHOIIEHUS 00DbEM SANIA
V =60 cm®, pammyc moppi a = 0,85-107 M, obmee
kosmdectBo mop N =1-10%, xoaddurment auddysun
D =0,22 CMZ/C , KOHIEHTPAIMIO MOJIEKYJ BOJbI
n, =3- 10% cm™ , KOHIIEHTPAITIIO MOJIEKYJT BOJISTHOTO ITapa
(ipu Temmeparype 39 °C) 5 =2,7-10" em™>, orHocH-
TENbHYIO BIAAKHOCTD f = 0,6, mosyunM BpeMsi UCITAPEHs
oen = 2,6 cyrok! Ilockonbky B aefictBurenbHocTn 3a 21
CYTKHU MCTApsIETCst TOMBKO 15 % BOJIBI, TO 9TO O3HAYAET, UTO
BOJISTHOIT TIap T/Ie-TO CYIIECTBEHHO 3aMEJIJISIeT CBOE JIBUKeE-
Hue.

OKa3bIBaeTcst, 4YTO MOPBI B CKOPJIyIeE, B OTJIUYHE OT
YCTBUI[ HA TOBEPXHOCTH JIUCTA, IPEJCTABJSIOT €060t
JIOBOJTbHO JITMHHDIE KAHAJBI, 1 UMEHHO B HUX TIPOUCXO/NT
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CYIIIeCTBEHHOE 3aMe[lJieHne BbIxoJa BojsHoro mapa. [lo-
CKOJIBKY TOJIIIMHA CKOPJIYIBI KYpUHOTO sifiia 350 MKM, a
JaMeTp 1opbl 17 MKM, TO OTHOIIEHWE JIJTMHBI IOPBI K €€
quaMeTpy cocrapisier okosio 20. Ilpu pacmnpoctpanenun
BOJISTHOTO TIapa TI0 TaKO¥ JJTHHHO ITOpe IMTOTePH JIaBJIEHH
Ap ompenensgiorcs 3akonoM [lyaseiiss:

32nlo
YT

rje M — BSA3KOCTb, 0 — CKOPOCTD JBYsKenus mapa, [ u d —
JUIMHA U IHaMeTp MOPbI, COOTBETCTBEHHO. [ToaToMy T10Te-
pU JaBieHus Ap NPSAMO HPOHOPLIUOHAIBHBI OTHOMIEHUIO
1/S, rne S = nd> /4 — ILIOIIA/(b TIOPbI, a IPOHUIIAEMOCTD
HOPBI, T.e. o6parHas MOTEPSM JABJICHUS BEJUYMHA IIPO-
nopimonayibaa S /1.

JlMHa 1opbl B 3aBUCUMOCTH OT Macchl diilja MeHseTcs
tak (1o 367 BugaMm 1TUIL):

[=5126-1072 - M55

aina
rAe [OJanHa HU3MEPAETCA B MHUJIJIMMETpaX, a MacCa — B
TpaMMax. CYMMapHaH IJI01Ia/Ib IIOP COCTaBJAET

Sy =9,2-107 . M 1236

qitia

TAe Ia0Ia/lb U3MEPAETCA B KBaJ[paTHBIX MUJIJIUMETpaX, a
MacCcCa — B TpaMMax. B urore saBucumoctb MIPOHUIIAEMOCTHI
CKOPJIYIIbI & OT Maccobl Hfl]_[a Mﬂﬂma MOKHO BbIPa3UTb
OTHOIIECHUEM

1,236
S~ sz _ Mﬂifiua ~ MO78
l M0,456 aiina *

Torzma 3a Bce BpeMs HHKYOAIIMH UCTIAPEHHAS Macca BOJS-
Horo mapa AM ., 6yZeT IpsSMO TIPOTTOPIIMOHATbHA Macce
Aina:

- MO8 022 _ pp

qaina sina qina

AM ., ~ 8-t

HCIT WHK
a otnomenne AM ., / M 2 OKasKeTCS OIMHAKOBBIM LIS BCEX
BUOB IITHUIL!

Wrak, «ycymkas IPUBOAUT K MOSIBJIEHUIO BHYTPH CKOP-
JIYTIBI He6OJIbIIOro cBOGOHOTO pocTpancTBa. OHO moJry-
YaeTcsl eCTeCTBEHHBIM 06pPa3oM B XO/Ie MCIAPEHUs] BOIbI
yepe3 CKOPJIYIY, HO OKAa3bIBAETCS BAXKHBIM €IIle M0 OJIHOM
npuunHe. VMes Takyio cBOGOMY JBUKEHUS, IBITIIEHOK
MOJKET pasMaxHyThcst (9TO, KOHEUHO, TPOMKO CKa3aHo),
CTYKHYTD KJIIOBOM II0 CKOPJIyIle U BBIUTH B MUP. SHAUNUT,
CKOpJIyTIa JOJKHA OBITh [OCTATOYHO IPOYHOU, YTOOBI
YCTOSTD I10]] IefiCTBUEM Beca MTUIbI U JIOTIOJTHUTETbHBIX
HATPY30K [P EPUOJIUYECKOM TIEPEBOPAUNBAHUNI SIUIT, HO
TPECHYTb TIPU ylape KJIOBAa TIIEAYIIHOTO IIBbITIJIEHKA.
[Topo6uas 3agaya o6cysKaamach B « 3aHuMAaTeIbHOI pusu-
ke» f1.1.IlepesbMana, rie 66170 TIOKA3aHO, YTO BBITYKJIAsI
dopma siiia o3BoJIsIeT BBIAEPKUBATD TOBOJIHHO GOJIbIIIHIE
snewnue Harpysku. Tak, ckopJyma sifiia crpayca paspy-
maeTcst Ipu BHenrHel Harpyske okoso 1200 H. B Tto ke
BpeMs Jaxke CJa0blil yaap NTEHIA KJIIOBOM U3HYMPU
cnocoOeH TPOOUTD ATy CKOPJIYILY.

A 4TO CO CnoHoBOW NTULLEN?

CJI0BO «3MMOPHUC» O3HAYAET <«BeJMYANIIas U3 MTHI .
It mHenertaomme nTuibl (puc.4) pocToM Gosee Tpex
MeTpoB obuTamm Ha Majarackape BIoTh 10 X VII Beka.
Orpomuble siia amopancos (puc.5), BMemasmme 10 9
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Puch. Svyo snnopHuca

JINTPOB BOJIbI, JKuTeJau Majarackapa MHCIOJb30BAIH B
KavyecTBe COCYZIOB. [MTaHTCKIe KOCTH SMTMOPHUCOB MOCITY-
K OCHOBOH cBefleHHMt o Mumdudeckoil nrtume Pyx,
YIOMUHAEeMOH B cKa3kax «Tbicsya M oiHA HOUD».
JlnTeIbHOCTD BBICHKMBAHUS TITEHITA STTMOPHICA, B CO-
OTBETCTBUY C TIPUBEIEHHON BBIIIE 3aBUCUMOCTHIO €€ OT
Macchl, cocranJsierT okosio 90 cyTok. Ecmu Baymarbest, aTo
0o4eHb 60JIbIIad BeJUYNHA — [IeIbII KINMAaTUYECKII Ce30H
cJoHOBasE TTUIA (aKTHYeCKH MPUKOBAHA K THE3MY. 3a
BpeMsI BBICHIKMBaHUS Macca siina ymenbiiaercs ¢ 10 1o
8,5 kr. Cpeanuii auamMerp Sillla 3MHMOPHKECA COCTABJSIET
MPUMEPHO 25 €M, TOJIIMHA CKOPJYIBI 4—5 MM, a Macca
ckopJaymnbl niopsizika 1,5 kr. [Ipo6uth Takyio «O6poHIO» —
3aHATHE Y3Ke Ha Tpenesie Bo3MoxkHocTel. Ho 310 oKasa-
JIOCh BO3MOKHBIM — OJ1arojiapsi ClielinaabHbIM JKeJoOKaM,
PaCIoOJIOKEHHBIM BHYTPU MIPH «BXOJI€»B MOPY.



N3 NUCTOPUU HAYKU

qH [eBennmn

A.BACUJIBEB

PANLY BJUNCTATEJIbHBIX OCHOBOIIOJOKHU-

KOB €BPOIEHCKON aCTPOHOMUYECKOW IIKOJIbI BakHOE

mecto npunamaexut Any lesemmo (28.01.1611—
28.01.1687), MOTOMCTBEHHOMY NUBOBAPy M KaHILJIEPY CJaB-
HOro rausefickoro nopra [naubek (Brocaegctsuu laniur, a
sareM cHoBa Imanbck). Eme B rumuasum Sl mpmoGpen
HaBBIKM Kaprorpaduu M KOHCTPYMPOBAHMS acTPOHOMHYEC-
KNX WHCTPYMEHTOB, a KPYr0o30p pacumpui B Oecerax c
IIbepom Taccennu, Mapenom MepcenHoM u AtraHacueM
KupxepoM, KOTOPBIX OH MOCETHUJI BO BPEMS CBOETO TIEPBOTO
eBporteiickoro TypHe. V3 myTemectBus An BepuyJicsa B 1634
rojty ¢ TeM, YTOGbl YHACIEA0BATD TUBOBAPHIO OT CBOETO OTIA
Apaama ['eBesinst 1 JKEHUTHCS HA BJIAJIEJIHIIE JIBYX COCEHUX
momoB Karapune Pe6erike. 910 06CTOSTENCTBO — HAJIUYLE
TPEX CTOSIIMX CTEHA K CTEHE JIOMOB, & TeM CaMbIM, 1 OOIIeil
KPBIIIM — ChITPAJIO PENIAOINLYI0 POJIb B JajbHelell cyap6e
MOJIO/IOTO TIOJIBCKOTO acTPOHOMA.

Kak n3BecTHO, mepBble TeJeCKOIbl lammues, CKOHCTPYH-
poBaHHble UM elie B Havajge XVII Beka, umesn B JJuHY
HeMHOTuM 60Jjiee MeTpa. ITH TEJIeCKOIbI CTPAJAIN XPOMaTH-
4ecKoii abeppaiineii, IPeoIoIeTb KOTOPYIO B TO BPEMST MOXKHO
OBLIIO JINIIIb 32 CUET YBEJNYEHUST PA3MEPOB TT0/[30PHOM TPYOGDI.
Xpomatuueckast aGeppariiust 00yCJIOBJIE€HA IUCTIEPCHEN CBETA,
MPOXO/IAIIETO Yepes3 JIH3Y, T.€. 3aBUCHMOCTBIO NMOKA3aTe s
IIPEJIOMJIEHHST BEIeCTBa JIMH3b! OT JIMHBI BOJIHBI cBeTa. B
pesyJibrare GeJiblii CBET pasJiaraercst Ha COCTaBJISIONINE €ro
1BetHble Jyun. KoadduiyeHnT npesomienns cuHUX Jydeil
6oJbllle, 4YeM KPACHbBIX, M03TOMY HX (DOKYC PaCIOJIOKEH
6JimoKe K 3a/lHell TJIaBHOI TOUKe JIMH3bI, 4eM (POKYC KPACHBIX
aydeit. OTcioza caeyer, 4To /st ryda 6esioro CBeTa eInHOTO
(poKyCHOTO pacCTOSIHUS HE CYIIECTBYET, & €CTh COBOKYITHOCTD
okycHbIX paccrosHUil Jydelt Bcex IBetoB. lloatomy Ha
JKpaHe, PACIONOKeHHOM B o6Jsiactu hopMupoBanus n3o0pa-
JKEHWSI, BMECTO OTHOI CBETJIOH TOUKM HAGJII0AeTCsT COBOKYII-
HOCTD IIBETHBIX KPY’KKOB.

Csgoio niepByio o6cepBaropuio I'eBesuii cosnan B 1641 roxy,
UCII0JIb30BAB IIPOCTPAHCTBO Ha Kpbiiie. Uepes HECKOJIbKO JIeT
OH TIOCTPOUJI TEJECKOT [IJIMHOW OKOJIO 4 METPOB, KOTOPDIil
YBEJIMUUBAJ y/laJeHHble T1peMeTbl Gostee yeM B 50 pas. [Ipu
KOHCTPYMPOBAHNM ACTPOHOMUYECKUX HMHCTPYMEHTOB IeBe-
JIWit oTMpasicst Ha rory6oKoe TIOHUMAaHNe TIPUHITNIIOB JIyderpe-
JIoMJIeHHs B JinH3aX. YeM 6oJiee MJIOCKUMH SBJISIOTCS JIMH3DI,
TeM GOJIBIITIM (DOKYCHBIM PACCTOSTHUEM OHU 00.1a/1a10T. /LIiH-
HO(OKYCHBIE JIMH3BI JatoT 60sIee YeTKHe N300paKeHns, 4eM
KOPOTKO(OKYCHBIE, OAHAKO OOBEKTHB M OKYJSP B TaKUX
TeJIeCKOTaxX HY’KHO PAcCIoJaraTb Ha GOJBIMNX PACCTOSHUSX
JIpyT oT Apyra. Pa3BuBasch B aTOM HampaBjeHUH, [eBennit
moctpount BHadase 20-MeTpoByIo MOA30pHYI0 TPYOy, a 3areM
U TJIaBHOE CBOE JoCTIzKeHne — 50-MeTpPOBbIil TeJeCKOI. JTOT
npuGop TO/BENINBAICS HA BBICOKOM CTOJIOE MPHU ITOMOIIH
CHCTEeMbl KAHATOB 1 OJIOKOB. Y TIpaBJIeHHE TeJECKOIIOM OCyIIe-

CTBJISJIA KOMaHJia M3 OTCTaBHBIX MaTPOCOB, 3HAKOMBIX C
o6cayxuBanueM Takesnaxa. Kouctpykinus l'eBesmst — rtak
HAa3bIBAEMbIN BO3/YIIHBIN TEJECKOI — MPeCTaBJsiia co6oit
UHCTPYMEHT 6e3 TpyObl U 6e3 JKeCTKOU CBs3u O0ObEKTUBA U
oKyJisipa. [MranTCKuii TesecKoI moparnBaJsl Ipu MaJieiiem
JIlYHOBEHHN BeTpa ¢ BasnTuku, fepeBsHHbIe ONOPBI U TEHBKO-
Bble KaHAThl IPOrubainch M HATATHBAJINCH C M3MEHEHHEM
TeMIepaTypbl ¥ BJIQKHOCTH. B aTHX yCJOBHSAX HacTpoOiika
00BEKTUBA 1 OKYJISIPA HA e/[MHYI0 OITHYECKYIO OCh TIPE/ICTAB-
JISLJIA TIOYTH HEIPeO/I0JIMbIe TPY/IHOCTH.

Tem He MeHee, ¥ 9TO NPU3HAK HACTOSIIETO YYEHOTO,
l'eBesinit B COBEPIIEHCTBE OBJIA/IEJ] CBOUME HHCTPYMEHTAMU 1
MIPOBEJI IEJTYIO CEPUI0 OJIECTSIINX ACTPOHOMUYECKIX HAGIIO-
nennii. Kpome toro, I'eBenii 6bL1 HEIIPEB30IeHHBIM HAOTIO-
JlaTesieM, HEeBOOPY KEHHBIM TJIa30M HaOJII01ast 3BE3/IbI Ce/lb-
Mol BesmunHBbI. C ITIOMOIIBIO CEKCTAHTA, CJIEJTAHHOTO WM
camuM, ['eBesnii cocTaBuJI KaTajor 1moJioskeHnii 1564 3Be3;y ¢
TOYHOCTBIO JI0 YTJIOBOI MUHYTBI. DTH HAOJIIO/IEHNST OH TIPOBEJI
6e3 MCIOJIb30BAHUS ONTHKH, IOJIArast, YTO JIMH3BI MOTYT
BHECTH IIOTPEITHOCTH B U3MEPEHHUS.

[lepBoiM HayunbiM TpyzaoMm [esesms Oblia «CeseHorpa-
¢usa, mmm ommcanme Jlyuor», msmannag B 1647 romy B
I'manbcke. B Hell comepskaaoch eTaabHOE ONICAHNE BUAUMON
nosepxnoctu Jlyner. Pabora, ornedatannas B coOCTBEHHOI
tunorpaduu aBropa, cogep:kaia 133 rpaBiopbl, n306paskas-
mme 60 y4acTKOB JIyHHOU 1MOBEPXHOCTH M o6l Bu JIyHbI
B pasnnunbiX (aszax. [eBenuit npemsoskus Ha3BaHUS st
Pa3JIMYHBIX OOBEKTOB HA MOBEPXHOCTHN JIyHbBI, HEKOTOPbIE 13
KOTOPBIX COXPAHUJIMCH JI0 HAIero BPEMEHH, IPAaBUJIbHO
OIIEHNJI BBICOTY JIyHHBIX T'OP, OTKPBLI SIBJEHHE ONTHYECKOH
suGparnu (HabJoiaeMble ePUOMYECKIe MassTHHIKOOOpas-
Hble KoseGaHust JIyHbl OTHOCHTEJBHO ee I[eHTpa Macc, B
pesyJibrare 4ero npsiMbiM Habsmogenusm gocrynno 0,59 Beeit
JIYHHOIT IOBEPXHOCTH).

B panbueiiniem ['eBesnit TpOBO/INI caMble pa3HOOOPa3HbIe
HAGJIO/IEH ST, U eMy TIPUHA/IIEXKAT ACTPOHOMUYECKUE OTKPbI-
TS B pas3HbIX 06/1acTsaX. OH MTPOIOJIKUI 3aHNMATbhCS BOTIPO-
CaMU JIYHHOTO JIBUYKEHUS 1 OLIEHUJI PACCTOSTHUE OT 3eMJIN /10
Jlyubl, nepuon o6painenusi JIyHbl, 1mepuoj co6CTBEHHOTO
Bpamennst CosHia. 3aHnMascs HaGJIOIeHNSIME JBOIHbBIX 1
MepPEeMEHHbIX 3Be3Jl, OIPE/IE/IHII TIePHo/ibl 0OPAIeHIs TaJIH-
JeeBCKUX cryTHHKOB IOmmTepa. I'eBesnit oTKpbLI 4 KOMETbI
u omy6smkoBas B 1668 roxy Tpyn «Komerorpadmuss, rae
N3JI03KNJT UCTOPUIO HAGJIIOIEHNH BCEX N3BECTHDBIX B TO BPEMs
KOMeT M IOKa3as, 4TO HEKOTOPbIe KOMETBI JBIDKYTCS IO
napabosmmyeckuM opéutam. ViMeHHO ['eBesiuii TTO3HAKOMUII
€BPOTIEHIIEB C TJIABHBIM TPY/IOM ¥Y1yrOeka — Tak Ha3bIBaeMbl-
Mu «HoBbIME acTpOHOMUYECKUMU TaOJINIIAMI» .

TeBesnit 611 OtHUM U3 HanbOJIee YBAKAEMbIX aCTPOHOMOB
cBoero Bpemenu. B 1664 romy ero us6pasmu yiesom JloHoH-
ckoro KopoJsieBckoro o6mectsa, a B 1666 romy emy ObLia
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MIPEJITIOXKEH MOCT IMPEKTOPa BHOBD MOCcTpoeHHoi [Tapuskckoii
o6cepBaropuu. JTO MpeJIoKeHne, ojHaxo, 'esesmit oTkIIO-
HIJI, 9TO MPUBEJO K Ha3HAYEHWIO Ha ATOT TMOCT J[sKoBaHHM
[omenuko Kaccunu. DuHaHCcOBYIO mnoajep:kKy lesesnio
okasbiBan Monapxu Iompmm (dn 11T CoGeckuit) n Mdpan-
mun (JIiogosuk XIV).

B nauane 1670-x rogoB I'eBesmii oKasaJyicsl BOBJICUEH B
JKapKUii NCTYT CO 3HAMEHNUTBIMHU aHTJIUICKUMH acTPOHOMA-
v [Dxonom Daamcreqom n Po6eprom ['ykom, KoTopbie
OTCTaMBAIM HEOOXOUMOCTDh HCIIOJb30BAHUS TEJIECKOIIOB 1
MHUKPOMETPUUYECKOTO 060PY/IOBAHUS /IS TOYHOTO OIIpejieie-
HUS TOJIOXKEHUS 3Be3[. ITa JUCKYCCHs JOCTHUIJIA amores,
koraa Jlongonckoe KoposieBckoe 0611ecTBO OTIIPABUIIO MOJIO-
noro Iamonza lannes B [aHbCK 15 TTPOBEPKU JTAHHBIX

B 2007 rogy wcnonHunocs 300 net co AHA poxaeHus
TNeoHappa dnnepa (1707—1783). Hawum 4ntaten nocBaTUIN
3TOW AaTe NUCCNefoBaHUA HEKOTOPbIX 3NeMEHTapHbIX 3a4aY,
KOTOpble B CBOe BpeMsi MPUBEKNM BHUMAaHME BblAAIOLLEerocs
MaTemMaTuKa.

OKYHASCb B rMYBUHbI APUDMETUKA

B 1749 rony Jleomapa Diliep HammcaJ CBOEMY KOJLJIETe
CaHKT-11eTepOyprckoMy akajgeMuky Xpucruany losbadaxy
MICHMO, B KOTOPOM IIPUBHAJICS, YTO MOMBITKA HANTH PeleHne
B II€JIBIX YHCJIAX 110 BU/Y IIPOCTOI CHCTEMBI YpaBHEHMUIT

X+y+z=ut, xy+yz+zzx=0°, ayz=w’ (*)
IpHUBEJa ero B OTYasgHHe — TaK MHOTO TPy/a MoTpe6oBaio oT

Hero 310 perienue. IloaToMy oH He yAUBUICSA TOMY, 4YTO
HauMeHblIee LeJ0YUCIEHHOe PEeLIeHne eCTh

x=1633780814400, y =252782198228, z=3474741058973.

O TpymHOCTSX permenusi cucteMbl (%) W O TOM, dTO
HaliienHbple JNUIEPOM UUCIA ABIAIOTCS HAUMEHDIIUME HaTy-
PAJIbHBIME YMCJAMU, YAOBJETBOpsOUMU cucteme (),
co00IIaeT TaKk)Ke N3BECTHDIH CIIEINaIICT B 00IaCTH 3JIeMeH-
tTapHoil Teopun uncesn B.CeprnuHcKuii.

OxaspiBaercsl, W BeJUKHN OJijaep, W €ro HEKPUTUIHO
HACTPOEHHbIe KOMMEHTATOPDI B ITAHHOM CJIydae OMnGaloTCs.
Hecnoxuo npoBepuTb, 4TO TPOHKa HATYPAJbHBIX UHCEJT

x =45y =64, z=180
1, COOTBETCTBEHHO, YHCJIA
u=17, v =150, w = 720
TaKKe yJIOBJAETBOPAIOT cucteMe (), MPUYEM HTH YuCIa He
SIBJIIOTCST CTOJIb YK OTPOMHBIMU.
[TpenyaraeM yuTaTEISIM CAMOCTOSTETHHO YOSUTHCS B CIIPa-
BEJIINBOCTU CJIEIYIONINX YTBEPIK/IEHUI.
1. PaccMoTpuM TPOIKY HATYpPaJIbHbBIX YHCEN d, b, ¢, N T1yCTh
2,72
A=a"+b°, B=a*+b*+c¢*. Eciu uncio Aa’c® + B*?
SBJIETCS TOUYHBIM KBAJIPATOM, TO KaXKJas U3 TPOEK UHCET
a) x = A’Ba*, y = ABd*c*, z = AB%* ;
2,0 272 2
6) x = ABa’b*, y = Aa’c*, z = Ba’b’c
VJIOBJETBOPSET cucTeMe ypasHeHuii () A1 HEKOTOPBIX
HATYPaJbHBIX U, U, ©.

2. Ecin HaTypaJbHbl€ YUCJIa X, Y, Z TAKOBbI, YTO UX CyMMa,
CyMMa IIoIIapHbIX HpOI/ISBGZIeHI/Iﬁ " IIpON3BEICHNE ABJIAIOTCA

2007/ Ne4

TeBenmust ¢ MOMOIIBIO HOBEHIIETO MUKPOMETPUYECKOTO TeJie-
ckona. lammeit moATBepANT BCe pe3yabTaThbl MOJbCKOTO acT-
poHOMa.

B 1679 romy o6cepBatopusi ['eBesuss ¢ yHUKaJIbHBIMU
ACTPOHOMUYECKUMN WHCTPYMEHTAMH, B YaCTHOCTH CEKCTaH-
TOM, JIIOGUMBIM MHCTPYMEHTOM aCTPOHOMA, C PYKONUCSIMU U
6ubsmotekoii cropesa. Tem ne menee, I'eBenuii BO306HOBUT
nabmonenusi. B 1690 romy, yske rocse cMepTu MyKa, €ro
BTOpag XeHa Jamusaber [eBesmyc n3mana cTaBmuil BIOCICT-
CTBUU 3HAMEHUTBIM 3BE3/HDBIN atjac «¥Y panorpadusy, OCHO-
BaHHBIN Ha Katajore ['eBesnsg M CO/EPIKABIINI BEJNKOJIET-
Hble U300PaYKEHNUsT MHOTUX, B TOM YHCJE M MPE/JIOKEHHBIX
WM, CO3BE3/Uil.

TOYHBIMU KBaJ[PaTaMu, TO TAKUM K€ CBOHCTBOM 06Jajaer
TPOIiKa Ynces Xy, Yz, zx. ITO CBOWCTBO MO3BOJISIET KOHCTPY-
MPOBATh HOBbBIE PEleHns cucTeMbl (+ ) 110 APYruM HaiijeH-
HbIM PEIICHUAM.

FO.Anenxos, B.Kubupes

no CJIEAAM HEOI'IYIéJ'II/IKOBAHHOVI 3A0A4YN
SUNEPA

B omHoit u3 3anucHbIx KHWKEK Jleonapaa Ditnepa o6Hapy-
JKeHa Takas 3a/1aua:

Haiimu mpeyzonvnux, 6 Komopom npamvie, 0essujue yz/ivl
NONOJIAM, EbIPAKAIOMCI PAUUOHATILHO.

CaM KJacCWK HayKM TPUBOJIUT TPHUMEP TPEYTOJbHUKA,
o6J1a1aionero Tpe6yeMbiM CBOWCTBOM, a UMEHHO TPEYTOJIb-
HUK €O cTopoHamu a = 25, b = 25, ¢ = 14. O6 arom xe
TpeyroJbHUKe coobinaeT yuenuk Jitnepa H.Dycc, ykazpiBas
etle /IBa MOJXO/ATINX TpIMepa:

a=975,b=975,c=546 ma = 1369, b = 1183, ¢ = 1914.
JLuist IPOBEPKH MOKHO BOCIIOJIb30BAThCsE (DOPMY.IOi

Jab(a+b+c)(a+b-c)
B a+b

c )

II0 KOTOPOH BbIYHCIAETCS JJUHA OUCCEKTPUCHI [, yria,
NPOTHBOJICKAIIETO CTOpoHe ¢ (AIMHBI OUCCEKTPUC ABYX
JIPYTUX YTJIOB BBIYUCJSAIOTCS AHAJTOTUYHO).

[TokaxeM, Kak «COGHpATb» TPEYTOJbHUKU, B KOTOPBIX HE
TOJIBKO OMCCEKTPUCHI PAIIMOHATIBHBI, HO M JPyTHE pPa3Mepbl
BBIPAKAIOTCS TIETBIME uncaaMiu. [/t yio6¢eTBa TPEyroMbHIK
¢ palMoHAIbHBIMU GUcceKTpucaMu Gy/1eM Ha3bIBaTh Jiiepo-
BLM.

CTpouTebHBIM MAaTEPHAJIOM Y HAC OYIYT MPSIMOYTOIbHBIE
TPEYTOJbHUKH, JUIHHBI CTOPOH X, ¥, Z KOTOPDIX BBIPAXKAIOTCS
dopmynamu

x=m*—n?, y=2mn, z=m*+n?, 1)
rie m, n — HEKOTOpble HATypasibHble 4HCJaa. B ciayuae
B3aUMHON MPOCTOTDI 72 U 1 TAKKE MPSIMOYTOJIbHDIE TPEYTOJIb-
HUKH Ha3bIBAIOTCS OCHOBHBIME NMU(ArOPOBLIMU TPEYTOJbHHU-
KaMmi, HO TpeGOBaHIe B3aWMHON MPOCTOTHI [IJIsi HAC HECYTIle-
CTBeHHO. B KadyecTBe BayKHOTO JIOMOJHUTETLHOTO YCIOBHUS

(IpogomxeHue cMm. Ha ¢. 56)
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SAHJAYHUK «KBAHTA»

3agayu

10T pasgen BegeTcs y Hac U3 HOMepa B HOMEP ¢ MOMEHTa OCHOBaHUS XXypHana. [lybnukyembrle B Hem
33ga41 HeCTaHAapTHbl, HO /IS UX PeLUeHUs He TPebyeTcs 3HaHWUM, BbIXOZALUMNX 33 PaMKU  LUKO/IbHOM
nporpammsl. Hanbonee TpyaHble 3a4a4yu OoTMeYaloTcs 3Be3404Kou. [locne GopMynnpoBku 3aaayn Mel
06bIYHO YKa3bIBaeM, KTO HaM ee MPeAIoXn. Pasymeercs, He Bce 3Tv 3afayqu rybvKyoTcs BriepBble.

Peluenuns 3a4a4 M3 3Toro HoMepa caeqyer oTnpas/aTb He ro3gHee 1 Hosbpsa 2007 roga ro agpecy:
119296 MockBa, JleHuHcknii rpocrnekT, 64-A, «KBaHT». PelieHus 3a4a4 U3 pa3HbIX HOMEPOB XXypHasa uiu
10 pasHbIM ripegmeTam (MatemaTvke 1 @uU3NKe) npucblianTe B pasHbIX KOHBEPTax. Ha koHBepTe B rpage
«Komy» Hanmwmre: «3aaayHmnk «Keanta» Ne4d-2007» u Homepa 3aAay, peLleHnss KOTopbix Bbi nocbiiaere,
Harpumep «M2051» win «P2058». B rpagpe «OT KOro» gpamuinio v uMsl rMpocum nucates pazbopymso. B
MUCbMO BJIOXXUTE KOHBEPT € HAIMUCAHHbIM Ha HeM Bawmm agpecom v Heobxoanmbivi HA6op Mapok (B 3Tom
KOHBepTe Bbl rionyyunre pesyribTaTbl MPOBEPKU PELLEHN).

YcrnoBus kaxxaovi opurnHaneHo 3a4a4u, rpeanaraeMon 4ns nyonukaunm, npucsliante B oT4e/1bHOM
KOHBEpTE B ABYX 3K3EMIIISPax BMeCTe ¢ BaLumm pelierHnem 31ov 3a4a41 (Ha KOHBEPTE roMeTbTe: «3a[aYHUK
«KBaHTa», HoBasi 3a4a4a o ¢usuke» nm «3agavyHnk «KBaHTa», HoBasi 3aga4ya Mo MaTreMaTuKe»).

B Hayvane Kaxgoro nuceMa rpocum yKasblBaTb HOMEP LUKOJbI M K/1acc, B KOTOPOM Bbl yyuTecs.

3apava M2054(a) npegnaranace Ha LXX MockoBckosi matemaTunyeckos onmnuage, 3agaya M2055 -

DN3NKE

Ha X Kybke namsaru A.H.Konmoroposa.

3apaun M2051-M2055, ®2058-d2062

M2051. Ilyctb a, b, ¢ > 0; (a+b-c)(b+c-a)lc+a-
—b) = abc . okaxkure, uto a = b = c.
B.IIpoussonos

M2052. a) PaccMoTpuM OKpyKHOCTH M ee xopay AB.
Hatimnre MHOXKECTBO Touek M, HAXOASATIUXCS OT TIPSIMOTT
AB Ha paccTOSTHUM, PaBHOM JIJTMHE KacaTeJbHOI, MpoBe-
JIeHHOH 13 Toukn M K paccMaTpmBaeMoil OKPY>KHOCTH.
JlokaxxuTe caemyione yTBepsKIACHUS.

6) [lnsg mo6bix ABYX napaGoJi, OMUCAHHBIX OKOJIO OJTHON
OKPY>KHOCTH U TIEPECEKAIONINXCA B YEThIPEX TOUKaX, /-
TOHAJN «I1apa0oJNUeCKOTO YeThbIPEXyTOJIbHUKA» TIepIIeH-

Puc. 1 Puc 12

aukyasgpabl (puc.1).

B) Jlng mo6bIX ABYX Hapa-
60J1, ONMICAHHBIX OKOJIO OfI-
HOI OKPY’KHOCTH ¥ IIepece-
KaloIMXCs B JBYX TOYKaX,
ocy mapa6o.1 HaKJIOHEHbI O/
ONHUM M TeM >Ke YIJIOM K
TIPSIMOTT, TPOXOATIIEl uepe3
TOYKH HepecevyeHns TUX Ma-

pac. 3 pa6oa (puc.2).

r) Jlna mo6bIX Tpex mapaloJI, OIMCAHHBIX OKOJIO OJHON
OKPY’KHOCTH U TAKWX, YTO JIOOBIE [BE M3 HUX IIEPECEKAIOT-
CsI B 4EThIPEX TOUKAX, TJIaBHBIE JHATOHAN «TTapadondec-
KOTO IECTUYTOJIbHUKAY> II€PECEKAIOTCS B OJHOU TOYKE
(puc.3).

®.Hunoe (yuenux 10 xaacca)

M2053. Ilycts n > 3. Jlokaxkure, 4TO CYIIECTBYIOT I[eJIble
OTJIYHBIE OT HYJIS YACAA X, Xy,..., X, TaKHe, 9TO

X2y x, = (g Fag o x,) (g Fag e+ x,) X
X (g ry ta,).
C.Tokapes, B.Cendepog

M2054. Tlycts P (x) = 2% + x + 1. CyliecTyior s Haty-
pajbHble YuCIad Xy,...,X,, R,...,k, Takue, 4TO

P(x)=x%, P(xy)=xb,. P(x,)=af?

Pemmre 3amavy a1 coydaes:

a) n=2;
6) n — IPOM3BOJIBHOE HEYETHOE UHCJIO;
B) n = 4.

B.Cenoepos, b.Dpenxun

M2055. Kiietku 6eCKOHEYHOI BIPABO KJIETYATON T0JIOC-
KU TIOCJIe/IoBaTeIbHO 3aHyMepoBaHbl ynciaamu 0, 1, 2, ...
B mexoTophIxX KIeTKaxX JekaT KaMHU. Ecan Ha i-if KJieTKe
(i > 0) jeKuT POBHO i KaMHEl, TO Pa3perraeTcs CHATD C
Hee ¥ PA3JIOKHUTH IO OJHOMY Ha KJETKH C HOMEpaMu
1—1,71—2, ..., 0. Jlema pacnpegenunn 2006! kamueii 1o
KJIETKAM, HAayuHas C TepPBOii, Tak, 4TOObI MOXKHO ObLIO
cobparh UX B HyJIe, C/IeJIaB HECKOJbKO omepanuii. Haii-
JIuTe MUHUMAJIbHBI HOMED KJETKM, Ha KOTOPOW JIEKUT
KaMeHb.

D.Baxapes, H.Bozdanos
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®2058. B cucreme Ha pu-
CyHKe 4 Bce Ipy3bl O/INHAKO-
Bbl. Buawane rpysbl ynaep-
JKUBAIOT, 3aTeM OTIIYCKAIOT,
U cucTeMa IPUXOJUT B JBH-
xxenne 6e3 ppiBkoB. Haitn-

Te YCKOPEHUS TTO/BUIKHBIX
J 6JIOKOB.

]
C

A.Boxos

)

®2059. Hosble HacTeHHbIE
4achl C MasgTHUKOM UIYT
oYeHb TOYHO. MadTHUK
npejicTaBsier co6oil 0UeHb
JIETKUI ITUHHBIN CTEPKEHD,
MTOJIBEIIEHHBIN 3a OJUH M3
KOHIIOB, K JIPYTOMY KOHITY
CTEePIKHS MIPUKPEIJIEH MACCUBHBIH JMCK, PAJNYC KOTOPOTO
B 10 pas menbme aaunbl crepkua (puc.5). JIUCK MoxKeT
cBOOOIHO BpamaTbhcsi BOKPYT cBoeil ocu. Co
BpEMEHEM, W3-3a TPEHUS B OCH MHCKAa, OH
MepecTay MoBOPAYMBATLCS BOKPYT JTOI OCH.
Bynyr s yachl CHeNmUTb WM OHU Terepb
HauHyT oTcTaBarh? OlleHuTe HETOUHOCTD X0/
4acoB 3a CYTKH.

Puc. 4

3. Pagaunos

®2060. Mo.Jib reJiust MeIJIEHHO PACIIUPSIETCS

ot o6bema 10 o1 10 o6bema 10,1 11, ipu aTOM

pac. 5 JlaBJieHne rasa MJIaBHO yMeHbIaeTcs ot 1 atM

no 0,985 arm. Haiigure Tem/IOEMKOCTb TeJlsI B 3TOM
rpoiiecce.

A.IIpocmoe

®2061. ToHKOCTEHHYTO HEPOBO/AILYIO cepy pajnycoM
R 3apsiinyin paBHOMEPHO TI0 TIOBEPXHOCTHU TIOJHBIM 3aPsi-
moM Q, a 3areM paspes3asy IOIOJAM — IO «IKBATOPY».
Opny nosioBuy cdepbl yopasiu, a BTOpYyIo OCTaBUJIN — JIJIsT
usyuenus. Haiigure moTeHIMas 3J€KTPUYECKOTO MOJIS,
CO3/IaBAEMOTO0 3apsjiaMu TT0Jychepbl B TOUKE «IKBATOPH-
AJIbHOW» TIJIOCKOCTH, HAXOJSIIeNcs: Ha paccTosinuu R /2
oT TieHTpa cdepsl.

b.Cnoxmnos

®2062. Ha topougasbublii dheppoMarHuTHBIN ceped-
HUK, CJeJaHHBIN M3 MaTepuasa ¢ GOJBIION MarHUTHOW
MIPOHUIAEMOCTDBIO, HAMOTAHA KaTYIIIKa, CojiepsKaiiast 60./1b-
110€ KOJIMYECTBO BUTKOB. KaTyIIKy MOAKIIOYHIN K CETH
220 B, Tok yepe3 KaTymiky mpu 3ToM coctasua 10 MA
(nefictBytomee snavenne). BoabrMerp, nmeiommuii conpo-
tuBsenne 10 kOM, TOAKJIIOYAIOT MEXK/Ty OJHUM U3 KOHIIOB
KaTYIIKA U OTBOJIOM, C/IEJTAHHBIM OT CEPEIMHBI KaTYITKH
(monoBuna BUTKOB). Kakoe HampssKeHnne MOKasKeT BOJIbT-
MeTp? Kaxoil Tok Tenepb TeueT 4epe3 UCTOYHUK ?
A.Bunvbepman

PeweHunsa 3apay M2026 — M2035,
®d2043-D2047

M2026. Ha cmoponax AB, BC, CD u DA xeadpama
ABCD svibpanvt coomeemcmeenno mouxu P, M, N, Q
max, umo LMAN =45°, PM || AN, AM || NO. Ompe-
3ok PQ nepecekaem AM u AN ¢ mouxax F u G
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coomeemcmeenno. [oxa- p__M C
JKume, 4mo naouads mpe- P ¥

yeonvnuka AFG pasna
cymme naoujadei mpey- F N
2oavHuxkoe FMP u GNQ.

[Ipexxae Bcero oTMeTnM, G
yro ZPMA = ZMAN =
= ZANQ, U 3HQUUT, Tpe-
yroapuuku AFG, MFP n
NOG nopo6ubr (cM. pu-
cyHok). IToatomy yTBep-
JKJIeHWe 3ajladyil  PaBHO-
cubHo pasenctBy GF? = PF? + GQ?.
[anee, Tpeyrompaukn NQD w M PB 1nofo6HbI TPEYToJIb-
HukaM AMB u AND cOOTBeTCTBEHHO, CJIeJOBATEJIbHO,

OD BM ND BP

ND AB’ AD BM°
[TepemHOkMB TN paBeHCTBA, MoJayduM, uto BP = DQ,
wm AP = AQ. Ilyctb X — TOuka, cuMMmerpuyHas P
otrHocureapbno AM. Torma AX = AP = AQ u
ZXAN = 45° — LZMAP = ZNAD , T.e. X TakKe CUMMET-
puuna Q ortnocutebHo AN. Takum o6paszom, XF = FP,
XG=GOmnu

LXFG + £LXGF =360°-2/ZPFM —-2ZQGN =90° .

A 0O D

[Ipumenus Kk npsamMoyrojbHOMy TpeyroiabHuky XFG Teo-
pemy Ilmudaropa, mosyunM MCKOMOe paBEeHCTBO.
B.Ilpoussonos

M2027. Ha docke nanucanvl mpu HamypaivHolx 4Uc1d X,
Y, z. [lems 3anucvieaem na aucmre npoussedene KaKux-
HUGYOvL 08YX U3 MUX uuUCcel, d HA QOCKe YMEHbULAeMm
mpemove yucao na 1. C HOBbIMU MpeMst YUCAAMU HA DOCKe
OH CHOBA npodeavieaem my xe onepayuio u m.o. 0o mex
nop, Nokd 00HO U3 uuces Ha 00cKe He CAHem PASHbIM
nyto. Yemy 6ydem 6 ImMom MOMEHM PAGHA CYMMA YUCE
Ha aucmxe?

OrBer: xyz.
Ilepsoe pewenue. 3ameTnM, UYTO TPOU3BEIEHUE TpeX
YHCces, 3alUCAHHBIX Ha JIOCKEe, € KaXKJOH oreparyeit
YMEHbBIIAETCST POBHO Ha TO UNCJIO0, KoTopoe lleTs 3ammchr-
BaeT Ha OyMaxkKy. Korzma omHO M3 UmMCeJa CTAHOBUTCS
HyJleM, TIPOM3Be/IeHIe BCeX YMCces Ha JOCKe TOKe PaBHO
HYJIIO, OTKyJla CyMMa BCeX 4mnceJi, BbIMMCaHHBbIX [lereit,
paBHA HAUYAJbHOMY NTPOM3BE/IEHNIO TPEX UHcesT Ha JIOCKe,
T.C. XYz.
Bmopoe pewenue. PaccMoTpuM napaJiiiesienuiie]] co CTo-
ponamu x, ¥, z. Ha xaskmom 1mare Mbl OTpe3aeM OT Hero
napaJiyiesieluiie/; TOJANMHbI 1, 3amichiBas ero o6beM Ha
OYMa’KKY, M IPOIOJIKAEM JIECTBOBATD TAK C OCTABIIUMCS
napaJstesnenunenoM. Ilporecc 3akoHUMTCS, KOTAa OTpe-
J)KeM Bce. 3HauuT, Ha OGyMaskke Oyjer 3amucan o0beM
MCXO/IHOTO TIapaJsiiesenumnea, T.e. Xyz.

E.T'opcxuu, C.Jopuuenxo

M2028. /13secmio, umo epymul 6cezda epym, npasousvie
6cezda 2060pAm Npasdy, a XUmMpeyvl Mozym u epamy, u
2060pumy npasdy. Bor moxeme 3adasamv 6Onpocyl, Ha
Komopovle ecmo omeem <Oa» uau <Hems (Hanpumep:
«Bepno au, umo amom uenogex — xumpey?»).
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a) Ileped eamu mpoe — 6pyH, NPagousvliL u xumpeu,
KOmMopwle 3Haom, Kmo u3 nux kmo. Kax u eam amo ysnamv?
6) Ileped eamu uemeepo — epyn, npasousviii u 06a
xumpeya (6ce uemeepo nairom, kmo u3 nux xkmo). /Joxa-
Kume, 4mo xumpeyvt mozym 002060PUNBCSL OMEEUAMNDd
MAx, 4mo 6vl, CRPAWUBAS. IMUX UENBEPLLY, HU NPO K020 U3
HUX He y3Hdaeme HAGePHAKd, KMO OH.
a) CrpocuM Kax0r0: «BepHo i, 4To 06a TBOMX cocesia
— BpyHBI?». Cpeit TpPeX OTBETOB €CTh «J[a» BPYHA M «HET»
MIPaB/IUBOTO, MMOITOMY OJIMH M3 OTBETOB Gy/IET JIaH POBHO
onuH pa3. [lo HeMy MbI y3HaeM OTBETHBIIETO: 9TO JHOO
BpYH, Ji0OO0 MPaBAMUBbIil. 3a/1aB eMy BOIIPOC IIPO OTHOTO 13
[IBYX [IpyTUX: «BepHo Jn, 4TO OH XWUTpen?», Mbl BCe
y3HAEM.
3ameuanus. 1. B nauase MOXXHO 3a/1aBath 106011 BOIpOC,
OTBET Ha KOTOPbIH BaM nssecren (Hanpumep, «Bepwno Jm,
YTO CETO/HSI YeTBEPr?» ).
2. MoskHO 060HTUCH U TPEMS BOIIPOCAMHU, €CJIH OHU OYIyT
JIOCTATOYHO M30LIPEHHBIMHU, YTO-TO Bpoje: «OTBeTUT Jin
OH «Jla», €CJId £ CIPOILY...»
6) OG6o3HaunM y4acTHUKOB: BpyH B, mpasmusbri 11 n
xutperpl XB n XII. Ilyctp xXuTperpr 10roBOpSITCS OTBeE-
4aTh Tak, Kak Oyaro XB — BpyH, XII — npasaussrii, B —
XuTpell, nputeopsionuiicss sBpynom, a IT — xurpert, npu-
TBOPAIONINIiCS NpaBauBbIM. [locTaBUB WX JUIIOM APYT
MIPOTUB ZipyTa Tak, 4To XII Kak Obl CIYKUT OTpaKeHUEM
II, a XB cay:xut oTpaxkenuem B, BuguM, 4To HEBO3MOXKHO
OTJINYUTB, KTO CTOUT <«Iepe/l 3ePKaJoM», a KTO <32
3€PKAJIOM», — OTBETBI [IOJIHOCTBIO «3€PKAJIbHbI» .
B.Tun36ypz, M.T'epsep

M2029. /[anvt dse Geckoneunvie npozpeccuu, cOCMosuue
U3 NOJOKUMESLHBLY UUCE: APUDMEeMUUECKAS U 2e0Mem-
puueckas, npuiem a1060e UCI0, ECMPeUaoueecs 6 2eo-
MEMPUUECKOT NpPoepeccull, 6Cmpeudemcs makxe u 6
apughmemuueckoll npozpeccuu. Joxaxume, 4mo 3ndAme-
HAMelb 2e0MeMPUUECKOl NPOZPeccul — Yeaoe YUcio.

IIyctb ¢ — 3HAMeHaTeIb TeOMeTpUuUecKoi nporpeccun (1.e.

b, = q"b upu Bcex Hatypambupix n). Ecim g = 1, 10

sajtaa pemena. Unave (b, —b,,1)/(b, = b)) = q" , otky-
la g — paruoHaabHoe (SICHO, ecai B3ATh n = 1) U, KpoMe
Toro, (b, —by)q" — ueoe YnCI0 IPH HOGOM HATY PAILHOM
n. 3ammcbiBasg ¢ B BU/E HECOKPATUMOM apobu q = s/t,
nosyuaeM, uro (b, —by)s" / t" — Hesoe YUCJIO, U, 3HAYUT,
b, —b, memutcs Ha t" npm moGoM n. DTO BO3ZMONKHO
TosIbKO ecain ¢t = 1 nam ¢ = —1, T.e. Korja g — 1eJioe.

b. ©Openxun

M2030. Moo 1 gnucams nPasuIbHuill 0KMasop 6 Kyo
max, 4mobuvl 6epPuUHLL OKMAIOPA HAXOOUUCH HA Pedpax
Kyba?

OTtBeT: /1a, MOKHO.

[Iycts ABCDA{B,C{D; — xy6 ¢ puunoit pe6pa 1. Orme-
M Ha pebpax AB, AD, AA;, C,C, C\B,;, C,D, touyku
M, M,,...,Mg COOTBETCTBEHHO TaK, 4TOODI

Torpa gauunbl orpeskos MM, , M,My, Ms;M,, M,Ms,

MsMg, MgM; pasubi /(3/4)° +(3/4) = 3v2/4, a nm-
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Hor orpeskos MM, , M\Ms, M,M,, M,Mg, M3;Ms,

M3Mg  pasbl \/(1/4)2 +12 +(1/4)" = 342/4. Tax xax
JUIMHBI BCEX JBEHA/IIATH OTPE3KOB PAaBHBI, TO BCE TPEY-
roapuuku M{M,My, MMM, MM,M;, M,M,Mg,
M;MsMg, M,M,M,, MsM,M5, McM,M; paBuocro-
pounue u touku M, M,,..., My aBrdioTCAd BeplIMHAMU
OKTaszpa.

JI. Padsueunosckuil

M2031. [Ipsmoie, codepixauue meduanvl mpeyzoivHuKd
ABC, emopuuno nepecexaiom ezo ONUCAHHYIO OKPYK-
nocmv ® 6 mouxax Ay, By,C,. Ipsamvie, npoxodsuyue
uepes A, B, C u napaniienvhvie npomusonoJi0KHviM
CMOpoOHAM, nepecexaom o 6Mmopol pd3 6 MoUKdx
Ay, B,,C,y . Aokaxume, umo npamve AiA,, BB,, CC,
nepecexaiomcs ¢ 00HOU MouKe.

[IpuBenem permenne, HaiiieaHoe Ha oaumnuage M. io-
xuHOW. OHO OCHOBBIBAETCS HA CJACAYIONMHNX (DaKTax.

1. Tlycte A’ — TouKa TepeceyeHHs] KACATEJbHBIX K
OTIMCAHHOI OKPYsKHOCTH TpeyroybHuka ABC B Toukax B
u C (cMm. pucynok). Tor-
nanpsimasi AA” siBisier-
cd cUMeJMaHOl Tpey-
rosibrnka (T.e. mpsMoii,
CIMMETPHIYHON MenaHe
AA; oTHOCHTEJIBHO 6UC-
cekTpuchl yraa A).

2. 71t moOOTO0 TPEYTOJTh-
nnka ABC u sio6oii To4-
Ku P mpgamble, cuMMert-
puunble npsimbiM AP, BP, CP oTHOCHTEJbHO COOTBETCTBY-
101X GUCCEKTPUC TPEYTOJIbHUKA, TIEPECEKAIOTCS B OJJHON
Touke (MM MapasiesbHbl), KOTOpas Ha3bIBAeTCsl M30TO-
HAJIBHO COIPSIKEHHOH Touke P.

[Toctpoum Touky A’, xak ykasano B mynkra 1 ( B’,C’
onpezesstiorest anasorundno). Ilyers npsimas AA” Bro-
PUYHO IIepECeKaeT ONUCAHHYIO OKPY’KHOCTb (O B TOUKE
Ay . Torna LA/AB = ZAJAC, otkyna ayru BA; u CA,
paBubl. Tak kak Tpeyroibauk A’BC paBHOGEPEHHDIN, a
(® — ero BHEBMICAHHAsI OKPY>KHOCTD, TO OHU CIMMETPHY-
HbI OTHOCHUTEBHO Guccektpucel [ yriia BA’C . U3 paBen-
cTBa JIyT CJeAyeT, YTO IPU 3TOH CUMMETPUU TOUYKN A, u
Ay mepexos AT APYT B ipyra. 3aMeTuM, 4to [ — cepejinH-
HBIH neprenukyasap k BC, noatomy A 1npu aToi cuMMeT-
pum nepexoauT B A,, a ciaemoBaTesbHO, npsaMas A A,
nepexojut B npsimyio AA’ . Tloatomy, Tak Kak IpsiMbie
AA’, BB’, CC’ mnepecekaiorcsi B OJHOI TOuKe [ Kak
cume/uanpl Tpeyroabuuka ABC, To npamoie A(A,, BB, ,
C,C, Taxxke nepecekaloTcs B TOUYKe, U30TOHAJIBHO COIIPS-
JKEHHOIT L oTHOCHUTEIbHO Tpeyroybhuka A’B’C”.
Coayuait, korza ofiHO# n3 Touek A’, B’,C’ He cyniecTByer,
aHAJIOTHUeH.

A.3acnascxkuil

M2032. ) Cywecmeyem au maxoe namypaivHoe n, 4mo
05 1106020 Hamypanviozo k xoms 6vi 00HO U3 uUCEn
n* =1, n* +1 umeem 6ud a” dnsa nexomopvix namypary-
Holx a u b > 1?

6*) Haszosem Hamypaivroe wucio ammunpocmoim, ecau
oHO denumcs Ha xeadpam a060z0 €60€20 NPOCMOZO
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oesumens. ZZGCZ HAMYPAIbHHLX YUC/IAd HA306€EM 6]lu3H€ud*
MU, eciu oHu omiauuaomes na 2. Koneuno uau beckoneu-
HO MHOKeCcmeo nap dHmunpocmoslx Huce/l*6/lu3H€L406?

JlatuHCKUME U TpedecKuMU GYKBaMU B pellieHnn 0603Ha-
YEHbl HATYPaJbHbIE YHUCJIA.

a) Otser: Her.

[IpeAoa05KIM, YTO TAKOE YUCIIO 12 CYIIeCTBYeT. SICHO, 4To
n>1. Umeem nt +1= 2", n' =12 2" (nockomky a? +1
He jlemutes Ha 4). T10aToMy CyIIEeCTBYIOT HEYETHbIE T1PO-
CTBIC YIC/IA p U ¢ Takue, uto 7' +1 gesures ma p, n' —1
JIeUTCS Ha ¢; siCHO, uto P # q. V3 snemmbl [eHsess
CJIeJlyeT, UTO IIPH HEKOTOPOM O U IpH J060M B uucio

a0
» BXO/JHMT B KAHOHMYECKOE PA3JIOXKEHHE YNCJIa niP7 T 41

B HeKOTOpOﬁ CTEIIeHU BU/1a 21 . AHaJIOI‘I/I‘-IHO, IIpn HEKOTO-
poM B, ¥ 1pu J060M O YHCJIO ¢ BXOAUT B KAHOHUYECKOE

Bo o -
Ppa3joKeHue 4yucja n4q P 1 B HEKOTOPOU CTEIIEHU 3TOTO
JKe BU/a. HOCKOJIbe ClIpaBeJJanuBO XOTA Obl OJHO U3
PaBEHCTB

0 B0
PP 1 =ab tme b > 1,

a0 B0
WP = e d > 1,

MBI TIosydaem: 6o b = 2%, m6o d = 2. B mo6om us

3TNX CJIy4yaeB TPUXOAUM K HEBO3MOXKHOMY PaBEHCTBY:
—s?=1.

6) OTBeT: GECKOHEUHO.

ITepsoe pewenue. 3amerum, uro (25, 27) — napa aHTUIIPO-

CTBIX unces-6sn3HeroB. C Ipyroii CTOPOHbI, N3 TOXK/IECTBA

(2 +3n) +2= (2% +1) (* +2) (1)

. o (2 2
cJielyeT, 9To BMecTe ¢ JIo60i mapoit (n , T+ 2) AHTUTIPO-
CTbIX OJIM3HEIOB TAKOIi Mapoil ABJISETCS TaKKe 1

((2n3 +3n), (20° +3n) + 2) .

K roxpaectBy (1) MoHO npuaTH, HapuMep, Tak. Byaem
HCKATh MHOTOYJIEHBI C HATYPaJbHbIMI K03 UIIeHTaMu
P(x) n Q(x), orauumbie or 1 u Takue, 4TO

2(P(x)) +2=(0(x)) (x+2).

Jlerko BuJETh, YTO B CJAy4ae KOHCTAHT 3TO TOXKIECTBO
BbITIOTHsIeTCs b pu P (x) = Q(x) = 1; 1uHeiinbie sxe
byuknun  P(x)=ax+b u Qx)=cx+d, rae
a,b,c,d € N, jierko Haxo/TCsI METOJIOM HeOIlIpe/lesieH-
HBIX K03(P(pHUIneHTos.

Bmopoe pewenue. Bynem paccmarpusarb pyukiwu (pop-
MBbI)

fD(x,y)zxz—Dyz,rﬂe x,y,DeN .

JlocratouyHo go0Kasath, 4to GopMma fy; (x,y) IpUHEMAeT
3HadeHne —2 B GECKOHEYHOM 4ucie TodeK (i, y) .

Jlemma 1. Ilyctp uncsao 1 gBiseTcss oJJHUM U3 3HAYCHUI
dopmbt f, (x,y) . Torga moGoe coe 3HaueHue ata hopma
IPUHUMAET B GECKOHEYHOM YHCJIE TOYeK (X,y).
Hoxa3zareabcrtBo. [lycrb a’> = Db* =1, rue a,b,De N .
ocrarouno Haiitu ¢, d,e,f € N Takue, 4T0O

(cx +dy)* = D(ex + fy)’ = x* — Dy

npu Bcex X,y € N .
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Jl1s BBINOJHEHMsI STOrO PaBeHCTBa A0CTaTo4HOo (JIEerKo
[IOKa3aTh, 4TO U HEO6XOAUMO), UYTOGBI OJHOBPEMEHHO
BBITIOJTHATICH PABEHCTBA

¢ —De* =1,
d*-Df* =-D,
cd = Def .
[TepBoe paBeHCTBO CIIpaBe/lJINBO, €CJU ¢ = a, e = b. Jlns
) d
BBITIOJTHEHHST BTOPOTO, Win [~ — D D =1, mocTaToyHO

[ =a, d = Db. {Icno, uro unucna ¢ = a, d = Db, e = b,
[ = a yIOBIETBOPSIOT ¥ TPETbeMY PaBeHCTBY. Takum
o6pasomM, MoJydaeMm

(ax + Dby)’ = D(bx +ay)’ = x> =Dy*. (2)

Jlemma mokasaHa.

[ockobKy  fy7 (5,1) = =2, HOCTaTOYHO /0Ka3aTbh Cylile-
crBoBanne a¢,b e N Takux, 4to fy; (a,b) =1. Jokaxenm,
uTo s moGoit (opmbr -, (x,y) takue uncna a u b
cymectByoT. [lis aTOro mepemnumieM pPaBEHCTBO
f2.,(ab)=1 B Bune

(n* +2)0* = (a+1)(a=1) = (£ +2)t ,

rnet=a—1, uBospMeM b =n, t =n’.

Tpemve pewenue. TIycts n® +2 — aHTHIPOCTOE UHCIIO.
2 —

Paccmorpum ypasrenue [, , (x,y)=-2, wm x° +2 =

= (n2 +2)y2. [TOCKOJIbKY OHO MMeeT peleHne X, = 1,
Yo =1, 1O, BeaeacrBue JJeMMbl 1, OHO UMeeT U HEKOTOpoe
pemenne (x;,y;), TAe Xy =m > Xy, Yy > Y. Lomyumm
HOBOE, GOJIbIITee YeM n° + 2 , AHTHIIPOCTOE YHCIO M + 2 ;
paceMoTpuM ypasrenue f ., (¥,y) = -2, 1 T.1.
3aMeTnM, uTO NpH JMOGOM HaTypaJbHOM 7 NpPUMEHEeHHe
dbopmyabt (2) NPUBOAUT K TOKAECTBY

(2n® +3n) - (n* +2)(2n +1) = 2.

TaxkuM 06pasoM, MbI BHOBb NIPHILIM K TOxAecTBY (1).
Hpunosxenue

Jemma Tenzens. Ecm x — 1 gemitess ma p* (p > 2 —
npocroe, k> 0), HO He Ie/IUTCS Ha p"’”r1 ,T0 2" —1 menmrcs
Ha pk” TOr/la U TOJIbKO TOIJla, KOI/a 1 JeJUTCsa Ha p' .
ITO Ba)KHOE YTBEPIK/EHUE YACTO UCIIOJIb3YETCSI B TEOPUH
YHCeJI.

Jlemmy TeHseist JIETKO JJOKA3aTh ¢ TIOMOIIBIO CJIEYIONIETO
YTBEPIKIECHHS.

Mpeanoxenne. P(x)=x""+.. . +1, tme pe P\ {2},
x € Z , He [eJIUTC Ha p2 .

HMoxkazareabcto. Ilycts P(x)ip. Tormau x—1ip. B
camoMm sienie, x” —1ip , oTKyaa BeaencTsre Maroit Teope-
mMbl Depma x —1:p.

Iycts P(x)ip, x#1. Torga

P(x)-p= (x’H —1)+...+(x—1) =

xP -1 x -1
=x-1)|——+...+——|=(x-1)A
(x=1) x -1 x—1 (x=1)4.
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/

Tak Kax _11El(modp) npu x—1ip, [e N, 10
AE(p—D+n“+1=p‘p_1@mdpy

2
Honyunmu P(x) - p' p2 ,oTKya P (x) He genuTcs Ha p2 )
[Ipu HeueTHOM 7 JIEFKO PACIPOCTPAHUTD JieMMy [ensesist
Ha caydail yucess x + 1w x" +1. Cuenaiite 910 caMOCTO-
STEJIBHO.
3ameuanus
1. Paccmorpum GoJiee obIiiee, HeXeH BbIIIE, YpaBHEHIE
fm(t,y) =1, tne x,y,me N, m — pukcupoBanHoe wric-
J0. fAcHo, uto B ciydae m =n” , rae n € N, 970 ypaBHe-
HHe He UMeeT pemienuii. IIpu m060M xe m # n® pemenns
9TOTO YPABHEHUsI CYIIECTBYIOT. JTO — OCHOBHAs TEOpeMa
Teopun ypasuennii [Tesis (110ApOGHBIN paccKas 0 HUX CM.
B cTaThsix «Ypasuenus llennss> B «KBanre» No3, 4, 6 3a
2002 1.).
Jlasiee, Bce aTH peleHust MoydaioTest u3 6a30BOTO, «HAM-
MEHBIIIEr0», METOIOM JieMMbI 1.
Jlerko BmaeTb, uTo O6miee ypasHenue f,, (x,y)=A
(AeZ, A wm— pukcupoBaHHbIE YUCAA) MOXKET — B
YaCTHOCTH, B cJIydae m # n’ — He uMeTh pemennii (x, y)
(rne x,y € N ). Ecn ke pemenusi CymecTByioT, TO BCe
OHHU B cJIyvae m # n’ MOJIYYalOTCST U3 HEKOTOPOTO KOHEY-
Horo HaGopa 6a30BbIX METOJIOM JieMMbI 1.
2. Ha Typuupe rtopogmoB B 1984 romy mupenmaranach
crepyiomas (Bomemmas Takke B «3agaunnk «Ksanrtas
noz HomMepoM 869) samauda.
[Tapbl mocseoBaTebHBIX HATypasibHbix uucea (8, 9),
(288, 289) 06s1a1a10T T€M CBOIICTBOM, UTO KaXK/10€ U3 3THX
qUCeJ COAEPKUT JI0OO0W CBOWM TMPOCTO MHOMKHUTETHh He
MeHee YeM BO BTOPOH CTEIeHH.
a) Haiigure eme ogHy Takylo mapy HMOCJE0BATENbHbBIX
quceJ.
6) JlokaxkuTe, Y4TO CyIIECTBYET GECKOHEYHO MHOTO TAKUX
nap.
3ameruM, 4TO M3 pesyJabrarta nyHkTa 6) sagaunm M2032
6eCKOHEYHOCTb MHOKECTBA TaKHUX IMap MOJYy4aeTcss aBTO-
Matuyecku: eca n — 1 un + 1 — aHTUIPOCTBIE YKCIa, TO
nun?—1= (n—1)(n +1) — TaKxe, OYEBIIHO, AHTUIIPO-
CTBIE.
3. O6a myHKTa Hallleii 3a1a41 CBSI3aHbI C TAK HA3bIBAEMOI
npo6.aemoii Karanana (cM. cTaThio B 9TOM HOMEpE Kyp-
Hasa).
B.Cendepos

M2033. V esedywezo umeemcs xonoda usz 52 xapm.
3pumesu xomam ysnamv, 6 KAKOM NOPsOKe Jexam
kapmor (He ymounss, ceepxy 6HU3 UAU CHU3Y B8EPX).
Paspewaemcs 3adasamy éedyuiemy onpocut 6uda < Cxoavp-
KO Kapm JexKum mexdy maxou-mo u maxou-mo xapma-
mu? > Odun uz spume.ieti 3uaem, 8 KaKkom nopsioKe iexam
kapmot. Kakxoe naumenvuiee uucio 60npocos on 00Jxen
3adamv, umobvL OCMANLHLIC 3PUMENU N0 OMmeemam Ha
MU BONPOCHL MOZAU Y3HAMY NOPSLOOK KAPM 6 K0.100e?

OrTBert: 3a 34 Borpoca.

[IepBorit Bompoc 3puTesb 3a/1aeT PO JBe KpailHue KapThl.
Ortget 50 1MOKa’yKeT BCEM, UTO OHU B CAMOM JieJie KpaliHue.
Haszosem m06yio n3 Hux 1-it (cBepXy WM CHU3Y — HAM He
BaKHO), Torja apyrasg — 52-a. Temepb yske Haa0 AaTh
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BO3MOJKHOCTb BCE OCTAJIbHble HOMEpPa KapT OIPEeNeTUTh
onHOo3HAaYHO. HazoBeM 2-10 KapTy IbIPKOW, W BTOPBIM
BOIIPOCOM CITPOCUM IIPO J(BE KapTbl PAOM C AbIPKOii (T.e.
1-10 1 3-10). OtBer 1 sagaer mnojoxkenue 3-ii KapTbl
onnosnavyno. /lanee 6yeM POJOJIKATH 3a/aBaTh BOIIPO-
Chl TIapaMU: B HEYETHBIX BOIPOCAX HA3bIBAEM /[BE€ CaMble
Kpaiilue KapTbl U3 enie He ynoMsHyThix (ojHa M3 HUX
ObLIa JBIPKOM, Apyrasg — HeAbIPKON), HasHauaeM HOBON
JIBIPKO¥ paHee HEYNOMSIHYTYIO KapTy Psi/IOM C HeJIbIPKOii
U CJeIyTONMM YeTHBIM BOTIPOCOM CIIPAIIUBAEM TIPO JIBe
KapThl PSAIOM ¢ AbIpKOH. Tak, B mepBoil mape BONPOCOB
«3HaIOMUi» HasbIBaeT 1-10, 52-10 1 3-10 KapThl, BO BTOPOIi
— 2-10, 51-10 1 49-10 KapThl, B TpeThel nape — 4-10, 50-10
u 6-10 kapThl U T.J. Kak BuauMm, JAbIPKU TI0 OYEpEN
BO3HHUKAIOT TO GJIIIKe K Hadady, TO GJiKe K KoHily. B
OTJINYME OT TIepBOW TPOWKHM MAJs1 Kaxk/JoW cJeayloliei
TPOWKHU KapT TTOCJIe OTBETOB Ha OUEPEIHYIO ITapy BOIIPOCOB
TEOPETUYECKU €CTh JIBA BO3MOXKHBIX PACIHOJIOKEHUS: OC-
nosuoe (To, 4ro Ha camoMm jene) u nobounoe (Kpaiinue
KapTbl MEHSTOTCS MECTaMU, CPEIHSS TIePEIBUTAETCS COOT-
BercTBeHHO). Tak, W3 oTBeTOB Ha 3-il M 4-fi BOMPOCHI
cJielyer, 4To BTopas Tpoiika Kapt — ato 2, 31 u 49 smbo,
2,51 u4. Idra HEolpeIeIEHHOCTh UCUE3HET, OJIHAKO, ITOCJIE
oTBeTa Ha ceayonuil (B ipumepe — Ha 5-if) Bonpoc. CyThb
B TOM, YTO MAaKCHUMAJbHOE YHMCJO KapT MEX/y paHee He
VIOMSHYTBIMU KPAiHUMU KapTaMyu B TOOOYHOM BapuaHTe
MeHbllle, YeM B OCHOBHOM (HIIKe KapTbl OZHOH TPOHKH
o603HavYeHbl OHON GYKBOIi, HeolpelreseHHass — TPOWKa
C):

OcHOBHOH

ITo60oumnbIit

Tak 3agaem 33 Boripoca. [Tocaeannit 34-it Borpoc 3aa/1um
npo KpaiiHiolo u Kapry psagom ¢ Heii (25-10 u 26-10)
(npeanocseiHss v mocJIe/Hsst TPOiiku 0603HaueHbl OyKBa-
Mu p u Q COOTBETCTBEHHO):

abacdcefeghgijiklkmnmopoQQ_pQpnonlmljkjhihfgfdedbcba

Torpa nosoxxenue 1ocsaeHeil TPOHKM U eMHCTBEHHOMN
ocTaBleiics KapTbl OLPeLeJUTCs 0JHO3HAYHO.
[ToxkaskeM, YTO MEHBIINM YNCJOM BOIPOCOB OGOWTHCH
HeJb3s. PazoObeM M3HAYaJbHO BCE KAPTBI HA 52 TPYIIIDI
1o o/tHOM Kapre. [Ipm Bompoce npo aBe KapThl N3 Pa3HbIX
TPy o0beINHIeM 3TH IPYIIBI B OHY. Kaskap1it Bompoc
YMEHDBIITaeT YICJI0 TPYIINT MaKCUMyM Ha ofHy . Ecom 3a/1aH0
me 6osiee 33 BOIIPOCOB, TO OCTAHETCs He MeHee 52 — 33 =
=19 rpynn. Cpeau uux rpymnn u3 3 Kapt — He 6oyee 17.
3uauuT, 1160 HAiTyTCs ABE TPYIIIIBI IT0 OJIHOI KapTe, Ju60
IpyIIa u3 poOBHO /IBYX KapT. B 0601X caydyasx MOKHO 3Ty
1apy KapT IIOMEHATb MeCTaMi, He TPOorasi OCTaJbHbIX: BCe
OTBeThI He u3MeHsATcs. TeM caMbIM, OPS/IOK He BOCCTaHAB-
JINBAETCS OJIHO3HAYHO.

A.Illanoeanos
M2034. Ha cmoponax BC, CA, AB mpeyzorvnuxka ABC
g3samol mouxu X, Y, Z max, umo mpeyzorvuuxu ABC u
XYZ nodobuol. /lokaxume, umo ueHmp onucamnoll ox-
pyoknocmu mpeyzoavnurxa XYZ pasnoyoanen om opmo-
yenmpos mpeyzorvruxos ABC u XYZ .

1 B ycaosuu, onybauxosannom ¢ <Keanwmes Nol, umeiomes nemou-
Hocmil.



IIpesx e Bcero orme-
THUM, YTO JJIs1 000U
TOYKM X Ha CTOPOHE
BC touku Y, Z ou-
pelesigioTed  OJHO-
3HauHo. J[leiicTBU-
TEJIbHO, Z ABJISETCS
mepeceueHneM AB n
IpAMOI, I0JIyYeH-
Hoii 3 AC xoM103u-
e ToBOpPOTa BOK-
pyr X na yrox (opu-
entupoBanubiii) BAC u romoretuu ¢ eHTpoM X 1 Koad-
dbunmenrom AC /AB (cm. pucynok). Ilycrb tenepp O —
HEeHTp onucannoit okono ABC oxpysxkuoctu, A", B’, C’
— cepenunnl BC, CA, AB. Torpa tpeyronbuuk A’B’C’
nosober ABC, a O siBisietcst ero opTolieHTpoM. Bozbmem
tenepb Ha BC, CA, AB toukn X, Y, Z, TaKkue 4TO YTJIbI
XOA”, YOB’, ZOC’ paBubl. 13 nomo6us TpeyroibHu-
ko XOA’, YOB’, ZOC’ cuenyer, 4T0 TPEYTOJbHUK
XYZ nonyuaercst u3 Tpeyrosbanka A’B’C’ xommosuimei
noBopota BOKpyr O Ha yrom XOA’ m roMoTeTHu C
rearpom O 1 koabduitmentom OX/OA” . Tloatomy Tpey-
rosbiuk XYZ nonoben ABC, a O — ero oprouentp. [Ipu
OTIMCAHHOI BBINIE TOBOPOTHO roMoTeTnu 1eatp O’ omnu-
CcaHHOH oKpykHOCTH A’B’C’ TepeiifieT B IEHTP OINNCAH-
Hoil okpy:xHOCcTH X YZ, 3HAUUT, IIEHTP ONNCAHHOI OKPYXK-
Hoctu XYZ JeKUT Ha PAMOiL, ipoxoadieii yepes O’ u
neprnenukyasapuoit OO’ . Ho O’ — aTo 1eHTp OKpy’KHO-
CTH JAeBATH Todek TpeyrojbuHuka ABC, T.e. cepeauHa
OTpe3Ka MEXK/Ly ero LeHTPOM OlucaHHoil okpykHocTH O U
oproreaTpoM H. CienoBaTesbHO, IEHTP OMUCAHHOH OK-
pyxxkHoctt XYZ JIe’KUT HA CEPEUMHHOM IePIEHANKYISPe
k OH, oTkyma u cjeqyeT yTBep:K/IeHne 3a/auM.

A.3acrasckuil

A c’

N
jus)

M2035. a) Ha oxpyxnocmu paccmasienvt HeCKOIbKO
NOJIOKUMESLHBIX YUCET, KAKDOE U3 KOMOPLIX He Ooavule
1. Jdoxaxume, 4mo wucia MOKHO PA3OESUMb HA MPU
ZpynnvL NOOPsO UOYWUX wUCeS MAK, YMOObL CYMMbL UUCET
6 1100bLX 08YX ZPYNNAX OMAUUAIUCH He 6obue ueM HA 1.
(Ecau 6 zpynne nem uuceJ, mo cymma cuumaemcsi pagHoll
Hy.110. )

6*) Ha ompe3ske paccmagienvt HeCKOJIbKO NOLOKUMENb-
HULX wucen, Kaxooe uz komopoix ne 6oavue 1. [Jokaxu-
me, wMO YUCIA MOXHO PA30esumsv HA N zpynn noopsio
udyujux uuces max, 4moOvl CYMMvl wuces 6 J00bix 08Yx
epynnax omauvanruce ne Goavwe wem wa 1. (Ecau 6
Zpynne Hem uucesl, mo CYMMAa Cuumaemes pagHot Hyiw. )

a) Cuenaem sajgady GoJiee Ha-
rasaaHoil. ByaeM cumTaTh, uTO
Halla OKPY’KHOCTb UMEET JIJIN-
Hy, PaBHYI0 CyMMe BCEX 4YH-
cen. Pazo6beM ee Ha IyKKH,
PaBHbIE HAlIIUM YUCJIaM (I/I nny-
mue B TOM Ke nopsazake). Tor-
[la HYKHO pa3pe3aTb OKPYK-
HOCTD TI0 TPaHUIIAM JIyKEK Ha
TPU JYTH TakK, 4YTOOBI JJTMHDI
IATUX 6OJIbH_H/IX Ayr pasjnda-
uch He Gosee yeM Ha 1.
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OTMeTHM TPU TOYKH HA OKPYJKHOCTH TaK, 4TOOBI OHU
paszieJinJIn ee Ha TP PaBHBIE IyTH, IIPUYEM OJIHA U3 HUX
nonasia Ha rpanuiy ayxkek (puc.1). IlycTb ocrajbHble
JIBE TOUKH PasOUJIN AYXKKH, HA KOTOPbIE OHU TIOIAJU, Ha
yyacTKu AJauHbl b,b, W ¢,c, COOTBETCTBEHHO
(b +b, <1, ¢, +¢y <1; ecam TOUKa MONANA HA TPAHUILY
JIySKKH, TO COOTBETCTBYIOIEE YUCJO PaBHO HyJi0). KoH-
1Bl ATUX JYKEK 0003HAYNM COOTBETCTBYIONIMMHU 3arjaB-
HbIME OykBamu. [TokaskeM, 4TO MOKHO CMECTUTD KaXK/yi0
13 OTMEUYEHHBIX TOYEK B OJIMH M3 KOHIIOB COOTBETCTBYIO-
meil y>KKd Tak, 9TOObI BCE€ TPH JIYTU Pa3IMyaJuch He
6oJipiiie yeM Ha 1.

[Tpu cmemennu B Touku C; u B; pasHOCTD JIeBOI 1 IPaBOii
JIyT U3MeHsIeTcsl Ha —¢; — by, a Pa3HOCTHU JIEBOU U MPaBOit
JIyT ¢ HUXKHell — Ha (—01)— (—b1 + 51) =b —-2c, W
by —(=b, +¢;) = 2b, — ¢; coorBercTBenHo. Takum o6pa-
30M, JJI TOTO 4TOOBI 3TO CMeIIeHUe MOIXOMII0, HYKHO
BBIIIOJIHEHUE CUCTEMbl HEPABEHCTB

by +¢i| <1,
(B, Cy):32¢, - by <1,
|2, —¢;| < 1.

3anucbiBas yCJjaoBuda [Jd CABUTOB B OCTaJIbHbBIE IIapbl
TOYEK, IIOJIy4aeM CJielyIolue CUCTEMbI:

b, +cy| <1,
(B2, Cy) 242, = by| <1,
26, — ¢y| < 1;
by = ¢,| <1,
[2¢, + by| <1,
120 + ¢y| < 1;

(B1,C2) :

by = ¢| <1,
(By,Cy) :4]2¢, + by| <1,
20, + ¢ < 1.

[IpeamosoxuM, YTO HU OJIHA U3 HUX HE BbINOJHEHA.
PaccmorpuM niepsble iBe cuctembl. Hepasencrsa by + ¢ < 1
u by +cy, <1 He MOTYT HApyMIaTbCs OJHOBPEMEHHO, TaK
Kak by +b, + ¢, +¢y £2. Toaromy GyneMm cuutaTb, 4TO
by + ¢, £1 m Hapymaetcsl OfHO W3 ABYX APYTUX Hepa-
BEHCTB JIJIsT (B1,C1) . [lockosibKy aTH cayuan cuMMeTpHuy-
HBI, 6yJIeM cUuTaTh, 9to 2¢; > 1+ b, . 3amMeTnM, 4TO TOTAA
0<b +2c, <b +2(1-¢)=2—-(2¢, b)) <1,
u nepsble aBa HepasenctBa jus (B;,C,) BbinosHEHDI
(nepBoe BbITIOMHEHO Beera). 3uauut, 2b; + ¢y, > 1, OTKy-
Jia MOoJIydaeM

1+0, 3b +1

1<2b +¢y <26y +1-¢; < 2b +1- T

+b 2
1>§. Ho mnpu stom

1
T.e. b >§, a rtorma ¢; >

¢; +b; > 1, 94T0O IPOTHBOPEUNT HAIIEMY BBIGOPY. Y TBEp:K-
JeHue 10Ka3ato.

3ameuanue. [[pyroe pelenue, pasyMmeeTcs, MOKHO 10y~
YUTh U3 PEIeHus MyHKTa 6).



SAJAYHHUK

6) Mbl Gy/1eM MOJIb30BATHCSI TEM YK€ HATJISIIHBIM IIPE/ICTAB-
JIEHIeM — eCTeCTBEHHO, ¢ 3aMEHOH OKPY’KHOCTH Ha OTpe-
30K. 3agava mpum 3ToM Tepedopmysupyercs Tak. Ha
OTpe3Ke OTMEYEHbl HECKOIbKO TOYEK, IIPUYEM PACCTOSTHUE
MeKIY JIo0bIME AByMsi cocepnumu He Gosbiie 1. Tpeby-
eTcsl [I0Ka3aTh, 4TO MOKHO paspe3aTb OTpe3oK B 1 — 1
TOYKE M3 HUX TaK, YTO OTPE3OK PACIIA/IETCsI Ha 7 OTPE3KOB,
pasmuyaiomuxcs He Gosibine yem Ha 1. (Paspes B Touke
MOJKHO CJ/IeJIaTh [IBXK[Bl; TOTJA OJHA M3 4YacTeil Oyiaer
UMeTb HYJIEBYIO [IJIUHY.)
3aMeTnM, YTO MHOXKECTBO CHOCOGOB pas3pe3a KOHEUHO.
HaszoBeM Kax/iplil Takoii crmocob pasbuenuem. Mol HEKO-
TOPBIM CIIEIMAJBHBIM 06pa3oM BBIGEPEM M3 3TOTO MHOXKe-
CTBA OJHO pas30meHHe W MOKa)kKeM, YTO OHO MOJXOMNT.
Boi6upatb Mbl OyZieM B HECKOJBKO 3TAIOB, <«CYXKasi»
00.J1aCTh MOUCKA.
1. Boibepem Bce pa3buenusi, B KOTOPBIX [JIMHA HAUOOIb-
IIIETO TIOJTYYAIOIIEr0Cst OTPE3Ka — HAaMMEHbIITAast BO3MOYKHAS
(06o3HAYMM BTY JITUHY Yepes m).
2. OtbepeM W3 HUX Te, B KOTOPBIX KOJMYECTBO OTPE3KOB
JUTHBI 77 MUHIMAJIbHO.
3. A U3 HUX — Te, B KOTOPBIX MUHHMAJIbHO KOJHYECTBO
OTPE3KOB, MEHbINX m — 1.
Ecsm aT0 KOTMYeCTBO PaBHO HYJIO — MBI YiKe MOJTYIHIH
xoporree pazéuerne. Ecan HeT, To TpoJo/KaeM Iporery-
py BBIGODA.
4. Haxomertr, BbiGepeM Takoe pazOueHie, B KOTOPOM MEKITY
KaKUM-HUOY/Ib OTPE3KOM [IJIMHBI 7 1 KAaKUM-HUOYIb [IJIH-
ubl < m — 1 HAXOJAUTCS MUHUMAJIbHOE BO3MOMKHOE YHCJIO
OTMEYEHHBIX ToUeK (BKJIIOYAst UX KOHIIBI).
Paccmorpum napy orpeskoB: U ¢ MakCUMaJbHON JIJIMHOM
m u V, 1imHa KOTOPOTo MeHble m — 1, IpuveM 4YucJo
TOYEK R MEXIy HUMU
N e e v+ MuHEMaTBHO (puC.2).
v.ow v [TycTb, 6e3 orpaHnye-
uug oo6mroct, U Ha-

Puc. 2

xomures cnpasa or V. Ecom k = 1 (U maxoantcs
HENMOCPEJCTBEHHO cnpaBa oT V), TO MepPeABUHEM TOYKY
paspesa Mex/ly HuMu BiipaBo. Toraa anmuaa U yMeHbINnT-
¢, a AamHAa V' OCTaHeTcsd MEHbIne 72, TaK KaKk OHa
yBeJNUMJIACh He 60JIbINe yeM Ha 1; cieioBaTeIbHO, YICI0
OTPE3KOB [IJIMHBI 72 YMEHBIIWJIOCH, YTO IMPOTUBOPEYHT
aTamy 2 BbIGOpA.

[Iycts U u V — ne coceguue. Byjem nepeaBuraTth paByio
rpanuily orpeska V BIIpaBo /10 TeX IOp, [IOKa ero JJHHa
He 1peBblcuT m — 1; Tak Kak ainHa orpeska W cripasa oT
Hero He MeHbIite m — 1, To 3TOT MOMeHT HacTymuT. [Ipm
3TOM JIMHA V OCTaeTcsi MeHbINe m; CJe0BaTeNbHO,
MaKCUMaJbHas [JINHA OTPe3Ka UM KOJNIeCTBO OTPE3KOB
TAKOW /IJIMHBI HE MOTJIN YBEJUIUTHCS.

[Tocie caBura TpaHUIBI HMCYE3 OAWH OTPE30K JITMHDI
< m — 1. 3Hayur, 60 WX KOJUYECTBO YMEHDIINUJIOCH,
6o Temepb 0Tpe3ok W mMeeT AMHY, MEHbITyIo m — 1.
Ho, oueBunno, mexxay W u U MeHbllle TOYEK, 4eM ObLIO
mexxay V u U — npotuBopeune ¢ atarnom 4 Boi6opa. Mrak,
eca BBIOpATh HY)KHOE pa3bueHwe He YaToCh, TO MBI
MPUIILJIN K TTPOTHBOPEYNIO, UTO U TPEOOBAJIOCH.
3ameuanue. Ha 1epBbliii B3r/si/1, MOKHO ObLIO ObI MOTIbI-
TATHCS TPU/YMATD PEIIeHne, aHAJOTHYHOE PENICHUIO My H-
KTa a): pa3éuTh OTPE30K Ha 7 PaBHBIX YacTedl, a 3arem

«KBAHTA » 23

MOIBITATHCS CABUHYTH KAKAYIO M3 TOYeK pa3OneHus: B
O/IHY U3 JBYX OKANIINX OTMEYEHHBIX TouyeK. OHAKO
aBTOopaM ussectet puMep (IIpy 10CTATOYHO GOJIBIINX 77),
B KOTOPOM MpH JI060M TaKOM C/BUTe HAiiIyTcs maBa
oTpesKa pasbHeHus ¢ pasHocTbIo, 6obiuei 1 (a onrumanb-
Hoe pasbueHue yCTpoeHo ApyruM o6pasom). Mel mpegoc-
TaBJISIEM YUTATEJIIO MOTBITATHCS CAMOCTOSITENBHO TIOCTPO-
WUTHh TaKOU TIPHUMED.

U.Bozdanos, I'.Yeanokos

®2043. I'pys maccoii 3 ke noonuMaom u onycKawom npu
noMOwU N1e2KoU Humu u 6.J10Kd, 0Cb KOMOPOZO 3AKPeniend
nenodeuxno. O0naxov. 670K «3aeios — OH nepecmal
epawamocsi 6okpyz ceoeli ocu. Ilpu 3smom ydaemcs
noonumamo zpy3 cunoti 40 H, npunoxennoii x 6060010~
MY KOHUY HUMU, U 2PY3 68 IMOM CAYyUae 08UKEMC S BEEPX
¢ nOcmMoAnHol cxopocmuio. Kaxoil epy3
HYHKHO NOOGECUMb K C60000HOMY KOHUY
HUMU, 8MeCcmo mozo 4moOvl MIAHYMo
HUM®b, umobvlL 2py3 maccoll 3 Kz 0suza.-

cs1 ¢ motl ke ckopocmvio 6nu3? Tpenue A 5
MeKOY HUMbIO U OI0KOM — Cyxoe, KOIp-

Duyuenm mpenus ne 3asucum om npu- T,
KUMAIOWE20 YCUSUA. T,

[Ipn paBHOMEPHOM [ABWIKEHUH Tpy3a
Maccoii M BBepX CHJa HATSSKEHIS HUTH F
ciaeBa or Gaoka T, = Mg, cupaBa M[]

T, = F (cM. pucyHok). Pasnuia stux

CUJI OTIPE/IETISIETCS CUJION TPEHUS HUTU O «3a€BITHiT> 60K
7 TIPONOPITIOHANbHA CpeJHell cumje TPIKNMa HHUTH K
MOBEPXHOCTH OJIOKA!

F+ Mg

-

[Tpunumaa g =10 M/c2 , TIOJTy4YUM

o 2(F - Mg) _ 2(40-30)H :2.
F+ Mg (40+300H 7

Bo BTOpoM ciyuae rpy3 maccoii M paBHOMEPHO OITyCKaeT-
¢ TOJ| BO3/IECHCTBHEM IO/BEIICHHOTO Tpy3a Maccoil m.
[Ipu sToM cuJbl HATSKEHUS HUTH PaBHDBI Tf =Mg n
Tz* =g cJieBa U cipasa oT 6J10Ka cooTBeTcTBeHHO. Torma

F-Mg=aqa

Mg+ mg
2 )

OTKYy/la HAX0/IUM MCKOMYIO Maccy rpysa:

2-a 3

m = M=—M =225 xkr,

240 4
Kcratu, Tounoe pemenue (yu4uTblBaIoee N3MEHEHNE IPU-
SKIMATOIIEHN CUIIBI OT TOUKN A 10 TOuKH b — BMECTO pacueTa
[0 «CpeHell cuje IPmKIMa» ) JaeT TaKol ke OTBeT.
A.DBbaokos

Mg—-mg = o

®2044. 'anmenvka cocmoum u3 monKozo 1ez2Kk0zo cmep-
KHsL Oaunotl L u 08Yyx 00UHAKOBVIX MAIEHOKUX UAPUKOE
maccoi M Kaxovlil Ha KOHYaAx cmepixus. B Havaivhovlil
MOMEHM 2AHMENLKA CINOUM. 8 Y2y KOMHAMbL 6EPMUKATL-
HO, ORUPAACH HA NOJ U BePMUKATLHYI0 cmeny. Om ouen
MAN020 MONUKA 2AHMENbKA HAUUHAem 06U2AMbCs, NpU
IMOM 00UM U3 KOHUOE CKOAb3UM N0 NOAY, a Opyaol
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npodoKaem Kacamocs
cmenwvt. Hawioume cuiol,
€ KOMOPuLMU 2aHMeNb-
Ka deticmsyem na noJ u
cmeny 6 mom MOMEeHM,
K020a ona cocmagasem
yzon45° c eepmuxaivro.
Tpenus nem.

Qe

Q

(02 %b) e}

OG6o3HauuM CKOPOCTD
BEPXHEro Miapuka v, YCKOpeHHe B WHTepecylollell Hac
Touke 1ycTh Oyzer a (eM. pucynok). Ilpu sHauennn yria
0, = 45° ¢ TOPU30HTOM HIDKHUI HIAPUK MMEeT TaKylo JKe
CKOPOCTb ¥, a yCKOpeHHe ero o6osnaunM b. 13 3akoHa
COXPaHEHWS SHEPTHH CJIeAyeT

Mo*  Md? 1
+ =MgL|1-—|,
2 2 g( ﬁj

nJn

-nf-4)

3a/iaiM OueHb MaJiblil mHTepBaa BpeMenu T. Ckopoctu
MapuKOB WM3MEHATCS HAa OYEHb MaJble BEJTUIHHDBI
AVyepy = at u Aty =bt. CHOBa TPUMEHHM 3aKOH
COXPaHEHWs 9HEPTUN:

M (v + Avgep, )2 - Mv?

Mg-ot = +
g 2 2
+ M (() + Avropus) M?Jz ’
2 2

OTKy/Ia

a*t b*t

guv=va+—+0vb+—,
2 2

WJI TIPH MAJIOM T
a+b=g.

3a maJjoe BpeMA T yroJa o HEMHOTO YMEHBIIIUTCA, HaﬁﬂeM

€ro TaHTeHC:
(L/ V2 ) -t _ Oropus _o+ bt
(L/ﬁ)+ T Oppr O+ AT

Orciona mosydnm

Lv+Lar 0’1 —avt® = Lv+L
202 V22
HOCJIE OYEeBU/IHDbIX prOH.IeHI/If/i 3alluiiiemM

L 2
5(0-[9)220 ,

a-b =2g(\/§—1).
Pemast nosryueHHbie 1yt @ v b ypaBHEHUS, HaiieM

22 -2+1
9=,

tgo =

bt + 0’1+ bot

nJjn

=9(v2-0,5)=0,91g,

b =g@—ﬁ)z 0,09g .

2007 /Ne4

Haiitu cnsny Q co cTOpoHBI BEPTUKAJBHOH CTEHBbI U CHUITY
N co cropoHBI moJIa TPOIIE BCETO, 3aINCAB YPaBHEHUS
BTOpPOro 3akoHa HbloToHa /s IIEHTpa Macc TaHTeJIbKU
(4TOGBI HE CBA3BIBATBCS € BEJIMYMHON CHJIBI HATSIKEHHUsI
CTEePIKHSA):

Q=M-0+Mb=Mg(1,5-+72),
2Mg-N=M-0+Ma,
OTKy 12
0 = Mg (1,5-42),
N =2Mg - Ma=Mg(25-2).

MoskHO OBLIO 3apaHee IIPOBEPUTb, HE OTOPBETCS N
TraHTeJbKa OT BepTHKaHbHOﬁ CTeHbI paHbIlle, 4YeM yroJ o
ymenbimutess ot 90° go 45°. Ho ato He 00s13aTe/IbHO —
cuty Q Mbl HOJIYYUJIN IIOJIOKUTEIbHYIO.

A.Bunvbepman

®2045. Maccusnviii kaun ¢ yeaom 60° npu ocHosanuu
MOKem 08UzaAMbCSL NO 2AAOKOMY 20PU3OHMATLHOMY CTHO-
ay. Ha naxaonnoi nosepxrocmu Kauna naxooumcs ma-
aenvkas meaexxka. Koeda menexxa edem no nenoosux-
HOMY KJAUNY — Mbl €20 YOepKueaem, NPUuioKue K Hemy
20PUSOHMATLHYIO CUNLY, — OHA 0ABUM HA €20 NOBEPXHOCTND
cunot f. Yeeauuum zopusonmanrvuyio cuiy, 0eicmeyio-
WY10 HA KAUH, MAK, 4MoObl OH 06U2AICS NO 20PUIOHINAIU
¢ nocmosHnviM ycxopenuem. Haildume eenuuuny amotl
CUbL, eCAU U3BECHO, YMO CULd, C KOMOPOU MeNeKKA
dasum Ha NOBEPXHOCMb KAUHA, CMAd 8uemseepo 6o vue
no eeauuune. Macca xauna ¢ 5 paz 60.vuie Maccol
MeeKKuU.

O6osnaunM Maccy Tesaexku m, maccy kiuna M. Ilpu
HETIO/IBIZKHOM KJIMHE CUJIA JIaBJEHUS TEJEKKH HAa KJIMH
(ona paBHa 1O BEJMYMHE CUJIE HOPMAJbHOH peakiuH,
JIENCTBYIOIIEN HA TEJIEKKY CO
CTOPOHBI KJInHa; puc.1) pas-
N Ha [ = mgcosa . IlycTp ycko-
peHue KJMHa HallpaBJIeHo BJie-
Bo u cocraBusger a (puc.2).
Ycxoperne TeJeKKH YI06HO

mg
a

b
Puc. 2

Puc. 7
[PEJICTaBUTD B BHJIE CYMMBI /IByX BEKTOPOB — YCKOPEHUS
BMECTE € KJIMHOM ¢ Y YCKOPEHH: OTHOCUTEIbHO KJIMHA b,
P 3TOM BEKTOP b, ero mac me IIPOCUJIA HAXOIUTD,
COCTaBJISIeT YTOJ ¢ C TOPU3OHTANbIO. 3alulleM ypaBHe-
Hue BTOporo 3axoHa HplotoHa g TeseXKH B NepIeH/iu-
KYJISIPHOM K b HalpaBJICHUN:

4f —mg coso. = masin o.,
OTKY/Ia JUIST YCKOPEHUSI KJIMHA TTOJTYYiM

_4f —mgcoso.
msin o

a =3gctg(x=\/§g.



roOMOBOJMOMOK

KOJAJEKIOHUHA

Jl1s1 KIMHA B TOPU30HTAJbHOM HAIPABJICHUN 3aIlUIIeM
F-4fsino = Ma,
OTKy/a HalizieM UCKOMYIO CUJLy:

F = 4f sino+ Ma = 4f sin o + 5mgJ3 =

= f| 4sina + 53 1231 .

cos o
3. Pagpaunos

®2046. B dsyx odunaxoswvix cocydax naxoodsmcs oouna-
KOBble Macchbl Kucaopoda u zeaus. /lasnenue xuciopooa
1 amm, dasienue zeaus 2 amm. Cocydvl coedunsiom
monkoi. mpy6xoil, u zasv. nepemewusaromcs. Kaxum
cmanem dasaenue 6 cucmeme nocae YCmanosaeHus Pas-
nogecus? Tennoobmen c oxpyxaioweti cpedoil npenedpe-
Kumo man. Moaspnas macca xucaopoda 32 z/mouv,
zeaus 4 2/ mouv.

[Ipu O/IMHAKOBBIX Maccax KUCJIOPOJIa U Teust HX KOJInye-
CTBa BEIECTBA CBSI3AHBI COOTHOIIEHHEM Vo = 8v;. C yue-
TOM TOTO, UTO Py = 2y , Auisi TeMiieparyp nouayunm 1; = 47T, .
HpI/I CMEIINBaHNN I'a30B CyMMapHasa BHYTPEHHAA SHEPTUA
ocraercsi HenaMenHoii (rermoo6Mena Her, paGota BHeI-
HUX CUJ paBHa HyJt0). Torga samnuiieMm

U = ER\MY} +§RV2T2 = ERV1Tx + §RV2T9€ .
2 2 2 2

Orciofia HailieM ycraHoBusliylocs temueparypy 7T :

_Svii +3v,T, 11

T 5v +3v, 29"

Ycranosusiieecs ke JlaBJIeHUEe 6y}:[eT paBHO

(vi +V5)RT,  v,RT, 9-11
2V Vo229

X

=1,7p, =1,7 atm .

A.Iloemopos

®2047. Mnozonpedenvrvlii amnep-eoivmmemp 01 U3-
Mepenuil 6 yensix nocmosHH020 MoxKa coeiamn na 0cHose

MOYUHO20 MUKPOAMNED- —— rA\f 0 .
Mempa ¢ MOKOM NoJL- e A4

HO20 OMKJIOHEHUS

100 mxA u conpomue-

senuem 850 Om. Ilpu R
NOMOWU MHOZONO3ULUU- <1 %3

OHMOZ0 Nepexouame-

A5 K HeMY NOOKAI0UAIOMCSL OYHO NOO0OPAHHbIE Pe3UCTO-
poL— 000asoUHbIe CONPOMUBACHUS O USMEPEHUS. HANPSL-
JKEeHUTL U wynmol 0150 uamepenus moxoe. Ilpedenvt usme-
penus nanpsixenu 1 B, 10 B u 100 B, npedenvt
usmepenus moxos 1 mA, 10 MA u 100 mA. Xomenocv 6oL
umemo 60ee <noOpobGHLIe> npedenvl uUMepeHutl, HO
KaApOUHAILHO Nepedeavleamy MmouHblil . yOoOHbIL NPUOOP
cogcem ne xouemcsi. Ha nepedneii naneau npubopa ecmo
OmOeavHbLIL, He UCROABIYEMDLI 0151 20 PAbOMbL NEePEK.II0-
yamenv Ha 06a NOJOKEHUS — Y NEePeKIIoUamens mpu
Konmaxma. B o0nom ezo noaoxenuu coeunenvl mexoy
cobotl xowmakmot 1 u 2, a xonwmaxm 3 Omxi0OUeH, Npu
OpY2z0M NOLOKEHUU OMKIIOUEH KOHMAKM 2, d cOeOuHeHbl
koumaxmol 1 u 3. Ipudymaime u paccuumaiime npo-
Cmy1o cxemy, KoOmopas no3eosiad Obl <PACMANYMb>
wrarv, npubopa posHo 6 mpu pasd na ecex npedenax
usmepenus (wxana usmepenus nanpsixenuti 10 B npe-
sepauaemcs ¢ 30 B, wxana usmepenus moxoe 1 MA — e
3 MA u m.0.) 6 00HOM U3 NOJOKEHUL IMOZO NEPEKIIUA-
meas, a 6 OpyzoM NOJOKeHUU 6ce Q0JIHKHO 0CMABAMbCS
<kax 6vin0s. Kemamu, amu nonoxenus nepexiouame.s
MOXKHO 0bo3Hauums X1 u X 3.

Camast pocrast U3 BceX BO3MOXKHBIX cxeM (momnpoOyiite
pemuTh Tpo6JeMy TONpoIle — HUYEro y Bac He Bbiidger!)
MpuBe/ieHa Ha pUCyHke. JcHo, 4To

1 R 2
R=—p,ar+———=1,Te. ¥ =—1.
570 0 370

H+R
Wrak,

1
R=§ro=425 Om, r:§r0:567 Om.

P.Anexcanopos

KOJAJERKIOUA TOJOBOMNOMOK

lonoBonomMka «J[enbta»

(Ha4ano cM. Ha 2-v ¢. 0brioxki)

C rosoBostoMKoil «/lempray MoJofast M306peTaTebHIIA
Wpuna Hosmukosa B 2006 romy e3mmia Ha cbe3q J06UTe-
Jgeit romoBosoMok B bocronm, CHIA. Ilpmexasmme Tyna
3HATOKM HE CMOIJIM «C XO/y» peluTb 3ajsauy Vpuubl, u
6ojiee cTa 9K3EMILISIPOB UTPYHIKH YYaCTHUKU COPEBHOBA-
HUI1 yBe3JIM B pa3Hble CTPAHbI MUPa B HaJexJe, 4To J[oMa
UM «CTEHDBI TIOMOTYT» O/I0JIETb T0JIOBOJIOMKY 13 Poccun. Ha
camoMm jiesie, B DBocrone 1pocTo HeKorjia ObLIO peliaTh
TPY/HDBIC 33JJaUKH.

Yto6bI ciesiaTh roJ0BOJOMKY «/lebray, HY>KHO B3sTh 12
OJIMHAKOBDBIX TJIACTUHOK KBA/IPATHOTO CEYEHUST U TOJIIMHOM,
PaBHOIl 1OJIOBNHE MIMPHUHBI IIJIACTHHKH.

Kasky1o sieTasb roJloBOJIOMKH CKJIENBAIOT U3 IBYX I1J1aCTH-
HOK CO CPE3aHHBIMH JIBYMsI CIoco6aMu yriamu. Y MIeCTH
IJTACTUHOK OTPE3atoT YIJIbl HAUCKOCOK TaK, 4TOOBI OJHO U3
OCHOBaHUil MeJso (GOpMy HATUYTOJBHHUKA, a IIECTh OCTAJIb-
HBIX TJIACTHHOK Pa3pe3aioT HaMCKOCOK MO0 JuaroHaiu (cM.
doro Ha 2-ii ¢. o6aoxku). [Moaydaor 12 3aroToBOK ABYX
BrjIoB. VIX CKJIEMBAIOT NOMAPHO TaK, YTOObI TOJIYYUTD IIECTh
Jietasieii ro;T0OBOJIOMKH [IBYX PA3HBIX KOHMUTY DAL — [0 TPH
KaKJIOTO BH/A.

ITocsie aToro ocTaercss CKJICHTb U3 IJIOTHOIH OyMars Wim
TOHKOT'O KaPTOHA MECTUTPAHHYIO KOPOGOUKY, 1 TOJIOBOJIOMKA
roroBa K pemrenuio. [limHa KakJoH M3 IIecTH GOKOBBIX
CTOPOH KOPOGOYKH /I0JIKHA ObITh B 3,5 pasa 6oJIblie TOJIIIH-
HBI TJIACTHHKH, & BBICOTa KOPOOKH — GoJibliie B 2,5 pasa.

A.Karunun
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1 « O603Ha4mM MM( 1) NnpomsBeaeHe UMGP HaTypanbHOro
4yucna n, NPUYeM ecim YACIO /1 CaMo ABNSETCA LMGPOWN,
10 M(N) = n. Hanpumep: M(5) =5, M(25) = 10. Nocneno-
BaTe/IbHO 3aMnyCaHbl, Takme 4ucna:

1+ (1), 2+ N(2), 3 + 1(3), ..

MoryT nn B 3ToM nocneposaTensHocTy 2007 noapsa
MOYLWMX YMCen OKa3aTbCs MOCNeLOBaTENbHbIMU HATy-
panbHbIMW YUCnamm?

C/IBOpSIHMHOB

Z. Ha ocTpoBe npoxuBaloT abopureHbl, Kaxkabli 13
KOTOPbIX MO0 BCeraa roBopuT npaemay, MO0 Bceraa Jixer.
Kak-To BCTpeTunnch Tpu abopureHa: Ax, Ox 1 Yx. OounH 13
HUX cka3an: «Ax 1 Ox — oba fxelp!», APYron ckasan: «Ax
n Yx — oba mxeub» (HO KTO MMEHHO 4TO CKasan —
Hen3BecTHO). CKOMbKO BCEro MXELOB CPeam 3TUX Tpex
abopureHoB?

E.bapabaros

/%ﬁf*\

B

3 . Mpoheccop Mymbym-Mniombym MeuTaeT nogobpathb
[eCaTb Pa3NMYHbIX HaTypanbHbIX YMCEN TaKMX, YTODbI KX
HanbonbLWMA OO AennTenb CoBMan C UX CPedHUM
apnMeTUdecKM. YAacTca N eMy 3To caenatb?
AXykoB

11 334341 [PEAHA3HAYEHbI Tpexae Bcero yyauymmcs 6 — 8
KJ1aCCOB.

4. MeTa Ha KaXAOM nucTe TeTpagu m3 96 NMCTOB
HapucoBan Becenylo poxuuy (B aHdac) nmbo c ogHown,
nMbOo C APYron CTOPOHbI NICTA, TakK YTO eCi MONOXNTb
3aKpbITylo TeTPadb Ha CTOM, TO HEKOTOPbIE POXMLLbI OyayT
«CMOTpPEeTb» Ha Hero, a ocCTalibHble — OT Hero. BepHo nun,
4TO MOXHO PacKpbITb TeTpamb (MM BoOOLLE He packpbi-
BaTb) B TAKOM MeCTe, 4ToDbl Ha 1eTio U OT Hero «cMoTpe-
J10» OAMHAKOBOE KONMMYECTBO POXMLL?

WAKy M4

5. MpaBunbHBIV BOCBMUYTOMTbHUK PAa3pe3aH Ha 4acTu,

KOTOpble 3akpalleHbl B 4YeTbipe LBeTa. [Jokaxure, 4TO

KaXXObIM LLBETOM 3aKpalleHa ofHa W Ta >e Mnolafb.
B.llponzsonos

Unmroctpayms .1 puyiykosovi



K

M

1 27

Roukypc nmenn A.Il.CaBuna

«MaTtematmka 6—8»

MbI HaynHaem o4epenHON KOHKYPC 10 PELIeHUI0 MaTeMaTu4eckmx 3agady Ans yyawmxcs 6-8
KnaccoB. B 3TomM Homepe Mbl cobpanu 3aga4u aBTOPOB U3 Pa3HbIX CTpaH mupa: CLUA, Uspauns, PymbiHuy,
Poccnn, Benopyccun. PeleHns 3a4a4 BbICbIIaATe B TeHeHne Mecaua ocie osy4eHns 3Toro Homepa
JKypHana no agpecy: 119296 MockBa, JleHnHckui npocrnekT, 64-A, «KBaHT» (¢ mometkou «KoHKypc
«Marematuka 6-8»). He 3abygbte ykazarb uMs, KJacc U JOMALLHUI aApec.

Kak n npexxae, Mbl rpUBeTCTBYEeM y4acTve B KOHKYpPCE He TOJIbKO OTAE/IbHbIX LUKO/IbHUKOB, HO U
MaTeMaTu4ecKux KpyxxKkoB. PYKoBoANTENIEN KPYXKKOB MPOCUM YyKa3aTb 3/1eKTPOHHBIV aAPEC NI KOHTaKT-
HbIVI TestegpoH. 1o Tpaguuymnu, KpyXKU-MoBeaNTEIN 3a04YHOIr0 KOHKYPCa MPUIIaLLIaoTcI Ha QUHAIbHBI

OYHBIV TYPHHUP.

1. Hymuamart sbinoxun 100 MOHeT pasHbIX CTpaH B OfHY
nnHno. Okaszanocb, YTo Niobble ABe CocefHNe MOHETb
BECAT MOYTV OAMHAKOBO, @ MMEHHO, pa3HuLa MX Macc
ctporo mMeHblle 0,01 rpamma. Bcerga nm ypactca 3u
MOHEeTbI Tak NeperpynnmpoBaTh, @ MOTOM PacioNOXMUTb MO
Kpyry, 4ToObl Maccbl MoObIX ABYX COCEAHUX MOHET Ha
OKPY>XHOCTW OTNMYanmncs MeHee Yyem Ha 0,02 rpamma?

[.[anbnepuH

2. a) Hapucynte Tpu Kpyra, Npuv nepeceveHmnm KoTopbix
obpa3ytoTcs wecTb obnacter, obnafaloLmx Cleayiowmm
CBOWCTBOM: B HUX MOXHO paccTaBUTb Yncna ot 140 6 Tak,
4TOObI CYMMa YK1Cen BHYTPU KaXaoro Kpyra Obina ofHowm
N TOW Xe U MaKCMaNbHO BO3MOXHOW.

©) Hapucynte Tpu Kpyra, Npu nepecevyeHmnn KoTopbix
0bpasyloTca WecTb obnacten, Ans KOTOPbIX HEBO3MOXHaA
paccTaHoBKa 4umcen oT 1 4o 6 TaK, YToObl CyMMbI Yumcen
BHYTPW BCEX KPYroB Oblnn OOMHAKOBBI.

B) OO03HaYMM MaKCUManbHYO CYMMY, MOMYYEHHYIO B
pelweHn 3aa4m a), vepes M. Hapucynte Tpy MHOro-
yrofibHWKa, Npu nepeceyeHmnm KoTopbix 00Pa3yoTCsa WecTb
obnacten, 06MaAaloWMX Cnedylowmnm CBOMCTBOM: B HIX
MOXHO paccTaBUTb Yucna oT 1 ao 6 Tak, 4tobbl cymMMa

4MCen BHYTPW KaXaoro MHOrOyrofisHiKa Obina ogHoum m
TOM Xe 1 npeBblwana M
U Xevgpey

3. [lokaxuTe, 4TO NoOble MONapHO Pas3nuMyHble HeYeT-
Hble HaTypalibHble Yucna m, n, P, q, I YOOBNETBOPSIOT
HepaBeHCTBY

mnpq + mnpr + mnqr + mpqr + npqr +

+ 201 < 2mnpaqr.
B.Kupunak

4. OTpe30K, COeaMHALLNIN CepefmHbl ABYX MPOTUBOMO-
JTIOXHBIX CTOPOH YeTbIpexXyrofbH1Ka, pa3pesan ero AMaro-
Hanb nononam. [JokaxxmTe, Y4TO HYeTbIPEXYTONbHUK SBASET-
Cs Tpaneuyen Unu napannenorpamMmMom.

B.[lpou3sBorios

5. 3a oAVH XOA pa3spellaeTcs OOHOBPEMEHHO Mepekpa-
CWUTb B MPOTMBOMOJIOXHbIN LBET JIOOYI0 KNeTKy Waxmar-
HOW [LOCKK, @ TakxXe BCe KNEeTKM, MeloLLMe C Helt obLLyio
CTOPOHY. MOXHO N 38 HECKObKO XOL0B MepekpacuTs B
MPOTMBOMOMOXHbIN LBET BCe KNeTKU JOCKN?

UAKy Y

MoGeantenn koHkypca umenn A.M. CaBuHa «MaTtemaTuka 6-8» 2006/07 yye6GHoro ropa

JlyHLumnx pe3yibTaTtoB B KOHKYpce JObUINCH c1eqyio-
wue LKOJTbHUKM

Karanosckui Tanp — besp-Lesa (M3pawnb), Likona
«Iwenb-XaHacn», 8 K.,

JlncnykmH Cepreyi — XapbKoB, rMMHasua 47, 7 k.,

rabuaynmHa Hanexnaa — CeBactononb, 8 KJi.,

Kaney bopmc — XapbKoB, «AKagemunyeckas rumMHasng»
45, 7 xn,,

HyakunH AnekcaHgp — Xapbkos, ®MJ1 27, 8 kn.,

PoanorHos eopriwi — Xapbkos, O®MJT 27, 7 kn.,

lynmH Bceporos — XapbkoB, «AkagemMunyeckas rMmHa-
3ma» 45, 7 kn.,,

Ubpanmosa Avixara — bukek, ML 61, 8 k1.,

PybareHko Mapus — Xapbkos, wkona 106, 7 k.,

Xpywes Tumyp — Xapbkos, ®MJ1 27, 7 kn,,
TerioBa [fawwa — Xapbkos, ®MJ1 27, 7 kn,,
MuiyerHko Hukonay — KpacHogap, wkona 93, 6 k.

U KPYXKKU:

Matematudeckoro knyba npu yHusepcutete M. [.beH-
FypvioHa B Herese (M3pawvnb), pykosoautenn /7.Camo-
Bos, Ul Xevigpel,,

«3Bpuka» npu OMJ1 27, XapbkoB, PyKOBOAUTENU
A.JlbepiuteviH, EJIAPUHKIHA,

wkonbel 146, Mepmb, pykosoautenn O.H.Yu4darosa,
AM.bypLuresis,

LleHTpa [ONONHUTENBHOMO MaTeMaTU4eckoro obpasosa-
Hng, KypraH, pykosoautens O./.HOXaKkos,

Masoro yHvBepcuteTa npm XapbKOBCKOM HaLMOHaNbHOM
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yHuBepcutete uM. B.H.KapasuHa,
CAJIngpumiy, A.CLLepbuHa,

wkonbl 9, Mepmb, pykosoautens /~A.OQuHLOBS,

wkonbl 5, MarHuToropck, pykosoautens A.B.Xpucresa,

«CurHym» npu dunmnane PICY, Yebokcapbl, pykoBoOM-
Tenb CA./IBaHos,

nnues 130, HoBocnbupck, pykosoautens J1H Yycosurira,

rmMmHasum 1, Camapa, pykosogutens AA./yces,

OMLUN 61, buwkek, pykosoauTens J7.CXox/108a.

pykoBoaUTeNN

XKropy KOHKYpca oTMeyYaeT Takxe xopoiune paborsi
aienyrownx y4eHUKOoB:

KucimHckoro Ariekcess — XapbkoB, « AKafieMumyeckas rmm-
Ha3usa» 45, 7 kn.,,

2007 /Ne4

Qummorosovi KapuHel — Xapekos, ®MIJT 27, 7 k5.,
Lb1bbieBa Anexcess — Camapa, ruMHasus 1, 7 ki,
CogppoHosa AnekcaHgpa — Xapbkos, M1 27, 7 kn.,
MeviHcrepa flaBuvna — CaHkT-Metepbypr, DM 366, 8 k1.,
Komucapdyka EsreqHns — CaHkT-[eTepbypr, 8 K.,
Marseesckoro [mutpmus — Xapbkos, ®MIJ1 27, 6 k1.,
Jlnnko BukTopum — XapbKoB, «AkademMuyeckas rmmMHa-
3ma» 45, 7 kn.,
KoHiumHa Anekcargpa — Mocksa, wkona 1361, 8 k.,
bynrakosou fapsy — HuxxHuia Tarun, 8 K.

U KPpYXKa
nuues 67, isaHoBo, pykoBoauTtens A.B.LLlepoHoBa.

Tonbko HOMb N eanHKLA

JN.ULWNBACOB, 3.LUINUBACOBA

I_l ABEPHAKA BAM 3HAKOMA CJIE/IYIOIIAA 3A/TA-

Ya. 3a/lyMaHO HATypaJbHOE YUCJO, HE MPEBOCXO/IS-
mee N. Kakoe HauMeHbIIlee YlCJI0 BOMIPOCOB HAJO 33/1aTh,
[OJIy4asi B OTBET JIUIIDb «JIa» MU <HeT», 4TOObI OTTa/IaTh
9TO YUCJIO?

[TpuBenem crangaprHoe perenue s caydas N = o
Bech MaccuB umncest feJsIT MOTIOAM U CIIPANITHBAIOT: «3a-
JIyMaHHOE YHUCJO HAXOJUTCS B TEpBOil moJioBune?» B
3aBUCUMOCTH OT OTBETA BBIOMPAIOT IMOJOBUHY, COJEPKa-
Y0 HCKOMOE YHCJIO, BHOBD JIEJIST €€ MOMOJIaM | TIOBTOPSI-
I0T aHAJOTHYHbIA Bompoc. Bcero mowagoGutes (n+1)
BoIpocoB. OYeBH/IHO, CTOJIBKO JKe BOIIPOCOB IOHAI0OUTCS
u B caydae, korga 2" < N < 2" Ho 31ech MOKeT oka-
3aTHCS IOCTATOYHO 7 BOIIPOCOB, MOCKOJbKY Ha HEKOTOPOM
[iare mpu JeJeHUN YUCIOBOIO MACCHBA MOJYYAIOTCS He-
paBHbIE YACTH U 33[[yMAaHHOE YUCJIO MOKET OKa3aTbCsl B

MeHbIIIel 13 HUX.

[Ipu TakoM pelieHry BOIIPOCHI 33/1aBAJIUCh B 3aBUCUMO-
CTH OT TIOJIy4aeMbIX OTBETOB. A MOXXHO i OGOHTHCH 71
Bompocamu, 6e3 ydera orBetoB? OxasbiBaercs, fa. [lis
3TOTO JIOCTATOYHO HAYaTh € BOMpoca: «/lesmrest o uncio
Ha 2?» Ecium penurcd, to 3amnucarh 0, ecau Het — 1o 1.
CuremyonmM HaJI0 33/1aTb BOIIPOC: «lesnTes Jin moTydeH-
HOE YacTHOe Ha 2?» 1 CHOBA 3aIliCaTh OCTATOK OT JIeJICHUS
Ha 2 ¥ T.I. 3aHyMEPOBAB BO3HUKIIYIO MOCJE/[0BATEb-
HOCTb HyJIeH W eIWHUIL dy,dy,...,d, , HAXOAUM HCKOMOe
UHCTO M= ay +ay -2+ ay 20 +...+a,-2". B HeM koad-
bmmmentsr  q,ay,...,a, OCTAaTKU OT JeJieHusl Ha 2
3a[yMaHHOTO YUCJA U CTO MOCJE0BATETHHBIX YACTHDBIX.

Hampumep, samymano uncsao 83. IIpu mocsenoBatenn-
HOM [ICJICHUW Ha /[BA BBIIUCHIBAEM COOTBETCTBYIOIIHE
yactHble, a B cko6Kkax — ocrarku oT genenud: 83(1),

Unmoctpayms  B.YIBaHioka
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41(1), 20€0), 10€0), 5(1), 2(0), 1(1). Otkyna HaxoAUM
1+1:240-2240-22 +1.2 +0-2° +1.26 =83.

Uucso mipejicTaBieHo B BUJE CyMMbl CTETIEHEN JIBOWKN.
Takast 3annch Ha3bIBaeTCs 060UuHOU, TIpaB/la, Kak U B
MIPUBBIYHON JIECATUYHON 3aIKCH, ee TPUHSATO HAYNHATD C
HAWBBICIIIETO pa3psija:

m=a, 2" +a, 2" +..+a-2+a,,
rje KoappunueHTs! a,,d,,...,d,_; pasapt0mmm 1, a, =1.
YacTo wucnoab3yoT O6oJiee KOMIIAKTHYIO 3allUCh:
m=(a,...ayaya), . B uacrnocru,

83=1-2640.2°+1.2" +
+0:2°40-2°+1-2+1=(1010011), .
Yro6bl UMETHb IIpaBO TOBOPUTH O ﬂBOH‘IHOfI cucreme
cyucJeHus, HaJlo TOKa3aTb €NMHCTBEHHOCTDb IIPEJACTaBJie-

HUS J1I060T0 HATypaJIbHOI'O 4YHCJia B TAaKOM BH/IE. ﬂOHYC-
THUM, YTO YHCJIO M NUMEET /IBa PA3JIMYHBIX IIPpEeACTaBJICHNUA:

m = (Clﬂ...a1a0)2 = (bk...b1b0)2, n > k,
TOT/1a
2(a, 2"+ = 2 = =)= by — .

B arom paBeHncTBe JieBas 4acTb JEJUTCS Ha 2, 3HAUYUT,
by = a, . Ananornuno, by = @, u r.;. Ha k- mare momy-
vaeM a,-2"* + ... +a,,, =0, 4TO BO3MOXKHO JIHIIb IIPH
a,=...=a,4 =0.

M3BecTHO, YTO JlecATUYHAs CUCTEMA CUNUCJIEHNS BO3HUK-
ga B Wuguu mpumepHo B V Beke. A Korja BO3HUKJIA
JIBOUYHAS CHCTeMa cuucsenusi? TOYHO YCTaHOBUTDH ATy
HEBO3MO3KHO, HO Y3K€ 32 4 TBICSYM JIeT [I0 HAIUX [Heil B
[lpesnem Erunre ona dakruvecku ucrnosb3obasiach. [lo-
KayKeM Ha [IPUMepe, KaK erureTCKue Kperbl epeMHOKaIN
yucJIa.

Yumuaoxnm uncao 213 mwa 37. B mammx 0603HaYeHUSIX
€rurercKas 3alich BBITJIS/UT TaK:

/1 213
2 426
/4 852
8 1704
16 3408
/32 6816

BMecCTe 7881

[Tosicnum ee. IlpaBblit cToGel] COAEPKUT HAUOOBINNI
COMHOKUTENb U €ro yaBoeHns (MX MmoJyyann caoKeHneM
yycsaa ¢ caMuM co0oil); JeBblii — umcia Buga 2", Ha
KOTOpBIE TTPOU3BOIIIOCH YMHOKeHne. Tabuia BbIHChI-
BaJIach JI0 TEX HOP, [TOKa B JIEBOM CTOJIOIE He MOSIBJISIACH
MaKCUMaJibHasl CTeleHb /IBOKH, He IPEBOCXO/I1as MEHb-
mero coMHoKuTeNRs: 2° < 37 . 3areM B JIEBOM cToaoIe
OTMeYa/ I HaKJIOHHON 4epPTOYKOI Te uncaa (crenenu aBoii-
Ki), KOTOpble B CyMMe JAiOT MEHBIIUH COMHOMKHUTEb:
37 = 32 + 4 + 1. CxuanpiBas 4ymcja MpaBoro CToJoIa,
CTOSIINE HAIPOTHB OTMEYEHHBIX YNCEJT JIEBOTO, TIOJIYYasH
orBeT. MTax,

213% 37 = 213.(25 +2° +2°)= 6816 + 852 + 213 = 7881.

i} 29

Crioco6 yIBOEHUST IIPH YMHOXKEHHU YHCEJ OKa3ascs
CTOJIb YIOOHBIM, YTO HPUMEHSJICS TI03XKe B JPYTUX CTpa-
HaX, B yactHoctH Ha Pycu. [Ipudem y Hac toprosbie sogn
MOJIb30BAJICh MM TaK 4acTo, YTO B CTpaHaX 3arajiHoit
EBporbl crioco6 y/1Boenns Ha3bIBaIm «pycckuMs». Bor kak
B O/IHOI U3 CTAPUHHBIX PYCCKUX PYKOIICEH BBIYNCIISIOCH
npousBejienne 46 x 28 :

46 28
92 14
184 7(1)
368 3(1)
736 1

Yucota jieBoro cToJibIa yABauBaJIKCh, a IPABOTO — Pa306d-
UBAUCH, T.€. NEJUJINUCh Ha 2; TaKk Kak 7 W 3 HedeTHbIe
4yucaa, TO B CKOOKax 3ammcbiBajicsa ocTaTtok. CIioKuB
YHUCJa MEPBOTO CTOJIOIA, CTOSIIUE IPOTUB €MHUII] BTOPO-
r0o, moJy4asu otBet. OObACHAETCS MPABUJIO IPOCTO — BE/Ib
pasziBoeHMe ynca 28 paBHOCUIBHO €T0 TIEPEBO/Y B IBOWY-
Hylo 3anucb: 28 = 129 41.2241.22, a MO9TOMY
4628 = 46 (2" +2° +27) = 736+ 368+ 184 = 1288,

W3 Bcex cucreMm cumcJeHUsT JBOUYHAs caMasi IpoCcTas.
[Tpu pabote ¢ ymcaaMu B 3TOH 3alMCH HY>KHO MOMHHUTD
JIUIITb, YTO TIPU CJIOXKEHWU [IBYX €MHUI] JI060T0 paspsiia
noJtyyaercs eJununa caeayomero paspsaga (1 +1=10),
a yYMHOKEHWEe €e/[MHUI[ BHOBb JIaeT €JIMHUIly TOTrO 3Ke
paspsaga (1-1=1). HecMorpsi Ha IPOCTOTY JI€iiCTBUI,
paboTaTh B IBOMYHON CUCTEME CYUCIEHUS HEYJOOHO M3-32
rPpOMO3/IKOI 3amnucu. Pasjenum, Hanpumep, YHUCJIO

(100011), na (101)

100011 {101
101 }m
R
~101
101

101

Tot >xe TpuMep B JECATUYHON CHCTEME BBITJIS/IUT 3HAUN-
teapno kopowe (35 : 5 = 7). Ecrecrenno, aBomdHas
3aMUCh YNCEJT 10 ITOI MPUYMHE HE MOTJIa KOHKYPUPOBATh
¢ gecatnyHoil. Ho AT 3/1IeKTPOHHBIX BBIUMCINTETbHBIX
MaiuH, O6Jarojaps uxX ObICTPOIEUCTBUIO W OPOMHOI
MaMATH, 3TOT HEJOCTATOK — He MoMeXa. A MOCKOJIbKY Bce
oHu PabOTAIOT HA dJIEMEHTAX, HAXO/SANIUXCS JIUIIb B JBYX
YCTORUMBBIX COCTOSAHUSAX (TOK TIPOITYCKAETCS WU HET), TO
JUIST HUX IBOMYHAST CUCTEMa CUNCJIEHUs OKa3asach Hanbo-
Jiee yno6uoii. [Ipumensiercst ona u B 1pyrux npubopax, B
KOTOPBIX CHTHaJ JU6GO TOCTynaer, jubo He IMOCTYIaer,
HanpuMep B Tesierpadui.

B mnpaxktuyeckoil /1esaTebHOCTH K JIBOMYHOW CHUCTEME
CUMCJICHUS TTOYTH He 00OpalaioTcs, HO ee UCIOJb3YIOT B
TEOPETUYECKUX BOMPOCAX W TIPU PENIEHUN Pa3JTHUHBIX
3ama4. [IpuBenem 1Ba mpuMepa.

3agaua 1 (Ber6upanne kamuein). Mmeromes mpu Kyuxu
Kamuetl ¢ npou38oLbHbIM YUCIOM KAMHel 6 KaxKdoll. /lea
uzpoxa noouepeono 3aduparm u3 ool Kyuku npous-
601LHOE UUCI0 KamHell. Buiuzpvicaem mom, kmo 3adupa-
em Kamuu noCieOHUM.

-
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Amepukanckuii Marematuk Y.Byron massaxa (1901 r.)
aty urpy <«Hum» (0T ycrapesuieil popMbl aHTJIHMHCKOTO
riarosia nim — «6paTb») U OIUCAJ aJTOPUTM BBHIUTPbIIIA
B a10i1 urpe. Pas6epem ero j1g nepsoro urpoka (HaumHa-
forero urpy). CHauasia pacCMOTPUM CJIydail, KOrjia B By X
Ky4YKaX OJIMHAKOBOE YKcJI0 KaMHel. [lepBbIM X0/10M UTPOK
He TPOTaeT 3TU KYUYKH, a 3a6UpaeT Bce KaMHH U3 TPeTheN.
[lanee mpu I060M XO7ie BTOPOTO UT'POKa TIEPBbI ypaBHU-
BaeT YMCJIO KaMHel B JIBYX OCTABITUXCS KYYKaX U BBIUTPbI-
Baer.

UYro6bl pasibHele paccy:kaeHus Oblam OoJiee TIpo-
3pauHbIMHU, 3aTUIIEM YHCaa d, b, ¢, BbIpaKArONHe KOJIU-
YecTBO KaMHell B KyUKax, B /IBONYHON CHCTeMe CUNCJIeHUSI.
Bynem cuntatp, 4TO [IBOMYHDIE 3AIMCH YUCE d, b, ¢ UMEIOT
OJIMHAKOBOE KOJIMYECTBO Pa3psi/loB. Ecau 310 HE Tak, TO
MIPUNUIIEM HYJH B HEJOCTAOMNX pa3psgax. Wrak,

a = (Clnan_1 ...a1ao )2 , b = (bnbn_1 ...b1b0)2 s

C = (Cncn_1 e 0100 )2 .
Haiinem cymmbl udp, CTOSINX B OJIMHAKOBBIX Pa3psiaax:

Sﬂ =an+bn+cn, ey 51 =a1+b1+C1,

SO :ao +b0 +C().

B paccMorpennom Hamu ciydae IocJie KaskIOro Xoja
1IePBOr0 UI'POKa BCe CyMMbl S; OKasblBaloTcs pasHbiMu 0
WU 2, T.e. YETHBIMU. A TOCKOJIbKY BBIUTPBIII COOTBET-
crByer 3Hadenusam S, =...=5; =5, =0, 1o crparerua
BBIUTPBIIIA TIEPBOTO UTPOKA CJIEYTONIAs: MOCTe KasK/[0T0
CBOETO XO/Ia OH OCTaBJISIET B KyYKaX TaKoe YMCJI0 KaMHeld,
4To6bl Bce S; Obuinm deTHbIMH. [l IBYX KydeK 3TO
c/ieJIaTh JIETKO, a KaKk OOGCTOUT JIeJI0 ¢ TPeMs KYUKaMIU?

OueBugHO, M060if X0/ BTOPOTO UTPOKA B CUTYAIWH,
Korza Bce S; yeTHble, MeHSeT YeTHOCTb OJHOW WJIM He-
cKoJbKkUX cyMM S; . IlokaskeM, 4To 1E€pBbIi UTPOK MOXKET
c/ieslaTh TaKOH cjefyloluil Xox, B peayJbTaTe KOTOPOro
Bce S; cHosa cranyt yerHbiMu. [lycrb k — HanGosibimii u3
HOMEPOB, /I KOTOPbIX CyMMbl S; HeueTHbl. B cymme
Sy = a, + b, + ¢, 04HO U3 cIaraeMbIX 160 BCe TPH PABHDI
1. Ilpeanonoxum, uto @, = 1. Bynem BbiGuparb KaMHU U3
nepBoii kyuxku (comepskanieii @ Kamueir). /lemnaercs ato
cJIey1omuM o6pa3oM: pacCMaTPUBAIOTCS JIUIIb T€ d; , ISt
KOTOPBIX CyMMBbI .S; HeueTHbI; ecn ¢; =1, To oHa 3ame-
Hgercs HyJeM, B IPOTUBHOM cJjydae — eaunuueil. B
pesyJbraTe Bce S; CTaHyT 4yeTHbIME. Tak Kak B Han6OJb-
11eM 13 U3MEHEeHHbIX Pa3ps/10B BMecTo a;, = 1 nosasurcs 0,
TO MOJTyYEHHOE YHCJIO MEHbBIIIE NCXOJHOTO. Pa3HOCTD MEK-
JIy 9TUMM YNCJTaMHU YKa3bIBAeT, KaKOe KOJTMYeCTBO KaMHel
HY>KHO B3SITb U3 IaHHON Kyuknu. Hampumep, B Kyukax 58,
42 u 13 xamueil. Tak kak

58 =(111010),,
42 =(101010),,
13=(001101),,

TO HeYeTHbI cyMMbl S, 53,55, . [loatomy nepsoe uncso

58 mazto samenuts uncaom (100111), = 39 . Taxum oGpa-

30M, U3 MEPBOIi Kyuku BbiGupaercs 19 kammeii.
OuyeBH/HO, AJTOPUTM BBIUTPHINIA HE W3MEHUTCS, €CJIn

2007 /Ne4

BMECTO TPeX KyueK PACCMOTPETD IPOU3BOJIBHOE UX YUCJIO.

3amava 2 (cucreMa pPasHOBECOB). YKAKUME HAUMEHL-
wee YucC0 2upb, ¢ NOMOULLIO KOTNOPHIX MOXKHO YPAGHOGe-
cums 106y10 ueayio maccy p om 1 do N zpammos npu
YCA0BUU, UMO 2PY3 U 2upU KAAOYMCS HA PA3HLIE LAULU
86€C08.

Acno, uto tupu B 1 T 1 2 r HEOGXOIUMbBI; UMU MOKHO
B3BECHTb TPy3, HE TPEBOCXOJAINN 3 T, HO Yy¥XKe [
caenyioleil Macchl pueTcsi 6path HOBYIO TMPIO, Macca
KOTOPOWl He MOXKeT TpeBblmath 4 r. BbpirogHo B3ATH
UMEHHO YeThIPEXTPAMMOBYIO THPIO: BMECTe C Hell yaacTcs
YPaBHOBECUTb BCe IieJible Macchbl, MeHbinue 8 r. Jlerko
cooGpasnth, uto ecam 2" < N < 2", To norpebyercs n

rupp Maccamn 1,2,2°,....2""" rpammoB. J[okaxeM 5TO

yTBep:kAeHne nHaykiuei o n. IIpu n = 1 ono oyeBuHO;
IIPe/IIOJIONUM €ero BepHOCTb IIPU 7 = m: BCe IPy3bl p,

2 5
Menbine 2™ |, MOKHO B3BecuTh m rupamu B 1,2,27,...,2™

2nz+1

rpammoB. Pacemorpum rpys mMaccoil p < . Ecom ipu

stom p<2"™, 1o pocrarouno m Tupb. B ciayuae
2" < p < 2™ tpys maccoit p—2" choBa Menbme 2"
3HAYUT, JIJIS €70 B3BENTUBAHUS XBATUT 1 TUPb, A JIJIS TPY3a
B p TPAMMOB OCTaeTcs 100aBUTh THPIO Maccoit 2™ rpam-
MOB. YTBepsK/eHUe JOKA3aHO.

Kakue rupu KOHKPETHO KJQIYTCS HA Yally BECOB JJIs
ypaBHOBelMBaHus Tpy3a p < N, onpejensercs HeHyJie-
BBIMH KO3 UITIEHTAMI 3alNCcH YHUCJa p B JABOMIHON
CUCTEME CUUCJIEHUS.

Ira 3aj1a4ua JJIs OTJACTIbHBIX (DUKCHPOBAHHDBIX 3HAYCHUI
N crajia notyJisIpHOIi 1ocJIe TOro, Kak MosiBUJach B KHUTE
(panirysckoro Mmaremarnka u noata baie e Me3upuaka
«IIpuarupie u 3anmMatesbHble 3agaun» (1612 r.). Ha
MPAaKTUKe XK€ TPHU B3BENIMBAHWM HAa PBIYAKHBIX Becax
MIPOJIABEI] YACTO KJIAJIET THPHU Ha 00e Jaiiu BecoB. B Takoii
6oJiee eCTECTBEHHOI MOCTAHOBKE 3a/1aUa BIIEPBbIE TIOSIBU-
Jach eme panbire B «Kaure a6aka» (1202 r.) urambsuc-
koro marematuka Jleonapao Ilusanckoro. I1pu ee pere-
Hun JleoHAPI0 UCXOAMIT U3 TOTO, YTO JIO60E 11eJI0€ YUCII0
MPEICTAaBUMO B BUJE CYMMbI WJIM PA3HOCTU CTeleHei
Tpoiiku. VMHbIMH cioBaMu, OH (DaKTUUECKU 3aIUCHIBAJ
YUCJIO B BU/IE

N:bn_1'3n_1 +...+b2'32+b1'3+b0.

ToabKo 3/16Ch, B OTJINYNE OT 3alMUCH B TPOUYHOU CUCTEME
cuncJeHns, KoagPUIMEeHTbl PpUHUMAIOT 3HaueHus He 0,
1,2,a0, 1, —1. CBA3b MeX/IY 3TUMM 3AIUCAMU YCTAHAB-
JuBaeTcs Jierko. Ecim B TpOWYHOI 3amycu 4ucja ecTh

caaraemoe 2-3", TO, IpejACTaBUB €ro B BHUJE

+1 o
(3—1)-3" =3"" -3", upugem Kk 3zanucu, B KOTOpOii
koaddurment 2 3amenen Ha —1, a koaddurmenT caenyio-
1ero paspsiza yseandet na 1. Craraemoe —3" mosiBiisier-
¢sI TOr/1a, KOT/la THpst Maccoit 3™ MmosioskeHa Ha Ty JKe Jatiry

BECOB, Ha KOTOPOIl HaxozauTcd rpys. Hawmbosbimum unc-
JIOM, 3aIlUCBIBAEMBIM TaKMM 06pa3oM, SIBJISIETCS CyMMa

1+3+..+3"7" = (3” - 1)/2 . TloaTOMy /17151 ypaBHOBEIITH-
BaHUSI BCEX I[EJIbIX MACC, HE TTPEBOCXOIAITIX (3" - 1) 2,

JOCTaToOuHO 7 THpPD 1,3,...,3"7".



OO0 ofoHOW
3aMedaTeNbHOW
NPSMON B
TPeyrojibHUKe

A.KAPJIFOYEHKO, I.®@UUIMTITOBCKUU

VCTb JIAH TPEYTOJIBHUK ABC (PUC.1), I - ETO UHIIEHTP,

T.e. IIEHTP BIHMCaHHOI okpyxkHoctu, Ki,K,, K3 — Toukn

KacaHus BIIMCAHHON OKPY K-

4 HOCTHU co cTopoHamu, My —

cepenuna ctopounl BC,

K AH| — BbIcOTa, TIPOBEIEH-

2 c

Has 13 BepnHbl A. Oka3spl-

b Ji K3 Baerca, uto npamas M1 (u

elne /iBe aHAJOTHYHBIE IPs-

Mbl€, COCANHSIONINE CePe/in-

HBI JIBYX JIPYTUX CTOPOH C

UHIEHTPOM) 006JIaj1aeT  1e-

JIBIM PSIIOM CBOIICTB, MTOMO-

raolmx pemarb O60JIbIIoe

KoJmuecTBO 3a7a4. O6 9TUX CBONCTBAX M UX TMPUMEHEHUIX MbI
1 TIOTOBOPHM.

c B
M, K, H,
a

Puc. 1

CsoncrBa npsmon M I

CgoiictBo 1. IIpamvie Ml u ATy, 20e T; — mouxa xacanus
BHEENUCANHOU OKPYKHOCMU mpeyzoivruxa ABC co cmoponotl
BC, napannenviol.

HoxkazarenbctBo. Ilycts KD — puamerp BHUCAHHOW B
AABC oxpyxuoctu (puc.2). Kacarenbhass EF k 9TOH OKPYK-
Hoctu B Touke D OyzieT, oueBuiHo, napaJienabia cropore BC.

A Touka D gBisercs TOUKOM

KacaHWs BHEBIMCAHHOW OK-
PYKHOCTH TPeYTOJTbHUKA
AEF co croponoii EF. B cBoio
D ouepe/p, I; — TOUKa KacaHWs
BHEBIIMCAHHON OKPY>KHOCTH

1 tpeyronbauka ABC co cTo-
ponoit BC. TpeyrosbHuku
AEF n ABC roMOTeTHYHDI C
LIEHTPOM TOMOTETHI B TOUKE
A. Tloatomy A, D u Tj nexar
A Ha oanoi mnpsamoii. Kpome
toro, BK =CT{i=p-b,

rje p — HOJIyHepuMeTp Tpe-
yronpuuka  (goxaxure

sto!). CuaepoBaTesbHO,
N M = MK, n M{I —cpen-
wsist mnust B ADK(T, . A ato
/ B
T, M, K

u 3Hauut, uro Ml || AT, .

CgoiictBo 2. IIpamas M1
deaum ompesox AK,; nono-
Puc. 3 JLAM.

HoxkaszareanctBo. Ilycts npsimas Ml nepecekaer AK; B
touke N (puc.3). Ilockonbky Ml || AT, u TiM; = M,K;, 10
MiN —cpeansist munusi B AAK(T; . Takum o6pasom, AN = NK; .

3aMeTM, YTO CBOHCTBO 2 MOXKET ObITb 3JIETAHTHO JI0KA3AHO C
romolibio TeopemMbl HbloToHa: eciu 6 uemvipexyzonivnux enuca-
HA OKPYIKHOCD, MO ee YyeHmp PAcnoioKen Ha NPsSMol, coeou-
nsowel cepedunvl Quazondieli uemvlpexyzoibHuKd.

[eiictBuresibno, AABC MOXHO paccMaTpuBaTh KaK BBIPOK-
neHHpiii verbipexyroapank ABK,C ( £ZBK,C =180°). Toraa,
cormacuo Teopeme Hporoma, Toukn M; n N (cepeauunr anaro-
Haseil), a TakyKe [EeHTP OKPY>KHOCTH [ JIesKAT Ha OHON MPSAMON.

CpoiictBo 3 IIpamas A

M1 omcexaem om 6vLcO-
mot AH; ompesox AQ, pas- /
Holll paduycy enucannoi 6
AABC oxpyxnocmu.

Joka3sareabcTBo. Ilo- Q
ckoabky ADIQ — mapaJiie-
gorpamM (€ro IpOTUBOIIO-
JIOXKHDbIE CTOPOHBI Hapast- -
nenbHbl), 10 AQ = DI = r
(puc.4). Puc 4

CaoiicTBa 2 u 3 mipejiiara-
Jmmch B KadecTse 3aja4 Ha II u 111 Beecoiosnoit mareMaTuueckoit
OJINMITHAJIE COOTBETCTBEHHO.

Jlastee MbI TIOKa)KeM, Kak «paboTaioT» cBoiictBa 1 — 3 mpsimoii
M.

7

T, M, K, H,

3apayum Ha pokasaTenbCcTBO

3anava 1. ITycme M — A
yenmpoud, m.e. mouxa ne-
peceuenus meduam, mpe-
yeonvnuxa ABC. /loxaxu-
me, umo Myl denum ompe-

sox MK, ¢ omnowenuu 1:3, M, M;
cuumas om uenmpouda M.

Pemenue. Ilockombky
TMy=MK, uw AM: c B
MM, =2:1, to Touka M p=b T, M,

— uenrpoun B AAK{T  , &

(puc.5). A 3Hauur,

KM : MG =2:1. Bmecre ¢ tem, M, || AT, (cBoiictso 1) n
Ki{L=LG. Temepb HeTpyAHO MOJCYUTATb, YTO
ML : LK =1:3.

3amava 2. [Tycmo M,, M5 — cepedunvt cmopon AC u BA
coomsemcmesenno. [oxaxume, umo npamas Ml derum nepu-
memp AM M, M3 nonosan.

Pemenue. IIpamaa AT, penur nepumerp AABC nomnonam.
IleiicrBureapno, AC+CTi=b+p-b=p u M]I| AT,
(puc.6). Torna AT, m M,I — COOTBETCTBEHHDBIE TPSMbIE B
TOMOTETHYHBIX TpeyrosbHukax ABC u M{M,M; .

3amaua 3. Joxaxume, umo npamoie MI, TIM u AK;
nepecexanomcs 6 O00HOU A
mouxe.

Pemenne. Pemas 3ama-
qy 1, MBI TIOKa3aJju, 4TO

Touka M gBJgercsd 1eHTPO- G
nJ0M B TpeyroJbHUKE N
AAK(T|, a 3HA4YUT, TOUKU M

T, M u N nexat na ofHoOit
upsivoit (em. puc.5). Ilo
cBoiicTBY 2 Touku M, I,
N Jnexar Ha OfHOI mpa- PaC 6

T, M, K,

(TpogonxeHne cm. Ha c.34)



KAJEMTOCKOII «<KBAHTA»

SKCTPEMAJIBbHbBIE BbITTYKJTbIE OUTYPbI

® CorJlacHO JIpeBHEH JiereH/ie, MepBYIO 3KCTPEMaJIbHYIO
3asauy pemasa napuna /lugona. Cracasch ot mpecJieioBa-
HUIl cBoero GpaTa, OHa BBICAJMJIACh BO BJIAJCHUAX HYMU-
auiickoro kopousist fp6a. SIp6 paspemms BbIIEJUTDH et
TAKOH KJIOYOK 3€MJIM, KOTOPbII MOKHO OTPAaHUYUTH ObIUb-
et mkypoit. HaxomunBas /Imgona BbIpe3aja W3 MIKYPbI
JUITMHHBI TOHKWI PEMEINIOK M OKPYKMJIA UM JIOCTATOYHO
60JBIITyI0 TII0MAAh B hopme noaykpyra. [1o mpegannio, Ha
aTOM MecTte BO3HUK ropoj Kapdaren.
® Bormpochbl, Kacaioluecss HANMEHDbIIUX U HauOOJIbIINX
reoMeTPHYECKUX BeJUYNH, BerTpedaiores B « Havamax» EBk-
mipa (3 B. g0 H.3.). Hanpumep, B VI kHure «Hauam»
cozepxures Ilpepnoxenue 27, B coBpeMeHHOI (opMyIn-
POBKe 3Byuaiiee Tak: «/3 Bcex mapaJsiiesiorpaMMoB, KOTOpble
MOJKHO BITHCATDh B JIAHHBIN TPEYTOJbHUK, HANGOJIBIIYIO T1JI0-
Majab ¥MMeeT TOT, OCHOBAaHHE KOTOPOTO PAaBHO IIOJIOBHUHE
OCHOBaHUs TPEYroJibHUKa» . Cpe/iHeBeKOBbIe KOMMEHTATOPBI
3aMeTUJIM, YTO TaKUM TpueMoM EBKJMza periaercst camast
poCTast U caMasi [PEBHSISI TeOMETPUYECKast 3a/a4a Ha dKCT-
pemyM: «Kakoil m3 BceX  IPSAMOYTOJBHUKOB 33aHHOTO
nepuMeTpa MMeeT HauOOJbIIYIO MUom@aab?» Kak ykasan
[Mam Anexcangpuiickuii (111 B.), Takum cBoiicTBOM 061212
eT KBaJIpar.
® Vike B [IpeBHeii I'pertun ObLIO M3BECTHO, YTO KPYT
nMeeT GOJBITYTO TIIOIAIb, YeM Bee IpYTHe (DUTYPhI PABHO-
ro ¢ HUM IIEPUMETPA, a IIap MMeeT HAMOOJIbIINN 06beM
Cpe/ill BCexX TeJI ¢ TOH ke II0BepXHOCTbIo. B Havyase BToporo
BeKa /10 Hallei apbl rpedeckuii reoMeTp 3eHOI0P Hanuca
crenuantbHblil Tpaktat «O Qurypax, mMennmx paBHYIO
nepudepuio». ITo counHenue 10 Hac He jomwio. OaHAKO
y IManma (111 B.) u Teona Anexcangpuiickoro (IV B.)
coXpaHuanch 14 mpeyioKeHnil, 3anMCTBOBAHHDIX M3 3TOTO
counnenus. Cpean HUX ecTb Takue yTBepskiaeHus: «llpu
O/INHAKOBOM YHCJIe CTOPOH M PaBHBIX MEepUMeTpax y Ipa-
BUJIbHOTO MHOTOYTOJIbHUKA TLJIOMAAh OOJIbIlE, YeM y He-
MPaBUJIBHOTO», V3 ABYX MPaBUIbHBIX MHOTOYTOJHHUKOB
TOT GOJIbIIE, Y KOTOPOTO GOoJblie CTOpPoH», <«Ilmomannb
Kpyra OGoJbllle IO JIO60r0 IPABUJIBHOTO MHOTO-
YIOJIbHUKA, UMEIOIIEro ¢ KPyroM O/IMHAKOBbIE IIE€pPUMeT-
PbI>.
® B 1833 roxy mBeiiriapckuit mateMaTuk Axo6 [llTeitnep
nznaa KHury «O HanOOJbITNX U HAUMEHDIINX 3HAYEHUSIX
mockux Guryp u o cepes, B KOTOPOH reOMETPUICCKUMI
Cpe/ICTBaMI UCCJIE/I0OBAJT MHOTOYHCJICHHDIE TIPOOJIEMbI, Ka-
CAIONMXCSA MAKCUMYMOB 1 MUHUMYMOB. B yacTHocTH, B Heil
JIOKA3bIBAETCSI, 4TO KPYT SBJSETCS IJIOCKOW (UTypOit,
nuMelolell HauMeHbIIHI epuMeTp u3 BceX Guryp 3ajiaH-
HOW TIJIOMIQ/IN.
® [[lupuHO# BBIMTYKJION (DUTYPBI
Ha3bIBaeTCd MUPUHA CAaMON Y3KOU
10JIOCBI, B KOTOPYIO MO>KHO [IOMEC-
TUTDb JaHuyio urypy. Cpean Bcex
uryp 3amaHHON MUPUHBI © HaU-
® 0)2
MEHBIIYIO TLIOIAIb S = el nMeer

PaBHOCTOPOHHUIT TPEYTOJIbHUK
(puc.1). CymecrByeT cKOJIb Yroj-
HO MHOTO (bUryp 3a7aHHOI MUPH-

Puc. 1

HBI ® ¢ HAUOOJIBIITNM PAJNy-  /
COM 7 BIIMCAHHOW OKPY’KHOC- o
TH ®/2 — ToauTCS JI06as N\

durypa, pacnosoxenHas B p,- 5
moJioce MUPHUHBI ® U COJep-
sKamas Kpyr paanyca /2 (puc.2). 3pech, Kak 00bIMHO,
BITCAHHBIM KPYroM (bUTYpBI HA3BIBAETCS CaMbIil GOJIBIION
KpyT, cojep:karuiicsi B ¢purype.

® Cpexn ¢uryp 3aJaHHON IHIMPHUHBI O HAUMEHBITHM
MePUMETPOM T 001a/1a1I0T (DUTYPDI, /L1 KOTOPBIX IMUPHHA
caMoH Y3KOH T0JIOCHI, cojiepsKatieit
(urypy, He 3aBHCHT OT HalpaBJie-
nust noJocel. Takue Guryps mouy-
YHJIM HA3BAHUE (huzyp nocmosHuou
wupunv,. Hapsity ¢ Kpyrom nMeror-
cs u pyrue (Urypbl MOCTOSHHOHN
MIUPHUHBI, HAPUMEP MPeyzoabHUK
Peno. On nomyvaercst, ecm ¢ 1eH-
TPOM B KQK/IOi1 BEPIINHE PABHOCTO-
POHHEr0 TPEyroJibHUKa IMPOBECTH  p,- 3
JyTU OKPY’KHOCTEl, COeMHSIONNX
nBe apyrue sepumnbl (puc.3).

® Jluamempom BBIMYKJONH (PUTYPBI HA3BIBAETCS MAKCH-
MaJbHOE pacCTOsIHNEe Mexkay ee Toukamu. Cpeam Bcex
(uryp 3aganHoil MUPUHBI O GUTYPBI TOCTOSTHHON IMTTPUHBI
uMeloT HauMeHbluil guamerp D = ®, a cpe/u Bcex (uryp
3aJJaHHOTO AAnamMeTpa D OHU UMEIOT HAGOJIbIINIT IePIMETP
P =n=D.

® Cpenu Beex dUTyp 3aJaHHOrO auamerpa D HauMeHb-
mMUM  pagumycoM R ONHUCAHHOW OKPYKHOCTH
D /2 obsnagaior GUTYpBEI ¢ TIEHTPOM
cummerpun. (Onucanmnvin Kpyzom
¢urypnl HasbIBaeTcs camblii Ma-
JIEHBKUII KPYT, B KOTOPOM COJiep-
skutest purypa.) HamGoapmum pa-
JINYCOM OMUCAHHON OKPY>KHOCTH
D
ﬁ cpean BceX (PUTyp 3a1aHHOTO

mamerpa D oGnagaer puzypa Ama- \/

eymu. B o6mem caydae ona crpout-  A1C 4

cs cepyionmuM o6pasoM. M3 Kaskao0ll BepIIuHbI paBHOCTO-
POHHErO TPEyroJbHUKA MPOBOJAUTCS JIyra OKPYKHOCTH
pasnmyca, He MPEBBINIAIONIEr0 CTOPOHY W HE MEHBIIETO
BBICOTBI TPEYTOJNBHUKA. 3aTeM M3 BEPIINH TPEYTOJTbHUKA
MPOBOAATCS KacaTesbHble K oTuM ayram (puc.4).

3anau ¢ nByMs (DUKCUPOBAHHBIME TapaMeTpamu 060JIb-
e, OHU TPY/IHEe, KJIACC IKCTPeMaJbHBIX (Guryp Goraue,
HEKOTOPbIE 3a7a41 JI0 CUX MO HE pelieHbl. B gaapHeiinem
HaM yao6u0 6yaer nassisatb (A, B, C)-3adaueii 1po6iemy
HIOUCKA HKCTPEMAJIbHON IJIOCKOI (pUrypbl, y KOTOpoil /Ba
reoMerpuyeckux rnapamerpa A u B GUKCUpPOBaHbI, a Xapak-
tepuctuka C OCTUTaeT MAKCUMATbHOTO HJIN MUHIUMAJIbHO-
rO 3HAa4YeHUs. 3/eCb MapaMeTpbl — 3TO PACCMOTPEHHDIE
panee xapaktepuctuku D, o, r, R, P, S. ®opmMyb! s
MUHUMAJIbHBIX U MaKCUMAJbHBIX 3HAYCHUI I1apaMeTpOB B
pslie ciydaeB JIOCTATOYHO CJIOXKHbBIC, U Mbl UX 3/eCb He
IIPUBO/IUM.



® B (S, R, r)-3a1aue MAKCUMYM 7
JIOCTHTAETCST HA KPY2ZOGOM CAOE, T.€.
Ha TepeceyeHnn KpPyra ¢ T0J0COi,
cepelHa KOTOPOIl TIPOXOAUT uepes
neHTp Kpyra (puc.5), a MUHUMYM 7 —
Ha kpyze ¢ wankamu (puc.6). Toc-
neausis urypa crpoumtest Tak: Ge-
PYTCS IBE TOUKU, CUMMETPUYHBIE OT-
HOCHTEJIBHO [IEHTPA KPyTa, ¥ U3 9TUX
TOUEK MPOBOJATCS KacaTeqbHbIe K
KPyTY.

Puc. 6 ® B (S, R, D)-3amaue MaKCuMyM

D pnocruraercst Ha urype mocro-
SIHHOIi IIUPUHbI, & MUHUMYM — Ha BBITSIHYTOM PaBHOGE/-
PEHHOM TPEYTONbHUKE. Bolmsanymuvim pasnobeopernvim
mpeyz0avHUKOM MBI OyIeM Ha3bIBaTb TaKOH paBHOOEAPEH-
HBII TPEYTOJNBHUK, B KOTOPOM GOKOBBIE CTOPOHBI HE MEHb-
e OCHOBAHUS.

® B (S, R, P)-3asaue MaKCUMyM P 0CTUraeTcs Ha Jun3e
— urype, 06pasoBaHHOI TE€pECEUYEHNEM [IBYX PaBHbBIX
KPYIOB, PACCTOSIHHE MEK/Y HEHTPaAMU KOTOPBIX MEHbIIE
qmamerpa (puc. 7), a MuHU-

MyM P — na noumu npasuiivo- LTI -
nom muozoyzoaviuxe (puc.8). e N
ITox mocefHUM MBI TIOAPAsy-  / %
MEeBaeM TaKol MHOTOYTOJIbHUIK,

Puc. 5

Puc 7 Puc. 8

KOTOPBI MOKHO BIIMCAaTh B OKPYKHOCTb pajamyca R,
MIpUYEM JIJIMHBI BCEX CTOPOH 3TOTO MHOTOYTOJIbHUKA, KPO-
Me OJTHOM, PaBHBI MEK/Ty COOOM, a OCTABINASICS CTOPOHA HE
MeHbIIIe OCTAIbHBIX.

® B (S, D, ®w)-3aj1aue MakCUMyM @ JOCTHIaeTcst Ha
KPYTOBOM CJIO€, & BOT MUHUMYM 3aBHCHUT OT BEJTMYUHDI D.

IIpn o = HOJIy4yaeTcsl IIPaBUJIbHBIH TPEYroJIbHUK,

KOTOPBII TIpu O < IIpeBpallaeTcs B HelIPaBUJIbHBII

(HPI/I‘{CM TaKUX MHOI'OYTOJbHHUKOB CYHIIECTBYET MHOKE-

CTBO), a IPH <®< D Bosnukaer durypa Amaryru.

® |IHTepecHO MPOAHATH3UPOBATh, KAaK MEHSETCS KCT-
peMasibHas Qurypa, ecam 3apUKCHPOBATH OJMH Iapa-
MeTp U MEHATb JApyroil. B kauecTBe npumepa paccMoT-
pum 3azauy (S, ®, P)-munumym. 3aduxcupyem 3Have-
nue o (manpumep, npumem o = 1). Torma P > 7n. Ecom
P =m, to ortBeT — TpeyroapHUK Peso, T.e. ¢urypa
Amarytn ¢ paamycoM, paBHBIM CTOPOHE MPABUJIBHOTO
tpeyroabnnka (1 B Hamem cayuae). C pocrom P cTopona
6a30BOTr0 TpeyroJibHUKA st (purypsl SMaryTu yBeJindu-
Baercst (npu coxpanenun paauyca ayr 1). Tak 1pogoJ-
JKaeTcsl JI0 JIOCTHKEHUS TIepuMeTpoM 3Hauenns 243 . B
3TOM cJjydae paauyc urypol JMaryTu coBlajiaeT ¢ Bbl-
COTOIl PaBHOCTOPOHHEIO TPEYroJibHHUKA, paBHOil 1, T.e.
OTBETOM SIBJISIETCSI IMEHHO 3TOT TPEYTOIbHUK. IIpm masb-
HelimeM pocte P pepopMupyercs yke TPEYTOJIbHUK — W3
PABHOCTOPOHHETO OH CTAHOBUTCS PAaBHOOEAPEHHBIM, Y KO-

TOPOro GOKOBBIE BBICOTBI COXPAHSIOT 3HaYeHne 1, a ocHO-
BaHIE YMEHbBIIAETCSI.

Awnanornuno npoananusupyem 3agady (S, o, P)-Max-
CUMYM (kax u Bbme, mojaragd = 1). Ilpu P=mx
9KCTpPEMasIbHO Gurypoii saBisercs kpyr aumamerpa 1. C
poctoM P Kpyr mpeBpamiaercs B
<rymo» (puc.9), y xoropoii moJy-

Kkpyru auamerpa 1 coepuusiorcs Bce

6osiee u Gojiee JTMHHBIM TPIMOY-
rosbHuKOM. Hanpumep, orciojia ciie-

ayer, 4to u3 buryp, At KOTOPbIX

P = on, MakcuMasbHYIO TJIOMAAb Auc 9
UMeeT KPYyT, a MUHUMAIbHYIO — Tpe-
yrosabauk Peso.

® B sagaue (P, D, ®)-MakcuMyM sKcTpeMasibHas Gpury-
pa CTPOUTCSI aHAJOTUYHO KPYTOBOMY CJIOIO, €CJIM BMECTO
Kkpyra Oepercs mo6as durypa TOCTOSTHHOTO [UaMETPa
(puc.10). 3pmech JAOMOTHUTETHHO
JUTHHBI 0Tpe3koB AQ n BP momx- AT P
HBI PABHATHCS Auamerpy D — st
Kpyra 9TO YCJIOBHE BbINOJHSIETCS
ABTOMATHYECKH.

B samaue (P, D, ®)-MuHuMyM
aKcTpeMasbHass (PUTypa CTPOUTCS
AHAJIOTUYHO KPYTy C IIMAIKaMH,
ecJl BMECTO Kpyra Gepercst Jiio- B _0
6as urypa MOCTOSHHON WMUPUHBL  p,- 10
(puc.11). 3nech 6azoBast o61acTb
UMeeT IIOCTOAHHYIO IMUPUHY (), JJIUHBL OTPe3KoB AB u
CF pasubl o, npsmbie [,l, (coorserctBento Il )
neprenaukyasapasl AB (coorBercreenno CF). Kcratn,
U3 9TUX YCJIOBUII CJIE/IyeT, YTO
Bce npsimbie I, by, 15,1, wmeior
¢ 6a30Boil 06JacTbi0 IO OJI-
Holt o6meit Touke. ONATD 711
Kpyra ¢ ImankamMu Bce YCJIO-
BUST BBITIOJTHSIIOTCST aBTOMATH-
YeCKH.

® B zajaue (o, R, r)-Max-

CUMYM 3KCTpeMaJsibHO# ury-  Auc 17 o
poii sIBJITeTCST pa3/yThIN Tpa-
BUJIBHBIN TPEYyTrOJbHUK, KOTOPbIH cTpoutcs Tak. OTJo-
JKUM Ha JIydaxX € HOJIOCOM B IEHTPE MPAaBHJIBHOTO TPey-
FOJIBHUKA, TPOXOSIINX YePe3 €ero BepIIHHbI, PaBHbIE
OTPE3KH U C LEHTPAMH B IMOJYYEHHBIX TOYKAX IPOBEIEM
KPYTOBbIE JIyTH, COEAMHSIONIME IIPOTHBOIIOJOKHBIE BEP-
MIMHBI TPEYTOJIbHUKA. EC/u IIUHBI OTPE3KOB «OeCKOHed-
HO O6OJIbINE>, TO MOJYYUM IIPABUJIbHBIN TPEYTOJbHUK,
€CJIM JKe TOYKU COBIAAIOT C IEHTPOM TPEYTOJIbHUKA, TO
HOJIyduM Kpyr. B uncsio atux uryp BXOAUT U TPEYroJb-
HUK Peso. Tombko ass Takux Quryp crpaseinBo pa-
BEHCTBO M= R+7, /I BCEX OCTAJbHBIX CIIPABEIJINBO
HEPaBEeHCTBO W< R+ 7.

B sagave (@, R, 7)-MUHUMYM 9KCTPEMAJbHBIX (GUTYp
TaKKe CYIIECTBYeT MHOTO. [[OMOJHUTENTBHO K YCJIOBHUIO,
orpeiesistionieMy (bUrypbl ¢ MAKCUMATIBHBIM () TIPH 33/1aH-
HOM 7, 3/1ech TpeGyeTcst, 4TOObI PAJNyC OMUCAHHOTO KPyTa
paBHsica R.

Mamepuan nodeomosun E. Bponwmeiin
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(Havano cm. Ha c31)

A moit. Takum o6pasom, mpsi-
mbie Ml u T{M mnepeceka-
I0TCSI B Cepe/inie OTpe3Ka
D AK1 .

3apaua 4. Joxaxume,
umo T Odenum evicomy

1 AH, nononanm.
Pemenune. Ilpsamas T,
C B nmemur DK nonomam (DI =
T, K, H, =1IK;=r; puc.7). Tlo-

pac. 7 ckonpky DK, || AH;, To0
npsmag T/ pasjenut monosnam u Boicoty AH .

3apaum Ha nocrpoeHune

3agaua 5. ITocmpoiime mpeyzorvrux ABC no mpem mouxan:
sepuune A, unyenmpy 1 u yenmpoudy M.
Pemenne. Coennnnm toukn A n M, npoammm AM Ha moso-
BUHY 9TOTO OTpeska u moayuum M; — cepennny BC (puc.8).
A IIposenem npamyio M1 .
CorjiacHO ee CBOICTBaM,
M || ATy u M,I orcekaer
ot BbIcOTBI AH{| o0Tpe3ok
AQ =r . AHa/in3 oKa3bIBa-
€T, YTO €CJIM IIPOBECTH 4e-
d pe3 Touky Q mpsMylo Tia-
ir pamnenpro BC — o mepece-
c o yenust ¢ AT} B Touke F, TO
T, M, K, H, AAQF = AIK;M; (1o xa-
TETy W OCTPOMY YTJIy).
OTcioma W TOCTpPOEHUE:
yepe3 BeplHIMHYy A mpoBeieM NPsSMyIO HapasiebHO IIPSMOil
M. Otnoxkum Ha Heit orpesok AF = Ml . OKpyKHOCTD,
noctpoenHast Ha AF kak Ha iuamerpe, repeceuer npsimyio Ml
B Touke Q. Ilpm atom AQ L BC . [lanbHeiilee mocTpoeHne
OYEBU/IHO.
3agaua 6. Boccmanosume mpeyzonvnux ABC no unyenmpy
I, mouxe M, — cepedune BC, a maxxe npsmoi l, cooepxaweti

e

Puc. 8

A evicomy AH, .
Pemenune. IlpoBenem
yepes M; npsimyio m,
" nepreHuKyJasipayo [,

MEPIIEH/NKYJISIP U3 TOYKN
1 Ha aTy IPAMYIO JIaCT TOY-
ky K; morpesok IK;=r
(puc.9). Mycrs Myl ne-
B Ppeceuer [ B Touke Q. Ot-
JIOKUB OT TOUKU Q BBEpX
OTPE30K, PaBHBIH 7, TO-
syunm Bepuimny A. Kaca-

m C
Puc. 9

TeJbHbIe M3 TOUKM A K OKPYXKHOCTH € IieHTpoM [ pajuyca
IK| =7 mepecekyT HpsMyI0 m B HEJOCTAIOIUX BepIINHAX
BuC.

3amaua 7. [locmpotime
mpeyzorviux ABC no ewvi-
come u meduane, npogeoen-
HbLM U3 eepuunbl A, u pa-
Quycy r BNUCAHHOU OKPY K-
HOCUL.

Pemenne. Crpoum mnps-
MOyroJibublii - AAH; M, 110
Karery h, urunorenyse m,
(puc.10). OTkaazbIBaeM OT
A orpesok AQ = r. [Ipamas
t, IpoBe/IeHHAs ITapaJlyiesib-

2007 /Ne4

Ho H{M; na paccrosinuu r
or Hee, nepeceder MO B
unienrpe I. lanpHeiiee
OUYEeBHU/IHO.

3anaua 8. Boccmanogu-
me AABC no mouxam M,
I u npsamoi m , codepixa-
wett cmopony BC.

Pemenne. 113 toukn [
[IPOBEJIEM TIEPHEH/IKY ISP
IK, x npamoit m, npuyem
IK; =7 (puc.11). Coeaurnm M u K, u, pazjie/iuB 5TOT OTPE3OK
B orHomennu 1:3, moayunm touxy L (3amaua 1). Tpsmas IL
nepeceyer m B Touke M; — cepenune BC. YIBOUB OTpe30K
MM | onyunm Bepinny A. Kacaresbubie n3 A K OKpY>KHOCTH
¢ neHTpoM I pasmyca r nepecekyt m B Bepumnax B u C.

Puc. 11

3apauu npo TpeyronbHUK, B KOTOpoM b + ¢ =2a

Wnorza, B cBA3M ¢ TeM 4TO b — @ = a — ¢, TaKoll TPEYTOJbHUK
HAa3bIBAIOT PA3HOCMHBIM. A BOOOIIE HTO TPEYTOJIbHUK, Y KOTOPO-
rO OJIHA W3 CTOPOH PaBHA
cpesHeMy apudMeTHIecKo-
My JABYX JPYTHX CTOPOH.

3amaua 9. Jan AABC,
6 Komoponm b + ¢ = 2a.
Hoxaxume, umo 6 mnem
QH, =2r.

Pemenune. Ilockoabky

Ml orcexaer OT BBICOTbHI
h, orpesok AQ = r (puc.
12), TO

_h,

QH1_ha_r Ta
oA~ r r

Puc 12
1_25/a_1:2p—a:b+c:27a:2’

S/ a a a

rae S — miomaap Tpeyroabauka ABC. 3naunrt, QH; = 2r .

Caedcmesue. B pasHocTHOM TpeyrosbHuke f, = 3r .

3anava 10. Joxaxume, umo 6 pasHoCmMHOM MpeyzosbHuKe
MK, = K\H,.

Pemenne. Ilockonbky QOH{=2r, a IK; =7 u K TOMy Xe
IK, || QH,, 10 IK| asnserca cpeaueii muuueit B AQH M, (cm.
puc.12), re. M{I =1Q n MK, = KH, .

3amaua 11. B pasnocmmnom mpeyeoavnuxe MI || BC . [doka-
JKume 3mo.

Pemenune. I10 04eBU/HO, TIOCKOJBKY PACCTOSHUS OT IIEHTPO-
uaa M w unieHTpa I B TaKOM TpeyroJibHuKe /10 ctoponbl BC

1
cocrapisior —h, =7 .

Caedcmeue. B pasnocTHOM Tpeyrosbuuke mpsimbie M1 uw MI
JIeJISIT BBICOTY h, Ha 3 paBHbIE yacTu.

3amava 12. Huuenmp I pasnocmnozo mpeyzonvnuxa ABC
saeasemest yenmpoudom mpeyeorvnuka AT H,. [loxaxume
amo.

Pemenne. ITockonbky
Ml =10Q (zanaua 10), 0 A
meanana HG  Ttpeyrosib-
nnka AT{H; npoxoaut ve-
pes touky I (puc.13). Ho Q
TOrJla U3 IapaJliebHOCTH G
npambix Ml u ATy, a I)
TakXXe M3 PpaBeHCTBaA
.M, = MK, = KiH, ce-
nyer HiI =2IG. A s10 . o N1 B
3HA4YUT, 4YT0 | — LEHTPOUJL T,
AATH, . Puc. 13




3apaum c npPAMOYroJibHbIM TpeyrojlbHUKOM

C 3agaua 13. Joxaxume,
4MoO 8 NPAMOY2ZOLLHOM

AABC ( £C = 90° ) mou-

M, xu Ty, I, M, npunadie-

T, Kam 00HOU NPAMOU
(puc.14).
B A Pemenue. Tak Kax mps-

Puc. 14 mast Ty pemur Boicory h,
nonosiam (3aaua 4), a B MPSMOYTOJIBHOM TPEYTOJbHUKE KATeT
AC coBmagaer ¢ h, , To 3agaua penieHa.

3amava 14. Jan npamoyzono-

4 ol AABC ( £C =90°) ¢ 3a-
OaHHBLMU NOLOKEHUSAMU UEHIMPO-
r uda M u unyenmpa I. IIpu nomo-
wu 00noll aunelxu pasdenume
\ nepumMemp 3mozo0 mpeyzorvHuUKd
0 NONOAAM.
Pemenue. [1psmas AM nepece-
c yer BC B Touke M, (puc.15).
b IIpamas Ml mnepeceuer AC B
touke Q Takoii, uto AQ = r (cBoii-
M ctBo 3). Ilpamag BQ pasmemur
I nepumerp AABC TonosaM, nbo
c+r=
C M, B Lo ftb-c _a+btc
Puc. 15 2 2

3apmava 15. B npsmoyzoavron
AABC uepes cepeduny zunomenysvt BC u unyenmp I nposede-
na npsmnas. Ona nepecexaem wamem AB nod yzaom 75°.
Hatidume ocmpule yevl
AABC.

Pemenne. Ilycto mps-
masi Ml mepecexaer
AH; B Touke Q u AB — B
touke F (puc.16). Torza,
COTJIACHO  YCJOBHIO,
ZBFM{=75°,aA0 =r
(cBoiictBo 3). Kpome Toro,
Al =vvJ2 u LAIF = 30°

Puc. 16

BAHTOBbIE
yygeca

M.KATAHOB

BBepeHue

B crarpe «Kax kBaHTOBasS MEXaHUKA ONUCHIBAET MUKPOMUD>
(cm. «KBant» Ne2, 3 3a 2006 T.) pacckasbiBagoch 0 (pyHaMeH-
TAJbHOM yYPaBHEHUH KBAHTOBOII MeXaHWKM — ypaBHeHun IIpé-
JIIHTepa — U C ero IOMOIIbIO paccMaTpHBaJach 3ajada HoBeje-
HUST 4acTUIbl B 6eCKOHEYHO TIyGOKOil ToTeHIanpioii sive. B
IIpe/IIaraeMoil BHUMAHWIO YUTaTe el myOInKaluy TJIaBHOe BHU-

(tak xax £ZBFM, =75° — pHemnnii 1ua AAIF ).
ITycte ZAQI = ¢ . Ilo Teopeme cunycoB miass AAQI umeeM

Al AQ N2

=———, Wi =—,
sing  sin 30° sing  1/2

OTKy/a
sin(p:%, u @=135°.
W3 yerpipexyronpunka BFQH, waiinem yroa B:
ZB =360°-90°-135°-75° = 60°.
Torma £C =30°.

3apaun, cBsizaHHble ¢ BHEBMUCAaHHOM OKPY>XXHOCTbIO

3aMeTI/IM, 4qTOo CBOﬁCTBa, AHAJIOTUYHDbIC BbINICYKa3aHHDIM,
MOKHO HAGJIOATh U TIPH
PaCcCMOTPEHNUS BHEBITHCAH- Ve
HBIX OKDY’KHOCTEIl Tpey-
rosbHnka ABC.

ITycrp I, — nentp BHe-
BIIMCAHHON OKPY>KHOCTH
® , KacaIoIIeiics: CTOPOHBI
BC u npopomkennit AB n
AC (puc.17). Bor wue-
CKOJIBKO PaKTOB, KOTOPbIE
MBI TIPeJTATaeM BaM JJOKa-
3aTh CAMOCTOSITEJBHO:

a) I,K; pemur h, muo-
noJiam;

6) I,M; orcexaer Ha
npogo/Kenun /2, 3a Tou-
Ky A oTpe3ok AY, paBHbIil
paycy OKpPyKHOCTH  ;

B) I,M, || AK, :

r) I,M; penut oTpesox
AT, momosam.

Puc. 17

Manue Oy[er y/eJeHO PEIIEHHI0 HEeCKOJIbKUX CPABHUTEIHLHO
MPOCTBIX 3a/1a4, KOTOPbIe TOA0GPAHbI Tak, 4TOObI MPOJIEMOHCT-
pUpoBaTh HeOéI)I‘IHOCTb TIOBe/ICHNA MUKPOYACTHI] IIO0 CPaBHCHUIO
€ MaKPOCKOITMYECKUMHE TeJiaMu. V13 co06paskeHuil IIPOCTOTHI Mbl
OTPAHUYHMMCSI TOJIBKO OJTHOMEPHDBIME 3a/aYaMu.

[Ipeuraraempie 3aj1a4n, Kak [IPABUIIO, HE MOTYT IIPETEH/IOBATD
Ha ONHCAHNE KAKOTO-TO peajbHOro ¢usmdeckoro sipiaeunsi. Ho
OHM MOTYT [OMOYb IIOHSITb DEAJIbHbIEe SIBJIEHUS, [OCTOIHbIE
Ha3bIBATLCSI KEAHIMOBLIMU UYOeCaMU.

Yactuua nnm BonHa? OgHa nnm MHoro?

HauG6ouibiieil IICHXOJOTHYECKOIl TPY/IHOCTBIO KBAHTOBOI Me-
XaHUKHM CYUTACTCS HEMPE/CTAaBUMOCTb OCHOBHOTO OGBEKTA, IS
OITIICAHN JBIDKEHIA KOTOPOTO OHa co3fiaHa. To dacTuia mposs-
JIAET CBOM BOJIHOBbBIC CBOICTBA, TO KOPIIyCKyJaptble. Marema-
THYeCcKull ammapar KBaHTOBOI MEXaHUKU YCTPOEH TaK, 4To,
pemas mo6yio GU3MYECKyI0 33/ady, MOXKHO I0JIb30BaThCs 00-
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UM TIPUEMaMU, TO3BOJIIONIMME  CTPOro cOPMYINPOBATDH
MaTeMaTHYeCcKyIo 3a/1a4y, a /I PEHIeHNs 33/[a4i HeT HeOOXO/IH-
MOCTH npeonoidzamy 3apanee, Kakyio 4yepTy MOBe/leHnsI MUKPO-
CKOITMYECKO YaCTUITBI MBI YCTAHOBIUM — BOJIHOBYTO MJI KOPITYC-
KyJIspHylo. PemuB 3aauy, MbI notimem, Kak KBAaHTOBAsI MEXaHNU-
Ka OIINChbIBaeT JBIDKeHue dactuilbl. lloiimeM, paske ecam He
CMOKeM ceOe TPeJICTaBUTh.

B nmammoii ctaThe cTporas ITOCTaHOBKA 3314l O3HAYAeT BO3-
MOJKHOCTb 3anucatb ypasHenue [IIpéaunrepa, ycTanoBuTh HE06-
XO/IMMble TPAaHUYHbIE U HaYaJbHbIC ycjaoBus. PerreHune mocras-
JICHHOI1 32/1a41 COCTOUT HE TOJbKO B HAXOX/JACHUN Y -(PyHKIIH,
yaoBieTBopsionieli ypapuenuio llIpéaunrepa ¢ HavagabHBIMU U
IPAHUYHBIMU YCJIOBUSIMU, HO U B BBIYUCJICHUU WHTEPECYIOMINX
Hac (U3MYECKUX BEJMYMH. DyayT pemartbcs TOJIBKO Takue
3a/aun, rae Y -OYHKIHS OMUCHIBAET JABUXKEHNE 00HOU YACTHUIIBI
Mo/l JIeWCTBUEM CHUJIbI, He 3aBucsliell oT BpeMmeHu. OmHAKO
KOHKpeTHbIe (DU3NYECKUE PE3YJIbTAThl, KOTOPDIE «COJCPIKATC»>
B Y -(PYHKIIMU OJTHON YACTUIBI X KOTOPbIE MOKHO CPaBHUBATD C
pesyJbTaTaMy 9KCIIEPUMEHTA, OTHOCATCS He K O/HON YacTHILbI,
a K ancam6.10, KOJJIEKTHBY BO BCEM TOJ0OHBIX YACTHIL.

UYro sxe onuceiBaer ypaBHenue UIpéaunrepa: asuskenne oji-
HOI yacTuIbl uau MHOrux dactuil? Ojnoit! Ho yTo6nI BoCIIob-
30BaTbCS TTOJTYYCHHBIMU Pe3yJIbTaTaMi, UX HY>KHO TIepeBeCTH Ha
SI3BIK MAKPOCKOMUYECKOH, Kaccnueckoit gpuankn. ViMmenno mis
ATOr0 HEOOXOAUM TMEPeXo/ K aHcaMOJI0 MHOTUX YACTHUIL.

[Tepexoa u3 MuKpomMupa B MAaKpPOMHP HeE MPOXOIUT «He3HaKa-
3aHHO»: MEHSIETCST ONMCAHNE IPUYMHHON CBSI3U MEXK/Y COOBITH-
samu. B MakpoMupe BiacTByeT OOBIYHbBIII MEXaHUYECKUI JleTep-
MUHU3M. BO BCSKOM ciydae, KOT/ia peub UeT O IBUKCHUN OJTHOI
YACTUIIBI IO/l JIeWCTBUEM 3aJaHHON CUJIbI. 3Has HadaJbHble
YCJIOBHSI, MbI MOKEM IIPOCJIC/INTD JIBUXKEHHME YaCTHIIbI BO BCE
TTOCJIeTYTONTIie MOMEHTBI. Y TOUHUM: TycTh TIpH ¢ = () M3BECTHDBI
KOOpJMHATA X, M CKOPOCTb ¥y 4YacTHIbl. PemmB ypaBHeHUE
Hplorona (cuia u3BecTHa), Mbl HaiiJieM II0JI0KEHHEe YACTHIbI B

M060ii MOMEHT BpeMeHH, T.e. GpyHKIuo x = x (¢), paBHyIO X,
upu ¢ = 0. Ipoussoanas dx (t)/dt ectb CKOPOCTb YACTHILBI

o(t). Ecrecrenno, xorma ¢t = 0, o v =17,. Umenno sro
yTBEPsK/EeHe W HOCHUT MBIIIHOE HA3BAHUE MEXAHUUECK020 Oe-
MmepMUHU3MA.

[Tyctp He oOMaHeT Bac CJIOBO «MakpoMup». B Makpomupe
MIPOUCXO/IAT Pa3HOOOpa3Hble COOBITHS, MPEACKA3ATh Pe3yJIbTa-
ThI KOTOPBIX aOCOJIOTHO JIOCTOBEPHO HEBO3MOXKHO. VTHOTIA 3TO
CBSI3aHO TOJIBKO C HETOJIHBIM 3HAHUEM HAYaJbHBIX YCJIOBHIl.
Kunaccuueckuii mpumep — 6pocanne koctu. Ecin Obl 3HATDH, HO
a6comorio Touno(!), Kak 6pocuTh KyOUK, 4TOOBI OH BbIIAJ
HYKHOII IpaHbio BBEPX, 3a/a4a uMesa Obl OJHO3HAYHOE pelie-
Hue. A Tak Ha/I0 IOBOJIbCTBOBATHCS OIEHKON BEPOSITHOCTH TOTO,
YTO TIPOU3ONJIET.

BbiBaeT, M BechbMa 4YacTo, MHAYe: TOYHO WM3BECTHA CHJIA,
MIPUBOJIAIIAST MAKPOTEJIO B JIBUKEHHE, W M3BECTHO, KakK Oy/eT
JIBUTATHCST TeJo Toj jeiictBueM 21oil cuabl. Ho ecim Tteso
JIBUIKETCSI, HAIIPUMEP, B BO3/IyXe WM CKOJB3UT 10 HAKJIOHHOM
IJIOCKOCTH, TO Ha TeJO, KPOMEe M3BEeCTHOH CHJIbI, JelCTBYIOT
TaKKe CHJIbI CO CTOPOHBI MOJIEKYJ BO3/yXa WJU aTOMOB TOTO
Tesia, 0 KOTOPOMY OHO CKOJIb3UT. KOHEeYHO, ommcaTh BO BCEX
MOAPOGHOCTAX JBUKEHNE Tesla B BeeX acTuil (Bo3Lyxa, HaKJIOH-
HOIl ILIOCKOCTH) HEBO3MOKHO. OOBIMHO JOCTATOYHO OrPaHM-
YUTHCS YCPEJAHEHHBIM OITUCAHIEM BJIMSHUS OKPYIKAIOMIEN Cpeibl
C TOMOIIBIO CHUJIBI TPEHUS] WJIH COTPOTUBJIEHUST aTMOC(hEpDI.
Vuureisag cuay Tpenust (COMPOTHBIIECHNUS), ONMCHIBATD JABUIKE-
HUE MaKPOCKOIMYECKOTO TeJa MOKHO BIOJIHE HAJEKHO, HO
BayKHble YEPTDI [[BUKEHUST ITPU HTOM CYIIECTBEHHO U3MEHSIOTCS.

Tak, yacTb 9HepPrum Tesa u3-3a TpeHust HeoOPATHMO TepsieTcs,
MIPeBPAIasich B TEILJIO, — UcuedaeT o6patuMocTb. OOpaTHMOCTD
ypaBHeHuit Mexanuku — (GopMaIbHOe CJIEJCTBIE TOTO, YTO OHU
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HE U3MCHAIOTCA IIPU 3aMeHe ¢ Ha —f: YCKOPEHHE — BTOpas
[IPOU3BOAHAA OT KOOPAUHATDL — IIPU 3aMeHe ¢ Ha —f He MeHIeTC.
CuJia ke TpeHus MPOIOPIMOHATbHA CKOPOCTH TeJa — TepBOii
MPOU3BOHON OT KOOPJMHATBI, KOTOpasi MpH TaKoil 3amMeHe
nu3Mensiercsl. VIMEHHO 2T0 06CTOSATENbCTBO U ecTh (hOpMaJIbHAS
[IPUYMHA TIOTEPH OOPATUMOCTH.

B TakoMm omnucaHUM CHJI TPEHUsI BHUMATEJBHDBIN YHUTATEJNb
OIIYTUT HEMOCJIe/[0BaTeIbHOCTh. Kask/as MoJIeKyJia BO3/IyXa
MJIM HAKJIOHHOM TIJIOCKOCTH MOIYMHSETCS TEM K€ 3aKOHAM, YTO
u camo teqo (ceiluac peub He HAeT 00 M3MEHEHUAX, BHOCUMBIX
KBaHTOBOH MexaHukoil). I[louemy ske HOsBJAsieTCss HeoOpaTh-
MOCTB? JTO — BecbMa CJIOKHBIN Bonpoc. B ocHoBe oTBeTa Ha HETO
JICKUT SIBJICHUE IMCCUTIAIIH, 00YCJIOBJICHHON MEPEX00M dHEP-
ruy OT HeOOJBIIOr0 4YMCJja MeXaHUYEeCKUX CTelleHell CBO60[[])I
MaKPOCKOIIYECKOT0 TeJia K 110 CyTH OECKOHEYHOMY YHCJIY CTelle-
Heil ¢cBOGO/IbI MUKPOCKOITMYECKUX YacTuIl. /[BuKeHre MUKpOYa-
CTHUIL CTOJIb XaOTUYHO, YTO BEPOATHOCTH BO3BPAIlCHUA IHEPIrUU
0o0paTHO K Tesy paBHa Hymo. Ilo sToMy IOBOJY TOBOPAT O
HeoOpaTHMOM 3aIyThIBAHNH, a 60Jiee CTPOTUM SI3BIKOM — O POCTE
IHMpONuUL, KOTOPAst CAYXKUT MepOoil 6ecriopsi/IKa.

BepreMcs K o1HOI KBaHTOBOW dYacTHIle, ABWKEHUE KOTOPOU
onucpiBaercs Y -pyHkuueit — penenneM ypasaenus HIpéaunre-
pa. Bosmosas dyukims — GyHKINS KOOPAMHAT U BPEMEHH.
3a/1aB HAuAJbHOE COCTOSTHUE, MBI Haiil/leM BIIOJIHE OTIpe/le/IeHHOe
pemenne W =W (x,t) . Kasanoch Gbl, BIOJIHE IeTEPMUHIPOBAH-
Hplit mporecc. Ho, 3asaB ceGe mpocTellimii BOIPOC O TOM, Tjie
HaXo/UTCA YacTulla B MOMEHT BPEMEHU t, Mbl BbBIHYK/ICHDbI
OIrpaHNYIUTDHCA YTBEPIKACHUECM, UYTO HaAaM U3BECTHA JINIIIDb BEPOAT-
HOCTb HAXOXK/IEHHST YaCTHI[bI B MHTEPBase dX BOKPYT TOYKH X, U
BEPOATHOCTD 3Ta paBHA “P (x,t)‘2 dx . TloguepKkHeM: HECOMHEH-
HO, peub ujer 06 ancam6Je JacTuil, a He o6 ofHON yacTuile. be3s
aHCcaMOJIsT TOK/IECTBEHHBIX YACTHUI] TOHSITHE BEPOSITHOCTH TEPSIET
cMbic. U 1e1o He B HETIOJTHOTE 3HAHUIN MJIN BO B3aUMOJIEHCTBUAN
C 6OJTbIIH/IM KOJIMYECTBOM MHDBIX YaCTHII. BepOHTHOCTb — [IepBUY-
HOE TIOHSTHE KBAHTOBOH MexaHuku. CTporoe paccMOTpEHUE
MOKA3aJi0, 4T0 JOOUTbCS OOJIbIIEH TOYHOCTH TPEJACKA3aAHUI
HeJb3sI, HeJb3st M30ekKaTh HMCIOJb30BAHUS BEPOSITHOCTH TIPU
OInCaHnn JABUIKEHUSA MUKPOCKOIIMYECKUX YaCTHIL.

KopmyckyasipHo-BOTHOBOH /Iyasn3M KBAaHTOBBIX YaCTHUI[ He
TOJIDKO JIeJIaeT MX JIBUKEHUE OYeHb HEMOXOXKUM Ha JIBUKEHWE
KJIACCUYECKUX TeJ, HO 3aCTaBJseT PAcCMaTpPUBATh TOBe/EHIE
aHcaMGJIst 4aCTHIL JIaKe TOT/a, KOr/a, Ka3aaoch Obl, ypaBHeHUe
OTIMCBIBAET JBIIKEHUE O/IHOI YacTuilbl. B aTOM cocTouT elre ojiHa
TICUXOJIOTUYECKAST TPYIHOCTD MOHUMAHMS KBAHTOBON MEXAHUKH.

TpaekTopus, CTauMoHapHoe coCTosiHUe

Ooiiee onucanme ABMKEHUS MUKPOCKOTIMYECKUX YaCTHIl KBaH-
TOBOIl MEXaHUKOI y6eK/1aeT HAaC: KBAHTOBbBIE 3aKOHDI JIBUKEHUS
He MOXO0XKH Ha KJjaccuyeckue. Ho 4To6bI BO3HUKJIO OILYIIEHNE
4y/ia, TOSIBUJIOCD BIIeYaTJeHne, YTO IIPONCXO/IUT HEUTO, YeT0 «He
MOJKeT ObITb», HEOOXOJMMO paccMOTpeTbh mpuMepbl. Crenarb
HATJISIZIHBIM OTJINYNE TIOBEJEHMST KBAHTOBBIX MUKDPOYACTHUI] OT
MaKPOCKOIMYECKUX TeJl MOJKHO, €CJIM YeTKO TPEe/ICTABUTD JIBH-
SKEHNE KJIACCHYECKIX MAKpOTeJ B YCJIOBUSAX, TOYHO COBIA/AI0-
HUX C YCJOBUSMHU, B KOTOPBIX Gy/IET PacCMOTPEHO [IBUKEHUE
KBAHTOBBIX YacTuil. [Ipu ONMUCAHUM [BIKEHHS KJIACCHYECKUX
TeJ ¥ KBAHTOBBIX YACTHIL MBI TIOCTAPAEMCSI UCTIOJIBb30BATD O/IMHA-
KOBbIE TEPMHHBI — TaM, T/le 9TO BO3MOXKHO.

B omHOMEpHOM cirydae Kak-TO HEyZOOHO TOBOPHUTDb O Mpaek-
mopuu. Kraccudyeckast 4acTuiia B 0JJHOMEPHOM MHpPe, KOHEYHO,
6cezda NIBIKETCS 110 TIpsiMOi. VcuepribiBaioliiee onucanue JBu-
SKEHUST YaCTHIBI TI0J[ JIeHCTBUEM BHENIHe, He 3aBUCSIIEN OT
BpeMenu cuiibl F = F (x) CBOAUTCS K ONPEENEHNIO 3aBUCHMO-
CTU KOOPJUHATBI YACTUI[BI OT BPEMEHN — K HAXOXKJAEHUIO (PYyHK-
i x =x(¢). [onnas nHdopManus o JABHXKEHUN YaCTHIIbI



comepxutcss B aToil  (pyHkimu. CKOPOCTb 4YaCTHIBI PaBHA
v(t) =dx(t)/dt , mmmymbe vactunpl (KOIMYECTBO [ABIKEHUS)
ects p(t) =mo(t).

Oynkuus x (t) — peuenne ypasuenus Hpotona. 13 ypasue-

Hus Hpiorona CJIEYEeT 3dKOH COXpAneHUa IHnepzuu

mv2

e=T+U(x)=const,nJm 8=§—m+U(x)=COHSt. €))

CuJia — IPOU3BO/IHAS, B3SITast C IPOTUBOIOJIOMKHDBIM 3HAKOM, OT
. dU (x)

MOTeHIHAIbHOI oHeprum: F (x) = e Jlnst moHMMaHus
CBSI3U ypaBHeHus HpioToHa ¢ 3aK0H0choxpaHeH1/1;1 IHEPTUH
mpoauddepeHnupyiite mepBoe U3 yKa3aHHbIX PABEHCTB MO Bpe-
MeHH, TIOMHSI, YTO KOODJAMHATA X 3aBUCUT OT BpeMeHu ¢, u

HeMe/IJIEHHO ToJIyunTe ypaBHeHue HpiotoHa:
m U gy (1)

dt

Mbl GymeMm paccMarpu-
BaTh MOTEHINATBHYIO HEP-
THI0 JIOO B BUJIE TTOTEHIIH-
ampHOTO Gapnepa (puc.1),
a0 B BUJiE TIOTEHIIUAID-
Hoit ambr (puc.2). Ha pu-
cyHkax 1 n 2 mokasano Tak-
JKe, KaK BBITJISIIUT CHUJIA,
110/1 IeficTBUEM KOTOPOH yc-
0 KOPsIeTCS WJIH 3aMe/ITISIeTCst

FOo) r'S qai:)mua.
HUCYHOK 3 M300paskaer
NpejieIbHO  YIIPOIIeHHbIIT
TOTEeHITHAJIbHBI 6apbep, a
PUCYHOK 4 — TIpe/IeTbHO yTI-
POIIEHHYTO TIOTEHIHATBHY IO
MY . DTO UIeATU3AITHsT, KO-
HEYHO, HO OYeHb YH0OHAS
g pacueta. Ha Bceit ocn
X, KpoMe To4eK X =zxd,
CHUJIa paBHA HYJIO, & B TOY-
Kax & ==xd F =1

4

Ll

U(x)

a2

s

Oyukuus  F(x), pasuas
HYJIIO [IPU BCEX 3HAYEHUSIX
x, kpome x =0, ampu x =0
paBHast 6ECKOHEYHOCTH, ATO
U] Ta camast JeJbra-(DyHKIUsS
Jlupaka, 0 KOTOpOii TOBO-
puJIoch B yIOMSIHYTOH pa-
Hee cratbe. OG03HAUACTCS

Puc. 1

ona tak: §(x). Takum 06-
pasoM, /Il HPSAMOYTOJIb-
HOrOo Gapbepa

=2V

F(x)=-Uyd(x+d)+

Feo T +Uy8(x—d), (2)
a J1JI IPSIMOYTOJIBHOI SIMBI
F(x)=Uy8(x+d)-
—Uy8(x—d).(2)
YTounum omnpejenenue § -
(QYHKIUU: MHTErpaj OT
8(x) no wmmrepsany, co-
nep:amieMy Touky x = 0,

pPaBeH eJIMHHUIIE.
Puc. 2 B rex 3amauax, xoTopbie

ERY4

3/1eCb OGCYIKIAIOTCS, BCETJa U
CIIpaBa u CJIeBa ¢ OTPEIeIEHHOTO
paccTosiust 10 GEeCKOHEYHOCTH U,
MOTEHINATbHAS JHEPTUS €CTh
HOJb WJIM KOHCTaHTa. Y paBHe-
nud (1) 3a/1a10T 3aBUCHMOCTD CKO-

U]

PoCTH © 1 UMIIyJbCa p OT KOOP-
JIMHATDI X

A\ 4

oo |2E-U M) 40 d «x
m ’ Puc. 3

p=y2m(e-U(x)), —_— TU,

a 13 pUCYHKOB 1 1 2 BU/IHO,
YTO PACCTOSIHIE OT TOYKH C
KOOPAWHATON X Ha KPUBOI
U=U(x) no unpsamoi
€ = const 110 BepTUKAJIU -
PAaBHO KMHETHYECKOIT aHep- —d 0 d g
rmu Makpodactuupl. Ilpmw  p,- 4

3a/IaHHON  TTOTEHIMAJIBbHON

SHEPruU 3HaueHUe SHEPIUU € OIpefe/IsieT XapaKTep ABUKEeHU.
Tax, corsiacHo pucyHKy 1, 4acTuiia ¢ sneprueii, mpeBblnaoniei
max U (x) = Uy, ABUKeTCs GECIPENSTCTBEHHO BAOJb BCEl OCH
X, a yacTuua ¢ sueprueii € < Uy ABMKETCS TOJBKO T10 TIOJYOCH:
Jin6o cIpaBa OT MOTEHIHAIBHOTO 6apbepa, Jubo ciaeBa. B ciaydae
MOTEHIMAIBHON SIMbI pasJjnuue eie 6oJee PasuTeNbHO: €CJau
€ > U, To yactuia copepiiaeT MHOUHATHOE ABIXKEHNUE, T.€. T/e
Obl YaCTUIlA HI HAYaJla CBOE JIBMYKEHUE, OHA YiiJieT Ha 6ECKOHEY-
Hocth. Ilpn € < U, nBukeHune (PMHUTHO: YACTUIA JBUIKETCS B
npe/iesiaX MOTeHIMATBHON SIMBI.

3Has, 4TO Npe/CKa3aHus KBAHTOBOI MEXaHUKU MOTYT ObITh
MIPOBEPEHBI TOJIBKO B AKCHEPUMEHTaX € aHCaMOJISIMU YaCTHUIL
Jlake TIPU PACCMOTPEHUN JIBUXKEHUS OJIHOI YaCTUIIbI, BLISCHUM,
KaK [IBMKEHHE MHOTUX TOXKIECTBEHHDBIX YACTHIL ONUCHIBAETCS
KJIACCUUECKONW MEXaHMUKOI.

OCHOBHBIMU TEPMUHAMU JIJIT OITMCAHUS JIBUKCHUS KOJIJICKTH-
Ba TOX/JECTBEHHDBIX YaCTHIl CJY’KaT IJIOTHOCTb YacTHIl 7 U
IJIOTHOCTD TIOTOKA YaCTHI[ ; . 3aMeTHM, YTO [JIOTHOCTD II0TOKA
YaCTHIL — 9TO BEKTOP. B TpeXMepHOM IIPOCTPAaHCTBE Pa3MEPHOCTD
IJIOTHOCTU YAaCTHUI[ €CTb €M, & IJIOTHOCTU TIOTOKA YaCTHIl —
¢ em™ . B 0fHOMEpPHOM Cllydae n — 9TO UHCJIO YACTHI[ HA
€/INHUIIE JVTTHDI, PA3MEPHOCTH 72 €CTb CM |  TIOTHOCTD TIOTOKA
YaCTHIL j = 0N — 9TO YHUCJIO YACTHII, IPOXO/SAIINX UYepe3 TOUKY B
€/IMHMUITY BPEMCHH, PA3MEPHOCTD j €CTh ¢ |

N n,uj— dynkuun x ut. Mexay n 1 j ecTb cBsA3b, Ha3blBaeMast
ypasuenuem HenpepvieHOCmu:

a_n + a_] =0
ot ox
3/1ech UCIHOJIb30BaHbl TPaUIMOHHbIE 0603HAYeHUs: d.../0t —
IIPOM3BO/IHAS 110 BPEMEHU IPH IIOCTOSHHOM 3HAUYeHHH KOOP/IH-
HaTbl X, a d.../0x — IPOM3BOJHAS IO KOOPJMHATE HPH IIOCTOSH-
HOM 3Ha4yeHnu BpeMenn ¢. JL7ig BbIBO/Ia ypaBHEHNS HETIPEPLIBHO-
CTH Ha/10 BbIYNC/IUTD U3MEHEHNE YUC/IA YACTHI] Ha MHTepBaJe dx
3a BpeMs dt, 06s13aHHOE PA3/IMUIIO IIJIOTHOCTH HOTOKA Ha KOHIAX
nnTepBana (4uc/0 yacTHi Ha uHTepBaste dx paBHO ndx, a 3a
BpeMs dt "epes MoGyIo TOUKY MPOXOANT jdt dacThI). Y paBHe-
Hle HeIIPePbIBHOCTH BCTPEYAETCsI BCET/1a, KOT/IA IJIOTHOCTD Yero-
160 U3MEHSIeTCsl B IPOCTPAHCTBE TOJIKO 3a CYET NepeMelleHns,
a nosienne (poskjenne) win yumutoskenue (ruGesb) orcyr-
CTBYIOT.
YpaBHeHHe HelPEePbIBHOCTH II03BOJISIET OIUCATD CINAUUOHAD-
Hoe cocmosnue. B Kiaccuyeckoil MexaHnKe, KOIa pedb uieT 06
OJIHO}i YacTHIle, CTAIIOHAPHOE COCTOSHIE KaK TepMUH He yTIOT-

3
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pebustercs. Econ yacTiIa JBIDKETCS IEPUOANIECKH, TO TOBOPST,
YTO YACTHIA JABIDKETCS M0 CTAIIMOHAPHON TPAEKTOPHUH, MOYEp-
KMBasi, 4YTO TPACKTOPUS He U3MEHseTCsl co BpeMeneM. Korja ske
pedb ujeT 06 ancaM6e TOXAECTBEHHDIX YacTHUIl, CTallHOHAPHOe
COCTOSIHUE O3HAYaeT cJjeiylomee. B MOHATHE TOXIECTBEHHOCTH
BXO/IAT O/[HAKOBbIC HAUYAJIbHBIC YCJIOBUS /IS BCEX YACTHIL.
IIyctp B o6mactb, rjje Ha YACTHILI JICHCTBYET CHJIA, BXOAUT
MOCTOSTHHBIH TTOTOK YaCTHI] TNIOTHOCTBIO | = j, C OJIHOIL I TOII 5ke
JL7I BCeX 4acTHI| aHeprueil g, = mvg /2 . Bes xaptuna auskeHus
MOTOKA YaCTHUI[ He 3aBUCHT OT BPEMEHH — OCYIIECTBJISACTCS
cmayuonapuoe cocmosAHue: TIOTHOCTb TTOTOKA He 3aBUCHT OT
Bpemern (IIpOM3BeICHNE CKOPOCTH © HA TJIOTHOCTH YACTHIL 72,
paBHOE IJIOTHOCTU ITOTOKA YACTUIL j, HE M3MEHSECTCS CO BpeMe-
mem). IIpy 9TOM CKOPOCTD © 3aBHCHT OT KOOPJAMHATBI, KaK 3TO
cJIeayeT M3 3aKOHA COXPAHEHUs] 9HEPTUH, U, CJIEJ0BATENILHO,
IJIOTHOCTb YACTUI[ 3aBUCUT OT Koopauuarel: 1 = n(x) . Tam, rae
CKOpOCTb GOJIbIIIE, TaM ILJIOTHOCTH MEHbIIE, a I/ie CKOPOCTDH
MEHbITIe, TaM IJIOTHOCTb 6OJbIIe, — 3TO XOPOIIO H3BECTHBII
addext (Hampumep, YacTo HAGJIIOIAEMOE CKOILIEHHE aBTOMA-
IIMH HA yYacTKaxX 3aMe/JICHHOTO ABukeHus). CranumoHapHoe
COCTOSTHHE JIETKO 0600IIaeTCs Ha MOTOK YACTHUIL C PAa3INYHBIMU
suepruamMu. Ecim mpene6pedb CTOIKHOBEHMSAMHN, TO Kaskaas
IpyNIla 4acTull ¢ OJHOW M TOH ’Ke HA4YaJbHOW CKOPOCTBHIO
IOYMHSCTCS Yy PABHEHUIO HETIPEPLIBHOCTH, M KaK/[asl, HE3aBUCH-
MO OT APYTUX, JABHXKETCS TaK, KaK OIICAHO BBIIIC.

Yro6b! B JaTbHEHTIIEM TOAYEPKHY T OTJIYNE TOBE/ICHIS KBaH-
TOBBIX YacTHI[ B CPaBHEHHH C KJACCHYECKUMHU, OTMETHM He-
CKOJIPKO OYEeBUIHBIX (DAKTOB.

KakoBa 6bI Hn 6buia ¢opMa WM BBICOTA ITOTCHIMATIBLHOTO
6apbepa, Kaaccuueckas JacTHIla C SHEpTHeil, MeHbIIeil BLICOTHI
6apbepa, 1oj 6apbep NPOHUKHYTh He MokeT. OT 6apbepa OHa
OTPA3UTCS ¥ CO CKOPOCTHIO, PABHOII 110 BeJIMUNHE, HO HAIIPABJICH-
HOIT TPOTHBOIIOJIOKHO TIEPBOHAYAIBHON CKOPOCTHU, BUHETCS OT
6apbepa. I1oTok TOXK/IECTBEHHBIX YaCTHI] MOBEIET ce6s TaK Ke.
Ecim miotHOCTD TOTOKA YacTuil K 6apbepy 0603HAYUTD J, , a
MJIOTHOCTh TIOTOKA YacTUIl OT 6apbepa 0003HAYUTD J_, TO UX
orHourenue j_/j, ectb Koapduiment orpaskenus. O603HaUNM
ero 6yKBoil R, TOT/A /I KIACCHYECKUX YacTuil R = 1.

KaxoBer 6b! HE 6bln (popMa 1 pasMep MOTEHIINAIbHON SIMBI,
€CJIN 9Heprusl 4acTUIIbl MEHbIIE ITOTEHIIMAJbHON 9Heprum BHE
AMDI, KJIACCHYECKas YacTHiia OyeT ABUTaThCs OT OJHON CTECHKN
K JpPYroif W TOKWHYTb My He cMokeT. HmuTo He sampermaer
YJacTHIle HEeMOJBIDKHO JIeXKaTb Ha JHe sSMbl. Ilepron ABMKeHUs
YACTHIBI B sIME 3aBHUCHUT OT ee 9HepPTUH. B IpsMoyrosbHOI sMe
mupuHoit 2d, M306paKeHHOU HA PUCYHKE 4, HEPHOJ paBeH

4d

J2(e=Uy)/m

CoBceM OYEeBH/IHDBII U y>Ke OTMEUEHHDIH Bblle (PaKT: KJIacch-
weckas yacTuia ¢ sHeprueii € > U (x) npn J060M 3HAYEHHH
KOOPJMHATBI X JIBIDKETCS CBOGOIHO CO CKOPOCTBIO, 3aBHCSIIEH
0T KOOPANHATHI. [[JI0THOCTD TOTOKA YACTHUIL j IPU ATOM HEU3MEH-
Ha. Hakonel, sHeprus KjacCHM4YeCKOH 4acTHIIbI MOXKET HMeTb
moboe 3Havenwe. EcTb eIMHCTBEHHOE OTPAHWYEHHE: MOJHAS
9Heprust € JIOJDKHA ObIThb GOJIbIIE WJIM PABHA MOTEHIMAJIbHOMN
sHeprun U (x) . naue: sHeprernyeckuil crexTp KJaacCUYeCcKOil
YaCTHIIbI HETIPEPbIBEH.

YpaBHeHue LLpéauHrepa. MnoTHOCTL NOTOKA...

Kax IlIpéaunrep chopmynupoBas ypaBHEHHE, HOCSIIEE Te-
1epb ero MMs, J0BOJBHO MOAPOGHO PAcCKa3aHO B YIOMSHYTON
Bbllle crarbe. He OBTOPSS CKa3aHHOTO, HAIIOMHUM TOJIBKO, YTO
BBe/leHne Y -PYHKIIMU TIOCJTYKUJIO OCHOBOI CO3/IaHUST BOJIHO-
Boi Mexanuku. CHaua/a KBAaHTOBYIO TEOPUIO B MIPEAMHTEPOBC-
KOM BapHaHTe Ha3bIBAJIU UMEHHO 60.1H060U MEXAHUKOI, TTo1uep-
KMBasl BOJIHOBBIC CBOWMCTBA aTOMHBIX M CyOATOMHBIX YaCTHIL.

2007 /Ne4

JleficTBUTEIbHO, WHOTJA TOHSATh KBAHTOBOE SIBJIEHHE JIerde,
CPaBHUBAs [IBMYKEHHE KBAHTOBBIA YACTHIIBI HE € ABUKEHHEM
KJIACCUYECKON YACTHIIbI, & ¢ PACIPOCTPAHEHUEM BOJIHBI, HALIPH-
Mep 9JIEKTPOMArHUTHOM.

Bomumem ypasuennsa Illpéaunrepa A1 0OAHOMEPHOTO CJIy-
vag. MuoxectBeHHOE uncI0 (YpaBHEHUs) UCIOMB30BAHO TIOTO-
My, YTO Mbl BbIIUIIEM [BAa YPABHEHUS: HECTALMOHAPHOE U
craunonapuoe. Hecmayuonapnas BosHosast GYHKIUS B O/HO-
MEPHOM CJTyYac 3aBUCUT OT JIBYX MEPEMEHHBIX — OT KOOPMHATDI
u ot Bpemenn: W =W (x,t), a cmayuonapnas BonHOBast HyHK-
1ust, Toxke oGo3nayaeMast GYKBOH W, HO MEHbLIMX Pa3MepoB,
3aBHCHT TOJIBKO OT KOOpAMHATBL: W =V (x). Jus1 cocrosuus
YACTUIIBI, SHEPTUsT KOTOPOH MMEET ONPECICHHOE 3HAUCHUE,
CTalMoOHapHast BOJIHOBass (yHKIMsA W (x) — 9T0 aMIUMTy/a B
BBIPKEHUH /Il HECTAI[MOHAPHON BOIHOBOI (yHKIMN:

W (x,6) = exp (_ %)w(x) . “4)

Wrak, B 0iHOMEPHOM cJrydae HectalmoHapHoe ypasuenue IIpé-
JINHTEpa NMeeT BU/L

R Al e ¢

ih—=-—|—+U v, (®))
" ot 2m | 9x? (*)
a CTalMOHAPHOE ypaBHEHUE —
d>y  2m
——+ 55 (e-U(x =0. 6
PRI ( ( ))‘V )

It quddepenimanbable YPaBHEHUS JOKHBI ObITh JOMOJTHEHDI
IPAHUYHBIMU U HAYAJBHBIMU YCIOBHUSIMHU, HO 00 9TOM MO3JKE.

B uwmruposannoii cratbe (M, KOHEYHO, He TOJBKO B Heii)
ckasano, uyTo Bhipakenne WY dx | rie 3Besmouka * 0603HadAET
KOMILJIEKCHOE COTIPSI’KEHHE, eCTh BEPOSITHOCTD OOHAPYKUTD Yac-
THILY B TOYKE X TPU MHOTOKPATHOM OCYTIECTBJIEHUH IKCIIEPIMEH-
Ta, B KOTOPOM YaCTHIA JBMIXKETCS TaK, KaK OIMCBIBAET Y -
dyukumst. Crefoarensto, p (x,t) = P¥* = “{‘ (x,t)‘2 €CTD IJIOT-
HOCTb BEPOSITHOCTH OOHAPY’KUTH YaCTUIY B TOYKE X B MOMEHT
Bpemenn t. Ecom p(x,t) # 0 B He60IBIION 061aCTH TPOCTPaH-
CTBa, TO HANIPAIIMBAETCS 3PUTEJIbHBIN 06pa3 — 00.1aK0 eeposim-
nocmu. HecoMHEHHO, WHTEPECHO W BAaXXKHO 3HATH, KaK OHO
JIBIKETCSI, KAKOB €0 3aKOH J[BIIKCHUS.

BoiBecTn ypaBHeHNe, OMICBIBAIONIEE U3MEHEHUE MIOTHOCTH
BepositHocTnt P (x,¢), HeTpyAHO. [l 3TOTO MCHOMB3YIOTCS
ypasrenue (5) g W um amanormunoe ypasuenwe s P
[TocJsie cOOTBETCTBYIOMUX MPEOOPA3OBAHIIN TTOJLYIUTCS

ap (x,t) N Jf _o0 = ih ‘{,8‘1’* g ¥

ot ax ! T om ox ox

MbI mosryunin ypaBHeHne HempepbIBHOCTH. EcTecTBeHHO, 3/1eCh

J —mnotHOCTDb oTOKA. Ho moroka yero? Tak kak p — IJIOTHOCTD
BEPOSITHOCTHU, TO j — NJIOMHOCING NOMOKA 8ePOSMHOCIU.

Y nuBUTENbHOE /110 BEJTMYUHBI, C TIOMOIIBIO KOTOPBIX MOKHO
TOJIBKO OTIEHUTH BEPOSITHOCTD TOTO, TIOMAJET JU YacTHIla B
JMAHAYI0 TOYKY mpoctpanctBa (P m j), ¢ XOAOM BpeMeHM
MU3MEHSTIOTCST B TIPOCTPAHCTBE TaK, GY/TO OMMCHIBAIOT [BHKEHUE
rasa JacTHIl. Y paBHEHUe HeIPEPbIBHOCTH MOKA3bIBAET, YTO TIPH
JIBIKEHUN BEPOSITHOCTD HE POJK/IAETCS] U HE MCYE3AET, & TOJIBKO
HepeMenaeTcss B HpocTpaHcTBe. Ecim HavaabHOE COCTOSHHE
JaCTUI[BI TAKOBO, YTO OHA € JIOCTOBEPHOCTBIO HAXOJUTCS B KAKOIi-
TO 00JIACTU MPOCTPAHCTBA, TO C XOJOM BPEMEHU MOXKET U3Me-
HUTBCST 00JIaCTh, TJle YaCTUIy MOXKHO OGHApYXHUTb, HO IIO-
IIpEeXKHEMY BO BCeil JOCTYIHOHN 00JIacT! 4acTHIA C JJOCTOBEPHO-
CTBIO HAXOJUTCS.

Vpasuenue nenpepviernocmu (7) oMUCHIBAET 3aKOH COXpaie-
HUsL 4aACTRUYDYL.

)

(Mpogonxerme creqyer)
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[ poropLyOHaNbHOCTS

OndmepeHLanos
B (DM3MNYECKIX
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K.Pblb

I\/I ATEMATUYECKOE MO/JEJINMPOBAHNE ®U3NYECKUX
TIPOIECCOB YACTO MPUBOAUT K JH(PdEPEHITIATBHBIM yPaB-
HEHWSIM, CBSI3BIBAIONIIM MEXK/LY COOOi TTlepeMeHHbIe BEJTMYNHDI I
UX TPOU3BO/IHDIE. Perienne moo0HbIX YPABHEHUI TPE/CTABIIS-
eT MaTeMaTW4ecKylo TPYAHOCTDb s ydanmxcs. OjHaKo BO3-
MO>KHO IPUMeHeHIe 06XO0/HOTO ITyTH, He TPe6YIOIIero BJIa/[CHII
MeToJaMi nHTerpupoBanus anddepeHnnansbHbIX ypaBHEHHI.

Tak, ecau Tpum MOJEIUPOBAHUN KAKOTO-n60 (PU3NIECKOTO
Ipoliecca yCTAHABJIMBACTCA IPONOPIMOHANbHAS B3AMMOCBS3b
JBYX M3MEHAIONNXCA (PU3MICCKUX BEJIMYHH, TO MOKHO T'OBO-
pHTH O TIporoprmoHagbHocTH nX aAnddepennnanos. [Ipn srom
HOSIBJISIETCST BO3MOYKHOCTD CBECTH PEIICHIE K KOHEYHBIM [TPUpa-
IEHNAM B3aNMOCBSI3aHHBIX BEJIMYMH HA OCHOBE ITPONOPIIUH.
CyMMupysT GeCKOHEYHO MaJble B TIOJYYECHHOM BBIPAKEHHI,
KOTOpOe MbI GY/IeEM Ha3bIBATh NPONOPUUOHAILHOCbIO Oughghe-
penyuanos, n BbIHOCST KOa(@PUIUEHT 32 3HAK CyMMHPOBAHHUS,
HOJIyYUM CBS3b MEXK/JY KOHCYHBIMH M3MECHCHUSIMH BEJIMYMH.
Ecym m3MeHenme ofHOI W3 BeJTMYWH B XOj€ Mpoliecca 3aJaHo
YCJOBHEM 33ja4i, TO MOJTyYeHHOE BBIPAKEHNE OHO3HAYHO
OIIPE/IC/IUT M3MEHEHIE W BTOPOil BEJMYNHDI.

A Terepb — HECKOJIbKO KOHKPETHBIX 3a/[au.

3amava 1. Modeau kopabas maccoii m cooduyaiom Hexomo-
py10 nauarvnyio ckopocmv vy . Cuna conpomuenenus 600bi
nponopyuonarvna cxopocmu: F. =—kv. Kaxoe paccmosimue
npotidem modeav 0o mecma, z0e ee CKOPOCMb YMEeHbULUMCSL
60s0e? Kaxoso obuwee paccmosinue, komopoe npoiioem mooenn?

Cnta conpoTHBIIEHHS OIpe/ieisieT ObICTPOTY YOBLIN CKOPOC-
t. C yueroM ycjoBus 1 BTOpPoro sakona Hbiorona sanuiiem

F, =-ko, FC:m@,
' dt
WK J
m<l = ko
dt

YMHOHIM II0JIy4eHHOE ypaBHeHue Ha dt 1 yuTeM, 4to vdt = ds,
rae s — TpoiigeHnoe paccrosgnme. IIpm aToM momydnm

m
ds=-—dv.
k
[IBa muddepenimana cBsA3aHbl HOCTOSTHHBIM KO3(M(PUITMEHTOM,
KOTOPBIH TIPH CyMMHPOBAHUM MOKHO BBIHECTH, W MBI HaiieM
CBSI3b MEK/Y KOHEUHBIMU IPUPAIIEHUSIMU:

m
As=——Av.
k
%
Tax kax 1Mo yc1oBUIO B TIepBOM ciiydae Ay, = ——> U As = s,
TO 2
- MY

KA

AHaJornuHo ToJiydyaeM OTBET [1JIA BTOPOTO CJiydas:

mo,

k

Sy =

[TonipoGyiiTe pemmnTb 3ajady pas/eseHreM IepeMEeHHbIX U
MHTErPUPOBAHNEM ¥ CPABHHUTE TPYIOEMKOCTH JIBYX CIIOCOGOB
perieHus.

3amaua 2. [lo 2opu3onmanviviM NApaiiesioHbM PesbCaM,
paccmosinue Mexdy xomopuimu L, ckoavaum 06e3 mpenus
nepemuluKa Maccoi m. Peavcol coedunenvl peaucmopom conpo-
musaenuem R u waxodsmcs 6 6epmuxdivHOM 00HOPOOHOM
maznumnom noae ¢ undyxuyuer B. Ilepemviuxe coobuaiom
ckopocmy vy . Kaxoe paccmosinue ona npotidem 0o ocmanosxu?

IJIC uHAYKIMK B ABMKYIIEHCS CO CKOPOCTBIO ¥ II€PEMbIYKe
CO3/1aeT WHIYKIIMOHHBIN TOK:

BLv

. e
e;=BLv, i=-"L=
R R
Cuna Amnepa, JeiicTByiolias Ha IPOBOJHUK € TOKOM, TOPMO3UT
JIBUKCHUE HEPEMbIYKU:

. do
Fy, =iBLsina, F, =-m—.
A A dt
TakuM o6pasom, B HameM ciayuae (o =90° ) morydaem
do BI?
L2
dt R

B aToM ypaBHeHHM Mbl BHANM IIPH3HAK 9KCIOHEHIINAIbHON
YOBLIN CKOPOCTH: OBICTPOTA YMEHBIIEHUSI CKOPOCTH IIPOIIOPITH-
OHAJbHA caMOll ckopocT. ITO — AuddepeHInagIbHOe ypaBHe-
HHUe ¢ pas/esaionuMucs repeMenubiMu. Ho Mbl He OyjieM ero
nHTErpupoBath (110 METOLY pas/e/IeHus IEPEMEHHBIX ), a C/leJa-
eM cJesyolee.

YMHOXKUM Hallle ypaBHenue Ha dt u yurem, uto vdt = ds, /e
s — npoitjienHoe paccrosinue. Torja

ds = - 77;R2 do
B°L

IMosmyunmn nponopiuoHaabHoCcTb AuddepennuanoB. CyMMupo-
BaHUe TIO3BOJIUT TIEPEHTH K KOHEYHDBIM MTPUPAIICHUSM:

mR

B’I’
U, IIOCKOJIbKY Ay, = =0y , II€peMeIeHne 0 OCTAaHOBKI OyaeT
PaBHO

As = Av

A mRu,
o6y — Bz L2 .
3amaua 3. I[enouxy maccoi m u daunoil | nodeecunu 3a dea
Konua xk nomoaxy. IIpu amom okazaiocs, 4mo 6 Mecmax 3axpen-
JleHust yenouka obpasyem yzoivl o, ¢ eepmuxdaivio. Haiioume
paccmosmue Hy om nuxwuett mouku uenouxu do nomosxd.
[Tycrb cnia HaTsKEHHS B HIDKHEH Touke nenodku Ty, a B
touke moaseca 1, (puc.1). K 110/10BIHE LENIOYKHY €11[e IPUIOKE-
mg
Ha CHUJIA TSKECTH —— .

2

3amnuieM ycJOBUe PaB-
HoBecust CuJI, JefcTBY-
IOIUX Ha II0JI0BUHY Iie-
TIOYKH, B IIPOEKINAX Ha A
TOPU30HTAJIBbHYIO U Bep-
THKAJbHYIO OCH:

Ty —T,ysino=0, T,

TAcosa—%zo.

Puc. 1
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Orcroma

__™mg mg
Ty=—"—uTl,=—2tga.
47 2cosa 1o 2 go

Jlst 106GOTo TIPOMEKYTOYHOTO 3BEHA TIEMOYKH, 06Pa3yoIero
€ BEPTUKAJIBIO YTOJI @ , KOTOPbIit MeHsteTcst oT 90° BOJIM3U TOYKI
O 110 o B6JM3U TOYKK A, MOXKHO 3a11caTh yCJIOBHE PABHOBECHUS
JUIST TIPOEKIIMI CUJI HA HaTpaBJjeHune 3BeHa. [lycTb jyinHa 3BeHa

dl, Torpa ero cuiia TsKecTH pasHa dP = g dl . TIpupocT cuiibl

m
HaTsSDKeHUs Ha dJieMenTe 3BeHa pasen dT = Tg dlcos ¢ . O6pa-

TUM BHMMaHue Ha TO, 4T0 dlcos @ = dh onpe/essier MpupocTt
BBICOTBI Ha dJieMeHTe 3BeHa. Torza

dT:@dh.

Mbl TTIOJTyYUJIN CBSI3b MEXK/LY TPUPOCTOM BBICOTBI U IPUPOCTOM
MO/IyJISI CHJIbI HATSKEHUS B BUJIE TTPOTIOPIIMOHAIbHOCTH Andde-

penrmanos. CyMMHpys, TOJTydaeM Zdh = H, — BbICOTY IIpO-
BHCA U Zd T =T, —T, — pa3HocTb MOJyJeil CUJI HATSKCHUS.

Taxkum o6pasom,

TA—TO=%H ,

i

mg( 1 mg
— -t =—2H
2 (cosoc goc) [

Orcro1a HaXoUM
Hy = [(1-sina) .

2coso

Hpumeuanue. CyliecTBYeT sHEPreTUYECKHUT METOJ| PeleHust
aTOM 3ajaun. Pasymeercs, OH IPUBOJUT K TOMY K€ PE3yJIbTaTy.
Y6eaurech B 3TOM CaMOCTOSITENIBHO.

3apava 4. B neodnopodnom maznumnom noje ¢ undyxuyuei
B =ox (x> 0) cmapmyem uacmuya maccoi m u 3apsadom q ¢
HAUaIpHOTL CKOPOC®IO V) , Hanpasiennoil 600 ocu X (puc.2).
Onpedenume maxcumanrvHoe cueuwerue uacmuypl 600as ocu X.

Co CTOPOHBI MarHUTHO-

Y']\ O TI0JIs Ha YacTuily Oy/er
mq v, ®B neiicTBoBathb cuia Jlopen-

9 na. OHa nepreHimKy.JIsip-
Ha CKOPOCTU U MEHSIET TOTb-
Ko ee HanpasJenne. O/ma-
KO B HEOJHOPO/HOM II0Jie
CKOPOCTD Oy/IeT HApacTaTh,
F YTO BBI3OBET yMEHbINEHUE
s Pajuyca KpUBU3HbI TPAeK-

0 X TOPHHU, TOITOMY TPAEKTO-
Puc 2 pus 4acTuiibl He OyJIeT /1y-

roil OKPY»HOCTH.

3amernM, 4TO Mpoekiusi cujbl Jlopenna Ha ocb Y MeHseT

COOTBETCTBYIOIIYIO COCTABJISIONIYIO CKOPOCTH YACTHUIIbI:

F dvy

=M

Ho aTa 1IpOEKIUs CUJIbI 3aBUCUT OT TIEPIEHANKYISIPHON K Hell
COCTABJISAIONIEIT CKOPOCTH YaCTHLBI O, :

E’Iy = qB (.76) Uy .

AN

OTCIOL[a ToJysryqyaeM
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YMHOKas1 Ha TIpupalieHne BpeMeHH, HaXO0/ (UM
mdv, = qB(x)dx .
[TockoabKy B(x) =0X, TO

o
dou, = q—xdx, wim do, =
v y

m 2

oq 4 x

Mpl noy4muau IPOHOPLUOHAJBHOCTD AuddepeHuaios.
Cwmelienue yacTuibl BLOIb ocu X JOCTUTHET MaKCUMyMa, KOrza
MIPOEKINSA CKOPOCTH YACTHUIIbI HA ATY OCb YMEHBIINTCS 10 HyJIS.
Torpa npoexius CKOPOCTH YaCTHUIIbI Ha OCb Y JIOCTUTHET 3Haye-
HUA MOAYJIA cKkopoctu. [l sToro caydas

2

0qg X,
Zdvyzvo,n voz—q&.
m 2

Orcro/1a HaXO0 UM UCKOMOE CMeIlleHle YaCTHULIbL:
2ugm
ag

3amaua 5. /[ee uacmuyvl ¢ 00UHAKOBLIMU MACCAMU M U
3apsi0amu q, pasHviMu o MOOYJII0, HO NPOMUBONOJOKHLIMU NO
3HAKY, NOMeWw,eHbl 8 00HOPOOHOE MAZHUIHOE NOJe, UHOYKUYUS
Komopozo B nepnenduxynspua ompesxy R, coedunsiowemy
3apsiovl. Hatidume paccmosinue mexoy wacmuudmi 8 MOMEHM
HAubobUe20 COMUKEHUS, eCAU UX CMAPMOBLLE CKOPOCTNU HYJle-
svle. Unoyxuyus maznummnozo noas 00cmamoyuna 0as npedoms-
paweHus: cmoaKHO8EeHUS.

[Iyctb och X HampaBJsieHa 110 JTMHUW, COEIUHSIONICH 3apsi/ibl.
BuoJib 5100 ocu A€fiCTBYIOT CHJIbI KYJIOHOBCKOTO MIPUTSIKEHUS,
pasrousioiue dactuipl. [IpupocT KMHETHYECKOW dHepTrun Yac-
THIL OTIPEJIENISIETCsT YOBIIbIO OTEHIATBHON 9HEPTUU KYJIOHOB-
CKOTO MPUTSIKEHUSI:

Xmax =

OTKY/1a

Cuua Jlopenna, nepreHnKyJisspHas CKOPOCTH, U3MEHSIET ee
HarpasJenue. [IpoeKIys yckopeHus 4acTuil Ha ocb Y 00ycJIoB-
JIeHa COOTBeTCTBYIomIell nmpoexmmeil cumbl Jlopenma:

dv, do,
mW=Fﬂy, njam mﬁ—qBvx.
YMHoxas Ha IIpupalieHne BpeMeHu, I0JIYUYnM
B
do, = L qx
m

— MEXK/Iy HU3MeHEHHeM TIPOEKINI CKOPOCTH U COMMKeHneM
YaCTUI[ 3aBUCUMOCTD TIPONOPIIMOHAbHAsA. [[JIs1 KOHEUHBIX TTPH-
pamieHuil yureMm ciemyioniee. YacTHIlbl He CTOJKHYTCS, €CJIH
YCIICIOT BBITH Ha TapaJijiesibHble KypCbl BAOJbL OCH Y TIpu
R — r > 0. Koneunble npupamieHus /s 3TOT0 YCJIOBUS PABHbI

R-—
Zdvy:v n de= 5 r>0.T0r11a

_4qB
2m

v (R-7) .

C yueToM Hali/IeHHOTO paHee BbIPa)KeHUs /11 CKOPOCTH 0,
MOJIYYUM 3aBUCHMOCTb MUHMMAJIBLHOTO COMMMKEHUST YACTHUIL 7 OT
HAYaJIbHOTO PACCTOSAHMA W MHJAYKIIMKM MarHuTHOro mous. [leii-
CTBUTEJIBHO,

PB(R-1) _qk(R-7)
4m? T mRr
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COKpaTuM U NPUBEAECM K KBaJ[PAaTHOMY YPaBHCHUIO, IMO/JCTaBUB
1

4mey

R 4m

2
r“ — Rr + O,ur=—1+t 1—-———+
2 neyB°R?

neoBzR
ITonoskurebHBII JAUNCKPUMMHAHT OIIPEACJIACT 3HAUCHNE NHIAYK-
1M MarHUTHOTO I10JIs1, IPeJOTBpaliaoliee CTOJKHOBEHUE Jac-
it [Tpu aTOM /71 7 BoIGUpaeTcst 60BN KOPEHb, TaK KaK IpH
JIOCTIDKEHIHN 3TOTO PACCTOSHIA COIIKEHITE YacTHI] TPeKpaIaeT-
cs. MaruuTHasg ¥ KyJOHOBCKasl CHJIbI, JefCTBYIOIMe Ha YacTh-
1y, KomIeHcupytoresa. OKoHYaTeIbHO HOJIyYuM

R 4m
r=—|1+ 1—ﬁ
2 neyB°R

3amava 6. B cxeme na pucynxe 3 3amvikaiom enauaie Kaou

Ky, a nocae ycmanoerenus cmayuonapnozo pexuma 3amoikda-

1om xaou K, . Kaxoi 3apso

npomeuem uepes pe3ucmop

conpomusnenuem R nocae

samvikanus xaoua K,? Be-

&r auuunel R, r, &, L, L,
= cuumamov 3a0aHHbIMU.

ITocsie 3aMbIKaHWA KJII0OYa

K, Tok crammoHapHOro pe-

R KUMa 6ynet paBeH

K, K,

I = . Illocsie 3ambika-
R+r

Puc. 3 Hust kaoya K, KaTyiika uH-

JIYKTUBHOCTBIO L, Gyser ocy-

HIECTBJIATD IIYHTHPYIOIIee JeHCTBUEe, TaK KakK OHa o6Jajaer

HpeHeépe}KI/IMO MaJIbIM aKTUBHbBIM COIPOTUBJIEHUEM. B neit

YCTaHOBUTCS TOK KOPOTKOTO 3aMBIKAHUA [, = — , a TOK B [IEPBOI
r
KaTyIIKe YMEHDBIIUTCS JI0 HYJIS.
[To Bropomy mpaBuay Kupxroda s KOHTypa H3 JABYX

Katymek, e, +e =1,R. Ho e, = -1, % ue =-L % . Torpa

diy .

dt M

L L

R.
dt

OrmeTuM, 9TO yOBLIb TOKA & JaeT OTPUIATETBHYIO TTPOU3BO/I-
HYI0. YMHOMHUM TIOJTy4YeHHOe PABEHCTBO HA dt W 3aMETUM, YTO

. di, . di
= —=dt=di,, —
let dq7 dt b, dt

1 . .
—E(L2d12 + L ‘dll‘) =dq .

dt = di; . Tlomyunm

YuurbiBas OéHlI/IB N3MEHEHNA TOKOB B IIPOIECCaX U MEPEXoada K
KOHEYHDbIM IIpUpalll€eHusAM, Haﬁ[leM MCKOMBII 3apAan:

g (Lz L1 )
= —| = 4+ .
Go6m R\ 7 R+7r

A 3apgaua 7. [lapanienvio
coeduHeHHble KAMYWK A UH-
dyxmusnocmuio L u pesu-
cmop conpomugienuem R

gr NOOKI0UEHDL Uepe3 KU K

4 b6amapee c /IC & uenym-
peHnHuM conpomueenuen

r (puc.4). Kaxoi 3apsd

npomeuem uepes peaucmop

noce 3AMbIKAHUS KAI0UA?
B Conpomueaenuem kamyu-
puc. 4 Ku npenedpeus.

B MOMeHT 3aMbIKaHUs KJIOYa Yepe3 PE3UCTOP TeyeT TOK
&

R+r’

BpEMST TOK Yepe3 KaTymiky GyIeT HapacTaTb J0 3HAYEHHS TOKA

IO a TOK B KaTYIIKE paBE€H HYJIIO. B rocJaeayruee

e
KOPOTKOI'0O 3aMbIKaHUA ]K =—. HpI/I 9TOM HalIpSAKEHNE MEX/1Y
r

Toukamu A u B cxeMmbl 6y/eT yObIBaTb 0 HYJIS.
JL1s1 Kakoro-yim60 MOMEHTA BPEMEHU IIePEeXOHOTO IIEPHOJa
BBITIOJIHSIETCST PABEHCTBO

di
_LE2 iR
at "

YMHOKas HA dt, TOIYyYNM IPOHOPIHOHATILHOCTD AuddepeHin-
aJIOB!

—-Ldi, = Rdq .
CyMMupysi, mepeiijieM K KOHEUHBIM TTPUPAIIEHISIM:
L .
- AL =Aq .,
R
OueBH/IHO, YTO TOK Yepe3 KaTyIIKY [epecTaHeT MeHSIThCS,
xoraa D /1C caMOMHAYKINY B Hell cTaHeT HYJIeBOIl, a 3HAUNT, TOK
.6
yepe3 pesucrop npekparturcs. Torga noayuum Ai, = —, u
r

_LE
ar = Ry’

3anaua 8. Ten0 6powerno nod yziom K 20pU30HMY € GbICOKOZO
o6pwvisa us mouxu O (puc.5). H3-3a conpomusienus 6030yxa
pasnocmy epemenu nodsemd meda 00 HAUOOIbULEL GbICOMbL U
epemMenu 6036pamd Ha
NpeKHUlLL YPoeeHv 6 Moy-
xy A cocmaénsiem T. B
mouke A eepmuxanvras
COCMABLAIOUAS. CKOPOC-
mu na Av menvwe eep-
TMUKAILHOU COCABAI0
wetl CKopocmu 6 mouke
cmapma, a 20puU30HmMab-
HAs COCMABLAIOUAS. PAG-
na v, . Ha xaxyio evico-
my om JUHUU 20PU3OHMA
OA nodusinocy meio, ecau
Hauboavwee yoaienue ezo
10 20PU3OHMANLU OM MOY-
Ku A 3a ece epems noe-
ma cocmasuno ALy? Cuna conpomueienus 0suxenuio mead 6
6030yxe NPAMO NPONOPUUOHANLHA €20 CKOPOCIU.

TopusonranbHas cocTaB/sIollas CKOPOCTH B Touke A paBHa
Uyq, @ MAKCUMaJIbHOE TOPH30HTAIbHOE CMellleHue I10cjie IIpo-
Xok/ieHnsT Toukn A cocraBiasier AL, . 3HauuT, 3Ta CKOPOCTDH
racuTcs IOJHOCTBIO CUJION CONPOTUBJICHUA BO3/yXa. 3aluiieM
ypaBHeHHUe AMHAMUKU B [IPOEKIMU HA TOPU3OHTAIbHYIO OCb:

do,
dt
rme B — xo3b@UIUEHT TPOMOPIMOHATBHOCTH MEXKIY CHUJIOH

COIIPOTUBJIEHUS 1 CKOPOCTBIO. Y MHOXKAsI Ha IIpUpallieH1e BpeMe-
Hu dt, nosy4aeM IPOHOPIHOHATBLHOCTD AU PepeHINATIOB:

Puc. 5

m

=—ko,,

m
mdo, = —kdx , nmn ——do. =dx .
X k X
Cymmupysi, mepeiiieM K KOHEUHBIM MPUPATIEHISIM:

m AL,
—oyu, =ALy, i —=——.
k Ax LO k Vay
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Tenepb 3alliIIeM ypaBHEHUA JUHAMUKHA B IIPOCKIINN Ha BEPTU-
KaJIbHYIO OCb JI ABUXKEHUA Te€Jla BBEPX U BHU3!

do, do,
m—==-kv, —mg, m—==-ko, + mg .

dt dt

YMHOXXUM Ha TIpHUpAIeHNe BPEeMEHHU U TTOJIYINM JIJIST ABUKEHIS
BBEPX W JIJIsl IBMOKEHUSI BHU3, COOTBETCTBEHHO,
mdv, = —kdy — mgdt |

Y

mdo

y = —kdy +mgdt .

[l Bcero myTn 3amuineM
—mog, = —kH —mgt;, mv,, = —kH + mgt, .
CKJIaJIpIBasT AT YPABHEHUS MOJIYINM
—-mAv = =2kH + mgr .
OrTciofia HaliZieM NCKOMYIO BEeJTNYIHY:

_mAv+gt ALy Av+gt
k2 Oy 20

H

3apmaua 9*. B cepedune 0aunnoil yusunopuueckoi mpyoxu ¢
enuyepunom naxooumces: 6030ywnvil nysovwex. Ipu eepmu-
KAILHOM NOJIOXKeHUU MPYOKU NY3viper NOOHUMAEMCSL CO CKOPO-
cmoio 1 m/c. TpyOKy pacnosoxuiu 20pu3oHmaIbHO U Pa3oznd-
Ji 8001 0UNHHOU cmoporsL 0o ckopocmu 20 m/c. T'de ocmarno-
sumcs nysvipex? Kyda on cmecmumes, ecau ckopocmv niaeHo
yeeauuums 0o 30 m/c?

PaceMoTpuM cHavasia BEPTHKAIBHBIN M0/[beM 1y3bipbKa. [List
YCTQHOBHUBIIErOCSI PEKUMA [IPU YCJIOBUH MAJOCTH MACChl ITy-
3BIPbKA APXUME/I0BA CHJIA KOMIIEHCHPYETCST CHJION COMPOTHBIIE-
HUST TJIHIEPUHA:

Fy +FR =0, mm p,Vg = ko,

e Py — IIOTHOCTH skuAKocTH (rnnepuna), k — Koadduuuent
TTPOTIOPIIMOHAJBHOCTH MEXK/IY CUJIONH COTPOTHBJICHUS W CKOPOC-
Tp10 (6yJIeM CUMTATH, YTO MPU AAHHBIX CKOPOCTSAX CHJIA COTPO-

2007 /Ne4

THBJICHUSI CO CTOPOHBI SKUAKOCTH IIPSIMO IIPOHOPIUOHAJIbHA
CKOPOCTH TIy3bIpbKa), vy =1 M/c.

IIpn ropu3oHTATbHOM YCKOPEHHOM JBIDKECHHH TPYOKM Ha
KUJIKOCTD JEHCTBYIOT CHJIBI WHEPIUH, CO3/aBas <HUCKYCCTBEH-
HyI0 TsbKecTb». Ha ajement skmjkoctu Maccoit m jaeifictByer
cuJla UHepLUUU —ppg , HalpaBJjeHHasl IpoTus yckopeHus. [lose
CHJI MHEPIUH CO3/AeT COCTABJIAIOIIYI0 apXUMEJOBOI CHIIBI,
HAIpaBsJIEHHYIO 110 YCKOPEHNIO TPYOKN U PaBHYTO

Fy, =p,Va= pmV% .

ITO TIpUBE/ET Iy3bIPEK B JBIDKeHue. 113-3a 1mpeneGpeskuMoit
Macchl ITy3bIPbKa MOKHO 3aIcaTh

dov
dt
YMHOXUM Ha dt ¥ TIOJIy4UM MIPONOPIUOHAIBHOCTD Auddepen-
I[1AJIOB!

FA +Fc =0, wm p>KV ko

p,Vdo=kdx .

CyMMUpYsI W yTOYHsISI KOHEYHbIC HPUPAIICHUS, /IS 1IEPBOTO
ciydas, Korga TpyGKy pasroHsiorT 1o ckopoctu v = 20 m/c,
3arnuieM
L0 =4
k
C yderoM ypaBHEHHUS /I BEPTHKAJIBHOTO IOJbEMa Iy3bIPbKa
HaiiieM
(e
y="l=2wnm
g
AHAJIOrM4HO, I BTOPOrO CJydasl, KOrZa CKOPOCTb TPYOKI
YBEMYIUBAIOT 10 Uy = 30 M/c, mosyuum
[N
Xy = 2072 _ 3
9
BujHo, 4TO CMeleHue My3bIPbKa IIPOHOPIHOHAIBHO CKOPOCTH
TPYOKH.
3ameuanue. Pemmte caMOCTOATEJIBHO 3Ty 3a/a4y 63 NCIIOb-
30BAHUSI CHJIbI MHEPINH.

MHOXeCTBO
3Ha4YeHUU
VHKLN

C.JIABPEHOB

L_l ACTO, PEIIAS 3AJIAUM, ABUTYPUEHT (MJIN HIKOJIbHUK,
craonmit ETD) craakupaercst ¢ HeOOXOIUMOCTBIO OTBICKA-
HIS 00J1aCTH 3HAUeHul Toit nin nHoi pyHKIun. HanomMunM, 4To
ecau Ha HexoropoM muoxkecrse D[f]c R samana dyuxuus
y=/[(x), ye R, 10 MmHO)RecTBOM 3Hauenuii E[f] aroil dyn-
KIIMH Ha3bIBACTCST MHOYKECTBO BCeX TakuX y € R, uto y = [ (x)
upu nexkoropom x € D[f].

Ilesb 3TOII cTaTHM — MPEJICTABUTD PA3JIMYHBIEC METO/IbI HAXOK-
JleHUsl MHOKecTBa 3HaueHuit (yHkumu. [las jgeMoHcTparyu
a(pDeKTUBHOCTH paccMaTPUBAEMBIX METO/IOB HEKOTOPDBIE 33/1a4n
1 yHPaskKHEHUS TIOBTOPSIOTCSA B cTaTbe HECKOJIbKO pa3. Homepa
TAKUX 3a/1a4 U YIPaXHEHUIH COXPAHSAIOTC.

HauneM ¢ HecJIOKHBIX IIpUMEPOB.

3amaua 1. Hatodume muoxecmeo 3uauwenutl pynxuuu
Yy =sinx+cosx.

Pemenne. Bocnosnbsyemcss crioco6oM BBeleHHS BCIIOMOTa-
TEJIbHOTO YTJIa:

y=ﬁ(%sinx+%cosx}= \/ESiH(XJrgj.

Omeem: [—\/5; \/5]

3amaua 2. Haiidume muoxecmeo 3uauenutl (Gynxuuu
. n
y:0052x+ 251n(2x—2j.

Pemenne. IIpeo6pasys 1anHoe BbIpaskeHMe U BBO/IS BCIIOMO-
raTesqbHbI yToJa @, TOJyYrM

1 1
y:§+sin2x—50052x= %+§sin(2x—(p),
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Omeem:

1-5 1+5
2 2 |

Yupaxuenue 1. Haiiqure Bce 3Hauenus @, mpu KOTOPbIX MHOXKe-
CTBO 3HaveHnil pyHkIuu y = ax’ + x + 1 BKJIIOYaeT otpesok [—1; 1] .

Paspewummoctb ypasHenus f(x) =a

OrbicKaHNe MHOKECTBA 3HAYEeHUIT (DYHKIIUU TECHO CBSI3AHO C
pelIeHreM ypaBHEHHIT.

Teopema 1. Ypasuenue f(x)=a umeem pewenue mozda u
MoAvKO Mozdd, Ko0z0d a NPUHADJIeXUm O00LACU 3HAYEHUl
pynxyuu y = f (x).

JlOKa3aTeIbeTBO CJIe/lyeT HEMOCPEACTBEHHO U3 ONPe/eIeH s
muoxectsa E[f].

U3 teopemsr 1 caenyer, uro amst otsickanus E [f] gocrarouno
HallTH Bee 3HAYeHNs @, /U151 KOTOPbIX ypaBHenue [ (x) = @ umeer

Kopetib & € [f]. MHOKECTBO TAKUX ¢ U SIBJISIETCS] MHOXKECTBOM
E[f].

3amaua 3. Hatidume muoxecmeo 3uauenutl ynkuyuu
y=~15+2x -2 .

Pemenne. BoisicHuM, 1pu KakuxX 3HAYEHUSIX ¢ ypaBHEHUE
V15 4+ 2x — x* = a nmeer perieane. Y paBHEHUE 9KBUBAJECHTHO
crcreMe

15+ 2x — 22 = d?,

a>0.

YpaBHeHne cHCTeMbl nMeeT pemieHne 1pu D/4 =16 — 20,
nostomy 0<a<4.

Omsem: [0; 4].

WNuorza abuTypueHTbl NPUCOCIUHSIOT K CUCTEME HEPABEHCTBO
15 + 24 — 12 > 0 - OjHAaKo 3TOTO JIEeTaTh HE HYKHO, TaK KaK OHO

BBITEKAET M3 IIEPBOTO YPABHEHHS CHCTEMBI.
3agava 4. Haiuodume mnoxecmeo 3nauenuii pynxyuu

ﬁcosx+1

3 +sinx

J3cosx +1

3 +sinx
HeHnio /3 cosx —asinx =3a -1, T.e.

Pemenne. Ypasuenue = d PaBHOCUJLHO ypaB-

3a -1
- b
N3+d®
Pa3permmMoMy TOT/Ia U TOJBKO TOT/A, KOT/a

(3a 1)
3+ a?

cos(x +0) =

<1, re mpu ae[-1/4;1].

Omeem: [-1/4;1].

3ameuanue. Mbl BOCTIOJIb30BAINCH BBEIEHUEM BCIIOMOTaTe, b-
HOTO yruia. SIBHO paspemiathb ypaBHEHHe OTHOCHTENBHO X MbI He
CTaIM, TaK Kak 9TOr0 OT HAac He Tpe6oBaioch. JlOCTATOMHO
OIPE/IEUTh YCJOBHS CYIIECTBOBAHUS PEIIEHUsl, YTO U ObLIO
c/lenano.

Ynpaxknenusa

Haiigure MHOXecTBO 3HaYeHMIT (PYHKINN:

2
-3x+1
9. =t —or+l
v 2 +1
3.y 2 —cosx

:4+\/§sinx'
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PaccMOTpeHHDIIT METO/L TPUMEHUM 1 JIIs1 (DYHKIIMI HECKOJTb-
KHX TIepeMEHHbBIX, Ha KOTOpPble HAJO0KEHbI JIOMOJHUTEIbHbIE
orpannyenust. PaccMoTpuM /ist onpe/ieieHHocTH (pyHKIIMIO BY X
nepeMeHHbIX. [locTaHOBKa 3a/1a4M OOBIMHO TAKOBA: HAKTH MHO-
JKecTBO 3Havennit ynkunn z = [ (x,y) Upu OrpaHMYEeHHH
g(x,y)=0 (um g(x,y)<0). B rakux samauax tpeGyercs
HaliTh 3HaUYeHUs TapaMeTpa d, NPH KOTOPBIX HMEET pelleHue
cucremMa

[(xy)=a

g(x,y) =0.
3agaua 5. Yucra x u y ydosremeopsaiom paseHcmsy
7x% — dxy + 4y* =12 . Haiidume 6ce snauenus, xomopuie mo-

JKem npunumamo cymma x* + y*.
Pemenune. HaiiieM Bce 3HaueHHs @, NPH KOTOPBIX HMeeT
pellienne cucteMa ypaBHeHHit

o +y=aq,
72 - dxy + 4y2 =12.
YMHOKUM 1IepBoe ypaBHenne Ha 12, BTopoe Ha @ U BBIYTEM OJIHO
u3 jpyroro. IloydnM 9KBHBAJIEHTHYIO CHCTEMY
(7Ta —12)x* - daxy + (4a —12) y* =0,
7x% —dxy + 4y =12.

Ecmm y =0, to nonyunm a =12 /7, x = im. ITycte y 20 .
[logenmm nepBoe ypaBHeHMe HA yz u noytoxxuM ¢t = x/y. Torma
(7a =12)t* = 4at + 4a =12 =0 . Tpu @ = 12,/7 koadpduument
nepen > o6pamaercsas B 0, HO TIpM STOM 3HAYEHMH CHCTEMa
umeer perienne. Ecau @ #12/7, To ypaBHeHHe HMeeT pelie-
nne, econ Df4 = —24a* +132a —144 > 0 . Orcionaa € [3/2; 4] .
Ilpu atom 12/7 €[3/2; 4]. WUrak, x =ty npu HaiigeHnpix a.
IMoacraBisist 9TO BBIpAsKEHUE BO BTOPOE ypaBHEHHE, MOJIYYnUM
y2 (7t2 — 4t + 4) =12 . KBajipaTHbIil TpeXuJieH, CTOSIIHIA B CKOG-

KaX, MOJOKUTE/ICH, MO3TOMY CYIIECTBYET ¥, a CJe[0BaTe/bHO,
CYMIECTBYET U X.

Omeem: [3/2; 4].

Bameuanue. Tlposepka cyliecTBOBaHUs X U i 06gA3aTesIbHA.
Ec/m HeMHOTO M3MEeHNTD HCXOAHYIO 3a/1a4y, TOJI0KIB B TTPaBOil
YacTu orpaHnyenus 1uc1o —12, To Mbl noayunM a € [-4; =3/2].
Ho MHOKeCTBO 3HauY€HMil B TaKOil IOCTAHOBKE 3a/[a4N OKA3bIBa-
€TCsl MyCThIM.

Ynpaxunenne 4. Haiignre MuoxecTBO 3HaveHHH GYHKIINT
z=a° +2y°, ecun x? —ch+2y2 =1.

O6beayriHeHVe 06pPa3oB NPOMEXXYTKOB MOHOTOHHOCTMU.
IKCTpPEeMYMbl

Jlasexo He 17151 BeeX (pyHKIMIE MbI CMOKEM PELIHTh ypaBHEHHe
f(x)=a. Bor npnvep: y =(1—x)e ™. 3necy MoxkeT OMOUB
ncceoBanne (GyHKIME ¢ TIOMOIIBIO TIPOM3BOIHOI.

Ho cHauasia IpuzieTcss BBECTH HOBbIE ONPE/IeIeHHU.

Cysxenuem dyuxiun y = f(x) ma muoxecrso A < DIf]
HaspiBaetcs pyskmms y = f (x) , st kotopoit x € A . O6o3Ha-

veHne: y = f (x)‘A . loguepkueM, 4to cy:kenue QYHKIUI — 9TO
yoKe Apyrast QyHKIM. Y Hee IMeeTCsl CBoe MHOXKEeCTBO 3HaueHu il

E[f\AJ={yeR\xeAgD[f] wy=f(x)}. Ono smasercs
o6pazom dyukiun [ (x) Ha MHOXKecTBe A.

Teopema 2. ITycmo y = [ (x) nenpepwiena u monomonna na
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ompeske [a; b]. Tozoa ecau f(x) 603pacmaem Ha [a; b], mo
E[f‘[a;b]} = [f (a); f(b)] Ecau f(x) ybwsaem na [a;b], mo
Efluy | =17 ®0): 1(@)].

Teopemy nimoctpupyior pucynku 1 m 2.

N

1(b)

N

fla)

f(a) ()

N,
r g

o) [

puc. 1 Puc. 2

Otpesok  [a; b] MOKHO 3aMEHHTD NPOMEXKYTKAMH JPYTHX
TUIIOB: MHTEPBaJIaMH, JIy9YaMU. CDOpMyJH/IpOBKa TEOPEMbI N3Me-

nures. Hanpumep, ecmn f(x) Bospactaer Ha [a; + o), TO

E[ ] = [ £ (@5 lim £ ().
Iorpernpyenmcst. Borancanm 06pas orpeska [1; 4] mmst dynk-

uun y = logy, x . Ira PyHKuua asasercs yobisaomeil. 3naue-
HHUA B TPAHUYHBIX TOYKax orpeska pasubl 0 m —2. ITostomy

logy x‘w] = [logv2 4; logy 1} =[-2; 0] . Tloxaskure 510 Ha TPa-
Juxe.

A rerepp ucnoapsyeM 1o st Boruucaenust E[f]. Ilpencra-
BuM o6uactb oupezenenuss D[f] B Buge oGbepunenus mpoMe-

JKYTKOB MOHOTOHHOCTH Dy, . JIJ151 KaK/I0TO TaKoro MPOMEKyTKa

BBIYUCHM ero o6pas Ej, = E[f\DJ . Torma E[f]=UE,.

3amaua 6. Haidume muoxecmeo 3uauenutl (Gynxuuu
X

y=(1-x)e".

Pemenne. Haiinem npomexxyTkn MoHOTOHHOCTH. [lockombky
y' =(x—=2)e™, 1o npu x € (—e0; 2] dynxuus yGbisaer, a npu
X € [2; + °°] — BO3pacTaer, T.e. X = 2 — TOYKa MUHIMYMa, TaK 4To
Ymin = ¥ (2) = —e2. Tanee,

lim (1-x)e™ = lim (1+x)e = +oo

X—y—co X—>too ’

lim (1 - x) e = lim
X—>too Tt @

IToatomy E, = E[g\(_wz]} = [_6*2; +°o) v By = E[y‘[z;m)} =

= |:—€_2; 0). Torna E=E UE, = |:_€—2; +<>o). Hapucyiite ac-
ku3 rpaduka QyHknm.

Teopema 3. Ecau ¢pynxuus f(x) nenpepwoiena na ompesie
[¢; 0], mo E[f]= { min f(x); max f(x)} .

xe[a;b] xe[a;b]

Jl1st OTBICKAHMST MHOMKECTBA 3HAUEHUII HY’KHO BBIYHCIIHTD
HauMeHbIIlee 1 HanGoJiblee 3HaYeHus (PYHKIH HA OTPE3Ke. DTH
3HAYEHUd 3a/IaI0T TPAHUIBI MHOKecTBa 3HavyeHuil. [lonck nam-
MEHbIIEro ¥ HauGOJbIIEro 3HAYCHUH (YHKIMM Ha OTpe3Ke
IIPOBOIUTCS TI0 M3BECTHON cXeMe. BbMUCIAAIOTCS 3HAYEHHS
(byHKIMHK B KPUTHIECKIX TOUKAX (TOUKAX, B KOTOPBIX MTPOM3BO/I-
Hasg GyHKIUE 06paNaeTCsa B HOJIb WM He CYIIECTBYET), a TAKKe
B IPAHUYHBIX TOYKAX OTpe3Ka. VI3 aTux 3HaueHuii BbIOUpaioTcst
MHUHUMAJbHOE U MaKCHMAaJbHOE.

Jlns ieproindeckux (PyHKIUI JOCTATOYHO BBIYUCJIUTD 3HAYC-
HUS (PYHKIIMU B KPUTUYECKUX TOYKAX.
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3amaua 7. Hatdume muoxecmeo 3uauenutl Gynxuuu
f(x)=10sin2x + cosx .
Pemenue. ITockosbKy

£’ (%) = 20 cos 2x — 7sin x = —40sin® x - 7sinx +20 =0,
TO MMEIOTCS JBE BO3MOKHOCTH:
. 4
1) sinx :_§:> cosx == =

4

~r(=(-5)(+3)+7(3)= 5 £ 5 =+

2) sinxz%:cosx=i— = [(¥)=+"24/39.
3939 _ 27

3amMeTuB, 4TO T: > 5 TOJTydaeM OTBeT.
Omeem: {—%@; %\/@} .

Yupaxuenus

Haiinnre MuoskecTBO 3HAuUeHU (DYHKIIMU:
5. y=(1+cosx)sinx .

6. y= 8\/§c053 x +18sinx .

Va2 —2x-8

T

MpepcraBneHve B BUAe KOMMO3vuum yHKLUN

Haxoskienne MHOKECTBA 3HAUYEHUI CYIIECTBEHHO YITPOIIACT-
Ccs1, ecJIM yaeTcs MpeJCTaBUTh uccaenyeMyio QyHKIHNIO B BHE

komnoanm apyrux  gynkumit: y = £ (x) = g(h(x)). Toraa
E[f] sBaserca o6pasom ¢yukuuu ¢(z) Ha MHOKeCTBE
DIGINE[A], e Elf)= E| dlopnem]

3anava 8. Haidume wmnoxecmeo 3nauenuii pynxyuu
y =logy, (2x -2+ 3’).

Pemenne. /lns Gynkmm z = h(x)=2x —x* +3=4—(x -
- 1)2 umeeM E /] = (—eo; 4] ; A bynximm ¥ = g (z) = logy, z
uveeM D[g] = (0; + o). Homyunm D[g]N E[h] = (0; 4] , sma-
anr, E[f]=[-2 +<).

It GopMyJIbl NPUOOPETAIOT HATJISIHOCTD IPU UCIIOJIb30BA-
nun rpacdukoB. Ha pucynke 3 mzob6paxken rpaduk GyHKImm

z=h(x), MHOXECTBO 3HAde-

HUl BbIziesieHo xupHo. [losep- Yy
3
Py
4 2
3 1
1 0
- -1
-2 —/ o 1 2 é\ 4 x
—1 -2
Puc. 3 Puc. 4

HEM OCb Z W3 BePTHUKATIBHOTO MOJOXKEHHSI B TOPU30HTAJbHOE
[OMECTHM €€ Ha PUCYHKe 4, rze mokasad rpaduk y = g(z) u
BbIjIeJieHa 006J1acTh orpejiesieHust atoil pyHkuun. BumHo, uTo
o6pasom npomexxytka (0; 4] sBasercs yu [—2; +o0)

Jl7isi cpaBHEeHUsT peluTe 9Ty 3a/[a4y MePBbIM U BTOPBIM METO-
JlaMu.
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[laBaliTe Temephb eme pas pemuM 3agady 3. DOyHKIUSA
y=V15+2x —x? = f(x) npeacrasasercs B Buge [(x)=
= g(h(x)), rae y=g(2) =Jz, z= h(x)= —x2+2x +15 =
=16 —(x - 1)2 . HNanee, E[h]=(-16]; D[g]=[0;+c);
E[R]N D[g] =[0;16] . ®yukuus ¢ (z) Bospacrawomas, 10s1o-
My E[f]1=[g(0); g(16)] = [0; 4] . (Canmocrosresiio napucyiire
rpadukn B cucremMax Koopauuar Oxz u Oyz.)

Yupaxxnenus

Haiimure mepBbIM U TPETbUM MeTOZAMH MHOXKECTBO 3HAUEHHI
dynkIm:

8. y=lg(@—1).
x -1

9. 4= 2x+1_1.
\jx—

3
10. y =logs (1 —2cosx).

3amaua 9. Haudume muoxecmeo 3unavenutl ynxuyuu
y =2cosx —cos2x .
Pemenne. Ha nepBorii B3rJsi/] He BUAHO, KOMIIO3UINEH KaKIX
dyukuuii sBaseress y(x) . IlpeoGpasyem ee: y =2cosx —
2
—cos2x =2cosx —2cos’ x +1. Hamee, y(z)=-22"+2z+

2
+1=—2(z—%j +§; z=cosx.Torpa E[z]=[-11]. Vmem

HanGoJIblliee 1 HaUMeHbIllee 3HAYEHUsT Y (2) Ha OTpe3Ke [—1; 1] .
[Tosyyaem omeem: [—3; 3/2] .

Ynpaxknenusa
Haiignre MHOXecTBO 3HaYeHMIT (PyHKINN:
11. y =4cos® x + 3sin® 2x .

12. y =2sinxcos2x +7sinx .

Ecsm ucxoznHast (pyHKIMS IIpeiCTaBJeHA KaK KOMIIO3UIIHS

HECKOJIbKUX (PyHKIMii: ¥ = fi ( foei (f,, (JC))), TO CcHauasa
HY>KHO BBIYUCJIUTH MHOKECTBO 3HAUEHUIi BHYTpPeHHel (yHKIMK

E, = E[,(x)]. 3arem orancaurs 06pas E,_; = f,_ (D[f,4]1N
N En) U Tak JjaJjee.

Ynpaxuenue 13. Haiiinte MuoxecTBo 3HaueHmi (QyHKINN
y:7+3x—x2—2 —x?+3x+4 .
3agaua 10. [Ipu xaxux 3Hauenusx a yYpdaeHeHnue

. 2 . 2
2 cos? (2“ . ): a++/3sin (2” " +1) umeem xoms 6wl 0OHO

pewenue?
Pemenne. Ilepedopmynnpyem 3amady: HailleM MHOKECTBO

snavenuit pynkiun [ (x) =2 cos? (229“12 )_ J3sin (2 g2rx’ )

IIpencraBuM ee Kak KOMITO3UIHIO (DYHKITHIA:

f (u) = 2 cos® (u) — /3 sin (2u) =
= 1+c05(2u)—x/§sin(2u)= 1+2cos(2u+gj; u(z)=2°;

z(x) =20 -2 =1—(x - 1),

Torna E[z] = (—eo; 1], E[u] = (0;2] . (Hapucyiite coorsercTny-
iomue rpadpuku.)
b TN b 1
44+ =22u+—->— —1<cos|2u+—|<—
[Tockombky 3 u 3 , TO ( 3] oo u

3
E(f)=[-12).

ABUTYPHUEHTA 45

Omesem: [-1,2) .

MOKHO BCTPETHTDb PEKOMEH/IAINN /I BBIUNCIIEHUS TPAHMII]
M3MeHeHnst (DYHKIUMN C MCIO/Ib30BAHMEM KJIACCHYECKHX Hepa-
BEHCTB, HAIIPIMEDP HEPABEHCTBA MEXKAY CPEAHIM apudMeTndec-
KUM U CPEJHHUM IeOMeTpHYecKuM. [[JIst [BYX IHepeMeHHbIX OHO

a+b
nMeeT BUJL 5 >+ab, a,b>0. C ero momoipio MOKHO,

1
HarpuMmep, HokKasaTb, yto X +— =2 x > 0. Ho ¢ nomouipo
X

9TOrO HEPABEHCTBA MOXKHO IOJYYUTb, BOOOIIE TOBODS, JUIIb
OIEHKY /I MHOKeCTBAa 3Ha4YeHWi. B maHHOM ciydae oHO
COBIIQ/[aeT ¢ MHOYKECTBOM 3HAUYEHUN [2; +oo) . A ckaxem, 1

dyuKIun
B \/5(3x2+10) _\/2x2+8 \/x2+2
Yoo va VaZv2 N2l +8

335
272

MHOKECTBO 3HAYEHHI ( }C [2§ +°°) (jlokaskuTe 210).

TpurouomeTpW-lecxme noacraHoOBKU

Hycrs anst dyuxiun y = f(x) yaanocs naiith dynkimio
x=g(t), t e D[g] rakymwo, uro D[f]c E|g], a nosas dpyux-
wist y = £ (9(¢)) = p(¢) npome s mecnesoBanms, em Hexoz-
nas. Ilpu stom E[f]= E[p]. B kauectse x = g(t) nogbéupaior
TpuroHoMerpudeckyio gpynximio. CaM Buj TPUTOHOMETpUYEC-

KUX (hOpMy.T TIO3BOISIET HOOUTHCS CYIIECTBEHHBIX YIIPOIICHUIT.
3agaua 11. Haildume 6ce 3nauenus a, npu KomopvLx ypasie-

nue xN1—4x> (1-8x*) = a umeem pewenue.

Pemenne. Taxk kak xe[—%;%], BoIGEpEM  (PYHKIIUIO

1. T T
x= jsmt, te [—5,5]. Torga

x = %sint\M—sin2 t (1-2sin’t) = %sintcostcosZt = %sin/;t_

11
Omeem: ae [—g;g] .

Bameuanue. Brarogapsi ynaqHoMy BBIGOPY 06JacTH OIpese-
nenust st pyukimu g (£) MblI CYIIECTBEHHO COKPATUIIN Peliie-

uume: 1-sin’t =|costl = cost, Tak kak cost>=0 mpu

T T
te [—5,5].

MoskHO naTh cieyoliie peKOMeHJAIluu JUJIS YIPOIeHUs
paaukasnoB:

a —x* x=asint,te [—g,g] it x =acost, t e [0;n];

2 2 _ L Y
a’+x x—atgt,te(—2,2) wm x = actgt, t € (0;1) ;
22 . _ 4 _rr

x“—a x_sint’te[ 2,2]\{0} T

x=-2 te [O;E]\{g}_

~ cost’
Ho ato He 6osiee uem pexomenar. OHU MOTYT 1 HE IPUBECTH
K ycIexy.
Yupaxkuenus
Haiiiute MHOKECTBO 3HAUYEHUH (PYHKIINN:
awat+4 -2

4. 9= 2 +4
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X

x—xva? -1 .

16. y = logg [S‘W - sj )

15. ¥y =

22 +1

3anaya 12. Hatidume mnoxecmeo 3nauenuil Gyuxuuu
2=y\/1—x2 +x\/4—y2 .

Pemenue. Ilycts x =sinu, y=2sinov, 4%0E€ [_f;g] .
Torpa z = 2sinvcosu + 2sinucosv = 2sin (u + ) .

Omeem: [-2;2].

Emne pas pemmm 3amauy S.

3agaua 5. Yucra x u y ydogiemeopsiom pasencmey

7% - 4xy + 4y2 =12. Haiidume éce 3nauenus, Komopvie Mo-
Kem NPUHUMAMb CYMMA 2+ y2 .

Pemenue. [Tycrb x =7cos@Q, y=7rsing, >0, ¢€ [0;2x).
Torma x? + y2 =72 ITpeo6pasyem orpaHuveHmUe: 7r? cos? o-
— 47 singcos @ + 47’ sin? 9 =12, 7* (30052 ¢ —2sin2¢ + 4) =

24
=12, 2 (11+ 3 cos 20 — 4sin 29) = 24, »* = Ses@pry)a il
rae Y = arcos%, E[r”z[%;%] = [%;4].

Omeem: [%;4] .

Yunpaxknenue 4. Haiinute MHOXKeCTBO 3HavYeHUH QyHKINU
7= 12 +2y2, ec/n xZ—xy+2y2 =1.

FeomeTpuyeckas MHTepnpetauua

Ecsin ymaercst yBuzieTb B 3a/laue HA BBIYHCJIEHHE MHOKECTBA
3HAYeHNI (PYHKIINI TeOMETPIYECKOe COAEPKaHNe, TO 3TO M03BO-
JISIET CYIIECTBEHHO MPOBUHYTHCS B PEIIECHUN 3a/1a4N.

3amaua 3. Hatldume muoxecmeo 3uavenuil GynKyuu

y=A15+2x—x*.

Pemenue. /lannoe ypaBHeHHe PaBHOCHIBHO CHCTEME
2
(x =17 + y* =42,
y=0.

YpaBHeHue cucteMbl — ypaBHEHHe OKPY)KHOCTH pajauyca 4 ¢
nentpoM B Touke (1;0), HepaBeHCTBO — BepXIsis MHOJIYILIOC-
kocTb. Ilepeceuenue AByX 9TUX MHOKECTB IIOKA3aHO HA PUCYHKE

[ N A

—3—'2—'1101' 2 3 4 5

Puc. 5

5. OproroHasbHas IPOEKINS BepXHEH MOJYOKPY>KHOCTH Ha OCb
opamHAT sBAsIeTest otpeskoM [0;4] .
3anava 13. Hatidume mnoxecmeo 3nauenuil Gyuxuuu

g=Na? =20+ 4442 3049,
Pemenne. dynxims

y= \/(x P+ (0-3) + \/(x ~3/27 +(0+3+3/2)’

npejicrasisier co6oil cymmy paccrosinuii or roukn (x;0) , sexa-
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el Ha ocu Ox, 10 TOYEK A(1;\/§) n B(3/2;—3\/§/2). dta
CyMMa He MeHbIIe, 4eM JIiHA oTpeska AB = ~/19 .

Omeem: [\/E, +°°).
3agaua 14. ITycmov x u y ydosaemsopsiom cucmeme

y—x <5,

y+4x <=5,

3y +2x>-5.
Haiioume 6ce 3nauenus, komopuvie Mozym npunumamo 22+ y?
WL

Pemenne. CucreMa HEepaBeHCTB OMHCHIBAET TPEYTOJBHUK Ha
wiockocri xOy. Ero Bepumnst: A (—4;1), B(-23), C(-1;,-1)
(puc.6); x* +y> — 10 KBaJI-
par PacCTOSHUA OT TOUKHU Tpe-
yrosibauka (x; y) 10 Havaja
Koopaunat. Hanmenbiiee pac-
CTOSIHUIE — PACCTOSHUE JI0 TIPS~
moii  BC. Bwipaxenue

2
x% + (~4x = 5)° =172 + 40x +

B y 4

+ 25 npuHUMAaeT HaMMeHbIIee
25 . 2 c

3HAUCHIC —— TP X = — =
7 P 17

€ [-2;-1]. Han6orbmee pac-

CTOAHME — JIIMHA OTpe3Ka

Puc. 6

AO = 17. Ilockombky % -

TAHTEHC yIJa HaKJIOHA TPSIMOI, TPOXOJAIiell depe3 Hadaslo
KOOD/IMHAT U TOYKY TPeyro/ibHUKa (X;y), HauGOJblilee U Hau-
Menblilee 3HaYenus jgocturaiores ua npambix CO u BO.

125, 3.
Omeem: [W’N]’ [—5,1].

VYupaxknenue 17. Ilyctb X u y y/JOBJIETBOPSIIOT HEPABEHCTBY

3lx —6l+ 2‘y + 3‘ <12 . Haiimute Bce 3HAa4YeHUs, KOTOPbBIE MOTYT

. 2,2 Y
HpI/IHI/IMdTI) X +y n R

3ameuanue om pedaxyuu. MeTobl pelieHus 3a/1a4, CBSI3aH-
HBIX C MHOKECTBOM 3HAUEHWi ceMeicTB (PYHKIIHIT, 3aBUCSIIIX
OT MapaMeTpa, PaccMOTpeHbl Takxke B cratbe B.lomyGesa n
K.Mocesuua «CemeiicTBa (pyHKIHIT», OIyOIMKOBAHHOMN B XKyp-
nase «KBant» Ne2 3a 2006 rog.

UIHGopMaymo o0 XypHane «KBaHT» U HEKOTOpPLIE
MatepUasbl U3 XKypPHana MOXHO Hautv B VIHTEPHETE ro
anpecam:

Penakuymsa XypHasia «KBaHT»

kvantinfo

MOCKOBCKYI  LIEHTD HEMpephIBHOIO Maremarn4eckoro
06pa3oBaHs

kvant.mccme.ru

Mockosckini gerckvi kiy6 «Komrborep»

math.child.ru

KOCTDOMCKOM  LIEHTD  [AOMOSIHUTENIbHOIO 0BPa30BaHMs
«IBPUKa»
ceemat.ru



OMUMIINAABI

3afa4n LXX MockoBckow
MaTemMaTm4yeckom onMnmanbl

6 Kknacc

1. ITo ABYM TesIeBU3MOHHBIM KaHAJaM OJHOBPEMEHHO HAYAJIM
IIOKa3bIBaTh OAMH U TOT ke puibM. Ha nepBom kaname (uibm
pas6un Ha yacTu o 20 MUHYT KasK/as U BCTABUJIN MEXK/y HIUMU
JIBYyXMUHYTHbIE PEKJIAMHBIE MTay3bl. A Ha BTOPOM KaHase (GUIbM
pas6un Ha yacTh 1o 10 MEHYT Kask/Jast 1 BCTAaBUJIN MeK/Ly HIMHI
MHHYTHbBIe peKkIaMHble may3bl. Ha kaxom xanase GUIbM 3aKOH-
YUTCS paHblile?

H.Packuna, T.Kapasaesa

2. B xonie yerBeptn BoBouka BbINucas NOAPS/]L B CTPOUKY
CBOMU TEKYIIINE OTMETKH T10 MIEHUIO 1 TIOCTABIJI MEK/Ly HEKOTOPBI-
MU U3 HHUX 3HaK yMHOXXeHud. IIpoussesenue mosryumBIINXCs
yyces okasajoch pasubiM 2007. Kakag ormerka BBIXOAMUT Y
Bosouxku B uerBeptu 110 nenuio? («Komos» yunreabHuma nenus
HE CTABWT.)

A. Xauamypsan

3. Bousik ¢ TpeMsi TOpOCATAMU HAMMCATH JeTeKTHB «Tpu
mopocenka-2», a notom BMmecte ¢ Kpacuoit [llamouxoit n ee
6a0ymkoii — kyJyuHaphyio KuHury «Kpachas [lamouka-2». B
M3/1aTeIbCTBE BbIJIAII TOHOPAP 32 06e KHIKKY opoceHky Had-
Hady. Oun 3abpan cBoio oo u rnepenan ocrapimecss 2100
30J10TbIX MOHeT Bosky. 'oHOpap 3a KaXIylo KHHUTY JEJHTCS
noposHy Mexay ee asropamu. CxoJsbko gener Bosx posmken
B3ATDb cebe?

A.Baunxos

4. B Cogepiiennom ropo/ie 1ectb momaaeii. Kaskmas mio-
Mab COeJNHEHA MPSIMBIMU YJIUIIAMH POBHO C TPEMs JPYTHMHU
mioma/siMu. Hukakue jiBe yJUIbl B TOPOJIe HE MEPECEKaloTCs.
W3 tpex yauil, OTXOJSIINX OT KaK/I0M MIJIOMIA/, O/{HA TIPOXO/IUT
BHYTPHU yTJia, 00PAa30BAHHOTO ABYMs ApyrumMu. HadepTtute BO3-
MOJKHBIN IJIAaH TAaKOTO rOpojia.

I'.Ilanuna

5. Hapucyiire, kak u3
JIAHHBIX TpeX (DUTYPOK
| | | | | (puc.1), mcmonb3oBaB
Ka’K/LyI0 POBHO O/IHH Pas,
CJOXKUTD PUrypy, nume-
pac 1 IOIIYI0 OCb CUMMETPHU.

C.Maprxenos

6. Komeit BeccmepTHblil OXUTHI Y 1aps Tpex Jjouepei.
Ornpasuica VBan-iapeBud ux BbIpy4arb. l[lpuxoaut on k
Kormzeto, a tor emy u roBopur:

«3aBTpa MOYTPY YBUAUIIb IIATh 3aKOJJOBAHHBIX JIEBYIIEK.
Tpu u3 HuX — 1napeBbl J04YepH, a eile aBe — Mou. /s tebs oHu
Oy/IyT HEOTJIMYNMBI, & CAMU JIPYT JIPYXKKY pas3jinyarb cMOryT. S
TTO/ION/TY K OJTHOM M3 HUX U CTaHy y Hee CIIPAINTIBATD PO KaXK/yTo
13 ATepbIX: «IJTo IapeBHa» ?». OHA MOKET OTBEYaTh U NMPaB.Y,
1 HeIpasjLy, HO €il 103BOJIEHO Ha3BaTh IIAPEBHAMM POBHO /[BOUX
(ce6s1 ToKE MOKHO HA3bIBaTh). [IOTOM 51 TAaK Ke OIPOIILY KasK[yIo
U3 OCTAJbHBIX JIEBYIIEK, U OHU TOXKE JOJIKHBI Oy/IyT Ha3BaTh
1IapeBHAMU POBHO JBouX. Ecum mocse aToro yragaenib, KTO U3
HUX ¥ BIIPAB/y 11aPEBHbI, OTIIYIYy TeOS BOCBOSCH HEBPE/UMbIM.
A ecuim ele 1 JIora/laenibest, KOTopas llapeBHa cTapliias, KoTopas
Cpe/Hsist, a KoTopasi MJajiiast, To U uxX 3abupaii ¢ co6oii».

WBan MOsKeT 1lepe/iaTh IapeBHAM 3alMCKY, YTOObI HAYYUTb UX,
KOTO Ha3BaThb IapeBHaMu. MosKeT JI OH HE3aBUCHUMO OT OTBETOB
KommeeBbIx mouepeii: a) BepHyThCs KUBBIM; 6) YBE3TH IIapeBeH
¢ coboit?

U.Pacxkuna

7 Knacc

1. Jama u Tans skuByT B OJHOM MO/be3zie. Jlamia KuBeT Ha

6 sraske. Boixoaa or Jlamm, Tang nomia He BHA3, Kak eil ObLIO

Hy»XHO, a BBepx. [lofins no mocaeanero ataska, Taus moHsTa

CBOI0 OMIMOKY M TIONLJIA BHM3 HA CBOW atax. OKaszaaoch, YTO

Tans nporia B oaTopa pasa 60Jblie, 4eM ecyn Obl OHA cpasy
nonia BHU3. CKOJIBKO dTaskeil B jgome?

T.TI'onenuwesa-Kymysosa, H.Awenko

2. Y Anenbl ectb MOOUJIBbHDIN TesieDOH, 3apsiia aKKyMYJISITOpa
KOTOPOTO XBartaeT Ha 6 yacoB pagroBopa mianm Ha 210 dacos
oxkuganus. Korga Asena caauiach B 1oesf], tesedoH ObLa
MOJTHOCTBIO 3apsiZKEH, a KOT/la OHA BBIXOJUJIA U3 TI0e3/1a, TeJie-
don paspsiguicst. CKOJbKO BpeMEHU OHA eXaJia Ha 10e3/1e, ecyn
M3BECTHO, 4TO AJieHa roBOpuJia 10 Teie)OHy POBHO TOJIOBUHY
BpEMEHU TI0e3/1KU ?

A. Xauamypsin

3. Ha kueruartoil Gymare OTMeueHBbI uYeTblpe y3Ja CeTKH,
o6pasyiomnue kBajgpar 4 X 4. OTMeTbTe elre /Ba y3Jaa 1 Coe/iu-
HHUTEe X 3aMKHYTOI JIOMAHOH Tak, YTOOBI MOJIYYHJICS IINECTH-
yroabHuK (He 06sI3aTEIbHO BBITYKJIBIN) MIOMAABI0 6 KJIETOK.

T.TI'onenuwesa-Kymysosa, H.Awenko

4. BypatuHo XO/UT IO yJIAIaM TOPO/Ia, Ha OJHOM U3 MepPeKpe-
CTKOB KOTOPOTO 3apbIT KaaJ. Ha KaskJoM TepekpecTke emy o
pajuo coobmaiotr, npubin-
3IIICSL OH K KJajly WK yaa- ;) )
ymcst (TI0 cpaBHEHMIO ¢ TIpe-
JBIYITEM  TIEPEKPECTKOM).
Pajino amu6o Bcerjia roBOPUT
npasiy, Ju60 BCErja JoKeT
(1o BypaTumo He 3HaeT, JIKET
oo wmu Her). CMOXKeT Ju  Puc 2
BypaTtuno Touno y3uatb, rje
3aKOMaH KJIajl, eCJU TUIaH TOPOjia UMEET BUJI, MOKA3aHHBIH Ha
pucynke 2?

(IIepexpecTKu OTMEYEHbI TOYKAMIU. )

T.Tonenuwesa-Kymyzosa

8 knacc

1. 3a nepsblil o/l HacesJeHe HEKOTOPOIT JIepEeBHI BO3POCJIO HA

n gesoBek, a 3a Bropoil — Ha 300 uesoBex. [Ipu aToM 3a TiepBbIit

rox Hacesenne ysennmumiock Ha 300%, a 3a BTOpoit — Ha n%.
CKOJIbKO JKUTEJICH CTaso B /IepeBHE?

b. ®penxun

2. [Tano HatypaJbHoe uncjao N. /1711 Toro 4To6b! HAlTH 11eJ10e
qneso, 6mskaiiinee K /N, BOCTIONb3YeMCS CIe/TyIONINM CIIOCO-
GOM: HaiiieM cpein KBaJpaToB HATYDPAIbHBIX UHCE/ YHCIO0 a’
6mrKaiimee K uncay N; Torga @ m 6yAeT MCKOMBIM UHCJIOM.
O06s13aTeJIbHO JIN TOT CIIOCO0 JACT MPABUJIBHBIN OTBET?

A. Xawamypsn
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3. B ¢yr6osbHoM uyemnmonare ydacTBoBaau 16 KOMaHnI.
Kaskast KoMam/a chirpasia ¢ Kax o Mo 0JHOMY pasy, 3a mobe1y
JlaBasioch 3 04Ka, 3a HUYBIO 1 0uKo, 3a nopaxkenue 0. HazoBem
KOMaH/ly YCIENIHOi, ecJu oHa HaGpasa XOTsi Obl TOJIOBUHY OT
HanGOIBIIIETO BO3MOKHOIO KOJNYECTBA OUKOB. Kakoe Han6ob-
miee KOJIn4eCcTBO yCHeH_[HI)IX KOMaH/[ MOTJIO 6I)ITI) B TypHI/Ipe?

A.Bbaunxos

4. B tpeyrosbuuk ABC ¢ npsimMbiM yriioM C BIimcaHa OKpy:K-
HOCTD, Kacatomagacs ctopod AC, BC u AB B Toukax M, K u N
coorBeTcTBEeHHO. Uepes Touky K 1poBesn MPAMYIO, TepIeH/H-
KyasapHyio orpeaky MN. Ona nepecekna katetr AC B Touke X.
Joxkaxure, uto CK = AX.

M. Boauxeeuu

5. Kanmran Bpysresin B cBoeil KaioTe pasiosKi epeTacoBaH-
HYIO KOJIOJY U3 52 KapT M0 KPYTY, OCTAaBUB OJTHO MECTO CBOOO/I-
upIM. Marpoc DyKc ¢ naxyObl, He OTXO0/s OT LITypBaJia U He 3Hast
HAYaJIbHOW PACKJIA/IKK, Ha3biBaeT KapTy. Ecsm ata KapTa Jeskur
PSIIOM €O CBOOOZIHBIM MeCTOM, BpyHresb ee Tyza mepesiBuraer,
He cooOutass Dykey. Muave — uudero He npoucxoqut. [Torom
Dyxkc HasbIBaeT elle OJHy KapTy, U TaK CKOJbKO YrOJHO pas,
MOKa caM He CKaxeT «CTor». MoskeT it DyKe 106UThCST TOTO,
4TOOBI TIOCJIE «CTOIAy Kask/as KapTa HaBepHsIKa OKa3aaach He
TaM, T7e Oblia BHaJaJe?

JI. Meonuxos, A.Illanosanos

6. B Boinyksiom yerbipexyrosnbuuke ABCD cropoubst AB, BC
un CD pasubl, M — cepennna ctopons!l AD. V3BecTHO, 4TO yTOI
BMC pasen 90° . Haiiire yroJs Mex 1y JAUArOHAISIMU Y€THIPEX-
yroapauka ABCD.

M. Boauxesuu

9 knacc

1. Homep ubirentneii ommvmumannt (70) o6pasoBan moceHu-
MU udpamMu rofa ee IPOBEIEHNs, 3AUCAHHBIME B 0GPATHOM
nopsike. CKOJBKO elie pas OBTOPUTCS TAKast CUTYAIlsl B 9TOM
TBICSYETIeTHN?

A.3acnasckuil

2. Ha napa6ose y = x? BbIGpaHb! yetbipe Toukn A, B, C, D
tak, uto npsimpie AB u CD mnepeceKkaioTcss Ha OCH OPJMHAT.
Haiigure a6cimeey touku D, ecin aGeiucenst Touek A, B u C
PaBHBI @, b 1 ¢ COOTBETCTBEHHO.

H.Aunopees, A.Baunkog

3. Hafizute Bce Bo3pacTaionie KOHEUHbIe apH(pMeTHIecKue
IIPOrpeccusl, KOTOPbIE COCTOST M3 IPOCTBIX YHCEJ U Y KOTOPBIX
KOJIMYECTBO YJIEHOB GOJIbINE, YeM PA3HOCTD ITPOrPECCH.

b. Openxun

4. Bomyxkaag durypa F o6ajaer CJAeAyIONM CBOWCTBOM:
JOGOM TIPABUJIBHBIN TPEYTOJIBHUK CO CTOPOHOI 1 MOKHO mapaJ-
JIEIPHO TEepPEeHeCcTH TaK, 4TO BCE €ro BepIIMHBI MONAJyT Ha
rpannuiy F. O6s3atesnho i F — kpyr? (Durypa HasbiBaeTcs
BBINYKJIOH, €CJI OTPE30K, COeIMHSIONINIT JTI0ObIe /[BE €€ TOUKH,
HEJUKOM TPUHAJIEKUT (urype.)

C.Maprxenos

5. B oanoxpyrosom ¢byTt60osbHOM TYpHUPE Wrpagu n > 4
KOMaH/I. 3a 1mobe/ly 1aBajioch 3 04Ka, 32 HUUYBIO 1, 3a IPOUTPHITIT
0. Okasasnoch, 4TO BCEe KOMaH/bI HAOPATN MOPOBHY OYKOB. a)
Jlokaskure, 4ro HalayTcs 4 KOMaH/bl, HMeIOle IIOPOBHY
no6ez1, MOPOBHY HUYBUX U MOPOBHY Mnopakenuit. 6) Tpu kakom
HAaUMEHDINEM 72 MOTYT He HAWTUCh 5 TAKUX KOMAaH/I?

A.3acaasckuil

10 knacc

1. Ha croponax eluHUYHOTO KBajipaTa otMetTu/u Touku K, L,
M u N rtak, uro npamass KM napaJienabHa JBYM CTOPOHaM

2007 /Ne4

KBajipata, a mpsiMasg LN — AByM ApyTUM CTOPOHAM KBaJiparta.
Orpesok KL orcekaeT OT KBaJpara TPeyroJbHUK Hepumerpa 1.
TpeyrosibHUK KaKoil IJIOMIAN OTCEKAET OT KBajpaTa OTPE30K
MN?
C. Aopuuenxo, P.’Kenodapos,
C.Toxapes

2. MoxHO J TIOKpacuTb 15
OTPE3KOB, U300pa’KeHHBIX Ha
pucynke 3, B 3 11BeTa TaK, YT0ObI
HUKaKue 2 0Tpe3Ka OJIHOTO I[Be-
Ta He uMesn o6Iero KOHI@a?

H. Iywxapée

3. Tpeyrosbuuk ABC Briucan
B OKPY>KHOCTb € IieHTpoM B O.
Touka X — npousBosibHast TOY-
Ka BHyTpH Tpeyroabuuka ABC,
Takas, uyt0o ZXAB=/ZXBC =¢, a P — Takad TOYKa, 4TO
PX L OX, £ZXOP = ¢, npuuem yriast XOP u XAB oauna-
KOBO opueHTHpoBanbl. [lokaskure, 4To BCe Takume TOYKH P
JIeKAT Ha OJTHOU TPSIMOiA.

Puc. 3

A.3acrasckuil

4. C HEHYJIEBbIM YMCJIOM pa3pellaeTCAa IpoJebiBaTb CJIE/AYI0-

1+x 1-x
e onepauun: x = ——,

Bepno mm, uyro us

KaK/IOTO HEHYJIEBOTO paf{HOHaanoroqucna MOZKHO TIOJTy4UTH
Kayk/loe paIoOHAJIbHOE YUCJIO C MOMOIIBI0 KOHEYHOTO YHCJIA
TaKUX Omeparuii?

A.llemyxos

11 knacc

1. Kpyrsas mumienp paséuta Ha 20 CEKTOPOB, KOTOPbIE
HYMEPYIOTCS 110 KPYTY B KAaKOM-JInG0 rnopsijike yucaamu 1, 2, ...
..., 20. Ecaiu cekTopbl 3anyMepoBambl, Hampumep (Kak mpu urpe
B JapTc), B caeyionem nopsiake: 1, 20, 5, 12, 9, 14, 11, 8, 16,
7,19, 3,17, 2,15,10, 6, 13, 4, 18, To HauMeHbINAas N3 Pa3HOCTEN
MeKIy HOMepamu coceannx (Mo Kpyry) ceKTopoB paBHa 12 —
— 9 = 3 (u3 6oJblero ynucaa BbIYUTaeTCsS MeHblee). Moxker
JIN YKa3aHHAS BEJMYMHA TIPU HyMEpaluu B JPYTOM IOPS/IKE
6b6ITh Gouibiie 3? KakoBo HamboJiblllee BO3MOKHOE 3HAUEHIE
9TOH BEJIMYMHBI?

H.Cepzees

2. 3HaveHne @ NoAOOPAHO TaK, YTO YMCJIO KOPHEll IIepBOro n3
ypaBHEHUN

4% -4 =2cosax, 4 +47F =2cosax+4

paBuo 2007. CKOJIBKO KOpHEH TIpU TOM K€ d WMEET BTOpPOe
ypaBHeHUe?
B.Anexcees

3. Kaxnm MoxkeT 6bITh TPOM3BeIeHNC HECKOIDKIX PasTHYHBIX
ITPOCTBIX YUCEJI, €CJIN OHO KPAaTHO KaXX/IOMYy U3 HUX, YMECHDbIIICH-
nomy Ha 1? Haiianre Bce BO3MOXKHbIC 3HAYEHUSA HTOTO IIPOU3BE-
JIeHUd.

A.Bezyny,

4. B ocuoBanun AA, ... A, nupamugsr SAA, ... A, nexur
touka O, mupuuem SA =84,=..=84, u ZLSAO =
= £SA,0 = ... = LS5A,0 . [Ipu kakoM HanMeHbIIIeM 3HAUEeHUN 7
orciofa caexyet, yTo SO — BbIcOTa TUPAMU/IbI?

H.Cepzees

5. KBazgpar coctout u3 7 X n KJIETOK: JBE MPOTHBOIIOJIONK-
HbIe YIJIOBbIE KJIETKH — 4YepHble, a ocTajbHble — Gesble. Kakoe
HanMMeHbIllee KOJMUYECTBO GEJIbIX KJETOK JOCTATOYHO IepeKpa-
CUTb B YEPHBIil I[BET, YTOOBI TOCJE ITOTO C MTOMOIIBIO TTPeodpa-
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30BaHUil, COCTOSIINX B MEPEKPANTUBAHIN BCEX KJIETOK KAKOTO-
au6o cTosbla U KaKoi-1u60 CTPOKU B IIPOTHBOIOJIOMKHBII
I[BET, MOXKHO GbLJIO C/IeJIaTh YePHBIMU BCE KJIETKH ITOTO KBAJI-
para?

B.Anexcees

6. Touxn A, B’ n ¢’ — cepenunbl cropoH BC, CA u AB
tpeyroapnuka ABC coorserctBenno, a BH — ero BbicoTa.
Jlokaxkure, 4TO €CJIU ONMCAHHbBIE OKOJIO TPEYTroJbHUKOB AHC’
n CHA’ OKpy’KHOCTH TIPOXOJSIT Yepe3 TOuKy M, OTINYHYIO OT
H, o £ZABM = ZCBB’

B. Qunumonos

7. Muia MBICJEHHO PACIOJIOKNJI BHYTPH JIAaHHOTO KpyTa
€INHITYHOrO PAJINYCa BBIMTYKJIbI MHOTOYTOJIBHUK, COAEPKAIINI
HeHTp Kpyra, a KoJist mpITaeTcst yragaTh ero mepuMerp. 3a oinH
mar Kousist ykasbiBaer Mutiie Kakyio-gu6o psMyIo U y3HAeT OT
HETO, TepecekaeT Jn OHa MHOroyroibHUK. Mmeer mm Kous
BO3MOKHOCTb HABEPHSKA YrajaTb MEPUMETP MHOTOYTOJbHHUKA
yepe3 3 mara ¢ ToyHocTwio 10 0,37

O.Kocyxun

Hy6auxauuro nodzomosun b.Dpenrun

130paHHble 3aga4 MoCKOBCKOW

MepBbIn TeopeTU4ecknn Typ

7 Knacc

1. Mapc yaoGHee Bcero u3y4arb BO BPeMsl IIPOTHBOCTOSTHUS,
xoraa 3emsst HaxoauTes Meskay Mapcom n Cosaiiem. Ompefte-
JIUTE, Yepe3 KaKol MPOMEXYTOK BPEMEHU TTOBTOPSIIOTCS TIPOTH-
Boctosinust 3emsim u Mapca. Mapc cosepiiaeT 060pOT BOKPYT
Coutiia 3a 687 3eMHbBIX aHel, a 3eMisd — 3a 365 JHEIl.

M. Pomawxa

2. Ha 3emJse JeXuT cjioii cHera TtoJmuHoit 7 = 70 cm.
JlaBenne cHera Ha semutio (6e3 yuera aTMOC(EPHOTO JABJICHHUS )
p = 630 Ila. IToroga Mopo3nas, 1 cHEr COCTOUT U3 BO3JyXa U
spzia. Onpejiesiite, CKOJIbKO MPOIEHTOB 0GbeMa CHera 3aH1MaeT
Jiell, a CKOJIbKO — Bo3ayX. Iliornocts mpga p, = 0,9 r/ eM®
Yckopenue cBo6ojHoro najenuss g =10 M/ ¢

M. Pomawxa

3. Ha 3aBojie 114 moabeMa TSXKeIbIX
3arOTOBOK HCITOJIb3YETCS CHCTEMA U3 Ue-
ThIpeX OJIOKOB M OJTHOTO TPOCA, 3aKperi-
JIEHHBIX Ha TOTOJIKE, KaK TOKa3aHO Ha
pucynke 1. C kaxoii cunoit F Hajo Td-
HYTb BHU3 32 KOHeIl TPOca, 4TOObI y/iep-
JKUBATh WJIM MEJJIEHHO W PaBHOMEPHO

MIO/IHNMATh 3arOTOBKY, BeC KOTOPOW pa-
|' Ben P? YuacTku Tpoca, He JiexKallye Ha

6JI0Kax, TOPU30HTAIBHBI HJI BEPTUKAIb-

HbI, BecOM OJIOKOB, TpOCa M TPEHHEM
MOJKHO ITpeHe6peyb.

=

M.Cemenos
Puc. 1

4. CryionHoil mapuk MmoJ{BelieH B co-
Cy/ie Ha JIBYX JIETKUX HUTSX, KaK II0Ka3a-
Ho na pucynke 2. CBOGO/HbIE KOHIIbI
HUTeHl 3aKpellsieHbl Ha OJHOIl BBICOTE.
Iloce Toro xak cocys 3amoJTHIIN BOJON
U IIAPUK OKAa3ajCcs MOJHOCTBIO HOTpPY-
JKCHHBIM B BOJY, HaTsDKEHHME HUTEI He
n3MeHnsI0ch. OnpezienTe IIOTHOCTD P
Marepuasa, 13 KOTOPOro U3TOTOBJIEH Ia-
puk. Ilnornocts Bozbl p, = 1000 Kr/M3 .
Puc. 2 H.Topbamuuii

hU3n4eckon onmmnmagbl

8 knacc

1. B mmpokuit cocy ¢ BOOW MeJIEHHO OIYyCKAIOT HA HUTH
HUJIMHPUYECKHT OPYCOK TaK, YTO OCb IUJMH/PA BCE BPEMSI
ocraercs BepTUKaJbHON. ['padmk 3aBUCUMOCTH CHJIBI HATSKe-
nust HuTu F OT TJyGUHBI MOTPYIKEHUST /i HUKHErO OCHOBAHHS
HUJIMHIPA SABJIAETCS OTPE3KOM
TPSAMON JINHUM, KaK IMOKa3aHO
Ha pucyHnke 3. Haiigure mio-
/b OCHOBAHUS IMJIMH/PA U
ero Mmaccy. IlimoTHOCTb BOMDBI

F,Ha

10

3
po =1 r/ CM” , YCKOPEHHE CBO-

6onoro najenust g = 10 M/C2 .
M. Pomawrxa N

2. B cocyne naxoauscs Je 0 0,1 Awm
npu rtemmeparype t, =0°C. Puc3
Tyna Bauaum Boay Maccoi
m, = 0,4 kr, B3aryo npu temmeparype t, =60 °C . Kakas
TeMIIeparypa yCTaHOBUJIACD B COCY/Ie, €CJTH KOHEYHBIH 00beM ero
cogepxkumoro V. = 1 n1? UYemy paBHa Macca COAEPKUMOTIO
cocyna? Ilnornoctu Boabl u Jabaa p, = 1000 1<r/M3 n
p, =900 KI‘/MB, UX YJeJbHbIE TEIJOEMKOCTH C, =
= 4200 [Ix/(xr-°C) u ¢, = 2100 JUx/(kr - °C) , yaenbuas ren-
JoTa masaeHns abaa A = 335 k/Dx/xr . TemmoemkocTnio cocy-
Jla U IOTepsSMU Tellsla IpeHeOpeyb.

M. Pomawxa

3. B 0/1HOM 13 IBYX O/JIMHAKOBO [IIMHHDBIX «YEPHDIX SITIKOB>
HAXOJIUTCS ITOCTOSIHHBII MarHuT, a B APYroM — JIJIMHHAS KaTyIIKa
13 Me/THOH TTPOBOJIOKH, TIOJKIIOYEHHAS K NCTOYHUKY TTOCTOSTHHO-
ro Toka. Kak, ncnosb3yst TOJbKO 3TH <«4epHble SINUKN», OTpe-
IeJINTh, B KAKOM U3 HUX HAXO-
JIUTCS  TIOCTOSHHBIA MaruuT?
Henb3sa sarngabiBaTb BHYTPb
SIINKOB, pa3Ouparh SIHUKH 1
paspyuiaTh ux.

H.Topbamoiii

9 knacc

1. «YepHblil suwK» 1npes-
crasJsiet co6oii cucremy, n300-
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paskeHHYTO Ha pUCyHKe 4. BHyTpn HaxoaTCs Boia 1 IOTPy>KeH-
HbIil B Hee Y3KWil BEPTUKAJBHBIH IWJIMHAP C mnopiiHeM. K
MTOPIIHIO TPUKPEILJICH BBIXO/SANINI HAPY3KY BEPTUKAJIBHBII I TOK.
[lotsinyB 3a IITOK W TIO/IBUTaB €r0 BBEPX-BHU3, IIKOJbHUK
PEIINJI, YTO B «YEPHOM SIIMKE» HAXOJUTCS TPUKPEIJICHHAs K
HITOKY TPY’KUHA, ¥ U3MEPHJ ee XecTKocTb. OHA oKasaiach
pasuoit k = 100 H /M. Uemy paBna niona/ip nopirus? Tperu-
eM ¥ Maccoil TMOpIIHSA MOXKHO TpeHeGpeub. [1MOTHOCTD BOABI

p =1000 KI‘/M3 , YCKOpeHue cBOOOIHOTO Ma/leHud g = 10M/C2 .
M. Pomawxa

2. B anexTpuyeckoii 1enu, m3006pa’KeHHON Ha PHUCYHKE J,
HanpsKeHue ucroynuka pasHo U = 9 B, comporuBieHus pe-
3uctopoB Ry =R; = 60 Omu
R, = 100 Om. Ammnepmerp,
KOTOPBIIT MOXKHO CUUTATh Hjle-
QJIbHBIM, [TOKA3bIBACT CUJITY TOKA
I = 0,185 A. Haiignre cuibr
TOKOB, TEKYIIUX YePE3 PE3UCTO-
pbI C CONpOTHBJIEHUAME Ry n
R3, n comporuBiieHne yeTBep-
TOTO PE3UCTOPA.

R3
® 1
R,
R, Ry
_l l_

Puc 5

M. Pomawra
10 knacc

1. TTo TIaIKOMY TOPU3OHTATBHOMY CTOJIY CKOJIB3UT OJHOPO/I-
Hast JuHelika juiuHoi L = 25 c¢M. B HEKOTOPbBIN HauaJbHbBIIT
MOMEHT BPEMEHH CKOPOCTH KOHIIOB JIMHEHKH IepIeHINKYIsIp-
HBl K Heil, HanpaBJeHbl B pas3Hbie CTOPOHBI U PaBHbI
o =10 em/c u vy = 30 cm/c. Kakasg ckopoctb Gyner y
IIEHTPAJbHONM TOUKM JIMHEHKHN dYepe3 BpeMs ¢ = 5 ¢ TOcCJe
HAvaJIbHOTO MOMEHTa? 3a Kakoe BPeMs OT Ha4aJbHOTO MOMEH-
Ta JIMHEHKa ToBepHeTCcsS Ha yroa 90° 0oT MCXOAHOTO TOJI0MXKe-
Hus?

A.Survbepman

2. B cucreme, nzo6pakeHHoil Ha pucynke 6, rpysbt / u 2
IPUKPEIICHDI K HUTSIM, Macchl rpy30B 1, 2 u 3 paBust M, 2M u
3M coorsercTBenHo. Haiinnre nx yckopenus.
Tpenne orcyrcTByer. Bioku HeBecOMbI, HUTH
HEBECOMbI U HEPACTSIKUMDI, He JIeXKallue Ha
6JIOKaX YYaCTKU HUTEH BEPTUKAIBHDIL.

A.Bunvbepman

3. Ilo ropu3oHTATBHOMY CTOJIY KaTUTCs 6e3

TPEHUS TeJIeKKa Maccoii M co CKOPOCTBIO ¥y .

:|2 Ha ropusoHTaJIbHYIO MOBEPXHOCTD TEJEKKU

MOJIOKUJIN KMPITUY Maccoii m, HadaabHasi CKO-

POCTh KOTOPOTO OTHOCHTEJIBHO CTOJIa Oblja

paBHa HyJ10. Kupnuda npo/iBUHYJICS 10O TeJIex-

Ke Ha paccrosiiue [ U OCTaHOBUJICSI OTHOCH-

tesbHO Hee. Haiinnre koadduienT tpenus
MEX/Iy KUPIHYOM U TEJEKKOM.

M. Pomawxa

1L

J L
)
3

Puc. 6
4. VI3o6paskennasi Ha PUCYyHKe 7 JIEKTPU-

yecKkas IIellb COCTOUT W3 JBYX COEAWHEHHBIX JIPYT C JAPYroM
<UEPHBIX SNIKOB», KaXX/bI M3 KOTOPBIX MMeeT TP BBIBOJA.
IIpu nogakmrouenuu K kaemmam A u
C oMMeTp TIOKa3blBaeT 3HaYeHue
cornpoTuByenus R ¢ IPH TIO/IKTIO-
YyeHnn K KjaemMmaM B u D — 3Hade-
nne Rpp, TPU MOAKJIIOYEHUU K
kaemmam A u D — 3navenne R,p .
Urto mokaxker OMMETp TPH TOJ-
KJoueHnn K kjgemMmam B u C?
V3BecTHO, UTO B <«YEpPHBIX SIIH-

A C

Puc. 7

2007 /Ne4

KaX» HaX0JATCA TOJIbKO pPa3/INYHbIM 06pa30M COCINHCHHDIC
PE3UCTOPDI.
/. Xapabadse
11 knacc

1. Oxna U3 pasHOBUIHOCTEN TaK HA3bIBAEMON ILJIaHETAPHOI
nepeayn COCTOUT U3 1eHTpasbhoii (coneunoii) mecrepuu (C),
HECKOJIbKUX TiraHeTapubix mmecreper (I1), ocu KOTOPBIX coeu-

HEHBI JKECTKON paMoil — BOIU-
‘ ’ K

soM (B), u KoJIb1LEeBOI Hiectep-

nu (K), umeronieii BuyTpennee

3alleTVIeHne C IIJIAHEeTAPHBIMI

(puc.8). IlycTb pammychl con-

HEYHOI 1’ IIJIaHETapHbIX MIeCTe-

pPeH PaBHBI U COJIHEYHAs IIec-

TEpHsI MPHUBOJIUTCS BO Bpallle-

HUE C yTJIOBOH CKopocThio ® . C

KaKoil yryiioBoil CKOpOCTbIO Oy-

JIET BPAIATHCS KOJIbIIEBAS 1IIeC-

TEpPHsI, €CJU BOAUJIO 3aUKCH-  pye 8

poBano? C Kakoi yTJIOBOH CKO-

pocTbio Gy/IeT BpAIIaTbCs BOMJIO, €CJH KOJbIeBas HIECTEPHS

3adukcupoBana? C Kakoll yrjoBOil CKOPOCTbIO B TOCJEIHEM

ciaydae Oy/IeT BpalaTbCs TJIAaHETAPHAS TTECTEPHS?
B.O6mopowes

2. Ha A/IMHHON HUTH, TIEPEKUHYTO Yepe3 GJIOK, BUCSIT TPY3bI
maccamu my u m, (puc.9). Ha Bbicore /, man Gosee Jerkum
IPY30M Jiep:KaT N1ailby M3 IiacTuaInHa Maccoit ms . V3BecTHo,
qro mg >my —my >0 . B HekoTOpblid MO-
MEHT TPY3bl MaccaMu 7y W M, TIPUXOJAT B
nBwKenne 6e3 HavaIbHOU cKopocTu. Korma
MEPBBIN I'PY3 JOXOANT JI0 MIAKObI, ee OTITyC-
KaloT 0e3 HavyaJbHOH CKOPOCTH, W Iaiiba
npusunaer K rpy3y. Ha xakyio Makcumasb-
HYIO BBICOTY HaJl HAYaJbHBIM IOJOXKEHUEM
nosHuMeTc 1aiiba? Tpenne u Macca 610Ka
npene6peskuMo Masibl. Huth HeBecomass u
HepacTsDKUMast, ee YYacTKH, He JIexKalle Ha
6JI0Ke, BEPTHKAJbHDI.

M.Pomawxa

3. Ecim HampaBUTh TOTOK TPOTOHOB HA  py,- 9
KYCOK JibjIa U3 TsiKesoit Bompr D,O | To ipu
MUHUMAJIbHON KHHETHYECKO# aHeprun mpotoHoB £; = 1,4 MaB

IIPONCXO/INT sAjlepHas peakims ¢ obpasoBanueM sjgep ;He.
Kakyto MunuManbHyo KuHeTHdeckyio aHepruio E, mamo coo6-
HIUTD S/1paM el Tepusi, 4TOObI PH MX TIOTA/IAHIK HA KYCOK JIb/1a
13 0OBbIYHOI BO/BI TIPOM3OIILIA TA JKE SJCPHAS PEaKIns?
C.Bapaamoe

4. B cocyze naxomuics seq npu temneparype t, = —20 °C .
Tyna Binau Bogy Maccoit m, = 0,4 Kr, B3ATYIO IIPH TeMIlepa-
Type t, =60 °C . Kakum MoKeT ObITh KOHEUHbIH 06BEM CUCTe-
MBI, €CJTM YCTAHOBHBINASCS B CHCTEME TEMIIEPATypa: a) TTOJI0KH-
TesbHa; 6) OTPULIATE/IbHA; B) paBHa nyso? [lnotHocTn Bogbl

appa p, = 1000 Kr/M3 n p, =900 Kr/M3 , UX y/leJIbHbIE Tel-
noemkoctu ¢, = 4200 Jix/(kr-°C) u ¢, = 2100 [Ix/(xr-°C),

yleJbHas TEIoTa miasjaenus abga A = 335 k/[x /xr. Temio-
€MKOCTBIO COCY/Ia ¥ MOTEPSIMU TeIljla TIPeHeOPeyb.
M. Pomawxa

5. DJIeKTpUYECKasi Iellb COCTOUT M3 JBYX KOH/EHCATOPOB
eMKOCcTbI0 C, IBYX OJIMHAKOBBIX KaTYIIEK WHAYKTUBHOCTbIO L 1
naeanbHoro tpancgopmaropa ¢ koapduimenToM Tpancgopma-
un, pasubiM equnauie (puc.10). Ecau 3apsauts oaun us3
KOH/IEHCATOPOB M 3aMKHYTb KJIIOY, IOJCOEJANHSIONINN €ro K
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Tpancgopmaropy, B

L L
nemnn BO3HI/IKHyT
i|_ rapMOHUYECKHE KO-
C | C J1e6aHns ¢ 4aCTOTOI
T T o . Haiigure BO3-
MOJXHDBIE YaCTOTbI
Puc. 10 rapMOHUYECKUX

JJIEKTPUIECKUX KO-
JieGaHmii B IETIN, €CJIM 3aMKHYTBI 00a KJIrova.

O.Illsedos
BTopon TeopeTnyecknm Typ
8 knacc

1. [IBa BesocuIleINCTa OJTHOBPEMEHHO BBIE3)KAIOT HABCTPEUY
JIPYT APYTY U3 jiepeBenb JIunoska n J[eMyHIKIMHO, HAXO/SIIMXCS
Ha paccrosinun L = 10 kM apyr ot apyra. Kaxplii niaanupyer
exaTb €O CKOpocTbio v = 20 KM,/4 U, JOCTUTHYB MPOTUBOIIO-
JIO3KHOW JIepeBHU, cpa3y TOBepHYTb o6paTtHo. Ho Ha myTH Bce
BpeMs JlyeT BeTep, CKOPOCTb M HAIIPABJIEHUE KOTOPOTO ITOCTOSH-
upl. Ilpn aBUKEHMH 110 BETPY CKOPOCTb YBEJMYMBAETCH Ha
CTOJIBKO 3Ke, Ha CKOJIbKO YMEHbBINAETCS TP JABIKEHNH MPOTUB
BeTpa. Besocumneancer, KOTOPHI cHaYaIa €XaJl 110 BeTPY, JOCTHT-
HYB IPOTHBOIOJIOKHON JIepEeBHM, Cpa3y IOBEPHYJ Ha3al, a
BEJIOCHUIIE/IUCT, KOTOPBII CHayaja exaJsl MPOTUB BeTpa, 3ajep-
JKaJICST B TIPOTUBOIIOJIOKHOM JlepeBHe, YTOObI OT/OXHYTb, WU
TOJIKO TTOTOM TIOBepHYJI 00paTHO. VI3BECTHO, YTO BEJOCHUIIEN-
CTBI BCTPEUAJHCD B TOUKAX A 1 B, HAXOAAIMXCS HA PACCTOSTHUSX
Ly, =2 xvmu Lz =6 xm or Jlunosku. Haiigute Bpemena
aBukennd u3 Jlunosku B [lemymknno n u3 [lemymkuHo B
JlumoBky. B kakoii nepeBHe U B TeyeHHMe KaKOTO IPOMEKYTKa
BPEMEHU OT/bIXAJ BEJOCHUIIEIUCT, €XaBIINil CHAavaJa MPOTUB
Berpa?

M.Pomawrxa

2. IlnorHocTb Macaa uaMme-
PSIIOT B OIIBITE, CXeMa KOTOPOTO
nokazana Ha pucysake 11. Co-
Cyll pasjieieH Ha JIBE YacTu
BEPTUKAJbHON 1EePEropoiKoil.
B omny wactb cocyna namuta
BOfa, B Jpyryo — Macjo. B
[IEPErOPO/IKY BCTPOEH IIAPHUD,
Puc 17 KOTOPBII MOKET BpaliaTbes 6e3

Tpenus. B mapHup BcTaBiIeHa
OJIHOPO/IHAST COCHOBAS JIMHElKa, KOTOPas HAaXOJUTCSA B PABHOBE-
cun. JlamHa JgesBoil wactum suneiiku [ = 40 cm, mupaBsoi
I, = 60 cm. ILnorHocTs Bombl p, = 1000 KF/M3, ILJIOTHOCTD

Macno

JmHelikn p = 600 KF/M3 . Uemy paBHa IJIOTHOCTb MacJa?
M. Pomawrxa

3. BasoH /171 11BETOB, CTOSIINI HA YJIHIE, UMEET TLIIOCKOE THO
U BepTUKAJbHbIE CTEHKH. TOJIMUHA CJOS 3eMJU B Ba3oHe
h = 15 cM, a temneparypa semnun ¢t =11°C . Ha ysune noxo-
Jofano, u nomes cHer. CHE)KMHKU COCTOST M30 JIb/IA, MMEIOT
mMaccy m = 50 Mr, o6beM V =(,5 cM’ U TeMmeparypy
ty = 0 °C . OHH HajaloT BEPTUKAJIBHO € MOCTOSIHHON CKOPOCTBIO
v =1 M/c. B obbeme BO3ayxa V=1 M®  HaxoauTCSs
Ny = 100 cuexxuHOK. 3a Kakoe BpeMsi Ha 3eMJjile B Ba3oHe
HapacTteT cJjoii cHera toJmnmHow H = 10 cm? Cumraiite, 4TO
BCST 3eMJIST B Ba3oHe PABHOMEPHO TIPOIUTHIBAETCST BOIOM, MMeeT
B JI0GON MOMEHT OJIHY ¥ Ty JKe TeMIIepaTypy BO BceM oObeMe U
MOYTH He OOMEHHMBAETCSl TENJIOM CO CTeHKAaMH Ba3oHa U C
BozayxoM. Ilnornocts semimn p = 1500 Kr/ M°, yaembHas Tem-
noemkocth seman ¢ = 900 [k /(xr-°C), ymenabHas Temuora
maaBjaeHus abjga A = 335 /K /Kr.
M.Cemenos, M.Pomawra

9 knacc

1. Ha HenoaBM»KHO 3aKpENJIEHHOM IUJIUHAPE PaJnycoM R
JIOKUT TOHKas JuHelika jumuoit [ = 2TR wu wmaccoit M. Jlu-
Hellka pacrosoKeHa TOPU30HTAJBHO MEPHEHINKYISIPHO K OCH
UJIMHAPA U ONUpaeTcd Ha Hero cBoeil cepenunoii. Ha cepenu-
He JIMHEHKW cuanT >kyk Maccoir 0,2M, KoTOpblii HaunmHaer
MeJIJIEHHO TIOJI3TH K OJIHOMY W3 KOHI[OB JHHEWKHU, ITPOYHO
METJISASACh 32 ee IMEePOXOBATOCTU; JUHEHKA TPU 3TOM MEHSET
YTOJI CBOETO HAKJIOHA K TOPU30HTY, NEPEKATHIBASCH 110 IIMJIMH-
npy 6e3 mpockasb3biBanusi. Ha KakoM pacCTOSTHUU OT cepejii-
HBI JINHEWKH OY/IET PACIOIOKeHA TOUYKA CONPUKOCHOBEHUS JIH-
HEUKH W IJINH/PA, KOTJA KYK JIOTOJI3eT 0 KOHIA JTHHEHKH ?
ITon xKakuM yrjioM K ropusoHTy OyJeT IIpU 3TOM HaKJOHEHA
smneiika? [Ipu kaknx 3HadeHnsAX KO3 PUIMEeHTa TPEHUS MEK-
Iy TAJIWHPOM W JMHEHKON BO3MOJKHO TaKOe ee TIepeKaTbIBa-
Hue 6e3 POCKAIb3bIBAHMS ?

H.Topbamoiii
2. DJieKTpuvecKasi IIerb,
n306pakeHHAsg Ha PHCYHKe @ @
12, cocrouT u3 WUEAJIbHOI
Garapeiiku, JAByX OJMHAKO- Uyg®
BBIX BOJIBTMETPOB U JIBYX OIU- @ @

HAKOBBIX MUJIINAMIIEDPMET-
pos. Ilokazanme MuJIHAM-
nepmerpa A, pasmo A2

I, = 1,6 MA, nokaszanus

BosibT™MeTpoB paubl U = 1,2 B u U’'=0,3B. Kakoii us
BOJIBTMETPOB — V; min V, — MOKa3bIBAET MeHbIllee HaIpsiKe-
nue? Haiiinre mokazanue MusmamiepMerpa A, W Halpsike-
Hue Garapenki.

A.Bunvbepnan

3. [lmHHOE HAKJIOHHOE
3ePKAJI0  COTIPUKACAETCST C
TOPU3OHTAJBLHBIM TIOJIOM U
HAKJIOHEHO MO/ YTJIOM O K
seprukaam (puc.13). K sep-
KaJTy IPUOIIKACTCA IKOb-  pyye 73
HUK, TJiaza KOTOPOro pac-
TI0JIOKEHBI Ha BBICOTE /2 OT yPOBHs 3eMui. Ha kakoM MakcuMaib-
HOM PACCTOSIHUH OT HIDKHETO Kpasl 3epKaJjia MIKOJIbHUK YBHUJIUT:
a) u300paskeHue CBOKX IJ1a3; 6) CBoe U300pakeHNe IIOJTHOCTHIO
BO Bech poCT?

M.Pomawrxa
10 knacc

1. IlIkosnbHUK Gpocaer Mstd B GACKeTOOJIbHOE KOJIbII0. UTOOBI
MONAcTh B 1eJb pK 6pocke moj yriaom 0y = 30° K ropusonty,
OH JIOJIZKEH COOGIIUTD MUy HAYAIbHYIO CKOPOCTb Uy = U, & TIpU
6pocKe Moz yrioM o, = 60° — Hava bHyIo CKOPOCTh Uy = vf2 .
Ha kakoii BbicOTe HaJl TOUKOI GPOCAHMS PACIIOJNOMNKEHO GACKeT-
60sbHOE KOJIBIIO? Ilol KaKUM yTJIOM K TOPH3OHTY HAKJOHEH
OTPE30K, COCMMHSIONNI TOUKY OpocaHus M KoJblo? Bpocox
Kayk/IbIil pa3 MpOM3BOANTCA U3 OJHON u TOH e Toyku. Compo-
THBJIEHUEM BO3/1yXa MOKHO Tpene6pedb, yCKopeHne cBOOOIHOT0
TA/IEHNsT PABHO ¢.

A.Bunvbepman

2. Haiizure yckopeHust rpy30B 1 1 2 U CUJTy HATSKEHUS] HUTH

B cucTeMe, n306paxkeHHol Ha pucyHke 14. Maccsl rpysos 1, 2,

3 u 4 paBupt My, My, my u m, coorBeTcTBenHo. I'py3nr 3 u 4

KacaloTcsi Tpy30B | M 2, y4acTKu HUTH, He JieKaline Ha GJI0KaxX,

TOPU30HTAIBHBI MJIN BEPTUKAIbHBI. HUTh HaTsAHyTa, HEBEcoMa 1
HepacTsKuMa, OJIOKH JIETKHE, TPEHHe OTCYTCTBYET.

A.Burvbepnan
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11 knacc

A

Puc. 14

1. Ha komnre mneseco-
MOTO TIPOBOJISIIIIETO CTep-
JKHSI 3aKPEIJICH MaJIeHb-
KU MeTaJJINYeCKuil 111a-
PUK, Kacalomuiics riaj-
KOW TpoBojsMleil cdeprdyeckoil MOBEPXHOCTH PaRyCOM
R = 0,8 m (puc.15). Bropoil komel crep:KHS 3aKpeILieH B

neHrpe cgepbl Ipu TOMOIIN

1
g

IIPOBOJIAIETO IIIAPHUPA TaK,
| uTO cTepiKeHb MOXKET Bpa-
F 0 marbest 6e3 TPEHHST BOKPYT
HEro, COXpaHsSs 3JIEKTpUYec-
KUl KOHTaKT co cepoil. Jra
cucTeMa MOMeIeHa B OJHO-
POZIHOE BepTUKATbHOE MArHUT-
HOe IoJe ¢ UuHAyKIuei
B = 0,5 Ta u noak/odyeHa
k Garapee. Ecim cTepkeHb 3aKPyTHUTb BOKPYT BePTUKAIBHOI

|

Puc. 15

2007 /Ne4

OCH B OIIPEJEJICHHOM HAINPABJICHUN C 4YacTOTOH @ =5c¢ ' U
1I0/] OIIPE/IeJIEHHBIM YIJIOM K BEPTUKAJIM, TO 3TOT yrOJ U 4acTo-
Ta BpalleHus B JasbHeiieM He 6yayT Menarbes. Onpepesnnte
ator yron u DJIC 6arapen. Yckopenme cBOGOJHOTO IMaJCHIA
[IPUHATb paBHbIM ¢ = 10 M/(:2 .

FO.Cmapoxypos, M.Cemenoe

2. 3BykoBasg BOJIHA OT Y/JaJleHHOIO MCTOYHUKA IajaeT Ha
CTeHy, WMEONyI0 BOTHYTYIO NMJIMHAPHYECKYI0 (OpMYy, O[]
VTJI0M, OJIU3KHM K 0, , TIPHYEM 9Ta BOJIHA UJIET EePIEeHNKY JIsIp-
HO ocu nmmHApa. OnpezesnuTe, B KaKylo TOUKY BOJIM3U CTEHDI
cJIeyeT TOMECTHTb YYBCTBUTEJNbHbBIH MHUKPOGMOH, 4YTOOBI OH
3aPETUCTPUPOBAJ MAKCUMAJIBHO BO3MOKHYIO WHTEHCHBHOCTH
3ByKa. Haiiinte paccTosHNs OT 9TON TOUKM IO CTEHBI U 10 OCH
mmHApa. Paguyc mumagpa R MHOTO GoJibllie pa3MepoB CTe-
HbI, HO MHOTO MEHbIIe PACCTOSTHUS /10 UCTOYHUKA. [[TMHA BOJTHDI
3BYKa MHOTO MEHBIIIE PA3MEPOB CTEHBHI.

O.IIlsedos

Hy6auxavuio nodzomosuiu M.Cemenos, A.dxyma

[ eomeTpmyeckme onmMnmaabl
nmveHn N.O.LLIapbIrHa

B namAte O ApKOM 4YenoBeke, TaNaHTIMBOM MaTeMaTtuke Wt
BbloaloLlemcs negarore Mrope ®@egoposude LLapbirnHe (1937—
2004) pan pOCCUMCKMX Hay4YHbIX OpraHM3auum 1 y4ebHbIX
3aBefeHNN pelmamn exerogHo, HadmHaa ¢ 2005 roga, npoBo-
ONTb reoMeTpuYeckyto OnrMMnmMagy LKOMbHUKOB. B oprkomu-
TeT W XIOpWU ONMMMIMagbl BOLWM U3BECTHblE Y4eHble, nefaro-
M, 3HTY3MaCTbl MaTeMaTM4eCckoro MPOCBELLEHNS M3 PasHbIX
POCCUMCKMX perrvoHoB. Onumnuaga COCTOUT M3 OBYX TypOB:
3304HOTO M (UMHanNbHOro. B 3ao4HOM Type, 3a4a4m KOTOPOro
nyonukyloTcst B rasete «MaTemMaTrka» M Ha cante MOCKOBCKO-
ro LeHTpa HenpepbiBHOrO MaTeMaTU4eckoro obpa3oBaHMWs
(www.mccme.ru), MOryT MpuHMMAaThL y4acTre BCe XenatoLme
WKONbHWUKK. Mobeauteny 3a04HOrO Typa MPUMMALLAOTCH Ha
duHan. Kpome T10ro, K y4actmio B pUHaNbHOM Type Oomnycka-
loTCs nobeauTeny pervoHanbHbIX reoMeTPUYeCKUX ONMMMNAL.
®rHanNbHbIN Typ NPOBOAUTCSH B YCTHOM (hopMme.

®uHanbHble Typbl ABYX MEPBbIX ONUMMMAL NPOLWAN B CEH-
Ta6pe 2005 B Mockse 1 B ntone 2006 roga B [lyoHe. Matepu-
anbl 3TUX ONMMMMAL OonybNMKOBaHbI B KHWUre «leomeTpuyec-
ke onumnuagsl M. N.O.LWapbirmua» (M. MUHMO, 2007),
nocesenHon 70-netnio WN.O.LLapbirnHa.

Cpenn nobegutenein AByx NepBbIX OAVMMMMAL XOYeTCs OT-
mMeTuTb E.ABKceHTbeBa (Pocto), C.CacumHa (KpacHomap),
M.JTbicoBa, H.MeuyénkuHa, P.[essatosa, M.MnoxuHy (Bce — Moc-
KBa), HE TOMbKO MOKAa3aBLUMX BbICOKWE pe3ysibTaTbl, HO U Ha-
WeAwux B page 3agad bonee Kpacuble pelleHus, Yem Obinu
y XIopW.

Huxke npuBoOaATCA M30paHHble 3a4a4M NepBbiX OBYX ONM-
nvag (C peleHnsMM) K HECKOMbKO 3a3dad 3a04HOro Typa
TpeTben onumnmagpl (4ns CaMoCTOATENBHOMO PEeLIEHMs ).

3agaum

1 (B.TIporacos). /e oxpysxnocmu ¢ paduycanu 1 u 2 umeiom
obuuil yenmp ¢ mouxe O. Bepuuna A npasuiviozo mpeyzoiy-
nuxa ABC aexum na 6Goavwei oxkpyxuocmu, a cepeound

cmoponvt BC — na meno- A
wetl. Yemy moxem 6vimo
pasen yzon BOC?

Pemenue (M.JIbicoB).
JT0, noxanyii nanbosee
9JIETAHTHOE, PEIleHne OC- o
HOBAaHO Ha MHCIIOJIb30Ba-
HIU cJexyTonieil KJIaccu- B
YeCKOU TeopeMbl dJieMeH- K
TapHoii reomerpun. [IycTnb
nMeeTcss HeKOTOPBI OT-
pe3ok AB Ha TIJIOCKOCTH 1
HEKOTOPO€e MOJIOKHUTE b~
Hoe uyncao A . Torzaa reo-

MeTPHUYECKOe MECTO TOUEK

Aix - Puc. 7

BX ’

€CThb HEKOTopas OKpy»KHOCTb. Ecomm P m Q — TOYKH, KOTOpbIe
JIEJIAT OTPEe30K B OTHOmIeHWM ), (BHYTPEHHUM W BHEIIHUM
06pa3oM), TO 3Ta OKPYKHOCTb COBHAJAET C OKPYXKHOCTDHIO,
MIOCTPOEHHOH Ha oTpe3ke PQ kak Ha auameTpe. OHA HA3bIBAETCS
OKPY>KHOCTBIO ATIOJIJIOHHS.

W3 ycaoBug nameit 3ajjaun cpady caenyer, uro AG/KG =
=AB/KB=AC/KC=A0/KO =2 (puc.1), oTKy/1a BbITEKaeT,
uyto Toukn B, G, O, C jexar Ha OKPY>KHOCTH ATIOJIOHWS /IS
orpeska AK u A =2. Ilonaruo, uro ZBOC = ZBGC =120°

(o 180° — ZBGC = 60° ).
2 (B.aiinc, Hunepmauann). Ha naockocmu danot déa ompes-

X, TakuxX 4TO

AyBy

ka ABy u AyB,, npuuem =k<1. Ha ompeske AA,

11
634ma moukda Ag , d HA npoaofmceuuu IMmozo ompe3Kd 3d mouKy

Azdy _ Ay
Az A
ompesxe BB, Gepemcs mouxa By, a na npodosxenuu 3mozo

Ay —mouxa Ay, max umo =k . Ananozuuno, na
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ompeska 3a mouxy B, —
mouxa B,, max umo

B;B, BB, .
257 - 242 _ e Haiou-
BB, BB, o
me yeon Mex0y npsMovLMU
A3B3 Uu A4B4.

Pemenune (C.Cadun).
[Toctpoum mapadnmesor-
pamm A A,B,X u mpose-
nem 6uccexrpucy AY Ttpe-
yroaphuka A XB; (puc.2).

B

Al ' Tak xax £=A1B1=k,
Puc. 2 XY AX

noayuum B3Y || B,X u
ByY = kB, X = AjA3. CunenoBarenbro, AjA3BsY — mapasuie-
gorpamm, T.e. A3Bs || A)Y . Amamornuno, npsamas A,B, mapas-
JienpHa BHenTHel 6uccekrpuce yria X AyBy, u, 3HauuT, mpsiMbie
A3Bs n A;B, TepreHIuKyIspHbI.

3 (B.Ilporacos). Ha
NAOCKOCMU OdH Y20l U
mouxa K senympu mnezo.
M Jloxaxume, umo natidem-

ca mouxa M, obaadaio-

K was caedyouum Cceotl-

CMBOM: €CU NPOU3BOTb-

Has npsamas, npoxoosauds

uepes K, nepecexaem cmo-

ponvlL yeaa 6 mouxax A u

B, mo MK signsiemcs 6uc-
cexmpucol yeaa AMB.

Pemenue (P./[eBaToB).
[Tycts O — BepuinHa yria
Puc. 3 (puc.3). ocrponm mapas-

nenorpamm KXOY, nBe
CTOPOHBI KOTOPOTO JIesKaT Ha cTopoHax yrua. [lycts M — touka,
cumMmetpuuHasgs K ortHocutesbHo XY. Jlokaxkem, uto M —
HUCKOMas.

[TycTp mpsimasi, mpoxo/smmas uepe3 K, mepecekaer IMpsiMble
OX u OY BToukax A u B. 3amerum, uto MX = KX, MY =KY,
AMXY = AKXY = AOYX , nostomy MOYX — paBHOOOKas
tpaneruss 1 LMXO = ZMYO . 3uaunt, /MXA =180°—

- ZMYO = ZBYM . [lanee, tpeyroabaukn AXK n KYB 1o-
JIOOHDBI, TaK KaK MX CTOPOHBI COOTBETCTBEHHO IMapaJlJiesIbHbI,
nostomy KX/XA = BY /YK. Orciofa noJydaem

MX _ KX _BY _ BY
XA XA YK YM'

A

O Y B

W3 aroro pasencrBa u u3 pasercrsa yriaos MXA u BYM
Haxo/M, 4To TpeyroabHuku MXA u BY M 1nonoGHbI.
Ternepp, Moab3ysach AByMs JIOKa3aHHBIMU MOJOOUSMU, T10JTY-
yaeM
MA MX KX AK
BM BY BY KB’
4yTO 1 o3Havaer, yto MK — Guccekrpuca TpeyrojabHuka AMB.

4 (B.®penkun). TpeyroibHUK padpe3an Ha HECKOJIbKO (He
MeHee JIByX) TPeyroibHuKoB. OJMH U3 HUX PaBHOGEPEHHbIN
(1e paBHOCTOpPOHHMIT), a OcTaTBbHBIE paBHOCTOpOoHHME. Haiignre
YTJIbI UCXOJHOTO TPEyTOJbHUKA.

(Omeem: 90°,60°, 30°.)

3 (B.®penkun). a) CKOJIBKO OCeil CUMMETPHU MOKET UMETh
KJIETYATBbIf MHOTOYTOJIBHUK, T.€. MHOTOYTOJIBHUK, CTOPOHBI KO-
TOPOTO JIEKAT Ha JIMHUSIX JiicTa GymMary B KieTky ? (Vkaxure Bee
BO3MOJKHbIC 3HAYCHUS. )

6) CKOJIbKO OCeil CUMMETPHUI MOYKET UMETh KJIETYATBIN MHOTO-
TPAaHHUK, T.e. MHOTOTDAHHUK, COCTABJICHHBIH U3 OJMHAKOBBIX
KyOHMKOB, TIPUMbBIKAIONIMX JAPYT K JAPYTY I'PAHIMU?

(Omeem: a) 0,1, 2 umm 4; 6) 0, 1, 2, 3, 4, 5um 9.)

6 (A.3acaasckuii). Haiijiure reoMeTpiuyeckoe MeCTo IeHTPOB
IIPABUJIBHBIX TPEYTOJbHUKOB, CTOPOHBI KOTOPBIX IIPOXOJAT de-
pes 3 sagannble Toukn A, B, C (r.e. Ha Kax/0il CTOPOHE WK ee
NPOJIOJKEHUN JIEKUT POBHO OJIHA U3 3a/IaHHBIX TOYEK).

(Omeem: OKPY;KHOCTD, IPOXO/ISIIIAS Yepe3 BEPIIHHBI PABHO-
Oe/IPEHHBIX TPEYTOJbHUKOB ¢ ocHoBanusmu AB, BC, CA n
yraamu 120°, mOCTpOeHHBIX BHYTPD Tpeyrosibhnka ABC.)

7 ([1.1THosb). Masibuuk ¢ nanoii croat na 6epery mopst. Ecin
MaJIbUMK BCTAHET Ha I[bIOYKH, €ro TJada OyayT Ha BbicoTe 1 M
OT IIOBEPXHOCTH MOPsI, & €CJIH CsIeT IIarie Ha IJIeUHd, TO Ha BBICOTe
2 M. Bo ckosbKO pas aJibiiie oH Gy/1eT BU/JETh BO BTOPOM CJIydae?
(Haiiaure orer ¢ Tounoctbio 10 0,1; paguyc 3emiu cuuraiite
pasubiM 6000 KM.)

(Omeem: B N2 pas.)

8 (JI.EmenbsinoB). Kakue TpeyroJibHUKI MOKHO Pa3pesarb Ha
TPHU TPEYTOJIbHUKA C PABHBIMU Pa/INyCaMU OIIMCAHHBIX OKPY>KHO-
creit?

(Omeem: Bce, KpoMe PaBHOGEPEHHBIX HEOCTPOYTOJIbHDIX. )

9 (B.Dpenkun). Haiiure reoMeTpuueckoe MeCTO BEpPIIMH
TPEYTOJIbHUKOB € 33/[aHHBIMI OPTOI[EHTPOM U IIEHTPOM OIIHCAH-
HOH OKPY>KHOCTH.

(Vxasanue: paccrosuue ot Bepiinnbl A Tpeyroybiuka ABC
JI0 €T0 OPTOIEHTPA PABHO Y/IBOEHHOMY PACCTOSTHHIO OT I[EHTpa
OIMCAHHOI OKPYKHOCTH 10 cTOpoHbl BC.)

Hy6auxauuio nodzomosun A.3acarasckuil

eXOYHAPOLHbIV TYPHUP
«KoMnbloTepHaa Mr3mka»

TypHup «KomnbloTepHas usmka» — 4acTb NporpaMmmbl Mex-
LlyHapOOHOro WHTennekT-knyba «MmiooH». Llenb TypHupa —
nopaep>kka TanaHTIMBOM MOMOAEXM, NMPOABMBLLEN VHTEpeC K
(PyHAAMEHTANbHbBIM HayKaM 1 HOBbIM MHMPOPMALMOHHBIM Tex-
Honorvsam. 3aflada OpraHM3aTopoB TypHMPa — CO34aHVe Bpe-
MEHHbIX TBOPYECKMX KONNEKTMBOB ANS PeLleHVs COBPEMEHHbIX

Hay4HbIX Npobnem. B Takme KONMeKkTMBbI BXOAAT LUKOMbHUKM,
y4uTens, CTyAeHTbl, acnnpaHTbl, y4eHble.

TypHUP NPOBOANTCS B BUAE UHTENNEKTYyalbHOrO COPEBHOBA-
HUS MeXay komaHgamu (no 5 Yenosek B KaxaoW) B ABa Typa
— 3304HbIN N OYHbIN.
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Xl TypHup «KomnbroTepHas pusnka»

Mo uToram AByX TypoB TypHWMpa abconoTHbIM nobeamTtenem
ctana komaHga ®MJ1 1580 npun MOCKOBCKOM roCyAapCTBEHHOM
TexHM4eckom yHmaepcutete (MITY) um. H.3.BaymaHa, nosy4vs-
Was nepexoasLimm npus «XpycranbHbiia rnobyc». AunnoMamm
| cTeneHn ObINW HarpaxaeHsl KoMaHasl @MJ1 1580 npyu MITY 1
nmues 151 npy MOCKOBCKOM MHXEHEPHO-(PU3NHECKOM NHCTA-
TyTe, cOOpHas KoMaHZa YaMypTun 1 cbopHasi KOMaHAa ropoaa
W>xescka. Aunnom Il cteneHn nony4umna komaHaa Knaccmyecko-
ro nuues 1 npu PrY (r.Poctos-Ha-[oHy), a gunnom Il ctenexm
— komMaHga MTJ1 ropoga Camapel.

3a04HbIN Typ «[MOBEPXHOCTHOE HaTsXKeHue»

MNpennaranocb Ha NprMepe NPOCTON MUKPOCKOMUYECKOW MO-
0envi U3y4uTb fBMeHre NOBEPXHOCTHOMO HATSXXeHUA 1 onpeae-
UTb KO3 DULMEHT MOBEPXHOCTHOIO HATAXKEHUS XKUAKOCTU MO
3aflaHHOMY MOTeHLMany MeXXMOJEKYAPHOro B3anMOOEeNCTBUS.
MoapobHO 0 MOAENN 1 KOHKPETHOM 3a4aHMM MOXHO NPOYUTaTb
B «KBaHTe» N2 53a 2006 rof. 3aeck xe byaeT pacckasaHo NLb
0 pa3bope 3TOro 3adaHus.

Z[BI/DKQHI/IG HaCTUI] B KallJl€ OITMChIBACTCA YPaBHEHUEM Hbpio-
TOHa

d*r. -
mdtﬁ =2Fi]‘( ‘

rae i = 1,... N — Homep aroma, 7 =(x;,y;) — Pajiyc-BeKTOp
1-If YaCTHIIBI, fij — CHUJIa B3aWMOJIEHCTBUS MeK/Ty YaCTUIIAMU i
u j, ompefenseMas 1o nortenrnuarny Jlemnapra—/[skonca. Ilpm
MO/ICJIMPOBAHUY HAYaJIbHbIC 3HAUCHUS MOJLYJIS CKOPOCTH YACTHUI]
BBIGUPAIOTCS CJIydaiiHbIM 00pa3oM U3 pacipe/esieHnss Makcses-
Jla ¢ HEKOTOpO# Temreparypoil T', yriioBoe pacrpe/esieHue I10
CKOPOCTSIM 33/1aeTcst B30TPONHbIM. [losiaraercst, 4To paccrosiaue

MESKJLy YaCTHIIaMU COOTBETCTBYET PABHOBECHOMY 7~ =
reoMerpuyeckas opMa KallJy — IPOU3BOJIbHAS.

Hauanbhuas ¢opma nByMepHoil Karsm Gbljia BbIOpaHa B BHUJIE
NIPSIMOYTOJIbHUKA C COOTHOIIeHHeM cTOpoH 4:1 u copjepskasa
yucso yactuir N = 160 npu T =15 K. B pesysibrare Moemmpo-
BaHUS OKa3bIBAETCS, YTO HEKOTOPOE KOJIMYECTBO aTOMOB OTPBI-
Baetca ot Karum (cmapsercst) n o6pasyer map, HaXOISIINHAC
B JIMHAMUYECKOM paBHOBECHHU € JKUAKOH (asoii. Uepe3 HEKOTO-
poe BpeMsi Karlist ipuo6peraet Gpopmy, 6u3KyIo K mapy. Takas
¢opMa coOTBETCTBYET MUHUMAJIBHOI BEJINMYMHE TOBEPXHOCTHOM
SHEPIHH.

[Tpu MozemmpoBaHuM OBLIO MOKA3aHO, YTO U3MEHEHME MTOTEH-
[IMAJTbHOI SHEPTUU B3aMMO/ICHCTBYIONINX YaCTHUIL TTPOIIOPIINO-
HAJIBHO IONIA/IU MOBEPXHOCTH Karim (JIJist ABYMEPHON Karli B
KayecTBe TUIONMAAN TOBEPXHOCTH BBICTYNIACT €€ TMEPUMETP).
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Puc. 1

2007 /Ne4

3aBUCHUMOCTD M3MEHEHNsI TTOTEHINAJbHON SHepTH OT M3MeHe-
HUS T1JI0IIA/IU TOBEPXHOCTHU IIpeJicTaB/ieHa Ha pucyHke 1. Besn-
yrHa K03 PuimenTa IMoBepXHOCTHOTO HATSKEHUS OIPE/IeIseT-
€5 KaK TaHTeHC yTJIa HAKJIOHA TTOJTy4eHHOI IPSMOIl 1 cocTaBisger

3,33-10° spr/emmpu T = 20 K.
Ha pucynke 2 mpejcraBiena 3aBucuMOCTb Koadduimenrta
ToBepXHOCTHOTO HaTskeHus npu I = 20 K or ymema wacrui,
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Yucao morexyr (N)

Puc. 2

o0pasyionux Kaimo. Kaxk BUIHO, ¢ yBeJMYeHIeM YHCIa YaCTUL]
K03 UIUEHT TTOBEPXHOCTHOIO HATSKEHMS TIIABHO BO3PACTAET
7 IpUOIMKAETCS K 3HAYEHUIO, COOTBETCTBYIONIEMY MaKPOCKOITH-
4ecKu OOJIBIIOMY YHCJY YaCTHIIL.

3aBucuMOCTb KOI(P(PUIMEHTA TTOBEPXHOCTHOTO HATSIKEHUS
OT TeMIepaTypbl [/ Karuiu, cofepxkaiieir 160 yactuii, npuse-
nena Ha pucynke 3. IloyueHHas 3aBHCHMOCTD TIO/ITBEPIKIAET

6,257
3,75
3,25
4,75
4,25
3,75
3,25
2,75
2,25

~

HAMANKEeHUS, 1078 apr,/em

Koagpghuvyuenm nosepxrocmiiozo

10 11 12 13 14 15 16 17 18

T, K

Puc. 3
N3BECTHBIN HKCIEPUMEHTAJIbHDIH (hakT yObIBaHHS KOI(DUIHM-
€HTa MOBEPXHOCTHOTO HATSKEHUSA € YBEJMUYCHUEM TeMIepary-
Pbl, UTO CBSI3aHO C YBeJIMYEHUEM CPEAHEro PACCTOSHUS MEXKLY
aTOMaMH.

Pemmenne mpeacTaBieHO KOMaH0# COOpPHON YaMypTUH B
cocrase: JKyiikos Borgan, 3amymun Esrenwii, Jle6eaes Aprem,
MosrynoB Kupuui, Ileyepckuii Poman.

Xll TypHup «KomnbioTepHasa usnka»

MexayHapodHbIn UHTennekT-kny6 (MWK) «IniooH» npurna-
LLAEeT pervoHanbHble LEeHTPbI, TMMHAa3MK 1 WKonbl, paboTatoLlyme
C Ofl@apeHHbIMW OeTbMU, NMPUHATL ydHacTue B Xl TypHupe «Kom-
nbloTepHas Gu3nka» B siHBape — deBpane 2007 roga.

3anBKM Ha y4acTve npucbinamTe no agpecy: 115522 Mocksa,
Mponetapckun np.,15/2, MUK «IniooH»

TenedoH: (495)517-80-14, chakc: (495) 396-82-27

E-mail: gluon@yandex.ru

Cant: www. gluoninformika.ru
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3aou4HbIN Typ «Jla3epHas uckpa»

Cosjlanne J1a3epHbIX MCTOYHUKOB 3JICKTPOMArHUTHOTO M3JIy-
yeHus B Havase 60-X roz1oB MpoIJIOro BeKa M03BOJNJIO MOJYYUTh
MHTEHCUBHOCTH 3JIEKTPOMATHUTHOTO M3JIYyYE€HUS B BUJAUMOM M-
amasone uyactor Bioth 10 10'0 — 10! BT/ cm? . Taxue 3naue-
HUSI HAa MHOTO MOPS/IKOB IPEBBIMIAJN MOIHOCTH CBETOBBIX
IIOTOKOB, JIOCTIKMMBIE B JI0JIa3epHYI0 3110Xy. Kak pesyJibrar, B
nepBoit ostoBuHe 60-X T010B XX BeKa Gl 9KCIIEPUMEHTATBHO
OoOHapYyKeH TIeJiblil psii HOBBIX (pusmueckux 3h@eKToB, MmoJo-
JKUBIIMX Havaso GYPHOMY Pa3BUTHIO HOBOH o0sacT (puamku —
HesuHeiHoi ontuku. OaHuM U3 HUX ObL1 3 dexT Ipobosi Ta3oB
U3JIyYeHHEeM ONTHYeCKO yactorel (JrazepHas MCKpa), oGHApY-
skeHHBIH B 1963 Tomy.

ABaenne npoGosi Ta30B BHENIHUMK TTOCTOSTHHBIMU WJIM Tiepe-
MEHHBIMU 3JIEKTPUYECKMMHU TIOJIAMU ObLJIO M3BECTHO J/IaBHO W
n3yyajoch elie B Hadaje mpouwtoro Beka. I xora ¢usuka
Pa3BUTHUST AJIEKTPOHHOI JIABUHbBI B Ta3axX MO/ JIeiCTBIEM BHEIII-
HETo 2JIEKTPUYECKOro 10/ cTasta nonAtHa emie B 20-x rogax,
JKCIIEPUMEHTATbHOE HAOTIO/ICHUE JIa3ePHOI NCKPBI B TI0JIC U3JIY-
YeHUs] pyOUHHOTO JIa3epa BBI3BAJIO CEHCAINIO B HAYYHOM MHUpe.

JlaBnHOOOpPA3HOE yBeJMUYEHHE YHC/JIa 2JEKTPOHOB B (okyce
JIA3E€PHOTO IIyYKa IIPOMCXOAUT B Pe3yIbTaTe HOHU3AIIN aTOMOB
(MoJsieky1) raza sJEKTPOHAMHU, KOTOPble HAGUPAIOT SHEPTHIO B
110J1€ JIA3€PHOTO M3JydeHus. B ciyyae ecim aHeprus sJIeKTpoHa
IIPEBBIIIAET TTOTEHIINAT HOHN3AINMH [; aToMa, TO MPH CTOJKHO-
BEHHU 3JIEKTPOHA C ATOMOM C HEKOTOPOIl BEPOSTHOCTBIO MOXKET
IIPOM30ITH ITPOIECC NOHU3AINH, B Pe3yJIbTaTe KOTOPOro o6pasy-
eTcs TIOJIOKUTEJbHDbIH HMOH ¥ elle OJMH 3JIEKTPOH:
A+e— A" +2e . BeposiTHOCTB 5TOrO Ipoliecca — B AaJibHeii-
meM Mbl GyJIeM ee XapaKTepu30BaTh KOHCTAHTOl ckopocTu R; —
PE3KO 3aBUCUT OT HATIPSPKEHHOCTH 3JICKTPUYECKOTO IT0JISI BOJIHDI.
Kpome Toro, CymecTByIOT U KaHAJbl THGEIN 3JIEKTPOHOB: 3TO,
mpesk/ie Beero, b y3HOHHDIN yXO0/] 9JIeKTPOHOB U3 (POKATBHO-
ro o6beMa, a Takxke nporece npumnanust. (Ilog npuinnanuem
MMOHUMAIOT TIPOIECC PEKOMOUHAIIUY HTEKTPOHA HA HEUTPaJIbHbII
atom (MoJIeKyJy) ¢ 06pa3oBaHIEM OTPHIATEIBHOrO HOHA. ATO-
MBI (MOJIEKYJIBI), Y KOTOPBIX CYIIECTBYIOT YCTOWYHMBBIE CBSI3aH-
HbIE COCTOSIHUSI OTPUIATE]BHBIX MOHOB, HA3BIBAIOT AJEKTPOOT-
punareabHbIMU. K MX 4HCJIy OTHOCSATCS, HAlpUMep, aTOMbl U
MOJIEKYJIBI KHCJIOPOa.) B jasbHeiieM mpoiece mpunmnaHus
6y/leM XapaKkTepn3oBaTh KOHCTAHTOH CKOpOCTH K, . 3HadeHus
ATOI KOHCTaHTBI, a Takke Koadduimenta audysun aaekTpo-
HOB B TIEPBOM TIPUOJIMKCHUN MOTYT CUMTATHCS MOCTOSIHHBIME U
HE3aBUCAIIMMHU OT MHTEHCHBHOCTH BO3/ICHCTBYIOIIETO HM3JIyde-
HUSI.

JlIs1 TeOpeTHYeCcKOro OIMCAHUSL PAa3BUTUS JIABHHBI B II0JIE
JIA3€PHOTO U3JIyYeHUs HeOOXOMMO COCTAaBUTb ypaBHeHue O6a-
JIAHCA 3JIEKTPOHOB, POXK/JAIOUIMXCS B I0JIE JIA3EPHOTO H3JIyde-
HUST U TUOHYIMX B pe3yJbTaTe IPOIECCOB PEKOMOMHAINH,
npunnannug u Auddysun. C yueToM 3TUX IPOIECCOB ypaBHe-
HUE [ paclipe/ieJieHnss KOHIEHTPAIIUU 3JIEKTPOHOB 7 B 00be-
Me c¢hOKYCHPOBAHHOTO JlazepHoro myuka (B npubimskenun che-
PUYECKM CHMMETPUYHON (DOKYCHPOBKM) MOKHO 3ammcaTh B
BU/JIC

an(rt) 10 (rn(r.t))
=D—- tv,n—-v,n *
Jat r or? ! @ G)
rae D — koadduiment anddysun asekrponos, V; = Nk, u
Vv, = Nk, — 4actorbl MOHM3AINM W TPUJIATAHUSA, R; w0 k,

BBE/ICHHBIE pPaHee KOHCTAHTBI CKOPOCTH, N — KOHIEHTpAIUs
atomoB (Moseky.1). [l perenus ypasaerust () HeO6GXOUMO
3a/1aTh HEKOTOPOE HAYAJIBHOE PACTIPE/IE/IEHIE 3aTPABOYHBIX HJIEK-
TPOHOB, € KOTOPBIX HAYMHACTCS PA3BUTUE JJICKTPOHHON JIABHHDI
B raze. B peasbHOCTH OHM BO3HUKAIOT 3a cuer addeKrra MHOTO-
(bOTOHHOM MOHU3AIINE ATOMOB CUJIBHBIM JIA3€PHBIM T10JIEM, HOHH-

3aIUU TPUMECHBIX MUKPOYACTHUI], KOTOPbIE IIPAKTHIEeCKH BCera
MPUCYTCTBYIOT B ra3dax, 4yacTUI] KOCMUYECKOTO (JOHA U3JTyUEHUST
U JPYTUX TIPUYHH.

3anaHme

PaspaGoraiite anroput™ pemnienns ypasuenust (), onucbiBa-
IOIETO Pa3BUTHE JJEKTPOHHOU JIABHHBI B I10JIE JIA3€PHOTO UM-
MmyJbca ¢ MHTEHCHBHOCTbIO P u jgumtenbHocThbio T . Cuymraiire,
YTO UMITYJIBC MMEET MPsIMOYToJbHYIO (bopmy. Pasmep obiacti
doxycuposkn R, . @opmaibHo ypaBHenue () omucbBaeT
b y3HIo 2JIEKTPOHOB B 6€3rpaHNYHOM IIPOCTPAHCTBE, OJHAKO
[P YUCJIEHHOM €r0 HHTEIPUPOBAHUY 13 (PU3MUECKIX COOOPaKe-
HUIl HEOOXOIMMO BBIOPATh HEKOTOPBI MAaKCUMAJbHBIA pa3Mep
obaactu cyera R, > Ry .

1. UccanepyiiTe 3aBUCMMOCTD HOPOTOBON HHTEHCUBHOCTHU OIITH-
yeckoro uzayuenuem CO, mazepa (A = 10,6 MKM) B 3aBUCHMO-
CTU OT IABJIEHUST OKPYIKAIOIIEro ra3a. Pacipeesemie NHTEHCHB-
HOCTH U3JIy4eHHs 110 pajuycy TakoBo: P = Pjexp (—rz/ Rg) .

2. Uccnepyiite 3aBUCMMOCTD MOPOTOBOW MHTEHCUBHOCTU OII-
THYECKOro MPo00si B 3aBUCUMOCTH OT pazMepa nsaTHa (GoKycH-
POBKI.

3. Uccaenyiite 3aBUCIMOCTb TOPOTOBON MHTEHCUBHOCTH OTITH-
YeCKOro mpobosi B 3aBUCUMOCTH OT JIIUTETBHOCTU JIA3€PHOTO
MMITYJTbCA.

Bcee uccrenoBanus npose/ure aust reaust (adpdekt npummna-
HHUSI OTCYTCTBYET) M BO3ayxa (CMech a3ota m KMCJI0Poa, MoJie-
KyJIbl KUCJOPO/Ia 00IAT0T CBOWCTBOM 3JIEKTPOOTPUIATETHHO-
cru). Tlox noporom npoGost GyeM OHUMATDH TAKYI0 MHTEHCHB-
HOCTb M3JIyYeHUsI, IIPH KOTOPOUl 32 BPEMsS MMITYJIbCa B IEHTpE
¢ oKaIbHOTO IIATHA CTelleHb HOHU3aNH 00pa3yomieiics 1Ia3Mbl
ycnesaer Bo3pactu a0 3HaueHus o = n/N = 0,01 .Wceaenosa-
Hus ipoBeanTe B Auanasone p = 0,001 — 1 arm (temmneparypy
rasza cuutarb pastoit 300 K); paauyc narua poxycuposku R =
= 0,01 — 0,3 cM; AIMTETHPHOCTD UMITyJIbCa T = 10 -107% .

VcnompayiiTe cieylonie 3aBUCUMOCTH 1 3HAYEHUST TTapaMeT-
POB, BXOAAMUX B ypasHeHue ()

KOHCTaHTa CKOPOCTH MPUJIHUIIAHUS JIEKTPOHOB K MOJIEKYJIe
kucsopoza k, =107 CMS/C;

KOHCTAHTBl CKOPOCTU HOHU3AIMHU B BO3AyXe K; =
= AN exp(-BJ/E), A=4,6-10"° ev’/c, B=1,37-10° cum/B,
sremm k; = AN exp(-B/E), A=10,9- 107 em®/c, B =1,46x
x 107 cm/B;

koadduiuent asnexrponnoit audpdysun D = C/N,
C=3-10"1/(cm - ¢) .

Hy6auxauuro nodzomosuiu
B.Anvmundepos, A.Ilonos, O.Ilonosuuesa
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(Ha4ano cm. Ha c. 16)
norpeGyeM, 4To6bl THIIOTEHY3a z GblIa TOYHBIM KBAJPATOM:
m? +n? = g%, (2)
rje g — HaTypaJbHOEe Yncya0. [IpsIMOYTOTBHBIX TPEYTOJbHIU-
KOB C TaKUM CBOICTBOM CYyILIECTBYeT GECKOHEYHOE MHOKE-
CTBO, MbI HA30BEM HUX ROOXOOAULUMU.

Asroput™ «C60pPKU» 3IIEPOBBIX TPEYTOJIbHUKOB CJIE/LYIO-
Ui,

1. BosbMeM [Ba TOAXOAANINX TPEYTOJbHUKA, BBIOPaB
HYXKHYIO TIapy YUCesn My, 1y ; My, W PACCUUTAB 1O HUM
JUIUHBL CTOPOH Xy, Yy, 2;; X, Y, 2 HH(ArOPOBBIX TPEYrOJib-
HuKOB 10 opmyam (1). TIpoOnoOpIHMOHATBLHO yBEIHIUM
CTOPOHBI Ka)KJOTO U3 3THX TPEYTOJbHUKOB: R.x;, Ry, Rz ;
kyxy, Ryyyy, kyzo Tak, uTOOBI B WTOTE OKA3aJUCh PABHBIMHU
CTOPOHBI, (POPMUPYEMbIE YETHBIMI KaTeTaMH OCHOBHBIX ITH-
(paropoBBIX TPEYTOJLHUKOB!

Ry = kys
nm
kimyny = kymyn, 3)
riae kR, — HeKOTOpbIE IesIble YhCIa.

2. «CobepemM» HOBBIN TPeyroJbHUK, COBMECTHUB PaBHbIE
KaTeThbl ABYX IOJYYeHHBIX Ha Mpe/bIyIieM IIare TpeyroJib-
HUKOB. IJTO MOHO CcJleflaTh /JBOSKO, KaK IIOKa3aHo Ha
pucynkax 1 m 2, Ha KOTOPBIX UTOTOBBIN TpeyroabHUK ABC
BbljleIeH KpacHbIM 1[BeToM. CTOpPOHBI ¢ 1 b OKOHYATEebHO-
IO TpPeyroJibHUKa 06Pa30BaHbI TMIIOTEHY3aMH IPSIMOYTOJIb-
HBIX TPEyroJIbHUKOB, MOJYUCHHDBIX Ha IPeAbIAYIIEM Iare,
a TpPeTbsl CTOPOHA PaBHA CyMMe KaTeTOB 9TUX TPEYTOJIbHU-
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H
Puc. 1 Puc. 2

KOB:
¢ = h(mf —nf)+k2 (m% —n%)
WJIN WX PA3HOCTH!
_ 22 22
%) —k1(m1 —n1)—k2(m2 —"2)-

B kauecTBe TOJIE3HOTO, HO TEXHUYECKU I'POMO3JIKOTO YII-
PasKHEHUs [IPe/I/IaraeM YUTATeSIM CaMOCTOSITENIbHO YOeNThCs
B TOM, 4TO KaK B OJIHOM, TaK W B JPYTOM CJIydae TPEyTOJIb-
HuK ABC siBJisieTcs 9iJIepOBbIM, T.€. y HEro Bce Tpu Guccex-
TPUCHI BbIPAXKAIOTCS] PAIIMOHAIBHBIMU YUCJIAMH.

[TocTpoeHHble HaMU TPEYTOJBHUKN 00JI3A10T 1eabIM Oy-
KETOM I IpYTHX 3aMevaTe/bHbIX cBoiicTB. Hampumep, y Hux
HE TOJBKO CTOPOHBI, HO W TIJIOIMAAb BBIPAKAIOTCS IIEJTBIMU
uyncaamu  (Takue TPEyroIbHUKU 10 TPAJUIUU Ha3bIBAIOT
FePOHOBBIME). A OTCIO[a CJEAYET, 4TO BCE TPHU BBICOTHI,
pajsinyc BIIMCAHHOW M PAJIyC OMUCAHHOH OKPY)KHOCTEN Tpe-
yroabHuka ABC BbIpaxkaiorcsi paioHasbHo. Hasepnoe,
Jleonapy Jitep mopajioBascss 6bI TAKOMY pe3yJIbTary.

P.Capbaw, A.Enusapos

OTBETHI, YKA3AHUA, PEIIEHUA

KMLL
3A0AHN
(cm.»>Keanm» Ne3)

1. [IpoBenem 6 KPyroB pajumyca @ ¢ IEHTPaMil B BEPIIMHAX ay/U-
topun-mectuyronphuka (puc.1). Kaxaplii crygeHt nonagaer
6o B 2, m6o B 3, 6o B 6 kpyros (touxa B nentpe). Ilo-
CKOJIbKY XPallOMeTphl B CyMMe
3adbukcupoBasu 7 CISIIUX, TO
JIBOE CIIAINNX CTY/AEHTOB TIOTa-
JIN B TIepeceyeHne BYX KPYTOB,
a OJIUH — B IlepecedeHne 3 Kpy-
roB. Bcero na snexkiuu criaam 3
CTy/IeHTa.

2. JlocTaTOYHO JIOKA3aThb, 4YTO
Touka P nepeceueHus JuaroHa-
JIefl SBJISIETCSI CepeInHON Ka-
KOIi-TM60 ANaroHaJn 4eTbIpex-
Puc. 1 yrosbunka (puc.2).

[Tycrp Touka M — cepeauna au-
aroHaysi BD. Ecii oHa He coBIajaer ¢ TOYKOU P, TO ILIOIa/b
TpeyrosibHuka APM paBHa nionaum Tpeyroibiuka CPM, Tak
Kak

Sy +Sacom = ESABCD = Spasp +Sacop .

Ho a10 03nauaer, uro MP saBisercsa MeAMaHOl B TPeyroJbHUKe
ACM, T.e. Touka P — cepenuna auaronamn AC.
3. Hesepno. Hampuwmep, g unciaa 288 ne cymiecTByeT HaTy-

PaJIbHbIX YHCEJ 1N TaKHX, B
4TO

288 =n+Sm) (a)

nJan
288 = n — S(n), (6) » C

rae S(n) — cymma ndp

qucsa n.

JlokaskeM HEBO3MOKHOCTH

pasenctBa (a). dromy pa-

BEHCTBY MOTYT Y/IOBJIETBO-

pATb He npeBblmaomue 288 D

HaTypaJibHble YHUCJIA 7, Jle- Puc 2

agmuecst Ha 9 (mocsreanee

YTBEPKIEHNE CJEyeT U3 TOTo, 4To umucaa n u S(n) umeor oau-
HAKOBbIe OCTATKU 1pu jeennn Ha 9). [TocKOIbKY B 9TOM cuydae
S(n) <2+ 9+ 9 =20, to caeayer nepe6parb U MPOBEPUTH TOJIb-
Ko zaBa wncmaa: 270 u 279. Kak serko y6eanTbcs, HA OJHO U3 HUX
HE TIOAXO/INT.

Jlist npoBepKu HEeBO3MOKHOCTH paBernctBa (6) nepebepure Tpex-
3HauyHble yncja 7, 6oJbie 288, Ho Menbine 288 + 27 = 315,
MOCKOJIBKY Il HUX 3aBegoMo S(n) <9 + 9 + 9 = 27,

4. Tlyctp @ — aumHa JIEBOTO TLIeYa PHIYaKHBIX BECOB, b — JUIMHA
MpaBoro 1ieva, k — Bec Korbacel, ¢ — Bec caxapa. Torma, 1mo
npaBuiy poryara, ca = 8b, kb = 2a, otkyna kc = 16. 13 paznuy-
HBIX pas3JioxkeHuii yncaa 16 wa Mmuoxkurean: 16 =16-1=8-2 =
=4 -4 TOJBKO NepBbIil BapHaHT y0BJIETBOPSIET YCJIOBUIO 3a/lauH.
Wraxk, xombaca Becur 16 kr, a caxap — 1 KI' COOTBETCTBEHHO,
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OJIHO W3 IljIedell PhIYaskHBIX BeCOB B 8 pas JJIMHHEE PYroro.

5. Peun wer 06 anekrpusain yepes Bausinue. [Ipu noguecenin
K JIMIY 3apsDKEHHOro IpeMeTa IIPOUCXOJAUT 3JIeKTPH3alld MUK-
POBOJIOCKOB Ha KOKe JIMla, KOTOpas IIPH «IIeBeJeHUU» Bbl3bIBa-
€T Ha KO’Ke OIIyIeHus, Kak OyATO JIMIA KOCHYJACh HEBUANMAS

HAyTHHA.
KOHKYPC « MATEMATUVKA 6—8»
(cm. «Keanms No 1)

16. Ilpexonoxum, 4to cpein BbiGpanHbIX 40 unces He HalijyTCst
JIBa 4MCJIa, CyMMa KOTOpbIX pasha 81.

HaszoseM donosmumenvioin K BbIGPAHHOMY YHCJIY JIPYroe YHCJIO,
B cymMe ¢ BeiOpanmnbim gaoriee 81. ITo mpeanonoxenuio, BMecTe
¢ BBIGPAHHBIMU BCE JIOIIOJIHUTEIbHDIE YHC/IA [IPE/ICTAB/ISIOT 1ep-
Bble HatypaJsbhble uyncsaa or 1 1o 80 Bkiountesbuo. Kpome toro,
13 YCJIOBUS CJIEYeT, YTO CyMMa UHCeJ, JOTOJHUTEIbHBIX K BBIO-
panubiM 20 HEYETHBIM YHCJAM, paBHA CyMMe YHCeJI, JOTOJIHNI-
TEeJIbHBIX K BbIOPAHHBIM 2(0) YETHBIM uHcJIaM. A TaK KakK JOIOJIHU-
TEJIbHBIM K YETHOMY UHCJIY SIBJISIETCSI YUCJIO HEYETHOE, a JIOMOJI-
HUTEJbHBIM K HEUETHOMY UHCJIy — 4YeTHOE, TO MOJIydaeTcs, 4To
BCe YeTHbIC YHCJIa HATypaslbHOro psga or 1 go 80 gafor Takyio
JKe CyMMY, YTO U HEUYEeTHbIE YHCJIA B ATOM )K€ IIPOMEXKYTKE, 4TO
HesepHo. Ilosyyennoe mpoTuBopevne /I0Ka3bIBAET YTBEPIK/ECHHE
3a/1aun.

17. YkaskeM cnoco6 MOCTPOEHUS IEHTPa BINCAHHON OKPY’KHOCTH
(oHa sxe — TouKa mepecedeHust GuccekTpuc Tpeyrobanka ABC)
— touxku O (puc. 3).

IIpoBenem PQ L AB u gokaxeM, uTo deTbipexyrojbHuk CPQO
— pom6. U3 pasenctBa AACP = AAQP (TpeyroibHUKHM PaBHBI 110
TUIIOTEHY3€e U OCTPOMY

¢ yray) cienyer CP =
=PQ u LCPA =
P =ZQPA = 67,5°. Tax
Kak ZBCD = 45°, To
ZCOP = 180° — ZOCP —
-Z0PC = 67,5°. Orcioga
A B CP = CO. O6o3naunm
Puc 3 D Q uepe3 M TOUKy Iepeceue-

nust orpeakos OP n CQ.
B paBnoGenpennom tpeyrospHuke CPQ oTrpesok MP sBisercs
OUCCEKTPHCON, 3HAYNT, OH SBJIACTCS TaKKe MeJMAaHOW M BBICOTOIL.
B pasnoGepennom tpeyrosapauke OCP Bpicota CM sBIisiercst
mepuanoii. Orciona OM = MP, CM = MQ, 4eTbIpexXyroJbHIK
CPQO — napasienorpamm. On ke — pom6, Tak kak OC = CP =
= PQ.
B npsimoyrosbrom tpeyrosbauke PBQ  ZQPB = 45°, noatomy
OB = PQ = PC.
BssaB ¢uxcupoBanHblil pacTBOp HUPKYJst, paBHbIl PC, U3 TOUYKH
B na upsamoit AB ctponM Touky Q, a 3ateM u3 touek Q n C aBy-
MS 3aCEUKaMHU CTPOMM TOUKy O.
3anava Bcerjila UMeeT pelieHre, U 3TO PellieHne eMHCTBEHHO.
18. a) Bocmosbayemcst TOKAECTBOM

2

x +Jc2y2 +y4 = (x2 +y2) —x2y2 :(x2 +y2 +xy)(x2 +y2 —xy),
U3 HEro CIeyeT, 4T MPU HATYPAIBHBIX X, § YHCI0 X1 + x2y2 +
+ y/‘ JleanTes Ha x> + Xy + y2 .
IIpu m06bIX HATYpATBHBIX 2z, ¢ IMEEM

216+ 288 + 418 pemmres ma 22+ 2t 468

S48 NeJIUTCA Ha A+ 224t ,

2y 22+ JIEJIUTCS Ha 2 +zt+tt,

TaxuM 06pasoM, uncia a = 22, b = zt, ¢ = > YIOBICTBOPAIOT
TpeGyeMbIM YCJIOBHUSIM JIETUMOCTH, a IS BBIMTOJHEHUST OCTATbHBIX
YCJIOBUI JIOCTATOYHO IOJIOKUTb IIPH 9TOM 2z =t +1> 100,
6) Ilyctos a, b, ¢ — uncna, HaliIcHHBIC B TIPEABIAYIIEM MTyHKTE.
Tlocrarouno moxoxuts A =a’>, B=0b>, C=c*.

19. Ilo BuHe pejakiyy B yCJOBHH 3TOI 3aja4u Oblia JOMyIeHa
HetouHocThb. [lpuBeseM TouHyi0 (DOPMYJIUPOBKY YCJIOBUS:
PanmonanbHoe 4HCIO 7 HA30BEM XOPOIINM, €CJIH MOXKHO HaiTH

p + g TmocaesoBaTeIbHBIX HATYPAJIbHBIX YHCEJ, CyMMa HEpBbBIX p
13 KOTOPBIX PaBHA CyMMe OCTAJbHBIX ¢, NPHUYEM 7 = P yxawu-
Te MHOXXECTBO BCEX XOPOIINX PAI[IOHATbHBIX YHCEJI.

OueBn/HO, YTO XOPOIINE PAIlOHAJbHBIE YHCJAa YAOBJIETBOPSI-

10T HEpaBEHCTBY g > 1. JlokaskeM, 4TO P <1++2 . Ecam wmeno

xopoiee, To, 110 yCJ0BHIO, /111 HEKOTOPOIrO HEOTPUIATE/IbHO-

To 1eJysoro m JAOJI2KHO BbIIIOJIHATBCA PaBEHCTBO
m+1D)+m+2)+ .. +m+p)=(m+p+ 1+
+m+p+2)+ .. +m+p+q). (1)

O6osmaunm [ = p — g. Tlocre oueBuaHBIX MpeoGpasoBanmii pa-
Benctso (1) mpuBoauTCs K BUIY

2ml+ 12 +1=2q", (2)

Pl 2m+1

wm — +— =2 . Bropoe ciaraemoe B JIeBOii 4acTH HOC-

q 9 q 12
JIeTHErO0 paBEHCTBA IIOJIOJKUTEJIbHO, IMO3ITOMY 67 <2 , OTKYy/la

P
caesyer ; < 1+\/§.

a
HyCTb Y=—- - TIPOU3BOJIbHOE pAallMOHAJIbHOE YUCJIO U3 MHTEPBA-

b
Ja (1; 1++/2) . Jlokaxem, 4To MOKHO ITOOGPATh M, p = nd u
q = nb (n narypaapHoe) TakuM 06Pa3oM, YTOOBI BBITOIHSIOCH
paserctso (1). [ojcraBuB BbIpaxkeHust p = nda, ¢ = nb B paBeH-
ctBo (2), mosyunm ]
20°n—n(a—b)’ —(a-Db)

"= 2(a-10) : 3

r(a-0b)
2

noJIIexKalee AaibHeiiemMy moa6opy, MpuyeM YeTHOe, eCJi YhC-

Ilycts n = , TJle 7 — HEKOTOpOe HaTypaJsbHOe UHCJIO,

na a n b pasuoii yernoctu. IlojcTaBUB 3TO BbIpakeHHe B paBeH-
ctBo (3), mostyunm
r(b2+2ab—az)—2 *
m = . 4
4

Hecmoxno yéeIH/ITbCﬂ B TOM, 4YTO €CJIN TIOJIOKUTDH

4s+1, ecaim a m b HederHbl,

4s+2, ecanm a m b pasHON UYETHOCTH,

IJie s — MPOM3BOJBHOE HATYPAJbHOE YHCJIO, TO BBIPAsKEHUE B TIpa-
BOIT wactn paBencTBa (4) ABIAETCSA NEJBIM YHCIOM, & C YYETOM

a

orpannuennii 1< 3 <1++/2 — HATypaIBHBIM YHCIIOM.
Wrax, nckomMoe MHOYKECTBO XOPOIINX PALMOHAIBHBIX YHCEN TaKO-
BO: (1; 1+2 ) .
20. a) B pesyJbrate paspesoB Kas/as KJIETKA JOCKH OKa3blBaeT-
cs1 Pa3pes3aHHoll Ha /(BA IIPSIMOYTOJIBHBIX TPeyrosbHUKA. B Tex
YacTsX, Ha KOTOpbIE pas/ieJMjach B pe3yJbTaTe JI0CKa, 3TH TPey-
TOJIBHUKH COEJMHSIOTCS Mexay co6oit mo o6mmM kareram. Cym-
MapHOe KOJIMYECTBO TAKUX OGIIUX KATETOB Ha BCEH JIOCKE He-
TPYAHO MOJCYUTATD — OHO PaBHO 2X7 X8 =112, a obiee KoJu-
YeCTBO TPEYTrOJbHUKOB paBHO 2 X 64 =128 . Ilyctb gocka pasje-
JIJIach Ha 7 4acTell M KOJIMYECTBA TPEYTOTbHIKOB B 3TUX YaCTAX
paBHBI ay,d,,...,a, . Toraa a; +a, +...+a, =128 . C gpyroii cTo-
poHbI, uToObl B i-it wactu (g kaxjaoro i = 1, 2, ..., n) coeau-
HUTb BCE TPEYTOJBHUKU B OJIHO IieJI0e, HeoOXOJUMO 3a/eiiCTBO-
Bath He MeHbme (@; —1) o6mmx kareros. IlosTomy cymmapHoe
KOJTHYECTBO OOIINX KaTeToB He MeHbite (@ —1) + (@, —1) +...

.+(a, -1 =128 —n. A Tak Kak 3T0 CyMMapHOe KOJIMIECTBO
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paBHo 112, 0o 112>128 —n , u n 216 . Wrak, unco yacreii, Ha
KOTOpble pacnajiercst gocka, He mMenblne 16. C apyroii cropoubl,
MOKHO TIPUBECTH MpUMep, Korja oHo pasHo 16 (puc. 4). Takum
o6pa3oM, OKOHYATeJbHBIH oTBeT: 16.

Puc. 4 Puc. 5

6) Ilnomaap Gurypbl, KOTOpas IEJIUKOM HAaXOAUTCS BHYTPH T0C-
ku (T.e. HUKaKas ee CTOPOHA He BBIXOAUT HA TPAHUILY JOCKH), HE
MeHbIIle 2; TI0MMajb (GUTYPbI, KOTOPash BHIXOIUT HA TPAHUILY JOC-
Ki1, HO HE COJEPKUT B ceGe yros J0CKU, He MeHbline 1; HakoHelr,
H1JIOH.IaI[I) ¢urypsi, cogepskarieil B cebe yros j0CKH, He MEHbIIE

5 . Mcxong u3 aToro MOKHO c/ie/1aTh BbIBO/[, YTO CyMMapHOE

uyuco yacreil e npesbiiaer 41. C gpyroii CTOPOHBI, MOXKHO
npusect npumep posHo ¢ 41 wactero (puc.5). [loaromy oKoHua-
TeJIbHbIN oTBeT: 41.

MNOTE3A KATAJIAHA

1. a) Pemenuii ner. Yxasanue: 3* =3 wm 1(mod8) .

6) Tak xak 3* =1(mod4), To x = 2¢; orciona u = 3" +1 u
v=3"—1 - crenenu aBoiiku. 3HaunT, O = (u,v) =2 . Otser:
(2.3).

B) IIpu yeTHoM x aHamormyHo nyHkTy 6). IlycTh x HewyeTHO, TOT-
aa (2—1)(29‘_1 ot 1) =(z-1)A=2" rre A — cymMmMa HeyeTHO-
IO YHC/JIa HEYETHBIX CJIaraeMbiX. 3HAunT, A HEYETHO, OTKYy/a
A=1,x=1. Oser: (2,33).

r) IIpu vetnom x umucao n* +1, rae ne N, ne gemurca na 4.
[Ipu HEYETHOM X aHAJOTMYHO MyHKTY B) TOJTy4aeM

Ao +1=1, otkyzna z* +1=z+1 u, 3Haunrt, z = 1 au60

x = 1. Pemennii ner.

2. (231 u (3,23).

3. a) Ilycrs x,y,pe N, x >y, p > 1. Torga

xP -y =

=(x—y)<xp’1+..,+yp’1)2(x—y)(x+y)2 (x—y)x323.

6) Jlemma 1. Ilyctp @ 2 2, p — HederHoe npocroe yucao. Toraa
yncyao a” —1 uMmeer XOTsl GBI OJIMH HMPOCTON JIeJINTeNb, He SIBJISIO-
muiics jeanreseM unciaa a — 1.

[okasareabcTBo. PaccMOTPIM pasiioskeHme

@ —1=(a-1)(a"+a"? 4 +a* +a+1)= (a-1)b

[lokaskeM BHavase, 4to yncjaa ¢ — 1 u b He MOryT umerb 00IIero
Jgenuress ¢, oramdnoro ot 1 u or p. [eilcrButenbno, ecan a — 1
fesutest Ha ¢, T0 n @ —1 JesquTes Ha ¢ npu J060M HATypalib-
Hom m. 3uauut, b = gl + p, re | — Hekoropoe 1esoe uucao. Ilo-
atoMy b jesmtest Ha ¢ Juimib npu ¢ = 1 wan g = p.

Takum 06pasoM, OCTAIOCh PACCMOTPETD cirydail, koraa b = p” u
a — 1 pgemmrces wa p. JIokaskeM, 9TO ITOT CJIydYail HEBO3MOIKEH.

ITockosbKy b > p, NOCTATOYHO JIOKa3aTh, YTO b He JleJIUTCs HA
2

p-

Ecmun a = p*k +1, rae k He mesutcs Ha p, TO

p_1 2007,2
T xpk+... =
B P

a’ :<p“k+1)p =1+ p"k+ px

— 1+p0t+1k+p0t+2d’
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rae d nenoe. Orcioga a? —1 = (p“k + 1);; —1=p*! (k+ pd) . Ilo-
CKOJIbKY R HE JICJIMTCSI HAa P, TO OYEBU/IHO, YTO b JEJUTCS HA p U
HE JIeJNTCS Ha p2 . (HeckobKO MHOE 10KA3aTeNbCTBO IIOCAE-
HEro yTBEPIKJICHUsI CM. B permennn 3agaun M2032.) Jlemma goka-
3aHa.

Jlemma 2. TIyctb @ > 2, p — HEYETHOE IIPOCTOE YUCJIO U BBINOJ-
HEHO XOTsT GbI OJTHO W3 HepaBeHCTB a # 2 u p # 3. Torma a” +1
UMeET MPOCTON JIeJUTENb, He SBJSIOMUIICS eTUTeeM Yncia

a+ 1.

[lokaszareabcTBO. PaccMOTPHM pasiiosKeHwe

a”+1:(a+1)(a”’1—a”’2+..4+a2—a+1)= (a+1)b.

Jlokaxxem BHauase, 4yto uncja ¢ + 1 u b e Moryt umers 061iero
jgenutens 7, orauynoro or 1 u ot p. [eiicrBuresbno, ecau a + 1
Jle/uTes Ha 7, To U @® +1 jgemutes ma r npu moGoM HedeTHOM K
ecJn ke kR = 2m, 10O at -1 JIeJINTCA HA YKUCJIO a® -1 , KOTOpoe, B
CBOIO Ouepe/ib, genutcst Ha . 3uauut, b = vl + p, rie | — HekoTo-
poe 1enoe ynco. [Toaromy wucnao b pgenurest Ha ¥ JUIIb TIPH
r=1wumr=p.

Takum 06pa3oM, ocTanoch paccMOTpeTh caydait b = p", a + 1
genutcs Ha p. JlokaxeM, 4TO 9TOT CJIydail HeBO3MOXKeH. BHavase
nokaskeM, uto b > p. Umeem b > a* —a+1>a+1> p. Us ycno-
BUI JIEMMBI CJIEJIyeT, YTO CPEe/ld HEPABEHCTB ATOIl IEMOYKN eCTh
crporue. C pyroil CTOPOHBI, KaK M B JJOKa3aTeJbCTBE JIEMMBI 1,
MOYKHO TI0Ka3aTh, 4To b He Je/UTCsl Ha p° , UTO U 3aBepiiaer Jo-
Ka3aTesbCTBO.

N3 gemm 1 u 2 crepyer, uro kaxgoe u3 yucen x?/ —1 u P
nMeeT He MeHee /IByX Pa3JNYHbIX MPOCTBIX JEJTUTeell.

3aMeTuM, YTO M3 JEeMMBI 2 cpasy CJefyeT U eJUHCTBEHHOCTDb pe-

2o =1, rne xeP,

wenust (x, z,t) = (3,2, 3) ypasuenust x
zt e N, t > 1. (Cp. 310 3aMeuanue ¢ ynpakHeHuem 2.)

5. Uncsno x” —1 penutest Ha p, n B cuity Masoii reopempr Mepma
x — 1 gemures Ha p. CreoBatesibHO, xP' 4+ .. +1 menurcs Ha p.
BceaenctBue memmbl Tensens (c. perenne 3agaun M2032) sra
cyMMa He JEJUTCST Ha p2 .

6.a) 3" =t +1, re t:yz/p . Tak kak n° +1 npu ne N He
JeuTes Ha 3, To p HedeTHO. 3HAYUT, TaK Kak

P 3 P
L +12t +1=t2—t+12t+1>1,T0 tiﬂ,t+1 =t+1=
t+1 t+1 t+1

=3% tne >0.C JIPYTOii CTOPOHDI, 3¢ P, OTKyza p = 3,

o=1. [Momyunmm ¢t + 1 =3, t = 2. [lanee cm. ynpaxuenue 1,6).
Orser: (2, 2, 3) .

6 (1,2,2).

7. a) 2 xpatHo x, x = 2. [lamee cM. yupaskHenue 1,a). Perenuit
HeT.

6) (2,2,3). 9to — wacTHbIi caydail sagaun 6 g 11 kmacca
MockoBckoit MmaTemaTiueckoii ouMimaabl 1999 roga, koropas
(opMymmpoBasach Tak: pelInTe B HATYPAJbHBIX YHCJAX ypaBHe-

HUe (1 + nk)l =1+n", tne [ > 1. Jagum ee peuieue.
[Tockombky 1+ nk‘ 1+n", 10 Rlm, 1 ucxomnoe ypaBHEHHE MOXKHO
nepermcats B Buge w! —1=(u—1)°, e u23.

Iyers y =2% 24 . Torma (u—1)° xpatno u® +1. Buaunr, ecan
u? +1 KpartHO p, To u — 1 xpatHo p. Ho (u2 +1, u? — 1) <2, no-
3TOMY W +1=28 Opmako u> +1 me menutcs Ha 4.

Iycrp Tenepp y = 2. Torga u+1=(u —1)271 ,(u—1)+2=

= (u—1)271 , ToatoMmy 2 meqmrtes Ha u — 1, mu — 1 = 2.

ITyctn, Hakoner, y xparHo p, p > 2. Torga W+ 41 — ue-
YETHBIN JICJIUTENDb YUCIa (u - 1)2 . Moaromy J06oii TIpoCTOit [1e-
Jmrenb g wncxa yP~' 4. +1 et mwu — 1; otciona g = p, n
W+ 1= p® . 3 nemmbr Tensenst cieayer, uto oo =1; B 10

e BpeMsi, oueBuHo, uP” 4. 41> 1+, +1= p . lIpotusope-

que.
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B) Cpasy cieayer u3 IyHKTOB a) 1 6).
9. Vmeem x —1= 214", rae z,t > 5. Tak kak, Kpome TOrO,
z#t,T0MmM60 225 t>7,mbo z=>27u t>5. Ouenum

cimsy a. Tlo teopeme Kaccenca x = z/~!a' +1 xparno ¢. ITo Ma-

J10ii Teopeme Mepma 2! = 1(modt), @' = a(modt) . 3naunt,

yncso a + 1 kparno ¢, a 2t —1. Takum o6paszom,

x> 27 (e=1)" 2 min{5° x 67, 7" x 47} > 2x10°
AHAJIOTHYHBIMI PACCYKCHUAMHI JIETKO 110Ka3ath, 4to y > 107 .
11. Tak kak (2k+1)(2k—1) =2" u (2k+1,2k—-1) =1, 10
2k +1=u", 2k—1=0", tne u,vo € N . Orcioga npu m > 1
6b110 661 2 = u™ —0™ >3 .
12. Ecom m > 1, To 2™ KparHo 4.
13. a) Beaencrsue ymnpaskuenus 10 uncio n + 1 werno. Bocnosb-
syiitech ynpaskuerunem 11. (Bropoil croco6: Bocnosbayiitech yii-
paskaernamu 11 u 12.)

6) Beaenerue ynpaxknenust 10 uncio n meverno. Bocmosbayii-
Tech ynpaxkHenuem 12.

MHO>XECTBO 3HAYEHU ®YHKLNN

(=t 2 [ o [B] o[22 5028)

"2'2 13’ 7 7
3@_3@] . [3@}
5. {_T’T . 6. [-18;18]. 7. O,? .

8. (—os; 0) U(0; ) . 9. (0;1) U(1; +o9) . 10. (oo 1] 11. [0~ 16]

"3
12. [-343;3V3]. 13. [2; % 14. (—2; ﬂ

15. (—oo; = 1) U[L; + o) . 16. (—w; %} 7. [%, 117}, [—%; —%} .

3AJAYUN LXX MOCKOBCKOW MATEMATUYECKOI
ONMMMUAAbI

6 knacc

1. Ha nepBom kanase.
2. Tpoiika. Paznoxum uncsao 2007 Ha mpOCTble MHOKUTEJIN:

2007 =3x3x223.

Orcioia MOXKHO ObLI0 GbI C/les1aTh BBIBOJ, UYTO OTMETKU BoBouxu
— aT0 /iBe ABOiiku U Tpu Tpoiiku. Ho Haso eme gokas3arb, 4TO HET
JIPYTUX BapHaHTOB OTMETOK. [locMOTpmM, Kak elie MOJKHO pasJio-
sxuth 2007 ma Muoxurtean: 2007 = 9 x 223 = 3x 669 . [lockoabky
orMeTKu GoJbliie 5 He ObIBaeT, aTn pasyoxenus uucsaa 2007 xe
MOTJIN BO3HUKHYTb M3 BOBOUKMHBIX OTMETOK. Tak Kak Tpoex y
BoBoukn 6oubliie, 4eM IBOCK, W MOCTICAHAS OTMETKA, Kak HH Iie-
pecTaBJIsAil MHOXKHTEN, TPOIKA, MOXHO HAJEeATbCS, YTO TPOHKY B
YeTBEPTU OH IIOJIYYUT.

3. 700 3os0TBIX MOHET. 3a KHUTY «Tpu mopocenka-2» KaxKIbIit
aBTOP JIOJKEH MOJIYYHTDh 4eTBepTh ToHopapa. Ho tak kax Had-
Had¢ cBoio gomo yxe 3a6pas, Bosky npuuntaercs 1,/3 ocrarxa.
3a kuury «Kpachag marnouka-2» emy
takske mosaraercs 1,3 ronopapa. Ilo-
3TOMY BCETO OH JIOJIKEH MOJIYYNUTH
TPeThb IIepPe/JaHHO €My CYMMBDL.

4. Tlnan roposa Moxxer ObITH, HAIIPH-
Mep, TaKUM, KaKk Ha pUCyHKe 6.

5. U3 mpemioxkeHubix GUrypok MOKHO
CJIOKUTD YeThIPE Pa3/H4Hble (PUTYPBHI,
nMeloIe ocb cuMMerpun. /[Be mpuse-
JleHbl Ha PUCYHKe 7. Y O/IHOI U3 HUX
0Cb CHMMETDHUH BEPTHUKAJIDbHAS, a y

puc. 6 JIPYTO#i TIPOXO/IUT TI0 UATOHAIH. ITO

He CJIy4ailHO — OCb CHM-
Merpuu (PUrypbl, HAPUCO-
BAHHOUW 110 KJIETOYKAM, MO-
sKeT ObITh JINGO TapaJi-
JieJIbHa CTOPOHAM KJIETOK,

au6o UATH HOJ yraoM 45°
k HuM. [lompoGyiite HaiiTi
OCTaJIbHbIE J{Ba PELICHUS. Puc. 7

6. a) /la; 6) na. a) IlycTp BCe MApEBHBI HA30BYT HMAPEBHAMU
Komeesbix gouek (puc.8). Torza KoleeBbix f0ueKk Ha30ByT He
MeHee Tpex pas, a Lapesen — He 6osiee ueM ABakabl. Tak Vpan
X W OTJINYNT.

Jlo6oe u3 pemenuii myHkra 6), KOHEYHO, TOUTCS W IS

MyHKTa a).
Cp
: ()
o
Cro oMun /7 Cp%

Cro—______»OMn

—
O (o] o] (o]
K K K K
Puc. 8 Puc. 9

6) Ilyctb Ta napesHa, kKotopas Oyaer orBedarh Komieo mnepsoii,
HA30BeT CPE/HIOI M MIIAJIIYIO U3 IIapeBeH, BTOPast MO CUETy —
CTapIIyIo U MJIAJIIYI0, MOCTeHIS — CTaplIyio U cpejHion. Toraa
nouepn Komess — Te jiBe /IeByIIKH, KOTOPBIX He Ha3BaJM TPOe OC-
tanbibix (prc.9). OumbKu GbITh HE MOXKET, BE/b KAXKIYIO Ia-
PEBHY Ha3bIBAIOT Kak MHHUMYM JBoe. Terepp VBau 3Haer, KTo
napeBHbl. CTapimas n3 HUX — Ta, KOTOPYIO He HasBasa IepBas u3
oTBevaBImNX IapeBeH. Cpeansas — Ta, KOTOPYIO He Ha3Basja BTO-
past, a MJIa/uas — OCTaBLIASICS.

7 Knacc

1. 7 araxeit. Ilycrb ¢ mecroro araska Tane Ha/m0 GBLIO CIYCTUTDH-
cs Ha n ataxeil. Torga TaHs nporia «JUIIHUE 1IyTb» BBEPX /10
MOCJIE/THETO ATaXKa U 0OPATHO /10 miecToro. [[inHa JMIIHero myTn
1,57 — n = 0,5n sraxeii. [lonroBuny sroro jumHero mytu Tams
IJ1a BBEPX, a TOJOBUHY — BHU3. 3HAYNUT, BBEPX OHA TOHSIACH
Ha n/4 staxeii. Ecam oHa mosHsIach Ha oauH atax (n/4 = 1),
1o Tansg skuBer Ha 4 sraska miwke Jlamm u B gome 7 sTaKeid.
Ecau sxe n,/4 paBuo 2 nam Gosbiie, To TaHe mpuImioch Obl CIryc-
TUTBCSI C MIECTOTO 9TakKa MUHUMYM Ha 8 aTaskeil BHHU3, 4TO HEBO3-
MOXKHO.

2. 11 gacoB 40 MuHyT. BO BpeMs pasroBopa sHEprus akKyMyJis-

0
TOpa pacxojayercs B —— = 35 pa3 ObIcTpee, 4YeM B TO BpeMs,

KoT/ia pasroBop He BezieTcsl. IlycTh AeHa mporoBopmiIa X 4acos.
Toria sHeprum akKyMyJTOpa OCTaIo0Ch HAa 6 — X YacOB PasroBo-
pa nmi Ha 35(6 — x) yacos oxuganus. [lo ycjaoBuio 910 BpeMst

TaksKe PaBHO X 4acoB OKUmaHus, noaromy 35(6 — x) = x, oTkya
= 35x6 35

36 6 4yacoB, T.e. 5 u 50 MuH. V 3HauuT, BCd MOE3/Ka

npomoskanace 11 u 40 mMum.

Ipumeuanue. OTBeTOM B 9TOH 3ajade SBJSAETCS CPELHEE IapMo-
Huaeckoe uncea 6 u 210
(cpeHNM rapMOHMYEC-
KUM 4rce]a @ u b Has3biBa-

ercs umcJIo \ \
2 2ab

Va+ib axb

3. Cwm. puc.10.
4. a) Hert, ne Bcerga;
6) 1a, BCerja. Puc. 10
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a) c 6 B a) Beerna, korga Byparuno
NPUGNKACTCST K EPEKPECTKY
A, OH yjansercs oT TepeKkpect-

A | ka C (puc.11,a). Iloatomy By-

D PaTHHO He CMOKET Pa3In4uTh

¢) [ 2) [ caIe/lyIonye /iBe CUTyaluu:
1) KJIajl 3aKOIlaH Ha IepeKpect-
| | Ke A, ¥ pajino roBOPHUT HpaBly;
2) KJI3J[ 3aKOIAH Ha [ePeKpect-
Puc 11 ke C, U pajiuo JIKeT.

6) 3amerum, uTo ecju Byparu-
HO 3HAeT, YTO PAJNO TOBOPHT TIPABJY, TO OH CMOXKET HAalTH KJaj.
[lejictBurenpio, asurasceh no ymauie BD csepxy Buus (puc.
11,6), oH HalijleT TOPU3OHTATBHYIO YJIUILY, HA KOTOPOI JIeXKHT
KJIaj. 3aTeM, ABUTASICH 110 ATOH TOPU3OHTAJILHON YJIHIE CIeBa
HalpaBo, OH HailJleT TOYHOe MeCTOHOJIOKeHne Kiafa. Ecanm ske
Byparuno snaer, 4TO pajuo JoKeT, TO OH HaiiJieT KJaj, AeicTBys
TEM JKe CII0cO60M, HO 3aMeHsisl yKasaHusl Pajio Ha IIPOTHBOIO-
JIOXKHBIE.
[Tyctp BHawase BypaTnHO MpPeANOIOKUT, YTO PATUO TOBOPHUT
mpasay. [lelicTBys, Kak OIMCAHO BbIIe, OH HaiizerT Touky I', B
KOTOPOiT MOKeT GbITh 3apbIT KJIAJ, JubO MOUMET, 4TO PaUo
JDKET. AHAJIOTHYHO, IPEAIOJIOKIB, YTO PAjno JoKeT, byparnHo
HaiiierT Touky L, B KOTOPOIl IMPEANOIOKNTEIbHO JTEXKUT KA,
60 CMOKET YCTAaHOBHUTD, YTO PAJNO TOBOPUT IIPABIY.
Wrak, nponenas 310, BypaTtuno Jau60 yxKe yCTaHOBUJ, TOBOPUT
JIM pajiuio mpasjy, Jm6o Hames jgBe Toukn T u L, B 0JHOIT U3 KO-
TOPBIX TOYHO HaXOJWUTCS KJIaj.
PaccMorpuM Ha 1L1ane ropoja Tpu orpeska (puc.11,6).
Xorst 6pr HA onHOM u3 Hux He JexxkuT uu T, uu L. [loatomy By-
PaTHHO MOJKET BCTAaThb B O/IMH M3 KOHIIOB 3TOTO OTPe3Ka M COBEp-
MIUTD TIEPEXO0/ B COCEHIO TOUKY, He JIeXKAIylo Ha 3TOM OTpe3Ke
(puc.11,2). Ilpu atom on npubmusures kaxk K T, Tak u K L.
Takum o6pazom BypaTtuto onpemesut, JIKET JU PAJn0, U y3HAET,
TJle HaXOJUTCS KJIaj.

8 knacc

1. 500 uesoBex.
2. Jla. Yucno /N JeKHT Ha 4HCJIOBOIL OCH MEKIY KAKHMI-TO
MOAPS WAYINMI HATypatbibiMu gncaamu b u b + 1. Torga umnc-
n0 N nesxut Meskay p2? u (b +1)2 .

CepeaHa oTpeska bz; (b + 1)2} — 3TO IOJIyCyMMa €ro KOHIIOB,
T.e. uncao b> +b+ 1/2 . Tak xak 210 uncso0 Heuemnoe, N He MO-
JKET TOMACTb TOYHO HA CePe/IuHYy.

Ecmn N nexxut cnpaBa OT cepeinHbl, TO
N>b*+b+1/2=(b+1/2)° +1/4, orkyna VN >b+1/2, 1.
JN Gmuxe k b + 1, yem K b.

Ecm sxe N JIeut ceBa ot cepeannnl b, Torna

N<b>+b+ 1/2 u, Tak Kak N natypaJbHoe,

N<b*+b=(b+ 1/2)2 ~1/4 , orkyna N < b +1/2 . 3uaunr,

JN Gmmwxke k b, uem kK b + 1.

3. 15. Kaxkas komanga cbirpaia 15 urp u Morja Habparb camoe
6oabiee 15x 3 = 45 OYKOB. 3HAUNT, y ycnemHoﬁ KOMAaH/Ibl He
MeHbllle 23 0YKOB.

ITyctp 6bLIO 72 ycmemHbix KoMaua. Torga cyMMapHOe KOJTUYeCTBO
HaGpaHHBIX OYKOB He MeHblne 23n. C Ipyroil CTOPOHBI, B KaxkI0ii
UTpe pas3bITphIBaeTcst He 6ojiee 3 OUKOB, a BCETO GBLIO CHITPAHO
16 x 15
2
16 x15

urp. IToaromy Bcero 6bL10 pasbirpaHo He GoJiee

3 x

ITokaxkem, 4TO B YeMIMOHATE MOTJIO OBITH 15 YCHEIIHBIX KOMaH/I.
ITponymepyem xomanzpl. Ilycts xomanga Homep 16 mpourpbiBaeT
BCEM OCTaJNbHBIM. PacrosnoknM HoMepa ocTaabHbix Komana (unc-

=360 ouxoB. 3naunr, 23n < 360, otkyma n < 16.

2007/ No4

aa or 1 g0 15) no kpyry. A
Ilyctp kaxaas u3 aTux Ko-

MaHJ{ BBIUTPAET y CJIEYIO-

X 1o kpyry 7 xomanz (a
OCTAJIbHBIM TIPOUTPAET). X
Torpa 15 KoMaH/ BbIUIPAIOT

o 8 urp u HabepyT 1o 24

OuKa. N
4. ITyctp I — meHTp BIHCaH-
HO¥l OKPYIKHOCTH TPEyroJib- M 7

Huka ABC (pMc.12), TOT/[A
I nexwur Ha GHcceKTpuce
yraa A. Tak xak Tpeyrosn-
nuk AMN pasHoGepeH- C K B
HbIH, npsamas [A aBasercs B

HEeM He TOJBKO GHCCEeKTpH-
COI1, HO U BBICOTOM, I103TO-
My JA L MN . Ilo ycnosuio KX 1 MN , a snauur, IA nu KX
TapaJlJIe/IbHbI.

3amernm, yto K L BC , otkyzaa caeayer, yto IK m AC mapai-
JIeTbHBI. 3HAYUT, Y4eTbIpexyrosibHuk AXKI — mapasiesorpamm,
T.e. AX = KI. Ho B npamoyrosbuuke KIMC cropount IK u IM
paBHbl (Kak pajinychl BIMCAHHOII OKPY’KHOCTH), & 3HAYWT,
KIMC — kBaapar, orkyna CK = KI = AX.

5. Mosxker. @Dykc 3a 52 Typa Ha3bIBaeT 522 KapT — B KaXK/JI0M
Type Bce KapThbl 110 Pasy B OJHOM M TOM 3Ke HOPsJIKe, HOCJIe Yero
TOBOPUT «CTOII». 3aMeTHM, UTO BCSKMIl pa3 KapThbl Mepe/[BUraoT-
cs1 B O/THOM HAIIPABJICHUN: €CJIN IepeABUHYTa KapTa d, TO CJIe/Ly-
foteil Gy/iet mepeBUHYyTa Kapra b 10 pyryio CTOPOHY OT CBO-
Goanoro mecra (oHa Gyzer HazBaHa paHblie @). B KaxaoMm Type
XOTs Obl OJ{HA KapTa CABUHETCSI, 3HAYUT, CABUTOB He MeHee 52, 1
KaskJas KapTa co cBoero Mecta yiizer. C Ipyroil CTOPOHBI, Kax-
Jlast Kapra c/[BUHYyJach He GoJiee 52 pas, MOITOMY IHOJHbL KPyT
(53 xoa) oHa czeaTh He YCIEeeT U Ha CBOE MECTO He BEPHETCH.
Ectb MHOTO Apyrux BepHbIX anropurtmoB. Hampumep, ®Dyxkcey no-
CTATOYHO Ha3BaTb BCE KApPThI B HEKOTOPOM OIPE/ETICHHOM MOPS/I-
ke 51 pas (mokaxnre!).

6. 30°. Ilyctp O, K, L — cepenunnt orpeskos BC, AC u BD co-
OTBeTCTBeHHO, P — Touka nepeceuenust npsambix AC u BD. Toukn
K, L pasmmuner (nnaue ABCD — pom6 u £ZBMC < ZBPC =
=90°).

ITockombky yrast BKC, BMC u BLC npswmblie, touku K, M, L
JlexkaT Ha okpykHocTu ¢ auamerpoMm BC. Xopaa KM pasna

Puc. 12

ECD = OC kax cpennss JuHus TpeyroapHuka ACD, moatoMmy

tpeyroabHuk KOM paBHOcTOponHHI 1 Z/MOK = 60°. AHaso-
riuyno, ZMOL = 60°, noatomy ZKOL =120° . Brucannbrii
yron KBL onupaerca Ha ayry KL uiam ee J10TI0JHEHUE, OITOMY
pasen 60° mmm 120°. B moGoM caydae 910 0O3HAYAET, 9TO B MPS-
MOYTOJIbHOM TpeyrojibHuke BKP yron B pasen 6(0° u 1103TO-

My ZBPK =30°.

3ameuanue. PeiieHne B paBHOI Mepe MOJAXOJUT JIJIS1 BBIITYKJIOIO
7 HEBBIMYKJIOTO YeThIPEXyTOJbHUKOB.

9 knacc

1. /IBa pasa. IlycTh B KaKOM-TO TO/ly BO3HUKJIO OTMCAHHOE CO-
Brajienne. Ecsin HOMep O/IMMIIMA/IbI ABY3HAUYHBIH, TO €r0 CyMMa C
quCcIOM, 06Pa30BaHHBIM MOCJIEHUMHU ABYMS IudppamMu Toja, Je-
sutes wa 11 (cymma aByx wmces, coctosmmx u3 mudp a u b,
pasna 11(a + b)). IockobKy KasK/bIil IO/ 3Ta CyMMa yBeJHYH-
BaeTcs Ha 2, cOObITUE MOKET MOBTOPSTHCS He vatie yeM dyepe3 11
sner. W peficrBuresnbro, 81-a u 92-a onumnuannl npoiinyr B 2018
un 2029 rogax.

Ecsin HOMep omuMIIMazbl TPeX3HAYHDIH, TO IpeAnocenne nug-
pbl HOMepa u roza coBnajaor. [loatomy npeanocaenneii mudpoit
X pasHocTH MoxkeT 6bITb Tosbko O mim 9. Ho pasnoctb rosa
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IIPOBE/IEHNST OJIMMITNA/BI U ee HOMepa Bcerja Gyner pasua 1937.
IIpotuBopeune.

Ecsim HOMep OJIIMIIMA/IbI YeTbIPeX3HAYHBIH, TO CYyMMBI (P HO-
Mepa 1 Tofia coBmaaaoT. [lockoapKy Jmo6oe 4muCcIo JaeT Takoil ke
OCTaTOK TIPH JleJIeHNH Ha 9, 4TO U cyMMa ero nudp, pPasHOCTDb
rojia 1 HoMepa JoJpkHa geautbest Ha 9. Ho ocratok npu penenun
Ha 9 yncna 1937 pasen 2. [IporuBopeune.

3aMeTnM, 4TO W B JaJbHEIIIeM Takas CHTyaIus HaOTofaTbCs He
Oyner.

a
2. o [Iycrp Iy — opauHara TOYKU Tiepecedenusi MpsiMbix AB u

CD. Torna npsamasa AB 3ajaercs ypaBHeHueM Bujiia y = kx + [, ,
M03TOMY YHCJa d, b SBJISIOTCS KOPHSIMU YPaBHEHUS

22— kx + Iy =0 . Ilo teopeme Buera ux nmpoussenenne pasHo

—10 . AHB.JIOI"I/I‘IHO7 IIpousBe/ieHne 8.6CHI/ICC touek C u D paBHO

a
—ly, u, crepoBarennbho, abcnueca Touku D paBHa 7

3. (2; 3), (3; 5; 7). Ilyctb d — pasnoctb nporpeccun. Ecim

d =1, T0 B Iporpeccuu ectb YeTHplie ynucsaa. [I0CKOJIbKY e/iH-
CTBEHHOE YeTHOE IIPOCTOE YHCJIO — 3TO 2, HOJIydaeM IPOTPEeCCUIo
(2; 3).

Ecin d = 2, To Tpu usiena nporpeccuu @, @ + 2 u a + 4 paior
IIpH JIeJIeHNH Ha 3 MONApHO pasinydHble ocTaTku. [loaToMy oxmu
U3 HUX JieJuTes Ha 3 1, Gy/Jy4H IIPOCTbIM 4ucjaoM, paseH 3. O1-
cioga mnoJayyaem nporpeccuio (3; 5; 7).

IIyctp d > 2. [locneanue d — 1 4I€HOB TPOrpeccuy JAIOT TOMap-
HO pasumdnble ocratkn npu gesennn na d — 1. Iloatomy ogun u3
unx (oGosnaunm ero @) pesnrcs Ha d — 1. Tak kak d — 1> 1 u
a — npocroe yncyo, 10 a = d — 1 < d. Ho KoJu4ecTBo 4ieHOB
nporpeccun 6odibiiie d, MOITOMY @ — d TPUHAJIEKUT TPOTPECCUI
1, 3HAYNUT, TOJIOKUTEJbHO. IIpoTmBopedne.

4. Her. Paccmorpum nosykpyr ¢ nentpoMm O u paguycom 1.
JlanHbIl TPEYrOJbHUK MOKHO I1apaJlJieJIbHO HepeHeCT! TaK, 4YTo
OJIHA W3 €ro BEepIINH IOIaJeT B HEKOTOPYIO TOUKY X, JIEXaILyio
Ha TpsIMON [, KOTOpast COAEPIKUT AUAMETD MOTYyKPyTa, a [Be JpY-
rue OKaKyTCs 10 Ty »Ke CTOPOHY OT [, 4To u nosykpyr. Temepb
nocJie nepenoca Ha Bektop XO ojiHa BepIIMHA TPeyroJbHuKa Oy-
JIeT JIeKaTh B IIEHTpPe TIOJYKPYTa, a JiBe JPyrHe — Ha €ro OKPYK-
HOCTH.

YcnoBuio 3ajjaul yA0BIETBOPSeT U 00Ias 4acTb /IByX KPYTOB
€/IMHIYHOTO PA/NYCa, PACCTOSIHIE MEXK/Y LEHTPaMH KOTOPBIX
Takyke paBHo 1.

5. Ecimm iBe xoMam/1pl Habpasn MTOPOBHY OYKOB, TO PAa3HOCTD
MEK/y KOJIMYeCTBaMH HUYbMX y HUX KpaTHa TpeM. KoumuectBa
HUubUX HaxojsaTcs B npegenax or 0 go n — 1. [Toatomy kosnue-
CTBO TPYIHII, B KXK/IOH M3 KOTOPBIX KOMAH/bI NMEIOT MOPOBHY BbI-

. . n+2
I/le]blLL[el/ly HUYbUX "N IIOpa}KeHI/II/I, He IIpeBOCXO]_lMT k = l: ] .

3
3HAunT, HEKOTOPas IPYIIa COCTOUT HE MeHee YeM U3 TPeX KO-
MaH/.

ITycth Bce rpymibl COCTOSIT M3 TPeX WM Menee Komau[. Torga
n+2

rpymi pouo k (unade n < 3k — 2 u { } < k — nporusope-

4ne). PaccMOTPUM IpyMIIbl ¢ HAMMEHBITMM M HAMGOIBIINM KOJIH-
4eCTBOM HHUYbUX.

Ecau n = 3k — 2, T0 y KOMaH/[ epBOil TPYIIIbI KOJIUYECTBO HUUb-
nx pasno 0, a y xoMaug Bropoit 3k — 3. 3HauuT, KOMaH/IbI BTO-
POIl TPYHIIBI CBEJIM BHUYDIO BCE UTPBI, B TOM YHCJE C KOMaHaMu
IIepBOIl IPYIIIbI, Y KOTOPbIX HeT Huubux. IIporuBopeune.

Ecau n = 3k —1 u y KoMaH/{ 1epBOl rPyMIbl M0 [ HUYBKX, TO Y
KOMaH/[ BTopoii Tpymisl 10 [ + 3k — 3 unupnx, T.e. mo 1 — [ pe-
3yJIbTaTUBHBIX Berped. Ecam [ = 1, To BTOpas rpyiia MoXeT co-
JlepyKaTh TOJBKO OJIHY KOMAH/Y, TaK Kak JiBe KOMAH/IbI ChIIPal
6bI BHIYBIO ¢ KOMAH/IOi TEePBOil TPYHIIBI, Y KOTOPOI TOJIBKO OHA
Huups. Ecsm ke [ = 0, TO 1mepBast rpyIna MOKET COepiKaTh
JIMIIb OJIHY KOMAaH[Y, TaK Kak /[Be KOMaH/bl UMeJ Obl Pe3yJIbTa-

THBHYIO UTPY C KOMaH/IO#l BTODPOH I'PYIIbBI, Y KOTOPOil pe3ybTa-

THUBHAsI UTPA TOJBKO ofHa. Takum o6pasoM, O[[HA U3 ITUX TPYIII

COJIEP>KUT JINIIb Oy KoManay. Ho torza ocraBimmecst KOMaH/IbI
HeJb3sl pa3sOuTh Ha k — 1 rpyminy, Kaskias U3 KOTOPBIX COJAEPXKUT
He GoJiee TpeX KOMAH/I.

Ecau n = 3k, T0 Bce rpymiibt 1111110111131 11
JIOJDKHBI COJIepyKaTh POBHO 10 3 1 1111111111131
xoMau/pl. [Ipn atoMm ecim y Ko- 111 1{111[1]1[1]3
MaH/i epBOil TPYIIIBI 1O | HIYb- 11111 of1]1lol3]3
UX, TO Yy KOMaH/{ BTOPOIl IPYIIIbI 1111113 11110l0(3
10 2 — [ pe3yJbTaTHBHBIX HTP. 111111 313700
IToatomy fapyT mpoTHB JIpyTa KO- IRERED 313710
MAaH/Ibl 9TUX TPYIII IPOBO/IT He

Gosee uem 3] +3(2-1) =6 wurp. (1) (1) } g) g g g 0 3 g
IIpoTuBopeune. 1ilololol31313T0

6) HeTpyaHo coCTaBUTb TYPHUD

10 KOMaH/1, TP M3 KOTOPBIX Puc. 13

umeroT 1o 1 nobege u 8 HUUBKX,

YeTbIpe — 10 2 1o6e/bl, 2 MOpaskeHnsl 1 5 HUYbUX, U ellle TPH —
no 3 mo6eapl, 4 mopaxenns u 2 numubnx (puc.13).

Jlokaxkem, uro cayuaii n < 10 neBozmoxken. Tak Kak He Bce KO-
MaH/Ibl UMEIOT MOPOBHY 106e/[, HUYbUX U MOPasKeHuUil, HailyTCs
KOMaH/[bl, KOTOPbIE BBIUTPAIN OOJIbINE BCTPEY, YeM MPOUrpasIu, 1
KOMaH/[pl, KOTOpBIe Mpourpasn 6ojblre, 4eM Buiurpasn. IIpesrmo-
JIOKUM CHa4asa, 4YTO B KKJOH M3 3THX TIPYII KOMaH[ KOJmde-
cTBa 1M06€e/l U MOPAKEHH OTINYA0TCs Ha 1, T.e. B OJHOU TpyIIe
KOMaH/Ibl OfiepKasn x mobes, morepresm x — 1 mopaskenne n

n — 2x BCTpeY 3aBepIINJIN BHIYBIO, a B APYTOil 3TH YHCJIA PaBHBI
y — 1, y un — 2y coorsercrBento. Torga, npupaBHuBas HaGpaH-
Hble KOMaH/aMU OYKH, T1oJydaeM, 4to x = y — 3. Tak kak

n—-2y =20, 710 n—2x>6, a IOCKOJbKY x =1, IIOJy4yaeM, 4TO
n > 8. Ilyctp Temepb ecTb KOMaH[bBI, Y KOTOPBIX Pa3HOCTb MEXJLY
KOJITYEeCTBOM I06e/l U HOPAKEHUI I0 MOAyJ0 Oosblie 1. Anamo-
TUYHBIE PACCYXK/IEHUS MOKA3bIBAIOT, YTO CYIIECTBYIOT KOMAH/IbI,
3aBepIINBIINE BHUYBIO TT0 KpaiiHeil Mepe 9 Berpeu. Takum o6pa-
30M, HEpaBEHCTBO 7 > 8 BBIMOJHEHO BCeTAQ, a caydail n < 10
BO3MOJKEH, TOJBKO KOTZA PA3HOCTb MEX/Y KOJIMYECTBOM TO0eI 1
MopakeHuil y o060l KOMaH/Ibl 10 MOJYJIIO He npeBbiiaet 1.
Ipemmnonoxum, yto n = 8. Torga, Kak MOKa3aHO BbIIIE, €CTb R
KOMaH/l, Y KOTOpBIX 1100e/l Ha OJHy GOJIbIIe, YeM MOpaKkeHuil, R
KOMaH/[, Y KOTOPbIX MOGe/ HA Oy MEHbIe, YeM MOPaXKeHHl, 1
8 — 2k xoMmam, y KOTOPBIX 100e/ 1 MOopaskeHuil mopoBwy. [1pu
3TOM KOJIMYECTBO HUYBHMX Yy KOMaH/[ TI€PBOil TPYTIIbl HA 6 6OJIb-
e, YeM y KOMaHJ{ BTOPOil. DTO BO3MOXKHO B €/[MHCTBEHHOM CJIy-
Yae, KOT/Ja 3TH KOMaH/bl NMeIoT ofny nobeay n 6 Hnubnx. Coot-
BETCTBEHHO, Y KOMaH/i BTOPOW I'PyIIIbl 110 3 mo6Ge/bl U 4 1opake-
nus. KoMan/pl 1epBoit TPYyIIIBI TPOTHB KOMAaH/ BTOPOIl IIPOBOJAT
k?* BeTpeu, cpen KOTOPBIX HeT HHUCHHBIX 1 He Gobire deM R
pe3yabTaTnBHBIX (110 OHOI Ha Ka)KIyl0 KOMaHIy NMEpBOii Tpym-
net). 3uauur, k2 <k, t.e. k=1un— 2k =8 — 2k > 4 (rakoii
TYPHUD CYIIECTBYET). AHAJOTHYHO [0Ka3bIBAETCs, u4T0 R < 2 11pu
n=29, orkyna n — 2k =9 — 2k > 4.

10 knacc

1
1. R O6osnaunM BepHIMHbI KBajipata yepe3 A, B, C, D, tak

yro L nexkur Ha AB, M nexur Ha BC, N nexur Ha CD, K ne-

sxknT Ha AD. Ilyerp O — Touka nepeceuenuss KM u LN. O603Ha-
YUM JIIHHBI 0Tpe3koB AL n AK 4epes X U y COOTBETCTBEHHO.

Torga o teopeme Iludaropa 1-x—y = NE y2 . Orciona Bo3-
BeJICHIEM B KBajpaT moaydaeMm 1 = 2x + 2y — 2xy. Tax xak
AD||LN || BC u AB|| KM ||CD , 1o OL =y u OK = x. Tor-
nma OM =1 —-—xu ON =1 — y. 3nauntr, NC=1—-xu MC =
=1 — y. [loaromy mnomazap Tpeyronapuuka NMC pasua

1 1 1 i
ZNC-MC=~(1-x)(1-y) = ~(1—x - !
5 SU=0)(l=y) = S{l-a-y+ay)=_.
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2. Her. Ilycts A, B, C, D, E — nocjefoBate/IbHbIe BEepIINHDI
BHeIIHero naTtuyroJsbHuka, A, B',C’,D’, E’ — coOTBeTCTBYyIOIIIe
BEPIINHBI BHYTpPeHHell 3Be3zbl. [lokaxkeM, 4To KaskIOMy IBETY, B
KOTOPBIIl MOKpaleHa X0oTs Obl 0JfHA CTOPOHA BHEITHETO ISATH-
YTOJIbHUKA, OTBEYAIOT /[Ba U3 00PA3yIOINX 3BE3/[y OTPE3KOB TOTO
ke 1BeTa. V3 9TOro BbITEKAaeT pelleHne 3aJadui: ecJai Ha KOHTYpe
MSATUYTOJbHIKA BCTPEUYAIOTCS TOJBKO 2 I[BETA, TO OHU YePeyIoT-
Cs, 4YTO HEBO3MOXKHO WM3-3a HEYETHOCTH 4ncia 5. Ecam ske Ha KOH-
Type HalJI0/IAI0TCS BCe TPH 1IBETA, TO OTPE3KOB, 00PA3YIONIIX
3Be3/Iy, OOHAPYKUTCS He MeHee 6 — XOTsi Obl 110 JIBa OTpPe3Ka
Kayk/IOTO TIBETa, a WX Bcero 5. MTak, paccMOTPUM IPOU3BOJIHHYIO
CTOPOHY BHEIIHETO TATHYTOJbHHKA, cKaxeM, AB. IlycTtb oHa cu-
nasa. Torpa otpeskn AA” n BB’ ne cunme. Octaercs mpose-
PHUTD, YTO CUHUMU SIBJSIIOTCS OJIMH OTPE30K 3BE3/Ibl, MPUMbIKAIO-
muit K Bepune A’ , W OJUH OTPE30K, MPUMBIKAIONIUN K BEPIIU-
ne B’ . Ho aBa orpe3ka 3Be3[[bl, HCXOMSINNX U3 BePIIUHbI A’ ,
OTJIMYAIOTCS 110 1BeTy OT orpe3ka AA’ (ue cumero) m, kpome
TOTO, Pa3/JMYHbI 110 L[BETy. 3HAYUT, CpeAU HUX ecTb cuHuil. Tou-
HO TaK ’Xe PacCMaTPUBAIOTCS OTPE3KHU 3BE3[[bl, MCXOJSIIIE U3
BepImInHbI B’ .

3ameuanue. I'pad, onucanublil B 3a/1a4e, 3TO 3HAMEHUTBINH rpad
Ilerepcona.

3. Tak xak ZXAB = ZXBC , 1o Bce Touku X JiexKaT Ha OILHOI
OKPY’KHOCTH (), TIPOXOJsIeil yepe3 Toukn A u B. OmyctnM Ha
npamyio BP nepnenpukyaap OY. U3 neprnenguxynsproctu PX
un OX cnepyer, uro Toukn Y, O, P, X nexxar Ha OJTHON OKPY3K-
HocTu. OTCIO/Ia TOJIyYaeM PAaBEHCTBA OPHEHTUPOBAHHBIX YIJIOB:
/BYX = /PYX = Z/POX = ZBAX . 3uauur, To4ka Y JICKHUT
Ha okpykHOocTH . [ToaTomy Bce Toukm P sesxar Ha IPSIMOii,
MIPOXO/ISAIell uepe3 TOUKY B U TOUKy TepecedeHusi ® ¢ OKPYKHO-
CTBIO, MOCTpPOeHHoi Ha OB Kak Ha juamerpe.

1+x
4. Bepro. O6osnaunm mamm oneparun vepes f(x) = ——,
X
1—x
g(x) = 73{ . JlokaxxeMm cHavasa, 4TO, MOCJE/I0BATEIbHO TIPIMe-

HSISL MX, MbI MOKEM HOJIYYUTD ollepaini, oOpatHble K f 1 g.
1
—— Tpu

Meen [ (g(f (2))) === u £ (9(f(9(f () = 1~
x # —1. IloaTomy f(g(f(f(g(f(x)))))):x npu x # -1 u

f(g(f(g(f(g(x)))))) =x npu x = —1. Janee, u3 2 MOKHO 10Ty~
auts —2 (n Hao6opor). Kpome toro, f(-2)=1/2, g(1/2) =1.
3nauut, MOkHO Ttoayunth 1 u3 2. Tak kak g(—=1) = =2, a uz —2
MOYKHO MOJYYHTb 2, MOKHO Toayunth 2 u3 —1. Tak kak g(2) =
=-1/2n f(-1/2) = =1, moxno noayuuts —1 n3 —2. Urak, 06-
patuMocThb Aokasana. Tenmepb J0CTATOUHO A0KA3aTh, Y4TO W3 €/H-
HUIbI MOYKHO TOJIYUUTH BCE MOJOKUTENbHbIE PAIMOHANBHDIE YHC-
aa. JIokaxkeM 9T0 MHAYKIIMEH [0 cyMMe YMC/IUTENsl U 3HaMeHaTe-
JIsl HECOKPATUMOI ApOGH, TIPEJCTABJISAIONIEH HAllle PAIlHOHAIbBHOE

m
YHICTO — .

n
baza unpykmum g m + n = 2 odeBuzpna. [lomyctuM, 4To npn

m
m + n < k yucio 5, MOJKHO HOJIyHHTD 13 €/IHHILBL. Jloxaxkem,

m
4TO TOrJda n 1pu m + n = k yncio 7 10JIydaeTcda U3 €JUHUILbI.

m 1
Ecau m > n, T0 7=1+ un+(m—n)=m<m+n, no-

m-n

9TOMY YHUCJIO MOJKHO TIOJIyYUTDb T10 IOPEATIOJNIOKEHNIO NH-

JIYKITMH.
1

n—m

m
Ecin sxe m < n, to o
1+
m

u(n-m+m=n<m+n,

II09TOMY 4YUCJIO MOJKHO [OJYYUTDH IO HPEAIIOJIOKEHUIO NH-

JIYKIUHU.

2007/ No4

m
3Ha‘WTT, B 0601X CJIydasax 4ucJjio 7 MOJKHO IIOJIy4YUTb U3 €ANHUN-

LIbI, YTO U TPeOGOBAIOCD.

11 knacc

1. Mosxer; Han6oJbliee BO3MOXKHOE 3HAYeHHE PaBHO 9.
Ec/n cekTopbl 3aHyMEPOBAaHbI B CJEAYIONIEM TTOPSI/IKE:

1, 11, 2,12, 3, 13, 4, 14, 5, 15, 6, 16, 7, 17, 8, 18, 9, 19, 10, 20,

TO HAaMMEHBINAsT M3 PA3HOCTeH MEeXK/y COCeHUMU HOMepaMU paB-
Ha 9. JTa BeJMYMHA He MOXKeT ObITb GoJiblie 9, Tak KaKk B IPO-
TUBHOM cJjiyyae mpu Jo6oil mymepanun psimom (1 cieBa, W Crpa-
Ba) ¢ ceKropoM HoMep 10 MOJKET HAXOJUTHCS TOJIBKO CEKTOP C
HoMepoM 20, YTO HEBO3MOKHO.

2. 4014. Ilpeo6pasyeM BTOpOE ypaBHEHHE!

A4+ 47 =2cosax +4 & 45 —2+ 47 = 2(1+cosax) &

X X
5 ax
42 —4 2 =2cos—
2 y
(:)(2" 2”‘) —4eost & o 2
2 -2 2 ax
4 2 — 42 =2c057.

O6a noceTHUX YpaBHEHUS CBOJAATCS K MEPBOMY YPaBHEHWIO U3
YCJIOBHS 3a/1a4M 3aMCHAMH X = 2y U X = —2z COOTBETCTBEHHO.
[Toatomy rakmoe u3 atux AByX ypaBHenuil umeer 2007 xkopueii.
Herpyano npoBeputb, uto ofiero Kopus y uux tet. Ciemosa-
TeJIbHO, BTOPOE YPaBHEHNE U3 YCJOBUS 3a/[a4l MMeeT

2x2007 = 4014 xopmueii.

3. 6, 42, 1806.

Ilycts N =p;-py-...-pp (k22) — npoussesenyne HECKOJIbKUX
Pa3JMYHBIX TIPOCTBIX YHCEN Py < Py < ... < Py , YIOBJIETBOPSIOIIEE
ycaoBuio 3agaun. [lockosbky 1o ycaoBuio N KpaTHO Y€THOMY
uyucsiy po —1, ono camo werno u py = 2. Hucso

N =py-py-...- p, UMeeT eIUHCTBEHHDIN JEIUTENb P U3 UHTEP-
pana (1; p,), HO Py —1 TaKoKe NPUHALTEKUT 5TOMY MHTEpBaTY,
3HaunT, Py —1=p; =2 . Takum o6pasom, p, =3, a N MOxKer
MPpUHUMATh 3HaUeHne 2x 3 =6.

Ecau k>3, to no ycaosuio uncio p3 —1, npunamiesaiiee u-
TepBaIy (pz; ps), aBJsieTcs: fesuteseM yucaa N. ITOMy WHTepBa-
JIy MOXKET TPUHA/IJICKATh eMHCTBEHHDIH [eanTe b N — Yuco

Py X py = 6. CrenoBareibHO, p3 = py X py +1=7 . Uucno

2% 3% 7 =42 YJAOBJIETBOPSET yCJAOBUIO 3aJla4l.

Eciu k> 4, to 10 ycjoBuio yernoe uucio p; — 1, npunaanexa-
1ee MHTEPBATY (p3; p 4), Takke sBJasercs gesaurenrem N. V3 der-
HBIX jgesuteseil yncaa N 3TOMy MHTEPBAIY MOTYT NPHHAICKATD
auib yucaa py X p3 =14 u p; X py X p3 = 42 . Huciao

15 = p; X p3 +1 gBisiercst cOCTaBHBIM, 3HAYNT,

Pi =P XpyXpy+1=43. Yucno 2x3x7x43=1806 ymosier-
BOpSET YCJIOBUIO 3a/Ia4M.

Eciu k> 35, to no ycioBuio yetnoe uucyao ps —1, npunamieka-
niee unrepsany (p o ps), TaKKe JIOJIKHO SIBJSAThCS fesuTesneM N.
W3 deTHpIxX mesmreseil yncaa N aTOMy WHTEpBaJIy MOTYT IPUHA/-
JIeSKATD JIMIIb Yucia Py X py =86, py X py X py = 258,
PLXp3Xps =602 u py X py X p3xp; =1806 . Kakmoe u3 uncen
87, 259, 603, 1807 sBisiercss cocTaBHbIM. 3HauwT, y yucaa N He
MOKeT ObITb 60Jiee YeThIpeX PA3JUYHBIX MPOCTBIX JICTUTEJICH.

4. 5. Tlo Teopeme cunycos aas tpeyroasinkos SA,O0 (k =
=1,2,...,n) umeem (puc.14)

sin ZSOA;, = % sin £5A4,0 .

Tak Kak HpaBast 4acTb 3TOTO PABEHCTBA HE 3aBHCUT OT BBIGOPA
k=1,2,...,n, Bemnunna sin ZSOA, TakKe HE 3aBUCUT OT 3TOTO
BbI6opa. Cie/ioBaTeIbHO, MPU PA3JIMYHOM BbIGOpE k BesmumHa
yraa £ZSOA;, moser NpUHUMATh HE 0oJiee [IBYX PA3JIMYHbIX 3HA-
YeHUI, KaXX/0e U3 KOTOpbIX BMecTe ¢ aunHamu SO, SA, u yr-
aom SOA;, opnosnauno onpejessier Tpeyroibauk SA,O .
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Ecim n2>5, 10 cpeau Tpe-
yrombaukos SA,O (k =
=1,2,...,5) ecTb 110 KpaiiHeii
Mepe TPH OJMHAKOBBIX.
Ilycrb aro, ana onpeaenen-
HOCTH, TPEYTOJbHUKI
SA0, SA4,0 u SA;0 .
Tax kak OA; = OA, = OAz,
Touka O — LEHTP OINUCAH-
HOIl OKOJIO TPeyroJibHUKa
AjAy Ay OKpPYIKHOCTH.
Ilycrs SH — BbIcOTA nupa-
muaer SA(Ay Az . Torma tou-
Ka H Takxxe gBjsgercsl LeHT-
POM OIMCAHHOIT OK0JIO

AAy Ay okpyxuoctu, T.e. H = O.
ITpu n = 4 u3 ycnosus ue ciaeayer, utro SO — BbICOTA THPAMU/IDI.
Hamnpuwmep, eciu AjAyA3A; — paBroGokas tpamenusi, O — Touka
nepecevyeHns ee Auaronaseit, H — IeHTp ONUCAHHON OKOJIO Hee
OKpYsKHOCTH, TO st upamuabl SAAy A3 A, | B xotopoit SH siB-
JIETCS BBICOTOH K OCHOBAHUIO, BBIIIOJHEHDI BCE YCJIOBHS 3a/Ia4M.
[leiicTBuTenbHO, Bo-tiepBbIiX, SA; = SA, = SA; = SA, B cuny pa-
sencTsa (10 ByM KaTeTaM) TPeyroJbHUKOB SHA |, SHA , ,
SHA 3 u SHA , , a BO-BTOpBIX, £LSAO = £L5A,0 = LSA0 =
= ZSA,O B cuny pasenctsa (110 TpeM cTOpoHAM) PaBHOOGEAPEH-
Hpix Tpeyroibuukos SAA; u SA,A; . Ilpu atom H # O. llpu
N < 4 u3 ycaoBus teM 6osee He caemyer, uto SO — BbICOTa TH-
pamuzibl (COOTBETCTBYIONMIMIT IPUMED TIOJIyYAeTCs U3 TIPE/bIYIIe-
IO PACCMOTPEHUEM €ro yacTu — nmpamuanpl SAjA, A ).
3. 2n — 4. Ilycrb U3 HEKOTOPOIl pacKpacKku P MOXKHO YKa3aHHbI-
MH Ipeo6pa3oBaHUsIMU CJIeJIaTh TOJTHOCTBIO YEPHBII KBajpar.
Torzma Te ke Mpeo6pa3oBaHmsa B 0OPATHOM MOPS/IKE TIEPEBEYT
IIOJIHOCTBIO YepHBII KBaJpar B packpacky P. Ilpu kaskaom us
9TUX 1Peo6pasoBaHuil OJIHAKOBO PACKpAlleHHble CTPOKU HJIH
[POTUBOIOJIOKHO PACKpalIeHHble cTPOKH (T.e. CTPOKH, COOTBET-
CTBYIOIIME KJIETKU KOTOPBIX PACKPAILICHbI B PasHbIC [BETa) Iepe-
XOJAT TaKKe B OJMHAKOBO WJIHM ITPOTHBOINOJOKHO PacKpalleHHbIE.
CrieioBatesibHO, BCE CTPOKH PACKPACKu P ObLIM OJMHAKOBO UJIH
IIPOTHBOIIOJIOXKHO packpanienbl. Hao6opor, n3 xaskaoii packpac-
KI C 3TUM CBOICTBOM MOXKHO YKa3aHHBIMH IPeOOPa30BAHIAMI
ciesaTh cHavyasla BCe CTPOKH OJMHAKOBBIMH, a 3aTeM — H MOJHOC-
ThIO uepHbIMU. Kaskaas Takasi packpacka y/I0BJIETBOPSIET O/IHOMY
n3 CJIeAYIONNX YCIOBUIL.
1) B ka0l cTpoKe Bce KJIETKH OAHOro IBeTa. Torma us ycJ10-
BUS 3a/1a4M CJEAyeT, YTO B MEPBOH U MOCJIETHEH CTPOKAxX BCe
KJIETKU YepHble, T.e. BCErO YepHBIX KJETOK He MeHee 27.
2) B kax/0ii cTpOKe ecTh He MeHee [[BYX YEPHBIX KJETOK, T.€.
BCETO YEPHBIX KJETOK HE MeHee 27.
3) CymecTByer ¢TpoKa, B KOTOPOH POBHO OJIHA YepHAst KJETKA.
Torga nm6o nepBasi, OO TTOCJAEIHSS CTPOKA C Hell He COBIAJAeT
u, cJle/[oBaTeIbHO, TIPOTHBOIOJIOXKHA €if, T.e. cogepsxut n — 1
4YepHyIo KJIeTKy. B aToMm ciayuae o6Imee 4mc/I0 4YepHBIX KJIETOK He
MerbIie

(n=1)x1+1x(n-1)=2n-2.

Takum o6pasom, B JIO6OM CJIy-
Jyae B packpacke P J0JIKHO
. o o | o OBITH He MeHee 217 — 2 4ePHBIX
¢ * b N KJIeToK. 3HAUNT, YUCJIO KJe-
TOK, KOTOpbIE HYKHO TIpe/[Ba-
PHUTEJIBHO TEePeKPACHUTh, JTOJIK-
HO OBITb He MeHbIe 2n — 4.
oo Ha pucynke 15 nzoGpaxen
KBaJpaT n X n, BCe CTPOKI

n KOTOPOTO pPacKpaIleHbl OJ[ITHA-
Puc. 15 KOBO WJIM ITPOTUBOIIOJIOKHO, &

YHCJIO IIPEIBAPUTEIBHO IIEPEKPAIICHHBIX B YEPHBIN IIBET KJIETOK
pasHo 2n — 4.

6. IIyctb Y4 M Yc — OKPY’KHOCTH, OTIMCAHHbIE OKOJIO TPEYTIOJIb-
HUKOB A C’ U CHA’ coorsercrBerto (puc. 16). Tak kak Tou-
ki B n H cuMMeTpUYHbI OTHOCUTEJIbHO cpejHelt muamn A’C’

Al
Puc. 16

tpeyrosibuuka ABC, to CH =C’'B=C'A, A’H=A'B=A'C,
t.e. tpeyrospaukn AHC’ n CHA’ paBHoOeapenubie. [Toatomy
A’C” (]| AC) — ofuias kacarebHas K OKPYXKHOCTAM Y4 U Yc .
TTycts S — touka nepecevenus npsimbix HM u A’C’ | torzma
SC’% = SM x SH = SA” , T.e. § — cepeqnra A'C’ u

ZCBB’ = ZCBS .

Ilyctb Yp — OKPY’KHOCTD, ONHCAHHAS BOKPYT TPEYTOJIbHUKA
BA’C’ . TlokaxkeM, 4to TouKa M JIEKHUT HA 3TOH OKPY’KHOCTH.
[leficTBurenbHo, ecau 0, 3,7 — yrasl tpeyrosibHuka ABC, 10

ZLC'MA’ =2n - £ZC'MH — ZA’MH =
=2n-(n-a)-(n-y) =o+y=n-f.

Ilyctp [ — cepemunnbiii neprenguky/sip kK A’C’ . OKpysKHOCTD
Yp cuMMeTpudHa oTHOCHUTEJabHO [. Tak Kak

ZHSC’" = ZBSC’ = LA’SB’ | orpesku SH u SB’ cuMMeTpuuHbl
orHocuresibHO [. 3nauut, Touka N, cuMMerpudHast Touke M oT-
HocutesbHo [, mexut Ha Yp uuHa BB, a nyru C’M n NA’
pasubl. Brmcanmbsie yrast C’'BM u ‘A’BN  onupaiorcst Ha aTi
nyru, T.e. paubl. Utak, ZABM = ZC’'BM = ZA’BN = ZCBB’.
7. Her. Tpeamnosnoskum, uro Kose ypanocs mpuaymMars crocob
HaBepHsKa yrajaTh 3a 3 X0/a MePUMETP MHOTOYTOJBHUKA C TOU-
Hoctpio 1o 0,3. s kaxkmoit u3 Tpex ykazanubix KoJeii npsmMbix
Muiiia OTBEYAET, [EPeceKaeT Jii ATa IPsAMast 3ara/[aHHbIil MHOTO-
yroapuk. [1o Tpe/monoKeHio ISl KaK/I0T0 U3 8 BO3MOIKHBIX
HabOPOB TakuX OTBETOB KOs MpHIyMaHHBIM UM CIIOCOGOM OTIpe-
JlesisieT 3Havenue nepumerpa ¢ tounoctoio g0 0,3. Crenosaresb-
HO, HACTOSIIEe 3HAYCHUE TEPUMETPA MOYKET MPUHAJIECKATH OHO-
My 13 8 YHCJIOBBIX OTPE3KOB CYyMMAapHOM JUIMHBI He GoJiee

8x 0,6 =4,8. C npyroii CTOPOHDI, IEPIMETP MHOTOYTOJbHUKA U3
YCJIOBHS 3/[a4 MOJKET HPUHUMATH JII000e 3HAYeHNe U3 WHTepBa-
na (0; 2rw) amunbl 21 > 4,8 . CuenoBaTesibHO, Cpen HUX Haiijer-
€1 TaKOil MHOTOYTOJIBHUK, yraJath MEPUMETP KOTOPOTo ¢ Tpebye-
Moit Touroctbio Kosie e ymgacrest.

N3BPAHHbIE 3SA0AYN MOCKOBCKOW
DOUNYECKOU ONNMNNAADI

Ilepeviii meopemuueckuii myp

7 Knacc

T,T,
1. T =—3M_ 779 nueii .

M~ T3 P
2. Jlen 3anmMaer M = - =0,1=10% o6bema cHera, BO3AYX —
BeChb OCTAJIbHON 06DBEM. 29

P
3.F=§. 4.p:p33=500 KI‘/MS.
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8 Kknacc A
' 3.a) L=—;06) L= npu o <45°, L =0 upu
1. $= Fy =0,01Mz;m:&:11<r. o tgo tg 2o
Poghy g o> 45°.
2. t=0°C; m=p3V+mB[1—&](1+%):O,97 KT . 10 knacc
P A 9 Z)2 3\6
3. KoHel «4epHOro SlMKa» ¢ KaTYIIKOil HPUTSATHBACTCS K cepe- 1. h=—-"—. B =arctg =250
JHE <4epHOro SIUKa» ¢ MarHUTOM, a Hao60poT — HeT. Kpome 1219 11
TOTO, CO BPEMEHEM <«UepPHbI SIMK» ¢ KATYIIKOH HarpeBaercs, a 2. Yckopenne rpysa ! HalpaBieHO BIIPABO U PABHO
oJie KaTyIIKi ocaGeBBaeT.
9 knacc a = 29
k 5 (M, +my) ! + ! + s + 1Y)
1. S=—=0,01 m* . VUM ey My +my omy my
Pg
yCKOpeHue Ipy3a 2 HAIPABJIEHO BJIEBO I PABHO
2. 12=1—£:0,035A,13=£:O,15A, 2g
R; R; a, = ,
(M, +m,) ! + ! +i+i
R, = R1(UR3 — R, (IRy _U)) ~59 Ou . 2 Mi+my My+my my my

(IRB - U)(R1 - Rz) ClJla HATAYKEHUSA HUTU paBHaA

10 knacc

T 29
_ I =
1. 0=2"% 40 emfc; 1= =1c. t 1 S
2 2(o; +0,) My +mg My+my, m m,
2. YcKopeHue T1epBOro rpysa HalpaBJeHO BBEPX U PABHO
ay = g/3, ycKopeHue BTOPOTO TPy3a HAMPABJIECHO BHU3 M PaBHO 11 knacc
a, = g/3, TpeTuii rpy3 HENnoJBUKEH. { 2
3 vg LR R R . 1. a:arccos%:GO", 5:28R2[1_((§RJ ]m:O,G B.
= . =R, + - . Q
u 2911+ m/M) BC AC BD AD

11 knacc 1 3 5
2. I =—Rcoso, I, = R,|[1-—cos" 0. .
o) 2 4

oy ==

() ()
1. Og == O = 5

Zv
2 2
2 h=hy—"2—3— 3. E,=2E =28 MsB.

(my +m3)” —mj

©
hoa) 0da="rcy Ml _Gh | _y 067, Ba[_] I
pB Py Cy ‘t,'l‘ + 7‘

6) V>’”"(1+%;lj:v2:6,7ﬂ; HOMEP IMOATOTOBUJIHU
p"[ C;'I J
A.A.Eropos, C.M.KoHoeanos,
B) 0,67 1=V, <V <V,=67ux. A.10.Kotoea, B.A.Tuxomuposa, A.U.YepHoyuan
0] 1
Sos— = e HOMEP O®OPMMUJIUN
. . A.H.I'puwykoea, B.B.UsaHiok, A.E.Mauxsepus,
Bmopoii meopemuueckuii myp M.H.FonoeaHoBA
8 knacc -
I Iz XYAOKECTBEHHBINU PEJAKTOP
1. ¢, = =25 MuH, t) = ——— = 37,5 mun ; E.B.Mopo3oBa
20Ly 20(L - Ly)
BeJIOCUIIEJUCT OTAbIXaJl B JIumoBke B TeyeHue K O M H b IO TE P H A H r P y H H A
12 (L-L,—Ly) E.A.Mutuenko, J1.B.Kanunuuera
At=—"""4 B 125 yvun
2oLy (L - ]‘B) XypHan «KBant» 3apeructpupoeas B Komurere P®
12 , no neuyaru. Per. ce-so N20110473
2. Py =P +(py —p) 5 = 780 xr/n’ .
b Appec pepgakuum:
V. (chot H 119296 Mockea, JlennHckuii npocnekt, 64-A, «KsaHT»
3. 1= 70( P +f) = 55 MuH Ten.: 930-56-48
Noo\ mh V E-mail: admin@kvant.info, math@kvant.info,
9 xnacc phys@kvant.info

[ R T ¢ T Orneuaraso B OAO oppaeHa Tpyposoro KpacHoro 3Hamenu
CAETE o= > gg - T : «YexoBckmuii nonurpadpuueckuii KOM6MHAT»
12 6 6 3 o
142300 r.Yexoe MockoBckoi o6nactu,
2. Boabrmerp V, TOKa3bIBaeT MeHbIlee HAPSIKEHIE; Caiir: chpk.ru E-mail: marketing@chpk.ru
=1 U’ uu’ , ®Daxc: 8(49672) 6-25-36, dakc: 8(499) 270-73-00
2= 1| 1- )T L2 MA; Uy = U—u +U+U =19B. Otpen npopax yciyr MHOrOKaHanbHbiii: 8(499) 270-73-59




