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KAK HAPUCOBATb NPAMYIO?
e
[ns MexaHuKa-npakTMKa uHOrga HeobXoAuMO, HTOObI HEKOTOpPas TOYKa nepe-
Melanach TOYHO N0 NpAMOMA NUHMK. ECiu nonb3oBaTbCA HanpasAROLMUMMA
penbCcami, To HeusbexHbl U3HOC OT TPEHUS U TeMnepaTypHbix gedopmauunid,
a 3HayuT, U noTepa ToyHoctu. B 1877 ropy A.Kemne nanucan kHury «Kak
Hapucosatk npamyio» ("How to draw a straight line?"), B kotopoit cobpan
MHOMUe TEXHUYECKUEe pelleHus ITOl 3aauu C UCMONb3OBAHWEM WAPHUPHbIX
mexaHu3MoB. Ha caifte http://www.math.ru/teacher/kempe/index.htm
npeAcTaBAeHbl U3rotoBaeHHble M.NaHOBbIM MynbTHUNLMbI-UANIOCTPALUY,
KOTOpbIe NOKa3biBaloT B AeWCTBMU MeXaHM3Mbl U3 KHirn Kemne.

(Mpodomxerue — Ha cmpaxuye 41 8Hympu JypHana)
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Pacckasbl 0 COBpEMEHHOM
MeXaHKKe

. YEPHbIV

BBepeHue

Mpl, J10/1, Kak U MHOTMe JIpyrue >KHUBble CYIecTBa,
JKWBEM Ha Halllell pekpacHoil mianere 3emJsi. Bee, uTo
MPOUCXOJUT BOKPYT HAC W BHYTPH HAC — JIBVWKEHUE
aBTOMOOWJICH Ha yJHUIaX, MOJET JaifHepa B HeOe, BHE3All-
HbIe KaTacTpodUIecKne HACTYTIIIEHUS JISTHUKOB U 0OBAJIBI
CHEKHBIX JIABUH, U3THGAHNE CTATBHOTO JIUCTA MO/ TITaM-
MIOM, B3PbIBbI YTOJIbHOI TIBLJIN B ITAXTAX, TJISCKA TTBLINHOK
B COJIHEYHBIX Jy4yaX, [apeHue opJja W CTPEMHUTESbHOE
nJaBaHue JenbpuHa, HeycTaHHOe OMeHue cepiiia M TOK
KPOBHU B KMBOM OPraHu3Me, — BCE 3TO CBA3aHO C JIBUKE-
HUEM WJIM B3aWMO/ICHCTBUEM OJHUX TeJ WJIU Cpel C
JPYIUMH, C M3MEHEHHEM WX CBOHCTB IIPU JIBUKEHUHU.
WN3sydenne ABMXKEHUS U B3aMMOJEHCTBUS MaTepUasbHbIX
00BEKTOB B MPUPO/IE U B TBOPEHUSX YEJOBEYECKUX PYK U
€CTb IIPEJIMET MeXaHUKH. VICKITI0UeHne pe/ICTaBIISeT JIUITh
MUKPOMUD, UM 3aHUMAIOTCS CIIeIUAJbHbIE pa3ebl (pusn-
k. OT4acT WMCKJIOYEHUE COCTABJSET M aCTPOHOMUS,
3aHUMalonasicss muaydeHuneMm Hameidl 3Be3ibl CoJHIa u
OKPY>KAIONUX €ro TJIAHET U APYTUX KOCMUYECKUX TeJ, a
TaK>Ke 3BE3/IHBIX CHCTEM 1 OT/IeTbHBIX 3Be3/1. [IpaBaa, ere
B caMOM Hayaje oQOpMJICHUS MEXaHUKM KaK HAyKu B
snamenutoM Tpyde W.Hblotona «MaremaTuyeckue Haua-
Jla HaTypasbHOH (unocopuu» BO3HUKJIA ee OTJesbHas
BETBb, M3y4alonlas ABIKEHIEe KOCMIUECKIX TeJl, — Hebec-
Has MEXaHUKa, IIPOJI0JIKAIoNIas PasBUBATbCA U IIPUHO-
CUTH PE3yJbTATDl U B HACTOSIIEE BPeMsi. ¥ MECTHO HAITOM-
HUTH, YTO OJTHUM W3 TIEPBBIX BBIAATONIIXCS JOCTHKEHU
MEXaHWUKHU B ATOH OGJACTH CTAJIO 3HAMEHUTOE OTKPBITHE
«Ha KOHYHUKe Tlepay TIaneTbl HenTyH He3aBUCUMO U TOUYTH
onHoBpeMenHo JIx.Anamcom B Anraum B 1843 rony u
Y. JleBepbe Bo @paniuu B 1845—46 rosax. Jra rianera
6bL1a obHapyskena 23 ceurssops 1846 roma acrpornomom
Bepautckoit o6ceparopun WM. Tamme Touno B MecTe, yKa-
3anHoM JleBepbe.

Mexanuka sBJsieTCsl HAYYHOI OCHOBOI GOJIBIIMHCTBA,
ecqn He BceX, obJacTeil TeXHWKMU, IPOMBINIJIEHHOCTH,
CTPOUTEJNBCTBA, TpaHcopTa (CyXOIyTHOTO, BOJHOTO, BO3-
JIYITHOTO, KOCMUYECKOTO), TEXHUKH CETbCKOXO3IHCTBEH-
HOTO TIPOM3BOJICTBA, BOEHHON TeXHWKU. MOXKeT i KTO-
HUGY/Ib OCHAPUBATh, YTO BCE CYMIECTBYIONINE BUBI BOO-
pysKeHus, oObIYHBIC W SI/ICPHbBIC, HECMOTPS Ha OOJIBIIYIO

Oma cmamos nanucana no MamepuailaMm ieKyull, nPoUUMAanHblx
axademuxom I.T.Yépnvim ¢ nosope 2005 zo0da 6 wkoae umeHu
A.H.Koamozoposa (CYHI[ MI'Y) ¢ pamnxax Hayuno-o6pasosa-
meavnot npozpammo. Mncmumyma mexanuxu MIY u ¢ mapme
2008 z00a 6 ITosumexnuueckom mysee 6 pamxax umenuii Axademu-
ueckoz0 Kayoa.
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pOJIb B WX Pa3BUTUU W IMPUMEHEHHH KOMIBIOTEPHBIX U
MHOOPMAIMOHHBIX TEXHOJIOTHH, MPEsK/Ie BCETO N B OCHOB-
HOM 3TO MPOJAYKTBHI Pa3BUTHS MeXaHUKN? bBes MexaHWKH
CO3/IaHNE COBPEMEHHBIX BbICOKOTEXHOJOTHYHBIX BUJIOB
BOODPYXKEHUSI IIPOCTO HEMBICIUMO. KOHEUHO, 3HAYNTENb-
Has 4acTb NMEPCHEKTUBHBIX TEXHOJOIMI OCHOBAaHA Ha HO-
BEHIINX JIOCTHXKEHUAX JAPYTUX HAyK — (PU3MKH, XUMUH,
6uosornu. OJHAKO MUCIIOJNb30BaHNE BCEX ATUX HAYYHDBIX
JOCTIDKEHNI aBGCOTIOTHO HEBO3MOXKHO 6€3 MEXaHUKH 1 ee
CaMbIX MOCJIE/IHUX JIOCTUKCHUIL.

CoBpeMeHHas MeXaHWKa — HE TOJBKO HecTapelomas,
BEYHO HOBas HayKa, a BaXKHeWmmas QyHIaMeHTaabHAs
HayKa CO CBOMMHU TEOPETUIECKUMH U HKCIEPUMEHTATbHBI-
MU TIOIX0/IaM} K peleHnio 3a1a4. Hayka 6bicTpo pasBu-
BatoIasics, 3aXBaTbIBatonas Bce 6oJiee u 6oJiee MUPOKUI
Kpyr aBjenuii u npunoskenuil. Hayka, He ToIbKO uMelo-
ast BbLAAIOINECS MCTOPUYECKUE JIOCTHKEHUS, HO U B
camoe 1ocJe/iHee BpeMs ToJyuuBiias (eHOMeHaNbHbIE,
orresioMJIsIoNINe pe3yabraTbl. Hayka, 6e3 pa3BuTus Koro-
poil a6COJIIOTHO HEBO3MOXKHO MCIIOJIb30BaHUE GOJIBIIITH-
CTBa JIOCTH)KEHUI J[PYTUX €CTeCTBEHHDbIX HAYK.

Bes pakeTnas TeXHUKA 1 OCHOBAHHAS Ha HEll KOCMOHAB-
THKa — pa3Be aTo He TpuyM( Mexannku? MmMenno mexanu-
Ka, Pa3peInB PsIJ TPYAHEHINX HAYYHBIX 3a/1a4, TI03BOJIH-
Jla KOHCTPYKTOPaM CO3/[aTh COBEPIIIEHHBIE CHCTEMBI BBIBO-
Jla Ha OpOUTHI NCKYCCTBEHHBIX CITYyTHUKOB 3eMJIH, MeK-
KOHTHHEHTAJbHBIX OA/LTICTHYECKUX PAKET, KOCMIIECKUX
anmapaToB Pa3JINYHOTO Ha3HAUCHWs. A pasBe HE TPUYM-
(oM MexaHUKY CJie/lyeT Ha3BaTh y/IMBUTEIbHbBIE, OLIEJIOM-
Jsmomue yenexu B udydenuu CoJTHeUHOH CHCTEMbl?

3aBsepirasg BBeJIEHHE, OTMETHM, YTO XOTS HEKOTOPBIE
OCHOBBI MCXAHHMKH M3y4aloTcs B IITKOJbHOM Kypce husnu-
K1, HO caMa MeXaHHKa y>Ke JaBHO BbIICINJIACh B OT/ICTb-
HYI0 OT (U3NKH HAyKy, HAyKy Pa3HOCTOPOHHIOIO, BKJIIOYA-
IOIIYI0 MHOKECTBO o6Jiacteil. 1leblo MeXaHUKY ABIAETCS
MTOCTPOEHNE MaTeMATHIeCKNX Mo/jiesiell IBIKeHNS 1 B3au-
MOJIEHCTBHS MaTepHUATbHBIX OOBEKTOB, T.€. OTIHCAHIE 3TUX
SIBJICHUH CPeJICTBAMI MaTEMATHKH.

B moaTBeprkeHne BCEro CKAa3aHHOTO PACCMOTPHUM PSiJ
npuMepoB. Cpeant HUX Oy/IyT U IIPUMEPDI €CTECTBEHHOHA-
YYHOTO COJIePyKaHUS, KOTOPBIE TOBOPSIT O BTOPXKEHUU
MEXaHUKM B 06JIACTH WCCJIEJOBAHUS APYTMX HAyK U 00
ycrexe U IJI0/[0TBOPHOCTH TAKOTO BTOPYKEHHS.

Pa3pylieHne TakoMckoro mocra

Bucsiurie MocTbl 06J1a/1a10T PSIZIOM HEOCIIOPUMbIX JIOCTO-
UHCTB 110 CPABHEHUIO C KOHCTPYKIIUSIMU MOCTOB JIPYTUX
tunoB. OJHAKO yKe JaBHO ObLIO 3aMEYEHO, YTO BUCSYHE
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MOCTBI BECbMa HEHA/IEXKHBI TP CHJIbHOM BeTpe. OHOI 13
KPYITHENIINX B UCTOPUU MOCTOCTPOEHUST KATacTPod CTAIO
o6pymenue Mocta yepes peky Takoma (CIIIA) 7 nHosa6ps
1940 roma. Crpourtenbctso storo Mocra (puc.1) 6bLio
3akonveno JjetoM 1940 roga. [Iposer — Tpernit B Mupe 1o
JUmHe — uMes aauny 854 M. Bosbiioro nBukeHus He
OKHJIAJIOCH, U MOCT GBI TIOCTPOEH OYEHDb Y3KUM — ITUPH-
noit 11,9 M. [1poesxast yacTh OblJIa paccunTaHa Ha 2 psijia
aBToMo6uJeit. [Tos0THO s10poru 6BLIO TO/IBENIEHO Ha JIBYX
CTAJbHBIX KaHaTaX co cTpeJioit mposeca 70,7 M.

Cpasy nocJse noctpoiiku 6bl1a o6Hapy:keHa 60JbIIast
YyBCTBUTEIBHOCTH MOCTA K JIEHICTBUIO BETPA — AMILIUTYIbI
(pasmaxm) kosebGanmii mMocta gocturamu 1,5 M. Bbuio
C/IeJJAaHO HECKOJIbKO TIOMBITOK YCTPAHWUTH ATH GOJIbINNE
KoJIeOaHWs TTyTeM BBEIEHUS [TOTOJHUTEJIbHBIX CBS3€H 1
YCTAHOBKU THApaBInyeckux jemidepos (aMoprusaro-
POB) Ha MUJIOHAX — TaK HA3bIBAIOTCS CTOJGBI, OAIEPIKI-
Balolme OCHOBHbIE (HECYIMe) TPOChI B BUCAYMX MOCTAX.
Ho ato He peioTBPaTHIIO KaTacTPOMdDI.

Hauunas ¢ 8 yacoB yrpa 7 Hosi6pst HabJII0[aIUCh He
OYeHb CUJIbHBIE BEPTUKAJbHbIE MHOTOY310BbIe (B dopme
HECKOJIbKUX BOJIH) H3THOHbIE KOJEGaHUS € YacTOTON
0,8 I't. IIpumeuarebHO, YTO BETEP MMEJ He OUeHb GOJIb-
LIYIO CKOPOCTDb — OKoJIo 17 M /¢, TOT/Ia KaK /10 3TOr0 ObLIn
CJIydan, KOTJa MOCT BBIZEP:KIBAT 6oJiee CUJIbHBIN BeTep.
OxouJio 10 yacoB yTpa CKOPOCTD BETPa HECKOJIBKO BO3POCTIA
(n0 18,7 m/¢), m ycranosuanch ogHoysaosbie (B popme
OJTHOM BOJIHBI) M3THOHO-KPY THIBHBIE KOJTEGAHNSA CO 3HAUM-
TesbHo Menbluell yacroroii (0,2 T'y) u BecbMa GOJIbLINMU
amrtyiamMu. Korja 3akpyTKa JOCTUTAla MaKCHUMyMa,
Mpoe3Kast 4aCTh HAKJOHAIACH K TOPU3OHTY TIOJ YTIJIOM 45
rpajaycoB. Pe3koe maMeHeHune 4acToTbl KoJeGaHUil TIPO-
U30IILJIO, TO-BUAUMOMY, BCJeEJICTBUE OOPBIBA KAKUX-TO
BaYKHBIX CBs3€ll B KOHCTPYKIIMU. MOCT BBIIEPKUBAJ ITH
KoJIe6aHUsT OKOJIO 4Yaca, TOcJje 4ero GOJIbINONH YYacTOK
Ipoe3Keil YacTu MOJI0THA OTJIOMILJICS ¥ YIIaJ B BoAy. Bech
nporecc 6bLT 3aCHAT HA KIHOILJIEHKY, UTO SBHJIOCDH II€H-
HBIM MaTePHUAJIOM /LTSI NCCJIeIOBAHUS TIPUYNH 0OPYIIEHUS.

Karacrpoda nmpuB/ieksa orpoMHOe BHUMaHUE UCCTIE0-
BaHUI. Y’ke 4epe3 JBe HeJEJN TOCJE CBEPIINUBIIETOCS
n3BecTHbINI MexaHmk T.pon Kapman man o6bscHeHme
MPUYHH KaTacTpodbl 1 faske yKa3aa CKOPOCTb BETpa, Tpu
KOTOPOIi 3TO MOKeT CJyuuTbes. PazpyieHue mponsornio
npu ckopoctu Berpa nopsaka 18—19 m/c, a Kapman
pacueroM noayuua 22,2 m/c. Tak 4T0 fa’ke 3TO MOXKHO
Ha3BaTh YCIIEXOM MEXaHUKH.

Kakue BbpiBogbl orciofa ciaesann Mexanukn? Ceityac
yepes3 peky Takoma moctpoeH apyroit moct. Ero mpuna
yBesmueHa OoJiee yeM B 1,5 pasa u cocraBiser 18 M,
N3MEHEHO TaKKe ceueHue Tpoes:keii yactu. Kpome Toro,
CILJTONIHBIE OAJKKU 3aMEHEHDbI CKBO3HBIMU (pepMaMu, 4TO
3HAYNTEJbHO yMEHbIaeT CUIy JaBjeHus erpa. CoBpe-
MEHHbBIE BHUCSYHME MOCTBI — 3TO JIETKHe KOHCTPYKIUH,
MO/IBEIIIEHHbIC HA CTAJbHBIX KaHATaX, HA3bIBAEMbIX BaH-
tamu. OHU BBIIEPKUBAIOT OOJIbIINE BETPHI U IPOYUE
HArpy3K# ¥ HOPMAaJbHO (PYHKIIMOHUPYET Y3Ke MHOTO JIET.
WsBectHo, uTo Takux KaracTpod, Kakas 6puia ¢ Takomc-
KHM MOCTOM, 37eChb IIPOM3OUTH HE MOXKeT. MeXaHWKH
CyMeJIu TIOHATH, YTO MOSKET IPOU30MTH M KakK 3TO mpe-
JIOTBPATUTD.
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Puc.1. Mocr vepez peky Takoma (CLLIA)

Ilo mpornosam cnernuanuctoB, XXI Bek — 3TO Bek
JKECTOKMX TEeXHOTEHHBIX KaTacTpod, CTUXUHHDBIX U 9KOJIO-
rudeckux OGencTBuii. Bce waie mpuXomnmTcs CJIBIINIATH
COOOIIEeHNUsT O MAJIEHUN PaKeT, CaMOJIETOB, O B3PbIBAX Ha
9KOJIOTUYECKU OTIACHBIX IIPOMBINIIEHHBIX 00BEeKTaX, 06
obpyiienusx 3panuii. Cpegu MpOYMX MPUYUH Tparenit
Ha3bIBAIOTCS OMMOKN MPOEKTHPOBAHMS, CBSI3aHHDIE C He-
JIOCTATOYHbIM 3HAHUEM 3aKOHOB MEXAHUKH, C UCII0JIb30Ba-
HUEM HEBEPHBIX MATEMATHYECKUX MOJIEJIeH.

Spxuit mpumep — o6pyiienne B MOCKOBCKOM aKBarap-
Ke. B nmepBoHaya bHBIX 3aKJIOUEHUSAX CJEACTBEHHDBIX KO-
Muccuii 00HApYKUBAJUCH U CJEIbl TEPPOPU3MA, U ILIO-
XOe KauecTBO IIEMEHTA, W HEeXBAaTKa IOJ/IEPKUBAIOIINX
KPBIITY KOJOHH. V1 TOJBKO TOCse OGPYIIEHUS BTOPOTO
3/1aHUd, CIIPOCKTUPOBAHHOTO TEM K€ aBTOPCKUM KOJIJICK-
oM (31aHusi BacMaHHOTO pBIHKA), MPUYMHBI Tpare-
U craau oueBmAHbIMU g BeeX. llocnenmioo yepry
110/l PaccJe[IOBaHNSMU TIOBEJIO Tesie3adBIeHle PYKOBO-
qutenst npoexktoB H.Kanuesan, B KOTOpoM, B YacTHO-
CTH, FOBOPUJIOCH, YTO BO BCEM BHHOBATa KOMIIbIOTEpHAs
MporpaMMa, € TOMOIIbI0 KOTOPOH BBITIOJHSJINCH pacue-
TBI TPOYHOCTH.

BooGrie, Ha/mo 3aMeTuTh, UTO JOCTIIKEHUST MEXAHUKH B
CTPOUTEJBCTBE HE BCET/IAa OCBEIAIOTCA B CPEJCTBAX MACCO-
Boii mHpopmarmu. Hampumep, HeMHOrHe 3HAIOT, YTO
camblii 60JbIoN B Mupe MocT Muito Bo MDpaniuu nmeer
7 onop BbICOTO# 343 M, sy 2460 M, maccy 400000 T (13
nux 350000 T 6erona n 40000 T cTamm), a B €ro CTPOMTEb-
cTBe cToNMOCThI0 500 MUJITMOHOB JI0JIJTAPOB YYIACTBOBAJIH
7 eBpomneiickux ctpaH. Wam, 4To erie oHUM MPUMEPOM
YCTIENTHOTO HAYYHOTO ¥ MHKEHEPHOTO PenieHns TPO6TEeMbI
B3aMMOJIEHCTBIHM KOHCTPYKIINI ¢ BETPOBBIMH HATPy3KaMU
sBysieTcss OCTaHKUHCKAs TeaeOanTHs.

Laratowme po6oTbl

O[[HOfI 13 BaKHbIX paSHOBI/II[HOCTeﬁ pOéOTOB ABJIAIOTCA
H1aramomue pOéOTI)I, IpeHasHavYeHHbIe JJId TIepeEMEICHNA
110 prleOHpOXO]IHMOfI MecTHOCTU. B oTimume oT KoJiec-
HbIX U T'yCEHMYHbBIX MalllUH, I_Hal”aIOIHI/Iﬁ allllapaT IIpu
ABUKEHNN NCIIOJIb3YET [JId OIIOPDbI JINIIIb HEKOTOPbIE y4ia-
CTKN ITOBEPXHOCTH. HOE)TOMy OH CYyHICCTBEHHO MECHbIIIE
ITOBPEXIa€CT ITOYBEHHBII IIOKPOB, YTO MOJKET OKa3aTbCAd
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BaSKHDBIM JIJIs 9KOJIOTHU HEKOTOPBIX paiionos (Hampumep,
TYH/IPBI).

Opraxko ykasaHHBIE MTPEUMYIIECTBA TMATAIONIETO Aara-
paTa OmpesiesITIoT €T0 BBICOKYIO CJIOXKHOCTh W GOJbBINOE
sHepromnorpebeHre. Anmapar uMeeT 0OJIbIT0e YICIO0 YII-
PaBJIsIeMBbIX CTeNeHell CBOOOMBI, T.e. KOJMYECTBO YTJIOB,
OTIpEIETISTIONINX TTOJIOKEHUST 3BEHbEB BCEX HOT. A 3TO
OPUBOJUT K CJIOKHBIM KOHCTPYKI[HSIM, HCIIOJIb30BAHUIO
BbICOKOA(D(MEKTUBHBIX TIPUBOIOB, CIEIUAJBLHOMY CTPOe-
HUIO CTOII, PACCEMBAIONINX DHEPTHUIO yaapa, u T.4. CucreMa
yIIpaBjieHus J0JoKHA obecrednTb o6paboTKy mHGOpMa-
I O MECTHOCTH, TIPUHSTHE PelIeHNiT 0 XapaKTepe JIBIKe-
HUSI, KOHTPOJIb 32 UX BbITOJTHEHWEM. VIMeHHO co3manue
CHICTEMBI YIIPABJIEHNUS alliapaToM — IIeHTPaJbHas Ipo6.ie-
Ma mmaraoiiero po6ora. CyIecTBYIOIINe BI/IbI TPUBO/IOB

[0 CBOMM KAadYecTBAM BCE ellle YCTYIAIOT JABUTATEJbHBIM
amnrmaparaM JKUBOTHBIX U YEJTOBEKA.

J1J1s1 OTHOTO U3 MEPBBIX B MUPE MIATAIONINX ANIIAPATOB,
co3gmanubix B Muctutyre Mexanuku MIY B 70-e rosp
MIPOIILIOTO CTOJIeTHsT, ObLTa BhIOpaHA CXeMa «IMECTHHOK-
ku» (puc.2). B kauecTBe 6HOJOrHYECKOro anaaora po6ora

Puc2. Pobor-wectHoxka «Mallla» ¢ pacronoxeHHbIM Ha
LITATUBE «T1a30M» (CLUCTEMOV TEXHINHECKOIO 3pEHMS)

ncnosb3oBascs poiknii tapakan (pyccak). Horn Tapaka-
Ha — 9TO YHWBEPCAJBHBIH OMOJOTHYECKUN 0OBEKT n3yde-
HUS 75 CO3[IlaHus IIaraioniell Mamuubl. Ber Tapakana
MOJKHO TIPOCJIEIUTD C TIOMOIIBIO KWHOKaMepbl. /{151 aT0T0
TapakaHa MMOMEIAIOT B CTEKJISIHHYIO TTPOGUPKY U, 3aKpe-
MUB ee, CHUMAIOT Oeraioliero TapakaHa KHHOKaMepoil.
OCHOBHbBIM THIIOM TIOXO/IKU TapaKaHa SBJISETCS TOXO0/IKa
3-3 (rpemkamn). OH UAET TaK, 4TO BCEr/a ONMPAETCs Ha
TPU HOTH, 0Opa3yiolire OMOPHBIN TPEYrOJbHUK, BHYTPU
KOTOPOTO PacIojiaraercst MeHTp TSUKECTH ero teja. ITo
CYIIECTBEHHO 00JIerdaeT IpobeMy yCTOIYNBOCTH, TaK KaK
OTIOp armapaTa Ha TPW HOTH OKa3bIBAETCS YCTONYNBBIM.
Kakasg koneunoctb po6oTa UMeeT TPU CTereHu cBo6o-
JIbl U TIPUBO/IUTCS B JIBUKEHUE C TOMOIIBIO TPEX JIBUTaTe-
Jiefl ¢ peaykropaMu. Ha KOHEYHOCTSIX yCTaHOBJIEHDI 103U~
IIUOHHBIE JJATYNKH, U3MEPSIONINE YTJIbl IOBOPOTA 3BEHHEB
HOTU JPYT OTHOcuUTeabHO Jpyra. Cucrema yrpaBJieHUs
JIBUTATEJISIMU TTATAoNETO anmapara MmocTpoeHa 1mo nepap-
xudyeckoMy npuniuiy. OHa co3iaer ynpasJisTioniie CurHa-
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JIbI, o0ecreunBarone ABUKEHIE alapaTa ¢ aBTOMAaTH-
YeCKOW MPUCITOCabJNBAEMOCTHIO K MaJIbIM HEPOBHOCTSIM
MOBEPXHOCTH IO KOMaHJaM omneparopa (Mam BepxHero
YPOBHS), 3a/Ia10IET0 OCHOBHBIE XaPAKTEPUCTUKH XObOBI
U BUKeHUs Kopryca anmapara (Hanpumep, xoap6a Brie-
pen, Hasax, BOOK, Pa3BOPOT Ha MECTE M T.IL.).

[Mocsie mosBaCHUS «IECTUHOKKN» B MHCTUTYTE Mexa-
nuku MTY, kortopas nosyuuaa umst «Malllay (MAuuna
[T Araomas), Ha4aI0Ch CBOETO POAA COPEBHOBAHUE MEK-
ny CIIA u CCCP, 4ro O6bLIO HOPMAJBHO [IJISI TOTO
Bpemenu. B orBet Ha «Mallly» amMepuKaHIIbl MPETOKIIH
CBOIO BEpCHIO IecTUHOTOro pobora. Iloz:xke cranm mosi-
JIATBCS W IPYTHE MIECTHHOTHE POOGOTHI, HAITPUMED TTOCTPO-
eHHble B ['epmanun.

«Mallla» cozmepskanma MHOTO TMOHEPCKUX HAYUHBIX pe-
HIeHWI, ONepeInBIINX CBOE BPEMSI, U Jlajla HauyaJio cO3/ia-
HUIO YMHBIX POOOTOB C MEPAPXUYECKOI CHCTEMON yIIpaB-
sennsi. OHa MOJKET JIefICTBOBATD CAMOCTOSITE/TbHO, BBIOH-
past cebe 1yTh 10 HepecedenHoll MectHocTu. OKas3aaoch,
410 6e3 nHGOPMAIUN O CHJIAX U MOMEHTAX CHJI, BO3HUKA-
IOIUX MEXJY HOTaMU U IMOJCTHUJIAIONICH TTOBEPXHOCTDHIO,
OpPraHu30BaTh <IJAJIKOE» YIIpaBjeHue Xo/bOOI MpaKkTu-
yeckn HeBO3MOKHO. C 3Toii 1esibio 6blaa paspaboTana
CUCTEMa TaK HAa3bIBAEMbIX TAKTUJbHBIX J[ATYMKOB, KOTO-
pble cHUMaT WH(GOPMAIUIO O BO3HUKAONIMX CUJIAX U
MOCBLJIAIOT €e B CUCTeMy ympaBJjeHus po6ota. ToJubko
6marofiapsi aTOMy MOKHO OPTaHM30BaTh TJIaBHOE, a He
TOJTYKaMU, J[BUKeHHe poboTa.

Amepukaniibl opuinasbio 06baBun, yto K 2050 romay
B MX JIEUCTBYIONIMX Bolickax He OyeT jozeii. B 2005 romy
B CIHA 6bin co3man derbipexuoruii po6ot «bur/lors
(Boaburas cobaka) (puc.3). Dtor pobOT MOXKET XOJUTh,
6eraTb M IIPbITaTh, MPEOJOJIEBATD TIEPECCUYCHHYIO MECT-
HOCTb, OH TIPEKPACHO TIepeMeNiaeTcsd W 10 CHeTy, W T0
KaMHSM, ¥ TO TPs3U. 3a CYeT XOPOIIO OPTaHM30BAaHHOM
CUCTEMBI YITPAaBJIEHNS OH OUY€Hb YCTOWYNB: €CJIN €T0 TOJIK-
HYTb, TO OH, IOJ0GHO YeJIOBEKY WU JKUBOTHOMY, TIepecTa-
BUT HOTHU ¥ He yTa/IeT. JHEPTUIO poOOTY JaeT GEH3UWHOBBIN
MOTOP, TIPUBO/IAIINI B JIefiCTBUE TH/IPABINYECKYIO CHCTe-
my. Horu po6ota B TOYHOCTH CKOITIPOBAHBI C KOHEYHOCTEN
SKUBOTHBIX. B WX KOHCTPYKIINIO BKJIOUEHBI aMOPTU3ATO-

PuC.3. HaBbIOYeHHBIV YeTbipexHormi  pobor «bur/jor»
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PbI, Tacsinue SHEPruio
yaapa. [launa po6ora
1 M, poct 70 cM, Bec
75 KT, 4TO COOTBETCTBY-
€T pazMepaM KpYyITHON
cobakn. Po6ot crab:ker
6OPTOBBIM KOMIIbIOTE-
pOM, YIPaBJASIONAM
€ro Tepe/IBIKeHNeM B
COOTBETCTBUU C OKPY-
SKAIoIel 06CTaHOBKOIA.
MHuoro4ucjaeHHble 1aT-
YUKW TTO3BOJIIOT OIle-
patopy po6ota oTcJie-
JKUBATh €ro MEeCTOIIO-
JIO’KEHUE, PaCIooKe-
HUE CBOUX M BpaKec-

Pucd, Maker nsmzserHoro amr- X CHIL, KOHTPOJIMPO-
POMOMOPEHOIO LararLyero anna-  BaTb COCTOAHNC 6opro-
para BBIX cucTeM pobora.

«Kubepcobakas, koro-
past 6y/ieT «cay:xutb» B Mopckoil nexore CIIIA, mosxker
UITU CO CKOPOCTBIO 5 KM /U U TIPEOJI0JIeBATD MOIbEMbI U
ciycku 10 35 rpagycoB. OHa MOXKET HECTU BOODY KeHHUe
WJIN WHO MOJIE3HbBIN TPy3 o0Ieil Maccoii cBbiiie 40 Kr.

He mMenee 6oratyio HCTOpHIO, TIO CPABHEHUIO C APYTHMI
MaTAMIMI MEXaHU3MaMHU, UMETOT U JIBYHOTHE MAITWHDI.
Taxk, B 1972 roxay B UnctntyTe Mexannku MI'Y paspabo-
TaJIM MOJieJ b po60Ta, KOTopas MoTyunaa nMs «Pukimas.
B nBwkeHue oHa MPUBOAUJIACH C TIOMOIIBIO JIBYX HOT W
OJIHOBPEMEHHO MMeJIa ellle u JiBa KoJeca c3aan (orciona u
NPOM30MLI0 HagBaHue po6oTa). Ho raasHoii 3aaueit 6b110
CO3/1aHme YeJI0BEKO10106H0r0 (aHTPONOMOPRHOTO) po6o-
ta. OcHoBHas Tpo6JieMa U CIO3KHOCTD YIIPABJIEHUST IBYHO-
roif xoap60il 3aKJII0YaeTcss B HEOOXOJMMOCTH TTPUIAHI
YCTOWYMBOCTH HEYCTOIYMBON KOH(UTYpAIUU, KOTOPAast
TIPH BBIKJIIOUEHHOM YIIPaBJIEHUN He MOKET ObITh PeasIin3o-
BaHa. Hampumep, «BBIKJIOUEHIE» BECTUOYISIPHOTO amiia-
paTa uesJoBeKa Jayke Ha OJHY CeKYHJIY HMPHBOJAUT K €TO0
TaICHUTO.

B 1976-82 rogax B Uncruryre Mmexanuku MI'Y uccie-
JIOBAJIN MEXaHUKO-MAaTEeMaTHYeCKYI0 MOJeJNb JBYHOTOTO
po6oTa, TPeICTABISIONIEr0 cOO0H TIOCKUN TSI TU3BEHHBII
MeXaHu3M, KOTOPBIl COCTOUT U3 KOPITyca U JABYX UJAEHTUY-
HBIX JIBYX3BeHHbIX HOT. X0/b6a ammapara, Kak U ueoBe-
Ka, Mpe/CcTaBsgeT co6oil MOC/e[0BaTeIbHOCTD Yepeyio-
HIXCST OJTHOOTIOPHON U JIByXomnopHoii ¢a3. B omnootmOp-
HOM (base armapar onupaercsi Ha oHy Hory (OmOpHYyI0),
JIpyrasi HoTa IpH 3TOM IepeHocuTcst. B aByxomopHoit hase
OoH ommpaercss Ha 0o6e Horm. OHOOTOPHOE [BIKCHUE
cunrtaercd GanucrudeckuM (I1aCCUBHBIM), T.€. 9TO [IBU-
JKeHne TIPOUCXo/uT 1o nHeprmu. Ha anmapar geficTByoT
TOJDBKO CHJIA TSDKeCTH M, PasyMeeTcsl, CHJBbl PeaKInn
OIOpBbI. A BOT IPHUJIOKEHHE KAKUX-Tu60 aKTUBHBIX BO3-
neiictuit (MoMenTOB cua) B mapHupax («cycraBax»)
MeXaHu3Ma MPOUCXOIUT B IByXonopHoii dase. [Ipu xoab-
6e 4esoBeka (basa [[BOWMHON OTOPHI 3aHUMAET MPUMEPHO
20% BpeMeHU BCEro IaroBOro IUKJA, B PACCMOTPEHHOI
JKe Moziesin po6oTa ABYXOIMOpHas ha3a CUMTAETCS MIHO-
BenHoii. B 1990-x rogax ObLIM CKOHCTPYMPOBAHbBI JBA
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MaKeTa JBYHOTOTO IIAraiouiero po6orta: OJUH C ABYMsI
TEJIECKONMYECKUME HOTAMU, APYTOil — aHTPOTOMOPQHBIN
(puc.4), u pazpaGoTaHbl AATOPUTMBI YIIPABJICHUS UMU HA
OCHOBE TIPEIOKEHHOTO MeTOIa OAIIUCTUIECKOTO YIIPaB-
JIEHUST XObOOM.

Anonupt o6baBusm, uto K 2050 romy oHum HaMepeHb
€03/1aTh KOMAH/y HOJHOCTBIO CAMOCTOSITEIbHBIX YesIOoBe-
KOMO/0OHBIX POGOTOB, CIIOCOOHYIO BBIUTPATD Y YEMITHMOHA
mupa 1o Gyr6osy cpean Jioei.

BI/IOMexanOHVIKa

B nacrosmiee BpeMsl cpe/i HOBbIX TEXHOJIOTHI, CYJIS-
IMUX OTPOMHBbIE M3MEHEHWs HamieMy OOIecTBY, BasKHOE
MecTO 3aHMMaeT 6MOMeXaTpoHWKa. JTO — HOBas HAyKa,
11eJThI0 KOTOPOI SIBJISIETCST M3yUeHne B3aMO/IeHiCTBHS 6110-
JIOTHYECKUX OPTAHU3MOB CO BCTPOECHHBIMU MEXaTPOHHBIMU
CUCTEMaMU.

Wcropus rosiBrien s repMuta «GHOMeXaTPOHIKA» 00bId-
HO CBA3BIBAETCS C MCCJEOBAHUSAMN 110 pazpaboTKe MpoTe-
30B HIDKHUX KOHEWYHOCTEHl TPYINoil O6HOMEXaTPOHUKH
Maccauycercckoro texnosorudeckoro nuerutyra B CIIIA.
Co3pannblii 9TOii IPyIION TaK HA3bIBAEMbIH MAarHUTOPEO-
JIOTHYEeCKHIl TIpoTe3 obecreunBaeT TpeOyeMyIo MOXOIKY
mareHTa 6aroaps NCIoJIb30BaHUIO HH(OPMAIIUH O CH-
JaX W MOMEHTAaX, BO3HWKAIOINX MEXIy IpPOTe30M U
TIPUMBIKAIONIEN K HEMY OCTaBIIEHCs 9acThi0 aMITy THPOBAH-
HOIl KOHEYHOCTH.

Ceiiuac paspabartpiBaiorcst (B wactnocrtu, B Mucruryre
Mexannkun MIY) cucTeMbl Tak Ha3bIBAEMBIX TaKTHJIb-
Hpix po6oroB. Bpau mnpu pszge 3abosieBaHuil mnepBbIM
JIeJIOM TTPOU3BOJIUT OIIYTIbIBAHNE TAJbI[aMU M HA OCHO-
BaHWU ONIYIIEHUH [JesaeT MEIUIIMHCKUE BBIBOJABI O CO-
CTOSTHMM TOTO WJIM MHOTO opraHa. TaxTuibHble POGOTHI
cHAGKEeHbl TaKTUJIbHBIMU AaTuyrkamu (MOZ0GHBIMU TeM,
KOTOPbIE CTOAT Ha OGBIYHBIX IIaralImx po6orax), ¢
[IOMOII[bIO KOTOPBIX OHM MOIYT <«OLLYIIbIBaTb» pasHble
OPTaHbl, B TOM YWCJE€ MECTa, HEJOCTYIHbIE s desoBe-
yeckux mnasbnes (BHyTpM s>Keayaka, OpOHXa, KHIIKH,
MaJIoro Tasa, OPIONIHON 1T0M0CTH, TPYAHON KaeTkn). ITo-
Jgydennast uadopmaius npeo6pasyercs B 3JI€KTPOHHDII
BuJ, 06pabaThIBAETCS U AHATU3UPYETCS] HA KOMIIBIOTEPE.
B nanbHeiieM cUTHAJ MOKET Tiepe/ilaBaTbCs HA JIPYTOi
KOMIIbIOTEep 110 ceTu VIHTepHeT M BOCHPUHHMMATLCS CIie-
IIUAJbHBIM YCTPOUCTBOM. IJTO YCTPOHICTBO 1epeiaeT OlLy-
IIeHNe HAa PYKY HMCCJIe0BaTessT WK Bpada. Takum obpa-
30M, Ha6JI0/IaTe/ b, HAXOAIIUIICS B HEOCpeICTBEHHOIT
6JITM30CTH OT TpeaMeTa WCCJEeJOBAHUS WJN JKe yIaJeH-
HBIIT OT HETO Ha J060€ PACCTOSTHWE, B PEAJbHOM WJIN
yeunennoM (yBenmuennom) Buje OymeT Omymarb To,
9TO poGOT ONIYIBIBAET TaM, BHYTpH manueHTa. Hy passe
910 He yausureabnHo?! OurynblBaeT TaM U Apyroe ycr-
pOIicTBO, a YyBCTBYeTE BbI U 3/ECh.

Ha ocHoBe takTuabHbIX POGOTOB MOTYT ObITH pazpado-
TAHbl ¥ BHEJ[PEHbI MeIUITMHCKUE JeueGHble U AUATHOCTH-
YecKHe almapaTbl, Takue Kak Mpuéop [JsT UCIIOJIb30Ba-
HUSI BO BpeMs XUPYPTHYECKOH OTepaluu Wjn CHaGKeH-
Hble TAKTUJIBHBIMU JATYUKAMK SHAOCKOIbI (TacTpocKoIl,
KOJIOHOCKOTI, GPOHXOCKOII), TO3BOJISIOIME ONPE/IETUTh
CBOICTBA CTEHKU II0JIOFO OpraHa, IIOTHOCTb IIPUJIEralo-
X TKaHeil u T.4. Kpome TOro, cTaHOBHUTCS BO3MOXK-
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HBIM MCIIOJIb30BaHME I1€JI0OI0 pAJda MHCTPYMEHTOB C HO-
BBIMHU JIeueGHBIMU BO3MOKHOCTIMU (Maccamep JJI1 BHYT-
PEHHUX OPraHOB, IPOBEJACHUE <TI0/ KOHTPOJIEM I1aJibIla»
JIA3€PHOI'0 CBETOBOA AJIA pa3pyHICHUA OHYXOJII/I).

MexaHuka MaTepuanos

Ceituac MO/IHO TOBOPHUTD M MNCATh O HAHOTEXHOJIOTHUSIX.
OO6beKTbl U3y4YeHus: ¢ MPOCTPAHCTBEHHBIM HAHOMACIIITA-
60M MMEIOTCS BO MHOTHX HayKax — B (DU3UKe, XUMWH,
O6UOJIOTUY W MeulinHe. B TpanIMOHHbBIX 3a/[adaX MeXa-
HUKHI 3TOT MAacIITab O4eHb MaJi, ecju He CKa3aTh rpened-
PEXKUMO MaJ, a B psjie 3ajia4 (PU3NKN, XUMUHU, GUOJOTUN
HaHoMaciTab, Hao60pOT, BeChMa BEJIHK.

B noaxojiax K u3y4eHUIO YaCcTHIl U IIPOIECCOB HAaHOMAC-
mraba y GU3MKOB U MEXAHUKOB €CTb CYIIECTBEHHOE Pas-
Jguare. DUBUKE XOTAT M3y4aTh COOTBETCTBYIOIIHME IMPO-
IIECChI, MCXO/S U3 <«OCHOBHBIX» MPUHIIUTIOB — aTOMHO-
MOJIEKYJISIPHOI CTPYKTYPBI BEMIECTBA W 3aKOHOB B3aWMO-
nefictBust Meskay Humu (METO MOJIEKYJISAPHOI JUHAMU-
Kn). MeXaHuKH 5Ke MPOJI0JBKAIOT PACCMATPUBATD TTOBe/Ie-
HIle MAaTEPUAJIOB C HAHOCTPYKTYPOIl KaK OObEKT MeXaHu-
KW CIJIONTHON CPeibl — HAayKM, KOTOpas U3ydyaeT CIJIOII-
Hble cpesbl (TBep/ble, KUAKHE U ra3000pasHbIe), HCXO/SA
u3 crenu@uiecknx /g HUX ONPeAeJIoNnX COOTHOIIe-
HUI, T. €. cBI3ell Mexay AeopManmoOHHBIMI XapaKTepH-
CTUKAMHU U MEXaHWYeCKUMU HAIPSKEHUSAMU. IDTU CBS3U
BCEr/la 3aMMCTBYIOTCS M3 COOTBETCTBYIONINX 9KCIIEPUMEH-
TOB WJIU CIIEINATbHO Pa3BUBaeMbIX Teopuii. [Ipocreiimmii
MPUMED OTPE/IEISIONETO COOTHONIEHUS — 3HAMEHUTHIN
3akoH ['yka B Teopun ynpyroctu. Bripouem, sToro 3akoHa
HEI0CTATOYHO, TIOCKOJIbKY OH OTHOCUTCS TOJIBKO K CTaTH-
yeckuM JepopMalusiM M He YUYUTBIBAET CHJI, KOTOPBIE
BO3HUKAIOT B pe3yJibTaTe u3MeHeHUs gedopMaiuii co
BpEMeHEM, HAlpuMep B pe3yJbTaTe M3MEHEHUS JJTMHDI
npyskunbpl. MTak, MexaHuku paccMaTpuBalOT HaHOMAaTe-
pHUasbl KaK CILIOIIHbIE CPE/bl, HO ¢ HOBBIMHU, cleldu-
YeCKUMM JIJI1 HUX OIIPEEIAIONMMHE COOTHOIIEHUSMH.

ITH /iBa 110/1X0/1a MOKHO [IPO/IEMOHCTPUPOBATD HA IIPU-
Mepe o6pa3oBaHNs B MaTepHase JAe(eKToB — HAaHOMACII-
TaOHBIX TPEMIUH — SBJEHUS, OYeHb BAJKHOTO TIPH paspa-
60TKE TEOPHUH MPOYHOCTH MaTEPHUAJOB, OJHOTO W3 BaK-
HEHNX pas/ie/IoB MEXAaHUKH TBEP/BIX /1eDOPMUPYEMbBIX
cpes.

Dusukam MoKa yAaJa0och PeNUTh CACAYIONIYIO 3a1ady —
chopmysupyio ee IS TIPOCTOTHI JIOCTATOYHO TIPUOJIH-
skenno. [lomycTuM, aBe MPOTUBOIOJIOMKHBIE TPAHU KyOu-
Ka 13 TBEP/OTo MaTepuaja HAaYMHAIOT Pa3/BUraTbCs, CO-
xpanssi cBoio dopmy. B omHOll M3 GOKOBBIX TpaHeil
Ky6uKa B HANpaBJEHUU, TIEePIEeHNKYISIPHOM HaIlpaBJe-
HUIO PaCTSKEHUus, cllelal HaJpe3 — 3a4aTOK WJIU 3apo-
JpIn TpemuHbl. KyO6uK 3amosTHeH JOCTaTOYHO GOJBITNM
YICJIOM B3aWMO/ICHCTBYIONNX aTOMOB BelecTBa. HysKHO
OTIPEIEIUTH MUHUMAJIBHYTO CHJTYy PACTSKEHUS, TIPU KOTO-
poii KOHeIl TPEMUHBI CTPOHETCS C MecTa — TpelnHa
HavyHeT pacTu. MakcuMasbHOE YHCJIO aTOMOB, TIPH KOTO-
POM aBTOpaM yJaJoCh IPOBECTU PACYeTbl HA COBPEMEH-
HBIX CYIEPKOMIIbIOTEpPaX, paBHANOCH 32 MujnonaMm. C
YYETOM TOr0, YTO PACCTOSHUE MEX/y arOMaMu B KPHC-
TaJle HaXoAuTcd oObluHo B auanasone 1,5-3 A (oxun
AHTCTPEM PaBeH OJHOW ACCATUMUJIMHHON J0Jie MUJIIH-
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MeTpa), pagMep rpaHu KyGHKa COCTaBJSAJ BCETO-HABCETO
okoo 5-107° —107% mm. Hanpumep, aus xpucrasia
MOBAPEHHOIT COJTM, pemeTka KOTOPOro uMeeT KyOuuecKyio
dopmy ¢ paccrosnuem 2,8 A Mex1y COCEHMMU aToMa-
MM, TOJIy4nM JMHY pe6pa, pasayio 8,9-107 mm . IIpn
9TOM PAa3BUTHE TPENIUHBI y/IaJ0Ch PACCUUTATH JIUIIH HA
MEPBOHAYAIBHOI CT/ NN, KOT/[A TPEIUHA €Ille OYeHDb MaJia
10 CPABHEHUIO C Pa3MepoM KyOHuKa.

B cBs13u ¢ perneHneM aToi 3a1auu OBLIN TIPEATIPUHSITHI
HCCTIEeIOBAHMS BO3MOXKHOCTEH MPUMEHEHUSI METO/I0B Me-
XaHWUKHU CIJIOIIHBIX cpejl Ju60 HEeloCcpeiCTBEHHO, 60 B
COYETAaHUN C METOJaMU THIIA MOJEKYJSPHONH JUHAMUKI
I pacueTa 1ePOPMUPOBAHUS M PA3PYIIEHUST HAHOCT-
PYKTYPHBIX 06beKTOB. MoIeIMpOBaHue TPOBOAUIIOCH IS
CJIOUCTBIX 3JIEMEHTOB, a TaKKe [IJIST 2JIEMEHTOB B (hopme
HaHOTPY6OK. OKa3anoch, 4T0 KOAUITMEHTH! YIIPYTOCTH
(Momymm ynpyroctn) nakera, cogepskariero 10—12 atom-
HBIX CJIOEB, PACCUYNTAHHBIE METOIOM MOJIEKYJISPHOH TH-
HAMUKHU, YK€ TMPAKTUYECKN COBMAJIAIOT C MOJYJISAMU
VIIPYTOCTH MaKPOCKOIIMYECKOTO 0ObeMa TOr0 >Ke Mare-
puaJa.

Ynpamnoch paspaboraTb TOAXOM K MOJEIUPOBAHUIO U
pacuery 1eOpMUPOBAHUSI HAHOCTPYKTYPHBIX OGBEKTOB,
B YACTHOCTH HAHOTPYOOK W HAHOCJOEB. IJTOT IIOAXO/]
OCHOBaH Ha 3aMeHe (MOJEIMPOBAHUM) MCXOJHON aTOM-
HOI cucTeMbl, 06pasylolieil paccMaTpuBaeMblil HAHOCT-
PYKTYPHBIIT 00bEKT, KOHCTPYKIMei u3 crepskueit (crepik-
HeBo# cucremoii). Koadduimentsr ynpyroctu crepkuei
OTIPEIENIAIOTCS U3 YCJIOBUS COBIA/EHUS aHEPTUil pedop-
Maluil aTOMHON MOJeNW U ee CTEPKHEBOTO aHaJIora.
YxazaHublil 1I0AX0J IPUMEHUM, IIOCKOJIbKY BO3MOKHO
TIOCTPOEHNE TaKOHU CTEPIKHEBOM CUCTEMbl, SKBUBAJICHTHOM
Mo sHepruu JedopMar UCXOJHONH aTOMHOH cucrteMe.
[IpeumyriecTBo 1OOGHBIX MOJIeJieil B TOM, YTO OHH IIO-
3BOJIFIOT IIPU CPABHUTEJIHHO MAJOMOIIHBIX BHIYUCIUTEb-
HBIX CPECTBAX MPOBOJUTH PACYETDI /IJI BECbMa CJIOXK-
HBIX CHCTEM C 3JIeMEeHTaM! Pas3HbIX MacuiTaboB. B dacTt-
HOCTH, MOXKHO BDBIIIOJTHUTb MOJICJUPOBAaHUE 110Be/IeHUS
MaTepuaJa, HAMOJTHEHHOTO HAHOTPYOKaMHU.

Mexannka 1eopMUPyEMOTO TBEPAOTO TeIa U MEXaHU-
Ka MarepuasoB Bce B GOJbIIeH Mepe CTaHOBATCS (yHIA-
MEHTAJTbHOI OCHOBOH MPOEKTUPOBAHNUS MATEPUAJIOB C TI0-
BBIIIEHHBIMI XapPaKTePUCTUKAMN /1e(DOPMUPOBAHNS, TIPOY-
HOCTH ¥ CONIPOTHUBJICHUS PA3BUTHIO TpemuH. Mogenn
MEXaHMKHU TT03BOJIAIOT MOHATb NPUYUHDI BIUSHUSA CTPYK-
TYpbl MaTepuaja Ha Ipolecchl ero epopMUPOBaHUS U
paspyiuiennd. [10aToMy oHI O3BOJISAIOT PACCUUTATD 3aBU-
CUMOCTH CBOHCTB MaTepuaJia OT CTPYKTYPbl U MeXaHuvec-
KUX CBOHCTB 3J1eMeHTOB CTPyKTypbl. IlogBiaserca Bos-
MO’KHOCTb CO3/laBaTb Marepuasbl C >KeJaeMbIMU CBOIi-
CTBaMM, TOAOUPast HY)KHbIE XapaKTEPUCTUKH UX CTPYK-
Typbl. A Tiepexo/i K HaHOTEXHOJOTUSIM OTKPBIBAET HOBBIE
BO3MOKHOCTH [IJIST CO3/IJaHUST MaTepuasioB C 3aJ[aHHON
CTPYKTYPOH U MPHUBOAUT K HeOObrdHbIM 3ddeKrTaM B ux
MEXaHUYECKOM TIOBE/ICHUH.

[lo cux 1op peub HIIa O BO3MOXKHOCTSIX IPUMEHEHUS
Mojiesieil M METO/I0OB MEXaHUKH CILIOIIHBIX Cpel s
MO/ICJIUPOBAHUS MEXaHMYECKOro I[OBEICHUS HAHOCTPYK-
TYpHBIX 00beKkToB. OJHAKO B3aMMOCBSI3M MEXAHUKHU
CILJIOIIHBIX CPe/l ¢ HaHOMATepuaJaMi U HAHOTEXHOJIOTUSI-
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NPOTYJAKHN C ®U3UKOM

MU 3THM He orpaHuuyuBaiorcs. VIMeloTcs akcrepumen-
Tagabhble (2 B HEKOTOPHIX CJAydYassX U TeOpPETUYECKHe)
JlaHHbIE, CBU/ETEJbCTBYIONNE O BIMAHUN MEXaHUYECKUX
BO3/ICHCTBUI Ha 3JIEKTPOMArHUTHbIC M OLTUYECKUE CBOIi-
CTBAa HAHOCTPYKTYPHBIX 1 (Myn) HaHOMacmTabHbIX 0OBHEK-
toB. Hanpumep, nokasano, 4to Mexanudeckue Halpsixe-
HUS PACTSPKEHUS WU CoKaTUA CYLIECTBEHHO BJIMAIOT Ha
9JIEKTPOIIPOBOIUMOCTD B MOJIYIIPOBOIHIKOBBIX TIPUGOPAX
HAHO- ¥ MUKpoMaciitaba, B 4aCTHOCTU — HA XapaKTepuc-
TUKU paGOThI TT0JIEBOTO TpaH3ucTopa. JTH 3 PeKThl Tpe-
6yIOT UCCJeOBAaHUS ¥ Pa3pabOTKU COOTBETCTBYIOIIUX
(pu3MKO-MeXaHNYeCKUX MOjieJiell, YTO MO3BOJIUT IIPOTHO-
3UpoBaTh paboTy TeX WJM WHBIX U3/eJUN HAHOIIEKTPO-
nuku. Vcrosnb3oBanne MeXaHNUYeCKUX BO3/ICHCTBUI BeCh-
Ma MePCHeKTHBHO IS HEKOTOPBIX 06JacTell TeXHNUKH.

[TopuepkueM, uTo U3/AEAMA HAHO- U MUKPOJICKTPOHUKHI
IPEJICTABJSIOT COOOM, ¢ TOYKU 3PEHUS] MEXaHUKH, BECbMa
caoxuble KoHcTpykuuu. Ilosromy ucnosbsyemble A
PacueTOB MOJEJU TaKKe CJIOMHDI.

B 3akiioyenue OTMETHM, YTO Pa3BUTHE HAHOTEXHOJIO-
Uil TPUBOJAUT K HEOOXOAMMOCTU 3KCIIEPUMEHTAJBbHOTO

NPOTYJKH

C

KOHTPOJISI HE TOJBKO (PU3UKO-XUMIYECKIX, HO M MEXaHHU-
YeCKUX CBOIICTB HaHOW3eauil. BosHuKIa HOBas 0671aCTh
MEXaHUKH, CBSI3aHHAS ¢ pa3paboTKOI 1 MOJeTNPOBAHIEM
CXeM, METO/IOB M YCTPONCTB /IJIsI TIPOBEICHNUST NCTTBITAHWH
0 OmpejesieHuI0 AedOpPMAIMOHHBIX, HTPOYHOCTHBIX
CBOICTB ¥ COIIPOTUBJIEHUS Pa3PyLIEHUIO0 HAHOCTPYKTYP-
HBIX W HAaHOMACHITAOHBIX OOBEKTOB. BBuay cioxmoctn
OCYIIIECTBJICHUS CAMMX WCIIBITAHWI, CTAJ0 aKTyaJTbHBIM
HOBOE HAIIpaBJEHUE — KOMIIBIOTEPHOE MOJEJUPOBAHUE
MeXaHUYECKUX UCIbITaHnii (BUPTyalbHbIe MEXaHUYECKIE
HCIIBITaHKs). 3aMETHM, YTO HTOT METO/ JABHO MCTIOJIb3Y-
eTCsI TIOUTH BO BCEX TPAAUIMOHHBIX OOJACTSAX TEXHUKH.
Tak, npeskie yeM CTPOUTb U UCIBITBIBATb CaMOJIET, YTO
06XOINTCS OYEeHDb JIOPOTO, MPOBOJAT KOMITBIOTEPHOE MO-
JIeTUPOBAHNE €TO MCIBITAHWH.

MoskHO yTBep>K/1aTh, YTO MeXaHHUKa 3aiiMeT JOocToliHOe
MeCTO B psily (PyH/IaMEHTaJIbHbBIX HAYK, KOTOpbIe obecrie-
YaT ITIPOrpecc B Pa3BUTUH OOI[ECTBA, OCHOBAHHDIH Ha
UCIOJIb30BAHUK HAHOTEXHOJIOTUI.

(lpogonxerne cregyer)

OU3BUKOMH

KyueBble obnaka

(Ha4ano cM. Ha 4-1i cTpamHLe ob0XKu)

JlOBOJIBHO JIETKO OIEHUTH BBICOTY, HA KOTOPOW MPOUCXOIUT
KOHJIEHCAIMsl Tlapa B «CTaHAapTHOIl aTMocdepes, rie TeMmie-
patypa npu TojbeMe Ha
KasK J{bl i KUJOMET]

B
yMmenbinaercss Ha 6,5 °C.
Ilycrb, nanpumep, OTHO-

Hacaenue, klla

v

cuTeTbHAsS BJAXKHOCTH
BO3/lyXa Y TIOBEPXHOCTH
e oy 3emutt 50%, a ero Temre-
0 =10 0 +10 parypa 20 °C. Torna, uc-
Puc 1 T(J__u;]epaﬁ;_ypa,oc MOJIb3yd 3aBUCHUMOCTH
JIaBJIEHUST HACBIIEHHBIX
BOJIAHBIX T1apPOB OT Temiepatypbl (puc.1), MOKHO 3aKJIIOUUTD,
yro KoHjeHcanusa HauHercs npu 10 °C. JIerko BBIYKC/INTD, Y4TO
—r Y . TeMIeparypa <«CTaHjaapr-
“ HOIi armMocdepbl» MOHU-
. kaerca na 10 °C na BbI-
core okoJo 1,5 KM, 4TO
npuGIM3UTETbHO COOT-
‘ BETCTBYET BBICOTE ILJIbIBY-
MMX Ha/l HAMM Ky4eBbIX
00JIaKOB TIPU TaKUX ycC-
JIOBHSIX.

OueBUIHO, UYTO YeM
«BJIQKHEE» BO3/IYX, TEM
HIDKe GyayT o6pa3oBaTh-

cs1 KydeBble 00JIaKa.
W3 Bcex atux paccyx-
JICHUI CJIeLyeT, 4YTO Ky-
yeBoe 00JIaKO J[OJIIKHO
uMerb (OpPMy TLIOCKOTO
cJosg, Hanpumep OJMHA.
OnHako TpHM KOHJEHca-

Puc. 2
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Puc3

UM T1apa Ha BBICOTE, KOTOPYIO MbI OIIEHUJU BBIIIE, TIPOUCXO-
JIAT BbI/IeJIEHHE OFPOMHOTO KOJHMYECTBA TerJa. JTO TEIJo Ha-
rpeBaeT OKPY’KAIONUUI BO3AYyX M cojepsKaiuniics B HeM Tap,
BPEMEHHO IpeKpaliag 1poiecc ero KouHjaeHcaimu. Harperbrii
BO3/IyX, COJEpIKANMN 3HAUYUTETBHBIN TIPOIEHT Iapa, MPOoJi-
SKAeT MOJHNMATHCS BBEPX, U KOHJIEHCAIIMS €ro 1apoB IIPOUCXO-
quT Ha Oosbiieit Bbicote. W tak pasee. B pesysabrate Haj
IJIOCKAM OCHOBaHHEM KydeBOro obJaka o6pasyercs IIarka,
KOTOpast, Kak MpaBuyio, uMeeT GOpMy «Kydu», OTKyJIa U TIPO-
MCXOJUT HA3BAHME TOTO THUIA 06JAKOB.
38.METI/IM, YTO KYYEBbIC oénaKa MOTYT UMETHb CaMbI€ DA3JaNd-
Hbte Gopmbl (puc.2). Korga ycnamsaercs: BeTep U CTATKUBAKOT-
Csl MAacChl BO3MyXa PA3JHYHON BIAKHOCTH U TEMIIEPATYDPHI,
dhopma 061ak0B 1 UX pasmep uaMmenstiorest (puc.3).
K.Bozdanos
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eopemMa Xennv 1 BOKpyr Hee

B.[TPOTACOB

TpyaHo C TpemMa... [TOTOM 4UCTIO yXe He MMeeT 3HaYeHMA.
B.HepHbix. MockBa cnesam He Beput

EKOTOPBIE MATEMATUYECKUNE OB bEKTbBI IUME-
10T coOcTBeHHbIe nMeHa. Teopema Buera, mpsimas
ditnepa... Jlo6oit cTyneHT-MaTeMaTHK K MOMEHTY
OKOHYAHWSI YHUBEPCHUTETA 3HACT X CTOJBKO, YTO BIOJHE
MOr Obl CZIaBaTh CIEIATbHBIN 9K3aMEH: KaKkoe MMs 4YTO
osnauaer. Ecim Mencen — 1o nepasenctso, ecaun Dpes-
roJIbM — TO ajbTepHaTHBa, a ecau ['pébuep — TO 6asuc.
ABcTpuiickuil MaTeMaTHK XeJIJIM OCTABUJI TTocJie cebst TPH
BeJiKue TeopeMbl. OiHa U3 HUX SABJISETCS Tellepb HEOTheM-
JIEMOH YacTbIO BBIIIYKJIOH reoMeTpuu, /IBe ApPyrue IpoyHo
Jiersin B pyHIaMeHT Teopun GyHKIW. Bee Tpu omHaKOBO
BaKHBI U TI0JIe3HBI. [[09TOMY MaTeMaTnKy, He BJABasiCh B
Mo/IPOOHOCTH, TaK W HA3BIBAIOT UX TI0 HOMEpaM: IepBas,
BTOpast M TpeThbs TeopeMmbl Xesu. Ciydail, HACKOJbKO
HAM U3BECTHO, YHUKaJAbHbIH. OO0 yAMBUTEIbHOU CYIAbOe
aBTOpA TPEX TEOPEM MbI elle TOrOBOPHUM, a ToKa — O
MaTeMaTH4ecKoM cojiepskainu. CTaTbs MOCBSIIEHA Tep-
BOH TeopeMe XeJsin. JTa TeopeMa OTHOCUTCS K KpacuBeli-
el 06J1aCTH MaTeMATUKU — BBIMTYKJION reOMeTpui.
Hey:xenu BbIIyKJIbIle MHOXKECTBA TaK MHTEPECHBI, 4TO
JUIS HUX CO3/IaHO OT/IeJIbHOE HallpaBJieHHe MaTeMaTHKU?
[a, xota nousaan 310 oA He cpady. OauH U3 NEepBbIX
pPe3yJIbTaToOB BBIMYKJOW reoMerpun — Teopema Kormm o
JKECTKOCTH BBIMTYKJIbIX MHOTOTPDAHHUKOB, OTKpBITas B
1813 rony (0 Hell MOYKHO IIPOYNTATD, HAITPUMED, B CTAThe
H. Ton6ununa B «Ksanre» Ne 5-63a 2001 1.). K cepeune
XX Beka OBLIO YCTAHOBJEHO MHOMKECTBO HHTEPECHDIX
reOMETPUYECKUX CBOWCTB, MPUCYIIMX TOJBKO BBITYKJIBIM
durypam. CsoiictBa 3TH KacaioTcs 00HEMOB, CEUEHMUI,
0cOOBIX TOYeK, OOIIell CTPYKTYDPbI BBIMYKJBIX Tes. Tak
yeunusaMu MunkoBckoro, Pajona, @enxens, Anekcan/-
poBa, Kpeiina, [llaupenbmana, boarsuckoro, Pokader-
Japa, I'pror6aymMa 1 MHOTHX IPYTHX MaTeMaTHKOB BBITYK-
Jasi reoMeTprst 0DOPMIJIACh B OTAEJIBHYIO TUCIUILIHHY
(cMm. 06 atom crarbio B. Tuxomuposa B «Kpante» No 4 3a
2003 1.). U nepsas Teopema
XeJ1nu 3aHd/1a B Heil 10CToi-
HOe MecTo.
4 MHoskecTBO Ha3blBaeTcs
BUINYKIbLM, €CITH JIJIST TI0O0T
Hapbl €ro TOYeK OHO I[eJIH-
_ Heevinyrioe  goy comepsknT OTPE3OK MEK-
MHOHECTNED MHOMECTHEO Iy STHMH TOYKAMHU (pI/IC 1 )
pac. 1 BbinykJibie MHOKECTBA MBI
Takke Oy/ieM Ha3bIBaTb BBIMYKJIBIMU (DUTYpPaMU WJIH BbI-
yKJbIMU Testamu. OJiHa TouKa, Kpyr, TPeyrobHUK, I10J1y-

Bunyxaoe

Mockosckuil 20cy0apcmeenHnvlil YyHUGEPCUMEM, MeXAHUKO-MA-
memamuueckuil axysvmem,e-mail: v-protassov@yandex.ru
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ILJIOCKOCTD, BCSI IJIOCKOCTD — BBITTYKJIble (purypoi. HeTbipe-
XYTOJBHUK — BBIIYKJIbIN, €CJIM BCE €T0 BHYTPEHHUE YTJIbI
Menbite 180° (aT0, BIipoueM, BepHO U /15 JH060T0 MHOTO-
yrosbHuka; puc.2). Jlokaxure (310 COBCeM JIeTKoe YII-
Pa’kKHEHHUE), 4TO Iepecedenne Jo00ro, gaxke OeCKOHETHO-
TO, YHCJIA BBITYKJIBIX MHO-
JKeCTB — BBIMYKJO. [las
MHOKECTB B IPOCTPaH-
CTBE OITPE/IeIEHNE BbITYK-
JIOCTH OCTAETCSI TAKUM JKe.
[Tap, Terpasap, mouy-
MIPOCTPAHCTBO — BBITYK-
apl. Hanmeemcsa, sto me
OYEHD YCJOKHUT BOCTIPHU-
SATHE CTaTbH, €CJU Mbl
6yzieM (popMyIHpPOBATH BCe Pe3yJbTaThbl B OOIIEM Caydae,
JUIST TIPOCTPaHCTBA R? ,tme d =1, 2 wm 3 — ero
pasMepHOCTD. Taxk, R!— npaMas, RZ — IIJIOCKOCTD, a R3
— MPOCTPAHCTBO. MBI OIPAaHUYNMCS TOJBKO ATUMU CJIyda-
SIMU, XOTSI YUTATeJb, 3HAKOMbIN C MOHSTHEM d-MEPHOTO
eBKJIN/I0BA NpoCcTpancTBa (910 — MaTepuas mepBoro Kypcea
WHCTUTYTA), JIETKO MEPEHECeT BCe JI0KA3aTEIbCTBA U Ha
o01uii ciryyaii.

a>180°

Buoingrantit Hesuvinyxavtii
MHOZOYZOTIbHUK — MHOZOYZ0TbHUK

Puc. 2

MNMepBas Teopema Xennu

Teopema 1 (Xenmu, 1913). B npocmpancmee R dano
KOHEUHOEe CeMeliCmeo 8binYKAbIX MHOKecms. H3eecmmo,
umo nobvie d + 1 muoxecms nepecexaiomes. Tozda éce
OHU hepeceKarnmcs.

Wraxk, ecau jioOble, Kakue HU B3ATb, d + 1 MHOMKeCTB
HAIIIETO ceMelicTBA UMEIOT OOIIYI0 TOUKY, TO 1 BCE MHOJKe-
cTBa uMeroT obmuryio Touky. Ecmu d = 1, to R' — npsamas
suaus. JIio6oe BBIMYKJI0e MHOXKECTBO Ha TPSIMON — 3TO
YHCIOBOI TIPOMEKYTOK, 60 Koneunbrii (oTpesok [a;b],
unrepsan (a;b) wm noayunrepsar: [a;b) wm (a;b]),
n6o 6eCKOHeYHbII: JIyd 1 Best psiMasi. Teopema Xesin
B 9TOM CJlydae YTBEPIK/AET, UTO eCJU Ha HPSIMOU J[AHO
KOHEYHOE CeMEHCTBO MPOMEKYTKOB, TpUUYeM JI0GbIe JiBa
MEPECEKAIOTCST, TO M BCE OHMU TepecekaioTcsi. /lokasarb aTo
HECJI0KHO. [1ycTh, [ TPOCTOTHI, BCE HAIIN TIPOMEIKYTKI
—orpeskn [a; b;], i=1, ..., n. Cpe/it BCex J€BBIX KOHIIOB
@; TUX OTPE3KOB BO3bMEM HAUGOJIBIINN, TTyCTh 3TO Gy/1eT
a, . Cpejin Bcex TPaBbIX KOHIOB BO3bMEM HAUMEHDINNII,
nyctb ato 6ymer b, . Ecaum a, <b,, To Kaxabiii us
JIAHHBIX OTPe3KOB [a;; b;| conepskut orpesok [a; b, ], n
Bce sokasano. Hy a cayuait @, > b,, HeBO3MOXKeH: Tor/1a
orpeskn [ay; by| u [a,; b,,| ne nepecexatorcs.
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TEOPEMA XEJJHU WU BOKPYTI HEE 9

VYupaxuenue 1. [oxaxure teopemy Xesu B caydae d = 1
JUT TOGBIX TTPOMEKYTKOB.

CJI0’)KHOCTH HAYMHAIOTCS ¢ pa3MepHocTd d = 2. B atom
cayvae TeopeMa XeJlI yTBePsK/IA€eT, YTO eCyIi Ha [1JI0CKO-
CTH JJaHO KOHEYHOE CeMeHCTBO BBIIIYKJbIX MHOXKECTB,
npudyeM J06ble TPH TIEPECEeKAloTCs, TOTJa W BCE OHU
mepeceKaroTes.

[oxa3aTeabcTBO TeopeMbl XeJJU Mbl ITPOBEAEM /IS
caydass d = 2, a caydait d = 3 oCTaBUM B KadyecTBe
ynpaxkHenus. VITak, Ha MJIOCKOCTH /IaHbI BBIITYKJIble MHO-
xectBa Ay,...,A,, MoOble TPU U3 HUX IEPECEKAIOTCH.
Hanmo moxasathb, 4To Bce oHU Tepecekaiotcd. [Ipumernm
MEeTO/l MaTeMaTHYeCKOH MH/YKIINU TI0 YUCJTY MHOKECTB 7.
Ecnu n =3, To nokasbiBaTh Hevero. [lycrs n > 4, u gano,
uTO J1I06bIe 72 — 1 MHOKECTB nepecekaroTcest (910 — Ipearo-
JIOJKEHWE WH/TYKITIH, TTPUMeHEHHOE K JTI06bIM 72 — 1 MHO3Ke-
CTBaM Halllero cemeiicrtsa). [[OKakeM, 4TO IepeceKaioTcst
Bce n. IlpexamososkumM o6paTHOE: OHN HE TEPECEeKaIoTCs.
Torga pus mro6oro ¢ HafiieTcs Touka M, , TIpIMHAJIEKA-
mas BceM MHOXecTBaM Ay,..., A, , kpoMe A; . Ham nona-
H06ATCA TOMBKO MepBble YeThIPe U3 9TUX Touek: My, M,,
Mz n M,. Eciu 5T TOYKM ABJAIOTCA BepHIMHAMU
BDBIIIYKJIOIO YeTbIpeXyrojabHuxka M M,M;M, , T0O BO3bMEM
TOUKY llepecedyenus ero guaronaneid M;Ms; u M,M, u
o6osnaunm ee yepes M (puc.3). [lis kaxaoro k, oriny-
Horo ot 1 u 3, Toukn M| u M5 puHaLIEKAT MHOXKECTBY
A, , sHaunt (B cuay BBINYKJAOCTH!), ¥ BEChb OTPE3OK
M;M; nexur B A, M03TOMY
MeA,. Urax, M e A, nua
Bcex R, orsimynbix ot 1 u 3. Tak
JKe paccMarTpuBaeM W BTOPYIO
quaronanb M,M, , n nosydaem,
yro M € A, nuis Bcex R, oTany-
HBIX OT 2 u 4. Wrak, Touka M
npUHAATEeXUT BceM A, . Ecam
’Ke TOYKW He SIBJISTIOTCS BEpIIH-
HaMH BBIMYKJIOTO YeThIPEXYTOb-
HUKA, TO OJHA W3 HUX JIE)XUT BHYTPH TPEYTOJIbHHUKA C
BepumHaMu B Tpex aApyrux (mouemy?). [ycts Touka M
IIPUHA/IIESKHUT TPEYTOabHUKY M M,My (puc.4). Muosxe-
ctBO A, cojepxuT Bce TpH BepumHbl M;M,M;, a

M 3HAYUT, COJCPKUT BECh TPe-

! YrOJMbHUK (BHOBD MOJTb3y€eM-

cst BbIMyKa0CThio). Clreso-

BatesbHO, M, € A,. Ho, ¢

JIPYTOH CTOPOHBI, TIO OTIpe-

penenmo M, € A, npuBcex

M, o k # 4. llotomy M, — o6-

Puc 4 2 Iasg TOYKa BCEX MHOXKECTB

Ay, ...,A,. Jro 3aBepiiaer

JI0Ka3aTeJbCTBO MHAYKTHBHOTO Tepexosia oT n — 1 k n, a
3HAYUT, U Bcell TeopeMbl Tipn d = 2.

Puc. 3

Yunpaknenus

2. Ilpumenute TO K€ paccy:K/eHue [JIsI JO0KA3aTeNbCTBA
TeopeMbl XeJIIH B R3.

3. [IpuBeauTe npunMep, MOKA3bIBAOIINI, YTO TeopeMa XeJiu
HE BDBIMOJIHSAETCS I/ HEBBIITYKJIBIX MHOKECTB.

Jra TeopeMa BepHA M /iy GECKOHEYHOTO CeMEelCTBa
BBIITYKJIbIX MHOKecTB. [IpaBma, ¢ ogHUM [OTOJHUTE/D-
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HBIM YCJIOBHEM: BCE MHOXKECTBA JIOJDKHBI OBITh HE TOJDBKO
BBIITYKJIbI, HO €IIle 1 OrpaHndeHbl 1 3aMKHyTbl. C orpanu-
YeHHOCTBIO BCE TIOHSITHO: MHOXXECTBO OTPAHMYEHO, €CJIN
OHO COJEPKUTCSI B HEKOTOPOM Imape. A 9UTO 3HAUUT
3aMKHYTOCTB? MHOXeCTBO A Ha3bBIBACTCS 3aMKHYTBIM,
€CcJI OHO COJICP’KUT BCE CBOU IIpeJesIbHbIe TOUYKH. ITO
03HAYAET, YTO €CJIU MTOCJE/I0BATEIBHOCTD TOYEK X}, , k € N,
Kask/lag M3 KOTOPbIX npunajieskut A, crpemurcs (T.e.
HEOTPAHNYEHHO MPUGIMIKAETCS) K HEKOTOPOil TOYKE X, TO
npejiebHas TOUKA X Takke npuHajnexut A. Hanpumep,
O/THA TOYKA — 3aMKHYTOC MHOXXeCTBO. KpyT 6e3 rpaHuIibl
(OTKPBITHIN KPyT) HE 3aMKHYT, a C TPaHUIlCii — 3aMKHYT.
Ho ecuit BbIKOJIOTD 13 KpyTa JI06YIO TOYKY, OH IIEPeCTaeT
ObITb 3aMKHYTBIM. /JLJI1 BBIMYKJBIX MHOXKECTB MOXKHO
CKa3aTb TPOIIe: 3aMKHYThIe — 3TO MHOKECTBA, B3STHIE CO
cBoeil rpanureii. Mrak,

Teopema Xeanu eepua u 04 6ECKOHEUHBLX CeMeUCME
BHINYKABIX MHOKECMNE, ECU 6C€ MHOKECMEA 0ZPAHULCHDL
U 3aMKHYMbL.

[lokaspiBaTh MbI 9TOTO He GyjieM, OTMETHM TOJIbKO, Y4TO
1 OTPaHNYE€HHOCTb U 3aMKHYTOCTDb CYHIECTBEHHDI. HaHpI/I-
Mep, B cemeiicTse yueit Ay = [k + ), k € N, Ha npsamoii
R1 BCE€ MHOJKECTBA BDbIIIYKJIbI 1 3aMKHYTbI, 1 JI0OBIE ABa
HepeceKaloTcsi, Ho BCe OHM HE UMEIOT 0011eil ToOYKH. 3/1ech
HE BBINOJHEHO YCJOBHE OIPAHMYEHHOCTH. A €cJu He
BBITTOJIHEHO YCJIOBHE 3aMKHYTOCTH, KOHTPIIPUMEp [aeT

ceMelicTBO UHTepBaJIOB A = (0; %) , keN.

KTo Bbl, Muctep Xennu?

JKusnb daBapna Xesam — CToJb JKe sSpKas U HeoObId-
Has, Kak W ero TeopeMbl. Kaszamoch ObI, 37as cyabba
Jlesasa Bee, 4ToObI He JIaTh eMy 3aHUMAaThCs HayKoi. XoTs
HAYaJI0 KU3HU 00emano 6JNCTaTebHYyI0 Kapbepy. 3amiu-
tuB B 1907 rony mucceprammio B Benckom yHUBepcuTere,
23-7eTHUil y4eHblil OblJ HAIIPaBJIEH HA TOJOBYIO CTaXKH-
poBky B l'epmanunio, B lertmHreHckmii yHuBepcurer —
IEHTP MUPOBOII MaTeMaTUKU TOTO BpeMeHu. Ero yuures-
mu ctaiu ['mab6epr, Munkosckuii, Kieiin. Bepuysiumch
B Beny, oH 3aH47ICS HOBBIM I1€PE/IOBbIM HAIllpABJIEHUEM —
teopuei pynkiwmii. B 1912 rogay Xesu ny6aukyer paboTy
«Uber lineare Funktionaloperationen» (O auHeiiHbIx
(PYHKIIMOHANBHBIX OIEpaTopax), IJe [MOKa3bIBAET JIBE
dyHIaMeHTaNIbHBIE TEOPEMBI, KOTOPBIE CTAJN TOTOM HA3bI-
BaThCsl BTOPOH M TpeTbeil TeopeMaMu XeJssan, a KpoMme
TOTO, /IOKA3bIBAET OJIMH M3 OCHOBOIIOJIATATONIX PE3yIbTa-
ToB Teopuu dyHKImit — reopemy Xana—bBanaxa (3a 15 ser
qo Xana u 3a 20 — go Bamaxal). Xeaaum ocosHaer
UCKJTIOYUTEJNBbHYIO BAXKHOCTD BBIMYKJIOH T€OMETPUU U 4e-
pe3 rojl IoKa3biBaeT «IepBylo Teopemy Xesans. [la, 1a,
nepBas TeopeMa XeJIJIU MOSBUJIACH Ha TOJ[ 1T033Ke BTOPOl
n tpetbeit! Ho oy6mkoBars on ee He yenes. B 1914 rony
IpsHyJIa [epBasg MUpoBas BOHHA, U IOALaHHBIH ABCTPO-
Benrepckoit umnepun Jasapa Xesiu OblI MPU3BAH HA
BOCTOUHBIH (poHT — BoeBath ¢ Poccmeii. Ilocse roma
TSDKeJbIX 60eB JIEHTeHaHT XeJITH TOJYYUT CMEPTEJIbHOEe
paHeHwue: MmyJist MpoInia yepe3 jgerkoe. OH 4yI0M BbIKILI,
oMl B PYCCKUIA TIJIEH, HECKOJIBKO JIET TIPOBEJ B PYCCKUX
TOCIUTANIAX, & 3aTeM B Jiarepgx /sl BOCHHOILJIEHHBIX B
Cubupu. B 1918 roay Boiina 3akonuunach. /s Bcex, Ho
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He /LI [JIeHHbIX Ha Teppurtopun Poccun. ITockonbky, Kak
nucaay 3ala/iible MCTOPUKHU, «PYCCKUE apMUM, BMECTO
TOTO 4YTOOBI CJOKHTD OPY’KHME, HAayajJu BOEBATh JIPYT C
npyromsy. B Poccun Havanach rpaskiaHcKast BOWHA, TOJO/,
HepasOepuxa. Xesmn go6padcst 10 Bragusoctoka, oTTy/1a
— B Anonmnio, yepes Bcio Asuio — gomoii. JIummb B 1920 romy
eMy ya10ch BepHyThest B Beny, rae on (mocote mectuier-
HEro mepepbiBal) BO3BpAlIaeTcs K HAYYHBIM 3aHATUAM U
MoJiydaeT psiji CUJIbHBIX pe3yJibTaToB. HecMoTps Ha ato,
YCTPOUTHCA Ha IPENoiaBaTesbCKylo paboTy OH HE CMOT:
BCE MeCTa B YHUBEPCUTETaX OBLIM 3aHSATHI MOJIOIBIME, U
TPUALIATUCEMUJICTHUI MHBAJI/ BOWHDBI OKAa3aJCsd HUKOMY
He Hy>XHBIM. Ho Xesmn He caeTcst: 3apabaTbiBaeT perie-
TUTOPCTBOM, WHIIET <«PeNIeOHUKN», Aaxke paboTaeT B
6aHKe, a TIocJie — B CTPaxoBoii KoMnaHuu. [locTerneHHo ero
JKU3HD YCTpPaWBaeTCs, CJOysK0a B CTPaXOBOW KOMITAHUU
MPUHOCUT XOPOIIUH JJOXO/T, OCTABJISIS BPEMS [IJIT HAYTHBIX
UCCJIE/IOBAHUI, KOTOPbIE OH He MpeKpalaeT Hi Ha JICHb.
Kazamnoch 6b1 — 4epHas moJioca B sku3Hu mpomiia. Ho B
1938 roay B Beny Bxoagt Hanuctbl (1evaabHO U3BECTHBIN
«@HILTIOC ABCTPUU» ), U eBpess XeJIN YBOJbHSAIOT, TO/I-
Bepraior npecJegopanugM. OH IIpUHUMAET pelieHne SMUT-
puposatb ¢ cembeii B CIIIA. Ecsin 6b1 o1 3TOTO He caemnat,
TO, BEPOSITHO, OKazajicst 6bl B Ta3oBoil kKamepe. yKusub B
AMepuke TToHauaJTy GbLTa HEJIETKOI: CTpaHa IeperoTHeHa
yueHbIMH 13 EBpomsl, 6eskaBuiMu ot dammama. JIummb
MOJI/IEPsKKA U MTOMOITh AJibOepTa DWHIITEIHA TO3BOJIHIIH
XeJIT TIOJIyYuTh paboTy B YHUBEPCHUTETE, T/Ie OH HAKOHETI-
TO CMOT TOJIHOCTBIO CKOHIIEHTPUPOBATHCS HA HAYYHOI
pabore.

MpunoxxeHus TeopemMbl Xennu

Mpbl HauHEM ¢ TPUMEHEHUH TeopeMbl XeJlJIn K 3a/iauaM
3JIEeMEHTAPHOU TeOMeTPUH.

3agaua 1. Ha naockocmu 0ano npoussoivioe MHoXKe-
cmeo mouex. JI100vie mpu U3 HUX MOKHO HAKPLLING KPY2ZOM
paduyca 1. Tozda' u 6ce MHoKeCcmME0 MOKHO HAKPLIND
Kpyzom paduyca 1.

Pemenne. [Ipumenum teopemy Xesn K CeMEHCTBY
3aMKHYTBIX KPYTOB €[MHUYHOTO pajinyca C IIeHTPAMU B
TOYKaX JAHHOTO MHOKecTBa. JIfoOble TpU Kpyra rnepeceka-
iorcss (nx o6mas ToYKa — HEHTP EeAMHUYHOTO KpyTa,
KOTOPBIH TIOKPBIBAET TPH COOTBETCTBYIOIIME TOUKM ). 3Ha-
YUT, BCE KPYTH UMEIOT HEKOTOpYIo o6mryio Touky O. Torzna
eIMHUYHBIN KPyT ¢ 1eHTpoM O CcOmep:KUT Bce TOYKH
HAIIero MHOXKECTBA.

Pemtenvie 3ajiaun 1 ¢ npuMeneHueM TeopeMbl XeJuid
nosiBusIoCh BiiepBblie B 1941 rony B pabore Bitomenrtans u
Basmna. OiHako B TOM e IOJIy ero He3aBUCHUMO TTOJTY YT
yueHuk 182 mockoBckoii mkospl Muiia Bonrapa. Cayuu-
Joch 3TO Tak. 3ajgava 1 OblIa MpeIoKeHa Ha CebMOi
MocCKOBCKOIT MaTeMaTHYeCKON OJIMMINA/IE TTKOJbHIKOB
BecHol 1941 roma. Ee aBTopbl mpeamosaramym Jpyroe
pemmenne. Ognako M.Bonrapa cBen 3amauy K Teopeme
Xes, KOTOPYIO, KOHEYHO JKe, He 3HaJ, HO JOCTATOYHO
OBICTPO [TOKA3AJI JIJIS CJiydasi, KOTr/la BCe BBIMYKJIbIe (DUTy-
Pbl — OJIMHAKOBBIE KPYTru. B TOM ’Ke TOMy TaJlaHTINBBIHA

"' Popmyauposkax 3adan u ynpaxneruil Mol 6yoem onycKamo
caosa </loxaxume, umo...»
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ITKOJbHUK TOCTYNMUJ B YHUBEPCUTET, HO HAYABIIAICS
BOWHA TIpepBaJia Bce KM3HEHHble TiaHbl. OH yiies Ha
¢pont, 6b11 panen. Ilocne BoitHbl Muxans MonceeBud
Bonrapa cran KpymHEHIIMM MaTeMaTHKOM, OJHUM U3
OCHOBOTIOJIOKHIUKOB MAaTEeMaTHYECKOTO MOJICTTUPOBAHUS U
TEOPUH PaCMo3HaBaHUA 06PaA30B.

Bor ere oiHO TpuMeHeHWE TeopeMbl XeJIJIN K TeOMETPH-
yeckoil 3ajave. JlaH NPOM3BOJIbHBINA BBIMYKJbBIH CceMU-
YTOJTbHUK. PaccMOTPUM BCEBO3MOSKHbBIE BBITYKJIbIC TISTH-
VIOJbHUKN C BEPIIMHAMU B BEPIIMHAX CEMUYTOJbHUKA.
CxoJsbkO Bcero Takux nsruyroabHukoB? Posuo 21. B
caMOM JieJie, KaXK/OMYy I[STUYTOJIBHUKY COOTBETCTBYET
napa BepiuH (CeMUyToIbHUKA), KOTOPbIE OH He CoAep-
skutT. [loaToMy NATHYTOJBHUKOB CTOJIBKO, CKOJBKO Tap
BEPIIMH Y CEMUYTOJHHUKA, YTO PABHO YHCJIY COUCTAHWI 13

7-6
710 2, a3T0 T = 21 . Oka3bIBaeTcs, BCE 3TH ISATUYTOTb-

HUKHM UMEIOT 00TIyI0 TOYKY!

3anava 2. /[ npoussonvHo20 8bINYKI020 CEMUYZO0Ib-
HUKA 6Ce BLINYKIble NAMUYZOILHUKU C GEPUUHAMU 6
BEPUUHAX CEMUYZOTLHUKA UMEIOM 0OULYI0 MOUKY.

Pemenue. Kax/iplii 9THYTOJBHUK He cOOEPKUM POBHO
JIBE BEPITHHBI CEMIYTOIbHNKA, TO3TOMY JIFOOBIE TPH MSATH-
YTOJBHUKA NMEIOT OOIIYIO BEPIINHY, a 3HAUUT — IepeceKa-
ioTcd. OcraeTcs IPUMEHUTD TeopeMy XeJLIu.

Cuaenytonmmii npumep — u3 aareOpol. Hamomuum, 4To
JINHETHBIM HEPABEHCTBOM C JIBYMsI IlepeMEHHBIMU HAa3bIBa-
ercsi HepaBeHCTBO Buzpa ax + by + ¢ < 0 (crporoe
HepaBeHCTBO) uian ax + by + ¢ <0 (uecrporoe).

3agava 3. Jauma cucmema uz 100 nuneiinvix nepa-
sencms. Ecau a100vie mpu u3 Hux umerom oduee peuie-
Hue, Mo U 8Csl cucmemMda umeem peweHue.

Pemenne. Muoxectso touek (x; y), yAOBJIETBOPSIO-
IMIUX JUHENHOMY HepaBEHCTBY, SIBJISETCS IMOJYILIOCKOC-
TBIO, JM60, B MCKIIOYUTENBHOM CJydyae, Korja @ = b =
=0, ¢ <0 (um ¢ <0), miockoctbio. B mo6om cayuae
3TO MHOKECTBO BBITYKJO. Temepb TpUMEHsEM TeopeMy
XeJs.

3apaua 4. Ha niockocmu 0anvl HECKOALKO NAPALIENb-
HbLX ompe3kos. Hagecmio, umo 015 106vix mpex ompe3s-
K06 Haildemcsi npsimas, ux nepecexarowas. Tozda cyuje-
cmeyem npsamasi, nepecexaouids 6ce 3Mu OMpesKu.

@DopMyIMpOBKa 3TOW 3a/lauul BIIOJIHE 3JIeMEHTapHa, a
BOT pentenne — HeT. Hy:kHO 6y/1eT paccMOTPETh BBITYKJIble
MHOKECTBA, COCTOSIIINE He U3 TOUEK, a U3 NpsMbIX. C aTuM
MIPHEMOM Mbl BCTPETUMCS U B JJAJbHENIIIEM.

Pemenne. Bezem cucreMy KOOpAMHAT TakK, YTO OChb
Oy mapaJjiesnbHa TaHHBIM oTpe3kaM. JI10601 13 0Tpe3KoB
cocrout u3 touek (x;y), AL KOTOPBIX X = X,, Y <
Sy<y,, rae Xx,¥Y,Y, — Hexoropble uucia. IIpsamaa
y = kx + b nepecexaer aTOT OTpPE30K, ecan ¥y < Ry +
+ b < y, . llocTaBuM 3TOI MPSIMOI B COOTBETCTBHE TOUKY
(kb) € R* . MuoskectBo touek-npsmbix (k;b), mepeceka-
IONIX JTAHHBII OTPE30K, YI0BJIETBOPSIET BYM JIMTHEIHBIM
HEepaBeHCTBaM, a 3HAUYUT — BBIMYKJO. Jlio6bie Tpu Takmx
MHOKECTBA TIEPECEeKAIOTCSI, MOCKOIbKY CYIIECTBYET TIpsI-
Masi, Tlepecekarormas Tpu orpeska. [loaTomMy Bce MHOXKe-
CTBa WMEIOT OOMIYI0 TOUKY, T.€. CYIIECTBYeT IpsiMasi,
mepeceKaronas Bce OTPe3KN.
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Yunpaxknenus

4. CchopmymmpyiiTe 1 JoKaKuTe aHAJIOT 3a7aun 1 B mpocTpaH-
crBe R? .

5. Ha xoopauHaTHOIT IJTOCKOCTH [JaHO HECKOJIBKO BEPTHKAJIb-
HBIX OTPe3KOB. Ecim a1 JI0OBIX TPEX OTPE3KOB CYIIECTBYET
napa6ona y = x> + px + ¢ , KOTOpas UX Mepecekaer, To Haiiier-
cs Takas napaboJia, Mmepecekaionas cpazy BCe OTPE3KH.

Teopema MuHkoBckoro—-PagoHa

Tenepp mnepeiiieM K GoJjiee 3HAYMMBIM IIPUJIOKEHUIM
TeopeMbl XeJLIM, COCTABJSAIONUM BIIOJHE CAMOCTOSATE Ib-
Hble U BasKHbIe TeopeMbl. [lepBag u3 HUX Obliaa JOKa3aHa
B 1911 ropy BesukuM HeMelKUM MaTeMatukoMm ['epmanom
MunkoBcknM (1864—1909), oguuM m3 OcHOBaTeJel BBbI-
MYKJIOH TeOMETPUY 1 BBIITYKJIOTO aHAIN3a, 2 3aTeM yCHUJIe-
Ha ero yuenukom Morarnecom Pajonom (1887-1956). Dra
TeopeMa yCTaHABJIMBAET O/THO O6IIee TeOMETPUYECKOE CBOI-
CTBO BCEX BBIMYKJBIX MHOXKECTB.

Teopema 2 (Munkosckuii, 1911; Pagon,1916). Buym-
pU NPOUZBOSLHOZO 0ZPAHUUEHHOZO GHINYKI0Z0 MHOKE-
cmea 6 npocmpancmee R naiidemes mourxa M, o6.1ada-
10was caedyuum ceoticmeom: 0 1060t xopdo. AB,

dseii wepes M AM 4
npOXO Aueu ltepe3 , umeem BM = .

[l JaHHOTO OTPaHUYEHHOTO BBITYKJI0T0 MHOXKecTBa G
HamMeHbIIee Yucjao Y, A8 KOTOPOTo HaijaeTcs Touka M

AM
TakKas, u4To W <Y qus so6oii xopbl AB, nipoxosiieit

yepes M, HasblBaeTcsi KoHCTaHTON Munkosckoro—Pajo-
Ha. Mbl Gyem o6o3Hadarb a1y KoHcTanty Y(G). fcuo,
uto Beerpa Y(G) 2 1. B camom gesne, 1715t TpOM3BOJIBHOlM

AM
XOpZbl MOJKEM CUUTATb, YTO W > 1, nHadye IIOMeEHAEM

MectaMut TOUKu A 1 B. C ApyToil CTOPOHDI, HAIIPUMeEp, I
kpyra Ha miockoctn Y(G) =1, 10 xe — ama mapa B

npocrpanctse R? . D10 ske BepHO 1151 T1060iT IEHTPATBHO-
CUMMETPUYHON BBIIYKJION (PUTYPDI, IIOCKOJIbKY, [IOMECTHB

AM
TOuKy M B IEHTP CUMMETPUHU, IOJIYyYUM BM =1 nana
Jm060ft Xopabl. [loaToMy A7 TIPSIMOYTOTBHUKA WJIH LIS

KyOa koHcranta Munkosckoro—Pajiona pasna 1. Bepno n
obpatroe: ecin Y(G) =1, to durypa G umeer ueHtp
cummerpun (ynpaskuenue 6). Takum 06pasoM, KOHCTaHTa
Munkosckoro—Pajiona — 3To cBoero pojia Mepa HeCMMeT-
puutoctu burypsl. Teopema 2 yTBep:KIaeT, 4TO «CJIHUII-
KOM HECHMMETPUYHBIX> BBIIYKJIBIX (DUTYD He ObIBAET, J1JIsI
Kaxaoi u3 uux y < d . Tak, y m060il 110CKO# (Urypbl
y <2, ay mo6oil mpocTpaHcTBeHHOW Y < 3 .
HokasareabcTBO 1poBeneM st miockoet (d = 2).
[lst kaxzoii toukn A € G o6osnaunm uepes G, dury-

py, romoretnunyio G ¢ koapdurmenTom 3 OTHOCHTEJIHHO

toukn A. Uupivu croBamu, G, mosydaercss u3 Gurypbl

G cxxartueM OTHOCUTENBbHO TOUKH A ¢ KoadduiimenToM 3

Jlna mo6bix Tpex Touek Ay, Ay, A3 € G durypot G4, Gy,

u G, wumenor ofmyo Touky K — TOYKY mepeceyeHust

MequaH TpeyroibHnka AA,A; (puc.5). B camom gese,

eca P — cepepuna orpeska A, Az, TO 110 CBOICTBY Meuan

AK 2

ﬁ =3 ATaKKaK P e G (spimykmoctn!), 10 K € G4 .
1
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Puc. 6

Puc. 5

Ananornuno, Ke G, n K e G, . IIpumenus reopemy
Ay 3
Xesnu, noaydaeM, uto Bce purypet G, , A € G, nepece-

KaloTca B HekoTopoil Touke M (puc.6). Ecau mposectu

AM 2
yepe3 M mpousBoJbHYyIO Xopay AB, To B < 3 1o-

<2,

Kaxkas xe ¢urypa sBisercs caMoif HECUMMETPUYHOM,
T.e. y Kakoii purypor Y = d ? OTBeT BIIOJIHE OKUTAEM: HA
IJIOCKOCTH — 3TO TPEYTOJIbHHUK, TIpuyeM Jo6oi, a B
npocrpancTse — rerpasap (ynpaskuenue 8). Y iuBUTEIbHO
apyroe. OxasbiBaercsi, 910 — euHCTBeHHbIe Gurypoi (B
pasMepHoCTsIX 2 1 3), /Uit KOTOPbIX KOHCTaHTa MUHKOB-
crkoro—PasioHa paBHa d, y BCeX OCTaJbHBIX (DUTYp OHA
MeHble!

cxoabky M € G, a 3Ha4nT,

Yupaxuenus

6. Ecom koncranTa MuHKOBCKOTO—PajloHa 3aMKHYTOTO BbI-
MYKJOro MHOXecTBa paBHa 1, TO MHOKECTBO MMeeT IIEHTP
CUMMETPHUN.

7. Jloxkaxure TeopeMy MunkoBckoro—Pajiona B R3.

8. o1 mo6oro TpeyroJabHuKa Yy = 2, a /U1 J11060ro TeTpasipa
y=3.

9. Boruncaure koucranty MunkoBckoro—Pajiona

a) g Tpamenmu co croponamu 1,1,1 u 2;

6) I IPAMOTO KPYTOBOTO KOHYCa,;

B) JUISL TIPABUJIBHOI TPEYTONBHON MPU3MBbI.
3
10. IIpuBeauTe pUMEp MIOCKON PUTYPBI, ¥ KOTOPOil Y = 5
11*. Eciu a1 nockoil purypst y = 2, TO 3T0 TPEYIOJIbHUK.
Ecmn s Bemyksoro Tera B8 Ry =3, To 510 TeTpasap.

(Durypy u Teso cuuTaeM 3aMKHYTHIMU. )

HepaBseHcTBO OHra

BosbMeM MPOM3BOJIBHOE MHOKECTBO Ha IJIOCKOCTH, KO-
HeurHoe nm 6eCKOHEYHOe, BBITyKJI0e nin Het. V3BecTHo,
4TO PACCTOSTHUE MEXKAY JIOOBIMH JBYMsI €0 TOUKAMH He
npesBocxoaut 1. VHTepecHO, KPyromM Kakoro pajamyca
MO>KHO HAKPBITh 5TO MHOKeCTBO? UTOGBI CTPOro Imocra-
BUTb 3a/la4y, Mbl OFPAHMYMMCS 3aMKHYTbIMU MHOKECTBA-
mu (5710 calesano aas yao6¢TBa M, BOOGIIE TOBOPS, HECY-
IECTBEHHO) M BBEJIEM JiBa 0603HAYEHM.

JlnaMeTpoM OrpaHMYEHHOTO 3aMKHYTOIO MHOKECTBa
Ha3bIBAeTCsl HambOJIbIIEe PACCTOSHUE MEXK/IY ABYMS €ro
Toukamu. Jlmamerp MHOKecTBa MbI GyseM 0603HayaTh
6ykBoii D, a HamMeHbImil paguyc kpyra (8 R® — mapa),
B KOTOPOM MOMENIAETCST 9TO MHOKECTBO, — yepes R. ScHo,
uro Bcerna R < D . B camom nene, xpyr (imap) paamyca

29.05.09, 14.01
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D c¢ uentpoMm B J1060i1 M3 TOYEK [JaHHOTO MHOXKECTBA
COZIEPIKUT BCE MHOKECTBO. MOJKHO JI 060NTHCH MEHBIINM
pajurycoM — BOT Bompoc. [l HeKOTOPbIX MHOXKECTB — Jia.
Hampmmvep, mpsaMoyrobHUK AnamMeTpa D MOXXHO HAaKPBITh
KpyToM pazanyca D /2. JleficTBUTeJbHO, THAMETP MPSIMO-
YTOJBHUKA PaBeH €r0 JMaroHaId, a PAJUyC OMHNCAHHOTO
KpyTa paBeH ee MOJOBUHE. Tak 4ITo JJIsT IPSIMOYTOTbHUKA
R = D/2. Ha camom jiejie 3TO BepHO i JIO60TO
MHOKECTBA, UMEIONIEro MeHTp cuMmmerpun (yrpaskHeHue
12). A BOT /I8 PABHOCTOPOHHETO TPEYTOJIbHUKA PaHyC

HaKPBIBAIOIIETO KpyTa 4yTb GoJibiie: R = ?3 D . Oxas3bl-

BaeTCsl, 4TO TAaKOro PaJinyca XBATUT HE TOJDbKO JIJIst
TPeyroJbHUKA, HO U [IJIsT JTI060TO TJIOCKOTO MHOKECTBA.
dra Teopema Oblta qokazana B 1901 T. HeMelKuM MaTeMa-
tukoM [enpuxom IOnrom.

Teopema 3 (10ur, 1901). Jo6oe ozpanuuenioe 3amx-
Hymoe MHOKecmso A R? Juamempa D moxHO nomec-

d
0 —F—D
mumo 6 wap paouyca 2d+1)
Wrak, R < LD. I10 — Hepasencmeo FOmza
2(d +1)

MEX/AY AUaMETPOM MHOIKECTBaA U Pa/INyCOM HAKPbIBAIOIIE-
ro umapa. TaK, JLJIA JI000r0 IIJIOCKOIO MHOKECTBa

R<D _2 = ED . Kak Mb1 Buzesn, paBeHCTBO
2(2+1) 3

AOCTUTaETCA [JIA IIPAaBUJIBHOTO TPEYTroJIbHUKA. A JLTA

3
106oro MHOXecTBa B R’ noaysaeM R<D |——— =

2(3+1)
= \/gD , YTO B TOYHOCTH COOTBETCTBYET IIPABUJIBHOMY

TETPAd/IPY.

Hepagencto IOnra qokasano 3a 12 jiet 10 nosiBaeHust
teopembl Xesmn. Ho MaTemaTika He BCeTa TOAUNHSIETCS
xponoJsiornu. U nepasenctBo IOHra — ecrecTBeHHOE CJIejI-
cTBUE TeopeMbl Xesn. A yBUAETb 3TO HaM TMOMOKET
sagaya 1 (cM. Bblme). Mbl JloKaxkeM TeopeMy 3 IIOKa
TOJIBKO JIJIS1 TIJIOCKUX MHOKECTB, T.e. pu d = 2. 5

3

[dokazareabcTBo Teopemsl 3. O6o3HauUNM R, = =3

1 JJOKa)KeM, UTO JTO6bIe TPU TOYKN MHOKeCTBA A MOKHO
HAaKpBITh KPyToM paamyca R,. Bocmosb3oBaBimmch 3a1a-
Yeif 1, TOJyYnM, 4TO MHOKECTBO A TIETMKOM HAKPBIBACTCS
KpyToM paanyca R,, 9To u HY:XHO. Bo3bMeM mo6ble TpH
Toukn MHOKecTBa A. OHM ABJISAIOTCS BEPIIMHAMU TPEY-
roJIbHUKa A , BCe CTOPOHBI KOTOPOTO He NpeBocxXoadaT D.
Eciu A — ipaAMOyTO/IbHBIIT WK TYTIOYTOTbHbBII (BKJIIOUas
BBIPOXK/ICHHBIN CTy4ail, Kor/ia BepIIMHbI JeXKaT Ha OJHON
paAMOii), TO KpPyr, MOCTPOEHHBI Ha ero HauGoJbIIel
CTOpPOHE KakK Ha Juamerpe, colepxur A . Paauyc atoro
Kpyra He mpesocxoaur D /2, 4To maske MeHbINE, YeM
Hy>kHO. Ecsin ke A — 0CTPOYTOJIbHBII, TO HAMOOJIBIINIA U3
ero yrjaoB > 60°, W 1O TeopeMe CHHYCOB paJWyC €ro
D _3,
ONMCAHHOTO KPyra He HPEBOCXOMUT o mer s = —
Temepnb BHoJIHE OKHIaeMO OBbLIO ObI yIPasKHEHUE s
qUTATENIS «IOKAKUTE TEOPeMy 3 B MpOCTpaHcTBe R ».
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OpHako, B OTJIMYUE OT MPEAbIAYIIHX IPUMEPOB, C/EIaTh
3TO HE TaK IIPOCTO, TPEXMEPHbI CJydail 3€Ch CHUJIBHO
OTJIMYAETCS OT IJIOCKOTO. [IprudeM Hauato JoKas3aTeIbeTBa
COBIA/IAET TIOYTH JIOCJOBHO: C MOMONIBIO TEOPEMbBI X eJLIH
TeopeMa 3 CBOJUTCA K 4eThIpeM Toukam (ynpaxknenue 4),
T.€. K CJACAYIONEMY YTBEPKACHUIO:

Tempaadp, ece pebpa komopozo ne npesocxodsm D,

codepixumest 8 kKpyeze paduyca Ry = \/%D'

Ocrajioch «BCETo JIMIb» 9TO J0Ka3aTh. 3/1€Ch, OAHAKO,
HAaC MojcTeperaioT TpyaHoctu. Hare paccyskienue c
TPEYTOJIbHUKOM HEJb3sl TPSIMO MEPEHECTH Ha TETPAd/IP.
HesicHo, 4TO 3HAYUT «TYIOYTOJIBHbII TETPasap», M HET
TEOPEMbI CHHYCOB, C TIOMOIIBIO KOTOPOH MOKHO ObLIO Ob
HaliTW paJinyc OnucaHHoi cdepbl 4Yepe3 JIUHY pebpa.
[Tpugercst naru apyrum, GoJiee AJTUHHBIM MyTEM.

YutaTe b MOKET NPOIMYCTHTh 3TO PACCYK/JAEHHE U Cpasdy
nepeiiTi K ynpaKHeH!sIM WM K CJeAyIoleMy pasaeny. A Js
TeX, KTO BCE K€ XOYeT pa3o0paThbCsl C TPEXMEPHBIM HepaBeH-
crBoM FOHTa, Mbl HAMETUM KOHTYPBI JOKa3aTeIbCTBA.

1) BosbMeM Imap HAMMEHBIIETO PAANyCa, COAEPIKAIUil MaH-
HBIN TETPadAp A . ITO, HEBUHHOE HA MEPBbI B3I, TPEIIO-
JIOJKEHUE BBI3OBET TIPOTECT Y BCSAKOIO MaTeMaTWKa. A moueMy
TAKOIl Map CyIIeCTBYeT, MoYeMy HAUMEHbIIHH Painyc AOCTUTa-
ercs? Itor dakr Tpebyer oObsicHenusii B mannom ciyuae
HAVMEHBIINIT Map JAeHCTBUTETbHO CYIIECTBYET, W MaTeMaTHK
CKaXET, YTO <«3TO CJe[yeT U3 COOOPaKeHUil KOMIAKTHOCTHS.
Mbr He Oy/1eM TPUBOUTDH CTPOTOTO JI0KA3aTEIbCTBA, HTO 3aBEJIO
OBl HAC CJIMIIKOM JAJI€KO B 06JIACTD MATEMATUYECKOTO aHAIN3a.
[ToBepuM, YTO HAMMEHDBIIHII AP CYIIECTBYET.

2) Wrak, y Kak/J0ro terpasipa A ecTb Iap HauMeHbIIEro
paauyca, ero cojepsaiuii. O603HAUNM PAUYC ITOTO MIapa Kak
R(A). Cpean Bcex TeTpasapoB, y KOTOPBIX AJHMHBL peGep He
npeBocxoAT D, naiinercs TeTpasip ¢ HanGOJbIINM 3HAYEHIEM
R(A). Mbl BHOBb OIyCTHM JIOKA3aTeIbCTBO TOTO, YTO 3TOT
TETPAd/IP CYMIECTBYET, CKasKEM TOJIBKO, UTO 3TO OTISITH «CJIE/yeT
u3 cooOpakeHui KoMIakTHOCTH». HaszoBeM 3TOT TeTpasap
AjAy A3 A, . Ham HyskHO jlokasath, uto R(A) < Rj.

3) Ec/an Hu o/iHA W3 BEPUINH TETPAdAPa HE JIEKUT Ha MOBEP-
XHOCTH HANMEHBIIIETO 1Iapa, TO PAIUYC 1Tapa MOKHO YMEHbIIUTD
TaK, 4YTOObI OH MO-TIPEXKHEMY CO/IEPIKAJ TETPAdP. SHAUNT, AP
— He HauMenbImit. To ke, eciim TONbKO O/IHA BEPIINHA JIESKUT HA
MMOBEPXHOCTH Mapa. Ec/im pOBHO /iBe BEPUTHHBI, HATIpUMEp Ay 1
A, , nexar wa nosepxuHoctu mapa, to AA, — ero pmamerp,
nHave PAIyC Iapa BHOBb MOSKHO YMEHBITHTD. CJieJoBaTeIbHO,
B artom cayuae R(A)= 1A1A2 <Ip. Ry . Haxonen, eciu

2 2

POBHO Tpu BepiiuHbl, Hanpumep, A, Ay m Az, nexar Ha
MTOBEPXHOCTH 11apa, TO €ro MEHTP JEXUT B MI0cKocTH AjAy Az,
a CeveHHe IMapa 3TOH IJIOCKOCTBIO €CThb KPYT HAMMEHBINIETO
paanyca, copepskamuii tpeyroapHuk A;A; A3, B mpoTHBHOM
caydae OISITh PAJUYC Tapa MOKHO yMeHbImTh. Cormacto
JIOKa3annomy Hamu HepaBenctBy IOHra st MJI0CKOCTH, pajyc
KpyTa, a 3HAYNT ¥ PABHBINH €My PaJnyC IIapa, He MPeBOCXOUT
Ry, uro menpme Rj. Mtak, ocrascs mocsefnHuil ciaydail: Bce
YeThIPe BEPIINHBI TETPAIPA JIEKAT HA TIOBEPXHOCTHU IMIAPa, T.e.
OH SIBJISIETCST OIMCAHHBIM IAPOM TETPAIPA.

4) Ecim terpasap A — mpaBuJbHBIN ¢ JumHON pebpa D, To
paJiyc ero OIMCAHHOTO Tapa Kak pa3 paBeH Rj. Ecam xe
TETPadAp He MPABUJIBHBINA, TO OJHO U3 €ro peGep, HAIIPUMED
A3A;, meupiie D. 3aduxcupyem rpamb AjA,As, a rpamb
AjAyA; Gynem moBopauMBaTh OTHOCUTENbHO pebpa AjA, . Ta-
KUM 00Pa3oM, Mbl MEHSIEM [IBYTPAHHDII yTOJ MEXK/Y TPAHSIMU, &

29.05.09, 14.01
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A, camu rpaHu He uaMensieM. [lo

KaKoW JUHUK OYy/ZeT JBUTATHCS

1pu 3TOM 1ieHTp O ONMHMCAHHOTO

mapa Terpasapa? Ilo mepren-

JIIKYJISIPY, BOCCTABJEHHOMY K

A rpann A;A,A; B ieHTpe ee oru-

O cannoit oxpysknoctn (puc.7).

v Uem 6mxe Touka O K ILIOCKO-

CTHU TPAHU, TEM MEHBIIE PAJUYC

OITMCAHHOTO MIApa, a YeM Jla/Tb-

A, e — teM 6oJiblie. 3HAYUT, He-

MHOTO WM3MEHUB JIBYIPaHHbII

yrosi — 6o yBeJn4uB, JuGO

YMEHBIINB €r0, MOKHO TIePEMECTUTb TOUKY O [ajbliie OT TPaHu,

a 3HAYUT, YBEJUYUTb PAJUYC OIMUCAHHOTO Miapa. [Ipudem, Tak

KaK JIByTPaHHbII YroJ1 u3MeHnJIcs Masio, pe6po AzA, xak 6bLio,

TAK W OCTAHETCST MeHbine D, a JUIMHBI OCTAJbHBIX pebep He

MOMEHSIJINCh BOBCE. 3HAYUT, TETPA’dAPy A HeE COOTBETCTBOBA

HanGosbimii pajgnyc mapa. [losyunan nporuBopeune, yeMm u
3aBEPIIACTCS [0KA3ATEIbCTBO.

Puc. 7

Yupaxuenust

12. [Ins 11060710 1EeHTPATbHO-CUMMETPUYHOTO MHOKECTBA R =
=D/2.

13. Bepno s, uro ecat R = D /2, TO MHOKECTBO UMEET TIEHTP
cuMMeTpun?

14. BepHo sin, 4TO €CJu JJIS1 BBITYKJIOTO TIJIOCKOTO MHOKECTBA

3

R= 3 D, TO 3TO — TIPaBUJIbHBIN TPEyTOJIbHIK?

3Be3gHble MHOXKecCTBa U TeopemMa KpaCHOCEHbCKOFO

[IpeacraBum cebe, 4TO MBI TTOMAJTN B KOMHATY BeCbMa
NPUIYAIUBON (DOPMBI, HE TPSAMOYTOJBHYIO W JlaXKe He
BBINTYKJIYI0. M3 KaskJ0oro MecTa B KOMHATE€ MBI MOJKEM
Pa3TJISA/IeTh JIUNIb HEKOTOPYI0 ee YacThb. Ecjm ke Ham
yJIaJI0Ch HAWTN TOYKY, U3 KOTOPOH BU/IHA BCST KOMHATA, TO
KOMHATA HA3BIBAETCS 363010t OTHOCUTEIBHO ITON TOUKH.
Wrak, orpanudentoe 3aMKiyToe MHOKecTBO G Ha3bIBaet-
Cs1 3BE3/IHBIM, €CJI OHO CO-
JIEPKUT HEKOTOPYIO TOUKY K,
U3 KOTOPOIl BUIHO BCE MHO-
skectBo (prc.8). Ito o3Haya-
€T, YTO s J060H TOUKH
X € G orpe3ok KX Jjiekut B
G. T'oBopsr ere, uto G 3Be3-
JTHO OTHOCUTEJIHHO TOUKH K.
Hanpumep, MHOXKeCTBO, co-
cTosIIee U3 HECKOJTBKUX OT-
PE3KOB, BBIXO/ANIUX U3 OJI-
HOI ToukH, 3Be31H0 (0THOCH-
TEJbHO JTOH TOYKU), XOTS
OHO He BBINYKJO. A BBIIYKJble MHOXKECTBA — 3TO Te,
KOTODbIE 3BE3/IHbI OTHOCUTEIBHO KAXK/IOM CBOEIl TOUKH.

3aueM HY>KHBI 3Be3/[HbIe MHOKecTBa? Bo MHOTHX 3a7a-
YaxX MaTeMAaTUKW WHTEPECYIOoIiee HaC MHOKECTBO HE SIBJISI-
€TCs BBIMYKJBIM, HO YacTO 06JJIaeT KaKUM-TO JIPYTHM,
60Jiee caabbIM CBONCTBOM. 3BE3/THOCTL — OJTHO M3 TAKUX
cBoiicTB. Kak ornpenesnTh, SBIASETCS JTM MHOKECTBO 3BE3-
JHBIM? [17151 3TOTO ecThb ceyIoIunii 3aMedaTesbHbI KpH-
Tepuil, JoKasaHHblli Mapkom AJsiekcanapoBuieM KpacHo-
ceabckuM (1920—1997), BbIIAIONIMMCS COBETCKUM Marte-
MaTtukoM. [1oyryuis on 3TOT pe3yabTaT Oy /ydH elile COBCEM
MOJIOZIBIM 4€eJIOBEKOM, KOTrJa, Ipu3BaHHbli B Kpachyio

Puc. 8
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ApmMulio, 1peno/jiaBajt a apTUJIEPUICKOM YUUJIHUIIE B FOPO-
ne Tamrap, 6au3 AnMa-ATbl. ITa TeopeMa — OJIUH W3
MEPBBIX pPe3yabTaToB KpacHOCeIbCKOTO, TPUHECTINX eMY
BCEMUPHYIO MU3BECTHOCTb. MBI c(hOPMYJIUPYEM €€ TOJIBKO
JUISL TIIOCKOCTH, XOTSI TOYHO TaK JKe OHA JIOKA3bIBAETCS U
JUIE MHOYKECTB B TpocTpancTBe (Haso TOMbKO B (POPMyTH-
POBKE 3aMEHUTD «TPU TOYKM» HA <YETBIPE» ).

Teopema 4 (Kpachoceabckuii, 1946). Ecau aobvie mpu
mouku niockozo muoxecmsa G sudnvL u3 Hexomopou ezo
MOYKU, MO HAUdemcs Mmoukd, u3 KOmopou 6udHo ece
mnoxecmso (m.e. G — 36e30mH0).

BepHyBIINCh K aHAJOTUH ¢ KOMHATO, TIPEJICTaBUM, YTO
Ha ee CTEHAX Bea/le BUCAT KapTuHbI. Torza econ o6bie TpH
KapTUHBI MOXKHO O/JIHOBPEMEHHO YBU/IETb U3 II0XO0/IIIEr0
MecTa B KOMHATE, TO HaliieTcsl TouKa, U3 KOTOPOl BUIHBI
cpasy Bce KapTHHBI.

PoncrBo ¢ Teopemoit Xessim BUIHO CPa3y: <ecyM KasK-
JIble TpU — TO ¥ Bee...» Ho /10 mokazaTenbeTBa ele J1aieko,
CHavaJsia Hy>KHa Tpe/iBapuTesbHas padora. [lepBoe — Ham
MOHAJOOUTCS TIOHSTHE BBITYKJIONH 000J0UKH.

Bointykioit 060/109K0i MHOKeCTBA A HA3bIBAETCS TI€pe-
cevyeHHe BCeX BBIMYKJIBIX MHOJKECTB, cojepkamux A. [l
MOJIYYeHUST BBITYKJION 060I0UKH HY KHO B3SITh BCE BBIMTYK-
JIble MHOJKECTBA, cojepskanmie A, u nepeceub. [lomydnm
BBINYKJIOE MHOKeCTBO (KaK Iepeceuenue BhITyKIbIX MHO-
xecTB). JIIo6oe BBIMyKJI0E MHOKECTBO, coAepsKaiiee A,
COJIEPIKMT M €ro BBITYKJIyI0 0607104Ky (goKaskuTe 910).
Nrak, BoimyKIas 060J09Ka — 3TO HAMMEHbBINIEE BBITYKJIOE
MHOXKECTBO, cozepskaiiee A. HeckobKo TpuMepoB MmoKa-
3aHO Ha pucyske 9.

Puc 9 Hpumepnl evnyxavix o6oaouex
WU eme oaun akT, KOTOPBIA MBI UCIIOTb3yeM B JI0Ka3a-
TeabeTBe. 1y JII0OBIX OTPaHWYEHHBIX 3aMKHYTBIX MHO-
sKecTB A 1 B cpe/i BceX OTPE3KOB, COCAMHSIONINX TOYKY
u3 A ¢ Toukoii u3 B, cymiectByer camblit KOpoTkuii. MTHBIME
CJIOBAMMU, PACCTOSHUE MESK/Y JIBYMS OTPAaHNYEHHBIME 3aM-
KHYTBIMH MHOXECTBaMH BCET/Ia JIOCTUTACTCS.
Hoxka3zareabcTBO Teopemsl 4. /[ kax ol Toukn X € G
0603HaYNM Uepe3 Vy TeoMeTpHIecKoe MeCTO TOUeK MHO-
xectBa G, m3 koropbix BuaHa touka X. Ilo ycuosuio,
mobbie Tpu MuoxectBa Vy , Vy, u Vy  mepecekaiores.
Ha aToM MecTe MOKHO BCIIOMHUTD TOTOJIEBCKYIO Aradbio
TuxonoBuy: «Ax, ecau 661 ry6sl Hukanopa MBanosuua ga
npucTaBuThb K Hocy VBana Ky3bpmuya...» AX, eciiit 6bI 3TH
MHOKecTBa ObLan Bbimykbl! Torga ns teopembl Xesumn
HeMe/IJIEHHO TTOJIyYHJIOCHh Obl, YTO BCE OHM MMEIOT OOIIYIO
TOYKY, M3 KOTOPOIi 661710 661 BUAHO Bee MHOKecTBO G. Ho,
yBbi! OHu MoryT GbiTh HeBbImyKJbl (puc. 10).
[Torrpobyem o6ofitn aTy TpyaHOCTh. PaccMoTpmM He
camMn MHOXecTBa Vy , a UX BBIYKJbIe 060J09KH. K HUM
MBI MOKEM TIPIMEHHUTDH TeopeMy Xesm. lloaywgaem, 4ro
cymecTByer Touka C, TpHUHAAJIEKAIAs BBITYKJIBIM 0060-

29.05.09, 14:16
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JIOUKaM BceX MHO)ecTB Vi,
X € G . Ho Gyjer Jjin Bce MHOKe-
ctBo G BuiHO M3 Touku C? Oxa-
3bIBaeTCs, J1a. XOTs MIOKa He ove-
BUIHO Jaxke, yTo Touka C mpu-
HaIeXuT MHOXecTBY G, Bemb
3TO MHOXKECTBO He€ BBITYKJO!
Wrak, gokaxeM OT MPOTUBHOTO,
uT0 MHOKeCcTBO G 3Be31HO OTHO-
cutespHo Touku C. Ilycrtb aTo He
Tak, ¥ Hekoropas Touka N € G ne sudna n3 C. I10
3HAYWT, YTO HeKOoTopas Touka A orpeska CN He mpuHa/I-
aexxut G. Ilycts p > 0 — paccrostaue ot A 10 MHOYKeCTBA
G, T.e., paccrosiuue oT TOUYKU A /10 OJusKaiiiieil K Hei
touku G. Ilycts Takske B — 6mskaiimas k A Touka oTpeska
NA, npunamuexamnas G. Orioxkum Ha otpeske BA orpe-

Puc. 10

1
30K BP = Ep. ITockosbky P < BA | Touka P Jiexkut Ha

orpeske BA. Hakoner, myctb V' — Gampkaiiinas K MHOXKe-
crBy G touka orpeska PA, a U € G — 6mxaiimas k V
Touka MHOKecTBa G. 3amerum, uro V orauuna ot A (aTo
Bakno!). Kpome Ttoro, yron UVA — He ocrpeii. B
nporuBHOM ciydae, ecain ZUVA < 90°, na orpeske VA
MOKHO B3Tb 6JIU3KYyT0 K V TOuky V', [JIs1 KOTOPOUl YTroJ
ZUV’A raxxe octporiid. Ho torga B tpeyrobtuke UV'V
ctropoHa UV JeXXUT HAIPOTUB TYTOTO yTJa, a 3HAYUT —
nau6osbinas. [lonysaem V'U < VU , 94TO NPOTUBOPEUUT
orpe/ieIeHIo TOUKN V, Kak 6uskaiiieil kK MHOkecTBy G
TOUKe oTpe3ka PA.

[TpoBenem Temniepb yepe3 Touky U MpsMyIo, epIeH/IuKY-
agpayio VU, n nHazoBem H momymiockocTb, orpaHmyeH-
HYIO 9TOii TIPAMO, He cozaep Kantyo Touky V (puc. 11).
[lokaskeM, uTo MHOKecTBO Vi, TesamkoM JexuT B H. Ecm
9TO He TaK, TO Haiijercs Touka X, He Jexaasa B H, s
KoTopoii Bech otpe3ok UX sesxut B G (puc. 12). Tax kax
yroa VUX — octpblif, To Ha orpe3ke UX MOXHO B3STb
6smskyio k U touky U’ , aug kotopoit yronr VU’X takxke
ocrpblif, u noiaydaeM VU’ < VU, 4ro IPOTUBOPEYUT
onpenesnennio Touku U, kak Oupkaiimein k V' Touke
muaOkecTBa G. WTak, MHOKecTBO V|, JIEKUT B MOJIYTLIOC-
koct H. Ho Torya u ero BoimykJias o6osiouka jie;xut B H,
B€/Ib TIOJIYTIJIOCKOCTD — BBIMYKJIOE€ MHOXKeCTBO! 3HAUUT, 1
touka C sexutr B H, 4YTO HEBO3MOXKHO, TOCKOJbBKY
ZUVC 290°. Utak, Mbl IPE/IIIOJIOKUIIM, YTO CYIIECTBY-
€T TOYKAa, KOTOpas He BUAHA U3 TOUYKW C, W TPUIILIH K
nporuBopeunio. Teopema /okazaHa.

Teopus npuGNKEeHUIN

Eme ogHa o061acTb TPHUMEHEHWS TeOpeMbl XeJTH —
teopus npubmkenuii. OHa u3ydyaer, Kak HMEIONIUECs
«Hey106HbIe» (DYHKITMU WM YUCJIOBbIe jaHHble (Hampu-
Mep, TOJyYeHHbIE B PEe3yJIbTare aKCIepUMeHTa) npul/iu-
JKaTh 6oJiee TPOCTBIMU U yA06HBIME. /lomycTiuM, HEKOTO-
Ppblii pu3mdecKuii mporecc MoKeT ObITh ONucaH PyHKITHei
F(x). Cama pyHKIMS HaM HEM3BECTHA, HO MbI MOKEM
y3HaTh ee 3HAUeHNe B JI0O0I TouKe. MbI XOTHM MPUGIH-
3UTh ee KBajapatnuHoil dynkumeii [ (x) = ax’ +bx +c,
rae koadduimenTsl @, b, ¢ HemsBecTHbI. /[l 3TOTO
BbIOMpAaeM 7 4YuUCeT Xy,...,X, U Y3HAeM 3HAUEHUST
F(x),...,F(x,) . Heo6XxoanMo olpe/ie/inTh, CylecTByer
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7 kBaapartuunas pyukius [ (x) rakas, uto
|f(xk)—F(xk)| <€ s Beex k=1, ..., n,
rze € >0 — HysKHas HaM TOYHOCTb IPUGIH-
JKEHUS.

v :
,
C
Puc. 11 Puc. 12
Yupaxxuenust
15. s gannoro HaGopa TOYeK Xj,...,Xx, HCKOMAasi KBaJpa-

Tiranas pyHKIMs f(X) CyLIeCTBYET TOra U TOIbKO TOra, KO
Taxas YHKIS CyIIECTBYET /IS JTIOOBIX YeThIPEX TOYEK U3 ITOTO
Habopa.

Yrxazanue. Kaxmoil kBagpatndHoil (yHKImK [ mocrasuM B
cootBetcTBHe TOUKY (d,b,c) € R® 1 s kaxa0ro k oupesenm
MHOKECTBO TaKHX TOYCK, JJISI KOTOPBIX ‘ f(x)-F (xk)‘ <g.
JloKaskuTe, 4TO 3T MHOYKECTBA BBIITYKJIbI, 1 IPUMEHUTE TeOPEMy
XeJm.

16. ChopmyupyiiTe 1 JOKKHUTE AaHATOTHYHOE YTBEPIK/IEHIE,
€CJI BMECTO KBaJPATUYHBIX (PYHKIUI IPUOIIKATD (DYHKIUAME
Buga f(x)=Asin(x+9).

Ewe HeckonbKko 3apay

Mpr 3akaHuYMBaeM 3HAKOMCTBO C TeopeMoil XeJiud He-
CKOJIBKUMU 3a/lauaMHU JIJIsSl CAaMOCTOSITEJIbHOTO PeleHusl.

Yupaxxuenust

17. Ha nmiockocTi /JaHO KOHEYHOe CeMelicTBO MpsIMbIX. V3Be-
CTHO, YTO JIIO6bIEe TPU MPSMbIE MOJKHO IIepecedb KPYTroM pajinyca
r. Torma Bce mpsamble cemeiicTBa MOXKHO Ilepecedb KPYroM
pajauyca 7.

18. Cdopmymmupyiite 1 JOKOKUTE aHAJOTH YTBEPIKICHUS U3
yupaxksnenus 17

a) JUIsS ceMelicTBa TIPSIMBIX B POCTPAHCTEE;

6) [ ceMeiicTBa TIIOCKOCTEH B TIPOCTPAHCTBE.

19. BuyTpu orpaHUYeHHOIT BBITYKJIOH (hUTYPbI BeeT/a Halizer-
¢ TOUKa, 006/1a/1a10111as CJIEAYIOIMM CBOICTBOM: J1100as 1psiMast,
MIPOXO/IAIAs Yepe3 3Ty TOYKY, JEJUT ILIoNaab (urypbl Ha
YacTH, OTHOIIEHHE KOTOPBLIX HE TPEBOCXOANUT 2.

20. Ha miockocTH JIesKaT HECKOJIbKO HPSMOYTOJIBHUKOB CO
CTOPOHAMH, TTapaJLIEJbHBIME 0CAM KoopauHat (e 06s3aTeIbHo
OJIMHAKOBBIX ), KasK/ble /IBAa U3 KOTOPBIX Tepecekatorcs. Torga
BCE MPSIMOYTOJIbHUKH UMEIOT OOIIYIO TOUKY.

21. EcJit HECKOJIBKO MOJIYILIIOCKOCTEl MOKPBIBAIOT BCIO TLJIOC-
KOCTb, TO U3 HUX BCET/Ia MOXKHO BbIOPATh TP, KOTOPbIC TAKKe
MMOKPOIOT BCIO TIJIOCKOCTD.

22. Cdopmy mpyiiTe 1 JOKa)KUTe aHAJOTH yTBEpKICHUI 13
ynpaxxueawit 19—-21 nna mpoctpancta R” .

3aknioyeHue

CKOJIBKO 3Ke, OKa3bIBAeTCsI, WHTEPECHOTO CBS3aHO C
OJ/IHOI Juliib T1epBoii Teopemoii Xesu! A Bejib ecTb ellle
BTOpasi U TPETDHA ...
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A3AJIOCD Bbbl, UTO OBIINEIO MEXAY ®U3U-

Koii mrasmbl (a UMEeHHO ¢ Heil cBg3ana npodec-

CHOHAJbHAS AEATEIbHOCTD ABTOPA CTATbU — NPUM.
ped.) u 6uonorueii? OHAKO, €CJIH IIPUCMOTPETHCST TIOBHNU-
MareJsibHee, MOPa’kaeT MHOKECTBO CXO/HBIX B 00enx Ha-
YKax #/ieil 1 BOZHUKAIONIUX aHaJIOruii.

Mnasma

CloBO «TTazMay 4acTO BCTpevaeTcs B HAIIEH KU3HMU.
[TnazMeHHbIe TAHEIH TEJTEBU30POB U OCBETUTEIbHBIE TTPH-
60pbI — B OBITY, PAa3ps/ibl MOJHUY U TOJSIPHBIE CUSHUS —
B npupojie. Manyuyenne Connita, obecrieunBaroniee HaM
JKU3HDB, TakyKe OOSI3aHO PeaKIMsIM, IIPOUCXOANIUM B
miazme. Eciau B3rJSIHYTH HEMHOTO IIMPE, 32 IPeesibl
3eMJ, TO B COCTOSHUU IJIa3Mbl Haxoauresa Oosiee 90%
BelectBa Bo Beestennoit. Tam aT0 ectecTBeHHOE COCTOSTHUE.

JI1060e BelecTBO MEPEXO/UT B COCTOSTHIE TLIA3MBbI, €CJIH
€T0 HArpeTb /10 MOHU30BAHHOTO COCTOSTHU, KOT/a aTOMBbI
pacrajialoTcsl Ha COCTABJIAIONINE — 3JEKTPOHbBI M HOHBI.
Temmepatypa, 1mpu KOTOPOH 3TO TPOUCXOANT, MOXKET
COCTABJISAITD THICSYU TPA/LyCOB — TOT/IA PEYb UJET O HU3KO-
TEeMITePATYPHOI TJIa3Me U MHOTHE MUJITUOHBI TPAyCOB
— B CJIyyae BBICOKOTEMIepaTypHOil miasmbl. Tak, xapak-
TepHast Temueparypa B nenrpe ssesa (tuna Cosmna) —
JIECSITKY MUJITMOHOB TPALyCOB, IPU ITOM IIPOUCXOIUT
UHTEHCUBHOE TIPOTEKAHNE PEAKIINI CUHTE3a JIETKUX SI/IEP.

A BOT HECKOJIBKO TEepMUHOB u3 OGuoJioruu, GIM3KUX
IJ1a3Me 10 HAIUCAHUIO!

. azMa Kposu (KeJIroBaTast OMypo3pavdHast CoCTaB-
JIIOIAast KpOBH, 6€3 3PUTPOITUTOB, JIEHKOINTOB U TPOMGO-
IIUTOB),

« potorasmMa (GKUIKoe COoIepKIMOoe >KUBOH KJIETKH),

« ITasMarndeckas mem6pana (kjerounass MemGpana,
OKpY>Karolas mpoToILIasMy),

« mrasmozanu (910, TpoOCTHTE, TMAPA3KUTHI, OOUTAIONIHE B
SPUTPOIUTAX MJICKOIUTAIONINX ).

Kax MoskHO BUIETH, CMBICT GUOJIOTHYECKUX <«ILJIA3MEH-
HBIX» CJ0BOOOpa3oBaHUI coBceM Apyroil. K Tomy ke u
JINATIa30Hbl TEMIIEPATYD CYIECTBOBAHUS GUOJOTUYECKUX
00BEKTOB U TIIA3Mbl COBEPIIEHHO pasanyHbl. OmHAKO
paccMoTpuM Tonozipo6ree psifi 6osiee OOIIMX AHAJIOTUI
Meskly OuoJiorueit n (OU3NKOMN TIa3Mbl.

NMoxoxxne 3aBUCMMOCTU

[Tpu HarpeBaHUM TBEPAOTO TeJIa OHO MPETEPIIEBAET P/
(pa30BBIX TIEPEXOIOB: TBEPOE TEIO — KUAKOCTb — Ta3
— TIIa3Ma, 94TO KauyecTBEHHO M300pakeHo Ha pUCyHKe 1.
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Puc.l. XapakrepHasa 3aBUCUMOCTL TeMeparypbl BeLyecTBa OT
r108BOJNMOY SHEPrnn (KOIMYeCTBa Ten/iorsl)

W3 pucynka cienyer, 4To B Xo/ie (Ha30BOTO Tepexo/ia
TeMIieparypa TeJa OCTaeTest MocToAHHON (Best moiBoAMMAast
9HEPrusl TPATUTCS Ha TIEPEBOJL BElllecTBA B HOBoOe (ha3oBoe
cocTosiHme), a Mesky (hazoBbIME TIEPEX0OaMi COXPAHSET-
¢ MOHOTOHHAS 3aBUCHMOCTb TEMIIEPATYPbI OT TIOABO/IH-
MOH 3HEpruu.

[Ipusesem npumMep 1Mogo6HOINM 3aBUCUMOCTH U3 (PUBHKHN
miasmbl. Kak m3BectHo, MatepuasibubiMu crenkamu (13
0GBIMHOTO BEMIECTBA) JUIMTEIBHO YAEPAKHUBATh ILIa3My
HEBO3MOKHO. 3a mpeaenamu 3emun (B 3Be3ax) IIasMa
VIEP;KUBAETCS CHJIAMU T'PABUTAIMU, & HA 3eMJie YMEHb-
MIATh YXOJI HEPTUH TOpSYeil TIIa3Mbl Ha CTEHKH MOYKHO
TOJIBKO TIPU UCTIOJIb30BAHUM MarHUTHOrO 1oJist. Haunboib-
1me yclieXu B HarpeBe W YAEP:KaHWUU TOpsYeil T11a3Mbl
JIOCTUTHYTBI HA TOPOW/IAJbHBIX MArHUTHBIX YCTaHOBKAX
tuta TOKAMAK,, uzest Kotopbix Obljia NpeoKeHa B
navasie 1950-x rogoB U.E.Tammom u A.Jl.CaxapoBbiM.
(Bounee noapo6HO 06 0COGEHHOCTAX TAKUX CHCTEM MOKHO
npountath B kHure I'.C.Boponosa «IlItypm Tepmosiiep-
Hoit Kpernoctu» — M.: Hayka, cepuss «bubmmoreuka
«KBant», Bpimyck 37.) B Hameii ctpane GbLIM OCTPOEHBI
U TIepBble TOKAMaKW, TOCJIe BIIEYATJSIONNX PE3YJIbTATOB
Ha KOTOPBIX YCTAaHOBKH TAaKOTO THUIA CTAJU CTPOUTH BO
BceM mMupe. A HegaBHO, B 2006 Tomy, IPUHATO pelieHne o
COOPY’KEHUY TIEPBOTO MEK/IYHAPOHOTO AKCIIEPUMEHTATb-
Horo peakropa tuma Tokamaka — ITER (International
Thermonuclear Experimental Reactor) ¢ yuactuem Poc-
cun, Esporbr, CITA, Kurasg, Ungun u IOsxnoit Kopewn.

Kasanoch ObI, ¢ MOMEHTa TIOSABJIEHUS W/EN TOKAMaKOB
poIIo yxke okoso 60 jer, a uccjaeoBanus 1o yaepska-
HUIO ¥ HarpeBy TOPSUEH IJIa3Mbl MPOJBUTAIOTCS OYEHb
MejteHHo. OJ[HAKO 5TO BIleyaryieHne oOMaHunMBo. Ha
PHUCYHKe 2 IPUBE/IEHA 9BOJIONNS TaK HA3bIBAEMOTO MHTET-
pasbHOTO Tapamerpa TokamakoB ntzT (3mech nu T —
KOHIIEHTpAIUsI W TeMIleparypa TJIa3Mbl, B eJIWHUIIAX

29.05.09, 14:16
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Puc2. [iuHammka pocta uHTerpassHoro napamerpam ntgT
TOKaMakKkoB U OﬂepaTMEHOﬁ [1amMAarT ﬂepCOHﬁ.ﬂbe/X KOMIIbroTEe-
poB

10 M u kaB cootBercTBEHHO, Tz — sHEpreTuyeckoe
BpeMs y/IepsKaHus [Ia3Mbl, B CEKYH/aX ), XapaKTepu3yio-
mero 6JM30CTb MAPAMETPOB ILJIA3MbI K TPeOYeMbIM B
peaxkTope, B CPaBHEHHUHU C POCTOM OOBEMA OIEPATUBHOI
HaMSATHU IePCOHATbHBIX KOMIIBIOTEPOB — € O/JIHON 13 caMbIX
OBICTPO PaACTyMIUX BeJW4YWH. 3 pUCYHKA BWIHO, YTO
CKOPOCTH POCTA COOTBETCTBYIONINX MapaMeTpoB B 000UX
cJydasx TPUMEPHO OJMHAKOBDI.

A Tenepb — 0 3aBUCUMOCTH «C M3710MOM» (Tuma (azoBo-
rO Tepexo/a), XapakTepHOH NPU OMUCAHUM YAEPIKaHUS
SHEpPrum B TOKaMaKaX. B TopougaabHOI reoMeTpun TOKa-
MaKa M3-32 HeOTHOPO/IHOCTH MArHUTHOTO TOJIST TIOSABJISET-
sl /IBA COPTA 3apSPKEHHDIX YACTUIL — 3allepThle, NX TPacK-
TOpUS UMeeT Buj 6aHaHA, W MPOJIETHbIE, UX TPAEKTOPUS
6sim3Ka K Kpyrosoii. [Ipu He6o1bII0i1 yacToTe coyapeHuil
YaCTHUI] yXO/l 9HEPTUN U3 I1JIa3Mbl OIIPe/lesIseTCs YacTuila-
A MU ¢ 6aHaHOOOPa3HbI-

MU TPAEKTOPUSIMU, TTPU
OueHb GOJIBINOIN — Jac-
TUI[AMU C KPYTOBBIMU
TpaekTopusiMu. B pe-
3yJabTaTe 3aBUCUMOCTD
koaddurmenTa Terio-
> [IPOBOJHOCTH OT YaCTO-

v o
Tbl COy/lapeHuil nmeer
Punc.3. 3aBUCUMOCTb KOSPDULNEH- BILL. H300DaKEHHBI HA
Ta TerIonpPoBOAHOCTI [171a3Mbl OT A p
pucynke 3. OtmeTum,

HacToTbl C O)/,aa,OE’HMﬁ Yacriy B 10-
YTO BpEMA JKU3HU I1J1a3-

Kamake

MBI Ty OIpeIessIeTcs
yepe3 K0a(PUITMEHT TETJIOMPOBOIHOCTH X TIPOCTBIM CO-
oTHoleHeM Ty ~ 1/X .

O6patumMcst K GUOJIOTUU U TIPUBEJEM 3aBUCUMOCTH OT-
HOCHUTEJIHHOI BBICOTBI JIEPEBA OT €r0 AMaMeTPa U3 CTaTbU
«O BoIcOKMX aepeBbsax». (CMm. crathio A.Mwuneesa B
«Ksante» Ne3 u 4 3a 1992 r.— [Ipum.ped.) I'padux,
NpUBE/IEHHbIN Ha PUCYHKe 4, XapaKTepu3yeTcsl HaJluuueM
IJIaTO, KOT/la MAaKCUMAaJbHOE 3HAUeHWe OTHOIeHust h,/d
P YMEPEHHOM JIMaMeTpe JlepeBa MPUMEPHO TTOCTOSTHHO
u pasno 50, yBesnueHueM oTHOIIeHus /,/d 1T HEBBICO-

x
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Puc4. 3aBUCHIMOCTb OTHOCUTE/IbHOM BbICOTHI AEPEBA OT €0
ANAMETPA

kux gepesbes (2 < 10 M) U CHIKEHNEM 5TOTO OTHOUIEHHSI
JLIs O4eHb BBICOKHX JepeBbeB (¢ qmamerpoM crBoJa d >
> 2 —2,5M), TaK 4TO MaKCHMaJbHAas BBICOTA JIEPEBhEB Ha
3eMJIe He IpeBbIlIaeT BeJIUUUHbL /7, =150 M.

Ho Beap 210 TOT K€ caMblil B/ 3aBUCUMOCTH, YTO U Ha
PUCYHKe 3 [l TI1a3Mbl! A 4TO €CJii M B CJIydae JIepPeBbEB
10 Mepe yBeJndeHns auamerpa crBoja (MM, 4To TO Ke
caMmoe, Mo Mepe yMEHbIIIEHUsT BeJTUIUHbI d - MTPOUCXOUT
MOsIBJIEHNE KAKOT0-TO HOBOTO MeXaHu3Ma — ThIa (pa3oBoro
nepexo/ia, Kak Ha pHUCYHKe 1, WJM HOBOTO MeXaHHM3Ma
yX0/la SHEPTUM, KaK HA pUCYHKe 47

B ynomsiHyTOl cTaThe TOAPOOHO MCCJAETOBAHDI IPUYH-
HBI Takoro tuma 3aBucumoctu. OCHOBHON BKJAJ Jajia
MexaHmka (puc.5): orpaHMYeHNs Ha ITPOYHOCTH JepeBa
MpU CUJIBHOM HM3THOE JIJISI TOHKUX JIEPEBBEB OOBSICHUIIN
MPaBYIO YacTb 3aBUCUMOCTH, CHJIbHBIN BETEP OTBETCTBEH
3a HaJIW4uUe TJ1aT0, & HEKOTOPOE YMEHbIIEHUe OTHOIIEHUS
h/d nist ouenpb TOJICTBIX JiepeBbeB 00bSICHIETCST yCTONYU-
BOCTbBIO (POPMBI CTBOJIA JlepeBa MO/ AeUCTBUEM COOCTBEH-
HOTO Beca.

I
d

Bepmuranivhoe
1000} i S

depeao

~ ClltbHblil
Uzt

Vemoduusocmn
100

Cuvntit cemep

(v=230M/c)
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Puc.5. Orparmnyers, CBA3aHHbIE C MEXaHNYECKLIMM [1aPaAMETDA-
MU [JEPEBA
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NAA3MA H...

Tem He MeHee, BbISICHUJIOCD, YTO IIPUPO/IA OTPAaHUYEHUS
BbicoThl siepeBa (A, =150 M) — BHEe pPaMOK MEXaHUKU 1
MeXaHWYeCKOH IIPOYHOCTU. AHAIN3 IJIOUAJM TO/IOBbIX
kouter] (3a JIeCSITKY JIeT) IPUBEJT K BBIBO/LY O TOM, UTO JIJIst
B3POCJIbIX JIePeBbeB I'O/I0Bble KOJIbI[a UMEIOT OMHAKOBYIO
TJIONAb. JTO O3HA4YaeT MPUMEPHO JWHEHHBIH 3aKOH
pocTa Macchl CTBOJA co BpeMeHeM: M ~ ¢t u (IOCKOJIbKY
h/d = const) NpPUBOANT K CJEAYIONIEMY 3aKOHY DOCTa
BBICOTHI JiepeBa:

h~MP h~t3

BuiHO, 4TO POCT JiepeBa O BpEMEHEM CUJIBHO 3aMe/[JISIeT-
Cs, ¥ 32 BPEMSI JKU3HU OHO [IPOCTO He YCIEBAET JOPACTH JI0
BBICOTBI /2 > 150 M.

TMoJyuennbie pe3yIbTaTbl OKA3aJIUCh JOCTATOYHO MPaB-
JIOTIOIOOHBIME 1 B TIOCJIE/IHEE BPEMSI TIOJTYUHJIN JOTIOJHI-
TeJIbHOE MOATBEPIKEHNE — KaK TEOPETHYECKOEe, TaK |
akcnepuMenTasbHoe. Hanpumep, B cratbe 1999 rona us
xypaana «Nature» (G.B.West, J.H.Brown, B.J.Enquist,
«A general model for the structure and allometry of plant
vascular systems») pasButa MOJi€/ib, COTJIACHO KOTOPOW
3aBUCHMOCTD BBICOTBI JIEPEBA OT MACCHI €70 CTBOJIA OKA3bI-
Baercs ere 6oJiee MeIJIEHHO:

h~MV%,
W JIePeBO JICHCTBUTEHHO MPOCTO HE YCIIEBAET BBIPACTU
CJTUTITKOM BBICOKUM.

B emnte oztnoii cratbe, Tenepb yike 2004 rosa, u3 skypHaJa
«Nature» (G.W.Koch, S.C.Sillett, G.M.Jennings,
S.D.Davis, «The limits to tree height») npusegens
pe3yJIbTaTbl OYeHb M3SIIIHBIX U3MEPEHUIl XapaKTePUCTUK
KpOHbI HanboJiee BBICOKUX CEKBOI B ceBepHoii Kammndop-
Hun (71 HTOTO MPHILIOCH HAYYUThCss Oparh MpoObl ¢
BbIcOTHI Gostee 100 M). VIaMepeHus oKa3aJiu, 4To 1o Mepe
YBEJIMYEHWST BBICOTBI JIePeBa YMEHBITAIOTCS JAJNHA XBOH-
HOK M YroJi UX HakJoHa K BeTke (prc.6), B utore sKu3Hb

3

111
bty

75 85 95 105 112

Puc.6. VI3MeEHEHME PasMEPOB v CTPRYKTYPbl XBOU B 3aBUCUMOCTH
OT BbICOTbI CEKBOVIN (LN@)Pbl — BbICOTA AEPEBA B METPAX)

Ha OOJBINONH BbHICOTE KaK ObI 3aMUpaerT. HonyquHme
SKCIIEpUMEHTAJIbHbIEC 3aBUCUMOCTHU TIPUBOJAAT K IIPpEAEb-

HOII BbICOTE zepeBbeB /i, <130 M.

OrpaHu4yeHus1 Ha NoTpebneHue
1 BbICBOGOXAEHNE 3Heprun

B cratbe «@ayna u @Jopa» (cM. crarbio A.MuHeesa B
«Ksanre» No4 3a 2001 1. — I[Tpum. ped.) npoaHaiusupoBa-
HBI OTPaHNYCHNS, CBSA3aHHBIE CO CKOPOCTHIO TTOTEPD TeTlia
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HEMHOTIO BHUOJOIrumn

SKUBOTHBIMH, ¥ ITOKA3aHO, YTO ITOCTOSTHCTBO TEMITEPATYPbI
TeJla TMPUBOJUT K OTPAHNYEHHSAM HA WX MAcCy: CBEPXY
nopsizika 100—-200 toun (mpu Gosibliieii Macce OpraHusMm
[ePErpeBaeTCst IPH JABMKEHIN ) ¥ CHU3Y MOPSI/IKA HECKOJIb-
kux rpamm (IIpu MeHbIIEH Macce TEMIo0 He yAepKaThb,
OPTaHU3M O4YeHDb OBICTPO OXJIAKJAETCS, TIPUXOUTCST BCe
BPEMS «TPBI3TH MUILY» ). Y CJOBHE MOCTOSHCTBA TEMIEPa-
TYPbl MOJKHO 3aIT1CaThb B BUJIE PABEHCTBA

p=t

rie P — MOIIHOCTD, BbIpaGaTbiBaeMas B opranmusme, W —
OTBOJMMAs TETJIOBAS SHEPTH, T — BPEMsI MTOTEPb TETLIA.

Takoe xe ypaBHeHUWe aHeprofanaHca «paboTaeT» U B
riasme, /st KOTOPOH P — MOIHOCTD, BBIJESIONAsCS B
pesyJbTare peakiuii cuHTe3a B Ta3me, W — TernJioBble
MOTEPU HHEPTUU ILJIa3Mbl, T — 3JHEPTETHYECKOE BpEMs
SKM3HU T1J1a3Mbl. VIMerorecs 2KCTPANOJISAINN BPEMEHU
SKU3HU TIPUBOJAT K HAJUYUIO MUHUMAJBHOTO pas3Mepa
n1a3Mbl B peaktope (ecsim pazmepbl Gy Ly T e1iie MeHbIIle, TO
ycqoBre sHeproGasanca He Gy/1eT BbITIOMHEHO). J[s cuc-
TEeM C MarHUTHBIM yJep>KaHueM 3TO MeTpbl — TaK, B
peaxkrope ITER manbiii pagnyc Topa cocraBisier 2 M, a

3
o6beM Irasmbl okoso 1000 M7 .

OrpanquMﬂ Ha pa3mMepbl CHU3y

Hawumenbiias cTpyKTypHas eIJMHHIA, U3 KOTOPOIi MOCT-
POEHBI JKUBbIE OPTAHU3MBbI, 3TO KJeTka. OHa NMeeT Xapak-
TepHbIil pasmep okoso 10 muxpon. (AprymMents!, npuBo-
JIATINE K TAKOMY 3HAUEHNIO InaMeTpa KJIeTOK, TPUBECHBI,
B YaCTHOCTH, B cTaTbe A.MnHeeBa «OT MBI /10 CJOHA»
B «KBanre» Nel11,/12 3a 1993 r. — ITpun. ped.)

OrpaHnyeHne CHU3Y Ha pa3Mepbl IMEETCS W'y TIIa3Mbl.
[Tmasma, ¢ OmHOI CTOPOHBI, TpEACTaBJseT cOOOI Ta3
3aPsLKEHHBIX YACTHUIL, a ¢ APYToil (Ha MAaKPOCKOITMYECKUX
PACCTOSHUSIX ), OHA JI0JKHA ObITh B 11EJIOM HEeUmpaivHOlL.
ITO MPOTUBOPEYNE CHUMAETCS TEM, UTO 3aPsI/l HA GOJIBIITIX
PACCTOSTHUSX 9KPAHUPYETCST U3-32 MPUCYTCTBUS PACIIOJIO-
JKEHHBIX PSIOM APYTUX 3apsKEHHBIX yacTull. B peaybra-

T€ TIOTCHIIUAJI SapﬁmeHHOﬁ HYaCTHUIIbI BMECTO 0OBIYHOTO

KYJIOHOBCKOTO ¢ = 9 5 nnasve npuoGperaer BUL
r

-

q) = q .e Ap ,
r

T.€. OH OCTaeTcs KyJOHOBCKUM Ha MaJIBIX PACCTOSTHHAX ¥
1 3(ppeKTUBHO SKpaHUPYETCs Ha MacIITabax, MPEBbINIAio-
MIUX TaK Ha3bIBAEMBIH /1e0aeBCKII paanyc Ap . (3amerum,
yT0 (DOPMYJIBI /IS TOTEHIIMAJIA 3allUCAHbI B TayCCOBOI
CHCTeMe €MHUI], aKTUBHO HCIOJIb3yeMoll (pusmramMm. —
ITpum. ped.) Tlo Mepe yBeJMYeHHUs] KOHIEHTPAIMH 3apsi-
SKEHHDBIX YaCTHIL TIJIA3Mbl /1Ie6aeBCKIIT pajinyc yMEHbIIACT-
cs (3apsiKeHHbIE YacTUIBI GJIMsKe, SKPAHUPOBAHUE JIyY-
1e). B o61iieM cirydae ero MOKHO BBIPA3HUTh Yepe3 KOHIIEH-
TPAIMIO 72 1 TeMIlepaTypy 1 MIa3Mbl CIeAYIOMNIM 00Pa3oM:

)\Dzz,4-1o—5-\ﬁ,
n

I/le pa3sMepHOCTD lefaeBckoro paanyca [Ap | =, Temre-
parypel [T] = ksB, a KoOHIEHTpaluss # U3MEPSeTcs B
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eIMHUIIaAX 102 M. Kak paBUIO, Me6aeBCKUil paguyc
JoBobHO Mas (Tak, auaa 1mmasmbl peakropa ITER ¢ T =
=10 kaB un= 10" M~ Bemmunna Ap cocTaBIsIET OKOIO
100 MUKpPOH) ¥ CYIIECTBEHHO MEHbIIE pasMepa caMoi
IJIAa3MEHHOI 00J1aCTH.

Orpanquml Ha npepeifibHbleé BO3MOXXHOCTU
TenaooTeoAa

B >xuBbIX opranusmax, oOUTAONMX HA 3eMJie, YPOBEHD
WHTEHCUBHOCTH IUPKYJUPYIONIMX TEIJOBBIX TTOTOKOB 3a-
naercst Comnniem. Ot CoJiHITa /10 TMTOBEPXHOCTH 3eMJIH
JIOXOJIUT TETLIOBOU TOTOK Topsijika 1 KBT/ M% | U3 KOTO-

pbix morgomniaercd okoso 300 BT/ M2

B carydae BBICOKHX /IepEBBEB 3TOT IMMOTOK TEILIA 3aITyCKa-
€T TJIaBHBIM MEXaHW3M TI0J’beMa BOJIbI MO CTBOJIY JlepeBa
nasepx (Ipu ucnapenun Bojibl yepes ycrbuia). [Ipn aTom
OKAa3bIBAETCS, YTO, XOTS IJIONA/b, 3aHUMAaeMasi YCTbUIIA-
MU, COCTABJISIET BCETO OKOJIO 1% TIOMAAN JINCTa, HCrape-
HUe Yepe3 HUX IPOUCXOAUT IPUMEPHO C TOM XKe CKOPOC-
ThIO, KaK U ¢ OTKpbITON nosepxnocru. (O mpupoze s1oro
napajlokca pacckasaHo B cratbe A.MuneeBa <«JIucrbsa
yabiGatoresi> B «KBantes Ned 3a 2006 r. — ITpum. ped.)

BesmunHa ymesbHOTO TETJIOBOTO MOTOKA, OTBOIUMOTO
Yepe3 KOXKY JKUBOTHBIX TIPU WCIAPEHWH, B TIEJIOM TOTO
ke nopgaka. Tak, A/ desoBeKa B CIIOKOMHOM COCTOS-
HUU OHA COCTaBJsIeT TpumepHo S0 BT/ M2 [Ipu maxcu-
MaJbHBIX (PUBMYECKUX Harpys3Kax, Harpumep, PeKop/c-
MeHa-CIIPUHTEPA OTHOIIEHUE BbIIEJIeMOil TTpu Gere Terr-
JIOBOI MOIITHOCTH K TIJTOIIA/M MTOBEPXHOCTH Tesa GeryHa
MOJKET JIOCTUYD ZKBT/ M2 . Takyio BeJMUHHY TEILIOBOTO
IIOTOKA YeJIOBEYECKOEe TeJO YsKe He yCIIeBaeT OTBECTH
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(qepes KOXY OTBOJUTCA 10 1KBT/ M2 ), u B Xome Gera
TeMIiepaTypa Teja TaKoro PeKOp/CMeHa-CIIPUHTEpa J10J1-
JKHA PACTH.

A KakuX BEJWYNH MOTYT JOCTUTATh TEIJIOBbIE TIOTOKHU B
MJIa3MEHHBIX yCTpoiicTBax? B aHepreTuueckoM peakrope
IJ1a3My HYSKHO JI0rpeTb [0 Temieparypbl nopsaka 100
MJIH TPaJlyCoB C IIOMOIIbIO BBOJA M3BHE OIpe/leJIeHHON
MOIITHOCTH HarpeBa uepe3 clielaabHble OKHA BBojA. [lo-
CTUTHYTBIE Y/IeJTbHBIE TETJIOBBIE MMOTOKU COCTABJISIOT MIPU
atom 10 — 50 MBT/ M? (B BIJIC IYYKOB YACTHI[ HJIH DJICK-
TPOMATHUTHBIX BOJIH). OCHOBHASI YacTh SHEPIUM CUHTE3a
NPUXOAUTCS Ha HeliTpoHbl (Hampumep, B peaxiuu
D*+T" > He' +n HelTpoH yHOCUT sHEpPTHIO
~14 MaB ), an8 HUX V/IeTTbHBIN  TETJIOBOW TIOTOK Ha
OKpYZKafolue 1Ia3My CTeHKH coctapsgeT 1— 3 MBT/ M2

Cienyer oTMETUTD, YTO [AapaJlJIe/IbHO C TePMOsSIePHOI
ycraHoBkoil B peaktope ITER 6yner coznaBarbes crieru-
AJILHBII CTEH/T JIJIST MCITBITAHUS MATEPUAJIOB MO/ IEHICTBH-
€M TepMOsS/IEPHBIX HEUTPOHOB. JTOT CTEH/ TIPE/ICTABJISIET
co060i1 GOJIBINON YCKOPUTENb, TIYYOK JEHTPOHOB U3 KOTO-
poro momajaeT Ha JUTHEBYID MUIEHb. B MuimeHw 1o
peaxmun D + SLi » %Be +n 00pasyioTcs HEUTPOHBI CO
CTIEKTPOM, OJIM3KUM K TepMosiiepHOMY. [lJ1s1 TOro 4To6bh!
JIOCTUYD TpeGyeMOil JIJIsi MCTBITAHUS MaTepPUasiOB HENT-
POHHOU Harpysku nopszaka 1-—2 MBT/ M | HYXKHO, 4TO-
6bl TIOTOK TeIJia OT aTroMOB [efiTepus Ha JHUTHEBYIO
mutenb gocrturasa 1000 MBT/ Mm% | Takue BeTMUMHbI yaiesb-
HBIX TENJIOBBIX TIOTOKOB MOXXHO OTBECTH TOJBKO TIpU
UCTOJb30BAHUU CTPYH JKUJKOTO JIUTHS, JIBIXKYIIEHCS 110
TPAHCIOPTEPY CIIENUATBHON KOHCTPYKIIMU C OOJIBIION
ckopoctbio (~ 20m/c ).

HAIIIN UHTEPBbBIO

NHTepBblo ¢ A.b.COCMHCKUM

Anekcen bpoHncnasosmy COCUMHCKMM — M3BECTHbIM MaTemMaTuk,
aBTOP Hay4HbIX W Hay4HO-MOMYMAAPHbIX KHWUM U CTaTer, cpemu
KOTOpbIX MOHorpadus (coBMecTHas ¢ B.B.MpaconosbiM) «Y3fbl,
3aUenieHnsl, KoCbl 1 TpexMepHble MHOroobpasuns», Hay4Ho-Mnomny-
napHas kKHUra (nepesefeHHas Ha 6 A3bIKOB) «Y37bl. XpOHOMOMUs
OHOW MaTeMaTnyeckon Teopum». MHoro net Anekcen bpoHucna-
BOBWY Oblf1 peaakTopoMm oTaena MateMaTukmn «KeaHta». OH — ofuH
13 MOCTOSIHHbBIX aBTOPOB HALLEro XXypHana, BbIAAOWMNCS NEKTOP
1 npenopgasatenb. Ha cante mathnetru MOXHO MocmMoTpeTb ero
durnbm-nekumio «TeopemMa Mepens». CoBeTyem Bam Takke NMo3HaKo-
MUTbCA € AOKNaAoM «MaTtemaTtuka >XOHMMPOBAHMUAY, NPOYNTaH-
HbIM KaHom-Kpuctocdom Hosennm 1 ®nopaHom Meepom, B KOTO-
pom AB.COCUHCKMIA BLICTYNUA B POAX MepeBodYMKa (CM. canT
mccme.ru). 910 He CyYanHo: Anekcen bpoHWCNaBoOBMY C OETCTBA
rOBOPUT MO-(paHLy3ckM 1 Mo-aHrMACKK. MHorve poccumnckume
MaTeEMATUKN YYUINCh MUCATb HayuYHble CTaTbW Ha aHTUACKOM
A3bike no kHure A.b.CocnHckoro «Kak HanmcaTb MaTemMaTUyeckyto
CTaTblO MO-aHMNNCKMY.

Anekcen bpoHUCNaBOBMY — YeNOBEK MHTEPECHON CyabObl, 1 Mbl
pafbl NPeACTaBUTb HaWMM 4YuTaTensMm ero pacckas o cebe, o
MatemMaTtrkax 1 MatemaTtuke.

— Moxem 6oimb, 6vl pacckaxeme cCHAAA O Gawell ceMbe, KMo
sawu podumenu...
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— CoBceM KOpPOTKO 0 Moeil posiocmoBHOI. OTerr — n3 6e3zeMen-
HbIX ABopsAH (ero orer;, MOM e/, GBLT OYEHb M3BECTHBIM JKEJIC3HO-
JIOPOKHBIM MHKEHEPOM), BOEBAJ MPOTUB GOJIBIIEBUKOB, MOCJE
OKOHYAHUS TPa’KIAHCKOI BOIHBI SMUTPHPOBAT M HA JIOJITUE TOJIbI
ocen B [Tapmxke. Tam oH mosHakoMmics ¢ Moell MaMoit, ApuajHoii
Yepuosoii, noukoil Bukropa MuxaiinoBnua YepnoBa, Jjugepa u
IJIABHOTO TEOPETHKA NMAPTHH COIMAINCTOB-PEBOIOIINOHEPOB, MPe/i-
ceparesst Yupeaureabaoro Co6panus /1o ero pasroHa 6oJIbleBuKa-
M. O XXI3HN pOANTEIEH 1 0 MOeM JeTCTBE PACCKA3bIBAaTh YATATE/ISIM
«KBanTa», g gymaio, HET cMbIcaa.

[laBaiite s HayHy cpasy € TOr0O MOMEHTa, KOI/la s OKa3ascs Ha
mexmare MI'Y. ¢l Gbln npuHAT Ha MEXMAaT B JIEBSTHA/IATUIETHEM
BO3pacTe cpasy Ha BTOpOIl Kypc. [lo aTOTO & >KWJI M y4mics 3a
rparnteii. Poguacsa s Bo dpanmmn, a yxe MepByi0 YHHBEPCHTETC-
Kyio crernens nosyuns B [lItarax B 1957 rogy — crenenn Gakasaaspa
Hoio-Mopxckoro yrmsepcnrera. Torma sxe MHe GbIIO TPETOKEHO
MOCTYIINTD B acIupaHTypy Martemarnueckoro uHeruryta KypaHra,
HO s OTKasaJcs, TIOHNMasi, 4TO B TOT MOMEHT, T.e. B cepeanHe 50-X
rogos, Mocksa (u B wactHOCTH, MOCKOBCKHMI TOCYZAPCTBEHHDIN
YHUBEPCHUTET) SBJAIACH OJHUM M3 BEAYIMX — €CJAU HE CaMbIM
CHJIBHBIM — MaTeMaTHYeCKUM I[EHTPOM B MUPE.

— A cetiuac amo max?

— K coskanenuto, Her. Bee 3HatoT, 4T0 60JIbIIIOE KOJNYECTBO OUYEHD
CUJTBHBIX POCCHICKIX MaTEeMaTHKOB yeXaJH 3a TPaHuiyy. MosKHO
CKa3aTh, YTO IMOYTH BCE 3BE3/[HbIE POCCHIICKHE MaTeMaTHUKu Jn6O
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MOCTOSIHHO HAXO/ATCS 32 TpaHutieil, 6o paGoTaioT 3a rpaHuleil u
TOJIBKO M3peiKka TosBstiorest B Poccun. Kpome Toro, uto Kacaercst
MeXaHNKO-MaTeMATHIeCcKOoro (aKyJbTeTa, TO €ro yPOBEHb TOKeE
OYeHb YIaJl [0 CPABHEHHIO C TeM, 4TO ObLIO, cKakeM, B 60-e ro/pl.

— Ceituac mnozue yesxaiom, a yx 6 50-e 200vL nemano aooeil 6
Poccuu meumano o mom, xaxk Ovl yexamv HA NPeycnesaouqull
3anad. A 6oL uymo U He eOUHCMEEHHDLI UES0BEK, KOMOPOZO S 3HAID,
xmo npuexan. Bu ne xanreeme o6 amom? Bce deuzanucy 6 odny
cmopony (no kpaiineii mepe meumaiu), a 6vl — 6 Opyzyio?

— S mpekpacHO TOHMMAJ, YTO S €Iy <He B Ty cropoHy». Ho
COBEpIIEHHO He JKAJel0 O TOM, YTO IIPHEXaJ, XOTs JaJbHeiime
cOGBITHS PAa3BOPAYMBAJIICH HE TaK, KaK s TOrJa HAMBHO jymai. $1
TOT/Ia TPEeAToaaral, 4To cKopo yb6epyT XpyiieBa W BMeCTO HErO
OyieT inbepasibHblil, YMHBIN IPABUTED, MOsIBUTCS B Poccnu «corm-
AJIM3M C YeJI0BEYECKUM JIUIIOM >, & [IOJIyYUJIO0Ch BCE POBHO HA000POT.
Ho HecMoTpst Ha 5TO, 51 HMKOT/IAa HE KaJeJ O CBOEM IIpuesjie: B TO
BpeMs MeXaHNKO-MaTeMaTHiecKnii pakyIbTeT Gbla aGCOMOTHO YHH-
KaJIbHBIM 0a3MCOM, TJie HaXO/MJINCH JIOAW CaMOTO BBICOKOTO IIPO-
(peccronaIbHOrO YPOBHSA, a TAKKE CaMOTO BBICOKOTO YPOBHS KYJIb-

TYPBI.

— Bot nomnume ce010 wxony? Bawu yuumens noeiusiu na eau
6v160p npogeccuu?

— 4 yumics Bo ¢paHIy3CKOl cpejiHeil IIKose, y MEHs IepBble
YUUTEJII MaTeMaTHKK ObLIN JJOBOJIBHO cJIa0ble, HO KAaK TOJIbKO y HAC
NnosIBUJIACh «asre6pa ¢ GyKOBKaMu» BMeCTO apuMeTUKN U TOSIBH-
Jlach TeOMeTpusi, s CTpaniHo yBiekcsi. Toraa mue 6piio 13 met, u s
CYUTAN, YTO IIOHMMAI0 ropas/o 6oJblle, yeM Mou nejaroru. Iloato-
My IIOBJMSJIA caMa MaTeMarHka, a He yuureab. OJHAKO yxXe B
BBIIYCKHBIX KJIaccaX (PPaHIly3CKOro JuIes, y MeHs GblLI BeJUKOJICI-
HbBIIT yuuTesab MaTeMaTUKU, a 1iepe/l 9TUM, B J/I[PYyrom Jiuiee, B TeHeHue
nosyrofga GObLI YHUKATbHBIN, OPUTHHAIBHbII 1 CHJIBHBII TIperosia-
BaTeJIb 3TOTO HpeMeTa. BesycsoBHO, OHM OUCHD MOBJIUAIN Ha MO
OKOHYaTebHbII BBIGODP. IloToMy 4TO TO yB/I€UeHNE, KOTOPOE Y MeHs
Bo3HUKJO B 13 Jjer, MOr/Jo Obl WCYE3HYTb, ecjiin Obl  HE ITH
3aMeyvaTesbHbIE YUHUTEJIS.

= 3uauum, 6 12 nem 6vl Gviau ewe, 4Mo HA3bIBACTNCS, 0ObIUHbIM
pebenkom, ne synoepxundom? O eac me 206opuil Jem 6 wecmo,
Mo Y 6dAc 6LIOAIOUUEC MAMEMATNULECKUE CROCOOHOCTNU?

— Ha camom jiesie 51 /1eiicTBUTEIbHO ObLT HECKOJIBKO BYH/IEPKIH-
JIICTBIN, HO HACTOSIIIHIT MHTEPEC K MAaTEMATUKe Y MEHS BO3HUK JIET
B 13. § 6bl1 HA TOJ MOJIOXKE CBOMX O/HOKJIACCHUKOB, MPOCKOYNB
OJINH KJIacC CpeiHeil TKOJIbI.

— Bo ckoavko aem 6vl nowiu 6 wrKoiy?

— Buagumo, ¢ miectd; HO B BOEHHbBIE TObI S HAXO/UJCS Ha
OKKYIIHPOBAaHHOI TeppuTtopun Mpaniim, TaM MIKOJIbI HHOTAA (DyH-
KIIMOHUPOBAJIN, a WHOT/IA HeT. S BpeMeHaMM XO/MJ B HavyaJbHbIE
MPUTOTOBUTEIbHbBIE KJIACCHI.

— Buauum ne O6vL10 domawnezo 06yueHus?

— Her, 6bu10 poMaiminee obydenne, KOHeYHO. [IpuToM oueHb
ceppestoe. Ho Mom pojnresd K TOYHBIM HayKaM, K apudMeTuke
MeHsI He TNpHydaa, U oOydeHue OBLIO TYMaHUTApHBIM. [e-To
HAYMHAS C YeTIPEXJIETHETO BO3PACTA I YIKe YMEJT [THCATh T10-PYCCKH,
a To-ppaHIly3CKH MHCATh HAYYUJICS HECKONBKO TIO3KE, yKE B
mKose. MoW pOANTENH, JIOAW OYeHb OOGPAa30BAHHBIE,  CyMEJH
3aHHTEPECOBATD MEHsI PYCCKOH JIMTEPATyPOil 1 T093Hel.

— Kax onu amozo dobuuce? Kax coeramo, umobuvi pebenox cmai
YMHBIM?

— Hy, st gymaio, 9to TyT B GOJIbINEil CTETIEHN BIUSET TEHETHKA, a
He obOydenue. Korma st Gbl coBceM MaJsIeHbKHIA, Mbl KN OYEHD
6OJTBIIOI JIPYIKHOIT ceMbeil. ITo ObLT cBoeGpasHbIil Marpuapxar —
Most GalyIIKa, ee TPU JOYKH, UX MY)Kbsl, €CJIM OHU TaM IIPUCYTCTBO-
BaJIN, TOTOMY YTO BO BPEMSI BOIHBI He BCe OHE ObLIN ¢ HAMU, U MHOTO
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nereif. B mnameil cembe
MPUHATO OBLIO YHUTATh
Beayx. Ilpm atom He
6bIJI0 HIKAKOTO PIHY K-
JICHNS, HUKTO MeHS He
3aCTaBJISLI CJIYIIATD, KO-
naunramn. roraa Mmama
CTIETIMATbHO /I MEHs
ympTaga, W MHE BCETJa
ObLIO 9TO MHTEPECHO. A
HUHTEpeC K JIMTepaType,
K KyJbType, K >KIHBOIH-
CH BIMTBIBAJICS CaM Ca-
6oit, yepe3 BO3IyX.

— B cemve 2060punu
Ha 08YX A3bIKAX?

— Her, B cembe ToBo-
PN TOJIBKO TTO-PYCCKH.
A ¢paHIry3cKuil S3bIK 5
OCBOWJI, KaK TOJIbKO £
CMOT BBIUTH BO JIBOD, S
ce6s1 He TIOMHIO He 3HAIoONMM (paHIy3CKOro s3bika. ['ie-To B Ba-
TPH TO/Ia 5 YK€ TOBOPUJI Ha /IBYX S3bIKaX.

— A aneauiickuil yxe nomom?

— Anrsmiickmii mosske. S okasajicst B Illtarax B jgecsaTuieTHeM
BO3pacTe 1 TOT/Ia 0YeHb GBICTPO OCBOMJI AHTJIHICKIIA 361K, PosnTe-
JIM Ccpasy NOCJaI MeHS B aMEPUKAHCKYIO TKOJY, 51 /[Ba TO/la TaM
VYUJICS, HO HOBBIX 3HAHW He MOy4yu. VI3BecTHO, 4TO aMepuKaH-
cKag IIKoJIa — ¥ TOT/a, U ceffuac — HaXOANUTCS Ha KatacTpoduyeckn
HI3KOM ypoBHe. Ho 3aTo s BBIy4mJs S3BIK U IPUCIOCOOMJICS K
AMEPUKAHCKON JKU3HU.

[Tocsie aTOrO poMTENN TIEpEBEI MEHS BO (DPAHILY3CKHIl JIUIIEH B
Hpio-Mopxe.

— Bowu w6 mo epems, K0z0d 6bl YuUIUCh, MAMEMAMUUECKUE
oauMnuadsL?

— Ouumnuazabl B0 DpaHuuu J0 cUX Hop He cyuiectsyer. B
Amepuke, Korja s ObLI CTY/IEHTOM, y»Ke TPOBOJMJCS —KOHKYPC
[Tatnama (Putnam contest), u s B nem yuactBoBas. Uto Kacaercst
(panirysckoil TpaauIuM, TaM ecTb Tak HasbiBaeMblil Concours
General (6ykBasibHO — reHepaIbHBIN KOHKYPC), KOTOPBII yupeant
Harmomreon. 9ToT KOHKYPC COCTOUT U3 pellleHnsT TPYAHBIX 3ajad Mo
TIPOABUHYTBHIM pasfieiaM IIKOJbHOI ITPOTPaMMBI, a He U3 «OJINMIIN-
AJIHBIX» 3a/1a4 Ha cCOO6PA3UTEJbHOCTD; BIIPOUEM, B HEM s KaK pa3 He
y4acTBOBAJ.

— Kozoa evt nousau, umo 6ydeme yuenoim?
— IIpnmepno B 14 ser.

— Yoke? U max yeepenno?

— Ja, yBepenno. Mory pacckasarb cJegylontyio ucroputo. Korzga
MHe 6bLJI0 14 J1eT, s1 Pa3MBbIILIAT O TEOMETPHUNI ¥ IIPUIIIEJ K BBIBOJLY,
YTO EeBKJHJOBa TeOMeTpHs TIpOoTHBOpeunBa. I dWTo mpaBUIbHAS
TEOMeTPHs yCTpPOeHa TaK, YTO ecJIM JIMHUH MPOJO0/KATh, TO OHU B
UTOTe 3aMbIKAIOTCSI.

— Botxodum, 6vl npudymaiu npoeKmueHyo 2eoMempuio?

— Ckopee, cdepuyeckyio. To, 4TO aTa reOMeTpHsi HEOPUEHTHPY-
eMa, g He OUeHb 4eTKO MoHnMas. 11 g namucan KaanrpaduyecKum
HOYEPKOM CBOE II€PBOE MaTeMaTH4ecKoe COYMHEHHe, rJie s IPHUBeT
Hekuil copusM, «[0Ka3bIBAIONHIT> TPOTHBOPEYNBOCTD €BKJIMIOBOI
reoMerpun. V1 HEMHOKKO TaM O0bSICHSLI, KK YCTPOEHa «HACTOSIIIAsT>
reomerpusi. Hy, mampumep, uto cymma yrioB Gosbire, dem 180
Ipajiycos, s noHuMast. B 1iesioM 210 6b110 COBCEM TUIyIIOe COUMHEHNE.

— Kaxoii 61 cogpusm?
— Ou 6bLT cBsI3aH ¢ rUmep6oJIoi. DJIEMEHT MTPOCKTUBHOTO MBIII-
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Jierust. Sl cauTast, 4To aCUMITOTbI €CTECTBEHHO JAOJKHDI COEUHUTD-
cs1. He B aToM 61T codpuaM, HO g Hammcas Kakue-1o (hOpMyJIbl, 5 yKe
3HAJI, 4TO TUIEpOOoJa IMeeT BUJ «eINHNIA, JeJeHHas Ha UKC»; U3
9TUX (POPMYJI «CJIEOBATIOY», YTO ACHMITOTBI JOJKHDBI 3AMKHYTBHCH,
M KpUBas CTaHeT 0BaJOM. TeKCT s TI0JIOJKUJI B KOHBEPT U 3arievyaTali.
Torna moy BiustaneM CeHT-DK30NEPH S CIUTAI, YTO B3POCTBIC BCE
PaBHO He B COCTOSIHIY ITOHATD BaskHOe 1 riry6okoe. [o kpaiiHeii mepe
MOSI yUYHUTEJbHUIIA HE B COCTOSHHU IIOHATD MOM <HOBATOPCKHUE»
mbicau. U s pemnmi, 4To KOr/ia sl BBIPACTY, ST Pacredyaraio KOHBEPT
W CKa)y, 4TO BOT KOTZA-TO S BCE 3TO OOGHAPY:KUJI. A JasibHeiirree
pa3BHUTHE CIO)KeTa Takoe. MHe MOZApU/IN 3aMEUATEJbHYIO KHIDKKY
Karana npo JIlo6aueBckoro Ha pycckoM si3bike. V13 Hee s y3HaJI, Kak
0OCTOUT JIeJIO HA CAMOM [IeJie, MHE CTaJI0 OYEeHb CTBIHO, ST TOPBAJ
CBOE TIepBOE MaTeMaTH4ecKoe COYMHEHWe M BhIOpocua ero. Bor
Takas y MeHs Obla CMEITHAs MCTOPHS.

— Hnghopmayuio 6vl mozda noiyuaiu 6 0OCHOGHOM Om yuumeei
UAU U3 KHUZ?

— Tonbko ot yunreseil. Y MeHS HUKAKUX MaTeMaTHYECKIX KHHT,
KpoMe yueOHUKOB, He Gblio. [lepBast MaTeMartnueckast KHUTa — 3TO
kuura Karana o JloGaueBckoMm. /[0 TOCTYIJIEHUSI B YHUBEPCUTET 5T
HE TIPOYNTAJ] HI OJHOW MaTeMaTH4eCcKOil KHUTH, KpoMe y4eOHUKOB.
N Karana. A mmpoKo 4uTaTh PO MAaTeMaTHUKY s CTAsT HO3Ke, YKe
Oy/lyun CTyIE€HTOM Hblo—ﬂopfccxoro YHUBEPCUTETA.

— U umo xe vt uumaniu?

— Bo «B3pocsoit» MareMaTnke MeHSI BIIEPBbIE 3aMHTEPECOBAJIA
MPOEKTHBHAS TeOMeTpusi. Buanmmo, 370 ObLIO KAK-TO CBSI3AHO C
MOUMH JIETCKUMHU yBJeYeHUSAMU. V s mpounTas Kakume-TO KHIDKKI
1o HpOGKTI/IBHOﬁ reomeTpun, n y MEHA Ja’Xe 6bIJ'H/I COéCTBeHHbIe
U3bICKAHUA 110 3TOMY II0BOJY, KOTOPbIE 3aKOHYMJIICDH CJIEYIOIIM
o6pazom. Koria MeHst peKOMEH/IOBAIKM B ACIUPAHTYPY B UHCTUTYT
Kypanra, mens npurJiacuin Ha cobeceioBanue ¢ Jlunmanom bepcom
(M3BECTHBIM KJIACCHMKOM MHOTOMEPHOTO KOMILIEKCHOTO aHAJIN3a).
Ha coGecegoBanum OH CIIPOCUIT, KAKUe KyPChI 5T CIIyIIHAJ, CTAJT MHE
3a/1aBaTh Pa3Hble BOIIPOCHI 110 TEOMETPUN U 110 aHaau3y. 1 6bicTpo
U TOYHO OTBevas u siBHO Bepcy monpasuiicsi. U Torgaa oH cripociu,
He 3aHUMAIOCh JIN S BOOOIIEe YeM-HUOYIb BHE KOHTEKCTa 00513aTe Ib-
HBIX KypcoB. VM s, CKPOMHO HOTYIHUBIINCDH, CKasaJ, 4To — Ja,
HEMHOXKKO HHTEPECOBAJICS HEKOTOPBIMU BOIPOCAMHU KOMILIEKCHOIT
MIPOEKTHBHOU T€OMETPUHN — U COGUPAJICS CKA3aTh, YeM 51 3AHUMAJICS .
Bepc passenr pykamm u ckaszamr: <«Kak »xe Bbl He TOHHMaerte,
MPOEKTHBHAsST reoMeTpus AaBHo ymepaa. [Tocse pabor Bebmena tam
HHUYEero He oOCTaJoChb, TaM HeTy HepemeHHbIX 3az1a4, 9TO MepTBB}I
HayKa, HeJIb3sl 9THM 3aHuMarbes!» S oueHb cMyTHics u 60Jbliie He
3aHUMAJICST IPOEKTUBHOIT TeoMerpueii. Hackosibko st ObLI Helpas, st
MOHSLT, Korja, Gyydn ToroJiorom u actmpantom B MI'Y, mosnako-
musicsa ¢ Cemenom ImuaukunpiM n lennaaem XeHKUHBIM, KOTOPbIE
Besen 3a Pomkepom IlenpoysoM chemanu reHumasibHbie PabGOThI
MMEHHO TI0 KOMILJIEKCHON MPOEKTUBHON IeOMETpUM, KOTOpasi MHE
6blyla yKasaHa Kak MepTBas HayKa.

— He mozau 6vl 6vl 6Kpamuye 00saCcHUMb WKOJILHUKAM, YO MAK0e
monoaozus?

— Tonosoruio MoXKHO MHOTHME CHOCOOaMH OXapaKTepH30BaTh.
Harmpumep, takuM o6pasom. B eBKJINOBOI reoMeTpun rjiaBHOE —
3TO pacCTOsIHUE MeXJy Toukamu. B addunHOil reomerpun rias-
HOe — 3TO OTHOIIEHNe PACCTOSHUI MKy ToukaMu. B mpoekTus-
HOI reOMeTpHHU TJIaBHOE — 3TO TaK Ha3bIBaeMoE [IBOWHOE OTHOIIE-
HUE YeTbIpeX TOYeK Ha IpsMoii. B eBKINJ0BOIl reomerpun 1pu
JBIDKCHUSIX HE MEHSETCS PaccTosiHie. A B TOIIOJIOTMH TaKOTrO
MPOCTOTO WHBapHaHTa, KakK paccTosHue, HeT. MokHO cebe mpeji-
CTaBUTb, YTO BbI H3ydaeTe IeOMeTpHUYecKylo (urypy, CAeJaHHyIo
13 pe3nHbl. Bbl MOXKeTe ee pacTsruBaTh, Bbl MOJKETE €€ CIKUMATD,
BbI Mo)keTe ee JedopMupoBaTh. Il Tomosorus maydaer camble
TIy6OKHIe CBOICTBA TEOMETPHYECKUX (DUTYP, a MMEHHO Te, KOTO-
pble He MeHSIOTCs Ipu TakuxX Jedopmanusax. A Kaxue ObIBAIOT
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MHBAapHaHThl B Tomosioruu? CaMblil TPOCTOIl M M3BECTHBIIT MHOTHM
yuratesnam «KBanta» — arto sitsepoBa xapakrepuctuka. Ecin Bbl
Bo3bMeTe OyOJIMK, TO Kak Bbl ero Hu Oyzere nedopMHPOBATH, B
HeM OyzieT ocraBaTbcs — JpIpKa. Hammuame aToil AbIPKH SBJIAETCS
UHBAapUAHTOM, & 3TOT UHBapHaHT (KOJMYECTBO /BIPOK HA3bIBAIOT
POJIOM TIOBEPXHOCTH) MOYKHO OIUCATH ajareGpandecku. JTo U jie-
JlaeTcst B anre6Gpanyeckoil TOMOJIOTHM, HO KaK UMEHHO — B JIBYX-
Tpex pazax He CKasKelllb.

— Bwisaiom qu mepmevie nayxu?

— OueHb TPYAHO BBIHOCUTD TOI MJIM MHOI BETBU HAYKH CMEPTHDII
MPUTOBOP, OJIHAKO MHOTJA 3TO Jieaercs. B MoeM MOKOJEeHU Mbl,
TOIIOJIOTY, BBIHECJH CMEPTHBIH MTPUTOBOP OOIIEl, NN TEOPETHKO-
MHOKECTBEHHOI1, Tomosori. Mbl JPYsKHO Bce OGDBSBUJIN, YTO 3TO
MepTBas HayKa. Ho Hesb3sd rapaHTHpOBaTh, YTO OHA HE BOCKPECHET.

— Cmepmmnuiil npuzosop ece ewe Oeticmeyem?

— Ceiivyac 6bIBIIIE OOIIHE TONOJOTH IEPEKIIOUYIINCh Ha Gosee
anre6pamdyeckoe W3ydeHNe OCHOB TOIOJOTHH, CBS3aHHBIX HE C
KOHKPETHBIMI T€OMETPHYECKHMHI OGBEKTAMHU, & C O4YeHb OOIIMH
abcTpakTHbIME npocTpaHcTBaMu. Kiaccnueckast aGerpakTHast TOHO-
gorust mkoJibl IlaBina Cepreesuuya Asekcanjgposa B Mockse, pac-
1[BET KOTOPOH TIPHITIENICST HAa COPOKOBbIE TOABI, ceffyac BbINIA 13
Moabl. B Mmpe ectb smimb HeGOJbIIAs TOPCTKA HCCIEAOBATEICH,
KOTOpbIE TPOJ0JIKAIOT paboTaTh B 9ToM HampanseHnn. Ho st Gbr ObLT
octopoxker. [ToroMy uTo HUKOr/]a HE M3BECTHO, UYTO B MaTeMaTHKe
MOXKeT TIPUTOUThCs. MoXKeT BJPYT OKa3aThCs, 4TO 06Ias TOIOoJI0-
rug OyzaeT BocTpeGoBaHa.

— A cxaxem, meopus mMHoKecme?

— Teopust MHOKECTB ceifuac IPOIOJIKAET OBITh B IIEHTPE OCHOBA-
HUIT MaTeMaTuku, 6esycsaoBHO. OHa WTpaeT O4Y€Hb Ba’KHYIO POJb,
KaK HI CTPAHHO, B BOTIPOCAX, CBA3AHHBIX C KOMITBIOTEPAMH, TIOTOMY
uTo (PaKThl M3 TaK HA3bIBAEMOIl JIECKPUIITHBHOI TEOPUH MHOKECTB
TIOCTENIeHHO TIepepaboTaliuch B 3aMeduaTesbHble TeopeMbl TeOpUH
anropuTmoB. Tak, Teopema I'énesst nmeer TIy6oKne TIPHIOKEHIS K
KOMIIBIOTEPHON HayKe: W3 Hee CJeyeT, 4TO DS 3ajJad HUKaKoil
KOMIIBIOTEp He MOXXeT pelllnTb B Ipuuiune. Kpome Toro, psj
KOHCTPYKIUIT TEOPUN MHOKECTB, IOJIyUCHHBIX B I1€PBOI MOJIOBHHE
XX Beka, ceifdac HamreJq HEOXHJaHHOe HPUMEHEHHEe B TEOPHH
JMHAMIYECKHIX CHCTeM, B YAaCTHOCTHU, B CBSI3H C TaK HA3bIBAEMBIMH
CTPAHHBIMU aTTpakropaMu. Tak uTO BpPSA U MOXKHO CUHUTATb
TEOPUIO MHOKECTB MEpPTBOil HAyKOIl.

— Kax vt cuumaeme, 0025kHa 1t MAMEMAMUKA UMEMb NPULOKE-
nus? Kax coomnocames npukiaonas u max na3vl6aemas wucmas
MAMeMAMUKa?

— Ilo aroMy TMOBOJy MHE MPOCTO XOYETCS HPUBECTU TOUKY
3pennsa Augpess Huxosaesnua Kosmoroposa. Korzpa s emy 3agan
3TOT BONPOC, OH MHE cKasasj cJjefyiomee. He ObiBaeT HU 4HCTOI
MareMaTHK{, HU IPUKJIaJHONH. Marematnka OblBaeT XOpomias I
mioxasi. XOopolnasi MaTeMaTUKa MOYKET B3SITbCS MPSIMO C KOHYUKA
rnepa, M3 TOJIOBBI MareMaTWKa, KOTOPDI pa3BUBAET MATEMATHKY
paay caMoil MaTeMaTHKH, MPOCTO M3 YHCTOro JiobonbitcTBa. Ho
eCcJI TO, YTO OH C/IeJIaeT, COJIepKaTeJbHOe, MUHTEPEeCHOe M XOPO-
1ee, 3TO PAHO WJIHM TIO3JHO HANIET CEepPbe3HOE IPUJIOKeHHe. A
ecJaM 9TO IIoXas MareMaThka, o6 3TOM Bce dYepe3 IOKOJeHne
3a0yayT. UTo ke KacaeTcs TeX pe3yJbTaToOB, KOTOPBIC BO3HMKAIOT
[PU PEIIeHUN MPAKTUYECKOH MPUKJAIHON 3a/au, TO 3/1eCh TOXe
HY’KHO PasJinyaTb CHJIbHBIN Pe3yJbTaT OT psijioBoro. Ecuu, peras
KaKy[0-TO TMPUKJIAIHYIO 33/lauy, MaTeMaTHK KOIHYJ OYeHb Iry6o-
KO ¥ TpUAyMas TPUHINIHAJBGHO HOBBIH METOJ pEIIeHWs, TO U3
HETO 3aTeM BO3HUWKHET Teopusi. U1 a1o Oyer Takas ke 3HAYUTEND-
Hasi MaTeMaTHyecKasi Teopusi, Kak Hauydiine aGCTPAKTHbIE TeO-
pUH, KOTOPbIE B3SUINCh U3 YMO3PUTEJIbHBIX PACCYKICHHI MareMa-
TuKOB. Tak 4YTO MHe Ka’sKeTcs, YTO OYeHb BaKHO HE OT/EJSThb
MaTeMaTHKy IIPUKJAJHYI0O U IIPAKTUYECKYI0 OT TaK HAa3bIBaeMOIl
yuctoil Matematuku. Y 3710, KeTath, oueHb Xopolias yepra pyc-
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CKOIl MateMaTH4ecKoil 1mKo/bl. Bee kpyrHeiinme pycckie maTeMa-
TUKH He BJaBaJINCh HU B OJHY, HM B JPYyTylo KpaitHocTb. 3
paboTAIONNX CErO/[HS MATEeMAaTHKOB JOCTATOYHO Ha3BaTh Birajin-
mupa Wropesnua Apuosbga. Pa6orer Apnosbga GpiBaior a6co-
JIIOTHO YHCTO MaTeMaTHYecKue, Kak, HAIPUMEpP, ero HeJaBHUE
pe3ymbrathl 1o Teopun umcena. C Jpyroil CTOPOHBI, Yy HEro ecTb
paéOTbI, 1 O4Y€Hb MHOI'O, IO AMHaAMHUYECKUM CUCTEMaM, I10 TEeOpun
6udypkaiyii, KOTOpble HeJb3sl HA3BaTbh MPHUKJIAJHBIMU, OHH He
pelalnT  KOHKPETHbIe MPAKTHYeCKue 3a/[auil, HO MX IOJIEe3HOCTb
JUTS pellleHnsT KOHKPEeTHBIX 3a/[au 6e3yCIOBHA W OUEBH/IHA.

— A 1O0.U.Manun?

— Mauun ceituac u nocsaegnue 20 JieT 3aHUMaeTCs B IEPBYIO
ouepe/ib TeOPETNIecKoil (PU3MKOI. YKe aTOT PaKT TOBOPUT O TOM,
YTO OH TepecTas ObITh <«UYHCTBIM» MateMaTHKoM. Ho To, 4TO
HAWJTydIlasi 4aCTh €ro TBOPYECTBA, KAK 110 «YHCTOI» MaTeMaThKe,
TaK U 10 TeopdusnKe, BEPOSTHO, OCTAHETCS, U JlaxKe 4TO-TO OyAeT
HWMETb BIIOJTHE KOHKPETHBIE MTPUJIOKEHMS, BIIOJIHE OXKuaeMo. Kak n
TO, 4TO YTO-TO Jpyroe, HaoGOpPOT, OTOMpET, KaK BpeMEHHOE M
HEHY3KHOE.

— A ¢usuxa eamn npasumcs?

— 4 Bcio »xu3Hb OveHb JIOOUT (PU3KMKY, HO MHE He IIOBE3JO C
yuuTessIMU. Y MeHsI HUKOT/a He ObLJI0 XOPOIINX yuureseil pusnku.
Hukorga: wu B mkoste, min B Hpio-MlopkckoM yrmsepcnrere, Hi
Korjla g y4yujacs Ha Mexmare. JIeKIMM, KOTOPbIC YHUTAIM MHE
npodeccopa ¢ pusdaxa, ObLIN IPOCTO OUYeHD IIoXKe. M g usygan
TeopeTndeckyio GusuKy y MareMaTukos. Kpome toro, Teopusi
y3JI0B, KOTOPOIi 51 3aHUMal0Ch MHOTO JIeT, 0Ka3aJach BOCTPEOOBaH-
HOH MMeHHO (DU3NKaAMM.

— B.U.Apnoawd z080pum, uwmo Mamemamuxda — 3mo udcmo
¢usuxu. Bvl coznacnvl ¢ amum?

— ApHOJIB/T TOBOPUT HE TOJBKO, YTO MaTeMaTHKa YacTb (DUBHKH,
OH J00aBJIsIET, YTO ATO Ta YaCTb (PUBUKH, T/e IKCIEPUMEHTDI CTOST
OYeHb JIelieBO. IJTO OveHb BaskHoe poOasienne. Cam ApPHOJD/I,
0CcOOGEHHO B IOCJEHUE TO/bI, OUY€HDb JIOOUT IEMOHCTPUPOBATD, YTO
MaTeMaTHKa — 3TO KCIEPUMEHTAJbHAs HayKa, a MaTeMaTHK — 3TO
YeJIOBeK, KOTOpbIil akcrepumentupyer. IIpo cebst o rosopur: s
9KCIEPUMEHTUPYIO PYKaMU, CYUTAIO, MPOBOXKY IKCIEPUMEHTHI U
TOTOM U3 ATUX IKCIEPUMEHTOB JieJiafo BbIBO/bI. Ho MOXkHO mpoBO-
JINTDH 3KCIIEPUMEHTHI U Ha KOMIbloTepe. /leATebHOCTD MaTeMaTnKa
KaK pa3 M CBg3aHa C IPOBEJCHUEM TaKUX HEZOPOTOCTOSIINX KCIle-
pumenToB. OHAaK0 APHOJIB/L CBOUM CJIOBaM npuiaer GoJee riay6o-
KWii, s 61 ckasas, dpumocodekmii cMbica. V1 B 3TOM OTHONIEHUH OH
ce0s1 TO3UIMOHUPYeET Kak yyeHNK AHpes Huxosaesnya Kosmoro-
poBa. APHOJIb/I BEPHT B PEATBHOCTD TOTO, YTO N3Y4AIOT MAaTEMATHUKN.
On cumraer, 4To MareMaTHKa — 3TO B KaKOW-TO Mepe HayKa IIpO
OKPY’KAIOIINIT MUP.

B 1990 roxy s 6pas untepsbio y Baaanmupa Uropesuva (uarep-
BbI0 omy6mkoBano B «Ksante» Ne7 3a 1990 romy), m saman emy
takoit Borpoc: «Korza Bbl jioKaspiBaeTe TeOpeMy, BbI ee CO3/1aeTe
WM Bbl ee OTKpbiBaere?» OH OTBeTU] cJejylolleil 1uraToit us
A.K.Toacroro:

TrierHo, Xy/103KHUK, Thl MHUIIb, YTO TBOPEHUI CBOMX Thl CO3/IaTeb!
BeuHo HOCHJIICH OHU HAJ[ 3€MJICI0, HE3PUMbIE OKY...

MHOTO B IIPOCTPAHCTBE HEBUAUMBIX (DOPM U HECJIBIIIUMBIX 3BYKOB,
MHOTO 4y/IeCHBIX B HEM eCTb COYETAHWUIl 1 CJIOBA U CBETA.

— Moxxeme au 6ol 00BACHUMD WKOALHUKAM, KaKue Ovleaiom
npaxmuyeckue NPULOKeHUs Y COBPEMEHNOU MAMeMAMUKU — He
mamemamuxu Hvromona u Iizepa, a moi, umo 6vLia cozdana e
nocaednue decsmunemus? Ecmo au maxue npumepor?

— Takux npumMepoB MHOTO, HETPY/HO TIEPEUNUCTUTD HEKOTOPbIE U3
HUX, OJTHAKO MOHSATHO OODBSCHUTD NIKOJbHUKAM CYTh JI€Jia — COBCEM
He TIpocTo. 51 Ha30By, He BAAaBasCh B MOJPOOGHOCTH, TPH IIPUMEPA, B
HaJexk/ae Ha To, 4To «KBaHT» HalifieT aBTOPOB, KOTOPBIE CYMEIOT
JTIOXOTYIBO OOBSICHUTH OCHOBBI COOTBETCTBYIOIINX MATEMATUIECKUX
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TEOPHIl U TTOHSATHO OINCATH, KAK ATH TEOPUU PA0OTAIOT Ha PAKTHKE.

[Tepsobrit npuMep — asre6panyeckasi reOMeTpPHs HAJl KOHEUHBIM
roJieM u kpurnrorpadus. MateMaTH4ecKyIo TEOPHUIO MOSKHO OIINCATD
KaK TeOMeTPHUIO 3JITNITHIECKNX KPUBBIX B MHOTOMEPHOM HMPOCTPaH-
CTBE, HO pAcCMATPUBAEMBIX He Ha/ II0JIEM BEIIeCTBEHHDBIX WJIN
KOMILJIEKCHBIX YHCEJ, a Ha/ KOHEYHBIMM IIOJISIMH. OTa TEOPHs
MO3BOJISIET CTPOUTDL TO, YTO TO-AHTJIMHCKM HA3bIBACTCS <«ONe-way
functions» — OCHOBY Tak Ha3bIBaeMOIl <«IIH(POBKU € OTKPBHITHIM
KOZIOM». ITOT ¢rocob M POBKI NUCIIOIB3YETCSI B OGBIKHOBEHHBIX
GankoBckuX Kaprax. JKyamk, gaske snaommii croco6 mmgposxu
Balleil KapTbl, He CMOXKET paciudpoBarb NHPOPMAINIO, HeOOXO/IH-
MyIO JJISI CHSATHS JICHeT.

Bropoii npumep — onepatopbie MeTozbl (M CBA3aHHBIE ¢ HUMI
TEOPHUsT JIaTPaHKeBbIX MHOT00Opasuil n nugexe Macsiosa) u npe/-
CKa3aHMs IlyHAMU ¥ TOPHA/0. 3/1ech peub ujeT o pa6orax Bukropa
[TaBmoBrmua MacsioBa 1 €ro IIKOJIbI, N3HAYAJIbHO OTHOCSIINXCS K
TEOpeTHYEeCKOMY HCCJIeI0BAaHNIO YDaBHEHUII B YaCTHBIX NPOM3BOJI-
HBIX. ITH PaGOTbI O3BOJIMIIN IOCTPOUTH JOCTATOYHO TOYHbIE MO/Ie-
JIM PAcIpOCTPAHEHMs TAaKUX SIBJIEHUII, KaK IMKJOH, TOPHAJI0 I
imyHamu. Yuennk MacaoBa Cepreii [[o6pox0oTOB cymes Haiith,
UCTIONB3YsT TEOPHIO, pa3pabOTaHHYIO B IOCJe[Hee JAeCATHIEeTHE,
ouyenb a(pEKTHYIO U PeaTUCTUYHYI0 MOJesb TopHato. MuTepecHo,
yro jlaboparopust Mucruryra npo6sieM MeXaHUKHU, B KOTOPOil pa6o-
taer /lo6poxoroB, HasbiBaercs JlaGopaTopueil MeXaHUKH MPHPOJI-
HBIX KatacTpod. f 6Bl He B3sCS OOBSICHUTD MIKOJBHUKAM, gaske
O4YeHb IPOABUHYTBHIM, HU TEOPHUIO, HH MaTeMaTHYeCKOe OIUCaHHe
Moziesm TopHao. OJHAKO MOXKHO pacCKasaTb, YTO TAKOE HMHJIEKC
MacoBa, 6J1aro /711 5TOr0 MHBapuaHTa APHOJIB/L PHIYMaJ 9KBH-
BaJIEHTHOE J[OCTATOYHO HATJISIZIHOE TeOMeTPHUYeCKoe OIpefieseHne.

Tpernii mpumep — GECKOHTEKCTHbIE I'DAMMATHKH XOMCKOTO U
SI3BIKYM IIPOTPAMMUPOBAHUS. AMEPUKAHCKUI MaTeMaTUYECKUIl JIMH-
reuct Haym Xomckmii mpuaymana kiacc (OPMasbHBIX SI3BIKOB,
KOTOpbIE OH Ha3BaJl 6ECKOHTEKCTHBIMH. IJTH S3BIKNM — (hOpMasbHble
MareMarnyeckie OObEKTbI, OCHOBAHHbIE HA (POPMATBHBIX TPaMMa-
THKaX, HbIHE HOCSIMMX nMst XOMCKOro. MIMeHHO X nCIoJIb30BaHue
COBEPIIIHJIO PEBOJIONMIO B IIPOrPAMMIPOBAHNY — HIEPEXOJ OT IIPO-
TPaMMHPOBAHUS B KO/IaX K sI3bIKaM BBICOKOTO YPOBHSA. B cBsiam ¢
9THM IIPHMEPOM CTOMT OTMETHTD, YTO ellle PaHbIle, KOI/a TOJbKO
CO3/1aBAJIHCh 1epBble U(PPOBbIE 2JIEKTPOHHDIE MAIINHBI, HCXO/HOI
TOYKOI UX apXUTEKTYPbI IOCTY>KUJIA Hjiesl YHUBEPCAIbHOI Malu-
Hbl ThlopuHra, TIpHUyMaHHAS AHIJINICKAM MaTeMaTHKOM AJIaHOM
Toiopunrom (Bo BpeMst BTOPOIl MUPOBOI BOWHBI OH paGoTas, Ka-
5KeTcsl, B IIMHOHCKOM BejgoMcTBe MI-5).

— Ymo maxoe npogheccus. mamemamuxa?

— Bce 3mator, uro GbiBaior dbusuku-treopernku. Bee 3Haor, 4to
6b1BatoT yuenble-6uosiorn. Ho, kak HEH cTpaHHO, GOJBIIMHCTBO
mojielt, gaxke MHOTHE IIKOJIbHBbIE YUHTeNs MaTeMaTHKH, He 3HAIOT,
YTO CyIIECTBYET Ipodeccus «MaTeMaTHK-HICccaeoBare by . MHuorne
JIyMAIOT, YTO MaTeMaTHKa — 3TO OOJIBIIOH KOPITYC 3HAHUN, KOTOPDIiT
pasBUBaJICSI O0COGEHHO OYPHO B CEMHA/IIaTOM-BOCEMHA/IIIATOM-le-
BATHA/IIIATOM BeKe, a Telepb TPe/CTaBIseT n3 celsl yCTOSABITHHCS
MacCHB 3HAHUII, OYeHb MOJIe3HDBIH /11 mpakTuku. OJHAKO 3TO
COBEpLICHHO HEeBEPHAs TOYKA 3PEHU, IOTOMY YTO MaTeMaTHKa, TakK
JKe KakK U TeopeTwdeckast (pu3nKa, IPoJ0JDKaeT MHTEHCHBHO Pa3BU-
BaThcs. 11 pasBUBAIOT ee JTO/N, KOTOPBIX M Ha3bIBAIOT MaTeMaTHKa-
MH-TCCJIE/[OBATEISIMN.

Kak ycrpoena ux >xus3ub? Yactb MaTeMaTHKOB-UCCJIE0BATENEN
paboTaeT PN YHUBEPCUTETAX, U TOT/[a OHU HperojaoT. [leHbru nm
TIJIaTAT UMEHHO 3a TpernojaBanue. Ho oHNM 5TO paccMaTpuBaioT Kak
OTHIO/Ib HE TJIABHYIO 9aCTh CBOEH paGoThl, a TIaBHOI paboTol cBOCH
OHHU CYUTAIOT JOKA3aTEJIbCTBO HOBBIX TEOPEM, MPH/yMbIBaHUe HO-
BBIX TEOPHIl, PelleHre CTapbIX, HO JI0 CHX TI0p HE PElIeHHBIX 3a/1a4.

Kpowme Toro, ceifuac B Mupe nMeeTcst HeCKOIbKO HHCTUTYTOB, T/ie
MaTeMaTHKaM ITaTAT JeHbIN TIPOCTO 3aTeM, YTOOBI OHH Pa3BUBAJH
MaTEeMaTHUKY.
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[Tpodeccusa ara Tskesass. 3apIuiaTbl CPAaBHUTENIbHO MasleHbKUE,
a B Poccim moka nudroxkHble. KoHewHO, 4esoBeK, CHJIBHBIN B
MareMaTnke, GyJeT 3apadarbiBaTh ropas3fo GoJblle JIeHeT, ecan OH
HOCTYIHT B KakKylO-HHOY/b KPYHHYIO (DUHAHCOBYIO KOMIIAHUIO B
KauecTBe (PUHAHCOBOIO KOHCYJIbTAHTA.

— Iocosemyeme au 6vl HAWUM MOLOOLIM YUMAMEAIM UOMU 6
amy npogheccuro?

— 4 pemmTesbHO COBETYIO UM Ty/Ia HE HIATH. A T€, KTO 3aXOTSIT,
— OHH Bce paBHO ToiayT. He mocsymmaoT Moero cosera.

— But uacmo uumaeme sexuuu. Ha 00noti us nux y eac evicmyna.
Jonzep.

— Jla, Gbl1 Takoil ciydail JieT 1m[Th ToMy Hasax. B aTo Bpems s
3aBesioBas (PpPaHKO-PYyCCKON MaTeMaTWdecKoil saGoparopueii, u B
9TOi JIAGOPATOPUH IO MOEMY IIPUTJIAIIEHUIO PAGOTAJIN /1BA MOJIO/BIX
(panIry3ckuX MaTeMaTHKA, CIEINATIUCTBI 10 KOMOMHATOPUKE U T10
TeopuM TIpejicTaBieHuil. V okasanoch, YTO OAMH U3 HUX OYEHb
XOpoTTHit >KOHTIep. BMecTe co cBOMM KOJIEroil — OHW APY KHJIN I
BMecTe y Hac paGoTajy — OHM U3YUYHJN TEOPHIO SKOHTJIMPOBAHUS C
TOYKM 3peHusi MaremMaruku. V mpounranu aGCOIOTHO M3YMUTEb-
Hyl0 Jieknuio. Teopuwio m3jaraa OJWH M3 HUX, $ IIEPEBOANT Ha
pycckuil S3bIK, a JPyroit IeMOHCTPHPOBAT T€ CIOCOOBI SKOHTJINPO-
BAHMSI, KOTOpbIe OBLIN H3JI0KEHDbI TeopeTHdyecku. TaM joxasbiBa-
Jach HeKas TeopeMa KJACCH(UKAIMU SKOHIJIMPOBAHUS PA3HBIX
THIIOB C PA3HBIM KOJMYECTBOM OOBEKTOB.

Sl eme Xouy ckasaTh, YTO OYEHb HM3BECTHBII CIIEIHAINCT IO
KOMOMHATOPUKE, KPYIHBbIH aMepukanckuii maremartuk Pon [pa-
XeM, — TOKe ObLI OYeHb CUJIbHBIIT JKOHT/Iep. OH MOT JKOHIJINPOBATD
1IeCcTbio MstyaMu. D10 GJM3KO K IIpe/iesy YeJ0BEYeCKUX BO3MOXKHO-
creit. (Murepsbio ¢ Porom I'paxemom omy6imkoBano B «Kpamnre»
Ne 4 3a 1988 roz.)

— Buwi pabomanu ¢ A.H. Koamozoposvim ¢ DOMIII.

— [a, Aungpeit Hukomnaesnu mensa npuryacua B AMIIL yxe co
BTOPOTO TO/Ia €¢ CYIIECTBOBAHUSA, U 1 TaM IPOPAGOTAJ OKOJIO 1IECTH
WM CeMU JIeT odeHb uHTeHcuBHO. CHauasla g Besl yHPaskKHEHUS 32
agekiuAMu Anapes HukosaeBnua, a moToM € KaKOro-TO MOMEHTa
cTasl BO3IJIABJIATb odepepHoit nortok. Tam Oblan AByXroJAuyHble 1
OJIHOTO/INYHbBIE IOTOKU, U 5 C OTPOMHBIM YJIOBOJILCTBHEM PaboTall B
UHTEpHATE B IIEPBbIC TOJIbI.

— Pacckaxume umo-nubydv unmepecnoe 0 mom gpeMenu.

— l3navanpbHblil 1mog6op JOJieil, MPEIoJaolX MaTeMaTHKy,
ocymectisiiacs AnspeeM Hukosaesnmuem. U oH mogbupas ToJbKO
TaKMX MaTeMaTHKOB, y KOTOPBIX, KPOME MaTeMaTW4ecKUX II03Ha-
HUI, YMEHUsT TIPENojiaBaTh 1 WHTepeca K paboTe cO MKOJbHIKAMH,
6bl1 6bI Kakoi-HMGY/Ab elle OAMH TasjaHT. Mbl Bce €O CBOMMHU
MIKOJTbHUKAMHI CBOUM TaJIAaHTOM JIGJIJINCh. DbLl, ckaxeM, Taxoil
npenosaBatenb, Kak [luma lopzeeB, KOTOpPbIiH ObII CEepbEe3HBIM
xynoxxkHuKoM. sKens laiilykoB IpeKpacHO WIpaj Ha CKpPHIIKE.
Anpipeii HukosaeBid mpoBo/iii 3aMevuaTesIbHble My3bIKalbHbIE Be-
4yepa, rje OH CTaBUJ IIJTACTUHKH KJACCHYECKON My3bIKH. Dbl
3ameuarespHbIN guTepatop Hukosait VMiBanoswu ['epacumos, KoTo-
pBIif BeJ HACTOJIBKO WHTEPECHbIE 3aHATHS IO JHUTEpaType, 4To s
BCerja JIOroBapuBaJICs C JIUCHETYepOM, 4YTOObI MHE yCTPauBaIl
pacrucanne TakuM o6pa3oM, 4TOObBI T/ie-TO y MeHsI GbLIO OKHO, BO
BpeMsl KOTOPOTo s GbI MOT XOJAUTb Ha ero 3aHATHsA. OCHOBHYIO
craBy @MIII B Te Bpemena cocraBman IOmamit KM, 3HaMeHUTDII
G6apza. OH ycTpamBasJ IIPeKpacHble TeaTpabHbIe IIPeCTaBJIEeHIS,
ceffuac MbI 6bI CKA3aJIM — MIO3UKJIBI, CHJIAMU IIIKOJIbHIKOB, YPE3BbHI-
qaitHo yjgauno. OHM ObLIM HEMHOXKEUKO pHcKoBble. O4YeHb TPY/TIHO
6bLIIO TOT/IANITHEMY IMPEKTOPY MHTepHATa. [[HpexTopoM Oblia 3aMe-
vaTtejbHas skeHimmnua, Pamca ApxajapeBHa Octpasi, (POHTOBUK,
oxonunBinas MMDJIN, yenoBek riayGoOKOil TyMaHUTAPHOWU KyJIbTY-
pol. 11 y Hee 6bLI0 OYeHb TPyAHOE TIOJIOXKEHHE, MOTOMY 4YTO HAJlo
661710, 9TOGBI BCe OBLIO YMHHO C TOUYKH 3PEHNsT COBETCKOW BJIACTH, B
TO BpeMsl KaK MOJIOJble MaTeMaTHKU W JPyTHEe IIPEoaBaTein
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TSATOTEJN K JIHOePATbHBIM IIEHHOCTSIM, He anpoOGHPOBAHHBIM B Te
BpeMeHa KOMMYHHUCTHYECKHM HAYaJbCTBOM. Biactu oveHb BHUMA-
TEJbHO CJIEINIIH 3a TPOUCXO/siM. UTo Kacaercst MOero coGCTBeH-
HOTO TIPETNO/IABaHNs B MHTEPHATE, OHO KOHYMJIOCH TEM, YTO TTapTHii-
Hoe GI0pO MeXMaTa MHE 3allPETHJIO ATHM 3aHUMaTbhes. Ta ske camast
YUacTh MOCTUTJIa HECKOJIBKUX JPYTHX MperojaBareseil, u nmpuMep-
HO JIET Yepes JIeCSITh TI0CJe OTKPDITHS MHTEPHATA 110 TEM WJIH WHBIM
MIPUYMHAM TIOYTH BCE IPENOJIaBaTesin, KOTOPBIX NpuBesa AHIpeit
Huxosaeny, yxxe GoJiblie TaMm He paGoTaan. A MO3Ke s yIIeT U 13
yuuBepcutera, u ¢ 1975 roga pabGoran B «Kpanrte», BHOBb 110
npuranennio Kosmoroposa. IlapasiesibHO st 3aHUMAJICST [IEPEBO-
JlaMH.

— Bw wuanucaru xnuezy <Kax wanucamv mamemamuyeckyro
cmamvio no-anz uticku»

— ITO NIPOM30ILIO B CAMOM HavaJle repecTpoiiku. /[eso B ToM, 4To
s cBOOOTHO BJIAJEIO aHTJIMHCKIM SI3BIKOM W MHOTO B CBOEH SKHU3HH
YyHuTal MaTeMAaTHYECKUX TEKCTOB IO-aHTJIMiiCKU. S monumas, 4to B
HauaJle epecTPoiKy, KOr/[a OTKPDLIMCH IPAHUI[bI, HAIIM MaTeMaTH-
KH OKa3a/IMCh B YPE3BbIYAITHO HEBBITOTHOM TT0JI0KeHNH. [IpakTiuec-
KU HUKTO U3 BELyNIX MaTeMaTHKOB MEK/IyHAPOHOTO YPOBHS HE MOT
cJleJ1ath JJOKJIa/] 10 MaTeMaTHKe 1 TeM 6oJiee HalncaThb cTaTbio. O4enn
YaCTO CTAThY BO3BPAIIAINCD C PEIIEH3USME TAKOIO CO/IEePIKAHN, UTO,
BO3MOKHO, 3TO OYeHb HHTepecHass paboTa, HO OHA TaK IJIOXO
HallcaHa MO-aHTJMICKY, YTO MOHATh TaM HUYETO HE BO3MOXKHO H
HY’KHO, 4TOGDBI 3Ty pa0OTy OTPE/JaKTHPOBAJI €CTECTBEHHDIIT HOCUTEJID
s13bIKa. U 51 cuest, 4To MOsI pOJIb COCTOUT B TOM, YTOOBI IOMOUb JIIOJISIM,
T.e. MOMM KOJLIETaM, PYCCKOSI3bIYHBIM MareMaTHKaM, IIPeojioJIeTh
aToT Oapbep. M Hammcan 3Ty KHIDKKY. OJTO OKa3aJoch OYeHb
YCHEITHBIM 9KCTIEPIMEHTOM, 1 10 CHX TI0P BCTpevaro JTo/ieli, KoTopble
roBopat: <A, Bbl Tor cambiii CocuHCKUIT, KOTOPBIH Hammcasa 3Ty
KHIKKY !> Jl1om, KOTOpble MEHs He 3HAIOT 10 MOMM MaTeMaTHYeCKUM
paboTaM, 3HAIOT MEHS KaK aBTOpa 3TOH KHIDKKI.

— Kcmamu, nouemy ceiiuac zopasdo menvuie nepesooumcs Knu-
JKex no mamemamurxe?

— Ha pyccknii si3p1k? IlonaTHO, moueMy: Bo-TiepBbIX, mpodeccu-
OHAJIbHBIE MATEMATUKH BCE CeiYac YUTAIOT MO-AHTJIMHCKU, UM BCE
PaBHO, YTO IO-PYCCKM, YTO MO-aHIyniicku. IT0 pa3. Bropoe. B
COBETCKOE BPEM:sI Mbl HAaXO/INJIICD B TIOTHON n3oJrsamu. Hukto k Ham
He MpHe3’kajl, Mocae TOTo Kak Ha MeXMaT mepecTaan OpaTb abuTy-
PUEHTOB €BPENCKON HAIMOHATBHOCTH, MHUPOBasi OGIIECTBEHHOCTD
BO3MYTHJIACh, U B Poccuio 3anajiible MaTeMaTHKU MTOYTH COBCEM HE
npuesxaad. A 3a TpaHuIly Hac He myckaman. [loatomy sroam
QHTJIMICKNI A3bIK He 3HaaM. Ho Korga TpaHMIlbI OTKPBLINCD, T10-
[IPEKHEMY OCMBICJIEHHO ObLIO IepeBOJUTh KHIDKKH, J/OCTYIIHbIE
CTYJIEHTaM, a MOHOTpAa(UM yyKe MOYTH HUKTO He TEePEeBOIUT. XOTS
HEKOTOPBIE W3/aTeIbCTBA TEPEBOIAT, HAIPUMEp WM3/1aTeIbCTBO
MITHMO. Boobiie-To 3T0 3amajiHble M31aTENbCTBA HOJIKHBI TIepe-
BOJIUTD HAIIN HAYYHO-TIONYJIAPHbIE KHUKKU, MBI B 9TOM ILJIAHE, KaK
B IIECHE TIOETCS, IIaraeM BIIEPEIN TJIAHETbI BCEIl. ..

— Ha naaneme npasda nem Knuz, Komopuie HA0O nepeeecmu?

— Her, ectb, cKOJIBKO yroJHO, U IOHEMHOXKKY 3T0 jesaercd. Ho
4 3aMedy, 4TO ceifyac MMEIOTCA 3amedaresbHble IIOILYIAPU3aTOPDI
nayku B Amepuke: Cepreit Tabaunukos, [Imurpuit Dyke, ['puropnit
Tanbnepun, Anekcangp Coiidpep... Tam ecTb 1 cBOM, HO UX MEHbIIIE.

— Hy, ece-maxu ewe ecmov I'apounep.
— l'apjHep — BeJIMKuUil 4eIOBEK, CIIOPY HET, HO €ro-To HOYTU BCe
KHIDKKH TIepPeBe/ICHbI.

— Moxem Goimo, Mbl NPOCNO 3AMKHYMbL 6 CEOEM KPY2Y: 3HAEM
mozo xe Dyxca, Farvnepuna u no3IMoMy cuumaeM, Umo Mol iyuue
ecex?

— Her, ner. Ceituac Bce-raku Poccusi oueHb OTKpbITas CTpana,
U BO BCSIKOM CJlydae O TOM, YTO Kacaercsi MareMaThuKh — Kak
HAyKW, TaK W Hay4YHO-TIOMYJSIDHOH ee YacTh, — Mbl B OOGIIeM
HEIJI0X0 OCBefoMJIeHbI. §I GbI CKa3as Tak: ecjayu CPaBHUBATH POC-
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CHHCKUX MAaTeMaTHKOB C (DPAHIy3CKUMH, TO Mbl 3HAUUTEIBHO
6oIbllle 3HAEM O TOM, UTO JEJIAeTCsl 3a TPaHHIel, yeM (paHILy3bl
— BHe DpaHIimu.

— Ho nouemy mozda nepgoe mecmo na Mex0ynapoonol oiuMnu-
ade noayuaem Kumail, npuuem ece epems? Hau amo seienue
umeem coscem Opyeue NPUUUHbL?

— Bo-1iepBbiX, He Bce BpeMst, mHOra Mbl ToxKe. [Ipornibiv setom,
nanpumep. Ho g Xouy ckasaTb ciejyioliee: pe3ybTaTbl Ha OJIIM-
[Ma/laX COBEPIIEHHO He KOPPEJHUPYIOT ¢ yPOBHEM IOy IApU3aliin
MaTeMaTHKH B JaHHOW cTpaHe. V1 BooOmie, ¢ MOell TOYKH 3pEHHUs,
MEXKYHAPO/HBIE OJIMMITNA/IbI UCTIOPTUJINCH, U OYeHb JaBHO. [Ipo-
U30MLIO 9TO BOT 1104eMy. Beyuue crpanbl, T.e. Te cTpanbl, KOTOPbIE
3aHMMAJIN TPAJANIIMOHHO BBICOKHE MeCTa Ha MEK/yHAPOAHBIX OJIIM-
M1ajax, BbIPaGOTaIN Ype3Bbluaiino ahGexTuBHyIo cucTeMy TPeHNU-
POBKH HIKOJIbHUKOB [1JIs1 BBICTYIIJIEHUS B OJIMMITUAQ/1aX. O./II/IMHI/IaI[bI
cTaJll MOJIUTHYECKUM JieficTBreM. Kora aMepuKaniibl HoOeANIN Ha
oJlMIINaJle, UX npuraacuau B Beusbiil oM, nM noxuman pyky
npe3uzent. To sxe camoe y Hac. ITO cTanO OYeHb BasKHBIM MTOJTATH-
4yecKUM akToM. I Bepylue cTpanbl HAyYUIUCh TPEHUPOBATD OJIIM-
mraznukos. Ocobenno npeycnenn B aToM B Kutae. Boi6op orpom-
HbIi1, KUTAHIIbI OYEHD TPYL0II0GUBbI, OYEHb TOJIKOBbI, OYEHb CII0CO0-
"ple K MaTemMaTuke. Ho IIp1 3TOM PYKOBOAUTEIN ITUX L[e]IeFaL[Hﬁ -
T.e. Te, KTO OTOMPAIOT 3a/jaui Ha OJUMIINA/LY, — CTaju JelcTBOBATD,
MCXO/14 U3 1eJ1ec000Pa3HOCTH, T.€. OTOUPATD Te 33/1a4H, 110 KOTOPBIM
onu OblIM yBepeHbI, YTO MX IIKOJbHUKH CyMEIOT MX pemutb. U
TMO3TOMY ceffuac OTAeTCsl TIPEATOYTeHHe TeXHWYECKN CJO0XKHBIM
3a/la4yaM, KOTOPbI€ UCIHOJIb3YIOT YK€ N3BECTHbIE XUTPbIE MaTeMaTu-
HeCKue IIpUueMbl 1 IIPO KOTOPbIE PYKOBOAUTEJN 3HAKOT, 4YTO UX
MIKOJIbHUKK TOYHO UX pemaT. A Korja BAPYT MOSABJIACTCS POCTEeHb-
Kas ¢ BUAY 3a/1a4a, /IS PELICHUsS KOTOPOl TPeGYIOTCs HOBbIC H/CH,
onn GOSTCS: a BAPYT HAIM He cO00Pas3saT?

— Kombunamopuxa — amo nayka?

— Uspanab MouceeBuu I'esbarnyt et 25 ToMy Hazajl, BbICTYIIAs
Ha CBOEM ceMUHape, CKasaJ, YTo MaTeMaTuyecKasi HayKa COCTOUT U3
CIeYIOMIX YacTell: aHaam3a, aare6pbl, TeOMeTPUH I KOMOMHATOPH-
KW, ¥ caMasl TIaBHas M3 3THX HayK — 9TO KOMOMHATOPHKA, HO ee TToKa
ele Her.

— W amo ocmaemcsi cnpaseoiusvbim?

— Het, KOMOMHATOPUKOIT 3aHNMAETCST OU€Hb MHOTO JIIO/Iell B MIUpE,
MPUTOM Beylue MatreMatuku. Hampumep, ecyi B3STb MOCJTEAHUIT
KoHTpecc B Majpuje, To Be U3 4eTblpeX (PUJICOBCKUX MeJaliei
GBI TTOJTyYeHbl MATEMATHKAMHU, KOTOPBIE OY€Hb CHJIBHO OMHPAIOTCS
HA KOMOMHATOPHUKY MM (DaKTHIECKH 3aHUMAIOTCSI KOMOMHATOPUKOI.
ITO BBIJAIONINICS aMEPUKAHCKUN MaTeMaTHK KUTaiiCKOro IHpouc-
xoxkaenuss Tepenc Tao m Ham Angpeit OxyHbkoB. B ux paGorax
MPONCXOJNT YAMBUTENBHBIII CHMONO3 MEXKIy KOMOMHATOPUKOW M
apyrumu Haykamu. Hanpumep, y Tao, mosxeT GbiTb, KOMOHMHATOPHKA
Ha TIEPBOM MeCTe, HO caM OH ce0sl CYMTAeT CHElUATUCTOM TI0
TapMOHIYECKOMY aHAJIN3Y U B CUJIbHOII CTETIEHN MCIO0JIb3yeT TEOPUIO
BEPOSITHOCTEN JIJIsT TOTO, YTOOBI JIOKA3bIBATD dJeMeHTapHo (hopmy.n-
pyemble TeopeMbl U3 Teopun uuces! Ero ocHoBHOII pe3dy/braT — 0
CYIIECTBOBAHUY CKOJIb YTOHO IJIMHHBIX apudMeTU4ecKnx mporpec-
CHIif, COCTABJIEHHBIX U3 TPOCTBIX YUCEJ, — TIOHATEH JIIOOOMY YUTATEJIIO
«KBanTa», a B JoKa3aTeJbCTBE MCIIOJIb3YETCS] YPE3BBIUYANHO Pas3HO-
00pas3Hblil 1 CJOXKHDBIIH apceHaJ MaTeMaTUYeCKUX IIOHATUH M, B
YACTHOCTHU, B HEM ITOYTHU [EHTPAJIBHYIO POJIb UTPAET KOMOMHATOPUKA.
Kcrarn, Bot emie Tema s my6sankain B «KBanTtes.

— He moznu 6ot 6vL umo-mo noscHums npo zunomesy Iyankape?
— Mo>XHO 06BSICHUTD IIKOJBHUKY, 4TO 3T0 Takoe. Cepbl 6bIBAIOT
pasHoii pasmepHoctH. OjHOMepHas cdepa — 3TO OKPYKHOCTD.
[IBymepHas cdepa — 9T0 TO, 4TO BbI I HasbiBaeTe cepoil. Tpexmep-
Has cepa — yrKe Tpy/iHee IMPEACTABUTH cebe, Y4TO ITO TAKOe, HO
MOYKHO OGBSICHUTD C MOMOIIBIO CHCTEMbI KOOP/MHAT: OHA 3a/1aeTCs
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ypasuenueM x° + y® + 2% + u* =1 B yeTBIPEXMEPHOM TIPOCTPAHCTBE,
3TO TPeXMePHBII 06BEKT, OHA KaK ObI TOJICTAsI, HO B Y€THIPEXMEPHOM
TpoCTpaHCTBe oHa Xynas. I'mmoresa [lyankape cBssana ¢ xapaxTe-
pusamueii ceppl. Kak MOXKHO oXapaKTepus3oBaTb JByMepHYIO cde-
py? Ecim Mbl Hapucyem Jo6oil 3aMKHYTBIN IIyTh HA JBYMEpPHOIl
cdepe, TO ero MOXXHO CTSIHYTb HeNpepbIBHO B Touky. Ilyankape
BBICKA3aJl TUIIOTE3y, YTO CBSI3HOE KOMITAKTHOE MPOCTPAHCTBO, JIO-
KaJIbHO YCTPOEHHOE KaK TPeXMepHOe EBKJIII0BO IPOCTPAHCTBO,
Oyzer TpexMmepHOil cdepoil Torga W TOJBKO TOT/Ia, KOTJAA OHO
o6salaeT TEM SKe CBOIICTBOM — 4TO Jsio6as 3aMKHyTas KpHBast
CTATMBaeTcs B TOUKY. OJTa TUIOTe3a Ha CaMOM JieJie He TaK YK
3HAYUTENIbHA, HO OHA IpuoGpesa OrPOMHBII WHTEpeC y MaTeMaTh-
KOB, IIOTOMY 4TO €€ IIbITAINCH JJOKA3aTh MHOTHE BeJIMKHe MaTeMaTH-
KU ¥ JI0JITO HUKAaK He MOTJIM 3TO C/IeJaTh.

Cutyarus, aHajornuHas cutyarmn ¢ teopemoit Depma. Teopema
depma, COOCTBEHHO TOBOPSI, SIBJISIETCSI COBEPIIEHHO HECYIECTBEH-
HBIM MEJIKHM YTBEP3K/€HUEM 13 TEOPUH YNCes, HUKAKOrO GOJIBIIOro
MaTeMaTHYeCKOro 3HAUCHUSI OHA He HMMeeT, OJJHAKO OHa Impuobpesia
OTPOMHOE WICTOPHYECKOoe 3HadeHHe, MOTOMY 4TO Kyda TeHHaJbHbIX
Joziell TBITAMNCh 3TO /I0KA3aTh, HO J0 AHIVIMHCKOTO MaTeMaTHKa
OH/pIO Yaillca HUKTO He IpeycIet.

Bosspamascs k rumnorese Ilyankape, oTMedy, 4To aMepHKaHCKUI
MaTeMaTHK YuabsaM TEpcToH mpuayMas HeKOTOPYIO APYTYIo THIIO-
Te3y, KOTOpas Ha3bIBaeTCS THUIIOTE30il TeoMeTpuaanni. 3a07HO
Tépcron gokasas, 4TO U3 UIIOTE3bl TEOMETPU3AIUU CJIe/lyeT TUIOo-
te3a Ilyankape. A y>ke rumores3a reoMeTpH3alni MMeeT OrPOMHOE
KOHIeNITyalbHOe 3HAUeHNe /I Beell MaTeMaTnku. OHa yTBepIK/1aerT,
YTO HEKOTOPAst COBOKYTIHOCTh TPEXMEPHBIX OGBEKTOB HMEET T€OMET-
PHUECKYIO CTPYKTYPY. DTH 00BEKTHI 33/[aI0TCST TOLOTOTHIECKH 1 TEM
He MeHee OHM MMEIOT 'eOMETPHYECKYIO CTPYKTYDY.

MMenHo rumnotedy reomerpusainuu M Jokasan Ipuropumii Ile-
pesbMaH. JTO AEHCTBUTEIBHO UCKJIOYHTENbHAS PaboTa, TeHHab-
Hast paboTa, B KOTOPOH MCIIOJIB3YETCsT aHaIN3, TOIIOJOTUSI, TeOMeT-
pust. IlepesbMan oImy6JIMKOBAIT T10C/I€0BATEIBHO TPH CTAaThi, HO B
UHTEepHeTe, a He B JKypHasax. TeKkcTsl aTuX pa6oT GbLIN JOCTATOUHO
xopotknmu. Ilonauamry He HaIIOCh B MUPE HI OTHOTO CHEIHAJIICTA,
KOTOPBIiI MOT GbI ITPOBEPUTDH Bee. V] HeKOTOpble TOBOPHJIN, YTO TaM
He BCe JI0Ka3aHo, He JI0 KOHIA C/IeJIaHO, HO KOT/a CTAIN pa3bupaThb-
cs1, TIOCTENIeHHO MPUILIN K BBIBOJY, 4TO 3TO He TaK. OTCyTCTBYIOT
JIUITD AeTatn. Jletamn B KaXX/[0M KOHKPETHOM MecTe CTIeTINaInCT 13
JTAHHOH 00JIaCTH MOXKET BOCCTAHOBUTD.

A xcratn, g 3nato, uro I'puma Ilepenbman peman 3agaun us
«3aaunnka «KBanra».

— 3nauum, llepervman — yHUKAIOHOLTL MAMEMAMUK, 3HAIOWUL
camvie pasmnvie obaacmu nayxu. Taxux modei ceiiuac, nasepioe,
0UEHb MAJIO.

— Hy Bor Tao u OxynbkoB Toske Takue jmoau. Keratu, OKyHbKOB
He pemasn 3amad u3 <«3agauHnka <«KBaHTa», He ydyacTBOBaJ B
omumnuazax, OKyHBKOB CHayaJa CJIYKHJI B apMHU. ITO JUJIS
POCCHICKOI CHTyallun OYeHb pejikoe sABJjeHne. Korga oH MOCTyInI
HA MEXMAT, ero OJJHOKYPCHUKH, 3aKOHUNBIIIHME BCSKUE TaM 3JUTHbIE
IITKOJIBI, CMOTPEJIH Ha HETo CBbIcOKa U (pipKasi, — a1oT OKYHHKOB
BOT, 3HAYWT, IJIYTIbIi, M3 apMUK TPUIIIET. ..

— Ilpasda au, wmo mamemamuxu Oeasimcs Ha 06a Mmuna: me,
Komopovle a06aAM pewamy Konkpemmuvie 3adauu, u me, KOMopvle
a063m paspadamuleamy meopu, UiU Mo OUeHs YCA06HO?

— B xakoil-To Mepe 3TO Tak, T.e. OBIBAIOT U peHiatesiu, U
nocrpouTean Teopmﬁ, HO eCJikd IIOCMOTPETb Ha KPYIIHbIX MaTeMaTu-
KOB, OHH Yallle BCEro NMPOsBJSIN ce0s B 06enx urocracsx. bosee
BepHO OyZIeT cKa3aTh, 4TO GOJIBIIMHCTBO MATEMATHKOB TIATOTEET K
TOMY WJIM JIPyTOMY, HO IIPUMEP CaMbIX KPYIIHBIX MaTeMaTUKOB
MOKA3bIBAET, YTO €CTh 06€e CTOPOHDI. EMMHCTBEHHOE SIPKOE MCKJIIO-
YeHne — 3T0 IPJENI, KOTOPbIH HU OJHOII TEOPUH HE CO3/1aJ U BCIO
JKU3Hb 3aHUMAJICS PEllenneM 3aad. B aToM 1iane OH, 1Mo-MoeMmy,
CTOUT OCOGHSIKOM.
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— Mamemamuxa xax-mo 6ce 8pemst pacuupsemcst, o8 I10mcs,
pasuvle meopuu, MUIIUOHbL Cmameti 6utxo0sm 6 200. Yem 6ce amo
Konyumces? Mamemamuxu nepecmanym nowumams opyz opyza
OKOHUAMENLHO?

— Ceituac y»xe MaTeMaTUKI IPYT APYTa MJI0XO0 TOHUMAIOT, 1 TIOYTH
HET MaTeMaTHKOB-YHIBEPCAJIOB, KOTOPbIe OBLIN OBl B KypCe BCETO.
Ho yauButenbHbiM 06pa3oM, HECMOTPST Ha OTPOMHOE PAaCIPEHTE,
pasBeTBJIEHNE, KOJHYECTBO CTaTeil 110 MaTeMaTHKe — JIydIlne,
BDBIJIAIONINECST MATEMATUKY HAIIETO BPEMEHU He SIBJISIIOTCS Y3KUME
cnenuasuctamMu. OHI OZTHOBPEMEHHO B CBOMX pab0TaX MCIIOIb3YIOT
MHOTO Pa3HBIX KyCKOB MaTeMAaTUKH M Kak Obl JIEMOHCTPHUPYIOT, YTO
MareMaTHKa — eAnHas Hayka. Ecam B3SATb IIOCJEIHUX 4YeTbIpex
ungcoBekux naypearos, To Tao u OKYHBKOB aGCOJIIOTHO PA3HOCTO-
POHHME MaTEeMATHKHU, HEMOHSATHO, K KAKOMYy Pas/ie]ly MaTeMaTHKu
oTHOcsATCA uxX paborel.  Urto kacaercs Ilepenbmana, TO OH penraeT
TOIOJIOTHYECKYIO 33/1a4y, 1, Ka3aJoch Obl, OH TOIOJIOT, HO OCHOBHASI
ujes ero J0KazareslbCTBa uieT u3 Teopun auddepeHnnaabHbIX
ypaBuennii. OH UCIIONb3YET U aHAJN3, U TOIIOJIOTUIO, 1 TEOMETPHIO,
u 3amevaresbHble paGoTel A./[.AnexcanapoBa 1o reomerpuu. U
HakoHell, Bengommn Bephep — BuepBble CHEIUANNCT TIO TEOPUH
BEPOATHOCTEH 1OIyunJ (DUIJICOBCKYIO MeJadb — HO OH He Y3KHii
CHENUAJUCT, OH U KOMILJIEKCHBIH aHAI3 0Y€Hb CUJIbHO UCIIOJIb3YeT,
7 KOMOUHATOPHKY, T.€. er0 paboTy HeJb3gd OTHECTH TOJBKO K TEOPUH
BeposATHOCTH. HO KOHEYHO, KOJIMYeCTBO cTateii, KOTOpble MyOJHnKYy-
I0TCS 10 MaTeMaTHKe, CTAaHOBUTCS uyoBuiiHbIM. Hanpumep, mens
CUNTAIOT CHENUATICTOM O Teopuu y3JoB. S ceifuac He ycreBaio
MPOYNTATD U JECATYIO YacThb TeX CTareil, KOTOpble IO 3TOW TeMe
BBIXOZAT. VIMeeTcs CIeIMaJn3npOBAaHHDIH KypHAJ, BBIXOSIINI
pa3 B IBa MeCAIla, B KOTOPOM UMEETCS 110 IBA/IIATh CTaTell 110 TeOPUH
y3JI0B. A KpOMe 3TOTO, B BeAYNMX JKypHAJaX IO TOMOJOTHU ¥
JIPYTUX MarTeMaTHYeCKUX >KypHaJaX TOXK€ BBIXOJAT CTAaThH II0
TEOPUN Y3JI0B U ee TIPUJIOXKEHISIM, O CBSI3HU 3TOI TeOpHN ¢ (PU3MKOI.
Jlacxe criennasuCTbl He YCIIEBAIOT CJAEIUTD 32 TeM, YTO IPOHCXOIUT
B MX COOCTBEHHOIT 06J1aCTH. DTO PUBOIUT K PA3HBIM KasdycaM, KOT/a
TEOPEMBI TIEPEOTKPBIBAIOTCS TI0 MHOTY pa3, 1, KOHEYHO, 3TO CO3/IaeT
6oJbIlie TIpaKTHUecKue TpyaHoctu. Ho TeM He MeHee, Kak 3TO HU
YAUBUTEJIBHO, MAaTEMaTHKa B CBOUX JIyUIINX IIPOSBJICHISAX YCHICHHO
JIEMOHCTPHUPYET CBOE €IMHCTBO.

— He mozau 6oL 6bL npusecmu.  CRUCOK U3 HEPEWEHHDIX 3A0ay —
6pode mozo, umo coenan I'urvbepm cmo ¢ neborvwuM em HA3a0?
Ecmo au ceiiuac nodoOHwli cnucok?

— Ceituac cymecTByeT B AMepuKe 6JIarOTBOPUTETbHbIH MaTeMaTH-
YeCKUIl MHCTUTYT, OH HasbiBaeTcsa nHctuTyToM Kies. Ero cospman
MUJLIHAP/EeP, KOTOPBI B IOHOCTH 3aHUMAJICS] MATEMATUKON, a IIOTOM
nepetes1 B 6usHec. B KOHIle JKU3HY €My 3aX0TeJI0Ch HOCTAJIbTHYECKI
BEPHYTBHCS K CBOMM TIEPBBIM 3aHATHAM. ITOT WHCTUTYT cOODAJ
JIYYIINX MaTeMATHKOB MUpPa U TIPEJIOKIT UM OTOOPaTh CeMb
OCHOBHBIX COBPEMEHHbIX 1TPOOJIEM MaTeMaTHKH. DTO U ObLIO ciesa-
HO. 3a pelreHne Kak/oii u3 atux npobiem uneruryTt Kiest oberaer
3aIJIaTUTh MIJIHOH JosapoB. Cpeanm aTHX mpo6JjeM THIIOTe3a
[Tyankape, 0 KOTOPOil MbI TOJIBKO YTO TOBOPUJIN.

— Ho uncmumym Knes nouemy-mo ue niamum noka 3mom
munauon Iepenvmany.

— /lesio B TOM, 9UTO 3aIJIATUTD STH JICHBTH Ceifuac HeJb3sl, IIOTOMY
YTO 110 IIPABUJIAM HY’KHO, YTOGBI IIPOIILIO /IBA TO/IA T10CJIe My G/InKa-
1N, 1 ectb npobseMa ¢ my6sukarmeii, n6o Tekcrt, cOPOIIeHHbI B
uHTepHET, myOsaukanueir ne cumraercs. Ilomyuaercsi, uto y Ile-
peJbMaHa BOOOGIIE HET SKyPHAIbHBIX MyOJMKANUil O 2TOil TeMe.

— A on ne xouem neuamamocs?

— OH He cobmpaercs medyaTaTtb CBOIO paGoOTy B JKypHaJIax.
[TepesibMana 3aMydiIn HeJOGPOCOBECTHBIE JKYPHAIUCTBI, KOTOPbIE
paJiil CeHCAlny UM 10 HEKOMIIETEHIIUU TiepenyTaiu Meaann du-
nca c npemueii Kiuesi, onu mucasu, uto Ilepesbman otkasascs ot
MUJIHOHA 0J1mapoB. OH He OTKa3bIBAJICd — HUKTO €My MUJIJIOHA
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J0JTapOB HE /laBaJl. OrTkasajcs ke Hepe]IBMaH OT Me/Jajin CDI/UUICa,
1 Kak OH cebs rnosejer, ecjanm — KorJa — eMy 39TOT MUJIJIMOH
Ipejyioxar, 4 He 3Halo.

— Koezda st 3adasan eonpoc, si umen 6 eudy meckovko opyzoe.
Xomeaocy 6vl pacckazamv wumamensm <Keanmas o nepewenrolx
3adauax u3 cnucka uncmumyma Kaes.

— Cpent 3TUX 33/1a4 GOJIBIIMHCTBO HEJIb3sT CPOPMYJIHPOBATD [JIst
yntaresieil « KBaHras, HOTOMY 4TO OHM TPEOYIOT CJHUIIKOM OOJIBINOI
oAroToBKU. EcTb, O/HAaKO, O/HA, KOTOpas, COGCTBEHHO TOBOPS,
OTHOCUTCSI HE CTOJIBKO K MaTeMaTHKe, CKOJBKO K TEOPETHYECKOI
nHpopMaTKe, N (OPMYJUpPyeTcs OYeHb KOPOTKO: N # NP, 1
CMbBICJT 9TOH (DOPMYJIBI MOXKHO OGBSCHUTD untaressiv «KBaHTa».
Kpome Toro, B crmcok 3ajady Kies He BomLta, moskamtyil, camas
3HAMEHUTasl 33/1a4a U3 Teopui dmces — runoresa lonpabaxa (o Tom,
41O JI060E YETHOE YHCI0, GOJIbIIee IBYX, — CYMMa JABYX ITPOCTBIX
4Kcen), KOTOPYIO JIErko OGbSICHUTD JIHOGOMY IIKOJIBHUKY, HE TOJIBKO
ynraTesasaiM «KBaHTtar.

— A Kaxue ewe nepeulennvle 3adauu, He 0013ameabHO Cmapoie, 6ol
6oL MOZAU HA36AMb?

— IlonpoGy1o cpopMympoBaTh elie napy Takux 3ajad.

[lepBag — Takasd: IyCTb B IIPOCTPAHCTBE HMEETCS MEXaHU3M,
COCTOSIIIUIT U3 CTEPIKHEl, COe/IMHEHHDbIX TapHupamu. Hanpumep —
Kapkac Terpasapa min Ky6a. HyskHo HaiiTn HeoOX0onMble W JI0CTa-
TOYHbBIC YCJIOBUS JKECTKOCTH Takoro mexanusma. (Tak, Terpasap —
SKECTKUIA, Ky6 — HeT, OH n3rn6aercs B napaJuiesenures]. ) 3ajada ata
— OYeHb TPYIHAs, U TOITOMY Jla’Ke YACTHUYHbIE MPOJIBUKEHUS K €e
PEIIeHHUIO TIPEJCTABJISIOT UHTEPEC.

A BOT W BTOpas: NPUAYMAThb «HOPMAaJbHYIO (DOPMY» /IS y3JIOB
BMeCTe C HEIPEePbIBHbIM U3rHOAHIeM, TPUBO/ISIIUM KaK/IbII y3es K
cBOell HopMaJIbHOIT (hopMe. 3/1ech TOKe YACTHUHbIE PEIEHUsT TIpe/-
cTaBagIoT nHTepec. YacTHpIi caydail TpuBMasbHbIX y310B (3a1aua
0 PACITyTBIBAaHNM) YK€ BECbMa TPY/ICH, BO3MOKHO, KAKHE-TO acT-
HbIe pe3yﬂbTaTbI MOJKHO HOJIyLH/ITb C IIOMOIIbIO TaK IIaSbIBaeMOI‘/JI
«sHeprun y3a08» (0 Hell ToKe MOKHO ObLIO Gbl HANKMCATD W JIIST
«KBanra»).

— Ipusedume, noxaryicma, npumepvl. 0OHOU-08YX KPACUBHLL
INEMEHMAPHOIY 340U, KOMOPbIE 6AM HPABIMCSL.

— Ioxadmyiicta, cKOJIbKO yrogHo. Bo-miepBbIX, S Ha30By 3amady
JUIST TIepBOTO KJiacca. 3ajada takas. Y Mamn #Ha BoceMb sIGJIOK
6osbiie, yem y Camu. Mama orpana Came omno si6ioko. Ha
CKOJIBKO Terepb y Hee sI6J10K Gosbiie? V3 nro6uMbIX 3amad —
UMeeTCs peKa WM 03€pO C TIPSMOJIMHEITHBIM GeperoM, BCAHHUK B
nynkre A. OH J0o/DKeH 13 MyHKTa A 1oacTb B IyHKT B u 1o jjopore
HAMOUTD JIoma/b. Kakum o/ken ObITh ero KpaTyaiiimii myth? Eie
OJIUH TIPUMeEP: U3 TEeCTH CIIMYEK CJIOXKUTD rpad ¢ nectbio peGpamu,
B KOTOPOM COJIEPKATCS YEThIPE TPEYTOJbHUKA.

— Ecmo au y éac nobumas K6aHmoscKkas cmamos?

— Mos mo6uMasi craThbs B )kypHase «KBaHT», kak HI CTpaHHO, —
KkpoxoTHast. J1o crarbst Bosoan [lyGpoBCKOro 10 1M0BO/Y TOTO, Kak
CTPOUTD HOBEPXHOCTH OTPHUIIATEIbHOI KPUBU3HDI C TOMOIIBIO HEKOTO-
poro korerpykropa. CoBepiieHHo 3ameuatesibHas cratbst (cM. « Kant»
Ne7 3a 1979 r.). D10 pas. Ouens o610 crathio Hukomas Bopuco-
Brua BacuibeBa 1o 1oBojy asnreGpanuecknx KpuBbix, «I'excarpam-
Mot [Tackans u kyGuueckue kpusbie» («Kpant» Ne8 3a 1987 r.).

— Kax evi omnocumecv k ET9?

— Pesko orpunarenbHo. Koneuno, ucxopnas ujges — HUMeTb
00BEKTUBHYIO MHCTAHIIUIO [IJISI OTIPE/IETIEHIS] YPOBHS BBIITYCKHIKOB
IITKOJIBI — COBCEM HeIIoXasi, HO peajn3oBaHa oHa 0e300pasHo.

Bo-mepBbIX, KaTacTpouUecK IJIOXO0, €CJaU MO MaTeMaTHKe Ja-
IOTCSI BOIIPOCHI € MHOXKECTBEHHBIMM OTBeTamu. S jgymaio, 4TO
HACKOJIBKO 3TO TJIYIO U BPENHO /i OOyueHUsI MaTeMaTuKe, HeT
HEO0OXOMMOCTH 00BSCHATD unTaresisiM « KBanra». Bropoe, 4rto s Gt

(OKOHYaHme cM. Ha ¢ 31)
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SAHJAYHUK «KBAHTA»

3agayi

JroT paspen Beaercs y Hac U3 HoMepa B HOMEP ¢ MOMEHTa OCHOBaHUS XXypHana. llybnnkyembie B Hem
3aga4yn HeCTaHAapTHbl, HO IS WX PeLUeHUs He TPebyeTcs 3HaHWUM, BbIXOZALMX 33 PaMKU LUKO/TbHOM
nporpammsl. Hanbonee tpyaHble 3a4a4yv OoTMeYatoTcs 3Be3404Kou. [locrne gopMynnpoBku 3anayu Mel
006bI14HO yKa3bIBaeM, KTO HaM ee Mpeanoxws. Pazymeercs, He Bce 3Tu 3a[a4u MyOuKyoTcs BriepBble.

Peluenus 3apa4 u3 3Toro HOMepa C1eZYeT oTnpPas/saTe He no3gHee 1 ceHTAbps 2009 roga no agpecy:
119296 MockBa, JleHnHcKkui rnpocnekT, 64-A, «KBaHT». PeweHus 3a4a4 U3 pa3HbIX HOMEPOB XXYpPHAana
110 pa3HbIM rpegmeTam (MatemaTvke v Qmsnke) npucsiiavite B pa3HbiX KOHBEpTax. Ha koHBepTe B rpage
«Komy» Hanuwure: «3agayumnk «KeaHta» Ne3-2009» u Homepa 3a4[a4Y, peLleHnss KOTopbiX Bbi rocbliaere,
Harnpumep «M2131» umn «@P2138». B rpagpe «OT KOro» gpamusio v UMs MPOCUM r1catb pas3bopymso. B
MUCbMO BJIOXXUTE KOHBEPT C HalUCaHHbIM Ha HeM Baluvm agpecom v Heobxoanmbivi HA6op Mapok (B 3ToM
KOHBepTe Bbl ronyynte pe3ysibTatsl MPOBEPKU peLLeHn). PeleHus 3a4a4 110 MatemMaTuke v gomsnke MoXHO
TIPUCHINIATb TakXKe 110 3/IEKTPOHHBbIM aapecam math@kvant.info u phys@kvant.info coorBeTcTBEeHHO.

YcnoBus kaxxaovi opurnHaneHov 3a4a4u, rpeanaraeMont 4ns nyonukaunm, rnpuceliante B ot4e/1bHOM
KOHBeEpTE B ABYX 3K3EMIISpax BMecTe ¢ BaLumm peluerHnem 31ovi 3a4a4u (Ha KOHBEPTe romeTbTe: «3aaavyHuK
«KBaHTa», HoBasi 3a4a4a o ¢usuke» nam «3agavyHnk «KsaHta», HoBasi 3aga4a Mo MareMaTuKe»).

B Ha4arne Kaxgoro nuceMa rpocum yKasblBaTb HOMEP LUKOJIbI M KJ1acc, B KOTOPOM Bbl y4YuTecs.

3anayn M2131-M2134, M2136 n M2138 npeanaranvce Ha BeceHHeM Type XXX TypHvpa roposnos.

3apayn @2138-P2141 npeanaranucb Ha 3aknoyntessHom 3t1ane XLl Bcepoccuvickot onumnuaasl

DN3NKE

LUKOJIbHMKOB 110 ghu3uKe.

3apaun M2131-M2138, ©2138-d2144

M2131. ITycts a"b o6osnadaer uncio a” . B Bbpakenun
7M7Y Hazmo paceTaBUTh CKOGKHU, YTOObI OIIpe/ie-
JIATH TOPAZOK aeiicteuii (Bcero Gyjer 5 map cKoGOK).
MoKHO M paccTaBUThb 3TH CKOOKHU JBYMSI Pa3HBIMU
crioco6aMu Tak, 4TOOBI TTOTYYUJIOCh OHO U TO JKE YHCJI0?

A.Toanwvizo

M2132. Ha miockoctu gaHbl HECKOJIBKO TOUYEK, HUKaKUe
TPH M3 KOTOPBIX He JIesKaT Ha O/{HOI nipsiMoii. HekoTopbie
TOYKU COEJIMHEHBI OTpe3KaMu. 3BectHo, uTo Jobast mpsi-
Masi, He MPOXO/IsIasi yepe3 JlaHHble TOYKU, IePECeKaeT
YETHOE YUCJIO OTPE3KOB. JloKaKuTe, 4TO N3 Kask/I0i TOUKU
BBIXO/IUT YETHOE YUCJI0 OTPE3KOB.

H.Boezdanos, I'.I'arvnepun

M2133. 3amok o6HeceH KPYroOBOil CTEHOIl C [eBITHIO
6anTHAMY, Ha KOTOPBIX AEKypAT pbiapu. [lo ncreuennn
Ka)K/IOTO yaca BCe OHU TIEPEXO[AT HA COoceqHMe GallHM,
MIpUYEM KaKbIi PBIIApPh JIBUXKETCS Bce BpeMs JUGO 10
4acoBOII cTpeJike, 60 MPOTUB. 3a HOUb KAK/IBIH PhIIaphb
yCIeBaeT MoIeXKyPUTh Ha Kak10i GairHe. V3BecTHO, 4TO
OBLT Yac, KOT/Ia Ha KK/IOM OalTHe 1Ky PUIN XOTs ObI Ba
poiaps, u ObLI Yac, KOT/la POBHO HAa MATH OalTHSX
JIeKYyPUJIN POBHO TIO OAHOMY pbitiapio. [lokaxure, 4To
ObLI 4Yac, KOrJa Ha OJHON mu3 OalleH BooOIlle He ObLIO
pbiiapeil.

M. Mypawrun

M2134. Tpu mockocT pa3pe3aroT Mapasaeaenune/] Ha
BOCEMb MECTUTPAaHHNUKOB, BCE I'PaHN KOTOPbIX — YETbIPEX-
yrosbaukn  (Kaskas TJIOCKOCTh TepecekaeT CBOU [IBE
Tapbl MPOTUBOIIOJIOXKHDBIX TpaHell mapaJiesenunea u He
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[epeceKaeT JIBe OCTABIIIECS TpaHn). VI3BeCTHO, 4TO BOK-
PYr OJHOTO M3 3THX INECTUIPAHHUKOB MOXKHO OIKMCATh
cdepy. [lokakute, 4To 1 BOKPYT KaXKI0T0 13 HUX MOXKHO
omucarpb cdepy.

B.1Ipoussosos

M2135. HarypaJibHoe 4nuc/io Ha3blBAECTCS XOPOUUM, €CIIU
13 HEero MOXKHO IIOJIyYUTb IIOJIHbIA KBajpar, [IPUINCAB K
€ro ZecATUYHON 3alucu c/1eBa HeKOTOPOe YUCJI0, OKaHYU-
Batoweecs posHo Ha 2009 myueil. [lyg kakux n cyuecrsyer
n-3HaYHOE XOPOIllee YNCI0, KOTOPOE He SIBJISETCS MOJTHBIM
KBaI[paToM?

H.Azaxamnos

M2136. Ilycrb C,’f 0003HAYaeT KOJMYECTBO CIIOCOO0B
BBIGPATH R TIPEAMETOB U3 1 PA3JUYHBIX TpeaMeToB (crmo-
cOODBI, OTIMYAIONINECS TOJBKO TOPSIKOM BIGOpA MTpeiMe-
TOB, CYHMTAIOTCS OJIMHAKOBBIMU). [lOKasKHTe, YTO €C/In
HaTypasibHble yncaa k u [ Menpie 7, To yucaa C* u C!
UMeIoT o0mmi geantenb, 6oabmmil 1.

Dosavkaop

M2137. /[laH ocTpOyroJibHBIN HepaBHOGEAPEHHDBIH Tpe-
yroabHuk ABC, B KOTOpoM TouKa H — Touka nepecedeHus
BBICOT, TOUKN [ 1 O — IEHTPHI BIUCAHHOW W ONMMCAHHON
okpyskHocteii. MI3Bectno, yto Toukn A, O, I, H nexar Ha
o/Hoil oxpyskHocTu . JloKaskure, 4TO OKPY>KHOCTb ()
MIPOXOJUT Yepe3 oAy u3 Bepuud B u C.

I1. Kosxeenuros

M2138". B sueiiky maMaTH KOMIIbIOTEPA 3aIUCATH YHC-
go 6. [lamee xoMmmbioTep JejaeT MUJTHOH TmaroB. Ha
are HOMEp 7 OH YBEJUYMBA€T 4YUCJIO B JYeiike Ha
Han6oIbIINIl 06U JeanTe b STOro yucaa u n. Joxa-
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JKUTE, 4TO Ha JIIOGOM Ilare KOMIIbIOTEP YBEJIUIMBAET
4ucJIo B stueiike jinGo Ha 1, mu6o HA MPOCTOE YUCJIO.
M. Dpanx

®2138. [loapemMHbIll KpaH MeJIEHHO MTOHIMAET C TOMO-
npio Tpoca muasamoiiee B Bozge 6peBHo (puc.1). Tpoc
IPUKpPeIJIeH K OJHOMY KOHILy OpeBHA, KOTOPOE MOXKHO
CYNTATD TOHKUM IIU-
JIUHAPOM C TIOCTOSTH-
HOIi IIJIOTHOCTBIO. Mac-
Ak cabpeBHam, unHa L.
OrHolleHue JI0THOC-
Teil BOJbI U JpeBecu-
uel Y =4 /3. Yckope-
HUe cBOGOIHOTO Tajie-
uust g. 1) Kakyio mu-
HIMaJIbHYIO pa6oTy A
HYKHO COBEPINUTH
KpaHy, 9TOOBI MOJHO-
CTBIO BBITANIUTH GPEB-
HO u3 Bojabi? 2) Ilocrpoiite rpaduk 3aBUCHMOCTH CHITBI
HaTsKeHnst T Tpoca OT BBICOTHI HAJT BOJOM /i TIPUTTOTHNMA-
eMOT0 KOHI[a OpeBHA. YKaKUTe XapaKTepHble TOUYKU Ipa-
duka. 3) Kakywo paGory A,;, COBEPIIUT KpaH 1pH Tiepe-
BoJle 6pPeBHA M3 OJTHOTO HAKJIOHHOTO TOJIOKEHUS B IPYTOe
HaKJOHHOE TI0JIOJKEeHNe, B KOTOPOM BepXHUI KOHell 6peBHa
nojiHsiyicst Ha Boicoty Ah = L/57?

Puc. 1

B.Yusunée

®2139. B oTkpbiTOM KOCMOCE TPU HEGOJIBIINX ACTEPOUIA
13-32 IPABUTAIIMOHHOTO TIPUTSIKEHUsT COMIKAIOTCS IPYT €
JIPYTOM BJIOJIb OOTIIell TPSIMOIT, HETIOABIKHON OTHOCHTE -

1o 3Be3/. OTHOIIEeH1Ee

m m m o
! 2 3 paccTogHuil oT cpej-
. S o--
[ 7 | 2r | HETro acTepouja /10
! ! ! KpaliHuX ocTaercs
Puc. 2

PaBHbIM 1 = 2 BILJIOTb
1o ux crojkHoBenus (puc.2). Macca JIeBOro acreponsa
my, UeHTpaJbHOro m,. Haiinure maccy ms3 I1paBoro
acTeponsa.

H.Bopobves

®2140. I'osopsT, uto B apxuse Jiopaa KesbBuHa HalLIN
pV-nuarpaMMy 3aMKHYTOTO ITMKJIMYECKOTO TIIpoIiecca

TETMJTOBOW MAaIIMHBI
2 | (puc.3). Ilpouecc 1-2
-\ —u3o6apa, mpoiiecc 2—
\ 3 — ammabara, 3—1 —

uzorepma. OT Bpeme-
HU YepHUJIA BbIIBEJH,

1 KOODJIMHATHBIE OCH
\ \ Ha JuMarpaMMe Hcues-
L saas. sm. VI3BecTHo, 4TO pa-

N b 60YNM BEIEeCTBOM Ma-
MIMHBI OBbLI UIeaTbHBIIT
S

S raz (remmii) Kosmue-
CTBOM V = 2 MOJIb.
Macirab 1mo ocu aB-
genmii: 1 Mamx. KiI. =
=1 arM, 110 ocu 06beMoB; 1 Main. kia. = 1 ;1. 1) Boccrano-
BUTE T0JIOKEHUE KOOP/MHATHBIX OCel U BbIUUCJUTE MaK-
cUMaJIbHOE JIaBJIeHUe Ta3a B JJAHHOM IUKJIUYECKOM IIPO-

Puc. 3
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necce. 2) Bbluncinte MakCHMAJbHYIO U MUHUMAJbHYIO
TeMIepaTypbl ra3a B mukie. 3) Haiigure pabory A, rasa
Ha usorepme 3—1. 4) Haiigure KIIJ| mukna N.
Hpumeuanue. YHusepcaabHas rasoBasl IIOCTOSIHHAS
R =0,082 m.arm/(mosb - K) .

A.Illeponos

®2141. B ssiekTpuyecKoil 1er, cxemMa KOTOpoii IpuBe/ie-
Ha Ha pUCYHKe 4, HalpsoxeHue Mexxay saxkuMmamu C u D
pasuo Ugp =15 B. UsBectno, uto R > r . 1) Onpenenu-
Te ITIOKasaHue WUealb-

HOTO BOJIbTMETPA, MOJI- \ —
KJIIOYEHHOTO K KIeMMaM —
A u B. 2) Ilpeamnonuo- A R
JKUM, 4TO K KjaemMMaM A
n B ToakaiovyeH wuie-
aJbHBI aMIepMeTp. grl:l 4R 2R I:Igr
Yxkaxkute HarpaB/eHUe
TOKa, TEKYIIETO 4Yepe3 3R
KaK/IbII 13 Pe3NCTOPOB B
U aMIepMeTp. ,L'
M. IIpockypun — o

®d2142. N = 2009 omu-  pPuc 4
HAKOBBIX KOHJIEHCATO-
poB emkoctbio C = 10 Mk®D KaOKABI 3apsiuan [0
onuHakoBbIX Hanpsikenuit U = 10 B u coegunuam nocJre-
nosaresibHO, ipudeM 7 = 100 mMTYK OKa3aauch MOAKJIO-
YEeHHBIMU B O/[HO¥ TOJIIPHOCTH, a OCTaJbHbIE — B JIPYTOH.
Koniipl moyumBineiics: mernovykn CoeIMHNIN PE3UCTOPOM
coniporuBsienneM R = 1 xkOwm. Kaxoii moJHbIil 3apsj
MpOTeYeT O PE3UCTOPY M CKOJbKO B HEM BBIJEJIUTCS
Teria?

3.Pagaunos

®2143. Ha KoJIbIeBO# cep/IeuHNK ¢ GOJIBINON MAaTHUTHON
MIPOHUIIAEMOCTDIO CJIOKEHHBIM BJIBOE U30JMPOBAHHBIM
TOHKHUM TPOBOJIOM HAMOTAHA KATYIIKA ¢ GOJIBIITNM YHCIOM
BUTKOB, MOJYYUJIUCH /[BE OJMHAKOBbIE KATYIIKN — OJIHA C
BbiBojlaMu A u b, aipyras — ¢ BeiBogamu B u I'. THayKTHB-
Hoctb kKatymku AbB pasuma 1 T'm. K toukam b u I
noakaounan pesuctop comnporusieaneM 1000 Om, a x
BBIBO/IaM A 1 B IPUCOEIMHNIIN UCTOYHUK CHHY COUTATHHO-
ro nanpspxenud vacrorsl 1000 I'm ¢ ammurynoit 1 B.
Kaxoit Tok Teuetr uepe3 pesuctop? Kaxk m3MeHUTCS TOK,
ecsii BBIBOABI B u I' mOMEHITh MeCcTaMu?
A.Sumvbepmnan

®2144. 3purenbHas Tpy6a nMeeT 06BEKTHB ¢ POKYCHBIM
paccrosgHeM 1 M U OKyJSIp ¢ (POKYCHBIM DPACCTOSTHEEM
S cM. JImH3pl HaxomaTcsl Ha pacctosHun 106 cM ApyT OT
Apyra, Ha OOBEKTHB IajaeT IMIMPOKHWH IIyYOK Jyueil,
rapaJjiiesbHbli raaBHOM onTudeckoil ocu. Haiiaure yrosa
PACXOX/IeHUST BBIXOJAIIEro Iyuyka. Juamerp okyJisipa
0,5 cM.

A.Ilpocmos

PeweHuns sapay M2111 - M2115,
®d2123-P2129

M2111. O0na u3 xaemox Geckoneunou KAemudmou no-
A0CKU oKkpawend. Buauaie gpuwrxa naxooumcs na pac-
cmosiHuu N KJAemox om okpawennou. bpocaemcs ue-
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parvnas Kocmv, u 6 cayude ewvinadenus k ouxos
(ke{l,2,3,4,56}) guuxa nepemewaemcs na k wie-
MoK N0 HANpasienulo x okpaulennou xaemxe. IIpouecc
npodoaxaemcs, noka guwixa ne nonadaem 6 oKpaule-
nyto kaemxy (evluzpviul) uiu noka ona He nMPOCKOUUM
okpawennyo kaemxy (npouzpviu). Ipu xaxom namy-
PATLHOM N 8EPOSMHOCD GblUPLIUA P, HAUOOILWASL?
Haiioume 3mo naubonvwee 3nauenue 6eposmmocmu.

OtBer: HanbGo.Iblllee 3HAYEHNE BEPOATHOCTU PaBHO

75
P6—6_6-
CHayajia MO’KeM I10C/Ie[0BaTeIbHO HalTh
1
P 6
1 1 1 7
m=g+gﬁ=ﬂ+gﬂ=gﬂ,
1 1 1 1 7
P3:€+gp1+gpzzpz+gpzzgpz,
1 1 1 1 1 7
Ps=€+EP1+€P2+--~+€P5=Ps+gps=€Ps,
3HAYUT,
75
P1<P2<P3<P4<P5<P6:6_6-

3a o/IH X0/ ¢ BEPOSITHOCTHIO 8 (umka nepemernaeTcs Ha

1, 2, ..., 6 KJeTOK IO HaNpaBJEHUIO K OKPAaIIeHHO,

MO3TOMY IS JIIO6OT0 R > 7 CIpaBelJIiBO PaBEHCTBO

_ Prt ¥ Pr> ¥ Pp3 + Pr—s + Pi-5 + Pr—s ()
6 .

CuietoBatesibHO, IpU 72 > 7 BEJIMYHMHA p,, HE IPEBOCXOUT
HAUOOJIBIIETO U3 YUCCT Py,_1, Py_2s---» Pp_g H AAKE CTPOTO

Pr

MEHBbIIIE O/[HOTO U3 HUX, TAK KAK HHAYE P, = P,_y = Py_y =
= Py_g = ... = Py_g, U, TIPOJOJKUB TpUMEHATb (%) 115
=n k=n-1, ..., k

7, MBI TOJYyYUTH ObI
1

Pn = Pn-t=Pn-2=Pn-3=-=Pp-6=Pp-7=--=P1= 8?
4YTO HEBEPHO. NMmeem LEIIOYKY HEPaBCEHCTB P, <
< Puiy < Ppei—iy <., vie i; € {1,2,...,6}, koropas ocra-
HOBUTCS Ha OAHOM U3 YUCET Py, Py, P3, Pi» Psr Pg - LaKUM
o6pasom, (cTporuii) MaKCUMYM p,, TOCTHTAETCS JIJISI HEKO-
toporo n € {1,2,...,6} . 3naunt, MakcuMaTbHOE 3HAYEHUE
75
PaBHO pg = — .
6
[Iporeccel, mogo6HBIE OMMCAHHOMY B [JaHHOW 3ajave,
usyvalorcsa B Teopuu uyeneti Mapkoea, U3 KOTOpOil, B
YACTHOCTH, CJIEAYET, UTO Mpe/Ies TOCIe0BATESbHOCTH P,

2
paBeH ? (3TO WHTYUTUBHO MOHATHO, TaK KaK = —

BeJquunHa, oOpaTHas CpeHel auuHe Xoxa (PUIIKK).
B.Jleuxo

M2112. ITycmv H — mouxa nepeceuenus 6vb.com ocmpo-
yzoavnozo mpeyzoavnuxa ABC. OKpyKHoCmb ¢ yeHmpom
6 cepedune cmoponvt BC, npoxodawas uepes mouxy H,
nepecexaem npamyro BC e mouxax Ay u A,. Ananozuuno,
OKpYKHOCIB ¢ Uenmpom 6 cepedune cmoponvt CA, npo-
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xodawas uepes mouxy H, nepecexaem npsmyro CA 6
moukax By u B,, u okpyxnocms ¢ uenmpom 6 cepedune
cmoponvt AB, npoxodawas uepez mouxy H, nepecexaem
npamyro AB 6 mouxax A

C, u C,. [dokxaxume, f
umo mouxu Ay, Ay, By,
B,,C,,Cy sexam na
0010t OKPYHKHOCTHU.

[Tycte H — opTOlEHTP
tpeyroabuuka ABC, O
u R — uenrp u paguyc
OKPY’KHOCTH, OIIMCAH-
HOW OKOJIO TPEeyroJib-
nuka ABC, 4,, By,
C, — cepeiluHbl CTOPOH
BC, CA, AB cootserctBenno (cM. pucyHok). J{okasxkem,
uyT0 Touka O paBHOyaseHa oT Touek Ay, Ay, By, By, Cy, C,.
[To teopeme Iudaropa

OA? = OAZ + AyAf = OAF + AyH*. (1)

3ametnM, 4to O ABJSAETCS OPTOIEHTPOM TPEYTOJbHUKA
AgByCy, 1osTOMY NP TOMOTETUM, HEPEBOJSANICH Tpe-
yroabuuk ABC B Tpeyroabnuk AyB,C, , Touka H nepexo-
aut B Touky O. Ilockosnbky koadduient aToit romoreTnn
paset 1 /2, oTHOIIEHIE COOTBETCTBYIONUX O0Tpe3koB AyO
u AH pasuo 1/2, unave rosops, AH = 24,0.

[Tycts K — cepenuna orpeska AH. Tak kak AH L BC
04y, L BC m AK = HK = OA,, To AKA,O n KHA,O
— napaJsuenorpammbl. Ilosyuaem KA, = AO = R, a Tak
Kak B napasienorpamme KHA O cymMa KBajpaToB CTO-
POH paBHA CyMMe KBa/IpaTOB AMaroHasel, mMeeM

2(0AF + AgH*)= OH” + KA] = OH” + R* . (2)

H

B4 A, A,

M3 (1) u (2) BoiTekaer pasenctso QA = (OH2 + R2) 2.
AHAJIOTMYHO JIOKA3bIBAIOTCS PABEHCTBA

OAj = OBf = OB; = OC{ = OC} = (OH” + R?) 2.
A.Taspumox, 1. Koxeenuxos

M2113. Muozounen cmenenu n > 1 umeem pasziuumvie
Bewecmeentvle KOPHU Xy, Xy,...,X,, d €20 NPOU3800HAaAs —
KOPHU Yy, Y-+, Yp_y - OKaKUME, umo cpednee apughme-

muueckoe wucen xi,xs,..., x> 6orvwe, uem cpednee apud-

Memuueckoe wucen yi ys,...,y> .

[Myerp X w Y — cpennue apudmernyeckre KBaJpaToB
KOpHell MHOTOuJIeHa [ U ero mpousBOAHOW [’ cOOTBET-
CTBEHHO.

Bes orpannuenusi o6IHOCTH CUUTaeM, 4TO [ UMeeT cTap-
mmit koadpburment, pasubiii 1: f(x) = 2" +aqx" +

+ay X" + ...+ a, x + a,. 3yciosus caeayer, uto [ (x) =

=(x-2x)(x —x)...(x —x,) . Hpupasuusas koapduiu-
-1 -
entel mpu X" w mpm x"%, moay€aeM cesyiomme
popmyav. Buema: x;+x,+..+x,=-a,, Xx,+
+ XX3 + ...+ x, X, = a, (B 1eBOIl yacTn mocJeHETO pa-
BEHCTBA CTOT CyMMa BCEX TONAPHBIX MPOM3BE/CHHI X,x;
nis 1<i<j<n). Orciona
2 2 2 9
_ Attty 4 24 (1)

n n n

X
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OTMeTI/IM, 4TO U3 HepdeeHncmed o cpeauux BbITEKaeT, 4TO

2
PO L At e (|x1|+|x2|+...+|xn|J g

n n B

2
[|x1+x2+...+xn] a?
> =—

n n’

[Tockosbky umcaa Xi,...,X, PA3JUYHbI, OJUH U3 3HAKOB
HEeCTPOTrOTO HEPABEHCTBA IIPEBPAIAeTCS B 3HAK CTPOTOTO
HEepPaBeHCTBA, 4TO JaeT

Jlanee, nmeeM
f(x)=n" +(n-1)ax"+ (n-2)ax"> +... + a,_

n

[r(x)=n(x—y)(x—y)(*=y,),
OTKYy/1a
(n-1)a
PH Yot ot Yy =

(n-2)a
N ThYs+ . T Yp2ln = "
(mpu n > 2). Tlomyvaem, 4to npu 7 > 2 BBINOJHEHO
PaBEHCTBO
(n-N)Y=yi+ys+..+y’, =

_ ((”—1)01J2_2(n—2)az

- (3)

n n

[IpoBepKa I0Ka3bIBaeT, 4yto paBeHcTBO (3) BEpHO U IpH
n=2.
[Ipeo6pasyem (3), ucnompsys (1):

(n—1)Y:(n_n;2)a12+(n_2)[ _ﬁj:(n—Z)X+ﬁ'

IIpumenenue nepasencrsa (2) maer
(n-1)Y<(n-2)X+XoYV<X,

4TO U TPe6OBAIOCH.
11. Ko.xesnukoe

M2114. /oxaxume, umo cyuwecmeyem 6eCKOHeUHO MHOZO
MOYUHBLX K8AOPAMO8, He OKAHUUBAIOWUXCS HYJeM, 8 KO-
mopvLx A100as OMAUUHAS OM HYAS yudpa — Heuemnas.

Paccmorpum uucio n=3- 10%* +5-10% +1 e k=22 —
HaTypaJsbHoe. VMeem

n* =910 +25.-10% +1+
+2.3.5-10%* +2-3.10% +2.5.10" =
= 910" +3.10%*" +31-10%* +10*" +1=

= 9000...0030000...0031000...0010000...0001 .
k-1 mcp k-1 macp k=1 widp k=1 undp
MO3KHO TOCTPOUTD U APYTHE TPUMEPDI, [OIYCTUM, TTOMe-
HATb B MOCTPOEHHOM yucye n mudpot 3 u 1 Mectamu.
B.Cendepos
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M2115". ITycmo ABCD — eoinyxaviil uemolpexy20ibHux,
6 xomopom BA # BC. Ob6osnauum oxpyxnocmu, 6nu-
cannvte ¢ mpeyzosvnuku ABC u ADC, uepes W u w,
coomeemcmeenno. llpednoroxum, umo cywecmeyem
OKPYKHOCID W, KOMOPAsL KACACMCs NPOOOIKENUst Om-
pesxa BA 3a mouky A, npodorxenus ompeska BC 3a
mouxy C u kacaemcs npamoix AD u CD. /loxaxume, umo
obwue sHewnue KacameipHole Kk OKPYKHOCAM 6y U 0,
nepecekanmcs Ha OKPYKHOCMU .

IIycte K, L, M, N — TOYKH KacaHUS OKPYXXKHOCTH ) C
npsambivu AB, BC, CD, DA coorsercrsento (cM. pucy-
HOK). ITycTb OKPY’KHOCTH ) M (), Kacaiorcst otpeska AC
B Toukax P m Q coorBercTBeHHO. llycTh Wy m wy
BHEBIMCAHHBIE OKPY>KHOCTH TpeyroabHNKOB ABC n ADC,
kacafonmecs orpeska AC B Toukax Q; u P coorser-
CTBEHHO.

Ws ycnosust AB # BC BbITekaer, uto Touku P u Q; He
COBIIA/IAIOT.

W3 paBencTBa oTpe3koB KacaTebHbIX umeeM AB + AD =
= BK — AK + AN — DN = BK — DN = BL — DM =
=BL -CL+CM—- DM =CB+ CD. Tak kak AP =
=(AC + AB - BC)/2u AP, = (AC + CD — AD) /2,
nosayuyaeM AP = AP, u noatromy P = P,. AHaJOrn4Ho,
0=0.

[Iycte TT’, PP’,QQ’ — muaMeTpbl, COOTBETCTBEHHO, OK-
PY>KHOCTEH @, Wy, W,, IPOBeACHHDIE TEPIEHINKYISAPHO
AC (nyerb toukn T u T” o6osnauennr tak, uto T GJmKe
k npsimoit AC, wem T’ ). KacaresbHbIe K OKPY>KHOCTSM (),
W, W,, npoBeneHHbIe Yepe3 Touku T, P’, Q’ coorsert-
CTBEHHO, apasieabtbl npaMoit AC. OKpyKHOCTH ), Wy
U (3 TOMOTETHYHBI C IIEHTPOM BB, TT09TOMY COOTBETCTBECH-
upte Touku T, P’, Q 9THUX OKPY’KHOCTENl JexaT Ha
TIPSIMOH, TTPOXO/IATIEN yepe3 ToUKy B, T.e. Toukn B, P’
Q, T nexar Ha ogHOHM mpsaMon. Tak Xe, MOCKOJbKY
OKPYKHOCTH ), W, M ) TOMOTETHYHBI C I[eHTpoM D),
touku D, P, Q’, T nexar nua oauoil npsmoi. W3
JIOKA3aHHOTO CJIEJIYET, YTO CYIIECTBYeT TOMOTETHs /i ¢
nenTpoM T, iepeBodIasg Touky Q B TOuky P’ . 3amernm,
yro QQ’ || PP, anpsamas PQ’ npoxoaut yepes Touky T
U OTJWYHA OT TpsaMoit P’Q, mo3roMy moj JeiicTBueM
romoreTun /2 orpesox QQ’ mepexoauT B oTpe3ok P’P.
TFomorerust /i mepeBOAUT OKPY’KHOCTH (), , TIOCTPOEHHYIO
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Ha orpeske (QQ’ Kak Ha JuaMeTrpe, B OKPYKHOCTb,
nocTpoeHHyio Ha orpeske PP xak Ha auamerpe, T.e. B
okpykHOCTb . Torpa nentp T romorernu /i npuHaie-
JKUT OGIINM BHEMIHUM KAcATeJIbHBIM OKPYXKHOCTEH Wy U
w,. Takum ob6pasom, Touka I Ha OKPYKHOCTH ) U
SIBJISIETCSI TOUKOU IlepecevdeHus OOIIIX BHEITHIX KacaTeb-
HBIX K OKPY>KHOCTSIM ) U W), .
3ameuanue. HeTpymHo ToKas3aThb, 9TO yTBEPSKICHUE 3a/1a-
4u crpaBeAnBo u B caydae AB = BC.

B.Illnapos, H.Bozdanos

®2123. Ha 2.1a0xoMm 20pU30HMAIbHOM CIOJE JeKAM 06d
oaoka — monkue jaezkue Oucku. OcCb 00HOZO UX HUX
3axpensena, max umo 06uUzAMbCS OH HE MOKem, HO
MOKem 6pawamocs 6 20PU3OHMAb-
Hotl naockocmu. Kycok neexotl nepac-
MAKUMOU HUMU 0x6amuvleaem 6I0KU,
K KOHYAM HUMU NPUKpenienvt 00und-
v L1 xosve 2pysvL maccoi M xaxovii. B
HAYALOHDIL MOMENM HUMb HAMSANYMA,
€80600HbIe KYCKU HUMU NAPAIIETOHDL
dpye Odpyey. Ha ocv <«nodsusxiozos
6s0Ka Hauunaem Oelicmeogamy Cuid
F (cm. pucynox; 6ud ceepxy). Haiiou-
me ycropenue amozo 6.10Kd, eciu npu
] 0suKeHUU c60000HbLE KYCKU HUMU OC-
Mawmes napaiiesvivimu. Bo ckoavko
pas omauuaomes ckopocmu epaujenus 6.10xk06? Humo ne
npoCKaIbL3vIBaAem OMHOCUMENbHO OL0KO06.

F

)
\_/

Cuna narsixenust Hvut papua T = F /2, ycKOpeHUs TPy30B
HallpaBJieHbl B Pa3Hble CTOPOHBI — JIEBOI'O BBEPX, a IIPABO-
IO BHU3, — OJIMHAKOBDI 110 BeJMYUHE U PABHbI
F
a=_—.
2M
fAcHo, uTO yCKOpEeHne ocH MOJBUIKHOTO GJIOKA TOXKE PaB-
HO a.
Ioasukublit 6JI0K, B OTJIMYUE OT 3aKpEIJIEHHOrO, He
Bpalaercs.
A.Baokos

D2124. I'pysvr ¢ maccanu M u m ces3anvL 0UeHs J€2KOl
npYKUnKOU xecmrxocmoio R. Ha epysvr nauunarom oei-
CMBOBAMb OOUHAKOBYIE

M b m no eesuuuNe U NPomu-
.:—Drm—:. BONOLOKHVIE NO HA-
F F mpagrenuio cunvt F
pac. 1 (puc.1). Haiidume
MAKCUMALLHYIO CKO-

pocmov epy3sa maccou M. Haiioume maxxe Maxcumdaivioe

cMeuerue 2py3a maccoi m. B HauaivHvlil MOMEHm npy-
KUNHA He 0epopMUposand, 2py3vt HenodGUKHL.

YckopeHue IeHTpa Macc CHCTeMbl paBHO HYyJ0. Ecun
MPY>KUHKA OJHOPOJHAS, TO HENOJBIDKHOIN Oy/IeT TOuKa,

HaxojdmasAca Ha paccrognuu [ =/ OT Tpy3a

maccoil M. JKectkocTb 3TOro Kycka IIPYKUHKM paBHa

M +m
ky = k——— | JKeCTKOCTb BTOPOTO KyCKa PaBHa, COOTBET-
m
M +m

cTBEeHHO, Ry =k i

. II]IH TIEPBOTO KYCKa IMPYKUHKN
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MOXKHO 3amucars (puc.2) M k,
2 2 P —
po bt 2 ;
fe——+

rje Xy — II0JIO)KEHHEe PAaBHOBE-  py,- 2
cHUsl, vy — MaKCHMaJbHas CKO-

poctb Tpy3a Maccoit M. Orcioga HaXOIUM HCKOMYTO
CKOPOCTD:!

F m
01 = = F
JM k(M +m)M -
[[JIH MaKCUMaJIbHOI'O CM€IleHu:A x, Ipya3a Maccon m
IOJIy4nM

2
2F 2FM
sz :@%y " Xy =

ky - k(M +m)’
A.IIpocmos

D2125. Moawv zenus npu HOPMANLHBIX YCAOBUAX HAXO-
dumcs snympu saacmuunoil oborouxu. Hapyxmnwvie ycao-
BUSA USMEHAIOMCS MAK, YN0 K HEKOMOPOMY MOMEHINY 243
noayuaem 100 /x menaa, a memnepamypa 2a3a yeenu-
uueaemcs npu amom na 10 K. Ouenume usmenenue
obsema zasa.

Bumo, 9o npu Takoi ne6obinoii Temnosoii gobaske (110
CpPaBHEHMIO C HAYaJbHOW BHYTPEHHEH aHeprueil MmopIumn
raza) usMeHenne o6beMa rasza Gyjer coBceM MabiM (5T0
npuzgercsa nposeputs!). Torga sanumem

3
p= const = Py U Q = pOAV-i-EVRAT ,
OTKy/Za

pﬁVzQ—%W%T:
= NOHK—S~L&340ﬂm:—%ZMQ

Po 10° Ila
I/ITaK, B TaHHOM IIpoI1iecce 06”138M YMEHDbHIAETCA ITPUMEPHO

Ha 0,25 J1, 4TO CyIIECTBEHHO MEHBIIIEe HaYaIbHOrO 00beMa
9TON 1opuuu raza Vy = 22,4 1.

AV =P

=-0,25 1.

3.11oemopos

D2126. Ha pucynke usobpaxena uzsecmuas 6eckoney-
HAsl 4enouxd, cocmost-

was u3 pes3ucmopos ¢ R R
odunaxosvimu conpo- A -
muesenusmu. Bee 3na-
om, Kax nocuumamo
ee conpomueienue,
usmepennoe Mmexoy
mouxamu A u 5. A umo ecau 63samov He Oeckoneunyo
Uenouxy, a uenouxKy, cocmoiuylo posro us 50 3eenves, —
Kax nocuumamo ee conpomusienue? llonammno, umo
coenamv IMo <6 106> MPYOHo, NPowe CUUmAams uens
beckoneunoil... Kaxyio noepewnocms movr npu 3mom noay-
uum? CusvHo AU CONPOMuUEIeHUe YPe3anHol Uen Omiu-
uaemest om conpomugaenus 6eckoneuno uenouku? 3ada-
QUM KOHKPEMHbLI 60NPOC: MU OMIAULUS MEHDULE MUILIU-
OHHOU 00U NPOYEHMA UNU HAMHO20 GObWE?

bo -
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Jlerko OOGBIYHBIM CIOCOOOM TIOCUUTATH COTIPOTUBJIEHUE
0ECKOHEUYHO LEIIOYKHU:

R(v/5 +1
Ry = (T) ~1,618033999R .

CornpoTuBJeHIe HENOYKH, KOTOPasi COAEPIKUT OTIpPe/Ie/IeH-
HOE YHCJIO 3BeHbEB, HECKOJIBKO OOJIbIE, MPHU ITOM YeM
60JIbIITe 3BEHDEB, TEM OHO OJTIZKE K YKa3aHHOMY COIIPOTHB-
JIEHNTO0 6eCKOHeYHOI 1iernoukn. KomneuHo, cuntaTh «B J00»
COTIPOTHUBJIEHNE 11eNT0YKN 13 50 3BeHbEB OU€Hb HE XOUETC.
[Tonipo6yem caenats mpoiie. B ycioBuu 3agauu ujger pedb
(6] MI/IJIJII/IOHHOﬁ noJie HpOL[eHTa, HOSTOMy yMHOH(I/IM COHpO-

TUBJICHIE OECKOHEYHO TETTOYKN Ha (1 +1- 10_8) — ToJIy-
yutest 1,618034R. Bysem nocnenoBaresbHO yBEIUUYUBATD
YHUCJIO 3BEHDBEB TEMOYKH U CYUTATD TIOJYYEHHOE COMTPOTHB-
JIEHWe, HAJIesiCh Ha TO, UTO HYXKHDIH Pe3yJIbTaT — MeHbIIe
MOJIY9€HHOTO BbIEe — OyJeT JOCTUTHYT HE CJHITKOM
TTO3/THO. ..
Wrak, A719 0qHOTO 3BE€HA COMPOTHUBJIEHNE PaBHO 2R, mis
IByX 3BeHbeB Oyzer SR/3 = 1,(6)R. [lanee monydum
1,625R, 1,619048R, 1,61818R, 1,618055R, 1,618037R,
1,6180344R, 1,61803405R, 1,61803399R — y:xe mpu 10
3BEHDSX T10JIy4aeTCs OYTH TaKoe JKe COITPOTUBJICHUE, KaK
y OECKOHEYHOI 1eTH.
Kaxk BujiHO, yBesinueHue yncyia 3BeHbeB ObICTPO MTPUBOJIUT
K pe3yJibTaTy — AoctaToyHo faxke 10 3BeHbEB, a YK 1IpH
yKazaHHbIX 50 pagHuIla MesK/Iy COITPOTHBICHUSIMI yPe3aH-
HOIT Tlemn U GEeCKOHEYHOH IIenouKu Oy/IeT COBEPIIEHHO
HUYTOKHOM.
Koneuno, 1pu pyroM COOTHOIIEHUH CONTPOTUBJICHWH pe-
3UCTOPOB 3BEHA PE3YJIbTAT MOXKET OBITH COBEPIIEHO WHBIM.
Tak, nipu <koadduiente generns» Gosbine 2 (Hanpu-
Mep, npu conporusiaenusx 10R u R) pesymabrar Gyaer
JIOCTUTHYT HAMHOTO PaHbllie. A BOT PN MEHbIIIEM «K03(]-
durmente nenenusi» Bce 6yer Ha060pOT.

A.Ilenouxun

®2127. ITomenyuarvr mouex A, b u B noddepxusaiomcs
nocmositnnvimu: ¢, =100 B, ¢z =200 B, ¢z =500 B.
Jea o0unaxoewvix Kom-
dencamopa emxocmuio
10 mx D xaxovlil u pe-
3ucmop conpomueie-
nuem 1 Mom coedunsi-
Puc 1 B em «36e300U» U Noo-

KAHOUAeM 0OHO8DEMEH-
10 c60600HbIMU 6bI600amu Kk moukam A, B u B (pesucmop
— & mouke B; puc.1). Kakxoe roauuecmeo meniomol

B8LI0EIUMCSL 6 PE3UCTNO-
A B pe 3a 6oavwoe spems?

&
I i
+100B [I‘] T 2008 Cpasy nocse moakmo-
q
B is00m

A—| i b

YeHUs TTOTEHITHAJ TOY-

xu I (puc.2) cramer

paBHBIM ¢ = +150 B,

a 3aTeM HavyHeT MeJl-
JIEHHO yBeJm4uBathcs 10 3HaueHus ¢z = +500 B . [Tycrp
K HEKOTOPOMY MOMEHTY II0 PE3HCTOPY IpOTeveT 3apsii ¢,
TOT/Ia TIOJTyYUM

C(¢r—¢A)+C(¢r—¢5)=CI,

Puc. 2
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2009 /Ne3

Wau App
1 1gq 3508
b = E(q)A +¢5)+§E,
T.e. HOTeHIMaJ Touku I auHeii-
HO 3aBHCUT OT BEJUYUHBI (.
Haiizem Terepb 3aBUCHMOCTD
PasHOCTH TOTEHIIHATIOB MEXKLY

BBIBOJIaMU PE3UCTOPA OT BeJIH- N
YUHBI TIPOTEKAEMOTO TI0 HEMY G q
3apdaa: Puc. 3
Dpp =0y -0, =350 B—-L
br=0p5-0r 2C

u HapucyeM cootBercTBylomuii rpaduk (puc.3). 3aech

=2C| by - % =7-10" Kn — suauennue 3aps-

9o

Jla, TIPU KOTOPOM Pa3HOCTb IMOTEHIMAJIOB Ha PE3UCTOPE
paBHa Hy0 (K COKaNEHHIO, B OMYGJIMKOBAHHOM YCJIOBUM
B 3HAUEHHUH eMKOCTH KOH/IEHCATOPA JOMYIIeHa OTeyaTKa).
[Tomanp mox aTuM rpaduKoM JIaeT BEJTMYNHY BbIJIEUB-
1IeTrocst B PE3NCTOPe KOJMUYECTBA TETLIOTHI:

Q:%.350.7.10’3 Tk =1,225 JIx .
3. Pagaunoe

®2128. /[se odunaxosuvie Kamywru coedunevt nocaedo-
8aMeNLHO, NAPANNCTLHO OOHOU U3 HUX NOOKIIOUEH KOH-
dencamop, a x 661600aM yenu noocoedunena dbamapeixa
nanpsixenuem U (puc.1). Haiidume maxcumanvnoe na-
npsiKenue Kowdencamopa. Iiemenmol uenu Cuumamo
udeanvHvLMuU.

Puc. 7 Puc. 2

OG6o3HAYNM TOK HVKHEH KaTyIIKW 4yepes [;, 3apsijl KOH-
nencaropa — yepes Q (puc.2). Torga Tok BepxXHel KaTyl-
K1 Oyzer

12 = 11 + Q, .
I[]IH TIOJTYYUBIIETOCA KoJ1e6aTeIbHOTO KOHTYpPa 3aliiiieM
Qv =2 1piro+2-v,
C C C
o 2 U
+—Q=—
Q IC 0 T

TyT ectb csiaraeMoe B IpaBOil YacTH MOCJE/HETO ypaBHe-
HUSI, HO OT Hero Jierko u3GaBUTbCsI, YTOODI IOJIYUUIOCH
00bIYHOE YpaBHEHUEe TrapMOHWYeCKUX KoseGanuii. [liis
9TOTO JIOCTATOYHO [I100aBUTh K HEU3BECTHOI BeIUYMHE
MTOCTOSHHYIO:

cU 2

z(t)=0(¢) 5 2”+L—Cz:0, Z+wz=0.

[TosryyenHOE ypaBHEHHE pemiaeM OOGBIYHBIM CIOCO60M, C
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SAJAYHHUK

YYETOM TOTO, YTO CPa3y IOCJe MOJAKI0ueHrs GaTapeikn
3apsi/l KOH/IEHCATOpa PaBeH HYJIO, HYJIO PaBeH U TOK
yepe3 KOHIEHCATOP — €r0 OIPAHUYMBACT BEPXHAS KaTYIITKa
MHAYKTUBHOCTH. HaxoamMm OKOHYATeJbHOE BbIpakKeHHE
JUIS 3apsijla KOH/leHcaTopa:

Q(t)=0,5CU (1-coswt) ,

OTKy/la CJIe/yeT, 4TO MAaKCUMaIbHOE HAPsIXKeHUe KOH/IeH-
caropa paBHO HAIPSDKEHUIO 6aTapeiiku.
ITOT pe3yabTaT MOKHO MOJYYUTh M HAMHOTO ObICTpee —
IIPU IIOMOIIK METO/la «IKBUBAJEHTHOIO UCTOUYHUKAY. 3a-
MeHUM Gatapeiiky ¥ /iBe MO/IKJTI0OYeHHbIe K Hell KaTyITKu
SKBUBAJIEHTHBIM ICTOYHNKOM 13 6aTapeiiKil TOJTOBIHHOTO
HAIPSOKEHUS U TIOCTEeIOBAaTEIbHO € Hell CcoeMHEeHHOM
SKBUBAJICHTHON KaTyIIKU MHAYKTUBHOCTbIO L /2. Ilosy-
YJaeTcsl COBCEM IIPOCTast cXxeMa — K Oarapeiike IO/K.IIOUEH
06bIYHbI TocaeoBaTenbiblil L C-KoHTYp. B aTOM coydae
MaKCUMAJIbHDBIN 3apsi/], a 3HAUUT U MaKCUMasbHOe Hallpsi-
JKeHHe, KOHJIeHCaTopa HaXOAUTCST COBCEM IIPOCTO.
P.Aznexcanopos

®2129. B mpex eepuwunax keaopama ¢ 0JuHoll CmopoHbl
2 M pacnoioxenvt 00UHAKO08bLE MALEHDKUE ZPOMKO2080DU-
meau, 6 uemeepmoll eepulure Haxo0umcs oueHb MaieHs-
Kutl ecenanpasnenmnvlii. muxpogon. K epomrozosopume-
M N00UePedHo NOOKI0UAIOM UCTNOUHUKU NePeMENHOZ0
Hanpsikenus wacmomoit 100 I'y u pezyaupyom ux yposHu
max, Wmoo vl HanpsiKenue Ha GuLXO0HBIX 3AKUMAX MUKDO-
Gona cocmasasno é xaxoom cayuae posno 1 mB. Kaxoe
nanpsikenue 6vldacm MUKpo@PoOH, ecau SK0UUmMs 00HO-
epemenno 0ea coceonux epomxozosopumenn? A ecau
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BKAIOUUMD 6CE MPU 2POMKO20GOpUmena? Paccmompume
06a pasnvlx 6ApUAHMA: UCNOJb3YIOMCS HE3ABUCUMDbLE
ucmounuxu nanpsixenus (Mpu 36YKoGuIX 2eHepamopa u
mpu ycuaumeJist HU3KOU 4acmomot) U UCNOIb3Yemcst 00UH
zenepamop, <PAasMHOKEHHbIL> HA MPU YCUSUMENSL.

[Ipn He3aBUCHMMBIX HMCTOUYHMKAX 3BYKa MOXKHO ITPOCTO
CKJIQJIbIBATh MOIIHOCTH, TOTJA JJIs JBYX HCTOYHUKOB
MTOJIYYUM

U,=U+2 =14 MB,
JUTS TPEX MCTOYHHUKOB —

Uy =U+3 =17 uB.
[Ipn ogHOM <«Pa3MHOKEHHOM» WCTOYHUKE W3JIydaTesH
6y/lyT KOT€PEHTHBIMU, CKJIA/[bIBATh BOJIHBI HY3KHO OY/IET C
yderoM (HasoBbIX cABUroB. [y caydas JBYX COCEIHUX
IPOMKOTOBOPHUTEJIEH pagHOCTDb X0/1a paBHa Al = 22 M-
-2 M=0,82 M. Ilpu gacrore 100 I'iy 1 ckopocTu 3ByKa

330 M/ ¢ amHA BOJHBI paBHA A = 3,3 M U pa3HoCcTb da3

COCTaBJISIET
Al

Ap = 21‘[7 =1,56 pag = 90°.
Torpa st ABYX T'POMKOTOBOPHUTENEH ITTOJYUUTCS TOYTH
CTOJIBKO K€, CKOJIbKO U B IIEPBOM CJlydae:

U, =U~2 ~1,4 MB.
[l Tpex rpoMKoroBOpUTEJiEl J/IBe aMILJIUTY/Ibl TTPOCTO

CKJIQJIBIBAIOTCSI, M K UX CyMMe HY’KHO MPUOGABUTH BEKTOP
o
co casuroM daz 90 :

Uy =Uy2? +12 = U5 =22 MB .

A.3unvbepman

NHTepBblo ¢ A.B.COCMHCKUM

(Ha4ano cm. Ha ¢ 18)

XOTeJI CKa3aTb, U 3TO OYeHb Ba)KHO, — II€PBOHAYAJIBHBIN 3aMbIce
ET'D coctostn B TOM, 4TO6BI 60POTHCS ¢ KOPPYTIHEil Ha BCTYIHTEIb-
HBIX 9K3aMeHaX B HEKOTOpBIE BYy3bl. K cokaJeHmo, 04eBUAHO, UTO
aToT apryMmenT B 1nosbdy EI'D abcosorno necocrositesien. [leso B
TOM, 4TO TOPasjio IpOIIe IO/JIeIaTh OTBEThl aGUTYPHEHTA C IIOMO-
IMbIO KOMITbIOTEPA, YeM 3TO C/ETATh HA OOBIYHBIX MICHMEHHBIX HJIH
Jaske YCTHBIX sk3aMeHaX. CTaTHCTHKA, KOTOPYIO, KCTaTH, MWUHH-
CTEPCTBO IIPOCBEIIEHNS NIBITAETCSI CKPBITh OT OOIECTBEHHOCTH, BCe-
TaKy YaCTUYHO U3BECTHA; OHA IIOKA3bIBAeT, HAIIPUMEP, UTO KOJIHYe-
CTBO MaKkcUMasbHBIX 6asinoB EI'D mo maremartuke B [larectane Bo
MHOTO pa3 6oJIbllle, YeM KOJMIeCTBO TaKNX Ke 6amnoB B MockBe 1
MockoBckoit o6stacTu, X0Ts Hacejaenne /larecrana Ha mapy mopsij-
KOB MeHble, 4yeM HacejeHue Mocksbl. Ilpnm BceM yBakeHHH K
yuuresnssM MareMaTukun B Jlarecrame, fICHO, 4TO 6€3 aKTHBHOI
KODPYIIINOHHOH [JeATeJbHOCTH IIPH TPOBEPKEe 3JK3aMeHa TaKoil
pesyJibTaT He MOr ObITh JOCTHTHYT. BMecto TOro, 4To6bI 60POTHCS
C 9THM HOBBIM BHJIOM KOPPYIIINN, MUHUCTEPCTBO TINATEIBHO CKPBI-
BaeT 3TO O06CTOSATENBCTBO OT OOIIECTBEHHOCTH.

— Bot mnozo aem paGomanu ¢ <Keanwmes. Ymo das eac 6vL1o
CaMbiM BAXKHIM, U UMO 6bl NOKeAdeme HblHeUWHUM ABMOpPdM,
pedaxmopan, wumamensm?

— 4 paGoran B «KBanre» B 310Xy, Korja IpOUCXO/II HACTOS-
Uil paciBer WHTEpeca K GU3NKO-MaTeMaTHyecKOMy 00pa3oBaHuUio
Yy MHOTHX HIKOJbHHKOB, M 9TO TaKKe COBIIAJIO C ATOXOil paciBeTa
skypHata «Keant». Korga g npumres, tTam 6p11 tupask 6osbine 200
TBICSTY K3EMILISPOB, T.e. GoJiee YeM B IAThAECAT pa3 0oJIblie, YeM
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cerofusi. M aToT THpaxk AepsKajcs [0 KOHIIA BOCHMUJIECSITBIX
TOJIOB.

— Ha maxcumyme 6v110 380 muicsu.

— 380, na. Ho s mpumiest y:ke mo3ske, s mpuines B 75-M roay. B
«KBanre» Obla1 3aMedaTesIbHbI KOIJIEKTHB PAGOTHUKOB. AKTHBHBIN
HHTEpeC K JKypHATy MNpOsBAsIN o6a ero ocHosaress, n Vcaax
Kouncrantnnosuy Kukoun, u Angpeit Huxosnaesnu Kosmoropos.
KukonH ka1y1o Hejie Iio IPUXO/HI B XKy pHaI. KoaMoropos nHora
SKYPHAJIOM OYEHb YBJIEKAJCS W MHOTO MM 3aHUMAJICsS, MHOT/IA €r0o
OCTaBJIAT COTPYJHHKAM. PasuTesbHOE OT/IMYUE OT COBPEMEHHOTO
IIPE/ICTABJIAT pasfe] «3ajauyHnk «KBaHTa», KOTOPBIM 3aBe/l0BaJ
Huxonait bopucosuu Bacusnbes. Huxomait Bopucosuu takske Bes
paszgen «MareMaTHuecKnii KpysKOK» # BOOOIIE GbLI, TaK CKa3aTh,
BEIYIIIM MaTEMATHKOM B JKypHaJse. 3aaull PEIIaJIH ThICSYH IIKOJIb-
HUKOB... WX TIBITAJIUCh PEIIUTb THICSYM IIKOJBHUKOB, 3TO GoJiee
TOuHO. Bbl10 MHOTO XOpommx aBropos. CpaBHUBATb CHTYAIHIO C
JKYPHAJIOM TOT/Ila ¥ CETOJHS TPOCTO HeKoppeKTHO. IlosBummich
UHTEPHET, JIECATKH TeJIEIPOrPaMM, KOMIIBIOTEPHbBIE UTPBI, IIPOCTO
KOMIIBIOTEPDBI, U JUISI TeX IIKOJbHUKOB, KOTOpPbIE HHTEPECYIOTCS
MareMatnkoil, « KBaHT» He SIBJISIETCSI OCHOBHBIM M YaCTO HE SIBJISIETCS
Jlaske OJTHIM M3 OCHOBHBIX ICTOYHNKOB NH(MOPMani. ITO, KOHEUHO,
C OJIHO¥ CTOPOHBI, TPYCTHO, a C APYTOil CTOPOHBI — 9TO OO BEKTUBHAS
peasbHOCTD, U «KBaHT» Cero/iHst MbITAETCS BBINOJHUTD TY MUCCHIO,
KOTOpast eMy JOCTYIIHA, T.e. BCe-TaK! JaBaTb YMTATEJISIM SKUBbIE
006paaIfpl MOMYIAPHBIX cTaTell o usnke n MaTeMaTHke. YTo 5 X0Uy
TIOKeJIaTh HbIHENTHeH pe/JaKINy I aBTOPaM — TO JKe caMoe, YTO MBI
JKeslam camu ceGe, HO He CyMeJIn BBIIIOJHUTD, KOT/[a st TaM paborad,
a MMEHHO — 4TOObI CTaTbi ObLINM OJHOBPEMEHHO M MHTEpEecHble, I
SIPKWE, W JIOCTYITHBIE.

Bonpocwr 3adasaru C./[dopuuenxo, A.Cnusax

29.05.09, 14:26



KAJENJOCKOII «<KBAHTA»

B cpene, B KOTOPOL PacpOCTPaHAETCS BOJIHA, MOSBIAETCS
B HArpPasseHu ee pacrpoCcTPaHeH s AaBALLas Ciid, KOTopas
BO BCAKOV TOYKE YUCIICHHO PABHA KOSIMYECTBY HAXOLALENCH
Tam SHEPrK, OTHECEHHOM K equHuLie 0bBEMA.

[xenmc Knepk Makceenn

Hacko/ibKo ABUXEHME SHEPIrvin U ABUXKEHNE COKUMaemMoro
BeljecrBa 05}/0705/714/3:3/07’07 3dKOHOM UX COXPaHeHVIA, Ha-
CTOJ/IbKO Mbl vIMeeM [1PaBo }//70,1706/7/‘-7775 ABVIXKEHNEe SHEPIN
LBVKEHWIO MO4BVIXKHOIO U OKUMaemMoro BeLecTBa.

Hukonanm Ymos

Wmeercs O6LL[MI/7 3dKOH NePeHoca SHeprviv, Cor’/iacHo Koro-
POMY SHEPIUA B 1106041 ToYKE ABVIKETCA NEPrIeHANKYIIAPHO K
[IJIOCKOCTU, C o,aep)/(ameﬁ JIMHUIN STIEKTPUHECKUX U1 MArHUTHbIX

CUJT... HarpassieHue Xe 1oToka COBMNaAaeT C HarpasieHuem
LBVIXKEHUA 1PaBOro BUHTA.

[1>xoH TeHpw MOMHTUHT

CCIIN MArHUTHBIV [10TOK, MPOXOLAALLYMI YEPE3 NETIIO, ...Me-
HFeTcs co BpemeHeM, 1o ILC paBHa CKOPOCTH U3MEHEeHMS
rioroka. Mbi 6ynem B [a/ibHevILLIEM Ha3bIBaTb 3TO «[1PaBUIOM
110TOKa».

Puyapn ®erHmaH

..CBOVICTBA CBeETa JIyYLIe BCero BbIABJIAOTCA B PenesIb HbIX
YCII0BUIAX Pa3BUTVIA ABJIEHUA WM €r0 UCTIELOBAaHUA 1pn
N3yHeHunn rpegesibHo 71a6bIX CBETOBbIX MMOTOKOB...

Cepren Basunos

A Tak JI1 XOPOIIO S?KOMH BaM

[MOTOKWV

KoHe4Ho, ecnm orpaHnymTb cebsl NOBEPXHOCTHBIM MPOMC-
TbIBAHVEM LLUKOMbHbBIX y4eOHMKOB, TO He Cpa3y W obHapy-
XVLWb, rAe TaM BCTpeYaeTcs NoHATME noToka. [la, eCTb NoToK
MarHUTHOW MHAYKLMM, eLle eCTb MIOTHOCTb NOTOKa 31eKTpo-
MarHuTHoW 3Heprnn. 1 Bce? PasymeeTcs, HeT.

MoHATME NOTOKa MPOHM3bIBAET NPaKTMYeCkX BCE pasfensl
DU3KKKM, B BONBLIMHCTBE CIly4aeB CKPOMHO OCTaBasiCh B TEHU.
Hanpumep, npn paccMOTpeHWUW ABUXEHUA XWUOKOCTEN U ra-
30B npexze Bcero OpocaeTcs B rnasa nepeHoC BeLlecTsa, HO
C HVIM CBAI3aHO, XOTS U HE CTOMb O4YEBULHOE, TeYeHMe UMMYIb-
ca u 3Heprun. lMpn NpoTeKaHWM 3NeKTPUHecKoro Toka B
nepBylo o4epedb Mbl CIeAMM 3a MEpPeHOCOM 3apsda, He
BCerfa [orafblBascCh, 3a CHET Hero HarpeBaeTcst MPOBOAHMK. A
Kak pacnpoCTpaHAeTca sHeprusa B NpoLecce TennonpoBoLHO-
CTW, KaK pacrnpemenserca OHa B MOTOKax BOSIH PasfnNyHOM
npuvponbl?

Mpoponxne bonee BHMMaTENbHOE NyTeLEeCTBME MO rMaBam
Kypca Gu3nKK, Mbl HAMAEM B HEM elLLle HEMAJO JIIOOOMbITHbIX
NPOABNEHNI YHUBEPCANIbHOIO NOHATUA NoToKa. Kpome Toro, ¢
HUM MPUXOANTCA MHOFOKPATHO CTallkMBaTbCA W [aneko 3a
paMKaMu y4eOHMKOB: MacCo- M TEMOMEPEHOC B XUMUHECKMX
peakTopax; NOTOKM BbIPbIBAIOLWMXCS W3 ABUraTeNneln peakTms-
HbIX CTPyW; nepekadka no TpybonpoBogam HebTV 1 rasa;
MOTOKM 3apPAXKEHHbIX YacTWL, WCKYCCTBEHHO CO34aHHbIX B
YCKOPUTENAX MW NETAWMX K HaM M3 KOCMOCA; MOTOKM CBeTa
ot ConHua, 3Be3[, 1 OCBETUTESbHbIX NPUOOPOB; OKeaHNYeckme
TeYeHNs 1 UMpKynauma atmocdep 3eMnu v Apyrux nnaHer..

OpfHako, LOBOMLHO NPMMEPOB. [Topa NOHATUIO NOTOKa BbIN-
TV Ha aBaHCLeHY Hawero «Kanempockona» — Mbl PacCHMTbI-
BaeM, 4TO BaM OyAeT MHTEpPeCHO He TONbKO pacrno3HaTb
yqacTve MOHATUS MOTOKa B Pa3HOODOpasHbIX MPOONeMHbIX
CUTyaLmaX, HO 1 PaspeLlnTb MX C ero MOMOLLbIO.

BOHpOCbI n 3agaviun

1. B CKBO3HbIX NpoeMax Nof BbICOKVMMW 30aHNSMMU, B apkax
N MNOABOPOTHAX CKOPOCTb BeTpa MOpoW [AOCTUraeT Takow
BENWYMHbBI, YTO €ero Hamnop
MOXET COUTL YenoBeka C Hor.
Yem 3TO BbI3BAHO?

2. Ecnm yepes ropusos-
TanbHylo TpybKy npoaysaTb
BO3[yX, Kak MOKa3aHO Ha
pyCyHKe, TO MPY HEKOTOPOW

€ro CKOpoCTM B NPaBoW BEPTUKANbHOW TpyOKe HAauYHET MOAHM-
MaTbCsl BOAA, @ U3 NIeBoV OyAyT BbIXOAWTb My3bIpbKM BO3L4YXa.
Mouemy?

3. Ecnv aBa Kopabns uayT napannenbHbIMU KypcaMu Ha
ONM3KOM PacCTOsHUM Opyr OT Apyra, TO OHW HayMHaloT
conuxaTbca. Kak 310 00bACHUTL?

4, VipeanbHas, T.e. HECOKUMaeMasa W NULIeHHas BS3KOCTU,
XMOKOCTb oOTekaeT Lwap. lMoKaxuTe, 4TO cuna, C KOTOPOW
KUAKOCTb AeNCTBYET Ha Wap, paBHa Hymio.

5. MoyveMy TOHKas MeHas NPOBOIOKA MAABMUTCSA B MaMeHM
CBeYM, a TONCTbIN MELHbIN CTEPXKEHb AaXe He HarpeBaeTcs A0
KpacHOro kKaneHus?

6. bynet N kMneTb BoAa B ManleHbKOW KacTptone, Kotopas
nnaBaeT B OOMbLION KacTpione C KUMsALEen Bogon? A ecin
BoLy B OOMbLIOW KacTpione npeaBaputesisHO NPOKUMNATUTL?

7. Kakne TepMOChI BbIroOAHEe NpW OOHOW 1 TOW e BbICOTe
1 BMECTUMOCTW: KPYroro Mnn KBagpaTHoOro ceyeHus?

8. Boga B cocyfe HarpeBaeTCs Ha 3MeKTpU4eckon nauTke
MOCTOSIHHON MOLLHOCTU. YTO TpebyeT Gonbliero BpemMeHu:
HarpesaHue ot 10 go 20 °C nnm ot 80 go 90 °C?

9. B pacTtBop MeOHOro kyrnopoca onylleHbl ABa YrofibHbIX
CTEP>XHS, Ha OLHOM M3 KOTOPbIX B MPOLECCe 31eKTponm3a
ocaxpaaeTcsa Mefb. [loyemy Hambonee TONCTbIA ClOW Meau
NoJy4aeTcs Ha TOM YacTu ero NoBepXHOCTU, KoTopas obpatie-
Ha K APYromy CTep>XHI0?

10. bynet nu B pamke ABCD BO3HMKATb MHOYKLMOHHBIN TOK,
eC/N pamKy: a) BpaLlaThb
OTHOCUTENIbHO HEeMnog-
BM>KHOIO NPOBOJIHMKA C
TOoKOM QQ’, KaK Noka-
3aHO Ha pUCYyHKe; 0)
BpaLlaTb BOKPYr CTOPO-
Hbl AB; B) BpallaTb BOK-
pyr ctopoHbl BC, 1) ABU-
raTb NocTynaTefnbHO B
BEPTMKANbHOM Hanpas-
fleHnu; O) ABuratb no-
CTynaTenbHO B FOPU30H-
TaNbHOM HanpaBneHum?

11. Bpawatowmncs
MeaHbIN ANCK CBSi3aH C
HenoABW>XHbIM NPOBOAHNKOM ABCD npy NOMOLLM CKOMb35-
WKMX KOHTaKTOB A 1 D, Kak 1n306paxkeHo Ha pucyHke. [uck 1
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NMPOBOAHNK HaxXO[ATCA
B O4HOPOAHOM MarHuT-
HOM none, nepreHau-
KYNIAPHOM  MNOCKOCTH
Yyeptexa. WM3meHsaerca
TV MPpW BPaLLeHnn gunc-
Ka MarHWUTHbIK MOTOK
Yyepes KOHTYp ABCDA?
Teyet N1 No NPOBOAHN-
Ky ABCD TOK?

12. B HaKOpOTKO 3aMKHYTYIO KaTyLUKy BABWIalOT MarHWT:
OLVH pa3 ObICTPO, a ApYron — MefJIeHHO. B KakoM criyyae B
KaTyLke Bblaensetcs Gonblue Tenna? A B KakoM cllydae 4yepes
KaTyLUKy NpoXoAuT Gonblumi 3apsa?

13. CepxnpoBopgsilee KOMbLO C TOKOM MepeKkpyyrBaloT,
npespalLLlas ero B «BOCbMepKy» 13 OBYX OAMHAKOBbIX KOJeLl.
3aTeM «BOCbMepKy» CKNaAblBaOT TaK, 4TO MONy4aeTcqd OOHO
[BOWHOE KOMbLo. Kak M3MEeHNTCA MHAYKLMS MarHUTHOro nons
B LieHTpe KoMbla Mo CPaBHEHMIO C NepBOHaYanbHOM?

14. Bo CKOMbKO pa3 Had YBENMYMTb 4HacToTy KonebaHui
31EeKTPOMAarHUTHOW BOJIHbI, HTODbI NMPW yAaneHn oT UCTOHHM-
Ka Ha paccTosiHve, BABOe Oonbliee NepBOHA4alIbHOrO, UHTEH-
CMBHOCTb BOJIHbI HE M3MeHWUnach?

15. lMovemy yBenunyeHve fanbHOCTV PAAMOCBA3UN C KOCMM-
4eckMMK Kopabnsamu B 2 pasa TpebyeT yBenmyeHns MOLLHOCTM
nepefatyvika B 4 pasa, a yBenmnyeHme 0anbHOCTM pagnonoka-
UMK B 2 pa3a TpebyeT yBenmyeHus MOLLHOCTM NepedaTtyvika B
16 pa3? MornoueHnemM 3Heprum cpegon npeHedpeyb.

16. Ha kpyrnioe otBepcTVe B HEMPO3PaYHOM 3KpaHe nagaert
napannenbHbI Ny4OK 31eKTPOMArHUTHOMO M3ny4veHns. Move-
My NpW yBENMYEHWM Pafuyca OTBEPCTUA B HEKOTOPOW TOYKe
Ha OCW OTBEPCTUS MOXKET HabMIOAATHCSH YMEHbLUEHNE UHTEH-
CMBHOCTW W3JTy4€HWS, XOTSH €ro noTok 4epes3 OTBepCTVe Mpu
3TOM BO3pacTaeT?

17. M.B.JToMmOHOCOB yTBep>Xaas, 4TO Tefleckon He TOMbKO
yBENMYMBAET BUOMMbIE Pa3Mepbl Aanekux npeameTos, HO U
yCUnnBaeT BOCNPUHMMAEMOE T11a30M KOJIMYeCTBO CBeTa, UC-
MycKaemoro MCTOYHUKOM. KakK 3TO MOXHO 0ObACHWTL?

18. Kak crnefyet pa3MecTntb 3neKTpUYecKyio 1ammy, BOrHY-
TOe 3epKano 1 cobuparoLLyio NMH3Y, YTOObI NONYYNTL Hanbo-
flee NHTEHCMBHbBIV CBETOBOW MOTOK?

MukpoonbIT

HanonHuTte ropsdert Bogoy BaHHy W cTakaH. MpocneauTe ¢
MOMOLLLbIO TEPMOMETPA U YacoB, rAe BoAa OXNaduTcs ObICT-
pee. O6bSACHUTE Balle HabnoaeHWe.

JTio6GonbITHO, YTO...

..JlaHnnn bepHynnu, KOTOPOMy BrepBble YAanocb onucatb
LBUXEHVE WAeaNbHON XMAKOCTW, Yeprnan pa3Hoobpasme
TMAPOAMHAMMNYECKMX 33434 B TOM Ynciie 1 B ursmonoriun. B
MOJIOZIOCTH, M3ydas MeAMLMHY, OH MHTEePeCcoBascs BOMpoca-
MW OnpeaeneHns CKOpOCTM MOTOKOB KPOBW B COCYyAax W
BIIVSIHNS BENMYMHBI KPOBAHOMO AaBMEHNs Ha XapakTep 3Toro
LIBUXEHWS.

..CyLIHOCTb TaK Ha3blBaemoro napagokca ['Anambepa —
Sinepa 3aksio4eHa B TOM, YTO MOTOK JIMLLIEHHOrO BHYTPEHHEro
TpeHus raza (MpeanbHOM «KMOKOCTU») NENCTBYeT Ha Teno
nobon HopMbl C CMNaMK, CyMMa KOTOPbIX paBHa HyJio. B
BO3[lyXe, YTPaTMBLUEM BSA3KOCTb, HE CMOrMM Obl B3feTeTb HU
CaMorieT, H BEPTONeT, MOCKOMbKY NOAbeMHast CUa Kpblna ©
cuna TArM BO3AYLUHOMO BMHTA OKa3anncb Obl HyneBbIMU.

..OHO 13 yHOAMEHTASIbHbBIX ABIEHNA MEXaHUKU XUAKO-
CTM W ra3a — 3TO OTpbIB MOTOKA, KOrga cpeaa BOMM3N
o0TeKkaeMbIx Tefl, HanpUMep KpPbINbeB NeTaTeNlbHbIX 1 NiaBa-
TeSbHbIX anmnapaTos, NepectaeT ABUraThCs BAOSb UX MOBEPX-
HOCTW 1 OTXOAMT OT Hee. HayumnTbCsa ynpaBnsTh 3TUM siBNeHneM

25-36.p65

— HacyllHasa 3a4a4a, NOCKONbKY CPbIB NMOTOKa MOXET COMpo-
BOXOATbCH PE3KMM CHUXKEHVWEM MOABEMHOM CUIbl KpbiNa,
yBeNM4eHneM ero COMPOTUBIEHMSA, YTO MOPON MPUBOAUT K
KaTacTpodU4ecKMM NOCNencTBMAM.

..B CBOVIX MCCNeNOBaHUAX NO 3nekTpu4ectsy OM BOOXHOB-
nancs paboton Oypbe «AHanuTUHeCcKas Teopus Tenna». Omy
NpWLLAA MbICMb, 4TO MeXaHW3M TenI0BOro NOTOKa, O KOTOPOM
Wwna peyb B 3TOM TPyAe, MOXHO YyNogobuTb TOKy B NMPOBOS-
HUKe, 1 B OOQHOW 13 POPMYNMPOBOK CBOErO 3aKOHa OH BBE
MOHATVE MNOTHOCTW TOKa, MHaye roBOPS, MAOTHOCTM MOTOKa
3NeKTpU4ecKoro 3apsa.

.3awmTta B 1874 rony OOKTOPCKOM AMCCEPTaLMM POCCUNC-
KMM y4eHbIM YMOBbIM COMPOBOXAaNach LLIECTNYaCoBbIM ANC-
nyToM. KpWTHKY OMMOHEHTOB BbI3BanW MpeanoXeHHble YMOo-
BbIM HOBblE MOHATMS CKOPOCTW W HaMpaBleHUs ABUXKEHUs
3HEPruK, NMOTOKa SHEPrUn 1 ee MIOTHOCTM B JaHHOW Touke
cpenpl. Hepe3s 10 neT aHrmnckmn dmsmk MOMHTUHE BBEN
BEKTOP MMIOTHOCTX MOTOKa 31eKTPOMarHUTHoW sHeprun. Ce-
rOAHs 3TOT BEKTOP M3BeCTeH Kak BeKTop YMoBa—[loMHTMHra.

.VHTEHCMBHOCTb BWAOMMOIO M3My4eHWs CTOBATTHOW NaM-
MOYKM Ha PacCTOAHWM 3 M paBHa npumepHo 2-107° BT/CM2 .
[ns cpaBHeHNs, cpedHee 3Ha4YeHMe TaK Ha3blBa@MOW COMHeY-
HOW NOCTOSIHHOW — MHTEHCMBHOCTM NOTOKa COMHEYHOrO CBETa
BOMM3M 3eMHOW NMOBEPXHOCTN — HeMHOTMM Bbille O, 1 BT/CM2 ,
a npu (oKycMpoBKe Jyda OT HEMpepbIBHO reHepupytoLLero
nasepa MOXHO AOCTWYL MHTeHcusHocT 10" Br/am? . Uc-
nosib3yemble B 3KCMepUMeHTax Mo TepMOSAepPHOMY CUHTe3y
TUTaH-candrpoBble Nasepbl CNOCOOHbLI MPOU3BOAUTL YNbTpa-

KOPOTKME MMMYNbChl C MHTEHCMBHOCTBIO [0 10" BT/CM2 .

..MUHMallbHaA MHTEHCMBHOCTb 3BYKOBOrO MOTOKa, KOTO-
pylO MOXeT elle No4yBCTBOBATb YXO 4eJiOBeKa, CoCTaBldeT

okono 107" Bt/cm? npu yacToTe 38yKa 3 KILL. Mopor 4yBCTBU-

TEeNbHOCTM [na3a MpUMepHO TakKoW e — rna3 crnocobeH
pearmpoBaTb Ha MOTOKW CBETOBOW 3Hepruu nopsaka
3.107" BT/CMz . A coBpemMeHHble PaaVoNpPUEMHUKA MOTYT
«yCNbIWaTh» CTaHUMIO, MHTEHCUMBHOCTb BOJTH KOTOPOW B MecTe
npviema Aocturaet awb 107" Br/cm?.

..«3B€3[Hble BENUYMHBI» N «Oneck» — XapakTepuCTUKK
HebeCHbIX 0OBEKTOB, NCMONb3yeMble B aCTPOHOMMUK, — Npef-
CTaBnAsIoT COOOM HM YTO MHOE Kak pa3HOBMAHOCTU onpegene-
HUS 3HEepruM MOTOKOB W3JyYeHUs, T.e. UX WHTEHCUBHOCTU.
BO3HMKNM OHM eLlle [0 MOSABMEHUS MOHATUIN «CBETOBOW MO-
TOK» N «OCBELLeHHOCTb .

Yto yntath B «KBaHTe» o notokax
(ry6rvkaLm rnocreqHmx ner)

1. «OTKyOa TeyeT 3Hepr1s: oTkpbITMEe 3a OTKpbITMemM» — 2003,
Ne5, c.37;

2. «Kanenpockon «KeaHta» — 2004, N23, c.32; 2005, N25, c.32;
2007, N25, c.32; 2008, Ne1, ¢.32; N23, c32; N25, c.32;

3. «MarHnTHbIN NOTOK CBepxnpoBodHMka» — 2004, Mpunoxe-
Hune N°4, c38;

4. «Kak B 3eMfi0 Ka3aH 3akonanu» — 2004, MpunoxeHne N24,
c72;

5. «3TOT y>KacHbIN KocMmnyeckmit xonod» — 2005, MpunoxeHue
Ne26, c.180;

6. «3aKOH 3neKTPOMarHUTHOW MHAayKummn» — 2006, Ne5, ¢.36;

7. «PagnoBONHbI MepeHoCaT 3Hepruio 1 umnynsc» — 2007,
MpunoxeHne N21, c.22;

8. «MarHuTHas cuna 1 3akoH 31ekKTPOMAarHUTHOW VHAYKUMMY» —
2008, No5, c38;

9. «Jlazep — HOBbIV UCTOYHUK cBeTa» — 2009, MpunoxeHne
Ne2:

10. «MMOTOK MarHUTHOM MHAYKUMKM» — 2009, Ne3, ¢.51.
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KMII

3a0a4u

1. Boonb poporv gnvHon 60 KM CTOAT HECKOSbKO
neHbkoB (6onblie ofHoro). lepBbit TypUCT WAOET no
Jopore CO CKOPOCTbiO 5 KM/Y 1 BO3Jle KaXOoro rneHbka
OTObIXAaET OAHO WM TO Xe Lenoe Ymcio 4acoB. Bropown
TYPUCT efleT Ha Benocuneae o CKOPOCTbio 12 KM/4 1 Ha
Ka>k[OM MeHbKe OTAbIXaeT B ABa pa3a [OJblle NepBOro
TypucCTa. Bbiwnm v npuwnm TypuCTbl OOHOBPEMEHHO.
CKOfIbKO MeHbKOB Yy A0pOorn?

O.VBaHoBa, K.Koxack

4. B mepeBHe xumByT 250 x000MTOB. Kaxabln xo606uT
XMBET B OTAENbHOM AOMUKE. [0 Be4epam OHU XOOAT Apyr
K ApYry B roCTu. 3a OOMH BeYep Kaxapbln xobouT, ecnm oH
WOET B FOCTW, NMOCELLAET BCEX, KOrO MOXHO 3acTaTb JOMa,
npryeM y cebst ;oMa B 3TOT BeYep yxke He nosiBiseTcs. 3a
Kakoe HalMeHbLLiee YACIO BEHEPOB MOXKET CITyYMUTbCA Tak,
YTO Cpemdm MobbIX ABYX XUTenen aepeBHW XoTs Obl OAMH
nobbiBan B rocTax y Opyroro?

A.IBHUH

2. OnycTMB B KPY>KKY C BOAOW YaMHbIN NakeTuK, Npu-

NOAHUMWTE €ro 3a HUTOYKY Hafd KPYXKOW — makeTuk

HaYyHeT BpalLlaTbCs. [lovemy 3TO NPOUCXOAUT?
A.KoBasibgxu

5 « B Bbinyknom wectnyronsHnke ABCDEFBCE BHYTPEH-
HVe yribl paBHbl. VI3BeCTHO, 4to AB =2, CD =5, DE=,
EF = 1. Hangute BCwn AF.

DosvKaop

3. Ectb 1 30n07as, 3 cepebpsiHbiX M 5 OPOH30BbIX
Menanen. VI3BecTHo, YTO 0fiHa 13 H1X anblUKBas: nerye
HacTosLen. HacToallme Megann U3 ogHoro Metanna Becart
0MHaKoBO (a M3 pasHbiXx — He ofMHakoBo). Kak 3a 2
B3BELUMBAHMSA Ha YalleyHbIX Becax 0e3 rmpb HanTu danb-
LWMBYIO Mefasb?

A.lllanoBasnios

D71 3343491 [TPEAHAZHAYEHbI PEXAE BCEro yyaumca 6 — 8
K/1ACCOB.
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CTabunbHble bpaku

B.YOHAPOBCKUU

EFOOHA CTAPTOBAN HAW OOAMMA KOCMUYEC-

KWW MOfieT, — Tak Havan CBOIO peyb KanuTtaH
NepBOro Mex3Be3fHoro Kopabnsa «3emna — AHgpomMena».
— Hac 30ech, kak Bbl 3HaeTe, 50 My>X4KH 1 50 XeHLLUMH, a
neteTb Ham 50 neT. Tak YTO BCEM ClleflyeT 3aBeCTU CeEMbU.
Kaxgbll M3 BacC He XeHaT WM JOMKeH BCTYNUTb B Opak
3[1eCb: TAKOBO ObINIO YCI0BYME NPUEMa B 3KCMEAMLIMOHHDBIN
Kopnyc.

— MbI MOMHUM, 1 MHOTMe 13 Hac OyAyT paabl XeHUTbCS
y>Xe cerogHs. Mbl 3HaeM Opyr Apyra He MeHblue rofa.

— XopoLuo. Ho 4 aymato, YTO XXeHUTbCA LOIMKHbI BCe,
npuyeM Tak, 4ToObl Ha 3TOM Kopabne He OblNo HUKaKMX
CYMPY>XECKUX U3MEH.

Bce paccmesnnch OT oyLuu.

— KanwuTaH, Bbl MOeanucT, — ckasasl KTo-To.

— 9l BNomnHe peannucTudeH, — ynblbHyNCs KanutaH. — 310
HEBO3MOXHO Ha 3eMrie, HO Mbl BMOJSIHE MOXEM OcCylle-
CTBUTb 3TO 3[€eCh.

— Kak 3107 — BCe npopomkanmu cMeaTbCs.

— Mory 4 cnpocutb, — KanutaH Obin Hecrmbaem, —
MOYeMyY 3TO XEeHaTbI My>XUYMHa A U3MEHSIeT CBOEM XeHe
C 3amyxHen nean O?

— Y710 Xe 3[0eCb HEeMoHATHOro, KanwutaH? NoTomy 4To
OHV HPaBATCA Apyr Apyry bonblue, YeM Ux COBCTBEHHbIE
cynpyrw.

— W A 3anpocto HaxoauT kpacotky O, KoTopasd npennoy-
TeT ero COGCTBEHHOMY MyXKy?

— lNpoLLe Hekyna! — HeKOoTopble yxKe NPOCTO MOKaTbIBa-
JICb OT XOXOTa.

— Ho 370 Ha 3emne! — KanutaH cTporo ocmoTtpen Ha
KOMaHay, 1 cMex cam cobowr nponan. — A g HamepeH
KEHUTb HaC TaK, 4TOObI HUKAKOMY My>K4MHe A He yAanoch
HaWTW Takylo >XeHumHy O, KoTopas Obl HpaBUNacb emy
DonbLie COOCTBEHHOW XeHbl U KOTopas npeanoyna bbl ero
CODCTBEHHOMY Cynpyry.

— Bbl vMeeTe B BMAy, KanuTaH, Y4TO KaXX4OW Takow
KeHLLMHe, KoTopas HpaBuTCs A OosbLue, YeM ero nosioBu-
Ha, caM A He HpaBuTCs? Mo KpanHen mMepe He Gonblie
CODCTBEHHOrO My>a.

— WmeHHo. N HaobopoT, A npeanodmTaeT CBOK XEHY
BCEM TeM, KOTopble C PafoCTblo CMeHunu Obl CBOMX
MapTHEPOB Ha Hero.

— Xopouwasa nges, kanutaH! Ecnm Bam 370 yaacrcs, Bbl
pelnTe BeKOBYIO NMpobnemy ctabunbHocTM B Opake. Ho
HaM BCE PaBHO KaXeTCs, YTO 3TO HEBO3MOXHO.

— Ho mory s nonpo6oBaTb? — CNpoCun KanutaH BKpaa-
4YMBO.

— OT14ero e HeT, 310 byneT 3abaBHO!

— [lpekpacHo! Torga HavyHeM HemensieHHo. CerofHs
KaxkAbl MY>XUMHA AOMXKEH BbIOPaTh Ty XKEHLUMHY, KOTO-
pas eMy HpaBuKTCa Boblue BCeX, U HaNMcaTb el NUCbMO:
NonpoCuTL ee PyKu.

— Ho Torpa Bce BbibepyT [maHy. — [naHa bpayH Obina
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NpW3HaHHOW KpacaBuuen. MHorve Obiinv BROONEHbl B
Hee, HO MaJio KTO HafedAsnCa CTaTb ee MYy>XEeM.

— Bo-nepBblix, He BCe. Hanpumep, He 4. Kpome Toro, 3to
He WrpaeT HWKakon ponu. Bbl LOMKHbI MocCBaTaThbCs,
Jaxe ecnn y BaC HET HMKAKOro LlWaHca. Boibepute Ty
KEHLLMHY, O KOTopon MeytaeTe. OOHAKO 3TO — TONbKO
Ha4ano. Mbl MPOJOMIKMM 33aBTpa. A cervac Bbl OOSIXKHbI
HanmMcaTb CBOe MepBoe MMUCbMO. I He AymanTe O BO3-
MOXHOM OTKa3ze. Tonbko BblbepuTE CaMylo >KEnaHHYyio
KEHWMHY. VI noMHUTE: 3T0 — npukas. KaxXabii JOmKeH
BbIOpaTh M NocBaTaTbcs!

He MHOro My>H41MH CMOTIU YCHYTb B 3Ty HOYb. BbiOpaThb
>KEHLMHY CBOeW MeYyTbl. He Tak-To 310 npocto! K Tomy ke
OHa MOXET 1 0TKa3aTb. [oxanyn, XOpoLlo, YTO 3TO Obin
npuvKas, MHOTME MHaYe 1 He OCMeNUNMChL Obl NOCBATATHCS.
N MHorve Bblbpany OunaHy.

KanuntaHy Toxe He cnanoce. Mapu, B KOTOPYIO OH TalHO
ObIn BNOONEH, [AaBHO yXe Npefnoyntana apyroro.

— Ho a gonxeH Hanmcatb Mapu, — TAXeNo B3LOXHYI
KanuTaH 1 Hayan cBOe MuCbMO.

Ha cnenytolee yTpo nocne 3aBTpaka Bce cobpannch B
3ane. MHorve XeHLWMHbl BbInn TUXM 1 NeYanbHbl.

— Bwky, faneko He BCe NONy4UIM NUCbMa, — 3aMeTUn
KanuTaH. Heckonbko B3[0X0B Obivi eMy OTBETOM. — A KTO-
TO Mony4mn Hoblie 0AHOro NcbMa. — HekoTopble XeH-
LUMHBI PaOCTHO KMBHYIW. KpaeM rmasa oH yBUIES, YTO U
M>3pu KMBHYyna Toxe. — Tenepb Ball Yepep, BblbMpaTs!
Kaxpaas xeHLmHa, koTopas nonyynna 6onblie Yem ofHO
NMCbMO, A0/MKHA BbIOpaTh TONbKO OHOMO MY>XYMHY.

— W BbINTK 3a Hero 3amyx?

— Her, 310r0 9 He rosopwus. Ho BOT YTO Bbl LOMXHbI
coenaTb, Tak 3TO OTBETUTb BCEM OCTallbHbIM, YTO Bbl
HWKOr4a He CMOXeTe BbIUTM 3a HuUX. 4 dymalo, 3TO
ecTeCcTBeHHO. OHW AOIMKHbI 3HaTb, YTO €CTb KTO-TO, KTO BaMm
HpaBuTCs GonbLue.

— Tonbko 3107

— Tonbko 3710. M XOaTb 3aBTpaLUHero AHs.

— Torpa [OumaHe npuaetcd nucatb MHOro nucem! —
NOLUYTUA KTO-TO B 3ane. Ho camom en, noxoxe, Obino He
00 LYTOK.

— A MOXHO f BCeM OTBe4qy? — Cnpocusia OHa.

«Bupatb, He noflydmMna oHa TOro MMCbMa, KOTOPOro
XAana», — nopyman KanutaH, a Bayx CKasarn:

— HeT, Tbl AOMKHa OTBETUTL BCEM, KPOME JyHLLEro m3
HWX. DTO TONbKO Ha4ano. Mbl BCero nullb OTMETaeMm
3aBelOMO HecCTabunbHble Opaku, — MOMbITancs oH yTe-
WKTb KpacaBuuy. TONIbKO B MOCNELHIO0 CeKyHOy OH
OCMEeNUNCA NOAHATb B3rnas Ha Mapu. OHa CO4YBCTBEHHO
ynbIOHYNaCk eMy, 1 OH MOHSS, YTO 3aBTPa NONYYUT OT Hee
MMCbMO.

Mano KoMy yhanocb Jlerko YCHYyTb W B 3Ty HOYb.
JKeHLLWHBI, KOTOPbIM ObINO 13 Yero BbibMpPaTh, Pa3MbILL-
nanu. Te, KOMy BoOOLLe BblOMpaTh ObINO He U3 Yero,
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nnakanu. A My>X4YuHbl... MyX4uHbl XOanM 1 ToXe He
MOTTIN YCHYTb.

Ha cnepytollee yTpo Gosblie MOMOBUHbI U3 HUX MOMYYU-
N NCbMA, 1 O6nbLLYIO YacTb — OT AuaHbl. MucbMa bbinn
BEXNMBble, HO Oe3HafexHble. KanutaH Takxke MNony4umn
cBoe nucbMo oT Mapw. Mocne 3aBTpaka Bce cobpannch, v
KanuTaH ckasas:

— CerogHsa MHOTMe M3 Hac NOMy4YusIvM MUCbMO. ITO
03HaYaeT, YTo Mbl, — KamnunTaH OpPOCK NeYanbHbIN B[,
Ha M3pu, — He MMEeeM HUKAKMX LIAHCOB Ha CTabWIbHbIN
Opak ¢ HaWMMK nM30paHHMLAMW. W g cymTalo, YTO nydlle
y3HaTb 3TO Cenyac, 4eM Mnocne XeHUTLOBI.

— Bbl npaBbl, kKanuTaH! — GObLWMHCTBO ObINN COrMacHsbI.

— A 3HaeTe Nu Bbl, YTO HaM JenaTb Tenepb?

— HerT, He 3Haem.

— Bo-nepBbiX, 3a0biTb 3Ty >XXEHLUMHY. Bbl HUKOrAa He
KEHUTeCh Ha Hel. Bo-BTOPbIX, BbIOpaTb CaMylo MyyLLyiO
>KEHLLMHY M3 OCTaBLUMXCA M NOCBATaTbCs K Hen!

— 3Ha4YuT, Mbl MOXEM MONy4YnUTb HOBOE MNCbMO? —
CNPOCUNN XEHLUMHbBI C PafoCTbio B ronoce.

— Ja. N, MoxeT ObITb, HEe OAHO.

— W Te, 41O y>Xe nony4mnu nmcbma, Toxe MoryT?

— KoHe4yHo! C ofHMM nVWb WCKITIIOYEHUEM: Bbl He
nony4mTe nncemM OT Tex, KoMy OTKasanu. Ho Bpag v Bam
HY>XHbI 3TV MCbMA.

— KanwuTaH, Bbl yMHee, 4em Mbl gymanu!

HoBble Hagexabl — HOBble PAAOCTU. XKeHLLVHbI Oblu
BO30Y>XAeHb!.

— A eyt My>XXHMHE He OTKa3anw, 3Ha4YuT N 3TO, YTO OH
y>Xe MOXeT 3aka3blBaTb KOMbLa? — CNPOCU AOBOJbHbIN
Monofon Yenosek. MHorve nogo3peBanu, YTO OH Obin
€MHCTBEHHbIM, KTO Hanucan [lnaHe v He Nony4mn H1Ka-
KOro nvcbma B OTBET.

— Hert, 310r0 KanutaH He umen B BUAY. Tbl MPOCTO
MMeeLlb XOPOLWMKM LaHC, HO Hago elle nogoxaatb, —
oTBeTMNa [uMaHa Ko BCeobLieMy U3yMAEHMIO.

— CoBeplUeHHO BepHO, — NOATBEpAMST KanutaH. — Ho
eCnn Xo4ellb, Tbl MOXELLb HanmMcaTb TOW XKe XXEHLUMHE.

— 4 TaKk n caenato!

HoBbIn BbIOOp — HOBast Hadexaa. Ho Ha 3ToT pa3 MHorne
crnanm xopowo. TONbKO HeKOTopble 13 TeX, KTO MOny4un
0TKa3, He Mornn ycHyTb. Cpeau HUX Obi U KanuTaH.

— W 3a4eM 51 3T0 Hayan? — cnpalumean oH cebs. — Cam
xe youn cBoto Hagexnay.. OfHako B NoOOM ciyyae s
[LONKeH BblOpaTh HOBYIO XXEHLLMHY. /l Nofny4mnTh eLlle ofHO
NMCbMO. TTOTOMY YTO f [OSKeH ObITb YecTHbIM: OuaHa —
nyyLe BCeX, eCnn § OMKeH No3abbiTe npo M3apu. — A oH
Hanwmcan u otocs1ain nNMcbMo maxe.

Ha cnenyioLiiee yTpo 60MbLWMHCTBO XeHLLMH Obinu Bece-
nbl, @ draHa npocTo cBetnnach OT pagocTu.

— «HaBepHoe, OHa Nony4una To NUCbMO, Ha KOTOPOoe
Hagednacb», — nogymaln KanuTaH, a BCiyx ckasarn:

— JleByLKK, Te 13 BaC, KTO Nnony4un 0ornblie YeM 0fHO
MMCbMO, 3HalOT, YTO Hado AenaTb?

— BblOpaTb nyylwero n oTBeTUTb OCTaSbHbIM.

— YMHULbI!

— Ho kanuTaH, Kak gonro Mbl Oyaem nucaTb U BbIOU-
paTb?

— o Tex nop, noka Kaxzaas 13 Bac He Noy4uT XoTs Obl
O[lHO NCbMO. W Torfa nydilee nMcbMo OyeT OT Ballero
Oynywero Myxa. /1 310 Oynet ctabunbHbin Opak. Moay-
MaKTe, novemy.

— KanutaH, — ckaszana Mapu,— KaxeTtcd, 9 MoHAna,
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HakoHel, TBOIO wmAel. Tbl MMeelWb B BUAY, YTO Mbl,
KEHLLMHbI, He OyaeM HeBepHbl MY>XbsAM MO TOW MPOCTOMN
npuYMHe, 4TO Te, C KEM Mbl MOTN Obl 3TO, BO3MOXHO,
chenatb, He NoOAT Hac: OHM He NPUCNaN HaM NCbMa, Y
HWX eCTb KTO-TO Nnydue. A eCnn HY OAHA XEeHLUMHa He
Oynet HeBepHa, TO He OyIeT 1N HEBEPHbIX MYXEN.

— [lpekpacHoe paccyxpeHue!

— MOXHO cnpocnTb? — ckasana [AnaHa. — O3HavaeT nu
370, YTO A OyAy 3aMy>XeM 3a TeM eVHCTBEHHbIM YeNloBe-
KOM, KOTOPOro ntobnto, eCim oH yxXe Hanmcan MHe?

— Tbl MOXeLb ObITb yBepeHa B 3ToM! BceM ocTanbHbIM
Tbl BCE PaBHO OTKaXelLllb.

— 3a4eM Xe MHe Torga Xpaatb?

— Tonbko Ansa Toro, YToObl BCe OCTaNbHble TOXe Mosy-
YU CBOE MCbMO.

— Ho Mory s yxe cemyac ckaszaTb Moemy Oynyliemy
CNYTHUKY XWM3HKM, 4YTO A BblOpana ero Ao KOHUA CBOWMX
nHen?

— 4 nymato, Tbl JOSIKHA 3TO CKas3aTb W OPYTUM: OHU He
Oyaoyt Torma kK Tebe cBaTaThbCA WM HaWAyT CBOIO Mapy
ObicTpee.

— Torga He xo4y s bonblie N1caTb HUKaAKMX nucem! —
ckazana [maHa M HeXHO nolesioBana OTOPOMeBLUEero
KanuTaHa.

XoyeTcs BepuTb, YTO YMTaTeNlb MOHAN Ty MaTeMaTU4ecKyto
npobnemy, KoTopas NeXXNT B OCHOBE 3TOM Cka3ku. Mbl Hageemcs,
YyuTaTenb COrNacuTCs, YTO 3TO — KPacKBOE peLleHue, 1 CNpoCuT
cebs: Kak ero MoXHO MCMoNb3oBaTh? W Kak pellaTb NOXoxume
npobnemMbl? Hanpumep, 4To BYAET, ecnn XeHLMH bonblue, Yem
MY>KHUH, NIX €CIIN €CTb MY>KYUHbBI, KOTOPbIE CKOPEe YMPYT, HEM
KeHATCa? A ecnn XeHLWMHbl OyayT nucaTb nepebiMK, OyaeT nn
peLleHne TeM Xe caMblM?

Ecnn xe yntatens 3apgymaetcs: «Mpasaa nv 310? Mory nn 4,
Hanpumep, 40ka3are, YTo BCe HamayT cebe cynpyra?» — 3HauuT,
OH Hayan aymaTtb Kak MaTemMaTuk.

A Torfa Heckomnbko 3aay AOMKHbI ObiTb NPUATHLIM AOMOSNHE-
HMeM K cKaske.

1. ChopmynupymTe 3aaa4y CTPOro MaTeMaTnyecki. 3T0 MOXeT
0Ka3aTbCs CJIOXKHee, YeM oxuaanock. He otcrynante! Haynumte
Tak: AaHbl Be KBafpaTHble TabnuLbl pa3MepoM /7 X 7. B Kaxaom
CTPOKe Kax[oWn 13 Tabnuu, CToAT BCe Ynca oT 1 40 71 B KakoM-
TO nopsake...

2. Hanuwnte 4eTKMn anropuTtM, KOTOPbIN COOTBETCTBYET pe-
LWeHMIo B CKa3ke, M MOKaxmTe, YTO OH Bcerfa paboTaer.

3. TokaxuTe, 4To ObIBAIOT Cflydau, Korga 3afada vMeeT
HECKONbKO peLLeHNI.

4. Mpeanonoxmm Tenepb, Y4To Tabnuubl HeckoHeyHble, 3aHy-
MepOBaHbI HaTyPaNbHbIMU YACAMM 1 YTO B KaXKA0M CTPOKE eCTb
BCe HaTypasibHble Ymcna. MoXHO Nu TorAa foka3aTb CYLLeCcTBO-
BaHVe pelleHns, eciv npefanofiaratb, YTO B KaXAoW CTpoke
KaHAMOaTbl pacrosioxeHbl B MopsaKe yObIBaHUS NpeanoqTeHus
(B 4aCTHOCTM, Ha MEPBOM MeCTe Kax oW CTPOKM CTOUT HOMEP
CaMoro nyyllero KaHamuoara)?

5. A ecniv nopagoK NPOTUBOMONOXHbIN?

6. PaccMoTpuTE ellle 1 TaKoW anropuTM s MCXOQHOM (KoHey-
HOW) 3apayn. Paspelim pa3Bofdbl. BbICTpOUM BCeX MyKUWH B
oyepefib. [epBbIl B 04epefM CBATAETCA KO BCEM XKeHLUMHAM Mo
oyepeau B Mopsake CBOEro npeanodteHuns (HesaBucKMO OT
TOro, 3aMy>XeM ovepefiHas KaHAMAATypa Unu HeT) 4o Tex mnop,
noka KTo-TO He cornacutcs. OHU XEHATCS, 1N eCn XeHLMHa
Obina 3aMyXeMm, TO OHa CHa4vana pasBoamTCs, a ee ObIBLIUMA
Cynpyr CTaHOBWUTCA B KOHeL, o4epean. BepHo nn yto:

a) Takas XeHLHa Bcerga Hamgercs;

©) npouecc 3aKoHYMTCS;

B) nmony4mBlvecs Opakn OyayT cTabunbHbIMA?

FoouTCs N Takown nopxop, Ans 6ecKoHeYHbIX CryyYaeB?
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[ paBUTaLMOHHOE
«OTTAIKUBAHMEY

B.BOPOHOB

AKOH BCEMUMPHOTO TATOTEHNA OTHOCUTCA K UNCJTY

¢ynrameHTAIbHBIX (DU3NIECKUX 3aKOHOB. Kaszanoch Obl, HET
OCHOBAHUSI COMHEBATHCS B CIIPABE/IIMBOCTH €0 OCHOBHOTIO Te3H-
ca 0 B3aMMHOM TIPUTSKEHUN TeJt B ipupojie. OHaKo CyIecTBy-
10T CHTyallu¥W, B KOTOPBIX BCEMHUPHOE TATOTEHHE MPUBOJUT K
COBEpIICHHO HEOXHUJaHHBIM addextaMm. BoT 06 aTux HeoObIU-
HBIX CJIYYasiX U XOTEJI0CH Obl HOTOBOPUTD.

Boo6pa3um GecKOHEeUHYIO BCEJIEHHYIO, 3aIlOJHEHHYIO BOJIOI.
Kax 6yayT B3anMo/ieiicTBOBATD JAPYT C APYTOM Pa3JINYHbIE Tesa
B 9TOI BcesleHHON? Bpoge Obl, OTBEeT O4YeBUAEH: OHU OYIyT
IPUTSATUBATBCS, IIOJYUHSSACH 3aKOHY BCEMHPHOIO TSATOTEHUS.
Ho... e crout Topomutbcs ¢ BbiBojgaMu. JlaBaiite pasGepem
HECKOJIbKO YACTHBIX CJIyYaeB.

Jlns Havasma WCCJeyeM B3aMMOJEHCTBHE J[BYX CBHUHIIOBBIX
nipo6uHOK. Cpasy CTOUT OrOBOPUTLCS, YTO TEPMUH «B3anMO/I€ki-
CTBUE» 3/IeChb HE OYeHb MOJXOJUT, TaK Kak Ha IPOOGUHKI
JIEHCTBYIOT HE TOJBKO CUJIBI B3AMMHOTO TPABUTAIIMOHHOTO TIPH-
TSOKEHMS, HO M TpaBUTAllUA BCEJEHHOW, M CHJIBI YIPYrOCTH
BOJIHOI cpe/ibl. B mepByio odepejb, mocrapaeMcs ydecTb Bce
CHJIBI, MMEIOIIe TPABUTAIIMOHHYIO TIPHPOLY.

YuerrpaButanmonnoro B3aumoaeiictBusi. PaccMoTpuM CUITBI,
nefictBytomue Ha gpo6unky 1 (puc.1). IIpoBesem yepes ee eHTp

Puc. 1

IIJIOCKOCTD, TIEPIIEHNKYISPHYIO TMHUHT, COEMHSIONIEN 06e Apo-
O6unky. OHa pas/e/IuT BCEJICHHYIO Ha /IBe MoJyBceieHHble. /[
y06CTBA HA30BEM UX JIEBOH M IIPABOil. JTH /[BE MOJyBCEJEHHDIE
CUMMETPHUYHBI OTHOCUTEIBHO Pa3/IeISIIoNIel nX MJI0CKOCTH, HO B
IIpaBoil ecTb JONOJHUTeabHAs ApoOuHKa 2. CHMMeTpuuHble
4aCTH II0JIyBCEIEHHDIX /1efICTBYIOT Ha APOOUHKY | C COBEPILEHHO
PABHBIMU CHJIAMU NIPUTSKEHUS. Pe3y IbTHPYIOIas Cua SIBJIseT-
Cs1 UTOTOM JIEHCTBUS JIByX Pa3JIMyaionunxcst chepuyeckux aJe-
MeHTOB. B mpaBoii yactu aT0 ApPOOMHKA, a B JE€BOil — Bo/a B
o0beMe ApoOuHKH. Tak Kak mMacca APOGHHKU GOJIbIE MacChl
COOTBETCTBYIOIIErO 3EMEHTA BOJBI, TO MOJHAS cuia Fy , jeii-
cTByIOlass Ha ApoOMHKY {, OyJeT HampaBJjeHa BIIPaBo, HO
OKa’KeTCsT MEHbIIE CHJIbI IPABUTAIIMOHHOTO MPUTSIKEHUS K JPO-
6unke 2. Paccunraem ary cuiy:

m. .m m.m
— _ Ap AP Ap " "BOABL
F=F,-Fuu,=06 5 G 3 =
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2
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— Ap _ 1P BOJIbI
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rJie ¥ — PacCTOsIHUE MEXK/IY IPOOUHKAMH.
Jlerko mokasarp, 4To 9Ta (HOpMyJia B CIydae Pa3HbIX 110 Macce
JIPOGIHOK TIPe00Pa3yeTcs: K BUILY

mymy 1 Posmr
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a B CJIydyae BSaI/IMOJ:[eI‘/JICTBI/IH HacTuiy 1106010 BelleCcTBa B 106011
0OECKOHETHOIT cpejie IpuHUMaeT BU/L

mym, 1- pcpemﬂ
2
r pBemec’rBa

Broipakenue, crosiee 0 CKOOOK, IOJHOCTBIO COBIAJACT C
3aKOHOM BCEMHPHOTO TATOTEHUS, W €CJIN IIJIOTHOCTb CPEbI
II0JIOXKHUTD PABHON HYJIIO, TO MBI IIOJIy4aeM CTAaHAAPTHYIO (hopMy-
JmpoBKy 3akoHa. (UTo U JIOJIKHO IPOUBONTH, IOCKOJIBKY B 9TOM
ciay4yae (popMyJia OIMHCHIBAET TPABUTAIIMOHHOE B3aUMOJICHCTBIE
TeJ B BaKyyMe.

Ecsi TJI0THOCTD Cpefibl HOCTENIEHHO YBEJMYUBATh, TO CHJIA
B3aMMHOTO IPUTSKEHNs OyZeT yMeHbUIATbCsI, II0Ka He 06paTut-
cs1 B HOJIb IIPU PaBEHCTBE ILJIOTHOCTEH cpejibl U BemecTsa. Econ
e TIJIOTHOCTD Cpefibl 6y/eT 6OJIbIle IIIIOTHOCT! MOMEIEHHBIX B
Hee 97EeMEHTOB BENeCTBa, TO CUJIA CTaHeT OTPHIATENbHOM, 4TO
COOTBETCTBYET OTTAJKMBANMIO 9TUX ajeMeHToB. Tak, aBa Aepe-
BSHHBIX IIAPUKA B BOJHOII BCEJIEHHOW GY/yT OTTAJIKUBATHCS C
cHIoit

F=G

mym P
F — G 11169 1_ BOJIbI
r p,:[epena

Takum 00pa3oM, TATOTEHHE CIHOCOOHO TIOPOAUTD OMIMAIKUSA-
Hue!

Iror 3PPeKT B3aUMHOrO OTTAJIKMBAHUS MOXHO HOSCHUTD,
BBO/ISI B PACCMOTPEHUE <IIOJisI», IIOPOK/AeMble BHECEHHEM B
6ECKOHEYHYTO OJHOPOJIHYIO CPE/ly 3JIEMEHTOB BEIIECTBA C MHOM
I0THOCTBIO. TlosiBiiere GoJiee MIIOTHOTO BEIECTBA IIPHBO/IHT K
CO3MIAHUIO <IIOJIST» TATOTEHUsI. [IpuveM TSITOTEHHE CO3/AeTCst
TOJIBKO 3a CYeT «U30bITOYHOU» ILIOTHOCTH B OObEME BEIIECTBA.
Ecuiit sKe TJIOTHOCTD BEIECTBA MEHbIE TJIOTHOCTH CPE[BI, TO
BO3HUKAET «I10Jie» OTTanKuBanusi. OCOOEHHOCTD ITHX <IT0JIeH»
B TOM, YTO OHU TIPOSIBJISTIOT CBOUW CBOWCTBA BHE 3aBUCHMOCTH OT
TOTO, Ha KaKoe BelecTBO (¢ MIOTHOCTBIO GOJIbINeH Wi MeHbIIel
IJIOTHOCTM CPE/IbI) OHM JeHcTBYIOT. HarnpsisKeHHOCTh Takoro
«TTOJIs» MOKHO PACCUUTaTh 110 (popmy.ie (peub UeT O TeHTPab-
HOM TI0J1€)

E _ G mBeIﬂeCTBBa 1 _ pCpC}lbI |

2
r pBEH.IECTBa

Tenepn nonpoGyem ucceoBarb 6osee CJOKHbI caydaii. [lo
CUX TIOp Mbl PACCMATPUBAJIU 3JIEMEHTHI BEIECTBA, UMEION[ne
OJTHY M TY K€ TJIOTHOCTB. A Kak GY/IyT B3aNMOJIeHICTBOBATD TeJIa
C Pa3IMYHBIMK TJIOTHOCTSMU? [IIs1 Onpe/ieIeHHOCTH BbIGEpEM
JIEPEBSHHBII MIAPUK U CBUHIIOBYIO APOOGUHKY U BOCIIOJIb3YEMCS
MOHATUSIMU <ITIOJIell» OTTAJKUBAHUSI U TAroTenus. J[pobunka,
nMest M36bITOYHYIO IJIOTHOCTD, CO3[AeT <IOJie» TATOTEHUS U
noaToMy OyJeT MPUTATHBATh AepeBAHnbIi mapnk (puc.2). A

OTTANK

[y (HK .
Apobunxa Hepesanmviit

Puc 2 wapur

ATOT WApWK, 06/1ajas HeJOCTATOUHON IJIOTHOCTBIO, CO3/aeT
«I10JIE» OTTAJIKUBAHUA U TIOTOMY 6yj:[eT OTTAJIKUBATH CBUHIIOBYIO
apobunky. Takum o6pasoM, CHIIbL, JEHCTBYIOMNE HA APOOHHKY
W mapuK, Oy/AyT HampaBJeHbl ¢ 00ny cmopony. MOXKHO MoKa-
3aTh, UTO B HTOM CJIyYae MOJYJb KaKIOU CHJIbI, TIPH COOTBET-
crBylomeii 3amene mugexcoB 1 (ama apo6unkm) m 2 (s
MapuKa), PaAcCUUTBIBAETCA 10 (hopMyie

mym. P bl
EZZG 122 1— cpea )
P2
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Ho napymenne tperbero 3akona Hprootona (cuibl He TOJIBKO
He HAIpaBJIeHbl HABCTpeYy JIPYT APYyTYy, HO, B o0lIeM cJyyae,
U He paBHbI [0 MOJYJIO), KAK U 3aKOHA BCEMHUPHOTO TATOTE-
HUS, TOJBKO Kaxkyleecs. /leso B TOM, YTO CHJIbI, OIMCBhIBae-
Mble HocJeHell (hopMyIoi, He SBJISIOTCS CHIIAMU 83AUMO0€l-
cmeus. Hapany ¢ rpaBUTAllMOHHBIM B3auUMO/IeiiCTBUEM TeJl 3Ta
¢opMysia yunTbHIBAET TPABUTAIIMOHHOE BJIMSAHME BCEJICHHOIA,
MIOPO’K/JICHHOE €€ acCUMMETPHell 110 OTHOMIEHHIO K KaXKJIOMYy W3
Tesq. 1 pasimume B CHJIAX <«B3aUMOJEHCTBUS» IOPOSKIAETCS
VMEHHO Pa3JIMYHbIM BJIMAHUEM BCEJIEHHOI Ha Haxo/JdgamImecda B
Hell 371eMeHTBhI.

[ToBO/A TPOMEKYTOUHDBINH UTOT, MOKHO 3aMETHTD, YTO y4eT
BCEX CUJI, UMEIOMNX TPaBUTAIITMOHHYIO IIPUPOAY, IMOKA3bIBACT,
4YTO 3aKOH BCEMUPHOI'O TATOTEHUA BbI3bIBAECT HE TOJIbBKO IIPUTA-
skenue tes1. Ho HeoOX0MMO TIOMHUTD, YTO Mbl 1I0KA HE IIPUHH-
MaJM BO BHUMAaHHE HAJU4YWe CHJI YIPYTOCTH BOJHOH Cpe/ibl.
ITUM U 3aiimMeMmcs.

Yuer apxume1oBoii cuarbl. Kakercst BIloJiHe O4EBH/IHBIM, U4TO
B OJIHOPOJIHOI BOJIHOI BCEJICHHOH JaBJeHHE BO BCEX TOYKAX
O/IMHAKOBO. ApPXHMMeE/IOBA CHJIa BO3ZHUKAET TOJIDKO TOT/IA, KOr/a
HOSIBJISIETCST HEOJHOPOJHOE BKJIIOUeHHe. PaccumraeM aTy cumiry
Ui CJIydasd, KOorJa OHa BbI3bIBACTCA IOABJICHUEM CBI/IHHOBOﬁ
JIPOOMHKH.

PaceMOTpUM IPOU3BOJIBHO BEIGPAHHbIiT ajieMeHT Bo/ibl (pric.3).
OH HaXOAUTCS B COCTOSTHUU IIOKOSI, a 3HAUUT, CUJIA, AEeHCTBYIO-

= &

<

Daemenm

ApoGunka :
600Nt

Puc. 3

Masi CO CTOPOHBI <IIOJIST» TATOTEHUS] JAPOOMHKHU, TTOJHOCTBIO
KOMITEHCHUpYyeTcs apXuMeoBoil cuyoii. Hafizem aTy cuy:

F, =F m E v, E

1np - 9JI-Ta BOJBI = <«IOJIsI» pBO,‘lbl JI-Ta BOJbI "~ «I1OJIA» -«

Ouesuino, uto sra (HOpMyJa, TaK HANOMMHAIONIAS KJACCHYEC-
Kl IIKOJIBHBIH BapuanT Fy = pVg , MOKET UCIOJb30BaThCS 1
JUISL <T10JIs1» OTTaikuBanus (B 5TOM cJydae OHa TaksKe OyjeT
HaIpaBJeHa MPOTUB <ITOJIS» ).

A Tenepb MOKHO TIONPOGOBATH YYECTh BCE CHJIbI. BepHemcs K
CIy4aIo ABYX CBUHIIOBBIX ApoOHHOK. [TosHas ciia Fy , eiicTBy-
o1as Ha MEpBYI0 APOOMHKY, paBHa BEKTOPHON CyMMe CHJIbI,
BBIBBAHHOMN <«I10JIEM» BTOPOH JAPOOGMHKN, W apXUMEIOBOH CHJIbI
(puc.4):

F =F ~F, =mE V,E

<T10JIsT» 2 «oas»2 pBO,J,bl «aomsi»2
Prosst Prost m, Posnt
= 1= m1E<<110J[5[>>2 =|1- m1G 2 1-
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2

- o~ ymy Puoas
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r Pup
IMosHass cumMeTpust 2T0il (POPMYJIBI OTHOCHUTETBHO HMHEKCOB
[IOKa3bIBAET, YTO TI0JIHAA CUJIA, JeiCTByIolasd Ha BTOPYIO ApPO-

6unky, Oyner 1o BeguunHe Takoit sxe: F, = F . Hamuune
F 7
p A m S —n)o,'l.an
\ 43
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Puc 4

KBa/[paTa BbIpaK€HUA B CKOOKax B 3TOU (bOpMyJIe TOKEe He
C]Iy‘-IaﬁHO. Ecsm mtoTHOCTD Cpe/ibl OKa3bIBa€TCA 6oJIbIIIE ILJIOT-
HOCTHU BelleCTBa, TO 3HAK CHJIbI HE€ MEHACTCA. A 3HAUUT, /IBa
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JIEPEBSHHBIX TAPUKA B BOIHOW BCEJEHHON TOXKE GY/IyT IPUTSITH-
Batbesi. U torga mocsention GopMy/y MOKHO MEpenucarb B
6oJiee OOIIEM BU/IE:

2
mymy 1— pcpcqm
2
r pB(:‘LLIEL‘TB‘d

F=G

Opnaxo u 3Ty (OpMyJIy Hesb3s HCIOJb30BaTh JJIS pacdera
CUJI, JEHCTBYIOIMIMX Ha Teja C PA3JIUYHBIMHU ILJIOTHOCTSIMHU.
BepueMmcst K cuTyaiuu ¢ J€peBSHHBIM IMAPUKOM U CBUHIIOBOI
npobunkoil. Haiigem cuity, IeiicTBYIONIYIO HA CBUHIIOBYIO /[PO-

Forra.'m £ A
e .
-

4 D
w

Apobunra "
Ap Hepesanniil

wapur
Puc. 5

OMHKY. [lepeBSHHBII MApUK CO3/[aeT CUJIY OTTAJKUBAHUS, HO B
IIPOTHBOIOIOKHYIO CTOPOHY JeficTByeT apxuMez0Ba cuta (puc.5).
Hoamyio cuy F,, naiiieM Kak BEKTOPHYIO CyMMY COOTBETCTBY-
TONIUX CHJI:

an =F AT F oTTanK pno;[mVanOTTanK - m[I])EOTTaﬂK =
Prowt
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p
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Mot B, uto Fy, <0 a sHaunt, cnra orrankusanus Goublie
apxuMezioBoii cuibl. TakuM 06pasoM, [IepeBSIHHDI TMapuK |
CBUHIIOBasI poOMHKA OYIyT OTTAJIKUBATHCS JAPYT OT JIpyTa.
MoskHO 1TOKa3aTh, 9TO TaKas >Ke TT0 MO/LYJTI0, HO TPOTHBOTIOJIOK-
HO HanpasJjieHHas cuja OyJleT JIeCTBOBATh U Ha JIEPEBSHHDBIN
IapuK.

Wrak, obmas ¢opmyJia, onuchIBaIoONas <«B3anMoJeNHCcTBHE»
JIBYX TeJ B GECKOHEUHOM JKUJIKOM cpejie, UMeeT CJIe/IYIONNil BUL:

myms pBeLLl1 - pcpeam pBemZ - pcpeabl

2
r pnenﬂ pnem2

F=G

OueBH/IHO, YTO B YACTHOM CJIydyae, KOT/A ILIOTHOCTH TeJ O/U-
HaKOBbI, BHE€ 3aBUCHMMOCTH OT UX COOTHOIIIEHUA C IIJIOTHOCTbHIO
cpezbl 9tn Tesa GyyT NpuTATUBaThest Apyr K apyry (F > 0).
IIputssxenne G6yzer HAGJIIOATLCS U B TOM CJydae, KOT/ia IJI0T-
HOCTH HE PaBHbI, HO 06e 6o Gouiblie, JUGO MEHbIIE TLIOTHOC-
i cpepl. Tora BoIpaskeHusi B CKOOKaxX B HocJeaneil popmy.re
OyZlyT OJTHOTO 3HAKa, U CUja Gy/eT TMOJOXKUTENbHON. OTTanKm-
BaHue TeJl BO3MOJXKXHO JIMIIb TOrja, Korjga IIJIOTHOCTb O/HOTO
TeJsia GoJIbIIE MJIOTHOCTH CPE/IbI, & IJIOTHOCTD J[PYTrOr0 — MEHb-
me. B atoM ciydae cnota MeHsieT 3HaK Ha OTPHIATEbHBIH, Y4TO
rOBOPHUT 00 OTTAJIKUBAHUE TeJI. ECJIH JKe MJIOTHOCTD OJTHOTO 13
TeJl COBIAJAET € ILUIOTHOCTBIO CPEbl, TO CUja 0Opailaercs B
HOJIb.
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3aragku
MaArHUTHOW
CTPenky

N.JIEEHCOH

PYJIHO HAWTU YEJOBEKA, HU PA3Y HE BUJIEBIIETO
KOMITac. ITOT MPOCTEHbKUI MPUOOP HEOOXOANM M ITyTellle-
CTBEHHUKY, U OXOTHUKY, U Jlake TPUOHUKY, UAylieMy 3a rpuba-
M B He3HAKOMblii Jtec. Kakne ske TailHbl MOJKET CKPbIBATD B cebe
takoii mpu6op? CUHUIT KOHEI[ CTPEJTKN KOMITaca MOKa3bIBaeT Ha
ceBep, KPACHDBIH TTOKAa3bIBaeT HA 10T — Kas3aJoch Obl, BOT U BECh
cexper. OkaspIBaercsi, He BCe TaK IIPOCTO, U C 3TOTO JIUIIb
HAYMHAETCS HAllla Cepusl 3araJloK MPO MarHUTHYIO CTPEJIKY.
3araaka nepBasi. Bcezda i cunuil KoHey cmpesku KomMndacd
nokasvieaem na cesep?

[anee. MHorue Bu/e/M 1OJKOBOOOPA3HDIE WJIH ITOJIOCOBbIE
MarHuTbl. Ecim 11010cOBOro MarHmTa HeT, HO €CTb CHJIbHbBIN
MOZIKOBOOOPA3HBIiL, C €r0 OMOIIBIO JIETKO HAMATHUTUTD CTAJIb-
HyT0 TOJI0CKy (MM TIPOCTO UTMHHYIO WTOJIKY), CACTaB U3 Hee
110J10COBOIT  MarHuT. KOHIIbI MaruuTa, T/ie 0OHAPY’KMBAIOTCS
HanbosIee CUIbHbIE MATHUTHBIE [IECTBUSI, HA3BIBAIOT TOJTIOCAMI
MarauTa. CJIOBO <IOJIOC» TPOUCXOJUT OT rpedeckoro polos —
0Cb, TI09TOMY B [IaJIbHEHIIIEM BMECTO <«KOHEI[ CTPEJKH» WU
«KOHeI[ MarHuTa» OyIeEM TOBOPHUTD «IOJIIOCY . Y KasK/OTO MArHu-
Ta, KaK ¥ y 3€MHOrO Ilapa, €cTb /(B IOJIIOCA: CEBEPHBI U
I0KHDBI, TOJIDKO 3TH I10JII0CA Ha3blBAIOTCA MarHuTHbIMU. Ilo
TPAJUIN, Ty HOJOBUHY MAarHUTHOMH CTPEJIKH, KOTOPast TOKA3bl-
BAET HA CEBEP, OKPANIMBAIOT B CHHUII IIBET U €€ KOHEI[ Ha3bIBAIOT
CeBEPHBIM TTOJI0COM MArHNUTA; ero o6o3nayaior 6ykBoii N. Ty ke
[I0JIOBUHY MarHUTHON CTPEJIKM, KOTOpas IOKa3blBaeT Ha IOT,
OKpAIIIMBAIOT B KPACHDBII 1BET 1 €€ KOHEI| Ha3blBAIOT I0XKHBIM
MOJIIOCOM MArHUTA; ero 0603HavaioT GykBoit S. Tak ke oxparu-
BaIOT 1 0003HAYAIOT JTIOGbIE TTOCTOSIHHbIE MArHUTBI. Takoe 060-
3HAYCHUE IIPUIILJIO B PYCCKUIT I3bIK U3 TOJIJIAH/ICKOTO BO BpEMEHa
npasyenus llerpa 1.

A 1mpu ¥eM TYT TOJIaHAIbBI? [leso B TOM, 4YTO KOT/JA-TO
Tosumanust Oblia BJIabIYKIlEll MOpel 1 collepHIYaia ¢ AHTJIN-
eit. Tak, 21 asrycra 1673 roja oKoJIO TOJJIAH/ICKOTO OCTPOBA
Texcesb COCTOAIOCH MOPCKOE CPAXKEHNE MEXK/Y TOJIAHJCKIM 1
00bE/IMHEHHBIM  aHTJIO-(PPAHIY3CKUM (DJIOTaMi; B 3TO BpeMs
HITa yKe TPeTbsl aHrJo-rojianjackas soiina (1672-1674). B
6010, JIJIUBIIEMCS BECH JI€Hb, TOJUIAH/IIBI OJEePXKATH TI00eIy,
XOTsI YMCJIEHHBIN MepeBec GbLT Ha CTOPOHE TTIPOTHBHUKA. ['oJlan-
JIisl 3aXBaTUJIa B Te BpeMeHa OOIINpHbIe KOJOHUU, OCOOEHHO B
IOro-Bocrounoit Azun. [lo cux nop B rocyznapcrse Cypunam B
IOsxHo0it AMepuke roJtan/icKuil — aTo oUIMATbHDIH A3bIK.

Ecsi y Bac ectb /1Ba MarHuTa WJam OJIMH MareuT 1 Kommac (ero
CTpeJKa — TOT K€ MArHuT, TOJIbKO MaJeHbKUH U JIErKHi), TO
JIErKO YOe[UTbhCST B TOM, YTO CHHUIA TIOJIOC OJHOTO MATHHUTA
MIPUTATUBACT KPACHBIN TOJIOC JAPYTOro, a OJMHAKOBO PACKpa-
HIEHHbIE T0JII0CA JIPYT OT Jpyra oTTajkuBaiorcs. Ecim nojse-
CUTb TOJIOCOBOI MarHUT TOYHO 3a €ro CepeJInHy Ha HUTKe
MOJIAJIbINIE OT JKEJIE3HBIX IIPEJIMETOB, HUTKY K 4YeMy-HHUOY/Ib
[IPUBS3ATD U [TO/I0K/IATh, T0OKA MATHUT [IEPECTaHeT PACKauyMBaTb-
cd, TO MBI YBU/JIUM, YTO II0JIOCKA TTOBEPHYJACh TaK e, Kak u
cTpesika Komraca. VIHbIMU cJIoBaMU, OJHMM KOHIIOM OHa Oyjer
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IIOKA3bIBATh Ha CEBEP, [PYIUM — Ha Ior. 3HAYNT, Hallla HaMarHu-
YEeHHAas TI0JI0CKA — TOXKE KOMIIAC, TOJIbKO GOJIBIINON 1 HEeY TOOHDIII.

Tenepp — caepytonas 3arajika.

3arazka Bropasi. Ymo 6ydem, eciu HaMazHUYEHHYIO NOJOCKY
paspe3amsv nonoaaM mouHo nocepeoure?

W eme onna 3arazxa.

3arajgka TpeTba. MOXHO AU HAMAZHUMUMY WaP?

Ecuit ectb 3arajikut, 0JUKHBI ObITh U pasrajku. [leiicTBuTes -
HO, OTKY/Ia CTpeJIKa KOMIIaca 3HaeT, /e y 3eMJI ceBep, a Ije
for? OxasbIBaeTcst, 3eMJist — TOT JK€ MarHuT, TOJbKO Iapoobpas-
Hplii. [Ipunm K TakoMy HOHUMAHUIO JIIOJM JIAJIEKO HE Cpasy
(kak u He cpasdy JOTaJlakch, YTO Halla 3eMJisd He II0CKas, a
mapooGpasHas). Bor kak 910 mpounsomnio.

[pesuerpeueckuii punocod Danec B VI Beke 110 HOBOIT Hpbl
olucas yIUBUTEJIbHOE SIBJIEHHE, U3BECTHOE JIIOJISIM, BEPOSATHO,
3a/10JIT0 JI0 3TOTO. ITO ABJeHUe — MarHerusMm. Ilo ogHoil us
JIeTeH/1, Takoe Ha3BaHHMe OHO IOJIYYUJIO OT I'PEYECKOTO Topojia
Marnesns (HblHE OH HasbiBaeTcsa MaHmcca W HAXOJUTCS B
Typuuu), t/1e ObLI HAlJIeH MUHEPAJ, CIIOCOOHBI MPUTATHBATH
skese30. Ceifyac aTOT MUHepaJ Ha3bIBAeTCS MAarHeTUTOM, WJIN
MarHUTHBIM JKEJIE3HSIKOM; OH IPEICTaBJsIET co60il coeHEHNe
JKeJe3a M KHUCJAOPoZa. A BOT KTO M KOrJa M300pes Komiac,
HEM3BECTHO, XOTS 9TO M300peTeHre — OHO W3 BeJHYAimx
OTKPBITHII YesioBeKa. BO3MOXKIHO, KTO-TO CIydaiino 0OHAPYIKILI,
YTO €CJIM KYCOK MarHeTHTa BBITSHYTOH (DOPMBI MOABECHTH HA
HUTKe WJIHN ITyCTUTD TIJIaBaTh HA JEPEBSIHHON JIOIIEUKe, TO OJIMH
€ro KOHel[ Bcerzia Gy/IeT MOKa3bIBaTh HA CEBeP, a [PYTOil — Ha 10T,
Kak Obl Mbl HM KPYTHUJIM HUTKY MJIM JloleyKy. Panbine cunranm,
YTO KOMITAC M300pesn KUTAHIBI UyTh JH HE TSATb THICSIY JIET
Hasa/l, OJ{HAKO IIE€PBbIN KNTAWCKUIT JOKYMEHT, B KOTOPOM YIIOMU-
HaeTcsl KoMIlac, jJarupoBaH X1 BekoM HOBOII apbl. Bo Bcskom
cayyae, eme B CpejHue BeKa 3THM CTapUHHBIM OTKPbITHEM
MIMPOKO TOJIb30BATNCh MOPEILIABATE/IHN, ONPE/EJIsas 0 IIPUMU-
TUBHOMY KOMIIACy CBOIi IIyTb B OTKpbITOM Mope. Co BpeMeHeM
O0OHAPYIKUJIOCH, YTO KYCOK MATHETHTA MOJKET IMepPeaBaTh CBOE
«BoOJIIIEGHOE» CBOWCTBO CTAJbHBIM TIpEIMETaM — HaIlpuMep,
UTOJIKE, U U3 Hee ToyduTest 6oJiee yI0OHbIH KOMIIAC.

B 1269 rony ¢paniys Ilbep me Mepukyp, 10 HMPO3BaHUIO
Ileperpun, nanucan kHukKy «Ilncbma o MarauTes, B KOTOpOI
co6paJ pa3inyHble CBeJIEHIs O MATHITE — KaK N3BECTHbBIE Palee,
TaK 1 OTKpbITbie M Ju4yHo. Mimenno Ileperpun, skcnepumenTu-
pys ¢ MarHuTamMu, OGHAPY KU, YTO Y HUX €CTb JiBa OCOOBIX KOHIA
— ziBa nostoca. [1ocKoIbKy OHM ITOKa3bIBaJIM HAa CeBEp U Ha 0T,
X TaK U HA3BaJM CEBEPHDBIM U IOXKHDBIM IIOJIOCAMM MAarHUTA.
Korza [Teperpun nojBecust Ha HUTKAX OJU3KO JIPYT K JIPYTY /BE
MAarHUTHBIE CTPEJIKH, OKA3aJ0Ch, YTO UX OJHOMMEHHBIE TT0JTI0CA
OTTAJIKUBAIOTCS, a PA3HOMMEHHbIe NputaruBaioTcs. [leperpun
OOHAPYIKUJI €llle OJIHO BayKHeiilliee CBOICTBO MArHUTOB: €CJIH

CTapuHHBIN KMTAUCKII KOMITaC
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Yunsam [sbepr

PA3JIOMUTH TIOCTOSTHHBIN MATHUT Ha JIBE YACTH, TTOJIy4arTcs /Ba
HOBBIX MarHUTa C /[ByMs IOJIIOCAMU — CEBEPHBIM U I03KHBIM — Y
kaskoro. IToayunTs Kakoi-HIOY b OMUH MOJIOC He YIAT0Ch HIT
[leperpuny, HE KOMY-JAHOO0 IOCJTE HETO. DTO M €CTh OTBET Ha
Bropyto 3arajiky. I[louemy Tak mosyuaercs, 6yeT pacCMOTPEHO
BO BTOPOH 4acTH CTaTbU.

A Terepb — OTBET Ha TPETbIO 3arajJlKy: HAMarHUTUTb MIap
MOKHO, ¥ 9TO OOHAPY’KUJ aHTJIMHCKIN (U3NK U Bpad Y MJIbsIM
Tuns6epr. B 1600 roxy on ony6iankoBan kaury «O Maruure,
MAarHUTHBIX TeslaX U O GOJIbIIOM MarHute — 3emJje». B Heil oH
pacckaszajl 0 CBOMX JKCIEPHMEHTaX ¢ MarHutamu. Bor 4ro on
OGHAPY KU

Marnut 00J1a/1a€T B PA3JIMYHBIX YaCTSAX Pas3JIndHON

MPUTATATEbHON CUJION; Ha MOoJIocax dTa cusa naubosiee

3aMeTHA. MarHut uMeer JiBa I10JII0Ca: CeBePHDIN U TOKHDI,
OHM PA3JIMYHBI 110 CBOMM CBOHCTBAM; Pa3sHOMMEHHbIE TI0JTIOCA

MIPUTSTUBAIOTCS, OJTHOMMEHHbBIE OTTAJKUBAIOTCS. Maruur,

[O/IBCIICHHDBII HA HUTKE, PACIIOJIATAeTCs OIpPE/e/CHHBIM
06pa3oM B IIPOCTPAHCTBE, YKa3bIBas ceBep U IOr.
HeB03MOXKHO MOJIyYUTh MArHUT € OJHUM TIOJIOCOM: CKOJIBKO
HU PasJjiaMbIBall MarHuT, Kayk/Iblil BHOBD IOJIyYCHHDIN
Kyco4ek Bcerjia Oy/JIeT UMeTh /[Ba T0JII0ca. 3eMHOM 1ap —
601110 MaruuT. IIpu CUJIBHOM HArpeBaHUU MATHUTHDBIE
CBOICTBA Y IPUPO/HBIX M NCKYCCTBEHHBIX MarHUTOB
ncye3aoT. MaruuTbl OKa3bIBaloOT CBOE JieiiCTBUE Yepes CTEK.IO,
KOXKY U BOJY.

Ho camprit 3amevaTesibublil onibIT [ MIB6EPT ITPOBEJT C HAMATHU-
YEHHBIM 11aPOM, BBITOYCHHBIM M3 MUHEpasa MarHeTura. Y Hero
TOXKE OKA3aJINCh /[BA [T0JII0CA — CEBEPHDIN 1 I03KHDIH, 1, HAXO/ISCh
OKOJIO ATOTO IIapa, CTPEJIKA KOMIIaca BCET/Ia MOKa3bIBaJIa Ha 9TH
moJiioca, T.e. Besja ce0sl Tak Ke, KaKk B OTHOIICHUU 3eMJIH.
IToatomy T'mibGepT Ha3BaJ CBOIT AP «TePeJIOii», T.€. MaJeHb-
kol semuieii. CJI0BO 3TO IPOMCXOJUT OT JIATHHCKOTO terra —
3eMJIsI; B PYCCKOM sI3bIKe HEMaJIO CJIOB C 3TUM KOpHeM: TepPHUTO-
pus, teppaca (ycTyn Ha CKJIOHE TOPbI), TeppapuyM (moMernenue
JUJIs1 3eMHOBOJIHBIX ), TePPUKOH (Kyua 3eMJIU U MyCTOH MOPO/IbL),
teppakora (0603 KeHHass TMHa), TeppeHKyp (pasmeveHuble
JIOPOKKY [1JIsT JieueOHOI X0/1bObI, OOBIYHO B TOPUCTOI MECTHOC-
TH), a TaK)Ke Teppa MHKOTHUTA — HeBeAoMas 3eMJs. [uabbept
BIIEPBbBIC JI0TA/IAJICS, YTO 3EMHOII Iap — TOKE MArHUT, MO3TOMY
HaMarHM4YeHHas CTPeJKa KoMIlaca M IOKasbIBaeT Ha II0JI0Ca
ATOTO TUTAHTCKOTO MarHUTA.

A Bcerzia Jim cTpesika KOMIIaca OJfHUM KOHIIOM ITOKa3bIBaeT Ha
ceBep, a ipyruM — Ha 1or? OKaspIBaeTcsl — 1 3TO OTBET Ha IIEPBYIO
3arajiky, — He Bcerpa. Ecau warn (exarb, IUIBITH, JIETETb) K
CEBEPHOMY WJIM I0KHOMY reorpauieckoMy IOJIOCY, TO MOKa
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My TEIIECTBEHHUK OT HETO JIAJIEKO, CO CTPEIKOI KoMItaca OGbIYHO
HUKAKUX HeOKUAaHHocTell He mpoucxoaut. Ho npu npubimke-
HUU K TIOJTIOCY CTPEJIKA HAYMHAET TIOHEMHOTY «CXOJUTb C yMas.
W mMopsiku 1aBHO 310 3aMeTusin. B Hauane XVI Beka, kor/a 6bLia
OTKpbITA AMepuKa M KOPaOJM Havyaju 3alljIblBaTh AJ€KO Ha
ceBep, OOHAPY’KUJIOCHh CTPaHHOE sBJIeHNE. MOPSKU 3HAIN, YTO
B SICHYIO HOYb HUKAKOH KOMIIAC MM HE HY’KCH: HAIlPDABJICHUE HA
ceBep nokasbiBaet Ilosspras 3Besga. Ho korjga onu cpaBHmMIN
9TO HAallpaBJIeHHE C TOKa3aHHeM KoMIlaca, OOHAPYKUIOCh Y/IH-
BUTEJIBHOE SIBJIEHUE: YeM JIAJIbllle OHU 3aILJIbIBAJIM HA CEBEP, TeM
CUJIbHEE CUHSS CTPEJIKA KOMIIaca OTKJIOHAIACh OT ceBepal Yrou
MEXK/y OCBIO CTPEJKM KOMIIaca M TOYHBIM HAlpaBJEeHHEM Ha
nomioc (0RO coBmaziaeT ¢ TeorpaduIecKuM MEePUIHAHOM) Ha3Ba-
JIN MarHUTHBIM CKJIOHEHHEM. JTO CKJIOHEHHE PA3JIMYHO B pa3-
HBIX TOYKaX 3¢MHOTO mapa. YTo ke MponucXouT ¢ KOMIACOM Ha
CesepHoM noJioce? OKa3blBaeTCs, CUHAA 4aCTh CTPEJIKU TTOKa-
3bIBaeT B cropony ceBepnoit yactu Kanazpl. Tam, na Hexoropoit
ryOGuHe, U HaXO/IMTCS B HACTOSIIEE BPEMS OJIMH U3 MarHUTHBIX
MIOJIIOCOB 3eMJIN; JAPYTOil Ke MarHUTHBIN ITOJIIOC PACIIOJIOKEH B
AHTapKTHUKe.

[Touemy Tak TPOMCXOJUT, B TOYHOCTH HEU3BECTHO. DBoee
TOTO, YCTaHOBJIEHO, YTO MarHUTHbBIC IOJIOCA 3eMJIH MEJICHHO
nepeasuraiorcs. Tak, B Ilapmwke B 1580 romay Habuonanoch
MaKCHUMaJIbHOE MarHUTHOE CKJIOHEHUE K BOCTOKY OT MEpU/aHa,
oro coctasisaao 9,5°. A uepes 230 mer, B 1810 Toxy, 6bLTO
3a(pUKCUPOBAHO YK€ MAaKCUMAJIbHOE CKJIOHEHHE B JIPYTYIO CTO-
POHY — K 3amajly OT MEePMAMAHA, I COCTABMJIO OHO Heabix 22,3°.
3HauUT, MarHUTHBIE MOJIOCA 3EMJIN «TYJIAIOTY , IePeMeNasich ¢
Mecra Ha MecTo. BoJiee TOTo, OYeHb Pe/IKo — pasd B THICSYH JIeT
— OHHU MEHSIOTCS MeCTaMHU. YueHble He WCKJIOYaloT, 4TO B
6moKaiiTme CTO-/[BECTH JIET TAKOe MOKET BHOBb Ipousoiitu. 1
TPY/IHO TIPE/ICKAa3aTh, KaK 3TO OTPA3UTCS HA KUBBIX CYIIECTBaX.

MaruuTHOE CKJIOHEHHE YaCTO UMEET U MECTHbIE OTKJIOHEHUS —
UHOT/Ia OYeHb CUJTBHBIC; UX HA3BIBAIOT AeBuanueii (0T TaTuHCKO-
ro deviatio — yxsonenue or mytu). Hampumep, 3HameHurtas
Kypckas MaruuTHasi aHoMaJ/IMs BbI3BaHa 3aJIesKaMi MArHUTHOM
PY/ZIbI, KOTOpast JIEUCTBYET Ha CTPEJKY. MajleHbKIe «MarHiuTHbIe
AHOMAJIUN» JIETKO OGHAPYKUTDb 1 'y ce0s1 IoMa, eCJIN HEello/1aJIeKy
oT KoMraca OyIyT HAXOAUTHCS JKeJsie3Hble MmpeaMeTbl. MOoKHO
TOJIDKO TIPEICTABUTD, CKOJIbKO HENPUATHOCTEH M Jlake Hecyac-
THIT TTPUHOCUJIM MOPEILIABATE/ISIM TAKNE «MECTHbIE AHOMAJIUI .
Beapb naske Ha IepeBIHHDBIX TTAPYCHBIX Cy/1aX Beer/a ObLI0 MHOTO
JKEJIe3HBIX MTPe/IMETOB: IIYIIKH, f/1pa, akops. [losoxenue ycyry-
6UJIOCH TIOCJIe TOTO, KaK Ha CMEHY HapyCHBIM CyJaM IPHILIT
sKeJie3Hble Tapoxobl. B 1854 rosy crparitoe HecyacTbe oTpsic-
J10 BesmmkoOpurtanuio: Ha BocTouHoM Oepery Mpaanauu paz6u-
sock cynno «Taitnopy BogonsmenenneM 2000 TOHH ¢ HECKOIb-
KUMW COTHSIMH 3MUTDAHTOB, HAIPABJSABIINXCS B AMEPHKY.
Bompiras yacth maccaKupoB U KOMaH/bI ornb6Jjaa. A BeIb 3TO
OBLJIO HOBOE CY/IHO, JIETKO BbIJEPIKaBIIEe ABYX/AHEBHDIN IITOPM
B HavaJsIe miaBanus. PaccieioBanne okasaJo, 4To BUHON BceMy
— HelpaBUJIbHOE MOKa3aHWe KOMIIaca, BbI3BAaHHOE JieBHAINE.
Hazo ckasarb, 4T0 cOBpeMeHHbIe KOMITAChl UMEIOT ClIeIaIbHbIe
MIPUCIIOCOOICHUS JIIST YHUYTOKEHWS JeBUAIINH.

A BOT M mocjaeaHss 3arajka. Ecam cuHMi 110TI0C MarHuTta
Ha3bIBAIOT CEBEPHBIM, a KPACHBIH — I0XKHBIM, TO CUHUI KOHeIl
CTPEJIKHM KOMIIaca JI0OJKEH MTOKa3blBaTh He Ha ceBep, a Ha IOoT:
Be/Ib IPUTATHBAIOTCS TOJBKO pasHouMeHHble nosocal [Touemy
JKe CHUHSS TOJIOBMHKA CTPEJIKKM KOMIIaca IOKasbIBaeT He Ha Ior,
a Ha ceBep? Ecum cuHuil KOHeIl CTPeJsIKKM IOKa3bIBaeT Ha ceBep,
cJIe/IOBATEIbHO, TaM HAXOJIUTCS I0XKHBIH MarHUTHBIN I10JTI0C
3eMHOro 11apa, a B 10KHOM HOJIYIIAPUN — CEBEPHBIN MArHUTHDIH
noJtoc!?

3arajka yeTBepTasi. Kaxotl xe MazHummbiil nOJ0C HAX00um-
€5 Ha ceeepe 3eMH020 Wapda?

(Mpogonxerue creqyer)
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«Hynesble»
JINH3bI

B.4APO340B

J_l MH30M HA3BIBAIOT IIPO3PAYHOE TEJIO, OTPAHUYEHOE
JIByMsI TIOBEPXHOCTSIMH, TPEJOMJISAIONMMU CBETOBBIE JIY4H,
KOTOPOE CIIOCOOHO CO3/1aBaTh ONTHYECKHEe M300paKeHus Ipeji-
MeTtoB. HanGosree mpocThl B M3rOTOBJIEHUN JIMH3BI €O cepuyec-
KUMU TOBEPXHOCTSIMU. EC/1M TOJIMHA JIMH3bI 3HAYUTENHHO
MEHbIIIe PAINyCOB KPUBU3HDI €e TIOBEPXHOCTEI, JIMH3a Ha3bIBa-
eTcsa monkol. Kak n3BeCTHO, ONITHYECKAs CHUJIA TaKO JMH3bI D
HaxomuTcsl To opmy.Jie

qunfiyL,
R R
r/le  — OTHOCHUTEJbHDIN TTOKa3aTe/b MPEJOMJICHNS MaTepuasa
JuH3bl, Ry 1 R, — pajuycbl KPUBU3HDI C(hePUUECKUX TTOBEPX-
Hocreil. Ilepen ciaraeMbiMi B CKOOKe 3HAKU BBIOMPAIOTCS TaK:
JUIS BBITTYKJION TIOBEPXHOCTH — <ILTIOC», JJIsT BOTHYTOH — «MH-
HYC».

[TpuBeieHHOMY OIIPE/Ie/ICHUIO JIMH3bI Y/I0BJIETBOPSIET, HAIIPH-
Mep, MPo3pavHoe TeJio, n300paskenHoe Ha pucynke 1. Ojna ero
TTOBEPXHOCTb BBINYKJAsI, Apyras —
BOTHYTAas, PAJINyChl KPUBU3HDI 110~
BepxHocTeit paBubl: R = Ry =R,
aToamuHa Masta: [ < R . (Pasyme-
eTcs, TIPU 3TOM IEHTPHI KPUBU3HbI
o0enx TOBEPXHOCTEHl He COBMA/a-
10T, a cMellenbl Ha [.) 3Haunt, B
COOTBETCTBUY C NPUBEIEHHOI (HOP-
MYJIOH, OTITHYeCcKasl CUJIa 3TOI JINH-
3pl paBHa HyJ10. Ilockosbky gam-
Hasl JIMH3a He OyJeT HU coGuparo-
meif, HU paccemBalolell, Ha30BeM
ee «HyJIEBOIT».

OueBH/IHO, YTO JIBOSIKOBBIIIYKJIAasd TOHKAs JIMH3Aa <HYJIEBOI»
ObITh He MOKeT. EcJi, KOHEeYHO, He TIOMECTHTD €€ B SKUKOCTD C
TTOKa3aTeseM TPeJOMJIEHNS, PABHBIM OKA3aTeJTI0 TPEeJTOMIEHUST
crexya. Ho 3mech MBI MOMYaaMBO TIpeAIioJiaraeM, 4YTO Halla
JINH32 HaXOJ/IUTCS B BO3J/LyXe.

NurepecHo, a He CyIIECTBYET JIN IBOSKOBDBIITYKJIAs <HYJIeBas»
JUH32 cpefin moacmoix aun3? JlomycTuM, 4TO CYIIECTBYET, U

Puc. 1

MHTEPHETA

Puc. 2

n306pa3iM ee TaKoil, KaK MOKa3aHO Ha pucyHke 2. Bosbmem
paJnycbl KpUBU3HDBI CHEPUUYECKUX TOBEPXHOCTEH OIMHAKOBBI-
Mu: R, = R, = R, a Toymuny JuH3bl 0603Ha4nM [. OueBH/HO,
YTO JIMH3a CUMMETPUYHA OTHOCHUTEJIHHO MJIOCKOCTH, TPOXO/Isi-
1reil IepreHANKYISPHO ee TJIABHOI ONTHIeCKON OCH Yepe3 TOUKY
O — cepenuny orpeska AB.

[Tyctum Ha JMH3Y JIy4, HapaJliesIbHbIH IJIABHOM ONTHYECKO
ocH 1 HaxoAAImiics Ha pacctosiny 7 < R ot nee (mapaxkcnasib-
ublii 1y4). Ecm mocse mpeomMienns iyd npoiiier uepes TouKy
O, 10, 1O COOOPAKEHUSIM CHMMETPHUU, U3 JINH3bI OH BBINIET
[apaJsiesbHO BXOAAIEMY Jydy. JTO O3HA4YaeT, 4To IPU TaKOM
YCJIOBUH ToJIcTast JuH3a (POKYyCUpOBaTh Jydn He OyJeT, T.e. ee
ontuuecKas cuia OyJeT paBHA HYJIIO.

Paccunraem Tosnmuny Hateil TOJICTOl «HyJIeBOI» JIMH3DI, T.€.
BbIpasuM [ yepe3 R u n. IIpu 3TOM CHHYCBI 1 TAHTEHCHI MAJIBIX
YTJIOB 3aME€HUM 3HAYCHUAMU ITUX YIJIOB B paﬂHaHHOﬁ Mmepe. Ilo
3aKOHYy MpeJioMJieHus: Jyda, B Touke C umeem O =nf. U3
tpeyroabaukoB AOC u ADC naxoqum

U—B=L=%, a:ﬁ.
(2) 1 R
ZIGJII/IM IIOYJICHHO JIEBbIC U1 HpaBbIe qaCTu 3Tux paBeHCTB:
B 2R
a1

N3 3akona IIpeJiIoMJIEHUA BbIpayKaeM OTHOIIEHUE YIJIOB B na:

B_1
a n’
JasibHeidliee ACHO:
1 2R 2Rn
l-——=— nul=—"—.
n l n-1

Ecsin B3s1TH, Hanpumep, 3Hauenue n = 1,5, To oKaxkeTcs, 4To [ =
=6R, T.e. «HyJeBasg» JIuH3a Oy/JeT BeCbMa TOJICTOI.

OxasbiBaeTcst, JIMH3bI ¢ HYyJIEeBOH ontuueckoii cuioi (ado-
KaJbHblE JIMH3BI) HAXOSAT CBOE MPAKTHYECKOE IpPHMEHEHNeE.
Taxue JMH3BI XOTS M HE PacCenBAIOT M He COOMPAIOT CBETOBBIE
IIyYKH, HO CO3/AI0T abeppaiui, T.e. UCKAKEHUS OITHYECKUX
n306paskeHNil IPEIMETOB 110 CPABHEHUIO C CAMBIMU IIPEJIMETAMH.
[ToaToMy MX WCTOJNB3YIOT B CJAOKHBIX OOBEKTHBAX B KadyecTBe
KOMIICHCATOPOB a0eppariiii.

KBAHTHBI UHTEPHETA

Kak HapucoBaTb npsimyio?

(Ha4ano cm. Ha 2-vi CTparue ob1oXKi)

B 1784 rony [Ix.Yart uzo6pes MexaHn3M, Ha3BaHHBIN BIIOCTIE-
CTBUM <«mapaJjuienorpammMom Yarra» (puc. 1). Ha mokasaHHBIX
IIYHKTUPOM y4YacTKaX TPAeKTOPHUU Cepe/inHa CPeTHEer0 3BeHa OTKJIO-
HSIETCS. OT TIPSIMOI JIOBOJIbHO CHUJIbHO, HO YYacCTOK, IOKAa3aHHDII
CIJTOTITHOM JIMHUEH, /aeT AOCTATOYHYI0 BO MHOTHX TPAaKTHYECKUX
3a/la4aX TOYHOCTbD.

[lpyroe nupubamxenHoe pemienne mnpeanoskua [1.J1.YeObrmés.
Ecsm mogo6parh IJIMHBI 3BEHBEB TaK, KakK TIOKA3aHO HA PUCYHKE 2,
TO OTMeYeHHas TOYKA JBWKETCS M0 JIMHWM, KOTOpas XOTS U He
SIBJISIETCSI OTPE3KOM TMPSIMOIl, HO HAa TJIa3 MOYTH HEOTJUYNMA OT
orpeska (puc. 3). Ucnoapsys stor Mexannsm («npsmuno Ye6brmé-
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Ba»), a TakkKe «IAMOa-06pasHblii MexanuaM UeGbIéBa», MOKHO
UBrOTOBUTD «Talypetky» (puc. 4), «cujeHne» KOTOpoil nepemela-
€TCA [IOYTU HapaJljieJIbHO 3eMJIe.

B 1864 romy M.Ilocesbe MpeOKUI MEXaHU3M /TSI TOYHOTO
PUCOBAHUS OTPE3KA, OCHOBAHHBIN Ha cBOWcTBaxX nusepcun (puc. 5).

[Tpu ABUKEHUM KPYyTa, KACAIOIETOCS U3HYTPH OKPYKHOCTU BJIBOE
Goabiero paamyca (puc. 6), mobasg Touka rpanuibl Kpyra (B
yacTHOCTH, Toukn P u H) aBuXKercst 110 JIMaMeTpy HeMO/BIKHON
okpyxuoct. I10 (arr (reopema Komepnuka) ucnombsyercs B
MeXaHU3Me PUCYHKA 7: TOYKa P JBUKETCST BEPTHKAJIBHO.

Awanormdnplii mapHupHbii MexannsMm (puc.8, 9) peammsyer
TOUHOE NapaJiIeIbHOe TIepeMelieHIe OTPEe3Ka: PaBoe HIDKHee 3BEHO
JIBIDKETCSI TOPU30HTAJIBHO.

Mamepuan nodzomosunu M.I1anos, A.Cnusax
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MATEMATHUYECKUHN KPYXOK

O nemMHumckaTe
bepHynnu

A.AKOIT9H

Yto Takoe nemMmHuckata?

Jemnuckamoii ¢ poxycamu F, F,,..., F, naspiBaercst Kpupast
Ha TJIOCKOCTH, OO0JIaJafomas TeM CBOWCTBOM, 4TO JJIsI JIIOOOI
TOYKM Ha Hell IPOU3Be/leHne PACCTOSHUI 10 (POKYCOB MOCTOSTH-
no. Ha pucynke 1 mpuBeiieHO CeMeNCTBO JIEMHUCKAT C TPeMs
doxycamu.

YpaBHeHUe JIEMHHCKATBI ¢ 7 (DOKycaMH MMeeT CTEIeHb 27.

Ynpaxnenne 1. Hanumure
3TO ypaBHEHIE.

Jlemnuckarol ¢ JAByMs
(poxycamu Ha3bIBAIOTCS 06a-
aamu Kaccunu. Cpegu Hux
HanGOJIBIIII MHTEPEC TIPEe/I-
cTaBJIsieT emnuckama bep-

S

Puc. 2

Puc. 1

nyaau (puc.2) — Takasg KpuBas, uTO I OGO TOUKM Ha Hel
HpOU3BE/IeHIE PACCTOAHMIT 10 POKYCOB PaBHO KBaJpary 110710

BUHbBI paccrosHuda Mexay uumu: X - X = %) . Oue-

BU/IHO, YTO 3Ta JIEMHICKATA TPOXONT Yepe3 CepeinHy OTpe3Ka
¢ KOHIIaMK B cBOMX (POKycax. ITa TOUYKA HA3bIBAETCS Y3/10801,
UIn J6OUHOU MOUKOU JIEMHICKATDI.

Jlemuuckara Bepnysim o6sajiaeT MHOKECTBOM OYeHDb WHTeE-
pecubix cBoiictB. Hampumep, mioma/p, orpanuyuBaemMas €io,

2
pasHa o EFy | 3nech Mbl JOKaskeM HECKOJIBKO IPYTUX MHTEPeC-

HBIX CBOWCTB, TIPH JTOM TMOCTAPAaEMCsl HCIOJH30BATh TOJBKO
«TEOMETPUYECKHE apTyMEHThI», T.e. [JOKa3biBaTh (DaKThl MO
BO3MOKHOCTH 0€3 BBIYMCJICHUI.

Kak noctpoutb nemHuckaty bepHynnn?

Cy1ectByeT o4eHb MPOCTOil croco6 HAPUCOBATH JIEMHUCKATY
Bepnynmm ¢ momorpio cieayromnieil KOHCTPYKIINT U3 TPeX CKpeTl-
JIEHHBIX MIADHUPAMU «Iajsodeks. [Tepebie /Be mamouku A n

F,B | ipuKperieHHble K TOY-

4 kam F{ m F, cooTBeTcTBEH-

1
HO, MMEIOT JITHHY ﬁﬂFz ,

npuueM Toukn A u B Bcerza
JiepKaT 10 PasHble CTOPOHbI
ot nipsamoit F{F;, . Tperbs na-
JIOYKA COEZANHSET TOUKN A 1
B n nmeer pmuny FF,
(puc.3).

OxaspIBaeTcsi, 4TO IPH

Puc. 3 B
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«BpAIlleHNN» 3TUX TAJ0YeK ce- A
peduna AB 6ydem dsuzamucs no
aemnuckame Bepnyanu ¢ ghoxy-
camu Fy u F,.

Hasaiite poxkaxxem 3to. O60-
3HauuM cepejauny AB uepes
X (puc. 4). 3amerum, 4tOo F
FAF,B — paBuoOOKasl Tpare-
nust. Kpome Toro, TpeyrosbHUKN
AFX u ABF, nogo6ubi, 10-
CKOJIbKY yroJ A y HuX oOIuii,

AF AB

AX T AF, V2 . Tlo Tem xe
caMbIM TIpUYUHAM T1000HbI U Tpeyroibiukn BXF, u BFA ,
TaK KaKk y HUX O6IIuii yroJ1 B 1 OTHOIIeHUe JJINH CTOPOH IIPH YTJie

B pasHo V2. [TosToMy MBI MOKeM BBIHCATH CJIEAYIONLYIO
LIETIOYKY PaBEHCTB YIJIOB:

ZAF,X = ZABF, = /BAF, = Z/XF,B .

OO6paTuM Takke BHHMaHWe Ha TO, 4To yruael nmpu A n F, y
tpanenun F{AF,B paBHBI, a IOCKOJbKY PaBHbI U yripl AKX
n XF,B, nonydaem, uyro paBHbl u yrasl FAX un XFEA.
CaenoBatenbHo, Tpeyroabuukn FAX n FAX 110/{0OHDI,
OTKy/la

A F,

B
Puc. 4

EX AX

AX XF,

Urak, nmpoussenenune paccroguuii or touku X g0 F u F,

PaBHO KBaJIpaTy IOJOBUHBI pacctosHust mMexxay Iy mw F,. A

3HA4NT, TouKa X /BWIKeTCs 1o jJeMHHUcKare beprysmn. Moxuo

JIOKa3aTb, 4TO Tpaekropueil Touku X OyjeT BCS JEeMHHCKaTa

Bepuyaum. WHTYUTHUBHO 3TO IMOHATHO, IOCKOJbKY TO4Ka X

JIBUKETCS HEIPEPhIBHO U <IIOABJISETCS» BO BCEX <«KPANHUX»
TOYKAX JIEMHUCKATDI.

= XF,-XF, = AX* = FO*.

Ynpaxnenne 2. KaxoBa Oyjer TpaekTopus TO4kH X, ecam OT
KOHCTPYKIIUN HOTpe6OBaTI), yToOBI TOYKN A 1 B Bcerga JexaJjim 1o o0y
cropony ot FF,?

ITycrp O — cepeauna orpeska FiF, — ysmoBas TOUKa JIeMHUC-
katbl. O6o3naunm yepe3 M u N cepeunbl orpeskoB FA u F|B
coorsercrBenHo (puc.5).
Cnsunem Ttouky O Ha Bek-
TOp N—F1 , TOJIyUUBIIYIOCS
TOUKY 0603HaunM yepe3 O’ .
3aMeTHM, 4TO TPeyroJbHHU-
xu F;MO’ u NXO pasubi,
KpOMe TOro, BBIIOJHEHO
PaBeHCcTBO

1
EM = FO'=—=FO.
1 1 N

Takunum o6pasom, Touku M 46 2 B

1
O’ Jsiexxat Ha OKPY’KHOCTH € TIEHTPOM B Fj 1 pajinycom T FO.
2
N3 aToro MOXKHO MOJYYUTH €Ile OJUH 3JETaHTHDIH Croco6
MOCTPOEHUs JIeMHUCKaTbl Beprysin.

A umenno, Merox Makjopena. [laBaiite 1MocTpoMM OKpYK-
HOCTD C IIEHTPOM B OJTHOM
u3 (OKYCOB U PaIycoM

1
—=FO (puc.6). [lanee,

NG}

Ha Kaxk101 cexymieit ABO

(rme A u B — 310 TOUKHU
nepeceuenus cekyueit u
OKPY’KHOCTH ) BHIGEPEM Ta-
kme toukn X u X', 4ro
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A AB = OX =0X".
) ' MmnozxectBo Toyek X
n X’ B 00beJUHEHUN
00pasyioT JIEeMHUCKA-
Ty Bepnymm ¢ doky-
camun F; n F,.
OTMeTUM elie OuH
UHTEPECHBIN €rocob
MOCTPOEHUS JIEMHHC-
KaTbl ¢ IIOMOIIIBIO «I1a-
Jgovyek». [laHHAasg KOHCTPyKUUS H306pa)keHa Ha PUCYHKe 7.
Mmna nanoukn [ A pasna FO . Touka A rtaxxe sBJIseTCA
KOHIIOM Tasiouek AX u AY, jimHa Kask/10i 13 KOTOPbIX paBHA

\/§F10 . Kpome toro, cepeanubl aTuX najsouexk — Touku B u C —

Puc. 7

COe/IMHEHDI C O najioukamu JJUHDbI —— . HpI/I BpallleHnuu TOYK1

2

A TI0 OKPY’KHOCTH Kask/1ast 13 ToueK X 1 Y OINCBHIBAET TOJOBIHY
semuuckatbl bepuysm ¢ ¢poxkycamu Fy u I .

Yupaxuenune 3. /lokaknre 3T0.

JlemHMcKaTa M paBHOCTOPOHHSA rnnepGona

Topasnio GoJee ussecTHOH urypoil sissiercst runepGosa —
MHO3KECTBO Touek X Takux, uto Beaununna [FX — F,X| nocrosn-

Ha. Toukn F; u F, naspiBatorcs ¢okycamu runep6osnt. Cpegn
ruep6osT CJEAYET BBUIEINTD PASHOCOPOHHION 2unepbory —

hE
N
Yupaxuenue 4. /lokaxute, uTo ypaBHeHue y = 1 3a/1aeT paBHOCTO-
pOHHIOIO runepbosy, u Haitgure ee (HOKYChI.

MHO3KeCTBO ToueK X TaKHMX, UTo ‘F1X - KX ‘ =

Oka3sbIBaeTcst, JIeMHUCKATa DepHYyJIIM SIBJISIETCS MHBEPCHDBIM
o6pa3oM paBHOCTOPOHHEl rurepbosibl. HamoMunM, 410 Takoe
UHBEPCHS.

Omnpeaenenune. Husepcuei omuocumesvHo OKPYMKHOCMU C
yenmpom 6 mouxe O u paduycom r Hasvieaemcs nPeodPaA306d-
nue naockocmu, nepegodsuuee kaxoyo mouxy X ¢ mouxy X,
aexauyio na ayuye OX w maxyio, umo OX-OX" = .

WNuBepcus 06J1a1aeT OJIHUM OYCHD yIOOHBIM CBOIICTBOM — IIPU
MHBEPCUU OKPYKHOCTHU TIEPEXOAT B OKPYIKHOCTH UJIH TIPSIMbIE.
IToapoGHee Tpo NHBEPCUIO MOKHO MIPOYECTDb, HATIPUMED, B KHUTe
[1]. Mbl ke 37ech JOKaKeM CJEAYIOMYIO JeMMYy, KOTOpas
MIPUTOJUTCS. HAM B JIaJIbHENIIIEM.

Jemma. ITycmv A — npoexyus mouxu O Ha HeKOMOPYIO
npamyio I. Tozda npu uneepcut OMHOCUMENLHO OKPYHKHOCIU C
uenmpom O npsnas | nepetidem 6 OKpYKHOCMb ¢ duaMempom
OA", 20e A" — unsepcnwiii 06pas mouxu A.

[MoxazatenbctBo. [IycTb B — IpOM3BOJIbHAS TOUKA HA IIPSIMOI
[, a B — ee unsepcublii o6pas (puc.8). Iockoabky

2 2
= woB =1,

oA OB
nosydaem, uto Tpeyroabuuku OAB u OB*A" nopo6ubi. Cie-
nosatesibiio, yron OB"A" upsamoii, u Touka B* Jexur na
OKPY>KHOCTH C JHaMeTPOM
OA”. CTOuT TakKe OTMe-
TUTb, YTO UEHMPOM IMOT
oKpyKkHOCIMU OYydem mou-
ka Of, umneepcuas mouxe
Oy, cummempuunou O om-
HOCUMe bHO NPAMOU [.

[lokaxkeM Terepb, UTO
aemnuckama Bepnyanu c
Goxycanu Fy u F, u pas-
HOCOpOHHss 2unepboLa ¢

0A"
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Goxycanu F, u F, unsepcuvl omnocumesvno oKpyxKHocmu ¢
uenmpom ¢ O u paduycom OF .

[l1s1 3TOTO BOCIIONIb3YeEMCS Pe3yJIbTaTaMu, TOJYyYeHHbIMU T1PU
JIOKA3aTeJIbCTBE KOPPEKTHOCTH MOCTPOEHUS JIeMHUCKATbhl bep-
HYJUII C IHOMOILIbIO Tpex
nanouek (cm. puc.4). O6o-
3HAYUM yepe3 P TouKy Te-
peceueHust IpsamMbix A u
F,B | a uepe3 Q — TOuKy,
CUMMETPUYHYIO €il OTHO-
cutenpbHo npsamoit FF,
(puc.9).

3aMeTuM, 4TO
FEQ-FQO=FP-FP=
=AP-FP=FA= kb

\/5 .
3uauur, Touku P u Q Je- ¢
&KaT Ha paBHOcTOpoHHeH . P
runep6osie ¢ LEHTpaMu B Auc 9
F, n F,. Ocranocb mnoka-
3aTb, 4TO TOUKN X 1 Q UHBEPCHBI OTHOCUTEIBHO OKPYYKHOCTH C
nentpoM B O u paamycom OF. [lng Havanma JOKasKeM, YTO
tpeyrosbuuku F{XO u PFO nogo6HbI.

Bo-niepsbix, 3amerum, yro FXOB — Tpareius, Mmoatomy
ZOXF, + ZXFB =180° , kpoMe TOTO, BBITIOJHEHO DABEHCTBO
ZAFO + ZOFP =180°. A nockoabky yriasi XF{B u AFO
paBHBI, TToJy4aeM, 4To paBHbI U yriasl OXF, u OFP .

[anee, mnockoabky yrasl XFKB u XFA paBsbl, TO
ZXFP+ £ZPF,X =180°, t1.e. uerbipexyronbuuk PFXF, Bru-
cannbiii. CiegoBaTeJibHO,

LEFX = ZFPX = ZF PO .
Ilocnennee paBeHcTBO BepHO B cuily TOro, 4ro touku O un X
CUMMETPUYHDbI OTHOCUTEJBHO CEpPeINHHOIO MepIeH/NKYyIspa K
FB.

Wrak, tpeyrombuuku FXO wu PFO mnogo6HbI 10 ABYM
yraam. W3 atoro caexyer, uro yrast F;OX n FOP pashbl, a
3HAYMT, Touka Q Jexut Ha ayde OX. Kpome toro, 3 momobust
tpeyrompaukos  FXO umw QFO (xoTopblii cuMMeTpudyeH
APF,0 ) caenyer, 410

O—X:%:OX-OQ:OEZ.

OF OO0
A 31O M 03Hauaer, 4TO TOUYkU Q 1 X MHBEPCHBI OTHOCUTETHHO
okpy:kHoctu ¢ neurpom B O u paguycom OF, .

W3 pucynka 9 MOXKHO c/eJarh elle OAHO HAOJIOlEHHE, a
NMeHHO, 4To ToYKH X 1 O JieskaT Ha OKPY’KHOCTHU C IIEHTPOM B
Touke P. OKasbIBaeTCs, UTO IMaA OKPYHKHOCMb KACACNCS JeM-
nucxamor Bepnyaau (1Ipo 1Be KPUBbIE TOBOPAT, YTO OHM Kaca-
I0TCS B HEKOTOPOIi TOUKe, €CJIM KacaTesJbHble K KPUBBIM B 9TOM
Touke coBmaganT). /laBaiite qoKaxkeM 9TO.

Pacemorpum nipsiMyio [ — KacatesbHyio K runep6oJie B TOUKe
QO (puc. 10). V3 seMMbI CIEyeT, YTO TIPU UHBEPCHU OTHOCH-
TEeJIbHO OKPY>KHOCTH ¢ TieHTpoM O u paanycom FO mpsmas [
JIOJUKHA MepeiiTH B OKPY>KHOCTD ) , TIPOXOSIIYIO Yepe3 TOUKY
O, a Takke Kacalolylocs
JIEMHUCKAThl B TOYKe X,
MIOCKOJIbKY TO4YKa X WH-
Bepcua Q. M3 semmbl cie-
JlyeT TaK)e, 4YTO IIeHTP
3TOI OKPY>KHOCTH JICKUT
Ha TPSIMOM, MPOXOJISIIEN
yepe3 O n TNEPHEHAUKY-
ssapuoit [. TTokakeM, 4TO
ata npsamass OP cummer-
puuna npsmoit OQ oTHO-

Puc. 10
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curenbno FF, . U3 aro-
P ro OyJIeT CJIeJIoBaTh, YTO
Touka P gaBisgercsa 1eHT-
POM OKPYJKHOCTH @) .

.[:l H L
S epeiiieM B CcHCTEMY
0 KOOp/IMHAT, B KOTOPOU
¢opmyJ1a COOTBETCTBYIO-
meil  rurnep6oJinl  Gyjier
O R 3allUCbIBATbCA Kak
Puc. 71

Y= 1 . Iycrp npsimast [

nepecekaer ochb aGCIUCC W OChb OpAMHAT B TouykKax R u S
coorserctBerHo (prc.11). Kak usBecTHO, npousBojgHas QpyHK-

n % B TOYKE X, paBHA 2 Orcrozia JIerKo IOJIyYUThb, 4TO
Touka Q sgBJsgeTCS cepeﬂnHoﬁO orpe3ka RS, a OQ — mennanoit
npsimoyrosbHoro Tpeyrosibinka ROS. (IloapoGree 06 atom
MOJKHO ITPOYHTATH B cTaThe A.3acaaBckoro «AdduHHas reoMeT-
pusi» B «Kpante» Nol.) Caenosaresnsno, yrast QOR u QRO
pasubl. Ho nockosbky pasubr n yrasl POS 1 QOR, nosrydaem,
yto npsMass OP neprnenukyispaa RS. Uto u Tpe6oBaIOCh.

*

2009 /Ne3

3aMeTHM TakK)Ke, 4TO X
MTOCKOJIBKY OKPYJKHOCTD 'V\
0) Kacaercst JIEMHHUCKa-

Thl B TOuYKe X, pajnyc O
PX »aroil OKpyKHOCTH
6yner wopmambio (mep-
MEHNKYJISIPOM K Kaca-
TesbHON) K siemuuckate B Touke X (puc.12). B cuay Toro, 4to
tpeyrosbuuk XPO paHoGenpennbiii, a mpsmbie XO u PO
CHMMETPHYHBI OTHOCHTEeJbHO F{O , MOXKHO BBIINCATD CJIELYIO-
HIYI0 LeNoYKy paBeHCTB yriios: ZPXO = ZXOP = 2ZPOF, .
ITO JIaeT HaM OYeHb IPOCTON CIOCOO MOCTPOEHUST HOPMATH K
JleMHUCKaTe Bepryim. A MMeHHO, 711 JI060i Touky X IpoBe-
JieM mipsiMyTo, o6pasyiomtyio ¢ mpsimoit OX yron 2£XOF, .

Jra npsaMas u 6yjieT HOPMaJIblo K JIEMHHUCKATE.

Puc. 12

Crucok JuTepaTypsi
1. A.A. 3aciasckuil. ['eomempuueckue npeobpasosanusi. — M.:
MIIMHO, 2004.

2. Mapkymesnyu A. V. 3ameuamenvnovie kpusvie. — M.: Tocrexuspar,
1952.

(Popmysia KPOKOB

A.C[TUBAK

Y10 4715 HAC — rosI0BOIOMKA,
AYXOM TaviHb! pa3ym Oyaur —
OYeBUAHO, /15 TOTOMKA

MPOCTO LIKOIbHBIM KypcoMm byaer.

N.rybepmaH

VATPAMMBI U TABJINIIBI AJTbMPEJIA FOHTA (1873-1940)
ﬂnayqammﬁ B MaTeMaruke ysxe 6oJiee cra jer. CoBpeMeHHast
KOMOMHATOPHKA HeMbICIUMA 6e3 HUX.

[TosBuBMmIIICh cHavasa B paboTax 1O Pa3bHEHMAM UHCes Ha
caraemMble, a 3aTeM B BaXKHOW M JIOBOJBHO TPYAHON 06TacTH
aare6pbl — TEOPUH IIPE/ICTABJCHUI CHMMETPUYECKUX TPYIII,
auarpaMmpl fOnra craam o6HApY)KMBATBCA B CAMBIX Pa3HBIX
o6sracTaX MaTeMaTHKH. B aToit cTaThe pacckasbiBaeTcs 06 OTHOIT
snamenuToit (opmyse ama xommdectBa Tabam IOmra gammoit
¢opmbl — 0 dopMyIe KPIOKOB.

[Tonb30BaThCs €10 B BBIYMCJICHUSAX CMOKET M IISATHKJIACCHUK,
TaK 4TO KXKABIH YNTATe b *KypHala 4TO-TO M3 3TOH CTaTbh
noueprer. Ho myumre, Konedno, MOHATh M3JaraeMoe 37eCh ee
JIOKa3aTe/IbCTBO, KOTOPOE 3aMEYaTeIbHO TeM, YTO IIPU PEeIeHUN
YUCTO KOMOMHATOPHOI 3a/1aul OY/yT HCIIOJIb30BAHBI AHTUCUM-
MeTpHYecKIe MHOTOUIEHbI. UTO 3TO Takoe — TOXKe PACCKA3aHO B
CTaThe.

MepBble Nnpumepbl

Ha pucynke 1 mokasambl Bce cyiiectByioiue 16 crioco60B Tak
3aMOJIHATD UarpaMMy, COCTOSIIYIO n3 6 KJIeTOK, yncaamu ot 1
710 6, 9TO YmMCIa BO3PACTAIOT MPH JABUKCHUH CJIEBA HAIIPaBO U
cBepxy BHU3. Ha pucyHke 2 — ngrb 3al0THEHUH [uarpaMMbl 13
5 kaerok (Apyrux crnoco6oB, Kak JIErKo yOeauTbCsl, HET); Ha
pucCyHKe 3 — [Ba 3amlOJHEHWS AUarpaMMbl M3 3 KJIETOK; Ha
PUCYHKe 4 — eIMHCTBEHHBIH CIOCO0O 3aIOJHUTH <«CTOJIOHK»
BbIcOTON 5 (04eBMAHO, €rOCO6 €JMHCTBEHHBIH U Ipu 06O
JIPYTOii BbICOTE CTOJNGUKA).
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415 [4lel [3[5] [316] [Bl4] [Bl6] [3l4] [3]5

6] S 6] 5] 6] 4] El 4]

131411 ]3]4] {4 [3[S1[1]3[5)[1[3]6/{1][3]6][1]4]5]]1]4]6]

2151 [216] [2[4] [2 241 2151 26 [2[5

6] 5] 6] 4] 5 4] 3 3

Puc. 1

112131 [112]4] [11213] [113]14] [A13]5] [1]2] [1]3]

4151 [BI5] 314l [BI5] [214 3 2

Puc. 2 Puc. 3
OnpepenexHus

Uto6bl TOHATDH, YTO Takoe auarpamma IOHra, npejacraBbTe
ceGe smer Gymarn (Kakoro yrojHo pasmepa) B KJETOYKY U
OTpEXXbTe€ OT HETO HECKOJBKO KJIETOK, COOGJIONAsl YCJIOBHE:
BMecTe ¢ JII00OIT OTPe3aHHON KJIETKOH oTpe3aeM U BCe KJIETKH,
PACIIOJIOKEHHDIE HIDKE WJIM IIpaBee Hee.

[pyrumu ciaoBamu, oduazpamma FOmea coctout 1u3 CBOEro
JIEBOTO BEPXHETO yTJIa — HEKOTOPOil KieTkn A — u o6sajaer
CJIeJTYTONIUM CBOUCTBOM: BMecTe ¢ JII0OOI CBOel KJIeTKOi B oHa
COJICPXKUT M BCE KJIETKU HPSIMOYTOJIbHHMKA, JIEBBIM BEPXHHUM
YIJIOM KOTOPOTO SBJIAETCS KJeTKa A, a NpaBbIM HIDKHUM —
KJeTKa B.

Tabauua FOnza — 370 quarpaMma u3 1 KJIETOK, 3ar0JTHEHHAsT
yucaaMu ot 1 /10 7 Tak, 4TO YMCJa BO3PACTAIOT MPHU JIBUKEHUN
cJIeBa HAMIPABO U cBepXy BHU3 (J1asiee Mbl GyieM paccMaTpUBaTh
TOJIBKO TaKWe 3arOJHEHNUS).

Yucna coyetaHum

PaccMoTpuM imarpaMmy, COCTOSIIYIO U3 m + n + 1 KJeToK,
m + 1 13 KOTOPBIX PacHoJIOKeHbl B BepXHel cTpoke, a n + 1 —
B JieBoM cToJiOte. Tlpumep miss m = 3 un = 2 —

PHUCYHOK 3; uncyio 1 B J060M ciiydae pacioJiosKeH0 Il
B JIEBOM BEpXHEM YIJIy; 3allOJIHEHUE O/IHO3HAYHO [~
OIPE/IE/IEHO TeM, KaKHe UMEHHO TPH YHCJIA CTOST B p - &
He3aIoJIHEHHBIX KJIeTKaxX BepxXHeil cTpoku. MHTepe-

cyioljee Hac KOJMYECTBO 3arofHeHnii o6osnavaor C,',, 1
Ha3bIBAIOT YMCJIOM COYeTaHuit u3 m + n 1o m. Yucaio couemanuii
— 9TO KOJIMYECTBO CHOCOOOB BBIOGPATH M AJIEMEHTOB M3 MHOMKe-
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crtBa {2, 3, ..., m + n + 1}, cocrosmero u3 m + 7 9JeMEHTOB.
Tpeyrosbuuk Ilackans, o6Gpasosannblii uuciamu C,, ., , 1
CBOICTBA TUX YMCEJ B BBICHICH CTENEHM BAXKHDI /1/11 KOMOMHA-
topuku. OmHa n3 BaskHeHmmx ee ¢popmys — (opmyra
oo (m+n)!
m+n T (PN
m!n!

Kax Tosbko Mbl chopmysmupyeM (HOpMyJy KPIOKOB, CTaHeT
SICHO, UTO OHA SIBJISIETCSI TTy6OKNM 06001IIeHIeM 9TO (POPMYJIbI.

Yucna KaranaHa

B mpeapiaynieM HOMepe Halero KypHaja oOnyOJMKOBaHA
crarbs «Paspesanus Ha TPEyroJbHUKIY, MOCBAIICHHAS YNCJIaM
Karanana. /lokazannas Tam (opmya — TOXKe YacCTHBIN cJrydait
(opMyJIbI KPIOKOB.

Hamnomuio Bkparie, o uem peub. Yucaa Katamana nouru crob
JKe 3HaMeHuTbl, Kak uuciaa @Dubonayunm: B crarbe <«Uucaa
Karanana» («Kpanr» Ne3 3a 2004 rom) maHo Tpu JecsTKa
Pa3HBIX OTIPEIEJICHNI, a HayKe n3BecTHO GoJiee COTHH.

Bor oiHO 13 caMbIX KOPOTKUX olpe/iesiennii: yucao Kamaia-
na — 910 KomdectBo Tabmuil IOnra pagmepom 2xn .

To ke MOXKHO CcKazaThb W ApPyruMu cjoBamu. JI106oil Takoii
TaGJIIe MOJKHO CONOCTABUTD IMOCJEIOBATEIBHOCTD M3 21 CKO-
60K, ecJii CTaBUTh OTKPBIBAIOIINE CKOOKH Ha TO3UINH, HOMEPa
KOTOPBIX CTOSIT B BEPXHEIl CTPOKE, a 3aKPbIBAIOIIIE CKOOKN — Ha
OCTaJIbHbIE MeCTa: Ha PUCYHKe 6 M306pakeHbl BCE 5 CYIIECTBY-
IOINX PAcCTAaHOBOK IS 7 = 3 BMECTE€ C COOTBETCTBYIOUIMMHU

1 il [ 112]4 11215 1134 b ] s
41516] [3]15]6] |314(6] |3[5]6] [2]4]6
«O» OO MO 0w 000
Puc. 6

cucTeMaMu CKOOOK. BO3HI/IKaIOHII/Ie TaK I10CJIeA0BaTE/JIbHOCTH
IIpaBUJbHBIC B TOM CMbICJIE, YTO IIPU YTEHUU CJIeBa HAIIPpaBO HU
B KaKOIl MOMEHT KOJINU€eCTBO OTKPbIBIINXCA CKOOOK He OKa3bIBa-
€TCA MeHbIIe KOJMYeCTBa 3aKPbIBHIUXCA, a I10CJIe IPOYTEHUA
HOCJIe,Z[HefI (SaKprBaIOIlIefI) CKOOKH 3TH KOJIMYECTBA CTAHOBSTCS
PaBHBIMU 77.

Yupaxxuenus

1. Y6eautech, uto: a) 3aroJHEHUI TPAMOYTOJILHON TaGIUIbI pasMe-
poM 2X3 CroJbKO K€, CKOJIbKO 3alloJHEHHH TaGJMIbl PUCYHKA 2;
6) 3ano/HeHnit TabJUIbI PA3MEPOM 2 X 2 CTOJIBKO JKe, CKOJIBKO 3all0JI-
Hennii tabamipr IOHTa ¢ quarpaMMoit pucyHka 3.

2. Haiigure Bce 3amoJiHennst TabJanIbl pa3MepoM 2 X 4 .

OT6pacbiBaHNe KIeToK

BbIsicHuM, CKOJIBKO CYIIECTBYET 3allOJIHEHU IHarpaMMbl PH-
cyHKka 7. He coBeTyio BbIUCHIBATD BCe TAGJUIIBI TTO/PSI/I: OTBET
CJIMIITKOM BEJIMK, YTOOBI BbI TTOJIYYNJIN YJOBOJBCTBHE OT TAKOM
paGoTbl. A TJIaBHOEe — MbI XOTHM HAHTH He OTBET /s OIHOI
KOHKPETHOM JiarpaMmbl, a o6Iine 3aKOHOMEPHOCTH.

Haunewm. I'ie mosxet cToats unco 9? B kietke, Hu mpaBee, HA
HIDKE KOTOPOil Hudero Her. Takue KJETKU Ha PUCYHKe 7 IOMe-
yenpl cTpenoukamu. OTOpachiBasg UX IO OHOI, TOJIydaeM
auarpaMMbl pucynka 8. [l Kask/[0# M3 HMX Mbl ITOCYMTAEM
KOJIMYECTBO CHOCOOOB M CJIOKUM PE3YJIbTATHI.

Uucsio 8 B JIeBOH auarpaMMe pPUCYHKa 8 MOJKET CTOSTb Ha
OJTHOI U3 JIBYX OTMEYEHHDBIX CTPEJIOYKAMHU KJIETOK, & B IIEHTPAJIb-

Lal L4l al
4]

- e/ﬁ' 8 ‘:8

Puc. 7

A
(=]
N

Puc. 8
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HOII U TIpaBoil TabJUIAX TAaKUX KJIETOK MO TpU. 3HAYHT, [OCTa-
TOYHO PEIUTD 3a/1a4y /I KaXK/10i 13 BOCbMU INarPaMM PUCYH-
Ka 9 u ca0kuTH pedyabrarbl. Ob6yeryaer paGoTy TO, UTO Pe3y.Jib-
TaTbl IS TIEPBOIi, TpeTbell, MATOM W CcefbMOU auarpamMMm He
OTJIMYAIOTCS; HE OTJMYAECTCS U BTOPAS JMAarpaMMa OT IIECTOM.
KosmmuecTBO 3aroJHEHUN 4YeTBEPTOIl JuarpaMMbl PaBHO
Cg =20 . IIpn nomouwm pucynxos 10, 11 u 12 zjerko nHaiitu
orBerbl —yncaa 4 +5+10+16=35,16 +5=21u>5+ 5+

+ 4 = 14 — g nepBoii, BTOPO U BOCbMOI
JuarpaMM pucynka 9 coorsercrBenno. Ta-
KM 00pas3oM, /11 PUCYHKA 7 CYIIECTBYET
4-354+20+2-214+14 = 216 3ano/HeHMil.
OrtBer naiiien. Ham ne npwuiioch puco-
Batb Bce 216 tabuuil ojiHy 3a

Puc. 9

[
v

=
«—

(¥}

| . =l 16
Puc. 10

apyroit. Ho nam croco6 He caMblii
OBICTPBIN. A

BricTpee gaeT oTBeT OTKpLITas B g &
1954 rony popmyna xpiokos. -

Kptokm F B
v

Kprox xierku — 3To OHa caMma, a
TaKKe KJETKU, PaCHOJIOKEHHbIe
CIpaBa OT Hee, M KJIETKH, PACIIOJIO0-
SKeHHble cHUsy. /Jaumna xkpuoxa — 5
3TO KOJIMYECTBO ero Kietok. Ha pu-  p, 0 15
cyHke 13 /119 HEKOTOPBIX M3 BCTpe-
TUBIIUXCS HAM JIMArPaMM YKa3aHbl JUTHHBI KPIOKOB (B Kaskjioi
KJIETKE 3aliCaHa JJIMHA KPIOKA, COAEPIKAIIEro Ty KJIETKY) W
MOKA3aHO, KAK JIJIST KAKIOU M3 HUX BBITSAUT (HopMyJia Kpro-

CJ1|

503]1]

EIE 4]13[1] 3]1]

n 21 1]

1:2:34:56 _ .. 12:345 _ 123 _ 5 _

PRCEaY P fioaa ° T3 T
715

6[3[2]1] 42

H 1]3]2 31

[1] 3[2[1 1]

1:2:34:5:6 _ ;o 1:2:3:4-5-6 _ 133456789 - o

112236 10 122334 10 Tr1223457 26

Puc. 13
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Dopmyaa KpOKOB. Koauuecmeo 3anosnenuii oudzpammvl
pasno gaxmopuany xoauuecmsa ee Kiemox, OeAeHHOMY HA
npoussedenue 0auUN Gcex ee KPIoKos.

[lokaszaresbCcTBO, KOTOPOE BBl BCKOpPE y3HAeTe, OCHOBAHO Ha
CBOWCTBAX aHTHCUMMETPUYECKUX MHOrouieHoB. CHauyana BBe-
zieM y100Hble 0603HAYEHHUS.

Yupaxuenus

3. Boiseaure us Gopmyibl KPIOKOB (DOPMYJIbI IS @) YMCEJ COoueTa-
uuit; 6) uncen Karamana.

4. ITpn omomm (hopMyJIbl KPIOKOB BBIYUCJIHTE, CKOJIBKUMHU CIIOCO0A-
MU MOYKHO paccTaBuTh umcia ot 1 go0: a) 9; 6) 16 B Bue KBagpaTHON
TaGJHIbl TaK, 4TOObI YMCJA BO3PACTAIN U IPU JBIDKEHUM CJIEBA
HAaIpaBo, U IIPU JBIDKEHHI CBEPXY BHHU3.

O6o3HaueHus

O603HaunM GyKBOH k KOJMYECTBO CTPOK paccMaTpHUBAEMOL
JUarpamMmMel; Ay, A,,...,A, — MUX JUIMHbBI, IIPUYEM HyMepyeM
CBepXy BHH3: IlepBasl CTPOKa caMas [IJIMHHAg, BTOpas Toi

JKe JUIMHBI WJIM KOpOodYe

}g 1epBoOi, M Tak jaJee,
1 A 2Ay, 2...2A,. Ha-

21 : 9
50 13 3 npuMep, g Juarpam-
4 MBI pHUCcyHKa 14 mMeeM:

2201918[17[12[11]10] 7] 6] 5| 3] 2] 1] 3‘17_)1\3’ 1‘27_ 1;)’ )?4_
18 - 4 — 4 5 T %
4 A =4, Ay =4, A\g =4,
3 Ag =11 Ay =1.
1é Jliuna Kproka BepxHeii sesoii (yrio-
BOi) Kierku paBHa A, + k — 1. J{muna
§ KPIOKa KJIETKH, PACIOJIOKEHHOW HEIOCpe/i-
{ CTBEHHO O[] Hell, paBHa A, + k — 2. Boobe,
,6 JumHa [, Kpioka m-il CBEpXY KJIETKH JIEBOIO
2] cron6ua pasna [, + k —m. OueBuano, nocmaeno-
1] BaTEJIbHOCTD JITNH KPIOKOB [, ..., [, ¢Tporo y6nI-
puc. 14 Baomast: [ >l >...>1,.

Kpioku KneTok nepBoi CTPOKU U NIeBOro cronbua

Cpeu JITMH KPIOKOB BEPXHEH CTPOKU PUCYHKA 14 oTCyTCTBY-
oT uncaa 4, 8, 9, 13, 14, 15, 16, 20 u 21. 3amerbre: 22 — 18 =
=4,22-14=8,22-13=9,22-9=13,22-8=14, 22 —
-7=15,22-6=16,22—-2=20u 22— 1= 21. NnrepecHo n
HEOKU/IAHHO, He TIpaB/a Jin?

Jlemma 1. Cpedu Oaumn xpiokos uucen eepxmeil Cmpoxu
npucymcmesyiom ece wucaa om 1 do I, xpome pasznocmetl
L=1,,20e 1 <m<k.

Npes nokasareabcTBa. [Ipu 1BHKEHNH BJOJIb BEPXHEH CTPO-
KM pucyHkKa 14 crpaBa HajleBO cHayaja JJIUHBI KPIOKOB —
nocJesoBarebuble yncaa 1, 2 u 3. IlepBoe orcyrcrByioiiee
qicao — 4. PasHOCTb KOJMYECTB KJETOK KpIoKa JJIUHBI 22,
COCTOSIIIETO M3 BCEX KJIETOK BepXHel CTPOKH M JIEBOrO CTOJIONA,
1 JKEJITOTO KPIOoKa JUTUHBI 18 paBHA KOJIMUECTBY 3€JIEHBIX KJETOK
— ynucny 4.

Pasnoctp mMexay unc-

Dalofs[i7[Zii0] 7] 6] 5] [ 2[1] O 22 u umcaox 7 -
18 KOJIMUYeCTBOM KJEeTOK
i JKEJITOTO KPIOKa PUCYHKa
3 15 — paBHaA KOJMYECTBY
) 3€JIEHBIX KJIETOK 3TOTO PH-
S cynka. Hazetocn, 60.1b-
= 111e HI4Yero oObsICHTD He
j_ HY>KHO — BBI yoKe Bce I0-
g HSLJIH.

i Yupaxuenue 5. Ilopu-
— cyiite, mopymaiite — n 3a-
Puc. 15

BEpHIUTE [10Ka3aTEJIbCTBO.
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HoBbi1 BUA, ¢hopmMynbl KPIOKOB

Besegerue stemmbl 1, mpousBejieHne JIMH KPIOKOB TEPBOT
CTPOKM [IMarpaMMbl PaBHO ducy [ |, geseHHoMy Ha Ipou3Be/ie-
wue (L —b) (L —13)...(L = 1) -

OT6pocB BEPXHIOID CTPOKY, MBI MOJYYaeM JHarpamMmy, K
BepXHell CTpoKe KOTOPOIl — BTOPO CTPOKE MCXOHOU /uarpam-
MbI — IPUMEHUMA Ta Ke JjeMMa. TakuM 06pasoM, [JIMHBI KPIOKOB
BTOPOiT cTpoku — uncya ot 1 10 Iy, Kpome pasHocreit by —Is,...

.., Iy =1, . Paccyskaast tak ke JIUIsl TPETbEil, YE€TBEPTOU M BCEX

CJIEJYIONNX CTPOK, MPUXOJNUM K BBIBOJY: IPOU3BE/IEHNE JIHH
KPIOKOB BCEX KJIETOK /[HArpaMMbl PABHO NPON3BeJEHNIO (HaKTO-
puanos 1l !...[, !, nejeHHOMY Ha IpOM3Be/iCHUE BCEBO3MOXK-
ubIx pasuocreit [; =1, , e 1<j<m<k.

[Toaromy (hopMy.Ta KPIOKOB O3HAYAET, YTO HHTEpecyolee Hac
KOJITYECTBO PACCTAHOBOK PABHO BEJMUYMHE

nt IT (4 -1)

1<j<ms<k
F(l1,12,..~ylk): ]jl[zv.[kl )

rjie
n=N+Ay +...FA_ +A,
=L+b+ Al +h—(k-1)—(k=2)—...=2—1.

OO6parute BHUMaHME HA IOCJE/HEEC PABEHCTBO: OHO Oy/eT HC-
10JIb30BAHO B KOHIIE JIOKA3aTeabcTBA (OPMYJIbI KPIOKOB.

YMHOXeHMe Ha Homnb

Kak 4acro npenckasbiBarot KoHely ceeral — v
Benb HU Pasy He CObIIOCh...

B uyucaurene npo6u F 1puCyTCTBYIOT BCe PA3HOCTH BH/A
l; =1, . lloatomy Besmauna F (4,1y,...,1,) paBHa Hymo, ecu B
MOCJIeI0BATENbHOCTH  [;,15,...,[, €CTb COBIaJalONue YHCIa:
l; =1, upu j#m. Bol nomuure, uto Iy > 1, >...> 1, . Tem ne
MeHee, BBIIIeCKa3anHoe — HCTHHA, XOTs HaBePHIKA MOKA KakeT-
s, 4TO OHA He KO JBOPY.

Cdopmynupyem 310 cBoiictBo dynkuuu F uyth nxave. [Tome-
ngem mecramun [ m I,. Pasnoctb [ —[, 3amMeHuTca Ha

L, =1, =—(l; - I,), a Apyrue MHOKHUTE/IH YNCIUTEIS 1 3HAMEHA-
TeJsl TOMEHSIOTCSL [PYr C JPYrOM MeCTaMU WM OCTAHYTCS
nenmsmennpivi. 3uaunt, F([,l,....0) = =F (L, 1,1,....1) .

Hemuoro nogiymas, BbI IoiiMeTe, YTO BeIMunHa I* MeHsIeTcs Ha
[IPOTHBOIIOJIOKHYIO HE TOJIbKO 1pu 3amene | na I, u I, Ha [,
HO U [IPU MEPECTAHOBKE JTIOOBIX JIBYX apryMEHTOB — TaK Ha3bIBa-
emoil Tpancrosunuu. Taxue QyHKINE F Ha3bBIBAIOT AHINUCUM-
MEMPUUECKUMU.

Cummempuueckumu Ha3bIBAIOT (PYHKIMK, HE MEHSIOIINE CBOE
3HAUEHUE HU MMPU KAKOW MePeCTaHOBKE apryMeHTOB.

B 3aBucuMoCTH OT TOro, Kak TEpPEeCTaHOBKA [ECTBYeT Ha
AHTUCUMMETPUYECKUIT MHOTOUJIEH — MEHSIET €ro 3HaK Ha IPOTHU-
BOIIOJIOKHBII UJIM COXPAHSIET MHOTOWJIEH HEM3MEHHbBIM, — Iepe-
CTAHOBKY Ha3bIBAIOT, COOTBETCTBEHHO, HEUEMHOU WIH UEeMHOU.

HerpyaHo jokasathb, 4to0 MHOKECTBO Sy BCEX MEPECTAHOBOK
MHOJKECTBA TIE€PBBIX kK HATYPAJbHBIX YKCEJ MOKHO Pa3OuTh Ha
JIBe PaBHbIE MIOJIOBUHBI. Bce MepectaHOBKM O OJHON M3 HUX —
HeYeTHBIE [EPECTAHOBKH — 00JI/IAl0T TeM CBOIICTBOM, UTO

F(ZG(I)’IU(Z)""7lo(k))= —F(l1,12,13,...,lk> .

ITepecTanoBKM U3 Pyroif IOJIOBUHBI — YeTHbIE — Y/IOBJIETBOPSIOT
PaBEeHCTBY

F(10(1)’10(2)""’100@)): F(lblZ)lSy---»lk) .
[lns oxaszaresbetBa (GOPMYJIbI KPIOKOB HAM TIOTpeGyeTcs cJie-
Jiyroniye /1B€ JIEMMbI.
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Jlemma 2. Ecau muozounen g(x,y) awmucummempuuen, mo
g(x,x)=0.

MokasatenbcTBO. Menss Mectamu OykBy x ¢ Gyksoil x (za,
5TO He oOlevaTKa, MbI MenseM OYyKBY C Takoil jke B TOYHOCTH
6yksoiil), nomyuaem pasencrso ¢ (x,x)=-g(x,x), oTKyza u
caenyer pasencrso ¢ (x,x) =0 .

Jemma 3. Ecau mnozounen g(x,y) anmucummempuue, mo
cywecmeyem maxoi cummempuueckuil mnozowaen h(x,y), umo
9(xy)=(x=y)h(xy).

HMoxaszareabcrBo. [logenus yronkom' muorouwren g(x,y) ua

pasHoOCTb X — y, MoJydaeM Hekotopoe uactHoe /(x,y) u
HEKOTOPBIiT 0cTatok [ (). DTO 3HAYUT, YTO BEPHO TOXKIECTBO

g(x,y)=(x-y)h(x,y)+1(y).
IToncTaBus B TO TOXKIAECTBO ¥y = X, HOJyyaeM

9(x,x) = (x = 2)h(x,) + £ ().
B cuuy nemmer 2 umeem g (x,x) = 0 ; caeposareasno, f(x)=0;
JeMMa 3 JIOKa3aHa.

MHOrOKpPATHO HPUMEHSISE JIEMMY 3, IPUXO/UM K CJIe/LyIONeMY
YTBEPIK/IEHUIO.

Crencreue us jeMMmbl 3. Bcsakuil anmucummempuueckuil
mnozounen g (L,b,...,1,) npedcmasum ¢ eude npoussedenus
BCCBOIMONKHBIX pa3HOCcmell 8udd lj ~1,, 20e 1<j<m< k, u
HEeKOMOPOZO CUMMEMPUUECKOZO MHOZOUICHA.

BbluntaHne Hynsa

Pobkuii 4e/10BeK YyTb bbIIO HE MPOCTIBIT PELUMTE b -
HbIM. Xapakrepa He XBatuJio.
CJly3aH

ITyctb [, =0. (Bbl nomuuTe, 4to Takoro He 6biBaer. Ho st xouy
pPaccMOTpeTb 3Ty CUTYallUI0 — KaK HU CTPaHHO, OHa HaM IIPUro-
murca!) Tlockombky [ —0 =1, l,=0=1y,....L_ —0=1_, u
n=L+bL+..+L_+0-(k-1)—-(k-2)...-2-1=

=L-D+bL-D+.+ (b 1) (k=2)—...-2 -1,
TO
F(lylyeoy By, 0) = F ([ = 1,1 =1, L = 1)

MHAYKUMOHHBIN nepexon,

1!

Has k=1u A =1 dopmysa KpiOKOB TpuBHasibHa: 1= ik
IIpumennm nnaykimio. IIpeanonoxus, yto ¢gopmy.a KpIOK(.)B
BEpHA /IS BCEX IMarpaMM, COCTOSIINX U3 7 — 1 KJIeTOK, /JOKakeM
ee Ui N-KJETOYHOH /marpaMMbl. BocrosibdyeMcs 1puemMoM,
KOTOPBIN MBI y>Ke 06CY KA, — OTOpachIBAaHUEM KJIETOK.

[Tepexon oT amarpaMM pHCyHKa 7 K JuarpaMmaM pPHCYHKa 8
COOTBETCTBYET (hopMmy.Ie

F(7,4,31) = F(6,3,2)+ F(7,4,21)+ F(6,4,3,1) .

Hockomsky F (6,3,2) = F(7,4,3,0) u F(7,3,3,1) = 0, ee MoxHO
3a1mcaTb B BU/E
F(7,4,31) = F(6,4,3,1)+ F(7,3,3,1) +F (7,4,2,1) + F (7,4,3,0).

ITo ouepenn Kask/ipiii aprymenT ymenbiiaeM Ha 1. B o6iem Bue
¢opmysa Takosa:

F (b by) = F (I =1,k 1) +
+ F(l1,lz —1,...,lk)+...+F(l1,lz,...,lk —1) . (><)

B npaBoit yacTtu k caraeMbIX: MBI KaK ObI 110 OUepein 0TOpachl-
BaeM M3 KaXKO0I CTPOKM ee caMylo MpaBylo KJeTKy (XOoTsi Ha

1 IIpu dexenuu g (x,y) paccmampusaem xax mmozowien om x,
KO punuenmoL Komopozo — MHO20UJLCHbL OM. Y.
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caMoM /ieJie cyiejtyeT oTGpachiBaTh caMble TIPABbIE KJCTKH HE BCe
MOJIPSAJT, & TOJBKO Te, 10/ KOTOPBIMH HET KJIETOK TaGJUIIbl,—
«JIMIITHUE» CJIaraeMble BCE PABHO HYJIEBbIE).

Jemma 4. Ecau pynxuus F anmucummempuuna, mo awmu-
CUMMempuuna u PynKyus

F( —1,12,...,lk71,lk)+F(Z1,ZZ—1,...,l,H,lk)+...
L+ F(l1,12,...,lk_1 —1,lk)+F(l1,lz,...,lk_1,lk —1).
HoxaszarenbcTtBo. Mensaa mectaMu [ u [, , Torydaem
F(12—1,11,...,lk)+F(12,l1—1,...,lk)+...
ot F(ly Ly by —1,lk)+F(lz,l1,...,lk -1).
OueBuHO,
F(ly =11, 1) ==F(l;,l, = 1,...,) ,

Flyly =1, l) = =F (I = 1,1y, 1),

F(12,11,...,lk_1 _171k) = —F(l1,lz,...,lk_1 _1’lk) y
Flylyyoisly =1) = =F (I, by, L =1) .

[Tpu si06Goi APYTOit TPAHCIIO3UITUU CUTYAIUS aHATOTHYHA. JleM-
Ma J[oKa3aHa.

Hu npasast, Hu nieBast yacTu paBeHcTsa (# ) — HE MHOTOUJICHBI:
«MemaTcsy> gaxkropuanpl. OHAKO, pas3/ieanB o6e 4acTH Ha
(n— 1! u gomuoskus Ha [ 11, !...[, |, mpuxoanM K HeOGXOUMO-
CTH JIOKA3aTh TOX/IECTBO

n I1 (lj—lm):h IT@-1-1) I1 (1].—1,,1)+

1<j<m<k 1<m<k 2<j<m<k

(== TT =5) ITT G-1-1) TT (1 -0.)+-

2<m<k 2<m<k 3<j<m<k

e T G-0) T (G- -1). G

1<j<m<k 1<j<k
Boimicano oHO mmKa paand. A TPUHIMITHAIBHO TO, YTO BCJIEI-
cTBUE JieMMbl 4 TmpaBas uacth (**) — aHTHCHMMETpHYECKuil
MHOTOYJIEH OT [,l,,...,[, , TaKk 4TO TpaBasg 4acCTb JEJUTCA Ha
BCEBO3MOXKHbIE DA3HOCTU ITUX IIE€PEMEHHBIX, a YaCTHOE OT
fesnenus — cummerpudeckuii muorounen /(1 L,...,1,) mepsoit
crenenn. (TTepBOH — MOCKOJIBKY CTENEHb MPABOil 4acTh Ha
enHuIly GOJIbIIIE CTEMEHU JIEBOW YaCTH BCJE/CTBUE HAJIMUMS
MHOXKUTENEN [, 1,,...,1, , COOTBETCTBEHHO, B KK/IOM U3 k cjara-
€MBIX MPaBOW YacTH.

JI1060ii cUMMeTpUYECKUT MHOTOUYJICH TIEPBOIl CTENEeHu OT
li,ly, ...l mmeer Bug a(l +1, +...+1,)—b, rae a u b — uncia.
Ocrasoch ux Haiitn.

Koadrmment mpu [f B mpasoit wactir popmysr (s # ) paBen
H (l]- —lm), a xoapdumment mpu [ B

2<j<m<k

IIPOM3BE/ICHUIO

MHOTOUJIeHE -1 OBHO Takoii sxe. CJie/joBaTeIbHO,
7 m

1<j<m<k
a=1u h(lb, ..L)=L+L+..+1],—b, rie Bemnunna b
3aBUCUT TOJIBKO OT R, a He oT [, Ly,.... 1.

MocnepgHun ypap
Koraa XopoLo rnofyMacelb — v roBOpUTs HE O YeM.
Ocrasnioch cjiesiaTh MOCJAEJHUI mar — 000CHOBATb PABEHCTBO
b=1+2+..+(k-1).

Y auBuTeIbHBIM 06PA30M HUKAKUX BbIUUCJEHWI He TpeOyercs!
[TockobKy st 060TO HATYpaabHOrO k hopMmyJsia KpIOKOB
BepHa JUist CTOJIONKA BBICOTOM R, TO /it 06eCTIeUeH S TTPaBIIb-
HOTO Mepexo/ia OT CTOIONKA BICOTON R — 1 K cTOJIGUKY BBICOTOI
k BesqmumHa b MMEHHO Takas, Kak HaJo!
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[lpennaraemas CTatba HarmcaHa OLHIM M3 CaMbIX AABHUX 1 JIIOOUMbIX aBTOPOB HALLIEIO XyPHana rnpogpeccopom
MockoBckoro @usnko-texHundeckoro nHctutyra AJl.CraceqHko. MHoOro ner oH ABASETCA BELYMM pasfena «Llikona B
«KBAaHTE» 11 4alLje BCEro MLIET HEOO b LLNE 3aMETKM-3CCe MMEHHO 715 3TOV pybpuku. [1odemy Xe Ha STOT pa3 PeaKoIeris
peLunna ornybmkoBate cratbio A.J1.CTaceHko B pazgesne «ECTs uges?!»? [leso B ToM, 470 37a CTaTh 7 HE0ObIYHA KaK 715 CaMOro
aBTOPA, TaK 1 11715 Xy pHana. Kak rpasuio, Mbl rmybsivKyem Matepnalibl, TOCBALLEHHbIE [TOMY/IFPHOMY U3/TOXEHIMIO BOMPOCOB,
MPOLLIALINX PAHEE arpobaLmIO Ha CTPAHNLAX HAYYHbIX XYPHATIOB WU KHUM U MPUIHAHHBIX HAYYHbIX COOBLIECTBOM. B
[IPEAJIAraeMOov] Xe CTaTbe aBToOPy 3aXOTes10Ch N0QDAHTAINPOBATL HA TeMY O TOM, Kak Ha OCHOBE Hay'YHbIX COOOPAaXeHM 1
aPIryMeHTOB MOXHO MPYAYMATh, «CKOHCTDYMPOBATL» GOPMYITY /19 KOIPDULUNEHTA TPEHUS. HaM KaXeTcs], 4T0 YuTaresam
by.aer MHTEPECHO MO3HaKOMUTLCS CO CBOOOAHBIM HAYYHbLIM PaHTA3NPOBAHNEM, KOTOPOE ABMSETCH HEOOXOAMMbIM 3BEHOM B
10MCKe HOBbIX UCTUH. Mbi pegnaraem Bam rnopasmbilLiIfgTs Hasg 0/1y4EHHON aBTOPOM CTaTbu QOPMYIION, CPaBHITL ee C
TI0OLIMU LOCTYITHBIMY BaM [AHHBIMU U, MOXET ObITb, [IPEAIIOXMITH CBOK (BO3MOXHO, BOJIEE ydayqHyi0,) hOpMYITy M1 TEOPUIO.

Ynpyroctb,
TeKy4ecCTb,
TpeHue...

A.CTACEHKO

..B MEXaHVIKe TBEPLbIX TEJI [TPUMEHAECTCA
. TEXHUNYeCcK HEO5XO,HI//M0€, HO ¢M3M‘1’€CKM /10X0
PAacrioO3HaBaemMoe roHATHNE O BHELLIHEM TPEeHUIU.

P. Monb

5TO CJIETKATIECCUMUCTUYECKOE BbICKA3bIBAHUE ITPU-
HAJIJIESKUT U3BECTHOMY HEMEIKOMY JIeMOHCTpaTopy (usu-
Yyeckux sBJjenuii. [lompo6yeM BHeCTH CBOIO JIENTY B TIOHUMAaHWE
CTOJIb TIOBCEMECTHOTO MPOIlecca, Kak TPEeHHe.

[Tpencrasum cebe 6PyCOK BecoM P, Jieskaliuii Ha TOPU30HTAb-
HO# TIMTE M3 TOro ke Marepuana (puc.1). B peanbroctu o6a
TeJla MIePOXOBATHI, TaK UTO OHU CONPHUKACAIOTCS B HEKOTOPOM
YyncJae KOHTaKTHBIX objactedl (B mpumumme, AT paBHOBECHS

F
—>

Puc. 2

JIOCTATOYHO TPEX), CyMMapHast IJI0NIa/b KOTOPBIX MHOTO MEHb-
me BuguMmoil. Ilpexzae Bcero paccMOTpUM BO3MOSKHDIE THUIIbI
nedopMali, KOTOPOii TOABEPKEHbI KOHTAKTHBIE BHICTYTIBI ( «Oy-
FOPKU» IIEPOXOBATOCTH), CYMTAs MX B HeAedOPMHUPOBAHHOM
COCTOSTHUY BEPTHKAJIBHBIME IUJIMHPUKAMH WJIH OPYCKaMU.
IIpm oceBOM cxkaTUH CTEP:KHA HAUATbHOI BBICOTHI [ 1 CEUCHNS
S mon geiictBueM cuipl N HaGJofaeTcss ero yKOpodeHne Ha
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pemmanny x (puc.2,a), KOTOpoe BBIPAyKACTCS B BUJIE XOPOIIO
u3BecTHOro 3aKoHa I'yka
X = [N
T ES-

3aech BemunHa E Ha3bIBaeTCsT MOy JIeM TIPOJIOTbHON yIIPYroc-
TH, WM MOJIyJIEM YIIPYTOCTH MEPBOTrO poja, uin (CoKpamento)
MojyJieM ynpyroctu, win mojyJaem IOwura. Ilpusenennoe Bbipa-
JKEHHUE MOJKHO IIepernucatb B BU/A€, IIPUBBIYHOM /IJIS TIIKOJIbHUKA
1 XapaKTepU3yIoleM IPYKIHY:

N = £S x=kx.
l

Taxkum o6pasoM, Mbl yHOAO6GUIN YIOPYTHI CTEpPsKEHDb MPYSKIHE
JKecTKocTbio R = ES/I.

3axoH I'yka yTBepskaaeT TUHeHyI0 3aBUCUMOCTb OTHOCUTEIb-
HOIT techopManuy CTep:KHs X /[ 0T MEXaHHYECKOTO HAMPSKEHUS
(HOPMAJIBHOI CHITBI, TPUXOSIIEIICS HA ANHUILY TUIOMAIN) G =
= N/S. N cepbesnble uccaegoBaTesid, U MIKOJbHUKA OYEHb
JO0ST TaKue 3aBUCUMOCTU 3a UX Ipocrory. Hampumep, 3akoH
Oma paer JsuHelHYIO 3aBHCUMOCTb MeXKJy CUIOi Toka I u
pasHOCTbIO TToTeHNnanoB U Ha KOHIAX TIPOBOHIKA JINHON [ 1
ceuenueM S:

U= L I.
AS
CpaBHmBasg 3TO BBIpaXKEHHE C 3akoHOM [yka, BUAUM, dYTO
9IEKTPOIPOBOHOCTD MPOBOAHUKA )\ (OPMATbHO aHATOTHIHA
mozayso IOnra E.

OpHako, IpH yBEJIMYCHIH MEXaHHYECKOTO HATIPSIKEHUS T1PO-
cTas JIMHeHHas 3aBUCHMOCTb IepecTaeT OBbITb CIpPaBe/IHBOI:
TIpN HEKOTOPOM 3Havennu O, = N, /S HacTymaroT Heo6paTH-
Mble fiehopManny — cxKaTast Py KUHA-CTePKEHDb He PaCTIPSMUT-
Cs1 TIOCJIe CHATHS HArPy3KU. 3HaueHne O, HAa3bIBACTCS MIPEETIOM
TekydecTH. C TIOMOIIBIO 3TON BEJWYMHBI MOKHO OIIPEIEIUTD,
HarpuMep, HanGoJIBIIYIO BbICOTY /2 Top Ha 3emuie. B camom zeste,
cuuTasi ropy KOHYCOM W IIPUPABHUBAs JaBJICHHE IIOPOIbBI ee
IpeJiesly TeKy4YecTH:

1
—pgh s o, ,
Spg T

MOy 4nuM
p <30, 3-10°

pg  3-10°-10
3/ech MJIOTHOCTH 6a3aJbTOBOII TOPOJLI HPHUHITA PABHOI
3000 kr /M3, a ee npees TeKydecTH — MOPSIAKA 10° IMa . Kax
W3BECTHO, caMasi BBICOKAsi Topa Ha 3eMJie mMeeT BbICOTY 8,848 K.
Orciofia ke MOKHO 3aKJII0OUUTD, K IPUMepY, 4To Ha JIyHe MOT/In
OBl CyIIecTBOBATH TOPBI B 6 pasa BBIIIE.

Ho smmeitHOe cxkaTwe M pacTsbKeHne — He eIMHCTBEHHBIN
Buy fecpopmaruu. Cyecrsyer ete gedopmarnust casura. [Ipes-
craBuM ceGe ynpyruit 6pycok ABDC, HUXHSS IPaHb KOTOPOTO
AB npukJeeHa Kk aGcoJIOTHO JKecTKol noBepxuoctu (puc.2,6).

M=10" M =10 &M.
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Hox meficTBHEM KacaTelIbHON CHIBI F, €ro BepXHsist rpaib CD
npumetr noJioxkenne C’D’ | a BepTUKaJbHble TPAHU HAKJIOHST-
ca Ha yroa Y. (Ha pucyHke paccTaBjieHbl CHJbI Tak, 4TOObI
JebOPMUPOBAHHBIIT GPYCOK OCTAJICSI B PaBHOBECUH.) AHAJIO-
TUYHO CJIy4alo CXKATUs, 3aKOH ['yKa IpH cABUTE BBIPAXKAETCS B
BuUjIE
v=5.

rje O, — HalpsKeHUe C/IBUTa, UM KacaTe/ibHas CUJIa B pacyere
Ha eAMHMIYY IOy, a BesndnHa G Ha3bIBAETCS MOJYJIEM
C/IBUTA WJIM MOJIyJIEM YIIPYTOCTH BTOPOTO POJIA U, €CTECTBEHHO,
MMeeT Ty JKe Pa3MepHOCTb, 4TO U MOy b IOHTa, 1 MeXaHnvecKoe
nanpsorerne ([G]=H M2 ).

Ho npu uem 3zech Tpenune? Hecomuenno, eiie mepBOObITHBIN
JeJIOBEK, Talla TyIy MaMOHTa Wi OPEBHO K KOCTPY, yOeucs,
YTO €ro YCWJIMSIM NPOTUBOJENCTBYET TaHTEHIMAJIbHAs cuia F
teM 60JIbINast, yeM 6oJibliie Bec P MamonTa uin Gpesna. IIpoiio
HEeMaJsIo BpPEeMEHH, Ipexzie 4eM AMOHTOH OTBASKUJICS 3aIlICaTh
(1699 1.) NUHEHHYIO 3aBUCUMOCTD MEK/Y 9TUMU CUTAMU:

F=pP,

akoadduiment Y HazBaTh Koadduimentom Tperns. U mporio
ele HeMaJIo JIeT, TToKa (DU3UKH OCO3HAN, YTO MAaKPOCKOINYeC-
kuit 5 deKT, Ha3bIBAEMbIil TPEHIEM, €CTh Pe3yJIbTaT MHOXKECTBA
MUKPOCKOIIMYECKIX B3aNMOJIEUCTBUII MOJIEKYJI, ATOMOB, JJIEKT-
POHOB CONPUKACAIONNXCS TeJl. Bbln Harmcarbl coTHu (a MOKET
ObITb, M THICSYM) JUCCEPTAIMH, B KOTOPBIX HCCJIENOBATUCH
pAasJIMYHbIe aCTeKThbI PoGJeMbl TpeHus. V1 TeM He MeHee, jaxe
B DHIMMKJIONEANIO BOILIN MECCUMUCTUYECKIE HOTKU: <...K03-
QUIMEHTBI TPEHNST YacTO SIBJSIOTCS JIHIIb IPy6Oil W yCJIOBHOI
XapaKTepucTukoit cu tpenusi. Kpome toro, Besmunna koaddu-
IHEeHTa TPEHUs CYNECTBEHHO W3MEHSIEeTCS TPU M3MEHEHUsIX
("acTo ¢ TPYAOM MOIAIONUXCS KOHTPOIIO) (DUHUIECKUX YCII0-
BUIl HA TOBEPXHOCTH COTIPUKOCHOBEHHS» . 3/1€Ch HMEETCST B BULY
HaJIM4ne IJIEHOK OKHCJOB, aJCOPOMPOBAHHBIX CJOECB Ta30B,
MapoB U JKUIKOCTEH; KPOMe TOTO, JIOKAJTbHAS TEMIEpaTypa B
MeCTax KOHTAKTOB MPU CKOJBXKEHUH OJHOTO TeJa 10 JPYroMy
MO3KeT ObITh ropas;io 6oJiee BbicoKOoii (Hapumep, HeCKOIbKO COT
IPajlycoB), YeM CpefHss TeMIeparypa o6oumx Tel. A eme —
KpyTIHbie GYTOPKHU, CTANTKUBASICH JAPYT C APYTOM, TIPOCTO TIPETIST-
CTBYIOT JIBIDKEHUIO U IOJIKHBI OBITh CPe3aHbl aKTUBHON CUJION F
(na pucynke 1 cripaBa u Ha pUCYHKe 2,8 U300paskeHbl JiBa TAKUX
Gyropka, KOTOPbIE TOTOBSITCSI BCTPETUTBCS APYT ¢ Apyrom). B
pesyabrate Ko3(UIMEHT TPEHUS 3aBUCHUT €Ille U OT KayecTBa
006paGOTKU MOBEPXHOCTEN — He HANPACHO Be/lb B MAIMHOCTPOE-
HUM TIIATEJbHO MIINMYIOT TPYIINECS JeTaJH.

Bcemn atnMu daxropamn o6bsiCHSIETCS pa3bpoc 3HaueHUIT
K03 OUITHEHTOB TPEHMsI, TTPUBOJANMBIX B PA3JINYHBIX JUTEPa-
TYPHBIX McTOYHnKaX. Hanpumep, sHauenune Y= 0,18 amsa ciuy-
Yas TPEHUs] MeTAJLIA 110 METAJIy TIPUBE/IEHO B yuyeOHUKE TT03all-
POIILJIOTO BeKa € TIBIIIHbIM Ha3BaHueM «HavasibHast ¢usnka Bb
o0beMl) THMHA3MUYECKOTO MTperoiaBaHist ¢ 766-10 MOUTHITAKaMI
B TekcT), 3agayamu, PENETUTOPIYMOMD U BOIPOCAMHU JIJIsI
yipaskHeniii> H. Jlio6umosa (Mocksa, 1876. Jluueii Ilecapesu-
vya Hukomas).

B «Mexanuke, akyCTHKe 1 YIEHUN O TEIIOTE> YIIOMSHYTOTO
Boite Po6epra Buxapaa Iosist ykasano, 4to 4qucaeHHoe 3Have-
Hre KodpduImeHTa TPeHUsS TOKOST JEKUT OGOJbINEN YacTbio
mexkay 0,2 n 0,7, koapdUIMeHT TPEHUsI CKOJbKEHUsT B 6OJIb-
HIMHCTBE caydaeB Jieskut Mexkay 0,2 u 0,5, a ¢ BozpacraHneM
CKOPOCTH OH MOKET CHU3UThCsE Ha 20% OT HAuasIbHOIl BEJINYIHBI,
uMeroreiicss mpu Majoil CKOPOCTH.

B Apyrux HCTOUHMKAX MOXKHO HATH Takue 3HaueHus Koadpdu-
LueHTa TPpeHusd: JI/I CaHoK 110 TBepaomy cHery W = 0,05; Mexay
JiepeBoM u yibioM [ = 0,09; i cramu o wyryny | = 0,15 - 0,18,
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a auda cramm 1o craan W= 0,44; A4 KOJIeC TOPMOS3SILErO
TpamBag U =0,2 u T.A.

B 9TuX YCJIOBHSX BIIOJIHE OIPABIAHO NPETOKUTD KAKYIO-
JI6O0 TIPOCTYIO 3aBUCUMOCTD, OIMMCBIBAIONIYIO CTOJb CJOXKHOE U
Heonpe/iesieHHoe sgBaeHue. [[J1s 9Toro 1 BOCroib3yeMcst BBE/[CH-
HBIMI BBIIIIE TIOHSTHSIMU MOJIYJIell YIIPYTOCTH U TIpe/iesia TeKyde-
CTH.

Kapruna, wnso6paskaioniasi B3auMOJENCTBHE ITOBEPXHOCTEI
JBYX conpuKacaiomuxcs ten (em. puc. 1), HarJsIHO HTIOCTPU-
pYeT Kak yupyryio jaegopMaiuio oJHUX «GyropKoB» 1IepOX0Ba-
TOCTEH, TaK U HEYIPYTYIO APYTUX, KaK UX JuHeiinoe cxxarue (eM.
puc.2,a), Tak u casurobyio gedopmanuio (cM. puc.2,6), KoTo-
past B KOHIIE KOHIIOB MPUBOJMUT K PA3PbIBY «CIaeK» B 06JACTH
neynpyroit gedopmarnuu (¢ mocneayonmmM 0o6pazoBaHueM HO-
BBIX CIIAGK B MpOIECcCe JABMKeHUs). 3Hauut, Koabduiment
TPEHUS JIOJKEH, B TIPUHIIATIE, 3aBUCETH OT BCEX PACCMOTPEHHBIX
HaMHM MaKPOCKOTMYECKNX XapaKTepHUCTHuK Bemiectsa: E, G, O, .

[Ipeskae Beero BbinuiieM B Tabmuily (B nepsbie Tpu cToJa61a)
XapakTepHble 3HAYEHNs BCEX HY)KHDBIX HAM BEJMYHUH [T HEKO-
TOPBIX METAJIOB M cijaBoB. OO6paTHM BHUMAaHHe Ha TO, YTO
mMoayau yupyroctu E u G jgaHbl B TuUramackaasax
(1TTIa = 10° Tla ), a npejiesibl TeKydecTn O, — B €JMHUIAX, B
TBICAYY Pa3 MEHbIINX, T.¢. B Meranackausx (1 MIla = 10° TIa ):

E TTa G, TMa o, Mla p=(0,/VEG)"
AnoMuHMIt
W CILIABbI 70—-80 26-30 20-500 0,08-0,22
Menp un crmaser 100—-130  40—-47  30-700  0,08-0,21
Csunerg 16 5,6 5-10 0,08-0,1
Craub 190-210 230 75-80 0,12

W3 a10il TaGuuibl BUEeH Pa3bpoc JIAHHDIX, [PUBE/ICHHBIX B
Pa3JIMYHBIX CIIPaBOYHMKAX. TeM He MeHee, 3HA4YEHUS TIpejiesia
TEKYy4YecTH /Il BCeX BEIeCTB OKAa3bIBAIOTCS Ha /[BA-TPH TTOPSJIKA
MeHblIle 3HaYeHUil MO/yJelt yrpyrocru

B cioxkHBIX Bonpocax (pU3MKN 4acTo NpHOeraroT K HOMOIIN
Teopuu pasMmepHocTeil u monobus. Ho B mamnoMm ciaydae u3
HepevlicJeHHbIX XapaKTepUCTHK MaTepualioB O, , E, G, uMero-
mwx oy u Ty e pasmeprocts ( H/M? ), Moxmo cocrasuth
6eCKOHEeYHOe Y1cJI0 6e3pa3MepHbIX KoMOuHaimii. Kak TyT ObITh?
Bocriosib3yeMcst IONOJTHUTENBHBIMI PAa3yMHBIMU COOOPaKeH -
M. Bo-miepBbIX, mockosbky npu gedopmanuu 6yropKoB NMeeT
MECTO KaK MX C)KaTue, Tak W CABUT, IeJIec000PAa3HO BBECTH
JE G BMecto E uin G B otziesibHOCTH. Pagymeercs, aToT KOPEeHb
UMEET TOT JKe TOPSZIOK BEJWYUHBI, YTO M CTOSIIUE TIOJ HUM
COMHOXXUTEN. BO-BTOPBLIX, O, , Kak yke ObLIO OTMEYEHO, Ha
JIBa-TpH Hopsijika MeHble /E G , a BeanunHa | HaXOJUTCS rjie-
to B6sm3n 0,1. OTciofa pagyMHO TPENJIOKHUTh TAKYIO 3aBUCH-
MOCTD 7151 KOa(PPUITNEHTa TPEHUSI:

( o, j“ ’
" \VEG

KoHeuHo, 9T0 He BBIBOJI 1 HE JIOKA3aTeJIbCTBO, U Npe/lJiaraeMast
(opmysa HOocuT OTHEUaTOK mNpousBosa. Ho Bexb oHa jaer
pasymuble 3HaveHns M ! Kax TyT He BCHOMHUTDH aHTJIHUIICKOTO
¢usura u maremarnka OumBepa XeBucaii/ia, KOTOPbIl CKa3al,
YTO He MOKET OTKA3aThCst OT BKYCHOTO 00€/[a TOJIbKO TOTOMY, 4TO
He 3HaeT, Kak ToT npurotossien. am Mapka Bioka, ncropuka:
«...eca Obl (pU3MKM He ObLIN TaK JeP3Ku B cBoeil podeccun,
MHOTOTO JI JIOCTHUTJIa Obl (pU3nKa?»

Hairmy B/lyMunBbIe YUTATETN MOTYT «UCIIBITaTh» 3Ty (DOPMYJTy
U JIJISL APYTUX BEIIECTB, BLIKUCAB U3 CIIPABOYHUKOB UX (DU3HKO-
MeXaHMYeCKHe JaHHble, a TakKe Haiiag B autepatype (mam
U3MepHB) COOTBETCTRYIoNMe Koadduumentsl Tpenus. [Ipasaa,
TOHKIE HKCIEPUMEHTBI TOKA3aJ1, YTO CHJIa TPEHUSI CYIIECTBYeT
U B CJIyYae, KOTJIa He TPOUCXOUT YIPYTO-TIJIACTHYECKUX U3Me-
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HEHMI TOBEPXHOCTU. JTa CUJIA CBSI3aHA C TaK HA3bIBAEMON
amresueit (or mar. adhaesio — upuiumnanue). Mmenno mis
orucans ATOro sipyenust Kyaon «monpasui» 3aKoH AMOHTOHA
1 BBeJI JIOTIOJTHUTEIbHOE CJIaraeMoe, CBSI3aHHOe He € MPIsKIMa-
TOIIell CUJION, a ¢ B3aUMO/IeHICTBIEM IIPUIIOBEPXHOCTHBIX aTOMOB
u mosiexy.1 (em. crathio A.Cracenko «He nmpene6peskeM TpeHueMm
kauenust...» B Kpante Nel 3a 2008 1. — ITpum. ped.). 3nech Mbl
He Oy/leM paccMaTpuBaTh ATy HEXKHYIO J00aBKY, a BEPHEMCS K
Hateil Tabsmiie.

B nocsensem crosibie TabJMIbl TPUBEIEHbI 3HAYeHUsT M,
paccuuTanuble 110 npearaemoii popmyse. Ilpu aTom Gpasuch
KpaifHue JIeBble NN KpaiiHue TIpaBble 3HAUEHUST U3 MHTEPBAJIOB
ana E, G u o, (r.e. npuHuUManoch, uyto 6ojee KEeCTKUE Teja
o6sagiaior u Gojiee BBHICOKUM MPENEToM Tekydectu). Taxum

*

2009/Ne3

06pasoM, IpejiaraeMasi IIpocTasi CBsI3b MEK/Ly MaKPOCKOIIIEC-
KUMH  (DU3UKO-MEXAaHUYECKUMU XapaKTePUCTHKAMI Marepua-
JIOB, HECMOTPSI HA TPOMA/HbI pa36poc TaGIMYHBIX JAHHbIX,
JlaeT MPaBIoNoo6HOe 3HAYeHNEe KO3 MOUINEHTA TPEHU MEKITY
aeyms tenamm (o KpaifHe# Mepe, W3 OJHOTO M TOTO Ke
MaTepHaJa).

B oaHOM aMepUKaHCKOM y4eOHUKEe HO (PU3UKE TOBOPHUTCS:
... y4eT TPEHUS — 3TO, B CYIIHOCTH, GYXTAJITEPCKUI yUeT: ecIn
KaKasi-TO YacTb 9HEPTUH YXOJUT B GecIoie3Hoi a1 Hac ¢hopMe,
TO MBI MOJKEM Ha3BaTh 3TO TpeHHeM» . KoHeuHo, 310 He 03HavaeT,
4TO OKOHYATEJIBHO PAa306PaThCs C TPEHUEM MOKHO HOCJIe MeCsTd-
HBIX GyXTanTepckux Kypcos. lloxamyit, A1 aTOro HETIOXO

HOCTYIIUTH B MOCKOBCKII (PU3UKO-TEXHUUECKUI HHCTUTYT, Yero
BaM U KeJlaeM.

HAIINX HABJIOAEHUNA

N3 nnockoctn -
B NMPOCTPAHCTBO

Mosxet 6bITb, BbI yoxe nucaan EI'D, a Moxer, ele Her, HO B
JOOOM CcJIydae cJelyeT 3HaTh, YTO 9TO TsiKeaas pabdora. Cka-
skeM, 1o usmnke 3a 3,5 yaca HY>KHO peruthb 36 3amau. DakTu-

a1

B3IUISAZIOM Ha Po30BbIi 61ank otBetoB ET'D (puc.1). IlocmoTtpen
Ty, TJe PACIOIOKEHbI KBaJPaTUKU, B KOTOPBIX HY’KHO OTMe-
YaTh HOMEPA MPABUJIBHBIX OTBETOB. MHe MOKa3a10Ch, 4TO GJIaHK
npuobpest TIyOuHy — CaHTUMeTpa 2—3, He MEHbIIe.

ITosske, ysxe mocye sx3amMeHa, s MOHSLI, YTO 9TO OBLJIO MPOSIB-
JIeHneM cTepeockonmyeckoro addekra. Bor B ueM TyT nes0
(puc.2). Ecaiu MbI ¢cMOTPUM OGOMMH TJIa3aMU HA OJIMH U TOT 3Ke
KBa/[pat, TO YroJI MeXK/Iy JIydaMu 3peHust BeJuk. Ecum ske Mbl

A2 A3 M A5 A A A A AMD AT M2 AY AW MS AIE AT ATE AYD A20 AR ADR A23 AN ADS A28 ADY ADB ADS AN

5 BN EEEESESE S SRS EEEE DN EE NS NN
A S NS SEREESESES SRS ERR RN EREREES
SRR EEEESESSEEES RS S EEEEREREREERS
EE E NS EEEENES NSNS SN EREEEEREEERS

AT A32 A3 AM AJS AJE AS7T AJS ADS MO MT M2 M3 ML MO AE AT ME M3 ASD AST AS2 AS3 AS4 ADS ASE AST ASE ASS ASD

S SN EEESSESSEEEEENE NN RN RN NSNS
HEHSEEEEESSSEESEES NS S SR EEES RN R
A S SR EEEEERSSEESS N NS ERREERERERERS
E S A S ESEESSSEESSSERESREEEESERES

Puc. 1

YeCKN HEBO3MOKHO MTPOPAOOTATh TAKON OOJBIION OTPE30K Bpe-
MeHu 6e3 MepeibiniKi, 6e3 BOJbHBIX UM HEBOJbHBIX OTBJEYE-
Huii. B ofMH M3 TaKMX MOMEHTOB S U TIOCMOTPEJN PACCEsTHHBIM

o

CMOTPHUM Ha /[Ba COCETHUX KBaJ[paTa — JIEBbIM IJIa30M Ha JICBbIi
" ITPaBbIM Ha HpaBbeI, TO YroJI MEXKAY JydaM 3peHUA CTAaHOBUT-
cst MenbiIne. U ecii Bce-Taku HaM ynactest yoeauts cebst, 9to o6a
rJ1a3a BUJAT OJMH ¥ TOT K€ KBAJparT, TO ATOT KBajapar OyIeT
KasaTbest 6oree yIaJeHHbBIM.

Cy1iecTByIOT ompejieJieHHble METOANKN JOCTHKEHUST TaKoTo
camooOMana. Bor oxna u3 uux. [Ipubauspre pucynox 1 k ceGe
n paccyabbre ri1asa — pacokycupyiite cBoe 3peHune, He MbITasCh
pasryIsAIeTh Kakne-1u60 MeJIKue JeTaln pucyHka. Teneppb Hau-
HNTE Me/UIEHHO YJAJsATh PUCYHOK, BCe TaK >Ke He IIbITasiCh
cokycupoBatb 3penne. B HEKOTOPbBINT MOMEHT JI0JIXKHA BO3HUK-
HYTb WJLTIO31sT 06beMa.

Hageemcs, BbI MU pa3 yOe[NINCh B TOM, 4YTO TJIyOHHY

MOJKHO MCKaTb Be3/le — /la)Ke TaM, T'/le €€ HEeT.

A.Illanos
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[T [T 1 ||



| NN T 1]

L

[ T [T ||

IIPAKTUKYM ABUTYPHUEHTA

[ToTOK
MarHUTHOW
NHOYKUNN

K.Pblb

(:)HMCAHHEPASHMHHMXBHEKTPOHMHAMHHECKHXHPO—
I[ECCOB OCHOBAHO Ha JIByX OCHOBHBIX 3aKOHaX — Ha 3aKOHe
31eKTPOMaruuTHOll uuaykuuu u teopeme Iaycca. Oba 3axoHa
UCIOJB3YIOT OAHY M Ty e (PU3MYECKYIO BEJMYUHY — MOTOK
MAarHUTHOW WMHJIYKI[NM, WM MIPOCTO MarHUTHBIN moTok. IloTok
BEKTOpa MarHUTHOH MHAYKIMH B 4epe3 MOBEPXHOCTb TJIOIIA-
Z1b10 S paBeH IIPOU3BECHIIO MOLY i1 BEKTOPA MAarHUTHON HH/YK-
IIMY Ha BTY TJIOMa/b M Ha KOCHHYC YIJIa O MEK/Y BEKTOPOM B
1 HOPMAJbIO K TIOBEPXHOCTH!

® =BScosd .

CoracHO 3aKOHY 3J€KTPOMArHUTHOH WHIYKIINH, 3T€KTPO/BHU-
JKyIIast CUJIa MHAYKIIUHE B 3aMKHYTOM KOHTYPE PaBHA 110 MOJLYJIIO
CKOPOCTH M3MEHEHUS MArHUTHOTO IIOTOKa 4epe3 IOBEPXHOCTD,
OrPaHUYEHHYIO KOHTYPOM:

AD
(gi = ‘E .

Teopema T'aycca a1 moToka MarHUTHOW MHYKIIMM BbIpakaeT
0/1HO U3 (PYHIAMEHTAIBHBIX CBOWCTB MAarHUTHOTO II0JII — €ro
BUXpeBOIl xapakTep. Ona popmynupyercs Tak: aarebpandeckast
CyMMa MOTOKOB MarHUTHON MH/YKITMU Yepe3 J06YI0 3aMKHYTYIO
NIOBEPXHOCTb paBHA HyJIIO. IIpUHATO cunuTaTh, YTO BBIXO/SIINE
13 TIOBEPXHOCTU MATHUTHbBIE JUHUK JIAI0T TOJOKUTENbHBII T10-
TOK, a BXOJSIINE — OTPUIIATEJTbHBIH.

O6paruMcst K mpuMepaM KOHKPETHBIX 33/1a4, TTPeIJIaraBiimx-
€51 Ha KOHKYDPCHBIX 9K3aMeHaX U Ha OJINMIHNajax.

3agaua 1. B 1eo0nopooHom MazHummom noJe, CumMMempuu-
HoM omHocumenvHo ocu OZ, ocesds coCmasisiowas UHOYKUUU
MazHumMHozo noas B, meunsemcsa no JAuHEUHOMY 3AKOHY:

B, = B, 7+HL2 Onpedenume yzoa, xomopwiii 06pasyem

; 0
GeKmop ququuu MAZHUMHOZ0 NOJS C HAnpasileHuem ocu oz

6 mouxe A, naxodsweiics na paccmosnuu R om ocu u na
paccmosinuu H , om naockocmu XOY.

Pemenne. Oxpyxxkum ocb OZ 1UIMHIPUYIECKON TTOBEPXHOC-
TbIO pajinycoM R n mmpunoii Az . IIoBepXHOCTb BKJIIOYAET TOUKY
A. CyMmMapHblil MarHUTHBIH IIOTOK IIpPeJCTaBUM KaK CyMMY
IIOTOKOB Yepe3 TOPLbI U Yepe3 GOKOBYIO IOBEPXHOCTb LIUINH/PA.
Tax kax 110 Teopeme 'aycca cyMMapHbIii IOTOK BeKTOpa MHAYK-
1M Yepe3 3aMKHYTYIO TIOBEPXHOCTb PaBEH HYJIO, TO

ABZ'STOp :Br'S()oK:I/UH/I _&AZ'T[RZ =Br'2TR L.
H

0
OTCIOL[B. ToJiygyaem

ByR
r — E .
Tenepb O4Y€BU/HO, 4YTO MICKOMBIIL yroJ paBeH
y = arctg B, = arctg __RkR_ .
Bz 2 (HO + HA)
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3anaua 2. B6ausu cesepiiozo noaocd 6epmukdibto pacnoio-
JKEeHHO020 HAMAZHUUCHHOZ0 CMEPIKHSI HAX0OUMCSL MOHKASL KO.lb-
uesas kamywxa maccou m = 10 2. Kamywrxa moxem c60600H0
nepemewamvcsi 60oav sepmurdivioi ocu OZ. Kamywry 3ac-
MAGAKIOM  KOJIEOAMbCS OKOAO NOJIOCA N0 2APMOHUUECKOMY
3axony ¢ amnaumyooiu A =5 mm u uacmomou v =50 I'y. IIpu
IMOM HA ee PASOMKHYMBIX KOHUAX NOABJAEMCA NePeMeHHAs
anexmpodsuxyuas cura ¢ amnaumyoou &, = 1 B. Kaxoi
nocmosmunvlil mox Iy ny:xno nponycmumov uepes Kamywry,
4MobbL OHA 3ABUCIA 8 UCXOOHOM NOLOKEHUU?

Pemenne. TpeGyemoe yciioBue 3aBUCAHHS KaTyIIKN o6ecrie-
YIBAETCSI KOMIIEHCAITHEH CUITBI TSIPKECTH BePTUKAJIBHOI COCTaBIIS-
folelt cubl AMriepa, KOTopas, B CBOIO ouepe/lb, OIpeessieTcs
PaJMaJIbHON COCTABJIAIONICH MHAYKIIMH MarHUTHOTO TIOJIS:

mg =F,, Fy, =1, 2NRN B,

rae R u N — pajiyc u 4uc/io BUTKOB KaTymiku. [Ipu koseGanusx
KaTYyIIKK ee cMelleHne B1ob ocn OZ u3MeHseT ITOTOK MarHuT-
HOW mHAYKIWMK 1 cozfaaer J/IC nHAyKIMN, KOTOPAs OIpeeis-
€TCsl CKOPOCTHIO U3MEHEHUsT MOTOKA:

AB,
At

£ =A% = N2 BB: _ N2 BB

At Nz
ITpu aMITUTY/IHOM 3HAYEHUH CKOPOCTH © KOJieOaHuil KaTyIiKu
MakcumaiabHa u O /C:

vy = 2TVA | &, - N2 2B o
Az

Teopema T'aycca 1no3BoJISI€T YCTAHOBUTD CBSI3b MEXK/Y PaJfasib-
HOII cOCTaBJIAIONIEN MATHUTHOW WHAYKITNHN 1 GBICTPOTOH n3MeHe-
HUST MH/LYKITUK BJIOJTb BEPTUKAJIbHON ocu. KaTyika npu kose6a-
HUSIX <«BbIpe3aeT» B IPOCTPAHCTBE IMJMHAD pajnycoM R u
BbicoToil Az . ITo Teopeme I'aycca moToku yepes TOPIbI U Yepes3
GOKOBYIO TIOBEPXHOCTD 3TOTO IMJINH/IPA PABHDI:

AB, Dz-TR? =B, -2TR- Ix |
OTKY/Ia
DB, 2B,
Az R

Tenepp w3 BoIpakeHus ajag MakcumasiabHoit I/[C wHAYKITIN
TTOTYIYUM

___ %

~ 4TPRN WA’

a 13 yCJOBUA PABHOBECHUSA KaTyIIKN Haﬁ}IEM
o= Mg 21Umg VA
® " OMRNB, o

»

=0,15 A.

BaxknbpiM npumMepoM IIpUMEHEeHNs 3aKOHA COXPAHEHUS [T0TOKA
MarHUTHOW WH/YKIINN SIBJISIETCSI OIleHKa MH/IYKIIMOHHOTO TOKa,
HABOJIMMOTO BHEITHUM MarHUTHBIM I10JIEM B CBEPXITPOBOJSIIEM
KOHType. 3/lecb HeOOXOANMO YUUTHIBATD M3MEHEHUSI MMOTOKOB
MarHUTHOW WHAYKIIMH Yepe3 TI0MIQ/Ib CBEPXIIPOBO/SIIETO KOH-
Typa KakK BHEIIHETO 10, TaK U MOJIA, CO3/1aBaeMOro MH/YKIIHI-
OHHBIM TOKOM. /[leficTBUTEIbHO, N3MEHEHUE ITOTOKA MArHUTHOMN
MHAYKIMN 4yepe3 IO/ b KOHTypa mopoxzaaer B Hem IJIC
WHAYKIUU. A ecJM KOHTYP CBEPXIIPOBOJSIINN, TO UeM OTpaHu-
YMBAETCS] BO3HUKAIONNI B HEM MHAYKIIMOHHBIN Tok? OKa3bIBa-
€TCs1, B TAKOM CJIydae HesTb3s1 TpeHeOperaTb MarHu THIM OTOKOM
110JI51, CO3/JAHHOTO HTUM MH/IyKIIMOHHBIM TOKOM. B cooTBeTcTBUN
¢ TeopeMoii I'aycca, asrebGpandeckast cyMMa ITOTOKOB MarHUTHOI
WH/IYKIUN BHEIIHETO TIOJIS W TIOJsT MHAYKIMOHHOTO TOKA Yepe3
IJIONIA/(b  CBEPXITPOBOAIIETO KOHTYPA OCTAETCS HEU3MEHHOI.
WNuave roBops, U3MeHEHHE IOTOKA BHEIIHErO MOJIS BbI3bIBACT
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TaKoe U3MEHEHHE TOKA B CBEPXIIPOBOJISIIEM KOHTYPE, YTO CO3/a-
BaeMblil WH/YKIIMOHHBIM TOKOM IOTOK MArHUTHOW WHIYKIUK
KOMIIEHCHDYET 3TO M3MEHEHHE.

3apmava 3. Ceepxnposodsuee Kobuo undyxmusHocmoio L, 6
Kxomopom meuem mox Iy, enocsm 6 odnopoonoe maznummoe
noze ¢ undyxuyueti By. Haiioume mox, xomopowiii 6ydem npome-
Kamv no xkoavuy. Hopmare x niockocmu xoavua cocmagisiem c
nanpasaenuem noas yezoa o . Paduyc xorvya R.

Pemenue. VI3MeHenne BHEITHETO MArHUTHOTO MOTOKA dYepe3
IJIOMIA/Ib  KOJIbIIA KOMIIEHCUPYETCSI HOTOKOM HWHIYKI[MOHHOTO
TOKA, T.e. U3MEHEHUEM COOCTBEHHOTO MATHUTHOTO MTOTOKA KOJIb-
a:

AP +AD. =0
M3menenne BHENIHEro MarHUTHOTO TIOTOKA PaBHO
_ 2
A® = ByTiR" cos O.

Tox B KOHTYpe U CO3/IaHHbIIf UM MarHUTHBII IIOTOK CBSI3aHbI JAPYT
C JIPYroM 4epes MHIyKTUBHOCTb KOHTYpa L:

®=LI,

B Hamiem ciyuae u3MeHeHHe cOGCTBEHHOTO MarHUTHOTO MOTOKA
OyJieT paBHO

co6 —

AP =LA = L(I-1)),
rae I — uckombrii Tok. Takum o6pazom, moJydaem
ByTR* cos o= L(Iy - 1),
OTKy/la HaXO/IUM
I=1, —%HRZCOS a.

3anava 4. Keadpamnas ceepxnposodsuds pamxa nokoumes
na 21adxoll 20pusonmanvioll nogepxnocmu. Macca pamxu m,
dauna cmoponwt d, undyxmusnocmo L. Best cucmema naxooum-
Csl 8 HeOOHOPOOHOM MAZHUMHOM NOJe, GePMUKAILHASL COCNAG-
ASI0WAS KOMOPO2ZO 3ABUCUTN OM KOOPOUHAL X CACOYIOUUM
obpasom: B, = By (1 +ax). Pamke moauxom coobuaiom cxo-
pocmv vy e6doaw ocu OX. Ycmanosume 3axon Osusxenus
pamxu.

Pemenne. [Ipu nepemMelnieHny paMKi MAaTHUTHBII TOTOK BHEII-
HETo I0JIs1 uepe3 KOHTYp paMKu H3MeHseTcsl. Bosuukaromtui
MH/YKIIMOHHDIN TOK CO3/1a€T CBOI MAarHUTHDIH IOTOK, KOMITEHCH-
pyIomuii ©3MeHeHe OTOKA BHEIIHEro MOJIs, TaK KaK CyMMap-
HBIIf MAarHUTHBII NTOTOK Yepe3 KOHTYP CBEPXIIPOBOJHUKA H3Me-
HUTbCS HE MOJXKET:

AP, + AP =0, wm Byd’adx+Li=0.
Orcroa Jutd MHAYKIIMOHHOTO TOKA MOJIyYyaeM
2
) Byd“a
i=-"C—Ax.
L
Ha Bce cTOpPOHBI paMKn € WHAYKIMOHHBIM TOKOM JEHCTBYIOT
cupl AMniepa. PaBHosielicTByIoII[ast STUX CUJI, HAlIpAaBJIeHHAs 110
ocu OX, paBna
Bid'a?
L
Iro — kBasuymnpyras cua. CienoBaTe/bHO, paMKa OyJeT coBep-
IaTh rapMOHUYECKIEe KOJIeGAHUsT C TIMKJINYECKOI JacTOTOI
B,yd*a
W= ———

JLm

Tax kak HavaabHAsA CKOPOCTb ¥y — AMILIATYAHASA, JJIS aMILIH-
TYAbI KOJICOAHUIT MOSIYINM

F =iByda((x +d + Ax) - (x + Ax)) = iByd*a = Ax

¢
Xy =2
o
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Torpa ypaBHeHue Koje6aHUIl paMKU TTPUMET BUJL

/ 2
x(t) - Msmmt .
Byd“a NLm

VHTepecHbIM MTPOSIBJIEHNEM 3aKOHA COXPAHEHUsI MOTOKA Mar-
HUTHO¥ MH/YKIIUN SIBJISETCS COTJIACOBAHHOE M3MEHEHIE TOKOB B
KATYIIKaX WHIYKTUBHOCTH C ITPEHEOPEKUMO MAJBIM aKTHBHBIM
CONPOTUBJIEHNEM TIPH UX TTAPAJJIETbHOM COeMHeHn . V3meHe-
HUSI TOKOB MOT'YT OBITh BBI3BaHbI, CKaXKeM, Pa3psAKON KOH/IEH-
caTopa, BKJIOYEHHOTO MapajleIbHO KaTylIKaM. PaccMoTpum
9TOT TIpUMeP MojpodHee.

ITycTp mapasiesbHO COeTMHEHHbIE KATYIIKH UMEIOT MHIYK-
tuBHoctn L; m L,. Co3gaBaembie TOKaMM MOTOKH MAarHUTHOMN
WHAYKIMN B Karymkax paBupl @y = Ly u @y = Lyiy . lomyc-
THM, YTO B MOMEHT 3aMBIKAHUS KJTI0Ya KOHJIEHCATOP 3apsiKeH, a
ToKa B Karymkax HeT. 9/1C caMOMHYKIINT, BO3HUKAIONIAS TIPI
paspsijike, TPENSTCTBYeT HApACTAHUIO TOKOB. Bblie M KOHTYD,
CoJIePIKaIINil JIBE KATYIITKN € TPEHEOPEKUMO MAJIbIM AaKTUBHBIM
conporusienreM. [To Bropomy npasuny Kupxroda s storo
KOHTYpa MOKHO 3aIicaTh
L1*—L2%=07 wn Ly (i = dgy) = Ly (i — i) .

At
TeperpynmupyeM cjaraeMbie W MOJIYIUM

Ly, — Lyiy, = Lyzy; — Ly, = const .

Ecuiit oTOKY € TOKOM, TEKYIIMM IIPOTHB HAIPaBJIEHUS 06X0/a
KOHTyPa, MPHUIHCHIBATD OTPHUIIATEJbHBIN 3HAK, TO TOJIyYeHHOE
cooTHolIeHne (POpMyJUPYETCs Tak: MPU U3MEHCHUSX TOKOB B
MapaJIJIeJIbHbIX UIEATbHBIX KATYIIKaxX ajreGpanveckas cymMMa
[IOTOKOB MAarHUTHOTO II0JIS B KOHTYPE OCTaeTcsl Hen3MEHHOII.

[IpoBepuM 3TOT BBIBOJ HA JPYTUX CUTYAIUSIX.

[Tycrp KII0Y TOJKJIOYAET KATYIIKYy WHIYKTUBHOCTBIO L, B
MOMEHT, KOTJla TOK B KaTyIIKe MHAYKTUBHOCTbIO L; mocrturaer
snavenus I; . Torma mo Bropomy mpasuiy Kupxroda nosydnm

L Ay _ L, Ly =0, wm L — Lyiy = Ljiy = const .
At At
[Tpesknsa popMyIMpOBKaA CIIpaBe/InBa.

Y CI0KHUM CUTYAIIMIO: JIONYCTUM, KJIIOY 3aMbIKAIOT B MOMEHT
[IOJIHON pa3ps/KU KOH/IEHCAaTopa, KOr/la TOK B IIePBOI KaTylke
iy1 MakcumasieH. Bosnukaiomas 9J/[C mMpoTHBONOIOKHOI M0-
JISPHOCTH TIPUBE/IET K YOBLIM TOKA % B TIEPBOIT KAaTYIIKe U POCTY
TOKA I IPOTHUBOIIOJIOKHOTO HAIPABJIEHHS BO BTOPOW KaTYIIIKE.
I /1C B KaTymIKkax mo-TpeskHeMy Pa3HATCS 3HAKaMHU, HO Telepb

Al
1
yoKe caMa BeJIMYnHa A orpuraresbHa. [loaromy BTOpOE 1pa-

Buio Kupxroda npumMer B

B

Ai
1 Ly =220 -
At At
Ortciona creayer
—(Lyi; — Lyidgy) = Lyiy , wmu Lyi, + Lyi; = Lyig; = const .

[l 3TOTO CJIy4asi 110 OTHOUIEHUIO K HAIpaBJeHUI0 00Xo/1a 06a
MOTOKA TIOJIOXKUTEIbHBI — (POPMY/IMPOBKA 3aKOHA COXPAHCHIA
MIOTOKA BBINOJHSETCS. Ee MOJKHO NPUMEHNTDb, HAIPUMep, JJIs
YCTaHOBJICHUST COOTHOUICHNST MEK/y MTHOBEHHBIMH 3HAUCHUSMUI
TOKOB B KaTyIIKax. IIpomimocrpupyem ato.

3amaua 5. Kouodencamop emxocmuvio C, 3apsixennviii 00
nanpsxenus Uy, paspsixaemcs uepes kamyuxy unoyxmueHo-
cmwio Ly (puc.1). Kakoi maxcumanvuvii mox MOoXHO NOLY-
wumo 6 Kamyuke undykmusnocmuvio Ly, ecau 3amxnuymo xaou
K 6 momenm, xozda mox 6 xamywke unoyxmuenocmovio L,
MAKCUMATICH?
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NPAKTHUKYM

K Pemenne. MomeHTy
3aMBIKAHUS KJTI0Ya COOT-
BETCTBYET MaKCHMyM
TOKa B 11epBOil KaTylike,
C=—= L, L, s3nauwr, komgencatop B
9TOT MOMEHT ITOJTHOCTDBIO
paspsken. M3 3akoma
coXpaHeHHUsl 3HEPruu

Puc. 7 OJIy4aeM
CU(? _ L1[12max
2 2
OTKYy/la
C
I1max = TUO :

1

ITocsie samMpIKaHnsa Kjroya KOHEHCATOP Iepe3apsKaercs, TOK
gepe3 MepByIo KaTyIIKy yObIBAeT, a TOK Yepe3 BTOPYIO KaTyIIKy
BO3pacTaeT, HO HalpasJieH 1no-apyromy. Ilostomy samuiem

A A,

-1, Al _ L, =2

At At
Y4unTbiBasg M3MEHEHMS TOKOB B KaTYIIKAX, IOJYYUM 3aKOH
COXPaHEHUs MarHUTHOIO IOTOKa B BU/E

L1 (11 max 11) = LZlZ , WJIN L1l1 + LZZZ = L1I1 max — const .

CorsacHo nepBomy mpasuity Kupxroda, kompemncarop Gyuer
3apsKATHCS /10 BBIPABHIBAS TOKOB B KaTyikax. IIpu paBeHcTse
TOKOB § = iy = I3 KomzjeHcaTop Gy/eT MAKCHMATIbHO 3apSIKeH,
3HAYUT,

L1]1rnax = (L1 + LZ) IS y
OTKy/Zla
_ L1[1max
L+
B mocsieytontyio ueTBepTh eproia TOK Yepe3 BTOPYIO KaTyIIKy

6y11€T IIPpOAO0JIKATh YBEJNYINBATBCA /10 CBOCTO MaKCUMAJIbHOI'O
3Ha4YCHUA, paBHOIO

I3

I2max =

3anava 6. B momenm, Koz0a mox 6 xamyuixke uHOYKMUSHO-
cmwio Ly (puc.2) 6vin 1, xmou K samxnyau. Kaxoe xoauue-
cmeo menaomuvl Gvioe-
K aumes 6 pesucmope R
noce 3aMvlKanus K-
ua? Unoyxmusnocmo L,
8MOPOU KAMYWKU CUU-
mamo U36ECMHOU.
Pemenne. Tox uepes
pesuctop OyeT MPOX0-
JINTb /10 BbIpaBHUBaHUA
TOKOB B Karymikax (1o
nepsomy npasuiy Kupxroda). IToMy MOMEHTY COOTBETCTBYET
HyJIeBOe TIaJieHie HAMpsDKEHMsT Ha PE3NCTope, a 3HAYNT, U
nyseBas I /1C ungykuuu. [lanblie TOKM B KaTYLIKaX OCTAHYTCS
HnensMeHnpiMu. [lo 3akomy coxpaHeHHsI MOTOKA MATrHUTHOI
WMHTYKITAH,

Puc. 2

(L1 + Lz)lz =L,
OTKy/la

Qz—ﬁ—h.
L+ 1L
TemnoBag OHEPTUA, BbIJIEJIMBIIAACA B PE3UCTOPE, OIIPEACIIACTCA
yébUTbIO 9HEPTUN MArHUTHOTIO I1OJIA ITPU TIEPEXO/1€ N3 HaYaJIbHO-
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B = HENEEE

ABUTYPHUEHTA 53
T'O COCTOAHUA B COCTOSAHUE C OAMHAKOBBIMU TOKaM B KaTyLLIKaX:
I’ L +L
L1 1 _ ™M 2 122 — Q .
2 2
HOHCTaB]ISISI CI0/la BbIpaskeHue /1JIs1 12 , HHOJIyYUM
2
0= LiLyl;
2(L + L)

3apaua 7. B cxeme na pucynxe 3 ¢eauuunvt &, Ly, L, u R
3adanvl. Cuauara samvixarom xawnouw K, a uepes wexomopoe
spemsi, Kozda mox uepe3 pesucmop docmuzaem 3navenus I,
samvikaiom xaou K, . On-
pedenume ycmanogusue-
¢ 3nauenus moxkos uepes  5_|
kamywxu. Buympennee co- T L, L,
npomusienue UCmounuKd
npeHedPeRUMO MAL0. K,

Pemenmne. Tox uepes pe-
3uctop OyJIeT HapacTaTh J10

é

3Hauenus | = — . B coot-

R
| —

Puc. 3
BETCTBUM C IIEPBBIM IIPaBU-

som Kupxroda, on 6yeT CKJIaAbIBATHCS U3 TOKOB, TPOXO/ISIINX
yepe3 KaTyIIKK:

é‘
—=1+1
R 1 2.

W3 oamHakoBOCTH MTHOBEHHBIX 3HaveHwit DJ[C MHAYKIMKM Ha
MapaJsyIeJbHbIX KaTYIIKaX CJIeAYyeT 3aKOH COXPAHEHUS MarHuT-
HOTI'O TIOTOKA:

LI - L, =L, .

Pemrag nosydennyio cucreMy ypaBHEHMi, HaiiJileM HCKOMble
TOKHU:

_ LI +L,6/R

I , 2 =L(§—Io)-
L+ 1L, Li+I1,\R

YupakHenus

1*. PaBHOMEPHO 3apsiKEHHOE KOJbBIIO PAANYycoM R ¢ JMHEIHOIT
MJIOTHOCTBIO 3apsi/ia P IBUXKETCS COOCHO aKCHAJTbHO-CHMMETPUYHO-
MY MarHATHOMY TOJIIO CO CKOPOCTBIO . PajinaabHas cocTaBsIoNas
UHAYKIUH MArHUTHOTO TIOJISI HA PACCTOSIHUU 7 OT OCH PaBHA B, .
Orpeiesinte MOMEHT CUJI, JIEHCTBYIONINX HA KOJIBbIO. JJokaxuTe, 4To
MpHUpaIieHne MOMEHTA UMITYJIbCa KOJIbI[A TPOMOPIIMOHAIBHO TTPHPAa-
MIEHNIO0 TOTOKAa MATHUTHOH WHAYKIINH 4Yepe3 Hero.

2. CepxmpoBojsiinii BUTOK pajuycoM R = 3 cM BHOCAT B
HEOJIHOPO/THOE MArHUTHOE TI0Jie cosieHou1a. I1pu aToM B HEKOTOPOIt
TouKke A cua Toka B BUTKe OKasbiBaeTcs paBHoit [, = 10A. Ilpu
CMeTIeHNN BUTKA Ha paccrosinme [ = 1 ¢M TOK B HEM yMEHbIIAeTcst Ha
1%. C kakoil cuiofl [efcTBOBAJIO Ha BUTOK MAarHUTHOE II0JIe
cosieHon/ia B touke A? n-
JIYKTHBHOCTD BUTKA MOKHO
BBIYHCJUTH 10 (opMyJIe
L =pyTR/2 , rae Yy — Mar- I c== I
HUTHAST [TOCTOSTHHAS. 1 K T 2

3. [Ipu 3aMKHYTOM KJIIO-
gye K (puc.4) TOK B KaTymI-
Ke WMHJIYKTUBHOCTBIO L,
paBeH I, , a TOK B KaTyIlIKe
WHAYKTHUBHOCTBIO L, paBeH [,. Ompezpennrte, B KaKUX IMpefesax
OylyT MEHSIThCSI TOKM B KATYIIKAX TTOC/I€ PA3MBIKAHIS KJIOYA.

Puc 4
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XVII MexayHapoaHas onmMninana
«VIHTenneKkTyansHbIM MapaoH»

MexayHapogHbln uHTennekT-knyo (MUK) «niooH» B pamMkax
MeXOyHapogHOW nporpaMMmbl «[etu. ViHTennekT. TBop4ecTBo»
npw yqactum Mapum fenaptamenTa Muepms (Tpeuns), MIY nm.
M.B.JTomoHocoBa, DoHAa HeKoMMepYeckmnx Nporpamm «uHa-
cTMa» 1 Npu nogdepxkke kKomnawmm «Kupunn v Medognin»,
«PusmkoH» n «1C», N3paTenbckoro goma «lepsoe ceHTAbps»
1 >kKypHana «KBaHT» npoBen o4epefHyto MeXayHapoaHYIo TecT-
PEUTUHIOBYIO OnMMNVagy «VHTennekTyanbHbl MapadoH».

Onnmnraga npoxoamna c 5 no 12 oktabps 2008 roga B peunn,
Hefaneko oT 3HaMeHnToM ropbl OnuMnN. Ha onumnnagy npuexa-
TV Y4aCTHVIKU U3 pa3Hbix perroHoB Poccuu, benopyccunm, Kasax-
craHa v Hopserun. OfiapeHHble WKONbHVIKK, NPOABMBLLME VHTE-
pec K (byHAaMeHTalIbHbIM HayKaM, COPEBHOBANMNCL B KOMAaHAHbIX
N MHOVBWAOYANbHbBIX Typax Mo maTtematvke, pusnke, UCTOPUU
Hay4HbIX WOEW W OTKPLITUIA. B onnMnvage Takxe y4acTBoBau
LWKONbHWUKM, NHTEPECYIOLLMECs SKONormen 1 bronormen.

ABCOMIOTHBIM NobeauTeneM onvMnvagbl «MHTennekTyanb-
HbI MapadoH-2008» no dyHAaMeHTanbHbIM HaykaM B KOMaH-
OHOM 3a4eTe cTana komanga Knaccuyeckoro nuues 1 ropoga
PoctoBa-Ha-[loHy (Poccus). En Obin BpydeH rNaBHbIA MNpu3
copeBHoBaHUM — Cynepkybok. KomaHaa Obina Takxe nyyiler B
Typax no u3nke 1 MaTematike. Bropoe mMecto B 06LLeM 3a4eTe
3aHana KomaHga ropoga AnbmeTbeBcka (Poccus). OHa Takxke
3aHsAna NepBOe MeCTO MO UCTOPWI HAYYHbIX MAEW N OTKPbITUN. Ha
TpeTbe MecCTo BbILLNa KOMaHaa v3 ropofa laenopapa (Kasax-
CTaH), KoTopasi TakxXe CTana TpeTbewr no MateMaTuke 1 usnke.

B nHAMBMOYanbHbIX COPEBHOBAHMSAX abCOMOTHBIM NobeauTe-
nem onuMnuabl ctan Anekcen KoxkeBHUKOB, y4eHMK 11 knacca
Knaccunyeckoro nuues 113 PoctoBa-Ha-oHy. EMy Obinv BpyyeHb!
OonbLluas 30n0Tas Meganb 1 Masble 30110Tble Meanu 3a nepBble
MecTa Mo MaTematuke U ursmke. BTopbiM npr3epom B o0LLEM
3ayeTe ctan Sondre Andreas Engebraten 13 Hopserun, emy 6bina
Bpy4eHa Oonbluas cepebpsHas mMefanb. bonbluylo 6poH30BYO
Mefanb B 00LLIEeM 3a4eTe U Manyto OpOH30BYIO Mefab 3a TpeTbe
MecTo no usumke 3asoesana Anrynb Canaxosa, NpeacTaBsio-
was ropoa AnbmeTbesck. Xagpa LUavkernosa (r. Maenogap,
KaszaxcraH) nonyymna manyio cepebpsiHylo Mefanb 3a BTopoe
Mecto no du3nke, tOpuin MactyxoB (r. AnbMeTbeBck) Obin
HarpaxkaeH Manow cepebpsiHOM Mefasnblo 3a BTOPOe MeCTo Mo
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maTemaTuke, a EsreHnin Conoresny (. BapaHoBu4n, Benopyc-
i) — Manor OpoH30BOW Mefdanbio 3a TpeTbe MeCTo Mo
MaTemaTuke.

Bce nobeputenn v npursepsl Nony4mnu pasHoobpasHble no-
JaPKV U NPpU3bl OT OPraHmM3aTopoB 1 CMOHCOPOB ONUMMMAARHI.

MexayHapoaHbIN UHTENNEKT-Ky0 «[MI0oH» npurnallaet pe-
MMOHanbHble LEHTPbI, LUKOSbI, NULEN 1 TMMHa3nn, paboTaloLime
C OflapeHHbIMU AeTbMU, NPUHATL y4acTre B XVIII MexayHapoa-
HOW onuMNnage «VHTennekTyanbHbIN MapadoH», KoTopas Npowu-
ZeT B okTabpe 2009 ropa B peuun.

3asBKM Ha yyacTve npucbinante no agpecy: 115522 MockBa,
MponeTapckmn npocnekT, 4.15/6, kopn. 2, MUK «niooH»

TenedoH: (495)517-8014, dakc: (495)396-8227

E-mail: gluon@yandex.ru (cm.Takxe cant. www.gluon.ru)

3agauv onmMmnuagbl
MACbMEHHbIA UHANBUAY AJIbHBINA TYP

Maremarvka
1
2009
pasﬂw{me quceJ, oépaTme HEYETHbIM ‘H/IC]IaM?

2. Heckoabko TOPU3OHTAJIbHbIX W BEPTUKAJbHDBIX IMTPAMBIX
pPa3OUBAIOT JAHHBIH GOJIBIION NPSMOYTOJBHUK HA MEHbIINe
HpHMOyI‘O]II)HI/IKI/I, Ka)KﬂbIﬁ nus3 KOTOprX nMmeetr HCHO‘IHCJICHHBII;'I
nepumMerp. BepHo Jsin, 4TO iepuMeTp GOJIBIIOTO IPSIMOYTOJbHIKA
TOXe L[eJIbeI, €CJIN KOJIMYECTBa BEPTUKAJIbHbIX U TOPU30HTAJIb-
HBIX MPAMBIX: a) PABHBI; 6) Pas/IMYHbI?

3. Pemnre ypaBHenue ./4x — y2 =Jy+2+ \/4.762 +y-

4. B ocrpoyrosbiom tpeyroabhuke ABC opronentp (Ttouka
nepeceuenns Boicot) H pemmr Boicory CC; B otHomennn 3 : 1,

1. MOJKHO JIn YHUCJIO IpeACTaBUTb B BU/I€ CYMMbI TPEX

29.05.09, 14:37



cuntas ot Bepimnnbl C. Haitgure yron AMB, tie M — cepeinna
Bbicotbl CCj .

5. Ilycrs f(x) = ax® + bx + ¢, rae koadpdurentst a, b ¢ —
neable uncaa. Haiiznre nanGompuiee snavenne |b|, ecm ussec-
HO, uto |f (x)| <1 1pu Beex x e [0;1].

6. Ha nurockoctu 1poBesin n NPSIMBIX TakK, 4TO JH0Oble /1BE
[PSMBIE TIEPECEKAIOTCS U HUKAKUE 4 TIPAMbBIE He TIPOXOJIST Yepes
oany TouKy. Beero mmeercst 16 Touek mepeceveHust, TpUYeM
yepe3 6 U3 HUX MPOXOSAT 10 TP TIpsiMble. Haiizinte KomyecTBo
NIPSIMBIX 72.

7. CyuectBytor jiu: a) Tpu; 6) 4YeTbipe; B) 7 HATYPAIbHBIX
Yuces TaKuX, Y4TO CyMMa JIOObIX JBYX M3 HUX HAIEJO JICTUTCS
Ha UX PasHOCTDL?

Qu3zmka

3agaua 1. «TopMoskeHne yacTHIbI>. 3apsDKeHHAs YacTHIA
BBIJIETAET W3 HMCTOYHHKA YACTHI[ C HEKOTOPOIl CKOPOCTBIO 0.
IIposnereB ¢ aToif CKOPOCTHIO TIO TPSIMOJTMHENHOW TPAEKTOPUN
paccTostHEe L, 4acTHIla TONaJaeT B OJHOPOJHOE TOPMOS3SIIIEE
1oJie W JIETUT JI0 OCTAHOBKH C YCKOPEHHEM d BJOJb TOH >Xe
mpsaMoii. IIpu KakoM 3HAYeHWH CKOPOCTH ¢ BPEMs [[BHKEHHS
YACTHIIBI /[0 OCTAHOBKH Oy/IeT HAMMEHDBIITNM ?
3agaua 2. «/Ipa 6pycka u npysxkuna». bpycox (Maccoii M),
HOKOSIIUICS Ha TOPU3OHTAIBHOM CTOJIE, M NPY’KIHHBIN MasT-
M HUK, cocTosmuii ua rpysuka (Maccoi
m) W JIerkoil TPy>KUHBI, CBS3aHbI
JIETKOH HEPaCTSKUMON HUTBIO, TTepe-
KIHYTOH 4Yepe3 H/eaJbHBIN OJI0K
(puc.1). Koapduiment rpenust Mesk-
ay 6pyckom i crosiom W = 0,25 . I'py-
3WK MasTHHKA COBepIIaeT Koseba-
Hust ¢ nepuogom T = =0,5 ¢ BIOJb
BEPTUKAJM, COBHAJAIONIEN C BepTH-
KaJIbHBIM OTPE3KOM HuTH. Maxcu-
MaJIbHO BO3MOXKHAST aMILJIUTY/Ia 9TUX
KoJieGaHWil, TPH KOTOPOIl OHHM OCTAIOTCS TapMOHUYECKUMU,
cocrapisier Ay, =40cMm. YUemy paBHO OTHOIIEHHE MAaCChI
6pycKa K Macce Tpy3uKa?
3agaua 3. «Beproxer». Mojesb BepTosieTa, H3rOTOBJICHHAS
B 1,/10 HaTypaJIbHOIl BeJIMYNHBI, YAECPSKUBACTCS B BO3/LyXe IIPU
oMoty asurarens mMoiHocrbio P = 30 Br. Ouenure, kakoil
JIOJDKHA OBITH MOIITHOCTD [IBUTATEJIsI BEPTOJIETA, U3TOTOBIEHHOTO
13 TeX JKe MaTephayoB, YTO U MOJEJIb.
3anava 4. «Temneparypa mapoB». 113 GanoHa, B KOTOpOM
HAXO/SATCS CUJIbHO Pa3pesKEeHHbIe Mapbl pyOu/is, yepe3 y3Kyio
TOPU3OHTAJNBHYIO TPYOKY BBIXOJAHMT IIy4OK artoMoB. OrieHure
TEMIIEpaTypy MapoB, €CJAH Ha TOPH30HTAJIbHOM IyTn [ = 1 M
cpe/iHee CMEIIEHIe ATOMOB 10 BEPTUKAJIH COCTABIISET /i = 2 MKM.
3agaua 5. «3aKOHBI 3JEKTPOCTATHKH> . B /1asiekoM KocMoce
LIS TIDOBEPKH 3aKOHOB 9JIEKTPOCTATHKHU TPH MAJIEHbKUX OJINHA-
KOBBIX TapuKa Maccoil m = 8 1 u 3apgaaoM g = 2 MK kaxprit
COEeIMHNJIN IIEJKOBBIMI HUTSIMU TaK, 4TO 06pa3oBaJICs PABHO-
CTOPOHHMI TPEYrobHUK co ctoponoit [ = 300 M. Oxny HUTDH
nepeskrym. KakuM 0/3KHO OBITh YCKOPEHHE CPEIHETO MapHKa
IIPY CIIPABE/[JINBOCTH 3AKOHOB AJIEK-
TPOCTATUKH ?
3agaua 6. «Ilocaaka Ha JIyny».
Kocmuueckuii kopabJib  Maccoii
M =12 1 guketcst BOKpYT JIyHbI
10 KPYTOBO#i op6uTe Ha BbIcoTE /i =
= 100 kM Ha/1 TOBEPXHOCTHIO JIyHDI.
[ Iepexo/ia Ha MoCaIoqHy1o Op-
6UTY Ha KOPOTKOE BPEMsI BKJIIOYA-
€TCST TOPMO3HAsI JIBUTATeIbHAS yC-
Puc 2 tanoBka. CKOPOCTb MCTEUEHUST Ta-

Puc. 1
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308 u3 asurarens u = 10 m/c, macca mspacxomosammoro
trorvmBa m = 1,2 1. Kakyio ckopoctb 6yzer nMeTb Kopalib B
MOMEHT TIOCAQ/IKM B TOUKe, yKa3aHHOW Ha pucynke 2? Pamnmyc
Jlynot Ry = 1700 kM , yckopeH#ue CBOGO/IHOTO [T IeHIsT Y TIOBEPX-
nocru Jlynol gnp =1,7 M/(:2 .

3anava 7. «Monera». [Ipn paccMarpuBaHUKM MOHETBI B JIyILy
JIIaMeTp MOHETBHI YBEJIMYMBAeTcs B JBa pa3a. Bo cKoIbko pas
yBeJIMuuBaeTcs ee TosmuHa? [110CKOCTD MOHETBI TTapaJsiIebHa
IIJIOCKOCTH  JIYTIBL.

YCTHbII KOMAHOHbIN TYP

Maremarmka
1. CyuiecTBYIOT JI TaKUE MOJIOKUTEJIbHDIE YUCJA X, Y U Z, YTO
x z
+—2 4 =1?

y+z z+x x+y

2. Ha cropone BC npasuibHOro Tpeyrosbiuka ABC B3sim
toukn K n L tak, yto BK = KL = LC, a na ctropone AC B3g7m

Touky M Tak, yto AM = %AC . Haiipure cymmy yrios AKM n

ALM.

3. CKoJIbKO pa3 B TeYeHNE CYTOK YacOBast 1 MUHYTHAs CTPEJIKU
YacoB B3AMMHO MEPIEHMKYJISTPHDI?

4. YUepes TOUKY BHYTpPH TPEYTOJbHUKA MPOBEJEHDBI TPH IIPs-
Mble, HapaJjiieibHble ero cTopoHaM. OTPe3KW ATUX TIPSIMBIX,
3aKJIIOYEHHbIE BHYTPHU TPEYTOJIbHIKA, UMEIOT OJANHAKOBYIO /-
ny. Haiiure aTy yinHy, eciM CTOPOHbBI TPEYTOJIbHUKA PABHBI d,
buc.

5. [IBoe urpaiot B Takyto urpy. Ha mmaxmarHoii Jocke pazmMepoMm
m X n KJIETOK CTOUT JaJbsi. VIrpOK CBOMM XOJOM MOKET IIepe-
JIBUHYTDH €€ Ha J060e KOJMYECTBO KJIETOK BIIPABO WJIM BBEPX.
ITepBoHAYAIBHO JIA/IbsI CTOUT B JIEBOM HIKHEM YTJIy 10cKu. KTo
BBINTPBIBAET IIPU PABUJIbHOI UI'PE, €C/IM IIPOUTPABIIIM CUNTA~
€TCsl UTPOK, KOTOPBIH He MOXeT cjie/laThb ouepeiHON )J(COJI?

6. Haiigure HanMeHblliee 3HaudeHHe APOOH v ecn
Vae-1+y-1=1. ) B

7. JlaH npsIMOYTOJIBHDBIN CEKTOP
OAB (OA n OB — B3auMHO TIep- "

MIeHUKYJISIPHBIE PA/INYChI OKPYK-
Hoctu ¢ 1eHrtpoM B TOouke O);
puc.3). Iycts C — cepeanna ayru
cexropa, a pajuyc OC nepecekaer
MOJIYKPYT, TOCTPOEHHBII Ha pa/i-
yce OB Kax Ha uaMeTpe, B TOUKe
D. Tlyctp, makower, S;— 1wI0- o 4
1(a/b KPUBOJIMHEHHOTO Tpeyronb- 5 5

unka OBD, OTCeYeHHOTO pajny-

com OC ot mosrykpyra, a S, — miaomaab qactu OACD cektopa
AOC, nexamieit Bue mosykpyra. Uro Gospine: S; win S, ?

8. Ilo OKpY’KHOCTH pAacCIOJIOXKeHbI, uepenysich, 10 rupex
pasymyHbIX Macc 1 10 MmapuKoB, IpuYeM Macca IIapuKa paBHA
PA3HOCTH MacC JIByX COCEJHHX C HUM THpeK. MOKHO JII
PA3JIOXKUTD IIAPUKU HA 2 KYYKU PABHOI Macchl?

9. Yerpipexyroabuuk ABCD Brucan B OKPY>KHOCTb, 1IeHTp O
KOTOpOIl JexkuT BHYTpH Hero. Haiiaute mmomanap ABCD, ecm
yranl BAO n DAC pasnbl, a quaronanu AC u BD paBHbl m U n
COOTBETCTBEHHO.

10. Cymma 120-x crernereit 2008 HATYpaJbHbBIX YHCEJ IEJTUTCS
Ha 7. YTO MOXKHO CKa3aTb O YHCJE CJATaeMbIX B 9TOH cyMmMe,
KOTOpbIE He JeJarcs Ha 77

Quznka

3anava 1. «Knura». Ha crosie e;xut KHUTA pa3MepoM a X d .
Haumenbiras paGora, Heo6xXoanMast, 4T00bl PACKPHITh KHUTY Ha
cepesne, paBHa A. Uemy paBHa Macca KHUTH?
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3anava 2. «<Kur». Ozna u3 gpeBHUX Mojie/Ieil MUpa yTBEP:K-
Jlajia, 4To 3eMJIs PACIoJIo’KeHa Ha CIIMHEe KUTA, IJIABAIOIIETo B
okearne. OrneHuTe pasMepbl ITOrO KHUTA, CUYUTAs €ro GpycoMm
KBaJIPaTHOTO ceyeHus, y Kortoporo juauHa B 10 pas GoJiblie
CTOPOHbBI KBa/[PaTa, JIEKAIIEro B IIOIIEPEYHOM CEYCHUH, a TJIO0T-
Hocth cocrtaBager P, =0,9 r/ eM® . 3eMJI0 MOXHO CUHTATD
MOJIyIIapoM paanycoM Rz = 6400kM M IJIOTHOCTBIO P3 =
=5, I‘/I()IMS

3anauva 3. «Illap Ha peabcaxs. [1Tap karutcs 6€3 IPOCKAJIb-
3bIBAHUS 10 /IBYM TOPU30HTAJIBHBIM PEJIbCaM CO CKOPOCTDBIO ¥
(puc.4). lmuna xopapt AB paBHa paguycy mapa. ¥ KaKuX TOYeK
1apa cKopocTb HanboJuibinasg? Uemy paBHa 3Ta CKOPOCTD?

Puc. 4 Puc. 5

3anauya 4. «Bpamaomascs npy:xuHas>. B touke A ropuson-
TAJILHOTO /INCKA, BPAIIAIONIErOCsl BOKPYT BePTHKAIbHOI ocu O,
IIPUKPETJIeHA TIPY’KIHA, HA JIPYTOM KOHIIE KOTOPOI 3aKperieH
mapuk Maccoit m = 10 r (puc.5). JKectrocTb MpysKUHBI Rk =
=1 H/cm. Paccrosinie OA pasho [ = 3 ¢M, JJIMHA IPYKUHBI B
HepactsiHytoM coctosinun L = 5 cM. Omnpezesnure yTraoByIO
CKOPOCTDb BPAIIEHUS IUCKA, IPH KOTOPOil Iapuk OyaeT Haxo-
JINTbCS B PABHOBECUU TIPH JIIOOOM Y/IJIMHEHUH TPYKUHDI.

3agaua 5. «Illapuku Ha cTepXkHsSX». /[Ba OIMHAKOBBIX
IIapyKa 3aKperJieHbl Ha KOHIIAX /IBYX OJMHAKOBBIX CIUT. CITHIIbI
YCTaHOBJIEHBI BEPTUKAJIBHO CBOOOIHBIMI KOHIIAMU HA TOPH30H-
TAJIbHON TIJIOCKOCTH. KOHeI ofHOI CIuIlbl MapHUPHO 3aKper-
JIeH, KOHEI[ JIPYTOil MOXKET CKOJIB3UTh 6€3 TPEHHsI TI0 TIOBEPXHO-
ctu. Hlapuku BbiBoaAT n3 paBHoBecusi. Kaxoil n3 Hux ObicTpee
KOCHETCSI TIJIOCKOCTH ?

3anava 6. «Illapuk B KoHAEHCATOPE» . DJIEKTPUUYECKOE T10JI€
00pa30BaHO JIBYMSI HEMO/BMKHBIMU, BEPTHKAJbHBIME, MapaJ-
JIETbHBIMA UM PA3HOMMEHHO 3apSKEHHBIMU HEPOBOISIITIMI
mracTuHaMu. [1acTuHbl pacososkeHbl Ha paccTossHund = 9 cM
Ipyr OoT jpyra. HampsiKeHHOCTb TOJISE MEKy IJIACTHHAMU
E =10" B/m . Mexy macTUHAMK Ha PaBHOM PACCTOSHUM OT
HUX IOMEIIIEH MIapyK ¢ 3apsjioM ¢ = 2 MxKawnmaccoiim = 1 1.
B HekoTopbIii MOMEHT miapuk otiryckaior. Kakyio ckopoctb Gy e
UMeTh TapuK, KOT/Ia KOCHETCSI O/THOH W3 TIJIACTHH?

3anava 7. «Illap B crakaHe». B crakane, jj0BepXy HAIIOJTHEH-
HOM BO/IOI U 3aKPBITOM CBEPXY KPBIIIKOI1, IIJIABAET J1€PEBSHHBII
mapuk. Kaxk n3MeHuTCS AaBjeHue Iapruka Ha KPBIIIKY, €CJII
cTakaH Oy/IeT IBUTATHCS C YCKOPEHWUEM ¢, HAITPABJIEHHBIM BBEPX ?

3agaua 8. <«Iukx Orro». Ilokaskute, uro Koadduiment
MI0JIE3HOTO JIEUCTBUS TEIJIOBOTO JIBUTATE/s, PAGOTAIONIETO TI0
TePMOIMHAMIIECKOMY ITHKJIY, COCTOSIIIEMY M3 JBYX aguadar u
aByx nzoxop (mmka OTT0), 3aBUCHT OT BBIGOPaA paboUero Tea.
Paccmotpure ciayvail njeanbHOTO rasa.

3amaua 9. «Boempsamurenas». B asekTporexHuke W paauo-
9JIEKTPOHNKE YACTO MPHMEHSIOT YCTPONCTBO, IpeiHAa3HAueHHOe
JUUISE TPe06Pa30BaHKs TIEPEMEHHOTO HAIIPSKEHMS B TIOCTOSIHHOE.
ITO — OHOTOIYTIEPUO/HDII BBIPSIMUTEB, €70 CXeMa MpUBe-
JleHa Ha pucyHke 6. Buiipsmurenb cocrouT us auona D u
KOHJIeHcaTopa eMKocTbio C, a moJie3Hast HarpysKa B BUjie pe3H-
CTOPA CONPOTHBJIEHUEM R MOJIKIIOYAETCS TTapaJIIeIbHO KOH/IEeH-
catopy. Bynem paccMarpuBaTh UCTOYHUK 3JIEKTPUYECKON dHEP-
I'MU, KOTODBIH BBIPAGATHIBAET MPSIMOYTOJbHBIE WMITYJIbCHI C
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nepuojiom T, muurenbuoctbio T /2 o D
u aMmrumTyaoi Hanpsbkenusi U, J_
(puc.7). HanpsiskeHue Ha Harpyske Y R
MOJIy4aeTcss He COBCEM TOCTOSH- T
HbIM, & HEMHOTO M3MEHSIETCS OTHO-  ©
CHUTEJIbHO TTOCTOSTHHON COCTaBJISIO-
meit — rmyabcupyer. Cuuras AHOoj
nJIeaJIbHBIM, TIpeHebperast BHyTPEeH-
HUM COIPOTHBJIEHNEM HCTOYHUKA
9JIEKTPUYECKOIT SHEPTUH, COTTPOTUB-
JICHHEM W WHAYKTHBHOCTBIO KOH-
JIEHCATOpa M eMKOCTBbI0O U WMH/YK- N
TUBHOCTBIO PE3UCTOPA, OIIEHUTE OT- T 2T f
HocHuTeJbHbIe myJibcaiu (OTHOIIe-
HIe aMILJITY/Ibl KOTeGaHN K 3HAYEHIIO TIOCTOSIHHOI COCTaBJIs-
1omeil BBITPAMIEHHOIO HAIPSKEHNUS) .

3anava 10. «Illlur Apxumega». AHTUYHbIE HCTOPUKHU yTBEP-
SKIAIOT, YTO APXHMe]] CMOT 3a’Keub BpayKkecKie KopabJii, cocTa-
BUB U3 MEJHBIX IUTOB BOMHOB — 3alUTHUKOB ropojaa Cupaky-
3bl — KPUBOJIMHEIHOE 3€PKAJIO 1 HAIPaBuB C(hOKYCUPOBAHHDIE
COJIHEYHbIe Jyyn Ha KopaGu puMJsH. Ha MpOTSKeHU BEKOB
yUeHble CHOPST, MOIJIO JU B JA€HCTBUTENBbHOCTH TPOU30HTH
takoe cobpitre. OIEHUTe BO3MOKHOCTD 3TOTO COOBITHS, TOJA-
rasi, YTO U3 MEJHBIX IIUTOB ObIJIO COOPAHO c(hepUUeCcKOe 3ePKAJIO.
Paccrostiue 10 kopabsst L = 200 M. Yriosoii pasmep CosHila
o = 30", moBepXHOCTHAs IJIOTHOCTb MOIIHOCTH COJIHEYHOTO
naaydenns N = 500 BT/MZ. TemmepaTypa BoCIJIaMEHEHUST
nepeBa t = 270 °C, muotHocTh gepea p = 800 KT‘/MS, ero
y/leJIbHAs TeIJIOEMKOCTb € = 2,9 KI[>1</(KF . K) . Cunraiite, 4To
COJIHEYHOE U3JIy4eHre, Majaiollee Ha JIepeBo, TOJTHOCTBIO IO-
IJIONAETCST B TIOBEPXHOCTHOM cJioe ToJiuuoil i = 0,1 M.

Puc. 7

NCTOPUSA HAYYHbBIX UOEV U OTKPbITUN

Maremarumka

1. ApaGckuii actporoM, MateMatuk 1 Bpau [X Beka Ca6ut n6H
Kyppa BHEC CBOIO JIENTY B KOJUIEKITHIO JOKA3aTEIbCTB TEOPEMBI
TInudaropa. OHO 13 ABYX €ro /I0Ka3aTesbCTB WITIOCTPUPYETCS
creyoummu ayms deprexkamu (puc.8). OHO uHTEpPECHO TeM,
YTO €ro HETPYAHO OGOOUIUTD M IOJYUYUTH TEOPEMY KOCHHYCOB.

Puc. 8

Boccmanosume doxasamenvcmeo uon Kyppol u npeobpa3syii-
me ez0 8 00KA3AMENLCMBO MEOPEeMbL KOCUNYCOB.

2. B 2006 romy BbICIIell HATpagbl MEXIYHAPOIHOTO COIO3a
MaTeMaTuKoB — MDUJICOBCKON NpeMun — ObLI yI0OCTOEH MOJIO-
noit amepukanckuii maremaruk Tepenc Tao. Harpaza 6bLia emy
MPUCYIKIEHA 32 JOKA3aTeNbCTBO CJEAYIONIel yINBUTENIbHOI
TEOPEMBI: CYIIECTBYET CKOJIb YTOJAHO [JIMHHAS apudMeTniecKast
IIPOTpeccusi, COCTOSMIAsI U3 MPOCTBIX uncesa. O TPyIHOCTH 3TOI
3a/1a4N CBU/IETEJNBCTBYET, HANPHUMED, TO OOCTOSITENBCTBO, UYTO
apudmernyeckas nporpeccus, cocrodias ud 250 npocThIX 4n-
ceJI, UMeeT PasHocTh, TpHGIH3nTe b0 pasnyo 3-10% . Camoe
nopasuresabHoe B Jokasarenbcrse T.Tao — aro To, 4TO OHO
SIBJISIETCS, 110 CYIIECTBY, BEPOSTHOCTHBIM!

Hatioume u 6vl apugpmemuueckyio npozpeccuio u3 npocmvlx
yucen Oaunvl: a) 3; 6) 5; 6) 6.

3. B cepeamre XIX Beka yCcHIMsSMH MHOTUX MaTeMaTHKOB
(T.Ireitnep, K.Beitepmrpace u ap.) Gblia J0KazaHa 3amMeda-
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TeJIbHAsi TEOPeMa O TOM, 4TO U3 BceX (DUTyp JAHHOTO HepUMeTpa
HanGOJIBIITYIO TIIOMA/Ib nMeeT KPyT (Tak HasbIBaeMast M30TEepPH-
MeTpHYECKast 331a4a). ITO MO3BOJIUIIO, B YACTHOCTH, PEIIUTD K
IIPUIIEAITYI0 K HaM U3 TJIyOOKOIl peBHOCTH 3agady [luJOHbI.

Pewume ee u 6v1: pacnonazas eepesxoti daunvt [, omeopodume
om MPAMOIUNETHO020 MOPCKO20 Gepezd yuacmox Hauboivuell
naouaou.

4. Anrmmiickuii matemaruk J.Bapunr B 1770 romy BbIcKaza
TUNOTE3y O TOM, 4YTO /i JIOGOr0 HATYPaJbHOTO dYucaa R
CYIIECTBYET TAKOE HATYPAJbHOE YHCJIO 7, 3aBUCSIIEE TOJbKO OT
k, 4TO JI000C HATYPAJbHOE UNCJIO ¢ MOXKHO NIPE/JCTABHUTD B BHE
cyMMBI He GoJiee 4eM 1 R-X CTelleHell HaTyPaJbHBIX UYHCEN:

a=af+ak+.. . +ad,

rae s < n . Hampumep, kask/1oe HATYpaJbHOE YUCTIO €CTb CyMMa
He 6oJtee ueM 4 kBagparos (JI.Jlarpanxk, 1770). O6mee pemenie
po6iembl 661710 ano B 1909 roxy [1.Tuns6eprom. [las caydast
k = 3 memernkuit Mmatematnk Budepux B 1909 roay ycraHnosm,
YTO JIJISI TIPEJICTABIEHUST BCSIKOTO HATYPATBHOTO YUCJIA IOCTATOY-
HO He 6oJiee 9 KyOOB, IPUYEM TOJIBKO /IS JIBYX YHCEJ UX POBHO
9, a LI OCTAIBHBIX — MEHbIIIE.

Haiioume menvuee u3 3mux 08Yx uuce..

5. B 1826 roxy Besmkuit pycckuii maremarnx H.M.Jlo6aues-
ckuii ony6smkoBas cBoio «HoByio reomerpmio», B KOTOPOIt
3aMEHUJI 3HaMEHUTbIN nATbIil nocrysaat EBkanga apyrum. Ero
reoMeTpusl OCHOBaHA Ha TeX >K€ aKCHOMaX, 4YTO U OObIMHAS
€BKJIN/IOBA, KPOME TIATOr0 TocTtyJara. [IaTerii nocrynat EBkiu-
Jla — yTBEpPIK/eHNe, SKBUBATIEHTHOE TaKOMY: «Yepes TOUKy, He
JISKANYI0 Ha JIaHHOW TPSIMOIl, MPOXOAUT He OoJiee OJHOM
IIPSAMON, Jieskalleil ¢ JaHHoi B O/{HOH ILIOCKOCTH U He Iepece-
kaioreit ee». H.M.Jlo6aueBckuii 3aMeHUT 9TOT MOCTYJIAT JIPY-
ruM: «Uepes TOUKY, He JIEKAILYIO HA JAHHON MPSIMOii, TPOXOJAT
1o KpaifHell Mepe JBe TpsIMble, JeXKalie ¢ JAaHHON MPSIMOH B
OJTHOM TIJIOCKOCTH U He Tiepecekaroiie eey . [eomerpus Jlo6ayes-
CKOTO TaK >Xe HelIPOTHBOPEeUNBa, KaK U IIPUBBbIYHAS HAM TeOMeT-
pus Epkimzpa. B <«aGcosmornoii reomerpun» (Ha3BaHHON Tak
BeHrepcknM MartemaTukoM {.Boiisan) — o6mell wactm 5THX
reometpuii (fie cojepskamieil Hu MATOro TocTy.TaTa EBKamaa, i
nocry.iara JIo6aueBCKOro) — J0Ka3aHo, 4TO CyMMa YIJIOB BCSKO-
ro tpeyrosibiuka me npesocxozut 180°. Mrak, B Teomerpun
Jlo6GaueBckoro, Kak u B TeoMeTpun EBK/JMAA: a) Ha TJIOCKOCTH
CYIIECTBYIOT TIPsIMbIE, HE mMerume o6mmx Touek (Harmpumep,
JIBA TIEPTIEHNKY.IAPA K OJHOI 1 TOIi ke PsAMOoii); 6) BepHbBI TpU
[ePBBIX MPH3HAKA PABEHCTBA TPEYTOJBHUKOB; B) U3MeEpeHHe
VIJIOB aHAJOTHYHO €BKJANA0BY. B reomerpun Jlo6aueBckoro
JIOKA3aHO, 4YTO CyMMa YIJIOB IIPOM3BOJIBHOTO TPEYTOJIbHIKA
Memnbie 180°.

[okaxume, wmo omcroda credyem maxoi NPU3HAK PABEH-
CMBA NPAMOY2ONLHBIX MPEYZOILHUKOS: eCAU 08d OCMPLIX Y2/ld
001020 NPAMOY2ONLHOZO MPEY2ONLHUKA COOMBENCINEEHHO PAS-
HbL 08YM OCMPBIM Y2lldM OPY2020 NPAMOY20IbHOZ0 MPEY20LbHU-
Ka, mo 3mu mpeyzoioHUKY PAGHbL.

Quzmka

1. B 1918 rony HoGenesckass mpemus mno ¢usnuke OblLIa
BpyU€HA B 3HAK [PU3HAHMS 3aC/IyTr B jlesie PasBUTUST (PU3UKH
6s1aroJjapst OTKPBITHIO KBAHTOB SHEPTHU. Y U€HbIH, OJIYIUBIINI
IPEMUIO, HayaJl CBOIO HAYUHYIO [EsATEJIbHOCTb paboTaMu IO
tepMo/HamMnKe. [IpUMEHHMB TepMOJMHAMMYECKUH TOAXOJ K
9JIEKTPOMATHUTHOMY M3JIyYeHUIO, OH ChOPMYyJIHPOBAJI HJIEI0
CYIECTBOBAHUS [IJIsI M3JIyYEHUs] KasK/OH 4YacTOTbl MHUHUMAJlb-
HOI1 OPIMK SHEPTUH — KBAHTA SHEPrUU. JTUM OH crac (pU3nKy
or ysabrpaduo/ieToBoil KaracTpodbl U 3an0Ku1 GyHIAMEHT
coBpeMeHHON (usukn. OHAKO elle B TeUeHHe MHOTHX JIeT OH
CYNTAJl W/ICI0 KBAHTOBAHWS M3JIYYEHUS] TOJBKO TEXHHIECKHUM
[IPUEMOM, IPUBOJSIIIM B COOTBETCTBHE TEOPCTHYECKHE IIPE/I-
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CTaBJIEHNST U DKCIIEPUMEHTAJIbHbIE Pe3yJbTaTbl. OTJIHMYHbBII
My3bIKaHT, BIYMUUBBIIl yUEHBIl, COCTOSIBIINI BO MHOTUX aKa/e-
MHUSX HAyK MHUPA, aBTOP TJIyGOKOMBICJIEHHBIX (HDUI0CODCKUX
paGoT, B BBICIIEH CTEHEHU IOPSJIOYHBIN YeJIOBEK, IIPOSKUI
JOJITYIO KU3Hb. ETo mMeneM Ha3BaHO Hay4yHOe OOIIECTBO U
crcTeMa HAyYHBIX WHCTUTYTOB B OJIHOI M3 €BPOINEIICKUX CTPAH.

a) Kmo amom yuenviii? 6) B xaxoii cmpane on sxur? 6) B uen
cywnocmy  yavmpaguoaemosoi. xamacmpodu? z) B xaxon
200y 01 ChOPMYAUPOBAT KEAHMOBYIO 2UNOME3Y?

2. Bompoc ycTpoiicTBa MUpa 3aHUMAJ JIO/ell ¢ JaBHUX IOpP.
VYike B aHTHYHOE BpeMsI yUeHbIE Pa3/eNINCh HA CTOPOHHIKOB
U MPOTUBHUKOB H/ien atoMn3Ma. C 06enxX CTOPOH NPUBOJUINUCD
yOeuTeIbHble apryMeHTbI 1 CTPOUJIHCH Teopuu. CIiop Mexiy
HUMM 3aBEPIIIJICSA TOJbKO B XX BeEKe.

Haszosume 6bi0aiowuxcs yueHvbix — CIMOPOHHUKOE 2UNOMe3bl
amomMu3Ma, Yraxume nHaubojiee GaxHvle Pe3ybmamol, NOLY-
UeHHbLe UMU, U HA308UINE UX ONNOHEHINOB: ) 8 AHMUUHOE 8PEMSL;
6) 6 XVII — XVIII eexax; 8) 6 XIX eexe.

Kaxue ocobennocmu cospemenioi amomucmuuecko meopuu
6aM U3BECHBL?

3. [lns u3ydenusi CTPOEHUsI MaTepuu cOBpeMenHas (usnka
UCIIOJIb3YeT KaK TeOPeTHYecKHe, TaK M 9KCIEePUMEHTAIbHbIE
MeTozbl. Jlys mccieoBaHMs B3aMMOEHCTBHI 2JIeMEHTAPHBIX
YacTUI[ HeOOXOAUMbI UCTOUHUKHU YACTUI[ BBICOKUX DHEPruii. 3a
MOCJIe/IHNE TIOJIBEKA TTOCTPOEHBI YCKOPUTEJIH 3JJeMEeHTAPHBIX
YaCTHUI C PA3JIMYHBIMU 3HEPTUAME YacTull B ryuke. B 2008 roy
IIPOM3BE/IEH MYCK M OCYIIECTBIISETCS OTIKA HOBOTO, CAMOTO Ha
CETO/IHST MOIITHOTO YCKOPUTEJIS, KOTOPBIH, KaK OKUAAETCS, I0-
3BOJIMT 9KCIEPUMEHTATBHO IPOBEPUTH TEOPETUYECKHE TIPE]I-
cTaByieHusi GPUBNKU BBICOKUX DHEPTHIL.

a) Kaxoi ycxopumenv 3anyuwen ¢ 2008 z00y? 6) I'de on
pacnonosxen? ¢) Ha xaxyio anepeuto wacmuy, paccuuman yc-
Kopumenv? z) Kaxue naanupyemvie sxcnepumenmo. 6am usee-
cmmuoL?

4. [IBa qpeBHErpeyecKux yYeHBIX — y4HTesb M yueHHK. OHH
skuai B ropojie AGiepnl B V Beke /10 H. 9. Bblin ctopoHHuKaMn
UIed MHOKECTBEHHOCTH CYIIECTBYIOIIETO. Y TBEPKIAIU, YTO
9JIEMEHTDBI CYIIECTBYIONIErO PAa3/leJieHbl MYCTOTOU, CaMH e
9JIEMEHTBI OJHOPOJHBI, HENPEPBIBHbI U HEJEJIUMBI. YYEeHHK
cOpPMyIPOBAJ 3Ty W/IEI0 KaK I[eJbHYIO TEOPHIO U CTaJI U3Bec-
THee y4uTe/Isl. Y YeHHK MHOTO Iy TeIeCTBOBAJ U IIOTPATII HA 9TO
JIeHbIU, TOJyYeHHble 1o HacaeAcTBy. B AGmepax pacrpara
HACJIe/ICTBA MTpecsIeloBaIach 1o 3akony. Ha cyze ydensrii mpo-
quTa’; CBOW TpyA <«Bemmkumit MUpOCTpoil», HaNMCaHHBIA TI0
utoraM mytTemectsuii. Cyz onpaBJas ero, pemus, 4TO HACTIeHA-
CTBO U3PACXO/I0BAHO He 3pst. OH 4acTo yeauHsJIcs U PasroBap-
BaJg caM ¢ coboil. Ilo perrennio corpaskjan ero o0cJen0Bas
BeJMKHUI ['Mmmoxpar, NpU3HAB 3/10POBBIM, a €T0 CTPAHHOCTH
OTHECSI 3a CUeT HOTPY’KEHUS B MyJpble MBICIIH.

Hasosume smux 08yx eeuxux OpesHezpeueckux yYyueHvlx.

5. Orta nzes k Havary XIX Beka Gblja TPUHSITA TOYTH BCEMU
xnmukamu Mupa. B 1860 roxy ma BeemupHOM cbe3sie XUMUKOB
B Kapiicpys Oblin okoH4atesibHO chOPMYINPOBAHBI XMMUYEC-
K€ acreKTbl 910l ujen. OHAKO MOUTH Bee PUUKU CUUTATU ee
B JIYYIIIEM CJIy4ae HEINJIOXOW PacueTHON MO/ENbIo, HO He KapTH-
Hoil pusuueckoit peasbHocTi. V3Becthbie ¢puszuku [eqbMrosibi
n Max mosarajy, 4To 3Ta ujesl JuileHa (PU3MIecKOro OCHOBA-
HUsI, YTBEPIKIAs, UYTO Marepusi HenpepbiBHa. TOJBKO Takue
Bbltaomuecs ¢usnku, kak Makcses, Bosbivman, Ditnmrreiin,
Pesepdopar 1 HEKOTOpBIE APYTHE, YBEPEHHO YTBEPKIAAIU, UTO
aTa ujesl olpeessieT HAIIX BO33PEHUS HA CTPOEHUE MaTepHH.
XX Bek MOATBEP/II UX IIPaBOTY.

Chopmyrupyiime smy uder. Kaxue pewenus coesda 1860
200a chopmyuposanvl 6 pamxax amou udeu?

Hybauxayuio nodzomosuiu B.Anvmundepos, A.Ezopos,
A.Kpasuyos, B.Kpouumon, K.Pa66om, JI. Il ianounux
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NHDODOPMANINA

3aoyHasa wkona CYHLU HIy

ITpu HoBoCHMOMPCKOM TOCY/IAPCTBEHHOM YHUBEDPCHUTETE B CO-
craBe CIIeIMaJN3NPOBAHHOTO Y4eGHO-HAYYHOTO IeHTpa (usu-
KO-MaTeMaTHYeCKOTO ¥ XHMMUKO-OGHOJOTHYECKOTO IMPOQuIs
(CYHII HTY) yxe Gomee 45 ner paboTaer cO3[MaHHAS 110
nuuiatiBe akagemuka M.A.JlaBpentbeBa 3aounas (usmko-
MareMaTmuecKas mKoJa /s yyanmxes 6—11 kiaccos o61eo6-
Pa3oBaTeJbHBIX IITKOJI.

OpranusoBanzas B 1963 rogy xak (usuko-maTeMaTHYeCcKas,
B Hacrosiiee BpeMst 3aounas mkosa (3II1) nacuurbiBaer 9
OT/IeJIEHUII: MaTeMaTH4yecKoe, (PU3NIecKoe, XUMHUYECKoe, GHo-
JIOTHYECKOe, PYCCKOTO SI3bIKa, NCHXOJIOTUH, AHTJUIICKOTro, He-
Merkoro u (¢pauiysckoro sa3bikoB. O6yuenue B 31 croco6-
CTBYeT PA3BUTHIO CAMOCTOSITEJNLHOTO W JIOTMYECKOTO MBbIIILIe-
HUSI, PACIIUPSIET KPYTO30pP YUYAITIXCS.

Jlyumme yuennkn 31 exxeromgro mpurmamaiores B JleTHIOIO
KOy [/ ydactusi B Koukypce B CYHIL HI'Y. VYuamumecs,
YCIIENTHO BBINOJHUBINNE BCE 3a/aHMs, 10 OKOHYAHWH OJMHHAI-
[[ATOTO KJIacca MOJIYYaloT yI0CTOBEepeHue BbITycKHUKOB 3111.

[TpeniosaBaTei OOBIMHBIX ¥ THMHA3MUECKUX KJIACCOB B IIKO-
sax Poccun u crpan CHI moryT Bectn 3aHATHS 10 IIPOTpaM-
MmaM 3aounoil mxouasl CYHIL HI'Y (110 MatemMaTuke — HauuHas
¢ 6 kJjacca, o ¢uUsNKe W XUMUM — HayWHas ¢ 9 KJjacca, IO
6nosornu — ¢ 10 kaacca). MaKy/IbTaTHBHBIE TPYIIIBI MOTYT
OBITH OPTAHM30BAHBI B JIOGOM O6IE00PA30BATEIBHOM YUPEsK-
JIEHUW, eCJIU TIPernoaBaresb 001e06pa3oBaTebHOTO YUPesK/ie-
nust coo6mmt B 31T CYHIT HI'Y 0 cBoeM skeJaHUU OpraHU30-
BaTh (HaKy/JbTATUBHYIO TPYIIy W IIPEJOCTABUT IMTOWMEHHbIH
andasutpiil crmcok ofyvaomuxcss (D.M.O. momHOCTBIO, €
yKasaHueM Kjacca mekyuwezo yueGHoro roaa), renedon, daxc
n e-mail. Pa6ora pykoBojmTelieil (hakyIbTaTHBOB MOJKET OILIA-
YUBAThCS O6IIEe06PA30BaATENbHBIM YUPEXKIeHIeM KakK (haKy.Ib-
TaTuBHBbIe 3aHATHA 110 npenoctaBiaenuio 311 CYHI[ HIY
COOTBETCTBYIOMUX CBefenuii. MDakyJbTaTUBHbIE TIPYIIIbLI 110
XUMUU, OMOJIOTHN 1 pusnke o6ydaiorcs: GeCIIaTHO.

B 311 CYHII HI'Y npunumatotcs ece skeaaroujue, He3aBu-
CUMO OT Bo3pacTa. IIpueM B HIKOJIYy BeJeTCS KPYy2/10200UtHoO.
Yuarecs: 4acTHYHO BO3MEIIAIOT PACXO/bI Ha CBOe OGydeHue.
Becniratnoe ob6yuenne B 31 coxpansercs s JeTeii-CUpor,
00y4aloNMXCcsl B IIKOJIAX-HHTepHATaX, JeTei-mHBaInaoB. [l
VUEHUKOB CEJIbCKUX IIKOJ ¥ JleTel 13 MaJI000eCcIIeueHHbIX MHO-
FOJIETHBIX CeMell ycTanaBiauBaercsi 6ojiee HU3KHUIT YPOBEHD OIl-
JIATBI.

Uro6s! crath yuamunmcs 311, Heo6X0aMMO IPUCTIATh 3asIBJIe-
HUE, YKa3aB KJacC U OT/IEJCHUS, Ha KOTOPBIX XOTUTE YYUTHCS,
cBou pamusnio, UM u ordectBo (TeyaTHbiMu GYKBaMu), CBOI
MOAPOOHBII a/Ipec ¢ MHIEKCOM U BBITIOJTHEHHOE MEePBOe 3a/IaHNe.
3ajjaHne BBIIOJHIETCS B OOBIMHON YUEHHYECKOil TeTpaan u
BBICBLJIAETCS ITPOCTOiT Gan/1eposibio. Ha 06J105KKe TeTpajin Hy KHO
yKaszartb: OT/iesIeHne; HoMep 3a/iaiust; (haMuInio, UMsi, OTYECTBO
(moaHOCTBIO, TTeYaTHBIMU GyKBaMK); KJIacc, B KOTOPOM YUHTECH
B cBoeil 1IKoJIe; MOAPOOHBIH JOMAIIHUI ajgpec, ¢ yKa3aHHeM
UHJIEKCA TOYTOBOTO oT/esenus, Tenedon (¢ komom roposa), e-
mail. Moskno npucbLIaTh paGoThl U MO AJEKTPOHHOIT MOYTE.

[Togpo6uyio nHbOpPMAINIO W TepBble 3a/aHHUS BCEX OT/eJe-
auit 3111 CYHIIL HI'Y MosxHO HaliTu Ha caiite:

http: / /zfmsh.nsu.ru

Ham noutoBsIil aznpec:

630090 HosocuGupck, yua. ITuporosa, 11, 3aounas mixoJa
CYHIIL HT'Y

Tenedon / dakc: (383) 363-4066

E-mail: distant@sesc.nsu.ru

Huske npuBogutes nepsoe (BCTynuTesbHoe) 3aaHue HA Ma-
tTeMaTHyeckoe n pusnueckoe oraenenus 31 CYHIL HI'Y.
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MepBoe 3apaHue
Maremarnyeckoe orgeneHne
9 kniacc

1. Pemnre cucremy ypaBHeHUil
X(+Xy+x3=1, xy+ax3+2x,=2,
X3 +X,+x =3, x04+x+x,=4.

2. PoiGaku noiimanu e menee 30 u ne Gosiee 100 poi6, u3
KOTOPBIX 48% cocraBJsiin oKyHH. [18Tb pbI6 GBLIN OTIYIIEHBI B
03epo, TOCJIe T€T0 OKYHHU CTan cOCTaBisATh 50%. CKOMBKO pbiO
TORMaJI PhIOaKu?

3. Boicota m Menmana, NpoBeJeHHble U3 OIHON BEPITHHBI
TPEYTOJIbHUKA, JIEJISAT €T0 YToJI Ha TPU paBHble yacTu. Haiinure
BCE YIJIbI TPEYTOJIbHUKA.

4. V13 npousBosbHOIl Touknm M BHYTpU OCTporo yriaa A
ollyIIeHbl TepreH Ky asapsl MP n MQ na ero croponnl. U3
Bepummabl A omymien mneprnenaukyaap AN Ha orpesok PQ.
ITokaxure, uro LPAN = ZMAQ .

5. B ky6e ¢ pe6pom 13 ormeuenst 2009 Touex. MoxkHO i1 B
9TOT Ky6 NOMeCTUTh KyOuK ¢ pe6pom 1 Tak, 4To6bl BHYTPU HEro
He ObLTO HU OJIHOI OTMEYeHHOIl TOuKN?

6. Joxaxmure, dYTo [AJS TOAXOJSAI[ET0O 7 CyMMa

1+ 1 + 1 + 1 +...+ 1 okaxkercst 6ouibine yncsaa 2009.
2 3 4 n

10 knacc

1. Pemure cucremy ypaBHeHUit
Xi+Xy+x3=1, x9+x3+x,=2, x34+x,+x5=3,
Xp+xs+x =4, X5+x+x,=3.
2. CKOJIbKHME HyJIsMI oKanunBaetcs umncio 9200 412

3. Buytpu kBagpara ABCD pacnogioxen kBajpatr A’B’C’'D’ .

[lokaskute, 4to cepeaunbl orpeskos AA”, BB’, CC’ u DD’
TaKsKe SBJISIOTCS BEPIIMHAMU KBajpaTa.

4. Jloxkakure, 4To JJIs1 JIOOBIX II0JIOKUTEIbHBIX YKce] d, b,
¢ CIpaBe/IMBO HEPABEHCTBO

13/abc < LZH—C
hS 3 .

5. VI3 mpom3BOJIbHOW TOYKM HA OKPYKHOCTH, OIMCAHHON
OKOJIO TPEYIOJIbHUKA, OILyCTUJIN IepHeHJUKYJISIPbI Ha CTOPO-
HBI TPEYTOJbHUKA WM Ha MX NPOJOJoKeHus. [lokaxkuTe, 4TO
OCHOBAHHSA BCEX TPEX IMEPIEeHANKYIAPOB JexKaT Ha OHOI Mps-
MOIi.

6. CeMb MHOTOYTOJIBHUKOB ILIOMIA/BIO 1 PACIIOIOXKeHbl BHYT-
pu kpyra pajauyca 1. Jlokaxure, 4To 1o Kpaitueil Mepe aBa 13
3THX MHOTOYTOJBHUKOB HMEIOT OOIIYIO YacTb, IMJIOMAAb KOTO-

. 1
pou HE MeHbIIe YeM — .

71 knacc

1. BHyTpu npsIMOyroJIbHOTO TPEYTOJbHUKA ¢ KaTeTaMu 3 U 4
PACIIOJIOXKEHDI /IB€ OJMHAKOBBIE OKPY’KHOCTH TaK, 4TO IIE€PBast
Kacaercsl TUIOTEHY3bl M MEHbBIIEro KaTeTa, BTOpas Kacaercs
THIIOTEHY3bI, GOJIBIIETO KaTeTa 1 epBoii okpyskHocTu. Haiimure
pPanyCc OKPY>KHOCTEI.

2. Pemute ypaBHeHUE

Je+3-—4dr—1+Jr+8-6Jxr—1=1.

3. Ilap xacaercsi Bcex pebep KyOa. Ormpezenurte 00beM
YacTH IIapa, 3aKJIOYEeHHOW BHYTpU Kyba, ecium ero pe6po
PAaBHO d.
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NHOPOPMANIUA

4. JloxaxxuTe HEPABEHCTBO

\/(a1 +b1)2 +(a, +192)2 + (ag +b3)2 <

< \/af+a§+a§ +\/b12+b22+b§,

rae @; u b; (i =1, 2, 3) — HPOM3BOJIbHbBIE [EHCTBUTENIBHbIE
yucJsa.

3. B mpsmoyromsrnom mapamtenenunene ABCDA’B’C’D’
anaroHasb AC’ THepleHAuKYyJISIPHA IIJIOCKOCTH, MPOXOSIeit
yepe3 Touku A, B’ u D. Jlokaxure, 4TO Napasesenuies
SABJIsIETCS Ky6OM.

6. [lokaxkure, 4To /s JTIO6OTO HATYPAJbHOTO 7 HaleTcst
HaTypaJbHOE YUCJIO, 3AIMCAHHOE TOJIHKO HYJISIMU U €JINHUIIAMI
U Jleisdineecs Ha .

@uznyeckoe orgesieHue
9 knacc

1. B kopo6GKy ¢ KBajpaTHbIM JHOM paszmepoM 10x10 cm
HAJAIA CAHTHMETPOBBIN CJI0M BOzibI. CKOJIBKO KeJe3HbIX KyOu-
KOB € pe6poM 3 €M HY3KHO HOCTaBUTb HA [[HO KOPOOKHU, 4TOOBI
OHH TMOJHOCTBIO TIOKPBLIMCH BOJIO#?

2. B 3anosHeHHOI BOJIOI KacTpIose IIMJIMHAPIYECKOi (POPMBI
ILTaBaeT TOHKOCTeHHblii crakan (puc.1). Korga B crakan Hamuim

‘l'g + h,

\ y, \ Y,
Puc. 1

CJI0#1 JKUJIKOCTH BBICOTOM /2, YPOBEHD BOJIbI B KACTPIOJIE IOBBICHI-
csi Ha hy. Yemy paBHa IJIOTHOCTH P HAJUTOH B CTaKaH
xuarocti? Cedenne KacTpion .S , cedenne cTakana S, TJI0T-
HOCTb BOJIBI Py -
3. V13 1poBOJIOKM WM3rOTOBUJIM IPABUJIbHBII TPEYTrOJbHUK
ABC (puc.2). Conporu/ieHue Mex-
A JIy JIBYyMSI €r0O BEPIIUHAMU, HATIPUMED
A u B, paBHo R. UeMy paBHO coIpo-
TUBJICHUE MEX/y CepeMHaMU JBYX
CTOPOH TPEYTOJIbHUKA, Harnpumep D
n E? A Mex/ly BepUIMHON U cepe/iy-
HOU TPOTUBOIOJIOKHON CTOPOHBI,
narpumep A u F?
I3 B 4. V13 MOpO3MJIbHOIT KaMepbl X0JI0-
JquabHuKa foctann my =100 iapga
u OPOCUJI €r0 B KAJOPUMETP C BO-
noit. Temmeparypa Bogbl yMenbimiach or t =80 °C 1o
t, =60 °C. Korma 6pocimm eme 100 T 612, TeMmepaTypa BOJIbI
yMeHbImaach ot £, = 60 °C 1o t3 = 42 °C. CKOIbKO BOBI 6BITO
IIepPBOHAYAJIbHO B KasiopuMerpe? TeroeMKoCTbIo KaJopuMeTpa
npene6peyb.

C

Puc. 2

10 knacc

1. Pemnre 3amauy 2 s 9 kiacca.

2. /IBa 3aiiiia HaXoAATCS PsioM. BHauase crapryeT nepBblil
3as1] ¢ ycKopeHHeM «. Uepe3 IIPOMEXXYTOK BpeMeHU T IIOcJie
3TOTO CTAPTyeT BTOPOIl 3asdl], HO ¢ yckopenueM 2a. Ha xakom
PaCCTOSHHUN § OT MecTa cTapTa BTOPOIl 3a1[ JOTOHHUT IIEPBOTO?

3. UesoBek, HAXOJNIMIICS HA BEpIINHE BBIINIKH, OTITYCTHJI
kaMeHb. Korza TOT IpoJieTen IIOJIOBUHY IIyTH, BCJel eMy
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6pocuau BTOpPOii KaMeHb co cko- Ll
POCTBIO ¥y , HAIIPABJIEHHON BHU3.
O6a xaMHs ynaau Ha 3eMJIO OJI-
HoBpeMenHo. Ompe/iesnTe BBICO-
Ty BblIKH. CONpoTUBIEHIEM BO3-
JyXa 1peHeOpeyb.

4. /IBa He6OJIBIINX TeJIa PACIIO-
JIOXKUJIM CHMMETPUYHO Ha Kparo
IJIaJIKOI 1101y chepryecKoit JTyH-
K ¥ OJIHOBPEMEHHO OTILYCTU/IN
(puc.3). Tocae yupyroro B3aum-
HOTO y/japa O/THO U3 TeJI BBLIETAeT
13 JIyHKU U HOJAHUMAETCS] Ha BbI-
cory, B 3 pasa IIPEeBbILIAIONIYIO
paguyc mynkun. Bo ckoibko pas
Macca 3TOTO Tesla M MEHbIINe
Macchl BTOPOTO TeJjia 1y ? Puc. 3

5. Ha 6pycke maccoil m naxo-

JITCS TEJO TaKoil ke

Maccol 7, CBSA3aHHOE C ‘l, g
OpYCKOM CXKaToll Ha X k

TIPY KIHOM JKECTKOCTBIO R Jm—l—l
(puc.4). Hurp, yaepxu- |
BAIOILYIO MPY>KIHY B C3Ka-

TOM COCTOSTHWH, TIEPEKA-  p, - 4

raior. Onpenennure Mak-

cHMaJsbHOE TepeMelieHre 6pycka, ecn Koah(UINEHT TPeHIS
Mex/y TesoM u 6pyckoM M . Tpermem Meskay 6pyCKOM U HOTIOM
npere6peyb.

17 kacc

1. Pemmre 3amauy 2 pas 10 kiacca.

2. Pemmre 3agauy 4 s 10 kiacca.

3. Paccrosnue Mexay MHOM W IOPIIHEM, TEPEKPBIBAIOIIIM
IpoOUpKy, yBesqmuuBaercss B N pas, ecyu IPoOUPKY ITlepeBep-
uyth (puc.5). Macca nopuasa m ero cedenne S. Onpegenure
BHeIITHee /laB/eHre ra3a. Temreparypa raza ne MeHseTcs, TPEHH-
€M TOPIIHS O CTEeHKH IPOo-
O6upKHN TIpeHe6peyb.

q,m

A AN
Puc. 5 Puc. 6

4. /IBe OYCHHKY, MAaccOil m 1 3apsiioM ¢ Kak/asl, HAaHN3aHbI
Ha TOHKOE TJIa/IKoe KoJblo Maccoii M u paauycom R (puc.6).
Buauasie 6yCHHKY yAeP>KUBAIOT Ha PaccTosHuu L APy OT Apyra.
Kakyto MaxkcHManbHYIO CKOPOCTb TPHOOPETET KOJBIIO, eC/IH
OycuHKN OTITYyCTUTH? TpeHneM u cHJION TsDKeCTH MpeHeGpeyb.

19

3. Konzencarop emkocrsio C,
UMEIONHI BHAYAJIe PA3HOCTD T10- Ky
TEHIMAaJI0B Ha o6KIaKkax U, pas-
psiPKaeTcsi uepes J[Ba pe3nucTopa
conpotuBienusyMu Ry u Ry, ko- = R1 I
TOPbIE COEIMHEHBI TTAPAJIETbHO
(puc.7). Kakoe KOJIMYECTBO Terl-
JIOTBI BBIJIEJTUTCSI HA CONPOTUB- Py 7
nennn R, B mporecce paspsiz-
ku? Ilosmyuure ymcaennpiii orBer a1 C = 1000 mx®D, U =
=100 B, R,/R, =2.
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3AOAYN
(cm. <Keanm» No2)

1. Pef)’y]IbTaTbI Mardyeil IMOKa3aHbl B TaOJIHUIE:

A | B | C | D |Ouxu|Mecm
A 133 7 1
Bl 1 1 1 3 11
Clof1 1 2 |III-1V
DO 1] 1 2 |[III-1V

Komanja, 3aHABIIAs «4HCTOE» BTOPOE MECTO, MOIJa 3apaboTaTb
3 ouka aByMst criocoGamu: 1) BbIUIPaTh OAMH MAT4; 2) TPH MaTya
CpIrpaTh BHUYBIO. IlepBblil ciryuyail HEBO3MOKEH, HMOCKOJIBKY TOTAA
y JABYX KOMaHJ|, KOTOPbIM OHA IIPOUTPAJIA, TOXKE eCTb KaK MHUHU-
MyM TpH OuKa. Bo BTOpOM cilyyae KOMaH/bI, 3aHSBIINE TPETbe U
YeTBepTOe MecTa, He MMeoT mobe/| 1 He MOTJIN Ha6path GoJee
JIByX OYKOB. 3HAUUT, MKy 000l OHHU CHIIPAJN BHUYDIO, a IIO-
6e/NTeI0 TPYIIIbl TPOUTPAJIH.

2. Ilyctb menHok mpobeskana x MeTpoB HaBcTpeuy Jlene n y met-
poB HaBcTpeuy Kare. Torma Bcero oH mpo6exan x + y METpoB 1
B pe3yJbTaTe CMECTUJICS HA § — X METPOB II0 HAIIPABJIECHUIO K
Kare. Ham ussecrno, uro x + y = 85 n y — x = 13. CxuaabiBas
ypaBHeHus, nojydaeM 2y = 98, 1.e. y = 49, a 3Hauut, x = 36.

3. Hama mpsaMoyrosbHas KISKca MPEBPATHTCS 32 4 MUHYTHI B
urypy, uso6paxennyio na pucyuke 1,a. ([l mocrpoenns KoH-
Typa aToil (PUrypbl HA/I0 M3 KaXK/I0H TOUKM KOHTYPA HAYaJIbHOM

a) 6) 6)

Puc. 1

<IIPSIMOYTOJIBHOI KJIAKCBI» IPOBECTH OKPYKHOCTb PaJUycoM 4
KJIETKH, KaK 9TO MOKa3aHo Ha pucynke 1,6.) Mpicienno paspe-
3aB ATy (pUrypy Ha IpsIMOYTOJIHUKH U Y€TBEPTHHKU Kpyra
(puc.1,6), mosyuaeM OTBET: MCKOMasi TLIOMAIb PaBHA
6-10+2-6-4+2-10-4+ 14> =188 + 16 TI.
4. Pasbepemcs cHavasa co CJIydaeM S CJOHHKOB. 3aHyMepyeM
ux Maccel o Bogpacranmio: C;, C,, C3, C,, Cs. Torma xour-
posepy jpocratoyHo y6eantnbest, uto C; +C; =Cy +Cy,
C+C5=C,+C; u Cy+C5=Cy+C;. ITH paBeHCTBA PaBHO-
cuabHbl pasedctBam C, - C3 =C, -C;, C,-Cy=C5-C, u
Cs —C; = C3—C, COOTBETCTBEHHO, T.€. TOMY, YTO Pa3HOCTH Macc
COCEJJHUX CJIOHUKOB DaBHbI.
Ecan cionnkos Bcero 4, TO KOHTPOJIEp He CMOKET IIPOBEPUTD,
OTBEYAIOT JIM CJIOHMKH CTAHJAPTY, IOTOMY 4TO, HAIpuMep, Ha6o-
pot macc 10, 11, 12, 13 u 10, 11, 13, 14 gagyT npu JTOOBIX B3Be-
IIUBAHUSAX OAMHAKOBBIT pesyabrar (y6emurech B sTOM!).
5. K BOCBMUYTOJIBHUKY HPUMBIKAIOT 8 MPSIMOYTOJIBHBIX TPEYTOJib-
HUKOB C O/IMHAKOBBIMU THIIOTeHy3aMH. B J06bIX ABYX coceHUX
TPEYTOJBHIKAX €CTh MO OJNHAKOBOMY YT.Iy (paBHbI Kak BepTH-
KasbHbIE), a 3HAYUT BCE TPEYTrOJIbHUKH paBHbl (110 MpU3HAKy pa-
BEHCTBA MPAMOYTOJIBHBIX TPEYTOIbHUKOB). OTMETUB paBHBIE CTO-
POHDBL 3TUX TPEYTOJbHUKOB, BUAUM, 4To P 1 Q — paBHble KBajpa-
Tol. IlpeanosoxuM, 4yTo UX 1EHTPDI He coBnajaioT. CABUHEM Ia-
paslJIeIbHO OJIMH KBaJpatT Tak, YTOOBI €T0 IIEHTP COBMECTHJICS C
LEHTPOM BTOPOro KBajpata. [Ipm sTOM y Hallero BOCbMHYIrOJIbHU-
Ka B HEKOTOPOH Iape IIPOTHBOIOIOXKHDBIX CTOPOH OJHA YBEJIUYUT-
cd, a Jpyrag — yMEHbIIHUTCS, T.€. IPOTUBOIOJIOMXKHDIE CTOPOHbI
cTaHyT pasubiMi. C pyroif CTOPOHBI, U3 COOOPasKeHUI CHMMeT-
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pUM B HOBOM BOCBMUYTOJIbHUKE IIPOTUBOIOJIOKHBIE CTOPOHBI OY-
AyT oguHakoBbiMu. [losydennoe mporuBopedne IIOKas3blBaeT, YTO
LIEHTPbI KBA/[PaTOB COBIIA/IAIOT.

KOHKYPC « MATEMATNKA 6—8»

(cm. «Ksanm» No6 3a 2008 e.)

11. B tpeyrompuukax BA'C’ u AB’C’ paBHBI yIJIbl IIpU BepIlu-
Hax A’ u B’ (mo ycaosuio) u npu sepumnax A u B (o6a pas-
uer 60°), a snaunr, pasupl yralt AC’B” u BC’A’ . Tpoaaum or-
pe3ok B’C’ 3a Touky C’ U PacCMOTPHUM YTOJI, BEPTUKAJIbHDII
yriay AC’B’ . Tlo nokasantomy, oH pasen yriay BC’A’, otkynma
C’B — Guccekrpuca BHelHero yria npu Bepuinne C’ TpeyroJib-
Huka B’C’A’, ciepoBarebHO, TOYKa B paBHOyJAJeHA OT MpS-
Mpix C’A” m C’B’. AHAJOTMYHO JI0KAa3bIBaeM, 4TO TOUKa B pas-
noynasena ot npsmbix C’A” u A’B’ . Ho torma touka B paBHO-
ynajena ot npsimbix C’'B” u A’B’, otkyna B JiexuT Ha OHCCEKT-
puce yria A’B’C’, 4to u Tpe6OBAJIOCHh /JOKA3aTb.

12. VYMenbimaemoe umeer sug 9™, tae m jgennrcs na 3, T.e. m =
=3k, rie k — HarypasibHoe. Borunraemoe umeer Bug 8", rie n —
HarypaJsbHoe. Bocrnosib3dyemcest TakuM (hakToM: 1pu JiesieHun Ha 7
TIPON3Be/IeHNEe HECKOJbKUX UMCENT JAaeT Takoil sKe OCTAaToOK, Kak W
MPOM3BE/ICHNE NX OCTaTKOB. 3uaunt, 9" maer mpm mesnenuu Ha 7
Takoil »xe ocratok, kak u 2™, a 2" = 23k _ gk JlaeT 1pu jedie-
HUM Ha 7 TaKOM K€ OCTATOK, KaK I 1k , T.e. 1. Ocrarok 1 npu ne-
sennu Ha 7 gaer u wueao 8" . 3uauwr, pasnocts 9" — 8" naer
npu Jesenun Ha 7 ocrarok 0, 4to U TpeGOBAIOCH /IOKA3ATD.

13. HaiizeM KOJIMYeCTBO BCEBO3MOXKHBIX HAIIPABJIEHUII, KOTOPbIE
MoryT GbiTh y pebep Hameil oMaHoil (cunraem, uTo Hmapasiesb-
Hble OTPE3KH OJIMHAKOBO HampasJjenbl). Kasxkmoe pe6po moxker
ObITb NGO BEPTUKAJIBHBIM, JTUOO TOPHU3OHTAIBHBIM, JHOO SIBJSTD-
Csl IMArOHAJIbIO HPSIMOYTOJIbHUKA @ X b, Tie @ u b — 1eJible 4nc-
jga ot 1 10 6. Beero Takux mpsMoOyrosibHHKOB 6 -6 = 36 . 3ame-
THM, YTO €CJI CTOPOHBI ABYX IIPSMOYTOJIbHIKOB IPOIOPLIUOHATD-
HBI, TO UX JIMArOHAJIM JIAI0T O/INHAKOBbIE HAIIPABJIEHUS. 3HAUNT,
u3 npsimoyrosipinkos 1x1, 2x2, 3x3, 4x4, 5x5, 6x6
Ha/[0 Yy4ecTb TOIbKO OJUH. TOYHO Tak ke TOJBKO OIUH MPSIMO-
YTOJBHUK HAJ0 y4YeCTb U3 CJAEAYIOMNX HAOOPOB MPSIMOYTOJIbHH-
koB: 1x2, 2x4 u 3X6; 2x1, 4x2 u 6x3; 1x3 u 2x6;
3x1 uw6x2; 2x3 uw 4x6; 3x2 u 6x4.

Ocratorcs1 36 —5—-2—-2—-1-1-1— 1= 23 npsAMOyroJbHIKA,
X auaroHamn gaot 23 -2 = 46 wamnpasienuii. /[06aBisis BepTH-
KaJIbHOE ¥ FOPU30HTAJbHOE HAIPABJIEHUS, MOJydaeM Bcero 48
BO3MOKHBIX Hampasyennil. Ho peGep y Hareil somanoit 49. 3ua-
4quT, 06s3aTeIbHO KaKue-To ABa pe6pa MMEIOT OIMHAKOBbIE Ha-
[IpaBJICHU, T.€. NapaJJlesIbHbI.

14. a). Moxno. CrpammnsaeM y 1mepBoro Komibiorepa: «Tbl b
OTBETHJI «[Ia», ecJ Obl y Te6sI CIIPOCUJIM, SIBJISETCS JIN BTOPOil
KOMIbBIOTEP POCCHICKIM?» 3aMeTHM, YTO M aMepPHKAHCKUIl U K-
TalCKUil KOMITBIOTEPBI 062 OTBETSIT HA ATOT BOIIPOC «/[A», €CJIN
BTOPOI KOMITBIOTED POCCHUIICKUIA, U 002 OTBETST <HET», €CJH BTO-
poii kommbloTep He poccuiickuii. I[loatomy, ecsm Mbl ycabImuM
OTBeT «Ja», TO JNO0 TIePBbIif KOMIbIOTep poccuiickuii, mmbo BTO-
pOI KOMIIbIOTEP POCCUHCKUIl. 3HAUUT, TPETUil KOMIbIOTEp He
poccuiickuii. EcJiit ske MbI yCJBIIIMM OTBET «HET», TO JubO mep-
BbIil KOMIIBIOTEDP POCCHIICKUI, TGO BTOPOIl KOMIIBIOTEDP HE POC-
cuiickuii. B kaskoM U3 ciydaeB Mbl MOJKEM BBIOpATh He poccuiic-
KUl KOMIIBIOTEP.

6) Henbsa. J[okaxeM OT TPOTUBHOTO. [TycThb MbI IIpHyMaIi
BOIPOC U BBIGpaiN Kommbiotep (ckaxkeM, mepsbiii). OH MOKeT
OKas3aTbCs KUTAICKNM, MOSTOMY B CJIydae IO KpaifHeil Mepe OfHO-
IO M3 BO3MOJKHBIX OTBETOB MbI JOJUKHBI BHIOpaTh Apyroi (T.e.
BTOPOU mun TpeTii) Kommbiorep. OMHAKO €U ONpalinBaeMblii
KOMIIBIOTEP — POCCHICKMII, OH MOXKET JIaTh UMEHHO 3TOT OTBET
BHE 3aBHCHMOCTH OT TOTO, KaKOil U3 /IBYX /PYTHX KOMIIbIOTEPOB
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KHUTAICKMIi, a KaKO — aMepPHKAHCKHUN. 3HAYUT, Mbl HE CMOXKEM
rapaHTHPOBAHHO BBIOpATh He KuTaiickuii Komibiotep. [IpoTuBope-
uie.

15. Ha pucynke 2 mokasan croco0, pi KOTOPOM B KOPOOKY MO-
memaercst 41 Gatapeiika (B HusKHEM psiy — 5 Gatapeek, B CJIe/y-
omeM — 4, B cleAyiomeM — 5 U Tak janee, scero 9 psjaos). llen-
TPBI KPYTOB HA PUCYHKE PACIIOJOKEHBI B BEPIINHAX TPEYTOJIbHOIM
pemerku. Ilpumem pasm-
yc kpyra 3a 1. Torzma
JUIMHHASI CTOPOHA Halei
kopoGku paBHa 16. Pac-
CTOSTHHIE MEXKIy TPSIMOI,
HA KOTOPOU JIe)KaT 11eHT-
pbI KPYTOB MIEPBOTO
psiia, ¥ MpsIMOii, Ha KO-
TOPOIl JIeKaT MEHTPbI
KPYTOB BTOPOTO PS/a,
puc. 3 PaBHO BBICOTE PABHOCTO-

POHHEr0 TPEYTOJIbHUKA CO CTOPOHOI 2, T.e. pasno 3 (puc.3).
Ioatomy mist pasmernenust 41 6atapeilku JOCTATOYHO, YTOOBI

JUTMHHAsI CTOPOHA KOPOGKM Gblia He Kopoue 8+/3 + 2. Ho
16 > 843 + 2 (mockombky 196 =142 > 64-3 = 192).

KANENQOCKOMN «<KBAHTA»

BOI'IpOCbI n 3agayiuv

1. CyskeHHe TIOTOKA BO3/YIIHBIX MAcC BCEr/la TIPUBO/JUT K BO3pa-
CTaHUIO €r0 CKOPOCTH.
2. SIBienne oODBSICHSETCS PA3HOCTBHIO JABJEHHIT B MMOTOKE BO3/IyXa
B Y3KOIl U MIUPOKOW YacTsIX FOPU3OHTAJIBHOI TPYOKH.
3. OTHocuTebHAS CKOPOCTDH BOJBI MEXIY KopabJsiMu OyeT
60JTbIIIe, YeM CHApPY:KH; JaBJIeHNE BOJAbI Ha KOPAOJIN U3HYTPH
OKa3bIBAETCS HIDKE, YeM M3BHE, U Meperaj AaBJIeHuil co3aaer
. CHITY, TOJIKAIOIIYIO KOpas-
L : JIN JIPYT K JIPYTY.
! 4. Tlorok, o6Grexaronuii
map, CHMMETPUYEH OTHO-
curesipHo Juarnn OO’ un

© ) © mnockoctn LL" (puc.4).
A Ha mo6yio mapy Touek
! mapa, CUMMETPUYHBIX OT-
L' HOCHTEJILHO €ro HeHTpa,
Puc. 4

Haripumep A u A’ , 6ynyt
OKa3bIBATbCSI PABHBIE JIABJIEHNUS, MOCKOJIBKY CKOPOCTH KHIKOCTH
B 3THX TOYKAX OJMHAKOBBI. TeM caMbIM, yPaBHOBEIINBAIOTCS BCe
CHJIBL JIaBJIEHUsI, JIeHCTBYION[E HA IIAP CO CTOPOHBI JKUJIKOCTH.
5. ITorok Terta, mepefaBaeMoro CTEPIKHIO OT IJIAMEHH, MPOIOp-
I[FIOHAJIEH TIJIONA/ ero GOKOBOI MOBEPXHOCTH, T.€. PAJIIyCy
crepxHs. TemmooTBos ke BIOJb CTEPKHS MPOHOPIIHOHAIEH TIJIO-
a/I1 ero IOIEepevYHOro cevyeHus, T.e. KBaapary pajauyca. Iloaro-
My TeIJIOBOE paBHOBECHE TOJICTOTO CTEP>KHS HACTYIAeT NPH 3Ha-
YHUTEJbHO MEHbIIEH TeMIlepaType 1Mo CPAaBHEHHIO C TOHKOM IIPOBO-
JIOKOM.

6. Korza temmeparypa BOJbI B MaJEHbKOI 1 GOJBIIOI KacTpio-
nsix gocturaer 100 °C, MOTOK Telia B MAJIyio KaCTPIOMIO MPeKpa-
THTCS: 3HAUNT, BoJa B Heil He 3axkumut. Ecim Bogy B 6OJBIION
KacTpioJie MpeBapUTEeNbHO MPOKUIIATATD, TO U3 BOABI OyIeT n3-
THAH BO3JyX M TeMIlepaTypa ee KHUIIeHUs Terepb Oy/eT BbIIIE,
4yeM y CBIPOil BO/bI. B aTOM ciryuae BO3MOXKEH MOTOK TeIlJa B Ma-
JIEHbKYIO KACTPIOJIO W BO3MOXKHO 3aKWIIaHUe BOJbBI B Hell.

7. Tlorepu TerIa TEPMOCOM IPOUCXO/AT B OCHOBHOM 4epes GOKO-
Bble cTeHKU. DOKOBast OBEPXHOCTb y HMUJINHPUUECKOTO TEPMOCA
MeHbIIle, YeM Y KBaJPAaTHOTO. 3HAYMT, TEPBbIil TEPMOC BBITO/IHEE.
8. [lymTKa pacXojyeT sHEPrHio Ha HarpeBaHWe BOJbI I OKPY>KAIO-
meii cpepl. IoTok Temma oT cTeHOK cocyga Hapy»Ky 3aBHCHT OT
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PA3HOCTH TeMIIepaTyp BOABI U Bo3ayxa. IlockosbKy 3TOT IOTOK
6osbiiie Tipu HarpeBanuu Bojbl 0T 80 10 90 °C, To BpeMeHH /11
HarpeBaHUs IPHU 3TOM TOTpeGyeTcst GOJIbIIIe.

9. B atoM MecTe HanGoJIbINAS IIIOTHOCTD TOKA.

10. VHIYKIMOHHDIN TOK BOSHHKAeT IIPU M3MEHEHUH MArHUTHOTO
MOTOKA, IPOHU3BIBAIOIIEr0 PaMKy, T.e. B caydasx 6), B) u ).
11. Yyactox aucka MexIy Toukamu D 1 A HelpepbIBHO Iepece-
KaeT JIMHUM MarHUTHON WHIYKINN, MO3TOMY B HEM BO30Y:K/IaeTcs
O/1C MHAYKIMKU U, 3HAYUT, 110 I€NU Te4yeT TOK. MarHuTHbIil 110-
TOK, TponusbiBaionmii Koutyp ABCDA, menstocs He Oyer.

12. B o6oux ciydasx o KaTyIIKe TPOXOAUT OJWH U TOT Ke 3a-
PSIZT, TaK KaK OJMHAKOBO M3MEHSETCsS MOTOK MAarHUTHON WHIYK-
K. A BOT Teluia BbLAeINTCSE GOJIbIIE B [IEPBOM CJIydae, TaKk Kak
OJ1C unaykuuu 1pu atom Oyzaer 6oJiblie.

13. MarHuTHbIl OTOK CBEPXMPOBOJHMKA coxpansercs. Ilo-
CKOJIBKY 001Iast MJI0Ma b KOHTYPa YMEHbBIINIACh B /[Ba pasa, MH-
JIYKIHST MAaTHUTHOTO TI0JISI BO CTOJIBKO K€ Pa3 YBEIMYMJIACD.

14. VIHTeHCUBHOCTD, WU IJIOTHOCTb IIOTOKA SHEPTHH, IPSIMO
IIPOTIOPIIMOHAIbHA YacTOTe KOJeGaHMil B YeTBepTOil cTeneHu n 06-
paTHO TIPONOPIFOHATbHA KBA/IPATy PACCTOSHUA OT MCTOUHMKA.
CJ1e10BaTeIbHO, YACTOTY HaJ0 YBEIHUYNTD B ~/2 pas.

15. TIJIOTHOCTD TIOTOKA HHEPTHU TOYEYHOTO M3JIydaTelis YMEHbIIa-
€TCsI TIPONOPIIMOHAJIBHO KBAJPATY PACCTOSHUSA OT MCTOYHUKA.
OODEKT JIOKaUU Takke MOXKHO PAcCMaTPUBATh KAK TOYEUHDIN
NCTOYHHK, HO OTPaXEHHOTO curHazma. Ecim yBenmuenne gaibHO-
CTH PAInOCBSA3U B 1 = 2 pa3a TpebyeT yBeJHIEHNsT MOIIHOCTH Iie-
pesaTunka B n° = 4 pasa, TO IPH PagHOJOKAINN TOTPeGyeTcs
yBeJIMYeHne MOUIHOCTH B (Zn)2 =16 pas.

16. 113-3a unTepdepeHIn BOJH IPOUCXOANT TIepepacipe/iesieHne
9HEPIuM, YTO MOKET IIPUBECTU K YMEHBIICHUIO HHTCHCHBHOCTH
U3JIy4eHUs] B OJHUX TOYKAX M YBEJUUYEHUIO B JIPYTHX.

17. CBetoBoil MOTOK Ha BBIXO/Ie M3 OKYJISIPA TEJECKOIa ropas/io
YsKe MIHPOKOTo MOTOKA, TAIAIoNiero Ha 0ObeKTUB; 3TO U IMPH-
BOJUT K POCTY MHTEHCHB- 4 - >
HOCTH BOCIIPUHIMAEMOTrO R

cBera. 7
18. Cm. puc.5. Llentpor

BCex TPHOOPOB CJIe/IyeT E s
pasMecTuThb Ha OJ/IHOI 7

IIPSIMOI, TIPUYEM PaccTos- ? R
HHe OT 3epKaJa /[0 JHH3BI
JIOJDKHO OBITH PABHO pa-
JUIyCy 3epKajia, a JiaMIla JI0JKHA HaXOAUTHCSI B (POKYyCe JIMH3BI.

S, S
7 rd

Puc. 5

MukpoonbIT

Boma GbicTpee oxJTauTcesi B CTaKaHe.

NOTOK MATHUTHOW MHAYKLUUN

1. Cymmapubiii MoMenT ci1 Amiepa pasen M = 21R? pB,v .

2
2. FA:M=5,9-1O’GH.
21
2L, (I - I 2L (I - I
3. A = 2 (1 2),Ai2: (4 z).
L+L L +1L,

XVIIMEXXAYHAPOOHAS OTMMNNALA
«MHTENNEKTYAJIbHbI MAPA®OH»

McbMeHHbIN NHANBUAYANbHBLIA TP
Maremarmnka

1. Moxwno. ITockombky 2009 = 41- 49, nonpobGyeM mpeCcTaBUTDH
YHCJIO B TAKOM BHUJC:
1 1 1 1
—_— = — —
2009 x  4lx 49x
W3 sroro ypasuenusa nosyuyaem x = 2099.
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3ameuanue. Haiijiennoe npejcraBienue He e[MHCTBEHHO BO3MOXK-
noe. Hampumep, MOKHO UCKATh OTBET KaK pellleHre yPaBHEHUS
1 1 1 1

—_— =t —t—

2009 y 49y T7-41y
oTKyza noaydnMm y = 2057.
2. a) Bepno; 6) me Bcera.
a) Bosbmioii mpsAMOyrobHUK PasGUT MPOBEJEHHBIME TIPSIMBIMU
Ha O/IITHAKOBOE KOJIMYECTBO BEPTUKAJIBHBIX M TOPH30HTAJIBHBIX
1I0JIOC, B KaK/JON M3 KOTOPBIX NMEETCS OJMHAKOBOE KOJIMYECTBO
MEHbBIINX MPSAMOYTOJILHUKOB. Boibepem B mepsoit (s1eBoii) BepTu-
KaJIbHOHN T0JI0Ce CaMblil HMXKHUI MEHBIINN MPSIMOYTOJIbHUK, BO
BTOPOi — BTOPO# CHU3Y U T.1., B mocaeaneii (mpasoii) BepTu-
KaJbHOH 10JI0Ce — caMblil BEPXHUN MEHbIIHIl NPSAMOYTOJIbHUK.
CyMMa IIepuMeTpPOB BBLIOPAHHBIX MEHDBIINX IPSIMOYTOJBLHUKOB, C
OJTHOII CTOPOHBI, IEJIOYNCJIEHHa, a C IPYTroil — paBHA MEPUMETPY
6OJTBIIIOTO TIPSMOYTOJbHUKA.
6) IlycTb MpAMOYTOJBHUK COCTABJICH M3 MIECTH KBAJPATOB C JJH-

HOM CTOPOHDI Z (Ha OTHOI CTOPOHE IPAMOYIOJbHUKA yMeEIaeT-

cst 2 KBazipaTa, a Ha Apyroi — tpu). OUEBHIHO, NEPUMETPDI
S5
KBa/IPATOB PaBHBI 1, a TepUMeTp MPSMOYTOJbHUKA PAaBEH 5"

1
3. (5, —1|. BosBenem o6e yactu TaHHOTO ypaBHEHUSI B KBApatT

n 1peo6pasyeM pe3yJibTaT. Y paBHeHHE IIPHMeT BUJ

(2x—1)2+(y+1)2+2 y+24x’ +y=0.

CyMMa HEeOTPHIATEJbHBIX CJAraeMbIX paBHA HYJIO TOJBKO TOT/A,
KOT/Ia Kak/[0e U3 HUX PAaBHO HYJIO, T.e.
y+2=0

20 -1=0,y+1=0, )
4x"+y =0.
PemmB moJsy4eHHYIO CHCTEMY, TOJIY4NM OTBET.
4. 90°. Ilyctp D — cepeuma OTpeska C,B . Torpa orpesox MD
napaJuiesied cropoie BC, u 1moaromy Bbicota AH MCXOIHOTO Tpe-
YTOJBHUKA — OJHOBPEMEHHO M BbICOTa TpeyroibHuKa AMD, a
3HaynT, H — OPTOIEHTP U 3TOrO TpeyrouabHuKa. C Ipyroii cTopo-
HbI, U3 YCJIOBHA caejayer, yrto H — cepepuna orpeska MC,, no-
atoMmy Bbicota DH tpeyronbuuka AMD napasienbHa OTPe3Ky
BM. Utak, UCKOMBIN yroJ — HIpsSIMOM.
5. 8. IlojcTaBuM B JaHHOE HEPABEHCTBO ‘f (x)‘ <1 3HavyeHmd Xx,

1
pasubie 1, 0, 5 [Tomyunres cucreMa orpaHmdeHmii Ha K03 u-

IIUEHTDBI ITAaHHOI'O Tpex4dJjieHa:

—1<a+b+c<y, -1
-1<c <, & -3<-3¢<3, =
4

_1S%+%+CS1

[pumep Tpexunena f(x) = 8x% —8x + 1, YAOBJIETBOPSIONIETO yC-

JIOBHIO ‘f(x)‘ <1 mpu Bcex x € [O; 1] , TIPUBOJIAT K OTBETY.
6. 8 nmpsambix. PaccMoTpuM OjiHY M3 IIECTH <TPOIHBIX» TOYEK IIe-
pecevyeHusT MPSMBIX. JIeTKO BH/IETh, UTO MOXKHO CJIETKA «C/IBH-
HYTb» OJIHY M3 HPSIMBIX TaK, YTOOBI CIBHHYTas TpsMasi U J[BE OC-
TaBIIHECS HO-TIPESKHEMY IIOIIApHO IIePeceKasIch, HO Kax/aas Iapa
— B cBoeil Touke. [Ipu 3TOM 0O6IIlee YKCJIO TOYEK TepeceyeHust
BCcexX NpsIMbIX yBesmuures Ha 2. [Ipogenas ato mpeo6pasoBanue ¢
Kak/I0if 13 6 TPOHHBIX TOYEK, MBI MOJYUYHM CHCTEMY M3 TOTO K
KOJIMYECTBA N MPSIMBIX, TONAPHO Tepecekaiomuxcs B 16 + 12 =
=28 toukax. C Apyroi CTOPOHbI, KOJIMYECTBO TOYEK Iepeceye-
n(n-1)

HUA, KaK JIETKO IIOHATb, PaBHO b

. [Monyuaerca ypasHe-

HHe, KOTOPOE JIErKO PEIuTh.
7. a), 6), B) CyIIECTBYIOT.
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a) Ilpumep: uncna 1, 2, 3. 6) Ilpumep: uncna 6, 7, 8, 9.

B) [Ipearnonokum, 4To Mbl HAIIH CUCTEMY dy,dy,...,d; U3 R du-
ceJI, y/IOBJICTBOPAIONNX YCJIOBHIO 3a[aun: CyMMa JBYX JIOObIX 13
HUX JIeJINTCA Ha UX Pa3HocTb. JlokaskeM, 4TO TOIZa MOKHO HOCT-
pouTb U cucreMy u3 R + 1 4nces, 06/1a/1aI0MLYI0 TAKUM K€ CBOIi-
crBom. Ilycts A =a, - a, -...- @, — npousBejieHue BcexX HalieH-
HBIX pamee unces. B KauecTBe HCKOMOIi CHCTEMbI BO3bMEM YHC/IA
A, A+a,A+ ay, .. A+ a,. VIXx KooudecTBo paBHO k + 1.
PaccMoTpuM cyMMy /IBYX JIIOOBIX M3 HUX, CKakeM X = A + a@; u
y=A+ a;. Toraa, ectn 0603na4nTh yepes A? OTHOLICHUE YICTIA
Ak uncny a,, nonyunM

724 +a; .
Al 2a; +a; +a;

x+y_2A+(li+a]‘

x-y a; —a; a; - a;
A’ ((ai + a]-)— (a,- - a]-))+ (al- +a]-)
a; —a;
Na: +a. ta
:A (a,+a])_A].+a1+a].
a; - a; a; —a;

Jlpobu — 1epBoe U TpeTbe cJjaraeMble MOCJe/Heil CyMMbl — MOXK-
HO COKPATUTh HA 3HAMEHATEJb B CHJIY CBOICTB CHCTEMBI U3 R
BBIODAHHBIX paHee 4nces, TTOITOMY CyMMa X + y AeJnTcs Ha pas-
HOCTb X — y. B cuiIy nmpuHnuna mosHoOH MaTeMaTH4ecKOH MHIYK-
LUK yTBEP K/IeHNe JI0Ka3aHo.

@usnka
1. v=val . 2. Mzi 1+% ~6,5.
m gT

3. p o= 300 xBr.

Mgl?
4. T = IR - 13500 K (3mecb M — MoJsIipHas Macca mapos,
R — yuuBepcasibHas ra3oBasi MOCTOSHHAS).

2

3. azﬁiqzzﬂ,ﬁ m/c? . 6. v~ 840 m/c .

20Ty ml
7. B 4 pasa.

YCTHbIN KOMaHAHbIN Typ

Maremaruka

1. He cymectByior. Ilpejmnonoxum, 4To Takie YncjIa HAILINCD.
YMeHbIIM JIEBYIO 4aCTb /ITaHHOI'O pPaBE€HCTBa, YBEJIMYUB Ka}i{}.lblﬁ
3HaMeHarte/b Ha Hezocraioniee B HeM yucso. ITomyunm

X Y z X Y z
1= + + > + + =1.
y+z z4+x x+y x+y+z z4+x+y x+y+z

IIpoTuBopeune.

2. 30°. O6ozuaunm yron AKM uepes yron 1, a yron ALM — we-
pes yrox 2. Hockonbky BK : KC =AM : MC (=1 : 2), upsimble
KM u AB napaJjuienbhbl, noaromy yroa BAK pasen yriay 1.

N3 pasencrBa tpeyroabHukoB ABK u ALC caenyer, 4To yroJ
LAM pasen yrny BAK u, 3HauuT, TOXKe paBeH yray 1.

Mckomas cymma yraoB 1 u 2 — cyMMa /IByX BHYTPEHHHX YIJIOB
TpeyrosibHuka ALM, ona pasna Buemnemy yray LMC atoro tpe-
YIOJIbHIKA, KOTOPBIl, B CBOIO ouepelb, paser 30° KaK yroJ Mex-
ny 6uccekrpucoit ML mpasuibHOTo Tpeyroapanka MKC u ero
croponoit MC.

3. 44 pasa. B nauaze cyTok uacosasi ¥ MHHYTHAsI CTPEJIKH 4acoOB
coBnaaoT. ITockoIbKy yrioBast CKOPOCTb 4acOBOII CTPEJIKM paB-

1
Ha 1o o6opoTta B yac, a MuHyTHOU — 1 060OpOTY B HYac, B CJeIyio-

J11870%1 pa3 OHHM COBIIAYT 4Y€pPE3 t yacos, rje t YAOBJIETBOPAET ypaB-
HEHUIO

bt e =12
12 11

Mesk/ly TaKUMU COBIAJIEHUSIMU CTpPeJIKN GYyT B3auMHO II€pIIeH-
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JIMKYJISPHDI JIBAK/IbI: MUHYTHASI CTPEJIKA CHayaJga OGrOHUT 4aco-
Byio na 90°, a satem — na 270°. AHajormuHas CHTyalus HOBTO-
PHTCS MEXK/y KaKJBIMU JIBYMSI CJIE/IYIONHMH COBIIAI€HUSIMHU
cTpesiok. Beero 3a cyTknm MHTEPBAJIOB MEXK/Y COBIAACHUSMU

12
cTpesiok 6yner 24 @ T, = 22, a NICKOMBIX TIOJIOKeHUiT — B 2 pasa

1
6obIie.
2abc .
Db tactbe IIyctb ABC — nanublit TpeyroabHuk, P — ero

BHYTPEHHSS TOYKA, 4epe3 KOTOPYIO MPOXOJAAT PaBHbBIC OTPE3KU
DE, FG u LH, cOOTBETCTBEHHO TapaJliebHble cTopoHaM AB =
=c¢, BC=au AC = b. O603HauNM [IJIUHBI PABHBIX OTPE3KOB Ue-
pes x.

JlaHHDIT TPeyroJbHUK Pa3OUBaeTCsl MPOBEEHHBIMI OTPE3KaMi Ha
TPU TPEYTOJIBHNKA U TPU HapaJlaesorpaMMa.

ITockombry DE = DP + PE = AH + GB, AG = AH + HG,

HB =HG + GB, aAH + HG + GB = AB, 10

DE AG HB
DE + AG + HB = 2AB = ——+ + =2

AB  AB  AB
W3 nogo6ust coOTBETCTBYIOMNUX TPEYTOJIbHUKOB HMeEeM
DE _x AG _FG _x HB _HL _«x
AB ¢ AB BC a AB AC b’
HOSTOMy
X x x 2abc
R I N
c a b ab + ac + be

5. Ilpu npaBu/bHON UTrpe B CJydae KBaPATHOU J[OCKH BBIUTPBHI-
BaeT BTOPO UTPOK, a B cJjydyae IPSIMOYTOJbHON — HEPBbIl.
[Tyctp cnauama pocka kBagpaTHas. Torzga BTOpOil NTPOK BBIUTpA-
er, ecyn Gy/ieT Bce BpeMsi TI0C/Ie XO/a TePBOr0 NTPOKA BO3BPa-
aTh JIaJbI0 Ha JUATOHAJIb JOCKU, WAYILYIO U3 HIDKHETO JIeBOTO
yIJla B IPaBblil BEPXHMUIA.

Ecin sxe focka mpsiMoyrosibHasi, curyarmst Mensiercs. IIposesem
«IMaroHaIb» JOCKH M3 TIPABOTO BepxXHeEro yrja. OHa MOXKeT Iie-
peceub Kak HIZKHWN, TaK W JIEBBIA Kpall 1ocku. B so6om ciayuae
HepBbIil JIOJKEH CBOUM IEPBBIM XOJOM HPUIITH Ha 3Ty JAHMaro-
HaJslb, ¥ TOT/Ia OH BBIUTPAET — BeJb OH MOCTABHUT BTOPOTO B IOJIO-
JKeHue, B KOTOPOM GBI OH CaM B CJIydae KBaJPATHOW JOCKH.

6. Hammenbiee sHaueHne Jpo6u paBHO 5

3aMeTnM, 4YTO JJaHHOE ypaBHEHHE MMeET CMBICJ, ecsm o6e mepe-
MeHHbBIE He MeHblIe 1; ¢ ApyToil CTOPOHDBI, CJaraeMble ero JEeBOH
YaCcTH HEOTPUIIATETbHBI U TI0ATOMY KaK/[0€ M3 HUX HE TPEBOCXO-
maT 1, OTKyJa cJefyer, 4To MMeeT MECTO CHCTeMa OTpaHuYeHHH

1<x<2
1<y<2.

Ha koopamuHaTHOI IJIOCKOCTH yKa3aHHAs cUCTeMa 3a/laeT KBajpar
CO CTOPOHAMH, TIApaJlJIeJbHBIMHI OCSIM KOODJWHAT M PaBHbIMU 1,
npuuem ero Bepumubl K(1; 2) m M(2; 1) nesxar wa rpaduke
JaHHoro ypaBHeHus. Otciofa cieayet, 4yTo rpaduk JaHHOTO
ypaBHeHUus — Kpubasd, coepunsomasa Touku K u M u He BbIXO/S-
mast 3a Mpejiesibl YKa3aHHOTO KBajpara.
3aMeTHM TaksKe, 4To st J000i TOYKH P KOOPAMHATHON IJIOCKO-
CTH OTHOILIEHHE ee aGCIUCChl K OpJMHATEe PABHO KOTAHTCHCY YIJIa,
o6pasoBannoro orpeskom OP ¢ ocbio aberuce (O — Hauamo Ko-
opAMHaT).
[l mo6oil TOYKM PaccMaTPUBAEMOTO KBa/lpaTa OTPE30K, COE/H-
HAMUI ee ¢ HavaJa0M KOODAWHAT, 3aKII0OYeH MEeKIy OTpe3KaMn
OM u OK u naxomurcsi Buytpu yria KOM. Tloaromy rHan6oin-
Uil U3 YIJIOB, TOJ{ KOTOPLIMH 3TH OTPE3KH HAKJIOHEHBI K OCH a6-
cice (MMEHHO y TAKOTO YIJTa HAMMEHBINHMI KOTAHTEHC), paBeH
yray, o6pasoBannomy orpeskoM OK ¢ ocbio OX, a ero Koras-

1

T€HC paBCEH 5 .

7. OTH ILIOIA/N OJMHAKOBBI.
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’
Ilycts 7 — paanyc pamHoro cexropa (torza 5~ paauyc noxy-

2
kpyra). Ilaomaap faHHOrO CeKTOpa paBHA —; 1 paBia Iuola-
an noctpoeHHoro nosaykpyra. Ilockosbky paguyc OC et cek-
TOP Ha JIBe PaBHbIE YACTH, TO CKOJBKO TOJTYKPYT OTPE3aeT OT
cextopa AOC, CTOJBKO Ke TOJTyKpyr oTpesaeT oT cektopa COB.
8. MoxHo.

Ilycte my, Xy, My, Xy, M3, X3, ..., Myg, X{g — MACCHI YEPEAYIOIIX-
cst THUpeK W mapukoB. OYeBUIHO, YTO

(my = my) + (my —mg) + (mz —my) + ...+ (myy —my) =0.
Ilo yc0BUIO, 5TO PABEHCTBO MOKHO IEPENuCaTh Tak:
Tyt tag kit =0,

rjle 3HaK <« £ » O3HayaeT, YTO BO3MOKEH O/JMH M3 3HAKOB, HO HaM
HEM3BECTHO, KaKOi, NpUYeM Ha CaMOM JieJie B JIEBOW 4acTh IocJie-
JIHErO PaBEHCTBA BCTPEYAETCs M ILIIOC, U MUHYC.

Ilepeneca Bce 4seHbl CO 3HAKOM «—» B IIPaByIO 4acTb IIOCJEJHErO
paBeHCTBA, TOJYYNM HCKOMOe pa36ueHNe IMapiKoB Ha JBe TPYII-
1IbI PaBHON Macchl.

9. mn . Iyctp yron BAO pasen o . Torzma B paBHOGEAPEHHOM

tpeyrosibinke ABO (OA = OB) ueHTpasbHbIil A1 OKPY>KHOCTH
yros BOA pasen 180° — 20, 1M09TOMY BIMCAHHDI B OKPYXKHOCTD
yron BDA, onupatonuiicss Ha Ty ke IyTy, BJBOe MeHblIIe, T.e.
paser 90° — o . Ho yron BCA onmpaercst Ha Ty e JyTy OKPYX-
HoctH, 3HaunT, on Toxe pasen 90° — o . Ilo ycaosmo, yrom
DAC, a 3nauut, n pasublii emy yroa CBD rtoxe pasubpl o . Cue-
noBatesbHo, ZBEC =90°, rae E — Touka nepecevyeHus AuaroHa-
saeit AC u BD, T.e. AMaroHaJiu JIaHHOTO YeTbIPEeXYTroJbHIUKA B3a-
UMHO TIepIEHANKYIApHbL. OTciofa IOTydaeM OTBeT.

10. KosmyecTBO TakUX YuceJ paBHO 7R, T/e IeJI0e YUCI0 R MO-
skeT 6bITh JioObiM oT 0 710 286.

Jlerko mMpoBepUTh, YTO IecTasl CTeNeHb JI0O0T0 1EJ0r0 YUCaa OT
1 1o 6 naer npu genenuu Ha 7 B ocrarke 1. 3uauur, u 120-e cre-
neHu JoObIX HATYPATbHBIX YUCEJT, KPOME YHCeN, KPATHBIX 7, IpH
neseHny Ha 7 paiot B octatke 1. [ToatomMy KoJmuecTBO TakuX 4u-
ceJsl IOJKHO ObITh KPaTHO 7.

TTockoabky 2008 = 286-7 + 6 = 2002 + 6, uynces, He AeJSAININX-
cst HAa 7, MOKeT ObITH Jiio6oe uuco, kparaoe 7, ot O g0 2002.

@uznka

1. m=ﬁ.

ga

TR3p;
pl( + plm;u)l

3. HanGouspuryto ckopocTh nMeeT TOYKa Iapa, Hanbosee y/asIeH-
Hast 0T Xopabl AB (MrHOBEHHOIT ocu BpallleHusi); aTa CKOPOCTb

2. Cropona KBajpara a = 3 ~1,6-10" M.

paBHa u = v(1+ij =2150.

V3

4. 10 ¢! 5. «CKOIB3SIIITS .
2
6. —+M:4,3 M/c -
qE
g+a

HaBJIeHI/Ie BO3pacCTeT B g pas.

7.

8. KII/l 3aBucut or mokasaressa agmabarbl, a 3HAYNT, U OT BbIOO-
pa pabouero Tema.
9

au_ T

10. Cob6pITHEe BO3MOJKHO.

U, 2RC"
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WcTopusi Hay4HbIX MAEN U OTKPbITUN

Maremarvka

1. Teopema Iludaropa BbITeKaeT N3 paBEHCTBA MJIOMAAHN BCeil
Gurypnl u Tpex paBHbBIX MPSIMOYTOJIbHBIX TPEYTOJIbHUKOB Ha Jie-
BoM pucyHke (cM. puc.8 B craThe), COOTBETCTBEHHO, IO/
Bceil pUTYphI M TPpeX PaBHBIX MPSMOYTOJBHBIX TPEYTOJIbHUKOB Ha
npaBoM pucyHKe (TPeyroJbHUKHM CJeBa M CIPaBa PABHBI), a TaK-
JKe M3 TOTO, YTO ILIOIIAb KBaJpaTa paBHA KBAAPATY CTOPOHDI.
2. a) Ilpumep nerko noab6upaercs: 3; 5; 7 (nepBblil uieH, ode-
BU/IHO, JIOJUKEH ObITb HEYETHBIM, TTPOOYEM — M HAXOJHM).
6) Ecom nepsplii wen nmporpeccun yeren, To a1o unco 2. Toraa,
ecJii PA3HOCTb YETHA, TO OCTAJbHbBIE UYJIE€HBI ITPOTPECCUN YETHBI U
He SBJISIOTCS TPOCTBIME YHCJIAMU, & €CJM PA3HOCTb HEYeTHa, TO
YJIeHbl Iporpeccuu yepe3 1 OyayT YeTHBIMU — TPOTHBOPEYHE C
ycaoBueM. VTax, mepBblil 4IeH [0JKeH ObITh HedeTeH, a pas-
HOCTb IIPOTPECCHH, KaK JIETKO MOHsTh, — 4eTHa. /lajee, ecin pas-
HOCTb IIPOTPECCHN He KpaTHA 3, TO Yepe3 3 Irara Mbl HOJYYUM
YJIeH TIPOTPeccui, AeJsamuiica Ha 3 — coctaBHOe 4mcao. [loatomy
Pa3HOCTb Iporpeccun KpaTtHa uncay 6. [Ipmmep: 5, 11, 17, 23,
29.
B) CoobpaskeHusi, aHaJOTMYHbIE YKA3aHHBIM B 1. 6), IPUBOAAT K
TOMY, YTO PA3HOCTb MCKOMON TIPOTPECCUU [IOJIKHA JICIUTHCS Ha
30 (x gemmoctn Ha 6 moGaBIsieTcs meIMMocTh Ha 5). Ilpumep:
7; 37; 67; 97; 127; 157. («Cayuaiino 157 + 30 = 187 — nesurcs
Ha 11, uHaye 6bLI0 GbI 7 UJIEHOB TIPOTPECCUH. )

i 2
3. Y4acTok — TOJIYKpYT paamyca p ; €r0 IJIOIIAJb pPaBHA -
OTpasnuM MCKOMBIN y4aCTOK CUMMETPHYHO OTHOCHUTEJIHHO Gepera
1 PACCMOTPUM 3a/[a4y: pacrojaras BePeBKOU JJIUHBI 2/, OTTOPO-
JIITe OT TJIOCKOCTH y4acTOK HanGoJiblieil miomian. Ee pemrerne,
KaK TOBOPUT YKa3aHHAsl B YCJOBUU TEOPeMa, JAeT KPYT C [IJINHON
OKPYJKHOCTH 2/, a MOJIOBUHA €TO TJIOMAIN 3aiiMeT MCKOMBIil yJyac-
TOK.
4.23=2.2 471,
IToHgTHO, YTO MCKATh HAJI0 YUCJO T10CJIe 2 =38 (110 Hero comi-

KOM MaJIo HATYPAJIbHBIX 4Hcen), HO A0 3° = 27 (Mexay 8 u 27
«I06MPaTh» BOCHMEPKAMU M EJMHUIAMY).

3ameuanue: sropoe uncao pasao 239 =2-4% +4.3% +3.1% =
=5 43.3 +4-2% +13; kak Bugnre, s10 IIpe/ICTaBJIeHIe JTaxe
HEOHO3HAYHO!

5. Hanosxknm npsimoyrosibublii Tpeyrobiuk A;B;C; ¢ npsaMbpiM
yraom C; Ha MPSAMOYTOJIbHDII TpeyroabHuk ABC ¢ mpsiMbIM yT-
oM C Tak, 4ToObI BepmuHa A; COBMECTHJIACh C BEPIINHON A,
cropona A C; momura o cropore AC, a cropona A B; — 1o cro-
pore AB (9T0 BO3MOYKHO B CHJIy PaBEHCTBA YIJIoB A m A ).
Ipenmnonosxkum, urto Touka C; He coBmata ¢ Toukoit C; HANpH-
Mep, oKaszasach Meskiy Toukamu A u C (Bropoii ciyuaii paccmar-
puBaercst ananoruuno). Toraa B uersipexyrospauke CC BB
yrast C u C; — npsivble, a yriibl By u B B cCyMMe COCTaBJISIIOT
180° (yrom B, paccMaTpHBACMOTO YETHIPEXYTOIBHIKA — CMEIK-
Hbll ¢ yrimom By tpeyronbuuka A B;C; , paBHbIii, 10 yCJIOBHUIO,
yriay B. MbI noayuaeM, 4TO cCyMMa BHYTPEHHHX YTJIOB YeTbIPeX-
yronbunka CCByB pasna 360°. TIposens amaronans CB, , uMe-
eM /iBa TPeyroJIbHUKA, CyMMa YIJIOB OJIHOTO M3 KOTOPBIX HE MeHb-
me 180° (ecim y 060UX TPEYTOJIBHIKOB CyMMA YIJIOB MEHbIIE
180°, TO U y "eTBHIPEXyrobHUKA OHa MeHbire 360°, dero Her).
[TomyuenHoe mpoTHBOpeune JOKA3bIBaeT yTBEPXKJeHNe 3a/jadui.

@uszunka

1. a) Makc Ilnank. 6) Tepmanus. B) IIpoTuBopeune Teopun Ter-
J0Boro maaydenns Pames—/[utca onbithbiM akTam. 1) 1900
TOJI.

2. a) CTopoHHMKHN: 3eHOH, DMIEA0KT, AHakcarop, JleBkumm,
[lemokput; onnoneursl: I'epaksut, Ilnaron, Apucroreib.
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6) Croponnukn: Hpioton, JIoMOHOCOB; onmoHeHTb: [amumei,
Toppuuennu, Toiirenc, JlaByasbe.

B) Croponnuku: [[sn, Mennenees, Makcsesi, Bosbuman; on-
nonenTsl: esbmrosibil, Max, [Our, @penenb, Dapaseii.
BsammogeiicTBue dacTuil oCyIiecTBISETCS Yepe3 HEIPEepbhIBHOE
1oJie, SIBJISIIONIEECs] KBAHTOBBIM OOBEKTOM.

3. a) Boabmoii aaponnsiii koamaiiaep. 6) Illsefinapus u dpan-
mus. B) 14 TaB. 1) Wsyvenue Ton-KBapKoB, KBapK-TJIOOHHOLT
1J1a3Mbl, (POTOH-a[POHHBIX CTOJKHOBEHHUI, HMOUCK CYIEPCHMMET-
PUYHBIX YaCTHUII.

4. JleBkunm u [leMokpur.

5. MoJieky ISIpHO-KUHETHYeCKasi TeOpusi CTpoeHusi BemectBa. Ha
cpeszie 6bn cOPMyIHPOBAHDI OIIPE/IeICHIS aToMa 1 MoJie-
KYJIbI.

WIH@OpMAaLo 0 XypHasie «KBaHT» 1 HEKOTOPbIE MATEPMA TbI
U3 XKYPHENIA MOXHO Haviti B IHTEPHETE rio anpecam:

Penakuymsa XypHana «KBaHT»

kvantinfo

MOCKOBCKIV  LIEHTD  HEMpepbIBHOrO MartemMartmyeckoro
006pa30BaHMs

kvant.mccme.ru

Mockosckui perckuvi kiny6 «Komrsorep»

math.child.ru

KOCTPOMCKOM LIEHTD  [OMOIHUTEILHOO 06pPa3oBaHus
«IBPLIKa»
ceemat.ru

KBaHT

HOMEP INIOATOTOBUJIH

C.A.fopuuenko, A.A.Eropos, C.MN.KoHoranos,
A.lI0.Kotoea, B.A.Tuxomuposa, A.U.YepHoyuaH

HOMEP O®OPMU.JIMN

A.H.rpuwykosa, A.E.NMauxsepusa, M.B.CymuuHa,
B.M.Xne6HuxoBa

XYAOXECTBEHHBIII PEJAKTOP

E.B.Mopo3oBa

KOMIOBIOTEPHAA TPYIIITA

E.A.Mutuenko, J1.B.KanuHuuesa

XypHan «KBaHt» 3apernctpupoeas B Komurere PP
no neyaru. Per. cB-Bo N20110473

Apnpec pepakuum:
119296 Mockea, JleHuHckuii npocnekTt, 64-A, «KBaHT»
Ten.: 930-56-48
E-mail: admin@kvant.info, math@kvant.info,
phys@kvant.info
Caiit: kvant.info

OtneuaraHo B OAO opaeHa Tpyaosoro KpacHoro 3HameHu
«YexoBckmii nonurpadpuueckmini KOMGUHAT»
142300 r.Yexoe MockoBckoi o6nacru,
Caiit: www.chpk.ru E-mail: marketing@chpk.ru
Dakc: 8(49672) 6-25-36, dpaxc: 8(499) 270-73-00
OTpen npopaXk ycnyr MHOrokaHanbHbiin: 8(499) 270-73-59
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IHMAXMATHAA CI'PAHUYKA

MatematucA
HA 64 KJTETKAX

B sajavax ¥ roJIoBOJIOMKAax Ha IMax-
MaTHOI JocKe aesio peako o6xoauTes 6e3
yuactus ¢uryp. OgHaKo U caMa J0CKa —
MHTEPECHBIH MaTeMaTH4YecKui O0OBEeKT.

Cpeaun MaTeMaTHYeCKHX PasBJiedeHuil
Ha MaXMATHOI JI0CKe TIOTYJISIPHEI 33/1a491
Ha ee paspesanne. OJlHa U3 HAX CBA3aHA
¢ Taxoii rerenoi. OHH BOCTOYHEII Biia-
cTeJIMH GBI TAKHM HCKYCHBIM HIDOKOM,
YTO 32 BCIO )KH3Hb MOTEPIIEJ BCETO YeThi-
pe nopakenusi. B wects cBoux nobeaure-
Jieil OH BeJieJl BCTABHTh B JIOCKY 4Yerbipe
aJMa3a — Ha Te 110JIs, Tae ObLI 3aMaTOBaH
ero kopoab (Ha pucyEke 1 Ha Mecte
amvasoB crost kKomm), [locie cmepru
BJIACTE/IMHA €I'0 CbiH, CJabblii UrPOK U
HKECTOKHH JAEeCHoT, pelu/ OTOMCTHTL MI-
POKaM, TO3BOJHBINM cefe OOBSBHTH MaT
ero oriy. Hacneanux nmpukasan uM pas-
pesath [OCKYy C ajMa3aMH Ha Yersipe

u

2
Puc 1

O[MHAKOBBIE YACTH, YTOOBI KaXK/asd 3aK-
J04ana B ceGe o OJHOMY anMasy. XoTd
OHH BBITIOJTHHIIA 5TO TpeGOoBaHKe, HOBBII
BJIACTEJTHH BCE€ PaBHO JIANIII UX JKH3HH.

Wrak, BO3HMKAET TOJOBOJOMKA, KOTO-
pasi YacTO BCTPeYaeTcs B 3aHUMATe/IbHOM
JiuTeparype.

Ha docke cmoam uemuipe xons. Pas-
pexcome Jocky Ha wemwipe 00uUHAKOBbIE
uacmu max, umobvt na xkaxooi 6v10 no
Kkonio (pazpesvi npoxodsm mosvko 80046
Zpanuy, Mexkdy 6epmuKalamMu U z0pu-
30HmarAMU JOCKU).

OxHO U3 permeHnil IOKA3aHO IPAMO HA
pucynke 1.

Pacriomaras veTsipex KoHell Ha pas-
JAYHBIX TIOJNAX, TIOJy4aeM MHOMECTBO
noso6ubix 3anay. MHrepecHo He TOIbKO
HAXOM/IeHHe KOHKPETHOrO paspesa, HO U
TIO/ICYET YHCJa CHOCO60B paspesaHHs.
YcranoBieHo, 4To HanGObIIEE YHCJIO
pemenuit — 800 — samava mMeer mpH
PAclO/IOXKeHHH KOHEil B YeTbIpex yriax
JIOCKH.

B caryammn, nszo6paxkennoi Ha pHCyH-
Ke 2,a, Tpe6yeTcs BBIIOIHUTH CPa3y TPH
3a/laHnsl: OHO MaTeMaTAYecKoe (Ha pas-
pesaHHe) M Ba YHCTO IAXMATHBIX.

a) Paspexwvme necmandapmuyio doc-
Ky na uemwipe odunaxoevie uacmu (ux

MOXKNHO nepesopavusamy, ysem noael 6
pacuem ne npunumaemcs);

6) Genvie Hauunaom u cmagsm mam
Kax MoXHO Gvicmpee;

8) uepnvle HAUUHAIOM U NOMOZAIOM
benvim nocmagumy Mam Kax MoxHo Goi-
cmpee (xoonepamusnas 3adaua).

a) a)

&
o
A

0]

Puc 2

a) Heo6xoauMmbiil paspes J0CKH 110Ka-
3ad Ha pHcyHKe 2,6. 6) Besble MaTyIoT B
12xomoB: 1. L. b4 2e52. 2d3 Leb63.
Ve RedS4. Lc2 Reb5. Lb3 Red
6. 2c¢3 Red 7. Ld6 2e3 8. L d5
©e2 9. Yc2 Del (e3) 10.
LeS(+)2e2 11, Lcit+ DQel 12,
& béx (Bce X0b1 4EPHOTO KOPOJIS, KPO-
Me OZIHOTO, BBIHY K/AeHHbIe). B) IIpH HOp-
ManbHolt urpe caeayer 1... 2 e7, u Mata
HeT, TaK KaK KOpPOJb CKPBIBAeTCHA B YK-
pomuom yromke: 2. & bi+ £ e8 ¢ yrpo-
30if mara. [Ipu KoonepaTHBHOI Hrpe Heb
nocruraercs Beero 3a 3 xona: 1... 2d6 2.
2d4 2e7 3. L b4+ Deb 4. & d5x.

JIpyryio TeMmy, MMEIONUIYI0 IPsiMOe OT-
HOIIEHHe K JOCKEe, [POH/LIIOCTPHPYeM
creaylomeil CTApUHHON T0JIOBOJIOMKOI.

MoxHOo 2 nOKPoIMd KOCMAMU DOMUHO
2x1 xeadpam § x 8, u3 KOMOPO2o GbL-
pesamnvt NPOMUBONOLOKHHIE Y2A08bIE
KIAemKU?

Moskno 66110 6GbI 3aHATHCA airedpan-
YeCKAM AaHAJM30M, OJHAKO IIAXMATHOE
pemenne u nmpome, 1 usameee. Okpacuam
Halll ypesaHHbIH KBaJlpaT B 4epHO-6eJIbie
1[BeTa, MPeBPATHB ero B JIOCKY 6e3 yrio-
Boix noeii al u h8 (puc.3). Ipn mo6om
[OKPBITHH KaX/as KOCTh JOMHHO, 0O4e-
BU/IHO, 3aHAMaeT OJHO0 Geloe H OO0
YepHoe TIoJNe, W, 3HAYWT, BeCch HaGop
xocreit (B komuectse 31 mWTyKH) TOKPHI-
BaeT OINHAKOBOE YUCJIO GeJIbIX H YEPHBIX

|

Puc 3

moxneii. Ho Ha nameit ypesansoil nocke
YepHBIX [I0Jeil Ha /iBa MeHblle, uyeM Ge-
JIBIX, CJIE/IOBATEIbHO, HEOOXOUMOTO 110~
KPBITHSA He cyiecTryer!

B paccmotpennoit 3agaue cymecTBeH-
HO He TO, 9T0 Y/JaJIeHbl YIJIOBbIE MOJIA, &
TO, YTO OHH OJHOTO IIBeTa.

ITycmy Ha docxe evipesarvi NOAA pas-
nozo yeema. Bcezda au moxno noxpvims
docky ¢ dsyms <Ovipramu» 31 xocmwio
domuno?

Y6enurech caMOCTOSATEBHO, YTO 3TO
MOJKHO C/I€JIaTh BCEI/Ja.

Kaxoe naumenvuee uucio noaeti nado
evipeaamv, umobvl NOAYUEHHYIO <Obipsi-
6Yy10»> JOCKY HeAv3s ObiIo NOKPLIMy HU
00HOI KOCMBIO QOMUHO?

Joctatouno Beipe3ats 32 MOJSA OJHOTO
1BETa, M Ha JIOCKE He OCTAHETCA MecTa
JUIS1 JIOMHHO.

I'0/10BOIOMKH 0 ZOCKE H AOMHHO JI€XKaT
B OCHOBE LeJIOI'0 HAllpaB/eHMsi 3aHuMa-
TeJIbHOI MaTeMaTHKH II0/ Ha3BaHHeM I10-
JuMHEHO. B 06meM ciyyae BMECTO JOMH-
HO HCHOJB3YIOTCA (DHTYPKH IIOIHMHHO,
COCTOSIIIIHE M3 CBSA3AHHBIX MeXIy co6oi
kBagparoB. C TOYKH 3peHHS MIAXMATHC-
Ta, CBA3HOCTH O3HAYAET, YTO BCE KBa/[pa-
ThI MOXCHO 000#TH X0A0M Nagbu. B saBu-
CHMOCTH OT YHCJIa KBA/JPAaTOB NOJIHMHHO
6BIBAIOT CAMOTO PA3HOTO THIIA.

Bo Bcex npejiioxKeHHBIX 3aj1a4ax IBeT
moseil AOCKH OBLI OYEHb BaykeH. A B
cleylomeM, HHCTO IMaXMaTHOM, 3aja-
nun C.Benokons Ha nocke 7 x 7 (puc.4)
OH HMEeT pernaliee 3HaueHne,

Puc 4 Hndbs

Hocka 7 x 7 ne cayyaiina — aTio 6bL1
COCTABJIEH CIEIHANBHO [JIs1 KOHKYypca
«Cnopraoros. llecrs duryp na 49-xe-
TOYHOIf JOCKEe CHMBOJMSUPYIOT BBHIGOD
LIECTH CYACT/IMBBIX HOMEPOB u3 49 Bos-
MOKHBIX. OCOOEHHOCTD JIOCKA TPOSBIIA-
eTcs B PelleHHH.

1. 2b3 &Ld3 2. Qci+ f:cht+ 3.
©:a3 b1 & +! IIpu npeppanieHny TIeI-
KH B depss win Jgagpio — nar. 4. 2 b2
& d3 5. ©2aill Yepusv yaanock coxpa-
HUTH 06e Jierkue (purypel, HO BCE YIJIbI
JOCKA 4YePHOro LBETa, W IPH GeIoo/b-
HOM CJIOHE ITOCTABUTb MaT HEeBO3MOXKHO!
(Ha 06br4m0it J0CKe CJIOH  KOHb MATyiOT
TOJIBKO B TOM YTJIy, KaKOTO 1IBETa CJIOH.)

E. I'ux
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B Tuxyto noroay Hag Hamu 4acTo NNbIBYT Ky4eBble obnaka. OHu
06pa3yroTcsl U3 BOASHLIX NApoOB, KOTOPLIE BMECTE C TeNMbIM BO34YXOM
' OAHUMAIOTCSA OT MOBEPXHOCTMN 3EMIN BBEPX U Ha BbICOTE,
eTCTBYIOLLEN TOYKE POChbl, KOHAEHCUPYIOTCA B MeNbYaniume
KanenbKu TymaHa pasmepg 0 MKM.

U ypHana)
‘ﬂl::'f\; 8.
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