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NAMATU
BUTAJINA NA3APEBUYA TMH3BYPTA

Poccuiickag 1 MupoBasi HayKa IIOHECJIU TSXKEIYIO yTpa-
Ty. Yien w3 KU3HU BeJUKUN (QU3NK, 3aMedaTebHBIH
YyeJsIoBeK U Bblaomumiicsa negaror — Burtanuii Jlazapesuu
I'mus6ypr. Ero HayuHble paboThI U Pe3yJIbTaThl H3BECTHBI
¢usukam Bcex cTpaH MUpa.

Akanemuk Poccuiickoil akagemun nayk (PAH), rokrop
¢usuro-maremaTueckux Hayk, npodeccop, CoBeTHUK
PAH, pykoBojuTenb HayuHOl rpymibl Du3nveckoro mH-
cruryta um.I1.H.J/le6enesa PAH, aBrop okoso 450 Hayu-
HBIX pabot u 6ojiee 20 HayYHbIX MOHOIpadUil U yIeOHBIX
noco6uil, THOCTPAHHBIN YJIeH Ps/a HAYYHBIX OOIIECTB U
akaziemuii, B tom uuciae Jlongonckoro Koposesckoro
o611ecTBa, AMEPUKAHCKOI HAIIMOHAJIbHOI aKa/IeMUu HayK,
Esporeiickoil akagemun u 1p., Burtanuii Jlazapesnul'un- (4.10.1916 - 8.11.2009)
36ypr MHOTO YCIIeJ c/IeJlaTh /151 (PU3MYECKON HAyKH.

B 2003 roy B.JI.Tuns6ypry (comecto ¢ A.A. AGpuxo-
cosbiM 1 J. [[5k.Jlerrerom) Gbiiaa npucyxaena HoGenesc-

Butanun JlazapeBud MH36ypr

Kas IIpeMus 110 (pI/ISI/IKe «3a HHOHePCKI/Iﬁ BKJIQ/] B TEOPUIO PaJuoBO/IH B ILIasMe, UCCJIe[0Balo HeJuHelnoe Bo3/eli-
CBEPXITPOBO/IHUKOB M CBEPXTEKYUUX JKUKOCTEHN . CTBHE Ha HOHOC(EePY MOIIHBIX PAJANOBOJIH — TAKOB JaJIeKO
Heub3s npejicTaBuTh ceGe TeopeTnyeckyio (pu3iKy Ha- HE MOJIHBIIT TIepeYeHb BIECYATIAIONMX PE3yIbTaTOB, TO.TY-
1rero BpeMenn 6e3 pazpaGoTaHHBIX MM TEOPHii, a poccuii- YEHHDBIX 00HUM YEJIOBEKOM.
ckoe oOpasoBaHne U OOIIECTBEHHYIO KHU3Hb — 6€3 €ero B rteuenne 18 ner Buramuit JlazapeBuu BO3IJIaBJIsLI
HAYYHBIX, HAYYHO-TIOMYISPHBIX 1 ITyGIHIHCTIYECKIX TTPO- Teopertnyeckuii oTjies MDUMIECKOTO HHCTUTYTA — OJINH W3
usBesennii. beckoneunas 106poKeTaTETLHOCTD B COUETA- OCHOBHBIX IIEHTPOB TEOPETUYECKOH (PUBNKK B HalIel cTpa-
HUU C BBICOKOHPABCTBEHHON I'PAK/IAHCKON IO3uIued u He. OH HeCKOJIbKO JIECATHIICTHI PYKOBO/IUIT Y HUKAIbHBIM
HAYYHOI NPUHIMINAIBHOCTBIO — BOT YTO OIPEJEJSIO eKeHe/IeJIbHBIM MOCKOBCKUM CEMHHAPOM 0 T€OPEeTHYec-
nosejienie Butanua Jlasapesuua B MHOTOYHCJIEHHbIX, koii ¢pusuke. C 1968 roga B.JI.Tuu3Oypr BO3rJIaBJs
@ YaCTO HEMPOCTHIX, JKU3HEHHBIX cuTyarusax. OH IOCTOSTHHO CO3/1aHHy10 UM B MOCKOBCKOM (PU3HKO-TEXHUYECKOM HMH- @
3a60TUJICST O PA3BUTUU HAYKH, MHOTO U C TPEBOTOM JyMaJi cruryte kadenpy 1npobaem Gusnku u acTpopusuku. 3a
0 BOCIIUTAHUU MOJIO/IOT0 HoKoseHus. B.JI.I'mus6ypr 6bL1 TOJIBI CylecTBOBaHus Kadeapsl ee sakondnm Gosee 250
6JIM30K W HAIIEMYy >KyPHAJY, OH IleYaTas CBOM CTAaTbU B CTY/[ICHTOB M acCIUPaHTOB, 0K0J0 90 M3 HUX 3alUTUIH
«KBanre», 6b1J TOCTOSHHBIM 4JICHOM pejKoJiternu « but- KaH/uaTckie u okoJao 30 — JAOKTOPCKHE AMCCEPTaliii.
JIMOTEUYKH «KBaHT». Cpenu yuenukos B.JI.Iuns6ypra — akajieMuK U 4ieHbI-
B.JI.Tuns6ypr — KpylHedmmid (pU3MK-TEOPETHK, EMY koppecnonienTsr PAH.
NPUHAJIEKUT Psii (PyHIAMEHTAJIbHBIX Pe3yJIbTaTOB B B.JI.Tun36ypr Bcerja akTUBHO y4acTBOBaJ B paboTe
00.J1aCTH KBAaHTOBO TEOPUH, TEOPUU TBEPJIOTO TEJIA, TEOPE- HAyYHbBIX M YYEHBIX COBETOB M PEJAKI[MOHHBIX KOJITETHI
THYecKOil pasmodusnKn, acTpoU3NKN, TEOPUH CBEPX- HAYYHbIX JKYPHAJIOB — KaK OTE€YECTBEHHBIX, TaK U 3apy-
IIPOBOIMMOCTH, ONTUKH, CIelUalbHOil 1 o6meil Teopuu 6exxubix. C 1998 ros1a 6b1 TJIaBHBIM PEJAKTOPOM BeLyTIe-
orHocuTebHOCTH. OH y4acTBOBAJ B 0060 BaXKHbBIX HCCJIE- ro poccuiickoro (usndeckoro kypHasa «¥Ycnexu usn-
JIOBaHUSAX, CBSI3aHHBIX C CO3JAHMEM TEPMOSIEPHOrO Opy- yecknx Hayk». B 1989 — 1991 rogax B.JI.Tuns6ypr 6bL1
sKusi. VIMeHHO OH GbLT aBTOPOM OJTHOI N3 OCHOBHBIX H/IEi, HapoaubiM sienyrarom CCCP ot AkazemMun Hayk.
IPUBEIINX K CO3/IaHUIO TAKOTO Opy>Kus. MHOTHE Pe3y.Jib- Buranuii Jlazapesuu [uu3Gypr oTMeden cJeyionumu
tatbl B.JI.TuH36ypra npusHaHbl KIaCCUYECKUMHU, BOIILIH B narpagamu: HoGenesckas npemusi (2003), 3osoras me-
y4eOHUKN M aKTUBHO IUTUPYIOTCS KaK OTE€YeCTBEHHBIMH, nanb «lOnecko—Humbe Bop» (1998), 3onoras menanb
TaK ¥ 3apYOEKHBIMI YUEHbIMH. Jlongonckoro KopoJieBCKOro acTpoHOMHYECKOro ofiie-
B ero pa6orax npejickasato cymecTBoBaHie TepMO3JIeK- crBa (1991), 3onoras memanp . Pesepdopra (1981),
TPUYECKUX ABJEHMUIT B CBEPXIIPOBOJHUKAX, Pa3BuTa (heHO- Ipemus nm. [ix. Bapauna (1991), Ilpemus um. Bosbda
MEHOJIOTHYeCcKasi TEOPUSI CErHETO3IeKTPUYECKUX ABIEHHI, (1994 ,/1995), Jlennnckas mpemust (1966), Tocyrapcrsen-
coziana peHOMEHOIOTYECKas TEOPUsI CBEPXIIPOBOIMO- nas npemusst CCCP (1953), Ipemus «Poccusmun roma»
CTH U CBEPXTEKYYeCTH KMKOIO T'eJIusl, CO3/1aHa TeopUsi (2006), Opgen «3a zacayru mepexg OtreuecrBom» 111
KpucTasmieckux s(pPeKToB ¢ y4eToM MpOCTPaHCTBEHHOI crenenn (1996), Opzen «3a 3acayru nepes OreyecTBoM»
JIUCTIEPCUH, YCTAHOBJICH KPUTEPUH TIPUMEHUMOCTH TEOPHH I crenenn (2006), Bosbmas somoras megans um. M.B.
Jlangay (asoBbIX II€PEXOL0B BTOPOrO Poja, yKaszaHa Jlomonocosa PAH (1995), 3osoras mepams num. C.I1.
BO3MOKHOCTb BBICOKOTEMIIEPATYPHON CBEPXIPOBOMMOC- Basunosa (1995), IIpemus um. M. B. Jlomonocosa (1962),
TH B CJIOMCTBIX CHCTEMAX 3a CYET 3JEKTPOH-3KCUTOHHOTO [Mpemus um. JI.. Manzgenburrama (1947), Ipemust « Tpu-
B3aUMO/IeliCTBYsI, Pa3paboTaHa TEOPUs PACIIPOCTPAHEHUS ym¢ (mayka)» (2002).
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HAHOTEXHOJOIrun

I3MepsaeM NPOYHOCTb TeJ
OT HaHO 10 Mera

A.BOJIBIHCKUU, J1.9PbILLEBA

ABUCUTJIMTTPOYHOCTBL TBEPJOTO TEJIAOT ETO

pa3MepoB? Borpoc MOXeT 10Ka3aThbCs CTPAHHBIM.

[Tox mpouHOCTBIO OGBIYHO MOHUMAIOT HAINPSKEHIE,
IIPU JIOCTHXKEHUHM KOTOPOIO TBEP/I0€e TEeJIO paclia/laeTcs Ha
gacti. O6paruTe BHUMaHUE — HANpsKeHue, T.e. CUJA,
JleJieHHas Ha TIoTlepevyHoe cevyenne, a He mpocTo cuia. Cura
JIEHCTBUTETbHO 3aBUCUT OT Pa3MepoB TBEPAOTO TeJa.
Hampumep, uTo6bI pazopBarb OJHY HHUTb, [OCTATOYHO
OTHOCHUTEJIBHO MAJION CUJIBI, & YTOOBI PA30PBATh CILIETEH-
HBbI U3 9TUX K& HUTOK KaHaT, HeoOXOIUMO 3aTPATUTh
cyliecTBeHHO GoJibliiee ycuiue. Ho ecin cuity oTHECTH K
MOTIEPEYHOMY CEYEHUIO TBEPAOro Tea (B mepBoM cayvae
MaJylo CHJIY K CEYEHUIO OJHOW HUTKHM, a BO BTOPOM —
GOJIBIITYIO CUJTY K CyMMe CeYeHHUil BceX HUTOK, COCTABJISIIO-
IMX KaHaT), Mbl [HOJYYUM OJHO M TO Ke Pa3pyliaioiiee
HaTpsKeHne, WM IpodHocTb. Kaszamoch 6bi, OTBET Ha
3a/IaHHBIIl BOIIPOC IIOJIy4YeH: HET, He 3aBUCHT.

O1HaKO BCe OKa3bIBAETCS HE TAK MPOCTO, €CJIN 0OPATUTD-
cs K TIpaKkTHKe. Y CTaHOBJIEHO, YTO MEPeXo/] BEIecTBa OT
MUKPO- K HaHOpa3MepaM BJIeUeT 3a cOO0I KayeCTBEHHbBIE
N3MEHEHNS B ero (PU3MYECKuX, MEXaHWYECKHUX, (PU3UKO-
XUMMYECKUX W JPYTHX CBOHCTBaX. JTU M3MEHEHUS Ha-
CTOJIbKO Pa3UTEJbHBI, YTO TI€pe/l YUYCHBIMU BCTACT HEOT-
JIO’KHAS 33j1a4a M3YYUTDb U TIOHATD MEXAHU3M MX BO3HUK-
HOBEHN4.

Yem oTnnyaiotca TBepAable Tena, nMmeruimne
HaHOpa3Mepbl, OT 0ObIYHbIX TBepAbIX Ten?

Camoe oueBHHOE OTJIMYNE — YCUJIEHHE POJIU IPHUIIO-
BEPXHOCTHOH obJiacTi. B3amMopeiicTBIe MEK/y MOJIEKY-
namu (aToMaMI) Ha MTOBEPXHOCTH OTJIMYAETCS OT 00beM-
HOTO B3aMMO/IEHCTBUS, TOCKOJIbKY MOJIEKYJIBI HE HMEOT
cocefieil ¢ BHentHell ctopoHbl. C yMeHBbIIEHNeM pa3Mepa
o6pasia BKJIAJ MOJIEKYJI, HAXOSIINXCS B IMOBEPXHOCT-
HOM CJI0€, BO3pacTaeT. ITO MOXKHO TIPOCJTEINTDh Ha TIPH-
Mepe TOTO, KaK M3MEHSIETCST OTHOIIeHne 00beMa MOBEPX-
HOCTHOTO CJIos K mosHoMy oObeMmy. [lust cdepuyeckoro
obpasia pazmepoM 1 MKM MOBEPXHOCTHBIA CJIOW TOJIIIN-
HON B 1 HM COCTABUT HUYTOXKHO MAJyIO [0JIO, B TO
BpeMsl Kak st o6pasiia pasmepom 10 HM 3Ta [0J1s
npubsmxkaercs Kk 50%.

Taxum o6pa3om, B 0ObEeMHBIX, OJIOUHBIX, TBEPJbIX Te-
JIaX BKJIAJ TOBEPXHOCTHOTO CJIOSI B MaKPOCKONUYECKUE
CBOHCTBa KpailiHe MaJj, U UM OOBIYHO IpeHeOperaior.

Jra cratbs onyb/ImMKoBaHa B pamkax fgorosopa ¢ K «POCHAHO-
TEX»
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OpHAKO KOr/ia pasMepbl TBEP/IOTO TeJia JeJTaloTCsl MaJIbl-
MU, COM3MEPUMBIMU C MOJIEKYJAPHBIMU pasmepamu (Ha-
HOpa3Mepamu), BIUSHHUE MPUITOBEPXHOCTHBIX CJIOEB CTa-
HOBUTCS 3HAUNTEJbHBIM, 1 CBOWCTBA BelllecTBAa KayecTBEH-
HO M3MEHSIOTCS.

N3mepsieMm HaHOMNPOYHOCTb

HecMmorps Ha yKe JOCTUTHYThIe Pe3YJIbTaTbl B U3YYEHUN
CBOICTB BeIeCTBA B HAHOCOCTOSTHUH, MTPOGJIeMa MTPOYHOC-
TH MaTepuaJioB, UMEIONINX Pa3Mepbl eMHNI] — JEeCSITKOB
HAHOMETPOB, II0Ka Jajeka oT cBoero peuieHus. OTcyT-
CTBUE JaHHBIX O AeOpMAIMOHHO-TIPOYHOCTHBIX CBOIi-
CTBaX TBEPABIX TeJ B CJOSX HAHOMETPOBOTO JHMAlla30HA
00yCJIOBJIEHO TJIaBHBIM O6Pa30M HKCIEPUMEHTATbHBIMU
TPYIHOCTSIMU.

CranjapTHbIil TIO/IX0/1 K OIleHKe MeXaHUYECKUX CBONCTB
TBEP/JBIX TeJl BKJIOYaeT B ce6si M3roTOBJeHUE 06pasiia,
MOMellleHe €T0 B 3aKNUMbI e OPMUPYIONIETO yCTPONCTBA
u recbopMupoBanie o6pasiia, CONPOBOKIAIONIEECST Perrc-
Tpanuei HanpspbkeHuil u gedopmanuii. B ganaom coydae
TaKOH II0/IX0J] OKa3blBaeTcsl coBeplieHHO HeadheKTUB-
HbIM. /lelicTBUTENbHO, TPYAHO ceOe TPe/ICTaBUTh, KAaKUM
00pa3oM MOKHO M3TOTOBUTH 00Opasel] TomuHoi B 10 HM,
MOMECTUTD €TO B HEKOE YCTPOICTBO, MOIBEPTHYTH e op-
Mallny U U3MEPUTh COOTBETCTBYIOIEe HATPSKEHMe.

[TousiTHO, YTO pa3BUTHE HOBBIX METOIOB MCCJIEOBAHNUS,
CIOCOOHBIX JIaTh JOCTOBEpHYIO mMHMOpMaImio o ¢yHaa-
MEHTAJbHBIX CBONCTBAX HAHOBEIIECTBA, OYEHD aKTYaJIbHO.
[l IpakTUYecKOro peleHus aToi 3a/auyn Ha XUMUvec-
koM pakysabrere MI'Y um. M.B.J/lomonocoBa 6bLi npes-
JIO’KEH HOBDIN TTOAXO0/ K OICHKE MEXaHUYeCKUX CBOWCTB
TBEP/BIX TeJ, KOTOPbIH 6asupyercss Ha OOHAPYKEHHBIX
panee pyHaMeHTATbHDBIX J1e(DOPMALIUOHHO-TIPOYHOCTHBIX
CBOICTBAX TIOJUMEPHBIX IJIEHOK C HAHECEHHBIM Ha WX
MOBEPXHOCTH TOHKUM MOKPBbITHEM. B aKCcrepuMeHTa bHOM
TJIaHe TaKoW TO/X0/1 OUYeHb MPOoCT. TBep/oe Teso, CBON-
CTBa KOTOPOTO HEOOXO/MMO OIIEHUTH, HAHOCUTCS B BU/IE
ToHKoro (nmpakTu4ecku oGO TOMIMHBI, B TOM YHCJIE U
HAHOMETPOBOI1) CJI0SI HAa IIOBEPXHOCTD IIOJIUMEPHON ILIEH-
Kit. MeTo/ibl Takoro HaHeceHHs XOpPOIIO pa3paboTaHbl,
MOCKOJIBKY TTOJIUMEPHDIE TIIIEHKH ¢ TOHKUMHU TTOKPBITUSIMU
MIMPOKO MCHOJIB3YIOTCS Ha MPaKTHKE.

Okasajoch, 4TO €CJu TaKylo IJIEHKY C MOKPBITHEM
HO/IBEPTHYTH IIPOCTOMY PACTSXKEHUIO B O/IHOM HallpaBJie-
HUU, TO Ha ee II0BEPXHOCTU IIPOM3OHIYT yAUBUTEIbHbIE
npespaienus. Ha pucynxke 1 npejcrabiena ajeKTpoHHas
MUKpPOhOTOrpadust TOBEPXHOCTH MOJTUMEPHON TIJICHKU C
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HAHOMETPOBBIM I10-
KPBITHEM TIOCJIE ee pa-
CTSKEHUST B IOJITOPA
pasa. Jlerko BumeTs,
YTO PaCTsSKEHUe MMe-
€T YJIUBUTEJbHbIE TIO-
CJe/ICTBUS — TIOKPbI-
THE pacrajaeTcs Ha
MHOKECTBO CUJIBHO BbI-
TAHYTHIX (TI0YTH O/THO-
MEPHBIX) OCTPOBKOB
MIPUMEPHO OJIMHAKOBO-
ro pasMepa, OpHUEeHTH-
POBAHHBIX TIE€PIEH/U-

e L S S

030533 20KV X500 60um

Puc.]. [ToBepXxHOCTs 0b6pasLa rosv-
BUHWIIX/IOPYAA, HA KOTOPBIV HAHEC-
71w ToHKUY (16 HM) crosi nnatke - KXY TAPHO - HallpaBJie-
110C/1€ 3T0r0 PAaCcTaHy/Iv B Harpasne- — HUIO PACTAKEHUSA, 1 Ha
H cTpenku Ha 50% nmpy 90 °C - TIOBEPXHOCTH TLIEHKH
(n306paxerme r1oy4eHo B CKaHu-  BO3HUKAET yUBUTE b
PYIOLUEM S/IEKTPOHHOM MUKPOCKO- 1o peryIIspHbLl MUK-
re) popenbed. Ilopasxkaer
YeTKas PETYJISPHOCTH CAMOIIPOU3BOJIBHO BO3HUKAIOIIETO
pesbedpa U CTPOTAsi OPUEHTAIUSI €T0 HJIEMEHTOB OTHOCH-
TEJLHO OCH PACTSIKEHUST. Y TIyOJIeHuUs] U BEPITUHDI BCEr/[a
OPHEHTUPOBAHDI CTPOro BAOJIb (IIapasiiebHo) OCH pacTsi-
skerust. [Tpu pparMeHTanuy MOKPHITHS TAK/Ke JOCTUTAET-
cs BBICOKas CTelleHb Mopsiika. Takum o6pasoM, Ipu
PACTSDKEHUH TIOJIMMEPHON TJIEHKH € TOHKHM TBEPIbIM
MOKPBITHEM 00Pa3yIOTCsT BBICOKOOPTaHN30BAaHHbBIE TIEPUO-
JIMTYECKIE CTPYKTYPBHI.

C 4eM cBsI3aHbI HAOTIOA€MblE U3MEHEHNS B TIOBEPXHO-
CTHOM CJIO€ TIOJTMMEPHON IJIEHKHU C TOHKUM TIOKPBITHEM ?
BasxHO OTMETHTb, YTO IIOJKMMEPbI, XOTS U SBJISIOTCS
TBEPJBIMU TEJIaMU, HO, TIOJ00HO JKUKOCTSIM, 1pH g1edop-
MAallui CTPEMSITCS COXPAHKTDH IOCTOSIHHBIM CBOH OOBEM.
ITO 03HAYaeT, YTO PaCTsKEHHE B OHOM HAIPaBJIECHHH
COITPOBOK/IAETCS. COOTBETCTBYIONMM CKaTheM (KOHTpaK-
nueii) IeHKKM B HAIIPaBJICHUM, [EePIEHANKYISAPHOM Jeii-
CTBYIOIEH pacTsruBaioneil cuje. JIpyruMu cjaoBamu,
MOJIIMEPHast TIJIeHKA MCIBITBIBAET [Ba BUa aedopMalum
OJIHOBPEMEHHO: pacTsikenne n (B HOPMAJbHOM K HEMY
Hanpasjaennn) ckarue. OUeBHAHO, YTO M HAHECEHHOE Ha
MOBEPXHOCTb ILIEHKU MOKPBITHE TAKKe OY/IET UCTIBITHIBATD
o6a Buja Hanpspkenuii. OKaspiBaeTcsi, UMEHHO CiKaTHe
OTBETCTBEHHO 32 BOBHUKHOBEHHUE PETYJISIPHOTO pesbeda, a
pacTsKeHne BbI3bIBaeT pasjesienne (paspyluenue) 1o-
KPBITHSI HA OT/IeJIbHbIE (DPArMEHTHI.

IKCIepUMEHTaJbHOE U TEOPETHYECKOEe HCCIe0BaHIe
O6GHAPYKEHHOTO SIBJICHUST MO3BOJIMIO Pa3padoTaTh yHHU-
BEPCAJIbHYIO METOANKY OIEHKH MEXaHUYECKUX CBOWCTB, U
B YACTHOCTHU MPOYHOCTH, TBEP/IBIX TEJI B CJIOSX MPAKTHYEC-
K1 JIIOOON TOJIIUHBL. Y CTAaHOBJIEHA YETKAs CBSI3b MEKLY
Ha6T0/JaeMBIMI 0COOEHHOCTSIMU (DparMeHTaIlu U pesibe-
(oobpazoBanus MOKPHITHS TTIPH J1e(DOPMUPOBAHUY TTOJTH-
Mepa-To/IJIOKKA U CBONCTBAME MaTe€pPHAJA MOKPBITHS U
noanoxkn. Tak, cpeannii pasmep (L) dparmenta paspy-
IIEHUST B HAIIPABJIEHUN OCH PacTSKeHus (CBETJIBIX MOJIOC
Ha pucyHKe 1) OKa3bIBAaeTCs PABHBIM

4ho

LZG—HP, (o
0

‘ 01-15.p65 4

KBAHT -

*

i

[T 1T ||

2009/ Neé

r/e /2 — ToJIIMHA TTOKPLITHS, Oyp — IIpe/iesi ero IPOYHOCTH
U O, — HalpspKeHHe B MOJJIOKKe. 3HaYeHue /2 U3BeCTHO,
BeJIMYNHA O JIETKO ONPE/IEJISIeTCs] B 9KCIIepUMenTe, a L
npsiMo maMmepsiercss Ha Mukpodororpadun. Takum ob6pa-
30M, JIaHHOE COOTHOIIEHUE JIA€T BO3MOXKHOCTDH ITPOCTBIM
IyTeM HAXOAUTh BAKHENIIYIO XapaKTEPUCTUKY TBEPIOTO
TeJla — IPOYHOCTD B CJIOSIX IPAKTUYECKH JIOOOK TOJIIIHDI.

2

Ipeden npourocmu memanid o,,, H,/ My

N

0 5 0 15 20 25 30
Tonuuna cioa memaiid h, um

Puc2. 3aBucuimocty npoyHoctv 3on101a (1) u nnarmnel (2) or
TOILUIIHBI METASITNHECKOTO CII08, HAHECEHHOIO Ha MIEHKY 10414~
sruneHTepe@anara (nneHKy C oKpbITUeM PACTArVIBaIN Ha
100% nrpu 90 °C)

Temepb MOKHO TOIBITATHCS HCIIOAB30BATH (POPMY.IY
() AI9 OUEHKW NIPOYHOCTH TBEPJAOTO Teaa B CJAOSX
HAHOMETPOBOTO Ananasona. Ha pucymke 2 nmpejcrabiena
3aBUCHUMOCTD IIpe/ieJia IMMPOYHOCTU IIJIaATUHDbI U 30JI0Ta OT
TOJIIIIUHDBI METAJIJINYECKOI'0 CJIOA, HAHECEHHOI'0O Ha II0JIN-
sTuIenTepedTaIaTHyYIO TIeHKY. BUaHo, 4To B MHTEpBaJe
touumu ot 30 10 TpUGIU3UTENBHO 15 HM IIPOYHOCTD 060UX
METaJIJIOB IPAKTUYECKH HE 3aBUCUT OT TOJIIIMHBI U COCTAB-

aser 180—220 H/MM2 4 3o10ta 1 250—300 H/MM2 JLIST
MJIATUHBI. DTHU 3HAYEHUS XOPOIIO COTIACYIOTCS C M3BECT-
HBIMHU 3HAYEHUSIMH TIPOYHOCTH I GJIOUHBIX METAJIOB
(176-250 H/MM2 g 3omota o 240-351 H/MM2 JLIS
naatuabl). B TO JKe BpeMs, NPU yMEHBIIEHUH TOJIIHHBI
MOKPBITHS HIZKE 15 HM MPOYHOCTh 060MX METAJJIOB HAUH-
HaeT BO3PACTaTh: [ IJIATUHBI JIOCTUTAETCS 3HAYEHUE

1500—-1700 H/MM2 , s 3o10ta — 10 2800 H/MM2 . ITo-
Jly9aeTcs, 4TO MPOYHOCTh MeTaJljla B HAHOCJIOSX 110 Kpaii-
Hell Mepe Ha MOPS/IOK ITPEBOCXOUT ITPOYHOCTD GJIOUHOTO
MaTtepuasia. llpuBe/ieHHBIE pPE3YJbTATBl MOKHO CUUTATDH
TepBOH TTPSAMON 3KCIIEPUMEHTATBbHON OIIEHKOW MMPOYHOCTH
TBEP/IOTO Tejia HAHOMETPOBOTO pa3Mepa B YCJIOBHUSAX €ro
pactsixenusi. Kpome Toro, 9T1 JJaHHBIE TO3BOJISIOT IPOBE-
CTH YCJIOBHYIO TPAHUILY MEXK/y Pa3MepaMu TBEPOro TeJa,
B JIAHHOM CJIy4Yae MeTajlia, B 06bIYHOM 06BEMHOM COCTO-
SHUU U B HAHOCOCTOSTHUH.

Wrak, orBeTr moJjiy4eH: TPOYHOCTb TBEPOTO TeJja 3aBH-
CUT OT €ro pa3MepoB B HAHOPA3MEPHOM /[MAlla30He, MpH-
yeM yeM MeHbIlle pa3Mep, TeM BbIle MPOYHOCTh. BajkHo
OTMETHUTD, YTO, HECMOTPSI Ha OTCYTCTBUE TPSIMBIX U3Mepe-
HUU T[POYHOCTH TBEPJOTO Teja B HAHOCJOSX, TEOPUS
MPE/ICKA3bIBAET POCT IIPOYHOCTH TBEP/IBIX TEJ IIPU TIEPEXO-
Jle K HaHoMacirabaM.

30.11.09, 14:30



OT HaHO K Mera

Bor takme mHTEpecHble MOCJEACTBHS y/laeTcsi HaOJI0-
JIaTh TIPU MPOCTOM PACTSIKEHUN TIOJUMEPHBIX ILJICHOK C
TOHKMMU HaHOMETPOBbIMU TOKpbITHsMU. Ho Heyskean
TOJIbKO B HUX MOTYT IIPOUCXO/IUTH OIMCAHHbBIC SIBJICHUS?
Tpynno npeacTaBuTh, 4To aT0 Tak. CylecTByeT HeMaJo
(pusnueckrx 06bEKTOB, TOCTPOEHHBIX 10 IPUHITHITY «TBEP-
Jl0€ TIOKPbITHE Ha I10IaTJINBOM OCHOBaHUU» . He nckioue-
HO, uTO sedopmarusi (CKaTHe U pacTsKeHHe) MoJuMep-
HBIX IIJIEHOK C TOHKUMM HOKPBITUSMU MOJICJIUPYET MHOTHE
[IPOLIECCHI B OKPY’KAIOIeM Hac MuUpe.

B mpuposie o9eHb 9acTO UMEIOT MECTO CUTYAINH, KOTJa
OJJO6HBIE CHCTEMBI TTO/IBEPTAIOTCS Pa3HOTO poja /edop-
MarusaM. Kak ciegcTBue, BOSHHKAIOT MHOTOYHCJIEHHBIE
peryJsspHble cTpyKTypbl. [loTeps ycroitunBocTH B yCJ10BU-
AX TIJIOCKOCTHOT'O CyKaTUA NMPUBOJAUT K ITOABJICHUIO Y/IUBU-
TEJbHO KPACUBBIX pesibepOB — TAKUX, HATIPUMED, KOTOPBIE
06Pa3yIoTCs MPHU BbICBIXAHUU KATLIA KPACKU.

CucreMbl «TBep/loe IOKPbITHE HA MOJATIMBOM OCHOBA-
HUW» TIOIBEPTAOTCA 1 1eDOPMAIIH IIJIOCKOCTHOTO PACTSI-
skenus. Ero pedyJibraTbl BUe Kadk/Iblil, KTO 3aMeyasl Ha
[IoYBe CcyXue, B TpellunHax, Kopku. Korja BbicbIxaer
BJ@XHAs 3eMJI, 06pa3oBaBIIasics Ha ee IMTOBEPXHOCTH
TBep/ast KOPKA CTPEMUTCS C3KAThCST, HO TOMY TIPETSITCTBY-
eT JIekalee MO/ Hell MATKOe, MOYTH HecsKuMaeMoe OCHO-
BaHHUe — cJIoH rpsasu. B pesysbraTe KOpka OKa3biBaeTcs B
YCJIOBUSX IJIOCKOCTHOTO PACTSDKEHNUS. 3a CUeT UCIAapeHHs
JKUAKOCTU U3 TIOYBDI PACTATUBAIONNE HAIIPAIKEHUA YCUJIN-
BAIOTCS, U TIOABJISETCS CETKA TPEIIMH Ha KECTKOM TTOBEPX-
noctu. Tpenrabl 06pasyioTcss U PACIIPOCTPAHSIOTCS TI0
CTPOTUM 3aKOHaM, IIPUCYLIUM BCE TEeM JKe CHUCTeMaM
«TBep/ioe IIOKPbITHE Ha I10AATJINBOM OCHOBAHUUS .

Anajiornynple KapTHHbI BO3HMKAIOT U IIPU OCTbIBAHUU
MarMaTH4eCKUX PAcIIaBOB — TaK Ha3bIBAeMbIX BYJKaHU-
gecknx 60oM6. IIpm MemseHHOM OCTBIBAHMHM pacIIaBa
TPaHUIIA MEXKIY SKeCTKIM CJOeM U elle He OCTBIBIIEH
JKUJIKOH cepAIeBUHOI ABMKeTCS BriayOb. TBepmas dasa,
HETIPEPBIBHO COCYIIECTBYIOMAsI BMECTE € SKUJKOH, TOCTO-
STHHO Ho/iBepraeTcs edopMaIii IIOCKOCTHOTO PACTsIKe-

Puc.3. Cronbqarsie crpykTyps Mocrosovi riiraHTos B CeBEPHOM
UprnaHagumm

Hust. Korzia aToT mporttece 3aMezisien, pparMeHTanus mnpo-
MCXO/NT HACTOJIBKO PETYJISIPHO, UTO KaKETCS JIETIOM YeJio-
BeUeCKNX PYK. VIMEHHO 3TOT MEXaHM3M JICKHT B OCHOBE
BO3HUKHOBEHUST YIUBUTEIBHOTO MPUPOIHOTO OOBEKTA —
6a3aJbTOBBIX TaJblleB. OJHO u3 TakuX O0Opa3oBaHUil
Haxonutcs B CeBepHoil Mpaanann u u3BectHo Kak Moc-
ToBasa rurantos (puc.3).

A pasBe Haia 3eMJis He TI0X0Ka HA TUITHYHYIO CUCTEMY
«TBEP/I0e TIOKPBLITHE HA IMOJATINBOM ocHOoBanuu»? Ilo
COBPEMEHHBIM TIPEJCTABJIEHUSIM, OTHOCUTEIBHO TOHKAS
(5-50 kM) TBepas Hapy KHas 000J0YKA HAIIEH ILIaHETbI
(smrocdepa) MOKOUTCS Ha OTHOCHTEIBHO MOJATINBON 1
toscroir (2900 kM) oGosouke — BepxHell ManTuu. Ee
BsI3KOE, TeKyuee BEeleCTBO HAXOANTCS B COCTOSIHUHM HeyC-
TONYNBOCTH M3-3a BEPTHKAJBHOTO TEIJIOBOTO I'DA/MEHTA.
[Tostaraior, YTO0 UMEHHO TIOITOMY B MAHTHU T€HEPUPYIOTCST
IMTAHTCKHME KOHBEKIMOHHBbIE NoToKM (s4eiikm). 3a cuer
KOHBEKIIUY BO3HUKAET MEXAHUYECKOE HANIPSKEHUE B 3€M-
HOU KOpe, KOTOPO€e OTBETCTBEHHO 32 TAKUE re0[HHAMUYEC-
KHe TpoIecchbl, Kak apeiid) KOHTUHEHTOB, (hOPMUPOBAHHE

(lpogonxerme cm. Ha ¢. 9)
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PUC.4. I71eKTPOHHAS MUKPOGDOTOrPAPMS 06pa3La HATYPaIbHOIo Kayqyka C ToHkM (10 HM) 30710TbIM [TOKPLITUEM, PACTIHYTOro Ha 50%

(a); kapra penbepa aHa TUXOro OkeaHa B parioHe BOCTOYHO- TMXOOKEaHCKOro rnogHams (6) v Io/ioxeHne COOTBETCTBYIOILEro y4acTka
B Tuxom okeaHe (8)
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C.TABAYHUKOB, B.TUMOPUH

Mpacduku MHorouneHoB: Teopema bopBerHa

Dopmyarposka 3agaun CuabBecTpa HACTOJIBKO 00TIAs,
YTO B HEll MOJKHO 3aMEHSATD TOYKU U MPSMbIe HA MHOTHE
Jpyrue 06beKTDI U IOJIy4aTh OCMbICJEHHbIE YTBEPKIEHUS .
[Tpsimbie 1 TOuKM 06J1a1A10T HEKOTOPBIMU CHEINATbHBIMU
cpoiictBamu. Harpumep, uepes Kaxx/y1o Hapy TO4€K MOK-
HO IIPOBECTH NIPAMYIO, U TOJIbKO ojHy. [Toxoxxue yTBepsk-
JleH1s UMeIoT MecTo /11 rpadukos MHorodsenos. Hanpu-

Mep, paccMOTpuM TpauKi KBAIPATHBIX TPEXUJIEHOB

y = ax? +bx +c

(a = 0 ue Bocupeniaercs!).

Yupaknenne 13. /lokaxure, 4To uyepe3 KaXK/IYI0 TPOHKY
TOYEK C PA3JIMYHBIMU X-KOOP/MHATAMU MTPOXOANUT IPpaduK KBaJI-
PATHOTO TPEXUJIeHa, W TOJbKO OJIUH.

[Iepenecem teopemy CunbBectpa—lamian Ha rpaduxn
KBaIPATHBIX TPEX4JeHOB. PaccMOTpUM KOHEYHOE MHOKe-
CTBO M TOYeK Ha MJIOCKOCTH C PA3JIUYHBIMU X-KOOPMHA-
tamu. [Ipeamososkum, 4TO HE BCe TOUKM MHOXKecTBa M
JIeSKaT Ha rpaduKe OJHOTO U TOTO K€ KBAPATHOTO TpeX-
yneHa. B aTom ciyuae Halijiercsd Takoil KBaJpaTHBIH
tpexunen (anamor npsamoit Cunbsectpa), rpaduk KOTOpo-
TO COJIEPKUT POBHO TPU TOYKHU M3 MHOKecTBa M.

[lokaxxem arto. [Ipeamonoxum, 4To Tpad K KBapaTHO-
TO TpeX4sieHa, MPOXOAAIINi yepe3 MoOyIo TPOIKY TOYeK
MHOKecTBa M, COJePKUT XOTs Obl ellle OIHY TOYKY ITOTO
MHOKecTBa. [Ipeanonokum TakKe, 4TO He BCe MHOKECTBO
M TpUHAIEKUT OJHOMY Tpaduky.

Bynem maMepsaTb paccTosinue OT TOUKH TJIOCKOCTH [0
rpacduka dyukinun o Beprukaau. Ecim paccrosinue pas-
HO HyJIO, TO ToykKa Jexut Ha rpaduke. Cpenu map,
COCTOSIIIUX U3 TOYeK MHOXKecTBa M U rpaduKoB KBapart-
HBIX TPEXUJIEHOB, IIPOXO/SIINX Yepe3 TPOWKH TOYeK MHO-
JKecTBa M, HalijieTcsl mapa ¢ MUHUMAJbHBIM HEHYJIEBBIM
paccTosTHUEM OT TOUKH /10 Tpaduka. O603HAYNM TY TOUKY
uepes (@;b), a kBajparubiii Tpexunen — uepes g (x).
IMycte xy <y <3 <y a6CINCChl YEThIPEX TOYEK
MHO)ecTBa M Ha rpadure y = g (x).

Pacemorpum cayuait xy < a <xy. CyuecrByer KBaj-
A PaTHBIM TpexX4JeH

f(x), rpaduk koro-
POTO TIPOXOJIUT Yepes
pu touxn (259 (%)),

(a;0), (x4;g (4 ))
(puc. 6). Paccmorpum
KBQ/IPATHBIN TPEXUJIeH

Puc. 6

Oxonuanue. Hauanro cm. 6 <Keanumes No5.

‘ 01-15.p65 6

i

h(x)=f(x)-g(x). ockonbky x; u x, — ero KopHuU,
h(x) menster MmonoTonHOCTb Ha oTpeske (xy;x,) He Gosee
oaHOro pasa (Ha PHCYHKe — CHavaJa BO3PACTAET, 3aTM
y6bIBaeT). ITO O3HAYAET, 4TO XOTSA Gbl OJHO U3 YHCEJ]
()| w |k (ac3) membue, wem |2(a). A smaunr, nmm
toura (xy;9(%y)) wm touxa (x3:9(x3)) maxoaures

6mmke k rpaduky y = [ (x), uem (4;0) x y=g(x).
[IpotuBopeune.

Yupaxknenne 14. Paccmorpure ocraBuiiecs ciyyan: a < Xy
n X3 <a.

Teopema /11 KBJIPATHBIX TPEXUJIEHOB SIBJSETCS YacT-
HBIM cJyydaeM Gojee o6reit Teopembl bopseitna [8],
OTHOCSIIEHCST K IMPOU3BOJIBHBIM cucteMaM YebbIiiesa.
DopMyaupoBaTh ee B OJHO OOTITHOCTH MBI He Oy/ieM, HO
HaMETUM ellle HECKOJbKO YACTHBIX CJIYyYaeB B BH/IE YITPAK-
HEHTI.

Yupaxxuenust

15. Jlokasxure, 4to yepes jio6bie 7 + 1 TOUEK HA TIOCKOCTH C
PABJIMYHBIMI X-KOOPIMHATAMI MOKHO ITPOBECTH I'PadUKI MHO-
roujieHa crereHu He Bbiie 7. Bosee Toro, Taxkoil MHOrowseH
posnHo omun. Chopmyaupyiite n gokaxute o600IIeHne Teope-
Mbl CustbBectpa—Tlasman st rpadpuKoB MHOTOUJIEHOB CTETIEHH
He BBIIIE 7.

16. Paccmorpum dyHKIMN BuIA

f(x)=acosx +bsinx +c.

Jlokaskure, 94TO ecyu [ He paBHA TOXK/IECTBEHHO HYJIIO, TO OHA
obparaercss B HOJIb He GoJiee 4eM JiIsl JIByX 3HAYEHW X B
noxyuurepsase [0;21) . Copmyaupyiite 1 JOKaXKUTe aHAIOL
teopembl CusibBectpa—Tasian st GyHKIMN AaHHOTO KJacca.
Vxasanue: ncxomplil aHaor OyZeT HEKOTOPBIM YTBEp KACHHEM
IIPO KOHEYHOE MHOKECTBO TOYEK Ha ILJIOCKOCTH, X-KOOPAWHATBI
KOTOPBIX PA3JUYHbI U JIEXKAT B HEKOTOPOM (DUKCHPOBAHHOM
oJlyuiTepBajle LIHHBL 2TT, cKaxeM, B [0;271).

A B npocTpaHcTBe?

E1te o110 ecrecTBEeHHOE HaTIpaBJieHue /151 00001eHU N 1
anasioroB 3a/iaun CUJbBeCcTpa — 9TO BBIXO/I U3 MJIOCKOCTH
B mpocTpanctBo. HerocpejcTBeHHOE MPOCTPAHCTBEHHOE
o6o6iienve 3By4ano 6bl Tak. [lyctdb gan KoHeuHbII HAGOP
M TOUYEK B TPEXMEPHOM IpocTpaHcTBe. JomycTum, uTo He
BCe 9TU TOYKU JIe3KAT B OJHOU TLIOCKOCTU. BepHo i, uTo
HaliJIeTCsl MJI0CKOCTD, CoJiepKalast TP HEKOJLJINHeapHbIe
TOYKM MHOKecTBa M 1 GoJibiiie HUKakue? K coxkasenuio,
OTBeT OTpUIlaTeIbHbIH. [IpocTeiimii KOHTPIIPUMEpP COCTO-
UT W3 TIECTH TOYEK, JIEKANMX HA [BYX CKPENTHBAIOIINXCS
MIPSMBIX, — TPU TOYKY HA OJTHOH MTPSIMON, U TPU HA IPYTON.

Yupasknenne 17. Bo3MOKHO elie Takoe IPOCTPAHCTBECHHOE
o6o6uenue npobaembr Cusibsecrpa (kasanoch Obl, emje GoJee

30.11.09, 14:30
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HemocpescTBerHoe). [IycTh aHo KOHEYHOe MHOKECTBO TOUEK B
IIPOCTPAHCTBE, He Bce Ha OJ[HOI MIOCKOCTH. BepHo Jin, 4To ecTb
IJIOCKOCTD, COJAEPIKAIAs POBHO TPH TOYKHM HAIIETO MHOKECTBA
(BosmMoxkHO, KosmmHeapubie)? OTBeT Ha 3TOT BONPOC TOKE
OTPHIIATENIbHDII, & KOHTPIPUMED TOJIyYaeTcs NpocToit Moaudu-
Kaiueil IpuMepa, PUBEJEHHOrO BbIIIE.

[IpuBesiennblil BbIle KOHTPIIpUMEp ObLI TocTpoeH Mortr-
kuabIM B 1951 romy [9]. Ou ke mokaszan ciejyioriee
(6os1ee npaBusibHOE) 0606IIEHNHE TeopeMbl CubBecTpa—
Tanman.

Teopema 4. Ecau He 6ce mMOuKU KOHEUHO20 MHOKECMEA
M nexam 6 00HOU NAOCKOCMU, MO HAUOEMCA MAKAS,
naockocmv (6ydem nasvieamo ee niockocmvio Mouxu-
na), nepeceuenue Komopoi ¢ M cocmoum u3 HeckoIbKuUx
(no menvweti mepe, 08Yx) KOINUHEAPHBIX MOYUEK U eule
00HOU MOUKU, HE KOJIUHEAPHOU ¢ HUMU.

OKpy>XHOCTUN

Teopema Mornikuna Mo)keT ObITb MCIOJb30BaHA IS
nepernoca teopeMmbl CusbBecTpa—lasian Ha ciaydail OK-
pyskHocTeil. PaccMOTpuM KOHEYHOE MHOXKECTBO TOYEK Ha
cepe. Besikast m1ocKocTh, MPOXOASIIas yepes 3 pasiny-
HbIe TOUKU c(pepbl, BbIceKaeT Ha chepe HEKOTOPYIO OKPY K-
HOCTD. JlomycTiM, 4TO He BCe TOUKN MHOKecTBa M jrexar
Ha OJHON OKpysKHOCTH (MJIM, YTO HKBUBAJEHTHO, HE BCE
TOUKH JIESKAT B OJAHON 1iockocTn ). Torma Hafigercs mioc-
KOocTb MoIKWHa, TepecedyeHne KOTopoir ¢ M cocTouT us
pd7a KOJIMHEAPHDBIX TOYEK U ellle OJTHON eIMHCTBEHHOMN
TOYKH, HE KOJUIMHEAPHON 3TOMY PSy. 3aMeTHM, OJHAKO,
YTO PsJI KOJJIUHEAPHBIX TOUYEK Ha cepe He MOXKET co/ep-
’KaTh 6oJiblie ABYyX Touek. CIieoBaTesNbHO, IJIOCKOCTD
MotkuHa COJIep>KUT POBHO TPU TOYKM MHOKecTBa M, 1
9TU TOYKU C HEOOXOAMMOCTBIO HE KOJIIMHeApHbI. B yact-
HOCTHU, 3T TPU TOUYKH JIesKaT HA OKPYKHOCTH, KOTOpas He
COJIEPKUT JIPYTUX ToueK MHOKecTBa M. Takum o6pasom,
MBI TIOJIyuaeM cJeayoniee yTBep KAeHe.

Teopema 5. /s xoneunozo mnoxecmea mouex M na
chepe, ne 6ce U3 KOMOPLIX JeKAM HA OOHOU OKPYHKHOC-
mu, wnaudemcs maxas oxpyxnocmv (anaroe npsamoi
Cunveecmpa), Komopas. cooepxum posHo mpu mouKu
MHoxecmea M.

PaccemotpuM crepeorpadpnieckyio mpoekinio cepbl Ha
mocKkocTb. HaromuuM, uto crepeorpadudeckas mpoek-
VST OmpefiesisieTcss TakuM o6pasoM. lleHTp mpoeknum —
touka A na cepe. IIpoekiusa touku B na cdepe (oramy-
HO¥T OT Toukn A) — 912 Takas Touka C Ha BBIOPaHHOI HAMK
mnockocty, uto A, B n C xommueapusr (puc.7). Ussec-
THDBII (DAKT COCTOUT B TOM, UTO crepeorpaduieckas mpo-
eKIUS OKPYXKHOCTH Ha cdepe — 3TO OKPYKHOCTb WJIN

Puc. 7
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npsaMas Ha 1maockoctu (IIpsiMast I10JIy4aeTcs B ToM cJiydae,
KOI/Ia UCXO/HAs OKPYKHOCTD IPOXO/UT Yepes TOUKy A).
Hao6opor, xpiBasi, TpoennpyoIascs B OKPY>KHOCTD WJIH
IPSIMYIO Ha MJIOCKOCTH, 0653aTEIbHO SBISIETCS OKPYIKHO-
cThio Ha cpepe. Ecam aTOT haKkT HEM3BECTEH YNTATEIIO, TO
6bLT0 OBl OUEHD MOJIE3HO €T0 JOKa3aThb CaMOCTOSITEJIbHO.

[Ipu momotu cTepeorpadmyecKoii TPOEKITNN MbI TTOJTY-
YaeM CJIeyIONIYI0 TEOPEMY.

Teopema 6. [1ycmo dano Koneunoe MHoKeCmeo mouex
Ha niaockocmu. [lonycmum, 4mo He 8ce MOUKU 3IMO2O0
MHOXKecmea aexam Ha 00HOU NPAMOU U He 8ce MOUKU
Jaesxxam na oonotl oxpyxnocmu. Tozda naiidemes npsmas
UL OKPYHKHOCb, COOEPKAULASL POSHO MPU TNOUKU HAULe-
20 MHOXKeCcmed.

Ha camom gese, MOSKHO OKa3aTh 60Jee CIIIbHOE YTBEp-
JKIeHWe, W TpPH 3TOM Ja’ke He HYKHO WCIOJb30BaTh
teopeMy Mouxkuna.

Teopema 7. Ilycmov dano xomneunoe mmoxecmso M
mouex na niockocmu. /lonycmum, umo e ece Mouxu
muosxecmea M aexam na o0HotU npsamotl, U He 8ce JeKam
na o0notl oxkpysxnocmu. Tozda das ecsixoli mouxu A us M
Hatidemcest nPAMAs UIU OKPYKHOCMb, codepoxauyas A u
ewe posno dee mouxu muoxecmea M.

JokasareabcTBO. SIcHO, YTO [OCTATOYHO [JOKA3ATH CJie-
ayioniee yreepikaerne s cdepbl (OHO T0MyYaeTcss U3
TOJIbKO 4TO C(hOpPMYTMPOBAHHOI TEOpeMbl cTepeorpadu-
uecKoil npoekiueii). IIycTb JaHO KOHEYHOE MHOKECTBO
touek M' Ha cdepe, He Jexarniee Ha OHONH OKPYSKHOCTH.
Toraa, 1na Bcakoil toukun A' us Muoskecrsa M' Haiigercsa
OKPY’KHOCTb Ha cdepe, cofepskamast Touky A wu ere
POBHO /IBe TOYKM MHOKecTBa M'. UTOOBI /I0OKA3aTh 3TO
YTBEPIK/IEHNE, C/IelaeM ellle OJHYy CTepeorpaduyecKkyio
MIPOEKIINIO, Ha 3TOT pa3 ¢ IeHTpoM B Touke A’ . Ilpu aToit
MPOEKIIMK caMoil Touke A' He COOTBETCTBYET HUKaKas
Touka raockocti (HeopMabHO TOBOPS, €if COOTBETCTBY-
er GeCKOHEYHO yjaJeHHas To4Ka). Bce OKPYy:KHOCTH,
coziep:kaiue Touky A', mepexonsr B mpsMble. B pesyJib-
Tare Hallell HOBOH crepeorpaduyecKoil MPOEKIUU Mbl
MOJTy4aeM HOBOe MHOXKeCTBO M' TOouek Ha IJI0CKOCTH, He
Jiexaniee Ha ofHON npsaMoi (ITOCKoMbKy MHOKeCTBO M’
He JIesKaIo Ha OHON okpyxkHocTi). Ho Torza /st Hero
cymectByet npamast CusbBectpa!l Cripoermpyem aTy npsi-
MyI0 00paTtHO Ha cdepy U TOJYyIUM OKPYKHOCTH, COJEP-
JKAIYT0, TTOMUMO TOYKH A’ , ellle POBHO JiBe TOUKU MHOKe-
crBa M'. Teopema [loKa3aHa.

JononHeHune: KOHMKN'

EcrectBenro nompitaTbess 06061muTh 3anauy CuibBecT-
pa Ha ajreGpanyecKkue KpPUBbBIE JAHHOW CTENEHU: Be/b
IpsSIMble U OKPYKHOCTH — 3TO €CTECTBEHHbIE MPUMEPDI
KPHBBIX TIEPBOIl ¥ BTOPOii crerenu. [lyist crerenn 2 pedyb
UJET O KOHUKAX — TLIOCKUX KPHUBBIX, 3aJaHHBIX KBaJpa-
TUYHBIMH YPaBHEHUSIMU Ha KOOpAWHATHI. KBajparnanoe
ypaBHEHWE — 3TO YPaBHEHNE, CKaKeM OTHOCUTETHbHO KOOP-
JIMHAT X W Y, cojiepsaiiee 4ieHsl 1, x, y, x2, y2 , XY €
HekotopbiMu Koadduiinentamu. Tem cambiM, obmmast Ko-

19mo donomenue mpebyem neckoavko 60abuLe20 3anaca Mame-
MAMUYECKUX HABIKOS, YeM OCAbHble pasdevl. B aobom cayuae,
yumamenio moxem Goimv uHmMepPecrd HOPMYIUPOSKA OCHOGHOU
meopeMu.
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HMKa Ha IIJIOCKOCTHU 3a/laeTCd TaKUM ypaBHEHUeM:
dy + ax +ayy +asx’ +agxy +asy® =0

31ech dy,...,d; — HEKOTOPbIE TOCTOSIHHBIE KOA(D(MUITHEHTDI
(meiicTBuTebHbIE Yncaa). Mpl IIpeosaraeM, 4To Koad-
urnents! as, a,, as He PaBHBI OTHOBPEMEHHO HY.JTIO; MHAYE
MOJIYYHUTCST He KOHWKA, a npsaMas. Jlaske ecan KBaaparnd-
HbIe YJEeHbl MPHUCYTCTBYIOT, KOHUKA MOXKET OKa3aTbCs
BBIPOJK/ICHHOM, T.e. 0ObeJuMHEeHneM ABYX NPsAMbIX (BO3-
MO3KHO, COBIIAIAIONINX ) UJIM TOYKOIi. BriBatoT KBagparmy-
Hble ypaBHEHHS, KOTOPBIM He y/IOBJETBOPSIET HU OJHA
Touka mrockoctH (HampuMep, x” + yz +1=0), HO MBI
TaKue ypaBHEHISI paccMaTpuBaTh He 6yieM. HeBbIposkieH-
Hble KOHUKH — 3TO 3JIJIUICHI, Mapa6oJIbl U TUTIEPOOJIDI.
3aMeTuM, YTO €CJIM ypaBHEHHE KOHWUKUM YMHOMKHTD Ha
YICJIO, OTJIUYHOE OT HYJsI, TO caMa KOHHMKA OT 3TOTO He
n3Menutcd. Beero B ypaBuenuu durypupyer 6 koaddu-
IIIEHTOB, HO, KAK MbI TOJIBKO YTO BUJIEJHU, CYIIECTBEHHBIMU
napaMeTpaMu MOTYT OBITb TOJIbKO OTHOIIEHUsT KOa(utiu-
€HTOB, HO He camu Koapdunnenter. HeTpyano mokasars,
YTO KOHWKA B CAMOM JieJie CYIIeCTBEHHBIM 06pa3oM 3aBH-
cuT oT 5 mapamerpoB. Hampmumep, uepes mob6bie 5 TOUEK
MPOXO/INT KOHUKA, M, KaK MPABUJIO, TOJIBKO OHA.

Yunpakuenust

18. /[lokaxkurte, uTO Yepe3 JOObIe 5 TOYEK Ha IJIOCKOCTH
MIPOXO/IUT HEKOTOpash KOHWKA.

19. Ilycts Touku A un B nexar Ha koruke K. Torza nepecede-
Hue konnkn K ¢ npsamoit AB coctout 6o u3 JByX TOYeK A u
B, nmu6o u3 Bceii npsimoit AB.

Baiiaman u Busibcon [10] nokasamu B 1988 romy takyio
TEOpEMY.

Teopema 8. Paccmompun xoneunoe mnosxecmeo mouex
M na naockocmu. /JJonycmum, 4mo He 6ce mouKku MHOXKe-
cmea M npunadaexam oonoil xonuxe. Tozda naiidemcs
KoHuKa, cooepikawas posno 5 mouex uz M u onpedeis-
owascs smumu mouxamu (m.e. mem HuKaxoi Opyzou
KOHUKU, NPoxodsuell uepe3 me xe 5 mouex).

MpbI mpeAicTaBUM B BUjie Psifia yIpaKHEHNI HOBoe JJOKa-
3aTeJbCTBO TeopeMbl Baiiamana—Busiabcona. Ono Gosee
9JIEMEHTAPHO, YeM OPUTHHAJIbHOE JI0KA3aTebCTBO. BoJib-
MINHCTBO YTIPAXKHEHUI SIBJSIOTCS CKOpee TecTaMu Ha Io-
HUMaHWe, YeM COJIePKATeIbHbIMU 33/]a4aMy, — YUTATEJIIO
MPOCTO PEKOMEH/IYETCsT IPOYECTb BHUMATEIBHO YCJIOBUS
BCEX YNPAKHEHWN W TOHATb, MOYEMY OHU OUYEBH/IHDI.
OresibHBIE YIIPAKHEHUST MOKPBIBAIOT OT/IEIbHbIE TIIaTh B
JI0Ka3aTeTbCTBE.

Yupaxuenus

20. Paccmorpum Ttpu Toukn A, B u C Ha IIOCKOCTH, HE
JiesKaline Ha O[O psMOii. /[pyruMu c10BamMu, Mbl IMEEM JIEJI0
¢ BepmmHamu Tpeyroabnnka ABC. ITomectum macewr 1, u, v B
touku A, B, C coorserctsenno. OGosuauum uepes X (u,0)
LEHTP Mace TPex paccMaTpuBaeMbix Touek. Ilapy uncen (u,v)
MOKHO cuntarb koopannatamn touxn X (u,0) . Takum o6pasom,
MBI BBEJIH JIPYTYIO CHCTEMYy KOOpAMHAT Ha miockoctu. (3ame-
THM, 4TO I[EHTP MAacC MOKHO OIPEJeJHUTDh Ja’ke B TOM CJydae,
KOTZa ¥ M/WIN © PaBHbl HYJIO WM Ja’ke MEHbIIe HYJLT;
mpo6JieMa BO3HUKAET TOJBKO B TOM CJydae, KOTJa CyMMa BCEX
Tpex Macc paBHa HyJo, T.e. 1 + u + v = 0.) Jlokaxure, 410 B
HOBOII cHCTeMe KOOPAMHAT JT06ast KOHUKA TOXKe MPe/ICTABIISETCS
KBa[PAaTHYHBIM yPaBHEHUEM.
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21. PaccMOTPUM KOHUKY, ITPOXO/ISILYIO Yepe3 Bce TP BEPIIH-
Hpl TpeyrospHuka ABC. B atoM ciydyae ypaBHEHHE KOHHKH
MUMeeT CIIEUATbHbII BII. A UMEHHO, HeKOTOopble Koadduiimen-
TbI 0OPAIIAIOTCS B HOJIb. 3alUIIEeM CHAYaIa ypPaBHEHNE KOHUKI
B 001IEeM BU/JE:

by + by +byo +byu® +buv +bsp® =0.

Tenepb nonpoGyeM HMOHATD, KAKOe OrpaHrnyeHne Ha Koagpuiim-
€HTBI HAKJIAJBIBAET TOT (DAKT, UTO HAIIIA KOHUKA TIPOXOJIUT Yepe3
touky A. Touka A wumeer koopmunarer (0, 0) (r.e. u =
= o = 0). 3naunr, pu u = v = 0 ypaBHeHHE JOJIKHO OBITH
BEPHBIM. JTO MIPOU3OUIET TOJBKO B TOM ciaydae, Korga by =0 .
Toukun B u C HaKJIQIBIBAIOT CJEAYIONIHE COOTHOIIEHUST Ha
koa(punnentor: by =bs =0 . [oxaxkure sto (paccysxkierne
cJIO’KHee, 4YeM /s TOUuKM A, TOocKoabKy Toukm B u C He
COOTBETCTBYIOT HUKAKIUM KOHEUHBIM 3HAYCHUAM KoopauHart (u, )
— JJISI PACCMOTPEHUST ATUX TOUEK TIPHUJIETCS] TIOMECTUTD B TOUKY
A myJeByio Maccy). YpaBHEHHE KOHUKH, ONHCAHHOH BOKPYT
Tpeyrosabanka ABC, TeM caMbIM CBeJIeTCS K TaKOMY:

au + bo + cuv =0

(MBI 3716CH TIepeo6o3HaumIN KO3 PHUITUEHTDI).

22. PaccMoTpuM Telepb BCe KOHHMKH, OIMCAHHbBIE BOKPYT
tpeyrosabunka ABC, u jokaxem anaJor teopembl CusbBecTpa—
Tasan /it Takux KOHUK. 3aMeruM (IPoOBEpbTE HTO YTBEPIK/Ie-
Hue!), 4T yepes Jo0bIe IBE TOUKH, He JiesKalllue Ha TPSIMbIX AB,
BC n AC, MOXHO IIPOBECTU KOHUKY, OIUCAHHYIO BOKPYT Tpey-
roabuuka ABC, nuputom Toabko oy . (Ha camom siesie, Kak Mbl
yoKe YIOMHHAJN, KOHUKY MOKHO IIPOBECTH BCET/1a; OJIHAKO, €CJIN
0o0e TOYKH JIeXKaT Ha MPSMOii, cojlepskaiieil CTOpOHy TPeyroJib-
uuka ABC, TO eIMHCTBEHHOCTH Hapyliaercs.) PaccMoTpum
Terepb HEKOTOPOE KOHEYHOE MHOYKECTBO TOYEK Ha MJIOCKOCTH, He
npuHaanekamux npamMbiMm AB, BC u AC u y10BJIeTBOPSIONIIX
CJIeJIYIONIEMY YCJIOBHUIO: HA KOHWKE, ONMCAHHOW BOKPYT TpPEY-
ronbHuKa ABC u cozepskalieiil iBe TOYKM HAIIero MHOXECTBA,
JICKUT ellle 10 KpaiiHeil Mepe ojiHa TOuKa Hallero MHoXecTBa. B
9TOM CJIydae BCe TOYKM Halllero MHOXKECTBA JIesKaT Ha O/HOW 1
TOIT ke KOHWKe, ONMCAaHHOW BOKPYT TpeyrosbHnka ABC.

Vxasanue. Pacemorpure cucremy xkoopauuat (u, ), cBg3an-
Hy10 ¢ TpeyrojabHukoM ABC 1 onmcannyio Bbline. Y paBHEHUE
06O KOHUKH, OTIMCAHHOIT BOKPYT TpeyroybHuka ABC, umeer
Buj au + bv + cuv = 0. Ilogesum 370 ypaBHEHUE HA UV, MbI
TIOJTY4UM ao" +bu" + ¢ =0 . 3uaunr, ecan BMecTo KOOp/MHAT
u n v BBectn koopauHarel 1,/ovn 1,/ u, TO B HOBBIX KOOPMHATAX
ypaBHEHUS KOHUK, OIMCAHHBIX BOKPYT TpeyrojbHuka ABC,
OyZlyT JIUHEHHBIMU. DTO 3HAYUT, YTO HA IJIOCKOCTU C KOOP/IMHA-
tamu 1 /o u 1 /u Takue KoHUKU M306passarcs npsampimMu. [Ipume-
HUTE K 3TUM IPSIMBbIM KJaccudeckylo teopemy CuibBectpa—
lFannan.

CKa)KeM, YTO IIATEPKa TOYEK Ha IIJIOCKOCTH onpeae/mem
KOHUKY, €CJIN €CTb TOJIBKO O/lHa KOHHKa, COo/JieprKalllasd 9T
IIATH TOYEK.

Yupaxknenune 23. Ilyctb 1aHo KoHeYHOE MHOXKECTBO M TOUYEK
Ha MJIOCKOCTH. [[OTyCTIM, UTO /IS KaXKBIX MATH TOYEK MHOXKe-
ctBa M, omnpefesigioNnX KOHUKY, HAHJeTCsT HEKOTOpas MIecTast
TOUYKa MHOKecTBa M Ha TOI ’Xe KOHUKe. MbI XOTUM J0OKa3aTb
tTeopeMy BaiisMana—Buiibcona, KoTopas rOBOPHUT, YTO B 3TOM
cJlyuyae Bce TOYKM MHO)KecTBa M JieskaT HAa OJHOU U TOW JKe
KoHUKe. J[oKaxkuTe moKa cJejyroiiee yTBepsKIeHue: st Jro0oit
Tpoiiku Touek A, B u C MHOkecTBa M, He JeKalluX Ha OTHOU
MPSIMOH, BCe MHOXKECTBO M COJEPKUTCSI B OObEJAMHEHUN TPSI-
Mbix AB, BC, AC m HeKOTOPOH KOHUKH, OMUCAHHONH BOKPYT
tpeyrosabnuka ABC.

PaCCMOTpI/IM KOHEYHOe MHOKeCTBO M TOUYEeK Ha ILJIOCKO-
CTH TaKoO€, KaK B IPEAbIAYIIEM YIIPaKHEHUU. Ecnu Bce
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TOYKU MHOKecTBa M JiekaT HAa OJIHON UM TOW Ke MPSIMOM,
10 TeopeMa Baiismana—Buibcona gokasana (npsmas Beer-
J1a SABJISIETCS YaCThIO BBIPOKAEHHOI KoHuKN). /lonycrum,
yTO 3TO He Tak. Torma waiayrtcest tpu touku A, B u C
MHO:KecTBa M, He Jexxaniue Ha ogHo# mpsaMoii. CoryacHo
MIPUBE/IEHHOMY BBIIIIE YITPAXKHEHUIO BCE TOUKN MHOXKECTBA
M copepxkarcst B o6beaunenun npsimbix AB, BC, AC u
HEKOTOPOH KOHUKHM K, ONUCAHHOW BOKPYT TPEyroJbHUKA
ABC.

Yupaxuenust

24. Tlpeamosokum cHauyaja, 4TO Haiimercs Touka D U3
MHOXKecTBa M, He Jyie)xarias B o6beauaenun npsiMmbix AB, BC u
AC. Touka D, cienoBatesibHO, 00s13aHA IPUHAIEKATh KOHIKE
K. Ecau Bce Touku MHOXKecTBa M npuHajiexar Konuke K, To
TeopeMa JloKazaHa. [[omycTuM, 4To HEKOTOPbIE TOYKHU ITPUHA/LJIe-
skat oObenunennio Tpex npsimMbix AB, BC u AC, HO He KOHUKe
K. Hampumep, myctb MHOXKecTBO M comepxkutr Touky Ci,
Jealyio Ha npamoit AB, Ho orTimuHyl0 oT Touek A u B.
[lokaxkure, 4to 1s1Th Touek A, B, C, C;, D onpeiessiioT KOHUKY .
JTa KOHMKA BBIPOXK/ICHHAS; OHA COBIAJAeT € OObeINHEHUEM
npambix AB u CD.

25. Ecain B o0beunenun psimbix AB u CD HeT Ipyrux ToueK
mMHOKecTBa M, kpome rtouek A, B, C, C;, D, to Teopema
Jokasana. /lomycrtum, 4To ecTb Kakasg-To mecras Touka C, . Jra
TouKa 00si3aHa MPUHAJJIEXATh NpsMoit AB.

26. Jlu6o C;, mu6o C, wne upunamgexur npsmoii CD.
omnyctuMm, uro 310 C;. MbI 3HaeM, 4TO BCe TOYKH MHOXECTBA
M nexkar B OOBEMHEHUH TIPSMBIX, COJAEPIKANMX CTOPOHBI
tpeyrosbiuka ADC, m Hekoropoil Kouumku Kj, OnucaHHOI
BoKpyT Tpeyrosbinka ADC. B wactnoctu, Toukn B u C,
JIOJUKHBI TIpuHaieskatb Konmke K. Ortciona ciaenyer, uTo
koHnKa K cBomutes K o6beannernio npsimbix AB u CD. Takum
06pa3oM, Bce TOUKU MHOXKecTBa M TpuHa/IeskaT 06beINHEHUIO
npambix AB, CD u AC (npambie AD u DC He MOryT uMerb
OO0TIIX TOYEK ¢ KOHUKO# K, OTJIMYHBIX OT BEPIIUH TPEYTOJIbHUKA
ADC). [lpyruMm cjoBaMu, BCe TOUKH MHOKECTBA JeKaT B
00bEIMTHEHNY TPSIMBIX, COJIEPKAIIMX CTOPOHBI HEKOTOPOTO He-
BBIPOXK/ICHHOTO TPEYTOJbHUKA.

27. Tenepb IOCTATOYHO PACCMOTPETD CJIyyail, KOTr/ia BCe TOUKU
MHOKecTBa M mpuHajIexar oObeunenuto npsmMoix AB, BC,
AC. Tlockosibky M He MOKET COJIeP3KaThCs B 00beAMHEHIHN JIBY X
npsaMbIX, Haiigyresa toukun A, , By, C; nanpambix BC, AC, AB
COOTBETCTBEHHO, HE COBIIA/IAIONINE C BEPUIMHAMM TPEYTOJIbHUKA
ABC. IlpeanonoxuM, uto Toukn A, , By, C; He jexkar Ha OHO#
npsmoii. Torga, cormacHo AOKa3aHHOMY BBITIIE, BCE TOYKN MHO-
skectBa M exxar B o6begunenun npsameix 4By, BiCy, CiA; u
HEKOTOPOil KOHUKH, OIMCAHHOW BOKPYT TpeyroabHuka ABC; .
[Tokaskure, ofHAKO, YTO HUKAKasg KOHWKA, OMICAHHAS BOKPYT
tpeyronbunka A B;Cy, He MoxeT coxepxaTb Toukn A, B u C
onHOBpeMeHHO. IIpoTmBOpeune.

28. Takum oGpasom, toukun A;, B; u C; KoJIMHeapHBI.
Bonee Toro, MHOKECTBO M COCTOUT TOJBKO U3 MIECTH TOUEK A,
B, C, Ay, B, u C,;. (B camoM jienie, ecin bl Gbla elle ojHa
TouKa B MHOKecTBe M, TO MOKHO ObLI0 Obl 3amenutb A, B
nmn CyHa 39Ty TOYKY U HOJYYUTb HEBBIPOKIEHHBIN TPEYTOJIb-
muk.) Ho B arom ciayuae nmarb touek A, B, 4, B, C,
OTIPENIEISIIOT BBIPOKIECHHYIO KOHHUKY, KOTOpas He COJEepPXKUT
HUKaKUX JPYTUX TOYeK MHOKecTBa M.

Mpbr, TakuM 06pasoM, 3aBEPIIUJIH JOKA3aTEIbCTBO TE€O-
pembr Baiiamana—BusbcoHa.
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N3mepseM NpoyHOCTb Ten
OT HaHO A0 mMmera

(Hayano cm. Ha ¢ 3)

penbeda, OTKPBITHE W 3aKPBITHE OKEAHOB, M3BEPKEHUS
BYJIKQHOB, 3€MJIETPSICEHUS U T.II.

Kax Bugum, crpoeniie BepXHux 060I09eK Halell 3eMJIi
MOJIHOCTBIO COOTBETCTBYET CTPYKTYPE CHUCTEM <TBEPOE
MOKPBITHE Ha TIOAATJNBOM OCHOBaHWU». HeyauBuTeabHO
MO3TOMY, 4TO pesibed KOJIOCCATBHOTO 110 Pa3MepaM ydac-
TKa OKEaHMYecKoro JiHa B paiione Bocrouno-Tuxookean-
CKOTO TIOJIHSATHUS TIOPA3UTEIBHO MMOX0K Ha pesbed, obpa-
3YIONUICS TIPU PACTSIPKEHUM aPMUPOBAHHBIX ITOJUMEP-
HbIX TIeHOK (puc.4).

MHoruM, Mo-BUAUMOMY, MOKaXKETCS (haHTACTHYECKOI
ujes POJICTBEHHOCTH IIPOIIECCOB, BbLI3BIBAIOIINX PEry-
JISPHOCTD PA3pyIIEHUS TBEPJOTO MOKPBITUS HA TOAATIU-
BOI IOJIUMEPHON TIO/JIOKKE, U COOBITHIH, IMPOUCXO/ISI-
nmx B 3eMHOU Kope. Ho Takas ananorus Bce ke BIOJHE
npaBoMepHa. K HacrosiieMy BpeMeHH TIEPBBIM aBTOPOM
CTaTbU MCIOJb30BAHBI YPABHEHNUS, MOJIyYeHHbBIE IS TI0-
JIMMEPHBIX TIJIEHOK C TOHKWUMM TBEPbIMU TOKPBITUSIMHU,
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JUIST PAcyeToOB HAINPSDKEHWS MPOYHOCTH OKEAHMYECKOM
KODBI.

MauJio Toro, paccMOTPEHHDII TIOX0/ MOYKHO TPUMEHUTD
B IJIAHETOJIOTUN /T TPy6Oil OIIEHKN CTPYKTYPBI KOCMH-
JecKUX 00beKTOB. Tak, o aHanmm3y oco6eHHOCTeH peJbe-
¢a moBepxHOCTH BeHepbl, TOJYy4eHHOMY C ITOMOTIHIO
pajlapHOHl CBEMKH C €€ HCKYCCTBEHHOTO CIIYTHHKA, C
UCIIOJIb30BAHUEM TAKOTO MOJXO0/A yiKe CIeJaHbl HEKOTO-
PbI€ 3aKJII0YEHUsT OTHOCUTEIBHO MIPOIILJIOTO 3TOM IJIAHETDI.

Her nuuero yuBUTEIBHOTO B TOM, YTO 3a4acTyIO OJHU
U Te ke uU3MUYECKIEe 3aKOHbI JIiCTBYIOT B CAMbIX Pa3HO-
06pa3HbIX cucreMax. B mameM ciydae auarasoH poj-
CTBEHHBIX SIBJEHUI IMPOCTUPAETCSI OT HAHOPA3MEPHOTOo
YPOBHSI /10 MAKPOCKOIIMYECKOTO 1 JaKe TLIAHETAPHOTO.

Wrak, 6;1arofapst o6ITHOCTH 3aKOHOB MOXKHO TTOJTyYaTh
nHdOpMAIIO O CBOHCTBAX MAaTepUasoB, SBJICHUSIX U
mpolieccax, HalpuMep OIEHUBATh TPOYHOCTh MATEPUATIOB
B HAHOCJOSIX WM CyZuTb 06 oOpa3oBaHuu pesbeda Ha
MOBEPXHOCTH TIJIAHET, MPOHMCXO/AMNX B OKPYKAIOIIEM
Mupe, 06paTUBIIUCH K JJaOOPATOPHBIM MOJIEJISIM U B35IB 32
AHAJIOT TIPOCTOH U XOPOIIO U3YyYeHHDIH (PU3ndecKuii 0O0beKT,
TAKOIl KaK IMOJIMMepHas MJeHKa C JKECTKIM HAHOMETPOBBIM
MOKPBITHEM.
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NAMATU
N3PAUNA MOWNCEEBUYA TEJIbOAHOA

He cramno Uspauns Mouceesnua lenbdanga, ogHoro us
CaMbIX BBIJAIONIUXCS MATEMATUKOB MPOIIEIIIEro BeKa.

N.M.Teabdang — mopasuTesbHO PA3HOCTOPOHHUI yue-
Horii. Heserko HasBaTh Kakyio-am6o m3 GyHIaMEHTAJbHBIX
oTpacieii MateMaTuku, B Kotopoil ['esbdann we mmesn 6bI
OCHOBOTIOJIATAIOMUX Pe3yabTaToB. OH OBLT BCEMUPHO IPH-
3HAHHBIM MUPOBBIM JIHZEPOM B (PYHKIIMOHAJBLHOM aHAJ3E,
Teopuy TPyTI JIu 1 Teopun TPeCTaBICHII, 1 HEBO3MOKHO
He OTMETHTD €ro BKJa/a B aire6py, TeOMETPUIO, TOMOJIOTHIO,
anreOpanvecKkyio reoMeTpuio, Teopuio AudepeHimaabHbIX
ypaBHEHUl, MaTeMaTUYeCKyi0 (DU3UKY, YNCIECHHBIN aHAIN3,
MPUIOKEHNS K He(DU3UUECKUM HAyKaM.

W.M.Tenbdar 6bLT BOCIUTAHHUKOM MOCKOBCKOIT MaTteMa-
THyeckoil mKosbl, yueHukom A.H.Kosmoroposa. OH 3amblI-
KaeT CITMCOK Y4YeHUKOB Jly3mHa U TIepBOrO IMOKOJICHUS
€ro BBIJAOIMUXCS <«BHYKOB». Wmn 6pumn [[.E.MenbInos,
M.A.Cycaun, A.S.Xununn, 1I.C.Anekcannpos, I1.C.Ypbi-
con, JI.A.Jliocrepuuk, M.A.JlaBpentbes, II.C.HoBukos,
H.K.Bapu, A.H.Kommoropos, JI.B. Kenapr, JI.T. ITaupess-
ma, C.M.Hwurombckuii, A.H.Tuxonos, JI.C.Ilourpsarum,
A. M. .Masbnes, A.A.Jlanynos, M.B.Kengpin, N.M.Tenn-
dan.

B tpyambie nBajiaToie robl €My HeE J0BEJIOCh 3aKOHYUTH
urkosty. OH He ToJy4n Boiciiero oo6paszoBanusi. C aeBsiTHa/I-
marn ger WM3pamsabp MowuceeBud cTaJ MOCENaTb CEeMUHAPDI
MOCKOBCKOTO YHHBEPCHUTETA U MOCTYIUJ B aCOUPAHTYPY K
Annpeto Hukosaesuuy KosimoropoBy. Kanpumpgarckyio auc-
ceprarmio .M.Tenpdang sammrua B 1935 rogy m cran
paboTaTh JOIEHTOM MEXaHMKO-MaTeMaTHuYeCcKoTo (haKyIbTe-
ta MTI'Y. Bckope uM ObLIH 3a/105KeHbI OCHOBAaHUSI TEOPHH
HOPMUPOBaHHBIX KoJjiell (MMeHyeMbIX Ternepb GaHaXOBbIMU
asreGpamMu) . DTH UCCIIEA0BAHUS, OCAY/KUBIIHE OCHOBOM €ro
JIOKTOPCKOI ucceptanmu, 3amuiierHoi B 1940 rogy, cpasy
BBIJIBUHYJTM €T0 B YHCJO BEAYNUX MATEeMAaTHKOB CBOETO
BpeMennu. lenbdang mpounTan Ha MeXaHHKO-MaTeMaTHdec-
KOM (paKyJibTeTe MHOKECTBO KypCOB: JIMHEIHOI anre6pbl,
TEOPUH YPABHEHUI C YACTHBIMU ITPOU3BOIHDIMU, BAPUAIIUOH-
HOTO UCYUCJIEHUSI, UHTEIPAJIbHBIX ypaBHeHuit. O 6bL1 6J11-
CTaTeJbHBIM JIEKTOPOM — MHOTHE HA3BIBAIOT €0 JIyYITHM
JIEKTOPOM CPEJN TeX, KOTO WM JOBOJWJIOCH CJBIIATh. ETo
nepy MPUHAIJIEKUT MHOKECTBO KHUT, MO0 KOTOPBIM YUYHIJIHCD
U MPOJOJIKAIOT YIUTHCS MAaTEeMaTHKHU BCETro MUpa. JTO y4eh-
HUK TI0 JUHEHHOH anre6pe M HAMMCAHHBIE B COABTOPCTBE C
KOJIJTeraMu  y4eOHUK 110 BapUAIMOHHOMY HCYUCJIEHUIO |
cepust MoHorpaduii mo teopun 06o0IeHHbIX (yHKIMA. B
TedeHne MoJyBeKa JeficTBOBAT 3HAMEHUTHIN ceMuHap 'esb-
dana, MOCBSIIEHHDIN «BCeil MaTEMATUKE» , KOTOPDII 1TOCTY-
SKILJT IIKOJION 11 MHOTHX IOKOJIEHHI MareMaTukos. /losroe
Bpems Tesnbdany pa6oran B OT/iesieHun IPUKJIAJHON MaTe-
MaTuku Marematuyeckoro uHcruryta umM.B.A.Crekyosa, rie
BBITIOJIHSLT pa6OThI 60JIBINOI TOCYIAPCTBEHHOW BAXKHOCTU: OH
BO3TJIABJIAJ TPYTITY YYEHBIX, KOTOPBIE MPOBOINJIN PACUETHI,
CBSI3aHHbBIE C CO3/IaHIEM BOJIOPOiHON 60MObI. C 1ecTujecs-
ThIX T0/10B I'estbhant 3aBeroBas saGoparopueii npu Mockos-
CKOM YHWBEpCHTEeTe, T/le OCHOBHOE BHWMaHHE Y/EJSI0CDH
rpo6JieMaM MeauIHbl 1 6nostorun. esbdan Gbli ocHoBa-
TeJIeM U B Te€UeHWe MHOTUX JIeT TJIaBHBIM PeIaKTOPOM XKypHa-
Ja «DYyHKIMOHAIBHBII aHAJIN3 U €70 MPUJIOKEeHNs > . B To/1bI,
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N3pannb Mouceesny lNenbcaHg,
(2.09.1913-5.10.2009)

korpa VI.M.Temabdanyg 6611 mpe3ueaTroM MOCKOBCKOTO Ma-
TEMATUYECKOro OO0IIecTBa, 5TO OOIIECTBO JLOCTUIJIO BbICIIEH
CTENEeHN CBOETO Pa3BUTHS.

Besmku 3acsyru Mapawnsiss MonceeBuya B o6J1acT MateMa-
THYECKOTO IpOCcBelleHnst B Haiieil crpane. OH ObLT cpein
ocHoOBareJsiell IIKOJbHBIX MaTeMAaTHYECKUX KPYKKOB IPH
MocKOBCKOM yHUBepCcHUTeTe, IPUHUMAJ aKTHBHelIee yJac-
THEe B TIPOBE/ICHUH TEPBBIX MOCKOBCKHUX MaTeMaTHYEeCKITX
OJIMMMNA/T, OCHOBAT 3a0YHYIO MaTeMaTHUECKYTO MIKOJTY, OBLT
cpe/il OCHOBaTe el 3HaMeHUTON MOCKOBCKOM BTOPOII IIKOJIbI.
On OblT MHUIMATOPOM WM3/IAHUS M OCHOBHBIM COABTOPOM
MHOTHX 3aMeyaTeJbHbIX OPOIIop, 0OPAIeHHbIX K HIKOJbHH-
kam. M.M.Tenpdann Obur apyrom Hamrero sxypHana. B
nepBoM HoMepe «KBanta» 3a 1989 ron ony6ankoBano 3ame-
yaTeJbHOE MHTEPBBIO ¢ akajgemukoMm V.M. Tenbdanmgom.

W eme 06 o1HOM Hesb3sl HE CKas3aTb: OYEHb MHOTHM
N3pansb MonceeBnd 0Ka3bIBasI CYIIECTBEHHEHIITYIO TOMOIIb
B TPYy/IHbIe MUHYTBI MX JKM3HH.

[TopasuTesbHOI 0COOEHHOCTBIO €T0 JKM3HU B HAyKe SIBHU-
JIOCh HEBEPOSTHOE TBOPYECKOE JOJTOJETHE: €T0 ITyTh B HayKe
Ha yPOBHE BBICIINX JOCTHKEHUI TNJICS CeMb/ICCAT TIATh JeT.
CpaBHUTD €ro TIPOCTO He ¢ KEeM 32 BCIO NCTOPHIO HAYKH.

B 2003 roxy B CIITA cocrosiiach kKoHDepenins « EquncTBo
MareMaTUKU», IPUypoUeHHas K JeBanocTtoero V.M. T'esb-
anpa. Ha xondepennuu BbICTYTINIIN C JOKJI3[aMU KPYITHEI-
e MaTeMaTHKy Harrero Bpemenn. Ha atoii kondepentnn 2
CeHTSIOPSI, B JIEHb CBOETO JIEBSTHOCTOJIETHSI, BBICTYIMJI C
JIOKJIaIoM 1 caM o6ussip. Ero gokia HasbiBasicst «Marema-
THKA KaK aJIeKBaTHBIN S3bIK». B /loKjIa/e OblIM OTPaKeHbI
cyrepcoBpeMeHHbIe TTIPO6JIeMbl alre6pbl, TEOPUN YNCEJI, T€0-
MeTpHUM, aHaJM3a W TPUKJIAJHONW MaTreMaTWKu. B Havase
nokaana Vapanab MonceeBUd mponsHec Takne CJIOBA:

«41 e omymaio ce6s popoxom. S suuib yuenuk. (I do not
consider myself a prophet. T am simply a student.) Bcio
SKU3HD 5 YYNJICS Y BEJNKNX MaTeMATUKOB, TAKUX Kak JHJep
mwm layce, y MOUX CTapmuX W MJIQIIMINX KOJJIET, Y MOUX
JIpy3eil 1 COTPY/THUKOB, HO G0Jiee BCET0 — Y MOUX YYEHUKOB> .

WNmsa Teabdania HaBcersa ocTaHeTcs B UCTOPUM HAYKU.
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BepoATHOCTHbIE
[10Ka3aTenbCTBa

A.LLIEHb

HepaBEHCTBa N OUEHKUA

Haunewm ¢ coBcem mpocToit 3agaun.

1. Ha docke nanucanwvr 10 uucen. Cymma mobvix 08yx
U3 Hux ne menvwe 5. Joxaxume, 4mo CymMma 6cex uucel
ne menvuie 25.

> TyT maske ¥ JOKa3bIBaTh-TO 0CO60 HEUYero: pazobbeMm
Yycsa Ha IATh nap. B Kakaol mape cymMma He MEHbIIIE J,
BCETO TOJIyqaercst 25. q

TeeoTv e ea e e e ),>25
>5 =5 =5 =5 =5

Tenepp HEeMHOTO GoJiee CJIOKHAST 3ajjavya.

2. Ha docke nanucamnwvt 9 uucen. Cymma nobuix 06yx u3
HUx e menvwe 5. /loxa;xume, umo cymMma 6cex uucesl e
Menvule 22,5,

(Ecsn Bce yucsa paBHbI 2,5, TO U noaydntces 22,5.)

> Paccyskas anajornyHo npezplylieil 3ajade, MOXHO
BBIOpATh UYEThIpE Tapbl, W OJHO YHCJO OCTaHercsi. B
Ka/I0ll Tape cyMMa He Menbliie 5, Bcero 20. Ecsm 6b1 Mbl
3HAJIN, YTO OCTaBIeecst 6e3 mapbl YMCJI0 He MEHBIIE 2,5, TO
MbI TIoJIyunsin 6b1 Tpebyemoe. Ho rapanTupoBaTh 3TO MBI
He MoxkeM. CkaskeM, ecJin OJTHO U3 YHCeJ PAaBHO HYJIIO, a
OCTaJIbHbIe PaBHBI 5, TO CyMMa JIOObIX JIBYX OyJeT He
menpie 5 (a numenno, 5 nwiam 10). Ipu 9TOM HEmapHBIM
MOJKET OKa3aThCsI HOJIb.

Hagseproe, BbI y:xe coOOpa3uim, Kak 3aBEpPHIUTh pac-
cyknenne. PazOuenue Ha mapbl B HAIUX PYyKaxX, U MbI
MOJKEM OCTAaBUTDH HEMApHBIM Ji060e M3 unces. B mo6oi
nape Xotsg Obl OJTHO U3 YnCeT PABHO 2,5 nin 6oJibite. Ham

E O DO GO @O .
>5 =5 =5 >5 >2,5?

21=225

JIOCTaTOYHO 3HATH, UTO XOTSI OBl OJTHO U3 YMCEJ TAKOBO —
MOKHO OCTaBUTDL HEMAPHLIM WMEHHO 3TO YHCJO, W BCE
TOJIYIHUTCS.

YcaoxxHUM 3a/1a4y e1re HeMHOTO.

3. Ha docke nanucanvt 10 uucen. Cymma mobvix mpex
U3 Hux e menvwe 5. /lokaxxume, 4mo cymma 8cex wucel
He menvtue 50/ 3.

> Mcnob3yem TOT ke mpueM: B JIIOGOU TPOiiKe ducest
GoJibiiiee paBHO 5,/ 3 uam Gosbine (MHAYe Bee TPU YuCiIa
MeHble 5,3, u cymMma Menbine 5). BosbmeMm oo u3
Takux ynces (He MeHbIINX 5,/ 3), OCTaHyTCst TP TPOHKH,
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B Kaxk/0ll M3 KOTOpbIX CyMMa He Membiie 5. Bcero
nosyuaercst kak munumym 35+ (5/3) = 50/3 . 4

e > T . 2>%

>5 =5 =5 %?

B nByx mpeapIaymux 3aadax 0CTaBaJIOCh OJTHO YHCJIO.
A 49to OyJeT, ecau OCTaHeTCs /1Ba?

4. Ha docke nanucanvt 11 uucen. Cymma mobvix mpex
U3 Hux e menvwe 5. /loka;xume, 4mo cymma 8cex uucel
ne menve 55 /3.

MO3KHO PeluTh 3Ty 3a/1a4y aHAJOTHYHO MPEIbIAYIINM
(M. 3azauy 14 m ykaszanue K Heit). Ho Mbl mpusegem
JIPYTOe pellierne, KoTopoe 060611aeTcs Ha JI0Oble KOJImde-
CTBa.

> O603HAYNM HAIW YUCTA dy,...,d;; W 3AIUIIEM UX I10
kpyry. Cymma mio6oii Tpoiiku coceneit ne menbuie 5 (110
YCJIOBHIO):

a +a, +as =5,

a, +a; +a, 25,

ag +ay tay 25,
aj tay ta; 25,

aj +a; ta, 25.

CJI03KMM 9TH OJMHHA/AIATD HepaBeHCTB. Kaskoe 4uc/io
BCTpeuaercss Tpu pasa (BXOAUT B TPU TPOHKHU), MOITOMY
IOJIY YU TCS

3(ay+ay +...+a;) 255,

OTKyZIa U cJielyeT TpebyeMoe.

BeposiTHOCTU N oXXnpgaHus

Ceityac Mbl pacCMOTPUM [Ipyroe pellleHue IocJje/Hei
3a/lauu — Ha g3blKe TEOPHH BEPOATHOCTEH.

[ycrp B smuke (MM, Kak JIOOGAT TOBOPUTh B TEOPHUU
BEpPOSATHOCTEH, B ypHe) Jekar 11 mapoB, Ha KOTOPBIX
HallUCaHbl Yuciaa d,dy,...,dy; . Mbl BbIHUMaeM OJUH U3
MIApOB He TSI, ¥ HaM JJAI0T CTOJBKO pyOJIeii, CKOJIbKO Ha
HEM HAIMCaHO.

CKoJIbKO MbI OyJieM BBIUTPBIBATH B CPEHEM 3a WUTPY,
€CJIM UTPATh MHOTO pa3? Mbl uMeeM B BULY, YTO KaXK/IbIi
pa3 BLIHYTBIN IIap BO3BPAIIAIOT B YPHY U €€ COAEPKUMOE
nepemernuBaior. HecsoxHo coo6pasuTb, 4TO OTBET TYT —
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cpeaHee apudMeTnyeckoe BCex Yuced,
11

B camowm zieste, myctb Mbl urpaeM GOJIbIIOE KOJTUIECTBO
pa3. IlockosbKy Bce mapbl Ha OIIYTb OJMHAKOBBIE U UX
MepeMEINBAIOT, TO OHU OY/YT IOMAIAThCs HAM OJJTHAKOBO
yactro. B 1/11 gosie Bcex Urp Ham Ionajiercs map ¢, B
1,/11 none — map a, u tak najee. Bcero Mbl BbIMTpaeM (3a
N urp)

S

ﬁd1 +H612 +... +Hd11 ,
U B CPeIHEM Ha OJIHY UTPY HpueTcs Kak pas.S. B reopun
BEPOSTHOCTEN CPeTHNIl BBIUTPBHIII 32 OOJIBIIOE YHCJIO UTP
HA3BIBAIOT MAMEMAMUYECKUM O0XXUOAHUeM BBIUTPHIIIA,
TaK YTO B JIAHHOI WIpe MaTeMaTn4ecKoe OKU/IaHNe BDINT-
pbIllia PABHO CpeHeMYy apu(METHYeCKOMY BCEX UYHUCEI.

A uto 6yzIeT, ecJi Pa3peIuTh KOMAH/Ie U3 TPeX YeJTOBeK
A, b n B BpHUMaTD 110 1mapy? Mbl uMeeM B BH[Y, YTO
mapbl BBIHUMAIOT 6e3 BO3BpAIlleHUsI, TaK 4YTO B YpHE
ocraercs 8 mapos. KakoBo 6yzieT MateMaTiyecKkoe 0Ku/ia-
HME BBIUTPBINIA KoMau/bl (CpefHnii BBIMTPHINI B pacyere
Ha OZHY HUTPY)?

fAcHo, YTO TO-TIpEsKHEMY KayK/bIii M3 WTPOKOB Oy/eT
BBIHMMATH BCE MIAPbI OAMHAKOBO 4acto (Beap ToT (haxT,
YTO KTO-TO /10 TeOs He TS/ BBIHYJ IMap, He MeHseT
PaBEHCTBA MAHCOB). 3HAYUT, KasK/bIH U3 UTPOKOB Gy/1eT
B CPeJIHEM BBIMTPBIBATD .S, a BCSI KOMaH/a — B cpejiHeM 3.

Tenepb BCHOMHUM yCJIOBHUE 33/[a4i: CyMMa JIOObIX TPeX
yyceJ He MeHbIle 5. 3HAuuT, B KaXXJOW UTrpe KOMaHa
BBINTPBIBACT HE MEHbINE S5, U CPEIHUIN BBIUTPBIII TOXKE He
MenbIre 5. Takum o6paszoMm,

(TGt tay o
11 ’

MOTOMY ¢y + dy +... +a;; 255/3, 9T0 U TPe6OBAIOCH /10-

Ka3aTh.

ITO paccy’K/eHHe BbITJISAJANT HECTPOTUM: YTO 3HAYHUT
«6OJIBITIOE YHCJTIO UT'P», «B CPETHEM OJIMHAKOBO YacTo» 1
1.71.7 CTporoe 060CHOBaHNUE a€T MATEMATHYECKAS TEOPHS
BEPOATHOCTEH, HO OHO BBIXOJUT 32 PAMKHU 3TOH CTATbH.
MblI, ocraBagch Ha ypOBHE IIPaB/IONOJOOHBIX HECTPOTHX
paccy K/IeHni, PacCMOTPHUM ellle HECKOJBbKO IMOJOOHBIX
TIPUMEPOB.

35 =3

CnyyvaiiHble pacCcTaHOBKM

5. B kaemxax waxmamnoi docku 8 X8 cmosim narocvl
U MUHYCDL, NPUUEM NAIOCO8 CIOJILKO Ke, CKOIbKO MUHYCOB
(no 32). [Jloxaxume, umo mMoxHO max paccmasumo 8
aadeil, ne 6viougux Opyz opyza, umobul e menvuie 4 radei
CMOSLIU HA NAIOCAX.

> Byzem crasurb nagpu (mponymepyem ux ot 1 10 8) Ha
JIOCKY CJIy4ailHbIM 06Pa3oM, CUHMTas PABHOBEPOSITHBIMU
BCE PACCTAHOBKHU, y/OBJETBOPsiionine mpasuaam (saapu
He ObIOT JIPYT pyTa: Ha KaK/J0N BEPTUKAJIN W TOPU30HTA-
JIM UX TIO OfIHOI).

BoiGepeM kakyio-To ofiHy u3 Jajeii. Ha Kakyio KJIeTKy
y Hee 00JIbIITe MMAHCOB MoTacTh: Ha al uin, ckaxem, Ha el?
OaHAKOBO, MOTOMY UYTO B JIO00OH PAacCTAaHOBKE MOKHO
[epecTaBuTh BepTUKaIK a u € (BMecTe ¢ JajbaMu, Ha HUX
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CTOSIIIUMM), ¥ PACCTAHOBKU OJIHOIO THUIIA COOTBETCTBYIOT
paccranoBkam zpyroro. Ilo Tem ke TpUYMHAM IIAHCHI
nonacTtb Ha el Takme ke, Kak, ckaxxeM, Ha e4 (1epecTas-
JIIEM TIEPBYIO M YETBEPTYIO TOPU30HTAIN). AHAJOTUYHbIE
pacCcysKJIeHUsl TTOKa3bIBAIOT, YTO BOOOIIE y ATON JTa/ibu
paBHbIE MTAHCHI TTOTTACTh BO BCE KJETKU JOCKH.

CaenoBaresibHO, y Hee paBHbBIE ITAHCHI TIOMACTD Ha TLJIIOC
u Ha MuHyc (110 YCJOBUIO POBHO MOJIOBUHA KJIETOK 3aHSTa
ILJII0CAaMH | IT0JIOBHHA MMHycaMI/I). Ecau 3a maioc eit gaior
py6Jib, a 32 MUHYC OTOHPAIOT, TO B CpeiHEM Jabs OyIeT
OCTaBATHCST <IIPU CBOUX» .

Tenepnb BHUMaHME: pa3 Kaxk/1asl Ja/[bsh OCTAeTCs B CPe/l-
HEM TIPU CBOMX, TO M BCSI KOMAH/IA OCTAETCS B CPE/THEM IIPH
cBouMX. A ecau Obl yTBepXK/eHME 33/1a4il ObLIO HEBEPHO
(Bcerga Goustblne mazieil Ha MUHyCaX, YeM Ha ILTI0Cax), TO
KoMaH/Ia ObI BCerjia MpOUTpbIBasa, a IOTOMY U B Cpe/THEM
Obl MIPOUTPBIBAJIa — IIPOTUBOPEUHE. <

CnyyanHble TOUYKMN

6. H3ssecmno, umo 60see noL0GUHBL NOBEPXHOCTU 3eM-
U 3anumarom oxeamvl. Mcnoav3ys us zeozpaghuu moavko
amom ¢paxm, dokaxume, ymo MOXHO Hatmu dse oua-
MEMPAILHO NPOMUBONOJIOXKHBIE TMOUKU, 00e nondsuiue 6
OKean.

> ByseM BbIOUpaTh CJAyYalHYI0O TOYKY IOBEPXHOCTH
3emn (umm r106yca). Ecau genatb 5T0 MHOrO pas, TO
6oJibllle YeM B TIOJIOBWHE CJydyaeB BbIOpaHHas Toyka A
6yzleT ToIa1aTh B OKeaH — OHA PABHOMEPHO pacrpe/elie-
Ha TI0 Bcell TOBEPXHOCTH 3EMJIM, a OKEaHbl 3aHUMAFOT
6OJIbIIIE TTOJIOBUHBDI.

IIportuBomosio:kHASA €lf Touka B ToKe paBHOMEPHO pac-
[pe/iesieHa Mo BCell MOBEPXHOCTH 3eMJIH 1 IOToMYy 6oJiee
4eM B [I0JIOBUHE CJIyYaeB IMOIMAJAeT B OKeaH. 3HAYNUT, TU
cnyqan (A B okeane W B B OKeaHe) WMHOT/A JIOJKHBI
MPOUCXOIUTH OJHOBPEMEHHO, YTO W TPeGOBATOCH JOKA-
3aTh. <

Ecnu 510 paccyskienne KasKeTcsl BaM MOJ03PUTETHHBIM
(4TO 3HAUMT «CiydailHasg PaBHOMEPHO paclIpejie/ieHHast
10 TTOBEPXHOCTH 3eMJIHM TOYKa» ? TIOYeMYy JI0JIsl CIyYaeB, B
KOTOPBIX OHa TOTaJaeT B OKeaH, OMpeAessieTcs I0Jei
OKeaHOB IO IuIomaau?) — ato He 3pga. CTporoe ero
000CHOBaHME CHOBA BBIXONT 3a MPEAEIbI ATOH CTATBH.

OHAKO MO CYIIECTBY TO JK€ CAMO€ PACCYKIEHIE MOXK-
HO u3J0XHUTb M 6e3 BepositHocteil. Ilycts S — wactb
3emn, 3aHATAas OKeaHaMu. PaccMOTPUM CUMMETPUYHYIO
eit orHocuTeIbHO HenTpa 3emun yactb S . (Ona cocro-
UT U3 TOYEK, Y KOTOPBIX AMAMETPAJIHHO TTPOTUBOIMOJIONK-
Hble TI0NafaioT B okeaH.) Ilmomazn S u S’ oaMHAKOBLI
(cumMmerpus coxpanser 1omagu). Ecan yTBepskaenue
3a/laud HeBepHO W o6mux touek y S um S Her, TO
MOJIyYaeTCsl TIPOTUBOPEYNE: JIBE HEIlePECeKAIONINecs: Jac-
T cepsrr cogepkar 6osee 50% TIOMIAIN KaxKaasl.

B caenytonieit 3aaue Takoi MpoCTOi MEPEBOJT PACCy K-
JICHVST Ha SI3BIK TLIONIAel HEBO3MOMKEH.

7. Ha 6enoil cihepe ecmv uepioe nsammuo, 3anumanuee
ne 6onee 109% ee naowadu. Ioxaxxume, 4mo MONKHO
enucamo Kyb 6 cghepy maxum oopazom, umodvl Hi 00Hd
€20 eepuLuna He NONALA 8 MO NAMHO.

> Bosbmem ky6 ABCDA'B'C' D (majesxainiero pas-
Mepa) u Oy[eM BIHCHIBaTh €ro B cdepy CaydaiiHbiM
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o6pasom. IIpu 6oJbIIIOM KOJMYECTBE WCIBITAHUN [10JIS
cayyaes, Korja sepiiHa A monajgaer B matHo (BeposT-
HOCTh cOObITHS «A 4epnasi») pasHa 1,10, MOCKOJIBKY
BepiHa A paBHOMEpPHO pacmpe/ieieHa 1o Bcelt cdepe.

ITo Tem »xe mpuymHAM BepIMHA B OKa3bIBaeTCsT YePHOU
B 10% ciydaeB, W TO ’Ke caMOe MOKHO CKasaTb IPO
a00y1o 13 8 BepmIMH. 3HAYNT, OCTAeTCsl KaK MUHUMYM
20% = 100% — 80% ciyuaeB, B KOTOPBIX BCE BEPIIUHDI
Gesbie (MokerT GbITh GOJIbIIE 3a CUET CJIyd4aeB, KOrja
HECKOJIBKO BEpIIUH uepHbie). [109ToMy Ky6 MOKHO BITH-
caTb TpeGyeMbIM CIIOCO6OM.

Ha camom pesie TyT MbI YK€ Cepbe3HO KyJbHUYaeM U
3aMeTaeM I10/1 KOBEP OCHOBHYIO YaCTh PACCY K/I€HHS: [T0Ye-
My CJIOBA «CJYYAiHO BIHMCAHHBIN Ky6» MMEIOT CMbBICT U
noyeMy BepIIMHA PaBHOMEPHO pachpejiesieHa 1o cdepe.
VHTYUTHBHO 5TO BBITJISUT MPABIONOI00HO U JI€HCTBU-
TEJBHO MOKET GbITh CTPOro 060CHOBaHO (XOTS S HE 3HAIO
HUKAKOTO PEIIeHUsT 3TON 3a/lauil B pPaMKaX IIKOJbHOM
POrpaMMBI).

CnyyanHble packpacku

PaceMoTpnM 1npoM3BOJIbHBI 2pagh — HECKOJIBKO TOYEK
(6epwun), coeqnuenupix gunusmu (pe6pamu). Packpa-
cuM BepuuHbl rpada B Ba 1BeTa (CKaXkeM, YepHbBIH U
Geablii). PeGpo HazoBeM pasnousemmnvim, ecau oHo (Kak
BBl YK€ JIOTa/[a/INCh) COEJMHSET BEPIIUHBI PA3HBIX I[BE-
TOB.

KousmaecTBO pa3HOIBETHBIX peGep 3aBUCUT OT packpac-
K. Ecjim MbI XOTHM cielaTh 9TO YUCJIO MUHUMAJIbHDIM,
HET HIYETO MPOIIe — IOCTATOYHO MOKPACUTH BCE BEPITHHDI
B OJWH ¥ TOT Xe IBeT. A 4uTo Oy[eT, €CAW Mbl XOTUM
caesath ero MakcuMasbabiM (st fantoro rpada)? Orser
3aBucuT OT rpada, HO OKa3bIBAETCsI, YTO BCET/Ia MOYKHO
rapaHTHpoOBaTh KAK MUHUMYM IOJIOBUHY Pa3HOIBETHBIX
pebep.

8. Jloxaxume, umo 6 npoussosvHoMm zpaghe MOKHO
packpacumo eepuunvl ¢ 064 ugemda MAaxum 0OpasoM,
4MobbL KaAK MUHUMYM NOJOBUNHA pebep OKA3AIUCH PA3HO-
UBEMHLIMU.

> Byzem packpanBaTh BEPIINHDI CTyYaiiHBIM 00pa3oM
(g rpada ¢ n BepmMHAME BO3MOKHO 2" PacKpacok, u
MBI CUMTAEM BCE MX PABHOBEPOATHBIME). [l Kaxaoi
PACKPACKH TOCYUTAEeM, CKOJIBKO pebep OKaKyTcsl pasHo-
[BETHBIMU. JTO, KAK TOBOPST, «CJydyaiiHas BeJIUIMHAY —
OHA 3aBUCHUT OT BbIGOPA PACKPACKH.

KakoBo ee marematnueckoe oxxkujanue (cpejanee 3Ha-
yeHre Mpu GOJIBIIOM YHC/Ie UCTIbITaHuii)? JIpyruMu cJio-
BaMH, IyCThb B KaK/I0i1 Bepimie rpada 6pocaioT MOHETY
(He3aBUCHMO OT APYTHX BEPIIKMH, TaK YTO BCe KOMOUHA-
UM PABHOBEPOSITHBI), a Ha KakIOM pelpe [eKypHuT
UTPOK, KOTOPBIi NoJydaeT py6./ib, ecau pe6po OKasKeTCs
pasHoIBeTHBIM (MOHETBI B €ro KOHIIAX BBINAAYT I10-Pas3-
nomy). CKOJIBKO B cpeaneM OyyT 3apabaTbIBaTh HTPOKH
3a urpy?

Kasx/ip1ii ITPOK B Cpe/IHEM BBIUTPBIBAET B TIOJIOBIHE UTD
(ectp yerTpIpe BapraHTa KOMOMHAIINY [[BETOB HA KOHIAX
pe6pa, ¥ B JBYX W3 HUX OHO Pa3HOIBETHOE). 3HAYMUT,
KQK/bIil UTPOK B Cpe/HEM BBIUIPHIBAET MOJTHHHUK 32
UTpy, a Bcd KOMaH/Ja B cpe/iieM BbiurpbiBaer V /2 py6-
qeit, tne V — uucnio pebep.
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Orcro/1a OYEBUIHO CJIEYET, YTO €CTh PACKPACKH, KOT/a
He MeHee NOJIOBUHBI pebep pasuouseribie (umHaue Obl B
KaskK/I0il MIpe KOMaH/la BbIUTpbIBajia MeHbine V /2, u
cpenHee Toxke ObLIO GBI Menbire V /2). «

Ha camom zesie 910 yTBEpIK/IeHNE UMEET TPOCTOE KOHCT-
PYKTHBHOE Jl0KazaTeabcTBo (cM. 3amauy 19).

Cnyy4ariHble MPoeKLUu

B sTOM pasesie Mbl IPUMEHUM BEPOSITHOCTHBIE COOOPA-
JKEHUS JIJIS PENICHUsT TAaKON 3a/1aui.

9. Ha naockocmu mapucosamna evinyxads ueypa,
ozpanuyennas kpueotl daunol L. /[oxaxume, umo ee
duamemp, m.e. MaKkCUMAILHOE PACCMOSIHUE MEKIY 08YMsL
ee moukamu, He menoue L/TT.

[TosiBienue 3jech yucjaa TU He CJAydyaliHO: HEPABEHCTBO
3a/1aun 06paIaeTcss B paBeHCTBO IS CJIydasi OKPY>KHOCTH
mamerpa D = L/

> MBI TokakeM 60Jee CUJIbHOe YTBep KAeHHe: CPeTHsII
JUTTHA TIPOEKIINN Hallell PUTypbl HA CJydaiiHoe HalpaBJie-
une pasHa L/T. (Mbr
MIPOBOJIUM MTPSMYTO B CJIY-
4YaiiHO BBIOPAHHOM Ha-
MpaBJeHUM, W MTOTOM U3
KaxZ0i ToOYKM (DUTYpbI
OIIyCKaeM IepHeH/INKY-
Jap Ha aTy upsamyio. Ilo-
JIydaeTcs OTPe30K — IIPo-
exIusl uUTypul Ha Mps-
MYIO.)

W3 aroro yrsepaxenus
CcJIeTyeT, uTo Hal/1eTcs Ha-
mpaBJicHIe, TPOEKINS Ha
KOTOPOE UMEET JIJINHY He MeHblie L/Tt (cpe/iHee 3HaueHne
He MOJKeT ObITh GOJIbIIE BCEX). A TOT/Ia U TOYKH (PUTYPBI,
KOTOpBIE TIONAJal0T B KOHIIbI MPOEKINN, HAXOAATCI Ha
TaKOM 3Ke Ui 60JIbIieM paccTosiiny (HaKJIOHHAS [AIMHHEe
IEPIEH/IUKYISAPa) .

Kak sxe nmokaszath obemiannoe? PaccMOTpuM KpHUBYIO,
orpanuuusaiontyio ¢purypy. IIpoekius ¢urypor — ato Bce
PaBHO YTO TIPOEKITUS ee TPaHUIlbl. Pazo6beM aTy KPUBYIO
Ha MHOKECTBO OYEHb MaJICHPKMX 4YacTell — HACTOJbKO
MaJeHbKUX, YTO KKAYIO U3 HUX MOXKHO CYMTATH OTPE3-
koM. IlycTp Bce aTn oTpe3ku 6yAyT paBHOH JIJTMHBI.

IIpoexnus Bcell TpaHUIlbI CKJIAIBIBACTCS U3 TPOEKITUI
3TUX 0Tpe3KoB. TouHee, y/iBOEHHAS TPOEKIINS BCell rpaHu-
IIbl paBHa CyMMe IIPOEKITNil
orpe3koB (Tak Kak OHHU TO-
KPBIBAIOT €€ /[Ba pa3a — Tyja u
06paTHO).

JTO BepHO /st J11060T0 Ha-
IIpaBJIeHUS IPOEKTUPOBAHUS —
3HAYNT, 1 Y/IBOCHHAST CPEOHSISL
JUTTHA TIPOEKITNH (PUTYPDI paB-
Ha CyMMe CPEeIHUX [IJIUH TPO-
eKITNI KaXXJ0TO U3 OTPE3KOB,
COCTaBJIAIONNX ee rpanuity. Ho
OTPE3KU 3TU PABHOU JIJTMHDI, U TIOTOMY CPEJHUE JIJUHDBI UX
HPOEKIMI 0 MHAKOBBI (MOCKOJIBKY MbI TIPOEKTUPYEM Ha
cJay4aifHoe HallpaBJeHne, To HallpaBJeHIe CaMOTro OTpe3Ka
pos He Wrpaer). 3HAUUT, CPEAHAS JMHA MPOEKIINH

30.11.09, 14:31




| NN T 1]

14 KBAHT -

KPMBOH 3aBUCUT TOJIBKO OT YMCJA 3TUX OTPE3KOB, T.€.
IIPOIIOPLUOHAJbHA JIJIMHE KPUBOH, U K03 (UIIUEHT 1TPO-
MOPITMOHATBHOCTH MOKHO BBIUUCJISITH HA IPUMEPE OKPY K-
HOCTH.

[lBe KOpoGKM

10. B MOCKOBCKOM MEMPO MOKHO NPOGOIUMb KOPOOKU, Y
KomopvLx cymma usmepenuil (OuHbL, WUPUHBL U BbICOMBL)
He npesocxo0um Hexomopotl zpanuyvl. Bosnuxaem sonpoc:
MOKHO U NEPEXUMPUMD NPABUILA, NOMECTUE 00HY KOPOO-
Ky 6Hympv Opy20ii? JIpyzumu cL08aMU, NYCIb 00U NPAMO-
Y20/1bHDLIL NAPALIESENUNEO UETUKOM COOEPIKUMCS GHYMPU
Opy2020. MoKem Ju Cymma usmepenuii Hympenezo 6vimo
60vULE CYMMDL USMEPEHUT BHEULHEZ0?

> OKkasbiBaeTcst, 4TO HET, HO JOKa3aTh 3TO HE Tak
npocto. ECTh HECKOIBKO KPaCHBBIX JIOKA3aTENbCTB, W
OJIHO M3 HUX HCIOJb3YET BEPOATHOCTHBIE COOGPAKEHUS
(mpuMepHO Takue e, Kak B NPEAbIAYIIEM Pas/ese).

Bynem npoexTnpoBarh KOPOOKY Ha NPSAMYIO CAy4aiiHO
BbIGpanHoTO Hanpasienus (B npoctpanctse). 13 kaprun-
KM BUJIHO, YTO MPOEKIUS KOPOOKU CKJIA/bIBACTCA W3
MPOEKIMI TPEX OTPE3KOB, UAYIIUX TI0 €€ BbICOTE, JIJINHE U
mupune. CrieoBaTesbHo,
Cpe[Hsis JIMHA TIPOCKIINK
(MaTeMaTHueckoe OxKuja-
HUE) PABHO CyMMe CPeIHUX
JUTHH TIPOEKIUH 9TUX OT-
PE3KOB. A CpeaHss JIMHa
NPOEKIMHI OTPE3Ka IPOITOP-
IMOHAJbHA €T0 COOCTBEH-
HO#t ymne (¢ KaKuM-TO KO-
acpdbummenTom, HaM ceiiyac
HE BaYKHO — ¢ KakuM). [109TOMY CpeiHss JIMHA TPOEKITUH
KOPOOKHU MPONOPIUOHATbHA CYMME €€ U3MEPEeHUid.

Tenepb mpefcraBuM cebe jBe KOPOOKH, OIHY BHYTPH
Apyroii. Ha kakyio npsaMyio UX Hl TPOEKTUDPY T, TIPOEKIIUs
BHYTpeHHEH KOPOGKU BCEr/la HAXOIUTCS BHYTPH ITPOEKIUH
BHEIIHEH U TOTOMY MMEET MEHbINYIO WJIN PABHYIO JJIHHY.
3HAYWT, U CPETHUE JJTMHBI TPOEKITUH HAXOIATCS B TOM JKe
COOTHOIIEHNH, a OHU MPONOPIMOHAIBHBI CyMMe H3Mepe-
HUN. 4

CnyuyaviHble Gny>xpaHus

11. Ha nucmke u3s mempaoku 6 KJIemouxy HaApucosaw
AAOUPUHM U 8 HEM POOOM, KOMOPLLL N0 KOMAHOAM <BEEPX»,
<BHU3», <BJIe60> U <GRPABO> XOOUM U3 KIEMKU 6 KIeMKY.
Cmenvt rabupunma udym no cmopoHam KIemox, 6vixood
u3 aabupunma mwem. Ecau, Hauas 0euzamocs no Komauoe,
pobom ynupaemcs 6 CmeHy, mo OH OCIMAemcst Hd Mecme.
Mot He 3naem, Kaxou AAOUPUHM HAPUCOBAH, HO 3HACM
pasmep JUCmKd, usmMepennvil ¢ Kiemouxax. /Joxaxume,
UMO MOKHO COCIMAGUMD NOCACO0BAMEINBHOCTND KOMAHO,
Komopas zapawmupyem, 4mo pobom nobvieaem 60 8cex
KJAeMKax QOCMYNHOLU emy 4acmu AaOUPuHmaA.

> Cpasy ke MpU3HAEMCs, YTO HEe TOJHKO Hallle PacCyskK-
Jieare Oy/eT YUCTBIM JI0KA3aTeTbCTBOM CYIIECTBOBAHUS
(6e3 mpexpaBIenns croco6a MOCTPOEHNST TAKOH MOCTIEN0-
BaTEJbHOCTH), HO W JUIMHA TaKOH I0CJ]e10BaTeJbHOCTH
OyJieT aCTPOHOMHUYECKOI.

Bynem naBath po6oTy cirydaiiible KOMAH/Ibl I CMOTPETD,
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€ Kakoil BeposITHOCTBIO OH 006oiijer jabupunr. Ilyctp B
JIAOMPUHTE €CTh 3aMKHYTbI 00X0J1 3 He Gosee yeM N
maroB. Torja mpu J060M HAYaJIbHOM TTOJIOKEHNH Po6oTa
€CcThb HEKOTOpasi BEPOSITHOCTb, YTO npu mojade emy N
CJIyYallHbIX KOMAH/[ OH TON/IET KaK Pa3 Mo 9TOMY IIyTH U
o6oiizer mabupunt. Ona He MeHbine 4 | a BEPOATHOCTD

He 060#TH JTabUpWHT He O6OJIbIle (1—4_N ) [Tporecc
MO>XHO TOBTOPATH: ecau Mbl fagnM 2N caydyallHbIX KO-

MaH/l, TO BEPOATHOCTb He O0GOUTH JIAOUPUHT He OOJIbIIe

_v\2
(1 -4 N) (Heyz_{aqa Ha IepBOM 3Tarie MPOUCXOIUT B 10J1e

-N
(1_4 ‘ ) CJIy4a€B WJIX MEHbIIE, U B KaX/IOM M3 HUX

BEPOSITHOCTH COKPAIIAETCsI BO CTOJIBKO K€ Pa3 3a CyeT
BTOPOrO 3Tara).

Boo6ie, mocse Nk ciaydailHbIX KOMamH BEPOSITHOCTH
Heynaun (B gaHHOM JaGUPUHTE C JaHHBIM HAYaJbHBIM

MOJIOKEHNEM ) He GOJIbIIe (1 - 4_N) .

XoTg ocHOBaHMe CTeleHH 1 GJM3KO K eJIMHUIE, HO BCE
PaBHO 3TO YHCJIO MOXHO C/IeJIaTh CKOJIb YTOJHO MaJbIM,
yBesmauBasg k. 3aMeTHuM, 4TO [T BCeX JIAGUPIHTOB Ha
JIOCKe JIaHHOTO pa3Mepa MOKHO BbIOpaTh 0JHO obmiee N.

v \R
ITocJsie 3TOrO BO3bMEM R TaKuUM, 4TOObI (1 -4N ) CTaJI0

Menbite 1 /M, rae M — 4ucyio pa3HbiX Cl10COO0OB HAPHCO-
BaTh JabUPUHT U poGoTa BHYTpU Hero (Ha JucTKe Gymaru
JTAHHOTO Pa3Mepa MX KOHEYHOe Yrc,10) . Torma s Kaka0-
ro u3 M BapuaHTOB PACIOJOKEHIS BEPOITHOCTD HEY[aun
Menbliie 1,/ M, v TOTOMY € TIOJIOKUTETbHON BEPOSTHOCTDIO
IOCJIE/IOBATEIBHOCTD KOMaH/ AJuHbl Nk OKaskeTcs ynad-
HOI1 [IJ1g BCceX BapMaHTOB. 3HAYMT, Takad y/JadyHas mocJie-
JIOBaTebHOCTb CYIIECTBYET, 4YTO M TPeGOBAJOCH JOKa-
3aTh.

HecpaBHI/IMble MHOXecCTBa

B sToM pas/esie Mbl MIPEIIIOJIAraeM 3HAKOMCTBO C dJie-
MeHTaMi KOMOUHATOPUKK (MHOKECTBa, MOAMHOKECTBa,
YUCJIO COYETaHMUIN).

12. Ilycmvo A — mHoxecmso u3 2n diemenmos. Mol
xomum 8ublOPAMs® HECKOILKO NOOMHOKECNE MHOKECMEA
A, npuuem mpebyemcs, 4umobvl oHU ObLAU HECPAGHUMDL:
HU 00HO U3 HUX He OQONKHO Obimb NOOMHOKECEOM
Opy2020. Kaxoe maxcumaivroe 4ic.io nOOMHOKECTNE MOXK-
HO 68b10paAMb?

> 3aMeTuM, 4To TpeGOBaHWEe BBIMOJIHIETCS, €C/iu BCe
BbIOGPAHHbIE TIOIMHOKECTBA OJIHOTO pasmepa (1 pasHbie).
Yro6bl UX YUCJI0 OBLIO MAaKCUMAJBHBIM, HA/I0 B3SITh pas3-
Mep 7, TIOCKOJIbKY 4HcJI0 codeTannii C, mpn gaHHOM 7
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MakKCHUMaIbHO 1pH k = n. I1o cieayer u3 (GopMyibl
Cy =ol/(u!l(v — w)!). Ho MOXHO 510 06bsICHUTD 1 6e3

opmyt: U3 R-5IEMEHTHOTO TIOJIMHOKECTBA MOYKHO TIOJTY-
yutb (B + 1)-snemenTHOE, 106aBUB 060N 13 OCTABIINX-

ca 2n — k snementos, mpu stom kKaxkzpoe (R + 1)-
9JIeMEeHTHOe MHOKECTBO MojyuuTcst kR + 1 pas, Tak 4rto
k+
C2n - 2n - k
k )
C2n k +1

u 310 oTtHOomeHue Gosabme 1, korma 2n — k > k + 1, T.c.
kR<n—-1/2.

Taxum o6pas3oM, ecan 6path MOJAMHOKECTBA OJIMHAKOBO-
ro pa3Mepa, TO HAWJIYUIIWI BAPUAHT MOJYUYHUTCS, €CJn
B3aTh Cj, MOAMHOKeCTB pasMepa n. Ocraercs /0Ka3aTh
— U 9TO CaMOe TPYAHOE, — UTO JJaKe eCJii 6PaTh MHOKECTBA
Pa3HbIX Pa3MepoB, TO HUYErO JIyUIlero He HailgeTcs.

Paccmorpum caeyromnuii ciiyyaiiHbIi Mpotiecc: HavyaB ¢
IIyCTOrO MHOKECTBA, MBI JI06ABJIsIEM 3JIEMEHTHI MHOKECTBA
A B cJydaitHOM TIOpsIZIKE, TTOKA He TIOJYYUTCS BCE MHOKe-
ctBO A. Ilyctb X — HEKOTOPOE TIOAMHOKECTBO MHOYKECTBA
A. KakxoBa BepOoATHOCTb TOTO, YTO MBI B XOJ€ 3TOTO
nponecca npoiizem vepes X (B Kakoi-To MOMEHT OyayT
J0GABJIEHDI BCE 9eMeHThl X M TOJBKO OHU)?

Jlerko coo6pasuThb, 4TO OHA PaBHA 1/ Cfn , T7ie k — uucio
snemenToB B X. B camom gene, B xozxe aoOaBiieHUS
3JIEMEHTOB MBI TIPOIiZIeM POBHO Yepe3 OJIHO k-a/ieMeHTHOe
MHOkecTBO (110cJ1e k maroB), 1 Bee k-31eMeHTHbIE MHOKE-
ctBa pasHOBepoATHbI (cummerpus). Takux MHOXKECTB
Cfn, 3HAYUT, KaKI0€ U3 HUX IMOABJIAETCA B 1/ Cfn Jose
cayuaes (uveer BepositHocTb 1/CE ).

[Tyctp Termepb MbI BBIGpPAJIN KaKOE-TO KOJUYECTBO MO
MHOkecTB (He 0653aTeIbHO OJMHAKOBOTO pasMepa), co-
6momas Tpe6oBanus 3anaun (HUKakue ABa BBIOPAHHBIX
MOAMHOKECTBA HEe CPaBHUMBI). [[JI Kaskaoro u3 BhIOpaH-
HBIX TIOJIMHOKECTB BEPOSTHOCTD IMTPOWTH Yepe3 HeTo paBHa
1/ Cfn , UTO, KaK MbI 3HaeM, He MeHbIIIe 1/ Cy, - C npyroii
CTOPOHBI, COOBITHSI TH, KaK TOBOPSIT, «HECOBMECTHBI» | HE
MOJKeT OBITb TaK, YTO B XOjie 106ABIEHUST 3JIEMEHTOB MbI
CHAyasja TOJY4YUM OJHO BbIGPAHHOE IOIMHOYKECTBO, a
norom apyroe (oHu Beb HecpaHuMbl). [ToaToMy cymma
BEPOSITHOCTEN 3TUX COOBITUIT He OGoJibiiie 1, U MOTOMY
KOJINYECTBO COOBITHIL, T.€. KOJUIECTBO BHIOPAHHBIX IOJI-
MHOKeCTB, He Gosbmie Cj, , 4TO M Tpe6OBaJIOCh JIOKa-
3aTh. <

Ewe Heckonbko 3apay

13. Cpean mo6bIX TpeX yYaCTHUKOB MaTeMaTHYeCKOTO KPYK-
Ka ecTb XOTS Obl ofHa JeBouka. CKOJIDPKO MAaTbYMKOB MOSKET
ObITH B 3TOM KPY:KKe?

14. Pemmre sagauy 4 amasoruuno npebiyiyumm (3agaun 1,
2).

Ykazanue. Jlokaxure, 4TO €CJaM CyMMa TpeX YHUCE] PaBHA J,
TO CyMMa HEeKOTOPbIX ABYX 13 HuX He Menblite 10 /3. To sxe camoe
BEPHO, €CJI CyMMa TpexX yuces GoJiblie S.

15. Caenaiite paccyskienne paszena «BepositHoct n oxma-
HHSI» CTPOTUM, PACCMOTPEB CJIydail, KOorja Bce KOMOUHAIINY U3
TPEX IMIapOB GBI BBITANIEHBI TI0 OHOMY pasy.

16. ITokaxxuTe, 4TO MOKHO HAWTH 8 pPACCTAHOBOK Jajeil Ha
MIaXMaTHOH /I0CKe, KOTOPbIe BMeCTe MCHOIb3YIOT Bee 64 KiIeTKn
nockn (1o ogroMy pasy Kaxayio). Menombays atot daxr, gaite
JIpyroe pelieHue 3aja4yu S.
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17. He ucniosib3yst BeposITHOCTEI, IOKaKUTE TaKOH ocaalieH-
HBIIl BapWaHT YTBEPXKAEHHS 3aJauil 7: ecJu YepHOoe IISITHO
sanumaer 10% mmomaan cdepbl, TO B Hee MOMKHO BITHCATD
nPAMOY20abHbIL Napdiiesenuned, y KOTOPOTO BCE BEPIIHHBI
nonasaoT B 6ejible TOUKH.

Yxasanue. TlpoBemeM KOOpAWHATHBIE IIJIOCKOCTH, KOTOPBIE
neqsT cepy Ha 8 paBHBIX yacTeil. ByjieM uckarp mapaJiiesern-
neJi, CTOPOHBI KOTOPOTO TapaJiIeJibHbl OcsiM KoopauHar. OH
3a/1aeTcst OTHON M3 CBOMX BEPINHH, U OHA HE JOJDKHA TTONACTD B
BoceMb MHOskecTB 1omaau 1,/10.

18. [lokasxure, 4T0 /IS JAaHHOTO Tpada CyIlecTByeT packpac-
Ka, Jlesaolas Bce ero pe6pa pasHOIBETHBIMHU, €CJHI H TOJBKO
ecim B oToM rpade HeT IUKIOB HeYeTHOW mauubl (Heb3s
BEPHYTHCS B MCXO/HYIO BEPIINHY, HEUETHOE YNCJIO Pa3 Mpoii/s
o pe6pam).

19. TIpuaymaiite KOHCTPYKTHBHOE pereHne 3agaun 8 (cnoco6
PACKPACKU, KOTOPBIH TapaHTHPYeT, Y4TO PA3HOIBETHBIX pedep
GyJieT He MeHbIIe MOJOBUHbL).

Ykazanue. Kpacum BepIIMHBI 110 OUEPEIN «XKAHBIM AJTOPUT-
MOM» — Ka)K[as cJeAylomas KpacuTcsl Tak, 4TOObI UYHCJIO
PA3HOIBETHBIX pebep MAKCUMAJIBHO YBEIUYNBATIOCD.

20. Bepmuubt rpada ¢ V pebpamut pazpeninM KpacuTb B TpU
nBera. J/lokaxkure. 4TO MOKHO HailiTu packpacky ¢ 2V /3 niau
6oJiee Pa3HOIBETHBIMU peGpaMu.

21. Ha smcrok B JHHeHKy ciydaiiHo GpocaioT Uiy, JJIMHA
KOTOPOH paBHA PACCTOSIHUIO MEK/Y JuHeiikamu. [Jokaxure, 4To
OHA MepecedYeT OJHY U3 JHMHEEK C BEPOSITHOCTHIO 2/TT.

Vxasanue. MaTtematnueckoe oXujaHue UHCJIa MepecedeHnit
3apucuT (IIPOMOPIUOHATBLHO) OT JUIMHBI UTJIbI, HO HE OT ee
dopmbl, a K02 UIMEHT TPONOPIIMOHATLHOCTH MOKHO HAWTH
Ha TIpuMepe OKPY>KHOCTH.

22. HecamonepeceKkaioniasicsi KpuBasi [JINHbI 22 HAXOMAUTCS
BHYTpH Kpyra pajuyca 1. [lokaxure, 4Tto Haiifercst mpsMas,
UMeIoIast ¢ 9TOH KPUBOH 110 Kpaiineil Mepe 8 06IINX TOYEK.

23. Ha xasbke HapucoBana durypa monaan 2,5. JJokaxu-
T€, YTO KANbKY MOKHO TaK MOJOKATH HA KaeTdaryto Gymary (co
CTOPOHOH KyeTkr 1), 4To purypa moKpoer He MeHee TPEX Y3JI0B
cetku. [loka)xure, YTO MOKHO IOJIOXKHUTH KAJIbKY TaK, YTOOBI
(urypa nokpbiia He 6oJiee JBYX Y3JI0B CETKH.

24. PaccMoTpuM R-OKPECTHOCTH TPSMOYTOJIbHOW KOPOOKU
(Bce TOUKHM, KOTOPBIE HAXOAATCS Ha PACCTOAHUY He Gosiee R XoTs
6bI OT O/IHOI M3 TOUEK KOPOOKH; BHYTPEHHOCTb KOPOOKHU TaK»Ke
BKJIIOYaEM B €€ OKPECTHOCTD).

a) Iokaskure, 4T0 0OBEM TOIl OKPECTHOCTH MOKHO HAlTH 110
(opmy.e

V+S~R+L~HR2+%TR3,
rae V — o6beM KopoOKu, S — TJIONIQ/Ib ee TToBepxXHOCTH, L —
CyMMa ee M3MepeHHii.

6) Ecau ojiHa KOPOGKa HAXOJUTCST BHYTPH JAPYTOii, TO U R-
OKPECTHOCTD TIEPBOI HAXOANUTCSI BHYTPU R-OKPECTHOCTH BTOPOIA.
CpaBHUB uX 00beMbl P GOJIBIINX R, TOKAXKUTE, YTO CyMMa
u3Mepenuil BHyTpenneii KopoOKu re GoJibliie CyMMbl H3MePeH il
premHeil (3agava 10).

25. Pemure 3aga4y 11, He UCMOIB3YsT BEPOSITHOCTHBIX COOGPa-
JKEHUH.

Yxasanue. PaccMoTpuM Bce BO3MOKHbIE JTAGUPUHTDI U PACIIO-
JIOXKeHUsT poGora 1O ouepenn. BoibepeM Kakoil-TO TIepBbIil
BApUAHT U HAIUIIEM COOTBETCTBYIOIIYIO TTOCJE0BATEIbHOCTD.
(Ecsiu 9TOT BapuaHT OCYIIECTBUTCS HA CAMOM JieJe, TO HaM
noBesJ10.) JlJsi BTOPOrO BapHaHTa 3Ta IOCJEI0BATEIbHOCTD
(B0OGI1E TOBOPST) HE TOUTCS, HO TeM He MeHee MOCMOTPUM, Ky/1a
OHA MPUBOJWUT, W JOIHIIEM TO, YTO HYKHO, 4TOOBI OGOUTH
JabupuHT BTOporo tuma. M Tak pajee.

26. Kakoe MaKkCHMaJIbHOE YUCJIO HECPABHUMBIX TTOIMHOKECTB
MOKHO BbIOparh B (27 + 1)-3/1EMEHTHOM MHOKeCTBe?
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