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Konnekuwms roJloBOJIOMOK

Mpowegwunn B aBrycte 3TOro roga B KanvdOpHUINCKOM ropoae
Can-[wnero oyepenHon, 38-i no cHeTy cbesq nobuTternemn ronososio-
MOK Nnogapwi BCEM HaM MHOTO 3ameyYaTerbHbIX NOBOAOB NOfIOMaTh
ronosy. [lofiHbIN CNUCOK NpeaCcTaBNEHHbIX TONOBOSIOMOK MOXHO
HanThn Ha canTe johnrausch.com/designcompetition/2018. A B Hawen
«Konnekumm ronoBonomMok» Mbl CTapaeMcsl pacckasbiBaTb O TEX U3
HWX, KOTOPbIE HECITOXHO CMacTepuTb AoMa, YTobbl YuTaTenu Mornm
camu nopeLuaTtb NoHpaBMBLUMECS 3aauM.
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llonoBonomka sinoHckoro nsobpetarensa Mumpo KoHo (Ichiro Kohno)
Oblnia BbICOKO OLEHEeHa y4yacTHMKamu cbe3fja 3a NakOHWYHOCTb
N BHELLHIO NPOCTOTY: AaHbl TPU OOMHAKOBblE AeTanu, KoTopble
HaZl0 CNOXMWTb Tak, YTOObI NONy4YnnUCh Tpu Kybuka. Kaxagas getanb
ckrieeHa u3 aByx 6pycouykoB 2x2x1. Ha poTorpadmm BUgHbI TOYKU B
ueHTpax 6pycoYkoB — 3TO MArHUTUKN, KOTOPble NOMOTYT yaepXKaTb
AeTanu BMecTe, Korga rorioBofioMka éyaet pelueHa.

E.EnugpaHos
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HAYUYHO-HOIIYJAAPHBIA ®U3UKO-MATEMATUYECKUN KYPHAJ
N3AAETCA C AHBAPIA 1970 TOAA
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M.H.BoHpapos, 0.M.Bpyk,
A.A.Bapnamos, C.[l.Bapnamos,
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reoprun QeonocbeBmny BopoHoW

H.4O0JIBUJTUH

EOPTUIO ®EOJJOCBEBNYY BOPOHOMY

cy1b001 GBITIO OTMEPEHO BCETO COPOK JIET.
3a cBOIO KOPOTKYTO XKM3Hb BopoHoii omy6Jiu-
KOBaJI HE TaK MHOTO: 6 GOJIBIINX MEMYapOB U
6 OTHOCUTEIbHO HEGOJIbIINX 3aMETOK, BCErO
12 pa6or.

Opnako nms I'.dD.Boponoro HaBcer/ia BIiu-
CaHo 30JI0TbIMU GYKBAMU B MCTOPHUIO HAYKHU
KaK OJIHOTO M3 KPYIHEHIINX MaTeMaTHKOB,
Korga-ym6o paboTaBIIUX B TEOPUH YHCEJ.
Hapsiny ¢ I'.MunkoBckum BopoHoii siBister-
s co3aTesieM HOBOH 06J1acT! MAaTeMATHKH —
reoMeTpuy duces, a 3HaMeHUTble «uarpam-
MbI BOpoHOTO» HE TOJBKO CTan reOMETpH-
YECKUM MHCTPYMEHTOM HCCJIe[[OBaHI/II;,I B Ma-
TemMaruke, B pusnke, B Kpucrasiorpadum, B
XUMWH, B T€OJIOTHN, HO U HATILJIU TTPUMEHEHIE
Jaxke B KuHemarorpade.

JdeTcTBO

Teopruit MeonocbeBud Boponoit poanics
16(28) ampens 1868 roma B yKpauHCKOii
ceMbe B UMEHWM CBOero otia — B cesie 7Ky-
paBKa, PACIOJIOXKEHHOM B OYEHb KUBOIUC-
HoM yroJike [lostaBckoit ry6epauu Poccwuii-
ckoii umnepun (HbiHe YepHUTOBCKOM 06J1ac-
™ Ykpauubr). Orer; BopoHoro mosryum
unonornueckoe o6pasosanne B KneBckom
YVHHUBEPCUTETE ¥ TIPETIOIaBa PYCCKYIO JIUTe-
paTypy B TUMHA3WH, paboTaJ AMPEKTOPOM
rumHa3uii B Bepasgucke, Kumnnese, Ilpu-
JIYKax.

leopruit BopoHnoii Hauas cBOe NIKOJbHOE
ob6pasoBanue B bepismcke, a 3akonuymsa B
[Tpunykckoit rumuasuu B 1885 roxy. Bopo-
HOUl BeJ JIHEBHWK, M3 KOTOPOTO Mbl 3HaeM
MHOTr'0€ O ero >Kus3Hu. B wacTHocTH, IeTCTBO
€ro IMpoTeKaa0 B OYeHb TEIJIONH ceMeHHOI
atMocepe. Y ManbyuKa OBLIO HECKOJBKO
cepbe3HbIX yBiedeHnii: mysbika (Teopruii
WTPAJ Ha IByX WHCTPYMEHTaX: Ha (popTernb-
aro u dJieiiTe), maxmMarpl, JuTepaTypa, ca-
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leoprimi @eonocsesmny BopoHoL
(1868—1908)

MOJIeITeTbHBIN TeaTp, B KOTOPOM OH HCITOJ-
HSIJT POJIM M CTABUJI CIIEKTAKJIN.

B rumuasnyeckne ropl y I'eoprust mposiBu-
JINCh HEe3ayPsIIHbIe MaTEMATHIECKIE CIIOCO0-
HocTH. PasButuio ero MareMaTmyeckoro ja-
POBaHUS CO/IENICTBOBAJ YUUTETb MATEMATHKN
WBan Baagumuposuu Borocnosckuii. ITor
3aMeyaTesbHBIH TIe/Iaror OKasaj OTrPOMHOE
BJINSTHUE TaKKe Ha obIiee pa3Butie Bopono-
ro, B TOM 4YHCJE ¥ Ha €ro JuTeparypHble
nHTepechbl. B yHuBepcutere BopoHoii, kak n
BCE CTYZEHTBI TOTO BPEMEHH, ObLT yBJI€UYEH
naeamu u tsopuectsom JI.H.Toscroro. Emy
TaK)Ke HPAaBUJIUCh PEaJMCTUYHbIE ONUCAHMS
PYCCKOI JKU3HU, KOTOPble OH HaXO[uJ B
npoussenenusx I1.11.Menpaukosa-Ileuepc-
xoro «B mecax» m «Ha ropax». B 1o ke
BpeMs Boponoil ocTaBajicst paBHOAYIITHBIM K



Lom Bopororo B Xypaske

tBopuectBy M.E.Canrsikosa-llleapuna. Op-
HaKO ero TIMHA3NIeCKUi yUNTe b MaTeMaTH-
K, KOTOPBII caM OBbIJ CTPACTHBIM TTOUNTATE-
jeM TBopuectBa lllegpuHa, cymen mepenathb
3TO OTHOIIEHNUE U CTy/IeHTy BopoHoMy, cBO-
eMy OBIBIIEMY YUCHUKY.

B 1884 roay npodeccop Kuesckoro ynu-
BepcuTeTa, u3BecTHbIN MaTematuk B.II.Ep-
MaKOB HauaJ usznasath <« KypHasn asemen-
TapHOIT MaTeMaTHKu». B HEM OH IIpeyIoKuI
HECKOJIbKO TeM JIJisI YYeHUUeCKuX paboT 110
MaTtemarnke. Ha ofHy n3 HUX, a IMEHHO Ha
TeMmy «PassokeHne MHOTOYIEHOB HAa MHOKH-
TEJIM, OCHOBAaHHOE Ha CBOMCTBAX KOPHEH KBAJI-
pPaTHBIX ypaBHEHWil», Oblia Tpe/CcTaBIeHA
eqwHCTBeHHAs padorta. Ee aBropom 611 Bo-
pomoii. Pa6ora monpasuiace EpmakoBy, u
OH o1y6JIMKOBaJ ee B cBoeM xypHase B 1885
rogy. B tom sxe rony Boponoil sakonumn
ruMuasuio u nocrynua B IlerepOyprekuit
YHUBEPCHTET.

Yuyeb6a B MNeTepOyprckomMm yHuBepcuteTe

W3 gHeBHMKA MBI 3HAEM, C KAaKUM OTPOM-
HBIM JKeJlaHueM U HacToiiunBocTbio I'eopruii
MPpUCTYyIUJT K MU3YyYEHUIO MATEMATUYECKUX
KYPCOB, KOTOpbIE «Bce 60Jiee yBJIEKATI» €T0.
OH TpUyyusIcs BCTaBaTb OKOJIO 5 yTpa H
[IPUCTYTAJ K 3aHATUAM, KOTOPbIE TPOIOJIKA-
Juch 70 Beyepa. Y [eoprus 6bliaa mpu cebe
UTOJIKA, KOTOPOI OH YKAJbIBAJ ce6s1, 4TOObI
0CTpoii 60JIbI0 COUTH HAKATBIBABIIYIOCS Bpe-
M OT BpeMeHU BOJIHY YCTaJIOCTHU.

B 6bITOBOM OTHOMICHUN JKU3Hb CTY/JACHTa
Boponoro ckaazpBasach Hermpocto. Marte-
pHUAJLHON TIOMOIIH, KOTOPYIO MOT OKa3aTb

oTell, sIBHO He XBaraJo. A IIOCJe BBIXOJA
oriia B oTctaBky B 1887 roay u aTa nomoiib
cokparmiaach. Tak KaKk YHHUBEPCHTETCKYIO
cTuneH 0 BopoHOit Hava I Oyvarh JINITb
Ha TIOCJIe/THEM Kypce, TO OH ObLJI BBIHYKICH
JlaBaTh 32 HEOOJbITHE JEHBIW YPOKH. Y PO-
KU €ro BBIMATLIBAJM, a TSXKEJbIe YCJIOBUS B
OOTIEKUTHH [TOTIOJIHUTENBHO OCJIOMKHSLIN U
OT/JIBIX U 3AHATHS MATEMATHKON.

B stux ycaoBussx BopoHoil ckoHIIEHTpHPO-
BaJl BCe CHJIbI M BOJIIO HAa MaTeMaTuke. <[ mas-
HOE, YTO MEHsSI 3aHMMAaeT, eCcTb JU Y MeHs
JIOCTATOYHO CHOCOGHOCTEl», — TIMIIET OH B
nHeBHUKe. K cuacThio, MaTeMaTUYECKUX CITO-
cobHocteil y Bopororo 6b110 B u30bITKE, a
«TIOCTOSTHHO YCUJIMBAIOMIAsCS CTPACTb K Ma-
TEeMaTHKe» 3aXBaTWJa ero Bcereno. B «mo-
MEHTBI, KOT/Ia YM OXBaTbIBAET UJIEI0, KOTOPAst
paHbIIle KaK MSTYMK YCKOJIb3aJia, s 3a0bIBalo,
YTO S CYIIECTBYIOY, — 3aIMCHIBACT B [IHEBHU-
ke Boponoii B 1887 roxy. Tam sxe: «MouMu
[OCJIe/ITHIUMU yCIIeXaMu 51 00513aH MPUBBIYKE
MbICIUTD 6e3 repa u 6ymaru. Bee mpeioske-
HUS, OKA3aHHbIE MHOIO, BO3HUKAJU COBEP-
IIEHHO He3aBUCHMO. ...5l Hazmeioch, 4To ara
MPUBBIYKA MBICTUTD TAaKUM 06pPA30M COCJY-
JKUT MHE CITy:KOY».

YTo6B! JOTOTHUTETHHO PA3BUTh MaTEeMaTH-
yeckne croco6HocT, BopoHO# ycTpanBa
cebe MaTeMaTUYECKUN TPEHWHT: MOCJE0BA-
TEJIHHO pelias TPyAHble yueOHbIe 3a/1aul Ha
BBIYHCJICHUE CJOXHBIX MHTETPAJOB U CUM-
MeTpru4ecKuX (PyHKINH, Ha MHTETPUPOBAHNE
nuddepenmaabHbIX ypaBHEHUIA.

K cuacrtpio, B Iletep6yprckom yHuUBEpCH-
TeTe B TO BpeMs [leiicTBoBaja GJecTsiias
MaTeMaTHYecKast ITKOJIa TeHUAJbHOTO Mare-
matuka Iladuyrus JibBoBuua Yebbimiéna
(1821-1894), 3namenutas IlerepGyprekas
MIKOJIA Teopuu uuces. YeObIIEB U ero BbI-
paomuecss yuennkn A.A.Mapkos (crap-
mmii), A.M.JIanynos, A.H.Kopkun u ap.
TO/IZICPKUBAJIN OUEHD BBICOKUH yPOBEHD Ma-
TeMaTH4YecKoro obpasosanus B [lerep6ypre-
KOM YHUBEPCHTETE.

Hayunbim pykoBogutesiem Boponoro cran
akajieMuk Anypeii Aujipeesund Mapkos. [lox
€ero pyKoBocTBOM BopoHoii ncciemonas 6ep-
HYJIJINEBBI UYNCJA, HAa3BaHHBbIE TaK eIle B
XVIII Bexe B uecTb Mpe/ICTaBUTEST 3HAMEHN-
TOI MareMaTwdeckoil quHactum Jxosa Bep-




4 KBAHT

HyJU. DepHyJ/ineBbl unciaa B, BBOIATCS
PEKYPPEHTHO 1 HHTEPECHDI, HATIPUMED, TeM,
4TO Yepe3 HUX BBIPAKAETCS CyMMa epBhIX N
HATYPAJbHBIX UYHCEJ, BO3BEJEHHDLIX B JaH-
HYIO CTEIEeHb R:

N-1 k

k _ L S k+1-s
Z(,)" = k+1§)Ck+1BsN .

Baxnoctp uncesn Bephysan mposBisieTcs
B Pa3HBIX 00JIACTSAX MATEMATUKU: OT TEOPUU
yyceJ, TJie, Hampumep, IJijep YCTaHOBUJI
CBSI3b GEPHYJIJIMEBBIX YNCEN CO 3HAYCHUSIMU
snamenutoil §-pyukunu Pumana mpu der-
HBIX 3HAUEHUSIX apryMeHTa, /0 ajredpandec-
Kol Tonosorun. /leiicTBuTe IbHO, Ynicaa bep-
HYJUJIF BOIILJIM B TOMOJIOTHIO Garofaps GpyH-
JlaMeHTaJIbHbIM pabotam @.Xwupiebpyxa,
KOTOPBIE IIPUBEJIN, B YACTHOCTH, K KPACHBBIM
pesyJabratam M.Kepsepa u /[»x. MusHopa o
TOMOTOININYECKNX Tpymmax cdep. M3ydennio
CBOICTB 9TUX YHUCEJI OCBSIIIEHO MHOTO PaboT
M3BECTHBIX MATEMATHKOB.

Yucaa bepuynnmu B, cyTb paliioHaJbHble
yucyia. BopoHoii B oueHb ocTpoyMHOI paboTe
JIoKasaJ cjeayloliee CBOHCTBO GepHYyJIne-
BBIX umces. Ilycte HoMmep s GepHyJ/ImeBa
yncaa B, nmeqmwTtes Ha m, a 3HAMEHATeJb
yrcaa B, B3amMHO mpoct ¢ . Torma ymcsm-
TesIb uucaa B, nenurca na m.

Pa6ora o GepHyJJIMEBBIX UYHCIAX OYEHD
MOHpaBUIach MapKoOBY, U OH PEKOMEHI0BAJ
ee K onyOsmKoBaHuio. Boponoii, Tpe6osa-
TeNbHBIA U K cebe u K paboTe, POMOJIKAI
ele HEKOTOPOoe BpeMs yJIydlllaTh PYyKOIHCD.
Cratpg «O wuymcnax bepnymnus Bbilia B
«Coobmennsax XapbKOBCKOTO MaTeMaTHIec-
Koro ob6mectBa» B 1890 romy, depes rToj
mmocJie OKOHYaHNs yHUBepcuteTa. [1o peayn-
TataM 3TUX HccyeoBaHnil BopoHoii 3amm-
TUJI KaHIUJIaTCKylo uccepranuio (aHasor
HBIHEIIHEH QUIIOMHON paGoThI) M OBLT OC-
TaBJIEH TIPW YHUBEPCUTETE <«/IJIS TIOJATOTOBKA
K npodeccopckoMy 3Bannio» ( COOTBETCTBY-
eT HbIHEIIHEl acupanType).

K aromy Bpemenu Bopomoii cioxuics B
1podeccroHaIbHOr0 MaTeMaTuKa, CoCpe/o-
TOYMBIIIETO CBOM YCHJIMS HA TEOPHH YHCEJI.
[Tocsie oxkonuanusg yHusepcurera Boponoii
HauMHAeT UCCJIe0BAHMS IT0 TEOPUH aiarebpa-
MIECKUX UHCeJI.

Yncto HA3bIBAETCST 1260 PAUUECKUM, €CTTT
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OHO SIBJISIETCS KOPHEM HEKOTOPOT'O MHOTOYJIe-
Ha ¢ pallMoHaIbHbIMU KOs dulinenTamMu a;

f(x)=ayx" + a1x”_1

+..+a,.

HTepec K Teopun aareGpandecKux 4ncet
BO MHOTOM 6bIJI BbI3BaH €€ CBA3bI0 C BAJKHBIM
KJaaccoM AnO(aHTOBBIX ypaBHEHWiA!

f(x,y)=m,

rne | (x, y) — OJTHOPOJIHBbIM MHOTOUJIeH n-i
CTENEeHN WJM, KaKk WHaue ToBOpAT, ¢hopma
n-ii CTEeNeHu OT /IBYX IIePEMEHHBIX C 11eJIbIMU
koa(pdurmentamu. B cayuae n = 2 Takue
ypaBHEHUS ObLIN TIOJTHOCTHIO UCCJIE0OBAHDI B
paborax BEJUKUX MaTeMaTWKOB Oiijiepa,
Jlarpanska m np. OpnHako cayyait n = 3 B
koHie XIX Beka ocraBajcs TOYTH HEU3Y-
YEHHDIM.

Boponoii mauan uccaenoBanue ajnrebGpau-
yeckux ymucesa crernenu n = 3. YUucao o
SABJISIETCST areOPanvYecKuM YUCJIOM CTENeHU
3, eca MUHUMAJIbHAS CTEIIeHb CPEM CcTele-
Hell BceX MHOTOYJICHOB € PallOHaJbHbIMU
K02 PUIIEHTAMH, TSI KOTOPBIX O SIBJISIET-
cs KopHeM, paBHa 3. OueBUAHO, YTO MHOTO-
4YJIeH MUHUMAJIbHOW CTENEHN JIJIS1 IAHHOTO O
He MOJKET PasJiaraTbCs B IPOU3BEJEHNE MHO-
TOUJICHOB MEHBINNX CTemneHel, Koaddumnen-
ThI KOTOPBIX TaKk)Xe PpallMOHAJbHbBI. Takoi
MHOTOUJIEH € PAIMOHAJIBbHBIMU KO3 PUIneH-
TaM#, KOTOPBII He pa3JjiaraeTcs B IPOU3Be/Iie-
HUE MHOTOYJIEHOB MEHBIITUX CTEIeHEel, Ha3bl-
BaeTCs HenpuUBOOUMbIM.

Marucrepckag auccepraiiss BopoHoro
(aHasIor HbIHEIIHEeH KaHANIATCKON [uccep-
Tarun) «O 1ebIX anre6panyecKnx ynucaax,
3aBUCSIIIX OT KOPHS HETIPUBOMMOTO YpaB-
HEHWS 3-if CTETIeHW» Coj/ieprKaJia IMepBble pe-
3YJIbTATDI, MOJYYEHHbIE aBTOPOM I10 JJAHHOM
TeMe, U Oblyia ycIenrHo 3atnuineHa B [lerep-
6yprckom yHUBepcurete B 1894 romy.

PaGoTta B BapluaBckomM yHUBepcutete

[Tocne samurter Boponoit 6bl1 HazHaueH
npodeccopoM MaTeMaTKu MIMIiepatopckoro
BapmraBckoro yauBepcutera. B TO Bpems
(mocne Benckoro xomrpecca 1815 roma m

yers p(xy,...,x,) — MHOTOUIEH CTenenH n >
> () ¢ panuoHaIbHBIMUA KO3(hPUITEHTAMHU, TOT/A
ypasrerue Buga p(xy,...,x,) =0, I KOTOPOTO
UIYTCS PEHICHUS B 1EJIbIX UJH PALUOHATHHBIX
YUCAX, HA3BIBACTCS OUODANINOGDIM.



BILIOTH 710 1915 Tona) Iosbina BXoamaa Kak
IapcrBo Ilonbckoe B cocraB Poccuiickoit
UMIIepUN.

B ynuBepcutere Boponoii unTas Kypcol 1o
OCHOBHBIM MaTeMaTHYECKUM IIpe/MeTaM.
OHUM 13 €ro YYeHUKOB ObLJ BbIIAIOMIUNCS
noabcKkuilt Marematnk Bammas CeprnmHCKHin
(1882—1969), KOTOPOMY NPUHAIEKUT MHO-
IO IOCTIDKEHUT B Pa3HbIX 06JIACTIX MaTeMa-
TuKU. CepIMHCKII BBITIOJHUI TTOJT PYKOBOJI-
ctBoM Bopomnoro paGory 1o anaiuTHyecKoit
TEOPUH YHCeJI.

Boponoit 1poJo/KuI UCCAe0BAHUS 110
TEOpUN aare6panyecKux 4ucesi 3-ii CTerneHu.
OH noctponst apPeKTUBHBII aJTOPUTM IS
BBIYMCJICHNS TaK Ha3bIBa€MbIX OCHOBHBIX
eIMHNUT] KyOMIecKOTo TOJIS.

ITO OBLJI OYEHDb CUJIBHBIN pe3yJbTaT, TO-
CKOJIbKY 3HaMeHuTast Teopema Jlupuxie o
eIMHUTIAX YTBEPIK/AJa, YTO OCHOBHbBIE €11~
HUIIBI B are0panvdecKoM MoJie CYIIeCTBYIOT.
O/HaKo OHA He JlaBajia HUKAKOTO TyTH I/
X HAXOXKJICHUS.

AJITOPUTM HAXOXK/CHUS OCHOBHBIX €IMHNUIT
JUTST KyOUYeCcKUX TI0JIel, mocTpoeHHbIit Bopo-
HbBIM, HACTOJbKO TTopa3ua A.A.MapkoBa, 4yTo
oH 1ocJsias Boponomy resierpamMmmy B Bapiia-
By ¢ Tpoch60oil cpouno mpuexarb B Ilerep-
6ypr. Boponoii Tak u moctynus. Kaxk TobK0
OH TMOSIBUJICS B KaOWHETE CBOETO HAYYHOTO
PYKOBOJUTEJST, €My TYT 3Ke TIPEIOKUIN
HAWTH OCHOBHBIE €JIMHUIIBI /IJIT OHOTO YacT-
HOTO cJyvas, JJs1 KoToporo MapKoBy camo-
MY YJAJ0Chb HAWTH WX TIPU TIOMOIIN BeCbMa
CJIOKHBIX Bbluncsaennii. Iloatomy Mapxkos
6bLT BOCXUIIEeH, Koraa Boponomy monamo6m-
JIOCH BCETO TPH 4Yaca, YTOObI MOCPEACTBOM
CBOETO aJTOPUTMA PEHIUTD 3a/ady.

3ameuaresibHble pe3dyJ/braTbl Boponoro 1o
aTOl TeMe OBLTM ONMCAHBI B €TO TOCJeIHEH,
JIOKTOPCKOM, rccepTaiim, OJIeCTsIe 3aliu-
menHoi B 1897 romy. B atoii nuccepranmm, kak
mucan b.H./lerore, Boponoii «MbIcamI reo-
METPUYECKH, HO BBIHYK/IEH ObLT II€PEBOIUTDH
XOJI CBOUX PaCCysK/JeHWiT Ha apudMeTnIecKuit
a3bIk». [lapafokcanbHo, HO (hakT: PyKOBOIHU-
test [leTepOyprekoii MIKOJIbI TEOPUH YHCeN U
oco6eHHO MapKoB, OCHOBHOI OIIIOHEHT IO
JuiccepTaliiy, He IIPUHUMAJIN FeOMeTPUYeCKIN
XapakTep U3JI0KEeHHd, U JUCCEPTALMIO, HAIl-
CaHHYIO Ha FeOMETPUYECKOM S3bIKe, MOIVIM U HEe

nporyctuthb. lleTepOypreras akajgeMust HayK
oTMeTHIa UK pabot BopoHoro 1o asnre6pan-
YECKON TeOpWH Yhcesl MPECTUKHOW ITpeMueit
nmenn B.4A.Bynsakosckoro.

BriocsiectBun anroput™ Boponoro aktus-
Ho ucnoab3zoBat b.H. /lesnone B cBoux 3HaMe-
HUTBIX WCCJAEIOBAHUAX 1O AUO(PAHTOBBIM
ypaBHeHMsIM TpeTbell crenenu. Hajo cka-
3atb, uto Bopuc Hukonaesuu /leaone (1890—
1980) 6bL1 HamboJee TOCAe0BATEIbHBIM
npogosskareneM Boponoro. [lenone ne 6bL1
1 He MOT GbITDb €T0 HeTIOCPE/ICTBEHHBIM YUEHH-
KOM, TTocKoJbKy Boponoii ymep B 1908 ropy,
B TOM caMoM roxay, kKoraa bopuc [lenone
noctynus B Kuesckuit yausepcuter. Tem e
MmeHree, /lesone 6sm3ko 3HaJ1 Boponoro. [leno
B TOM, 4TO BOpOHOI1 TO3HAKOMMJICS 1 TIO/IPY-
JKUJICS C €TO OTIIOM, TPO(heccOpOM MaTeMaTH-
kn u Mexanmkn Hwuromaem Bopucosnyem
[lenone, pa6orapmum ¢ 1900 mo 1904 rombr
B BapimaBckoM MOJUTEXHUYECKOM MHCTUTY-
te. Bopuc HukosaeBiy 0611 BCIIOMUHATD,
Kak BopoHO#l mpuXoausa K HUM Ha YKUH U
JIOTIO3/THA 3aCIDKUBAJICS 3a Gecelloil ¢ ero
OTIIOM. A OH, JIeCATUJIETHUN MAJTbUYHK, JeXKa
B KPOBATH, TIPUCIYIIUBAJICS K 6ece/ie, TOHO-
CUBIIIENCS W3 TOCTHHOM B €r0 KOMHATY Yepe3
cJieTKa HEMPUKPBITYIO JIBEPD. ..

Cynp6e Gbuio yroano, 4ro B komie XX
Beka nMena Boponoro u [lesone HaBcerja
BOIILTM B MaTeMaTuky, 6oJiee TOro, OHU OKa-
3a/1MCh HEPA3PbIBHO CBI3aHHBIMEH. JTO TaK
Ha3bIBaeMble [uarpamMMbl BopoHOro u Tpuan-
ryaaiun  [lesione — TOHATHSA, BaKHbIE B
CaMbIX Pa3HbIX 06JIACTAX HAYKH U €€ MPIJIO-
skenuii. (Bo BTOpoii yacTu cratbit Mbl 00bsiC-
HUM, 4TO TaKoe AnarpamMMa BopoHoro m xkax
OHAa CBsI3aHA C TpHaHTyJIAImell /[lesone, onm-
canue Kotopoit 6110 gaHo B KBante Net, 2
3a 2010 rox B cratbe «Muororpansbiii [le-
JIOHE» ).

[Tocne uccaenoBanuii mo reopuu ajnrebpa-
udeckux uuncesa Bopomoil omy6amukoBas B
1903 roay Goubiiyio paboTy 110 aHATUTHYEC-
KOIl TeOpUM YKces, MOCBSIIEHHYIO 3aaue O
nenuTenstx, mocrapiaennon upuxie. Hysx-
HO GBbLJTIO OLEHWUTD TIPU GOJIBIIUX 72 CYMMY

Sn)=t(1)+1(2)+...+1(n),

re r(k) — KOJIMYECTBO MPOCTBIX JeJUTe/ el
yncaa k.
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HerpyaHo m0HsTb, 4T0 S (1) PaBHO KOJIN-
decTBY TOUYeK (X} ) C LEIBIMHU MOJOKUTEb-
HBIMU KOODJMHATAMM, IPOU3Be/leHUE KOTO-
pbIX He npeBocxoauT n: xy <n. Tak kax

I\ . . .
. . °
. . .

L4
4
X

Xy = n ecTb ypaBHeHue runepOoJibl, TO Ta
3ajaua MOJTyYn/Ia HazBaHUe TPOOJIEMbI Iie-
JIBIX TOYEK 1oJ rurep6osoit (¢cM. pUCyHOK).

B cBoeii pa6ore 1849 roga JupuxJie moy-
it aas S (n) caepyonyo dopmy.y:

Sn)=n(lnn+2y-1)+K,Jn, (1)

rae y = 0,57721... — koHcTaHTa Jilgepa n
3HaUeHue |Kn| OTPAHUYEHHO NPU 1 —> oo . B
JIAJTbHENIIeM Ha IPOTSIKEHUN MOJyBeKa MHO-
TOYUCJIEHHbIE YCUJIMS N3BECTHBIX MaTeMaTH-
KOB, HAIIPaBJIEHHbIE HA YTOUHEHUE MOPSIKA
OTHOCHUTEJBHO 72 BTOporo caaraemoro B (1)
(nm, KaKk TOBOPSAT MaTeMaTHUKH, OCTATOYHO-
ro 4WjeHa), ocTaBaiuch OesycrenHbiMu. U
Topko B 1903 rony I'.d.Bopownoii, ocHoBa-
TeJIbHO pas3BuB Meto/| J{upuxJe, B pe3yJbra-
Te CJIOKHBIX BBIYMCIEHUN YTy UL HOPSIZIOK
ocratounoro uena B popmy.e (1) pust S (n):

Sn)=n(lnn+2y-1)+6,3nlnn, (2)

rje 3Hauenwe 0, OrpaHmYeHO HEKOTOPOM
TIOCTOSTHHOW TIPU 7 — oo .

Pa6ora BopoHoro o umcje menblx TOYEK
1o/1 TuTepOOJIoi OKa3asa BJAUSHIE HAa TBOP-
YEeCTBO psijia 3aMevaTebHbIX MATEMATUKOB, B
yactHocT MBana MarBeeBuua Bunorpasno-
Ba, B OyAyIleM OCHOBaTeJss W JIUPEKTOpa
MarteMaTn4eckoro WHCTUTYTa WMEHU
B.A.CrexsoBa. A yuyennx Boponoro Cep-
MMUHCKU YCIENTHO MPUMEHUJI €r0 MeTo/l K
JPYTOi KJTacciueckoii sagave o uncie A(n)
eabix Touek (X; y) B Kpyre 2+t <n.

Wrak, BapimaBcKuil Mepuo/i HAYaICs C HUC-
CJIeTOBAHUIT TI0 TEOPUH aJareOpandecKux dn-
cesi. 3aTeM TI0CJIE/I0BAJIA aTaKa HA aHAJIUTH-

2018/Nel?2

YecKyio Mpo6JeMy TOUeK I0J| TUIep6OoIoii.
[Tocniemuue 4 roga aToro nepuoa u, K riy6o-
KOMY COXKaJICHUIO, KU3HU B 11eJ10M, BopoHoit
[IOCBATHUJI TPYAHEHIINM 3a/1a4yaM TeoMeTpUn
yyces. OHa U3 HUX — 3a/laya HaXO0K/1eHUs
TJIOTHEWIeH yHMaKOBKHM MPOCTPAHCTBA PaB-
npIMu 1apamu. [Ipyrasg — 3ajsava Haxox/e-
HUg BCeX IlapaJlieslodpoB — MHOIOPaHHU-
KOB, KOTOpbIE 3aII0JIHAIOT [IPOCTPAHCTBO CBO-
UMW KOTIMSAMHE, PACTIOJIOKEHHBIX MapaJijiesib-
HO ApyT ApyTy. VIMeHHO 3/1ech, Ha TeOMETPH-
4yecKOM Harpasjenuu, Boponoil nomywaer
CBOU caMble HHTEPECHbIE U TJIy6OKIE Pe3yJib-
TaTbl. Mbl ONUIIEM WX BO BTOPOH 4YacTu
CTaTbHU.

O HEmaTtemaTtuke

B BapmasckoMm ynusepcurtere Boponoit
npopaboran ¢ 1894 roxa /10 KOHIIA KU3HU C
HeGOJIBIITNM TIEPEPBIBOM. B ¢Bsi3u ¢ peBoJTio-
moHHbIMu  BostHeHuaMu 1905—1907 romos
BaprmaBckuii ynusepcureT ObLI 3aKpPbIT, U
Bopownoii 6p11 HanrpaBJsien Ha pa6oTy B HoBo-
4epKacCK, B TOJBKO YTO OpPraHU30BaHHbI
taM /[OHCKOW MOMMTeXHUYeCKUi WHCTUTYT,
rae B 1907 /08 yae6HOM TOAY OBLI IeKAaHOM
dakynprera Mmexanuku. B 1907 rony 3a BbI-
Jlalolecs: Hay4yHble JOoCTH>KeHus1 BopoHoii
6b1a M36paH wieHOM-KoppecnonaeHToM [le-
Tep6yPreKoil aKageMut HayK.

I'.d.Boponoii 6611 xenat Ha Ojbre Mur-
podanoBHe KpuIkoii, eByIKe U3 ABOPSHC-
KOW ceMbM, ybe mMeHHWe bBorganbl Haxomu-
Jgoch nobm3octn ot ero JKypasku. Ouibra
Obly1a ero GOJIbIIAs U eIMHCTBEHHAST JII0O0Bb.
Y nux 6b110 Mectepo gereit. [lomumo cBoeit
MHOTOUYHNCJIEHHOW ceMbH, Boponoii 3a60Tu.1-
CsI TAaKJKe O CeMbe PAHO OBJIOBEBIIEN CECTPbI
¢ cempbio netbmu. Bee netu I'eoprug deoso-
cheBHMYA MOJIYUHIN XOpoliiiee 06pa3oBanue u
CTaJIM BpauaMu, yuuteasaMu. Muaimnii cblH
IOpuii Teopruesuu Boponoii (1896—1961),
XUPYPT, MTOKTOP MEAUIMHCKUX HAyK, IPO-
caasuics teMm, uto B 1933 romy caenan
MIEPBYIO B MUPE ME€PECcaJKy MOUYKH.

I'.®.BopoHnoii He oTJIMYaCcs KPEKnuM 3/10-
POBBEM, B IOCJIEHIE TO/bI CTPAJIAJ OT MPO-
rpeccupyiolneiil 60JIe3HN KEJTYHOTO TY3bIPS.
WNurencuBHas Hay4YHas W MPENoAaBaTesbC-
Kast pabora ycyryOssaa 6ose3nb. B moce-
JUHUI TOJT JKU3HU BPAYW HACTAUBAJIH HA OT/IbI-
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xe. BopoHoit 1 caM OTYEeTJIMBO TIOHUMAJT, YTO
HaNpsKeHHast paboTa OTPUIATENBHO CKa3bl-
BaeTcs Ha 3[J0POBbE, HO OCTABUTD UCCJIEI0BA-
HUS OBLIO BBIIIE €T0 CHJI. «T0IbKOo MOST sKeHa
3HAET, YTO MaTeMaTHKa SIBJSETCS /I MEeHS
TJTAaBHOI I1eJIbI0 SKU3HY, OHA JIJIsT MEHS — BCe»,
— 3ammcat OH B JHEBHUKE.

Jleto 1908 roma Teopruit MDeojocheBud
poBes B poaHoi sKypaBke, HeCcMOTps Ha
peKOMeHIAInN Bpayell moexXaTh Ha JieYeHNe B
Kapacban. K navamy yue6HOTO TOmA €My
CTaHOBUTCSI Jierde, U OH BO3BPAIIAETCS B
BapmaBy. B navamne ceHTsOpsi muIieT, Kak
0Ka3aJioCh, TIOCJE/HEE ITMCbMO AKAJIEMUKY
B.A.CrexkJoBy, B KOTOPOM KPaTKO COOOIIAET

0 CBOUX UCCJIEJIOBAHUSIX TI0 TEOPUU TTapaJiie-
JIOJIPOB, a TaKyKe BbIPA’KAeT KeJaHue Tie-
peiitu B IleTepOyprckuii yHUBEPCUTET.
OHaKO B OKTSIOpE HACTYIIHIIO pe3Koe 060-
crpenne 6osesnu. B nocaennuit mecsir jKus3-
HU, cTpajiast oT OoJieil, TPUKOBAHHbBIN K I10-
creq, BopoHoii cymen 3amicarh «3aMeTKn
[0 TIOBO/Y TIOCJeHel TeopeMbl MDepmas.
Yepes ase nepenn, 7(20) noa6psa 1908 roaa,
B Bo3pacTe copoka JieT ['eopruit Meogoche-
B4 Bopownoii ckonvascsa. I[loxoponen 1o
3aBelanuio B ero Jgoo6umoii sKypaske.

(Mpononxexme creqyer)

KOHKYPC UMMEHU A.II.CABHUHA

Mbi npogomxaem o4epesHosi KOHKYPC 10 PELUEHUIO MAaTeMAaTUYeckux 3agay. OHU paccyuTaHbl B
repByro ovepenb Ha yyalnxcs 7-9 knaccos, HO Mbl 6y1eM pagb! yHacTHio LKObHUKOB BCEX BO3PACTOB.
KoHKypc npoBoanTcs COBMECTHO € XYpHanom «KBaHTUK?.

Bbicbinavite peweHus 3afgad, ¢ KOTOPbIMU CIIPABUTECh, 3/IEKTPOHHON [MOYTOM 10 a[pecy:
savin.contest@gmail.com nau obbiyHOV royToui o agpecy: 119296 MockBa, JIeHUHCKUY MPOCIIEKT,
64-A, «KBaHT» (c nomerkosi «KoHKypc umeHn A.f1.CaBuHa»). Kpome vmMmeHu v gpamunmm ykaxmre
ropoa, WKoy U KJ1acc, B KOTOPOM Bbl yYUTECh, A Take 06paTHbIii MOYTOBbIV aapec.

MbI npuseTcTByem y4actvie B KOHKYpCe He TO/IbKO OTAE/IbHbIX LKO/IbHUKOB, HO Y KOMaHz (B TaKoMm
a1yyqae npuUcbIIaeTcs oAHa pabora co CricKoM y4acTHUKOB). Y4acTBOBaTb MOXHO, Ha4Y1Has ¢ J1lo6oro
Typa. [Mobeaurenei QYT AUMNIIOMbI XYPHana «KBaHT» v npu3sbl. 3afaHus, PELIeHNs U pe3yibTaTsl
ny6nvkyoTcs Ha calite sites.google.com/view/savin-contest

Xenaem ycriexa!

13. MokHO Jin paccaJuTb 3a KPYTJbIM
CTOJIOM Yepe3 PaBHbIE TPOMEKYTKU MESKLY
moabmu a) 20, 6) 19 MOTYYHOB M HECKOJIBKO
GOJTYHOB Tak, 4TOGBI HANPOTUB KayKJOTO
MOJTYyHa cues GOATYH B 4TOOBI HUKAKHUE B
GOJTyHA HE CUJAEIN PSIOM?

A.Kosarv0xu

14. OKpPY’KHOCTD II€peceKaeT CTOPOHDI TPe-
yroJbHuka B 6 Toukax (cM. PUCYHOK).
a) [loxaxute, uto ecaii @ = b u ¢ = d, 10

e=1.

6) Hoxaxkure, uro ectu b =cu d = e, TO

f=a.

E.Bbaxaes

15. Ilyctp A — Haumenbinee, a B — mau-
60JIbIIIEE 13 BOCOMU3HAYHBIX YHCEJI, B 3aIIACH
KOTOPBIX MPUCYTCTBYET Kaxkaas u3 mudp 1,
2, ..., 8 um kotopnie aeagrcs Ha 137. [loka-
kurte, uto A + B nenurcs Ha 73.

C.Kocmun

16. O6osHaunM Kak Py dYmcJI0 croco6oB
BBIOPATH 3 N PasIMYHbIX TPEIMETOB JTI060€
KOJIITYECTBO TIPEIMETOB, Jafolee OcTaToK 1
npu JejeHun Ha 3, a Kak Qy — 4YHCJIO
€1ioco60B BLIOpaTh 13 N Pa3JIMIHbIX TIPe/IMe-
TOB JTI060€ KOJINIECTBO MPEIMETOB, Jafoliee
OoCTaToOK 2 Tipu fiejeHnn Ha 3. Jlokaxxute, 4TO
Py n Qy orimyaiorcs He 6oJblie yeM Ha 1.

E.Bbaxaes



(Pu3smka 3BYyKa

U.ECUIIOB

KYCTUKA—-35TO PA3/IETI UK, N3Y-
yaromii BO36yK/ieHre, pacupocTpane-
HUe, TpUeM 3BYKOBBIX BOJIH, a TaKKe HX
B3aumo/ieiicteue co cpeaoii. Oco6eHHOCTHIO
3BYKOBBIX BOJIH, OTJHMYAIONINX UX OT JJIEKT-
POMarHWTHBIX WJIA IPABUTAIIMOHHDBIX, SIBJISI-
€TCsl TO, YTO OHU MOTYT PacCHpOCTPAHITHCS
TOJIBKO B CIJIONTHOW yIPYTO#l cpejie. 3BYK
OKpY’KaeT Hac MOBCIO/ly: B arMocdepe, 1o/
BOJIOH, T10/T 3eMJIeiT, B GUOJIOTHYECKIX Cpe/lax
U MaTepuasiax u Jaxke B KocMmoce. ToJbko
3BYK MOJKET PACIPOCTPAHATHCS B 3EMHBIX
CTPYKTYpax  MoJi BOJ0i 6e3 CyIeCTBEHHOTO
3aTyXaHusi, MO3TOMY OH HIMPOKO UCIIOJIb3Y-
€TCs B UCCJIEeIOBAHUSIX TTPUPOHBIX CPEJI.
OG6BIYHO MBI HA3bIBAEM 3BYKOM TO, UTO MbI
cabuM. [IpUHSTO cYUTaTh, YTO [UANIA30H
YaCTOT CJBIIIUMOTO HAMH 3BYKa JIEKUT B
npenenax ot 20 T o 20 kI 9to coorser-
cryer 20—20000 kosebaHUil B CEKyHIY.
3BYKOBDBIE BOJTHBI, YACTOTA KOJIEGAHNI KOTO-
PBIX BBIXOJIUT 32 ATOT [UATIA30H, MOJYIHIN
CBOW CITeIMaJbHbIe HAa3BAHMUA.
Yavmpaseyxom Ha3bIBAIOT 3ByKOBBIE BOJI-
HbI, 4YacToTa KoJieOaHUl KOTOPBIX BBIIIE
20 kI, Texnosioruyecku pa3BUThIN uara-
30H IIPUMEHEHUsT YIbTPA3BYKA JIEIKUT B IIpe-
neaax o6 20 kI'm mo 100 MTu. Bogee
BBICOKOYACTOTHAsI 06JIACTh YJIbTPa3BYyKa IM0-
JIy4HJIa HA3BaHUeE 2unep36yx . 3ByKOBbIE BOJI-
HBI TUTIEP3BYKOBBIX YaCTOT MOTYT PaCIpoOCT-
PaHATBCS TOJBKO B KPHUCTALIAX C MaJbIM
MOTJIONIIEHNEM 3BYKa, TAaKMX, KAK MOHOKPHUC-
TaJIbI KBapila, candupa, HUEOOGATa JTUTHS,
JKeJIe30-UTTPUEeBOro rpaHata u Ap. lumep-
3BYK UCIIOJIb3YeTCs P 06paboTKe GOBIINX
MacCUBOB MH(OPMAIINHU, B TOM YHCJE OINTH-
YeCKUX N300PaKEHNH, M NCCTIEJOBAHUN CTPO-
€HUsI TBEPDbIX Tes. ITHM 3aHUMAETCS HAyKa
aKyCTO2JIEKTPOHMKA. /[Mana3oH, B KOTOPOM
THIIEP3BYK BO3OYIKIA€TCS WMCKYCCTBEHHBIM,
KOHTPOJINPYEMbIM 06Pa30M, OTrPAHUYNBAET-
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cs vacroramu ropsiika 10 TTTIL, uto cBsi3ano
¢ BBICOKUM 3aTyxanueM. [Ipu cToJib BbICOKUX
4acToTax JJIMHA BOJIHBI TAKOTO 3BYKa Oy/er
y’Ke COM3MepUMOil ¢ MEKAaTOMHBIM PACCTOSI-
HUeM B KpuctaJie. B TakoMm ciyuae Mbl yiKe
He MOJKEM CYMTATh KPUCTAJLI CILJIOIIHON cpe-
TTOM.

3BYKOBBIE BOJIHBI, YACTOTA KOTOPBIX HUIKE
20 I'm, Ha3BIBAOT UH@paszeyxom. 3aTyxa-
Hue nHQpa3ByKa HEBEJUKO, U TI0ITOMY MH(-
Pa3BYKOBBIE BOJIHBI aKTUBHO HCTIOJIB3YIOTCS
JUUIS ICCJIEIOBAHUS OKeaHa U CTPYKTYPbI 3eM-
Ju. 3BYyKH B3PBIBOB BYJKAHOB MOTYT 060-
FHYTb BECh 3€MHOI I1ap, HU3KOYACTOTHDII
MO/JIBOJIHBIN 3BYK PACIPOCTPAHSETCSI Yepe3
OKEaHbl HA THICIYN KUJIOMETPOB.

[lanee Mbl 06Cy MM COBpEMEHHbIE UJEN U
HOBbIE AKyCTUYEeCKUE TEeXHOJOTHH UCCJEeI0-
BaHM 1 OCBOEHNSI OKpYysKatorero mupa. Yacro
aKyCTHYeCKHUe METObl He MMEIOT aJbTepHa-
THBBI M TI03TOMY OKa3bIBAIOTCS Hanbosee
a(ppexTUBHBIMU 1715 pENIeHUs TON VT WHOM
BayKHOH 3a/1auul.

3BYK N MH}pa3ByK
B MNCCIef0BaHMN Npupoabl

HccaenoBanne okeaHa. 3ByKOBble BOJHbI
PaCIIpOCTPAHSIOTCS B IPUPOIe — B aTMoce-
pe, oKeaHe, MO 3eMJIell — 1O CBOeOOPA3HBIM
KkaHasaM. OTKPBITHE TTOABOIHOTO 3BYKOBOTO
KanaJia 6bLI0 ¢/les1aHo B Hatieli ctpame B 1946
rojily, KOrjla ydYeHble BMeCTE C BOEHHBIMU
MOPSIKAMU HUCIBITBIBATA B SITIOHCKOM Mope
AKyCTUYECKYIO alnaparypy /sl IPOBeIeHMs
M3MepeHMil TIOABOMHOTO 3BYKa OT B3pbIBA
aMepUKAHCKO# aTOMHOI 60MOBI Ha aToJuie
bBuxkunu. B mporiecce ncnbiTannii peructpu-
POBAJICST YPOBEHD aKyCTHYECKOTO CUTHAJA OT
B3PBIBOB TJIyGUHHBIX 6GOMO B 3aBHCUMOCTH OT
paccrosiiusg. HeoskmanHO BBISCHUJIOCD, YTO
JUis uctaniuii 6osbiine SO KM ypoBeHD 3a-
PETUCTPUPOBAHHBIX CUTHAJOB CTAJ OYEHb
c1a60 MEHSTBCS C PACCTOSIHUEM U 3BYKH
B3PBIBOB TJIYOMHHBIX 6OMO ObLIU XOPOIIO
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cablmHbl ¥ Ha auctanumu 600 KM, Korma
OTIBIT OBL Tipekpatier. OKuAaa0Ch, YTO s
6OJIBITIOTO OKeaHa JaJeKo OT Gepera akyCTH-
YeCKWH CUTHAJT JOJDKEH PaclpOCTPAHSTHCS
1o cepryecKoMy 3aKOHY OT TOYEYHOTO HC-
TOYHWKA, KAKUM MOKHO OBLJIO CUUTATH TJIy-
6uHHYI0 60MOY. B TakoM ciydae MHTEHCHB-
HOCTD 3BYKa JOJKHA OBITh 0OPATHO MPOIIOP-
IIMOHAJBHOM TITOMA/U cepbl, OXBATHIBAIO-
Ieil UCTOYHMK, T.e. JOJDKHA ObLIA yMEHb-
aThest 0OPATHO MPOTIOPIIMOHATBHO KBaApa-
TY PACCTOSIHUS, TIPOIIEHHOTO 3BYKOM.
O6bsicHenne aTOMy UHTEpeCHOMY addek-
Ty naja JI.M. BpexoBckUX — BIIOCJE/ICTBUA
akaJieMuK ¥ JaypeaT ['ocyjapcTBEHHOM TIpe-
mun CCCP. On o6paTtus BHUMaHUEe Ha TO,
YTO TeMIIepaTypa BOJbI GBICTPO TAJaeT [0
ray6unabl 100—200 M, a 3areM TpUHUMAaeT
nocrognaoe 3navenne okoJio 4 °C . ITagenne
TEeMITEPATYPBI TPUBOUT K YMEHBIITECHITO CKO-

POCTH PacIpOCTPaHEeHUd 3ByKa, a POCT J1aB-
JIeHHs C TJIYOUHOI MPUBOJNUT K YBEJUUYEHUIO
31Ol ckopocTH. TakuMm 06pa3oM, B 3aBUCUMO-
CTH CKOPOCTH pACIpPOCTPAHEHWs] 3BYKa OT
rIyOWHBI OKa3bIBAETCSI MUHUMYM, B KOTOPOM
7 KOHIIEHTPUPYETCS aKyCTHIecKast SHePTus.
Ha pucynke 1 BuaHO, 4TO ecm MOMECTUTH
M3JIy4aTesb Ha YPOBEHb MUHUMYMa CKOPOCTH
3BYKa, TO 3BYKOBBIEC JIy4d, BBIXOJSIINE U3
u3Jydaresisi, B pe3yabrare pepakriiu 6yayT
yAEp;KUBATHCST BOJIM3U HTOTO0 MUHUMyMa. B
UTOTe YaCTb 3BYKOBBIX JIyueil, BbILIE/IINX U3
HUCTOYHUKA 1I0J] HE OYEHb KPYTLIMU yTJIAMHU,
OCTAIOTCS IPU PACIIPOCTPAHEHUN B CJIOE TOJI-
MIIUHOI B HECKOJBKO COT METPOB. TaKoil cJioii
npejicTaBJsieT coOO0Il TTOABO/IHBIN aKyCTHYEC-
KWW BOJHOBOJ[, WJW TOJBOJHBIN 3BYKOBOM
KamHa.

CTOWT OTMETHUTD, 4TO 9P PEKT aKYCTHIECKO-
ro BOJIHOBO/IA KCIIOJIb30BAJICSI CPEHEBEKO-

Cropocmov () Hucmanuus 250 kM
36YKd
Cepus 1 I ?fl!_ A lak
Sdpezucmpuposannviil cuzindi
Cepus 2 | gE A A Ll
0 I 166¢ 167 ¢

Bpemsa pacnpocmpanenus

Puc. 1. Cxemarmyeckoe n3obpaxeHue pacrpoCcTPaHEHS CUrHana B IogBOAHOM 3BYKOBOM KaHarne. CrneBa
— Mpo@usib CKOPOCTH 3ByKa B 3@BUCUMOCTI OT [71yOUHbI. VICTOYHUK U IPUEMHMK 3BYKA PACTTIONOXEHb! HA
OCU KaHa/a, COOTBETCTBYIOLUEN MUHUMATTbHOM CKOPOCTU 3BYKA. JIyuu B Pe3ysibTare peqpakiLmy 3ByKa
COBEPLLAIOT LIMKITNHECKNE OCLMIIIIALIMN. LIN@PbI HAL JTY9aMU YKA3LIBAKOT YIros1 BbIXOAA J1y4a 13 UCTOYHUKA.
B HuXKHeN 4actu pucyHKa okazarbl LBe Cepuu OCUMIIIONPAMM  33PErvCTPUPOBaHHBIX CUIHAIOB,
OT/INYAIOLLMXCA TEMIEPATYPHBIMU YCIIOBUAMU B MPUIMTOBEPXHOCTHOM 4acTt KaHaaa




10 KBAHT

BBIMM MacTepaMy TIPU CO3/IaHUU <IIernyy-
mux» rajsepeit. Takue rasepen UMeOT Kpu-
BbI€ WJIN 3aMKHYTBIE CTeHbI. Ecu BbI BOTH3N
TaKo# CTEHbI TOBOPUTE TIEMOTOM, TO 3BYKO-
BbBIE JIyUl KOHIIEHTPUPYIOTCS OKOJIO Hee 1 Ha
PacCTOSTHUN B HECKOJIBKO JIECATKOB METPOB
MOXHO OTYeTJIMBO CJbBIINATh Ball IIeTnoT,
HaXO/sICh TaKKe OKOJIO cTeHbl. Takue memyy-
e rajgepen ectb B co6opax Casitoro [lasia
BJlonmone u Cegroro Ilerpa B Pume, B Xpame
He6a oz Ilekunom 1, BO3MOSKHO, I/Ie-TO eIlle.

XapakTtep pacipocTpaHeHus 3ByKa B aKy-
CTUYECKOM BOJIHOBO/IE AHAJIOTMYEH PACIIPOC-
TPAHEHUIO JIA3€PHOTO U3JIYUYEHUS B ONITHYEC-
KOM BOJTHOBO/Ie. B HacTostiee BpeMsi oco6eH-
HOCTH PaclipOCTPAHEHUs 3BYKa B MO/IBO/THOM
aKyCTIYeCKOM BOJTHOBO/IE UCTIOJIb3YIOTCS JIJIsT
TEPMOMETPHUH OKeaHa.

Oxean MOXHO paccMaTpuBaTh KaK TUTAHT-
CKUH, 32aHUMAIOIIIH OrPOMHYIO I1JIOIIA/b TeP-
mometp. Cuiesisi 3a U3MEHEHUsIMI TeMIlepary-
pbI TJIYOMHHBIX CJIOEB OKEeaHa, MOXKHO CJie-
JIUTh 32 MOTeIJIeHneM Kaumara. /lesio B Tom,
YTO MacIITaOHble KITMMaTHUYeCKIE NU3MEHEH S
HAJIE’KHO OTIPE/IEJUTH YPE3BbIYATHO TPYHO
n3-3a 60JpIMX (IAYKTyaIuii BO BpeMeHu u
npocrpadctBe. OTpOMHBIE MacChl BOJIBI B
oKeaHe ycpemaHsioT atu darykryaru. Omnpe-
JIEJTUTHh CPEHIO TEMIEeparypy TJIyOUHHBIX
CJIOEB OKeaHa Ha MacmrtabaX B HECKOJDLKO
TBICSTY KUJIOMETPOB MOKHO TOJIBKO aKyCTH-
YECKUMU METOJIaMU, 3JIEKTPOMArHUTHBIE BOJI-
HbI B MOPCKOU BO/IE HE PACIIPOCTPAHSIOTCS Ha
3aMEeTHOE PACCTOSTHHE.

CKOpOCTb pacnpocTpaHeHus 3ByKa yBeJu-
YUBaeTCs ¢ pocToM TeMnepaTypbl. Ha pucyH-
Ke 1 BHM3Y TOKa3aHbI JIBE CEPUU 3aPETUCTPH-
POBAHHBIX aKyCTUYECKUX MMITYJIbCOB, OTJIH-
YAIOIIITXCS TEM, YTO BO BTOPOH CEPUY BepXHIIE
CJION OKeaHa MMeJIN HECKOJBKO 6GoJiee BhICO-
Kylo TeMieparypy, ueM B liepBoil. Kak Buano,
CUTHAJIBI, PACIIPOCTPAHSIONIIECS 10 KPACHO-
My JIydy, KOTOPBIil MaKCHMaJbHO OJH3KO
MOIXO/IUT K HATPETOU MOBEPXHOCTU OKeaHa,
MPUXOJIAT HECKOJIBKO PaHbIIle, YeM CUTHAJIBI,
PaCIpPOCTPAHAIONINECS 10 JAPYTUM JIydaM.
g gucranmuu 250 KM 9TU U3MEHEHUSI BO
BPEMEHU pPACIpPOCTPAHEHUS] MOTYT COCTaB-
JIGTh 01 ceKyH/Ibl. [To pyrum iyuam uame-
HEHUl BO BPEMEHM PACIIPOCTPAHEHUS HET.
TakuM 06pa3oM, M3 TAKOTO OMBITA MOKHO
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y3HaTb, Ha CKOJbKO I'PAJYCOB M Ha KaKyIo
ry6uHy TIporpeJiach Bojla B okeare. Scho,
41O yeM OoJibllle AUCTAHIUST PacipocTpaHe-
HUS 3BYyKa, TeM BBINIE YyBCTBUTEJILHOCTH
3TOTO Merofia. 3BYK mpoberaer 250 KM B
okeane3a 167 c¢,4ToCOOTBETCTBYET CKOPOCTH
pacrnipoctpanenusi okosio 1500 m/c. 3ame-
THM, YTO TIEPBBIMHU MPUXO/AT Hanboree ObI-
CTpble CUTHAJIbI, PACIHPOCTPAHSIONIMECS TI0
Han6oJiee KPYTBIM JIyyaM, JIEXKAIIM B CJIOSIX
okeaHa ¢ 60JIbIIIel CKOPOCTHIO PACIIPOCTPaHe-
nuga. A mHanbosiee WHTEHCUBHBIE CHUTHAJIDBI
MPUXOJSIT TOCJTEHUMHU 10 TIOJIOTUM JIydaM,
HaXOJISATIIMCST B OKPECTHOCTH OCH TTO/IBO/THO-
r'0 3BYKOBOTO KaHAaJa, T/le CKOPOCTh PACIpPo-
CTpaHeHUsI MUHUMAaJIbHA.

Takast 0cOGEHHOCTD PaCIIPOCTPAHEHUS 3BY-
Ka MCIOJIb3YeTCS JIJIS AUCTAHITMOHHOTO MOHM-
TOPUWHTA TEIJIONEPEHOCA B OKEAHE, YTO BAYKHO
JUUIS TPOTHO3UPOBaHus KaumaTa. OxeaH dhop-
Mupyet norofy Ha 3emse. CeBepubiii Jlegosu-
ThIIl OKeaH sBJIAETCS KyXHEW MOTO/bl JIJIs
EBpomnbl u cymecrsennoil yactu Asuu. Pac-
npejieIeHHast o BceMy OKeaHy CUCTeMa N3Jy-
yaTeJseil ¥ MPUEeMHUKOB 3ByKa MOYKET PeliaTh
camble pazHooGpasuble 3ajaun. Cpean HUX
MOJKHO BBIJIEIUTh U3MEpPEHNEe BPEMEHU Pac-
MPOCTPAHEHUs] CUTHAJIOB Ha IPOTSIKEHHBIX
Tpaccax JiJisl Olpe/ie/ieHrs CO/IePIKAHMS Tell-
JIa ¥ TTUPKYJISAIUT OKEAaHnYeCKUX BOJ] KaK Ha
MacirTabax BCero OKkeaHa, Tak 1 B OT/AEIbHBIX
€ro 4acrax; obecredenne MoABOAHOIO [I03U-
[IUOHUPOBAHUS U HABUTAIMK TIOJI0 JIb/IOM;
MOHUTOPHWHT JUHAMUKHU JIbJla, 3eMJeTpsce-
HU 1 TIepeMETEHNS MOPCKUX JKUBOTHBIX ITPU
MTACCUBHOM TPOCJYITUBAHUN AKBATOPUH OKe-
aHa. Bce atm mpornemypbl cucreMa MOKeT
BBITIOJTHATD B PEAJbHOM BPEMEHM.

Hccaenosanue armocdepsi. Pacipocrpa-
HeHWe 3ByKa B aTMocdepe TOJUUHSETCS TeEM
JKe CaMbIM 3aKOHAM, UTO U PaclpocTpaHeHue
3ByKa B OKeaHe, C TOI pasHUIlEel, 4TO CKO-
POCTDb PacCIpPOCTPAHEHMS 3BYKA B BO3AYyXE B
HOPMAJIbHBIX YCJIOBUAX Y IOBEPXHOCTHU 3€M-
Ju cocrapyger 340 M/ c. ITO CylIeCTBEHHO
MEHbIIIe CKOPOCTH 3BYKa B BO/JIE.

Ha pucynke 2 npejicraBieHa cxemMa 3ByKO-
BBIX JIyUeii, BBIXOSAIMX U3 UCTOUHNKA 3BYKa
B atMocdepe. Kak BUIHO, B TIPUCYTCTBUU
BETPa JIyUH MMO-PA3HOMY Be/IyT ceOsI B 3aBUCH-
MOCTH OT HAaIPaBJIEHUsI PaCIHPOCTPAHEHUS.
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Puc. 2. Cxema 3BYKOBbIX J1yHeM, BbIXOAALLMX U3 UCTOYHMKA 3BYKa B aTMOCQHEDE B MIPUCYTCTBIM BETPA

[Torox BO3/yXa yBeJMYUBAET CKOPOCTb pac-
[IpOCTpaHeHus 3ByKa 110 BEeTPy U HECKOJIbKO
CHIDKAET ee B IIPOTHBOIIOJIOXKHOM HallpaBJie-
Hun. Kak mpaBusio, MpU3eMHBIH TTOTOK BO3-
JIyXa WJIN BeTep YBEJININBAET CBOIO CKOPOCTD
¢ BbIcOTOI. CKOPOCTD PACHPOCTPAHEHNS 3BY-
Ka 10 BeTpy Ha GOJIbIION BbICOTE GOJIbIIIE,
yeM y 3eMJin, T03ToMy (POHT 3BYKOBOI
BOJIHBI IIPU 1I0/{beM€e BBEPX 3aBOPAYMBAETCS
1 BOJIHA HAIIpaBJIgeTcs BHU3, I/l CKOPOCTb
Menblie. Bosnukaer pedpakius 3pyka. bia-
rojiapsi 9TOMy B IIPHUIIOBEPXHOCTHOM CJIOE
aTMocdepbl 06pasyercst 3ByKOBOIT BOJTHOBO/I,
B KOTOPOM KOHIIEHTPHPYETCS 3BYK, W Ha
MMOBEPXHOCTHU 3€MJTH MOKHO PETHCTPUPOBATD
aKyCTUYeCKNe CHTHAJBI, KOTOPBIE PACIpoCc-
TPAHSINCD HA BBICOTE B HECKOJIBKO JECATKOB
kuaomMerpoB. IPdext pedpakimu Tpu pac-
IIPOCTPAHEHUN TIPOTUB BETpa MPUBOJAUT K
TOMY, 9TO 3BYK GBICTPO YXOIUT HA GOJIBIIYIO
Boicory (zecaTku Kuaomerpos). Iloatomy
MBI T1JI0XO CJIBIIIMM ITPOTUB BETpa U XOPOIIO
110 BETPY.

[IpusemMHbBIiT 3BYKOBOI BOJHOBOJ| MOKET
06pa30BaThCs HE TOJIBKO B pe3yJIbTaTe BeTpa.
B tuxwii Ge3BeTpeHHDBINT MOPO3HBII /IEHD T'/1e-
TO 32 TOPOJIOM MOXKHO JIaJIeKO CJIBIIMIATD JIait
cobak WJIm 1IyM MaIuHbl. B Takyio moroay B
IpHU3eMHOI aTMocepe BO3MOKHA TaK HA3bI-
BaeMasi TemrieparypHas uusepcus. OObIYHO
TeMIiepaTypa BO3/lyXa MOHUXKAETCS C BBICO-
TOW, HO B MOPO3HDLIH J/IeHb TeMIlepaTypa y
MOBEPXHOCTH 3€MJI, OCOOEHHO B HU3WHE,
MOKeT ObITh HIKe, YeM Ha HEKOTOPOIl BbICO-
tTe. MuHUMasIbHAs TeMieparypa B IIPU3eM-
HOM CJIO€ BO3/lyXa COOTBETCTBYeT MUHUMYMY

Buicoma,km

CKOPOCTH PaCIPOCTPAHEHHs] 3ByKa. Takum
o0pa3oM, TeMIiepaTypHasi HHBepcHs obectie-
YIBAET BOJTHOBOIHOE PACIIPOCTPAHEHNE 3BY-
Ka y MOBEPXHOCTU 3€MJIN.

Ha pucynke 3 mokasano pacrpejesieHue
TeMITepaTyphl ¢ BbICOTON B arMocdepe. Kax
BM/IHO, 9Ta XapaKTePUCTHKA, KaK U B OKeaHe,
UMeET CJOHCTYIO CTPYKTYpy. B obGmactsix
HUKHEH Tpanuibl crparocdepst (Tponornay-
3a) 1 mKHell rpanuibl tepMocdepnr (Me30-
naysa) Temieparypa, a CJeJ0BaTebHO, U
CKOPOCTb PAaCIpPOCTPaHEHUsT 3ByKa JOCTUTA-
0T MUHUMYMa. 3/I€Ch BBIOJHIIOTCS yCJI0-

Hacaenue, T'lla
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Puc. 3. Crpatn@uikaymsa tTeMneparypsl B arMocgpe-
pe. VI3meHeHne AaBieHns MoKa3aHo B reKkranac-
kanax (1rfla = 100 Ila). B obnacrax mpornonay3si
Y ME30r1ay3bl TeMNeparypd, a (J1e4oBare/ibHo, 1
CKOPOCTh  PACTIPOCTPAHEHMNSA 3BYKA LOCTUIAIOT
MUHIMYMA. 306Ch HaXOQATCA aTMOCHEPHBIE 3BY -
KOBbI€ KaHasbl




12 KBAHT

BUA JIJIS CYIIECTBOBAHUS aTMOC(EPHDIX 3BY-
KOBBIX KaHaJIOB. 3BYKOBbIE BOJIHbBI OT U3BEP-
JKeHWH BYJIKAHOB WJIM HA3eMHBIX B3PbIBOB
pPAacIpOCTPAHSIOTCS TI0 3TUM KaHaJaM Ha Or-
POMHDIE PACCTOSTHUS U JIa’Ke MOTYT OOOTHYTh
3emnoii map. [Toaromy cpennsis armocdepa
(ot 20 10 120 KM BBICOTBI) SABJISAETCA XOPO-
MM TPOBOJHUKOM MH(PPasByKa. ITO CBOI-
CTBO atMocdepbl TO3BOIIO YYCHBIM pa3pa-
60TaTh METOANKY NH(MPA3BYKOBOTO 30HINPO-
Banust arMocdepbl, 6a3upyiolieiics Ha sBJe-
HUU PacCcesHUs aKyCTUYECKUX UMITYJIbCOB Ha
CJIOMCTBIX HEOTHOPO/IHOCTSX CKOPOCTH BETPa
1 TeMIeparypbl arMocdepbl BILJIOTD /10 BBICOT
HIKHelr Tepmocdepbr mopsiika 140 kM. C
MTOMOIIBIO TAKOW METOAMKH MOKHO OIpejie-
JUTH PJIYKTyaIlMd CKOPOCTH BETpa B JMara-
30HE BBICOT OT BepxHell cTparocdepbl 10
HkHel repmocdepsr (90—140 wm).
CeiicMuueckne BOJHBI B 3emJje. AHAJIO-
TUYHBIM 06Pa30M PACIIPOCTPAHSIOTCS cefic-
MUYecKHe BOJHBI B 3emiie. OHM MOTYT OBbITh
KaK eCTeCTBEHHOTO TPOUCXOXKEHUS, TaK U
UCKYyCCTBEeHHbIE. B KauecTBe ecTecTBEHHBIX
HUCTOYHUKOB CefICMUYECKUX BOJH MbI MOXKEM
Ha3BaTh 3eMJIETPSICEHUS], M3BEPIKEHUS BY.JI-
KaHOB, TrOpHble 00BaJbl. VICKycCTBEHHBIM
00pa3oM CelicCMIUUECKUE BOJHBI BO3OYKIAIOT-
cst Hamboree a(PHEKTUBHO B3PBIBOM UJTH CTIE-
UAJBHBIMA MHOTOTOHHBIMH BUOpPATOpPaMHU.
Ecm B okeane n armocepe pacrpocrpansi-
I0TCS TOJIBKO TTPOJIOJIbHBIC 3BYKOBBIE BOJHDI
(B JKUAKOCTSX M TazaX OTCYTCTBYET CIIBUTO-
Basi YIPYrocTh), TO CEiiCMUYECKUE BOJIHBI
MOTYT OBITh KaK [IPO/IOJIbHbIE, TAK U ITOTIEPeY-
Hble. [Toniepeunblie BOJIHBI, B 3aBUCUMOCTH OT
MJIOCKOCTH KOJIeGAaHUIl, MOTYT UMETh PA3HYIO
nossipusanuio. CKOpocTh pacrnpocTpaHeHus
TTOTIePEYHBIX BOJIH, KaK MpaBuUio, B 2—3 pasa
MEHbBIIIE CKOPOCTH PACHPOCTPAHEHUST TPO-
JobHBIX. Hammame ceficMnyecKnx BOJIH JIBYX
TUTIOB PACHTUPSIET BO3MOKHOCTH CelicMIyIec-
KOTO 30H/INPOBAHUS B CPABHEHUHU C 30HUPO-
BaHHEM OKeaHa MJN aTMOC(EepDL.
[entpanbHoii 3a7a4eii ceiicMITIeCcKOTO 30H-
JINPOBAHUA SBJIFETCS HCCTEOBAHUE CTPYK-
TYpbl 3€MJHM U TOUCK TOJE3HbIX HCKOIae-
MbIX. O6e 311 33/1a4u TPEOYIOT BBITIOJTHEHUS
MIPOTUBOPEYMBBIX 110/1X0/10B. C 0/IHO¥ cTOPO-
HbI, MHTEPECHO 3arJISTHYTh KaK MOKHO TJy6-
JKe TI0JT TIOBEPXHOCTD 3eMJIN. JTOTO MOKHO
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JIOCTUYb, TIOHIKAs YaCcTOTY CEHCMUYECKOro
uanyderns. C IIOHMKEHUEM YaCTOTBI CHIKA-
I0TCSI TIOTEPH, CBSI3AHHBIE C 3aTyXaHWEM, U
3BYKOBBIE BOJIHBI PACIPOCTPAHSIOTCS JaJb-
nte. C apyroil cropoubl, yMeHbllIeHe YacTo-
TBI BeJIET K POCTY JIJTUHBI U3Ty4aeMOi BOJIHDI,
a 3TO CHIDKAET Pa3pelaloniyio criocoOOHOCTD
JIUCTAHIIMOHHOTO MeTO/1a 30HaupoBanusi. Beé
BO3pacraiolue TpeGOBAHUS K KAYeCTBY pa3-
BEJIKU II0JIE3HBIX HMCKOIIAeMbIX 3aCTABJISIOT
UCKATh CIIOCOOBI MOBBIIIEHMS Pa3peliaroiieit
CTIIOCOGHOCTH, a CJIeIOBATETbHO, W TOUHOCTI
celicMOpa3BeIKH.

Paspemnmts Bo3HUKIIIEe TPOTHBOPEYNE Y 1a-
JIOCh 32 CYET Pa3BUTHS METOJOB TIpHEMa
ceficCMIYeCcKNX CUTHAJIOB. VI3BecTHO, 4TO ueM
6oJibIlie TIpUEMHAsl aHTEHHA, TeM BBIIIE ee
MIPOCTPAHCTBEHHOE paspernienue. Ecan mpu-
HUMATb CHUTHAJBI OOJIBITUM KOJUYECTBOM
PUEMHUKOB, 00beINHEHHBIX B €/[HHYIO CETD,
TO MO’KHO TIOBBICUTD [TPOCTPAHCTBEHHYIO TOU-
HOCTb JIMCTAHIIMOHHOTO 30HIUpoBaHusg. Ho
JUIst 3TOTO Tpebyercst cJaoXKHass 06paboTKa
CUTHAJIOB OT MHOTHX COTEH WJIN Ja’Ke ThICTY
npueMHUKOB. CoBpeMeHHasl ceficMOpasBeji-
Ka 06ecIeynBaeT [0CTaTOUHYI0 TOUHOCTD 30H-
JINPOBAHUS, YTOOBI OTIPEJETUTD TTPOAYKTHB-
HbIE 32JI€KHU MOJE3HBIX HCKOTIAEMbBIX, HATIPH-
Mep HedT™H MM Taza, Ha rayomHax Gojee
10 kM. CoBpeMeHHBIE TEXHOJOTHH 06ectie-
YUBAIOT MPOXOXK/IEHNE CKBAXXUHBI TOPU30H-
TAJbHO BJOJIb IJ1ACTa, YTOOBI TTOBBICUTD 3(h-
dexruBHoCTD 106bI14N HedTH. Toamuna mnia-
cra cocrasyger nopszaka 10 M Ha Tay6une
HECKOJIbKO KuaoMeTpoB. [lpu atom mimHa
CKBKUHBI MOKeT ObITh Gostee 10 kM. Tou-
HOCTbH ITPOKJIQJKN CKBAKUHBI COM3MepUMa €
TOYHOCTHIO BBIBEIEHNST PAKETBl HA TPAEKTO-
PHUIO K MEKILJIAHETHOMY TIOJIETY .

[l 30HAMPOBAHUS CTPYKTYP 3€MJIU HC-
MOJTb3YIOT €CTECTBEHHbIE HU3KOYACTOTHBIE
ceficMUUecKre CHUTHAJbI OT 3eMJIeTPSICeHUN
WM Ja’Ke TPUJIMBHBIX BOJIH, BBI3BAHHBIX
nsxenneM Jlynol. Ha pucynke 4 nokasan
[pPUMED Pe3yJIbTATOB TAKOTO 30HIUPOBAHIUS
Ha Tayouny 6Gosee 50 kM. OH cBUETENDb-
CTBYET O TOM, YTO B CTPYKTYPE 3EMJIN €CTb HE
TOJIbKO TOPU30HTAJbHBIE CJIOU, HO U KPYTI-
HbIe BEePTUKAJIbHBIE PA3JIOMbBI, KOTOPbIE MO-
TYT IOXOJWUTD JIO MaHTHUH.

3Hanne 0COOEHHOCTEN PacIpocTpaHeHUs
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Puc. 4. BepTuKasibHbIVI CEMICMUYECKUI  pa3pe3
CTDOEHMST BEPXHIUX CII0EB 3eM/M

HU3KOYACTOTHOTO 3BYKa B OKeaHe, aTMocde-
pe ¥ 3eMJyie TO3BOJIIO pa3paboTaTb M CO-
31aTb 3 PEKTUBHYIO MEXIYHAPOAHYIO CHC-
TeMy KOHTPOJISI 32 BBITIOJTHEHIEM JIOTOBOPA O
BCeoOIIeM 3aTpelieHnn SePHBIX HCIBITa-
Huii. CyIiecTByeT creraJbHas cXxeMa pac-
MIOJIOKEHMS CTAHIMIT HAa 3eMJile U B OKeaHe,
OCYTIECTBJISIIONIIX TTOCTOSTHHBIET MOHUTOPUHT
U PErucTpUpYIONINX CelcMUYecKue, TUIPO-
aKycTudyeckue u nH(Pa3ByKOBbIe CUTHAIbBI B
armMocdepe. ITH cTaHIUU OODBEAUHEHBI B
O0IIYI0 CETh U TI0ITOMY MOTYT OIIPEEUTh
MeCTO U BpeMsi COObITHS, HPHUBE/IIIET0 K
TIOSIBJIEHUTO TOTO WJIM FHOTO CHUTHAJIA.
[Tprmepom Takoit ahHeKTHBHOCTH SIBJISIET-
cst oGHapysKeHne B3PbIBa METEOPOH/Ia B Hebe
Hag Yensowackom 15 despans 2013 roma.
Mereopouz Botires B arMocdepy Mo yTjaoMm
20° co ckopoctbio 18 kM /c. I1o Mepe moJte-
ta B atMocdepe CKOPOCTh METEOPOUIA YMEHb-
[rajach M mpoucxoaus ero Harpen. Ilepen
HUM BO3HUKJIA yJapHas BOJIHA, B KOTOPOI
BO3/yX ObLI CHJIBHO CKaT U pasorper. Me-
TEOPOU/ PA3PYIIMUJICS, KOTJA PA3HOCTD JaB-
JeHuit Ha QpoHTe yJapHOH BOJHBI U Ha
MIPOTHUBOTIOJIOKHOM €r0 CTOPOHE TPEBLICUIA

npe/iesl IPOYHOCTH METeOpou/ia. ITO paspy-
erne (B3pbIB) COMPOBOKAATOCH BCIBIIKOG
SIPKOCTH U3JTYY€HUS B TEUEHNUE TIATH CEKYH/I.
MaxkcuMyM SpKOCTH HabJII01aJICs Ha BBICOTE
23,3 kM 1oxHee YemnsOuncka. IIpumepnbrit
3(pdEeKTUBHDIN /MaMeTp MeTeOpOH/ia PaBeH
18 M, a ero macca 11000 Tonn. CemHaI1aTh
CTAHIIT 3aPETUCTPUPOBATIH YIAPHYIO BOJHY
atoro B3pbiBa. [locseayrommit anaamns mo3so-
JIVLJT OTIEHUTD SKBUBAJIEHT MOIIHOCTU B3PbIBA
B 2-3 KT TPUHUTPOTOJIYOJIA.

CoBpeMeHHble MpobnemMbl NMPUMeHeHUs
MeaULMHCKOro ynbTpasByka

YabTpa3ByK MerareplioBoro AImamna3oHa
YacTOT JOCTATOYHO XOPOIIO PACIIPOCTPAHSI-
eTcsl B GMOJIOTHUECKIX TKaHAX. Kak maBecT-
HO, JKHBbIE OpraHu3Mbl mout Ha 90% cocTo-
a1 u3 BoJipl. [loaToMy ckopocTh pacrpocTpa-
HEeHUsI 3ByKa B TaKUX YCJIOBUSAX OJIU3KA K
1500 M /¢, 9TO COOTBETCTBYET CKOPOCTHU pac-
IIpOCTpaHeHusd 3ByKa B Bozie. /liMHa BOJTHbBI
yabTpasByka Ha yacrore 1 MTIT] paBna mpu
aToM 1,5 MM, 4TO 06eCIIeYnBAET [OCTATOUHO
BBICOKOE ITIPOCTPAHCTBEHHOE pa3pelieHne
YJIbTPA3BYKOBBIX METOIOB.

XopoIlo u3BeCTHO INpUMEHEHUe YJIbTpa-
3BYKa B MEJWIINHE [IJIST IMATHOCTUKH U UCCJIe-
JIOBaHWS BHYTPEHHWX OPTaHOB W CYCTaBOB
(Y3W). MeHee u3BeCTHbI yCIieXu B 061aCTH
VJIbTPA3BYKOBOI XWPYPruu, XOTS U 37eCh
€CTb CyIeCTBeHHbIe Ppe3yabrarbl. lIpeskie
BCETO 3TO APOO6JIeHIe U yIaTeHne KaMHell 13
[OYeK C MOMOIINBIO (POKYCHPOBAHHOTO BO3-
JIeliCTBYS yIaPHBIMU BOJTHAMU — TAK HA3bIBA-
emas qutorpurncust. Haunnas ¢ 1980-x rosos
JIUTOTPUIICHUS SIBJISIETCST HanboJIee pacipocT-
pPaHEeHHOH MpOoIeypoil I YAATEHUS KaM-
Heil u3 movek. [Ipyrum 6bIcTpOo pasBUBaio-
MUMCS HaNpaBJIeHNEeM UCCJIeIOBAHUN SBJIS-
€TCs TepaleBTUYeCKOe HATPABJIEHUE MpUMe-
HEHWS YJIbTPa3ByKa, OCHOBHOE TIPEUMYIIe-
CTBO KOTOPOTO — JiedeOHOE BO3/ICHCTBIE BHY T-
pu Tema 06e3 MOBPEKACHUS OKPYKAIOIEh
tkauu. [IIupokne BO3MOKHOCTH Pa3TMYHBIX
BUJIOB YJIbTPa3BYKOBOIl Teparuu ObLIu IIpo-
JIEMOHCTPUPOBAHDBI JKCIIEPUMEHTATIBHO, a
HEKOTOpbIE U3 HUX Y’Ke HAlTH TIPUMEHEHue
B KJMHUYECKOIT TpakTuke. OHIM U3 IpUMe-
POB SIBJISIETCSI WHTEHCHUBHBIH (POKYyCHPOBaH-
HBII YJIBTPa3BYK.




14 KBAHT

PucyHOK 5 MIIOCTPUPYET OCHOBHYIO H/IEI0
npuMeHeHus1 (POKYCUPOBAHHOTO YJbTPA3BY-
Ka. AKycTHYeCKas WHTEHCHBHOCTb BOJIU3N
M3JIy4aloniero mpeo6pasoBaTesIs J0CTaTOUHO
HI3Ka, TaK 4TO TKaHU He MOBpexaaloTcsa. B

Konmarkmuas
cpeda

Vavmpaseyrkosoi
npeofpazoeame.nn

Mecmo
K okd Opzdi yeyenus
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Puc. 5. Cxema yJibTpa3BykKOBOro BO34EVCTBUS HA
buonornyeckne TKaHW. [Ty40K WMHTEHCUBHOIO
@DOKYCUPOBAHHOIO yJTb TPA3BYKA UCTTIOb3YETCA /1A
JIOKA/IN30BAHHOIO  PA3PYILIEHNSA  OfyXO/IU Ui
OCTAHOBKU BHYTPEHHEIO KPOBOTEYEHMUS bE3 r10-
BPEXAEHNSA OKPYXAIOLUEN TKaHU. AKYCTUYECcKas
SHEPIUS, U3ITYHIEMASA YJIbTPAIBYKOBLIM 1PE06-
PA30BATENIEM, KOHLICHTPUPYETCS B 0ObeM, rpu-
MEPHO paBHbIYI 0OBEMY PUCOBOIO 3€PHA

bokasbHOI 061ACTN MHTEHCUBHOCTD 3aMET-
HO BO3PACTAET, U HATPEB 32 CYET TOTJIONCHI
BOJIHBI JIOCTATOYCH JIJI TETIJIOBOTO pa3pyliie-
HUsT GEJIKOB TKaHH. DTO MO3BOJISIET HEUHBA-
3UBHO <IIpHUIKE€Ib» MECTO BHYTPEHHETO KPO-
BOTEUECHNA NJIN BbI3BAaTh HEKPO3 OITyXOJIEBBIX
TKaHeil B ITyOOKO PacloJIOKEHHBIX 06J1ac-
TAX 4YesoBedeckoro Tesa. HawmbGosee mepc-
NMEKTUBHBIMHU, C TOYKM 3PEHUA paCIiupeHuA
IIpUMEHEHNA YJIbTPa3BYKOBbIX METOJ0B B
MeIUInHe, SBAATCS TeMoctazuc (ocTaHoB-
Ka KPOBOTEUEHUSI), XUPYPIHsl U CTUMYJISI[HsI
MMMYHHOTO OTKJIMKa. MOKHO Takke yHnoMs-
HYTb YJIbTPa3ByKOBOH KOHTPOJIb W WHTCHCH-
(uxanuio TpaHCHIOpTa JEKAPCTB. JKCIEPH-
MEHTAJIbHO OBLIO MOKAa3aHO, YTO YJIbTPA3BYK
MOJKET yJIyulllaThb TPAHCIIOPT JEKapCTB U
reHOB uepe3 Onosornieckne 6apbepbr: KJeT-
KU, TKAHU U TPOMOBDI.

YKakeM Ha HEKOTOPbIE OCHOBHbIE IIPOOJIe-
Mbl, KOTOpbI€ HYK/IAIOTCA B pPEHICHUN [JiA
YCIIEIMHOTO NTPUMEHEHNUA UHTEHCUBHOTO YJib-
TPas3ByKa B IIPaKTHKE.

OpHOIT M3 BXKHDBIX 33/a4 ABJISETCS TOTY-
yeHre 6OJIBIINX 3HAYCHUI aMILTUTY /bl aKyC-
THYECKON BOJHBI B (POKYCE C YUETOM CTPYK-

2018/Nel?2

TYPBI U€JIOBEUECKOTO TeJia. Y CHJIeHHUE YJIbT-
Pa3BYKOBOI BOJIHBI 1pH (DOKYCUPOBKE HEOO-
XOJMMO [I7Is1 06eciiedeHnsl BbICOKOW WHTEH-
CUBHOCTH B HEGOIBINON (POKAIBHOI 06J1aCTH,
4TOOBI He TOBPEIUTb OCTAJbHBIE YYACTKI
TKAHU Ha Iy TH PACIIPOCTPAHEHNS YIbTPa3BY-
Ka. YJIbTPasByKOBOI OKOT KOKU SIBJISETCS
OJIHUM U3 XapaKTEePHBIX MOGOYHBIX P dek-
TOB [P IPUMEHEHUN MHTEHCUBHOTO YJIbTPa-
3ByKa, MOCKOJbKY B KOXe K03(D(UIHMEHT
HOTJIOIIEHNST YJIbTPA3ByKa B HECKOJBKO Pa3
BbIIllE, YeM B TKaHu. [loaTomMy Ha aTOM yua-
CTKE aKyCTUYeCKasi MHTEHCUBHOCTD [[OJIKHA
6bITb Kak MOXKHO GoJiee Huskoii. Taxyio
[POIelypy BO3MOYKHO Peayn30BaTh, MpUMe-
HsIsI MHOTO3JIEMEHTHbIE YJIbTPAa3ByKOBbBIE aH-
TEHHDI, U3JIy4eHIe KOTOPBIX OY/IET COTJIaco-
BaHO CO CTPYKTYPOH Tesa, Mo KOTOPOil J0.-
JKHO TIPOHTH U3JIyUeHHe.

BakHBIMU TakyKe SIBJISIIOTCS TEXHUYECKHE
Pa3pabOTKH MO CO3/JTAaHNIO XOPOTIETo aKyCTH-
YeCKOTO COTJIACOBAHMS yIbTPA3ByKOBOTO 13-
Jydaressi ¢ TeJioM. [lesio B TOM, 4TO yabTpa-
3BYKOBbIE U3JTy4aTe It IeJaI0TCsI, KaK PaBH-
JIO, U3 Tbe303JEeKTPpUdecKoit kepamuku. U
I TOTO 4TOOBI 06ECTIeYUTh HAUJIYUIIYIO
nepejiayy 3ByKOBOI 9HEPTUHU B UEJTOBEUECKOE
TEJI0, HY’KHO COTJIACOBATH YCJIOBHS IIPOXO3K-
JIeHUsT 3ByKa OT TBEPJON Mbe30KEPAMUKU K
MATKAM OMOJIOTHIECKNM TKaHAM. /Ly atoro
[IPUMEHSIIOT CIIEIHaMbHbIE KOHTAKTHDBIE CMa3-
K1 I KuIKOCTH . Harrpumep, 110 cpaBHEHHIO
€ BOTHYTBIMU UCTOUHUKAMU ILTOCKUe ¥ 3 IIpe-
o6paszoBaTesn TOpPasjgo TPyAHEe CleJaTb
dokycupyionmMu, HO 3aT0 /IS HUX Jierde

Puc. 6. Cxema yJibTPpa3ByKOBOIro TPAHCKPAHNASL -
HOro BO34€VICTBUS H3 MO3I



OU3NUKA 3BYKA

006€eCTIeurTh COrIACOBAHE IPU HETIOCPE/ICTBEH-
HOM KOHTaKTe ¢ Koxxeii. [lorsonienne B koc-
TSX ellle CHJIbHee, BOT MOYeMY BaJKHO MUHH-
MU3UPOBATH MOMAJaHNe HA HUX YIbTPa3BYKa.
CooTBeTCTBYIOIIAsI TEXHOJIOTHS IIpe/IIoJara-
€T HCII0JIb30BaHIe MHOTO3JIEMEHTHBIX (hasm-
POBAHHBIX AaHTEHH J/IJISI OCYIIECTBJICHNS 3JI€K-
TpoHHOI (hokycupoBku. Ha pucynke 6 moka-
3aHO CXeMaThyeckoe H300paskeHre TaKoi
AHTEHHbI 1Jis1 (POKYCHPOBKHU YJIbTPA3BYKOBO-
TO M3Jy4eHHUs B MO3T 4epe3 KOCTH 4eperna.

Moar sBJisieTcsl TEM OPraHoM, Ijie TIpuMe-
HEeHUe Tepanuu C UCIOJIb30oBaHueM (hoKycu-
POBaHHOTO yJIbTPA3BYKA UMEET CBOU OCOOEH-
HocTH. [IpmHINTIATBbHON TPY/IHOCTBIO 3/1€CHh
ABJSAETCS TOT (PaKT, UTO YJIbTPA3BYKOBBIE
BOJIHBI TITIOXO TIPOXOJSAT CKBO3b UEPEMHYIO
KOPOOKY 13-3a TIOTJIOMIEHNS B KOCTH U OTpa-
JKeHNs Ha ee TpaHWIaX. Kpome Toro, Koctn
Yepera HeOJHOPOAHBI IO TOJIIUHE W XapaK-
Tepu3ayIoTcst GoJiee BbICOKOI (110 cpaBHEHUIO
C PACHOJIOXKEHHBIMU 32 HUMU MSTKUMHU TKa-
HAMHI) CKOPOCTBIO 3BYKa, YTO TPUBOJHUT K
TPY/AHO npe/ickazyeMbiM apdexram pedppak-
mun. Perrenve mpo6JieMbl yIbTPa3ByKOBOTO
BO3/IENICTBUS M BU3YaIN3AIINU YePe3 TOJICThIE
KOCTH Yepera BO3MOKHO ITPH UCTIOTb30BAHUHT
pa3paboOTaHHBIX B TIOCJEIHEE BPEMsI METOIOB
BOJTHOBOI (DM3MKM, CBSA3AHHBIX C KOMIIEHCA-
1uei morepb U abeppaiiuii Ipu pacipocTpa-
HEHNW BOJH B HEOTHOPOIHOI cpese. B ocHo-
Be JIEKUT ToJsorpadpudecKuil MPUHINI, CO-
[JIACHO KOTOPOMY pacIIpefieJieHne XapaKTe-
PUCTHK BOJIHOBOTO I0JiI HA HEKOTOPOU II0-
BEPXHOCTH B 9TOM I10JI€ COEPIKUT MHPOpMa-
IIUIO0 O BCEIl TPEXMEPHOIl CTPYKTYpe TOJIs, a
TaK)Ke IPHUHIUI OOPATUMOCTH HeINCCUTIa-
THBHBIX BOJHOBBIX ITPOIECCOB BO BPEMEHU 1
CBSI3QHHBII C 3THM MeTOo/T 06paIieHns BOJTHO-
BOTO (hpOHTA.

Metox ob6patiieHus BOJHOBOTO (PPOHTA,
IPUMeHsIeMBIii B PaINOJIOKAITIHN 1 TIPU HCCJIe-
JOBaHNUN CTPYKTYPbI ITOABOHDIX aKyCTHUYIEC-
KIX KaHAJIOB B OKeaHe, IIPEAINOoJaraeT Hc-
H0JIb30BaHMe TPOOHOI BOHBI, KOTOPAsI, TIPO-
XO/Is1 IO HEOITHOPO/IHOII Cpejie, PeriucTpupy-
eTCsT MHOTO3JIEMEHTHOI aHTeHHOI. 3aperuc-
TPUPOBAHHDBIN CUTHAJ FIMEET CJIOXKHYIO TIPO-
CTPAHCTBEHHYIO U BPEMEHHYIO CTPYKTYPY,
YTO OTPAXKAET MHOTOJIyY€eBOE PaCIPOCTPaHe-
HIe Yepe3 HeoTHOpoJHYyIO cpexy. Ecam Ha

aHTeHHe o6paTuTh BO BpeMeHu (ha3oBbie 3a-
JIEPKKHM  3aPETHCTPUPOBAHHOIO CUTHAJA |
M3JYYUTh CUTHAJ C TaKOW CJIOKHOW TIpo-
CTPAHCTBEHHO-BPeMeHHOH (ha3oBoil MOy ist-
e, TO M3JYyYEeHHBIH CHUTHAJ, TPOXO/IS B
06paTHOM TOPSI/IKE YEPE3 Te JKe caMble HEO/I-
HOPOJHOCTHU Cpe/ibl, cobepetcs, T.e. coKy-
CUPYETCSI B TOUKY M3JIydeHus: MPoOHOro CHr-
nasa. [lyig peanusanuu TaKoro mojxo/ia He-
00X0/IMMO HCIIOJIb30BATh MHOTO3JIEMEHTHBIE
[IPUEMO-U3JIyYalolie AHTEeHHbI, YIpPaBJse-
MbI€ MOIIHBIMU BBIUYNCTUTETbHBIMU TTPOIEC-
copamu, 06eCTIeTMBAIOTIINMHE B PEAJbHOM Bpe-
MEHHU CJIOKHYIO MHOTOKAHAIBHYIO 06paboTKY
CUTHAJIOB.

OGpaTiM BHUMAaHWE Ha €Ile OJHY 0COOeH-
HOCTH, TPEOYIOIIYIO ydyeTa IIpu IIPUMEHEHuN
WHTEHCUBHOTO (DOKYCHPOBAHHOTO YJIbTPA3BY-
Ka, — 9TO aKyCcTU4ecKkas HeJmHeHoCTh. [leso
B TOM, YTO B YK€ UCIIOJIb3YIOMUXCS B TIPAK-
THKEe CUCTEMAaX YJIbTPA3BYKOBOU XUPYpruu
YPOBHH aKyCTUYECKOW MHTEHCUBHOCTU B 006-
JacTu okyca gocruraior 10000-
30000 BT%CM; ITpu TakuUX MHTEHCUBHOCTSIX
BOJTHA BeJleT celsi HeJUHEWHBIM 00pa3oM.
CKOpOCTb pacIipoCTpaHeHus 3BYKOBOU BOJI-
HBI CTAHOBUTCS 3aBUCSIIEH OT ee (ha3bl: BOJ-
Ha B OGJIACTH CXKATUST UMeeT GOJIbINYIO CKO-
POCTD PACIpPOCTPAHEHNST, YeM B 06JIACTH Pa3-
pexxenusd. [Toatomy B cuHyconmaabHON BOJ-
He (aza cxKaTus A0ToHseT (Pazy paspexeHus
— B BOJIHE 00pPa3yloTCS Pa3pbiBbl U BOJIHA
IpeBpalaeTcs B TUJI000pa3HyIo, YTO B CIIEK-
TPAJbHOM IIPEJCTABJEHUN COOTBETCTBYET
060raIeHnio MOHOXPOMATHYECKOTO YIbTPa-
3BYKOBOTO U3JTy4€HMsI BBICIIIUMI TAPMOHUKA-
mu. O6orarieHre CreKTpa U3Jy4yeHHOTO CUT-
HaJIa CKa3bIBaeTCs U Ha mpoiecce audpak-
un. /ludpakims u, cooTBeTCTBEHHO, (DOKY-
CUPOBKa YJbTPA3BYKOBOTO WU3JIYYEHUS CTa-
HOBSITCSI HEJWHEWHBIMH, T.€. aMILIUATY/THO-
3aBHCHMBIMU TIpolieccamu. Paccrosinue, Ha
KOTOPOM 00pa3yercst pa3pbiB B TLIOCKOH rap-
MOHMYECKOH BOJIHE C XapaKTePHO /17151 MeJIH-
LUHCKUX TpUaoKenuit yacroroit 1,5 M,
cocraBJ/isieT Bcero 3—5 MM. IJroT MacimTal
cousMepuM ¢ pazmepamu GoxaabHO obJac-
TH yJIbTPA3BYKOBOTO IIyYKa, MOITOMY IIPU
ONMCAHUN aKyCTHYECKUX TIOJIEH TAKUX CHUC-
TeM 6€3yCJIOBHO HEOOXOIUMO YIUTBIBATH He-
JnHeitHbie 9 PEKTHI.
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VIHTepBbio C P.K.[opaAnHbIM

LLlecTHapLLaTOro HOAOPS 3TOrO rofa MCMONHU-
f10Cb CEMbECAT N1eT BbIAAIOLLEMYCH YHUTENO Ma-
Tematukn Padanny Kanmanosuyy FopamHy. Mo-
4T BCA Neparornyeckas kapbepa Papavna Kan-
MaHOBMYa CBfi3aHa C MOCKOBCKOW Lukofion N257.
B Hee oH npuwen B MapTe 1974 roga v C Tex nop
3aHMMaeTcs obyyeHvem TanaHTNMBbIX [OeTen B
MaTemMaTMyeckmx knaccax. [lecaTkm ero Bbinyck-
HWKOB CTanu npodeccopamm MaTemMaTvku 1 pa-
OoTaloT B BefylMX YHUBEPCUTETaX MO BCeMy
Mupy: B Poccum, CLUA, KaHape, BenvkobpuTa-
HuW, @paHunn, V3panne u Apyrmx CTpaHax.
MHorue ero ydeHuky, pabotatolime B Opyrux
obnacTsax Hayku, obpasoBaHus, B cchepe BbICOKMX
TEXHONOMNI, LOCTUIAN BONbLUIMX YCNEXOB TOXe B
Hemason cteneHu Gnaropaps ypokam Pacbauvna
KanmaHosu4a.

3BaHus Paamna KanmaHoBM4a MOXHO nepe-
YUCNATb AONrO — OH 3acyly>XXeHHbIn yumtenb PO,
CopoCOBCKMW y4UTENb, HEOQHOKPATHBIV naypeat
rpaHToB MoOCKBbI B 06nacTy 0bpa3oBaHus, nay-
peat rpaHTa MoHAa HEKOMMEPHECKMX MPOrpamMm
«dunHactua», npemnn MpesnpgeHta Poccnm un npe-
MUK poHAa «[nHacTma» «3a BbloatoLvecs 3ac-
nyrv B 0bpa3oBaHNM B cchepe eCcTecTBO3HAHUSY.
3a nocnegHve aga gecatunetysa Pacdavn Kanma-
HOBWY CO3aN KOMMbIOTEPHYIO Da3y 13 Oonee Yem

PABFOBOP [MTPOUCXO/INJI B IEHD ITPA31-
HoBanus S0-yeTus Habopa MePBbIX MaTeMa-
THYECKUX KJIACCOB B 57 MIKOJIE.

— Padausn KaimanoBuu, pacckaxkure, 1mo-
sKauyiicra, npo y4e0y B HIKOJIE M YHHBEPCH-
tere. Kak Bbl BoiOupau By3? Jlymauau Ju Bbl
toraa o npodeccuu yuuressi?

— 4 xna B ropoae Hosorpyaxke B I'pogmernc-
koit o6smactu. IlIkogbHUKOM $ JIOOMJ YUTATD
skypHat «Hayka u »Ku3Hb», €ro BbINNCHIBAJIH
cocenu. B 63-M roqy st yunscs B 7 kiaacce, U MHe
MIOMAJICST BBIMYCK SKypHAJIa, B KOTOPOM ObLIN
MTOMETIEHbI YCJIOBUS oJuMIuaabl. Torga — aTo
6bLI BpeMeHa XpylleBa — pelieHo ObLIo Co-
31aTh HayuHblii 11eHTp B Cubupu, Cubupckoe
oTJeseHne AKaleMiu HayK, U TIOCTPOUTh AKa-
nemropojok. [Ipn HoBocubupckom yHUBEpCH-
tere caenanu u wmkosy (ceroaus aro CYHIT
HTY). Opranusosanu Beecubupcekyio Matema-
THYECKYTO OJUMINAAY. S TpounTast 3agaun 1mo
dusuke (0 MaTeMaTHKe S HE CIETAT HAYETO).

10000 3apay no MaTeMaTyike, KOTOPOW MOJb3yeT-
CA MHOXEeCTBO yyuTenenm u WKOMNbHUKOB
(zadachimccme.ru). Kpome TOro, oH Hanwcan
HeCcKonbkKo 33Ja4YHMKOB MO MaTemMaTuKe.

Yyutenbckas Ouorpadus Pacdanna KanmaHo-
BMYa NPUILLNACk Ha pasHble 1 NOPOW NPOTUBOpPE-
4MBble BpeMeHa. HenmsMeHHbIMWN OCTaBannch ero
npoeccroHan3M, JOCTOMHCTBO W yBaXuTesb-
HOe OTHOLeHWs K AetaMm. Bcem nopgpoctkam, ¢
KOTOPbIMW OH paboTan (a 3To OblNnM He TOMbKO
Oyaylime MaTeMaTUKM — Beflb OH NpenofaBan U
B OMonorMyeckmx Knaccax, U gaxe B TOProBo-
5KOHOMMYECKOM TexHukyme), Pacann KanmaHo-
BWY NpuBMBaN 6osblUyo NoOOBbL K MaTeEMaTMKe.
A elle onNg MHOMMX M3 Hac, ero y4eHnkos, Pada-
nn KanmaHoBWY CTan NepBbIM LWKOMIbHbIM yyuTe-
neM, KOTOpbIN obpallancs K Ham Ha «Bbl» U
OTHOCKNCA, KaK K B3poC/biM nofasM, — bnaro-
JAPHOCTb 3a 3TO OLLYLLEeTCA Aaxke CnycTa gecar-
K1 NeT nocne oKoHYaHMA WKonbl. Bonpoc: «A kak
Obl Ha 3To oTpearnpoBan Padaun KanmaHo-
BWY?» HeC/ly4aHO BO3HMKAET B HALUMX rofloBax
B Pa3fIMYHbIX HEMpOCTbIX cuUTyaumax. Beob Mbl
BCE YYMIINCb Y HEro He TOIbKO MaTeMaTtuke, HO U
OTHOLLEHMIO K XXM3HW.

Yueruku Paganna KaimaHosm4a

Tam 66110 10 3amay4, g 4TO-TO HAIIUCAJL U 3a0bLI
1po ato. Bapyr mMue nmpuxoaut nucbMo: «Bac
MIPUTJIAIIAIOT Ha BTOPO# Typ. Bce oraunBaer-
csi». MHe B 3TOT MOMeHT ObLi0 13 sieT, poauTe-
JI1 He XOTeJn MeHsl oJHOoro ormyckarb B Cu-
6upn. Ho Bce ke ormyctmim. A moexam u
3aMeyareJIbHO MPOBeJ Ba Mecsra. TaMm ObLin
n3BecTHble yueHble: Ajexceil AnjpeeBuu JIg-
nyHos, Muxans AsekceeBuu JlaBpeHTbeB,
Annpeit Muxaitnosnu Byakep, Anaronuii Ba-
nosu4 MaubnieB. Hac Boauiu 110 uHCTUTYTaM,
MTOKA3bIBAIM CHHXPODA30TPOH HA BCTPEUHBIX
myukax B ncruryte aaepHoit pusuxu. IIposo-
JIUIUCHh CyOOOTHUKU, MbI CTPOUJIU IIKOJY, XO-
JIUJIM B TIOXO/IbI M HA 9KCKYPCUU. A KaK TOJBKO
s MpuexaJsi, Ipoliiea BTOPOH TYp OJUMIIHNAJIbI.
Ilocsie Hero, KOHEUYHO, OCTABUJIN BCEX, KOI'O
MIPUTJIACUJIN, — He OTIIPABJISATD JKe CPa3y Ha3a/l.
1 g Toxe ocrajicst, XOTS HHUKaKUX OCOOBIX
yCIIEXOB y MeHs He 6b110. Y Ha TpeTbeM Type s
YTO-TO PELINJI, HO Y3Ke [I0 MareMaTHhKe, a He 110
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¢usuke. U nosyyms TpeTbio mpeMuio — He 6or
BECTb 4TO, HO CaMOe IJIABHOE — MEHs IIPUHSIN
B 3TOT MHTEPHAT, T.€. TOTOBBI GbLJIM OCTABUTD,
4yToObI S y4wics B 3Toi mmKosie. OTell BCIO
JKM3HDb BcnoMuHast: «Kakyio Tbr rIynocts cjie-
JIaJI, 9TO yeXams.

— A Bam pojuTesu ObLIM FOTOBBI K TOMY,
4TO BbI OCTAHETECH, Oy/I€Te JKUTh H YIUTHCS B
HIKOJIe TaK JaJeKo?

— [la, poxutesn GbLIN TOTOBBI, HO §I CKa3aJl
«HeT» ¥ yexas jgomoil. [Torom s nepeckounn
yepes 8 kyracc. 11 Bo BpeMs Moeit yue6blI B IIKOJIe
nmosBuiach 11-merka. A He cran yuntoes B 11
kJacce, nocJe 10 kacca c/ian Bce sK3aMeHbl —
Tak yTo yunics g1 9 jet Bmecto 11. IToTom y:xe
Y4YacTBOBAJI B PA3HBIX OJIMMIINAJAX, HO 6OJIb-
MNX YCIeXoB y MeHs He 6puio. Ho 4 cran
no6eiuresieM besopycckoii omMITna/ibl, KoTo-
pasi [POBOJIMJIACH CIIEIMAJIbHO Ui 0TO0Pa B
yHuBepcuteT. V1 MeHst IpUHSAIN — HO MHe elle
MIPUILIOCH C/IaBaTh 9K3aMeHbl. MareMaTuky s
C/1aJl HOPMAJIbHO, a 110 (PU3NKe MHE MONaJsCs
takoii 6usier! S coBepiieHHO He 3HAJ, YTO TaM
TOBOPHTD — HACBIIIEHHbIE Mapbl... MHe HY>KHO
ObLIO CIHOKOIHO CTaBUTb JBOHKY. S 4To-TO
HayvaJ 9K3aMeHaTopaM rOBOPHUTb, OHM OTBeYa-
10T: «MBI ceifyac oTBe/ieM Bac B J1TaGOPATOPHIO,
U BBl YBUAWUTE, YTO HPOUCXOAUT HA CAMOM
neqie». B o01eM, MOCKOJbKY 51 ObLI B CITHCKE
no6euTesieil OJUMITAA/IBI, TTOCTAaBUIN MHE 4.

[lepBble TOga ABa — JBa C TIOJOBHHOW s
YUIUJICS XOPOIIO, TOJIyYasJ OAHU TIATEPKH —
kpome ucropun KIICC, a morom Kak-To pac-
caabuiICcst, yBJEKCS] My3bIKOil, 6utiaamu. OuH

crnenkypc Best Bragnmup lennagabesny Cripun-
JUKYK — OBLT Takol MaTeMaTHK, K COXKAJIEHUIO,
on pano ymep. OH 3aHWMAaJCs TEOPETHKO-
YHCJIOBBIMU TIPOGJIEMAMU, PENIU  TPOGJIeMY
Mauiepa, JOBOJIBHO U3BECTHBIN YEJIOBEK B CBO-
eit obsiactu. §1 y Hero 3aHuMasicsi aHAJTUTHYEC-
KUMU (QYHKIUSAMUI B P-aJIMYeCKUX 109X, HallU-
caJt innJyioM Ha aty temy. OH XOTeJ1 B35ITb MEHsI
B acCIUPaHTyPY.

IToroM HacTymuio BpeMsi pacrpejiesieHus.
Pacripeziesienrie 3aBucesio OT cpegHero 6aJa.
Y Mens ObL1 cpepHmii 6ass OKoJIo 4,5 — He
6JIECTAIUI, HO 3TO CYNUTAIOCH OYEHb XOPOIIIO.
1 et IpUMEPHO B TIEPBBIX 1IATH AecaTkax (n3
250 yestoBex). Ha pacupe/iesieHun pUCyTCTBO-
BaJ pexTop, akajeMuKk CeBuenko AuToH Huku-
¢opoBwY, CTPATTHBIN AHTHCEMUT, OH CHETNAJb-
HO TIPUXOAUJ, 4TOObI He gail 60r Kakoro-
HUOY/Ib eBpest He B3s/IM Ky/la-HUGY/lb, KpPOMe
mrkoJibl. Mors 6bl OTHPABUTD MEHsI B KaKOU-
uubynp HUU, uro-uuby b cautaTh — HET, HA/I0
61710 00513aTEJIbHO PACIIPEIETUTh MEHS B IIIKO-
ary. Ho B KOHEUHOM cYeTe MOy YHI0Ch XOPOIIIO.

CeBueHKO ObLJ 3aHAT B 9TO BPEMS YEM-TO
npyruM. W Tyt mpuBenm mens. f caxych, oH
BCe elle TTPO/I0JIKAET APYTOil pasroBop, TMOTOM
cMoTpuT: «Kro a10?» UnraeT hamMunio, nMs
OTYECTBO 1 y3Ke He CMOTPHUT B MOIO CTOPOHY: «B
MunnctepcTBO TIpocBeriennsa». B Munnctep-
CTBE MTPOCBEIIEHUST 5T ObLJI OJJHUM U3 TTEPBBIX, 1
MHE TIPEJIOKIIN Ha BBIOOP HECKOJBKO XOPO-
X, 0 UX MHEHHIO, MecT (psagoM ¢ MuHCKOM,
CKazajm, 4TO OTTyJa MOXHO OyJ/leT e3/UThb B
YHUBEPCUTET, YTOOBI 3AHUMATHCS B ACITUPAHTY-
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pe). 51 oTKaszancs U HOIPOCKI OTIIPABUTH MEHS
B poanoit HoBorpymok. Mue ckazam: «/la,
MosKaTyiicTa, HUKaKUX MpobJeMs», — 1 S yexaJs
tyna. B HoBorpyzake 6buL1o [Ba TEXHUKYMA,
OINH W3 HUX — TOPTOBO-3KOHOMUYeCKHuit. S
[IPHIIE TYJa U TPU ToJa 0TpaboTa taM, ObLI
KJIACCHBIM PYKOBOAMTEIEM. B TEXHUKYM MTOCTY-
Tajii B OCHOBHOM JIEBOYKH U3 JIEPEBEHD, MTOTO-
My 4TO CIENUAIbHOCTH XOpomiask — JuGO Thl
toBapoBes, (y MeHsl GblLaa TPYyIINa «TOBAapPOBE]
MPOIOBOJIBCTBEHHBIX TOBAPOB> ), TUOO ThI GyX-
raarep. Y MeHs B Tpyrie ObLT TOJbKO OJUH
Masibuuk — ero 3Baju Jlens Kepuora. { ero
HAy4YNJI UTpaTh Ha 6ac-TUTape, a B MaTeMaTHKe
HIueMy He Hayumsa. OH UTpaj HOPMAJIbHO, Y
Hac 6bLT aHcaM6JIb; caM s B HEM He BBICTYIIAJI,
HO yY9WJ WX — W OHH WTpajgd Ha TaHIaxX.
Y AMBUTEIHHO, YTO CPEAN 3TUX AeTell Tmormaia-
JIUCH OYEHb CIIOCOGHDIE.

— A kak BBl OTTy/a nomnaju B MOCKBY u
Havaju paGorars B 57 mKoJe?

— 41 eimte mbITAICS TOCTYHATDh B ACIIUPAHTYPY
(kaskercs, qaske Ba pasa). V3 9T0ro, KOHEUHO,
HUYEro He BbINLIO, W Jaxe CIPUHIKYK MHE
[IOMOYDb HE CMOT, XOTSI OH U MBITAJCS YTO-TO
cresath. B peaysbrare s nepeexasi B MOcKBy —
MMOTOMY 4TO >KeHmJcs. OTell Moeil KeHbI ObLI
BOCHHOCJTY>KAIIUI, OH TIPU3BIBAJICS 3 MOCKBBI
U 10 TOTJANIHEMY B3aKOHY JOJKeH Obll Ha
[IeHCUIO BepHYyTbca B MockBy. Bes ceMbs npu-
exana B MockBy, u s Toxke. Ho HY>KHO ObLITO
ncKath paboty. [Ipyr Moero oTma MO3HAKOMILI
MeHst ¢ Asnekcanpom Cemenosmuem Kpoupo-
JIOM, KOTOPDI B TO BPeMsi 3aHIMAJICST KOMITbIO-
TEPHBIM PACIIO3HABAHUEM PEHTTEHOBCKUX CHUM-
KoB Jierkux. Ha atoit mousBe Kpomupon ObL1
3HAKOM C JIpyroM Mmoero otua. M artor apyr
MOTIPOCUJI YCTPOUTH MEHsSI HAa paboTy — Kyna-
HUOY/Ib B BBIYUCJIUTEIbHBIN IEHTP. XOTH S
OYeHDb TIJIOXO MporpaMMupoBast. MHe gaxke B
YHUBEPCHUTETE TIOCTABUJIN 3a4eT 32 TO, YTO 5 AT
CJIOBO HUKOT/Ia HE 3aHUMATHCS TTPOTPaAMMHUPO-
BanneM. Ho Hy:kHO ke MHE GbLIO I/ie-T0 pabo-
TaTh, s y)ke Obl1 corjiaceH Ha Bce. Kponpon
B34JICSI MEHS yCTpamBaTb, s K HEMY KaXk7I0e
YTPO Tpue3skaj Ha paboTy, OH 3BOHUJI B PA3HbIE
MeCTa, IOTOBAPUBAJICS, U ST €XaJl B 3TH Pa3HbIe
MecTa, CO MHOI pa3roBapuBaJjIi, HO HUKy/a He
6panu. Tak TOBTOPSIOCH HECKOJBKO pa3 u
MIPOJIOJIZKAJIOCH yoKe MecsIl. B pesysbraTe s emy
KaK-TO ckazamx: <« rotoB Ha mo6yio pa6oTy,
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Jaxke B Koay». «B mkony? Hy ato, nssBnnu-
Te, OYeHb TsKeso. S JI0JKeH IPUHSATh Y Bac
aK3aMeH. Bbl corsiacHbl caBaTb?» Mbl pasro-
BapHUBaJIN BEUEPOM 110 TesiehOHy, 1 OH CIIPAIIN-
Baet: «Celfyac MoxxeTe mpuexaTh?» [me-To B
JIecSITh YacoB Bedyepa g Toexas K HeMy c/JaBaTb
sk3aMen. C TepBOoTO pasza He cJaj: UTO-TO
peni, 9To-To He pema. OH gamT MHe 3a/1a4n
Ha JIOM 1 cKasaJ: «Pemmmre — 3BoHnTE> . Y TPOM
s BCTAJI M PEIIUJ BCe, KPOME OJIHOW 3ajjaun —
JIOKA3aTb, YTO He CYIIECTBYET (DYHKIIUU, pas-
PBIBHOI BO BCEX MPPAIMOHAJIbHBIX TOYKAX M
HeNpepbIBHOI BO BCEX PAI[MOHAJIBHBIX TOYKAX.
A Torga He 3HAT HUYETO 3TOTO. S eMy TT03BOHUII
1 CKasas, 4TO MOTY PEIINTb BCe, HO HE MOTY
penmthb Ty 3agady. OH orBetnsr: «IIpaBuib-
HO, TaK ¥ JJOJDKHO OBITh». S TIprexas Kk HeMy 1
pacckasaj pemieHns OCTaNIbHBIX 3amad. OH
cKasal: <«XOpollo, Temepb s BaC PEKOMEH-
nyfos, — un gax Mue Tesaedon Hukomag Huko-
JaeBnmda KomcranTtnnoBa. $I TO3BOHMI, MBI
Berperusnch ¢ Kostedt, u on Mens noses B 179
mrkosty. Tam He 6b1710 MecTa, He GbLIO YacoB, HO
Kak-To OH 1 KpoHpoj yroBopu/n Jupekropa,
4yTOObl MEHSI B3sI/IM XOTb HAa KaKHe-TO Yachl.
MHe J1aT1 HECKOJIbKO YaCOB — MaTeMaTHYeCKHU
anam3. Jto 6611 HOsA6PH 1973 Toa. A nmpuxo-
JINJI CO CTyJIeHTaMH Ha ypoku aHasusa [B 179
MIKOJIe, KaK W B HEKOTOPBIX JPYTUX MATIIKO-
Jlax, Ha YacTb YPOKOB TPHUXOIAT HeJaBHUE
BBIITYCKHUKHU W NPUHAMAIOT PEMIeHNs 3a7a4 y
MIKOJBHUKOB]. S Tam ObLT «I1€pepocTKOM» —
MHe ObLJIO yiKe 24 T0J1a, a OHU BCe HSATUKYPCHU-
KH. I 0JTO He MOT MOHATH, YTO IPOUCXOAUT —
Be/Ib YeJI0BEKY CO CTOPOHBI TO, UTO JieJIaeTCs Ha
ypOKax aHajamsa B mmikosax tuma 57 u 179,
coBepleHHo HeroHsATHO. Ho mnocrenenHo s
IIPUBBIK, MOTOM MHE CTaJN /[aBaTh 3aMEHbI —
YPOKH asnre6pbl 1 reoMeTpun. S gaske mosrydas
KaKue-TO JIeHbI'M, OueHb He6oJIblme — py6Jiei
30 B Mecarr.

Taxk poIIO0 HECKOJIBKO MECSIEB, U BAPYT B
espare 1974 rona mue 3BoHUT Kosig n TOBO-
pHT, 4TO B 57 1IKOJIe 06pa30Baach BAKAHCHS,
noBuco 17 vacos. Kot MeHs ipuBest Ty/1a, o
MHOHW TOTOBOPWJIN UPEKTOP MIKoJbl Huna
Esrenbesna Jlanymkuna u 3asy4 Jles Hunosny
Byxman. MHe Bce paBHO yCTPOUJIHM 2K3aMeH.
[Ipurnacumm na vero Eneny T'eopruesny I'ma-
roneBy. Ona martemaTuk, pa6orana y .M.
lenpdansa n npu 3TOM 3aHMMaJIACh MPENo/a-
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BaHUEM — B TOM YHCJIE U TEOPHEN IIPero/iaBa-
Hus. §1 moroBopusi ¢ Heil, U OHa OCTaJach
oBOJIbHA. MeHs B3sii, S ObLI CYACTINB: Y
MeHsT ecTb paboTal YueHuku ObLin 3aMedaTe ib-
Hpie — ocobenno 7 kaacc. Tam yunmics Mapk
CrmBakoscknii, Poman CMoustenckuii, Muxan
Bepmaackuii — oHM TOTOM CTaIN BBIAAIOTIITMH-
¢ MaTeMaTHKaMH, cefiyac B KOPHUJOPE IMIKOJIBI
BUCAT TJIaKaThl ¢ ux Guorpadusmu. Eme MHe
naau 8 Kiaacc u 9 6UOJIOrMYECKUil, TOXKE 3aMe-
yaTesbHbI. /et U3 Bcex TpeX KJaccoB ObLIn
TaKue MPeKpacHbie, TaK XOPOIIO KO MHE OTHO-
CUJINCH U Xopotio cebs Bean — a B 179 mkoue
y MeHsl Bce ObLTO YKACHO C JAUCIUTLINHOW, s
XOMUJI Ty/Ja, Kak Ha Katopry. Ho yiitn ortyna
s He MOT, TPUXO/INJIOCH pab0OTaTh U TaM, U TaM.
[ITxoBI pSI/IOM, TTO3TOMY MHE CTaBHJIN YPOKH B
OJTMH JIeHb B Pa3HBIX ITKOJIaX, U g 32 TlepeMeHy
ycTeBaJI TiepeiiTu 3 OHO MIKOJBI B APYTYIO.
Tak mpoa0JIKAIOCh TTApPY MECSIIEB.

Hacrynun koner yueGHOTO 1012, MHE HUKTO
He Tmpeanaraer Hudero. A cmupocun y JlbBa
HusoBnua, uto Gyner Ha caeaytonmii rog. Ox
oTBeTIT: « HUKaKknx BOIpoCcoB, KOHEYHO, OCTa-
Baiitech 3jiecb. MBI BaM [aJM U KJAacCHOE
PYKOBOJICTBO». $I CUACT/IUB U JOBOJIEH W [Iy-
Maio, Kak MHe yitu Terepb u3 179 mikobr
(rakesto paGoratb u TaM, U Tam). U TyT MeHs
BBI3bIBaeT K cebe mupekTop 179 MKOIBI H
roBOpUT: «MBI TOgyMaJi, MOCHPANTHBAIN O
Bac — W pojuTesieii, u gereii. MHeHUS pa3HbIE.
Omun TOBOPAT, YTO BBI He TOJACpPXKUBAETE
JICTIATIINHY, OYeHb TSKEJI0 Ha YPOKaAX — MIyM-
HO. A HEKOTOpbIe TOBOPAT, UTO JlaeTe XOPOoIlue
3a1aui. Mbl PelmIn PUCKHYTh U MPE/JIOXKUTD
BaM 4Yacbl W KJACcCHOE DPYKOBOJACTBO». 1 eil
roBopio: «Cracu6o, HO MHE y:Ke He HYKHO».
Kax ona pasosamiach — 60ke moitl Ona MHe
ckasasna: «Ecim 6 BbI 3HammM, CKOJBKO MHE
MIPUIILJIOCH TIEPEKUTh, YTOOBI Bac CIO/la TIPU-
crpoutb!» [leficTBUTENIBHO — 5T MOTY cele 1pe/i-
CTaBUTH, YTO 3TO ObLIO. Mens Opaju Ha Ma-
JIEHbKYIO HAarpy3Ky, n Kponposa xoamm, yrosa-
puBas ee, n Koxsa yroBapusai. A f B3dT U
HamieBas Ha ato. Ho y MeHs geficTBUTEBHO B
ATOT MOMEHT y>Ke Obliaa pabora B 57 1IKOJIE — U
BCE PABHO C ee TOYKU 3peHust s ObLT HebJaro-
napubiM. [Torom oHa aT0 MHe mpuIOMHUIA. Y
MeHs He ObIJI0 KBaPTUPbI, U S TBITAICS HAUTH
r/ie-To KBapTUPY, BCTYNUTb B KaKOI-TO KooTIe-
paruB. Ona MHue ckaszasa: «Ecin 6bl Bbl ocTa-

Jiuch, To s 6 Bam ycTpomsa kBaprtupy!s Ho
MHEe BCe-TaKW MPUIIIOCHh Te /[Ba KJIacca, KOTO-
poie y Mens Obiin (9 u 10), oBecTn 10 KOHIA.
Tax urto B 179 1ikosie st ipopaGorast erie ToI.
[Torom B 179 mkome Bce Hajgaamaoch. Tam
ObLTM MO 3aMevaresibHble YYEHUKU U JIPY3bsi
6paTbsi JlalkOBCKIe — MbI ¢ HUMH TIO/IPYIKHU-
jmcb. OnnH ceffgac MaTeMaTHK, OH podeccop
B yHuBepcutere MDuiazenbdun, BTOpol hu-
3uk. Korga s 6p11 B AMepuke B 1990 roay, 5 ¢
uuMu Berpevasics. C 9TUM KJIACCOM HA CaMOM
Jiesie Bce ObLIO XOPOIO, TaM ObLIN XOpOIIne
JIETH.

B pesyabrare ¢ 6 mapta 1974 roga st paboraio
B 57 mKoJie. MHe 3/1eCh CTPAIITHO TOHPABUJIOCE.
MrHOBEeHHO, cpa3y, KaK TOJbKO s CIo/la TIpU-
TIIeJI.

— Pacckaskute, noskauayiicra, npo ocoGeH-
HOCTH 7 NIKOJBI.

— 4 npuies Ha Bce TOTOBOE, W CaM JOJITOE
BpeMs He MOHUMaJI, KaK YCTPOEHO Ipero/jaBa-
Hue B 9TUX mKosiax — B 57, B 179, B 91, kyna
Mens toke Huxomait Hukomaesua Bogua. On
MeHsI BOJWJI Ha KPY:KOK. Torma MaTKpy:KKu
6bL Ha MOXOBOIT yJuile, B CTApOM 3/[aHUK
MTYV. { ne nonumaJ, Kak Ha4aaIbCTBO KO BCEMY
3TOMYy OTHOCHUTCSA. Kak 3To — CTOBKO HApOIy
NPUXOAUT Ha ypoku (Ccpasy MHOIO 4YeloBeK
[PUHUMAET 3ajlaul B OJHOM KJjacce). Bee aTo
ObLJIO J1JIsI MEHST OUeHb CTPAHHO, HO s HOCTETIeH-
HO K 3TOMY TPHUBBIK. MHe B 57 IIKOJE A0CTa-
JINCH OYEHb XOPOTINe KJIacchl: 7 1 § MareMaTH-
vyeckue 1 9 6nosornyeckuii. C HUMM HUKOT/1a He
6bLJI0 TIPO6JIEM, OHU OYEHb XOTEJIU YUUTDHCS.
Mue npum 3TOM OYEHb XOTEJIOCh WM YTO-TO
pacckasarb — a st MHOTOTO He 3HaJI, sl TPU TO/Ia,
MOJKHO CKa3aTh, HUYEro He jesas. Ilpuinioch
U HOYAMHM CH/IETDh, PeliaTb 33/[a4u, TPUBBIKATH
KO Bcemy aToMy. [IepBoe BpeMst 661710 IOBOJIBHO
TSKEJIO, TI0Ka s B 3T0 Botres. CiaBa 60Ty, 6bL1a
3aMevarebHas AUCIUTLIIHA — 3TO OY€HD MHOTO
3HAYUT, KOTJa TebsT CJAYIIAIOT, Te6e TOMOTAIOT.
MosxHo ObLT0 ommbUTHCS — TeOsT MONPaBsT,
IpUYeM Bee 3TO ObLIO OUeHb J0OPOIKETATENBHO.
A u o cux nop ommbaiocs. IloackaspiBaior. 5
CUUTAIO, YTO MHE JKYTKO 110Be3J10. Be/b s Mor 1
He [0T1acTh CIo/Ia. YoKe Tella Hallljia MHe paGoTy
B BeuepHell miKkoje — Ha 24 yaca, 4 pasa B
uezesio. S y:xe GbLT TOTOB Ty/la MOUTH — €CJIH
661 He Kponpo/, He ero sx3ameH u He KoHcran-
THHOB. BevyepHsis mkosa — 310 6bIT0 6bI XYIKe.
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A ecs 6b1 He OBbLIO HUKAKUX 3HAKOMBIX — KaK
6Bl 51 y3HAJ O TOM, YTO €CTh TaKHE IIKOJIbI?

— B nepByio ouepep HaM — BalIUM yYeHHU-
KaM — IO0BE3JI0.

— He 3nalo, kak BaM — MHe TOYHO I10Be3JI0!

— Kak BBl Bezere ypokH — N0 Kakoi
nporpamMme, no Kakum ydeOnmkam? Paccka-
SKHTE€ HEMHOIO O CHCTEME JHCTOYKOB.

— 51 ckopee MPUIEPKIBAIOCH IPOTPAMMBI JJIST
MaTeMaTHYECKUX KJACCOB, a M0 Y4eOHUKY I10-
YTU HUYETO He 337ai0. MHe HPAaBUTCS CaMOMy
COCTABJISATH JINCTOYKU, S UX A0 YYEHUKAM U
Ha3bIBal0 HOMepa 3a/a4 M3 HTOr0 JHUCTOYKA,
KOTOpbIE HYKHO peiuThb. MHorna nporiry mnpo-
YUTaTh 4TO-TO M3 ydebHWKa. Ho aT0 6BIBaeT
PEIKO laske B TeOMETpUHU, a B ajreOpe elle
peske. Korja Mbl roroBuMcst K aKk3aMeny B 9
KJIacce, TO MO KpaiiHell Mepe CHavaja Ipuiep-
JKMBaeMcst yueOnuka. Hanpumep, 1o reomer-
pun ucrosibdyercst yuebuuk IloropesnoBa — u3s
Hero Gepercst akcuomarika. HyskHo Bejib joro-
BOpHUTbCsT 06 OcHOBaxX. A 3ajaun s /a0 U3
JincToukoB. Koneuno, Mou ypoKHU OTJIMYAIOTCS
OT YPOKOB aHaJIN3a, Ha KOTOPBIX MHOTO TIPETIO-
JlaBaTesieil OTHOBPEMEHHO TIPUHUMAIOT 3a/1a4N.
Ho s xoaua, cMOTpesI, KTO 4TO JeJIaeT, BbI3bI-
BaJI K JIOCKe — B 00IIEM, KaK-TO MPUCTIOCAOTH-
BaJICH.

T aBHBII TPUHIINATT TUCTOYKOB — OT TIPOCTOTO
K cyoskHOMY. KoneuHo, s cTapasics noa6uparb
KpacuBbIe 3aJaui, KOTOPbIE PEIalnTcs C yI0-
BosibCcTBUEM. S Xores, 4ToObl 3a/aun ObLIO
UHTEPECHO pelaTh. DBIBAIOT Beb Takue 3aja-
4§, YTO Ja)Ke YCJIOBUE [0 KOHIA YHUTATh HE
xouetcs. S crapajcs, 4ToObl TAaKMX He ObLIO.
XoTs cKazaTh, YTO y ME€HSI COBCeM He ObLIO
IPOMO3/IKHX 3a/1a4, HEJIb3sT — FPOMO3/IKHE 3a/1a-
YU TOKE HY>KHO YMeTb pematb. Ho Bce-Taku ux
OBbLJIO HE TaK MHOTO.

— Kr10 M3 KoJi1er okasaJ Ha BaC BJMSIHUE ?

Bo-nepBbix, koneuno, Kpoupoa. On 3actas-
JISLI MeHsI peliaTh 3ajadu 1o anaauzy. O
MOTOM 3aXO0TeJi, 4ToObl s K HEMY MOCTyTaj B
acrimpantypy. Ho cam on ne mor dopmasibio
ObITH MOU HAYYHBIM PYKOBOJIUTEJEM: OH Pabo-
TaJ B HAYYHO-UCCJIEI0BATEbCKOM HHCTUTYTE,
sannMascs HedThio (KOMIIBIOTEPHBIE PACYETHI
JUIs B3pbIBa U PaclipocTpaHenus Boubl). Tem
He MeHee, OH MEHs IIPUKPEIUJ K acCIUpPaHType.
CrayvaJia 310 6611 Beecorosubril 3a0unbIi ea-
TOTUYeCKWiT WHCTUTYT. TaM s mporesn Kypcbl
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AHTJINICKOTO SI3bIKA U uaocoduu, cran KaH-
nuparckuii MunumMyM. [Totom oH ke mpuKpe-
mua MeHs K acrupanrtype Ilemarormdeckoro
uHCeTUTyTA. $1 TaM 6bLT CHAYa a y 3aBeyI0IIero
kadespoit [llerospkoBa, mocte MHE 1ann Apy-
rOTO Hay4yHOro pyKoBojuTesst — [Imutpust AG-
pamoBuua PaifkoBa, 3T0 OUe€Hb U3BECTHDIN TTPO-
deccop megarormueckoro nHCTHTYTA. [loTOM OH
HEOKUJAHHO yMep, W MeHs HepeOpOCUIN K
Meepy DennkcoBuuy boxinreiiny — KpynmHoMmy
CHENUAJUCTY 110 aare6GpanyecKoil TOMOJIOTHH.
Ho B Kakoii-To MOMEHT MaTeMaTHuKa B MOei
IJIAaHUPOBABIIEHCS AMCCEPTAIIMN BCE JKe Tepe-
1A B METoAuKy. $1 4To-To Hammcas, HO 3TO
6BIJI0 HEYJAYHO — YUTABIINE HE MOTJIN TIOHATD,
rze taM rcuxosorus. Y B pesysbraTe st 6pocu
acrupanTypy (XOTs KaHAUJATCKUE MUHUMYMbI
g Bee caanr). Ho 3ato g Hay4u/ica meyaratb Ha
TMUITYTIei MalinHKe.

— Jro 6bLIa BTOpas NoJaoBuHa 70-X roaos?

— Jla, tme-to 75-i1, 76-if rombpl. Y MeHS
CBAJIMJIACh TOpa C IjIed — He Hy)KHA MHE
HuKakas guccepraius! U g ctan 3aHuMaTbhCS
TOJIbKO MIKOJIOI. 11 K BoOmpocy o TOM, KTO
OKasaJl Ha MeHsd BJIMSHHE: s II03HAKOMUJICS
(ne mommio, kxak) ¢ Hropem @epopoBudem
[IIapbITHHBIM — OH HAa MEHS CUJIBHO TTOBJIUSLI.
N eme Apnomba Axosuaesuu baox. To ectb
Tpu yenoBeka — Kpoupon, Illapeirun u Biox.
Huxoro n3 HUX, yBBI, y)Ke HET.A Tak:Ke OYeHb
MHoromy Mens Hayuus bopuc Ilerposuy I'eiij-
MaH.

— BsiBaJjio s KOTAa-TO TaK, YTO BBI YYHJINCh
4YeMy-TO Y CBOMX YYEHHKOB?

— Tax Bce Bpems npoucxoaut! O6s3aTesIbHO
KTO-HUGYIb YTO-TO CKaXKeT nHTepecHoe. Mropb
ITyxos (oH 1moru6, ouYeHb >KAJKO €ro), OH
JIBK/IDI TTOJTYYAJ ME/IAJIN Ha MEXK/YHAPOTHBIX

OJIMMITMaJlaX, — OH TaK peniaJ 3aaun! On
CMOTpPEJI-CMOTpPEJI, a IIOTOM THUXUM TOJIOCOM
BbllaBaJl pE€HIEHUA — TIpUYEM BCETrJa TaKHne

kpacuBble! KoHeyHo, odyeHb MHOTOMY s Ha-
yumiics y geteit. M ceifuac MHOTa IMKOJIbHIKA
TIPUyMBIBAIOT KAKOE-TO PEIICHNE — 5 €T0 CPasy
3ammchIBao n 3anmoMuHa0. Cerogns Ha OTKPDI-
TOM YPOKe 51 PACCKa3bIBaJ OpUTHHAIbHDBIE (110
Kpaiinefi Mepe, ¢ Moell TOUKM 3PEHHUS — I JI0
BTOTO UX HUKOT/IA HE BUJEJ) PEIICHUS 3aj1ad,
KOTOPbIe IPUyMaJIN HAlll YYeHUKH — Jn60o BO
BpeMsi YPOKOB, JnGO BO BPeMs PeIleHust J0-
MalllHUX 3a/[aHuil.



HAIIKM MUHTEPBDIO

— Pacckaxwure, mnokaiayicra, npo 6asy
3ajay no reomerpun (zadachi.mccme.ru).

— B 1991 roay xo MHe TpUIIes BBITYCKHUK
81-ro roma Mumia Bysunuep u ckasaJji, 4To OHI
C TOBapHUIaMy XOTAT HAMNCATh TPOTPaMMY, C
MOMOIIBIO KOTOPOil MOKHO ObLIO ObI MCKATbH
3a/1a4M TI0 Pa3HBIM KpuTepusM. Muima crasa,
YTO y HUX OBLIO HECKOJBKO CEeMHHAPOB, UYTO
Jlema Kanesb Hammcas KHIDKEUKY, B KOTOPOH
M3JI0KMJI TEOPETHYECKHE OCHOBBI TOTO, Kak
JTOJKHA OBITH yCTPOEHA TOA00HAST CHCTEMA: YTO
HY’KHO 3HATDH [P0 33/1a4y, YTOODI ee HANTH, YTO
caMoe MHTEPEeCHOEe, KaK 3TO BCE C €ro TOYKHU
3peHust OJDKHO ObIThb ycTpoeno. OHU TaKyio
MIPOrpPaMMy HAIHCAJ, HO ee Hy>KHO 3alT0JTHUTD
3aj1a4yaMi, U OHU OOPATUJINCH KO MHE — YTOOBI
6110 x0T 6B 100 3a3/1a4.

— Toabko mo reomerpuun?

— [la. Ouu xoTesu npoBepuTh, PabOTAET Jint
cucTeMa, MHTEPECHO 9TO WJK HeT. Sl 3amHTepe-
COBAJICS U C YJIOBOJIbCTBUEM ITUM 3aHUMAJICS.
Crenas, poBepuIN — /1a, 1€HCTBUTETHHO KaK-
10 X0pOoIo (HO MeIEHHO) 5TO padoTano. Mes-
JIEHHO, TIOTOMY 4YTO, B YaCTHOCTU, 3TO ObLI
penakrop ChiWriter (tenepb oH He HCIOJIB3Y-
ercs). IIporpaMma sarpyskajiach 4yTb Ji HE 5
MUHYT, HO paoTaja W HaXOJWJIa 33a4d II0
arpulytaM, KOTOpble s paccraBisii. llotom
caenamn eme 600 3amau. Ha ato ymen rox,
HaBepHoe. Bce pa6oraer. IlpoGiema Oblia B
TOM, 4TOObI pucoBaTh Kaptuuku. Cam Koj
[porpammbl IIpu 3ToM nucanu Mumia Bysunu-
ep n Cepexxa TpudonoB, emie B 9TOM y4acTBO-
Basm [luma TeitbmoMm m MHOrMe apyrue. A
HaroJHeHueM 6asbl 33jla4aMi CHavyaJsa 3aHu-
MaJjics TobKo s. IlotoM, Korja Bce aTo cTasio
passuBarbcs (1 6110 okoa0 1000 3azau), cran
yuactBoBath Bosogs Ilporacos, yuyenux Illa-
pbITHHA — Tenepb oH npodeccop B Hesasucu-
MOM MOCKOBCKOM yHUBepcutete. [Ilappirus Toxxe
3aropeJicss — OH caM He y4acTBOBaJ, HO OYEHDb
XOpOIIIO OTHOCUJICS K miee 6asbl 3a1ad. IJTy
TIPOrpaMMy Jaske MBITAJNCh MPOJaBaTh, OBLIN
KaKue-TO BBICTaBKM U JIEKIUU, 06 3Toil 6ase
THcaIn KHIKKA. Tak mpo1osKazoch HECKOb-
ko ger. ITorom Bce Kak-TO BAPYT 3arJyoxJio.
3atem nogsBuics pegakrop TeX, cranm passu-
BaTbCSI MHTEPHET, 1 Y KOTO-TO BO3HUKJIA U/es —
mouemy Obl He nepeBectu 6azy B TeX. /Iuma
[IIxoMbHUK HAMUCAT IPOrpaMMy, KOTOpast J0-
kymenT u3 ChiWriter’a nepesosut B TeX. ¥V

ATOIl MporpaMmbl GbLIM, KOHEYHO, XKYTKHE TO-
IPEIIHOCTH, TaK YTO TIOTOM MPUXO/UJIOCH Tpa-
BUTb BpyuHyto. Ilotom nosBusicsa Muma Pac-
KIH, KOTOPbII BOOOIIIE C/IETa BCE ATO U/Iealib-
Ho. Craso yxxe 3000 3amaq, 5000 3amgau. Ceron-
us y nac 6osbiire 10000 3aza4, u 6aza paboraer
naeasbHo. S1 TaM MTHOBEHHO HAaXOKy BCe, 4TO
MHe Hy>kHO. §] 3Haio, 4To 04eHb MHOTO JIO/ei
aTOI 0a30il MOJb3YeTCA: B CPEJHEM B CYTKU Y
nac pumepHo 500 o6pamenuii (yHUKAIbHBIX
oJib30Baresieil, Koneuno, Menbiie, Ho 500 pa3s
B JIeHb Ta WJIM WHAs 3aja4ya u3 6a3bl 3arpariu-
Baercs). [ HepasBJeKaTeIbHON IIPOrpaMMbl
9TO, Kaskercsi, HopMabHo. KoHneuno, Ham mpu-
CBLJTAIOT OT3BIBBI, HAXO/AT ONTMOKH, OTICYATKH.
MpbI MTHOBEHHO pearupyeM, mcrpasJseM. Te-
mepb aTHM 3aHnMaeTca Mwuma [lanoB — pucyet
KapTUHKH, KOT/Ia y HErO eCTb BpeMsi. 3a01Baio
B 6a3y 3a/lauul MO-TIPeKHeMy TOJbKO s1. Camast
Gosibiiast 1pobsieMa — 3TO KapTUHKH, ceifdac
OHU €CTh TOJbKO TpuMepHo ¥ 20% 3amau. Ho
J06ABJISATD KAPTUHKU TSKEJIO — HYKHO, YTOODBI
10-20 yemoBeK CUIETN MECSI] U BCE TO MUCAJIN.
Korma y nac 6bLi1a npaktuka B 1ikoJe, Muria
BeJ Kpyskok 1o MetaPost’y, yuun nereit puco-
BaTb — W J€TU clejaau pucyHku, 1mo 40-50
3ajay Kakapiii. Koneuno, Muiia u ceituac
BeJIeT KPYXKOK, HO Ty/Ia XOIUT BCETO HECKOIBKO
yesioBeK. MHOTAA 1 BBIGUPAIO 33/1a41 U3 CHCTe-
MBI, a OH K HIIM pucyeT KapTuHKH. [lomygaercs,
YTO PUCYHKH TIPUGABJISIIOTCS, HO s BBOXKY HO-
Bble 3aj1a4k ¢ GOJIbIIEIl CKOPOCTBIO, YeM pHUCY-
I0TCST 3a/1aul K cTapbiM. K coxxasmenunio, Takoit
paspbiB ecTb. MHe 9Ta cucrema HpaButcst. S Gbr
C Hell ¢ yI0BOJIbCTBHEM PaGOTall: OHA UeaTbHO
MOJIXO/IUT JIJIST TOTO, 4TOObI 110106paTh 3a1auu
K KPYKKY, K YPOKY, K KOHTPOJIbHOII padore.
— 3HayuT, OCHOBHOIA CMBICI (Ga3bl B TOM,
YTO OHA MO3BOJISIET UCKATh 3a/1a4H MO TeMme?
— ITo Teme, IO CJTOKHOCTH, TIO PA3HBIM aTpPU-
Gyram (Hanpumep, 3ajada Ha JJOKA3aTENbCTBO,
Ha TTOCTPOEHWE, Ha BBIYUCJIEHIE, HA TeOMETPH-
YecKoe MeCTO TOYeK, Ha TeOMeTpUIecKre Hepa-
BEHCTBA, HA MAKCUMYMbI 1 MUHUMYMDbI, KPaCH-
Bad 3aj1ava, <IOXKAJIyH, KpacuBasy, OJUMIIN-
azHasg, ydeOHas, rpomoszkad...). Komeuno,
BbINUCBIBAETCs rpad pelenns — kakue PaxThl,
0OBEKTHI U METO/IbI MCIIOJIb3YIOTCS; KaK 3a/1a4i
CBSI3aHBI JIPYT C JIPYTOM — TIPEJKU, TIOTOMKH,
aHAJIOTH; BCE 3TO MTHOBEHHO OTBHICKIBAETCSI.
EcTb Bo3MOKHOCTD pacreyaTtaTb TOJHKO YCJIO-
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BH€, WJIH YCJOBUE C PEIICHUEM, WJIU TOJbKO
pelenue, winM ycjaosue ¢ orBetoM (Bce 3TO
MOKHO JIeIaTh C KapTUHKaMU WM Ge3 HUX).
BoiBost MosxuO 1tostyunts B TeX’e uau B pdf’e.
MoskHO pacredaraTh TOTOBBIN JUCTOK ¢ HaGO-
pOM 3ajad.

Kpowme toro, Murra ITanos BBeJ Ty1a Bce Mon
yue6HbIe JTUCTKN — 1 10 aire6pe, I IO TeoMeT-
pun (OTAENBHO O MJIAHUMETPHHI, OTENBHO 110
crepeoMerpun). Y HEro TaMm Macca depresxeii,
KHUTH, HAa KOTOPbIE $I CCBLIAIOCD, B HUX
MO>KHO BOWUTHU TIPSIMO M3 3TOM cucTeMbl. Tak 4To
y 9TOIi CUCTEMBI OYeHb MHOTO PA3HBIX BO3MOK-
Hocreit! Eme MHOTO Bcero Jijig 9TOM CUCTEMbI
crenan Baguk PagnoHoB.

— BbI npenogaere B 57 mkoJe 6ouabme 40
Jget. MoskeTe Jii BbI CDAaBHUTh YYEHUKOB TOTO
BpPEMEHH M HbIHENIHUX — YTO y HHX ofuiee, B
YyeM pa3HuIa?

— IIpuHiMnIMaabHON pasHuIlbl HeT. ITO abco-
JIIOTHO Te e camble fetn. Hy, KoHeuHo, panb-
1re 6bL1a 6oJiee WM MeHee MOHOIIOINA — ObLIO
HECKOJIbKO IIKOJI, Y HAc ObLIM GOJIbIINIE KOH-
KypChbl, /10 15 uesioBeK Ha MECTO, a B [OCJIC/HUE
rofpl — 4-5 uenoBek Ha Mecto. Ilo-moemy,
KOHKYPC TTOHIKAETCS B CBSI3H C TEM, UTO CTAJIO
MHOTO CITEIUAJN3UPOBAHHBIX MTKOJ. KOHIIEHT-
palus oueHb CUJIbHBIX JIIO/Iel B KJacce ceifyac
MeHbIlle, HO BCe pPaBHO OHU ecThb. Tak dTo
TIPUHINTINAJLHON PA3HUIIEI I He BIKY — pa3Be
YTO KOHIEHTPAIS MTOMEHSIACD.

— Bamu yyenuku no6exaajd Ha oJauMIua-
JlaX, €CTb KPyNHble ydeHble, OM3HECMEHbI,
KTO-TO BepHYJICsI pa6oTaTh B IKOy. UTO BBI
CYHTaeTe caMbIM GOJIbIIMM CBOMM yCIEXOM?

— Tpynano ckazarb. He To, uTo BbI cKazaiu.
He Gospuine MareMaTukyu — OHHM, KOHEYHO,
€CTb, HO 9TO COBEPIIEHHO He MOsI 3aCJyTra, 9TO
noHaTHO. Ecyim u ecTh Kakas-To MOS 3acyra,
TO 3TO HE Te, KTO CTAJIN BBIAONIMMUCS Ipodec-
CHOHAJTbHBIME MaTeMaTHKaMH, a Te, KTO BbIGpa-
Ju ApyTyio mpodecchuio, HO MaTeMaTHKa UM
IOMOTJIa JOCTUYb YEro-to. ITO Ba’kKHEE.
Bosbmewm, nanpumep, Camry Kysmuerosa, ceii-
4ac OH 4JIeH-KOppecHoH/ieHT Poccuiickoii aka-
nemun Hayk. Kakoe s MOT Ha HEro OKa3aTh
BJINSHIE?

— Iloka3zaim KpacoTy MaTeMaTHKU.

— On u 6e3 MeHsI BCe 9TO BUJE] U 3HAJL.

— BbI MOeTe 4TO-TO IOsKeIaTh MIKOJIbHHU-
KaM, KOTOpble YUTAIoT 3T0 uHTepBbI0? ECTh
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JI Yy BaC KaKoe-TO MOKeJaHHe [l TeX, KTO
HHTEPECYETCSI MATEMATHKOM, (PU3HKOI?

— Ecau onn unraor «KBanT», T0 MOH IOKe-
JIAHWUsI HUYEro He 3Ha4yaT — OHHU y’Ke Ha Iipa-
BUJIBHOM HyTI/I. A €CJIN HEe YUTAIOT — TO OHU HE
HpO‘II/ITaIOT 3TO I/IHTepBbIO.

— ¥ Bac ecThb 3ajaya AJg YUTATEIEH?

— Bor kpacwBas 3amaya — OHa, IpaB/a,
U3BECTHAsI, HO M YCJIOBHE, U PelIeHre y Hee

KpacuBble. B OKpy>KHOCTH NPOBeEJIEH aMerp,
BHYTPH €l1le /IBE OKPY>KHOCTH — Ka/1ast U3 TPeX
OKpY>KHOCTe Kacaercsi ABYX npyrux. YUepes
TOUKY KacaHus nposefieHa xopga (cM. pucy-
HOK). JlOKa)KuTe, UTO OTMEUYEHHDBIE KPACHBIM
KYCOYKH DaBHBbI.

— Yem BbI 3aHUMAETECH B CBOGOIHOE Bpe-
ma?

— Ecim ectp cBOGOJHDBIE BpeMs U CHJBI —
Ca’kyCh 32 KOMITBIOTEP, HAUMHAIO BBOJUTD 3a/1a-
uyn B cucremy. Ilosyuaercs, yro 6asa 3azaq —
910 Moe X006u. Tpu nan yerbipe yaca s MOTY
BBOJIUTD 33/1a4M, IOTOM IIPOCTO YUTAIO HOBOCTH
B MHTEpHeTe.

— Moxno, HaBepHOe, cKa3aTh, 4TO Oa3a
3a/1ay IOCTaBJsIET BaM Y/I0BOJIbCTBHE ?

— Koneuno! OcobeHHo ecym Kakasi-To Kpach-
Bas 3a/1a4a... A UX He0603pPUMOe KOJTMIECTBO —
xBatut pa6otsl Ha 100 set 100 moasam. Y nuBu-
TeJIbHAsl BEll[b: Ka3aJoch Obl, YNCJO WJell Ko-
HeyHoe, 4ncsao KoHdurypanunii koneunoe. Ho
KaXIBIH TOA TOSBJISAIOTCS COBEPIIEHHO pOC-
KOIIHbIEe OPUTHHATIbHBIC 3a/1a4i. JTO MPOCTO
HewcYepIaeMbIil HCTOYHUK!

Humepesvio 6351 B. Kondpamoes,
¢omo npedocmasun B.Anexcees
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3apaun M2538-M2541, ©2545-P2548

M2538. Tlers paccraasier 500 KopoJeit Ha
kieTkax gocku 100x 50 Tak, 4ToObI OHU He
6msn pyr apyra. A Bacs paccrasmser 500
KopoJiell Ha Genblx KiaeTkax (B MIaxMaTHOM
packpacke) gocku 100x 100 Tak, 4T06BI OHE
He 6usn IpyT ApyTa. Y KOro GOJIbIIe CIoCo-
60B 3TO c/eIaTh?

E.Bbaxaes

M2539. a) [lokaxure, 4to J1060€ YHUCJIO
Buga 3k — 2, tne k — 1enoe, MOXxeT ObITh
[IPE/ICTABJIEHO B BUJIE CYMMBbI OJ{HOTO KBa[pa-
Ta U ABYX KyOOB II€JIbIX YHCEJ.
6) Jlokaskute, 4To J1060€ L[eJI10€e YICI0 MOYKET
ObITH IPEJCTABJIEHO B BUJE CYMMbI OIHOTO
KBaJipaTa u TpeX KyOOB IeJIbIX YHCE.
H.Cedpaxsn

M2540. B ocTpoyrolbHOM TpeyTOJbHUKE
ABC nposegennt Bbicotsl AH,, BH,, CH,.

Mycrv H,, — npoekuus touku H, Ha nps-
myto AC (puc.1). AHamornuso ompegenum
touxn H,., H,,, H,., H.,, H, . lokaxnre,
yro nrectob Touex H,,, H,., H,,, H,., H.,,
H,, nexar na ofHOIl OKPY>KHOCTH, LEHTP
KOTODOH COBIIQJiaeT C LEHTPOM Macc Tpey-
roabuoro kourypa H, HyH_, ciejsaHioro us
O/IHOPO/IHOIi TIPOBOJIOKU.

H. Baunwmertin

M2541%. TliockocTb pasbura Ha BBIITYKJIbIC
CEMUYTOJIBHUKN eIMHIYHOTO quamerpa. [lo-
Kaskute, 4O J11060# KpyTr paguyca 200 mepe-
ceKaeT He MeHee MUJIIMAP/A U3 3TUX CEeMH-
yrobHuKoB. (JlnaMerp MHOrOYrOJbHUKA —
3TO MaKCUMyM CPEIM PACCTOSHUN MEXKILY
[apaMu ero BepiiuH.)

A.Kanenv-benog

®2545. /IBa CIJIOMIHBIX TMApUKa Pa3HBIX
pasMepoB M3 OJHOT0 XMMHUYECKH YHUCTOrO
BEIecTBa HAXOIATCSI B KOCMOCE BIAIN OT
JIPYTUX MACCUBHBIX T€J U B3aUMOJCHCTBYIOT
JIPyr C [PYroM TOJIbKO TPABUTAIIMOHHBIM
crioco6om. OHu BpamaiorTcs: BOKPYT 0061Iero
IEHTpa Macc, Jiesasi oJiuH 000pOT 32 BpPeMsi
omuoro ypoka T = 45 mun. Kakoil mMoxker
ObITh MUHUMAJbHAS TJIOTHOCTH MaTepuasa,
M3 KOTOpOTo chenanbl mapuku? Kakomy
MeTaJlJIy Takasl MJIOTHOCTH COOTBETCTBYET?
A.bypos, E.Ilarumosa

®2546. lmeercst «ueTBepTh OECKOHEUHAS>
peleTka ¢ KBaJ[PaTHbIMU SUeiiKaMi, COCTOSI-
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mass M3 0/IMHaAKOBbIX PE3UCTOPOB COIIPOTUB-
JIEHUEM 7, KaK II0OKa3aHO Ha PUCYHKE 2.

I I
Puc. 2

N3BecTHO, 4TO ecm B y3ea A BTeKaer, a U3
y3i1a B BbiTekaeT TOK [, TO Wu/eaJbHBIN
BOJIBTMETP, MOJAKJOYeHHDBIH K y31amM C u D,
nokasbiBaeT Hanpsikenne U. OnpenennTte mo
3THUM JIaHHBIM CONPOTHBJEHNE R, MaHHON
PEIIEeTKH.

A.Bviukos

®2547. TIpodeccop Daekrpa Illap nposo-
JIUT 9KCIIEPUMEHTBI C MPOBO/SAIINME IIaPH-
Kamu. B xo[e Kakmoro sKcmepuMeHTa OHa
MeJIJIEHHO COMMKAET TPU yeINHEHHBIX [IapH-
Ka paginycoM R KaXKplii Tak, 9YTO B KOHEUHOM
COCTOSIHMM IIEHTPbI OTUX MIAPUKOB HAXOMIIT-
Cs1 B BEPIIUHAX [PABUJIBHOTO TPEYTOJbHUKA
€O CTOPOHOIT 3R, 1 3anuchIBaeT B 1abopaTop-
HBII JKypHasl 3HaueHue pabGoThl, KOTOpasi
6bLTa efo coBepiieHa. IIpw 9ToM MIapuku B
HAYaJbHOM COCTOSTHUN MOTYT GBbITh KaK 3apsi-
JKEHHBIMU, TaK U He3apsUKeHHbIME. B ciyda-
SIX, MOKA3aHHBIX HA PHUCYHKAX 3 d, 6 oHa

@D )
3R\ 3R\ 3R\

@O@O@O

-q +q

PMC 3

3ammcasa 3HadeHus pa6or A; m A, coorser-
crBerHo. Haiiure: 1) moTeHman 3apsikeH-
HOTO IIapHKa B cJIydae @; 2) TOTEHIUAJbI
BCeX INAPUKOB B cjaydae 6; 3) 3HauyeHue
paboThI B caydae 6.

A. Bbviuxos
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®2548. B mpocreiiiieM «TearpaibHOM» O6U-
HOKJIE PACCTOSTHUE MEK/TY OKYJISIPOM U 0GbeK-
TBOM paBHo 10 cM, 1 OHO He peryaupyercs.
Bunokb 06ecrieynBaeT yBeJandenne X2 mnpu
paccMaTpUBAHUU JIaJIeKuX TipeMeToB. Ka-
KOBBI onTiueckue cusibl (1 hoKyCHbIe pac-
CTOSTHUS) OOBEKTUBA U OKYJsIpa?

/. Anexcandpos

PeweHusa 3apay M2526-M2529,
®2533-P2536

M2526. Pewume cucmemy ypasmenuil

x+i=y2+1,
X

y+l:22+1,
Y

1
z+—=x>+1.
z

Orser: (x;y;2) = (1 1;1).
I[Ipeo6pasyem mepBoe
x? +1=x(y* +1). Hockombky x> +1>0 nu

y2 +1>0, umeem x > 0. Anasornuso, y > 0
nz>0.

[epemuoXuB x> +1= x(yz +1) ¢ anaJjno-

ypaBHEHHUeE:

TMYHBIMU YPABHEHUSAMU y2 +1= y(22 + 1) ,
2 41= 2(x2 + 1) U  COKpaTuB  Ha
(x2 + 1)(y2 + 1)(22 +1) , ToJyvyaeM, UTO
xyz = 1.

[lasiee BOCIIO/Ib3yeMCsI U3BECTHBIM HEPABEH-

ctBOM: Tipu ¢ > () BBITIOTHEHO ¢ + z >2.Torna

1

r+—=y’+122. oatomy y* =1, u 1o-
x

ckoJsibKy y > 0, To nosyuaem y = 1. Anaso-

ruyHo, X = 11 z = 1. CpaBH1Bas C YCJIOBHEM

xyz =1, ToTy4aeM, 4TO eJMHCTBEHHBIH BO3-

MOSKHBIH caydait: x =y = z = 1.

C npyroii cTopoHbl, Tpoiika x = y = z = 1

YIOBJIETBOPSIET YCJIOBHIO 337aUM.
H.Azaxanos

M2527. /Jlana uucnosas nociedosamesiv-
HoCMb a4y = 1, a, = -2% as = -32, a, = 4%,
as =52, g =62, a; =-72, ag = -8,

Ona nonyuaemcs u3 noc.iedo8ameibHoCmu
mounvix xeadpamos 1°,2%, 3% ... paccma-
HOBKOU 3HAKOG: 0OHO UUCIO CO 3HAKOM <+,
3amem 084 UUCILA CO 3HAKOM <—», 3dMeM
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11222 32 42| 5% 62 72 82 97 10 112 122 13* 142 152 16 17 187 19° 207 217 222 237 242 | 257 26

MPU YUCIA CO HAKOM <F», Hemblpe YUc1d co
3nakom <«—» u m.0. Ob6oznauum
A, =a;+ay, +...+a,. [oxaxume, umo cpe-
Ou uucen Ay, A,,... 6cmpemumcs 6ecKoney-
HO MH020 MOUHBLX KEAOPAMOB.

Pazo6beM 1M0C/Ie10BATEIbHOCTD HA TPYIIIIbI
(MHOXecTBA) U3 4, 8, 12, ..., 4m, ... uucen
(Ha pUCYHKe YnC/Ia CO 3HAKOM «+» TIoMedaeM
KPacHbIM, @ CO 3HAKOM <«—» — CHHUM). B
m-i TPYIIIIE IePBBIE 71 YUCE CO 3HAKOM «+»,
3aTeM 2m YHCeJI CO 3HAKOM «—» U TIOCJIe/IHIe
n uucesn co 3HAKOM <«+». JloKaxkeM, d4TO
cymma Ay, 41y YUCEIT B 7 TIEPBBIX TPYTITIAX
paBHA TOYHOMY KBaJIpary.

[Tocunraem cymmy S,, uuces B m-ii rpyuie.
ITycrb nocaeanee uncao (m —1)-it rpymmst ¢.
Torma

S =<(t+1)2 +...+(t+m)2)—
—((t+m+1Y +..+(t+2m)) -
( )
—((t+2m+1)2 +...+(t+3m)2)+
+((t+3m+1)2 +...+(t+4m)2).

CrpynmupyeM cjaraeMbie ¥ BOCIOJb3yeMCS
PaBEHCTBOM
(x+i) —(x+m+i) -
—(x+2m+i) +(x+3m+i) =

=m (22 + 20+ m)+m (2% + 2i + 5m) = 4m” .

[Momyuum
2 2
S, =+ 17 = (E+m+1)’ -
—(t+2m+1)2 +(t+3m+1)2)+...
...+((t+m)2 —(t+2m)’ = (t +3m)* +
+(E+4m) ) = m-dm’ = dm®

Torpa, mosib3ysich U3BeCTHOI (PopMyTOTt 751

CyMMBI KyOOB MEPBbIX 7 HATYyPAJTbHBIX UH-
cesl, IMeeM

Azm(’7l+1) = 51 +52 +...+Sm =

=4(1P+27 4w’ ) = (m+ 1)

Tem cambiM, cpepn uncen A, A,,... MbI 0OOHA-
PysKIU GECKOHEYHO MHOTO TOYHBIX KBaJIpa-
TOB.

Takske MOXXHO 110Ka3aTb, YTO Azm(m+1)+2m+1
paBHO (m + 1)4 . Takum o6pasom, cpeau gac-
TUYHBIX CYMM IOCJIE/IOBATEJIbHOCTU dy,dy,...
BCTPETATCA BCE YETBEPTHIE CTEIEHW HaTy-
PAJIbHBIX YHCeJI.

B.Pacmopzyes

M2528. Ha naockocmu ommeueno n > 3
moyex, HuKaxKue mpu u3 KOMopvLx He JeKAam
na oonoti npsmoi. Kaxoas napa ommeuen-
HoLX mouex coedunena ompesxom. Kaxowui
U3 NPOBeIeHHbIX OMPE3KO8 KPACUMCSL 8 Kd-
KOU-mo ugem.

a) HUssecmio, 4mo Koiuuecmeo ueemos ne
MeHvuLe N.

6) H3zsecmno, umo 6 kaxoviil usem noxpa-
weno ne 6onee n — 2 ompe3sKos.
Joxaxume (6 kaxoom us cayuaee a), 6)),
4O HATlOemCcs MPeyzobHUK ¢ 6ePUUHAMU 8
OMMEUEHHBIX MOUKAX, 6CE MPU CMOPOHDL
KOMOpozo umeiom pasuvie yeemd.

a) JlokaxkeM yTBep:K/eHue HHAYKIHedd 110 7.
baza n = 3 oueBugna. Ilyctp yTBepKIeHUE
BEPHO /ISl 7 = R, TOTJA JOKAXKEM €ro JIJIst
n=Fk+ 1. Cpeau nanubix k + 1 Bepmns Ha
BpeMs y6epeM ogHy BepuinHy A. Ecam cpenn
OTPE3KOB, COEAWHSIONINX OCTABIIHECS R TO-
YeK, BCTPeYaeTcs He MeHee R Pa3HbIX I[BETOB,
TO TPUMEHSEM MPEANONOKEHIE WHIYKITIH.
Muaue useros ne 6oJsee k — 1, 3HauuT, ecrTb
elne JiBa 1[BeTa, HA30BEM 3TH I[BETA KPACHBIM
U CHHUM, B KOTOpPbIe MOTYT GBbITb OKpPAaIlleHbl
TOJIBKO OTPE3KH, BBIXO/ISIINE 13 BEPITHHBI A.
Paccmorpum kpacublit oTpe3ok AB u cuHuit
orpe3ok AC. MpbI 3HaeM, uTo oTpe3ok BC He
SBJISIETCST HU KPACHBIM, HU CHHUM, TTO3TOMY
TpeyroibHuK ABC — UCKOMbBIH. YTBep:K/e-
HUE IOKa3aHo.

6) [lokaxeMm yTBEp KAEHHE OT TPOTHBHOTO.
[TycTh He HAIIIOCH HU OJIHOTO PAa3HOIBETHO-
ro TpeyroabHuKa. OCTaBUM OTPE3KH OJJHOTO
n3 1BetoB. [lo ycsoBUIO 3THX OTPE3KOB HE
6osiee n — 2, 3HAYUT, TTOJTYUUJICS HECBSIZHBIN
rpad (31ech MBI BOCIHOJIb30BAINCH U3BECT-
HBIM (DAKTOM O TOM, YTO B CBA3HOM Tpade ¢
n BepHaMu He Meree n — 1 pe6ep). BoiGe-
peM KOMNOHEeHMmY CBsA3HOCMU, B KOTOPOI
6oJibIllie Bcero BepmuH. Tak mocTynmuM st
KaKJIOTO T[BETA U PACCMOTPUM KOMITOHEHTY K
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TOrO IIBETa, CKaXXeM KPacHOro, B KOTOPOM
60Jibllle BCero BepiinH. Bo3bMeM BepuimHy
A, e nmpunaanexkamyio K. IIycts B — Hexo-
Topasi BepinmHa KoMmoHeHTHl K. Pe6po AB
He KpacHoe (MHaue A ToXKe TPHUHA/IEKATA
6b1 KomrionenTe K ), mMycThb, HanpuMep, peépo
AB cunee. BosbpMmem o6y BepumHy C
KOMTIOHEHTBhI K, TOTJa MOXKeM TIPOUTH TIO
KpacHbIM pe6pam oT B 710 C, mycTb 9TOT Iy Th
ByB,...B,, tne By =B, B, =C. Paccmor-
pum tpeyroabHuk AByB;. Otpe3ok AB,
cuHMii, orpesok ByB; KpacHblil, OTPe30K
AB; wue xpacubiii (onsitb-raku, wHave A
npuHaIexkana 61 Kommonente K), 3HAYUT,
oTpe3ok AD; cunuii. AHAJIOIHYHO paccMar-
puBag 10 ovepedu TpeyrojbHuku AByB,
ABB,, ..., AB,_B,, nomy4aem, u4To BCe
orpesku AB; cunue, B yactHoct AC cuHMii.
Takum o6pasom, 0601 OTPE30K 13 BEPIIH-
bl A B Bepiuny u3 komronentsl K — cunuii.
Ho rtorma Bce Bepmmubl u3 K u Bepmmaa A
MPUHAJIEXKAT OJHON KOMIIOHEHTE OTHOCH-
TEJTbHO CHHETO I[BETA. IJTO IMPOTUBOPEYHT
YCJIOBHIO MAKCUMAJTBbHOCTH TIPU BBIGOPE KOM-
noHeHTbl K. 3ajjaya peleHa.
OTMeTHM, 4TO 3aMEHHUTb B IIyHKTE a) YKCJIO0
n Ha n — 1 Henb3d, mocje Takoil 3aMeHbl
yTBepsKAeHue craHeT HeBepHbIM. Taxxke
HeJIb3sl YCUJINTh YTBEPsK/eHHe MyHKTa 6),
3ameHnB n — 2 Ha n — 1.

11. Koxeenuxos

M2529. /lan onucannwviil yuemolpexy201vHUK
ABCD. Ha cmopone BC svibpanvt mouxu M
u N max, umo N aexum mexdy B u M
(puc.1). Ompesxu AM u DN nepecexaiouju-
eca ¢ mouke P. B mpeyzoivnuxu MNP,

2018/Nel?2

APD, ABM u DCN enucanvt OKpYKHOCU
c uyenmpamu Sy, 85,83 u S, coomeemcmeen-
Ho. Jokaxume, umo mouxu Sy,S,,S3 u S
JeKam Ha 00HOU OKPYKHOCTU.

[TposeaeM o6MLYI0 KacaTeIbHYIO 1 K OKPY K-
HocTsIM ¢ tentpamu S; u S, (puc.2) u

Puc. 2

JIOKQKEM YTBEPXKJICHHE: m ompesdaem om
mpeyzoavnuxa APD onucannviii wemovipex-
yzonvruk (T.e. M Kacaercsi OKPYKHOCTH C
nenTpoM S, ). OTcioza cpasy moceayer pe-
ntenue. [eiicTBuresibHO, TOrja IpsiMble S,S3
n S,S, — BHemTHHe GUCCEKTPHUCH YII0B K 1
L tpeyrompauka PKL, oTkyna

1
£838,8, = LKS,L =90° - ELAPD ;
anpsamble SS; u S, — 6uccexTpuCH yrioB
M un N tpeyronpuuka PMN, oTky/ja
1
£838S, = LMSN =90° + ELAPD )
[Monyuaem £535,S; + £535,5;, =180°, a
3HAQUMT, YEThIPEXYrOAbHUK 855535, — BIM-
CAHHbIH.
O603HAaYNB TOUKHU KacaHWs, Kak Ha PUCYHKe
3, momydaem
AK = KL+ LD = (AK + KR3) -
—(KT3 + KL+ LT,)+(DL+LRy) =
+(DP; +CP))= AB- BC+CD ..
Tak kak yerbipexyronbauk ABCD — omncan-
Hbiii, umeem AB — BC + CD = AD, 3Hauur,

AK — KL + LD = AD, wm AK +LD =
= KL + AD, T.e. 4eTbIpeXyTOJbHUK
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Puc. 3

AKLD — omnucaHHbIi, 4TO U TpeGOBAIOCH.
(M3 paccyskeHuil BbIIe CJeayeT, 4To pac-
[I0JIOJKEHIE TOYEK COOTBETCTBYET PHUCYHKY:
K u L nexar na orpeskax AP n DP, a He Ha
UX MPOIOJIKEHUSIX. )

3aaua pernieHa.

Eime ogHO perenne aBTopa 3a/aqy UCTIOJIb-
3yeT N30TOHAJTbHOE COTPSIKEHNE B YeThIPEX-
YTOJIbHUKE, O KOTOPOM MBI TLJIAHUPYEM pac-
cKazarb MO3Ke B OT/IEJTBbHON cTaThe.

B 3aBepiienue qaguM ele OfHO OPUTHHAJb-
HOe pellleHre, KOTOPOe aBTOP 3a[a4l IPH-
JlyMaJl [IJIS Y4acTHOTO CJiydyasi COBIIAJIEHUs
touek M u N (1 S;). (Okazanoch, 4to 910T
YACTHBIN cJy4ail ObLT HE3aBUCHUMO IPHIY-
MaH ¥ npejaraics Ha Bosrapckoit maTemMa-
tnyeckoit ommmmnuazne 2018 roga, aBTOpbI —
M.Etesami Fard, N.Beluhov.)

[TpoBesieM OKPY:KHOCTL O 4yepe3 TouKu M,
Sy, S5 (puc.4). IlycTb OHA IEpeceyer 0Tpes-

Puc. 4

xu BC, AM nw DM Btopwuno B Toukax E, F
n G coorBeTcTBeHHO. HaM HY’KHO /10Ka3aTh,
YTO (O HPOXOJUT Takxke uepe3 S, . Bocrosb-
3yeMmcs pedyJsbratamu u3 crarbu A.Ilossnc-
Koro «Bopo6bsamu no mymkam» («Ksaut»
Ne2 3a 2012 r.). Tlo <«Bropoil JeMme o

«KBAHTA»

BopoGbsix» BE + AF =AB, DG+ EC=CD,
snaunt, AF + DG=AB - BE +CD — EC =
=AB+ CD — BC. Tax Kak 4eTbIPeXyTroJbHUK
ABCD onucannblii, umeeM DG + AF = AD,
a 9TO 1O TOH ’Ke JIeMMe O3HaudaeT, 4To
ITPOXO/IUT Yepes HEHTP BIUCAHHOM OKPYKHO-
ctu tpeyronbHuka AMD. D10 u Tpe6oBaIOCh.

I1.Ko.xesnurxos, A.Ymxun

®2533. ['anmenvka cocmoum u3 Heeecomo-
20 CMepKHsl, KOmopwlil coedumnsiem d0se Md-
aenvkue (moueunvie) 6ycunku A u B ¢
maccamu my u my (puc.1). Bycunxa A

C v

Puc. 1

nacaxema Ha OJUNHYIO 20PUSOHMAILHYIO
cnuyy. Touxa B coedunena c¢ mouxoii C
npounotl nesecomotl humwro. Touxa C nepe-
Mewaemcest 8 00HOU €O cnuyell 8epmuKdaiy-
HOU NAOCKOCMU NAPALIEIbHO CnUule ¢ No-
cmosannotl cxopocmuio. Konguzypayus me-
XAHUUECKOU CUCTNEMDbL CO BPeMeHeM He MeHsl-
emcs. HM3eecmuovl yeavl 0 U O, KOMOPbIE
obpasyiom ompesku AB u BC co cnuyeil.
Kaxoe xoappuuuenm mpenus mexdy cnu-
yett u 6ycunxou A?

IIycTp T — HaTsKeHue HiTH, mg u myg —
CHJIBI TSKECTH, JIeHCTBYIONINE Ha KaXK1y1o U3
KOHIIEBBIX TOYEK ranTe bku, N — HOpMaJib-
Hasg peaklus B TOYKe OloOpbl, I — cuia
TPeHUs. 3alUlIeM YCJI0BUS OTHOCUTEIbHOIO
paBHOBeCUsd, T.e. PABHOBECUS OTHOCUTEJIbHO
CHUCTEMbL OTCUeTa, ABUKYILIeHcsa paBHOMEPHO
u npsaMosHeiino BMecte ¢ Toukoit C (puc.2).
PaBeHcTBO HYJII0 CyMMbI CHJI, JIEHCTBYIONUX
Ha TaHTEJIbKY, B IPOEKIUIX HAa TOPH30HTAb-
HYIO M BEPTHKAJIbHYIO OCH, OY/JIeT UMETb BU/]

Tcoso, —F =0,
Tsino, + N —(my+my)g=0.

s paBeHCTBa HYJIO CyYMMbl MOMEHTOB CHU.T,
IIOCYNUTaHHbIX OTHOCHUTE/JbHO TOYKHN B,
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C v

Puc 2
nMeeM
(myg - N)lcosoy - Flsinoy =0.

Pemas a1 ypaBHeHUs, HaX0/[UM
COS 04y
T=mg—,
sin (o, —0t)
COS O, Sin o
N = m1 - m2 # )

Sin ((X‘Z - (X1 )

COS 0Ly COS Oy

sin (ot — 0y )
[Mockosmbky F =uN, U3 MOCJHEAHUX JBYX
BBIPKEHWH MMeeM

COS 0Ly COS 0Ly

F=m

COS 0l Sin Ol

2 =W my =y — )
sin (o, — o) sin (o, —aty)
OTKy/1a
"= | My COS 0Ly COS Ol |

|m1 sin (o, — oty ) = m, €OS Ol sin OL1|

Buzgno, uto B ciydae oOpallleHus B HOJIb
3HaMeHaTes s KOdDMUIMEHT TPEHUS CTaHO-
BUTCS 6ECKOHEYHO OOJIBIIIM.

A.bypos

D2534. M anenvruii MaccusHvlil wapux npu-
Kpenjen K 00HOMY KOHUY ynpyzoll Humu, a
Opyeotl KOHey, Humu 3axpenen Ha nomoKe.
Hruna wnepacmanymou wumu L = 1 m.
Hlapux <«3anycmuius max, 4mo ou 06u-
Kemcs No OKPYKHOCMU, OCMABAACH 6Ce
8peMs HaA OOHOM U MOM Ke PACCMOSHUU O
nomoaxa. Ilpu smom numv obpasyem c
sepmuranvio yzon o= 060° u na odun obo-
pom mpebyemcs epems t = 1,554 c¢. Kaxog
nepuod Maivlx GepMmuKdaIbHLIX KOeOanul
wapuxa na mot xe Humu 60aU3U NOJOKe-
HUsL PABHOBECUS, €CIU HUMb BCE GPEMA OC-
maemcs sepmuxaivnou? Kaxosa maxcumaio-
HAsL AMNAUMYOAd MAKUX KOACOanuil?

2018/Nel?2

B ycsioBuu ckazaHo, 4TO MapUK JABUKETCS TI0
OKPY’KHOCTU, 3HAYUT TPEHUS O BO3IYX HET.
[lepnoa o6pareHus Mmapuka BOKPYT IEHTPa
3TOI OKPY’KHOCTH, T.€. BPEMsI OJTHOTO 060PO-
Ta t, OTIPeIeIIeTCs PACCTOSTHUEM /2 OT Iap-
Ka JI0 TOTOJKAa W YCKOPEHHeM CBOOOIHOTO
najenus g. [eficTBuresbHO:
mo’R = mo’htgo = mgtgo,
2n h
t=—=2m|—.
w 9
Orcio/la HAXOJAUTCS PACCTOSTHIE 10 TIOTOJIKA!
2 2 o
h=gt /(471; ) =0,6 MuIMHA PACTAHYTOI
maut: L' = h/cosa =1,2 M, kotopas 60Jib-
me L wa L/5. Cuia HaTsOKeHUS HHUTH

F =mg/cos o = 2mg B 1Ba pasa 60JIbIIIE CHTbI
TspkecTn mg. Cuie/[oBaTebHO, OTHOIIEHNE
JKECTKOCTH HUTH K Macce IapuKa PaBHO
k/m =10g/L . Tlpu MajibIX BEPTHUKAJHHbBIX
KOJIEGAHUSIX TIEPHO/] PABEH

Tyepr = 271:\/E =2n L. 0,634 c.
k 10g

MakcumanbHasg aMmmianTyga A KosjaeOaHuit
IapuKa, Ipu KOTOPBIX HUTh OCTAETCST BEPTH-
KaJIbHOM, T.e. BhImpsaMieHHoil (i B Bepx-
HEM TIOJIOKEHWH IMapuKa Jake YyTb-4yTh
HATSAHYTON), ONPEESeTCs COOTHOIIEHHEM

Ak = mg, cienoBaresnbHo,
@=£:0,1M:10 CM .
k10

A. Il apuxos

®2535. Ha cmexasnnom 6aiione 1amnoy-
KU Hakarueanus mnanucamno 12 B, 96 Bm.
Humv naxana coenana us 6oavghpamosot
NPOBOJIOUKU C NONEPEUNBIM CedeHueM 6 hop-
Me Keadpama axa, ceepuymad 6 CRupdiv ¢
wazom wymo Goavwe pedpa xeaopama. /lu-
amemp cnupamu Dy, =1 mm. Jamnouxa
numaemcst nPASUILHLIM P pexmuenvim na-
npsaxenuen 12 B om mpancghopmamopa,
nookawuennozo x cemu 220 B, 50 Iu.
Cpedusa memnepamypa numu naxara Ty =
=3000 K. Haiidume oauny cnupaiu u pe6-
PO Keadpama, a maxKe oueHume amniumy-
QY Koebanutl memnepamypol HUMu HaxKaiu-
eanus. Heobxodumvie danivie o xapaxme-
PUCTRUKAX 80JbPDPAMA OMbLUUME CAMOCTRO-
smenvHo 6 cnpasounuxax (Uau 60cnob3yi-
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mecs Opy2uUMU UCTNOYHUKAMU UHDOPMaLuL ).

B paGouem pexmme cpejHee M0 BeJUYnNHE
AJIEKTPUYECKOE COIIPOTUBJIEHNE R J1aMIiou-

KU PaBHO (Uadxb )2 /W . [lnsa paccmaTpuBae-
Moro mpuMepa R, = 1,5 Owm. Ecom Hamps-
JKEHIE Ha BBIBOJIAX JIAMITBI HETIOCTOSIHHOE, TO
TeMIIEPATypa HUTH HAKaJa U3MEHSETCS CO
BpPEMEHEM, [TPUYEM 3al1ac TEILIOBOU SHEPTUU
HutH  (BHYTpeHHEH sHeprum) MeHsercs B
pesyJibTaTe 1By X IPOIECCOB: MOJTyYeH s SHEP-

MM ¢ MTHOBEHHOWH MOIIHOCTBIO Ut2 /RT u
MOTEPb 9HEPTUU TIOCPEJICTBOM U3JIYUCHUS
(aTOT MEXaHM3M TerIonepelaun B JAHHOM
ciydae SBJISETCS OCHOBHBIM). MOIIHOCTD,
TepsieMas HarPETbIM TEJIOM, UMEIONM TeM-
nepatypy mnoBepxHoctu T, omnpeaessiercs
3akoHoM Credana—Bosbimana, noaromy
W = k(LnD)oT*,

rae LmD — 3TO MJIOMaab Topsiueil moBepx-
Hoctu, k — wuHTErpaJbHbIl Koa(DdUIHeHT
u3naydenus, o — mnocrosuHas Credana—
Bosbivmana. B atoit ¢opmysie He yunThIBa-
eTcst 0OpaTHBIN [MOTOK U3JIyYeHHs OT OKPY-
JKEHUS K TOPSTYeMy TeJy, OCKOJIbKY TeMIle-
parypa tesia T (ropsdeii ciupasin) BoO MHOTO
pas 6oJiblile TeMIIepaTypbl OKpyxkenust T, .
CorJtacHO JIaHHBIM CIIPABOYHUKA «Ta6uIrpl
(pnsnyeckux BesUUYMH», MHTETPAJbHBIN KO-
(D UIIEHT TETIIIOBOTO U3JIYIEHIS [IJIST BOJTh-
(bpama ¢ paboueii TemMiepaTypoil HUTH HaKa-
JquBaHug 1, TPOTIOPITMOHAJIEH TeMIlepaType
T wu pasen ky =kT /T, rne Ry =0,325.
ITO O0O3HA4YaeT, YTO MOITHOCTb W3JIyUeHUs
MIPOTIOPIIMOHATBHA TATOH CTETIEHN TeMIepa-
Typei: W = kyLuDGST? /T, . Takum o6pasom,
moJryqaeM

dT (U, cos (m,‘)2 Ty klLnDoT’

LnDadc, —
R,T T,

Pt
()
[osyunnocs crpaminoe Ha Buj Auddepen-
[MaJbHOE ypaBHEHUe, OJHAKO /IS MOoJyde-
HUSI OTBETOB HA BOIIPOCHI 33/Ia4U PEIIATH €r0
BOBCEe HE 06513aTeNbHO.
[l1 Havasia MouIeM B UHTEPHETE CBEJCHUS
o Boab(hpame. HabmpaeM B <«ITOMCKOBUKE»
CJIOBA «CBOWCTBa BOJb(MpaMas» W BbIOMpPaeM
pasuble uCTOYHUKN uHbopmaruu. Hanpu-
Mep, 1o paHubiM Tab bl <« Temnodusndec-

«KBAHTA»

KH€ CBOICTBa, IJIOTHOCTb BOJbppaMa n
€ro TEIIONPOBOJHOCTb» IIPU TeMIIepaType
3000 K MJIOTHOCTD Bosbdpama
d=18,22-10° KF/M3, yJeabHas TelJIoeM-
KocTh €, = 220 JUx/(kr- K), remionposos-
nocrb A =107,5 Br/(m-K), ynenbnoe co-
nporusenne p =93,4-10° Om- M .

W3 nepevucjeHHbIX 1apaMeTpoB TOJIbKO
y/leJIbHOE COIPOTHBJIEHNE 3aMETHO MEHSIETCS
C TEMIepaTypoil, MpUYeM MOKHO CYUTATD,
YTO OHO MPOCTO MPSAMO ITIPONOPINOHATBLHO
Temiieparype, 1moatomy Ry = R,T/T,. 9ta
3aBUCHMOCTb y4TEHA B HAllleM YpaBHEHWUN
().

[To yxa3aHHBIM B YCJIOBUHU TEOMETPUIECKIM
pasMepamM CIHPAaJIH I U3JIydaeMoii B OKpysKa-
foTIee TIPOCTPAHCTBO CPEIHEH MOTITHOCTH MO3K-

HO HalTH JAIMHY CIUPAJIU:

5

kﬂL"Tﬂ = kyLnDoT; = 96 Br,
0

u L=17 MM .

ITo BesimunHE CpeHETO COMTPOTUBJICHUS JTaM-
MTOYKH MOKHO HAWTH U pa3Mepbhl TOTIePeuHO-
TO ceueHus HATH HaKaJja:
R, =p£g, u a=3M:O,32 MM .
a a 0
[Toyuaercst, 4TO TEMIOOOMEH CIUPAJIU C
BHEITHEN cpe/ioll TPOUCXONUT TaK JKe, KaK 1
JUIst TpyObI, y KOTOPOH TOJIINHA CTEHOK
paBHa IPUMEPHO OTHOU TPETH OT ee BHEITHE-
TO IuaMeTpa.
W3 Bemmuun L M a MOXHO HalThH 0O0beM
cnpain u3 BoIbdpaMa, a cae0BaTeJbHO,
MacCy ¥ TEeNJ0EeMKOCTb CIUPaJIn:
n(D” = (D-2a)’)
m=dL

=dLna(D — a),
C =mc, = 0,0466 [Ix/K |

Jl1s obecrieyeHns IOTOKA TellJla K BHEIIHe
MOBEPXHOCTH CIIUPATH HYKHO, YTOODI BOJIH-
31 9TOI1 BHEIITHEI TOBEPXHOCTH TeMIIEpaTypa
U3MEHsIach ¢ rIyOUHOI, NpUYeM IpaueHT
TEMIIEPATYPBI, T.€. «CKOPOCTb» W3MEHEHUS
dT/dx , nomxen ObITb TAKUM, YTOOBI BBITOJI-
HSLJIOCH YCJIOBHE

d—TLnDk =W =100 Br.
dx
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W3 aToro cooTHoIIeHust ToJjgydaem

AT _ 5 49 K/m.
dx
Ha paccrosinuu @ = 0,3 MM pasHuiia Temire-
patyp cocraBut Bcero-to okoJsio 0,6 K. Ta-
KM 06pa3oM, MOKHO CYMTATD, YTO BCS CITH-
paJjib 110 BceMy ee 00beMy UMeeT IIPUMEPHO
O/IMHAKOBYIO TEMIIEPaTypy.
CoBceM Tpy6ast OllEHKA aMILIUTY/Ibl U3MEHe-
HUST TEMIIEPATYPbI MOKET OBbITh C/IeJIaHa TaK.
Bynem cunrtath, uTO TPETH NIEPHO/IA, PABHOTO
0,01 ¢, cnupaJb MOJSyYaeT SHEPTHIO OT CETH
motHOCThI0 200 B, pyTyio TpeTh nepuo/a
(ZBE MHIECTBIX YACTHM) TOJYYaeT CPEAHIOI0
morHocth 100 Bt u, Hakomerr, mocJeiHio0
TPETh MEePUO/IAa MOMIHOCTD, TOJydaeMasi CIu-
paJblo JIaMIIbI OT CeTH, paBHa HYJO. A
MOIITHOCTD, M3Jy4aeMylo CIHpaibio, OyaeM
CYUTATh TIOCTOSHHOU BO BpeMeHM U PaBHOMU
100 Br. Ilpu pasuuiie MONIHOCTEH, paBHOI
100 Br, 3a tperb nepuoja, T.e. 3a 0,003 c,
TepsieTcsl UM MPUOGPETAETCST SHEPTH, PaB-
Hast pubamsurenabio 0,3 /x. [Ipu naitgen-
HOU TEIJIOEMKOCTU CIHpaJu Takas IoTeps
WIN TaKoe TPHOOPETEHNEe SHEPTHH COOTBET-
CTBYIOT M3MEHEHWIO TEMIIEPATYPBbI CIUPAJN
Ha *6,4 K. Ora BeaumunHa 3HAYUTEJIBHO
MEHbBITIE CpeHeH TeMIepaTypbl CIUPaJH,
MOTOMY TYJIbCAIUN MOITHOCTH W3Jy4eHUS
JIaMIIbl HAKAJMBAHUS, KOTOpAg IMUTAETCS OT
CeTH TIePEMEHHOTO TOKa, HEe3aMEeTHDI TJIa3y.
M.Apghvros

®2536. 3apsid O odHopooHo pacnpedenen
1O NOBEPXHOCMU UUIUHOPA paduycon R u
evicomou H. Bycunxa ¢ mem xe no 3naxy
3apadom Moxem c60600HO CKOILIUMb NO
MONKOU Henposodawell chuue, coenadaio-
wei ¢ duamempom cepedunnozo ( pagnoom-
cmoswezo om ocnosanutl) ceuenus. Haiiou-
me nepuod marvlx Koiebanuil Gycumnku om-
HOCUNENbHO NOJI0KEHUSL PAGHOSeCUS. Y Oeib-

. q
HblU 30}7}15 6ycu7mu Y = — u3eecmen.
m

Jlast onpeneserns sapucumoctu E (7) B6am-
3U TOJIOKEHNUSI PABHOBECHSI BOCIIOJIb3YEMCsI
Teopemoii [aycca: MOTOK BeKTOpa HAIIpSIKeH-
HOCTH 9JIEKTPUUYECKOTO HOJISI Yepe3 MOBepX-
HOCTb COOCHOTO € 3apsDKEHHBIM HEGOIIBIIOTO
LIIMH/PA — PAjLyC OCHOBAHUSA 7, BBICOTA /1

2018/Nel?2

(r,h < R,H ) — pasen nymo. Haiigem Besn-
YUHBI HOTOKOB Yepe3 ocHoBaHus @, 1 GoKo-
BYIO TIOBepXHOCTh @, 5TOr0 MumuHApa (1715
OIIpe/IeIEHHOCTH cunTaeM 3apsapl Q U ¢
MOJIOKUTEIbHBIMI) :

G- 2nRh H/2 O
5 5 == h,
R*+ 1[4 [R? + 12/ L

Hz

rme L=, R*+—
A 4

(D1:2

@, =2nrhE (7).

OTHU TIOTOKW PABHBI:
2nrhE (r) = %nrzh .

OTCIOZIa IojydaeM, 4TO B IIJIOCKOCTH Ce4de-
HUA, T/ HAXO/ANUTCA 6y€I/IHKa, IIpu €€ cMelie-
HWUM 7 N3 HNEHTPpa BEJIMYMHA BEKTOpPa HalIpd-
JKEHHOCTHU MPOMOPIHMOHAaIbHA CMEIECHUIO!

E(r):%r.

3anuieM ypaBHEHUE [BUKEHUST GYCUHKU:

p 0
mr-=—q—=7r .
0

Orciojla HAXO/UM YacTOTY TapMOHHYECKUX
KosteGaHuit 6yCHHKH:

we |29 _1 YO
_/ = = /
m2L’  L\N2L

U MEPUO/L:

2
T=2_n=2\/§nLi,rﬂeL= R2+H—.
Q) \vO \J 4

B.I1nuc
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afa4u

1. Ha koHMepeHLUnn npucyTcTBoBamn
npencraBuUTenn OBYX KOHKYPWPYIOLLMX
bupm  «UHOekc» mn «3yrn»  Anekcen,
bopuc n Bnagumup. Npencrasurenn og-
HOWM 1 TOM e KOMMaHUK BCeraa roopsT
npaBAy APYr APYTY W BPYT KOHKYPEHTaM.
Anekcen ckaszan bopucy: «d 13 Gupmsl

«Hoekc». bopuc oteetun: «O! Bbl ¢
Bnagnmupom paboTtaeTte B ofHoOW hup-
Mel» MoxXHO N no 3ToMy Amasnory
onpeaenuTb, roe pabotaeTr Bnagumup?

M. EBrokumoB

2. Ha waxmaTHOM [ocke 3akpalleHbl
HECKONbKO KJeTOK, KakK MoKa3aHo Ha

DTN 3ada4n npedHasHayeHbl Npexae BCero
ydalmmcs 6—8 Knaccos.

3agaqv 11 3 npepnaranncs Ha XLI TypHupe nmeHn
M.B.JlomoHocoBa, 3apaqv 2 1 4 — Ha XXIV TypHupe
MaTemaTndeckmx 60eB nmern AlM.CaBuHa.

pucyHke. CKONbKMMM CNocobamm MoX-

HO MOCTaBUTb 8 He DbloLLMX APYr ApYyra

nagen Ha He3akpalleHHble KNeTKn?
E.hakaen

3 . Vinbsa coBeplueHHO He NobUT 3aaa-
41 Ha CKOPOCTb N HEe MOMHWUT HWN OLLHOM
dopmynbl. Korga ero cnpocunu, Kakoe

paccTosHMe npoeneT noesfd, OH nonpo-
DboBan M NepeMHOXUTb [aHHble CKO-
POCTb U BpeMs, 1 CNIOXUTb UX, U Oaxe
noOennTb CKOPOCTb Ha BpeMs. «Y MeHs
BCerga nofly4aetcsd 04HO U TO Xe Yuncno!
HaBepHoe, 3TO 1 eCTb NpaBUIIbHbIN OT-
BeT!» — BOCKNUKHYN Wnbsa. JokaxwnTte,
YTO BbIMOMHATL AapUdMeTUYeckme aen-
cTBMsA Vnbs TOXe He ymeer.
A.AHTPOMOB

4. Pa3pexbTe MPOBOSIOYHbIV KapKac
Kyba Ha OBe 4acTu, N3 KOTOPbIX MOXHO
CnasTb KapKacbl ABYX KyOoB. [MpoBonoky
crmbaTb MOXHO.

C Tokapes




32 KBAHT

2018/Ne12

eTbIPbM$ PA3NNYHbIMU
Cnocobamm

B.PACTOPIrYEB

2008 TO/AY HA TYPHUMPE UMMEHUN
M.B.JloMmoHOCOBaA IIKOJIbHUKAM TIPE/IIa-
rajach Takas 3ajada, npuaymannas C.Map-
KEeJIOBBIM
Ilems paspesan ¢hueypy na ose pasmwie
yacmu, Kax nokasamo ma pucymuxe 1. Kax

Puc. 1

paspesamov smy pueypy Ha O0se pasHvle
uacmu opyzum cnocobom?

B pemenyuu npuBoanIOCh 11€/IbIX Ba OTBE-
Ta (prc.2). A elie TaM CTaBUJICS HHTEPECHDIIT

Puc. 2

BOIIPOC: CYHIECTBYET JIM HECUMMETPUYHAS
dburypa (He wMerolast HU IEHTPA, HU OCH
CUMMETPHUH), KOTOPYIO MOKHO pa3pes3arb Ha
JIBE PAaBHbIE YaCTH YETHIPHMA WU GOJIBIINM
uncsoM croco6oB? OTBer He GbLT U3BECTEH
HU aBTOPY 3ajlaul, HU KIOPU TYPHUPA.
OkasbiBaeTcsi, Takast
durypa cyecrpyer.
[Ipesk/ie ueM IpUBECTH
[pUMeEp, MOKasKeM, YTO
dburypy us 3amaum Typ-
HHUDA MOKHO <Ilepejie-
JIaTh» B COBCEM TIPOCTYIO
kaeryaryto dhurypy (puc.3); BOT Tpu croco-
6a paspesaTb ee Ha pasuble dacTu (puc.4).

Puc. 3

Puc. 4

A Bot caenyrouryio ¢purypy (puc.5) MOKHO
paspesarb Ha paBHbBIE YACTH YETBIPbMS CITO-
cobamu (puc.6).

Puc. 5

Puc. 6

HO MOJKXET 6bITb, M 9TO HE IIpeaeI N 6bIBaIOT
HECUMMETPUYHDbIC (l)I/II'ypr, KOTOpPbIE MOKHO
paspesaTth Ha paBHBIE YACTH MSATHIO, MIECTHIO,
... criocobamn? CJI0BO BaM, ynTaTesn!
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CHapsan
TModes

NAKYIIN4

EPOU HOIIYJIAPHOI'O HbIHE TEJIECEPU-

anma «Ouspra» (3-it ceson, 9-a cepus) noma-
JIV B 3aTPYAHUTEIbHYIO CUTYAIIMIO, KOT/IA CIIPS-
TaJINCh 3UMOIi B rorpe6e Ha Jjadye, a BHIXOJHON
JIIOK M3 rorpeba OKasasics MPUABJCH TsKe-
JbIM cyHaykoM. Ho oqun us nepconaxeii, ero
30ByT TumModeii, He pacTepsiyicst U B OTYASTHHBIX
MOMBITKAX BBIOPATHCS] OGHAPY KU TO, UTO HY K-
HO: METaJJINYecKyio 60uKy 6e3 OHOTO JHHIIA
1 Bepo 0e3 KPBINKH ¢ KapOuaIoM KaJbLus.
(KoHeuHO, 3TO CTPaHHO: XPaHHUTH BEAPO €
KapOUIOM B IIO/IBaJIE, T/ie, KaK IPaBUJIO, CBIPO,
BCJIE/ICTBHUE Yero KapOu/i co BpeMeHeM IIpH/IeT B
HErogHocThb. UTo 3K, GyJeM CUUTATD, YTO XO35-
UH JIaui TIIPOCTO HEJO0CMOTPEII. )

MrHOBEHHO reHuii-n300peTaTesb CKOHCTPY Y-
POBAJI HEYTO BPOJie CHAPS/A: HAJIUJI B BEIPO
BO/JBI W HAaKPbLI €ro cBepxy Ooukoil. Kak u
CJIE[IOBAJIO OKMIATh, KapOu/ BCTYIHJ B peak-
IO C BOJION C BBbIIEJIEHUEM alleTHJIeHA:

CaC, +2H,0 — Ca(OH), + C,H, T

IMonosknas, moka B 6ouke o6pasyercst A0CTa-
TOYHOE KOJMYECTBO TOPIOYEro rasa, Hall repoil
noanmaaua ee cogepkumoe. (B kauecrse dpurn-
Jist GblLyIa MCIOJIb30BaHA TSITUTBICSYHAsT pyO.Jie-
Bag Kymiopa. CaMOOTBEP>KEHHbIH TTOCTYTIOK!)
Or B3pbIBa GOUKA B3JI€TE/A BBEPX, KAK CHAPSI/I,
U [IPU 9TOM HE TOJIBKO Pa3Hec/ia JIOK u 0TGpo-
CHUJIa CYH/IYK, HO ¥ TIPOJIEJIAJIA JIBIPBI B TIOTOJIKE
1 KpBbIIle /IoMa, B3MbIB B HeGeca Ha JECSTKH
MeTpoB. Ouendb apdexTHOE 3pesntie!

A Terepp maBaiite, puis B cebsi, clesaeMm
Koe-Kakue 4ucJjaoBbie orenku. Tumodeit, wuc-
MOJIb3Ys1 BOJAY W KapOuj KaJibIlisi, CHadasa
HAroJHUI GOUKY epemyuedi cmecvio. Tak 1pu-
HSITO Ha3bIBATH CMECh BO3/IyXa U JIIOGOTO ropio-
Yero rasa B TEOPETUYECKH HEOOXOIMMON TIPO-
MOPIIUHU — KOT/Ia BECh Ta3 U KUCJIOPO/] BCTYAIOT
B peakiuio. MIMeHHO 1pu TaKOM COOTHOIIEHUN
BbIJIEJISIETCST HAUGOJIbIIEE KOJHYECTBO SHEPTUH
Ha e[uHUIYy 06beMa cMecu. M30BITOK TOTO WJIH
MHOTO KOMIIOHEHTA TOJIbKO YXY/IIAeT CUTya-
IUIO: HE BCE, YTO UMEETCSI, POpearupyer.

Dopmyia TopeHust aleTuaeHa TaKoBa:
2C,H, + 50, — 4CO, +2H,0+Q,
rae Q — BbIJeJIEHHOE KOJMYECTBO TEMJIoThl. U
9TO KOJIMYECTBO HEMAJIOE — COTJIACHO CIPABOY-
HBIM JIAHHBIM, OHO COCTABJIIET IPUMEPHO
58,7-10% Il ma xyGoMeTp ameTiaeHa HpH
HOPMaJIbHBIX YCJOBUSIX, T.e. TPU J[ABJICHUN
760 mm pr.ct. u remneparype 0 °C . B orpete
3MMON yCJIOBUSI, HAJIO TOJIaraTh, KaKk pas Ipu-
MepHO Takue. M3 dopmysibl ropeHus BHHO,
YTO HA Kask/ple 2 OGbeMHbIE JIOJIU AlleTHIeHa
JTOJDKHO MPUXOAUTHCS 5 00BEMHBIX J0JIei KIC-
JIOPO/Ia. YUUTBIBAsI, YTO B BO3/LYXE COJEPIKUTCS
21% xucjopoja, MmoJjydaeM, 4to Ha Te Ke 2
00beMHBIE JIOJN alleTHJeHa JIOJDKHO TPUXO-
autbest 5/0,21 = 23,8 nouteit Bo3ayxa, I MOTO-
MYy B KaX/IOM KyGOMeTpe rpemyueii cMecu nme-
erca (IpM <«uUmeaTbHOM» COOTHOIIECHUN )
2

2+ 23,8

Cyna mo Buay, ucnosbsyemas Tumodeem
6ouka — crangapruas, 200-smutpoBasi. Ee mapa-
MeTpPbI JIETKO HAliTH B CIPABOYHUKAX, U OHU
TaKOBBI: 00beM GOUYKHM Ha CaMOM Jielie
216,5 o =0,2165 m° , ee Bbicora 0,9 M,
muamerp 0,585 M. Ilostomy B oObeme Hatieit
6oukn coxepxkanoch 0,0775-0,2165 M3 =

=0,0775 xy6omeTpa aleruieHa.

=0,01678 M° amerniena u mpu B3pbIBE BbI-
JIeJTIACh TEIJIOBAsi SHEPTUSI B KOJMYECTBE

0 =58,7-105-0,01678 I:x = 0,985 -10° /[ .

TTpeAnoNoKuM, YTO GCSL BBIIETUBIIASICS TEI-
JIoBast sHEprusi mnpeobpasoBajach B KHHETH-
yeckyto aHepruio W Baiaeraiomieii 6oukn (xors
Ha CaMOM JieJie 3TO, KOHEYHO, He COBCEM TakK).
Ompesiesium  cKopocTb 60uku. Macca HOBOIT
6oukn (omarhb ke, 1o crpaBounnkam) 16,3 Kr,
HO B JIaHHOM CJlydyae OJIHO €e JHHIIE OTCYT-
CTBOBaJIO. 3HAa4yuT, GOUYKA JOJKHA GBITH TIO-
gerve. Ha ckoubko sxe? Eciam, uto BmOJHE
JIOTHYHO, TIPUHATDH TOJIIMHY CTEHOK U JTHHUII
6OUYKU OJIMHAKOBOM, TO MMEET CMbICJ CHAYaJa
ONpEeNEeJUTh IJIOTAAb KaXX/J0T0 JHUIIA:
(0,585 M)’ /4 =0,269 M’ 1 Gokosoii To-
Bepxuoctu: m-0,585 m-0,9 M = 1,653 M2, Te-
mepb MbI MOKeM 06e3 Tpylda OIEHHTh MacCy

60uku 6e3 OJHOro JHUIIA:

- 0,269 +1,653
2-0,269 +1,653

Benomuus gopMy sy A1 KHHETHYECKOH sHEep-

m = 16,3 kr =14, 3 kr.
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IUM, HAXOIUM CKOPOCTb GOYKH:

6
. /2l= 2-0,985-10 II>I<=371M/C.
m 14,3 kr

Huuero ceGe! [leiicTBUTENBHO, MOJydYaeTCS
cosmaHbIil cHapsg. Ecam O6bl Ha ero mytu He
6buio npenstcTsuii (B Buze 1osa, MOTOJKA,
KPBIMIA W CYH/IyKa, a TaKyKe CONPOTHBJICHUS
BO3/lyXa), TO 60YKa BO3HECAaCh ObI Ha BBICOTY

2 2
S CIA R BT
29 2-9,8m/c?
— cBbime 7 kuaomerpoB! Iloatomy B 1esom
cJIe/lyeT Ipu3HaTh, 4TO co3jaresn (hujibMa He
oueHb-TO IIpoMaxHy.uch. Ilo kpaiineii Mmepe, B
OTHOIIEHNN Pa3pyIINTEJbHON CHJIBI TpeMyueil
emecu. (Tumodeit, 110 CIOKETY, TT0CIe «BBICTPE-
Jla» BpeMeHHo orsioX. Ha camom ziene eaBa Jsim
Bce 06011L10Ch Obl CTOJb 6e3001IHO!)

PasymMHble unTaTes i, KOHEYHO, BPSJL JIM CTa-
HYT HOBTOPATD celi akcnepuMenT. Ho mockorn-
Ky 1pu pabote 0ObITHO ra30BOIl ILJIUTHI BCET/A
€CTb OIACHOCTD Toracanusi «dakenas u obpa-
30BaHKs UIMEHHO rpeMyueit cMecu (cocrosineii,
1paB/a, HE U3 aleTn/jeHa, a B OCHOBHOM W3
MeTaHa — HO 3TO HECYIIECTBEHHO), TO MOXKHO
clleJ1aTh TJIABHBIN BBIBOJ: coO100atime npasu-
Ja 6e30NaAcHOCINU NPU NOJLI0SAHUU OBITNOBYI-
MU 2a308biMU npudopamu!

2018/Ne12

BUBJIHO-IJIOBYC

Mbl MPEANATAEM
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MATEMATUYECKUN KPYXKOK

oceau
Ha KJ1eT4aToW
peLLeTKe

H.BEJIYXOB

ATOWN CTATBE MBI COBUPAEMCY OBCY-

JINTH CEPUIO 3a/1a4, 6JTU3KUX IO TIOCTAHOBKE

k 3ajaue M2500 ( «Kpant» N2 3a 2018 r.).
Haunem ¢ Takoit 3agaum.

3anpava 1. Jano namypanvnoe yucao n = 2.

Bce namypanvnoe uucaa om 1 do n? paccmas-

DOI: https://doi.org/10.4213/kvant20181203

JASIOMCSL 8 KACMKU MAOAUYbL N X N NPOUIBOTb-
noin obpasom. Craxem, umo dee xaemxu (a
MaKxe wuciad, HAxo0AuuUecs 6 Hux) A6ALI0m-
ca coceOnumu (uau cocedamu), ecau mu
Kaemxu umerom obwyio cmopony. Hauwdume
Haumenvulee Hamypaivnoe d maxoe, 4mo cy-
wecmsyem paccmano8ra uuces, 6 KOmopou
6Ce PA3HOCU MeKDY COCeOSAMU He NPEGOCX0-
Oam d.

VY aT0l 3a1a9n JABHAS UHTEPEeCHAs UCTOPH.
Ee mepBble mpe/iiecTBEHHNKHT, U3BECTHBIE aB-
TOpY, — 9TO 3ajaun 2 aaa 8 Kygacca u 4 g 9
KJacca 3aKJIOYUTEJIbHOTO 3Tarna MOCKOBCKOI
ommminabl 1963 rozia, B KOTOPBIX /IS CJIyyaeB
n =8 un =9 rpeboBasoCh [OKa3aTb OIEHKN
d =5 n d > 6 coOTBETCTBEHHO. 3aTEM B CTaThe
A.Opsosa <«IIpuniun Tupuxaes («Ksanrs>
Ne7 3a 1971 1.) cTaBHJICS BOIPOC O HAXOKIEC-
HUM HanGoOJIBIIET0 7, I KOToporo d <5 .
BoamoxHO, camblil 1epBbIii UCTOYHUK, CO/EP-
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KAl perierne A1 o6IIero caydas, — 3TO
crarbss M.TepBepa «3asada o yncjaax B Tabm-
ne» («Kpant» Ne12 3a 1971 1.). IoBomoM aua
HAIMUCAHUS 3TOH CTATbU CTAJU YIIOMSIHYTbIE
3a/lauM 1IPO YacTHbIe cayvyau. 3areM, mouru 20
Jer crycrs, obmas 3agaua (mmm, 6osee TOUHO,
3a/1a4a O JI0KasaTeJbCTBe HIDKHEH OIEHKH Ha
d) OGblia mpemnmoxeHa or UexocCTOBaKMM Ha
Mesxaynapoanyio omnmmuany 1988 roma (ma
caMy OJIUMITMAJTY 33/[aua He T0Iaja, HO BOILIa
B TaK Ha3bIBAEMbIN MIOPT-JUCT 3a/1a4-KaH/u1a-
ToB). A eme noutu uyepes 20 jer sTa 3ajaua
nossuaach (6e3 ykasaHust MCTOUYHUKA) B U3BE-
ctaoil kHHUTe Bembr Bosmobama «lVckycetBo
marematukus» (The Art of Mathematics).

B 3azave 1 HecJ0KHO TPEBSABUTH paccTa-
HOBKY, B KOTOPOU BCE PA3HOCTH MEXK/Y COCE/Isi-
MU HE IMPEBOCXOSAT 7: IPOCTO MPOHYMEPYeM
BCe KJIETKM BEPXHEro psja cJjeBa HaIpaso,
Jlajiee TTPOIOJKAaeM HyMepOBAaTh KJETKH CIIe/Ty-
folero psga u T.4. Torga pa3HOCTb Yuces B
KaK/I0ll T1ape KJEeTOK, COCEICTBYIONMX IO TO-
pusoHTasM, paBHa 1, a pasHOCTb YHCET B
KaXK/I0#1 Tape cocejieil 110 BEPTUKAJIM paBHA 7.

OxasbiBaercst, d = n — JAEUCTBUTEJIBHO TIPa-
BUJIbHBII OTBeT. UTOGBI 3aBEPIINTH pEIIeHHE,
HYJKHO JIOKa3aTh, 4TO B JIOOOI PaccTaHOBKE
HAWYTCs /IBA COCE/Ia, OTJINYAIOIINECS HE MeHee
4eM Ha 72. ITO CJOXKHAS 4acTh PelleHus.

Cuavasa HabpocaeM <IIMPOKUMU Ma3KaMu»
MTO/IXO/T K PENIEHNIO.

3adurcupyeM HEKOTOPYIO PAaCcCTaHOBKY A
grces B Tabsuie. Termepb Mbl XOTHM CTAaBUTH
uncsia or 1 10 n® B KIETKH mycToil TaGJIuIIbI
O/IHO 3a JIPYTUM, COTJIACHO PAacCTaHOBKe A.
Wrak, BHavase MbI cTaBuUM umcyo 1, 3arem 2,
noroM 3 1 T./1. B Kakoii-To MOMEHT MBI JIOIi/[eM
no uucaa k (KOTopoe Mbl ONpENeSuM 4yTh
nossxe) u ocranopuMcs. [Iyctb S — 3T0 MHOXKE-
CTBO U3 k KJI€TOK, KOTOPbIE Mbl 3aHSLJIN YUCTAMU
K MOMEHTY OCTaHOBKH. PaccMOTpUM MHOXKe-
ctBo T Bcex cocejeil MHoskectBa S. Muaue
roBopsi, T — MHOKECTBO BCeX KJIETOK d, He
JIeJKaIX B MHOKECTBE S 1 UMEIOINX XOTsI Obl
OJIHY COCETHION KJIeTKy B MHOKecTBe S. [Ipen-
craBuM cebe, YTO HaM y/1aJI0Ch BbIOPATD «BPEMsi
OCTaHOBKHU» R TakuM 06pas3oM, 4TOObI MHOKE-
ctBo T cozeprkasio He MeHee 7 KjeTok. Toraa
nauGosbinee yncio b, naxoasmeecs (B paccra-
HOBKe A) B KJeTke MHOKecTBa T, JI0JDKHO ObITh
He MeHnblie k + n. Ilyctb ¢ — uncso B KJjerke
MHOkecTBa S, cocenueir ¢ b. Torma c<k.
[TosToMy pazHocTb b — ¢ He MEHbIIIE 72, YTO MbI

7 XOTeJW TOJYyYnTh. Bce, 4TO HaM OCTAIOCH
c/iesiaTh, 9T0 OOBSICHUTD, KaK BbIOPATh MOIXO0-
JiAIiee BpeMsi OCTAHOBKH k W [[OKA3aTb, 4YTO
BbIGpaHHoe k JE€HCTBUTEIHHO TIOAXOIUT.

Ha stom MecTe B penieHUN HaM HY)KHO BBIO-
paTh OJVH U3 JBYX 10AX0/10B. Ecsn Mbl BbiGe-
peM k KakuM-TO TPOCTBIM CHOCOGOM, TO B3a-
MeH TIOJIyYUM CJIOKHOCTU € JIOKA3aTebCTBOM
TOrO, 4TO AanHoe R moaxoaut. HaoGopor, Mbr
MOKeM TI0Tpo6oBaTh BbIOpaTh k BecbMa He-
TPUBUAJIBHBIM 00Pa30oM, 4TOObI 06JIETIUTD J10-
Ka3areJabCTBO TOrO, 4YTO OHO moaxomut. Ilo-
CMOTPUM, Ky/la TIPUBE/ICT HAC KaXK/IbII U3 3THX
TO/TXO/IOB.

Ileproe pemenue. (I1o pemenne paxTmec-
KU OIMPAeTCsl HA yIpaskHeHue 3 13 yIoMsHY-
Toit cratbu M. Tepsepa.) Onpezgenm k aBHbIM
06pa3oM Kak ,

k=1+2+...+(n—1)=712—n

Tenepb Hy»KHO TOKa3aTbh, YTO MHOXKeCTBO T
COJEPIKUT He MeHee 1 KJIeToK (1151 BBIGPAHHOTO
TakuM o6pasoM k).

[TokaxeM, KaK 9TO BBITEKAET U3 CJEAYIOMIEL
JIEMMBI, MCTIOJIb3YEMON B aBTOPCKOM DETeHHN
sagaunm M2500 (cm. «KBant» No9 3a 2018 r.).

Jemma. [Tycmo uz mabauupt n X n evipesa-
au n — 1 xaemxy. Tozda cpedu cessmvix
yacmeil, HA KOMOpble PACNAAACy MAOIUU,
naiidemcs uwacmo, codepkauwjas He Memee
n’ +n

2

Wrak, npeanooKuM potusHoe, u T comep-
JKUT He 6oJiee 7 — 1 KIeTOK. Y JaiuM BCe KJIETKI
MHoskecTBa T. Tor/a Kaskaast KOMIOHEHTA CBSI3-
Hocti C ocraBiieiicss yact TabJuIbl — JTU60
MOIMHOKECTBO MHOKeCTBA S, /60 He mepece-
kaercsac S UT . Bruepsom cayuae C cogepKuT

KJlemox.

He Gouiee |S| = nz_—n

qae C cogepkut ne Gonee n” —|S|—|T| < n* -

ni-n gt
2 )

TJlaCHO JieMMe, O/lHa M3 KOMIIOHEHT, Ha KOTO-
Ppbl€ pacIia/Ila€TCA OCTaBIIaACA 4aCTb T3.6I[I/I]_[b1,

KJIeTok. Bo BTOPOM CJIy-

—1 xnerox. Oxnaxo, co-

JIOJIKHA CO/IEpsKaTh HE MeHee KJIETOK!

2
MBI PN K MTPOTHBOPEUMIO, 3aBepIIarole-
My pelleHHe.

Bropoe pemenue. (Xox atoro perenus B
IIeJJOM COOTBETCTBYET M3JIOKEHHIO B CTaThe
M.Tepsepa.)
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B aTom pemennun Mbl BbIOEpEM BpeMsI OCTa-
HOBKH kR 6ojiee TOHKO.

IToka MbI 3amosiHgeM TaOJIUILy, PacCTaBJISS
YICJIa OJIHO 32 JIPYTUM, MbI COOGMPAEMCs MPO-
CJIEIUTh, KOT/A BIIEPBbIE BBITIOJHUTCS HEKOTO-
poe ycJIoBUE, U POBHO TeEpPe/l STUM MOMEHTOM
MBI C/leJTaeM OCTAaHOBKY. A yCJIOBHUE 3aKJII0UaeT-
csS B CJeAyIONIeM: HaieTcs IEeJNKOM 3amoJi-
HeHHbIH uncaamu psy (cTosnber wim cTpoka).
VHBIMEU CJIOBAMU, MbI OCTAHABJIMBAEMCS B TOT
MOMEHT, KOIjJa IIOCJie BbICTaBJieHus uucen 1,
2, ..., k XaxkmpIil psj| Bce elle COAEepPKUT XOTSI
6Bl OJTHY HE3aTI0JTHEHHYIO KJIETKY, HO 3TO YCJIO-
BH€ HAPYUINJIOCH OBI TTOCJIe TTOCTAHOBKH YNCJIa
k + 1. (OrMeruM, 4TO B OTJIMYKE OT [EPBOTO
pemernsi 3ajaun 1 BpeMsi OCTAHOBKU 3/1€Ch
CYIIECTBEHHO 3aBUCUT OT paccTanoBku A.) ITo-
KaxkeM, 4To T COMEP:KUT XOTST Obl 7 KJIETOK,
ecyin MbI BbIOMPaeM R yKa3aHHBIM CIIOCOGOM.

[Iyctp e — aTO KJeTKa, B KOTOPOH AOJIKHO
croaTh uncyo k + 1 (cormacho paccranoBke A).
[To namemy BbIGOPY umnCIa R 3aTI0THEHUE KJIET-
K e czenaso Obl IOJHOCTBIO 3al0JTHEHHBIM
psn, comepskanmii kaetky e. [lns onpenesnen-
HOCTHU CUMTAEM, YTO ITOCJIE 3aNIOJTHEHUS KIETKN
€ 3aTIoJIHSAeTCS 1EeJUKOM ee CTpOKa R, T.e. Bce
KJETKU B psiLy R, KpoMme caMoil KJIEeTKu e,
MPUHA/IEKAT MHOKeCTBY S. PaceMoTpum Jiio-
6oii crosaber; C, OTJHUYHBIN OT CTOJIOIA, B
KotopoM Haxomutcs e. O6mas kiaerka R u C
npuHaAIeXRUT S. C Apyroil CTOPOHBI, B MOMEHT
k cromberr C ele He TMOJHOCTHIO 3ATIOJHEH
YUCJIaMK, 3HAYNT, XOTs ObI oHa KaeTka u3 C mHe
npunaaaexut S. Takum o6pasom, C coaep:KuT
KaK KJETKN u3 .S, Tak W KJIEeTKH, He MPUHa/JIJIe-
skamme S. Ilostromy B C Haxoautcs XoTst Gbl
onna kJjetka u3 T. B cTosbie, KOTOpbIii comep-
SKUT KJIETKY e, TOXe ecTb KJeTKa u3 T — aTo
cama Kjaetka e. CjenoBaTe/bHO, KayKblil U3 71
CTOJIGIIOB COJEPKUT XOTsI Obl OJIHY KJIETKY U3
muoxkectBa T. Tem cambiM, T CONEPKUT XOTS
OBl 7 KJIETOK, UTO 3aBepIIaeT pelleHue.

3amavya 1 sBisteTcst <OOIUM TIPEAKOM» JIJIST
GOJIBIIOTO CeMeiCTBA CBSI3AHHBIX APYT € JPY-
roM 3agad. Ves Bbibopa BpeMeHH OCTaHOBKHU
pa6oTaetr BO MHOTUX UX HuX. VHOrma MOKHO
OITPE/IE/IUTD BPEMsI OCTAHOBKH R JIOBOJIBHO IIPO-
CTBIM CIIOCOOOM M TIOTPATUTh OOJIbIIIE CHUJI Ha
JIOKA3aTeJIbCTBO TOrO, 4YTO OHO IOAXOAUT. B
JIPYTUX CJaydassx Jyuiie ¢ GoJiblliell akKypar-
HOCTBIO BBIGUpATh k, 4TOOBI 00J€rYuTh cebe
paGoTy B JIOKAa3aTeJbCTBE TOTO, 4YTO 3TO R
MTOIXO/INT.
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3agaya 2. [Tycmv n — uemmnoe namypaivHoe
wucno. Bee namyparvnvie wucaa om 1 do n’
paccmasaaomes 6 KAemku madauybl nXxn
npoussonvnoin obpasom. Crasxem, umo dse
waemxu (a makxe wucada, HAXOO0AUUECs 6
HUX ) AGASIOMCS COCCOHUMU, €CIU IMU KACMKU
naxodsamcst 6 00HOU CmMpoKe UNU 68 O0OHOM
cmoabue. Hailoume naumenvuiee namypaip-
Hoe d makoe, umo cyuecmeyem paccmanosKka
wuces, 8 KOMOPOU 6ce Ppasnocmu Mexoy coce-
Osmu ne npesocxodsm d.

Ira 3ajjaua Ipe/Jlarajach Ha 3aKJIOYNTENbHOM
atane Beepoccuiickoit ommmmmazasr 2002 /03 yues6-
Horo rofa (3agaua 8 muis 10 kaacca). B opurunaib-
HOii (hopmysmpoBke 1 = 20, U B 3aj1aue TPeGOBAIOCH
HaiiTn HamboJiblliee HATYpaibHoe d TaKoe, YTO KasK-
Jlasi PACCTAHOBKA COJCPIKUT JIBA COCEHUX YHCJIA,
OTJIMYAIONINXCS HEe MeHee 4eM Ha d.

B kavecTBe yxaszanus ' IpexbaBIM TTOAXO/-
2

n
1ee BpeMsi OCTAaHOBKH R = v +1.

(Yto npoucxoauT B 3ajaue 2 s HeYeTHbIX
n?)

3anxava 3. I[Tycmo n — neuemnoe HamMypaio-
Hoe uucao. Paccmompum mabauyy nxn.
Jlesvlil kpaii madbauupl NPUKICUBACTNCS K ee
npasoMy Kpaio, d 6epxXHull — K HUKHEMY, max
umo mabauua npuobpemaem gopmy mopa
(6y6.auka). Bee namypanvioie uucaa om 1 0o
n® paccmagasiomcs 6 Kiemxu mabiuybe npo-
U36016HIM 00pason. Craxem, umo 0ge Kiem-
xu (a max:xe wuciad, HAXOOSUWUCCS 6 HUX)
SABNSIOMCSL COCCOHUMU, eCAU IMU KACMKU UMe-
tom obwyio cmopony. (3amemum, umo u3-3a
CKACUKU 8 KAXKOOU cmpoxe camas nesas u
camas npasas KAemru coceonue U, aHai02uy-
HO, 6 Kax0oM cmoabue camdas Geprusis u
camas nuxnsas kaiemxu coceonue. Taxum 06-
PA3oM, Y KaKO0U KAeMKU POSHO uemulpe coce-
da.) Haidume naumenvwee namypaivioe d
maxoe, wmo cyuecmeyem paccmano8Kd uu-
cel, 8 KOmopou ece pasHocmu Mexoy coceos-
Mu He npesocxodam d.

Ata 3a/lava 1pejJiarajacb Ha OJIMMITNA/1€ Romanian
Masters B 2011 rogy (3amaua 6). B opurnnambhoi
dopmysmposke n = 2011 u Tpe6oBasoCh HAMTH

! Vkazanus u 3ameuanus k 3agauam 2—5 craeny-
10T O(PUIMAIBHBIM PEIIeHUSAM, TIPE/IJIAraBITIMCS
Ha oJuMnuazax. Haiitu noapoGHbie peleHus
YUTATEb MOJKET B COOTBETCTBYIOIUX HCTOYHU-
Kax.
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Han6oJiblliee  HATypaibHOe d TaKoe, YTO KaXKjast
pacCcTaHOBKA COMEPIKUT [BA COCETHUX YMCJA, OTJIM-
YaoIIMXCd He MeHee yeM Ha d.

Vxasanue. OcTaHOBUTHCS HAJIO B ITOCAEHII
MOMEHT, JIJisI KOTOPOTO JIO0 B KayK/I0U CTPOKE
He MeHee JIBYX HE3aHSIThIX KJETOK, Ju6o B
KaK/IOM CTOJIOIe HE MeHee JIByX He3aHSThIX
KJIETOK.

(Yro Mengerca B 3aja4e 3 /I YETHBIX 1n?)

3agava 4. ITycmv n — uemnoe namypanv-
Hoe uucao. Bece namypanvivie uucaa om 1 do
n’ paccmasasiiomcs 6 KJiemku madauuwl
nXn npousgosvrvim 06pasom. Cxaxem, umo
dee xaemxu (a max:xe wucad, HaAxoOawUecs
6 HUX) AGNAIOMCSL COCCOHUMU, eCIU IMU KILeT-
Ku umerom obwyio cmopony. Hatidume nau-
MeHvuee Hamypaivroe d makxoe, 4mo cyue-
cmeyem paccmanoexa uucell, 6 Komopoi ece
CYMMBL 6 NAPAX COCCOHUX YUCEL He NPEBOCXO-
Oam d.

ITO 3a/1a4a € 3aKJII0YUTEIbHOr0 aTara Beepoceuii-
ckoii osmmmmaznbl 1996 /97 yuebHOTO TOMA (3amava
8 mia 9 xmacca). B opurnnambnoii popmyamposke
n = 10.

IIpusenem Ha6pOCOK peliieHnd aTol 3a/1a4M.

n
Buauvase paspexxeMm TabmIly Ha 5 TpAMO-

YTOJIbHBIX TOPU3OHTAJbHbIX I10JOCOK 2Xn.

n
AHaJIOTHYHO paspeskeM TabJHIly Ha 5 BepTH-

KaJbHBIX II0JIOCOK 7 X 2. MOKHO [0Ka3aTb
caeayiomntyio jgemmy (IIpUMEHSIS IOAXOA C Bbl-
60poM (PUKCUPOBAHHOTO MOMEHTA OCTAHOBKHM ).

Jemma. [Hycmo [ <n—1 — namypaivroe
yucao. llpednonoxum, 4umo nexkomopas noaoc-
xa F codepsxum poeno [ kaemox us S, nuxaxue
dge U3 KOMOPvIX He SBAIMCS COCCOHUMI.
Tozda F maxsxe codepxum xoms 6vt | + 1
xaemox us T.

Temepn, wcmonb3ys ABa paspesaHust TabJu-
IIBI Ha TTOJTOCKH 1 YTBEP K/ICHNE JIEMMBI, MOSKHO
TepeiTH COOCTBEHHO K PENICHUIO.

Mpbr 6Gyzsem paccraBisTh uuciaa ot n” jo 1
O/IHO 3a JPYTUM B MOpsijike yObIBaHUS, T.e.
BHAUAJIC MbI CTABUM YHCJIO 1>, 3aTeM n® — 1,
nmotom n? — 2 u T.. [MpumernM mOAXOM C
BBIGOPOM «ILITABAIOIIEr0» MOMEHTA OCTAHOBKH.
MBI OCTAaHOBUMCS POBHO B TOT MOMEHT, KOT/Ia B
KaXX/10¥1 TOPU3OHTAJBbHON U B KaxK/J0W BEPTH-
KaJbHOI TOJIOCKe OY/IeT 3aloJiHeHA XOTsS Obl
o/lHa KJIeTKa. B ciydyae ecsm K aTOMY MOMEHTY
HAIJINCH y3Ke 3aM0JHEHHDBIE COCEHNE KIETKH,
TO HECJOXXHO TOKa3aTh, YTO CyMMa dYmceJ B

2

HEKOTOPBIX JIBYX COCESAX OCTATOUHO GOIbIIIAs
(6ompIme BepHOTO OTBETA).

B cayuae, Koria cpeint 3amoTHEHHBIX KJIETOK
HET JBYX COCEJHMX, MOYKHO 3aBEpLIUTh Pelle-
HUe, HCIIOJIb3ys JeMMY.

(Yro mpoucxoaut B 3azade 4 JIs1 HEYETHBIX
n?)

Kpowme BbI6Opa BpeMeHH OCTAHOBKHU, €CTb U
COBEPUICHHO J[PyTHEe MOAXO0/bl, KOTOPbIE NHOI-
na paboraioT apdexTrBHEE.

3agava 5. Ilycmv n>2 — namypanvhoe
wucno. Bee namypanvivie wucaa om 1 do n’
PACCMABASIOMCSL 6 KAEMKU MAOIUYbl N X 1
npoussonvnoin obpason. Craxem, umo oee
xaemxu (a maxxe wucad, HAXOOAUUECS 6
HUX ) AGAAIOMCSL COCCOHUMIUL, ECILUL FMU KIACMKU
umerom 06wy cmopony uau eepuuny. Hai-
Jume naumenvliee HamypdJjbHoe d maxkoe,
4MO CYwecmsyem paccmanosKkd uuces, 6 Ko-
Mopotl 6ce PA3HOCMU COCEOHUX HUCEN He npe-
socxodsm d.

Iro 3aada ¢ Typrupa ropozos 1990 /91 yue6Ho-
ro roga (ocennuii Typ, 3agaua 1 TPEHUPOBOUHOTO
papuanta A1 10 u 11 xnaccos). B opurnnambhoit
opmyIpOBKE TPEGOBATIOCH I0KA3ATh TOYHYIO HIK-
HIOIO OIeHKY Ha d.

Vxazanue. Ilyctb uMeeTcs: paccTaHOBKA 4U-
ceJl, B KOTOPOH BCE PAa3HOCTH COCEQHUX UHCEJ
He npeBocxozAT d. Ilyctb maxmMarHoMy Kopo-
Jo tpebyercsi s XOJ0B, 4TOObI IPOHTH U3
HEKOTOpOil KJIeTkn @ B KJIeTky b. Ouenure
CBEPXY Pa3HOCTb MEXX/ly YMCJIAMU, HAXO/SAIIN-
MHCS B KJeTKax @ u b. [lanee mosy4ynTe HIX-
HIOIO OLICHKY Ha ¢, PacCMOTPEB KJIETKU C YHC-

gamu 1w n>.

IloaBong utoru, gapaiite elie pa3 MOCMOT-
pPHUM, KaKue U3MEHEHMS IIPOUCXOAAT B op-
MyJIIPOBKAX 3ajad 2—5 110 CPaBHEHUIO C 3ajia-
yeit 1.

B 3agauax 2 m 5 Mbl MeHseM OIIpe/esIeHIe
«coce/cTBa». B 3azmaue 2 7Be KJETKH CUUTa-
I0TCSl COCEAHIMHU TOTJa 1 TOJbKO TOTJa, KOrza
OHM OTCTOAT APYL OT Apyra Ha XOA Jajapu. A
B 3ajlaue 5> /JBe KJETKU [0 OIpeJesleHUuI0 CO-
ceJiHue, ecJ OTCTOAT APYT OT Apyra Ha XOJ
KOPOJIA.

Ectb MHOTO ecTecTBEHHBIX CHOCOOOB OIIpe-
JleJIITh, KaKue Mapbl KJIETOK Ha3blBaTb COCE/-
HuMH. Mbl TakKe MOXeM OIpe/esUTb COCel-
CTBO C TOUKU 3DEHUS XOJOB APYIruxX ILIaxMar-
HbIX Guryp, Hampumep Kous, ¢epss, uin
dburyp us ckazounbix maxmar. Tak, (p,q)-
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CKaKyHoM HA3bIBAIOT (PUTYPY, KOTOpas MO-
JKeT 3a XOJ[ CABHUTATbCS Ha p KIJIETOK BJOJD
ozHoro Hampassienus (10 TOPU3OHTAIN MK
[0 BEPTUKAIN) U HA ¢ KJIECTOK BJOJb MEPIEH-
JMKYJSPHOTO Harmpasienus (CKaskeM, oObIu-
Hblil maxMatHblii Konb sapasercs (1, 2) -ckaky-

Hom). Vm, nanpumep, pacemorpum (p,q) -zom-

wuxa, KOTOpbiii MOXeT XoauTh, Kak (kp, kq) -
CKaKyH, st Jo6oro HarypasibHoro kR (rak,
Ja/lbsd — 3TO (0, 1) -TOHIIUK).

[anee, B 3aa4ye 3 MbI MeHsieM (JOPMY peleT-
KH.

CHoBa OTMETHM: UMeETCS MHOTO JIPYTHX pe-
HIETOK, Ha KOTOPBIX MOKHO PAacCMaTpUBATh Ty
JKe TIOCTaHOBKY 3ajaun. Kpome 0ObIuHOM mpsi-
MOYTOJIbHOH M TOPUYECKOW PEIIeTOK, MOXKHO
pPaccMOTPETh PEIIeTKH Ha JPYTUX MOBEPXHOC-
TAX: Ha OUJINHIpe, Ha JeHTe MéGuyca, Ha
Oyrbuike Koeitna. MoHO TakKe paccMaTpu-
BaTb [IPOCTPAHCTBEHHbBIE PEIIETKN U Jlajiee U3y-
YyaTh MHOTOMEpHbIE penieTk. Vinm MokHO wc-

2018/Nel?2

cJe1oBaTh Apyrue pa3bueHus, Takue Kak Tpe-
YTOJbHAS CETKA MJIH IIECTHYTOJIbHBIE «COTBI>.
W rax masee.

Haxkower, B 3a1aue 4 Mbl 3aHUMAJICh CyMMa-
Mu (BMECTO pasHOCTell) 4mcen B COCEIHHX
KJerkax. KoHe4yHo, HMUYTO HE MelraeT HaM
n3y4arb U Jpyrue Oleparui, HampuMep JeJe-
HHUe NN YMHOXXEHWE.

Bce ykazannble Bapualini IOCTAaHOBKY 3a/1a-
YU MOTYT T0-Pa3HOMY KOMOUHUPOBATHCS PYT
C IPYTOM.

3amaua M2500 — oHO U3 caMbIX HEJABHUX
o6aBJICHUN B 3TO TIOCTOSTHHO pacTyTiee ceMeii-
ctBo. Ilo cpaBHenuio c¢ 3ajaveii 1, B Heil us-
MeHeH elie oAuH mapamerp. B 3amaue 1 MbI
XOTUM, 4TOOBI BCE PA3HOCTU MEXK/Y YHCJIAMU B
coceIHNX KJIeTKaX ObLIM KaK MOYKHO MEHbIIIE, a
B 3ajaue M2500 MbI JKesaeM cjesiaTh BCE 3TH
pasHocTH Kak MoKHO GoJsbine. HaBephoe, He
HY’KHO TOBOPHUTH, KaKWe HOBBIE IMTOCTAHOBKHI
3a/1a4 TI0JIy4YaloTCsl, eC/in KOMOMHUPOBATD 3Ty
BapHaIio ¢ MepeuncJeHHbIMU paHee.

Lndaysng:

KOro, KyJa U
BOOOLLE

JLALKUHA3U

MKOJIbHOM KYPCE ®U3NKN OBbIYHO

yHnoMHuHAIOTCS Ba npuMepa anddysun —
KYCOK CBUHIIA M KYCOK 30JI0Ta, KOTOpbIE IIpU-
KAl APYT K Jpyry, u (UIakoH ¢ JyXaMu,
KOTOPBIN OTKPBLIN B KOMHate. [lepBast cutya-
IsI HAMHOTO CJIOJKHEE, 4YeM KasKeTcsi, a BO
BTOPOil CHTYyallMM 3allaX paclpoCTPaHseTCs B
OCHOBHOM B0OO1Ie He us-3a quddysun. O6be-
AWHAET K€ 9TU [AB€ CUTyalnuu To, 4TO B 060HX
CIIydasX IPOUCXOJUT PACIPOCTPAHEHHE O/HO-
ro BemecTBa B Apyrom. Ho s Toro 4toGoi
MO3KHO 6bLJI0 TOBOpUTH 0 muddysun, gaxke aTo
He oOs3aresnbHo! Ilotomy 4ro ecTb mHOHSTHE

DOI: https://doi.org/10.4213/kvant20181204

camodugppysus. C 1pyroii CTOPOHbI, HE BCSIKOE
pacrpocTpaHeHue CTOUT Ha3biBaTh Anuddysu-
eit. OHaxo, MorpobyeM pacckasarb 00 BCEM 110
MOPSI/IKY .

Haunem mMenHO ¢ aT0#t camoii camoanddy-
3un. Koropbix ectb naxe jBe — ofbeMHas 1
noBepxHocTHast. IlycTh y HAaC MMeeTCst KyCOK
BEIIECTBA U IIYCTh BCE €r0 aTOMbI OJUHAKOBBDI.
ITH aTOMbI KOJIEOTIOTCS BOKPYT TIOJIOKEHUI
paBHOBeCHUsI, MPUYEM AMILIUTY/IbI KOJIeOaHuii
caMi MOTYT M3MeHsITbcsi. BOT HEKOTOPDIiT aToM
TaK CHJIbBHO OTKJIOHHJICSI OT TTOJIO3KEHUS PABHO-
Becusi, 4TO BOOGIE HE BEPHYJCS OOpaTHO, a
MEPEMECTUJICS B JIPYTOE «yCTONYNBOE TIOJIOKE-
HUE» U, €CTECTBEHHO, 3aHSICSA KOJeOAHUSMU
BOKDPYT HETO.

B atom MecTe KpuTHueCcKu MBIC/ISIINI ITKOJTh-
HUK JIOJDKEH 33/JaTh BOHpoc: oba Ipoiiecca
3aBUCAT OT BPEMEHM, KAK Mbl UX Pa3/eJInM?
Mosker, atoM BOOOGIIE TOJBKO U JIEJAET, YTO
npbiraer? OTBeT 3BYYHUT TaK: OIEHUTE U CPAB-
HUTE BpeMsi KoJieGaHus atoMa B pelleTke |
cpe/iHee BPeMs MEPECKOKA atoMa B COCeJIHee
nosnoxenune. Ouenp rpybast mpubIIKeHHast
OI[eHKa JIaeT /IS 9THX BpeMeH 3Havenns 10712 ¢
u 107 ¢ coorsercrsenno. Takum 06pasoM,
aToOM TIEPEMEIAeTCsl B COCEe/IHEE TMOJIOKEHUE,



COBEPIINB B CPEIAHEM [eCATh MUJINOHOB KOJIe-
Ganuii.

Bonpoc 1. Kak MOKHO OIleHUTb 3TH BpeMeHa?

Ho ecsin aToMbl 0ZIMHAKOBBI, TO KaK OIpe/e-
JIUTH, 4TO OHHU TiepeMernarores? Hamo kak-To ux
HOMETUTD — TaK, YTOOBI ATO HE MOBJIHAIO HA X
HepeMelieHne, Ho HO3BOJIIIIO OTINYATh OJTHU OT
apyrux. [IpeanooskuM, HaM HaJIo HCCIIE/10BATD
camond ysuio BKaKOM-TO aieMenTe. Bo3bMeMm
HEMHOKKO M30TOIA 9TOTO 3JIEMEHTa, J106aBUM
€T0 B KAK0Oe-TO MeCTO 06pasifa i TOCMOTPHM, KaK
3TU PE/IKHE aTOMBI PACIION3AI0TCS MO 06pasILy.
Oco6enHo 910 yZ06HO /lef1aTh, ecu 106aBjieH-
HBIIl H30TON PAJINOAKTHBEH — TOT/[a MbI MOKEM
U3MEPSITh AKTUBHOCTD PA3HBIX YacTel 06pasiia.
CoOTBETCTBYIONINIT METO/ HA3BIBAETCS JIOBOJTD-
HO €CTECTBEHHO: <«METOJI MEYEHDBIX aTOMOB».
[IpaBaa, TyT ecTb OHO BO3paskeHHE. ATOMBI
N30TOIOB OJIHOTO 3JIEMEHTAa HMEIOT Pas3HbIe
Macchl, a Macca BJHseT Ha Kostebanus. [loatomy
ATOMBI JI00ABJIEHHOTO M30TOMA MOTYT AnbdyH-
JIIPOBATD HE COBCEM TaK, KAK ATOMBI HCXOJIHOTO
o6pasia. OGBbIYHO ATUM TIPeHeOPeraoT, HO IpU
HEOoOXOMMOCTH JaHHbLI 29(D(MEKT MOKHO HOIIbI-
TaThCsT OOHAPYKUTD.

Bonpoc 2. Iloxymaiite, xax.

Camomnddysust BaxkHa 751 HECKOJIBKUX
IIPOLIECCOB, HAIPUMED JJI CHEeKaHUs [OPOII-
KOB UJIU JIJIsI MEJIJIEHHOTO N3MEHEHHST Pa3MepOB
o6pasia moj Harpyskoii (Kpur, Wiu 1oJsy-
vectb). IIporece criekaHusi MOPOIIKOB OYeHb
MINPOKO IIPUMEHSETCS B TEXHUKE — TaK, UMEHHO
CIIEKaHHEM IOPOLIKOB IOJIy4aloT MHOTHE Me-
TAJIMIECKIe ¥ OOJDBITHHCTBO KEPAMHYECKIX
UBJEJIUNA. A TOJ3y4ecTb BaKHA, CKAXeM, ISt
JIOIIATOK TYpOMH; IO IOHSATHBIM IIPHYMHAM Y
Hee Jlake ecTb CIEIHaJbHOe Ha3BaHUe: «BbICO-
KOTeMIlepaTypHas II0J3ydecTb». [l crexa-
HUA IOPOIIKOB Ba)KHA HE TOJBKO IIPOCTO CaMO-
muddysus, T.e. nepeMelieHne aToMoB B 00be-
Me, HO U TaK Ha3blBaeMasi IOBEPXHOCTHAS /-
(ysnus wim 1OBEPXHOCTHAS MHIDAIUS, T.e.
IepeMelieHne aToMoB o oBepxHocTu. Ilpes-
cTaBbTe ce6e KOHTAKT MEK/Y JIBYMS MAJICHDKNI-
MH HIAPUKAMH 110 elile 6oJiee MaTeHbKOMY IIST-
HbIKy . Criekanne — 970 yBeJHYeHIe Pa3MepoB
9TOro KOHTaKTa. YTOOBI 110106paThCst K HEMY 110
00beMy, aTOMaM MPUXOANTCS TPOTUCKUBATHCS
4yepe3 00J1aCTh CeYeHUEM, IPONOPINOHATDHBIM
ILTOIA/IM IIATHBIIIKA, T.€. KBaJpaTy JHaMeTpa,
a 4TOObI TIO/OJ3TH 1O TTOBEPXHOCTH, HYKHO

JIBUTATHCS 1O JIOPOXKKE XOTb W Y3KOH, HO IO
HIMPUHE PABHOH IEPUMETPY IMSATHDBIIIKA, T.€.
MepBoOH cTeneHNn aAuaMerpa. VIHbIME cioBaMH,
IIPU yMEHbIIEHUH JMaMeTpa IyTb 110 06beMy
YCJIOKHSIETCS ObICTPEe, YeM My Th 0 TOBEPXHO-
cru. Kpome Ttoro, arom B o6beMe CBsi3aH C
GOJIBIIIM YHCJIOM aTOMOB, Y€M aTOM Ha [10BEPX-
HOCTH, U TI09TOMY JAUMDPYHIUPOBATD aATOMY
Tpy/iHee, YeM MUTPHPOBATD.

B omnopoanom o6pasiie ¢ camoauddysueit
MOKeT ObITb CBSI3aHO €Il HEeCKOJIbKO ITpoIiec-
coB. O/H n3 HUX — HepeMeleHne /1e)eKToB
KPUCTAJLIMYECKOiT pemmeTku. Ecim atoT nedext
npezacTapiasger co6oi JmmuEni atom (atomM B
MESKIOY3JIMI) UM OTCYTCTBHE aTOMa TaM, T/Ie
OH JI0JKeH GbITh (BaKaHCUs), TO CBA3D MEepeMe-
IIEHUs JINCJIOKAIIMN U TIepeMeleHusT aToMa
oueBn/HA. B mepBoM cirydae aTo IIPOCTO O/IHO U
TO K€, BO BTOPOM — BaKAHCHSI <II€PEMEIIACTCS>
CTPOTO HaBCTPeUy IepeMelienuio aroma. B we-
KOTOPBIX CJIy4asX CBA3b CIOXKHee, HO OHA BCe
paBHo ectb. ITouemy sxe roBopsar o nuddysun
BaKaHCUH M aHAJIM3UPYIOT TOBe/eHNe BaKaH-
CcHii, a He ToJIbKO aToMoB? IloToMy e, ToueMy
MBI TOBOPUM <T€JIO JIETUT» WJIN <TeJIO Bpallia-
eTcsi», a He MUIeM YPAaBHEHUS ISl JIBUXKEHNUST
€ro MoseKyJ. Bo-mepBbIX, Tak Ipolie, a BO-
BTOPBIX, BO MHOTHX CJIy4asiX HaM Ba)KHO UMEH-
HO JIBMDKEHME TeJa, a He COCTABJISIONX €ro
MOJIEKY.I.

Bomnpoc 3. A eciiit KaKIM-TO YyJIOM 4aCTh MOJIEKY.T
TeJia HAuHeT [[BUTATbCS MHAYe, TO YTO MPOU30iiaeT?

AHaJlornyHas CUTyalsi UMeeT MecTo B IIPo-
BO/JIMMOCTH  TIOJIYIIPOBOJIHUKOB — BCIIOMHUTE
HOHATHE </IBIPKa».

Ha camognddysnio MOTyT BANATD BHENTHIE
(baxTOpBI — BCE, YTO KAK-TO BJMSET HA ATOMBI
WM, €CJIU 9TO MOHHAS PelleTKa, Ha HOHDL, T.e.
aJIEKTPUYECKHE TIoJie W TOK. BimsHue Toka
HA3bIBAIOT HJIEKTPOHHDBIM BETPOM, U B METAJJIAX
oH TIpeobuajaer. Ilepemelnenre MOHOB U Ba-
KaHCchi 1o/ JeficTBHEM TOKa CYIIECTBEHHO B
MEKpocxeMax. IITOTHOCTD TOKa B IIPOBOJHU-
KaX MUKDPOCXeM BecbMa BesquKa (TOKH-TO He-
GoJibllie, HO ceYeHKe TPOBOHIKOB YK OYeHb
MAJI0), SJEKTPOHbI [BUXKYTCS IO MPOBOIHUKY,
YBJIEKAIOT 32 CO00i MOHBI, JANCJIOKAIMN-BAKAH-
CHUI JBIKYTCS, CTAJ0 ObITb, HABCTPEUY, CKall-
JIMBAIOTCS Ha OJTHOM U3 KOHIIOB IIPOBOJHIKA, OH
JieJlaeTcsl TOHDIIE U B UTOTE Pa3pbIBACTCA.

Bomnpoc 4. Kcrarn, 4to elie Tponcxo/uT npu 3ToM
npoitecce?
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Yro Gy/aer IPOUCXO/NTD, €CJIN BEleCTBO CO-
CTOWT He U3 OT/IEJbHBIX ATOMOB HJIK HOHOB, & U3
MHOTOATOMHBIX MOJIEKYJI — KaK, Halpumep,
TBEp/Ible BOJIOPOJL, KUCJIOPO/I, a30T, TAJTOTEHbI ?
Huuero yskacHoro, mpocto aud@yHanpoBarb
Oy/lyT He OT/leJIbHbIe aTOMbl, a, €CTeCTBEHHO,
MOJIEKYJIBI. A ecJIl 3TH MOJIEKYJISIPHbIE KPHC-
TAJJIBl COCTOSAT U3 MOJIEKYJ, KOTOpbIE CaMu
COCTOSIT U3 Pa3HbIX aTOMOB — Hanpumep, H,O ,
CO,, okucabpl asora, MHOTHE OpTaHHYECKUE
BerectBa? OnsTh jke, HUYEro NPUHIUITNATBHO
HOBOTO — XOTSI Mbl YK€ UMEEM JIeJIO C Pa3HbIMU
aTOMaMM, HO OHH COCTABJISTIOT MOJIEKY JTbI, KOTO-
pbie BeayT celsl, Kak Iesoe.

KapTuna cyuiecTBeHHO MEHSETCS, KOTAA Be-
IIIECTBO COCTOUT U3 Pa3HbIX aTOMOB, He CBSI3aH-
HBIX B MOJIEKYJIbI. TOr/ia Kask/iblit aToM MOJKET
b YHANPOBATD, TPUYEM Pa3HbIe ATOMBI (-
¢pynaupylor no-pasnomy. Ho npu atom and-
(pysmsa kaskgoro 3aBucHt ot [ y3nH OCTAIb-
HbIX. PaccMOTpuM 4acTo BCTpeyaronuicst cJy-
Yaii, Korjja y Hac MMeEeTCsl MaTpHlla M Majas
npumecb. OJHAKO M 3TOT CJIydail He IPOCT,
MOTOMY YTO €CTb HECKOJIbKO myTeil inddysun.
Atom puMecu MOkeT AndyHIMPOBaTh, CKa-
JKeM Tak, caM 110 ce0e, NpbIrasg U3 OJHOTO
HOJIO’KEHUS MEKY aTOMaMU OCHOBHOTI'O Bellie-
cTBa B japyroe — kak auddynauponana Gbl
MBIIIb B uyesioBedeckoil Tosre. Ho oH Moxker
M PyHANPOBATD, TTIOIb3YSICh BAKAHCHIMH, T.€.
MyCTBIMU MecTaMu B pemerke. [Ipnuem BakaH-
cnn i PyHanpyioT camu 1o ceGe, 3TO OINH U3
Mexanu3mMoB camouddysun. Takum o6pazom,
nuddy3usi TpuMecH OKa3bIBAETCs CBSI3aHA C
camodysneil Matepruasa MaTPUILHL.

Ho atum nesto He ncuepnbiBaercst. Ha nud-
(pysmio HauMHAIOT BJMATH CBOWCTBA, KOTOPbIE
HMPUHATO HA3bIBATh XUMHYecKuMu. Ecin o110
BeIIecTBO AUGPYHIUPYET B IPyroe U B KaKOH-
TO 30HE KOHIEHTPAIUS IIPEBOCXO/UT TIPe/ieT
PacTBOPUMOCTH, TO TIOSIBJISIETCST HOBast hasa,
T.e. o6pasyercs coepuHenue. VMHorzpa ato or-
JlelbHble YYaCTKH, Tak Ha3blBaeMble BKJIIOUE-
HUs BTOPOH (asbl, a MHOT[A HTO CILJIONIHbIE
cion. Braodenus Bropoit ¢asel CyecTBEHHO
N3MEHSIOT MEXaHWYeCKue CBOWCTBA BEIECTBa,
a CIUIONIHbIE CJION BJIUSIIOT HA JlaJbHelle
nporeccsl quddysumn.

Kak ysxe roBOpMJIOCH, B MaTpuile — €CJu
TOJIBKO 9TO He JIeaJTbHbIil MOHOKPUCTAJLI, TIPU-
4yeM 11pu aGCOTIOTHOM HYJIE — eCTb IUCJIOKAIINH,
HapyleHust. BakaHcun — 310 TOJIbKO O/IMH U3
UX THIIOB, HO €CTb 1 JIPyTHe, YbH KOHI[EHTPAINS
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1 TO/IBUKHOCTD PACTYT C POCTOM TeMIIepaTy phl.
JlucIoKanuy HEKOTOPBIX THIIOB CO3JAI0T BO3-
MOXHOCTH /11 Auddy3un nmpuMeceit, mpudeMm
3TN BO3MOKHOCTU CJIO3KHBIM 0OPa30OM 3aBUCST
OT TeMIeparypbl. B mosmkpucraiiax Ko Bcei
3TOH KapTHHE J06ABJISIOTCS T'PAHUIIBI MEXKLY
KPUCTAJIJIAMU, TaK Ha3bIBaeMble Me)K3epeHHbIe
rpanuiibl. M oHM TOKE MOTYT SIBJISITHCS MY TSIME
muddysnu mpumeceii.

IpaHuibl MeKJy KpUCTAIaMH — 3TO HX
nmoBepxHoCTH. A ndysnst 1Mo MOBEPXHOCTH
UJIeT Jierye, 4eM 1o o6beMy, ITOTOMY YTO aTOM
Ha TTOBEPXHOCTH MMeeT MeHbIIle CBs3eil ¢ JIpy-
IHMH aTOMaMHU, HEXeJn aToM B 00beMe, U eMy
Jilerye pasopBarhb 4YacTb ATUX CBs3€il, 4TOOBI
IIepeMeCcTUThCS B HOBOE roJioskeHne. IToBepxHo-
cTHas anudysns cranma BaskHA JIUIST TEXHUKH,
korja B 60-e To/Ibl TPOIIJIOro BeKa BOIILJIA B MOJLY
HOPOIIKOBAs MeTaJIypris. BaskHa oHa M IOHBI-
He XOT GbI IOTOMY, YTO N103BOJISET CIIEKAHHEM
nopomkos (a s1o mosepxnocruasa gudysus)
MOJIy4aThb MaTepPHaJIbl, KOTOPble HEBO3MOKHO
MOJIYYHUTD JPYTHMHU MeTojaMu. B Gmkaitimne
JIECSTUJIETHS POJIb TOBEPXHOCTHON /i ysnn
n BoOOIEe TOBePXHOCTHBIX 3 deKrToB Oyer
TOJIBKO BO3PACTaTh — 4eM MeHbIle 00BEKT, TeM
60JIbIlle OTHOIIIEHUE TOBEPXHOCTH K 00bEMY, a
3HAYNT, TEM CYIIIECTBEHHEE POJIb UMEHHO ITOBEPX-
HOCTH.

Bomnpoc 5. Iloxymaiite, mouemy.

Kak pmenatorcs ajieMeHTapHbIE, HO Jlafoline
TIPaBUJIbHBIE OTBETHI PACYETBI, KacCaIONTHecs
muddysnm, a TakKe Kaknue HeTPHUBHAJIbHBIC
a(deKTbl BO3HUKAIOT, KOT/Ia CBUHEI] TIPIXKAT K
30JI0TY 1 OCTaBJIEH B TIOKOE HA KaKOE-TO BPeMs,
BbI MOXKeTe y3HaTb U3 JIByX 3aMedyaTesbHbIX
kaKeK: leryaun A.E. «Ouepkn o nuddysun
B Kkpuctasnax» u boxmreiin B.C. <«AToMbI
6ayskgaor 110 kpucraany» (Bubanoreuxa
«KBanT», Bbin. 28). Hacyer UMeHHO CBHUHIA U
30J10Ta — IIyTKa. B 3THX KHIKKAX PacCKa3aHo
0 MHOTHX SKCIIEPUMEHTaX; B WHTEPHETEe OHH
ecTb Ha MHOTHX caiitax. [uddynaupyiite n
HacJax/airech.

[lo cero MoMenTa peub maa o Auddysnn B
tBepaoM Tene. Juddysus B KUAKOCTIX U
rasax, KOHEYHO, BO3MOXKHA, HO TYT €CTb CBOM
ocob6eHHOCTH. [71aBHAsT — JBI>KEHHE MOTOKOB,
TeYeHUs] B JKUJIKOCTH, CKBO3HSIKM M BETEP B
atMocdepe. OHNI TOXe TIEPEHOCAT BEIIeCTBO, 1
B OOBIYHBIX YCJOBHUSIX ropasio addekrushee,
yem auddysus. [loaromy mpumep <«auddy-



3UH», KOTOPBII 9aCTO IPUBOUTCS B KHIDKKAX,
a WMMEHHO pacIpOCTPAHEHHe 3araxa JyXoB,
HeBepeH. D10 He auddysus, a Betep.

Bomnpoc 6. Kcraru, ot yero ere, kpome auddy-
3UN M CKOPOCTH BeTpa, 3aBHCHT PacHpPOCTpaHeHue
3amaxa’?

Korpga mbl 06cysxnamn anddysnio B TBEpIOM
tesie, TO pazaenuan auddysuio B o6beMe U 1o
rnoBepxHocTu. I[IpumoBepXHOCTHBIN CJION MO-
JKET HEMHOTO OTJIMYatbcs OT obbeMa — s
JKUJIKOCTEI 3TO yKa3aHO B IIKOJDHOM y4eOHU-
ke. [l TBepABIX TeJ TaKoe OTJMYHe TOoXe
BO3MOXKHO — TI0 KOHIEHTPAIUK JIUCJIOKAIINII,
110 3JIEKTPOHHBIM CBOWCTBaM, 110 cocTasy. llo-
atomy aud@ysus B MPUTIOBEPXHOCTHOU 06JIac-
TH UJeT MHave, Hexxesan B o6beMe. Ho moBepx-
HocTHON auddysneit nan Murpaimeil Ha3bBa-
10T He ee, a UMEHHO IepeMelieHne 110 caMoi
MTOBEPXHOCTH, TIOJI3aHUE 10 Hell.

A cymiectByer Jin ioBepxHocTHast audpysust
B KMJKOCTSIX 1 razax? Cama rpaHnIia K1/ KoCTH,
Kak $BJIEHHE IHPUPOJbI, BIIOJHE CYIIECTBYeT.
I'panniy XKUIKOCTH € TBEP/BIM TEJIOM U ra3oM
MBI BUINM B KQKJOH JIy>Ke U KasKJOM CTaKaHe.
I'panuiry raza c TBEP/bIM TEJIOM 1 3KU/IKOCTHIO Mbl
TOXKE BU/IMIM TTOCTOSTHHO. ['paHuIly AByX SKHUJIKO-
CTeil BaM MOTJIM TIOKa3bIBaTh HA YPOKE.

Bonpoc 7. A kak yBuJeTb rpaHuIly AByX rasoB?

I'panuity AByX ra3oB MOKHO OGHApY>KHUTb
KOCBEHHO, 1 9TO BaM Ha YPOKe TOKe ITOYTH Ha-
BEpHAKa MOKa3bIBaJii, HO CKOpe€e BCETO — Ha
ypPOKe XUMHUHU. A pa3 CyUEeCTBYIOT TI'DaHUIIbI
MEXK/y JBYMS JKUJKOCTAMU U MEXK/Jy [BYMS
rasaMu, a TaKyKe MeK/1y )KMIKOCTDIO U Ta30M, TO
BIIOJTHE MOKHO CHPOCHUTD: CYIIECTBYET JIM IO-
BepxHOcTHASA JU(dY3UA B 9TUX TPEX CIydasix?

Bonpoc 8. Ilouemy Boja ucnapsiercst ObicTpee,
KorJa HaJ Hell ayer BeTepok? Kaxoii mo6ouyHbIi
TIPOIECC MOXKET YMEHbBIIATh 3TOT 3PeKT?

[uddysueii B prsnke HA3BIBAIOT PACIIPOCT-
paHeHue He TOJIbKO aTOMOB HJIM MOJIEKYJI, HO 1
aeMeHTapHbIX yactul. CxaskeM, nuddysueit
U3JIy4eHUS HA3bIBAIOT PACIPOCTPAHEHNe H3JIy-
YeHUsI B cpelle NPU HAJMYUH MHOTOKPATHOTO
IIOTJIONEHYS ¥ [TOCJIE/IYIOIEr0 HEKOT€PEHTHOTO
HCIyCKaHug (POTOHOB. 3aMETHM, YTO PaCIIPOC-
TpaHeHHe WU3JIyYeHUs B Jasepe, Korjga HMeeT
MeCTO KOTepPEeHTHOCTD, Tak He HasblBaloT. Ilpu-
Mep aud@y3un u3Iydenis — paclipocTpatenue
UBJIYUEHHUS B IIJIOTHOM TOPSTYEM ra3e, HallpuMep
B armocdepe Cousnna. B pgeiictBuresbHOCTH

aHaJorusg Mexxay auddysneii aToMoB U aud-
(py3ueii n3ydeHns He TOYHA, IIOTOMY YTO 11OC-
Jie MOTJIOI[EHUS KBAaHTA OJHON 4acTOTBI MOXKET
ObITb MCITYIIEH HOBBII KBAHT JIPYTrOi 4acTOTHI.
Hanpumep, 1pu Tex temieparypax, KOTOpbie
nmerorcst B nentpe CouHia, a 3to 15 MUJIN-

OHOB TPa/LyCOB, OCHOBHASI SHEPIHsl N3JIyUeHUS
IIPUXO/UTCST HA PEHTTeHOBCKNH auara3on. Ho
M3-32 MHOTOKPATHOTO TOTJIONIEHUs] ¥ Hepens-
JIYYEHUS JI0 TIOBEPXHOCTH U3JIydeHUe JIOXO/UT
3a BpeMs Tops/ika 1 MUJIMOHA JIeT, TIPU 3TOM
€ro CIIEKTP CYIECTBEHHO N3MEHseTcsl — JUINHA
BOJTHBI yBesmunBaeTcs B 2500 pa3, 1 MbI TOTy-
JaeM BOJIMMOE H3/IydeHIE.

Uro xkacaercs niuddysnn Apyrux ajaeMeHTap-
HBIX YaCTHUIL, TO 32 IPHUMEPOM JIAJIEKO XO/IUTD He
Hajio — nuddysus Bogoposa B Meramiax (oH
Heruoxo udGyHUpyeT B MalIaJni, HIKeJe
U HEKOTODBIX JPYTUX) IPOUCXOJUT B BHJE
HOHOB BOZOPO/IA. A UTO 3TO, KaK HE 3JIeMEHTap-
HbI€ YacTHIIbI — IPOTOHBI? BoT 1po auddysuio
B MeTaJlJIaxX JIefiTepust U TPUTHS TOTO CKa3aThb
yoKe HeJsb3sl.

B aromuOM peaxrope qudPyHIUPYIOT HENHT-
POHBI, BO3HUKAIOININE MIPH pacta/je sjaep. boic-
TpBIe HEHTPOHBI TpN ANDPY3UN OTAAIOT dHEP-
TuIo cpefe u 3amedsaiorcs. Ecim noriomnenue
HEHTPOHOB MaJlo, TO OHM 3aMEJISIOTCS J10
TEIJIOBOW HEPrUU U MTPOOJKAIT AU PyH/ -
poBaTh B cpe/ie, TIOKa He MOTJIOTSATCS O/IHUM U3
siep (BbI3BaB, BO3MOKHO, €r0 PACIa/l) UM He
BBIFIYT 3a TPAHUILY CPE/IbI.

B xauecTtBe BHEITHUX (PAKTOPOB, BIMSIONINX
Ha anddysuio, Bbinre ObLIM Ha3BaHbl TOK (3J1€K-
TPOHHBIN BeTep) U ajeKTpuueckoe nose. [pu-
YeM 3TO 110J1e MOKeT ObITb BHEIITHETO IIPONCXO3K-
nennst (Garapeiika W MPOBOJOYKM), a MOXKET
ObITb 1 BHYTpPEHHEro Tpoucxoskaenust. [1pen-
cTaBbTe cebe YaCTHYHO NOHU3MPOBAHHYIO 117143~
MY. DJIEKTPOHbI CYIIECTBEHHO JIeT4e HOHOB, OHU
muddynaupyoT 6picTpee, YyeM WOHBI, W ecJn
IJ1a3Ma He 3aroJiHseT KaKoi-To 00beM MOJHO-
CTBIO U 3JIEKTPOHAM €CTb Ky/a cOeKarThb, TO OHU
OTZAJIAIOTCS OT HOHOB. 3aps/ibl Pas/e/iaiores,
BO3HUKACT 3JIEKTPUYECKOe [10JIe, KOTOPOe TOP-
MO3UT 3JIEKTPOHbI U IIBITAETCS] YCKOPUTDH HOHBI.
Ho Bropoe y Hero noJy4aeTcst J10X0 — UIMEHHO
MOTOMY, YTO WMOHBI TsDKeJee BO MHOTO Pas.
[Tpornecc quddysun, Ipu KOTOPOM 3TEKTPOHBI
B 3HAYNTEJIbHOII Mepe NPUBS3aHbI IOJIEM K
MOHAM ¥ TI09TOMY B OCHOBHOM COXPAaHSIETCs Hell-
TPAJIbHOCTD IT1JIa3Mbl, MMEET CBOE Ha3BaHUE —
ambunosisipaas quddysus. [Ipasna, kpacuso?
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Oco6as curtyalys BO3HUKAeT, KOI/a I1asMa
rnorpyskeHa B Marautioe noJie. OHO orpanunyu-
BaeT /IBIDKEHHE 3apsUKEHHDIX YaCTHI[ IIONEPeK
TOJIST, 3ACTABJSISI UX J[BUTATHCS 110 BHHTOBBIM
TPaeKToOpusiM. B aTOM ciiydae HaIMUHe CTOJIK-
HOBEHHUiIT — 3TO eAMHCTBEHHAS BO3MOXKHOCTD
JUIS 4aCTUI[ CKAYKOM HM3MEHUTh HallpaBJIeHUE
BEKTOPA CKOPOCTH M CMECTUTDHCS IIOTIEPEK Mar-
HUTHOTO T10JIS.

CaoBo «inddyanst» BoobIIe-TO JATUHCKOE U
03HaYaeT MpoOCTO «pacipocrpanennes. [loarto-
My B 6bITY Ha3biBatoT Auddysueii Bce, 4To XOTh
B KaKOM-TO CMbICJIe pacipocTpansercs. /la u B
(busmKe 3TO CJIOBO INPHUMEHSETCS IINpPE, YeM
pacckasaHo Boiie. Hanpumep, nHoraa ropopsr
«pacmpocTpaHeHne Teray, a nHorga — «aud-
dbysus tensas. BrpodyeM, BTopoe BbIpaxkeHHe
[IPUMEHSIETCS Ha TIOPSJIOK peske. Beskoe Jm
pacnpocTpaHeHne MOKHO HasBaTb Juddysn-
eit? s pU3UKK eCTeCTBEHHO Jle/leHNe KaKHuX-
TO mporeccoB (HapuMep, MPOIECCOB PacIpo-
crpanenus) Ha rpynnbl (Hanpumep, auddy-
3un u He aAuddy3un) MO 3aKOHOMEPHOCTSIM,
KOTOPBIM OHM nojaunHstorces. Ecau pacnpoct-
PaHSETCS BEILIECTBO, TO €r0 MOKHO XapaKTepu-
30BaTh pacrpejiejieHneM B mpocrpancte (Ha
JIHE CTAKAHA C YaeM CaXap eCTb, a BbIIIE — HET),
€CJI TEIIO — pachpejieJieHIeM TeMIepaTypbl
(3a OKHOM XO0JI0/iHO). PacnpocrpaHenue xa-
paKTepu3yeTcsi U3MEHEHNEM KOHIIEHTPAIllMH B
JIAHHOM MecTe — ceifyac BellecTBa 3/1ech HeT, a
BOT Yepe3 MUHYTY OHO TTOsIBUIOCH. CBsI3b 9THX
JIBYX XapaKTEPUCTUK — paclipefie/ieHus B IPO-
CTPAHCTBE W CKOPOCTH WM3MEHEHUS B JIAHHON

2018/Ne12

TOYKe — U Oy/IeT OCHOBHOI XapaKTepUCTUKOI
muddysnn.

[Tpu 11060M JIM pacrpoCTpaHEHUH Ta CBSI3b
onunakoBa? Het. Ilpencrasbre cebGe, HaAmpu-
Mep, KaK KamWJJISPHBIMEA CUJIAMH BTSITUBACTCS
Bo/ia B TyOKyY. B Kak0i TOUKe KOHIIEHTPAIUS
cHavasa HoJib (BoAa emie He MHOAHAMACH [0
STOTO YPOBH), TIOTOM KOHIIEHTPAIUS CKAYKOM
BO3pacTaeT U IepecraeT uaMeHATbes. [IpaBma
JKe, caxap B CTaKaHe U TEeIIO B PyYyKe CKOBOPO-
ab1 (0CTOPOIKHO!) pacipocTpaHsercss He Tak?
Tem He MeHee, ToBopAT U Tpo auddy3uio B
MOPUCTBIX cpeax. HasBanme — He camoe TJIaB-
HOE B )KM3HH, BayKHee MPABUJIBHO THCATh YPaB-
HEHUSI U pPelaTh 3a/laun.

Ecnu BbI Kora-To 3aiiMerech Gpuankoil aud-
¢ysun, TaMm Bac OXKHUJAIOT MHOTHE U pa3HbIE
HeokumaHHoCcTH. Bac xaer auddysus B HO-
BEHIMUX cIylaBaxX M B HeApax 3emun, auddy-
31s B IJyOMHAX 3Be3[[ M B MEXK3BE3/HOM IT1PO-
crpancrBe. [lpuuem nHeoxumanuoctu OyayT
BCTPEYATHCS HA KAXKOM IIary, Kak 9T0 0ObIYHO
u 6b1BaeT B pusnke. Hampumep, Bbl 06HAPYKU-
TE, YTO, COTJIACHO KJIACCHYECKOMY yDPaBHEHUIO
TeTIoTiepe/iavyy 1 ypaBHeHWo And¢y3nn, cKo-
POCTb pacIpocTpaHeHus MoJydaercs... 6ecKo-
Heunoii. MDusuka, KOHEYHO, C ITUM KaK-TO
cripasJsieTcst, Ho Kak? [louemy Ha 3TO He yacTo
o6pamaior BHIManue? [loyemy aTo He MerraeT
pemiaTh MpaKTHYeCKue 3a/avyu, HO moyeMy 00
5TOM HaJI0 3HATH W MOMHUTDH?

A moToMy, uTO cepa MpUMeHeHHS (PU3NKI
pacIIupsieTCs ¥ B HOBOU 3a/iaye MOKET OKa3aTh-
CsI BAXKHBIM TO, Y€M NPUBBIKJHU MTPEeHeOPerarh.

IK3AMEHAININOHHBIE MATEPHAJIBI

VIHCTUTYT KpUnTorpaduu, CBA3m
1 nHpopmatrkm Akagemmnn G Cb
Poccnn

BCTYMNMUTEJIbHbIE 9K3AMEHbDI
OPNINKA
BAPVAHT 1

1. Teso Maccoit M nozaBelnieHo Ha AJIUHHON
HeBecOMON HuUTH. HuTb OTKJIOHMIM Tak, 4TO

TeJI0 MO/IHSLIOCHh Ha BbICOTY /. TTocie aToro tesio
OTIIYCTUJIM. B MOMeHT, Koria OHO IPOXO/UJIO
HIDKHIOIO TOYKY TPAeKTOPHM, B TeJO IIOMajl
TOPU30HTAJbHO JIETEBIIUH TJIACTUJINHOBDIN
MMapuK, KOTOPBIN MPUJUI K TEJy, TMOCJ€e Yero
TeJI0 0CTaHOBUIOCH. C KaKoil CKOPOCTDHIO JieTe
MapuK, ecJau ero macca m?
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2. ITapuk maccoit m = 100 T moaBeleH K
MOTOJIKY Ha JIEFKOU 1py:kune Aaunoi [ =0,5 M
n xectkoctbio B = 100 H/M u cosepraer
BEPTHKAJbHbIE KOJICOAHUS C aMILIUTYI0d A =
=2 cm. Haiijiure Han6osibiiiee yCKOpeHUe Ima-
puKa.

3. /IBa TOUEUHBIX 3aps/ia ¢; U ¢, PacHoJIo-
>KE€HBI Ha HEKOTOPOM PACCTOSHUN APYT OT IpyTa
B OECKOHEUHOU CPe/Ie C [MIEKTPUUECKOIT TTPO-
HUI[AEMOCTBIO € = 2. JHeprus UX B3auMo/eii-
cTBust paHa W. 3apsiibl moMecTuin B 6eCKo-
HEYHYIO Cpelly C AMAJCKTPUUYECKOU MPOHUIIae-
MOCTBIO € = 4, COXpaHWB X PACIOJIOKEHHE.
DHeprus NX B3anmMo/ielicTBuA cTasa paaa W, .
Haiizure ornomernne W, /W .

4. Cuja TOKa B METAJLIMYECKOM TIPOBOHIKE
paBHa [ = 1 A, ceueHume TPOBOJHUKA PABHO
S =5 mm? . TIpusnMasi, 4T0 B Kaxkg0M KyGu-
YeCKOM CaHTHMETPe MeTajjia COMAEPXKUTCS
n= 2,5-1022 CBOOO/HBIX 3JIEKTPOHOB, OIpe-
JleTHTe CPEIHIOI CKOPOCTh (v) MX yIOPSIO-
YEHHOTO JIBVIKEHUS.

5. Tox wHachllieHust, MPOTEKAIONUN Yepes
BaKyyMHbBII (DOTOIEMEHT MIPU €r0 OCBEIIEHUN
ceeroM, paser [, = 0,5 HA. Omnpegennre
yncao N ($OT0a2TeKTPOHOB, TOKHUIAIOIINX T10-
BEPXHOCTb KATO/la B €JIMHUILY BPeMeHu. 3apsiji
anektpona e =1,6- 107" Ko

6. OH MOJTIb M/ICATTHHOTO ra3a MePEeBO/IST U3
cocrostHus 1 1o n3o6ape B COCTOsIHUE 2, a 3aTeM
M3 COCTOSTHUSA 2 B COCTOSHHUE 3 TI0 M30XOpE.
Haiigure TeMepaTypy raza B KOHEYHOM COCTO-
sunu. Cuwmraiire, uto T;, py, ps, Vi, V,
usBecTHbl. [Ipu Kakux HAYaTbHBIX YCJIOBUSIX
KOHeuYHast Temrieparypa Oy/eT paBHA HavaJlb-
HOI?

7. ToHkas omHOpPOAHASA TIATOYKA TMAPHUPHO
3aKperyieHa 3a BepxHuil koneil. HwxHuit xo-
Hell [AJOYKK MOrpyskeH B Bojy. IIpu paBHose-
cun 10Ji BoAoH Haxomurcess kK = 1,/5 uactb
JUIMHBL 1Tamouku. Onpejesure MJIOTHOCTh Ma-
Tepuaa, U3 KOTOPOTO M3rOTOBJIEHA IMAJI0YKA.
[TnorHocTs Bozbl P, =1 r/ oM’ |

8. Vmeercs BUTOK U3 TIPOBO/ISIIETO MaTepu-
asia paaunycoM R, 1o Hemy Teudet Tok /. Haiiaure

Puc. 1

MarHUTHOE TI0Jie Ha OCH KOJbIla B TOuke P,
Haxojdueiicss Ha pacctossHun L OT I1eHTpa
kousbiia (puc.1).

BAPVIAHT 2

1. Bpycox Maccoit m TOKOWUTCS Ha TOPU30H-
TaJbHON ImepoxoBaToil mosepxHocTu. K memy
MPUKpEILIeHa PYsKUHA JKeCTKOCThIO k. Kakyio
paboTy HAJIO COBEPIIUTD JIJIsI TOTO, YTOOBI C/IBU-
HYTh ¢ MecTa GPYCOK, PAaCTIATUBAs MPYKUHY B
TOPHM30HTAJIBHOM HAIPaBJICHNN, ecn Koahdu-
[UEHT TPEHUs MeX1y OPYCKOM U IMOBEPXHOC-
TBIO paBeH WU ?

2. 3apsan g = 0,5 uKua paBHOMepHO pactpe-
nesieH o cdepe paauycom R = 25 cm. Haiiu-
Te Pa3HOCTh TMOTEHINATIOB MEXAY TOYKAM,
JISKAIIMI Ha PACCTOSTHUAX 7y = D CM U 7 =
= 50 cM oT meHTpa cdepsl.

3. [IpoToH B MarHUTHOM IIOJIE C MHAYKIHEH
B = 0,01 Tx ommcas OKPY>KHOCTb PailyCcoOM
R =10 cm. Haitiure ckopocTb MpoToHa. 3apsijt
nporona g =1,6- 107" Kna. Macca nporona
m=167-10" «r.

4. K xongencaropy emroctbio C = 10 MrxD,
3apspkeHHOMY J0 Hampspkenus U, = 6 B,
TMOKTIOYUIN KaTYIIKy WHAYKTUBHOCTH. B TOT
MOMEHT, KOT/la HaIpsUKeHne Ha KOHJEHCATOpe
yMmenbimioch 10 U = 4 B, cuma TOKa B
katymke cocrapuia I = 10 MA. Uemy paBHa
MHAYKTUBHOCTD KaTYIIKW?

3. Boipasute, B eMHAIAX TTOCTOSHHON Puj-
Gepra R, 4acToTy (O TOJIOBHOW JIMHUU CIIEKT-
pasibHOll cepun Jlalimana atomMa BOJOpOJIA.

6. Hax MosieM njieaJbHOrO OJJHOATOMHOTO
raza COBepIIAT IUKJINYECKUII Tpolecc
V =V(T) (puc.2). Onpenennre KITI/I mukma,

Vi
V3 J
/
1
V1,Z > 2
/ 1 -
T, T, T
Puc. 2

3Hasd, 4YTO B HAaYaJbHOM COCTOAHWH 1 TeMIepa-

Vs
Typa rasa 1j, OTHolleHue 7=n, a mpu
1
M30TePMHIUYECKOM TIporiecce 2—3 COBEPIIACTCS

pabora A.
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7. JlepeBAHHbBIN IMap TPUBSI3aH TOHKON HU-
TBIO KO JHY ITUJIMH/PIYECKOTO COCY/Ia C TI0TIA-
apio aaa S =100 cem®. B cocy/l HAJTWBAIOT
SKU/JIKOCTD TaK, YTO OHA MOJHOCTHIO 3aKPbIBAET
1rap, P 3TOM HUTDb HATSHYTA, PACIIOJIaraeTcst
BEPTHUKAJbHO U JIEIICTBYET HA IIap C HEKOTOPOIt
cuioit T. Eciam HuTh mepepesaTb, TO MIiap
BCILJIBIBET, & YPOBEHD KUAKOCTH M3MEHUTCS Ha
Besnunny 7 =25 cM. Haiigure cuity HaTspKeHust
uutn T'. ILmotHocTs skuakoctu P = 1000 KF/ M,

ycKopeHnue cBobogHOTO najenust g =10 M/ 2.

8. TpamBaii maccoit M ¢ pBuUTaTeseM TOCTO-
SHHOTO TOKa [BI)KETCS BBEPX MO YJIWIE MO
VTJIOM O, K TOPU30HTY C TIOCTOSTHHOIN CKOpOC-
Thi0 v. Haiinure cuiy Toka B ABUTATE]E, €CIH
nanpspkenne pasno U, KIIJl tpamBas 1,
ko3 ureHT TpeHus WU .

MEXXPETMOHAJIbHAA OJINMIMNUALA
LUKOJIbHUKOB HA BA3E BEAOMCTBEHHbIX
OBPA3O0BATEJ/IbHbIX OPFTAHU3ALINNA

MATEMATUKA

N3BPAHHbBIE 3AJAHYN

1 (8-9, 10, 11)!. CpaBuure uucsa

)2018

(102017+102°16+...+10+1 u

2017
(102018 +1027 4 +10+ 1) .

2 (8-9, 10). HaiinuTe Bce 4eTHbIE HATYPAJIb-
HbBIE YMCJA 7, Y KOTOPBIX YUCJIO JesuTeseit

n
(Brmmouas 1 1 caMo 1) paBHO 3 (Hanpumep,

ymeso 12 nmeer 6 gemmreneii: 1, 2, 3, 4, 6, 12.)

3 (8-9, 10). CkoabkuMu crocobamu U3 mep-
BBIX 7 HATYpaJbHbIX unces 1, 2, ..., n MOXKHO
BbIOGpaTh 4 umcsaa, o6pasyloluX BO3PACTAlo-
Y10 apupMeTHIecKyio IPOTPeccuio?

4 (8-9, 10). U3 nymkra A B myHrr D,
paccrostHue Mesky KoTopbiMu paBHO 100 kM,
Bblexasn aromobusuct. Jlopora uz A B D
NpoXoJuT yepes nyHkTbl B u C. B nyHkre B
HaBUTATOP MOKA3aJI, YTO exaTb ocTajaoch 30 MuH,
1 aBTOMOGUJIMCT TYT K€ CHU3UJ CKOPOCTb Ha
10 xm /4. B mynkre C HaBHTaTop MOKa3al,
4yTo exarb ocrajoch 20 KM, U aBTOMOOWJIUCT
Cpasy >Xe BTOPO pa3 CHU3MJI CKOPOCTD ellle Ha
10 kM /4. (HaBuratop onpe/ie/sieT ocTaBllee-
cs BpeMsl Ha OCHOBaHMU TEKyIel CKOPOCTH

1 B cko6kax mociie HOME€pa 3a/lav yKa3aH KJlacc,
B KOTOPOM OHa IIpe/Jiarajachb.

2018 /Ne12

aswskenus.) Omupejenure TepBOHAYANBHYIO
CKOPOCTh aBTOMOOWJISA, €CJIM U3BECTHO, YTO Ha
nyTth u3 B 8 C OH notpartust Ha 5 MuH GOJIbIIe
BpeMeHHu, yeM Ha 1yTh u3 C B D.

5 (8-9). Ilpo marypajbHble uucia d, b, ¢
M3BECTHO CJIE/YIOIIEe:

a” memwresi Ha c;

b¢ pemurcs Ha a;

¢’ nemurca ua b.
Noxasxure, uto (a+b+c
npousseienne abc.

6 (8-9, 10). B tpanennn ABCD ¢ ocHoBaHu-
amu BC u AD yron DAB npsmoii. V3BecTHO,
410 Ha cropore CD CyIIecTByeT eANHCTBEHHAS
touka M Takadg, urto yroa BMA nupsmoil.
Hoxaxxure, yuto BC = CM u AD = MD.

7 (8-9). V3BecTHO, UTO CyIIECTBYET HATY-

a+b+c
) JIeJINTCSA HA

paiabHoe umucyao N Takoe, 4YTO («/5—1)) =

= 4817152 — 2781184 - \/3 . Haiizmre N.

8 (10). IIpousseseHne MOJTOKUTETbHBIX YN~
cesaunbo6oabue 1. JJokaskure, 4TO 1 1I0O0r0
HATypaJbHOTO 7 = 2 BEPHO HEPABEHCTBO

(a+b)' >a" +b" +2" -2.

9 (8-9, 10, 11). Buucannasg B Tparmenuio
OKPY’KHOCTb IIepeceKaeT ee JMarOHall B TOY-
kax A, B, C, D (puc.3). JIokaxure, 4T0 cyMMa

5

U U
amH 1yt BA+ DC 6oJibliie CyMMBI JAJIUH YT
Y,
AD+CB .
10 (11). Pemmure ypaBHeHue

x? —2xsinxy+1=0.

11 (11). Harypasapsubre wucaa ot 1 go 100
3arucanu moapsia 6e3 npobesioB. 3areM MKy
HEKOTOPBIMHU IIpaMu TIOMECTHIIN 3HAK ILTIOC.
(Hanpumep, 1234567 + 891011...15 +
+1617...99100.) Moser /i1 NOJyYUBIIAsCS B
pesyJbTate cymMMa JeJauTbed Ha 1117

12 (11). OcHOBaHWEM TPEYTOJIBHON MUpaMu-
bl SABC caty>XKUT NPaBUJIbHBIA TPEYTOIbHUK
ABC co croponoii 4. VI3BecTHO, 4TO /LIS TIPO-



O9K3AMEHAINMOHHBIE MATEPMAIJDBI

N3BOJIbHOI TOUKN M HA IPOJIOJIKEHNH BBICOTBI
nupamuabl SH (touka S HAXOAUTCS MEXKIY
toukamu M u H) yrast MSA, MSB, MSC,
ASB, ASC n BSC pasubl Mexxy coboit. [Toct-
poen map pajamyca 1 ¢ HeHTpoM B Touke S.
Haiizure o6bem o6mieit uactu mupamuibl SABC
u mapa (o6beM 1mapa pajuyca R BblUnCISeTCst

no gopmyse V = %nRS ).

13 (11). [lokaskure, 4To 715 JIOGOTO HATY-
PAJIbHOTO YHWCJA 72 CYIIECTBYET HATypaJbHOE
uyucio N rtakoe, uto npoussejaenue 9-5" - N
Ipe/ICTaBIsieT co60i NAAUHOPOM, T.€. YUCJIO,
JIECSITUIHAS 3aTACh KOTOPOTO CIIpaBa HAJEBO 1
cJieBa HAIpPaBO YNTaeTcs oAuHakoBo. Hampu-
Mep, A1 n = 1 Moxuo B3aTh N = 13, Tak Kak
9.5".13=585.

14 (11). IIpu KaknX 3HAYEHUAX MapaMeTpa d
cucTeMa ypaBHEHHN

Jx—6) +(y—13) +
x-18) +(y-4) =15
(x-2a) +(y - 4a)’ =1

4
nuMeeT e[MHCTBEHHOe pelreHre?

OPNINKA

9 knacc

1. K noroJsiky Ha HEBeCOMOIl HUTH TO/IBEIIEH
rpy3 1. B cBoto ouepesib, K HUXKHE! 4aCcTH 9TOTO
Tpy3a Ha HEBECOMOW HUTH HOJBEIIEH IPy3 2.
OrTHomlenne CUI HATSKEHWS BEPXHEH U HIXK-

F
HE HUTEW M3BECTHO: b n . Haiigure oTHO-

2

m
IIeHre Mace Tpy3oB [ = —-
m

2
2. Ecim k Testy, HaXOASIEMyCsl Ha TOPH30H-

TANBHOM MOBEPXHOCTH, TPHIOKHUTH cuiay F =
=120 H, nanpasiennyo Baus (k 3emie) moj
yraom o = 60° K ropusoHTy, TO TeJO OyJeT
aBurarbest 6e3 yckopenusi. C KakiM yCKOPEHH-
eM a GyJieT JBUTaTbCS ATO JKe TEJIO, eCJIU TY Ke
cuJty Hanpasuth BBepx (OT 3eMJIn) 11O/ TEM JKe
VIJIOM O K ropu3onTy? Macca Tena m =25 Kr.
Ycxopenue cBo6ozanoro magenus g =10 M/ c?,
sin 60° = 0,87 .

3. Kakoe Hanpsprenne U TIOKa3bIBaeT BOJIBT-
MeTp € BHYTPEHHUM COIPOTHBJECHHEM R =
=10 Owm, ecsm uepes Hero 3a BpeMs T = 10 ¢
MpOTEeKaeT aJeKTpuueckuil 3apan g = 1 Ka?

Cua ToKa, TEKyIIero 4epes mpu6op, MOCTO-
SHHA.

4. OauH MOJIb WIEaJbHOTO Tasa, B3SITOTO
npu Temneparype T, = 300 K, uzoxopuuecku
OXJIAJIJIM TaK, 4YTO €ro J[aBjieHHe B COCY/Ie
ynajnao B # = 3 pasza. 3areM ras uzob6apuuecKu
pacIIMpUIN TakK, YTO €ro TeMIeparypa crajia
paBHON mMepBoHaYaIbHON. Kakoe KOIIMIeCTBO
TETIIOTHI () TOJIYYNT Ta3 B YKa3aHHOM 3KCIIe-
puMenTe? YHuBepcaJbHas Ta30Basg IOCTOSH-
nas R =8,314 Jlx /(Mo - K).

S. MaJjieHbKuil JIerkuil mapuk, OPOIIEHHbII
CO CKOPOCTBIO ¥ TIOJ YIJIOM O K TOPH3OHTY,
VIPYTO yAApsSeTcs 0 BePTUKATIHHYIO OUeHD TS-
JKEJIYI0 CTEHKY, [BIDKYIIYIOCS C TTOCTOSHHOM
CKOPOCTBIO © B TOM K€ HAIpaBJIE€HUU, YTO U
mapuk. Ckopoct @, ¥ O Jexar B OJHOU
maockoctu. V3BecTHO, 4TO mocJie coyapeHust
CO CTEHKOI TapuK BO3BPAIIAETCS B Ty TOUKY,
oTKyza ero 6pocuiu. Yepes Kakoe BpeMs T
nocJje 6pocKa MPOU3OILI0 CTOJKHOBEHHUE IIa-
puka co crenkoit? Ha xakom paccroganuu L ot
TOYKM OPOCAHUS MapHKa HAXO/MJIACh CTEHKA,
KOT/Jla TIPOM3OIIIO0 CTOJKHOBEHUE IapuKa Co
CTEHKOI1 ?

10 knacc

1. Dueiita [Tana npeacrasisier co60it HAGOP
TPyGOK PasHOil JJIMHBI U3 TPOCTHHUKA, 3aKPbI-
TBIX C HUKHETO KOH-
na (puc.4). Ecmm
JIIyThb Ha BePXHUN
KOHeIl Tpy6KHU, OHa
n3naeT 3ByK. Kaxoit
JTOJDKHA OBITH JIJIH-
Ha TPyOKHU, 4YTOODBI
3Byyasja HOTa COJb
BTOPO# OKTaBbI?
ITOI HOTE COOTBET-
CTBYET 9acTOTa 3BY-
ka 880 I'm. Cxo- p,- 4
pPOCTh 3ByKa paBHA
340 ™/ c. Kak mameHuTCS 3BYK, €CJIU TPOCTHU-
KOBbIe TPYOKU 3aMEHWUTb Ha MEIHbIC?

2. Bpruncsaure KOHIEHTPAIMIO 72 U OICHUTE
cpejiee pacctostame (7) MeIy MOJeKyIaMi
a30Ta MpH YCJIOBHUAX, GJIU3KIX K HOPMAJbHBIM
(nasnenue 10° Ila, temmeparypa 0 °C ).

3. /lBa Tesa, Macchl KOTOPBIX My W My,
HAXO/ISATCS Ha TJIAJKOU TIJIOCKOCTH ¥ COE/IITHE-
HBI HEpAaCTS)KMMBIM IITHypoM Maccoir m. Ha
TeJio Maccoil my peiictByer custa F. ITpu kakoit
cune F, MIHYp HOPBETCS, €CJU HEeTOABUKHBII
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IIHYDP, TPUKPEIJIEHHBI K CTeHE, PBETCS IO
neiictBueM cuibpl Ty ?

4. Kamng Boap! ¢ koapuUImeHToM moBepx-
HOCTHOrO HaTsDKenuss ¢ = 73 MH /M naxoaut-
Ccs B HEBECOMOCTH MEX[Y JABYMSI TJIAJKUMU
MapaJsiieJbHbIMU TJIACTUHAME, JKECTKO CKperl-
JICHHBIMH JPYyT ¢ japyroM. Boma cmaunBaer
MJIACTUHBI TaKUM 06pa3oM, YTO KAl Tpef-
cTaBJisieT cOO0 UIMHAP [uaMeTpoM D =2 MM
¢ NPSIMBIME yTJIaMu 1pu ocHoBaHuu. Otpejie-
JIUTE CUJIY, IEUCTBYIONIYIO HA KAXKIYIO U3 ILa-
CTHH CO CTOPOHDI KaILJIH.

5. Cm. ycaoBue 3ajaun 5 st 9 kiacca. A
BOTIPOC JPYTOii: Yepe3 Kakoe BpeMs Ty IOCJIe
CTOJIKHOBEHNS MIapuKa cO CTEHKOII apuK Bep-
HYJICSI B TOYKY GpOCAHsi?

11 knacc

1. Vceuennas mupamuga (puc.5) moMenieHa
B aJeKTpocTatmiyeckoe noge. Korga usmMepnim
norexnuannsl touexk A°, B u C’, okasanocsk,
YTO OHM OJMHAKO-
A B A
BBI M paBHBI 5 B, a
AI

= B TOYKeE Iiepeceve-

HUSL BBICOTBI TIHPa-
MHU/IBI ¢ OCHOBAHHU-
eM TOTeHInas pa-
Bed 6 B. Haiinure
BO3MOJKHbBIE Ha-
MpaBJIeHNsT BEKTO-
pa HanpsHKEHHOC-

puc s © TH 3JIEKTPUIECKO-
IO TIOJISI B TOUKE MEPECceYeHmsl BBICOTHI MUPaMU-
JIbl C ILIOCKOCTBIO Tpeyrobuuka A'B'C’. Us-
BECTHO, UTO YTOJI MEXK/LY TLIOCKOCTSIME, B KOTO-
pbix geskar tpeyrombunkn A'B'C’ u ABC,
pasen 30° . Ilnomazap Tpeyrompanka A'B'C’
MHOTO MeHbIIIe TIomau Tpeyroabauka ABC.
2. B xanmmape pagumycoM 7, = 1 MM Haxo-
aurea caabo cMa-
yuBamIas €ero
CTEHKH JKUIKOCTH
C TIOKa3aTeJIeM Ipe-
aomieHus n = 1,4
/" (puc.6). Uepes ka-

IKpau

0 /
/
> OUANAp  CHU3Y
\ / BBEPX [IPOITYCTUIN
mapaJsJjesbHbI I
CBETOBOM ITy4OK Ta-

2ry Koro e pajauyca
1, . Ha sxpane,
PacCoN0KEHHOM
Ha paccTosiHuu [ =

2018 /Ne12

= 10 cM or MeHuCKa, 06Pa30BAHHOTO JKH/IKO-
CTBI0, HAGJTIO/TaeTCA TIATHO CBETA PAINYCOM 7 =
=5 M. Haiijiure KpaeBoii yroJ CMaunBaHus 0 .

3. B cxeme, n306pakeHHOI HA PUCYHKe 7, B
HavyaJbHbII MOMeHT KJtou K pasoMKHYT, a B
3aMKHYTOM KOHTYpeE IIelld TeYeT YCTaHOBUB-
mmiicst Tok. OmnpeesnTe BeJUYNHY U HAIlpaB-

L K

|
Puc. 7 s ||
Jenne Toka [ 4epes comporuBieHne R cpasy
TIOCJIe 3aMbIKaHUs KJoda. VI3BecTHDI cie/yio-
mue mapamerpol 1enn: D/IC nepBoii Gatapen
¢, =10 B, ee BHyTpeHnnee conpoTuBIeHNE 7 =
=35 OwM, BHyTpeHHee COIPOTHUBJICHNE BTOPOii
6arapen 7 = 20 Owm, conporusjenne R =
=4 Om.

4. VpeaspHblil Ta3 B KOJMYECTBE V MOJb
yuacTByeT B 1ipoliecce AB B koopaunatax p,7T ,
rje P — IJIOTHOCTb ra3a, T — temMiepaTypa rasa
(puc.8). Tlpu kakoii
TeMieparype Jasje- P
Hue rasza Ha 25% A
MEeHbIIle MaKCHMaJIb-
noro? Temmepatypa
T, m3BecTHa. 0 N

5. Cm. samauy 5 T
aas 10 kaacca. Puc. 8

MATEMATUKA
N KPANTOTPADNUS

N3BPAHHBIE 3AOAHN

1 (8-9, 10 kuaccol). Ha GyMaskHy1o JIEHTY B
cTpoky 3anucan 30-6yKBeHHbII pycckuii asda-
sut (E=E, I1=11, b=b). 13 nents! BbIpesaercs
(parment, coxepxammii 15 6yks (Hanpumep,
or M 0 bl). Ocraibhble 4acTu JEHTHI PACIO-
JIATAIOTCS T10/] HUM «BBEPX HOTaMi» TaK, 4TOGBI
Ha KpasixX TOJyduBIIeiicss TaGJauIlbl [PYyT HaJl
JIPYTOM OKa3aJuch coce/iine OyKBbl an(aBuTa.
g 3ammdpoBanusg cOOOMEHNST KAXKIYIO €ro

MHOII P CTY ®XIOU II I bI
I MUeXdani1ddvEOeq




O9K3AMEHAINMOHHBIE MATEPMAIJDBI

GYKBY 3aMEHAIOT Ha BTOPYIO OYKBY, CTOSIITYIO B 5 (879, 10 k). Jamunckumn xeadpamom
TOM 3Ke cTosi01e Tabunibl. Hanpumep, 3aimd- nops0dKa n Ha3bIBACTCS KBaJipaTHast TaGJIHIA 13
posas cqoso JIEIIO ¢ nomomuipio TabJuiibl, 7 CTPOK U 72 CTOJIOGIIOB, 3aII0JTHEHHASI HATYPaJIb-
nonyunm TC3U. Pacmmdpyiite coobienue HBIMH 4ucJaMu oT 1 10 7 TakuM 06pas3oM, 4To
bBBITBOBBE I'bAXYAA AE3BIIIEAP, mo- KayKIbII CTOJIOEIl M Kask/ask CTPOKA HE COLep-
JIy4EeHHOE YKa3aHHBIM C1Ioco6oM (BO3MOKHO, ¢ JKaT OIMHAKOBBIe uncaa. Ilycts L — matnHCKuit
UCIHOJIb30BAHUEM JAPYTON TaGJIuIIbI). KBaJIpat mnopsijika n. Yucso, crosiiee B 3TOM
2 (8-9, 10 kx1.). Ornuparommne KOMGMHAITAN KBaJIpate B CTPOKE C HOMEPOM i M CTOJOIE C
KOJIOBOTO 3aMKa IPE/ICTaBJIAI0T co60it HA6op 13 HOMepOM /, oGosnaunm Kax L (i, j). JlBa atun-
yeTblpeX MUP Xy, Xy, X3, Xy, KOKIAST U3 KOTO- CKUX KBajipata L; u L, HA30BEM OPMOzoHaANb-
pbix paBHa J6o 0, smbo 1. [Ipo st Kom6uHa- HBLMU, €CJI TIPU UX <HAJOKEHUN» He 06pasy-
LMK H3BECTHO clieftyiomiee: 1) poBHO 1OJIOBHHA €TCsS OMHAKOBBIX IIap 2JEMEHTOB B Pa3HbIX
BcexX Ha0OpPOB OTKPBIBAIOT 3aMOK, 2) eCan B gyelikax TabJuauIbl. A UMEHHO, €CJU
HaGope x1)= 1, To 3aMOK OTKpoercsas B 75% (4, j)# (s, t), 10
caydaes, 3) ecan Xy - x5 =1, TO 3aMOK OTKPO- .. ..
eTgﬂ B 50% cnyqaer 4)3€CJ11/I x4 =1, TO 3aMOK (Ll (l’ ])’ L (l’ ])) * (L‘ (S’ t)’LZ (S’ t)) ’
OTKPOETCs B 25% CJIYUaeB U 5) €CI Xy + X5 =1, a) TlocTpoiiTe mapy OpPTOTOHAJBHBIX JATHHC-
TO 3aMOK OTKpoeTcst B 62,5% cayuaes. Haiiaure KUX KBajpaToB Hopsaka 4. 6) Jlokaxure, uto
Bee OTIHUpalolue KOMOUHAIH. MHOJK€ECTBO, COCTOIIee U3 IIOIIapHO He OPTOro-
3 (89, 10 ku1.). B Texcre, cocrosimeM u3 24 HaJIbHBIX JATHHCKUX KBaAPaTOB IIOPS/IKA 77, He
6yKB W 3amucaHnoMm 0e3 HpOéeJIOB, 6yKBbI MOJKET COJIEPIKaTh 6oee ueM n — 1 KBajIpar.
IepecTaBJIeHbl 110 CleyIoleMy IPaBILy: 24-1 6 (11 xu.). Yro6e! nomacts B Kpunrosan-
6yKBa nocrasJieHa Ha 1-e MecCTo, 1-a 6yKBa — Ha JINI0, H606XOJII/IMO HpOfITPI gyepe3 BOpOTa C
2-¢ mecTo, 23-g — Ha 3-¢ MecTO, 2-9 — Ha 4-e u HJIEKTPOHHBIM 3aMKOM, MPEIbIBUB MPABUIb-
Tak fganee (B konne 13-4 6ykBa nocrabJena Ha HbIII KJto4. B MuKpocxeme 3aMKa XpaHUTCS
23-e mecto, 12-9 — Ha 24-¢). 3ateM TaKyIo JKe TabmIa pasMepoM 3x8 (3 CTPOKHU U 8 ctoJi-
TIpoIey Py MOBTOPIIH etrie 85 pas3. B pesyuin- 6110B), 3all0JIHEHHAS 11eJIbIMU yncaaMu ot 1 710
Tare IMoJIy4naoch 8 Tak, 4TO B KaX[OH CTPOKE 3TOW TabJIMIIbI
TAUMAVBYKIIHJIUKABJIHATIIY ®U. BCTpevalorest Bee yncaa ot 1 10 8, a B KaxaoM

cTos16Ile HeT MOBTOPSIONMXCs uucen. Takue
TaGJIMILbI TIPUHATO HA3BbIBATD AAMUHCKUMU NPSL-
Moyzonvhukamu. 1lyTelecTBEHHUK [OJKEH
MPeIbABUTD B KaUeCTBE KI0Ya JATHHCKIH TIPs-
MOYTOJBHUK pazMepoM 4 X 8 . 3aMOK OTKpoeT-
CS B TOM U TOJIBKO TOM CJIydae, eCJIH /[Ba 3TH

Haiigure nCXOIHBIN TEKCT.

4 (8-9, 10 ku1.). [lna popMUPOBAHUS 3allM-
neHHoro coeauaenns Asmca, bo6 n Cresa
MCTIOJIb3YIOT XPaHANNICI B CEKpeTe MHOTO-
4JIeH ¢ 1esbiMu Koadduimentamu a, b, ¢ Buja

f(x,y) = ax’ +bx + cxy + by + ay’ IPSIMOYTOJIbHUKA (B ITAMSTH 3aMKa U IPE/bsIB-

u neabie yncaa (xmoun) ky, kg, ko, KoTOpBIC JICHHBIH Iy TEIECTBEHHNKOM ) MOYKHO €IMHCTBEH-
UMETOT PA3JUYHbIE OCTATKY TIPH JieJieHnn Ha 83. HBIM CITIOCOOOM JIOTIOJIHUTD JI0 JTATUHHCKUX MPsi-
Uro6n! orpaButh boby u Cresie coobiienue, MOYTOJIbBHUKOB pa3mMepoM 4 X8 u 53X 8 , jonu-
Aumica hopMupyer HOBbIe KJI04n Ry p 1 Ry 110 CaB K KaXK/JIOMYy M3 HUX 00OHY U MY Ke CTPOKY.
dopmyam Ecain aT0 ycsioBue He BBITOJHIETCS, T.€. TaKOe
g = ( f (ko kg ))’ Ry = Tis ( f (karke )), JIOTIOJTHEHIE HEBO3MOKHO WM HEOIHO3HAUHO,

TO BopoTa ocratotcs 3akpbiThiMu. Kartsg u IOpa
r7e %y3(2) — ocratok or jeneHus

yncaa z Ha 83. Anamormyno, Bo6 Kon samka Kmox Katu Kaou IOpni
Jutst otpaku coobmenuii Creiie

18526347\(51286743\/37245816

Borancaser kpe =13 (f (kg ke)). |6 4837 152|(63453178]|63417285

MN3BecTHO, qTO ky =28, 3167 528417463825 1(|]761345238

ks = kye = 73 M IpH BCEX HEABIX 85714362/\85362741

X BBINOJIHAETCSA PABEHCTBO petau nocetuts Kpunroaanano. Oupenenn-
B 9 Te, 4Yeil KJIIOY [IPaBUJIbHBII U IIOYeMy.

83 (f(x’kA)) =3 (x +61x+11). 7 (8-9, 10, 11 ka1.). ITudparop npuHUMaeT

Haitgure xiou kBC_ Ha BXO/ M BbIJAeT Ha BbIXOJ 8-OMTHOE YUCJIO
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(1 6aiit). IToganublii Ha BXOA Gaiir
in
x' = (2, 29, 23, 24, X5, X, X7, Xg )

npeo6pasyercsi B BbIXOAHON Gaiit x°* 3a 8
taktoB. Ha 1-M TakTe BXOmHOiT Gaiit x'
npeo6pasyercss B GaT

20 = (0, 289,20, 0, 289,20, 80, 09)
mo gopmyTaMm
x1(1) =2 @ ky, XS) =3
xén =x; @k, Xg) = X5,
) =xg @k ) =,

x§1) =23 ®ky, xg) = X,X; D x4.
3mech ki — cekperHblii KJi04 1-rO TakTra
(k€ {0,1}); © — cranpaprhas oneparus cJo-
SKeHUs 6UTOB (0®0=1®1=0,
0@©1=1®0=1). Iloxyuenusiii va 1-M Taxre

6aitr x') ma 2-m Taxre mpeo6pasyeTcs B 6alT
2@ = (xf2),...,x§2)) 0 aHAJIOTHYHBIM (hOPMY-

2 1
J1aM x1( ) = xé )@ ky,... Ha 8-M TakTe BbIunCIA-

ercsl BBIXOAHOI Gaiit x°% = x® Halignre
kiiod (kg ky, ks, Ry, ks, ks, ky, kg) , Ha KoTOpOM
Gaiit x™" = (0,0,0,0,0,0,0,0) mpeoGpasyercst B
Gaitr x°“* = (1,1,1,0,0,1,0,1) .

8 (11 k). [Mambr k pasnmuupix HaGOPOB

HATYPAJbHBIX YHCEN, MTPUYeM KaXkK/blil HaboOp
COJEPIKUT 7 HATypPaJIbHbIX YUCEJL:

w; = (w0, W,y ), -

—y Wp = (wkhwkZ""’wkn) .
HaGopbl @; U W; Ha3bIBAIOTCS PA3IMYHBIMY,
eCJII CYIIECTBYET HATYPA/IbHOE YHCJI0 M E 1,7
TaKoe, 4TO W, #* W;, . Hanpumep, naGopbl
(1,1,3,1) u (1,1,1,3) pasamunbr. Jokaxure, uTo
JUTST KOKJION TIapbl HATYPAJIbHbBIX YnCeJa 1 U k
cymectByer oto6paxenne 6 : N — 1,k (mpa-
BUJIO, CTaBsIllee B COOTBETCTBUE KAXK/IOMY Ha-
TYpaJbHOMY YHCJTy HATYpPaJbHOE 4ncyio ot 1 10
k) Takoe, uTo HaGOPHI

w? =(G(wn)’0(7’”)12)’---’0(5"/’111))’

wy, = (o(wy ),0.(;0,@2 )6 (@hy))

TakKe OYyT Pa3JINYHbI.
9 (11 k1.). iMeeTcs ycTpoicTBO, Ipeo6pasy-
omee 3-X OUTOBbIe KOMOMHAIIMU B JIBOUYHBIE
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cumBoJibl. V3BectHO, 4TO ceifuac ycTpoiicTBO
nam paboraer npasuiabho (pesxxum ITP), nam
nMeeT  HEWCHPaBHOCTH  OJHOTO W3
3-x tunos (H1, H2 1 H3). B ta6mue ykasano,

|
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w
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000
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010
011
100
101
110
111

Sl lolmr |~~~
HHOHOOHHE
—
(=3 R K= e Ll B el R =]
_ ], m, oo |l

KaKue CHMBOJIbI B 3aBUCHMOCTU OT BXO/[a yCT-
POICTBO BBIJIAET NPU TIPABUJIBHON paboTe, a
TaKKe MPH BO3MOKHBIX HEMCITPAaBHOCTSX. Ka-
KOe Haumenvulee KOJAMIeCTBO 3-OGUTOBBIX KOM-
Ounanuii (cpei KOTOPbIX 063aTeIbHO JOJIK-
Ha 6biTb 111) caeayer nogaTh Ha BXOA, 4TOObI,
[IPOAHAIU3UPOBAB BBIXO/HbIE 3HAYEHUS, CY-
MeTh OJIHO3HAYHO OIPEJESUTh TUII HEUCIIPAB-
HOCTU WJM Ke yGe[uTbesi, 4YTO YCTPOHCTBO
paGoraer mpaBuibHO? Bpmumure Bee (¢ ToU-
HOCTBIO JI0 HEPECTAHOBKU) Takue HaGOpbI 3-
OGUTOBBIX BXOJIOB.

10 (11 kn1.). IIpu UCNIOIB30BAHUN KPUIITOCH-
crembl RSA s pacmmdpoBanus 4mcioBOro
COOOIIEHUS y, The N =p-q, p, ¢ — IPOCTbIC
4HCJIa, HAXO/ISAT CEKPETHOE YnCyIo d U3 ypaBHe-
HUSL 7, p)0o1) (3d)=1 (#,(a) — ocratok or
JleJieHns yucaa a Ha b). VI3BeCcTHO, 4TO MJaj-
e Gaifrer uncen y, p, n, (p—1)-(g—-1) nd
paBHbI 48,DB,05,9F,15 (HO HEM3BECTHO, KAaKO-
My YMCJY KaKOH MMEHHO GailT COOTBETCTBYET).
Haiigure d, ecm n = 64159, y = 5653.

1(2(3(4(5|6(7(8|9(10|11[12]|13|14[15

112|13|14|5(e|7|8[9|A|B|C|D|E|F

Yxasanue: dburypupyonye B 3aaue qUCIa
[IPE/ICTABUMBI B BUJIE /IBYX GaiiTOB; HampuMmep,
64159 =15-16° +10-16* +9-16' +15-16" =
=FA 9F (cMm. tabauiy), 9F — muaauuii Gaiit
yucaa 64159.

Iybauxayuio no mamemamuxe u Kpunmo-
epaguu nodeomosun C.Pamodanos;
no ¢uszuxe — M.Anexcees, B.Ilonog



OTBETbHI, YKA3AHUA, PEIIEHUA

«KBAHT» Angd MNIAALLINX LUKONIbHUKOB
3AOA4HN
(cm. <Keanwm» Nel1)

1. TlomoiiayT, Hampumep, cJOBa mpunaduyams u
uemuvlpHadyamo.

2. Ha pucynke 1 1mokaszaHo, Kak MOKHO pa3pesaTb
JlaHHbIe (DUTYPBI U KAK CJOKUTDh U3 TTOJYyYEHHDIX
yacrell KBajpar 4x4 -

A

Puc. 1

3. 50.

Ouenxa. PaccMOTpUM [JBYX CIOPTCMEHOB, 3aHSB-
mux cocepnue mMecra. Ecim ux o60ux He AUCKBAIN-
$unupyior, To OHE HO-TIPEXXHEMy OyAyT 3aHUMATD
COCe/IHHE MeCTa, 3HAYMT, MEepe/BUHYTCS HA OJIMHA-
KOBO€e KOJm4ecTBO MecT. Takum o6pasom, XOTsi Obl
OJHOTO M3 HUX [OJUKHBI UCKBATH(DHUINPOBATD.
Cule1oBaTesIbHO, KOJMYECTBO IUCKBAII(PUIINPOBAH-
HBIX JOJIDKHO ObITh He Menblie 50.

Hpumep. Ecmm puckBaanduimpyoT BceX CIOPT-
CMEHOB, CTOSIBIIINX Ha HEYETHBIX MeCTax, TO CIIOPT-
CMeH, 3aHMMaBlIMii MecTo ¢ HOMepoM 2N, 3aiimer
Mecto ¢ HomepoMm N. Taxum o6pasom, ocraBimecst
Tepe/IBIHYTCS Ha Pa3JIMYHOE KOJMYECTBO MECT.

4. IllecTukTacCHUKK BbIMTPaaN HA 3 6osi GOJIbIIe.
ITyctp mepej TYPHHPOM Y BCeX MSTHKJIACCHUKOB B
cyMMe OBLTO CTOJBKO »Ke KOH(QET, CKOJbKO y Iec-
THKJIACCHUKOB, a TI0CJIE KasKA0T0 60s1 MOGesK/IeHHAs
KoMamjga oraaer nobGeaurenio xomndery. CpaBHuMm
KOJIMYECTBO KOHQET y TATHKIACCHUKOB U Yy IIECTH-
KJIACCHUKOB T10csIe TypHupa. Hunueitnbie 6ou u 6ou
MeX/ly KOMaHJaMH OJHOrO ¥ TOTO JKe KJjacca He
N3MEHIJIN KOJIMIeCTBO KOH(ET y MATHKIACCHUKOB 1
IMIeCTHKJIACCHUKOB. [IaTHKIacCcHUKM TTosryunn Ha 7
koHder GoJibllle, YeM MIECTUKJIACCHUKU, A OTAAJH
Ha 13 xoHder 6obine, yeM mecTHKIaccHUKH. Cie-
JoBaTesbHO, y HUX crano Ha 13 — 7 = 6 xouder
MeHbIIle, YeM y MIECTUKJIACCHUKOB. Tak Kak Kask-
It 6Oif, TAe MIeCTHKIACCHUKM TIOOEANIN TISATH-
KJIACCHUKOB, yBEJINYNBAET PA3HUILy Ha JBe KOH(e-
TBI, TO TakuxX 6oeB GblI0 HA 3 GoJibllle, YeM GOEB C
TTPOTHBOTIOJIOKHBIM HCXOOM.

3AJAYN

(cm. c. 31)

1. /la, MOXHO.

Pas6epem nBa cayvas: Anexceit u Bopmc padortaior
nJjin B O/_LHOI‘/JI KOMIIaHUM, WK B Pa3HbIX. B 11epBomM
caydae Asekceil ckazan bopucy npasay, T.e. Asek-

ceii meifictBuTebHO pabGortaer B ¢dupme <«MHIgexcs.
Ho n Bopuc torpa ckasan npasay, T.e. Baagumup
un Anexceii o6a pa6oraior B upme «Uumerc». Bo
BTOPOM cJiy4ae AJiekceli coBpast bopucy, T.e. Aek-
ceil Ha caMoM ziesie paboraet B pupme «3yra». Ho
rtorza u bopuc cospan, t.e. Bragumup u Anexceit
paborafor B pasHbxX ¢upmax. Ilockoabky Amekcei
pa6Goraer B dupme «3yra», To Buagmmup Torma
paGoraer B ¢dupme <«Uumexc». Mrak, B J1060M
ciyyae, Baagumup paboraer B pupme «Uugexcs.
2.16.
[TocMoTpuM, Kak ObIOTCS MEpBasi M MOCJEHSIS CTPO-
kn (puc.2). Onu GbIOTCS ABYMS JaJbsAMU, CTOSIIH-
M Ha Iudpax 1. OTu Jgagpm MOKHO ITOCTaBHTH
JIByMsT CIIOCO0AMU, U TIOCJEYIONNE JIAJbU HeJIb3si
CTAaBUTb B /IBAa CpeJ-
HuX cTosbmna. Temepn 11
OCMOTPHM, KaK ObIOT- 2 2
cst ctpoku 2 u 7. Oun 3 3
ObloTest ABYMST J1aipsi- | 4 4
MM, CTOSIIIUMU HA 1u-
pax 2. 9T Ja b1 MOXK-
HO MOCTaBUTH J(BYMsI
crioco6amMu, W TI0CJIe- 2 2
JAylolue JaJ by HeJIb3s 111
CTaBHUTD B CTOJIOIBI 3 1

Puc 2
6. Ilpomomxas anamno-
TUYHblE PACCYKJEHHsI, TOJYYNM, YTO KOJIHYECTBO
crioco6oB pasro 2% =16 .
3. llpeamosnokum TPOTUBHOE, T.€. IYCThb MOTYT
HAWTHCh TaKMe CKOPOCTb M BPEMsI, YTO MX CyMMa,
MPOM3Be/ICHNE U Pe3yJbTaT JeJeHUS CKOPOCTH Ha
BpeMsI PaBHbI.
[TpuBezem aBa crocoba JOKA3aTh, 4TO BpeMsi paBHo 1.
IIepewiii cnocol. V13BeCTHO, YTO PABHBI TTPON3BE/IE-
HIle CKOPOCTH HAa BPEMSI U Pe3yJIbTaT JEJEeHUs] CKO-
POCTH Ha BpeMsI.
* Ecomn 6p1 Bpems 6bwio Godibiie 1, TO IpH yMHOXKe-
HUM CKOPOCTH Ha BPEMsI MOJYYHJIOCH Obl YHCJIO,
6oJtbliiee TAHHOH CKOPOCTH, a IPH JIeJIEHIH CKOPOC-
TH Ha BpeMs — MeHbIIee.
 Eci 6ot BpeMsi 6bLIO MeHbIe 1, TO pu yMHOKe-
HUM CKOPOCTH Ha BPEMsI IMOJIYYUJIOCh Obl UHCJIO,
MeHbIIlee JAHHOH CKOPOCTH, a MPH JIeJeHIH CKOPOC-
TH Ha BpeMsi — GoJibliiee.
CuefioBaresibHO, BpeMst paBHO 1.
Bmopoii cnoco6. TlpeoGpasyem pasenctso vt = oft
(rae v — ckopoctb, t — Bpemst). Ilogenus o6e yactu
Ha 0 M yMHOKHUB Ha ¢ (9T0 MOYKHO CJIe/IaTh, TTOTOMY
qro t #0), noxyunm t> = 1. [lepeHeceM eMHIIY B
JIEBYI0O YaCTb U PA3JTOKUM HA MHOMKHUTEJN:
(t—1)(t+1)=0. Bpems me MoxeT GbITb OTpHIIA-
TEJIbHBIM, T0aTOMY ¢ = 1.
Wrak, Bpems paBuo 1. Ho rtorma e GymyT paBHBI
POU3BE/IEHNE CKOPOCTH W BPEMEHH U UX CyMMa:
ecJIl YMHOXKHUTb CKOPOCTb Ha 1, TO OHA He M3MEHUT-
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cs1, a ecam npubasutb 1 — yBesmunrest. IIpotusope-
yie. 3HAUUT, Halle IIPEANOJOXKEHUE HEBEPHO U
WNibsi BBIMOMHATD apudMeTHYecKHe onepannui He
yMeer.

4. Ilepsuviii npumep. Paspeskem ky6 ¢ peGpom 2
TIJIOCKOCTBIO, cedeHre KOTOPOii — TIpaBUJIbHBIN IIec-
THyTObHUK. [lomydarcst aBe oJHAKOBbIE (PUTYPBI
(puc.3) B Bujie y37I0BO# TOUKH, U3 KOTOPOIl BBIXO-
JAT TPH OTPe3Ka JIINHBI 2, a 13 KOHI[OB KasKJOTO —
0 IBA «XBOCTHKA» JJIH-
upl 1. Ilokaskem Terepp,
Kak U3 3Toil (purypsl cra-
ATb KapKac eJMHIYHOrO
ky6a ABCDABCD,; .
Y3m0By10 TOUKY mOMec-
um B A. W3 mepsoro
JUINHHOTO OTpe3Ka Co-
rHem Jomanyio ABC,
XBOCTHKH 06pa3yioT OT-
pesku CD u CC;. Bro-
Poil JTHHHDINA 0Tpe3ok aact jJomanyio ADD; , xBo-
ctukn — DiA; m D\C, . Tpetnii JIMHHBIK OTpe3oK
nofifer Ha AA;B;, a ero XBOoCTHKM — Ha BB #u
BC, .

Bmopoii npumep. Paspexem ky6 ¢ pe6poM 2, mepe-
KYCHB TIOTIOJIAM 4eThIpe TapaJliesbHpix pebpa. [To-
JIydaTcs /[Be OINHAKOBBIe (UTYPHI B BUJE <«CTOJM-
ka» (puc.4): crosemnuna —
KBajJpaT 2X2 U YeTbIpe
Hokkn umnbl 1. ITokaskem
Terepb, Kak U3 3Toil cury-
Pbl CHAsATb KapKac eMHNY-
noro ky6a ABCDAB,C\D; .
W3 cTosenrHUIbI COTHEM
xouryp AABBCC DDA,
a HOKKM TIOWAYT Ha YeThIpe
ocTaBInXcst pe6pa.

Puc. 3

Puc. 4

KOHKYPC MMEHU A.N.CABNHA
(cm. «Keanms No10)

5. Haumenbiree umcsio u3 Beex mndp or 0 g0 9 —
aro 1023456789. U oHo moAXOAUT, Tak Kak IPH
yMHOKeHun Ha 2 gaet yucao 2046913578, Bce nud-
PBI KOTOPOTO PA3JIMYHBI.

6. Taxoil 4eTbIPEXyTrOJbHIK MOXKHO HApHCOBATH HA
kJeryaroii Gymare (cropona kierku pasna 1). [lBa
TprMepa MpHUBEJEHDI Ha PHCYHKaX 5 1 6. B o6onx
npuMepax YeTbIpex-
YTOJIBHUK COCTABJIEH
13 TPSIMOYTOJbHIKA
1X4 1 1ByX npsiMmoy-
TOJIBHBIX TPEYTOIBHIU-
KOB ¢ KareTaMu 3 u 4

3-4
2% _ ¢
Puc 5 (rmommaam 5 ).

2018/Nel?2

N3 rteopembr [Tuda-
ropa cJegyeT, 4To TH-
MOTEHy3a TaKOTO Tpe-
YTOJbHUKA paBHA O
(rak xak 3% +4% =
=5%). Terepb Jerko
y6eanTbCs, 4To ILIO-
Majn " TIEePUMETPHI pac. 6

ATUX YETBIPEXYTOJIbHUKOB Y/IOBIETBOPSIOT YCIOBUIO:
4+6+6=16,5+1+5+7=18.

7. MbICTIEHHO PaccTaBUM Bce IMIKATYJKH MO KPYTY
(Ha paBHOM paccTosHuM MeXy cocepnumn). Ilycrn
MO/IKYIJIEHHBIH PAGOTHUK OTKPOET I1apy MIKATYJIOK,
KOTOpBIE HAXO/ATCS HAa OJINHAKOBOM PACCTOSTHUH OT
MKATyJKH ¢ anMasoM. Takas mapa He3amepTbIX
MIKATyJIOK BCer/ia Haii/ieTcs, MOTOMY YTO BCETO Iiap
16 (1Be B MyHKTE @), a HAYAJbHUK 3arep Juiib 15
mkarysiok (O[Hy B TYHKTE @), HE CYuTas TOii, B
koropoii anmas. IlockosbKy Bcero HIKaTyJIOK He-
YeTHOe YWCJIO, [T JIaHHOH Taphl IMKATYJOK Haii-
JleTcst eIMHCTBEHHAs MIKATYJIKA Ha PAaBHOM PaccTosi-
nun ot nux. IToaromy Basomiuk Ge3 Tpy/a orpejie-
JIAT TIKATYJKY C aJIMa3oM.

8. By/eM HasbiBaTh 00HOUBEMHBIM OTPE30K, KOHIIDI
KOTOPOTO oziHOrO IBeta. IlycTb Kakue-To JBa Takux
orpeaka He mepecekaiorcs. O6osHaunM nx AB n
CD, upuuem nycrs A, B, C, D ugyr B TakoMm
nopsijike mpu o0xoje jie- B
caruyroabnuka (puc.7).
[Tomensiem 11BeTa BepIIMH
B u C mexny cob6oii. Te-
1epb O/[HOI[BETHBIMH CTa-
JI TlepeceKalolecst OT- C
pesku AC u BD. llpn

atom AC + BD > AB +

+ CD. JloxaxeM 3TO. A D

[Tycrp AC u BD niepeceka-
fotcst B Touke O, Tora n3
tpeyroibukoB ABO nu CDO noayuaem AC + BD =
=AO + BO + CO + DO > AB + CD. Takum
06pasoM, TIocsIe TIePeKPACcKN BEepITHH yBeJIMINBaeT-
csl CyMMapHast JI/IMHA OJ/IHOIIBETHBIX OTPE3KOB, a
3HAYNT, yBeJMYUBAeTCS U CcpeAHee apudmernyec-
KOe X JIINH m. ByjaeM MOBTOPATH 3Ty omepanuio,
[IOKa 3TO BO3MOXKHO. BECKOHEYHO BBITOJIHATH OIle-
panuio He IOJYYNTCS: KaKJBI pa3 CyMMapHas
JITMHA OJTHOIIBETHBIX OTPE3KOB YBEIMUMBACTCS, TIO-
3TOMY HHUKAKYI0 PACKPACKy HEJb3sl HOJIYyYHTb IO-
BTOPHO, HO IIPH 3TOM PACKPACOK KOHEYHOE KOJIIMYe-
CTBO.

B wurore, xoria 6oJibliie 9Ty OIEPAIMIO BbIIOJIHUTDH
HeJb3s1, KaX/Ible JBa O/IHOI[BETHBIX OTPE3Ka IIepe-
cekaiorcsi. PaceMoTpuM JI060i O/IHOIBETHBINH OTpe-
30K B ATON UTOroBOH packpacke. Pas on 1nepeceka-
eTcs ¢ 4 OCTAJBbHBIMH OTpPE3KaMH, TO TI0 KaXIyIO
CTOPOHY OT HEro JIeKUT 10 4 BepIIMHBI JeCsITu-

Puc. 7
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yroJabHuka. Tem caMbIM, Ka’K/blil OJHOIBETHDBIN
OTPE30K JIEJUT JIECSTHYTOJIBHUK Ha 2 MIECTHYTOJIb-
HUKa. 3HAYMT, B MTOTOBOIl pacKpacke JJIMHA KaiK-
JIOTO OJIHOIIBETHOTO OTpPe3Ka He 6oJbiine R, TOraa u
cpesiiee  apudMeTHYecKOoe WX JUIMH 71 TOXKe He
6ouibiie k.

Wrak, Bemuuuuy m TOJBKO YBEJUUUBATIH, U €€
KOHEYHOe 3HavyeHue OKas3aJaoch He Gouibine k. 3Ha-
4YUT, ¥ HayaJbHOEe 3HavyeHue GbLIo He GoJbiie k.

COCEQN HA KJIETYATOW PELLIETKE

2
2.d=""" 4 3. d=on—1.4 d=n*+2+1,
2 2
3.d=n+1.

ANDDY3UA: KOro, KYAA NBOOBLLE

1. MakcuMasbHYyIO CKOPOCTb JIBIIKEHHSI aTOMOB B
mmporiecce KoJeGanmii MOXKHO OIEHUTD, MPHPABHSIB
TEIJIOBYI0 9HEPrHI0 KUHeTHdeckoil. Bpems, coort-
BETCTBEHHO, Oy/leT UMeTb IMOPSJIOK aMILIUTY/bI KO-
Je6aHnll, IeJIEHHOI Ha 3Ty CKOPOCThb. AMILINTY/A —
SBHO He 6oJiee JIeCSATOIl 10JI MEKaTOMHOTO PacCTo-
aHusl. A cpejHee BpeMsl II€PECKOKA OIEHHM Kak
OTHOIIeHUe paccTosHug aAndysnu, eJeHHoe Ha
BpeMs quddysun. [ndpor BosdbMeM U1 ITKOJIbHO-
ro IIpHMepa CO CBHHIIOM U 30JI0TOM, HAIpUMep 5
jger n 1 MM, BIPOYEM, pas/jndne OTBETOB TAK BEJIH-
k0 (7 MOPSLIKOB), UTO KOHKPETHbIE 11PbI HE CTOJIb
BaKHBDI.

2. B KauecTBe «MeTKH» MOYKHO HCIIOJIB30BATh pas-
Hble M30TOTIbI C PasHOil Maccoif aToMOB M IOCMOT-
peTb, OJMHAKOBbIE JIM Pe3yJ/IbTaThl Iojyvarcs. Pas-
nuna obHapyskurcsi. VI aTo BHAHO M3 OTBeTa Ha
TIPE/IBIIY NI BOIIPOC — KaK TOJBKO MBI TPOU3HECIH
CJIOBO «KOJIeGaHUsI», BCIOMUHAETCSI TPYy3 HA IIPY-
skuHe... Cxopoctp anddysnu 3aBHCUT OT MAcChI,
HO 11 koHna Ta6imipl MenjeneeBa OTHOIIEHUeE
PasHOCTH MacC M30TONOB K Macce aroMa HEBEJUKO.
ITostomy, B uactHOcTH, AuddysnonHoe pasjese-
HIIe M30TOIOB ypaHa TaKk TPyJ0eMKO. A BOT 3ame-
HATb BOJOPO/| JieiTepueM SIBHO HE CTOUT.

3. Koneuno, aTo myTka — MOJIEKYJIbI caMu 110 cebe
HavyaThb JABUTAThCs nHave He MoryT. Ho ecar Bce ke
OHU 3TO C/IEJIAI0T, TO BO3MOXKHBI /[BE CUTYallUH.
Ecnu srta wacTb MoJIeKyJl OTOpPBETCS U YJETUT, TO
MBI YBI/IUM H3MEHEHNE MacChl I CKOPOCTH TOTO, UTO
OCTAHeTCSI; €CJIM 9TO BHYTPEHHHE MOJIEKYJbI, TO
OGHAPYKUM M3MEHEeHHe TOJbKO ckopoctu (1pu co-
XPaHEHUH MMITYJIbCa).

4. YroHbleHHe IPOBOJHUKA BJeYeT yBeJIUYEHUE
IJIOTHOCTH TOKA M JIOKAJIBHBIH Pa3orpes, KOTOPDIIL
ycropsteT camoand@ysuio.

5. O0beM u Macca TPOTOPIHOHANBHDI KyOy JInHe-
HBIX Pa3MepoB, a MOBEPXHOCTH IPONOPIHUOHATBHA
BTOpOIi cTenenn. [loaToMy moBepxHOCTH (DUKCHPO-

BaHHOII Macchl MOPOIIKA IIPU €T0 M3MEJbUCHNN pac-
TeT 06PATHO TIPOIOPIIMOHAIBHO Pa3Mepy YACTHIL.
6. OT 4yBCTBUTEJIBHOCTH KOHKPETHOTO HOCA K KOH-
KpeTHOMY 3amaxy. [loatomy B3rasapr cobak Ha qud-
(ysuio MOTYT OTINYATHCS OT HAIIKNX.

7. J1J1s1 3TOTO O/TH U3 Ta30B OJIKEH ObITh OKpAIIeH-
HBbIM. 3HaeM Jin Mbl Takue ra3bi? OObIYHO HA3bIBAIOT
6pom, xJyiop, okcuj azota IV, o3on. Bosee nosublit
CIMCOK €eCcTh Ha caiite www.chemport.ru mwin crpo-
cute Google «MHTEHCHBHO OKpalleHHBIE Ta3bl».

8. Vcnapenue BOJbI TOPMO3UTCS MeJJIEHHON Mud-
(ysueit MOJIeKyJI BOJBI B IIPUIIOBEPXHOCTHOM CJIOE
BO3/yXa, IpHYeM BJHMSIHHE BO3/AyXa ocjabeBaer,
ecJiu IyeT BETEPOK — UCIAPEHHOE CIyBAaeTcs, U HET
06paTHOTO TMOTOKA. A MHOGOYHBII Tporecc — 3To
BJNSHUE WCHApPEHHS Ha TEMIEepaTypy >KHIKOCTH
(eci oHa He TepMOCTaTHPOBAHA).

MHCTUTYT KPUNTOrPA®UN, CBA3N U
NMHOOPMATUKN AKABEMWN dCB POCCUUN

BCTYNUTEJIbHbIE 9K3AMEHbDI
PUN3INKA

BapuaHT 1

_ Ak 20 m/c® (mockomsky A <[, ko-

2' al'ﬂ'dX m
]ICéaHI/IH MOJKHO CUUTAThb rapMOHH‘ICCICI/IMI/I).
3 Vi_e g5
W g
1 5
4. (V) =——=5-10" m/c (3mech
{0)=—% /
e=1,6-10" K.

N=i=3,1-10" ¢t
e

S.
6. 73 =T, upu ycaoBuu, uto pV; = pVs .
7. p=k(2-k)p, = 0,36 r/cm® |

wol .
8. B= 2R+ﬂ (kaxaprii anemMent Toka Idl BUTKa
co3jaer B TOYKe P MarHuTHOe ToOJE
Idlsina.
dB = ;—0—2 rie Wy — MarHUTHAs MOCTOSH-
nor

Hadg, O — yroJ, noJ KOTOPbIM BU/IEH 3TOT 3JIEMEHT
TOKa U3 TOYKH P, ¥ — pacCTOAAHUE MEX1Y HI/IMI/I)‘

Bapuarr 2
2
A Gl
2k
2. Ap=*k 1.1 =9B (sxech k—L—
) 7 R r 4me,

9 2 2
=9.10°H-m /KJI , Te €, — 3JIieKTpuyeckas II0-

CTOAHHAsA).
4BR _ 10° m/c .
m

3. v=
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_CUj -CU?

4. L 7 =2Tmu.

3
5. o= ZR (roJIOBHAst JTMHUSI COOTBETCTBYET IIepe-

XO/ly 3JIEKTPOHA CO BTOPOTO 3HEPTETHIECKOrO YPOB-
HS Ha MepBbIii).

A-RT,(n-1)

6. n=——2") 7. T=pgSh=5H.
A+ERT1(71—1)

3. I:Mgv(ucos(x+smoc)

nu

MEXPEr'MOHAJIbHASA OJIAMIMUALA
LLIKOJIbHUKOB HA BA3E BEALOMCTBEHHbIX
OBPA30OBATEJIbHbIX OPFAHU3ALMI

MATEMATUKA
1. IlepBoe uncso GoJblie BTOPOTO.
O6o3HauIM

. 2018
A= (1077 1071 4 +10+1)"

)

2017
B= (10" +10"7 + .. +10+1)"

TTosp3yscy popmyT0ii AT CyMMBI UTI€HOB TEOMET-
PHUUECKOIl IIPOrpeccuu, Haxo/uM

(102018 _ 1)2018 (102019 _1

A= Q2018 , B= Q2017

)2017

O6osznaunm a = 10218 O1eHM Pa3HOCTD:
A=B=97"5((a= 1" =9 (10a - 1" =
— 92018

3aecs C = (a—1)"""" =9-(10a - 1)**"" . Onpenennm
spak C. YBeamunM Bbrunraemoe, 3amennB 10a — 1
"a 10a:

2018 2017 2018
C>(@-1)""-9-(10a)™" =(a—-1)"" -0,9-a™*.
3Hak IIOCJIe/IHET0 BbIpasK€HUA, OYEBU/HO, COBIIa/la-

2018
a-1
€T CO 3HAaKOM Pa3HOCTH | ——— -0,9. 3ame-
a

a-1_ a-2 a-3 a—-2018
TUM, UTO > > .
a a-1 a-=2 a—-2017
Ce1oBaTeIbHO,
2018
(a—1 >a—1_a—2.a—3 a-2018
a a a-1 a-2"a-2017
_a-2018
—Y
-2018
Jaunee, aT>0,9, tak kak 0,1a > 2018.

g 12018
CJre1oBateIbHO, Pa3HOCTh (7) -0,9, a Bme-
a

cre ¢ Helt u C TIONOKUTEJDHBI. 3HAUUT, IIEPBOE
1CcJI0 GOJBITE BTOPOTO.

2018/Nel?2

2. {8,12}.

ITycth KaHOHWYECKOE PA3JIOXKEHHE YHCJA 72 MMeeT
Bug: n=20.32.55. . p”‘* . Torma xoaudecTBo

menuteneil uncia n pasuo (¢ +1)(6 +1) (6 +1)...
...(t,y +1). U3 ycaoBus saaam uMeeM paBeHCTBO

(6 + 1)ty +1) (5 +1)..(ty +1) =207 3% .55 ple,

()
Bamernm, uto 247" > ¢ 41 mpm £, 24, 32 >ty +1
mpu t, =21, ..., ptf* >t,+1 npu ¢, 21. Cuenosa-
TeJIbHO, f; MOXKeT IIPUHUMATh 3HaueHus 1, 2 um 3.

[TojcTaBists yKa3aHHbIE 3HAUEHYS B PaBeHCTBO ( * ),
Haigem, uto n = 8§ wau n = 12,

3 (Zn_Sk_S)k,rzle k:[n—1]
2 3

KosmuectBo mnporpeccuii ¢ pasnoctbio 1 paBHO
n — 3 (epBbIi YIeH NPOrpeccun MOKET IPUHUMATD
3HaueHUS OT 1 70 7 — 3 BKJIOYUTEJIBHO), KOJITUe-
CTBO TIPOTPECCUI ¢ Pa3HOCTBIO 2 paBHO 1 — 6,...
.., KOJIMYECTBO MPOTPECCHl ¢ PA3HOCTLIO d PaBHO
n — 3d. Pasnoctb d y/IOBJIETBOPSIET HEPABEHCTBY
1+3d <n (ecium mepBblil YIEH MPOrPECCHUN pPaBeH
1, T0 ee uerBepThIil useH, 1 + 3d, He MPEBOCXOIUT
n). TloatoMmy Hanbosblllee 3HAYEHNE PA3HOCTH PaB-

n—
HO dmax _[ 3
10T 1eayio yactb 4ncia). CiaesoBaresibHo, KoJauye-
CTBO IIPOTPECCHIl, Y/IOBJETBOPSIOMNX YCJIOBUIO 3a-
Jlavr, PaBHO

1
(kBagparubie cKOOKH 0603HAYA-

(n—3)+(n—6)+...+(n_3k):wy
rne k:dmax~

4. 100 kM /4.
Cwum. puc. 8. Ilo ycnosuio, paccroguue or C o D
paBuo 20 kM. OGosuaunMm paccrostane ot A 10 B

1:1 v ]‘? v—10 ,C v—20 ?
X 80—x 20 km
Puc. 8

uepes x (km), Torma paccrosnue ot B no C cocra-
sur (80— x). Iycrb 0 (kM/4) — HepBOHAYAIbHAS
ckopocth aBToMobuiist. Torpa na ywactkax BC u
CD oma pasia (v-10) n (v—-20) coorBercTBEH-
Ho. Ilo ycnoBuio, myts or B o D 3aHsin GObl
noJvaca, ecjau Obl aBTOMOOWJIb IPOJIOJIKAM JIBU-
TaThCs CO CKOPOCTBIO U, T.€.
100-x=2
2

[lanee, va myTb W3 B B C OH MOTpPaTHJ HA 5 MUH
6osbiite BpeMenn, yeM Ha myth u3 C B D:

80-x 20 1

v-10

0-20 12°

Bblpasus x U3 1IepBOro ypaBHEHMs U IOACTaBUB BO
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BTOpOE, TOJYYUM YPAaBHEHUE IS ONPEeJCHUS 0:
v
— =20
2
v-10 o©v-20

20 1
12’

koropoe umeer xopuu 14 u 100. Kopenb 14, oue-
BH/IHO, TIOCTOPOHHMUH, Tak Kak v > 20.
3. Ilycrb p — npocroit gennrens yncia a. Torga us
BTOPOTO YCJIOBUSI CJIEJYeT, 4To b [eJIUTCs Ha p, a u3
TpeTbero — uTo ¢ Jenutcs Ha p. CremoBaTesbHO,
(a+b+ c)“b” JIeJINTCS Ha p””’“’ . Ilycro n, k, t
— HauGoJIbIIINe HATypaJbHble 4YUCJIA TaKue, 4To d
gemutes Ha p", b jgenures Ha pk, ¢ JIeJIUTCS Ha
pt. 3HaunT, B KAaHOHUYECKOE Pa3JIoyKeHHe MPOu3-
Be/leHUsT @bc TPOCTOe YHUCJIO P BXOJAUT B CTEHEHH
n + k + t. Ho, oueBuzgno, a > n, b > k, ¢ > t.
Iloatomy a + b+c¢>n+k+tu, ciegosarejbHo,
wncno (a+b+ c)’”b“ nemutes ma  p"tR*t . Pac-
CMOTPEB TOJ0GHBIM 06PA30M OCTAJIbHbBIE TTPOCTBIE
B c genurenu 4ucen da, b, c,
— nosyuum rtpebyemoe yT-
BepIK/IEHHE.
M 6. Iloctpoum Ha cropoHe
AB Kak Ha JuaMeTpe OK-
pyskuoctb (pnc.9). Tax kak
yroa BMA 1psmoii, To Tou-
Ka M JeXHT Ha 3TOH OK-
pyxkHoctu. Ilockombky Ta-
Kag Touka M eIUHCTBEH-
nag Ha cropore CD, to CD
A D — xacarenpnas OKPY>KHO-
Puc. 9 cru. CaenoBaresbio, BC =
=CM u AD = MD.

7. N = 16.

[IpeAmoONOKIM, |TO, BO3BEAS UHCIO @ +b\3 B
creriedb N, MBI MOJIYYUJIN 4UCI0 A + B\/§ (31ech
a, b, A, B — uenpie). PackpbIB CKOOKH B BbIpasKe-
HUU (a+b\/§)N, MOJIyYnM CyMMy ojHO4IeH0B (¢
HeCyTIeCTBEHHBIMU IJIST HAC ceifuac IeJbIMi Koad-
¢uimenramu) Buga a” " (b\/g)n Bkuaan B koad-

CbI/IL[I/IeIIT B JayT Te O/THOYJIEHDI, Y KOTOPbIX ITOKa-
N
3aTeJb 7 HEYEeTECH. H03TOMy, ecam (Cl + b\/g) =

=A+B\/§, TO (a—b\/§)N =A—B\/§. Ilepemno-
(v3-1)" = 4817152

JKUB paBeHCTBa

_2781184-43  u (—\/5—1)N = 4817152 +

+2781184-/3, monyuum  (-2)" =4817152% -

2 .
—3-2781184° . Tlokasarenp N Haiigem, meas obe
YACTH TIOCJIe0BaTeIbHO Ha 2 (MOJKHO, Hanpumep,
Cpasy MOJEJUTh KaxkK/0€e caraeMoe crpasa Ha 256).

8. IlpesacraBuM JeBalo 4acTb B BHJE (a+b)" =

=a" +t, a" b +t, ,a" b +---tab" +b", TaE 1

— 1leJible YHCJa, 3aBUCsAIe OT n U R, HO He
3aBUCSIE OT @ U b, ¥ TIPU ITOM

by =ttt o =ty ity =ty (%)
[Ipu @ = b = 1 umeem
= A+t +t, o+ttt Cex)
Takum oGpasom,
(a+b)' =a"+b"+t,, (a””b +ab"! ) +
+ t,y (a”'2b2 + a2bn'2) +...
it b (a”’kbk + akb"”") +...
Bocnosibdyemest HepaserctBom Komm o cpejrem

apI/ICpMeTI/I‘IeCKOM 1 CpeHeM T€OMETPUYECKOM: A
JIOOBIX TIOJIOKUTENIbHBIX YHCET X U Y ClIpaBelJInBoO

X+
HEPaBEeHCTBO 5 Yy > /xy . Torpa

@b+ ab" = 20a"" > 2,
a" % +a*"? > 2W > 2,
B L S NPT T
YuuThiBasi 5TU HEPABEHCTBA, CUMMETPHI0 Koaddu-
mmentoB () u paserctso (*# ), moaydnm Tpebye-
Moe.

9. Ilyctp O — Touka mepeceveHus guaroHaeit
(puc.10). Ussectro, uto Beanuuna yriaa AOD pas-

uou
Ha TIoJrycyMMe yTaoBbIxX Mep 1yr CB u AD. B 3ajgaue

1o cytu Tpebyercst J0Ka3arb, 4TO CyMMa JJIMH JIyT
AUD + 5;3 MEeHbIIIe JITUHBI TI0JIOBUHBI OKPY>KHOCTH,
T.e. UX CyMMapHas yryoBas Mepa Menbie 180°, a
3TO HKBUBANEHTHO ToMy, 4To yroa AOD ocTpbrii.
Jlist o6ocHOBaHus 110c/Ie/Hero nocrpouM (Kak Ha
[IMAMETPax) OKPY>KHOCTH Ha GOKOBBIX CTOPOHAX
tparenuu. Yrast AOD u BOC, moa KOTOPbIMU W3
Touk# O BUAHBI GOKOBBIE CTOPOHBI, PABHBI MEXIY
co00ii. 3HAUNT, BO3MOXKCH OJMH M3 TPEX CJyYaes:
1) Touka O HAXOAUTCA BHYTPH KasK/A0ii M3 OKPYK-
wocreit, ecmu yrast AOD n BOC tymnbre, 2) touxa O
JIESKAT Ha KKAOW 13 OKPY’KHOCTEH, eCam yTJIbI
npsambie, 3) Touka O JEKUT BHE OKPYIKHOCTEH, eCJru
yriabl octpele. Ho mockosibKy Hama Tparmenust omu-
caHHasi, CyMMa JITMH GOKOBBIX CTOPOH paBHA CyMMe
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JUTHH OCHOBaHWIii, a 3HAYHUT, CyMMa DPAJILyCOB 3TUX
OKPY’KHOCTEll paBHA IOJIyCyMMe OCHOBaHHM, T.e.
cpeaneil uHuu. I10TOMY OKDY>KHOCTH HMEIOT €/[1H-
CTBEHHYIO OOIIYI0 TOYKY, JIEKAIlyl0 Kak pa3 Ha
cpeaneii uHME 1 oToMy oTardiyio ot O (Tak Kak
JUTMHBI OCHOBaHWIT TpamMenny pasandHbr). Takum
00pasoM, peasnsyercst Tpetuii cayyait: yriast AOD u
BOC OCprIe U, CJe/0BaTeJbHO, CyMMa /:LJH/IH ayr

BA +DC 6osbllle CyMMBI JIJTMH JyT AD +CB
YTBepik/ieHne JTOKa3aHo.

10. [i1,g+2nk), ke Z.

JleByto wactb ypaBHeHUs 6yJeM MHTEPIPETHPOBATDH
KaK KBaJPaTHBIIl TPeXu/IeH OTHOCUTEIbHO X. UTOObI
KOPHH CYIIECTBOBAJN, JUCKPUMUHAHT JOJKEH OBITH
HEOTPUIIATE/IbHbIM, T.€.

D=4sinxy-420 o sinxy =1
m
@costy=—1<:)xy=§+7m, nez.

[l 4eTHbIX 1 TOJIyyaeM ypaBHEHHe 22 -2x+1=
=0 x =1, a 119 HEYeTHBIX n HaxoauMm x = —1.
JleBass wacTb ypaBHEHHSI — deTHas QYHKIHUA X,
noatoMy asg x = 1 u ang x = —1 cooTBercTByIOMINE
3HaYeHUs y OyAyT OJHUMHU U TEMH XKe.

11. Her.

Octartok OT jeseHus 4yucjga Ha 3 paBeH OCTATKYy OT
JeJeHns Ha 3 CyMMBbI ero Iudp. 3HAUNT, cyMMa
OCTATKOB OT JleJIeHNsI Ha 3 BCEX YHCeJ, Pas/ieeH-
HBIX 3HAKaMH ILTIOC, PAaBHA OCTATKY OT JleJIeHusl Ha
3 cymmbl Beex nudp y unces ot 1 go 100. B cBoio
ouepe/ib, aTa cyMMa NP AAeT Ipu JeIeHUH HA 3
TOT e ocTatok, uto u cymma 1 + ... + 100 = 5050.
Tax xak 5050 ma 3 He geaUTCs, TO Ha 3 HE ACIUTCS
U cyMMa 13 yCJIOBHA 3aiaun. Ecii 4mcsio He J1esnt-
cs Ha 3, TO OHO He jenurcs u Ha 111.

12. n.@

Boi6epem touky M (M3 ycJoBHS 3amauu) Tak, uTo
MA = 4. Torpa touka S GyneT SIBJASTHCS HEHTPOM
mapa, OIMMCAHHOTO OKOJIO TPABMJIBHOTO TETPAdIPA
MABC. CnenoBaTesibHO, Kayk/as U3 4eThIPEX OJU-
HakoBbIX mupamujg SABC, SMAB, SMAC, SMBC
OyjieT OTCeKaThb OT Iapa pajgumyca 1 ¢ IeHTpoM B
TouKe S OAMHAKOBYIO dYacTb. Herpymano moacym-
TaTb, YTO PACCTOSIHUE OT TOYKU S /10 TIOCKOCTH

6 6
ABC pasno ? . Tak kax ? <1, 1o 119 HAXOXK-
JeHnst oObema oOmei wactu mupamuasl SABC u
mapa paguyca R = 1 ¢ 1IeHTPOM B TOYKE .S HY>KHO

BbIYECTh 0OBEM

J6

IAPOBOTO CerMenTa BoicoToi 7 =1 3 Kak wus-

1
U3 YeTBepTH 0o6beMa mapa —mR>

BECTHO, MOCTeAHUH HaxXoAWTCS mo QopMye

V. =nh2(R—§)4 Ina R =1, h=1—§ noJsryua-

2018/Nel?2

18-76
27
76 -9

13. Bynem ucnosnbsosars caenyionmii daxr. [lycts
HarypaJjibHoe uncjao B jgesnurcs na 5", a ero jecs-
THYHAS 3AMUCh COAEPIKUT He MeHee 1 1P, T.e.
B=b, b, ,...bby, u m=n. Torga, mpumicas K
JIECSITUYHON 3amucu uucjaa B 1mpousBoJibHbie 1ud-
PBI CJIeBa, BHOBb MOJYYHM JIEJAIIeecs Ha 5" dmc-
JI0, @ UMEHHO: uyucao A =a, ay_,...ayb, b, _,.
by  Takxe genurca Ha 5", Tak Kak
A=10"-a,_ay_y...ay+ B .

IlycTh JecsATnYHAs 3amuch 4uciaa 5" WMEET BUJL
ay_y...a1qy . OueBugno, uro n=k. Cymecrsyer
nevernoe yncsio C Takoe, YTO JECSITUYHAS 3AINChH
npoussefenus C-5" =b, b, ,...bb, conepxur
G6onee n tupp. Hampumep, C=2"+1,
C-5">10", a sanuce yucaa 10" comepsxur n + 1
wndpy. (U3 neuernocru C cliefiyeT HEPaBEHCTBO
by # 0, 4TO jlajiee CYLECTBEHHO. )

PaccMOTpUM  IHCITO-TIATTHHIPOM

V =byb,...b, oby, b,

m m—1

eMm V. =1 . Orciofa uCKoMbIit 00beM pa-

BE€H TU-

TorAa

bm—Z "'b1b0 ’

B KOTOpOM 1n(py X BbIGEpeM Tak, YTOOBI CyMMa

Beex mudp uncaa Vo gemuiach Ha 9 (Torma n camo

V nenurest Ha 9). CorslacHO paccysK/eHUsIM Bbille,
|4

9.5"

crpaBeymBo pasenctso V =9-5" - N . Taxum 06-

yncgao V geaurest na 5" | a 3Haumt, 151 N =

pa3oM, CyHIeCTBOBaHUE HATypaJbHOI'O N nokasano.

145 135 63 13
14 a = , d=—— —_— —

44 44 20 4
[lepBoe ypaBHEHHE CHCTEMBI 33/JaeT Ha IJIOCKOCTH
IMT rouex M (x; y), cyMMa pacCTOSIHUM OT KOTO-
poix o touek A(6;13) um B(18;4) pasma 15.

3amernM, UTO
AB|=~12% +9? =15.

[TosToMy, coriacHO HEpaBEeHCTBY TpeyTroJbHUKA,
IMT rakux touek M (a;y) CyTb TOUKH OTpE3Ka
AB (puc.11).

Bropoe ypaBHeHmWe ecTb ypaBHeHHE OKPYXHOCTI

)

C TEHTPOM B TOYKE S(Za; 4a) paauyca % (na

A = 2x
A Y
13 M
3x+4y—70=0
dar —S B
4 1
|
|
l -
N 2a 6 18 -
Puc. 77
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pucynke 11 ona mso6pasieHa cXeMaTHYECKN).
EfnHCTBEHHOCTD pelieHust CHCTeMbl BO3MOXKHA B
TOM ¥ TOJIBKO TOM CJIyYae, KOTrJa OKPY’KHOCTD Tepe-
cekaeT oTpe3oKk AB POBHO B OJHON TOYKe.
OueBn/IHO, YTO TaPAHTUPOBAHHO €[HHCTBEHHAST TOUKA
nepeceveHns Oy/JeT B cIydae KacaHUS OKPY’KHOCTH
1 OTpe3Ka. ITO TPOU3O0IIET TOr/a, KOTJa PacCcTos-
mme ot Touku S (2¢; 4a) 0 mpsAMoii, comepskameit
oTpe3ok AB, GyJeT paBHO PafinyCy OKPY’KHOCTH, T
TOYKa KacaHus OyJerT mnonajaatb B OTpe3ok AB.
YpaBuenue 1npamoii, cogepkaieii AB, Kak HETPY/I-
HO ycTaHOBUTH, nMeeT BUI 3x + 4y — 70 = 0. Co-
riacHo (GopMyJie pacCTOSTHUS OT TOYKH IO MPSIMOIt
(oMH U3 BApUAHTOB PEIICHNsI):

[3-2a+4-4a-70] 1
NEWE 2
OTCIO[[a TIOJIYYNM /IBa BO3MOJKHBIX 3Ha4Y€HUA Iapa-
MeTpa d:

145
a=—,
44
135
a=—-.:
44

IenTp oxkpyskHOCTH JIeXKUT Ha IpsiMoit y = 2x. Touka
70 140
EERET)

+4y — 70 = 0 snexur na orpeske AB. Yron OMB

OCTPBIif, TO3TOMY TOYKa KacaHWUs MPSMOit 3x + 4y —

—70 = 0 1 OKPY>KHOCTH, I[EHTP KOTOPOIi JISSKUT MO/

oTpe3koM AB, 3aBeloMO Ha 0Tpe30K AB momajer.

MepeceveHns MpsSIMBIX ¥ = 2x U 3x +

OTO HMPOUCXOAUT IIPU d = 135 . Ecain xe nenrp S

OKPY’KHOCTH JIGKUT Bbiute otpeska AB (ato mpouc-

145
XONT TIpH d = yry ), TO TPeGYIOTCSI JOTIOTHHUTE N b-
Hble paccyxjenusi. Touka kacanus H ectb 1poek-
145 145
227 11
myio orpe3ok AB. Touka H mnomajer B OTpe3oK
AM, ectu MH < AM . Vmeem:

MH =~SM? - SH? =
_ (145 70 (145 140V 11
22 1 1 1 4 11’
2 2
A= [0 ) o140 _y5) _ 5
1 1 1

CuanepnoBarenpno, MH < AM, n Touka kacauusg H
JIEKUT Ha oTpeske AB.

ouda TOYKN Ha [psaMYIO, CO/€epKa-

1
B To xe Bpems, nockonbky AM < 5 €/IMHCTBEH-

HOCTb PEIICHHUS BO3MOXKHA, KOTJA OKPY’KHOCTD Iie-
pecekaet oTpe3ok AB, HO Tpu 3TOM TO4Ka A moma-
naer BHyTpb kpyra (puc.12). Tax Gyzer npoucxo-
JINTH C MOMEHTA IIEPECEUYCHNs OKPYKHOCTH U OTPe3-
ka B Touke A (puc.13) M0 MOMEHTa TOBTOPHOTO

A 7
13 \
B
4/
6 T
Puc 12
A
A
13
M
B
4/
6 18
Puc 13

nepeceyeHus: B Toil ke Touke A (He BK/IIOUAs JaH-
Hble MOMEHTBI).
Haiigem Ttakme mososxkeHus To4ku S (2a; 4a), npu

KOTOPBIX PACCTOSIHUE OT Hee JI0 TOUKU A pPaBHO .

2

Umeem: 1
(2a - 6) + (4a-13)° =,
Orcioza
13
a=—,
4
63
a=—.
20
3 13
3HauuT, NpU d € E; r TOYKa TepeceyeHus 6y-
JICT e/IMHCTBEHHA, KaK ¥ PelIeHIe CUCTEMbI ypaBHE-
nuit. OKOHYATENBHO TOJYUUM: q = E , a= @ ,
44 44
63 13
el —;—|.
20 4
OUN3NKA
9 knacc
2 .
{.u=n-1. 2. a F7sin2o g yyfe.

T m (mg + Fsina)

3. 0-®_13.
T

-1
4. O =VRT, nz 1,7 klxx  (Q onpenensercs
n

TOJIKO PaloToil Taza mpu M306apUUECKOM TIPOIEC-
ce).
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PR (vg coso—20)sin o
" g(wycosa-v)

I 0 (vy cos o — 20)sin ocos o

g(vycosa—0)

10 knacc

1. L= % =9,66 cm (B TpyOKe BOZHMKAET CTOSYAS

BOJIHA, [IPUYEM y OTKPBITOrO KOHIA IIyYHOCTD, & y
3aKPBITOTO — y3€JI); YacToTa 3ByKa He U3MEHUTCS, a
U3MEHUTCST TeMOP.

2. n=k%=0,265-1020 M (smech k=1,38x

x107% Ilx/K  — mnocrosHHas Boabumana);

1 8
ry=A=———=943-10"° M (31ecp A — cpen-
(r) ond’n p
HSsT JJuHa cBOGOAHOro mnpobera MOJEKY.JI,
d=3-10""" M — auaMeTp MOJEKYJbI a30Ta).

“Mmtmtm

3. ky Ty .

my +m
4. Vckomas cnja CKJIaJbIBAaeTcsl U3 CHJIbI TTOBEPX-
HOCTHOTO HATsDKeHWsI, HANPaBJIEHHON MepreH/nKy-
JIIPHO TJIACTHHE B CTOPOHY KAILJIHM, U CHJIBI M36bl-
TOUHOTO JIaBJICHNS )KUAKOCTH, HalpaBJIeHHO B TIpo-
THBOTIOJIOXKHYIO CTOPOHY:

2
F:GnD_Z_Gﬂzﬁz
D 4 2
=229-107% H =229 mxH .
2 .
5 ’l?1— UOSIIIOLCOSOL

~ g(vycosa—0)
17 knacc

1. VcKOMBIH BEKTOp HAMPS>KEHHOCTH HaIpaBJeH
HepIeH/ MKy ISPHO TLI0CKOCTH Tpeyrobiuka A'B'CY
BBEPX.

r =1
0 —0,1,u 6=84°.
/ (n - 1)
3. TOK uepe3 COIPOTUBJIEHUE HallpaBJIEH CIIpaBa
HaJIEBO U paBE€H

2. cosO =

f=— % g
nr, + Rr + Rr,

1 3
4. T,=-T, n T, ==T,.
=70 2= 7%

MATEMATUKA WU
KPUNTOTPA®USA

. MEHJIEJIEEB IMUTPUI UBAHOBUU.
.2, 4,8,9,10, 12, 13, 14.

. MYJIBTUIVINKATUBHAS dYHKIMS.
. kpe =13

B W N e

2018/Nel?2

5. a) Hampuwmep,

123 4 23 4
21 4 3 341 2
14'3412“L2:4321'
43 21 21 4 3

6. Kiou IOpbI ipaBuIbHBIIL.

7.0,1,1,0,0,1,0, 1.

8. VrBepsk/enne J0Ka3bIBAETCS WHIYKIHENT 110 YHC-
sy HabopoB k.

9. MuHIMaIbHOE KOJMYECTBO BXO/HBIX Pa3Jinyaio-
X KoMOuHaImii poBHo 3. Bcero passmuaionimx
na6opos 8: 111; 010 wau 110; 000, 001 uan 101.
10. d = 42203.

ONIMMIMUAJA «JIOMOHOCOB»-2018.
MATEMATUKA

OTGOpOYHbIN 3Tan
[Tepsbivi Typ

1. 17.

W3 ycaoBug ciemayer, 4TO X,,3 = X,.9 — X, =
=Xyt =Xy T Xy = X, HMOITOMY X6 = X3 =
=X, , T.e. NOCJIEJIOBATEJBHOCTD TIEPUOJINYHA C Tie-
puojiom 6.

T
2. 2 3

N EP
Vkaszanue: max{xz,cos2x}<—@ 2 =
cos2x < —
Gon) (n 2
Sxe|-——; -~ Ul —
2 6 6 2

3. 223.

Ecam wmckomoe umcao paBHO X, TO U3 HEPBOrO
[IPE/IJIOKEHNST CJIe[yeT, YTO X — HEYeTHOe, a U3
OCTAJIbHBIX CJIElyeT, YTO YHCJIO0 X + 2 JOJIKHO
nemTbea Ha 3, 5 u 9, T.e. mmeer BUI 5-9-p.
Buauur, x =45(2k—1)-2=90k - 47.

4 5.

ITpoBogum EH mapasienvio AB u BBognM 0603Ha-
yenust, kKak Ha pucynke 14. Torma CG = 4b, ucko-

Hbp C 4b G

B a

A a b D
Puc. 14
X a
MOe OTHOIIEHWEe PaBHO t=—=3. 3 nopobug
Y
ABEG uw AMAED: —* - Y

a+5h a+b
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X _a+5b t+5

t== = ot’+t=t+5t°=35.
y a+b t+1
3. 6056.
Tak xax
2017 _
111122225 =20 =1 ge0m0
(LIS
2017 2018
2018 _ 2018 2
+1O 1'20+5: 10 +5
9 3 ’
TO YKCJIO U3 YCJOBUS 33/[a4i PABHO
2018
2018 p )
10 +5:99"'99+6:33...35.
3 3 2017
6. 117.
Wcxoanoe ypaBHeHHE PaBHOCHJIbHO YPaBHEHUIO
Xlﬂ 27 27lny 27 - 9
= o 27 = o3 =y, npu
In13 In13 v v P

aroM y =1, a 3uaunt, x =0. Yucao 3 mpocroe,
noatomy y=3", e n20, torga x = 9n.

7.5.

BbilpaskeHue u3 ycioBus 3ajaui PaBHO
(2x + y)2 +(x+ Zy)2 -14x —-10y + 30
N2 =
(4 —(x+5y) )
(2x+y—3)2+(x+2y—1)2+20
= I\7/2 .
(4 - (x+5y) )

Uucaurenb atoil apobu He Menbine 20, mpuyuem
PaBEHCTBO JocTuraercs npu 2x +y — 3 =x + 2y —

1
—-1=0, T.e. mpu x:§, y=—§‘ [Tpu atux xe
3HAUEHMSIX X U ¥ 3HAMEHATEJDb JIOCTHIAeT CBOETrO

Hau6ompinero smavenusa 477 =27 =128 .

11
o 1
IIycte BC = SA =a, AC=SB =0, AB=SC =c.
I'panu terpasppa SABC — paBHble TPeyroJbHUKHU.
PaccMoTpuM  COMPOBOKIAIONINIT  TTapaJlieIeNIIIe]]
terpasapa SABC (puc.15), 0603Ha4nB JJIMHBI €r0

pe6ep uepes x, y, z, Toraa x+yt=c?,

S n
S
I/ NS 9_ ______
T
R C
! S
/ N
II \\\
z // \\
II N
! P _,——’B
/ RS ——
1 it 4
W """ R ~~
A - S

v+ 22 =07, 22+ a% =d*, orkyna maxoauu

2_512+c2—b2 y b+’ —d

= P ',y': 2 )
o d+br -
2= -
2

OGbeM COMPOBOKIAIONIETO TTapaJliesieliiesa pa-
BeH

V =xyz=
N TR | G FErer §

a 06beM MCXO/HOTO PABHOTPAHHOTO TeTpasjpa B 3
pasa MeHbIIIe.

3ameruM, uTo Terpasgp KLMN rtakske paBHOIpaH-
nbrii. O6osnaunm (puc.15 u puc.17) yepes QO n R
cepeaunbl pebep SC u AB, a yepes F u G —
ocrHoBanus 6uccexrpuc rpaueit SAB u CAB cootser-
cTBeHHO. Tak Kak npoxoadias yepes Toukn Q u R
psiMasi 72 IEPIEH/INKY JIIPHA TPAHSIM COTIPOBO3K/IAI0-
mero napasaenernumnena, o n L. SC uw n L AB.
[ToBepuem Terpasap SABC na 180° BOKpyT mpsMoii
n. Ilpu atom Terpasapel SABC, KLMN (u napan-
Jesienumes, conposoxpaonuii SABC) nepeimyt
camn B ce6q. Tak xak BepmmHbl M u L mepeiayT
JIPYT B JIpyra, TO OTpe30K ML TepreHAnKyIsIpeH
IIPSIMOIL 7 U IlepeceKaeT ee B CBOEH cepeinie — TOUKe
D. Anamnornuno, KN L n, E=KNn,KE=EN.
3aMeTuM TakKe, 4TO eCJIM IOMEHSTh MecTaMu peGpa
SC u AB, TO IOMeHSIOTCS MecTaMu Touku R 1 Q, a
Tak)ke moMeHsoTesa Mectramu Toukn D u E. V13 atoro
BbITeKaer, yto QD = RE.

Q
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PaccMOTpPUM OPTOTOHAJBHYIO MPOEKITHIO TETPaspa
SABC na miockocTb [] , TPOXOIANIYIO YepPe3 TOUKY
O mnepnenaukyasapuo pebpy SC (puc.16). Touxn
A, B, F', G, K', N’ — oproroHa/ibHbi¢ IPOCKLUL
touek A, B, F, G, K, N na miockocts I1, Touka Q
— mpoeknusg touek S u C, orpe3ok QR JexXUT B
mrockocTt IT, m tak kak R — cepenuna AB, 1o R —
cepenna  A’B’, wu, amnanormuno, E — cepeauHa
K'N’, R — cepequna F'G’. Touka K, aBjisgach
LIEHTPOM BIIMCAHHOI B TPEyroJibHUK SAB OKpYy>KHO-
ctu, menut Ouccektpucy SF B OTHOMEHWH

FK c FK FK’

— =—— . Jlanee, ——=-——;, a Tak Kak
FS a+b+c FS F'S

KNL1LOR uw ABLQR, 1o KN LQR u
A'B"1 OR . 3Hauur, K'N'|| A'B’ u
RE FK' FK _ c

E “ e = FS a+b+c” [Toatomy oTpesox
DE, coeluHSIONNIA CepeInHbI CKPEIUBAIOIINXCS
pebep terpasapa KLMN, coBnamaer ¢ pe6poM co-
MPOBOKIATONIETO ITOT TETPAdAP Tapajliesenumneia
U paBeH

DE=RQ-RE-DQ =
2¢ a+b-c

=z|1- =z .

a+b+c a+b+c

[lpyrue pe6pa 3TOro mnapaJiyiejsenunesia PaBHbI

b+c-a a+c-b
Tibic’ Tihic’ a o06beM TeTpasapa
KLMN pasen
Vs = (b+c—a)(a+c—b)(a+b—c)V5ABC
o (a+b+c)3 i
Jit

Ilpn a =8, b =17, ¢ =5 nonyuaem Vipyy = T

3ameuanue. 3ajauy MOXKHO pellaTb TaK¥Ke IyTeM
HaXOoK/1eHus: Bcex pebep rerpasgapa KLMN.

Bropou 1yp
1. 100023457896.
Yucsao po/mxHo genutbess Ha 4 m Ha 9. Tak kak
CyMMa JeCATH Pa3HBIX Idp paBHA 45, TO K HUM
HaJIo 106aBUTD /IBe Takue IpbI, KOTOPbIE B CyM-
me paior win 0, win 9, wm 18. Ham TtpeGyercs
HamMeHbIIlee YmucJio, moatomy nob6asum 0 u 0.
2. 68.
Ecmn o — panweiii B ycJoBUM JIMHEHHBIH YTroJl
nsyrpannoro yraa (om Bcerga Tymoit), TO

cosa = 17 ITpoeknus 60KOBOI rpaHn Ha jnaro-

HaJIbHOE cevdeHue eCTb TPEeyroJibHUK, 11J10Ma/lb KOTO-
POro paBHa IIOJIOBHHE IJIOIIaAN CEYEHU. ]IByrpaH—
HBII yroJ Mexay 6OKOBOIT TpaHbiO N JUAroHaJbHbIM

o o
ceyeHneM paBeH ., TI03TOMY Srpa]m : COSE = Seeu,

2
S 2\/§Sceq

S = 4 cey -
fox 20052 J1+cosa
2

=68 .

2018/Nel?2

3. 482,
IIpn cosx # —sinx BbIpakeHHe B JIEBOH 4YacTH
HepaBeHCTBA PaBHO

Jtgx —Yctgx Jsin? x = cos® x B

"\s/sinx + :\s/cosx - :\s/sinxcosx ("\S/Sinx + :\i/cosx) N

_ Ysinx —Yeosx 1 + 1

¥sin x cos x _"\s/cosx Y=sinx

3n
IIpn x € 7; 21 | 06a craraeMbIX TI0JIOKHUTETBHBI,

103TOMY
1 1 2 _
Jeosx  Y-sinx  Y-sinxcosx

6,
Gzi > 252 ’
J/—sin 2x

[pu4yeM PaBeHCTBO BbIIOJIHAETCS TOJIbBKO IIpU

b1
X = T ITa TOYKa JJI JJAaHHOTO B YCJOBUH BbBIPA-

JKEHUA HE ABJIACTCA [[OHyCTHMOﬁ, HO HNCXOJHOE BbI-

pakeHue 1npu x, OJIN3KHUX K — , IPUHUMAET 3Have-

nust, 6mskne k 282 . Tlostomy %= 202 .

4. 94.

Ecau uncno mianmeros 6peryioB Lenovo n Huawei
PAaBHO X U ¥ COOTBETCTBEHHO, TO IJIAHIIETOB Samsung
x+6, a Apple iPad — 3y. Us ycaosus: 3y =59 + 2x
n 2x+y+6<%(2x+4y+6)@4x<y—12 . Us
ypaBHeHUs cJeayer, uto y > 20 u HeueTHo. [lasee,
3y=59+2r<59+2 -6, orkyra y<21. 3ua-

qut, y = 21, x = 2, a o6I1ee YNCJI0 TIAHIIETOB: 2X +
+4y + 6 = 94.

3. 1.

[Tockoabky 201727 <10000%'7 , samucy umcaa
201727 conepxut e Gosee 4 - 2017 = 8068 1udp,

a ux cymma 5(20172017) He HPEBOCXOJUT
9-8068 = 72612 . Torga noayyaem

5(5(201720”)) <6+9-4=42,
5(5(5(20172‘“7))) <3+9=12,

5(5(5 (s (201720”)))) <9
Tax Kak 2016

2017217 = (2016 + 1)

nun Ha 9. ITockosnbky cymma nudp uncia jfaer TOT
JKe OCTATOK TMPH JlelleHny Ha 9, 4TO M caMo UncJIo,

- S(S (s (5(201720”)))) -1,

3-47
2

KpaTHo 9, YU CJI0

jaetT ocraTok 1 mpu jede-

6.
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Mycrb st Beex x € [1; 3] BblnoJHseTCS HepaBeH-
1

CTBO |f (x)l < 5 Ecmn x = t + 2, T0 HepaBeHCTBO

|t2 +(p+4)t+(2p+qg+ 4)| < % BBIIIOJIHSIETCST JLJIST

Bcex  te[-11].

Paccmorpum  DyHKIHHT

g9(t)= |’f2 = (at + b)| , G(a,b)= ér[l_z}lxﬂg(t) 1 TOUKU

A=t3) b=t} c=[o; 1] p=[0,-1),
2 2 2 2

E=|1 5 , F=|1 5] Ha KOOPJMHATHON TIJIOCKOCTH
Oty (puc.18).

A YA E
3/2 y= t2

1
C y=1/2
’ \1/2/ )

-1 0 1

~Y

_ D
Puc. 18 172

Tlpsmast y = at + b no/uKHA Tiepecekatb Bce TPH
orpeska AB, CD, EF, 110s3TOMy OHa COBIIaJlaeT ¢

. 1
InpamMon y = 5 . 3H21LH/ITy JUIA Mo0bIX @ u b umeem

G(a,b)= % , ipudeM G (a, b) = % TOJIBKO TIPU @ =

=0, b:%. B mamem caywae p + 4 = 0,
2p+q+4=—%, oTKyZa p = —4, q=£ u
f(x)=x2‘4x+g=(x‘2)2-%~ﬂaﬂee,

J7

3+47) 3-
557

(U K

_3dT, Mfﬂ]]ﬁ |

~ ‘

2 2

2017

Touka Q sBJIsIETCS TOYKOM TepecedeHust OUCCEKT-
puc AABC . IlpoBenem Guccektpucy /BAC , TO4-
Ky ee IepecedyeHusi ¢ omucanHoit okoso AABC
OKPY’KHOCTBIO 0603HaYNM OYKBOIl L, COEITHUM TOY-
kn C u Q (puc.19).

A
o)
S
Q
B it M it C
Puc. 19 L

IMockombky £BAL = ZCAL =7/6, TO §L=5L=
=n/3, BL = CL, ABLC - paBHOGe/pEHHDIIi,
03TOMY IpsaMasg LM — cepeUHHBIN MeprIeH/iuKy-
agp k BC. 3nauut, Touka O TOXe JEXHT Ha
npsimoit LM.

JIBaxxapl TpHUMeHSAS TeopeMy MeHemnas, nMeeM
0S OM AL

= =1, =—.—. =1. Orciona
AS QL OM oS LM AQ

MS QA AL LO MS OS
—=—— - ——=1. Tak kak —— ——=
AS OS OL LM AS OS

2
= ——  a tpeyroabank LOC pasnocroponnuii (CM
3\/§ pey P P

— ero BbicoTa u Memmana, LO : LM = 2), 1o
4 AL _ AL 33

—-—=1, oTkyta — = =—"= .

3J3 OL OL 4

IIycts ZACB =2y, torpa ZALC=ZABC=

=2n/3-2y, ZBCL=/BAL=7/6 u ZQCL=
n

=4QCB+ZBCL=€+Y. Torpa ZLOC=m-

—LQCL—AALC:g+y.

3uaunt, ALQC - paBuoGenpennbiii, QL = CL.
Torga mo teopemMe CHHYCOB:

AL AL sin ZACL . b1

— =—=—"——=2sin| 2y +—

OL CL sinZCAL ’

. Iloatomy

“j_l.ﬂ_ﬁ

OTKyZa sin| 2y + —
A [y 2 0L 8

6
sin ZABC + sin ZACB = sin 2y + sin(% - 2y) =

= /3sin 2\(+E :2.
6 8

8. 2744.

[Monoxxum y = tx, TOorga NpuU HATYPAJbHBIX X, ¥
Yneso ¢ PAIlHOHAIBHO, HO]ICTaBI;IB B ypaBHEHHNE y =
t- t+
=tx, Haiinem x=t2 , y=t2 . Yucio t Moxer
OBITb TOJIBKO TIEJBbIM. lIpenosioxxuM TPOTHBHOE:
nycrp t = B, rje p U g B3aUMHO IIpoOCTbl, ¢ # 1.

q

px
Torpa y = ~—, n ypaBHenue npumer BUj
q
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b pr_. pr-qx
2 x ) q . x
x =[p_j e TP =(p_ o
q

, *(p=a)
o = pprxq LTI qx((]*/)) PN xl(/x — [PJ '
q

31ech JieBasi 4acTh Ilesias, a ITpaBasg — HeleJsas.
IIporuBopeune.

Wrak, uncyio ¢ HATypaJbHOE, TIO9TOMY YUCJA X U Y
Oy/lyT HATYPAJBHBIMHI TOJBKO B CJEAYIONNX [BYX
cayvasx:

1) uyucno t HeuerHOo: t = 2k — 1, Torga
x=(k-1)", y=(2k-1), ke N;

2) uucao ¢ ecTb NOJHBIL KBaapaT: ¢ = k%, Torja
x= kT =k ke N.

CBeieM TIOJTyYEHHDBIE PEIIeHHUS B TaOJUILy:

t{1]13] 4| 5 7 9
x| 1]3] 8| 25| 343 | 6561
y| 1191 32])125(2401| 59049

Wckomas mapa: x = 243, y = 2401.

3aKnouuTenbHbIN 3Tan

1. (xs; ys) .
2. Bropoe.
B camom nene,
O IR
172 134 .178 1316 . 172" 132" =
LI I R TN I B 2 1
=172 8 & 2473 133

= +...
2017 134 16 64

g A
.1OI/I]II/184

Ecnu Q — mentp oxpy»XHOCTH, BIUCAHHOH B AACD
(puc.20), 1o AQ n CQ — 6uccekrpucsr yraos BAC

B

C
Puc. 20

1 ACD cootBerctBenno. Tak kak ZDBQ = ZDCQ,
t0 AABQ = AACQ . 3nauur, AB=AC, r.e. AABC

paBHOGE/IPEHHDII.

Tonoxum BC = 2x, torna S pc = xV4l —x% . Tlo-

nydaem ypasHerne xv41—x® =20, ero KopHm x =

2018/Nel?2
=4,x=5.T0maR:AB'BC'AC:M‘ZJC:ﬂ,

48 4-20 40
4. 32.

[Tyctp ¥, y — HOMepa aabOGOMOB, B KOTOPbIE TTOTIAJII
81-g u 171-a dororpacdun COOTBETCTBEHHO, a 1 —
KosmyecTBO cTpanull B ambbome (n=5). Toraa

dn(x=1)+16 <81<4n(x-1)+20, 4n(y-1)+
+8<171<4n(y—1)+12, 1.e. 61<4n(x-1)<
< 65, 159 <4n(y—-1)<163. Iloatomy n(x-1)=
=16, n(y—1)=40. 3naunr, n — geJaUTEIb YHCET
16 u 40, He menbimii ngaTu. Otcioga n = 8, 4n = 32.

[ 21 8n 8m n}
5. | cos=; cos— |U| cos—; cos= | .
5 25 25 5

S5 10
O6o3HaunM U = ——arccosx , v = S—arcsinx . Tor-
T TT

na 4u + 3v = 5. PemenumeM HepaBeHCTBaA
arcsinu > arccoso siBjsiercst MHOKectBO 0 Su <1,

0<v<t, u’+0*>1, ma pucynke 21 omo 3akpa-

UA

sy

0 4/5 1
Puc. 21

meHo cepbiM 1BeToM. llepecedenne mpsmoit 4u +
+3v = 5 ¢ 3TUM MHOXECTBOM €CTb OTPe30K ¢
BBIKOJIOTOI Toukoit # =4/5, v =3/5. 3uauwur,

T4),,(4.
ue[E,SJU(SJ}@

[n SnJ (8112 Zn}
& arccosx € | —; U ; =

5'25)7125" 5
[ 21 8m 8m n]
& xe|cos—; cos— |U| cos—; = |.
5 25 255
6. x, =8 wm xk=é,k=1, ,n+ 1.
[Tocsie 3amenbl ), = %logz xp, k=1, ..., n nonyua-

€M CHCTeMy ypaBHEeHUIl

a +a;' = 2ay,

-1 _
an—1 + an—1 - 261,,,

-1 _
a, +a, =2a.
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W3 HepaBeHCTBA /I CyMMbI B3aHMHO OGPATHBIX
YHCeT CJEeyeT, 4To JH00 OQHOBPEMEHHO a), =1,
mu6o a, < -1 pmasg Beex k = 1, ..., n. Pemenusamu
cucTeMbl siBJisiiorest HaGopel @, =1 w a, =1, k =
=1, ..., n.

Ecam cnoxuth Bce ypaBHEHMS CHCTEMBI, TO MOTY-
M @ - a;' +...+a,_ —a,' +a,—a, =0 . Jlesas
YacTb 3TOTO PABEHCTBA GOJIbIIE HYJISI, €CJIN XOTST ObI
onno (a crenosaresnbho, u Bee) aj, > 1, u Menbie
HyJIsI, €Cii XOTs1 Obl OfiHO @), < —1, moatomy apy-
TUX pelleHuil, KpoMe BBIIICYKA3aHHBIX, CUCTEMa He
nmeer. HaiigenusiM ByM HaGopam 3HA4YeHHil ¢,
cOOTBETCTBYIOT fBa Habopa 1x,=22=8 m

xk:2’3:%,k=1, ,n+ 1.

n-2

7. —
V2
meem

f(x)=2sinx-cossinx +(g —2)sinsinx =g(sinx),
rae

g(t)=2tcost+(g—2Jsint , t=sinxe[-11].

Oynkms g wedernas u ¢ (t) = —2tsint + gcost .

Ha mnoxecrse [0;1] nponssoznast ¢'(¢) yGbisaer
(kax cymma aByX yObiBatommnx (yHKIMA) u o6pa-

[AeTCsT B HOJIb P ¢ = g . Tloatomy ¢'(t)>0 upu
0<t< g , ¢'(t)<0 mpu g <t <1. Cuenoareb-
Ho, Qymkuusa ¢(tf) uMeeT eMHCTBEHHBI Makci-
Mym Ha orpeske [0;1] B Touke f= I ore
g(t)< g[zj = n_—2y t€[0;1]. B cuny nevernoc-

4) 2

i Gyukinn ¢ (t) curyaius Ha orpeske [—1; 0]

HAIIEYATAHO

cummerpuuHad. [Tokaskem, uto g(—1) < g(gj . Jleit-

CTBUTEJIbHO,

g(—1)=[2—gjsin1—2cos1 =2sin1(1—§—ctg1]<

< 2sint 1.z <0<gE,
2 4 4

Takum o6pasom, HamboJiblliee 3HaUCHWE (PYHKIUU
g(t) wa orpeske [-1;1], a swaunmr u QyHKIHH
f(x) ma Bceit uncmoBOIl MPsAMOH, paBHO I \/52

8. a) 810; 6) 14580.

a) VIckoMble umcsia JI0JKHBL GbITh COCTABJIEHBI U3
midbp 1, 2, 4, 5, 7, 8§, npuueM B KaKJIOM YHCJIE
cymma nudp He posrkHa 6biTh KpatHOil 3. Iudpsr
1, 4 m 7, HazoBeM WX I pamMu MHOXecTBa A, TIpu
neieHnn Ha 3 gaior ocrarok 1, a mmdpsr 2, 5, 8§,
1@ pbl MHOXKeCTBa B, aloT ocTaTtok 2. Y 10BJIeTBO-
psolee yCJIOBUIO YHCJO JI0JKHO ObITh COCTABJICHO
OfHUM U3 YeTbipex croco6oB: 1) 4 tudpsl us
MHoKecTBa A; 2) 4 mudpol u3 muoxkecrsa B; 3) 3
mndper n3 MEHOXKecTBa A 1 1 T pa U3 MHOKECTBA
B; 4) 3 undpsr us MHoxkectsa B u 1 mudpa ns
muoxecrsa A. Bcero rtakux uucen O6yjaer

3 +3"+4-3"+4-.3" =103 = 810.

6) Jlng moucka o6uieii cymMMbl M(P BCexX STHX
qrces pazo6beM MX Ha Hapbl: BTOPOE YHCJIO TIOJIY-
YaeTcs U3 MepBOTo 3aMeHoil BeeX 1udp 10 MpUHIH-
ny 18, 27, 4 < 5. Hanpumep, uncio 1545
numeet mapy 8454, uucno 5271 umeer napy 4728 u

1. Cymma tudp Jo6oit mapsl paBua 9-4, a
4

. 3Ha4yuT, UCKOMast

9.4-10-3"

YUCJIO TAKUX Tap PaBHO

cymMMa BceX 1u@p paBHa =14580 .

B 2018 TOAY

Ne sxypnana  c.
K 110-retmo U.K. Kukonna 6 2

Crartby o maremarvke

BolnykJiblii anaans Ha 11JI0CKOCTH.

J.Joxyuyuescxuii, B.Tuxomupos S 2
—<«— 6 11
Boixoa B npoctpanctso-2 (npojgosskenue).

B.IIpomacos 1 8
—<«— 2 2
Teopruit deonocbeBuy Boponoii.

H./lor6unun 12 2
3ajiaua 0 3aBUCTJIMBBIX Pa3GOHUKAX.

U. Heanoes-ITozodaes, A.Marucmoes 10 6

Ne sxypuanra  c.

Kak naiitn cymmy cremneneit. I. Mepson 4 6
KBajipatuutbie 0TOOpaskeHust B KapTHHKAX.
11.I1anos 7 7
—«— 8 12
OcTpoyroJibHble MHOJKECTBA.
A. Patizopodckuii 3 10

IIpophIB B 3a/ade O PacKpacKe ILIOCKOCTH.
A.Patizopoockuii, B.Boponos, A.Caseamees 11~ 2
Ckombko fepeBbeB B rpade. A.Ilempynun 9 9

Crartbu no ¢usuke

ActpoHomust BepHyJiach B Koy (OKOHUaHUe).
B.Cypoun 1 2
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No sxypuanra  c.

Busutep — 100 ser nasan. C.Bapaamos 9 2
«Bor KBanr, xoroporii moctpons Mcaak...».

A.Casun 6 10
NTOP — 3emnas 3Besna. JI.benonyxos 8§ 2
NUTIP — ceropns. JI.benonyxoe 10 2
Kak BBomsitcst (husmueckiie BeJTMYUHDI.

U. Kuxoun 6 3
Mexanuka "esuaumoro. JI. Awxunasu 11 10
[Torepst ynpasasiemoctu. A. Munees 7 2
PekopiHble MeXaHIMUYECKUE MapaMETPHI.

J. Awkunasu 2 7
Cxkeitnaru B 6uosorun. A. Munees 3 2
dusnuka 3Byka. M. Ecunos 12 8§
DJIEKTPOCTATHYECKOE B3auMo/IeiicTBIE B

nuasiekrpudeckux cpepax. C.Cupuyoe 4 2
— « — > 9

Hosocru Hayku

Posxyiennie rpaBuTalinOHHO-BOJTHOBOW aCTPOHOMUM.
Jl.Benonyxos 3 14

Maremaruveckmii myp

Cepreii Ilerposuy Hosukos (k 80-jeruio co s
POXKIEHNS) 6 18

Msnrnunﬂ1mamu

Anjpeit AnatosibeBUY 3aJIU3HIK.
A Iunepcru 1
— <« —
Jlkeitve [Isxoyab (k 200-1eTnio co aHsS posK-
nennst). JI. Beaonyxoe 7 10
Yemosek-nererga XX Beka (x 100-71etuio
co aHA pokaeHus Puuapaa Deiinmana).
Jl. Benonyxose 9 14

Hawmn nrrepsbio
Wurepsoio ¢ P.K.Topaunbim 12 16

3agayHmnk «KBaHTa»

3agaun M2494-M2541, ©2501-D2548 1—12
Pemennga 3amau M2482 — M2529,

D2489 — 2536 1—12
B 3amury MarHuTHBIX 3apsSJI0B U MATHUTHBIX

mqunoueit. C.Bapaamos 4 19
Kaxk paspesarb coip? A.Toanvizo 3 24

O KpaTHOCTH TIOKPBITHS OPUEHTUPOBAHHBIMU
MHoroyroJbHukamu. A. Kanenv-benos,
I1. Kosxeenuros S 20
Pesonancuorit yaap. A.Baacoe 4 17

«KBaHT» 4159 MAGALINX LUKOSTIbHUKOB
3ajaun 1—12

CtaTbn No MaTeMaTwuke

leomerpus kieryaroit Gymaru.
A.Ononpuenxo 11 27
Kom6unaruu kBaaparos. E.Baxaes 7 22

2018 /Nel2

N sxypuana  c.

Mpuororpanuuku u3 tpy6ouek. /[.I1lanos,

A ITywxapy, /1.Yebacos 2 29
«Ilpuspaunpie» Tpy6nl. E.Lakaes,
A.Becnun 10 24
XXIV Typuup marematmyeckux 6oeB

umenu A.Il.CaBuna 8 24

UYeTbIpbMsI PA3INIHBIMU CIIOCOOAMH.

B.Pacmopzyes 12 32
Ctatbwn no usunke

Kanaroxon Tom Brynkuna. C./eopanunos 3 30

Jlazepnast nokarms. C./leopanunos 9 34
[Touemy Jlyna ne majgaer Ha 3eMJlo.
C./leopsanunos 4 25

Konkypc nmern A.ll.CaBuHa

3agaun 1—-4, 9—12
Wrorn xoukypca 2017 /18 yueGuoro roma 6 33
Kanevigockon «KBaHta»

MaTtemaTuka

3amornienns cdepbl I apXIMeI0BbI
MHOTOTPAHHUKHI 11 32

MatemMaTiHuecKuil mapk 6

TToJrynpaBiJIbHbIE 3aMOIIEHHsT TJIOCKOCTH 3

«

durs3nka

AcTpodusnka 1
TFeodpusuka

He6ecnas mexanunka

Dusnka armocdepbl

Dusnkatreorpadus

dusuka mIaHer

32
«
«
«
«
«

ORN N =S

Llikona B «KBaHTe»

MaTemaTnka
Ine omm6ka? (AnreGpa m Havanma anammsa) 2 35
Trne onmm6ka? (3amaun Ha TeJsble YHCaa U

TEKCTOBbIE 3a/[aull) 4 29
Ine omm6ka? (Jlornka, KOMOMHATOPHKA,

BEPOATHOCTH) 6 31
dursnka
Bynyr o Ha Mapce g0710HI IIBECTH.

1O.bpyx, A.Cmacenxo 4 27
JIBoe Ha HakJOHHOU 1aockoctu. B.)K6anos,

A.Cmacenxo 3 34
[uddysus B Metamiax u kopona ['mepona II.

A.Cmacenxo 7 27
Kak cyxoe Tpenne CTajgo BSI3KHUM.

A.Cmacenxo 10 26
Ha tom cromm! JI. Awrunasu 5 26
[Torenmuanbuas sgMa W IPUHIUIT YaltHOI

noxeuxn. C./leopanunos 8 27
PamnoaktuBubIil pacnaja, GAHKOBCKUN MPO-

nent u gpyrue. A.Cmacenxo 8 30

Crapsa Tumodes. U.Axyauu 12 33



Qusnyeckmii pakynbraTus

I[BI/I}KGHI/IG TE€J B I'PABUTAIIMOHHOM II0JIE.

HAINIEYATAHO B 2018 TOAY

Ne sxypuana c.

Onumnuags!

Ne sxypuana c.

3axuounresbhbrii aTan XLIV Beepoccniic-

b.Myxywes 9 29 KOi1 OJIMMIIHA/Ibl MIKOJbHUKOB 110 MaTeMa-
[nddysusa: koro, Kyzaa u BooOIIe. THKE 8
JI. Awkunasu 12 38 3aksmounteapnbiii atan LIT Beepoccuiickoit
3aKOHDI MEXaHUKU M IIAPAMETPDI 3JLJIHIICA. OJIMMITHA/IB! TITKOJIbHUKOB 110 (DU3HKe 8
B.I'pe6enw S 32 LIX Mex/aynapogaasi MaTeMaTHIecKast
W cHoBa koreHok Ha Jectuutie. M. Axyauu 4 36 OJIUMITNA/IA 11
Haxosxaenne nenrpa Macc MpoBOJIOYHOTO XXV Mexaynapoauas oaumnuazga «Tyiima-
tpeyroabHuka. M. /lauenxo, 10.Munaes, ana». Dusuka 9
O. Opasmcruil 1 31 XLIX Mesxaynapognas Gusndeckas omM-
[Touemy JISII ryzaar na wactore 100 I'r? nuaja 11
C.Bapnamos 2 38 LXXXI MocKOBCKasi MATEMAaTUYECKAsA OJIMM-
Yepes teprun k 3sesgam (Per aspera ad nHaaa 7
astra). A.Cmacenxo 6 34 MockoBckas (husnueckas OJUMIHNA/A 1IKOJIb-
Uro Tpancdopmupyer TpancopmaTop? nukoB 2018 roma 5
C.Bapaamos 3 36 Mockosckuit Typ Beepocewiickoii crymen-
Martematuyeckusi KpyxoK 4yecKoil osmmnuaapl o pusuke 2017
4

[lminnple mytn B Tpadax. I1.Koxesnuxos 1
Jlokasarb /1eJMMOCTb ITOMOXKET KOMOHHATO-

puka. A.Kanynnuxos
e

OkuJielika TeTpasipa MIECTUYIOJIbHUKAMMU.

H.Aesunos

OKpPY)KHOCTD JIECSTH TOYEK BIIHCAHHOTO Ye-
Thipexyroabiuka. M.Hcanbaee 11 31

37 roga

2 40
3 40
10 29

Mynununanabubiit atan LII Beepoccuiickoit
OJIMMITMA/IbI MIKOJIBHUKOB 110 (pU3HKe 2
Pernonaspnpriii atan XLIV Beepoccuiickoit
OJIMMIINA/IbI IKOIBHUKOB 10 MaTeMaTuke 3
Pernonaspnbriii atan LII Beepoceuiickoit
OJIMMIINA/IBI ITKOJIBHIKOB 110 (PU3UKe 3
XXXIX Typuup ropojioB. 3ajauu BeceHHe-

ro Typa 5
IEJLIO_CM_MHHbeI w urpa Hin. . Konoiros ; ?4) XXXIX TypHup ropofos. 3agauil OCEHHEro
Cocen Ha KJeT4yaToil pelierke. rypa (2017 ron) t
H.Beayxos 12 34 SK3aMeHaLNOHHbIE MaTEPUAIbI
Teopema 06 nsoronansax. A.Kyauxosa, EID 1o dusnke 9
A.IIpoxonenio 4 4 WucruryT kpunrorpadun, cBsa3n u nHQOP-
T . 5 34 matukn Axagemun OCBH Poccun 12
@opmy.a Ilnka 1 Tarompmit nex. I Mepson 9 36 MocKoBCKuii TOCYIapPCTBEHHBIH TeXHUYEC-
Jlabopatopusa «KeaHTa» kuit yauBepcuter uMmenn H.J.bBaymana 7
Axycrmieckuii pesonanc. M.Cmapwos 11 35 MockoBckHil rOCY J2PCTBEHHEI yHUBEPCH-
Bpamenne or Bubpanuu. M.Cmapwos 4 34 TET UMEHN I\/UI'B"HOMOHOCOBa . 10
Mastrink Kammst. C. J6opsnunos 5 37 HarmmonambHbIil Biccie/[oBaTeTbCKIi YHHU-
Bepcurer «MMIT». dusnka S
Hawm Habmogerns HoBocubupckuii rocy1apcTBeHHbIN YHUBEP-
Bona B Amepuxe ne ta. M.Cmapuos 8 37 cuTeT 10
Tnapoynap y nac noma. 1O.Hocos 6 37 Omummnuaza «JloMoHocos»-2018. Martema-
O pacTuTebHBIX y30paX M XOPOIINX MOjie- THKA 11
aax. B.IImywenxo, A.ba3vikuna 7 35 Ommmuaga «JIomMorocoB»-2018.
Tpenue nporus rpasurtaiun. M.Cmapwos 10 35 Dusnka 4
S x BaM Tpasoio npopacry. B.I[Imywenxo 9 49 Ounmiuaza «ITokopu BopoGbesbl ropbi!l» 8
MpaxTuKkym abutypmeHTa Canxkr-IletrepOyprexkuii TOCYapCTBEHHbII
yausepcutet Ilerpa Bemukoro 11
dusuka Dusuko-MaTeMaTHyecKast OJMMIINA/A
Acrpodusuka B EI'D no ¢usuke. «DuszTex» 10
H.Tomyauna 1 42
Kak He ObiTb Masunoit. T.Mapmemvanosa 1 37 NHgpopmauns
Cpeansasa cKoOpoCTb IPSIMOIMHERHOro ABUXKe- 3aounag mkoaa CYHIL HI'Y 7
nus. B.Myxywes 2 48 Ouepesnoii na6op B B3MIII 1
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Ne sxypuana c.
Ham iyt
Beposrtroctp 1 mocaeusas mndpa npounsse-
ennd 6 17
JlomnosiHenye K NPUKJIIOUEHUIO OAHON 3agaun & 31
Ente o xBajpatax m3 crnmyex 8 38
Ente pas o mocrpoennn kacatesrbHOM 10 14
Hesajiaua ¢ 3ajaueit S 30
HepaBencrBa 7151 21€MeHTOB TpeyroibHuKa 9 40
CeueHne ¢ HaMMEHDIIEH I1JI0a/[bIO 8 16
BHUMAaHNIO HaLnxX ynuTartesne! 1 28
2 34
3 28
6 48
10 36
50
11 64
12 34
«KBaHT» yribibaercs 1 30
9 35
Cmecs 3 13
S 24
Konnekymns romnoBosomMok
Boume6uble (urypbt 4 2-a c.o6n
Bormyxibre popMbr 2 «
TFopaues y3sen 1 «
3ursarn ygaan 5 <
3purebHbIil 06MaH 9 «
Kro pas6ymui JeTydyio MbIiib? 6 «
KyG6as3ibl n 1a3aJimmne/ip! 8 «
Henpocroii miatox 10 «
Cser u TbMa 7 «
Crpsrarb 30J10TO 11 «
Tpu ky6a 12 «
DecTuBasIbHBIE KOJIbIIA 3 «
LllaxmartHas cTpaHny4ka
BcrmoMuHast mpomnibtii roj 1 3-a c.o6u.

Bookumas kamenn 10

VlckyccTBeHHDIIT MHTEJIEKT YUUTCST
UTPaTh B MaXMaThl

Korna nByx depseit mamo

Kpacora Gpictpoii urpbt

Ha myTn x yemmmonaty Mupa

Ha rtypuupe nperenjienToB

Hosoro e croserbl

IIpoGaema Gesoro 1Bera

PesysbratuBHas pycckas napTus

CuMBoOJIMY€ECKHEe MIAXMaTHbIEe 1103U-
n )

[ITaxmarHO-pyT6OMbHAS KOMITIO3H-
s 7

—
=D O W

«

«
«
<«
«
«
«
«
«

<«

<«

2018 /Nel2

Ne sxypnana c.

lporynku ¢ ¢pusnkori

Boamosxio s 910? 10 4-3 c.o61.
Tunpoynap 6 «
I'ynenue npoBooB 2 «
3Be3Has POCChIb 1 «
Kax MOXXHO ycHJIHUTD 3BYK 11 «
Mesxty JIeToM U 3UMOii 3 «
Mup 3ByKOB 12 <«
Hesepostao — HO (hakT 9 «
He Bepb rnazam cBonm 8 «
ITyru csera 4 «
Pacrutebibie y30pbI 7 «
Y iuBuTEbHBII MAATHUK S5 «
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IMMAXMATHAAd CTPAHUUYKA

HOBOTOAHI/I E
CIOXETbI

IIpubamxaiorcss HOBOTOIHME
KaHHUKYJIbI, X TI09TOMY CETO/HIII-
HUH BBILYCK IIaXMaTHOH CTPaHIY-
KH TPaAUIHONHO IIOCBAIIIeH Ipa3/-
HUYHBIM 33/adaM.

T.loycoH, MaT B 2 xopa

Yamre BCero B CBOMX HOBOTO-
HHUX IPOUBBEJCHUSX I[IAXMATHbIE
KOMIIO3UTOPBI U306PAKAIOT €1Ib U
cBedy. O HYM 13 IHOHEPOB B 9TOH
objactd OB aHTJIHHCKUI TIpOo-
6memuct T.[loycon. Ha gByxxo-
noske (1924 r.) Mbl MOXeM yBH-
JIeTb POKIECTBEHCKUI TOJACBEY-
HUK. [/ ee pelneHns HeoOXOH-
MO Halitu yrposy Mmara: 1. Ha3!
€3 (xoaBI APYTHME MEIKAMHA TAK-
XKe BeIyT Kk MaTy mocsie 2. B a5) 2.
He3x.

PerynapHo ocBemaer poxkaec-
TBEHCKYIO TEMY B CBOEM TBOpDYE-
CTBE NIAXMATHBIH KOMIO3UTOD W
OJWH W3 cTapeimmx rpoccMeticre-
pos cospemenroct [lan Benko,
oTMeTHBIIWIi B 3TOM ToAy 90-1eT-
HUi 106u71edi.

MN.BbeHko, maT B 3 x08a

Do e
Do

e B3
e

e Do

[naag Ha 3Ty TPEXXOAOBKY,
JIETKO y3HaTh IPasTHAYHOE XBOM-
HOE JIEPERO.

1. 2b8 ®b6 (1..%®c5 2.
c8¥+ #b6 3. c5%x) 2. c8E!
IIpeBpaTuThC HYy>KHO MMEHHO B
Jap10, 4TOOBI H36eKaTh Tara
2...%263. ZcbX.

MN.beHKo, MaT B 2 Xoaa

1 e
IE e

- e
CHED B oo
I -

Hecmotps Ha GoJbIIOe KOJIH4e-
crBo (uryp, sra IABYXXOJOBKA
peliaeTcsi OBOJIBHO JIETKO TIPH
noMoy keptesl Gepast: 1. ¥ eJl
(cyrposoii 2. ¥ d5x)dc2. Ees.
[pyrue B3ATHA TaKxXe BeIyT K
Mary:1... Bc52. @dix;1... L e
2. afix.

MN.beHKo, MaT B 3 x0a4a

ED B

B cmiy mpocroThl m306paxe-
HHSI, BO3MOXKHA Macca BapHalui
Ha TeMY POKIECTBEHCKON CBEYH.
AnroputM pemeHus TOAOGHBIX
33724 3aKJII0YaeTC B IIOHCKE
MaKCUMAJIbHO OrPaHMYHBAMOIINX
KOPOJISL X0/IOB, OCTABJISIFOIUX MY
MUHHMAJIbHO BO3MOYKHOE KOJIH-
4ecTBO CBOGOIHBIX IIOJIEH.

1. ed 2 h42. ¥4 2h3 3.
afix.

MN.beHko, MaT B 2 X0A8a

IEliBieded J

1. ¥ b6 g4 2 Mg6x.
MN.beHko, MaT B 4 Xoga

iy

A
1.%d5 g3 (1...®h32. Lf2
¥ 043 ¥a5 ®h34. ®h5x) 2.

el ®h3 3. ©2f2 ©2h2 4
¥g2x.

MN.beHKO, MaT B 4 X0Aa

®
2
a
Wy

1. %ad5 edi(1.. ®42, #{5+
o33 Wgit ®h2 4, ¥Wg2X)
2. ©2d2 #e4 3. W5+ dd4 4
¥dsx.

MTaxmaTHast cTpaHWIKa JKemaeT
CBOUM YHTATENSAM CYACTIHBOTO
Hogoro rozxa u n1060Jb1ie yBJIeKa-
TeJbHBIX IMaXMaTHBIX CPa’KeHHiH
B HacTyIammeM rogy!

A.Pycanoe







