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Konnekuwms roJloBOJIOMOK

B/A

Mpowegwunn B aBrycte 9TOro roga B KanuOpHUMCKOM ropojae
Can-[unero oyepegHon, 38-i no cHeTy cbesa nobuTtenemn ronososo-
MOK nogapwun BCEM HaM MHOIO 3ameyvateribHblX MOBOAOB MOMOMaTh
ronosy. [lonHbLIN CNUCOK NpeaCcTaBNEHHbIX FONOBONTIOMOK MOXHO
HanTn Ha canTe johnrausch.com/designcompetition/2018. A B Hawlewn
«Konnekumm ronoBoNnoMoOK» Mbl CTapaemcsi pacckasblBaTb O TeX U3
HWUX, KOTOPbIE HECMNOXHO CMacTepuTb AOMa, YTOBbl YuTaTeNn MOrnu
camu nopeLuaTtb NOHpaBMBLUMECS 3a4auM.

o

lonoBonomka sinoHckoro nsobpetarens Mumpo KoHo (Ichiro Kohno)
Oblnia BbICOKO OLEHEeHa y4dyacTHUMKamu cbe3fga 3a NakOHWYHOCTb
N BHELLHIOW MNPOCTOTY: AaHbl TPU OOMHAKOBble AeTanu, KoTopble
HaJo CroOXMWTb Tak, 4Tobbl Nony4Yunuck Tpu Kybuka. Kaxgasa getanb
ckrieeHa u3 aByx 6pycouykoB 2x2x1. Ha poTorpadnm BUgHbI TOYKU B
LeHTpax 6pycoYKOB — 3TO MarHUTUKK, KOTOPbIE MOMOTYT yYAepXaTb
AeTanu BMecTe, Korga roroBosfioMka byaeT pelueHa.

E.EnugbaHos
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reoprun QeonocbeBmny BopoHoW

H.4OJIBUJTUH

EOPTUIO ®EOJJOCBEBNYY BOPOHOMY

cy1b00T GBITIO OTMEPEHO BCETO COPOK JIET.
3a cBOIO KOPOTKYTO XKM3Hb BopoHoii omy6Jn-
KOBaJI He TaK MHOTO: 6 GOJIBIINX MEMYapOB U
6 oTHOCHUTENbHO HEGOIBIINX 3aMETOK, BCErO
12 pa6or.

Opnako nms I'.D.Boponoro HaBcer/ia BIiu-
CaHO 30JI0TBIMU GYKBAMHU B MCTOPHIO HAYKHU
KaK OJIHOTO M3 KPYIHEHIINX MaTeMaTHKOB,
Korga-m6o paboTaBIIUX B TEOPUH YHCEJ.
Hapsny ¢ I'.MunkoBckum Boponoii sBiister-
cs1 co3fratesieM HOBOIT 06JIaCTH MaTeMATHKH —
reoMeTpuM 4uces, a 3HaMeHUTbIe «/arpam-
MbI BOpoHOTO» HE TOJBKO CTan TeOMETpH-
YECKUM WHCTPYMEHTOM MCCJIE/IOBAHWI B Ma-
Temaruke, B pusnke, B Kpucrasiorpadum, B
XUMWH, B T€OJIOTHU, HO U HAIILJIU ITPUMEHEHIE
Jlaxe B Kunemarorpade.

HdeTcTBO

Teopruit MeonocbeBud Bopowoit poanics
16(28) ampens 1868 roga B yKpawHCKOii
ceMbe B UMEHHHU CBOEro oTia — B cese sKy-
paBKa, PACIOJIOXKEHHOM B OYEHb KUBOIUC-
Howm yrouike [loaraBckoit ry6epaun Poccwuii-
ckoii ummnepun (HpiHe YepHUTOBCKON o6ac-
i Yipaunbr). Oren Boponoro mosyumn
dunonornueckoe o6pasosanue B KnueBckom
YVHHUBEPCHUTETE W TIPETIOIaBaT PYCCKYIO JIUTe-
paTypy B TUMHAa3W#, paboTaJ AMPEKTOPOM
rumMHa3nii B bepasucke, Kumunnese, IIpu-
JIYKax.

leopruit Bopownoil Hauas cBoe NIKOJbHOE
obpaszoBanne B bepasicke, a 3akonuymsa B
[Ipunykckoit rumuasuu B 1885 rony. Bopo-
HOUl BeJ JIHEBHWK, M3 KOTOPOTO Mbl 3HaeM
MHOT'0€ O €ro >Ku3Hu. B uacTHoCTH, IETCTBO
€ro TIPOTEKAJO0 B OYEHb TEIJION ceMeiHon
atMocdepe. Y Manbuuka ObLIO HECKOJBKO
cepbe3HbIX yBiedenuii: mysbika (Teopruii
uTpaJ Ha JIBYX WHCTPYMEHTaX: Ha (DOPTEIb-
stHO U (paieiiTe), axMarhl, JUTEpaTypa, ca-
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leoprimi @eonocsesmny BopoHor
(1868—1908)

MO/IesITe/IbHbII TeaTp, B KOTOPOM OH MCIIOJI-
HSJI POJIM M CTABUJI CIIEKTAKJIU.

B rumnasuyeckue rogpl y I'eoprus npossu-
JINCH He3ayPSHbIC MATEMAaTHIECKIE CTTOCO0-
HOCTH. Pa3BUTHIO ero MaTeMaTH4ecKoro Ja-
POBaHUSA CO/IENICTBOBAJ YUUTETh MATEMATHKI
WBan Baaaumuposuy BorocimoBckuii. ITOT
3aMeyaTesbHBII TIe/Iaror OKasaj OTPOMHOE
BJINSTHUE TaKKe Ha obIiee pazputue Bopono-
ro, B TOM 4YHCJE ¥ Ha €ro JUTepaTypHble
nHTepechbl. B yauBepcutere BopoHoii, Kak u
BCE CTYZEHTBI TOTO BPEMeHH, ObLT yBJIE€UYEH
nnessmu 1 tBopuectBoM JI.H.Tomcroro. Emy
TaK)Ke HPAaBUJIUCh PEaJMCTUYHbIE ONUCAHUS
PYCCKOH JKU3HM, KOTOPble OH HaXO[UJ B
npoussenenusx [1.11.Menpaukosa-Ileuepc-
xoro «B mecax» u «Ha ropax». B 1o ke
BpeMsi BopoHOil ocTaBasicsi paBHOYTITHBIM K



Lom Bopororo B XXypaske

tBopuectBy M.E.Canrsikosa-Illeapuna. Op-
HAKO ero TIMHA3WIeCKUH yUNTe b MaTeMaTH-
K, KOTOPBII caM OBbIJI CTPACTHBIM TTOUNTATE-
Jem TBopuectBa lllegpuHa, cymen mepenathb
3TO OTHOIIIEHNE U CTy/eHTy BopoHoMmy, cBO-
eMy OBIBIIEMY YICHUKY.

B 1884 roay npodeccop Kuesckoro ynu-
BepcuTeTa, u3BecTHbI MaTematuk B.II.Ep-
MaKOB HauaJ usznabath <« KypHan asemen-
TAPHOIT MaTeMaTHKu». B HEM OH TIpeyIoKuI
HECKOJIbKO TeM JIJisI YYeHHYeCKuX paboT 110
MaTtemaruke. Ha ofHy U3 HUX, a UIMEHHO Ha
Temy «Passokenne MHOTOYIEHOB HAa MHOKH-
TeJ, OCHOBaAaHHOE Ha CBOMCTBAX KOPHEN KBa/I-
PaTHBIX ypaBHeHHil», ObLTa TIpeACTaBIEHA
ewHCTBeHHAs pabdora. Ee aBropom 6br1 Bo-
ponoit. Pab6orta monpasuiach EpmakoBy, n
OH OIy6JIMKOBAT ee B CBoeM JKypHate B 1885
rogy. B tom ke romy Boponoil 3akoHumn
rumHazuio n nocrynua B IlerepGyprekuit
YHUBEPCUTET.

Yuyeba B MNeTepOyprckomMm yHuBepcuteTe

W3 gHeBHMKA MBI 3HAEM, C KaKUM OTPOM-
HBIM JKeJlaHueM U HacToiiunBocTbio I'eopruii
NPpUCTYyIUJ K MU3YyYEHUIO MATEMATUYECKUX
KYPCOB, KOTOpbIE «Bce 60Jiee YBJIEKATI» €T0.
OH TpUyYUsICS BCTaBATb OKOJIO 5 yTpa H
[IPUCTYHIAJ K 3aHATUAM, KOTOPbIE IPOI0JIKA-
Jmch 7o Beyepa. Y [eoprus 6bLia mpu cebe
UTOJIKA, KOTOPO OH YKAJbIBAJ ce6s1, 4TOObI
0CTpoii 60JIbI0 COUTH HAKATBIBABIIYIOCS Bpe-
M OT BpEMEHU BOJIHY YCTAJIOCTHU.

B 6bITOBOM OTHOIIEHUN JKU3Hb CTYJACHTa
Boponoro ckaagpBasach Hermpocto. Marte-
PHUAJLHOW TIOMOIIH, KOTOPYIO MOT OKa3aThb

oTell, sIBHO He XBaraJo. A TIOCJe BBIXOJA
oriia B oTctaBky B 1887 roay u ata momoiib
cokparmiaach. Tak Kak YHUBEPCHTETCKYIO
cTunen/ 0 BopoHO# Hava I MOJIyYarh JIUIIb
Ha TocJIeJHeM Kypce, TO OH OBLT BBIHY)K/IEH
JlaBaTh 3a HeOOJbBIINE eHBIH YPOKU. Y PO-
KI €T0 BBIMATBIBAJH, a TsKEJIble YCIOBHUS B
OOIIEKUTHH JOTIOJHUTENBHO OCJOKHIIN 1
OT/JIBIX W 3aHATHS MAaTEeMATUKON.

B stux ycaoBussx BopoHoii cKoHIIEHTpUPO-
BaJI BCe CUJIBI ¥ BOJTIO Ha MaTeMaThke. «[yiaB-
HOE, YTO MEHsSI 3aHMMAeT, €CTb JIU Y MeHs
JIOCTaTOYHO CIIOCOGHOCTEl», — TIUIIET OH B
nueBHuKe. K cyactbio, MaTeMaTH4eCKUX CIIo-
cobrocteit y Bopornoro 6b1710 B U36BITKE, a
«TIOCTOSTHHO YCUJIMBAIOMIASCS CTPACTh K Ma-
TeMaTHKe» 3aXBaTHJa €ro Bceleno. B «mo-
MEHTBI, KOT/Ia YM OXBaTBhIBAET H/IET0, KOTOPast
paHbIlle KaK MSINK YCKOJIb3aJa, s 3a0bIBato,
YTO S CYIIECTBYIO», — 3aIMCHIBACT B [THEBHU-
ke Boponoit B 1887 roxy. Tam xe: «MoumMu
HOCJIeITHUME yCIIeXaMu 51 00513aH MPUBBIYKE
MbBICTUTD Oe3 mepa u Gymaru. Bee mpeioxe-
HUS, IOKa3aHHbIe MHOIO, BO3HUKAJU COBEP-
IIEHHO He3aBUCHUMO. ...5 Hazeioch, 4To ara
MPUBBIYKA MBICTUTH TAKUM 06PA30M COCJY-
JKUT MHE CITYKOY».

UTo6BI JOTIOJHUTETBHO PA3BUTh MAaTEMATH-
yeckue croco6HOCTH, BOpoHOI ycTpanBas
cebe MaTeMaTHYeCKNIl TPEHUHT: MOCJIe0Ba-
TeJIbHO PeIiaJ TPyAHbIe yieOHbIe 33/]aul Ha
BBIYMCJICHIE CJOKHBIX WHTETPAJIOB W CUM-
MeTpuiecKuX (PyHKIN, Ha MHTETPUPOBAHNE
quddepeHaTbHbIX yPABHEHHI.

K cuactbio, B lletepOyprckoM yHUBepCH-
TeTe B TO BpeMsi [eiicTBoBasa GJecTsias
MaTeMaTHyecKast 1IKOJIa TeHUAJbHOTO Mare-
matuka Iladnyrtus JlboBuua UYeGbimésa
(1821-1894), snamenurtas IlerepGyprckas
MIKOJIA Teopuu uuces. UeObIéB U €ro BbI-
natomuecs ydennkun A.A.Mapkos (crap-
mmii), A.M.Jlanynos, A.H.Kopkun u ap.
MO/I/IeP>KNBAJIN OU€Hb BBICOKHI YPOBEHDb Ma-
TeMaTryeckoro oOpasosanus B IletrepGypre-
KOM YHUBEPCHTETE.

Hayuubim pykosoguresneM Bopouoro cran
axkajieMuk Anzpeit Anjpeesny Mapkos. Ilox
ero pykoBoicTBOM Bopomoii uccieroas 6ep-
HYJLJINEBbl YNCJA, HAa3BAHHbIE TaK eIle B
XVIII Beke B uecTb IpeICTaBUTEIS 3HAMEHU-
TOM Marematnyeckoil nunactun Skosa Bep-




4 KBAHT

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

N-1 k

k _ L S k+1-s
Z{)" = k+1§)Ck+1BsN .

Baxknoctp uncesn BepHy/nm nposBisiercsa
B Pa3HbIX 06JIACTSIX MATEMATUKU: OT TEOPUU
yyceJ, TJe, Hampumep, IJijep YCTaHOBUJI
CBSI3b GEpPHYJIJIMEBBIX YNCEN CO 3HAYEHUSIMU
snamennroii §-yuxiunn Pumama mpu uer-
HBIX 3HAUEHUSIX apryMeHTa, JI0 ajrebpandec-
Kol Tonosiorun. [leficTBuTeIbHO, Ymicaa bep-
HYJUJIH BOIILJIM B TOMOJIOTHIO GJ1arofapst pyH-
JlaMeHTaabHbIM pabotam @.Xwupiebpyxa,
KOTOpBbIE TIPUBEJIN, B YACTHOCTH, K KPACHBBIM
pesyJabratam M.Kepsepa u /[>x. MusHopa o
rOMOTOININYECKUX Tpymmax cdep. M3yyennio
CBOICTB 9TUX YHUCEJI OCBSIIIEHO MHOTO Pa6oT
M3BECTHBIX MATEMATHKOB.

Yucaa bepuynnmm B, cyTb pallioHaJbHble
yucyia. BopoHoii B ouenb ocTpoyMHOI paboTe
JIOKa3aJ cJeqyioliee CBOHCTBO GepHYJLIne-
BBIX umcesa. Ilycte HoMmep s GepHyJ/ImeBa
yncaa B, nmenmwTtes Ha m, a 3HAMEHATeJb
yrcaa B, B3amMHO mpoct ¢ . Torma ymcsm-
Teslb uucaa B, penurca na m.

Pa6ota o GepHyJJIMEBLIX UYHCIAX OYEHD
MOHPaBUIaCh MapKOBY, U OH PEKOMEHI0BAJ
ee K omy6amkoBanuio. Bopomoii, TpeGosa-
TeNbHBIA U K cebe U K paboTe, MPOIOJIKAI
elle HEKOTOPOoe BpPeMd yJIy4IlIaTh PYyKOIHCD.
Cratpg «O uymcsiax bBepuysnus Bblia B
«Coobmennsx XapbKOBCKOTO MaTeMaTHIec-
Koro oomectBay> B 1890 Tomy, uepes roj
mmocJie OKOHYaHNs yHUBepcurteTa. [1o peayn-
TataM 3TUX HccjeoBaHnll BopoHoii 3amm-
TUJT KaHIUJIATCKylo uccepranuio (aHasor
HbIHENIHEH JUIJIOMHON paGoThI) B OBLI OC-
TaBJIEH TIPW YHUBEPCUTETE <«/IJIST TIOATOTOBKA
K npodeccopekomy 3Bannio» ( cOOTBETCTBY-
eT HbIHEIIHEl acupanType).

K aromy Bpemenu Boponoii ciaoxuics B
podecCHOHATBHOTO MaTeMaTHKa, COCPE/0-
TOYMBIIIETO CBOM YCHJIMS HA TCOPUH YHCEJI.
[Tocsie okonuanusg ynusepcurera Boponoii
HAYMHAET NCCJIeIOBAHUS 110 TEOPHH aire6pa-
MIECKUX UNCeI.

Yuncsto HA3bIBAETCST d12e0PAUUECKUM, €CTTT
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OHO SBJISIETCA KOPHEM HEKOTOPOTO MHOTOYJIe-
Ha ¢ paloHa bHbIMU KoadduiineHTaMu a; :

f(x)=ayx" + a1x”_1

+..+a,.

VHTepec K Teopun aareGpandecKux 4ucet
BO MHOTOM 6bIJI BbI3BaH €€ CBA3bI0 C BAJKHbBIM
KJIaccoM AnO(aHTOBBIX ypaBHEHWiA!

f(x,y)=m,

rne | (x, y) — OJTHOPO/IHBII MHOTOUJIeH n-i
CTENEeHN WJIM, KaKk WHaue roBopsAT, ¢hopma
7-ii CTEereHN OT /IBYX IIePEMEHHDIX C 1[eJIbIMU
koa(pdpurmentamu. B caydae n = 2 Takue
ypaBHEHUS ObLIN TIOJTHOCTHIO UCCJIE0BAHDI B
paborax BEJUKUX MaTeMaTWKOB Oiijiepa,
Jlarpanska m gp. OpnHako cayuait n = 3 B
koHie XIX Beka ocraBajcs TOYTH HEU3y-
YEHHDIM.

Bopouoii nauan uccienoBanue ajnrebGpau-
yeckuX yucesa crernenn n = 3. Yucao o
SABJISIETCST aIreOPanvdecKuM YUCJIOM CTENeHU
3, ecaM MUHUMAJIbHAS CTEIeHb CPe/IM CcTele-
Hell BceX MHOTOYJICHOB € palliOHAJbHbIMU
K02 PUIIEHTAMH, [TsT KOTOPBIX O SIBJISET-
cs KopHeM, paBHa 3. OUeBUAHO, YTO MHOTO-
YJIeH MUHUMAJIbHOW CTENEHU JIJIS1 IAHHOTO O
He MOJKET PasJiaraTbCs B IPOU3BEEHNE MHO-
TOUJICHOB MEHBINNX CTeneHeH, Koaddummnen-
ThI KOTOPBIX TaKk)Xe PpallMOHAJbHBI. Takoi
MHOTOYJIEH € PAIMOHAJIBHBIMU KO3 PUItnen-
TaM¥, KOTOPBII He pa3JjiaraeTcs B IPOU3Be/ie-
HUE MHOTOYJIEHOB MEHBIITUX CTEIeHEel, Ha3bl-
BaeTCs HenpPuUBOOUMbIM.

Marucrepckad auccepraiuss BopoHoro
(aHasior HbIHEIIHEeH KaHANAATCKON [uccep-
tarun) «O 1eJbIX anre6panyecKnx ynucaax,
3aBUCSIIIX OT KOPHS HETTPUBOIMMOTO YpaB-
HEHWS 3-if CTENIeHn» Co/leprKaJia epBble pe-
3yJIBTATDI, MOJYYeHHbIE aBTOPOM TI0 JIAHHOM
TeMe, n Oblyia ycIelmHo 3arnuiieHa B [lerep-
6yprckoM yHUBepcurete B 1894 romy.

PaGoTta B BapliaBckom yHUBepcuteTte

[Tocne samurtel Boponoit 6bl1 HazHaueH
npodeccopoM MaTeMaTKu MIMIiepatopcKkoro
BapmaBckoro yauBepcutera. B TO Bpems
(mocne Benckoro xomrpecca 1815 roma m

yers p(xy,...,4,) — MHOrOUIEH CTeneHH 1>
> () ¢ panuoHaIbHBIMU KO3(DPUITEHTAMHU, TOT/A
ypasrerue Buga p(xy,...,x,) =0, I KOTOPOTO
WIYTCS PEHICHUS B 1EJIbIX UJH PALUOHATBHBIX
quCaaxX, HA3BIBACTCS QUODANMOGHLM.



BILIOTH 710 1915 rona) [osbina BXoamaa Kak
apcrBo Ilonbckoe B cocraB Poccuiickoit
HUMIIepUN.

B ynusepcurere BopoHoii unTas Kypcbl 1o
OCHOBHBIM MaTe€MaTHYECKUM IIpeJMeTaM.
O[HUM U3 €ro YYeHUKOB ObLJ BbIIAIOMIANCS
noabckuii Marematnk Bammas CeprnwHcKHin
(1882—1969), KOTOPOMY NPUHAIEKUT MHO-
IO JIOCTHKEHUH B PA3HBIX 00JaCTIX MaTeMa-
TuKK. CepIMHCKII BBITIOJHUI MO/l PYKOBO/I-
ctBoM BopoHoro pa6oty 1Mo aHAJTUTUYECKON
TECOPUH YHCeJI.

BopoHoii 1pofo/Kua UCCae0BaHUS 110
TeOpUN aarebpanyecKux 4ucest 3-il CTerneHu.
On nocrponsi 3GEKTUBHBIN AITOPUTM JIJIST
BBIYMCJIEHNS TaK Ha3bIBAeMbIX OCHOBHBIX
eINHUT] KyOMYEeCKOTO TOJIs.

IT0 OBLI OYEHDb CUJIBHBIN PE3yJbTar, Mo-
CKOJIbKY 3HaMeHuTasg TeopeMma Jlupuxie o
eIMHUTIAX YTBEPIK/aJa, YTO OCHOBHDIE €/IH-
HUIBI B aITe6PanvecKoM MoJie CyIEeCTBYIOT.
OnHako oHA He /1aBajia HUKAKOTO TIyTH [IJIS
X HAXOXKICHUS.

AJITOPUTM HAXOXK/ICHUST OCHOBHBIX €JIMHUIL
[UUIs1 KyOUYeCcKuX T10J1eil, mocTpoenHbiii Bopo-
HbBIM, HACTOJIbKO TTopasu A.A.MapxkoBa, uTo
oH rnocJsiasl Boponomy resierpammy B Bapiia-
By ¢ mpocb6oil cpouno mpuexatb B [lerep-
Oypr. Boponoii tak n moctynua. Kak ToJbKo
OH TOSBHJICS B KaGMHETE CBOETO HAYYHOTO
PYKOBOJAUTENS, €My TYT K€ IIPeJIOKUIN
HalTW OCHOBHBIC €IMHUTIIBI JIJISI OJTHOTO YacT-
HOTO cJyuas, JJIsi KOTOporo MapKoBy caMo-
MY Y/JIaJ0Ch HAlTH UX TPH TTOMOIIA BeCbMa
caoxkubIX Bbruucaenuil. ITostomy Mapkos
6bL1 BocxulleH, Korna Boponomy nonamno6u-
JIOCH BCETO TPHU 4Yaca, YTOObI TOCPEICTBOM
CBOETO AJTOPUTMA PEHIUTD 3a/auy.

3ameuaresibHble pe3yJ/ibTaTbl Boponoro 1o
aTOl TeMe ObLIM ONUCAHBI B €r0 IMOCJeTHEN,
JIOKTOPCKOM, JuccepTaryn, OJEeCTSIIne 3alii-
menHol B 1897 roxy. B atoii aucceprannm, kak
nmucan B.H./lemone, BopoHoit «mbicamt reo-
METPUYECKH, HO BBIHYKIEH ObLT TEPEBOUTD
XOJI CBOUX PacCy>K/JeHUH Ha apndMeTnaecKuit
s3bIk». [lapasokcanbHo, HO (hakT: pyKoOBO/IU-
test [leTepOypreKoil MKOJIbI TEOPUH YKCES U
oco6eHHo MapKoB, OCHOBHOII OIIIOHEHT TIO
JiccepTainy, He IIPUHUMAJN TeOMEeTPUYECKHi
XapakTep M3JI0KEeHUs, U IICCePTAINIo, HAIU-
CaHHYIO Ha FeOMETPUYECKOM SI3bIKe, MOTJIM 1 He

npormyctuthb. IleTep6Gyprekas akajgemMusi HayK
oTMeTuJIa 1K pabot Boponoro 1o anre6pan-
4YeCcKOl Teopuu umceJl MPeCTHKHOW MpeMueit
nmenn B.{.Bynsakosckoro.

BriocaenctBun anroputm Boponoro akTus-
Ho ucrnoab3zoBan b.H. /le1one B cBoux 3Hame-
HUTBIX WCCJAEIOBAHUAX MO JAUO(PAHTOBBIM
ypaBHeHHsIM TpeTbell cremenn. Hajmo cka-
3ath, uTo Bopuc Hukomaesuu /lenone (1890—
1980) 6bL1 Hambosee MOCJIEA0BATETbHBIM
npojokareseM Bopororo. [leone He ObLI
U He MOT ObITb €10 HeIoCPe/ICTBEHHBIM YU€eH M-
KOM, IOCKoJIbKY Boponoii ymep B 1908 rosy,
B TOM caMOM roxy, Koria bopuc [lesone
noctynui B Kuesckuit yausepcurer. Tem He
Mmenee, /lesone 6amsko 3nan Boponoro. /leo
B TOM, 4TO BOpOHOIT TO3HAKOMMUJICS U TIOJIPY-
JKUJICST C €TO OTIIOM, TTPOheccCOpPOM MaTeMaTH-
ku n Mexaumkn Hwuromaem BopucoBmuyem
[lesone, pa6orasium ¢ 1900 o 1904 rozbr
B BapimaBckoM MOJUTEXHUYECKOM WHCTUTY-
te. Bopuc HukosaeBuda o611 BCIIOMUHATD,
Kak BopoHOll mMpuxo/ua K HUM Ha YKUH U
JIOTIO3/THA 3aCIIKMBAJICS 3a Oece/ioil ¢ ero
OTIIOM. A OH, JIECATUJIETHUI MATbUUK, JIEeKa
B KPOBATHU, MPUCIYIIUBAICS K 6Gecefie, TOHO-
CUBIIIENCST U3 TOCTUHOI B €r0 KOMHATY uepe3
cJIeTKa HETPUKPBITYIO JIBEPD...

Cyzap6e ObLIO yTOMHO, 4TO B KOHIe XX
Beka nMeHa Bopownoro u [lesone HaBcerna
BOIILJIN B MaTeMaTHKy, 60Jiee TOTO, OHU OKa-
3aJIUCh HEPA3PBhIBHO CBSI3AHHBIMU. IJTO TaK
Ha3bIBaeMble AuarpamMMbl BopoHoro u Tpuan-
ryngiun [leloHe — TMOHATHS, BasKHbIE B
CaMBIX Pa3HbIX 06JACTSX HAYKH U ee [PIIO0-
senuit. (Bo Bropoii yactu craTbu Mbl 00bsIC-
HUM, 4TO Takoe auarpamma BopoHoro n kak
OHA CBsI3aHa C TpuaHryJaiueil Jlenone, onm-
caHmne KoTopoii 66110 nano B Keanrte Nel, 2
3a 2010 rox B cratbe «MHuororpanubriii [le-
JIOHE» ).

[Tocsie ncenemoBanmii o Teopun anredpa-
nYecKUX uuces Boponoii omy6amKoBan B
1903 romy 60bINyT0 paboOTy MO AHATUTHYEC-
KOI TEOpWM uuceJ, TOCBANICHHYIO 3a/1a4e O
Jesutensix, nocrapiaennoin Jupuxiae. Hyox-
HO GBLIO OLEHUTD MPHU GOJIBIINX 72 CYMMY

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

rie r(k) — KOJIMYECTBO MPOCTBIX JeJUTe el
yncaa k.
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Herpy/aHo m0HsTb, 4t0 S (1) PaBHO KOJIH-
decTBY TOUYEK (X} ) C LEIBIMH MOJOKUTEb-
HbIMU KOOP/MHATAMU, IIPOU3Be/leHIe KOTO-
pbIX He npesocxoauT n: xy <n. Tak kax

I\

xy =4

X

Xy = n ecTb ypaBHeHue runepOoJibl, TO Ta
3ajaua TMOJTyYn/Ia Ha3BaHUe TPOOJIEMbI Iie-
JIBIX TOYEK 1oJ rurep6osoii (cM. pUCyHOK).

B cBoeii pa6ore 1849 roga [lupuxJie moy-
wnt aas S (n) caepyonyo dopmy.y:

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

rae y = 0,57721... — koHcTaHTa Jilgepa n
3HaUeHue |Kn| OTPAHUYEHHO NPU 1 —> oo . B
JIAJTbHENIIeM HA IPOTSKEHUH 0Ty BeKa MHO-
TOYUCJIEHHbBIE YCUJIHS U3BECTHBIX MAaTeMaTH-
KOB, HAIIPaBJIEHHbIE HA YTOUHEHUE MOPSIKA
OTHOCHUTEJBHO 72 BTOPOro caaraemoro B (1)
(nm, KaKk TOBOPSAT MaTeMATHKK, OCTATOYHO-
ro ujeHa), ocTaBajiuch OesycrenHbiMu.
topko B 1903 rony I'.d.Bopownoii, ocHoBa-
TeJIbHO pas3BuB MeTo/| JlupuxJe, B pe3yJibra-
T€ CJIOKHBIX BBIYMCIEHUN YTy U HOPSIZIOK
ocratounoro unena B popmy.ie (1) ams S (n):

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

rje 3Hauenwe 0, OrpaHMYeHO HEKOTOPOM
TIOCTOSTHHOU TIPU 7 — oo .

Pa6ora BopoHoro o umcie menblx TOYEK
1o/1 TuTepOOoJIol OKa3asa BJAUSHIE HA TBOP-
YEeCTBO psijia 3aMeyvaTebHbIX MATEMATUKOB, B
yactHocT MBana MarBeeBuua Bunorpasno-
Ba, B Oy/AylleM OCHOBaTeJss M JAUPEKTOpa
MarteMaTrnu4eckoro WMHCTUTYTa WHMEHU
B.A.CrexsoBa. A yuyennx Boponoro Cep-
MAHCKWI YCTENTHO MPUMEHUJI €r0 MeTO/l K
JPYTOi KJIacciueckoii sagave o uncie A(n)
eabix Touek (X; y) B Kpyre 2ty <n.

Wrak, BapiaBcKuil Mepuo/ HAYauICs C UC-
CJIeTOBAHUIT TI0 TEOPUH aJareOpandecKux dn-
cesi. 3aTeM TIOCJIE/I0BAJIA aTaKa HA aHAJTUTH-

2018/Nel?2

YecKyio Mpo6JeMy TOUeK I0J| TUIep6OJIoii.
[Tocnemuue 4 roga aToro nepuoa u, K riy6o-
KOMY COKaJIEHUIO, KU3HU B 11eJ10M, BopoHoii
MTOCBSATUJI TPYJHEHIINM 33/la4aM TeOMeTpUun
yucesn. OfHa U3 HUX — 3a/1a4a HAXOXKCHUS
TJIOTHEWTIeH yMaKoBKHM MPOCTPAHCTBA PaB-
HbIMU Tmapamu. /[pyras — 3ajaua HaXoxK/e-
HIS BCEX MapaJijiesiosIpoB — MHOTOTPaHHU-
KOB, KOTOPBIE 3aTIOJHSIOT TPOCTPAHCTBO CBO-
UMU KOIUSIMU, PACIIOJIOKEHHBIX Mapasiieib-
HO JIpyT Apyry. VIMeHHO 3/1ech, HA TeoMeTpu-
YecKOM HarpapjieHuu, Boponoil momyvaer
CBOU caMble HHTEPECHDIE U TJIyOOKIE Pe3yib-
TaTbl. Mbl ONWIlEM WX BO BTOPOW 4YacTu
CTaTbU.

O HEmaTtemaTtuke

B BapmasckoMm ynusepcutere Boponoit
npopaboran ¢ 1894 roma /10 KOHIIA KU3HU C
HeGOIBIINM TIEPEPBIBOM. B ¢Bsi3u ¢ peBoJIio-
muoHHbIMu  BostHeHuaMu 1905—1907 romos
BaprmaBckuit yauBepcuteT ObLT 3aKpbIT, W
Bopowoii 611 Hampasien Ha pa6oty B HoBo-
YepKacCK, B TOJBKO YTO OpPraHU30BaHHbIN
taM /[OHCKOW MOMUTeXHWYECKH WHCTHUTYT,
rae B 1907 /08 yue6HOM roy OBLI JeKaHOM
daxymaprera Mmexanuku. B 1907 rony 3a BbI-
Jlafoliecsl Hay4yHble JOCTHKeHus1 BopoHoii
ObL1 n36paH YIeHOM-KoppecnonaeHnToM Ile-
TepOyPrCKOil aKaJeMiuu HAYK.

I'.d.Bopowoii 6611 sxeHat Ha Oubre Murt-
podanoBHe KpuIkoit, 1eByIiKe U3 ABOPsHC-
KOl ceMbM, Ybe MMeHHe DorgaHbl HaXou-
Joch mobm3octn ot ero JKypasku. Oubra
Obl1a ero 60JIbIIast 1 €JMHCTBEHHAS JTI0OOBD.
Y Hux 6b110 1ectepo gereit. [Tomumo cBoeit
MHOTOUYHNCJIEHHOI ceMbu, BopoHoii 3a60Tu.1-
Csl TaKJKe O CeMbe PAHO OBJIOBEBIIEN CECTPbI
¢ cembio aetbmMu. Bee netu eoprus dDeoqo-
cheBHMYA MOJIYUYHJIN XOpoiiee 06pa3oBanue u
CTaJIi BpauaMu, yuuteasamMu. Mijaimii cbin
[Opuii T'eopruesnu Boponoii (1896—1961),
XUPYPr, [OKTOp MEAUIIMHCKUX HayK, I[PO-
caasuicst teMm, urto B 1933 romy cuenan
MEPBYIO B MUPE MEPECAKY MTOYKH.

I'.®.Bopownoii He oTJIMYaICs KPEKNUM 3/10-
POBBEM, B TIOCJIEHIE TO/bI CTPAJIAJ OT MPO-
rpeccupyionieil 60JIe3HN KETIHOTO TTY3BIPS.
WuTeHcwBHAS Hay4yHash W MPENOAaBaTesbC-
Kas pabora ycyry6ssiyia 6oJe3nb. B moce-
JIHUI TOJ1 JKU3HY BPpAauu HACTAaUBAJIH HA OT/IbI-
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xe. BopoHoit 1 caM OTYETJIMBO TIOHUMAJT, YTO
HaNpsiKeHHast paboTa OTPUIATENBHO CKa3bl-
BaeTcs Ha 3/[0POBbE, HO OCTABUTD UCCJIEI0BA-
HUSI GBLIO BBIIIE €r0 CHJI. «T0JIbKO MOSI sKeHa
3HAET, YTO MaTeMaTHKa SIBJSETCS IS MEHS
TJTAaBHOI I1eJTbI0 SKM3HY, OHA JIJIsT MEHST — BCE»,
— 3ammcat OH B JHEBHUKE.

Jleto 1908 roma Teopruii MeogocheBud
mpoBes B poaHon sKypaske, HeCcMOTps Ha
pEeKOMeH Ay Bpaydeil oexXaThb Ha JieYeHNe B
Kapacban. K mauamy yue6HOrO roga emy
CTAaHOBWTCSI Jierde, U OH BO3BPAIIAETCS B
BapmaBy. B navase ceHtsibps nuiier, Kak
0Ka3aJI0Ch, TIOCJE/IHEE THCHMO aKaJIeMUKy
B.A.CrekJioBy, B KOTOPOM KPaTKO COOOIIAET

0 CBOUX MCCJIEJIOBAHUSIX TI0 TEOPUU TTapaJLie-
JIO9/IPOB, a TaKyKe BBIPAXKAET KeJaHue Tie-
peiitu B IleTepOyprckuii yHUBEpPCHUTET.
O/1HaKo B OKTSIOpEe HACTYIIUIIO pe3Koe 060-
crpenne 6osiesnu. B nocienHuit mecsiy sKus-
HHU, cTpajiasi oT OoJieil, TPUKOBAHHbBIN K I10-
creq, BopoHoii cymen 3ammcarh «3aMeTKn
o0 TIOBOAY TIOCJeaHel TeopeMbl Mepmas.
Yepes ase nepenn, 7(20) moa6psa 1908 roga,
B Bo3pacte copoka JieT 'eopruit Meogoche-
B4 Bopownoii ckonvascs. I[loxoponen 1o
3aBelanuio B ero JrobuMoil yKypaske.

(lpogonxerne creqyer)

KOHKYPC UMMEHU A.II.CABHUHA

Mb1 npogomkaem o4epesHoyi KOHKYPC 10 PELUEHUIO MAaTeMAaTnYeckux 3agay. OHU paccyuTaHbl B
repByo oyepens Ha yyatynxcs 7-9 Kiaccos, HO Mbl GyAeM pasbl y4acTuio LWKOIbHUKOB BCeX BO3PACTOB.
KoHKypc npoBoanTcs COBMECTHO € XXYpHanom «KBaHTUK?.

Bbicbinanite pelwieHnss 3aAa4, € KOTOPbIMU CrIPaBUTECh, 3/1EKTPOHHOM MOYTOU 110 aapecy:
savin.contest@gmail.com nau obbiyHOV royTosi no agpecy: 119296 MockBa, JIeHUHCKUY MPOCIIEKT,
64-A, «KBaHT» (c nomerkosi «KoHKypc umern A.fl.CaBuHa»). Kpome mmMeHn v gamunmm ykaxmre
ropoa, WKoy U KJ1acc, B KOTOPOM Bbl yYUTECh, A TakKe 06paTHbIii MoYTOBbIV aapec.

MbI npuBeTCTBYEM YyHacTve B KOHKYPCE HE TOJIbKO OTAE/bHbIX LLKO/IbHUKOB, HO U KOMaHJ (B TaKoMm
a1yyqae npuUcbIIaeTcss 0AHa paboTa co CrcKoM y4acTHUKOB). Y4acTBOBATb MOXHO, Ha4Y1Has ¢ J1l06oro
Typa. [Mobeautenei XAYT AUMNIIOMbI XYPHana «KBaHT» v npu3sbl. 3afaHus, PELIeHNs 1 pe3yibTaTsl
ny6nvkyoTcs Ha caite sites.google.com/view/savin-contest

Xenaem ycriexa!

13. MokHO JU paccaJuTb 3a KPYTJbIM
CTOJIOM 4Yepe3 pPaBHbIe TTPOMEXKYTKU MEXKIY
moabmu a) 20, 6) 19 MOJIYYHOB U HECKOJIBKO
6OJITYHOB TakK, 4YTOOBI HANPOTHB KaX/OTO
MOJTYyHA CUjies1 G0JATYH U 4TOObI HUKAKHE /[BA
60JITYHA HE CUJIEJTU PSIJIOM?

A.Kosanv0:xu

14. OKpPY’KHOCTD IlepeceKaeT CTOPOHDI TPe-
yroabHuka B 6 Toukax (cM. PUCYHOK).
a) loxaxure, uto ecaii @ = b u c = d, 10

e=1.

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

f=a.

E.baxaes

15. Ilyctp A — Hanmenbinee, a B — Hau-
60JIbIIIeE 13 BOCBMU3HAYHBIX YHCEJI, B 3aIIICH
KOTOPBIX MPHUCYTCTBYET Kaxkaas u3 mudp 1,
2, ..., 8 um kotopnie aeagrcs Ha 137. [loka-
kure, uto A + B nenurcs Ha 73.

C.Kocmumn

16. O6osHaunM Kak Py 4YHCcJI0 croco6oB
BBIOPATH 3 N Pas/IMYHbIX IPEIMETOB JTI060€
KOJIITYECTBO TIPEIMETOB, Jafolee ocTaTok 1
npu Jejenun Ha 3, a Kak Qy — 4YHC]IO
€1ioco60B BLIOpaTh 13 N Pa3JIMIHbIX TIPe/IMe-
TOB JTI060€ KOJINIECTBO MPEIMETOB, Jafoliee
OCTaTOK 2 Tipu fiejeHun Ha 3. Jlokaxute, 4TO
Py n Qy orimyaiorcs He 6oJiblie yeM Ha 1.

E.Bbaxaes



(Pn3mka 3ByKa

U.ECUIIoB

KYCTUKA-3TO PA3/IEJIOU3NKU, NU3Y-
yaromii BO36yK/ieHre, pacupocTpame-
HUe, TpUeM 3BYKOBBIX BOJIH, a TaKKe HX
B3auMo/ieiictBue co cpenoii. Oco6eHHOCTHIO
3BYKOBBIX BOJIH, OTJIMYAIONIMX MX OT AJIEKT-
POMATHUTHBIX WJIM IPABUTAIIMOHHBIX, SIBJISI-
eTcsl TO, YTO OHHM MOTYT PACIPOCTPAHSITHCS
TOJTBKO B CIJIONTHOW yIPYyTo#l cpene. 3BYK
OKpY>KaeT Hac TOBCIOAY: B aTMocdepe, O[T
BOJIO, TTO/T 3eMJTell, B GMOJIOTHIECKUX Cpe/lax
7 Marepmajax M Jaxke B KocMmoce. ToJsbKo
3BYK MOJKET PACIPOCTPAHATHCS B 3EMHBIX
CTPYKTYpax ! MoJI BOJI0M 6Ge3 CyIeCTBEHHOTO
3aTyXaHWsl, TI09TOMY OH ITUPOKO MCIOJIb3Y-
eTCd B UCCJIE/JOBAHUSAX MPUPO/HBIX CPE/.
OG6BIYHO MBI HA3bIBAEM 3BYKOM TO, UTO MbI
cabimuM. [IpuHATO cyMTaTh, YTO AMANA30H
YaCTOT CJBIIIUMOTO HAMH 3BYKa JIEKUT B
npenenax ot 20 T go 20 kI 9to coorser-
crByer 20—20000 kosebanwii B CEKyHIY.
3BYKOBBIE BOJIHBI, YaCTOTa KOJTe6AHUI KOTO-
PBIX BBIXOIUT 3a 3TOT AMANA30H, TOJIYIHIN
CBOW CIIeTiaJbHble Ha3BaHMUS.
Yavmpaseyrxom Ha3bIBAIOT 3ByKOBBIE BOJI-
HBI, 4YacToTa KoJeOaHUN KOTOPBIX BBIIIE
20 kI, Texnosioruyecku pasBuThIil uara-
30H IIPUMEHEHUS YJIbTPA3ByKa JIEKUT B IIpe-
neaax o6 20 kI'm mo 100 MTu. Bogee
BBICOKOUYACTOTHAsI 06JIACTb YJIbTPa3BYKa I0-
JIy4nJia Ha3BaHWe 2unep36yx. 3ByKOBbIE BOJI-
HBI THUTIEP3BYKOBBIX YaCTOT MOTYT PaCIpOCT-
PaHATBCS TOJBKO B KPHUCTALIAX C MaJbIM
TOTJTOTIEHNEM 3BYKa, TAKNX, KAK MOHOKPHC-
TaJIbI KBapila, candupa, HUEOOGATa JUTHS,
JKeJIe30-UTTPUEBOTO TpaHaTa m 1p. [wmmep-
3BYK HCIIOJIb3yeTCsS TPH 00paboTKe GOTBITNX
MacCWBOB MHQOPMAIINHU, B TOM YHCJE OINTH-
YeCKUX M300pKEHN, U HCCJIeJOBAHUI CTPO-
€HUS TBEPJDBIX TeJl. ITUM 3aHUMAETCH HayKa
AKyCTO2JIEKTPOHMKA. /[Mana3oH, B KOTOPOM
TUIIEP3BYK BO3OYIKIA€TCS HMCKYCCTBEHHDIM,
KOHTPOJIUPYEMbIM 06Pa3oM, OrPAHUYUBAET-
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cs gactotamu opsigka 10 I'TII, uto cBg3amo
€ BBICOKMM 3aTyXaHnueM. [Ipu cTosib BBICOKUX
YacToTax JJIMHA BOJHBI TAKOTO 3BYKa Oy/er
yoKe COM3MEPUMON C MEXXATOMHbBIM PaCCTOSI-
HUEM B KpucTasie. B Takom ciydae Mbl yxe
HE MOKEM CYUTATh KPUCTAJLT CIJIONIHOH cpe-
TTO1.

3BYKOBbBIE BOJIHbI, YACTOTA KOTOPBIX HUXKE
20 I'm, Ha3®BIBAOT UH@paszeyxom. 3aTyxa-
HHe MHppPa3ByKa HEBEJNKO, I TOATOMY MH(-
Pa3BYKOBbIE BOJIHbI aKTUBHO UCIIOJIb3YIOTCS
IS MICCJIEZIOBAHUS OKeaHa U CTPYKTYPBI 3€M-
Jin. 3BYKH B3DBIBOB BYJKAHOB MOTYT 060-
IHyTb BeCcb 3eMHON Ilap, HU3KOYACTOTHBIN
MIO/IBO/IHBIN 3BYK PACIPOCTPAHSETCS uepe3
OKeaHbl Ha THICAYU KUJIOMETPOB.

[lanee Mbl 06CyIMM COBpEMEHHbIE UJEN U
HOBbBIE AKyCTHYECKUE TEXHOJOTHHU HCCJIE0-
BaHUs M OCBOEHUS OKpYsKaioliero mupa. Yacro
AKyCTHUECKHE METO/Ibl He MMEIOT aJlbTepHa-
THBBI M TI0STOMY OKa3bIBAIOTCS Hanbosee
(P HEKTUBHBIME TSI PETeHNsT TOH NJII HHOI
BaJKHOU 3a/1ayl.

3BYK 1 MH}pa3ByK
B MUCCIeA0BaHMN Npupoabl

Hccaenosanue okeaHa. 3B8yKOBble BOHbI
PaCIIpOCTPAHSIOTCS B IPUPOIe — B aTMoc(pe-
pe, OKeaHe, MO 3eMJIell — 1O CBOeOOPA3HBIM
ka"asaM. OTKPBITHE TTOIBOTHOTO 3BYKOBOTO
KanaJia 6bLI0 ¢/les1ano B Hatleli crpame B 1946
rojily, KOT/la ydYeHble BMeCTe€ C BOEHHBIMU
MOpPSIKAMU HUCIBITBIBATKA B SITIOHCKOM Mope
aKyCTUYECKYIO arnaparypy /sl IPOBeIeHMs
U3MEepEHNIT TOJBOJHOTO 3BYyKAa OT B3PbIBA
aMepUKAHCKOIl aTOMHON 60MOBI Ha aToJLIe
bBuxkunu. B mporiecce ncnbitannit peructpu-
POBAJICST YPOBEHD aKyCTHYECKOTO CUTHAJA OT
B3PBIBOB TJIyGUHHBIX 6G0OMO B 3aBHCUMOCTH OT
paccrosgauA. HeoXXmmianHO BBISICHIUIOCH, YTO
JUI uctaniuii 6osbine SO KM ypoBEHD 3a-
PETUCTPUPOBAHHBIX CHUTHAJIOB CTaJ OYE€HD
c1a60 MEHSTBCS C PACCTOSIHUEM U 3BYKH
B3PbIBOB TJIyOMHHBIX GOMO ObLIM XOPOIIO
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cablmHbl ¥ Ha auctanumu 600 KM, Korma
ombIT 6bL ipekpaiiet. OKIIAI0Ch, YTO I
60JIBIIIOTO OKeaHa JaJIeKo OT 6epera aKycTi-
YeCKUH CUTHAJ JIOJDKEH PaclpOCTPaHATbCS
Mo cepmieckoMy 3aKOHY OT TOYEYHOTO WC-
TOYHNKA, KaKIM MOXKHO OBIIIO CUUTATD TJIY-
6uHHYI0 60MOY. B TakoM ciydae WHTEHCHB-
HOCTb 3BYKa JOJDKHA OBITH 0OPATHO MPOTIOP-
IIMOHAJTBHOM TTOMAN cepbl, OXBATHIBAIO-
Iiell UCTOYHMK, T.e. JOJDKHA ObLIA yMEHb-
IaTbCsi 06PATHO MPOTIOPIUOHATBHO KBAIPa-
Ty PACCTOSIHUS, TIPOIIEHHOTO 3BYKOM.
O6bsicHeHe 9TOMY UHTEpecHOMY 3ddek-
Ty naja JI.M. BpexoBckuX — BIIOCJe/ICTBUA
aKkaJieMuK u Jaypear l'ocynapcrBeHHoll mpe-
mun CCCP. Own o6patus BHUMaHue Ha TO,
YTO TeMIIepaTypa BOABI OBICTPO TAJaeT [0
ray6unbr 100—200 M, a 3areM npuHUMaeT
nocTosgHHoe 3Havenue oxkoJio 4 °C . ITagenue
TEeMITEPATYPBI TPUBOUT K YMEHBIIECHITO CKO-

POCTU PACHpPOCTPAHEHUST 3BYKa, a POCT JIaB-
JIeHUsI ¢ TJIyOUHOU MIPUBOMUT K YBEJHUYEHUIO
3TO0i cKOpocTu. Takum 06pa3oM, B 3aBUCUMO-
CTH CKOPOCTH PACIpPOCTPAaHEHHs] 3ByKa OT
rIyOMHBI OKa3bIBAETCS MUHUMYM, B KOTOPOM
1 KOHIIEHTPHUPYETCS aKyCTHYECKAST SHEPTHUS.
Ha pucynke 1 BuaHO, 4TO ecjm MOMECTUTH
I/I3JIy‘laTeJIb Ha ypOBeHb MI/IHI/IMyMa CKOpOCTI/I
3ByKa, TO 3ByKOBbIe JIy"H/Iy BbIXO/AIIINEe 13
u3jyyaTesisi, B pesyJibrare pedpaxiuu OyayT
y/lepsKUBaTbcs BOJIM3U 3TOr0 MuHUMyMa. B
UTOTE YaCTh 3BYKOBBIX JIyU€il, BBIIIEIITINX 13
UCTOYHMKA TI0][ He OY€Hb KPYTbIMHU YTJIAMH,
OCTAIOTCS TIPU PACTIPOCTPAHEHHH B CJIOE TOJI-
IITHOI B HECKOJIBKO COT METPOB. TaKkoii caoi
MIPEJICTABJISIET COOOI MOABOIHBIN aKyCTHYEC-
KU BOJHOBOJ, WJIM TIOJIBOJHBIN 3BYKOBOM
KaHaJI.

Crout OTMETHUTD, 4TO 3P (PEKT aKyCTUIECKO-
0 BOJIHOBO/Ia HCIIOJIb30BAJICS CPEIHEBEKO-

Cxopocmv 0 Jucmanuus 250 kM
38yKa
Cepus 1 I /!lf a1l
Sapezucmpupoeanuviil cuzHal
CepI/IH2I 7/ I L
0 & 166¢ 167 ¢

Bpensa pacnpocmpanenus

Puc. 1. Cxemarmyeckoe n3obpaxeHue pacrpoCcTPaHEH s CUrHana B IogBOaHOM 3BYKOBOM KaHarne. CneBa
— Mpo@usib CKOPOCTY 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. LINGPbI HAL JTY9aMU YKA3LIBAIOT YIros1 BbIXOAA J1y4a 13 UCTOYHUKA.
B HUKHEN 4acti pucyHKa oKkazarbl LBE Cepuu OCUMIIONPAMM  3apPErvCTPUPOBAHHBIX CUIHAIIOB,
OT/INYAIOLLMXCH TEMIEPATYPHBIMU YCIIOBUIMU B MPUMTOBEPXHOCTHOM 4acTit KaHaaa




10 KBAHT

BBIMM MacTepaMy TIPU CO3/IaHUU <IIernyy-
muxy» rajsepeii. Takue rasepen UMeIOT Kpu-
BbI€ UJIM 3aMKHYTbIe cTeHbl. Ecyiu Bbl BOJIM3U
TaKOI CTEHbI TOBOPUTE IIENOTOM, TO 3BYKO-
BBIE JIyUl KOHIIEHTPUPYIOTCS OKOJIO Hee U Ha
pPacCTOSTHUN B HECKOJIBKO JIECITKOB METPOB
MOXHO OTYETJINBO CJbBIIATh Ball IMIETOT,
HaXOJsICh TaKKe OKOJIO CTeHbl. Takue mermyy-
e Tajgepen ectb B co6opax Casitoro [lasia
BJlonone u Cegroro Ilerpa B Pume, B Xpame
Heo6a oz ITekunom 1, BO3MOSKHO, I/Ie-TO eIlle.

XapakTtep pacipocTpaHeHus 3ByKa B aKy-
CTUYECKOM BOJIHOBO/IE AHAJIOTHMYEH PACIIPOC-
TPAHEHUIO JIA3EPHOTO M3JIyYeHUS B OIITHYEC-
KOM BOJTHOBO/Ie. B HacTosiiee BpemMst oco6eH-
HOCTH PacipoCTPaHEHNs 3ByKa B TIO/{BOTHOM
aKyCTUYECKOM BOJTHOBO/IE UCTIOJIb3YIOTCS /IS
TEPMOMETPHUH OKEaHa.

OxeaH MOXHO paccMaTpnuBaTh Kak TUTAHT-
CKWH, 3aHUMAIOIINI OTPOMHYO TIJIOTIA/b TeP-
mometp. Cuesist 3a U3MEHEHUSIMI TeMIlepary-
pbI IIyOMHHBIX CJIOEB OKeaHa, MOXHO CJie-
JIUTH 32 TIoTerieHneM Kiaumara. [lesio B Tom,
YTO MacHITaOHble KIMMaTHUYeCKIe N3MEHEH ST
HAJICSKHO OIPE/IeJIUTDb YPE3BbIYAiiHO TPYAHO
u3-3a 6oJbiux IyKTyanuii Bo BpeMeHu U
npocrpanctBe. OTpoMHbBIE MacChl BOJIbI B
okeaHe ycpegHsior ot daykryaruu. Onpe-
JIEJTATD CPEHIOID TeMIIepaTypy TJIyOGHHHBIX
CJI0EB OKeaHa Ha MaciiTabGaX B HECKOJBKO
THICSTY KUJIOMETPOB MOKHO TOJIBKO aKyCTH-
YEeCKUMHU MeTOJ[aMU, 3JIEKTPOMArHuTHBIE BOJI-
HBI B MOPCKOH BOJIe HEe PACIIPOCTPAHSIOTCS Ha
3aMETHOE PACCTOSTHUE.

CKOpPOCTb pacipocTpaHeHus 3ByKa yBeJu-
YIBAETCA C POCTOM TeMIiepaTypbl. Ha pucyn-
ke 1 BHU3Y IIOKa3aHbl /IBE CCPUU 3aPETUCTPH-
POBAHHbBIX aKYCTUYECKUX UMITYJIbCOB, OTJIH-
YAIONIMXCs TEM, YTO BO BTOPOI CEPUY BEPXHIE
CJION OKeaHa MMeJI HECKOJIbKO GoJiee BbICO-
KYIO TeMIlepaTypy, ueM B liepBoil. Kax BusiHo,
CUTHAJIBI, PACIIPOCTPAHSIONINECS TI0 KPACHO-
My JIydy, KOTOPBIH MaKCHMaJIbHO OJIM3KO
TMTOAXOJNT K HATPETON TIOBEPXHOCTH OKeaHa,
TIPUXO/ISIT HECKOJIBKO PAHbIIle, YeM CUTHAJIBI,
PaCIpOCTPAHSIONINECS 110 JPYTUM JIydaM.
g qucranmum 250 KM 3TH U3MEHEHUST BO
BPEMEHM PACIPOCTPAHEHUS MOTYT COCTaB-
JIATD 10JIN CeKyH/IbI. 1o ApyruM jiyyam uame-
HEHUWl BO BPEMEHM PACIPOCTPAHEHWS HET.
Takum 06pazoM, M3 TAKOTO OMbITA MOKHO
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y3HaTh, Ha CKOJbBKO TPAJyCOB M Ha KaKyIO
riy6uHy Tporpesiach Boja B okeane. SlcHo,
4TO yeM OOJIbIlle IUCTAHIIUS PACIIPOCTpaHe-
HUS 3BYKa, TeM BbBIIIE YYBCTBUTEIbHOCTD
TOr0 Meroja. 3ByK mpoberaer 250 KM B
okeane3a 167 c¢,4ToCOOTBETCTBYET CKOPOCTH
pacripoctparenusi okosio 1500 m/c. 3ame-
TUM, YTO TIEPBBIMU MPUXO/AT Hanmbosee Obl-
CTPBIE CUTHAJBI, PACHPOCTPAHSIONINECS TIO
HanboJsiee KPYThIM JIydaM, JesKAIIM B CJI0SIX
OKeaHa ¢ 60JIbINEN CKOPOCTHIO PACTTPOCTPaHe-
Hust. A HambGojiee MHTEHCUBHBIE CHUTHAJBI
[IPUXOJAT MOCJIEAHUMH TI0 TTOJIOTUM JIy4aM,
HaXOJISANUMCS B OKPECTHOCTU OCH TTO/IBOJIHO-
TO 3BYKOBOTO KaHaJja, rje CKOPOCTb PacIpo-
CTpaHEHUsI MUHUMAJIbHA.

Takast 0cO6EHHOCTD PACITPOCTPAHEHUS 3BY-
Ka MCIIOJIb3YEeTCST /LIS AMCTAHITMOHHOTO MOHY-
TOPWHTA TETIOTIEPEHOCA B OKEAHE, UTO BASKHO
JUUIS TPOTHO3MPOBaHUs KanMata. Oxrean hop-
mMupyert norozty Ha 3emJie. CeBepabrii JIleqoBu-
TBIIl OKeaH SBJISIETCS KyXHeH MOTrojbl s
EBpomnbl u cymecrtBennoit yactu Asuu. Pac-
[peieJIeHHas 110 BceMy OKeaHy CUCTeMa U3JTy-
yareJiell 1 IPUEMHUKOB 3ByKa MOJKET PelllaTh
camble paszHooGpasubie 3aaaun. Cpean HUX
MO>KHO BBIIETUTh U3MepeHue BPEeMEeHU pac-
MIPOCTPAHEHUsI CUTHAJOB Ha TIPOTSIKEHHBIX
Tpaccax /ISt OTPEETEHUST COIEPIKAHUS TeTl-
JIa U ITUPKYJISAINN OKEAaHMYECKUX BOJT KaK Ha
MacinTabax BCEero OKeaHa, Tak 1 B OT/ICTTbHBIX
€T0 YacTax; obecniedeHre TOABOHOTO TTO31-
IIMOHUPOBAHWS W HABUTAIUU TIOZO JIBJIOM;
MOHUTOPUHT JIMHAMUKU JIbJla, 3€MJETpsice-
HUI U TIepeMelenust MOPCKUX JKUBOTHBIX IIPU
[TACCBHOM MTPOCJIYIITUBAHNN aKBATOPUU OKe-
aHa. Bce atm mporenypbl cucteMa MOXKET
BBITIOJIHATH B PEAJIbHOM BPEMEHU.

Hccaenosanue atmocdepsi. Pactipocrpa-
HeHne 3ByKa B arMocdepe TIOIMHSIETCS TeM
JKe CaMbIM 3aKOHAaM, 4TO U PAcpOCTpaHEHWe
3ByKa B OKeaHe, € TOW pasHuUIleil, 4TO CKO-
POCTDL PACcIIPOCTPAHEHWS 3BYKA B BO3/yXe B
HOPMAJILHBIX YCJIOBHUSX Y TIOBEPXHOCTH 3€M-
g coctaBisieT 340 M/c. DTO CyIIECTBEHHO
MEeHbIIIe CKOPOCTH 3BYKa B BOJIE.

Ha pucynke 2 1ipejictaBjieHa cxeMa 3ByKO-
BBIX JIy4eil, BBIXO/SAIINX U3 HCTOUHNKA 3BYKa
B atmocdepe. Kak BuJHO, B IPHUCYTCTBUU
BETPA JIyUYH [10-PA3HOMY BeIyT ce6sI B 3aBUCH-
MOCTH OT HAIpaBJIEHUs PacClpOCTPAHEHUS.
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[Torok Bo3ayxa yBeJIHYMBAET CKOPOCTDH pac-
MIPOCTPAHEHNS 3BYKa 110 BETPY M HECKOJBKO
CHIKAET ee B TIPOTHBOMOJIOXKHOM HATIpaBJie-
Hun. Kak mpaBusio, MPU3eMHBIH TTOTOK BO3-
JlyXa WJIN BeTep yBEJIMUUBACT CBOIO CKOPOCTD
¢ BbIcOTOI. CKOPOCTH PACTIPOCTPAHEHUS 3BY-
Ka 110 BeTpy Ha OOJIbIION BbicOTE GOJIbIIIE,
yeM y 3eMJid, T03ToMy (POHT 3BYKOBOI
BOJIHBI IIPH TIOIbEME BBEPX 3aBOPAYMBAETCS
U BOJIHA HANPABJISETCS BHU3, I/le CKOPOCThb
Menblie. Bo3uukaer pedpakius 3Byka. bia-
rojlapsi 9TOMYy B IIPUIIOBEPXHOCTHOM CJIOE
aTMocdepbl 06pasyeTcs 3ByKOBOI BOJTHOBO/I,
B KOTOPOM KOHIIEHTPHDPYETCS 3BYK, M Ha
MTOBEPXHOCTH 3EMJIN MOXKHO PETHCTPUPOBATDH
AKyCTHYECKHE CUTHAJDBI, KOTOPBIE PacIpoc-
TPaAHSJINCDH HA BBICOTE B HECKOJBKO JICCATKOB
KuaoMeTpoB. IPdeKT pedpakimu mpu pac-
MIPOCTPAHEHUN TIPOTUB BETpa MPUBOJAUT K
TOMY, 4TO 3BYK GBICTPO YXOIUT HA GOJIBIIYIO
Boicory (zecaTku kuiaomerpon). Iloatomy
MBI IIJIOXO CJIBIIIUM IIPOTHB BETPa M XOPOIIO
o BETPY.

[IpusemMHbBIil 3BYKOBOWI BOJHOBOJ[ MOXKET
06pa30BaThCs HE TOJIBKO B Pe3yJIbTaTe BeTpa.
B tuxuit 6e3BeTpeHHbBINT MOPO3HBIIT /IEHD T/1e-
TO 32 TOPOJIOM MOJKHO JJaJIeKO CJIBIIIATD JIait
co6ax WM TIyM MallinHbL. B Takyio moroay B
pu3eMHOI aTMochepe BO3MOXKHA TaK HA3bI-
BaeMas TeMmneparypHas napepcusi. OObIYHO
TeMIlepaTypa BO3/yXa MOHUXKAETCS C BBICO-
TO}, HO B MOPO3HBIH JieHb TemIieparypa y
MOBEPXHOCTH 3€MJI, OCOOEHHO B HU3UHE,
MOKeT ObITb HIKe, YeM Ha HEKOTOPOIi BbICO-
Te. MUHUMAaIbHAST TEMIEpaTypa B IPU3EM-
HOM CJIOE BO3/[yXa COOTBETCTBYET MUHUMYMY
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Puc. 2. Cxema 3BYKOBbIX J1yHeM, BbIXOAALLMX U3 UCTOYHMKA 3BYKa B aTMOCQHEDE B MPUCYTCTBUM BETPA

CKOPOCTH pACTpOCTpaHeHust 3ByKa. Takum
o0pa3oM, TeMIiepaTypHasi HHBepcHs obectie-
YHBAET BOJIHOBO/IHOE PACIIPOCTPAHEHUE 3BY-
Ka Y TIOBEPXHOCTU 3EMJIH.

Ha pucynke 3 mokaszano pacrpe/esieHue
TeMIIepaTypbl ¢ BbICOTON B atMocdepe. Kak
BUJIHO, 3Ta XapaKTepUCTHKA, KaK U B OKeaHe,
UMeeT CJOHCTYIO CTPYKTYpy. B o6uacrsix
HIKHEH Tpanuibl crpatocdepst (Tporomnay-
3a) U HUKHEl rpanuibl Tepmocdepst (Me3o-
maysa) Temiiepatypa, a CJeI0BaTeqbHO, U
CKOPOCTb PACHPOCTPAHEHHUS] 3BYKaA JOCTHIa-
10T MUHUMyMa. 3JI€Ch BBITIOJHSIOTCS YCJIO-
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Puc. 3. Crpatn@uikaymsa rTeMneparypsl B aTMocgpe-
pe. VIaMeHeHue AaBrIeHNs IOKa3aHo B reKTanac-
kansx (1 rfla = 100 [1a). B 0brnacrax 1pononayssl
Y ME30r1ay3bl TEMEPATypa, @ CIe4OBATENIbHO, M
CKOPOCTb  PACHPOCTPAHEH NS 3BYKA LOCTUIAIOT
MUHUMYM3. 35€CH HAXOAATCA aTMOCQHEPHbIE 3B/~
KOBbIE KaHaslb!




12 KBAHT

BUST [IJIS1 CYIIIECTBOBAHMS aTMOC(eEPHBIX 3BY-
KOBBIX KaHAJOB. 3BYKOBbIE BOJIHBI OT U3BEP-
JKEHHMII BYJIKAHOB MJIM HA3eMHBIX B3PbLIBOB
PaCIIPOCTPAHSIOTCS 0 3THM KaHaJIaM Ha Or-
POMHDBIE PACCTOSTHUS U JIaske MOTYT OGOTHYTh
3emuoil map. IlosToMy cpenrss atMocdepa
(ot 20 10 120 KM BBICOTBI) SABJSETCS XOPO-
UM TTPOBOJHUKOM HH(PasByKa. ITO CBOII-
CTBO atMocdepbl TO3BOHIIO YYEHBIM pa3pa-
60TaTh METOANKY MH(MPA3BYKOBOTO 30HIUPO-
Banust arMocgepbl, 6a3uPYIONIeNcs Ha sIBJIe-
HUM PACCESTHUS aKyCTUYECKUX UMITYJIbCOB HA
CJIOMCTBIX HEOTHOPOHOCTSIX CKOPOCTH BETPa
U TEMIIEPATY PbI aTMOC(EPDI BILIOTD JI0 BBICOT
HwkHelr Tepmocdepnbl nopgaka 140 kM. C
TIOMOIIBIO TaKO# METOIMKH MOKHO OIpe/e-
JIUTH PJIYKTyaIlMd CKOPOCTH BETpa B JHara-
30HE BBICOT OT BepxHell crTparocdepbl 10
HkHel repmocdepnr (90—140 ).
CeiicMuuyeckue BOJHBI B 3eMJe. AHAJIO-
TUYHBIM 06PA30M PACIIPOCTPAHSIOTCS cefic-
MUYecKue BOJHBI B 3emiie. OHM MOTYT OBITh
KaK eCTeCTBEHHOTO MPOUCXOKIEHUs, TAK U
HCKYyCCTBeHHbIE. B KadyecTBe ecTeCTBEHHBIX
UCTOYHUKOB CEIICMUYECKIX BOJH MbI MOJKEM
HA3BaTb 3eMJIETPSICEHUsI, U3BEPIKEHUST BYJI-
KaHOB, TOpHBIE 06BaJbl. VCKYyCCTBEHHBIM
06pas3oM celicMUYecKre BOJTHBI BO36Y K/IAI0T-
cst Hamboree 3(PHEKTUBHO B3PBIBOM WJTH CTIe-
IUAJBHBIMA MHOTOTOHHBIMH BUOpPATOpPaMHU.
Ecsm B okeaHe m atMocdepe pacmpocTpans-
I0TCS TOJIBKO TTPOJIOJIbHBIE 3BYKOBBIE BOJHDI
(B JKMAKOCTSIX M razaX OTCYTCTBYET CABUTO-
Basi YIPYrocTb), TO CEiiCMUYECKUE BOJIHBI
MOTYT OBITh KaK [IPOJI0JIbHbIE, TAK U [TOTIEPEY-
uble. [lonepeunbie BOJIHBI, B 3aBUCHMOCTH OT
IJIOCKOCTH KOJIe6aHUIl, MOTYT UMETh PA3HYIO
noJisipusaiuio. CKOpoCTb PacpoCTPAHEHMs
TIOTIEPEYHBIX BOJIH, KaK MPaBWUJIo0, B 2—3 pasa
MEHbBIIIe CKOPOCTH PACIPOCTPAHEHUS TIPO-
JIoJIbHBIX . Hasmmune ceificMiaecKX BOJTH JBYX
TUTIOB PACHTUPSIET BO3MOKHOCTH CelicMIIec-
KOTO 30H/INPOBAHUS B CPABHEHUHU C 30HUPO-
BaHMEM OKeaHa MJN aTMOCQEephI.
HenTpasabHOil 3a1a4eil celicCMIIeCcKOTo 30H-
JIIPOBAHUS SIBJISIETCS UCCJIEI0OBAHNE CTPYK-
TYPbI 3eMJIHM U IIOMCK IOJIE3HBIX HCKOIIAe-
MbIx. O6e aTi 321241 TPEOYIOT BLITIOJTHEHS
IPOTUBOPEUNBBIX MOX00B. C 0/1HOIT cTOpO-
HbI, HHTEPECHO 3ar/ITHYTh KaK MOXHO TJTy6-
K€ TIOJT IOBEPXHOCTD 3eMJIH. JTOTO MOYKHO
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JIOCTUYb, TIOHMKAs 4aCcTOTY CEHCMUYECKOro
uznyuerns. C IMOHMKEHUEM YaCTOThI CHIKA-
I0TCSI TIOTepHU, CBS3aHHBIE C 3aTyXaHUeM, I
3BYKOBbIE BOJIHBI PACIPOCTPAHSIOTCS JasTh-
nte. C Apyroil cTopoHbl, yMeHbllIeHe 4acTo-
TBI BEJIET K POCTY JIJTUHBI U3JTy4aeMO¥ BOJIHDI,
a 9TO CHIKAET Pa3pelIaioniyio criocoOHOCTD
JINCTAHIIMOHHOTO METO/Ia 30HIUPOBaHms. Beé
BO3pacTalIe TpeOOBAHUS K KaUeCTBY pa3-
BEJIKU I0JIE3HBIX MCKOIIAEMbIX 3ACTABJSIOT
UCKATh CIIOCOOBI MTOBBIIIEHNST PA3PeIIaloNieit
CIIOCOGHOCTH, a CJIeIOBATEIbHO, U TOUHOCTU
ceiicMOpa3BeIKi.

Paspemmtb Bo3HUKIIIEE TPOTUBOPEYNE Y 1a-
JIOCh 32 CYET pa3BUTUSI METOJIOB IpHeMa
ceiicMIYeCKUX CUTHAIOB. VI3BecTHO, 4TO YeM
6oJIbIlie TIPUEMHAsT aHTEHHA, TeM BBIIIE ee
MIPOCTpaHCTBEHHOE paspenienne. Eciau nipu-
HUMATb CHTHAJbBI OOJBITUM KOJHYECTBOM
MIPUEMHUKOB, 00bE/IMHEHHBIX B /IUHYIO CETh,
TO MOKHO TIOBBICHTD TPOCTPAHCTBEHHYIO TOY-
HOCTb [IUCTAHIIMOHHOTO 30HaupoBanusa. Ho
JUIg aToro tpebyercs cioxkHas 06paboTKa
CUTHAJIOB OT MHOTUX COTEH HJIN Ja’Ke ThICSY
npueMHuKkoB. CoBpeMeHHasi ceiicMOpasBejI-
Ka 06ecIieuynBaeT A0CTaTOUYHYIO TOUHOCTD 30H-
JINPOBAHMS, 4TOObBI OTIPEIETUTh TIPOIYKTHB-
HDBI€E 3aJI€KH MOJIE3HBIX NCKOTIAEMbBIX, HAIIPH-
Mep HedTH WM Taza, Ha raybmHax Gosee
10 kM. CoBpeMeHHbIe TEXHOJIOTHH 06ecTie-
YUBAIOT MPOXOXKIEHNE CKBAKUHBI TOPU30H-
TAJbHO BJOJIb IJIACTa, YTOOBI TIOBBICUTD 3(h-
dextuBHOCTD 106bIuN HedTH. TommHa 1A~
cta cocrapyser nopsaka 10 M Ha ray6une
HECKOJIbKO KujaoMeTpoB. [lpu atom miumna
CKBQKMHBI MOKeT 6biTh 6Gosee 10 kM. Tou-
HOCTb MPOKJIQJIKU CKBAKUHBI COM3MEpPUMA C
TOYHOCTHIO BBIBEJIEHUS] PAKETBI HA TPAEKTO-
PUIO K MEXKILJIAHETHOMY TIOJIETY .

[l 30HAMPOBAHUS CTPYKTYD 3€MJIH ¥C-
MOJThb3YIOT €CTECTBEHHbIE HU3KOYACTOTHBIE
ceificMIYecKye CUTHAJBbI OT 3eMJICTPSICEHUI
WJIN JlaKe TPUJINBHBIX BOJIH, BBI3BAHHBIX
nemkennem Jlyaer. Ha pucynke 4 moxasan
MIpUMep Pe3yJIbTaTOB TAKOTO 30HIWPOBAHIS
Ha ray6uny Oosee 50 kM. OH cBHJeTeIb-
CTBYET O TOM, YTO B CTPYKTYPE 3eMJII €CTb He
TOJIKO TOPH30HTAJIbHBIE CJIOU, HO W KPYII-
Hble BEPTUKAJbHBIE PA3JIOMBI, KOTOPbIE MO-
IYT JOXOJUTD [0 MAHTHH.

3HaHne 0co6EHHOCTEH paCIPOCTPAHEHUS
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Puc. 4. BepTuKasibHbIVI CEMICMUYECKUI  pa3pe3
CTDOEHMS BEPXHIUX CII0EB 3eMJM

HU3KOYACTOTHOTO 3BYKa B OKeaHe, aTMocde-
pe U 3eMJie TO3BOJIIO pa3paboraTb M CO-
31aTb 9 PEKTUBHYIO MEXIYHAPOAHYIO CHC-
TeMy KOHTPOJISI 3 BBITIOJTHEHIEM JIOTOBOPA O
BCEOOIIEM 3aTpelieHnN SIePHBIX HCIBITA-
Huii. CyIiecTByeT creraJjbHas cXxeMa pac-
MOJIOKEHMS CTAHIMIT Ha 3eMJle U B OKeaHe,
OCYTIECTBJISIIONIIX TIOCTOSTHHBIE MOHUTOPUHT
U PerucTpUpyIoux CelcMUYecKue, TUgpo-
aKkycTudeckue 1 nH(PasByKOBbIE CUTHAJBI B
atMocepe. Dtu craHiu O6beIUHEHbI B
O0IIYI0 CEeThb U TI09TOMY MOTYT OIIPENEeUTh
MeCTO U BpeMsi COObITHS, IPHUBE/IIET0 K
MIOSIBJIEHUIO TOTO WJIM MHOTO CHUTHAJIA.
[Tpumepom Takoit apHeKTUBHOCTU SIBJISET-
cst oGHApysKeHne B3PbIBa METEOPOH/Ia B Hebe
Haj Yensounckom 15 despans 2013 roga.
Merteopons Bormres B aTMocepy MO YTIOM
20° co ckopoctbio 18 kM /c. ITo Mepe moJte-
Ta B atMocepe CKOPOCTh METEOPOUJIA YMEHb-
[rajach W Ipoucxoaums ero uHarpes. Ilepen
HUM BO3HHUKJA yJapHas BOJHA, B KOTOPOW
BO3/yX ObLI CHJIBHO CKaT M pasorper. Me-
TEOPON/ PA3PYIIUJICS, KOTJA PA3HOCTD JaB-
JeHuii Ha (poHTe yJapHOH BOJHBI M Ha
MIPOTHBOTIOJIOKHON €r0 CTOPOHE MPEBbICHJIA

pe/iesl IPOYHOCTH METeOPOu/Ia. ITO Paspy-
terue (B3pbIB) CONMPOBOKAATOCH BCIBIIIKOG
SIPKOCTH U3JTyUY€HH B TEUEHUE TIATH CEKYH/I.
MaxkcumyM SpKoCTH Ha6JII01aJICs Ha BbICOTE
23,3 kM 1oxxHee YensOuncka. [IpumepHblit
a(peKTUBHDIN [uaMeTp MEeTeopOu/ia pPaBeH
18 M, a ero macca 11000 Tonn. CemHaIaTh
CTAHIINI 3aPETUCTPUPOBAJN YIAPHYIO BOTTHY
atoro B3pbiBa. [locsenyrommii anaams mo3Bo-
JIUJT OIEHUTD 3KBUBAJIEHT MOIITHOCTH B3PbIBA
B 2-3 KT TPUHUTPOTOIYOJIA.

CoBpeMeHHble NpobnemMbl MPUMeHeHUs
MeaULMHCKOro ynbTpasByka

YabTpasByK MerareplioBoro mImamnasoHa
YacTOT JOCTATOYHO XOPOIIO PACIIPOCTPAHSI-
eTcst B GMOJIOTHUECKUX TKaHIX. Kak maBecT-
HO, JKHBbIE OpraHu3Mbl mouTH Ha 90% cocTo-
a1 u3 BoJpl. [loaToMy cKopocThb pacrpocTpa-
HEeHUsI 3ByKa B TaKUX YCJIOBUSAX OJIU3KaA K
1500 M /¢, 9TO COOTBETCTBYET CKOPOCTHU pac-
IPOCTpaHeHus 3ByKa B Bojie. Jl/mHa BOJTHbI
yabTpasByka Ha yacrore 1 MTIT] paBHa npu
aToM 1,5 MM, 4TO 06eCIIeYnBaET [OCTATOUHO
BBICOKOE TIPOCTPAHCTBEHHOE paspelieHue
YJIbTPA3BYKOBBIX METOIOB.

XopoIo u3BECTHO TPUMEHEHUE YJIbTpa-
3BYKa B MEJWIINHE [IJIST AMATHOCTUKH U UCCJIe-
JIOBAHUSI BHYTPEHHUX OPTAaHOB W CYCTaBOB
(Y3W). MeHee n3BeCTHbI yCIieXu B 061aCTH
VJIbTPA3BYKOBOI XWPYPTruu, XOTS U 37eCh
€CThb CYIeCTBEHHBbIE Ppe3yabTathl. llpeskiae
BCETO 3TO IPOOJICHNE U yIaJleHIe KaMHell 13
MOYEeK C TIOMOIIBIO (POKYCHUPOBAHHOTO BO3-
JIefiCTBUS yIapHBIMU BOJIHAMY — TaK Ha3bIBa-
emas qutorpurncust. Haunnas ¢ 1980-x rosos
JIUTOTPUIICHUS SIBJISIETCST HanboJIee pacipocT-
PaHEHHON POIeIypoil I YAATEHUS KaM-
Heil u3 movek. [Ipyrum 6bIcTpo pasBUBalo-
MUMCS HANpaBJIeHNeM UCCJIeIOBAHUN SIBJISI-
eTcsI TepaleBTHUECKOe HAIIpaBJIeHNE pUMe-
HEeHNs yJbTPasByKa, OCHOBHOE TIPEMMYTIe-
CTBO KOTOPOTO — JiedeOGHOE BO3/ICHCTBIE BHY T-
pu Tema 6e3 TMOBPEKACHUS OKPYKAIOMIEH
tkauu. [1Inpokne BO3MOKHOCTH Pa3TMYHBIX
BUJIOB YJIbTPA3BYKOBOIl Teparuu ObLIu IPo-
JIEMOHCTPUPOBAHDBI AKCIEPUMEHTAJIbHO, a
HEKOTOpbIE U3 HUX YiKe HAILIH IIPUMEHeHue
B KJIMHUYECKOIT TpakTuke. OHIM U3 IPUMe-
POB SIBJISIETCSI WHTEHCHBHBIN (POKYyCHpPOBaH-
HBII YJIBTPa3BYK.




14 KBAHT

PucyHOK 5 MIIOCTPUPYET OCHOBHYIO H/IEI0
HpUMeHeHHsT (POKYCHPOBAHHOTO YJIbTPA3BY-
Ka. AKycTH4YecKas HMHTEHCHBHOCTb BOJIN3N
M3JIy4aIoIero npeo6pasoBaTeIs JOCTATOUHO
HU3Ka, TaK 4TO TKaHU He MOBpexaaloTcs. B

KOHch?éﬂ’LHaﬂ

cpeda

y vp 1% o Mecmo
JLIMPA38YKo6ol oxa Opean yeyenus

npeobpazosdamens

e

UHMEHCUGHOCINU

Puc. 5. Cxema yJibTpa3BykoOBOro BO34EVCTBUIS HA
buonornyeckne TKaHW. [Ty4OK WMHTEHCUBHOIO
@DOKYCUPOBAHHOIO yJTb TPA3BYKA UCTTIOb3YETCA /1A
JI0KA/IN30BAHHOIO  PA3PYILIEHMA  OfTYXOJIN Ui
OCTaHOBKI BHYTPEHHEIO KPOBOTEYEHMUS bE3 r1o-
BPEXAEHNA OKPYXAIOLUEN TKaHU. AKYCTUYECKas
SHEPIs, U3/1y4aemMas yJibTPAa3BYKOBbLIM 1Peob-
PA30BATENIEM, KOHLICHTPUPYETCS B 0ObeM, rpu-
MEPHO paBHbIYI 0OBEMY PUCOBOIO 3€PHA

bokasmbHOI 061ACTN MHTEHCUBHOCTD 3aMET-
HO BO3pacTaeT, 1 HarpeB 3a CYeT ITOTJIONeHI
BOJIHBI JIOCTATOUCH /IS TEILJIOBOTO pa3pylie-
HUsT GEJIKOB TKaHH. DTO MO3BOJISIET HEMHBA-
3UBHO <IIpHUIKE€Ib» MECTO BHYTPEHHETO KPO-
BOTCUCHNA NJIN BbI3BATh HEKPO3 OITyXO0JIEBBIX
TKaHeil B IJTyOOKO PacloIOKEHHBIX 06J1ac-
TAX 4YeJoBeyeckoro rtesa. HawmbGosee mepc-
NMEeKTUBHBIMH, C TOYKH 3PEHUA paCIINpPEHUA
IIpUMEHEHNA YJIbTPa3BYKOBbIX METOJA0B B
MeIUIIHE, SBAAITCS TeMoctazuc (0cTaHoB-
Ka KPOBOTEUYEHNUSI), XUPYPTHST M CTUMYJISIIHST
MMMYHHOTO OTKJIMKa. MOKHO Takyke yHnoMs-
HYTb YJIbTPa3ByKOBOH KOHTPOJIb W WHTECHCH-
(buxanmio TpaHcIoOpTa JEKApPCTB. JKCIEPH-
MEHTAJIbHO OBLIO MOKA3aHO, YTO YJIbTPA3BYK
MOJKET yJyullaTh TPAHCIIOPT JEKapCTB U
reHOB Yepe3 Onosornieckne 6apbepbl: KJeT-
KU, TKAHU U TPOMOBDI.

YKaxeM Ha HEKOTOPbIE OCHOBHbIE TIPOOJIe-
Mbl, KOTOpbI€ HYXK/IAIOTCA B pEHICHUN [1JiA
YCIIEIMTHOTO NPUMEHEHNA NUHTEHCUBHOTO YJIb-
TPa3ByKa B IIPaKTHKE.

OpHOIT M3 BaXKHDBIX 33/1a4 SABJISAETCS TOJTY-
yeHre 6OJIBIINX 3HAYCHUI aMILTUTY /bl aKyC-
THYECKON BOJHBI B POKYCE C YUETOM CTPYK-

2018/Nel?2

TYPbI Y€J0BEYECKOTO TeJia. Y CUJIeHUE yJIbT-
Pa3BYKOBOU BOJIHbI IpH (HDOKYCUPOBKE HEOO-
XOUMO JIIs1 o0ecriedeHnss BbICOKOM WHTEH-
CUBHOCTH B He6OJIbION (DOKATBHOI 06/1aCTH,
4TOOBl HE TIOBPEAUTH OCTAJbHBIE YYACTKU
TKaHU Ha IIyTH PACIIPOCTPAHEHUS YIbTPA3BYy-
Ka. YJbTPa3BYKOBOI 0XOI KOXKM SBJISETCS
OJTHIM M3 XapaKTePHBIX MOGOYHBIX dadek-
TOB IIPU MIPUMEHEHNN MHTEHCUBHOTO YJIbTPa-
3ByKa, MOCKOJBbKY B KOXXe K0a(DUIHEHT
MOTJIONIEHUS YJIbTPa3ByKa B HECKOJBKO pa3
BbITIIE, 4YeM B TKaHu. [loaToMy Ha 3TOM y4Ya-
CTKE aKyCTUYeCKas WHTEHCUBHOCTD JOJIKHA
ObITb Kak MOXKHO OoJiee HHU3KOW. Takyio
MIPOLIEZYPY BO3MOKHO pean30BaTh, MpuMe-
HSS1 MHOTO3JIEMEHTHbIE YJIbTPAa3ByKOBBIEC aH-
TEHHDI, U3JIy4yeHle KOTOPBIX OY/IET COrIaco-
BaHO CO CTPYKTYPOH TeJsia, 0 KOTOPOH 10J1-
JKHO ITPOUTH U3JIyUYEHHUE.

BaxkubIMM Takske SABJISIOTCS TEXHUYECKUE
pa3paboTKH MO CO3AHUIO XOPOIIEro aKyCTH-
YECKOTO COTJTACOBAHUS yIbTPAa3BYKOBOTO 13-
Jiydatesis ¢ TesioM. [lesio B ToM, 9TO yabTpa-
3BYKOBDBIE U3JTyYaTeJ IEJAI0TCS, KaK IIPaBy-
JIO, U3 IIbe303JeKTpudyeckoil kepamuku. U
JUI TOr0 4TOOBI OOECIeYnTh HAUJIYUIIYIO
nepe/iaqy 3ByKOBOI 9HEPTUY B 4EJIOBEYECKOe
TEJIO0, HY’KHO COTJIACOBATH YCJIOBHS TPOXO3K-
JIeHUST 3ByKa OT TBEP/OH IbE30KEPAMUKU K
MATKUM GHOJIOTUYEeCKUM TKaHsAM. /[y aToro
[IPUMEHAIOT CllelaIbHble KOHTaKTHbIE CMa3-
KU 1 skuikocti. Hanpumep, 1o cpaBHeHnIo
C BOTHYTBIMH MICTOYHUKAMU TLJIOCKHE Y 3 TIpe-
o6paszoBaTesn Topasfo TpyAHEE ceaTh
GOKyCUPYIOIUME, HO 3aTO IS HUX Jierde

Puc. 6. Cxema yJibTPpa3ByKOBOIro TPAHCKPAHNA/L -
HOro BO34EVICTBUSA H3 MO3I



OU3NKA 3BYKA

006€eCTIeurTh COrIACOBAHE IPU HEIIOCPE/ICTBEH-
HOM KOHTakTe ¢ Koxxeil. [lorsonienne B koc-
TSX ellle CUJIbHee, BOT M0YeMY BaJKHO MUHMU-
MU3UPOBATh [OTAIaHNE HA HUX YIbTPA3BYKa.
CooTBeTCTBYTOIIAsI TEXHOJIOTHS Mpe/IIoJIara-
€T HCII0JIb30BaHIe MHOTO03JIEMEHTHBIX (hasu-
POBAHHBIX AHTEHH JIJISI OCYIIECTBJICHNS 3JIEK-
TpoHHOI (hokycupoBku. Ha pucynke 6 moka-
3aHO CXeMaTHyecKoe M300paskeHme TaKoi
AHTEHHBI /1151 (POKYCUPOBKHU YIbTPA3BYKOBO-
TO U3JIyU4eHHs B MO3T Yepe3 KOCTH depera.

Moa3r sBJIiIeTCsI TEM OPraHOM, Tl TIpUMe-
HEHUe TePaNuu C UCIOJIb30BaHueM (POKyCH-
POBaHHOIO yJIbTPA3BYKA UMEET CBOU OCOOEH-
HocTH. [IpmHIIMIATBHON TPYIHOCTDIO 3/1€Ch
SIBJSETCS TOT (PaKT, UTO YJIbTPA3BYKOBBIE
BOJIHBI TIIOXO TIPOXOJSAT CKBO3b UEPEMHYIO
KOPOOKY 13-3a TIOTJIOMIEHNS B KOCTH 1 OTpa-
JKEHWs Ha ee TpaHWIaX. Kpome Toro, Koctn
Yepera HeOJHOPOHBI MO TOJIIINHE W XapaK-
Tepu3yIoTcst GoJiee BbICOKOi (110 cpaBHEHUIO
C PACIIOJIOKEHHBIMU 32 HUMU MATKUMHU TKa-
HSIMI) CKOPOCTBIO 3BYKa, YTO HPHBOJUT K
TPY/HO npeckaszyeMbiM apdexrram pedpak-
uu. Perrenyie mpo6JieMbl yIbTPa3ByKOBOIO
BO3/IEUICTBYS 1 BU3YaIN3AIUU YePE3 TOJICThIE
KOCTH Yeperia BO3MOKHO ITPH UCTIOIb30BAHUT
pa3paboOTaHHBIX B TIOCJIEIHEE BPEMST METOZIOB
BOJTHOBOH (PM3NKM, CBS3aHHBIX C KOMIIEHCA-
el morepb U abeppaluii pu pacupocTpa-
HEHNN BOJIH B HEOTHOPOIHOIT cpee. B ocHo-
Be JISKUT ToJsorpadmdecKnil TPUHINI, CO-
TJTACHO KOTOPOMY pacIIpefieJieHne XapaKTe-
PHUCTHK BOJIHOBOTO IOJISI HA HEKOTOPOHU II0-
BEPXHOCTH B 3TOM II0JIe COIEPKUT HH(pOpMa-
IIUIO0 O BCEll TPEXMEPHOII CTPYKTYpe TOJIs, a
TaK)Ke IMPUHIUI OOPATUMOCTH HeIUCCUIIA-
THUBHBIX BOJHOBBIX ITPOIECCOB BO BPEMEHU U
CBSI3QHHBIN € 9THM MeTO/T 06paIIeHNsI BOJTHO-
Boro (hpoHTA.

Meton obpaineHust BOJHOBOTO (hDpPOHTA,
MIPUMEHSICMBIH B PAJINOJOKAIIH 1 TIPU HCCJIe-
JTIOBAHUM CTPYKTYPBHI TTO/IBO/THBIX aKyCTHIeC-
KIIX KaHAJOB B OKeaHe, TPEANOJaraeT Mmc-
0JIb30BaHMe TPOOHOI BOTHBI, KOTOPAsI, TIPO-
XO/Is1 TI0 HEOTHOPO/JHOI cpefie, PerucTpupy-
€TCsl MHOT02JIEMEHTHON aHTEHHOW. 3aperuc-
TPUPOBAHHDBIN CUT'HAJ MIMEET CJOKHYIO TIPO-
CTPAHCTBEHHYIO U BPEMEHHYIO CTPYKTYpY,
YTO OTPAXKAET MHOTOJIYU4€BOE PACIIPOCTPaHe-
HHUe Yepe3 HEOAHOPOJHYyIo cpeny. Ecam Ha

aHTeHHe 06paTUTh BO BpeMeHU (ha3oBble 3a-
JIEPXKKH  3aPErMCTPUPOBAHHOIO CHTHAJMA U
U3JIyYUTb CHUTHAJ C TaKOHl CJIOXKHOI TIpo-
CTPaHCTBEHHO-BpEMEHHOIT (ha30Boil MOJYJIsI-
e, TO M3JIYyYEeHHBIH CUTHAJ, TPOXOAS B
06paTHOM TOPSIIKE Uepe3 Te XKe caMble HeoJI-
HOPOJIHOCTHU CPE/IbI, cobepercst, T.e. cPoKy-
CUPYETCS B TOUKY M3TyYeHUS TTPOGHOTO CUT-
HaJsa. [lyg peammsanum Takoro moaxoa He-
00X0/IIMO UCII0JIb30BATh MHOT03JIEMEHTHDBIE
MIPUEMO-U3JIyqalole aHTEHHBI, YIpaBJisge-
Mbl€ MOIITHBIMU BBIYUCJIUTENbHBIMU TIPOIIEC-
copamu, 06eCIIeunBAIOIIIMU B PEATTHHOM Bpe-
MeHH CJIOJKHYI0 MHOTOKAHATbHYI0 06paboTKy
CHUTHAJIOB.

O6parnM BHUMAaHIE Ha elle OHY 0COOeH-
HOCTbB, TPEOYIOIIyTo ydeTa IIpN TTPUMEHCHNN
MHTEHCHBHOTO (POKYCHPOBAHHOTO yIbTPa3BY-
Ka, — 3TO aKyCTHUeCKas HeTMHEeTHOCTD. [leso
B TOM, YTO B Y3K€ MCITOJb3YIONUXCS B TIPaK-
THKE CUCTeMaX yJIbTPa3ByKOBOW XUPYyPruu
YPOBHHU aKyCTHUYECKOI WHTEHCUBHOCTH B 00-
JacTu okyca gocruraotr 10000-
30000 BT?)CM2. ITpu TakUX MHTEHCUBHOCTSIX
BOJIHA BeJleT cebs HeJIUHEHHBIM 06pPa3oM.
CKOpOCTb pacIpoCTpaHeHus 3BYKOBOU BOJI-
HBbI CTAHOBHTCSI 3aBUCSIIIEN OT ee ¢as3bl: BOJ-
Ha B 06JIaCTU CXKATUST UMeeT GOJIBIIYI0 CKO-
POCTb PACIPOCTPAHEHNS, 9eM B 06JIaCTH pa3-
peskenms. [loaToMy B cnHyconaanabHON BOJ-
He (aza cxKaTus JoroHseT a3y paspeKeHus
— B BOJIHE 00Pa3yloTCS Pa3pbiBbl U BOJIHA
peBpalaeTcs B TUJI000pa3HyIo, 4To B CIIEK-
TPAJbHOM TIPEJICTABJIEHUN COOTBETCTBYET
000ralleHnio MOHOXPOMATHYECKOTO YJIbTPa-
3BYKOBOTO U3JTy4€HsI BBICIIIUMI TAPMOHUKA-
mu. O6oralieHre CleKTpa U3Jy4eHHOTO CUT-
HaJa CKas3bIBaeTCs W Ha mpoiecce Audpak-
n. Judpaknus u, COOTBETCTBEHHO, (HOKY-
CHPOBKA YJbTPa3BYKOBOTO M3JIyUYEHUS CTa-
HOBSTCS HEJWHEHHBIMH, T.e. aMILIUTYAHO-
3aBICHMBIMH TIpolleccamMu. PaccTosiHume, Ha
KOTOPOM 06pasyeTcst pa3pblB B IIIOCKOI Tap-
MOHMYECKOH BOJIHE C XapaKTePHO /17151 MeIH-
IIMHCKUX TpUJIoKeHuit yacroroit 1,5 M,
COCTaBJIAET BCero 3—5 MM. IJTOT MacmTald
cousMepuM ¢ pazmepamu GoxaIbHol obJac-
TH yJIbTPA3BYKOBOIO IIyYKa, MOITOMY IIPU
ONUCAHUU AKYCTHYECKUX TIOJIEH TAKUX CHUC-
TeM 6€3yCJIOBHO HEOOXOIUMO YIUTBIBATH He-
JnHeitnbie 9 PEKThI.




HAIIIN UHTEPBbBIO

VIHTepBbto C P.K.[opaAnHbIM

LLlecTHapLLaTOro HOAOPS 3TOrO roAa MCMONHU-
SIOCb CeMbEeCAT NeT BblAatoLLEMYCA YHUTENIO Ma-
TemaTukmn Padanny Kanmanosuyy FopamHy. MNo-
4T BCA Neparornyeckas kapbepa Papavna Kan-
MaHOBMYa CBSi3aHa C MOCKOBCKOW Lukofion N257.
B Hee oH npuwen B MapTe 1974 roga u ¢ Tex nop
3aHVMMaeTcs obyyeHvem TanaHTNMBbIX [OeTen B
MaTemMaTU4eckmx knaccax. [lecaTkm ero Bbinyck-
HMKOB CTanu Npodeccopammn MaTeMaTVkM 1 pa-
OoTaloT B BefylUMX YHUBEPCUTETaX MO BCeMy
mMupy: B Poccum, CLUA, KaHape, BenvkobpuTta-
HuW, @paHunn, V3panne u Opyrmx CTpaHax.
MHorue ero ydveHuky, pabotatolime B OpYrux
obnacrsax Hayku, obpasoBaHus, B cchepe BbICOKMX
TEXHONOMNI, LOCTUIN BONbLUIMX YCNEXOB TOXe B
Hemason cteneHu Gnaropaps ypokam Pacbauvna
KanmaHosu4a.

3BaHus Paanna KanmaHoBMYa MOXHO nepe-
YUCNATb AONrO — OH 3acflyXXeHHbIn yumtenb PO,
CopOoCOBCKMM y4UTENb, HEOQHOKPATHBIV naypeat
rpaHToB MOCKBbI B 06nacTy 0bpa3oBaHus, nay-
peat rpaHTa MoHAa HEKOMMEPHECKMX NPOrpamMm
«dnHactua», npemnn MpesngeHta Poccnm n npe-
MU poHAa «[nHacTa» «3a BbloatoLyecs 3ac-
nyrv B 0bpa3oBaHNM B cchepe eCcTecTBO3HAHUSY.
3a noanegHve aga gecatunetusa Papavn Kanma-
HOBWY CO3aN KOMMbIOTEPHYIO Da3y 13 Oonee Yem

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

— Padann Kanimanosuu, pacckakure, mo-
sKadyiicra, npo y4e0y B HIKOJIE M YHHBEPCH-
tere. Kak Bbl BoiOupau By3? lymauau Ju Bbl
toraa o npodeccun yuureas?

— 4 xun B ropoge HoBorpynake B I'pogaenc-
koit o6sactu. IIKOJbHUKOM 51 JIIOOUT YUTATH
skypaan «Hayka u KusHb», ero BbIIUCHIBAJIN
cocenu. B 63-M rony s yunics B 7 kiaacce, U MHe
MOTIAJICST BBIMYCK SKypHAJIa, B KOTOPOM ObLIN
TTOMETIEeHbI YCJA0BUS ouMIuaabl. Toraa — aTo
6Bl BpeMeHa XpyIeBa — PenieHo ObLI0 Co-
31ath HayuHbiii 1enTp B Cubupu, Cubupckoe
orjiesienne AKaJeMii HAyK, U MOCTPOUTb AKa-
nemropojiok. [Ipn HoBocubupckom yuuBepcu-
tete caenamu u mkonay (cerogus sto CYHI]
HI'Y). Opranusosamu Beecu6upckyio marema-
THYECKYIO OJIUMIUALY. Sl IpodnTas 3agaun 1mo
dusnuke (110 MaTeMaTHKE S He CIEIa] HIYEro).

10000 3apay no MaTeMaTyke, KOTOPOW MoSb3yeT-
CA MHOXECTBO yyuTenenm U LWKOMNbHUKOB
(zadachimccme.ru). Kpome TOro, oH Hanwcan
HeCcKonbko 33a4YHMKOB MO MaTemMaTuKe.

YyuTenbckas Ouorpadus Pacdanna KanmaHo-
BMYa NPUILLNACk Ha pPasHble 1 NOPOW NPOTUBOpPE-
4MBble BpeMeHa. HenmsMeHHbIMW OCTaBannch ero
npodeccroHan3mM, LOCTOUHCTBO U yBaXUTellb-
HOe OTHOLLeHWs K AeTaMm. Bcem nogpoctkam, ¢
KOTOpbIMW OH paboTan (a 3To OblNn He TOMbKO
Oyaylie MaTeMaTUKK — Befb OH Mnpernofasan U
B OMonorMyeckmx Knaccax, U gaxe B TOProBo-
5KOHOMMYECKOM TexHunkyme), Pacann KanmaHo-
BUY NpuBMBan Oonbluyto NoboBb K MaTeMaTuKe.
A eLle 0518 MHOTMX 13 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 Jaxke CnycTa gecar-
K NeT nocne oKoH4aHMA WKonbl. Bonpoc: «A kak
Obl Ha 3To oTpearnpoBan Padaun KanmaHo-
BWY?» HeCly4aHO BO3HMKAET B HaLUMX roOfloBax
B Pa3fIMYHbIX HEMpOCTbIX cuUTyaumax. Beob Mol
BCE YYMIINCb Y HEro He TOMIbKO MaTeMaTtuke, HO U
OTHOLLEHMIO K XXM3HW.

Yueruku Paganna KaimaHosmn4a

Tam 6b110 10 337124, S YTO-TO HAMKCAT U 3a0bLI
po ato. Bapyr mHe nmpuxoaut mucbMo: «Bac
MIPUTJIANIAIOT Ha BTOPOI Typ. Bee onyaunBaer-
csi». Mie B ator MoMenT 6b110 13 Jtet, posute-
JIU He XOTeJW MeHs OfHOTO oTmyckath B Cu-
6upb. Ho Bce sxe ormyctum. S moexan u
3aMevaTeJbHO IPOBET ABa Mecana. Tam ObLu
n3BeCTHBIE ydeHble: Anexceit AuapeeBnd JIg-
nynoB, Muxann AnexceeBuu JlaBpeHTbes,
Annpeit Muxaiinosuy byakep, Anarosnuii MBa-
HoBmy Maurbrie. Hac Boguim 1o mHCTUTYTaM,
MOKA3bIBaJIM CUHXPO(A30TPOH Ha BCTPEUYHDIX
myukax B HcTHTYyTE simepHoit pusuku. [Iposo-
JIIICH Cy600THUKH, MBI CTPOMJIN IITKOJIY, XO-
JUAJTN B TIOXO/IbI M HA 9KCKYPCHUU. A KaK TOJbBKO
S TIpHeXaJl, TIPOTIeT BTOPOH TYP OJWMIHA/IDI.
[Tocne mero, KOHEYHO, OCTABUJIN BCEX, KOTO
IPUTJIACHIIN, — He OTIPABJIATD Ke CPas3y Has3a/l.
W a Toxe ocrajics, XOTs HHKAKHX OCOOBIX
YCIIEXOB y MeH He ObL10. 1 Ha TpeTbeM Type 4
YTO-TO PEIHJI, HO Y3Ke 110 MaTeMaTHKe, a He 110



HAIIWM MHTEPBDIO

¢usuke. U nosydusa TpeTbio npeMuio — e 6or
BECTb UTO, HO caMoe TJIaBHOE — MEHS TPUHSIN
B 9TOT MHTEPHAT, T.e. FOTOBBI ObLIN OCTABUTD,
4TOOBl $I YUWJICS B 9TO# mikoJie. Ortell BCIO
JKU3HDb BcnoMuHaT: «Kakyio Tbl rIynoctp cjie-
JIATT, 4TO yeXaJ».

— A Bam pojauTenu ObLIM FOTOBBI K TOMY,
4TO BbI OCTAHETECH, Oy/€Te JKUTh H YUUTHCS B
HIKOJIe TaK /aJeKo?

— [la, ponutesnn GbLIM TOTOBBI, HO S CKA3aJ
«HET» U yexaJ nomoii. IlotoMm s mepeckovmt
4yepes 8 kiacc. V1 Bo BpeMsi MOeil yueObl B IIKOJIe
mosgBuiaach 11-merka. A He cran yuntoes B 11
kJacce, mocJie 10 KJacca ca Bce sK3aMEHBI —
Tak yTo yunics g1 9 jet Bmecto 11. IToTom yxe
Y4aCTBOBAJ B PA3HBIX OJUMIIHNA/IAX, HO GOJIb-
MUX yCIeXoB y MeHa ne 6puio. Ho g cran
no6einresieM besopycckoii oJimMITna/ibl, KoTo-
pasi IIPOBOJIMJIACH CIIEIMAJIbHO /Ui 0T60Pa B
yHuUBepcuTeT. V1 MeHst IpUHSJIN — HO MHe elle
MIPUILIOCH C/IaBaTh 9K3aMeHbl. MareMaTuky s
cIa7l HOPMAJIbHO, a 10 (U3UKE MHE TIOTasCs
takoii 6uset! 1 coBepieHHO He 3HAJ, YTO TaM
TOBOPUTH — HACBINIEHHDIC TTapbl... MHE HY>KHO
OBIJIO CTTOKOITHO CTaBUTH [BOIHKY. I dTo-TO
Havyas sK3aMeHaTopaM TOBOPUTDH, OHW OTBeYa-
10T: «MBI ceffuac OTBe/IeEM Bac B JTab0OpPaTOPHIO,
U BBl YBUAWTE, YTO TPOUCXOAWT HA CaAMOM
neqie». B o61eM, MOCKOJbKY 51 ObLI B CITHCKE
rno6euTe el OJIUMITAA/IbI, TIOCTABUIN MHE 4.

[TepBble TOga ABa — JABa C TOJOBHHOW s
YUUJICSI XOPOIIO, TOJIyYasa OJIHU ISITEPKUH —
kpome ucropun KIICC, a morom Kak-To pac-
caabuics, yBieKcs My3bikoid, 6utiaamu. OquH

crnenkypc Best Bragnmup l'ennagpesny Cripun-
JUKYK — OBLT Takol MaTeMaTHK, K COXKAJIEHUIO,
on pano ymep. OH 3aHWMaJCs TEOPETHKO-
YHCJIOBBIMU TIPOGJIEMAMU, PEIIU  TPOGJIeMY
Mauiepa, JOBOJIBHO U3BECTHDBIN YEJOBEK B CBO-
eil obsactu. §1 y Hero 3aHuMaJsIcsi aHAJIUTHYEC-
KUMU (QYHKIUSAMI B P-aJIMYeCKUX TT0JIIX, HallU-
caJt furioM Ha oty temy. OH XOTeJl B3SITb MeHsI
B aCIUPaHTYyPY.

IToroM HacTymuIo BpeMsi pacipeiie/ieHUs.
Pacripesiesienrie 3aBucesio oT cpeHero 6aJa.
Y Mens ObL1 cpepHmii 6ass OKoJIo 4,5 — He
GJiecTsNi, HO HTO CYUTATIOCHh OY€Hb XOPOIIIO.
ST et IpUMEPHO B 1IEPBbIX HATH gecsaTKax (13
250 uestoBex). Ha pacipe/ieJieHun PUCy TCTBO-
BaJ pexTop, akajeMuk CeBuernko AuTon Huku-
(popoBuy, cTpAIIHbIT AHTHCEMUT, OH CIIEIHAJb-
HO HPUXO/JHUJ, YTOObI He Jail 6or Kakoro-
HUOY/Ib €Bpest He B3s/M Ky/a-HuGy/lb, KpoMe
miKoJibl. Mors 6bl OTHPABUTD MeHsI B KaKOU-
unbynp HUU, uro-uubyap cautaTh — HET, HA/IO
6b1J10 00513aTEJIbHO PACIIPEICTUTh MEHS B IIIKO-
ary. Ho B KOHEYHOM CYeTe MOy YHI0Ch XOPOIIIO.

CeBueHKO OBLT 3aHAT B 3TO BPEMs YEM-TO
apyruM. W Tyt npuBesm Mens. 1 caxycb, oH
BCe eTle TTPOI0JIKAET APYTOil pasroBop, TOTOM
cMoTpuT: «KTo aT10?» UnraeT hamMuinio, nMs i
OTYECTBO 1 y>Ke He CMOTPHUT B MOIO CTOPOHY: «B
MunmncrepcTBo TpocBerienusgs>. B Munnctep-
CTBE TPOCBEMIEHNA A 6I)IJI OJHUM U3 TEPBbIX, 1N
MHE MPEJIOKIIN Ha BBIOOP HECKOJBKO XOPO-
X, 10 UX MHEHHIO, MecT (psagoM ¢ MuHcKoM,
CKazajim, 4TO OTTyJa MOKHO Oy/IeT e3[UTb B
YHUBEPCUTET, YTOOBI 3AHUMATHCS B ACITUPAHTY-
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pe). SI oTKaszancs U HOIPOCKI OTIIPABUTH MEHS
B poxaHoit HoBorpymok. Mue ckazam: «/la,
oskaTyiicta, HUKaKUX IpobJeMs, — 1 S yexaJs
tyna. B HoBorpyzake 6buL1o ABa TEXHUKYMA,
OMH M3 HUX — TOPTOBO-3KOHOMWYCCKHU. S
[IPHIIE TYJa U TPU ToAa 0TpaboTa taM, ObLI
KJIACCHBIM PYKOBOJMTEEM. B TEXHUKYM MTOCTY-
TTaJI B OCHOBHOM JICBOYKH U3 JIEPEBEHD, MOTO-
My 4TO CIEIUAJbHOCTh XOpomiash — JuG0 Tbl
toBapoBes, (y Mens GblLIa IPYyIIa «TOBAPOBE]
IPOJIOBOJIBCTBEHHBIX TOBAPOB» ), TGO ThI GyX-
raarep. Y MeHs B Tpyrie ObLT TOJbKO OJUH
Masibuuk — ero 3BaJju Jlens Kepuora. { ero
HAy4YUJI UrpaTh Ha 6ac-TUTape, a B MaTeMaTHKe
HudeMy He Hayunsa. OH uUrpajs HOPMAaJbHO, Y
Hac 6bLT aHCaMOJTb; caM S B HEM He BBICTYTIAT,
HO y4YWJl UX — U OHHM HUTPATd Ha TaHIAX.
Y AWBUTEIBHO, YTO CPEIN ATHUX JeTell moraja-
JINCH OYEHb CIOCOGHDIE.

— A kak BBl OTTy/a nmomnaju B MOCKBY u
HavaJu paGorars B 57 mKoJe?

— 41 emte mpITAICS TOCTYHATh B ACIIUPAHTYPY
(kaskercs, gaske Ba pasa). VI3 9T0ro, KOHEUHO,
HUYEro He BbINLIO, W Aaxe CIPUHIKYK MHE
[IOMOYb HE CMOT, XOTSI OH U MDBITAJCS YTO-TO
cresath. B pesysbrare s nepeexas B MockBy —
MOTOMY 4TO >KeHmJcs. Otell Moeil KeHbI ObLI
BOCHHOCJTY>KAIIUI, OH TIPU3BIBAJICS 13 MOCKBBI
1 10 TOTAANIHEMY B3aKOHY JOJKeH Obll Ha
[IEHCUIO BepHYTbca B MockBy. Besa ceMbs nipu-
exasa B MockBy, u g Toxke. Ho HyKHO ObLIO
nucKaTh paboty. Jpyr Moero oria mo3HaKOMUJI
MeHs1 ¢ Asnekcanpom Cemenosmuem Kpoupo-
JIOM, KOTOPDI B TO BPeMsI 3aHIMAJICSI KOMITbIO-
TEPHBIM PACIIO3HABAHUEM PEHTTEHOBCKUX CHUM-
KoB Jierkux. Ha atoit mousBe Kpowupoa 6wl
3HAKOM C JIpyroM Mmoero otma. M artor apyr
MOTIPOCUJI YCTPOUTH MEHSI Ha PaboTy — Kyna-
HUGYAb B BBIYUCJIUTEJNBHBIH TIEHTP. XOTS S
OUYeHb TJIOXO MPOTpaMMHUpPOBaJ. MHe gaxe B
YHUBEPCHUTETE TIOCTABUJIN 3a4eT 3a TO, YTO 5 A
CJIOBO HUKOT/Ia HE 3aHUMATLCS TIPOTPaMMHUPO-
BanueM. Ho HyskHO ke MHe OBLTO rie-To pado-
TaTh, s y)ke Obl1 corjaceH Ha Bce. Kponpos
B3AJICSA MEHS yCTpamBaTb, s K HEMY KaX70e
YTPO TIpue3sKaj Ha paboTy, OH 3BOHUJI B PA3HbIE
MecTa, IOTOBAPUBAJICS, U 51 €XaJl B 3TU Pa3HbIE
MecTa, CO MHOII pasroBapuBaJ/i, HO HUKY/Ia He
6pasu. Tak TOBTOPSIOCH HECKOJBKO pa3 u
MIPOJIOJIZKAJIOCH yoKe MecsIl. B pesysbraTe s emy
KaK-To cKaszan: «S rotoB Ha mobyio pabory,
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Jaxke B Koy ». «B mkony? Hy ato, nssBunu-
Te, OYEHb TsKeJOo. S JI0JKeH TPUHSATh Y Bac
aK3aMeH. Bbl corsacHbl caBath?» Mbl pasro-
BapHUBaJIN BEUEPOM 110 TesiehOHy, 1 OH CIIPAIIN-
Baet: «Celiqac MoxxeTe mpuexaTh?» [7me-To B
JIecsITh YacoB Bedyepa g Toexas K HeMy ¢/IaBaTh
sk3amen. C TepBOTO pasza He cJaj: UTO-TO
perit, 9To-To He pemna. OH gam1 MHE 3a/1a4n
Ha JIOM U cKasaJ: «Pemmre — 3BoHnTe». Y TpoM
s BCTAJI M PEIIUJ BCe, KPOMEe OJIHOM 3ajjaun —
JIOKa3aTh, YTO HE CYIIECTBYET (DYHKIIUM, pas-
PBIBHOI BO BCEX MPPAIMOHAJIbHBIX TOYKAX M
HENpepbIBHOI BO BCEX PAI[MOHAJIBHBIX TOUKAX.
51 Toryia He 3HaJ HUYEro 3Toro. 51 eMy Mo3BOHUI
7 CKasas, 4TO MOTY PEIINTb BCe, HO He MOTY
penmthb Ty 3agady. OH orBetnst: «IIpaBuib-
HO, TaK ¥ JOJDKHO OBITh». S TIprexas Kk HeMy 1
pacckasaj pemieHns OCTaNbHBIX 3amad. OH
cKasay: <«XOpoIo, Temepb s Bac PEKOMEH-
nyio», — u gaa muae teredon Huxomas Huko-
jgaeBnmda KoncrantnnoBa. fI MO3BOHMI, MBI
Berperusnch ¢ Kostedt, u on Mens noses B 179
mrkosty. Tam He 661710 MecTa, He GbLIO YacoB, HO
Kak-To OH n KpOHpPO yroBopu/n JUpeKTopa,
4yTOObl MEHSI B3I XOTb HAa KaKWe-TO 4Yachl.
MHe J1aT1 HECKOJIbKO YacOB — MaTeMaTHYeCKHUi
anam3. Jto 611 HOsA6PH 1973 Toa. A npuxo-
JIAJT CO CTyJIeHTaMI Ha yPOKHM aHajusa [B 179
IKOJIe, KaK W B HEKOTOPBIX JPYTUX MATIIKO-
JIaX, Ha YacTb YPOKOB TPHUXOJAT HeJaBHIE
BBIMIYCKHUKN W TMPUHUMAIOT PEIIeHNUS 3a7a4d y
MIKOJBHUKOB]. S Tam ObLT «I1epepocTKOM» —
MHe ObLJIO yKe 24 ToJ1a, a OHU BCe HSATUKYPCHU-
K#. §1 10JITO He MOT TIOHATD, YTO IIPOUCXO/NT —
Be/Ib YeJIOBEKY CO CTOPOHBI TO, UTO JIEJIAeTCs Ha
ypOKax aHajamsa B ImKosax tuna 57 u 179,
coBeplieHHo HeroHsATHO. Ho mnocrenenHo s
IIPUBBIK, MOTOM MHE CTaJIU JlaBaTb 3aMEHbI —
YPOKH asnre6pbl 1 reoMeTpun. S gaske mosrydas
KaKne-TO JIeHbIN, OueHb He6oJblme — py6Jiei
30 B MecHrr.

Tak mpormIo HeCKOJIbKO MecsIeB, U BAPYT B
despane 1974 roga mue 3BoHUT Kosig u TOBO-
puT, uTO B 57 1IKOJe 06pa30BaIach BAKAHCHS,
noBucso 17 gacos. Kosist Mens npuses Ty/a, co
MHOW TIOTOBOPUJIN JUPEKTOP MIKoJbl Huna
Esrenbesna Jlanymkuna u 3asyd JleB Hunosuu
Byxman. MHe Bce paBHO YCTPOWJIM 3K3aMeEH.
IIpurnacunu va "ero Eneny I'eopruesny [na-
roseBy. Ona martemaTuk, pa6orana y M.M.
lesbanga n Ipn aTOM 3aHNMAJIACh TPETojia-
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BaHUEM — B TOM YHCJIE W TEOPHEN IIPero/iaBa-
Hus. §1 moroBopusi ¢ Heil, U OHa OCTaJach
oBoJIbHA. MeHs B3sii, S ObLI CYACTJINB: Y
MeHsT ecTb paboTal YueHuKn ObLin 3aMevaTelib-
Hpie — ocobenno 7 kaacc. Tam yunmics Mapk
CmmBaxoscknii, Poman Cmousternckuit, Muxant
Bepumazckuii — oHu 0TOM CTa/In BbIAAIOIUMU-
¢4 MaTeMaTHKaMH, cefiyac B KOPUJOpe MIKOJIbI
BUCAT MJIaKaThl ¢ ux Guorpadusmu. Eme MHe
naan 8 kiaacc u 9 6UOJIOrMYECKHil, TOXKE 3aMe-
vyareJabHbId. /leTn u3 Bcex Tpex KJIAccoB ObLIN
TaKue MPeKpacHbie, TaK XOPOIIO KO MHE OTHO-
CUJTHCh M Xopoto cebs Besau — a B 179 mkosie
y MeHs Bce OBbLIO YKACHO C JAUCIUILINHOW, s
XOIUJI TyJa, Kak Ha Katopry. Ho yiiti orTyaa
s HE MOT, IPUXO/IMJIOCH PAGOTATh U TaM, U TaM.
[IIxomaBI psIOM, TTO3TOMY MHE CTAaBUJIN YPOKH B
OJIMH /IeHDb B PAa3HBIX IIKOJIAX, U g 32 IepeMeny
ycTeBas epefiTh M3 OHON MIKOJBI B APYTYIO.
Tak mpoo/KasIoch mapy MecsIes.

Hacrymm koHelp yueGHOTO rojia, MHE HUKTO
He mnpemiaraer uudero. S cmpocun y JlbBa
HuuoBnua, uto Gyner Ha caeaytoniuii rog. On
oTBeTIT: « HUKaKnX BOIPOCOB, KOHEYHO, OCTa-
Baiitech 37iecb. MBI BaM [aJM U KJAacCHOE
PYKOBOJICTBO». $I cUacT/iiuB M JOBOJIEH U [Yy-
Maio, Kak MHe yiTu Terepb m3 179 mKosbr
(rskesio paborarb 1 TaM, U Tam). VI TyT MeHs
BbI3bIBaeT K ceGe aupertop 179 mikosbl u
roBOpUT: «MBI TOgyMaJi, MOCHPANTHBAIN O
Bac — W pojauTesieii, u gereii. MHeHUs pa3HbIe.
Opuu TOBOPAT, YTO BBl He MOJJEpPXKUBAECTE
JIICTIATIIINHY, OYeHb TSKEJI0 Ha YPOKAX — MIyM-
HO. A HEKOTOpbIE TOBOPSIT, UTO JaeTe XOPOIIue
3aj1aui. Mbl pelmin pUCKHYTb U PEJIOKUTD
BaM 4Yacbl W KJIACCHOE PYKOBOJCTBO». 1 eil
rosopio: «Cracu6o, HO MHE y:Ke HE HYKHO».
Kak ona pasosaunach — 60xxe moit! Ona Mue
ckasaya: «Ecim 6 BbI 3HamM, CKOJBKO MHE
MPUIILIOCH TEPEKUTh, YTOOBI BAC CIOAA TPHU-
crpoutb!» [leficTBUTENBHO — 5T MOTY cele npe-
CTaBUTDb, YTO 9TO ObLIO. MeHs Opann Ha Ma-
JIEHbKYIO HArpy3Ky, n Kponpos xoam, yrosa-
puBax ee, n Koxsa yroBapusan. A f B3aT U
HarieBas Ha ato. Ho y MeHs feficTBUTENbHO B
3TOT MOMEHT y>Ke Oblia paGora B 57 1IKOJIE — U
BCe PABHO C ee TOYKU 3peHusi s ObLI HebIaro-
napubiM. [ToroM oHa aTO MHe mpuUIOMHUIA. Y
MeHs He ObIJI0 KBaPTUPDI, U S TBITAICS HAUTH
r/le-To KBapTUPY, BCTYNUTb B KaKOI-TO KOOTIe-
paruB. Omna Mue ckaszasa: «Ecin 6bl Bbl ocTa-

JIuch, To s 6 Bam ycTpomsa KBaptupy!s Ho
MHEe BCe-TaKW MPUIIIOCHh Te /[BAa KJIacca, KOTO-
poie y Mens Obiin (9 u 10), joBecTn 10 KOHIA.
Tak 4ro B 179 mKose s1 ipopaGoTaJ erle TOJI.
ITorom B 179 mxose Bce Hajgaamaoch. Tam
ObLIM MO 3aMevaresibHble YYEHUKN U JIPY3bsi
O6paTbsi JlalkoBCKIe — Mbl ¢ HUMM TIO/IPYIKHU-
suck. Ozl ceifuac MaTeMaTHK, OH podeccop
B yHusepcutere Duiazsenbduu, BTOpol ¢u-
3uk. Korga s 6b11 B AMepuke B 1990 roay, 5 ¢
HuMu Berpevasics. C 9TUM KJIACCOM HA CaMOM
Jiesie Bce ObLIO XOPOIIO, TaM ObLIN XOPOIIne
JICTH.

B pesyabrare ¢ 6 mapra 1974 roga st paboraio
B 57 mKoJie. MHe 3/1eCh CTPAITHO TOHPABUJIOCE.
MrHOBeHHO, cpa3y, KaK TOJbKO s Ciojla TIpu-
TIeJI.

— Pacckaskurte, nokaayiicra, npo ocoGeH-
HOCTH 7 TIKOJBI.

— 4 npuies Ha Bce TOTOBOE, W CaM JI0JITOE
BpeMsI He NMTOHMMAJI, KaK YCTPOEHO TIPEeno/aBa-
HHUe B 3TUX mKosiax — B 57, B 179, B 91, kyna
MmeHda toxke Hukosait Hukomaesnu Bogua. OH
MCHS BOJWJI Ha KPY:KOK. Torma MaTtKpy:KKH
6bL1 HA MOXOBOIT yJImile, B CTApOM 3/[aHUH
MTY. { He moHUMAJI, Kak HAYaJIbCTBO KO BCEMY
aTOMYy OTHOCcHUTCSA. Kak 3To — CTObKO HApOIy
NpUXOANT Ha ypoku (cpasy MHOIO 4YesloBEeK
NPUHUMAET 3a/laui B OJHOM KJjacce). Bce a1o
ObLJIO J1JIsI MEHST OY€Hb CTPAHHO, HO s OCTETeH-
HO K 3TOMY TIpMBBIK. MHe B 57 mMIKoJe J0CTa-
JINCH OYEHD XOPOIIne KJaacchl: 7 1 § MareMaTH-
yeckue u 9 Guostornueckuii. C HUMU HUKOT/[A HE
6bLJI0 TIPO6JIEM, OHU OYEHb XOTEJIU YUUTDHCS.
MHe npu 3TOM OYEHb XOTEJIOCh UM YTO-TO
pacckasarb — a st MHOTOTO He 3HaJI, sl TPU TO/Ia,
MOJKHO CKa3aTh, HUYEro He jesas. I[Ipuiioch
U HOYAMM CH/ICTDb, PeIlaTh 33/[a4M, TPUBBIKATH
KO BceMy aToMy. [IepBoe BpeMs 6b1710 JOBOJTBHO
TSKEJTo, TIOKa 51 B 310 Botest. CiaBa 60ry, 6blaa
3aMevarebHas AUCIUTLIIHA — 3TO OY€Hb MHOTO
3HAYUT, KOT/Ja TebsT CJAYIIAIOT, Te6e TOMOTAIOT.
MoskHO ObLIO OMUOUTBCST — TeOsT TOIPABSIT,
IpUYeM Bee 3T0 ObLIIO OUeHb J0OPOIKETATENBHO.
S u o cux nop ommbaiocs. IloackaspiBaior. 51
CUUTAIO, YTO MHE JKYTKO TT0Be3J10. Beab st Mor u
He TI0TACTh CIo/Ia. YJKe Tella Halllia Mue paboTy
B BedepHeil mKoJjie — Ha 24 vaca, 4 pasa B
Hezeso. S y:xe GbLT TOTOB TyZla MOUTH — €CJIH
661 He Kponpo, He ero sk3ameH u He KoncTan-
THHOB. BeuepHss mKoJa — 3To 6BIJI0 6bI XYIKe.
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A ecs 6b1 He OBbLIO HUKAKUX 3HAKOMBIX — KaK
6bl 51 Y3HAJT O TOM, YTO €CTb TaKHE IITKOJIbI?

— B nepByIo ouepep HaM — BalIUM yYeHHU-
KaM — IOBE3JI0.

— He 3naio, Kak BaM — MHe TOYHO II0BE3JI0!

— Kak BBl Bezere ypokH — MO Kakoi
nporpamme, no Kakum yuyeOnuxam? Paccka-
JKHT€ HEMHOTO O CHCTEME JHCTOYKOB.

— 4 crkopee pUAEP;KIUBAIOCH TPOTPAMMBI [T
MaTeMaTHYECKUX KJACCOB, a M0 Y4eOHUKY I10-
YTU HUYETO He 33Jai0. MHe HPAaBUTCS CaMOMy
COCTaBJISATH JIUCTOYKU, S UX A0 YYEHUKAM U
Ha3bIBAl0 HOMEpa 3aja4 M3 HTOTO JIHCTOYKA,
KOTOpBIE HYKHO peinuThb. MHorna nporiry mnpo-
YUTaTh 4TO-TO M3 ydebHWKa. Ho aTo 6bIBaeT
PEIKO Maske B TeOMETpUHU, a B ajrebpe elle
pexxe. Korga MpI TOTOBUMCS K aK3aMeHY B 9
KJIacce, TO TI0 KpaifHeil Mepe cHavdaJa TIPH/IEP-
sKmBaeMcst yueOnuka. Hampumep, 1o reomer-
pun ucnosbsyercs yuebuuk Iloropenosa — u3
Hero 6epercst akcuomaruka. HysKHO Beb 10T0-
BOpHUTbCSI 06 OCHOBaX. A 3ajauum s /a0 U3
JncTouKoB. Koneuno, Mou ypoKU OTJINYAIOTCS
OT YPOKOB aHaJIN3a, Ha KOTOPBIX MHOTO TIPETIo-
JlaBatesieil O{THOBPEMEHHO IIPUHUMAIOT 3a/1a4N.
Ho s xoaua, cMOTpesi, KTO 4TO JIeJIaeT, BbI3bI-
BaJI K JIOCKe — B 00IIeM, KaK-TO TpUcrocab -
BaJIC.

T'aBHBIN TPUHIUTT JIMCTOYKOB — OT ITPOCTOTO
K caoxnomy. Koneuno, st crapasicst nogOuparhb
KpacwBbIe 33J[a4i, KOTOPbIE PEIIAIOTCS C Y/I0-
BoJabcTBUEM. S xores, 4toObl 3agauul ObLIO
UHTEPECHO pelaTh. DbIBAIOT Belb Takue 3aja-
YK, YTO Ja)Ke YCJIOBUE [0 KOHIA YUTATh HE
xouetcs. S crapajcs, 4ToObl TaKUX He ObLIO.
XoTs cKazaTbh, YTO y MEHSI COBCEM He ObLIO
IPOMO3/IKHX 3a/1a4, HEJIb3sT — FPOMO3/IKKE 3a/1a-
Y1 TOKE HYKHO YMeTb pemiatb. Ho Bce-Taku nx
OBbLJIO HEe TaK MHOTO.

— Kr10 M3 KoJLIer okasaJ Ha BaC BJMSIHUE ?

Bo-nepBbix, koneuno, Kponposa. On 3actas-
JIAT MeHSA pemarh 3afadn 1o aHammsy. OH
MOTOM 3aXO0TeJ, 4ToObl s K HEMY MOCTYyNaJ B
acrmmpantypy. Ho cam on me mor dopmanbHO
ObITh MOU HAYYHBIM PYKOBOJUTEJIEM: OH pabo-
TaJ B HAYYHO-UCCJIE0BATEIbCKOM HHCTUTYTE,
sanuMasicss HedThio (KOMIIBIOTEPHBIE PACYETHI
JUIS B3pbIBa U PacIpocTpaHeHus Boubl). Tem
He MeHee, OH MCHS TIPUKPEITUJ K acIUPaHType.
CuayaJia 310 6611 Beecorosubril 3a0unbIil ea-
TOTWYeCKWiT WHCTUTYT. TaM s mporres Kypcbl
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AHTJINICKOTO S3bIKa U uaocopuu, craa KaH-
auparckuit MuHUMyM. IlotoM oH ke mpuKpe-
nusa MeHda K acnupantype Ilemarormueckoro
nHCTUTYTA. S TaM 6bIT cCHavYas a y 3aBeyIOIero
racdesmpoit IllerospkoBa, mocte MHE 1aan Apy-
roro Hay4HOro pykoBoautess — Imurpus A6-
pamoBuua PaiikoBa, 3T0 04eHb U3BECTHBIII [1PO-
deccop negarormueckoro nHcTUTYTA. IloTOM OH
HEOXKM/JIAHHO yMep, M MeHs 1epeGpocuan K
Meepy Denukcosuuy boxinreiiny — kpynHomy
CHEIUAIUCTY TI0 aare6pandecKoil TOMOJIOTHH.
Ho B Kkakoii-To MOMeHT MaTeMaTtuka B Moei
IJIAaHUPOBABIIEHCS ccepTaluu Bee JKe Iepe-
ma B METOAMKY. $1 4To-To Hammcasa, HO 3To
6BIJIO0 HEYJAYHO — YUTABIIINE HE MOTJIA TIOHSATD,
rzie TaM rcuxosorusd. Y B pesysbraTe s 6pocu
acrupanTypy (XOTs KaHAUJATCKUE MUHUMYMbI
g Bee caanr). Ho 3ato g Hay4u/ics medaratb Ha
MUIIYIIeil ManInHKe.

— Jr0 6bLIa BTOPas NoJoBHuHa 70-X rooB?

— [Mla, rme-to 75-i1, 76-ii rombpl. Y MeHS
CBaJMJIach Topa € TJed — He HYyKHA MHe
HuKakas jucceprainus! U g ctan 3aHuMaTbes
TOJIBKO 1IKOJIOW. V1 K Bompocy O TOM, KTO
OKasaJ Ha MeHsl BJUSIHUE: $ TI03HAKOMUJICS
(ne nomuo, kaxk) ¢ Hropem @egopoBuyem
IITapbIrnHBIM — OH Ha MEH$I CUJIbHO ITOBJIUSLI.
N eme Apuoaba AxosieBuu buox. To ectb
Tpu desoBeka — Kpouponx, [laperun 1 Baox.
Huxkoro us Hux, yBbI, y>Ke HeT.A TakXXe OueHb
MHOoromy Mens nayuus bopuc Ilerposny Ieiin-
MaH.

— BbIBaJjIo M KOrAa-To TaK, YTO BbI yYHIHCh
4YeMy-TO Y CBOMX YYEHHKOB?

— Tax Bce Bpems npoucxozut! O6s13aTebHO
KTO-HUOYIb YTO-TO CKaXKeT nHTepecHoe. Mropn
ITyxos (oH 1morm6, oOdYeHb >KAJKO €ro), OH
JIBAK/IbI TTOJIYYaJI MeIasii Ha MEK/LyHAPO/IHbIX

OJIMMITHaZlaX, — OH TaK penrasa saaatm! On
CMOTpPEJI-CMOTpPEJI, a IIOTOM THUXUM TOJIOCOM
BbllaBaJl pE€HIEHUA — TIIpUYEM BCETrJa TaKHne

kpacusble! Koneuno, oueHb MHOroMy s Ha-
yumiics y geteit. M ceifuac mHOTa IMKOJbHIUKA
IIPU/YMbBIBAIOT KAKOE-TO PellleHue — 51 ero Cpasy
3anuchIBaIO 1 3arnoMuHan. Ceroinsa Ha OTKPbI-
TOM YPOKE 51 PacCKasbiBaj opuruHajbpie (110
KpaiiHeil Mepe, ¢ Moeil TOYKM 3peHusT — 5 [0
9TOr0 WX HHUKOT/A HE BHJIEJ) DEIeHus 3a/1ad4,
KOTOpble IIPUyMaJi Hallll Y4eHUKU — 1160 BO
BpeMs YPOKOB, JMOO BO BpeMsl pelleHus J0-
MalllHUX 33/[aHuii.



HAIIKM MUHTEPBDbDIO

— Pacckaxure, noxanyiicra, mpo 6asy
3ajay no reomerpun (zadachi.mccme.ru).

— B 1991 roay xo MHe TpHIIes BBITYCKHUK
81-ro rosa Mumra Bysununep u ckasas, 4To oHH
C TOBapHUIAMK XOTSIT HAMICATh IIPOTPaMMy, C
ITOMOIIBIO KOTOPOH MOKHO ObLIO OBl MCKATh
3a/1a4M 110 Pa3HbIM KpUTepusM. Muia ckasal,
4YTO y HHUX ObLIO HECKOJbKO CEMHHAPOB, YTO
Jlema Kanesb Hammcaa KHIDKEUKY, B KOTOPOH
M3JI0KNJI TeOpeTHYeCKHe OCHOBBI TOTO, Kak
JIOJIKHA OBITh YCTPOEHA 1T0I06HAsT CUCTEMA: YTO
HY>KHO 3HATb IIPO 3a/1a4y, YTOObI ee HallTH, YTO
camMoe MHTEpecHOe, KaK 3TO BCE C €ro TOYKH
3PEHHs JIOJIKHO ObIThb ycTpoeHo. OHHM Takyio
IIPOTpaMMy HAIMCAJIN, HO €€ HY>KHO 3aI0JTHUTD
3a/la4aMu, 1 OHN OOPATHJINCH KO MHE — YTOOBI
6110 x0T Gb1 100 3a3/1a4.

— Toabko mo reomerpuun?

— Jla. OHu XO0TeJsH IIPOBepUTh, paboTaeT Jn
cHcTeMa, MHTEPECHO 3TO WH HeT. S 3amnTepe-
COBAJICA 1 C YIOBOJIbCTBUEM 3TUM 3aHUMAJICA.
Cpesag, IpoOBEPUIIN — J1a, IEHCTBUTEJIBHO KaK-
10 X0poIo (HO MeIeHHO) 5TO paboTano. Mej-
JICHHO, TIOTOMY YTO, B YaCTHOCTH, 3TO ObL1I
pepaxtop ChiWriter (ternepb oH He UCIOIB3Y-
ercst). TIporpamMma 3arpyskanach 4yTh Ju He 5
MHUHYT, HO paboTaja M HAXOJWJIa 3a/a4M IO
aTpubyTaM, KOTOpble s paccraBisi. [lorom
caenamn eme 600 3amau. Ha ato ymen rox,
HaBepHoe. Bce pa6oraer. IIpoGiema Oblia B
TOM, 4TOObI pHcOBaTh KapTuHKH. CaM Koz
porpammbl Ipu 3ToM nucanu Muma Bysunu-
ep n Cepexxa Tpudonos, erie B 3TOM y4acTBO-
Basm [luma Teitbmom m mHOrme apyrue. A
HaroJHeHneM 0asbl 33jla4yaMi CHavyaJsa 3aHu-
MaJIcst ToJibKo 1. IToToM, Korja Bce 31O cTaso
passuBarbes (1 66110 okoso 1000 3amau), cran
yuactBoBatb Bosogs Ilporacos, yuyenux Illa-
pbITHHA — Tenepb oH npodeccop B Hesasucn-
MOM MOCKOBCKOM yHHUBepcutete. [ITapbiris Toxe
3aropeJicsl — OH caM He y4acTBOBAJI, HO OueHb
XOPOIIO OTHOCWJICA K mpee 6a3bl 3ajad. IJTY
IIPOrpaMMy Jlake IIbITATNCh IPOJAAaBaTh, OBLIN
KaKue-TO BBICTaBKU U JIEKIUU, o6 3Toil 6Gase
THcaI KHIKKA. Tak Ipo1osKazoch HECKOIb-
ko Jier. IToroM Bce Kak-To BAPYr 3arJoxJo.
3atem nosBuics pegakrop TeX, cran passu-
BaTbCs MHTEPHET, Uy KOTO-TO BO3HUKJIA HJIes] —
moyemy 6b1 He mepeBectu 6azy B TeX. /Iuma
[IkopHNK HamMcas TPOrpaMMmy, KOTopasi J1o-
kyment 3 ChiWriter’a nepesosut B TeX. ¥V

ATOI MporpaMmbl GbLIM, KOHEYHO, XKYTKHUE TIO-
IPEIIHOCTH, TAK YTO TIOTOM MPUXO/AUJIOCDH Tpa-
BUTb BpyuHyto. Ilotom nosiBuscs Muma Pac-
KIH, KOTOPbII BOOOIIIE C/IeTal BCe 3TO U/iealib-
Ho. Craso yxxe 3000 3amaq, 5000 3amgau. Ceron-
us y nac 6osbiire 10000 3aza4, u 6aza paboraer
naeasbHo. I TaM MTHOBEHHO HAaXOKy BCe, UTO
MHe Hy>XHO. §] 3Ha10, 9TO O4eHb MHOTO JIO/ei
9TOIl 0a30il MOJB3YETCA: B CPEJHEM B CYTKU Y
Hac npumepHo 500 oGpaiennii (yHUKAIbHBIX
oJib30Baresieil, KoHeuHo, Menbiie, Ho 500 pa3s
B JIEHb Ta WJIM WHAs 3ajada u3 6a3bl 3arpariu-
Baercs1). [ Hepas3BJIeKaTeIbHON IIPOrpaMMbl
9TO, KaskeTcsi, HopMaabHo. KoHneuno, Ham 1ipu-
CBLJTAIOT OT3BIBBI, HAXO/AT ONTMOKH, OTICYATKH.
MpbI MTHOBEHHO pearupyeM, mcrpasJseM. Te-
nepb 9TUM 3anumaercsa Munia [TanoB — pucyer
KapTUHKH, KOT/Ia y HEro eCTb BpeMs. 3a01Baio
B 6a3y 3a/lauu NO-1IpekHeMy TOJbKO s1. Camast
Goasibiiast 1pobsieMa — 3TO KapTWHKH, ceifdac
OHU €CTh TOJBKO TpuMepHo ¥ 20% 3amau. Ho
J06ABJISATD KAPTUHKU TSKEJIO — HYKHO, 4TOObI
10-20 yemoBeK CUETN MECSI] U BCE TO MUCAJIN.
Korza y Hac 6bLia npakTuka B IKoJie, Muria
BeJ Kpyskok 1o MetaPost’y, yuun nereit puco-
Batb — W JETU cjejaau pucyHku, 1mo 40-50
3a/au Kakaplii. Komeuno, Mmwuma u ceifuac
BeJIeT KPYXKOK, HO Ty/Ia XOIUT BCETO HECKOIBKO
vesioBeK. MHOTAA 1 BBIGUPAIO 33/1a41 U3 CHCTe-
MBI, a OH K HIM pucyeT KapTuHKH. [lomygaercs,
YTO PUCYHKH TIPUGABJISIIOTCS, HO sl BBOXKY HO-
Bble 3aj1a4k ¢ GOJIbIIEIl CKOPOCTBIO, YeM pHUCY-
I0TCST 3a/1aun K cTapbiM. K coxxaienunio, Takoit
paspbiB ecTb. MHe 9Ta cucreMa HpaBuTcst. S 6ot
C Hell ¢ yI0OBOJIbCTBHEM PAaGOTaJI: OHA U/IEATbHO
MOJIXO/IUT JIJIST TOTO, 4TOObI 10106paTh 3a/1a4n
K KPY’KKY, K YPOKY, K KOHTPOJIbHOIi padore.
— 3HayuT, OCHOBHOI CMBICT Ga3bl B TOM,
YTO OHA MO3BOJISIET UCKATh 3a/I1a4H MO TeMe?
— Ilo Teme, IO CJTOKHOCTH, TIO PA3HBIM aTpPHU-
Gyram (Hanpumep, 3aja4a Ha JJOKA3aTEIbCTBO,
Ha TTOCTPOCHNWE, Ha BBIYNCIEHIE, HA TeOMETPH-
YecKoe MeCTO TOYeK, Ha TeOMeTpUIecKre Hepa-
BEHCTBA, HA MAKCUMYMbI 1 MUHUMYMbI, KPacH-
Bad 3aj1ava, <IOXKAJIyH, KpacuBasy, OJUMIIU-
aznasg, ydeOHas, rpomoszkad...). Komeurno,
BBINIICBIBAETCS rpad perreHus: — Kakue hakThbl,
0OBEKTBI U METO/IbI MCIIOJIb3YIOTCS; KaK 3a/1aun
CBSI3aHBI JIPYT C JIPYTOM — TIPEJKU, TIOTOMKH,
aHAJIOTH; BCE 3TO MTHOBEHHO OTBHICKMBACTCSI.
EcTb Bo3aMOKHOCTD pacreyaTaTb TOJBKO YCJIO-
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BH€, WJIH YCJOBUE C PelIeHueM, UJIU TOJbKO
peleHue, Wi ycjaosue ¢ orBetoM (Bce 9TO
MOKHO JIeIaTh C KapTUHKaMU WM Ge3 HUX).
BoiBost MosxHO 11ostyunth B TeX’e nau B pdf’e.
MoskHO pacriedaTatb TOTOBBIN JIHCTOK ¢ HabO-
pOM 3ajad.

Kpowme toro, Murra ITaros BBeJ Ty1a Bce Mon
yueGHbIe JTUCTKU — U 10 ajreOpe, U 10 TeOMeT-
pun (OTAEIBHO 10 MJIAHUMETPHUHU, OT/ENBHO 10
crepeoMeTpun). Y HEro TaM Macca 4epresKei,
KHUTH, HAa KOTOPbIE $I CCBLIAIOCD, B HUX
MOZKHO BOWTH MTPSMO U3 3TOH cucteMbl. Tak uTo
y 9TOIi CUCTEMbBI OYEHb MHOTO PA3HBIX BO3MOK-
Hocreit! Ele MHOTO Bcero /ijig 9TOM CUCTEMbI
crenan Baguk PagmoHoB.

— Bb1 npenogaere B 57 mkoje Gospme 40
Jget. MosxeTe Jid BbI CPAaBHUTh YYEHUKOB TOTO
BpPEMEHH M HbIHEIIHUX — YTO y HUX ofuee, B
YyeM pa3HuIa?

— [IpuHnIMIMATBHON pa3HuIsl HeT. JTo abco-
JIIOTHO Te Xe camble jeti. Hy, KoHeuHo, paHb-
1re 6bL1a 6oJiee W MeHee MOHOIIOINA — ObLIO
HECKOJIBKO IIKOJI, Y Hac ObLau GOJbIIIE KOH-
KypChbI, /10 15 4esoBeK Ha MECTO, a B IOCJIe/IHIE
rofpl — 4-5 uesnoBek Ha Mecto. Ilo-moemy,
KOHKYPC TTOHIKAETCS B CBSI3H C TEM, UTO CTAJIO
MHOTO CITEINAJN3UPOBAHHBIX MTKOJI. KOHIIEeHT-
paims oueHb CUJIbHBIX JIIO/Iel B KJacce ceifyac
MeHbIlle, HO BCe pPaBHO OHU ecThb. Tak dTo
TIPUHIATINAJLHON PA3HUIIEI I HE BIDKY — pa3Be
YTO KOHIEHTPAIIHS TTOMEHSTACD.

— Bammu yuenuku no6exaaju Ha oJauMIua-
JlaX, €CTb KPyNHbIEe y4YeHble, OM3HEeCMeHbI,
KTO-TO BepHYyJICs paboTaTh B mKoay. UTO BBI
CYHTaeTe caMbIM GOJIbIIMM CBOMM YCIEXOM?

— Tpynno ckazarb. He To, uTo BbI cKazaiu.
He OG6ospuine MareMaTMkyu — OHHM, KOHEYHO,
€CTb, HO 3TO COBEPIICHHO HE MOS 3aCJyTra, 9TO
nmoHATHO. Ecam 1 ecTh Kakasg-To MOS 3aciyra,
TO 3TO HE Te, KTO CTAJIN BBIAIONIMMUCS podec-
CHOHAJTbHBIME MaTeMaTHKaMH, a Te, KTO BbIGpa-
Ju ApyTyio mpodecchuio, HO MaTeMaTHKa UM
IOMOTJIa JOCTUYb Yero-to. ITO Ba’kKHEeE.
BosbmewMm, nanpumep, Camry Kysmuerosa, ceii-
4ac OH 4JIeH-KOpPeCcHoH/IeHT Poccuiickoii aka-
Jemun Hayk. Kakoe s MOr Ha HEro OKasaTh
BJINSHUE?

— Iloka3zaim KpacoTy MaTeMaTHKH.

— On u 6e3 MEHSI BCe 9TO BUJEJ U 3HAJ.

— BbI MOkeTe 4TO-TO MOsKeIaTh MIKOJIbHH-
KaM, KOTOpbI€ YUTAIOT 3TO MHTEPBbIO? EcTh
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JI Yy BaC KaKoe-TO MOKeJaHHe /ISl TeX, KTO
UHTEPECYETCS] MATEMATHKOM, (PU3UKOH?

— Ecuin onn ynraor «KBanr», 10 Mou moske-
JIAHWST HUYEro He 3Ha4aT — OHHU y’Ke Ha TIpa-
BUJIbHOM HyTI/I. A €CJIN HE YUTAIOT — TO OHU HE
HpO‘{I/ITaIOT 3TO I/IHTepBbIO.

— ¥ Bac ecThb 3ajaya AJd YUTATEIEH?

— Bor kpacuBas 3amaua — oHa, I[paB/a,
U3BECTHASI, HO U YCJIOBHE, W DelleHne y Hee

KpacuBble. B OKpy’>KHOCTH NIPOBEJICH [iaMerp,
BHYTPH €llle /IBE OKPY>KHOCTH — KaK/1ast U3 TpeX
OKpYKHOCTel Kacaercss ABYX Jpyrux. Yepes
TOUKY KacaHus nposefieHa xopga (cM. pucy-
HOK). JIOKa)KuTe, UTO OTMEUYCHHDBIC KPACHBIM
KYCOYKH PaBHBI.

— Yem BbI 3aHUMAETECH B CBOGOAHOE Bpe-
ma?

— Ecau ectb cBOGO/HbIE BPEMS U CHJIBI —
caXychb 3a KOMIIbIOTEP, HAYNHAIO BBOINTD 3a/1a-
qu B cuctemy. [lomyuaercst, uro 6a3a 3amay —
310 Moe X006u. Tpu nan yerbipe yaca s MOTY
BBOJINTD 33/1a4M, TIOTOM ITPOCTO YUTAIO HOBOCTH
B MHTEpHeTe.

— Moxno, HaBepHOe, cKa3aTh, 4TO Oa3a
3a/1ay IOCTaBJsIET BaM Y/10BOJIbCTBHE ?

— Koneuno! OcobeHHo ecsmm Kakasi-To Kpacu-
Bas 3a/1a4a... A UX He0603PUMOe KOJTMIECTBO —
xBatut pa6otsl Ha 100 set 100 moasam. Y nuBu-
TeJIbHAsT Bellb: Ka3aJoch Gbl, YMCJIO WJell KO-
HeYHoe, 4nc/a0 KoHduryparmii koHeynoe. Ho
KaXABIH TOA TOSBJISAIOTCS COBEPIIEHHO pOC-
KOIIHbIEe OPUTHHATIbHBIC 3a/1a4i. JTO MPOCTO
HewcYepraeMbIil HCTOYHUK!

Humepesvio 6351 B.Kondpamoes,
¢homo npedocmasun B.Anexcees
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3a4a4u Mbl 06bIYHO YKa3bIBAeM, KTO HaM ee MPpeasioxu. PasyMeercs, He Bce 3Ty 3a4a41 ny6KkyroTcs
Briepsble.

Peruerunss 3aaa4 1o mMaremMatvike v pusmnKe U3 3Toro HoMepa C1e4YeT OTIPaBATb 10 /1eKTPOH=
HbIM agpecam: math@kvant.ras.ru v phys@kvant.ras.ru cooTBeTCTBEHHO W/IM 110 [1OYTOBOMY aApPecy:
119296 MockBa, JleHnHckmii npocrekT, 64-A, «KBaHT».

YcnoBus Kaxxpoui opuruHanbHod 3apgayu, fpeanaaraemMoi gns nybnvkaumu, Bmecre ¢ Bawmm
PELLEHNEM 3TOH 3aAa4Yu MPUCHIIANTE 10 TEM XKe aapecam.

3anayn M2538, M2539 npeanarannce Ha XL TypHupe roponos. 3aga4ya M2541 npegnaranace Ha

3ao4Hom Type XIV onumnuagel no reometpun umern U.@.LLapbirnHa.

3apaun M2538-M2541, ©2545-P2548

M2538. Ilers paccraBasier 500 KopoJieit Ha
kiaeTkax gocku 100x 50 Tak, 4ToObI OHU He
6w npyr apyra. A Bacs paccrasmser 500
KopoJieil Ha Genblx KiaeTkax (B MIaxMaTHOM
packpacke) gocku 100x 100 Tak, 4T06BI OHE
He OUJn IpyT ApyTa. Y KOro GOJIbIIe CIoCo-
60B 3TO ceTaTh?

E.Bbaxaes

M2539. a) Jokasxkute, uTo J060€ UYUCJIO
Buga 3k — 2, tne k — 1enoe, MOXeT ObITh
MIPEJICTABJICHO B BUJIE CYMMBI OJTHOTO KBaJIpa-
Ta U IByX KyOOB IIEJIBIX UHCE.
6) Jlokaskute, 4To JI060€ 1[eJI0€e YICI0 MOYKeT
ObITH TPEJCTABJIEHO B BUJE CYMMbI OJHOTO
KBaJIpaTa u TpexX KyOOB IeJIbIX YHCE.
H.Cedpaxsn

M2540. B ocTpoyroibHOM TpeEyTOJbHUKE
ABC nposegnenbt Bbicotsl AH, , BH,, CH,.

Mycrv H,, — npoekuus touku H, Ha nps-
myto AC (puc.1). Anamornuso ompegenum
rouxn H,., H,,, H,., H.,, H, . lokaxnre,
yro urectb Touex H,, H,., H,,, H,., H.,
H,, nexar na ofHOIl OKPY>KHOCTH, LEHTP
KOTODOH COBIIQJlaeT C LEHTPOM Macc Tpey-
rosbuoro kourypa H, HyH,_, ciesaHioro us
O/IHOPO/THOIi TIPOBOJIOKU.

. Bainwmertin

M2541". TlrockocTb pasbura Ha BBIITYKJIbIC
CEMUYTOJIBHUKN eIMHIYHOTO auamerpa. [lo-
Kaskute, 4O J1060# Kpyr pagunyca 200 mepe-
ceKaeT He MeHee MUJIIMAp/a U3 3TUX CEeMH-
yroibHuKOB. (/[uamMerp MHOTOYrOJbHUKA —
9TO MaKCHUMyM CPEJIN PACCTOSHUI MEXKIY
mapaMu ero BepIiuH. )

A. Kanenv-benog

®2545. /IBa CIJIOMIHBIX TMApUKa Pa3HBIX
pPasMepoB M3 OJHOT0 XMMHUYECKH YHUCTOrO
BEIecTBa HaXOIATCSI B KOCMOCE BIAIN OT
JIPYTUX MACCUBHBIX T€J U B3aUMOJCHCTBYIOT
JIPyr C JIPYroM TOJIbKO TPABUTAIIMOHHBIM
crioco6om. OHu BpamaioTcs: BOKPYT 0061Iero
IEHTpa Macc, Jesast oJiuH 000pOT 32 BpPeMsi
omuoro ypoka T = 45 mun. Kakoil mMoxker
ObITh MUHUMAJbHAS TJOTHOCTH Marepuasa,
M3 KOTOpPOro cjejanbl mapuku? Kakomy
MeTaJlJIy Takasl MJIOTHOCTb COOTBETCTBYET?
A.Bbypos, E.ILlarumosa

®2546. lmeercst «uetBepTh OECKOHEUHAST>
peleTKa ¢ KBa/I[PATHbIMU sSTYeiiKaM#, COCTOSI-
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mias M3 0/IMHaAKOBbIX PE3UCTOPOB COIIPOTUB-
JIEHUEM 7, KaK II0OKa3aHO Ha pPUCYHKE 2.

I I
Puc. 2

W3BecTHO, 4TO ecam B y3ea A BTeKaer, a U3
y3ia B BbiTekaeT TOK I, TO wu/eabHBIN
BOJIBTMETP, MOJAKJIOYeHHDBIH K y31am C u D,
nokasbiBaeT Hanpsikerne U. Ompenesnte 1o
3THUM JIAaHHBIM CONPOTHBJIEHNE R, MaHHON
PEIIETKH.

A.Bviukos

®2547. Tlpodeccop Daexrpa Illap mposo-
JIUT 9KCIIEPUMEHTBI C MPOBO/AIINME IIaPH-
Kamu. B xo[e Ka)kmoro sKcmepuMeHTa OHa
MeJIJIEHHO COMMKAET TPU YeINHEHHBIX [IapPH-
Ka pasnycoM R KaXKplii Tak, 9YTO B KOHEUHOM
COCTOSIHMM IIEHTPbI OTUX MIAPUKOB HAXOMIT-
Cs1 B BEPIIUHAX [TPABUJIBHOTO TPEYTOJbHUKA
€O CTOPOHOIT 3R, 1 3anucpIBaeT B 1abopaTop-
HBII JKypHas 3HaueHue pabGoThl, KOTOpasi
6blTa efo coBepiieHa. IIpw 9ToM MIapuku B
HAYaJbHOM COCTOSTHUN MOTYT GBbITh KaK 3apsi-
JKEHHBIMHU, TaK W He3apsuKeHHbIME. B ciyva-
SIX, MOKA3aHHBIX HA PHUCYHKaX 3 d, 6 oHa

@R @
3R\ 3R\ '/3R\

@O@O@O

-q +q

PMC 3

3anucana 3HadeHust pa6or A; m A, coorser-
crBerHo. Haiiure: 1) moTteHiman 3apsikeH-
HOTO IapuKa B cJIydae @; 2) TOTEHIMAJbI
BCeX INAPUKOB B cjaydae 6; 3) 3HaueHHe
paboThI B cJyyae 6.

A.bviuxos
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®2548. B npocreiiiieM «TearpaibHOM» O6U-
HOKJIE PACCTOSTHUE MEK/TY OKYJISIPOM U 0ObeK-
TBOM paBHO 10 ¢M, U OHO He pPeryaupyercs.
BuHoKJIb 06ecrieynBaeT yBeandenne X2 mnpu
paccMaTpUBAHUU JIAJIEKUX TipeMeToB. Ka-
KOBBI onTiueckue cuiibl (1 hoKyCHbIe pac-
CTOSTHUS) OOBEKTUBA U OKYJIsIpa?

/. 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). Hockompky x> +1>0 nu

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

[epemuoxuB x> +1= x(yz +1) ¢ anaJjo-

ypaBHEHHUE:

TMYHBIMU YPABHECHUSAMU y2 +1= y(22 + 1) ,
22 +1 :2(x2 +1) W  COKpaTuB  Ha
(x2 + 1)(y2 + 1)(22 +1) , ToJyvyaeM, UTO
xyz = 1.

[lasiee BOCIIOJIb3yeMCsl M3BECTHBIM HEPABEH-

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

1

r+—=y?+122. oatomy y* =1, u 1o-
x

ckoJibKy y > 0, T0o nosyyaem y = 1. Anaso-

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

xyz =1, moTy4aeM, 4TO €JMHCTBEHHBINH BO3-

MOJKHbBIH caydail: x =y = z = 1.

C napyroii cTtoposbl, Tpoiika x =y = z = 1

YIOBJIETBOPSIET YCJIOBHIO 334N,
H.Azaxamnos

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

Ona noayuaemcs u3 nociedo8ameibHoCmu
mounvix xeadpamos 1°,2%, 3% ... paccma-
HOBKOU 3HAKOG: 0OHO UUCO CO 3HAKOM <+,
3amem 084 UUCIA 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», uemblpe YUc1d co
3nakom <«—» u m.0. Ob6oznauum
A, =a;+ay, +...+a,. [loxaxume, umo cpe-
Ou uucen A, A,y,... 6cmpemumcs 6ecKoney-
HO MH020 MOUNHBLX KEAOPAMOB.

Pazo6beM 10C/Ie/10BATeIbHOCTD HA TPYIIIbI
(MuOXecTBA) U3 4, 8, 12, ..., 4m, ... uucen
(Ha pUCYHKe YnC/Ia CO 3HAKOM «+» TIoMeyaeM
KPacCHbIM, @ CO 3HAKOM <«—» — CHHUM). B
m-ii TPYIIIIE IePBBIE 7 YUCE CO 3HAKOM «+»,
3aTeM 2m YUCEJI CO 3HAKOM «—» U TIOCJIe/IHIe
n uuces €O 3HAKOM <«+». J[OKakeM, 4TO
cymma Ay, 41y YUCEIT B 7 TIEPBBIX TPYIITIAX
paBHA TOYHOMY KBaJIpary.

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

S =((t+1)2 +...+(t+m)2)—
—((t+m+1)2 +...+(t+2m)2)—
—((t+2m+1)2 +...+(t+3m)2)+

+((t+3m+1)2 +...+(t+4m)2).

CrpynmupyeM cjaraeMbie U BOCIOJb3yeMCST
pPaBEHCTBOM
(x+i) —(x+m+i) -
—(x+2m+i) +(x+3m+i) =

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

[Moryuum
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, mosb3ysich U3BeCTHON (PopMyTOTt 7151

CyMMBI KyOOB TEPBbIX 7 HATYyPAJIbHBIX UH-
cesl, IMeeM

Azm(77l+1) = 51 +52 +...+Sm =

=410 +27 4w ) = (m+ 1)

Tem cambiM, cpepn uncen Ay, A,,... MbI 0OOHA-
PYKIIU GECKOHEYHO MHOTO TOYHBIX KBajlpa-
TOB.

Takoke MOXKHO 10Ka3aTh, 40 App(mit)iomi
pasno (m + 1)4 . Takum o6pasom, cpe/u yac-
TUYHBIX CYMM TOCJE0BATEILHOCTH dy,dy,...
BCTPETATCSL BCE YeTBEPTbIE CTeNeHH HaTy-
PaJIbHBIX YHCElI.

B.Pacmopzyes

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

a) Hssecmio, 4mo Koiuuecmeo ueemos ne
MeHvuLe n.

6) H3zsecmno, umo 6 xaxoviil usem noxpa-
weno ne 6onee n — 2 ompe3sKos.
Joxaxume (6 kaxoom us cayuaee a), 6)),
YO HATLOemCs 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 /ISt 7 = R, TOTJA JOKAXEM €ro [JIst
n=~k+ 1. Cpenu nanubix R + 1 BepuimH Ha
BpeMs y6epem oxny Bepuinay A. Ecam cpenn
OTPE3KOB, COEIMHSIONINX OcTaBImecs k To-
YeK, BCTPevYaeTcs He MeHee k Pa3HbIX I[BETOB,
TO TIPUMEHSEM TPEANOJOKEHIE WHIYKITHH.
Muaue nseros ne 6oJee k — 1, 3Ha4uT, €CTH
elne /iBa 1BeTa, HA30BEM 9TH I[BETA KPACHBIM
U CHHUM, B KOTOPbIE MOTYT GBITb OKPAIlleHbl
TOJIBKO OTPE3KH, BBIXO/ISIIINE 13 BEPITHHBI A.
Paccmorpum kpacublit otpe3ok AB u cuHuit
orpe3ok AC. MpbI 3HaeM, uto orpe3ok BC He
SIBJISIETCST HU KPACHBIM, HU CUHUM, TTO3TOMY
TpeyroibHUK ABC — MCKOMDBIH. YTBep:K/e-
HUE IOKa3aHo.

6) JokaxkeM yTBEpsKJIEHHE OT MPOTUBHOTO.
[Tyctp He HAIIIOCH HU OTHOTO PAa3HOIBETHO-
ro TpeyroabHuKa. OCTaBUM OTPE3KH OJTHOTO
n3 1BetoB. [lo ycsoBUIO 3THUX OTPE3KOB HE
6oJiee n — 2, 3HAYUT, MOTYIUICS HECBI3HDBIN
rpad (31ech MBI BOCHOJIb30BAINCH U3BECT-
HBIM (DAKTOM O TOM, YTO B CBA3HOM Tpade ¢
n BepiMHaMu He Meree n — 1 pebep). BoiGe-
peM KOMNOHEHMY CBs13HOCMU, B KOTOPOI
60JbIIIe BCETO BEPIIUH. Tak TOCTYIHUM [T
KasK/IOTO I[BETa M PACCMOTPHUM KOMITOHEHTY K
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TOrO IIBETa, CKaXXeM KPacHOro, B KOTOPOM
60JIbllle BCero BepiinH. Bo3bMeM BepuimHy
A, e npunaanexkanyio K. Ilycts B — Hexo-
Topasi BepinHa KomrnoHenTsl K. Pe6po AB
He KpacHoe (MHaue A ToXKe TPHHA/IEKATA
6b1 KomrionenTe K ), MycThb, HanpuMep, pe6po
AB cunee. BosbpMmeMm Jo6yio BepmmHy C
KOMTIOHEHTBI K, TOT[a MOXKEM TPOUTH IO
KpacHbIM pebpam ot B 110 C, yCcTh 3TOT YTh
ByB,...B,, tne By =B, B, =C. Paccmor-
pum tpeyronbuuk AByB;. Otpe3ok AB,
cuHMii, orpesok ByB; KpacHblil, OTPe30K
AB; wme xpacubiii (omsitb-raku, wHave A
npuHaiekaia 6e1 komnonenre K), 3Hauwur,
oTpe3ok AD; cunuii. AHAJIOIHYHO paccMar-
puBag 10 ovepedu TpeyroJbHukun AByB,
ABB,, ..., AB,_B,, noay4aeMm, u4To BCe
orpesku AB; cunue, B yactHocT AC cuHMii.
Takum o6pasom, 060 OTPE30K 13 BEPIIH-
bl A B Bepuiuny u3 komronentsl K — cunuii.
Ho rtorma Bce Bepmuubl u3 K u Bepmmaa A
MIPUHAIJIEXKAT OJHON KOMIIOHEHTE OTHOCH-
TEJTHbHO CHUHETO I[B€TA. IJTO IMPOTUBOPEYHT
YCJIOBHIO MAKCUMAJTBLHOCTH TIPU BbIGOPE KOM-
noHeHTbl K. 3ajjaya pelieHa.
OTMeTHM, 4TO 3aMEHHUTH B IIyHKTE a) YKCJIO0
n Ha n — 1 Henb3d, Hocje Takoil 3aMeHbl
yTBepsKJAeHUe cTaHeT HeBepHbIM. Takxke
HEJIb3sl YCUJINTh YTBEPsK/AeHHe MyHKTa 6),
3ameHuB n — 2 Ha n — 1.

11. Koxeenuxos

M2529. /lan onucannwviil yuemoipexy201vHUK
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 mpeyzorvnuxu MNP,

2018/Nel?2

APD, ABM u DCN enucanvl OKpYyKHOCIU
c yenmpamu Sy, S,,S; u S, coomeemcmeen-
Ho. Jokaxume, umo mouxu Sy,S,,S83 u S
JeKam Ha 00HOU OKPYKHOCTU.

[TposeaeM o61LYI0 KacaTeIbHYIO 1 K OKPYIK-
HocTsIM ¢ tentpamu S; u Sy (puc.2) u

Puc. 2

JIOKQKEM YTBEPXKJEHHUE: m ompesdem om
mpeyzoavnuxa APD onucannvii wemovipex-
yzoavruk (T.e. M Kacaercsi OKPYKHOCTH C
nenTpoM S, ). OTciofa cpasy moceayer pe-
ntenue. [eiicTBuresibHO, TOra IpsmMble S,S3
n S,S, — BHemTHHEe GUCCEKTPHUCHI YII0B K 1
L tpeyrompuuka PKL, oTkyna

1
£838,8, = LKS,L =90° - ELAPD ;
anpsamble SS; u S|S; — 6uccexTpUCH yII0B
M un N tpeyronpbuuka PMN, oTky/ja
1
£8381S, = LMSN =90° + ELAPD )
[Monyuaem £535,S; + £535,5;, =180°, a
3HAQUMT, YEThIPEXYrOAbHUK 855535, — BIM-
CAHHbIH.
O603HAaYNB TOUYKHU KacaHWs, Kak Ha PUCYHKe
3, momydaem
AK = KL+ LD = (AK + KR3) -
—(KT3+ KL+ LT,)+(DL+LRy) =
+(DP; +CP))= AB- BC+CD ..
Tak kak yerbipexyronbank ABCD — ommcan-
Hbiil, 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 CJeyeT, 4TO pac-
MI0JIOJKEHIE TOYEK COOTBETCTBYET PHUCYHKY:
K u L nexar na orpeskax AP u DP, a e Ha
UX MPOOJIKEHUSIX )

3agaua pernieHa.

Eime ogHo perienne aBTopa 3a/iaqu UCTIOJIb-
3yeT N30TOHAJTbHOE COTNPSIKEHNE B YEThIPEX-
YTOJbHUKE, O KOTOPOM MBI TIJTAHUPYEM pac-
cKazarb MO3Ke B OT/IEJBHON CcTaThe.

B 3aBepiienue gagum ele OJHO OPUTHHAJID-
HOe pelleHre, KOTOPOe aBTOP 3aa4il IPH-
JyMaJl [IJISi 4acTHOTO CJIyyasi COBIAJIEHUs
touek M u N (1 S;). (Okazanoch, 4To 910T
YACTHBIN cJy4ail ObLT HE3aBUCUMO IPHILY-
MaH ¥ npejuaraics Ha Bosrapekoit maTema-
tnyeckoit ommmrmazne 2018 roga, aBTOpbI —
M.Etesami Fard, N.Beluhov.)

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

Puc. 4

xu BC, AM uw DM Btopwuno B Toukax E, F
n G coorBercTBeHHO. HaMm HY»XHO /10Ka3aTh,
YTO (O HPOXOJUT Takxke uepe3 S, . Bocrosb-
3yeMmcs pedyJabratamu u3 crarbu A.Ilosngnc-
Koro «Bopo6bsamu no mymkam» («Ksaut»
Ne2 3a 2012 r.). Ilo «BTOpOW JemMMe O

«KBAHTA»

BopoObsix» 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 JKe JIeMMe O3HaudaeT, 4To
IIPOXO/IUT Yepes EHTP BIUCAHHOM OKPYKHO-
ctutpeyronbuuka AMD. D10 u Tpe6oBaIOCh.

I1.Ko.xesnurxos, A.Ymrxun

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

C v

Puc. 1

nacaxema Ha OJUHHYIO 20PUSOHMANLHYIO
cnuyy. Touxa B coedunena c¢ mouxoii C
npounotl nesecomotl humvro. Touxa C nepe-
Mewaemcest 8 00HOU €O cnuyell 8epmuKdaiy-
HOU NAOCKOCMU NAPALIEIbHO CRUle ¢ No-
cmosnnotl cxopocmuio. Konguzypayus me-
XAHUUeCKOol CUCTNEMbL CO BPeMeHeM He MeHsl-
emcs. H3eecmuovl yeavl 0 U O, KOMOPbIE
obpasyiom ompesku AB u BC co cnuyeil.
Kaxoe xoappuuuenm mpenus mexdy cnu-
uett u 6ycunxou A?

IIycTtp T — HaTsKeHue HiTH, mg u myg —
CHJIBI TSKECTH, JIeHCTBYIONINE Ha KaXK1y10 U3
KOHIIEBBIX TOYEK ranTe bk, N — HOpMaJib-
Hasg peaklus B TO4YKe OlOpbl, I — cuia
TpPeHus. 3allulleM yCJI0BUS OTHOCUTEIbHOIO
paBHOBeCUsd, T.e. PABHOBECUS OTHOCUTEJIbHO
CUCTEMbL OTCUeTa, ABUKYLIENCcS paBHOMEPHO
u npsaMosHeiino BMecte ¢ Toukoit C (puc.2).
PaBeHcTBO HYJTI0 CyMMbBI CHJI, JIEHCTBYIONNX
Ha TAHTEJIbKY, B IIPOEKIUIX HAa TOPH30HTAb-
HYIO M BEPTHKAJIbHYIO OCH, OY/IeT MMETb BH/]

Tcoso, —F =0,
Tsino, + N —(my+my)g=0.

s paBeHCTBa HYJIO CYMMbl MOMEHTOB CHU.T,
IIOCYNUTaHHbIX OTHOCHUTE/JIbHO 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 (ot —0t)
COS O, Sin o
N = m1 - m2 # )
Sin ((X‘Z - 061)
COS 0Ly COS Oy
sin (o, —0y)
[Mockosbky F =uN, U3 MOCJHEAHUX JBYX
BBIPDAJKEHU UMeeM

COS 0Ly COS 0Ly

F=m

COS 0l Sin Ol

27 = W my =y — d
sin (o1, — o) sin (o, —aty)
OTKy /12
"= | M, COS Oy COS OLy |

|m1 sin (o, — 01y ) — M, €OS Ol sin OL1|

Buzgno, uto B ciydae oOpallleHus B HOJIb
3HaMeHaTes s KO3 UIMEHT TPEHUS CTaHO-
BUTCS OCCKOHEYHO OOJIBIIM.

A.Bbypos

®2534. M anenvkuil maccusnvill wapux npu-
Kpenjen K 00HOMY KOHUY ynpyzoll Humu, a
Opyeotl KoHey HUmMU 3AKPenien Ha NOmoiKe.
Aruna wnepacmanymoit wumu L = 1 m.
Illapux <«3anycmuius max, 4mo on 06u-
Kemcs No OKPYKHOCMU, OCMABAACH 6Ce
8peMst HaA OOHOM U MOM Ke PACCMOSHUU O
nomoaxa. Ilpu smom numv obpasyem c
gepmuranvio yzon o= 60° u na odun obo-
pom mpebyemcs epems t = 1,554 c¢. Kaxog
nepuod Maivlx GepMUKAIGHLIX KOIeOaHul
wapuxa na moi xe HumMu 66U3U NOJOXKe-
HUsL pABHOBECUS, €CAU HUMb BCE BPEMSA OC-
maemcs eepmuxaivrnou? Kaxosa maxcumaiio-
HAsL AMNAUMYOAd MAKUX KOACOanuil?

2018/Nel?2

B ycsioBuu ckazaHo, 4TO MaPUK JABUKETCS 110
OKPY’KHOCTU, 3HAYUT TPEHUS O BO3AYX HET.
[Tepuon ob6partenus mapuka BOKPYT HEHTPa
3TOIl OKPY’KHOCTH, T.€. BPEMsI OJTHOTO 060PO-
Ta t, OTIPeIeJISeTCS PACCTOSTHUEM /2 OT TapH-
Ka JI0 TOTOJKAa W YCKOPEHWEM CBOOOIHOTO
najenusa g. [eficTBuresbHO:
mo’R = mo’htgo = mgtgo,
2n h
t=—=2mn|—.
® Y
Orcio/la HAXOJUTCS PACCTOSHIE 10 TIOTOJIKA!
2 2 o
h=gt /(471: ) =0,6 M uIMHA pACTAHYTOI
waut: L' = h/cosa =1,2 M, kotopas 60Jib-
me L na L/5. Cuna HaTsOKeHUS HHUTH
F =mg/cos o = 2mg B 1Ba pasa 60JIbIIIE CHTbI
Tskectn mg. CrenoBaTesbHO, OTHOIIEHUE
JKECTKOCTH HUTH K Macce IapuKa PaBHO
k/m =10g/L . Tlpu MajibIX BEPTHUKAJIHHDBIX
KOJIeOaHNSX TIePHOJ PaBeH

Tiepr = 271'\/E =2n L. 0,634 c.
k 10¢g

Maxkcumanbhasg ammiuryga A Kosebanuit
1apuKa, Ipu KOTOPBIX HUTh OCTAETCST BEPTH-
KaJIbHOH, T.e. BhImpamieHnoil (i B Bepx-
HEM TIOJIOKEHWH IMapuka Jake YyTbh-4yTh
HATSAHYTON), ONpPEeseTcs COOTHOINEHHEM
Ak = mg, cienoBatesnbHo,

mg _ L

= =0,1m=10 c™m.
k10

A. Il apuxos

®2535. Ha cmexasnnom 6aii0He 1amMnoy-
KU Hakarueanus mnanucano 12 B, 96 Bm.
Humv naxana coenana us 6onvghpamosot
NPOBOJIOUKU C NONEPEUHBIM CedeHUueM 6 hop-
Me Keadpama axa, ceepHymd 6 CRupdiv ¢
wazom uwymo Goavuwe pedbpa xeaopama. /lu-
amemp cnupamu Dy, =1 mm. Jamnouxa
numaemcs. nPASUILHLIM P pexmueHvim na-
npsaxenuen 12 B om mpancghopmamopa,
nookawuennozo x cemu 220 B, 50 Iu.
Cpedusa memnepamypa numu naxara Ty =
=3000 K. Haiioume oauny cnupaiu u pe6-
PO Keadpama, a maxKe oueHume amniumy-
0y Koebanutl memnepamypol HUMu HaKaiu-
eanus. Heobxodumvie dannvie o xapaxme-
PUCTRUKAX 80JbPDPAMA OMbLUUME CAMOCTRO-
smenvHo 6 cnpasounuxax (Uau 60cnob3yi-
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meco OpY2uUMU UCTNOYHUKAMU UHDOPMayuL ).

B paGouem pexmme cpejrHee M0 BeJUYUHE
AJIEKTPUYECKOE COIIPOTUBJIEHNE R J1aMIiou-

KU PaBHO (Uad)cb )2 /W . [lnsa paccmaTpuBae-
Moro mpuMepa R, = 1,5 Owm. Ecim Hamps-
JKEHIE Ha BBIBO/IAX JIAMITBI HETIOCTOSIHHOE, TO
TeMIIEPATypa HUTH HAKaJa U3MEHSETCS CO
BpEMEHEM, [IPUYEM 3al1ac TEILIOBON SHEPTUU
HutH  (BHYTpEHHEH SHepPrum) MeHsercs B
pesyJibTaTe 1By X IPOIECCOB: MOJTyYeH s SHEP-

MM ¢ MTCHOBEHHOW MOIIHOCTBIO Ut2 /RT u
MOTEPb 9HEPTUU TOCPEJICTBOM U3JIYUCHUS
(aTOT MEXaHM3M TerIonepelaun B JAHHOM
cilydae SBJISETCS OCHOBHBIM). MOIIHOCTD,
TepsieMas HArPETbIM TEJIOM, UMEIONUM TeM-
nepatypy mnoBepxHoctu T, omnpejessiercs
3akoHOM Credana—BosbiMana, noaromy
W = k(LnD)oT*,

rae LmD — 3TO momaab ropsiueil moBepx-
Hoctu, k — wuHTErpaJbHbI Koa(DdUIMEHT
u3naydenus, o — mnocrosuHas Credana—
Bosbivana. B atoit ¢opmysie He yunThIBa-
eTcst 0OpaTHBIN [MOTOK U3JIyYeHHs OT OKPY-
JKEHUS K TOPSYeMy TeJsy, TOCKOJbKY TeMIle-
parypa tesia T (ropsdeii ciupasin) BoO MHOTO
pas 6oJibliie TeMIIepaTypbl OKpyxkenust T, .
Cor/tacHO JIaHHBIM CIIPABOYHUKA «Ta6uIrbl
(pusuyeckux BesUUYMH», MHTETPAJbHBIH KO-
(D PUIIEHT TETTIOBOTO U3JIYIEH [IJIS1 BOJIb-
(bpama ¢ paboueii TemMiiepaTypoil HUTH HaKa-
JuBaHug T, TPOTIOPIIMOHAJIEH TeMIlepaType
T wu pasen ky =kT /T, rne ky =0,325.
OTO O03HA4YaeT, YTO MOITHOCTb W3JIyUYeHUs
MIPOTTOPIIMOHATHHA MATON CTETIEHN TeMIepa-
Typoi: W = kyLuDGST? /T, . Takum o6pasom,
moJryqaeM

dT (U, cos (m,‘)2 Ty klLnDoT’

LnDadc, —
R, T T,

Pt
)
[osyuynnocs crpamitoe Ha Buj auddepen-
[UaJIbHOE ypaBHEHUE, OJHAKO /IS MOoJyde-
HUSI OTBETOB HA BOIIPOCHI 33/IA4U PEIIATH €r0
BOBCe HE 06513aTeNbHO.
[l1s1 Havasia MOUIeM B UHTEPHETE CBeJeHUS
o Boabdhpame. HabmpaeM B <«ITOMCKOBUKE»
CJIOBAa «CBOWCTBa BOJb(MpaMas» W BbIOMPaeM
pasHble UCTOYHUKN uHbopmarmu. Hanpu-
Mep, TI0 JJaHHBIM TabuIbl « Tennodusmaec-
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KHe CBOICTBa, IJIOTHOCTb BOJb(ppaMa n
€ro TEIJIONPOBOJHOCTb> TIPU TeMIIepaType
3000 K MJOTHOCTD BoJbdpama
d=18,22-10° KF/M3, yJeJabHas TelJIoeM-
KocTh €, = 220 JUx/(kr- K), rentonposos-
nocrb A =107,5 Br/(m-K), ynenbnoe co-
nporusenne p =93,4-10° Om- M .

W3 nepevucjaeHHbIX 1apaMeTpoB TOJIbKO
y/leJIbHOE COIPOTHBJIEHNE 3AMETHO MEHSIETCS
C TEMIepaTypoil, MpUYeM MOKHO CYUTATD,
YTO OHO MPOCTO MPSAMO ITIPONOPIIMOHATBLHO
Temiieparype, 1moatomy Ry = R,T/T,. 9ta
3aBUCHMOCTb y4TeHA B HAllleM YpaBHEHHUN
().

[To yxa3aHHBIM B YCJIOBUHU TEOMETPUIECCKUM
pasMepaM CIHUPaJIH 1 H3JIyJaeMoit B OKpysKa-
foTIee TIPOCTPAHCTBO CPEHEH MOTITHOCTH MO3K-

HO HalTH JAJIMHY CIUPAJIU:

5

kﬂL"Tﬂ = kyLnDoT; = 96 Br,
0

u L=17 Mm .

ITo BesmunHE CpeHETO COMTPOTUBJICHUS JTaM-
TTOYKH MOKHO HAWTH U pa3Mepbhl TOTIePeyHO-
TO ceueHus HATH HaKaJja:
R, =p£g, u a=3M:O,32 MM .
a a 0
[Toywaercst, 4TO TEMIOOOMEH CIUPAJIU C
BHEITHEH cpeloll MPONCXOANT TaK JKe, KaKk 1
JUIT TPyObI, y KOTOPOH TOJIIUHA CTEHOK
paBHa TPUMEPHO OTHOU TPETHU OT ee BHEITHE-
TO IuaMeTpa.
W3 Bemmuun L M a MOXHO HalTh 0O0beM
cnpain u3 BoIb(dpaMa, a cae0BaTeJbHO,
Maccy " TeTJ0EeMKOCTb CIUPAJIN:
n(D? - (D-2a)’)
m=dL

=dLna(D — a),
C =mc, = 0,0466 [Ix/K .

Jl1s obecriedyeHns IOTOKA TellJIa K BHEIIHe
MOBEPXHOCTH CIIUPATH HYKHO, YTOODI BOJIM-
31 9TOIi BHEIITHEIl TOBEPXHOCTH TEMIIEpaTypa
U3MEHsIach ¢ IIyOUHOI, MpUYeM rpaueHT
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 cooTHoIIEeHns: ToJjgy4daem

AT _ 5 49 K/m.
dx
Ha paccrosinuu @ = 0,3 MM pasHuiia Temire-
paryp cocraBut Bcero-to okoJsio 0,6 K. Ta-
KUM 06pa3oM, MOKHO CYMTATD, YTO BCS CITH-
paJib 110 BceMy ee 00beMy MMeeT IIPUMEPHO
OJIMHAKOBYIO TEMIIEpaTypy.
CoBceM Tpyb6ast OlleHKA aMILIUTY/bl U3MeHe-
HIUSI TEMIIEPATYPbI MOKET ObITh C/IeJIaHa TaK.
Bynem cuurtarh, uTO TpETh IIEpUO/IA, PABHOTO
0,01 ¢, cniupaJb MOJyYaeT 9HEPTUIO OT CeTH
motHOCThI0 200 Br, pyTyio TpeTh nepuo/a
(ZBE MHIECTBIX YACTHM) TOJYYaeT CPEAHIOI0
mortHocth 100 Bt 1, Hakomerr, mocJjeiHo0
TPETh MEePUO/Ia MOIMIHOCTD, TIOJydaeMasi CIu-
paJbio JIAMIIBl OT CETH, paBHA HYyJIO. A
MOIITHOCTD, M3Jy4aeMylo CIHUpafbio, OyjeM
CYUTATh TIOCTOSHHOW BO BpeMeHM U PaBHOU
100 Br. Ilpu pasuuiie MONIHOCTEH, paBHOI
100 Br, 3a tperb nepuoja, T.e. 3a 0,003 c,
TepsieTcsl UM MPUOGPETAETCST SHEPTH, PaB-
Hast npubansurenabio 0,3 /x. [Ipu naiigen-
HOW TEIJIOEMKOCTU CIIUpaJU Takas IoTeps
WJIN TaKoe TPHOOpPETEHNnEe SHEPTHH COOTBET-
CTBYIOT MU3MEHEHHIO TEMIIEPATyPhl CIUPAJU
Ha 6,4 K. Ora BeamunmHa 3HAYUTEJIBHO
MEHbBITIE CpeHeH TeMIepaTypbl CIUpPaJH,
MOTOMY TYJIbCAIUN MOITHOCTH W3Jy4eHUS
JIaMIIbl HAKAJUBAHUS, KOTOpAgd IMUTAETCS OT
CeTH TIePEMEHHOTO TOKA, HE3aMETHDI TJIA3y.
M.Apghvros

®2536. 3apsid O odHopooHO pacnpedeen
1O NOBEPXHOCMU UUAUHOPA paduycon R u
evicomou H. Bycunxa ¢ mem xe no 3naxy
3apadom Moxem c60600HO CKOILIUMb NO
MOHKOU Henposodsweil cnuue, co8naAdai-
wett ¢ duamempon cepedunnozo ( pagrnoom-
cmoswezo om ocnosanutl) ceuenus. Haiiou-
me nepuod mMarvlx Koaebanuil Gycumnku om-
HOCUMNENbHO NOJI0KEHUSL PASHOBECUSL. Y 0esib-

. q
HblU BGpﬂa 6ycumcu Y = — u3eecmen.
m

Jlast onpeneserns sapucumoctu E (7) B6am-
3H TOJIOKEHNSI PABHOBECHSI BOCIIOJIb3YEMCsI
Teopemoii [aycca: MOTOK BeKTOpa HATIPSIKEH-
HOCTH 9JIEKTPUUYECKOTO HOJISI Yepe3 MOBepX-
HOCTb COOCHOTO C 3apsDKEHHBIM HEGOIIBLIOTO
LIJIMH/PA — PAjLyC OCHOBAHUSA 7, BBICOTA /1

2018/Nel?2

(r,h < R,H ) — pasen nymo. Haiigem Besu-
YUHBI HOTOKOB Yepe3 ocHoBaHus @, 1 GoKo-
BYIO TI0BepXHOCTh @, 5T0r0 MumuHApa (1715
OTIpe/IeIEHHOCTH cunTaeM 3apsapl Q U ¢
MOJIOKUTETbHBIMI) :

G- 2nRA H/2 3 0O >
5 5 == h,

R*+ 124 [R? + 12/ L
Hz

rme L=, R*+—
A 4

@1:2

@, =2nrhE (7).

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

OTCIOZIa IojyvaeM, 4TO B IIJIOCKOCTH Ce4de-
HUA, T/ HAXO/ANUTCA 6y€I/IHKa, IIpu €€ cMelie-
HWUM 7 N3 HNEHTPpa BEJIMYMHA BEKTOpPa HaIIpd-
JKEHHOCTHU MPOMOPIMOHAaJIAbHA CMEIEHUIO!

E(r):%r.

3anuiieM ypaBHEHWE /IBUKEHUST OYCHHKI:

p @)
mr’=—q—=7r,
0

Orcio/la HAXO/MM YacTOTY TapMOHHYECKUX
KoJie6aHuil OyCHHKH:

we |29 _1 YO
_/ - = /
m2l’  LN\N2L

U MEePUO/L:
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afa4m

1. Ha koHpepeHUnn npucyTcTBoBasmn
npencraBuUTen OBYX KOHKYPWPYIOLLMX
bupm  «Hpekc» mn «3yrn»  Anekcen,
bopuc n Bnagumup. Npencrasureny oa-
HOWM 11 TOM Xe KOMMaHMM BCeraa rosopsr
npasay APYr APYTY U BPYT KOHKYPEHTaM.
Anekcen ckasan bopucy: «A 13 dpupmel

pucyHke. CKONbKMMM CNocobammy MoX-

HO MOCTaBUTb 8 He DbloLLMX APYr ApYyra

nagen Ha He3akpalleHHble KNeTKn?
E.hakaen

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

«/IHoekc». bopuc oteetwn: «O! Bbl ¢
Bnagumuypom paboTtaete B ogHown hup-
Mel» MOoXHO N No 3ToMy Amanory
onpenenuTb, rae pabortaet Bnagnmmp?

M. EBrokumoB

2. Ha waxmaTHOM [Jocke 3akpalleHb
HECKONbKO KJeTOK, KakK MOKa3aHo Ha

DT 3ada4n npedHasHayeHbl Npexpae BCero
ydalmmcs 6—8 Knaccos.

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

paccTosHKe npoeneT noesf, OH nonpo-
boBan M NepeMHOXUTb [aHHble CKO-
POCTb U BpeMs, 1N CNIOXUTb UX, U Oaxe
noOeNnUTb CKOPOCTb Ha BpeMs. «Y MeHs
BCerga nofly4aetcsd 04HO U TO Xe Yncno!
HaBepHoe, 3TO 1 eCcTb MpaBUIIbHbIN OT-
BeTl» — BOCKNUKHYN Wnba. JokaxunTe,
YTO BbINOMHATL apudMeTUHecke aem-
cTBMA nbs TOXe He ymeeT.
AAHTPOMOB

4. Pa3pexbTe MPOBOSIOYHbIM KapKac
Kyba Ha OBe 4acTu, 13 KOTOPbIX MOXHO
CnasTb KapKachl ABYX KyOoB. [MpoBonoky
crmbaTb MOXHO.

C Tokapes
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eTbIPbM$ PA3NNYHbIMU
Cnocobamu

B.PACTOPIrYEB

2008 TOAY HA TYPHUMPE HMMEHUN
M.B.JloMmoHOCOBa IITKOJIbHUKAM TIPE/Ia-
rajach Takas 3ajaua, npuaymannas C.Map-
KEeJIOBBIM
Ilems paspesan ¢hueypy na ose pasmwie
yacmu, Kax nokasamo ma pucymuxe 1. Kax

Puc. 1

paspesamv amy Queypy Ha Ose pasHvie
yacmu opyezum cnocobom?

B pemenuu npuBoaNIOCH 11eJIbIX 1Ba OTBE-
ta (prc.2). A ele TaM CTaBUJICS HHTEPECHBDIIT

Puc. 2

BOIPOC: CYIIECTBYET JIM HECUMMETPHYHAST
dburypa (He wMerolast HU IEHTPA, HU OCH
CUMMETPHUH), KOTOPYIO MOKHO pa3pes3arb Ha
JIBE PABHbIE YaCTH YETHIPHMS WU GOJIBIIIM
uncsoM croco6oB? OTBeT He GbLT U3BECTEH
HU aBTOPY 3a/laui, HU SKIOPH TYPHHPA.
OkasbiBaercsi, Takas
durypa cyuecrByer.
[Ipesk/ie ueM IPUBECTH
pUMep, MOKasKeM, YTO
dburypy us 3amaum Typ-
HUPa MOKHO <Ilepejie-
JIaTh» B COBCEM TIPOCTYIO
kaeryaryto durypy (puc.3); BOT Tpu croco-
6a paspesatb ee Ha pasHble yactu (puc.4).

Puc. 3

Puc. 4

A Bot caepyronyio ¢purypy (puc.5) MOKHO
paspes3aTtb Ha paBHbBIE YACTH YETLIPbMS CITO-
cobamu (puc.6).

Puc. 5

Puc. 6

HO MOJKXET 6bITb, M 9TO HE IIpeaes 1 6bIBaIOT
HECUMMETPpUYHbIEC Cl)I/II‘ypr, KOTOpPbIEC MOKHO
paspesaThb Ha PaBHBIE YACTH TISITHIO, TIECTHIO,
... cmocobamu? CyioBo BaM, unraTesn!
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CHapsan
TmModes

NAKYIIN4Y

EPOU IIOIIYJIAPHOI'O HbIHE TEJIECEPU-

ama «Ouspra» (3-it ceson, 9-g cepus) noma-
JIV B 3aTPY/IHUTEIbHY IO CUTYAIINIO, KOT/Ia CIIPsi-
TAJNCh 3UMOIl B Torpe6e Ha jiade, a BbIXOHOMH
JIIOK U3 1orpe6a OKasaJicsl IMPUIaBJIEH TsDKe-
JabIM cyHaykoM. Ho oaun us nepconaxeii, ero
30ByT TuModeii, He pacTepsiyicst U B OTYASTHHBIX
TOIBITKAX BBIOPATHCS OOHAPYIKUJI TO, UTO HYXK-
HO: MeTaJJINUeCcKyIo 60UKy 6e3 O/HOTO JTHMIIA
1 Beipo 6e3 KPBIMIKK ¢ KapOMIOM KaJIbIlHs.
(KoHeuHO, 3TO CTPaHHO: XPaHHUTh BEAPO C
KapOUIOM B IIO/IBaJIE, T/ie, KaK IPaBUJIO, CBIPO,
BCJIE/ICTBHUE Yero KapOu/i co BpeMeHeM IIpH/IeT B
HeroJiHoCTb. UTo 3K, 6y/ieM cuuTaTh, 4TO X035-
UH JIaul TIPOCTO HEJOCMOTPEII. )

MrHOBEHHO reHuii-n300peTaTesb CKOHCTPYH-
POBAJI HEUTO BPOJIE CHAps/a: HAJINJI B BEAPO
BOJBI W HAaKPbLI €ro cBepxy Ooukoil. Kak u
CJIEI0BAJIO OKUZATh, KapOu/ BCTYIINT B peak-
U0 C BOJIOW C BbIJEJIEHUEM alleTHJIeHA:

CaC, +2H,0 — Ca(OH), + C,H, T
[Toposxmas, moka B 60uke o6pasdyercst JocTa-
TOYHOE KOJIMYECTBO FOPIOYETO ra3a, Halll Tepoii
nojnanui ee cogepkumoe. (B kauecrse puTu-
Jis1 ObLTa MCIIOJIb30BaHa MATUTBICAYHAS PyOIIe-
Bag Kymiopa. CaMOOTBEPKEHHbIH TTOCTYTIOK!)
Ot B3pbIBa 60UKA B3JIETEIA BBEPX, KaK CHAPS/,
1 IIPU 3TOM HE TOJIBKO pasdHecJia JIOK n 0Tépo-
CHUJIa CYH/IYK, HO ¥ TIPOJIeJIaJla JIbIPbI B TIOTOJIKE
1 KpBbIIIEe /[OMA, B3MbIB B Hebeca Ha JECATKU
MeTpoB. Ouenb apdexTHOE 3pesntie!

A rtemepp gaBaiite, Ipuag B cebd, creraeM
Koe-Kakue 4ucjaoBble omenku. Tumodeit, nc-
HOJIb3ys BOAY M KapOu[ KaJblMf, CHadasa
HAIOJIHUI GOUKY 2pemyuetl cmecvio. Taxk npn-
HSITO Ha3bIBaTh CMeCh BO3/yXa U JII0OOT0 ropio-
Yero rasa B TCOPETHYECKH HEOOXOIMMOII IIpo-
MOPIMU — KOT/IA BECH Ta3 M KUCJOPO/] BCTYTIAIOT
B peakiuio. VIMEHHO 1pU TaKOM COOTHOIIEHUH
BblJlesIsieTcsl HanboJIblliee KOJMYeCTBO dHEPTUH
Ha eiHUIYY o6beMa cMecH. V36bITOK TOro nim
MHOTO KOMIIOHEHTA TOJIbKO YXY/IIAeT CHUTYya-
IIIO: He BCE, YTO UMEETCS, MPOpearnpyert.

Dopmyia TOpeHust alleTuJaeHa TaKOBa:
2C,H, +50, — 4CO, +2H,0+Q,
rae Q — BbleJIEHHOE KOJMYECTBO TErJIoThl. U
9TO KOJIMYECTBO HEMAJIOE — COTJIACHO CIPABOY-
HBIM JIAHHBIM, OHO COCTABJIIET TPUMEPHO
58,7-10% Il ma xyGoMeTp ameTiaeHa MpH
HOPMAJIbHBIX YCJOBUSIX, T.e. IIPU [IaBJIEHUH
760 mm pr.ct. u remneparype 0 °C . B orpete
3MMON yCJIOBUSI, HAJIO TOJIaraTh, KaKk pas Ipu-
MepHO Takue. M3 dopmysibl ropeHus BHUHO,
YTO Ha Kak/ple 2 OGbeMHbIE JIOJIU AlleTHIeHa
JTOJDKHO MPUXOAUTHCS 5 00BEMHBIX J0JIei KIC-
JIOPOJIA. Y UUTBIBAs, UTO B BO3/IyXE COJEPIKUTCS
21% xucjopoja, MmoJjydaeM, 4to Ha Te Ke 2
00beMHBIE JIOJIM alleTHJIeHa [JIOJDKHO TPUXO0-
autbest 5/0,21 = 23,8 nouteit Bo3ayxa, I MOTO-
MYy B K@X/JI0OM KyGOMETpe rpemMyueii cMecu nme-
erca (IpM <«uUgEaTBHOM» COOTHOIICHUN )
2

2+23,8

Cyna mo Buay, ucnosabsyemas Tumodeem
6ouka — crangapruas, 200-1utposas. Ee nmapa-
MeTpPbI JIETKO HAliTH B CIPABOYHUKAX, U OHU
TaKOBBI: 00beM OGOUYKHM Ha CaMOM JieJie
216,5 a1 =0,2165 M° , ee Bbicora 0,9 M,
muamerp 0,585 M. Ilostomy B oObeme Halieit
G6oukn coxepsxkanoch 0,0775-0,2165 M3 =

=0,0775 xyb6omeTpa aleruieHa.

=0,01678 M° amerniena u mpu B3pbIBE BbI-
JIeJTIACh TEIJIOBasi SHEPTUSI B KOJMUYECTBE

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

[IpeanonoxuM, 4TO 8¢S BbIIEIUBINASICS TEII-
JIOBasi 9HEPrusi mpeoOpPa3oBajach B KUHETHU-
yeckyto aHepruio W Baieraiomieii 6oukn (xors
Ha CaMOM JieJie 3TO, KOHEYHO, He COBCEM TaK).
Ompesiesium  cKOpocTb 60ouku. Macca HOBOIT
6oukn (omarhb ke, 1o crpaBounnkam) 16,3 kr,
HO B JJAHHOM CJIy4ae OJIHO ee J[IHUIIE OTCYT-
CTBOBasI0. 3Hauut, GOYKA JOJKHA ObITH TIO-
gerue. Ha ckosbko sxe? Ecim, 4ro BroJiHe
JIOTUYHO, TIPUHSATH TOJIIUHY CTEHOK W JIHHIIL
GOYKH OJIMHAKOBOIl, TO MMEET CMBIC] CHAYATA
OnpeeauTb TJOMAAb KaX/I0TO [THUIIA:
(0,585 M)’ /4 =0,269 M’ 1 Gokosoii To-
Bepxuoctu: m-0,585 M-0,9 M =1,653 M2, Te-
nepb Mbl MOKeM Ge3 TpyJa OIIeHUTb Maccy

60uKku 6e3 OJHOr0 JIHUIIA:

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

Benomuus gopMy sty 17151 KHHETHYECKOH sHEp-

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

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

Huuero ce6e! /[leficTBuTesbHO, TOTyYaeTcs
cosmzHblil cHapsii. Ecam Gbl Ha ero myTtu He
6bL10 npenarTcTBuil (B Bue 10Ja, MOTOJIKA,
KPBINIA W CYH/IyKa, a TaKyKe CONPOTHBJICHUS
BO3/yXa), TO 60YKa BO3HECACh ObI Ha BBICOTY

2 2
S CIA R B
29 2-9,8m/c?
— cBbime 7 kunomerpoB! Iloatomy B 1esom
cJIe/lyeT IpU3HATDh, Y4TO co3jaresn (hujabMa He
oueHb-TO IIpoMaxHyuch. Ilo kpaiineii Mmepe, B
OTHOIIEHUN Pa3pyIINTEJbHON CHJIBI TpeMyueil
emecu. (Tumodeit, 10 CIOKETY, TTOCTIe «BBICTPE-
Jla» BpeMeHHo orJioX. Ha camom ziene eqBa siu
Bce 06011L10Ch Obl CTOJb 6e3061IHO!)

PasyMHble unTaTesn, KOHEUHO, BPS/L JIM CTa-
HYT IOBTOPSATD celi akcnepuMenT. Ho mockorn-
Ky 1pu pabote 0ObITHO ra30BOIl ILJIUTHI BCET/IA
ecTb OIACHOCTb noracanus <«dakesnas n o6pa-
30BaHus MMEHHO rpeMyudeii emecu (cocrosmeii,
1paB/ia, He U3 aleTu/jeHa, a B OCHOBHOM W3
MeTaHa — HO 3TO HECYIIECTBEHHO), TO MOXKHO
clleJIaTh TJIABHBIN BBIBOJ: coO00atime npasu-
aa 6esonacnocmu npu NOAbL306aAHUU ObIMOBHL-
MU 2a3068biMU npudOpamu!

2018/Nel12

BUBJINO-IJIOBYC

Mbl NMPEANATAEM
BONbLLIOW BbIEOP TOBAPOB W YCNYT

YCNYru ACCOPTUMEHT
HETepHET-MATa3uE 1 Kaurn
www.bgshop.ru 1 AyauokEUrN
Kade 1 ARTHKBapHAT
KnyGHbIe (FHCKOHTHEIE) ¥ OpeJMeTHl
KapPTH K AKIHNI KOJLICKTNOHEADOBAHNA
ITopapoumsie KapTH 1 PANBMEL, MySEIKa,
IIpenBapuTeabEBIE HUIPHL, CODT
3aKa3Bl HA KHUTH 1 Kanneaspexue
Berpeuu ¢ aBTopaMu ¥ o(pECHEIe TOBAPHI
YyTaTernCKHe KAYGRI 1 ITeeTH
0 HHTEpecaM 1 Cygernps:
HWEpmengyaisHOE
ofciy:KuBaHAE
TTopapoyHas yoaKoBKa

JocraBra KEAT B3-3a Dyberxa

. Mockea,
BHCTBBKH']IPOI[B)KH

M. Jly6sHka,

M. Kutaii-ropog,

yn. MacHuLKas, a. 6/3, cTp. 1
8 (495) 781-19-00

www.biblio-globus.ru
nH - n1 9:00 - 22:00

c6 —BC 10:00 - 21:00
6Ges nepepbiBa Ha o6eq,

MATEMATUYECKUN KPYXKOK

oceau
Ha KJ1eT4aToW
peLleTKe

H.BEJIYXOB

ATOWN CTATBE MBI COBUPAEMCY OBCY-

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

K 3ajaue M2500 ( «Kpant» Ne2 3a 2018 r.).
Haunem c takoit 3agaun.

3anxava 1. Jano namyparvnoe uucao n = 2.

Bce namypanvnoe uucaa om 1 do n’ paccmas-

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

JASIOMCSL 8 KAEMKU MAOAUYbL N X N NPOUIBOLb-
noin o6pasom. Craxem, umo dee xaemxu (a
MaKxe wucid, HAxXo0AUuUecs 6 HUX) AGILI0M-
ca coceOnumu (unu cocedamu), ecau mu
Kaemxu umerom obwyio cmopony. Hauwdume
Haumenvulee Hamypaivnoe d maxoe, 4mo cy-
wecmsyem paccmano8ra uucesl, 6 Komopou
6Ce PA3HOCIU MeKDY COCeOSIMU He NPEGOCX0-
Oam d.

VY aT0li 3a1a9M JABHAS UHTEPECHAsT UCTOPH.
Ee mepBble mpe/iiecTBEHHNKY, U3BECTHBIE aB-
TOpY, — 9TO 3aja4n 2 j7aa 8 Kyacca u 4 g 9
KJacca 3aKJIOYUTEJIbHOTO 3Tarna MOCKOBCKOI
omuminaibl 1963 rojia, B KOTOPBIX /IS CJIyyaeB
n =8 un =29 TpeboBATOCH OKA3aTh OIEHKU
d =5 n d > 6 coOTBETCTBEHHO. 3aTEM B CTaThe
A.Opsosa «IIpuniun Tupuxaes («Ksanrs>
Ne7 3a 1971 1.) cTaBHJICS BOIPOC O HAXOKIEC-
HuM HanGoJIBIIEr0 7, Ui KoToporo d <5 .
BoamoyxHO, camblil 1IepBbIii UCTOYHUK, CO/EP-
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KAl pererne A1 o6Iero caydas, — 3TO
crarbss M.TepBepa «3asada o yncjaax B Tabm-
ne» («Kpant» Ne12 3a 1971 1.). IloBomoM mua
HAMUCAHUS ATOH CTATbU CTAJU YIIOMSIHYTbIE
3a/lauM 1IPO YacTHbIe cayvyau. 3areM, mouru 20
Jer crycrs, obmas 3agada (mnm, 6osee TOUHO,
3a/1aya O JI0KasaTeJIbCTBe HIDKHEH OIEHKH Ha
d) OGblia mpemnmoxkena or UexocaoBaKMM Ha
Mesxaynaponnyo omummuany 1988 roma (ma
caMy OJIUMITHA/TY 33/[aua He T0Maja, HO BOILIa
B TaK Ha3bIBAEMbI MIOPT-JUCT 3a1a4U-KaH/u1a-
ToB). A eme noutu uepes 20 jer sTa 3ajaua
nossuaach (6e3 yKazaHus MCTOUYHUKA) B U3BE-
crooii knure besbr Bosobama «VckycerBo
marematukus» (The Art of Mathematics).

B 3azave 1 Hecs0KHO TPEIBSABUTH paccTa-
HOBKY, B KOTOPOU BCE PA3HOCTH MEXK/Y COCE/IsI-
MU HE IMPEBOCXOST 7: IPOCTO MPOHYMEPYEM
BCe KJIETKH BEPXHEro psja cJeBa HaIlpaBo,
Jlajiee TTPOIOJKAaeM HyMepOBAaTh KJIETKH CJIe/Ty-
forero psaga u T.7. Torga pa3HOCTb Yuces B
KaKJI0ll T1ape KJETOK, COCEICTBYIONMX IO TO-
pusoHTasM, paBHa 1, a pasHOCTb YHCET B
KaXK/I0#1 1ape coceieil 110 BEPTUKAJIM paBHA 7.

OxasbiBaercst, d = n — JEWCTBUTEJIBHO TIPa-
BWJIbHBIN OTBeT. UTOOBI 3aBepIIUTH peEIIeHne,
HY;KHO JIOKa3aTh, 4TO B JIIOOOH paccTaHOBKE
HAWYTCsI IBA COCE/Ia, OTJIMYAIOIINECS HE MeHee
4eM Ha 72. DTO CJOXKHASI 4acTh PeIleHus.

Cravasa HabpocaeM <IIMPOKUMU Ma3KaMi»
MTO/IXO/T K PEIIEHUIO.

3adurcupyeM HEKOTOPYIO PAaCCTaHOBKY A
guces B tabuuiie. Termepb Mbl XOTUM CTaBUTh
uncia or 1 10 n® B KIETKH mycToil TaGJIuIIbI
O/IHO 3a JIPYTUM, COTJIACHO PAacCTaHOBKe A.
Wrak, BHavaje MbI cTaBUM umcJjo 1, 3arem 2,
moroM 3 1 T.J. B Kakoii-To MOMEHT MBI JIOI/[eM
10 unciaa k (KOTOpoe Mbl ONpPeAesuM YyThb
nossxe) u ocranopuMcs. ILyctb S — 3T0 MHOXKE-
CTBO U3 k KJIETOK, KOTOPbIE Mbl 3AHSLJIN YUCJIAMU
K MOMEHTY OCTaHOBKH. PaccMOTpuM MHOKe-
ctBo T Bcex coceneil MHoskectBa S. Muaue
roBopsi, T — MHOKECTBO BCeX KJIETOK d, He
JIesKaIX B MHOKECTBE S U UMEIOINX XOTs Obl
OJIHY COCE/THIO KJIeTKy B MHOXKecTBe S. I1pe-
craBuM cebe, YTO HaM y/1aJ10Ch BbIOPATD «BPeEMsi
OCTaHOBKH» k TakuM 06pas3oM, 4TOObI MHOJKe-
ctBo T cozepskaso He MeHee 1 KJaeToK. Torza
HanGobInee ynco b, naxogameecs (B paccra-
HoBke A) B KjeTke MHOKecTBa T, I0JKHO ObITh
He Menblie k + n. Ilycrb ¢ — uymcao B KieTke
MHOkecTBa S, cocenueir ¢ b. Torma c<k.
[TosToMy pa3HocTb b — ¢ He MEHBbIIIE 72, YTO MbI

7 XOTeJW TOJYyYnTh. Bce, 4TO HaM OCTaIOCH
c/iesiaTh, 9T0 OOBSICHUTD, KaK BbIOPATh MOXO0-
JisAliee BpeMsi OCTAHOBKH k W [IOKA3aTb, 4YTO
BbIGpaHHoOe R JE€HCTBUTEIHHO TIOAXOIUT.

Ha stoM MecTe B penieHUn HaM HY)KHO BbIO-
paThb OJIMH U3 JIBYX T0AX0/10B. Ecsn Mbl BbIGe-
peM k KakuM-TO TPOCTBIM CIOCOGOM, TO B3a-
MeH TIOJIyYUM CJIOKHOCTU € JIOKA3aTeIbCTBOM
TOrO, 4TO AaHHoe R moaxoaut. HaoGopor, Mbr
MOJXKeM TMorpo6oBarh Bbi6paTh k BecbMma He-
TPUBUAJIBHBIM 00Pa30M, 4TOObI 06JIETYUTD J10-
Ka3areJabCTBO TOrO, 4YTO OHO moaxomut. Ilo-
CMOTpUM, Ky/la IPUBE/ICT HAC KaXK/bII U3 3TUX
TO/IXO/IOB.

Ileproe pemenue. (I1o pemenne paxTmec-
KU OIMpaeTcsl Ha yIpaskHeHue 3 13 yIoMsHYy-
Toit cratbu M. Tepsepa.) Onpegenm k aBHbIM
06pa3oM Kak ,

k=1+2+...+(n—1)=712—n

Tenepb Hy»KHO TOKa3aTh, YTO MHOXKeCTBO T
COJECPIKUT He MeHee 1 KJIeToK (1151 BBIGPAHHOTO
TakuM o6paszoM k).

[TokaxeM, Kak 9TO BBITEKAET U3 CJEAYIOMIELT
JIEMMBI, MCIOJIb3YEMON B aBTOPCKOM DETTeHHN
sagaunm M2500 (cm. «KBant» No9 3a 2018 r.).

Jemma. [Tycmo uz mabiuupt n X n evipesa-
au n — 1 xaemxy. Tozda cpedu cessnvix
yacmeil, HA KOMOpble PACNAIACL MAOIUU,
natidemcs uacmo, codepkaujas He Memee
n’ +n

2

Wrax, npeanooKuM potusHoe, u T comep-
JKUT He GoJiee 7 — 1 KIeTOK. Y JaiuM BCe KJIETKN
mHoskecTBa T. Toria Kaskiast KOMIIOHEHTA CBSI3-
Hocti C ocraBiieiicss yacT TaGJuIpl — JTU60
MOIMHOKECTBO MHOKeCTBa S, /60 He mepece-
kaercsac S UT . Buepsom cayuae C cogepKuT

KJlemox.

He Gouiee |S| = nz_—n

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

ni-n fo
2 2

rJlaCcHO JieMMe, O/lHa M3 KOMIIOHEHT, Ha KOTO-
Ppbl€ pacIia/la€TCA OCTaBIIadACA 4aCTb T3.6.HI/IIII)I,

KJIeTok. Bo BTOPOM CJIy-

—1 xnerox. Oxnaxo, co-

JIOJIKHA CO/IEpsKaTh HE MeHee KJIETOK!

2
MbI IPHUIIIKM K MTPOTHBOPEUMIO, 3aBepIIaoIe-
My pelleHHe.

Bropoe pemenune. (Xoa sToro pemenust B
IIeJIOM COOTBETCTBYET M3JOKEHHIO B CTaThe
M.TepBepa.)
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B aTom pemennun Mbl BbIOGEPEM BpeMsI OCTa-
HOBKH kR 6ojiee TOHKO.

IToka MbI 3amosiHgeM TaOJIUILy, PacCTaBJISS
YICJIA OJIHO 32 JIPYTUM, MbI COOHMPAEMCS MPO-
CJIEIUTh, KOT/a BIIEPBbIE BBITIOJHUTCS HEKOTO-
poe ycJioBUe, U POBHO Tepe/l STUM MOMEHTOM
MBI C/IeJTaeM OCTAHOBKY. A yCJIOBHUE 3aKJII0YaeT-
cA B CJEAYIOMEM: HalileTcs IeJIMKOM 3arloJi-
HeHHbIH uncaamn psy (cTonber wim cTpoka).
VHBIMU CJIOBaMU, MbI OCTAHABJIMBAEMCS B TOT
MOMEHT, KOrja II0CJie BbICTaBJieHUs uucen 1,
2, ..., k Kakaplil psij| Bce elle COAEepPKUT XOTSI
6Bl O/THY HE3aTOJTHEHHYTO KJIETKY, HO 3TO yCJIO-
BU€ HAPYIIHJIOCH ObI MOCJIE MOCTAHOBKHU YMCJIA
k + 1. (OrMerum, 4TO B OTJIMYKE OT [EPBOTO
pemiennst 3ajauun 1 BpeMsi OCTAHOBKU 3/1€Ch
CYIIECTBEHHO 3aBUCUT OT paccTaHoBku A.) ITo-
KaxkeM, uTo T COMEP:KUT XOTs Obl 7 KJIETOK,
€cJIl Mbl BbIOMpAaeM k YKa3aHHbBIM CIIOCOOOM.

[Iyctp e — aTO KJeTKa, B KOTOPOH MOJIKHO
crosaTh yncao k + 1 (cormacuo paccranoBke A).
[To namemy BbIGOPY unCIa k 3aII0THEHUE KJIET-
K e czenaso Obl IOJHOCTBIO 3aIl0JTHEHHBIM
psn, comepskanmii kiaetky e. [lns onpenesnen-
HOCTHU CUMTAEM, YTO ITOCJIE 3alIOJTHEHUS KIETKN
€ 3aTIoJIHSeTCS 1EeJIMKOM ee CTpOKa R, T.e. Bce
KJETKU B psLy R, KpoMme caMoil KJIEeTKu e,
NIpUHA/IeKAT MHOXKecTBY S. PaceMorpum Jio-
6ot croaber; C, OTJUYHBIA OT CTOJIOIA, B
KotopoM Haxonutcs e. Ob6mias kiaerka R u C
npuHaAIeXUT S. C Apyroil CTOPOHBI, B MOMEHT
k cromberr C ele He TMOJHOCTHIO 3aTOJTHEH
YUCJIaMK, 3HAYNT, XOT ObI oHa KaeTka u3 C e
npunazzexut S. Takum o6pazom, C comep:KuT
KaK KJETKN u3 .S, Tak W KJIEeTKH, He PpUHaJIJIe-
skamue S. Iloatromy B C Haxoautcst XoTst Gbl
onna kaerka u3 T. B crosbiie, KOTOpbIit conep-
SKUAT KJIETKY e, TOXe ecTb KJeTKa u3 T — aTo
cama KJjetka e. ClemoBaTe/bHO, KayK/blil U3 7
CTOJIGIIOB COJEPKUT XOTsI Obl OJIHY KJIETKY U3
muoxkectBa T. Tem cambiM, T COMEPIKUT XOTS
Obl 7 KJIETOK, YTO 3aBepIIaeT pellieHue.

3agada 1 aBiseTcss «OOIUM TIPEIKOM» LISt
GOJIBIIOrO CeMeiCTBA CBSI3AHHBIX APYT € APY-
roM 3amad. Vges BbIOOpa BpeMeHU OCTAHOBKH
pa6oTaetT BO MHOTUX UX HuX. MHOrma MOKHO
OITPE/IC/IUTD BPEMs OCTAaHOBKK R JI0BOJIBHO IIPO-
CTBIM CIIOCOOOM W TIOTPATUTh OOJIbIIIE CHUJI Ha
JIOKa3aTeIbCTBO TOr0, 4TO OHO IOAXOAUT. B
JIPYTUX CJydasix Jydiie ¢ GoJiblliell akKypar-
HOCTBIO BbIOUpPATh k, 4TO6BI 00J€rYuTh cebe
paboTy B [IOKA3aTeJbCTBE TOrO, YTO 3TO R
IMO/JIXO/IHT.

2018/Nel?2

3apgaua 2. ITycmv n — uemmnoe namypaivroe
wucno. Bee namyparvnvie wucaa om 1 do n’
paccmasaaomes 6 Kiemku madauybl nXxn
npoussonvnoin obpasom. Crasxem, umo dse
waemxu (a makxe wucada, HAX0O0AUUECs 6
HUX ) AGASAIOMCS COCCOHUMU, €CIU IMU KACMKU
Hnaxodsamcst 6 00HOU CcmMpoKe UIU 6 O00OHOM
cmoabue. Haiioume naumenvuee namypaiv-
Hoe d makoe, umo cyuecmeyem paccmanosKka
wuces, 8 KOMOPOU 6ce pasnocmu Mexoy coce-
O0simu He npesocxodsm d.

dra 3a/aua MpeJarasach Ha 3aKJIIOYNTETHHOM
atane Beepoccuiickoit ommmmmazasr 2002 /03 yues6-
Horo roza (3agaua 8 g 10 kmacca). B opurnnab-
noit popmysmposke n = 20, u B 3aa1e TPe6OBAIOCH
HaiiTu HanboJIblliee HATYPaIbHOe d TAKOe, 4TO KasK-
Jlasi PACCTAHOBKA COJEPIKUT JIBA COCEHUX YHCJIA,
OTJIMYAIONINXCST He Menee deM Ha d.

B kavecTBe yxaszanus ' IpexbaBIM TTOAXO/-
2

n
1ee BpeMsi OCTAaHOBKHU R = v +1.

(Yto npoucxoauT B 3ajzaue 2 s HEYETHbIX
n?)

3anava 3. I[Tycmv n — neuemnoe HamMypaio-
Hoe uucao. Paccmompum mabauyy nxn.
Jlesvlil kpaii madauupl NPUKICUBACTNCS K ee
npasoMy Kpaio, d 6epXHuUll — K HUKHEMY, Max
umo mabauua npuobpemaem gopmy mopa
(6y6auxa). Bee namypanvioie uucaa om 1 0o
n® paccmagasiomcs 6 Kiemxu mabiuybe npo-
U36016HLIM 00pason. Craxem, umo dee Kiem-
xu (a max:xe wucid, HAXOOSUUCCS 6 HUX)
ABNSAIOMCSL COCCOHUMU, eCU IMU KACMKU UMe-
tom obwyio cmopony. (3amemum, umo us-3a
CKACUKU 8 KAXKOOU cmpoxe camas nesas u
camasi npasast KAemxu coceonue U, anaiozuy-
HO, 6 KaXO00M Ccmojbue camas Gepxuss u
camas nuxmnsas kaiemxu coceonue. Taxum 06-
PA3oM, Y Kax00l KAemKU POSHO uemulpe coce-
0a.) Hatidume naumenvuwee namypaivroe d
makoe, 4mo cywecmeyem paccmamosKd ui-
ces, 8 KOmopotl 6ce pa3nocmu MexKdy coceosi-
Mu He npesocxodam d.

Ata 3a/lava 1pejJiarajacb Ha OJIMMITNA/1€ Romanian
Masters B 2011 rogy (3agmaua 6). B opurnnambhoi
dopmysmposke n = 2011 u Tpe6oBasoCch HaWTH

! Vkasanus u 3ameuanus k 3agauam 2—5 caeny-
10T O(PUIMAJIBHDBIM PENICHUAM, TIPE/IJIAraBITIMCS
Ha oJsuMnuajzax. Haiitu nogpoGHbie pereHus
YHUTATEJb MOXKET B COOTBETCTBYIOUIMX HMCTOYHU-
Kax.



MATEMATHYECKHH KPVYIKOK 37

Han6oJiblliee  HATypaibHOe d TAKOe, YTO KaXKjast
pPacCTaHOBKA COMEPIKUT [BA COCETHNX YMCJA, OTJIH-
YaIOIIMXCI He MeHee yeM Ha d.

Vrxasanue. OcTaHOBUTHCS HAJIO B ITOCTAEHIIN
MOMEHT, JIJist KOTOPOTO JIO0 B KayK/I0H CTPOKE
He MeHee JIBYX HE3aHSITbIX KJETOK, Ju6o B
KaK/IOM CTOJIOIe He MeHee JIByX He3aHSIThIX
KJIETOK.

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

3agava 4. Ilycmv n — uemnoe namypaiv-
Hoe uucao. Bece namypanvuvie uucaa om 1 do
n’ paccmasasiiomcs 6 KJiemku madauuwl
nXn npousgonvrvim 06pasom. Cxaxem, umo
dee xaemxu (a max:xe wucada, HAxoO0AWUECs
6 HUX) AGNAIOMCL COCCOHUMU, eCIU IMU KILeT-
Ku umerom obwyio cmopony. Hatidume nau-
MeHvuee HamypaivrHoe d makxoe, 4mo cyue-
cmeyem paccmanoexa uucell, 6 Komopoi ece
CYMMBL 8 NAPAX COCCOHUX YUCEIL He NPEBOCXO-
Oam d.

ITO 3a/1a4a € 3aKJII0YUTEIbHOr0 aTarna Beepoceuii-
ckoii ommmmmazbl 1996 /97 yue6HOTO TOMA (3amava
8 na 9 xmacca). B opurnnambnoii popmyamposke
n = 10.

IIpusenem Ha6pocox peliieHnd aTol 3a/1a4i.

n
Buavase paspexeMm TabmIly Ha 5 TpAMO-

YTOJIbHBIX TOPU3OHTAJbHbIX I10JOCOK 2Xn.

n
AHaJIOTHYHO paspekeM TabJHIly Ha 5 BepTH-

KaJbHBIX II0JIOCOK 7 X 2. MOKHO 0Ka3aTb
caefyiontyio gemmy (IIpUMeHSIS TIOAXO/ C Bbl-
60poM (PUKCUPOBAHHOTO MOMEHTA OCTAHOBKHM ).

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

Temepn, wcmonb3ys ABa paspesaHus TabJn-
IIBI Ha TTOJTOCKH 1 YTBEP K/ICHNE JIEMMBI, MOSKHO
TepeTH COOCTBEHHO K PEIICHUIO.

Mpbr Gyzsem paccraBistb duciaa or n” o 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 «ILTABAOIIEr0» MOMEHTA OCTAHOBKH.
MpbI OCTAaHOBUMCS POBHO B TOT MOMEHT, KOT/1a B
KaXX/10¥1 TOPU3OHTAJBbHON U B KaXK/J0W BEPTH-
KaJbHOI TOJIOCKe OY/eT 3amoJiHeHAa XOTsS Obl
o/lHa KJIeTKa. B ciyyae ecsm K aTOMY MOMEHTY
HAIJINCH y3Ke 3al0JHEHHDIE COCEeHIE KIETKH,
TO HECJOXXHO TOKa3aTh, YTO CyMMa 9YmceJ B

2

HEKOTOPBIX JIBYX COCESIX OCTATOYHO GOIbIIAs
(6ompIme BepHOTO OTBETA).

B cirydae, Koria cpe/i 3al0THEHHBIX KJIETOK
HET JBYX COCEJHHX, MOXKHO 3aBEpLIUTb Pelle-
HUe, HCIIOJIb3ys JeMMY.

(Yro mponcxoaut B 3azade 4 sl HEUETHBIX
n?)

Kpome BbiGopa BpeMeHU OCTaHOBKH, €CTb U
COBEPUICHHO JIPyTHe MO/IXO0/bl, KOTOPbIE MHOT-
na paboraioT apdexTrBHEE.

3agava 5. Ilycmv n>2 — namypanvhoe
wucno. Bee namypanvivie wucaa om 1 do n’
DPACCMABAAIOMCSL 6 KAEMKU MAOIUYbl N X N
npoussonvnoin obpason. Craxem, umo oee
xaemxu (a maxxe wuciad, HAXO0AUUECS 6
HUX ) AGAAIOMCSL COCCOHUMIU, ECILUL FMU KICMKU
umerom 06wy cmopony uau eepwuny. Hai-
oume Haumenvuiee HamypdJjbHoe d maxoe,
MO Cywecmsyem paccmanosKkd uuces, 6 Ko-
Mopotl 6ce PA3HOCMU COCEOHUX HUCEN He npe-
socxodsm d.

Iro 3aada ¢ Typrupa ropogos 1990 /91 yue6Ho-
ro roga (ocennuii Typ, 3agada 1 TPEHUPOBOUYHOTO
papuanta a4 10 u 11 kaaccos). B opurunaabHoii
opmyIpOBKE TPEGOBAIOCH I0KA3ATh TOYHYIO HIK-
HIOIO OIeHKY Ha d.

Vxazanue. Ilyctb uMeeTcst paccTaHOBKA 4U-
ceJl, B KOTOPOH BCE PA3HOCTH COCEQHUX UHCEJ
He npeBocxozAT d. IlycTb maxmMarHoMy KOpo-
Jo Tpebyercsi s XOJ0B, 4TOObI IPOHTH U3
HEKOTOpOIl KJIeTkH @ B KJeTky b. Ouennte
CBEPXY Pa3HOCTDb MEXK/Ly UMCJIAMU, HAXO/SAIIN-
MHCS B KJeTKax @ u b. [lanee mosydynte HIX-
HIOIO OLICHKY Ha ¢, PacCMOTPEB KJIETKU € YHC-

gamu 1 u n>.

IlogBong wtoru, napaiite eiie pa3 MOCMOT-
PHUM, KaKue U3MCHEHMS IIPOUCXOAAT B op-
MyJIIPOBKaX 3ajad 2—5 110 CPaBHEHUIO € 3ajia-
yeit 1.

B 3agauax 2 m 5 Mbl MeHseM OIpe/esIeHIe
«coce/cTBa». B 3azmaue 2 7Be KJIETKH CUUTa-
I0TCSl COCEHMMHU TOTJa M TOJbKO TOTJa, KOrza
OHM OTCTOAT APYL OT Apyra Ha XOA Jajabu. A
B 3ajlaue 5 JBe KJETKU [0 OIpeJesleHUuI0 CO-
ceJiHue, ecJ OTCTOAT APYT OT Apyra Ha XOJ
KODOJIA.

Ectb MHOro ecTecTBeHHBIX CIOCOGOB OIIpe-
JeJITh, KaKue Mapbl KJIETOK Ha3blBaTb COCE/-
HuMH. MBI Takke MOXEM OIpe/eUTb COCel-
CTBO C TOUKU 3DEHUS XOJOB APYIruX IIaxMar-
HbIX Guryp, Hampumep Kous, ¢epss, UIn
dburyp us ckazounbix maxmar. Tak, (p,q)-
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CKaKyHoM HA3BIBAIOT (PUTYPY, KOTOpast MO-
KeT 3a XOJ[ CABHTATbCS Ha p KIJIETOK BJOJD
ozHoro Hampassienus (IO TOPU3OHTAIN MK
[0 BEPTUKAIN) U HA ¢ KJIETOK BJOJb MEPIEH-
JMKYJISPHOTO HampapieHus (CKaskeM, o6bIu-
Hblil maxmatHpiit kKonb apasercs (1, 2) -ckaky-

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

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

[anee, B 3aa4ye 3 Ml MeHsieM (hOPMY pelreT-
KH.

CHoOBa OTMETHM: UMeEETCS MHOTO JIPYTUX pe-
HIETOK, Ha KOTOPBIX MOKHO PAacCMaTpuBaTh Ty
JKe TIOCTaHOBKY 3ajaun. Kpome 0ObIuHOM mpsi-
MOYTOJIbHOH M TOPUYECKOW PEINIeTOK, MOXKHO
pPacCMOTPETDh PEIIeTKH Ha JPYTUX MOBEPXHOC-
TAX: Ha OUJIMHIpe, Ha JeHTe MéGuyca, Ha
OyTbuike Koeitna. MoKHO TaksKe paccMarTpu-
BaTb [IPOCTPAHCTBEHHbBIE PEIIETKN U Jlajiee U3y-
YaTh MHOTOMEpHbIE penieTku. Vi MoxHO Hc-

2018/Nel?2

cJe1oBaTh Apyrue pa3bueHus, TaKkume Kak Tpe-
YTOJbHAS CETKA MJIHM TECTHYTOJIbHBIE «COTHI».
W Tak manee.

Haxkomnert, B 3aj1ave 4 Mbl 3aHUMAJINCh CyMMa-
mMu (BMeECTO pasHOCTEH) umMcesa B COCEAHMX
Kjerkax. KoHe4Ho, HUYTO HE MellaeT HaM
u3y4arb U JpyrHe Oleparuu, HapuMep Jee-
HHUe NN YMHOXXEHVE.

Bce yxazannble Bapuanni IOCTAaHOBKY 3a/1a-
YU MOTYT T0-Pa3HOMY KOMOUHUPOBATHCS APYT
C IPYTOM.

3amaua M2500 — oHO U3 caMbIX HEJABHUX
06aBJICHUN B 3TO TIOCTOSTHHO pacTyTiee ceMeii-
ctBo. Ilo cpaBHenmio c¢ 3ajaveii 1, B Heil us-
MEHEH elie oAnH mapamerp. B 3amaue 1 MbI
XOTUM, 4TOOBI BCE PA3HOCTH MEKY UMCJIAMU B
COCeIHNX KJIETKaX ObLIM KaK MOKHO MEHBIIIE, a
B 3azaue M2500 MbI JKesaeM cjeiaTh BCE 3T
pasHoCTH Kak MOKHO GoJibiie. HaBephoe, He
HY>KHO TOBOPHUTH, KaKWe HOBBIE IMTOCTAHOBKH
3a/1a4 TI0JIy4YaloTcsi, e/ KOMOMHUPOBATD ATy
BapHaIyio ¢ MepeuncJeHHbIMU paHee.

Lndaysng:

KOro, KyJa U
BOOOLLE

JLALUKUHA3U

MKOJIbHOM KYPCE ®U3NKN OBbIYHO

yHnoMHuHAIOTCS Ba mpuMepa anddysun —
KYCOK CBUHIIA M KYCOK 30JI0Ta, KOTOpbIEC IIpU-
JKaIW APYr K JApyry, # (UIakoH ¢ JyXaMu,
KOTOPBINl OTKPBLIN B KoMHate. IlepBast cutya-
ISl HAMHOTO CJIOJKHEe, 4eM KasKeTcsi, a BO
BTOPOil CUTYyallMM 3allaX paclpoCTPaHseTcs B
OCHOBHOM B0OOTIe He uz-3a quddysun. O6be-
AUHAET K€ 9TU [AB€ CUTyalnu To, 4TO B 060HX
CIIydasX IPOUCXOJUT PACIpPOCTPAaHEHHEe O/HO-
ro BemecTBa B Apyrom. Ho s Toro 4toGbi
MO3KHO 6bLJI0 TOBOpUTH 0 nuddysun, gasxke aTo
He oOs3aresnbHo! Ilotomy 4to ecTb mHOHSTHE
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canodughpysus. C Apyroii CTOPOHDI, He BCSIKOE
pacnpocTpaHeHne CTOUT HasbpiBaTh Au(dysu-
eit. OtHaxo, monpooyeM pacckasarb 06 BCeM 110
HOPSI/IKY.

Haunem mMeHHO ¢ aT0# camoii camoanddy-
3un. KoTopbIX ecTb Jake [Be — OObeMHAsT U
noBepxuocTHasi. IlycTp y Hac uMeercs: Kycok
BEIIECTBA U IIYCTh BCE €r0 aTOMbI OJIMHAKOBDI.
ITH aTOMbI KOJEOTIOTCS BOKPYT IOJIOKEHUI
paBHOBeCHUs], TPUYEM AMILIUTY/bI KOJeOaHMi
caMU MOTYT H3MEHATBCSA. BOT HEKOTOPBIIT aTOM
TaK CUJIBHO OTKJIOHUJICS OT TIOJOKEHUST PABHO-
Becusi, 4To BOOOIIE He BepHYJCsS 00paTHoO, a
MEePEMECTUIICS B JIPYTOE «YCTONYMBOE TOJIOKE-
HUE» M, €CTECTBEHHO, 3AHSJICS KOJCOaHUSIMU
BOKPYT HETO.

B aTOM MecTe KpUTHYECKH MBIC/IAIIHI IITKOJTb-
HUK JIOJDKEH 33JaTh BOHpoc: o0a Ipoliecca
3aBUCIT OT BPEMEHH, KaK MbI UX Pas3jesum?
Mozker, atoM BOOOIIE TOJBKO U [IEJAeT, YTO
npoiraer? OTBeT 3BYYUT TaK: OIEHHUTE M CPaB-
HHUTE BpeMs KOJIeGaHMs aToMa B peIIeTKe U
cpeziHee BpeMs NEPECKOKA aToMa B COCEIHee
noJsioskenrie. Odvenb rpy6ast TpuGINKeHHAs
olleHKa 1aeT s 5THX Bpemen savenns 10712 ¢
u 107 ¢ coorsercrsenno. Takum 06pasoM,
aTOM TIEPEMEIAeTCST B COCEIHee TMOJIOXKEHME,



COBEPIIKB B CPEJAHEM [eCATh MUJIINOHOB KOJIe-
Ganuii.

Bonpoc 1. Kak MOKHO OIleHUTb 3TH BpeMeHa?

Ho ecsu atoMbl 0JUHAKOBBI, TO KaK OIpe/ie-
JIUTh, 4TO OHU rtepeMernaiorces? Hajo kak-1o nx
MOMETHTD — TaK, YTOOBI 3TO HE MOBJUSLIO HA UX
repeMelenye, Ho II03BOJNJIO OTJINYATh O/IHU OT
npyrux. [Ipesmnonoxknm, HaM Ha/10 KCCIe0BATD
camond ysuio BKaKOM-TO aieMenTe. Bo3bMeM
HEMHOKKO H30TOIA TOr0 3JIEMEHTa, J106aBUM
€ro B KaKOe-TO MecTo 06pasiia 1 TOCMOTPUM, KaK
9TU peJIKUe ATOMBI PACIIOJI3AIOTCS IO 00Pa3ILy .
Oco6ento ato y06HO jiesath, ecyin 100aBeH-
HBII U30TOI PAJMOAKTHBEH — TOT/Ia MbI MOKEM
U3MEPSITh AKTUBHOCTD PA3HBIX YacTel o6pasiia.
COOTBETCTBYIOIIHIT METO/ HA3bIBAETCSI I0BOJIb-
HO €CTECTBEHHO: <«METOJI MEYEHBIX ATOMOB.
IIpaBna, TyT ecTh OAHO BO3paskeHHE. ATOMbI
M30TOTIOB OJ[HOTO 3JIEMEHTA HMEIOT pa3Hble
Macchbl, a Macca BiusieT Ha kosieGanus. [loaromy
aToMbl /100aBJIEHHOTO U30TONa MOTyT A yH-
JINPOBATD HE COBCEM TaK, KAK aTOMbI HCXO/IHOTO
o6pasiia. OO6BIYHO ITUM TIpeHeOperaioT, HO IpH
HE06XOIMMOCTH JaHHBIN 3(D(DEKT MOSKHO TTOTIBI-
TaTbCsT OOHAPYIKUTD.

Bonpoc 2. Iloxymaiite, xax.

Camomnddysust BaxkHa 751 HECKOJIBKUX
IIPOLIECCOB, HAIPUMEP /IS CIIEKAHHsI TIOPOII-
KOB WJIM [IJIs1 ME/IJIEHHOTO U3MEHEHUs Pa3MEPOB
o6pasia nmoJ Harpyskoii (Kpur, Wiu 1moJsy-
wectb). IIporecc criekaHusi OPOUIKOB OYeHb
IIIPOKO HPUMEHSIETCS B TEXHIKE — TaK, IMEHHO
CIIEKAHUEM MOPOIIKOB IIOJIyYal0T MHOTHE Me-
TaJINYecKre U GOJIBIIMHCTBO KePaMUYeCKHX
u3jiesnii. A MO/I3ydYecTh BayKHA, CKAsKEM, JJISk
JIOIATOK TYPOUH; MO MOHITHBIM MPUYHHAM Y
Hee JIayKe eCTb CIIeIaIbHOe Ha3BaHNeE: «BBICO-
KOTeMIlepaTypHasi 1oJ3ydectb». [list crexa-
HIST [IOPOIIKOB BAYKHA HE TOJIBKO IIPOCTO CAMO-
muddysus, T.e. nepeMelieHne aToMoB B 00be-
Me, HO U TaK Ha3bIBaeMasl II0BEPXHOCTHAS [ih-
(ysust wam MOBEPXHOCTHASI MUTDAIUS, T.€.
HepeMellenne aTOMOB TI0 TToBepxHocTH. Ipes-
craBbTe ce6e KOHTAKT MEK/LY JABYMsI MAJTEHbKNI-
MU IIAPHKAMU 110 elile 6ojiee MATEeHbKOMY TISIT-
Hbiky. CliekaHue — 3T0 yBesIndeHne pa3MepoB
9TOro KoHrakTa. Yro6bl mogo6parbes K HEMY 10
06beMy, aTOMaM TIPUXO/UTCST TPOTHCKUBATHCS
4yepe3 06JIaCTb CeYeHneM, TIPOIOPINOHAIBHBIM
IUTOMIA/TH TISITHBIIIKA, T.€. KBAPaTy ANaMeTpa,
a IlTO6bI TIOATIONI3TU IO ITOBEPXHOCTU, HYKHO

JIBUTATHCST O JIOPOXKKE XOTb M Y3KOM, HO TI0
MUpHUHE PaBHOI IepuMeTpy IATHBINIKA, T.€.
nepBoﬁ CTeleHn AuaMeTpa. MNupimn CJIOBaMU,
IIPU YMEHbIIEHUN JMaMeTpa IMyTb 110 00beMy
YCJIO3KHSIETCST OBICTPEE, YeM Iy Th 110 TOBEPXHO-
ctu. Kpome Toro, arom B o6beMe CBsI3aH C
GOJILIIIM YHCJIOM ATOMOB, YeM aTOM Ha [IOBEPX-
HOCTH, W T03TOMY In(pOyHANPOBATH aTOMY
TpyAHee, 4eM MUTPUPOBAThH.

B oxnopomnom o6pasiie ¢ camonuddysueii
MOKeT ObITb CBSI3aHO ellle HECKOJIbKO ITPOoIiec-
coB. OaimH U3 HUX — Tepemenienne /ieeKToB
KPUCTAJLTMIECKOIi pemeTkn. Ecam atoT nedext
npejacTapger cob6oi smmunii atom (atoM B
MESK/IOY3JIMI) WM OTCYTCTBHE aTOMa TaM, TJIe
OH JI0OJDKEeH GbITh (BaKaHCHUs), TO CBA3D IepeMe-
IIEHUS JINCJIOKAITMM U TIepeMelieHusl aToMa
o4eBn/HA. B nepBoM cirydae aTo IpocTo O/IHO U
TO K€, BO BTOPOM — BAKAHCH <II€PEMEIaeTCs»
CTPOTO HaBCTPEUy IepeMeleHnio atoma. B ne-
KOTOPBIX CJIy4asix CBS3b CJIOXKHEe, HO OHA BCe
paBHo ectb. [Touemy xe roBopar o auddysun
BaKaHCWI M aHAIM3UPYIOT TOBE/eHNe BaKaH-
cuii, a He ToJbKO aToMOB? IloToMy ke, mouemy
MBI TOBOPUM <T€JIO JIETUT» WJIN «TeJIO Bpalla-
eTcs», a He MUIIEeM YPAaBHeHUS /LIS JIBUKeHUS
ero MoJiekyJi. Bo-1epBbIX, Tak mpoiie, a BO-
BTOPBIX, BO MHOTHX CJIy4asiX HAM Ba)KHO NMEH-
HO JIBUJKEHME TeJa, a He COCTABJISIONNX €ro
MOJIEKY.I.

Bomnpoc 3. A eciiit KaKM-TO Yy/IOM 4aCTh MOJIEKY.T
TeJia HAuHeT [[BUTATbCs MHAYe, TO YTO HPOM30iieT?

AHaJlornyHas CUTyallsi UMEEeT MecTo B IIPO-
BOJIMMOCTH  TOJIYIIPOBO/THIKOB — BCIIOMHUTE
MOHSITHE </IBIPKas.

Ha camognddysnio MOTyT BAUATH BHENTHIE
(hakTOpBI — BCE, UTO KAK-TO BJIMSET HA aTOMbI
WM, €CJIM 9TO MOHHAS PelleTKa, Ha HOHDL, T.e.
9JIeKTpUYeCKHe IoJie U TOK. Bimsdnue Toka
Ha3bIBAIOT 3JIEKTPOHHBIM BETPOM, U B METAJLJIaX
oH TIpeobuajaer. Ilepemelienre MOHOB U Ba-
KaHCUIl 1o/ fAeiicTBUEM TOKA CYLIECTBEHHO B
MHUKpocxeMax. [ljoTHOCTD TOKa B HPOBOAHU-
KaX MUKDPOCXeM BecbMa BesuKa (TOKH-TO He-
6ouIbllliie, HO ceyeHue IPOBOAHIKOB YK OUeHb
MaJI0), SJEKTPOHbI [BUKYTCS IO POBOHUKY,
YBJIEKAIOT 32 OO0 MOHDI, [UCJIOKAINN-BAKaH-
CHUHM JIBUKYTCSI, CTAN0 ObITb, HABCTpedy, CKall-
JIMBAIOTCS HA OJHOM 113 KOHIIOB IIPOBO/IHUKA, OH
JleJlaeTcsl TOHDIIE U B UTOTE Pa3pblBAcTCA.

Bomnpoc 4. Kcrarn, 4to etne mponcxouT npu 3ToM
npoitecce?
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Yro Gy/aer IPOUCXO/NTD, €CJIN BEleCTBO CO-
CTOUT HE U3 OT/IeJIbHBIX aTOMOB UJIF HOHOB, a U3
MHOTOATOMHBIX MOJIEKYJl — Kak, HallpuMep,
TBEP/Ible BOJIOPOJL, KUCJIOPO/I, 30T, TAJTOTEHbI ?
Huuero yskacHoro, mpocto nud@yHIMpoBarb
Gy/lyT HE OT/IEJIbHbIE aTOMbI, &, €CTeCTBEHHO,
MOJIEKYJIbI. A €cJI 3TH MOJIEKYJISIPHbIE KPHC-
TAJJIBI COCTOST U3 MOJIEKYJ, KOTOpPbIE CaMy
COCTOST 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-
pble BeayT cebs, 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-
(pysua kaskgoro 3aBucut ot [ ysnn ocTa b
nbix. PacecMoTpuM wacto Berpedatomuiics ciry-
Yaii, Korja y Hac MMeEeTCsI MaTpulla M Majas
npuMech. OJHAKO M 3TOT CJydail He IpOCT,
MIOTOMY YTO €CTb HECKOJIbKO myTeil anddysun.
Arom npuMecu MoskeT AndyHIIPOBATD, CKa-
JKeM Tak, caM 10 ce6e, TIpbirasg M3 OJHOTO
HOJIOSKEHUS MEKIY aTOMaMU OCHOBHOTO Bellle-
cTBa B jpyroe — kak auddyngauponana Gbi
MbIlIb B YesoBedeckoil Toame. Ho o Mosker
M yHINPOBATD, TT0JIb3YSICh BAKAHCHSIMH, T.€.
IIyCTBIMH MecTaMu B petetke. [Ipudyem Bakan-
cun indPynanpyor camu 1o cebe, 3T0 OJUH U3
Mexanu3moB camoanddysuu. Takum oGpasom,
muddy3usi TpUMecH OKa3bIBAETCs CBSI3aHa C
camoddysueit Marepuasa MaTPUILbL.

Ho atum nesto He ncuepnbiBaercst. Ha nud-
(pysuio HauMHAIOT BJMATH CBOWCTBA, KOTOPBIE
MIPUHATO HA3bIBATh XUMUuecKnMu. Ecin oano
BerecTBo b PyHANPYET B APYTOE U B KAKOI-
TO 30HE KOHIIEHTPAIUS TIPEBOCXOUT TIpe/let
PacTBOPUMOCTH, TO TIOSIBJISIETCSI HOBast hasa,
T.e. o6pasyercs coequHenue. VMHorzpa ato or-
JlelbHble YYaCTKH, Tak Ha3blBaeMble BKJIIOYe-
HUA BTOpOIl (has3pl, a MHOTJA 3TO CILIOIIHbBIE
caon. Briodenns BTopoit ¢aswl CyecTBEHHO
N3MEHSIOT MEXaHWYeCKue CBOWCTBA BEIECTBa,
a CIUIONIHbIE CJION BJIMSIIOT HA JlaJbHelie
npotteccnl auddysu.

Kak ysxe roBOpMJIOCh, B MaTpulle — €CJu
TOJIBKO 3TO HE W/ICAJIbHbII MOHOKPUCTAJLI, IIPU-
4yeM IIpu aGCOMIOTHOM HYyJIe — €CTh JUCJIOKAINN,
HapylleHusi. BakaHcun — 310 TOJIbKO O/IMH U3
UX TUIIOB, HO €CTb U JIPYTHe, Ybl KOHIIEHTPAIINs
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1 TIO/[BISKHOCTD PACTYT C POCTOM TEMIIEPATY PBI.
Jlucyiokaiuy HeKOTOPBIX TUIIOB CO3/IAI0T BO3-
MOXHOCTH /11 A dy3un mpuMeceii, IpuaeMm
3TU BO3MOKHOCTH CJIOKHBIM 06Pa3oM 3aBUCSIT
OT TeMmIeparypbl. B mosmkpucrasniax Ko Bcei
ATON KapTHHE [JOGABJISIOTCS TPAHUIBI MEK/Y
KPHUCTAJIJIAME, TaK Ha3bIBAEMble MEK3€PEHHbIC
rpanuiibl. M oHu ToKE MOTYT SIBJISITHCS MY TSME
muddysun npumeceii.

[paHurpl Mexay KpUCTALJIaMH — 3TO WX
noBepxHocTu. A guddysus 1mo moBepxHOCTH
UJIeT Jierye, 4eM 10 06beMy, TIOTOMY YTO aToM
Ha MOBEPXHOCTU MMeET MEHbIIE CBS3e ¢ Ipy-
TUMH aTOMaMHU, HEXeJN aToM B 00beMe, U eMy
JIeTYe pa3opBaTh YaCTb ITUX CBsi3el, UYTOODI
MepEMECTUTHCS B HOBOE MTOJTOKeHue. [ToBepxio-
crHas juddysus crama BayKHA IS TEXHUKH,
Kor/1a B 60-€ roibI IIPOIIJIOTO BEKa BOIILIA B MOJLY
MOPOIIKOBasi METaJIy prusi. BaskHa oHa M HOHbI-
He XOTs1 GbI IOTOMY, YTO TI03BOJISIET CHIEKAHUEM
nopomkos (a a10 nosepxuocTHas auddysns)
MOJTyYaTh MaTepUabl, KOTOPbIE HEBO3MOXKHO
HOJIYYUTD JPYTUMU MeTofamu. B Gmmxaiiirie
JICCATHIICTHS POJIb TOBEPXHOCTHON M dysnn
1 BOOOTIE TIOBEPXHOCTHBIX 3(PeKToB 6yaeT
TOJIBKO BO3PACTATh — YeM MeHbllle OOBEKT, TeM
60JIbIlle OTHOIIIEHUE TOBEPXHOCTH K 00BbEMY, a
3HAYNT, TEM CYIIECTBEHHEE POJTb UMEHHO TIOBEPX-
HOCTH.

Bomnpoc 5. Iloxymaiite, mouemy.

Kak pmenatorcs ajieMeHTapHbIE, HO Jlafoline
TPaBMJIbHBIE OTBETHI PACYETBI, KacaloNTecs
muddysnm, a TakKe Kakne HeTPHUBHAJbHBIC
a(peKTbl BO3HUKAIOT, KOTJ[a CBUHEIT TIPIZKAT K
30JI0TY 1 OCTaBJIEH B TIOKOE Ha KaKOEe-TO BPeMs,
BbI MOXKeTe y3HaTb U3 JIByX 3aMedyaTeJbHbIX
kaKek: lerysun A.E. «Ouepkn o nuddysun
B Kkpuctasax» u boxmreiin B.C. <«ATombr
O6nyxpaor no kpucraary» (Bubamoreuxa
«KBanT», Bbi. 28). Hacyer nMeHHO CBHUHIA U
30J10Ta — HIyTKa. B 3THX KHI)KKAX PacCKa3aHo
0 MHOTHX 3KCIIePUMEHTaX; B WHTEPHETEe OHH
ecTb Ha MHOTHX caiitax. [uddynaupyiite n
HacJlak/1airech.

[lo cero MomenTa peudb maa o Auddysnn B
tBepaoM Tese. [uddysus B OKMIKOCTIX U
razax, KOHEYHO, BO3MOXKHA, HO TYT €CTb CBOM
ocob6eHHOCTH. [71aBHAsT — JABHMIKEHHE MOTOKOB,
TeYeHUs] B JKUJIKOCTH, CKBO3HSIKH M BETEP B
atMocdepe. OHM TOXKe TIEPEHOCAT BENECTBO, 1
B OOBIUHBIX YCJIOBUSX ropasno addexrtusHee,
yem auddysus. [loatomy npumep «anddy-



3UH», KOTOPBII YaCTO IPUBO/UTCS B KHIDKKAX,
a MMEHHO pAaCIpPOCTPAHEHHe 3alaxa JyXoB,
HeBepeH. D10 He jauddysus, a Betep.

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

Korpga mbt 06cy:xnann anddysnio B TBEpIIOM
tesie, To pazaenuan auddysuio B o6beMe U 1o
rnoBepxHocTu. [IpUmoBepXHOCTHDBIN CJION MO-
JKET HEMHOTO OTJIMYAThCS OT ofbeMa — Jist
JKUJIKOCTEI 3TO yKA3aHO B ITKOJBHOM y4eOHU-
ke. [lymg TBepABIX TeJq Takoe OTJINYME TOXKE
BO3MOXKHO — TI0 KOHIEHTPAIUK IUCJIOKAIINII,
110 3JIEKTPOHHBIM CBOWCTBaM, 10 cocTasy. Ilo-
atomy auddysus B IPUTIOBEPXHOCTHON 06J1ac-
TH U/IeT uHave, Hexxesan B o6beme. Ho nosepx-
HocTHON auddysueit nam Murpanneil Ha3biBa-
10T He ee, a WMEHHO TIepeMelieHre Mo caMoil
TTOBEPXHOCTH, TIOJ3aHue 1Mo Hell.

A cyiectByeT i ioBepxHOcTHAs quddysust
BIKUIKOCTSIX M ra3ax? Cama rpaHuila JKu/KOCTH,
KaK SBJEHUE TIPUPOJbI, BIIOJHE CYIIECTBYET.
I'pannty >XHUAKOCTH € TBEPABIM TEJIOM W Ta30M
MBI BUINM B KaKI0H Jy>Ke 1 KaKIOM CTaKaHe.
I'panuiry raza c TBEp/bIM TEJIOM 1 3KU/IKOCTHIO Mbl
TOXKE BU/IMIM TTOCTOSTHHO. ['paHuIly ABYX SKM/IKO-
CTeil BaM MOTJIM TIOKa3bIBaTh HA YPOKe.

Bonpoc 7. A kak yBHJeTb IpaHUIly BYX Ia3oB?

I'panuity AByX ra3oB MOKHO OGHApPY’KHUTb
KOCBEHHO, 1 9TO BaM Ha YPOKe€ TOKe ITOYTH Ha-
BEpHAKa MOKa3bIBaJid, HO CKOp€e BCETO — Ha
ypPOKe XUMHUHU. A pa3 CyUECTBYIOT TI'DaHUIIbI
MEXK/Yy JBYMS JKUJKOCTAMU U MEXK/y [BYMS
rasaMu, a TakKe MeK/1y )KM/IKOCTDIO 1 Ta30M, TO
BIIOJTHE MOKHO CHPOCHUTD: CYIIIECTBYET JIM IO-
BepxHocTHasA Auddy3ns B 9TUX TPeX Caydasix?

Bonpoc 8. Ilouemy Boja ucnapsiercst ObicTpee,
KorJla HaJ Hell ayer BeTepok? Kaxoii mo6ouyHbII
TIPOIECC MOXKET YMEHbBIIATh 3TOT 3PeKT?

[nddysueii B prsnke HA3BIBAIOT PACIIPOCT-
paHeHue He TOJIbKO aTOMOB HJIM MOJIEKYJI, HO U
aneMenTapHbIX vacTul. CraxeM, aunddysuei
U3JIy4CHUS HA3bIBAIOT PACIPOCTPAHEHUE H3JLy-
YeHHsI B Cpe/le NPH HAJUYMU MHOTOKPATHOTO
TOTJIONIEHUS ¥ [TOCJIE/IYIOIEer0 HEKOTePEHTHOTO
NCIyCKaHug (POTOHOB. 3aMETHM, YTO PacIpoc-
TpaHeHMe W3JIyY4eHUs B Jasepe, Korja HMeeT
MeCTO KOTepPEeHTHOCTD, Tak He Ha3blBaloT. Ilpu-
Mep auddys3un nasnydeHns: — paclpocTpaHeHue
UBJIYUEHUS B IIJIOTHOM TOPSTYEM ra3e, HallpuMep
B armocdepe Counna. B geiicrButesbHOCTH

aHaJjorusg Mexxay auddysneil aToMoB u aud-
(pysueit n3yueHns He TOUHA, TIOTOMY 4TO IIOC-
Jie TIOTJIOIEHNST KBAHTA OJHOI 4aCTOTbI MOJKET
ObITH MCITIIEH HOBBIN KBAHT J[PYTOil 4YacTOTHI.
Harpumep, npu Tex Temmeparypax, KOTOpbIe
nmetorcst B 1eHrpe CoutHna, a ato 15 Musim-
OHOB TPa/LyCOB, OCHOBHASI SHEPIHsl N3JIyUeHUS
MIPUXOJUTCS HA PEHTTeHOBCKUN auarnazon. Ho
13-32 MHOTOKPATHOTO IOTJIONIEHUsS] ¥ epens-
JIYYEHUSI /10 TIOBEPXHOCTH U3JIydeHUe JI0XO/UT
3a BpeMs Tops/ika 1 MUJJIMOHA JIeT, TIPU 3TOM
€ro CIIEKTP CYIECTBEHHO M3MEHseTCsl — JIIMHA
BOJTHBI yBesmunBaeTcs B 2500 pas, 1 MbI TTOJTy-
JaeM BOJIMMOE H3/IydeHHE.

Uro kacaercs qudysun [pyrux sieMeHTap-
HBIX YACTHUIL, TO 32 IPUMEPOM JIAJIEKO XO/UTD He
Hazo — nuddysus Bogopoaa B Merasiax (oH
Hervoxo udyHApyeT B MaJLIa/in, HUKeJe
U HEKOTODBIX JIPYTHX) IPOUCXOAUT B BHJE
MOHOB BOJIOPO/IA. A UTO 3TO, KaK He 3JIeMeHTap-
Hbl€ YacTHIbI — NPOTOHbBI? Bot 1po auddysuio
B MeTaJlIaX JlefiTepust 1 TPUTUSL HTOTO CKa3aTh
yoKe HeJIb3sl.

B aromuOM peaxrope 1 PyHANPYIOT HENT-
POHBI, BO3HUKAIOIIIE IIPH pactaje sep. boic-
TpbIe HEHTPOHBI PN TUMDY3NN OTAATOT dHEP-
ruio cpefie u 3ameasaorces. Ecm noruonenye
HEeHTPOHOB MaJio, TO OHM 3aMEISIOTCS [0
TEIJIOBOI SHEPTUH U MPOJ0JIKAT A ]yH/N-
POBaTh B Cpe/ie, TIOKa He MOTJIOTSTCS O/IHUM U3
sijiep (BbI3BaB, BO3MOKHO, €ro PACIajl) Wil He
BBIH/YT 32 TPAHUILY CPEbI.

B kauecrse BHemHUX (hAKTOPOB, BJIHIONINX
Ha 1 Pysnio, Bbiie ObLIM HA3BAHBI TOK (9J1eK-
TPOHHBIN BeTep) U dJeKTprueckoe noue. Ipu-
YeM 3TO [10J1e MOKET ObITb BHEIITHETO TPOUCXO3K-
nernst (Garapeiika ¥ NPOBOJOYKM), a MOXKET
ObITb W BHYTPEHHETO MpOHCXOoXkieHus. IIpen-
cTaBbTe cebe YaCTUIHO MOHN3MPOBAHHYIO 117123~
My . DJIEKTPOHBI CYIIIECTBEHHO JIeTYe HOHOB, OHU
muddyHapyIoT 6bIcTpee, YeM MOHBbI, U eCJn
IJ1a3Ma He 3arloJIHSeT KaKoi-To 00beM I0JHO-
CTBIO U 3JIEKTPOHAM €CTb Ky/1a cOeKaTbh, TO OHU
OTAQJISAIOTCS OT WOHOB. 3apsiibl Pas/iessiorcs,
BO3HUKAET 3JIEKTPUYECKOE [0JIe, KOTOPOe TOP-
MO3HUT 3JIEKTPOHDI U IIbITAETCS] YCKOPUTD HOHBDI.
Ho BTOpoe y Hero noJy4aercst mroxXo — UMEHHO
MOTOMY, YTO MOHBI TsKeJiee BO MHOTO pas.
[Tporecc nuddysun, npu KOTOPOM 3TEKTPOHDBI
B 3HAUNTEJbHOH Mepe IPUBSA3AHBI IOJEM K
MOHAM 1 TI09TOMY B OCHOBHOM COXPAHSIETCsT HEll-
TPAJIbHOCTD ITIJIa3Mbl, MIMEET CBOE Ha3BaHUE —
ambunossipaas quddysus. [Ipasna, kpacuso?
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Oco6as cutyalys BO3HHKAeT, KOI/a I1a3Ma
rorpyskeHa B MarautHoe noJie. OHO orpanuyu-
BaeT /IBIDKEHHE 3aPsUKEHHDBIX YaCTHI[ IIONEPeK
TOJIST, 3ACTABJSISI UX J[BUTATHCS 110 BHHTOBBIM
TPaeKToOpusiM. B aTOM ciydyae HaIMuue CTOJIK-
HOBEHHUIT — 3TO eAMHCTBEHHAs BO3MOXKHOCTD
JUTS 4aCTUIl CKAYKOM HM3MEHUTDb HallpaBJeHUEe
BEKTOPA CKOPOCTH ¥ CMECTUTDHCS IIOTIEPEK Mar-
HUTHOTO T10JIS.

CaoBo «indyanst» BoobIIEe-TO JATUHCKOE U
O3HaYaeT MPOCTO «pacipocrpanennes. [loaro-
My B 6bITY Ha3biBatoT Auddysueii Bce, 4To XOTh
B KaKOM-TO CMbICJIe pacipocTpansercs. /la u B
(busmKe 3TO CJIOBO MpHMEHSETCS IINPE, YeM
pacckasaHo Boiie. Hanpumep, nHoraa ropopsr
«pacmpocTpaHeHne Teriay, a uHoraa — «aud-
dbysus tensmar. Brpodyem, BTopoe BbIpaxkeHue
[IPUMEHSIETCST Ha TIOPSI/IOK peske. Beskoe Jm
pacipocTpaHeHue MOKHO HasBaTb Juddysn-
eit? s pUsuKM eCTeCTBEHHO JleJIeHNe KaKHUX-
TO mporeccoB (HapuMep, MPoOIEeccoB Pactpo-
crpanenus) Ha rpynnbl (manpumep, auddy-
3un u He aAuddy3ur) MO 3aKOHOMEPHOCTSIM,
KOTOPBIM OHM mnojauuusiiorcst. Ecoi pacripoct-
paHSeTCS BELIECTBO, TO €r0 MOJKHO XapaKTepu-
30Barh pacrpe/esenneM B npoctpaHcTse (Ha
JTHE CTAKAHA C YaeM Caxap €CTb, a BbIIIE — HeT),
€CJIN TEIJIO — pachpejieJieHIeM TeMIepaTypbl
(3a oKHOM XO0JI0/HO). PacmpocrpaHenue xa-
paKTepu3yeTcsi U3MEHEHNEM KOHIIEHTPAIMH B
JIAHHOM MecTe — ceifyac BellecTBa 3/1echb HET, a
BOT Yepe3 MUHYTY OHO TT0sIBUIOCH. CBsI3b 9TUX
JABYX XapaKTEPUCTUK — PacIpe/ieleHUus B IIPO-
CTPAHCTBE W CKOPOCTH WM3MEHEHUS B JAHHON

2018/Ne12

TOYKe — U OYyJeT OCHOBHON XapaKTepPUCTUKOI
muddysnn.

[Tpu 11060M Jin pacrpocTpaHeHUH Ta CBSI3b
onunakoBa? Her. IlpeacraBbre cebe, Hampu-
Mep, KaK KalWJJISPHBIMEA CUJIAMH BTSTUBACTCS
Bozia B TyOKy. B KaK/0il TOUKe KOHIIEHTPAIIUs
cHavazma HoJib (BoAa emie He MOAHAMACH [0
HTOrO YPOBHS), MOTOM KOHIEHTPAIUSA CKAYKOM
BO3pacraer m repecraer u3MeHsATbCs. [IpaBaa
JKe, caxap B CTaKaHe U TEIIO B PyYyKe CKOBOPO-
ab1 (0CTOPOKHO!) pacipocTpaHsaercss He Tak?
Tem He Menee, roBopsAT u 1npo auddysuio B
MOPUCTBHIX cpesax. HasBaHme — He camoe TJIaB-
HOE B YKM3HH, BasKHee MPABUJIBHO THCATh YPaB-
HEHUST U PelaTh 3a/laun.

Ecnu BbI Korja-to 3aiiMerech Gpusukoil aud-
¢ysun, TaMm Bac OXMU/JAIOT MHOTHE U Pa3HbIE
Heoxkuganuoctu. Bac xaer auddysus B HO-
BEHIUX cIlaBaxX W B HeApax 3emuu, quddy-
31sl B rJiyOGHMHAX 3Be3/[ I B MEXK3BE3/HOM IT1PO-
crpanctBe. Ilpuuem nHeoxkmganuoctu OyayT
BCTPEYATHCS HA KAXKIOM IIary, Kak 3T0 0OBIYHO
u 6b1BaeT B pusnke. Hampumep, Bbl 06HAPYKU-
TE, YTO, COTJIACHO KJIACCMYCCKOMY YDPABHEHUIO
TeTIoTepe/iayl U ypaBHeHWo Anddy3nn, cKo-
POCTb pacipocTpaHeHus 1Moydaercs... GecKo-
Heuynoil. Dusnka, KOHEYHO, C ITUM KaK-TO
cipasJsieTcs, HO Kak? [Touemy Ha 9TO He yacTo
obpamaior BHuManue? [loyemy sTo He Meriaer
pelaTh MpaKkTHYecCKue 3aadu, HO moyeMy o6
3TOM HAJI0 3HATH W IMOMHUTDH?

A noromy, uto cdepa npumenenust Gpu3NKM
pacimupsieTcst 1 B HOBOH 3a/laue MOKET OKa3aTh-
CsI BAYKHBIM TO, Y€M MPUBBIKJIN TIpeHeOPerarh.

IK3AMEHAININOHHBIE MATEPHUAJIBI

VIHCTUTYT KpunTorpadum, CB[3um
1 nHpopmatrkm Akagemmnn G Cb
Poccnm

BCTYMUTEJIbHbIE 9K3AMEHbDI
OPNINKA
BAPVAHT 1

1. Tesio Maccoit M nozBenieHo Ha JAJIUHHON
HeBecOMON HuUTH. HWTbh OTKJIOHMIM Tak, 4TO

TeJI0 MOJIHSLIIOCHh Ha BbicOTy /. TTocsie aToro tesio
OTIIyCTUJIM. B MOMEHT, Korja OHO IPOXO/UJIO
HIDKHIOIO TOYKY TPaeKTOPHM, B TeJO Iomajl
TOPU30HTAJIbHO JIETEBIIUH TJIACTUJIUHOBDBIN
MapuK, KOTOPBIN MPUJUI K TETy, TOCJIEe Yero
TeJI0 0CTaHOBUIOCH. C KaKO# CKOPOCTDIO JieTe
MapuK, ecJau ero macca m?
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2. ITapuk maccoit m = 100 T moaBeleH K
MOTOJIKY Ha JIErKOU 1py:kune jaunoi [ =0,5 M
n xectkoctbio B = 100 H/M u cosepraer
BEPTHUKAJbHbIE KOJEOAHUS C aMILTUTYI0d A =
=2 cm. Haiijiure Han6osibiiiee yCKOpeHue Ima-
puKa.

3. /IBa TOUEUHBIX 3aps/ia ¢; U ¢, PacHoJo-
JKE€HBI Ha HEKOTOPOM PACCTOSHUH APYT OT IpyTa
B OECKOHEYHOU CPe/Ie C AMIEKTPUUECKOIT TTPO-
HUIIAEMOCTBIO € = 2. DHepPrusi X B3auMo/ieli-
crBust paHa W. 3apsizbl moMecTuin B 6€CKo-
HEYHYIO Cpely C JAMAJICKTPUUYECKOU TTPOHUIIAe-
MOCTBIO € = 4, COXpaHWB UX PACIOJIOKEHHE.
DHeprus NX B3amMo/ielicTBug cTasa paaa W, .
Haiizure ornontenne W, /W .

4. Cuja TOKa B METAJLIMYECKOM TIPOBOTHIKE
paBHa [ = 1 A, ceyeHue NPOBOJHHMKA PABHO
S =5 mm? . TIpusnMasi, 4T0 B KaxkA0M KyGu-
YeCKOM CaHTHMETPe MeTajjla COMAEPXKUTCS
n= 2,5-1022 CBOOO/HBIX 3JIEKTPOHOB, OIpe-
JleTHTe CPEIHIOI CKOPOCTh (v) MX yIOPSIO-
YEHHOTO JIBVKEHUSI.

5. Tox HachllieHust, MPOTEKAONUN Yepes
BaKyyMHbBII (DOTOIEMEHT MPU €r0 OCBEIIEHUN
ceeroM, paseH [, = 0,5 HA. Omnpegennre
grcio N ($OT02TeKTPOHOB, TOKHUIAIONINX T10-
BEPXHOCTb KATO/Ia B €JIMHUILY BpeMeHU. 3apsiji
anekTpona e =1,6- 107" Ko

6. OH MOJTb M/1eaTBHOTO ra3a MePEeBO/IST U3
cocrostHus 1 110 n3o6ape B COCTOsIHUE 2, a 3aTeM
13 COCTOSIHUS 2 B COCTOSIHHE 3 TI0 M30XOpe.
Haiigure TeMepaTypy raza B KOHEYUHOM COCTO-
sanu. Cuwmraiire, uto T;, py, ps, Vi, V,
usBecTHbl. [Ipy Kakmx HAYaTbHBIX YCJIOBUSIX
KOHeuYHast Temrieparypa Oy/eT paBHA HavaJlb-
HOI1?

7. ToHkas omHOpPO/HASA TTATOYKA TMAPHUPHO
3aKperyieHa 3a BepxHuil koneil. HwxHuit xo-
HeIl [AJ0YKH MorpyskeH B Bojy. [Ipu paBHose-
cun 1oJi BogoM Haxomuress kK = 1,/5 wactb
JUIMHBL Tasouku. Onpejeure MJIOTHOCTh Ma-
Tepuasia, U3 KOTOPOTO M3rOTOBJIEHA IMAJI0YKA.
ITnotHocTs Bozbl P, =1 r/ oM’ |

8. Vmeercsa BUTOK M3 TIPOBO/ISIIEIO MaTepu-
asia paaunycoM R, 1o Hemy TeudeT Tok /. Haiiaure

Puc. 1

MarHUTHOE TIOJie Ha OCH KOJbIIa B TOUKe P,
Haxojdieiicss Ha pacctosHun L OT 1eHTpa
ko (puc.1).

BAPVIAHT 2

1. Bpycox Maccoit m TTOKOWTCS Ha TOPU30H-
TaJbHON ImepoxoBaToil mosepxHocTu. K memy
IpUKpEILIeHa PysKIHa JKeCTKOCThIO k. Kakyio
paboTy HaJ/I0 COBEPIINTD /IJIS1 TOTO, YTOObI C/IBU-
HyTb € MecTa OPYCOK, pacTAruBasi NPy KUHY B
TOPU30HTAJBHOM HANTPABJCHNUH, €CIH Koahu-
IIMEHT TPEHUS MeKAY OPYCKOM M IOBEPXHOC-
TBIO paBeH WU ?

2. 3apsan g = 0,5 uKa paBHOMepHO pacipe-
nesie o cdepe paguycom R = 25 cm. Haiiu-
Te Pa3HOCTb MOTEHIMAJOB MEX/1y TOYKaMH,
JISKAIIMH Ha PACCTOSIHUAX 7y = D CM U 7 =
= 50 cM oT meHTpa cdepsl.

3. IIpoToH B MarHUTHOM I10JIe ¢ UHAYKIINe
B = 0,01 Tx ommcas OKPY>XKHOCTb Pa/ilyCcoM
R =10 cm. Haiigure ckopocTb mpoToHa. 3apsj
nporona g =1,6- 107" Kna. Macca nporona
m=1,67-10" «r.

4. K xongencaropy emroctbio C = 10 MrxD,
3apspkeHHOMY [0 Hampspkenus U, = 6 B,
MOJKJIIOYIIN KaTyIIKy WHAYKTHBHOCTH. B TOT
MOMEHT, KOT/la HaIpsUKeHne Ha KOH/EHCATOpe
yMmenbimmioch 10 U = 4 B, cuma TOKa B
katymke cocrapuyia I = 10 MA. Uemy paBHa
MH/yKTUBHOCTb KaTyIIKN?

3. Boipasute, B eMHAIIAX TTOCTOSHHON Puji-
Gepra R, 4acToTy 0 TOJIOBHOW JIMHUU CIIEKT-
pasibHOll cepun Jlalimana atomMa BOJIOpOJIA.

6. Hax mMosieM njieaJibHOrO OJJHOATOMHOTO
raza COBEpIIAIOT WUKJMYECKUil Iporecc
V =V(T) (puc.2). Onpeneanre KII/I mukma,

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

3Hasd, 4YTO B HAaYaJbHOM COCTOAHWHN 1 TeMIepa-

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

pabora A.
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7. JlepeBAHHDBIN IMap MPUBSI3aH TOHKON HU-
TBIO KO JHY ITUJIIH/PIYECKOTO COCY/Ia C TII0IA-
apio aaa S =100 cem®. B cocy/l HAJTMBAIOT
SKU/JIKOCTD TaK, YTO OHA MOJHOCTHIO 3aKPbIBAET
1ap, P 3TOM HUTDb HATSHYTA, PACIIOJIaraeTcst
BEPTHKAJbHO U JIEIICTBYET HA IIap C HEKOTOPOIt
cuioit T. Eciam HuThb nepepesaTb, TO MIap
BCILJIBIBET, & YPOBEHD KUAKOCTH M3MEHUTCS Ha
BesnunHy 7 =25 cM. Haiigure cuiry HatspKeHust
autn T'. IlmotHocTs skuakoctu P = 1000 KF/ M,

ycKopeHnue cBobogHoro najgenus g =10 M/ 2.

8. TpamBaii maccoit M ¢ pBHUTaTeseM TOCTO-
SHHOTO TOKa [BI)KETCS BBEPX IO YJIWIIE MO
VTJIOM O, K TOPU30HTY C TIOCTOSTHHOI CKOpOC-
Thi0 v. Haiinure cuiy Toka B ABUTATEsE, €CIH
nanpspkenune pasno U, KIIJl tpamBas 1,
ko3 uteHT TpeHus WU .

MEXXPETMOHAJIbHAA OJINMIMNUALA
LUKOJIbHUKOB HA BA3E BEAOMCTBEHHbIX
OBPA3O0BATEJ/IbHbIX OPFTAHU3ALINNA

MATEMATUKA

N3BPAHHbBIE 3AJAYN

1 (8-9, 10, 11)!. Cpasuure uucja

)2018

(102017+102°16+...+10+1 u

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

2 (8-9, 10). Haiizute Bce ueTHbIE HATYPAJIb-
HbBIE UYMCJA 7, Y KOTOPbIX YUCJIO JejuTeseit

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

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

3 (8-9, 10). CkoabkuMH criocob6aMu U3 mep-
BBIX 7 HATYPaJbHbIX unces 1, 2, ..., n MOXKHO
BbIGpaTh 4 umcsaa, o6pasylolX BO3PACTaio-
IIy10 apupMeTHIecKyio IPOTPeccuio?

4 (8-9, 10). U3 nymkra A B myHrr D,
paccrosiHue Meskty KotopbiMu paBHO 100 KM,
Bblexasn aromobusuct. [lopora uz A B D
MpoXoJuT yepe3 nyHkTbl B u C. B nyHkre B
HaBHUTATOP MTOKA3aJ1, YTO eXaTb ocTajaoch 30 MUH,
U aBTOMOGUJIMCT TYT K€ CHU3UJ CKOPOCTb Ha
10 xm /4. B mynkre C HaBuWTraTop MOKa3al,
4TO exaThb octaaoch 20 KM, W aBTOMOOWINCT
Cpasy >Xe BTOPOi pa3 CHU3MJI CKOPOCTD ellle Ha
10 kM /4. (HaBuratop onpe/ie/sier ocTaBliee-
csl BpeMsl Ha OCHOBAHUHM TeKyIell CKOpPOCTH

1 B cko6kax mociie HOME€pa 3a/la4 yKa3aH KJlacc,
B KOTOPOM OHa IIpe/Jiarajachb.

2018/Ne12

aBwskenns.) Omupejenure IepBOHAYANbHYIO
CKOPOCTb aBTOMOOWJISA, €CJIM U3BECTHO, YTO Ha
nyTth u3 B 8 C OH notpartus Ha 5 MUH GOJIbIIE
BpeMeHu, yeM Ha 1yTh u3 C B D.

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

a” memnresi Ha c;

b¢ nemurca Ha a;

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

6 (8-9, 10). B tpanennn ABCD ¢ ocoBanu-
amu BC u AD yron DAB npsmoii. V3BecTHO,
uTo Ha ctopoHe CD CyUIeCTBYET eIMHCTBEHHAS
touka M Takadg, urto yroan BMA nupsmoil.
Joxaxxure, yto BC = CM u AD = MD.

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

a+b+c
) JIeJINTCSA HA

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

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

8 (10). IIpousseseHre MOJIOKUTETBHBIX Y-
cesaun b o6oabue 1. JJokaskute, 4TO /1 1I060T0
HATypaJbHOTO 7 = 2 BEPHO HEPABEHCTBO

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

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

5

U U
JmH 1yt BA+ DC 6oJibliie CyMMBI JJIUH YT
Y,
AD+CB .
10 (11). Pemmre ypaBuenue

x? —2xsinxy+1=0.

11 (11). Harypaapsubre wucma ot 1 go 100
3arnucanu moapsi 6e3 npobesioB. 3areM MKy
HEKOTOPBIMHU IIpaMu TIOMECTHJIN 3HAK ILTIOC.
(Hanpumep, 1234567 + 891011...15 +
+1617...99100.) Mosker Jin NOJydUBIIAsACSA B
peayJbTate cymMMa AeauTbed Ha 1117

12 (11). OcHOBaHWEM TPEYTOJIBHON MUpaMu-
6l SABC caty>KUT NPaBUJIbHBIN TPEyrOIbHUK
ABC co croponoii 4. VI3BecTHO, 4TO /IJIs TIPO-
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N3BOJIbHON TOUKN M HA IPOJIOJIKEHUH BICOTBI
nupamuabl SH (touka S HaxXomurces MeEXIy
toukamu M u H) yrast MSA, MSB, MSC,
ASB, ASC n BSC pasubl Mexxy coboit. [Toct-
poen map pajamyca 1 ¢ IeHTpoM B Touke S.
Haiinure 06bem o61ieii yactu mupamuibl SABC
u mapa (o6beM Imapa pajuyca R BbluucsieTcst

no gopmyae V = %nRS ).

13 (11). [doxkaskure, 4To [ns J06OTO HATy-
PATIBHOTO YHCJA 7 CYIIECTBYET HATypPaJbHOE
uncjao N rtakoe, yro npoussegenue 9-5" - N
Ipe/ICTaBIsieT cO60N NAAUHOPOM, T.€. YUCJIO,
JIECSITUYHAS 3aIIUCh KOTOPOTO CIIpaBa HAJIEBO 1
cJIeBa HAINPaBO 4yHWTaeTcsl ojnHakoBo. Harpu-
Mep, A1 n = 1 Moxuo B3aTh N = 13, Tak Kak
9-5'13=1585.

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

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

4
nMeeT €AMHCTBEHHOE pemeHI/Ie?

OPN3INKA

9 knacc

1. K noroJsiky Ha HEBeCOMOIl HUTH TO/IBEIIEH
rpys 1. B cBoto ouepesib, K HUXKHEN 4aCcTH 3TOTO
Tpy3a Ha HEBECOMOW HUTH HOJBEIIEH IPy3 2.
OrHotmrenne CUJI HATSDKEHNS BepXHEH M HIDK-

F
HE HUTEN M3BECTHO: b n . Haiigure oTHO-

2

m
IeHne Mace rpysoB [ = —-
m

2
2. Ecim k Testy, HaXOZASAIEMyCsl Ha TOPH30H-

TAJBHOW MTOBEPXHOCTH, TMPUJIOKHUTD cuiry F =
=120 H, nanpasaennyio Baus (k 3emie) moj
yraom o = 60° K ropusoHTy, TO TeJO Oy/eT
aBurarbest 6e3 yckopeHust. C KakuM yCKOPEHHU-
eM a GyJieT JBUTaTbCS ATO JKe TeJIO, eCJIU TY Ke
cuJly HanpaBuTh BBepx (OT 3eMJIN) 1O/ TEM JKe
VIJIOM O K ropu3onTy? Macca Tena m =25 Kr.
Ycxopenue cBo6oamoro magenus g =10 M/ c?,
sin 60° = 0,87 .

3. Kakoe nanpspkenne U MOKa3bIBaeT BOJIBT-
MeTp € BHYTPEHHUM COIIPOTHBJCHHEM R =
=10 Owm, ecqm uepes Hero 3a BpeMsa T = 10 ¢
MpOTeKaeT aJeKTpuueckuil 3apan g = 1 Ka?

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

4. OauH MOJIb HIeaJbHOTO Tas3a, B3SITOTO
npu Temneparype T, = 300 K, uzoxopuuecku
OXJIAJIIJIM TaK, 4YTO €ro J[aBJieHHe B COCY/Ie
ynajnao B 7 = 3 pasza. 3areM ras uzobapuuecku
pacImpuIn Tak, YTO €ro TeMIeparypa crajia
paBHON mepBoHaYaIbHON. Kakoe KOTIMIeCTBO
TETIOTHI () TOJIYUYNT Ta3 B YKa3aHHOM 3KCIIe-
puMenTe? YHHUBepcaJbHas ra3oBasl HOCTOSH-
nas R = 8,314 Jlx /(Mo - K).

S. MaJieHbKuil JIerkuil mapuk, OPOIICHHbII
CO CKOPOCTBIO ¥ TIOJ YIJIOM O K TOPH3OHTY,
VIPYTO yAApsSeTcs 0 BePTUKATIHHYIO OUeHbD TS-
JKEJIYIO0 CTEHKY, JBIDKYIIYIOCS C TTOCTOSHHOM
CKOPOCTBIO ¥ B TOM JK€ HAIlpaBJCHUU, YTO U
mapuk. Ckopoct @, ¥ O Jexar B OJHOU
miaockoctu. V3BecTHO, 4TO mocjie coyapeHust
CO CTEHKOII IapuK BO3BPAIIAETCS B Ty TOUKY,
oTKysa ero 6pocuiu. Yepes Kakoe BpeMs T
nocJje 6pocKa MPOU3OILI0 CTOJKHOBEHHUE IIa-
puka co crenkoit? Ha xakom paccrognuu L ot
TOYKK OPOCAHUS MapUKa HAXO/MJIACh CTEHKA,
KOT/la TIPOM3OIIIO CTOJKHOBEHUE IapuKa CO
CTEHKOI ?

10 knacc

1. Dueiita [Tana npeacrasisier co60it HAGOP
TPyGOK PasHOi JJIMHBI U3 TPOCTHHUKA, 3aKPbl-
TBIX C HUPKHETr0 KOH-
na (puc.4). Ecunm
JIyTb Ha BePXHUN
KOHeI[ TPyOKHU, OHa
n3naeT 3ByK. Kaxoit
JIOJKHA ObITh JIJIN-
Ha TPyOKH, 4TOObBI
3ByYaJsa HOTA CO/Ib
BTOPOHl OKTaBbI?
ITOIl HOTE COOTBET-
CTBYeT 4aCTOTa 3BY-
ka 880 I'm. Cxo- p,- 4
POCTb 3ByKa PaBHA
340 M/ c. Kak nuameHuTcs 3ByK, €CJid TPOCTHU-
KOBbIE TPYOKHM 3aMEHHUTb HA Me/IHbIe?

2. Bbprymcanrte KOHIEHTPAIMIO 72 U OlleHUTe
cpejiee pacctostnme (7) MeKIy MOJMeKyIaMi
a30Ta MpH YCJIOBHUAX, GJIU3KIX K HOPMAJIbHBIM
(nasnenue 10° Ila, temmeparypa 0 °C ).

3. /lBa Tesa, Macchl KOTOPBIX My W My,
HAXO/SATCST HA TJIQJIKON TIIIOCKOCTH U COE/IMHE-
Hbl HepPacTsDKUMbBIM ITHYPoM Maccoit m. Ha
TeJio Maccoil my apeiictByer custa F. ITpu kakoit
cune F, MIHYp HOPBETCS, €CJIU HEeTOABUKHDII
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IIHYDP, TPUKPEIJIEHHBI K CTCHE, PBETCS IO
JeiictBueM cuipl Ty ?

4. Kamg Boap! ¢ koapuUImeHToM moBepx-
HOCTHOrO HaTsDKeHuss 6 = 73 mMH /M naxoant-
cs B HEBECOMOCTH MEX[Y JBYMSI TJIAJKUMU
MapaJsiieJbHbIMU TJIACTUHAME, JKECTKO CKperl-
JICHHBIMH JIpyT ¢ jApyroM. Boma cmauuBaer
MJIACTUHBI TaKUM 06pa3oM, YTO KAl Tpef-
cTaBJisieT cOO0 UIMH/P [uaMeTpoM D =2 MM
C TPSIMBIME yTrJIaMu 1pu ocHoBanuu. Otpejie-
JIUTE CUJIY, NEHCTBYIONIYIO HA KAXKIYIO U3 ILIa-
CTHH CO CTOPOHBI KaILJIH.

5. Cm. ycqoBue 3ajaun 5 st 9 kiacca. A
BOTIPOC APYTOii: Yepe3 Kakoe BpeMs Ty IOCJIE
CTOJIKHOBEHNS MIapuKa CO CTEHKOII MapuK Bep-
HYJICSI B TOYKY GpOCAHUsI?

71 knacc

1. Vceuennas mupamuja (puc.5) moMenieHa
B aJeKTpocTaTnyeckoe noge. Korga usmMepnim
norennuannsl touexk A°, B u C’, okasanocsk,
YTO OHM OJMHAKO-
A B A
BBI 1 paBHBI 5 B, a
Al

- B TOYKE Iiepeceve-

HUSL BBICOTBI TIMPa-
MHU/IBI ¢ OCHOBaHHU-
eM TOTeHInas pa-
Ben 6 B. Haiignre
BO3MOJKHbBIE Ha-
MpaBJIEHNsT BEKTO-
pa HanpsHKEHHOC-

puc s © TH 3JIEKTPUIECKO-
IO TIOJIST B TOUKE MEPECceyeH s BBICOTHI MUPaMu-
JIbl C ILJIOCKOCTBIO Tpeyrobuuka A'B'C’. Us-
BECTHO, UTO YTOJI MEXK/LY TLIOCKOCTSIME, B KOTO-
pbix geskar tpeyrombunkn A'B'C’ u ABC,
pasen 30° . Ilnomaznb Tpeyroaphuka A'B'C’
MHOTO MeHbIIe TIomau Tpeyroabauka ABC.
2. B xanmape pagumycoMm 7, = 1 MM Haxo-
aurea caabo cMa-
yuBamIas €ero
CTEHKH JKUIKOCTH
C TIOKA3aTeJIeM Ipe-
gomienus n = 1,4
/" (puc.6). Uepes ka-

IKpau

0 /
/
> OUANAD  CHU3Y
\ / BBEPX [IPOITYCTUIN
mapaJsJjesbHbII
CBETOBOM ITy4OK Ta-

2ry KOro >Ke pajauyca
1, . Ha »sxpane,
PAacCIoN0KEHHOM
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
HayaJbHbII MOMeHT KJtou K pazoMKHYT, a B
3aMKHYTOM KOHTYpE IIelli TeYeT YCTaHOBUB-
mmiicst Tok. OmnpeenTe BeJMYNHY U HAIIPaB-

L K

|
Puc. 7 Pt ||
Jenne toka [ 4epes corporuBieHne R cpasy
TOCJIe 3aMbIKaHUs KJouda. VI3BecTHbI cJie/yio-
mue napamerpsl nenn: J/1C nepBoii Gatapen
¢, =10 B, ee BHyTpeHnnee cOnpoTuBIeHNE 7 =
=35 OwM, BHyTpPeHHee COIPOTHUBJICHNE BTOPOii
G6arapen 7 = 20 Owm, conporusjenne R =
=4 Om.

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

3. Cwm. szamauy 5 T, T
st 10 kiacca. pac. 8

MATEMATUKA
N KPANTOTPADNUS

N3BPAHHBIE 3ALAYN

1 (8-9, 10 kuaccol). Ha GyMaskHy1o JIEHTY B
cTpoky 3anucan 30-6yKBeHHbII pycckuii asda-
sut (E=E, I1=U1, b=b). 13 nentn! BbIpesaercs
pparment, coxepxammii 15 6yks (Hanpumep,
or M s0 bl). Ocrajbhble 4acTh JIEHTHI PACIO-
JIATaloTCS TI0JT HUM «BBEPX HOTaM#» TaK, 4TOObI
Ha KpasgXx IOJy4HBIIeics TaGJHIbI APYT HaJl
JIPYTOM OKa3aJuch coce/iire OyKBbl ai(aBuTta.
[lns 3ammmdpoBanust cOOOIIEHNST KAK/YIO €ro

MHOII P CTY ® XY I II bl
IF MUEWANITdIVEOE]




O9K3AMEHAINMOHHBIE MATEPMAJDBI

OYKBY 3aMEHSIIOT Ha BTOPYIO OYKBY, CTOSIIYIO B
TOM 3Ke cToJsi01e Tabuibl. Hanpumep, 3aimd-
poBas cqoBo JIEIIO ¢ momoinpio Tabiuibi,
nonyunm TC3U. Pacumdpyiite coobienue
bBbBITB3BBE I'bAXYAA AE3BIIIEAP, mo-
JIyUeHHOE yKazaHHbIM clioco6oM (BO3MOKHO, €
UCIOJIb30BAHUEM JAPYTOH TaGJIuIIbI).

2 (89, 10 k1.). OTnupatomume KOMOUHAIINK
KOJIOBOT'O 3aMKa IIPEACTABJIAIOT c060ii HaGop n3
qyeTbIpex UPP Xy, Xy, X3, Xy, KaXKIasd U3 KOTO-
pbix pasua 6o 0, sm6o 1. IIpo st KOMOUHA-
LMK U3BECTHO ceylomiee: 1) pPoBHO MOoJI0BUHA
Bcex HaGOPOB OTKPBIBAIOT 3aMOK, 2) €c/n B
Habope x; =1, TO 3aMOK OTKpoeTcst B 75%
cayuaes, 3) eciu x; - X5 =1, TO 3aMOK OTKPO-
ercst B 50% coyuaes, 4) ecin x4 =1, T0 3aMOK
OTKPOETCsI B 25% CIIYYaeB U 3) €CJN Xy + X5 =1,
TO 3aMOK OTKpoeTcst B 62,5% cayyaes. Haiiaure
BCE OTHHPAIOIe KOMOUHATINN.

3 (8-9, 10 kua1.). B tekcre, cocrosuieM us 24
OyKB U 3ammcaHHoM 6e3 Ipo6esoB, GYKBbI
IepecTaB/IeHbI IO CIeyIONeMy IPaBUIy: 24-g
6yKkBa rocraBJjieHa Ha 1-e Mmecto, 1-s1 6ykBa — Ha
2-e MecTo, 23-9 — Ha 3-e MeCTO, 2-1 — Ha 4-e 1
tak gasee (B konue 13-a GykBa 11ocTaBjieHa Ha
23-e Mecto, 12-9 — Ha 24-¢). 3areM Takylio e
IIpoIe/lypy MoBTOpUIHN elle 85 pa3. B pesyJib-
TaTe MOJIYYUJIOChH

TANMANBY KHH/JINKABJIHATITY OU.

Hailigure nCcX0OIHBIN TEKCT.

4 (8-9, 10 ka.). [las popMUpOBaHUS 3amiu-
IEHHOTO coefnHeHust Amnca, Bo6 u Cremia
HCTIOJB3YIOT XPAHSIIIUHACS B CEKPeTe MHOTO-
wieH ¢ 1ebiMu Koaddunnentamu @, b, ¢ Buja

f(x,y) = ax® +bx + cxy + by + ay’
u neabie yncaa (xmoun) ky, kg, ko, KoTOpBIC
UMETOT PA3JIUYHbIE OCTATKY TP JieJieHnn Ha 83.
Uro6n! orpaButh Boby u Crese coobiienue,
Aumica hopMupyer HOBbIe KJI0Un Ryp 1 Ry TI0
dopmymam
kg =133 (f (kA’kB))’ kac =133 (f(kArkC))’

r7e %y3(2) — ocratok or jeneHus

ypcaa z Ha 83. Aunasornyno, Bo6

Azt otnipasku coobmennii Crenne (4 g 5 9
Borancaser  kpe = g3 (f (kg k). |6 4 8 3
M3BecTHO, 4yTO ky =28, 3167

kup = Rqc =73 1 IpHU BCEX IEJIBIX
X BBIIIOJIHAETCS. PABEHCTBO

iy (1 (0, ka)) = 755 (27 + 61 +11).

Haiigure ko kge .

Koj 3amka

5 (879, 10 wku.). Jamunckumn xeadpamom
nopsdKka n Ha3bIBAETCS KBaJipaTHast TabJIHIA 13
7 CTPOK U 1 CTOJIOIIOB, 3aII0JTHEHHAST HATYPAJIb-
HBIMH uncsaMu oT 1 10 7 TakuM 06pasoM, 4To
KaK/bI cTOJI0CI] M KaxK/Aas CTPOKA HE COAEp-
JKaT OJfMHAKOBbIe unchaa. [lycrs L — maTuHCKui
KBaJpaT nopsgaka n. Uucro, crosuiee B 9TOM
KBa/[paTe B CTPOKE C HOMEPOM I U CTOJOIE C
HOMepOM /, oGosnaunm Kax L (i, j). JlBa satun-
CKUX KBajipata Ly u L, Ha30BeM opmozondiv-
HbLMU, €CJIH TIPH UX <HAJIOXKEHHN» He 00pasy-
eTCsl OJMHAKOBBIX IIap 3JIEMEHTOB B PA3HBIX
gyelikax TabuauIbl. A UMEHHO, €CJU

(4, j)# (s, t), 10
(Li (6 1) Ly (i 7)) # (Lo (5. 8), Lo (s, 1)) -

a) IlocTpoiiTe mapy OpPTOTOHATHHBIX JATHHC-
KHX KBaJpaToB nopsaka 4. 6) Jlokaxure, 4to
MHOKECTBO, COCTOSIIIEE U3 MTOTIAPHO HE OPTOTO-
HAJbHBIX JATUHCKUX KBA/[PATOB TOPSKA 17, HE
MOXKeT cojiepKaTb Gosiee uem n — 1 KBajpar.
6 (11 xu1.). Uro6sr nomacts B Kpunrosan-
IUi0, HeoOXOAMMO TIPOWTH dYepe3 BOpOTa C
9JIEKTPOHHBIM 3aMKOM, IIPEIbSBUB IPABUJID-
HbIiT KoY. B MUKpocxeMe 3aMKa XPaHUTCS
tabauia pasmepom 3x8 (3 crpoku u 8 cros-
610B), 3all0JIHEHHAS 11eJIbIMU YKCIaMu OT 1 10
8 Tak, 4TO B KaX/[OW CTPOKE 3TOW TaOJIMIIBI
BCTpeyaoTest Bee uncaa ot 1 10 8, a B Kax/j0M
cTosi6Ile HeT MOBTOPSIONMXCs uuces. Takue
TaGJIMILBI TIPUHATO HA3BIBATD AAMUHCKUMU NPSi-
Moyzoavhukamu. IlyTelecTBEHHUK [OJKEH
TPEeIbABUTD B KaUeCcTBe KI0Ya JATHHCKIH TIps-
MOYTOJBHUK pazMepoM 4 X 8 . 3aMOK OTKpoeT-
Csl B TOM U TOJIBKO TOM CJIy4ae, ecji JiBa 9TH
IpAMOYTOJIbHUKA (B IaMATH 3aMKa U IPEIbIB-
JICHHBIH Iy TEIECTBEHHNKOM ) MOYKHO €IMHCTBEH-
HBIM CIIOCOOOM JIOTIOJIHUTD JI0 JTATUHHCKUX MPsi-
MOYTOJIbBHUKOB pa3mepoM 4 X8 u 53X 8 , jonu-
CaB K KaXK/JIOMY M3 HUX 00OHY U MY Ke CTPOKY.
Ecain 910 ycyioBue He BBINOJIHSIETCS, T.€. TAaKOe
JIOTIOJTHEHIIE HEBO3MOKHO MJIM HEOJHO3HAYHO,
TO BOpOTa ocTaiorcs 3akpbiThiMu. Kars u FOpa

Kuaou Katu Kmou I0pnt
5312867 43137245816
715263 453178||634172835
7463825117613 4528
8§5714362/\85362741

permsu ocetuth Kpunrosanauio. Ompeenu-
Te, Yeil KJIIOY [IPaBUJIbHbBII U IOYeMy.

7 (8-9, 10, 11 ka.). Iudparop npuHUMaer
Ha BXOJ] ¥ BbIJaeT Ha BBIXOJ 8-OUTHOE YKCJIO
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(1 6aiit). ITosanublii 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 gopmMyTaMm
x1(1) =2 @ ky, XS) =3
x§1) =x; @k, xg) = X5,
) =xg @k ) =,

x§1) =23 Dk, xg) = XX; D x4.
3mech kA — cexperHblii K04 1-ro Takra
(k €{0,1}); © — cranpaprras oneparus cJo-
SKeHUs 6UTOB (0®0=1®1=0,
0@©1=1®0=1). Iloxyuenusiii va 1-M Taxre

Gaiir 2V 1a 2-m Taxre mpeo6pasyeTcs B 6alT
2@ = (xf2),...,x§2)) 0 aHAJIOTHYHBIM (POPMY-

2 1
Jam x1( ) = xé ) @ ky,... Ha 8-M takre BbIymc.Is-

ercsl BbIXOAHOIN Gaiit x°% =x® Hatignre
k0" (ky,ky, ks, Ry, ks, ks, ky, kg) , Ha KoTOpOM
Gaiit x™" = (0,0,0,0,0,0,0,0) mpeo6pasyercst B
Gaitr x°“* = (1,1,1,0,0,1,0,1) .

8 (11 k). [Mambr k pasimmuupix HaGOPOB

HATYPAJbHBIX YHCEN, MPUYeM KaK/blil HabOp
COJEPIKUT 7 HATypPaJIbHbIX YUCEJL:

w; = (w0, W,y -

.y Wp = (wkhwkZ""’wkn) .
HaGopbl @; 1 @); Ha3bIBAIOTCA Pa3/IMYHBIMIU,
€CJIN CYTIECTBYET HATYPAJbHOE YHCJI0 M € 1,n
TaKoe, 4TO W, #* W;, . Hanpumep, naGopbl
(1,1,3,1) u (1,1,1,3) pasamunbr. Jokaxure, uTo
JUIST KQOKJION TIapbl HATYPAJIbHbBIX YuCeJa 1 U R
cymiecTByeT oto6paskenne 6 : N — 1,k (mpa-
BILJIO, CTaBsll[ee B COOTBETCTBHE KAJKIOMY Ha-
TYpPaJbHOMY YHCJY HATypabHOe 4ucso ot 1 10
k) Takoe, uTO HaGOPHI

wf = (G(wu)’0(5012)’---’5(”/’111))’

0 = (0 (41,0 (@02 ) -0 (1))

TakKe OYyT Pa3JInuHbI.
9 (11 k1.). iMeeTcs ycTpoicTBO, Ipeobpasy-
ouee 3-X OUTOBble KOMOWHAIIMU B JIBOUYHBIE
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cuMBoJIbl. VI3BectHO, 4TO ceifuac ycTpoHCTBO
nm pa6oraer npasuiabho (pesxum ITP), nam
nMeeT  HEWCHPaBHOCTH  OJHOTO W3
3-x Tunos (H1, H2 1 H3). B ta6mue ykasano,

|
jae]
a
I
a
w

Bxox
000
001
010
011
100
101
110
111

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

KaKWe CHMBOJIbI B 3aBUCUMOCTU OT BXOJIa yCT-
POICTBO BBIJAET TPU TIPABUJIbHOI pabote, a
TaKKe TPH BO3MOKHBIX HEMCITPaBHOCTSX. Ka-
KO€ HaumeHvulee KOJIMIeCTBO 3-OUTOBBIX KOM-
Ounanuii (cpei KOTOPBIX 06A3aTeIbHO JOJIK-
Ha 6biTh 111) caeyer nojaTh Ha BXOJ, 4TOObI,
MIPOAHAJIN3UPOBAB BBIXO/HbIE 3HAYCHUS, CY-
METb OJHO3HAYHO OTPEJC/JUTH THUI HEWCIIPaB-
HOCTU WJM Ke YOeAnTbCsi, UYTO YCTPOHCTBO
pa6otaer npaBuabHo? Bomummre Bee (¢ TOU-
HOCTBIO JI0 HEPECTAHOBKU) Takue HaGOPbI 3-
6GUTOBBIX BXOJIOB.

10 (11 ka1.). IIpu uCoOIB30BAHUN KPUIITOCH-
crembl RSA s pacmmdpoBaHus 4mcJI0BOTO
coolmienust y, rae n=p-q, p, ¢ — IPOCTble
4HCJIa, HAXO/ISAT CEKPETHOE YnCyio d U3 ypaBHe-
HUSL 7, 4)0o1) (3d)=1 (#,(a) — ocratok or
JleJieHns yucaa a Ha b). VI3BecTHO, 4TO MJaj-
e Gaifrer uncen y, p, n, (p—1)-(qg—-1) nd
paBHBI 48,DB,05,9F,15 (HO HEM3BECTHO, KAaKO-
My UHCJTy KaKOil IMEHHO GaiiT COOTBETCTBYET).
Haiigure d, ecu n = 64159, y = 5633.

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

112|13)4|5(e|7|8[9|A|[B|C|D|E|F

Ykasanue: dburypupyionye B 3a/1aue qUCIa
IPE/ICTABUMBI B BUJIE /IBYX GaiiTOB; Hampumep,
64159 =15-16° +10-16* +9-16' +15-16" =
=FA 9F (eMm. rtabauiy), 9F — muaauimii Gaiit
yucaa 64159.

Hybauxayuo no mamemamuxe u Kpunmo-
epaguu nodeomosun C.Pamodanos;
no gusuxe — M.Axnexcees, B.Ilonos



OTBETbHI, YKA3AHUA, PEINIEHUA

«KBAHT» ANnd MIAALLINX LUKONIbHUKOB
3AOA4HN
(cm. <Keanwm» Nel1)

1. TlomoiiayT, Hampumep, cJOBa mpunaduyamo u
uemuvlpHaduyamo.

2. Ha pucynke 1 1moka3zano, Kak MOKHO pa3pesarb
JlaHHbIe (DUTYPBI U KaK CJOKUTb U3 TTOJYyYEHHBIX
yacreil KBazpaT 4x4 .

A

Puc. 1

3. 50.

Ouenxa. PaccMOTpUM [JBYX CIHOPTCMEHOB, 3aHSB-
mux cocepnue mecra. Ecim ux o60ux He AUCKBAIU-
$unupyior, To oHE HO-TIpeXKHeMy OyAyT 3aHUMATDH
cOCe/IHME MeCTa, 3HAYMUT, MEepe/BUHYTCS HA OJMHA-
KOBO€ KOJIm4ecTBO MecT. Takum o6pasom, XOTsi Obl
OJIHOTO W3 HHUX JOJDKHBI HCKBAIN(UIINPOBATD.
Cule1oBaTesIbHO, KOJMYECTBO JUCKBAII(PHIINPOBAH-
HbIX JIOJDKHO ObITh He Menblie 50.

Hpumep. Ecom pnckBaanduimpyoT BceX CIOPT-
CMEHOB, CTOSIBIIIMX Ha HEYETHBIX MECTax, TO CIOPT-
CMeH, 3aHMMaBlIMil MecTo ¢ HOMepoM 2N, 3aiimer
Mecto ¢ HomepoMm N. Taxum o6pasom, ocraBiimecst
Mepe/IBIHYTCS Ha PA3JIMYHOE KOJMYECTBO MECT.

4. IllecTukaaccHUKY BuIMTpaan HA 3 6Gosi GOJIbIIE.
IIyctp mepesn TypHHPOM y BCeX HATHKJIACCHUKOB B
cyMMe OBLIO CTOJIBKO »Ke KOH(QET, CKOJbKO y Iec-
THKJIACCHUKOB, a I10CJIE KaXKA0T0 60s1 M0GEeK/IeHHasT
KoMaHga orgaer nobGeaurenio koudery. CpaBHuM
KOJIMYECTBO KOHQET y TSATHKIACCHUKOB Uy IIECTU-
KJIACCHUKOB Tocse Typuupa. Huueitibie 6ou 1 60u
MEX/Iy KOMaH/aMH OJHOTO M TOTO XXe Kjacca He
N3MEHHJIN KOJIMYeCTBO KOH(ET y MATHKIACCHUKOB 1
MIeCTUKJIACCHUKOB. [IaTuKaaccHuky nosyunan na 7
korder GoJibllle, YeM MIECTUKJIACCHUKU, A OTHAJIH
Ha 13 xonder 6obie, yeM mmectukgaccHuK. Cie-
JoBatesibHO, y HUX crajgo Ha 13 — 7 = 6 xouder
MEHbBIIle, 4eM y IIeCTHKJIACCHUKOB. Tak Kak Kax-
Jblit 6GOi, T/He MIECTHKJIACCHUKM TIOOEANIN TISTH-
KJIACCHUKOB, YBEINYMBAET PA3HUILYy Ha jiBe KOHe-
ThI, TO Takux 60eB ObLI0 Ha 3 GoJiblie, yeM OOEB C
IIPOTHBOIIOJIOKHBIM HCXOJIOM.

3AJAYN

(cm. c. 31)

1. /la, MOXHO.

Pas6epem nBa cayvas: Anexceit u Bopmc padoraior
WJIM B O/IHOI KOMIIAHWM, WM B pa3HbIX. B mepsBom
cayyae Asekceil ckazan bopucy npasay, T.e. Asek-

ceii peifictBuTebHO paGortaer B dupme <«MHIgexcs.
Ho n Bopuc rorpa ckasan npasay, T.e. Baagumup
u Anexceii o6a pa6oraior B upme «Uumerc». Bo
BTOpOM cJrydyae Ajiekceil coBpan bopucy, T.e. Anek-
ceil Ha caMoM jiesie paboraer B pupme «3yra». Ho
torzia 1 bopuc cospas, t.e. Bragumup u Anexceit
paborator B pasHbixX upmax. Ilockosabky Asexceit
pa6Goraer B dupme «3yria», To Buagmmup Torma
paGoraer B ¢dupme <«Uumexc». Wrak, B J1060M
ciydae, Baagumup paboraer B pupme «Uugexcs.
2.16.
[Tocmorpum, Kak 6bIOTCS 1IEPBAst U MOCJIE/IHSS CTPO-
kn (puc.2). Onn GbIOTCS ABYMS JaJbsAMU, CTOSIIIH-
M Ha Iudpax 1. DT Jgagpm MOKHO ITOCTaBHTH
JIByMsT CIIOCO0aMU, U TIOCJEMYIONNe JIAJbU HeJIb3si
CTAaBUTb B /IBa CpeJ-
HUX cTosbna. Temepn 11
HOCMOTPUM, KaK ObIOT- 2 2
cs crpoku 2 u 7. Oun 3 3
ObloTCst ABYMST Jaibsi- | 4 4
MU, CTOSIIIUMU Ha 1ud- 1 1
pax 2. 9T Jaibl MOXK-
HO TIOCTaBHUTDH [BYMS
crioco6amMu, U TI0CJIe- 2 2
JIYIOIIUE JIaJbU HEeJb3sT 111
CTaBUTH B CTOJIOIBI 3 1

Puc 2
6. IIponoskas anaso-
IUYHbIe PACCY)KJEHHsI, TTOJYYNM, UYTO KOJHYECTBO
crroco6oB pasro 2% =16 .
3. llpeamnonokum TPOTUBHOE, T.€. IYCTh MOTYT
HAWTHCh TaKMe CKOPOCTb M BPEMsI, 4TO MX CyMMa,
[IPOM3BE/ICHNE U Pe3yJbTaT JIeJEHUS CKOPOCTH Ha
BpeMsI PaBHbI.
[TpuBezem aBa crocoba JOKA3aTh, 9TO BpeMsi paBHo 1.
IIepewiii cnocol. V13BecTHO, YTO PaBHBI TTPON3BE/IE-
HIle CKOPOCTH HA BPEMSI U Pe3YJIbTAT JIeJEeHUs] CKO-
POCTH Ha BpeMsI.
* Ecomn 61 Bpems 6bwio Gouibiie 1, TO IpH yMHOXKe-
HUM CKOPOCTH HAa BPEMs MOJYYHJIOCH Obl YHCJIO,
GoJtbIliee JJAHHON CKOPOCTH, a TIPH JIEJIEHNH CKOPOC-
TH Ha BpeMs — MEHbIIee.
 Eci 6ot BpeMsi 6bLIO MeHbIe 1, TO pu yMHOKe-
HUM CKOPOCTH Ha BPEMSI IMOJYYUJIOCh Obl UHCJIO,
MeHbIIlee JAHHOI CKOPOCTH, a MPH JIeJeHIH CKOPOC-
TH Ha BpeMsi — GoJibliiee.
CuefioBaresibHO, BpeMst paBHO 1.
Bmopoii cnoco6. TlpeoGpasyem pasenctso ot = oft
(rae v — ckopoctb, t — Bpemst). Ilogenus o6e yactu
Ha 0 M yMHOKHUB Ha ¢ (9T0 MOYKHO CIe/IaTh, TTOTOMY
qro t #0), noxyunm t> = 1. [lepeHeceM eMHIIY B
JIEBYI0O YaCTb U PA3JTOKUM HAa MHOMXHUTEIN:
(t—=1)(t+1)=0. Bpems me MoxeT GbITb OTpHIIA-
TeJIbHBIM, T0aTOMY ¢ = 1.
Urak, 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 npubaButh 1 — yBeamunres. IIporuBope-
yie. 3HAUUT, Halle IIPEANOJOXKEHHE HEBEpHO U
WNobs BbITONHATD apudMeTHYecKye OTepainun He
yMeer.

4. Ilepsuviii npumep. PaspeskeM ky6 ¢ peGpom 2
TJIOCKOCTBIO, CeYeHIEe KOTOPOil — MPAaBUJIbHBII IIec-
tuyrosabHuK. [losyyarcs nBe ommHakoBble UTYPbI
(puc.3) B BujE y3J0BOH TOUKH, U3 KOTOPOIl BBHIXO-
JIAT TPHU OTPe3Ka JITMHBI 2, a M3 KOHIIOB KaKI0T0 —
0 [[BA «XBOCTUKA» [IJIH-
upt 1. Ilokaskem Temnepn,
KaK 13 aToil PUrypsl cra-
ATb KapKac eJINHIYHOTO
ky6a ABCDAB,C\D; .
Y3JI0ByI0 TOYKY TIOMeEC-
um B A. W3 mepsoro
JUINHHOTO OTpe3Ka Co-
ruem Jgomanyio ABC,
XBOCTUKH 06pa3yioT OT-
pesku CD u CC;. Bro-
poii UTHHHBLT 0Tpe3oK gact jgomanyio ADD; | xBo-
crukn — DiA; m D\C; . Tpetnii JIMHHBIK OTpe3oK
noiifer Ha AA;B;, a ero XBocTHKM — Ha BB #u
B(C, .

Bmopoii npumep. Paspexem ky6 ¢ pe6poM 2, mepe-
KYCHB TIOTIOJIAM 4eTbIpe TapaJiesbHpix pebpa. [To-
JIy4arcsl /[Be OJTHAKOBbIe (PUTYDBI B BHU/E «CTOJIH-
ka» (puc.4): crosemnuna —
KBaZpar 2X2 U 4YeTbIpe
Hokkn umnbl 1. TTokaskem
Terepb, Kak U3 3Toil ury-
PbI CHAsATb KapKac e/[IHNY-
noro ky6a ABCDAB,C\D; .
M3 cTosemH NIl COTHEM
xouryp AABBCC/ DDA,
a HOXXKHU TIOH/IyT Ha 4eThbIpe
ocTaBIINXCs pebpa.

Puc. 3

Puc. 4

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

5. Haumenbiree umcsio u3 Beex mndp or 0 g0 9 —
aro 1023456789. UM ono moaxoauT, Tak Kak IpH
yMHOKeHun Ha 2 gaet yucyao 2046913578, Bce nud-
PBI KOTOPOTO PAa3JIMYHbI.

6. Taxoil 4eTbIPEXyTOJbHIK MOKHO HAPHCOBATH HA
kyeruaroii 6ymare (cropona kietkn pasua 1). /IBa
TprMepa MpHUBEJEHDbl Ha PHCYyHKaxX 5 u 6. B o6onx
npuMepax YeTbIpex-
YTOJBHUK COCTABJIEH
13 TPSIMOYTOJbHIKA
1X4 1 1ByX npsiMoy-
TOJIBHBIX TPEYTOIBHIU-
KOB C KaretaMu 3 U 4

3-4
2% _ ¢
Puc 5 (mtommam 5 ).

2018/Nel?2

N3 rteopembr Iuda-
ropa cJeyeT, 4To TH-
MOTEHY3a TaKOTO Tpe-
YrOoJIbHUKa paBHA
(rak xak 3% +4% =
=5%). Terepb Jerko
y6eanTbes, 4To ILIO-
M U TIEPUMETPBI puc. 6

9TUX YETHIPEXYTOJBHUKOB YOBIETBOPSIOT YCJIOBUIO:
4+6+6=16,5+1+5+7=18.

7. MbICTIEHHO pacCTaBUM BCE IITKATYJKU TI0 KPYTY
(Ha paBHOM paccTosHUN MeXY cocegnumn). Ilycrn
MO/IKYIJIEHHBII PAGOTHUK OTKPOET Tapy MIKATYJIOK,
KOTOPbIE HAXO/SATCS HA OJJMTHAKOBOM PACCTOSIHUH OT
MIKATYJIKH ¢ ajMa3oM. Takas Tapa He3amepTbix
MIKATyJIOK BCeT/la HaiiJieTcsl, MOTOMY 4YTO BCETO Tiap
16 (aBe B MyHKTE @), a HayaJIbHUK 3amep JHIIb 15
mkatysok (ofHy B IyHKTE @), He CuuTas TOH, B
KOTOpPOil asma3. IlocKoJbKy BCETro MIKATYJIOK He-
YeTHOE YHUCJIO, JIJIS JIAHHOH Hapbl IIKATYJOK Haii-
JIETCST €JIMHCTBEHHAS TITKATYJIKA HA PABHOM PaCCTOsI-
nun ot Hux. [Toatomy B3soMInK Ge3 Tpy/a ornpejie-
JIUT TIKATYJKY C aJMa3oM.

8. ByjieM Ha3bIBaTh 00HOUGCINHBIM OTPE30K, KOHIIbI
KOTOPOTO o/iHOTO IBeTa. IIycTh Kakme-To /1Ba TakUx
orpeska He TepecekaioTcss. O6Gosnauum ux AB u
CD, upuuem nycrb A, B, C, D uayr B TakoMm
HopsiIKe pH 06X0fe Je- B
caruyroabnuka (puc.7).
[Tomensiem 1BeTa BepuIH
B u C mexny coboii. Te-
nepb OJTHOIBETHBIMU CTa-
JIN TIepeceKalonecs: oT- C
pesku AC u BD. llpn
atom AC + BD > AB +
+ CD. ]JloxkaxeM 3TO.
[Tycts AC n BD miepeceka-
fotest B Touke O, Torjaa us
tpeyroabunkoB ABO nu CDO noayvaem AC + BD =
=A0 + BO + CO + DO > AB + CD. Takum
06pa3oM, TocJie TePEKPACKU BEPIIHH YBEJTHMYIBACT-
cs cyMMapHas JIIMHA OJIHOI[BETHBIX OTPE3KOB, a
3HAYNT, YBEJINYNBACTCS U CpefHee apudmermiec-
KOe WX [IINH M. DyneMm TOBTOPSATH 3Ty Onepaiuio,
[OKa 3TO BO3MOKHO. DeCKOHEYHO BBIMOJHSITD Olle-
paIyio He TOIYYNTCS: KaKIbIH pa3 cyMMapHas
JUIHA OJTHOIIBETHBIX OTPE3KOB YBEJUYMBAETCS, T10-
9TOMY HHUKAKYIO PACKPACKY HEJb3sl MOJYUYHUTD I10-
BTOPHO, HO IIPH 3TOM PACKPACOK KOHEYHOE KOJIIMYe-
CTBO.

B urore, xorga 6GoJibliie 3Ty ONEPAINIO BBHITOJTHUTD
Hesb3s1, KaX/ble JBa O/IHOI[BETHBIX OTPE3Ka Iepe-
cekaiorcsi. PaceMoTpuM JI060i O/IHOIBETHBIN OTpe-
30K B ATOH UTOroBOH packpacke. Pas on 1nepeceka-
eTcs ¢ 4 OCTaJbHBIMH OTpPE3KaMH, TO TI0 KaXIYIO
CTOPOHY OT HETO JIEKUT IO 4 BEPIIUHBI ECSTH-

A D

Puc. 7
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yrojpHuka. Tem caMbIM, KaK/blil OHOI[BETHDBIN
OTPE30K JICJHT JICCATUYTOJbHUK HA 2 MIECTUYTOJIb-
HUKA. 3HAYMUT, B UTOTOBOI pacKpacke JJIMHA Kax-
JTIOTO OJTHOIIBETHOTO OTpe3Ka He 6oJblie R, TOTAa 1
cpeaHee apudMeTHyeckoe WX JJTMH M TOXE He
6oJiblie k.

Wrak, BemmunmHy m TOJBKO YBEJNYUBATIH, H €€
KOHEYHOEe 3HauyeHHe OKasaJoch He Goublie k. 3Ha-
YUT, 1 HadaJIbHOE 3HauYeHue ObLIo He 6oJblie k.

COCEQN HA KJIETYATOW PELLETKE

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 JBIIKEHHSI aTOMOB B
mmporiecce KoJeGanmii MOXKHO OIEHUTD, NPHPABHSIB
TEIJIOBYI0 9HEPrHI0 KUHeTHdeckoil. Bpems, coot-
BETCTBEHHO, Oy/leT UMeTb MOPS/IOK aMILIUTY/bI KO-
Je6aHull, IeJIEHHOI Ha 3Ty CKOPOCThb. AMILINTY/A —
SIBHO He 6oJiee JIecsTOll 10/ MEKaTOMHOTO PacCTo-
aHusl. A cpejiee BpeMsl TI€PECKOKA OIEHHM Kak
OTHOINeHne paccTosgHug aAndysnu, eJeHHoe Ha
BpeMs quddysun. [nudpbr BosdbMeM /1S ITKOTbHO-
rO IpHMepa CO CBHHIIOM U 30JI0TOM, HAIpuMep 5
jger u 1 MM, BIPOYEM, pasjandne OTBETOB TAK BEJIH-
k0 (7 NOPSLIKOB), UTO KOHKPETHbIE 11(PbI HE CTOIb
BaKHBDI.

2. B xavecTBe «METKH» MOYKHO HCIIOJIB30BATh Pas-
Hble M30TOIIbI C PasHOil Maccoil aToMOB M IOCMOT-
peTb, OJIMHAKOBbIE JIN Pe3yJ/IbTaThl Tojydarcs. Pas-
nuna obuapyskurcsi. VI 910 BHAHO M3 OTBeTa Ha
TIPEe/IBIIY NI BOIIPOC — KAK TOJIBKO MbI TPOH3HECIIH
CJIOBO «KOJIeGaHNsT», BCIOMUHAETCSI TPYy3 Ha TIpY-
sknHe... Cropoctp and¢ysnu 3aBHCHT OT MAcCHhI,
HO i1 koHna Ta6imipl MenjeseeBa OTHOIIEHUE
Pa3HOCTH MacC M30TOMOB K Macce aroMa HeBEeJHKO.
ITostomy, B wactHOcTH, Aud¢ysnoHHOEe pasjese-
HIIe M30TOIOB ypaHa TaKk TPYyJ0eMKO. A BOT 3ame-
HSATDb BOJOPO/J| JleliTepueM sIBHO He CTOUT.

3. Koneuno, 370 mryTka — MOJIEKYJIbI caMu 110 cebe
Havatb JABUTaThcsl nHave He MoryT. Ho ecomr Bce ke
OHH 3TO C/IeJIAIOT, TO BO3MOXKHBI [[BE CHUTYaIlUH.
Ecsim aTa Wacth MOJIEKYJT OTOPBETCSI M YJIETUT, TO
MBI YBI/INM U3MEHEHNE MAcChl I CKOPOCTH TOTO, UTO
OCTAHeTCsI; €CJIM 9TO BHYTPEHHHE MOJIEKYJIbI, TO
06GHAPYKUM M3MEHEHNe TOJIbKO ckopoctn (1pu co-
XPaHEHUH HMITYJIbCA).

4. YromblleHne IPOBOJHUKA BJeYeT yBeIUYEHUE
IJIOTHOCTH TOKa M JIOKAJbHBINA Pa3orpes, KOTOPbIi
yckopsier camoauddysuio.

5. O6beM n Macca MPOHOPIHOHAIBHBI KYOy JIHHel-
HBIX Pa3MepoB, a MOBEPXHOCTH IPOMOPINOHATBHA
BTOpOIi crenenu. [loaTomy moBepxHOCTH (DUKCHPO-

BaHHOI MacChl TIOPOIIKA TIPU €ro U3MeJbYeHUH pac-
TeT 06PaTHO TPOMOPITHOHAIBHO Pa3Mepy YACTHIL.
6. OT 4yBCTBUTEJIHHOCTH KOHKPETHOTO HOCA K KOH-
KpeTHOMY 3anaxy. [loatomy B3rssipr cob6ak Ha qud-
¢y3uio MOTyT OTJIMYATBCS OT HAIIUX.

7. ]Iy 3TOTO OJIMH U3 Ia30B JI0JKEH ObITh OKpallleH-
HbIM. 3HaeM Jii Mbl Takue rasbl? OObIYHO HA3bIBAIOT
6pomM, xJjiop, okcuf azorta IV, o3ou. Bosee moHbit
CIIMCOK €CTh Ha caiite www.chemport.ru win crpo-
cure Google «MHTEHCHBHO OKpallleHHbIE Tas3bl».

8. Vcnapenue BOJbI TOPMO3UTCS MeJJIEHHOH ud-
dysueit MoJIeKyJT BOJIBI B IPHUIIOBEPXHOCTHOM CJIOE
BO3/yXa, IpHUYEM BJIMSHHUE BO3IyXa ocjabeBaer,
ecJIM JIyeT BeTepPOK — HMCIApeHHOe C/yBaeTcs, U HeT
06paTHOTO MOTOKA. A TMOOOYHBIN TIPOIECC — 3TO
BJIUSIHUE WCHAPEHUST HA TEeMIeparypy >KHIKOCTH
(ec oHa He TEpMOCTATHPOBAHA).

MHCTUTYT KPUNTOrPA®UN, CBA3ZN U
MHOOPMATUKUN AKABEMWN dCB POCCUN

BCTYNUTEJIbHbBIE SK3AMEHbDI
PUN3IUNKA

BapuaHT 1

_ Ak 20 m/c® (mockomsky A <[, ko-

2' al'ﬂ'dx m
Je6aHusl MOKHO CUMTATh TAPMOHMYECKUMHU).
3. Wi_® g5

W g

1 5

4. (V) =——=5-10" m/c (3mech

() =—= /
e=16-10" 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 = 5—0—2 rie Wy — MarHUTHAs MOCTOSH-
nor

Hadg, O — yroJ, noJ KOTOPbIM BU/IEH 3TOT 3JIEMEHT
TOKa U3 TOYKH P, ¥ — pacCTOsAAHUE MEX]1Y 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 €, — aJIeKTpuyeckas II0-

CTOAHHAsA).

qgB

3. 0=—Rz105M/c.
m
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_CUj -CU?

4. L 7 =2Tmu.

3
S. o= ZR (roJIOBHAst JTMHUSI COOTBETCTBYET TIepe-

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

A= RT,(n-1)

6. n=——L"") 7 T=pgSh=5H.
A+ER71(”_1)

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

nu

MEXPET'MOHAJIbHASA OJIAMIMAALA
LLKOJIbHUKOB HA BA3E BEALOMCTBEHHbIX
OBPA30OBATEJIbHbIX OPFAHU3ALMIA

MATEMATUKA
1. IlepBoe uncmao GoJblie BTOPOTO.
O6o3HauIM

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

)

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

TTosp3yscy opmyT0ii AT CyMMBI YTE€HOB TEOMeT-
PHUUECKOIl IIPOrpeccuu, Haxo/uM

(102018 _ 1)2018 (102019 _1

A= Q2018 , B= Q2017

)2017

O6osznaunm a = 10218 O1ieHNM Pa3HOCTD!
A=B=97"5((a= 1" =9 (10a - 1" =
— 92018

Baecs C = (a—1)"""" =9-(10a -1)**"" . Onpeaennm
suak C. YBeqmunM Bbrunraemoe, 3amennB 10a — 1
"a 10a:

2018 2017 2018
C>(@-1)""-9-(10a)™" =(a—1)"" -0,9-a™".
3Hak IIOCJIeIHET0 BbIpaskK€HUA, OYEBU/HO, COBIIa/la-

2018
a-1
€T CO 3HAaKOM PAa3HOCTH | ——— -0,9. 3ame-
a

a-1_ a-2 a-3 a—-2018
TUM, UYTO > > .
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
—
-2018
Jaunee, aT>0,9, tak kak 0,1a > 2018.

a—1)2018
CiieqioBatesibHO, Pa3HOCTh (7] -0,9, a Bme-
a

cre ¢ Helt u C TONOKUTEJbHBI. 3HAUUT, IIEPBOE
qIcJI0 GOJbIE BTOPOTO.

2018/Nel?2

2. {8,12}.

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

penuteneil uncia n pasuo (¢ +1)(6 +1) (6 +1)...
...(tp +1). U3 ycaoBus saaanm uMeeM paBeHCTBO

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

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

TTojcTaB/Isis yKa3aHHbIE 3HAYEHYS B PaBeHCTBO ( * ),
HaiigeMm, uto n = 8§ wau n = 12,

3 (Zn_gk_S)k,rzle k:[n—1]
2 3

KosmmuectBo mporpeccuii ¢ pasHoctbio 1 paBHO
n — 3 (1epBbIi YIeH IPOrpeccun MOKET IPUHUMATD
3HaueHNS OT 1 70 7 — 3 BKJIOYUTEJIBHO), KOJITUe-
CTBO TIPOTPECCUI C Pa3HOCTBIO 2 paBHO 1 — 6,...
.., KOJIMYECTBO IMPOTPECCHl ¢ PA3HOCTLIO ¢ PaBHO
n — 3d. Pasnoctb d y/IOBJIETBOPSIET HEPABEHCTBY
1+3d <n (eciu mepBblil YIEH MPOrPECCHN pPaBeH
1, T0 ee uerBepThIil useH, 1 + 3d, He MPEBOCXOIUT
n). TlostoMmy Hambosbllee 3HAYEHNE PABHOCTH PaB-

n—
HO dmax _[ 3
10T 1eayio yactb 4ncia). CiegoBare/ibHo, KoJaude-
CTBO TIPOTPECCHUI, Y/IOBJIETBOPSIONINX YCJIOBUIO 3a-
Jlavyr, PaBHO

1
(kBajparubie CKOOKH 0603HAUYa-

(n—3)+(n—6)+...+(n_3k):wy
rne k:dmax~

4. 100 kM /4.
Cwum. puc. 8. Ilo ycnosuio, paccrosguue ot C go 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-
Bur (80— x). Iycrb 0 (kM/4) — HepBOHAYAIbHAS
ckopocth aBToMoGuiist. Torpa na yuwactkax BC u
CD oma pasia (v-10) n (v—-20) coorBercTBEH-
Ho. Ilo ycnoBuio, myts or B o D 3aHsin Gbl
noJvaca, ecjau Obl aBTOMOGWJIb IPOJOJUKAM JIBU-
raTbCsl CO CKOPOCTBIO 0, T.€.
100-x=2
2

[lanee, Ha myTb W3 B B C OH MOTpPaTHJ HA 5 MUH
6osbiite BpeMenn, yeM Ha 1myth u3 C B D:

80-x 20 1

v-10

0-20 12°

Bblpasus x U3 1IepBOro ypaBHEHMs U IIO/ACTaBUB BO
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BTOpOE, TOJYYUM YPABHEHUE IS ONPEJeJCHUS 0:
v
— =20
2
v-10 o©v-20

20 1
12’

koropoe umeer xopuu 14 u 100. Kopenb 14, oue-
BH/IHO, TIOCTOPOHHHUH, Tak Kak v > 20.
3. Ilycrb p — npocroit gennrens yncia a. Torga us
BTOPOTO YCJIOBHUSI CJIEJIYeT, 4TO b [IeJIUTCs Ha p, a U3
TpeTbero — 4urto ¢ Jenautcs Ha p. CrenoBaTesbHO,
(a+b+ c)”+b+c JIeJINTCS Ha p”*b“’ . Ilycrp n, k, ¢
— HauOOJbIINe HATYyPAJbHBIE YNCJIAa TaKWe, YTO d
ngemures Ha p", b jgenures Ha pk, ¢ JIeJIUTCS Ha
pt. 3HaunT, B KaHOHMYECKOE Pa3JIoyKeHHe MPOu3-
Be/leHUsT abc TPOCTOe YHUCJIO P BXOANT B CTEHEHH
n + k + t. Ho, oueBuzgno, a > n, b > k, ¢ > t.
Ioatomy a + b + ¢ > n + k + t u, cienoBaresbHO,
wneno (a+b+c) gemures ma p"t** . Pac-
CMOTPEB TOJ0GHBIM 06PA30M OCTAJIbHbBIE TIPOCThIE
B c penurenn 4ucen da, b, c,
— nosyunm Ttpebyemoe yT-
BepIK/IEHIE.
M 6. Iloctpoum Ha cropoHe
AB kak Ha JuaMeTpe OK-
pyskuoctb (pnc.9). Tax kak
yroa BMA 1psmoii, To Tou-
Ka M JeXuT Ha 3TOH OK-
pyxkHoctu. Ilockombky Ta-
Kag Touka M eIUHCTBEH-
nag Ha cropone CD, To CD
A D — kacarenpHas k OKPY’KHO-
Puc. 9 cru. CaenosaresibHo, BC =
=CM u AD = MD.

7. N = 16.

IIpenmnonoxkum, YTO, BO3BEAS YUCIO d + b3 B
creriedb N, MBI HOJYYUJIN 4UCI0 A + B\/§ (31ech
a, b, A, B — uenbie). PackpbIB CKOOKH B BbIpaske-
HITH (a+b\/§)N, MOJIyYnM CyMMy OjHO4IeH0B (¢
HECYTIeCTBEHHBIMU JIJISI HAC ceifuac IeJbIMI Koad-
¢uimenramu) Buga a” " (b\/g)n Bkuaan B koad-
urment B f1aJyT Te OHOUJIEHbI, Y KOTOPBIX MOKa-

N

3atesib n HevyereH. Iloatomy, ecun (a+b\/§) =

=A+ B\/§, TO (a - b\/§)N =A- B\/§. Ilepemno-

JKUB paBeHCTBa

(J§—1)N = 4817152 -

_2781184-43  u (—\/5—1)N = 4817152+

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

2 .
—3-2781184° . Tlokasarenp N Haiigem, meas obe
YACTH TI0CJIe0BaTeIbHO Ha 2 (MOJKHO, Halpumep,
cpasy HOJeJUTh KaK/I0€e cJaaraeMoe crpasa Ha 256).

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

=a" +t, @ b+t, ,a" b +---tab™ " +b", TaE 1)

— 1lesible 4mCJa, 3aBUCsAIHe OT n U R, HO He
3aBuCSINE OT @ U b, ¥ 1PN ITOM

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

apI/ICpMeTI/I‘IeCKOM 1 CpeJHEM T'€OMETPUYECKOM: IJIA
JITOOBIX IIOJIOKUTEJIbHBIX YHCEI X U Y ClIpaBelJInBoO

X+
HEPaBEHCTBO 5 Yy > /xy . Torpa

@+ ab" = 20a"" > 2,
a2 +a*"? > 2W > 2,
B S NPT T
Vuurbias 9TH HEPABEHCTBA, CUMMETPHIO Koaddu-
rmentos () u paserctso (*# ), moaydnm Tpebye-
Moe.

. Th — TOYKa I YeHus aroHaiei
9. Ilycrp O OuKa IlepecevyeHus JuaroHasie
(puc.10). Ussectro, uto Besnuuna yriaa AOD pas-

uou
Ha TToJrycyMMe yTaoBbIx Mep 1yr CB u AD. B 3agaue

1o cytu Tpebyercsl J0Ka3arb, 4TO CyMMa JJIUH JyT
AUD + 5;3 MEeHbIIIe JITUHBI TI0JIOBUHBI OKPY>KHOCTH,
T.e. UX CyMMapHas yrioBas Mepa Menble 180°, a
3TO HKBUBANEHTHO ToMy, 4To yroa AOD ocTpbrii.
Ilast o6ocHoBanus mocaeanero moctpouM (Kak Ha
[IMAMETPax) OKPY>KHOCTH Ha GOKOBBIX CTOPOHAX
tparenuu. Yrast AOD u BOC, moa KOTOPbIMU W3
Toykr O BUAHBI GOKOBBIE CTOPOHBI, PABHBI MEXKIY
co6oif. 3Ha4nT, BO3MOXKEH OJMH U3 TPeX CJIydaeB:
1) touka O HAXOAWTCS BHYTPU KaXKIOU U3 OKPYIK-
nocreit, ecmmu yrast AOD n BOC tymbie, 2) touxa O
JISSKAT Ha KaKJIOH M3 OKPY)KHOCTEH, €CJH YIJIbI
npsambie, 3) Touka O JEKUT BHE OKPYKHOCTEH, eI
yribl octpble. Ho mockosbky Halla Tparenus OIu-
CaHHasg, CyMMa JIJIMH GOKOBBIX CTODOH paBHA CyMMe
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JUTHH OCHOBaHWIii, a 3HAYHUT, CyMMa DPaJIyCOB 3TUX
OKPY’KHOCTEll paBHA IOJIyCyMMe OCHOBaHWM, T.e.
cpenneii sunnn. [1oToMy OKpy»KHOCTH UMEIOT e/InH-
CTBEHHYIO OOIIYI0 TOYKY, JIEKAIlyl0 Kak pa3 Ha
cpeaneii uHME 1 oToMy oTaranyio ot O (Tak Kak
JUIMHBI OCHOBaHWIT Tpalenuy pasjanuubr). Takum
06pa3oM, peanusyercst Tpetuii caayyait: yrast AOD u
BOC OCprIC U, CJeloBaTeJbHO, CyMMa L[J'[I/IH ayr

BA +DC 60Jbllle CyMMBI JIJTMH JIyT AD +CB
YTBepik/ieHne JTOKa3aHo.

10. [i1,§+2nk], ke Z.

JleByto yacTb ypaBHeHus Oy/JieM WHTEPIPETHPOBATH
KaK KBAJIPATHDII TPEXUIEH OTHOCUTETHHO X. UTOOBI
KOPHH CYIIECTBOBAJH, MUCKPUMUHAHT JOJKEH OBITh
HEOTPUILATE/JIbHbBIM, T.€.

D=4sinxy-420 e sin’xy =1
T
@costy=—1<:>xy=§+7m, nez.

[l 4eTHBIX n HoJlyyaeM ypaBHeHUe 22 -2x+1=
=0 x =1, a 119 HeYeTHBIX n HaxoauMm x = —1.
JleBass wacThb ypaBHEHHSI — ueTHass QYHKIHUA X,
noatoMy asg X = 1 u gy x = —1 cooTBercTByIOMNE
3HaYeHUs y OYAyT OJHUMHU U TEMH XKe.

11. Her.

Octartok 0T jeseHus 4yucjga Ha 3 paBeH OCTATKy OT
JeJeHns Ha 3 CyMMBbI ero Iudp. 3HAUNT, cyMMa
OCTATKOB OT JleJIeHNsI Ha 3 BCEX YHCeJI, pas/ieJieH-
HBIX 3HaKaMH ILIIOC, PaBHA OCTATKYy OT JeJeHUS Ha
3 cymmbl Beex mmudp y unces ot 1 go 100. B cBoio
ouepesib, aTa cyMMa IHMP AaeT Ipu JeICHUN HA 3
TOT JKe OCTaToK, uTo u cymma 1 + ... + 100 = 5050.
Tak xax 5050 ma 3 He geaUTCS, TO Ha 3 HE JICIUTCS
1 cyMMa 13 yCJIOBHA 3ajiaun. Ecii 4mcsio He Jiesurt-
¢ Ha 3, TO oHO He gesurcs u Ha 111.

76 —
12. 71:~Q

Boi6epem touky M (M3 ycJoBHS 3a1auu) Tak, uTo
MA = 4. Torpa touka S GyneT SIBJASTHCS HEHTPOM
mapa, OIMMCAHHOTO OKOJIO TPABUJIBHOTO TETPAdAPA
MABC. CuenoBaTesibHO, Kajk/ias U3 YeThIPEX OJU-
HakoBbIX 1upamujy SABC, SMAB, SMAC, SMBC
OyjieT OTceKaThb OT Iapa pajgmyca 1 ¢ IeHTpoM B
TOYKe S OAMHAKOBYIO 4YacTb. Herpymano moacym-
TaTb, YTO PACCTOSIHUE OT TOYKU S /10 TLIOCKOCTH

6 6
ABC pasHo ? . Tak kax ? <1, To 119 HAXOXK-
neHnst oObema oOmei wactu mupamuasl SABC u
mapa paaumyca R = 1 ¢ 1IeHTPOM B TOYKe .S HY>KHO

BBIYECTh 0OBEM

J6

MIAPOBOTO CerMeHTa BoicoToi 7 =1 3 Kak wus-

1
U3 YeTBepTH 0o6beMa mapa —mR>

BECTHO, MOCTeAHUH HaXoAWTCS 1o QopMye

V. =nh2[R—§)4 Ina R =1, h=1—§ noJryda-

2018/Nel?2

18-76
27
76 -9

13. Bynem ucnosnbzosars caenyionmii daxr. [lyctb
HarypaJjibHOe uncjao B jgenurcs wa 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 yucjia B mpousBoJibHbie 1ud-
PBI CJIeBa, BHOBb MOJYYHM JIEJSNIeecs Ha 5" dmc-
JI0, @ UMEHHO: uyucao A= a, ay_,...ayb, b, _,.
.bby Takxe genurca Ha 5", Tak Kak
A=10"-a, ay_y...ay+ B .

IlycTh HecsATnYHAs 3amuch 4uciaa 5" WMEET BUJL
ay_y...aqy . OueBugno, uro 7 =k. Cymecrsyer
nevernoe yncsio C Takoe, YTO JECSITUYHAS 3AINCDH
npoussefenus C-5" =b, b, ,...bb, coxepxur
G6onee n tupp. Hampumep, C=2"+1,
C-5">10", a sanuce yucaa 10" comepsxur n + 1
wudpy. (U3 neuernocru C cliefiyeT HEPaBEHCTBO
by # 0, 4TO jlajiee CYLECTBEHHO. )

PaccMOTpUM  IHCITO-TTATTHHIPOM

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

m m—1

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

BE€H TU-

TOora

bm—Z "'b1b0 ’

B KOTOpOM 1ndpy X BbIGEpeM Tak, YTOOBI CyMMa

Beex 1udp uncaa Vo gemuiach Ha 9 (Torga u camo

V penurcs wa 9). CorsacHO paccysK/eHUsIM Bbille,
|4

9.5"

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

yucyao V geaurest Ha 5" | a 3HaumT, 151 N =

pa3oM, CyHIeCTBOBaHUE HATYpPaJbHOI'O N pnokasano.

145 135 63 13
14 a= , 4 =—— — —
m 44 20 4
[lepBoe ypaBHEHHE CHCTEMBI 33JaeT Ha IMJIOCKOCTH
IMT rtouex M (x;y), cyMMa pacCTOSIHUM OT KOTO-
poix o touex A(6;13) uw B(18;4) pasma 15.
3amernM, YTO
AB|=~12% +9? =15.
[ToatoMmy, coryacHO HepaBEHCTBY TPEYTOJbHUKA,
IMT rakux touek M (&;y) CyTb TOUKH OTpE3Ka

AB (puc.11).
Bropoe ypasHenue ecTb ypaBHEHHE OKDYKHOCTH

)

C IEHTPOM B TOYKe S(Za; 4a) paauyca % (ma

A = 2x
A Y
13 M
3x+4y—70=0

dar —S B
4 1

|

|

l -
T2 6 18 "

Puc. 77
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pucynke 11 ona mso6paskeHa cXeMaTHYECKN).
E/fnHCTBEHHOCTD peNIeHust CHCTeMbl BO3MOXKHA B
TOM ¥ TOJIBKO TOM CJIy4ae, KOTr/ja OKPY’KHOCTD Tiepe-
cekaeT oTpe3ok AB POBHO B OJHON TOUKe.
OueBn/IHO, YTO TAPAHTUPOBAHHO €/[HCTBEHHAST TOUKA
nepeceveHns Oy/JieT B cIydae KaCaHUS OKPY’KHOCTH
1 OTpe3Ka. ITO TPOU30IIET TOr/a, KOTJAa PACCTOs-
mme ot Touku S(2¢; 4a) 0 mpsAMoii, comepskameit
oTpe3ok AB, GyJeT paBHO PajinyCy OKPY’KHOCTH, T
TOYKa Kacauus OyJerT monajaatbh B OTpe3oKk AB.
YpaBuenue 1npamoii, cogepkaieii AB, Kak HETPY/I-
HO ycTaHOBUTDH, umeetr Buj 3x + 4y — 70 = 0. Co-
riacHo (opMyJie pacCTOSTHUS OT TOYKH IO MPSIMOIt
(ozMH U3 BApUAHTOB PEIEHNsT):

[3-2a+4-4a-70] 1
V3% + 42 2
OTCIO[[a IIOJIYYUM /IBa BO3MOJKHBIX 3Ha4Y€HUA Iapa-
MeTpa d:

145
a=—,
44
135
a=—-.
44

LlenTp oxpyskHOCTH JIeXKUT HA npsiMoit y = 2x. Touka
70 140
EERET)

+4y — 70 = 0 nexur Ha orpeske AB. Yron OMB

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

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

oTpe3koM AB, 3aBesoM0 Ha 0Tpe3oK AB mnomajer.

HepeceveHns MpsIMBIX ¥ = 2x U 3x +

DTO HPOUCXOAUT IIPU d = 135 . Ecan xe nenrtp S

OKPY’KHOCTH JIGKUT Bbite otpeska AB (ato mpouc-

145
XONT TIpH a = yry ), TO TPeGYIOTCSI JOTIOTHUTEb-
Hble paccyxjenusi. Touka kacanus H ectb 1poek-
145 145
227 11
myto orpe3ok AB. Touka H mnomajger 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 11

CuaepnoBarenpno, MH < AM, un Touka kacanusd H
JIEXUT Ha oTpeske AB.

ouda TOYKN Ha [psAMYIO, COJA€pKa-

1
B T0 xe Bpems, nockonbky AM < 5 €/IMHCTBEH-

HOCTb PEIICHUS BO3MOXKHA, KOTJA OKPY’KHOCTD Iie-
pecekaet oTpe3ok AB, HO TIpu 3TOM TOYKa A moma-
naer BHyTpb kpyra (puc.12). Tak Gyzer npoucxo-
JINTb C MOMEHTA MIEPECEUYCHNs OKPY’KHOCTH U OTPEe3-
ka B Touke A (puc.13) g0 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 takue mosjokeHus TOYKM .S (Za; 4a), npu

KOTOPBIX PACCTOSIHUE OT Hee JI0 TOUKU A PaBHO .

2

Nmeem: 1
(2a - 6) + (4a-13)° =,
Orcioza
13
a=—,
4
63
a=—.
20
3 13
3HauuT, pU d € E; r TOYKa TIepeceyeHus 6y-
JIeT e/IMHCTBEHHA, KaK ¥ pelleHIe CUCTEeMbl 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 4yfe.

- m (mg + Fsina.)
0= _1p.
T

n-1

4. O =VRT,

TOJIKO PaGoToil Taza mpu M306apUUECKOM TIPOIEC-
ce).

=1,7k/lx (Q ompenensercs
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PR (vg coso - 2v)sin o,
" g(wycosa-v)

I g (vy cos o — 20)sin o.cos o

g(vy cosa—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
U3MEHUTCS TeMOP.

2. n=k%=0,265-1020 eM™ (smech k=1,38x

x107% Ilx/K  — mnocrosHHas Boabumana);

1 8
ry=A=——=943-10"° M (31ecpb A — cpeju-
(r) ond’n p
HSsT JJnHA CBOGOAHOrOo mnpobera MOJEKY.JI,
d=3-10""" M — auaMeTp MOJEKYJbl a30Ta).

“Mmtmytm

3. kK Ty .

my +m
4. Vckomas cnja CKJIa/bIBaeTcsl U3 CHJIbI TTOBEPX-
HOCTHOTO HATsDKEHUsI, HAIPABJIEHHON IepIeH/IKY-
JIIPHO TJIACTHHE B CTOPOHY KAILJIM, W CHJIBI M30bl-
TOYHOTO JIaBJICHUS JKUIKOCTH, HAIIPABJIECHHOI B IIPO-
THBOIIOJIOXKHYIO CTOPOHY:

26 nD?>  onD
F=onD-———=——=
D 4 2
=229-10"% H =229 mxH .
92 .
5.1, = Yy sinacoso
g (v cosa—v)

17 knacc

1. VcKOMBIH BEKTOp HAMPS>KEHHOCTH HAIpaBJIeH
HepIeH/ MKy ISPHO TLI0CKOCTH Tpeyrobinka A'B'C
BBEPX.

r =1

0 =01, u 6=84°.
/ (n - 1)
3. TOK uepe3 COIPOTUBJIEHUE HallpaBJIEH CIIpaBa
HaJIEBO U paBE€H

2. cosO =

[=— OBy
nr, + Rr + Rr,

1 3
4. T,=-T, n T, ==T,.
=50 2= 7%

MATEMATUKA WU
KPUNTOTPA®USA

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

. MYJIBTUIJINKATUBHAS ®YHKIMS.
. kpe =13

B W N e

2018/Nel?2

5. a) Hampuwmep,

123 4 23 4
21 4 3 341 2
hi=g gy g gmhe=y 345 ¢
A3 21 21 4 3

6. Kiou OpbI nipaBuIbHBIIL.

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

8. VrBepsk/enne g0Ka3bIBaeTCS WHAYKIHENT 110 YHC-
sy HabopoB k.

9. MuHUMaIbHOE KOJIMYECTBO BXO/HBIX Pa3JINyaio-
mux KoMOmHanmil poHo 3. Bcero passmuaronmmux
na6opos 8: 111; 010 wau 110; 000, 001 uan 101.
10. d = 42203.

OJNIMMIMUAJA «JIOMOHOCOB»-2018.
MATEMATUKA

OTGOpOYHbIN 3Tan
[Tepsbivi Typ

1. 17.

W3 ycaoBug ciemyer, 4TO X,,3 = X,.9 — X, =
=Xt — Xy T Xy = X, HMOITOMY Xy = X3 =
=X, , T.e. NOCJEJIOBATEJBHOCTD TEPUOJINYHA C TIe-
puojiom 6.

T
2. 2 3

N EP
Vkaszanue: max{x2,cos2x}<—@ 2 =
cos2x < —
Gon) (n 2
Sxe|-——; -~ Ul —
2 6 6 2

3. 223.

Ecaum wmckomoe umceao paBHO X, TO U3 HEPBOrO
MIPE/IJIOKEHNST CIe[yeT, YTO X — HEYeTHOe, a U3
OCTAJIbHBIX CJIe/lyeT, 4YTO YHCJIO0 X + 2 JOJIKHO
nemTbea Ha 3, 5 u 9, T.e. mmeer BUA 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

Puc. 14

a
MO€ OTHOIIIEHWEe paBHO ¢ = =E. N3 momobus

X
Yy
ABEG w AMAED: —* - Y

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

b= = arp rar O f tt=tiSet=5.
y a
3. 6056.
Tax kak
2017 _
1..1122..225 =10 =1 qqm0

.1
2017 2018

2018 _ 2018 2

. 10 1 2045 = 10 +95

9 3 ’

TO YHCJIO U3 YyCJOBHA 3a/a4ul PaBHO

2018
2018 f )
10 +5:99"'99+6:33...35.
3 3 2017

6. 117.
I/ICXOJIHOC ypaBHeHI/Ie PaBHOCUJIDHO ypaBHeHmo
xIn27 27Iny 27 : 9

= o 27 = =3 =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.

BbipaskeHue u3 ycioBus 3ajauu 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 ¥ 3HAMEHATEJb JOCTHIAeT CBOETrO

Hau6ompinero smavenusa 472 =27 =128 .

11
b 1
IIycte BC = SA =a, AC=SB =0, AB=SC =c.
I'panu terpasppa SABC — paBHble TPeyroJbHUKH.
PaccmoTpuM  conpoBoKAIONUil  [1apaJliesienuie
terpasapa SABC (puc.15), 0603HaunB JJIMHBI €TI0

pe6ep uepes x, y, z, Torma xl+yi=c?,

S n
e
A S
ll N
,I \\\
z // \\
II AN
I PR N N
A Sl b
A / _——” R \\\\\

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

2_512+(;2—b2 y b+’ —d

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

OGbeM COMPOBOKIAIONIETO TTapaJliesieliiesa pa-
BeH

V =xyz=
N T | R Frar §

a 06beM MCXO/HOTO PABHOTPAHHOTO TeTpasjapa B 3
pasa MeHbIITe.

3amernM, uTo Terpasgp KLMN Ttakske paBHOIpaH-
npiii. O6osnaunm (puc.15 u puc.17) yepes Q u R
cepeaunbl pebep SC u AB, a yepes F u G —
ocuoBanus 6uccexrpuc rpaneit SAB nu CAB cootsert-
ctBeHHO. Tak kak npoxogdias yepes Touku Q u R
psiMasi 72 TIEPIIEH/INKY JISIPHA TPAHSIM COTIPOBO3K/IAI0-
mero mapasienernunena, o n L SC uw n L AB.
[ToBeprem Terpasap SABC na 180° BOKpyT mpsMoii
n. Ilpu atom Terpasapel SABC, KLMN (u napan-
Jesienunes, conposoxpaonuii SABC) mnepeimyt
camn B ce6q. Tak xak BepumHbl M u L mepeiiayT
JIPYT B JIpyra, TO OTpe30oK ML TepreHAnKyIspeH
MPSIMOIL 1 1 TIepeceKaeT ee B CBOeil cepejiiie — TOUKe
D. Anamnoruuno, KN 1L n, E=KNn,KE=EN.
3aMeTuM TakKe, 4TO eCJIM IIOMEHSTh MecTaMu peGpa
SC u AB, TO IOMeHSIOTCS MecTaMu Touku R u Q, a
Takke nmoMeHsoTesa Mectramu Toukn D u E. V13 atoro
BbITeKaer, yto QD = RE.

Q
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PaccMOTpUM OPTOrOHANBHYIO MTPOEKITHIO TETPaspa
SABC na mi1ockocTb [] , TPOXOIANIYIO YepPe3 TOUKY
O muepnenaukyasapuo pe6py SC (puc.16). Touxu
A, B, F', G', K’, N’ — oproroHa/ibHbi¢ IPOCKLUIL
touek A, B, F, G, K, N na miockocts I1, Touka Q
— mpoeknus touek S u C, orpe3ok QR JexUT B
mrockoct I, m tak kak R — cepenuna AB, To R —
cepenna  A'B’, wu, amnanormuno, E — cepeauHa
K'N’, R — cepeauna F'G’. Touka K, aBjigach
LIEHTPOM BIIMCAHHOI B TPEyroJbHUK SAB OKpYy>KHO-
ctu, menut Ouccektpucy SF B OTHOIEHWH

FK c FK FK’

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

KNL1LOR uw ABLQR, 10 KN LQR u
A'B"1 OR . 3Hauur, K'N'|| A'B’ u
RE FK' _FK _ c

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

DE=RQ-RE-DQ =
2¢ a+b-c

=z|1- =z .

a+b+c a+b+c

[lpyrue pe6pa 3TOro mnapaJiejenunesa paBHbI

b+c—a a+c-b
Tibic’ Tihic’ a o6beM TeTpasapa
KLMN pasen
Vs = (b+c—a)(a+c—b?(u+b—c)V5ABC
o (a+b+c)3 ’
NI

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

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

Bropou 1yp
1. 100023457896.
Yucso po/mxHo genutbest Ha 4 m Ha 9. Tak kak
CyMMa JeCATH Pa3HbIX Idp paBHA 45, TO K HUM
HaJI0 100aBUTD /IBE Takue IpbI, KOTOPbIE B CyM-
me paior win 0, win 9, wm 18. Ham TtpeGyercs
HanMeHblIlee YucJo, nmoatomy nob6asum 0 u 0.
2. 68.
Eciu o — pgannbii B ycsoBuM JIMHEHHDIH yTroJ
nsyrpannoro yraa (o Bcerga Tymoit), TO

coso = 17 ITpoeknus 60KOBOI rpaHn Ha Anaro-

HaJIbHOE CcedeHue eCTb TPeyroJibHUK, I1J10a/lb KOTO-
POro paBHa IIOJIOBHHE IJIOIIaAN CEYEHU. ]IBpraH-
HBII yroJ Mexay 6GOKOBOIT TpaHbiO N JUaroHaJbHbIM

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

2
S 2\/§Scel[

S = 4 cey —
fox 20052 J1+cosa
2

=68 .

2018/Nel?2

3. 482,
IIpn cosx # —sinx BbIpakeHHE B JIEBOH dYacTH
HepaBeHCTBA PaBHO

Jtgx —Yctgx Jsin? x = Jcos® x B

Ysinx +fcosx  Ysinrcosx ("\S/Sinx +§/cosx) -

_ Ysinx —Yeosx 1 + 1

" Yeosx  Y-sinx

sin x cos x

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

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

6,
Gzi > 282 ’
J/—sin 2x

IpuYeM PaBeHCTBO BBIIOJIHAETCS TOJIbBKO IIpU

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

JKEHUA HE ABJIACTCA [[OHyCTHMOﬁ, HO NCXOJAHOE BbI-

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

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

4. 94.

Ecau uncno miannieros 6perioB Lenovo u Huawei
PABHO 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 cJjeayer, uto y > 20 u HeweTHo. [lasee,
3y=59+2r<59+2 -6, orkyra y<21. 3ua-

qut, y = 21, x = 2, a o611ee YNCJI0 TIAHIIETOB: 2X +
+4y + 6 = 94.

3. 1.

ITockoabky 201727 <10000%'7 , sammcp umcaa
201727 conepxut e Gosee 4 -2017 = 8068 1udp,

a ux cymma 5(20172017) HEe 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,

Taxk Kak 2016

2017217 = (2016 + 1"

nnn Ha 9. [lockombky cymma nudp 4ucsia gaer ToT
JKe OCTATOK IpH JleJIeHNH Ha 9, 4TO M caMo YHuCJIo,

T0 S(S (S (5(201720”)))) -1,
3-47

KpaTHo 9, YU CJI0

jfaet ocratok 1 mpu jede-

6.
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[ycrb 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)| < % BBIIIOJIHSIETCS JLJIST

Bcex  te[-1].

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 Yp E
3/2 y= t2
1
C y=1/2
’ \1/2 / )
=1 0 7
_ D
Puc. 18 172

Tlpsmast y = at + b no/uKHA TiepecekaTb Bce TPH
orpeska AB, CD, EF, 110sTOMy OHa COBIIaJaeT ¢

. 1
InpamMon y = 5 . 3H21LH/ITy JUIA MoObIX @ 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

iUy i)

255} )52

~ ‘

2 2

2017

Touka Q sBJsIETCS TOYKOM TepecedeHust OUCCEKT-
puc AABC . IlpoBenem Guccektpucy ZBAC , TO4-
Ky ee IepecedyeHusl ¢ onucaHHoit okoso AABC
OKPY’KHOCTBIO 0603HaYNM OYKBOI L, COCITHUM 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/pPEHHDIIi,
03TOMy IpsaMasg LM — cepeUHHBIN MeprIeH/IKy-
agp k BC. 3naunt, Touka O TOXe JEXKHUT Ha
npsimoit LM.

[IBaskipl mpuMeHssS TeopeMy MeHenas, uMeeM
oS OM AL

L= =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), To
4 AL AL 343

——=1, oTkyja — = —— .

33 OL OL 4

IIycts ZACB =2y, torpa ZALC=ZABC=

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

=4QCB+ZBCL=€+Y. Torpa ZLOC =m-

—LQCL—AALC:g+y.

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

AL AL sin ZACL . b1

— =—=—T—"=2sin| 2y +—

OL CL sinZCAL ’

. [loatomy

“j_l.ﬂ_ﬁ

OTKyZa sin| 2y + —
e [y 200 8

6
sin ZABC + sin ZACB = sin 2y + sin(%’t - 2y) =

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

8. 2744.

[Monoxxum y = tx, TOrjga NpuU HATYPAJIbHBIX X, Y
YnCgao ¢ PAIlHOHAIBHO, Ho;[CTaBIfB B ypaBHEHNe y =
t- t+
=tx, Haiinem x=t2 , y=t2 . Yucio t Moxer
ObITb TOJIBKO TIEJBbIM. IIpearnosioxxuM TpPOTHBHOE:
nycrb t = B, rje p U ¢ B3aUMHO IIPOCTbl, ¢ # 1.

q

px
Torpa y =~—, n ypaBHenue npumer BUJ
q
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S By pr-gx
2 x ) q . x
x =[p_j e NPT =(p_ o
q

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

3nech JieBas 4YacTh IieJsias, a IpaBas — HeIeJas.
IIporuBopeune.

Wrak, uncyio ¢ HATypaJbHOE, TIO9TOMY YUCJA X U ¥
Oy/lyT HATYPAJBHBIMHI TOJBKO B CJELYIONNX [BYX
CAyvasx:

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

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

CBejieM TIOJTyYEHHDBIE PEIIeHUS B TaOJUILy:

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

Mckomas mapa: x = 243, y = 2401.

3aKnouuTenbHbIN 3Tan

1. (xs; ys) .
2. Bropoe.
B camom nene,
L . A
172 134 .178 1316 . 172" .132°" =
111, o, 21
=172 8 ® 2" <173 133

= +...
2017 134 16 64

g A
.1OI/I]II/184

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

B

C
Puc. 20

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

paBHOGE/IPEHHDII.

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

nyuaeM ypasHerme xv41—x® =20, ero KopHm x =

2018/Nel?2
=4,x=5.T0rz[aR:AB'BC'AC:M’ZJC:ﬂ,

48 420 40
4. 32.

[Tyctp ¥, y — HOMepa aab6OMOB, B KOTOPbIE TTOTIAJII
81-g u 171-a dororpacdun COOTBETCTBEHHO, a 1 —
Kosm4ecTBO 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. 3naunt, n — geJIUTEID YHCET
16 u 40, He menbimii naTu. Otcioga n = 8, 4n = 32.

2n 8m 8m b1
3. | cos=—; cos— |U| cos—; cos=|.
5 25 25 b
5 0
O6o3naunM U = ——arccosx , v = —arcsin x . Tor-
i1 3n

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

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

oA
du+ 3v =135
1
3/5
0 45 1 7
Puc. 21

meHo cepbiM 1BeToM. llepeceyenme mpsmoit 4u +
+3v = 5 ¢ 3TUM MHOYECTBOM €CTb OTPE30K ¢
BBIKOJIOTON Toukoit # =4/5, v =3/5. 3uauwur,

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

{n 8nj (8112 27‘E:|
& 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 3ameHbl @), = %logz xp, k=1, ..., n nonyua-

eM CHCTeMy ypaBHEeHUil

a +a;' = 2ay,

-1 _
an—1 + an—1 - 261,,,

-1 _
a, +a, =2a.
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W3 HepaBeHCTBA /1T CyMMbI B3aHMHO OGPATHBIX
YHCEeT CJEeyeT, 4To JH00 OQHOBPEMEHHO a), =1,
mmbo a, < -1 pmasg Beex k =1, ..., n. Pemenusmu
cucTeMbl siBJisiiorest HaGopel @, =1 w a, =1, k =
=1, ..., n.

Ecsmr coxxuth Bce ypaBHEHMS CHCTEMBI, TO MOJTY-
unM @ - a;' +...+a,_ —a,' +a,—a, =0 . Jlesas
YacTb 9TOTO PABEHCTBA GOJIbIIE HYJISI, €CJIN XOTS Obl
onno (a crenosaresnbho, u Bee) dj, > 1, u Menbie
HYyJIsI, €cii XOTs1 Obl OfiHO @), < —1, moatomy apy-
TUX pelleHuil, KpoMe BBINICYKA3aHHBIX, CUCTEMa He
nmeer. HaiienusiM ByM HaGopaMm 3HA4YeHHil d,
cOOTBETCTBYIOT fABa Habopa x,=2=8 m

xk:2’3:%,k=1, ,n+ 1.

n-2

7. —
V2
meem

f(x)=2sinx-cossinx +(g —ZJsinsinx = g(sinx),
rie

g(t)=2tcost+(§—2Jsint , t=sinxe[-11].

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

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

maercst B HOJIb NP ¢ = g . Tloatomy ¢'(t)>0 upu
0<t< g , ¢'(t)<0 mpu g <t<1. Cuenosarepb-
HO, QyHKuusa ¢(tf) WUMeeT eANMHCTBEHHDBI MakcH-
Mym uHa orpeske [0;1] B Touke f= I ore
m) w2
t)<g|—|=—=, te|0;1|. B cuny neuernoc-
9(t) 9[ 4j N [0;1] y

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

HAIIEYATAHO

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

CTBUTEJIbHO,

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

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

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

8. a) 810; 6) 14580.

a) VIckoMble umcsia JI0JUKHBL GbITh COCTABJEHBI U3
undp 1, 2, 4, 5, 7, 8, npuyeM B KaKIOM 4HUCJIE
cymma nudp He posrkHa 6biTh KpatHoil 3. Iudpor
1, 4 n 7, HazoBeM uX IudpamMu MHOKecTBa A, mpn
neiennn Ha 3 gaior ocrarok 1, a mmdpsr 2, 5, 8§,
1pbl MHOXKECTBa B, Aal0T OCTATOK 2. Y JOBJIETBO-
psiolee YCJIOBUIO YHCJIO JIOJKHO ObITh COCTABJIEHO
OfHUM U3 ueTbipex croco6oB: 1) 4 tudpsl us
MHOKecTBa A; 2) 4 mudpsl u3 muoxkecrtsa B; 3) 3
undpol 13 MHOKecTBa A 1 1 mudpa M3 MHOXKeCTBa
B; 4) 3 undpsl u3 Muoxkectsa B u 1 mudpa ns
muoxxkectsa A. Bcero rtakux umucen O6yjer

3" +3"+4-3"+4.3" =103 = 810.

6) Jlng moucka obuieii cymMMbl M(P BcexX STHX
qrces pa3o6beM MX Ha Mapbl: BTOPOe YHCJIO TOJIY-
YaeTcs U3 MepBOro 3aMeHoil BeeX 1udp 10 MpuHIH-
ny 18, 27, 4 < 5. Hanpumep, uncio 1545
nmeet 1mapy 8454, unucno 5271 umeer napy 4728 u

T.0. Cymma mmdp Jo6oit maper paBHa 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. Kukouna 6 2

Crarby o maremarvke

BolnykJiblii anann3 Ha I1JI0CKOCTH.

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

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

H. Jlorburun 12 2
3ajjada 0 3aBUCTJIMBBIX Pa36OilHMKAX.

U.Heanos-ITozooaes, A.Maiucmos 10 6

Ne sxypuanra  c.

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

IIpopbIB B 3ajaue O pPacKpacke ILIOCKOCTH.
A.Patizopoockuii, B.Boponos, A.Cassamees 11~ 2
Ckombko fepeBbeB B rpade. A.Ilempynun 9 9

Crarteu no ¢gusnke

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 3Be3na. JI.benonyxos 8§ 2
WNTOP — ceronus. JI. Geaonyxos 10 2
Kaxk BBozsiTCSl (husnueckie BEJMUMHDI.

U. Kuxoun 6 3
Mexannka HeBuaumoro. JI. Awxunasu 11 10
Ilotepst ynpasasiemoctn. A. Munees 7 2
Pekop/iHble MeXaHIYECKUE MapaMeTPhI.

J. Awrunasu 2 7
Ckeilnunaru B 6uosorun. A. Munees 3 2
Dusnka 3Byka. H.Ecunoe 12 8
DJIEKTPOCTATHUECKOE B3aMMO/IEliCTBUE B

npuasiekrpudeckux cpepax. C.Cupuyoe 4 2
— « — 3 9

Hosocru Hayku

Poskienne rpaBuTaliioHHO-BOJIHOBOM aCTPOHOMUU.
JI.Benonyxoe 3 14

Matemaruyeckuii Myup

Cepreii Tlerposuu Hosukos (k 80-metuio co aHs
POKIEHNS) 6 18

U3 ucropumn Haykm

Anyipeit AHatosibeBUY 3aJIU3HSIK.
A.Iunepcru 1 15
-« —
Jlxeiive JIxoyab (k 200-1eTnio co AHS POK-
nennst). JI. Beaonyxoe 7 10
Yegosek-serenga XX Beka (k 100-metuto
co JHS poskjenus Puuapna MDeiinmana).
JI.Benonyxoe 9 14

Hawm nHrepsbro
Nurepsoio ¢ P.K.Topauubim 12 16

3apgayHuk «KBaHTa»

Samaun M2494-M2541, D2501-D2548 1—12
Pemennga s3agau M2482 — M2529,

2489 — D2536 1—12
B 3amury MarHuTHBIX 3apsijIOB U MATHUTHBIX

munoueit. C.Bapaamos 4 19
Kak paspesarb coip? A.Toanwvizo 3 24

O KpaTHOCTH TIOKPBITHS OPUEHTHPOBAHHBIMU
MHoroyroJibHukamu. A. Kanenv-benos,
11. Koxeenuros 5> 20
Pesonanchbriit ynap. A.Baacos 4 17

«KBaHT» 4159 MAGALNX LUKOSTIbHUKOB
3ajsaun 1—12

CtaTbM No MaTeMaTwuke

Teomerpust kieTyaroii Gymarm.
A.Ononpuenxo 11 27
Kom6unanuu xkBagaparos. E.DBaxaee 7 22

2018 /Ne12

N sxypuana  c.

Muororpanuuku u3 Tpy6ouex. /.Ilanos,

A.ITywxapy, /1.Yebacos 2 29
«Ilpuspaunpie» Tpy6ni. E.Bakaes,
A.Becnun 10 24
XXIV Typuup maremartnueckux 6oeB

umenu A.Il.CaBuna 8 24

YeTbIpbMsI PA3INIHBIMA CIIOCOOAMH.
B.Pacmopzyes 12 32
CtaTtbn no pusnke

Kanaroxon Tomm Brysxuna. C./Aeopanunos 3 30

Jlasepuasa sokauug. C.Jeopanunoe 9 34
[Touemy Jlyna ne majaer Ha 3eMJIIo.
C./lsopanunos 4 25

KoHkypc nmern A.l1.CaBnHa

3ajaun 1—4, 9—12
Wrorn konkypca 2017 /18 y4ye6noro roma 6 33
Kanevigockorni «KBaHTa»

MaTemaTunka
3amorienus cdepbl 1 apXUMeI0BbI

MHOTOTPAHHUKI 11 32
MaremaTtnueckuil mapk 6 <«
[TosynpaBubHbIE 3aMOIEHHS TJIOCKOCTH 3
dursnka
Actpodusnka 10 32
TFeodpusuka <«

He6ecnas mexannka
Dusuka armocdepb
Dusukatreorpadust
@dusnka TIaHeT

«
«
«
«

ORI N =D

Llikona B «KBaHTe»

MaTemaTnka

Ine onmo6ka? (Anre6pa n Havana anammsa) 2 35
Trne onmm6ka? (3amaun Ha TeJble Ywcaa U

TEKCTOBbIE 3a/aull) 4 29
I'ne omm6ka? (Jlornka, KOMOMHATOPHKA,

BEpPOATHOCTH) 6 31
dur3unka
Bynyr i1 na Mapce g6710HH I[BECTH.

1O.bpyx, A.Cmacenxo 4 27
JIBoe Ha HaKJOHHOH TIOCKOCTH. B.)K6anos,

A.Cmacenxo 3 34
[udbdysus B Metamnax u kopona [mepona II.

A.Cmacenxo 7 27
Kax cyxoe TpeHHe cTaso BSI3KHM.

A.Cmacenxo 10 26
Ha tom cromm! JI. Awkunasu S 26
[loTernmanbHasg siMa W TPUHIATT YaHOM

snoxeuku. C./Jeopanunoe 8 27
PagnoaktuBublii pacnaj;, 6AHKOBCKUI MTPO-

nent u gpyrue. A.Cmacenxo 8 30

Cruapsig Tumodest. U.Axyauu 12 33
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Ne sxypuana c.

Qusnyeckmii pakyneraTmus

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

b.Myxywee 9
[nddysusa: koro, Kyzaa u BooOIIe.

J. Awurunasu 12
3aKOHBI MEXAHUKU M IapaMETPbl 3JLJIHIICA.

B.I'pe6enw B

W cHoBa koreHok Ha Jectuutie. M. Axyauu 4
Haxosxaenne 1menrpa Mace mpoBOJOYHOTO
tpeyroabHuKa. M. /lauenxo, 10.Munaes,

O.Opasanckuil 1
[Toyemy JISII rynar wa gacrore 100 I'r?
C.Bapaamoe 2
Yepes tepuun k 3pesnam (Per aspera ad
astra). A.Cmacenxo 6
Uro TpaHcdopmupyeT TpancpopMaTop?
C.Bapnamos 3

MaremaTuyecknii KpyxoKk

[lmannble mytn B rpadax. I1. Koxesnuxos 1
Jlokasarb JIe/IMMOCTD TIOMOKET KOMOUHATO-

puka. A.Kanynnurxos 2
—«— 3
OxuJelika TeTpaszpa HIECTUYTOIbHUKAMI.

H.Aesunoe 10
OKpY>KHOCTD JIeCSITH TOYEK BIMCAHHOTO e-

ThIpexyrobiuka. M.Hcanbaes 11
[Tmocer-Munycer n urpa Hum. H. Konwviioe 7
—«— 8
Cocenn Ha KJETYATOH pelreTke.

H.Beayxoe 12

Teopema 06 uzoronansax. A. Kyauxosa,

. IIpoxonenxo 4
—<— S
Dopmyna [Tuka u Tatomuit aeq. I.Mepson 9

Jlaboparopus «KsaHra»

Axycrmyeckuii pesonanc. M.Cmapwos 11
Bpamenne or Bubpanuu. M.Cmapwos 4
Masitauk Karmuer. C./[6opsinunos S
Hawm HabrnrogeHns
Bona B Amepuxe ne ta. M.Cmapuos 8
Tmapoynap y mac poma. FO.Hocos 6
O pacTuTeJbHBIX y30pax M XOPOIINX MO/JIe-
nax. B.IImywenxo, A.ba3vixuna 7

Tpenne mporus rpasuranuun. M.Cmapwoe 10
S1 x Bam TpaBoio mpopacry. B.IImywenxo 9

lMpakTukym abutypueHTa

dusnka

Actpocdusuka B EI'D no dusuxe.
H.Tomyauna 1

Kak ne 6p1Tb Masunoit. T.Mapmemvanosa 7

CpejiHsisi CKOPOCTD HPSIMOJIMHENHOTO JIBUIKE-
nus. b. Myxywees 2

29

38

32

36

31

38

34

36

37

40
40

29

31
29
34

34

41
34
36

35
34
37

37
37

35

35
49

42
37

48

Ne sxypuana c.

Onnumnuags!

3akuounTesbhbiil aTan XLIV Beepoccuiic-
KOil OJINMIINA/IbI MIKOJBHUKOB 110 MaTeMa-

THKE 8
3akmountesbhbiit aTarn LII Beepocceniickoit
OJIUMITUA/IBI TITKOJBHUKOB 110 (pusnKe 8
LIX Mesxynaponnas mateMaTuiyeckas
oJIMMITNA/a 11
XXV Mesxaynapoanas osumnuaja <« Tyiima-
anay. dusnka 9
XLIX Mexaynaponnast pusnueckasi 0JuM-
nmaja 11
LXXXI MockoBckasi MaTeMaTnyecKasi OJINM-
nmaja 7
MockoBckasi (pusnueckasi OJUMITNAIA TTKOJIb-
unkoB 2018 roza S

MockoBckuii Typ Beepoccuiickoil ctysen-
YyecKoil osmMiua/pl 1o (usnke 2017

roja 4
Mynununanpibiii atan LII Beepocceuniickoit
OJIMMITNA/IbI MIKOJIBHUKOB 110 (PU3HKe 2

Pernonasnpnbriii atan XLIV Beepoccuiickoit
OJIMMIINA/IBI MIKOTBHUKOB 110 MaTeMaTuke 3
Pernonaspnbriii atan LII Beepoccuiickoit

OJIMMITNA/IBI IITKOJIBHUKOB 10 (PU3UKE 3
XXXIX TypHup ropojos. 3ajauu BeceHHe-
ro Typa 5
XXXIX Typuup roposoB. 3aja4n 0CEHHETO
Typa (2017 ron) 1
SK3ameHaLMOHHbIe MaTepuasb!
ET'D no ¢usnke 9
WucturyT kpunrorpaduu, cBsI3n u HHMOP-
matukn Axajgemun @CBH Poccun 12

MocKoBCKIIT TOCYIapCTBEHHDIH TeXHIJec-
kuii yauBepcuter umenn H.J.Baymana 7
MocKOBCKMiT TOCYIapCTBEHHbIN YHUBEPCHU-

ter umenn M.B.JlomonocoBa 10
Hammonasnbublil nccsenoBatesbCkuil yHu-

sBepcurer «MUIT». dusuka B
HoBocubupcxuit rocyapcTBeHublil yHUBep-

CHUTET 10
Oumumnuaza «JIomonocos»-2018. Marema-

THKA 11
Oumumnuaga «JIlomoHocos»-2018.

Dusuka 4

Oumnmmuana «ITokopu Bopo6besnr ropoi!s> 8
Cankr-Iletep6yprekuii rocyapcTBeHHbII

yuusepcutet llerpa Bennkoro 11
Dusnko-MaTeMaTHIeCKas OJUMIINA/A
«Dusrex» 10
Ungpopmavns
3aounas mrosa CYHI[ HI'Y 7

Ouepeanoit Habop B B3MIIL 1
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KBAHT

Ne sxypuana c.

Ham iyt

BeposTtrocTh 1 mocaieHasA 1mndpa nmpounsse-

JIeHUs

JlomnosiHenye K NPUKJIIOUEHUIO OHON 3agaun & 31

Eme o KBa/lpaTaX M3 CIIMYEK

Eme pa3 O IOCTPOCHUUN KacaTeJbHOI

Hesamaua ¢ 3agaueii

HepasenctBa /11 a7eMeHTOB TpeyroibHIKa 9 40

Ceuenne ¢ HauMEHbIIEH I1JI0A/[bIO

BHUMAaHMIO HaLux Yutaresneri!

«KBaHT» yriblbaercs

Cmecoh

Kosnnekums rosnoBosiomok

BoumeGHble (urypbt
Bormykibre popmbr
Topaues ysen

3ursaru yjgaun
3puresibHblii 06MaH

Kro pa3Gyamr jeTyuyio MbIib?
Ky6asasbl u mazsJiime/ il
Hemnpocroii miatox

Cser u TbMa

Crpsaratb 30J0TO

Tpu ky6a

@DecTUBAIbHbBIE KOJIBIA

LllaxmatHas cTpaHn4ka

Benmomunasg mponiibiii Tos

Boukumasi kamMeHb

VCcKyCCTBEHHDIN UHTEJIIEKT YUUTCS
Urparh B IIAXMaThI

Korna nByx depaseit mamno

Kpacora Gpictpoii urpbt

Ha mytn x yemnmonary mmpa

Ha typuupe nperenieHToB

HoBoroiaue ciosxerbl

IIpoGaema Gesoro 1Bera

PesynbraruBHas pycckasi napTust

CHUMBOJIMYECKHE TaXMaTHbIe TTO3H-
un

ITaxmarHO-pyT6OMbHAS KOMIIO3H-
us
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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

D e
Do

B3
e

e e

[nags Ha 9Ty TPEXXOIOBKY,
JIETKO Y3HATH [IPa3HAYHOE XBOM-
HOE JIEpPEROo.

1. ©2b8 ®b6 (1...%c5 2.
c8%+ b6 3. c5x) 2. c8R!
TIpeBpaTUTHCST HY;KHO WMEHHO B
JaApl, 4TOGBI H30eXaTh Iara

2...%2a6 3. Bc6X.
MN.beHKo, MaT B 2 Xoaa

1 e
IE 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









