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%3o6peTaTenb lox Mut Xnam (Goh Pit Khiam), »xwuBywnin B CuHranype, LUMPOKO
N3BECTEH B rOfIOBOSIOMOYHOM MUPE Kak OO4MH U3 CaMbIX U3OLLPEHHbIX aBTOPOB. Ero
NPOu3BeAeHNs — a nHavye NpuayMaHHble UM FOfNOBONIOMK/ M HE Ha30BELLb — OTNnYa-
OTCA U3ALLECTBOM U CIOXHOCTbIO. YacTo npu 3TOM Ha BUA OHWU KaXyTCS OOBOMbHO
npocTbiMU. K Takum OTHOCUTCS N CErOOHSILLHSAS FOfI0BONOMKA.

OHa cocTouT 13 Tpex HabopoB Mo NATb OANHAKOBLIX AETanen 1 KBagpaTHOM pamMKu
8x8. Pamka, kak BUaHO no ootorpadumm, HENpPocTas: ee Kpan okanmreH 6opTMKOM Tak,
YTO pasMellatb AeTany BHYTPU PaMKU MOXHO TONbKO Yepe3 «OKHO» 6X6. B Tom
BapuaHTe, KOTOpbIA MoKasaH Ha ¢oTo, BCe pasMepbl MOAOrHaHbl Tak XOPOLLO, YTO
XynbHMYaTh (HAaNpUMep, NbITaTbCs 3aA4BUHYTh AeTanb Nod 60pTyK NoA yrioM) NpakTu-
Yecky HEBO3MOXHO. [la 1 3a4em? Beab Tak COBCEM HEMHTEPECHO.

YUT06bI NONPO6OBaTh PELUMTH FONIOBOSIOMKY JOMA, MOXHO MPOCTO HapncoBaTtb pam-
Ky ¢ BOpPTMKOM Ha nucTe B KIETKY, Bblpe3aTb AeTanu 13 kKapToHa, a 3aTeM KnacTb UX B
paMKy Ha «OKHO» 1 TONbKO MOCIe 3TOro yKe nepeapuratb no Hewn.

[etanu kaxxgoro Tmna — 310 kBagpatbl 4x4, N3 KOTOPbLIX BbIPE3aHO pPa3HbIMU CHO-
cobamuv No ceMb eQUHNYHBIX KBaZpaTUKOB.

Llenb ronoBonoMKn — pasmecTutb Kaxabi U3 HabopPOoB MNOMMHOCTLI0 BHYTPU PaMKU.

XKenaewm ycnexal
E.EnucpaHos
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Ha nepekpecTtke noew:
MCTOPUA OTKPLITUS MArHUTHOIO
pe30HaHCa

B.MNTYLUEHKO

MHYBIINIA 2019 TO /1 — IOBUJIEVHBIN

He TOJbKO 1 Tabauibl Meneseena.
PoBHo BaBOE Memblie, 75 JeT, NCIOIHNIOCH
OIHOMY 13 HamboJiee 3HAYUTETbHBIX OTKPBI-
Tiit B pusnke XX BeKa — OTKPBITHIO AJIEKT-
POHHOTO napamMaranTHoro pesoranca (I11P).
OTKpbITHE 3TO OBLIO C/IEJIAHO B TIPE/IITIOCTIE-
HeM BoeHHOM, 1944 romy B roposme Kasann
Esrenunem KoncranrnnosuueMm 3aBOICKUM.

EBreHu KOHCTaHTUHOBMY 33BOVICKIV
(1907—-1976)

A crycrs nBa rona, B 1946 rony, B CIIA
OBLIO OTKPBITO POJCTBEHHOE SBJICHUE SI/IEP-
HOTO MarHUTHOTO pesoHanca (AMP) Dxasap-
nom Ilapcemmom n He3aBucHMO OT Hero Me-
sukcoM bioxom. C Tex mop Kpyr npuMeHe-
Huit P u AMP u poJICTBEHHBIX UM SBJIE-
HUM, Ha3bIBAEMbBIX OOOGIIATONIM TEPMUHOM
MAZHUMHO-PEIONANCHbIE S6]eHUsL, YPE3BbI-
YallHO BBIPOC.

Ha mepBblit B3r/si1, 9T SIBJEHWUS] HECPaB-
HUMBI ¢ Tabsuieil MenjieneeBa — Kak MUHU-

DOI: https://doi.org/10.4213/kvant20191201

MyM, IO cBoeil u3BecTHOCTH. IIpo Tabsmiry
MenjieieeBa 3HaeT KasK/Iblil IIKOJIBHUK, a
MHOTHE JId, KpPOME CIIEITHAJINCTOB, CJIBITIAIT
mpo IIIP nm AMP? Oxgnako B aeficTBUTETD-
HOCTH JJa’kKe TOJTbKO OJTHO M3 MHOTUX TIpUMe-
HEHN MarHUTHO-DE30HAHCHBIX SIBJICHUN, a
MMEHHO MarHUTHO-PEe30HAaHCHAS ToMOoTrpadust
(MPT), HaBepHsKa U3BECTHO II0YTH BCEM, a
a6b6pesuatypy «MPT», yxpamaromnryio da-
caJibl UM KPBIIIN CaMbIX BBICOKHX JIOMOB,
MO>KHO YBU/IETD, /IasKe He BbIXO/I U3 M0e3/1a,
[IPOE3;KATOIIETO YePE3 XOTD CKOIb-TUO0 KPYII-
HbIE TOPOJIA.

3/1ecb MbI KPaTKO PACCKa’KeM O TOM, KaK 1
B pe3yJbTaTe Pa3BUTHS KaKUX (PU3MUECKUAX
ujeil mosiBUIach ta 00JacTh HAyKH, Kakue
MJIOJIBI OHA TPUHECJa W KaKkoBa cyapba ee
HCcIeoBaTe e,

Papuo, atomHoe sppo...

OTKpBITUS YacTO JeJaloTcsl Ha Iepeceye-
HUU HECKOJbKUX JIMHUN MCCJIeI0BaHUH, Kak
Ha [epecevyeHnu Jyuei mpoxeKkTopoB. B ciy-
yae ¢ MarHUTHBIM PE30HAHCOM O/IHY U3 JIMHUI
MO>KHO CUMTATh 3apo/iuBIneiics B kKoHIe XIX
Beka. Bee Hayas0ch ¢ OTKPBITHUS 2JIEKTPOMAr-
HUTHBIX BoJTH ['enpuxom 'epriem B 1888 romy
n u3o6pererus pajano B 1895 romy Anekcan-
npom Crenanosuuem [lorosbim. Tlepsbie je-
CATUJICTHS JIBAIIATOTO BEKA TIPOXOIAT IO/
3HAKOM PAJIN0» : M YBJIECKAIOTCS, eMy BHUMA-
10T, OT HETO MHOTOTO OKH/AI0T. UTOOBI 110-
HATb €r0 COIMAIbHOE 3HAYCHUE, TOCTATOYHO
BCIIOMHUTL (pasy U3 3alMCHBIX KHHUXKEK
nucatesag Wabn Mabda, 3anucannyio uM B
1930 romy: «B danrtactnuecknx pomanax
ryIaBHOE aTo 6110 paawo. [Ipm Hem oxknga-
JIOCh cYacTbe yesoBevyecTsa. BoT pajno ectp,
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a cyactbsl HeT». HecMorpsi Ha TrpycTHYyIO
YCMEIIKY BEJUKOr0 CATHPUKA, PAIMO B J€ii-
CTBUTEJBHOCTU BIOXHOBJISIZIO OYEHb MHOTUX
B Te TOJAbI — W TeX, KTO CJyINaJ TepBbie
pajauorepeiadu, U TeX, KT0 coOupas pajno-
NPUEMHUKU U PaJIUOTEPeJaTINKI CBOUMHU
pykamu. BbIpocsio HECKOJIbKO TOKOJEeHUH
paanosobuteneii. Cpean HUX OBLT U IOHBIN
JKens 3aBoiickuii, co CTy/IEHUECKOI CKaMbi
MeuTaBIIMid 06 MCCIeOBAHUSX BENECTBA C
MTOMOTITBIO PAJINO.

Bropas ke muHust — ata te camble UCCIIE/0-
Banud Bemectsa. B 1897 roxy Morann Imuiib
Buxept n [Ixo3ed Ixxon ToMcoHn oTKpbLIN
3JIEKTPOH. HaKOHEeN-To MoTJia TOSBUTHCS
nepsas (#e cunras HaTypPUIOCOPCKUX TEO-
pUil aHTMYHOCTH) MOJETb aroMa — TOYHee,
Iaske HeCKOJIbKO Mojeseil. Camad n3BecTHasT
13 HUX — 3TO MOJIEJTh MyINHTA, MPET0KEH-
Hag tem ke JIx. /xx. Tomconom B 1904 roxy,
B COOTBETCTBUU C KOTOPOH 3JIEKTPOHDI TOTPY-
JKeHBI B paCIPeIeeHHDbI B MPOCTPAHCTBE
MTOJIOKUTENBHO 3apsKEHHDBIN MaTepuaJs, Kak
ustom B recto (puc.1,a). Oxnako k 1911 romy
aKcrepuMenTbl IpHcera Pesepdopaa 1o mnpo-
XOX/IeHUIO asbda-yacTul] 4epe3 30JI0TYIO
GosIbry mokrasaJiu, 4to ecTb HeOOJIbIIoe YHC-
JIO YaCTHUIl, OTPA’KEHHBIX Ha3a/l. Takoe GbLIO
ObI HEBO3MOKHO TIPH TIPOXOKACHUN YACTUIL
yepes «IyINHT», B KOTOPOM BeCh 3apsij KakK
ObI «pas3MaszaH» MO OOJBIIOMY 006BEMY.
CyIecTBeHHO M3MEHUTDH CBOE HAIlpaBJIEHUE
YACTUIbI MOTJIM Obl TOJIBKO IIPU CTOJIKHOBE-
HUSIX € OYeHDb MAJTEHbKUMHU 3JIeMeHTaM1 00be-
Ma, HecyIuMu B cebe BeCh 3apsiji aToMa. JTU
00JIaCTH KOMITAKTHOTO PACIIOJIOKEHUST 3apsi-
Jna ObLM HaszBaHbl sipamu. Havana cBoe
CYIIECTBOBAHUE s0epHas Pusuxd.

Puc. 1. [yauHrosas (a) v nnaHrepHas (6) mogem
aroma, rpenrioxerHsie [xx. TomcorHom (1904 )
n 3.Pesepgpoprom (1911 r.) coorBeTcrBeHHO

ArtomHoe g71po, A/epHas Gu3nKa — TaKoil
’Ke CHMBOJI IICPBO MOJIOBHHBI /[BA/IIIATOTO
BeKa, Kak 1 pajno. U ncciaegoBanne aToMHO-
TO A/[pa C TOMOIIBIO PAJMOBOJIH — 3TO 33/1a4a,
B KOTOPOIl BCTpeYaINCh Cpa3y JBa CHMBOJIA
(pusnkm 5TOTO BpEMEHN.

... KBaHTOBaf ¢M3MKa

Pasymeertcst, He TobKO 3aBONCKUH LyMas
00 91011 3aaue. 31ech CTOUT BCIIOMHUTD €l1[e
OJ/THO HaTpaBJeHue pa3BuTus Guanku. Mo-
JleJTb atoMa, TpeasokenHas Pesepdopaom
(puc.1,6), nama Havasio He TOJBKO AAEPHON
(usuke, HO U HOBOMY 3TAIly B CTAHOBJIEHUN
Keanmoesoti ¢uzuxu. CoriacHo aToil Moje-
JIVL, 9JIEKTPOHBI B aTOMe BPAIIAIOTCS BOKPYT
MAaJIEHbKOTO IEHTPAJIBbHOrO Spa, II0J06HO
maneram Bokpyr Couttita (0Tcio/1a Ha3BaHue
Moziesn — ruianetapHasi). Ho B orsmuume ot
TIJTAHET 3JIEKTPOHDI — 3aPSI’KEHHBIE YACTUIBI.
A 3apsiKeHHAs YacTUIA TPU BCSIKOM JIBYKE-
HUHW, KPOME PAaBHOMEDPHOTO TPSIMOJMHENHHO-
r0, JIOJDKHA MOPOXKAATH 3JEKTPOMATHUTHOE
M3JIy4YeHne, KaK YTBEPIKAA0T 3aKOHBI KJIac-
CHYECKOIl 3JIEeKTPOAMHAMUKHU, T.€. JOJIKHA
U3Jy4aTh, a 3HAYUT — TEPSATH dHepruio. Urto
MPOMCXO/IUT C [JIAHETON UJIH, HAM TIPOIIe 3TO
[PE/ICTABUTD, CO CITyTHIKOM, BPAIIAIOIIUMCS
BOKPYT TLJIAHETDI ¥ TEPSIIOIUM SHEPIHIO, Ha-
mpuMep 3a CYeT TPEHHs o ee arMocdepy?
CIyTHUK TIOCTETIEHHO CHIKAETCST M B KOHIE
KOHIIOB TIaJlaeT HA MOBEPXHOCTH TJIAHETDHI.
[Tnanera mpu morepe sHEPTUN JAOKHA GbLTAa
6b1 ymactb Ha CoJtHIle, a 3JIEKTPOH — Ha SI/IPO.
[Toyemy xe oH He Tmajaer?

Uepes aBa roaa, B 1913 roxy, Huabe Bop
MPEANONOKU, YTO B aTOMaX 3JEKTPOHBI
MOTYT HaXOJIUTHCS TOJBKO B ONpeeeHHbIX
COCTOSIHUSIX, JIBUTASICH TI0 TaK HA3bIBAEMbIM
cmayuonapnvin opéuramMm 6e3 KaKkoro-gu6o
U3JIydeHus. A U3Iy4YaloT OHU JIHIIb IIPU
nepexojie ¢ OHOI op6UTHI Ha APYTyio. VIHBI-
MH CJIOBaMHU, SHEPTHUS 2JIEKTPOHA, a TOUHee,
€r0 MOMEHT HUMITYJIbCa, MOKET TPUHUMATD
JINIODH PAL ONIpeAe/JICHHBIX JUCKPETHBIX 3HaA-
YeHuil, T.e. keaumyemcs. HamoManm, 910 B
KJIaCCUYEeCKON MeXaHMKe MOMEHT UMILyJIbca
— 9TO Mepa BPaIIaTeJbHOTO ABUKCHIS TeJa,
TeM GOJIbINAsi, YeM JAJjblile HAXOISITCS ero
TOYKH OT OCH BpAIIEHUs 1 4eM OOJIbIIYIO
TAHTEHIIUATBHYIO CKOPOCTb OHM uMeioT. Ho
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AL = Am[7]
AM = Aq[79]/2
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Puc. 2. BO3HUKHOBEHWE MOMEHTa UMIIYIIbCa U
MarHuTHOro MOMEHTAa Y BPALUAIOLLUErOCS 33pPS-
XKEeHHOro tena

BpallleHue 3apsiKeHHON YaCTUIIbl — 3JIEKTPO-
Ha — 9TO O/IHOBPEMEHHO BpallleHHe U MacChl,
u 3apsaja. [lepsoe cosaeT MOMEHT UMITy Thca
L, a BTOpoe — MarHUTHBINA JUTIOJbHBIH MO-
MeHT M, T.e. Jie/laeT JacTHILy MUKPOCKOITH-
yecknM MarautoMm (puc.2).

Maraut MakpOCKOTIMYECKUX Pa3MepoB, a
craJio ObITb, U €r0 MArHUTHBII JUIIOJIbHBII
MOMeHT (KOTOPBII SABJISETCA BEKTOPHOU Be-
JITYUHON ) MOJKHO COPUEHTHPOBATH BO BHEII-
HEM MarHUTHOM T10J1e JTiI06biM 06pasom. I1po-
1IJIO ellle HOYTH JIecsTb JIeT, U HeMelKue
¢usuku Otro lrepn u Banbrep I'epiax B
SKcIepuMenTe ¢ mydykamu atomos (1922 r.)
0OGHAPY’KUJIHN, YTO OPHEHTAINsS MArHUTHOTO
JINTIOJIBHOTO MOMEHTa aroMa B MarHUTHOM
mojie TakXe KBaHTyercs. OHU 3acTaBJISIN
aToMbl cepeGpa mposeraTh (ecTecTBeHHO, B
BaKyyMe) yepes 3a30p MATHUTA C OYeHb HEO/I-
HopoaubiM nosiem (puc.3). B rtakom moge
TPAEKTOPHUS YACTHUIIBI, MMEIOIIeil MarHUTHBIH
JIUTIOJIbHBII MOMEHT, MCKPHUBJISIETCS : OHA BTS-
ruBaercs B 06J1acTb 6oJiee CHIbHOIO MArHUT-
HOTO TIOJII WJIM BBITAJIKUBAETCS U3 Hee B

Puc. 3. Cxema sKkcriepyumeHTa LLitepHa v [epraxa.
3pecy 1 — Harpesaresib, 2 — [1y40K aTOMOB
cepebpa, 3 — HEOQHOPO[HOE MarHUTHoe rose, 4
— PE3YIILTAT, OXMAAEMBIN H3 OCHOBE KI1acch4ec-
KUX 1Pe4CTaBIEHN O MArHUTHOM MOMEHTE, 5 —
HAbMIOAAEMbIVT PE3YIILTAT SKCIIEPUMEHTA

2019/Nel?

3aBUCUMOCTHU OT OPUEHTAI[NN CBOEr0 MarHUT-
HOIO MOMEHTA OTHOCUTEJbHO HaIlPaBJIECHUS
MarHuTHOTO 110J15. B nrtore atoMbl ¢ pasHoit
OpUeHTallMell MArHUTHOIO MOMEHTA [IpuJieTa-
JIM B pasHble yYacTKH jgerekropa (miacTuH-
KM) Ha BbIXoJe n3 Marauta. OIHAKO BMECTO
ITPOM3BOJIBHOTO Habopa TpaeKTopuil HabJIio-
JIQJIUCD TOJIBKO [IBE.

B oM ke 1922 rogy Anp6ept DHHIITEIH 1
[Tayns Opendect, aHATUSUPYST SKCIIEPUMEHT
IMItepuau 'epyaxa, npeAnoIoKUIN, YTO IPU
repexo/ie aToMa MeX/1y COCTOSHUSIMU C Pa3-
HBIMU OPHEHTALUAMU €ro JMUIOJIbHOIO MO-
MEHTa TaKKe JJOJIKHDBI U3JIydaTbCd WJU 110-
IJIOIATBCS JIEKTPOMArHUTHBIE BOJIHBI, I10-
J06HO TOMY, KaK 9TO NMPOUCXOIUT TIPH TIepe-
XO/IaX 3JIeKTPOHA MEK/IY Pa3HBIMI OPOUTAMHI
B arome (puc.4). Ha g3pike Kaaccmueckoi
msnkm yacTnIa BeieT ce6sT Kak 3apssKeHHbIT
Bos1uok. Iloj selicTBueM BHelIHero OCTOSH-
HOTO MarHUTHOTO TIOJIST 3TOT BOJTYOK HAUMHAET
IIPETecCupoBaTh BOKPYT HAIIPABJIECHUS TI0JIS.
Ecnu xe onmHOBpeMeHHO TMOAEHCTBOBATH Ha
HETO JIONOJHUTEIbHBIM IePEMEHHBIM MarHUT-
HBIM I0JIEM TTOAXO/41ell OPUEHTAIUN 1 Yac-
TOTDBI, TO BOJIYOK, HE [lepecTaBas IIPereccupo-
BaTb, Pa3BEPHETCS OTHOCUTEIbHO IIOCTOSIHHO-
ro MaruuTtHoro mnoJis. Ha kBaHTOBOM 43blKe,
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Puc. 4. imocTpayns nepexoqos Mexsgy cocros-
HUSIMU C PA3HBIMU OPUEHTALMIMU [JNI10/1bHOMO
MOMEHTa YacTuLbi M OTHOCUTENIbHO BHELIHEro
MArHUTHOIO Mofs HanpsaxeHHocTy H B Tepmu-
Hax Knaccuyeckou (a) v kaHTosou (6) sk,

B oboux cy4asx rnepexosq 0b603Ha4YeH KpacHou
cTpenkov

—+> <«
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YACTHIIA, HAXOAAIIASCS HA HISKHEM MArHUT-
HOM YPOBHE, MOTJIOTUT KBAHT JHEPTUU TIepe-
MEHHOTO MarHWTHOTO TOJIS W TepeifieT Ha
BEPXHMIT MAarHUTHBIN ypoBeHb. 1 Bot B 1937
TOly 3TO TOTJIONeHne OBbLI0 O6GHApY’KEHO
amepuKaHcKkuM ¢usnkom Wcngopom Pabw,
TaK)Ke B OKCIEPUMEHTAX C IMMyYKaMU, MPaB/a
Ha 3TOT pa3 — MOJIEKYJISPHBIMH, a UCCTE/Ly-
eMbIif MATHUTHBIH MOMEHT TPUHAJJIEKAT
aapam, a He ajekTponam. Ero axcriepuMent
6611 TOX03K Ha aKcrepument [lrepna u Iep-
Jlaxa, TOJIbKO HapsLy € 3a30paMy MAarHuTOB
C CHJIbHO HEOJHODPOJHBIM IOJIEM MOJIEKYJIbI
TaKJKe IIPOJIETANIN YePe3 yUACTOK C OTHOPOJI-
HBIM TI0JIEM, B KOTOPOM X 00JIyUaJIl PaHo-
vacToTHBIM u3ayuennem (puc.5,a). [pu 1o-
TJIOTIEHUH HTOTO M3JIyUYEHUST MOJIEKYIbI MOT-
JIN W3MEHWTb OPUEHTAIMI0O MAaTHUTHOTO MO-
MEHTa CBOUX SI/Iep U B pe3yJIbTaTe «IepeiiTus
C OfIHOW TpaekTopum Ha aApyryo. M taxoe
norsionienne 6puio obHapy:keno! Ilpuuem,
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Maznummnoe nose,I'c
Puc. 5. Cxema skcriepumeHTa Pabu (a) v nosyyeH-
Has UM pPe30HaHcHas kpusas (6). 3aecs A 1 B —
MAartHuTel, CO34310LLME HEO[HOPORHOE MarHUTHOe
rone dH/ dz; C — marHuT, cozaarLLymyi 0qHoOpPos-
Hoe MarHuTHoe nosne H, B KOTOPOM 4acTuLibi
OBJ1YHAIOTCA PAANOU3IITYHEHNEM U MOrYT 10710~
LYaTb €ro 1 U3MEeHSATb OPUEHTALIMIO CBOErO Mar-
HUTHOIO MOMEHTA [, LLeJIb Ha BbIXOLE U3 1EPBO-
1O MarHuia rporyckaer T0/IbKO YacTuLbl C HyX-
HBIMU TPAEKTOPHAMM

Hnmencusnocmo nyuxka
~
(=)

YTO Ba’KHO, OHO OBLIO PE30OHAHCHBIM, T.€.
IIPOMCXO/UIO0 TOJABKO IIPH  ONPe/eJeHHOM
4acToTe, KOTOPast COOTBETCTBOBAJIA BETMINHE
KBaHTa H1EKTPOMArHUTHOTO U3JTy4eHUs], KaK
Pa3 paBHOIT PAa3HOCTU MEXKTY 9HEPTUSIMU IBYX
coceHUX OpI/IeHTaHI/IfI AApa B MaroHnMTHOM
noste (puc.5,6). IT0 GbLIO MEpBOE B MUPE
OKCIIEPUMEHTAIbHOE OOHAPYKEHUE SIIEPHO-
MArHUTHOTO PE30HAHCA.

or pe30oHaHCa B Ny4YkKaxX K pe3oHaHcy
B KOHOEeHCMpOoBaHHOM BellecTBe

U Bce ke 310 ObLI €lle He HACTOAINIUN
AMP. [leno B TOM, YTO IIOTJIOTUTDH U3JIyde-
HUE — 3TO JIUIIb I10JIjIeJla, HYXKHO elle U
u36aBUTHCS OT TIOTJIONIEHHOI aHepruu. Beab
B pe3yJibTaTe HOIJIONIECHUS U BBI3BAHHOTO UM
1epexo/ia Mex/y 9HEPreTHYeCKUMU YPOBHS-
MU TPOMCXOJINT 06eIHEHNE HIKHETO YPOB-
HS, T.€. CTAHOBUTCSI MEHbIIE TAKUX YACTHII,
KOTOpBbIE MOTJI OBl MOTJIOTUTD CJEAYIONIYIO
MOPIINIO SHEPruU. A Ha BEpPXHEM YPOBHE,
HAao60POT, YACTHUI] CTAHOBUTCS Bce OOJIbIIIE,
U OHM MOTYT BO3BpAIllaTbCs Ha HILKHMUIM,
UCITyCKasl u3JaydeHne. B KoHEYHOM UTOTE NX
CTaHeT OJMHAKOBOE KOJMYecTBO (KaK roBo-
PAT, IPOU30I/IeT BbIPABHUBAHKE 3aCEJIEHHO-
creil ypoBHEil) U TOTJIONIEHHEe HJIEKTPOMAar-
HUTHOIl 9HEPruu IPeKpaTuTcs, BO3HUKHET
paBHOBecre. YUToOBI MOTJIONIEHWE HE TIpe-
KpaIansoch, HYKHO, YTOOBI YACTUI[BI BO3-
BpalllaJich Ha HWKHUN YPOBEHb 6e3 W3JIy-
YeHWsT W Pa3HOCTb 3aceJIeHHOCTel ypOBHeH
BCET/Ia OCTaBaIach HeHyIeBoi. OOBIYHO TaK
1 TPOUCXOJUT B CHCTEME JIIOObIX YaCTHII.
BesbianyuatesbHasg morepsi aHEPTUU, WJH
peaaxcayus B30y KJIEHHOTO COCTOSTHUS, TIPO-
MCXOJUT B JII060IT cucrteme, T/ie eCTh B3auMO-
JIeliCTBIE YaCTHUIIBI C KaKUM-JTU60 OKpY:Ke-
HUeM. A Kakoe OKpY)KeHMEe y YacTHUIl, JIeTs-
mux B Bakyyme?! [[pyroe nmesmo — B Bere-
CTBE: TaM f/[pa HaAXOJATCS B COCTABE KPHUC-
Ta/UInuecKkoil pemerkn (ecym uccieayercs
TBEPJIOE BEIIECTBO) WM K€ OKPY/KEHBI MO-
JieKyJIaMu  pactBoputesist (ecim  BemecTBo
xuaKoe). BaanmogeicTBus, KOTopble UCIbl-
TBIBAET SI/ICPHBIN CIITH € OKPYKEHUEM, OYeHD
pPasHoOGPa3Hbl, U UMEHHO OHU OIPEIEJISIOT
XapaKTEePUCTUKU PE3OHAHCHOTO TIOTJIOTICHUS
PAZIMON3IYYEeHUS MATHUTHBIM JINTIOJIEM S/Ipa:
¢opmy, mnosoKeHHEe U MHTEHCUBHOCTD JIM-
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HUN IIOTJIOIIEHHUS, UX 3aBUCUMOCTb OT HUH-
TEHCUBHOCTU U3JIyYEHUSI, TEMIIEPATYPbI, Me-
XaHWYECKNX HAIMPSKEHUN 1 MHOTUX JIPYTUX
¢gakTOopoB, KOTOpbBIE TOJBKO MOTYT WIpaTh
POJIb B KQK/IOM KOHKPETHOM cJarydae. U mMeH-
HO 9Ta CBsI3b XapaKTePHUCTUK CHUTHAJa Mar-
HUTHOTO PE30HAHCA CO CBOMCTBAMU OKPYKe-
HUS W JeJlaeT ero TaKUM 3aMedyaTe/bHbIM
METO/IOM MCCJAeOBAHNS BerecTnal

Ho maruutnbiil pesoHaHc B BelllecTBe elle
MIPEJICTOSLIIO OTKPBITh. V1 3TO 0Ka3a0ch 0UeHb
nernpocto. To, 4to ynanoch caenars Pabu B
MyuyKe HEB3aUMO/IEUCTBYIONIUX MOJIEKYT,
HUKAaK He y/1aBaJIOCh C/IeJIaTh B KOHJEHCUPO-
BaHHOM cocTosiHuK (T.e. B SKUJKOCTU WJIU
TBEp/OM TeJie) . Basxkiyio poJib 31ech urpaj u
METO/[ perucTpainu, u BbiOop BemectBa. [ls
HaOJIIOJIEHHST JIEKTPOHHOTO TTapaMarHUTHO-
ro pesoHanca HeOOXOAUMO OBLJIO HUCCJE0-
BaTh IapaMarHUTHbIE BEIIECTBa, T.€. Bellle-
cTBa, 006J1aJlalole COOCTBEHHBIMU MUKPO-
CKOTIMYECKUMU MArHUTAMU 3JIEKTPOHHOTO
npoucxoskaeHust. Habmo1aTh siiepHbIil Mar-
HUTHBIN pPe30HAHC MOKHO OBLIO U B JMaMar-
HUTHBIX BeI[eCTBaX, OO6JIAMAIOIMNX TOJBKO
sajepHbiMu Marautamu. Elle 3a HECKOJIbKO
Jiet 1o Pabu monckom JAIMP B kpucrasimyec-
KHUX JIHaMarHATHBIX COJISIX Hayasl 3aHUMAaTb-
csronnanackwii pusnk Kopreance Axo6 Top-
tep. Ero moncku okazanmnch 6e3yCrentHbIMy,
HO TIPUOOPETEHHBIN WM OIBIT PaboT T03BO-
JINJI eMY JIaTh TIeHHbIe coBeTbl Pabu, KoTopbie
U TOMOIJIM CJeJIaTh OTKPbITUE. A OIIBITHI
Pa6u, B cBoIO Ouepe/ib, BIOXHOBUIN 3aBOIi-
ckoro Ha mouck SIMP.

K tomy Bpemenn 3aBoiickuii y:xe akTHUBHO
3aHUMAJICS M3YUeHNeM B3aMMOJIEHCTBUS pa-
JINOYACTOTHBIX 3JEKTPUYECKUX TIOJIel C Be-
IECTBOM, HO CBeJIeHUusI 00 OTKPBITUI
Pabu ykazamm emy HaumboJsiee WHTEpeC-
HOe HalpaBJieHue 1mouckos. [Toucku aTu
ObLTM Ha TPAaHU TEXHUYECKUX BO3MOJK-
HOCTEIl TOTO BpPEMEHHU, MOCKOJbKY TO-
rJIoIaeMasi BENeCTBOM TIPU Pe30HaHCe
SHEPrusl PaJMOYacTOTHOTO U3JIYYCHUS
ype3BbIuaiiio Mama. UTo6bl ee 3apermuc-
TpupoBaTh, l'opTep HCIOJB30BAJ IIPs-
MOHM MeTo/i: OH U3MepsJ, HACKOJbKO
HarpeJsoch UCCJIeyeMoe BEIeCTBO B pe-

2019/Nel?

HEHUSX CBOICTB CaMOr0 reHepaTtopa pajiuo-
U3JIyYEHUs; 9TOT KOCBEHHDBII METO/1 OKA3aJICs
OueHb UYyBCTBUTEIbHBIM. [loHOCTBIO TIOTPY-
3UBIINUCH B MCCJIEJOBAHWS TOTJIOMEHUS Pa-
JINOU3JIYYEHUS BENECTBOM, TTOMEIIEHHLIM B
MaraurtHoe mnoJie, secaonr 1941 roga Esrennit
Koncrantnnosnu 3aBoliCKNil CO CBONMU €11~
HoMbIIeHHUKaMu  CeMeHOM  AJIeKCaHIpo-
BuueM AJbrirysepoM u bopucom Muxaitno-
BrYeM KO3bIpeBbIM CMOTJIHM YBU/IETH TIEPBbIE
curtanbpt IMP oT gep Bojgopoia BOJIbI.
Ho nauaBimasicss BoiiHa U HeIOHUMaHUeE
KOJLJIer He II03BOJIMJIA JIOBECTH HUCCJIE[0Ba-
HUA 10 KoHIa. Pa6orbl 3aBoilcKOro ObLIU
MPU3HAHBI OECIEePCIIEKTUBHBIMU, KCIEPH-
MEHTaJbHas YCTAHOBKA YHUUTOXKEHa. ¥ CJIO-
BHSI BOEHHOTO BPEMEHH BCKOPE 3aCTaBUJIN
€ro 3aHsThcs paboOTaMu, MUMEIONUMHI BOEH-
HOE TPUJIOKEHUE, a TaKyKe MHOTOUYNCJIEH-
HbIMU OOIIECTBEHHBIMU paboTaMu, Xapak-
TEPHBIMU [IJIS BOEHHOTO BPEMEHU: [IEKYyP-
CTBOM B TIOKAPHBIX KOMaH/IaX, PBITbEM OKO-
1I0B, BOEHHOH IIOJITOTOBKOH, 3arOTOBKOI CEeHa
u JIpoB AJst yHuBepcureta u T.1. OpHAKO B
1943 romy, Kak TOJIBKO MOSIBUJIACH MaJiei-
mras BO3MOKHOCTb 3aHATHCS CBOUMU OCHOB-
HBIMU HAYYHBIMU paboTaMul, 3aBOUCKUI Bep-
HyJICSI K TIPEJIBOEHHBIM WCCJEOBAHUSM.
Bb1no sicHo, 9TO IS 9TUX M3MEPEHUi HYyX-
HO OJTHOPOJIHOE MarHuTHOe 1oJje. 3-3a or-
CYTCTBUSI XOPOIINX MarHUTOB OH CTAJT pado-
TaTh ¢ MATHUTHBIMH IIOJISIMH, CO3/[aBa€MbI-
MU OGBIYHBIM COJTEHOMAOM (KaTymiKa u3 mHe-
CKOJIDKAX BUTKOB IIPOBOAa) — GoJiee OJHO-
POMHBIMU, HO OTHOCHTENBHO CJaaOBIMU
(puc.6; doro us myses E.K.3asoiickoro).
B rtakux caabbIx IMOJSIX WU3MEPHUTDH IOTJIO-
IeHre PAJIMOBOJH ATOMHBIMHU SI/[DAMU OY€Hb

3yJbTare 06/ IydeH s . 3aBOUCKIIA JKe pas- Puc. 6. IKkcriepumeHTansHas ycraHoska E.K.3aBovickoro,
paboTas MeTo/l, OCHOBAaHHbBI Ha u3Me- 1943—1944 rogb
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Puc. 7. CriekTp 31eKTPOHHOIO 1apamarHATHOro pe3oHaHca (I1P), BrepBbie mosyYeHHbIV
EK 3aBovickum B 1944 rogy (a) v oquH 13 «COBPEMEHHbIX» rpumepos criekTpa SI1P (6)

CJIOJKHO: y sI/Ipa OYeHb MaJeHbKUI MarHUT-
HBIII MOMEHT, €r0 B3aMMOJIEHCTBUE CO CJa-
ObIM MATHUTHBIM IOJIEM TIPUBOUT K COBCEM
HIUTOXKHOMY addexty. Ilo cpaBHEeHUO C
SIZIPOM DJIEKTPOH SIBJISIETCST TOPas3no OoJiee
CUJIBHBIM MATHUTOM — €r0 MATHUTHBIA MO-
MEHT B ThIcsuM pa3 GoJibiie, yeM y siapa. 1
HaOJTI0/1aTh, KaK IMOBOPAYMBAETCS MaTHUT-
HbIII MOMEHT 3JIEKTpOHA B CJ1a00OM MarHUT-
HoM noJse (mor/jomas opu 3TOM SHEPILUIO
paauoBoJ), GbLIO ropasto upoile. B 1944
rofly 3aBOWCKUII cMOT OGHAPYKHUTb Pe30-
HAHCHOE TOTJIOIEHNE PAJMOU3JIYIEHUS B T1a-
pPaAMarHUTHBIX KPHUCTAJLIAX, TTOMEIIEHHBIX B
MarauTHoe 1071 (puc.7). DIeKTPOHHBIN Ma-
pamarnutHbI pezonanc (DIIP) 6BLT OTKPBIT.

3SctacdeTa OTKPLITUN

CrycTs 1Ba To/1a, /[Ba aMepUKAHCKUX (hu-
3uka, Jasapxa llapcenn u Denukc biox,
HE3aBUCHMO JIPYT OT JIpPyra OTKPBLIN TIOTJIO-
IeHre 9HEPrUuu PaJIMOBOJIH S/[PaMu BOJ0OPO-
na (IMP) B Boge u B napadune. ITH
OTKPBITUST cpa3dy ObLau olleHeHbl (pU3nKaMu
B Espone u B CIIIA (8 CCCP — rtoxe, HO
NPUMEPHO C JECATUIETHUM 3aI03/IaHieM).
Hauasica BaJs ucciaeoBanuil B 310l o6Jac-
ti. OJiHa 3a ApPYyTOif, OTKPBIBAJIKUCH BCE HO-
Bble M HOBbIE PAa3HOBUHOCTH MATHUTHBIX
pesonancoB (IIOrJIoMEnne pagnon3aydeHns
aapaMu, 06JaaloNMUMNA  KBAIPYTOJHHBIM
AJIEKTPUYECKUM MOMEHTOM, (eppOMarHuT-
HBIMU W aHTH(EPPOMATHUTHBIMY BEIECTBA-
MU U JP.), BCe HOBbIE MX CBOjicTBa (Hanpu-
Mep, CBEPXTOHKast CTpyKTypa criekTpoB JIIP,
00yCJIOBJIeHHAST MATHUTHBIM B3aUMO/IEICTBI-

eM 9JIEKTPOHOB U sI/IeP), BCE HOBbIE METOJIbI
(MMITy TbCHBIE BAPUAHTHI MATHUTHO-PE30HAH-
CHOI CTIEKTPOCKOTIH, TaK Ha3bIBAEMbIe IBO¥-
HBbIE PE30HAHCHI W Ap.). B mamreil crpame
C.A. AJbTiIyJiep TEOPETHYECKU TTIPECKA3AT
aKyCTHYECKMH MapaMarHUTHBIN Pe30HaHC —
PE30HAHCHOE TOTJIONEHWE 3BYKa Iapamar-
HUTHBIM BEIECTBOM, IMOMEIIEHHBIM B Mar-
HUTHOE II0JIE.

Bo3M0OkHO, 0IHUM U3 CaMbIX BaJKHbBIX JIJIS
npusoxkenuit IMP B xumuu (1 HE TOJIBKO)
CTaJIO OTKPBITHE TaK Ha3blBAEMOI'O XUMUUEC-
K020 cd6uza. ATOMHOE SIIDO <«4yBCTBYET»
PACTIOJIOJKEHNE COCETHUX HJTEKTPOHOB B MO-
JIEKyJie, B UTOT€ 4acToTa, TPU KOTOPOI OHO
naer curaan AMP, Gymer HeMHOTO pasJu-
4aThCs y ABYX OJMHAKOBBIX S/I€p, TPUHA/LJIE-
JKAIX Pa3HbIM MOJIEKYJIAM WJIH JIaXKe pas-
HBIM aTOMHBIM TPYIIIIaM B COCTaBe OJHON
MOJIEKYJIBI. A 3HAQUUT, TOJIYy4uB ciekTp AMP
KaKoro-n6o BEIeCcTBa, MOXKHO OIPEIEIUTD,
KaKue IPYIIIbI BXO/AT B COCTAB €ro MOJIEKY. T,
CKOJIbKO MX ¥ JlakKe KaK OHU JIPYT OTHOCH-
TeJbHO JPyra pacloyioXKeHbl — T.e. olpe/e-
JIUTb XUMHUYECKYIO CTPYKTYPY MOJIEKY.JIbl!
[Toatomy AMP yixe ¢ xonma 1950-x romos
CTaJT OJTHUM M3 BAKHEHITIX aHAJIUTHUECKUAX
MeTo/0B B xumuu. OH ObLT MIPOCTO He3aMe-
HUM TIPU U3YYCHUH CJIOKHBIX OPTraHMYECKUX
MOJIEKYJI, & CO BPeMeHeM CTas 3((PeKTHBHO
MIPUMEHATDHCS U 11 UCCTE/IOBAHUS TPOCTPAH-
CTBEHHOI CTPYKTYPbI 6eJIKOB, HAPSAY C Me-
TOJIOM PEHTIreHOCTPYKTYPHOIO aHaJM3a
(puc.8; BBINMOJHEH € UCIOIb30BAHUEM Gasbl
JIaHHBIX 3-MepHbIX CTPYKTYp Oeskos). C
nomoribio AMP ynanoch yBumerh MOBUK-
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Puc. 8. [IpOCTPAHCTBEHHBIE CTPYKTYPbI OEIKA LATOXPOMA C, M1O7TyHeHHbIE MeTogomM SMP-criekTpockonuum.
BunHa rnofBuXHOCTL Geka B pacTBOpe (Pa3HbIMU LBETAMM OKA3aHb! CTPYKTYPbl OEka B pazHble

MOMEHTb/ B,OE'MEHM)

HOCTB 6€eJIKa B PACTBOPE, TOT/[a KAK PEHTIeHO-
CTPYKTYPHbBII aHaJN3 T03BOJISIET paboTaTh
TOJIBKO C 3aKPHUCTAJIN30BAaHHBIMU OeTKaMu
7 nHOOPMAINH O MOABIKHOCTH 6EJKa B €T
eCTECTBEHHOU Ccpejie JaTh He MOJKET.

Ho emte 6osbinyio caaBy MarHUTHO-PE30-
HAHCHOH CHEKTPOCKONUHU MPUHECJO IpuMe-
HEHHUE TaK Ha3bIBAEMOTO 2paduenmnozo maz-
Humnozo nous. llepsbie uccnenosarenu AMP
u IIIP crpemusuch K co3ganuio Hanbosee
OJ/THOPOJIHOTO MATHUTHOTO TIOJISI: BE/b €CJin
HaIPSIKEHHOCTD T0JIs Gy/IeT Pa3indyaThes B
Pa3HbIX ydYacTKaX M3ydyaeMoro OObeKTa, TO
HaXOJSANMECsT B HUX s/pa WU 3JEKTPOHDI
OK)KYTCS B PA3HBIX YCJIOBHUSX U JIAJyT CUT-
HaJIBI TIPU Pa3HbIX YacToTaX. B mrore yskas
PE30HAHCHAS JINHUS «Pa3MaKeTCs» U UCKa-
3uT cBOO (hOpPMY WJIM BOBCE MepecTaHer
6biTh BujiHA. Ho ecsm cosmath HEOHOPO/I-
HOe MarHUTHOE T10JIe, U3MEHSIONeecs He KaK
MoTaJo, a, HAapuMep, PaAaBHOMEPHO U TOJIb-
KO B 0JiHOM HamnpasJjenun (T.e. co3garh Mar-
HHUTHOE TI0JIe, UMeIollee 2paduenm BeJndn-

HbI HAIPSKEHHOCTH ), TO MOYKHO Pas/InYuTh
CUTHAJIBI OJIMHAKOBBIX SI/IEP, PACIOJIOXKEH-
HBIX B Pa3HBIX YYaCTKaX HCCJIELyeMOro 06-
pasia BAOJb rpaauenTa moss. HbMu ciro-
BaMM, YBH/IEB, HACKOJbKO CIBUHYJIACH PE30-
HAHCHAsT JIMHUSI KaKOTO-Tu00 siipa, MOMKHO
OTIpeNlesINTh, TA€ HAXOMWTCSI 3TO SAPO. A
3HAYUT, MOYKHO TIOCTPOUTH MPOCTPAHCTBEH-
HYI0 KapTuHy wucciemayemoro obbekral W3-
MeHsIsI HallpaBJeHne rPauenTa moJist, MOK-
HO MOJIYIUTD TOHOIEHHOe TPeXMePHOe U300~
pakenue, IpuvYeM U300pAKEHNE er0 «BHYT-
peHHoCTell», He Hapylias I[eJOCTHOCTH
00beKTa, T.e. 6e3 KaKuX-a100 pa3pe3on, BHe-
JIpeHuil 30HI0B U TOMY MOJ0GHOE.

ITOT MeTOo[| IIPOKO M3BECTEH TI0]] Ha3Ba-
HIEM MarHUTHO-PE30HAHCHOW TOMOrpadun
(MPT), wmn SIMP-tomorpadgun, n cramno-
BUTCS B TIOCJIE/IHEE BPEMSI OJHUM U3 OCHOB-
HBIX BKHEWIINX METOJOB JAMATHOCTUKU B
meauiine. Meron DIIP-romorpadum menee
pacIpoCcTpateH, HO TaK)Ke UCIOJIb3YeTcs: B
MeJIUIUHCKUX UCCJIEIOBAHUSIX .
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MyTb K NpusHaHUIO

Mo’KHO cMesio CKasaTb, YTO y METOJIOB,
acrapera OTKPBITUSI KOTOPBIX IIPA3AHYeT B
9TOM TOJy CBOW 75-7eTHUil 106ueil, cuact-
smBas cyap6a. Cyapba ke X MePBOOTKPBI-
BaTesielt okasasach passoint. J.M.Ilapcemnn
n d.Bsox oueHb CKOPO TOCJE OTKPBITHS
nosryunsin HoGereBeKyto TpeMuio U CTal B
DAL caMbIX UMEHUTBIX (DM3UKOB B 3ara/{HOMN
HayKe, BO3TJIABJAS B Pa3HbIe TIEPUO/IBI KPYTI-
Hble UCCJIe0BATENbCKUe (DU3NUECKUe IeHT-
por wn obmiectBa. E.K.3aBoiickuii mpomo-
kas pabory B obmactu JDIIP B Kasanckom
yuusepcurere (rjge oH pabotas co CTyjeH-
YeCKOW CKaMbu U TJe ObLIO CIIEJaHO €ero
BBIJIAIONIEECS OTKPBITHE) JIUIIb B TEYEHUE
TpeX JIeT IOCJ€e CBOEro OTKPbITHS. OTCyT-
CTBUE JIa’Ke MPOCTHIX MPUOOPOB IS IPOBE-
JIEHUsI MCCJIeIOBaHNN U HEBO3MOKHOCTD TI0-
JIYIUTH UX depe3 oDUIMaIbHble KaHATbI TO-
CY/IapCTBEHHOTO cHaGKeHust Hayku (a apy-
IMX TPAKTUYECKU HE ObLIO) JIeslaiu CUTya-
1Mo OecrepcrneKTuBHO. 113-3a HEBO3MOK-
HOCTHU TIPOJOJIKEHHST pabOThI, a TaK:Ke N3-3a
HEBBIHOCUMBIX YCJOBHUII JKU3HU, YIPOXKaB-
IMX 3/0pOBbIO ceMbt, B 1947 rony 3aBoiic-
kuii npunss npepynoxenne U.B.KypuaTtoBa
MOKMHYTh KazaHb M 3aHATbCS paboTaMu 110
CO3/IAHUIO COBETCKOTO SI/IEPHOTO  OPYIKHUS.
Cuietytoriuie eTbIpe To/ia OH paboTas B sep-
HOM IeHTPe B ropozie CapoBe, OHAKO TOPb-
KO coskajes o0 3TOW CBOEW JIesiTeTbHOCTH.
Kak To/bKO TOsBUIACH BO3MOKHOCTH, OH
neperes Ha pa6oty B JlaGoparopuio name-
pureabnbix mpu6opoB AH CCCP, ussect-
HylI0 HaMm ceifyac Kak VIHCTUTYT aTOMHO
sneprun umenu 1.B.Kypuarosa, u 3ansics
MUDHBIMU TPUJOKEHUSIMU — CO3JaHUEM
CBEPXODBICTPBIX AJIEKTPOHHO-ONTUIECKUX TTPe-
o6GpasoBaresieil, My4yKoB S/iep C TOJSIPHU30-
BAHHBIMM CITHHAMY ¥, HAKOHEI[, UCCJIe/I0Ba-
HUSIMU TLTa3Mbl, 4TO OBLIO HEOOXOAUMO ST
peanu3anuu yIpaBasieMOro TePMOSIEPHOTO
CUHTE3a.

Ho cBou pa6otsr o IIIP 3aBoiickuii, K
CYACTBIO JIJISI OTEYECTBEHHOM HAYKH, yCIIeJ
ory6JIMKOBATh /IO TOTO MOMEHTA, KOTr/la BCe
HayuHble paGoThl B CTpPaHe CTAJU PACCMaT-
puBaTbcs Kak cekperrble. [loatomy onu 6b11u
nepeBe/ieHbl HA AHTJIMACKUI SI3bIK U OMy6-
JINKOBAHbI B CIEIHATbHBIX AHTJIOS3BIYHBIX

KypHastax, koropple CCCP wusmaBan ams
pacrpocTpaHeHus 3a rpaHUIlEeil CBeJleHU O
pa6orax copercknx yuenbrx. (Ouenb ckopo
BBIIYCK 9THX KYPHAJIOB Ipekparuics.) Tak
PaboThl 3aBOMCKOTO CTAJN M3BECTHBI BO BCEM
MUpe, W IIPUOPUTET €T0 He OBLI TOTEPSTH IS
Halrell CTpaHbI.

B 1957 roxy 3a orkportne IIIP 3asoiic-
KUl osryunJs JIeHWHCKYTO IPEMUI0, ero mop-
TPeT U CTaTbs ObLIN ONyOJIUKOBAHBI B ra3eTe
«IpaBma». C aToro MoMeHTa WHOCTPAHHBIE
yueHble, YBU/IEB, HAKOHEI[, YTO 3ara/[0YHbIi
aBTOp MePBBIX B Mupe pabor mo AP, uc-
Ye3HYBIIUN /IeCATb JIeT Has3aj CO CTPAHMUIL
HAyYHbIX JKYPHAJOB, CYIIECTBYeET B JICHCTBH-
TEJIbHOCTH W JKUB, HAUAJW €5Ker0/IHO BbIJIBU-
raTh ero Kauauaatypy Ha HobemeBckyio mpe-
muio. C 1958 mno 1966 rom ero 15 pas
BoiBUTAM yuenble u3 I[lIBermm, IlIBeii-
napuu, Benuxo6puranuu, Huaepsanjaos
u I'/IP, a Takxe 7 pa3 — cOOT€YCCTBEHHUKN
(moxgpobuee <«HoGeneBckas HCTOPUA»
E.K. 3asoiickoro onucana B >xypHaie «Ha-
yka u sxu3nb> Nel12 3a 2019 r.). Ho kosmue-
ctBo pabor «HobeseBckoro ypoBHsi» B aTh
rojibl ObLTO OY€Hb BEJUKO, CIHUCKU TIPETEeH-
JIEHTOB COJIEPIKAT JIECATKU, & TO U COTHH
UMEH, W3BECTHBIX HaM ceiyac 1o yvyeOHU-
KaM, a TIPEMUH MOTJIM TOJYYHUTDb JIUIIh He-
CKOJIBKO vestoBek (HamomuuM, uto HoGemres-
CKIe TIPEMUU B 3TOT MEPHUOJ TOJYUUJIU CO-
Berckue ¢usukn UM.E. Tamm, .M.Dpank,
I1.A.Yepenxos, JI.[l.Jlangay, A.M.IIpoxo-
pos n H.T.Bacos). BosmoxHno, cBoio Hera-
TUBHYIO POJIb CBITPATO U TO OOCTOSITENb-
CTBO, YTO 3aBOHCKOTO IOYTH HE BBIITYCKAJN
n3 CCCP na Mex/ayHapojnble KoHgepeH-
MU, a KuBoe OOINeHHe C WHOCTPAHHBIMU
KOJIJIETaMHU BCET/Ia CIIOCOOCTBOBAIO MEXK/Y-
HApOJHOMY TIPU3HAHWIO YYEHOTO. A MOKeT
ObITb, 3aBOMCKHUII MPOCTO HE yCIeJa TOJy-
YUTH CBOIO 3aCJY;KEHHYIO TIPEMUTO: OH yMep
B 1976 roxy, ne goxxkus g0 70 mer.

Tem He MeHee, mpuoputeT 3aBOWCKOTO B
orkpbitun DIIP npusnan Bo BceM Mupe, €ro
UMST TIOMHSIT U TEHAT. YiKe GoJiee 4eTBepTH
BeKa Ha3aJl yUpesk/leHa U e3KerOJHO Bpyda-
€TCs yYeHbIM U3 CaMbIX PAa3HBIX CTPaH MUpa
npectrkHasg MexyHapo/iHas npeMus nume-
nn E.K.3aBoiickoro 3a HayuyHble JOCTHKe-
HUST B 00JJACTH MarHUTHOTO PE30HaHCA.




ErmneTckme gpobu

C.KY3HELIOB

HOI'MIM, HABEPHOE, U3BECTHO, UTO
B JlpeBuem Erumnrte mapoGuble umcJia
3aIMCBIBAIN JIOBOJIBHO CBOCOOPA3ZHBIM CIIO-
co6oM. Erurrsite ucoib30BajIi TOJbKO APO-
6u ¢ yncauresneM 1: %, 1, %, ..., Takue JIpo-

3

01 Ha3bIBAIOTCSI aAJlUK6OMHbIMU, a TaKiKe

2 3
Jipobu 3| i OcrasbHble [po6u TIPeICcTaB-

JILINCh B BHJIE CYyMM YHOMSIHYTBIX BbIIIE
Npobeit; IPU ATOM eruITsIHe CIEIIN, YTOObI
Bce Ipobu B cymMe ObLIN Pa3JIMYHbI.

[lns1 dero ke MOKeT GbITb II0JIE3HO TaKoe
cTpaHHOe TIpejicTaBienne 1pobeii? Paccmor-
PUM CJIeYIONIYIO 33a9y: HY>KHO Pa3/eIUTh
S JIeTIeNIeK TOPOBHY MEXIY 8 JHO;[SI)MI/I. Acno,

YTO KKIBIH JOJKEH TTOJTyUINTh g JICTICIITKA

— MOXKHO Pa3/IeIUTh KaX/ylo Jeleniky Ha 8
PaBHBIX YacTell M aTh KaXK/IOMY 10 5 TaKUX
yacreil. Erumerckas apo6b, OJHAKO, maer
60oJiee H5KOHOMHBIN CITOCO6 pa3/eIeHus: 1mo-

CKOJIbKY g = 5 + g , AOCTATOYHO Pa3/I€JINTh

4 penemkn nonotam (M KaxI0My JIaTh IO
TTOJIOBUHE), U TOJBKO TMOCJEIHION, 5-10, Jie-
MeTIKY JIeTUTh Ha 8 gacTeil.

BosHuKkaeT ecrecTBeHHbLIT BOIIPOC — a BCs-
Koe Ji1 paluoHanbHoe yucao or 0 1o 1, T.e.
NPaBUJIbHYIO ApPOOb, MOKHO HPEICTABUTDH
TakuM 00pa3oM. IDTOT BONPOC HETPUBUAJIEH
u3-3a Tpe6OBaHUSA Pa3JIUYHOCTH APOOEii:

HeJTb3sI TPOCTO PA3JIOKUTD PO6b — B CyMMY
n

1 1
—+...+—.

n n
k pas
Yxke B JAPEBHEETUIIETCKOM HNCTOYHUKE —
nanupyce Punma — Mbl HaxoauM TabJIHILY
paS]IO)KeHI/Iﬁ B CYMMbI Pa3/JIMYHbIX aJINKBOT-

. 2
HBIX APOOeii I Yuces Buga —.
n
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K cyacTpio, B coOBpeMeHHbIX 0003HAUEHUSTX
HE COCTaBJISIeT TPy/a PEIuTb 33Ja4y U B
o61ieM Buze. /[yt 5TOTO BOCIIOIB3yeMCsI CJie-
JIYTOTIIUM TO3K/IECTBOM:

1 1 1
—_— =t .
n n+l n(n+1)
[Ipumensiss 310 TOXIECTBO, MBI Gy/IeM pac-
KJIa/IbIBATh JIAHHYIO AJUKBOTHYIO IPO6b B
CyMMY JIDYTUX aJUKBOTHBIX Apo6ei, HO yxKe
¢ GOJBIIMMU 3HAMeHaTe sAMHU. TeM caMbIM
MbI Oy/ieM u36eraTb MOBTOPSIONIIXCST IPOGeit
B pasJioskennu. Hampumep, yroMsaHyTas pa-
Hee 3a/1a4a u3 nanupyca Pura B o61ieM Bre
pelraercs Tak:
2 1 1 1 1 1
et =t —
n n n n n+tl n(n+1)
AHAJIOTUYHO MOKHO TOCTYTHUTb U C TTPOU3-

BOJIBHOI ]J,'pOébIO — ! CHa4aJia IIpe/ICTaBUTHb €€
n

1
B BHJIe CYMMbI kK OJJMHAKOBBIX Apobeil —, a
n

TIOTOM, OCTaBUB II€EPBYIO M3 HUX B IIOKOE,
HavdaTb «Pa3rOHATH» OCTaJbHbIE — 3aMEHUTDb
L
n+1 n(n+1)
MEHATDb 9TO K€ paBEHCTBO /10 T€X I1OP, IOKa

BTOPYIO Ha , K TpeTbeil 1npu-

BCE KOMITOHEHTBI He CTaHY T O0JIbITIE ;,
n(n+1)
1 TaK jajee.

Takum MeToIOM JIEHICTBUTENBbHO MOKHO
PA3JIOKUTH MPOU3BOJIBHOE UYUCJIO B CyMMY
Pa3JIMYHBIX AJTUKBOTHBIX JPOGEH, OJTHAKO UX
KOJIMYECTBO W UX 3HAMEHATETM OKAXKYTCS, B
o0IIeM cJydae, acTPOHOMHYECKH BEJINKH.
DuboHaATIN TTPETIOKUI IPYTOH METO/ TTOCT-
POEHHS erMneTcKon aApo6u (CyMMBI pasind-
HBIX AJTMKBOTHBIX APOGEN ) /7151 IaHHON 0OBIK-

. k
HOBEHHOIT 1po6u —, rie k < n. Yepes [n/k]
n
0603HaYaETCs HANMEHbIIIee TeJI0e YICJI0, He

n n
menpiiee —. (ITOCKOMBbKY 7 > 1, 370 UMCIO

k



He MenbIe 2.) lasee,

k 1 k[n/k]-n

—= + :

n [n/k]  n[n/k]
[lepBass Apo6b B HTOM DPa3JOKEHHH YKe
aJIMKBOTHAs, a KO BTOPOH APOGH, eciii OHa
OKaKeTcsT He aJUKBOTHOM, MBI OTISITh TTpUMe-
HUM Ty K€ TIPOIEAYPY.

Hockombky [ n/k | < n/k +1, HOBbIIT YnCII-

TeJIb k(n/k]— 7 OKaXKeTcsl MeHbIIIe CTaporo
yucautessa k. Takum o6pasom, Hai mpoiecce
HE MOJKET ITIPOJI0JIKATHCS GECKOHEYHO M OC-
TAHOBUTCSI He Gosiee ueM vepes k mmaroB. C
JIPYTOil CTOPOHDBI, HECJIOXKHAST BBIKJIA/KA T10-
Ka3bIBaeT, YTO 3HaMeHATeJ! TO0JydaeMbIX
AJIMKBOTHBIX /Ipo6eii Bce BpeMs PacTyT, a
3HAYUT, BCE ITU JIPOOU PA3THMUHDI.

Anroputm dubonauun addexTuBHEE MO-
Ka3aHHOTO paHee MeTOJa, OJHAKO 1 OH B
HEKOTOPBIX CJydyasX JaeT HEOITUMAJbHbIE
pasnoxenusg. Hampumep,

b} 1 1 1
— =t —t—,
121 33 121 363
B TO BpeMA KaK METO/{ dubonayyu AacT
PasJjioyKenne

) 1 1 1 1

——=—t— + +
12125 757 763309 873960180193

1
i 1527612795642093418846225°

3nech addEKTUBHOCTH AJTOPUTMA MEIIAET
€ro JKaodHoCmb: OH BCer/a TIbITAETCs BbIUJie-

k
HUTH U3 — HaWOOJIBIIYIO BO3MOKHYIO aJUK-

BOTHYIO ZIpOéb, — B HalllEM CJIy4ae 3TO

1
[n/k]
557 B TO BpeMs Kak 6ojiee CKpOMHOE HAYaJI0

1 ;
c 3 JlaeT Jyqmmil pesyJIbTar.

CoBpeMenmble METO/IbI IO3BOJIAIOT PACKJIa-
JIBIBATD JIPOOD B CYMMY Pa3JIMYHbIX aJHKBOT-
HBIX JI0BOIBHO 3ddexTuBHO. Hampumep,
M.Boys B 1985 romy IOCTPOUJT aJTOPUTM,

. k
packJabIBalomuii 1po6b — B CyMMy He

6osee uem C.flog, n amuksorabix (3mech C —
KOHCTaHTa, He 3aBUcsAIast oT R u n).

C erunercKuMu ApoOSIME CBSA3AHbI HECKOJTb-
KO OTKPBITBIX BONPOCOB Teopun unces. Tak,

runiore3a Ipaéma—IIITpayca yrBep:R/aer, 4to
Jgio6ast IpoOb ¢ YUCAUTETEM 4 MOXKET ObITh
passoxkena B cymmy Tpex (!) aJluKBOTHBIX,
HE3aBUCUMO OT 3HAYEHWS 3HAMEHATessd 7.
ITy TUIoresy HpOBePI/IJII/I Ha KOMIIbIOTEpE
tst 3Havennii n 1o 10 4, OJTHAKO JI0Ka3aTeJIb-
CTBa /LI BCEX 7 MOKA He HallIeHo.

B saksouenme pacckaskeM ere 06 OJHOM
OPUMEHEHUN PA3JIOKEHNs [POOU B CyMMY
aJIMKBOTHBIX — IIpaB/ia, He 00s13aTe/IbHO pas-
JnuHbIX. HayHneM ¢ n3BeCcTHON 3a1a4u: JaHbl
JiBa GUK(OPIOBBIX MIHYPA, KAJK/IBIN U3 KOTO-
PBIX TOPHUT POBHO 1 MUHYTY, HO, BO3MOIKHO,
HepaBHOMepHO. Kak ¢ MoMoIIbio aTHX IIHY-
POB OTMEPHTH TIOJITOPBI MUHYTHI? [T0CKOIB-

Ky ,5=1+ ok MBI MOJKEM CHAaYaJIa OTMEPUTD

MUHYTY C IIOMOIIbIO OJJHOTO HIHYpPa, a 3aTeM
HOJ/PKeYb BTOPOi IIHYP ¢ 08YX cmopon —
TOT/J]a OH CTOPUT 32 MOJMUHYTBHI.

OTy KOHCTPYKIIMIO MOKHO 0606IIUTH Ha
[IPOM3BOJIBHYIO AJTUKBOTHYIO IPO6b: €CJIU MbI
6yzieM TOJIEPKUBATD HA IMHYpPE OJHOBpe-
MEHHO 72 TOYEK 'OPEeHUs, TO HIHYP CTOPUT 3a
1 MuHyT. Hampumep, momoxxskeM IHYpP ¢

n
Kpalo 1 B cepe/inHe. CPEJIHI/II/I OI'OHEK IIONJEeT

B 00e CTOPOHBI, T.e. PasaBOUTCS. Tarum
06pa3oM, OJIH KYCOK IITHypa 6y/IeT TOPETb €
JIBYyX CTOPOH, a Apyroil — c oxanoii. Ecman
HepBbIil MIHYPOK [IOTOPUT DPAaHbIIE, TO IO-
JIOJK3KEM BTOPOIA, OIISATD XKe, u3HyTpu. Vnaue
— [OracyM OJINH M3 KOHIIOB MIEPBOTO ITHYPKA
1 TIOJIOJKIKEM ero M3HyTpu. byjgem Tak jaeii-
CTBOBATDH IO TEX TOP, TIOKA BCE THYPKU HE
JIOTOPSAT, TOJEPKUBasi B 1000 MOMEHT
BpeMEHN POBHO ? Touku Topenus. Torma

HIHyp CropuT 3a § MUHYTBI.

[TponsBoabHYIO Xe Apo6b MOKHO PasJio-
JKUTb B CYMMY QJIMKBOTHBIX — TaKUM 06pa-
30M, MBI HAYYHJINCH OTMEPSITH IIPOU3BOJIbHOE
BpeMs, BBIPAKEHHOE B MUHYTAaX PAllMOHANb-
HBIM 4HcJoM. IIpu aTOM UeM MeHbIle aJnK-
BOTHBIX J[pOGEil B CyMMe, TeM MEHbIIe IIHY-
pOB HaM TOTpeGyeTcs.
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SAAAYHUK

3a4a4K
Mo MaTeMaTuke 1N Musnke

3r0T pasgen BegerTcs y Hac N3 HOMepa B HOMeP ¢ MOMEHTa OCHOBaHMsA JXypHana. [Tybnukyemsie B
HeM 33[a4Yy HeCTaHAaPTHbl, HO M1 UX PelleHus He TPpebyerca 3HaHWW, BbIXOZALMX 3a pamMKku
LUKOJILHOVI MIporpammsl. Hanborsiee TpyaHbIE 3343441 OTMEYaroTcs 3B€3404Kou. [Tocre gpopmynuposku
3afa4yu Mbl 06bIYHO YKa3bIBAEM, KTO HaM ee MPesIoxm. PazymeeTcs, He Bce 3Tv 3a4a4u rybKyoTcs
BriepBble.

PelueHus 33434 110 MaTteMaruke v @usvnKe U3 3Toro HOMepa ciedyeT OTrPaBIATh 10 NeKTPOH-

HbIM agpecam: math@kvant.ras.ru n phys@kvant.ras.ru cooTBeTCTBEHHO W/IM 110 [MO4TOBOMY aApecy:
119296 MockBa, JleHuHCckmii MpocneKkT, 64-A, «KBaHT».

Yenosus kaxgovi opurviHanbHovi 3agayqy, rnpegnaraemMosi 4ns nybavkaymv, BmMecte ¢ Bawwwim
PeLLeHneM 3TOH 3aAa4u MPUCbIIaVTe 10 TEM XKe aapecam.

3agayn M2586-M2589 npeanaranucb Ha XLI TypHupe roposos.

ABrop 3apa4 @2593-®02596 - C. Amutpues.

3apaun M2586-M2589, ®2593-PD2596

M2586. /lan MHOTOYTOJIBHWK, Y KOTOPOTO
KayKJIbI€ JIBE COCETHIIE CTOPOHDI TIEPIIECHINKY -
asipabl. HasoBeM jiBe ero BepIinHbl He Opy k-
HbIMU, ecJIn OMCCEKTPUCHI MHOTOYTOJTbHIKA,
BBIXO/ISAIIIE U3 3TUX BEPIIUH, TTEPHEHANKY-
JagpHbl. [lokaskuTe, 4TO 15T 060 BEpIIm-
HbI KOJIMYECTBO HE [PYXKHBIX C Hell BepIIuH
YETHO.

M.Cronenxos, A.3aciascxuil

M2587. B kax10ii KJaeTKe TOJOCKHT JIJTHHBI
100 crout no ¢umke. Moxkno 3a 1 py6Jb
IIOMEHSATh MeCcTaMu JHOObIe [IBE COCEHIE
(prmky, a Takske MOXKHO OECIJIaTHO IIOMe-
HATb MecTaMu JioOble iBe (DUITKH, MEKIY
KOTOPBIMHU CTOSAT a) POBHO TpH (puiku; 6)
POBHO YeTbipe (UITKUA. 32 KaKoe HauMeHb-
1ree KOJUIecTBO py6Jieil MOKHO IePeCTaBUTh
durkn B 06paTHOM TIOPSIIKE?

E.Baxaes

M2588". Touka M JIeKUT BHYTPH BBITYKJIO-
ro derbipexyrosbianka ABCD Ha ofnHaKo-
BOM paccTosinuu ot npsambix AB u CD u Ha
O/IMHAKOBOM paccTosgHuu oT npambix BC u
AD. Okasanocb, YTO ILIOLIA/lb YeTbIpeX-
yrosbauka ABCD paBHa

MA-MC+ MB-MD .
Jlokaskute, 4to yeTbipexyroabink ABCD a)

BIIMCAHHDBIN; 6) OIMMCAHHBII.
H.Cedpaxsn

M2589*, Jlana Bospacrarotias MocJjenoBa-
TEJbHOCTb IOJIOKUTEJNbHBIX YHUCEJ
.<ay<ay<ay<a <a<.., 6ecko-
HeuyHas B 06e cTopoHbl. [lycTh b, — HamMeHb-
1Iee I[eJI0e YKCJI0 CO CBOMCTBOM: OTHOIICHIE
CYMMBI JIIOOBIX R TIOJAPSI/T WIYIIUX YJEHOB
JIAaHHOI TI0C/Ie[0BATEIbHOCTH K HanOOJIbIlle-
My M3 3TUX R YJEHOB HE MNPEBbINIAET by, .
JlokakuTte, UYTO IOCJAELOBATEJbHOCTH
by, by, bs, ... mn6O coBIA/IAET C HATYPAJIBHBIM
psagom 1, 2, 3, ..., q1ub0 € HEKOTOPOro
MOMEHTa ITOCTOAHHA.

H. Mumpoganos

®2593. /[Be oxMHAKOBDIE TIO JITHHE TOPOK-
KU B TIapKe 3aMeTeHbl cieroM. [[Ba aBOpHU-
ka, Bacs u Ilers, 1OJIKHDBI OYMCTHUTD TOPOK-
Ki OT cHera. IlepByio IOPOKKY OHU HavaIu
YHICTUTD C IBYX KOHIIOB, M, KOTJa OHA GbLia
OouuilleHa, BbISICHIIOCH, 4TO Bacs ouncri 20
MeTpPOB JJTMHBI. BTOPYIO TOPOKKY OHH TOXKe
HavyaJl YUCTUTDL € JABYX KOHIIOB, HO TENeph
Bacst yBesmuna ckopocts B 3 pasa, a Ilers
coxpanus npeskuauii temr. Korzga o6e 1oposk-
K# ObLIM OUUII[EHBI, OKa3aJI0Ch, 4TO Ha Bacu-
HY J[I0JII0 HpHUILIOCch Bcero 50 MeTpoB. A
CKOJIBKO METPOB J0poKeK ouncTu [lers?

®2594. /lsig mepenpaBKy MUCTEPH ¢ HedTe-
npoaykTtamu 1o Racrmitickomy mopio n3 baky
B AcTpaxaHb BO BpeMs BTOPOH MHPOBOM
BOIHDBI WX 3allOJHSJIN HE TMOJHOCTBIO, U B
3TOM CJIy4ae CTajbHas IUCTepHA BMECTE CO



SAJAYHHUK

CTATBHON TIAT(HOPMOI U CTATHHBIMHU KOJIe-
caMM TLIaBaja B Bofie. ['py30moabeMHOCTD
COBPEMEHHOI IIUCTEPHBI /IJIST IEPEBO3KU GEH-
3uHa 60 T. JTO TpPU TOTHOM 3aNOJHEHUN
Ky30Ba — eMKOCTH JIJIST XPaHEHUS JKUIKOCTH.
Macca Tapsbl 1uctepanr 23,4 T, 06beM Ky30-
Ba 73,1 M°. Kakoe MakcmMaibHOE KOJIIIe-
cTBO Gensuna (B TOHHAX) MOKHO Ieperpa-
BUTh MOPEM TaKUM CIOCOOOM B OJ{HO¥ I[uC-
TepHe 3a oawH peiic? [lmoTHOCTH CTamm
7,8 T/ M3, TLJTOTHOCTD Bobl B Kacmm — mpu-
MepHo 1 T/ M.

®2595. «Boanoctb» Tymana (o61aka) — 910
o6111as1 Macca BOJSHBIX KalleJieK B e[MHUIEe
o6bema Tymana. Hajt semiieit na Boicote 1 kM
HAXOJIUTCS HEMOJBUKHOE 06JIaKO € BOJHOC-
TBIO 3 r/ M. O61aK0 OKPYKEHO IIPO3PAUHBIM
BO3/lyXOM, TeMIleparypa Kotoporo 273 K, a
nasaenue 10” Ila. Kakosa cpenmsia temie-
patypa BHyTpu o6jaka? /[laBjeHne HachbI-
IMEeHHbIX TapoB Boabl npu 273 K pasHO
611 Ila.

®2596. Yaiinuk moTpebJiseT OT 31eKTpryec-
Koil cern MmoIHocTh 2 KBT. Macca Bojbl,
KoTOpyIo Bacs ¢ He6OIbITNM 3aTIacoM HaJIH-
Baer B vaiinuk, pasna 0,3 kr (a B uyamky
nomeraercs 0,2 1 Bojabl). B Takom uaiinuke
Bacs wmarpeBaer [ TIPUTOTOBJIEHUS 4Yas
YHCTYTO M IepBOHAYaIbHO Xomoamyio ( 20 °C )
BOZy, /IOBO/IS ee [0 KumeHns. Kak TOJbKO
Bota (4epes OiHy MUHYTY MOCJE BKIIOYECHNS
valiHMKa) HauMHaeT KuIerb, Bacs TyT ke
OTKJIIOYAET YAHHWK OT CETU, HO BOJA IIPOI0JI-
JKaeT KuIeThb erte npumepHo 10 cekyHz.
Kaxos KII/I ucnonb3oBanusi s1eKTposHep-
THU, €CJIH CYUTATD MOJIE3HON TOJIBKO TO KOJIH-
YeCcTBO TEIJIOTBI, KOTOpPOEe HY)KHO, YTOOBI
BOJIa, HATMBAEMAs B YAIIKY, NIMeJia TeMITepa-
Typy 100 °C ? Y nebHAsST TETLIOEMKOCTD BOIBI
4200 Uk /(xr- K) .

PeweHus 3apaun M2574-M2577,
®2581-d2584

M2574. /lano namypanvroe vucao n. [loka-

JKume, wmo uucaa euda x" + y" npu 6cesos-

MOKHOIX HAMYPATLHBIX X U Y Oatom ne Goee
n(n+1)

uem T ocmamxoe npu denenuu na 1’l2 .

«KBAHTA »

SaMeTI/IM, YTO OCTATOK 4mucjaa x" Iipn jgeJjie-
HHM Ha n2 3aBHCHUT TOJIbKO OT OCTaTKa YMCJia

X TIpU JieJleHnn Ha 1. J{elicTBUTEeIbHO,
n

(x+n) =x"+Ch-n+C2-n* +..+Cl-n" =
=x" +n® +tn?,
rje ¢ — 1eJ0oe 4YMCJ0; TaKuM 06pasoM, OT
npubapaennss (MaM BbIYUTAHUA) K YUCIY X
4yCIa 7 OCTATOK N-ii CTENeHu TPy JIeIeHUH Ha
n° He MeHsETCH.
3ameHuB B BbIpaskeHun x" + y" uncia x vy
Ha WX OCTaTKU IIPU JEJEeHUM Ha 77, CIUTaeM
Temepp, uto x4,y € {0,1,2,...,n—1}. Kpome
TOro, BBIpaXkenne X" +y" CcUMMETPUYHO,
I09TOMY MOKHO PACCMATPUBATD JIMIIb BbIPa-
xeansgs ¢ 0<x<y<n-1.
Jlas durcuposannoro y €{0,1,2, ..., n—1}
uMeeM ¥ + 1 COOTBETCTBYIOIIMX 3HAYEHMIA X.
Utoro, umeeMm He Gojee 1+2+..4+n=

n(n+1)
ZT map 0 <x<y<n-1, yro noka-
3bIBaeT TpeOyeMyio B 3ajade OLEHKY.

H.Cagaeu

M2575. /lano eewecmsennoe uucao t € (1; 2).
Hoxaxxume, 4mo cywecmsyem MHOZOULEH
P(x)=ax" +a, X" "' +...+ax+ay, y
KOmopozo ece koappuuuenmor pasuvr 1
(i =0, 1, 2, ..., n), u maxoi, umo

|P(£)-2019] < 1.

CaejieM yTBEpPIK/IEHHE 33/[a4l K HEKOTOPOMY
6osiee 00IIEMY YTBEPIKIEHUIO.
ITocsie10BaTeIBHOCTD  TOJTOKUTENBHBIX UH-
cen by, by, by, ..., b, HazoBeM pasnosecon,
ecait by <1 u b, <1+by+b +...+b,_ upn
Bcex k=1,2,...,n.

JlokaskeM cJle[lyIolyio JeMMy O pa3HoBe-
cax: nyYcmyv UUCAO d MAKOGO, UMO
l[a| <1+by+b +...+b, O nexomopozo
pasnoseca by, by, by, ..., b,. Tozda 6 svipa-
sKenuu b, +b, (...t by, MoxHO GuO6pamMy
SHAKU <NAIOC> UAU <MUNYC> MAK, UMoOvl
3HAUeHUue 3Mo20 BLIPAKEHUS OMAUUATOCH
om a ne 6oaee wem na 1.

(JIemmy MO3KHO 1iepedOpMyIMPOBATh B TEP-
MHUHAaX B3BEHIMBAHUN TaK: THPU Macc
by, by, by, ..., b, MOXKHO DA3JIOKUTD Ha [IBE
Yaim BecoB Tak, YTOObI PA3HOCTb MacC Ha
Yarax oTINYasach ot ¢ He Gosee yem Ha 1.)
[lokaxkeM JieMMy MHIYKIIMe 110 7.




14 KBAHT

basa: npu n =0 Kaxoe yuco a € [—bo -1
by +1] ormuuaercs or by, wau or —b, me
6ospire uem Ha 1.
Iepexod. Ilyctb yTBepsKj€HHE BEPHO JUIS
pasnoseca by, b, ..., b, . Paccmorpum pas-
Hosec by, by, ..., b,_(, b, . Uucio a pis onpe-
JleJIeHHOCTH GyJIeM CYMTaTh HEOTPHIIATEb-
HbIM (MHAYE CMEHUM BCE 3HAKU B BBIDAYKEHUH
tb, £b,_ £...xby). PaccMorpum umcsio
a’ =a-»b,. Torna
a’ <(1+by+b +...+b,)-b, =
=1+by+b+...+b,_,.
C npyroii cTopoHsI,

—a’=b,—a<b, <1+by+b +...+b,_,.

Takum o6pasom, |a’|<1+by+b +...+b, ;.
Torza MOJKHO IPUMEHUTD JIEMMY K YHCIY @’
u pasHoBecy by, by, ..., b,_,: BbiGepeM 3HAKH

TaK, 4To6bI |(ibn,1 th, ..ty -a’|<1,

asnaunt, (b, £b,  £b, , *...xb))—a|<1,
41O HaM U TpeGoBasoch. JlemMMa joka3ana.

Jlnsg perienust 3ajauu Ternepb JOCTATOUHO
noJIoKUTh @ = 2019 u 3aMeTuThb, 4YTO I/

HEKOTOPOTO 1 yncyio t" GoJiblile @, a Yucia

1,¢, ¢2,..., t" IpeaCTABISIOT COGOI pasHOBEC.
JlokazkeM TOCJe/IHee YTBEPKIACHUE WHIYK-
nueit o n. Ilpu n=1 umeem t<1+1 —
BepHO 110 ycJioBuio. CeliaeM epexo: mpeji-

HoJoskuM, uto "' <1+ (1 +t+...+ t"_2).
Torna

t"=t " <2 = T <
s1+(1+t+...+t”‘2)+t"‘1,

YTO 3aBepliaeT J0Ka3aTeJbCTBO MEPEXo/ia.
H.Cadgaeu, 1. Koxeeruros

M2576. /locka 8x8 paspeszana na domu-
nowku (npsmoyeonvruku 1x2 u 2x1).
a) [lokaxume, umo 01una epanuupl Mexoy
2OPUSOHMATOHOIMU U BEPMUKALLHBIMU 00~
MuHOWKAMU He npesviuaem S52.

6*) Hatldume MAaxKCuMaivHo 603MOKHYIO
ONUNY 2paAnULbL MeKOY 20PUSOHINATOHOIMU U
BEPMUKATOHOIMU DOMUHOUKAMU.

a) ¥V kaxgoil us 32 goMuHOLIEK PasOueHUs
ecTb JiBe KopoTKue croponbl (mubl 1) u aBe
qumaable (umHbL 2). 3aMeTHM, 4YTO ecJn

2019/Nel?

TOPU30HTAIbHAS U BEPTUKAJIbHAS JOMUHOLII-
KM TI'DaHUYaT, TO XOTsd Obl OJHA M3 HUX
MPUMBIKAET K JAPYTOI JJOMUHOIITKE KOPOTKOI
croponoii. IloaToMy ns perreHus 3agadn
JIOCTAaTOYHO HAWTH cpefn BceX 64 KOPOTKUX
CTOPOH BCeX JOMUHOIIEK XOTs OBl
64 —52 =12 KOPOTKHX CTOPOH, KOTOpPBIE
MPUMBIKAIOT JUGO IPYyr K APyry, Ju60 K
KPaio JTOCKH.

[TycTb K Kpaio JOCKU MIPUMBIKAIOT [ AJTUHHBIX
cropo gomutoiiek. [lepumerp gocku paBen
32, moaTOMy K Kpaio JOCKH IIPUMBIKAIOT
32-2/ KOpPOTKHX CTOPOH; TOJOXHUM
2k =32-2l, torna [ =16 -k .

Ecan k = 6, 10 y3ke Haiimeno 2k > 12 xopor-
KX CTOPOH, MPUMBIKAIOIINX K KPAfo TOCKH.
Ilycte k<S5, rtorma [-2k=16-3k>0,
T.e. K Kpalo [IOCKH TPUMbBIKAET [JIUHHBIX
cropon Ha 16 — 3k Gosbire, yeM KOPOTKHX.
CuietoBaresibHO, HA TIEPUMETPE MOCKU Hali-
gerca t > 16 — 3k map cocegunx (uMerommx
00U KOHeI) [JIMHHBIX cTOpoH. Kampoi
TaKOIi Tape COOTBETCTBYET Mapa JOMUHOIIEK,
MPUMBIKAIONIIX KOPOTKIMHU CTOPOHAMU JIPYT
K Jpyry. 3HA4YuT, Mbl UMeeM IO KpaitHeit
Mepe 2t+2k22(16-3k)+2k=32-4k>
212 KOPOTKUX CTOPOH, KOTOPbIE TIPUMbBIKA-
10T In60 IPYT K APYTY, JHOO0 K KPAIO TOCKH.
6) Otser: 50.

[lns mokasatesbcTBA OIEHKM YCHJIUM pac-
CY/KJCHWS W3 TYHKTa a) W JOKa)KEM, 4TO
Haiizercst XoTst 661 64 — 50 = 14 KOPOTKUX
CTOPOH, KOTOPbIE TIPUMBIKAIOT JTHOO APYT K
ZIpyTy, 60 K Kpato Jocku. V3 paccyskieHus
B IIyHKTE a) CJIE/yeT, Y4TO HTO KOJUYECTBO
MOJKET OKa3aThbCsl Membliie 14 ToIbKo 1pu k ,
pastiom 5 uiu 6. ITpu atom (i) ecom k=5,
TO Ha NEepUMeTpPe JOCKU He JOJIKHBI COCEI-
CTBOBATb APYT C APYTOM KOPOTKUE CTOPOHDI
(MHaYe yBEMUUTCS YUCIIO ¢ TIap COCE/ICTBY-
OIUX [IITHHBIX CTOPOH M MBI IIOJIYYHM OI1€H-
Ky 2t+2k>2(16-3k+1)+2k=34—4k=
=14; (ii) ecom ke k = 6, TO Ha JOCKEe BOOGIIIE
He JIOJDKHO OBITh Map MPUMbBIKAIOINX IPYT K
JIPYTY KOPOTKUX CTOPOH, B YaCTHOCTH, HE
JOJKHO OBITh AP COCEACTBYIOIIUX JAPYT
C JIPYroM [JIMHHBIX CTOPOH HA IIEPUMETPE
JTOCKU.

[lokaskeM, 4TO HU OJ[HA M3 [IBYX YKA3aHHBIX
BO3MOXKHOCTell He peanusyercsi. [Ipensapu-
TEJIbHO OTMETUM, YTO K KaK/O0il CTOpoHe
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JIOCKU [IOJIZKHO INPUMBIKATh YE€THOE KOJIIMYe-
CTBO KOPOTKHUX CTOPOH.

(i) Vimeem 2k =10 KOPOTKUX CTOPOH, MPHU-
MBIKAIONMX K KpasM [JOCKH, 3HAYUT, Ha
OJTHO¥T M3 CTOPOH JIOCKW HE MeHee 3, a 3HAUUT,
He MeHee 4 KOPOTKUX U He GoJjiee 2 JIJTIMHHBIX
CTOPOH. fCHO, 4TO TOT/Ia Cpeir KOPOTKUX
CTOPOH Ha TIepuMeTpe HalayTcs JIBe COCesl-
CTBYIOIE — MPOTUBOPEYHE.

(ii) Vimeem 2k =12 KOPOTKHMX CTOPOH, NIPH-
MBIKAIOINX K KpasaM gocku ABCD (puc.1).

A B
e 1 3 6
2 415 7
10 1112 9
8
13 @
° 14
D C
Puc. 1

Tak Kak He JOJ/KHO GBITh AP COCENCTBYIO-
IMUX JPYT C JIPYTOM JIJTMHHBIX CTOPOH Ha
TepuMeTpe I0CKH, K KaXK/[0M CTOPOHE JIOCKH
TIPUMBIKAIOT HE MeHee ABYX KOPOTKUX CTO-
pOH. 3HAYNUT, K KAaKOW-TO CTOPOHE TOCKHU, I
OTIPe/IeJIEHHOCTH K TOPU30HTATHHOMY OTpE3-
Ky AB, NpUMBIKAIOT POBHO /BE KOPOTKHE
CTOPOHDBI, B TAKOM CJIy4ae NpuMbIkaHue Kk AB
OTIPe/IEJISIETCS TAK : ITHHHAS-KOPOTKAS-/IJTNH-
Hag-KOpOTKasg-AJnHHag. Torga K KakaoMmy
u3 orpe3koB AD u BC npuMbIKaeT He MeHee
4 KOPOTKUX CTOPOH, a 3HAYUT, POBHO 110 4; K
CD Torjia IPUMBIKAIOT POBHO /[BE KOPOTKHUE
CTOPOHDI.

[lanee, o6e KJI€TKU, TIOMEUEHHBIE KPACHBIMU
TOYKAMU, HE MOTYT OBITH MIOKPBITHI TOPU30H-
TaJIbHBIMU JIOMUHOIIIKaMu, nHaue Ha AD Hali-
JIyTCST [IBA COCETHUX JJTMHHBIX oTpe3ka. s
OTIPe/IeJIEHHOCTH, ITyCTh BEPXHSS KJeTKa C
KPACHOM TOYKOW TIOKPbITA BEPTUKAJbHON
JTOMUHOIITKOM, Tak 4To Ha pucynke 1 3akpa-
1eHbl 3a(DMKCUPOBAHHDBIC B HACTOSIIMI MO-
MEHT JIOMUHOITKY. Terepb, Tak Kak HUKaKWe
JIOMUHOIIKM HE MOTYT IPUMBIKATbh JIPYT K
JIPYTY KOPOTKMMHU CTOPOHAMMU, MBI IIOCJIE/I0-
BaTeJbHO OJHO3HAYHO OTIPE/IesIsieM TI0JI0Ke-
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HUE JJOMUHOIIEK, 3aKPbIBAIONIMX KJETKH C
nomepamu 1—14. Ho nocsie aToro 3akpbITh,
He Hapyllas IPaBUJIa, KJIETKY, IIOMEYEHHYIO
CHUHeli TOYKOoil, HeBO3MOsKHO. [IpoTuBOpeune.
[Ipumep ¢ ammHOM rpanwibl SO TpUBEIEH Ha
pucynke 2. Tem cambIM, JOKa3aHHas B IIyH-

Puc. 2

KkTe 6) OlLleHKA TOYHA, U 3ajada IOJHOCTHIO
peliieHa.
B 3aBepinenue HECKOJIBKO CJIOB 00 UCTOPHUH
sagaun. Ilynkr a) (asrop — B.Dpenkun)
611 ipesioxken tetom 2019 roga na Typhu-
pe mat6oeB umenn A.Il.CaBuna, nmpuuem Ha
TOT MOMEHT JKIOPH He 3HAJIO TOYHOTO 3Have-
HUSI MaKCUMyMa. 3a/iavya He OblIa peleHa Hu
OJTHOIT 3 KOMaH/, OJTHAKO YYACTHUIIA Ty PHU-
pa E.Ap:xaniieBa noctpousia mpuMep ¢ JJH-
HOW TpaHuIIbl, paBHOI 50, TTOCJIE Ye€T0 aBTOPY
VAAJ0Ch YCUJIUTD OIEHKY /10 TOYHOM.
A.3acnaeckuil

M2577*. Buympu ocmpoyzonniozo mpey-
eonvnuxa ABC ewvibpans. mouxu P u Q
maxue, umo LABP = /CBQ u ZACP =
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= ZBCQ (m.e. u30201aivno conpsxenioie
mouxu). Qepes mouxu P u Q nposesu npsi-
Mble, nepneHOuKyIspHvie buccekmpuce yzia
BAC (puc.1). 9mu nepnenduxy.iapo. nepe-
cexarom ompesxu AB u AC ¢ mouxax Bp s
Bq, Cp, Cq. Iycmy W — cepeduna dyezu
BAC onucannoii okpyxnocmu £ mpeyzoiv-
nuxa ABC. IIpamvie WP u WQ nepecexa-
tom emopuuno L 6 mouxax P, u Q.
Hokasxume, umo mouxu P, u Q, sexam na
ONUCAHHOU OKPYKHOCMU mMpaneyuu

B,B,C,C, .

HoxaxeMm, uto P, JIe)KUT Ha OKPYXKHOCTH
(BquCqCp) (mst Qp mokasatenbcTBO GyET
aHajsornyubIM). [IpoBe/ieM paccysKAeHus st
ciayvas, korga P, gexur na pyre BC, ne
comepxamein A (MHave paccyKIeHUsS B Ha-
[PaBJIEHHBIX YIJaX aHAJOrnyHbl). Kaskabrii
U3 BHUCAHHBIX yrjaos ZBPW , ZCPW
paBen uerBeprtu ayru BWC, unn

gpe _ £BAC

(puc.2). ITomy ke 3HAYCHUIO

pasubl yrivl ZAB,C, n ZAC,B, B paBio-
Genpennom tpeyrossiuke AB,C,. 13 pa-
BeHcTBa ZBPP = AACPP CJICJIyeT, UYTO TOY-
xu P, B, Cp n P jexxat Ha OTHON OKPYK-
HOCTH, OTKY/a ACpP1P = ACpBP. Amnaio-
ruuHo, £B,PP = ZB,CP, taknm o6pasom,
£C,PB, = ZC,BP + ZB,CP. Tenepp s
pellleHus 3a/lau I0CTaTOYHO JI0Ka3aTh, YTO
£C,C,B, = ZC,BP + ZB,CP .

Mycrs P,, B,, P. — npoexkuun Touku P Ha
npsimbie BC, CA, AB cOOTBeTCTBEHHO; aHa-
JIOTUYHO omnpejgenuM npoexuuun Q,, Qp, O,

2019/Nel?

toukn Q (puc.3). Kak mussectno, Toukm
P, P,P., Q, Qp O, sexar Ha OAHOH OK-
pyskHoctn (cM. Hanpumep, cratbio «M3oro-
HAJBHO COTPSDKEHHBIE TOUKM» B «KBaHTe»
Ne1 3a 2016 r.). Vcrnosb3yst TaksKe OKPYIK-
Hocrit (BP.PP,) u (CP,PP,), nMeem
ZC,BP + £B,CP = ZP,BP + ZP,CP =
=/ZP.P,P+ /P,P,P = Z/P.P,P, = ZP.Q.P,.
Wrtax, mocTtaTo4yHO YCTAaHOBUTDH, YTO
£C,C,B, = ZP.Q.P,, r.e. uto C,B, || O.F,.
PaccmoTpnm mpeo6pasoBanue mogobus, Te-
peBozsiiiee  paBHOOEAPEHHBIN TPEYTOTbHUK
AB,C, B AC,B,. U3 yc/10BHs1 H30TOHAJIBHO-
ctu (£BAP = CAQ) cuezyer, 4To IPH 9TOM
npeo6pasoBanuu P nepexoaut B Q 1, cjeso-
BarejbHO, B, mnepexomur B Q,. Otcioja
AP, : AB, = AQ, : AC,, cJef0BaTeIbHO,
CyB, Il OB, . 3ajaua peurena.

OrMeTHM, UTO JaHHAS 3a/1a49a 06001IaeT 13-
BECTHBIE (DAKTBI O TOUKAX KACAHMUS CO CTOPO-
HaMW U OMMCAHHON OKPY’KHOCTBIO TaK HA3BI-
BAaeMOIl «10JTyBITUCAHHOIT» OKPYsKHOCTH (T.€.
OKPY>KHOCTH, Kacatoteics npsambix AB , AC
n okpyxnoctu (ABC)). [leficTBuTeIbHO, B
<«Ipe/ieibHOM» ciiydae P = Q = [ Toukn B,
U B, «CKJIEHBAIOTCS» B TOUKY KacaHmus OK-
pyskHocTH ¢ ripsiMoit AC. AHAJIOTHYHO MeeM
Touky Kacanust C, =C, u P, = Q.

B koHcTpyKIMu, paccMaTpuBaeMoii B 3aj1a4e,
MOJKHO OOHApY’KUTb MHOTO KPAaCHUBBIX (Pak-
toB. CIOJKeT Ha 9Ty TeMy IJIAaHUPYeTCs Hare-
YaTaTh B OJHOM U3 CJEAYIONNX HOMEPOB
JKypHaja «MaTeMaTnaecKoe MPOCBeIeHnes .

II. Bubuxos, ®.Ilempog
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®2581.! I'eauii naxooumcs 6 cocyoe xyou-
ueckoll hopmol ¢ pebpom a =1 mu sxecmrumu
CMEHKAMU, UMEHOUUMU HYJeBYI TENJ0eM-
KOCmb U HYylesyro menaionposodnocmy. Co-
cyd dsuxemcs co ckopocmv v = 1 xm/c 6
Hanpasaenuu xecmkou cmenku. Yoap — u
cocyd meznosenno ocmanosuics. /[lo ydapa
dasaenue 2aza 6viio p =1 Ila, a memnepa-
mypa 6viia T =1 K. Kaxoevl ycmanogus-
wuecs dasienue u meMnepamypa eHympu
cocyda nocae yoapa? Kaxum 6vi10 maxcu-
MAIbHOE JdslieHue 2a3d HAd 00HY U3 CIMEHOK
cocyoda noce ydapa?

[ToHATHO, YTO B COCTOSIHUU TETIJIOBOTO PABHO-
BecHsI, KOTOPOe YCTaHOBHUTCSI TOCJE YyAapa,
KUHETHYeCKas SHePIust XaOTUIeCKOTO TeTLI0-
BOTO JIBIKEHUS] MOJIEKYJI C HAYAJbHON TeM-
nepatrypoir 1 K caoxkurcs ¢ KHHETUYeCKon
aHeprueil ynopsiJ0ueHHOTo IBUKEHUST MOJIe-
KyJI IO y/lapa, ¥ BMecTe oHu OY/yT dHeprueit
TETJIOBOTO JIBVIKEHUS TP HOBOI YCTAHOBWB-
mrefics TeMieparype. JHEPrus YHOPSIAOUeH-
HOTO JIBVIKEHUS MOJIEKYJT ra3a 60JIbIIe SHEP-
TUH TETJIOBOTO JBVKEHWS TPW HAYaJbHOMN
TeMIeparype B

2 2 0% 4m
0—2 -2 - P <160 pas
i 3kT/m 3kT
(3mech m, = 1,67 - 107%" xr — macca poTO-

wa, k=1,38-10"2 ILx/K — mocrosmuas
Bonbnmana). [TostoMy HOBast TemmepaTypa
1 HoBoe JaByeHune OyayT B 161 pas GoJibiie
MPEKHUX BEJUUMH. DTO 3HAYUT, UTO YCTAHO-
BUBIIAsCS TeMIlepatypa mnocJe yjaapa 6yaer
paBHa 161 K, a HoBoe 1aByieHne Gy 1eT paBHO
161 Ila.

Cpaay 1ocJie COIpUKOCHOBEHUS CTEHKU COCY-
[la, T.e. OJHOIl U3 rpaneil Ky6uKa, ¢ HENOJ-
BIDKHOII JKeCTKOIl CTEHKOH JlaBjieHnue Ha 3Ty
IpaHb U3HYTPH OYIYT OKa3bIBaTh HAJETAIO-
e Ha Hee MOJIEKYJIbI Teusi. MOXKHO cuu-
TaTh, YTO B T€UEHUE KOPOTKOTO MMPOMEKYTKA
BpeMenu At = afv = 1073 ¢ pasaenue 6yzer
OKa3bIBAThCS He Ha Bee 6 TpaHeid, a TOJbKO Ha
omny. IloaToMy MakcHUMaJbHOE [aBJEHUE HA
3Ty TrpaHb cocyma OyaeT PpaBHO
(160-6+1) Ila, T.e. pp. =961 Ila.

! ABrop pemenmii samau D25381-D2584 —
C.Bapusamos.
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®2582. B kocmoce sdaru om Opyzux me.
Haxo0samcs 8 00UHAKOBHIX JleeKUX MANeHD-
KUX Wapuxoe, Kaxovill U3 KOMopvlx necem
na cebe snexmpuueckuil 3apsd Q. Illapuxu
CEA3ANDL TMOHKUMU HENPOGOOSUGUMU HUMSL-
Mu 00unaxoeoil daunsl. B cocmosinuu pasno-
BECUL WAPUKU HAXOOSMCSL 8 BEPUUNAX KYOA
¢ pebpom b, a nHumu pacnoaoKuIUCL 8001b
pebep kyba. Kaxosol cunvl namsixenus Hi-
meu?

Kaxnass HUTD, TPUKpEIJIeHHAas K OJHOMY
HIAPUKY, a K KOKIOMY HIApPUKY IPUKPeEILIe-
HbI TpI/I B3auMHO HepHEH/I[I/IKyJIHprIe HUTH,
KOMIIEHCUPYET CBOUM HaTAXKXEHUEM BCE IIPO-
CKIIUN Ha ee HallpaBJieH1ue KyJIOHOBCKI/IX CHnJi,
aeﬁCTByIOHIHX Ha 39TOT HIapuK CO CTOPOHbBI
apyrux urapukoB. Ilockombky cymMMmapHad
IIpoeKnusa BCEX KYJOHOBCKHX CHJI Ha Ha-
MpaBJieHe O0JTHOTO W3 pebep Kyba paBHA

kQO?

F:ET@+I“+3”)

(3necw k — mmocrostnnas B 3akone Kymona), o
Takoil u OyZeT CUJIa HATSKeHus: KasKIou
HUTH.

®2583. K 6amapeiixe nooxmouen pe3ucmop
conpomuenenuem R, u no nemy meuwem mox
I. K smomy pesaucmopy napaiieivho emy
nOOKIIOUUNU eue 00U MAKOLL JKe Pe3ucmop,
U MOK uepe3 Nepeuvlil Pe3Ucmop YMeHbUuUICS
Ha 00HY wecmyro uacmy. Pesucmop kaxozo
CONPOMUBIEHUSL HY HKHO NOOKIOUUIND K IMOT
b6amapeiixe, umobvL 6 HeM 8blOCAANAC MAK-
cumanvruas mownocmv? Kakxoea eenruuuna
IMOU MAKCUMATLHOU MOULHOCTRU?

O6o3HauyM HEW3BECTHbIE TTapaMeTpbl 6ara-
peitkn — D /1C u ee BHyTpeHHEE COITPOTHBIIC-
HUe — 4Yepe3 & U ¥ COOTBETCTBeHHO. U3
YCJIOBHS 3a/Ia4¥ CJIEIYET, YTO

) S5 & 1 &

6 6r+R 2r+R/2
Orcrofia MOTyJatoTCsT HeN3BeCTHBIE TTapaMerT-
pbI GaTapeiku:

5 R
E=—IR, r=—.
4 4
Yro6bl B HATPY3KE BbIIE/SIIACH MAKCUMATb-
Hasl MOIIHOCTb, €€ COIPOTUBJIEHUE JOJIKHO

(MpogonxexHmne cm. Ha ¢. 22)
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aa4yl

1. 3 Tpex nanovek MOXHO CIOXMUTb
TpeyrofibHWK. OT KaX40u Nanoykm oTo-
MUKW MO KYCKY W CIOXUIN U3 HUX
Apyron TpeyrofibHWK. Bcerga nu v3 oc-
TaBLUMXCA YaCTeM TOXKE MOXHO CIOXMUTb
TPeyronbHUK?

JLEMenibAHOB

£ T4 W

Z MprBeanTe NpUMep HaTypanbHOro
4Mcna a, NPy KOTOPOM YUCIIO

a-1001-1003-1005 + 4
OyneT TOYHbIM KBaApPaTOM.

HAraxaHos

3. Ha KOHTYypHyto KapTy HaHeceHbl 10
ropofioB (0e3 Ha3BaHWI) 1 [OPOr MeX-
[y HeKOTOPbIMU U3 HUX. He3Hanke fanu
3aflaHne HaHeCcTM Ha KapTy HasBaHWA

D11 3agayn npepnarannce Ha XIV KOXHOM
MaTeMaTU4eCKOM TypHUPeE.

rOpOAOB, HO BbIOANN NMMLb CMMCOK Nap
rOPOAIOB, HaMPAMYIO COeAMHEHHbIX O0-
pOrown. 3TOro xBaTWMo, 4TOObI OAHO-
3HAYHO YCTAHOBWUTb Ha3BaHME KaX[oro
ropofa. Kak Takoe Morno ObiTb?
CBonvérHkon

4. MPAMOYTrONbHUK, COCTOALLMI 13 Ke-
TOK LWaxXMaTHOM [OCKW, Ha30BEM BaX-
HbIM, €CIN BCE €ero YrnoBble KIeTKW
YyepHble. Ha Kaxxgow Knetke waxmaTHOM
OOCKN HAMMCaHO KOSIMYECTBO BaKHbIX
NPSMOYrONbHMKOB, COAepXalMx 3Ty
knetky. [yctb B — cymMMa 4ucen, Hanm-
CaHHbIX Ha YepHbIX knetkax, a W —
CYMMa 4YMCen, HamnmcaHHbIX Ha Oenbix
knetkax. Hangute 8 — W,

Onumnmnana fOAP

Unmoctpavmm [.1puiykoBovi
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epUMETP W NNoLLAAb
Ha KJIeTOYKax

E.BAKAEB

9TOW CTATBE PEUb HOMJET O KJIE-
TOYHBIX (PUTYpKaX — TakuX (Puryprax,
KOTOpbIE COCTABJIEHBI W3 KJIETOUEK JIICTa
KJaeT4aToi 6ymaru. Kak cBS3aHbI MI0MAIb 1
nepumerp Takoii ¢urypkn? Cpeam Bcex
(urypok ofHOI U TO Ke TIOMAN y KaKuX
nepuMetp HauboJibInuii? BoT ocHOBHBIE BOII-
POCBI, ¢ KOTOPBIMU MbI pa36bepeMcsi.
Pemrarp ympaykHeHUs He 0053aTEJIbHO IS
MTOHUMAHUS JATbHENIIIero Marepraia, Ho OHI
MTO3BOJISTIOT JIyUIlle Pa3o6paThbCs ¢ MPOIiIeH-
HBIM, TaK 4YTO PEKOMEHyeM YJeJUTb WM
BHUMaHue. OTBETbl U yKa3aHUs K HUM JIaHbl
B KOHIIe >KypHaJja. Peltennsd 3azad JaHbl
cpaay 110cJie YCJI0BUH; HaJl HUMU TOKe JIyullle
CHAYaJIa MOPa3MBIIIISATh CAMOCTOSTEIBHO.
YcnoBumest, uTo puryprU, 0 KOTOPHIX MON-
JIET PeUb, SABJSIOTCH C8A3HbIMU. DTO 3HAUNT,
YTO OT JIIOGOH KJIETKN (PUTYPKU MOKHO JOUTH
110 J1i060i1 APYTOil, TIepexo/ist B COCEHUE IO
cropone kJjetku. Harpumep, MHOKeCTBa KJie-
ToK A, b n B na pucyske 1 — aro durypku,
Ho b 1 B BMecTe He 06pa3yioT OIHY PUTYPKY,

A

Puc. 7

TaK Kak OT KJIeTOK b /10 KJIeTOK B yKa3aHHBIM
C1I0cO60M JIOUTH HEJb3sI.

Iepumempomn GUrypKH HasbIBAIOT [JINHY
ee rpanutibl. Hanpumep, y durypxu A nepu-
Metp 8, ay b u B — 1o 16.

DOI: https://doi.org/10.4213/kvant20191203

Hekoropsie (Ho He Bce!) kjerounbie dhu-
TYPKH SIBJSIIOTCST  MHO20y2o vhukamu (Ha-
MMOMHUM, YTO TPAHUIA MHOTOYTOJbHUKA [10JI-
JKHA OBITH 3aMKHYTOI HecaMollepeceKaroneii-
cs1 JIOMaHOIl, nHa4Ye TOBO-
psi, MHOTOYTOJIBHUK — 9TO @)
durypka «6e3 1pip» ). Ha- 1
npumep, durypra A sB-
JISETCST MHOTOYTOJIbHU-
KoM, a purypku b u B —
HeT. 6)

Beenem HexoTopbie HO-
BbIe TIOHATHA. B Kax oM
KJaetke Uryprn Oyaem
MHICaTh, CKOJIBKO CTOPOH
9TOH KJIETKM JIeSKUT BHYT-
pu burypru. Hazosem sTo
snympennum Habopom urces purypku. [Ipu-
Mep ITI0OKa3aH Ha PUCYHKE 2,d.

(IS
[\

W ||

>< >< ><
VIiv]y

><

><

Puc. 2

Yupaxknenne 1. CyuecrtByer sim durypka c
TaKNM BHYTPEHHHM HaGOPOM YHCE:

a) 1,1,1,1,4;

6) 0,1,2,3,4;

B) 1,1,1,1;

r) 2,2,2,2,3,3,3,3,4?

3anava 1. Jokaxume, umo cymma uucen
GHYMpPenHez0 Habopa uzypru 6cezoa uemua.
B cymme uucen BHyTpenHero Ha6opa, Oy-

JeM o003HAYATDh ee 2 KaK/Jas BHYT-

BHyTp’

PEHHAA IEPETOPOAKA )
MEK/y KJIEeTKaMHu I10CYU- 373
Tana o 2 pasa (puc.2,6). 15
Takum o6pasom, Tol2
Zﬁﬂy'l‘p= 2i, rae i — Ko- 212
JNYECTBO BHYTPEHHUX §)
MIEPETOPO/IOK. e
Temnepb B KaXx101 KJIET- <
ke Qurypku O6ymeMm Iu- < N
caTb, CKOJIBKO CTOPOH ANE
3TON KJIETKU JIeKUT Ha

rpanune durypku. Ha-  pyc 3
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30BEM 9TO GHewHUM HAOOPOM unces Quryp-
ku. [Ipumep npusesnen Ha pucynke 3,a.

Yupaxknenne 2. CymuiecrByer jin durypka c
TaKUM BHENTHUM HAaGOpOM YHUCeJ:

a) 0,3,3,3,3;

6) 0,2,3,3;

B) 0,0,2,2,2,2,2,2,2,2 2.2 2 33 3,3,3,3;

r) 1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1?

3apaua 2. Kax no eunewnemy wnabopy
yuces Halumu nepumemp uzypru?

Bo BrernrneM Habope KaXK/blil €IMHUIHDBII
OTPE30K IlepUMeTpa IIOCYMTAH OJMH pa3
(puc.3,6). 3Hauut, cymMMa 4uces BHEIIHETO

HaGopa paBHa I€PUMETPY: ZBnemf p.

Tenepp ucnosbzyem Hali/ileHHble CBOHCTBA
BHYTPEHHETO U BHEIITHEr0 HA60POB JIJIsI BBIBO-
Jla 110J1e3HO0I (DOPMYJIbI.

3anava 3. [1ycmov s — amo naowadsv gpuzyp-
Ku, p — ee nepumemp, a i — KOJIUUECMBO
sHYMpeHHux nepezopodox. Haiidume u do-
Kaxume (hopmyay, ces3vieaouyro 3mu mpu
BENUUUNDL.

[Tofimem, kak CBsI3aHBI BHEIIHNN W BHYT-
peHHMiT Habopbl. B o/HOM ciydae Mbl A5
KQK/JOH KJETKM CYNUTAJNH, CKOJbKO U3 ee
CTOPOH JIE)KHUT BHYTPH, & B IPYTOM — CKOJIb-
ko na rpamuite. Takum o6pasoM, B ABYX
Hab6opax BMeCTe MbI IIOCUUTAJIU BCe 4 CTO-
POHBI KaXJoil M3 § KJETOK. 3HaYur,

Zﬂﬂym + ZBHCM =4s. Wcroab3ys pesyJib-
TaThl MPEIbIIYINX 33/1a4, MOJyYnM:

20+ p =4s.

Yupaxknenne 3. Haiiqure Bce durypku, y
KOTOPBIX TIePUMETP GOJIbINE TIOIAAN

a) B 5 pas; 6) B 4 pasa;

B) B 3 pasa.

W3 nokazannoii (hopMyJibl CJI€yeT TaKoe
CBOIICTBO.

3anava 4. /loxaxume, umo nepumemp
KAemuamou (huzypru 6cez0a si8assemcsi uem-
HOIM YUCTIOM.

W3 ¢opmyIp! BUIHO, YTO p SBJASETCS pas-
HOCTBIO YETHBIX Yuces 4s U 21, TI0ATOMY OHO
TOXKe YETHO.

B caepytomux ynpaskHeHUSX CHOBA TIOMO-
raer Ta ujes, 4TO MPU CYMMHUDPOBAHUU Iie-
pUMETPOB YacTell paspe3bl YUUTBIBAIOTCS
JIBAYK/IbI.

2019/Nel?

Yupaknenus

4. Ksagpar 5X5 paspesaqn Ha HECKOJbKO
MHOTOYTOJIBHUKOB TaK, YTO CyMMapHas [IJIMHA
paspe3oB paBHa 12. Uemy MoOKeT ObITb paBeH
CYMMApHBIii [epUMETP BCEX MHOTOYTOJIbHUKOB?

3. [locky 6% 6 paspe3asu Ha IPSIMOYTOJTBHUKI
1x2. Kakoit MokeT OBITb CyMMapHas JIHHA
paspes3on?

6. KBagpar 8x 8 paspesasu Ha TETPAMUHOIIKY
(urypru us yerbpex kiaerok). CymmapHast Jim-
Ha pa3pe3oB okazajach paBHa 60. CKoJbKO cpean
3TuUX (PUIYPOK MOKET ObITb KBaJPATOB?

Tenepp o6cyanM caeIyOMIYIO 3a/1ady.

3anava 5 (H.Crpenkosa). Keapmupa 3x 3
cocmoum u3 9 keadpammnvix kommuam 1x1.
Kasxovie dse cocednue xommamoi coedunerivt
dsepvro. Kaxoe naumenvuee Koauuecmso
osepeti 00IKHO Obimb OMKPLINO, UMOOLL
KoM, HAXO0O0SAUUTICS, 8 00HOT U3 KOMHAN, MO2
€80600HO 2y 15AMb NO GCell Keapmupe?

Teppumopueti GyneM Ha3bIBaTb MHOXKeE-
CTBO KOMHAT, MeK/Y KOTOPBIMHI MOKHO CBO-
6071HO TepeABHUTAThCSA. Ecam oT ogHOM KOM-
HATBl HeJb3sl JONTH [0 Jpyroif, TO OHHU
OTHeCeHbI K pasHbIM TepputopusiM. (B mpu-
Mepe Ha PUCYHKe 4 TeppPUTOPHUS KOTa COCTOUT

/

Puc. 4

13 5 KOMHAT, a 001ee KOJUIECTBO TEPPUTO-
puii pasHo 3.)

IlepBoe pemnienue (pasmep TepPUTOPHH
kota). CHavasa 3aKkpoeM Bce JIBepH U GyieM
OTKPBIBATH X 10 NOPSi/IKY. [TycTh aTOT MHOPSI-
JIOK BbIGUpaeT caM KoT. OH MOXKET TOI0UTH
K JI00OH 3aKpBITON [BEpH W MAYKHYTb, 1
TOT/Ia MBI OTKPOEM eMy 3Ty jiBepb. Ecim ona
BeJIeT B HOBYIO KOMHATY, TEPPUTOPUS KOTa
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YBEJMYUTCA Ha OJHYy KoMHaTy. Ecun ke ata
JIBEPD Be/leT B KOMHATY, /10 KOTOPOH KOT ysKe
MOTI' IOITH MHBIM IIyTeM, TO TEPPUTOPUS He
n3Menutcs. Ilosyyaercs, ¢ KakJoi OTKPbI-
TOW JIBEPBIO TEPPUTOPHUS KOTA YBETMUNBAECT-
cs1 He Gourpitie ueM Ha 1. CHavasa oHa paBHA
1, a B konme — 9. 3Hauut, TMOTpedyeTCS
OTKPBITH XOTSI ObI 8 /1Bepeii.

3anaua pewena. [lopymaiire, rae umenno
UCIIOJIb3YETCs, UTO MbI IIPeJIIaraeM BbIOPaTh
ZIBEPDb KOTY, a HEe OTKPbIBAEM ee CaMH.

Bropoe pemenne (KOJIMYECTBO TEPPUTO-
puii). CHoBa 3akpoeM Bce JiBepu u OyjeM
OTKpbIBaTh WX 10 ojaHoil. Temepp Oyaem
cunuTaTh O6IIee KOJMYECTBO TEPPHUTOPHIL.
CHavasia Kaxgasi KOMHaTa o06pasyeT OJHY
TeppuTOpHMIo, T.e. Bcero Teppurtopuii 9. B
KOHIIE BCe KOMHATBI 06Pa3yioT OJHY TEPPUTO-
puio. /IBepb MOXeT COeWHSTH JU6O [Be
pas3Hble TEPPUTOPUU — TOTJA MIPU €€ OTKPBI-
BAHWU KOJMYECTBO TEPPUTOPUIN YMEHBINUTCS
na 1, 160 coeMHATh TEPPUTOPUIO C CAMOM
co00it — TOT/Ia KOJUYECTBO TEPPUTOPHUIl He
yMenbiuTcsi. CHOBAa BBIXOUT, YTO XOTs Obl
8 nBepeil OJKHBI ObITH OTKPBITHI.

B caempyromeM yrnpaxkHeHUHM [TOMOTAET TOT
JKe IIPHUEM.

Yupaknenne 7. B kBagpatHoM JaGupHHTE
pazmepoM 6X6 OT 060 KJIETKU MOXKHO JOUTH
no moboit apyroit. Kakoe manGosibiiiee KoJimde-
CTBO BHYTPEHHUX TIEPETOPOJOK MOXKET B HEM
ObITD?

Teneppb mpuMeHNM 3TOT MOXO/ K KJETYa-
TBIM (PUTYPKaM.

3agaua 6. Kaxoe naumenvuiee rxoauue-
CMBO BHYMPEHHUX OMPEIKOE CEMKU MOKEm
O6vimy 6 uzypre ¢ naowadvio s?

PaccmotpuM mpousBosibHY 10 (DUTYPKY T1JI0-
A S, MOKPacuM ee BCIO B OeJiblil I[BET.
BbiGepem ojiHy U3 KJeTOK (UTYPKH, TTOKpa-
cuM ee B uepHblii. [lasee 6yieM 3aKpalinBaTh
10 OJTHOM 6eJIoif KJIeTKe B UEPHBIN 1BET TaK,
4TOGBI HOBAsl YepHAas KJIETKa ITPUMbIKAJIA 0
CTOPOHE K yke 3akpamennoii vactu. (Takyio
KJIETKY BCET/a TOJYIUTCS HAMTH: €CJIN eCTh U
6eJiast KJIE€TKa, W YepHast, TO Ha Iy TH OT OJTHOM
IO APYTON BCTPETUTCS MApa U3 ABYX COCE/I-
HIUX Pa3HOIBETHBIX KJeToK.) Kaxabiii pas
KOJIN4YECTBO BHyTpeHHI/IX OTpe3KOB CETKN B
yepHoil purypke OyeT YBEIUINBATHCSI XOTSI

6bl HA eIUHUILY. B UTOre BCE KJETKH CTAHYT
YepHbIMM. 3HAYUT, BHYTPEHHUX OTPE3KOB
NCXO/IHON (UTYypKM He MeHble s — 1.

3aMeTnM, 4TO aJarOpUTM J06aBIEHUS KJe-
TOK 37IeCh POBHO TaKoOM Xe, 9TO M B 3aJaue
PO KoTa.

Jlerko mpuBecT MpuMep, B KOTOPOM BHYT-
PEHHUX OTPE3KOB JICHCTBUTEIbHO CTOJDBKO:
3TO, HANIPUMEP, PSIMOYTOJBHUK 1Xs.

3agava 7. Kaxoi nauborvwuii nepumemp
Mokem 6oimb Yy uzypru ¢ naowadvo s?

Hamu yoxe nokasana popmyaa 2i + p = 4s.
W3 nee BugHO, 4ro 1pu (PUKCUPOBAHHOM S
yeM OoJibllie p, TeM MeHblle i. 3HAuurT,
nepuMeTp HanGOJbBINHI TOT/a, KOT/Ia KOJIH-
YeCTBO BHYTPEHHHMX OTPE3KOB HaMMEHbIIIee.
Kax ™Mbl yske BBISICHWJIN, 3TO JOCTUTACTCS B
caydae 1 = s —1. [logcraBus 310 B hopmyry
2i+ p = 4s, momyunm, uTo p = 25 + 2. Urak,
nepuMeTp (pUTYPKH C IJIOMIA/IBIO S He 60JIbITe
yeMm 2s + 2. [IpuMep NOAXOANUT TIPEKHUN.

[Tompo6yiite mpUMEHUTH Ty K€ U/EI0 1MOC-
JICZIOBATEIBHOTO 106ABIEHUS KJIETOK B CJIe-
JIYTOIUX YIPaKHEHUX.

Yupaxuenus

8. U3 durypku, cocrosieii u3 20 KJIETOK,
MO>KHO BBIpe3aTh kBagpaT 3 X 3. [oxaxnte, uTo
ee nepuMerp He 6oJiblie 34.

9. M3BecTHO, YTO HEKOTOPYIO KJeTouHyio ¢u-
TYPKY MOXHO Pa3pesaTb Ha > KBaJparoB 2x 2.
Kaxoit Han0oJIbIINI TepUMeTp Y Hee MOKeT ObITh?

10. Hapucyiite no 10 pasupix ¢urypok, y
KaXJ0! 13 KOTOPBIX MepuMeTp paBeH 14, a mo-
majb paBHa a) 6; 6) 7.

B) IMouemy urypku us nyuxra 6) copeprkar
KBajgpaT 2x2, a PUTYPKHN U3 IyHKTa a) — HeT?

Pas6epem Temepsh 3a1aduy, Te MOXKHO TIPH-
MEHNThb [IOKa3aHHYI0 B 3agade 7 OIECHKY
nepuMeTpa.

3anava 8. Moxno au xeadpam SX 35 pas-
pe3amv Ha 064 KAeMUANBIX MHOZOY20JbHU-
Ka, Y Kax0020 U3 KOMOPLIX nepumemp pd-
een 28?

[IpearnosoxuM, 4T0 MOKHO TaK pa3pesarhb.
[lasbliie MOXKHO JIeiiCTBOBATb 110-PA3HOMY.

IlepBoe pemenne. Tax kak cymMMa I17I011A-
Jeil Gurypok paBHa 25, TO y OJHOH u3
MOJIYYeHHBIX (DUTYPOK TIJIOMAb He GOJIbIITe
12. Tlo mpenpigyneit 3aave, ee mepuMeTp He
6osbiie 2-12+ 2 = 26. IIpotuBopeune.
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Bropoe pemenne. [lyctp anuna paspesa
paBHa v, TOTJ[a CyMMapHBIil epumMerp Qury-
poxk pasen 20 + 20, a 1o ycJIOBHUIO 3T0 28 - 2.
W3 mosryyerHoT0 paBeHcTBa HaxoaAuM v = 18.
Tax kak yacTeil [Be, TO pa3pe3 OJUH U He
MOJKET Pa3BETBJASTHCS — OH TMPEACTABJSET
co60ll OJTHY TIETTOYKY OTPE3KOB, TTPOXO/Is-
IIYIO 110 y3JaM BHyTpH KBaapara 5X 5. (ITo-
SICHUM 370 TTofipoGHee. Ecun y3es nHaxonurest
Ha paspese, TO U3 HErO BBIXOJUT POBHO [[BA
orpeska paspesa. Besb oiui 0Tpe3oK BbIXO-
JIITh HEe MOXKET, 1 3 WU 4 TakKe He MOTYT —
moroMy uTto GuUryp JBe U paspe3 J0JKEH
pasnesiaTh JiBe pasuble (GUrypbl. 3HAUUT,
ecJqil TIOWTH OT TPAHUIBI TIO pas3pesy, TO
GyieM Beer/ia uTH 110 JIMHUK 6e3 PasBUJIOK. )

2019/Nel?

Wrak, paspes — ato ernouka u3 18 orpesxos,
3HAUWT, HA Heil Jeskut 17 ysnos. Ho BayTpn
KBajipara HaxoauTes 4 -4 =16 y3n0B — Ha 1
MEeHbIIIe MUHUMAJIbHOTO HEOOXOINMOTO KO-
aunvectBa. [IpoTuBopeune.

Hamocieiox 3ameTnM, 9T0 B 3a7a4ax 5 1 6
pedb o CyTH UAET O TeopeMe U3 TEeOopun
rpadoB: 6 C83HOM 2paghe na n BePUUHAX He
menee n—1 pebep. COOTBETCTBEHHO, 3Ty
TEOPEMY MOJKHO JI0KA3aTh aHAJOTUYHO 3a/a-
ye 5. lloapo6uee o rpadax roBoputb e
6y/ieM: BMECTO 9TOTO TIOPEKOMEH/IYEM CTAThIO
IT.KoskeBuukoBa u A.IllanoBasoa «CBsixku-
tech ¢ rpadpom» («Kpanr» Ned 3a 2014 1.),
MOCBSIIEHHYIO 3a7]auaM, B KOTOPBIX CKPBITA
VIOMSIHYTasl TeopeMa.

(Hayaso cm. Ha ¢. 13)

pPaBHATbCA BHYTPEHHEMY COIIPOTUBJIEHUIO
6arapeifku. JTO O3HAYAET, YTO HYXXHO TOJ-
KJIIOUUTb K Oarapeiike pesucTOp COIPOTUB-
JIEHEM

MakcuMasbHasi MOIIHOCTb B 3TOM CJydae
6yJZieT paBHa

3 &2 25 IE

max R - 16

®2584. Moaoko xuprocmvio 3,2% npoau-
JU HA UCm OYyMazu ¢ HAnewamanivim Me-
Kum mecmom. Yepes cioti mosoka moaugu-
nou 0,1 mm mexcm ewe uumaemcs, a uepes
bonee moacmoul caoti — wnem. Ouenume
pazmepvL Kaneaex Kupa 6 maxkom MoJloKe.

R.

[TockosbKy pasMepb! Karlesiek sKupa Tpely-
€TCST OIIEHUTD, & HE BBIYUCJIUTD TOUHO, TO JJIsT
MIPOCTOTBI PACYETOB MOYKHO IIPHHSITD, YTO BCE
KaIleJbKH MacJa, B3BelIeHHbIE B BOJE, MMe-
10T TaKyIO K€ IJOTHOCTb, KaK ¥ BOJA, a UX
dbopma me mapuk, a Ky6uk ¢ pebpom D.
O603HaYMM KOHI[EHTPAIMIO KalleJeK JKupa
yepe3 7, TOTJ[A U3 YCJIOBUS 3a/1a4U, OUEBH/I-
HO, CJI/Ly€eT, 4TO
nD® =0,032.

JKup umeer otmuaronuiicss ot BobI K03ag-
(puteHT TpesTIOMIEHNS, TIOATOMY Ha CTEHKAX

KareJjeK CBeT YaCTUYHO OTPAKAETCS, a Jac-
THYHO TPOXOJUT CKBO3b I'DAHUILY pPas/ea.
ITO paccestHre CBeTa MOJIOKOM U IIPUBOJIUT K
apderTy «ucuesHoBeHUST> TEMHBIX OYKB TEK-
crta Ha ¢oHe O6eJoT0 PACCESTHHOTO CBeTa.
Ecun Ha cJ10if MOJIOKA ¢ OUeHb MaJIOH TOJIIIU-
HO¥ x opsijika D TaiaeT CBeT U MJI0TIa/ (b, Ha
KOTOPYIO OH Ia/laeT, paBHa S = D2, TO OJIST
CBeTa, MPOIIEIIero Yepe3 BO/y U He TOIaB-
1Iero HY Ha OJIHY KalleJbKy >KMpa, paBHA

2
p= (1 —anD )
IIyctp paccrosHue, TpPOiJeHHOE CBETOM B
MOJIOKE, paBHO L, TOT/Ia COOTBETCTBYIOIIAS
JIOJIS TIPOILEIIET0 CBeTa, He PACCesSHHOTO

KalleJIbKaMM, COCTaBJIAET

pL/x = (1 - anz)L/1 =exp (—LnD2).
CormacHo ycJI0BHUIO 33/1a4H TIPH CJIOE MOJIOKA
tommuHOW 0,1 MM TekcT y:Ke He BHUAEH. A
ATOT CJIOW CBET IIPOXOAUT JBAXK/bI, T.€.
L =2-0,1 mMm. «Texer He BugeH» o3Havaer,
YTO KOHTPACTHOCTH BUIMMOI KapTUHBI pac-
Tpe/ie/IeHrsl CBETa U TEMHOTBI CTaJIa MEHbIIIE,
Hanpumep, yeM 10%. Torma

exp(-2LnD?) = 0,1, orxypa nD* =1.

W3 1ByX cOOTHOILIECHUIT /11 Pa3MepoB Kalle-
Jiek D 1 KOHIIeHTpaInn 7 MoJydaeM OIleHOT-
HOe 3HaYeHHe [T Pa3MepoB Kalesek KIpa:

D=310°m.



Mpbi nipogo/mKaemM KOHKYPC M0 PELUEHUIO MaTeMaTnyeckmux 3aaaydy. OHU paccynUTaHbl B ME€PBYIO
ovepenr Ha yqalumxcs 7-9 KiaccoB, HO Mbl Gygem paabl y4acTuio LUKOJIbHUKOB BCEX BO3PACTOB.
KoHKypc npoBognTcsi COBMECTHO C XYPHAanom «KBaHTUK?.

Bbicbinavite pewerHuss 3agaq, ¢ KOTOPbIMU CIIPABUTECb, IJIEKTPOHHOM [MOYTOH 110 agpecy:
savin.contest@gmail.com umu obbr4Hov no4Toli no agpecy: 119296 MockBa, JleHUHCKuI MPocrexT, 64-
A, «KBaHT» (c nometkovi «KoHkypc umeru A.f1.CaBuHa»). Kpome vimeHu v gpamumimm ykaxure ropog,
LUKOJY U KJIacC, B KOTOPOM Bbl YYUTECh, & Tak)Ke 0BpaTHbIV MOYTOBbIN aApec.

Mpbi npusercTByem y4actvie B KOHKYpce He TO/IbKO OTAE/IbHbIX LWKO/IbHUKOB, HO 1 KOMaHp (B TaKom
a1yyqae npUcbIIaeTcs oAHa pabora co CrMcKoM y4acTHUKOB). Y4acTBOBaTb MOXHO, Ha4Y1Has ¢ 1t06oro
Typa. [Mobeautenesi QYT AUMNIIOMbI XYPHaNa «KBaHT» v npu3sbl. 3a[aHUs, PeLIeHUs U pe3ysibTaTsl

nybnukyroTcs Ha cavite sites.google.com/view/savin-contest

13. MoskHo s B KJjeTkax tabuuibl 6 X 7
paccraButh 29 ceMepok u 13 TsITepoK Tak, 4TO6bI
BO BCEX CTOJIONAX, KPOME OJIHOTO, CYMMBbI YHCET
ObLIIN OJMHAKOBBIE M BO BCEX CTPOKAX, KPOME
OJIHOM, CyMMbBI YHCe ObLIN OMHAKOBDBIE ?

H.Yepuamovee

14. Ha cropone AB oCTpPOyroJibHOTO TpEY-
rosbHuka ABC ormerusn Touky K. Cepennna
orpeska CK paBHoyjasieHa OoT Touek A u B.
Joxaxxnre, yto AK < BC.

E.baxaes

15. /lampr k masouexk, aMHA KaKIOH —
HaTypaJbHOE YNCJI0, TIPU 3TOM HeT BYX ONHA-
KOBBIX II0 JANHE IMajioyek. VI3BecTHO, 4TO 13
JO6BIX TPeX MaJT04YeK MOXKHO COCTaBUTb Tpe-
yroJbHUK nepumeTpa He 6osbiie 1000. Kakoso
HanboJIblilee BO3MOYKHOE 3HAaueHue R?

I1. Ko.xeenuxoe

16. KanTtuk 1 HoyTuk XOTST MoKasaTh TaKoi
okyc. 3puresb 3ayMbIBaeT [Ba HATYPaJib-
HBIX YKCJA: 7 U N°, 3aTeM COO0OIIaeT OJHO U3
nnx KBantuky, a ipyroe Hoytnky. [Tocse atoro
Ksanrtuk 1oxasbiBaer Hoytuky dephyio win
6esyio kapTouky, 1 Hoytuk cpasy yrajbizaer
gncyao Keanrnka. I[Tomorure KBantuxy n Hoy-
THKY JIOTOBOPUTBCS O CBOUX JEHCTBHSIX, 4TOOBI
doxkyc Bcerma yaaBascs.

Kiopu

17. Bapon MionxrayseH oropojins CBOH BJa-
JleHnst 3a60poM B hopme n-yrorbHuKa. OH yTBep-
JKIAET, YTO KaK/AbIi BHYTPEHHUI YTOJI 3TOTO n-
yroJjbuuka 6o Menbiie 10°, 60 Gosiblie
350°. Mosker s GapoH ObITh TpaB? Permmre
sajauy aus a) n = 10; 6) n = 11; B) n = 101."

A.Ilepeneuxo

! Mnrrepecro Taxske moymath maj o61iM ciryda-
eM: 4TO TI0JIydaeTcs Mpu Beex 7.

18. Boruncaure cymmy

@+100-98 100-98- 96
99  99-97  99-97-95
100-98-96-...-4-2
99-97-95-...-3-1
I'.Mepson

19. Kpantuk u HoyTuk mo ouepenu 3akpa-
LIUBAIOT KJIETKU Ha Jocke 8 X8, 1o ojHoi
KJeTKe 3a Xoj, HaumHaeT KBanTuk. IlepBbrii
X0/l MOXKHO cJIelaTh KyJa yroano. Kaskabrii
CJIeIYIONNI X0/ TOJDKEH OBITh TaKUM, YTOOBI
HOBas KJIETKA IPAaHUYMJIA TI0 CTOPOHE POBHO C
OJIHOH 3aKparneHHol KJyeTKoi. KTo ne Mosker
ciesnaTh Xoi, mpourpat. Kro moker oGecrre-
yuth cebe nobemuy?

H.Yepuamoes

20. B kaxgoil BepimwHe ITPaBUJBHOTO
4k-yronbauka cujeno 1o 6aoxe. Kaxkmas 6Jio-
Xa JIPYKUT ¢ ABYMS cBouMU cocensamu. [loo-
BUHA 6JIOX — KpacHble, TOJOBHHA — CHHIE,
IpUYeM KpacHble U cuiue GJOXH YePeyioTcs.
Bsoxn mavasm mpeirath. B mepByio cekyHmy
MPBITHYJIM KPACHDIE: Ka/ast MPbITHYJIa B TOY-
Ky, CHMMETPHUYHYIO eif OTHOCUTEIbHO MPSMOH,
coefiMHAIONIEH IBYX ee apyseil. Bo BTopyio
CEKYH/Iy aHAJOTMYHBIM 06Pa30M IPBITHY I BCE
cunne 6710Xu. B TpPeTbio CeKyH/y CHOBA IIPbIT-
HyJU Bce KpacHble W T.A. [lokaxure, 4TO
yepe3 k cexyH/ Bce GJIOXU CHOBA OKaKYTCS B
BEPIIMHAX HEKOTOPOTO TIPABUJIBHOTO 4R-yT0JIb-
HUKA.

E.Bbaxaee

3adauu 17-20 nepenecenvi u3 <«Keanmas
Net 3a 2020 zo0.




Camoe
NpaBUIbHOE
ypaBHeHMe
OVHAMUKM

A.CTACEHKO

J‘l ET TPUCTA HA3AJ[, A TO 11 PAHBIIIE,
CyTh 3aKOHOB (DUBHMKH BBISICHSJIACH B Teve-
HUe MHOTOCJIOBHBIX JINCITYTOB, HATIPUMED MEX-
ny Cumnimnuno n Carpesno — repoes lanmieo
Tammes (1632 r.). IlepBbiil u3 ABYX ObLI, KaK
ckazan 661 H.B.Torosb, mpocto «yMHBIN»
(simplex — mpocroii), BTOpoii — «yMHBIH BO
BCEX OTHOIIECHUSIX > .
Boo6pasum ceGe ux Gecejty o IMHAMKKe TeJia
MepeMEeHHOIl MacChl B HaIlle BPEMSI.
Cumnuimuno: /[oporoit 1pyr, s CJBIIIAN, Y4TO,
corJjacHo BeqmkoMy HBIOTOHY, N3MeHeHne M-
IyJbca TeJa p CO BpeMeHeM DPAaBHO BHEIIHeH
cuie F, meficTByfomeil Ha 3TO TeJso:
b,
dt
Ho Benp p = mo. Ecim macca Tes1a mocTosIHHA,
ee MOJKHO BbIHECTH 3a 3HaK Juddepenimania:

m@ =ma=F.
dt

ITO ypaBHEHHE XOPOIIO M3BECTHO BCEM 3/pa-
BOMDBICJISIIIIUM MIKOJbHUKAM: YCKOpPEHUe Tesa
a TIPONIOPIMOHATBHO JelcTByIonell cue. A
ecJIM Macca Tesla U3MeHseTCsl, HalpuMep, Kak
B CJIydYae PaKeTbl WM MEXKOHTHHEHTAJLHOTO
caMoJieTa, Wcmapsiomeiics WM pactymieil 3a
cueT KOHEHCAIMM KallJIn BOJbI B OOJIAKe...,
TO KaKoe BBbIpAXKEHUE IpaBujbHee ObLIO Obl
HaIlCaTh:

m@:F UIn @:F'}
dt dt

Carpeno: /loporoit CuMinumo, B cayyae
TeJsla epeMEeHHO Macchl ¥ TO 1 JIPyroe HeBep-
no. Ho nocrynum, Kak /peBHUE IPeKn — BOC-
TIOJIb3yeMCsI [IOKA3aTeJbCTBOM OT HPOTUBHOTO
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(reduction ad absurdum — npusezsenue x npo-
TUBOPEUrIo). Bo3bMeM yacTHbIi caydaii — oT-
cyTcTBHe BHemmHel cuibl, T.e. F = 0. Torga n3
JIBYX HCIIBITYEMbIX BBIPAXKEHUI TIOJYUUM, YTO

WNJIM © COBEPIIECHHO HE 3aBUCUT OT BPEMEHU UJIA
1

v~ —.
m
[IpaBuJIbHBIM >Xe sBJseTCsT ypaBHeHue Me-

IEePCKOro:

m@ =F+ d—mu , D)
dt dt
TJle 4 — CKOPOCTDb BbIOPACKIBAEMOH MJIN TIPUCO-
e/INHSIeMON Macchl OTHOCHUTEJIBHO Tesa; OHa
MOKeT ObITb M HOCTOSTHHOW W JlaXkKe PaBHOI
CKOPOCTH €aMoro Tesja v, B o061ieM — J1o6oi.
O/IHaKO PacCMOTPUM BCE T10 MOPSIIKY.
CpaBHUM pakeTy € JAPyTHM, Ka3ajaochb Obl,
GJIM3KUM €il <110 JIyXY», JIeTaTeJbHbIM allapa-
TOM — HPSIMOTOYHBIM BO3/YIIHO-PEAKTHBHDBIM
npeurareseMm. Ho mpeskge — o camoii pakere.
[TpencraBum ceGe, 4TO B HEKOTOPBIH ITIPON3-
BOJIbHBIT MOMEHT BpeMeHM ( pakeTa HMMeJsa
CKOPOCTb © M Maccy m. MBbICJIeHHO Pa3obbeM
PakeTy Ha /[Be 4acTH — Ty, 0603HAYNM ee MacCy
yepe3 AM , KoTOpas depe3 MaJblil TIPOMEXY-
TOK BPeMEHHN At «COOMPAETcsi» OTJIETETh HAa3a/l
(oTpaGoTaHHOE TOTLIMBO PAKETHI), U TOT «OCTa-
TOK» Maccbl M — AM | KOTOPbIIl TTIOJIETUT /1aJIb-
e, HO y:Ke C JIPyroil CKOPOCTbIO, PaBHOM
v+ Av. CKOpOCTb 4acTH Macchl, OTJIeTeBIIeH
OT «OCTaTKa», 0O03HAYNM 4Yepe3 u, TOT/la ee
CKOPOCTb OTHOCHTEJILHO 3¢MHOT0 HabJII0AaTe s
6yner pasHa (0 + Av) — u . Tak Kak pasaenenue
ATUX JIBYX 4YacTeil MPOU3OIILIO MO/ JIeiCTBHEM
BHYTPEHHHX CHJI, CyMMapHBIN HUMITYJIbC PAKETDI
He U3MEeHUTCS:

mo = (m—AM)(v+ Av)+ AM (v + Av —u).

B pesyabrate anre6pamueckux mpeo6paszoBa-
HUI ypaBHEHNCE 3aKOHA COXPAHEHUS MUMITYJIbCA
TIPUMET BU[T

mAv = uAM .

Ecsm y4ectp, uTo or6poiientas Mmacca AM B
TOYHOCTH paBHa YObIJIM MacChl paKeThbl,
AM = —Am , TO OJIy4CHHOE PABEHCTBO MOKHO
HEPEIcaTh B BU/IE

C— )

u m

Tor, KTO yMeeT CyMMUPOBaTh GECKOHEUHO
MaJible NPUPAIIEHHs], T.e. WHTErPUPOBATH, U3
Boipaskeruss (2) serko nosyuut (yuurbiBas,



uto B MOMeHT ¢ = 0 6bio v = 0 u m =my )

0o=0_ —(Inm —Inmy),
win
ZomM (3)
u m

Irto — 3namenuTasg ¢dopmyaa IoaKOBCKOTO.
M cTopuKy HayKy TOBOPST, UTO OH 3aTPaTHJI Ha
Hee HeMAJIo BpeMeHU: MePBOOTKPbIBATEIO BCe-
raa Tpyano. Cerojiis TPaMOTHBIN MIKOJbHUK
BBIBE/IET €€ 3a HECKOJIbKO MUHYT.
TIIpoaHamsupyem noJyueHnyio opmyy (3).
Ec.i1 y6bLTb MacChl PaKeTbl B €/INHUILY BpeMeHU
eCcTb BeJIMYMHA TOCTOSTHHAS, 0003HAUYNM ee ye-

pes u= —AA—?, TO C TEYEHHEM BPEMEHN Macca

pakeTsl uzMenstercst mo 3axony (puc.1)
m=my— W .

[Io mpouIeCTBUN BPEMEHH T, KOTA CTOPHT 1

GyeT BBIGPOIIEHO BCE TOMLIMBO, MACCA PAKEThI

CTAaHeT PaBHOIl M, =my; —UT, a ee CKOPOCTDb
6ynaer

m
o, =uln

-0
My
m
A

4 \
AM m— AM

N >_”,
AM
t+At|:|—R> Q< v+ Av

m— AM B ——
v+ Av— u

my

0 T t

Puc. 1. Pakera yCKOpSAETcs 3@ CHET OTOpaChIBaHMS
Ha3aA T0/1bKO COBCTBEHHOM MACChl, €€ CKOPOCTb 1
YCKOpeHve MOoryT JOCTUYb [POH3BO/IEHO 334aH-
HOU BEJINYMHbI

OueBHUIHO, YTO PAKETA JOCTUTHET TeM GOJIbIIE
CKODOCTH, YeM MeHbIIle CTAHET ee OCTaBIIASICS
Macca. JTOo [MevaybHo, 160 HEIKOHOMHO, HO UTO
[oJIeJIaelib — TakoBa Mpupoja. XOpoIio yiKe
TO, YTO HalileHa Ja3eiika, MCIoab3yst KOTOPYIO
MOYKHO JIOCTHYb «CKOPOCTH yOeraHUsi» OT TLJIa-
HETDI, XOTS W JIOPOTOI 1[eHOH.

Ho ecTp eme oHa BO3SMOXKXHOCTD — yBeJIIIe-
HUe OTHOCUTEIBHOI CKOPOCTH BBIOPOCA 0TPabo-
TanHoro Tomuba. Bor uro mucan K.9.1luox-
KOBCKHIT TIO 9TOMY TOBOAY: <«UTOGBI CHapsi
MOJIYYUJT HauGOJIbIIYI0 CKOPOCTh, HA/I0, YTOGBI
KaK/1ast YaCTHIA TTPOAYKTOB TOPEHS WJIH NHO-
ro or6poca IOJy4YHJa HauOOJbIIYI0 OTHOCHU-
TEJTbHYI0 CKOpPOCTb. OHa Ke MOCTOSHHA I
OIIpPE/IEJICHHBIX BEIeCTB OTOpOca. DKOHOMUS
SHEPTUM TYT HE JOJKHA MMETh MecTa: HEeBO3-
MOKHA ¥ HEBBITO/{HA> .

WTtak, HY)KHO mOCTapaTbCs YBEJIWMYUTD CKO-
pocTh BBIOpOCA U.

Tenepb aHATOrMYHO OGCYZIUM BO3/YIIHO-PE-
akTuBHBIH aBurareab (puc.2). Bor on «roro-

m
r A \
m— Am, Am,
v
(Am) L —
Am, Am m— Am
C —
_—
e
v+ Av— u
v A
1+ Bu
0 t

Puc. 2. [IpAMOTOYHbIM PEaKTUBHbIV LABUIraresib
OTOPACHIBAET HE TO/ILKO MACCy ropoYero, Ho v
3aXBaYeHHBIN U1 €10 CKUTaHus atMoChepHbIvi
BO3AyX. Ternso, BbiAEIAEMOe P11 [OPEeHUH, CO-
308€T CKOPOCTb MCTEYEHNA MAcchl MpogyKToB
CropaHus 13 LBUraresia U, Kak CIIe4CTBUE, ero
18ry. OCHOBHas Macca BO3AyXa — MHEPTHBIV a30T,
KOTOpbIV B ABUratesne nib nogorpesaercs. kro
VCKOPEHUME CTPEMUTCA K HYJI0, a CKOPOCTb He
MOXET pPeB30UTH HEKOTOPOK KOHCTAHTbI




26 KBAHT

BUTCSI» B MOMEHT BPEMEHU ¢ «3arJOTUTb» MOP-
IIUI0 BO3/JyXa Maccoil Am, W, N3pacxo/[0BaB
Maccy ropiouero Am,, BbIOPOCHTH 00Pa30BaB-
HIYIOCSI CMECh € OTHOCUTEIbHOI CKOPOCTBIO U.
[Tpu arom, pasymeercs, usMeHeHHE MacChl ca-
MOTO JeTaTeJbHOTro ammaparta Oy/eT PaBHO
Am = —Am, . 3anuIeM 3aKOH COXPAHEHUS M-
IyJIbca /IS CHCTeMBI J[BUTATeIb — Topiouee —
BO3/yX:

Amy, -0+ mo = (Am, + Am, ) (v + Ao —u)+

+ (m—Am)(v+ Av).
371ech v — CKOPOCTD almapaTa B MOMEHT BpeMe-
HU ¢, v+ Ao — ero HOBad CKOPOCTb B MOMEHT
BpeMeHHu ¢ + At , mepBoe cjaraemoe cJjaeBa oTpa-
JKaeT TOT (haKT, YTO TOTJIONICHHBII {BUTATETIEM
BO3yX MepBOHAYaJbHO ToKomacsa. Otciona,
rpernebperasi COBCeM MAJIbIMU BeJUYMHAMH —
npoussenenneM AmAv , OCJe HEKOTOPBIX IIpe-
06pa3oBaHuil MOTyIUM

Ao _Am,  Am
u m m \u

OrtHomrenne Macc Am,./Am,; 0603HAUNM uepe3

B . Torma mpeablayIiee PAaBEHCTBO IPUMET BHT
Av Am 1+B-o/u
Ao _Am 1+B-ovfu
u m B

Ao Ami+B-oju
u m B '

[TocMoTpuTe BHUMATENBHO Ha ypaBHenus (3)
u (4). Ouu umetot Heuro oblee, a UMEHHO: J1JIst
TOr0 4TOGbI CKOPOCTD JIETATEJIBHOIO allliapaTa
pocaa (Ao >0), HyKkHO, 4TOObI €ro Macca
yosiBama ( Am < 0). Ho ects n oueHb BaxkHOE
OTJIMYME: B MIPABYIO YacTh ypaBHerus (4) BXo-
AT MEOXKUTENb 1+ B —v/u, KoTOpBIil IO 10C-
TIKeHnn ckopoctn o =u(1+ ) cranoBurcs
PaBHBIM HYJI10. JTO 3HAYUT, YTO BO3JYIIHO-
PEAKTHBHBII IBATATEb, «3arIaThIBAIONINIT BO3-
IyX», HE MOKET Pa3OTHATBCS 10 CKOPOCTH,
CYUIECTBEHHO GOJIbIIEH, WeM OTHOCHTETbHAS
CKOPOCTb HCTEYEHUs] MPOAYKTOB CrOPAHUS.
CKOPOCTb TAKOTO JIBUraTesisi MMEET MpeJel,
[PEOJIOJIETh KOTOPBIH HEBO3MOKHO. A JUIST Pa-
KETBI aHaJOTUIHOTO TIpe/ieia HeT.

Ha camom pene ot ysKe Bce CKasaHo,
O/THAKO B TIPUHITUITE MOKHO MOJYYHUTD 1 TOTHBIE
BBIPKEHUS JIJISI CKOPOCTU PAKETBI M BO3/LYII-
HO-PEAKTUBHOTO J[BUTATEJISL.

HakoHell, paccMOTpHM MPSIMO TIPOTHBOTIO-
JIOKHBIN CoTydail — KOT/Ia Macca TeJta PacTeT co
BpemereM. llycTh B 06Jake M3 MUKPOKAIETh

2019/Nel?

0/THAa W3 HUX CTaja TMa/laTh, MOTJIONAs Ha CBOEM
myTH BeTpeunble Karn. (B navaabHbil MoMeHT
BpPEMEHHM, KOI/la ee CKOPOCTb €Ille HEeBEJINKA,
[peHeGpesKeM COMPOTUBJICHUEM BO3/AyXa.) B
5TOM cJaydae B ypaHeHun Meiepckoro (1)
MOKHO TOJIOKUTb U = —0v . llI3MeHeHue wuM-
MyJIbca T falomiell Kamin TepeMeHHON MacChl
3a MaJioe BpemMsa At paBHO

A(mv) = mgAt . (5)

[To ycnoBuio 3asaun usMeHeHre MacChl Kallan
3a BpeMa At pasHO

Am = OcpvcpSAt , (6)
rjie P — IUIOTHOCTD BOJBI, Uy, — CPEAHss
CKOPOCTb Kaliu 3a BpeMst A, S = 4r? —

IJTOMIA/Ib TOBEPXHOCTH KaIlin, o — 6e3pasmep-
HBIT KO3 PUIMEeHT mpomnopimoHaabHocT. C

JIPYTOIl CTOPOHBI, TOCKOJIBKY 17 = gnr?’p (31ech

7 — pajnyc Kamim), 10 Am = 4nr2pAr = SpAr.

Ecian 3a BpemMa At kanst IpoXOAUT PaccTos-
Hue Ay, TO
at=2Y
Vep
IToscraBuB BoIpaskenus 1 Am n At B paBeH-
crBo (6), nosayuum

Ar = oAy ~ Ay.

CrreoBateTbHO, pPaJMyC Kallld pacTeT Ipo-
NOPIMOHAJIBHO [POIICHHOMY IIyTH, T.€. IIPO-
TMOPIIMOHAJIBHO Y.

[TockoabKy Kamis [BUXKETCS C MOCTOSTHHBIM
YCKOpEHHUEM d, TO y = at2/2 ,T.€. Y ~ % . Bma-
Yur,

r~t2, m~r>~ %,

YuutbiBasg 9TH COOTHONIEHUS, M3 yPaBHEHUS
(5) moayuyaem

A(t%at) = t°gAt .

[luddepentypysi J1eByl0 4actb 3TOrO pPaBeH-
CTBa HAXOJUM YCKOPEHHE d:

A(at")=Tat°At = t°gAt , w a = %,

K ray6okomy coskasieHuto, Hair JIOOGUMbBIT
npenogasaresb MOTU T.U.Kocoypos, yT-
BEPIK/IABINNUiT, 4TO B (hU3MKe HUKOT/A HE TIOJTY-
YaeTcsl CeMEPKHU, He JIOKUJ JI0 PEIIeHust Toi
3ajiaun. MHOro cjiesiaBuiuii s JKypHaja
«KBant» u st BcecoiozHbix OJIMMITHAJL OH,
HECOMHEHHO, TT0PaJoBascs Gbl BMECTE C HAMU.



HTO Takoe
(Pa30BbIV
nopTpeT

B.COJIOBbEB, C.ABOPSAHUHOB

(1e0Bath 3@ MbIC/IAMI BEIVIKOrO Y€/10B6-
Ka eCTb Hayka camas 3aHuMartesibHas.
A.ClywknH

Kocmonorns ®pugmaHa

O ToM, uTo Beemrennas pacummpsercs, B HaIn
JIHM MHOTME HaBEPHSKA CJbIIAIH, YUTAJIN U
3HAOT. A Kakoil Mo)keT ObITb 3BOJIOLNS Ha-
6motaemoii Beenennoit B Oy/yiiem? Y ausu-
TebHO, HO eme B 1922 roxy A.A.@Dpuaman B
cratbe «O KpUBH3HE MPOCTPAHCTBA» OIpejie-
JINJT BO3MOJKHbIE BapuaHTbI pa3Butus Bcesien-
Hoi#l. Cefiuac Mbl XOTUM TIO3HAKOMUTH UHUTATeE-
Jeit ¢ atoil crarbeit. KoHeuHO, pacckas3aTb
0 paGore ydeHoro Henpocto. CBOIO CTaTbio
Dpujman asipecoBast KoJteramM GpusnKam, yHu-
BepcuterckiM 1pogdeccopam. Tem mHe Meree,
Mbl TIOCTApaeMCsi C/leaTh JIOCTYITHOM OCHOB-
HYIO KaHBY MbICJIEHl YU€HOTO, BHECIIETO pellla-
IO BKJIAJ] B TOHUMAaHWe CTPYKTYPbI KOC-
Moca.

Haunem ¢ mpoctoil mkompHON 3amadn. Ha
ILJIOCKOCTH ¢ KOOP/IMHATAMH (X(; X5 ) HaJI0 U306-

pasnuTb MHOKECTBO TOYEK,
A KOOP/IMHATB! KOTOPBIX y/10B-
JIETBOPSAIOT ypPaBHEHUIO
Xy =CX{, TJe ¢ — IPOu3-
BOJIbHAsg IocTosHHas. Ta-
KOe ypaBHEHHe 3ajaeT ce-
MeHCTBO KBaIPATHYHBIX T1a-
patoa (puc.1). Isomorus
3THX MapaboJI TaKoBa: MPH
BO3pacTaHW! MHapaMerpa ¢
OT —oo JIO HYJIsSI BETBH T1apa-
60J1 OTXO/ISIT OT OTPHIATE b~
HOW TOIyOoCH OpAMHAT U
Puc. 1 npubmKaiTes K ocu abe-

Xy

Oxonvanne. Hauasio — B peaplayiieM HoMepe
SKypHaJa.
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muce. Ipu ¢ = 0 umeem npsmyio muauio. [Ipu
M3MEHEHUH ¢ OT HYJsI JI0 +oo BETBU mapaloJt
HEOTPAHMIEHHO MPUOMIKAIOTCS K OCH OPJN-
HAT.

SlcHoe J1e10, UTO KOOPAMHATBI TOUEK TLI0OCKO-
CTH M TIAPaMETP MOKHO 0003HAYATh Pa3HBIMU
Gyksamu. Ha mnuockoctn ¢ KoopaumHaramu
(R;R’) ypasuemnne R? + AR =1 npu kax oM
OTPUIIATETHHOM 3HAYEHUN TapaMeTpa A 3afa-
er aBe BerBu runepOoant (puc.2). Ilpu A =0

R’y

Puc. 2

nosyvaeM jiBe npsimple R = +1. Ilpu noJsosxu-
TEJTbHBIX 3HAYCHUAX A TOJydaeM 3JITHTICHI,
KOTOpPDBIE TIPH BO3PACTAHNN TTapaMeTpa OT HYJIsT
JI0 4oo OTXOJAT OT ITUX IPSIMBIX U HEOTPAHMU-
YeHHO TpubaMKaTes K oTpe3ky —1< R <1
ocu abcIcc.

MpbI creruansbHO MCIOJIb30BAJN HEITPUBBIY-
HblE U TKOJbI OyKBBI R, R w A s
0003HaUeHNsT KOOPJMHAT KPUBOW BTOPOTO TO-
psaaka u g napamerpa. [louemy? [la motomy,
YTO UMEHHO Takue O603HAUEHUS] Mbl BUINM B
OJTHOM 3HAMEHHUTOM YpaBHEHWH!

YpaBuenne @puamana. B 1922 roxy pabo-
tagiii B Ilerporpase Anexkcangp AJiekcan/i-
posud DpuaMaH BIEepPBbIE TOJYUYIT U NCCIE0-
BaJI TaKOe ypaBHEHHE:

3R?  3¢? K
st —5 —A=—cp. (%)
R R 2
O6 5TOM ypaBHEHUU MOKHO IIPOYUTATD, HATIPU-
Mmep, B crarbe C./[BopsinnHoBa n B.CoJioBbeBa
«Kocmomorns @puamana: Topbl peanbHbIC U
notermmanbubies («Kpauts, 2017, Nel, 2).
31ech ¢ K — IIOCTOSTHHBIE: ¢ — CKOPOCTH CBETA,
‘= 161G
o2

Has W3 3aKOHA BCEMUPHOTO TsAToTeHus Hopioto-

, Tie G — TpaBUTAIIMOHHAS TTOCTOSTH-

Ha; P = ——, T/le M — OCTOSTHHAS [OJI0MKHU-
2°R
TeJbHas BeJMYnHA.
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Ceityac MpI Oy/1eM paccMaTpuBaTh ypaBHEHIE
() Kak anzebpauyeckoe ypagHeHue Ha ILIOC-
koctn (R; R’) ¢ pMKCHPOBAHHBIM TIOIOKITE b~
HBIM TIapaMeTpoM } , mpuyeM R > (. Hama
6mKaiiiias 1meJap cyry6o MareMatmdyeckas —
MMOKa3aTh Ha IIJIOCKOCTH TOYKM, KOOPMHATHI
KOTOPBIX Y/IOBJIETBOPSIOT 3TOMY YPaBHEHUIO.
[l ATOTO 3amuITeM ero B BUJE

R?=—+ 2R+ <
3 3R
T/Ie HOBas TIOCTOSHHAS d BBIPAKAETCS UYePes3
CTapble MOCTOSIHHBIE. JTO YPABHEHHE CBSA3BIBA-
et koopauHatel R u R’.

Jlnst noctpoernst rpaduka aToil (hyHKIMN Ha
niockoctn (R;R’) pacemorpum 1pu mosoxu-
TEJIbHBIX 3HAUYEHHSAX apryMeHTa R Bcromora-
TeTbHYIO (DYHKITHIO

y(R) =—c? +&R2 + 2
3 3R
ITpn Mampix R rpacdux atoil GpyHKIuUM Beger
cebst Kak rurep6oJia, MMEIoast ACHMIITOTON OCh
opauHar, a 1pu 60sbmux R — kak napa6osa.
Jra (YHKINS WMeeT e[NHCTBEHHYIO TOUYKY
mutrumyMma (1iposepbre!). MuHUMATBHOE 3HA-
YeHHe B 3aBUCUMOCTH OT A MOXKeT ObITb M0JIO-
JKUTEJIDHBIM, PABHBIM HYJTIO M OTPHI[ATEIbHBIM
(puc.3). Ec/m 3HAYEHUST A TOCTATOYHO BEJIMKH,

Y Y Y
0 R 0 R, R OIRMR,R
Puc. 3

TO MUHUMAJIbHOE 3HAUEHHE OKA3bIBAETCSI M10JIO-
JKUTEJbHBIM, 1 Torza ¥ (R) > 0 mpu Beex moio-
SKUTEJIbHBIX 3HaueHusax R. Ilpu apyrux snadve-
HUAX A 9Ta (DYHKIUSA MOXKET UMETb OJIHO HYyJIe-
BOe 3Ha4YeHne — B TOYKe R, WM 1Ba — B TOUKAX
Ry u R,. IIpu neorpuniaTeIbHbIX 3HAYCHUAX Y
«M3BJIEKAEM KBA/IPATHDII KOPEHb» U IIPUXO/INM
k rpacduxy ypaBHeHuss Ddpuamana (puc.4).

R’A R’A R’

Puc. 4

2019/Nel?

®a3zoBble TpaexTOpun. Tenepb NPHIILIO Bpe-
MsI CKa3aTh, uTO B ypaBHennn D pupMana BeJn-
uiHa R 3aBucut or Bpemenn: R = R(t) u 4o
R’ ectb npoussonnas R'(t) aroil Besuuumbi.
CraJio 6biTh, ypasHenue (* ) — 310 dughpepen-
yuaivioe ypasnenue, a KpUBbie Ha PUCYHKE 4
— 9710 (hbasosbie TpaekTopun (0 HUX PACCKa3bl-
BAeTCsI B IEPBOH gacTh cTaThi) . CTPETKH BIOTD
TPAEKTOPUIl MOKA3BIBAIOT HATIPABJIEHHE IBHKE-
Hust (hasoBOIl TOUKM B 3aBUCUMOCTU OT BpEMe-
nu. B Bepxueii noymiockoctn R'(¢) >0, 1o-
aromy yukums R(t) 3mech Bospactaet u
B/I0JIb Kask/10i1 (has3oBoii Tpackropun (hasosast
TOYKA JIBUKETCS BIIPpaBo. B HusKkHel noJyioc-
KOCTH — HAao6opoT, (Ha3zoBas TOUKA JABIIKETCS
CrpaBa HaleBO. JTOT DPHUCYHOK He SIBJISETCS
(azoBbIM mOpTPETOM ypaBHeHust (*), Ha HeM
[IOKA3aHO JIUIIb HECKOJIBKO (ha30BBIX TPAEKTO-
puii, TaKk KaK B 9TOM YDaBHEHHH HET MPOU3-
BOJIBHOH ITOCTOSIHHOII.

B 3aBucumoctn ot A Ha Ha30BOIl TIOCKOCTH
(R;R’) ects mm ozaa Touka moxost — (Ry;0),
i e — (R;0) n (Ry;0). EauncrBenHOil
TOYKM TIOKOS ApyTHE (ha30Bble TPAEKTOPHU He
JOCTUTAIOT HUKOT/IA, & BOT B KAKIYIO U3 IBYX
TOUEK MOKOsI (ha30Bast TPAEKTOPHS TIOMAJIaeT 3a
KoHeuHoe BpeMst (B 3THX JIByX TOUKaxX Kaca-
TeJIbHASL K TPACKTOPUM BEPTUKAIbBHA).

3amernM, 4To (hazoBble TPAEKTOPHH BOIU3H
TOYEK TIOKOS BeAyT cebs mopo6HO rpadukam
1ByX auddepenmatbHpx ypaprenmii 12 = x°
u &% = —4x. PemeHuss nepBoro ypaBHCHIs
x(t)=ce™ ¢ HeHyneBBIM HAYAIBHBIM YCJIO-
BHEM HUKOI/IAa B HOJb HE OODAIIATCS, T.€.
TOYKA MOKOSI JIUISI HUX HEJIOCTHKUMA. Bropoe
ypaBHEHIE HMeeT, HalpuMep, peHeHie
x(t)=—(t- 1)2 C HadYaJbHBIM YCJIOBHEM
x(0) = -1, ono o6pamtaercs B Homb TipH ¢ = 1,
T.€. 3a KOHeuHoe BpeMsi. COOTBETCTBYIOIIAS
TPAEKTOPHUS MOMATAET B TOYKY IOKOSI 32 KO-
HEYHOE BPEMSI, MOKET OCTaBaThCs TaM TIPU
1<t<t, a 3areM ee MOKUHYTb U JBUTATbCS
1o saxkony x(t)=—(t -t )2 . Taxyio Touky 10-
KOSl MOKHO HasBaTb TOYKOW moBopora (BO3-
Bpata). O c¢Bsa3u 3TOr0 CBOlicTBa (Ha30BBIX
TPAEKTOPHUil ¢ TTPAKTHYECKUMH 3aauaMy TIPU-
vanuBaHUs KOpaGiell paccKasaHo B CTaTbe
C./IBopganunosa, 3.Kpayrepa u B.IIporacosa
«CKOJIBKO BpEMEHU JIIUTCS PUYATHBAHUE»
(«KBanr», 2017, Ne11).

A KaroB ke (DU3MYECKUH CMBICJ BEJUYUHDI
R?



Kax yctpoena Bugumasa nHamu Bcenennas.
[lng MypaBbs, TOJ3YIIETO TO BEpeBKe, BECh
MHUD CBOJAUTCA K ABYM HAIIPABJCHUSAM: BIEPE]
win Hazaa. ITo — OoAHOMepHbIn Mup. [as
pe6enKa, ele He BCTABIIETO HA HOTU U UTPAIO-
1IIeT0 Ha IOJy, MUP HE TIPOCTO TLIOCKWIT, JBY-
MepHbIil, OH B/I0OABOK €llle U OTPAHNYEH Pa3Me-
poM ero Jerckoil. TakoB sxe MUP >KUBOTHBIX,
OOMTAIONIMX HA 3aII0BE/IHOM OCTPOBE U HE yMe-
IOMIUX [1JIABATh.

[losiroe BpeMsi 4eJIOBEK MPeJICTaBJISLI IOBEPX-
HOCTb 3eMJH II0cKOoi. OulylieHus U Heroc-
peiCTBeHHbIe HaGMIOJCHUS MOTYT (OpPMUpO-
BaTh JIOKHBIE TTPE/ICTaBICHNS. Ecan 4eloBeKy
3aBS3aTb TJIa3a U MOMPOCUTD €T0 JIBUTATHCS 110
MPSIMOU JINHUY, TO €r0 TPAEKTOPUS OKAXKETCsI
MOXOKell Ha OKPY’KHOCTb. Y OOJIBIINHCTBA
JioJiell 1ar 1mpaBoil HOro# YyTbh-4yTh JJIMHHEEe
1rara JieBoi, 1 MOTOMY Ha KayKIOM Irare Ipowc-
XOIUT MaJbli, HO Bce e ToBopoT. Varm mo
npsaMoil He mosydvaercsa. IIpm atom desoBek
y6ex/ieH, 4TO OH WJET CTPOrO IO MPSMOIi.
Boob6pasu etiie, 4TO YeTOBEK MOXKET 0603PETh
Ha MMOBEPXHOCTH 3eMJIU JIUIIb KPYT PAJMyCOM,
ckackeM, 10 merpos. IloctaBuM mepex HuUM
3a/1a4y MPOJOJIKNTh HAPUCOBAHHBIH Ha 3eMJie
MPSIMOJIMHENHBIN OTPE30K JIMHOM > MeTPOB.
IIyctb Bea nmoBepxnocTh 3emun — cytia. YeJo-
BEK, IPOJOJIKAS 9TOT OTPE30K C TMOMOIIbBIO,
HaIlpUMep, METPOBOW JIMHEHKU, HECOMHEHHO
VAWBUTCS, BEPHYBIINCH B MCXOJHYIO TOYKY C
MIPOTUBOMOJIOKHOW CTOPOHDI.

A xax ycTpoeH BUANMBII HaMu Mup? Ecm na
pakerte JIETETb BCe BPeMsi, KAK HaM KaKeTCsl, 110
MIPSIMOIA, TO T/Ie B KOHI[E KOHIIOB MBI OKa3KeMCs1?
DUHINTEIH B CBOE MEPBOI CTaThe 110 KOCMOJIO-
run B 1917 Tomy MpeArosoKII, YTO HAIT MUDP
MCKPHBJIEH U [TPEJICTABJISET COO0I TPEXMEPHYIO
cepy. B cBoe BpeMs JMIOAN CYUTAIN HAII MUDP
KYCKOM ILJIOCKOCTHU, Ha Jiesie 3eMJIsl 0Ka3aJach
nByMepHoit cdepoii. [laBaiite 1O aHajIOrUn
BeJsie] 3a JUHIITETHOM NpUMeM JONyllleHue o
TOM, UTO W HAIll MUP MCKPHUBJEH I 3T0 — cepa,
Ho TpexMepHasg. OHa — «IOBEPXHOCTb» YETHI-
PEXMEepHOTO IMapa paanycoM R, n, Kak ToKasa-
JIM MaTeMaThki, ee o6beM paseH V = 27°R>.
IIpu Takom mozaxome R HA3BIBAIOT PaJnyCcoOM

M .
MHUpa, a BEJIMYNHY p = — — CPEJAHEU IIJIOTHO-

CTBIO BelllecTBa BO Bceestennoii, rome M — Macca
BEIIeCTBa.

Ypasuenuss @pumana ecTb CJAEACTBUS yPaB-
Henuii o61eii reopun otHocutebnoctu (OTO)

" CAEJTaHHBIX JUHIITEHOM MPEANoJI0KEeHNI
00 OJIHOPOJIHOCTH U U30TPOITHOCTH TPOCTPAH-
crBa. [lecars ypasuenuit OTO cBopaTcsa
nByM b depeHinaibHbiM YPABHEHUSIM, HAM-
6oJiee IIPOCTOE U3 KOTOPIX — ypasHenue (s ) —
1 Ha3bIBaeTcs ceifyac ypaBHeHneM DpuMana.
DTo ypaBHECHUE OCTaBJseT BceseHHOI TOTBKO
OJIHY CTelleHb CBOGO/IbI — ee PanycC.

ITpn BBIBOAE cBOMX ypaBHeHHiT DpuaMan
cuuTaJ, BCjaes 3a JUHIITeiiHoM, uTo Beenennas
B CpeIHEM pPaBHOMEPHO 3all0JHEHA MbLIbIO,
KOTOpasi He co3/laeT HUKaKoro gasienus. [Ipo-
CTPAHCTBO OJHOPOJHO M HM30TPOITHO, T.€. €TO
CBOIICTBA O/IMHAKOBBI TIO0 BCEM HAIIPABJICHUSIM 1
B J11060ii TOUKe.

Bemuunna A , Bxoggmas B ypasuenne (s ), —
ATO BBeJIEHHAS DUHIITEITHOM KOCMOJIOTHYeCKast
MOCTOSTHHAS. DWHIITEHH BBEJ ee I TOro,
4TOOBI €T0 YPABHEHUST UMEJIH ITPOCTPAHCTBEHHO
OTHOPOJHOE CTATHYECKOE peTIeHne, COOTBeT-
CTByIOIIEE TOYKE IOKOsA R, [yst KoToporo R
€CTb MOCTOSTHHAS BEJIMYMHA, HE 3aBUCSINAs OT
BpEMEHU.

B namm gau Mbl HA6GII0/1a€M PACIIUPSIONTY-
1ocs Beenennyto. O6 3TOM CBU/IETEIBCTBYET TaK
Ha3bIBaeMoe KpacHoe CMeIeHne CBeTa OT jJaje-
kux rajgaktuk. CieqoBaTesbHO, B HACTOSIINN
MOMeHT (ha3oBasi TOUKa, COOTBETCTBYIOMIAs Ha-
6/01aeMOMy  COCTOSIHUIO BceseHHoit, — 31O
Kakas-To u3 touek T; — T (cM. puc.4) nepBoit
KOOP/JMHATHO YeTBEPTH, B 3TOI YETBEPTH MPO-
usBosHas R'(t) >0 u R(t) Bospacraer. Daso-
Bagd TPACKTOPH, MPOXOJAIMIAs 4epe3 TaKylo
TOUKY, ompejenser Oyayiiee Bcernennoit, ee
HBOJIIOIIIO. 3/1eCh BO3MOKHBI HECKOJIBKO CIie-
HapueB. HamomuuM, 4To JaHHbICe HAGJIIOAEHIIT
(a UMEHHO, PENMKTOBOE U3JYYEHUE, OTKPHITOE
B 1965 rojay) roBopsr, 4TO B CaMOM Hadaje
sBoorn Beemennoit mponsomnien «bBosbrmoi
B3pbIB» . Torma pagauyc R npakTuiecKku paBHsLI-
CsI HYJIIO, W TOITOMY HBIHEITHEMY COCTOSTHUIO
BcenenHoit e mozym cOOTBETCTBOBATb TOYKH,
o6o3HauenHble Kak T; un Ty . [Lias Takux Touek
B mpormioM R # 0.

Iepewiii cuenapuii. C xogom Bpemenn Bce-
JIEHHAs TIPOJMOJIKUT paciiupenue. [Ipu atom
CKOPOCTb paciimpenuss Jubo OyJIeT cHavyassa
y6biBath (st Touku T; ), JOCTUTHET MOJTOXKU-
TeJTHHOTO MUHUMYyMa U 3aTeM HauHeT HeOoT paHHt-
YeHHO BO3paCTatTh, J1O0 Oy/eT MOHOTOHHO U
HeorpaHmIeHHo Bo3pactath (s touxn T, ). B
oboux ciaydasix Beenennasi 6yieT MOHOTOHHO 1
HEOTPAHUYEHHO PACIITUPSITHCS.
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Bmopoii cuenapuii. CxopocTb pacHIMpEHUs
GyseT MOHOTOHHO yObiBath (st Touku Ty ),
HEOTpaHW4YeHHO NpHOMKasch K Hym0. Bce-
JieHHas OyJeT paclupsTbCesi, HO IIPH 9TOM
BeMunMHa R OCTaHeTcsT OTPAHNYEeHHOH. IDTOT
rporiecc Gy/leT JJIUTbCS GECKOHEYHO JI0JITO.
Bpems npubmmskenns k Touke (Ry;0) Gecko-
HeuyHo. 3/1ech (pa3oBble TPAEKTOPHUH He Iepece-
KaloTcsl, MOJ00HO TOMY, Kak ceraparpuca Ha
(hazoBoM TmOpTpeTEe MasTHUKA He COJEPKUT
TOUKY 10KOst (CM. IIEPBYIO 4aCTh CTaTbH).

Tpemuii eapuanm. [Lna touku T5 Beenennas
Oy/IeT pacHIMpsITbCS, CKOPOCTb PaCITMPEHNUS
Oy/IeT yMEHbIIAThCS 1 Yepe3 HEKOTOPOe KOHEU-
HOe BpeMsl CTaHeT PaBHOI HyJo. Bcesnennas
OKQXeTCsI B CTAIlMOHAPHOM COCTOSTHUN C Pajiu-
ycoM R =R, W MOXeT OCTaBaTbCs TaKOBOM
CKOJIb YTOJHO JOJIT0. A MOXKET 3aTeM I HadaTb
CKMMAThCSI ¢ HEOIPAHWMYEHHO BO3pacTaiolei

2019/Ne12

CKOPOCTDIO, ITPH 3TOM pa/iuyc Beesennoii 6y et
CTPEMHTDBCS K HYJTI0. ITO OODBACHACTCS TeM, 4TO
B touke (R;;0) mapymaercst eMHCTBEHHOCTD
pemntenust quddepeHnnanbHoOro ypasaenus ()
n (azoBble TPACKTOPUHU MEPECEKAIOTCS.

Peasnbnast ucropusi. @pujaman ymep B 1925
rolly, Tak ¥ He y3HaB O TOM, 4To Bcesennas n
BIIPSMD IIOJUUHSCTCS €r0 YPaBHEHUIO, YTO OHA
pacumpsercs (1929 r.), uto umen mecro Boab-
moii B3pbiB (1965 r.) m uTO pacmupeHne B
HAIIly 310Xy HPOMCXOAUT ¢ yekopeHueM (1998
r.). Haur anamus Mor Gbl GbITb aKTYaJbHBIM B
nepuoz Mexay 1965 m 1998 romamu. Ceituac n3
BCEX CIleHapHueB JIMIIb ToyKa 1, Ha KauecTBEH-
HOM YPOBHE COOTBETCTBYET MMEIOIIMMCS JIaH-
HbIM. KoJmuecTBeHHYIO CBSI3b MEXKIY [BYMSI
napamMeTpaMu @ U A, CJAEAYIONIYIO U3 COBpe-
MEHHBIX JIAHHBIX, MbI OOCYKIAJIN B YIIOMSIHY-
Toi1 cratbe «Kocmomorus dpuamana...».

KYOA LOYET BETEP?

OceHbio WJIM 3UMOI B THXYIO U TYMaHHYTO
MOTO/Iy BETKHM Ha JIEPEBbSIX M KyCTax, MPOBOJA,
Ma4dTbl aHTEHH HOKprBaIOTCH MOXHATbIM HHEEM
WM MHeeOGPa3HbIM JIE[ISTHBIM CJI0EM — H3MOPO-
3p10. VHell 1 n3MOpO3b COCTOSAT M3 MeThbUalTIImX
YacTUUeK JIbJa, CJUIIINXCS B BUIE CTOJOMKOB,
TOHKUX TIepbeB, urj u T.1. OObIYHO UHEeM Ha3bl-
BAIOT CHEKHBIE KPUCTAJLIIBI, KOTOPBIE 06Pa3yIoTCsI
13 BOJSIHBIX TTAPOB B HACBIIIEHHON BJIATON aTMOC-
depe, a UIBMOPO3bI0 — JIEJSTHON 0CAJI0K, BO3HUK-
LTI 13 TepeoXJIask/IeHHbIX Kamesek TyMaHa. IHei
1 M3MOPO3b MOTYT TOSIBJSATBCS, & MOTYT M HCYe-
3aTh — €CJIM BAPYT MOTEIJIeeT WK MOAYeT CyXOii
Berep (KPUCTAIMKK b TAlOT WK UCTIAPSIOTCS
COOTBETCTBEHHO).

OkasbiBaeTcst, Jake HEGOJBINON BETEPOK CIIO-
co0€eH CUJIBHO U3MEHUTb KaPTUHY MOPO3HBIX Y30-
pos. ITocmorpure Ha doTorpaduo BeTku pacte-
HUSI, MOKPBITOTO M3MOPO3bio. Berka 6blta cdo-

TorpadupoBaHa MOPO3HBIM YTPOM, KOTr[a GbLI
OYeHDb CHJIBHBIN TyMaH, TOJOJER W AyJ CIaGbIil
Betep. MoXHO Ji 110 3TOi poTorpaduu oHO-
3HAYHO YCTAHOBUTH HaNpaBJjeHne BeTpa? JlaBaii-
Te MonpolyeM.

Tak Kak HM3MOPO3b 06pa3yeTcss M3 Kalesek
TyMaHa, OHa TIOSIBJISIETCS Ha MPEIMETaX MPEHMy-
I[ECTBEHHO C IOJBETPEHHOI CTOPOHBI M MOXKET
GBICTPO pacTu MpH BeTpe. B HamieM caydae BO
BPEMsI CHEMKH IOTO/HbBIE YCJIOBISI ObLIH 6J1aro-
HPUSATHBI POCTY N3MOPO3H (a He TAHUIO Tba), a
caalbbiii BeTep CrHocOGCTBOBAJ MOSIBJIEHUIO aHU-
3orporun (GOPMBI JIEATHBIX HAapocToB. [loaToMmy,
rysiast Ha oTorpadiio, JETKO OMPEeIeTnTb Tpe-
UMYIIECTBEHHOE HAMpaBJeHHe BeTpa — CJeBa
HAIIPaBo.

A renepb TogyMaiite, Kak 10 BUIY JIEASHBIX
KPUCTAJUIMKOB U3MOPO3K uin uHest (He npusie-
Kasi Kakux-Tu60 METEOIaHHbIX) Y3HATbh, TABHO
WM HEJaBHO 06PA30BaJICs JIE[ASHON HApoOCT Ha
BETKaXx.

A.Mumpoganos



MATEMATUYECKHUHN KPYXOK

eton
nepepacrpeaeneHms
3aPa00B

E.BAKAEB, A.IOJIAHCKUM,
r"YEJIHOKOB

AJIAUN OTOW CTATBU PEIIAIOTCY C IIO-

MOMIBIO ABOIHOrO nojcyera (moacyera aBy-
Mg cnioco6amu). Korzma Takoil mojacyer He co-
BCeM 3JieMeHTapeH, ero 6bIBaeT ya06HO cdop-
MyJIIPOBATh KaK Ha3HaueHHe OObheKTaM HeKO-
TOPBIX BEJIMYNH U UX TIOCJIe/LYIOIIee [epepacti-
penesieHrie. IJTH BeJMYMHbI OyJieM Ha3bIBATb
3apsdamu.

3/1eCh MbI TIPEJICTABUM HECKOJBKO KPACUBBIX
U HEIIPOCTBIX <«OJUMIHA/IHBIX> 3aj1a4, Pelraio-
HIUXCS € TIOMOIIBIO TaKOro 1mojxoja. Memod
nepepacnpedesenus 3aps006 (no-aHrauickn
discharging method) npumensiercs u 3a npese-
JIAMH OJIUMITHA/L: HAIIPUMED, C TOMOIIHIO HETO
ObLIa JIOKA3aHA 3HAMEHUTAS] TEOPEMa O YETbI-
pex kpackax. IlogpoGHee ¢ METOJIOM MOKHO
03HaKOMUTBCST B 1poekTe JletHeil komHdepen-
mn Typuupa ropomos.! IlpexacraBienmbie B
CTaTbe 3a/ayll COCTABJSIOT BBOJHBIA pasest
3TOTO MPOEKTA.

K caepyomum 3ajiadaM JaHbl PEIICHUsT, HO
PEKOMEHJIyeM TIepejl MPOUYTEHUEM PpelleHuii
MOJyMAaTh HAJ[ 33/[a4aMU CaMOCTOSITEJBHO.

1. B npsamoyzovnotl madauye m cmpox u n
cmoaby0s, 20e m < n. B HeKxomopvLx KAemKax
MAbULUbL CMOSAM 36€300UKU MAK, YMO 6 KAK-
dom cmoabue cmoum xoms OvL 00Hd 36€300U-
xa. Joxaxume, umo cywecmeyem xoms Govl
o0na maxas 36e300uKd, 4mo 6 00HOlU cmpoKe
€ Hew Haxodumcs O6oavuwie 36e300ueK, uem 6
00nom cmosbue ¢ nei.

JlaguM KaskoMy HEIyCcToMy CTOJIOIY 3apsij
—1, a kax/10i1 HenycToit cTpoke 3apsan 1. Toraa
CyMMa 3apsiIoB oTpuiiatesibHa. Terepb mycTb

! IIpoexr npexcrasasmm: E.Bakaes, B.Byran-
knHa, A.Ilonguckuit, A.Psa6uues, I'.UeaHOKOB,
cM. https://www.turgor.ru/lktg/2019/

DOI: https://doi.org/10.4213/kvant20191206

Kb psip (cTOJIGEIT MM CTPOKA) pasfact
CBOH 3aps/i HOPOBHY BCEM 3BE3I0YKaM, KOTO-
pble B HeM cTodT. Tak Kak CyMMapHbIN 3apsif
OTpHIIATEIbHBII, TO HaliJieTcs 3BE3/104Ka C OT-
pHIIaTeJbHBIM 3apsiioM. Ecim B ee cTpoke a
3Be3/I0YeK, a B ee CToJOIEe UX b, TO ee 3apsj
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; - 5 . Pas ara Benmmunna oTpullaTe/JibHadA, TO

a > b, 3HAUYUT, 9Ta 3BE30YKa MCKOMaA.

2. B 6ubauomexe na noakax cmosam KHuzu,
npu amom posno k nonox nycmol. Knueu nepe-
CMasuau max, 4mo menepv NYCMvlx NoJI0K Hem.
Joka:xume, umo wnaidemcs xoms 6v. k+1
KHU2d, KOMOpAsS menepb CMoum Hda NoJKe C
MEHLUUM YUCTIOM KHUZ, YeM CMOSIA PaHbUle.

B aTom pertenun 6yzneM CIeIUTh TOJBKO 3a
n3MeHeHneM 3aps/ia KHUT. Pacrpenenm 3apsi-
JIbI TaK: €CJIM KHHUTA CHaYaja CTOUT Ha IOJIKE C
7 KHUTaMH, TO OHa 3a0MpaeT y ITOH IOJKU
3apsizt 1/m, u ecin B KOHIIE CTOUT HA TOJIKE C 1
KHUTaMH, TO OHA OTJaeT MoJKe 3apsig 1/m.
Torma cyMMapHbIil 3apsi/T KHUT YMEHDIITHIICS Ha
k. Ho 3apsii K0l KHUTH MEHSIETCSI MEHbIIIE
yeMm Ha 1.

3HayuT, ecTh Mo KpaiiHeid Mepe k+1 Kmur,
KOTOpPbBIE OT/aJau GOJIbINE, YeM TOJIYUHIA. ITO
KaK pa3 Te KHUTH, KOJIMIECTBO KOTOPBIX TPe6o-
BaJIOCh OILICHUTD.

3. Ha naockocmu oano n oxpyxuocmei
paduyca 1, npuuem uzgecmmo, 4mo Kaxoas
nepecexaemcsi xoms. 6vL ¢ 00HOU OpYy20ll OK-
PYKHOCMBIO U HUKAKASL NAPA HE KACAeMCSl.
[oxaxxume, umo ece emecme OKpPYKHOCMU
obpasyiom ne menvuie n mouex nepeceuenus (6
00HOU MouKe MOzym nepecexamucsi 6ojee 06Yx
OKpYKHOCETL).

JlaquM Kask0f TOYKe TepecedeHuss 3apsij
1. Ilycth TOuYKa, Jexaiias B IepecedeHun R
okpyskHocTeit, ormaer um no 1/k. Ilokaxem,
YTO Temepb y KaKIOH OKPYKHOCTH 3apsiji He
MeHee 1.

BbiGepeM Ha TIPOU3BOJIBHOI OKPYKHOCTH $
TOYKY P, KOoTopasi oT/aia aToi OKPY>KHOCTH He
6oJibllie, YeM JpyTHe TOYKH, MyCcTb 3710 1/m.
Torma yepe3 P npoxoaut m — 1 okpys»KHOCTEH,
TepeceKaloNIXcs ¢ § B KAKUX-T0 m — 1 pasind-
HBIX TOYKaX, OTJIHYHBIX OT P. Takum o6pasom,
Ha s He MeHee m TOYeK MepeceveHnsl U Bce OHU
ot et xorst Obl 1o 1/m. 3HaunT, Kaxgas
OKPY’KHOCTb TOJIy9mMJIa 3apsii He Menee 1.
CrenoBaTebHO, KOJTMUECTBO OKPYXKHOCTEH He
MIPEBBINIAET KOJUYECTBO TOUEK ITEePECceueHusI.
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[Togymaiite: T/1e B J0Ka3aTEIbCTBE HCIOJIb30-
BaJIOCh TO, YTO OKPY>KHOCTH €JIHHUYHOTO PaJii-
yca?

4. Ha naockocmu Hapucogano n npsMvlx 6
obwen noaoxenuu (obvie dsée nepecexaiom-
€Sl U HUKaxue mpu me npoxoosm uepes oony
mouxy). [oxaxume, umo cpedu uacmetl, na
KOMOopble 3Mu npsamoie pa3dusam niockocmn,
Hatldemcs He MeHee N —2 MpeyzorbHUKOS.

Ha xaxzoii u3 arux npsimbix Gyzner o6paso-
BaHO M0 7 —2 OTpe3Ka, 3HAYUT, BCETO HA HUX
Gyner n(n —2) oTpe3KOB. DTU N MPSIMBIX JIC/IAT

n(n+1) .
ILJIOCKOCTD Ha — +1 4acreii (3T0 MOKHO

JIOKa3aTb MO WHIYKINU; OCTaBUM JIOKa3aTeJlb-
CTBO 9TOTO YTBEP>K/IEHUS B KauecTBe yIpakHe-
Hust). Vi3 Hux 2n wactedi Gy IyT HEOT pAHUYEHHBI-
vMu (OmaATh Ke, MOAYMAIiTe CaMOCTOSATENBHO,
[OYEMY 9TO TaK). 3HAUUT, OTPAHUYECHHDBIX YAC-
Teit (B BUE MHOTOYTOJbHUKOB) Oyjaer m =
_n(n+1) n? —3n+2
i +1 -2n=—7-—7—

rpanefi. Ilycts cpean HUX ¢ TPEYTOJLHUKOB.
Pacemorpum orpesok AB. Ilyctb aBe Apyrue
JlaHHbBIE TIPSMBbIe, KpoMe AB, mpoxoasiue ye-
pe3 A n B, niepecekaiotcs B Touke C. HazoBem
Ty MOJIYILIOCKOCTb OTHOCHUTETbHO AB, B KOTO-
poit neskut touka C, eepxnet s orpeska AB.
Hamgum kaxknomy orpesky AB 3apsg 1 u
nepeiaJiiM aTOT 3apsi/l B Ty CMEKHYIO C HUM
rpaHb, KOTOpas JIe)KUT B BepxHell ansa AB
TTOTYTITOCKOCTH. KaykABIH TPEyroabHUK TOJIY-
qut 3apan 3. [lokakeM, 4TO OCTATbHbBIC TPAHU
nostydat He 6osibiie 2. Ecau rpanb mosydaer
3aps/l OT CTOPOHbI AB, TO BHelIHue yribl A u
B aroit rpann B cymme 6osbine 180°. Cymma
BHEITHUX YTIJIOB MHOTOYToJibHUKA paBHa 360°,
TaK YTO MOJIYUUTb 3apsi/| OT TPeX peGep MOXKHO,
TOJIbKO KOTJIa BCe 3TH Tpu pebpa IOoNnapHO
cocejiHue, T.€. TOJBKO B CIydae TPEYTroJbHUKA.
Wcxomuas cymMMa 3apsifioB OTPE3KOB pPaBHA
MTOJTYYUBIIIENCS CyMMe 3apsiIoB TpaHeil, OTKY-
panoaydaem n(n—2)< 3t +2(m—t)=2m+t.

KOHEYHbIX

2019/Nel?

IIpeo6pasoBas, mnosyunm n’ =2n<n®-3n+
+2+t. Orciopa n—2<t.

JlpyroMy pelieHmIo 9Toii 3a/1auu TTOCBSIIIEHA
cratbs A.Kanesg u A.Kosanbsku «Tpeyrosb-
HUKH 1 KaTacTpodbl» B « KBanTe» Ne11 3a 1992
TOfI.

MoskeTe Takke TOAyMaTh, KaK PacipocTpa-
HUTH pEIeHNe 9TOU 33J]a4i Ha IICEBIOTPSIMbIE
B 00IIeM TOJIOKEHUN:

Buympu oxpysxnocmu napucosano n >3
KPUBHLY, COeOUHAIOUUX NPOMUGONOJIONKHLE
mouxu Ha oxpyxrnocmu. Mssecmio, umo Jio-
Ovie dse Kpusble umerom poeno 00HY 00ULYIO
MOUKY U HUKAKUE MPU U3 HUX He NPOX0Osm
uepez o0ny mouxy. Kpuevie deasm kpye na
HeCKOAbKO udacmeil; 6HYMpenHeu HA306eM
uacmo, eciu OHA He 0ZPAHUYEHA OKPYHKHOC-
Mmovlo; @ MpeyzoavbHOl HA308eM YACNb, €CAU €€
0ZpanudUBarOm posHo mpu Kpuevie. Jokaxu-
me, 4Mmo UUCLO GHYMPEHHUX MPEY2oJbHbLY
uacmet no xpainei mepe n—2.

3. Keaodpam paspesanu na meckonvko mpe-
yeoavnuxos. [oxaxume, umo cpedu HUX Hai-
demcs deéa ¢ obweil cmopoHol.

[Tpearnonoskum, HanIoch pa3éuenue, B KOTO-
pPOM HHKAKHe JBa TPEYrOJbHUKA HE HUMEIOT
o611eil cTopoHbl. [IprcBoMM KaK/10i1 BepIIHe
paspe3aHus 3apsiji, PABHDII CyMMe CXO/SIINX-
cs B HEll yTJIOB TPEyroIbHUKOB. Taknum ob6pa-
30M, BepIIUHbBI ObIBAIOT TPEX BUOB!

1) BepiIMHBI KBajpara — C 3apsioM 1/2;

2) BepLIMHBI, JIeKall}e Ha CTOPOHE KBapaTa
UJI HA CTOPOHE OJTHOTO M3 TPEYTOJbHUKOB, — C
3apsiioM T;

3) BepUIMHBI, HE JieXKallue Ha CTOPOHE KBaJl-
pata WM TPeyroJbHUKA, — C 3apsijioM 2T.

[Tyctp ectb @ BepmnH BTOpOro Tuna u b
BEpINUH TpeTbero tuna. Torga 3apsiibl B cymMme
naiot (a + 2b + 2), CIe0BATEIBHO, YICIO TPe-
YTOJbHUKOB PaBHO a + 2b + 2.

[ToctpouM caexyromuii TmaoCKuil Tpad.
BosbMeM Bce BepIIUHBI TPEYTOJIBHUKOB B Kave-
ctBe BepmuH. [IpoBegeM B KasKIOM TPEYTOJIb-

0~ 0>

[locTpoeHme rpaga o pa3pe3ariio KBaRpara Ha TPeyroibHUKI
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HEKe 10 Tpu pebpa (CM. PUCYHOK) U HOCAAUM
HA TIOJIYYUBIIYIOCS TPEYTOJIbHYIO I'PaHb 3apsijl
1. OcrasibHblE TPAHU UMEIOT He MeHee 3 Bep-
IIMH, Pa300beM UX [UATOHAJISIMU HA TPEYTOJIb-
nukn  (BKJIOYAs BHENIHIOIO I'PaHb, KOTOpas
SABJIAETCS YETHIPEXYTOJAbHIKOM) U [OCAAUM Ha
KakAbIil 13 HUX 3apsf 0.

Urak, B mosydeHHOM ILJIOCKOM rpade Bce
IPaHU TPEYTOJibHbIE U UMeIoT 3apsia 0 win 1.
I[To mocrpoenuio cymma 3apsiloB paBHA
(@ +2b+2)m u HUKaKue /Be TPAHHU C 3apsi/ia-
MU T He TpaHmyat 1o pe6py. [lycrs V|, E, F —
KOJIMYECTBO BepIInH, pebep U rpaHeil COOTBeT-
ctBeHHO. M3 paBenctsa 2E = 3F u dopmyint
ditnepa V — E + F = 2 nosrygaeM COOTHOIIECHHE

E=3V-6=3(a+b+4)-6.

Terepn mycTb KaK/asi TpaHb OTAACT [0 TPETH
CBOETO0 3apsijia CMEKHBIM ¢ Helo pebpam. Cpen-
Huit  3apsx  pebep O6yaer  paBeH

(a+2b+2)m _1

= —1. Ho kak MUHUMYM OJTHO

3a+3b+12-6 3
pebpo umeet 3apsan 0. Vimenno, Xots 6bI OJTHO

pe6po 6bLI0 TPOBEACHO 3a MpeeIaMi KBapa-
Ta, €TO-TO 3aps/] TOYHO HyJieBoii. CiemoBaTesn-
HO, HaiijieTcss peGpo, M0 KOTOPOMY TIpaHuyaTr
JIBa TPEYTOJBHUKA C 3apSAJOM T, IPOTHBOPE-
qie.

3apaym ong camMocCTosiTeNIbHOro pewieHuns

6. B HEeKOTOPBIX KJIETKAX MPSIMOYTOJBHON Talm-
1[bI HAPHUCOBAHBbI 3Be3/[0YKU. VI3BeCTHO, UTO IJist
JII060I OTMEYEHHOI KJIETKU KOJIMYECTBO 3BE3/10YEK B
ee cToJIOIe COBIA/IAaeT C KOJTMIECTBOM 3BE3/I0UEK B €€
ctpoke. [lokaskuTe, YTO YMCIO CTPOK B TabJinile, B
KOTODPBIX €CTb XOTb OJ/IHA 3BE€3/[04Ka, PABHO YUCJIY
CTOJIOTIOB TaGJWIIbI, B KOTOPBIX €CTb XOTb OJHA
3BE3/I0UKA.

7. Ha dectuBanb 3umanTkoH npuexaso E 21phos
n D tHOMOB. Ilocse dectmBasss Kask/plii THOM TIO/I-
paJicst 10 KpaiiHeii Mepe ¢ OJiHUM 2Jb(OM, a KaXK/[blil
27bd — He GoJiee YeM C JecsATbIO THOMamu. Takike
M3BECTHO, YTO Y Ka’K/[OTO THOMA COIIEPHUKOB-3JIb-
¢oB 61710 GoJiblile, eM y JI0OOTO U3 HUX — Collep-

10
HUKOB-THOMOB. [lokaskute, uto D < HE .

8. Tabmua nXn 3ano/HeHa HyISMU 1 eIUMHALIA-
MU TaK, YTO €CJIM YICJIO B KAKOH-TO KJeTKe Ta0 InIIbI
pasHo 0, To cymMmMa Beex urces B ee kpecre (kpecmom
KJIETKH HasblBaeTcs oObe/uHeHue ee crosbla u ee
crpokn) He Mmenbiie 1000. Haiianre nanmensiyio
BO3MOKHYIO CYMMY 4HCeJ B TalJuie.

9. Ilycrb ecTb BBILYKJIbIii 72-YTOJbHUK U BHIOPAHO
M KPACHBIX TOYEK, OTJIMYHBIX OT BEPIIHH, TAKIX, YTO
moGoil OTPE30K MEx/y /ABYMs BEPIIMHAMH MHOTO-

YTOJbHUKA COJEPKUT IO KpaiiHeil Mepe OJHY Kpac-
HyI0 TOuKy. [lokaskute, 4TO
1 1

mz2n 1+1+—+...+—.
R (PR12)

NcTouHukn 3apay

1. M1214 «3anaunuka «Kpanrta» (A.Pas6opos).

2, 6, 8. dosbKIIOp.

3. Teopema 1 (K.Bezdek, R.Connelly) u3 crarbu:
H.Last, R.Pinchasi. At Least n — 1 Intersection
Points in a Connected Family of n Unit Circles in
the Plane. — Discrete & Computational Geometry,
38:2 (2007), 321-354.

4. Unest aroro pemeHus npejiokeda Felsner u
Kriegel, cm. Teopemy 5.15 u3 kuurn: Stefan Felsner.
Geometric Graphs and Arrangements.

5. Ira 3a/a4ya HEePEOTKPHIBAIACH HEO[HOKPATHO.
Hampumep, M320 «3amaunmka» (A.IleukoBcknii)
s teopema 6 B cratbe: Andrey Kupavskii, Janos
Pach, Gabor Tardos. Tilings with noncongruent
triangles. — European Journal of Combinatorics, 73
(2018), 72-80.

7. IlepedopmysmpoBka 3agaun /[.Kapmosa, IV
Ky6ok mamsti A.H.Kosmoroposa.

9. Teopema 3 B crarbe: J.Matousek. Blocking
Visibility for Points in General Position. — Discrete
& Computational Geometry, 42:2 (2009), 219-223.
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XLI TypHUMp roponos

3apaym oceHHero Typa
ba3oBbIl BapnaHT
8—9 knaccel

1. (3)! DokycHUK BBLIOKUI B PsJ KOJOLY
n3 52 kapt m oObaBUI, 4TO d1 M3 HUX OyayT
BBIKHHYTBI CO CTOJIA, & OCTAHETCs TPOiiKka Tped.
3puTesb HA KaXK/IOM IlIare rOBOPUT, KaKyIo 10
CyYeTy ¢ Kpasl KapTy Ha/Jl0 BBIKHHYTb, a (DOKyC-
HUK BBIGHPAET, € JIEBOTO HJIU C IIPABOTO Kpasi
CUNTATh, W BBIKU/IBIBAET COOTBETCTBYIONLYIO
kapry. IIpym Kakux HAYaJbHBIX MOJOXKEHHSX
TPOWKK Tped MOXKHO TapaHTHPOBATD YyCIeX
doxyca?

A.Boponaees

2. (4) Mana okpyskHOCTD ® ¢ HerrpoM O u
nBe ee pasauunbie Toukn A u C. [las mo6oit
Apyroil Touku P Ha ® OTMeTUM cepeJuHbl X U
Y otpeskoB AP nu CP u nocrpouMm Touky H
nepecedeHns BbICOT Tpeyroabuuka OXY. [lo-
KaKuTe, 4TO MOJIOXKeHe TOUKU H He 3aBUCUT OT
BbIOOpA TOUYKM P.

A. Coxonoe

3. (4) Cwm. samauy M2587,a «3amaunmka
«KBanTta».

4. (5) Jlaupr nemble wueaa dj, ..., dygp0- 110
KDYTy B3alliCaHbl WX KBAIPATBI di, ...,d -
CymMa KaskIbIX 41 ToApSA MAYTINX KBAPaTOB
Ha KpyTre [eJuTcs Ha 412, Bepno Jn, 4tO
KaXK/[0€ U3 YHCeN dy, ..., 0y AeanTcs Ha 417

b. Openxun

3. (5) V Bacu ectb HeorpaHudeHHbIi 3anac
OpyckoB 1xX1X3 M yrokoB U3 Tpex KyOHKOB
1x1x1. Bacst me/iMKoM 3amoJiHUI UMI KOPO6-
Ky mxXnxk, tne m, n u k — 1eJbie 4ucia,
6osbme 1. /fokaskure, 4To MOKHO OBLIO 000i-
TUCH JINIIb YTOJTKAMH.

M. Esdokumos

! B cko6kax mocsie HOMepa 3a/aui yKa3aHo
ynca0 6asiioB, NPUCYKIABIINXCS 3a ee MOJHOoe
penrenyie. VITOr MOABOAMICS 10 TpeM 3ajadaM,
10 KOTOPBIM JIOCTUTHYTbI HAWUJIy4IIie pPe3y/ibTa-
b1 (6Bl 3a TYHKTDI OJHON 3aJaui CyMMUPY-
10TCH).

10—11 knaccei

1. (3) Cm. s3azmauy 1 GaszoBoro BapuaHra Jijis
8—9 xuaccos.

2. (4) [dau BBIIYKJIBIH NATHYTOJbHUK
ABCDE, B xotopom AE ||CD u AB = BC.
Buccexrpucst ero yrios A u C nepecekaorcs B
touke K. [Jokasxure, uro BK || AE.

E.Bbaxaes

3. (4) Cm. samauy M2582 «3anaunnka « Kpan-
Tar.

4. (5) Cm. samauy M2586 «3amaunnka « Kpan-
Tar.

5. (5) Cum. samauy M2587,6 «3amaunmnka
«KBanra».

Cno>HbIN BapuaHT
8—9 knaccel

1. HasoBeM c.10:£HOCbI0 1Ies10T0 uncaa n > 1
KOJIMYECTBO COMHOKUTEE B ero pasiosKeHnn
Ha mpocThle. /I KaKuX 7 BCe YHCIa MEXKIY 1
1 27 UMEIOT CJIOXKHOCTD

a) (2) ue Goubiie, uem y n; 6) (2) menbie,
yeM y n?

b. Openxun

2. (7) [lBa OCTPOYTOJIbHBIX TPEYTOJbHUKA
ABC n AB,C; TaxoBbl, uTo Toukn B; n C;
Jeskar Ha cropone BC, a Touka A; — BHyTpH
tpeyrombanka ABC. Ilycrp S u S; — nmuomaan
3TUX TPEyTOJbHUKOB COOTBETCTBEHHO. JloKa-
JKHUTE, YTO

S . S,
AB+ AC =~ AB + AC,
H.Cedpaxsan, H.Bbozdanos

3. (7) Ecrb 100 BHemmHe Hepa3JIMYMMbIX
MOHET TpeX THIOB: 30JI0Tble, cepeOpsiHble U
Meanble (Kaskablii TUII BCTpedaercss XOTs Obl
pas). MssectHo, 4To 30J10ThIE BecAT (MMeIOT
Maccy) 1o 3 T, cepe6psiHbIe — MO 2 T, MeJIHbIe
—mno 1 1. Kak Ha yamednpIx Becax 6e3 rupex
ONpe/eJIUTh TUII Y BCEX MOHET He GoJiee yeM 3a
101 B3BemuBanue?

B.Hosuroe



4. (7) U3 nenrpa O onuCaHHON OKPYKHOCTH
Tpeyrombanka ABC onyCcTHIn TepHeH/ Ky Is-
pot OP n OQ Ha GUCCEKTPUCHI BHYTPEHHETO 1
BHEIIIHETO YIJIOB 1ipu Bepuinue B. /lokaxure,
4yTO TIpsiMasi PQ JeluT TomoJsiaM OTPe3oK, COo-
e/InHSIONMI cepeinHbl ctopod CB u AB.

A.Coxonos

5. (8) Haszoem mapy (m,n) pasJudHbIX
HATYPaJTbHBIX YHCEJ M U 1 XOPOULetl, eCu mn
i (m+1)(n +1) — Tounnie kBagpaTbl. J[oKaxu-
Te, UTO IS KaKJOTO HATyPANBHOTO M CyIIe-
CTBYeT XOTsI GBI OJTHO TAKOE 7 > m , 9TO Tapa
(m,n) xopormas.

FO.Mapxenos

6. (9) Y Iletm 6BLTO HECKONBKO CTOPYOJIe-
BOK, APYTHUX jieHer He Obuio. [lets cram moxy-
math KHUrK (Kaskas KHUTa CTOUT IEJI0e YHCJI0
py6uaeit) u nosyuarh caady Menoubto (MoHeTa-
v B 1 py6uib). TIpu MOKyIKe JOPOTOil KHUTU
(we nemenme 100 py6ueit) Ilers pacmaunBa-
¢Sl TOJIbKO cropy6sieBkaMu  (MUHUMATbHBIM
HEOOXOIMMBIM WX KOJTMIECTBOM ), a TIPU TIOKYTI-
ke dewesotl (memesne 100 py6aeit) pacriadn-
BAJICSl MEJIOYbIO, €CJU XBATalo, a €ecJu He
xBaTasio — cropy6eBkoil. K MoMeHTy, Korjia
cTOpyGJIEBOK He OCTasloch, IleTst moTpaTusr Ha
KHHUTH POBHO TIOJIOBHHY CBOUX JieHer. Mor Jm
[Terst moTpatuth Ha KHUTK (K 9TOMY MOMEHTY )
xotst 661 5000 py6eii?

T.Ka3uyvina

7. (10) B kiieTyaToM JEpeBSIHHOM KBajpaTte
102 xyeTkn HaMasaHbl YepHOIt kpackoit. Ilers,
UCIOJIb3Ysl KBaJpaT Kak neyarb, 100 pas npu-
JIOKHJI €T0 K 0eJIOMY JIHCTY, U KaK/IbIil pa3 aTu
102 ketkn (1 TOJIBKO OHM) OCTaBJISIN YEPHbIIT
OTIIeYaTOK Ha Gymare. Mor Jii B HTOTe Ha JIUCTE
noyuutbest kBagpar 101x101, Bce KieTku
KOTOPOTO, KpOMe OJ{HOI YTJIOBOIi, uepHble?

A.Tpubanxo

10—11 knaccei

1. (5) Muorounen P (x,y) Takos, 4To s
BCAKOTO 1esoro 72 0 Kak/blii 13 MHOTOUJIE-
HoB P(ny) u P(x,n) 1160 TOXIECTBEHHO
paBeH HyJI0, MO0 UMEET CTETIEHb HE BBIIIE 7.
Mosker m MHOrOWwIeH P (x,x) nUMeTb Heder-
HYIO CTereHb?

b. Openxun

2. (5) Orpeskn AA”, BB’ u CC’ ¢ xoHIamMu
HAa CTOPOHAX OCTPOYTOJIBHOTO TPEyroJbHUKA
ABC mnepecekaiorcsd B TOuke P BHYTpU Tpe-

yrosibHUKa. Ha Kax/0M U3 3THX OTPE3KOB Kak
Ha JuaMeTpe MOCTPOoeHa OKPYKHOCTDb, B KOTO-
POl HNepHeHUKYJIAPHO 9TOMY AMAMETPY IIPO-
BejieHa Xop/a yepe3 Touky P. Oxasanochb, 4To
TPH HPOBE/ICHHDbIE XOP/Ibl NMEIOT O/INHAKOBYIO
jqumny. [lokaskute, uto P — TOUKa NepeceueHus
BbICOT TpeyroJibHuka ABC.

I'.I'anvnepun

3. (6) Cm. 3azauy 3 CJI0KHOTO BapUaHTa JIJIst
8—-9 KJaccos.

4. (10) Cwm. samauy M2589 «3amaunuka
«KBanra».

5. (6+6) Cwm. samauy M2588 «3amaunnka
«KBanras.

6. Ky6, cocrosmuii us (271)3 €/IMHUYHbIX
KyOMKOB, IIPOTKHYT HECKOJBKMMHU CIIMIAMH,
mapasieJbHBIMI pebpaM Kyba. Kaxmgas cnmma
HPOTHIKAET POBHO 21 KyGUKOB, KasKIbIH KyGUK
HPOTKHYT XOTs1 Obl OJIHOIT CITHIIEH.

a) (6) Jlokaskure, 4TO MOKHO BBIOPATDh TAKHE
2n% CIMIL, WYX B COBOKYITHOCTH BCETO B
OJIHOM MJIM JIBYX HAIPaBJICHUAX, UYTO HUKAKKE
JIBE U3 TUX CITMI] He TPOTHIKAIOT OINH 1 TOT Ke
KyOuK.

6) (6) Kakoe Ham6oIbIIIee KOIMIECTBO CITHII
MOKHO TapaHTUPOBAHHO BBIGPATh U3 HMEIO-
UXCA Tak, 4TOoObl HUKAKUE JBE BbIOPAHHbIC
CIIMIIBI HE TPOTBIKAIKM OJMH U TOT JKe KyOuK?

H.Tnaokoes, A.Sumun

7. (12) Hexoropbie us uncen 1, 2, 3, ..., n
HOKpalIeHbl B KPACHBII IIBET TaK, YTO BBIIOJ-
HsETCs yCJIOBHE: eCJIH ISl KpacHbIX Yuces d, b,
¢ (ue obsizareapro pasmmunbix) a(b—-c) me-
uTes Ha n, T0 b = ¢. JIokaskuTe, 4TO KPACHBIX
uuces ne Goibine Q(7).

A.Cenenos

Mamepuan nodzomosuru E.Baxaes,
A.Tayupox, C./Jopuuenxo, A.3acrasckuil,
11.Ko.xeenuxos, JI.Meonuxos, B.Hoeuxos,
B. Pemunckuili, A.Psb6buues, E.Ps6os,
A.Cenenos, M.Crxonenxos, H.Dpoos,
A.Illanosanos
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VIHCTUTYT KpurnTorpaduin, CBA3N
1 nHdopmaTnkm Akagemmnm G Chb
Poccnn

Bc TYITNTEJIbHbIE€ 3K3aMeHb!

OPN3NKA

BAPUAHT 1

1. Bo cKkoJIbKO pa3 yMEHBIIUTCS CUJIA TATOTE-
HUS MEX/IYy ABYMS OJMHAKOBBIMHU OJTHOPO/HBI-
MU TTapaMy, ecJi BHAYaJje Mapbl CONMpUKaca-
JINCh JIPYT € JPYTOM, a 3aTeM OJINH U3 MIapOB
OTO/IBUHYJIM HA PACCTOSTHUE, PABHOE Y/[BOEHHO-
My IUaMeTpy IIapoB?

2. Kakyto Maccy BOJIbI HA/IO JIOTIOJTHUTETIHHO
WCIapUTh B KOMHaTe o6beMoM 49,8 Mo , YTOOBI
npu Ttemneparype 27 °C  HOBBICUTD OTHOCH-
TEJbHYIO BJIXKHOCTb OT 25% 10 50%? [laBie-
HUE HACBIIMIEHHBIX [APOB IIPU TEMIIEPaType
27 °C pasno 3,6 klla, MmossipHast Macca BOJIbI
18 r /Mosb, yHUBepCcaJbHAs Ta30Bast MOCTOSTH-
nas 8,3 Jix /(Mo - K).

3. Paccrognme Mexxay MIacTHHAMW B TIJIOC-
KoM KonzeHcatope 10 mm. PagnocTtb moreHIm-
ayoB Mexkny obkiankamu 300 B. Kakas cuna
CO CTOPOHBI 3JIEKTPUUYECKOTO TOJIsT OY/IeT Jeii-
crtBoBaTh Ha 3apsj 1 HKJ, BHeceHHBIN B KOH-
JleHCcaTop?

4. KBaaparnast pamMka co CTOpoHO# 15 cM
pacrosiokeHa B OJJHOPOJHOM MAarHUTHOM IOJie
¢ unayknueit 0,02 Ta Tak, 4ro HOpMAJb K ee
MoBepxXHOCTH 06pasyer yrosa 60° ¢ BEKTOPOM
uHaykimn. OnpeneanTe MarHUTHBIH TIOTOK Ye-
pe3 TLIOCKOCTh PAMKH.

5. TlozBemrenHbIil HA JIETKOH TPY’KUHE IIa-
PUK COBEpIIAeT rapMOHUYECKUE KOJEOAHUS C
nepuojgioM T m ammautynoit A BOJb BepTH-
KaJbHOU ocu. Hailiure Moy ib CKOPOCTH 1a-
pUKa B Teé MOMEHTBI, KOT/J[a €r0 YCKOPEHUe I10
MO/IYJTIO COCTABJISICT YaCTh O aMILJIUTY Bl YCKO-
perns (o <1).

6. Ha mnokosmuiics Ha TJIQJIKOM TOPU30H-
TaJbHOM CTOJIE KJUH Maccoil M ¢ BbICOTBI /i
1a/IaeT PE3NHOBBIN MTAPUK MAcCOi 7 U OTCKa-
KMBaeT Moj yrjaoM o K ropusonry (puc.1).
Haiigute ckopocTb KimHa iocse yaapa. Coya-
peHme MeXAy MIApUKOM W KJINHOM CYHUTATh

Puc. 1

abcomoTHO yrpyruM. TpeHne MeKIy CTOJIOM 1
KJMHOM HE YYHUTBLIBATD.

7. OnHonMeHHbIe KJIEMMBI IBYX HCTOYHUKOB
cI/IC & u &, 1 BHYTPEHHUMHU CONPOTUBJICHHU-
SAMU 7; U %, COOTBETCTBEHHO COEJAMHUJIU TaK,
41O 06pa3oBasiach 3aMKHYTas Ilellb. 3areM K
KJIeMMaM OJTHOTO W3 MCTOYHUKOB TIOKJIIOUNIIN
ueanbHbIil BosbTMeTp. Hailiure ero nokasa-
Hug, ecam 6 =5 B, &, =2 B, n =10 Op,
rH = 5 OmMm.

8. CrepskeHb IBUKETCS C TIOCTOSIHHON CKOPO-
CTHI0O OTHOCHUTEJBHO JAGOPATOPHOU CHCTEMbI
orcuera (JICO) B npo/J0JIbHOM HaNpaBJIeHHN
MHUMO JBYX MeTOK A n B, pacnoJyiokeHHBIX Ha
paccrosuu Ax  apyr or apyra (8 JICO).
CHavajia B MOMEHT BpeMeHU {; HATIPOTHB MeT-
Ku A oKazajcs TepeHuil KOHeN CTEPIKHS.
3areM HAIPOTUB METKU B B MOMEHTbI &, U f3
OKa3aJI¥Ch MTePETHII 1 33 THII KOHITbI CTEP3KHS
coorBercTBeHHO. Haiiiure cOOCTBEHHYIO JITTUHY
cTepsKHA Ly .

BAPUAHT 2

1. ABTOMOGUJIb CTApTYeT C MOCTOSTHHBIM yC-
KOPEHUEM U TIPOe3:KaeT yuacTok AmnHoi 100 M.
KaxkoBa ckopocTb aBTOMOOWJISI B KOHIIE Y4acT-
Ka, ec/I OH TIPOE3KaeT ero 3a 5 ¢?

2. C HEKOTOPO#A BBICOTBI CO CKOPOCTBIO 20 M/
TOPU30HTAJIbHO OpolieH KameHb. Yepes 4 ¢
nocsae 6pocKa KHMHETHYECKasl SHEPTHs KaMHS
crana pasnoit 3000 /[»x. KakoBa macca kam-
HA?

3. D1C wucrounuka 5 B, ero BHyTpeHHee
conporusaenue 3 Om. Kakoil Tok nporekaer B
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1eTN, eCJTN HA HATPY3KE BBIJIEJISIETCST MOIITHOCTD
0,75 Br?

4. Ckosbko doronoB monazaer 3a 1 ¢ B 1J1a3
4YeJIOBEKa, €CJIM TJIa3 BOCIPUHUMAET CBET C
JUTMHOU BOJIHBI 550 HM IIPU MOIHOCTH CBETO-
Boro noroka 1,8 - 107" Br. ITocroannas [Lian-
Ka 6,6-107" [ix - c.

5. K mepBomy rpysy Maccoit m, mojBelieH Ha
BepeBKe BTOPOH Ipy3 Maccoil m, . Macca Bepes-
xku m. K mepBomy rpysy npusioskena cuia F,
HAIpaBJeHHAsT BEPTUKAJbHO BBepx. Haiijure
HATsKeHUe BEPEBKM B CEYEHUM Ha OJHOU 4er-
BEPTHU [IJIMHBI CBEPXY.

6. UT0oODBI H30TEPMHUYECKH YMEHBIIHTD 00beM
rasza B OTKPBHITOM B arMocdepy BEPTUKAJIbHOM
[UJIMHJIPE C TePMETUYHBIM HOPIITHEM B 72 pa3, Ha
MOPIIEHb TIOMECTUIM TPy3 Maccoit m. I'pys
KaKOIl MacChl cyeyeT 106aBUTh, YTOOBI 06beM
raza u30TepMHUUYECKH YMEHbBIIIIICS ellle B R pa3?

7. B TOHKOCTEHHO NAIEKTPUIECKON OJTHO-
POJIHO 3apsiKeHHOI cdepe pajuycom R nmeer-
Cs1 MJICHBKOE OTBEpPCTUE. 3apsisKeHHAsT 4acTu-
1A C 3aPsIJIOM ¢ JIBUXKETCST U3 OECKOHEYHOCTH K
cdepe B/IOJIb TIPSIMOI, TPOXO/ISIIEN Yepe3 OT-
Bepcrre u 1enTp cdepoi. B ToT MOMeHT, KOr/a
YacTHIA HAXO/MJIACh HA PacCTosiHuu 2R OT
1enTpa cdepbl, ee CKoOpocTb OblIa vy, a MOTeH-
Uaj B IeHTpe OJKANIIEro OTBepCTusi ObLI
paBen @. KakoBa Gy/ieT CKOPOCTb YACTHIIBI,
korja ona jocrurter mentpa chepni? Cdepa
3aKperJieHa U Helmo/IBUKHA.

8. IIpoBoJiouHOE MOJYKOJBIO PALILYyCOM
a = 10 cM HaXOAWTCSA B OJHOPOJHOM MATHUT-
HoM Hose ¢ uuaykmueit B = 0,1 Ta (puc.2).

C
QB

A (0]

Puc. 2

BekTtop MarawTHOW WHAYKIMHN TIePHEHINKY-
JIIpEH TJIOCKOCTH TOJyKoJbla. Llentp momy-
KOJIbI[A COE/IUHEH C HUM JIBYMs ITPOBOJIHIKA-
MU, OJIMH Ha KOTOPbIX, AQO, HENOIBUKHDI,
npyroit, OC, noBopauuBaiOT BOKPYT TOuku O
¢ yrsoBoii ckopoctbio ® =10 pax/c. Compo-
TUBJIEHNE €MHUIIBI JJIUHBI BCEX TIPOBOHIKOB
p = 0,65 Om/m. Haiigure Tok B kontype AOC
B MOMeHT, korga yroa mexay AO n OC
paBeH T.

MexxpervioHanbHas1 onumnuaza
LUKOJIbHUKOB Ha 6a3e BeOMCTBEHHbIX
ob6pa3zoBaresibHbIX OpraHu3ayni

MATEMATUKA

1 (9—-10 xmaccs1). B oxnoit 13 KJIeTok 6eCKo-
HEYHOH Kjeryaroii GyMarum HaXOJUTCS PoGoT,
KOTOPOMY MOTYT OBbITb OTJAHBI CJIEAYIOIIIE
KOMaH/Ibl:

« BBepX (PO6OT MepeMenaeTcs Ha COCEHION0
KJIETKY CBEPXY);

« BHI3 (PO6OT mepeMenaercs Ha COCEIHIONN
KJIETKY CHH3Y);

« B1eB0 (po6OT IepeMelaeTcs Ha COCeHIO0
KJIETKY CJIeBa);

« BrpaBo (po6OT mepeMemaeTcss Ha COCefl-
HIOIO KJIETKY CIIpaBa).

Ec/m, Hatpumep, po6OT BBIIOJHUT MOCAE0-
BATEJILHOCTD U3 YeThIpex KoMan/1 (BBepX, BIpa-
BO, BHU3, BJIEBO), TO OH, OUEBU/IHO, BEPHETCS B
UCXO/HOE MOJIOYKEHNEe, T.€. OKAYKETC B TOH e
KJIETKE, N3 KOTOPOii Hauas apuskenne. CKOJIBKO
CYIIECTBYET BCEr0 Pa3/IMUHbIX I10C/IEA0BATENb-
HOCTe! U3 4 KOMaH/I, BO3BpANAoONX podoTa B
UCXO/IHOE TOJIOKeHNe?

2 (9). Nmerorca kapanjain, JauHelKa, a
TaK)Ke HEKOTOPOE CIEHUATbHOE YCTPOHUCTBO,
KOTOpPOE /17151 II0O0r0 n300pakKEHHOro Ha ILI0C-
KOCTH yTJIa CTPOWT JBa Jiyda, JAEJAIlre 9TOT
YTOJI Ha TPH PaBHBIX yria. C MOMOIIBIO 9TUX
MHCTPYMEHTOB HOCTPOiiTe HA IJIOCKOCTH YIOJI
pesmunnoit 10°. (HamoMHuM, 4To KapaH1anoMm
MOKHO OTMETUTb TOYKY IJIOCKOCTH, B YaCTHO-
CTH, TOUKY [IepeceveHus ABYX MPAMbIX. JIuHel-
Ka JINIIb TO3BOJISIET MPOBECTH TIPSMYIO YEPe3
JIBE OTMEUYCHHBIE TOYKM M HUKAKHX <IIapaj-
JIEJIBHBIX> WJIN <IIEPIEH/MKY ISAPHBIX> KPAeB y
Hee HeT.)

3 (9-10). [eiicTBurenbHble yucaa X, ¥y, Z
VIOBJIETBOPSIOT COOTHOIIEHMSM

4o = 2x - 30yz = 25¢% + 5y + 12xz =
=9z -3z - 20xy .
Haiiinre Bce BO3MOKHBIE TPOMKY YHCeT (a, b, c),
r7ie
a=2x+5y,b=3z+5y,c=3z-2x.
4 (9-11). Haiigure Bce Takme (QyHKIMH

f (&), KOTOpBIE OIHOBPEMEHHO Y/IOBIETBOPSIOT
tpem ycnosuam: 1) f(x)>0 mna moGoro
x>0; 2) f(1)=1; 3) f(a+b)-(f(a)+
+/(b))=2f (a)-f (b) + a’ +b* s moGbIx
abe R.
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3 (9—11). B uerbipexyroabiuke ABCD aua-
ronann nepecekaiorcss B Touke O. UssectHo,
qTOo

3
Saso =Scpo = > BC =32,

cos ZADC = i

o
HaiizuTe cumyc yr/ia Me1Ly JUaroHaIsIMU 5TO-
T'0 YETHIPEXYTOTbHUKA, €CJIH €70 TLJIOMa/b TPU-
HHEMaeT HauMeHbIIee BO3MOKHOE 3HAYCHUE ITPU
JaHHBIX YCJIOBUSIX.

6 (9-11). Haiiaute Bce TpoCTBIE YHCIIA,
JlecATUYHAs 3alllCh KOTOPbIX MMeeT BIHLJ
101010...101 (eguHKUIBI ¥ HYJIM YePEaYIOTCS).

1
7 (9-10). O6bikHOBeHHAS APOODH 597 pe-

cTaBJieHa B BU/I€ TIEPUOAMYECKON /1eCATUIHON
apobu. Haiinure pmuny mepmoga. (Hampu-
25687

99900
=0,25712712712... = 0,25(712) pasna 3.)

8 (9-11). Aus ¢ Bopeii urpaior B «MOPCKOii
60ii» 110 CJIelyIONNM TIPABUJIAM: HAa OKPY3KHO-
cTH BbIOUpAtoTes 29 pasJIMYHbIX TOUEK, MTPOHY-
MEPOBaHHBIX 10 YaCOBOU CTPEJIKE HATYPAJbHBI-
mu yncaamu ot 1 7o 29. Ang pucyer KopabJb
— IMPOM3BOJIbHBIN TPEYTOJbHUK C BEPIINHAMI B
3TUX TOUKaX. BymeM Ha3bIBaTh «BBICTPEIOM»
BBIGOD /IBYX PA3JIMYHBIX HATYPAJIbHBIX YHCE] R
u m or 1 go 29. Ecau oTpe3ok ¢ KOHIIaMU B
TOYKAX C HOMEPAMU R U 1 UMEET C TPEYTOJIbHIU-
KoM AHM XOTS OBl OfHY OOTIYI0 TOYKY, TO
KOpabJsib CUNTaeTcsl «paHeHbIM». Bops mpomns-
BOJINT «3aJIT» — HECKOJDbKO BBICTPETIOB OJTHO-
BpeMeHHO. AHsI HapHCcoBaJa KOpabJib 1 MOKa3a-
sa ero bope. U Tyt onu 3ametusiu, 4to Ji060it
«3aymy u3 K pa3iuvHbIX BBICTPEJIOB 006s13a-
TEJTBHO PAHUT Kopabab AHU. YKa)KnTe Kakoe-
HU6YAb pacrnosoxenne Kopabyasd AHHU, TIPU KO-
TopoM 3HavyeHne K Gy/ieT MUHIUMAJTbHDIM.

9 (10-11). Haiigure xaxue-HHGYIb LEJble
ynciaa A u B, U KOTOPBIX BBITIOJHSETCS

HepasernctBo 0,999 < A + BJ2 <1.

10 (11). M3sBecTHO, 4YTO ypaBHEHHE
13 —x—1=0 uMeer eJMHCTBEHHBII [eicTBU-
TeJIbHBINL KOpPeHb X . llpmaymaiite xotst Obl

OJTHO ypaBHE€HUHE BU/la

Mep, /JJuHa Tepuojga apoou

az’ +bz> +cz+d =0,
rae a, b, ¢, d — nenple unciaa u a # 0, oAHUM
U3 KOpHEH KOTOPOTO ObIIO0 GbI YHCJIO
z=x0+3x, +1.

2019/Net?2

11 (11). lokaxxuTe, 4TO AJI BCEX X € (0;3—;)

CIIpaBe€lJINBO HEPABEHCTBO

sin 3_x
1 1 2

X . 8x L X ’
sin— sin— sin—sin2x
3 3 2

Vrasanue: BoCHOB3YHTECH BBITYKJIOCTHIO
1

BHu3 rpaduka dyukunn f(t) = o7 He
sin

Tepase (0;7).

12 (11). B kax/ayio us k g4yeek KBaapaTHOIL
TaGJIMIbI 72X 1 3alicada euHNIa, a B OCTaIb-
Hble sSUeiiku — Hosb. Haiiure MakcuMabHOE
3HaueHwe R, MPH KOTOPOM, HE3ABUCUMO OT
MCXOTHOTO PACTIOJNIOKEHWS eIUHUI], MEHSS Me-
CTaMU CTPOKU MEKY cOO0U U CTOIOIBI MEKLY
€000i1, MO’KHO JJOOUTHCS TOTO, YTO BCE €UHUILbI
OKaKyTCS BbIlIEe MMOGOYHOI
nuaronasn uin Ha Heit. (ITo-
OOYHOIl Ha3bIBaeTCs JUaro-
HaJIb, UYTIAsI U3 JIEBOTO HIXK-
HETOo yTJia B IPaBblil BepXHUI
yroa. Ha pucynke 3 npuse- 00
JIeH TIpUMEp; COAEPKUMOe
sg4eeK, JIe)KaI[uX BBIIIEe I10-
OOYHOIl JMaroHaau WM Ha Heil, BbIJEJIEHO
JKUPHDBIM. )

= = =
E RS

0
0
0
0

S |lo|o|@

Puc. 3

ODPUN3UNKA
9 knacc

1. Kanuanspuyio TpyOKy € O4eHb TOHKUMH
CTEHKaMM TPUKPEIUJIN K KOPOMBICJY BECOB,
10CJIe 4ero Becbl ypaBHOBecHsn. K HIDKHEMY
KOHITy Kalu/isipa MPUKOCHYJIHCh MTOBEPXHOC-
ThIO BOJIbI. [loCJIe ATOTO MPUIILIOCH yPaBHOBE-
mmBaTh Bechl Trpy3oMm Maccoii m = 0,13 T.
Ompenennte paamyc Kamumaasapa r. Koapdu-
IUEHT MOBEPXHOCTHOTO HATSKEHUsT BOABI (TIpn
TeMmIiepaType, Korfa OblJ [POBE/IEH JKCIIepH-
menT) 6 = 0,073 H/m . Yckopenue cBOGOHOTO
magenns g =10 m/c? . (15 Gamios)

2. JIBa OJMHAKOBBIX MPOBOISIINX IIAPUKA
HecyT 3apsijibl pasHoro 3uaka. OTHOIIEHNE Be-
JIMYUH 3apsi/ioB paBuo k. Hlapuku Gbiiu npu-
BeJieHbl B CONPUKOCHOBEHNE M CHOBA y/lAJIeHbI
Ha mpexHee paccrtosinve. Bo ckosbko pas n
CHUJIa B3aMMO/IEICTBHS 1TAPUKOB /IO CONPUKOC-
HOBeHHs GOJIbIIE CHUJIBI UX B3aMMOJEHCTBUS
nocae conpukocHosenusa? (15 6.)

3. JKesesuplii crepskendb mimHoit L = 1,5 M
pu TpojosbHoi Harpyske P = 5000 H me
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JIOJDKEH  yJUTHHATBCST Gosiee 4yeM Ha AL =
=0,3 mM. Kaxkoro cedenns S Hago B3STh 3TOT
crepxxeup? Monaynas IOnra xemaesa
E=19,6-10° H/M*. (15 6.)

4. OgHOpOAHDII TOHKMIT 06pydY Maccoil m u
pasmycoM R ckarbiBaercsi 6e3 CKOJIbXKEHUs C
HAKJIOHHOW IJIOCKOCTH HA TOPU3OHTAIbHYIO
moBepxHocTh. Ha Kakyio BbICOTY /i MOJIIPHIT-
HeT o6pyd MocJie ynapa O TOPU3OHTATBHYIO
TTOBEPXHOCTD, €CJIM OH CKATUJICS C BBICOTHI H?
YToa HakJOHA MJIOCKOCTH K TOPHU30HTY PaBeH
a. (256.).

5. Haiimure paGoty A, coBepiraeMyio 0JHUM
MosieM (v =1 MOJIb) HIEANbHOIO ra3a B IUKJIe
(1-2-3—-1), cocrosa-
meM W3 JIByX ydYacrt-
KOB JIMHEHHON 3aBU-
/ CHMOCTH JIABJIECHUSA OT
s o6beMa U WM30XOPbI
/ (puc.4). Toukn 1 u 2
7 * 3 Jlexar Ha OJHOM nps-
0 'V= MOH, TIpoXo/4IIeil ye-
Puc 4 pe3 HadaJo KOOpPAU-

nat. Temmeparypot T;
n T, B coorBercTBYIONMX TOuKax ! u 2 nssec-
thbt, T3 =T;. (30 6.).

10 knacc

P 2

1. B crnupr Ha HEe3HAYUTETBHYIO TIyOHHY
omyiieHa TpyOKa € JHAMETPOM BHYTPEHHETO
kanamad =0,5 mm. Oupenenure Bec P criupra,
Bomeaiiero B Kanuwasip. Koaddunuenr mo-
BEPXHOCTHOTO HaTsiKeHus crmpra (IIpu Temire-
parype, Korga ObLI IPOBEAECH KCIEPUMEHT)
0 =0,023 H/m . (20 Gannos)

2. Yacruia B IPSIMOYTOJIBHOM COCY/I€, UMEB-
Tast CKOPOCTh ¥, CTOJKHYJTACh TIOCTEI0BATEb-
HO € TpeMsl B3aUMHO IIepIEeHJUKYJIAPHbIMU
crenkamu. Haiijjure usMeneHune BeKTOpa CKO-
poctu yactuibl AJ. Bee cToJIKHOBEHUST CUUTATD
a6comotno yupyrumu. (20 6.)

3. B mosioBmHe Ky6a ¢ ammHON pebpa a u3
Mareprajga MJIOTHOCTBIO P CcAeTaHa moJycde-
puueckast BbleMKa guamerpoM a (puc.5). Oc-
TABIIYIOCS YaCTh PACIUJINJIN TIOTOJIAM 110 Bep-
TUKAJIH U TOJIOKUJIN HA TJIa/IKYT0 TOPU30HTAJIb-
HYIO TIOBepxXHOCTh. HebotbIoe Tesio Maccoii m

a

Puc. 5

MOMECTUJI Ha BHYTPEHHIOIO CTEHKY MepBOii
IIOJIOBUHBI Ha BbicoTy H n ormycruan. Ha
KaKyI0 BbICOTY /1 TeJIO NOJHUMETCSI HA BTOPOiA
nososute? Tpenue He yuutbiBath. (20 6.)

4. B psje caydaeB MOJIEKYJy Ta3a II03BOJIHU-
TEJIbHO TIPEJICTABJIATL B BH/IE MIApHKA J[aMeT-
poM d. Haligute 4mca0 CTOJKHOBEHWH V B
e/INHIILY BPEMeHH BbI/IeJIEHHON MOJIEKYJIbI Ta3a
¢ apyrumu MogiekyJamu. CpefHsisi CKOPOCTb
OTHOCHUTEJIbHOTO JIBUJKEHUSI MOJIEKYJ Tasa
(Oory ) » KOHICHTPAIMS MOJIEKYT 7. (20 6.).

5. B cxeme, usobpaxkentoit Ha pucytke 6,
U3BECTHDBI CONPOTUBJIEHUSI, OHU OJWHAKOBDI:

Puc. 6

R, = R, = Ry = R, Takske U3BeCcTHbl TOKH I,
I, , I3 n emroctn konzgencaropos C; , C,, Cs.
Haiizure sapsaj Ha KoHeHCATOPE €MKOCTBIO
C,. (20 6.)

11 knacc

1. Ha garre BecoB Maccoit M, 3aKperienHoit
Ha TIPY>KWHE, CHJIUT NTHYKa Maccoit m (puc.7).
Cpasay 1ocJe Toro, Kax ITHi-
Ka yJereia B TOPH3OHTAb-
HOM HaITPaBJIEHNH, Yallla CTa-
Jia K0J1e6aThCs 110 BEPTUKAJN
C aMTIUTYA0H Kome6annii A.
Haiizinre nepuos kosteGanmii.
Maccoii Ipy>KuHBI U 3aTyXa-
HUeM KoJiebaHuii ipeHe6peyb,
yaia BeCOB MOJKET J[BUTATD-
€SI TOJIBKO 10 BEPTUKAJH. ¥ C-
KOpeHne CBOOOHOTO TIajie-
Hus pasuo g. (20 6anmow)  Puc 7

2. Ilocsie opyanitHOTO BbI-
crpesia cHapsii maccoir 40 Kr pasopBaJjics B
HEKOTOPOIl TOUKE TPAEKTOPHHU HA JBAa OCKOJIKA,
pa3JIeTeBIMUXCSI C WMITYJbCAMU BEJIMYNHOM
p=1,8-10" kr-m/c u p, =0,6-10" kr-m/c.
WMityibCbl OCKOJIKOB HAIIPABJIEHDI 110/ YTIJIOM




40 KBAHT

o =60° apyr k apyry. Ompexpesnute, mpu
KaKOM OTHOIIIEHIH MacC OCKOJIKOB BBII€/TNBITIA-
sICs1 TIPY B3PbIBE KMHETHYECKast aHeprusi OyieT
MUHHUMAJIbHOM, 1 HaliauTe a1y anepruio. (20 6).

3. B cxeme, mzobpakeHHOI Ha puCyHKE 6,
N3BECTHDBI CONPOTUBJIEHNS, OHU OJMHAKOBBI 1
paBHBI R KaXK/blil, TaKkyKe M3BECTHBI eMKOCTH
konzercatopos C;, C,, C; u uX 3apsianl ¢,
Gy, G5 . Haiigure tox I,. (20 6.)

4. JIBe o/lMHAKOBbIE KATYIIKN MH/YKTHBHOC-
TU HOAKJIOUeHbl uyepes kaoun Ky um K, K
UCTOYHUKY ¢ 1ocTossHHOH I/IC ¢ 1 BHYTpeH-
HUM conporuBJienreM 7 (puc.8). B Haua bHbIi

MOMEHT BpeMeHH 006a
o e o KJI04a Pa3OMKHYTDI.
Ky K, 3areM 3aMbIKAIOT CHA-
yaJja kamou K, a 10-
ToM ko4 K, . Onpe-
JleINTe CUJy TOKA,
TTPOTEKAIONIETO dYepes
Puc 8 kao4  K; B MOMEHT
3aMbIKaHUs KJlova
K, , eciu n3BecTHO, UTO TOCJE 3aMbIKaHUS
kmovya K, yCTaHOBUBIIHMICS TOK 4yepes KoY
K, B nBa pasa 6GoJibllie, 4YeM yCTAHOBHUBIIUICS
TOK 4Yepe3 KJiod K, . AKTUBHBIMH COTTPOTHBIIE-
HEAME KaTymek npenebpeun. (20 6.)

5. Haiinure paGoty A, coBepruiaeMyio 0JHUM

MoJieM (v =1 MOJIb) HICAJbHOTO ra3a B [UKJIE

1—-2-3-4—1, cocros-
P MeM W3 y4yacTKa Jn-
HeHOH 3aBUCUMOCTH
faBieHus or oObeMma,
JIBYX M30XOp U u306a-
pol (puc.9). Touku 1 u
3 neskat Ha OJ{HOH 1psi-
MO, MpoxosIeil ye-
pe3 HavaJio KOOPAWHAT.
Temneparypor 1} u T3
B COOTBETCTBYIOIMX TOYKax ! M 3 M3BECTHBI,
T, =T, .(206.)

MATEMATUKA
M KPUNTOTPADUA

Bk
-

0 V'
Puc. 9

N36paHHble 3apauu

1 (8-9, 10 kmaccor). Kaskgomy maGopy
(21, 29, 23, 24, x5) (rae (x; € {0,1})) dpynxuns
f (%1, %, X3, X4, X5) CTABUT B COOTBETCTBHE
6o 0, m6o 1. Ycaosumcs saavenuss 0 u 1
Ha3bIBaTh IPOTUBOIIOIOKHBIMU. VI3BeCTHO, 4TO
ecan B NpousBosibHOM Habope (X, Xy, X3,
X4, X5) M3MEHHTb 3HAYEHME X; HIM X5 Ha

2019/Net?2

IIPOTHBOIIOJIOXKHOE, TO U COOTBETCTBYIOIIEE 3HA-
yeHue q)yHKLH/II/I N3MEHUTCA Ha ITPOTUBOIIOJIOK-
noe. [Tocre1oBaTeIBHOCTD Xy, Xy, ... HOJIydeHA
110 TIpaBUJIY:

X=Xy =X3=0;4=45=0,

Xpas = [ (T Xty Xpsas Xz Xpas), k=12, ..

Haiizure x4, ecm m3BecTHBI IepBbie 13 uwe-
HOB 31Ol mocaexosareabHocTu: 0,0,0,0,0,1,0,
1,1,0,0,1,1. OrBer obocHyiiTe.

2 (8-9, 10 xu1.). {ng sammudpoBanus caoBa
U3 naTn GYKB Kaskas ero OyKBa 3aMeHsAeTcs Ha
Yyucsio corsacHo tabauiie Ha pucytke 10. TTouy-
wenHblii Ha6op umcen (X, Xy, Xy, X3, X4 ) 3aTEM

A|B|B|T|A|E E|2K|3[1| | K|[JI|M|H|O|II
0|1(2]|3]4| 5 |6|7|8|9|10{11|12[13]14|15
P|C|T|V|®|X|IL| Y[ B|bI| b |20 g
16[17[18[19(20(21]22(23| 24| 25|26(27(28[29|30|31
Puc. 10

npeoGpasyercst B Ha6op (Yo, Y1, Yo Y3> Y4) 1O
caenytonieMy mnpasusy. CHauasia BBIUNCJSIOT
BCIIOMOraTeJbHble YUCAA Yy, Y, Yzr Y3, Y4 1O

dopmymram

— 4
To=20xg+2" x +28 oy 422 g+ 2" 1y,

Ui =(2k-x0+2k“~x1+...+2°-xk)+

)

+ (24‘xk+1+23’xk+2+...+2k+1’X4)
k=123,
54 =24~x0 +23‘.X‘1+22'X2 +21'X3+20'.X4-

A 3aTeM T1I0JIaraloT Y, PaBHBIM OCTATKy OT
JlesieHns uncaa y, Ha 32. Pacmmdpyiite mc-
XOJTHOE CJIOBO, €CJIN

(%o, Y1 Yo, 3, y4) = (11,27,2,16,0) .

3 (8-9, 10 ku1.). B Kakayl0 KJIETKY JOCKH
4x4 AHA NOJOXKWIA TI0 HECKOJDBKY 3€peH
(puc.11) u nepenana gocky Bope. Tpanceep-
CabI0 TOCKN Ha3bIBAETCS HAOOp M3 4 KJIETOK,
Jo0ble JIBe M3 KOTOPBIX

PACIIOJIOKEHBI B Pa3HbIX
CTPOKaX M Pa3HbIX CTOJO- t|712)>5
nax. bops 3a ommH X0 4151412
MOXXET CHSTH OJMHAKOBOE

KOJIMYECTBO 3epeH € KaxK- 2011517
JIOH  KJIETKH KaKOi-Jm60 sl ol al1
O/IHOI TpaHcBepcanu. 3a

Kakoe MUHUMAJbHOE YUC-  Pyc 17



O9K3AMEHAINMMOHHBIE MATEPMAIJbBI

JIO X0J0B bBops MokeT CHATb Bce 3epHA C
JTOCKM?

4 (8-9 k.1.). Bang OKpacuI 7 TOYEK YHCIIO-
BO#l mpaMoil ¢ koopaumnHatamm @ =1,
a=a,+2=3, ..., a,=a, +n B Oebli
IIBET, a OCTAJIbHbIe TOUKM U3 OTpe3ka [dy, 4, ] ¢
IeJBIMI  KOOpAWHAaTaMu — B cuHUil. Kakoe
MaKCUMAaJbHOE KOJMYECTBO OTPE3KOB Pa3HOI
JUINHDBI, OJWH U3 KOHIIOB KOTOPOTO OeJblil, a
JIPYTOil CUHUH, OH CMOXKET HOCTPOUTD?

3 (8-9, 10 ka1.). [ling sammdpoBanus cJaoBa
Kak1ast ero 6yKBa 3aMeHsIeTCs Ha JIBYX3HAUHOE
YHCJIO CoTJIacHO TabJiuiie Ha pucytke 12. 3atem

A|B|B|T|A[EEPK|3 |1, K|J[M|H|O |II
01]02[03/04]05| 06 |07|08| 09 |10|11|12|13|14 15
P|C|T|V|®D|X|II|YU|OI|II|bI|b,b|D|IO| g
16/17[18(19]20|21]22|23|24(25[26| 27 |28| 29|30
Puc. 12

BpIOUpaloTcsa cexperuble kiaoun K, K,
HatypaJbible uncia ot 1 10 9. C ux noMoupio
KasK/I0€ IBY3HAYHOE YUCJIO0 TPeoOpasyeTcs Tax.
ITyctp A — nepBas nndpa ABy3HAUHOTO YHCIA,
B — ero Bropas 1mmdpa. [IBysHauHOe YHCIO
(A,B) npeo6pasyerca B uucio (A, B;) 1o
dbopmynam A =B, B =n,(A+K;-B).
3ech g (&) — ocTaToK OT JleIeHus UncIa X Ha
10. 3arem uucno (A, B;) mnpeoGpasyercs B
uncsio (Ay, By) 1o anamorumunbiM opmy.iam,
HO TOJIBKO BMecTo KJoda K; ucroJbsyercs
kmou K, . [lamee kakjoe HCXOAHOE ABy3HaU-
noe uncio (A,B) O6bl10 3aMeHeHO uMCIOM
(A, B,) . B pesyabrare NOJyYHIOCH BOT YTO:
39 28 77 64 95 64 90 41 64. BoccranoBure
UCXOJIHOE CJIOBO.

6 (8—11 xu.). IIpu BXo/€e B IMYHBINA KaGUHET
Ha TepMuHaJe TpeGyeTcsl BBECTU YeTbIPeX3Hay-
ubrit naposb u3 0 u 1. {714 aToro na repMunase
uMeroTes 4 KHONKY u 4 okomika. [Ipu naskatun
Ha KHOIIKY B COOTBETCTBYIOIIEM OKOIIIKE TEKY-
Uil CUMBOJI 3aMEHSIETCS HA MPOTHBOINOJIONK-
Hplii (T.e. ecom B OKOIIKe
ceffuac roput 1mmdpa 1, TO
1oCcJIe HaKaThusl Ha KHOIKY
tam Gyzer 0 u HA060OPOT).
Ceifuac Bo Bcex OKOIIIKaX Bbl-
puc 13 crasiena 1 (puc.13). Kaxoe
HauMeHbIIIee KOJTNYECTBO HAXKATHI KHOIIOK I10-
Tpebyercsi, 4TOObI 1epe6GpaTbh BCe BO3MOYKHbIE
BApUAHTBI TTApOJIA?

7 (10 xn.). Ipo uncia A u B u3BecTHO
caeyonee:

1) A=pf-pi, rtie p; u p, — pasiaudmbie
MIPOCTBIE YHCJIA,

2) B= qz, ge N,

3) B-A=36".

Haiigure Bce takue unucia A u B.

8 (11 xn.). B Kpunro-Berace na Ta6mo
UTPOBOTO aBTOMATa OTOGPAYKAIOTCS [BA HATY-
pPaJbHBIX 4ncaa X, =5 u ¥y, =201 . IIpu na-
JKATUH KHOIIKU TI€PBOE M3 ITUX YUCE] 3aMEHSI-
ercsi Ha xy =1y (a- x5 +b), re a u b — Hexo-
TOpble HEM3BECTHBIE HATYPAJbHDbIE YUCIA, a
BTOPOE WHCJO 3aMeHseTcst Ha Yy = 17 (Yo +
+523). 3necw 7, (m) — ocratok or aeseHus
HATypaJbHOTO uymcaa m Ha k. HaxaB KHONKY
emte pas, noayunM (1o TakuM xe GpopMyIam)
uncna Xy =1y (a-x;+b)u yy =197 (1 +523)
n Tak gasee. VIrpok noJiydaer npus, ecjm npu
0YepeTHOM HaKATUU Ha TabJI0 3aTOPSITCS YnCTa
x, =4 u y, =1993 . Onpeaenure:

a) Kakue U3 CJICAYIONNX YEThIPEX I10CTIe10-
saresbrocreii (1): (2,5,4,7,1); (2): (6,9,7,1,3);
(3): (7,10,9,2,8); (4): (1,0,8,8,7) upu naze-
JKaleM BbiGope d@ W b U BblllleyKa3aHHbBIX
(bUKCHPOBAaHHBIX X, ¥, MOIJHN ObI COBIIACTD C
I0CJIEI0BATENbHOCTBIO (X4, ..., X5), TOJIyYeH-
HOI Ha H5TOM UTPOBOM aBTOMATE;

6) MOXKET JIM UTPOK MOJYYUTb [PU3, €CJIH
(%4, ..., ¥5) — oana u3 (peanmsyempIx) moce-
JIOBATEJIbHOCTEH U3 MyHKTa a)?

9 (11 xu1.). JIns noaTBep K AeHHS IEPEBO/IN-
MOl B 6aHK cyMMbI 6patbsd A u B UCHOJIb3yIOT
«KOJIBIIEBYTO TIO/IITUCHY» , KOTOPAsT He TI03BOJISIET
OIIPEe/IE/INTh, KTO MMEHHO M3 HUX COBEPIIHJI
nepeBojl. bpar A nMeeT cBOIT OTKPBITHIN KJIIOY
€, =5 W HEKUHl CeKpeT, MO3BOJISIONINI J1JIs
mo6oro Harypambioro y (¥ <90) maxoamtsb
X, Taxoe, 4YTO Y = Fy (xfﬁ(‘). 3neco 7, (m) —
OCTATOK OT JICJICHUST HATYPAJbHOTO YUCJIA M Ha
k.Y 6para B ecTb CBOil K04 ey = 25 U CBOI
cekper. Tormna A s noanucu cymmbl M cary-
YaifHO BbIGUPAET HATypaJbHbIC YUCIA Xp H O,
He mpeBocxoagmue 100, BwuIUUCAsgET

Yp =Ty (XEB) U HaXOJUT ¥, U3 yPaBHEHUI
ot (M (94 + M (y +0)) = 0*) =0 ()

Wcnonbays cBoii cekpeT, A HaXOAUT X4 TaKoii,
qTO Yy = Ty (xf{‘)
(x 4,Xp,0) Gyner noaTBepsKAeHIeM (akTa me-
peBoga cymmbl M. B 6aHKe KOPPEKTHOCTD

Torpa Tpoiika 4Yucen
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IMOATBEPIKAECHUA TTPOBEPAIOT ITO/ICTAaHOBKOM

Ya =Ty (xff ) , Yp =Ty (xgﬁ) U 0 B ypaBHeHHE
(). Hampuwmep, (1, 90, 46) — xoppexTHOe m0J-
TBepkaeHne cyMmMmbl M = 46. Iloctpoiite XoTs

6Bl O/THO KOPPEKTHOE IMOJTBEP3K/EHNE CYMMBI
M = 69.

2019/Net?2

10 (11 xu1.). M3BectHO, 4TO 062 ymcaa p U
p2018 +800 mpocteie. [lokakuTte, 4TO YUCJIO

p4 + 8 TOXKE TmpocToe.

Hy6auxayuio no mamemamuxe, a maxie
Mamemamuxe u Kpunmozpaghuu nodzomosu
C.Pamooaros;

no ¢gusuxe — M.Axexcees, B.IIonos

NHOOPMAININUA

W
@,

3ao4Has GpU3NKO-TEXHNYECKAs LUKOSa
npu MOTU

3aovyHas (QPU3NKO-TEXHUYECKAs MIKOJTa
(BDOTII) MoCKOBCKOTO (hPUBHKO-TeXHUYECKO-
ro uucTuTyTa (HAIMOHAIBLHOIO UCCIEA0BATEb-
ckoro ynusepcutera) (MOTU) npoBoauT Ha-
6op B 8—11 wmaccer yuamuxcst 7—10 kiaaccoB
061meo0pasoBareabubIX  yupeskaenuin (Ko,
JIMIEEB, TUMHA3UIL M T.11.), PACHIOJIOKEHHBIX Ha
teppuropun Poccuiickoit Deneparuu.

3®OTHI pa6ortaer B cdepe NTpodHUIBLHOTO
JIOTIOJTHUTEIbHOTO O6pasoBanust jgereit ¢ 1966
rojia. 3a Mpolee To/bl MIKOJY OKOHYNJIN
6oJiee 100 ThICSY yUyaAIIUXCS; TPAKTHYECKU BCE
ee BBIMMYCKHUKH IOCTYIMAT B BEAYIIUE BY3bI
CTpaHbl, a Kax /bl Bropoii ctynent MOTU —
ee OBIBINWIT yYCHUK.

Hayuno-MeToamaeckoe pyKOBO/ICTBO IKOJION
ocytecTBsieT MOCKOBCKIT (PU3MKO-TeXHIYEC-
KUW UHCTUTYT.

OG6yueHue B IIKOJE BEIETCS TI0 YeTbIpeM
rpesMeTaM HayYHO-TEXHUYECKON HaIpaBJICH-
HOCTH — (pU3WKe, MaTeMaTuke, WHPOPMATHKE
n xuMun. B 8 kyacce m3yvaiorcs TOTbKO -
3uKa  MatemaTtnka. B 9—11 xmaccax x atum
npeaMeraM J00aBJSIOTCS MaTeMaTUYeCKHe OC-
Hosbl undopmatukn 1 UKT (undopmaruxa)
U XUMHS. Ydaluecss MOTYT 110 CBOeMY BbIGOpY
n3y4yaTb OJIWH, [IBa, TPU WJHM YETBIPE TpeJ-
Mera.

KosmuectBo 3amannit B To 1O KJjaccaM 1
fpeaMeTaM IPEJCTABICHO B TaOIHIIE:

Dusuka | Mare- | Undop- | Xumus
MaTHKa | MaThKa
8 kmacc B 6
9 kmmace 6 7 4
10 xmacc 6 7 4
11 xaace 6 8 S

3a/lanus COCTABJAIOT OMBITHBIE IMPENo/iaBa-
tesin Kadeap obuieit pusuku, BoIcIiel MaTeMa-
tuky n genapramenrta xumun MAOTU, a Takxke
BbintyckHukn M@DOTU u apyrue crenuaamuctsl,
umeiotire GOJIbIION OIBIT PAGOTHI C OJAPEHHDI-
MU IIKOJbHUKaMHU. 3aJaHus cofepKaT Teope-
THYECKUI MaTepuas, pasbop XapaKTepHbIX
[IPUMEPOB ¥ 33/1a4 10 COOTBETCTBYIOIIE TeMe 1
8—12 KOHTPOJBHBIX BOIPOCOB W 3ajla4 JIJIst
CaMOCTOSITEIBHOTO pelleHrs. JTO U MPOCTbIe
3asiaun, u GoJiee caoxublie. [Ipumepsr 3aianuii
MOJKHO TIocMOoTpeTh Ha caiite 3MTIII.

[esb HatIelt MKOJIBI — TOMOYD yUaIuMcst 8—
11 kiaccoB 006111€06pa30BATEIBHBIX YUPEXK/IE-
HUIl, MHTEPECYIONIUMCS MPEeJMETaMU HAyYHO-
TEXHUYECKOU HANPABJIEHHOCTH, YIrayOUTh U
CUCTEMATH3NPOBATh CBOM 3HAHMWS TI0 3THM TIpe/I-
MeTaM, a TaKKe CIocOOCTBOBATD MX Mpodeccn-
OHAJBHOMY CAMOOTIPE/ETICHUIO.

[Tporpammbr 3DTIII siBastioTcst TIPOPUIBHBI-
MU JIONOJIHUTEIBHBIMU  06TIEePa3BUBAIOIIUMI
MporpaMMaMy M €IMHBI JJI BCEX OT/ACJICHUN.

Ha6op B 8, 9, 10 m 11 rmaccer ma 2020 /21
yueGHbII TOJI TPOBOUTCS HA 3204HOE, OUHOE 1
OYHO-320YHOE OT/ICJICHUS.

[Monmast mporpamma o6yueHUs] PACCUYMTAHA
Ha 4 roja — ¢ 8-1o 1o 11-if Kj1acchl BKJIIOYATEIb-
HO, HO HayaTb 06ydYeHWe MOKHO C JI0O0TO U3
YKa3aHHBIX KJACCOB.

Corsacuo nonoxennio o 3OTHI yuammniica
MOJKET 00yYaTbCsI MObKO HA 00HOM omoeJe-
nuu 3DTIII.
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Yyammecs Bcex OTeeHNUI, YCIEIHO CIpa-
BuBMIHecs ¢ mporpammoit 3MTII, mo okoHya-
nun 11 Kjacca TOJYyYalOT CBUIETEJIBCTBO C
UTOTOBBIMU OIlIEHKAMU 110 udyvyapiumces B 11-m
kaacce mpeaMeraM. CBUIETEIBCTBO YUUTHIBA-
ercst npu nocrymyiesun 8 MOTU B coorset-
ctBuu ¢ npaBusiamu npuema 8 MOTU u Ilo-
PSAIKOM yueTa WHINBUAYATbHBIX JOCTIKEHUI
nocrynmaomux (https: / /pk.mipt.ru/
bachelor /2020 _ID).

Ydyennkam Bcex otiesieHmit 6y 1eT TTPeIoKe-
HO YYacTBOBaTh B (PUBMKO-MATEMATHUECKOI
ommmrnazie «OU3TEX — 20215, kotopas rnpo-
Boautcst Ha 6aze MMDTU u B psiie TOPOIOB
Poccrn B peBpaJie nim Havase MapTa, B IPYTHX
OUYHBIX U 3a04HbIX osmMnnagax MDTU u ero
dakyIbTeToB.

[lns yuamuxcsi u pyKoBojuTeJeit pakyibTa-
TUBHBIX TPyl paGoraer online-sekropuii 1o
¢usnke, MaTeMaTHKe W XUMUU IO TIPOTpaMMe
3OTII. Jleknmuu 4YUTAIOT TpemoJaBaTesn
MO®TU (kak npaBuio, aBTOPbI 3aJaHMil).
[Togpo6buee 06 aTUX MEPOIPUSATUSX MOXKHO
rnpouynTaTh Ha caitre 3MOTIII.

O6yuenne B 3DTIII 6ecniatroe.

[lns ygammxcs, TpOoKIBAIONINX 32 Tpeaesa-
mu Poccutiickoit Denepaiinn, BO3MOXKHO TOJTb-
KO T1aTHOe O0ydYeHHWe Ha 3a0YHOM WJIM OYHO-
330YHOM OT/ICJICHUSIX .

3aounoe oraeaenue (undusudyaivhoe 3a-
ounoe o6yuenue)

Tenedon: (495) 408-51-45,

e-mail: zftsh@mail . mipt.ru

[Tpuem Ha 3a09HOE OT/IEJIEHUE TIPOBOIUTCS HA
KOHKYPCHOIT OCHOBE T10 Pe3yJIbTaTaM BbITIOJIHE-
HUST BCTYTIUTEJBHOTO 3a/IaHUST TI0 BBIOPAHHBIM
JUTST U3YUYEHHST TIPEJIMETaM.

[IKOMBbHUKY, MOCTYTAIONINE HA 3209HOE OT-
JIeJIEHIE, BBITIOJHIIOT BCTYIIUTEIbHOE 3ajlaHue
Ha caiite https:/ /zftsh.online ¢ nomomubio
BCTPOEHHOTO PEIAKTOPA WJIM MyTeM MPHUKPEII-
JIHUS CKaH-Komuit mam ¢ortorpaduii pador,
BBITIOJTHEHHBIX B T€TPAIH.

Pa6oTbl, BBIMOJHEHHBIE B TETPAAAX W IPH-
CJIAHHBIE TI0 TIOYTE, TIPUHUMATHCS HE GY/IyT.

IIpu perucrpanuu Ha https: / /zftsh.online
HEOGXOAUMO TPUKPENUTh XOPOIIO YUTAEMYIO
KOITHMIO CIIPABKU M3 ITKOJIBI.

BerymurenbHoe 3aanne He0OOXOAUMO OTITPa-
BHUTDb Ha MPOBEPKY He mo3sguee 1 mapma 2020
zoda.

Perntenvie npuemMuoii komuccuu Oyjger coob-

mero B uiosie 2020 roga 1o yKazaHHOMY MpU
PErucTpaIy aJPecy 2JeKTPOHHON TouThI. Tak-
JKe B JINUHOM aKKayHTe IMOSBHUTCS CIIPaBKa O
gauncyaenun B 3MTIII.

Buumanuio wxoasHuxos, yxe o6yua-
owuxcsa na saounom omoeaenuu 3O TIIT

Ecmm mkompaUK yike obyuaerca B 3DTHI u
X0ueT J06aBUTH HA CJIEAYIONIHII IO/l ellle Mpe/i-
MeT, HeoOxoauMo do 1 mapma 2020 z00a BbI-
HnoJTHUTD Ha cafite https: / /zftsh.online Bety-
MUTETBHOE 3a/laHKEe 110 ITOMY HpeaMery. Bbi-
MOJIHUTH BCTYTUTEJNbHOE 3a/[aHue HYKHO U3
CBOETO y:Ke MMelollerocs: akkayHra. Ewe pas
pezucmpuposamvcs He Haoo.

Permienne mpueMHOI KOMUCCHT B TAKUX CJIy-
YasiX He BBICBLIAETCS, a CIIPABKa O J0GABJIECHUH
[pe/IMeTa U 3a/[aHKsl TI0 HEMY CTaHOBSITCS JIOC-
TYIHBIME YYEHUKY B JTUYHOM aKKAYHTE B UIOJIE
B CJIyYae MOJIOXKUTETBHOTO PEleH s TPUEMHOI
KOMUCCHUH.

O06yuenue nanaamdpopme zftsh.online

YueHuk B TeueHuEe yUeGHOTO To/la B COOTBET-
CTBUU C TPOTPAMMOIT TIOJTyYaeT B IMYHOM KaGu-
Here Ha caiire https: / /zftsh.online gocrym
3a/IaHKSIM 110 U3YyYAEMbIM IIpe/IMeTaM. YUeHuK
BBITIOJIHSIET Ha caiiTe 3a/laHisi C TIOMOIIBIO
BCTPOEHHOTO PEIAKTOPA WJIHM MyTEM TTPUKPETT-
JieHusi cKaH-konuii wiu Qororpaduii pabdor,
BBITIOJIHEHHBIX B TETPAJIH.

Pa6oTbl 1m0 WCTeYeHUH CPOKA BBIMOJTHEHIS
MIPOBEPSIIOT Ha CaiiTe 3aKpeIJieHHbIe 32 yYeHH-
koM nipeniogaBaTesun 3OTIII. Kak Tombko pa-
60Ta MpoBepeHa, yYeHUK BUIAUT CBOIO PpaboTy ¢
pereHsneil ¥ aBTOPCKUME PEIIeHUsIME KOHT-
POJIBHOI YacTu 3a/[aHus.

Ouno-3zaounoe oraenenue (obyuenue 6
paxyremamuenvix epynnax)

Tenedon: (498) 744-63-51,

e-mail: fakultativ@mipt.ru

DakyJIbTaTUBHbIE IPYIIIBI MOTYT OBITH Opra-
HU30BaHbI B JI060M 0611e06pa3oBaTeIbHOM
VUPEXKICHUN O08YMsl, MPeMs Uiu 4emulpoMs
npenodasamensmu — (U3NKH, MATEMATHKH,
nHOOPMATUKY U XUMUHU, B OTAEJbHDIX CJIydasiX
pasperiaercsi 00y4YeHue 1mo OJHOMY IIPEMETY.
PykoBoaurtenn dakyabTatuBa IIPUHUMAIOT B
HETO YYal[uXcsi, YCIEITHO BBITIOJTHIBIIUX BCTY-
nurenbnoe 3aganne 3MTIIT (paGoTel mpoBeps-
1oTca pykoBoanTesayu rpynn u B 3OTIII we
BBICBLIAIOTCS) .

Ipynna (He MeHee 7 UeNOBEK) MPUHUMAETCS
B 3DOTIII o 3asBIeHIIO UPEKTOPa HA OJIaHKe
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o61eo6pasoBaresnbHOro yupeskaenus (o6paserr
MO3KHO TTocMoTpeTh Ha caiite 3D TIII B paszgese
<OTJICTIEHUS> —> <OYHO-3a09HOE» —>  <II0-
crymienue» ). B sagBiennn 10K HbI GbITh yKa-
3anpl D.11.0. pykoBoauteneil (akyJIbTaTuB-
HOIi TPYNIIBI TIO TIPeIMeTaM W MOUMEHHBIH aJi-
(dasurhblil crimcok obyyaonmxces (D. 1. O. B
a/1(haBUTHOM TOPSIJIKE TTOJHOCTDIO € YKa3aHueM
KJIacca, 8 KOMOopblil NOCMYNAom yuauuecs, n
UTOTOBBIX OLIEHOK 32 BCTYIHTEJIbHOE 3a/aHue
110 BBIGPAHHBIM IIpeJMeTaM, adpec, meiedpon u
e-mail wxosvl).

3agByieHe MOJKHO BBICJATh OOBIYHON IT0-
YTOM, BJIOKUB KOHBEPT JIJIsS OTBETA O IIPHEME B
3DTHUI ¢ o6paTHBIM aPECOM OAHOTO U3 PYKO-
oauteneii wa aapec 3MTII (¢ momerkoit
«MaKyIbTaTUB» ), WK BBICIATh B OTCKAHUPO-
BaHHOM Buze (¢ HOAIMCAME M 1IeYaThio) Ha e-
mail: fakultativ@mipt.ru do 1 anpens 2020
z00a.

Pa6ora pyxoBoaureseil ¢hakyJabTaTHBOB MO-
JKET OIJIAuUBATHCS 00111e06PA30BATEIbHBIM Y-
pEeXX/IEHUEeM KaK PYKOBOJCTBO MPOQUIbLHBIMU
(akyIbTaTUBHBIMU 3aHSATUSMU TI0 TIPEOCTAB-
e 3MDTII cooTBETCTBYTIONIIX CBEIECHWH.

PykoBoauresnn, paGoraioiiue ¢ yqaimuMucs,
OyIyT B TeueHre yueGHOrO rojia moJIyvyarb yaes-
HO-METOAMYecKHe MaTepuaibl (IporpaMMbl 1o
Jusuke, MaTeMaTuKe, XUMUU U WHOPMATHKE,
3a/IaHUS TI0 TeMaM IIPOTPaMM, PeIleHUs 3a/1a-
HUHI ¢ KPATKUMU PEKOMEH/AIISMI 110 OIeHKe
paboT yyaluxcs); NPUIJIAIIATBCS Ha KypPCbl
TTOBBITIEHNS KBAMU(UKAINN yunTesein pusmkn
u marematukn (kpk.mipt.ru), mpoBoguMbIe Ha
6aze MADTU. PaboTb! yyaiuxcs mpoBepsioT U
OIIEHUBAIOT PYKOBOAUTENN (PAKYIbTATHBHBIX
rpyn (B 3D TIII He BoichLnaoTes), a B 3O TII
BBICBIIAIOTCST BEJIOMOCTH C UTOTOBBIME OTI€HKA-
MU 10 Ka’K/IOMy 3a/IaHUI0 ¥ HUTOrOBasi BeJO-
Moctb (11 KJace) 3a ro, o6pasen — Ha caiite
3OTIII. (IToapobuee — B pasaene «Pexomen-
JALAN> . )

Ounoe orgeaenue (3aounoe obyuenue c
NOCeULCHUCM OUHBIX KOHCYILMAUUIL)

Temepon: (925) 755-55-80,

I'pymnmna BK: https: / /vk.com /vftsh

[lns yuamuxcst MockBbl 1 MOCKOBCKOIT 06-
sactu 1o iporpamme 3D TIII paboraioT Beuep-
HUe KOHCYJIbTalinoHubie myHKTel. HaGop B Hux
MIPOBOJUTCS B CEHTSIOpE B JiBa ATala!

« 3004HBII ATAll — TECTUPOBaHWE Ha caiite
http: / /zftsh.online,
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« OYHBIN 3Tall — YCTHDBIC dK3aMCHBI.

Bouiee nogpobuas undopmaliiyst o Habope Ha
o4HOe oT/esieHne Oy/leT pa3MelieHa Ha cairax
3DTII B asrycre 2020 roga. 3anArus ¢ yva-
IIMMUCS] OYHOTO OT/IeJICHUS TIPOBOJSATCS B yueb-
HbIx Kopirycax MMDOTU B ropogax [loaronpy/-
HbIi 1 JKyKoBCKHii.

Konrakter 3OTII

[ToutoBwrit agpec: VucTutyTekuii mep., 1.9,
r.[lonronpyauniii, MockoBckasg 006JacTb,
141700, 3DTII.

Tenedonnr:  (495) 408-51—-45 — 3aounoe
otaenenue, (498) 744—63—51 — ouHO-3204HOE
otgenenne, (498) 744—65-83 u (925) 755-55—
80 — ouHOe oT/EIEHHE.

E-mail: zftsh@mail.mipt.ru — 3aounoe ot/e-
genne, fakultativ@mipt.ru — ouno-3aounoe
oT/IeJIeHIE.

Web: www.school.mipt.ru

https: / /zftsh.online

BK: https: / /vk.com /club1032617

Ounoe otaenenne npu DOAJIT MOTU B
JKykoBckom —

E-mail: vftsh@mail.ru

BK: https: / /vk.com /vftshfalt

Huske mpuBOSTCST BCTYNUTEbHbIE 3a/[AHIS
1o usnke, MareMaTuke, nHMOPMATUKE U XU-
mun. Homepa 3amau, o6si3areibHBIX [JIsS BbI-
nonuennst (19 TOCTYIICHUS HA 3a0YHOE U
OYHO-320YHOE OT/ICJIeHUS), W MaKCUMaJbHbIe
Gasuibl npuBoadaTca B Tabimuax (B Qusuke

Homepa 3amau

7 kuacc |8 kmacc| 9 kmace |10 kiace
Ddusuka 1-5 4—8 812 7,8,
12—14
Maremaruka 1-5 3-8 14,5,7-10]5,7—-12
udopmarnka 1-7 | 6,8-12 [8,9,11,
bop 13-15
Xumus 1-5 12,3,6-9] 2,3,7,
10—12

MaxkcumaJjbHble GaJlIbl

7 xknacc |8 knacc |9 knace |10 kmace
Dusuka 25 25 25 25
MaremaTrKa 21 25 26 31
Nndopmatuka 10 11 12
Xumust 30 40 40
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Kakgas 3ajada OIeHMBAETCS 10 MSATHOAIIIb-
HOIT crcTeMe, B OCTAJIbHBIX MPEAMeTaX MaKCH-
MaJIbHOE KOJHMYECTBO GaJlIoB 3a 3ajady yKa-
3aHO B CKOOKAaX).

BcTtynuTtenbHble 3agaHus
PU3UKA

1. IToesx pmunont 150 M, ABUTaACH € OCTO-
SIHHOI CKOPOCTbBIO, Bbe3sKaeT Ha MOCT JIJIUHOMN
300 ™. ITocsieiHnii BaroH oKu1aeT MOCT Yepes
1,5 MUH 10ocJIe Bbe3/ia moesga Ha MocT. Haiigu-
Te CKOPOCTH TI0e3/1a.

2. U—o6pasnasi TpyGKa ¢ BEPTUKAJIBHO Pac-
[IOJIO}KEHHBIMY KOJICHAMU YaCTUYHO 3aII0IHEHA
Bojoii. B mpaBoe kojeno momuau Mmacyo. B
peayJbTare B IIPABOM KOJIEHE OKA3aUCh BOIA 1
cJ0i1 MacJia BeicoTolt 20 ¢M, a B JIeBOM — BO/jIa.
Haiiure pasHocTb ypoBHEH BEpXHUX [1OBEPX-
HOCTell >KUIKOCTell B KoJieHax TpyOku. Ilmot-
HOCTb BOJABI M Macnaa 1 r/CM3 u 0,9 r/CM3
cooTBeTCcTBeHHO. Boza M Mac/o He cMelnBa-
FOTCSI.

3. C kaxkoii cuoii aeiicTByeT Bojia Ha MPoOKy
B ane 6oukn? Ilnomaas mpobkn S =10 cm? .
Bricota ciiog Bozbt B 6ouke H = 1,5 M. AtMoc-
depuoe gaBaenne p, = 100000 ITa. [IrotHOCTD
Bozbt p =11/cm® . Tlpunars g =10 M .

4. Ha KoHIax JIETKO# JIMHENKM, PacIioJio-
JKEHHOIl TOPHW30HTAJDbHO, JEXKaT [Ba Tpy3a
(puc.1). Macca GoJsee TSAKEIOro Tpysa

/

Puc. 1

my =100 r. dnuna muueiiku [ = 40 cm. Pac-
CTOSTHHE OT OIIOPBI JI0 TPy3a ¢ 60JIbIIel Maccoi
[, =15 cm. Haiigure cuty JaBieHus TUHENKN
Ha OTIOPY TIPM PaBHOBECHH CHCTeMbI. PazmMepnt
TPY30B MaJIbl IO CPABHEHUIO C JIJITHON JIMHEH-
ku. ITpunars g =10 M/C2 .

5. OIHOPOIHDIN TP BUCUT HA HUTH B BO3/LY-
xe. Cuina narsokenud autu F = 13,5 H. Ecin
1Iap MOTrpy3UTh MOJHOCTBIO B BOJY, TO CHJIA
HaTspKeHus1 yMeHbiurest Ha Fy =5 H. Haiinn-
Te IJIOTHOCTD IIapa.

6. B Garapeio oToriennst Bojia OCTYIAET MO
Tpy6e npu temueparype ¢ = 50 °C, a BbIXOAUT

npu TeMueparype T
t, = 48 °C Ceuenmne Tpy-
61 S =4 cm? CKOPOCTD 3

KO€ KOJMYECTBO TEILJIOThI
MOJTYYUT TIOMEIEeHNe OT
sToit Gatapensa T=1 u? 9
IInoTHOCTDH BOJLbI
p=1 I‘/CMS, yaeabHas T
TEIJ0EMKOCTb BOJbI l/ i
¢ = 4200 ix/(xr-K). A

7. lemb cobpana uz 4G 2
YeThbIpeX OJMHAKOBBIX
pesucropos (puc.2). K Toukam A u B nemn
no/iBe/ileHo Hanpsbkenue. Hafimre oTHOIIEHME
MOIITHOCTEH, BBIAEISIONIUXCS HA Pe3ucTopax 2
nl.

8. UyBcrBHUTEIbHBIE DPABHOILJICYHBIC BECHI
ypaBHOBeleHbl. Ha oHOIT yarke JesKUT KyCoK
Jbga Maccoit m = 1,5 Kr, a Ha APYTON — TUPS.
Korma sem pactasii, Bcd Boja ocraiach B
yanike, HO paBHOBecHe HapyIIUIoch. Kakoii
Macchl TPY3UK HAJ0 IOJIOKHTb Ha YaIlKy C
rupeil /1711 BocctaHoBJieHus paBHoBecus ? [11oT-

HOCTb BO/bI, JIbJla U BO3JyXa P, = 103 Kr/ Mo ,

Boabl © = 0,25 m/c. Ka-
]

°B

p,=09- 103 KF/MB, p=12 Kr/M3 COOTBET-
CTBEHHO.

9. Kamenp O6pocuam co CKOPOCTHIO
0y =20 M/c nog yrmom o = 30° K rOPUBOHTY.
Ha kaxoii BpicoTe OKasKeTcs KaMeHb I1ocje ¢t =
=1,6 ¢ nosnera? ComnporuBieHue Bo3jayXa He
yuntbiBath. IIpunars g =10 M/C2 .

10. [19Tb OIMHAKOBBIX OPYCKOB, CBSI3AHHDBIX
JIETKMMU HUTSMU, IBUKYTCS MO TOPU30HTAJD-
HO¥ MMOBEPXHOCTH CTOJIA MO JEHCTBUEM TOPH-
sonTambroii cuabl F=1,25 H (puc.3). Macca

1 2 3 4 5
Ij 1T 1 I 1 I El_>

Puc. 3

ogHoro Gpycka m = 0,1 kr, xoadduiment
TPEHUST MEX/Y KasK/[bIM OPYCKOM U CTOJIOM
u=0,2. Haliaiute cuay HaTSKEHHS MEXIY
BTOPBIM M TpeTbuM O6pyckamu. IIpuuarh
g =10 M/ .

11. CnyTHUK 3eMJIN JABIKETCS TI0 KPYTOBOI
op6ure pammycom 3R, tme R = 6400 kM —
paanyc 3emun. Hafiinte nepuos obpatienus
cryTHuKa (B MUHYTaX).

12. Ha riaIkoM ropusoHTaIbHOM CTOJIE YAEP-
JKUBAIOT TOPKY ¢ HeGOJbINOI 1aitboit Ha Bep-
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mmmHe. Macca Topku B 8 pa3 6oJIbIlle Macchl
maii6el. Ecaim TOpKy TPOMOJIKATD  yAEPKU-
BaTh, a mai6e cOOOIUTh HE3HAYNTEIbHBII TOJI-
YOK, TO Iaiiba, cbexaB C TOPKHU, UMeeT Ha
cTosie cKopocTh v . Kakyiwo ckopoctb v, Oy-
JIeT MMETh Mmaiiba mocJe cbhbes/la Ha CTOJ, eCJIn
TOPKY W MIaii6y OJHOBPEMEHHO OTHYCTHUTb W
maitba OT HE3HAYUTEJHBHOTO TOJYKA HATHET
cbe3xkaTh ¢ Topku? [ToBepXHOCTD TOPKNU TJIa-
Kasl U UMEET ILJIABHDIII TepeXo/l K TIOBEPXHOCTH
croua. [1lafib6a cKOTB3UT TIO TOPKE, HE OTPHIBA-
SCh OT Hee.

13. Vnea pHDBIN OHOATOMHBIH Ta3 B KOJTYe-
CTBE V MOJIb HarpeBaioT M300apUUYECKH OT
temriepatypsl 1° 1o temmeparypst 1,27, Kakoe
KOJIMYECTBO TEILJIOTHI MOJYUYUT ra3?

14. B nByx 6smkaiiimnx BepIInHaxX KBajpaTa
€O CTOPOHON @ HAXO/SATCS TOUEUHbIE 3apsiabl Q
u 2Q. Haiinre HAaNIPSYKEHHOCTH AJIEKTPOCTATH-
YecKOTo ToJs B GJipkaiimeil k 3apany O Tpe-
Thell BepIIMHE KBajparta.

MATEMATUKA

1 (4 6anna). B rpeyronbiuke ABC nposeje-
HbI BbicOTbl AA; n BB;. buccekTpucsl BHel-
HUX YTJIOB IIPH BepinmnHax A u B nepecekaoTcs
B touke L. Haiinure yron npu Bepuimne C
TpeyroJabHWKA, €CJW WM3BECTHO, UTO
LAAL =72°, ZBBL =175°.

2 (4 6.). Haiizure Bce nmapbl HaTypaJbHBIX
guces (X;Y), yIOBJETBOPSIONINX PaBEHCTBY
xy =38x + 38y .

3 (36). urypa @ Ha IJIOCKOCTH OIIPe/IeIs-
€TCsl CUCTEMOI]

x+]x| =0,
y-ly|=0,
3x+azy.

Haiimnte Bce 3HaueHUSA IapaMeTrpa d, IpH
KOTOPBIX 1omanb gurypsl @ pasha 5046.

4 (4 6). CymMMa AByX HaTypajbHBIX YHCE
paBHa 3597. IIpu 3TOM eci K OJTHOMY U3 3TUX
YHCeJI cIpasa npumnucarb uudpy 6, ay Apyroro
BBIYEPKHYTD TOCIEAHION NPV, TO MOTyIaTCI
JIBA OIMHAKOBBIX HATYpaJbHBIX uncia. Hafian-
TE 3TN YHCJIA.

5 (6 6.). Anron, Bopuc n Bacuumii pern-
JI TIEPeTIbITh ¢ O/IHOTO Gepera o3epa Ha Mpo-
THBOIOJIOXKHDIH, PACCTOSTHUE MEX/y KOTOPbI-
MU cocTaBisgeT 3 kM. IIpn aToM AHTOH peria
IIBITh BMecTe ¢ bopucom na jonke, a Bacu-
JIMI OTIPABUJICS BIIaBb CaMOCTOSITEJIBHO CO
ckopoctbio 10 MeTpoB B MuHYTY. B Hexoto-
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pbIif MOMeHT BpeMeHH Bopuc BbIIpbITHYJ U3
JIOMKW ¥ TIOTLIBLI K MECTy Ha3Ha4eHUs TakxKe
co ckopoctbio 10 meTpoB B MuHyTY. B TOT Xe
caMblil MOMEHT, Korjia bopuc BbIIpBITHYT 13
JIOZIKM, AHTOH Pa3BEpPHYJICS, JIOILIBLT JI0 BCTpe-
yn ¢ Bacunuem, mnocse yero Bacusiuii 3ase3
006paTHO B JIO/IKY ¥ OHHU OTIPABUJINCDH K ITyHK-
Ty HasHaueHns. OKasaaoch, 9TO BCe Tpoe TIpH-
ObLIN HA TIPOTUBOIIOJIOKHDIN Oeper pexu Ojl-
HOBPEMEHHO, a CKOPOCTb JoAku B 12 pas
60JIbllIe CKOPOCTH KasK/[0ro n3 IJI0BIOB. Omn-
penesnTe, CKOJIbKO BPEMEHM 3aHsJa Iepe-
mpasa.

6 (4 6.). MOTOIUKJIICT MPOEXAJ MO 3aMKHY-
tomy iyt ABCA takomy, uro ABC — mpsamo-
YTOJIbHBIH TpeyroJabHuk ¢ Kateramu AB u BC,
npuueM AB + 1 = BC. 1lo yuyactkam AB u BC
MOTOIMKJIMCT eXasl co CKopocTbio 41 kM/4, a
Ha npoMexxyTke CA mommes JOXIb W BCJe[-
CTBHWE YXY/INEHUS TOTOAHBIX YCJOBHH CKO-
pocTb Gblta cHmKkena a0 29 kv/4 . B pesyminb-
TaTte OKasajoch, urto Ha 1yt ABC BHOJb
KaTeToOB TPEYTrOJbHIUKA MOTOIMKJNCT 3aTpa-
THJI CTOJIDKO K€ BPEMEHH, CKOJIbKO M Ha IIyTb
BAoab Tunorenysbl CA. Onpejennte JIUHY
nyta ABCA, npoi/leHHOr0 MOTOITUKJ/IHCTOM.

7 (4 6.). Ypasuenne x> +ax+b =0 umeer
JIBa KOPHSI TaKKe, YTO X Pa3HOCTb paBHa 17, a
pasHoctb ux Ky6oB paBna 1547. Haiinmure ko-
acddurrentsr a u b.

8 (4 6.). Meauanbt Tpeyrombtnka ABC,
npoBesientbie u3 BepuH A u C, B3aUMHO
nepunenaukyasapubl. Haiigute AC, ecaun
AB* + BC? =605 .

9 (56.). Ha orpeske KM BbiGpana Touka L
takasd, yto KL =6, LM = 30. Ha orpeskax KL,
LM u KM xaxk Ha JuaMeTpax B O/IHY CTOPOHY
TTOCTPOCHBI TTOTYOKPYKHOCTH. OKPYKHOCTD ()
KacaeTcsl BCeX TpeX MOJyoKpyskHocteil. Haii-
JIATE PAJNYC OKPYIKHOCTH @ .

10 (3 6.). JIMHbBI CTOPOH HPSAMOYTOJIBLHOIO
TPEYTOJbHUKA PAaBHBI ¢, b, ¢, a €ro IIOIA/Ib
paBHa S. MsBecrtHo, 4ro uucia a, b, ¢, S
COCTABJIAIOT B YKa3aHHOM TMOPSIKe apugMeTn-
yeckylo mporpeccuio. Haiignre mepumerp Tpe-
YTOJIbHUKA.

11 (5 6.). Yucaa x, y, z o6pasyior (B
YKa3aHHOM MOPSIIKE) TEOMETPUUECKYIO MPO-
rpeccuio; uucaa x, y + 10, z ob6pasyior (B
YKa3aHHOM II0PsiZIKe) apu(pMeTHYecKyio Ipo-
rpeccrio, a wncaa x, y + 10 mw z + 80 (B
YKa3aHHOM TIOPSIJIKE) — TAK)Ke TeOMeTPHYEC-
Kyto nporpeccuto. Haiigure x, y u z.
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12 (4 6). UsBectHo, uTo ctgx = 3 . Haiigure
3HAYCHHE BBIPAKCHHS

sin? (30° + x) —sin? (4S° - x) +
+c0s75° sin (75° + Zx) .

MHOPOPMATUKA

1 (1 Gamm). B kakoil cucreme cuuc/IeHHs
CIpaBe/IINBO paBeHCTBO 22 + 44 = 1107?

2 (1 6.). ABTOMaT HOJTy4aeT Ha BXOJ| TPeX-
3HAYHOE JECATUYHOE YHCJIO0, B KOTOPOM HET
udp Gopie yem 7. ITo 5ToMy YnCIy CTPOUTCS
HOBOE YHCJIO [0 CJIEAYIONINUM TIPABUIAM.

1. Bbruncssiercss cymMma 1epBoiil U BTOpoii, a
TaK)Ke BTOPOW W TpeTbelt THdphI.

2. IlonydeHHble ABa YUC/IA 3aIMCBIBAIOTCS
JApYr 3a ApPYyroM B nopsake yObanus (6es
pasjieuTenei ).

Onpejennre, Kakoe M3 CJAEAYIONMX YUCE
MOKET ObITh Pe3yJibTaToM PadoThl aBTOMATA.

1) 1510; 2) 1406; 3) 1210; 4) 1014.

3 (2 6.). VcnoaHuTe b yMEET JBUTATHCS
BIIEPE/l, OCTABJIAS CJIE/l, U II0OBOPAYMUBATHCS HA
yroJi, kparnbrii 60 rpagycam. Kaxue cdurypot
MOKHO HAPMCOBATh C MOMOIIBIO JAaHHOTO HC-
TTOJTHUTEJIS ?

1) TIpaBuJibHbBLl IECTUYTOIBHUK; 2) Tpa-
BUJIbHBIH TATHYTONBHUK, 3) KBaapar; 4)
NPaBUIBHBII TPEYTOJIbHUK.

4 (2 6.). Uepreskuuky ObLI JaH JJIS UCHOJI-
HEHMS CJIEYIONMI aJrOPUTM:

Cwmecrurbest Ha (3,-6)

ITosropu N pas

Cmecrurbest Ha (4,b)

Cmecrutbes Ha (6,-6)

KOHeI[

Cwmecrurbes Ha (—53,26)

Haiiqure nenoe snadenue b, g KoToporo
HOCJIE BBINOJTHEHNS MPOrpaMMbl UepTesKHUK
OKQ)KeTCd B MCXOIHON TOUKe.

5 (1 6.). BoiGepute NpaBUIbHBIN OTBET.

Jlist TOro 4to6bl 3HAYEHUSA TTePEeMEHHbIX X 1
Y noMeHAIMCh MecTaMu, HeOOXO0AUMa CJIEYI0-
mas MocJae/0BaTeIbHOCTD KOMaH/| IPUCBAKBa-
HUS:

1) B=X; X=Y; Y=B; 2) B=X; X=Y; X=B;

3) B=X; X=Y; B=Y; 4) X=Y; Y=X.

6 (2 6.). /lana cxema M306PaKEHUS B BH/IE
Tabmuipl nukcesteii (puc.4). Yemy paBHO MU-
HUMAaJIbHOE KOJMIECTBO OUT JJIST €r0 KOJMPOBa-
HUS?

1) 40; 2) 120; 3) 160; 4) 80.

Puc. 4

7 (16.). Uemy paBHO 3HA4Y€HUE [IEPEMEHHON
a TocJie BBIXO/A M3 IMKJIA
(puc.5)?

8 (16.). Jlormueckas dpyH-
KIIUs 3a/1aHa BBIPAsKEHUEM
F=(A+B)x

#(B+C)*A%C .
Haiinure 3nauenme ¢yHK-
mmnpn A=1,B=0uC=
=0.

9 (2 6.). Man dparment
MPOrPaMMbI Ha SI3BIKE TPO-
rpammupoBanus Pascal. Bor-
qicamuTe, 9to Oy/IeT BbiBe/Ie-
HO Ha 9KpaH MOHHTOpa B
pesyJibTare BbITIOJHEHNUST CJIe/IyTOMIEN OCTe10-
BaTEJIbHOCTH OIEPATOPOB:

ws:="aslekTpuduKanns’;

Sw:="Tp’;

p:=pos(sw,ws);

write(p:2).

10 (2 6.). Vcnoanurenio GbLT JaH CJeLylo-
IUH aJaTOPUTM:

ITOKA umncmo menbine 100, BBITOTHSII:

[Tpubasn 3

YMHOXD Ha 2
CKkoJibKO pa3 Oy/ieT BBITOJHEH JAHHBINA UK,
€cJIi MCXO/IHOE YMCJIO PABHO 57

11 (2 6.). PaccmarpuBaloTcsl CHMBOJIBHBIE
MOCJIEI0BATEIBHOCTH JUINHOM 5 B 1IeCTHOYK-
Bennom andasure {A, b, B, I, /I, E}. Ckosbko
CYIIECTBYET TaKUX IIOCJE/[0BATENbHOCTEl, KO-
TOPbBIE HAUNHAIOTCS ¢ OYKBBI A U 3aKaHYNBAIOT-
cst 6ykBoit E?

12 (2 6.). Yro Gyaer HalleYaTaHo B Pe3yJib-
Tare BbIIOJAHEHUS npoleaypbl (puc.6)?

13 (2 6.). B anexTponHoii Tab/mIe 3HAUCHHE
popmysst =CP3HAY(A2:C2) pasro 5. Uemy
paBHo 3Havyenue gpopmysisl =CYMM(A2:D2),
ecau 3Havyenwe sgueiiku D2 pasho 77

1) 27; 2) 22; 3) 15; 4) 20.

14 (2 6.). B nunammyeckoii (51€KTPOHHON)
TaGJIIle IPUBE/IEHD! JJAHHbBIE O MIPOJIAXKe Iy Te-
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procedure proc;
var
X,yY,z:integer;
begin
x:=17;
y:=x div 5;
z:=y mod 2;
write(z);
end;
begin
proc;
end.

Puc. 6

BOK Typcdupmoii «Bce Ha oTapIx» 32 4 Mecsma
(puc.7). JTast Kak/I0T0 Mecsia BBIYMCIEHO 00-
1iee KOJIMYEeCTBO IIPOJAHHDIX IIyTEBOK U Cpej-

Maii Hionb

Crpana |lIIpogano, Ilena, IIpomamno, Ilena,

TIIT. ThiC. py6.| 1T (TBIC. PYO.
Erumer 12 24 15 25
Typuus 13 27 16 27
OAS 12 19 10 22
XopBaTus 6 30 7 34

HUroas Asrycr
Crpana |lIpomano,| Ilena, [Ilpomano,| Ilena,

1T, TbiC. py6.| mT.  |TBIC. PYO.
Erumer 8 22 10 25
Typrust 15 26 16 28
OAD 10 21 9 22
Xopsarus| 13 35 10 33

Puc. 7

Hag 1eHa oaHol myresku (puc.8). MssectHo,
YTO 0X0/1 (GUPMBI OT TTPOJAKN KaKION TyTe-
BKH HE 3aBHCHUT OT MecTa OT/pixa u paBeH 10%
OT Cpe/IHEN 1IEeHBI MyTEBKU B TEKYIIIEM MecsIie.
B xaxom mecsiie 10X01 TypUPMbI 6bLT MaKCH-
MaJIbHDII ?

[Tponano,
IIT.

43 | 48 | 46 | 45

Cpenusis
1ena, 25 | 27 | 26 | 27
TbIC. PYO.

Puc. 8

2019/Net?2

1) Maii; 2) uonb; 3) ui0ab; 4) aBrycr.

15 (3 6.). Ha Bxoa mporpamMme Tojaercs
MOCJIEI0BATENbHOCTD HATYPAaJIbHBIX YHCEJ.
IIpusnak koHla BBOJa — HOJb. Hamummre
[POrpaMMy, KOTOpas HAXOAUT CyMMYy Tpex-
3HAYHBIX YUCEJ, KPaTHBIX TPEM U IOCJEHASA
mudpa KOTopbIX pasHa 7. Huc/a He IpeBocxo-
gt 10000. MaccuBbl He UCIIOJIb30BATD.

XNMnsd

1 (2 6.). Paccunraiite mioraoctb 12%-ro
pacTBopa Kap6oHata HATpuUs, MOJYYEHHOTO
yrapuBanuem ero 10%-ro pactBopa Maccoii
150 r 1o o6bema 112 mur.

2 (5 6.). BeproJieroBy coJib Maccoit 24,5 r
TIPOKAJIJIN B TIPUCYTCTBUM AMOKCUA MapraH-
na. [losydennpIii ra3 cMemaam ¢ Ta3oM, KOTO-
pblIii 06pa3oBaJics MPU B3aUMOIEHCTBUN JTUOK-
cuja Mapraniia maccoir 26,1 T ¢ U3OBITKOM
KOHIIEHTPUPOBAHHON COJITHON KUCTOThI. Ot1pe-
JIeJTATe OTHOCHUTEJIbHYIO TIJIOTHOCTD MOJIyYeH-
HOI1 Ta3oBoil cMecu 110 BO3yXy. Bo3moxxHo u
B3aWMO/IENICTBIE KOMIIOHEHTOB JIAHHOW CMech
JIpYT C JApyrom?

3 (15 6.). Jlanbl yeTbIpe BeLIeCTBA: BO/HBbII
PACTBOP THIPOKCH/IA HATPUSI, COJITHAS KUCJIO-
Ta, YIJIEKUCIbIA ra3 u okcug xpoma (I11).
Hammmmite #e MeHee MATHAAIATH YpPaBHEHWH
peakIuii ¢ yJacTreM JaHHBbIX BEIeCcTB, a TaK-
)K€ € ydYacTHeM MPOAYKTOB UX B3auMOJeil-
CTBUSI.

4 (4 6.). B BOJAHOM pacTBOpPe COJAHON 1
a30THO# KucaoT Maccoit 170 T cooTHoleHMe
MAacChI BOJIbI M MacChl 00eNX KUCJIOT COCTABJISIET
3:2. Ilpu 06paboTKe 3TOr0 pacTBOpa u3ObITKOM
ruApoKapOoHaTa HATPUsSl BbIIEINJIOCH 33,6 I
rasza. Onpe/iesiure MaccoBbIe IO KaXK/I0i 13
KHCJIOT B PAcTBOPE.

5 (4 6.). Macca aroMa cTaGUIBHOTO U30TOIA
aseMenta X paBHa 4,98 -1072* r. Onpenenu-
TE, UTO 3TO 32 HJIEMEHT, U paccuutaiire 06beM
dropa (1, H. y.), KOTOPBIL MOKET IPOPEATHPO-
BaTh C MPOCTBIM BEIECTBOM 3JIeMEHTa X MacCoil
6,0 r. Kakum craner gaHubiii 00beM MPHU /1aB-
Jgennu 2 at™m u temneparype 40 °C ?

6 (8 6.). Msoronbr anementoB X n' Y UMeIOT
Maccosble unciaa 37 u 40 coorBercTBeHHO. X
anpa cogepakat o 20 meiitponos. 1) Oupene-
JIUTE, KAKUM XUMUYECKUM HJIEMEHTaM COOTBET-
CTBYIOT H30TOIIbI, HATTUTITUTE 3JIEKTPOHHbIE KOH-
durypanun aag ux aromos. 2) Onpenesure
XapakTepHble CTETIeHN OKUCEHNS JaHHbIX dJIe-
MEHTOB U HAIWIITUTE 3JIeKTPOHHbIE KOH(MUTYPa-



OTBETHDI,

1IN /1719 BCEX TIOJYYEHHDIX 3apsKEHHBIX dac-
tutl. 3) [puseaure GOPMYJibl BBICHIUX OKCHU-
JTOB JIAaHHBIX 3JIEMEHTOB. BO3MOKHO Ji B3aMO-
neiictBue Mexxy atumu okcugamu? OObsicHU-
Te, moyeMy. Ecii BO3MOYKHO, HAMUIIUTE YPaB-
HEHWE PeaKIuu.

7 (4 6.). PactBopuMOCTb cyJbdara HaTpus B
100 r Bompr pu 20 °C cocraBaster 19,2 1, a
npu 30 °C — 40,8 r. Beruucante maccy rJay-
6epoBOIl COJIM, KOTOpasi BBINAJET B OCAJIOK,
ecu 500 1 naceimennoro mpu 30 °C pacTBopa
oxJsazuth 1o 20 °C .

8 (3 6.). TIpu moGaBjeHNM IO KaIIAM pa-
CTBOPA TMPOKCH/A HATPUSI K PACTBOPY XJIO-
puga amomunaus o6pasyercsi Gesbrit amopd-
HBbIII 0OCaZioK, a mnpu J06ABJIEHUU PACTBOPA
XJIOpU/Ia ATIOMUHHS K PACTBOPY TUAPOKCUIA
narpusg — ner (puc.9). OGbacHure maHHOE

\slcl3 NN&IOH
) [
b b
NaOH — AICl,
Puc. 9

SIBJIEHNE, HATIMIIATE YPAaBHEHUS TIPOTEKATONINX
peakIuii B MOJIEKYJISIPHOM M KPATKOI MOHHOI
dopmax.

9 (5 6.). OcyuecTBuTe 1ENOYKY HpeBpaiie-
nuit (puc.10).

OTBETHI,

«KBAHT» AN MNAALWNX LUKOJIbHAKOB
3AOANHN

(cm. <Keanwms Notlt)

1. OrBer mpuBesieH Ha pucyHke 1.

2. 8 munyT 20 CeKyHJ.

Ecan paccrostnue ot masabMbl o 6ao6aba paBHO S
METPOB, TO CKOPOCTb pekn S/25 m/muu. Ilycrp
CKOPOCTh JKMBOTO KPOKOJMIa V M/MUH, TOT/a
S = 25(V —5/25), TaK KaK JKUBOI KPOKOJMJI pac-
CTOsIHHE S IPOIJIBIBAET 32 25 MUHYT IIPOTUB Teue-

YKA3BAHNA,

PEIMEHMUA

A - PH; - H;PO, - B> C
& /

Puc. 10

10 (6 6.). Uzotomnb! aneMenToB X 1 Y UMEIOT
MaccoBble yncaa 37 u 40 coorBeTcTBeHHO. X
aapa cogepsxkat o 20 meiirponos. 1) Omupese-
JIATE, KaKUM XUMUYECKIM 3JIEMEHTAM COOTBET-
CTBYIOT H30TOIIbI, HATTUIIINATE 3JIEKTPOHHDIE KOH-
durypamun a1g ux aromon. 2) Onpegenute
XapaKTepHbIe CTEeHN OKUCJIEHUST IAHHBIX dJTe-
MEHTOB ¥ HAITUIITATE 3JIEKTPOHHBIE KOHPUTYpa-
[IUW 3apPsHKEHHBIX YaCTHIL B BbICIIEN U HUBIIEH
crenensx okucyenus. 3) Ipuseaute Gopmy.ibi
BBICIINX OKCHJOB JIAaHHBIX 3JIeMEeHTOB. Bos-
MOJKHO JIU B3aUMO/ICIICTBUE MEK/Yy ITUMU OK-
cupamu? O6bsicuute, oueMy. Ecim Bo3MOXK-
HO, HAIWIINTE YPABHEHHNE PEAKIINU.

11 (4 6.). TIpn coxMranum JUXJOpPaJKeHa
Maccofi 37,5 T TOJYYHUJIM CMech Ta3oB
(200 °C ) o6mieit Maccoit 85,5 r. YcraHOBUTe
MOJIEKYJISIPHYIO U CTPYKTYPHYIO (DOpPMY.JIbI
OPTaHUYeCcKOTO BEIIECTBA, €CJU U3BECTHO, UTO
OHO He MMeEeT HU TeOMETPHUYECKUX H30MEpOB,
HI 3aMecTuTesiell Ipu aToMaxX yrJepoja, Ha-
XOIAINXC B sp3 -TUGPUIHOM COCTOSTHUM.

12 (6 6.). CocTaBbTe LIENOYKY IPeBPAIIeHIit
(puc.11).

CH,~CH(CD)~CH, 10, o
AICT, H,50,,¢ °C
D < HZSO/i(KOHL[.)’t °C C<— +H2
Ni, ¢ °C,p

KMnO: . coon-(cH,),~HoOC

puc 11 SO,

YKA3AHNA, PEIIEHNA

Puc. 7

49
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mug pekn. Otciofga Haxomum, uro V = 25/25. 3Ha-
YUT, KOT/IA YKMBOW KPOKOJUJI ILIBIBET OT MAJbMBbI /10
6ao6aba 1O TEYEHUIO PEKH CO CKOPOCTHIO
V +5/25=35/25, ou tpatur Ha nytb [AAuHON S
Bpemst, paBuoe S :(35/25) = 25/3 munyTbL.

3. 9.

Herpyarno monsarb, uto cxema (rpad) Toro, Kak
MeHCHOHePbl UrPaji B IIE€PBbIN JleHb, 9TO MIECTH-
YTOJIBHUK, a BO BTOPOI — TIsi-
TiyroapHuK. [Ipumep moka-
3aH Ha pucynke 2. Ecim nen-
cuoHepoB He GoJibliie 8, TO
HallIyTcsl Tpoe, KOTOPbIE BbI-
xomunn o6a pasa. Torma ka-
KIe-TO [[BOC U3 HUX HUTpajn
BO BTOPOIl JieHb. 3HAYHT, B
HIECTUYTOIbHUKE OHU CTOAT
puac. 2 HarpoTtuB. Torja TpeTtnii rpa-
HUYUT B IIECTUYTOJbHUKE C OJHUM U3 3TUX JBYX, a
B ISITHYTOJIbHIKE MEK/y HUMU PACCTOSIHUE 2, U MBI
HAIlJI TPEYTOJbHUK.

4. He moxer.

PaccmorpuM 3azjauy Ha IocTpoeHHe TPEYroJbHUKA
10 CJICAYIOMUM JIaHHBIM: OCTPOMY YTy A, BbICOTe
BH u mepnane CM. 13 ycroBus cienyer, 4To oHa
JoJKHA MMeThb JBa peutenus. Ilpu stom mpsmoy-
TOJIbHBIN TpeyroabHuk ABH 10 KaTtety u ocTpoMy
YIJIy BOCCTaHABJMBAeTCS O/{HO3HAuHO. Bepmmua C
JIOJIKHA HAXOJAUTBCS OT cepeaunnl M cropount AB
Ha PACCTOSHUN, PaBHOM 3a/IaHHOIl MeamaHe, T.e.
OKPY’KHOCTb C IIEHTpOoM M U PaJilycoM, pPaBHBIM
Mejuane, JOJ/DKHA Iepecedb oTpe3ok AH B ABYX
paytpennux toukax C; m C, (puc.3). Torma oba

B

-
A C, C, H
Puc. 3

tpeyrosbiuka ABC; u ABC, o6si3atesbHo Gy/yT
TYHOYTOJIbHBIMU.

3AOAYN
(cm. «Keanms No12)

1. Her.

IIyctp ectp Tpu masmouku mo 10 cm. OtiaoMuMm oT
HepBbIX JABYX KycKH 10 9 cM, a oT TpeTbell — 1 cM.
N3 xyckoB 9 cM, 9 cM, 1 cM MOKHO CJOXKUTH
TPEYTOJbHUK, 2 M3 OCTaBIINXCS — HeJIb3s MO Hepa-
BeHcTBY Tpeyroabhuka (1 + 1 < 9).

2019/Ne12

2. Hampumep, upu a=1003 mnoxyuurcs
1001-1005-1003 + 4 = (1003” — 4)-1003* + 4 =
=(10032—2)2, mpu @ =1001-1003-1005+4 1o-

ayaurest (1001-1003-1005 + 2)2 .
3. IlpoBsepbre, 4TO Kapra HA PUCYHKE 4 TIOJXOJNT.

Puc. 4

4. 200.

B kak/1o0M BayKHOM MTPSIMOYTOJIbHUKE Y€PHBIX KJIETOK
Ha o/iHy 6oJiblie, yeM GeJbIX. 3HAYUT, PA3HOCTD B —
— W paBHa KOJINUECTBY BAXKHDBIX IIPSIMOYTOJILHIKOB.
ITocuntaem ero. PaccMOTpUM TPOM3BOJBHBIN BaXK-
HbIIl TPSIMOYTrOJibHUK. PaccMoTpuM 2 CcTpoKH, B
KOTOPBIX JIe)KAT CaMble BEPXHUE M CaMble HIKHUE
KJIETKA MPSAMOYTOJIbHIKA (9T CTPOKM MOTYT 1 COBITa-
J1aTh). AHAJOIMYHO PaccMOTPHUM 2 cTOA6LA, B KOTO-
PBIX JIeXKAT €ro camble JieBble W CaMble IpaBble
KJIeTKH. IlocMOTpEB Ha PICYHOK 5, MOKHO 3aMETUTD,

1 2 3 4 5 6 7 8

\XUOO\IOEMJAQQMA
a
$]

YTO IS BXKHBIX IIPSIMOYTOJIBHIKOB HOMEPA 3THX 4
PSIJIOB MIMEIOT OJ[MHAKOBYIO 4eTHOCTb. KoumdecTso
BaKHBIX MPSIMOYTOJIBHUKOB PABHO KOJIHYECTBY CIIO-
co00B BbIGpaTh Takue 4 psila — TOCYUTACM €To.
Boi6parb mapy HedeTHbIX cTPOK MOxKHO 10 crioco6amu
(4 crioco6a, ec/m CTPOKK COBHAJAOT, U 3 X 4/2 = 6,
€CJIM PA3JINYAIOTCs), CTOJIBKUME K€ CIocobamMu Mo-
JKeM BBIOpATh Tapy HEYETHBIX CTOJIOIOB. 3HAYUT,
BBIOPATH KOMOUHAIINIO M3 4 HEYETHDBIX PSIIOB MOKHO
10 x 10 = 100 coco6amu. CTOIBKO ke CIIoc060B €CTh
BbIGPATh KOMOMHAIMIO U3 4 YETHBIX PS/IOB.
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KOHKYPC UMEHU A.NN.CABUHA

(cm. «Keanms No10)

5. a) Her.

CrioskuM Bce JIeCSITb TMOJTy4YeHHbIX cyMM. [losydum
VABOEHHYIO CYMMY BCEX YHCeJI, CTOSIINX IO KPYTY,
a a1o uerHoe uncao. Ho cpeau 10 noapsa naymmx
Y1cesl POBHO 5 HEUYETHDBIX, CJIEJ0BATEBHO, MX CYM-
Ma HedeTHa. 3Hauut, nosyumsumecs: 10 umcen ne
MOTYT ObITb MOAPS/ UILYIIMH.

6) Nla.

Hanpnumep, ecim 1o xpyry Beimucanst dncaa 1, 0,
2,1, 3, 2,4, 3,5, 4.

6. Jla.

IIpuBesiem omH nM3 BO3MOXHBIX TpuMepoB. Pasje-
JINM KaXK/yI0 CTOPOHY TPEYTOJIbHUKA Ha TPU PaB-
HbIe YaCTH, TOCJE Yero MPOBeIeM dYepe3 TOUKH
JIeJIEHNS IPSIMbIE, TTapaJiienbhble croponam (puc.6).

SN

Puc 6

OHH pa3o6bIOT TPEyTOIbHUK HA 9 PABHBIX MaJeHb-
KHUX TPEyTOJbHUYKOB, TTOJOGHBIX HCXOAHOMY. B Ka-
4ecTBe TI€PBOH YaCTH BO3bMEM J(BA COCEIHHX IIO
CTOPOHE TpeyroJibHuKa (KpacHble Ha PUCYHKE), a B
KauecTBe BTOPOH — ocTasibHble cemb (cumne Ha
pucynke). Kpachasg wact — mapasiesorpamm, u
€ro MOXKHO pa3pe3aTb Ha 7 PaBHbBIX IIapaJlJesior-
pPaMMOB OTPE3KaMM, I1apaJilIeSbHBIMU CTOPOHAM.
CuHsist ke 9acTp cama 10 ceGe COCTONT W3 CeMn
PaBHBIX TPEYTOJbHUKOB.

7. a) Kpantuk; 6) na.

a) Ham monajo6uTCS JeMMa: 6 maxoii nociedosd-
MeLHOCIU NOCIe KAKOO020 YUCId, 8 KOMOPOM XOMSL
ovr 100 yugp, caedyem wucao ¢ meHvwum Kouve-
cmeom uupp.

W3 neMMbI TOJTy4YaeTcst, 4TO B IOCJIE0BATEIbHOCTI
nocJie Jmo6oro uucsa xors 6et ¢ 100 mudpamu pano
WM TIO3/IHO BCTpeTuTcs 4mejao ¢ Menee dem 100
nudpamMu, MOCKOJbKY KojamdectBO Iudp Oyner
YMEHDIIATbCS U B KAKOH-TO MOMEHT CTaHeT MeHblile
100. Torga umcaa ¢ menee yeMm 100 nmdpamm HE-
KOT/Ia HEe 3aKOHYATCS B HAIIEH M0CJIe/[0BaTeIbHOCTH
— MHaue IocJie TOCJAeHEr0 U3 HUX MK GbI TOJIBKO
ycsa ¢ Xotsa 661 100 mudpamu, 4TO HEBO3MOXKHO.
IToatomy uncen ¢ menee yem 100 mudpamu B mocJie-
JIOBATEIbHOCTH GECKOHEYHO MHOTO, a BCETO PasJiny-
HBIX TAKHX YHCEJ KOHEYHOEe KOJMYECTBO. 3HAYNT,
KaKoe-TO U3 HHUX ITIOBTOPUTCSI.

[lokaskem semmy. Ilyetb A — umeno u3 nameit

[OCJIE/IOBATEIbHOCTH, B HeM R 1udp, a B yucie R B
cBoio ouepenap n 1udp. Caenyiomee 3a A uncio
Halleil 1ocJIe/JoBaTeJIbHOCTH COCTOUT He GoJiee 4eM
u3 10 rpymm Buga «4ucyio, He TpeBbllaiee k, u
mudpar. Torga B aToMm creayioniem yucie ne 6osee
10(n+1) mndp, W MBI XoTesan Obl JJ0Ka3aThb MAJS

k>100, uto 10(n+1) <k, T.e. n+1<%. Tax

Kak 7+ 1< 2n, JOCTAaTOYHO /IOKa3aTb, 4TO 7 < %

Ocranoch IpOBEPUTD YCJIOBHE: 01 1106020 UUCIA
k2100 xoauuecmeo yughp 6 uucae k ne npesviua-

em % [Lns ucen ot 100 go 119 ycaosue, oueBu-

HO, BbIoAHeHO (Tak kak 3 < 5). Jlio6Goe apyroe
ymcao, OGoupiee 100, Tomydaercs M3 KaKOTroO-TO
grcaa or 100 no 119 npubaBieHneM HyKHOTO KOJIH-
yecTBa ABaaarok. [Ipu xaxmaoMm takoMm mpubasJie-
HUM KOJIMYecTBO Iudp 4ucaa k yBesnduBaercs He

6osee ueM Ha 1, a oTHOIIEHNE 2 YBEJIMYNBAETCS

POBHO Ha 1, TIO3TOMY yCJIOBHE HE HAPYIIAETCS.

6) Hanpumep, nocie umcna 22 cHoBa GyaerT WATH
22. [lpyroii mpumep: 31331415.

8. PaccmorpuM Mecta, TpOHYMepOBaHHbIE OT 1 10
m. Haiizem xosmuectBo croco60B 3aHSATh POBHO §
MECT Tak, 4ToObI OBLIO 3aHSATO XOTS Obl OJHO U3
nepBbIxX ¢ MecT. [l aTOTO HYKHO U3 BCEX BO3MOXK-
HBIX CITIOCOOOB BBIYECTD CIIOCOOBI, KOT/Ia HU O/IHO U3
nepBoIX ¢ MecT me 3anAro: C,, —C,_, .

ITocunraeM TO ’Ke KOJMYECTBO €Il OJHUM CIIOCO-
6om. Ilyctp A; — MHOXeCTBO €1OCOGOB BbIOPATDH §
MeCT TaK, 4TOObI MECTO TIOJi HOMEpPOM I ObLIO 3aHs-
To. 3amumeM (GOpMyJy BKIOYECHHH-UCKIOUEHUI
IS MHOKeCTB Ay, Ay, ..., A;:

A4, U4, U...UA, =Z\AA—Z\A1. Na]+
i i,]

AN AN A - ()T AN A NN A
i,j,k

B J1eBoit yacTn HaMMCaHO KaK pa3 MCKOMOE KOJIde-

CTBO CITIOCOOOB.

B mpaBoii yactu k-e ciaraemoe uMeeTr BHJL

k=1
07X a4 na n.nal.
By ey,
o PR . 3
Kosmuectso xoMmOunauuii i, i, ..., 4, pasao Cf,
Be/lb BBIOUPAIOTCST KaKie-TO0 R M3 ¢ MHOKeCTB. Bbi-

paskeHue ‘Ai1 NA4,N...NA4,| — sT0 KommyecTso
:

C110cO6OB 3aHSTh S MECT TaK, YTOGBI MECTa i, y, ..., I

6bum anaTel, T.e. CS . 3maumt, 910 k-e crarae-
k-1 -

moe pasno (—1)°" CFCS%

3aMeHHB TaKUM 06p830M Kayk/ioe cjiaraeMoe B IIpa-
BOIi YacTu, HOJIY4YUM:

t
k-1 -
o= Comt = L ()T CICT,

k=1
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TIpeo6pasyem, 3ameruB, uto npu k = 0 BbIpaXKeHHe
k=1 ~k~s—k s .
(-1 C/C; -, pasuo -Cj,:
C (\ ks
s _ s—
m—t — 2(_1) Ct Cm—k .
k=0
IloscraBus Tenepb s = t = n, m = 2n, MOJIY4YUM TO,
qTo Tpeo()BafIOCb J0Ka3aTb.

t
=Y (- cient .
k=0
ITpo dhopmy sy BRIIOUEHHI-HCKIIOUEHIH MOXKHO TIPO-
ynutath B KHure H.J.Bunenkuna, A.H.Bunenkuna,
I1.A.Bunenkuna «Kom6unatopuka» (M.: ®UMA,
MITHMO, 2010). B «Ksante» ata ¢dopmyna 06-
cyskjlasnach, Harpumep, B cratbe M.Armoma «3an-
naTbl HAa Kadrane» B Ne2 3a 1974 ron.

NEPAMETP U NNOLLUALb HA KJIETOYKAX

1. a) Jla, 6) Her, B) HerT, T) Ja.

2. a) /la, 6) Her, B) /ia, T') HeT.

3. a) Takux ¢uUrypox Her.

N3 dopmyasl 3agaun 3 caeayer, 4to p < 4s.

6) Toabko 1x1.

TlogcraBum p = 4s B copmymy, nmoayunm i = 0,
3HAUNT, B (PUTYpKe HEeT COCEAHUX KJIETOK.

B) Tospko 1x2.

PaccmoTpuM BHelmHME HA60p PUTYPKH, Y KOTOPOIt
p = 3s. Cymma umcesn naGopa B 3 pasza GoJiblie
KommuectBa umcen. Torga Bce wmcmna Habopa —
tpoiiku. [Tox ato ycioBue moaxoaut toapko 1x2.
4. 44.

B cymmaprHOM mepuMeTpe OJWH pa3 yUUTHIBACTCS
nepuMeTp KBajpata d>XJS U JBasK/bl — JJIMHA pa3-
pesos. Uroro on pasen 20+ 2-12 = 44.

3. 42.

PasperxeM Kak/[ylo JIOMHHOIIKY IIONOJAM, Ha 3TO
yitger 18 paspesoB puunbt 1. B urore jpocka 6yjer
Hapes3aHa Ha KBafipaTHKu 1Xx1 u cymMMapHas AJInHA
paspe3oB craHeT paBHa 60. 3HaywWT, O 3TOrO OHA
pasusanach 60 —18 = 42.

6. 4.

¥ Bcex TeTpaMUHOIIEK, KPOME KBaJpaTa, HepuMeTp
10. Ilyctp xosnmuectBO KBagpartoB R, a ApPYrux
terpaMuHoliek — d. Torjga KoJM4ecTBO TeTPaMUHO-
mek k+d=16, a cyMMapHblii HX IepUMETP
8k+10d =32+2-60=152. Ortcloga HaxoauM
k=4.

7.25.

Jlo/KkHO ObIT XOTSE ObI 35 «OTKPBITBIX JIBEpEiis.
Bceero neperopogox 60, 3HAUWT, TOMKHO OCTAThCS
He 6oJbllie 25 TeperopojioK.

8. IMocrpoum namry ¢urypy rax. Bosbmem kBajgpar
3x 3 u panee OyaeM NpHOABJIATD MO OJHON KJETKe.
9. 32.

PaccmoTpuM 11ponsBosibHYIO Takylo (pUIypKy. 3ak-
pacuM B Hell ofMH KBajpar 2x2, a gajuee OyaeM
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1I0CJIe/IOBATEIbHO 3aKpalluBaTh JPYrHe KBajpaThl
2X 2 Tak, uToObl KayK/blil HOBBIA KacajCs OJHOIO
3 paHee 3akpameHHbIX. OTcioja TOHSATHO, 4YTO
ecTb He MeHee 4 OTPE3KOB CTBIKOBKH, KasK[Iblil U3
KOTOPBIX B CYMMapHOM IlepHMeTpe KBa/[PaToB yuu-
TBIBaeTCs JBaX/pl. VTOoro mepmmerp ¢urypkm He
6osee 5-8—4-2=232. [Ipumep ¢ nepumerpom 32
JIETKO IPUBECTH.

10. B) B ¢urypkax tuma a) Keaapata 2x2 Her,
MOTOMY 4YTO TIPH IOCTPOCHHH TaKUX (QUIYP <IIO
O/THON KJIeTKe» Kak/[asl HOBasl KJIeTKa JIOJDKHA Ka-
caTbCs TOJBKO OJHOHN W3 TIPEJBIAYIINX, Beb 37€Ch
B TouHocTH p =25+ 2. B ¢urypkax tumna 6) ecrtb
KBajpaT 2X2, MOTOMy 4to p < 2S+2, a 3HauuT,
Kakas-To ouepeHast KJIeTKa J0JKHA KacaTbCs ABYX
npeblLy X, a Torga obpasyercss muks (3aMKHY-
Tasg 1enovka) u3 Kaetok. Ho IMK/Ibl 3 MeHbiue
4yeM 8 KJIeTOK MOTYT OBITb TOJIbKO BHAA 2X 2 I
2x3.

METO[ NEPEPACNPEAEJIEHNA 3APALOB

6. 3aMeHNM KaxkIyIo 3Be3J0uKy uncjaoMm 1/k , rae k
— KOJIMYECTBO 3Be3fiouek B ee crtpoke (crosdue).
Torpa cymma umcesn B KaXXJOH HEMYCTOH CTPOKe
paBHa 1, ciemoBaTesbHO, CyMMa BCEX YHCEJ B Tal-
JINIIE paBHA YMCJy HemycThix cTpok. Ho, anamoruy-
HO, OHA PaBHA U YHCJY HEMyCTBIX CTOJIGIOB.

7. Jlagum xaxzgomy auabdy 3apsg 1, torma cym-
MapHbIil 3apsis paseH E. Ecom aapd mozppascs c
k THOMaMmu, TO TYCTb OTAACT KaKIOMY U3 HUX
sapsin 1/k.

Ecan rHOM mozipasicst ¢ m aabdamu, TO KaxKIblil u3
HUX Tojapajcst He GoJpiie yemM ¢ m —1 rHOMAMuU
(m <11), a 3HaunT, OTAACT €My 3apsi/i HE MEHbIIE

1 Cre1oBaTe/IbHO, KK/l THOM TIOJIYyYUT
m—

m 11
3apsiji He MEHbIIEe , UTO He MEeHbIIe o
m—

. 11
Torga cymMapHblil 3aps/] THOMOB He MeHbLIe ED’

Ipu 3ToM OH paBen E. Orciofa noJydaeM HepaBeH-
1
CTBO ED < E, xortopoe JeTko TpeoGpasyercs K

TpebyeMoMy BHIY.

8. 500n.

[Tyctp B Tabuuue crout x exunui. IlomecTnm B
KKy KJETKYy ¢, B KOTOPOHl HammcaHo uucyao 1,
3apsd, pasHbiil 2n. PasmagnmM 3apsiag n HOPOBHY
MeX/ly HyJISIMH CTOJIOIA KJIETKH ¢, a APYTOil 3apsij
7 — MEX/y HyJISIMI CTPOKH KJIETKH ¢. OTMETHM, 4TO
CyMMapHbIi 3aps] paBeH 2nx.

Hyuneit Bcero n’—x. ITyctp B crosbie ¢ HyJieBOit
KJETKOI ¢’ CTOUT § e[MHMUII, 4 B CTPOKE — ¢ €IMHMUIL.
Torpa s+t >1000. Vtorossiii 3apsa, KOTOPBI TT0-
ayaut xaetka ¢/, paen SN/(N —s)+¢N/(N —t).

ﬂOKa)KI/ITe CaMOCTOATEJIbHO, YTO OH HE€ MEeHbIIe
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10007/ (n — 500). 3uauur,
10007 (n* - x)
n—>500

2nx >

W3 nocJte/tiero nepaBencTBa ciaeayer, 4to x = 5007 .
9. Jluazonanvio B aTOM perieHun Gy/ieM Ha3bIBaTh
OTPE30K, COEJUHSIONIIIT 1B BEPITHHBI MHOTOYTOJTb-
nuka (T.e. B TOM YHCJIE W €r0 CTOPOHY).
Pacemorpum aunaronans AB. IlycTb 110 ojiHy cTOpO-
HY OT mpsiMmoii AB HaxomuTcss k BepIIMH, a TI0
apyryio m Bepuma n k < m. Torpa na3naunm gua-
roHamn AB 3apsij 1/(k +1) (mampumep, cropona
MHOTrOyroJbHuKa noayunt 3apsaa 1). Takum oGpa-
30M Ha3HAYMM 3apsi/l KaXKJI0i [aroHasu.
Jlas xaxgoro k ot 0 70 [(n —1)/2]—1 ecTb T0 7N
JiMaroHaseil ¢ 3apsiioMm 1/(k+1), a 3HAYUT, CyM-
MapHbIil 3apsiji AuaroHajieil He MeHee

1 1 1

nfl+—+—+.. +—=|.

273" a0
[Iycrp kaskgast quaroHasIb OTAACT BECh CBOH 3apsif
J060#1 U3 KpacHbIX TOYEK, KOTOPbIe Ha HEM JiexKar.
ITokaskeMm, 4TO Kask[asi KpacHas TOYKA MOJYYIUT
3apsij e Gosee 1. Ilyctp ona JieskuT Ha m [[arona-
Jgsax. Torpa mo ofHY CTOPOHY OT KasKJIOH W3 HUX
JIKUT HE MeHblle m —1 BepIIuH, a 3HAYUT, 3apsif
Kask/I0l1 U3 9THX AnaroHaneil He Gomee 1/m .
WTtak, KOJMYECTBO m KpPacHBIX TOYEK HE MEHbIIe
CYMMapHOTO 3apsifla 3TUX TOYEK, OTKyJa CJeIyeT
TpeGyeMoe HepaBEHCTBO.

XLITYPHUPTOPOLAOB
3AOAYN OCEHHETO TYPA
bazosbii BapraHT
8—9 knaccel

1. IIpu kpaiiHuX HOJOKEHUSIX.

Tpoiiky Tped mpuzmercst BBIOPOCHTD, TOIBKO €CJIH
OHa B KaKOH-TO MOMEHT OKa)KeTCs B IIEHTpPE Psifia,
nHa4Ye MOXKHO BBIGPOCHTDL JIpyryio kapry. Tak Kak
PSIL Bcerja Cojep KUT GoJIbllle OJHOH KapThl, TO
KpaifHIOI0 KapTy MOKHO COXPAHHTb /[0 KOHIIA.
ITyctp Tpoiika tped T chayasna Gblaa He ¢ Kpaio.
[IpuBesemM cTpatermio AJs 3pHUTeNs: OH Ha3bIBaeT
YTO yTO/HO, KpOMe KpailHUX duces, He JaBas yja-
JIATDb Kpaiinue KapTol. Korga ocranercs Tpu KapThl,
tpoiika Tped (ecam ona eme Oyer Ha cToJe)
OKa’KeTcsl B IleHTpe. 3pHTesb HAa30BET 2.

2. Tak kak YH L OX 1L AP, 10 YH || AP, a
npsMast YH cofiepKUT CPeHIOn JIUHHUIO TPEYToJb-
wuka APC. Ananornuno, npsimas XH copepkur
CPEJHIOI0 JIMHUIO 3TOTO TPEYTOJIbHUKA. IJTH CPE-
HIIe JUHUN TepecekaloTcst B Touke H — cepeuHe
croponbl AC.

4. Bepno.

2 _ 2 d 2
W3 yc1oBus cIe/yer, uto dj, 44 = dj, (mod 41°) (un-
JIEKCHI CUNTaeM 3allMKJIEeHHbIMU, T.e. 3a 41 ciemyer
1). Buauur, a2, = a; (m0d412) npu Jo6oM 7.
Tax xax umcaa 41 w 1000 B3amMHO MPOCTBI, TO
KBa/IpaThl BCEX UKCEN HA KPYre AAIOT MPH JieJeHUN

2
Ha 417 ogua m TOT Ke ocrtarok. CieaoBaTesbHO,

41a,§ neamres na 412 TO9TOMY aﬁ neaurcst Ha 41,
a MOCKOJIbKY 41 — TIpocTOe YucJio, TO U @, JIEJUTCS
Ha 41.

d. Tak kak mnk memmutcsa Ha 3, TO OJNH U3 MHOXKU-
Tesiell esurest Ha 3; 1MycTh 9TO BbicoTa R. J[octa-
TOYHO 3aMOJHUTD KOPOOKY m X nXx 3 . 13 aByX yro-
KOB MOHO CJOXUTDb Kupnuu 1x2x3 . Ecanm mn
YEeTHO, TO OCHOBaHME KOPOOKHM MOXKHO Pa3bUTb Ha
JIOMUHOIMIKK 2 X 1 M 1IOCTaBUTh HA HUX 10 KUPIIUYY,
3aIOJHUB TeM caMbiM KOpoOKy. Imave paszoObem
OCHOBaHME KOPOOKM Ha KBajpaT 3X3 U /Ba TIpsi-
MOYTOJIbHUKA, BO3-
MOXKHO,  IYCTBIX
(puc.7). Ipamoy-
TOJBHUKN Pa3obbeM
Ha [JOMHUHOIIKH, a
KBaJpaT — Kak Ha
pucynke. Ha gomu-
HOIIKH TTOCTaBUM II0
KUPIUYY, & B OCTaB-
meecss MeCTO I0JIO- J
KUM TPU YTOJIKA.

KopoGka 3amosnnena  pyc 7

YTOJIKAMHU.

10—T71 knacce!

2. Ilyctp Guccexrpuca yria C nepeceKkaer HpPsIMYyIO
AE B Touke F, a mpsMasg, mpoxojdmias udepe3 B
napaJienbio AE | nepecexkaer orpesok CF B Touke
X. Torpa «£BXC=4DCX =/BCX . Orcoaa
BX =BC=BA. 3naunt, ZBAX = ZBXA = ZFAX.
CaenoBarenbho, AX — 6uccekrpuca yria A, moaro-
My X cosnajaer ¢ Ku BK || AE .

3ameuanue. Ha pucynke 8 Touka F JekuT Ha
cropore AE, HO B PEIICHUH 9TO HE MCIIOJb3YETCS.

B
A
F
/ X C
E
D
Puc. 8

MoskHo, BIIpoueM, J0KasaTb, YTO OUCCEKTPHCA yTia
C He Moxer mnepecekatb ctopony AB (a cropoHy
ED — moxer).
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CIOXKHbIV BapHaHT

8—9 knaccel

1. a) Jlag n=2F.
Ouesnno, 2F — HauMeHbIIee YUCJIO CJOKHOCTH k.

[ostomy Bce umema mesxay 2F m 2F*

caoxkHOCTh He Oousibiie k. Ilycts m — He creneHb
nBoiikm. Torga Mexay n U 2n eCTb CTelleHb JBOHKN
(MOYKHO B34Th HaMGOJIBIIYIO CTETIEHb JABOIKN, MEHb-
myio n, u yaBouthb ee). OUeBHIHO, ee CI0MKHOCTD
6oJIpIIe, YeM Y 7.

6) Takux yuces HerT.

B cuy myHKTa a), JOCTaTOYHO PACCMOTPETH CJIy-

nMerT

yaii n = Zk, rae k marypasproe. Ho umcio 3.2kt
HMeeT TaKyIo e CJIOKHOCTb, KaK ¥ 7, N HaXOANUTCS
MeXay n u 2n.

2. Ilycrs toukn D n Dy cummerpudner Toukam A u
A; orrocutenpro BC. TIposenem 6uccektprcsl AK
u A;K; Hammx TpeyrosbHUKOB. 3ameruM, uro K u
K| — nenTpsl OKpy’>KHOCTEIl, BIHCAHIBIX B YeTHIPEX-
yroapunkn ABDC n A BD,C, , a tpeGyemoe Hepa-
BEHCTBO IPEBPATIJIOCH B OYEBUIHOE HEPABEHCTBO
r>7, Tae r U 7] — PaIyCchl YKa3aHHBIX OKPY>KHO-
CTeil.

3. XBarut gaxke 100 B3BemmuBanunii. CHavasia 0Ka-
JKeM IO WHAYKIUU CJeylolee BCIIOMOTaTesbHOe
yTBEp:KICHHE.

YrBepxkaenue 1. Ilyctb ectb k MOHET, cpeqlt KOTO-
pPbIX BCe TpU THIIA TIPEJCTABJEHBI, TPUYEM IPO
nmapy MoHeT A, a yke m3BectHo, uto A >a . Torga
MOKHO OIpeNeuTh, Kakas W3 R MOHET KaKoro
tuma, 3a k—1 B3BemmBanue.

[loxazareabcTBo. basa. Ecim MOHET TpH, CPaBHUB
OCTABIIYIOCS MOHETY ¢ A U ¢ @, MBI YIOPSIZIOYNM UX
110 BeCy.

Illae. CpaBHUM Kakue-HUOYIDb /[BE MOHETBI, KPOMeE
A n a. Ecau onn paBHBI, TO OJTHY MOKHO OTOPOCUTH
(3amoMHMEB, ¢ Kakoii OHAa COBIAJAET MO BeCy), W
BOCITOJIb30BATLCS TIPENOJIOKCHUEM WHAYKIUH IS
k—1 monersl. Eciin oHM He PaBHbBI, CKakeM, UTO
nostyunsiach napa B > b. Teneps cpapuum A +a u
B+b. Ecm Beca map paBHbl, TO0 A=B n a=0>b,
TaK 4TO MBI MOKeM BBIKMHYTH B 1 b (3amoMHuB,
4TO OHH COBNAJIAIOT 110 BECY ¢ A M @) M BOCIOJB30-
BATbCsI MIPE/IIIOJNOKEHIEM WHAYKIMN it kR — 2 Mo-
HeT.

Ilycrp Beca map pasym4HbI U, 71 ONPEeIeHHOCTH,
A+a>B+b. 3ameruM, uTO TOr/Aa 0O0S3aTEIBLHO
A=3 u b=1. Monern B mape (B,a) umeor 1160
Beca (2,1), mi6o (2,2), mbo (3,2). Torma, cpas-
HUB A+b ¢ B+a, Mbl 0O/lHO3HAUHO BOCCTAHOBUM
Beca BceX veTbipex MoHeT. Cpeji HUX €CTb MOHeTa
Beca 2, OyneM CpaBHUBATh C Hell BCe OCTAJbHBIE
MOHETbI, Ha YTO YHAyT ocraBuimecss R—4 B3Belu-
BaHUSA. YTBepkaeHue 1 [0Ka3aHo.
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Ternepb BbIBeIeM MO MHAYKIUH YCUIUBAIOIIEE 3a/1a-
4yy YTBEpK/IEHUE.

VrBepxkaenne 2. Eciu ectp k Momer, cpean KOTO-
PBIX BCE TPU THIIA TIPE/ICTABJECHBI, TO MOKHO OIpe-
JIeJTUTh, KaKas MOHETa KaKoro THiia, 3a k e3seuui-
eanuil.

[oxa3zareabctBo. basa. Ecim moner Tpu, TO, cpaB-
HUB KQXIYIO € KaXK/0i, Mbl YHOPSIJIOYMM UX IO
BeCy.

Illae. CpaBuuM Kakue-HUOYIb JBe MOHeTbl. Ecan
OHM PaBHbBI, TO OJIHY MOKHO OTOPOCHTH (3amOMHUB,
C KaKo# OHa COBMA/JAET MO BECY), W MbI MEPEXOIIM
K caydalo k—1 MOHeTBbI, Cpe/lil KOTOPbIX BCE THIIbI
npejcTaBienbl. Ecau oM He paBHBI, CKaKeM, YTO
ob6pasoBasach mapa A >a, U BOCIOJb3yeMCS yT-
BepskeHueM 1.

4. IlpoBeseM romMoTeTHIo ¢ LeHTPOM B 1 K0addu-
menToM 2. Touka O mepeiizier B Touky D, nnamer-
PAJIbHO MPOTUBOIOJIOKHYIO BepIinHe B Ha omucaH-
HOI OKpY>KHOCTH Q, Touka P — B Touky R mepece-
4yeHHs1 OucceKTpuchl yria B ¢ Q, touka Q — B
JINAMETPATBHO TPOTUBOIOJIOKHYIO R TOUKY S, «OT-
Pe30K, coeaunsiomuii...» — B cropony AC (puc.9).

B Q2

D
Puc. 9 R

Octanoch 3aMeTuTb, 4to auamerp RS mpoxoaut
yepes cepeauny cropounl AC, Tak kak R — cepeu-
Ha ayru AC.

5. Iapa (m,m(4m + 3)2) — xopomras (1posepbpTe).
Hymov k pewenuro. EcTecTBEHHO TIONMBITAThCS HANTH
2
n+1:k2, £=k(m+1)_1=
m+1 m m

TakKoe n, 4TO
k-1
m

=R+ — Toke KBagpar. Camblil TPOCTOi

2

c1oco6 3T0 06eCTIeYNTh — TOJIOKUTH =4k +4,

Tor/Ia :4(T.e.k=4m+1),a£=(k+2)2.
m

m
6. Her.

[TocmorpumM, ckosbko Menoun Ilers Mor mosydnTs.
PaccMoTpuM caMylo HOCJEAHIOI0 JEIIEBYIO HOKYII-
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Ky, KOTOpasl yBeJMUIIa KOJIn4ecTBo Mestount. [Tycrp
CTOMMOCTD 9TOH TOKYIKH X, TOTJa Tepe/l 3TUM
6bL10 He Gosee x —1 py6seil MesouM, a 3HAYWT,
mocje B3TOTO ee cTaHeT He OGoJblle YeM
x—=1+100-x =99 py6ueii. Tak Kak joporue 1m0-
KYIKHA KOJUYECTBO MEJIOYM HE YMEHBINAIOT, TO BCE
IpeJbIyIine IOKYIKH BMECTe C PaCcCMOTPEHHOIT
namn B cymme He Gogsee 99 py6uieit menoun. Tem
6oJiee Bee deulesbie TIOKYIKU B CyMMe TTPUHEC]IN He
6osee 99 pyo6eii.

ITycrp 66110 12 IOKYTIOK Joposke 100 py6ueit. Kax-
nast u3 HUX go6asusier He 6osee 99 py6Iieit Mesoun.
Ecan 6p1 apyrnx HOKyIOK coBceM He OBLIO, TO Ha
Joporue 6b1JI0 GbI IOTPAYEHO HE MeHee 27 COTEH, a
ciavya cocraBuaa 6ol He 6ostee 99n — MeHbIne MmoJIo-
BUHBI TOTpadenHoro. [loatomy gpyTie MOKYyIKH ecTb.
Ho torzpa y Iletu 6b110 He MeHee 2n + 1 cTopy6.eB-
KH, a MEJIOYM B KOHIE cTajso He 6obiie 997 + 99.
Bnaunt, (2n+1)50 <997+ 99, otkyma n<49. Ta-
kuM o6pas3oM, MeJo4ynm ocTaHercs He Goiee
9949 +99 <5000 py6. 3HAUUT, W MOTPAYEHO Me-
nee 5000 pyG.eii.

7. Mor.

OxaspiBaercs, mo6oit kBagpar (2N +1)x (2N +1)
6e3 yIJOBOW KJIETKH MOXHO HOJIyduTb, 2N pas
npusoxuB nedarb u3 2N + 2 wierok. IIpusemem
[IBa TpHUMepa, KOTOpble Jerko obobmaiorcs. Ha
pucynke 10, (N =4) caex mewatw oxkpauien B

a)
] 6)

Puc. 10

TeMHO-cepblii 1BeT. CABHTAs €ro BIPAaBO Ha OJHY
KJIETKY, MBI ITOCTEIIEHHO MOKPOEM cepyio 00JacTb.
PassepuyB mneuarp Ha 90°, aHAJIOrMYHO HOKPOEM
6estyio 00J1acTh.

Ha pucynke 10,6 (N =3) Kaxaplii oTnedatok
[OKPAIIEH B CBOIi I[BET.

10—11 knaaccel

1. He mosxer.

ITycth HanGoJIblIask CTeNeHb, B KOTOPOii BCTpeyaer-
¢ X, paBHa m, a HauGoJIblIAsg CTENeHb, B KOTOPOI
BCTpeyaercs y, paBHa n, s onpejaeseHHOCTH 110-
J03KUM 7 2 m. 3anuueM Muorounen P (x,y) B Buge
A(x)y" +B(x)y"_1 +..., tne A(x), B(x),.. -

MHOTOYJIEHbI OT x. IIOCKOJBKY NpH BCEX IEJbIX
0 <k <n crenenp muorounena P(ky)=A(k)y" +
+B(k)y"" +... Menbme n, o A(0)=A(1)=...
.=Am-1)=0. Y wmuorourena A(x) ectb n
Pa3IMYHbIX KOPHEil, 103TOMY €ro cTeneHb He MeHb-
nre n. Ho ona we Gosbiie m, 3naunt, m =n. llpn
9TOM ojHOUIeH X"y 3aBEeOMO BCTpevaercs B MPO-
ussegennn A (Xx)y" U He BCTPEYACTCS B OCTAJIBHBIX
npounsseacHusx, nosromy deg P (x,x)=2n.
3ameuanue. MoKHO TI0Ka3aTh, YTO yCJOBHIO 3ajla-
YU Y/IOBJETBOPAIOT BCE MHOTOYJEHDI CJIE/yIONIero
BU/Ia U TOJIBKO OHU:

Co +xy(c1 +(x-1)(y —1)(02 +...

...+(ck +((x-k)(y —k)ck+1)...))) ,

rie k — HEeOTPHUIATEIBHOE I[eJIOe UNCIO, Cg, ...,Chiq
— KOHCTaQHTBI.

2. Ilyctp 2x — anuHa ykazanubix xopj. [lo Teopeme
0 TIPOM3BEICHUN OTPE3KOB XOpa x° = AP-A'P =
=PB-B'P=CP-C’P (puc.11). Ilo o6parnoii Teo-

C

A C' B
Puc. 77

peme toukn A, A, B m B’ nexar ma opgHoii
okpyskHocTu. 3uauut, LAA'B=/ZAB'B.
Ananornuno, ZAA'C = ZAC'C , ZBB'C = ZBC'C .
CuetoBaTeIbHO,
ZAA'B = ZAB'B =180° - ZBB'C =

= 180° - ZBC'C = LAC'C = LZAA'C ,

T.e. AA" — Bpicora. Anasormuno, BB u CC’ —
BBICOTHI.

6. Ilyctp pe6pa Ky6a mapaJiieJbHBI OCSIM KOOP/IH-
HAT.

a) Pazo6beM Ky6 Ha c10M TOMMUHON 1, mapasesn-
Hble mockoctn Oxy. PaccMOTpUM TOJBKO CIHHIIBI
nanpasienuit Ox u Oy. B xaxkjom cjoe Haiijgem
MaKCHMyM YHCJIQ TaKUX CIHUIL, WAYIHX B OHOM
HampasJeHnn. TouHO Tak »Ke HaiiieM MaKCHMYyMBbI
qpcJaa CHUIL JJiE KaKIOTO CJIOsI, TMapaJsijiebHOrO
Oxz n napasneabtoro Oyz. Iycrp k — MunnMym us
67 3THX MaKCHMYyMOB.

Paccmorpum cioit K, tie makcumym paBen k. B
CJI0€ MOKHO BbIOpaTh 21— R cTpok u 2n —k croJ-
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O110B, Yepe3 KOTOPbIe He TIPOXOST CIHUIIbI crost. Ha
2
IepeceyeHut BEIOPAHHbBIX PAJAOB ecTh (2n — k)™ Ky-
2
GUMKOB, UX HPOTBIKAIOT (21— k) CIMI, HepIemHu-

kymsipupix K. Ilokpacum st (2n — k)2 cnui B
cunuii 1Bet. BoiGepem rpaup P Ky6a, HepreH/Ky-
ngpuyo ciaoo K. PaccMotpuM ciom, mapasiienb-
Hble P 1 He cojepskaiue cuHuX crull. VX poBHO k.
B kask0M TakoM cJioe MOKHO BBIOpaTh HE MeHee R
CIIMI OJHOrO HATIPABJCHHSH, BCEro He MeHee R
crmt. /lo6aBuM K HUM cuHHe criuibl. [lo usBecTHO-
My HEPaBEHCTBY,
K+ (2n - k) 2%(k+(2n—k))z = on?

6) 2n* cru.
Bergemmm B Hamem ky6e Ba MEHBIIHX Ky6a co
CTOPOHOIT 7, TIPUMBIKAIONIUX K IIPOTHBONOJIOKHBIM
BepurmHaM. OHI COCTOAT U3 27° CMHUIHBIX KyOu-
koB. [IpoTKHEM KaK/bIil BbIJICICHHDINH KyOUK TpPeMst
MepIeH/UKY/IIPHbIME criinamMu. Torja u Bce HEBbI-
JleleHHble  eIHHUYHbIe KyOMKH TOXKE IPOTKHYTBI.
3amMeTnM, YTO Ka’k[as CIHIA NPOTHIKAET POBHO 71
BbIJICJICHHBIX KYyOMKOB. 3HA4YWT, €CJIM CIHIbI BBIG-
paHbI TaK, YTO HUKAKOIl KyOWK HE IPOTKHYT JBAXK-
JIbI, TO CIIUI[ He 6oJjiee yeM w3 n=2m7 .
7. Jemma. I[Iycmv D — nexomopoe MHOXKeCmeo
pasauunblx npocmovix Oeaumedeti uucaa n. Koauve-
CMBO HAMYPALLHOIX YUCET, HE NPEBOCXOOSUUX 1L U
He Kpamuolx Hu o0nomy uucay u3 D, paeno
n H [1 - lJ .

peD P
[okazaTeabcTBO. PackpbiB cKOOKH, moydaeM (hop-
MyJly BKJIIOYEHUH-UCKII0YeHNnI.
I[Iyctb kpacubix uncen Goapme ¢(n). Torga mexo-
TOpbIe KPACHbIE YNCJIA UMEIOT € 7 OO MPOCTOil
aemutesb. Ilycts g — nambosbliee W3 TaKUX TIPO-
CTBIX U @ — KpacHoe 4ucJio, KparHoe ¢. /Lis mporu-
BOpEUNS JOCTATOYHO HAWTH pas/MYHble KpacHbIE

n
ycna b u C, CpaBHUMbBIE IO MOAYJIO —, a AJd

9TOro AOCTAaTOYHO ITOKa3aTb, 4TO (p(?’l) 6oJibIle KO-
JIn4eCTBa BO3MOJKHDBIX OCTATKOB KpaCHbIX YuCeJI

n
110 MOAYJIIO —.

[lo nemme, ¢(n)= nH[1—1J, rie D — MHOXe-
4

peD
CTBO BCeX IPOCTBIX Jle/uTesieil y n, a ykazaHHoe

KOJINn4ecTBO OCTATKOB He 60JII)LL[€ queM
n 1

2T [

quD,p>q p

ﬂOCTaTOL[HO JA0Ka3aTb, 4TO

1 n 1
n[ll1-=1]>= 1——|.
-5 T[]

P

Coxpamast Ha 7 ¥ Ha CKOOKH, B KOTOPBIX P >,

2019 /Ne12
nmoaydyaem

1_1 H 1_1 >1,

P peD, p<q P q

YTO PaBHOCUJIBHO HEPABEHCTBY

|
peD, p<q pP- 1
Omno BEPHO, IIOCKOJIbKY

qg-1=

9-1.g=2 32
T

MHCTUTYT KPUNTOTPAD®UN, CBASU U
NMHOOPMATUKN AKABEMWN dCB POCCUN

BCTYMUTEJTbHbIE SK3AMEHDI
PUN3UKA

BapuaHT 1

2. am=2=0PIM g

1. B 4 pasa.
pasa 100% RT

3. qu%:SO MKH.

2mANV1 - o
—

4. ® = Ba®cosa. =225 MkB6. 5. v =
2gh
M(M +mecos’ oc) ’

_ 6 +6m

6. v =mcoso -

.U =3B.

n+n
8. C rouxn 3pennsa nadmogarens B JICO, mBuxy-
muiicst cTepsKkeHb umeer aauny [ = 1,01/1 - 02/62,
r/le © — CKOPOCTh CTEPIKHsI, ¢ — CKOPOCTh CcBeTa. B
Toif ske JICO Ax =ov(ty—t)) u L=ov(ty—t,). Or-
cIo/la HaXOIUM

_ M(t-t)
J(t - t,) - (Ax/c)
BapuaHT 2
2s 2W

1. v=—=40mM/c.2. m=———5 =3 KI.
t / vf)+gzt2

o2
3. 1, = 05N AP 5 AL =017 A

2r

b n=NP 500 5. p o Pt GAm)
he my +my +m

n-1
k
7. vy = vf+q((p—EqJ
8 I_é_A(D/At_B(AS/At)_
) R pl p(2a + ma)
2
_ Bd0/2  Baw ~15-102 A

pa(2+m) N 20(2+m)
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MEXPETVMOHATBHASA ONTMMIMUALA LLUKONbHUKOB
HA BA3E BEAOMCTBEHHbIX OEPA30BATE/IbHbIX
OPTAHV3ALIN

MATEMATUKA

1. 36.

Jl1st KpaTtkocTn KOMaH/y BJeBO OyjeM 0603HAYATh
JI, Brpaso — 11, BBepx — B, Buu3 — H. Uto6b1 po6oT
BEPHYJICS B MCXOJHOE IOJIOXKEHUE, HEOOXOAUMO 1
JTIOCTaTOYHO, YTOOBI eMy ObLIO OTAaHo Komaua JI
CTOJIBKO 3Ke, CKOJbKO M KoMmaH[ II, a xomang B —
cToJibKO JKe, ckosbko u H. Tlycrs k —KosmdecTBo
komanj JI B nocaenosarenpnoctu. [logcunrtaem xo-
sgmdectBO Nj, HMCKOMBIX TIOCJIE/IOBATEIBbHOCTEH I
kot 0 g0 2.

«k = 0. IlocneroBaTeIbHOCTD COCTOUT TOJIBKO U3
komang B mw H. Tak kak ux TOpoBHY, TO Ha 2
MecTax u3 4 Jo/KHA ObiTh KoMaHa B, a Ha ocrtas-
muxcs AByxX — H. Bei6parb 2 Mecta 13 4 MOXXHO C}f
criocoGamu. Caezosarensio, Ny =Cj =6.

«k =1. Kasxxgas us xomanz JI, I1, B, H Bcrpeuaer-
ca B mocaejgosaresbHocTn poBHo 1 pas. YHucmo
MIEePECTAaHOBOK 13 4 371eMeHTOB paBHO 4!. Iloatomy
Ny =41=24.

«k = 2. 3neco ase JI, gse I1 u ner xomang B u H.
[IBe xoMaHAbBI JI MOXXHO pa3MecTHTb Cf crocoba-
mit. 3uauur, N, =C; =6.

Takum 06pa3oM, MCKOMOE YUCJIO MOCTEI0BATETHHO-
creit paio Ny + Ny + N, =36,

2. Ha npsmoii, IpoBeieHHOI Yepe3 /IBe PasJinyHble
toukn A u D, ormetuM Touku B u C, Kak moKa3aHo
Ha pucynke 12. Paznenum passepuyTbie yriapl ABC
u DCB (xoropble cJejiyer TpejcTaBisTh cebe or-
JIO)KEHHBIMU CHAuyaJla B BEPXHIOD, a 3aTeM U B
HUSKHIOIO TIOJIYTLIOCKOCTD OTHOCHTEIBHO IPSAMON AD)
Ha Tpu paBHble yactu. [loaydyum B pe3y/ibrate Tps-
Mble, oOpasyiomue yros 60° ¢ npsamoit AD u nepe-
cekatoruecst B Toukax K u L. Ilyctb O — Touka
nepecevenust AD u KL. Yron BKO paBeH, o4eBU/I-
"o, 30°. Pasgenus ero ma TpU 4YacTH, IOJyYUM
Tpe6GyeMbIil yTOJI.

ITocTpoeHue BBITIOJIHEHO.

3. (0,0,0), (0,1,1), (1,0,-1), (-1,-1,0)..
3ameTuM, 4TO
a-b+c=0. )
OGosmaunm A = 4x* —2x —30yz, B =25y + 5y +
+122z m C=92%-3z2- 20xy . Bpruuraa apyr us
JIPyTa 3T PABEHCTBA, MOJYYHM CHCTEMY
A-B=a(2x-62-5y-1)=0,
B-C=b(5y+4x-32+1)=0, (1)
A-C=c(1-2x-10y-32)=0.
[Tpeamosokum, 4TO BCe TPH YUCIA d, b, ¢ OTJIUIHBI
or nysa. Torpa 2x —62z-5y—-1=0, Sy +4x -3z +
+1=0 u 1-2x-10y -3z =0, 4T0 HEBO3MOKHO,
TaK Kak, CJIOXKUB 2-e PaBEeHCTBO ¢ 3-M U BbIUTA 1-€,
nosyanM 3 = 0. 3HauuT, X0Tst GbI OJ[HO M3 YNCET d,
b, ¢ paBHO HyJ0. PaccMOTPUM BO3MOKHbIE CJIydai.
1) Bee Tpu uncna a, b, ¢ pasubl HyJo. Tpoiika
a=b=c O04YeBUJHO YJOBJETBOPSIET yCJOBUSM 3a-
naun (gocTatouHo B3t x =y =2=0).
2) Cpean uuces a, b, ¢ TOJBKO JBa PAaBHbI HYJIO.
ITO HEBO3MOXKHO: €CJIN /IBAa YHCJIA PABHBI HYJIIO, TO,
coraacto (1), paBHO HYJIIO U TpETbe.
3) TombKo OJIHO U3 unces d, b, ¢ paBHO HY.JIIO.
«a=0. Torga x= -5y . U3 cucremsr (2) maxo-
quM b=c=1.
eb=0.Torma a=-c=1.
ec=0.Torma a=b=-1.
4. f(x)=x.
B ToxxzecTBe U3 yCJIOBHS 3agaun
f(a+b)-(f(a)+[(b))=2f(a) f(b)+a”+b’
€))

nosmokuM a =1, b=0. Torma
FO)-(F)+7(0))=2f(1)-f(0)+1.
Hockombky f(1)=1, naxogum
f(0)=o0. (2)

[Mososxus 3atem b =-a B (1), noxyuum, ¢ yuerom
(2), uto
f(a)-f(-a)=~a’. 3)
Haxownen, mpu b =0 Ttoxzaecto (1) (¢ yuerom
(2)) npumer sux f(a)-f(a)=a’. 3nauur, Heol-
xoaumo, utobpl f(a)=a npu a>0, tak Kak 1o
yenosuio f(x)>0 ams x>0. [anee, cormacno
(3), f(a)=a wu npu a<0. Oxomuarennbmo,
f(x)=x mms mo6oro xe R. Jlerko yGeauThes,
uto Takas f(x) AelCTBHTENBHO yIOBJIETBOPSET
tpeGoBanusam 1), 2), 3) U3 ycaoBus 3agauu.
b
V37

[okaskeM, 4to 4erblpexyroabHuk ABCD — napai-
gejorpamm. IIycrb Xy, Xy, Y, Y — OTPE3KH, Ha
KOTOpbIE IMArOHAIN JIeJISATCS MX TOUKON Iepeceye-
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B30 ¢
N\
\0
Puc. 13 A D

nua (puc.13). O6o3naunm YIOJI MEK/Ly JIaroHaJIsi-
Mu 4yepe3 o . [lo ycuoBuio TLIOMAMN TPEyroJbHU-

koB ABO m CDO paBabI, T.C.
1 . X

=— 1y sino . Orcioga — = 4 , U, CJeloBaTe/Ib-
2 Xy Y

Ho, TpeyroibHuKn BOC n AOD 1nofo6GHbI 10 1ep-

— XY, sina =
2

BOMY IPU3HAKYy 1006usi: 1Be ctopobl (X u ¥ )
tpeyrosbHuka BOC 1pONOpIHOHAIbHBI JIBYM CTO-
ponam (x, u ¥y, ) Tpeyrombuuka AOD, a yribi,
o6paszoBanubie stumu cropoHamu ( LBOC u
ZAOD), pasubl. Ilycts k= L% koappu-

X2 Y
1uentT nojio6us rpeyroabuunkos BOC u AOD. O6o-

3HauUUM uepe3 S 1omaan TpeyroabHukos ABO u
CDO (no ycaosuio S = g ). Torna Sgoc =k-S u

Siop =S/k . B urore, niomaap 4eTbpexyroibHu-
xa ABCD wmosxer ObITb TIpe/ICTaBjeHa B BUJIE:

Sapep =Saop +Scpo +Spoc + Sapo =
=25+ S[k + l) .
k

W3sBectHo, 4to g k>0 MUHHMAJbHOE 3HAYCHUE
1
BBIDKEHUS k + % jpocruraercs upn k = 1. 3unavnr,

X=Xy U Y =Yy, T.e. IUATOHATN YETBIPEXYTOb-
HUKA TOYKOW TI€pecevyeHus JEeJTCs TOMoJaM, Io-
atoMmy ABCD — mapamnenorpamm. Ero miomanb
Supcp =4S =6.

Jls1 HaXOXKJIEHUST CHHYCA YIJia MEXKIy JAUaroHaJIsi-
MH BOCIIOJIb3YeMCSI Te€M, YTO ILJIONIQJb YeThIpeX-
YTOJIbHUKA PaBHA MOJIOBUHE IPOM3BEACHUS /INAr0-
HaJell Ha CHHYC YTJIa MEX/Iy HUMHU:

2‘SABCD ( *)
AC-BD
Yro6bl HAWTU JJIMHBI AUMArOHAJIEH, BBIYUCIUM CTO-
pouy CD, sanucaB (HopMyJy I ILIOMALHN apaj-
JlesiorpamMma:

Supen =4S = AD-CD -sin ZADC =

Suapco :E'AC~BD~Sinoc=>sinoc:

4.3
= CD = 45 = 2 = 25.
AD -sin ZADC 3 2
32 1—(7()]

2019/Nel?2

Tenepn Haiiem auaronamu AC u BD mo teopeme
Kocunycos u3 tpeyroabHukoB ADC u BCD:

AC =\JAD? +CD?* -=2-AD -CD - cos ZADC =2,

BD =AD? +CD? + 2. AD -CD - cos ZADC =
=74.
HOL[CTaBI/IB HaﬁﬂCHHbIC 3HaUYeHnd B COOTHOIIEHHe

. 6
(), nomyunm sinol = — .

6. 101. V37
[Tycrp 2n+1 — xosmyecTBo 1udp B UCCICLYEMOM

yncre A =101010...101 . IIycts g =10 — ocnosa-

0 2
Hue cucreMmbl cuucaenng. Torma A=q —q° +...
2n+2 -1
Y, - PaCCMOTpI/IM CJIydyan 4Y€THOro
1

et =

1 HEYeTHOTO N.
2n+2 _ 1 2k+1 _ 1 2k+1
cn=2koa=0""=1 g
qg -1 qg-1 qg+1
Taxum o6pasom, umciao A mpejcraBieHO B BH/E
MPOM3BECHNS [BYX HEJIbIX COMHOKUTENek (1o Teo-

+1

peme besy muorounen qZk+1 +1 pesures Ge3 ocrart-
Ka Ha MHOTOWIEH ¢ 1), KaK/Ablii U3 KOTOPHIX OT-
suder ot 1. 3HAUUT, IPU YETHBIX 7 YKucjao A Tmpo-
n=2k-1=ma=-4__~1_49 —

CTbIM HE€ ABJAETCA.
2k
-1 @1 (1),

IIpu k >1 06a COMHOXKUTEJIS TI€JIbIe U OTJIUYHBI OT
1; suauut, yncao A cocraBuoe. Ocraercst yoeanTh-
¢, 4To TpH k=1 ToJy4aeTcs IPOCTOE YUCIO
A=q¢"+q¢*=101.

7. 48.

Paccmorpum mipumep. IlepeBeseM OOBIKHOBEHHYIO

2n+2 1 2k _ 1

Z[pOéb ﬁ B AECATUYHYIO. IIJIH 9TOr'o0 BbIIIOJIHUM

nenenue yromkom (puc.14). B pesyabrate maiizem

23—745 =0,123636363... = 0,12(36) . Hosyuena nerne-

puoanveckass dactb 12 u mepuon 36. O6cymnm,
movueMy HermepuoandecKas
YacTh 3/1eCh BO3HUKJIA, U T0-

o —— -34 275

KREM, SO Y APOOI 591 ¢ 975 0,12363...
Het. /lesi0 B TOM, UTO B jIecs- 650
THYHOII 3amucu Ipo6u —-o 550

275 7000
nudpa 3 nosABISgETCS BCAKMI  —
pas, KOTJa TIpH O4YepeHOM 825
JleJIeHUN Ha 275 1moJrydaercst _ 1750
octatok 100. Mbr Bugum (1 1650
HTO KJII0YEBOIT MOMeHT!), uTO [10do
3/1eCb OJINH U TOT K€ OCTATOK 825
100 paot pasauunvie yucma: EO

650 n 1750. OTKyZaa, B CBOIO
ouepe/ib, B3saUCh ot 650 1
1750? Uncao 650 moayun- ~4C 14
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JIOCh JIONUCBIBaHUEM HyJist K unciy 7; = 65 (ocrar-
Ky or genenus Ha 275 unciaa 340). 3uauwr,
107, =650 . Amnanoruuno, 107 =1750, rpge
7, =175 . Yucaa 650 u 1750 pmatorT oaMHAKOBBIE
OCTaTKU IIPHU JeJeHHH Ha 275 U3-3a TOro, 4TO UX
pPa3HoCTh Ha 275 neauTcd HalleJo:
1750 - 650 =10(r, —#)i275. Takoe BO3MOXKHO
TOJIBKO II0TOMY, uTO uuciaa 10 u 275 ne B3auMHO

npoctbl. Tenepb HOHATHO, moueMy y JApoOu 1

Herepro/IMIecKoil yacTn He OyJer: ecam # n ¥ —
9TO pa3JUuHble OCTaTKM OT Jesnenusi wa 221, To
Mpon3BeJIeHre 10(72 — 71) Ha 221 HaleJsIo He JIeJIUT-
ca (uucsio 221, B ormune ot 275, B3aUMHO TIPOCTO
¢ 10 — ocHOBaHMEM CHCTEMBI CUHCJEHHUS, MOITOMY

HCHCpI/IOﬂI/I‘{CCKOﬁ qacTu HCT) .

1

Wrax, necatuyHas 3ammch apobu 9yp MMeer TaKoii
1

BUJL E:O,(aﬂZ...an). Haiigem n. OGosnauum

A=aua,...a,. Torma ﬁ =107 A+107" - A+ ...

ITo dopmyse a1 cymmbl 6€CKOHEYHO yObIBAtOIIEit
1 A

221 10" -1

ITockosbky A — HaTypasbHOE

reoMeTpUYeCcKOil TPOrpeccuu, Or-

10" —
221

yncso, tpebyercs Haiitn (HamMenbliee) HaTypaJib-

cioja A=

HOE 7, IPU KOTOPOM 4ncsao 10" maer ocraTok 1 mpu
nesennn Ha 221.

3ameruM, uto 221 =13-17 . Boobiue, meaoe 4ucio
B (y mac B =10" ) mpu pmenennm Ha 221 maer
ocTatok 1 B TOM M TOJIBKO TOM cJiy4ae, Korjaa B mnpu
neysennn n Ha 13, m Ha 17 Takske jgaeT ocTaTok 1.
Heo6xoqumocts oueBnra. JloctaTouHOCTD:  €C/in
B=13k +1 u B=17k, +1, 10 13k =17k, | a 3Ha-
unr, uucao ki penures Ha 17, T.e. kR =17m .
TToatomy B =13-17m+1, w npu genennu na 221
JleficTBuTesIbHO ToJrydaercst ocratok 1. Haiizem te-
nepb Takue 1, 4ro uncjao 10" gaer ocrartok 1 mpu
nenennn Ha 13. PaceMoTpuM 10C/I€/10BaTENBHOCTD
b, =10" . 3aMeHUM ee 4JeHbI OCTaTKaMU OT JeJie-
nus na 13. Iomyunrea Bor uro: by =10, b, =9,
by =13, by =3, by=4, by=1,... Kaxapit noc-
JIeTYIOIIUIT YJIeH O/IHO3HAYHO OIPEIE/ISETCS MPe/Ibl-
aymwus. 3uaunt, {b,} — nepuommueckas mocsezno-
BaTeJbHOCTb, B KOTOPOIH KaXKAbLI LIeCTO 4seH pa-
Ben 1. To xe mpoxmenaem g 17. Tam exmnuie
Oyzer paBeH Kaxblii 16-it ynen. Takum o6pasom,
ocrarok 1 mpu gesenun u Ha 13, u Ha 17 nouay4urcs
mpu n =HOK(6,16) = 48 .

8. Kopabub cienyer pacrnosiokuThb Tak, 4yToObl Ha
TPEX [IyraX, Ha KOTOPbIE BEPUIMHBI KOPAOJs pa3ou-
BalOT OKPY’KHOCTDb, pacmoJarazocb mo 8, 9 m 9
Touek (He CUMTas BepIIMHbBI CAMOr0 KOPa6Jis).
Bepmmmnpr TpeyroJgbHuKa AHEU JEJSAT OKPYSKHOCTH

Ha tpu ayru. Ilyerb x, y u 26 —x —y — KoJude-
CTBO TOYEK Ha ITUX JyraxX, He CUuTas BepIINHbI
€aMoTo TPeyroJbHUKA. UTOOBI «BBICTPEN» C KOHIIA-
MU B TOYKaX R ¥ m He 3ajieJ KopalJib, Hajl0, YTOGbI
o6e 3T TOUKM JieKaslu Ha ofHol u3 ayr. Bei6parb
JIB€ pas3jMyHble TOUYKM Ha [yre, cojepskaiieil x
TOYEK, MOXKHO, OUEBU/IHO, Cﬁ crioco6amu. To ke n
JUIST OCTaJIbHBIX JyT. 3uHauut, yncao N «Gesorac-
HBIX» BBICTPEJOB paBHO cymme N = C:ﬁ +C§ +
+ Cfs,x,y . Torpa caemyronmmii BoicTpes yxxe 00si3a-
TEJIBHO <«PaHUT» KOpalb, moatomy K = N +1.
Urak, Ttpebyercst HallTU TaKue IeJble HEOTPHIA-
TeJbHbIC YHCJA X, Y, YJOBJIETBOPSIOIINE YCJOBHIO
X+ y <26, Ipu KOTOPbIX 3HaueHue N MUHHUMAJb-
HO. 3amnumeM Bblpaxenue g N B PasBepHyTOM
BH/IE!

NoX=l) oyt @6-x-y)@5-x-y)

2 2 2

PackpbIB CKOOKN 1 IIPUBE/S TTO0GHBIE, TTOJIYINM

N=ux?-x(26-y)+y*-265+325. (1)

[Tpu xaxpom duxcupoBanHoM y oT 0 10 26 Gyznem
HCKaTh TaKOE 3HAYCHKE X, YIOBJECTBOPSIOIIEE HEpa-
BEHCTBY

0<x<26-y, 2)

npu KoTopoMm 3uadenne N MuHuMaabHo. Ecim y
¢dukcuposan, To npasas yactb (1) npuHMMaer Mu-
HUMAJIbHOE 3HAUYEHUe 1pu

_26-y
x=— 3

(BepimHa mapaGoJibl, MPUHALIEKAIAs TPOMEKYT-
ky (2)). 3To0 MuHMMATbHOE 3HAYEHHE DPABHO

3 .
Zyz —13y +156 . Ono, B cBOIO ouepeab, MUHU-
MaJIbHO TIPU ¥ = 26 = 8,6 . U3z (3) Torma naxoanm

x=?. Cpeu TOYEK € 1eJAbIMH KOOPJAMHATAMU
(88), (89), (98), (9,9) — Gmmxaitmmx 1em0-
26 26) B

YICJEHHBIX COce/iell TOUKH MHHHMyMa (?’?
BBIOMPAEM Ty, KOTOPOII COOTBETCTBYET HAMMEHbIIIee
snauenue N. Jro Touku (8,9), (9,8), (9,9). Ana
mnx N =100.

9. Hampumep, A =-3362, B =2378.

3aMeTHM, 4TO eCJIM YHCJIO BUJA X + y«/i , TIE X, Y
IesIble, BO3BECTH B IeJIyI0 HEOTPUIATETIBHYIO CTe-
MeHDb 72, TO BHOBD MOJIYYHM YHCJIO TAKOTO )K€ BUJIA,
T.€. (x+y«/§)" = x4 +y1«/§, rae Xy W Y OIsTb
Ke 11esble. [lomoKuTE/IbHOE YKCIO V2 -1 , OUEeBHU/I-
HO, Menbine 1. 3HaunuT, BO3BOMAS €r0 B JOCTATOYHO
GOJIBIIYIO CTEIEHb, MOXKHO IMOJIYYHTDH YHCJIO CKOJIb
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YTroZiHoO masoe. Haiimem Takoe HaTypaJibHOE 72, 4TO

(\/E - 1)” < 0,001 . [MockoabKy (\/5 - 1) < 21 TO,

n

OYEBM/HO, JocTaToyHo B3aATh n =10, Tak Kak

N
20 = 1024 ~ 1000
J2 =1 B 10-10 cremenp. Haxoaum

(V2-1) =3-242,

(V2 - 1)4 (3- 2[) 17122,

(V2 1)’ = (17-122)' =577 - 40842,
(1) = (1] (-

= (577 - 408v2) - (3 - 242) = 3363 - 23782 .

10
Takum o6pazom, 0,999 <1- (\/5 - 1) <1, moaro-

My MOXKHO B3sATb A =-3362, B =2378.
3ameuanue. I[IpuBe/ieHHAsI B pEIIEHNN OI[CHKA OUCHb
rpy6as. Ha camom nene, yxe

(ﬁ - 1)8 =577 — 4082 = 0,000867 < 0,001 .

=0,001. Ocraercst BO3BECTH

&

Ho
7
(v2-1)" =0,002>0,001.
10. Hanpumep, z° -522-10z2-11=0.
3armiremM COOTHOUIEHNUST
7= 2 + 35y +1,

zx :xg’+3x§+x0,

zad = xg + 320 + 23
IIpaBble YacTH MOKHO yIpOCTUTH (IIPUBECTH TI0

MOJYJTIO X — Xo — 1), BOCTIOIb30BABIINCH TEM, UTO
xg =xy+1. B pesyaprare momyunm

2:x§+3x0+1,
zxy = 3x3 + 225 +1,
2x§:2x§+4x0+3.

IlepBble 1Ba paBeHCTBA MOXHO pacCMaTpUBATh Kak
cUCTeMy JIMHEHHDBIX YpaBHEHUil ¢ JBYMS HEU3BeCT-

3z-2
HBIMU X, W xo Pemus ee, naitnem x, =
z+7
2 Z -3z-1
x) = ————— . lloxctaBuB 3TH COOTHOIIEHUS B

z+7
MoCJIe/{Hee  PABEHCTBO, MOJIYYUM HCKOMOE ypaBHe-

HIE OTHOCHUTEJIBHO Z.
11. Bemonmus mpeo6pasoBaHus, MOTyINM

1 1 1 1
+ > +

8x " sinx  sin2x

3

N
sin= sin
3

3n
IIo ycnoBuio, x e O;g . CiemoBatesibHO, YKCTIA

2019/No12
%, x, 2x, 8?36 nexar Ha unTepBane (0;m). Pac-

cvorpuM GyHkumio [ (x)=—— . Ee Bropas mpo-
sin x

2cos® x 1
. 3 +—
sin®x  sinx

ana Beex x € (0;m), sHaunT, Ha STOM HHTEpBAJE

ussopuast ["(x)= MTOJIOKUTETHbHA

dyHkima BbiTyKaa BHU3. Ha koopanmHaTHOM mt0C-

OTMETUM TOUYKH A £;f =
3[8_x;f(8_x), Cluf(x)) n D((:;x;f((?;p))

KoCcTHu

3 3

(puc.15). Jlepasg 4acTh TOCHEHETO HEPABEHCTBA —
CyMMa OpJMHAT ToueK A un B miu, 4To TO XKe caMoe,

x 20 8x =
3

x
3
Puc. 15

yABOEHHAs1 opJHaTa Touku K — cepe/lMHbI 0TPE3Ka
AB. AHasoruvyHo, mpaBas 4acTb MOCJEJHEr0 Hepa-
BEHCTBA — y/IBOCHHAS OpJMHATA TOYKM M, cepe/u-
upt CD. Tlockombky [(x) BBIIyKIA BHU3, BECh
oTpe3oKk AB pacmoJiokeHn <«Bbie» orpeska CD, a
3HAYUT, opArHata Touku K 6oJibliie OpAMHATBI TOY-
xn M. HepaBeHcTBO /10Ka3aHO.

12. k=n+1 npu n>1 u k=1 pu n=1.
Ta6bmuy pasmepamu nxn Oynem o6o3navarp 1, .
OueBugno, 4to st Tabuauipl 1, MCKOMOE MaKCH-
MaJsibHOe R paBHO 3. DKCHEPUMEHTHPYS ¢ TabJuIei
T;, MOKHO 3aMeTuThb, 4t0 k =4 (HUXKe MBI JOKa-
sKeM 9T0 cTporo). CresaHHble HAGTIOLEHHST O3B0~
JISTIOT TIPE/ITOJIOKUTD, UTO JIJIST TIPOU3BOJIBHOTO 1 > 1
MakcuMaJibHOe 3HauyeHne R pasuo 7+ 1. JlokaxkeMm
ato. Ilpexze Bcero, mokaxkeM, 4To 7+ 2 €IUHUIIBI
TalJIIa CoflepsKath He MOKeT. [[JIsT aToro mpmBe-
JleM KOHTPIIpUMEp, HO CHayaja BCIIOMHHUM OIpejie-
JIEHUE TPAaHCBEPCAJN.

Tpancseepcanvio tabmuunt T, naszpiBaior Habop us n
sdeek, cojepykaimux 1, JoGbie JBe M3 KOTOPbHIX
PACIIOJIOKEHBI B PA3HBIX CTPOKAX M PA3HBIX CTOJO-
nax. JcHo, 4to ecsam Kakue-To sUeKn 06pa3oBbIBa-
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1 1 0 JIN TpaHCBepcasib, TO U I1OC-
1 1 Jie TIePECTAaHOBKU CTPOK WJIN
S CTOJIGIIOB OHU CHOBa 00pa-

0 1 3yIoT TpaHcBepcasb. Ha pu-

n + 2 eIMHUIBI 1
JIBE TpaHCBepcasu

Puc. 16

cyuke 16 msoGpaxkena Tta6-
JAIa XN ¢ n+2 eluHu-
I[aMU, PACIIOJIOXKEHHBIMI HA
[JIABHOW /IMAarOHa/M, a TaK-
’Ke B Tabumie 2X2 B JIeBOM BepxHeM yriy. Takas
TabInIa COJEPKUT J(Be TpaHCBepcaan. B To xe
BpeMs Tal/uIa, y KOTOpPOH Bce 1 JieskaT Ha MK
BbIIIE TTIOOOYHON AMATrOHAJIHN, COJAEpKHUT He Oosee
OJIHOIl TpaHCBepcasau. 3HAUUT, K TpeGyeMOMy B
3ajjaue BULy TaOJIUIA HA PHCYHKe MpHUBe/eHa ObITh
e Moxker. IToatomy k<n+1.

[Tokaxxem, 4To 7 +1 €AMHHIY BCeTr/la MOXKHO IIepe-
HecTHn Ha 1O0G0YHYIO JMaroHa b Win Bbiie. lrtak,
nana tabmuna 1, , cogepxkamas 0 < k<n+1 emu-
. B rakoit tabsmie 06s13aTebHO €CThb CTPOKa
WUJIM POBHO C OJHON 1, MM He cojiepsKalieil e[mHuIl
BoBce. PaccMoTpuM aTn ciarydan.

«B rtabmume T, ectb cTpoka, cojepkamasi poBHO
oxny 1. IloctaBuUM 3Ty CTPOKY Ha IOCJIE/HEE MECTO.
3ateM, TIepecTaBJIsIs CTOIOIBI, TIePEMECTHM 3T €/IIH-
crBennyio 1 B Kpaiinuii siesbrii cronGen (puc.17).

*
Tn = . Tn_l
0..010 ... 0 *
100 ... 0 ... 0
Puc 17

« B tabmute T, ectb cTpOKa, COMEpPIKAIIAS TOJBKO
uysu. ITocTaBuM 3Ty CTPOKY Ha TIOCJTIE/HEE MECTO.
TlepecraBisiss cToOJIGIbI, celaeM Tak, 4To6 B Kpaii-
HeM JIeBOM CTOJiOIe ObljJa XOTh OJHAa eJqUHUIa
(puc.18).

*
1
Tn ; Tn—i
0...000...0 *
0...000 ...0
Puc. 18

B kaxjom ciydae mojydena nograbmuna T,
cojiep:kaliias, 1o Kpaiineil mepe, Ha ogumy 1 MeHb-
me, yem Tabmmia T, . C Tabmmieii 7, , MOXXHO
BBINIOJIHNTD aHAJIOTHYHBbIE Ipeo6pasoBaHus. B pe-
3yJpTate 3a 1 — 2 mmara npuiaem K taémauie T, , st
KOTOpOIl y’ke ycTaHOBJeHO, 4To k=3 . Dopmy.sa

k=n+1 jgokasana.

OUN3NKA
9 knacc
rzﬂ:1,4MM.2. n=iz.
4nc (k-1)
3. S=£:1,28-10’3 M2 =12,8 cm? .
EAL

H
4. h= ?Sin2 o (cxopocts Karsmerocst o6pyda B

KOHI[€ HAKJOHHOH ILJIOCKOCTH paBHa gH n Ha-

[paBJIeHa MO/ YIJIOM O K FOPU3OHTY).

S. A:ﬂ 2_1 1— I
2 T,

1 2
paBHa IIONIA/IM TPEYTOJAbHUKA 123).

(pabora umcaeHHo

10 knacc
1. P=2ond =7,2-10° H. 2. Ad =0 -7 =-20.
M pld(6-m)’
2 2
(m+M) (24m +pa’ (6 - n))
HOJIbSyfITer 3aKOHaMM COXPaHEHUA SHEPTUNU U UM-

3. h= (Boc-

yJIbca).

4o v =nnd* (v ) . 5. g =CR(I +1,).

OTH

1. T=2n/M—A.
mg

71 knacc

m, 1 p1po (1=coso

25 3 Em =%)=1,35-106 Tk .
3. [1=l G _ 92 4.I=£-
R\ C, G, 3r

5. 4RO ) _T
2\ T T,
MATEMATUKA
N KPUNTOTPADUNSA

1. 1. 2. JIEMMA. 3. 3a 5 X0/08B.
n(n+1)

4. 5

6. 15 maxkaruii; mapoam MOXHO Iepebuparb, Ha-

npumep, B TakoM nopszake: 0111, 0011, 1011, 1001,

1101, 0101, 0001, 0000, 0100, 1100, 1000, 1010,

0010, 0110, 1110.

7. A =225, B =1521; A, =5929, B, =7225;

Az =104329 , B; =105625 .

8. a) (3): (7,10, 9, 2, 8); 6) na.

9. Hanpuwmep, (2, 1, 69).

10. [Tepe6opoM 3HAUEHMII TIPOCTOTO YHCIA P MOKHO

II0Ka3aTb, 4TO p = 3 — eAUHCTBEHHO BO3MOXKHDII

BapuanT. Ho Torzma p4 +8 =89 — mpocroe 4ucJo.

2. 5. OBPETEHHUE.
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Ne sxypuana c.
IMamstu B.T.Boarsinckoro S 17
IMamaru M.H.Karanosa 8§ 2
Crareu o marematuke
I'.H.Boponoii u reomerpusi ymuceJ.

H./Tor6unrun 1 12
Erunerckune npobu. C.Kysueyos 12 10
3anaun o okycHHKax u TeopeMbl XO0JIa u

[Iiepuepa. A.2¢nun 2 14
Kaprorpadusa n xpususna. H.Taiinanos 9 9
My napertipl, Koamakn u apudmeTnka KoHeu-

upix tnoseit. C.Ipubox 4 5
Opna 3azavya o packpacke. A.Pauizopoockuii 8 15
O xBagparnuHbIX BblueTax. E.Cmupnos 10 2
O TOYHBIX CTETEHSX M He TOJIBbKO.

A.Kopuescxuii 6 2
ITpsamoyronsuux u3 xkBaaparos. D.Illapos 3 10
Craructuka aspika. A.[lTunepcku 11 9
DJleMeHTapHOe JI0KA3aTeIbCTBO 3aKOHA

6ospimx uncen. /. Hubucoe > 10
IO6ueit Teopempr Paiickoro. A.Pomanos 7 10
Cratbu o ¢ghusnke
Berpy u comniy nascrpeuy. A. Muneee 9 2
JI.V1.MennenieeB u mepnoindeckasi crucre-

Ma ajeMeHToB. JI. benonyxos S 2
3ByK B KocMoce. BosmoxHno s a10?

U.Ecunos 11 2
Ha mepexpectke ujieii: ucropusi OTKPBITUS

MarHUTHOTO pe3oHanca. B.IImywenko 12 2
O6mpsatp nHeoObsTHOE, nian Ee npellogobue

Pasmepnocts. FO.Bpyx, A.Cmacenoxo 2 2
Ierp Jleonnposnu Kanuna. JI.Geaonyxos 1 2
IloBepxHOCTHOE HATSKEHHUE W TeMIepaTypa.

C.Bapaamoe 6 8
IIpemus 3a asepHble HHCTPYMEHTDI.

JI.Benonyxos 3 2
IIpospaunoe n Henpospaunoe. JI. Awxunasu 8 10
IIpospaunoe u menpospaunoe (oxonuanue).

J. Aukunasu 10 11
CHUMMETpHUSI B HECUMMETPHYHOI BCEJIEHHOI

Anppesa Caxaposa. I.Iopeaux 7 2
Y auBJieHne, MOHUMAaHNe, BOCXHIIEHIE.

M.Kazanos 8 2
Uucsentple 3HAYEHUS: 3a4eM U 1104eMy OHU

HYKHBL. JI. Awkunasu 4 2
Maremaruyeckni mup
O Bparntennu orpeska. B.boamsanckuil S 17
3ana4yHnk «KBaHTa»

Sagaun M2542-M2589, d2549-D2596 1-12
Pemennsa zagau M2530 — M2577,

D2537 — D2584 1-12
BoicoTbl TpeyrosibHuKa 1 O6GPATHDL XO/.

11. Kosxeenuxoe 1 29

Ne sxypuana  c.

OO6 o/HOIl OPTOLEHTPUUECKON UeTBEpKe.

A.3acrascxuii 7 20
Psap umces, 06paTHBIX K ITPOCTHIM.

B.Bpazun 5 30
Cocraubie jecenkn. K.Koxaco 8 29

«KBaHT» [/11 MAIa[LINX LUKOJIbHUKOB
3amaun
CTaTbW No MaTemMaTuke

Jlo6pbinst n Ky4a kamueil. B. Kaenyvin 1 35
3aMKHYTbIE CaMOIIEPECEKAIOIINECs JIOMAHbIE.

A.Baunxos, A.Ipubanxo 10 26
[Tepumerp u TIOMAML HA KJIETOUYKAX

E.Baxaes 12 19
UeM Kpyr oTJIMUaeTcss OT KBajpara?

C.Boauénkos 4 23
UTo He Tak ¢ 1epecTaHoOBKOIl cJlaraeMbiX.

K.Koxacv 6 10
XXV Typuup mareMatinyecKux G0eB UMEHU

A.T1.CaBuna 8 37
Ctatbwn no dulnke
Kiosera ¢ Bopoit B oeane. C./lsopsanunos 8 36
JleBas, npaBas — rje cTopoHa?

C./lsopanunos 3 26
Uto Takoe TEMJIOTPOBOIHOCTD.

C./lsopanunos 2 30
Korkypc nmenn A.fl.CasnHa
3ajaun 1—4, 9—12
Urorn xoukypca 2018 /19 yueGuoro roga 3 40
Kanevigockon «KBaHta»
MaTemaTtnka
3aMoIeHusT mapasiesodpaMn 1 32
Korma ofnH oTpesok paBeH cymMMe JBYX

JIPYTHX 4 «
YTaKoBKY W MOKPBITUS 8 «
dusnka
O®usnka+rexnnka (Marepuaibr) 3 32
®usuka+rexnuka (opysxue) 10 «
®usuka+rexnuka (Ipuéopn) 11 «
Ousnka+rexnnka (CTPOUTETBCTBO) 2 <«
®usukatrexnuka (rpancnoprabie 3agaun) 6«
®usukatrexnuka (sHepreruka) 7 «

Llikona B «KBaHTe»

MaTtemaTuka

AJroput™ BbIUncIeHHs octaTkoB. B.loaybes 2 35
TpeyroapbHuk n KJaccudyeckne HePaBEeHCTBA.

B./Ipo3sdos 8 40
dnsnka
TFocriogma Besmknit Kocunyc. A.Cmacenxo 1 39
[lpama B o6sakax. A.Cmacenxo 4 28
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No sxypuana

3avem mrommTh 3epra, win O MIOTHOCTH
notokoB. A.Cmacenxo 11

Kode ¢ axcnonentamu. A.Cmacenxo 7

Jlenganas cocyibKa W KOCMUYECKHI TPOC.
A.Cmacenxo 9

Qusnyeckmii pakyneraTus

JIvem Bopy... C./lsopsinunos 10
O jmHe TpaeKTOpHH GaJIMCTHYECKOTO
asuwxenus. D.Ipuzopves 3

Ot mysbIpbKa /10 YepHbIX Ablp. A.Cmacenxo 6
TTepuosi aHrapMOHMYECKUX KOJICGAHUIA.

D.I'puzopves 8
[Ipuniun cyneprnosunuu B 3JeKTPOCTATHKE.
B.Kprioxkos B
Camoe TIpaBUJIbHOE YPAaBHEHUE JNHAMUKH.
A.Cmacemnxo 12
Uro takoe ¢azosbiit moprper. B.Cozo6ves,
C./lsopsanunos 11
Yro takoe hasosbiii moprper (okoHuaHue).
B.Conosves, C./lsopanunos 12

Matemartudeckuii KpyxoKk

bBeckoneunocts — ne npezpen. dD.Hockoe 8
Bokpyr oprorpeyrombnuka. 1. Cepzees,
A.Casenvesa 6
Tne cupsranca Hum? U. Konwviios 4
JlmaroHasTp KJIeT4aToro IpsMOYTOJbHHKA.
E.Baxaes >
Eme pas o mosynpaBuibHbBIX MHOTOTDAHHU-
kax. C.Kysneyos 3
M3oronasbHOE COTIPSKEHHUE B YETBIPEXYTOJIb-
uuke. A.Ymxun 2

Merto/ mepepacipesiesieHnst 3apsiioB.
E.Baxaes, A.llonauckuu, I'.Yeanoxos 12
Muorokparnast jemma XoJula B 3a/[a4aX

npo myzapenoB. M.IIlesyosa 7
IIpunecure eme nuan! K. Koxaco 11
Touka Haresst n OKpy»KHOCTH TISITH TOYEK.

H.Bamxumn 9
Touka Haresist 1 pasHOCTHbBIN TPEYTOJIbHUK.

C.Apymionsan 9
YTo He Tak ¢ yraJbplBaHUeM IILIAN?

K.Koxaco 11

Jlaboparopus «KBaHTa»
Ormpit 1o Tamunero. M. Cmapuwos 4

Hawm HabrnogeHus
Kyna nyer Berep? 12
lpakTukym abutypueHTa

dursnka

3aKOHbI OTPAIKEHUS M MIPEJOMJICHHST CBETA.
A.Yepnoyuan 1

C.

27
25

23

29

23
21

42

41

24

29

27

40

26
31

35

29

37

31

27
37

25

30

35

26

30

42

Ne sxypuana

Uccnenyem chepy IKCIIO-2017.

B.Myxywes, A.Typoun 3
OTHOCHUTEJIHOCTD JABUIKEHHS B 3a/1aUax

munamukn. A. Yeproyuan 4
OTHOCHTEJILHOCTD JBIKEHHS B 3ajlauax

xunematuku. A. Yepnoyuan 2
Onumnnags!
Beepoccuiickas ommMnaga mo (usnke

nmenn /»x.K.Maxkcsesia S
EBpomneiickasg MaTemaTuuecKas OJHMIIHAJA

JUISL JIEBYIIIEK 4

3axJrountesnbHblit aTan XLV Beepoccniickoit
OJIMMITNA/IBI MIKOJBHUKOB 110 MaTeMaTuke 7
3akmounresbhbiit atan LIIT Beepocceniickoit

OJINMITHA/IBI TITKOJIBHIKOB 110 (PU3nKe 7
LX MexaynapogHast MaTeMaTHYecKas OJIIM-

nmmaja 10
L Mexaynapoanas dusmueckast oJMMITH-

aza 10
LXXXII MockoBckasi MaTeMaTmaecKast

OJINMITN A/ S5
MockoBckast ¢puanueckast OJMUMIINAA KO-

mukoB 2019 rojza 4
Mynununanabibiit atan LIIT Beepocceuniickoit

OJINMIINA/bI IITKOJIBHUKOB 110 (PU3UKe 2

Pernonanpnpiit atan XLV Beepocceniickoit
OJIUMITUA/IBI TTKOJBHIUKOB 110 MaTeMatuke 3
Pernonaspubriii atan LIII Beepoccuiickoit

OJIUMITHA/IBI TITKOJIBHUKOB 10 (PU3NKe 3
XL Typuup ropozioB. 3ajaun BECEHHETO

Typa 5
XL Typuup roposioB. 3ajauil OCEHHETO Typa

(2018 ron) 1
XLI Typuup roposos. 3ajgaull OCEHHETO

Typa 12
IK3aMeHaLNOHHbIE MaTepUasibl
EI'D no ¢usnke 9
WuxenepHasg ommMnaia MKOJHbHUKOB 11
WuctutyT xpunrtorpadun, cBsa3u u mHPOp-

matukn Axajgemun OCBH Poccun 12

MoOCKOBCKII TOCYZapCTBEHHbIH TeXHIIeC-
kuii yauBepcuter umenn H.9.Baymana 7
MocKOBCK1iT TOCYZIapCTBEHHbIN YHUBEPCH-

ter umernn M.B.J/lomonocoBa. Dusnka 9
Hanmonasnbublil nccsenoBareibckuil yHuBep-
curer «<MUIT» 6
HoBocubupckuii rocy1apcTBeHublil yHuBep-
cuTer 11
Omumnuaga «JIoMmonocos». MDusnka 3
Oummmmasia «IToxopu BopoGoeBbr ropst!»
Ddusnka 8
Canxr-Ilerep6Oyprexuit rocyapcTBeHHbIIH
yausepcutet [lerpa Besmmkoro 10

34

40

43

49

56

40

43

31

35

47

47

50

40

42

45

50

34

34
52

36

48

42

35

41
48

48

44
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Dusnko-MareMaTHueCcKast OJIMMIINA/IA

«Dusrex»

Ungpopmavns
[lnu pusuku B [y6ne

KBAHT

No sxypnana  c.

9 44

6 33

3aounas PU3NKO-TeXHUYECKas IIKOJA [IPH

MO®OTU

1 52

3aouHas (bHBHKO-TeXHH‘JECKaH HIIKOJIa TIpu

MOTU
3aounag mrkoaa CYHIL HT'Y
Ouepeanoit naop B B3MIII

Ham iyt

HeMHOTO 0 MIKOJBHOI KMHEMATHKe

PasbickuBaercs. .. TparenuAa

quprbMﬂ Ppas/iIniHbIMU crioco6amu

12 42
7 35
2 55

2 28
3 53
6 32

CBasb pasbuenus TpeyroibHUKa ¢ (HOPMYIOi

KBa/lpaTa CyMMBbI U ee 0000IIeHIe

BHUMaHUIO Halmx yuraresne!

Konnekywus ronososmnomok

byksa H

Bosmymnble 3Men 1 JOMIHO
Wrpa B npsarku

Ky6uku u3 momyxy6nKos
Ky6ukoB mMaso He ObiBaer
OpnaHaIAaTh Apy3eil Xupuia
IlenTaaponbl

Pemerrka Ha Ky6e
Cumdonns cummerpun
Cobepu npy3eit

Tpu B ogHOM

Ilects T

LllaxmartHas cTpaHn4ka

I'pan-ipun B8 Mockse

Kpacora punamuuHoi urpbl
Ky6ox mupa ®U/E 2019
Mucrep 100

MockBu4n atakyior

Ha maxmaTHbIX 10J155X MOCKBbI
Ilemeunprit mrypm

ITo6er xopous

IIpenmyriecTBo ABYX CJIOHOB
CrapouH/IUiCKIiI KOHb

6
5
8
7
10

8 38

59,64
34
14,28
30
16
64
64
21,64
10 30
11 8,16
12 33

S ONGRWN =

2-9 €.0071
<«
«
«
<«
«
«
<«
«
«
<«
«

4-s1 ¢.00J1.

<«
<«
<«
<«

<«
<«
<«

2019/Nel?2

Ne sxypuana  c.
Yposkaiinpiit Mapt B <«
YemnmoHCKas Urpa 6 <«

lporynku ¢ ¢pusmkon
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IMMAXMATHAA CTPAHNUUKA

MOCKBVI‘-IM
ATAKYIOT

CeroHANTHIII BBITTYCK MBI TIO-
CBATUM TBOPYECKHUM JIOCTHKEHU-
SIM  BOCIIUTAHHUKOB MOCKOBCKHX
MIAXMATHBIX [IKOJI, CBIIPABIINX
pan spxux mapTtuii ocenbio 2019
roga. OcoGeHHO OTIMYUICS Jeii-
CTBYIOIIUIT 4eMITHOH MHpPa 10 Obl-
crppiM mraxmaram  [lanunn [ly-
00B, BJIOXHOBEHHAs] WIpa KOTO-
poro momorya c6opHoil Poccun
3aBOEBATb THUTYJ 4eMinunoHa EB-
POTIbI.

O.0y6oB - P.CBaHe

Batymn, 2019

1.c4e62. 2c3d53.d4 Af6
4. 2f3 4e7 5. &4 0-0 6. 3 b6
7. ¥c2 4 a6 8. 0-0-0. Muorue
IPOCCMENCTEPDI MPE/ITOYUTAIOT 8.
Qed, oaHako OeJible HAMEPEHDI
urpatb Hactosimii ramout. 8...
dc9. 2g5 Ac610. a3 g6 11. h4
%d612. g3 We7 13. h5 e5 14. hg
hg 15. &L.g2 ef 16. Lc6 fg 17.
©2b1 Zad8 18. f4?! Usnmmusas
arpeccust. ITocre 18. fg y Gembix
JIBE OTKPBITbIE JUHUH HA KOPO-
JeBCKOM (anre ¢ KOM(OPTHOI
A5 atakn nosuimeii. 18... £c8
19. Bdel %2g7! 20. Ad5!? Yep-
HBIM YQJIOCh KOHCOJUANPOBATD
MO3UINIO, TOITOMY 3JIECh arpec-
CHS yoKe TIPAKTHYEeCKU BBIHYK/le-
Ha. 20...Ad5 21. Eh7+ 2g8 22,
Bf7 2f7? Ilocse Ttounoro 22...
Ac3+23. M3 Bf7 24, Ld5 Edf8
25. Mc4 ® g7 yepHbIC YCIIENIHO
or6uBasu ataxy. 23. ¥ g6+ % {8
24. % h6+ 2 g725. &d5 2e8?!
Emie oxana HETOYHOCTH: uepHble
VIIyCKAIOT BO3MOKHOCTb AKTHUBU-
3MPOBATD CJIOHA TIOCJIE TPOMEXKY-
Tounoro maxa: 25... & 5+ 26. e4
2 e8.26. ¥ h5+ % d727. ¥ h3+
®e8 28. Wh3+ 2d7 29. Heb+.
KuoueBoit moment mapTtuu. B
060I0/THOM I[EHITHOTE YepHble He
noBepusi 6eJibiM, PENIUB COXpa-
HUTb MaTepHaJbHOE IIPEHMYIIle-
CTBO, paCIIaTOH 3a YTO CTaHET
(opcuposannbrii mat. Heo6xou-
MO ObL10 oTaTh hepast: 29... W e6

8 =|

30. Qe6 ® 6 c 06010IHBIMU IIAH-
camu. 29... 2 c6 30. ¥ 3+ 2 b5
31. & c4+ 2a532. ®d5+ L c5
33. b4+ 2 a4 34. ¥ g2! & b4 35.
¥ c6+ ®a3 36. & b3! Pemaro-
mas >KeprBa, MaT Heu30erkeH.
36...8d7 37. ¥c1+ ©b3 38.
¥e2+ ®a3d 39, Wa2x,

N.Bbeppe - A.0y60B

Batymu, 2019

1.ede52. 2f3 Ac63. & bS5
a6 4. La4 Af6 5. 0-0 £ e7 6.
Hel b5 7. £ b3 0-0 8. a4 d5!?
CMeJias skepTBa B [yXe KOHTpaTa-
ku Mapmamaa. 9. ed 4ad 10.
Qe5 Ab3 11.cb £ b7 12. & c6
& c613. dc &c5 14. d3 (caeno-
BaJIO TNPOJIOJDKUTL pasButue 14.
d4 & d4 15. ac3) 14... & 2+
15. 212 W d4+ 16. & e3? Ilep-
Bast U Cpasdy pemraorias onmoxa,
CJIeIoBaJIO BBIOPATD J1I060€ U3 OT-
crymiaenuit koposiem. 16... Ag4+
17. 213 Ae3 18. Be3. Kpacno-
peunBas MO3UIUs: y GeJIbIX JUII-
HUIl KOHb, OJIHAKO N3-32 HEPA3BU-
toctn Guryp ¢epsesoro Qanra
OHU OOpEYEHDI.

] ie
i idi

E

8 ED
Bd W

18... % ae8 19. He2 W6+ 20.
©g3 g5 21. Bf2 Wd6+ 22.
©2h3 W h6+ 23. 2g4 W hi+.
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BBuay HenmsOeKHBIX MaTepuasib-
HBIX [0TEPh OeJble CAATUCH.

B oktsa6pe 2019 r. Ha ocTpoBe
Mo npormes typuup Grand Swiss,
coOpaBiinii HanboJiee CHUJIbHBII
cocTaB B McTOpHM Inaxmar. Bo
BTOPOM Type MOCKOBCKOMY I'DOC-
cMeiicrepy Esrennio Haepy yna-
JIOCH TIPOBECTH Pe3yJIbTAaTHBHYIO
araky Ha B.Amnanna.

E.Haep — B.AHaHp,

o. MsH, 2019

1. d4 Af6 2. c4 e6 3. 2 c3
L b44.e30-05. £.d2d56.4f3
b67. Bcl £ b78.cded9. £ d3
£¢e710.0-0 2bd7 11. Qe5 e
(nagexxnee 11...c5 12. f4 Ae4)
12.de 2d713.f4 Ac514. & b1
d4 15. 2b> d3 16. 2 d4 a5 17.
Wg4 g6 18. f5 Aed 19. Ld3
A d2 20. fg fg.
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21. £ g6! 2h822. &h7! Kiac-
CUYECKUl TIpUMep pas3pyrraioniei
JKEPTBBI: YHUUTOXKUB TIETIECIHOE
MIPUKPBITHE KOPOJIst, Gesible TOJTy-
YaloT pelraoliee MPeuMyIIeCTBO.
22, Ef1+(22... % h7 23. &f5)
23. Bf1 £ g524. A5 W d325.
Bel L e3+ 26. 2hi1 £ h6 27.
¥ g6? EcrecTBenubIii, HO omrm-
GOUHDBIN XOJ, JAIONINH YEePHBIM
HIaHCHI Ha criacenne. ITpaBUIIbHO
27. £ g6!27... 4 g2+4128. 2g2
W d5+? OrtBernag ommbKa, Be-
aymas kK mopaskenmio. Crmacaso
28... W f3+1 29, 2gl Wf4cyr-
posoii Buku c f3.29. 2 h3 W d3+
(29... W 3+ 30. @ g3) 30. 2 h4.
Ot ciemyiomero Imaxa KOPOJb
crpstyercst Ha hd, 1moaToMy 4ep-
HblE€ CAAJHUCH.

A.Pycanoe
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Mo>KHO AV NO ®OTOrPA®UN BETKMU,
NOKPLITON N3MOPO3bLIO, YCTAHOBUTb
HANPABAEHUE BETPA?
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