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Konnekumda ro1oBoJ1I0MOK

Puc.1

«ba3oBbl» BapnaHT 3TOM rofIOBOMIOMKN, KOTO-
pbIl MOXXHO HaWTW B MarasuHax, COCTOUT 13
BOCbMW [JeTanen: OBYyX KPYyroB W LWeCTH
YeTbIPEXYroNbHUKOB (PUONETOBbLIE HA PUCYH-
Ke 1). 13 HUX HY>XHO CNoXuTb pUrypku gep-
XalMxcs 3a pyku YerioBeyKoB, MoKasaHHbIe
crieBa Ha pUCyHKe 2.

M3roToBuTb AeTanm MOXHO 13 Bymaru, kap-
TOHa, baHepbl WNM nnactuka. BaxHo co-
6nogate NWWb OTHOCWUTEMbHbIE pa3Mepbl
YeTbIPEXYroNbHUKOB, MOCKOSbKY OYeBUAHO,
YTO KPYrM HYXXHO WUCMNoMb30BaTb NS ronos
yenose4vkoB. [lpu pelleHUn TronoBOMOMKM
AeTann MOXHO NoBopaymBaTh U Nepesopayn-
BaTb KakK yrogHo.

C atum xe HabopoM YETbIPEXYTONbHMKOB
MOXHO nNpuaymatb 1 gpyrue 3agaHus. Hanpu-
mMep, nonpobynTe CrOXWUTb U3 HUX CUMMET-
PYYHYi0 courypy.

A ecnv [o6aBuTb K geTansm ronoBorIOMKU
elle 4veTblpe MHOroyroribHMKa (3erneHble Ha
pUCYHKe 1) U OOUH KPYr, TO MOXHO COCTaBUTb
TPex YerioBeYvKOB, MOKasaHHbIX crpaBa Ha
puycyHke 2. OTAernbHO 13 3TOro pacLUMPEHHOro
Habopa MHOroyronbHMKOB, KCTaTH, MOXHO eLLle
W KBagpar CRoXuTb.

>Keraem ycnexoB B peLUeHUN BCEX ITUX
3agauv!

B.>Kypaenes

Puc.2
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[ lpemMmna 3a nasepHole
MHCTPYMEHTHI

JI1.BEJIONYXOB

OBEJIEBCKA{A IMTPEMUA 110 ®U3UNKE

2018 roma — aTo yke mATasg TpEMUS,
MIpHUCY’K/IeHHAs 3a M300peTeHne W yCOBep-
IIEHCTBOBaHME JIa3ePOB M UX IIPUMEHEHHE B
Pa3HbIX 00JACTSIX HAYKH.

[lepBass mpemust Oblja NPUCYKIEHA <32
(pyHmamerTaNIbHBIC UCCTEIOBAHNS B 00IaCTH
KBAaHTOBON 3JIEKTPOHUKH, KOTOPbIE TTPUBEJN
K CO3/ITaHUIO TEHEPATOPOB U YCUJIUTEEH HO-
BOTO TUIIA — Ma3epoB U Ja3epoBs . Jlaypeata-
M 5TOM IIpeMuH cTaan poccuiickue (coserc-
kue) pusuxu A.M.IIpoxopos u H.T'.Bacos,
pasjieJIuBIINE ee ¢ AMEPUKAHCKIM (PU3UKOM
Y.Tayncom. C Tex 10p CJI0BO «Ja3ep» CTAI0
00611eyToTpe6UTebHBIM Ha3BAHUEM OUYEHb
Y3€HbKOT'0 CBETOBOIO JIyda CaMOT'0 Pa3JIN4HO-
ro 1BeTa. A caMO YCTPOWMCTBO HMCTOYHUKA
3TOTO JIy4a yKe Majio KoMy uHTepecHo. Tod-
HO TaK K€ MOYTH BCEM TMOJb30BATEJISIM KOM-
MBIOTEPOB M BCEBO3MOKHBIX Ta/PKETOB CO-
BCEM HEWHTEPECHO, YTO TaM y HUX BHYTPHU 1
Kak oHu paboTaioT.

A mexay tem usobperenue Jazepo (n
Ma3epoB) CTaJI0 He TOJIbKO SMOXaJbHBIM J10-

DOI: https://doi.org/10.4213/kvant20190301

cTikeHneM Haykn XX Beka. OHO 6imcTa-
TEJIHHO YTBEPAMJIO KBAHTOBBIE TIPE/ICTaBJIe-
HUS 06 U3JTyYEeHNT, TIEPEBEPHYBIINE KJIACCH-
yeckyto dusuky. Hemapom Tteopermueckoe
000CHOBaHIE JTa3epOB OBLIO CIEJAHO BEJH-
KkuM JitnimreitnoM ente B 1917 romy — To10KO0
YTO MUHOBAJIO CTOJIETHE 3TOTr0 coObIThsA. CI0-
Ba «Jla3zep» M <«Masep» elle He POJIUJINCDH
torga. Ho To, 4To ycTaHoBmJ OWHINITEHH,
«CHJIUT» B 3TUX HA3BAHUAX — 3TO TPEThS U
yeTBepTast GYKBBI 3 U €. A B JIATUHUIIE 3TO §
u e, nepsbie OyKBbI TepMmuna stimulated
emission, BBeJICHHOTO B KBAHTOBYIO (DU3UKY
OUHIITEITHOM.

WM 6BIIO yCTAaHOBJIEHO, YTO KOJIJICKTUBDI
B030Y:K/1IeHHbIX acTull (ITpesk/ie BCero, ato-
MOB U MOJIEKYJI), CTPEMSCh TIEPEiTH B HOP-
ManpHoe (¢ MUHHMAIbHO BO3MOXKHOIL SHEp-
rueii) cocTostHue, U3JIy4YaloT AByMs Criocoba-
mu. OQuH M3 HUX — KOrjAa BO36Y:KIeHHAs
YacTUIlA M3JIydaeT He3aBUCHMO OT HAJTUYUS
TaKuX JKe coceHUX vactuil. Hayuno BbIpa-
JKasich, TJIOTHOCTH BEPOSITHOCTU BO3Bpallie-
HUA ee B HOpMaJbHOe cocTosgune (T.e. Bepo-
ATHOCTD B €/IMHUILy BPEMEHN) 3aBUCHT TOJIb-
KO OT CBOMCTB caMoii yacTuibl (ee 2J1eKTPoH-




NPEMUA 3A JASBEPHBIE MHCTPYMEHTBHI

Aptyp SiwkuH, Xepap Mypy v [JoHHa CTpukneHa

HOUl oGosouku). Takoe ua/ydeHne OifHii-
TeiiH Ha3BaJ CIIOHTaHHBIM (CaMOTIPOU3BOJIb-
HbiM). Kose6aHusi 51eKTPUYECKOTO W Mar-
HUTHOTO TOJISI B KQ3K/[OM KBAHTE 3TOTO U3JIY-
YEeHUSI COBEPIICHHO He COIJIACOBAHBI Y pas-
HBIX YacTHUIl HU 110 (pase, HU IO HATIpaBJIe-
Huto. MU3NKKN HA3LIBAIOT TAaKUE UCTOUHHKU
U3JIyuYeHUs] HeKOTePEeHTHBIMHU.

Ho must Toro 4to6bI 06 BACHUTD TIIAHKOBC-
KMiT 3aKOH TeIJIOBOTO U3JIyYeHUs 1 ero FUI0-
Te3y O KBAHTOBAHHOCTH SHEPTHU KOJIEOJIIO-
IMUXCST YACTHUI] BEIIECTBA, HEOOXOIIMO TIPE/I-
IMOJIOKUTD, KaK 3asBUJ DUHINTEHH, HAJIM4Yne
elie O/HOTO BUIA WU3JIyUeHUs, ILJIOTHOCTDb
BEPOSATHOCTH KOTOPOTO TIPOTOPIIMOHAIbHA
IIJIOTHOCTY SHEPIUU YiKe UMEIOLerocs U3JIy-
YEeHUs TAKOIl JKe 4acTOThI, KaK Obl 3aCTaBJISI-
I0II[ETO, BBIHYSK/IAIONET0 YACTUIY U3JIyUUTh.
ITy 4YacTb u3JIydeHHs OUHINTEHH HaszBas
CTUMYJIMPOBAHHBIM (BBIHYKIEHHBIM) H3JIY-
yeHueM. Y BCEX KBAHTOB TaKOTO M3Jy4YeHUs
XapaxkTep KOJIeOGaHUSA TMOoJel COBEPIIEHHO
OJIMHAKOB — OHO COIJIACOBAHHOE, KOIepeHT-
Hoe.

B o6biuroM (paBHOBECHOM) COCTOSIHUU
BellecTBa J10JIs1 TAKOIO COIJIACOBAHHOIO U3-
JlyuyeHUs MaJla, OCHOBHOE M3JIydeHKe — CaMo-
mponsBosbHOE. [Ipm atoM Goabimoe dnciIo
BO30Y>K/IEHHDBIX YACTHIL YCIIEBAET BEPHYTHCS
B HOPMAaJIbHOE COCTOSIHHE U UUCJIO YACTHIl B
BO30Y>K/ICHHOM COCTOSIHUM BCET/la MEHbIIEe
yucjaa «HOPMaJbHbIX» uactull. Takoe pac-
Ipe/ie/ieHIe YacTHIL 110 9HEPTUAM ObLIO yCTa-
HOBJIeHO ellle BosblimanoMm kak ciejcrsue
3aKOHOB TEPMOJAMHAMUKHM B IPUMEHEHUN K
cUcTeMaM YacTHUI[ M TI03TOMY HOCHUT €TO MMSI.
Ho ecrm wmcio Bo36y:KIE€HHBIX YacTHUIL 110
KaKUM-TO TIPUYMHAM CTAHOBUTCS OOJIbIIE

YHCJIa «<HOPMAJbHBIX > YaCTHIL, TAKOE
COCTOSIHVIE HA3BIBAETCS WHBEPCHDIM,
TO TJIABHBIM CTAHOBUTCSI BBIHYIK/IEH-
HOE U3JIyYeHue.

MOKHO TIPOUJLTIOCTPUPOBATD 3Ty
CUTYAINIO TAKUM <KUTEHCKUM> TIPH-
MepoM. Korga B 60JbII0# SIpyCHOI
Ay IUTOPUH YHCJIO CTYIEHTOB MEHBIIIE
YucJIa MECT, TO XapaKTep 3amoJiHe-
HUSL 9TOH AyJUTOPUU MOKeT ObITh
pasamuHbiM. HopMmasibHOe 3aroJiHe-
Hue (pacnpesenenue 1o spycam) —
9TO 6OJIbIAS TIIOTHOCTD CTY/IEHTOB B
HIDKHUX spycaX M MeHbIas B BepxHux. Ho
JIOTTYCTHUM, 4TO TIPOIIIEJI CJIYX O 3aMeHe MpH-
BBIYHOTO CTy/leHTaM Mpodeccopa, XOpoIo
YUTAOMIETro JIEKIIMU U TIPU ATOM oOpaliaiorie-
rO BHUMaHHUeE Ha yCep/ne CTY/IEHTOB, HEN3Be-
CTHBIM accUCTEeHTOM. U CTyZIEHTBI TOT/1a IPY K-
HO 3aHUMAIOT BEPXHUE PSIIbl B ayAUTOPHH,
cOoOMPAsiCh TOTOBUTHCS K OUYEPETHONW KOHT-
poJibHOIl paboTe WK IIPOCTO OTAOXHYTH CO
CcBOMM cMapTOHOM. ITO — MHBEPCHOE, HE
HOpMaJIbHOE pacIipejiesienue cTyenToB. Ho
B/PYT CJYX HE ONPABJAJICS, U B ayTUTOPUIO
BxouT ux npodeccop. Toraa crymentsr Ha-
YUHAIOT OBICTPO TIEPEMENAThCs BHU3. ITO
nepeMelene CTUMYJIUPOBAHO TTEPBBIMHU Tie-
PEMENIATONTIMHUCS CTYAEHTAMY ¥, TS/ IPYT
Ha apyra (corzacoBanHo), OHM BOCCTAHABJIN-
BalOT HOPMAJIbHOE pacIpe/ie/IeHHe 10 PSaM.

OUHIITEIH He pa3BUBAT UACI0 O TOM, KakK
MOJKHO TIOJIYyYUTh WHBEPCHOE COCTOSTHWE Be-
mecTBa. B TO BpeMst ero 6oJIbIie BCETO WHTeE-
pecoBasia Teopus tarorennsa (o0uas Teopus
OTHOCHUTEJIBHOCTH), ¥ OH TOTOBUJICS K €€
9KCIIEPUMEHTAIBHOMY TIOATBEPKIEHUIO.

B 1939 roay coserckuit dpusuk B.A.Dab6-
PUKAHT Ha OIDbITE MMOKa3a HaJauune HeGOIb-
IO TPUMECH BBIHY3K/IEHHOTO U3JIyUYEHUS PN
O0OBIYHOM PABHOBECHOM COCTOSTHUH BEIECTBA.
B 1951 roxy on pazpaGoraJt IpUHITUT yCHJTe-
HUS BBIHYK/IEHHOTO W3JyYEHUSI CPe/oi ¢
MHBEPCHON 3aCEJIEHHOCTHIO 9HEPTETHUECKUX
cocrostamnii (ypoBHeH). ITO GbLI MPUHIUIT
JIBYX TIApaJLJIeNbHbIX 3€PKaJ, MeXKIY KOTO-
PBIMU  BBIHY’K/IEHHOE W3JIyUYeHle JaBUHHO
YCUJINBAETCSI B HAIPABJIEHWUHU, TePIEH/NKY-
JISPHOM TIJIOCKOCTSIM 9TUX 3epKaJi. B aToM n
3aKJIIOYAETCST CMBICJI CJIOBA «YCHJIUTENb» B
Ha3BaHUAX Jasepa u Masepa (Bropas GykBa a
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Ha3BaHUIl COOTBETCTBYET AaHTJIUICKOMY
acceleration). JlazepHblii Jiyd BbIPbIBAeTCS
U3 cpe/lbl MEX/y 3epKajaMM 3a cyeT I10JIy-
IIPO3PAYHOCTH O/IHOTO U3 3€PKAJI UJIU C IIOMO-
MIBIO JIPYTUX YCTPOICTB.

3acayra Taynca, bacoBa m IIpoxoposa
COCTOUT B TOM, 4TO OHU Pa3paboTaJu METO/IbI
CO3lalus Cpelbl ¢ MHBEPCHOH 3aceseHHoc-
Thio ypoBHeii. BacoB u IIpoxopos ocymie-
CTBUJIN CIIOCOO YCHJIEHNS MUKPOBOJHOBOIO
PaJNO-M3JIyYeHIs U HA3BAJIM 3TH yCTPOICTBA
masepamu (1repBast GyKBa M Ha3BaHUs — OT
microwave). TOJIBKO € MOMOIIBIO Ma3epoB
CTAJ0 BO3MOXKHBIM OCYIIECTBJICHIE CBSI3U
MESK/ly 3eMHBIMU 1 MCKYCCTBEHHO CO3/JaHHbI-
MU KOCMUYECKUMM UCTOYHUKAMU U IPUEMHHU-
KaM¥ OCTPOHAIPaBJICHHOTO M3JaydeHus. Ta-
VHC M €ro KOJUJIETH COCPeJOTOYUJIU CBOU
ycuJmst Ha paspabotke ycuureseil (renepa-
TOPOB) M3JIYYEHUST B ONITHYECKOM JNANA30He
(mepBas GyKBa /I B CJIOBE «JIa3ep» COOTBET-
crByeT anrauiickomy light). Bl co3nan Tak
HA3bIBAEMbIN PYOUHOBBIN TPEXYPOBHEBbIN
Jlazep, B KOTOPOM MHBEPCHOE COCTOSHHE 3a-
CeJIEHHOCTH JIOCTUTAJIOCD 32 cueT Ge3u3.ryda-
TEJbHBIX T1€PEX0/I0B MEK/y BO30Y KIEHHDI-
MU aTOMaMH aJIOMUHUS U IPUMECH K HEMY —
xpoma. Heobxommmas momzep:kka Bo36y:K-
JICHHBIX COCTOSTHUII aTOMOB MPOWM3BO/IUJIACD
3a cueT 06JYIeHHUs TPO3PAYHOTO KPUCTAJLIA
pyOMHA JIOCTATOYHO MOIIHOW CIUPAJbHON
JIAMTION € ITUPOKKUM [THATIAa30HOM U3JTYYCHUS.
Takoit mazep MoT paGoTaTh HEMPEPBIBHO.

Ouenb OBICTPO CTAJNO SICHO, 4YTO Ja3ep
MOJKET CTaTb HUCKJIOYUTETHHO MOIIHLIM 1
TOYHBIM TEXHUYECKUM MHCTPYMEHTOM. KoH-
LEHTPAIIUS SHEPTUU B Y3KOM JIa3€PHOM JIyde
cO3/1aeT CUJIbHOE CBETOBOE JaBJeHue. IIpex-
Jle BCETO 3TO MOTJIO OBITb HCIIOJb30BAHO B
IPEIU3NOHHON 06pabOTKE METAIIOB — pPe3-
Ke, cBapKe n ToMy moso6Hoe. Ho st atoro
HY>XKHO OBLJIO TIOBBIINATH MOIIHOCTH JIy4Ya.
[IpensiTcTBUSME 9TOMY Y HENPEPLIBHBIX Jia-
3epOB CTaJIU lleperpes U3Jlyyalolieil cpe/ibl U
pa3pyIieHne CBETOBLIM JIaBJECHUEM OTpayka-
fomux 3epkaJ. Iloatomy MolHble Ja3epbl
MPUHIIUINAIBHO MOTJH ObITb TOJBKO HM-
Iy JIbCHBIMH.

B umiryibcHBIX JTazepax 1mpeie/ioM UX MOIIl-
noctu crano 10° Br, uro nmaBajio naBiienue,
OKa3bIBaeMoe JIy4YOM Ha IIperpajy, nopsika

2019/Ne3

10° =10* MIla. s perienusi TeXHOJIOTU-
YeCKUX 33/1a4 ATOr0 GbLIO YIKe JOCTATOYHO.
IMosiBuoch MuOTO JaGoparopuii u dupm,
CO3/IAIONINX TPOMBINILICHHBIE Jas3epbl. [[s
NPUMEHEHUS JIA3EPOB B UCCJIEI0BAHNE CBEPX-
OBICTPBIX TIPOIIECCOB, MPOTEKAIOIINX B aTO-
Max, MOJIEKYJIaX, TBEPBIX TeJaX U GHOJOTH-
JecKknX oObeKkTax, 0oJiee BayKHbBIM, YeM MOIIl-
HOCTH Jiy4a, OblIa Kak MOXKHO MEHbIIas
BPEMEHHAS JITUTETbHOCTD (1, COOTBETCTBEH-
HO, MaJiasg IPOTSIKEHHOCTD B MTPOCTPAHCTBE)
JIa3epHOro uMIyJabca. Ho 310 HensGekHO
OPUBOJAUIO K YBEJIUYEHUIO MOI[HOCTH JIO
paspymaonmx 3xavenuii. Kasamoch, 4to
BBIXOJIa HET.

Ho B 1985 roxy npowusornres mpopbiB. /Ke-
pap Mypy (Gérard Mourou) u ero yuenunia
Honna Crpukaeng (Donna Strickland) nzo6-
PEeJIM TEXHOJIOTHIO CO3/aHusT YUPIUPOBAHHO-
ro nmmyJbca (chirped pulse amplification).

Pacmsnymote
UMNYTbCOL

Coxamuole
UMNYTOCHL

Ycunerne YUPIINPOBAaHHbIX UIMIT)J1bCOB

[Ipore Bcero mepeBoANTD CJIOBO «UUPIUPO-
BaHHUe» KaK YUpuUKanve, 4TO-TO HATIOMUHAIO-
ntee ntuynii mebet. Yupmom emre B 1960 romy
HAa3BaJIM YaCTOTHYIO MOJLYJISAIIHMIO PAJMOBOJIH,
[IPUMEHEHHYIO /I YCUJICHUST MOIITHOCTH Pa-
napoB. OIHAKO TIePEeHOC ATOH 11N OT Pafo-
BOJIH Ha ONTHYECKUII JMAIIa30H € 4acTOTaMH,
B JICCATKY ThICSY pa3 GOJBITIMHU, TPeGOBaT
COBCEM /IPYIOro pellleHUs U B TeOPETUYECKOM
IJIaHE U B IIPAKTUYECKOM.

Bravasie uMIIy/IbC BBIHY>K/JCHHOIO Jla3ep-
HOTO U3JIy4YeHUs PACTATUBACTCA B THICSAYM Pa3
1o jguuue u Bo BpeMenu. CoOTBETCTBEHHO,
MOIITHOCTb M3JIy4YeHUs] YMEHDITAeTCS B THICS-
uy pa3. Taxoil UMILyJIbC MOXKHO BILyCTUTDb B
Jlazep, T/le ero MOIIHOCTb Gy/IeT yBeJInvyeHa
JI0 TIpe/leJIbHO JIOIYCTUMbBIX KOHCTPYKITHEH
Jazepa npeaenos. [locse atoro syy nosken
IIOCTYIIUTh B CHEIMaJIbHOE YCTPONUCTBO, Il
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yacroTa 6y/IeT yBeJImyeHa /10 MPEKHUX BbICO-
kux (CBETOBBIX) 3HAUEHUH. ITO yCTPOHCTBO
HAa3bIBAETCSI KOMIIPECCOPOM, TIOCKOJIbKY UM-
yJbC B HeM cykumaercs. IIpu atom, ecre-
CTBEHHO, MOIIHOCTH B MUMITYJIbCE BO3PACTET.
Ho aro yxxe He Gymer onacHo, MOCKOJBbKY B
YCTPONCTBE UMITYJILC OY/IET HAXOAUTHCS OUCHD
KOPOTKOE BpeMsl W He ycreeT MPOU3BECTH
HarpeBaTeIbHOE W Pa3pyIIuTebHOE IHCTBIE.

BoT TOJBKO KakK pacTIruBaTh M CKUMATh
umnysabc? IlepBoil ujeeii ObIIO HMCIOIb30-
BaTh JucIepcrio. Beab aT0 TOJBKO TTpUGIH-
JKEHHO MOJKHO CUUTATD JIA3€PHBIIT JIyd MOHO-
xpomaTtuueckuM. Ha camom jesie mpaske mipu
BBIHY K/IEHHOM U3JIyYeHUU BCET/Ia CYIIECTBY-
er Hekuii HaGop aauH BosH (ecTecTBeHHAS
MIIPYHA CIIEKTPaJbHOl uHum). B KBanTO-
BOM IIPE/ICTABJIEHUN HTO O3HAYAET, YTO KBaH-
TbI BBIHY3K/ICHHOTO U3JTyYE€HUS BCE-TaKU 4y Th-
4yTh pasHbie 10 sHepruu. CienoBaTesNbHO,
JIUCTiepcust JIOJKHA MMeTh MecTo. B Belie-
CTBe UMITYJIbC U3JIydeHust OyIeT PacIiupsiTh-
CSI TIO JITMHE W BO BPEMEHH.

B KkauvecTBe [IUCIIEPCHOHHBIX YCTPOICTB
Mypy u CTpux/en/; BHaUaJIe MCIOJb30BAJH
OTITUYECKIE BOJIOKHA KaK ¢ HOPMAJBHOI, TaK
U ¢ aHOMAJIbHOMN JIUCIIepCueii, KOTopble MOT-
JIN KaK Y[UIMHSATB, TaK M YKOPAuWBaTh WUM-
mysabe. Ho aummHa 3T0r0 BOJIOKHA, CIIOCOGHO-
ro Ha HeOOXOAMMbIE PACTSIKEHUs M CXKaTHhs,
B TIEPBBIX OIBITaX JIOCTUTAJA MOJYyTOPa KH-
JoMeTpoB. [TosryunTs Takoil onTHYecKuii «Iry-
TENPOBO/[» KaK pa3 CTaJ0 BO3MOKHBIM OJia-
rofapsi 3amMevareJbHbIM paboTaM aHTJIO-aMe-
PUKAHO-KUTAHCKOTO HWHIKeHepa-
dusuka Yapabsa Kao (1,2 Ho-
OesleBCKON TipeMun 1o  (husuke
2009 roga «3a HOBATOPCKHE JOC-
THKEHUST B 00JacTH Tiepeladn
CBeTa 110 BOJIOKHAM JIJIS OIITUYeC-
KOl CBSA3W»), B IIPOILIOM TOJY
CKOHYABIIIErocs B 85-JIeTHEM BO3-
pacte. PesyabraTom ero pabot
CTAJIO TIOSBJECHNE ONTUYCCKUX
BOJIOKOH, CITOCOOHBIX TIEPeIaBaTh
undopmaimio mouru 6e3 3aryxa-
HUS HA JECATKU KUJIOMETPOB.

XoTs1 TPUHITMIHAIBHO 3ajiadya
YUPITUPOBAHUSI CBETOBBIX HMITY JTb-
coB ObliIa pelieHa, UCI0JIb30Ba-

HHUe TPHOOPOB TaKUX TabapuToB /O Mycopa

He [IONyCKAJI0 WX NPUMEHEHUsI B HAYYHBIX
naboparopusx. M1 Mypy u Ctpukiens, yxe
rocJie onyOMKOBaHus cBoell ctatbu B 1985
TO/ly, 3aMEHSIOT AMCIEepPCHIo AuQpaKIueii.
OO6b1uH0 G paKIMOHHAST PEIeTKA PACIITH-
pSIeT UMITYJIbC, & OCOOBIM CIIOCOGOM U3TOTOB-
JICHHasI peleTka MOXKeT, Hao60poT, Cy>KaTh
ero, CJIAyXHUTh KoMmrpeccopoM. Cikatue uM-
MyJibca BO BPEMEHU YAAJOCh C/IEIaTh [0
pemunnbt 1078 ¢ (aTTocexynip).

Tak poamiach «arrocekynjanas QuanKas
U3YYEHUs TOBEJEHUST OTAEJbHBIX 3JEKTPO-
HOB B aTOMaXx, MOJIEKYJIaX U B TBEP/IOM TeJIe.
Bbicokast MOIIHOCTD M3JIy4YeHUsT U, COOTBET-
CTBEHHO, CBEPXBBICOKOE CBETOBOE [IABJICHIE
clesai TakWe Jasepbl MHCTPYMEHTOM CO-
snanust (moka B MUKpoMacuitabax) sKcTpe-
MAaJIbHBIX MJIA3MEHHBIX COCTOSIHUI BEIeCTBa
OIPOMHOHN  IIJIOTHOCTH, KOT/Ia, HalpuMep,
JII2JIEKTPUKN  CTAHOBSTCS TPOBOAHUKAMH.
Takasg masma ocytecTBisseTcs Bo Bceesen-
HOU BHYTPH 3Be€3[l U [IPYTUX KOCMUYECKUX
00bexToB. [losiBUIACH BOBMOKHOCTD BOCIIPO-
U3BOJUTH KOCMUYECKIE COCTOSIHUST B 3eMHOI
J1a60PATOPHH.

«Kocmuueckoe» 3HaueHue Takux Jia3epoB
MPOSIBIJIOCH ¥ B 3a/1a4€ OYUCTKU OKOJ03€M-
HBIX CIYTHUKOBBIX OPOUT OT KOCMUYECKOTO
Mycopa. MOIIHBIN Jlazep MOKeT COUTh MyCOp
c opOUTHl U 3aCTaBUTb €r0 JBHUTATHCSI K
3eMHOI TOBEPXHOCTH, T/ie OH 6yeT 6J1aroro-
JIYYHO CropaThb.

Motsblie J1a3epbl MCIOJB3YIOTCS U IS
CO3/IaHUsT YCKOPUTE el 3aPSIKeHHbIX YACTHUI]

XKepap Mypy, AnekcaHap Ceprees u Tocu S6ucynzakv Ha
QDOHE CryTHMKA C MOLLHBIM J1a3€POM 4715 YOOPKM KOCMUYECKO-




6 KBAHT

HOBOTO THIIA — TAK HA3BIBAEMBIX /[PAiiBEPHBIX
yckopureseil. MolHblii KOPOTKUH J1asep-
HbII UMy ibe auddepeHiupyeT miasMy Ha
6oaiee serkyio (2/1eKTpOHHYI0) 1 GoJTee TsKe-
ayio (nonHyIo) yactu. Mex/y HUMH BO3HH-
KaeT JIEKTPUUECKOE MTOJIe C OTPOMHO¥ HaIpsi-
SKEHHOCTBIO ~ 102! B/M , raske GoJiblueil, yem
BHYTPH aTOMa. JTO TMOJE MPEACTABISET CO-
60l Kak Obl XBOCT, KUJbBATED CAMOTO M-
myJbca. Y Ke CO3aHbl YCKOPUTEJN 3JIEKTPO-
HOB 10 3Hepruu 4,2 3B paunoit Bcero Juiib
B 15 cM, paboraroliye 1Mo 9TOMy NPUHIIUIY.
A B KavyecTBe PEXYIIETO MHCTPYMEHTA KaK B
TEXHOJIOTUSX, TaK U B MeuIHe (Xupypruu)
CerofIHS TMPHUMEHSIOTCSI TOJBKO aTTOCEKYH/I-
Hble Jasepbl. [louaTHo M 060pOHHOE 3HAYE-
HHUe TaKoTo Ja3epa.

Terepb crajio SICHO OTPOMHOE 3HAUYCHWE
nzobperernss Mypy u CTpUKJIEH]T, YBeHIaH-
noe HoGenesckoit npemueiit 2018 roga «3a
METO/I TeHEPAIINY BICOKOMHTEHCUBHBIX YJIbT-
PAKOPOTKHUX ONTUYECKUX UMITYJIbCOB». T0U-
Hee, 9T0 ObLIa TOJIBKO mosoBuna HoGemnesc-
Koif mpemun. /lpyras mosoBuHa Gblia TpH-
cyxaena Aprypy duiknny (Arthur Ashkin)
«3a n306peTeHne ONTHYECKIX TUHIIETOB 1 X
NpUMEeHEHNe B OGUOJOTHYECKIX CHCTEMAX>.
Omna crayia BTOpoii mpemMueii, Tpucysk1eHHoi
3a HEOOBIYHOE NIPUMEHEHNE JTaBJICHUS CBETA,
OKa3bIBAEMOTO JIA3EPHBIM JIYUOM.

[Tocae cosganmns TazepoB DMIKUH CTAT 3a-
HUMATHCS BO3/IECHCTBUEM JIA3€PHOTO JIyda Ha
MUKPOCKOTIMYECKNEe 00BEKTDI, T/Ie He HYKHO
6O0JIBINOI MOIIHOCTU M3JydeHusi. Bekope oH
06HApY KUJ HeOObIYHOe Ha TIePBBIA B3TJIS[L
SIBJIEHUE — [[aBJIEHUE CBETA CMEIATI0 MUKPO-
YACTHUIIBI HE [0 HAIPABJEHWIO Jyda, a B
GOKOBOM HAIIPABJIEHHH K CEPEJMHE ITOrO
sydya. Kakum 661 Y3KUM ¢ MAaKPOCKOTIMIECKUX
MO3UIME HY ObLT JIa3ePHBIH JyY, qudpakims
00s513aTeJIBHO TIPUBOJIUT K Tiepepacipe/ieie-
HUIO WHTEHCUBHOCTU W3JIyYEHUS TI0 TTUPHHE
ay4a. Ilo ero ocm o6pasyercss HEUTO BpPOJE
MEHTPATBHOTO MAKCUMYMa, & UHTEHCUBHOCTD
0 KpasiM JIyuya B HECKOJDBKO JECATKOB pa3
MeHbIIe. ITO HEMHOTO HAIIOMUHAET KapTUHY
nudpakiuu cBera Ha miesin. Bosnukaer rpa-
JIEHT HAIPSI)KEHHOCTH 3JIEKTPUYECKOTO TI0JIs,
HAaIpaBJIeHHbII OT GOKOBOIT TOBEPXHOCTH JIydya
K ero ocu. Ha wacTuirpl BemecTBa UJIn faxe
Ha OT/IeJTbHbIE MOJIEKYJIBI, KOTOPbIE B TIEPBOM
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NPUGIMKEHIH MOKHO CUMTATDH 3JIEKTPHUYEC-
KM JIUTIOJISIMHE, JieficTByer GokoBas (rpau-
eHTHasl) CUJIa, NEepeMenialonas UX K OCH
gyda. OHa NpPUKUMAaeT YacTHUIIbl K OCH, TJIe
OHU HAXOMSATCS B PABHOBECHOM TOJIOKEHUN.
Oco6eHHO YCTOIUNBO 3TO MOJOKEHIE, KOT/1a
JIy4 Jlazepa B 9TOM MecTe cyskaercs, (PoKycH-
pyercs cnibHOH nH30i. OTpe3ok Jyva npe/-
CTaBJIsIETCST ysKe He IUJINHIPOM, a yCedyeH-
HbIM KOHYCOM. B aToM ci1yuae paBHogeiicTBy-
I01[asT TPAJIMEHTHBIX CUJI UMEET OCEBOe Ha-
[IpaBJieHUE U MOXKET yPABHOBECUTD JIaBJICHHE
CBeTa, OKa3bIBaeMoe JIyuOM Ha MOBEPXHOCTb
MHUKpPOOODbeKTa. BosHuKaeT wupeasbHas Ja-
3epHast JIOBYIIKA C YCTOWYMBBIM TI0JIOKEHH-
eM 00beKTa B OJIHON TOUKeE.

Nmes B pacmopsoKeHUN caMmble TIepBbIe
MaJIOMOIITHBIE JIa3epbl, JMIKWH HCCJIeT0BAT
1oBe/IeHe 00BEKTOB, T/IE JIEFKO MOYKHO ObLIO
OCYIIECTBUTD JIOBYITKH. IJTO ObBLINA TLJIACT-
MacCOBBbIe TIAPUKN MUKPOHHBIX Pa3MepOB.
C yBesmyeHreM MOITHOCTH JIa3ePOB OH HC-
cJIe/IoBaJl TIOBejieHne Bce 60Jiee MeJIKUX 4va-
crull. Buauyane on coBceM He gyman 06
HCCJIEIOBAaHIN OUOJOTYeCKUX 00BbeKTOB. [le-
peiitTn K HUM momor cJiydaii. B maboparo-
pUu pOCAN KOMHATHBIE I[BETHI, JIUCTbSI KO-
TOPBIX OBLIN TIOPaKEHbl MO3AWYHBIM BUPY-
coM. OH YacTo MopakaeT JUCTbS U B TOA-
MOCKOBHBIX cajlaX, O0COGEHHO JIUCTbSI Yep-
HOIT cMopojuHbl U (uokcoB. Ha smcThsax
MOSIBJISIETCS Kak Obl HAJIET MeJTbyaiitieii my-
DBl PA3JIMYHBIX TBETOB. DIIKWH U3YUYUJT 3TOT
MOPOIIOK IO/l MUKPOCKOIIOM 1 YOeIuics,
YTO BUPYCHbBIE TMAPUKKU UMEJU pa3Mep Bce-
TO JIUIIb HECKOJIbKO HAHOMETPOB. Bo3MoK-
HO, 9TO OBLJIN caMble MaJeHbKHEe MUKPOOODb-
€KTbl, KOTOpble JDUIKUH MOT UMETb B 3TO
BpeMsi. Ho onu GbLiM HACTOJIBKO MAJIbl, YTO
MUKPOCKOIIbI HE MOTJIM 3aMETUTb UX Iepe-
JIBIDKEHNE B Jla3epHOM Jyde. B Kakoii-To
MOMEHT BpPEMEHHM Ha BHWPYCHI CTaJIW Hara-
Jath 6oJiee KPyITHbIE GHOJIOTHYeCKIe 00beK-
TbI — OGAaKTepUU, TMUTABIINECS HTUMHU BUPY-
camu. BoT mx mepemerrieHne JMIKUH U CTAT
nu3yyarb. IIpaBnia /s 3TOr0 eMy IPHIIIOCDH
3aMEHUTD Jiazep C 3eJeHOHU JJUHON BOJHBI
Ha wHPaKpacHbIl Jaszep. 3eJeHblid CBET
ry6uTeNbHO JIeiicTBOBAJ HA GaKTepuu, a BOT
B MH(PAKPACHOM OCBEIIEHUU OHU IPEBOC-
XOJIHO ce6sl UyBCTBOBAJM U, HAXOSACDH JIJTH-
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Cdhepa,
3axpennennas
6 MUKponunemxe

ITyuox ceema

ITomox xuoxkocmuy ———»

JKeHUe JIByX aTOMOB IIeJIoY-
HBIX METaJJIOB U MX IpeBpa-
1mleHue B MOJEKyJay. ITO
6bLIa, TaK CKa3aTh, JOKYMeH-
TajbHagd KUHOCbEMKa WH-
TUMHEIIIero aToMHO-MOJIEKY -
JIIPHOTO IIpoliecca 1epeposk-
JICHUS 3JIEKTPOHHBIX ATOMHDIX

6 LA3EePHOM opOuTaseil B MOJEKYISIPHYIO
nuxnuyeme o 6
pOuTab.
w

[Momyunno pacrnpocrpane-

YICrionib30BaHme  OrnTM4eckoro nuHuera A4 n3yHeHns  CTipykTypbl  yue u I‘OJIOI‘pa(i)I/I‘-IeCKOG npu-

PHK-ronmmepassi

TeJbHOE BpeMs B JIOBYIIKaX, Jake ObLIN
CIOCOGHBI K PAa3MHOKEHUIO.

JlazepHas JoBymIKa JIMIKHHA CKOPO CTasa
Ha3bIBaTbCst onTudeckuM muHieroM (optical
twizers), MOCKOJIBKY MUKPOOGHEKTHI MOKHO
6BLIO TIepeMeIIaTh B IPOCTPAHCTBE BMECTE C
nepeMerieHneM JazepHoro jgyda. B 1986 romy
MUHTIET OBLJI OKOHYATEJIHbHO CKOHCTPYUPOBAH
KaK yCTAaHOBKA, BKJIOYAIONIAS JIa3ep U MUK-
pockoribl. CerofiHs TPyIHO TPEICTaBUTD Ce-
pbesHyio 6uoJiornyeckyio gaboparopuio 6e3
ONTHYECKOTO TuHIleTa. 3a mpotneamue 30
JIET OH CTaJ, KOHeyHo, GoJjiee yCOBepIleH-
CTBOBAHHBIM, yAO0OHBIM B pabore u Gojee
neneBbIM. lcmob3oBanneM J1azepHOil JI0-
BYIIKM B arOMHOI (hu3uKe caMm ODIIKWH He
3aHUMATICS. DTO CTAJO TIPEIMETOM MCCJIe/I0-
BaHUI TPYIIIBI €T0 YUYEHNKOB, BBIACIUBIINX-
€S B CaMOCTOSTeTbHY 0 TaGopatopuio. B 1997
rogy Crusen Uy, Kmnon Kosu-Tanrymxu n
Yunpsaym Dunuiic craiu Ho6eJeBCKUMU JIay -
peaTaMu «3a CO3/IJaHue MEeTO/I0B OXJIAXK/ICHIS
U yJIaBJUBAHUS ATOMOB JIA3€PHBIM JIYYOM> .
CospareJisi 1a3epHOTO MUHIIETA CPE HUX He
OBLIO.

N Bor B mpouwioMm roay HoGeneBckuit
KOMHTET OCYTIECTBUJI MOXBAJIbHYIO CIIPABE/I-
JITBOCTb, W HOGEJEBCKUM JIaypeaToM <«3a
MIIHIIET» CTaJI, HAaKOHeIl, eT0 TePBOOTKPBIBA-
Tesb. IIpy aTOM OH cTas M CaMBbIM «BO3PACT-
HBIM» JIaypeaToM — eMy UCTIOJTHIIOCH 96 JeT.
WNmenno Omosormyeckass HAMPaBJIEHHOCTH
OTKPBITUST DIIKUHA OTMeYaeTcss B 000CHOBA-
HUW 3TOU TIPEMUN.

A TipuMeHeHte TMHIETa B aTOMHON (pusnke
JlaJIo 3aMevaresibHble pedysabrartel. B 2017
rojly C IOMOIIbIO MHUKPOCKOTIA C CHJIbHBIM
paspernienneM yaaroch 3aduKCupoBaTh COJIN-

MeHenue muHIeTa. OIHOBpe-
MEHHO WCIIOJIb3YsI TBICSYU Ja3ePHBIX JIOBY-
ITIEK, B MEIUITITHE CTAJI0 BO3MOKHBIM CO3/1aTh
3d-306paskenue rpyIiibl KJIETOK U OTEJUTDH
3/I0POBBIE KJETKH OT NH(UIMPOBAHHDIX, HA-
npuMep Ui mojydeHusi 6osee ahdeKkTuB-
HBIX 1 6€30TTaCHBIX JIEKapCTB.

W B 3axTI09eHNe HECKOJBKO CJIOB O Jaype-
atax 2018 roxa.

Apryp Omkun poamics B 1922 rony B
Hpio-Mlopke B ceMbe 0eCCKOr0 dMHUTPAHTa
Wcnpopa Amkenasu, gantucra no mpodec-
cun, nokunysiero Poccuio B 1909 ronay.
Apryp DIIKUH, KaK U €ro crapuuii 6par,
XoTeJs cTath ¢pusnkoM. BoitHa mpepBasa ero
yue6y. OH CIy>XUJT B MHKEHEPHBIX BOICKAX,
3aHNMAJICS COBEPIIEHCTBOBAHWEM Pa/lapoB.
A Gpart ero, yxe craBmimii Gusnkom, paboras
B Jloc-Amamoce, sigepHom tentpe CIITA.
[Tocsre oxonvyanmst yueObl 1 3alIUTHI TOKTOP-
CKOll uccepTaruu ApTyp DMKUH cTaT pado-
tatb B Jlabopatopuu Besia, amepukanckom
IEHTPEe PAJMO3JIEKTPOHUKHU, TJe Kak pa3 B
9TO BpeMsl U TOSIBUJIUCH [E€PBbIe KBAHTOBbIE
reHepatopbl. Bckope OH BO3rJaBuJ Jasep-
HbIil orzxen naboparopuu. llocre cozmanus
JIa3epHbIX JTOBYIIEK (J1a3epHOro MUHIETa) OH
PYKOBO/IIJI yCOBEPIIEHCTBOBAHIEM ATOTO CBO-
ero m3obperenus. Boriinsg wa mencuio B 70
JIeT, OH TIPOJI0JIKAJ paboTy, CO3/IaB B TIO/IBA-
Jie CBOETO JIoMa COOCTBEHHYTO JIaO0PATOPHIO.
Daktryeckn Aptyp DKWH ObLT HeodUIIn-
AJIBHBIM T1ehoM paboT, Pa3BUBABIITNX U CAMO
u3o6pereHue 1 ero BHepene B GHOI0rnIec-
K1e mccaeioBanus. M korpa eMmy MCIOJTHE-
Joch 96 JieT, OH BCe-TaKU MOJYYHJ 3aCJy-
JKEHHYTO HATrPa/ly U CTaJl CAMbIM BO3PACTHBIM
HoGesieBcKUM JjaypeatoM. Iloskesmaem emy
J106pOTO 30POBbs!
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Kepap Anbbep Mypy cuntaercs amepu-
KaHCKUM U dpanity3ckum pusnkom. OH po-
qmiicst Bo @pantun B 1944 rony, B 1967 romy
3akoHunJ yausepcuret B ['peno6ie, a B 1973
rofy crag goktopoM ¢umnocodpun (1o ¢pusn-
Ke) B IlapuiKCKOM YHUBEpCHUTETE WMEHU
Mapuu u [Ibepa Kropu. UaTepecs ¢ppanirys-
CKUX (PM3UKOB B TO BpeMs ObLIN COCPEIOTO-
YeHbl Ha SJepHOI (pu3WKe, HA MUPHOM HUC-
110JIb30BaHUN si/lepHOil aHepruun. DpanHius
[ePeXO/Iia OT JJIEKTPOCTAHINIA, paboTaB-
X HAa HEMEIIKOM KaMEHHOM yTJie, K YPaHO-
BbIM S/IEPHBIM 3JICKTPOCTAHIIMAM, CETOHS
noutu 80% ssekrpocraniiuit DpaHium — 3T0
gajepHble peakTopbl. U He ciyyaitHO UMEHHO
Dpanmus onpe/eseHa MECTOM OCYIIECTBIIe-
HUSL KPYIHEHIIEro MeX/yHapOJHOIO IIPOeK-
Ta — CO3/IAaHUEM IKCIIEPUMEHTAIBHOIO TePMO-
SJICPHOTO PeakTopa.

Ho Mypy xoten 3annmatbcs azepamu. 1
o yexas B CHIA, tae paboran cHavdana B
PouectrepckoM, a morom B MwuuYUTraHcKoM
VHUBEpPCHUTETE, T[le BO3IJIaBWJI PAbOTHI 10
CBEPXMOIIHBIM U CBEPXOBICTPBIM UMITYJIbC-
HBIM KBaHTOBBIM reHeparopam. B 1980-e rozbr
OH CO CBOMMU YYEHUKAMU BOTIJIOTHUJI B JKU3HD
nJe10 YNPIUPOBAHNS JIA3ePHBIX UMITYJIbCOB,
npuHectyio emy depes 30 JeT HOGeJIeBCKYIO
Harpapny.

B 2004 rogy Bo MDpaniuu pa3BepHYJINCH
Jla3epHble HCCJeIOBaHMUS W ObLTa CO3/aHa
J1a60paTOPHS TIPUKJIATHON ONTUKU B HAIINO-
HaJIbHOI BbICIIell HIKoJe Iie-
pefoBbIX TexuoJoruii. Mypy
ObLJ TIPUTJIAIIEH BO3TJIABUTD
naboparopuio. B Poccun 3to
HallpaBJieHHe Jia3epHoii Ppusu-
KU pasBUBAJIOCH B HUIKETOPOJI-
CKOM akajiemuueckoM IMucru-
TyTe pUKJAaAHON pusuku. 1
xorga B 2001 roay WHCTHTYT
OpraHu30Ba/l MEK/YHAPOJAHYIO
KOH(EPEHIHIO TI0 JTa3epHOIT Te-
MaTuke, Mypy ObL1 TpHTJa-
IIeH Ha 3Ty KOH(EPEHINI0 n
CTAJ ee JIesiTeIbHbIM YYaCTHU-
KOM. A Tocse KOH(epeHIun
AKTUBHO paboTas BMECTE C CO-
TPYAHUKAMU WHCTUTYTa Ha[
CO3/IaHeM CaMOIl MOII[HOI TOT-
Jla B MUpeE JIa3epHOii yCTaHOB-
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ku [IEPJI. IlepBble nBe GyKBbI Ha3BaHUS
9TON yCTaHOBKM paciin@poBbIBAIOTCS Kak
nemasammmunas — MOIHOCTb  Jla3epa
(1 1Bt =10" Br). 1 at0 B 300 pas 60.1b-
11€e, 4YeM MOIIHOCTb BCeX MUPOBDLIX JIEKTPO-
crammit! (IIpu 5TOM He Caeayer, KOHEYHO,
3a0BIBaTh, UTO 3TA MOITHOCTb OCYIIECTBJISI-
eTcs B O4YCHb KOPOTKOE BpeMs MOpsIKa
1078 ¢. Tak uro smeprus B UMIyJTbCce —
BCETO JINITb MUJLIU/KOYJIH. )

B 1908 rogy Mypy 6bL1 u3bpan HHOCTpAH-
HBbIM 4sIeHoM Poccuiickoil akajiemnn Hayk. U1
korza B 2010 rony Huzxeropozckuii ynusep-
CUTET 1P yyacTuu VHCTUTYTa TPUKJIAIHON
¢usukn PAH nosyunn merarpanT poccuiic-
KOTO ITPaBUTEJIbCTBA HAa CO3JaHNE JTabopaTo-
PUM MEXX/LYHAPOHOTO YPOBHS « DKCTPEMAJIb-
Hble CBETOBbIC IOJISI M MX IPUIONKEHUSI»
(ELSALab), Mypy B Teuenue 5 ser GbL1 ee
HayuyHbIM pyKoBojuteseM. Kaxiblii rog on
yeTbIpe Mecsta nposoana B Huxkuem Hosro-
po/ie U YCIIEHO CIPABUJICS C TOCTABJIEHHON
3amaveii — jaGopartopus Oblia co3jaHa u
IPOJIOJIKAET ycrelnHo pa6oraTb. B Hacros-
1ee BpeMs Ha 6ase 3TOil JlabOpaTOPUH OCY-
IIECTBJISIETCS MACIITAGHbBIN TTpoeKT Meky-
HAPO/IHOIO IIEHTpa MCCJIEe0BAHUS IKCTpe-
MaJbHBIX CBETOBBIX MOJIeH Ha 6ase cBepX-
morntHoro azepa XCELS. Mypy cras nipez-
cejlatesieM MeK/yHapOJAHOIO KOHCYJIbTaTUB-
HOTO coBeTa atoro mpoekta. B 2011 romy
[IpaButenncrBernas komuccust PO 110 BbIcoO-

BesnocunienHsie riporyriku Xepapa Mypy o HuxHemy Hosropogy



NPEMUA 3A JASBEPHBIE MHCTPYMEHTBI

KUM TE€XHOJIOTHSM 1 MHHOBAIIUSAM BKJIIOUNJIA
MIPOEKT B CITMCOK U3 MIECTH MPOEKTOB THIIA
Meracaiierc, KOTOpble J0JKHDBI ObITh PeaJii-
3oBanbl kK 2022 rony.

B noBcenneBHoil sku3Hu Mypy ouenb 106-
pOJKeJIaTeIbHbI U OOUIUTEIbHBIH YeJOBEK.
B Hwxuem Hosropoje oH mopasus Bcex
TEM, YTO TIEPBBIM JieJioM Tpuobpes cebe u
CBOCI KeHe XOpOolIKe BeJOCUIIeJbl U CTaJl
coBeplIaTh JIMHHbIC BEJIOIPOIYJKHU 110 T'0-
POy ¥ €T0 KUBOMUCHBIM OKpecTHOCTSIM. OH
Xopotuii oBel u B cBou 70 JeT neperinl-
Baet OKy, T/ie OHa nepe/ BajeHneM B BoJ-
T'Y CTAHOBUTCS JIOBOJIbHO IIMPOKoii. Ero yBa-
JKAIOT U JIIOGST He TOJbKO MOJIOJbIE KOJLIe-
I'l, HO U WX ToJpacraiomue getu. pyxec-
KHe OTHOIIEHMS BOT yske mouTtu 20 jer cBs-
3prBaoT sJKepapa Mypy ¢ ogHuM u3 poccuii-
CKMX BEAYLIMX <«JA3epIIMKOB» AJIeKCaH/I-
pom MuxaitsoBuueMm CepreeBbIM, HbIHE TIpe-
sugeaTom PAH, xoTopblii cBouM pyrom n
KOJITIeroil OBLI TIPUTJIAIIEH Ha TIePEeMOHNATD-
ubie HoGenesckue TopskectBa B CTOKroJibM
B gekabpe 2018 roma. OaHO M3 caMbIX Sp-
kux Bocriomunanuii A.M.Cepreea 06 aTux
JIHSIX — 9TO TPAAUIMOHHBIE HOOETIEBCKUE JIEK-
1IN Bcex JaypearoB. B cBoeM WHTEPBbLIO
KOPPECIOH/IEHTY Ta3eTbl « MOCKOBCKUN KOM-
comouierr» ot 10 guBaps 2019 roga npesu-
near PAH ormedaer, 4to aa Hero ObLI
HEOXM/IAHHBIM OTPOMHBIN MHTepec K (hu3u-
ke: «Uper uepena jeknuil, Tpu U3 HUX B
OWH JIeHb — (PU3NKa, XUMUs, dKOHOMHUKA.
Yactp ayauropunt B CTOKIOJbMCKOM YHU-
BEPCUTETE 3aHATA MPUTIANICHHBIME CO BCETO
MUpa JIOJbMI — KOJIJIETaMU, POJCTBEHHUKA-
MU JIAyPeaToB, a BTOPAs 4acThb — ATO IBE/C-
Kas my6JnKa, s KOTOPOil BXO/ B 3aJ1 ObLI
cBoboaubiM. U uro s Bwky? Ha dusuxe c
yTpa — aHlljiar, Ha XUMUHU Hapo/1y TOMEHb-
11e, a Ha 9KOHOMHUKE CYII[ECTBEHHO MCHBbIIIE.
Bbr monmmaere, o yem aTo roBoput? Kak
HalUs 3auHTepecoBaHa B €CTeCTBEHHBIX Ha-
ykax! Y mac xe B Poccunm MbI, K coskaJe-
HUIO, KOHCTATUPYEM IIepEHOJHEHHOCTb 3a-
JIOB HA PA3JINYHBIX SKOHOMHIYECKUX (POopy-
MaxX U 3aMeTHOE CHUIKEHWE WHTepeca K ecTe-
CTBEHHDBIM JTUCITUTIIINHAM > .

Tpernit HoGemneBckuii maypeat 1o ¢pusuke
2018 rona Jonua CTpukieH ctajia TpeTbeit
SKEHITIHOH-(OUBUKOM, HOJIYUYHUBIIEN 3Ty II0-

yerHyio Harpany. llepsoii 6bl1a Mapus
Cxuaonosckasa-Kiopu (1903 r.), Bropoii —
dusuk-reopetuk Mapusi [énnepr-Maiiep
(1963 1.).

Jlonna Crpukieny poauiaach B 1959 romy
B Kanaze m crasa usmKoM mocse OKOHYA-
HUS KaHaJCKOro yHusepcurera Maknecte-
pa. OHa XoTesa 3aHUMATBHCST MOIIHBIMU Jia-
3epamu u noexasa B CIIIA, B Muuuranckuii
yuuBepcurer, B maaboparopuio Kepapa
Mypy, rae crana ero acuupanrkoi. Mypy
MOPYYUJI eil BaKHEHIINH y4acTOK aKCIepH-
MEHTAJIbHBIX PAa6OT ITI0 YUPIIMPOBAHUIO Jia-
3epHBIX MMITYJIbCOB, U yke B 1985 roxy, Ha
BTOPOM TOJIy €e acHUPAaHTypbl, 6bLIa Omy6-
JINKOBaHa coBMecTHas cratbsd Mypy n Ctpuk-
JIeH/1, cTaBlllasg OCHOBOIIOIaraloleil /1 Bcex
JIA3ePIUIMKOB U JlaBllasg OCHOBAHUE IS IIPU-
cysknennst Ho6emesckoit mpemun 2018 roja
UMEHHO WM, aBTOpaM 3Toil paGotbl. Camy
Jquccepranuio Ha a1y TeMmy CTpHKJEH[ 3a-
nmtuaa B 1989 rogy. Tem cambiM oHa ycta-
HOBUJIA CBOEOOpAa3HbIl «HOGETEBCKUN pe-
KOp/l» TPUCYKJEHUsT TMpeMuu 3a pabory,
BBITIOJIHEHHYIO B acllUpPaHType.

Honna CTpukJeH/| yCIenHo mpoaossKata
paboTaTh HaJ yBEJUYEHHEM MOIIHOCTH WM-
IIyJIbCHBIX JIa3€POB B KaHA/ICKOM YHUBEPCH-
tere BaTepJioo, rje oHa crasa IpesujieHToM
Ornrrueckoro obmectsa. B MOMEHT Tpucy -
JIeHMS IIPEeMUN ee JOJPKHOCTb B YHUBEPCUTETE
COOTBETCTBOBAJIA [IOJKHOCTH Jo1ieHTa (a1b-
toHKT-11poeccop). Ho yike Ha apyroii neHb
OHa CTaJsa MoJHbIM 1podeccopoM. «5 cuact-
JUBA W TOJbIIEHa, — cKa3ajga OHA, — YTO
cTaja O/IHOM M3 TPeX BEJMKHUX XKEHIINH>.

HeoO6bruaitno MoJiokaBasi U CTPOIiHAsI, Ha
[[ePEMOHNH TIOJTyYeHIH 3HAKOB HOGEJIEBCKOI
HArpa/ibl, Bpy4aeMbIX WIBEJCKUM KOpOJEM
Kapnaom XIV TycraBoMm, ona 6bljia B CTPO-
IOM, HO OYeHb MU3SIHOM KPACHOM ILIaThe C
OJTHOM HUTKOII skeMuyTa. [Ipu6bisias B CTOk-
rOJIbM U [IpUIJIallleHHas Ha 1IePEMOHUIO BPY-
YeHUsT HAarpaj eJeranns IpenoaBareseii n
CTY/ICHTOB €€ POJHOTO YHUBEPCUTETA TOPSTIO
IIPUBETCTBOBAJIA CBOETO HOOETEBCKOTO JIay-
peata, CTaBIIEro TOPAOCTBIO W CBOETO yHMU-
Bepcurteta, u Beelr Kananpl. /lonna Crpuk-
Jien]| crasna jgecsatbiM HobeseBckum Jaypea-
toM KaHazibl 1 BTOPbIM KaHA/ICKUM Jiaypea-
TOM-(DU3UKOM.




IpAMOYroNbHUK U3 KBAAPaTOB

D.LLAPOB

JTABHUX BPEMEH JIIO AN SAHUMAJINCH

3a/layaMu Ha paspesanud. MOXKHO Ju
paspesarb ompesieJIeHHy0 GUTYPY Ha KaKue-
10 Apyrue (Hanpumep, Ha KBaapatbl)? Mosk-
HO JIN M3 HEKOTOporo nabopa duryp cocra-
BUTH APYTYIO 3aannyIo ¢urypy (Hanpumep,
NpaBUJIbHBIA TpeyroibHuk)? B ar10ii craThe
MBI JIOKQ)KeM OJINH U3 KJIACCUIECKUX Pe3YJIb-
TATOB B 3TOI 06JIACTU MATEMATUKH — TEOPEMY
JleHna.

Teopema 1 (M. [len, 1903). Ecau npsamo-
yeovnux paspesan na xeaopamol (ne 06s-
3amesvio pasmvie), mo ommouenue Oiun
€20 CIMOPOH PAUUOHAIILHO.

UwnraTtesb, KOHEYHO, 6e3 TpyJda CMOKET
JlorajlaTbCs, Kak pa3pe3arb IPsIMOYTOJbHUK
C pallMOHAJBHBIM OTHONIEHUEM JIJINH CTOPOH
na xsagparel (puc.1). ComepsKaTebHBIM

X X . X X
X
X
. ’nx
X
X
mx
Puc. 1

ABJAETCA JIMIITD BOITPOC HEBO3MOKHOCTH Pa3-
peSaHI/Iﬁ B OCTaJIbHbIX CJIy4asaXx.
Haan/IMep, y HOpsAMOYTroJIbHUKa BHU/a

(a +b«/§) X (c +d\/§), rae a, b, ¢, d pammo-
HAJTBHBI, IITUHBI CTOPOH 1 UX OTHOIIEHNS YiKe
MOTYT GBITh UppAIHOHATbHBI. Ha aTOM T1po-
CTEHIIeM YACTHOM CJTydae ysKe MOKHO ITPoJIe-
MOHCTPUPOBATH BCE OCHOBHbBIE W/IEH, JI€KA-
I1e B OCHOBE JIOKa3atesbeTBa Teopembl 1. B
JasbHeleM ijist yao6cTBa JaTuHckue GyK-

DOI: https://doi.org/10.4213/kvant20190302

Bbl ¢, b, ¢, d w 511 ke GYKBBI ¢ WHIEKCAMI
Oy/lyT 03HAYATD PAUUOHATILHbIE YUCIIA, A BCE
wnena Buga @ + b2 6y/1eM Ha3bIBaTh XOPO-
wumu.

Teopema [leHa pns xopoLwux yucen

CHavasia IOKaxKeM TeopeMy [JIsl YaCTHOTO
cJIydasi, KOrjla CTOPOHBI Pa3pe3aeMoro Ipsi-
MOYTOJIbHMKA ¥ CTOPOHBI BCEX KBAJPATOB
SIBJISTIOTCST XOPOIIUME YHCJIAMHU.

[Ipexxzie Bcero paccMOTpUM TIPUMEP: TIPsi-
MOYTOJIBHUK 1 X V2. Pemum CJIeTYIONTYTO 3a-
Jlagy.

3amaua 1. MOXHO JU TIPSIMOYTOJIBHUK
1x /2 paspesars Ha KBapaThl ¢ PaLHOHAIDL-
HBIMU CTOPOHAMHU? A CO CTOPOHAMHU, KOTOPbIE
6o PaAIMOHATIBHbI, OO UMEIOT BU/L b2 ?
A co cTopoHaMU, KOTOPbIE SIBJISIIOTCS TIPOU3-
BOJIBHBIMU XOPOIIUMHU YUCTAMU?

Pemenue.! Omeem na nepsbie Ba BOIPO-
ca: Her. Penienue [JiS TPeTbETO BOIPOCA
MIPUBEICHO B KOHIIE JKypHAJIa.

OTBetrM Ha TepBbIit Botpoc. [Ipearolio-
SKMM, UTO TIPSIMOYTOJIBHUK 1X V2 paspesaH
Ha KBAJIPATDI C PAIMOHAJBbHBIMUA CTOPOHAMH.
Paccmorpum cTopoHy, paBHYIO V2. Cymma
MIPUMBIKAIONINX K HEH CTOPOH KBAaJpaToB
JIOJDKHA PaBHATHCs /2 . CyMMa paiioHaIb-
HBIX YHCEJ HEe MOJKET ObITh paBHA MPPAINO-
HaJBHOMY, CJIEIOBATEbHO, TaKOe paspesa-
HIE HEBO3MOJKHO.

OTBetrM Ha BTOPOIl Bompoc. IIpearoio-
JKUM, 9TO TMPSAMOYTOJbHUK 1 X V2 paspesan
Ha KBaJPaThl CO CTOPOHAMHU BHU/IA d WJIN
b\/i . Ero momans paBHa 2. [Lnomamm
KBa/[paTOB UMEIOT BUJL JTHOO a’ , 6o 262,

! Pemenne samaun 1, a Takske mpuBeIeHHOE
HIDKE JI0KA3aTeTbCTBO HEBO3MOXKHOCTH paspesa-
HUS NIPSIMOYTOJIbHUKA 1X (1 + \/5) Ha KBAJPAThI U
petenue 3ajaun 3 (IPUBEIEHHOE B KOHILE XKy pPHA-
J1a) Hammcanbl E.AmeBoii.



Iliomagb MPSIMOYTOJIbHIUKA PaBHA CyMMe
mromnaeil KBaaparos. IlosydaeM TpPOTHBO-
pedre, Tak Kak MPPaIMOHAJbHOE YHCJIO HE
MOJKeT ObITb PaBHO CyMMe PallMOHAJIbHbIX.
3/mech Mbl ONUPATHCh Ha adOUMueHOCMb
IJIOMIA/M: TIJIOMAAb IIEJ0OT0 PaBHA CyMMe
IJIOIIA/IEN YacTeil.

[Tokasxkem Temepb, 4YTO TPSAMOYTOJBHUK
1% (1 ++2 ) HeJb3s Pa3pe3arb Ha KBAJPaThl
¢ XopommMmu cropoHamu. st 3TOTO HaM
MOHAZ06UTCST  OIPEIesICHIEe COMPSIKEHHOTO
YyHCIa.

Onpeaenenne 1. Yucio s =a — b\/ﬁ Ha-
3BIBAETCSI CONPSIKEHHLIM K YUCTy S =d+
+b2 .

3amaua 2. /lokaxxuTe, 4TO COMPSIKEHHOE K
CyMMe XOPOIIHX YHCE PABHO CYMME COTIPSI-
JKEHHBIX, a COTPSIKEHHOE K TTPOM3BEIEHIIO —
MIPOU3BEIEHUIO COMPSIKEHHBIX.

Vtak, mpe/oIoKIM, 9TO MPSIMOYTOJIBHIK

1% (1 ++/2) paspesan ma n KBaapaToB CO
croponamn a; + b2, a +b2, .. a, +
+b,~/2 . TL10ma1b JAHHOTO IPSMOYTOIbHI-

Ka paBHA CyMMe ILIOIIAJell paccMaTpuBae-
MBIX 72 KBQJIpATOB, T.€.

1+J§=(a1 +b1«/§)2 +
+(a2 +b2\/§)2 +...+(an +bn\/§)2.

Haiinem compsizkeHHble K 06EMM YacTsIM TI0-
JiydeHHOro paBeHcTBa. CONpPSIKEHHBIM K YHC-
a1y 1+«/§ ABJSIETCS 4nCcao 1-— \/f . o yT-
BEPIK/JCHUIO 33/1a4N 2 MOJIyYaeM, YTO COIps-
SKEHHBIM K YHCJTY

(a1 +b1«/§)2 + (a2 +b2«/§)2 + ...+(an +b,,\/§)2
ABJIACTCA YUCJIO
(a1 —b1\/§)2 +(a2 —bzx/i)z +...+(an —bn«/i)z.
[Tonyuaem, uro
1-2 = (41 —b1\/§)2 +

+(a2 —bz«/f)2 +...+ (an —bn«/f)z.

Ynemo 1-+2 — OTpHUIlaTeJIbHOE, a IpaBas
YacTb TOXKJ/ECTBAa — CyMMa HeOoTpHUIaTesib-
upix. [lomyyaem mporuBopeume. 3HAUUT,

IPAMOYTOJBHUK 11X (1 +2 ) HeJIb3s pas-

pe3aTb Ha KBa/lpaTbl C XOPOIIMMHU CTOPO-
HaMU.

3amMeTuM, 4TO, HAIIPUMEp, COIPSIKEHHOE K
yncy 2 + V2 nonoxuresnsho. [Toatomy TOJIB-
KO YTO MCIOJb30BAHHBIN METO/I IOKA3ATEIb-
CTBa HEBO3MOKHOCTU PAa3pPe3aHUs TPIMOY-
roibHUKA 1X (1 +42 ) HeNpUMEHNM JJIST JI0-
Ka3aTesJbCTBA HEBO3MOKHOCTH Pa3pe3aHus
IIPSMOYTOJIbHUKA 1><(2+\/§), a ero, co-
ryiacHo Teopeme /lena, Toxke HeJb3s paspe-
3aTh Ha KBAJPAThl C XOPOIIUMU CTOPOHAMH.
OO60iiTH 3TO IPENATCTBIE MOYKHO TIPU ITOMO-
MU CJIeTYIONero o6006IIEeH s TOHATHS TLIT0-
A/,

Onpenexenne 2. Ilyctb x — HeKoTOpOE
neiictBuTetbHOE uncso. HazoBeMm x-niowa-

0b10 IPAMOYTOJIbHUKA (a +b2 ) X (c +d2 )
wucsio (a+bx)(c+dx).
Hanpumep, /2 -miomaap — 910 o6brunast

IJIOIIAb TAKOTO TIPSIMOYTOJIbHUKA, & (—«/5 ) -
IJIOIIAb — COIPSKEHHOE K HEH JHCJIo.
3apava 3. Haiigure Bce MpAMOYTOJbHUKH

BU/IA (a + b\/i) X (c + d«/g) , X-ILIOLIA/ U KO-
TOPBIX HEOTPUIATEBHBI TIPH BCEX X.

Jlemma 1 (aJUTUBHOCTD X-TIJIOTIA/H).
Ecau npsamoyzonviux paspe3an Ha KoOHeu-
HOe YUCIO0 NPAMOYZOJLHUKOE, CINOPOHLL KO-
MoOpbIX — Xopouiue Yucad, mo 0as ao60zo
deticmeumenbHoz0 YUcLd X X-NA0ud0s pas-
pe3aemozo NpPAMOYz0IHUKA PASHA CYMMe
X-naowaoeil. npAMOYZ0JIbHUKOS, HA KOMO-
pole OH paspesam.

HoxkazareabpctBo. Herpymno y6emntbes,
YTO CyMMa X-ILIOIIAJEN [BYX HPIMOYTOJIb-
HUKOB CO CTOPOHAMU BUA d + b\/i , IMeIOo-
MAX OOIIYIO0 CTOPOHY, PaBHA X-TILIOIAIN UX
0ObeMHEeH S .

[elicTBuTe1bHO, IIyCTb UMEETCs IPAMOY-
TOJIBHUK € X-TJIOMIA/BIO S, KOTOPBINA COCTOUT
U3 JIByX HPSIMOYTOJBHUKOB C X-TLIOMIAISIMI

c1 +d1\/§

cy T dz\/E

a+b\/§ i

Puc. 2




12 KBAHT

S, n S, (puc.2). Torna
Si+8, =
=(a+0bx)(c; +dix) +(a+bx)(cy + dyx) =
=(a +bx)((c1 +¢y) +(d +d2)x) =S.
[lycTh Temepb KOJIMYECTBO MPSIMOYTOTbHI-
KOB B paspesanun 6oJiblie JABYX. IIpojo-

SKMM KaK/IbIH pa3pes, KakK MOKa3aHo Ha pu-
cyuke 3. Torma Kakablii TIPSIMOYTOJbHUK

111 | |
I | ;

—

Puc. 3

HOBOTO paspe3aHns Oy/eT TakKe UMeThb CTO-
pOHDI B @ + b2 . PaceMoTpuM ropuson-
TAJbHBIE CJIOU U3 MOCIEAOBATENBHO IPILIO-
JKEHHBIX JIPYT K JAPYTY TO OOIIel CTOpOoHe
npsimoyrosibankos (I, 11, IIT va pucynke 3).
Ncnonbays yxe 10Ka3aHHOE CBOWCTBO /1~
TUBHOCTU X-TLJIOMIAJU JBYX TMPSMOYTOJIbHU-
KOB ¢ 00lIleil CTOPOHOIi, METOJIOM MaTeMaTH-
YeCKOil MH/YKITMU JIETKO /JOKA3bIBAETCS, YTO
X-TLTOTIA/Th JIO60TO TAKOTO CJI0ST paBHA CyM-
Me X-TIJIOMIAJIeH TTPSIMOYTOJBHIKOB, COCTAB-
JITIOMNX 3TOT cJjoii. Temepp yke atu cJjoun
MIPUJIOKUM JIPYT K APYTY U IPUMEHUM TOJBKO
YTO JIOKAa3aHHOE YTBEpsKJcHNE 00 aJANTHB-
HOCTH X-TITIONAAN PsIfia TIPSIMOYTOJBHIKOB.
[Mosryumm, 9TO X-TIJIOMAAb PA3PE3aeMOro Mpsi-
MOYTOJIbHIKA PaBHA CyMMe X-TLIOMaieil To-
PU30HTATBHBIX CJI0EB. JTa CyMMa PaBHA CyM-
Me X-ILIOIAJIell BCeX MPSIMOYTOJIbHUKOB HO-
Boro paspesanus. C [pyroil CTOPOHbI, KaK-
JIBIIl  TIPSIMOYTOJIBHUK CTapoTo DPa3pe3aHus
(Tak ske, KaK ¥ GOJBUION TIPAMOYTOJbHUK )
COCTaBJIEH U3 MIPSIMOYTOJbHIKOB HOBOTO Pa3-
pesaHus, B OJWH WJIH HECKOJbKO CJIOEB.
Taxnum o6pasoM, cymMMa X-TIJIOMIA/ICH TPSIMO-
VTOJBHIUKOB CTAapOTO PAa3pe3aHms paBHA X-
IIJIOMIAN MCXOTHOTO MPSIMOYTOJIbHUKA.
3amaua 4. /lokaxute, 4TO OTHOTIICHIE JIBYX
XOPOIINX YICEJT — XOpoIlee Ynco.
Teopema 2 (wacTHblii ciaydail TeopeMmbl
Hena). Ipamoyzonvnux ¢ xopowwumu Oruna-
MU CIMOPOH MOKHO PA3PE3AMb HA KEAOPANbL
€ XOPOWUMU OJIUHAMU CINOPOH T020d U ThO.Tb-

2019/Ne3

KO mozda, Koezda omuoulenue ez0 CMOPOH
PAUUOHATLHO.

[HoxkazareabcTBo. [Ipemnonoxum, 4To OT-
HOIIIEHWEe CTOPOH MPPAIMOHAJIBHO, a paspe-
3anue cyiectByer. [logennm cTOpOHbI TIpsi-
MOYTOJIbHUKA U BCEX KBAIPATOB HA MEHBIITYIO
CTOPOHY TpsMOyToJibHIKA. 1o 3amade 4 Bce
CTOPOHBI OCTaHyTCST Xopoimmu. B wacTHO-
CTH, MOJYYEHHBIH MPSAMOYTOJbHUK Oyaer
nMeTb BHUJ 1X (c +d\/§) . Ero x-mmomanb
paBHa ¢ + dx. Tak Kak oTHOIIEHUE CTOPOH
uppanmonanbio, o d # 0. 3Hauur, x-1710-
a b OTPUIlATEIbHA TIPU HEKOTOPOM X. B TO
JKe BpeMs X-TLIOMAAb JII0OOTO KBaapara co
croponoit a+by2 pasua (a+bx)*, urto
HEOTpUIATeNbHO [/ Tio6oro x. [lomydumnn
[IPOTUBOPEYHE ¢ JIeEMMOIT 1: cyMMa HeoTpHIla-
TEJIHHBIX YUCEJT HE MOJKET PABHSTHCS OTPHIIA-
TEJbHOMY.

3agaua 3. [IycTth z — IPOU3BOJIbHOE UPPaA-
[IUOHATIBHOE YICJI0. MOIKHO JIN TIPSIMOYTOJTh-
HUK 1X z paspesarb Ha KBaJpaThl CO CTOPO-
HaMmu Bujga a + bz?

Ilodckaska: monpo6yiite MOAUPUITIPOBATH
[MOHATHE X-IJIONIAJU TaK, 4TOObI OHO CTaJIO
oripe/iesIeHo JIJIS TIPSIMOYTOJIbHUKA M KBA[pa-
TOB, pacCMaTPUBAEMbIX B 3ajave.

Joka3aTtenbcTtBo TeopeMbl [leHa
B oOLwiem ciyvae

Jlng nokasaresberBa TeopeMbl /leHa B 06-
nieM cJlydae ollpejeJieHue X-ILJIOMaAn HaM
yoKe He TOJUTCA: Be/lb OHa OllpeJie/ieHa TOJIb-
KO /IJI1 XOPOLIMX 4YUCe], a Telepb y Hac B
paspesanuu MOTYT IIPUCYTCTBOBATb KBaipa-
ThI ¢ KAKUMH YTOHO cTopoHamu (Harpumep,
V3, m, 32 u tak nasnee).

[Hanee B oTOM pasjesie Mbl CYMTAEM, YTO
NIPAMOYTOJIBHUK Sy X t; paspe3aH Ha IPsSIMO-
YLOJbHUKU Sy X by, Sy Xty , ..., Sy Xy, IpU-
yeM S, U t, HECOM3MEPUMBI, T.€. UX OTHOILIe-
HUe UPPALMOHAJIBHO.

Jlemma 2. Obosnauum

P = {So,t0,51,t1,...,51\],tN} .

Tozda moxno evibpamsv makxue 4ucia
€1,€9,...,6, € P, umoboi 11060e uucno p € P
eOuHCcmeenHbIM 00PA30M NPEICMABAAIOCY 6
eude

p = aSO +bt0 +a161 +4262 +...+anen .



Harpumep, /17ist pa3pe3aHusi Ha PUCYHKe 4,
rae so=1nmty=2+ J2 , Heo6xomMo BBIG-

paTh b oo uncao (m6o e, = 3, 60

e1=2+\/§—\/§).

2 +\2
1/3 x\/g

23x3

—_

Puc. 4

[oka3sareabcTBO. BolnmieMm B CTPOKY
JUIMHBI CTOPOH IPSMOYTOJbHUKOB paspe3a-
HUS, HAUMHAst ¢ Sy ¥ t,. Tak, /s paspesa-
HUS HA PUCYHKE 4 MOJIYYHUTCS TaKas CTPOKA:

SO=1, t0=2+'\/§, S1=1/3, t1=\/3—,
Sy =2/3, ty =3, s3=1, t; = 2+~/2 /3.

Tenepb? MOYEPKHEM B 3TOM CIIUCKE T€ YHC-
Jla, KOTOpbIE He IPEACTaBIAIOTCA B BUJE
CYMMBbI IIPE/bIIYIIUX C PAIlMOHAIbHBIMU KO-
appunmenramn (ceifyac MOSICHUM, YTO HTO
3HaunT). Hampmmep, s, MblI IOg4epKHEM
(pegpraymux unces Bosce Her). Hucso ¢
Mbl TOKE ITOJUEPKHEM, TaK KaK OHO HECOU3-
MEpUMO € S, M, CJe0BATEJbHO, HE TIPeCTa-
BUMO B BUJIE dySy . [lanee, ecam s; ipeicTas-
JISIETCS B BUJE oSy + Doty , TO S; HE nojdep-
KMBaeM, a €CJIM He IIPEe/ICTABIACTCSA, TO O/
YyepKkuBaeM. AHAJOTNYHO, €CJIM {; TIPe/ICTaB-
Jsercss B BUJC @Sy + byty +a;s;, 10 ¢ He
IIO/JYEPKUBAEM, a €CJIU He IPE/CTaBIAeTCs,
TO mojuepkuBaeM. M Taxk nanee. B namem
cJIydae IOJIy4UTCs TaKoe:

1, 2++2, 1/3, /3, 2/3, 3, 1, 2+42 -3

JlokaxxeM Temepb, 4TO BCSKOE YHUCIO U3
3TOTO CITNCKA €ANHCTBEHHBIM 00Pa30M IMpe/-
CTaBJIAETCS KaK CyMMa ITO{YePKHYTBIX YNCeJI
C parMoHATbHBIME K03 pummeHTamu. ScHo,
YTO HENOJUePKHYTOe YUCJIO MPEACTABIIACTCS
HYXXHBIM 00Da3oM uepe3 IHOAYEPKHYTDIE.
IToguepknyToe ToXKe IIPEICTABJISAETCS: OHO
paBHO camo ce6e. Eci sxe Takoe npejcras-
JICHHE He e/JIMHCTBEHHO, TO, BBIYNTAS OJ[HO

2 JlabHENINI TEKCT J0Ka3aTeJIbCTBA JEMMbI 2
C HE3HAUNTEJTbHBIMU N3MEHEHUSIMI 3aUMCTBOBAH
n3 crarbu J[.Mdykca «MoxHo 1m n3 Terpasapa
crenarb Ky6?» [4].

MPEJICTaBJIEHNE U3 J[PYTOr0, MbI BUIUM, YTO
CyMMa HEKHUX TIOJ[YEPKHYTHIX YHCEN C PaIi-
onasbipiMu Koaddurmenrtamu pasua 0. Ho
9TO TI03BOJISIET BBIPA3UTD, OISITh-TAKU B BUJIE
CYMMDBI C palMOHAJIbHBIME KO3(hduInenTa-
MM, OJIHO U3 IOJAYEPKHYTBIX UYHCE] vepes
HPEeAbIYIINE TOYEPKHYThIE YHUCJA, A 3Ha-
YUT, MBI 3PST €r0 MOJIEPKHY M.

Bce momuepkHyThle umcJa, HAYMHAS C
Tperbero, u OyIyT HCKOMBIM HaboOpOM
61,62,...,611 .

3adurcnupyeM HabOP YHCET Sy,t), €4, €y, ...,6,
u3 jeMMbl 2. OH Ha3bIBAeTCS OA3UCOM.

Omnpenexenne 3. Ilyctp y — HeKoTOpOE
JefictBuTesibHOe uncso. Hazosem y-niowa-
0b10 TIPSIMOYTOJIBHUKA CO CTOPOHAMUI

asy + bty + aje; + aze, +...+a,e,
n csy+dty +ce + ey +...+che,

aucsio (a+by)(c+dy) .

Hamnpumep, y-1iommaab pa3pe3aeMoro mpsi-
MOYTOJIBHUKA S X f;, PaBHA ¥.

O6parure BHUMaHWe, 4TO 3TO OIpeseJe-
HIle He 9KBUBAJIEHTHO OIpE/eeHUI0 X-TLI0-
maau Boire! CkaskeM, Ui IPSIMOYTOJIbHU-
Ka Ha PUCYHKe 4 X-TIJIOIaab paBHa 2 + X, a
y-momanb pasHa y. Ecam momacrtaButh B
KadecTBe X ¥ ¥ OINHAKOBBIE YICJIa, TO MOTYT
MOJIYIUTBCST Pa3HbIE PE3yJIbTATHI.

Jemma 3. JT060i keadpam ¢ paspezanuu
NPAMOY20AbHUKA Sy X by UMeem Heompuya-
MeLHYI0 Y-NA0UWA0D.

[lokazareabcTBo. CTOpPOHA TI0OOTO KBA/I-
para B paspe3aHuu IPSIMOYTOJIbHUKA S X &
3amnuceiBaeTcs B BuUjAe asy + bty + ae +
+ ayey +...+ a,e, . Toraa ero y-momajb pas-
Ha (a + by)2 , UTO HEOTPULIATE/IbHO [IPU JIIO-
60M JICHICTBUTETIHHOM Y.

Jemma 4. /[ns 1106020 y y-naowads pas-
pe3aemozo npaMoy20avHUKA Sy Xt, pasna
cymme y-naowadetl npsMOYz0JbHUKOE, HA
Komopuwle OH paspesdan.

JlokasaTebCTBO JIEMMBI 4 JJOCJIOBHO IIOBTO-
PSIET [TOKA3aTebCTBO JieMMbl 1 ¢ TOU JIUIITb
pasHuIlell, 4TO HY’KHO 3aMEHUTb B HEM X-
IJIOIIAbh HA Y-TLIOMIA/b, & TaKXKe 3aMEHHUTD
BCe UMCIa BUIA d + b2 Ha COOTBETCTBYIO-
mue uucjaa Bujpa asy + bty + ae; + arey +...
...+ a,e, (B TOM uncsie U Ha pucyHKe 2).
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Hoxa3zarteascTBo Teopemsl 1. Ilycrp nps-
MOYTOJIbHUK S, X f;, pa3pesaH Ha KBaJpathbl,
npuueM S, 1 t, Hecousmepumbl. Ilo ompe-
JleJIeHUIO ero y-IJIoN/lb paBHa y. ITO YUC-
J10 orpuniaresbuo npu y < 0. B to ke Bpemsa
Y-TLIOMIAh JIFO60TO KBa/lpaTa HeoTPHIATe b
Ha 1o gemme 3. [losyunim npoTtuBOpeune ¢
JIeMMOil 4: cyMMa HeOoTpULlaTeIbHbIX YUCeJl
He MOXKET PaBHATbCA OTPULATEIbHOMY.

B 3akoyenue 0OTMETUM, UTO Y-TLIOTIAID —
3TO He IPOCTO OJUMITMA/IHbIN TpIoK. B Mare-
MaTHKe eCTb BaKHOE MoHATHE Mepbvl. Mepa-
MU SBJISIOTCS, HallpUMep [JIMHA OTPE3KOB
Ha TPsAMOiA; ttona b (06BIKHOBEHHAS, a He
y-1oniaib) GpuUryp Ha IJIOCKOCTH; OGbeM
TeJq B IpocTpaHcTBe. M3 IBYX OCHOBHBIX
CBOWICTB MepPbI — Q/JINTUBHOCTH W HEOTPHUIIA-
TEJTbHOCTH — Hallla y-TIJIOMaab o6JagaeT
TOJIKO IIE€PBbIM.

Ecui cBoilcTBO HeOTpULIATEIBHOCTH He TPe-
6yeTcsi, BMECTO CJIOBA «Mepay UCIIOIb3yeTCst

2019/Ne3

TEPMUH <«3apsa». Bor npumepoM 3apsaa n
SABJIACTCS Y-TLJIONIA/Ib.

JNntepatypa

1. M.Cxonenxos, O.Manunoscxas, C./opu-
uenxo, D.1Iapoe. Cobepu kBaapaT. B cbopHUKE:
DJIEMEHTbI MaTeMATHKK B 33/1a4aX: Yepe3 OJINM-
nmuajpl M KPYXKM — K 1npodeccun. — M.:
MITHMO, 2018.
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BHMMaHUIO HaWKMX yuTtatenen!

B npenpitynieM HoMepe skypHasia B cratbe «O6bATb HEOODITHOE ...» OBLIO JIOMYIIEHO HECKOJIbKO
oreyaTok. Heo6XonnMo czienath ciejtyronme nCIpaBIeHusl.

11-a crpoka cHusy

I'ne: bBbLio: JL05KHO ObITH:
c.4,yeBast KOJIOHKA, HEMHOTO HaMHOTO

6-g cTpoka cHU3Y

c.7,J1eBast KOJIOHKa, TaKUX MaJIbIX

¢.9,mpaBast KOJIOHKA,
MocJieIHui ab3air

E, = 85 MaB/nyknon

E, = 8,5 MaB/uykmon

¢.10,1eBast KOJIOHKA,

Pep ~ O 10% r/em?

Pep ~ O 107 r/em®

MepBbIit ab3alf

2-i1 a63aig

.10, 1eBasi KOJIOHKA, [% ~10% M I% ~10% M
rpenoce/Huii ab3ait

c.11,mpaBas xosoHKa, | x = 2 x=1

c.12,mpaBast KOJIOHKa,
1epBbIil ab3aly

Te=Ts 4 -4 (
= 20T, = 6000 K

TC= T3(4 .4)1//1.(ZC_3) 12 —

les ) _
Re 2R,

= 20T, = 6000 K




SANJAYHUK «KBAHTA»

3a0a4u
Mo MatemMaTmke 1 Qu3rkKe

3ror paspaen Begercs y Hac U3 HOMePAa B HOMEP ¢ MOMEHTa OCHOBaHUS Xy pHana. [lybnukyembie B
HeM 3a4a4Yn HeCTaHAAapTHbl, HO AJIS UX PelLleHns He TpebyeTcs 3HaHWi, BbIXOAAMX 3a pamKu
LUKOJIbHOW niporpammsl. Hanborsee TpyaHbie 3aaa4v oTMeyarotcs 38e3404kou. [Tocre gpopmynvpoBiu
3a4a4u Mbl 06bIYHO YKa3bIBAEM, KTO HaM €€ MPeasIoxusl. Pa3yMeercs, He Bce 3Ty 3a4a41 y6uKkyrorcs
Briepseble.

Pelueruss 3ana4 1o mMaremartvike v @uU3vnKe U3 3Toro HoMepa ciegyer oTrpPas/ATh 10 /1EeKTPOH-
HbIM agpecam: math@kvant.ras.ru v phys@kvant.ras.ru cooTBeTCTBEHHO WU/IN 110 MOYTOBOMY aApPecy:
119296 MockBa, JleHnHckmii npocrekT, 64-A, «KBaHT».

YcanoBus kaxpgovi opuruHaneHod 3agavu, npeanaaraemMod A nybnvkaynu, Bmecre ¢ Bawmwim
peLueHnem 3Tov 3aAa4u MPUCbIIANTe 1o TeM XKe aapecam.

3apaun M2551, M2552 npeanaranvce Ha pervoHanbHom 3tane XLV Bcepoccuvickori onumnmiagsi
LUKOJIbHUKOB 110 MaTemartuke, 3agavya M2553 npeanaranace Ha XXIl Kybke namsaru A.H.Konmoroposa.

3agaum M2550-M2553, ®2557-d2560

M2550. /1s1g noI0KUTeIbHbIX Ycen d, b, ¢
JIOKQKUTE HEPABEHCTBO
a+b b+c c+a
Vb+c Ne+a Na+b
> \[2a +~2b ++/2c.

B.Kaiipam (Kasaxcman), A.Xpabpos

M2551. Ha sijocke HapucOBaH BbINYKJIbIH n-
yroapuuk (7> 4). Kaxkayo ero Bepumny
HAJ0 OKpacuthb Ju60 B 4YepHbI, JH60 B
Gesprii 11BeT. HasoBem amaronanb pasHo-
yeemHotl, ecyii ee KOHI[bI OKpAIleHbl B pPas-
Hple 11Beta. Packpacky BeplIMH Ha30BeM X0-
poutetl, ecin N-yroJIbHUK MOKHO pa3bHUTh HA
TPEYTOJBHUKN PA3HOIBETHBIMU ANArOHAJIS-
MU, He uMennmMu o6mux Touek (Kpome
BepimnH). Haiiure KOJMYIECTBO XOPOIMIUX
PacKpacoK.

C.bepaos

M2552. TlocaenoBarensiocts (a, ) Hary-
PAJIbHBIX YHCeN 3a/aHa ycaoBusMu a; =1,

yy = dy + d[ ] IpU BCEX HaTypaJIbHbIX

n=1. Jlokaxkure, 4TO JIJIsI KaKJOrO HATy-

paJbHOTO k B 9TOM MOCIEI0BATEILHOCTH Hafi-

JIeTCs 4JIeH, AeJIANmiicsa Ha k.
A.Tonosanos

M2553*. O6o3naunm yepes I HEHTP OKPYK-
HOCTH, BIWCAHHOH B OCTPOYTOJBHBIH Tpe-
yroibuuk ABC, uepes A, By u C; — Touku

ee kacauusi co croponamu BC, CA u AB
COOTBETCTBeHHO, 4yepe3 K u L — 1eHTpbI
OKPY’KHOCTEl, BIUCAHHDBIX B YETBIPEXYTOJIb-
nukun ABIC, u BAIC; cooTBeTCTBEHHO,
yepe3 H — ocHOBaHWME BBICOTBI, OMYIIEHHON
u3 Touku C (puc.1). Buccekrpuca yrna AHC

C

nepecekaer npamyo A,C; B Touke P, a
6uccexrpuca yria BHC niepecekaet mpsimyio
B,C, B Touke Q. [lokaxure, uto Q — OpTO-
1eHTp TpeyrojbHnka KLP.

A.3acaasckuil

®2557. Ha ropr3oHTaIbHO¥ TIJIOCKOCTH Ha-
XOJISITCST JIBA OJTMTHAKOBBIX OJTHOPO/THBIX OPYC-
Ka Maccoil M, ouH N3 HUX — <«JIEKAUn», a
Apyroit — «crosumii> (puc.2). Ha Gpyckax
3aKpeIIcHbl HeBecoMbIe 0JI0KN 6e3 TPeHUS B
0CsIX, Yepe3 KOTOPbIe TIEPEKIHYTa HEBECOMAst
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/
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Puc. 2
U HEpacTsSKUMasi HUTD, COEJAMHAIONAS JBa
O/IMHAKOBBIX 1Iapa Maccoil m. Y HUTH uMe-
I0TCS BEPTUKAJIbHbIE U TOPU30HTAIbHbBIN yUa-
crku. Illapsr xacatorcs 6pyckoB. Brawase
3TH OPYCKH yAE€PKUBAJINCH BHEITHUMHA CUJTa-
MU B HEMIOJ[BUKHOM COCTOSTHUU. 3ateM Opyc-
KU OTIYCTUJIH, U OHU CTAJIN JBUTATHCS TOCTY-
natebHO. C KaKMMU HAYaJbHBIMU YCKOpe-
HUAMU JBUTATHCD Opycku? Tpenus B cucre-
Me HUT[e HeT.

M.Pomawxa

®2558. [llapoBas sbanHKA pagmycoM Ry,
nmetomasi temmneparypy 0 °C, B yc/oBusx
HEBECOMOCTH HauuHaeT TasATh (MIaBUThCS)
IIPU TIOCTOSTHHOM «HEBBICOKOI» TeMIiepaType
okpyskaiomteit cpeast Ty (T, ~2-35°C).
[Ipene6peras ucrapenuem, olpeie/nTe Bpe-
Msl TasiHuA JbJIMHKK. Bo CKOJIbKO pa3 Bo3pa-
cTaeT BpeMs TasHUA JbJIUHKU TIPU yBeJInde-
HUM ee pajuyca B /JBa pasa? YjesibHasd
TEIIoTa IJIABJEHUsS JbJa ) , Koapduiment
TEIJIONPOBOHOCTH Bojbl M. Cumraiite, 4yTo
MpU TIJIABJIEHUN JIbINHKA cOXpaHseT hopmy
napa U CUMMETPUYHO OKPYXKeHa BOJOH, 006-
pa3oBaBIieiics MpU ee TasgHWH, TOCKOJbKY
BOZIa XOPOIIIO CMavmBaeT Je. TemiepaTypa
Ha BHEITHEH MOBEPXHOCTH BOJBI, KOTOPAs
npecrasJsier co6oit cdepy, Bcerma pabHa
TeMIlepaType okpyxkaiouteil cpeapl Tj .
A.Buacos

®2559. B Touke A, pacnosio;KeHHO# Ha
pacctoganu 7 OT IeHTpa O He3apsSKeHHOU
npoBoJsieii cdepbl paganycoM R, HaX0IUT-
cst toueunbiii 3apsin g (puc.3). Cdepy 3a3em-
JIFIOT JJTMHHBIM TOHKUM ITPOBOAHMKOM. Ha
CKOJIbKO TIOCJIe 3a3eMJICHUS M3MEHUTCS T0-
TeHIMaa @ Touku B, gaBudionieiics Beply-
HOIl PaBHOCTOPOHHETO TpeyrojbHuka ABO?
Kaknm Gymer m3MeHeHWe BeKTOpa Hamps-
SKEHHOCTH 3JIEKTPUYECKOTO I0JIS B 9TON JKe
TOuKe?

C.Kpwrxosg

2019/Ne3

Puc. 3 =

®2560. Mmeerca 6eckoHedHast ceTka, cje-
JIAHHAsI M3 TIPOBOJIOKU TTOCTOSIHHOTO CEYEHNST,

AYAVAYA
NAVANAY
s (70

nokasaHHas Ha pucyHke 4. [lnmHa oTpeska
AB pasna a. ConpoTuBJieHEe eTUHUIILI ITH-
HBI TPOBO/IHMKA paBHO P . Haiigure compo-
TUBJIEeHUE R,p Mexay Toukamu A u B.
A.Bbviukos

PeweHunsa 3apay M2538-M2541,
®2545-d2548

M2538. Ilems paccmasnsem 500 xoposeil
na xaemxax docxu 100% 50 max, umobol
onu He Ouau dpye opyea. A Bacs paccmag-
asiem 500 xopoaei na Geavix xaemxax (6
waxmammnot packpacke) docku 100x100
max, wmoOwvL onu He buau Opyz opyza. Y Kozo
boavue cnocobos 3mo coenamn?

Ortser. Boubiiie crioco6oB y Bacu.

Wpest pelieusi — CONOCTAaBUTD Kaxoi Ile-
THHON pacCcTaHoBKe HeKOTOpyio Bacuiy pac-
CTAHOBKY TaK, 4TOObI PA3HBIM PACCTAHOBKAM
ObLIIN COTOCTABJIEHBI Pa3HbIe, & KPOME TOrO,
yKaszatb BacuHy paccTaHoBKy, HeE CONOCTaB-
Jgenylo nukaxoi Iletunoil paccranoske.
[Tpusesem aBa criocoba ciesaTb HY>KHOE CO-
[OCTABJIEHIIE.
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Hepewiii cnoco6. Cosmectum TleTnHy K0CKY
¢ JieBoil moJioBuHo# Bacunoit mocku. Pac-
cMoTpuM Jio6yIo paccranoBky Ileru. Octa-
BHUM BCEX KOPOJIEH, CTOSIUX Ha GeJbIX I0-
JISIX, Ha MeCTe, a BCeX KOPOJIei, CTOSIIUX Ha
YEPHBIX TI0JISIX, OTPA3UM OTHOCHTEJbHO Bep-
TUKAJTbHON ocW cuMMeTpun BacumHoil m1ocKm®
(puc.1). B utore noyunm Kakyio-To paccra-

& & & &
] &

Puc 1

HOBKY 500 KopoJieil Ha 6eJIbIX KIeTKaX JOCKH
100x100 . Tlo aToit paccTaHOBKE JIETKO BOC-
CTAaHOBUTD UCXOHYIO PACCTAHOBKY Ha JIOCKE
100 x 50, «meperubas» nocky. [Toxaxem, 4to
rocJie orTpaskenus KopoJiu na sjocke 100 x 100
He ObIOT ApyT Apyra. [leiicTBUTENbHO, KOPO-
JIN HA OJTHOII IT0JIOBUHE JJOCKU He 6yayT GUTh
JIPYT APYTa, TOTOMY 4YTO He GUJIN [I0 OTpasKe-
HUs. A W3 Pas3HbIX IOJOBUH JIPYT JIpyTa
MO3KeT OUTH TOJIBKO Tapa KOPOoJieit, CTOSIIINX
B JIBYX KJIETKAaX, MMEIOINX OOIIYI0 BEPITHHY
Ha ocu cummerpun. Ho Torpa atu KopoJin
HaXO/UJINCh B COCEIHUX 10 CTOPOHE KJIETKaX
JI0 OTpaskeHusi — MPOTUBOPEYNE.

Jlanee, paccraBum 500 KopoJieil Ha JOCKe
100x100 B 6esble Kaetku 1-ro, 3-ro, 5-T0,
7-ro, 9-10 cTOJIOLOB CJeBa, a Takxke B OeJble
KJeTku 1-ro, 3-ro, 5-ro, 7-ro, 9-ro cTon6110B
crpasa. [locse nepern6a JOCKH KOPOJIU 3aii-
MYT BeCb IIepBbIil CTOJIGEI], 3HAUUT, OTHUCAH-
Has BbIle Bacuna pacctanoBKa He COIMOCTaB-
JeHa Hu oxnoil Iletnnoii.

«KBAHTA »

Bmopoii cnoco6. Pazob6beM KaxIylo TOPHU-
30HTAIb Bacuuoi JocKky Ha JOMUHOIIKA 1X 2 .
[Tyctp Baca py6ampyer Iletnny paccraHoB-
Ky Ha cBoeil «gocke» 100x50 u3 gomuno-
IeK, a 3aTeM TOMECTHT KaK/[0TO KOPOJis,
CTOSIIIETO B JIOMUHOINKE, B GEIYI0 KJIETKY
sroit pomunomkn (puc. 2). OueBnzpno, u3s
pasubIxX [leTHHBIX paccTaHOBOK MOTYyYaOTCS
pasubie Bacunbr. [Tokaxkem, uro mocsie yka-
3aHHOI TIpPOIEeJypbl KOPOJU HA JOCKe
100 %100 He 6bioT APYT Apyra. Ecan, HATIPO-
THB, KaK#e-TO JiBa KOPOJs O6YAyT OGUTb IAPYyT
JIpyra, TO OHU OY/YT HAXOJUTHCS B COCEHUX
10 CTOPOHE WJIM TI0 BEpIINHE IOMUHOIIKAX,
MI09TOMY COOTBETCTBYIOIIHE KOPOJU OGHJIH APYT
Jpyra u B ucxojauoi Ilernnoit paccranoske —
MIPOTUBOpEYHE.
Jlerko Buzeth, yTo BacnHa paccraHoBKa KO-
poJieii U3 mepBoro crnocoba ONSATb-TAKU He
cortoctaByieHa H1 oxHoi Iletmnoil paccra-
HOBKe.

E.Bbaxaes

M2539. a) Jokaxume, umo 11060e 4ucio
euda 3k — 2, 20e k — yenoe, moxem 6vimo
npeocmasieno 6 eude cymmvl 00HOZ0 K8A0-
pama u 06yx Ky606 ueavlx uuce..

6) Joxaxume, umo n1060e Ueioe UUCIO
MOKem Ovlmb NPedcmasaeno 6 Gude cymmol
001020 Keadpama u mpex Kybo6 Ueavlx
uucen.

a) JlocTaTtouHo 3aMETUTh, UTO
K —(k+3) +(3k+5) =3k-2.

(TToo6paTh 910 PasJIOKEHHE MOKHO, pac-
CMaTpUBas Pa3HOCTU MEXKIy KybamMu OJn3-
KUX uucest. B jaHHOM ciyyae HaM IIPUTO-
JILIaCh PA3HOCTb KyOOB YHCEN, OTCTOSIIUX
Ha 3.)
6) Ilyctb HaM HY)KHO HPEJACTABUTH IeJ0e
qucio N B BH/IE CyMMbI TPEX TOYHBIX KyOOB

1 OJIHOTO TOYHOTO KBajpata. Bpru-

TeM u3 yucaa N 4ucio tj, paBHOE

3 B3 & & &3 == 0, 1 mm—1, yto6bI pasHoctb N — 3
[ E) & | wmena Bux 3k — 2. Temepb mocra-
TOYHO K 9TOI PA3HOCTU IPUMEHUTD

e @ & MyHKT a).
» & &3 H.Cedpaxsn

M2540. B ocmpoyzoavrom mpey-

zoavnuxe ABC nposedensl 8bico-

Puc. 2

mo AH,, BH,, CH,. Ilycmo
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H,, —npoexyusa mouxu H, na npamyro AC
(puc.1). Ananozuurno onpedeun mouxu H,,,

H,, H,, H,, H,. Hoxkaxume, umo
B
HdC N
///
4
/
/ H,
1
1
|
\
\
\
Hy,
\\
A Hy e Hy, C
Puc 1

wecmv movex H,, H,., H,,, H,., H,,
H,, aexam na 00HOt OKPYKHOCIU, UEeHMP
KOMOpotl cognadaem ¢ UeHmpoM Macc mpe-
yeonvnozo koumypa H, H,H,, cdesanmnozo
U3 00HOPOOHOIU NPOBOJIOKU.

B pemennu Mbl MHOTOKPATHO Gy/I€M TI0JH30-
BaTbCAd CJEAYIOMNUM CBOWCTBOM OPTOTpE-
yroavuuka: ZH H,B=/ZH,H,C = ZBAC
¥ aHAJOTUYHBIMU paBeHcTBaMu yrjoB. OT-
CIofla, B YaCTHOCTH, CJeayeT, YTO BbBICOTA
H,A aBaseTcs GHCCEKTPUCOH yria B OpPTO-
tpeyroabuuke H, H, H,. .

ITycrs X, Y, Z — cepepunnl orpesxos HyH .,
H.H,, H,H, coorsercrBenno (puc.2).

Hd( Hca
//’ =~
/’/ HE\
/
/ Y, \
/ \
/ H, Hy,
]
| \
' ]
\\ 7 |
\
\ /
HbC //
/
AN //
A ch 7—?[;-’ Hab ¢

Puc. 2

Nmeem (M3 TORXOGHBIX TPEYTOJBHUKOB
BH,H, n BAC c 1upoBe/leHHbIMH B HUX
BBICOTAMN) /BH,H,, =/BH,H, =
=/BAC. Orcioga craeayer, 4UTO
H,H.,| AC . Ananoruuno, H ,H,. ||CB
n H,,H, || BA.

2019/Ne3

N3 1npsaMOyroibHOTro TpeyroJbHHUKaA
H H,,H, Bugum, uro tpeyroabuuk H,YH_,
paBHoGeapennntit u /H, ,YH, =2/BH_ H, .
Jaee,

/HYX =/H H,H;, =
= 180°-«BH,H - ZCH,H, =
= 180°-24BH H, .
[Tosnyuaem, uto £H,,YH,. + ZH.YX =180°,
CJIeoBaTeNbHO, TOUYKA Y JIEKUT Ha OTPE3Ke
H_,H_ . AHaJorn4Ho noJyyaem, 4To CTOPO-

Hbl Tpeyrojbnuka XYZ jiexaT Ha OTpe3Kax
H,H,, H,H, , H, H,, . Bdacrnocru,

ac
Hcchb ” HaHb ’ H bHac H HbHc ’
Hbcha ” HcHa .

a

Tak kax
<H H,C=/H,H,C =

=/H H,A=/H,H,A,
to H,.H.H,H, — paBHo60Kas Tparerus,

OHa BIIMCAHA B HEKOTOPYIO OKPYKHOCTb .
[anee, Tak Kak

/ZH ,H.,C=/ABC = ZAH, H,, ,
TO yerblpexyroabuux H ,HH, H, BIu-
CaHHbIi, T.e. Touka H},. TakKe JIEKHT Ha
OKPY>KHOCTH (0. AHAQJIOTUYHO, U TouKa H,,
JIESKUT HA .
[lanee noctpoum neutp mace U s Tpey-
rospHoro kourypa H,H,H,. . Kak nssecrno,
IIEHTP Macc TpeyroJbHoro Kourypa A (cue-
JIAHHOTO U3 OHOPO/HON MPOBOJIOKU) COBITa-
JlaeT ¢ TOYKOH nepecedeHnss GUCCEeKTPHUC Tpe-
YIOJIbHUKA C BepUIMHAMU B cepejuHax CTO-
por A (cm., Hanpumep, cratnio 1. /lanenxo,
10.Munaesa, O.Oprasuackoro « Haxoxgenne
I[EHTPa Macc IPOBOJIOYHOTO TPEYTOJbHUKAY»
B «Ksanre> Nel 3a 2018 r.). ITockosbKy
YU —6uccexrpucayrna XYZ,a XY || H, H, ,
ZY ||H.H,,ToUY || H,B,um UY L AC.
IIpsamasa UY Torja gaBisietca cpeiHeil TUHU-
eil npsamoyrosbuoit tpaneuuun H, ,H.H, H
U Cepe/MHHBIM IIePIEeHJAUKYISIPOM K XOpJe
H,H, oxpyxnocru . Ananoruyno, U
JIEXKUT Ha CEPEeIMHHBIX IepIEeHAUKYIApax K
xopaam Hy, H,, n H_,H,, oKkpyXHOCTH ® .
3uauut, U gBasgercs MEHTPOM . 3ajada
pelieHa.
3ameuanus. 3ajada uMeer ciaeayroiiee <ad-
¢unHOE» 06001eHNe. IIycTh B TPEyTroIbHM-
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ke ABC na npambix BC, CA, AB B34aTbI
touku K, , K;, K, COOTBETCTBEHHO TaK, YTO
npsamble AK,, BK,, CK, nepecekaiorcs B
onnoit touke. Onpenenum Touky K, Kak
TouKy nepecedenns: npsmoit AC u mpsMoii,
napaJjienbioit  BK, , npoxopsauieil uepes
Touky K, . AHaJOTHYIHBIM 06pa3oM orpeje-
mm K., K,,, K,., K,, K. Torna
nrectb touek Ky, K., K., Ky, K.,
K,, nexar na onHoil xonuke. B ciyuae,
xorga touku K, , K, , K, znexar na cropo-
nHax BC, CA, AB (a He Ha UX IIPOJOJIKEHNU-
ax), KOHCTpYKIust adPUHHBIM TIpeoGpaso-
BaHHeM MOXKeT OBbITb CBe/leHa K YCJIOBUIO
naHuon 3axaun M2540.
OTMeTHM elle HEeCKOJIbKO CBOWCTB JTaHHON
KOHCTpyKIMK (uuraresib MoKeT 1onpo6o-
BaTh BBIBECTH MX CAMOCTOSITEJBHO):
1) H,H, =H,H, =H,H,, (baxrniec-
K, MBI BUE/IH 5TO IIPH JOKA3aTENbCTBE);
2) tpeyromsuukn H,Hy, H., w H, H,,H,,
PaBHbBI Me3K/IY CO60#1 U TOOOHDI TPEYTOJIbHI-
xy ABC;
3) U siBAisieTcs IIEHTPOM CUMMETPUH, TIEPEBO-
adweil tpeyronbnuk H,H,H_ B Tpeyrojb-
HUK C BepIIMHAMHU B OPTOIEHTPAX TPEYTOJIb-
nukos AH,H., H,BH,, H,H,C;
4) U aBnisietcst cepeIMHoii 0Tpe3Ka, COeAnHsI-
orero O (I[EHTP OMUCAHHON OKPYKHOCTH
Tpeyroabpinka ABC) 1 OPTOIEHTD TPEYTroJib-
nuka H H, H,_ .
OKpy>KHOCTb (, CyLIeCTBOBaHHUE KOTOPOii
JIOKA3aHO HAMH, M3BECTHA KaK OKPYKHOCMD
Taiinopa. I10 ofaHA U3 OKPYKHOCTeH, IpU-
Ha/IJIESKAIUX CEeMEHCTBY TaK Ha3bIBAEMbBIX
oxpysxnocmell Taxkkepa, KoTOpble MOXXHO
OlIpe/ieJIUThb, HANPUMEP, TaKUM 06Pa30oM.
Pacemorpum  tpeyrosibaukn XYZ « ABC
Takue, yto X JIeXKUT HA IpsiMmoit AB, Y — Ha
BC, a Z — na CA. Okpyxnoctn Takkepa —
OTIMCAHHBIE OKPYJKHOCTH TAKUX TPEYTOJTHHU-
koB XYZ. [Ipyrue onucanus 1 WHTEPECHBIE
CBOMCTBa OKPY KHOCTel Takkepa MOKHO Hali-
tu, Hanpumep, B kuure: R.Honsberger
«Episodes in Nineteenth and Twentieth
Century Euclidean Geometry».

U. Bainwmeiin

M2541*. I1rockocms pasbuma na evinyxivie
CeMUYz0NbHUKY eOunuunozo duamempd. /lo-
Kaxume, umo mo6ou xkpyz paduyca 200
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nepecexaem e Menee MUIIUAPOA U3 IMUX
cemuyzonvrukos. ([Juamemp mnozoyzoivHu-
Ka — 3Mo MAKCUMYM cpedu paccmosHuil
MeKOY napamu ezo sepuLu.)

O603naunM yepes O IEHTP JIAHHOTO Kpyra, 1
nycrb Kp — 9T0 Kpyr paguyca R ¢ LeHTpoM
B O. Ilyctb C — MHOXECTBO YIJIOB BCEX
JIAHHDBIX CEMUYTOIbHUKOB, a Cp € C — oA~
MHOKECTBO TeX YIJIOB, Y KOTOPBIX BepIINHA
npuHajuiekuT kpyry Kp. [lna penienus
3aJauyu  JOCTATOYHO [0KAa3aTb, 4YTO
|Co00| 2 7-10° (xak o6bruno, |X| o6osnauaet
KOJIMYECTBO 9JIEMEHTOB B MHOKecTBe X). B
caMoM Jiesie, TOT/Ia KOJIMIECTBO CeMIyTOb-
HUKOB, TTIEPECEKAI0IMNXCS ¢ KPyroM Ko, , He
menee |Copol/7 =107

[Toxkaxkem, 4TO cpelHee 3HAYEHUE yIJa U3
mHokecTBa Cp He mpeBocxoaut 2m/3. [leii-
CTBUTEJBHO, B «TPOIHOII Pa3BUJIKe» CPe/Hee
3HaueHue yria pasio 2m/3 (puc.1), a B
60J1ee 4eM TPOITHOI pa3BUJIKe OHO eIlle MEeHb-
me. Ecom sxe BepmmHa JIEXKUT HA CTOPOHE

Puc. 1 Puc. 2

HEKOTOPOTo ceMuyroJibHIKa (prc.2), To cpej-
Hee 3HaueHHe yIJa B Takoil BeplinHe He
6oaipiie /2 .

C nipyroii CTOPOHBI, PACCMOTPUM MHOKECTBO
yrioB T BCeX CEMHYTOJBbHUKOB, NMEIOMINX
Herrycroe nepeceuennie ¢ kpyrom Kp. Ilo-
CKOJIbKY JAMaMeTp KaJKJOTO CEeMUYTOJIbHUKA
ne npesocxoaut 1, Tp < Cp,y . g kaxoro
MHOTOYTOJIBHUKA CPe/IHee 3HAUeHUe YTJIa IIPU
BEPIIHIe PABHO JT/7 , TOATOMY CPeJIHee 3Ha-
YyeHue yria B MHoOXecTBe I TakKe paBHO
om/7 .

Ilycrs  k=|Cg|, m=|Tg|, rax wuro
Tr \ Cg|=m—k. Cyuerom Toro, uro kax-
JbTit yroa m3 MEOKecTBa T \ Cp MeHbIIe T
(910 BepHO st MOGOTO yriia BBIMYKJIOTO
MHOTOYTOJIbHIKA), GajaHC CPEeJHUX [aeT

(m-k)-m+k-20/3>m-5n/7. Otcona
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m > 7k/6 .CienoBatebHo,

7
|CR+1|>€|CR|. (%)
[Tockosbky
6 6
A R PV [ 2105103,
6 6

u3 oreHkn (%) Mocae0BaTebHO BBIBOINM:

7 6
|Crys| > 5 |Cr|>2|Cpl,

|Cris0| > 27 [Cr| > 10%|Cp] .
Tak kak |Cy| 21, umeem

|C200| = |C2+6+6+6+60+60+60| >

>2.2-2-10°-10°-10° > 7-10°.
3aaua pernieHa.
W3 nipuBeIeHHBIX OIIEHOK BUHO, YTO =7 —
B HEKOTOPOM CMBbICJIE KPUTHUECKOE KOJIHMUe-
CTBO BEPIIVH: IIPU Pa3pe3aHui IJIOCKOCTU HA
He Meree YeM N-YTOJbHUKH OrPAHMYEHHOrO
muamerpa Gyukius [ (R)=|Cg| pacrer ak-
crionenianbho. IllectyrosbHublie COTBI —
MpUMep, MOKA3bIBAIOIINN, 4YTO TIpH 7 = 6
dbyukims |CR| MOJKET PACTH TOPA3J0 MeJl-
nennee (poct KBagpaTUUHON (PYHKIINN).
B zaksiouenue yrmomMsineM ueiino 6JIM3Kuii K
Halllell 3ajlaue M3BECTHBIH (DaKT: TIOCKOCTD
HEJIb3s1 pa3pe3arhb Ha BBITYKJIbIE CEMUYTOJTh-
HUKH, ecau uxX auamerp (Mim mepumerp)
OTpaHWYEeH CBEPXY, a TJIOMA/b OTPaHUYEHA
CHU3Y.

A.Kanenv-benos

D2545. Jlsa cnaownbix wapuxa pasuolx
pasmMepos u3 00H020 XUMUUECKU UUCTROZ0
sewecmea Haxo0sames 6 Kocmoce 0aiu om
Opyeux MaccueHvlx me u 63aumMo0eticmey-
1om Opyz ¢ OpyzoMm MOIVKO 2PASUMAUUON-
Holn cnocobom. Onu epawaromcs 60KpYyz
obwez0 yenmpa macc, 0eads ooun 06opom
3a epems 00nozo ypoxa T = 45 nun. Kaxoi
MOKem Obimb MUHUMATOHAS NLOMHOCTID
Mamepuana, u3 Komopozo cOoenanvl wapu-
xu? Kaxomy memanny maxas niommocmo
coomeemcmesyem?

Ilycts 1 W % — PacCTOAHUSA OT IEHTPOB
IIaPUKOB JI0 OCU BpallleHusd, my U M, — UX
Macchl,  — BeJIMYUHA YIJIOBOH CKOPOCTU

2019/Ne3

BpallleHns cucTeMbl. Tak Kak IeHTPbI MIapu-
KOB PaBHOMEPHO J[BHIKYTCS 110 OKPYKHOCTSIM
BOKPYT 001I1ei 0CH, TO YPAaBHEHUS WX JIBIKE-
HUA B NPOEKIIUN Ha JIMHUIO, COCAUHAIONTYIO
LEHTPbI, UMEIOT BU/{

mnw’ =G ol R Myry0° = G2 5
i+ i+ 1)
IIpu atom
My = myt, .
Orcrofia Hax0ANM
my 4+ my

o’ =G 5
(n+mn)
IIyctb Ry m R, — paauycbl Ka)K/0ro us
mapukoB. Torga

i 4
my =pV, = §npr, my =pVy = §npR5

I BEJUYUHY YIVIOBOW CKOPOCTH BpallleHHs
MOZKHO OIICHUTD KaK

3 3
(D2 = éan&;R% <
3 (r+1n)
3 3

p
3 (R +R))’ 3

B ycnoBum 3aman mepuoy T obpaineHus
IIAPUKOB BOKPYT 0611ero mentpa macc. Emy
COOTBETCTBYET YIJIOBAs 4acToTa

m:ES [éan_
T 3

Camast GoJibiasi (BO3MOKHAs) yTryioBast CKO-
pocth Gyzer B TOM cJydae, KOTJa OJIUH
IIADUK MMEET PasMep, 3HAYNUTEJIBHO MEHb-
1mii, 4eM pazMep JAPYroro IMapuka, u mapu-
KU JIBIIKYTCsI, MOYTH Kacasichb JPYr JApyra.
[Ipu 5TOM IIIOTHOCTH MaTePHAJIA MAPUKOB He
MOJKeT GbITh MEHBIIE BEJTUYUHbI

3n 3
= ——=19300 kr/Mm".
Pmin GT2 /

ITOIl TJIOTHOCTU COOTBETCTBYET 30JI0TO.
A.Bypos, E.Illarumosa

®2546. Hmeemcs <uemeepmv OGecKoneu-
Hasl> peuemrd ¢ K8aopamHulMu suetikamil,
cocmosiwas U3 00UHAKOBLIX Pe3UCTOPOs
CONPOMUBTICHUCM T, KAK NOKASAHO HA PUCYH-
ke 1. H3secmno, umo ecau 6 ysen A emexa-
em, a u3 ysia B ewimexaem mox I, mo
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I 1
Puc. 1

U0eanvHulll BOTLMMEMP, NOOKJIOUCHHLU K
y3nam C u D, noxazvieaem nanpsaxenue U.
Onpedenume no smum OAHHbIM CORPOMUB.LE-
Hue R,z Oannoil pewemxu.

PaccmoTpum 1Ba moKJIIOUEHNS UMeETOIecs
PEIeTKH, NMPU KOTOPBIX HAGJIIOAATOTCS CUM-
METPUYHbIE PACIpe/leJIEHUsT TOKOB OTHOCH-
TeabHo Auaronanu (IyHKTUpHAs JMHHS Ha
pucynkax 2 u 3).

CHavanma co3jaJuM TaKue TOTEHIINATIbI B

CHCTEMeE, UTO B YIJIOBYIO TOUKY BTEKAeT TOK [,
1

a 13 IBYX COCEAHUX Y3JIOB BBITEKAIOT TOKN E

172

172 ¢ I,
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(cm. puc.2). OueBUaHO, YTO B HTOM CJIydae
0 IBYM GJIMPKANTIIAM PE3UCTOPaM CeTKH 0y-
I

AYT TE€Yb TOKUN E, a BO BCeX OCTaJIbHbIX

IPOBO/IHIKAX TOKM He TeKyT. Terepb co3/a-
eM TaKue TMOTEHIHANbI, YTOObI B ONH y3eJI,
6JITpRAIIIT K yTJIOBOH TOYKe, BTEKAT TOK

—, & U3 IPYToro BbITEKAJ TAKOH ke TOK (CM.

puc.3). Torga JIerKo 3aMeTUTb, YTO B CHM-
METPUYHBIX OTHOCHTEJBHO JUATOHAJU IPO-
BOJIHUKAX TEKYT OJMHAKOBbIe Toku. Hampu-
Mep, Ha PUCYHKe 3 M300PasKeHbI JBa TAKUX
ToKa [ n I, , KOTOpbIe PaBHBI APYT APYTY O
MO/IYJTIO.

Ho nama 3ajjaua aBJisieTcst Hu4eM MHbIM, KaK
HAJIO’KEHNEM 3TUX /IBYX KapTuH. Cuja Toka
Ha KaXK/IOM y4acTKe UCXOHOI CXeMbl HaX0-
JINTCS KaK CYNEPIIO3UIUg TOKOB Ha 3THUX
y4yacTkaX B KaxXOH YIPOIIEHHOH CcXeMe.
Taxske n3 TPUBEJEHHBIX PACCYIK/EHUN CJie-
JIyeT, 4TO Y3JIbl, KOTOPbBIE JIesKaT Ha MaroHa-
JIM, MOXHO Pa3pbIBaTh B/OJIb Hee.

Haiizem tok I, (cM. puc.3), nporexatomniuii
yepe3 AB. Tak kak y3esa E MO3KHO pa3opBarhb
BJIOJIb Anaronanu, 10 Ioup = Icpp =1,. U3
MIPUHIIATIA CYTIEPIO3UIIUH CJIEAYET, YTO TOKU
yepe3 CD B UCXOMHOW cXeMe W B CXeEMe,
n300paskeHHoi Ha pucynke 3, pasubl (Tak
KaK B HMCXOJHOI cxeme TOK depe3 CD mne
Teyer). 3HAYNT,

1 U I U
—=2l . +—,um I, =———.

2 r 4 2r

Toraa u3 npuHIUTA CYTIEPIIO3UIIH CIEAYET,
4YTO TOK 4Yepe3 pe3uctop AB B MCXOHON

CXEME paBEH

I 31 U
Tip=I1 +==2_=2
ABT S T T4 o
CrieoBaresibHO, 001Iee HANTPsKEHNe MEXY

y3aamu A 1 B paBHO

31 U
Uyp=1ygr=—r—-—.
AB AB 4 2
TOI‘J_Ia OKOHYAaTEJIbHO ITOJIydaeM
U 3 U
Ruyp=—2L="yp-—.
BT T4 20

A.Buviuxos

®2547. IIpogheccop daexmpa Illap nposo-
oum IKCRePUMEHMbL ¢ NPOGOOSUUMU ULADU-
Kamu. B xode xaxdozo sxcnepumenma ona
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MEOJIeHHO CONUNKAE MPU YeOUHEHHBLX ULd-
puxa paduycom R xaxovii max, umo &
KOHEUHOM COCMOSIHUU UEHMPbL JMUX WaAPU-
KO8 HAX00SMCS 6 BePUUHAX NPABUTLHOZO
mpeyzonvnura co cmoponoi 3R, u sanucvi-
saem 6 JA6OPAMOPHLLL KYPHAL 3HAUEHUE
pabomul, Komopas 6vLAd el cogepuieHd.
IIpu smom wapuxu 6 HauaLHOM COCOSIHUU
Mozym Obimb Kax 3aApsiKennviMu, max u
nezapsixennvimu. B cayuasx, noxazanmolx
na pucynkax 1 a, 6, ona 3anucaida 3navenus

+q
I | 3R 'i I I 3R\ i I | 3R\ i
+q +q

*q -q *q
Puc 1
pabom Ay u A, coomeemcmeenno. Haiiou-
me: 1) nomenuuan 3apsKennozo wWapura 6
cayuae a; 2) nomeHyuaivl 6cex waApukos 6

cayuae 6; 3) 3nauenue pabomol 6 cayuae 6.

1) Paccmorpum cayuaii a. [Tonas sueprus
CHICTEMBI ITPOBOHUKOB B HAYATBHOM COCTOSI-
HUW paBHA
2
W, = lqki = 1kq— :

2" R 2 R
[Iyctp @ — moTeHIMAN 3aPSKEHHOTO MIApU-
Ka nocJie conmskenus. 3 cummerpun (11oBo-
por Ha 180° orHocuTeabHO OO’ (puc.2))
CJIEIyeT, 4TO MMOTEHIINAJbI [BYX [PYTHUX IIa-
PUKOB OJITHAKOBbI, 0603HAYNM UX @, . Torga
KOHEYHAas SHEPIUsI CUCTEMbI PaBHA

1 1

Wi =§(q<p1 +0-9, +0'(P2):§67(P1.
I/IS 3aKOHa COXpaHEHUA dHEPTUN nonyqaeM
24,

Wy + 4 =W, nm (p1=ki+
R q

,/ \ +q /// N\ -q
o' o’
puc. 2 Puc. 3

2019/Ne3

2) Pacemorpum cayuail 6. TlosHast sHeprus
CUCTEMbI TPOBO/IHUKOB B HAUAJIbHOM COCTOSI-
HUU paBHA

2
W, = 1 qki+ (—q)[—ki) oy
2 R R R
W3 cuMmerpun caefyer, 4To MI0CKOCTb (o]0}
(puc. 3)) dABIsgETCS SKBUIIOTEHIMAIBHON:
¢ =0. 3HauuT, HOTEHIINAT HE3aPAKEHHOTO
mapuka paBet HyJio. [Iyctb @5 — moreHimal
HOJIOKUTENHHO 3aPSI’KEHHOTO IapUKa MOCIe
COJIMKEHNST, TOT/Ia —(5 — MOTEHI[HAJ OTPHU-
LaTeJIbHO 3apsBKEHHOro mapuka. KoHeuHas
SHEPTHs CHCTEMBI paBHA

1
Wi =5 (705 +(=0)(=95)) = 905.
3 3aK0HA COXPAHEHUS] SHEPTUH TOTyYaeM
.9 A
Wy + A4, =W,, nm @3 —k§+7.

3) B ciyudae 6 3ajaua ABISETCS HANOKCHN-
eM Tpex pacrpeenennii (Kaxaoe n3 KoTo-
PBIX JaeT HyJIEBOE T0JIe B IIPOBOSNINX MIa-
PHUKaX, a 3HAYNUT, 110 TeOpeMe eMHCTBEHHO-
CTU JPYIUX PpaclpefeleHnii ObiTb He Mo-
xker) us cayvasa a (puc.4). Torga mo npu-

*q

®
v \ V4 \ V4 \
+tq +q

Puc. 4

IIUTTYy CYTIEPIIO3UIINH B CIyYae ¢ y IMIapuKOB
[IOTEHIMAJbl paBHbl @ + 2¢, . Haiinem 1o-
TEHIIHAT @ . 3aMETHM, YTO CJyYail 6 ABJIsI-
eTcsl HAJOKEHHEM [BYX pacIlpe/eeHnit
(kaxk[10e M3 KOTOPBIX JaeT HyJIEBOE T0Jie B
[IPOBO/ISAIINX MIAPUKAX, & 3HAYUT, 110 TEOPE-
Me eIMHCTBEHHOCTH JAPYTUX pacIlipejiesienuit
6bITh He MosKkeT) u3 caydas a (puc.5). Cue-



R ®
OOOO‘O

—-q *q
PMC. 5
JI0BATEJIbHO,
O3 =01 =@y, un
2A A
Py =01 =03 = k q k— q =2
q R" q
B 24, - A,
—q .

ITonnas QHEPrusa CUCTEMbI ITPOBOJIHUKOB B
Ha4YaJIbHOM COCTOAHUUN paBHaA

%=1-3qki=gk

9
2 R R’

O OfinHe
TPaeKTopum
OaNMCTNYeCKOro
OBUXEHWS

@D.rPUTOPHEB

OCJIE TOT'O, KAK TAJIUJIEN YCTAHO-

BUJI, YTO TPAEKTOPUsT OAJIUCTUIECKOTO
JIBIDKEHMsST BOJIM3W TOBEPXHOCTH ey 0e3
yueTa CONpOTHBJIEHNS BO3/LyXa SIBJISIETCS Hapa-
6OJIO, eCTECTBEHHO BCTAJ BOIPOC, KaK HANTH
JUTHHY TPAeKTOPUHU ITOTO ABIKeHust. C mpax-
THYECKOI TOYKU 3PEHUsT 3HATD JIJINHY TPAEKTO-
pHH T0JIETa MOJIE3HO, HAIPUMED, B CJAyYae ee
BU3yasm3anun — B ¢eliepBepkax, OCTaBJISAIO-
HIUX CJIEJT, TIPH TTOKA3ATebHBIX BBICTYIIEHUSIX
JIETATEIbHBIX AIlapaTtoB W T.J., TaK KaK Mpu
(bUKCIPOBAHHOM PACXOJI€ AKTUBHOTO BEIECTBA
SIPKOCTD CJIe/Ia 3aBUCHUT OT JITUHBI TPAEKTOPH.

DOI: https://doi.org/10.4213/kvant20190303

Koneunaga sneprust cucrembl paBHa

1
W, =§-3(q(<p1 +2¢,)) =

35 2 2
2 R q q

=§q k1+6A1—2A2 .
2 R q

W3 3akona coXpaHeHUs 9HePTUH HOTydaeM
Wy + A3 =W,, nmm

Agzéq(kLM] 3,0 _
q

2 R 2 R
= 9A1 - 3A2 .
A.Buviuxos

(MpogonxerHme cm. Ha ¢. 24)

Taxyke 1Mo JJMHE TPAEKTOPUU MOYKHO BBITIOJ-
HUTH PUOIU3UTEIbHbIA pacyeT paGoThI CHJIbL
COIIPOTUBJIEHH JIBIKEHUIO JIETSIIErO TeJIa.

BbIpaskenne /151 JUIMHBI TPAEKTOPUY Tapalo-
JIMYECKOTO JIBVKEHMST MOKHO HaWTH, HaIpu-
mep, B untepuere (cm. http://
sch1561uz.mskobr.ru /files /didactika2.pdf).
31ech JKe KpaTrko BOCHPOM3BEIEM 5TOT pe-
3yJIbTaT.

Yr0o6bl BBIYUCIUTD JJIMHY TPAEKTOPHHU, Pa30-
ObeM ee Ha MaJible YUYaCTKH, Kax/blil 13 KOTO-
PbIX MOKHO CUUTATb IIPSAMBbIM. [[MHA MaJoro
y4yacTKa paBHa

ds = \/dx2 +dy* = \/vﬁ +o, dt .
Toraa uckomast jmiHa Gy/ieT paBHa

T
L=J. vﬁ+v§dt=
0

= ].\/(vo coson)2 +(

rae T =2y,sina/g — Bpemst nosera. 3aMeHa-
MU @ =7yCOSCQL U X =70ySin0 — gl HHTerpas
MO>KHO CBECTH K TaGJIMYHOMY:

_[Vx2 +a*dx =
2
=g\/x2+a2 +%ln(x+\/x2+a2),

vpsino— gt ) dt |
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[locne B3gTus maero WHTETpaJia 1oJaydaeM

J U:%+U;dt=—é><

\/(00 cos oc)2 + (vy sino — gt)2 +

o| ToSino - gt
2
2
N (v cosa)

5 ln(vosinoc—gt+

+\/(vo cosa) + (gysina - gt )’ D :

[TopcraBuB BepXHUIT U HUXKHUI TIpe/iesibl UH-
TETPUPOBAHNS U YIIPOCTHB, HAXONM UCKOMYIO
JUTITHY TPAEeKTOPHMN:
2 .
L= U—O[Zsina +cos? o - lnw) .
2g 1-sino
WNurepecHo onpeneauTb, MpU KAKOM YrJe
6pocka 0, Ipu PUKCHPOBAHHON CKOPOCTH ¥
JUTITHA TPaeKTOPUU MaKCHMAaJbHA, YeMy OHa
paBHa ¥ BO CKOJIbKO Pa3 GoJibllle MaKCUMaJib-
HOU JasbHOCTH Opocka. BosbmeM mpousBoji-
HyI0 OT L 10 o, NpUpaBHseM ee K HYJIO U
MOJIYYUM ypaBHEHUE JUIS Ol

. 1+sino
2 =sinoyg - In——=2
1-sinay
BoIpasus orciofa MHOXKUTEJIb, COJIEPsKalIiil
JorapudmM, U MOJCTaBUB B ypaBHeHUe 17 L,
MIOJIy41M IIPOCTOE BbIPAYKEHUE /11T MAaKCUMAJIb-
HOH JJIMHDBI TPAEKTOPUU TeJla:
2
Ly = —2—
max — . .
gsinay

2019/Ne3

[

ol I

0,81
0,6+
0,41
0,27

0

, %o}, ,
0 05 1,0 15 o
33BUCMOCTb BE3PA3MEPHOMN L/IMHbBI TPACKTOPUI
[ or yrna 6pocka o. (pag)

YpaBHeHue 1S yria o, He UMeeT aHAJIUTH-
yeckoro petienusi. [Tocrponm rpaduk 3aBucu-
MocTH 0Ge3pa3MepHON JJIMHBI TPACKTOPHH
[ =L/L, oryrma6pocka o BTpeesax ot 0 1o
n/2 (cm. pucyHok). W3 rpaduka BUgHO, UTO
BEJIMUUHA yTJIa O , COOTBETCTBYIOMETO [, ,
6muska k 1 pajg = 57,3° . Uncsennoe pemienue
ypasHeHus jiaet o, = 0,985 pag = 56,4° . Mak-
cUMasbHast JATbHOCTH OPOCKA TTO0 TOPH3OHTATN

T 03
JIOCTUTAETCA TIPU oL = 1 n pasHa L. =— .Tor-

na L

max = L, 2L, . Tak xak o > m/4, TpaekTo-
pusi, UMeoIass MAaKCHMAJIbHYIO JUIMHY, HJET
HECKOJIBKO Kpy4e TPAeKTOPUU, KOTOPO OTBe-
YaeT MAaKCUMasbHAas JaJbHOCTb Opocka. Max-
CHUMaJIbHAS BBICOTA, IOCTHTAEMAsT TIPH Oy , MEHD-

e JaJJbHOCTH 6p0c1<a IIpu TOM JKe€ yT.JIe.

(Havasno cm. Ha c. 16)

®2548. B npocmetiwem <«meampaivoHOM»
Ounorae paccmosnue Mexoy OKYAAPOM U
obvexmueom pasno 10 cm, u 0HO He pezy.iu-
pyemcs.. Bunoxav obecneuusaem ysenuue-
Hue X2 npu paccmampusanuu 0arexux npeo-
memos. Kaxoevr onmuueckue cunvr (uau
poxycnvie paccmosinus) 06seKmusd u oxy-
aspa?

«TeatpasbHbIii» GUHOKJIb MPEJACTABISIET CO-
60it Tpy6y [lammmes, mockosibKy Habmona-
TeJIb BUJUT 4Yepe3 Takol OMHOKJb CIEHY U
AKTEepPOB, PACIIOJIOKEHHBIMU <IIPABHUJIbHO
T.€. TOJIOBaMU BBEPX, a Horamu BHU3. DoKy-
Cbl PACCEMBAIOIINX JIUH3, T.€. OKYJAPOB,

pAaCIIoJIaraioimecsi ¢ Toil ke CTOPOHbI, YTO U
riasa 3putesieil, coBmazaoT ¢ dokycamu
co6UPAIOIINX JINH3, T.€. 00BEKTUBOB, PACIIO-
JIATAIONUXCS 0 3Ty K€ CTOPOHY OMHOKJIS.
[TockombKy Koa(pDUIIMEHT yBeJTUYEHHUS pa-
BEH 2, paccemBaloNIasl JMH3a HAXOIUTCS OT
cobuparolieil Ha pacCTOSTHUN, PABHOM TI0JIO-
BHHE (DOKYCHOTO PACCTOSHUS cOGUpAloleit
JIUH3BI. PaccTosame MexIy JUH3aMU 3a/I1aHO
— ato 10 cm. Ilostomy omnTHmueckast cuia
o0beKTUBAa paBHA +5 ANTP, a ONTUYECKAs
cuna okyJaspa pasaa —10 gaoTp. 9té onTH-
YecKue CUJIbl COOTBETCTBYIOT TakuM (hOKyc-
HBIM paccTossHUAM JuH3: 20 cM 711 06beK-
tuBa 1 10 cM 715 oKyJIsipa.

/. Anexcandpos
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afa4m

1 . Cawa BbiNMcana 4Ymcaa ot 0gHoro o
CTa, a Muwa 4actb 13 Hux crep. Cpeom
ocTaBLumxcs y 20 Ymcen eCTb B 3anmcu
eqnHULa, v 19 4ucen ectb B 3anmcu
OBOVIKa, a ¥ 30 4ymcen HeT HU eAnHULbI,
HW ABoVKW. CKONbKO Ymncen ctep Muwa?

A.lllaroBasios

2. PaspexbTe purypy, MokasaHHylo Ha
PUCYHKe, Ha YeTbipe OOVHAKOBbIe 4acTu.
M.Borndkesuny

3. CeHst He yMeeT MucaTb HeKoTopble
OykBbl M BcCerga B HUX olmbaeTcs. B

DT 3ada4n NpefHa3HayYeHbl Npexae BCero yya-
LymMcs 6—8 Knaccos.

D71 3aga4m npegnaranmcb Ha XXX Matematu-
YecKoM Mpa3sgHUKe.

cnose TETPAS[P oH coenan Obl nATb
olwmbok, B cnose JOOEKASOP — wecTsb,
B cnoBe MKOCAS[P — cemMb. A CKOMbKO
oWMBOoK OH caenaet B ciose OKTADP?

E.bakaes

4. CeMb ropofioB CoefMHEHbI MO Kpyry
CeMbIO O[HOCTOPOHHWMU aBMapencamm
(cM. pucyHok). HasHaubTe (HapucynTe
CTPenoYkamm) elle HeCKoSbKo OfHO-

CTOPOHHMX PENCOB Tak, YTOObI OT NOOO-
ro ropofia [o noboro Apyroro MoxHO
Obino gobpathbcs, coBeplwnB He Honee
ABYX nepecafok. lNoctapanTtech caenatb
YMCNIO AOMONHUTENbHbBIX PEenCcoB Kak
MOXHO MeHblLE.

B.KnerbiH



26 KBAHT

2019/Ne3

eBad, npaBas — rge CTopoHa?

C.4ABOPAHUHOB

I B XIX BEKE PYCCKUII ITO3T BA-

cummit UBanosuy Cupotun. Bosbiras
YacTb ero TBopuecTBa (Ge3BO3BPATHO yTpa-
yeHa. CaMoe M3BECTHOE ero CTUXOTBOPEHNE,
Jlole/iiee /10 HaMMX JiHeil, HasbIBaeTcs
«Ynunay. Ony6sankoBano oo 6bu10 B 1859
roxy. Bor ero nepsbre cTpoku:

Pa3 BosBpaiaoch 1oMoil s K cebe,
Yimna cTpaHHOIO KaXKeTcsl MHE.
JleBas, mpaBag T1Ie cTOpoHA?
Youna, yamna, Tei, 6part, mbgHa.

A Tenepb OGDSCHIO, MOYEMY I ITO BCIIOM-
HUJT.

Eny no CoxoJsibHUYECKOIl JTMHUU MOCKOB-
CKOTO METPO JIOMOIi. BbIXO[uTh MHe Ha CTaH-
nun Jly6saka. Han BeIXog0M M3 BaroHa —
cXeMa C yKasaHWeM CTaHIWil 3TOH JMHUU
(puc.1). Xopomio, o4eHpb ya06HO.

—

3iblioteka
‘a Chistye Prudy Okhotny Ryad  Imeni Lenina
v Yuctble  Lubyanka  OXOTHbI  Bubnuoteka

npyAb! Ny6suka Pap,
e T y_N

e

Kropotkinskaya
UM. JleHnHa KponoTkuHCKas
N I

CpereHckuit KumetdoMost MNnowanas
6ynbeap Pesoniouit
Setensy Bular Plsehod Revolyts

,.i) o "

Puc. 1

Ha ppyroit nenp to ke camoe. Beuep,
MeTpo, mnoabesxkaio K Jlybsuke. Croro y
JIBEpH, TIPUTOTOBUJICS BBIXOAWTh. Ham aBe-
pbIO TIPUBBIYHBIC Ha3BaHUS, HO Temepb Ha
cXeMe CTaHINW yKa3aHbl MOYeMYy-TO B JIPYy-
rom nopsiike (puc.2). OrasHyJics, OCMOT-
pen Hazax. Haja mpoTHUBOIIOIOKHON ABEPHIO
cxeMa, Kak Ha pucyHke 1. 3jecb Ha3BaHUS
CTaHIIMH — CJIOBHO OTpa)KeHUe B 3epKajie
pucynka 2. Ho tyT moess ocraHoBuJCH,
JIBEPU PaCIaXHyJUCh, U 4 BblllleJ Ha ILJIaT-
dopmy.

A reriepp — Borpochl. [Touemy Ha pasHbIx
cXeMaxX B OJTHOM BaroHe Ha3BaHUS CTAHIUI

a Okhotny Ryad
‘eKa OXOTHbIN
MHa Pap,

Chistye Prudy Krasnye Vorota
Ynuctoie  KpacHbie
npyabi opoTa

Lubyanka

Ny6sHka

1 KysHeukuin
Mocr

Kuznetsky Most

TeatpanbHas
Teatralnaya
Mnowaab
Pesontounn
as Ploschad Revolyusii

Typrexescxas

Cbevencnni
Bynbsap

YOBCKWH can

Puc. 2

uayT B pasHoM mnopszke? C KaKoi CTOPOHbI
K Jly6sHKke moaxo[us MOl Toe3[| B ciaydae
pucynka 1? Kakas crannust 6blia npebl-
nymeit: Yueresie [pyapr nimn OXoTHbBIN psif?
A B ciryvae pucyHka 2?

CoBetyeM unTaressiM ceiliyac pepBaTh uTe-
HUe, BKJIOUYUTh IPOCTPAHCTBEHHOE BOOOpa-
JKeHUe U TOJyMaTh HaJl STUMHU BOIPOCAMH.
Ha Bcaxuii ciyvaii HamoMHUM, YTO €CJU Ha
BaroHe IMacCaKUPCKOTO TI0e3/a BUCUT Talb-
mmaka «MockBa—Camapay, TO 3TOT TO€31
uaer u3 MockBbel B Camapy. A Ha oOpat-
HOM IIyTH HA TOM JKe Barome Oy/eT apyras
tabimuka «Camapa—Mocksas. /[la, emnie. Ha
COKOJIBHMUECKON JINHUU JIBUYKEHUE TI0€3/10B
MeTpo TpaBocTopoHHee. Ha kaxmoii cran-
MM BBIXOZ Ha m1aTdgopmy ciaesa (¢ ydeTom
HaIrpaB/eHusl ABUKEHUS MI0e3/1a).

A MBI TIpoJIOJIKaeM HaIl paccka3. Pas-
MBINIJISISE O CKa3aHHOM, CJIelyeT YYUTBIBATh
TICUXOJIOTHIO TTacCaKUpa, HAXOMSAIIETOCS B
BaroHe MerTpo. llaccakup 3TOT XOYer, KO-
HEYHO, KaK MOXKHO CKOpee J00paThCsl [0
Hy>kHOU cTanimuu. OH BpeMd OT BpeMeHU
MIOCMATPUBAET HA CXEMY JIBUJKEHUS, MBbIC-
JIEHHO OTMeYasi Ha Heil CBOe Mepe/IBUKEHNE.
EcrecTBeHHO, cTaHIMU CJIELyeT IePeUnCTISaTD
cJIeBa HATIPABO — TaK Mbl YUTAEM W TTHIIEM.
Cxema A — b — B o3Hauvaer, 4TO CTaHIHIIO
A mpoexasu, noabedxaeM K b, motom 6y-
net B. [Ipu aToM mpusATHEe, ecau Ha cXeMe
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HalpaBJeHue PACIOJIOKEHUsT CTAHIUNA CO-
IJIACOBAHO C WX PACIOJIOKEHUEM Ha TyTH
noeszia. [Ipu arom maccaxup CMOTPUT M HA
JIBepb — He OyAyT Jiu eMy MellaTh BbIHTH
JIpyTHeE JIO/M B BaroHe WJIHM JKe eMy CJie/[yeT
CTaTh K JBEpU TMOOJMIKe. 3HAYUT, HYsKHAS
eMy cXeMa JIOJKHA PaclioiaraThest Hajl JBe-
PbIO, Yepe3 KOTOPYIO MaCCaKUPY BBIXOIUTD.

Ternepb cTaHOBUTCS TOHATHO, MOYEMY
BHYTPH OJIHOTO W TOTO K€ BaroHa Mbl BH-
UM JIB€ pasHble CXEeMbl OJHOU W TOU XKe
suaun Merpo. O6e cXeMbl COOTBETCTBYIOT
pPeasbHOMY PAaCIOJIOKEHWIO CTAHIIMI BIOJIb
JuHun MeTpo. Korja Mbl mepeBoiiM B30p ¢
OJIHOM CXeMbl Ha JPYTYyI0, TO MOBOPAYMBa-
emcs na 180°. Pucynok 1 coorBercTByer
cJydaio Korja moesj noaxoaut K Jly6Gsike
or UmcThIX TPyJ0B, a PUCYHOK 2 — KOrJa
co croponbl OxotHOTO Pssa.

B HOBBIX TO€3/1aX METPO BMECTO OyMaK-
HBIX CXeM TIOSIBUJIUCH 3JIEKTPOHHBIE, HA KO-
TOPBIX JIBIZKEHHWE Moe3fa OTOGpakaioT Oe-
rynme oroHbku. OHHU [1AI0T MOBO/J BCIIOM-
HUTH JPYTHE CTPOKU TOTO K€ CTHXOTBOPE-
HUS <Y auIay .

N donapu Tax HesacHo TopArT,
CMHpHO Ha MecTe HUKAK He CTOST.
Tax n MenbKalOT Ty/la ¥ CIOAA...

HpeﬂHOHO)KI/IM, 4TO BaM HAJI0 BBIUTH W3

BaroHa Ha cTaHnuM bappukajaHas depe3
JIBEPb, TMOKa3aHHYIO0 Ha pucyHke 3. [Usaas
Ha CXEMy, CKa)KHTe: KyJa TIPH 3TOM JIBH-
JKETCsl Toe3/l — BJIeBO Wan BIpaBo? OTBe-
TUTDH Ha 9TOT BOIPOC HeJib3s! DJIeKTPOHHbBIE
Ta6s0 B Barone MeTpo (BO3MOKHO, M3 KO-
HOMUN I/ISFOTOBJIGHI/IH) TOJIBKO O/IHOI'O TUIIa,
OTOHBKM Ha HUX OeryT crpaBa HaseBo. Ta-
Kue TabJio pPacroJiosKeHbl Ha 00euX CTOPO-
Hax Barona. [Ipm aToM HampaBjeHnue BU-
JKeHndA OTOHBbKOB COBIIQJla€T C HaIlpaBJIEHU-
€M JIBUZKEHUST TT0e3/1a TOJIbKO Ha OJIHON CTO-
poHe BaroHa. B ciydae ux HecoBmazeHus y
YyesJJ0BEeKa BO3HUKAET COCTOSTHUE, Ha3bIBae-
MO€ KOTHUTHBHBIM JIMCCOHAHCOM. SIBJIeHUE
pe3oHaHca BaM M3BECTHO, IMCCOHAHC, MOK-
HO CKa3aTh, — €My IPOTHBOIOJOXKHOE. [l1c-
COHAHC B MYy3bIKEe — 3TO HapyIIeHUE TapMo-
HWUM, HEIIpaBUJbHOEC COY€TaHHWE€ TOHOB, KO-
TOpOE TIPOU3BOJUT HEIPUATHOE BII€UaTJIC-
HUe Ha chaymaresneii. Boobiie, awcconanc
— 9TO TO, 4YTO BHOCUT pasjgaJl BO YTO-
60, BCTYIAET B MPOTUBOPEUNE C YeM-HU-
6yib.

Mbl HaseeMcs1, 4TO HAIIKM YUTATENH — Oy-
JYIIMe WHXKEHEPBl M KOHCTPYKTOPBI — Gy-
JIyT B CBOeil paboTe yYUTbIBATh BCE 0OCTOSI-
TEJbCTBA, W BCE, UYTO OHU CO3AAAyT, HU

K KaKWM JHCCOHAHCAM TPUBOJAUTH HE
OyJer.

Oktyabrskoye Pole Polejayevskaya

Ulitsa nos Gndw
Barrikadnaya Pushkinskaya
Oksbpbekoe Mone Monexxaesckas 1905 rona Bappmannas I'IquKlecKas&.
Il —

BepcKan
skaya

Berosasn = cuonpecﬂenckan
() Nardmnoscxan ) p
D ;i’ () Begovaya kaya CF e

@K.

=
Yexosckaa
! Chekhovskaya

Most Kitay-Gorod Taganskaya Proletarskaya
s3neuknitMoct Kurain-ropoa Taranckas MponeTapckas

KpecTestckas 3acrasa
Krestyansiaya Zastava

Kuraii-ropon Tarasickas
Kifay-Gorod Tagansiara

Puc. 3



Mbi npogomkaem o4epesiHoVi KOHKYPC 10 PELLIEHUIO MaTeMaTndeckux 3agad. OHu paccyu-
TaHbl B 11EPBYIO 04epeRb Ha yHalymxcs 7-9 K1accoB, HO Mbl 6yAeM pPagb! yHaCTUIO LLKOTbHUKOB
Bcex Bo3pactoB. KOHKYpC rpoBoANTCs COBMECTHO C XKYPHAIoM «KBaHTUKY.

Bbicbinarite pelueHunss 3a4a4, ¢ KOTOPbIMU CrIPaBUTECL, 3/IEKTPOHHON IMOYTON 110 aapecy:
savin.contest@gmail.com v obbidHov noytori no agpecy: 119296 Mocksa, JleHMHCKuYI npo-
cnekrt, 64-A, «KBaHT» (c mometkon «KoHKypc nmeru A.l1.CaBura»). Kpome nmeru v pammnum
YKaXKuTe ropog, KOy U KJ1acc, B KOTOPOM Bbl YYUTECh, a TaK)Ke 06paTHbIN MOYTOBbIN aapec.

MbI npuBeTcTByEM y4acTve B KOHKYpPCe He TOJ/IbKO OTAE/IbHBIX LUKO/IbHMKOB, HO M KOMAaHAa
(B Takom ciy4ae npucsiiaeTcd 04Ha pabota co CrIcKOM yHacTHUKOB). Y4acTBOBaTh MOXKHO,
HayumHasi ¢ moboro Typa. [lobeaurenesi XZyT ANIIOMbI XKYPHANa «KBaHT» U rpu3bl. 3a8aHus,
peLueHns v pesynbTats! MyO/KyloTca Ha canTe sites.google.com/view,/savin-contest

Xenaem ycriexa!

25. MOKHO JI PacCTaBUTh MO OKPY;KHOCTH
gncaa 1, 2, 3, ..., 100 Tak, uro6bI JI00bBIE JBA
COCEIHUX YHUCJIA PA3jndanuch He 6GoJiee 4eM
Ha 2?

11. Ko.xesnuxoe

26. [lan tpeyrosnbuuk ABC. Bepuo s, 4to
HAa €ro CTOpPOHaxX 06s13aTe/IbHO HAilyTCsT YeTbl-
pe TOUKH, SIBJISIONINECS BEPIIMHAMU PABHOOO-
KOl Tpalelyn, OCHOBAHHMS KOTOPOH mNapaJ-
JeapHbl AB?

C.eopsanunos

27. Tlo xpyry BbIKIaABIBAIOT 30 OMMHAKOBBIX
Ha Bua TabseTok, n3 Hux 20 xopommx u 10
maoxux. /IBa mympena 1o odepenu GepyT 1o
onHoii TadteTke. IlepBblil Mypern OyaeT 3HATD,
rzie Jiexar 1oxue TabJeTK, a BTOpoil — HerT,
HO OHM XOTAT [0 BbIKJAJbIBaHUS TaOJIETOK
JIOTOBOPUTBCST, KaK TOCJe KaKIO0TO X0/1a Iep-
BOTO BTOPOIT HaiizeT xoporryio TabieTky. [Toc-
se 20 X0J0B Ha cTOJie NOJIKHBI ocTaTbes 10
wroxux Taberok. [IpemioxuTe aaroput™ Jeii-
crBuil 1 myapenos. (Beps tabaerku, Myape-
116l He 00IIAI0TCA U He MOal0T HUKAKUX 3HAKOB.
Kaxxaprit BUANT, Kakyio TabJeTKy B3sJ TMapT-
Hep.)

A.Koeanvoxu

28. /lana kjerdaras ocka B hopMe KBaIpa-
Ta 21 X 21 ¢ BBIPE3aHHBIMHI YTJIOBBIME «JIECEH-
Kamu» BbICOTBI . — 1 (mpumep ana n = 4

npuBesien Ha pucynke). Ilers paccrasiger na
9TOI JI0CKE HECKOJIbKO Kopabmeir B (opme
NPSAMOYTOJIBHUKOB, Y KOTOPBIX OJHA U3 CTOPOH
pasHa 1. Hukakue aBa KopalJisl He MOTYT UMETh
o6mmx Touek (maxe pepumn). Kakoe Han6ob-
Iee KOJMYECTBO KJETOK MOJKET MOKPBIBATDH
Takoil «daoT»?

11. Koxesnuxos

BUBJIMO-IJIOBYC

BAL FNABHbLIA KHWXHbIW

Mbl MPEONAFAEM
BOJIbLLIOW BIEOP TOBAPOB U YCNYT

YCNyrn ACCOPTUMEHT

1 HTepHeT-Marasux 1 Kaurn
www.bgshop.ru 1 AyAHOKHUTT

I Kade 1 AHTHKBapuat

1 KinyOHble (ZUCKOHTHBIE)
KapThl ¥ aKIIUN

1 ITogapounsble KapTh

1 IlpexBapuTeIbHBIE
3aKasbl HA KHUTU

¥ IpeMeThI
KOJIJIEKIIMOHAPOBAHUA
I PunbMbI, My3bIKA,
UrpeI, cCOPT
1 Kannenspckue
I Berpeun ¢ aBropamu 7 OEICHBIE TOBADEI
! YnuraTeabcKue KIy6osr 1 Igersr
II0 MHTepecaMm
1 MunuBugyaabHOE
obcay KUBaHUE
! Ilogapounas ymakoBKa
1 [locTaBKa KHUT U3-3a pyOesxa
1 BeICTaBKU-IPOJAKH

1 CyBeHUpHI

r. Mocksa,

M. Jly6siHKa,

M. Kutaii-ropog,

yn. MsicHuukas, a. 6/3, cTp. 1

8 (495) 781-19-00
www.biblio-globus.ru
nH —nT 9:00 - 22:00

c6 —Bc 10:00 - 21:00
6e3 nepepbiBa Ha oben,




MATEMATHUYECKHUMN KPYJXOK

Le pa3 o
MoNyNPaBUIbHbIX
MHOIOrpaHHKKax

C.KY3HELIOB

«KAJTEMJIOCKOIE «KBAHTA» B Ne11 3A
2018 rojg Mbl pacckasblBaJu O IOJyTIpa-
BUJIbHBIX MHOTOTDAHHUKAX, T.€. BBITYKJIBIX MHO-
TOTPAaHHWKAX, TPAHN KOTOPBIX CYTh TTPaBUJIb-
Hble MHOTOYTOJIbHUKH 1 BCE BEPIIMHBI YCTPOE-
HbI OJIMHAKOBBIM 06pa3oM. Dbima mnpusemeHa
moJTHast KyaccuuKalys TaKuX MHOTOTPaHHU-
KOB: JiBe OECKOHEYHbIE CEPUU — MPHU3MbI U
AHTHUTIPU3MDI, TATh MPABUJIBHBIX MHOTOTPAH-
HUKOB (IIATOHOBBIX TEJI: UKOCAdAP, KyO, OKTa-
5P, MOAEKAsAP U MKOcasAp) u emie 14 MHOTO-
IPAHHUKOB, TPAJAUIIMOHHO HA3bIBAEMbIX apXu-
MeIoBbIMU. [loJTynpaBuIbHBINE MHOTOTPAHHUK
OIIpe/IeJISIeTCsl MUnomM eepuiuivl: NHGOpMaIn-
eff, Kakne MHOTOYTOJBbHUKH CXOAATCS K Hell 1
B KakoM Tiopszke. Hanpumep, (3,4,4), T.e.
«TPEeyTOMbHUK—KBAJPAT—KBaJpaT» — 3TO Tpe-
yroJjibHas 1pusma. [Ipu aToM 0IHOMY U3 THIIOB
BEPIINH, a UMEHHO (3, 4,4,4) , OTBEYAIOT Cpasy
JIBA MHOTOTPAHHUKA: POMOOKYGOOKTAd/IP U IICEB-
TOPOMOOKY6O0OKTAdIP.
[TceBOPOMOOKYGOOKTAIAP CTOUT CPEAU T10-
JIYTIPaBUJIbHBIX MHOTOTPAHHUKOB OCOGHSIKOM —
U JIEJIO HE TOJIBbKO B TOM, 4TO €ro OTKPbLIN B XX
BeKe, B TO BPeMsI KaK OCTaJbHbIC ObLIN U3BEC-

DOI: https://doi.org/10.4213/kvant20190304

THBI ellle JPeBHUM TpekaM. B orimume ot
JIPYTUX HOJYIPABUJIbHBIX, 9TOT MHOTOTPDAHHUK
He obJazaer TJI06ATBHON CUMMETpUEl, WJIN
CBOWCTBOM TPAaH3UTUBHOCTHU: XOTb JIOOBIE [BE
€r0 BEpIIUHBI U YCTPOEHBI OJIMHAKOBBIM 06pa-
30M, He BCETJa WX MOXKHO COBMECTHTD JIBIKE-
HUEM, [EePeBO/SIIUM MHOTOIPAHHUK B CeOsl.
W3-3a atoro 1ceB1opoMOOKYGOOKTAdIP He BCe-
r/la OTHOCST K apXUMEJOBbIM TeJaM, U TOTHa
nocyeHUX octaercd 13.

Ham nocrosiunbiit untarenab O.Jlazyruenko
3aJiaJ1 caeaytomuil nutepecHblii Bonpoc. Ilces-
JIOPOMOOKYGOOKTAI/P TIOTYyUAETCsT U3 00BIYHO-

Puc. 1

ro poMOOKYGOOKTas/ipa MOBOPOTOM  <«IMATIOY-
ku» (puc.1). dra «manoyka» Ha3bIBAETCA 71-
CKAMHBIM KYNOJIOM, TIIe 1 — YUCJIO CTOPOH ee
BepxHeil Tpanu. A 4To GyeT, eCn TOBEPHYTDH
«IMATIOYKY» Y JAPYTOTO TTOMYTTPABUIBHOTO MHO-
rorpatHuKa — poMOouKocomoaekasapa (puc.2)?
PesyJsibTaT HEMHOTO Pa304apOBBIBAET: MOJY-
YUBIIUICS MHOTOIPAHHUK €I1I€ AaJIbIIe OT «IIpa-
BUJIBHOCTH», 4YeM TOJIyIPaBuJbHble. Y HETo
MO-TIPEKHEMY K Ka)K/Oil BEpIINHE CXOISITCS
YeThIPe MPABIUIBHBIX MHOTOYTOJBHUKA — Tpe-
YTOJIBHUK, JBA KBaJpaTa U ISITUYTOJbHUK, HO
B PasHOM TOpsi/IKe. Y HEKOTOPBIX BEPIIHH
MOPSIJIOK OCTAJICS (3, 4, 5,4) , a4y Ipyrux craJ
(3,4,4,5) . OnHako moueMy ObI HE PACCMOTPETD
HOJIYIPABUJIbHbIE MHOIOTPAHHUKU 6 CAAOOM
cmvicae: moTpeboBaTh, YTOOBI K KAXKIOU Bep-
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HIMHE CXO/IUJICS OJIMHAKOBBII HAGOp MHOTO-
YTOJIbHUKOB, HO B TIPOU3BOJIBHOM TOPsI/IKe?

[laBaiite onpoGyeM MePeYrcanTh BCE MHO-
TOTPAHHUKU, TIOJTYTPABUIbHbBIE B CTAO0OM CMbIC-
sie. BoopyineBisier Ha Takoe WCCJIe0BaHUE
caenytomnmii 6omee obumii dakr. Or6pocum
Jo0Oble  YCJIOBUSI HA BEPIIUHBI U TOTpeGyeM
TOJIBKO, 4TOOBI Y MHOTOIPAHHHMKA BCE TI'DaHU
OBLIN TIPABUJIBHBIMUA MHOTOYTOJIBHUKAMU — BCE
PaBHO, KPOME TIPU3M U AHTUIIPU3M, MOJTYUUTCS
KOHEYHOE YHCJIO PAa3HbIX MHOTOTPAHHUKOB!
Takne MHOTOTPaHHUKHN HA3bIBAIOTCS NPABUILYL-
nozpannvimu. IlosHast knaccudukaus mpa-
BUJIBHOTPAHHBIX MHOTOTPAaHHWKOB IpPUBEIEHA
B cratbe B.A.3anrannepa «Bpmrykiabie MaOTO-
IPAHHUKYU € IPaBUJIbHBIMU TpaHsaMuy» (3ammuc-
Kn HayuyHbIX cemuHapoB JIOMMU, Ne2, 1967,
¢.5-221). Crarps 3ajrajanepa JOCTyIIHA IO
azipecy http: / /mi.mathnet.ru /znsl1408 — ne-
CMOTPsI Ha ee GOJIBITOH 06'bEM 1 CJIOKHOCTD, MBI
OYEHb COBETYEM YHUTATETI0 O3HAKOMUTHCS C
HEM.

CeMeiicTBO TIPABUJIBHOTPAHHBIX MHOTOTPaH-
HUKOB BKJIIOYaeT B ce6s MATh MJIATOHOBBIX TEJT,
13 apXuMesoBBIX ILIIOC TCEBIOPOMOOKYGOOK-
Tasap, OECKOHEYHbIE CEpUU TPU3M U aHTH-
mpu3M, a Takke eme 91 MHOTOrpaHHUK. IJTH
MOCJIe/THUE MHOTOTPAHHUKY HA3BIBAIOTCST 0K OH-
COHOBLLMU MeSaMU TI0O UMEHH aBTOpa CTaTbu, B
KOTOPOIi OHU BIIEPBbIE BCE OBLIU TIEPEYNCTEHDI:
N.W.Johnson. Convex polyhedra with regular
faces (Canadian Journal of Mathematics,
vol.18, 1966, p.169-200, https: //doi.org/
10.4153 /CJM-1966-021-8). TlceB1opoMGOKy-
6OOKTAd/IP TaK}Ke OTHOCUTCS K J[>KOHCOHOBBIM
TeJaM, ecJId ero He MPUYUCTSATh K apXUMe/0-
BBIM; TOT/Ia IPKOHCOHOBBIX T€J CTAHOBUTCS 92.
B cBoeii pa6ore H.J/[>KoHCcOH TPUBOIUT Tiepe-
YeHb BCEX JPKOHCOHOBBIX TeJI, HO HE /[OKa3bIBa-
er, uTo Apyrux He ObBaer (310 cpenan B
YIOMSAHYTOR BbIlie cTaThe B.A.3amrasiep).

Hac unrepecytor mosyrpaBu/ibHbie B c1a6oM
CMBICJIC MHOTOTDAHHUKIY, HE SBJISIONINECS Ta-
KOBBIMU B CHJIBHOM CMbICJIE. SICHO, 4TO BCe OHI
CyTb JKOHCOHOBBI Tejia. 3HAYUT, HAM JOCTa-
TOYHO Mepebparb Bce [PKOHCOHOBBI Tejaa U
oTO6paTh Cpe HUX Te, Y KOTOPBIX B KaXKIOM
BEPIIUHE CXOASTCS OJTHU ¥ T€ K€ MHOTOT DAaHHHU-
k. Oco6eHHo yJ06HO JIeJIaTh 3TO MO CTaThe
JI>xomcoHa, Tae AT KaXXI0T0 MHOTOTPAHHUKA
YKa3aHbl TUIIBI €70 BEPINUH, T.e. KAKHe MHOTO-
YTOJIbHUKHI U B KAKOM KOJIUYECTBE CXOISTCS B
KaKIYI0 BEPIIUHY.

2019/Ne3

Harir iepe6op /raet 6 HOBBIX MTPaBUJIbHOTPAH-
HBIX MHOTOTPAHHUKOB, Yy KOTOPBIX B KaXKION
BEPINNHE CXOISATCS Te K€ MHOTOYTOTbHUKH, HO
B pasHoM mopsijke. VHTepecHo, 4To BCe OHU
MOJIYIAIOTCST U3 apXUME/IOBBIX MHOTOTDAHHU-
KOB € TIOMOIIBIO OEpAIi «[TOBOPOTA IATI0Y-
Ki», OIUCAHHOIT B Havyaste craThi. [lepeuncinm
3TU TIECTh MHOTOTPAHHWKOB.

Bo-1iepBbIx, MOBOPOTOM KYTIOJIa Y POMOGOUKO-
conoziekasipa, Kak npeaaoxkua Ham O.JlazyT-
YEeHKO, MOKHO HOJIYIUTH I[E€JIbIX YE€ThIPE MHOTO-
rpannnka (y J[5KOHCOHA OHU UMEIOT HoMepa 72—
75). MHOrOrpaHHUKOB MOJIYYHJIOCH HECKOJIb-
KO, TIOTOMY YTO MOKHO TIOBEPHYTH He OJINH, a
JIBa WM Jaxe Tpu Kymoua. HagoGHO TOJBKO
cJeIuTh, 4TOOBI 3TU KyI0Ja He UMeTu OOIUX
rpaHeil: TpU MOBOPOTE KYIOJ <«JIOMAeT» BCe
CMEJKHbIE C HUM KyTI0J1a. EcJin HoBepHYTh O/IMH
KYTIOJI, TO HOJYUUTCS CKPYUEHHBLI POMOOUKO-
cododexaszdp (puc.3). J[Ba KymoJra MOXKHO MO-
BEPHYTD IBYMsI CITOCOGAMHU — JTNGO OJTHH HATTPO-
TUB JIDYrOr0, W TOTAA TOJYYUTCS O08AXKObL
NPOMUBONOLOKHO CKPYUEHHBLI POMOOUKOCO-
dodexaadp (puc.4); 6o 1B HEPOTHBOJIEKA-
MUX, 4YTO JAeT 08ak0bl KOCO CKPYUEHHBLI
pombouxocododexasdp (puc.5). Hakouerr, Tpu
HETIePECEKATONXCS KYMOIa MOXKHO BBIOPATD
TOJIBKO OJIHUM CIIOCOOOM; TIOBEPHYB WX, TOJIYy-
YUM MPUKObL CKPYUEHHBLIL POMOOUKOCO000e-
xasdp (puc.6). Ilo 3anramnepy, CKpydeHHbIE
BepCU POMOOMKOCOI0/IEKAd/IPa 0003HAUAIOTCST
Tak: Mg+My + Mg uIH Mg+ M5 + 2Mg ;
Mg + M, + Mg ; 2Mg + M3 + Mg; 3Mg + M5.

Puc. 3 Puc. 4
Puc. 5 Puc. 6



MATEMATHUYECKHUHAN KPYXKOK 31

(Yepes M; 3asramiep o603HAYAET nPocmbie
IIPaBUJIbHOT DAaHHbIE MHOTOTPAHHUKH, KOTOPbIe
HeJIb3s1 COCTaBUTh U3 HECKOJbKUX MPaBUJIbHO-
I'PAaHHBIX MHOTOI'PDAHHMKOB; OCTAJIbHbIE TIpa-
BUJIbHOTPAHHbIE MHOTOI'PAHHUKH MTOJIyYaioTCs B
BIJIE «CYMM» IIPOCTBIX, ITPH TOM YepTa O3Ha-
yaeT epeKkpyunBanne. BugaHo, uTo Mg —3To Kak
pas U eCcTb <IIANOYKa», MSTHCKATHBIN KyTOJT.)
Bo-BropnIx, 3ame-
THM, 4TO KyGOOKTa-
sap (puc.7) ckna-
JIBIBACTCSI M3 JIBYX
TPEXCKATHBIX KYyIIO-
JIOB, TIpHYeM HOBep-
HYTBIX [IPyT OTHO-
CHTEJIbHO JIpYTa TaK,
YTO TPEYroJbHbIE
IPaHy BEPXHETo Ky-
MOJa CMEXHBI C
KBa/IPAaTHBIMH I'DAHSAMH HIDKHETO B HA000POT.
IT0 06BSICHSET APYroe Ha3BaHue KyGOOKTad/I-
pa—mpexckamuwiii nogepuymuitl uxynos (uam
mpexckamuolli 2upoOUKYNOL: TPUCTABKA
«THPO», TPEYECKOTr0 ITPOMCXOXK/ICHNS, O3HAYA-
€T <IOBEPHYTHII» ).
Ecan pasBepHyTb
O/IMH U3 KYIOJIOB
TaK, 4YTO KBaJpaTbl
6yIyT CMEXHBI C
KBa/lpaTami, a Tpey-
TOJBHUKH C Tpey-
TOJTbHUKAMH, TIOJTY-
YHUTCS eMie O/IHO I10-
JIYIIPABUJIbHOE B CJIa-
60M CMbICJIE TEJIO —
mpexckamuviii npsamoii 6uxynon (puc. 8; Ne27
1o JIskoHCOHY, o 3airamnepy 2M, ).
B-tperbux, erie ogUH MHOTOTPAaHHUK MOXKHO
HOJIyYUTh IOBOPOTOM M3 UKOCOJOJEKa’d/1pa
(puc.9), nosepHys
OJIHY €rO0 IOJIOBUHY.
B oraunune or mnpe-
JBIIYIINX CJIy4aeB,
3/leChb TIOBOpauMBa-
eTcs He KyIoJ, a
6oJ1ee CJI0KHAst KOH-
CTPYKIMSI, Ha3bIBa-
eMass pomoudoi
(puc.10). Tlonyua-
eTcsl TOJIyHNPaBUJIb-
HBII B ¢7TaGOM CMBICJIE MHOTOI'PAHHUK, HA3bIBa-
eMBblil namuckamuoi npsamou Gupomordou
(puc.11, Ne34 no [IxkoHCOHY, 10 3airaniepy

Puc. 7

Puc. 8

Puc. 9

Puc. 10

Puc. 11

2M,y ). CaM MKOCOTOJEKAsp MOYKHO Has3BaTh
NAMUCKAMHOU 2UupOOUPOTNOHOO.

Haxower, e cuntas rceBopoMOOKyGOOKTa-
9/Ip TIOJHOIPABHBIM APXUME/IOBBIM TEJIOM,
JLKOHCOH 1 3ajrasiep Takske MPUBOJAT €ro B
YMCJIE JPKOHCOHOBBIX (Ne37 'y [lxkoncona,
M; +TIg + M5y 3ajirauiepa) Hoja MMeHEM
YONUHEHHDI YeMbIPEXCKAMHIU NOGEPHYMbLIL

6uxynon («yITUHEHHBIH» — TMOTOMY 4YTO B
cepe/iuHe MeX/Iy ABYMs KyNOJIaMHU BCTaBJIeHA
npusMa).

Takum 06pa3oM, MbI TOJTYYUIH CJETYIONYTO
KJIacCU(PUKAIMIO TTPABUIBHOIPAHHBIX MHOTO-
IPAHHUKOB 110 MEPE UX «Y/IAJEHHs OT IPABUJIb-
HOCTH»

« BCE TPaHU M BCE BEPIIMHBI OJNHAKOBbBIE —
5 mIaToHOBBIX Tes (IIPaBUIIbHBIX MHOTOIPaH-
HUKOB);

« BCE BEPIINHBI OJIMHAKOBBI U COBMEIIAIOTCS
CHUMMeTpueil MHOTOTPaHHUKA — JA0GABJISETCS
eme 13 apxuMenoBBIX TeJ U iBe GECKOHETHbIE
Cepuu IPU3M U AHTUIIPU3M;

« BCE BEPIIMHBI OJMHAKOBBI, HO He 006si3a-
TEJIbHO COBMEIIAIOTCS CUMMETPHEN — H06aBJIsi-
eTcst elle TCeBAOPOMOOKYOOOKTA/IP;

« B KQK/I0U BEPIIUHE CXOAUTCS TOT Ke Habop
MHOTOYTOJIbHUKOB, HO He 00SI3aTEJbHO B TOM
JKe TIopsifike — 106aBJIsIoTcs ente 6 MHOrorpaH-
HUKOB, MOJIYYEHHBIX M3 MOJYIPABUIBHBIX TIO-
CPE/ICTBOM TEPEKPYUNBAHUST;

« HET YCJIOBUI HA BEPHIMHBI — JJ06ABJSIOTCS
ocTaBiimecst 85 JPKOHCOHOBBIX TeJI.

Bcero nmpaBusibHOrpaHHBIX MHOTOTPAHHUKOB,
HEe CYUTAsl TPU3M U AHTUIIPU3M, IOJYYAETCS
5+13+1+ 6+ 85=110 Bugos.
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..BO BCAKOM BPYCKe, OnMpanLLEMCS Ha Ofopsl,
HO UMerLLeM BO3MOXHOCT CBOBOAHO 13rnbaTs-
cq, MPU HEUBMEHHOCTI [10MIPEYHOrO CEYEHUS 1
OfHOPOL[HOCTU MATEPUANA T €0 YaCTb, KOTOPAs
HAXOL[NTCH Ha HaNOOIIbLLIEM PACCTOAHMMI OT Or10p,
nzrnbaercs bosibLue BCero.

JleoHapfo na BuH4um

Mogysib yrpyrocri paBeH OTHOLLIEHMIO HArPY3-
KW, MPUXOL[ALLCLICS Ha e4uHULY [/I0LLaAM rorne-
PEYHOIO CEYEHUS, K IPON3BELEHHOMY €10 OTHOCH-
T€/ILHOMY V.A/TMHEHMIO.

AHpU Hasbe

A Tak JM XOPOIIO 3HAKOM

MU3MKaTTEXHMKA &

Ceromug Mbl choKycupyeM Ballle BHUMaHUE
Ha ynorpebisiembix B Texuuke MATEPUA-
JIAX. Wcropusi ux OCBOEHUSI — 3TO HMCTOPUS
muBnan3anuu. C TepBbIX Ke TOMBITOK IPH-
CMOCOOGUTD — [IJIST TIOCTPONKN SKUJIUTT JIHOO 0XO-
TbI, JIIST CPaKEHWd Win OBITOBBIX HYJKI — OK-
py’Kalollie ero KaMHU U JIEPEBSIIIKU YeJOBEK,
CHayYaJla HEOCO3HAHHO, HATAJTKUBAJICS HA HEOO6-
XOIMMOCTb Pa3obpaTbCs C UX CBONUCTBAMU.
TBepable 1 MATKHE, TTPOYHDBIE U PACCHITYATHIE,
yIpyTHe W XPYNKHe, OHW 3aJaBaJil HEOKpET-
[IieMy pasymy IOpoil HeJjierkue 3arajiku. A BOT
pas3nyMbsi HaJl HUME TOATAJKUBAIU K TOUCKY
3aKOHOMEPHOCTEN, OOBICHSIONNX ATH CBOWCTBA.
[Torpe6HOCTD HE TOJBKO B IMPUKJIAIHOM, I€pe-
JlaBaeMOM W3 TOKOJICHWS B MOKOJIEHWE OIIBITE,
HO W B €TO OCMBICJICHWH POCJA TI0 Mepe OBJIa-
JIEHUST BCe HOBBIMU MPEIOCTABJSEMbIMU TIPH-
POIOii ecmecmeenHbiMU MaTepuaIaMu. JTa TMo-
TpeGHOCTh OCOOEHHO BO3POC/IA, KOT/IA YeJ0BEK
MOCATHYJI HA CO3/]JaHME MAaTepUaJIOB UCKYCCMm-
egennvix. V1 3mech 6e3 HayKW, HEOTHEMJIEMO
BKJIIOUaIoONeil B cebs pusnky, yxe ObLIO He
0GOUTHUCD.

Koneuno, cefiqac Mbl cMOXKeM GPOCUTD JIUIIb
6erJblil B3TJISL HA KPOXOTHYIO JIOJII0 HEUCYUC-
JINMOTO MHOKECTBA OOCTYIAIOIINX HAC MaTepu-
aJIOB M WX PasHOOOPA3HBIX XapakTepucTuk. Ho
JlaXke Te M3 HUX, KOTOPBIX KacaeTcs IMTKOJIbHBII
KypC, MOTYT JaTh IIPECTaBIeHIe 00 OrPOMHOI
00/1aCTH 3HAHUIT, HA3BIBAEMON Mamepudaiosede-

..11py1 3aKarke bosee TBepoe BELUECTBO CIILHO
3aKa/IMBAETCS, a APYroe oCcTaeTcs c1abo 3aKaseH-
HbIM... [10/1y4aeTCs MaTepmar, obranaroLLmil 04HO-
BPEMEHHO 1 BOMILLLION TBEPAOCTbIO, M OO/bLLION
BAZKOCTBIO...

Omuntpuin YepHos

ECTB... MaTEPUATILI, KOTOPbLIE BEAYT CEOS OYeHb
CTPAHHBIM 1 CTIOXHbIM 00Pa30M. Yem croxHee
MATepmars, TeM rpudyIMBEN €ro OBEAEHME.

Pryapg ®enHmaH

aM

Huem — elme OJHUM IIJIOJOTBOPHBIM COIO30M
(1)1/131/11{1/1 U TEeXHUKH.

Bonpocm " 3agayn

1. ITo KaMyIIKy ¥ TEHHUCHOMY MSTYY YAapSIOT
Jnockoif. Ilouemy MA4Y 1IpM IPOYMX PaBHbBIX
YCJIOBUSAX JIETUT JaJIbIre?

2. Ecau BBITYKJBIH <«3Be3UaTblii» MHOTO-
IPAHHUK, BBLIEIJIEHHDI U3 [JIACTUJINHA, C CHU-
JIoit 6pocatb BEpTUKAIBHO BHU3, TO OH Oy[eT
OTCKAKMBATD OT T0J1a, KaK yIPYTUil Pe3MHOBDII
MSYWK, TPAKTHYeCKW He CMUHasAch. B To ke
BpeMs TIJIACTUJINH JIeTKO MHeTcs pykamu. Kax
3TO OODBSICHUTD?

3. Ilpy:xuna pactsHyTa M0J [eiicTBUeM MO/I-
BellleHHOro rpy3a. Kak 6yzer usMeHsATbCS T10-
TEHINAJbHAS SHEPTHUs TPYKUHBI, €CJIU ee:
a) marpesatb; 6) OXJIaxJaTh?

4. CraspHOIT cTepsKeHb 3a’KaT MEXKIy ABYMs
crofikamu. Kak gedopMupyercs cTep:KeHb Ipu
HarpeBaHuu ?

5. ITlouemy B OGeTOHHBIX KOHCTPYKIMSIX B
KadecTBe apMaTypbl — YCIJIUBAIOIIETO 3JIeMEHTA
— WCTIOJb3yeTCs TOJDbKO JKesie30, a He JpYTHe
MeTaJIbI ?

6. Urobbl xesie300eTOHHYI0 GAKY ClesaTh
[povHee, [P €€ U3TOTOBJIEHUU CTAJIbHDIE CTEP-
JKHU PACTSTHBAIOT M 3aJMBAIOT JKUIKUM GETO-
oM. Ilocsie ero 3aTBep/eBaHNS CTEPKHI OCBO-
60:xmaroT. KakoBo mpemMyTIiecTBO TaKOi KOHCT-
pyKIINHN?




7. Tlouemy mpm KJaJKe KUPIHYHBIX ITe€Yeit
UCTIOJIb3YIOT TJIMHSIHBIN PAcTBOP, a He, HANpH-
Mep, IeMeHTHbIH (XOTst OH GoJiee TBepbIii)?

8. OnunakoBbie KyOUKHM U3 CTE€KJIA U MOHO-
KPHCTAJITa KBapIla OMyCKAIOT B TOPSYYIO BOJLY.
Coxpanures u popma Ky6UKoB?

9. /IpeBecuHa 1o-pa3HoMy KOJIETCS U TTHJIATCS
B/IOJIb W TIOTIEPEK; OpeBHA IMPOBOJASIT TEILIO B
[OTEPEYHOM HAIPABJIEHUN B JBA C JIUITHIM
pasa xyske, ueM B 1pojoJbHoM. [Touemy?

10. Otyero npu pe3KUX M3MEHEHUSAX TEMITe-
paTypel MeTasi OObIYHO HE [aeT TPEIuH, a
KaMeHb PACTPECKUBAETCST?

11. IIpu cKJIElKe TOJICTBIX JIMCTOB METa/LJIa B
OTBEPCTHSI JINCTOB BCTABJISIIOT PACKATIEHHbIE /TOK-
pacha 3akJjenku. Kakoe snauenue nMeer mpume-
HEHHE UMEHHO TOPSYUX 3aKJIETIOK?

12. Yro6bl IpUBApUTH OJIUH KYCOK >KeJieda K
ZIpyroMy, 06a KyCcKa pacKaJsgioT, HaAKJIAJAbIBAIOT
JIPYT Ha JIpyra ¥ CUJIbHO ObIOT 10 HUM Ky3Hed-
HBIM MOJIOTOM. [louemy mpu 3TOM TOJydYaercs
MPOYHOE COeIMHEHME?

13. Oryero anOMUHUI HEJTb3SI ASTh OJIOBSTH-
HbBIM TIPUTIOEM ?

14. Ecyin B cBapOYHOM CTaHKe JIaBJICHUE 3JICK-
TPOJIOB Ha J€Tajlb OKa3bIBA€TCS MEHDIIE, TO
HAIPSDKEHNE MEXIY HUMU JOJKHO OBITh 60JIb-
me 1 Hao6opoT. UeM 3TO MOKHO OOBSICHUTH?

MwukpoonbIT

Bam Heo6xoauMo cjioMaTh PyKaMu He OYeHb
toukuii (iuamerpom 3—4 MuIUMeTpa) MeAHbII
poBo/i. CKopee Bcero, Bbl HAUHETE ero CrubaTh-
pasrubarb B Hy:KHOM Mecte. /[o6umch cBoero?
Ecmu na, To noyemy?

JTo6onbITHO, YTO...

...TIepBbIE UCCJIEI0BAHM 110 COPOTUBJICHUIO
MaTepuaJIoB, IPOYHOCTH APOK, GATIOK U JIPYTHUX
3JIEMEHTOB MeXaHMYeCKUX KOHCTPYKIHUI ObLin
TIPOBE/ICHBI TEHNAJBHBIM XYIOKHUKOM, WHXKe-
HEPOM U yueHbIM a110x# Bosposkaenus Jleonap-
o n1a Bunumn.

...aurymiickuii yaenniii Tomac IOHT BBeJ T0-
HATHE MOAYJIA YHPYLOCTH, CTaBliee BaskHell-
OIMM B HOBOIl OTpac/u MeXaHUKH — TEOPHU
yupyrocru. Ilosske BoCcIUTAaHHUK IapUXKCKON
ITomurexnnyeckoii mkosabl Aupu Hasbe yka-
3aJ1, 4TO JIJIS TIOJTHOTO ONHCAHUS CBOHCTB Ma-
TEePUAJOB HYKHO 3HATb HE TOJIbKO BEJIUUUHY
mnpejiesa IPOYHOCTH, HO M ITOT CaMblil MO-
Ayab, nomyunsmmii umsa IOura, u gan npuns-

TOE JI0 CUX HOp ero onpexenehue (cM. amur-
pad).

...KOCTb, C IPEBHOCTH HMCIIOJIb3YeMast [IJIsT 13-
TOTOBJICHUS CAMbBIX PA3HBIX UHCTPYMEHTOB, 006-
JIAJIaeT BBICOKOI YCTONYMBOCTBIO K BHEITHUM
Bos/eiictBusiM. [IpnunHa B TOM, 4TO KOCTb — 3TO
TpUMep TPHUPOJHOTO KOMIO3UIIMOHHOTO MaTe-
puanga, COYeTalolero CBOICTBA BXOAANINX B
HET0 KOMIIOHEHTOB. VI3BeCTHEHIINN WMCKYCCT-
BEHHDBIN KOMIIO3UT — KeJie306€TOH.

...dpaHIy3CcKUil MaTeMaTHK 1 WH>KeHep JKaH-
Bukrop Iloncene, Bemmmit «Kypc unmycrpu-
JIbHON MEXaHWKW, YUTAHHBIN MacTepaM 1 pado-
YMM», BBEJ B HAYKY W TEXHUKY TEPMHUH <yCTa-
JIOCTB» , 00HAPY>KUB CHUKEHUE TPOYHOCTU CTATIb-
HBIX KOHCTPYKIIMI TPU BO3/ICHCTBUY ITUKJITUEC-
KUX HaTPSKEHU.

...TIPEBOCXO/THBIE TIPOYHOCTHBIC KAYecTBa Ke-
Jie306€TOHA TO3BOJISAIOT CTPOUTD BHICOTHBIE /IOMa
C TOJIIIUHON CTeH Bcero Juirh 20 cCaHTHMETPOB.
OnHako BecbMa HU3KUE €Tr0 TEILION30JUPYIO-
1e CBOUCTBA TPEOYIOT [OIOJHUTEIHHOTO I10-
KPBITHSI CTEH TIOPUCTBIMU MaTepuaJiamu, obec-
MEeYNBAIOIIUME [IPErpaiy /s Tepeaynl Tera.

...FICCTIE[IOBAHNS YCTONYNBOCTH KOJIOHH B Ha-
yaje XX BeKa JIer/JIi B OCHOBY TCOPUU TJIACTHY-
HOCTH, KapIWHAJbHO pa3Butoil B 30-x Tomax
TeOPUEN JUCTOKAIUN — U3BIHOB KPUCTAJLITUYEC-
Koii pemierku. [Ipousorieimii 61aroapst 3To-
MY MEepeBOPOT B (PUBKKE TBEPIOTO Tejia Heroc-
PEICTBEHHO MPHUOJIM3NJI ee K MaTephaJoBefe-
HUIO W HAMETWJ HOBBIE ITyTH W BO3MOKHOCTH
TEXHUKH.

...3aMeyaTesibHble 3JIEKTPUYECKUE CBOUCTBA
«HOGEJIEBCKOTO JlaypeaTas Tpadena o6ycioBJie-
HBI T€M, YTO OH UMEET BU/[ JUCTUKOB TOJIIUHOMN
BCETO JIMIIb B OAWH atoM yriepoga. Ho ara
JIByXMEepPHOCTb TEeXHUYeCKU OYeHb Heyo0Ha,
4TO 3acTaBjsieT (PU3UKOB HCKATh M, MOXOXKE,
VCIIEIIHO, ero TpexXMepHbie MoA00us.

Yrto yutatb B «KBaHTe» 0 MaTepmanax

(ry6rkaLm rnociIeqHux Jier)

1. «3akon I'yka u koadpdunuent Ilyaccona...»
— 2016, Ne3, ¢.30;

2. «IloBepXHOCTD W YTO HA HEW TTPOUCXOIUT> —
2017, Ne8, c.7;

3. «Pekopjmble MexaHuyeckne mapaMeTpbly —
2018, Ne2, ¢.7;

4. «Mexanuka uHeBuaumoro» — 2018, Nelt,
c.10.

Mamepuan nodzomoeunr A.J1eonosuu
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BUTAIIMOHHOM TIOJIE B CJTyYae TTPEOI0JICHUST
UM KaKOIi-Tu60 MPErpajibl sBJASETCS OJHUM U3
3aMaHuYMBbIX SABJEHUH B MexaHuke. [Iperpajpt
MOTYT GbITh Pa3JIMYHbIMU, HAIIPUMED 3a60POM,
JIOMOM, TIUPAMU/ION HJIH KOHYCOOGPA3HBIM K-
satieM (4yM) U TOMY 10J00HOE.

ITocne nposenenns BeictaBku DKCITO-2017
B ropose Acrare (Kasaxcran) Hac 3anHTEpECO-
BAJIO0 OrPOMHOE C(EPUYECKOe COOPY’KEHHE,
MOCTPOEHHOE B IEHTPEe PallOHA BBICTABKU U
npejicTapsioniee co6oii apXUTEKTYPHbBII CUM-
Bos1 BbIcTaBku (puc.1). Iro camoe Gosbiioe
ceprdeckoe 31anne B Mupe nMeeT guametp 80
MeTpoB. Besmume pykoTBOPHOTO 00BeKTa MO~

IDIBI/DKEHI/IE TEJIA B O/THOPO/ITHOM TIPA-

Puc. 1

TOJIKHYJIO HAC HMCCJE0BaTh chepuieckoe 3/1a-
HUe C TTO3UINHN HAYKH, B YACTHOCTA MEXaHUKH.
Boimm mpoBesieHBI  KOMITBIOTEPHBIE 3KCTepH-
MEHTBI C TIOMOIIBIO TTaKeTa MPUKJIAIHBIX TIPO-

DOI: https://doi.org/10.4213/kvant20190305

rpamm (IITIIT) MathCAD ag HarasgaHoro
[PE/ICTaBJIEHUS TPAEKTOPHIT JIBUSKEHHUST TEJI TIPU
[PEOI0JIEHNST MU C(HEPHIECKOTO COOPYKEHNSI.
PucyHku, KOTOpbIE TPEICTABJIEHBI B CTATheE,
SIBJISTIOTCST PE3YJIbTATAMI KOMITBIOTEPHBIX 9KC-
[EPUMEHTOB.

BOT HECKOJIBKO KOHKDETHBIX 3a/1ad.

3amaua 1. Msuux Ovin Opowen ¢ 3emau ¢
MUHUMATLHOU  CKOPOCT®IO  Max, umobvl OH
nepesemes uepe3 cehepuueckoe CoopyKeHue
OKCIIO-2017, xacascy moavko eepuutvl 30a-
nus (puc.2). HaiiOume: suavenue ckopocmu
u yz0n 6pocKa; ypasuenue mpaexmopuu, Ko-

‘vx

Puc. 2

opounamor mouex OPocKka u npusemienus, d
makiKke epems nojema Mauuxa.
Ha ocnoBe 3akoHa coxpaHeHUs 3HEPIUH 3a-

IUIeM

2 2
2 2

B camoii Bepxueii Touke nopmasbioe (1enrpo-
CTPEMUTENBHOE) YCKOPEHHe OOYCJIOBJICHO CH-
JIOM TSKEeCTH, TT03TOMY
2
v
X 2 _
E—g, wm vy = gR.

Takum o6pazoM, CKOPOCTb 6POCKA MSYUKA PaB-

Ha
v =4/5gR = 44,3 m/c,

a yros 6pocka MsiYMKa paBeH

o = arccos 2x = arccosLR = 64° .
v JogR
PaccmoTpuM IBIDKEHWE MIYMKA C MOMEHTA,
KaK OH JJOCTHT BepIUHBI cepbl. Jlanbreiimmmmit
9Tall IBUKEHUA MAYNKA PAaBHOCUJIEH TOMy, qTo
ot GbLT GPOIIEH TOPU3OHTAIBHO CO CKOPOCTHIO

v, C BbIcOTBI 2R. VYpaBHeHue TPaeKTOpPUH
TaKOTO J[BIDKEHUST MIMeeT BUJ|
2 2
X x
y=2R——g ,mm y =80 -—.
20 80

X



Cle10BaTe/ IbHO, TOUKM 6POCKA 1 TIPH3EMICHHS
umeior koopanuatsl A (—=80;0) u A’(80;0), a
BpeMs MoJIeTa MSUYMKa PaBHO

A

t =81c.

UJC

3amaua 2. Umobol ocywecmeums nepeaem
MauuKa yepes chepuueckoe coopykenue IKC-
I1O-2017, on Ovin Opowen ¢ 3emau ¢ MuHU-
Manvnotl cxopocmuio. IIpu noseme msiuux xoc-
nyacs deyx mouex cgepuvl. Hatioume: cro-
POC® MSUUKA 8 MOUKAX KACAHUS CO 30aHUeM
U KoOpOUHAMbBL IMUX MOUEK; KOOPOUHAMDL
MAKCUMATBHOU MOUKU MPACKMOPUU MAUUKA U
€20 CKOPOCMYb 6 MO MOUKE; IHAUCHUE MUHU-
MAILHOU CKOPOCIU MAUUKA, COOOUWEeHHOU HA
YposHe 3eMau, Npu KOmopou OH nepeiemumn
chepuueckoe coopyxenue 6e3 OMCKOKO8, a
maxaxe yzos OpocKa; YypasHenue mpaexmopuu
MAYUKA U KOOPOUHAMBL MOUeK OPOCKd U Npu-
3eMAeHUsl, d MAKKE BPEMI NOLEMA MIUUKA.

IIpu nepeJiere yepes 3MaHue MUK JA€iiCTBI-
TEJbHO MOYKET MMeTh €O cepoil [[Be TOYKN
kacanuss (puc.3). Paauycpl, nposejeHHbie B

FI

Puc. 3

Toukn Kacauuii A" u A, o6pasyior ¢ BepTHKa-
Jblo yros @ . M3 coobpaxkenuii cuMMeTpuu u
06paTHMOCTH TPAEKTOPHUH OCTATOYHO PACCMOT-
perb JBUKEHHEe MSAYMKa TOJbKO Ha YyYacTKe
CAF. IlycTb CKOPOCTDb B TOUKE KacaHus U, , a
BpeMs JBI)KEHUSI OT BEPIIUHDI /[0 3TOI TOUKH
7. Ilpu atom

0, =04C080Q, v, =V,sinQ = gT,
AB=Rsin@=v,c0sQ-T.
W3 nocsenux AByX paBeHCTB HaXO/[UM
> _ gR
cosQ

Uy =
C IIOMOIIbIO 3aKOHa COXPaHEHUA IHEPIrUM 3a-
IIUIIEM BbIpaKeHUe 1Jisd MUHUMAJIbHOI CKODPO-

CTN MAYMKA 0 Ha YPOBHE 3€MJIN:
2

%=%+mgl€(cos¢+1), wim

v? =2gR ;+cos(p+1
2cos @
IKCTpeMasibHOE 3HAYEHUE TOCJE/HETO BbIPa-
JKEHUsST B CKOOKaxX OIPEIETUT UCKOMYIO MUHU-
MaJIbHYI0 CKOpocTh. Ha ocHoBe HepaBeHcTBa
Bymakosckoro—Kormm,
cos @
2¢c0s @ 2cos @’
IPUYEM PABEHCTBO OIPE/IEIsIeT MUHUMAJIbHOE
3HaYeHUE:

+cos@ =2

1 V2
———+ oSO =42, cos@Q =—,
2cosQ in 2

nQ= T
4
Wrak, CKOPOCTh MSYMKA B TOYKAX KACAHUS CO

3laHUEM DaBHa

0, = | IR~ [J2gR ~ 23,6 w/c .

cos @ -
[Mockoabry AB =Rsing = 28,2m u
OB = R(cos@+1)=68,2M, 10 TOUKM Kaca-
HUSI UMEIOT CJIIYIONINE KOOPIUHATHI:
A(28,2,68,2) u A'(-28,2;68,2).
Tenepnp 3aiiMmeMcst MAKCUMAJIBHON TOYKOH Tpa-
€KTOPUU MIYMKA. T%K KakK

v
CO=CB+BO=2—y+R(c05(p+1)=
g
oy sinz(p
= 4 — "+ R(cosp+1)=
29

3
= = +1|R=~824
e

TO MaKcUMaJibHast Touka C TPAeKTOPHI MSIYMKa
umeet koopannatbl (0;82,4) . Ckopoctb B s10it
TOUKe PaBHa

v, =04 COSQ =,/gRcos = /% =16,7 M/c

Jlanee, U3BeCTHO, YTO
v* =2¢gR L+costp+1 =2gR(\/§+1),
2cos @

OTKy/1a HAXOJUM
v = 43,5 M/c,
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0, 1
cosoL =+ = ——
o 2(2442)
Takum 0o6pasoM, MsSYMK OpOIIEH C 3eMJH C
MHUHUMAJTBHON CKOPOCTBIO 43,5 M/C 110/ yTJIoM
K ropusoHty 68°.

Octaoch HAMUCATh YPAaBHEHWUE TPAEKTOPUU
MSTYUKA!

=0,39, u o= 68°.

2 2
y=0C-L =824 - =

20° 4042

HaUTH KOOpZMHATbI TOYEK 6p0CKa " IIpu3emJie-
HUAL

~ 82,4 —0,018x2

F'(-67,6;0), F(67,6;0)
U OIIPeJIEIUTh BpeMs T0JIeTa MSIYnKa:
. FF'= 2-67,6 M
16,7 m/c
3amaua 3. Heobxodumo nopasumv camyio

BEPAHIOI0 MOUKY Cheputeckozo 30anus, u300-
pakennozo na pucynxe 4, 6pocus MAUUK C

=8 1c.

Oy

C

Puc. 4

HaumeHvuwell 603MOKHOU ckopocmuto. /[lo no-
PAXKEeHUs Ueau OMCKOKU MAYUKA O 30AHUSL He
donyckaromes. Paduyc cihepuueckozo coopy-
senus R = 40 mn. Conpomusnenuem 6030yxa
npenedpeuv. Hysxno natimu caedyowue napa-
Mempul: CKOPOCMb MAUUKA Uy 6 MOMEHM NOPa-
JKEHUSL Ueau U HAUMEHbUWYO CKOpOCmb U, C
KOMOPOU MUK 6Ll OPOWEH ¢ 3eMIUL; KOOPOU-
HamvlL MOUKU KACAHUSL MPACKMOPUU MAUUKA CO
chepoil u paccmosinue mexxdy mouxkol Kaca-
HUSL U CAMOU 8epXHell MOUKoll; yeoa nadenus
MAUUKA O 6 camoll eepxmell moukxe cepuvl;
KOOPOUHAMbL MOUKU OPOCKA MAUUKA U Y20l
Opocka; epems noaema MAUUKA, YpasHeHue
MPAeKMopu MAUUKA U KOOPOUHATNBL MAKCU-
MAAHOU MOUKU MPACKMOPUU.

OnTuMabHasT TPAEKTOPUS MSUNKA KAacaeTcst
TTOBEPXHOCTH C(Hepbhl B KAKOH-TO GOKOBOI TOUKe
C 3panud, Kak [0OKa3aHO Ha pucyHke 4. U3
cooGpakeHnii 06PAaTUMOCTH TPAEKTOPHH Pac-
CMOTPHUM CHTYaIMI0, KOI/la MSYMK OpOIIeH ¢
BEPXHeil TOUKH 3/[aHKsI ¢ MUHUMAJIbHON CKOPO-
CTPIO ¥, TakK, 4YTOOBI OH HE 3a/ieJ 3jaHue

2019/Ne3
YA v,
o
A
Ds C
B
1 1 Ux
-1 0 pox
1
0 |
v
Puc. 5 -v

(nposieres GeCKOHEYHO GJIU3KO K HEMY) HpH
najiennn Ha 3emuiio (puc.5). HaM Hy»KHO HaiiTi
TOYKY KacaHWsg OKPY>KHOCTH W OMTHMATbHOI
TPACKTOPHUH MIUNKA. 3alNIIeM YPaBHEHUS OK-
PY’KHOCTH:

962+(y—R)2=R2

U TPAEKTOPUU MSTYMKA!
2

y=xtgo— gx 5>—+ 2R, um
2y, cos” a.
2
_ _9x 2
y=xtgo 203 (1+tg oz)+2R.

C 1OMOIIBIO TOCJEJHET0 YPaBHEHHS HEBO3-
MOKHO HAITH KOOP/IMHATDI TOUKH TIepeceueHnst
TPAEKTOPHUH C OChIO X, MOCKOJbKY OHO COJEp-
JKUT dYeTbipe HEM3BECTHBIX: X, ¥, Uy H O .
[ToaToMy MbI CHavaja UCCJEyeM ypaBHEHHE
MOBEPXHOCTU TPAHUI[bI MPOCTPESUBAEMOIT 06-
JIACTH B YCJIOBHSIX, KOI/la U3 BepXHell TOYKH
cepbl ObLTH GPOIIEHDI CO CKOPOCTBIO ¥y OJU-
HAKOBBIE MSYUKH [0/ PA3JMYHBIMU yTJAMH.
I10 ypaBHeHne u3BecTHO (CM., HAIpUMED, CTa-
ThIO «/[BHIKEHIE TesT B TPABUTAIIMOHHOM MOJIE>
B «KBanre» Ne9 3a 2018 r.) u B HauieM ciydyae
nMeeT TaKOW BUJIL:

_U 9% g
29 207

Ipadux gannoro ypasHenusi (KopuaHeBast Jiui-
HISI Ha PHCYHKe 5) TIPOXOIUT 4epe3 TOUKy
IIepecedeH st OKPY KHOCTH U TPACKTOPUI MsT4I-
ka. HeusBeCTHbIX KMHEMATHYECKHX Ilapamer-
POB CTAJIO TPH: X, y U ¥, . TouKa mepecedeHst
ompeziessieTcs CIeyIomeil CHCTEMON ypaBHe-
Huil:
962+(y—R)2 = R?,
2 2
=29 1oR.
29 2v;
I[TojicTaBUB ¥ B MEPBOE yPaBHEHHE, TOJIyYaeM



6I/IKBallpaTH06 YpaBHeHNE OTHOCUTEJIbHO X:

2

4!]+x21ﬁ i

2

[ ¢

T > |+ -2+ R |2 =0.
20y 2 4g g

X

Ero penreHne — 9TO0 ypaBHEHUE C [IByMA HEU3-
BECTHBIMU X U 0 :

L9kl D
o_ |2 %
= 2
9
20,

Ecan auckpumunant D paBeH HYJIO, TO cylile-
CTBYET TOJIBKO OJTHA TPaeKTOpusi, obecreunBa-
IoIIasi MMPOXOK/IEHNsT MsTYnKa yepe3 Touky C:
1 grY (1 gR
—_— —2 - =+ —2 = O .
2 UO 4 UO
Temepb IPUCTYTIUM K OTBETaM Ha MOCTaBJICH-
Hble B 3a/1aue BOTPOCHI. V3 mocsenero paBen-
CTBa HaliieM
2 _gR

UO =
2
B cOOTBETCTBUM ¢ 3aKOHOM COXPAHEHUs SHEP-
Uy, Ha HyJaeBoM yposHe (Ha 3eMiie) CKOPOCTh
MsYUKA paBHa

v =0t +4gR =3 /% ~ 42,0 m/c .

Takum o6pas3oM, Mbl HAILIA 3HAUYEHUE HAU-
MEHbIIIell BO3MOKHOI CKOPOCTH, HEO6XO0IUMOIT
JUUIS TIOPasKEHUS caMoii BepXHeil Touku cdepu-
YeCKOTO 3IaHWs, U CKOPOCTh B MOMEHT TIOpake-
HUS 1[EJIH.

[Hanee, ucnosb3ys ypaBHeHue /s x> , Hai-
JieM KoopauHaTbl Touku C:

2
x2=3%, x=§R=34,6M,

, i vy = 14,0 M/c.

N3 coobpakennii cummerpun BC = R. Takum
o6pasoM, ABC — paBHOCTOPOHHHI TPEyroJib-
HUIK.

[Moxcraass koopaunatsl Touku C B ypaBHe-
HUE TPAEKTOPUU MSIYUKA, TTOJIYIUM

1 T

tga=— o=—.
g \/§,I/I 6

Wcnosbayst ypaBHEHNE TPAEKTOPUU MSYMKA,
HAXO/IMM TOYKY Ha HYJIEBOM YPOBHE, U3 KOTO-
poii 6bLJ GPOTIIEH MIYUK ¢ HAUMEHbIIIEN CKOPO-
CTBIO V!

= xy tgo— 90 (14 tgla) + 2R
Yo = Xptga ﬁ( g OL)
Honcrasus y, =0, tgo IR o =ﬂy
J3 2
TOJIY4HM ypaBHEHIe

3R°° /3

1 HaligeMm
xy = 1,46R = 58,4 ™.
Tenepnb HaxouM yroJs 6POCKa MIUNUKA C 3EMJIH:

v Uy COS O
B = arccos—~ = arccos —— =
v v
12,12 m/c o
= arccos—/ =73".
42 m/c
Bpems moseta Ma4nka paBHO
X 58,4 m
S S8AM e
v, 1212 m/c
YpaBHeHWEe TPAEKTOPUH MUK UMEET BUJT
2
X x
=80+—=-—.
Y B30
WccemeyeMM ero Ha 9KCTPEMYyM:

, 1 X
Y \/§ + 5 0

1 HalijleM KOOPJMHATHI MaKCUMAJIbHON TOYKU
Tpaektopuu Msunka: 8,7; 82,5.

3agavya 4. Ilracmmaccosas waiiba Gvina
Opowena ¢ 3eMau ¢ MUHUMATLHOU CKOPOCTN®IO
6 Hanpasaenuu cgepor max, wmoboi ona npe-
000718114 8ePXHIOI0 MOUKY ChHepurecKkozo co-
opyxenus. Yacmv mpaekmopuu 08UXeEHUS
waibvl 6e3 OMCKOKA AeKUm Ha NOBEPXHOCIU
cpepol. IIpenebpezas conpomusienuem 603-
dyxa u cuumas nogeprHocmy cepul e1d0Koll,
Hagoume: KOOPOUHAMbL WATOBL 8 MOMEHTN NAAG-
H020 nepexoda U3 cocmosnus c60600H020 Na-
PaboOIUUECK020 OBUKEHUS 6 COCTNOSHUE KPY20-
6020 0BUXXEHUST NO NOBEPXHOCMU chepbl, ee
CKOPOCMb 68 IMOTU MOUKe U Y20 K 20pU3OHINY;
3HAUeHUe MUHUMATLHOU CKOPOCU wWaibol,
co00WEeHHOt HA YpoeHe 3eMau, Y20l Opockd
waidol u KOOPOUHAMBL MOUKU OPOCKA;  YpPas-
Henus napadosUdecKux mpaexmopuil waiool.

N3 coobpaxennii 06paTuMOCTH TPAEKTOPUI
Oy/ieM CUUTaTh, 4TO MaiiGa CryIieHa ¢ BepXHei
Toukn cdepbl 6e3 HavaibHOU CcKopocTu. B
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Oy,
N\ v, COS O,
D F 0 EB A w x
1
Puc 6 v, sin a N0,

touke orpbiBa C (puc.6) LEHTPOCTPEMUTENb-

Hoe (HOpMaJIbHOE) YCKOPEHUE Mai6bl g, = —

SBJIIETCS COCTaBJISIONIEN YCKOp€EHUA CBOéOII-

HOro IaJaeHnund:
2

- cosP = R
R Y Y

_h,I/IJII/I 0? =(R—h)g

[IpuMenseM 3aKOH COXPAHEHUS MEXaHHYECKOIT
SHEPrUU [T JBUKEHUS MIAHOBI 110 TTOBEPXHO-
ctu cdepbr:
2
mo
mghzT, i o* =2gh .

W3 nByx ypaBHeHUN /1151 o? HaxoauM /i = 1R .
Toraa xoopaunatsl Touku C OyAyT TAKUMU:
Yo =2R-h=66,67m,

szszoBz

= /R? -(R- h —R 29,81 m

CxopocTb 1maiibpr B Touke oTpbiBa C paBHa

0= ZgTRzm,zM/c.

R-h

N3 dopmyasr cosP = R -

B =48°.

Wcnosb3yst 3aKOH COXPAHEHUST MEXaHWYeC-
KOIT 9HEPTHH /IS COCTOSHUS MApaGOTMIeCKOro
JIBUKEHUST TaiiObl, HAXOMUM €€ CKOPOCTD TIPHU-
semyennst (MM CKOPOCTb GPOCKA € 3eMJIN):

0y = /0% +2g(2R - ) = J4gR = 39,6 w/c .

C MoMeHTa OTpbIBa IMAObl OT MOBEPXHOCTH
cepbl TOPU30HTAIbHAST COCTABJISIONIAS €e CKO-
pPOCTH OCTaeTcsl MOCTOSHHOH M PaBHOMH

HaXOUM

wlro

2019/Ne3

0 COos B =7y CcosO . OTCIOI[a HaXoauM

cosoc=LOSB= ’£z0,27,1/1 a=73°.
vy 27

Jlanee,
x4 =0A=0B+BA, BA=uvtcosf,

vy sino—osinP = gt ,

sin o = y/1 - cos? OL=F~096

sinf = /1 — cos? :g =0,74

tgo = sina _ 5

cos ol ﬁ

vy sina —osinf3 _ (10 - \/E)\/R_g
g 3J3g

BA =2\£—#(10—\/ﬁ):2&57 M,

= 3,35,

t= =265c,

x,=0OB+BA =

V5, 242
== 10-+10) |R = 58,38 M,y = 0.
( e 0) o
U3 coobpaskenuii cummerpun |xp| =|x ] .
Ecam maii6a 6poiiena co ckopocTbio oy 10/
YIJIOM K TOPU30HTY 0. 13 Toukn 0, TO ypaBHe-
HUE ee TPAeKTOPHH MHUIIYT B BH/E

2
- _9r 2
y=xtgo 207 (1+tg a).

[Tockosibky Hama maiiba OpolieHa nu3 TOYKH
D(-x,4;0), T0 ypaBHeHIe TPaeKTOPHH Hapa-
6OJITYECKOTO JIBIIKEHHSI ITAlGBI € JIEBOIT CTOPO-
HbI GyJIeT TaKuM:

2
y = (x +xp)tgo —w@ +tg? oc).
20,
Haiiziem ToUKHM TIepecedeHust TPAeKTOPUHN C OChIO
X, KOTOPbIe COOTBETCTBYIOT ToukaM D u E. [lis
3TOTO BBIDAXKEHWE [ ¥, TPHUPABHUBAEM K
HYJIIO W TIOJTy4YuM

xp =—-58,38; x; =~2583.

AHaIOTHYHO, ypaBHEHHE TPAaeKTOpUu mapabo-
JINYECKOTO JIBUKEHUS A6l ¢ TIPaBoOil CTOPO-
HbI Gy/IeT UMETh BUJL
Yy = (x+xF)tgoc—M(1+tg oc)
208
3amaua 5. Msauux Gvir omnywen 6e3 na-
YANLHOU CKOPOCTU C 8epXHell MOUKU chepubl.



Tpenue cxorvkenus MexK0Y MAUUKOM U Che-
pou eeauxo. Conpomusienuem 6030yxa u
mpenueM Kauenus MoxKHo npeneopens. Msauux
cuumaitime 00HOPOOHBIM CNIOUHBIM ULAPOM,

€20 MOMEeHM UHepuuu I=§m72, 20e m —

macca msuuxa, r — ezo paduyc. Haidume:

KOOPOUHAMbL MAUUKA 68 MOMEHM OMPLIBA OM
chepul, ezo cxopocmy 6 3Motl moukKe u yzou ee
HAKJAOHA K 20PU3OHMY, CKOPOCMb Npu3emie-
HUS MAYUKA U ee YzOJl C 2OPUSOHIMOM 6 IMOU
mouxe, d maxxe KoOPOUHAMY MOUKU NPUIEM-
JACHUS; YpasHeHue napad oiuueckoll mpaexmo-
pul MANUKA.

B Ttouke orpeisa C (puc.7) 1eHTpOCTpEeMU-
TesbHOE (HOPMAJIbHOE) YCKOPEHHE MIIUKa

YA
C -~
v a4y
s
Y
vy cosa /D \

Oﬂ B
Vo¥lo, sin a

Puc. 7
2

[ o
a, = E ABJIAECTCA COCTaBJIHI(z)HIeI/I YCKOpeHUuA

v
¢BOOOHOTO IaJ€HUd: = =gcosP, rme
cosP = R-h . Orcroza
R
v*=(R-h)g.

[IpuMeHHM 3aKOH COXPAHEHUS MEXaHWMYeCKOi
SHEPIHU JIJIS IBIDKEHUS MSYNKA 110 IOBEPXHOC-
TH cepbl:
2 I 0
mgh=——+—, 1716 ®=—,

2 2 r

2 mo® Tmo

mo
nm mgh = 5 + = =10

Moxcrapsas cioga v° =(R—-h)g, maxomum

7
h=-—R=0,41R. Torga KOOpAMHATbI TOYKH

2

C O6yayT TakuMuU:
Yo =2R-h=636m,

xc=-OB=—|R* = (R-h) =-32,3m.

CxopocTh MsSYMKa B TOUKE OTPbIBA paBHa
v=(R-h)g =0,59gR =152 m/c .

R-h
N3 dopmyast cosf = R 0,59 maxomnm
B =54°.
Vcrosib3ysi 3aKOH COXPAHEHHsT MeXaHWJec-
KOI 9HEPTHH IS TTAPAaGOJHIECKOTO JIBHKEHUS
MSTUUKA, HAXO/MM €r0 CKOPOCTD MIPU3EMJICHHUS:

0y =0 +2g (2R - h) = 38,4 m/c .

B MOMeHT OTpbIBa MsSUYHKA OT MOBEPXHOCTU
cepbl TOPU30HTATBHAS COCTABJISIONIASI CKOPO-
CTU MSTYMKA OCTAETCs MOCTOSIHHOW ¥ PaBHOIA
vcosfP =y, cosa . OTciofa nosryyaeM

cosoc=LOSBz0,23,
[eh)
_ 2
o =766, tgo = L% _ 4o
COS

sina = 0,97, sinP = 0,81.
Janee,
OD = OB+ BD, BD =vtcosf,
vy sino—osinf = gt ,
tzvosinoc—vsinﬁ
g
OD =54,7Tm, xp=-54,7m, y, =0.

=25¢c, BD=224m™m,

W3 npunImna o6paTuMocTi napaboaniecKon
TPAEKTOPUH CYUTAEM, U4TO MSUYUK ObLIT OPOIIEH
n3 Toukn D co CKOPOCTBIO ¥ IO/ YIJIOM O K
ropusonTy. Torga ypaBHeHHe TPaeKTOPHUH Ia-
PaboIMYEeCKOrO IBIDKEHIS MAYNKA 3AIHIICTCS
TaK:

2
Y= (x+xD)tg(x_w(1+tg2 O() ,
200

njan
y = (x+54,7)-4,23 0,062 (x + 54,7) .

3aMernm, 4To ecji MIYUK OPOCUTD M3 TOUKU
D o CKOpOCTHIO, PABHON CKOPOCTH MTPHU3EM.JIe-
nust (38,4 m/c ), muoa yriom nazgenns ( 76,6° ),
TO BBITIOJIHSIETCS] IPUHITUIT 0GPATUMOCTH TIapa-
6OJINYECKOTO JIBIDKEHMS TeJla, T.e. MIYUK MO-
JKeT 1oXouTh 70 Toukn C 3a 2,5 ¢ U UMeTb B
aTOil TouKe ckopoctb 15,5 M/c . OmHako ganb-
1re TIPUHITUAT OGPATUMOCTH JIBVKEHS He Pabo-
Taer, MIYUK HE JIOXOJWUT JI0 CaMOil BEpPIIMHbBI
chepbl — eMy He XBaTaeT SHEPrHU.




PeryoHasnbHbIN 3Tan
XLV Bcepoccmmckon onmmnmabl
LLIKOJNTbHKOB MO MaTeMaTuhke

3A0AYHN OJIMMIMADI

9 knacc

1. /IBa IPUBEJIEHHBIX KBaPATHBIX TPEXUJIe-
Ha [(x) 1 g(x) TAaKOBBI, YTO KaXK/IbIil U3 HUX
MMEET 110 /IBa KOPHsI 1 BbITIOJIHSIIOTCS PABEHCTBA
f(1)=9(2) u g(1)=/(2). Haiigure cymmy
BCEX YETBIPEX KOPHEH THX TPEXUJIEHOB.

H.Azaxanoe

2. Kaxprii u3 10 yenoBek — au6o pbillapb,
KOTOPBIi1 BCer/ia TOBOPUT MPaB.y, Ju60 JIXKeII,
KOTOPBIi Bcerga JukeT. Kaxapiit n3 HUX 3a/1y-
MaJl KaKoe-TO IeJIoe YUCJO. 3aTeM TIepBbIi
ckazas: «Moe uncyo Gosibiire 1», BTopoii cka-
3a1: «Moe umciao GoJjblie 2», ..., JeCSTbIi
ckasaJi: «Moe unciio 6oubire 10». ITocse aroro
BCE JIECATb, BBICTYTAasi B HEKOTOPOM MOPSI/IKE,
ckasann: «Moe uncsio menbine 1», «Moe uncio
MeHbIte 2», ..., «Moe umncigo Mmenbine 10»
(Ka bl CKasam POBHO OJHY W3 3THX JECATH
dpas). Kakoe MakcuMaIbHOE YHCIO PbIHapeit
Moryio 6biTh cpefn aTux 10 yemoBex?

O. IToorunckui

3. Ilo kpyry paccrasjennbl 100 pasanmdnbix
HaTypaJbHBIX umces. Baca pasgemmn xaxmaoe
13 HUX C OCTATKOM Ha CJeyloliee 10 9acoBOi
CTpeJIKe; MPU 3TOM OKa3ajoCh, YTO OCTATKH,
nosrydeHHble Baceil, TpuHUMAlOT BCero /Ba
passmuHbIX 3HaueHus. Ilers pasmesmnn kaxaoe
13 YHCeJ ¢ OCTATKOM Ha cJjeayfolee MPOTHB
4acoBoif cTpesku. [lokakuTe, 9TO BCE OCTATKH,
nosyueHuble Ilereit, pasaudnb.

H.Azaxanos, C.Bepnoe

4. BbICOTBI OCTPOYTOJIBHOTO TPEYTOJbHUKA
ABC mepecekatorest B Touke H. Ha orpeskax
BH u CH ormeuenn! Toukun B; u C; coorser-
cTBeHHo Tak, uro B)C; || BC . Okasanoch, 4To
IIEHTP OKPY>KHOCTH  , OTIMCAHHON OKOJIO Tpe-
yroabauka B HC;, nexxut na upsmoit BC.
Hoxaxkure, uro okpyskHocTb I', omnmcanHas
okoJ0 TpeyroibanKa ABC, KacaeTcsi OKPYK-
HOCTH O .

A.Kysneyos

5. Kaxas rpaup xky6a 1000 %1000 x 1000
pas6urta na 1000% KBaJPATHBIX KJIETOK CO CTO-
ponoii 1. Kakoe Han6oJibiiiee KOJUIECTBO ITUX
KJIETOK MOYKHO 3aKPaCHUTb TaK, 4YToObl HUKAKHe
JIBE 3aKpallleHHble KJETKH He uMeJsn oO0lei
CTOPOHDBI?

C./Aoneux

6. /lanbl yeThipe TOCJENOBATEIbHBIX HATY-
pasbHbIX yncaa, 6osbimx 100. Jokaxkure, 4To
U3 HUX MOKHO BBIOPATh TPU YUCTA, CYyMMa
KOTOPBIX MPEJICTABJISIETCS B BUJIE TPOU3BE/IE-
HUS TpeX pa3IN4YHBbIX HATypaJIbHBIX YHCET,
Gobmux 1.

H.Azaxanos

7. Ha ipsAMOYTOJIBHOM CTOJIE JIEXKAT HECKOJTh-
KO KapTOHHBIX TPSMOYTOJBHUKOB. VX cTOpO-
HBI MapajieIbHbl CTOPOHaM cToJia. PasMmepbr
HpHMOyFOJIbHI/IKOB MOl"yT paBJII/I‘-IaTbCH, OHHn
MOTYT IIEPEKPBIBATHCS, HO HUKAKHUE J[BA TIPSIMO-
YTOJbHUKA HE MOTYT MMEThb YeThIPeX OOIIUX
BepuiH. MOKeT JIM OKasaTbCs, YTO Kayk/as
TOUYKA, SIBJISTIONIASICST BEPITHHON TIPSMOYTOJIb-
HUKa, SIBJISIETCS BEPIINHON POBHO TPEX MPSAMO-
YTOJILHUKOB?

U.Bozdanoe

8. [lan Ttpeyrompuuk ABC. Ha BHemrHeii
6uccekrpuce yraa ABC ormeuena Touka D,
Jexamass BHyTpu yriaa BAC, Takasg, dTO
ZBCD =60° . Wssectno, uto CD = 2AB.
Touka M — cepenuna orpeska BD. [lokaxure,
410 TpeyroabHuk AMC — paBHOGEAPEHHDIII.

A.Kysneuoe

9. Cum. zamauy M2551 «3anaunuka «Ksan-
Ta».

10. ITers u Bacst urpaiot B cJ1e/1y 101y 10 UTPY.
[Tets BeiGupaer 100 (He o6st3aTebHO pasimy-
HbBIX) HEOTPHIATEIBHBIX YHCET Xy, Xy,..., X100 »
cyMMa KOTOpBIX paBHa 1. Bacs paz6uBaer ux Ha
50 map 1o cBoeMy yCMOTPEHHUIO, CYUTAET IPOH3-
BeJIeHIe YHCe B KK/ION Mape U BBIINCHIBAET
Ha JocKy Hambosbiiee u3 S50 IOJIYYEeHHDIX
npoussegenuii. Ilerss xouer, 4To6bI YHCIO HA



JIOCKe 0Ka3aJIoch KaKk MOXKHO 6oJblie, a Bacsa —
yToGbI OHO OBLIO Kak MOKHO MeHblne. Kakoe
YUCJI0 OKaKETCS Ha JOCKEe IPH MPaBUJIbHOI
urpe?

A.Xpabpos
10 knacc

1. Cm. 3agauy 2 qus 9 kaacca. Tosbko Teriepb
Kbl u3 10 yesoBek 3agymMal KaKoe-TO
yucso (He 06513aTEIbHO 1eJ10e).

2. JlaH BBINMYKJIbI 4eThIPEXYTOJIbHUK EpH-
MeTpa 1019, Y KOTOPOI'O JIJIMHBI BCEX CTOPOH —
HATypaJbHbIe YUCIA, & CyMMa [IJIMH JHOOBIX
TPeX CTOPOH [eJUTCS HA JJUHY OCTaBIIeics
4eTBepTOll CTOPOHBI. [loKakuTe, 4TO 3TOT YeThI-
PEXYTOJbHUK — POMO.

I1. Ko.xesnukos

3. Kuerkn tabumipr 2% 2019 wamgo 3amon-
HUTh yucaaMu (B KaxAyl0 KJIETKY BIHCATb
POBHO OJIHO YKCJIO) 1O CJEAYIONIUM [IPABHIAM.
B Bepxweii ctpoke goskHbI cToATh 2019 meii-
CTBUTEJbHBIX YHCEJ, CPE/IU KOTOPBIX HET IBYX
PAaBHbIX, a B HIDKHEI CTPOKE JIOJIKHBI CTOSITD TE
ke 2019 dwmcen, HO B ApyroM mopsiake. B
kakoM 13 2019 cTo16110B JJOKHBI ObITH 3aIli-
CaHbI J[BA PA3HBIX YMCJA, IPUYEM CYMMa HTUX
JIBYX YHUCEJI IOJKHA ObITh PAIIMOHATIBHBIM YHC-
siom. Kakoe man6oJibiiiee KOJUYECTBO UPPALIU-
OHAJIBHBIX YKCEJ MOTJIO ObITh B MIEPBOii CTPOKE
TaOIUILBI?

C.Kyopa

4. Beckoneunas 1ocses0oBaTe/IbHOCTb HEHy-
JIEBBIX YHCEJI dy,dy,ds,... TAKOBA, YTO IIPU BCEX
HaTypaJbHbIX 1 > 2018 umciao a,., sSBISETCA

HaMEHbIINM KOPHEM MHOTOYJIEHA

P, (x)=x" + ax™? + ayx™™!

+...+a,.
[okaxkure, uro cyuecrByer Takoe N, 4TO
B 0€CKOHEYHOH MOCJIEA0BATEIbHOCTH
ANy AN 41, AN 495+ KOKADIH YJIeH MeHbIe Ipe-
JIBIYIIIETO.

H.Bozdanos

3. B nepasnoGenpentiom tpeyrosbiunke ABC
nposesiena 6uccexrpuca BL. Ilpomosmkenue
Me/[MaHbl, IPOBE/IEHHON 13 BEPIINHBI B, mepe-
CeKaeT OKPY>KHOCTb ( , OIICAHHYIO OKOJIO Tpe-
yrompanka ABC, B Touke D. Uepes I1eHTp
OKPY>KHOCTH, OTIMCAHHOH OKOJIO TPEyTOJIbHUKA
BDL, tuposeneHa mpsimas [, TapaJsiuiesibHast
npamoit AC. Jlokaxkute, 4TO OKPY>KHOCTb
KacaeTcs IPsIMOif /.

A.Ky3neuos

6. Cm. 3amauy 6 g 9 xuacca.

7. Jaubl jeificTBUTesBHBIE umMcaa d U b,
mpudeM b >a > 1. Ilycrp

x, :2,,(2%_2%).

JlokaxxuTe, 4TO MOCTEAOBATECIBHOCTD Xy, Xy, ...
y6bIBaET.
A.Xpabpos

8. B ocrpoyrosbHoMm TpeyrosibHuke ABC
nposejieHa Bbicora BH. Touku M u N —
cepenunbl 0Tpe3koB AH 1 CH cOOTBETCTBEHHO.
B oxpyxnoctn Q, ommcaHHON OKOJO Tpe-
yrogabunka BMN, mpoBefen munamerp BB’ .
Ilokaskute, uto AB = CB' .

A.Kysneuyos

9. Cm. 3ajauy M2551 «3amaunnka «Kan-
Tar.

10. Cm. 3agauy M2552 «3ajaunuka «Kpan-
Tar.

11 knacc
1. CM. 3amauy 2 aaa 9 kiaacca.

2. V3BeCTHO, YTO Ka’KAbIH M3 TPEXUJIEHOB
2 rax+b u x> +ax+b+1 umeer xorss 6ot
[0 OJTHOMY KOPHIO U BCE KOPHU 3TUX TpPEXUJie-
HOB 11eJble. JloKaKuTe, YTO TpexuJaeH
2% + ax + b + 2 xopHeil He UMeer.

H.Azaxanoe

3. HasoBem paccmosmuem Mexay AByMs
KJIETKaMU KJIeTYaToil JOCKU HauMeHbIIee KO-
JINYECTBO XO/IOB, 3a KOTOPOE IIaXMaTHbBIN KO-
poJib MOKeT J00paTbCsi OT OJHON W3 HUX [0
apyroii. Haiiinte nHanGosbliiee KOJMYECTBO
KJIETOK, KOTOPO€ MOKHO OTMETHUTb Ha JIOCKe
100x 100 Tak, 4ro6bI CpeU HUX HE HAIIJIOChH
JIBYX KJIETOK, PACCTOSTHUE MEK/IY KOTOPBIMU
paBHO 15.

H.Bozdanos

4. Cm. 3agmauy 4 nog 10 kmacca.

3. B rterpasppe ABCD 1npoBejieHbl BbICOTBI
BE u CF. IlnockocTb o HepHeHANKYJISIpHA
pebpy AD u TIPOXOIUT Yepe3 ero CepeuHy.
Wssecto, uro toukn A, C, D n E nexar Ha
oHOM OKpy>kHOCTH 1 Toukn A, B, D n F Tak:xe
JieXaT Ha OHOH OKpY>XKHOCTH. J[oKaxkuTe, 4TO
paccrosHusa ot Touek E u F 10 TIJIOCKOCTH oL
DaBHbI.

A.Kysneuyos




42 KBAHT

6. Cm. 3agauy 6 mig 9 xiacca.

7. [Tano noJoxxureabHoe yncao a # 1. Jloka-
SKUTE, YTO IMOCJIE0BATEIbHOCTD X{,Xy,..., T/E
_on (2"
x, =2 ( a —1), yObIBaerT.
A.Xpabpos

8. Ha croponax AB n AC tpeyroapanka ABC
Halmceh Toukn D 1 E COOTBETCTBEHHO TaKue,
yro DB = BC = CE. Otpesku BE u CD
nepecekatorcs B Touke P. [lokaxkute, 4TO OK-
PY>KHOCTH, ONHMCAHHbBIE OKOJIO TPEYTOJbHUKOB
BDP n CEP, nepecekaioTcsl B IEHTPE OKPYK-
HOCTH, BIIMCAHHOI B Tpeyroibauk ABC.

P.2Kenodapos

9. B xsracce m yueHnkoB. B TedeHue ceHTAOPS
KaKIbLl U3 HUX HECKOJIBKO Pa3 XOAWJI B Oac-
CelH; HUKTO He XOWJ BAKJIbI B OJUH JICHbD.
[TepBoro oKTSI6PST BBISICHUIIOCH, YTO BCE KOJIH-
YyecTBa IOCelieHmii 6acceiiHa y YUEeHUKOB pas-
JnuHbl. Bostee Toro, /7151 MOGBIX ABYX yUeHH-
KOB 00s13aT€JIbHO ObLT JIeHb, KOT/la TIEePBbIil 13

2019/Ne3

Hux ObL1 B Gacceiine, a BTOPOil — HET, U JIeHb,
Kor/a, Hao60poT, BTOPOI 13 HUX ObLT B 6acceii-
He, a mepBblii — HeT. Haiiure HamboJibiee
Bo3MOsKHOe 3Hauenue m. (B cenratpe 30 aneit.)
A. Xpamyoe
10. /lano HarypasabHoe uncsao n > 2. Ilets n
Bacs urpator B caieyioryio urpy. Ilerst Boi6u-
paet 2n (1e 06513aTeNbHO Pa3/IMYHBIX) HEOTPHU-
IATEJIbHBIX YHCEN Xiy,Xs,...,Xy,, CyMMa KOTO-
poix paBua 1. Bacs paccrasisier atu ymcsia 1mo
KPYTy B HEKOTOPOM TIOPSIZIKE TI0 CBOEMY YCMOT-
penwio. [Tocsie aTOro oH BBIYKCISIET TPOU3BE/IE-
HUS TTap COCETHIX YNCEJ U BBITICBIBAET HA JIOCKY
HamboJIbIlIee U3 BCEX 27 TTOyYEHHBIX TPOU3Be-
nennii. Iletda xouer, 4TOOBI YMCJIO Ha JOCKE
0Ka3aJIoch KaK MOYKHO 0oJibliie, a Bacst — 4T0ObI
OHO ObLIO KaK MOYKHO MeHblie. Kakoe 4mcio
OKa’KeTcsl Ha JIOCKe TPH TIPaBUJIbHOM urpe?
A. Xpabpos

I y6uxavuo nodzomosunu H.Azaxanos,
U.Bozdanos, 11.Koxesnuxos, O.Iloorunckuil

erMoHanbHbIN 3Tarn
LIl Bcepoccnmckom onmMnmagbl
LLIKOSTbHMKOB MO pU3KKe

3AJAYMN ONTMMNNALDI

7/ Knacc

3anauya 1. TepmoapeomeTp

Opnaxabl akcnepuMentatopy [moky mona-
J1I06MJIOCH O/IHOBPEMEHHO U3MEPSITh TeMIIepaTy-
Py M ILUIOTHOCTb HccJexyeMoil skuakoct. OH
paspaboTas yHUBepCAJbHBIN MPHOGOP, B KOTO-
POM yKasaTeJb HeTIO/[BIKEH, a MIKaJIbl epemMe-
maiorest vezasucumo (puc.1). Tmok cusan mo-
KasaHus, KOTopble 3aHec B Tabmily. V3BecTHO,

Temneparypa T,°C | 20 | 18 | 16 | 12
1,0111,02]{1,03| 1,05

II1oTHOCTD p,r/CM3

Temmeparypa T,°C | 8 7 6 4

ITnotHoCTD p,T/em® | 1,08 | 1,11]1,14[1,20

4TO TEMIEPATypa KUIKOCTH H3MEHSIACh Ha
OJINHAKOBYIO BEJIMUUHY 34 PABHBIE [TPOMEXKYT-
xu BpeMenu. [[auner mkaa L = 10 cM, a Bech

HKCIEPUMEHT  JIJIUJCS

. pusod At = 5 mun. Iloctpoiite
= WA rpauK MOJy4YeHHOI 3aBU-
r/eu* cumoctu p (T') uonpeze/m-
0,80 0,90 1,00 1,10 1,20 A .
[ Y DT TR Te, ¢ KaKOW MaKCUMaJbHOI
¥ Yxasamenv CKOPOCTBIO IEPEMEIIAJIIChH
mmm‘l

-20 -10 0 10 20 MIKAJIBI IPYT OTHOCUTETHHO
c IIousgod Apyra B X0/e 9KCIEePUMEH-

oo Kaavl— o

Puc. 7

M. 3amamnun



3amava 2. Kanukyasr B IIpocroxBammuo
1)

Ot cranmuu [IpocToKBammmHO 10 /0Ma, B
KOTOPOM JKHMBeT KOT MaTpocKuH, paccTosHue
s = 1,2 kM. Haga @enop ¢ Hlapukom rpu-
exasl Ha cTaHiuio IIpocToKBammHO M moIes
JIOMOIT CO CKOPOCTBIO vg, = 4 KM/, a [lapuk
noGesxas co cKopocTeio vy = 12 km/4 . J{oGe-
kaB g0 joma, Illapuk mnosephys o6parHo,
HaBcrpeuy e Denopy, u Tak 6eras Bliepe/ u
Haza/| Mexxy Jsi/ieil DeiopoM 1 JIOMOM BILJIOTb
JI0 MOMEHTa IpHUObITUST MaJbunKa joMoil. Ka-
KOif 1yTb GOJIbIIe: CyMMAapHBIN MyTh S;, KOTO-
potit llapuk npo6eskalt, nepeMerasch B CTOpO-
HY J/IOMa, WJIH Sy, KOTOPbI OH TPOOesKal,
nepeMenasicb B o6patHoM HarpasJjennun? Ha
CKOJIBKO OJIMH TIyTbh JJIMHHee jipyroro? Onpe-
JlemTe Sy 1S, .

A.JTyxvanos

3anmaua 3. Ycpeanenue
Ha pucyhke 2 npuBesieHbl rpaduKi 3aBUCH-
MOCTH OT BpPEMEHH KOOPAMHAT JBYX MAlllWH,

X,KM J
AT
\\/( ’,’—’_\_—’
2 5 /

0 2 4 6 8
Puc. 2

€XaBIINX 110 0/{HOH IpsMoii fopore. Onpeesnn-
Te CPE/IHIOI MYTEBYIO CKOPOCTb 0y, BTOPOii
ManHel 32 10 MUHYT JBMXKEHUS C TOUYKN 3pe-
HUA Ha0JTIo/1aTe s, HaXo/AIerocs B IepBoii. B
KaKne MOMEHTblI BpPpEMEHU [IBUKEHUA, KpPOMeE
KOHEYHOTO, CPe/HsIsl CKOPOCTb BTOPOIl MAIITMHBI
OTHOCHTEJIbHO TIEPBOII TaksKe OblIa paBHA vy ?
Kakoro MakcuMasbHOTO 3HAUEHMS JIOCTHTAJIA
Cpe/HsS TyTeBasi CKOPOCTb BTOPON MAIIMHbI B
Tpotiecce JIBKEHTIS ?

10 t,mMunH

M.3amsmnuun

3anaua 4. KyOuueckuii Kokreiinn

Ecin B cTakan, JjoBepxy 3all0JHEHHbIH K1/~
KOCTBIO TIJIOTHOCTBIO P = 1,2 r/ CM3, TOTPY3UThH
KyOHUK, TO CPeAHASA IJIOTHOCTb COJLEPKHMOIO
crater p; =1,4 r/ em?; ecom BMecTo 3TOTO Ky-
6uKa IOMECTUTb JPYroil KyOHK TaKOro e
o6beMa, TO CPefHSS IJIOTHOCTD COAEPKIMOTO
craner p, =1,6 r/ em®. Kaxoit okaxercs cpeji-
HAS IJIOTHOCTb P3 CO/EPXKUMOIO, €CJIM B cTa-
KaH IIOMECTUTb cpa3dy o6a Ky6uka? Buyrpen-

HUil 06beM cTakaHa B 5 pas 0oJiblie obbeMa
KyOuKa.

M.3amammuun
8 knacc
3amaua 1. Kanuxyasr B IIpocroxBamuHo

2)

CwMm. 3amauy 2 ang 7 kiacca. Toapko Temepb
[lapux Geskaa JOMOH BHH3 IO CKJOHY CO
CKOPOCTBIO Oyppy = 12 kM/4, a o6paTtHo Gexast
BBEPX 0 CKJIOHY CO CKOPOCTBIO Upppy = 8 KM/ .

3anmaua 2. Kauaem mpecc

Ha 110103b51X, KOTOPbIE MOTYT CKOJIB3UTb [0
221a0KOMY TIOJLY, YCTAHOBJIEH THAPABINYECKUI
npece, 3all0JHEHHbI HECHKMMAEMbIM MACJIOM.
[ITok nopiuHs GOJIBIIEro AuaMeTpa MPUKPEII-
nen k crene (puc.3,a). [Ipn ABMKEHUHN TTOPIITHS

a) 6)

Puc. 3

MEK/Iy HUM U CTEHKOU IIpecca BO3HUKAET CUJIa
tpennsa F (oaunakoBas /1 060UX MOPIIHE).
Yro6bl CIBUHYTH MPECC C MECTa, K MEHbIIEMY
MOPIIHIO HEOOXOIUMO TIPUJIOXKHUTD CHUJY He
Menbirylo, ueM F; = 500 H. Oupegesmre Be-
JINUUHY CUJIbI TpeHus: F, ecJIu 1JIoIaau mopii-
Hell oranyatores B 4 pasza. Kakyo MUHUMATb-
HYIO TOPHM3OHTAJIbHYIO cuity [, Heo6XoauMo
MPUJIOKUTD K TOPINHIO OOJIBIIETO JAMaMETPA,
4TOOBI OTO/IBUHYTH TIPECC OT CTEHDI, €CJIN YCTa-
HOBUTDH €Ir0 Tak, ‘-ITO6])I IIITOK MEHDbIIIETO HOpH_I-
Hg Obn mpukpemsien k crene (puc.3,6)? B
KaKyI0 CTOPOHY B 3TOM CJy4ae JO0JUKHA ObITh
HarpasJieHa cuna F, ?

M.3amamuun

3azava 3. IlnacTuyHOCTD

HummHapuyecKuil cToJONK M3 ILIACTUJIMHA
BBICOTON H M TIONabi0 OCHOBAHUS S TIJIOTHO
TIPIJIETTIIIN K TJIaJKOMY JHY COCY/Ia, B KOTOPBIH
HaIMIN SKUAKOCTD IIJIOTHOCTBIO Py /10 BepXa
crosibuka (puc.4,a). Boga nox crona6buk miac-

a) S 6)

On

Puc. 4
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THJIMHA He TojrekaeT. He m3aMensas miiomaan
KOHTAKTa IJIACTUJINHA C THOM 1 He OT/IeJISIsI €T0
OT JIHA, CTOJIOMK TIPEBPATHIIN B IUJINH/IP BBICO-
TOU h, crTosIUil HA OYEeHb KOPOTKOH HOMKKe
(puc.4,6). Onpenennure, B KAKYI0 CTOPOHY Ha-
IIpaBJleHa 1 4YeMy paBHA Pe3yJIbTUPYIOIas CHIIA,
JIeCTBYIOMNIAst CO CTOPOHBI JKUIKOCTH Ha Jie-
opmupoBanHbIil TIACTHINH. ATMOchepHOe
JlaBJIeHIE PABHO P .

M.3amamnun

3agaua 4. Heauneiinoe miasjenue
B kamopumerpe co BCTPOEHHBIM HarpeBare-
JIeM PpacIliaBUjid HEKOTOpoe BelecTBO. Ha

NA
2N,

Ny

tA
2t,

>

0 Oy 20, 30, 40, O
Puc. 5

PUCYHKe 5 TpUBEJCHbI TpaUKU 3aBUCHMOCTH
MolHocTu N Harpesaresisi OT BPeMEHU T €ero
PaGoThI U TEMIIEPATYPDI ¢ BEIECTBA OT MEPEIat-
HOTO eMy KojamdecTBa TeryioThl Q. Haiigute
OTHOTIIEHUE TETJIOEMKOCTEH BelecTBa B TBEP-
JIOM U SKUJIKOM cocTosinuu. OnpesesnTe, CKOJb-
KO BPEMEHM T, /IJTMJICS TIPOIECC IJIaBJIEeHNs,
CumnTast M3BeCTHbIM BpeMs T, . IlocTpoiire rpa-
(1)I/IK 3aBUCUMOCTU TEMIIEPATYPbI BEIIECTBa OT
BpeMeHH, YKa3aB Ha HEM BeJWYWHBI T U ¢ B
XapaKTEePHBIX TOUKAX.

M.3amsamHun

9 knacc

3anaua 1. /lo ocTaHOBKH

[IBe "yacTuIlpl ABUKYTCS BIOJIb OCH X. 3aBU-
CHMOCTH UX YCKOPEHUI @, OT BPEMEHH OKa3a-
mich opamnakosbiMu (puc.6). 3a Bce Bpems
HaGJIO/IeHNH TIPOEKIINS CKOPOCTH 0, KaXKAOH
13 YaCTHUIl POBHO OWH pa3 00paiaiach B HOJb,
a TpOHJeHHbIe WUMU TYTH OTJUYAJTUCH Ha

2019/Ne3

a,,m/cg
3

4 t,yca.en.

Puc. 6

As = 16 cm. Onpejenure yTn S; U Sy, MPOii-
JICHHbIE YaCTUI[AMU, U BPeMs T UX [[BUYKCHUS.
K.Kymenes

3anava 2. «Hamoposuan»

Ha Becax ycTaHOBJIEH KaJOPHUMETP C BOJOM
npu temneparype t, = 0 °C . Becpl mokasbiBa-
10T ipu atoM my =100 r. B
BOJly OIIYyCKAIOT CTaJbHON
IapyuK, 3aKperyieHHbIH Ha
HUTH, C HAMEP3IIIM Ha HEM
TOJICTBIM CJIOEM JIbJIa, KOTO-
PbIil [OJHOCTBIO IOIPY>KeH
B Bozty (puc.7). Ilokasanus
BECOB YBEJMUYUBAIOTCS [0
3Havenust m, = 201,3 1.
[Tocne ycranoBseHus: Ter-
JIOBOTO PABHOBECHSI B KAJIO-
pumerpe (Ha 9TOM aTalle TEIIO0GMEHOM € OKPY-
JKaIomell cpeloil MOKHO ImpeHe6pedb) MoKasa-
HUST BECOB ellle HEMHOTO BO3PACTAIOT [0 My =
= 204,45 r. Yepes 60IbII0IT TPOMEKYTOK Bpe-
MEeHH, KOT/Ia CO/IEP’KNMOe KaJJOpUMEeTpa Harpe-
JIOCH /10 KOMHATHOI TeMIIepaTypbl, BEChl TTOKa-
samn my; = 191,3 1. Onpenennrte Maccy m,
CTQJIHOTO ITapUKa, Maccy m, JibJa Ha HeM
repe/i OIyCKaHieM B KaJIOPUMETP, MX TeMIiepa-
TYpY ¢ 1epeji orpysKeHueM B BOJy. Y lesIbHast
TEMI0eMKOCTh  crami ¢, = 450 Jlx/(xr-°C),
yjejbHas TenJoeMKOCTb JbJa €, =
=2100 ]1>1</ (xr-°C), yzaesnbHast TENIOTA ILIaB-

(S
200

Puc. 7

fenus abaa A = 3,4-10° JDK/KT | [IOTHOCTH
cramm P, = 7800 KI‘/M3, apaa p, =900 KF/Mg,
Boxpl P, = 1000 KI‘/MB,

Dosvraop

3apmava 3. IIponasmmue npuboOpsI

Muma co6pas 3JeKTPHIECKYIO TIETh, COCTO-
ANIYIO U3 WAEaJBHOTO NCTOYHNKA, IBYX PE3NC-
TOPOB, JIBYX aMIIEPMETPOB U OJTHOTO BOJTBTMET-
pa (puc.8). Ho BToporisx oH 3a6bLT PACCTABUTD
Ha cxeMe 0603HauYeHUs TPUGOPOB, 3aTO TOUYHO



3aMMOMHHUJ, YTO
ONH W3 aMIep-

<> METPOB TOKA3BI-

2R BaJ CHJY TOKa
R I = 1,0 MA, a
BOJIBTMETD — Ha-
npsikeane U =
= 1,2 B. Boccra-
HoBute o603navenust npuGopos. /laiite o6ocHO-
Banue. Otupejenure MOKA3aHUs BTOPOTO aM-
[epMeTpa, COMPOTUBJIEHHS] PE3UCTOPOB M Ha-
npsikerne ucrounnka Uy . Bee mpu6opbr Moxk-
HO CUUTATh UJI€ATHHBIMU.

Puc. 8

M. 3amsmuun

3amava 4. Tuapocratuyeckuii <«4epHBI
SIIUK >

VMeercsa npsIMOYTOJIBHBII COCY[, pasMepoM
1x1x4 v (puc.9). B BepxHeil KpbIKe cocyaa

Omeepcmue AN
()

Jamuux v

o I
1™
Puc. 9 [

ecTb OTBepcThe. B HuKHelt yacTu cocy/1a BILIOT-
HYIO KO JIHY CMOHTHPOBAH MUHUATIOPHBIN JaT-
YUK JlaBJaeHus. BHyTpum cocyia Moxker ObITb
PACIIOJIOKEHO TPOU3BOJIBHOE YUCJIO TIEPETOPO-
JIOK M 3aKPBITHIX WMHU ToJiocTeli. Kaskmas mepe-
rOPO/IKA UMeeT MPeHeGPesKNMO MaJIblit 06 beM 1

p,xlla
140 !
135
130
125
120
115
110
105

100 >
0 0,5 1,0 1,5 20 25 30

Puc. 10

pacIoyioykeHa TOPU3OHTAIBHO MJIM BEPTHKAJIb-
HO. Bce BepTHKasbHbIE TEPETrOPOAKH IapaJ-
JIeTTbHBI OJTHOH ¥ TOH Ke cTeHKe cocyaa. Uepes
BEpXHee OTBEPCTHE B COCY/l ME/IJIEHHO 3aJIMBa-
10T BOJLY, CHUMAsl IIPU 3TOM 3aBHCHMOCTD ITOKA-
3aHMIl JIaTYNKA JaBJIEHUS OT oO0beMa HAJIUTOM
Bo/ipl. IlosTyueHHass 3aBUCHMOCTD TIPE/ICTABIIE-
na na rpauke (puc.10). Ipoanaausupyiire ee
U HapucyiiTe BO3MOXKHYIO CXEMY PaCIOJIOKe-
HUS [I€PErOPOJIOK B COCY/I€, COOTBETCTBYIONLYIO
nanHoMy rpaduky (gocratouHo 6ol 0HOM
CXeMbI U3 MHOXKECTBA BO3MOKHDBIX). Ha cxeme
YKQOKUTE MacITab n Bce XapaKTepHbIe pa3Me-
pol. Iloscante, kKakuM 06pa3oM BbI MOJIYYUIN
9TU Pa3MepPbI 1 OIPe/IeJIUIN XapaKTePHbIe 0CO-
GEHHOCTH PACIIOJIOKeHUs Tieperopojiok. Cun-
taiite ¢g=10 M/c2 , IIJJOTHOCTb BOJbI
p =1000 Kr/ M, arMocdepHoe JaBienne p, =
=100 xlla.

M.Kapmanos

3agava 5. Terparon
OcHoBaHNe CTEKJISHHOI MTPU3MbI HMeeT op-
My uetbrpexyroabinka OAOD (puc.11). Yron

L, A

D

Puc. 11

AOD — npgamoii. [IpuaMa cuMMeTpUYIHA OTHO-
CUTEJBHO TIOCKOCTH, cofepxkamieii OO; u
MepIEeHANKYIAPHOH ocHoBanuio. JIya L, Hop-
MasbHO HajfaeT Ha rpanb OA 1 mocsae oTpaske-
nuil Ha rpanax DOy n AQO; BBIXOAUT yepes
rpaib OD Takske 10/ IPSIMbIM YIJIOM K Hel.
Jlya L, mazmaer Ha rpanb OA moj yriaoMm o .
ITox KakmM yTI0M 3 OTHOCHTENBHO HOPMAJHN K
rpaau OD OH BBIN/IET U3 TPU3MBI MTOCJTE OTpa-
skeHuil Ha rpansix DO; u AO;? Bce nyun
HepHeH/IMKYJISPDI K TPaHsIM IIPU3MbI 1 JIeJKaT B
minockoctu OAOD .

B.Cao6o0smun

10 knacc

3azavya 1. BoanoaprkHHK

Karep ener mocepeanne mpsiMoro JTJTHHHOTO
KaHaJsa (PUKCUPOBAHHON HIMPUHBI C [OCTOSIH-
HOI ckopocThio v (puc.12). 3a karepoMm Ha
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HaTSHYTOM BCe Bpe-
M4 Tpoce AJuHOoN L
KypCHUpPYeT OT O/l
Horo Gepera KaHa-
JIa JIo IPYTOTO BOJI-
HOJBDKHUK. B Mo-
MEHT BpeMeH!, KOT-
J1a PACCTOSTHIE MESK-
Jly JIbDKHUKOM U MPAaBbIM OEPEroM yBeJndnBa-
JIOCh CO CKOPOCTBIO #, a TPOC COCTABJSLI C
HalpaBJeHneM [BIDKEHUs] KaTepa yYroa o,
CIIOPTCMEH oTopBaJsics oT Boxbl. IIpenebperas
BEPTUKAJIbHON COCTABJILIONIEH CKOPOCTH, Hall-
JIITe MOAYJIb CKOPOCTH %, CIOPTCMEHA B 3TOT
moMeHT. KakoBa B 9TOT jKe MOMEHT CIJIa HATSI-
skenus tpoca T', ecaim Mmacca criopteMena m? Ha
PUCYHKEe B KayecTBe WJLTIOCTPAIUU TTOKA3aH
BH/I CBEPXY B HEKOTOPBIII MOMEHT JBUKCHUS
BO/IHOJIBIKHUKA.

Puc. 12

C.Bapaamos

3anaua 2. Illaiioy!
[ITaii6a jieTuT B CTOPOHY ABUKYIIENCS TIOCTY-
MATEJbHO TSKEJIOH TJINTHI TAK, YTO UX MJIOCKO-
CTH TIapaJiJe/bHbI.
i Bexrop ckopocTu maii-
: / Obl COCTABJISIET YTOJI
? | = 30° ¢ HOpMabIo K
Ny ¢ P
N MOBEPXHOCTH TLJINTHI.
v [Tponcxoautr cTOJKHO-
Puc 13 BEHME. BEBKTOpr CKO-
pocTH a6l 10 1 oC-
Jie CTOJIKHOBEHUSI OJIMHAKOBBI 10 MOJYJIO |
nepHeHmKyJIpHLT APYT Apyry (puc.13). Kpo-
Me TOrO, OHM JIEKAaT B OJHOI IIOCKOCTH C
BEKTOPOM CKOpOCTH InTbl. Onpejennrte Mu-
HUMaJIbHOE ¥ MaKCHMaJbHOE 3HAUYeHHs K0ad-
(pummenTa TpeHus W, PN KOTOPBIX BO3MOKHO
TaKoe CTOJKHOBEHNE.
A.Anoaonckuil
3agaya 3. [IeBsATh pe3uCTOPOB

DJIeKTpUYEecKas 1elb COCTOUT u3 9 pesucro-
poB u mjeanbHoro BosbtMerpa (puc.14). Co-

Puc. 14

2019/Ne3

IPOTHBJIEHNSA TPeX pesnctopos R, , R, n R,
HEeM3BECTHDBI, CONPOTUBJIEHUS OCTATbHBIX Ta-
kme: Ry =1 kOwM, R, =2 kO™, Ry =3 xOm.
IIpu nonk/odyenun k ToukaM A 1 B MCTOUHUKA
€ IOCTOAHHBIM HanpskenneM U, =10 B Boub-
T™MeTp nokasbiBaeT U; =4 B, npu nojkmioue-
HUM TOTO >Ke HCTouHuMKa K ToukaM A u C
mokazanns BoabTMeTpa U, = 5 B. Ompene-
JTe:
1) sHauenus conporusiennii R, , R, u R, ;
2) 3HAYEHUsI CUJIbI TOKA YePEe3 UCTOUHHUK TIPU
nojroueHun ero Kk Toukam A u B (I,5) u &
toukaM A u C ([ ,c).
Doavkaop

3anaya 4. Ha nianere R19

B masmexoM KocMoce acTPOHABTBI MCCIEI0BA-
Ju atMocdepy miaanetsl R19. Okazanocn, 9T0
OHa OYeHb TOXO0Ka Ha atMocdepy 3eMJn: co-
CTOUT U3 UJIATbHOTO ra3a ¢ MOJIIPHON Maccoi
M = 28 r/MO/Ib U UMeeT CXOXKYIO 3aBUCHUMOCTD
TeMueparypbl ot BbicoThl (puc.15). UM paxe

t,°F

20
10
0
-10
-20
-30
—40
-50 i I

—60 >
0 1 2 3 4 5 6
Puc. 75

yCKOpeH#e ¢cBOGOHOTO MaJIeHust Y TIOBEPXHOC-
™ R19 pasno ¢g=9,9 M/c2 . Opnako armoc-
depHOe 1aBJIeHIE HA YPOBHE MOPST OTJIMYACTCS
ot 3emuoro. Ouo pasHo p, =500 xIla. Ompe-
JIeJTATE 10 ITUM JIAHHBIM, IIpeHebperasi u3MeHe-
HUEM ¢ C BBICOTOI1, /JaBJI€HNEe Py W IJIOTHOCTD
p; Ha Boicore /y = 1,0 xM. YnuBepcaibHas
rasosag nocrogunas R = 8,31 ﬂ)K/(MOJIb . K)

U.Hozonesuu

3agaya 5. Bycunka Ha KoJbie

Ha Tonkoe poB0OJIOUHOE KOJIBIIO PAJNYCOM R
¢BO6OIHO HazeTa Oycunka Maccoi m (puc.16).
KoJIbI10 HETOABIDKHO 1 PACIIOJIOKEHO TOPH30H-
TAJIbHO B TOJIe TsKecTn ¢g. Koadduiment Tpe-
HHSA CKOJILXKCHUA MEXK/Y GYCHHKOH U KOJIBIIOM



paBeH WU . B Havasb-
g HbIII MOMEHT BpeMe-
/ HU GYCUHKA JIBUKET-
€51 CO CKOPOCTBIO ¥y .

1) Haiigure mo-
JIyJib CUJIbl TPEHUS,
JielicTByionieil Ha Gy-
CUHKY B HayaJIbHbIil
MOMEHT BPEMEHH.

2) Haiizurte MOAYJb IIOJHOTO YCKOPEHHMS
6YCUHKHU B 9TOT K€ MOMEHT.

3) 3amuimure BbIpaXKeHUE, MO3BOJSIONIEE C
MOTPEITHOCTHIO He 6oJtee 2% HalTH My Th 6yCHH-
KU 3a BpeMs, B TeUeHNe KOTOPOTO ee CKOPOCTh
yMeHbinach Ha 1%.

?)0 m
Puc. 16

Doavraop
11 knacc

3agaua 1. UcnbiTanusi aBTOMOOWIS

IInocknii TOpU3OHTATBHBIN MTOJUTOH JIJIST UC-
IIbITAHUI TOHOYHBIX aBTOMOOMJIEH WMMeeT /Ba
y9acTKa ¢ pa3HbIM MoKpbITHeM. [To ycroBusm
UCIIBITAHIIT aBTOMOOWJIb [JOJIKEH TIPOEXATh 110
IpsMOI  paccTos-
Hue L oT JIUHUKN
crapra 0 JHMHUU
TPAHUIIBI MEXIY
yJ9acTKaMi B OJI-
HOM HATTPABJIEHWH,
CTapTysi ¢ HyJie-
BOIl HadYaJbHOMI
u ckopoctbio  (puc.
17). Tlocne nepe-
CeYeHUS JHUHUKN
IPAHUIBI ABTOMO-
OWJIb JIOJKEH OC-
TaHOBUTHcs. Ko-
apunment Tpe-
HUS Ha TEePBOM
ydJacTke paBeH W,
aHaBTOPOM 2 . 3a KaKoe MUHIIMAJIbHOE BpeMs
t, aBTOMOGUJIb MOSKET BBIIOJHUTD HTO UCITBITA-
nue (0T crapra 10 HonHON ocTanoBkK)? Kakas
pu 3ToM OYy/IeT CKOPOCTb ¥y Y aBTOMOOHJIS
TIPU TepeceueHNN UM JIMHUW TPAHUIBI y4acT-
koB? Hapmcyifite rpaduk 3aBUCHMOCTH CKOPO-
CTU aBTOMOOGWJISI OT BPEMEHU, COOTBETCTBYIO-
I BalleMy pelieHuio, U OTMeTbTe Ha HeM
MOMEHT MPOXOK/IEHUS aBTOMOOUJIEM JIMHUT
rpaHuIlbl. ABTOMOGUJID TIOJTHOTIPUBO/IHBIIT C HEO-
IPaHUYEHHONW MOIIHOCTBIO JBUTaTessd. Pasme-
paMu MaIlIWHbBI 110 CPaBHEHUIO ¢ L mpeHe6pedb.
C.Kapmazun

I'panuya

Puc. 17

3azaua 2. KybOuueckas mianera

Ha mranere B popme Ky6a U3 0ZHOPOJHOTO
Marepuaja BJ0Jb OOJIBINON UaroHaIu BbIC-
BePJUIN Y3KUH NpAMON Taajgkuil KaHas
(puc.18). Ecau MajieHbKUii MIapUK OTIYCTHTD

6e3 HavaIbHOI cKopocTH 13 Touku A (Beprunna
Ky0a), ero CKOpocTb B MOMEHT IPOXO3KAEHUS
nentpa KyGa (touka O) Gymer paBHa oy .
Kakyio MUHUMAJIbHYIO CKOPOCTb 0, HYKHO
COOOIIUTD MAPUKY TIPU 3allyCKe B KOCMOC U3
TOUKHM A, 4TOGBI OH MOT IOKMHYTD II0JIE TATOTE-
HUS T1aHeTbl? ATMocdepbl y IJIaHeTbl HeT.
DonvKaop

3anaya 3. Cocya ¢ nopmHem

Tenon30aupoOBaHHBIN TUITHAPUYECKUN CO-
Cy/Il pas/ieJieH Ha JIBe YacTU He IMPOBOASIINM
TETLJIO TIOPIITHEM, KOTOPBII MOKET IepeMeniaTh-
ca 6e3 tperns (puc.19). B HavaabHbI MOMEHT
B JIEBOII U TIpa-
BOH 4aCTIX CO-
Cylla HaXO/UT-
Cs IO OJIHOMY
MOJIO TeJaus
TIpH  OJIMHAKO-
BOI TeMIIepary-
pe. B xemyio
4acThb COCY/Ia TIOJIBEJIU TEIJIO C MOMOIIbIO Ha-
rpesareJsi. [Ipu aToM Temiieparypa resius B Heit
yBeJMUYNIAch Ha Manyio eeauuuny AT . Ompe-
JlenTe N3MeHeHne TeMnepatypol AT, B IpaBoit
YacTH COCYy/Ia U KOJIMYECTBO TEIoThl Q, 1epe-
JIAaHHOE HarpeBaTeJieM.

He

He

Puc. 19

H.Bopob6ves

3agaya 4. Aiic

BepTuxaapHBIN NHINHAPUYECKAN COCYT C
BOJIO, PABHOMEPHO BPAIAIOIIUIICS BOKPYT
cBoeit ocu ¢ ieprosioM Ty , GBICTPO OXTAXK/IATOT,
TaK YTO HA MOBEPXHOCTU TOSBJSETCS TOHKAs
ryajikas jgeasgHas kopka. Ha kopky B6man ocu
cocyza 0e3 HAdaJbHOH CKOPOCTH IIOMEIAIOT
MaJIeHbKY10 OYCUHKY, KOTOPast MOKeT 6e3 Tpe-
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HUS CKOJBb3UTH 10 oBepxHocTu. Haiimute me-
puoa T ee MaJIbIxX KOJeOaHWN,
JI. Menvruxoscxuil

3agaua 5. OcraHOBKa 4acTHIbI B MarHur-
HOM II0JIe

MaJieHbKasi 4acTUlla C IIOJIOKUTEIbHBIM 3a-
PSIIOM ¢ IBUZKETCSI B OJTHOPOJTHOM MarHUTHOM
noje ¢ uHAyKInueir B B Baskoi cpene. Cuma
COINPOTHUBJICHUS CPEJIbl, JAEUCTBYIOIIAs HA Yac-
THUITy, TIPSIMO MPOMOPITNOHAIbHA €€ CKOPOCTH.
B HavasbHBII MOMEHT BpeMEHH NMITY JThC YacTH-
1IbI PABHSLICS ), 1 OblLJl HATIPABJIEH TIepIIeH/1-

2019/Ne3

KYJSIPHO JUHUSM WHAYKIUU. Bextop mepeme-
MIEHNS YaCTUITBI K MOMEHTY, KOT/Ia CKOPOCTH
YACTUIIbI BIIEPBbIE OKA3aJACh TTPOTUBOHATIPAB-
JIEHHOI HAYaJbHON CKOPOCTHU, COCTABJSIET OCT-
PBIil yTOJ1 @ € BEKTOPOM P

1) Kakoil myTh mpolia yacTuia 10 OCTa-
HOBKH?

2) Uemy paBeH MO/YJIb epeMelleHus] YaCTh-
IIbI /IO OCTAHOBKM?

Cuuoit TsikecTH mpeneGpeyb.

A.Anosonckui

ITy6auxayuio nodzomoeur B.Cao6odsmun
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OnuMnuraga «JlomoHocoB». Pu3mka

B 2018/19 yyebHoM rogy onmmnuaga «Jjlomo-
HocoB» Mo pusmke B MIY nposogunace B [Ba
3Tana — OTOOPOYHbIN U 3aKITIOUUTESbHbIN.

OTBOPOYHbIN 3TAN

OTOOPOYHbIN 3Tan NPoxoamn B opme 3a0y-
HOro MCMbITaHMA. Ha 3TOM 3Tane Kaxabl y4eHnK
7—11 KNaccoB MOr y4acTBOBaTb MO COOCTBEHHO-
My BbIOOpY B OZHOM WNN ABYX Typax, MPOBOAM-
MbIX MO efuHOM opMe. 3aflaHns KaxZoro u3
TYpOB OblfI PaBHOLEHHBIMW MO CIIOXHOCTU U
COCTaBNANNCL Pa3feflbHO AN yHalumxca Mnag-
wux (7=9) u crapwwmx (10—11) knaccos. 3Tu
3aflaHns ObINN pa3MeLLeHbl B IMYHbIX KabnHeTax
y4acTHMKOB Ha caunTe http://olymp.msu.ru. Joc-
TYN K YCNOBUSM 3aiaHNi Obl OTKPbIT A1 ydac-
THUKOB ABaxabl: ¢ 13 no 17 Hosbps 2018 roma
(nepebin Typ) 1 ¢ 6 no 10 gekabps 2018 roga
(BTOpOW Typ). MpMEM peLleHun 1 OTBETOB MO
KaXXOOMy 13 TypOB MpeKpallanca OfHOBPEMEeH-
HO C 1X 3aBepLUEHMEM.

MobenuTenu 1 npusepbl 0TOOPOYHOro 3Tana
ObINn NpurnawleHsbl Ans y4acTus B 3aKMNoYnTeNb-
HOM 3Tane oNMMNMaabl.

7—=9 knaccel
MepBbIN TYp

1. OnHoli U3 XapakTepUCTUK Trcyeil Gymaru
ABJACTCA ee ILIOTHOCTb G, /S U3MEpPeHUs
KOTOPOIT 0OBIYHO MCIOJIB3YEeTCSI BHECHCTEMHAS

eIMHUTIA r/ M?. Kakoe JaBJieHue p oKasbiBaeT
Ha CTOJI JIucT OyMaru IJIOTHOCTBIO G ?

2. MaJbumnK TIepeTIbIBaeT PeKy, ABUTASACD 11O
psAMON U3 TOYKHN A, Haxozagmieiica Ha OHOM
6epery peku, B TOUKY B, HaXOZSAILYIOCS HUXKe
110 TEYEHUTO Ha TIPOTUBOIIOJIOKHOM Gepery peKi,
3a Bpems 1. CropocTb TeueHus pexu u. Haii-
IUTe TUPUHY peKn L, ecam M3BEeCTHO, UYTO
MOJIYJTb CKOPOCTH MaJTb9NKa OTHOCHTEJIHHO BOJIBI
v, a BEKTOP 3TOH CKOPOCTH TEPIEHNKYISIPEH
npsmoit AB.

3. V3 MeHOII TIPOBOJIOKH TLIOIIAIBIO TOTIe-
PEYHOTO CCYCHUS S M3TOTOBJIEH KOHTYD, UMEI0-
it popmy kBagpata ABCD
CO CTOPOHOI @, a M3 aTOMU-
HHEBOH TPOBOJIOKH TOTO K€
CEYeHUs] M3TOTOBJIEHBI €ro
muaronaysmn AC u BD, coenn-
nennble B Touke O (puc.1).
Bepmmasr A u C nogkJiove-
HBI K MICTOYHUKY TTOCTOSHHO-
ro Hanpspxeaus: U. Hafiaure
MOIIHOCTb N, BbIJIEJIIONIYIOCSI B PACCMaTpUBa-
€MOil TIer, eCJIM COTIPOTUBJIEHHE TTOIBOISIIIUX
TIPOBOJIOB TIPEHEGPEKIIMO MaJio. ¥ e IbHOE CO-
IIPOTUBJIEHNE MEJN P, , YAEJIbHOE COTIPOTHBIIE-
HUE aTIOMUHUS [, .

4. C xaxoil MUHIMAJBHONW CKOPOCTBIO T,
JI0JUKEH BJeTeTb B arMocdepy 3eMJin MeTeo-
PUT, COCTOSIIIUI U3 KeJie3a, YTOODI TOJTHOCTHIO
PACTLIaBUTLCSA B BO3yXe, €CJIM HA HarpeB Me-

Puc. 1
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TEOpUTA PACXO/yeTCsI OTHOCUTENbHAS JI0J1s ero
HaYaIbHO KITHETHYECKON 9HEPT U, paBHAS 0 ?
Hauanbnas temneparypa Merteopura & . Y 1e/ib-
Hag TeILIOEMKOCTb JKesesa ¢, TeMIeparypa
IJIABJICHUS sKejesa tf,,, yJAeJbHasd TeIIoTa
[JIaBJIEHUS JKeJe3a ), .

5. Ha moBepXHOCTH BOJIbI IJIABA€T HENPO3-
pauHblii H1ap paguycom R, HAllOJIOBUHY [IOTPY-
JKeHHDbIIT B Boxy. Ha Kakoif MakcHMaJbHOM
ray6une H . HY>KHO IIOMECTHUTD I10/[ IIEHTPOM
1rapa TOYEYHBI WCTOYHWK CBETA, 4TOOBI HU
O/IMH CBETOBOW JIyd He IMpoIleJ B BO3IyX?
Ilokasaresb 1pesioMJyIeHUsT BOJBI 1.

Btopon Typ

1. BpeBHO Maccoil m 1iaBaeT B Boje, He
Kacasich jHa pexu. Kakoii o6beMm V' 3aHuMaer
Morpy>KeHHass B BOAY dYacTb OpeBHa? IlioT-
HOCTb BOJBI P .

2. MoropHag JoKa MJIBIBET IO peKe BHU3 TI0
TEYEeHNI0. B TOT MOMEHT, KOT/Ia JIOKA TTPOTLIbI-
BaJia MUMO ITPUCTAHM, U3 Hee BbITIAJ CIIaCaTe -
HbIiT Kpyr. Ppibak, HaXOIUBIIUICS B JIOJKE,
OGHAPYSKUJI TIPONAXKY TOJIBKO CIYCTSI ITPOMeE-
JKYTOK BpeMeHm t. OH cpasy ke pasBepHY.JI
JIOJIKY U TIOTLJIBLI B 0OPATHOM HAIlpaBJIEHNH, He
u3MeHsisi peskrMa paboTsl Motopa. CriacaTtesinb-
HBIIl KPYr OH HalleJ Ha PACCTOSSHUM S OT
npucranu. OfpejiesuTe CKOPOCTb ¥ TEUCHUS
PEKH, CUUTast ee TIOCTOSTHHOM.

3. Uenp, nsobpaskeHHass Ha PHUCYHKE 2, CO-
CTaBJieHa U3 YeThIpeX OJIMHAKOBBIX PE3UCTOPOB

R R R R,

A

Sl p
Puc. 2 o )

COTIPOTHBJIEHHNEM R KaXKIbIil U pe3nucTopa co-
nporusienueM R;. Ha xnemmax AB noajep-
JKMBaercs TocTtossHHoe Hamnpstkenue U. Ha
KaKylo BeJqmunHy Al U3MEHHUTCS CHJIa TOKa,
TEKYII[ero Yepes Pe3uCcTop CONPOTUBIcHuEM R, ,
rocJie 3aMbikaHus kJaoda K? ConpoTuBieHneM
MPOBOJIOB M KJIIOYA MOYKHO TpeHe6peYb.

4. Tlpu 1ieHTpaIbHOM COyIAapeHWN TapuKa,
JIBIDKYTIETOCS CO CKOPOCTBIO ¥, C TaKWUM >Ke
HETIOBIKHBIM TAPUKOM MOCJIeIHUI TIpuoope-
TaeT ckopocth v/2 . Halimnre nsmenenue tem-
repaTypbl MApuKoB At , ecyiu y/ieJbHas TeILio-

€MKOCTBD BeIl[eCTBa, 13 KOTOPOTO OHU COCTOSIT, C.
Paccesnnem Teria B OKPY>KaloIyIo CPey MOX-
HO TIpeHeGpeyb.

5. ToHKMIA KPYTJIbIA epeBSTHHBII ANCK T11a-
BaeT B 6acceiine, HAIIOJIHEHHOM BO/oi. B Boje
HO/1 IMCKOM Ha TJIyOuHe /i 3aKPEIeH TOUeUHDIN
HCTOYHMK CBeTa.S,
npuyeM TEeHTP d
JINCKA Y HICTOYHUK
HAXO/IATCS Ha O/T-
HOUl BepTUKAIU h
(puc.3). Ipene6-
perast OTpayKeHH- ¥* S
eM CBeTa OT CTe-
HOK U iHa Oacceil-  py- 3
Ha, OIpeJesuTe
MUHUMAaJbHbII IHaMeTp AncKa d, Tipu KOTOPOM
HU O/INH CBETOBOW JIy4 He BBIH/IET M3 BO/IbI.
[ToxasaTesb IpeIOMJIEHUST BOJIBI 7.

10—11 knaccobl
MepBbIN TYp

1. /IBa MJIACTUJIMHOBBIX IApUKa MAacCaMu 1m
u 2m OJHOBPEMEHHO GPOCAIOT HABCTPEUY J[PYT
K JIpYTY C OJMHAKOBBIMU CKOPOCTSIMU 0 , Je-
JKAITUMU B OJTHON BEPTUKAJBHON TJIOCKOCTH U
06Pa3yoIMU ¢ TOPU3OHTOM yrabl o (puc.4).

Puc. 4

Toukn 6GpocaHusl IMAPUKOB HAXOJATCS Ha IO-
BEPXHOCTH 3eMJM Ha PacCTOSHUU [ APy OT
npyra. Ilocste coyapenns mapuKn CIUMAIOTCST
W JBIKYTCS fajiee Kak OfHO Teso. Haiimure
BpeMs T TIOJIETa ATOTO TeJIa OT MOMEHTA COyIa-
peHus 10 MOMeNTa najenus na semyo. Compo-
THUBJIEHHEM BO3/yXa MOKHO IIpeHe6peyb.

2. KiuH ¢ yrjIoM o Py BepUIMHE HAXOAUTCS
Ha ropusoHTaabHoM croje (puc.5). Ha mosep-
XHOCTH KJIMHA PACIOJIaraercss GPycok Maccon
m, K KOTOPOMY MIPUBs3aHa HEBECOMAsT HEPACTSI-
JKUMasg HUTh. BTOPOH KOHEI HUTH NEPEKUHYT
yepes 6JI0K Ha KJIMHE ¥ IPUKPEILIeH K Helmo/-

Puc. 5
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BIDKHOIT omope. [Ipm aToM OTpe3ok HUTH OT
O1opbI /10 GJIOKA TOPU3OHTAJIEH, & OTPE30K HUTH
ot 6J0Ka /10 GpycKa mapaJiiesieH MOBEPXHOCTH
kjuHa. Haiigure Moaynb T Cusibl HATSKEHUS
HUTH, €CJIU KJIUH JIBUTAIOT TI0 CTOJIY BIPaBO C
YCKOpeHHUeM d, . [[BIKeH1e BcexX TeJl TPONCXO0-
JINT B TJIOCKOCTH PHUCYHKA. TpeHmeM MOKHO
rperneGpeyb.

3. B BepTuKaJbHO PACTIOJOKEHHOM ITUJITH]I-
PUYECKOM COCY/IE 10/l HEBECOMBIM TIOIBUKHBIM
MTOPIITHEM COJIEPIKUTCS HEKOTOPOE KOJUYECTBO
ujeanibHOr0 Taza. a3 MejJieHHO HarpeBaioT
TaK, 4YTO OH coBepimaeT pa6oty A. Bo ckoabko
pa3 o W3MEHSEeTCS TIPU 3TOM CpefHee YHCIO
COy/lapeHnii MOJIEKYJI Ta3a ¢ eJMHUYHON ILI0-
I[a/IKOI Ha CTEHKE COCy/la 3a eMHUILy BpeMe-
Hn? HavanbHblit 06beM raza Vj, , armocepHoe
JlaBJeHue p, . Tpenne Mexx/1y TIOPITHEM U CTEH-
KaMH COCy/la CUYUTaliTe peHe6PEesKUMO MaJIbIM.

4. B meMoHCTpaImonHOM MO/IeJIN TeHepaTopa
TIEPEeMEHHOTO TOKA MJIOCKAs TIPOBOJIOYHAS PaM-
Ka IJIOMaAbilo S PaBHOMEPHO Bpallaercs B
OJTHOPOJTHOM MarHuTHOM 1oJsie. Och BpaleHust
MEPIEHNKYISIPHA BEKTOPY MATHUTHOW WH/TYK-
1MW T0JIsT, MOJYJIb KoToporo paBeH B. Uepes
TOKOCBEMHBIE KOHTAKTHBIE KOJbIIA K paMKe
TTO/IKJTIOYATOT JIAMIOYKY OT KapMaHHOTO ¢oHa-
puKa ¢ BoJb(PaMOBON HUTLIO HAKAJIUBAHUA.
[lo kakoii Temmeparypbl ¢ HarpeBaercsi 3Ta
HUTH, €CJIU MOIIHOCTb CBETOBOTO W3JIyYCHUS
gamrioukn P,, ? OTHocuTeslbHast /10711 paGOThI
TOKa, Mpeo6pPa30BaHHON B 3TO U3JIyUEHNE, PaB-
Ha M. ConpoTruBjeHre HUTH HAKAJINBAHKS T1PH
temneparype 0°C pasno R,. Temmneparyp-
HBIIT KO9(UITMEHT COMPOTUBJIEHNUS BOIbdPa-
Ma o . YTJI0Bast CKOPOCTb BPAIIEHNSI PAMKI @ .
ComnpoTHuBIeHNEM W WHIYKTUBHOCTBHIO DPaMKH
MO>KHO TIpeHe6pedb.

5. Paccrosinme ot mpeamera g0 sKpana L.
Kaxoe maxkcumasbHoe yBesmnvenue I, 1306-
PaKEHUS IpefMeTa Ha 9KPaHe MOKHO TOJIY-
YUTb C TIOMOIIBIO TOHKOH JIMH3BI ¢ (DOKYCHBIM
paccrosgauem F?

BTopon Typ

1. Masbunk GpocaerT M4 B HalpaBJeHUN
BEPTHKAJIDBHOI CTEHDBI Tak, YTOOBI Ms4, OTCKO-
YHB OT CTEHBI, YIIAJ TOYHO K ero Horam (puc.6).
KakoBa gosmkHa ObITh HayaJbHas CKOPOCTD
Ms4Ya v, ecau OPOCOK IIPOU3BOJUTCS C BBICO-
TBI /2 IO/ YyTJIOM O, K ropu3onty? Paccrosinue
OT MaJIbuMKa JI0 CTeHbI [. Yap Ms4a o CTeHy
cunTaiite aGCoMOTHO ypyruM. Pazmepom Msiua

2019/Ne3

1 COIPOTUBJIEHUEM BO3-
JIyXa MOKHO 1IpeHe6peyb.

2. He6obimoii mapuk [0
Maccoll m IOJBELIeH K o
MIOTOJIKY Ha HEBECOMOil
HEPaCTSI?KUMOI HUTH JIJIN-
HOH [ ¥ cOBepIIIaeT MaJibie
KoJIeOaHus ¢ TEPUOOM
Ty, . llocae Toro, kak ma- <—l>
PHK JIOIOJHUTENbHO CO-  py- 4
€JIMHUJIN C HEeTIOJBUKHOM
CTEHKOH MOCPEe/ICTBOM TIOPU3OHTAJbHON HeBe-
comoii npyskunbl (prc.7), Mepuo/| ero MaJbix
KOJIeGAHWI B TITOCKOCTH HUTH W TIPY KIHBI CTAT
pasubiMm T} . Ilpnm sTOoM
NpYy’>KUHA B TOJOXKEHUU
paBHOBeCHUSI MasITHUKA He
nedopmuposana. Omnpese- !

JINTE KECTKOCTb IPYXKU-

bl k, ecmn (T, —T1)/T0 = k

=n. Cunraiite, 4TO COMPO- m
THUBJIEHIE BO3/1yXa IIPeHes-

PEKIMO MAJIO. pac. 7

3. B npoyHOM rOpPH3OHTAJIBHOM IUJIUH/PE
110/ TIOPIIHEM HAaXOAMTCS CMeCh a30Ta U resius
npu temieparype I = 84 K n gaBnenun p.
[Topuienb MemsieHHO BJBHUTAIOT B INJIWHJD,
M30TEPMUUECKN CXKUMag cMech. [Ipu ymMenbiie-
HuM o6beMa B 72 pPa3 HA CTEHKAX COCY[a IOsIB-
JIIIOTCS KalleJbKu KUKOCTH. [[aBieHne Hachl-
IIEHHbIX I1apoB a3oTa Ipu Temueparype T
paBHO p,, - [Ipene6Gperas maccoii 1 06beMOM
CKOH/ICHCUPOBABIIEHCS JKUIKOCTH, OIPE/eN-
TE OTHOIIIEHUE R YNCJIa MOJIEKYJT T€JIUST K THCITY
MoOJIeKyJT a30Ta B IuanHApe. Kputnueckas tem-
neparypa i mapos azora ;= 126 K, nna
napos requs T, = 4,2 K.

4. Ilnockas paMka TJIOMaabio S, M3TOTOB-
JICHHas W3 TOHKOW MPOBOJIOKH, ITOMENIEHA B
OIHOPO/ITHOE MATHUTHOE T0Jie ¢ MHAYKINel B,
NepHeHUKYJISPHOIN JIocCKOCTH paMKu. Ecin
paMKy Me/JIEHHO IIOBEpHYTb Ha 18(0° BOKpPYT
ocH, Jiexkalleil B ee IJIOCKOCTH, TO 110 paMKe
npoteder 3apsiji . Ilpenebperast MHAYKTUBHO-
CTBIO PaMKH, OTIPEICJUTE CPEIHION TEIJIOBYIO
MOIHOCTD N, , BBIIEAAIONYIOCS B PAMKE HPH
ee BpallleHUH BOKPYT TOM K€ OCH C YTJIOBOI
CKOPOCTBIO @ .

5. Ha riiaBHOI ONITUYECKON OCH TOHKOH co6u-
partoteil TMH3BI ¢ POKYCHBIM paccTosgHIeM F Ha
PACCTOSIHIM @ OT Hee HaXOJUTCS TOYCUHBIH
UCTOYHUK, MCIIYCKAIOMNN Y3KUI Iy4OK CBeTa
(puc.8). ITo apyryio CTOPOHY JIMH3bI Ha pac-
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Puc. 8

CTOSTHUM [ OT Hee pACIIOJIOKEH 3ePKaJIbHbIH
map, MEHTP KOTOPOTO JIESKUT Ha TJIABHOMN OIITH-
yeckoll ocu JimH3bl. Onpejenante pajnyc mapa
R, eciin iyum, oTpaskeHHbIE OT HETO, COOMPAIOT-
cs1 B poKyce JUH3bI, GJIMKANIIEM K HICTOYHUKY .
Ydarute, 4TO A/ MaJbIX 3HAYCHWUN apTyMeHTa
X, 3a/IaHHOTO B paJMaHax, CIpaBe//INBa TaKas
npubsmkentas Qopmyna: tgx = x .

3AKJTIOUYUTENbHbIV 3TAN

MpoBefeHre 3aKIOYUTENBHOTO 3Tana OfIUM-
nnagbl «JIOMOHOCOB» ObINO Ha3Ha4YeHo Ha 22
despang 2019 roga. [1nd yyHallmxcs Bcex Knaccos
3TOT 3Tan NPOBOAMNCS B O4HOM hopme Ha Dr3un-
YeckoM (akynbTtete MIY 1 Ha Tpex pernoHans-
HbIX NnoLaakax B ropogax Actara (KasaxcraH),
Benropoa 1 HeBMHHOMBICCK. 3afaHne Ans y4a-
wmxca 7—8, a Takxke 9 KaccoB COCTOANO M3
yeTblpex 3afay no TeMaM, M3yy4aembliM B paMKax
nporpamMmbl Mo ursmke Afis OCHOBHOW 0bLle0h-
pa3oBaTeNbHOW LUKOMbIL. 3afaHus AN YYaLLmMXCs
10—11 knaccoB ObINKM COCTaBEHbI B NMOJIHOM COOT-
BetctBUM ¢ Koaudukatopom EM 2019 roma no
dur3mKe 1 OXBaTbIBaNIM OCHOBHbIE pasgenbl Koaum-
dukaTopa, a UMEHHO: 1) MeXaHuKy, 2) Moneky-
NAPHYIO DU3MKY 1 TEpMOAMHAMUKY, 3) 311eKTpo-
OHaMKKY 1 4) onTuky. TMNOBOe 3afaHue BKIIO-
4arno YeTblpe Pas3fNMYHbIX pa3fena, CoCTOAWMX U3
3334 ¥ YTOYHSAIOLLMX BOMPOCOB MO TEOPUMN.

/=8 Kknacch!

1. CryionrHoit oJJHOPOHBIN ITUJTHH/P BBICO-
TOWl h W aumamMeTpoM OcHOBaHust D CTOUT Ha
TOPU3OHTAJBHON TIJIOCKOCTH. MeileHHo Ha-
KJIOHSIS ITUJTH/ID,, €70 OTIPOKUABIBAIOT. Bo CKOJIb-
KO pa3 n 9HEPTUs, BbIJIETUBIIASCS TIPU TTAJeHUN
MUJINH/PA HA TIJIOCKOCTD, TTPEBBICUT MUHUMAJTb-
Hyto pa6oTy, COBEpIIEHHYIO TIPU €ro OIPOKHU-
JTBIBAHU ?

2. B dallHUK €O CBHUCTKOM HAJHJIU BOIY
Maccoil m; W TOCTaBUJIN HA 3JIEKTPUIECKYIO
mTKy. Yepe3 BpeMs T, BO/Aa 3aKuUIega I
pasjaincsa cBuctok. KakoBa macca m, BOJDI,
OCTaBIIIECS B YallHUKE I10CJIe KUIIEHUST BOJIBI,
MPOJIOJIKABIIETOCST B TeYeHUe elle BpeMeHH
T, ? HavasbHast Temmieparypa BOJbI ¢, TeMIle-

parypa KUIeHHUs BOJAbI f, . YeJbHas TEerjaoTa
apooOpa3oBaHus BOABI 7, a €€ y/ieJbHas Tell-
JIOEMKOCTD ¢. TermmoeMKoCThIO YaifHuKa 1 oTe-
PSIMH TeTLIa 32 CYET PACCESTHUSI B OKPYSKAIOILYT0
cpeily MOKHO IpeHe6peyb.

3. TasbBaHOMETpP € HEM3BECTHBIM BHYTPEH-
HIM CONIPOTUBJICHHEM BKJIIOYHJIHN B IIENb HCTOY-
HIKA [IOCTOSIHHOTO TOKA OJHMH pa3 IocJe0Ba-
TEJIbHO C PE3NCTOPOM CONPOTHBJIEHHEM R, a
BTOPOIl pa3 mnapaJieabHo ¢ HuM. Ilpu aTom B
HEpBBIil pa3 CTPeJKa raJbBaHOMETPA OTKJIOHHU-
Jach Ha X; = 2 JleJIeHUs MIKAJIbI, a BO BTOPOI
paz Ha X, =4 genenus. Onupenenure 1o sTUM
JAHHBIM BHYTPEHHEE COIPOTHBJICHUE TasbBa-
HOMETpa 7, ecJu HalpsDKeHne Ha KJeMMaX
HCTOYHUKA B 0O60UX CJIy4asX OJHO U TO XKe.

4. Henpospauwnbtii cocyn umeer hopmy Ky6a
¢ JmHoit pe6pa a. BayTpb cocya mapasiesib-
HO OJIHO¥T 13 ero GOKOBBIX TPaHeil HAIIPABJISIOT
JIyd CBETa, KaK II0Ka3aHO
Ha pucynke 9. Jlyu moma- i
JlaeT B TOUKY b, HaXo/s- i
nryiocst Ha pebpe Kyo6a.
[lo kaxoro ypoBHsi i He-
06X0/INMO 3aI0JTHUTD CO-

CyZL BOJIOii, YTOOBI JTyd <5
cBeTa Tomaja B TOUKY C, alk
Puc. 9

PACIIOJIOKEHHYIO Ha J[He
cocya Ha paccTosthuu a/4 ot touku b? Iloka-
3aresb MPEJOMJIECHHS BOJIbI 7.

9 knacc

1. Tenap/, 3aMeTUB aHTUJIONY, YOETAIOINLYIO
OT HETO CO CKOPOCTBIO 0, , HAUWHAET ee TIpe-
caenoBath. Pa3ronsasach paBHOYCKOPEHO, OH 3a
BpeMs T; Pa3BUBAET CKOPOCTb Uy, C KOTOPOIl
6eXXUT B TeUeHNEe BPEMEHH T, . 3areM, MOvyB-
CTBOBAB IE€PETPEB CBOEro TeJja, Terapj Ipe-
Kpalaer Tpecje/oBaHle, OCTAaHABJIMBASICh C
TeM JKe MO0 MOAYJIO YCKOPEeHWeM, 4TO W TIpH
pasrone. Ha KakoM MaKCHUMaJIbHOM PacCTOS-
HUU S, JAOJDKHBI HAXOJAUTLCS JAPYT OT JIpyra
B HayaJIbHbII MOMEHT 3TH >KUBOTHBIE, YTOOBI
rernapj CMOT MOJIAKOMUTLCS MOMMAaHHON aHTHU-
JIOTION ?

3ameuanue. BcieactBue OTCYTCTBHSA ITOTO-
BBIX JKeJje3 Ha Teje U ILIOXOrO OTBOJA TeILIa
yepe3 IIKypy renap/l He MOXKET pa3BUBATDH
MaKCUMaJbHyl0 CcKopocTh (mpumepHO
110 KM/'{) B Te€YCHUE JIJIUTEJHbHOTO BPEMEHU
6€e3 OIacHOTO /IS €r0 OpraHu3Ma Ileperpesna.

2. B xamopuMerp ¢ BO/I0i1, UMEIOTIEN TeMITe-
paTypy t;, TOMEIMAIOT KYCOK JbJa, NPHYeM
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Macca Jb/ia paBHa Macce Bofbl. [Tocse yetaHOB-
JIEHWS TETJIOBOTO PaBHOBECHS OKa3aJ0Ch, YTO
OTHOIIIEHNE MACChI JIbJIa K Macce BOJIbI PABHO R.
[Tpene6perasi Termioo6MeHOM KaJOPUMETPA C
OKPY>KaIollell cpeioil, orpe/eiuTe HaYaabHY 0
TeMneparypy &, Jbja. Y ieJbHbIe TEII0eMKOC-
TH JIbJJa W BOJABI C, U C, COOTBETCTBEHHO,
yeJbHAS TeTJIoTa TIJIABJIEHUS Jb/la ) , a TeM-
reparypa IJIaBJICHUS JbAa I .

3. duekrpuyecKas 1elb, cxeMa KOTOPOit n306-
pakeHa Ha pucynke 10, moakIioYeHa K HCTOY-
HUKY TIOCTOSTHHOTO HANPSDKEHUS B TOYKaxX A 1
D. WsBectHO, 4TO
CHJTa TOKa 4epe3 pe-
37ICTOD COTIPOTHUBJIE-
nuem R, pasna I,.
[Tpene6peras cormpo-
THUBJIEHUEM TIPOBO/IOB,
ompeJeuTe CUTY
Toka [y, TeKylero
yepe3 pe3ucTop conpotusiaeHneM R, . Cuntaii-
te, yto R =R, =2R, Ry=R;=R.

4. C noMonpio TOHKOI coOuparonieil JTUH3bI
MOJIy4€HO MHUMOE U300pa’KeHue IpeiMeTa C
yBermuenueM I'y. Korma, He nBuras mH3Yy,
CMECTHUJIN TIPE/IMET TIapaJiieIbHO caMoMy cebe
Ha paccrostHue Ad , yBeJuveHne n300paykeHust
npesaMera crajo pasubiM I, . Hadigute onTu-
YeCKyI0 CHJIy JIUH3bI D.

Puc. 10

10—11 knaccei

1. 3apmava. Beproner Mu-171 maccoii m
HEIO/IBYKHO 3aBUC HAJT TOBEPXHOCTHIO 3eMJIN.
Kaxkyto mMontHOCTs N pa3BmBaeT MpH 3TOM €To
JIBUTATE]Ib, €CJIM IUAMETP BUHTA BepToseTa d?
Cunraiite, 4TO 09 MOIIHOCTH [IBUTATEJIS,
pacxojgyemasi Ha 06pa3oBaHUE BEPTUKATHHOI
CTPYH BO3/lyXa, COCTABJSIET 1| OT €ro IMOJHO
MOIITHOCTH, a CKOPOCTb BO3/yXa B 3TOW CTpye
TIPUMEPHO OJIMHAKOBA IO BCEMY €€ CEUYEHUIO.
[InornocTb BO3myxa P .

Bonpocsi. Copmymmpyiite BTOpoil u Tpe-
THI 3aKOHBI HbloTOHA.

2. 3agayva. [lumHAp A COEMHEH C COCYIOM
B xopotkoii Tpy6koii ¢ kpanom (puc.11). B
HCXOJHOM COCTOSHWW B COCYZIe U B IMJIMHJPE
CIpaBa OT MOPIITHS HAXO/IUJINCH PABHBIE KOJH-
YecTBa rejidst pU OJJUHAKOBOU TeMIlepaType u

JIaBJICHUN Py . 3aK-

pbIB KpaH, 00beM
Puc 11

rejiusi B IMJINH/PE
n306apHO yMeHb-
mMHIH B 17 pas, a

2019/Ne3

TeJIMii B cOCy/le HarpeJii Tak, 4To ero J[aBJeHune
BO3POCJIO B k pa3. 3areM, 3a(pUKCHPOBAB MOJIO-
JKEHUe MOPIIHS, OTKPbLIN KpaH. [Ipenebperas
06beMOM TPYOKH U TEeIIOOOMEHOM TeJusl C
OKPYKAIONUMK TEJIaMH, OIIpe/leInTe yCTaHO-
BUBIIIEECST JIaBJICHUE p B COCY/IE.

Bonpocsl. 3amummTe ypaBuenue Meneee-
Ba—Kuaneiipona (ypaBHeHue COCTOSIHUS ujie-
abHOTO rasza). KakuMu ypaBHEHUSMHI OTUCHI-
BAIOTCSl M30TEPMUYECKUll, M300apHBI U U30-
XOPHBIN TTPOIECCHI?

3. 3agaya. Ilo ABYM npoBOASAIINM JITTHHHBIM
IIMHAM, YCTAaHOBJIEHHBIM 10/ YIJIOM O, K TOpH-
30HTY, MOCTYIMATEJbHO COCKAJb3BIBAET PACIOo-
JIOSKEHHDBIN MePIEeHNKYIAPHO IMNHAM Me/IHbII
6pycok mMaccoit m (puc.12). Bes cucrema Haxo-
JIATCSI B OJTHOPO/IHOM BEPTUKAJIBLHOM MarHuT-
HOM II0JIe, MOJyJIb WMHAYKIUH KOTOporo B.

Puc. 12

CBepxy IIMHBI 3aMKHYTbI HA PE3UCTOP COIPO-
tuBseHneM R. KoadduimeHt TpeHus Mesxzry
MOBEPXHOCTSMU IIMH 1 6pycKa W, a paccTos-
Hue Mexxy nmmHamu [. [IpeneGperast copoTus-
JIeHneM THH, OPYCKa U MeCT KOHTAKTa MEXK/LY
HUMH, HAi/UTe TEIIOBYIO MOIIHOCTH N, Bbljie-
JISTIOILYIOCS] B PE3NUCTOPE TIPH JIBUXKEHNN GPYCKa
C YCTAQHOBUBIIEHCS CKOPOCTHIO.

Bomnpocsi. Chopmyupyiite 3aKOH 3JeKTPO-
MarHUTHON MHAYKIMH U TIpaBuso Jlenna.

4. 3apaya. Tonkasg cobupaionias JuH3a MI0T-
HO BCTaBJIeHA B KPYTJIOe OTBEPCTHE B HENPO3-
paunoii mupme (puc.13). Toyeunbrii HCTOUHUK
CBeTa pacroJlaraeTcsl Ha IJIAaBHON ONTHYECKOi
OCH Ha y/IBOEHHOM (DOKYCHOM PacCCTOSTHUM OT
JmH3bL. [Ipn aTOM Ha sKpaHe, yCTaHOBJIEHHOM
B POKAJIBHOI TIIOCKOCTH TI0 JIPYTYIO CTOPOHY OT
JIMH3DBI TIEPIIEH/INKY JISIPHO €€ IJIaBHOM ONTHYeC-
KOIl ocu, HAGJII0/1aeTCsT CBETJIOE TISATHO JIaMer-

h Ixpan
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pom d. KakuM craHer auamerp d; CBETJOTO
MATHA Ha dKpaHe, ecJn MeX/Iy HUM W JMH30I
TTOMECTUTD TJIOCKOMAPAJIICIbHYIO CTEKISHHYIO
IJIACTUHKY TOJIIIUHON /2 ¢ TIOKasareseM Iipe-
Jiomyiennd n ? MOKYCHOe PacCTOsTHUE JIMH3bI F.
Yurute, 4TO /I MaJIbIX 3HAYCHUN apTyMeHTa

X, 33JJaHHOTO B paJiiaHax, CIPaBE/JIUBLI MTPH-
6amxennbie opMyJibl: sinx = tgx = x .
Bomnpocsi. Kakne nH3bI HA3bIBAIOT TOHKU-
mu? Urto Takoe OKyCHOE PACCTOSIHUE U OITHU-
yecKkasi cujia TOHKON JIMH3bI?
Hy6auxayuio noozomosun C.Yecnoros

PasbickuBaeTcs... Tpaneuus

B a/1eMeHTapHOI reOMETpPUH IIHPOKO H3BECTHA
TaKas 3a/ada;

OcHosanus mpaneyuu paswol a u b. Haiioume
OUHY OMPe3Ka, NAPALIeIbHOZ0 OCHOBAHUSIM MPA-
neyuu ¢ Konyamu na ee 06OKOGHIX CMOPOHAX,
densiwezo naowads mpaneuuu NONOJIAM.

OauH U3 TyTeil penreHust COCTOUT B CJIEAYIO-
meM. BBemeMm o6o3HaueHUs, KaK ITOKAa3aHO Ha
PHCYHKeE.

B a C
24 Iy 2y | By
X NJ .
M '—B1 rb1
d-z,
c—z
h, h, hy | Iy
y ] V) w Bl |
A M, b D N,

ITonoxxum MN = x. Ilocyie uCK/IIOYEHNST OTHO-

. h
HIEHUA BbICOT Tparennumn 2 3 CUCTEMbBI ypaBHE-

a+x] (b+x
hl_( )h27
( 2 . ()

SR e G

JIETKO HOJIy‘II/IM
2 2
a+b
= _— 2
x ,f 5 2)

A Terepb 3aJaJMMCST BOIIPOCOM, IIPH KaKOM
ycaoBun oTpe3ok MN menuT morogaM JAOMOJTHA-
TEJIbHO elle W repuMerp Tpareruu. O4eBuIHo,
YTO JIJIsI 9TOTO JIOJIZKHO BBITIOJHATHCS YCJIOBUE

2z, +2zy=c+d+b-a. 3)
3nmecy zy=MB, z,=CN ,c=AB, d = CD.

HUT

W3 neporo ypasuenns cuctemb (1) BbITeKaeT
hy a+x

RS (4)

W3 nopobust tpeyrosbuukos AMM,; u MBB,
caeyer

hz C—2Z
Z=A )
Iy 2
U3 popmyn (4) u (5) Boipaskaercst 2 :
_c(b+x)
ST avbrox (6)

W3 mono6ust tpeyrospunkoB NCC; u DNN,;
caenyer

hz d — 2y
hodz )
Iy 2
U3 popmyr (4) n (7) BoBoanM
_d(b+x)
2 i br2x ®)
O6benunus dpopmyasr (3), (6), (8), nomyunm
2(b(c+d)+x(c+d))

=(c+d)+(b-a).
a+b+2x

ITO PABEHCTBO MOCJEN0BATENBHO TPEOGPa3yeTcst
TaK:

(c+d)(b-a)=(b+a)(b—a)+2x(b-a),

c+d a+b

2 2

C yuerom hopmy bl (2) IPUXONM K OKOHYATE b~
HOMY Pe3yJIbTaTy:

c+d _a+b la* + b
2 2 2

B cmry o6paTnMoCcTi BeeX BBIKJIAOK 9TO PABEH-
CTBO MOXKHO c(hOPMYJIUPOBATDH TaK:

Ompesok, napainenvivlii 0CHOBAHUAM Mpane-
Yuu, ¢ KOHYAMU HA ee DOKOBHIX CIMOPOHAX Deaum
00HOBPEMENHO NIOWA0L MPANCUUU U ee nepu-
Memp NOnoaaAM 6 moM U MOJbKO 68 MOM CAyUde,
ecau cpednee apupmemuueckoe 60KOBbIX CIMOPOH
mpaneyuu pasno cymme cpednezo apughmemuuec-
K020 U Ccpednezo Keaopamuueckozo OCHOGANUL
mpaneyuu.

B./I[po3dos
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«KBAHT» A1 MJTIAALLUMX LUKOJIbBHUKOB
3AOAYHN
(cm. <Keanms No2)

1. B 81 pas.

Ilycrp kBazpaTuk mMeer pa3mepnl 1x1, a KBagpar
nxn. Toraa mwiomaab kpecta pasHa 2n — 1 (Bepru-
KaJIbHBII CTOJOMK mMMeeT pasMepbl nx1, TOpH3oH-
TaJgbHas CTPOKa 1X7, a MJOMaAb KBaJpaTHKa MbI
cocunrtanu aBaxkabl). V3 pasencrsa 2n — 1 = 17
noJydaeM, 4to 7 = 9. 3HaYNT, MJIOMAAb KBapaTa
paBHa 9x9 =81.

2. [Ipeamnonoxum, 4To 062 MATbYNKA He OUIHOIUCD.
[Mockospky Ilerst ne onm6est, To 06IIEE KOJMIECTBO
npuHeceHHblx Kouder vetHo (B aBa pasa Gosblie
KommuectBa KoHper, npuHeceHunrx Ilereit). Tak
kax Kouist mpunec 11e10e KOJIMIecTBO KOH(DET U ITO
TPETb OT YEeTHOrO YHCJA, TO OH IIPUHEC YETHOe
uynuciao kKouder. Ho, 1mo ero ciosam, OoH OTHa]
JIEBOYKAM HeYeTHOe KOJMYeCTBO KOHQET, Tak Kak
KoJsmdecTBa KoHbeT, pocraBumxcs Mame n Tane,
UMEIOT pasHylo 4eTHocTh (pasmmuaiorces Ha 3), a
cyMMa JIByX 4HCeJ PasHoil derHoctH HeverHa. Ilo-
JIYYHJII TIPOTUBOPEYIIE.

3. 5.

IIyctp B kommare k JsokernoB. Torpa mepsbie k
vesloBeK ckaszasm npasay (i, crenoBaTesbHo, GbLIN
poiapsamu), a ocrampubie (10 —k)  cospamn (u
6blm sokeramn) . 3naunt, k=10 — k, otkyma k = 5.
4. He moxer.

Ilpenmonoxum, 4TO cymMMa MOTJIA PaBHSATHCS
8900098. ¥V kask/1oro u3 cJjaraeMbiX OJHa U Ta Ke
nocaenasas nudpa N. 3HauuT, nociepnsas Iudpa
cyMMbl paBHa mnocseaneil mudpe yncaa 13N. Orcio-
na caexyer, uro N = 6. Ho rtorma kaxmoe u3s
cyiaraeMbIx jgesantcs Ha 6, T.e. gesmmrcs Ha 3. Cle-
JIOBATEJbHO, U CyMMa BceX uuncedt jeantcs Ha 3. Ho
10 MpU3HaKy AemmmocTn Ha 3 uncao 8900098 ma 3
He jesmurcs. [IporuBopeune.

KOHKYPC UMEHU A.N.CABNHA

(cm. <Keanm» Not)

17. 4.

Paccmorpum uncio abcde ¢ TaKuME CBOWCTBaMM.
Ono pgesutcst HA 5, 1modTOMYy e = 5. Tak Kak OHO
genntcd Ha 11, TO 1O MPHU3HAKY JEJIUMOCTH 3HAKO-
nepeMeHHas cymma nudp S geanrcs Ha 11:
S=a-b+c—-d+5:11. Haubonplero 3sHaueHus
OHa JIOCTUTAET, KOTJA C TIIOCOM OepyTCs cambie
6oJtbiiie TTQPBHI, a HANMEHDBIIETO — KOTJa caMble
majsienbkue. Takum o6pazom, S<7+6-4-3+
+5=11u §>24+3-7-6+5=-1. 3amerum, uro
cpen nATH 1Mdp Ymucaa POBHO 3 HEYETHbIE, 3HA-
yur, S "HeyetHo. Mrak, S jgemurcd Ha 11, HeyeTHO 1

-1<.8 <11, snauur, S = 11. Takasg 3Hakonepemen-
Hasg cyMMa nudp AOCTUTAeTCs TOJIbKO TOT/a, KOraa
¢ mmocoM 6epyres camble Gouibinne 1dpol. Tem
caMbIM, 6 1 7 CTOSAT Ha TIEPBOM M TPETbEM MeCTax, a
3 1 4 Ha BTOPOM U 4eTBepTOM. ITO JaeT 4 BO3MOXK-
Hble KoMOmHanmu: 63745, 64735, 73645, 74635.
18. Tax 6pITb MOTJIO.

IIpusenem npumep. Ilycrp B koncrpykrope lletn
YyeTbIpe PaBHOOEPEHHBIX TPEYTOJbHUKA ¢ pebpamMn
1mo 2 cM u ocHoBanueMm 1 cM, y Bacu — Tpu Takux
JKe TPEYTOJIbHUKA, a YeTBEePTbIl — PaBHOCTOPOHHUIL
TpeyrosbHuk co cropoHoit 1 cm. Torga Ilerss cmo-
JKeT coOpaTh TeTpas/p, Kak Ha pucynke 1,a, a Bacs
— Kak Ha pucynke 1,0.

a) 6)

Puc. 1

19. a, 6) /[la, naiigyrcs.

Hamnpumep, noaxoaar uncaa 1-100!1+1, 2-100!1+1,
3-100!+1, ..., 100-100!+1. Cymma mi00bix k u3
mux (rme k or 1 mo 100) Gyzer neqntbess na k,
nockosibky umeer Bug N -1001+ &k, a 100! genurcs
Ha kR, Tak Kak jeaurcd Ha Bce uyucaa or 1 go 100.
3HavuT, cpejiHee apuMeTniecKoe JObIX HECKOIb-
KX YHCeJ M3 Halero npuMepa — mesoe. [Tokakem
elle, 4TO B TPUBEJAEHHOM TIpUMEpPe HET YHCeJa C
o6muM MHokuteseM, Gosbium 1. [Ipeanososxum
MPOTUBHOE: KaKWe-TO [[Ba YHCJIAa U3 TPUMEpa —
ckaskeM, @ -100!+1 1 b-100!+1 — pensarcs Ha PoO-
croe ynucyio p. Torma p >100 (wHaue HA p nenn-
soch Ob1 1 uncao 100! u, cregoBaresbro, uncyao 1,
YTO HEBO3MOKHO). PasHOCTh HammMX [BYX 4HCEN
(a - b) -100! Toxe mesmres Ha p, HO y 3TOU pa3HO-
CTH, OYEBHUIHO, HET TPOCTBIX AeuTesei, GOMbIIIX
100. ITporuBopeune.

20. a) 4998; 6) 4802.

Ouenra. PazobbeM TOCKY Ha BePTHKAJIbHbBIE TOMU-
HOIIKM, PACKPAaCcHM UX B ITaXMaTHOM Topsake (Kask-
Jlast IOMUHOIIKA TIeJIMKOM OeJsiast N TIeJINKOM Yep-
Hasi).

a) Ha 50% Geabix JIOMUHOIIKAX J0JDKHO ObITh XOTH
661 50% —1 3aKPAIEHHDBIX KJIETOK, UYTOOBI HEJIb3sI
6b1J10 BbIOpaTh 2 GeJibie JOMUHONIKKA (€3 3aKPbIThIX
KJIETOK. AHAJOTHYHO C YEPHBIMU. 3HAUYHUT, BCETO

3aKparieHo XoTs Obl 2(502 - 1) = 4998 KJeTok.

6) Ouenka /11 5TOro MyHKTa J0Ka3bIBACTCS aHaJI0-
TUYHO: BCETO 3aKPAIICHO XOTs Obl 2 (502 - 99) = 4802
KJIETKH.



OTBETbl, YKA3AHHUA, PEINMEHUI 55

Ipumep. Hazosem cpepneil jguHu-
eil JIOMUHOIIKN OTPE30K, pasfesisi-
IOTIIiT /IBe KJETKU, U3 KOTOPBIX OHA
COCTOUT. 3aMETHM, 4YTO €CJIN Y ABYX
Puc 2 JIOMIHOIIEK Cpe/IHIe JIMHUU JIeXKatT
Ha oxaHoit ¢urype @ (puc.2), t0
9TH JOMHUHOIIKH KacaioTcs 10 OTPE3KY.
a) [ToctaBuM B JIeBbIT BepXHUT yrosr KBagpar 2x 2 ,
pasmectuM B HeM urypy @ (aHasormuHbiii npu-
Mep, HO Ui KBajpara co croponoii 10, a ne 100,
nokasan Ha pucynke 3). Ha ocrambHoM nose 3ak-
poeM KJIeTKH B ImaxmaTHOM mopsiake (ux Oyguer

Puc. 3 Puc. 4

2(502 - 1) =4998). Ecau aBe JMOMHHONIKH TIOJIy-
YUTCS TOCTABUTH HA HE3aKPBITBIE KJETKH, TO HX
cpepnne quHUN OyayT JeskaTb Ha ¢urype @D, a
3HAUUT, OHU CTOSIT He Pa3pelleHHbIM 06Pa30oM.

6) BosbpmeM 99 KBaspaToB 2X 2 B MEPBOM CTOJIOIE
u nocseHeM croabie (aHATOrHYHBIH pUMEp ISt
KBajipara co cTopoHoit 10 mokasan Ha pucyHke 4).
B kaxpom m3 mnx pasmectum ¢urypy @, a mHa
OCTAJIBHOM TI0JIe 3aKPOeM KJIETKH B IIaXMaTHOM
nopsiike (3akpbIThIX KJAeTOK Gyner 4802). Durypsor
D 1MOKPHIBAIOT BCE JTUHUN CETKH, KOTOPbBIE HE SBJISI-
10TCST TPAHUIIAMI 3aKPBITBIX KJIeToK. Pa3 B mpumepe
99 6ykB @, To Gosbiie 99 JTOMUHOIIEK HEJIb3sI
MOCTABUTh PA3PENIEHHBIM 06PAa30M.

MPAMOYTOJIbHUK N3 KBALLPATOB

3anava 1. Tpernii Bompoc

Omeem: HeT.

[IpeAnonoKIM, 4To IPAMOYToIbHIK 1X v/2 paspe-
3aH Ha 1 KBaJPATOB CO CTOPOHAMH a; + b2,
ay +byN2, ..., a, + b2, Tlnomamn KBagpaToB pas-
HBI COOTBETCTBEHHO

a? +2abN2 + 207, a? + 2a,by2 + 202, ...
@ +2a,b,\2 +2b2.
Brenem o6Gosnauenus:

A=a*+dai+...+a’, B=b+b3 +...+12,

C=ab +ab,+...+a,b,.

Torpa A, B, C — paumonasnbuble yncaa. [Lnomannb

MPSIMOYTOJIbHUKA PaBHA CyMMe ILIOIMIAJell KBajpa-
TOB, 3HAYUT, f =A+ 2Cx/§ + B, nm

J2-(1-2C)=A+B.

Ecm C=1/2, 10 A = B =0, 1ak Kak A u B
HEOTPULATEIbHBI. 3HAYUT, & =...=d, =b =...
...=b, =0, uro HeBo3MokHO. CJeoBaresbHo, o6e
YaCTH PaBEHCTBA MOXKHO pasjaeantb Ha 1 — 2C.
Taxum o6pasom, v2 = (A + B)/(1-2C) . Tonyuaenm
POTUBOPEYNE, TaK KaK MPPAHMOHAIBHOE YUCJIO HE
MOJKET OBITh PABHO YACTHOMY /IBYX PAIMOHAJBHDIX.
3ech Mbl BHOBb ONMPAJINCh HA aIUNTHBHOCTD ILJIO-
Hna/iu.

3agaua 3

Omeem: Bce TUPSMOYTOJBHUKH C PAIMOHAJIBHBIM
OTHOIIEHNEM CTOPOH.

PaccmoTpuM npsMOyTOIbHUK (a +b\2 ) X (c +d 2 ) .
Ero x-mmomazp pasna (@ +bx)(c +dx). Mbl xo-
TUM, 9TOOBI OHa ObLTa HEOTPUIATENbHA, T.€.

(a+bx)(c+dx) 20 & bdx* + (bc + ad) x +ac >0 .

PaccMOTpUM HECKOJIBKO CJIydaes.

1) OGa uucna b u d pasubl Hym0. B atoM ciyuae
OTHOIIIEHHE CTOPOH PABHO @/C , UTO PAlMOHAJIBHO.
2) PoBHO oxno 13 uncen b u d, Hanpumep b, paBHO
uymio. Torna a # 0, ciaenosarenbro, be +ad # 0.
3HauuT, JUIsI KAKUX-TO X HEPABEHCTBO HE BBITIOJIHSI-
ercs.

3) Hu oano us uucen b u d He paBHo Hy10. B aTOM
cayvae crapmmii koadgduiment bd = 0. U3 Toro,
YTO KBA/PATHBIA TPEXUJIEH BCETa HEOTPHIATENEH,
CJIC/LYET, YTO y HEr0 HEHOJIOKUTEIbHbII JAUCKPUMU-
mant. Taxum o6pasom, 0> (bc+ad)’ — 4abed =
= (bc—ad)z, orkysa bc = ad, 4ro U paer pauuo-
HAJIbHOE OTHOIIEHHE CTOPOH.

KANENOOCKON «<KBAHTA»
BOHpOCbI N 3a4a4un

1. Viap J0CKH O MSY MOKHO CUMTATh YIIPYTHM.
[Tpu ynape o xaMyleKk 4acTb SHEPIUU JBIDKYIIEHCS
JIOCKH PACXO/yeTcsl Ha Heylnpyryio aedopmanuio B
MeCTe HX CONPUKOCHOBeHMsS. Il0aTOMY KaMyllek
TIOJIy4aeT MEHbIIYI0 CKOPOCTb, YeM MAY.

2. HHB.CTI/UH/IH, OTHOCHIIIHﬁCH K IIJIAaCTUYHBIM MaTe-
puajaM, HpH KpaTKoBpeMeHHbIX (ygapHbIX) Ha-
rpy3Kax HPOSBJISIET YIPYTHe CBONCTBA, M3-3a U€ro
BbH‘[ny[bIﬁ MHOTOI'PaHHHUK OTCKAaKMUBA€T OT II0JIa,
II0YTH He M3MEHUB CBOEi (POPMBI.

3. a) VYwmenbmatses; 6) yBeqmumBatbes. Harps-
JKEHHOE COCTOSAHUE IPYKUHDBI ITPU Harp€BaHuN CIla-
Jaer (BILIOTD JI0 HOTEPH CHOCOGHOCTH BOCCTaHAB/IM-
BaTh TPEKHION (OPMY), a TPU OXJILKICHAU —
pacrer.
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4. CrepskeHb CTaHeT HCIBITHIBATh C)KAaTHE, a M3-3a
HEPABHOMEDPHOCTH TIPOTPEBA CTEPSKHS MTPOU30UIET
ero usruG.

>. Boubimasg mpoyHOCTH KEJIE300€TOHHBIX KOHCT-
PYKITH BO3MOXKHA TOJBKO GJarofaps TOMY, UTO
TeMIepaTypHbIil Koa(duimeHT pacumpenus 6eto-
Ha OYeHb OJIM30K K TeMIepaTypHOMY Koadduimen-
TY paCUTHpPEHUst JKeJie3a.

6. IIpenmyniecTBo B TOM, 4YTO GETOHHOE OCHOBAHUE
HCTIBITBIBAET eDOPMAITHIO CIKATHS, JJadKe eCJIi caMa
KOHCTPYKIINSI B T[€JIOM HCIBITBIBAET PACTSKEHNe, a
MPOYHOCTDh GETOHA TIPU CIKATUH 3HAYUTEJNBHO 00JIb-
e, 4eM TIPU PaCTSIKEHWH.

7. Ilpu u3MeHeHNN TEMIIEPATYPDI KUPIUY 1 I[eMeH-
THBIN PAacTBOP, C/IeJaHHbIE U3 MATEPUAJIOB C Pa3HbI-
M K03(pdUIMEHTAMU TEMIIEPaTyPHOTO pacIiupe-
Hus, OYyIyT TO-PA3HOMY MEHSTbCS B OODbeMe, uTO
TpuBeZeT K OOJIBIIIM BHYTPEHHUM HATIPSDKEHUSM B
MecTax MX KOHTAaKTOB, M3-3a Y€ro Ievb pacTpecKa-
ercs.

8. dopma coxXpaHUTCA TOJNBKO y aMOP(HOTO CTEK-
JISHHOTO KyOuka. MOHOKpHCTA/LT KBapia o6sagaer
AHU30TPOIIMEN — ero CBOICTBA, B TOM 4YHCJE U
TETJIOBbIE, 3aBUCAT OT HAIPaBJIEHUS.

9. /lpeBecuna oGJiajiaeT aHU30TPOIIMEH, YTO CBsI3a-
HO C HAJIUYUEM B Heil BOJIOKOH, MEXIY KOTOPBIMU
HAXOATCS BO3/YITHbBIC My3BIPHKU. JTO, B TOM YHC-
Jie, TIPUBOMT K PA3JUYHBIM 3HAYEHUSIM TEILIONPO-
BOJIHOCTU TIO PA3HBIM HAIIPABJIEHUSIM.

10. Metasibl 06J1a1a10T BBICOKOW TEIJIOMPOBO/IHO-
CTBIO, TI0ATOMY YCIIEBAIOT IMPOTPETHCS WJM OXJa-
JIUTBCST TI0 BceMy 0ODbEMY W B HUX He BO3HUKAET
CHUJIbHBIX HanpspkeHwit. KamHu ke mporpeBaroTcst
WJIN OXJIAK/IAI0TCST HEpaBHOMEPHO, W B HUX Hapac-
TaloT GOJIBIITIIE BHYTPEHHIE HAMIPSIKEHUST, TPUBO/IS-
e K pacTPeCKUBAHUIO.

11. IIpu oxJaKaeHnn 3aKJjenka, COKpaiasich, CUJIb-
Hee CTSHeT CKJEMaHHble JIUCTHI.

12. Boicokas Temmeparypa yckopser auddysuio, a
CUJIbHBIE YJapbl MOJIOTA CIOCOOCTBYIOT COTMMKEHUIO
KYCKOB JKeJjie3a.

13. OJi0BO He cMauMBaeT MOKPHIBAIOIINE AJTIOMUHUIN
€ro OKCHJIbI.

14. Ilpu yBenmuyeHnu aBJjeHus BeseAcTBre gedop-
MaIliy TIJIOMA (b KOHTAKTa MEK/IY CBapUBaeMbIMU
JIETAJISIMA CTAaHOBUTCS GOJIbIIE, 3JIEKTPUYECKOE CO-
MPOTUBJIEHNE TaaeT W Yepe3 KOHTAKTHYIO 30HY
MPOXO/IUT JIOCTATOYHBIN TOK JlakKe TIPH HU3KOM Ha-
npspbkennn. Kpome Toro, 1moji gaBieHneM MeTasljibl
CTAHOBSITCS TUIACTHYHEE, YIYUIIAETCSI KOHTAKT MEXKTY
HIMH.

MwukpoonbIT

HpI/I BO3/ICICTBUN YaCTBIX IIEpEMEHHDbIX Harpy3oK
CHHMIKAETCA IMPOYHOCTDb METaJljla, B KOHIIE KOHIIOB OH
«HE€ BBLIEPIKUBAET» U JIOMAETCA B MECTE cruba.
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PEFTMIOHAJBHbBIN 3TAN
XLV BCEPOCCUNCKOWM ONMUMIMUAADI
LLUKOJIbHNKOB NO MATEMATUKE

9 knacc

1. 6.
Mycrs f(x)=x%+ax+b, g(x)=x>+cx+d. Tor-
Jla YCJI0BUA 3a/ladn 3allIIyTCA B BU/E

1l+a+b=4+2c+dud+2a+b=1+c¢+d.

Boruntas W3 mepBOro paBeHCTBA BTOPOE, MOJyYaeM
-3-a=3+c, 1.e. a+c=-6. Ho mo Tteopeme
Buera —a — 310 cymMa KOpHeii 11epBOro TpexuJie-
Ha, a —C — CyMMa KOpHell BTOPOTO TpeX4JeHa,
OTKyZIa U cJeqyer Tpebyemoe.
2. 8 pobinapeit.
[lokaskeM, 4TO HU OINH U3 pblllapeif He MOT cKa3aTb
HU o/HOIT 13 (ppas «Moe uncyo Goubine 9» n «Moe
yucao 6oabme 10». B camom gene, ecam 6bI 9TO
OBLTO BO3MOXKHO, TO 3a[[yMaHHOE PBbIIIapeM IIeJoe
yucsio 66110 661 He Menblne 10. Ho torza od He mor
cKkazatb HM OofHOIN u3 (¢paz «Moe yucso MeHblIe
1», «Moe umcso Membire 2», ..., «Moe uncIo
Mmenbiiie 10». 3unauur, poinapeii 6bLI0 He GOJIbIIIE
BOCHMH.
ITokaxkem, uro poimapeii morao Geith 8. Ilyctp
MepBbINl pbINIapb 3arajaj 4ucjo 2, BTOPOil 3,
.., BocbMO#l 9, a JoKelbl 3arajganau udmcaa S u 6.
Torza k-it peiiiaps Mor ckasdarb dpaser «Moe qncso
6ouibiiie k» u «Moe 4mcsio MeHblie k + 2», a JoKelbl
MOrJI cKazath (paspl: oauH — «Moe uucyao 60Jb-
e 9» n «Moe umcso Menbpie 1», a apyroit — «Moe
yucsio Gospiie 10» 1 «Moe 4mcso MeHble 2».
3. Ilpomymepyem umcJa II0 YaCOBOU CTpeJKe:
ay,Qy,...,d1gg TaK, 9TOOBI YUCJIO dioy OBLIO HaW-
MeHbIM. Torga ocTaTok OT [eJieHUus dyy, Ha d;
Oyner paseH a = dygy (160 a; > aygy ), a octatok b
OT JleJIeHusi dgg Ha dygy OYAET MEHbINE, YeM g .
3naunr, @ >b — eMHCTBEHHbIE OCTATKH, MOJTyYeH-
Hble Baceii.
IIpeamonoxum, 4To @; <d;y TPU HEKOTOPOM
i<100. Torma ocraTok OT jesNeHus d; Ha d;q
paBeH ¢;, uro Goabire, ueM ¢ (1 Tem Gosiee — uem
b). DTO HEBO3MOKHO. 3HAUMT, &4 > dy > ...> dyy -
Wrak, Ilera upu genenun ¢;; ua a; (upu mo6oMm
i=1,2,...,99) Oyzger mnoaydyatb B OCTaTKE @ ,
MOCKOJIBKY @4y < @; . IIpu mesienun ke @; Ha dyq
OH TIOJIYYHT OCTATOK €, MEHDBIUI djq . SHAUUT, BCE
€ro OCTaTKU ¢ < gy < dgg < ... < @y Pa3JIUYHbI.
4. OGosnauum depe3 I’ OKPYKHOCTB, ONUCAHHYIO
okoJio tpeyroapinka BHC (puc.5). Ha kacaresn-
HO#t kK [V B Touke H otMeTnM TOUKy X, JIEXKAILYIO
Buyrpun yriaa BCH. Torpa £BHX =/ZBCH =
= ZB,C;H (nocseanee paBeHCTBO CJELyeT U3 TOTO,
uro BC || B,C; ). 3HauuT, OKPY>KHOCTb (O Kacaercst
npsimoit HX u okpyskxoctu I B Touke H.
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¢
X

Puc. 5

O6o3nauum uepe3 H’ TOYKY, CUMMETpUYHYIO H
otHOCHTETBbHO npsiMoit BC (Kak M3BeCTHO, 9Ta TOY-
Ka JIeKUT Ha oKpyskHoctu ). Wrtak, npu cummer-
puu orHocutebHO BC OKpysKHOCTD I 1epexouT
B OKPY)KHOCTP [', a OKPYKHOCTH ® — B celsd,
MMOCKOJIBKY IIeHTP ® Jexxut Ha upsmoit BC. Ilo-
CKOJIbKY ® Kacaercst 7, ona kacaercs u I', 4to u
Tpe6OBATIOCh JOKA3aTh.

5. 3-1000° - 2000 = 2998000 K1€TOK.
PaccMoTpuM IIPOU3BOJIBHYIO 3aKPACKY, Y/IOBJIETBO-
pAIyo ycaoBuio. Pazo6beM Bce KIETKH MOBEPX-
HOCTH Ha «KaeMKH» TaK, KaK IIOKa3aHO Ha PUCYHKe
6, — mo 500 KaeMOK BOKpYT KaXK/Oil U3 BOCHME

Puc 6

BepiuH (0JHA U3 KaeMOK oTMedeHa cepbiM). Torja
B k-it KaeMKe, cumrtas OT BepIIUHbBI, OyaeT
S, =6k —3 knerok. Tak kKak HMKakme JIBe 3aKpa-
IIEHHDBIX KJIETKH HE MOTYT OBITb COCEIHNMU, B 3TOI
S, -1

S
KaeMmKe OyzieT e 6osee [7}5} =3k-2= 3aK-

pamieHHbix kJetok. I[Tpocymmuposas 1o Bcem 4000
KaeMKaM U y9Ts, 4TO WX OOMmast TLIONab paBHA
6-10002% , IoJry4aem, 4To o0I1ee KOJMYECTBO 3aKpa-
6-1000% — 4000 _

IIEHHDbIX KJIETOK HE IIPEBOCXO/IUT 5

=3-10% = 2000 .
Ocrasoch TpUBECTH MPHUMep, MOKA3bIBAIOMINII, YTO
CTOJIbBKO KJIETOK 3aKpaCUuTb MOYKHO. HaSOBCM iBE

IIPOTHBOIIOJIOXKHBIE TPAHU Kyba gepxneli i HuxHell,
a ocrasibHbie — 0oKkosvimu. Ha Kax/1oit 13 GOKOBBIX
rpaHeil MOXHO OTMETUTH IIOJIOBHHY KJIETOK IIaX-
MaTHbIM 06pa3oM. Ilocse aTOTO HAa BEpXHEIl M HIDK-
Hell TpaHsIX MOXKHO Oy/IeT TaKkyKe OKPACHTH OJOBU-
HY KJIETOK BO BCEX CTPOKAaX, KPOMe JIBYX KpallHUX,
octaBuB uX TyctbiMu (Ha pHCYHKe 7 BU/HBI JBE

GOKOBBIE 1 BepXHSAS rpanu). Herpyano Buaerh, uto
IIPH TaKoil 3aKpacke B KaK/0il KaeMKe Gy/eT Mak-
CUMaJIbHOE BO3MOYKHOE KOJIMYECTBO 3aKpalieHHbIX
kyetok. (BMecTo mpoBepKy KaskI0i KaeMKH MOKHO
3aMeTUTh, YTO BCS TOBEPXHOCTb Pa3OMBAETCS Ha
nosiockn 1x 100, 4eTbIipe U3 KOTOPBIX MyCThble, a B
OCTaJIbHBIX 3aKpallleHa POBHO TOJOBUHA KJETOK.)
6. Ilycto n, n + 1, n + 2, n + 3 — gaHHDBIEe YnCIA.
CyMMa TpexX HaMMEHbBIIUX W3 HUX pPaBHA
3n+3=3(n+1), a cyMMa Tpex caMbIX GOBIINX
quceJ paBHA 3(71 + 2) . Ho xorg 6b1 01HO U3 yuces
n+ 1un+ 2 deTHo, T.e. paBHO IPOU3BEICHUIO
yucesa 2 u k, roge k > 3. 3Haunt, gaHHas cymMMa U
NpeJcTaBuMa B BUJIE NPOU3BEIECHUST TPEX pasJjiny-
HBIX HATYpaJbHBIX unces: 2, 3 u k.

7. Jla, mosxer.

Ha pucynke 8 mokasaHo, Kak MOKHO TIOJIO3KUTD TPH
mapbl MPSIMOYTOJIBHUKOB TaK, YTOOBI JJIsT KasKION
napel Bce toukn A, B, C, D, E, F, G, H 6bum

D C D C D c
H G H GHI:IG
E F E F E F

puc 8 A B A B A B

BepIINHAMI POBHO 10 pady. OJNHAKOBBIMU TOUYKA-
MH OTMe4YeHbI BepIINHBI OJ[HOTO 3 IPSMOYTOJbHNI-
KOB TIapbl.

8. O6osnaunm ~ZCBM =a. Ilockoasky BM —
BHemmHAs Ouccekrpuca yrna ABC, 1o ZABM =
=180°-0 u o< 90° (puc.9). Omycrum u3 TOUKHU
D nepnenpukyaap DH na npamyio BC. Tak kak B
tpeyrosbHuke BCD yrubl npu BepmmnHax B n C
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octpble, Touka H nexut na orpeske BC. Ilockomb-
Ky DCH — 1npsIMOyrOJIbHbBII TPEYrOJIbHUK C YIJIOM

60°, umeem CH = C—D =AB .

Tpeyronmbuuk BHD — npamoyroJbHblii, HM — ero

Me/aHa, IIPOBEJEHHAs K THIIOTEHY3e, I03TOMY
BD

HM = T =BM . Caeposarenabno, ZMHB =

= /HBM = o, oTKyza MblI 1tosiyyaem, uro ZMHC =
=180°-o = LABM . Tlockonbky Takske AB = CH
u BM = MH, tpeyrosbuuku ABM n CHM paBHbl.

Taxkum o6pazom, AM = MC, 4ro u Tpe6oBaIOCh.

1
10. 396 -

Ecau Ilers BeiGeper uncia

11 1 1
219871987198 '
kak Obl HU pasbuBaj 3T udncjaa Bacs, B mape c

1 1

HHCIOM. OyIeT Yucyo Wx mpoussenenue

198 -
Oy/ieT paBHO 396 @ & OcTabibe 6yznyT He GoJblie
1
Hero. Torga Ha JOCKe OKasKeTcst Yhc/Io 396

O1leHKY MOJKHO TIPOBECTU TaK ’Ke, KaK B PEIIeHUN
s3amaun 10 g 11 xmacca.

10 krnacc

1. 9 poiapeti.

2. O6osHaunM uvepe3 a, b, ¢ u d JJIUHBI CTOPOH,
nonoxim N =101

Ilycrp d — nauGoubinasi cropona. CorsacHo ycJio-
BuIo, a + b + ¢ genurca Ha d, t.e. a + b+ ¢ = kd
IS HEKOTOPOTO HATypaJibHOro k. ScHo, uto @ + b +
+ ¢ > d (uuuHa oTpe3Ka MeHbIIE JUIMHbI JIOMAHOHU ¢
TeMu JKe KoHmamu), nostomy k > 1. Kpome toro,
Tak kak a <d, b<d u c<d,umeema +b +c¢ <
<3d, Tte. k<3

Cuayuaii k = 3 Bo3aMOKeH TOJIBKO Ipu @ = b =c =d.
B aTOoM cirydae Halll 4eTbIPEXyroJbHUK — POMO.
MNuave 1 < k < 3, orkyna k = 2. Ho B atom cuyudae

2019 /Ne3

uvmeeM N =a +b+c+d=2d +d=3d. Takum
06pa3oM, MoJIydaeM MPOTHBOPEYNE, MOCKOJIbKY N
He JleJuTcd Ha 3.

3. 2016.

Ouenka. Jlokaskem, 4TO B TIEPBON CTPOKe TaOJUIIBI,
B KOTOPOH 4YMCJIa PACCTABJIEHDI 0 IPABHJAM, He
MeHee TPexX PalMOHAIbHbIX ynces (1, COOTBETCTBEH-
Ho, ue Gosee 2016 uppamuonaabubix yucen). Kak-
Jloe M3 YHCEJ, BCTPEUYAIONNXCcs B TabJmIle, 3aimca-
HO POBHO B /J[BYX KJIETKaX, OJHA U3 KOTOPbIX HaXO-
JIUTCS B BepXHeH CTpoKe, a JApyrag — B HIDKHEIL.
PaccMOTPHM HEKOTOPBIiT cTosiGell, MyCTb B ero Bep-
XHell KJETKe CTOUT YHCIO @y, a B HIDKHEH a,
Jasee KOPOTKO 0603HAYaeM Takoit cronbert (a;,dy) .
[Toxpacum croberr (a1,a2). Haiigiem cronberr, y
KOTOPOTO YHCJO @y HAXO/UTCS B BEPXHEH KJIETKe,
u mokpacum ero. Ecam ator cronGern (ay,a), TO
3aBepuIuM 1poiecc. MHade, ecjau 3TOT CTOJGEN
(ay,a3), tae az # a; , NIPOJOIKUM: IOKPACUM CTOJI-
Gerl, y KOTOPOTO YHCJIO d3 HAXOAUTCS B BEpXHEl
KJIeTKe, W T.J. — TI0Ka He JoiijeM [0 cToJbna, y
KOTOPOTO B HIDKHE(l kieTke Haxoautes a; (ar0
006s13aTeJIbHO  TIPOU30M/IET, TOCKOJIBKY YHCJA, PaB-

HblE dy,ds,..., KpacsaTcss napamu). Ilo OKOHYaHMM
ITPOIIECCa TIOJTY UMM MHOYKECTBO TIOKPAIIEHHBIX CTONG-
uoB (ay,ay), (ayaz), ..., (a,a;), KoTOpoe Ha30-

BeM wukaoM JauHBI k. Ecam ocraimch ele HemoK-
pareHHbie CTOJONbI, BBIJAEJUM €Ille OJAUH MK U
T.J1. B KOHEYHOM MTOre MHOKECTBO BCEX CTOJIOIOB
TabJNIBl pPa3o0beTcsl Ha HelepeceKaronecs: K-
Jbl. Tak Kak cymMMa JUIMH BeeX IUKJIOB paBHa 2019,
HaNeTCsT UK/ HEeUYeTHON [[JIMHBI.

Paccmorpum sror wnki:  (a,ay), (aya3),

vy (aypp,@)), toe t 21, To ycoBuo a; +ay = by,
ay+as=by, ..., @y +a; =by, vie Bce b; — pa-
IMOHaJbHbIE Yncaa. Torma

2ay = (ay+ ay) = (ay + az) + (az + ag)— ...

o = @y + aygg) + (g + @) =

= b —by+by—...= by + by
— palMOHAJIbHOE YKCJIO, 0ITOMY @; PAIMOHAJIBHO.
AHaJIOTMYHO, BCE YUCIA df,dy,...,02,1 PaIMOHAID-
HbBI, I UX He MeHee 2t + 12> 3.
IHpumep. Ha pucynke 10 npuBegen npumep TabJii-
1[I, 3AMOJHEHHOI 110 TpaBIJaM, B BepXHEH CTpOKe
koTopoit 2016 uppannoHaTbHBIX YUCEI.
4. Iycts n > 2018 . 3ametnm, uto P, (a) = P, (—a)
npu BceX ¢. 3maumt, TMOCKOIBKY P, (x) mmeer
HEHYJICBO KOPEHb, OH WMEET U OTPHIATEJbHbIIT
KOpeHb, OTKyAa d,. <0 . Jlamee, MOCKOJbKY

12031 +vV2 |1 =V2|2+V2

2-v2

1008 +v/2 | 1008 — /2

213111 =v2 1 +v2|2-V2

242

1008 — /2 | 1008 +v/2
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P, (x)=x"P, (x)+a,, , umeem
Pn+1 (an+1) = ai-ﬂpn (an-H) tdyy = 0+ Ay < 0. (*)

Tak kax cremenb Mmorounena B, (x) derna, a
cTapmnii KoaUINEHT MOJOXKUTEIEH, TIPU [0CTA-
TOYHO GOJIBIIUX TTO MOJIYJIIO OTPUIATETHHBIX X OH
MIPUHUMAET TOJIOKUTEbHbIe 3HaYeHUs. Ternepb u3
() caeayer, 4To y 9TOro MHOTOYJIEHA €CTh KOPEHb
Ha HHTEpBaTE (—o0jd,,,(). SHAUUT, U @y < Gpyy .
Wrtak, MBI MOJYUYHIU, UYTO d,,5 < d,,4 TPH BCEX
n > 2018 . D10 03HaAUaeT, 4YTO IOCJEL0BATEIbHOCTD
(@019, 2920, A2y, ---) — yObiBaIOILAs.

3. Iyere M — cepeauna orpeska AC, S — Bropas
TOYKa IepecedeHuss IpsaMoit BL ¢ OKPYKHOCTBIO
®, N — cepemuna ayru ABC (puc.11). Torma S —
cepeauna Menblieir ayrn AC OKpY’>KHOCTH ), a
toukn M, S, N Jjexar Ha CepeIMHHOM IMePIeH/INKY-

T,

Puc. 17

qspe k orpesky AC. Ilpsamag BN — BHemusas Guc-
cexrpuca yriaa ABC, mostomy BN L BL. Torma
ZLBN + ZLMN = 90° +90° = 180°, oTkyxa Mbl 110-
JIy4aeM, UTO 4eTblpexyroJbHuk BLMN — Brucas-
uoiit. O6osnaunm LMBL = o. Torna ZMNL = o.
Takoke, Tak Kak 4eTblpexyrojbHuk BNDS — Bnu-
cannbiit, ZSND = ZSBD = o.

Ha nponpomxenun orpeska DN 3a Touky N orTMe-
tuM Ttouky T Tak, uro LN = NT. Torna
ZLNT =180° - LZLNM - ZSND =180°- 20, ort-
kyna caenyer, uto ZLTN = ZTLN = o.. 3Hauur,
ZLTD = o= ZLBD, noatomy Touka 1 JIeKUT Ha
OKPY:XKHOCTH [I', OIMCAHHON OKOJIO TPeyroJbHHKa
BDL. Tlycrb I” — kacarenbnas B Touke N K OKDPYkK-
Hoct . ITockosbky SN — tuamerp ®, TO 'L SN

u l'|| AC . Kak mbl 3Haem, SN siBisiercsi BHEIITHEl
6uccekrpucoii yraa LNT, nosromy [’ — Guccexrpu-
ca yrma LNT. Tak kak TL = TN, nosyyaem, uto [’
SIBJISIETCSI CePEeIMHHBIM MEPIeHNKYIIPOM K OTpPe3-
ky TL, a moToMy NPOXOAUT Yepe3 LEHTP OKPY>KHO-
cru I'. Takum o6pasoM, mpsivbie [ 1 [' coBHmagaior
u npsMast [ KacaeTcst .

7. JloxaxkewM, 4to X, > X, . Homoxum A = 2Ja

n+1
u B=12 \/E . Jlerko Buzieth, uto B > A > 1, orciojia
A+B

> 1. Torpa nmeem
Xy =2 (B-A4)>0,
A+B
2

x, =2" (B - A*)=2""(B-4)

A+ B
= X

> X

n+l” n+lo

4TO U TPe6OBAJIOCH JIOKA3ATh.

8. Ilyctp O — meHTp OKPY’KHOCTH £2; MHaUe TOBO-
pa, O — cepemuna aumamerpa BB’ . O6oznauum
uepes H' u P upoekiuun touek B u O coorser-
crBenHo Ha tupsmyio AC (puc.12). Tak kak O
JIOXKUT Ha CepeJIHHOM IepHeHankyJsipe Kk MN,
nostyuaeM, uto P — cepepuna MN. Tlockosbky O —

B

Puc 12

cepeauna BB, P asngercsa cepemunoit HH’. Tlo-
ayyaeM, uto H u H’ cUMMETPUYHBI OTHOCUTEIHHO
cepeannbl MN, orkygia HM = H'N u H'M = HN..
Nmeem

AH' = AM + HM = HM + H'M = H'N + HN =
= H'N+CN =CH’.

Takum o6pazoMm, B'H’ — cepeiiMHHbIN MepHeHnKy-
aap k orpesky AC, creposarenbio, AB = CB'.

17 knacc

2. Ilycrs Dy, Dy, D3 — COOTBETCTBEHHO [MCKPHMHU-
HAHTDI JIAHHBIX Tpex4seHOB. IlepBble [Ba ypaBHe-
HUS MMEIOT TOJIBKO LeJIble KOPHH, H031oMy Dy = m?
D, = 1%, Tjie uncaa m M 1 MOXKHO CUHTATD HEJIbIMU
HEOTpHIATEJbHBIMI. BblunTas M3 MEpBOrO PaBeH-
cTBa BTOpOE, TOMydwaeMm, uto 4 =m? —n’, T.e.
4=(m-n)(m+n). Yucaa m — n u m + n — oHON
YETHOCTH, MOITOMY 3TO PABEHCTBO MOKET BBIMOJI-
HATBCS, TOJIBKO ecaim m —n =m + n = 2. Ho Toraa
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n = 0 u, 3HAYUT, JUCKPUMUHAHT TPETHETO YpaBHE-
nusg Dy = n?—4=—-4 OTPHILATEJIbHDII.

3. 55% = 3025 KieToK.

Pazo6bem nocky Ha 9 kBagparos 30 x 30, 6 mpsMo-
yronbHukoB 10x30 u oxaun kBagpatr 10x10
(puc.13). B xaxaom xBagpaTe 30x 30 KaeTKH pas-
GuBatorcss Ha 15° YEeTBEPOK TaK, 4YTO PACCTOSHUE
MEK/Iy JIIOObIMH KJIT-
10 KaM¥ B OJTHON veTBep-
30 ke paBHOo 15 (kaxkpas
YeTBEPKA COCTOUT W13
KJIETOK ¢ KOOpP/IMHATA-
30 mu (a,b), (a,b+13),
(a+15b) u (a+15,
b+15)). Torga B io-

30 }
60ii 4eTBEpKE MOKET
30 30 30 10 ObiTh OTMeueHO He 6o-
Puc 13 Jiee OJIHOM KJIETKH, T.€.

ob111ee YnCJI0 OTMEUYEH-
HBIX KJETOK B TaKOM KBaJlpaTe He IMPEBOCXO/UT
15%.
AHaJIOrMYHO, Kayk/biil ipsiMoyrosbHuk 10X 30 (cka-
JKEM, ¢ JITMHHON TOPU3OHTATBHOII CTOPOHOI) pas-
O6uBaeTCs Ha TApbl KJETOK, OTCTOSIIIUX [JPYT OT
apyra Ha 15 (¢ xoopaunaramu (a,b) u (a +15,b))
— moatomy B HeMm He G6osee 1510 oTMedeHHBIX
kJsetok. Hakoner, B kBajpate 10x10 Bcero 102
KJIeTOK. MTOro, OTMEUYEHHBIX KJIETOK He OOJIbIIe
uem 9-15%+6-15-10+10% = (3-15 +10)* = 55 .
IIpumep noxasan Ha

10
pucynke 14.
15 d. Ilpamas CF mep-
15 MeHUKYIIpHA ILI0C-
15 xoctu ABD, nostomy
15 CF 1L AD . Awnaino-
ruuno, BE 1 AD .
15 [Toaromy npsambie CF
15 u BE mnapasienbHb
15 15 15 15 15 1510 IJIOCKOCTH O WJIH Jie-
Puc. 14 skat B Heil. Toukn B,

C, E u F jnexar Ha

chepe o, ommcannoit okosno Tterpasgapa ABCD.
Taxske, mockoabky ZBEC =90°=ZBFC, To4Ykn
B, C, E n F nexar na cgepe ', MOCTpOEHHOIT Ha
orpe3ke BC Kak Ha Juamerpe.
Ecom cheppt @ u ® He coBmajaior, Bee nx obuime
TOYKHU JIEKAT B OJ(HOIl ILJIOCKOCTH, OOO3HAUMM ee
vyepe3 P . B miaockoctu B sexar npsimbie BE u CF,
KayKJasi M3 KOTOPBIX IapaJsijiesbHa IJIOCKOCTH O
WJIN JIESKUT B 3TOU 1IocKocTH. Tak:ke nipsmble BE u
CF He mapaJiieJibHbl, MMOCKOJbKY OHU HEPIEeHINKY-
JIIPHBI Tlepecekatomumcs mirockoctsM ACD n ABD.
Takum o6pas3oM, MJIOCKOCTh [ TapaJuiesabHa IJI0C-
KOCTH O, WJIHM COBIAJAeT C Heil, a PacCTOSHUS OT
Touek £ m F 10 O paBHBI PaCCTOSHUIO MEXKIY
mockocramu oo u B (puc.15).
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Puc 15

Puc 16
Ecam ke cepbl @ 1 @ cOBHAfAOT, TO UX OOMIMiA
nentp M gBisercs cepefinHoll otpeska BC u jieskut
B miockoctn o . CiieoBaTesbHO, PACCTOSHUS OT
touek B u C no o pasubl. [lockosbky npsimasg BE
rapaJjiiesbHa O, paccTosiHUus OT B u E 1o 0. paBHBI.
AnajsiornvHo, pacctogaus or Cu F 10 oL ToXe paBHBI,
a toryia toukn E u F pasHoyganenst ot o (puc.16).
7. Ilycrp t = 2“%. 3ameruM, yto t # 1. Torga

G =2 (1) 1 ox, = 2" (1),
CureoBaTeIbHO,
Xy =y = 20 (00 1) =2 (1 - 1) =
= 2" -2t +1)=2"(t-1)' >0,

4TO U TPe6GOBAIOCDH [10-
KasaTh. A
8. OGosnauum uepes [
LEHTP BIMCAHHOW OK-
PYIKHOCTH TPEYTOJIBHNU-
ka ABC, Touka I gB-
JIIeTcsl TOYKO nepece-
yeHUsS OUCCEKTPHUC
(puc. 17). Jlokaxem,
yro Touku B, D, P, I
JeskaT Ha OJ{HOM OK-
PY’KHOCTH. AHAJIOTHNY-
HO IIOKa)KeM, 4TO TOY-
xkn C, E, P, I nmexar
Ha OJTHOIl OKPY>KHOCTH,




OTBETHI,

u 3amava Gyzer perieHa. J[oCTaTOYHO YCTaHOBUTH
paBenctBo £BPD = ZBID . buccekrpuca Bl yria
ABC sByisietcsi 0CbI0 CUMMETPUHU PaBHOOEIPEHHOTO
TpeyroiibHuka BDC, noatomy

ZBID = ZBIC =180° - ZIBC - ZICB =

180° — Z—B - £ .

Janee, 2 2
/BPD = ZPBC + Z/PCB = ZEBC + ZDCB .

W3 paBHOGeiperHocTu Tpeyroabauka BCE nosyya-

em ZEBC = % =90° - Z—C 1, aHaJoruy-
Ho, ZDCB =90°-— . Otcioza
ZBPD =180° — B _ ZTC =ZBID,

4TO U TPeGOBAJIOCH J0KA3ATD.

9. m=28.

[lnsg KaXXaoro HaTypaJbHOTO 7 0603HAYUM
X, ={1,2,...,n} . KaxioMy y4YeHHKY COIOCTaBUM
MHOJKECTBO BCEX [IHEli, Korja OH XO/AuJ B Gacceitn
(a10 Gymer moaMHOKecTBO B X305 ). WTOrO, MbI
nostyunan Ha6op u3 m (COrJIacHO YCJIOBUIO, HEIyc-
TBIX) MOAMHOXKECTB B X3, . YCJIOBHE PAaBHOCHIBHO
TOMY, YTO BO BCEX TTOJIMHOJKECTBAX PA3HbIE KOJIMYE-
CTBA 9JIEMEHTOB U HU OJIHO M3 HUX HE COIEPKUTCS B
JIPYTOM; HA30BeM TaKOW HaGop MOAMHOXKECTB XOPO-
wum. TakuM 06pasoM, HaAM HY’KHO HAiTH MaKcH-
MaJIbHOE YHCJO MHOXECTB B XOPOIIEM CeMeNCTBe
TTOJIMHOKECTB B X3 .

[lokaskeM cHayasa, 4YTO Takoil HaGop He MOXKeT
cofiepkath 6oJibliie 28 MHOXKECTB. ITO OYEBUJIHO,
ecam B Habope ecTb 30-31EMEHTHOE TTOIMHOKECTBO,
TaK KaKk OHO COJEPKHUT Jro6oe JApyroe. 3HAYNUT,
MOKHO CYHUTATh, YTO MHOKECTBA B HaOOpe MOTYT
coctosTh b u3 1, 2, ..., 29 sanementoB (1 ux ne
Goapie 29). Ilycrth B XopomeM HaGope ectb 29-
2JIEMEHTHOE MHOKeCcTBO A u 1-aj1eMeHTHOe MHOMXKe-
ctBo B. Tak kak B He coxepxutcsd B A, OHU He
nepecekatorcs. Torga mmo6oe Apyroe NOAMHOMKe-
cTBO B X3( 60 comepkut B, J1060 COAEPKUTCS B
A. 3HauuT, B 3TOM CJIyYae XOPOIHUil HabOp COCTOUT
JINIIb M3 JBYX TOAMHOXKecTB. Haxower, ecanm B
na6ope mer 1- wim 29-3/1eMEHTHOTO TIOJIMHOKECTBA,
TO B HeM yxXe He G6osiee 28 MHOXECTB, 4YTO H
TpeGoBAJIOCH.

Ocraioch TPeIbSBUTD TPUMEP XOPOIero Habopa
n3 28 moamuOKeCcTB B X35 . [l 3TOTO MOKaskeM
HHIYKIUEH 1m0 k=2, 4T0 CyIecTByeT XOpOIuii
nabop Ay, Ay,...,Ay,_» mogMHOKEeCTB B Xy, TPU-
yem A; cozmepyxut i + 1 asement. B 6a3oBom cayuae
k = 2 rogarcs nogmuoxecrsa A ={1,2} u
A, ={1,3,4} .

ITycTh /171 HEKOTOPOTO k yKe MOCTPOeH TpeGyeMblil
xoporuit Ha6op By,..., By, 5 moaMuOKeCTB B Xy .
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Torga TpebyeMblii XopoIuii Ha6op MOAMHOMKECTB B
Xopir MOXKHO TOCTPOUTH Tak. Ilonoxum
Aiyy = BiU{2k + 2} npu i =1,2,...,2k — 2; 5111 MHO-
J)KecTBa cojiepskar  3,4,...,2k 21€MEHTOB COOTBET-
creenno. Haxower, monoskum Ay = {2k +1,2k + 2}
u Ay ={1,2,...,2k +1} . HerpyaHo npoBeputb, 4to
oHH 006pasyioT Tpebyemblii xopomuii Ha6op. Tem
CaMbIM, TIEPEeXOJl WHAYKIINN JOKA3aH.

10. —.

8(n-1) { 4
EC]ITI Ilersa BbI6epeT gpcaa 0, 5, 4(n——1)’
A1) i(n _1) TO, KaK Obl HI PacCTaBJIsLI

aTn uncaa Bacs, wmcio 6yzieT B OJHOI mape ¢

2

YHCJIOM 3HAuUT, O/IHO M3 TPOU3BEIAEHUIT

_
4(n—1)1'

Oy/leT paBHO ————~
8(n—1)

me Hero. Torga Ha JOCKe OKaXKeTCs YHICII0

, & OCTaJbHBIE OYAYT He GOJIb-

1
8(n-1)"

HOI(E])KCM, Kak Bacga moxer g JI00BIX ‘{I/ICC]I

TIOJIy4nuTb Ha /I0OCKE€ 4uCJO, HE 6oJibiee ( )

[Tepenymepyem 4mcsa B IHMOpsSAKe YObIBAHUA:
Xy = Xy 2...2 Xy, . [locTaBUM B Kakoe-TO MECTO Ha
Kpyre 4icJjio X;, OT HEero 1o 4acoBO CTpeJsiKe uyepes
MyCTBIE MecTa — YUCJa Xy, X3,...,%, . Teneppb mocra-
BUM UHCJIO Xy, MEXIy X; U X,; JaJblle IO
4acoBOH CTpesIKe OT X, PAaCcCTaBUM Ha IIyCTBIX
MeCTax IO OYEPEe/IN YUCTA Xy, {, X9, 95y Xyyq . LOT-
Jla TIPOU3BE/IEHUSIMU T1ap COCEAHUX YHCes 6yayT
XnXons X4Xops XoXop—15 X3X0,-25 <o os XpXop_foits -0 XXy
n

X1 X1y XoXp2s X3X05-35 oo XpXop_r -0 Xt Xpyq -
TTOCKOIBKY X X9, st S XpXp,_p , HAWOOJIBIIEE TTPO-
u3BeJIeHIe MOKET OBbITDh JIHIIIb BO BTOPOIi cTpoKe.

8(n~1)

JleficTBUTEIBHO, U3 HEPABEHCTB X < Xp_y < ... S Xy

[Tokaxkem, uT0 @ = X,xy,_), < npu k<n-1.
caefyet, uto kx, < X + Xy +...+ X, , IO3TOMY
ka = Ry, - X, S (X + 2y + oo+ X)Xy
AHAJIOTMYHO, U3 HEPABEHCTB
Lopop S Xgpofpmt S Xy S o0 S Xpyyg
CJIeTyeT, uTo

(27’1 - 2k) Xon-k < Xop—pp + Xopp—q oo T Xpyg <

S Xyt Xgp ot xy, =1-x -2y — ..~ % .
[Toaromy
2k(n—-k)a <
(g +my+. 4w (- —ay - —x) = x(1-x),

rae X =Xx;+ Xy +...+ 4, . Ilockosbky 10 HepaBeH-
CTBY O CpeaHWX JAJad  JBYX  4HCeJ
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1-
c(l-x)< [x +( )] = MoIyuACH Hepaben-
S
8k(n—-k)

uro k(n—k)=2n-1 mpu k<n-1. Ho mociexuee

CTBO XX, _op = Ocrasoch MOKa3arh,

HEepaBEeHCTBO MOJKHO MepenucaTb B BHIE
(k=1)(n—k-1)20, a 31ech 06e CKOGKH HEOTpPH-
I[aTEJIbHDL.

PEFMOHAJIbHBIA 3TAN
LIl BCEPOCCUNCKON ONTMMMNUNAADI
LLUKOJIbHNKOB NO dU3NKE

7 Knacc

1. Cm. puc.18. CKOpoCTb ABMIKEHUS MIKAJIbI TEMITE-
patyp o, = 0,8 cM/MHH , CKOPOCTb JBMKEHUS IIIKa-

p,r/CM3
1,ZS‘
1,20 L)
1,15 \;
1,10 N

1,05 T e

N

e

1’000 5 10 15 20 25

Puc. 18 T,°C

JIBL TUIOTHOCTEH 0 = 2,4 CM/MHUH, UX OTHOCHTEJIb-
Hast CKOPOCTb 0 = v, + v, = 3,2 cM/MuH.

Oy + 0
2. 5 =5 —L =24 gnm,
Yo
Uy — 0
sy =sAL_Z® 49 gy
20q,

3. Ha pucynke 19 cieBa npuBener rpaduk 3aBucu-
MOCTH IIyTH OT BPEMEHU JIJI1 BTOPOMl MALIUHbI OTHO-

[,xm [,xM

A B A

8 =K i

6 s 6 £

4 pe At

21 4 21

0 2 4 6 810 0 2 4 6 8 10
t,MUH t,MUH

Puc. 19

CUTEJIbHO 1IepPBOii, a crpaBa — /I8 BTOPOii MalllHbI
orHOcuTesJbHO Joporu. M3 rpaduxos ciaemyer, uTo
v =0,9 kM/Munr  (mpuyeM TOMBKO OJMH pas),
Uy max = 1,9 KM/MuH.

4o ps=pi+py—-p=18 r/CMS-

2019 /Ne3

8 knacc

1. s =s % % T 0 _

2,16 kM,
Yo Oyt
Oy 0
Sy =5 HHL:O,QGKM,
Yo Yt t+ O

2.F:§F1:300H; F, =F
t

3. Cusra HampaBJ/ieHa 2t0‘

BBEpX W  paBHa

F = pys . ¢
0

4. C,,/C, =1/2;

T, = (Z,S—ﬁ)ro =

=500 H .

)

0 T 21, 3t
= 1,1ty ; cm. puc.20. 0 0 0

Puc. 20
9 knacc
1. 5,=1,36m, s, =1,2M, T=16c.
2. m, = MM _90r;
Py =Py

m, =P my —my _ Py =10,1r;
pB pﬂ

}"pn (m'3 —m )/(ps - p‘l) ~
CCmC + CJlmJI

t=- -49,9 °C .

3. I, =1, =1=1,0MA (06a aMnepmerpa CTOSAT B
BepXHEM  pAJAy  CXEMBbI);
R=6000m; Uy=18B.

4. Oun 13 BO3MOXKHBIX TIpUMe-
POB  PacCIOJIOKEHUST TEPErOPO-
JIOK B COCyjle TIPUBE/ICH Ha pu-
cyHKe 21, oiHa KJIETKa COOTBET-
creyer 0,1 M. O6bembl yacreii
A, B u C cocrasusior 0,1 M
0,25M° u 0,45 M° coorser-
CTBEHHO, 4acTb [ TpecTaBJIs-
er co6oii moJocTh, 06Pa30BaH-
HYIO TOPU30HTAJBHOW W BEPTH-
KaJIbHOW TIePeropogKaMi.

3. P=a. NN .

Qmeepcmue

10 knacc

1. u0=\lu2+(viutgoc0)2 , A

IIpuyieM 3HaK «t>» COOTBETCTBY-

€T cJjlyyalo, KOT/a CllopTcMed Ha- — JJamuuk
XOJUTCS MEXKJY KaTepoM W Jie-  p, - 57
BbIM G€peroM, a 3HaK <«—» —

ma?

MEK/Iy KarepoM U npasbiM 6eperom; T = L—z .
cos” oy
2. u=0,27, ecu B TeueHUE BCETO BPEMEHU CTOJIK-
HOBEHHUS Iaiiba CKOJb3WJA IO TLIUTe, W W — JIfo-
6oe, Goabiiee 0,27, ecm TOCTE CTOJKHOBEHUS TIPO-
eKIINS CKOPOCTH TTAObI Ha HAIIPABJIEHIE IBISKEHST

IJINTBI CPABHSETCS CO CKOPOCTHIO TIJIUTHI.
3. 1) R, =3&OwMm, R,=2xOm, R, — moGoe



OTBETHI,

(yuactok cxempl BC MOKHO mpeo6pa3oBarh B cHa-
JIAHCHPOBAHHBIN MOCTHK € He 3aBucsumm or R,
conporusierneM Rp- =2 kO™ );
2) I,g=7TMA, I, =58MA.

M
4. py=py = 'Z};O— =5,85 Kr/M3 (II0THOCTH TOCTO-

AHHA Ha BBICOTE OT 0 0 2 kM), py=py—pgh =
=442 xlla .

1) Fy=um g2+(v§/R)2,

D) 0=\l = (o) +(1+07)(ci/R)

2
3) As=opAt, Av=aht, As= 08 % 492 -
2 a‘f a‘f
=— % 402
wg’ + (3 /R)
11 knacc

1. Ecau yuacrox amHoll L mpoexaTb MaKCUMAJIbHO

6b1cTpO (¢ MAaKCHMMATBHO BO3MOMKHDBIM YCKODEHHEM

a=WUg ), TO CKOPOCTb Ha JIMHUU TPAHUIBI OyjAeT
2L

. =+/2ugL , a BpeMsi pasroHa — & = E . llpm

9TOM MHWHHUMaJbHO BO3MOJKHOE BPEMSA TOPMOIKEHUA

3a JIMHWEH TPAHUIbI COCTABUT (, — & = . 006-

Imee BpeMsI UCTIBITAHUS {, 2—L =212

Ecnu mepecekarb JHHUIO 1paumub1 co CKOpOClbIO
Uy <0y, TO YBEJUYUTCS BPEMS JOCTIKEHUS 3TOI
JINHUM, HO COKPATHUTCSI BPEMSI TOPMOXKEHUS 32 HEll.
Bompoc 0 KOHKypeHIIMN MEKIy 3THMH H3MEHCHUS-
MU BpeMeH TpeGyeT JONOJHUTEJbHOTO U3Y4YeHHUS.

I[Iyctp Ha rpanune ckopoctb vy (7 < vy ), Kotopas
JIOCTHUTAETCS 32 MUHIMAJbHO BO3MOKHOE BpeMs [
MpH CJEJYIONEM XapaKTepe ABIKEHHS: PasroH C
MaKCHMaJbHBIM TIOJOXUTEJIbHBIM YCKOPEHUEM
a=Ug 10 TaKOl CKOPOCTU Ty > T, MPH KOTOPOI
OCTaBIIErocs TYTH XBATUT, YTOObI COPOCUTH 3Ty

vA
Lo X
a/ N
Oyp============— : \\\
1/
1
0, 4
i
1
i
i
At |
<>
0 ty t, t t t, t,t
Puc 22

YKA3AHUA,

PEIMEHMAUA 63

CKOPOCTH 10 3a/IaHHOI ¥y TPU MAKCUMAJIBHO BO3-
MOXKHOM OTPHUIATEIbHOM YCKOPEHUU d, = —Ug .
Ha pucynke 22 yyactok I coorBercTByeT pas3roHy c
MaKCHMAJbHBIM yCKOpeHneM Mg, ydactok Il coot-
BETCTBYET 3a61ar0BpeMEeHHOMY TopMOskeHuio (¢ Mak-
CUMaJIBHBIM yCKOpEHHeM —Hg ) OT CKOPOCTH Uy 10
CKOPOCTH ¥y Ha Tpanuiie, yyactok III — topmoske-
HUIO 3a JUHUeH IpaHuIbl ¢ yCKOpeHneM —2ug /10
MOJIHOIT OCTAaHOBKH B MOMeHT [, . OTmernM, dTO
IJIomaAn 3aKkpaimennbx (uryp paubl (Tak Kak
MyTH B TEPBOM JIBMJKEHUU JIO0 §; W BO BTOPOM
JIBUYKEHNH 0 t, paBHBI L).

C 1oMoIbi0 pUCYHKA Haii/leM 3aBUCUMOCTb f, OT
vy . IlepBoblii pa3z CKOPOCTb Uy [OCTUTAETCS B MO-

[ o
MEHT = — K 3TOM MOMEHT IIponjgeH IyTb
ty =2,

sy = 20— [TostoBrHa ocTaBierocst 10 rpaHullbl Iy TH
ug
npoiijsieHa 3a Bpems Af,
_ 2
L—s, At+”’gAt2:£— o
2 2 4ug

OTcoza

[Tonnoe Bpemsa ucnbiTanus Lty , COTJACHO YCJOBUIO
3a/layu, paBHO
2
t, =t +t, —t0+—:2 %+£—v—°,
2ug 2utg” ng  2ug

HCOéXOZ{I/IMO HailTn MUHUMYM [JIaHHOT'O BbIpaKe-
HUS, Bapbupysl ero 1o v, . s yupouenus ucce-
JAOBaHUA HpOI/IBBOJIHOﬁ caesiaeM 3aMEHbI.

NP AN rye ST

r=o=, b=—,
2ug ug
rje x u b — 1o GU3NIeCKOMy CMBICITY HOJOXKHUTEb-
uol. Bosbmem IIPOMU3BO/IHYIO OT t“ 110 X U IpupaBHA-
€M €€ HYJIIO:

oo t6r

21/8x% + 4b
8x2 +4b = 6422, 56x% = 4b.

BOSBan.IEleMCH K CTapbIM I€PEMEHHbIM U HAXO/UM

vy = zugLy tH: 7_L:1187 L
\7 \ 2ug Vg

2. UcxoaHblii Ky6 MOKHO COCTaBUTH M3 BOCHMU
KyOUKOB ¢ peOpOM B/BOe MeHbllero pasmepa. Ilo
AHAJIOTHH € HJIEKTPOCTATUKON BBE/IEM TPABUTAIHOH-
HbBII TIOTEHIMAA @, KOTOPbIH B BepIIUHE JHO6OTO
OJTHOPOAHOTO Kyba OyeT TPSMO MPOTMOPIHOHATEH

8x% + 4b = 8,
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€ro Macce n O6PaTHO IPONOPIHOHAJNEH JMHEHHBIM
pasMepaM € OJHHM U TeM >Xe Koa(dUuinenTom
nporoprmoHanbHocTh. Ilycth mHa pebpa n Macca
MaJsloro Ky6HuKa paBHbI b M m, a TPaBUTAIMOHHbIII
TOTeHIMaI B ero IeHTpe pasen @, . Torga

3
oy = k2 = —k% — _kpb?,

rie K — HEKOTOPBIil pa3MepHblil Koaddurnent, a P
— ILUIOTHOCTD T11aneTbl. IToreniarnt B enTpe 60J1b-
oro Ky0a U B €ro BepILIMHE PaBHbI COOTBETCTBEHHO

3
9 =8¢ n @, = —kw = —4kpb® = 4y .
2b
M3 3aKkoHa COXPaHEHUsI SHEPTUU CJIECyeT
2 2

OKOHYATEJIBHO TIOTYUYUM Uy = 0y .

3. AT2=%, Q=%RAT. 4. T=T,.

5. BoiGepem nauaso koopamuar B Touke A u Ha-

MIPaBUM OCH X U Y TaK, KaK [OKA3aHO Ha PUCYHKe

Y F 5 RN igyiuyrlle)ilcrlbnl;)onogou?g-
C N

/,/( AN ¢ TaIbHOCTH B 3aBICHMO-

/o Fy CTU CHUJIBI COIIPOTHUBIIE-

?,‘U HUS OT CKOPOCTH Yac-

Pob e tunpl: F, =-bo . 3a-

P ®B IIUIIIeM YPaBHEHHe [[BU-

q > JKEHIHSI YaCTULDI B IIPO-

A eKII Ha KOOPMHAT-
Puc. 23

HbIC OCH:

ma, =qBo, -bo,, ma, =-qBo, —by,.

B b
CrenaeM 3aMeHbI a5 _p , — =0 U IS MaJIoro

m
MHTEpBaJa BpeMeHn Af 3aruiieM
A Av
a, = O a,=—=—.
At : At
Torma
Ao A()y
Atl = kv, — oo, N —ko, —av,,

Av, = kv, At — 00, At = kAy — aAx

Av, = —kv, At — 0w, Al = —kAx — oAy .
CyMMupys U3MEHEHHS MTPOEKINil CKOPOCTH U KOOP-
JAWHAT 4aCTULbl 3a IIPOU3BOJIbHOE BpEMA OT Ha4daJjla
JABWKEHUA, MOJYyYUM

o, =ky-ox, v,-vy=-kx-oy.
B Touke C BeKTOp CKOPOCTH YaCTHI[bI aHTUIAPAJI-
neren Oy n v, =0 . Orcroga

ky = ox £=£=tg(p, o=ketgo.
y o

Cunna JlopeHna feficTBYeT TEpIEHINKYJIIPHO CKO-
POCTH W W3MEHEHHE MOJYJS CKOPOCTU YaCTHIIBI

2019 /Ne3

oTpejiesiieTcsl TOJbKO CUJION COTPOTHBJICHUS:
Ao
At
rae As — paccroguue, npoiennoe 3a At. Cymmu-
pys o6e 4acTn ypaBHCHUS 3a IPOU3BOJBHOE BPEMS
JIBUSKEHUS, HAXOAMM IyTb S, NPOIiIeHHbIil YacTu-
el oT HavaJa JABIIKEHHUS 0 MOMEHTAa OCTAHOBKIH:
moy tg @
qB
IIyctb KOOpAMHATBI TOYKM OCTAHOBKH Xy, ¥, . Tax
Kak B aToil Touke v, =0, y, = xyctge, 1o

=—0v, Av=—-00At = —0As ,

v-y, =-aS, yy=oS =kSctgep, S =

v, — 0y = vy = —kxy —ay, =

; kx, moy .
:—kx0(1+ctgz(p):— —0 xy=—2Lsin’g.
sin” @ qgB
PaCCTOHIH/Ie oT IIa‘{aIIbIIOfI TOYKHN /10 TOYKH OCTa-
HOBKH, T.€. MOJYJIb TIEPEMEIEHs YACTUIIBI, ECTh

[=20 " gng.
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IMMAXMATHAA CTPAHUUKA

K aCOTA
J],I/IHAI\/II/NHOI/I IPbI

[ITaxMaTHBIE COCTSI3AHUS CaMO-
TO BBICOKOTO YPOBHSI B OCJIC/IHIE
ro/ibl peiKko Ganytor jobureseii
axMaT SIPKUMHU TApTHSIMHU, TaK
KaK UX YYACTHUKU TPEITOUNTAIOT
BBIGUPATDb IPOBEPEHHDIE U HAJIEXK-
HbIe BAPHAHTHI. B TO jKe BpeMsT Ha
COPEBHOBAHUSIX DPAHTOM TTOHIIKE
rpoccMeiicTepbl MO3BOJISTIOT cebe
PHUCKOBATDH 1 TIOKA3bIBAIOT KPacu-
Byto urpy. Cerosiust Mbl pazbepeMm
CBeXKME MapTHH TPU3HAHHBIX Ma-
crepoB arakytoreii urpsr T.Paj-
skaboBa n A.IlInposa, B KOTOPbHIX
CMEJIbIC JKEPTBbI B MUTTEJIBIIITHIC
npuBeJn X K 1mobe/e.

T.Papxabos — C.Bugur
Benk-aH-3ee, 2019

1.d4 216 2.c4e63. af3ds
4. 2¢3 L b45. Ya4+ Ac66.
e3 0-0 7. ¥c2 %e8 8. Ld2
£ d6 9. h3 a6 10. a3 & d7 11.
& e2 de 12. & c4 h6 (uepubie
XOTAT TIPOBECTH €5, He JOIMyCKast
4 g5) 13. g4! DHepruvHbIil X01 —
e/IMHCTBEHHAsA BO3MOXKHOCTb 6O~
POTHCSI 3a NPEUMYIIECTBO, MO-
CKOTbKY y O€JbIX Temepb ecThb
«3arenka» Ha h6.
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13...e3?! Cuumikom cmeno —
YepHbIe He[OOIEHNBAIOT BO3MOXK-
HOCTD BCKpbITHS uHnn g. Cre/o-
BaJI0 HAYaTh AKTUBHBIE JICHCTBUS
¢ depsesoro ¢uanra: 13...b3! 14.
L a2 b4 15. @e2 Aa5. 14. g5!
b3 15. & a2 ed 16. gh! Jlornunoe
IPO/IOJIKEHNE ATAKU. B3siTie KOHs
MO3BOJIUJIO GbI YEPHDBIM IepexXBa-

iTh uHUnMaruBy: 16. gf? W {6
17. &d5 %ad8 18. 0-0-0 b4!

16...dc?! UYepuble npuHUMAIOT
BbI30B, oxHako Stockfish me co-
riacet ¢ ux pemenuem. IIporpam-
Ma mpeamounTtaer Bbimam 16...
& £4] ¢ xonrpurpoii mocie 17.
0-0-0 & h618. ed "d219 W d2
b4dur.a17. L¢3 L e618. L eb
e619. 2 gl 2e8? Pemaromas
omubka. Tounoe 19...4h5! 20.
L g7 & g3 1103BOJIAIIO OCJIOKHUTD
3a/1auy GeJsIbIX, Telepb JKe UX Ts-
JKeJble  (PUTYpPBI MPOHUKAIOT B
narepb uephbix. 20. & g7 Ag7
21. Bg7+ 28 22. ¥h7 W {6
23. & g5 2 e3+ 24. 2f1! Benble
CTIPABEIINBO  OTKA3BIBAIOTCST OT
JKEPTBBI JIA/IbU, TAK KAK 110CTIe 24.
fe & g3+25. Re2 W 226, Rd1
2 d8 puckyloT camMum TOJYYHTDH
Mar. 24...2d8 25. ¥ g8+ 7
26. h7 & g327. & e4! Usammblii
XOJ/I, Ha KOTOPOM JIEP3KUTCST BCSI
KoMOUHAIMS Gestbix. 27... 2 e4 28.
Bg3 2h4 29. Bd1! Texuuuno
OKpYsKasi KOPOJisi, GeJible BhIHY K-
JIAI0T YEPHBIX OTJATh KAYeCcTBO:
29...Eh7 30. Ee3+ 4e6 31.
a8 Eh8 32. ¥c6 218 33.
He6 We6 (33...fc 34. ¥c7 ¢
Heorpazumoii yrposoii B d8+) 34.
Hd8+ g7 35. M3+ 6 36.
¥ c7+. Bomrpoim Gebix.

A.Poppurec — A.lLlupos
ATuka, 2018

1.e4¢52. 2f3 Ac63.d4cd
4. 2 d4 2165. 2 c3e56. 2 dbS
d67. 2d5 Aad58.ed 2e79. c4
A g6 10. h4 (peakoe npogomxe-
Hue, 0ObMHO 3/eCh urpaior & e2,
& d3 wm ¥ a4) 10...a6 11. hS
Ah412. 2c3 Le7 13. a4 0-0
14. a5 Af5 15. £.d3 £ g5 16.
Ha3 Ah617. b4 f518. R ade4
19. & c2 2 g4 20. A b6. Besbie
[IPOBOJIAT TUIMYHBII TIJIAH aTaKu
Ha epaeBoM ¢uranTe, 0JHAKO U3-
3a oTOpBaBIneiics TmemKn h pokn-
POBKA CTAHOBUTCS HEOE3011ACHOIT,
4eM U M0JIb3YIOTCS YePHbIE.

20...e3!? Cuenys upuHIAITY
«Ha araky no Janry orsedail
yaapom mo tedrpy». 21. & e3
E 8. JKepTBys s1a/p10, YepHDBIE
CO3/IAI0T CEPbE3HBIE YTPO3bI GeJI0-
My Kopostio. 22. A a8 f423. ¥ d3

>

B &
oWe® B

(rounee 23. ¥ d4 ¢ uzeeil usGe-
sKaTh BUJIKHK Toce 23...fe 24. 3
Af2) 23...g6 24. hg fe 25. {3
A2 26. ¥f1? Caenosano dop-
cupoBaTh pazmen depaeii myrem
26. gh+ ® h827. ¥ d4+ 4 {6 28.
¥ b6. 26... W 6. Pasnuia B ak-
TUBHOCTH (pep3eil ycuamBaeT ara-
Ky uepubix. 27. gh+ %2 h8 28.
Re2 41529, ¥al. Ciumkom
nozano. Ilocne pasmena depseii
YepHbIe OCTAIOTCS ¢ JumHell du-
rypoii. 29... 4h1 30. ¥ f6+ £ {6
3. act 4g3+ 32. el £Db2
33. Eb3 £¢234. Bb2 Ze5 ¢
Hem30eKHbIM MaToM mocjie 2 h5
n E h1. Borpsimn YepHbIX.

Bomnycom — cBexasi KoMGHHa-
ST OT YCMITHOHA MUpa.

M.KapnceH - B.PannopTt
Benk-aH-3ee, 2019
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Besble urypbl 3aHsiu OnTH-
MaJIbHbIe aTaKyIolIue TO3UINH, a
MCXOJ] MAPTUN PEMIAET CUMITaTHY-
Hoe 3aBieuenue: 39. L f6 = £6
40. B h7! Yepusie caaamuch, Tax
kak nocae 40... W h7 41. ¥ h7

® h7 42. A {6 onn ocraoTcs 6e3
KayecTsa.
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