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Konnekumsa ronoBosIOMOK

POACTBEHHMUK

{TAHIPAMAD
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3Ta ros0BO/IOMKa COCTOUT M3 CeMMU SNEeMEHTOB, MOKa3aHHbIX Ha pucyHKe. Kaxabin
3/1EMEHT MOXHO MbIC/IEHHO pPa3buTb Ha paBHble pPaBHOOGELPEHHble MNPSMOYrojibHble
TpeyronbHKU. OCHOBHas 3afjaya — CKNMagblBaTb M3 3TUX 3EeMeHTOB pa3HoobpasHble
burypbl. Bce 3T0 pofgHUT ee C U3BECTHbIMU ronoBonomkKamm «TaHrpam» u «udarop».
[aBHbIM-AaBHO 3Ty rofIOBOIOMKY BbiMycKan MOCKOBCKMIA 3aBOJ, TEMIOBOW aBTOMAaTUKKW, HO
CO6CTBEHHOro Ha3BaHMA y Hee He OblNo — Takasa BOT 6e3biMAHHaA POACTBEHHMLA CBOUX
LBYX W3BECTHbIX cobpaTtbeB. CaenaTb ee HECIOXKHO, Bblpe3aB 3/IeMEHTbl M3 KapTOHa,
nnacTka unu daHepbl.

/13 anemeHTOB rofoBONOMKM MOXHO CNOXWUTb MPAMOYTOfbHUK (caenanTte 3T70). Ho MOXHO
CIOXKUTb Y MHOTFO ApYrnx GUryp: B MHCTPYKLMM K rOfIOBOSIOMKE Mpeasiaraniocb COXNUTb ax 129
pa3Hbix duryp (Hanpumep, Wweenuapckmin Kpect)! IHTepecHo, YTo BbINYKIbIMU U3 HUX Obln BCEro
BoceMb. Kpome npamoyronbHuKa 3TO Tpaneums, ABa BuAa MATUYrOfIbHUKOB K YeTbipe BuUAa
LIEeCTMYroNbHUKOB. MonpobywiTe HalTH 1X.

Ho oka3sblBaeTcs, UTo 3TO He BCe BbiMyKIible GpUrypbl, KOTOpble MOXXHO COHBPATh U3 3IEMEHTOB
Haluel rofoBOIOMKW. 3aava nomcka Bcex Takmx Gpuryp HenpocTas, U ecsin Bbl XOTUTE 3a Hee
B3ATbCA, TO Npejnaraem cHayana 03HakoMmUTbCA co cTaTbein A.lMaHoBa «3aragka ¢urypbl Ne51»
(«<KBaHT» N°12 3a 1982 r.), B KOTOPOW aHaNOrMyHbI BOMPOC pelleH OnA POACTBEHHbIX
rofloBosIoMoK — «TaHrpama» u «ludaropan.

B.XKypaenes
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LleHb — cyMepKky — HOYb...

C.BAPJIAMOB

H EBO HA/ITHAIIMMU TOJIOBAMU THEM
SpKO TOIy60e, HOUBIO YepHOE U B 3BE3-
JlaxX. A BOT TIpU TIepexo/ie OT JHS K HOUHM U OT
HOYM K JIHIO HeOO pPaCIBEYEHO, TIPUYEM SIp-
KOCTb CBEUEHUS pacipe/iesieHa 110 HeMy He-
paBHoMepHo. Ilepen Bocxomom ConHila Ha
paccBere cBeUYeHME ITOCTEIIEHHO HAPACTAeT, a
Ha 3akare mocye 3axoma CoJHIIA — TOXKe
MOCTETIEHHO, HO yObIBAET.

Cser CouHria, TPOXOAAININNA CKBO3b BO3-
JIyX, PaccemBaeTcsl ero YacTUIAMU, W 3TOT
PACCESTHHBIH CBET OCBEIIAET 3¢MJTI0 W BOCTIPU-
HUMAeTCsT HaM¥ Kak cBedeHne Heba. MHbIMI
CJI0BaMH, cBeueHne HebGa — He CaMOCTOSITETb-
Hoe. ATMocdepHbIii BO3IyX MpPO3pavyeH —
6oJibInast yacThb otoka ceta CoJsTHIIA TPOHNU-
KaeT CKBO3b TOJICTBI CJION BO3/1yXa, MOXKHO
CKa3aTb, MOYTH OGECTIPENSITCTBEHHO.

Ecsm cmotpeTb B HanpassieHun, /171 KOTO-
poro cJioit ocemenHoro CoJHIIEM BO3/yXa
6oJibllle, YeM B JIPYTUX HAMPABJICHUSIX, TO
MIpU TIPOYMX PABHBIX YCJIOBHUSX U SPKOCTDH
Heba B 9TOM HAIpaBJeHUU TOKe OOJIbIIE.
Hampumep, xorga Jjiyunm cBera TajaloT Ha
3eMJII0 OTBecHO, T.e. CoOJIHIlE «CTOUT HaJ
TOJIOBOI», 9KBUBaJIeHTHas ToJnuHa H cios
aTMoc(epHOro BO3/lyXa COCTABJSET OKOJIO
8 KUIOMETPOB. «IJKBUBAJEHTHOCTbY» TOHU-
Maercss B TOM CMBICJE, 4YTO CO3/[aBaeMoe
MoJIeJTbHOI atMocdepoit faBjeHre BO3ayxXa
OyJIeT TAKUM K€, KaK ¥ JIJIsl peaJbHOI aTMOC-

Puc. 1

epbl, TOJIBKO 17151 MO/IEJIBHOTO PacyeTa mpe/-
[0JIATAETCST HEM3MEHHON TLIOTHOCTD BO3AyXa
Ha pas3HbIX BbIcOTaX. KoHeuHno, Ha camom
JleJie TIJIOTHOCTh BO3[yXa yObIBAeT C BBICO-
TOH, HO [IJI1 KAUYeCTBEHHDBIX OIIEHOK MOJIEJh
aTtMocdepbl PaBHOI IJIOTHOCTH BIIOJHE TO-
JTATCS.

Korna Costaite HaxouTest BOJM3W TOPU30H-
Ta, PACCTOSTHUE JI0 TTOBEPXHOCTH 3eMJIH, TTPO-
XOIUMOE TIPSIMBIMU JIy4aMy CBeTa B aTMocde-
pe, ropaszo 6osbiie 8§ KuaomerpoB. Ha pu-
cyuke 1 armocdepa 3emMin CUMBOJIMYECKU
uzobpakena 6ieaHo-rory6biM ciaoem. [1pu-
MeM BBICOTY 3TOro cJjos paBHoit H. Torjna B
MPSIMOYTOJBHOM TPEYTOJIbHUKE OTPe3KaMu
YepHOTo IIBETa MOKAa3aHbl OJUH U3 KATETOB
JUIMHON R m runorenysa jymnoil R + H, rje
R — ato pagmyc 3emau. Bropoii kaTter aToro
TpeyrosbHuKa (MOKa3aH KPACHBIM IBETOM)
COOTBETCTBYET TIOJIOBUHE JIJIMHBI yYaCcTKa aT-
Mocdepbl, CKBO3b KOTOPBIN TMTPOXOIAT JIydn
CoutHila, Kacaloluecst MOBEPXHOCTU 3eMJIH.
JlymHy 3TOTO KaTeTa MOKHO OIEHUTb KaK

L=y(R+H) -R* =
=V2RH + H> =320 k™ .

[Toatomy yTpom u BewepoM, korza CoJHile
HaXO/IUTCSI HEBBICOKO HaJl TOPU30HTOM, YHC-
TOe He6O HETOCPE/ICTBEHHO HaJl TOJIOBOM BCe-
r/la UMeeT MEHBIIYI0 SPKOCTb, YeM COOTBET-
CTBYIOIHE YIaCTKN Heba, BUUMBIE B IPYTUX
HallpaBJICHUAX.

ITorox csera or Couia B 3¢MHbIX YCJIOBU-
AX MOKHO CUUTaTb OTHOPOAHDBIM, T.€. TIOYTHU
HE 3aBUCAIINM OT MECTOPACIIOJIOKEHUA B
Bo3ayxe. A ecan Obl IIOTOK MEHAJICSA OT MecTa
K MeCTy, TO, €CTeCTBEHHO, MHTEHCUBHOCTb
paccesHHOTO cBeTa Oblia Obl MPOIIOPIHO-
HaJIbHA MHTEHCUBHOCTH 1TOTOKA cBeTa. Tako-
Ba, HAIIPUMEP, CUTYAIHS C pacCeTHIEM CBeTa
yam4HOTO (hOHAPS MPOOGUBAIOIIETOCS CKBO3b
TyMauHbIil Bo3ayx (puc.2). ITo mepe yase-
HUA OT (1)0Hap;1 IIOTOK IIPAMbIX ]Iy‘-IefI CBETa
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Puc. 2

yObIBACT, 1 IPKOCTD CBEYCHUST TYMaHA CTAHO-
BUTCSI T€M MEHbIIIe, ueM Jajblie oT (hoHaps
[TPOXO/IUT JIMHUS, BJIOJb KOTOPOIT HATIpaBJIeH
B3TJIs HabmoaaTe st Ec paccesiHue J10c-
TATOYHO cJjaboe, T.e. TyMaH HE CJHUIIKOM
chTOI;,I, TO B6JII/ISI/I NCTOYHUKA CBETa MaJibIX
pasMepoB SIPKOCTb CBEYEHUST TyMaHa yObIBa-
eT 06paTHO TMPOMOPIMOHATHHO BEJUUNHE
«IIPUIETBHOTO PACCTOSTHUS» B3TJIsI/Ia HAOTIO-
Jlareis.

Ecou npsimbie siyun CoJiHITA T1J1al0T Ha
[PETSATCTBYS B BO3/yXe, TO B 06JACTH TEHH
BO3/IyX paccenBaeT U3JaydeHre, paHee pacce-
SAHHOE JPYrHMM ydacTKaMu Bosayxa (T.e.
IIPOUCXOANT BTOPMYHOE PacCestHue Jydeii).
VHTEHCHBHOCTD CBEYEHHS TOTO YYaCTKa BO3-
JlyXa CyIIeCTBEHHO yMeHbIaercst. Hampu-
Mep, €CJIH CMOTPETh BJIOJIb OOJIACTH TEHH,
CO3/ITAaHHOW WHBEPCHBIM CJIEJJOM CaMoJieTa,
JIETEBIIIEro 110 IPSIMOIl, TO B BO3/[yXe BUJIEH
temubiii ayu (puc.3).

e

Puc. 3

[TapaniebHbBIE TTyYKH cBeTa, ITPOHN3BIBA-
IOIe BO3yX TaM, T/le TPENsiTCTBUN HeT,
3aCTaBJIAIOT BO3yX CBETUTHCA, U 3TN CBETA-
muecss 06J1aCTH XOPOIIO BHJAHBI Ha hoHe
c1a60 CBETSIIErocs BO3/yXa, HAXO/SAIIEr0Cs
B Tenu npensarcrsuil (puc.4).

VHTeHCHMBHOCTD CBETa, PACCESIHHOTO Ofl-
peJleJIeHHBIM KOJMYeCTBOM Bo3yxa (Harpu-
Mep, OJHUM MOJIEM YacTHI[), 3aBUCUT Kak
OT JITMHBI BOJIHBI CBETOBBIX JIyueil, Tak M OT
yTJIa, KOTOPBIH COCTAaBJSIOT APYT C APYTOM
HallpaBJeHNe PACHPOCTPAHEHUS MPSIMbBIX
aydeit CosHITa U HATIpaBJEHNE PACIpOCTpa-
HeHUst paccesiHHoro csera. O6yacTu 10rJI0-
MIEHNST MOJIEKYJI, 13 KOTOPBIX B OCHOBHOM
COCTOUT BO3/AYX, HPUXOIATCS HA IMAMNA30H
yabTPadHUOTIETOBBIX Jydeil, TI09TOMY B BH-
JIIMOM JIMAIla30He BO3/yX Ipo3pavyeH. B mo-
JIEKYJIaX BO3/yXa, HAXOJANIUXCSI B JJIEKT-
POMArHUTHOM IIOJIe CBETOBBIX JIydYel, Tpo-
UCXOJUT TIOJIAPU3AINS 2JIEKTPUUECKUX 3a-
pPAAOB, W TIpU 3TOM III/IHOJIbeIIl/)I SJIEKTPU-
YeCKUHi MOMEHT MOJIEKYJI TIPOTIOPIINOHATICH
HAIPS)KEHHOCTH 3JIeKTPUUECKOTO MOJISI
Ey coswt cBeToBOI BOJHbBI. ATOMbI U MOJIe-
KyJibl MaCCHUBHDbI, a 3JEKTPOHbI BHEHIHUX
0060JI04€K JIErKKe, TI03TOMY MOKHO CUNTATD,
qTo [[I/IHOJIbeIfI MOMEHT CBdA3aH CO CMelle-
HUEM JIETKUX 9JIEKTPOHOB O OTHOIIEHWIO K
TSPKEJIOMY OCTaTKy MOJIEKYJIbI.

Boraysk/ieHuble IBUKEHUST 9JE€KTPOHOB,
UMEIOINX 3apsijl ¢ U Maccy M, B aTOMax MO/
JIeliCTBIEM BHEIITHETO [IePEMEHHOTO SJIEKTPH-
YecKoTo 1oyt Ej cos Wt MOKHO OTHCBIBATDH
TaK ’Ke, KaK W KoJieGaHWs MeXaHWYeCcKOi
CUCTEeMbI, COCTOSINEH M3 Tpy3a Maccoi m,
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CBSI3AHHOTO C IPYKUHOI JKECTKOCTBIO R, T10]]
JIefiCTBMEM TIePeMeHHOM CHUJIbI C HEPe30HAHC-
HOIT yacToToll W. KBajpaT pesoHancHoil 4a-
CTOTBI O6emX crcteM paBen X =k/m. Tlpn
4acTOTaX M3MEHEHWS BHEIIHEH CHUJIbI, MEHb-
MIMX PE3OHAHCHOM YacTOTbl, MTHOBEHHbIE
BEJIMYMHDI CMEIeHUS 3JIeKTPOHOB OT PABHO-
BECHOT'O ITI0JIOXKEHUS B aTOMaX PaBHbI

A(t) = Ay cos wt :%COS of |

Cpesinsg 110 BpeMeHM MOIHOCTb M3JIydae-
MBbIX I TAKUX KOJIeOaHUAX DIEKTPUYECKOTO
3aps/la 3JeKTPOMArHUTHBIX BOJIH IIPONOPIIU-
OHaJIbHAa KBaJpaTy aMILIUTY/bl YCKOpEeHUs
ABUAKYIIErOCs SJICKTPHMECKOTO 3apsaa, T.e.
BeJIMYMHE (AO(,o2 ) . Hacrora koJieGanuii a/1eK-
TPUYECKOTr0 BEKTOPA B CBETOBOW BOJHE ) M
JUIMHA BOJIHBI CBETAa A CBSI3aHbI JPYT C
JIPYTOM cooTHomieHneM Aw = const . [Toato-
My paccenBaeMasi MOJIEKY/JIaMU BO3/lyXa CBe-
TOBas MOIHOCTD HO[UNHACTCS 3aKOHY pacce-
AHUA, ycraHosjaenHomy Pajneem u umeronie-
My BH/L

W ~w ~ N\,

W3 aroro 3akona cJjenyer, 4To YeM MeHbIIe
JUTMHA BOJTHBI CBETA, TeM UHTEHCHBHEE pacce-
guue cBera. Bo3ayx B nanbosibliieil crernenn
paccemBaer JIyqr U3 KOPOTKOBOJHOBOIT 4acTn
criektpa usnaydenust CoJHIla, a JTMHHOBOJ-
HOBOE U3JTyueHNe PaccenBaeTcs MeHblie. Bort
nouemy He6o jgiHEM rosy6oe, a CostHile BOJIH-
3W TOPU30HTAa KpacHoe. Haumbosbias Mor-
HOCTb TIPU TAaKOM MEXaHU3ME pPaCCEHBAHUS
CBETA HAMPABJSETCS MEPIEHINKYISIPHO BEK-
TOPY YCKOPEHMs JABWKYIIENCS 3apsKeHHON
yactuiibl. B pesynbrare cBer neb6a 0Ka3biBa-
eTCsI Y4aCTUYHO MOJIIPU30BAHHDBIM. Paziud-
HbI€e YCJIOBHS OCBEIeHUsT aTMOC(HEPHOTO BO3-
JIyXa ¥ 3aBUCHMOCTb MHTEHCHUBHOCTHU pacce-
STHHOTO CBETa OT JIJINHBI BOJIHBI WU3JTy4eHUs
CO3/IAI0T TTUPOYANIIYI0 TaMMy I[BETOB, OT-
TEHKOB U IPKOCTeil cBeueHus Bo3ayxa. Cose-
TyeM YHUTaTessIM OOPATHTLCS K 3aMedaTesib-
HOll kKHMKKe M.MwunaHapTa «CBeT u 1BET B
MIPUPO/IE» , YTOODI TO3HAKOMUTHCS C CAMBIMU
Pa3HBIMU CBETOBBIMU SBJICHUSIMH, KOTOPBIE
MOKHO Ha0J1I0/1aTh B aTMocdepe.

B cymepxax, korpa CoJiiile HAXOIUTCS 32
ropu30HTOM, HeGo (TOT ero y4acTok, 4To Ham

2017/Ne5

BUJICH HATIPSAMYIO) BCE €Ile OCBEIAETCS JTy-
yamu CoJiHIa, U 9TO TpUAaeT HeGy IBET U
CBETUMOCTb. MeTeopoJioTH, 3aHUMAIONNECST
arMocepHOil ONTUKOM, MEXIY JHEM U HO-
YbIO BBIJIEJISIOT JiBAa OTpe3ka Bpemenu. Ilep-
BbIii, HA3bIBAEMbIN I'PAK/AHCKUMK CyMepKa-
MU, BKJIIOYAeT MMPOMEXKYTOK OT MOMEHTA 3a-
xona CosHIIA /10 MOMEHTA, KOT/a TpSIMble
gyan CosTHIIA OCBENAIOT TOJBKO TMOJIOBUHY
BUMMOTO HabmoaareeM Bosayxa (aTo coot-
BETCTBYET YMEHBINECHUIO OCBEIEHHOCTH TI0-
BEPXHOCTH 3eMJIU U TPEIMETOB Ha HEll CBe-
ToM Heba puMepHo BaBoe). K KoHIy rpask-
nanckux cymepek CoJuiHIle HAXOANUTCS TIO
TOPU30HTOM, M yTOJ MEXK/y HalpaBJeHUuEM
na CoJiHIle U TOPU3OHTOM COCTABJISIET

180° 320 _

T 6400

Bropoii orpe3ok, Ha3bIBaeMblii HABUTAIMOH-
HBIMU CYMEpKaMH, BKJIOYaeT IPOMEKYTOK
OT MOMEHTa OKOHYaHUA TPaKJaHCKUX CyMe-
PeK 10 MOMeHTa, Korja npsamble jayun Cost-
I1a OCBEIAIOT BO3/YX HAJ TOJIOBOI HAbI0Aa-
TeJIsI TOJIbKO B BEPXHUX CJI05X aTMocepnl. K
KOHILY HAaBUTAIIMOHHBIX CYMEPEK YTOJ MEXKY
HampasJjenreM Ha CoJHIIE W TOPU3OHTOM
cocTaBJsieT

o

o

,180° 320 _
T 6400

ITpu sTom o6saka (1 BO3AyX) Ha BBICOTAX
BbIIIE 8 KMJIOMETPOB Ha/Jl TOJIOBOI HabJII0/1a-
TeJIsT BCe ele OCBEIIeHbI MPSIMbIMU JIyYaMn
CoutHIta.

MO>KHO IOIIOJTHUTEIBHO BbIJEJIUTb MOMEH-
TBI BPEMEHU Hadaja paccBeTa M KOHIA 3aKa-
Ta, Korga npsambpiMu gydamu CoJiHIa ocBe-
nraercss BO3AYyX Ha BbICOTE 8 KHJIOMETPOB,
BUIMMBIN HabJ0/1aTeieM Ha TopusonTe. Ta-
KUe CHUTyallul COOTBETCTBYIOT IOJIOXKEHUIO
Couania Ha 12° HMKe ropusoHTta. B mecrax,
PACIIONIOJKEHHBIX Ha 3eMJie 3a TOJITPHBIM
kpyroMm, CoiHIle YacThb BpPEMEHHW To/a
BOOOIIIEe HEe 3aXO/UT 32 TOPU3OHT, a B IHUPO-
tax Bbime 60° jgeroMm HAOGJIOZAIOTCS TaK
Ha3bIBaeMble Oejible HOUM, KOTJa CYMEepKH
BeuepHHUe CMBIKAIOTCSI C CyMepKaMH yTpeH-
HUMM W HOYM KaK TaKOBOW — C YEePHBIM

(OkoHYaHMe cM. Ha ¢ 171)



dl A KOMIMTJTEKCHbIX YNCETT

A.KAHYHHUKOB

KOMILIEKCHBIX U CJIAX HAITMICAHO

HEBEPOSITHOE YHCJIO HAyYHO-TIOMYJISIP-
HBIX cTaTeil U y4eOHbIX TT0CcoOWit, ObLIN TTy0-
gukay [4, 5, 6] u B :xypHate «Kpanr». B
YeM CeKpeT TaKOW TOIyJIIPHOCTH M 3a4eM
HalcaHna ele ojHa cratbd? [JIaBHbIN ACIIEKT
— HAYYHbIN: KOMILJIEKCHBIC YUCJTA BE3[ECy-
11, OHW IPOYHO BOILIN B CaMble pa3Hble
o6acTu MateMatuku u dbusuku. Moirb ar-
rapara KOMILJIEKCHBIX YHces1, Kpacoty u 6o-
raTCTBO X MPUMEHEHWH MOKET OIIEHUTD Y3Ke
NIKOJIbHUK Ha TIPUMepe 3a/1a4 3JIEMEHTapHON
MareMaTUKH. Tax:Ke MOJe3HO U yBJEKaTeb-
HO N3y4YaTh UCTOPUIO BOTIPOCA: KaK KOMILJIEK-
CHBIE YNCJIa TTIOSBUNCH W PA3BUBATNCDH, KaK
Jlake BeJMKHe YMbl B HUX TOHavyaldy He
BEpWJIN, HO CO BPEMEHEM MPUBBIKAIN, BOC-
TOprasicb UX YJAMBUTEJbHON cuioii. OdeHb
YacTO BBIBO/IbI, K KOTOPBIM MTPUXO/UIN yUe-
HbIE, OTIePe’KaN CTPOTHE JI0KA3aTesbCTBa,
uHorja — Ha Beka... OT 3TOro KOMILIeKCHbIE
YHCJIa TOJBKO TOATBEPKIAJIN CBOIO PeryTa-
IO TAMHCTBEHHBIX U MUCTUYECKHUX, HO B TO
JKe BPEMSI 9TO YCKOPSIJIO TIOCTPOEHNE MaTeMa-
TUYECKOTO (byHIAMEHTa W Pa3BUTHE HOBBIX
HAyYHBIX TEOPUH.

[naBuyIO 11€/1b CTATBM pacKpbIBaeT ee Ha-
3BaHne. Mbl XOTUM TIOPAa3uTh Bac, yBaskae-
MBI YWTATENb, TTOKAa3aB HECKOJbKO Kpacu-
BBIX CIOKETOB O KOMILJIEKCHBIX YHCJaX, UMe-
IONAX BMECT€ € TeM W BaXKHOE HAy4YHOE
3HaueHue. UeM MeHbllle Bbl 3HAeTe O KOMII-
JIEKCHBIX YUCJIaX, TeM Y/MBUTEbHee OYAyT
JUIST Bac pe3yJibTaTbl, TeM cuJjbHee Oyjer
addexr Heoxxugannoctu. IIpencrasbre, uTO
BBI IPUIILJIA HA TIPE/ICTABJIEHNE UJLTIO3UOHN-
cTa, W ycaxkmBaiitech moymo6Hee — KpOJIH-
KW, CIIpSITaHHBIE B TLJIATAX, ¢ HETEPIEHUEM
SKJIYT CBOETO TOSIBJICHUS W BAIINX aTlJIO/UC-
MEHTOB!

Ha mepBpIX mopax A0CTaTOYHO WMETH Ca-
Mble HavyaJbHbIE TIPE/ICTABJIEHNS O KOMILJIEK-
CHBIX YUCJIAX:

« 970 «umcaa» (BBIpasKeHus, 3aIich) BUIA
a + bi, tne a,b R, i — tak Ha3bIBaeMas
MHUMas €MHUIA, YIOBJIETBOPSIONIAs COOT-
Homrennio i° = —1;

«4nCca0 @ + bi MOXKHO CYUTaTh TOYKOM
(a, b) Ha KOOPAMHATHOH TIJIOCKOCTH R?;

o KOMILICKCHBIE YMCJIA CKJAAbIBAIOTCSA U
YMHO3KAIOTCS 110 OOBIYHBIM TIPABUJIAM, TIPU
packpbrtun cko6ok (a +bi)(c +di) nombay-
eMCsI OIpe/ieJIeHUeM YHUCJIA i U MOoJydaeM
ac —bd +(ad +bc)i;

o Ul YHCTA z = a + bi onpeneseHbr:
oeticmeumenvuas uacme Rez = a, mnumas
yacmsv Imz=0b, conpsxennoe dmcio

Z = a —bi umodyw |z| =Na* +b* (puc.1).

A .
z=a+ bi
bi

cR

iA
o~

N

. J
Y

Z=a- bi

Puc. 1

Bousee mogpo6HO 1 CHCTEMAaTHYHO MbI pac-
CKa)KeM O KOMILIEKCHBIX YHCJAaX B 5TOM 3Ke
nomepe xypnamia (c.28).

§1. Cymma kBagpaToB packnagbiBaeTtcs!
C paneko naywmmMmmn nocneacTBnuAMM...
Korna g Briepsbie yBues opMyJibl COKpa-
MIEHHOTO YMHOKEHUS, MHEe OPOCUJIOCDH B TJIa-
3a, YTO OHHW Bce Pa3OUTHI HA Tapbl... BCE,
KpoMe OJIHOI:
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(a +b)2 =a’ +2ab +b°
(a +b)3 =a® +3a°b +3ab® +b°
a’ +b* =?

a+b’ =(a +b)(a2 -ab +b2)

(a—b)2 =a’ -2ab +b°
(a —b)3 =a® -3a°b +3ab® -b*
a’ - b* =(a -b)(a +b)
a® -b° =(a —b)(a2 +ab +b2)

«Iloyemy sxe HeT (POPMYyJIbI [ CYMMBI
KBaJ[paToOB?» — nojaymaJ s Torjaa, B 6 kJac-
ce... I 6blT oueHb yaWBJIEH, KOTJa dYepe3
47Th JieT Ha MasioM Mexmare y3HaJi OT CBOero
TOBapullla, IIEPBOKYPCHUKA MexMara, Kak
eMy Ha YCTHOM BCTYNHTEJBbHOM 3K3aMeHe
3ajtasm poBHO 3TOT Bompoc! «Tbl, KOHEYHO,
GJiecHYJT 3HAHUSMU, 3as1BUB, 4TO (hopmy.ia
€CTb, HO HY)KHbI KOMILIEKCHBIC YUCTIA?» —
cripocua si. «He-e, s ne puckuys, — yJbi6-
HYBIITICH OTBETUJI OH. — ] 4ecTHO 06bsCHUT,
nouyeMy (GOPMYJIbI HE CYIIECTBYETS .

3agaua 1. OGbsicuuTe u BbI, TOYEMY BbIpaKe-
2, 72
Hue a” +b° He pacKJabIBACTCS Ha MHOKUTEJIH C
JIeiCTBUTETBHBIMU KO3 PUITHEHTAM.

Tak BOT, ¢ IOSIBJIEHUEM MHUMOI €{MHUIIbI
CyMMY KBa/[PaTOB Y/Ia€TCsl Pa3JIOKUTh:

| & +0* =(a+bi)(a-bi).| (D)

Baxknoe cie[cTBUe: BCSIKOe HeHYJIeBOe
KOMILJIEKCHOEe 4Yuca0 a + bi ob6patumo:

1 _ a-bi
a+bi  a®+b*

3anava 2. /[okaxkuTe, 4TO MPOU3BEJIEHNUE J[BYX
qucesi, nmpeJcTaBuMbIX B BUJE€ CYMMbI /IBYX I10JI-
HbIX KBa/[PpAaTOB, TOXE€ TIIPE/JCTaBUMO B TaKOM

3al0JIHIB MPOITYCKH, BB MOJYYUTE MOKOCCMEO
Bpaxmazynmot. IlonpoOyiite sTo caeaTh He IOA-
6opom, a ¢ nomoipio (opmyast (1). Tak Bb
HOMYTHO OTKPOETE CBONCTBA CONPSYKEHUS U MOJLY-
neil: zw = 7@, |zw| = |2Hw| s Beex z,w O C.

Pasnosxenne cyMMbI KBAIpaTOB OTKPBIBAET
HOBBIE TOPHW3OHTBI B Teopuu 4vuces. Jlis
peleHrs MHOTUX 33J1a4 MHOXKECTBO Z Tie-
JIBIX YHCEeJI PACIINPSIOT 10 MHOXKEeCTBa

Z[i] ={a +bi| a,b 0 Z}

ueavix 2ayccoevix uucen (puc.2,a), B KOTO-
PBIX TOXKE MMEETCS OJHO3HAYHOE Pa3/IoiKe-
HHMEe Ha TPocTble MHOXKHUTEaH (CM., Halpu-
mep, [5]). B kadectse npumepa nonpoGyem
PEIINTD /IBa yPaBHEHUs B IEJIbIX YNC/IaX:

a) 4x’ —=1=y% 6) 4’ +1=4>.

[Ipeo6pasyem 1epBoe ypaBHEHHUE:
(2x 1) (2x +1) =y°. Muoxuremn 2x +1
HEYETHbI M OTJMYAIOTCS Ha 2, a I[OTOMY
B3auMHO 11pocThl. [TockosbKy X npounssese-
H1e paBHO KyOy, To oHu 0o6a — Ky6bl (371€Ch
MBI FICTIOJTb3YEeM OJTHO3HAYHOCTD Pa3JIOKEHUS
Ha npocteie). Ho +1 — eauHCcTBeHHAs Hapa
Ky6OB, OTJIMYAOMNUXCA Ha 2, I0ITOMY

Buje: (x,y)=(0,-1) — eauncrpennoe pemenue
(a2 +b2)(02 +d2) - ()2 +(_‘_)2 ) YpaBHEHUS.
a) A 6) &) A
L] * *® L] * L] L] L L L] L]

[ ] [ [ ] [ ] [ ]

L [ ] [ ] [ ] L [ ]
° ¢ ¢ ° ¢ . . . . . . . 1\/§4 . . .

s [1+s¢
° [ 1 L] L] ° ° ° ° ® L] °
1 i 1 } 1 -

° PY ® P Py L ] [ ) [ ] L ] L ] [ )
° ° ° ° ° L] [ ] L L[] [ ] L] L] L [ L] L]

Puc. 2
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VpaBuenne 6) o4eHb MOX0XkKee, HO YTOOBI
JIENICTBOBATH AHAJIOTMYHO, TIPU/IETCSI BBINTHU B
o6yiactb Z [z] — W 9TO YyTb JIN HE €/IMHCTBEH-
HBIT  cnmoco6  pemenus!  UMwmeewm:
(2x +i)(2x —-i) =y’ . U3 cpoiicts Taycco-
BBIX UHCEJ JIETKO BBIBECTH, UTO 06a MHOKH-
Tens 2x +i — moJmnble KyObl. Takum oGpa-
oM, 2x+i=(a +bi)3 JUI. HEKOTOPBIX 11e-
JBIX @ u b, a JaJbIiie TIpocTo.

3amava 3. 3asepiuure peleHue ypagHeHus 6).
A MO’KeT GBbITD, BAM YIACTCS TIPUIYMATh PEIIEHUE
6e3 KOMILJIEKCHBIX YnCeJ?

Eie oxno umnrepectoe siBjieHue: HEKOTO-
PDbI€ [IPOCTbIe YNCJIA CTAHOBSITCS COCTABHBIMU
B Z[i]. Hanpumep,

2=12+1% =(1 +d)(1 -i),
5=22+12 =(2 +i)(2 -i),

13 =3% +2% =(3 +2i)(3 -2i).
[IpocToit kpuTepwil TaKNX YHCeT aeT 3HaMe-
HUTas TeopeMa Jitnepa—depma.

Teopema 1 (Iitnep—Depma). JAas namy-
PAIBHOZO NPOCTNOZO YUCAA P > 2 caedyouue
YCA0BUS PABHOCUNLHDL:

(1) p—cocmasnoe ¢ Z[i] (m.e. p=uvdas

HEKOMOPLLX 1,0 0z[i], lullel > 1);

(2) p= a* +b* ona nexomopuvix a,b O N;

(3) p=1(mod4).

JlokazatesnbcTBo — Ha crpanute 51. Orme-
THM, 4TO COZEPKaTeJbHa TOJBKO MMILIMKA-
g (3) 0 (2) (unorpa juIIb ee HAa3bIBAIOT
TeopeMoil ditnepa—DepMa), OCTaIbHBIE M-
TJINKAIMK BBl MOYKETe JI0Ka3aThb 6Ge3 Tpy/la.

B zaxsoueHne oTMETHM, UTO € TIOMOIIBIO KOM-
MJICKCHBIX YHCEJT PACKJIA/IBIBAETCS HE TOJIBKO CyM-
Ma KBaJ[paToB a + b2, HO u j06ast Keaopamuu-
nas ¢popma. Harpumep,

2
@ +ab+b? = + brf +30 =(a +b§(a +b7%),
H "2 "
-1+i3
5 .
B nestouncieHHbIX 3a/1aUaX 9TO IPUBOJMT K COOT-
BETCTBYIOIIEMY PACHIMPEHUI0 00JacTH Z KaKu-
MHU-TO MHUMBIMHM 4YuCJaMu. Tak, NpUBEIEHHOE
pasJjoiKenye TMPUBOAUT K 06JACTH Z[e] =
—{a +be| a,b0 Z} IUCHUMEUHOBBLY  UUCE]L
(puc.2,6), KoTOpbIe UCIOJIb30BAT elle Jiiaep 3a
BeK [0 Oii3eHInTeiiHa i pelrenus Bemnkoit
npo6sembl Mepma ¢ rokasareseM 3. Tak B reopun

Tae €=

yuces 0(pOPMUJICS HOBBIN pasjiesi — MpejcTaBie-
HI€ YKCeJ KBaPATUYHBIMU (POPMAMHU.

3anmava 4. Eciin GpITh 60JI€€ TOUHBIM, B PACCy K-
JleHnsax Jiimepa 6bLT TPoGes M3-3a TOTO, YTO OH
paboTas B MOJMHOKECTBE

2330 ={a +bif3 | a b0z 2] ]

(puc.2,6), B KOTOPOM HET OJIHO3HAUHOIO Pa3JI0-
JKeHusl Ha mpoctble. [IpuBenurte npumep.
IToapo6HO 1 yBJIEKATETBHO O TAYCCOBBIX, 9M3€H-
IITEHOBBIX YNCIAX U MHOTOM JIPYTOM BBl MOJKETE
MPOYUTATh B 3aMeyaTesJbHON KHure [2]. A Mbr
MIPOJIOJIKUM TeMYy Pa3JIO’KEeHUsT Ha MHOKUTEJH.

§2. PasnoxeHne MHOro4seHoB
Ha MHOXUTENU

ITO OJ{HA U3 CTAH/IAPTHBIX 33/1a4 dJIeMeH-
TapHOU ajreGpbl, ¥ BCTPEYAETCS OHA, YK
MOBEpPbHTE, HE TOJIHKO B IMKOJBHBIX 3a[aTHI-
KaX — pacKJa/bIBaTb MHOTOYJIEHDBI TPUXO-
JIITCST B CAMBIX PA3HBIX 006JACTSIX HAYKU.

Harmr ynraresp HaBepHsIKA BJIa/IeeT pPa3HbI-
MU [IpUEMaMU Pa3JIOKEHUSI, TOMUMO TaKUX
CTaH/IAPTHBIX, KaK IPYHIUPOBKA, (opMyJIbl
COKPAIIEHHOTO YMHOXEHUST U TIOUCK PaIlno-
HaJIbHBIX KOpHell. PazbepeM HeCKOTIBKO 6o-
JeC MHTEPCCHPIX NPHMCPOB: a) x'+1;
6) x* +x% +x% +x +1;B) 2%+ +1.

Jlerko BuUAeTh, uTo Tpu Bcex x IR atm
BBIPayKEHHs II0JIOKUTENbHBI (KeTarn, moue-
My?). OHAKO 9TO, KOHEYHO, HE 3HAYKT, YTO
Pa3JI0KUTH X HEJIb3sT — BITOJTHE MOXKET Haii-
THCH PasJioKeHNe B IPOU3BeIeHNe KBapaT-
HBIX Tpex4ieHoB (C OTpULIATEIbHBIMU JAUCK-
pumunanTamn). M npasaa, B IyHKTE a) /1

5TOTO JIOCTATOYHO TPUGABHTD I BHIYECTD 2
2 2
2t +1 =(x2 +1 —(\/Ex) =
= (x2 +2x +1)(x2 -2x +1). (2)

2

MHuoro4sien B 6) y106HO pasfaeanTb Ha X~ —
1

5TO MO3BOJMUT c/eJaTh 3aMeHy ¥y = X +—
x

(BooGIme, cTaHgapTHasd Uaes IS CHMMET-
PUYHBIX MHOTOYJICHOB):

1D1Ef

1
x2+x+1+—+—2: +x +— -1 =
"2

X X X
0 _B-1D B )

BTE

OTKYy/Ia
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X" +x +x +1 =
d,

mi|
= ﬁx x +1% x +% (4)
CamMoe nHTepecHoe HAaUMHAETCS B ITYHKTE B).

3mech Ta ke njes IPUBOIUT K KyOMIeCKOMY
MHOTOYJIEHY

4 1 10 1
x° H+— :Efc +_g —%x +;§ + =
x x

=y> -3y +1. (5)

O ToM, Kak pemath KyGUyecKie ypaBHeHHus,
MBI paccKaskeM B cje/yiomieM naparpade, a
HOKa TIPUBE/EM TOTOBOE PasJjoyKeHne B Ha-
JIeK/Ie MOKNPOBATh UHTATEIS:

6 3 HP) 21 C
x> +x” +1= —-2cos—x +1rx
H 9 " TF

XD 2 —20054—T[x +1|:|Dx2 —ZCOSE[X +ﬁ .
H 9 " H 9

(6)

(MBbI He GyzieM npejIaraTh YUTATEIO IPoBe-
PUTH IPABUJIBLHOCTD 3TOTO PA3JIOKEHUs, BE/lb
PacKpbITHE CKOOOK TIPUBE/IET K HETPUBHAD-
HBIM TPUTOHOMETPHUYECKUM COOTHONICHHSIM. )
WTak, KaskAbIil U3 TPeX MHOTOUYJIEHOB HaM
YIAJIOCh PA3JIOKUTH, IPUMEHUB TOT WU HHON
tpiok (pemienne B) cM. B mpumepe Ha ¢. 10).
Ha camom niesie, Bce Tpu IIyHKTA JOIYCKAIOT
eIMHOOOPA3HOe PENIEHNE ¢ MTOMOIIBI0 KOMIT-
JIEKCHBIX YHUCEJ, KOTOpoe 0600IIaeTcss Ha
MHOTOYJIEHBI TOTO K€ BU/1a JIOObIX CTeIeHel:

3 2

+x

mi(2k —1 O
"1 = 2—2cosgx +10, (7)
=10 2n O
2P+ ex 1=
"0 2Tk O
= —-2cos x +17, (8)
[15 m+1 O
"+ = |_| §x2 —2(:05@36 +1D
1sk53—n 3n
T (€))

Kaxk mostyunrsp oti panTacTHYeCKne pasio-
JKEHUA U TP 9€M TYT KOCUHYCbI, MbI 06'bHC—
HUM B §5, a ceiiuac NPeJJOKUM YUTATEIO
y6eanTnest, uto pu 7 = 2 pasnaoxenns (7) u
(8) coBmamaloT ¢ MOJyYEHHBIMU paHee:

x4+1:

= L2 —ZCOSE?C +1|:|Dx2 —20053—“96 +ﬁ ;
o 2T H 1

2017/Ne5

o+

. —20052—nx +1DDX2 —2COS4—T[?C +E .
H 57 W 5

3+x2 +x +1 =

[lnsg mepBOrOo 9TO OUYEBUAHO, TaK Kak
) 3m 2

COS— = — U COS— = ——— . A JIJiI BTOPOTO
4 2 4 2

— BBITEKAET U3 Pe3yJibTarta CJe/yolieil OueHb
M3BECTHON 3aa4ul.

J5 -1
4

Ectb MHOTO c110CO60B 9TO JOKa3aTb. HpnBeaeM
YKa3aHudg K ABYM U3 HUX.

21
3amava d. /[okaxure, 4To cos? =

21
I cnoco6. TlpoBeante GuccekTpucy yria 5 B
2 2nm W
TPEYTOJTbHUKE C yTIaMu ? » 5 1 5 W BOCIIONb-

3ylitech 1ogo6ueM BO3HUKAIOIUX TPeyroJIbHU-
koB. B mporecce pemenus mosBuTca 30.0moe

ceuenue
V5 -1 2m
—F— =2cos—.
2 )
IT cnoco6. PaccMOTPUM TIPABHJIBHBI TISTH-
YTOJIbHUK C BEPUIMHAMUI

0 21k 2TkD
A, = —s k=1,..,5
" Epos = = E
(pI/Ic.3)_. [oxaxure, uto cymma Bektopos OA,

paBHa 0, ¥ TepeiiiuTe K WX MPOEKIUSIM Ha OCh
a6crce.

P =

A
4 V 5
S 2n

Ay cos =

Puc. 3

«Paznoxkenus ¢ xocunycaMu U I1pasja
yuBUTEbHBIE! IHTEpeCcHO, a KOMILJICKCHBIE
YHCIa TTO3BOJISIIOT PA3JIOKUTh BOOOIIE JIO-
Oble MHOTOUJIEHBI?» — MOJKET CIPOCUTD Y-
tatesb. U1 na, n ner. Her — notomy uto He
CYIIIECTBYET aJTOPUTMA PA3JIOKEHUS TTPON3-
BoJIbHOrO MHOrousena (¢ momompio apud-
METHYECKUX OTeparuii U U3BJEUYEeHUs KOp-
Heit). B To ke BpeMsi MOKHO /0Ka3aTh Cy-
wecmeosane pasioKenus, He npelbaBss
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ero sIBHO. B aTOM cOCTOWT ocHosHas meope-
Ma anzebpol.

Teopema 2. Bcsaxuil mMHozouen NOAOKU-
MeALHOU CMEeNneHu ¢ KOMNACKCHLIMU KO-
Gduuuenmamu packaradvieaemcs na JuHel-
Hble MHOKUMEAU 8 KOMNACKCHBIX UUCIAX.

Krto u xorja BriepBbie JJOKa3aa TeOpeMy —
BOIIPOC JUCKYCCHOHHBIH. O6bIYHO ee mpu-
nuceiBator layccy, xoropoiii B 1824 romy
TIPUBEJ JOCTATOUHO CTPOTOE PACCY’KICHUE,
HO He 3a0bIBAIOT YIIOMSIHYTb U JIPYTHX Marte-
MaTHUKOB, IbM 60JIee paHHHE T0KA3aTeIbCTBA
cofiepsKasi  OTpefieJieHHble mpobesnl:  [la-
nam6ep, ditnep, Jlammac, Jlarpamx u ap.
(xaxoe cozsesaue nmen!). He ocTranas/mBa-
gchb mogpo6HO Ha ucropumn Bompoca (cM.,
Harpumep, [3]) 1 pasHbIX J0Ka3aTeIbCTBAX
[7], oTMeTuM Jniib, 4TO BO BCeX HUX HEOO-
XOJMMBI aHaJUTHYeCKKe coobpaxenns (He-
MIPEPBIBHOCTD, TTOJTHOTA JeHCTBUTETbHON TIPSI-
MO M TIp.), a MOJHOCTBIO (hOPMATH30BATh
UX YJa70ch TOJBKO Tocye pa6or Komm Ha-
yana XIX Beka.

JI1060TIBITHO, YTO TO CYTH PaBHOCUJIBHYIO
TeopeMy MOKHO chopmyupoBath (HO He
JI0OKa3athb!), UCIOJb3Ys JIUIIb [IefiCTBUTEb-
Hble YUCJIA.

Teopema 3. Beaxuii mnozounen noaoxu-
meavHol cmenenu ¢ 0elicmeumesvbHuLMU Ko-
appuyuenmamu packiadvieaemcs Ha au-
Hetlnvle U KeAOPaAMHbLIe MHOKUMEU.

ITOT (haKT XOPOIIIO MJTIOCTPUPYIOT PA3JI0-
xenus (7)—(9). Otmernm, 4To TEOPEMBI 2 1
3 HECJIOKHO BBIBOJATCS APYT W3 Jpyra ¢
TTOMOTIIBI0 KOMIIJIEKCHOTO COTIPSSKEHTIS.

§3. PellieHMe KyOMYeCKUX ypaBHEHUN

OG6cyum 3aj1ady, KoTopas MpuBeJa K OT-
KPBITHIO KOMIJIEKCHbIX unces. Caydnsaoch
ato B Wramum B mnepBoii noJsoBuHe XVI
Beka, Korjga anre6pa ObLia elle HAYKOW O
pelieHnn ypaBHeHUl, a 70 co3nanusi Bue-
TOM ajreOpanyecKoil CUMBOJIUKH, OJIM3KON
K COBPEMEHHOH, ocTtaBasioch moJiBeka. Mra-
JgbgHckue MateMatuku Cuunuon gesnb Mep-
po u Huxkoso Tapraibs Hay4UJIUCh pe-
marb Ky6uueckue ypasHenus (10-BUANMO-
My, HE3aBHCHMO APYT OT Apyra). amomnm
WX 1JIeI0 Ha COBPEMEHHOM $I3bIKe, TTPe/Ino-
Jarasi Toka KOd(PPUITNEHTBI JICHCTBUTEb-
HBIMH.

Pemenne ocuoBano Ha dopmysne Kyba
CyMMBblI

a® +3a’b +3ab® +b° Q (a +b)3 @

()
='3ab(a +b) +a’ +b°. (10)
C nomompio pasenctsa (0) o6mee ky6uuec-
KOe ypaBHEHNE CBO/INTCS JIMHENHOW 3aMeHON
K YPaBHEHUIO C HyJIeBbIM Koadduimentom
[pU KBajipaTe HEU3BECTHOIL'

22+ Ax’ +Bx +C =

= 0 +§§ +pﬁx +§% +q.
2+ A+

Tenepnb — kiOU€EBast njesd: PaBEHCTBO (D]])
MOJICKA3bIBAET OJIMH M3 KOPHEW ypaBHEHUS

x3—3abx—(a3 +b3) =0 1)
— ancsio a + b. OcTanoch fe0 3a MaIbIM —

cBeCTH ypaBHeHHE X +px+q =0 K Bugy
(11). dna sroro naiizeM ¢ u b us cucreMmbl

O 30
@——Sabﬁj a’b: p—,
0 279 0
Eg__a3_b"3
2 3
SR S il
2 4 27

OTKYy/1a HOJYINM (hOPMYJTy [T KOPHS:

Ira ¢opmyJia mosyunia HazBanue «dopmyia
Kapmano», xota cam Kapmano ysnau ee ot Tap-
TaJIb¥, Yero HUKOT/a He CKPbIBasI. Bomnpekn Haka-
3y Tapranbu, Kapgano taku omy6uaukosan ¢op-
MyJIy B CBOeM TpaktaTe «Beskoe nckycctBoy, a
TaKIKe METO/[ pelleHNs] YPABHEHUS YeTBEPTOIi CTe-
TIeHN, OTKPBITHIH ero yyennkom Deppapu. [loz-
pobnee 006 3TON 3aXBaTbIBAIOIIEH HUCTOPUU U O
JKU3HU €€ TepPOeB Mbl PEKOMEH/IyeM MpPOYNTATh B
3aMevaTesbHbIX KHurax [2, 3].

Kazasioco 6b1, popmysia HaiijileHa, HO BO3-
2 3
HUKaeT 1pobJjeMa: 4TO ecJiu 4 +P 07?
4 27
! Amanormano tomy, KaKk KBagpartHoe ypaBHe-
e x* + px +q =0 JuHeiinoil samenoii x +§ =y

P

N

CBOJUTCS K JIBYYJIEHHOMY -q.
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W 31ech uTanbsSHCKIE MaTeMAaTUKK PeIiaioT-
CsI Ha BeCbMa CMEJIbIil 10 TeM BpeMeHaM Iiiar:
OHU U3BJIEKAIOT KyOUUECKIiT KOPEHD U3 «UUC-
Jay» BHUIa U + v\/—_1, rne u,o R, cpean
«YHCEJI» TOTrO JKe BI/1a, 00paliasich ¢ HUMU 110
¢opmMasbHBIM asre6panyecKuM mpasuaam. B
WUTOTE «CTPAHHBII 00BEKT> «/—_1 , UCIIOJIb30-
BAHHBIN B TTPOMEKYTOYHBIX BBIKIA/IKAX, UY-
JIECHBIM 00Pa30M HCTAPSJICS, HO TTOKOST BCe
paBHO He JlaBaJi. B KoHIle KOHIIOB, C OIPOM-
HBIM TPY/IOM, OH TaKH MOJYYUJT [IPaBa rPask-
JIaHCTBA.

YT0o6bI TTPOBEPUTH CKA3AHHOE Ha TIPUMEPE,
MOW/IEM C KOHIIA: MYCTh 1O/ KyOMYeCKUM

KOPHEM CTOHUT IIOJHBIH KyO6, CKa)keM,

2 3
(+i) =2+2=-2 +|T L2

2 4 27
=4, p = —6. IIpu aTtoM 1oL BTOPbIM KOPHEM

. 3
CTOUT comnpsiKeHHoe uncno —2=2i =(1 =i)’.
Cnoxus terepb 1 + i 1 — 7, MbI TOyuYuUM
KOPEHb x, =2 ypaBHeHHs] x° —6x +4 =0.

, TOTAA q =

«ITogymaenib! — MOXKeT MOXaTb IJI€YaMHU CO-
BPEMEHHbBIN CTAPIIEKJACCHUK, — CJIOXKUJIU [[BA
KOMILJIEKCHO-COTIPSIXKEHHBIX YHCJIa, M IX MHUMBIE
YaCTH COKPATUIUCH. YUTO TYT 0OCOGEHHOTO?»
C BbicoTbl XXI Beka, KOHEUYHO, HUYETO, HO JJIS
XVI Beka 310 ObLIM O-HACTOAIIEMY PEBOJIOIM-
OHHbIE OTKPbITHS, BOMCTHHY «Besmkoe uckyccr-
BO», KaK Ha3BaJl cBoI0 KHUTY Kapzaano. Ber ToJib-
KO TIOJLyMaiiTe: TOT/a Jjayke OTPUTATETbHBIE YICTa
JlaleKo He BCeMH MpU3HaBajuch?, ga u anreGpa-
WYECKOW CHMBOJMKKA He OBLIO — TaK, BMECTO
dopmynr (10) xky6 ¢ pebpom a + b paccexanu
TpeMs IIocKocTsIMU. .. [Ipumeuarenbro, uto Buer
MoJIapuJl MUPY $3bIK (OPMYJ MMEHHO I[0CJIe
U3yYeHNsT TPY/J0B WTATbSHCKUX MaTEeMaTHKOB
Kappano, Bom6enmu u ap.

[aBaiite ckopee BEpHEMCSI K MHOTOUJIEHY
v =3y +1 u3 (5) u npumenum Gopmy.Ty K
nemy. Ilosyuum

S \/§§/1.\/§

— i+
2 2

2 2
. u3 (6)

21
OG6elaHHbIX KOCHHYCOB cos?,

2 Vpasuenns x° +axr=b u x° =ax +b Ha n0J-

HOM Ccepbe3e PacCcMaTpUBAJIU KaK PasHbie — IS
Kax1oro ObL1 cBoit pentent! [la-ga, He ynuBJsii-
Tech, BCe TaK M OBLIO.

2017/Ne5

IIOKa He BUJIHO, /1a U OTKY/a UM B3SITbCS U3
qucmo  anzebpauneckux evikaadox? Bripo-
4yeM, OT IOJIKOPEHHDbIX BbIpa’keHUil orpe-
JIeJIEHHO BeeT TPUIOHOMeTpUeil... Bejib aTo
BCEM 3HAKOMbIE <«TaOJMYHbIC 3HAUCHUI»

2 .. 2
cos?nizsin?n. Paspsizka Gamskal U yc-

KODUT ee ellle O/IMH MeTOjl perieHns Kyou-
YeCKNX YPaBHEHHWI — TPUTOHOMETPHYCCKHUIL.

Metox Buera ocHoBan Ha popMyJie TPOii-
Horo yrya: cos3¢ =4 cos® ¢ - 3cosd . [po-
JIEMOHCTPUPYEM HJIeI0 Ha IIpUMeEpe ypaBHe-

Hust 420 —3x += =0. [Torpo6Gyem HaliTh X B

Bujge cosd :
4c053¢—3cos¢=—% -
= cos3p = . = 3b = iE+ 21, n 02,
2 3
e =222 0y
3Hauur,
423 -3x = —1 -
2

0 2m 4T 8 11
= x [ [Tos—,cos—,cos —|
o 9 9 90

(mamm tpu KopHs, apyrux Her). Otciona

8x% —6x +1 =

= 8Ij = Cos 2T[|:|Dx —Cos Am x —cosgm[
H 9 H s Eil
Ilo cuacTiuBOMYy COBIIQJEHUIO, MHOIOYJIEH
y3 - 3y +1 noJyvaercs orcio/ja 3aMeHol y =
= 2x, oTKy/a u caeayer pasioxenue (6).
ITopa o6bsBasiTh antpaxt! HaBepnsika, mocie

BCEro NpoOYUTAHHOTO HaKOIIUJXCb BOIIPOCHI 3 .

3agava 6. IlosBuinch Jm y Bac cremyiomnme
BOTIPOCHI? B s1i060M ciryyae mopasMblIiLIsiiTe Hajl
HIIMU.

a) Tax Bce-Taku, Kak TOJAb30BaTHCS (POPMYJIOH

2 3

Kapnano (12) B cayuae 44 72)_7 <0 (mycrb moKa
p,qOR)? The-to ynaercss mogo6parh 3HAYEHUS
KyOUuecKUX KOpHell, TZe-TO IIOMOraeT TPUTOHO-
MeTpust. Ho xoTesioch 6bI 4eTKOTO aJITOPUTMA, KaK

3 CraBuUTh TpaMOTHbIE BOIIPOCHI IOAYaC HeE
MeHee BayKHO, 4Y€M I1oJIydaTb OTBETDI.
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U3BJEKaTb KyOMYeCKHUii KOpPEeHb M3 KOMILIEKC-
Horo yucaa. A eciu p,q JC, ro aist navasia Haz0
Hay‘II/ITbCH n3BJECKATh KBaI[paTHbeI KOpeHb
2 3
L,

4 27

6) HukTO He Cropur, 4To, 3HAS OJUH KOPEHb
KyOU4eCcKOro ypaBHEHUs, [[Ba APYTUX HAWTH Jier-
k0. Urto 310 3a KOpHM a1 ypasHeHusi (11),
moMuMo Xy = @ +b? VI MOKHO Jiu UX BBIYUCJSATD
1o Toit ke opmye Kaprano?

B) Ha Kakue ypaBHEHHs PpacIpOCTPAHSETCS
MeTon Bwmerta? Bcegakxoe am ypaBHeHHe
2%+ px +q =0 MoxHO <1070THATE> 110 Op-
My.JIy TPOIHOTO yTJIa — CBECTH K YPaBHEHUIO BH/IA
42° -3z =a? 1 xak pemarh nocJse/Hee ypaBHe-
Hue mpu |a| > 1 (#e ToBOps yxe o caydae a 1C)?

Ha 3TOM MbI 3aKaHYNBAEM. .. HET — TIPEPBI-
BaeM Hallle My TeleCTBUE M0 YAUBUTETbHOMY
MUDPY KOMILJIEKCHBIX Yrcesi. Mbl ero mpoj1oJi-
sxuM B pyOpuke «IlTkosa B «KBanres, rie
yIKe BbBI, YBaXKaeMbIll 4MUTATENb, CMOXKETE
MPUMEPUTDL Ha cebs KOCTIOM (DOKyCHUKA |
MOMaxaTh BOJIIEOHON MAJOYKOH. A MOUYTH
BCE CEKPETDI ATOTO IIPE/ICTABJIEHUS Bbl Halijle-
Te «3a Kyaucamu» (c. 51). He oruausaiitecs,

€CJI1 MHOTO€ N3 YBU/IECHHOTO OBLIO HE OYEHD
TIOHATHBIM, — BBI HETIPEMEHHO OCBOUTE CEK-
PETbl MaCTEpPCTBa, CTOUT TOJIbKO 3aXOTETb.
IlomHUTE: OTTOYEHHbIE TEXHUKA U HABBIKH
JAOCTUTAIOTCA YIIPpaXHEHUEM U ITPUXOJAT TOJIb-
KO TI0CJie TPEHUPOBOK.
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(Mpononxexme creqyer)

[leHb — cyMepKn — HOYb...

(Hayvasno cm. Ha ¢. 2)

HeOOM ¥ SIPKUMK 3Be3JaMi Ha HeM — He
HabJII01aeTCs.

JIMMHHBIMU 3UMHUMU HOYaMU B BBICOKUX
MIMPOTAX HA 3eMJie BO3YX WHOTIA CBETUTCS
MO/l BO3/JEHCTBUEM 3apsKEHHBIX SHEPTHUU-
HBIX YaCTULl, IPUIETAIOUX 13 Kocmoca (0T

CouJHIta), KOTOpble MArHUTHBIM MOJIEM 3€M-
JII HAIPAaBJAIOTCA B HOJAPHBIE 06JACTH.
Hoasipuoe cusinue — Tak HA3bIBAETCS TAKOE
cBevyeHne Bozayxa. llosmo6oBarbes moJsip-
HBIM CHUSTHIEM MOKHO B HATYPE NJIH BOCIIOJIb-
3oBasumch dororpadpusmu (puc.5 u 4-g c.
06JI0KKHM), CICJTAHHBIMU B PA3HBIX MECTaX 1
B pasHoe BpeMs sHTy3nactaMu-HabJoare-
JISIMH.

Puc. 5
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3a4a4u
Mo MaTeMaTuke 1 Musrke

JroT pasaen BeAercs y Hac U3 HOMeEPa B HOMEP C MOMEHTa OCHOBaHMs XypHana. [Tybnvkyembie
B HeM 334a4Yu HeCTaH[apTHbI, HO 4JIS UX PeLUeHUs He TPebyeTcs 3HaHUV, BbIXOASLUNX 33 PaMKU
LUKOJIbHOV  IporpaMmsbl. Hanbonee TpyaHble 3a4a4u oTMeYaroTcs 3Be3a04kou. lMocre gopmynm-
POBKU 3a4a4u Mbl OBbIYHO YKAa3bIBAEM, KTO HaM ee Mpeasioxui. Pasymeercs, He Bce 3T 3a4a4n
ny6nKyoTCa Brepsble.

Peluerus 3aga4 rno marematvike v pU3sviKe U3 3Toro HomMepa caeayer oOTrpassisiTb 10 31€KTPOH-
HbIM agpecam: math@kvant.ras.ru u phys@kvant.ras.ru cooTBeTCTBEHHO WJ/IN 110 TOYTOBOMY aapecy:
119296 MockBa, JleHnHckuvl npocrekT, 64-A, «KBaHT».

YcnoBus KaxKaovi opuruHaneHod 3aaayu, npeanaraeMoun A4ns nybnvkaumm, Bmecre ¢ Bawuim
PeLLeHneM 3TON 3aAa4u MPUCbITIANTe 110 TEM JXKe aapecam.

3apnayn M2462-M2464, M2465a npegnaranvce Ha Il KaBka3ckovi MatemMaTuyeckos onvumnmage.
3apnaun @2469-02472 npegnaranuce Ha MockoBckovi ropogckovi onumnuage ro ¢usuke 2017 roga.

3apaun M2462-M2465, P2469-D2472

M2462. B mapcuanckom Oacker6ose B CO-
CTaBe KOMaH/Ibl POBHO IIIECTh UTPOKOB. Tpe-
Hep cOopHOIT Mapca MOKeT coOpaTh COCTaB
n3 MOObIX TecT UTpokoB cpean 100 Kaugn-
natoB. [1pn 3TOM HEKOTOPbIE COCTaBbI TPEHED
CUUTAET CbIZDAHMBIMU, & HEKOTOPble — HeT
(xoTa Gbl OJMH CBHIIPAHHBIA COCTAB Cylle-
crByer). HazoBeM NTepKy KaHAUIATOB nep-
CNeKmMu6HOl, eCcjau K Hell MOYKHO 100aBUThb
ele OJTHOTO KaHAU/IaTa 1 TIOJYYUTh ChITPaH-
HBIIT coctaB. HasoBeMm kamgmparta ynusep-
CANLHBIM, €CJIV OH JIOTIOJIHSIET /IO CHITPAHHOTO
coctaBa JOOYIO TEPCHEKTUBHYIO TISTEPKY
KannAaToB (B KOTOPYIO OH caM He BXOJIUT).
Tpemep cobpan coctaB u3 MIECTH YHUBEP-
caJbHbIX Kananaatos. O643aTeabHO JIX TOT
COCTAB SIBJISIETCSI CHITPAHHBIM ?

B.bpazun
M2463. [leiictBuresnbHble uncia a¢, b u ¢
a® +b* -
TaKOBBI, 4YTO b < 2. Jloxkaxmure,
a

YTO [JIA 9TUX YHCEJI BEPHDI TaKyKe HEPpaBEH-

b+ - a? A +a’-b°
crBa [——| < 2 —<
bc ca

JI. Emenvanos

2.

M2464. B ocrpoyro/ibHOM TpeyroJbHUKe
ABC cropona AB wMmenbiie ctoponnl BC,
BH,, — BbicoTa, Touka O — LIeHTp OIIUCAHHON
okpysknoctn (puc.1). Ipsamast, npoxoasmias
yepes H, mapasneabHo npsmoit CO, nepe-

Puc. 1

cekaet npamyio BO B touke X. [lokaxure,
yTo Touka X M cepeaunbl ctopoH AB u AC
JiesKat Ha OJTHOH TIPSIMOTA.

I1. Kosxeenuxos

M2465. a) Ha mnockoctu ormeudennl 100
TOYEK, HUKaKne TPU U3 KOTOPBIX He JIeKaT Ha
onHON mpamoii. OHa M3 9TUX TOYEK Kpac-
Has, a OCTaJbHble cHUHHUE. TpPeyroabHUK €
BepIIMHAMU B CHHHUX TOYKAX Ha3bIBAETCS
Xopowum, ecaV KpacHas TOYKA HAXOANTCS
BHYTpU Hero. MosKeT JM OKa3aTbCs, UTO
KOJIMYECTBO XOPOIIUX TPEYTOJbHUKOB CO-
CTaBJISIET HE MeHee IOJOBUHBI OT OOIIero
KOJIMYECTBA TPEYTOJbHUKOB C BEPIIMHAMU B
CHUHIX TOYKax?
6) Ha okpyskHocTH OTMedeHbl 99 TOUEK.
KaxoBo Hau6oJibiiiee KoJII4eCcTBO OCTPOYTOJIb-
HBIX TPEYTOJBHUKOB CPEU BCEX TPEYTrOJib-
HUKOB C BEPIIUHAMK B OTMEYEHHBIX TOYKAX ?
Doavkaop
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®2469. Bosa, Cama u Erop ogHoBpeMeHHO
HavyaJu IBUMKEHNE C TOCTOSTHHBIMU CKOPOCTSI-
MU B OJIHOM HaIlpaBJICHUH
(o wacoBoil crpenke) us
TpexX paBHOYIAaJeHHbIX
JIPYT OT [Ipyra TOYeK Kpy-
TOBOTO MOTOBEJOTpEKA
(puc.2). Uepes nekoropoe
BpeMsa Caina, ABUXKYIIHIA-
¢S Ha MOTOITUKJIE C CaMOii
6OJIBIIION CKOPOCTBIO, MTopaBHsijics ¢ BoBoii n
Eropom, KoTOpbIe B TOT K€ MOMEHT BCTPETHU-
JIVCh B TIePBbIN pa3. Kakas ckopocTb v MorJIa
6b1Tb y Cammn, ecan Erop n Bosa examm Ha
BeJsiocuIie/iax co ckopocramuo; = 10 kM4
n v, = 20 KM/ 4 cooTBeTcTBeHHO? V3BecT-
HO, 4TO cKopocTh Camm He TpeBbIlana
80 kM /4.

Puc. 2

M. 3amamuun

®2470. B cojeHoM OKeaHe ILIaBAIOT TPHU
He6oIBINNX aficOepra 1, 2 u 3, Kak MOKa3aHO
Ha pucynke 3 (macuraGol coOJOEHBI He

Puc. 3

Beszie). Kaxpiii us uux umeer opmy nps-
MOYTOJIbHOTO TTapaJiiesenumena. Ha aiicGep-
re 1 crout yenosek. [1nomaau moBepxHOCTEH
BEPXHUX TpaHeil y aiic6epros OJMHAKOBBI, a
BBICOTBI HAJBOJHBIX 4YacTell paBHBI
by =5cm, by =10 cm n hy = 12 e
coorBercTBeHHO. Korza yesoBex neperes ¢
aiicGepra 1 Ha aiic6epr 2, To IpM PaBHOBECUHT
MMOBEPXHOCTH aiic6eproB 1 u 2 okaszajnch Ha
OJIMHAKOBOI BBICOTE HAaJ YPOBHEM BO/IbI.
[Tocsie aTOTO YEIOBEK TIepelies ¢ aiicbepra 2
Ha aiicOepr 3. Ornpenennre, KaKUME 10CJe
3TOTO CTAJIN BBICOTHI HA/IBO/HBIX YaCTEH KasK-
JIOTO U3 aiic6epros, KOTJa BHOBb HACTYIIUJIO
paBHOBecCHE.

M.Pomnawxa

®d2471. SnexTpudeckas Iemb, cXeMa KOTO-
poii n3o6pakeHa Ha pucyHke 4, co6paHa u3

JIByX Garapeil ¢

lIC U, =
= 36 B n

U, =12 B, a U1T TU2
Takxke  Tpex

BOJABTMeTpOB. FMC 4

CorporusJjienue y 0[HOrO U3 3TUX IPuGOPOB
B /[Ba pa3a MeHbllle, YeM Y KaX/0ro U3 JIByX
apyrux. IIpu atom conpoTtuBieHue y Kaxio-
TO U3 BOJBTMETPOB BCE PABHO 3HAUUTETHHO
60JIbIlle BHYTPEHHETO COMPOTUBJICHUS KasK-
Joii Garapeu. M3BecTHO, YTO OJINH U3 BOJIBT-
METPOB TTOKa3bIBaeT Hampsikenne 24 B.
1) Kakoil MMEHHO BOJBTMETP MOKa3bIBaeT
24 B?
2) UT0 NOKa3bIBAIOT OCTAJIbHbBIE BOJHTMET-
pbI?
3) Omnpezenure, rjie BKIIOYEH BOJBTMETP C
MaJIbIM COIPOTUBJIEHUEM, a T/e BKJIOYCHDI
BOJIBTMETPBI ¢ GOJIBIIIUM COTTPOTHBIEHIEM.
11. Kproxos, A.Bviuxos

®2472. [Ipa MaleHbKUX IMapUKa MACCaMU
m; M m, 3aKperieHbl Ha KOHIAX TOHKOTO
JKECTKOTO OYeHb JIETKOTO CTeP:KHS JJIMHON L
(puc.5). ITOT cTepxKeHb IIOKOUTCS Ha

my L iy

Puc. 5

MTOBEPXHOCTH TIMEPOXOBATOTO TOPU30HTAb-
HOTO HEMOJBIIKHO 3aKPENJIEHHOTO THJINH/I-
pa paguycoMm R. B mosioskennu paBHOBECH:
CTep:KeHb TOPU3OHTAJTEH W TI€PIeHANKYJIsI-
pen ocu muamHzgpa (Ha pUCYHKE IIOKa3aH
BUJl CO CTOPOHBI Topua umamugpa). Crep-
JKEHb TIOBOPAYMBAIOT HA MAJIbId yroJl TaKUM
06pa3oM, 4TO OH JIBHYKETCSI OTHOCUTEJHHO
UanHApa 6e3 TMPOCKAJb3bIBAaHWS, U OTITYC-
xafoT. ITocse aToro HAaUMHAIOTCS KOJIeOaHnd,
B IIPOIlECCE KOTOPDBIX CTEPIKEHb KATAETCs 110
MTOBEPXHOCTH TIHJIMH/IPA TAKKe 6e3 TPOCKATb-
3BIBAHUS, & MIAPUKU [IBIYKYTCS B ILIOCKOCTU
pucynka. Uemy paBeH Iepuoji 3Tux Koseba-
Huii? ConpoTUBJIEHNEM BO3/IyXa MOXKHO TIpe-
HeGpeyb.

M.Cenmenos, A.Axyma




14 KBAHT

PeweHunsa 3apauy M2450-M2453,
®2457-D2460

M2450. /lan mpeyeorvnux ABC. Ha ayue
AB ommemuau maxyio mouky C;, umo
AC, = AC, na ayue BC — maxyio Ay, umo
BA, = BA, na ayue CA — maxyrwo By, umo
CB, = CB; na ayue BA ommemuiu maxyio
mouxy C,, umo BC, = BC, na aywe CB —
maxyio Ay, umo CA, = CA, na ayue AC —
maxyio By, umo AB, = AB (cm. pucymnox).

[oxaxume, umo niowadv mpeyzonvHuxa
ABC pasua noaycymme niaowadeii mpey-
eonvnuxoe ABCy u A,B,C,.

[Momoxkum a = BC, b= CA, ¢ = AB. Pucynoxk
COOTBETCTBYET yIOPSIJIOUEHHIO JJIUH CTOPOH
czbza.
Nmeem
Sac, =S —Sapc, —Spca, T Scan,
Suc, =S —Sapc, T Spc,a, +Sca,B, -
Herpyano cpaBHUTD ILJIOMIAN TPEYTOJIbHU-
koB ABC,, BCiA; n T.4. ¢ miomaipio S
tpeyroibHuka ABC. Hanpumep,

AB;- AC;sinZA  (b—a)bsinZA

SAB1C1: D 2
_ (b—a)_bcsinLA_b—aS
c 2 ¢
S _ BC,-BA;sinZB _a(b-a)sinZB _
peh 2 - 2 -
_ (b—a)‘acsinéB_b—aS
c 2 c

Taxknm obpasom, Supc, = Spc,a, - AHaZO-

2017/Ne5

TUYHO _HOJIy‘{deM, 4TO SBQA1
Scan, = Sapsc, -

C1ouB Terepb paBencTsa (+ ), IPUXOIUM K
HY)KHOMY PaBeHCTBY Sypc +S4pc, =25 .
Bo3Mo:xHbI U IpyTHE CIIOCOOBI TTO/ICUEeTA TLII0-
majieil, HalpuMep € HUCIOJb30BAHUEM BeEK-
TOPHOTO IIPOM3BE/IEHII.

= SCA232 n

11. Kyuepsasuwuil

M2451. Ilemsa wnapucosan mnozoyzoibHUK
naowadvio 100 xiemox, npoeoos epanuybl
no aunusm keadpammoti cemxu. On npose-
UL, UMO €20 MOKHO PA3Pe3amyv No zpamu-
Uam KJAemox u Ha 2 pasHvlx MHO2Z0YZO0JIbHU-
Ka, u na 25 pasuvix MHozoyz01vnukos. O6s-
3amesvHO Jlu M0o20a e20 MOKHO pa3pe3damb
no zpanuyam KAemox u Ha 50 pasHvix MHO-
20Y2016HUK0B?

OtBet. O6s13aTENIBHO.

Kaxpiit 13 25 paBHBIX MHOIOYTOJBHUKOB
COJIEPIKUT TIO YeThbIpe KJIETKH, T.e. 06pasyer
mempamuno. EcTb IATh BUIOB TETPAMITHO —
B popme 6yks O, I, L, Zu T (cM. pucyHok).

O 1 L Z T

Kaxnoe rerpamuto, kpome T, MOKHO paspe-
3aTbh HA JOMHHOIIKHU, TOJIy4nB 50 paBHBIX
MHOTOYTOJIbHIUKOB.

[Ipearonoxum, 4To UCIOIb30BAIOCH T-TeT-
pamuto. Packpacum kietku Iletunoro Muo-
TOYTOJIbHUKA B MTAXMaTHOM TIOPSI/IKE U TTOJI-
CcYMTaeM pasHOCTb [D KOJMYECTB YEPHBIX U
6esbix kJetok. Ilycrp B ogrom mu3 S0-kie-
TOYHBIX MHOTOYTOJIBHUKOB TaKasi Pa3HOCTD
paBuHa d. IloCKONBKY YeTHOCTb Pa3HOCTH
YKCes COBIA/AET C YETHOCTbIO UX CYMMBI,
qncao d deTHo. Ilpw HaJOKEHNU pPaBHBIX
MHOTOYTOJIbHUKOB IIBETa KJIETOK He MeHsI-
I0TCsT Win MeHsiorces: Bce. [loaTomy Bo BTO-
poM S50-KJIeTOYHOM MHOTOYTOJIbHUKE pa3-
HOCTDb paBHa *d . 3uauut, D genurcs Ha 4.
Ho B kaxgom T-terpamMuHO wuccremyeMast
pasnocth paua 2 wan —2. Ilycre mus k
T-reTpaMuHO pPa3HOCTb paBHA 2, a IS OC-
TasbHbIxX 25 — k T-TeTpaMuno pasHocTh pas-
na —2. Torga D =2k —2(25—-k) =4k —-50 .
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Buamm, uto D we memmtcs Ha 4. IIpotuso-
peune.
E.baxkaes

M2452. MoxHo au keadpam co cmoporoi 1
paspesamo na 0ée 4acmu u NOKPbIMG UMU
Kaxo-nubyov kpye duamempa boavue 17

OtBer. MoxHo.

Pacemorpum kpyr auamerpa 1 u o6beaume-
HUE JIByX ONUCAHHBIX BOKPYT HEro KBajpa-
TOB, NOBEPHYTHIX Ha 45° OTHOCHTEJIBHO IPYT
apyra. Ilomyunrcss BOCbMUKOHEUHAs 3Be3/a
(cM. pucynok a). HemHOro capumeMm Kpyr

a)A B 6)A B

D C D A C

BIIPABO U 3aT€M HEMHOI'O YBEJIMYUM €TI0 FOMO-
TeTHell ¢ IEeHTPOM B TOUKe S KacaHUs co
cToporoit CD Tak, YTO6bI YBETNIEHHBIN KPYT
K ocraBaJicst moKpbIThIM KBajipatoM ABCD n
JBYMSI 3€JIeHBIMH TPEYTOJbHUKAMU.
[Tockoabky kpyr K He kacaercss AD, Tto
JIBA KPACHBIX TPEYTOJbHUKA MOXKHO COE/IH-
HUTh nepenieiikom BrHe kpyra K (cM. pucy-
HOK 6). Paspeskem tenepb kBagapar ABCD
Ha KpacHyio (hUrypy M OCTaBIIYIOCS YacTb.
Jto u 6yaer Hy>KHOe HaM paspesanue. [leii-
CTBUTEJIbHO, OCTaBIIASCA YacTb KBajpara
ABCD un paBa 3eJieHbIX TPEyTrOJbHHMKA I10-
KpbIBaeT Bech Kpyr K, a KpacHyi Qurypy
MOKHO TIEPDEMECTUTh TaK, YTOOBI HAKPBITH
JIBA 3€JIEHBIX TPEYTOTbHUKA.

A.Illanosaroe

M2453. Ha 2016 xpacnoix u 2016 cunux
KaApMOUKax Hanucamvl NOJ0KUMeNbHbLe YUC-
aa, 6ce oHu paziuunvl. H3eecmmno, umo na
Kapmouxax xaxozo-mo 001020 yeema Hanu-
camvl NONAPHLLE CYMMBL KAKUX-MO 64 uucen,
a Ha Kapmoukax 0pyzozo ysemd — NONapHule
npouseedenus mex ke 64 wucen. Beezda nu
MOXKHO ONpedesums, Ha KaApmouKax Kaxozo
ueema Hanucamnvl NONAPHIE CYMMbL?

Ortser. Beerpa.
Bce 64 HensBeCTHBIX UnCJIa TTOMAPHO Pa3JIy-
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HbI, MHAYE HA KapTOYKaX HEKOTOPhIE YKCJIa
6 Gbl paBHBI. Tak Kak Bce TOMapHBbIE
MIPOU3BEICHNST TOJIOKUTEJIbHBI, TO Bce 64
HEU3BECTHBIX UKCJIa OJHOTIO 3HAKa, a TaK KaK
nx nonaprIe CyMMbI IIOJIOKUTEJIbHbBI, TO
JTOT 3HAK ILIIOC.

Ynopsiiounm uckombie uncaa a < b <
...< y < z. JIng KapTouek Ka’KJOTO I[BeTa
PacCMOTPUM OTHOIIEHNE HAMOOJIBIIIETO YHCJIa

+z

a+b’

Yz
B IPYroMm cJjiydae 3TO % . Ho srerko BU/IETD,
z

YTO IIepBO€ OTHOIIEHHE MEHbIIE 4YeM ;, a

K HaUMEHDbIIEMY . B O/THOM CJIyvae€ 3TO

BTOpOE OTHOIIeHne — 6oJblie. TeM caMbiM,
TepBoOe OTHOIEHNE MeHbIe BTOporo. OTcio-
na OyzeT TOHSATHO, Ha KaKUX KapTOYKax
HAIMCAHBI CyMMDBI M HA KAKUX ITPOU3BEICHNUS.
PaccMotpum eriie 01HO paccyskieHue, TpuBo-
Jidiiee K pemenuio. Tak ke, Kak U paHee,
YCTaHOBUM, 4TO Bce 64 HEM3BECTHBIX YHCJIA
[IOJIOKUTeIbHBI. HasoBeM umciia, MeHbIINE
2, Meaxumu, a aucya, GOJbINNE UIH PABHBIE
2, — kpynuoimu. I'naas Ha KpacHble U CUHUE
KapTOYKM, MOKHO y3HATh, HAW/IyTCS JIN Cpe-
IV HEM3BECTHBIX YMCEJ [[Ba MEJIKUX WM IBa
KPYTHBIX. [leficTBUTETbHO, ecITH cpe/in Hen3-
BECTHBIX uncea He 6oJiee OHOTO0 MEIKOTO
YyCya, TO ¥ CPEU MOMAPHBIX CYMM U Cpe/in
MOTTAPHBIX POU3Be/IeHMI He Gotee 63 unced,
Menbinux 4. Ecau ke cpenn HEM3BECTHBIX
yuceJs He 6oJiee OTHOTO KPYITHOTO YHCJA, TO
1 CPe/u MOTIAPHBIX CYMM, U CPEJIU TTOTIaPHbBIX
npoussesiennit He Gosee 63 unces, GOTBITNX
4. HeTpyaHO TTPOBEPUTDH, YTO MTPOU3BEICHUE
JIBYX MEJKHUX YHCeJ MEHbIle WX CYMMBI,
M03aTOMY ecJyii cpe/in 64 HEN3BECTHBIX YHCel
€CTh /IBa MEJKNX, TO HalMeHbIIIee YiCI0 Ha
BCEX KPACHBIX W CHHUX KapToukax Oymer
Mpou3BeleHneM. AHAJIOTUYHO, €CJU CPean
64 Hen3BECTHBIX YNCEJI eCTh /IBa KPYITHBIX, TO
HauboJIblllee YMCJI0 HA BCEX KPACHBIX M CH-
HUX KapTo4yKax Oy/eT MPON3Be/[CHUEM.

b. ©Openxun

®2457. YV manxepa, nepesozsiuiezo monjiu-
60, 3AKOHUUNIOCH 2opiouee, Kozda 0o nopma
ocmaznoce L = 100 xm. Ymobor donavims 0o
NYHKMA HASHAYEHUS, KANUMAH DEWUN UC-
nOIbL308AMY 2PY3 68 Kauecmee MOonauea 0.isi
manxepa. Kaxoe naumenvuee xoauuecmso
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MOHH MONUGA NPUOCTNCS NOMPAMUMY, UIMO-
6vL dobpamvcs do nopma no npamoi? Cxo-
pOCmb mawnkepa 3asucum om pacxodda mon-
auea Q max, Kax noka3ano Ha pucyuxe 1.

v, KM/4
A

30

25

20

15

™~

10

!

Y

0 5 10 /15 20
Puc. 1 Q.7

Besnunna Q Ha pucynke 1 mpencraBisieT
pacXo/i TOIJIMBA B pacuere Ha eQuHuuy epe-
menu. UToObI CKeub HAMMEHbIIIEe KOJIMYe-
CTBO TOILIUBA, JOOUPASICH JI0 OPTA, TAHKEPY
HAJIO JIBUTATBCS C TaKOM MMOCTOSTHHON CKOPO-
CTbBIO, YTOOBI 6BLT MUHUMAJIEH PACXO/] TOILIH-
Ba B pacuere Hd eQUHUUY nymu.

[Tyctb Tankep UaeT CO CKOPOCTHIO ¥ U 3TOH
CKOPOCTH COOTBETCTBYET PacXoj TOILIMBA B
eIMHUITY BpeMeHU ¢. Torga 3a BpeMs MyTH
t = L/v Gyner mnorpadeHa Macca TOIJINBA

M=qgt=1%.
[

Besmuuna /o B a10ii hopMy.ie uMeeT CMbICIT
Macchl TOTLIMBA, PACXOAyeMOH Ha eIMHUILY
MPONJICHHOTO MyTH. 3HAYUT, HA/IO0 HAWTH, Y
Kakoil TOYKM Ha rpaduke OTHOLIeHHE (/v
MUHMMAJIBLHO.

HecuokHO 11OHATD, 4TO BCe TOYKN Ha rpadu-
Ke, y KOTOPBIX BeJMYNHA (/0 OIMHAKOBA,
JIeXkat Ha OTHON HaKJIOHHOW TIPSIMOT, TTPOXO-
JiAInelt yepes Hauasao koopanHat. Hanpumep,
A touek A u B Ha pucyHnke 2 pacxoj Ha
eJIMHUITY TyTH OJMHAKOB, Tak Kak A u B
pacmoaraioTcss Ha OTHOU IPIMO, TTPOXO/Is-
et yepe3 Havaa0 KoopauHat. YeM MeHbIIe
BeJIMYMHA (/0 , TeM Kpyde HAKJIOH COOTBET-
CTBYIOIIEH MPSAMOIi. 3HAYUT, JJS PelieHus
3a/lauM HaM Ha/I0 HAllTW TOYKHU Ha rpaduke,
KOTOPbIE JIeXKaT Ha CaMON KPYTOH MPIMOIi.
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v, KM/4
A

30 =

N
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20 /
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/
Puc. 2 Q.7

W3 pucynka 2 BuaHo, 4TO 3dTa  HpsMasd
kacaetcs rpadgmka B Touke C. Bee ocranbabre
MpsIMbIE, TiepeceKaloniie rpaduk U BBIXO/ISI-
Me U3 HyJIsg, MMEIOT MeHbINNH HakaoH (Ha-
MpuMep, YK€ PacCMOTPEHHAs HAMW MPSIMast
AB). Borunc/ms orromutenue ¢/v B touxe C —
ono paBuo npumepno 0,43 T,/ KM, MbI MOKEM
ObITb YBEPEHbI, YTO ITO CAMbBIH BbITOHDII
pacxo/i TOTJIMBA HA €AMHUILY TIPOHIEHHOTO
mytu. Yro6w! mpoiit L = 100 kM 10 opra ¢
TAKUM PacXo/ioM, IIPUJIETCS IIOTPATUTD

M=1L~437,
[

T.e. IPUMEPHO 43 TOHHBI TOTLTUBA.
H.Bypenes

D2458. Jlea poboma dsuzaiomcs no xkpyzo-
BbLM MPACKMOPUIM BOKPY2 00we20 yenmpa
€ NOCMOSIHHBIMU MO MOOYNIO CKOPOCSAMU,
paduyc mpaexmopuu nepeozo R, emopoeo
V2R (puc.1). B nauanvmoiii momenm epe-
Menu nepevlii pobom uMepuL paccmosiue
00 8mMOpo20, OHO OKA3AJIOCL PAGHLIM R.
Coenas noaoguny obopoma, nepsviii pooom
CHOBA UMEPUN paccmosiHue 00 6MOpPOzo.
Omno cmano pasmnvim
V3R. Kaxoe epems
HYIKHO 8THOPOMY PO-
6omy, umobwvL coe-
AAMb 00U NOJHBLIL
obopom 6oKpYyz yeH-
mpa? Hssecmno,
umo nepsviil pobom
denaem obopom 3a

T=210 ¢, aemopoit Puc. 1
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He MosKem cogepuums 06opom bvicmpee uem
sat, =100 c.

IIyctb Touka O — OGIIMH HEHTP KPYTrOBBIX
TPaeKTOpHil BYX PO6GOTOB, TOUKa A — MoJI0-
JKeHMe TIepBoro po6oTa B HauaIbHbI MOMEHT
BpEMEHHU, TOuKa B — ero noJioskeHue yepes
rnoJ-o6opora, T.e. B moment T /2 = 105 ¢
(puc. 2). OmnpenenuM MOJIOKEHIE BTOPOTO
pob6oTa B 3TH K€ MOMEHTbI BpeMeHH. B

B

D, O D,

Cy A C,

Puc. 2

HaYaJbHBI MOMEHT, TI0 YCJIOBHIO 3a/1a4l, OH
MO’KeT HaXOJUTbCA B OJHOHU U3 ABYX Touek C;
nm C,, npuyeM
AC, = ACy =R, OC, =0C, =2R,

OA =R.
Mpbr uzobpasuan tpeyrombHuku OAC, u
OAC, 1psMOYroJIbHbIMHU, ITOTOMY YTO JIJIS
HUX BbITIoJIHSIeTCS TeopeMa [ludaropa. Tax
KaK BCEe KaTeTbl Y 9TUX TPEYTOJbHIUKOB PaB-
uel, To LAOC, = ZAOC, = 45° . B MoMeHT
T /2 paccrosuue Mexay poOOTaMu PaBHO
V3R . Ha rtakoM paccrosiuuu or B cHoBa
HaxozsATcs Be Touku Dy u D, , npuueMm

BD, = BD, = 3R, OD, = 0D, =2R,

OB = R.
Tpeyrombnuku BOD; u BOD, Toxe 1ps-
MOYTOJTbHBIE — BE/[b UX KATETbI ¥ TUTIOTEHY3bI
CHOBa yoBJETBOPSIIOT TeopeMe [ludaropa.
[Tpoananma3upyeM BO3MOXKHBIE BapHaHTBI
nepeMenieHnsi BTOPOro poboTa 3a BpeMs
T /2. B ycioBuu 3aJlauu He CKa3aHo, B KAKOM
HaANPaBJIEHNH IBUKYTCS po6oThI. IlycTb BTO-
poii poOOT IBUXKETCS 110 YACOBOH CTpeEJKe 1
3a Bpemst T' /2 caABUTAETCS 1O CBOEH OKPY3K-
nocru Ha yron ¢ . Byaem, nanpumep, usme-
PATD aTOT yroJ B Tpaaycax. Ilowbril o6opot
B 360° on cmemaeT 3a BpeMd t, onpesiesseMoe
13 YCJOBUS MMOCTOSTHCTBA CKOPOCTH:

¢  360°

T/2 t
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OTKY/1a
180°

¢

Ha a1y Besinumiy 110 yCJI0BUIO UMeETCs Orpa-
o

T——2>t,, OoTKyJa TOJy4YaeM

t=T

HHUYEHUE:

T
¢ < 1800t_ . 3HaunT, BeamunHa ¢ He MoKeT

m
npesocxoautb §,, = 378° . [ToaToMy BOo3MOIK-
HbBI CJIEYIOIINe BAPUAHTBI.
1) Bropoii po6or nepemectuscsausz C; B D,
410 coorBercTBYeT § = 45° 1 nepuoay o6pa-
IIEHUsT BTOPOTO poboTa

180°
=4T =840 c.

50

=T

2) Own nepemectusics us C; B D,, Toraa
¢ = 225° u nepuon

=73 6.
225°
3) Ilepememenue us C, B D;: ¢ =135°,
1epuo/
7, =173% _ogp e
135°

4) Tlepememenue uz C, B Dy: ¢ =315°,
IepHOJL

180°

315°

Bce atu 3HaueHus nepuoja o6paiieHust BTo-
poro po6ota y/I0BJIETBOPSIOT YCJIOBHIO 3a/1a-
un. Herpy/aHO TakKe IPOBEPUTH, YTO, Pac-
CMaTpUBas IBUKEHHE IIPOTUB YACOBOM CTPeJI-
KU, Mbl [OJY4UM TOT ke Habop 3HAYEHUI
IIEPHO/IOB.

=120 c.

T, =T

A.Topb6enxo

®2459. Jlvouna maccoii M noxoumcs na
221a0K0T 20PU30HMANLHOU JEOAHOU NOGEePX-
nocmu (puc.1; eud cboky). Yzon naxiona
BAC pasen o, BC = H. Ilo naxioHHOU
naockocmu om mouxu A k mouxe B nauuna-
em NOOHUMAMBCS ¢ NOCTROANHOU OMHOCU-
MeNbHO TbOUHBL CKOPOCTNDIO U NUHZGUN MAC-
coit m. Ipoidss mpemv nymu 0o eeputunbL,
NUHZBUN CROMBIKAEMCSL U NAOACT KUBOMOM
na awouny. Ipu smomn cpasy nocie nadenus
€20 CKOPOCb OMMHOCUMETLHO JbOUNHBL OCA-
eanacy pasnoil v. Kaxosa xouneunas cxo-
pocms 1b0UlbL, ecau Kodagguuyuenm mpenus
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IS

Puc. 1

MeKOY KUBOMOM NUHZEUNHA U NOEEPXHOC-
mwio awounvt U2 /o nauanra 0suxenus nui-
26uUn HeNnoOGUKHO CmosL 6 mouke A Ha
noxoswetics avoune. Tpenuem avdunvl o
20PU30HMATLHYI0 NOBEPLHOCTD NPeHebpet.

[TockosbKky Ha cucTeMy JbAMHA—TINHTBUH B
TOPU30HTAIBHOM HAINpPAaBJIEHNNW BHEITHUE
CUJIbl He [AeUCTBYIOT, IIPOEKIMS I10JHOIO
HMILYJIbCA Ha 9TO HAIlpaBJICHUE COXPAHACTCS.
[IycTb B HEKOTOpbBII MOMEHT BPEMEHU CKO-
POCTb JIbJIUHBI OTHOCUTEJIBHO 3eMJu paBHa U
U HalpaBJieHa BJIEBO, a CKOPOCTb MUHTBUHA
OTHOCHUTEJIbHO JILMHBI pPaBHa V' 1 HampasJie-
Ha BBEpX 10 ckJaoHy. Torga ckopocTb muHr-
BHHA OTHOCHUTEJbHO 3eMyn paBHa U +V , a
ee TOPHU3OHTAJbHAs MPOEKIUSA paBHa
U -Vcosa. I3 3akoHa COXpaHEHUS UM-
yJbca MoJydaeM

MU +m(U -V cosa) =0, um
_mV cosa

M +m

[Toxa MUHTBUH paBHOMEPHO B36MpaeTcs IO
CKJIOHY, V = © ¥ CKOPOCTD JIbIHBI TTOCTOSTH-
Ha. 3aTeM MIHTBUH CIOTHIKAETCS U HAaUNHAeT
CKOJIb3UTDb BBEpX IO JbNHe. TpeHue mocre-
[IEHHO TOPMO3UT €ro, COOTBETCTBEHHO OyIeT
[IOCTENEHHO 3aMeJIJISITBCS ¥ JIbJUHA.

O603HaUNM yCKOpe-
HUe JIbJUHBI OTHO-
CHUTEJIHHO 3eMJIU Ye-
pes A, a yckope-
HUe MUHTBUHA OTHO-
CHUTEJIHHO JIbJUHBI —
uepes a (puc.2).
3anunieMm BTOPOii
3aKkoH HbioToHa /1151
JIbJINHDBI B TPOEKITHN
Ha TOPU30HTATBHYIO
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0Cb:
Fcosa+ Nsina = MA
1 /ISl TAHTBUHA B TMPOEKIINN HA OCH X W ¥:
F +mgsina =m(a— Acosa),
N —mgcosa = —mAsina
rie F=UN — cuna TpeHUs CKOJIbXKEHUs.

[lanHas cucreMa ypaBHEHU TO3BOJISIET IIPe/i-
CTaBUTb yCKOPEHUe MUHTBUHA B BU/IE

(1+M/m)g

=—— , r/je
sina +&, M/m

a4
_ 1

T sina +pcosa
I/IHI[QKC « T » IIOMEYA€T, YTO ITO YCKOPpEHUE
HAI/IEHO JIJTSI CATYalluH, KOT/Ia TMHTBUH CKOJTh-
3UT BBEPX.
Nmea Ha4YaJIbHYIO CKOPOCTb 0 N 3aMEJIAACD
C TIIOCTOSAHHDBIM yCKOpeHI/IeM aT , IHWHIBUH
JIOJIKEH ITpoexXaThb 10 ITOJTHOM OCTAaHOBKHN IIyTb

ST:v2/(2aT). Jlimna ckJaoHa paBHA

L = H/sina ; Korjia MUHIBUH CIIOTKHYJICS,
€T0 OT/ENSIJIO OT BEPXHETO KPasi pacCTOSTHIE
2L/3.
[Ipeanonoxum, 410

2L v? 2H

Sp >/, WM — > ———.

3 2a;  3sina
Torga MUHTBUH He YCIEET 3aTOPMO3UTH 1
BBLJIETUT CO JIbJINHBI, KakK ¢ TpaMiiinaa. CKo-
POCTb IIMHTBUHA U7 OTHOCHTEJIBHO JIb/IUHDBI B
MOMEHT OTPBIBA MOKHO OTIPEJENUTD U3 hop-
MYJIbI PABHOYCKOPEHHOTO [BUYKEHUST

02—0% B 2H

2a, 3sina

1 HaiTh CKOPOCTb JIb/INHBI UT B MOMEHT
OTpbIBa IMMHIBUHA:

mcos o
m+ M

It0 1 6y/IeT KOHEYHOI CKOPOCTDIO JIb/[UHbI B
paccMaTpuBaeMoM cJydae.

UT=

2
Hpe]lHO]IO)KI/IM TEIEepb, 4TO yCJI0BUE ST > ?

He BbINoJIHEeHO. Torzpa, mpoexas BBepX IO
CKJIOHY PacCTOSIHKUE Sy , MMHTBUH IIepecTaHer
CKOJIb3UTD BBEPX, €0 CKOPOCTD, & 3HAYUT, U
CKOPOCTD JIBIMHBI 06PATATCS B 9TOT MOMEHT
B HOJIb. [Ipu aTOM ecqim 1 = tg o, TO GoJIbIIE
MMUHTBUH COCKAJb3bIBATh HE OY/IET, a JIb/INHA
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OCTaHeTcs HemoJBIXHOW. Hamporus, ecan
M <tgO, To MUHTBUH HAYHET COCKATb3bI-
Barb BHU3. Cusia TpeHus F U3MEHUT HAIpPaB-
JIeHE Ha NPOTHUBOIIOJIOKHOE, B PE3YJbTaTe
JUISl YCKOpEHNUs TTMHTBUHA TOJyYnM

(1+M/m)g

=— ' 72 rne
L sina +&_M/m

_ 1
" sina—pcosa
3naga a;, HalijileM CKOPOCTb TMHTIBUHA U ,
KOTOPYIO OH MPUOOPETET, ChEXAB MO CKIOHY

na paccrosuue L/3+ sy (110 camoii Toukn A),
U COOTBETCTBYIONIYIO €if CKOPOCTD JIbJIMHDI:

A.Manviues

®2460. K ucmounuxy nocmosnmozo Hanps-
JKEHUS NOOKIIOUEHA CXeMd U3 WeCTU Pe3UC-
mopos (puc.1). Conpomusienus pezucmo-
poe Ri=R, =2 Om, Ry=Ry=3 Own,

Puc. 1 R, R,

Ry = Ry =5 Own. Hzeecmno, umo dsa pe-
sucmopa eviuLiu u3 cmpost (Kaxue umenno —
He U36eCmHO): 0OHO U3 CONPOMUBLEHUL 3d-
Kopomuno, a dpyzoe — nepezope.io. Kaxue
dea pe3ucmopa 0OJKHbL 8bLUMU U3 CMPOSL,
4MobbL Y NOTYUUBULETICS CXEeMbL ObLIO MUHU-
MAILHO 603MOXKHOE conpomus.ienue? A umo-
ObL CONPOMUBAEHUE OCTNAGULETICS. CXEMbL NO-
JYUULOCH Makcumarvnoim? Paccuumaiime
conpomueienue NOJYUUSUENCsL CXeMbl 8 IMUX
deyx cayuasx. Conpomus.ienuen coeoumu-
MeNbHBLX NPO60O0E NpeHedpeub.

Y neperopesiiero pesucropa conpoTuB/IeHUE
CTAHOBHUTCS OECKOHEUHDBIM, Y 3aKOPOYEHHOTO
— myJieBbIM. HaunboJiee oueBuHas cTpaTers
pemreHns 3azaun — Hepe6op BCEX BO3MOXK-
HBIX CJIydaeB. BpiGepeMm cHauana, Kakoil us
PE3UCTOPOB CrOpPeJ, 3TO CHJIBHO YIPOCTUT
CXeMy.
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Puc. 2
Cayuau 1. Ilyctb cropes OJWH U3 PE3UCTO-
pos R, R,, R;, R,. Ecau cropesn pesuc-
Top R, TO cXeMa IpuMeT Buj, U300pakeH-
Hbiil Ha pucytnke 2. Ee o61iee conpoTuBienme
6y/ieT paBHO
Ry (RsRs + R, (R5 + Ry))

RsRs + (R, + Ry )(Rs + Rg)

Bropoii Beimeammit u3 cTpost, T.e. 3aKOPO-
YEHHbBII, PEe3UCTOP TeNnepb MOXKHO BbIOPATH
U3 OCTABIIUXCS JIUIIb YETHIPbMS PA3JIUUHbI-
MU Ccroco6aMu — Be/b JIJIsT BBIUNCTEHUST 006-
IIEr0 COTPOTUBJIEHNS HEBAXKHO, 3aKOPOTUM
Mbl Rs minn Ry . Ilosaras no ouepeau pas-
HbIMU HyI0 R, , R;, R, u Rs, Haxonum
o0l11iee COTPOTUBJIEHNE:

1) cropen R,, saxoporuno R,, Toraa

1
R01 = 45 OM,
2) cropea Ry, sakoporuno Ry, Toraa
7
Ry, =1— Ow;
02 15

R0:R3+

3) cropen R, sakoporuio R,, Toria
R03 =3 OM,
4) cropen Ry, sakopotuno Rs (wmu Rg),

Torga Ry, = 45 OM.

Te sxe caMble pe3yJbTaThbl MOJYUYATCS, €CIN
BMecTO R cropesl R, — B UCXOJHYIO CXeMy
OHU BXOJIAIT CUMMeTpHYHO. Ecin sxe B Kaue-
CTBE CTOPEBIIIETO Pe3ucTopa BoI6parh R, TO
B hopmyie g R, cieayer cienarh 3aMeHy
R; > R, Ry > R,, Ry > R,. Illpu artom
3aKOPOYEHHOE CONPOTHBJICHIE CHOBA BBIOH-
paeTcs 13 OCTABIINXCA YE€THIPbMS CIIOCOOaMU:
5) cropen Rs, 3akopotuio Ry, u Ry =

=1é Owm;
5

6) cropea Ry, sakopormao R,, u Ry, =
=2 Owm;

7) cropen Ry, sakopotuio R,, u Ry =

=3£ OwM;
11
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8) cropen R;, 3akoporuwiao Rs (uim Ry ), u
R()g = 33 Om.

Cayuaii 2. lyctb cropes oiWH U3 PE3UCTO-
poB Rs mmm Rg , s onpeneieHHocTn — Ry .
BoiGepeM, KaKol pe3sucTop 3aKOPOTHUIIO.

1) 3akoporusio pe3ucrop Rs . B artom ciydae
cxeMa npuo6peraer HanboJjee POCTON BU[L
(puc.3), u ee obmiee conporusienue Gyger

Rl R2

Puc. 3

pPaBHO
RR RyR 2
=13 24 —22 Owm,
R +R; R,+R )
2) 3aKOpPOTUIIO O/IMH U3 PE3UCTOPOB R, , R, ,
Ry nwm R, . CHoBa s olpe/ieleHHOCTH
6y/leM CYUTaTh, YTO 3aKOPOTHJIO PE3UCTOP
R, . OxBuBasieHTHAS cXeMa IIpe/ICTaBIeHa Ha
pucyHke 4. /Lyt onpeiesieHust o611ero conpo-
TUBJICHUS T[ETTH MOKHO BOCIIOJIb30BATHCS 3a-
koHamMn Kupxroda. 3ammmeM cooTBETCTBY-
IONIYI0 CUCTEMY yPaBHEHUIA:
I3R; = I5R;s,
I2R2 = ISRS +I4R4 y
11 = IZ + 15 ,
OTKy/Ia HalijeM
Ry (R3Rs + R, (R; + R;))

09
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Puc. 4

Taxnm o6pas3oM, ecI 3aKOPOTUJIO PE3UCTOP
R, (i Ry ), TO KOHEYHOE COMPOTUBJIEHIE
e PaBHO

38

35
Ecom ke sakoporuio pesucrop R, (uau
R;), to, ucmosbsysi 3ameny R; — Ry,
R, - R,, R, - R,, nonyuaem

17

R011 = 1— OM .

45
Pesynbrarel s Bcex 11 caydaeB yao6HO
MIPE/ICTABUTD B BUJIE TAOJHIIDI.
Wtax, HamMeHblllee COMPOTUBJIECHUE IETH

17
Ry = 1% OM jgocturaercs B ciydae, ecJu

neperopest pesucrop Ry (um Ry ), a 3ako-
porusio pesucrop R, (uim Ry ). HauGosib-

1iee conpoTuBeHne Ry = 43 OM BosHuKa-

er, ecau cropes pesucrop Ry (wm Ry ), a
3aKopoTHJIO pesuctop Rs (mmm Ry).

) = _ H. Anexcandpos
R3Rs + (R, + Ry )(R3 + R;)
Cropea
1 2 3 4 5 6
4 38 | 38 |
1 311~3,36 1,80 3 155~1,69 155~1,69
1 7 17 17
. 2 4§~4,11 2 1EN1’47 14—5~1,38 14—5~1,38
= 7 1 17 17
= —_r —_—= — —
£ 3 115 1,47 2 49 4,11 145 1,38 145 1,38
(=}
g i_ 38 _ 38 _
2 4 3 13—1,80 3,36 155~1,69 155~1,69
* 1 1 1 2
5 4§= 4,20 3§= 3,20 3,20 4§= 4,20 23 = 2,40
6| 4l=420| 31=320 320 | 4Ll=420| 22 =240
5 b 5 * * 5 b 5 b




Unmoctpaum [.1puiykoBovi

BENEEY

1. B CrpaHe oypakoB xoOdT MoHeTbI B 1,
2, 3, ., 19, 20 conbpo (apyrux Het). Y
BypaTtuHo Obina oaHa MoHeTa. OH Kynun
MOPOXeHOe W MNONYYUST OfHY MOHeTy

caayn. CHoBa Kynu Takoe e MOpoxe-
HOe 1 MOoNy4Ynn caadyy TpemMs MOHeTaMm
PAa3HOro LOCTOMHCTBA. bypatnHO xoten
KYNUTb TPETbE TaKoe Xe MOPOXeHOoe, HO
AeHer He xBaTunno. CKObKO CTOUT MOPO-
XeHoe?

M. EBrokumoB

2. Y Cawm ObINo YeTbipe packpalleH-
HbIX KybuKa. PacctaBnss Mx no-pasHo-
MYy, OH MO o4epenn cdoTorpadprposarl
TPU urypbl. 3atem Calua ClOXUN K3
HWX napannenenvnen pasMepom 2x2x1
W coenan ero YepHo-6enoe oto. Bce

DT 33fa4n npedHa3HaveHbl Npexae BCero
yyalmmcs 6—8 Knaccos.

OTn 3aga4m npegnarannck Ha XV YCTHoM Moc-
KOBCKOW OnMMnuvage no matemMatuke gnsg 6—7
KNnaccos.

BUAMMBIE Ha (OTO rpaHu

KyOWKOB OAHOro 1 TOro e

uBeta. Kakoro?
A.lllarioBasios

3. Mo>XHO N B paBeHCTBE
k k % *
—+—+—+—=x
k k k k

3aMeHUTb 3Be3fo4kn undppamu or 1

00 9, B3ATbIMM MO OOHOMY pasy, Tak,

4TOObI PABEHCTBO CTaslo BEPHbIM?
SAkoriaH, [KamHuH

4. Y Bukn ectb 4etbipe urypku, y
AnVHbI eCTb kBagpar, a y MNofnHbl ecTb
KBagpaT apyroro pasmepa. ObbeanHMB-
WwKrcb, AnnHa 1 Brka MOryT CrioXuTb
KBagpart, 1CroJsib3ys BCe CBOU NATb -
rypok. MoxeT N1 oOKa3aTbCA TaK, 4TO
MNonvHa 1 Brka TakXe CMOryT CNoXUTb
KBagpart, NCnoJsib3ys BCe CBOW NATb PU-
rypok? (KBagpaTbl cknambiBatlotcs 6e3
NPOCBETOB M HaNOXEHWI.)

E.bakaes




22 KBAHT

2017/Ne5

yneTka 1 pebpo XecTkoCT

C.ABOPSAHUHOB

PEOCTABM, 4TO Bbl 3AXOTE/IN 3ACTEK-

NNTb CBOW OankoH. 3BoHUTE B (DUPMY.
YToDbI OLLEHUTL HeoDXoAMMble OS5 BbIMNO-
HeHWs 3TON PaboTbl AeHEXHbIe 3aTpaThl, Bac
NpOCAT COOBLWNTL ANNHY, LWNPUHY U BbICOTY
DankoHa. Kak nx nameputb?

Ecnu Bbl M3MepsieMble OTpe3kn Obin Ko-
POTKMMMU, TO BMOJIHE CroAmnack Obl 0OblYHas
WKOMbHas nunHerka. A anvHa GankoHa —
Oonblle Tpex MeTpoB. DTO CKOJSbKO Xe pa3
NPWAETCA MPUKNaAbiBaTh K nepuiamMun nu-
Hewnky ANMHOW 25 CaHTUMETPOB W CKNadbl-
BaTb 25 + 25 + 25 + .7 Co cyeTa MOXHO
COUTLCS. HeT, NnHerKa SIBHO He rofuTCs.

EcTb elle oOonH WMHCTPYMEHT ANS M3Mepe-
HMA PACCTOAHNIM — MOPTHAXHbIN MeTp. [a,
ero MOXHO MCMonb30BaTb. HO BCe-Takm ANg
KaXXOoro Aena Hy>XHbl CBOW VHCTPYMEHTBI.
Bedb MepHbIM METPOM ANS YNCTbIX TKaHewn
He roxe pas3medvaTb Ha 3emne Knym0Oy ans
LLBETOB.

B cTtongpHOM, CiecapHOM 1 CTPOUTENTbHOM
aene ang usMepeHni NCnonb3ytoT pyneTky. Y
3TOrO C/I0Ba €CTb MO KpavHen Mepe [Ba
PacnpPOCTPaHEHHbIX 3HaYeHUs.

Pynetka — 310 a3aptHagd urpa. HassaHue
NPONCXOAUT OT hpaHLLy3CKOro roulette, 4to
O3Ha4yaeT ManeHbkoe koneco. B atom umrpe
OeNCTBUTENBHO KPYTUTCA KOMeco, no KoTo-
POMY KaTaeTca Lapwk. B pycckomM s3bike o
KoJiece HarmoMWHAET 1 CNOBO PYJIOH, Hanpw-
Mep PYJIoH bymaru.

Hac >xe cendac mHTepecyeT pyneTka Kak
VHCTPYMEHT And u3MepeHus OfnHbl. OHa
[ONKHa ObIThb B KaxaomM gome. Mano nv 4to
npuaeTcs nsmeputb! A pynetka 3aHuMaer
COBCEM Mafio MecTa. MHorga Openok ans
KIoYer COBMELLAIOT C pyNeTkon, YTODbI 3TOT
nonesHbI NHCTPYMEHT Bcerda Obin nog py-
KoW. PyneTtka 37O TOT >e MOPTHSAXHbIN MeTp,
TONBbKO CAENaHHbIN M3 NPOYHOro Matepuana
— U3 CTanbHOW WX NONMMEPHOW NEHTbI C
geneHnamu. C 0fHOTO Kpas NeHTbl — aefe-
HMA B MUNJIMMETPaXx, C APYroro — B AVMaX.

Pynietka Kak M3MepUTE/IbHAS JIEHTA

[ns OOMaLLHVX HY>XA OOCTAaTOYHO pyneTku
anvHon 3—5 meTpoB nnu gaxe 1 Metp.

JTeHTa HamoTaHa Ha KaTyLiKy, HaXOAsLLy-
0Ca B KOpryce pynetku. BolITArnBaloT NeHTy
Hapy>Xy 3a KPKOYOK Ha ee KoHLe. BHyTpb
NIEHTY CMaTbIBalOT C MOMOLLbIO PYKOATKM,
yKpenneHHon Ha kopnyce. Ecnn ke neHTa
He OJIMHHAA, TO U PYKOATKN HUKAKOW HeT —
JIEHTa CMaTbIBAeTCs BHYTPb aBTOMAaTUYeCcku
MNPV MOMOLLUM HaxXOASLIENCH BHYTPW BO3-
BPATHOW MPY>XXMHbI.

Pynetka C Npy>XMHOW 0ObIYHO MMEET CTOo-
nop, KOTOPbIK NUCKIIOYaeT CaMOMNpPOM3BOSb-
HOe CMaTbiBaHWe pyneTkn. HekoTopble Co-
BPEMEHHbIe pYNeTKM MMeIoT Aaxe XMOKO-
KpUCTannmuyeckne omcnneun, otobpaxatoLime
MOKa3aHWNs N3MepeHUN.

Wcnonb3oBaTb pynetky cnefyeTr C OCTO-
POXHOCTbIO. Y HOBOM PyNeTKM Npy>XKHa CMa-
TbIBAET JIEHTY BHYTPb O4YeHb ObICTPO, MOYTH
MIHOBEHHO. A Kpasi TIeHTbI TOHKME U XKeCTKe
1 MOTYT MOPAHUTE PYKY.

WNHTepecHo cnepyowee. Ecnm npmucmor-
peTbCs K pyneTke, TO MOXHO 3aMeTUTb, YTO
ee CTanbHas NeHTa He nnockas, a uMmeet
dhopmy xenoba. [1ns Yero e MepHOW neHTe
pyneTkn nNpmuaatoT Takyto opmy?

OpHaxabl Konymb pacckasbiBan O TOM,
Kak OH oTKpbiBan Amepwuky. CornacHo ne-
reHge, OOWH K3 Cnylalowmx ckasan: «4ro



OU3NUKA -

«Konymb6 w1 aviljo». MoraHH [aviep, 1847

MOXeT OblTb MpOLLe, YeM OTKPbITb HOBYIO
3emnto?» B otBeT Konymb npennoxun emy
NPOCTYO 33Ja4y: NOCTaBUTb KypWHOEe ANLO
BepTMKabHO. Koraa HUKTO caenath 3Toro He
cmor, Konym0 B3sn snuo, pasdun ero ¢
OOHOTO KOHLUA W MNOCTaBUNI Ha CTOJ. 2TO
OeNCTBUTENIbHO MPOCTO. Pa3focagoBaHHble
Habnogatenn 3asBuAM, 4TO Tak chenatb
Mornu Obl 1 OHW. «Bbl MOTNK Obl, a 5 caenan
3TO Ha caMoM fene», — 3akmoumn Konymbo.

B Halwm OHW KpblnaToe BblpaXKeHWe Korym-
60BO A4iL/O O3HAYAET MPOCTON, HO HEOXMW-

OUN3UKA -

NHXKXEHEPAM

[JaHHbIV 1 NapafoKcanbHbIA BbIXOL U3 3aT-
PYLHUTENLHOIO MOJIOXeHus. Hanpumep,
BO3bMEM TMonocky Oymari. MoxHo nu ee
MOCTaBUTb Ha CTON BEPTUKaNbHO? 3TO Ka-
XKeTcs HeBO3MOXXHbIM? HeT, Bo3amMoxkHo! [1o-
CTAaTOYHO NNLLb COTHYTb ee BAOJb BCEM ANN-
Hbl B chopme xenoba. JInHus crmba ctaHo-
BWTCS TaK Ha3biBaeMbIM peOPOM >KECTKOCTH.

LLIKoNbHble y4eOHMKIN reoMeTpUN OTMeYa-
IOT, 4TO TPEYroNbHMK — 3TO XecTKkas hurypa,
a KBagpaT, NPAMOYrofibHVK, MNapannenor-
pamMMm — HeT. Ecnn Kk kBagpaty no0aBUTb
OMaroHanb, TO NONy4YnTCA XecTkas purypa. B
TEXHUKE KOHCTPYKTMBHbIE 3MIEMEHTbI, KOTO-
pble NPUAAIT KOHCTPYKLMM KECTKOCTb, Ha-
3bIBaloT pebpamm xectkocTi. Ecnm nuct Oy-
Maru CBepHyTb B TpyOKy, TO 3Ta TpyOka
OKaXeTCA [A0CTaTOYHO MPOYHOM U CMOXET
BblOep>KaTb HeManyto Harpy3ky. CBepHyTas B
enob nonocka Oymaru Toxe CTaHOBWUTCS
KeCTKom. Elo MOXHO pa3mMaxyBaTb B BO3Ay-
xe, NoJobHO AMPUXKEPCKOWN Masioyke.

Tak 1 B pyneTke BbITAHYTHIN KyCOK JIEHTHI,
nmMetoLLm hopmy xenoba, okasbiBaeTcs xe-
CTKUM WM He CBOPA4MBAETCA B PYJIOH. IDTO
NO3BOJISIET HAaNPaBNATb JNIEHTY AaXe BepTu-
KanbHO BBepPX.

NHKXKEHEPAM

| @OMOJI0TOK
N TalHa
NnoJj1e3HOro

ynapa

A.OPUAPUXCOH

ACTO CTAPHIERK/JIACCHUEKMN, C U3BECT-
HBIMU CIIOCOOHOCTSIMU K (PU3UKE, OTKA3bl-
BAIOTCS OT HAYUYHOIl Kapbephbl, roBopsi: «Kakoii
CMBICJI WATH B HAyKy, T/le BCe TJIABHOE YoKe
oTkpbITo? Bpemena Hpiotona, I'yka m gaxke
OWHIITeHa TPOILIH, a TMEePENIChIBATh Uy KIe

JUACCEPTAINN 32 MU3EPHYIO 3apILIaTy He MHTe-
pecto». O, Kak Bbl ommnbaerech, MOJIOJbIE U
rasantauBbie. He B 3apiiate — B OTKPbHITOCTH
BCEro IJIaBHOTO. YBEPSIO Bac, 4TO HEPACKPbI-
TBIX TailH, HEMOHATHIX SABJIEHHUI, HEOCMBICJIEH-
HbIX [IAPAJOKCOB JIaKe B KJIACCUUecKoii pusuke
Ha Balll BeK XBaTuUT. bosee Toro, dusmka Takas
HayKa, 3HaHHe KOTOPOil MOMKET BJIMATH HAa BCe
cepbl Hallell KU3HE — 0T MaJIoro 6usHeca J10
GOJIbINOI MOJIUTHKM, OT HPABCTBEHHBIX 3aKO-
HOB BHYTPHU Hac 0 3Be3/ Haj Hamu. Ho no-
CKOJIbKY B 3TOI HayKe He HPUHATHI 6e3/0Ka3a-
TeJIbHbIE YTBEPIK/JCHUS, TOIMbITaeMcss 000CHO-
BaTh BBINIECKA3aHHOE HUKEIPUBEAEHHDIM.
OKasbIBaeTcs, TaKOe SMOLMOHANBHOE MOHS-
THE, KaK y/Jap, B (DU3NKE MMEET BIOJIHE Pallio-
HaJbHOE onucanue. Eciu He IPUMEHATD 3ayM-
HbIX GoOpMyI, TO yaap — 310 6bicTpoe (BBICOKO-
CKOPOCTHOE — IO-HAYYHOMY ) IPHJIOKEHIE CHLIBL
K TeJy WM cucTeMe Tes. BrpoueMm, BbICOKas
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CKOPOCTb — TOHSTHE OTHOCHTebHOE. [loaTto-
MY, TOBOPSI CTPO’KE, y/IapOM MOKHO Ha3BaTh
TaKoe TPUJIOKEHUE CHJIbI, PH KOTOPOM Bpe-
MS1 BO3/IEHICTBHSI COUBMEPUMO UJIH MEHbIIE TTe-
puojia coOOCTBEHHDBIX KOJIEOAHWIT TeJa WU CH-
CTEMBI Te.

JII060TIBITHO, YTO COPa3MEPHOCTD — MTPUYNHA
HEKOTOPBIX MAJOU3yUYeHHbBIX, a MHOT/[A U TIapa-
JIOKCAJIBHBIX <«YJIAPHBIX> sIBJeHUN. MOKHO
HAYaTh 9KCKYPC ¢ MOCTA, KOTOPbIIl Pa3pyIiiia
pOTa COMIAT, PUTMUYHO TIeYaTast mar ¢ 4acto-
TOI COOCTBEHHDBIX KOJIeOAHNN MOCTOBOU KOHCT-
pykunu. BripoueMm, pesoHanc, T.e. cOBHaIeHHE
YACTOTHI BHEIITHETO BO3/IEUCTBUST ¢ COOCTBEHHOI
YaCTOTOH KOJIeGaHuii TeJa MM CHCTEMbBI TeJ,
SIBJIEHHE JIOCTATOUYHO U3YUYEeHHOE. A BOT IIPUMED
COBTIA/ICHIISI BDEMEHT BO3IEHCTBUS C TIEPUOIOM
COOCTBEHHBIX KOJIeGAaHHI, KOTOPBII MBI yCJIOB-
HO Ha30BEM y/IapOM TEOJIOTHYECKOTO MOJIOTKA
110 06pasity MOPO/Ibl, He TaK MPOCT, KaK KasKeT-
cs1, ¥ sIBJIsIET co60il IPUMEp BechMa M0JIE3HOTO
(He TOJIBKO JJIsI Te0JIOrMK) yaapa O TBepioe
TEJIO.

OTIBITHBII Te0JIOT KoJleT 00pasell Ha JABedac-
TH HaBecy, Kak Obl cMsryas yaap. [laxke He kak
Obl, a MMEHHO CMsITYas — YTO HEOIBITHOMY
HAGJIO/IATENIO TTOKa)KeTCsT cTpaHHbiM. W Ha-
npacto. [lake ne pasbupasicb B TOHKOCTSIX
TEOPHH YIPYTOCTH, WK (DU3UKU TBEPOTO T,
OTIBITHBIN TEOJIOT 3HAET: YTOObI PACKOJIOTH 00-
pasell akKypaTHO TIOTI0JIaM, HaJI0 MPUIATh MO-
JIOTKY JIOCTATOYHO BBICOKYIO, HO MOCTOSTHHYIO
CKOPOCTh TaK, 4TOObI YCKOPEHHE B MOMEHT
yaapa OblJI0 MUHUMAJIbHbIM. B njeane — pas-
upM HyJio. [Tapagoke? Kaxymuiica. [Totomy
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YTO KBa3WHYJIEBOE YCKOPEHHE B MOMEHT KOH-
TaKTa TEOMOJIOTKA € MOPOJIOi JlaeT TOJIe3HOe
BBITIOJTHEHUE 3aKOHA COXPAHEHUST IHEPIHH, KOT/IA
BCSI KMHETHYECKAs] SHEPTHs] MOJIOTKA IEPEXO0-
JIAT BO BHYTPEHHIOIO aHeprun obGpasia. [lpu-
4yeM He B TeIJIOBYIO, a B YIPYTYIo aHepruio. 1160
npu cBo6oHoM (6e3 ycKopeHHs) KOHTaKTe ¢
MOPOJIOiT MOJIOTOK B3amMOjieiicTByeT ¢ 06pas-
I[OM POBHO TO BPeMsi, KOTOPOE OIPEIESETCs
cOGCTBEHHBIMU YIIPYTUMHU CBOICTBaMU. A 3Ha-
YT, BPEMsI B3aUMOJIENCTBUSI MOJIOTKA C 1TOPO-
JION OIPEJIeJISIeTCST He BHEIIHUM YCUJINEM Teo-
Jiora, a COGCTBEHHBIM TEPHOJIOM KOJIeOaHmit
uccJeyeMoro umM o6pasiia. Ilpu takux mapa-
MeTpax B3aMMO/IENCTBUST SHEPTUST TEOMOJIOTKA,
3a CUeT TaK Ha3bIBaeMOil yJapHOIl BA3KOCTH,
MaKCHMAJIbHO OJHO MEPE/IET B SHEPIHIO YII-
pyroit pedopmaruu ob6pasiia. A BOT ygapHast
BOJIHA B TIOPOJIE, KOTOPAsi JIUIb PACKPOIIUT
o6paser (3a cuer MUHUMAJIBHOTO YCKOPEHUS),
Oy/1leT MUHUMAJIBHOII.

Kak ke mpomcxojut cam Ipolecc packoJa
nonosiaM? Kak mpasusio, jerko. B pesysbra-
Te JepopMaIiy CKATUs 10 HATIPABJIEHHIO y/la-
pa 06paserl OTHOBPEMEHHO PACIIUPSIETCST B 1IEP-
MeH/IMKYJISIPHOI Ttockoctu. M korpa ara 1o-
nepeunas jedopmaisi MPEBbICUT KPUTHYEC-
KyI0 fiepopManuio JaHHON TOPHON TOPOIB HA
pactskenue (JTydine ckazaTb — Ha Pa3pbiB),
obpasel] pacKoJIeTcsi 1o caMoii caboil u3 Bep-
TUKAJbHBIX IJIOCKOCTEll 00pasiia, T.e. MOIOo-
JlaM, 4TOGbI TIOKA3aTh CBOIO TEKCTYPY, COCTaB
U MHOTO MHbBIX T'€0JIOTMYECKUX IMOAPOGHOCTEl
o6pasna. Urto u Tpe6oBasoch yMeJoMy TeoJio-
ry. Ilpmuem 3a cuer AJMHHON PYYKH CBOETO
MOJIOTKA T€OJIOT MOKET HEe TOJbKO
JIOTSIHYTBCSI [0 HY’KHOTO KyCKa TI0-
POJIbI B TOJIEBBIX YCJOBHSX, HO U
peryJiupoBaTh <«aHAJUTHYECKUI
yaap» TakuM o6pasoM, 4ToObl pac-
KaJIbIBaTh Ha J[BE YACTH CaMble pas-
Hble 06pasipl Kak 1o (opme, Tak u
o cocraBy. BoJsiee TOro, 3Hast nmpu-
6JIU3UTEJBHYIO CKOPOCTh MOJIOTKA,
TIPA KOTOpOI 06paser mcceayeMoit
MOPO/IbI PACKOJIETCST TIOTIOJIaM, MOJK-
HO TIPe/[BAPUTEJILHO OIPE/IEIUTh TaKk
Ha3bIBaeMble KPUTUYECKUE HAIPsIKe-
HUSI HA Pa3pbiB, a 9TO BECbMa BaK-
Hasl XapaKTEePUCTUKA MTOPO/IbBI.

Kcrarn ckasaTb, 9Ty XapakTepwuc-
THKY HMCHOJIb3YIOT KOJIJIETH T'€0JIOTOB
— ropHsiku. B Kapbepax, KOTOpble



Ipeaen mpounoctn | [pemen mpounoctr | IIpesen npounoctu
TOpHbIE TIOPOEL HA CKAJTbIBAHTE Ha crKaTie HA PacTaiKeHe
8o X10°,TTa Box X10°,TTa Bper X10°,TIa
Mpamop 9 1650 -
WsBecTHAK 95-192 1030-1640 N
AHpesur 96 986 58
I'panarossrit ckapH 96 1015 -
Tyd 110 1156 67
JomoMut 118 1620 69
panomuopur MeraMopdusoBaHHbIi 130 1412 -
Tpanauopur 211-222 2336—2659 -
TpaHuT MeTKO3epHUCTHIH 198 1660 120
Tpauut cpepnesepHucThIit 220 2592 143
Cuennt 221 2152 143
Cuenur-tnioppup 296 2250 143
Jlwopur 240 2390 -
Jlwoput-nnoppup 302 3240 -
Ta66po 244-375 2300—3406 135
Ckapu pyaHbrii 255 2098 -
CKapH 31H0TO-TPAHATOBLII 305 2762 -
Keparodup 268—-373 2285-3740 138
Anp6urodup 282 1728 119
Kpapuur 316 3050 144
Basanbt 322 3245 -
Jnatas 347 3430 134

pa3pabarbIBAIOTCS B3PBIBOM, 3apsiji BO B3PbHIB-
HBIX CKBOXHUHAX, a TAKXKe PACCTOSHUE MEXIY
B3PBIBHBIMU CKBOKMHAMH PACCUNTHIBAIOTCS,
NCXO/I U3 TIPOYHOCTHBIX XAPAKTEPUCTHK MO-
pozibl. BHuUMAaTeJNbHDINH YnTaTeN b, MOCMOTPEB
Ha TIPUBEAEHHYIO 3/iech TaGJIMIly, HaBEpHSKa
0o0paTHT BHHMaHHE Ha JBE IOAPOOGHOCTH!
1) BpemeHHOE conmpoTuB/ieHue paszpoiBy (pac-
TSDKEHUIO) HA MOPS/IOK MEHbINE, YeM Ha CKa-
THE U AaXke HAa usTuG; 2) U3YUYEHHOCTD MOPOJ
1o atoMy napamerpy (COnpOTHBIEHHE Paspbl-
BY) 3aMETHO OTCTAET, YTO, OUYEBU/HO, CBSI3aHO
¢ 6oJiee TPYJOEMKIM IIPOIIECCOM UCCJICJOBAHMUS.

B orimume OT TeosIOroB, TOPHAKAM HYSKHO
B3PBLIBOM PACKOJIOTH HOPOLY KaK MOXKHO MEJIb-
4e, 4ToObI Jierdye OblJIO TPY3UTh HA aBTOTPAHC-
[OpT, a B JajbHeiineM nepepadarpiBaTb, Ha-
npuMep B mIeGeHKY. Y/1apHas BOJIHA, ITOPOXK-
JICHHAs KaK Pa3 BLICOKUM YCKOPEHUEM MTOPO/IDI
IIPY B3PbIBE, B OTJINYNE OT JIEJTUKATHOTO T€0JI0-

TMYECKOIo yjapa, KPOLIMT IHOPOJYy B 30HAX,
COPa3MEpHBIX C JIaMeTPOM B3PBIBHO CKBAXKH-
upl. Ho 3a cuer peskoro najeHus sHEpruu
yZApHOIl BOJIHBI C PAcCTOSIHUEM Ha yJaJIeHUH
yoKe B HECKOJIbKO METPOB OT CKBAXKHHbBI II0POJIA
pacKaJiblBaeTcs «II0 IPUHIIUILY TeOMOJIOTKa» —
Ha OCTa6IeHHBIX MUKPOTPENTUHAMH IIIOCKO-
CTAX, KOTZla IIOPOJTY Pa3pyIIAIOT BBIIICONUCAH-
Hble JlepOpMaUU PACTSIKEHU.

B aTOM KOHTEKCTE Masias n3ydeHHoCTb (KaK
BUAUM U3 TaGJMIBI) [OPOJ Ha KPUTHYECKUE
JAedopManuy pacTsyKeHus He 103BOJgeT Iop-
HBIM HIHKeHepaM 6oJiee TOUHO PAaCCUNTBIBATDH
SHEPTUI0 B3pbIBa. Beab Mg HyXJ TOPHOI
IIPOMBIIIJIEHHOCTH PAa3buTast B IbLIb yIAPHOI
BOJIHOIi IIOpOJa Hy>KHA IOpPa3Zio MeHbIle, 4eM
OLITUMAJIbHO pacKojoTas Ha ¢parmentol. Of-
HAKO YTO M3BECTHO TOYHO, TaK 3TO O6paTHas
3aBUCUMOCTD (PparMeHTaluy oT SHePrun B3pbl-
Ba (Kak W OT MEXaHWYECKOro yjaapa): dem
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GoJibliie aHeprus, TeM MeJibue parMeHTaIus
paspyiientoii mopo/ipi. OHAKO cJielyeT 3ame-
TUTD, YTO B HEKOTOPBIX CJIy4YasiX CIIPaBe/JIUNBO
n obparHoe: uyeM MeJibue (PparMeHTaius Jo
paspylienusi, TeM 60JIbIast SHePrus TpebyeTcst
[T fasbHeitrero apo6iaenus. Beab yem 60J1b-
1Ile TPEIINH B MMOPOJIE /10 B3PbIBA, TeM 0O0JIbIIE
€CTECTBEHHDBIX TMPEISTCTBUN [IJIsT  APOGsiiieil
yaapHoii BoiHbI. V1 TeM GoJibIiasi 4acTb dHEP-
UM B3PbIBA 3aTPATUTCS He Ha ApobJeHue, a Ha
repeMeleHre B mpe/esaxX TPeluH CBOOOIHBIX
KyCKOB 1mopoibl. OTBITHBIE TOPHbBIE HHXKEHEPDI
YUHUTBIBAIOT U ATY, B 00IIEM MAJIO U3y4EHHYIO,
TOHKOCTH B3PBIBHOTO Jleia. B jmio6oM ciyuae
JUIST TOYHOTO PacyeTa SHEPTUU B3PbIBA TOMUMO
MIPOYHOCTHBIX CBOICTB MOPO/IbI OHU YUYUTHIBAIOT
u ee «6JIOYHOCTb> — CPEJHUIT pasMep Kycka
MOPO/IbI MEXKAY  TPEIUHAMH HA  JTAHHOM
yuacTKa Kapbepa.

lFeodusuku Ty K€ XapakTepUCTHKY Ha3bIBa-
I0T «TPEINHOBATOCTh> U YUYUTHIBAIOT €€ [IJIsI
pacuera sHepruu onbiTHOro ygaapa (06braHo
yapoM cOPOIIIEHHBIM C OIPe/IeJIeHHO BICOTbI
IPY30M 110 oBepxHocTn 3emun). Ecin ceficmu-
yecKast BOJIHA BO30YIKIAETCS C TIOMOIIBIO B3PbI-
Ba, TAK)Ke YUUTBIBAIOT U TPEIINHOBATOCTD CKAJIb-
noro maccuBa. OpHako B GOJIbIIEl CTeleHn Ha
3(pHeKTUBHOCTD OIBITHOTO B3PHIBA, a TJIABHOE
— Ha MEHbINWI yiiep6a 9KOJOTUU, BJIMSIET Ta-
Kol GJU3KUI K TEOMOJIOTKY TOKa3aTesb, Kak
6pU3aHTHOCTD, T.e. OBICTPO/IEIICTBIE B3PbIBYA-
TOTO BeliecTBa. TOYHO Tak ’Ke, KaK OIBITHDBIN
reoJIOr CTPEMUTCSI OIYCTUTh CBOW MOJIOTOK Ha
MOPO/ly C MUHMMAJbHBIM YCKOPEHUEM, OIIbIT-
Hble reo(DU3UKK BBIOGUPAIOT [T BO3OY K/ICHUS
ceiicMITecKnX Kose6aHWii B3pbIBUATOE BeIIle-
CTBO C MUHUMAJbHOH 6PU3aHTHOCTHIO — YTOOBI
6oJIbIIIast YacTh SHEPTUH B3PbIBA yXO/NJIA HE B
yaapuyio BoJHy (mepuoja KOTOpOii MeHble
nepuoia COGCTBEHHBIX KOJIeGaHMil IIOPOAIbL), a
B YIpYyTyio, T.e. COOCTBEHHO CEHCMUYECKYIO
Boay (1epuoji KoTopoit u ectb nepuoj co6-
CTBEHHBIX KoJeGanuii reomaccusa). JIpyrumun
CJIOBaMH, 4eM MeHbIlle paspylleHie yIapHoro
BO3/eiicTBUs, TeM GOJIbllie HAyIHOI nHbOpMa-
MU MOKHO IOJIYYUTH 10 €r0 pe3yJibTataM —
HaIpUMepP, O MAaCCUBE TOPHBIX MOPO/I.

Pernraema u o6paThast, Kak TOBOPST reodusu-
KW, 33j]a4a: eCcJM U3BECTHBI MPOYHOCTHBIE Xa-
PAKTEPUCTUKHU TIOPO/IBI, TO IO KOJUYECTBY pac-
KOJIOTBIX TIPU yIape YacTeil MOXKHO OTIPE/IeIUTh
UCXO/IHYIO 9HEPTUIO ATOrO CaMoro yaapa. AHa-
JIOTUYHO, TI0 Pa3Mepy CPEIHETO KyCKa MOPO/IbI
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nocse B3pbiBa (HampuMep, B Kapbepax M3Bec-
THSIKOB, [1€CUaHUKOB UJIM I'PAHUTOB JIJIs1 TIPOU3-
BO/ICTBA BasKHEMHIIEH cOCTaBJILIONIEH T0POKHO-
rO CTPOUTENIHCTBA — IEOHS) MOKHO ONpeje-
JIUTH SHEPTUIO CAMOTO B3PbIBA.

3aKOH COXpaHEHUsT SHEPTUN — YHUBEPCAJIeH
1 CUMMETPHUYEH BO BDEMEHU U B TPOCTPAHCTRBE.
[Moatomy crenenb paspyienus (a caenosa-
TeJIbHO, U (parMeHTanum) Jio6oro Matepuaia
3aBUCHUT OT MICXOJIHOW SHEPTUN Pa3pyIIeHUS 1
HaoGopot. U naske B BaskHeiileM paccJ/ieoBa-
HUM KaTacTpodbl 110/ JJoHenKoM MOKHO GbLIO
6bl TIPUMEHHUTDH 3Ty 3aBUCUMOCTb. B maHHOM
cJlyyae — 3aBHCUMOCTb 3HEPIrUU B3pbIBA OT
cpeqHero pa3Mepa (parMeHTOB Pa3pyIeHHOTO
Kopityca. MHorue crienuaaiucTbl 0OpaTu/ii BHU-
MaHKe Ha BecbMa MaJyio ¢parMeHnraiuio o6-
JIOMKOB Ha MeCTe KpYIIEeHUsI MaJIa3uiiCKoro
Bounra, mcxonst U3 KOTOpoi MOKHO, XOTb U
MpUOGJIN3UTEBHO, PACCYUTATD SHEPTUIO MCXO/I-
Horo B3pbiBa. [Ipocreiimuii pacyeT 1mokasbia-
€T, 4TO TIpW TaKoW (parMeHTanuu SHEepPrus
HCXOJHOTO B3PbIBA OKKETCA B IIpejiesax 10'2
JUKOYyJIel. DTO KOJIOocCaJbHas SHEPTHs, copas-
MepsieMast ¢ dHeprueil MacCOBOTO B3PbIBA Ha
6OJIBIIIOM Kapbepe UJIH ¢ SHeprueil HeGOoIbIIIOro
3eMJIeTPSICEHUsI ¢ MarHUTy10il 1. OHeprus ke
B3pbIBa 1pecioByTol pakerbl BYK-M (maxe
ecan GbI OHA B30PBAJIACch He BHE CAMOJIETA, a
BHYTPH) MUHUMYM B CTO pa3 MeHbIue. Eaun-
CTBEHHBIN HHEPTOMCTOYHWK, SKBUBAJCHTHBIN
npuUBeZeHHBIM U paM, 910 B3pbiB (MIHOBEH-
Hast JIeTOHaIKsA) BCeX TOIIMBHBIX 6akoB BouH-
ra TpH YCJIOBUH, YTO OHHU TIOJHBI. Takske cie-
JIyeT 3aMeTUTh, YTO OJHOBPEMEHHYIO /IeTOHA-
IIUIO TOTITMBA MOTJIO BBI3BATH HE CTOJIbKO BHEIII-
Hee, CKOJIbKO BHYTPEHHEee CIEeIaabHO TTO/To-
TOBJIEHHOE BO3/IeliCTBUE — IIPOIIe FOBOPSI, NHU-
IUUPYIONIIT B3PBIB-ACTOHATOP 6JM3 CaMUX
TOILIMBHBIX 0akoB. UTO ’Ke CTAJI0 TPUUYHHOI
CTOJIb MOTIIHOTO Pa3pyIIeHUs, ThICSTIYEKPATHO
[IPEBBIIIAIONIET0 BO3MOMKHOCTH PAKET JI0O0TO
KJIacca, BOIpoc yske He HayuyHoro cBoiicTBa. Ho
MIOCTABJIEH OH HA/IeXKHBIM 3KCIEPTOM — 3aKO-
HOM COXPAHEHUs SHEeprui.

[elicTBeHHYIO IIOMOIIb 3TOI'O 3aKOHA aBTOP
UCTIBITAT W B CBOEH ToJieBOl mpakTuke. /[leso
661710 Ha CBETJIOTOPCKOM Kapbepe rPAHUTOB B
Kapesmu (kapbep paspaGarbiBas B3PbIBOM Ca-
MYIO KPETKYI0 MOPO/Ly, Mabbl MPEBPATUTD €€ B
caMylo KpemnKyio Ie6eHKY /IS OTCBITKHI [0-
POKHBIX MOKPBITHH 10 Beell cTpane). Paccun-
TaThb TaK HAa3bIBAEMYIO B3PBLIBHYIO CETKY, T.€.



paccTosTHNE MEK/Ty B3PBIBHBIMHU CKBaKMHAMM,
MO’KHO, KaK y’Ke 3HAIOT HAIN YUTATEeJH, JUIITh
3Has TAKyl0 XapaKTEPUCTUKY CKaJbHOTO Mac-
CUBa, KaK TPEIMHOBATOCTD. [[Jig peleHus aToii
3a/1a4M B HAIlleM PacHopsbKeHuu ObLT ceiicMo-
MeTpuUecKnil KOMILTeKC KapoTaska (1 cKBa-
SKMHHBIX M MEKCKBAKUHHbBIX UCCJCLOBAHUIL):
CefiCMOTIPUEMHNK W MCTOYHWUK YIPYTHX KOJe-
Gannii. EcJivt 1iepBblii 271eMeHT NPEJCTABIIAT U3
ce6st KOPILYC BECOM HECKOJIBKO COT TPAMMOB, TO
WCTOYHUK KOJIEOAHUI BECHJ IIOJCOTHU KUJIO-
rpamMoB. Ho riaBHast mpo6JieMa Oblia Jlaske He
B Bece: TIOCJTE OIYCKAaHMS 3TOTO arperata B
CKBaXMHY ¥ 3aKPEIJICHNS Ha CTEHKAX CKBAYKH-
HBI CBEPXY 110 HEMY HAHOCHJICS y/1ap CIIeIaJlb-
HOI celicCMOMETPUYECKON KyBasIoi BECOM 3a-
METHO OOJIBIINM, YEM Fe0JIOTHYECKII MOJIOTOK.
Yap aToT Mocpe/ICTBOM MeXaHWYeCKUX Tepe-
XOJHUKOB TPAHCJINPOBAJICS HA CTEHKU CKBAYKH-
HBI 1 TAKUM 06pPa30M CO3/IaBas Te CaMble YIIPY-
rue KojieGaHusi, KOTOPbIE MBI JOJDKHDBI ObLIN
yJIaBJIUBATh CEUCMONPUEMHUKOM B COCE/IHEN
ckBaskuHe. [To ckopocTH UX TPOXOKIEHIS MO3K-
HO OBLJIO CYJUTh O CTENEHU TPEIHHOBATOCTH —
4yeM MeHbBIIIe CKOPOCTD, TeM GOJIbIIE TPENHHO-
BaTOCTb ¥ HA06OPOT.

Bpome 6o mpocras 3agada. OgHako moce
TpeX-ueTbIpeX Y/JapOB HAIll CKBAYKUHHBIN HC-
TOYHHUK 3aKJUHUBAJIO TaK, YTO MOJHSTH 3Ty
TSKEJCHHYTO METaITIOKOHCTPYKITHIO HA TIOBEPX-
HOCTH ObLJIO y3ke GoJibIioii npobiaemoii. B pe-
3yJbTaTe TPOU3BOJUTENBHOCTD HANIMX Kapo-
TAKHBIX MCCJIEIOBAHUIT PE3KO yIiaja, U BCTa
BOIPOC, 4uTO ZesaTh (a KTO BUHOBAT, Mbl YiKe
3HaM, 160 caMU He MPOJyMaJl BCEX TEXHMU-
yecKMX JeTajeii). B pesysbrate MO3roBoro
mITypMa GbLIO IPEJIONKEHO TPUMEHHTD. .. 00bIY-
HbIe BO3AYIIHDbIE IMApUKH, OIyCKaeMble Ha
HIJIAHTE ¢ BO3/IYIITHOTO pecuBepa Hallei sKcie-
auinoHHoi MamuHbl [A3-66 B ckBakuHy —
JUIS TIOCJICTYTOTIETO «JIOTIAHWSI» B €€ MOJIOCTH.
Kowneuno, ObLIM COMHEHUSI: 9HEPIUU BO3/yXa
naxe 1o maBieHuneM 1—2 atmocdepbl MOTJIO
OBITH HEIOCTATOYHO, YTOOBI «IIPOOUTH»>, WJIH,
TOYHEe TOBOPSI, «IIPO3BYUYUTb» CKAJbHbII Mac-
cuB Ha 10—20 MeTpoB 710 coce/iHell CKBAXKUHBI,
r/ie <IPOXJIAK/IAJCSI» Halll KOMITAaKTHBIN celic-
MOTIPHEMHUK B TIIETHOM OKHMIaHUT 3 PEKTHB-
HOIT paGoTHI.

KaxoBo ske 6bLI0 yiuBJIeHNe HEBEPYIONINX B
ycrieX, KOorja Ha ceiicMorpaMMe Mbl TOJTYYnJIH
HE IIPOCTO CUTHAJI, @ MHOTOKPATHO TIPEBOCXO/IS1-
WA TOT, YTO MBI TOJYYATIH O TOTO MOCPE]-

CTBOM <«KyBaJjomerpas. Bce neno 6buio B
SHEPrOEMKOCTH HAIIero M306pPETeHHOTO ITHEB-
MoncrouHnKka. Korja aBToMOGHIIbHBIE ATMOC-
depsl pactmpasn CXKATBIH CTEHKaMH CKBaXKH-
Hbl PE3UHOBBIN TAPUK, OKPYKAIOMINI MacCuB
TPAaHUTOB BOCIIPUHUMAJ 3Ty IHEPTUIO «ME/IJICH~
HO, HO BEpHO», 110 cyTu 6e3 morepb — gedopmu-
pPysCh MHUKPOH 32 MUKDOHOM HECKOJBKO ce-
KyHa. Korzma »xe 3aMedareslbHOE PE3WHOBOE
us/iesine JIonaaoch, BO3HUKAT «0OPATHBII» /i1-
nammuyeckuil ygap. KakoBoit Bosmmkaer, Ha-
npuMep, Mpu OTOPACBIBAHUK OTPAGOTAHHBIX
CTYIICHEN pPaKeTbl WJIM TIPU PA3rpy3Ke odara
3eMJICTPSICEHUS.

MbI HaMepeHHO TTPIBOM TaKWe MaKPOIIPH-
MEpbI, TOTOMY HYTO HaII I‘paHI/ITHbII‘/JI IKCIIepu-
menT 1984 roma mokasas: aTot npuHImI pabo-
TaeT Ha BCeX MaciTabax OT oyara 3emJierpsice-
HUSL JI0 BO3/IYIIHOTO IHIapUKa.

Wrak, npo6iema 6blia yCIENHO pelieHa U
JlasibHediimas paboTa MolLIa-moJeTesna, Kak 1o
MacJiy, TouHee — Kak 10 BO3AYXYy. ¥Yaap c6po-
IIEHHDBIM JIaBJIEHNEM, KaK OKa3aJoCh, IpUMe-
HAJICA B UCTOPUU HAYKM M TEXHUKW HEOIHO-
KpPAaTHO, HO JIJIs1 BO3OYKIEHUS YIPYTHX KoJeba-
HUH B CKBakmHE — Brepsble. V1 mo Bo3Bparie-
HUW W3 SKCTEe U MBI 0(POPMUJIH «TTaTeHT Ha
€11oco6» , KAKOBOI YCIIEITHO IIPUMEHSIIN B 1aJIb-
HEWUIINX CBOUX JKCIEIUINIX HEOHOKPATHO —
1 HE TOJIbKO Ha I'PaHUTaX, HO U Ha TeCYaHUKaAX,
U3BECTHSIKAX, /[OJIOMUTAX.

BripoyeM, HIYEro HEBEPOATHOTO B TOM, UYTO
BO3/YUTHBIH IMaphK 3aMeHNJ MHOTOKHJIOTPA-
MOBBIN <«KyBaJJIoOMeTp», HeT. Bce oueBmaHO:
ojHa armMocepa, YMHOKEHHAs! HA OJIHY Jlecs-
Ty10 Ky6oMmerpa (Tak cumTaeTcst SHeprus, KOTo-
PYIO HaJlyBaeMblii MapUK TPAHCIUPOBAJ Yepe3
CTEHKM CKBAJKMHBI B I'€OMACCHMB), COCTABJSACT
10000 mxoyueit. C yderom Bbicokoro KII/[
MOYKHO COTIOCTaBUTb TAKOW ITHEBMOUCTOYHUK
006paTHOTO JINHAMUYECKOTO yJiapa € IHPSIMbIM
yaapouM rpysa Mmaccoit 100 kuimorpaMMoB, ymas-
mero ¢ Bbicothl 10 MerpoB (910 Ge3 yuera
3HAYNTEJBHBIX JHEPTETUYECKUX TOTEPDh MPH
TaKOM TIPSMOM BO3/CHCTBUHM — HA MEJKO/IIC-
nepcHoe JIpobJieHue TOPO/Ibl, HEYIIPYTYIO y1ap-
HYIO BOJIHY W TEIJIOBYIO 3HEPTHUIO, KOTOpasd,
KyJZa sk 6e3 Hee, BbIIEJIMJIACH B OKpY’Kaiolee
HPOCTPaHCTBO). B ncrounnke onucanHoro tuna
3THUX TIOTEpPDb HeT.

Tak ry106a/IbHBIN 3aKOH COXPAHEHUST SHEPTUH
MOMOT PEIUTh TEXHUYECKYIO T'OJIOBOJOMKY U
YaCTHYIO reopU3NUeCcKyIo 3a/auy.
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Anrebpa u
reoMeTpus
KOMMIEKCHbIX
qucer

A.KAHYHHUKOB

ATy CTaThI0 MBI PEKOMEH/IyeM YHUTATh OCJE
cratbn «Marust KOMILTeKCcHbIX uncea» (c. 5)
WM TIapaJiiesbHo ¢ Helt. CIoXKeTbl TOW cTaTbh
3a4acTyio MPOXO/NJIN 110 OJIHOMY CIeHapHIO:
IS peleHust aJre6pandecKkoil 3a1aun «3a Ka/l-
pPOM» TIPUMEHSIICH TeOMeTPHUYEeCKHIe MeTO/IbI,
1 TOTOBBIN PE3yJIbTaT MOSIBJISLICS CJOBHO KPO-
JIUK U3 LIS,

C KakuMM 33Jla4aMi O KOMILJIEKCHBIX YHUC-
JIaX BCe JKe CIIpaBJisgercs 4ucras aarebpa u
r/le TPAHUIBI ee NpUMeHeHns? B kakux 3aja-
YaxX MOMOTAIOT FeOMeTPUYeCKUe MeTO/Ibl, 1 KaK
KOMILJIEKCHbBIE YHUCJIA U TeoMeTpust 060ramaior
apyr apyra? OG6o Bce 3TOM MBI PAacCKaKeM B
crarbe. Ho riaBHasg Hama 1esib — y»K KOJb
ckopo ato pyb6puka <«Illkosa B «KBante» —
HAy4YHUTb Bac, yBakKaeMblIil yuTaTe b, IIpueMaM
paboThl ¢ KOMILIEKCHBIMU YnCIaMu, aareOpa-
NYECKUM U TEeOMETPUYECKUM MeToJlaM pelile-
HUS 33j1a4, KOTOpble Obl ONUPAJINCh HA TBEp-
JIyI0 TeopeTnmueckyio ocHoBy. He crpemurech
MOHATH Bce W cpasdy. Paboraiite Hajx crarbeit
BJyMYNBO, HE TOPOISICh, BO3BpallaiiTech K
«Marun KOMILIEKCHBIX dnces» (CeKpeTbl OT-
kpbiBaiotca?). O6cyxalite MaTepuan ¢ ydn-
TeJISIMU M TOBApUIAMK, a IJIaBHOE — peliaiite
3a/1a4M, K OOJIBIIMHCTBY U3 HHUX IPUBE/CHBI
orBeTbl M yKasanus (c. 51).

Anre6pa KoMMNeKCHbIX Yyucen

§1. OnpepeneHve 1 CBOWCTBA B BONpocax
M oTBeTax

Mbl He GyJeM BHOBD ONpPEIE/SITh HAua/b-
Hble TOHSATHS, OXKHU/As, 4YTO BBl O3HAKOMU-
ek ¢ mumu (em. ¢. 5). Eute jydnte nounraii-
Te GoJiee TOAPOGHBIE BBEJEHUS B KOMILIEKC-
Hble YHNCTa W3 PA3HbIX HCTOYHWKOB, HAIPHU-
Mep [2—-5]. Mbl, npaBo, He BUJUM CMbIC/JIA UX

noBTopsTh. Jlydnie orBeTM Ha HanbGoJiee pac-
[IPOCTPAaHEHHbIE BOIPOCDHI U3 cepunt «UTo BbI
xoresn ysHarb (yTOUHUTD), HO GOAIUCDH CIIPO-
cuThb». B mportecce 00CyIK/IEHUST MbI TIPUJIEM K
Pa3yMHOMY OTIpE/IeJICHUI0 KOMIIJIEKCHBIX UH-
ced.

Q: Houemy muumas edunuya 0603HaAUACTNCSL
Oykeou i? Ilouemy Heab3st NUCAML NPOCINO
V=17

A: Drto mepBasi OyKBa B JIATUHCKOM CJIOBE
imaginarius (Muumbtii). Ee npeanoxun itnep
B 1777 romy. Bmecto i HemnmpaBHJIbHO MHUCATDH
V-1, tak kax 510 OGO3HAUCHME IS MHOKE-
cmeéa xopueil ypasHennms x> = -1, Kotopoe,
MMOMHUMO i, WMEEeT elle OJUH KOpPeHb —i:
2 +1= (x —z)(x +i). Kcratn, nmenno Ha
9TOM HeyJauyHOM 0603HAYeHUH OCHOBAHBI TIPHU-
MUTUBHbIE OMUOKH TUIIA

1=T=(~1) =V =4.

Q: Iouemy 6 aumepamype KOMNICKCHbIE
YUCAA UACO ONPedensomes Kax napol 0eti-
cmeuUMenvHblx? Mo 6vlzas0um HeMHOz0
CMpannviM, 0co0enHHo K020d 66005 YMHOKe-
Hue no gopmy.ie

(a,0)(c, d) = (ac —bd, ad +bc) .

IHouemy cpasy ne nanucamo a + bi?

A: Iloaxon ¢ mapamu — 1alb pOopMaIn3My, He
GoJiee Toro. IIoToM Bce PaBHO IEPEXOAT HA
NOHATHYIO 3a1uch a + bi BMecto (a, b). IIpocto
Tak y/j06Hee 6e3 JIMIITHUX CJIOB JIaTh Ollpe/ieJie-
Hue: napel U Bce. Ho BbI paBbl, YMHOXKEHHE
nap BBITJISJUT MKO, ¥ B XOPOIINX KHUTAX OHO
o0s13aTeIbHO MOTUBHpPYeTcsi. Ecim cpasy Hamu-
carb @ + bi, TO BOSHIKHET BOIIPOC, YTO ITO 32
IUTIOC M YTO 3a yMHOXeHue b Ha i. Bce-takn
CHAYaJIa HA/I0 OIPE/IeUTh KOMIIJIEKCHDIE YHCJIa
KaKk OODBEKTBI U TOJBKO TIOCJ]E ITOTO BBOAUTD
oleparmu.

Q: Heysxenu nenvds damv onpedenenue u
CcMpozo, U NOHAMHO?

A: Moxno. [laBaiiTe paccMaTpuBaTh KOMII-
JIEKCHBIE YHCJIA KAK BEKTOPLI HA IJIOCKOCTH:
C = R*. BekTopsl — Te e Hapbl, IPUYEM MbI
yMeeM UX CKJIAJIbIBATh 1 YMHOXKATD Ha JIeiiCTBU-
tesbHble uncaa (mokoopanHatHo). OTox/Ie-
crenm Bextop (1, 0) ¢ umesonm 1, asexrop (0, 1)
o6oznaunm GykBoii i. Torga

(a,0)=a(1,0)+b(0,1) =a +bi
— pasioxenue Bektopa o 6azucy 1, i. Ocra-
JIOCh OIIPE/IEJIUTh YMHOKeHUE Ga3UCHBIX BEKTO-



ITKOJTA B

po 1, ino dopmynam 10 =il =i, i>=-1u
MIPOJIOJIUKUTD €r0 Ha BCE KOMILJIEKCHbIE YHCIa
PAaCKPBITHEM CKOGOK:

(a +bi)(c +di) = ac +adi +bic +(bi)(di) =
=ac =bd +(ad +bc)i. (1)

Q: Ho 6edv npocmo onpedenumv KOMNIEKC-
Hble YUCA U ONePayul HA0 HUMU HedoCmamou-
Ho? Ewe nHado nposepsmo Kaxue-mo ouesuo-
Hvle ceoticmea muna a + b = b + a u m.o.
Ipuuem 6 o0nux yuebnuxax omu u 6nNpPsMv
npPoGepsIomMcs Ha HECKOAbKUX CMPAHUYAX, 6
Opyzux oCmasaAsIomes, 6 Kauecmee Ynpaxme-
HUSL, d 8 MPEeMbUX eule HA3bI8AIOMCSL AKCUOMA-
MU NOASL. ..

A: Mbpl pacpuin MHOKeCTBO R /10 MHOKe-
ctBa C, MPOIOIKIIN CJIOKEHIE H YMHOMKEHIE
¢ R wma C wu, KOHEYHO, HAJ0 TIPOBEPUTH,
00.J1a/IAI0T JIW TIO-IIPEKHEMY JTH OTI€PAIIUH TIPU-
BBbIYHBIMU CBOICTBAMU. A MMEHHO:

Dx+y=y+ux;

2) (x+y)+z=x+(y +2);

3D x+0=ux;

4) xy = yx;

5) (xy)z = x(y2);

6) xOd=ux;

7) x(y+2z) =xy +xz;

8) s kaxoro x ectb —x: x +(=x) =0;

9) st kakgoro x # 0 ecrb 1/ x(1/x) =1.

Cumnrtas U3BECTHDBIM, YTO 9TH CBONCTBA BEPHDI
B MHOXxecTBe R, serko nepenectu ux nHa C.
Taxk, cBoiicta 1), 2), 3), 8) gCHBI U3 MOKOOP-
JIMHATHOTO CJIOkKeHus: Bektopos. [lamee, 6)
OUEBHU/THO, a IPOBepsist 4), 5), 7), IPU PacKpbI-
I CKOOOK 110 popmy.ie (1) He HAZ0 3aMEHATD
i* wa —1. Hampumep, Ui IPOBEPKH 5) HALO
packpbith ckoOku (a; +bii)(ay + byi) (Cl3 +b3i)
JIBYMST CITIOCO0AMHU — B 0G0UX MOJIYYUTCST CyMMa
BOCHMU OJIMHAKOBBIX cJaraembix: (@d,)d; =
= a(aya3), (abyi)bsi = abybsi® = a; (byibsi) u
T.7. VIHBIMU CJIOBaMM, TTOCKOJIbKY i KOMMYTH-
Pyer ¢ AeiiCTBUTENbHBIMU YKCIAMU, TO 5) J0C-
TATOYHO TPOBEPUTH [JIsT GA3UCHBIX BEKTOPOB
x,9,20{1, 4, a a10 ouesnano. Mposepka 4) u
7) anamoruyna u eme rpoute. Hakomerr, Harom-
M 9) (em. c. 6): L =i—bl2.
a+bi a +b

MHOKeCTBO, Ha KOTOPOM 3a/IaHbI [[BE OTepa-
uu (c1oKeHne u yMHOKEHIE ), B KOTOPOM €CTh
nBa aaeMenta (0 u 1) ¥ 719 KOTOPOTO BBIIOJI-
HeHbl cBoiicTBa 1)—9), HasbiBaeTcsa nosem, a
caMu 3TU CBOICTBA — akCcHoMaMu 1oJist. Takum

«KBAHTE »

06pa3oM, MHO3KeCTBO C BCJie]] 32 MHOYKECTBOM
R sBasiercst mosieM. CraskeM, MHOYKECTBO Z He
SABJIAIETCSA [I0JIEM: B HEM BEPHbI cBolicTBa 1)—8),
Ho HesepHo 9). [loGaBuB K Z Bce apo6wm,
nosryunm nosie Q panmonaapubix yncen. (Or-
MeTHM, YTO TOJIsI HeoOs13aTeIbHO COCTOSIT U3
YHCEN: €CTb M0JIe BbIYETOB Z, MO IPOCTOMY
MOJLYJTIO p, TT0JIe pAIoHabHbIX (ynkimii C (x)
U Ip.).

Q: A w1 e 3abviu npo ceoticmea 0x = 0 u
(xy=00 & 0 uruy=0)?

A: Her, He 3a6bL11, HO BOIIPOC XOPOIIHUIL. DTO
cepcrBust akcuom mosist: Ox = (0 +0)x =0x +
+0x 0 0&= 0; ecoim xy = 0, Ho x #0, TO
ymuoxkus na 1/x, moayunm 0= (1/x)0 =
=1fx(xy) =(Yx Or)y =1y =y.

Q: Taxxe uz axcuom caedywom Gopmyivl
CoKpaulennozo ymuoxenus, da? Hanpunep,
(x=9)(x +y) =2" —yx +ay -y* =2* -y’
Max Kax xy = yx.

A: CoBepilieHHO BEpHO, a Takke uxX 00600Iie-

Hust — 6unom Hpiotona
n

(v +0) = 3 ety
=)
1 PasHOCTDb N-X CTereHeit
n—1
n n _ k., n=1-k
-y —(x—y);x Yy
=)

(1o Toii ke npuunHe, XY = Yx).

Q: Bovixooum, ¢ nosre C Moxno deramo éce
mo xe camoe, umo u 6 noie R, nuoc useie-
Kamv KOPHU U3 OMPUYATNETOHOLY YUCE?

A: He coscem Bce. Coxpandiorcss mpaBuIa
apudMeTnIecKnX JIEHCTBI, HO KOe-uTo BCe-
TaKW TepsieTcst — 06 3TOM B CJIE/YIONIEM Mapa-
rpade. OaHako mpuobpeTeHnii Topasno 60b-
me. B anre6pe 910 B IEPBYIO 0UEPEb PETTeH e
ITIOJINMHOMHUAJIbHBIX ypaBHeHI/Iﬁ (B JaCTHOCTH,
U3BJICUCHHE KOPHEIi).

§2. MoXXHO N1 cpaBHMBATb KOMMJIEKCHbIE Ynucna?

Kaxk-uuGy/ib, KOHEYHO, MOKHO, HAIPUMEP:
a+bi<c+di = (a<c) mm(@a=c, b<d).
OHAKO UHTEPEeC MPE/CTABJSIET TOJbKO TOPS-
JIOK, CO2IACOBAHHBIIL C ONepayusiMu, T.e. Ta-
KOIi, UTO

eecsn 2<Z,710 z+w <7 tw,

cecn z2<Z nuw >0, 10 ZW > ZW',

1. [lokaskure, 4TO TAKOU TOPSIIOK [OJIKEH
YJIOBJIETBOPSITH YCJIOBUSIM:

a) z>00- = 0;

6) zw>0 < (z,w > O) W (z,w < O);
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B) z22>0 upu z #0;

r)—-1<0<1.
1/13 B) M I) MOJydYaeM HPOTHBOPEYHE:
0 <i® = -1 <0. 3naunr, nose C HexB3S yIIO-

PAIOYNTD COTJIACOBAHHO C OTEPATIUSIMH.

N3-3a aTtoro o6CTOSATENBCTBA MHOTHE IPH-
BBIYHDIE PACCYIK/ICHIUSI, CIIPABE/JINBbIE HA JIeii-
CTBUTEJILHOI NPAMOIA, nepectaioT paboTaTh B
KOMILJIEKCHOIT miockoctn. BoT aBa xapakrep-
HbIX IIpUMEpa.

2. JloKka)kuTe, UTO IS JTIOOBIX a) JeiiCTBU-
TEJIbHBIX; ) KOMILICKCHBIX 2, @ TAKUX, 4TO |2],
lw| < 1, Bepro Hepasencrso |2z +1| >|z + ).
(HaHOMHI/IM A unena w = a + bi, rae
a,b OR, onpejeneHbl CONPSIKEHHOE YUCJIO
@ =a—-bi nvoxyms [w|=a* +b* =Nwo.)

Pemenwe B 1. a) coscem mpoctoe. Hert, Mbr,
KoHeuHo, He OyJieM pacKpbIBaThb MOJIYJHU, a
BOCIIOJIb3yeMcst TeM, uto st d,b O R

|a| > o] < a*>b* = (a-b)(a+b)>
Nmeem

|z +1] > |z + |

o (zw+1-z-w)(zew +1+2z +w) >0 =

= (2—1)(w—1)(2 +1)(w +1) >0,
YTO BBINOJHSETCS JIJISI BCEX JIEHCTBUTENBHBIX
zwOf 1,1).

IMouaTHO, 4TO B 1. 6) 9TH PACCYKACHUS
HeBepHDBI, TaK Kak |A|2 =AA# A®> upu
AOC N R. OcraBuM aty 3ajjauy 4nTaTeIo.

3. IIpu xkaxxaom n ON dyskma x — P

2
Bospacraer Ha R, a pynkuma x — x="

BO3pa-
craer ma ayue [0; ) u yGbiBaer ma Jyue
(=; 0]. Orcioma criemyer, uTo ypasHeHHe
22" =1 uMeerT eIMHCTBEHHBINH IEHCTBUTEb-
HbIiT Kopenb x = 1, a ypauenne x> =1 nmeer
POBHO /1Ba /IeHICTBUTEIBHBIX KOpHA X = *1. B
T10JT€ KOMTIJTIEKCHBIX YHCEJT 9TH PACCY K/ICHIS He
npoxonar, a ypasuenune x" =1 upu n > 2
uMeer u Apyrue KopHu (KOMILJIEKCHbIE KOPHU
M3 e/[MHHUIIDI). Haan/IMep,

_1:.(

-1)% ig Dl\zfgﬁ 0 -

LS ERE

2

x2+x+1) 0 =

P 35:1y

x4:1«:~(x2 1)(x +1)=0 -

2017 /Ne5

e (x=1)(x+1)(x—1)(x +i) =0 =

- x==*1,%i. (3)

4. Ecaiv BbI M3ydaere KOMILIEKCHbBIE YUCIA 110
Hamreil craThe U emle He 3HaeTe, KaK PElIUTh B
C ypastenue x" =1 nupu mo6om nON, 1o
caenalite sT0 TpsAMO ceifuac masg a) n = 6;
6) n =28, B)* n =5 u — camMoe IJIaBHOE —
n300pasuTe KOPHM Ha KOMILIEKCHOH ILJIOCKO-
cTi. YBepeHbl — Bbl Oy/IeTe YANBJIEHbI U 3aKH-
TpuroBanbl. J[0CTaTOYHO yMETh PellaTh KBaJ-
parHble YPaBHEHUS, YK€ MPOMEJbKHYBIIHE
BBINIE /19 n = 3, 4.

§3. KBagpaTHble KOpHU 1 KBagpaTHble ypaBHeHUs

B nosne R ypaBHeHue x? =a upu a < 0 ue
nMeeT KopHei, mpr @ = () uMeeT OJUH KOPEHb
=0, anpu a > 0 uMeeT ABA MPOTHBOITOJIOXK-
HBIX KOPHS. DTUM MOTHBUPYETCS OIpe/esenne
KBaJPATHOTO KOPHS /@ 13 HEOTPHIATENHLHOTO
YyCsIa @ KaK HeOTPUIATEIbHOTO KOPHS ypaBHe-
Hust 1% = @ . Jlasee BbIICICHIEM MOJTHOTO KBA/I-
para perraercst KBaipaTHoe ypaBHeHMe
pd _p'-4q _D
4 4
(4)
YICJIO JeHCTBUTEIbHBIX KOPHEH KOTOpPOTO 3a-
BUCHUT OT 3HaKa auckpumuaanta D. Tak o6¢to-
st fgena B ose R,
Permm Tenepb ypaBHenne z> = a +bi oTHO-
curespno zOC pgug mob6brx a,b OR. Pac-
CMOTPUM TPHU CJIydas.

eb=0,a=20: 22:d <

= (2 - \/g ) (2 + \/E )
b=0,a<0: °=a =
—a)(z +i\/—a) =0

= z = *xixJ—a OiR

— JIBa YKMCTO MHUMBIX KopHs (ang Toro mu
BBOAW/IM MHUMYIO eannuily). Kak criencrsue,
ypasrenue (4) uMeer JBa YMCTO MHUMbIX KOP-
ug npu D < 0.

« B cayuae b #0 upuzpercs pacnucarb z =
=x + yi, x,y OR. Pasz6epem ans npumepa

ypaBHeHue z° =i:

22+ prtqg= OaHx

0 - z=+Ja OR.

@(z—i

(x+yi)2 =i o 22 —y? +2xyi =i -

B -y* =0,

%xy—l(D X U Y OJHOTrO 3HaKa)
—. S
«/5 (5)

.:,x:y:i
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Boikiagku B 06111eM CJIydae OCTaBUM YnTaTe-

JIIO B KauecTBe YIpakHeHMIs:
. 2 P70 :
a+bi=(x+yi) <x+yi=

_+E Va* + b’ ta .

N T
- +isen b)\/—*’%.

(6)

Wrak, nus m1060r0 HEHYJIeBOTO KOMILTIEKCHO-
'O YMCJIa CYNIECTBYET /IBA — IIPOTHUBOIOJIOMKHbBIX
— K6AOPAMMLLY KOPHS, TIPUYEM, B OTJIUYHE OT
JIEACTBUTENILHOTO CJIydasi, HET OCHOBAHWI OT-
JIaTb IIPE/IIIOYTEHIE OJTHOMY U3 HUX. [loaToMy B
mose C KBajpaTHBIM KOPHEM H3 UYHCJIA @
HA3BIBAIOT 11000l KOPEHb yPaBHEHUS 2> = w), a
CHMBOJIOM +/@ 0003HAYAIOT MHOKECME0 BCeX
KBa/IPAaTHBIX KOPHEW U3 w:

def
z0Vwe w= =

B wacrHocTH, J1060€ KBaJpaTHOE ypaBHEHNUE
nag C paspemmmo.

5. [lng Bcex a R pemute ypaBHenusi B R
us C:

a) x”-2(cosa)x +1=0;

6) ' -x* =a* -a.

O

6. [lns xaxnoit mapsr (p, ¢) JR? maiiure
Bee takne mapor (x4, y) us C* u us R?, uro:

x+y =p, 4+4:
» BTV g B
vy =q By =q.

7. UsBneknte KOpeHb /cosd +isind mpm

kaxgoM QO R.
8. a) Ilyctb a, b, ¢ > 0 u a® -b’c >0.
JTOKaKUTE POPMYLY CAOKHBIX PAOUKAI08

NI 2 _ 2
W \/a +d® -b* + \/a a” -b c
2 2
)
Ipumep us mpuzonomempuu. Boramceanm

Tt
COSE JABYyM:A crmoco6aMit:

1) ﬁ = cost =2cos?— -1 0
2 6 12
T 2 +/3
0 cos—= ——;
12 2

2) cosE —cosﬁg H:
_B0B 1063

2 B2 T2HT T
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®opmyaa (7) noaTBepKAAECT PABEHCTBO pe-
3yJIBTATOB.

6) Mycrs a,b,c,8 0C u a* -b* ={+3.
Jlokaskure paBeHCTBo MHOXKECTB ~a +brJc =

/a +9d fa -
u cpaBHHTE ero ¢ GopMy-

JI0it (6) npu ¢ = —

§4. 06 u3BnNeYeHNM KopHen BbICLUMX CTerneHemn

OmpesesiiM MHOKECTBO KOPHEH CTeleHn
nUON n3 yncna wOC:

(‘/5={2 0C|z"= zz} :

V Hac ysKe ecTb B 3allace HECKOJIbKO [pHMe-
poB (cm. (2), (3), samauy 4a):

y—:é,%’ é/{:{iLié,

Yi=3u¥= =1 () =

D*—'1 —1+1\/—,1+1«/_E
g 2 g

2

3azauy 46 MOXKHO CBECTH K MOCJIEI0BATE b=
HOMY W3BJICUCHWIO KBAJPATHBIX KOPHEMH:

S=teal=t1 o 20¢ 1t 3=

Lo1+d 1-40
axD%ttl;t—;t—[F ¥,
0 V27 20
0 1+0
Tak Kak \/Z—Dt—D B cuny (5), a Torma
V20 v

=7 « @ =7).Boobme,

r‘@TE“”

no waayKinu mpu Bcex kR ON u w # 0 xopenb
% w cocront uz 2F YuCes, BBIPAKAEMBIX B
KBaJIPaTHBIX pajsukaiax. Ho kak 6bITb ¢ KOp-
HSIMU JIIOOBIX CTeleHein?

Yoke ¢ KyOu4ecKUMN KOPHSIMU JIEJI0 0OCTOUT

Ha [OPAJO0K  CJOXKHee. YpaBHeHUe
\3 .
(x +yi)’ =a +bi cBoauTCs K CuCTEME

B’ - 3xy? = a,
0
Br’y -y’ =b,
a OHa, B CBOIO OYepe/lb, 3aMeHOH ¢ = L K
Yy
-3t _a C
YPaBHEHUIO —3 74 b aMoe BpeMsl BCIIOM

(MpogomxeHmne cm. Ha ¢. 34)
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KAJTEMJTOCKOTII «<KBAHTA»

HapKeTbI 13 BbIMYKJIbIX MHOTOYTOJIbHNKOB

[TepuoanueckuM 3aMollleHUEM IIJIOCKOCTH Ha-
3bIBAETCS IOKPBITHE IIJIOCKOCTU HellepeKPbIBalo-
mmMucs puTypamMu, s KOTOPOTO CYIIECTBYIOT
TaKye /[Ba HellapaJlyleJIbHbIX BEKTOPa, YTO C/IBUT
Ha JII060I M3 HUX MEPEBOJNT MOKPBITHE B CEOS.
Ecim nepronndeckoe MOKpbITHE 06PA30BAHO KO-
HUSIMU OJIHOTO U TOTO K€ MHOTOYTOJIbHHMKA, TO
€0 Ha3blBAIOT [TAPKETOM.

TosbKO TpU MPABUJIBHBIX MHOTOYTOJbHUKA —
TPEYTrOJIbHUK, KBa/paT U IIECTUYTOJbHUK — B-
JISTIOTCS TIAPKETHBIMU. Y OCTaJIbHbIX [TPaBHJIbHBIX
n-yTOJIBHUKOB YTOJI TIPY BEPIITIHE HE SIBJISIETCS
nesureseM 360.

[TapkeTbl U3 BBIIYKJIbIX HEIIPABUIbHBIX MHOTO-
VTOJTBHUKOB YCTPOEHBI TOpa3ao ciaoxkuee. Odve-
BU/IHO, YTO IIapKET MOKHO CJIO3KMTb, KOIUPYS
JII060I TPEYTOJIBHUK UJIN JII060I 4eTBIPEXyT0oJIb-
HuK. Ho HI M3 KaKOTO BBITYKJIOTO 7-YTOJbHUKA
¢ n>7 COCTaBUTb IapKeT HeJsb3sl.

[Ipu n=6 HaiijeHO TpPU THUIIA BbIIYKJbIX
MApKETHBIX MECTUYTOJBHUKOB U JOKA3aHO, UTO
JIPyTUX He cyliecTByeT (/I IIecTUyTOJbHUKA
ABCDEF a1 THIIBI XapaKTepU3yIOTCs: Ha60poM
COOTHOTIEHMUIA JIIs1 YTJIOB U CTOPOH, Ha HEYTIOMSI-
HYTbIe YIJIbI 1 CTOPOHbI HUKAKUX OrPaHUYeHUi
He HaKJIaJ[bIBaeTcs).

MHOI'OYT'OJIbHUKOB, IapaJ/esbHbIMU IIepeHoca-
MU KOTOPOI'O MOZKHO IIOJIyYHUTb BeCb I1apKerT.

ITepBbie mnsarp tuno namesn K. Peitaxapar
(K.Reinhardt) B 1918 roay, a nocJie/iauii u3 us-
BecTHbIX, 15-11, Hanwmm K. Mann, /[xx. MakJjeo,
II.Bou [epay (C.Mann, J.McLoud, D.Von
Derau) B 2015 roxy.

Twurier 14 1 15 3aaHbI 3KECTKO (€ TOYHOCTBIO JI0
nofo6mst ). OcraibHble TUTIBI UMETOT CTETIEHN CBO-
60/1bI (HanpuMep, y Tuna 1 ux ngrb), Ipu U3Me-
HEHMM KOTOPbIX BHEIIHHUI B/l IapKeTa MOXKeT
MEHSTBCS IOBOJIBHO CHJIBbHO. BoJiee TOro, HEKOTO-
pbI€ THUIIBI MATHYTOJILHIKOB B CBOEM 06IIIEM BH/IE
JIOITyCKAIOT HECKOJIbKO 3amoriennii. Ho 6biBaer
U MHAYEe — Y JAHHOTO THUIIA eCTh moATun (6e3 cre-
nieHeil cBOGO/IbI MJIM C MEHBIITMM MX YUCJIOM, YeM
Yy OCHOBHOTO THIIa), KOTOPBIM MOKHO 3aMOCTHUTD
IJIOCKOCTh HECKOJIBKUMU CIIOCOGAM.

3ajlaHue THUIIOB IApPKETHbIX MHOIOYIOJIbHU-
KOB uepe3 COOTHOILIEHHS /111 CTOPOH U YIJIOB
nan6oJiee KOMITAKTHOE U Tpaaunuonuoe. IIpo-
AHAJM3MPOBAB €ro, MOXKHO TIpuBectH G6oiee
HaIJIsI/IHOE IIOCTPOEHUE KasK/I0ro KJacca, BbISB-
JigroTIee TeOMeTPHUIO CBOOOIHBIX MapaMeTPOB.

3auHTepeCcoBaBIINIICS YUTaTe b MOXKET ycTa-
HOBUTDb GECIVIATHYIO TIPOTPAMMY -3HITHKJIOTIC/ IO

™~ 1) 2A+/B+,C=2D+/E+/

Ml T e

) LA+ 2B+ 2D=2C+2E+/

R GeoRs G, JFagB HQREE

2) ~A=2C+2E=120%

[Ipy n=5 3asaya TOJHOCTBIO HE peEIICHA.
O6napyskeHbl 15 THIIOB BBIMYKJIBIX TISTUYTOJIb-
HUKOB, 00Pa3yIoMuX MapKeT, HO CYIMECTBYIOT JII
JIpyTHe U ecid Jja, TO Kakue — HeM3BeCTHO.

HaiiienHble THUIIbI TAPKETHBIX IISTHYTOJbHUKOB
ABCDE c¢ XapakTepusyIoluMi COOTHOIMICHUSAMU
npeJIcTaBICHbI HA MTPaBoil crpanuile «Kaseiino-
cKomay. SIpko oTMedeHa (BbIGpaHHAS TI0 COOOpasKe-
HUSM CUMMeTpHN ) DYH/aMeHTaIbHAS 06J1aCTh —
Ha6Op M3 MUHUMAJIbHO BO3MOKHOTO KOJIMYCCTBA

http: //www.jaapsch.net /tilings. B Heii ee aB-
top — . Cxepdoaiic (J. Scherphuis) — coGpan
BCE HbIHE U3BECTHBIE MIEPHOIMUCCKUE 3aMOIICHUS
(HE TOJIbKO BBIITYKJIBIMU, HO W HEBBIITYKJIBIMHU )
MHOTOYTOJIBHUKAMHU.

[Tpo 3aMoIEeHNsT HEBBIMTYKJIBIMU MHOTOYTOJIb-
HUKAMH U J[PyTHe 334l 9TOH TEMATHKU pPac-
ckasbiBasioch B «Kasefinockone «Kpanra» Ne2
3a 2009 rog.

Mamepuan nodzomosuru H. Anopees, M. Ilanos

-
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' 6) 2A=2,C, 2C+2E=180%
7 BC=CD, DE=EA=AB
e \ied —. / N\

5) £A=605.,.C=1205
EA=AB, BC=CI)
Nuole e N fe Vode |

) 2LA=,C=90°
EA=\AB, BlC=CD

A 8) 2£A+2B=360% 22£D+2C= =
360X EASABSBC-CR) =
o ““'-,-;-'"')_\ o T T

7) 24B+2C=360° 22D+ 4= "~
=360 EA=AB=BC=CD .
At Mo Nofoo Je N AS

9) 22£E+2B=360% 224D+2C=
=3605 EA=AB=BC=CD
e Yoot A

2) 2 A=905 2C+2E=180°

10) 2E=90% 2A+2D=180° 1
2C+2D=360% EA=DE=AB+CD /B4~ e %B+4C=360° 2EA=BC+DE=CD
e b e e X I / R AVAY A AWA
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(Hayasno cm. Ha c. 28)

HUTD, YTO NMEHHO pelleHIe KyOHYecKIX ypas-
HEHUI TIPUBEJO K OTKPBITUIO KOMILIEKCHDBIX
unces (em. ¢. 9). Uro renepn? Heysxkenn «mopa
oTKkpbiBaTh» (opmyny Kapgano? B aro6om
cJIydae HEINOHSITHO, Kak ObITb ¢ KOPHSIMH JIO-
ObIX CTETeHell. ..

Bot MbI 11 TO/IONIIIN K TOI YepTe, KOT/1a YICTO
anreOpanvyeckux CpeJCTB yiKe HeI0CTATOUHO.
Hy>KHbI NPUHIMIIMAIBHO HOBbBIE HJIEW, HOBOE
BUJIEHNE KOMILJIEKCHBIX YHCEJI.

2017 /Ne5

Crnucok Jmreparypbl

1. B.H.Apnoivd. TeoMeTpust KOMIJIEKCHBIX YH-
cest, KBaTepHMOHOB W crmmHoB. — M.: MIITHMO,
2002.

2. C. [lopuuenxo. Kominekcuble yucia. — «KBaurs,
2008, Nes.

3. A.I1. ITonapun. Anre6pa KOMILIEKCHBIX YHCET B
reomMerpuyeckux sajavax. — M.: MIITHMO, 2004.

4. B.B.IIpaconos, B.M.Tuxomupos. I'eomerpus.
- M.: MIIHMO, 2007.

5. 10.Coznoeves. KomivnekcHbie uncia. — « KBanry,
1991, Ne7.

(Mpogonxerne cregyer)

Dusnka rpaga

B.4PO3408B

10JIb 2008 TO/ZIA BbIJAJICA B PA3AHC-

Kol 06JIACTH CYPOBBIM: JIMBHH, TI'DO3bI U
naxerpan' . Tax, 18 mons npumepHo B 6 yacoB
Bevyepa s e/[Ba yCIleJ YKPBITbCS OT I'pajia Ha
6M3KOIl K Psi3aHu ’KeJIe3HOMOPOKHOI CTaH-
mnn «208 km». Dopma rpajga Oblaa 6Jn3Ka K
ceprudeckoii ¢ AmaMeTpoM IpUMepHo 1 caHTH-
MeTp, 1ies oH Tpu MuHYTbI. [Ipuexas pomoii,
IepeynTag B U3BeCTHOM B Hauyanme XX Beka
yuebnuke cdusuku K./[.KpaeBuua crarpio o
rpajie. DTOT TEKCT 3aCTy>KIBAET IIUTHPOBAHNUS

1Kpacmame ¢ororpadun  MIOJIBCKOTO Tpajaa
MOskHO Haiitn B «Kanrte» Ne3 3a 2017 rog (cMm.
4-10 ¢. 0GJIOKKHA U €. 25 BHYTPH JKypHAsa).

«Ecau 6 mowpion eocxodsuem Osusxenuu
cmoaba 6030yxa oxuxenue 600iH0Z0 NAPA
Hacmynaem yoxxe npu memnepamype vluie
HYJAs, MO 00PA30BABUUECS KANETOKU YHOCSM-
cs1 gviue 8 me cJiou, z0e 20ChO0CMBYI0Mm OmpPu-
uamesvivle MEMNEPAMYPvl; MAM OHU, OCMA-
BASICL KUOKUMU, OXAANKOAIOMCS HUKE HYJSL,
m.e. nepeoxaaxoawomcs. Ecau ¢ maxom co-
CMOANUU  KANEAbKU NePeOXAAKOEHHOU 600bL
scmpemsim HocsuUecs 6 030yxe JaedsHbvle
KPUCmaiivl, mo cpdsy nacmyndaem 3amep3da-
Hue u 06pa3oeasuUiics 1eOSHOU WaAPUK npu
nadenuu 6HU3 cpedu NepeoxAax0eHHvly Kd-
neav Ovicmpo 06aenasemes Ab0OM, YEeauUU-
saemcsi 6 ceoem obveme u docmuzdaem nogepx-
HOCMU 3eMAU 6 BUDE KYCKA 1b0d UACMO HENPd-
suUaLHOU popmbl. Ocadku maxozo 6uda HA3bL-
68a10MCsL 2PAOOM.

TI'padunvl 066iKH06EHHO GbIGAIOM BEAUUUNOTO
€ Kedposuill opex, d uHozod ¢ 20aybunoe u odxe
¢ Kypunoe suyo; OHU UMEIOM HenpasuibHyI0
Gopmy. Cpeduna epadunvt
4ACTNO COCTNOUM U3 CHEHKHOZO
a0pa, NoOKpwvIMozo J1edsiHoI0
npounoto obozouxoro. I'pady
yacmo npedwecmsyem npo-
ausHotl 00k0b, 00bIUHO 2PA0
CONPOBOKIAECMCS  CUNLHBIMU
eposamu. On 06bIKHOBEHHO
Ovisaem cpedu sema u uawe
dnem, nexeau nouvio. Boma-
denue epada npodonxaemcs
HECKObKO MUNYM, peoKo uem-
sepmv waca. Imom 6ud ocao-
K06 NPOU3EOOUM CULBHBLE ONY-
CMoweHus, YHUULINOXKAem
xae6nvie nocesul, u ecau Kpy-
newu, mo 6vieaem zubenen oaxe
05t M00eU U HKUBOMHBLX >,



ITKOJTA B

Hab6monan cBouMu riasamu: JIOju, OTaB-
IIT1e TI0/T MEJIKUH Tpaji, He mocTpajaan. VnTe-
PECHO POBepUTh (PU3NUYECKUM PACUETOM, Olla-
CeH JIM JUIS 4eJIOBEUECKOH >KM3HM KPYITHbIH
rpaj. Berunciaenus 6ysyT, IO MOHATHBIM IIPHU-
YIHAM, HOCUTb OI[eHOYHbBIH XapakTep. OpHaKO
4HCI0Bble Ge3pasMepHble KO((MUIUEHTLI MbI
yOuparb He CTaHeM: HUKaKue COOOpaskeHus He
TpeGyIoT 3TOro.

CHauaJjia orpe/ie/InM CKOpPOCTb T1ajieHust cpe-
puveckoil rpasuHbl paamycoM R. B pexkume
YCTAaHOBUBIIENCS] CKOPOCTH © CHJIA CONPOTUB-
JleHnsT Bo3gayxa F paBHa TO MOMAYJIO CHJIe
TSKECTH, JCHCTBYIONIEH HA TPAJIMHY:

F =mg.
N3 coobpaskenuii pa3MepHOCTEN JIErKO IMOJTy-
YUTb BbIPAYKEHUE [IJIST CUJIBI COITPOTUBJIICHUS:

F=%C%&5.

3nech C — 6e3pasMepHbIil Koapduiment, p, —
cpefHss MJIOTHOCTh Bosayxa (rpai magaer ¢
BBICOTBI B HECKOJIBKO KIIOMETPOB), S = TR —
IJI0Ma/ib 6OJIbIIOro Kpyra. [lis Menkux rpa-
nuH cdepuueckoit GopMbl ¢ paamycom
R=0,5cm wmoxkno mpunsite C=0,2, aus
6oJiee KPYITHBIX IPAJIMH ¢ pajinycoM R = 2,5 cM
npasuibHee cuntate C = 0,42 . BripoueM, 310
HE U3MEHUT MOPSI/IOK OIEHMBAEMOI BEJIMYNHDI.
Macca rpasgunbl paBHa

43
m=—TR ,
3 Pr
rae p, =900 KF/ M° — ILJIOTHOCTb apaa. [omy-
YaeM ypaBHEHUE

1

4
ECpBUZ,TR2 :§ ]RS 997

«KBAHTE »

OTKY/la HAXOJUM

8 p
v= |[——2R
3Cp,

Ecm nonoxxuth cpeiHIOn MJIOTHOCTD BO3/LY-

Xa PaBHOIA Epo , rme py =1,29 Kr/ M° — moT-
HOCTH BO3/lyXa Y 3eMHON MMOBEPXHOCTH, TO 3TO
OyieT 3aHmKeHHas olleHka. Bee ske Tpaj maja-
€T C BBICOTHI, I/le TIOTHOCTh OTJIMYHA OT HY.JIS.

Jlyume npunsare p, = %po , TOTJIA TIOJTyYrM

-4 |2Rgp,
3y C p,

[l panbHeliniero HaM HaJo ObITb yBEpEH-
HBIM, YTO CKODOCTb I'DAJUHbI JAeHCTBUTEILHO
YCTAHABJIMBAETCS, T.€. YTO CONPOTHBJIEHUE BO3-
JIyXa UTpaeT CYIIeCTBEHHYIO POJIb IIPU ee T1ajie-
HUU. JIerko BUJETD, YTO KPUTEPUil 3TOTO TAKOB:

v < 4J2gH |

rie H — BbIcoTa TajieHusl.
W3 1Byx nocaeaHnx GopMy.1 MoJydaeM oOleH-
KY /UL BBICOTBI TTQJICHUS:

H>>£p—"R.

9C p,
Jlnsg HaGII0aBIIErocs MeJKOro rpaja ¢
R =0,5cM wHama oOIleHKa BBITJISIAAT Tak:
H > 31 M, uTo 3aBefoMO BbInoJiHsgercs. [lis
KpymHOro Tpagza ¢ R =25cM  moxydum
H > 155 M, 4TO TOKe MOKHO CUUTATh BEPHBIM
C 1I0OCTATOYHOW TOYHOCTBIO.

Tenepp HaiijileM KuHerTnuyeckylo sHepruio W
TPAJINHDI TIEPE]] ee YAapOM O 3eMJIIO:

W = mivz = % ngp’le R4 .
2 27 Cp,
[Monyuennasi popmyia MOKA3bIBAET OUEHD CHIIb-
HYI0O 3aBUCHUMOCTb SHEPTUU TPAIMHBI OT €€
pamyca.

V3BecTHO, YTO yPOBEHDb 3HEPTUH, AOCTATOY-
HOﬁ JUJIA l'[pI/I‘-H/IHeHI/IF{ ‘IEJIOBeKy CMepTEJIbeIX
nospeskjennii, cocrasiasier Wy = 80 [Lx. 13
dopmyspr g W HaxomuMm pajnyc OHacHOM
JUIST )KU3HU T'PAJIUHDBL:

0

Wrak, HaIIM BBIYMCJIEHUS TOATBEPIKAAIOT
JKM3HEHHYTO TPAKTUKY: KPYTHBIN Tpajl OTraceH.
K Tomy ke rpagnH majgaer MHOTO. Tak 4TO 1MOA
Jio6oit Tpajl Jaydllie He TOonaaaTh!




MATEMATHUYECKUMN KPYXOK

onsipa

A.LLUBELJOB

ABAWTE HAYHEM C COBCEM IIPOCTO-

IO BOIIPOCA: KaK IOCTPOUTDH KACATETHHYIO
u3 TOuKku P K JJ]aHHOH OKpyskHOCTH 0 ? Harmowm-
HUM, YTO CTAH/IAPTHOE ITOCTPOCHHE TYT TAKOBO:
HaxoauM 1eHTp okpysxkuoctn O (Kak?), 3aTem
CTPOUM OKPY’KHOCTb @y ¢ auamerpom OP,
TeTlepb TOUKH TepeceueHrs] OKPYKHOCTEH ),
W u sagaioT Kacatembubie (puc.1).

Puc. 1

B ocnoBe 3TOro MOCTPOEHHS JIEKUT 6a30BOE
CBOMCTBO-TIPU3HAK KacaTeJbHONH — paanyc,
IIPOBE/ICHHDIN B TOUKY KacaHWs, HepIeH/INKY-
JISIPEH KacaTeJIbHOII, TT03TOMY IIOCTPOEeHNE, CKO-
pee BCero, He BBITJISIAUT YAUBUTEIbHBIM. A BOT
€CJI OTKA3aTbCsI OT MCIHOJIb30BAHUS IIUPKYJIA,
TO BCE CTAHOBHUTCS Ky/la HHTEPECHEH.

Wrtak, nasaiiTe yepes MPOU3BOJIBHYIO TOUKY
P BHe gaHHOI OKPY’>KHOCTH () IIPOBEJEM JIBE

P,

Puc. 2

npoU3BOIbHbIe CEKYIIHe, TMepeceKalomne OK-
pysxknocts B Toukax A, B u C, D coorBer-
ctBeHHo. Ilyctb npsimbie AC u BD 1epeceka-
forcd B Touke E, a npambie BC u AD — B Touke
O (puc.2). Tenepb, HaKOHel|, MyCTb MPAMAast
QL mepecekaeT OKPY>KHOCTb () B TOUKax P u
P, , Torna okaspiBaercs, uto npamble PP, un
PP, asnsrorca xkacameavnvimu! Tak MOXHO
MOCTPOUTDH KacaTeJbHbIe U3 TOYKU P K OKPYXK-
HOCTH (), WUCIIOJIb3yS JIUIIb OMHY JIMHEHKY.
3aMeTnM, UTO W CeKyl[ie Ha TMepBOM Imare
BBIOMPAJIUCH a0COIOTHO TIPOU3BOJIBHO, a B
uTOore, TEM HE MeHee, MOJYYMJINCh KacaTeJb-
Hble, T.€. NOJIOKeHue Touek P m P, He 3aBu-
cuUT OT BbIGOpa 4eTbipexyroibHuka ABCD.
[Torydyaem, 4TO TOYKHM TIepeceYeHUs MAroHa-
Jiell BceX TaKMX YeTBIPEXyTOJbHUKOB JIeXKaT
Ha ozHoll npsMoit (puc.3).

P

Puc. 3

Bee atn mabmofenus MOKHO chOpMyJIHpO-
BaTb B BUJI€ TEOPEMbI, 3JIEMEHTAPHOMY JIOKa-
3aTesIbCTBY KOTOPOH M IOCBSIIEHA 3Ta CTa-
. !

OcHnoBHas TeopeMa. [lycmv npodosikenus
cmopon AB u CD uemuwipexyeoavruxka ABCD,
BNUCAHHOZ0 6 OKPYKHOCMD (), NePeceKaromcs
6 mouxe P, npodonxenus cmopon BC u AD —
6 mouxe Q, duazonaiu AC, BD — ¢ mouxe E.
Iycmov xacamenvuvie, nposedennvie u3 P«
OKPYKHOCIU ), Kacaromces ee 6 moukax P, u

1 O[[HO 13 CaMbIX €CTECTBEHHBIX /JOKa3aTE/J1bCTB
OCHOBHO TEOPEMDbI UCIIOJIb3YET IPOEKTUBHYIO
TeoOMEeTPUIO.
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Puc. 4

P,. Tozoa mouxu P, P,, E, Q aexam na
o0not npamot (puc.4).

3apayva WapbirmHa

B yxe panexom 1985 romy ywacTHUKaM
XXVI Mexaynapoanoii MareMaTHYeCKOi
OJIMMIINA/Ibl TIpejijarajaach cJeaylonias 3aja-
Ya, aBTOpP KOTOPOII — BBIIAMOIIUIICS TeoMeTp
Wrops @epoposuu Mlapbirun (1937-2004).

3apava. Ilycmv onucannvie oxpyKHOCMU
mpeyzoavnuxos PAD, PBC nepecexaiomcs
emopuuno ¢ mouxke M, kax noxasano Ha
pucynxe 5. Toeda OPMO= 90 , z0e O —

P
AN
M

=A

A

Puc. 5

UeHmp ONUCAHHOU OKPYKHOCIU W Uemblpex-
yezoavnuxa ABCD. /[loka:xume 3mo.
Pemenne. YTBep:kieHne 3a/1a4u PABHOCUIIb-
HO TOMY, YTO TOYKa M JICKUT HA OKPYKHOCTH
¢ mmametpoM OP. C 1pyToii CTOPOHBI, OKPYK-
HOCTD ¢ quamMerpoM OP TMpOXOAuT uepes cepe-
quabl X, Y orpeskoB AB u CD, Tak Kak
OX OAB u OY 0OCD (puc.6). Takum o6pa-

Puc. 6

30M, HaM JIOCTaTOYHO /TOKA3aTb, YTO YETHIPEX-
yrosbHuk PMYX Bnucanublii.

3amerum, uro OMDP= [0 MAP xak Brucan-
HbIE YIJIbI, olupalonuecs Ha oquy ayry MP, u,
ananornuno, OMCP=0 MBP (puc.7). Us
PaBeHCTBA Tap YIJIOB cJiejyeT mojobue Tpe-
yrompankoB MDC n MAB. Otpeskn MX u

MY gBasiorcsi MeJinaHaMu B TTOJIOOHBIX Tpey-
TOJIBHUKAX, [T09TOMY 1TOJIOOHBI U TPEYTOJIbHUKY
MYCu MXB. U3 nocnenero nogo6usi caery-
eT paBeHcTBo yrjoB: UMYP=1 MXP , orky-
Jla 1 BBITEKACT BIMCAHHOCTDb YETbIPEXYTOIbHI-
ka PMYX.

Tem caMbIM yTBepsK/I€HHUE 3a/1a4N JTOKA3AHO.

PapukanbHble ocu 1 [0Ka3aTenbCTBO
OCHOBHOW TeopeMbl

[MaBaiiTe emje mpoaHaIU3UPyeM KOHCTPYK-
nuio u3 3agaund HlapbiruHa, y4uTbiBas, 4TO
JUTST TPEX OKPYKHOCTEN MX paouxdaivHvle ocu
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repecekaioTcss B OJHOI TOouke Jm6O mapad-
JIeTbHbBI.

O603HAaUNM OKPY>KHOCTD, OIHCAHHYIO BOK-
pyr dyerbipexyroybiuka ABCD, uepe3 ), BOK-
pyr uerbipexyroabnnka BPMC — depe3 [3,
BOKPYT ueTbIpexyrosbuuka APMD — uepe3 Y
(puc.8). 3amerum, uto mpsmas AD saBsstercst

Puc. 8

PaJlMKaJbHOI OChI0 OKDPY’>KHOCTE W u Y,
npamast BC — pajiMKaabHas 0Cb OKPY>KHOCTeil
w u B, anpamag PM — pajukajbHas OCb
okpysknocteit 3 m Y. Torma ecam Q — Touka
nepecedenus npsamoix AD u BC, To npsamMas
PM rtakike IpOXOIUT uepe3 TOuky Q.

C 1pyroii CTOPOHbBI, MbI Y3Ke 3HaeM, YTO TOUKa
M nexxut Ha okpyxxHOCcTH Q ¢ quamerpom OP,
HO Ha 3TOH JKe OKPY>KHOCTH JIesKaT TOYKN P, 1
P, — Touku KacaHus KacaTesIbHbIX, IIPOBe/IeH-
HBIX M3 TOYKM P K okpyskHOCTH 0 (moMuute,
KaKk Mbl CTPOMJIM KacaTeJbHYIO ITMPKYyJeM U
JIMHENKO?).

Ha pucynke 9 MbI BHOBH BUINM KOHCTPYK-
M0 UX TpeX OKpykHocTell w, Q, B, aBe
paguKagbHble oct AD mw PM KOTOPBIX Tiepe-
cexatorca B touke Q. CrenoBaTesibHO, U Tpe-
Tbs pajiuKaibHas ocb PP, IpoXoaut uepe3

Touky Q.

2Jlnst JIBYX IIepeceKalonnxcst OKpy»KHOCTel pa-
JIUKAJIbHAS OCb COBIIQJIAET C TIPSIMOM, MPOXOJsi-
meil yepes MX TOYKHM Hepecedenus. Ecam tpu
OKPY’KHOCTH TIOIIAPHO IE€PECEKAIOTCS B TOUKAX
A, Ay B, B,y ; C,C,y, TO TEOPEMY O PaJMKaJIbHBIX
OCAX JIETKO BbIBECTU U3 TEOPEMDI O ITPOU3BEAECHUN
oTpe3koB cekymux. /leficrBuresnbho, myctb X —
TOYKa TIepeceueHusT paJuKaabHbIX oceli BB, u
CC,, a nmpamaa XA; BTOPHYHO IEPECEKaeT OK-
pyxuocts (A44,BB,) B Touke Aj. Torma
XA, XA, = XB, [XB, = XC, [XC,. PaBenctBo
XA, XA, = XC; [XC, o3HayaeT, 4YTo A JIEKUT 1
Ha okpyxkuoctu (4,A4,C,C,), T.e. coBIALAET ¢ A, .

2017/Ne5

Puc. 9

Taxum o6pasoM, Mbl IOKa3aji, YTO TOYKU
Q, P, m P, jexxar Ha OJHOH NPAMOIA.

Ynpaxnenue 1. /lokaxxure, 4TO B KOHCTPYKIINH
Ha pHcyHKe 9 Touka M JIeXXUT Ha ONMCAHHBIX
OKPYSKHOCTSIX TPEyroibHuKoB ABQ u CDQ (unaue
roBopsi, Touka M — 9To Touka MUKeJst /I/Is1 YeTBEPKU
npsambix AB, BC, CD, DA).

Jl1s1 3aBepIiieHNs I0KAa3aTeIbCTBA OCHOBHOM
TEOPEMBI OCTaeTCs «YCaAUTh» TOUKY E mepece-
yeHus JuaroHasell Ha aty ke npamyio PP, . Ho
TOYKN E 1 Q B HEKOTOPOM CMBICJIE PABHOIIPAB-
HBI JIJIST Hallleld KOHCTPYKITUH ¢ ceKymumu AB n
CD: ecsiu oMeHATb 0603HaUeHus1 y Touek C u
D, 10 Toukm E u Q TIOMEHSIOTCS POJISIMHU.
[ToaToMy MOKHO OKUIATD, YTO IOKA3aTEIHCTBO
JIUIs TouKN E To#i1eT mo ToMy ke CIleHapuio, 4T
n g Toukn Q. MbI TipestaraeM 4UTaTeJNIo
[IPOBECTH 3TO JIOKA3ATEIbCTBO, PEIIUB CJIEAYIO-
IIYIO CEpUI0 YIIPAKHEHWIT, MOCJIe Yero J0Ka3a-
TEJIbCTBO OCHOBHOU TeOpeMbl OY/IeT 3aKOHYEHO.

Yupaxkunenus

2 (anasior 3agaun Ilapbiruna). [lycrb onucanHbie
OKPY’KHOCTH TpeyroabHnKkoB PAC n PBD mnepeceka-
1oTca BTOpuuHO B Touke N. Jlokaxure, 4To
OONP= 90

3. [lokaxute, yro npssMas PN mpoxoaut depes E.

Vkazanue. Paccmorpute TpOHKY OKpPYy:KHOCTei
(PAC), (PBD) u (ABCD).

4. Jloxaxknte, 4To TpsMass PP, TIPOXOIHT depe3
Touky E.

Vxasanue. Paccmorpure TpOiKy OKpYysKHOCTE
(PACN), (PPP,N) u (ABCD).

CnepcrBud

PaccmotpuM eme pas 4eTbIPpEeXyTOJbHUK
ABCD, BIHCaHHbBIII B OKPYKHOCTDb C IIEHTPOM
O, u nnyctb P, Q, E — ToukM niepeceyeHus mnap
npambix ABu CD, BCuAD, ACu BD. Tenepn
13 OCHOBHOH TeOpPEeMbI Mbl 3HAEM, UTO MPIMas
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QE cosnagpaer c npsamoit PP,. Ho touku P, u
Py, oueBW/HO, CUMMETPUYHBI OTHOCHUTEJTIHHO
npsmoit PO, orkyna PP, O PO. Tem cambiM,
QE 0O PO. Ananornuno, PE [0 QO. Crenosa-
TeJIbHO, TOUKa E ABJIIETCS TOUKOH nepeceyeHnst
BbicOT Tpeyrosibiuka POQ (unaue roBops,
yerBepka P, Q, E, O oproreHTpuyeckas, T.€.
KaKIasi U3 3TUX TOYEK SIBJISIETCS OPTOIEHTPOM
TPEYTOJIbHUKA C BEPIIMHAMHU B OCTABIIUXCS
tpex Toukax). Buacrrnoctu, OF O PO (puc.10).

P

Puc. 10

[epnenauxyasspaoctb npsambix OF u PQ Hocut
HasBaHue meopemv. bpokapa.

Yto panblue?

Koncrpyxius ocHOBHOI TeOpeMbI BCTpeYaeT-
€51 HACTOJIBKO YacTO, YTO HEKOTOPbIE ee 06beK-
TBI 3aCJIy>KMJIM COOGCTBEHHbIE UMeHa. Tak, Tou-
Ky P HasbIBaloT no.itocom npamoit PP, , a camy
npsamyio PP, — noaapot toukn P. Taxum
06pasoM, ¢ Kax/0i Toukoit (rmorocom) cBssa-
Ha CBOS yHMKaJbHas npsamas (110sapa), Takoe
COOTBETCTBUE HA3BIBAIOT NosipHuiM. [TossipHoe
COOTBETCTBHE HAXO/UT OYEHb IUPOKOE TIpuMe-
HeHHe B PellleHNsIX CaMbIX TPY/IHbIX 3a7a4. [lias
6BICTPOTO 1 3 PEKTUBHOTO BBEIACHUS B TEMY
pexoMenjyeM 11o60pKy 3aaad [1], B koTopoii
MOJKHO HaiiTH MHOKECTBO MHTEPECHDBIX IIpuUMe-
pOB.

Y uBuTebHBIM 06pa30M OKa3bIBAETCS, UTO
MMOCTPOEHME KacaTeJbHONW OJHON JMHEWKON
TIPOXOIUT TOYHO TaKWUM Ke 06pa3oM, ecJIi MbI
3aMEHMM OKPYKHOCTb Ha 3JIJIUIC, TUIepOoJy
unn mapatony (puc.11).

Ha mepBbIii B3I/ MOXKET TTOKA3aThCs, UTO
Hallle JIOKa3aTesJbCTBO OECIIOIe3HO B ATOi CH-
TYaIl#, O/HAKO, HAa CaMOM JieJie BCe TPU YIO-
MAHYTBIX caydas (asmica, runepGoJibl U ma-
PaBoJIbI) MOKHO CBECTH K CJIYYAI0 OKPYIKHOC-

Puc. 17

tu! [lJs 5TOro MCHOJb3YIOT TaK Ha3bIBaeMble
npoexmusnvie npeobpaszosanus. O HUX MOXK-
HO TIPOYUTATh, HAIPHUMEP, B OOCTOSATETHHON
KHure [2].

Ilog 3amaBec OTMETHM, YTO OCHOBOW /IS
BCero ciokeTa nocsaykuia 3aaada [llappiruna,
COBEPIIEHHON JPYroil IMOAXOJ K KOTOPOii, a
TaK)Ke ee CBS3U C JPYTUMU >KEeMUYY>KUHAMHU
reOMeTpUU MOKHO HaWTH B 3aMedyaTesTbHOMN
crarbe [3].

Jluteparypa

1. II.A.Koxesnuxoes. llonspHoe COOTBETCTBUE.
(http: //geometry.ru/persons /kozhevnikov /
polar.pdf)

2. U.A.Aznom. Teomerpuueckue mpeo6pa3oBa-
musg. Tom 2. — M.: Hayka, 1955. (http://
www.math.ru /lib /files /djvu/yaglom /
tom2.djvu)

3. B.IIpomacos. O aByX BejocumeucTax 1 BUII-
HepBoil koctouke. — «Ksant», 2008, Ne3. (http:
// geometry.ru /articles / protasovbycicle.pdf)



XXX MockoBckas
MaTeMaTm4eckas onMmMmnmana

8 knacc

1. 3ameHuTe B BbIpAKEHUH ABC = DEF
6YKBBI IndpamMu TaK, 4TOObI PABEHCTBO CTAJO
BEPHDBIM, MCMOJBb30BAB KaXKIAYIO umbpg ot 1 10
6 posro oaun pas. (ITosicuenue: ABY — nBy-
3HaYHOe YncJsIo u3 1udp A n B, Bo3BeJieHHOE B
creriedb C. /[oCTaTOYHO MPUBECTU OJIUH CIIOCOO
3aMeHbI. )

E.Bbaxaes

2. Ha nutockoctu 1anbt Tpeyroiabank ABC n
10 mpsMBIX, Cpeiin KOTOPBIX HET MapaJijielib-
HBIX APYyT ApyTry. OKasajaoch, 4To KaKas n3
MIPSIMBIX PAaBHOY/IaJeHa OT KaKUX-TO JBYX Bep-
e Tpeyroapanka ABC. JlokaxnTe, 4TO XOTS
ObI TPU U3 9TUX HPSIMBIX [1€PECEKAIOTCS B OJ[HOI
TOUKe.

C.Mapxenos

3. Ilo kpyry nanucano 100 HeHyeBbIX Y-
cest. Mesxty Kask/[bIMU JIBYMSI COCE/THUMHE UC-
JIAMU HAITUCAJIM UX TIPOU3BE/IEHNE, A TPEKHUE
ypcsaa crepsu. KoJudecTBO MOJIOKUTENbHbBIX
4yuces He M3MEHUJIOCh. Kakoe MUHUMAaIbHOE
KOJINYECTBO IIOJIOKUTE/IbHBIX YUCeJI MOT'JIO 6bITb
HAIMWCAHO M3HAYATHHO?

b. Openxun

4. Cwm. 3amauy 4 CJIOKHOTO BapuaHTa JIJist
8—9 xsaccos Becennero typa XXXVIII Typuu-
pa ropoaos (ony6aukosano B «Kpanrte» Ne4).

5. IlpemogaBaresib BBICTABHJ OIEHKH 10
mkasne or 0 1o 100. B yue6GHOii yactn MoryT
MEHSITb BEPXHIOI0 TPAHMILY IIKAJIbI Ha JI000E
JIPyroe HaTypajbHOE YHCJO, NEPecYUTbIBAS
OLICHKHU TIPOIOPIHOHAIBHO W OKPYIJIAS /10 Iie-
Jipix. Heriesioe 4ncJio mpu OKpyriieHun MeHsier-
cs 10 OMDKAmero 1eJoro; ecau IpoOHast
yactb paHa 0,5, HampaBjieHHE OKPYIJICHUS
yue6Hast 4acTb MOXKET BBIOMpATH J1060e, OT-
JIeJTbHO Jist Kask 1ol orenku. (Hanpumep, oreH-
ka 37 mo mkase 100 mocse mepecyera B KAy
40 mepeiizer B 37 E(40/100) =14,8 u Gyner
okpyramena g0 15.) Crymentst Ileta u Baca
MOJTy4nJin orieHku a u b, orsauunpie ot 0 u 100.
Jlokaxkure, 4To yyeOHAS YaCThb MOXKET C/EJATh
HECKOJIbKO TiepecyeToB Tak, 4tobbpr y Iletn

crasa onenka b, ay Bacu — onenka a (iepecun-
TBHIBAIOTCS OJIHOBPEMEHHO 06€ OIEHKH).
B.Buicoxanos, H.Medsedv, B.Bpazun

6. Cm. zamauy M2460 «3amaunuka «Ksan-
Tar.

9 knacc

1. Haiigure HanGosibliice HATYpaJbHOE YHC-
JI0, Bce I PBI B ICCATUYHOI 3aIICH KOTOPOTO
Pa3IMYHBl U KOTOPOE YMEHbIIAeTcs B S Pas,
ecJll 3a4EePKHYTH 1ePBYIO 1udpy.

M. Egdoxumos

2. Cm. 3ajsauy 1 CJIOKHOTO BapuaHTa JJisi
8—-9 kmaccos Becennero Typa XXXVIII Typun-
pa ropoJoB.

3. CM. 3amauy 2 CJIOKHOTO BapWaHTa [JIs
8—-9 kmaccos Becennero Typa XXXVIII Typun-
pa ropojioB.

4. Hafiante Bce Takme Tapbl HATYPAJbHBIX
yuces @ U R, 4TO [IJIs1 BCIKOTO HATYPAJIbHOTO 72,

1
B3aMMHO IIPOCTOTO C d, YNUCJIO dk * -1 JIEeJINT-
Cd Ha n.

A. Menvujuroe

5. CMm. 3amauy 4 CJIOKHOTO BapuWaHTa JIJist
10—11 xmaccos Becennero Typa XXXVIII Typ-
HUPa TOPOJIOB.

6. Cu. 3asauy S5 CJIOKHOTO BapHaHTa JIJisI
10—11 xmaccos Becennero Typa XXXVIII Typ-
HUPa TOPOJIOB.

10 knacc

1. Ksazparusiii tpexusien x> +bx +c¢ umeer
JIBA JIEHCTBUTEIbHBIX KOPHs. Kask/iplit u3 Tpex
ero koadgduimentos (Brmodas Koadduument
npu x%) ysemmunan Ha 1. Morjio i okasarhb-
cs1, uTO 062 KOPHS TPeXuJeHa TaKkKe yBeJndu-
Jucp Ha 1?

M. Esdoxumos

2. Bce HaTypaJsibHble yncJia, 6oJIbIne e/IMHNI-
I[bl, PACKPACUJIN B /IBA IIBETa — CHHUI U Kpac-
HBII — Tak, 4yTo cymMMa JObIX ABYX cuHUX (B
TOM YHCJIE OJJMHAKOBBIX) — CHHSISI, a MPOU3BE-



Jenne JoObIX ABYX KpacHbIX (B TOM wdmcie
O/IMHAKOBBIX) — KpacHoe. VM3BecTHO, 4TO Impu
packpainBanuy ObLIN UCIIOIb30BaHbl 064 T1Be-
Ta u uto uncyao 1024 mokpacuiw B CHHUI 11BET.
Kakoro 11BeTa 1pu 5ToM MOTJIO OKa3aTbCsI YHCJI0
2017?

M.Egdoxumos

3. Touka O — IEHTP OIICAHHOI OKPY>KHOCTH
OCTPOYTOJIbHOTO TpeyTosbanKa ABC. Onucan-
Hasl OKPYKHOCTD TpeyroibHuka AOC BTOpHUY-
HO 1epecekaet ctopoHbl AB u BC B Toukax E
u F. Okazajoch, 4o nipsimMas EF eut 1io-
maap Tpeyroabanka ABC momomam. Hafianre
yroa B.

M. Egdoxumos

4. Y Bacm 6bin1 kamenb (omHopoanbiii, 6e3
BHYTPEHHUX MOJ0CTel), umeonmi hopmy
BBIMYKJIOTO MHOTOTPAHHUKA, ¥ KOTOPOTO €CTh
TOJIBKO TPEYTOJIBHbIE U MIECTHYTOJIbHBIE IPaHH.
Bacst yTBepsk/1aer, uto oH pa36u 9TOT KaMeHb
Ha J[BE YACTH TaK, 4TO MOXKHO CJOKUTD U3 HUX
ky6 (Ge3 BHyTpeHHHX moJiocTeii). Moryt Jm
cyoBa Bacu 6biTh 1paB/oii?

M. Egdoxumos

5. IIpu KakuX HATYpPAJbHBIX 1 [IJIsT BCSIKOTO
HATYyPAJIbHOTO R = 1 HAMIETCsl YUCTI0 C CyMMOH
uudp k, kparaoe n?

A.Kysneuyos, H.Jloces

6. Cm. 3azauy 7 CJIOXKHOTO BapuaHTa [JIsi
10—11 xmaccoB Becennero Typa XXXVIII Typ-
HUpa TOPOJIOB.

71 knacc
[TepBbivi [EHL

1. Haiizinte HauMeHblllee HATYPAJIbHOE YUC-
J10, kKpatHoe 80, B KOTOPOM MO3KHO TaK TiepecTa-
BUTD J[BE €TI0 PA3JIMYHbIC IIIUDPDI, YTO OTYUUB-
1reecst 4nca0 Takxke 6yaer kpatHo 80.

A.Bezyny

2. Ha BOucanHOW OKPYKHOCTH TPEyTrOJIbHU-
ka ABC, xacatonieiicst croponnt AC B Touke S,
HaIlIach Takasd TOYKa Q, 4TO CepeInHbl OTPe3-
KoB AQ m QC Takxe JiekaT Ha BINWCAHHON
okpyskuoctu. [lokaskure, uto QS — 6uccekTpu-
ca yraa AQC.

M. Bacunves

3. Ilyctb Xy, — HOJOXHUTEJbHBIH KOpPEHb

ypasnenus x*°"7 —x -1=0, a y, — nonoxu-
4034

TeJIbHBII KOpeHb ypaBHeHud y " — y = 3x, .

a) Cpasuure x, 1 ¥ .
6) HaiiuTte mecaTblii 3HAK TIOCJeE 3arlgTOl
ancaa |y = yol.
U.Illeiinax

4. Tpu Besocurienucra e3JsAT B OJHOM Ha-
IIpaBJeHun 110 KpyrjaoMy Tpeky juaunoit 300
MeTpoB. Ka/plil M3 HUX JBIJKETCS CO CBOEi
MOCTOSTHHO! CKOPOCTBIO, BCE CKOPOCTH Pas3JIind-
upl. Dotorpad cMOXKeT cieaTh yAaqHbIH CHH-
MOK BEJIOCHIIE/ITUCTOB, €CJU BCE OHU OKAXKYTCS
HA KaKkoM-u60 yJyacTKe TpeKa JJuHOU d Mert-
poB. Ilpu kakom waummenbieM d dororpad
PaHO WJIM TO3/[HO 3aBEJOMO CMOXKET C/Ies1aTh
Y/IQUHBIN CHUMOK?

O.Kocyxumn

5. Ha rpansx equHngHOro Ky6a orMeTiin 8
TOYEK, KOTOPBIE CJIYIKAT BEPIIHHAMHI MEHBIIIETO
ky6a. Haiizinre Bce 3HaYeHNMsT, KOTOPbIE MOJKET
MPUHUMATD JI/IHHA pebpa aToro Kyoba.

M. Egdoxumos

6. Cm. 3agauy 6 mig 10 xmacca.
Bropovi geHb

1. /lanbl Be HerocTosHHbIe porpeccun (a,,)

u (b,), ona us KOTOpbIX apudMeTHYECKast, a

Apyras — reoMmerpuueckasi. lIsBecTHo, 4TO

a,=b, ay:b,=2u a;:b; =8. Yemy MoxeT
ObITb PABHO OTHOLIEHHE d3 : by ?

A.Topawun

2. Hesnaiika 3HaKOM TOJIBKO C JIeCSTHUHBIMU
JorapuMaMi U CYUTAET, YTO Jorapudm cym-
MBI JIBYX YHCeJ PABEH MPOU3BEICHUIO UX JIOTa-
pudmMoB, a JsorapudM pasHOCTU [IBYX YHCET
paBeH YacTHOMY HUX Jorapugmos. MoxeT Ju
Hesnaiika nozo6parb X0Ts Obl OHY IIapy Y-
ceJi, JIIst KOTOPOIl IeHCTBUTENbHO BEPHBI O/THO-
BpeMEHHO 06a 9TUX PaBEHCTBA?

A.Bezyny,

3. [erextus Hupo Byuabd paccreayer mpe-
crymienue. B gene samemanst 80 uenoBex,
cpe/in KOTOPBIX O/IMH — TIPECTYITHUK, eIlle OJ[H
— cBujieTesab npectyrvieHuss (HO HEM3BECTHO,
KTO 570). Kask/Iplil IeHb J€TEKTHB MOJKET TPH-
IJIACUTD K ceGe O/IHOTO MJIN HECKOJIbKUX M3 9TUX
80 uesioBeK, 1 ecsM cpeiu TPUTJIAIIIEHHDIX €CTh
CBUIE€TEJIb, HO HET IIPECTYIIHNUKA, TO CBU/IETEb
COOGIIUT, KTO TPECTYIHUK. MOXKeT Jn JleTeK-
THB 3aB€/IOMO PACKPBITH /€0 3a 12 nueii?

O.Kocyxun

4. Buyrtpu tpeyronpauka ABC B3sita Takas
touka D, uro BD = CD, OBDC= 120 . Bue
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tpeyronbunka ABC B3drta Takasg Touka E, 4TO
AE = CE, OAEC= 60 wu Toukm B u E
HaXO/SATCST B PA3HBIX OJTYIIIOCKOCTSIX OTHOCH-
tesbHo AC. [Tokaxkure, uro UAFDE 90 | rae
F — cepeauna orpeska BE.

O.Kocyxun

5. TaGauna pasmepom 2017 x 2017 3anosne-
Ha HenyJaeBbiMu 1ndpavu. Cpean 4034 unced,
JICCATUYHbBIE 3AIMCH KOTOPBIX COBIAJAIOT CO

2017/Ne5

CTPOKaMU U CTOJIOIAMU 3TON TabJUIbI, YuTae-
MBIMU CJIEBA HAIPABO U CBEPXY BHU3 COOTBET-
CTBEHHO, BCe, KPOME OHOTO, JEJATCSA Ha MPO-
CTOE YHCJO p, a OCTaBIIeecs YNCJIO Ha p He
nequrtest. Haiiure Bce BO3MOKHBIE 3HAUEHUS
qmeaa p.

A.T'anamenxo

Hy6auxayuio noozomosun E.Enugpanos

OCKOBCKaf bm3nyeckad
onnMmnunaga 201/ roga

BTopow TeopeTnyecknm Typ
/ Kjiacc

1. B aspomnopry IllepemerneBo B AJTUHHOM
mepexo/ie MesK /Iy ABYMS TepMUHAJAMI €CTh JBa
TapaJiIeIbHBIX APYT JPYTY TpaBojartopa —
TOPU30HTAJbHO PACIIOJIOKEHHBIX 3CKAIATOPA,
UMEIONNX OJUHAKOBbIe JAuHbl. [IIKoJbHUK
Bacs, ornpasstoniuiicss Ha MexxayHapoaHy1o
dusnveckyo onmMmIMaLy, 3aMETUJ, 4YTO TIep-
BBIfl TPABOJIATOP JIBMIKETCS, a BTOPOI BBIKJIIO-
YyeH, W, OXKH/asi CBOH pelic, pemmy HeMHOTrO
passieubcsi. O Havas 6eraTb MO TPABOJATO-
paM Tyna-cioia, KasK/[Iblil pa3 BO3BPAIIasiCh B
UCXOJHYIO TOUKy. B mepsbiii pas Bacs npobe-
JKaJl Tyza TI0 ABWDKYIIEMYCS TPaBOJaToOpy, a
Ha3a/ — T0 HeTo/IBIKHOMY. Bo BTOpOIi pa3 oH
po6Geskast Ty/ia 1Mo HEeNo/[BIYKHOMY TPaBOJIaTo-
py, a Hasaj — 10 ABIKYyIIeMycsi. PasHoctb
BpeMeH [BW)XeHus Bacu B 1epBOM U BTOPOM
3aberax cocraBusa Af; = 25 c. B rperwmii pa3
Bacs npo6eskasn B o6e CTOPOHBI TIO JABYKYIIIE-
Mycs TPaBOJATOPY, a B UEeTBEPTHIN pa3 — B 06e
CTOPOHBI TI0 HeTo/IBIKHOMY . PasnocTsb Bpemen
nBIKeHusT Bacu B TpeTbeM U B UETBEPTOM
3aberax okasajach paBHOil Af, = 5 c. Bacs
Pa3BUBAET TOCTOSIHHYIO CKOPOCTH OTHOCUTEJIb-
HO TPaBOJIATOPA, CKOPOCTb JBIKEHUS KOTOPO-
TO TakKe IOCTOSHHA W paBHa u = 1 M/c.
Haiigure ckopoctb v Bacu orHocuTeIbHO Tpa-
BOJIATOPA U OIpe/enTe [IJINHY TPaBOJaToOpPA.
CuwnraiitTe, 4YTO Ha YCKOPEHUE, TOPMOXKEHUE W
Ha pa3BopoT Bacs TpaTut mpeHe6peskuMo MaJio
BpEMEHN.

M. 3amsammuun

2. Boriigg u3 goma, nama ¢ Jo4koil Matieil u
corHOM Banei 6eryT k aBTo6yCHOII OCTaHOBKE,
paccrosame 10 Kotopoit s = 430 M. CkopocTb
Bamm v = 2 M/c¢, ckopoctb Mamm 2v, a
cKopocTb marbl 4v. Eciu mama caxkaer 1o60ro
u3 JIeTell Ha MIEI0, TO ero CKOPOCTh YMEHbIIIAeT-
ca o 3v. JIBoux JeTeil 0JIHOBPEMEHHO Iara
HeCTH He Mo’KeT. Uepe3 Kakoe MUHUMAJIbHOE
BpeMs BCS CEMbSI CMOKET OKa3aThCs Ha OCTa-
HOBKe? MOJKHO CUYNTATDh, YTO TTOCATKA JETeil Ha
ManuHy 11efo, a TakKe PasroH W TOPMOKeHWe
ITPOUCXOJAT ObICTPO.

A.Bviuxos

3. Tpu oIMHAKOBBIX BEPTHKAIBHBIX TTHJITH/I-
PHUYECKUX COCY/la COOOIIAIOTCS APYT C JIPYTOM
BOJIM3M JIHA TIPU TIOMOIIM Y3KUX TPYOOK ¢
KpaHaMM, KOTOpbIe TTE€PBOHAYATIBHO TI€PEKpPbI-
o1 (puc.1,a). B seBoM 1 1ipaBoM cocypax moj
TOPU30HTAIBHBIMI TOHKUMHU MOPIIHAMA HAXO-
IIUTCST BO/la, a cpeaHuit cocyn tmyct. Kpaubr
O/ITHOBPEMEHHO OTKPBIBAIOT M B TOT K€ MOMEHT
HAUMHAIOT JIBUTaThb BHU3 064 MOPIIHS C I10CTO-
STHHBIMU CKOpOCTsIMU. [Ipu aTOM pasaniia ypos-
Hell IopIIHeil 110 BepTUKAJIU YBeJIUYUBACTCS CO
ckopocTbio v. [Tob3ysacs rpadukom 3aBUCHMO-
CTH BBICOTBI /i YPOBHSI BOJIbI B CPE/IHEM COCY/Ie

a) 6)
Y ; hyemp
* 4

Puc. 1



OT PACCTOSIHUSA 110 BEPTUKAJM [ MEK LY MOPIIHS-
mu (puc.1,6), HaiiuTe CKOPOCTD KasKIO0TO U3
TTOPIITHEH.

A.Bvruxos

4. YeGypamka u Tena goaro crpownu u,
HAKOHeIl, [OCTPOMJIN HATJIIHYIO MOJeJIb Ipa-
(beHa — ByMEPHOTO KPHCTA/LIA YIJIEPOJA, CO-
CTOSIIIETO U3 STYEEK B BUJIE TIPABUJIBHbIX IIECTH-
yroJabHUKOB (KaK MOKa3aHO Ha PUCYHKe 2) B

Puc. 2 ' .

macmrraGe 250 000 000 : 1. KosmvectBo stueek
B MOjie/i1 ObLTO GOJIBIINMM, TaK YTO €€ IJIOMIA/b
oKazaJsiach paBHOM 12,5 M? . ATOMbI yriepozaa B
MO/IeJIN — OJIMHAKOBDBIE TJIACTHJIMHOBBIE Iapu-
KH, & CBSI3H MEXX/Iy aTOMaMH — KYCOYKHU IIPOBO-
JIOKH, c/leJJaHHOH u3 MejHoro ciasa. [Ipu
9TOM 00BEM IJIACTUJIMHA B KAXK/IOM IIApHKE B
9 pa3 Gouiblie 06beMa KaK/10# MPOBOJIOYKH,
coeqmHsoNIel coceiiue mapukn. OreHnTe Mac-
cy aroii Mogeau rpadena. IlnorHoctp mracTn-
auHa P, =1330 KF/ M® | IJIOTHOCTD MEJHOTO
craBa p,, = 9000 KF/ M® . Macca TIPOBOJIOYEK,
HEOOXO/IMMBIX [IJIsI U3TOTOBJICHUS O/IHO-€/I1H-
CTBEHHOU sTYeiiku rpadeHa, coctapser 487 Mr.
PaccrosiHue Mesky IIEHTpaMH COCEIHHX arTo-
MoB Hacrosmero rpadena 0,142 nm (mamo-
METP — 9TO O/lHA MUJIJIMOHHAaA 4aCTb MUJIJINMET-
pa). [Lnomaas S NpaBUABHOIO IECTHYTOIbHU-
Ka € JIJIHHOW CTOPOHBI @ OIPEIEJISieTcs 110

dbopmyne S :ﬁaz, rae 3 =1,7.
2
I1. Kproxos

8 knacc

1. Tpu 0MHAKOBBIX BEPTUKAJIBHBIX IIHJINH/L-
PUYECKHX COCY/la COOGIIAIOTCS TIPH MOMOIIHN
Y3KNX TPYGOK C KpaHaMH, KOTOpbIE MePBOHA-
yabHOo iepekpoIThl (puc.3,a). B nesom cocyne
[0/l TIOPIIHEM HAXO/UTCS AKUKOCTb MJIOTHOC-

a) 6)
h,emp

P1Lh$ip2

Puc. 3

0 3 l,CI/I

TBIO Py, B HPABOM COCY/ie IO/l HOPIIHEM —
JKUIKOCTD TIIOTHOCTBIO P, , a CPefHUil cocyn
myct. Kpamnbl 0HOBpeMEHHO OTKPBIBAIOT 1 B
TOT K€ MOMEHT HauMHAIOT JBHUraTb BHU3 006a
MTOPIITHST C IIOCTOSTHHBIMU CKOpocTsIMU. CHavasia
pa3HuIla YPOBHEI TTOPITHEl TT0 BepTHKAIN yBe-
JIMIMBAETCS CO CKOPOCTBIO . 3aTeM, B HEKOTO-
PbIif MOMEHT, CKOPOCTH TIOPIIHEH N3MEHSIIOTCSI
— OHU TIPOIOJIKAIOT IBUTATHCS C TIOCTOSTHHBIME
CKOPOCTSIMH, HO Tellepb Pa3HUIlA yPOBHEH mop-
ITHEH 110 BEPTUKATIH YMEHBIIACTCS C TaKOil Ke
ckopocTbio v. [Tob3ysach rpadukoM 3aBuCHMO-
CTHU BBICOTBI /1 yPOBHSI CMECH B CPEJIHEM COCY/Ie
OT PACCTOSTHYS 110 BEPTUKAJIH [ MEXK/1y TOPIITHS-
mu (puc.3,6), Haiiaure CPEAHIOID ILJIOTHOCTDH
CcMeCHU B TOT MOMEHT, Korza 2 = 6 cM. MoxHO
CYUTATh, YTO 0OOBEM CMECU PABEH CyMMe 00be-
MOB JKUJIKOCTEl, KOTOPbIE TIePETEKIN U3 Kpaii-
HUX COCY/IOB.

A.Bviuxos

2. Tpu moBHna pa3Hol KBaJnMUKAINN pe-
MUJIN TocopeBHOBaTheA Ha auctanmun 100
METPOB B IsITuiecsTuMeTpoBoM Gacceiine. Crap-
TOBaJIN TIJIOBIBI OJHOBPEMEHHO, U Ka}K[[bIﬁ
MIPOILJIBIBAJ TUCTAHIIIO CO CBOECI MOCTOSTHHOI
ckopoctbio. O6osHaunm uepes di (t) paccros-
HUEe MEX/y ITIePBbIM M BTOPBIM ILJIOBIIAMU, a
uepes d3(t) — paccrosinue Mex/y HepBbIM U
TPETbUM ILJIOBIIAMU B MOMeEHT Bpemenu t. Ha
pUCYHKe 4 KpacHOH JuHueil m306paskeH Tpa-
buk zasucumoctu dys (¢) mns yactu sarbisa —
OT cTapTa [0 MOMEHTa BpeMeHn t,. I'paduk

d A
3d,

2d,

d \
d() d12 \

Puc. 4
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saBucuMocTn diy (t) n300pakeH CUHel JMHU-
eil. UncseHHOe 3HAYEHNE BeJIMYUHDI |, HEU3Be-
CTHO, HO 3aTo u3BecTHO, 4to ¢ = 30 ¢ u
t, = 40 c. Ilpu omnpespeseHNH PACCTOSHUS
MEK/y TIJIOBIIAMU TMUPWHA JOPOXKEK GacceitHa
He YUNTBIBAJIACh W CYNTAJIOCH, YTO CTIOPTCMEHBI
JIBIDKYTCS TIOYTH BOJIb OTHOM mpsiMoii. PasBo-
POT KaXJIOTO U3 TIJIOBIIOB MPOMCXOJUT OYEHD
6bICTPO.

1) Kakoe BpeMms Ha (DUHUIIE TTOKA3aM KakK-
JIbIII U3 TIJIOBIIOB?

2) TIpogoskure (mocrpoiite) oba rpaduka
110 MoMeHTa BpeMenu 60 c.

I1. Kproxos

3. Heoxnoponnbnrii rpy3 Maccoil 4m moaBe-
[leH TPH [TOMOIIU CUCTEMBbI OJIOKOB TaK, KakK
M0Ka3aHo Ha pucyHke 5. Hurtu u 6J0K1M OueHb

Tpenue

F

Puc. 5

Jierkne, cBOOO/THbIE YYACTKN HUTEH BEPTUKAJIb-
HbBI, TPEHUS B 0caX 6J10k0B HeT. K cBo6GoHOMY
KOHILY HUTH, MEPEKUHYTON Yepe3 OJIOKHU, TIPU-
KpeTJieH TTPOTHBOBEC MACCOH . YUaCTOK 9TOi
JKe HUTH, HAXO/SIIMICS MEXK/y I'PY30M U TIpa-
BbIM GJIOKOM, TIPOXO/HT 4Yepe3 HeGOJIbIIoe OT-
BepcTHe B HEIMO/BIDKHOIN neperopojke. [Ipu
CKOJIbKEHNT HUTH B OTBEPCTHH BO3HUKAET CHJIA
tperng ' = 10 H, nmeficTBylomas Ha HUTH CO
CTOPOHBI CTEHOK TIEPETOPOJIKI.

1) IIpu KakuX 3HAYEHMSAX MACCHI 71 MPOTH-
BOBeCa CHUCTEMa MOXKET OCTABATbCS B PABHOBE-
cun?

2) Tre MOJKeH HaXOAUTHCS [EHTP Mace He-
OJTHOPOJIHOTO TPY3a JUJISt TOrO, 4TOObI PaBHOBE-
cue OBLIO BO3MOXKHBIM?

3) Uemy paBeH MOYJIb CUJIbI TPeHUs | U B
KaKylo CTOPOHY OHa HallpaBJieHa IIpH
m=m =0,7 xr?

Mopysb ycKOpeHHus CBOGO/IHOTO Ta/leHHs
MOKHO cuuTath paBubiM g =10 M/ .

M. 3amamnun

2017/Ne5

4. B Mockse B paitone OuakoBo paGoraer
MOIIIHAS TEIJIOBAs AJEKTPUYECKAsl CTAHIUS C
naszBanneM <«TOIII-25». MaxkcumasibHas 2JIEK-
TpUYecKass MOLIHOCTb 3Toil cranuuun W,
= 1370 MBrt. Kpome BbIpaGOTKH 3JIEKTPO-
9HEPTUM 3Ta CTAHINS MOXKET OJHOBPEMEHHO
MOCTaBJSATH TEIJO MOIHOCTbIO W, =
= 4088 TI'kan,/4 mng cHaGKeHHUST COCEIHUX
paiioHOB TOpoJia Topsiueil Bomol u st 060-
rpeBa gomoB. Cranims pa6oTaeT Ha TPHUPOI-
wom rase mertane (CH,), mpm cropanun
my, = 16 T KOTOPOTO BBIAEIACTCS KOJTNICCTBO
teriotel Q = 797 /. B atmocdepy uepes
TPyObI BMECTE C TIPOAYKTAMU CTOPAHUS BCETIa
BbIOpacbiBaetTcst 20% SHEPIUM, MOJYYEHHOI B
pesyJbTate CTOpaHus TOTINBA. B jeTHeM pe-
JKMMe, KOT[a J0Ma OTallJInBaTh He HY’KHO,
cranius paGoraer Ha 80% CBOell MaKCHMaJib-
HOH 3JIEKTPUYECKOW MOITHOCTH W TIPU ITOM
30% BBIJIEJUBIIETO [IPU CTOPAHUE METaHA KO-
JINYECTBA TETLIOTHI BCE PABHO MPUXOIWTCS OT-
BOJUTH B arMocgepy MpH HOMOIIU UCTIAPEHNUSsT
BO/IbI B CIIEIMAJIbHBIX YCTPOHCTBAX — IPajup-
HSIX. YJlesbHas TeIoTa MapooOpasoBaHus
Bozpl L = 2256 ]Ik /Kr, ofiHa Kajiopusi pas-
Ha pumepHo 4,2 JIx.

1) Kakos y cranuum pacxon rtorumsa (B
Kr/C) 3UMOI?

2) Kaxos KIIJl mcrosb30BaHus TEILIOBOI
SHEPTUM IIPH ee NPeoOpPa30BAHUN B AJIEKTPU-
YECKYIO 3UMOii?

3) Kakoe KOIMYECTBO BOJbBI €KECEKYHIIHO
npespamaercs B 1ap (B J,/¢) B rpagupHax
CTAHIUH JIETOM?

4) Kakas MOIIHOCTD MOCTABJISIETCS TTOTPeGH-
TEeJIAM TOpSTYel BOJBI B JIOMAX JIETOM?

H.Cemepuxos, C.Bapramoe

9 knacc

1. Pakera ypajsercss oT rOpM30HTAJbHOI
MOBEPXHOCTU 3EMJIU CO CKOPOCTBIO ¥, HAIlpaB-
JICHHOH cTporo BepTukaabHo. [lapasienbHo
MOBEPXHOCTN TOYHO HA 3aMa/l JIETUT CAMOJIET CO

CKOPOCTDBIO v/ J3.

1) C Kaxoil HaMMEHbIIEH IO MO0 CKOPO-
CTDBIO % M B KAKOM HAIIPABJIEHUN JIOJIKEH JIETETh
(oTHOCUTETHHO 3€MITH) KBAIPOKOIITE JIJIs1 TOTO,
4TOOBI OTHOCHUTEJIBHO HEro pakera M CaMoJieT
UMesN TIPOTUBOTIOJIOXKHDBIE TIO HATIPABJICHHUIO
CKOpOCTH?

2) Tlox kakuM yrjoMm K ropusonry (oTHocu-
TeIbHO 3eMJTN) JIOJKHA ObITh HATIPABJIEHA CKO-



POCTb KBa/I[POKOIITEPa /IJIA TOTO, YTOOBI pakKe-
Ta U CaMOJIET UMEJIN B CUCTEME OTCUETa KBa/l-

POKOIITEPAa MPOTUBOIOJIOMKHbBIE 110 HallpaBJe-
HUIO W paBHBIE 1O MOJIYJI0 cKopocTu? Yemy
paBeH MOJIYJIb CKOPOCTH KBaJ[POKOIITEPA B 9TOM
cayvae?

A.Bviukoe

2. B Haxozsiytocs B IIUPOKOM COCY/IE KUJI-
KOCTh YaCTUYHO TOTPY’KEHBI OJMHAKOBBIE KY-
OMKH CO CTOPOHO# a m Maccoil M, KOTOpbie
VEPIKUBAIOTCS B PaB-
HOBECHUU TIPU TIOMOTITH
CHCTEMbBI, COCTOSIIEN
13 HEBECOMBIX 6JIOKOB,
COC/INHEHHBIX OYCHD
JIETKOW U HEPaCTIKU-
Mot HuThIo (puc.6).
Tpenue B ocsix 6JI0KOB
OTCYTCTBYET, IJIOT-
HOCTD JKU/IKOCTH PaB-
M Ha TJIOTHOCTH KyOwW-
KOB. M3HavyabHO ripa-
BBl KyOHUK IOTPY>KEH
B JKIJIKOCTb POBHO Ha-
TIOJIOBUHY .

1) Ha kakyio Besu-
YUHY U3MEHUTCS TJTyO6UHA MOTPY>KEHUS MTPaBO-
ro KyOuKa, ecjim Ha JIeBbI KyOUK HOMECTUTD
He6OIBIION TIeperpy3ok maccoir m = M /16 ?

2) Ha CKOJIbKO B Pe3yJibTare TOr0 U3MEHSIT-
€Sl MOJLYJIb CHJIbI HATSDKEHHMS] HUTH M MOJYJIb
CHJIbI JIABJIEHUS SKUKOCTH Ha JIHO?

3) IIpu KakKMX 3HAYECHUSIX MACCHI [IEPErpy3Ka
06a Ky6uKa OCTaHYTCSI YaCTHYHO TIOTPY>KEHHbBI-
MU B JKU/JKOCTH?

ABmeAnaMu, CBI3aHHBIMH CO CMaYMBAHWEM
MOBEPXHOCTEN KYOMKOB KU/IKOCTSIMH, MOKHO
rpeHeGpeyb.

Puc. 6

M. 3amsmuun

3. [l oxJask/enus: CBOUX OJMHAKOBBIX 9K-
CHEPUMEHTAJIbHBIX YCTAHOBOK IOHDbIE (PUBUKHU
Bacsa u Iletst ucnoab3yioT paguaTopbl, B KOTO-
pble Yepe3 TPyOKU OJIMTHAKOBOTO CEYEHUS 3aKa-
YUBAIOT JKUJKYIO CMECh XOJIOJHON BO/bI, MMe-
tomeit Temmneparypy ¢, =0 °C, ¢ Mesko nepe-
TEPTBIM JIBJOM B OOBEMHOM COOTHOIIEHUU TPU
K ojiHOMY. VI3BeCTHO, UTO B aKCIIEPUMEHTAJIb-
HOH ycraHoBKe Bacu Ha BbIXO/le U3 pajimaTtopa
noJtydaeTcs Bojia ¢ TeMmneparypoit ¢ = +32 °C,
a B ycraHoBke Iletm — ¢ rtemmeparypoii
t, = +75 °C. TemnoBbie MOUHOCTH, OTOGUpPae-
MbI€e OXJIQK/IAIOMIEH CMEChIO Y IBYX YCTAaHOBOK,

OIMHAKOBEI. UeMy paBHO OTHOIIEHWE CKOPOC-
Tell 3aKaYMBaHUs CMECH B PAJANATOPBI 9KCITEPH-
MEHTaJIbHBIX ycTanoBOoK Bacu n Ilern? Ilnor-
HocTb Bobl P, = 1000 Kr/ Mo , TLZIOTHOCTD JIbJA
p, =900 KI‘/ Mo , Y/leJIbHAA TETJIOEMKOCTD BO/IbI
¢ = 4200 [ix/(xr OC), yaenpnas temnuora

aaBaenus abga A = 3,35 007 JUK/xr .
A.Bwiuroes

4. Ha pucynke 7 mpuBeiena cxema Ieriu,
COCTOsIIel U3 TPEX O/IMHAKOBBIX OMMETPOB Q |
C TOMOIIIBIO KOTOPBIX
n3MepsieTcs Hen3Be-
CTHOE COIPOTHBJIE-
nue R pesucropa.
[Honapuocts BKJIIO-
YeHUs! Yy BCeX OMMeT-
POB OJAMHAKOBas.
Omun u3 ommerpos 1€ 7
MOKA3bIBAET COIIPO-
tusnenne R; = 100 Om, a apyroit -
R, = 800 Owm. KakoBbl nokaszanua R; Tpe-
Tbhero ommerpa? Uemy paBHO conporuBienue R
pesucropa’?

Vxazanue. MoxkHO cuMTaTh, 4YTO OMMETDP
COCTOUT U3 COEJMHEHHBIX I10CJIe/[0BATENbHO
N/IeaIbHOTO MCTOYHMKA ¢ HanpspkenuneMm U,
pesucropa CONPOTUBJIEHNEM 7 W WJEeaJbHOTO
amriepmerpa. Ilokasanns amnepmerpa aBToMa-
THYECKH TIE€PECUNTHIBAIOTCS B CONPOTHBJIEHHUE
MOJKJIOYEHHOTO K €ro KJeMMaM pe3ncTopa,
KOTOpOe oroGpaskaercs Ha 1¢PoBOM TaGJIO
npubopa.

LR |

M. 3amsmnun
10 knacc

1. JKecrkuii crepxxenb AB panuHol L jeskut
Ha TOPU3OHTATIBHOM TOJY, TIPUIBUHYTBIH O
HHM 13 CBOUX KOH-

I[0OB BIIOTHYIO K

BEPTUKAIbHOI CTe-

He, KakK II0Ka3aHo

Ha pucyHke 8. B

touke A cugut Oy-

Kamka. B Ttor mo-

MEHT KOTJla KOHeEI]

A crep:kHg Havamm A B
ABUTATh BBEPX p,- g

BJIOJIb CTEHBI C I10-

CTOSIHHOH TI0 MOJIYJIIO CKOPOCTBIO ¥, GyKalIka
TIOTI0JI3JIA TIO0 CTEPIKHIO € TMOCTOSHHOW OTHOCH-
TEJBLHO CTEPIKHS CKOPOCTBIO % B HAIPABJIEHUH
KOHIIA B, KOTOPBI CKOJb3UT 10 TIOJY, He




46 KBAHT

oTpbiBasgch OoT Hero. Hafimre MakcumasnabHOe
paccTosiHUE S OT CTEHKH /10 GYKAIITKU B IIPOIecce
ee JIBIJKEHUS TI0 CTEPIKHIO.

A.Bviuxos

2. Ilo 3axperieHHOHl HaKJOHHOH IIJIOCKO-
CTH, COCTaBJISIIONIEH yroa 0O ¢ TOPU30HTOM,
CKOJIb3MJI GPYCOK Maccoil 2m, JBUTAsICh C T10-
CTOSIHHOI CKOpPOCTbIO v. CBepxy 6e3 HavasIb-
HOW CKOPOCTH OTIYCTHJN KYCOK TJIACTHJINHA
Mmaccoit m. IlposereB paccrosuue H, miactu-
JIMH yraJ Ha OGpycok W npusun K Hemy. Ka-
KO€ KOJIMYECTBO TEIJIOTHI BBIJEJINIOCH 32 Bpe-
M coynapenusi? CorpoTHBIIEHNE BO3/yXa Mpe-
HEOPEKUMO MAJIO.

M.3amnamnun

3. [lepeBsHHBIII 6PYCOK MJOTHOCTHIO
p =500 KF/ M° B opMe MPAMOYTrOIbHOTO Ma-
paJsuiesierntinie/ia umeet juany L = 1 M u KBaj-
paTHOe IMOIepevyHoe CceyeHue €O CTOPOHOM
a = 10 cM. Bpycok omnyctuan B Bojmy 60Jib-
IIOr0 03epa U YAEPXKUBAJIN €r0 B TAKOM HEYC-
TOITYMBOM TOJIOKEHUH DPABHOBECHUS, YTO OJ[HA
U3 JUIMHHBIX TpaHeil Opycka Oblaa Cyxoil n
TOPU30HTAJIBHOI, TIPH ATOM TOJOBHHA 00beMa
6pycka Oblia TOrpyskeHa B Bojay. bpycok or-
MyCTUJIA, U OH TPUHST YCTOWYNBOE MOJIOKE-
HUE, TIOBEPHYBIINCH BOKPYT CBOEil OCH CHM-
MeTpuu Ha yros 45°. Ha ckoibko B pesyJib-
TaTe ATOr0 YMEHDIINJIACH TIOTEHINAIbHAS dHEP-
rust cucteMbl Bofia—6pycok? I110THOCTD BOJIBI
paBHa 2p .

C.Bapaamos

4. OauH MOJIb MEaJbHOTO OJHOATOMHOIO
rasza coBepIIaeT 3aMKHYTBIN IUKJ, COCTOSTIINI
n3 W30TEPMBI
1—2 u niporieccoB
2-3u 3—1, B KO-
TOPBIX JlaBJIEHNE

Ve SIBJISIETCS JINHEN-
/ 4 Hoil dyukimei
S/ o0beMa, Kak I10-
/ Ka3aHo Ha PUCYH-
0 14 ke 9. N3ssecrtHo,
Puc 9 YTO B COCTOSIHU-

ax 1 u 2 jpasie-
HIe Ta3a paBHO Py U p, COOTBeTCTBeHHO. [Ipm
KaKUX JaBJCHUSIX B COCTOSHUM 3 B HEM JOCTH-
raercsi MaKCHMaJjibHasl TeMIlepaTypa rasa 3a
BeCh IUKJI?

PA 3

A.Bwiuxoe

5. Cm. 3amauy D2471 «3agaunnka «Kpan-
Tar.

2017/Ne5

11 knacc

1. IIpsmoii KpyroBoii KOHyC ¢ oGpasyioreit
qamHoN L = 13 cM W anaMeTpoM OCHOBAHWS
D = 10 cM KaTUTCA MO TOPU3OHTAIBHON IIO-
BEPXHOCTH, He pocKanbsbiBas (puc.10). Terrp

i

- \f

Puc. 10

OCHOBaHMS KOHYCA JIBUXKETCS C [TOCTOSIHHOI 110
MOJLyJTIO CKOPOCTBIO, @ MAaKCUMAJbHO BO3MOXK-
Hasl CKOPOCTb TOUKH, JIeXKallleil Ha TOBEPXHOC-
TH 3TOTO KOHyca, paBHa v = 1 M /c. Ha ommy
13 TOYEK, PACIIOJIOKEHHBIX HA I'PAHUIIE OCHOBA-
HUS 1 GOKOBOII TOBEPXHOCTN KOHYCa, HAaHECeHa
oyeHb MaJsieHbkas Metka M. Hajx komycom
HEIO/[BUJKHO 3akpelsieH ¢oroanmnapar @,
00BEKTUB KOTOPOTO PACHOIOKEH TOPU30HTAJIb-
HO. B MOMeHT Kor/ia MeTKa HaXo/[1J1ach B CBOEM
HauBbICHIEM ITOJIOKEHUN U CTPOro 1o/ 00beK-
tuBoM oToanmapara, Obu1 caeaan HOTOCHU-
MOK. Uepes Kakoe MUHMMAJbHOE BPEMsI 110CJIe
3TOTO MOKHO IIPH TIOMOIIM TOTO K€ HEeIIO/IBUXK-
Horo doroanmapara cejgaTb TOYHO TaKylo JKe
dotorpacduio?

C.Bapaamos

2. OMHaKoBbIe MBLIMHKY, UMETONTNe 3apsil
g = 1 nKn, maccy m = 1 Mr u Jersume c
O/IMHAKOBOI HAYAJIb- A
HOI CKOPOCTBIO T, » ;
MO/IYJIb KOTOPOI pa- v
BeH 2 M/c, Imoma- ;
JIAlOT Ha HEKOTOPOe
BpeMsi B 06J1aCTb, B
KOTOPO#l CcO37aH0
PJIEKTPHUUYECKOE
nose. MojyJsib Bek-
TOpa HAIPSKEHHOC-
TH 3TOTO TIOJd He v
MEHSIETCST CO BpeMe-
HeM U paBeH E =
=10 kB /cM, a Bek- q
TOP HATIPSKEHHOCTH m
Bpalaercs ¢ mocro- Puc. 77 q

<nemmenes B



SHHOH YTJIOBOH CKOPOCTBIO W = 2 pax/c B
OJTHOII TIOCKOCTH ¢ BEKTOPAMHU CKOPOCTeEil Jac-
n (puc.11).

1) C Kakoil MaKCUMaJIbHON 1O MOLYJIIO CKO-
POCTBIO ¥ MOTYT BbLIETATh HEKOTOPbIE TIHLIIH-
KU 13 00JIACTHU JIEHCTBYS 3JIEKTPHUYECKOTO TTOJIS ?

2) Kaxoro HauGoJIbIIero 3HAYEHUS MOYKET
JIOCTUTATh YTOJI [ MeX/y BEKTOPOM KOHeu-
HOfI CKOPOCTH M Ha4YaJIbHbIM HallpaBJEeHUEM
aBokennsa (yroa OTKJIOHEHUS) HEKOTOPBIX
MBLINHOK, €CJIM BPeMsl UX MPeObIBAHUS B MOJIE
T = 0,25 ¢?

3) Jlo Kakoro 3HaueHus T, HAJ0 M3MEHUTb
JUTATEBHOCTD TPeGhIBAHUS HEKOTOPBIX TIBLITH-
HOK B JIAHHOM TI0JIE JIJISI TOTO, 4TOOBI HANGOIb-
AN yTOJI UX OTKJIOHEHUSI JJOCTUT CBOErO MaK-
CUMaJIbHO BO3MOJKHOTO 3Haudenusi? Uemy pa-
BEH MaKCHMAaJIbHO BO3MOJKHBIN yroJi OTKJIOHE-
st 3 ?

BsaumojieiicTBre TIBLIMHOK JAPYT € APYTOM U
BJIMSIHUE HA HUX JPYTUX CHUJ IIPeHEOPERUMO
MaJIo.

M.3amamnun

3. Cm. 3amauy 2472 «3amaunuka «Ksan-
Tar.

4. B Temion3oqMpOBaHHOM IUJINHPE MO/
HETIPOBO/ISIIIIMM TEILIO MOPIITHEM HAXOJSTCS B
TEePMO/INHAMUYECKH PABHOBECHOM COCTOSIHUM
aproH M HACBIIIEHHbIE Napbl BOJbI IPU TeMIle-
parype 7; = 302 K u paBjenuun p = 2 arm.
Cpasy mnocJie GbICTPOro yBesmueHus obbeMa
cMmecu miof opiaeM B . = 1,06 pasa Temie-
parypa B IIMJIHH/PE YMEHbIIAETCS /10 HEKOTO-
poit Besmmunubl T, , a BOJSIHbIE TIAPbI OKa3bIBa-
0TCS B TEPMOJMHAMUYECKN HEPaBHOBECHOM
COCTOSTHUM TI€PECHIIIEHNs, TIPU KOTOPOM HX
JIaBJIeHUe p, CTAHOBUTCS BBINIE JIABJICHUS Ha-
ChIIEHHOro napa P (T5) 1pu noBoii Temme-
parype. Co BpeMeHeM 4acTb Tapa KOH/IEHCHU-
pyeTcst, M cucTeMa BHOBb IIPUXO/UT B COCTOSI-
HHUE YCTOWYMBOTO TEPMOJMHAMHYECKOTO PaB-
HOBECHS.

1) Haiigure temueparypy T .

2) Omnpezenure JaBieHue p, .

3) BepHo /1, 4TO B HOBOM COCTOSIHUHM YCTOIi-
YMBOTO PABHOBECHSI TeMIlepaTypa 110/l MOopIi-
HeM OyzieT oTyimyatbes oT 1, MeHee ueM Ha
1 K?

Ynenpuas TEeINJ0EeMKOCTh BO/Ibl
¢ = 4200 Jix/(xr [K), TeroeMkocTb OO0
MOJISI BOJISTHOTO T1apa PU MOCTOSTHHOM 00beMe
Cy = 3R, yieabHas TEIJIOTa UCIAPEHUS BOBI
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Puc 12 Temnepamypa, °C

L=2,3300° JIR/KT , MOJIIDHAs Macca BOJbI
M = 18 r/momb. I'paduk 3aBuCHMOCTH JaB-
JIEHUST HACBIIIEHHBIX 11aPOB BO/bI OT TeMIlepa-
TYPBI TIpeJICTaBJIeH Ha pUcyHKe 12.

I1. Kproxos

5. Touku A, ..., Ayy; — BEPIINHDI IPABIID-
Horo 2017-yrosibHUKA, TOYKA S — ero IHEeHTP.
Mesxy coceHUME BEPIIMHAMU MHOTOYTOJIb-
HMKa, 3a UcKaouenneM 1-it u 2017-ii, BKIIOUe-
HbI OJIMHAKOBbIE HJleaJibHble OaTapeiiku ¢ Ha-
npsuxenneM U\, Tak, Kak TOKa3aHo Ha PUCYHKe
13. Taxske MeX/Ty KaK0H BEPIINHON 1 TOUKOMH

S BKJIOYEH BOJIBTMETP C COOTBETCTBYIONINM
HOMEPOM. Bcee BOJBTMETPbI OJAMWHAKOBbIE, B
TOYKe S eCTb 2JIEKTPUUECKUI KOHTAKT.

1) Ha CKOJIbKO OTJIMYAIOTCS [TOKA3aHUsA TIeP-
BOTO 1 JIECSATOTO BOJBTMETPOB?

2) UTo HOKa3bIBACT BOJILTMETP ¢ HOMEPOM N ?

3) Omnpegennte HOMEP BOJIBTMETPA C Hy.JIe-
BBIMU [TOKA3AHUSIMHU.

I1. Kprxos

Hy6auxauuio nodzomosuiu
A.Bwviuxos, M.Cemenos, A.Axyma




IK3AMEHAINMNOHHBIE MATEPHAJIBI

VIHXeHepHaa onnumnmaga
LLIKONbHWKOB

Matb neT Haszag pag BedylMX TeXHUYeCKMx
yHMBepcmTeToB Poccum — HauMOHanbHbIM UC-
CnefoBaTeNbCKMN AAEPHbIN yHUBepCUTeT
«MWN®W», MOCKOBCKMIA FOCYAapCTBEHHbIV YHU-
BepcuTeT nyTten coobuieHns (MWUWT), CaHkT-
MeTepbyprcknin rocyfapCTBeHHbIA  3MEKTPOTEX-
HUYecknn yHmBepcuteT «J19TW», Huxeropoa-
CKNIW FOCYAAPCTBEHHbIN TEXHUYECKUIA YHUBEPCU-
TeT uMmeHn P.E.AnekceeBa 1 CaMapckum Haumo-
HaNbHbIN NCCNefOoBaTeNbCKNN YHUBEPCUTET UMe-
H1 akagemuka Cll.KoponeBa — opraHusoBanu
Heobbl4HYIO onMMMNMay, NOCBALLEHHYIO Pu3MKe
B TexHuKe, Gur3nke BOKPYr Hac, pu3nke B XM3-
HV YenoBeka. DTy onvMnvagy Obio pelleHo
Ha3BaTb «/IHXeHepHOW ONMMMVAAOoN LIKOMbHMU-
KOB». 3a NaTb NeT onMMIvaga Npowna AnauH-
HbIA MyTb OT HECKOSbKMX AECATKOB Y4aCTHWUKOB
00 LWeCTU ThicaY, OT 3 Toyek MpoBedeHns Ao 26
pernoHanbHbIX Miowanok (B Tom yucne Tpex —
3a npefenamu PD), OT HEACHOTO M NIIOXO onpe-
JeneHHoro gopmarta [0 NPOAyMaHHOro 3afa-
HUS MO NHXeHepHOW (13KMKe, BKIIOHAOLLErO ne-
MeHTbl MPUKNALHOM MeXaHWKM 1 COnpoTMBIe-
HUA MaTepuanoB, 3NeKTPOTEXHMKM L 31eKTpo-
HUKM, TEXHUYECKOW TEPMOAMHAMUKN N TeXHU-
4ecKom OMTUKM.

MH>XeHepHas onMMnvaaa WKOMbHUKOB BXOAUT
B lNepeyeHb ONMMIMAL LWKONbHUKOB, MO3TOMY ee
nobenuTeny 1 nprsepbl NonyyaT ocobble NpaBa
npw nocTynneHun B nobble By3bl PO.

Hiuxe npuBoasaTcs m3bpaHHble 3afjaqn oTbo-
POYHBIX M 3aKIIOYUTENIBHOMO TyPOB VIHXXeHepHOW
onMMnuagbl WKonbHMKoB 2016 /17 y4ebHoro roaa.

N36paHHble 3aga4un onumMmnuagbl

1. B OTKpBITBIN C BYX CTOPOH TOHKOCTEH-
HBI IMJNHAP paanycoM R, crogmuii Ha ro-
PU30HTAJIBLHON IMTOBEPXHOCTH, MOMENAioT JBa
HIapuKa pajitycaMu 27 U ¥ U MaccaMu 2m u m
coorserctBento (puc.1).
Huwxnauil mapux Jjiexxur
Ha TOPU30HTATIBHON MO-
BEPXHOCTH, BEPXHUIM
mapUK OIHUpaeTCa Ha
HIDKHUE 1 Ha GOKOBYIO
creHKy musmHapa. Cmo-
TYT JI IIApUKH OIpo-

KUHYTDb IWJIMHAD, W €CJAW /1a, TO NPU KaKOi
ero MakcuMaJbHOII Macce?

2. meeTca nuamHApUYecKas Tpyba ¢ BHYT-
PEHHNM PaInyCcoOM ¥, BHYTPU KOTOPOI HAXOINT-
cd Tas nof AasaerneM p. Hatigure cuny (Bem-
YUHY ¥ HATIPABJICHHE ) ,
JIEHCTBYIOIIYIO CO CTO-
pPOHBI 3TOTO Taza Ha &

. 2
KyCOK TPYyOBI C ILTOC M

KM CEYEHUSMH, KO-
TOpbIE 00PA3YIOT VIl Pyc 2

O 1 20 ¢ nepreHnKy-

JIIpHOIT Tpy6e TMJIOCKOCTbIO U OCbI0 TPYOBI
coorBercTBeHHO (puc.2; Kycok TpyObl, AL
KOTOPOI0 HYKHO HCKaTb CUJY, BbIJEJEH).

3. Tpexs3BeHHBINI MeXaHW3M TPEICTABJISET
co00il TPH CBSI3AHHBIX MIAPHUPHO CTEPIKHS
O,A, AB nu BO,, IIpUKpeIJIEHHDbIX K Helo/-
BukHbIM ocaM O; u O, . Pasmepnl MexaHusMa
(B yCJIOBHBIX €JIMHUIIAX) U €r0 PACIONO0MKEHHE
B HEKOTOPDBII MOMEHT
BpEMEHM TTOKa3aHbI Ha
pucynke 3 (AB =5,
YTOJI MEXK/y 3BEHbSI-
mu AO; u BO, -
npsamoii). Crepskenb
O,A Bpalaercs BOK-
pyr ocu O Tak, uT0  pye 3
BeJUYNHA CKOPOCTH
Toukn A mocrosuna u pasHa v (HanpasieHue
BpamieHust crepxHsi AQO; II0Ka3aHO CTpeJ-
Koit). Haiizure B 9TOT MOMEHT CKOPOCTb TOUKI
M, nensameit crep:kenb AB B otHomenun 3:1
(AM : MB = 3:1).

4. llsBectHa T1emb, B KOTOPOH JIAMIOYKY
MOJKHO BKJIIOYATb ¥ BBIKJIOYATh JIOOBIM U3
JIByX BbIKJIOUatesneil K, npuyeM He3aBUCUMO
or noaoxenuss sroporo (puc.4). Ha ocrose
MIPUBEICHHOM 1NN TIOCTPOITE 11e11b, B KOTOPOU
BKJIIOYCHIE-BBIKJIIOUEHNE JIAMIIOYKH MOXKHO

K K

‘ A

Puc. 4
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OCYIIECTBJIATD JIIOOBIM M3 TISITH BbIKJIIOYATE e
HE3aBUCHMO OT TOJIOXKEHUS] YeThIPeX OCTaJlb-
HbIX. Llenb JOKHA COCTOATD TOJIBKO 13 TIPOBO-
JIOB U BBIKJIIOYATesel — OMNHAPHBIX WJIH [[BOT-
uprx (puc.5). OauHAPHDIA BBIKIIOYATEND CO-

Odunapnviil sviKI10%AMEND

—/o——o/é—

/lsoiinotl eviktiouamens

IHepevil pexum

A

Bmopoi pexun
I -

Puc. 5

e/IMHSAET WJIM Pa3pblBaeT OJMH MPOBOJ, JBOii-
HOii BBIKJIIOYATEb MOKET paboTaThb B JBYX
pesxknMax: 1) OZHOBPEMEHHO COEAUHATH WJIN
Pa3phIBaTh JiBa MPOBOJA ABYXIIPOBOIHON JiK-
HUM, 2) OJIHOBPEMEHHO TIEPEKTI0YaTh COeIMHE-
HUE [IByX MPOBOJIOB JABYXIIPOBOIHOW JIMHUU.
5. BaskHbIM MapaMeTpoM 5KMIKOCTHOTO HAaco-
ca SIBJISIETCS ero HaIOPHO-PACXO/HAsT XapaKTe-
PUCTHKA, KOTOPast MOKa3bIBaeT, KaKoii meperna,y
napienuit Ap (Hamop) MoKeT 06eCTIeunTh Ha-
COC B 3aBHCUMOCTH OT KOJMYECTBA KUIKOCTH
K, KOTOpoe OH MOKeT MpoKayaTb B eIUHHUILY
Bpemenn (pacxost). DTa 3aBUCHMOCTD, KaK Ipa-

OTBETHI,

«KBAHT» AJid MNAALWLNX LUKOJIbHUKOB
3AOAYN

(cm. «Keanms Nod)

1. ¥V BocbMu Ky6uKoB 8 -6 = 48 rpaneii. V3 nux
48 : 3 = 16 cunnx. Ha rpansx Gosbinoro ky6a
2x2x2 wol BuuM 6-4 = 24 rpaHu MaJTeHbKUX
KyOUKOB, U3 HUX 24 : 3 = 8 KpacHble, a OCTaJb-
Hble 24 — 8 = 16 cunwue. Urax, Bce 16 cunux rpa-
Heil MaJeHbKUX KYyOMKOB PACIIOJIOKEHDI Ha
MOBEPXHOCTU GOJIBIIOTO, T.€. BCe HEBU/IMMbIE I'Pa-
Hu kpacuple. Terepb MOKHO Kask/bIil KyOUK T10-
BEPHYTH TaK, YTOOBI TPH €TO CKPbITbIe KPACHBIE
IpaHy OKa3aJNCh CHAPYIKN.

MozkHO 060#iTHCD U Ge3 TO/CYeTa YUCTAa TPAHEN.
ITo ycnoBuio cunue rpanu cocrasisior 1/3 or ux

BWJIO, siBJisseTCsl yObiBaioleln (DYHKIMEN: Mpu
GOJIBIIIOM Pacxojie HAcoC MOXKeT 06ecreunThb
TOJIBKO MaJIEHbKUII Hanop u Hao6oport. VMeer-
€Sl HACOC, HAIOPHO-PACXO/IHAS XapAKTEPUCTH-
Ka KOTOPOro uMeet BuJl Ap = p, — ap?, rae pg
U O — U3BECTHbIE YUcCJia C COOTBETCTBYIOMNMU
pasmepHoctsiMu. [Ipu kakoM pacxojie Hacoc
pasBuBaeT HanbOJIbIIYI0 MOIITHOCTD ? UeMy pas-
Ha aTa HanbOJIbINIAsT MOIHOCTD?

6. /[Ba 3y6uarbix KoJieca TIOMEIEHbI MeXKILy
rOPU30HTANBHBIMU 3y6UaTbIMU pPelKaMu
(puc.6). OxuHOUHOE KOJMECO NMeeT paauyc R,
cTynenyatoe oOpa3oBaHO JABYMSI KOHIIEHTPU-

(&
oo »>

£
ECHIEE .

Puc. 6

YeCKUMU KoJjlecamu pajauycos 3R/4 u SR/4,
[IPUYEM BTOPOE KOJIECO 3a3KATO MEKIY PelKaMu
GOJIBIIUM 1 MaJsibiM KoJiecaMu (Kak I0KasaHo
Ha pucyHKe). BepxHss peiika JBUKeTcs BIpa-
BO €O CKOPOCTBIO 0. COMMIKAIOTCS WK Y/IAJsI-
I0TCST PYT OT Apyra Kojeca? Hafigure cko-
POCTb IIEHTPA TIPABOIO KOJIECA OTHOCHTEIBHO
L[EHTPA JIEBOTO.

Iy6auxayuio nodzomosur C.Mypasves

YKA33AHUNA, PEIIEHU A

o6mtero uncja. Ha moBepxuoct 6GoJIbIoro Kyba
MBI BU/IUM POBHO HOJIOBHHY TpaHell Kak/0ro Ky-
6uka (Tpu U3 mecTn), T.e. Mbl BUIUM HOJOBHHY
Beex rpaneii. Cranx ns Hux 23, T.e 2/3-1/2 =
=1/3 or ux obuiero uncaa. 3Ha4nT, BCEC CHHUE
TPaHN CHAPY’KU, M MbI MOJKEM IIOBEPHYTb KasK/bIil
KyOHK, CIIPSITaB 3TH

IpaHU BOBHYTPb. 2 1 4
2. [la, MOXHO.

ITpumep — wa pucyH- 7131 5|68
ke 1.

3. 19x19 u. puc 1

B nepBoM ciydae 1mepeceyeHneM KOBPOB SIBJISIETCS
KBajipar miomam 4 M2 (puc.2,a), sHaunr, aAauHa
CTOPOHBI 3TOTO KBajpaTa pasHa 2 M. Bo BTopoM

cJlydae rmepecevenne — MpsIMOYTOJIBHUK, OJHA CTO-
pona kotoporo taxke pasna 2 m (puc.2,6). Cae-
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a) 6)

Puc 2

JIOBATEJIbHO, JPyTas CTOPOHA 3TOTO IMPSIMOYIOJIb-
HuUKa paBHa 14 : 2 =7 (M), a 970 U eCTb JJIMHA
CTOPOHDBI MEHbIIET0 KOBpPa. 3HAUUT, CTOPOHA 6OJIb-
mero Koppa umeet juuHy 14 M. Tak kak cTOpOHBI
KOBPOB HaKJIA/IbIBAIOTCS JIPYT Ha Apyra Ha 2 M, TO
JUIMHA CTOPOHBI 3asa pasHa 7 + 14 — 2 =19 (m).
4. 16 KpecTHKOB.

[Tpumep — Ha pucynke 3,a.

Ouenka. PaccMOTPUM TIPOU3BOJIBHYIO PACCTAHOBKY
KPECTUKOB, YIOBJETBOPSIONIYIO ycaoBuio. J/loka-

a) 6) 6) 2) d)

x[x[o %[ x| [ [T+ | x—x 1o

x[x o x]x| [[[][=— | x x Ix
ofofofofof [Tl 4] [==1x[==1 I [x] [1] [efs[x]xlo
x[x[o[x]x]| [F==T]]] | x x| [x] Jx[ [x
x[xfo[x]x| [F==TTTT 1 x—tx xflo]x

JKeM, 4TO B Heil xoTst 6b1 9 Hosmkos. [lpeamosio-
JKMM, 4TO 9TO He TaK, TOTrjia HOJIMKOB He GoJee 8.
Pacemorpum sBa ciayvas. 1) B nenrpaibHoil KjaeT-
Ke CTOUT HOJMK. Torga pazo6beM OCTaBIIHECS
kaetkn Ha 8 rpyni o 3 kaerku (puc.3,6). B
KaKJ0M M3 HUX XOTsI Obl OJIMH HOJIMK, 3HAYUT,
Bcero HoMMKOB He Menee 9. IIporusopeune. 2) B
HEHTPAJIbHOI KJIETKE CTOUT KpecTuK. Torma pac-
CMOTPHUM 8 Tap KJIETOK, M300Pa’KeHHBbIX HA PUCYH-
ke 3,6. B kakoil u3 HUX XOTs Obl OJUH HOJIUK,
3HAYUT, BCErO HOJMKOB He Menee 8. Ho mo npej-
MOJIOKEHUIO HOJIMKOB He OoJiee 8, 3HAUUT, UX POB-
HO 8, IIpH 9TOM B Ka’K/IOH BBIJEJEHHON I1ape poB-
HO OJIMH HOJIMK ¥ BHE 3TUX Iap HOJUKOB HeT. Tor-
Jla Ha OCTaBIINXCs KJIeTKaX — kpectuxu (puc.3,z).
PaccmoTrpuM 4eTbIpe BblieJIEHHBIE TPOHKU, B KaK-
JIOH M3 HUX yKe 10 2 KPECTHKA, [0ITOMY OCTaB-
1Mecs: 3HaKu — HOJHMKH. PaccMOTpPUM CHOBA 4eTbi-
pe U3 BOCbMU paHee BblaeseHHbIX nap (puc.3,0),
MBI y3K€ BBISICHIJIN, YTO B HUX POBHO OJUH HOJIVK,
3HAYNT, APyTUe 3HAKU B HUX — KPECTHKHU, IOCTA-
BUM UX. BujuM, 4To B LIEHTPE OKA3aJUCh TPOIKU
nojpsii uaymux Kpectukos. CieoBaTesbHO, aTa
paccTaHOBKA KPECTUKOB HE YJ/IOBJIETBOPSET YCJIO-
Buio. IIpotuBopeune.

2017 /Ne5

KOHKYPC MMEHU A.N.CABUHA
(cm. «Keanm» No3)

20. Bosbmem zBe Tabauint u3 0, 1 u 2, nuzobpa-
JKeHHble Hipke. Ecmm BMeCTo KaskJoro umc/aa x
ta6auibl 1 Hanmcarb 3%, a BMECTO Kayk/[0ro uuc/a
x TaGJuIBI 2 3ammcath S, moJiygarcst Tabauist 3
u 4. lepemuosxku nx (T.e. NEPEeMHOKHUB Tapbl YH-
cesl B COOTBETCTBYIONMIMX AveiKax), MOJyYnM Tal-
JIIY 5, BCe YUCJA KOTOPOI PasJIM4HbI, a TPOU3Be-
I[gHI/IéI B CTPOKaX, CTOJIONAX U [UATOHAJISIX PABHbBI
37.57.

Tabn. | Tabn. 2
21011 110

1 110

2 211

YTaoar 3 YTa6n. 4 Taén. 5
913 511125 4501175

X 125151 = 25|15

3191 1]25(5 3 225 5

21. Ilyctp A + B = 1099999, tne A nu B — mecru-
3HayHble 4yncmaa. Eciam BoIKuHYTh 13 A 1 B nepByio
ndpy, cyMMa TOJTYYEHHDIX MSTH3HAYHBIX YHCE
Oyzer okaHunBatbes Ha 99999, a 3HauuT, OHa pas-
Ha 99999, moromy uYTO cCymMMa JIIOOBIX [IBYX MSTH-
3HayHbIX ymcesa MeHbie 199999. Orciona caenyer,
4YTO cyMMa IepBbIX 1udp unucen A u B pasua 10.
3Hauut, ecan B unciaax A u B 1oCTaBUTb 1E€PBYIO
mndpy Ha TOocJe/lHee MECTO, TO B CyMMe TIOJTy4YHT-
cs1 999990 + 10 = 1000000.

22. 6 rupb.

[Ipumep: rupu 100 r, 200 r, 400 r, 800 r, 1600 T,
3200 r. Coxpatus Bce maccol Ha 100, mosyunm,
YTO MACChl THUPb COCTABJSAIOT KOJMYECTBA I'PAMMOB,
paBHbIe CTeleHsM ABOHKM: 1= 20 , 2=2"
4=2%,.., 32= 2. JlokasaTb, 4TO C IIOMOIIbIO
TAaKUX I'MPb MOYKHO HaGpaTh J000€ 11eJ10e KoJnye-
crBo rpammoB ot 1 0 2% —1, MoxHoO, cocras-
IIUCh HA M3BECTHYIO 33J1a4y O TOM, UYTO C TIOMO-
LbIO TUPb C MacCaMu 20,21,22,_..,2k MOKHO Ha-
6parp JI060€e KOJUYECTBO TpaMMOB oT 1 /10

281 _ 1 (B obueM cydae ee MOXKHO J0KA3aTh IO
MHIAYKINA, a Ut R = 5 MOXKHO JlayKe TTPOCTO Tiepe-
6patb Bce BapuaHTbI). MblI COKpAIag Macchl Ha
100, 1moaTOMY € IOMOIIBIO UCXO/HDBIX TUPb MOXKHO
ypaBHOBecHTD JH06yI0 Maccy ot 100 r go 6300 r,
kparayo 100 r.

[Tyctp ymacrest oboiitich 5 rupsimu Maccamu @, b,
¢, d, e. Torna ectb Bcero 31 BapuanT HaGOPOB
5THX THPb (KakIylo THPIO MOYKHO JHGO B3ATH B
Ha6op, 6o He B3SATh — 2° ¢crmoco6oB, OCTaeTcst
ot6pocuth Tmycroit Ha6op). U Tpebyercs B3BeCHTDH
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toxe 31 maccy: 3000 r, 3100 r, ..., 6000 r. Ho
TOT/Ia Kak/ias U3 Macc a, b, ¢, d, e 1o/oKHa BXo-
[UTh B 9TOT HaGop. 3uaunt, cymma Macc Beex (u
Jake JoObIX AByX) rupb Gosbine 6000 r. TIporu-
BOpeune.

23. 3ameruM, 4yto npu nosopore Ha 60 rpagycos
BOKPYT y3JIa CETKU KayK/Iblil y3eJs IepPexo/uT B
Jpyroil y3es. 3HAUUT, MOXKHO PacCMOTPETb TPEy-
TOJIbHUK C BEPIIMHAME B y3JIaX CETKH U BCEMH
CTOPOHAMH, PaBHBIMHU . TaKoil TPEYrOJbHUK MOX-
HO JIOCTPOUTDH O GECKOHEUYHOH TPeyToJIbHOIl cetT-
KM, KaKJas U3 s4eeK KOTOPOil — PaBHOCTOPOHHMI
TPEYTroJIbHUK CO CTOPOHOH, paBHOil a. IIpu atom
BCE Y3JIbI TaKOM ceTKU OyIyT SBJATLCS Y3JTIaMH 13-
HAYaJbHOH CETKHU.

PaccmoTpuM aTy CeTKy M JIOKa’keM, 4TO MOXKHO
TIPOBECTH OTPE30K C BEepIIMHAMH B ee y3Jax.
Ilyctp moma b 0ZHOTO TPEYrObHUYKA 3TOI ceT-
ku — s. Torma y paBHOCTOPOHHETO TpeyroJbHHKA,
IJIOMIA/Ib KOTOPOTO B R pa3 6oJblile, YeM S, CTOPO-
na B Vk pas Gombue, uem a. Ha pHUCYHKe 4 IoKa-

AN AYNNAYNNAYEAY
Puc. 4

3aHBI PABHOCTOPOHHUE TPEYTOJbHHUKH C ILJIOI[A/s-
mu 3s u 37s ¢ BepimuHamu B y3nax cetku (y6emu-
TECh B 9TOM CaMH; JIOKa3aTeIbCTBO AHAJIOTMYHO
pemennto 3ajgaun 11 «Konkypca», HamedatraHHOMY
B «KBante» Ne3). CTopoHbI 9THX TPEyrOJbHUKOB
U SIBJISIIOTCST MCKOMBIMHU OTPE3KaMU, MPOBE/IeHHbI-
MU Ha HOBOII ceTke.

MATNA KOMMIEKCHbIX YACEN
(3AKYNICAMW)

1. Ecin @® +b* packuaapiaercst nag R nerpu-
BUAJIBHBIM 00Pa3oM, TO 06a MHOMKHUTEST — OHO-

po/lHble JIMHelHble, T.e. UMeloT BUA Ada + Wb, r1e
MU e R, puuem A u W He paBubl 0 oHOBpe-

Mmenno. Ho Takoe BbIpakenune oGHYyJISIETCS Ha Iie-
JIOW TIPSIMOH, B TO BpeMst Kak 1pu a,b € R

A+ =0sa=b=0.
2. PaznoxkuB 06e CyMMbl KBaJI[paTOB U HepPerpyI-

IIUPOBAB MHOXKHMTEJNN, PUXOJUM K OJJHOMY M3
JIBYX TOX/IECTB:

(@ + b2)(c2 +d”) = (ac +bd)’ +(ad - be)* =
= (ac —bd)’ +(ad +bc)’.
3. 2x+i=(a+bi)’
(:> 2—i=(a-bi) =>y=d +b2)<:>
2 =d° - 3ab2,
1=3a" -0 (& b=3a" —b" = +1
{b =1,
=
a=x=0.
3Hauur, (x, y) = (O, 1) — eIMHCTBEHHOE pELICHHUE.
4. 2:2=(1+4-3)(1--3).

5. ITockompky cymma BektopoB OA, pasna 0, 10
U CyMMa UX IIPOeKIuii Ha ocb abeuuce pasHa 0:

)<=>

1+2COS%‘T+ZCOS%[=0=>4Cz+26—1=0:>

_5-t
4

¢ 2¢% -1

= ¢ , Tak Kak ¢ > 0.

6. a) TpPUTOHOMETPHYCCKUI METO/I YIIOMSIHYT BECh-
Ma 1o fesy. KOpHU M3 KOMIJIEKCHBIX YHCeN U3-
BJIeKaioTcs Tpuronomerpudeckn (06 aTom — B coie-
JyIoleM HOMepe JKypHasa). 3HaueHue mepBoro
Kky6mdeckoro kopHsl B hopmysre Kapgano MoskHO
6pathb T0OBIM U3 TPeX, 3HaueHHe BTOPOTO KODHS
oTpesieNIIeTCsl OHO3HAYHO, TOCKOIbKY TPOU3Be/ie-

. " P
HUE 3HAYEHUU 3TUX KOPHEU PABHO _§ .

6) IlBa apyrux xopusi: ae +be’, ag” +be, rie
. ~1+i3
Ja Kapzzlaﬂo, MPUHEMAIONIAS BUL X = 3/073 + %/b?’ .
B) Merogom Buera Moxno pemats mo6bie KyGu-
yeckue ypashenus. B ypasuenun x° + px+qg =0
JlelIaeM HOJCTAHOBKY X = kz: R3Z2° + pkz+q =0 u
k wiem u3 ycioBust

. DTH 3HAYEHUs TaKxKe aaeT hopMmy-

kB (pk)=4:(3) ke _4Tp

[Ipn @ > 1 Hy»XHO BOCII0JIb30BATHCST TUIIEPOOIN-
t, -t

yeckuM KocuHycom cht = . Bepna anaso-

2
ruanast popmyta ch3t = 4ch®¢ —3cht. s mpo-
u3BoJbHOrO @ € C HY)XHO TPOAOKUTD (PYHKIIUIO
COS Ha BCIO KOMILIEKCHYIO II0CKOCT (mouuntaiite
PO KOMILJIEKCHYIO SKCIIOHEHTY).
[oka3areabcTBo TeopeMbl Jiiepa—depma

(1) = (2)| Ilycrs p = uo, rtae |ul, o] > 1. Torza
P’ =| 2 \umvf € N, noaromy ‘u‘z = ‘0‘2 =p,
uu

OTKy/la 0 = p_un_ u . 3Havurt, ecau u = a + bi,
U u

2
ul”lo




52 KBAHT

rne a,beZ, ov=a—-bin p:uv:a2+b2.
Ouesn/HO, 4TO 1IpH 3TOM @,b # 0, nHave p — co-

crasioe B N,
(2) = (3)| Ecmu a?,b* = 0,1(mod 4), To

p =a*+b*=0,1,2(mod 4). Ho p — npocroe u
p > 2, nostomy p % 0,2(mod 4).

(3)=(1)| Cymectsyer takoe ne N, uto n* +1

kpaTHo p (BbIBOAUTCS U3 MaJioii TeopeMbl Depma
i reopeMbl Busibcona). [lasee p craHoButes co-

CTaBHBIM B Z[i], Tak Kak HHAue U3 COOTHOLICHUS
pln® +1=(n+i)(n—i) cregosano 6bl, uto
pln+iwum p|n—i, uto nesepno.

ANTEBPA UTEOMETPUSA
KOMMNEKCHbIX YNCEN

1.a) Ecmm =220, 10 0=2+(-2)>0+0=0 —
MPOTUBOPEYHE.
6) B §1 nokazano: zw=0<2z=0 wm w = 0.
Ocrasnoch pazo6pars 4 ciayuas. Hanpumep, ecan
z, w < 0, ymMHOXXaeM HepaBeHCTBO z < () Ha
—w > 0 u nonyyaem z(-w)<0, r.e zw > 0B
cuaTy 1. a).
B) Cuenyer u3 6) npu z = w.
r)Mon. B)1=1>0, torma mo . a) =1 < 0 < 1.
2. Pacrimmmre z = x + yi , w = u + iv
(x,y,u,0 € R) u npeobpasyiite foKasbIBaeMOE He-
PaBEHCTBO PABHOCHJIBHBIMU MPEOGPA3OBAHUAMU K
UCTUHHOMY .

2m

2 .
4. 2a),6). Cm. §4.B) x =1, cos?ni 1sin?,

40, . 4T
cos?izsm?, cM. §2 «Marumu KOMILIEKCHBIX

Yuces» .
5.a) x=cosatisinae R(eaenZ).
6) 2 =a, 1 — an panee 3 cayvas: a < 0,
0<a<t,a>1.

6. a) {x,y}= PP ZAq " = 4q (c]R<:>p2 24q)_

2
6) (x,y) e C*.
qg=0:x=0, yeé/; nm y =0, xeé/z_)
(Ya =Na, en. §0);

typ? -4
q#0: xedW (Maxcumym 8 sHaue-
4
Huit), y=—.
, 4
(v,y) e R”,

g=0, p=20:x=0, y:i{*/;; TN

y =0, xzié/i;
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+ 02— 4
Ip|22¢° >0 x=={ % (makcumym 4

4
3HAUYCHUA), Y = —;

IIpn OCTAJbHBIX P, ( [[eﬁCTBVITe]IbeIX pe]IIeHVIﬁ
HEeT.

7. i(cos% + isin%j. @DopmabHO craesyer U3
dbopmyabt (6) 1 GOPMYT MOJOBUHHOTO apryMenTa,
HO WJIEIHO CJIe[[yeT N3 reOMEeTpPHH YMHOXKEHUS Ha
KOMILIEKCHOE YHCJI0, O YeM Oy/eT PaccKaszamo BO
BTOPOIi YaCTU CTATbHU.

8. a) Bossoaum o6e uactn (HeoTpuIaTebHbIE)
HEPaBEHCTBA B KBaJipaT.

6) O6Ga MHOKECTBA CUMMETPUYHBI OTHOCUTETHHO ()
U UX KBAJPAThl PABHBI MHOXKECTBY d + bJc, Tak

Kak 2 /a—2|—6 {agé = Vb%c = bJc — mbl BoCTIOND-

30BAJINCh PABEHCTBOM MHOXKECTB ~AB = JAB
st mobbix A,Be C.

MH)XEHEPHASI ONTMMIMVAIA LLUKOJIbHNKOB

1. Ha mapuku AeficTBYIOT CHUJIBI TSKECTH, CHJIbI
peakiy MeXX/y HUMHU, CHJIA PeaKkIni FOPU30H-
TaJIbHOIl OBEPXHOCTH U

CHJIBI PEaKI[N CO CTOPO- N/ N
Hbl GOKOBBIX CTEHOK ITH-

aungpa (puc.5). Iycrtb

0 — YroJl MeX[y OTpe3- Ni
KOM, COEeJMHSIONINM IIeH-

TPBI IIAPUKOB, U TOpPU-

3onToM. U3 ycaoBus

paBHOBeCUSI BEPXHETO

MAPHKA B MPOEKIMAX Ha  “xrs

N
N
s
§
\
N
§
N

BEPTUKAJILHOE U TOPH- Y 2mg
30HTAJIbHOE HalpaBjienus AUC 5
nMeeM
m mg cos o
- g , Ny = 7? .
sina sina

OueBuiHoO, Takoil ske Gyner u cuia peakiuu N .
Yron o HaiizeM reoMeTpuuecKu:

2R
2r +3rcosa+r=2R, u COSG=§—1-

PaccMOTpHM Telepb yCJIOBHE PABHOBECHS IMJIHH/L-
pa (puc.6). Ha

LUIMHAD JeHCTBY-

€T ero Cusa TsKec-

™ (Mg), nse

CIJIBI PEAKIUU CO N
CTOPOHBI IIAPUKOB <&
(N/=N{n

N3 =N, ) un cuna
PeaxIuu co CTopo-
HbI 110718, KOTOpast Puc 6

r
N 2
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B MOMEHT II€PEBOPOTA IIMJIMHPA OKAKETCS COCpe-
JIOTOYEHHOIl B TOUKE, OTHOCHTEIBHO KOTOPOii 11po-
uexoaut nepesopor (npasast HuKHAA). B sTOT MO-
MeHT GyJ/IeT BBIIOJHEHO YCJIOBUE PABEHCTBA MO-
MEHTOB CHJI

N, (2r +3rsina) = Ny - 27 + MgR , wm

MR = 3mrcosa .
Orciofa HaiijieM, 4TO MJINHJAD He TepeBepHeTCs
IpU yCIOBAN
m (2R - 3r)

R .

2. Ec GBI OCHOBAaHWS BBIIENIEHHOTO YIaCTKA TPY-
GBI OBLIM 3aKPBITHI IJIOCKMME MOBEPXHOCTSMHU, TO
cnia, AeficTByiontas Ha aTOT ydactok (Bmecte ¢

IIJIOCKUMU OCHOBaHI/IHMI/I) CO CTOPOHDI Ta3sa, ObLIa

61)1 paBHa Hy]HO. HOCKO]IIJKY TIoman OCHOBaHHﬁ
v >

M =

paBHbBI U ———, TO Ha HUX [EHCTBYIOT
cosa sin 2a )
T
cuibl = p u
cosa
F F, 2
1 P
F, = ——, nanpas-
200 sin 2a

JIEHHbIE MEPIIEH/IUKY-
JIAPHO OCHOBAHUSAM
F
UC. . JegoBa-
Puc 7 (puc.7). Curen .
TeJabHO, cuJja, JAeHu-
CTBYyIOIas Ha KYCOK TPyObl 6e3 OCHOBaHMI, paBHA

F = Fsina + F, cos2a = prv” (tg a + ctg 2a)

7 HallpaBJieHa B CTOPOHY MaKCHMAJbHON 00pasyio-
meit Kycka Tpy6nr (Ha pucyHke — BHU3).

3. C oxnoit ctopoubl, Toukn A u B npunaaiexar
crepxkusiMm O Au O,B | oaTOMy UX CKOPOCTH O
u T; HampasJie-
HBI TIE€PIECH/INKY-
JIIPHO 3TUM CTep-
sxaam (puc.8 ).
C apyroii cropo-
HBI, 3T TOYKH
[IPUHA/IEXAT He-
nedbopMupyemMo-
My crepskHio AB,
1 TOTOMY TIPOEK-
UK UX CKOPOC-
Teil Ha caM CTep’KeHb PaBHBI APYT APYTY:

vcosa = o sind .

Ortcioza, ¢ yuerom toro uro tgo =3/4 (ar0 cae-
JIyeT 13 TeOMETPUH MEXaHM3Ma), MoJydaeM

v = 3 v.
[Tockosnbky Touka O JIEXHUT Ha IEpecedeHun Iep-
MEH/IUKYISIPOB K CKOPOCTSIM [IBYX TOUEK CTEPKHS
AB, TO B 3TOll TOUKE PACIOJIOKEH MTHOBEHHDII
LEHTP BPAIECHHUS 3TOTO CTEPKHS, a €r0o YIJoBas

CKOPOCTb PaBHA
_ 9 _ Y
W= o1 08"
Torza pmst ckopoctn Toukn M mMeeM
On = Wyp - OM.
[y orpeska OM HaiijieM U3 TPEyroJbHUKa
OMB 110 TeopeMe KOCUHYCOB:

OM =,JOB? + MB® —=20BMBcosa = > (y.c.).

OKOHYATEJBHO TOJIyIaeM
_7s

Uy = Fv.
4. B fgannoil 1enm BBIKJIIOYATETH BBITTOJIHSIIOT
(YHKIUIO TIEPEKIIOUEHNS TOKA ¢ BEPXHelH JIMHUN
Leln Ha HIDKHIO U HaoGopot. [loatomy ecin B
cucreMe ¢ GOJIBIIAM KOJIMYECTBOM BBIKJIIOYATEIEH
KaK/JbIi OyJeT JeJaTh TO JKe caMoe — IepeKJIio-
4aTh TOK ¢ BEPXHEH JMHUU HA HIKHIOW 1 HA060-
poT, TO Kakaplii (He3aBUCHMO OT IMOJIOKEHUS JAPY-
rux) Gy/ieT BKJOYATh W BBIKJIIOUATH JAMIIOUKY .
ITO 3HAYUT, YTO /I OPraHu3aIy TpeGyeMoit
ey HeoOXO/MMO HCII0Ib30BaTh HYKHOE KOJIMde-
CTBO /IBOWHBIX BBIKJIIOYATENEl BO BTOPOM PEKUME.
Hanpuwmep, Az 1enu, 1mokasaHHoOi Ha pucyHke 9,

K, Ks K,

0

Puc. 9

JIAMITOYKa TOpUT. Ec/i mepekIodnTb 060 BbIK-
mouarenb, Hanpumep K, (puc.10), nammouka mo-
racHer.

K, Ks K,

Q

Puc. 10

Ecat B 9TOM HOJIOKEHUH MEePEKJIIOYUTD JII000i
BbIKOYaTes b, Hanpumep K; (puc.11), nammouka
BHOBb 3arOPHTCS.

Ko, Rs o K,

Puc. 11

B ﬂByXHpOBO[[HOI;,I JIMHUWU MOKHO PacCIIOJIOKUTDH
M060€e KOJIMYECTBO TaKUX BbTKHIOaneﬂeﬁ, Kax-
L[blf/i 13 KOTOPbIX 6y/1eT BKJIIOYAaTb-BbIKJIIOYAaTh
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JIAMITOYKY HE3aBUCHMO OT IOJIOKEHUIl OCTaTbHBIX
BBIKJIIOUATE eI .
3. Ilyctb © — CKOPOCTD JABUIKEHUST JKUJAKOCTH de-
pes Hacoc, S — TJIOMAb ceveHusi TPyOOIPOBO/IOB
Hacoca. Torza 3a masoe BpeMss At Hacoc Tepeme-
maer maccy skuakoctu Am = pSolAt (3necn P —
MJIOTHOCTD SKUKOCTH), U, CJIE0BATEJIBHO,
U= Am =pSo.
At
C apyroii CTOPOHBI, TIOCKOJIBKY HACOC /IeiiCTBOBAJ
Ha 3Ty XXUJIKOCTb cuioii F = ApS , To ero mMomr-
HOCTb paBHA
N = Fo = Apso =22
p
Takum o6pa3oM, MOIIHOCTb, pa3BUBacMas HACO-
coM, ecTh (C TOUYHOCTBIO /10 MTOCTOSTHHOTO MHOYKM-
TeJs P ) TMPOM3BEAEHNEe HAOPA Ha PACXO/:
N ~ App = pop — oy’ .
UTo6B! HAIITH MaKCHMAJbHYIO MOITHOCTH HACOCA,
HY>XHO HaliTH MaKCHMyM 3TOTO BbIpaxenus. ud-
(epentnupyst N mo M u npupaBHUBAsi TPOU3BOJI-
HYIO K HYJII0, HAXO/IUM HAIop, OTBEYAIONINil MaK-
CHUMaJIbHOII MOIIHOCTH, W CaMy MaKCHMAaJIbHYIO
MOTI[HOCTD:
Hmax = & : :2ﬂ pio .
3a 7 ™ 30 \3a
6. /IBmxenune KoJiec IpezcTaBseT co60il Bpaiie-
HUe ¥ T0CTyTaTeJbHOoe JBM)KEHUEe, a CKOPOCTH pas-
JIMYHBIX TOYEK KOJIEC CKJIQJIBIBAIOTCS M3 CKOPOCTEl
9TUX JBYX JABuKeHuil. Ilyctp seBoe koseco nBu-
JKETCSl HAIlPaBO CO CKOPOCTbIO ©; U Bpallaercs 1o
4acoBoil cTpesike ¢ yrJaoBoii ckopoctbio Wy (ecou
KaKasg-TO M3 9THX BEJMYMH OKAXKETCS OTPHUIlATE/Ib-
HO¥1, 3HAUUT, HAIIPaBJEHUE TOCTYNATEJbHOTO /[BU-
SKEHUSI MJIM BpalleHUsl KoJieca IPOTUBOIIOJIOMKHO
npunaToMy). IlocKoIbKY B cuCTeMe oTcYera, CBsl-
3aHHON C TIEHTPOM KOJIeca, OHO TOJIbKO BpAIlaeT-
Cs1, CKOPOCTb BepXHell TOUKM KoJieca paBHa
oy + WR | a HwkHell paBHa ) — WR . A Tak Kak
CKOPOCTH BepXHell 1 HUXKHell Touek JIeBOro KoJieca
COBIIQ/IAIOT CO CKOPOCTSIMU BEPXHeEH M HIDKHEH
peex, nmeem

5
v1+w|-ZR=v, 01—0)1-21‘3:0,1/1 01:%&

ITycTb mpaBoe Koseco ABHXKETCS TaKKe HarpaBo
CO CKOPOCTBIO U5 W BPAIIAETCS IO 9aCOBOI CTpeJ-
Ke C yIJIOBOH CKOpocTbio @), . Torzpa

5
02-&—002-21%:0, vz—u)z-ngo,n vzzgv.

ITosyyaercs, 4To CKOPOCTb IIPABOrO KOJIECA MEHb-
e CKOPOCTH! JIEBOTO, MO3TOMY KoJieca COJIKATIOT-
€A 1 CKOPOCTDb L[EHTPA MPaBOro KoJieca OTHOCHU-
TeJbHO LIEHTpa JIeBOrO paBHa

1

U=0 -0y =—0.
8

2017/Ne5
XXXVIII TYPHUP TOPOLOB
(cm. «Keanms Nod)
3anayn BeceHHero Typa
EA30BbIV BAPUAHT
8—9 knaccel
1. 20161932,

Hy:xHo mommcarp cripaBa KaK MOXXHO MEHbIIE
mndp k 2016, uyTo6b! ncao mogenunsoch Ha 2017.
Ecsn MpbI fonmmem ogny nudpy, TO pasHOCTb
20170 — 2016* Toxe moykHA OyAET ACJUTHLCS HA
2017, 1O oHa CAMIIKOM MaJja /ISl 3TOTO, HOTOMY
YTO He IIPEBOCXOJUT M jiecsaTi. Tak jke He XBaTUT
nByx u tpex mudp. Basgs pasnocts 20170000 —
2016#*%* MakCUMaJIbHO OOJIBIION MTOJIOKATEIHHON,
a umenHo 4-2017, MbI OJyYUM OTBET.

2. KBagpaTHblil TPeXUsIeH ¢ eIMHCTBEHHBIM KOP-
HeM @ u crapmuM xoaddurmentom 1 umeer BuJ

2

(x —a)” . Koopammatsr Toukn Ha cro rpaduke
2

HMEIOT BH/L (p, (p—a) ) . Tpexunen

2 .
2%+ px+ (p—a)” uMeer exuHCTBEHHDI KOPEHD,
KOT/la eTo JUCKPIMHUHAHT PaBeH HyJIO, T.e.

2
(gj =(p- a)2 . HoaxonsT p = 2a nm p = %Z .
3. Orpasum orHocutesnbHo BC mentp O omnucan-
HOIT OKpy>kHOCTH Q TpeyrosibHuka ABC

(puc.12). Tomyunm touky O’. Tak Kax
£ZBO’'C = ZBOC =2/A =120° =180° - £A,

to O nexut Ha Q. Tak kak O JEXKUT HA cepe-
JUHHOM Ileprienaukyape k BC, to O — cepenu-
Ha nyru BC. 3unauur, 6uccekrpuca yria A mpoxo-
it depe3 O’. DTO W 3HAYHUT, YTO MOCJTE OTPasKe-
HUS IIAPHK TIpoiiieT depe3 Touky O.

4. O6o3HauuM nepBble cyieBa 25 MeCT B psiLy OYK-
Boii A, BTOpBIE 25 — B, Tperbu u yerBeptbie — C U
D. Kaxzprii pas, Bpi6upas 50 gereii, 6y/eM BbICT-
pamBath uX 10 yObiBaHNIO pocta. CremaeM aTo
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cnavana ¢ AB, 3arem ¢ BC u, nakoner, ¢ CD.
Ilocsie nepBoil niepecTanoBKU 25 CaMbIX HU3KUX
gereii okaxxyresa B kycke BCD, mocse BTOpoil — B
CD, nocne tperbeit — B D. Takum o6pasom, 25
caMbIX HU3KHX JleTell y»Ke paccTaBJeHbI MPABUIb-
Ho. CHOBa BBINOJHUM nepecTaHoBKE AB n BC.
OHE paccTaBsT B HY’KHOM IIOPSIIKE CJIE/IYIONHX
o poctry 25 zeteit B kycke C. Ilocrennsis mepe-
cTaHOBKa AB paccTaBHUT TpaBuabHO 50 CaMBIX BbI-
COKIX.

10—11 kaaccol

1. MoxHo.

OTJIOKUM BEKTOPbI, PaBHbIE JAHHBIM, U3 O/HOI
Touku. OHU TOJENAT MOJIHBII yroJ npu Hell Ha
yrast 1o 30°. BosbmeMm smoGbie Tpu BeKTOpa, 00-
pasyione Mexy co6oil yrabt o 120° . Cymma
9TUX BEKTOPOB HyJieBast. Cpein OCTaBUINXCS JEBSI-
TH BEKTOPOB €CTb TPH Mapbl MPOTHBOIIOJOKHDIX.
Jlo6aBuB /iBe M3 3TNX Map BEKTOPOB K TPeM BBIO-
PAHHBIM, ITOJyYHUM HCKOMYIO CEMEPKY.

2. Ilyctp na GoJiblieil OKPY’KHOCTH YTOJI BbICEKAET
ayry BC. O6o3naunm yepes C’ u B’ BTOpbIe
TOYKHU TIepecedennsi GOJIbIINEl OKPYIKHOCTH C TIPSi-
Mo AB u AC cootserctsenno (puc.13). Cymma
ayr BC u B’C’ paBHa 200 , 1109TOMY 9TH Jyru

B/ \B'
o
O
C C/
Puc. 13

pasubl. 3uaunt, BB'C’C — pasHoGeapentast Tpa-
TIeTINsT WM TIPSMOYTOJIbHUK.

Ocb cuMMeTpuH 3TOi Tparenuu IPOXOJUT Yepe3
cepe/IHbI OCHOBAHMH, TOUKY A TepeceueHns ana-
ronaseit u o6muit rentp O. CieoBaTesbHO, BCs
KapTHHKA CHUMMETPHYHA OTHOCHTEJIBHO OCH, II03TO-
My yrast BAC n B’AC’ BbICeKalOT Ha MeHbIIeil
OKPY>KHOCTH paBHBbIe gyrn. CyMMa aTHX JIyT paBHA
200 , 3HAYNT, KaXX7asd W3 HUX paBHA O .

3. Tonpko npu s = 1.

IlousTHO, 4TO 1IpM § = 1 YKCIA BO BCEX KJIETKAX
OJITHAKOBBI.

ITycts s > 1 u p — mpocroii gemmTenb s. B ket-
KH, cCyMMa KOOD/JMHAT KOTOPBIX JICJUTCS HA P,
BIIHIIIEM €/(MHUIbI, & B OCTAJIbHble KJETKH — HYJIH.
B mo6om npsmoyrosbanke T TLIOmagn s ofHa 13
CTOPOH JIeJUTCS Ha p, TIO3TOMY OH pa3buBaeTcs Ha

S/p TOJIOCOK [UIMHBI p. B KakAyI0 Takyio MoJoc-
Ky TI011a/IaeT POBHO ojHa exnuuia. Iloatomy cym-
Ma uuces B T paBHa $/p, T.e. HE 3aBUCHUT OT BbI-
60pa TPSIMOYTOJbHUKA.

4. 8 nepebeskex.

3amymepyeM JieTeii 1o Bodpacranuio pocta— 1, 2,...
..., 10.

Ouenxa. Ilyctb n3Ha4aIBHO OHU CTOSLIIN B OGPaTHOM
nopsiake. Ecam 6blI0 MeHbIle BOCbMU Iepeleskek,
TO KaKWe-TO TPOe JIeTeNl OCTAINCh Ha CBOMX MECTax,
a UX MOPSIJIOK MPOTUBOIMOIOKEH HYKHOMY.
Ipumep na 8 nepebexkex: 1-it u 2-if ocraiorcs Ha
CBOMX MecTax, 3-il nmepeberaer m BCTAaeT 3a 2-M,
MoToM 4-i1 — 3a 3-M U T.JI.

5. Hesepro.

1
Ipaduknu y = %(xz +6x — 25) ny = g(25 +6x — xz)
UMeIoT och x = £3, a TepeceKaloTcs Mpu X = +5 .
[IpousBesieHne TAHTEHCOB YIJIOB HAKJIOHA KacaTeJlb-

1
HBIX B TOUYKAX [EPECEUeHHs] PABHO a(Z 5+6)(6-
—2-5)=—1. 3uauur, KacareJbHble B 9THX TOYKAX

HePIeH/IUKY ISPHDL.

CINOXHbIN BAPVAHT
8—9 knaccel

1. TIpeamnooxuM, 94T0 KasKIbIH YIACTHIK CHITPAT
MeHbIIe TTOJIOBUHBI CBOUX WUTP ¢ 3eMusgkamu. [Ipo-
CyMMUPYEM KOJIMYECTBA TAKUX UIP Y BCEX y4acT-
HUKOB ¥ pasjieluM Ha 2. MBI IOyYnM, 4TO MEHb-
1ITe TIOJIOBMHBI BCEX UTP Ha TYPHHUPE GbLIH MEKITY
3eMJISIKAMU, UTO MPOTHBOPEUUT YCJIOBUIO. 3HAYMT,
XOTS1 GBI OJINH YYACTHUK CHITPAJ He MEHbIIe T0JI0-
BUHBI CBOUX WTP C 3eMisgkamu. Tak Kak OH BCero
CBITPAT 9 UTP, TO MAXMATHCTOB U3 €0 TOPOAA
(BKJIIOYAsT €ro caMoro) He MEHbIIe MEeCTH. 3Ha-
YT, B KaXKJOM Type GblIa Urpa Mex/y y4acTHU-
KaMU M3 3TOr0 ropojia.

2. Mosxno Bo Beex mynkTax (puc.14).

-
-

Puc. 14

N
N

N

Sameuanue. Ee
OJIUH CII0CO0 I

. B) MOKa3aH Ha pU-
cynke 15.

3. a) Moro.
Ipumep 1. Bosbmem
ypcso 2 u 1024 yuc-
JIa, PaBHBIX 1/2.
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Torna
a, = 2" +1024-27" =32 (271—5 4 25_,,) .

CyMMa BYX IOJIOKUTEIbHBIX B3aUMHO OOPATHBIX
upicesT TeM MeHbIIe, 4eM GIIIKe OHH APYT K APYTY.
[105TOMY TTOCTPOECHHAS TTOCICI0BATEIBHOCTD YObI-
BACT 10 7 = 5, a MOTOM BO3PACTACT.

ITpumep 2. BosbmeM a, =1,02" +0,5" . 3amerum,
uTO

a,.q > a, < 0,02-1,02" >
>0,5"" 204" >25en25.

Taxum 06pa3oM, TOCTIE0BATETBHOCTD YOBIBAET 0
n =9, a TIOTOM BO3PACTAET.

6) He morJo.

[IpepnonoxuM, takoe cayunnoch. Torpa a, < as
Jutst siio6oro n. Cpeit HCXOAHBIX YHCes OBLIO UnC-
g0 x > 1, nHaye Obl TIOCJIE0BATEIBHOCTD HIKOT/[A
He Bo3pacTaga. 3aMeTuM, uTo @, > X" 11a mo6o-
ro n. A mocseoBaTeJbHOCTb X" He OrpaHuyeHa.
[TporuBopeune.

4. Tpeyrompuuku ABD u EDB nepexofar Ipyr B
JIpyTra MpHU CUMMETPUN OTHOCHUTEJIBHO CEPEJNHHOrO
nepreHanKyasapa k BD, tak kak onn pasubl (110
TPEM CTOpPOHaM), U
toukn A n E nexar
110 O/IHY CTOPOHY OT
BD (puc.16). 3Ha-
YUT, 3TOT IepIIeH/IH-
KYJISIP COBIIQJAcCT C ce-
PEMHHDBIM IIepIIeH/[H-
KyaspoMm Kk AE, a Tak
kak AF = AE n BC =
=CD, oH gBisercs
OCbIO CUMMETPUH IIECTHYTOJbHHUKA. AHAJOIUYHO,
npsimpbie AD n BE — ocu CUMMETPUU IECTUYTOJIb-
nuka. Ilonywaem, uto Tpeyrosbuuk BFD umeer
TPH OCH CHMMETPHH, T.€. OH IpaBUIbHBI. Ha ero
CTOPOHBI OMHUPAIOTCST OJMHAKOBbIE PaBHOGE/IPEH-
uble tpeyroabuuku ABF, EFD, CDB, topuaiiue
HapyKy (TaK Kak MIeCTHYTOJbHUK BBITYKJIbLI).
3HAYNT, YBEJMUNBAs PAILYC U He MEHSS IECHTP
BITHCAHHOH OKPY’KHOCTH TpeyrosibHuka BFD, Mb
CMOJKEM IOJIyYUTb OKPY’KHOCTD, KaCAIOLyIOCs
BCEX CTOPOH IMIECTHYTOJIbHUKA.

S. 7 TUPb.

Ipunep. Bospmenm tupu B 1, 1, 3, 5, 11, 21, 43 r.
IlepBbIMU ABYMSI MOKHO B3BECHUTD JIIOOYIO 1[EJIYIO
Maccy /10 2 r. 3HaYuT, IEePBbIMI TPEMS MOKHO
B3BECHUTDb 10 S T, 4eTbIpbMs — 10 10 T, naThio — /10
21 r, mectpio — 10 42 T, ceMbio — 710 85 T. YMeHb-
LIMM Maccy Kak/Joif rupu B Ba pasa. Temepb Bce
TUPBKH BECST HEIeJI0e YHCJIO IPAMMOB, M MU
MOXKHO B3BECUTD JTIOGYIO TIETyI0 MU MOJYIEIyIo
maccy ot 0,5 1o 42,5 1.

Ouenxa. Ilpeamnonoxum, uto B HaGope 6 rupsb.

Puc. 16

2017 /Ne5

PasimunbIx mogHAGOPOB 26 =64 . [Toxpacum onny
TUPIO B KEJTDIT IBET 1 Pa3o0beM MOAHAOOPDI HA
Mapbl, OTJMYAIONINECS TOJDKO HAJMYNEM B HUX
skestoit tupu. TTocKoJIbKy Macca MapHbIX MOJ[HA-
6OPOB OTJIMYAIOTCS HEIEJIO MacCcoil KeJaToi rupH,
TO MAKCHMYM OJINH U3 HUX MOXKET HMeTb I[eJyI0
Maccy B rpammax. [ToaTomy mogHaGOpOB ¢ 1ETbIM
BecoM He Gostee 32, u 40 pasyMyHBIX HEJbIX Macc
3TUM HaGOPOM TUPH He Habpathb. IIpoTHBOpeune.

10—11 knacch!

1. IIpsmast paBHOy[aseHa OT KOHIOB OTPe3Ka B
JBYX CJIydasx: OHA IapaJulebHa eMy HJH IPOXO-
JIIT Yepe3 ero cepenuny. Ecau cpey MaHHDBIX TIPsi-
MBIX HET MapaJIeJbHBIX, TO HE MEHee CeMU M3 HUX
VIOBJIETBOPSIIOT BTOPOMY YCJOBHIO, T.C. HPOXOJAT
yepe3 OJIHY U3 TPEX CEPEe/IH CTOPOH TPEYrOIbHUKA.
3HavYNT, Yepe3 OAHY M3 ITUX TOUEK MPOXOUT HE
MeHee TPEX /IaHHBIX TPSMbBIX.

3. Moryr.

Kaxk wusBecTno, y Ky0a ecTb IIECTHYTOJIbHOE Cede-
Hyue, Ipoxojdiiee uepe3 cepeaunnl pebep. Ono
paspesaet Ky6 Ha /iBe paBHbie yacTu. [Ipucoenimanm
nBa Ky6a rpaHsMu. IlpoBeseM B HUX 3TH CEUCHHS,
Kak TTOKa3aHo Ha pucyHke 17,a. OT6pocuB OT KaxK-

6)

a : :

Puc. 17

JI0T0 Ky6a TOJIOBUHY, TIOJYYUM BBIMYKJBINH MHOTO-
rpannuk (puc.17,6), y KOTOPOTO JIMIIb TPEYroJb-
HbIE W TIECTHYTOJbHbIE TpaHu. Ecam pasdpesathb ero
1o oOmieil rpanu GbIBIIMX KyOOB, TO M3 HTHX PaB-
HBIX 4YacTell cKJajbpiBaeTcs KyO.

4. He o6s3aresbHO.

3amennM 1Bera rmdpamu. Packpacum cHavaa Kiet-
KI KBaJ[paTa B IIaXMaTHOM IOPSIJKE. 3aHyMepyeM
Bce OeJible KJIETKH IISATHIO IpaMu Tak, 4TOGBI
JIO6O0IT KyCOK JIIMHBI 5 Gesioil THaroHaIu CoJepKast
pasHple TU@PBI. JTO JETKO c/ejaTh, TaK Kak IIPU
MOBOpOTE KBajpata Ha 45° Gesble KJIeTKH 06pasy-
10T TIPUBBIYHYIO TIPSIMO-

YTOJIBHYIO CETKY, a KycC- 1
KII InaroHaJeil mpeBpa-
MAIOTCS B IIPSIMOYTOJIb-
Hukn 1x5. AHAJIOrMYHO
3aHyMepyeM YepHbIe
KJIETKU TSITHIO J[PYTHMH
udpami.

Ha pucynke 18 npuse-
JICH TIpUMEp TaKoi
pacKkpacku u JBa mosno- Puc 18
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K=l (wp] (3] [ ] gl (0701 LRT (2 (S0 (o)
[07e] LN RN [$6] == el (@] W51 [NS]

=] (@ (93] 1] Ll (0] [EN] (= [$0] [
SO~ | o || Lo —

=) (o) (931 ] [l (@2] [N (20 (O] =)
[07e] LN RN ($8] [en] Rav] (@] W21 [ NS] 8

=) =] 921 %] el (=2] I i (O8] =]
(o] I [N (O8] (=] S=] (=] (931 %]
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skeHnd lleTmHOrO MHOTOyTOBHUKA. SICHO, YTO B
JII0060M BO3MOXKHOM IOJIOKECHHI OH HAKPbIBAeT /IBa
JIMaroHATbHBIX KyCKa JIIMHBI 5 PAa3HOTO I[BETa,
cJie/IoBaTebHO, coziepskut Bee 10 mudp.

5. IIposesem depes Bepumubl Tpeyrosbinka ABC
NpsIMble, TNapaJsebHble €ro CTOPOHaM. IJTU TIps-
Mble 06pasyioT «y/IBOEHHbIi» TpeyrojbHuk A’'B’'C’
(puc.19). 3amerum, uro BB, — cepeinHHbIH nep-
nengukyasip k. A’C’, a A’ nexxnt Ha upsimoit AM.

[Toaromy 1pu cummeTpun otHOocutesnpHo BB; TOU-
ka A’ nepexopur B C’, 3uaunr, C’ jexur Ha b.
Anasornyno, B’ JeXuT Ha c.

IIpu mepexozme OT TPSIMBIX K TEPIEHANKYJISPHBIM
uM yranol coxpansiorcs. [loatomy yrom mexay Bbl-
coramu BB; u CC; Toxe paBen 45°. Ilpsimbie b u
¢ TOJIy4yaloTcst JIpyr U3 JIpyra KOMIO3WIMeld ChM-
MeTpHil OTHOCHTEJIBbHO 3TUX BBICOT, T.€. OBOPOTOM
Ha YJBOCHHDIN yros Mexay HuMmu. ClesoBaTesbHoO,
b u ¢ neprenaukyaspupl. Mennana XA mpsmoy-
rojbHoro Tpeyrosbiuuka XB’C’ paBHa I10JI0BUHE
runorenysst B’C’, T.e. pasua BC.

6. IIpu n, He KpaTHBIX 3.

Ecnu n xparno 3, To BcAkoe KparTHOe 72 YUCJTIO
KpaTHO 1 3. 3HauuT, cyMMa Iudp ITOro uucIa
KpaTHa 3, MO3TOMY He MOXKET OBbITb PAaBHOI, HAIpH-
Mep, n + 1.

[lanee cuuraem, uto n He kpatHo 3. Torzpa naii-
JAetcsi peltenne cpasienus 9x = —k(modn) orxo-
CUTEJBbHO X B MHTepBate 0 <x <n<k.

Ecau n B3aumuo npocto ¢ 10, to 10 = 1(mod n)
[IpH HEKOTOPOM HaTypaJsbhoM ¢. Torga mopoiijer
YHCJIO

(10‘”1 +102 4 4 10““1) +

+ (10“ +10% 4.+ 10“(“))
(npm k = n nopolijer x, paBHoe 1, a BTopas CKOOKa
orcyrerByer). Ero cymma mudp pasha x + (k- x) =
=k, anomMozmy.10 n oHo cpaaumMo ¢ 10x + (k- x) = 0.
Ecan sxe n=2°5°d , rae d B3aumuo npocro ¢ 10,
to k > d. Kak nokasano BbIllie, CyIIeCTBYeT Kpar-

Hoe d aucao ¢ cymmoii mudp k. JJOMHOKHUB ero Ha
1omaxbe) HOJTyYUM HCKOMOE YHCJIO.

7. 3 Gann.

Eco ranrcrepsl He Bpax/IyloT, To Gy/ieM CUHTATD,
410 OHU Opysam. Torga Ganma — 3T0 MAKCUMALL-
nas napysxxuas komnanus (po6asaenne mo6oro ran-
rerepa HapyIaer ee APYKHOCTD). U BCSKyIo Takyio
KOMIIAaHUIO OGBSIBUM GaH/IOi, ecJu OHA TAKOBOI
ele He SABJSETCS.

Hpumep. 1lycts ranrctepbl paséuter Ha 12 Tpoek,
FaHICTEPBl M3 OJIHOM TPOMKU BPAXK/YIOT, a U3 pas-
HbIX — Apyxkar. Torga xaskgas 6anjia COAEpPIKUT U3
Kaxk10il Tpoitku poBHO 10 ojHOMY ranrcrepy. Ilo-
atomy Gyzer 3'2 Gaug.

Ouenxa. Ilyctbp Ganmoit siBasieTcst JioGasi KOMIIa-
HUSI, BHYTPHU KOTOPOH Bee apyskar (T.e. He Bpaskry-
I0T) U KOTOPYIO HeJb3sl PACIIUPUTD ¢ COXPAHEHHEM
aToro cBolictBa. HazoBeM asmopumemom zamnezcme-
pa xoaundectBo Ganj, B KOTOPbIX OH coctout. Ilyctb
raurcrepol X n Y — Bparu, npuuem apropurer X He
HIDKe, 4eM aBTropuTeT Y. 3aMeHNM Y KJIOHOM TaHT-
crepa X, T.e. TaHrcrepoM Z, y KOTOPOTO Te 3Ke
Bparu, uro y X, npuueM X U Z TakKe BPaK/IYIOT.
Toraa MOryT MCUe3HyTb JIMIIb Te GaH/bI, B KOTOPbIE
Bxoana Y. JleiicTBUTENbHO, IyCTh Y HE BXOAMWJ B
Gammy. Ona ocramercs: Ganjoii, ecam Z Bpakaeben
KOMY-TO U3 ee 4jeHoB. Ecaum X He BXOAUT B 3Ty
Ganjty, TO OH Bpask/aebeH KoMy-To B GaHe, 1 TOraa
emy Bpakae6en n Z. Ecom ke X Bxomut B Ganfy,
TO OH CaM sIBJISIETCSI BPAroM Z B 9TOi Gamje.
Taxum 06pasoM, KOJHYECTBO NCUE3HYBIINX Oam/l He
6osibliie, yeM aBroputeT Y. 3ato goGaBstcst GaHbl
C y4yacTtueM Z, KOJMYECTBO KOTOPBIX PABHO aBTOPU-
tery X. 3naunr, o01ee KOJINIECTBO GaH/ HE YMEHb-
MINJIOCh, a ecau asroputeT X GOJble aBTOPUTETA
Y, TO yBeJMYnJIOCH.

[Iyctp kosmmuectBo 6anj HamboJIbIee M3 BO3MOXK-
HBIX. /13 IIpesbIyIero ciieyer, 4To B 3TOM CJIydae
y J00BIX /JIBYX BPAroB OJIMHAKOBBIE ABTOPUTETBHI.
Bosbmem uso6oro ranrcrepa X ¥ 3aMeHHM OJIHOTO
u3 ero Bparos kjonoMm X. KousmuectBo 6anj He
W3MEHNTCS, M Y BPAroB ONATh OJNHAKOBBIE aBTOPH-
terpl. Tak nocrynum co Bcemu Bparamu X. Iloay-
YUM KOMIIAHUIO BPAXK/YIONUX TaHICTEPOB, KOTOPbIE
JIPY’KaT CO BCEMU OCTAJIbHBIMU TaHTCTEPAMU.
BosbmeM ranrcTepa He U3 5TOH KOMIAHUN W TIPOJiE-
JlaeM ¢ HHM TO JKe caMoe, U Tak jajee. B urore Bce
raHrcreppl pa3oObIOTCS HA KOMIAHUH, IIPHYEM IaHr-
CTepbI U3 O/JHON KOMITAHUU BPAXK/YIOT, a U3 Pa3HbIX
— apyskat. Torga KommuecTBo 6aHI PaBHO MPON3Be-
JIEHUIO Pa3MepPOB KOMITAHMUIA.

3ajaua cBesach k Takoil. Yucmno 36 pasnoxeno Ha
HatypaJbHble ciaraemble. IIpnm kakoM passoxeHnn
MpOU3BE/IeHNE 3TUX CJAraeMbIX MaKCHMAaJTbHO?
Ennnmynsle ciaraeMble 106aBUM K JTI0O60MY, IIPOH3-
Besienne yBenuuutes. Coaraemple Buja n + 2, rae
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n>2, GyaeM pasbuBarh Ha JBa, [IPOU3BEIEHUE He
Oy/leT yMEeHbIIAThCSI, OCKOIbKY 21 > n + 2 . Ocra-
HyTCS TOJBKO JBOHKHM M TpoOIKu. 3aMeHAd TpU
JIBOIIKM Ha JiBe TPOiiKku, Oy/eM yBeJNINBaTh IIPOU3-
BezieHne. B nurore momyunm 12 tpoex.

TaxumM 06pasoM, KoIuuecTBo Gamy e Gosbie 32,

YCTHBIM TYP N4 11 KNTACCA
1. 3.
[Toctpounm caexyromuil rpad: BepHIMHBI — UI'POKH,
pebpa — coirpansble maptuu. CorjacHo ycJoBHIO,
A1 060UX TYPHUPOB 3TOT Tpad OAWH M TOT XKe.
PaccmoTpuM 1iepBbIii TYpHHUD U BbIOEpeM Te MapTHH,
moGeINTe M KOTOPBIX JI0 JTOTO HE BBIUTPHIBAJIH
(Hanpumep, Takosa nepsast naprtus). Torga coorser-
cTBYyIToIIHE pe6pa 06pa3yioT MyTh, a OCTaIbHbIE pebpa
OJHUM KOHIIOM MPHMBIKAIOT K 3TOMY IyTH. B wact-
HOCTH, €CJH BBIOPOCHTH BCE BHCSIYME BEPIIUHBI, TO
OCTaHeTCs TOJIbKO HAII IyTh 6e3 KPAHUX BEpIINH.
Tenepb paccMoTpuM TOT Ke Tpad Kak rpad KyOKo-
BOoro TypHmpa. Ecim m3 Hero BBIOPOCHTDL BHCSUME
BepumHbI, octanercst rpad Typrupa Ha 2"~ moGe-
quressix nepsoro asramna. OH, OYEBH/HO, SIBJISETCS
MyTeM JIUIIb pu 7 < 3 | B IPOTUBHOM cJiydae 1mo0e-
JUATeJIb TYpHUPA Oy/IeT UMETh CTENeHb He MeHbIIe 3.
3uaunut, n<3.
Ocranocy npusectu npumep npu n = 3. Ilycrb
YUYaCTHUKH TPOHyMepoBaHbl oT 1 0 8 u mapnl B
KyGKe TakoBbl ([I€PBBIM YKA3aH [IPOMIPABILIUii, BTO-
poiM moGeaurennp): 1-2, 3—4, 5-6, 7-8, 2—4, 6-8,
4—8. Torja IpM Wrpe HABbLIET IIapbl MOIJN ObITb
takumu (moGeuTesIb CHOBa yKa3aH BTOPbIM): 1-2,
2-4, 3—4, 4-8, 7-8, 86, 6-5.
2. Her.
MbI moKa)keM Jlake, YTO 9TO HEBEPHO HU B OJHOM
U3 JByX CJIyuaeB: a) cotoe pe6po — pe6po OCHOBa-
nus, n 6) cotoe pe6po — GOKOBOE.
a) Bosbmem mpasusbubiil 51-yroasunk A4, ... Asy
c nentpom C. Ilyctb @ u Q — ero BuucaHHas u
OTMCaHHasl OKPY>KHOCTH COOTBeTCTBeHHO. Paccmort-
puM cdepy S ¢ mentpom C, KoTopasi nepeceKkaer
IJIOCKOCTh 51-yrolbHUKA IO OKPY’KHOCTH ), H
PaccMOTPUM KOHYC € OocHOBaueM Q, B KOTODBIil
Brucana ata cepa. Ilyerp O — BepmmHa 3TOTO
xonyca. Torga y 50-yroapHoil mupaMuabl
OAA, ... A5y Bce Goxosbie peGpa u 49 peGep ocmo-
BaHusi Kacaiorcs cdepbl S, a pe6po AjAsg— He
Kacaercs.
6) IlocTpouM MHOTOYTOJIbHUK, Cepy U KOHYC Tak
Ke, Kak B IyHKTte a). [lyctb Tenepn npsivbie AqAs,
u AygAsy nepecekaiorcsi B rouke B. Torpa nupamu-
na OAA, ... AyyB — uckomast: Bce ee pebpa, Kpome
6okoBoro pebpa OB, kacatorcst cdepst S.
4. Her.
SlcHO, 4TO CTPOKNU JIOCKU MOKHO IEPECTaBJSATb KaK
yTO/iHO, U cToJ61bl Toxke. IlepectaBuM Bce Heuert-
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Hble CTOJIGIBI BJIEBO, & BCe HEYETHbIE CTPOKU BHU3.
B wrore u3 WMCXOJHON J/OCKM MOJYYUTCST JIOCKA,
pasjiesieHHasl Ha 4 OJMHAKOBBIX KBajpara — [[Ba
HPOTUBOINOJOKHBIX M3 HHUX GeJible, a OCTaJIbHbIE
YepHbIE.
[Iyctp mocsie mepeKpackn B KaXKAOH CTPOKe M KaxK-
JIOM CTOJIOIEe 0Ka3aaoch 1o SO + k 4epHBbIX KJETOK;
TOT/Ia B KaKIAOM CTOJIOIE U B KaXKJOH CTPOKe Tepe-
KpalieHo Ha R GeJIbIX KJIETOK GOJIbIIe, YeM YePHBIX.
[Tyctp B OAHOM W3 YepPHBIX KBAPATOB IIE€PEKpaIlle-
HO @ kJerok. [To 3amevanuio Bblille, B KaXX/IOM U3
6eJIbIX KBAJ[PATOB MepeKpaIieHo 1mo a + 50k Ki1eTok,
a TOTJIa B IPyTOM YEPHOM KBa/IpaTe TaKiKe MepeKpa-
weno (a +50k) — 50k = @ kaerok. 3naunut, obmee
YHCJO MepeKpalleHHbIX KJIETOK PaBHO 2d +
+2(a+50k) = 4(a +25k), 1.c. oHO Hesutcs Ha 4 1
MOTOMY He MoxXkeT paBHAThCS 2018.
5. Ilycte M — cepepnna BC, a Y u Z — TouKH,
cuMMerpuunble X oTHOCHTEIbHO IpsaMoit BC u Tou-
kn M coorserctsenno (puc.20).

,,' Y’ AH S A M

Ky

Puc. 20
Torma
4BZC = ZBYC = £ZBXC =180° — £ZBA,C ,

orkyaa toukn Ay, B, C, Y u Z jexar Ha ofHoit
okpyxuoctn Q ¢ nenrpom O u paauycom R. Ilpn
atoM, mockoabky ApAy || BC u AyX : XM =2,
noimyuaem Ay X XY = Ay X :2XM =1, 1.e. X —
cepenuna AyY.

[Tyctp T — cepequna YZ. Torpa OTYX — npsmo-
yrosapuuk, nosromy 7X = OY = R. U3 cummer-
pun otHocuresbHo BC noayvaem, yro OB = OC =
=TB =TC = R. 3uauut, T — 1IEHTP OKPY>KHOCTH,
ONUCAHHOH OKOJI0 TpeyrouabHuka BXC, T.e. 10
JeMMe 0 Tpe3y6lie aTo cepeauna ayru BC okpyx-
noctu ( A;BC).

Iyers K =AY BC, YY’ — quamerp OKpy»K-
noct Q, a Pu S — cepequuint KM u Ay Ay co-
oTBeTCTBEHHO. 3ameTuM, uto YZ = 2KM =

= AyAy = AyY’ . Buaunr, TX nepecekaer orpes-
ki KM n ApA,, B ux cepeaunax P u S, a takike
P=YY'NBC.Torna BP-PC=YP-PY'=
=TP-PS (mocreanee paBeHCTBO BBITIOJHEHO B
cury cummerpuu otpe3koB Y'Y’ u TS orHocHTEb-
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Ho neprenankyaspa k BC B Touke P). 3uaunt,
TBSC — BUNCaHHBINH YeTBIPEXyTOJbHUK, KaK 1
TBA,C. Tlockoabky A; u S nexar na TX, orcio-
na caepyer Ay =S .

6. ITpu Bcex YETHBIX 7.

Heuernbie n ne noaxoasar. B camom zieste, paccMoT-
pum Muorounen P(x) =" +1 U pasmudibie HaTy-
pasbhbie @, b. Tak kak n Hederno, a" +b" nemurcs
Ha a + b, a rorna P(a)+ P(b) :(a" +b")+2 Ha
a + b He JenuTcst, MOCKOJbKY a@ + b > 2.
OcTaoch JI0Ka3aTh, YTO BCE YETHBIE 7 MOAXOJSIT.
PaccmotpuM pom3BOJIBHBINT MHOTOUJIEH P(x)
crerieru n. IIpejacTaBuM ero B BUjE CyMMbI
P(x)=Py(x)+ P (x), rae B Py(x) Bce MOHOMBI
YyeTHOU cTeneHu, a B P, (x) — HEYeTHOH. 3aMeTnM,
YTO TIPH BCEX HATYPATIbHBIX d, b cymMa

P (a)+ P, (b) nemurcst na a + b. JlokaxeM, 4To
HaiigyTes Takue a, b, uto u Py (a)+ Py (b) memur-
csa Ha a + b. 3amernM, uTto crernenb Py paBHa n.
Pacemorpum ciyuaii, xorga crapmuii Koadduin-
eur Py (x) nonosxuresnen (B ciyuae OTPHLATE/BHO-
ro crapiiero KoaduineHTa mpoBejieM JajibHeiiiee
Jl0Ka3aTesbeTBo Juist MHorownena —Fy (x) . Tak kak
n > 1, To HaiieTcss Takoe HATypAJIbHOE M, UTO
Py (m) > 2m . lokaxem, uto a = m, b = Py(m)—m
noaxojsrt. B cuiy BbiGopa m, oHu 06a HaTypalib-
ueie, npuueM b > a. [lanee, o moayao a + b =
= P, (m) spmoansiores: cpasnennst Py (a) = Py (m) =
= 0 (ouesmmio) n Py (b) = Py((b+a)—a) = Py(m) =
=0 (B cury werHocTn MHOTOuseHa Fy). 3mauuT,

Py(a)+ Py (b) = 0(mod @ + b), uro u TpeGoBanocs.

OJIMMIMUALA «JIOMOHOCOB-2017»
(cm. <Keanms> No4)
MATEMATUKA
OTEOPOYHbBIV STAM

[lepsbivi TyP

1. 157.
Ecsnr x — umcsio moe3/10k Ha Ha3eMHOM TPAHCIIOPTE,
a y — Ha Merpo, To noayuaem 3lx + 32y =

= 5000, orkyna 32(x +y) =5000 +x =5000 . Cue-
nosaresbio, x +y = 5000/32 = 1SGZ . Hanmenvpimee

1iesioe 3HaueHne x + y paBHO 157, OHO JOCTHTaeTCS

npu x = 24, y = 133.

2. 432.

Tak xax 11!=2% (8% (5% (7 01, Bce xparmbic TpeMm

JIeJIUTEJI ATOTO YHCJIA MMEIOT BHJ

2 03P 05Y 7° 1%, rre a O[0;8], BO[1;4],

y I:I[O; 2] ) I:I[O; 1] , 00 [O; 1] — IIeJible YKCJIa.

Oo6miee KOMMYECTBO TAKUX JleIUTeNell paBHO
B+ @mO2+1)(1+1)(1 +1) =432.
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3. —6,25.
Iocie 3aMenbl ¢ = Tisin® ¥ ypaBHeHHC IPHHEMACT
BUJL

LU
2
( _+ﬂleZ

sin (10 -2¢) =cost - é

Tak kak 0 <t < TU, 9TH PaBEHCTBA BO3MOYKHBI TOJIb-
ko mpu k = 0, [ = 0 uw [ = 1. CrenoBarespHo,
.9 1 1 5
sin“x ==, — wm — . Ocraercst BbIOpATh KOPHU
2 6 6
HTOTO yPaBHEHUsI Ha HYKHOM OTPE3Ke; UX CyMMa
251
paBHa ———

4. 4,24 (tounoe suauenue: /5 +2).

[Mycts AC = a, BC = b, BD = ¢, N — TouKa
nepeceuenust xopa, M — cepequna AD, H — touka
nepeceverns npampix MN u BC (puc.21). He-

C
u
X N/
A 7 B
v
Puc. 27 D

CJ03KHO yOeauThes, uto npsimbie NH u BC neprien-
JUKYJISIPHBI M MCKOMOE DAacCTOSTHHE PaBHO JUJIITHE
orpeska MH.

ITyerb AN = x, NB =y, CN =u, ND =v. U3
nogpo6uss AACN u ADBN u teopembr [Tudaropa

u_a
nomyuaem —=—, u? +y* =b*, 1% =d® -u?,
y ¢
v* =c* - y*. B urore
\/x +0? LU a® +c?
MH = Y= abe _
b a +c
S+2 =424 .

B .0, 0,9
5. 6 (pemenne HepaBeHcTBa: E;SEUES;E)'
OGo3HaunM yepe3 @ 1 b COOTBETCTBEHHO ITI€PBOE 1
BTOpOE CJlaraeMble B JIEBOW YaCTH HEPABEHCTBA.
Torma b >0 u

b= oq ) = =7)

D8 [{2x -6)
(20 -3) —(2x -9

=16
6 E{4x - 12)

16
npu x # 3, oTKyna d = e Hepasenctso

%wsséq ﬁj—g—@gsoé
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BBIIIOJIHEHO TOJIBKO IIpH b = 4. OCTaeTCH PEMINTH
ypaBHeHue

e+ +]x =7 _

2 -3 +[2¢ -9

Pas6op ciy4aeB m packpbITHe MOIYJeEH [aer, 4To

TIpH BCEX % <x< g ypaBHeHHe 00palaercss B Bep-

Hoe paBeHcTBO. C ydeToM yc/IoBusI X # 3 HOJTydaeM
[B'BD DS'gj
peletue HCXO/IHOTO HepaBeHcTsa: [ &UE 75
6. —4914 (umcaa na gocke: —3, 2, 7, 9, 13).
CyMMa 4ncest mostydeHHoro nabopa pasua 112, Kax-
Jl0e YICJIO U3 MCXO/JHBIX IISITH B 9TOH CyMMe IOBTO-
pstercst 4 paza. CuiefjoBaTesIbHO, CyMMa MCKOMbIX
yrces paBHa 112 : 4 = 28. CyMMa ABYX HaWMEHb-
mux paBHa —1, cymMMa /IByX HanGoJIbIINX paBHa 22.
CurenoBaresbio, cpeanee uncio (Tperbe Mo BeJu-
unHe u3 nATn) pasHo 28 — 22 — (=1) = 7. B Ha6ope
U3 YCJOBHS 3a/laull BTOPOE UHCJIO PABHO CyMMe
MepBOTO U TPETHEr0 MCKOMBIX YHCEN, OTKYy/Ja Iep-
BOE YUCJIO paBHO 4 — 7 = —3, a BTOpOe PaBHO 2.
AHAJIOTMYHO TOJIy4aeM, YTO YeTBEPTOE YHCJIO PABHO
9, a niaToe pasuo 13.
7. 374,12 (tounoe 3nauenne: 21643 ).
Vxasanue. HysxHO paccMOTpeTb ceueHue IHpaMu-
nbl SABC, npoxojs-
mee dvepe3 GOKOBOE
pebpo SA u amnodemy
[TPOTUBOIOJIOKHOM I'Pa-
h mun SD (puc. 22). Tor-

S,

M,
na SH — Bbicora nmpa-
MU/IBI, PACCTOSHHE OT
H no upsamoit SD pas-
A H D Ho HN =4, a paccrosg-
Puc 22 Hue or H po mpsmoii
SA paBno HM = 443,

8. 760.

Pasnoskenue 1o crernensM x mMeeT BU/[T
40
_ k
f (x) = /Z apx” . Cymma Bcex K0a(huImeHToB
k=0

40
paBHa ; a, =f (1) =1. CnenoBarenbno, Hajo
=0

3. Umeem:

r@)=((1-+) +x)20 =(1-22)" +20(t )"« +
—2059 (1 - x2)18 2+ 200908 D69 8 (1 —xZ)” %

HaliTh KoapdUImenT mpn x

+ +...

T/ie MHOTOTOYMEM 3aMEHEHbI cjaraeMble, B KOTO-
pobie 2% He BXOWT.

B nepBoe u tperbe ciaraemoe 2% Takxke He BXO-
mut. Bo BTOpOe ciaraemoe 2% BxomuT ¢ KoadPu-

unentom (~20) 19 = -380; B weTBepTOE CMAraeMoe
200908 _

2% Bxoaut ¢ KoadbduimeHToM 6

2017/Ne5

= 1140. 3naunr, Koaduiment mpu x° pasen
—380 + 1140 = 760.

9. 8712.

YKazaHHBIM B yCJOBHM 33/1a4i CBOWCTBOM 00J1a/1a-
10T ToIbKO uncsa 8712 u 9801, 13 KOTOPBIX MEHb-
1e TepBoe.

10. IIpumep mpebyemoi 3adauu. llyuxrer A u B
COeINHEHDI BYMS JIOPOTaMU: OJHA JUIMHOH 19 kM,
a apyrag — 12 xm. B 12:00 us mynkra A 10
JUIMHHON J[OpoTre BBIIIeS IeMeX0/ U IIPOIIesI Iiep-
Bbie 11 KM ¢ HEKOTOPOIl TIOCTOSIHHON CKOPOCTHIO, a
3aTeM, YTOMUBIINCDH, IIEJ OCTATOK MYTH /IO IIyHKTa
b B cpeanem na 1,5 kv /4 mepsennee. B 14:00 us
MyHKTa A 10 KOPOTKOH J0pore BbIIIeJ BTOPOi
THeIexXo/] ¥ MPOIIea Bech MyTh CO CPefHell cKopoc-
b0, Ha 0,5 KM /4 OoJiblleil, yeM BHavaje IIeJs
nepsblil. C Kakoil cpeHell CKOPOCTDIO IIEPBBIH Iie-
IIeXO/1 IIPOLIeJI HocJae/{HIe 8 KM IIyTH, eCJIi U3BeCT-
HO, YTO OH NPHUOBLT B MyHKT b He paHbIe BTOPOTO
remexo/a?

Omeem: He Goyee 4 KM /4.

Bmopoii myp
1. 1 (menp — 1OHEENbHUK).
Vrasanue: npeapiyniuii o1 GblJi OOBIYHBIM.
2. 4033.
B nosyuusmieiics cymme Gy yT OJHOUICHBI BUA
k”x3" JIJIST BCEX 1EJIbIX 7 EI{- 2016; 2016] C II0JI0-
SKUTETbHBIME Koa(dunmenramu k, , 1. e. Beero
2[2016 +1 =4033 caaraembIX.
3. 28,27 (tounoe 3Hauenue: 971).
[Lnomazs .S nosyuusieiicss durypsr (prc.23)

- —(AB2 - AD? —BDZ),

Tak xak AB = AD + DB, noJjiyuaem, 4To

n obert
s="ApmBD = =91 =28,27 .
4 o H ="

4. 2017.
1
IlogcraBum B paBeHCTBO ; BMecto x. Ilomyunm

CUCTEMY U3 /IBYX JIMHEHHBIX YPaBHEHUI OTHOCH-
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Pemrast ee, moayunm [ (x) = % . CriesioBareib-
- X
20160
, = 2017 .
"o, B or7H

Vxasanue. Ecim n3o6pasuth rpadukn JIBIKEHUS
asromo6ust (orpesok KL Ha pucynke 24), aroGyca

S

A
Bl L
3x

cleX,

L 0
10

4x
A =
K 2 M 1 Pt
Puc. 24

(orpesok LM) u Besnocuneaucra (orpesok NP) B
ocsax (t;s), tae ¢ — Bpemst (B gacax), s — paccTosTHIE
(B KnsIOMeTpax) ot myHKTa A, TO 3aja4a CBOJAUTCS K
YHUCTO TEOMETPUUECKON, KOTOPAsI PEIIAeTCsl PACCMOT-
PEHUEM MOJ0OHBIX TPEYTrOJbHUKOB.

6. 28. -

Vkazanue. O6o3nauum t = — , Torja HepaBeH-
CTBO IIpUHUMAET BUJL 12

(1 - ctg? t)(1 - 3ctg? t)(1 ~tg2tctg3t) <16.
Tak kak

cos 2t
1-ctg’t = - ,
sin’¢
9 sin’t -3cos’t _ 4sin’t -3 sin 3t
1-3ctg“t = 3 = 3 =
sin” ¢t sin“ ¢ sin” ¢t
sin2tcos3t _  sint

1-tg2tctg3t =1-

cos2tsin3t  cos2tsin3t’

<6

)

1
TO HEPABEHCTBO MHPUBOJAUTCA K BUAY — 4t
Sin

T.(; Z|sin e % . Mosromy ¢ 0O S‘} m n;%-[+ nng,
n .

5
7. 0,56 (TouHoe 3HaueHue: 5 ).

OGo3HaYNM HCKOMYIO BEJHYHUHY [BYTPAHHOTO YTIJIa
uyepe3 o . Ilycrb R u r — paguycsl, a O u O, —
IIEHTPBI GOJIBIIETO W MEHBIIETO MApPOB COOTBET-
cTBeHHO, A M B — OCHOBaHUSI MEPIEH/NKYISIPOB,
nposesternbix u3 Op u O, K pe6py AByTrpaHHOroO

Puc. 25

yraa, 3 — yros Mesxay pe6poM JBYrpaHHOIO yrJa
n Ox0,, R = kr. Torma (puc.25)
R
OpA=—F——,
R sin (0/2)
-— " pcos R
sin (0/2) R sin (a/2) "

N3 npsimoyrosbhoro tpeyrosbinka OrO,C maxo-
JUIM
COp _ R-r _k-1 1 .
OgO, (R+7)sin(a/2) k+1 sin(a/2)

Orcioza

sinf3 =

k=11 0O h—1_1 [F
o = 2arcsin — G——0 a=1-2p— 30—
He+1 sinpy k+1 sinBE'
IIpu k = 2, B =45° moxyvaem COSCX:g.
8.0,9.
[Tockosbky

1 :(n+1)f—n\/m:
(n+)Vn+ndn+1 (n+1)n(n+1-n)
1

1
s y
\/E Jn+1
MOJTydaeM, 4TO YMCJIO M3 YCJIOBUS 3a/[a4l PaBHO
1 1 1 1

1= e -

1
—t ot —— =
NG V99 4100

=1- =

1
V100 10°
9. 567.
Vrxasanue. Ecom n =1000 , to n? =10° , Tora
JICCATUUHDIC 3AllUCH 72 i n° COJAEPKAT BMECTe HE
menee 11 mudp. Ecom xxe n <316, T0
n® < 99856 , 1 JecsSTHUHbIE 3AMNCH 1L U N7 coziep-
KaT BMecte He 6Gosiee 8 mudp. CremoBaresbho,
317<n<999.
Cymma Beex mmdp ot 1 10 9 paBHa 45 n gemTes
na 9, noatomy n+n° Ttakxe gemutes ma 9. Io-
CKONBKY 1 +n° = n(n +1) €CTb MPOU3BE/IEHNE
JIBYX B3aMMHO MPOCTBIX YWCEJ, OHO JeJUTCS Ha 9
TOJIBKO B [BYX cayuaax: 1) n geautcs na 9;
2) n+ 1 geautca na 9, T.e. n uMeeT OCTaToK 8
1pu jejennu Ha 9.
[IepeGop ¢ ydyetoM TOTO, YTO B 3aIMCH YUCJA 7 HE
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JIOJKHO OBITh OJMHAKOBBIX nudp u nndpsl 0 1 0HO
He MOKET 3akanumparbca Ha 1, 5 u 6 (umaue ero
KBaJIpaT OKAaHYMBAETCS Ha Ty ke 1udpy), Aaer, 4To
HAUMEHDIIMM YUCJIOM, YIOBJIETBOPSIONIIM yCJIOBUIO
3a/1auM, OKa3bIBaeTCs 4nCa0 567.

10. IIpumep mpebyemoii 3adauu. [IBe Gpurajpi
MPOBO/ISAT PEMOHT O(DUCHOTO TIOMETIEHNST, COCTOSIIIE-
ro u3 Tpex KabuuHeToB: 1-ii momaabio S0 M2, 2-i1
mronaipio 30 M2 3-it mronaapio 20 M2, IIpous-
BOJINTEILHOCTD BTOPOil GPHTABI BBIIIC HA 2 M /q ,
4yeM y nepBoii. IlepBblii kaGuHeT OHI OTPEMOHTHPO-
BaJIM BMECTe, a 3aTeM Pa3IeJIIINCh: iepBasi 6puraja
PEMOHTHPOBAJA TOJBKO 3-if KaGuHeT, a BTOpas —
TOIbKO 2-ii. KakoBa joJiKHAa OBbITh MUHUMAJbHAS
MIPOU3BOIUTEIHHOCTD TEPBOIl OpUTajbl, YTOOBI BCSI
pabora GbLia BbioJHeHa He GoJiee yeM 3a 10 vacos?
Omeem: 4 Mz/ll .

3AKJITIOYUTENBHBIN 3TAM
1. 5/3.
257
TR
Vxasanue. Ilyctp t =Jx +2 ++/x =2, Torga
Na+2 -x - =% , I ypaBHEHUE IIPHHUMAET

BUJL \/Z=%+x/§,mm t=2t-4=0.

3. Ilepnoe. )
2
Mockomky 1152 = (1111)7 4 1000 " +11 =

lg11
=100{10""")" " +11=10 015" +11, rpedyerca

CPaBHUTH YUCJIA 22 w10x + 11, e x =118,

Boipascenne x* —10x =11 = (x —11)(x +1) B ToU-
ke x=118">11 TIPUHUMAET TTOJOXKUTETbHOE
3HA4YCHUE, TT03TOMY IEPBOE YUCJIO OOJIBIITE.
i 5

Sy
d. 262.
Ilyctb uckomoe uncsao pasHo a. Mmeem

n+524 =a —-n, n+524=a* -2a\n +n. Ilo
YCJIOBHIO @ PAIMOHAJIBHO, TI09TOMY H Jn paro-
HaJbHO. 3HAYUUT, 1 = &’ ., kON. Torpa uucio
Nn + 524 ToXKe palMOHAJIbHO, TT09TOMY

n+524 = mz, mON. Buauur, m> -k*> =524,
(m - k) (m + k) =4 [A31. 3ameruM, 4YTO YKCIA
m — k um + kR OAMHAKOBOII YETHOCTH, a YHUCJIO
131 mpocroe. CaenoBaresnbho, m — k =2 u

m+k =2M031. O6a paBeHCTBA BBIMOJHEHBI MTPH
m =132, k = 130. Urak, a = m + k = 262.

6. 167” 9+53 wm %\/9—5J§.
7. E—%;cos1§ﬂ%§;1+sinﬁ,

1) @ynrumst [ (x) = cos(cos x) +sin (sinx) Bospa-

2017/Ne5

s
craer Ha npomexkyTtke ot 0 10 3 (kaskz0e U3 cia-
raeMbIX — MOHOTOHHO Bo3pacTaromias GyHKIMSA) 1
i

yOBbIBACT HA TIPOMEKYTKE OT 5 A0 T (Tak xax
f(m-x) =f(x)). Hosromy

E(f)=F(0);/ (172)8 =[cos1;1 +sin1] .
[lanmoe ypaBHEHIEe NMeEeT POBHO /(Ba KOPHs Ha OT-
peske [0;1] mpn a O[cost;t sint).
2) Bo BTOpPOM ypaBHEHMH HCTIOJIb3YeM 3aMeHy

=sin2x U noJsy4nM
2

1—%+t =a - t*-2t-2="2a.
OGnacts 3navennii pynxum g(¢) =¢* -2t -2 =
= (t - 1)2 -3 Ha orpeske [—1;1] €CTh MHOKECTBO
E(9) = (1);9(-1)8=[-31] . launoe ypasnenue
MMeeT KOPHH TOTJa M TOJBKO TOT/a, KOrJa
-2a 0F 3;1], re. a0 J 1;ED.
H22H

3) Mockosbky 1+sin1>1+sin— ==, poBHo

ol
o w

OJIHO U3 JIAaHHBIX YTBEPsK/ICHUI 1), 2) BBINOJHEHO

npu DE %;COS1EUE§;1+ sinﬁ] .

8. 4032.

Paccemorpum na6op uncen 2016, 2017, 2018, ...
..., 4032. Jlerko BUIETD, YTO HU OJHO W3 ITUX UN-
ceJsl He MOXKET PaBHATDHCS CyMMe JBYX JIPYTHX.
[lonycTuM, 4TO ecTb moAaxonsmmii Habop uz 2017
qrces, B KotopoM Hambouipinee ynciao N <4031.
[TokaskeMm, 94TO B HEM eCTb Iapa YuceJ, CyMMa KO-
Topbix paBna N. PasoGbeM Bce HaTypasbHble 4nc-
Jla, Menbinre N, Ha Hapbl ¢ CyMMOH, paBHOil N:
(1, N —1), (2, N —2), ... Ecoim Takmx map 2016
n 6oJblie, TO yuces, MeHbIX N, Oyer He
Mmenbie yem 4032, yro neBo3MoxHO. Iloatomy Ta-
Kux nap He Gosbire yem 2015, a uncen B HabGope
2017. 3nauut, B HabOpe HAWIETCS 10 KpaitHeit
Mepe O/[Ha Iapa 4yuceJ ¢ CyMMoii, paBHOil N.

DdPU3UNKA
OTEOPOYHbIV STAM

7—9 knaccel

1. /laabHOCTD MOJIeTa Msiya IPH TOW JKe HadaJbHON
cKOpocTH Oy/IeT MAKCHMAJIBHON, €CJIN ee HAPABUTD
moj yriioM 45° k ropusonty. Torma

P 2
_% 1 It DgED:QGQ
J g%ﬁ +H§Hﬁ 9 M.

2. 113 3aKOHOB COXPAHECHUS UMITYyJIbCa W SHEPTHH
(¢ yuerom paGOTbI CHJIBI TPEHUS) HAXOANM

Umax = 2 uqlﬁ +%ﬁ =2,19 M/C .



OTBETBDI,

3. Us YpaBHEHUA TEIJIOBOTO GajaHca HaXo/IuM

t, = 2t, +t,
k=MDOO%=1O4%.
A=c, (t, =2t +1,)
4 R=-9" =204 Ou.
Ir -

3. ScHo, UTO MpeebHBIN YTOJT TIOBOPOTA 3€pPKaJa,
TIPU KOTOPOM MaJbunk M ellle BUIUT M300pakeHne
naeBouxy /I, COOTBETCTBYET CJIydaio, KOTJA TOUKH
M, /J; u unenrp 3seprajsa O jexar Ha OIHOU
npamoii. OTciofa HaXoAuM
_n_a+B
T2 2

pp =1,7 00% kr/n? .

=45°.

100/>

10—11 knaccer

IHepsviii myp

1. Kaxkpas us 3Be3q /JBIDKETCS 10 OpOHTE II0J
JeficTBIEM TPABUTAIINOHHOTO TMPUTSDKEHUS K JIPY-
roit 3Besjie. Ilo Bropomy 3akony HbloToHa 1 3aKOHY
BCEMUPHOTO TATOTEHUS ITI0JIydaeM

M_16T[2R

=2 o(x103°)

2. Cupl, feficTBYIONINE Ha BEJOCHIIEANCTA Ha Tpe-
Ke ¢ TOPH30HTAJIBHO PACIOJIOXEHHDBIM JIOPOXKHBIM
MOJIOTHOM ¥ HAa HAKJIOHHOM TpPeKe, M306PasKeHbl Ha
pucynke 26. Ilpumenss Bropoit 3akon Hbiorona

mg

Puc. 26
71 000uxX CJay4yaeB, HaXOJIUM

(Rgtga + vz)Rg
u= e DU =22,5M/C.
Rg -0 tga
3. B koopamnarax p—V 1uKJ aproHa uMeer BHUJL
TIPSIMOYTOJIHOTO TPEYTOJbHUKA, U PaGOTy Ta3a MOK-
HO HAlTH, BBIYUCJIUB ero miomaab: A= 2p,V, . Tak
KaK MCXO/(HAs BHYTPEHHSIST 9HEpPrusl aproHa paBHA

U, = %pOVO , B WITOTE TIOJTy4aeM

U, = %A: 45 xJIx.

4. Ha Gycunky OyjieT /eiicTBOBAaTb BUXPEBOE dJIEK-
TPUYECKOE T10JIe, HAMPSIKEHHOCTb KOTOPOTO Ha-
IIPaBJIeHa 110 KacaTesbHOI K Kosbily. Kunernuec-
Kas sHeprus GyCHMHKH paBHA paboTe JeiCTBYIONNX

YKA3AHNA,

PEIMEHUA 63

Ha Hee ajekTpriecknx cmit. OTC0a HaXOAUM
CKOPOCTb GYCUHKH:

1i-16 MM/C .
m 2TR
1
5. n=2-—=1,33.
TR
Bmopoii myp

1. v, = 2R /G;Tp 6,2 /e .

9 2
+[ % —1) =81 .
2ugly

3. 3anmmuieM ypaBHeHMe TeIJIOBOro GasaHca st
KasK/IOr0 Iepe/iMBaHusa U HailieM, 4To Iocje TPex
IIIKJIOB TepeIMBaHUi PasHOCTb TeMmIeparyp Oy-
ner

2.L =1,

m— Am 3
=(t, —t =11,0 °C.
At (2 1)(m+Amj

4. Konyiencatop ¢ BCTaBJIEHHON TJTACTUHON 9KBH-
BAJIEHTEH JIBYM IAPAJJIEJIbHO COe[MHEHHBIM KOH-
JICHCATOPaM, M UCKOMOE OTHOIIECHHE PABHO

n+1

k = =1,33.
n
5. h="ID _ 960 cu.
d-F
3AKJTIOYUTESbHBIN STAT
7/—8 Kaacchl!
1. my =mwz1,4 KT .
p(pi—p2)
2
2 k=2 201y,
2A
3. m:M:O,SZ KT .
ng
0 R, + R;)(R, + R )0
T RV LR TR
O Ry+Ry+R; +Rs

9 knacc
EQ g UO 9 2
1. Nun E)—g E\/L +4H |:|+1 = rje
g 2gH

CUMBOJIOM [...] o603HaueHa 1ieJ1asd 4acTh 4YucJia.

2. CorocraBenne HPpUBEAECHHDbIX JaHHDBIX ITOKa3bl-
BaeT, 4YTO BeCb JieJl pacTaeT U B CcOCy/le C €ero
CO/IEPIKUMDIM YCTAHOBUTCA I10JIOJKUTEJ/IbHAA TeMIIe-

parypa
Ct, = (mc, (0 °C —t,) +mA)
C +mc,

IyRyRs
IyR; = I, (R, + R;)

ty = =6,1°C .

3. R = =7,50Mm .
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4. Z)=\/V2c0520(+u2 -V? -Vecosa =

= V(\/COSZ(X +1 —cosO() =9,3 kM/u .

10—171 knacch!

1. B nososxxennn paBHOBECHSA CUJIa YIIPYTOCTH, BO3-
. My
HUKaoasd B KakAO0W W3 MNPYXKUH, paBHa ~— .

2
[TosTomy yanuneHus Npy»KUH B MOJIOKEHUU PABHO-

M M
Becusl paBHbl Ay, =229 y Ay, =—g, e g —
2Rk 2k,
yckopenue cBo6ojHoro najenust. Ilycts B HekoTo-
pbIil MOMEHT BpeMeHHM TOPH30HTAJbHBIN CTEP:KEeHb
OITyCTUTCSI HA BeJMUMHY y. 13-3a HepacTsKIMOCTH
HUTH BepXHHE KOHIIBI TIPYSKUH CMECTATCS MPU 3TOM
B pas3Hble CTOPOHDBI: KOHeI[ JIEBOII INPY>KUHBI Ha
BesmunHy Ay BHHU3, a IIPABOH — HAa CTOJDBKO XKe
BBepX (MOCKOMBKY K > ky ). CHJIbl HATSKEHUS HUTH
creBa W chopaBa OJAMHAKOBBI, IT03TOMY
ki(y =Dy +0y) =k (y + 0y +0y,), oTkyma cae-
k —ky
ki + ky
Kapomas B KaxX/J0oH U3
2ykk, M
F = yk’l 2 4 g
Rtk 2

JUISL TPy3a UMeeM

ayer, uto Ay =y . Cua ynpyroctu, BO3HH-

NpYyXXWH, paBHa

. ITo Bropomy saxkony Hbroorona

Ma=Mg-2F =4 Fiky Y, W
ki + ks
otk
M (ky + k)
OTO ypaBHEHHE ONHUCHIBAET rapMOHIYECKUE KoJieba-
HUS TPy3a ¢ TTePUOOM

T = M =0,4c.
kik,
2. Pafora rasa 4YHC/JIEHHO paBHA IUIONA/ Tpe-
yrojpuuka 1—2-3:

A= (p=p) (Vs -Vi) =

y=0.

0 [1;
T

1 0
EVR(TZ_Ti) —1%22,49 kJIK |
3. IoTeHuan Toukn, HaXo/sdmeiics Ha PacCTOAHIN
7 OT TOYEYHOTO 3apsjla ¢, OTHOCUTENBHO GeCKOHeu-
q
4megyr
TTocKOJIbKY BCE TOUKH MOBEPXHOCTH I10Jycdepbl

HO y[aJeHHOH OT Hero Touku pasen ¢ =

HaXOAATCS HAa OJWHAKOBOM paccToSHUU R oT ee
LeHTpa u noJaycdepa 3apsskeHa PaBHOMEPHO, I10-
TEHIMAJ TOYKU, PACIOJOKEHHOH B IIEHTPE IOJIy-

oS _ OR
imMg, R 2g
CTep>KeHb BJOJb OCH Ha HEGOJBINOE PACCTOSHUE
Ax . Tak kak ctep)xeHb GECKOHEYHO JIIMHHbBIN, 9TO
9KBUBAJEHTHO TOMY, YTO MbI IIOMECTUM Ha KOHEI[

cohepspl, pasen @y = Ilepemectum

2017/Ne5

CTEepsKH:, OOpaleHHblil k nosycdepe, 3apsan —yAx .
DHeprus B3auMoelcTBIS 9TOTO 3aps/a ¢ noaycde-
poii papaa AW = —yAc ;. C apyroii cTopombl, oHa
paBHa paboTe CHJIbl B3aUMOJEHCTBUS 1OJIycdepbl
CO CTEpKHEM IIPH TIEPEMENeHIN CTEPIKHS Ha pac-
crosiae Ax, T1.e. AW = -FAx . OkoHYaTeJbHO
roJry4aeM

OR =
F=Y" 25600° 1.
2¢g,
4. Ilpn puKCHPOBAHHOM PACCTOSHUN MEKIY CBEUYOI
U CTEeHOil, mpeBplmaioneM 4F, cymecrByior [Ba
MOJIOXKEHUSI JIMH3bI, MPU KOTOPDBIX OHA JlaeT Ha
cTeHe pe3koe M300pakeHue IiamMeHu. lcmomb3ys
¢opMyTy TOHKOII JNH3BI, HAXOIIM
2 2
' -Al
F=—=02M.
4L
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IMMAXMATHAAd CTPAHUNYKA

KaK MbIClWIT
LUAXMATCT-3

OHO U3 TJIAaBHBIX KA9eCTB, OT-
JIMYAOIMUX KJIACCHOTO IMIAXMATH-
CTa, 3AKJIOMAETCS B YMEHHU <BHU-
JETh BCIO JOCKYy»> B JAWHAMHKE.
ITpenBunenue nocaeCTBHIL TIEpe-
Memienvsi (Urypel B OLHOI Yac-
TH JOCKY JJIs1 Pa3BUTHUSI COOBITHI
B JIpyroil ee 4YacTH — OTJINYH-
TeJbHAS YEPTa UYEMIIHNOHCKOTO
CTHIIA.

IlepBBIii pycCKHi 4YeMIUOH
Mupa AsexcaHAp AJIEXWH B CO-
BEPILIEHCTBE BJIALE STUM ACIIEK-
TOM Mrpbl. B cBoeil nexuun, 1o-
CBAMIEHHONW aTake B TTaXMaTHOMN
TapTHH, OH TIPOAEMOHCTPHPOBA,
KAaK MBICJMT LIAXMATHCT SKCTpa-
KJIACCa, HA IPAMepe AHAJN3A CJIe-
Jyiolel TapTuu.

B.M'onburayseH—-3.Tappalu,
ceaHc OofHOBpPEeMEeHHOW Urpbl

BepnuH, 1912

I Wl @
ALaaROaAA

1.ede52. Af3 Ac63. &Lc4
AfG 4. dbed 5. 0-0d6 6. @:d4
877 @Ac3008 h3 Ee8 9.
Bel A4d7?

Heoxugannaa xoMmOuHaius
pemaetr ucxon mnaptuu: 10.
&7+ ®:£7 11. Qe6!! Uep-
HbIE CHAAUCh, TaK KakK IOCJE
11... %66 12. ¥d5+ ®f6 13.
¥ {5X OHH MOJy4alOT MarT, a
ecJ OHU He OepyT KOHs, TO Te-
psot ¢epss Ha d8.

Ocobenmoctu (pUHATBHOE KOM-
6unaruy oGy AJTEKCaHIpa
AnexuHa HaWTH B HeH 3aKOHO-
MEPHOCTH, H3y4eHHe KOTOPBIX I10-
MOTJIO OBl JIydIlle TOHSTH MeXa-

HHU3M GopbOHI B febiote. [l sTO-
TO OH IPUGETHYJI K METOIY CPaB-
HEHUH: BBIAECIN XapaKTepHBIE
OCOGEHHOCTH HM3BECTHBIX €EMY
IapTHil, B KOTOPBIX BCTPEYAJIHCDH
KOMOWHAIIMU C JKepTBaMH C Tie-
JIBI0 HCIOJb30BaTh IIOJOXKEHUE
KOpOJISI IPOTUBHHKA [UISL IIOJLy-
YeHUS MAaTePHAIbHOH BBITOJBI
um poctikeHus Mata. Oxasza-
JIOCh, YTO GOJIBIIMHCTBO HAPTHii
CKJIAJIBIBAJIUCH TI0 TIOXOXKEMY CIie-
HapHIO: TOCTENEHHOe HaKOILJIEHHe
ATaKyOMAX CHJ, TOCTETEHHOe
ocjabjeHne MO3UIUU KOPOJIs,
penraoas KOMOMHAITHS.

Oanako B paccMOTpeHHoit
TapTHM He OBLIO HUKAKWX TpHU-
TOTOBJIEHHMH K aTake, a K MTHO-
BeHHOI To6eme GeJbIX MpUBETIa
BCET0 JIANIb O/HA TAKTHYECKas
ommOKa wepHBIX. Kiiod K moHn-
MaHMIO JAHHOW KOMOMHALIMM
MOXKHO HaiiTH, OTBETHB Ha BOII-
POC, KaKOH TYHKT YEpHBIX CTaj
YSI3BEMBIM TIOCJIE X0ma 9... A d7?
TIpaBusbnerii otBer — €6. Kepr-
Ba cjioHa Ha {7 mpoBogmIach A
3aBJIEUCHUA KOPOJSA, a TO3UIIH-
OHHOH OCHOBOH JXEPTBBI CTAJ
KOHTPOJIb O€JIbIX HaJ| LEHTPAIb-
HBIMU TIOJIIMH.

Anlexy¥H TOHKO IIOHAJ CYTb
eV JBOIHON JKEPTBBI W 4Yepes
HECKOJIBKO JIET IIPOBEJ IIOXOXKYIO
KOMGHHAIIVIO B CBOEil MapTHH.

A.AnexuH-M.®enbar,
CeaHC OAHOBPEMEHHON Urpbl
BCJienylo

TepHononb, 1916
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Vgest aHaJIOTHYHA: ITOJHOE TOC-
TIOICTBO HAJ LEHTPAJbHBIMH IIO-
JISIMH TIO3BOJISIET GEJIBIM IIPOBECTH
aTaKy IIpaKTHYecKu 6e3 Ipuro-
TOBJICHUH.

Uepes 6 ner AjexuHy CHOBa
YAAJI0Ch IPOBECTH MOAOGHYO KOM-
6uHanmio. CpaBe/IMBOCTH PAJIH,
CTOUT OTMETHUTD, YTO HOGEIHUTH B
STON HapTHH eMy IIOMOT HeTOod-
HBI OTBeT comepHuKa Ha 17-M
Xofny.

A.AnexuH—M.HawnrT,
CceaHC OgHOBPEeMEeHHOW Urpbl

BocToH, 1924
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Ag719. BEe3¢520. 2d5! & :d5
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BE: 6! & :1624. efl Be525. fg+
¥ .97 26. & b3 d327. ¥ c4. Bur-
WTPHINI GebIX.

BriocaeacTerm AsteXuH, MCTIOh-
3y ABOHMHYI eDTBY, BBIMIDAJ
elle HEeCKOJIbKO IapTHi.

A.Pycanos




NHpekc 90964

¢

NAAHHBIMA 3VMHVMA HOHaMU B BBICOKVAX LLNPOTaX 3eMAN
MOXHO HaDAIOASTE KPaCOYHOe CBe4eH e BO3AYXa..
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