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aTaHrpams W aMwharops - ABE OUEHL MIBECTHBIE FEOMETPHUECKME FONOBO-
nomeu. Kasnan M3 HWx npeacTasnaet coboRn HBAAPAT, PAIPEe3aHHBIN HA CeMb
YACTEHA - KBAADATH NOMEHDLLE, TREYTONBHUKN W NApannenorpamMmol. B «Tau-
rpames NMATL TREYTONBHWKDE W NO OOQHOMY KBAAPATY W NApANNenorpamMay, B
aMudaropes — YyeTwpe TPEYrONBHWKA, ABA KBAAPATA W OAMH NAPANNENOTPAMM,
K Kasnof U3 ronoBoNOMOK NpUNaraeTcA Habop GUryp, NOKa3aHHBIX TONLKO B
BMAE CHNYITOB, 3 33A3ua COCTOMT B TOM, UTODLI, MCNONLIYA BCE AETanK, CO-
Gpate KaxAY0 U3 A3HHBX GUrYp.,
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HO 4TO ecnit sCKPECTHTE? 3TH BE KNACCHYECKHME ronosonomekn? BozsmuTe,
HANPUMER, TONCTHIA KAPTOH, BRIPEXETE U3 HEro [Ba OOQMHAKOBLIX KBAAPaTa U
paipewble KasblA HA YACTH: OOMH — NO TAHMPAMHOW CxXeMme, APYrod - no
nudaroposoi. Teneps HANOWWTE KB3APATH APYT HA APYTa M CKNEATe Meway
COGOR KYCOUKM, MMEIILME OAUH LUBET HA PHCYHKE,

Y Bac NONYUWTCA ABYXCNOHHBIN KBAAPAT, COOPAHHBIA 13 CEMM «QBYXITAN-
Hee fetaneil. Ecnw Teneps paiobpate ero Ha YacTW W NEPeMELLATE WX, TO
cobpate keaapar obpatHo GyAeT He TAK-TO NPOCTO. A ECAW NPEABADHTENLHO
HE KPACHTb YacTH pa3pesaembix KBAf|DaTOB B Da3Hbe LBETA M CABNATL BCE
AETANK OAHOUBETHEMH, TO FONOBONOMKA CTAHET ELLE CNOMHEE.

Henaem ycnexal

O.Asunoea
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HAYUHO-HOIIYJAAPHBIA ®USUKO-MATEMATUUYECKUN KYPHAJ
N3AAETCA C AHBAPIA 1970 TOAA

B Homepe:
2 «Bupyc», «macka» — rge rapaHtna? A.MuHees
YUPEAUTEJIN <
8 Kpatyanwwme nytn v runotesa llNyaHkape.
Poccuiickas akagemums Hayk B.MMpotacos
MaTemMaTn4yecknin UHCTUTYT
um. B.A.Cteknosa PAH SAJAUHUK «KBAHTA>»
Dduranyecknii UHCTUTYT 13 3apaum M2626-M2633, dP2633-D2640
um. MN.H.JNlebenesa PAH 16 Pewennsa 3agay M2614-M2616, ©2621-02624
21 OO0 OpPTOLLEHTPMYECKMX YETBEPKAX, CBA3AHHbIX
[JTABHBII PEJAKTOP C TPEeyronbHUKOM. YaH KyaHr XioHr
A-ATangynnmH «KBAHT> JIIS MJIAJIIINX [TKOJBbHUKOB
PENAKIMOHHASA KONIETUSA 23 3apauu
H.H.AHnppees, J1.K.Benonyxos,
M.H.BoHpapos, [0.M.Bpyk, INMPAKTUKYM ABUTYPUEHTA
A.A.Bapnamos, C.[l.Bapnamos, .
A.N.Becenos, A.H.BuneHkuH, B.U.F'onyGes., 24 Yeptex B reomerpuyeckon sapade. I.Jopogees,
H.N.Jon6unuH, C.A.JopuyeHko, H.Po3soB
B.H.Ay6poBckuin, A.A.3acnaBckuit,
A.fl.KaHenb-benos., M.A.KoxeBHuKOB KOHKYPC MEHU A.II.CABUHA
(3amecTuTenb rnaBHOro pepakropa),
|C.N.KoHoBanos, K.M.Koxacb, A.A.JleoHOBMY, 30 3apaun 9-16
10.M.JIbicoB, A.B.MuHees, B.1O.MpoTacos, -
A.M.Panropoackuii, A.B.CocMHCKUN, KAJTENJOCKOII «KBAHTA»

A.l.CraceHko, B.I.CypavH,
B.M.Tuxomupos, B.A.Tuxomuposa,
A.B.YctuHoB, A.N.YepHoyuaH ”
(3amMecTUTeNb rNaBHOrO peaakTopa) OUSNYECKNUUN DOAKYJIbBTATHB

34 Kanng poxasa. P.KopkuH

32 duanyeckne napagokchi

PEJAKIIMOHHBIN COBET

A.B.AnpyaHc, M.W.Bawmakos, B.UN.BepHuk, MATEMATHUUYECKU " KPYVJKOK
A.A.Bopogoii, B.B.Koznos,
H.H.KoHcTaHTUHOB, C.M.HOBUKOB, 38 [Be 3aga4m 0 NOKPbITUX AOCKU Yrosikamu.
A.Jl.CemeHoB, C.K.CmupHoB, A.P.Xoxnos A.KaHyHHMKOB

D9K3AMEHAIIMOHHBIE MATEPUAJIBI
41 dusunko-maTemaTnyeckasa onmmnuaga «Pustex»

PEJAKIIMOHHAA KOJIJIETA

1970 TOA NMHODOPMAIINUA
TJTABHBII PEXAKTOP 48 3aouHas GU3MKO-TexHuyeckas Lwkona npu MOTU
N.K.KukouH
NEPBBINT 3BAMECTUTEJb 50 OTBEeThI, YKasaHUs, peLleHns
IIABHOI'O PEJAKTOPA 62 HaneuataHo B 2020 rogy

A.H.Konmoropos
BHuMaHuio Hawmx yntatenen (37,47)
J.A.Apuymosuy, M.U.Bawmakos, B.I.BonTaHckui,
W.H.BpoHwreiiH, H.5.Bacunbes, N.®.IMmHus6ypr,
B.r.3y6os, M.J1.Kanuua, B.A.Kupunnux,
I.N.Kocoypos, B.A.Jlewkosues, B.M.Jnwesckuii, HA OBJTOJXKE

AN. Mapkywesuy, M.[.MUnnanmoHWmKoB,
H.A Matpukeesa, H.X Po3oB, AMN.CauH, | Unmoctpaumsa M.KawumHa k ctatee B.[lpoTtacoBa

W.LLL.CnoGopeukuii, M.J1.CMONSIHCKMIA, Il Konnekuymsi ronoBosoMok
A.A.CMopoanHckui, B.A.dabpukaHT, S.E.LHanaep Il LLaxmaTHasi cTpaHu4dka

IV Tporynku ¢ ¢pusukon




MpyC», «Macka» —
roe rapaHtTug?

A.MUHEEB

Puc. 1. CneBa — KOPOHABUPYCbI, B LIEHTPE 1 CrPaBa — «pOratble» MOPCKUE MUHbI

TA CTATbA — ITPO HBIHENTHIOIO

3MN/IEMIIO KOPOHABUPYCA, PO TO, HYK-
HO JIM HOCATh MAaCKH, JAIOT JIU OHU FapaHTHIO
OT 3apa)keHns U TakK JHU BaXHaA a0COTIOTHAS
samura oT Bupyca. Ho naunem ¢ necko/bkux
IIPUMEPOB U3 UCTOPUM PA3BUTUA TEXHUKU — C
TOTO, KaKne «MacKu» JIJIsl 3allUThl OT KaKUX
«BUPYCOB» TaM IPUMEHSIOTCS.

3awmTa Kopabnen oT MarHUTHbIX MUH

[TocmotpuTe Ha pucynok 1. He npaza i,
cpasy BO3HUKAeT CTPAHHAs 3PUTEJbHAST aHa-
JIorus MeKy 06JIMKOM KOPOHABUPYCA U «PO-
raToii» Mopckoit Mmunoii. IIpo6iema 3anuTsi
KopabJieil OT TaKuX MUH GbLTa OUYeHb OCTPOIt
B IEpUOJ| 10 U BO BPEMsI BTOPOI MHUPOBOI
BOMHBI, XOTSI OHA COXPAHSET CBOIO aKTyaJsb-
Hocth m ceitwac.! Ho oco6yio omacHoCTh
MIPEJICTABJSIOT MAZHUNHbIe MUHDI.

B KoHCTPYKITHIO GOTBITIX MOPCKUX KOpa6-
Jiefl BceT/1a BXO/IST MarHUTHbIE MaTEPUAJIbI, B
epByto ouepe/ib — (heppoOMarHuTHAS CTaJTb.

! TloapoGree 06 aTOM MOXKHO TIpOYNTATH, Ha-
npumep, B cratbe M. Kukonna «®usuku — Gpon-
ty» («KBanr», 1985, Ne5) u B crartbe B.Peress,
b.Tkauenko «PagmaranunBanue KopabJieii B TO/IbI
Bemmkoit OtedectBennoii Boitnbl» («KBanT»,
1980, Ne5). (Ipum. ped.)

DOI: https://doi.org/10.4213/kvant20201101

HamarnnunBanme kopa6Jieit IpOUCXOINT KaK
BO BpeMs MX cTossHKN (IIpM OCTPOIKe i B
opTy), Tak W B XO[e [BUWKEHUS, KOI/a
MEHSIETCS TI0JI0KeHNne KOPabJisi OTHOCUTE b=
HO MarHUTHOTO ToJig 3emJin. MaruuTHbie
JIOMEHDbI YaCTUYHO BBICTPAUBAIOTCS BJOJIDb
[0JIsI, U MaTepHas HaMmarunuuBaercs. B atom
CJIy4ae OMaCHOCTD JIJis1 HA/IBOIHBIX U TIOBOJI-
HBIX OOBEKTOB IPEJCTABJSIOT MarHUTHbBIE
MUHBI, Pearupyioliue Ha BO3MYIIEHHE Mar-
HUTHOTO TIOJISI TIPY UX JIBIYKEHNH. DTO MOKHO
YHOZOOUTD «BUPYCY» TOTO BPEMEHN.
OrmacHOCTb CHJIBHO BO3POCTA M3-3a TOTO,
YTO TIOCJIe TIePBOil MUPOBOII BOMHbBI ['epmanus
1o BepcamabckoMy 1oroBopy motepsisia (pIot u
I[eJIeHaNPaBJIeHHO Pa3BUBAJa M COBEPIIEH-
CTBOBaJIA TIPOTPAMMY CO3/IaHWUS W MCIIOJIb30-
BaHI KaK KOHTAKTHBIX MITH THIIA H306paskeH-
HBIX Ha pHCyHKe 1, Tak W 6oJiee OMAaCHBIX
6eCKOHTAKTHBIX MarHUTHBIX MUH.
MarauTHbIE MIHBI, KaK TOKA3aJI OIBIT Hep-
BBIX MECSIIEB BTOPOIl MUPOBOII BOWHBI, OKa-
3aJIMCh BECbMA IPO3HBIM OPY’KUEM, CPABHU-
TEJIBHO TIPOCTBIM B ycTaHoBKe (¢ caMoJieToR,
¢ KopalJiell U TOABOHBIX JIOJ0K). [Tpuuem
CylIecTBeHHO GoJiee OIACHbIM, YeM [IPUMeHe-
HIEe MUH Ha CyIle POTUB TaHKoB (cpaBHuUTE
CTOMMOCTh TaHKa M BOEHHOTO KOpalJsi ¢
aKunaxkeM).B TOMCKax «Macok» — CpPeCTB
3AIUTBHI OT 9TOTO «BUPyCa» — B MUpPE HaMe-
TIJIOCH B TO BPEMSI HECKOJIBKO HATIPABJIEHHIA:



« NOIHOE PaA3mdzHuvUEanUe KOPaOJId;

o HaMAzHUMUBANUe KOPAOJIS 00 MAKCUMAILL-
HBIX 3HAYEHUTl, ¢ TeM YTOObI MUHBI B3pPbIBa-
JINCh Ha 6Ee30MacHOM PACCTOSTHUMN;

o HENOJNHAS KOMNEHCAUUS MAZHUMHO20 NOJLS
KopalJIst — 10 YPOBHS, KOT/[a MUHA TIepecTaeT
3amMedaTh KopabJib Ha (poHe MATHUTHOTO TTOJIST
3eMuIn.

[TepBoe narpaBJ/ieHye aKTUBHO MOJI/I€PIKU-
Basi (DITOTCKME MUHEPDI, HO B X0O/I€ pean3a-
LMK OHO OKa3aJIOCh TEXHHYECKU CJIMIIKOM
CJIOKHBIM. B 1iepeBojie Ha sS3bIK COBpEMEH-
nott anugemun COVID-19 ato coorBercTBy-
eT u/ieaJbHOI MacKe MJIH TIOSIBJIEHUIO BaKI[U-
HBI, TapaHTUPYIOIIEl 6e301aCHOCTD.

[IpoTuBOMOJI0KHOTO TIEPBOMY BTOPOTO Ha-
npasiennst caavanta (cepeamna 1930-x ro-
JIOB) TpHAEepKUBadach BemmkoGpuranms,
OJ/IHAKO Ha MPaKTUKe CUJIbHOE HaMarHUYnBa-
Hue KopabJig He TOMOTJIO TOJHOCTBIO yoOe-
peub OT MarHUTHBIX MUH. OTIATH [1€PEBO/IS HA
a3pik COVID-19 — mycerb Bee nepe6oieroT, a
KTO BBIXKMBET, TOMY TTOBE3JIO.

B CCCP eme /10 BTopoii MUPOBOI BOHHBI
3alUTON KopabJeil OT MarHUTHBIX MUH 3a-
HAJICA TeHUHTpa/icKuil DU3UKO-TeXHUYECKUI
uncturyt (JIOTU), a B HeM — Tpynma co-
TPYAHUKOB BO TaBe ¢ A.Il. AnekcanpoBbIM.
Nmu daxtudeckn ¢ camMoro Havajga OBLIO
BBIOPAHO TPEThE HAIIPABJIEHUE: BMECTO Pellie-
HIST 33/1a91 TIOJTHOM KOMITEHCAITUN MAaTHUTHO-
ro moJs ObLla TOCTaBJeHA 3ajjada Cyle-
CTBEHHOTO yMEHBIIEHNS MArHUTHOTO TOJIS
kopab.s. [lo kKakoro ypoBHs?

Cpennee 3HaYeHHME MHAYKITUT MATHUTHOTO
1oJig 3eMJIM Ha BCell ee TTOBEPXHOCTH OKOJIO
5-107 recua, y MArHUTHBIX TIOJIIOCOB OHO
6,6 - 107 Ts, a Ha MarHuTHOM 3KBaTOpPE
3,4-10™ Tux. EcrectBeHnoe KoteGanme Mar-
HUTHOTO TI0JId 3eMJIN JIOCTUTaeT yPOBHA
(0,1-0,2)-10™ Tu1. YyBCTBHTEIBHOCTD MITHBI
He JOJUKHA OBITh BBINIE 3TOU BEJIMYMHBI,
WHayYe OHa MOAOPBETCST 6e30 BCAKUX KOpal-
sgeit. Ho aT0 3HAUUT, YTO IPU KOMIIEHCAIIUT
MarHuTHOTO MOJIA KOPalJs TOYHOCTH pas-
MarHuunBanus Ha yposte 0,1-107 Tu Brosi-
He 0CTAaTOYHO [IJIsI 3allUThl OT MAarHUTHBIX
MUH.

Pemrenne Takoii 3aj1aun 0Ka3aJjoch Cylie-
CTBEHHO IIPOIIle, YeM TI0JHAST KOMIEHCAIS
MarHuTHOTO ToJis KopabJust. [lpu atom ere

JI0 HAYaJIa KOMIEHCAIUN U3MePsIJIach KapTra
MarHUTHOTO TI0JISI, CO3/IaBAEMOTO KOPabJieM.

Boumn mpessioskeHbl 1Be CXeMbI HETIOJTHOM
KOMITEHCAIINH: CTAllMOHAPHAs U HeCTalno-
napnuas. [lo mepBoii cxeme (crarmoHapHOI)
Ha KopabJie pa3Melagoch HECKOTHKO 0OMO-
TOK, TI0 KOTOPBIM TIPOIYCKAJICS ROCTNOSAHHBL
ToK. IIpu aTOM MaruHuTHoe 1mMose oT 0GMOTOK
ObLJIO TIPUOTU3UTENTBHO PABHO TI0 BEJNYNHE U
IPOTUBOIIOJIOKHO 10 HAIPABJIEHUIO MATHUT-
HOMY 1010 Kopabus. ITo Bropoii cxeme (He-
CTAIMOHAPHOIT) TPOUCXO/INIO IMHAMUYECKOE
pasmarnnuuBanue kKopabssg. O6MOTKH, II0
KOTOPBIM IIPOIYCKAJICS NepeMeHHbill TOK, Pa3-
Menaanuch Ju6o Ha camMoM KopalJe, 6o
psioM ¢ kopa6siem (Ha CrielaIbHOM CY/IHE )
M Tocjie pa3MarHUYMBaHusS yOupasuch. B
X0/Ie TMHAMWYECKOTO PA3MAarHUYMBAHWUS aM-
TIJTATY/IA MATHUTHOTO TIOJISI TTOCTETIEHHO YMEHb-
NIaJIach OT MOJIS HAChIeHns (heppoMarHeTu-
Ka J10 HyJsg. Taxoii achdekT nosHoro pazmar-
HUYUBaHMs ObLT BPEMEHHBIM, U C TeUeHHeM
BpeMeHH HAaMArHUYMBAHUE CHOBA TIOSIBJISI-
Joch. Ho mipu noBTopeHuu mnporenypbl pas-
MarHUYMBAHUS pa3 B HECKOJIbKO MeCsIieB
y/IaBaJIoCh MOJ/IEP’KUBATD MArHUTHOE I0JIE
KOpa6J/Isl Ha HU3KOM YPOBHE.

Taknum 06pa3oM MOKHO OBLIO YMEHBIITUTD
MarHUTHOE TI0Jie KopabJist 6oJiee 4eM B JIeCSITh
pa3. ITO CIacjo MHOXKECTBO KopabJeil u
MOJBOMHBIX JOMOK. Co3/laHHast <«CUCTEMa
JIDOTU» 6bliia BHEIPEHA IPUMEDPHO HA COTHE
KopabJielt u JefCTBUTEIHHO 3AlUTIIA UX OT
HEMEIKUX MATHUTHBIX MUH.

Wurepecnast 0co6eHHOCTD JAHHOTO TIPUMe-
pa [yaJu <«BHPYCa» C <«MACKOil» Kacaercs
JIeHiCTBYIOIUX JIUI[ 9TOTO MPOTHBOCTOSTHUS.
PasmarnuunBanuem kopa6iieii («mMacka») B
CCCP napsiny ¢ A.Il.Anexcan/poBbIM ax-
THBHO 3aHMMaJsca UM.B.Kypuaros. A paspa-
GOTKOW W COBEPITEHCTBOBAHMEM MAaTHUTHBIX
vun («Bupyc») B lepManmum — omumH U3
Benymux ¢usukos B. T'eprax. Bmocmen-
ctBUM Kyp4aToB cTas pyKoOBOJUTEIEM COBET-
CKOM aTOMHOM porpamMMbl, a ['epJsiax Bo3ra-
BUJ HEMEIKUH «YPaHOBbIA TPOEKT». Tak
YTO UX JIydJib MPOJOJIKUIACH HE TOJIBKO Ha
MHHHOM, HO M Ha aTOMHOM HAIIPABJIEHWH.

Kasasnoch 6b1, HeO6XOMMOCTD B pa3Mariu-
yuBaHUU KopabJieil s 3alUThl OT MATHUT-
HBIX MUH — OYEHDb JaBHSS, MOYTH 3a0bITast
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ucropus. OHako ato He tak, nu B XXI Beke
Ha KPYITHBIX BOEHHBIX KOPAOJISIX pa3Martu-
YUBAHUE OCTAETCS HEOOXOIMMBIM, ITPUYEM
WCIIOb3YIOTCS Te Ke, 3aJ0KEeHHbIE JaBHO,
MPUHIIAIIBI  Pa3MarHnyuBanusi. ToOJBKO OT
MeJHbIX Kabeseii 0OOMOTOK pa3MarHUYuBa-
HUs, TTOTPEOJISIONINX MHOTO SHEPTUH, TIOCTe-
[EHHO MepPeXOo/IAT K KaGesssM Ha OCHOBE BbI-
COKOTEMIIePATYPHBIX CBEPXTIPOBOJHUKOB, OX-
JIAKJIEHHBIX JI0 KPUOTEHHBIX TEMIEpaTyp
(~ 70 K). IIpumenenue BbICOKOTEMIIEPATY P-
HBIX CBEPXITPOBOJIHUKOB, OJ[HOW U3 COBpe-
MEHHBIX TOYEK POCTa TMEPEJOBBIX TEXHOJIO-
ruil, T03BOJISET CYIIECTBEHHO YMEHbBIINUTD
Maccy O6MOTOK U CHUBHMTb MOIIHOCTH MUTA-
HUS.

Crenc-texHonoruum

Bropoii npumep kacaetcst pa3zpabOTKH KOH-
CTPYKIIUII CaMOJIETOB, HEBU/MMBIX JIJISI CHC-
TeM OOHAPY’KEHUs, UTO 10 Ujiee MOTJIO Obl
MPEBPATHUTD UX B MO061E aOCOTIOTHOTO OPY-
JKHUA (BHOCJIC[[CTBI/II/I 9T TTOAXO0AbI IPUMEHA-
JINCb U B [IPYyTUX CUCTEMaX, B YaCTHOCTU Ha
noasoaubix Jogkax). Cinoso stealth B mepe-
BOJIE C AHTJIMHCKOTO O3HAYAET CKPBITHOCTD.

B JaHHOM TIpUMEPE CTEJIC-CAMOJIET YIIO/I0-
6UM «MacKey , TapaHTUPYIONIeii HeysI3BUMOCTD
CO CTOPOHBI PAJAPOB, a CaMU Pajapbl —
«BUPYCY», TIBITAIONIEMYCSI YBH/IETH CAMOJIET
U <yKaJuTb» (MpUBECTH B JIEiiCTBYE CHCTe-
MbI opakenust). Ho BO3MOJKHO Jin co3/iaHue
aGCOTIOTHON «MaCKU» OOJIBIIOrO pazMepa’?

B merome o6HApYIKEHUST JETSINX OOBEK-
TOB pajlapaMi CUTHAJ OT PAIHOJIOKAITNOHHON
CTAHIINK YXOJUT B MPOCTPAHCTBO M OTPaKa-
ercsi. Ha pajiape nosiiisiercsi nzo6paskenne,
M03BOJIsIONIEE CYyAUTD 06 3(DHEKTUBHON 1710~
majm paccenBanusi. Ecain o6paTHoe oTpaske-
HUE PAJMOBOJIH OTCYTCTBYET, TO OOBEKT He-
BujiuM, addeKTHBHAS IJIONAJb PacCenBa-
HUSI paBHA HY.JIIO.

Cresic-TeXHOJIOTHH  CAMOJIETOB € MaJioi
3 EKTUBHON TI0MA/IHI0 PACCEUBAHUST TIEP-
BOHAYAJIBHO OTTAJTKUBAJIACH OT [BYX HPUH-
IIUTIOB: HET OTPAYKEHUS O6PATHO, ECTD MTOTJIO-
IeHne B MaTepuase Kopiyca. bosee Touno,
HY’KHO, YTOOBI PAIUOBOJIHBI OTPAYKAIUCH OT
o0beKTa Tak, 4ToObl 0OPATHO HEe BEPHYTDHCH,
1 TOTJIONAJNCh B KOPIIyce camoJieta. IJTo
CXEMaTHYHO U300pasKeHo Ha pucyHKe 2. Pa-

2020/Nel1-12

Puc. 2. CXema, MOACHALAA Wae CTeIC-Tex-
Hosori

arocurHan (cTpeska cBepXy) MpH pacipocT-
pPaHEHWH BHYTPb KOPITyca caMoJieTa OTpaska-
€TCS OT HJIEMEHTOB KOHCTPYKITHH W MOTJIOMIA-
eTcsa B ero matepuajie. OGpaTHBIN BO3BpaT
CUTHAJIA OTCYTCTBYET.

Kazanoch 6bl, u3MeHUTE KOHCTPYKIIUIO
KoOpIlyca camoJera, Iepeiss oT TJajKoii,
OKpyr10ii popMbl K yr10Baroii (OIATh 4TO-TO
[OXO0’KEe Ha IIMIbl KOPOHABUPYCA), M MC-
MIOJTb3YITE MTOTJIONIAIONNE TOKPBITHST — MTPO-
6siema Oynet pemeHa. OHAKO, pean3arius
ATUX MPUHIIUTIOB B PEATbHBIX KOHCTPYKITHSX
CaMOJIETOB-<«HEBUAUMOK Y TIOCJTYSKIJIA JIUTIThH
TOJYKOM K OBICTPOMY Pa3BUTHIO KAaK CHCTEM
0OHAPY>KEHNUSI, TaK U CTeJIc-TeXHoorwii. [1pn
3TOM CTOMMOCTD CO3/IAHUS CUCTEM OOHApPYIKe-
HUSI OKa3aJach BO MHOIO Pa3 MeHbIIe CTOU-
MOCTHU JJAJIbHEHIINX T1ar0oB B CTOPOHY HEBH-
JIUMOCTHU U Heys3BUMocTU. B co3panun cuc-
TeM oOHapysKeHus: mpeycrena Poccusi, B
pasButuu rexuosoruii Hepugaumoctu — CIITA.

Ha pucynke 2 mokazano XxapakTepHoe pac-
crostuue L mexnay pebpamu. Ecam jpimHa
BOJTHBI PAJIMOCUTHAJIA A MeHble L, TO U3J10-
JKEHHBI TPUHIUIT HEBUIUMOCTH OObEKTa
Jlo/pked paborarb. [lepBble cresic-camMoJIeTh
B CIIIA co3maBasmich B pacueTe Ha CAHTUMET-
POBbIE JIJIMHBI BOJIH PA/INOJIOKAIIMOHHBIX CTAH-
nuii, paboraomux na vacrore f ~10 TT.
Iockosbky A =c/f (¢ =3-10° M/c — cko-
POCTb CBeTa), TO NMPU YKA3aHHOW dYacTore
JuinHa BoJiHbI A ~ 3 ¢M. Ho ecau BbIOpath
JUITMHY BOJIHBI A >> [, TO CUTHAJ IlepecTaeT
3ameuaTb pebpa u orpaskaercsi. U neiicTBu-
TeJbHO, TIepexo/] Ha MEHbIINEe YacTOThl W,
COOTBETCTBEHHO, Ha OOJBIINE JIUHBI BOJH
(nmenuMeTpoBBIi AMana3on) TMPUBET K TOMY,
YTO CAMOJIET- «HEBIUINMKA» CTaJI 3aMeTeH /11



TaKMX PAJMOJOKAIMOHHBIX CTaHIIMIi. A ecsn
JIBUHYTbCS €lle JlaJblile ¥ IepeiTH yxke K
METPOBOMY JIMalla30Hy BOJIH, T.€. IJINH BOJIH
TOTO JKe MacimTaba, 9YTo U pasMep dJIeMEHTOB
camMoJeTa, To MaJI03aMeTHOCTD caMoJIeTa CTa-
HOBUTCSI B TIPUHIIATIE HEBO3MOXKHON. To ke
OTHOCHTCSI 1 K TTOTJIONIEHUTO PAJANOBOJH. [17s1
PaZINOBOJIH € PA3HOI IIIHOI BOTHBI 3(hpeK-
TUBHOCTD WX TOTJIOMEHUS Pa3InyHa.

Uto B utore? Paspurne TeXHOJOTUI MaJo-
3aMETHOCTH TIPUBEJIO K TOMY, YTO OHU CTaJN
BQSKHDBIM 3JIEMEHTOM JIJIs1 HOBBIX ITOKOJIEHUI
CaMOoJIETOB, PaKeT U IOJBOHBIX JIOJOK, OJ1-
HAKO HE pemaiT MpobJaeMy abcoiiomHotl
samuTbl. Ho nporpecc B BUKeHUN K MaJlo-
3ametHocTH orpoMeH. Ha camosierax HOBOro
MTOKOJIEHUST TIPUHUMAIOTCS MEPBI 10 CHIKE-
HUIO 3aMETHOCTH KaK B PAINOINATIa30He, TaK
U B BUIUMOM, WHQPPAKPACHOM U 3BYKOBOM
auamasoHax. B pesymaprate addexTnBHAS
TLJIOMTA/Ib PACCEUBAHUS [ GOJIBIIOTO JI03BY-
KOBOT'O CTpaTernyeckoro 6oM6apanpoBIKa
(6e3 cresc-TeXHOMOTHIT) OKA3bIBAETCS TI0-
paaka100 M2, ucrpe6uTeis — nopsaka 10 M2,
a 171 COBPEMEHHDIX CTEJIC-CaMOJIETOB — ellle
Ha nopsAnok Menblie. Ho npu atoM okasa-
JIOCh, YTO MaJIo3aMeTHbIe CaMOJIeThI CyIIe-
CTBEHHO MeHee MaHeBPEHHbIE U MeHee CKOPO-
cTHBIE. B nTOTE CONEepHNYECTBO MEXK/TY CBEPX-
MaHEBPEHHOCTBIO W MaJI03aMEeTHOCTBIO TIPU
OYypHOM Pa3BUTHUU CPEJCTB PAINOJOKAINN
IIPOIOIKAETCS.

JI1060IBITHO, YTO BBE/ICHHOE BBIIIIE MOHS-
e 2(PPEKTUBHON TJIONAIN pPaCCCUBAHMS
MO3KHO YTOJOOUTD TIOHSATHIO CEYEHUST B3au-
Mo/ieiicTBud B pusnKe, 110 KOTOPOMY CY/IAT O
rapaMeTpax aJieMeHTaPHbIX YaCTUIL M XapaK-
Tepe B3auMo/leficTByoImuX noJieit. [Ipu atom
ceyeHne OTHOTO U TOTO K€ 06BEKTa, CKasKeM
[IPOTOHA, B CJIyvae B3auMO/IeICTBUS C Pa3Hbl-
MU YaCTHUIIAMU MOKET CUJIbHO PAa3JNdaThCs.
[Tpumep TOTO, KaK MOXKET BBITJISIIETH TPOTOH
MIPU €r0 B3aWMMOJEHCTBUY C JIPYTUM MPOTO-
HOM, ¢ KBaHTOM usiyderusi (poroHom) u ¢
JIETKOIT a/1eMeHTapHON vactuieid (HeiTpu-
HO), NpUBe/IeH Ha pucyHKke 3. Kax BUAHO n3
pUCYHKa, B cJayyae paccesHusi (orona Ha
[IPOTOHE MOTYT ObITb «BU/IHbI» TPU KBapKa,
13 KOTOPBIX «COCTOUT» IpoToH. Ele yerue
9TO BU/IHO IIPH PAcCEesTHIM C1a60 B3anMo/Ieii-
CTByIoOlIero HeliTpuHo ¢ nporonoM. Kak u B

[IpOTOH ¢ TOYKH 3peHuUst
6) dorona

W
%,’t

Puc. 3. SppekTvBHoe ceveHne. MulueHs Bo Bcex
TDex Cy4asx — MPOTOH. Hanerarowas Jyacrvya —
[IPOTOH, POTOH, HEUTPUHO. B HUXKXHEM psay rMoka-
33HO OTIIMYMeE B 3PHEKTUBHOM CEYEHMN B3GUMO-
JevcTBus

a) IpOTOHA ¢) HeATPUHO

caydyae OTPaKeHUs OT caMoJieTa PalnOBOJH
PA3JMYHOTO JIMaa3oHa, CEYeHUs B3aMMO-
JIeHCTBUS MOTYT CHJIBHO Pa3JinyaThCs.

B npuBeseHHOM CpaBHEHUHU Mbl YyTb KOC-
HYJIUCh COBPEMEHHOM MO/Ie/IM CTPOEHUS dJie-
MEHTapHBIX YaCTHIl — Tak Ha3bIBaeMoil CraH-
naptHoii Mogesnn.”? HeMHOro mpomoJKuB
AHAJIOTMM, YIIOMSIHEM O COBPEMEHHBIX «3Jie-
MEHTAPHBIX YacTHIIaX» WM <«3JeMEHTax
CTPYKTYPBI» TPUMEHHUTEJBHO K Mpobeme
MaJ/I03aMeTHOCTH B CaMOJIETOCTPOEHUU. ITO
ellle o/Ha TOYKa POCTa B PA3BUTUU TEXHOJIO-
ruit. Peub uzner o memamamepuaiax n oco-
6OM s13bIKe UX OIUCAHUSI.

B orsimune ot MHOXKecTBa 1oJiell B3aUMO-
JleficTBUA aJieMeHTapHbIX yacTull B Cranjap-
THOI MOJIeJIM — CUJIbHOE, 3JIEKTPOMAarHUTHOE,
craboe ¥ TPaBUTAIIMOHHOE — B HAYKE O MeTa-
MaTepuaJax JeHCTBYeT TOJbKO dJIEKTpoMar-
HUTHOe moJjle. A BMecTo Habopa WCTUHHO
aJeMeHTapHbIX dacTuil CTaHJapTHON Moje-
JU — KBapKOB, JIETITOHOB, KaJINOPOBOYHBIX
6030HOB 1 6030Ha XWITCAa — UCIIOIb3YETCS
Ha6Op MPOCTBIX 3JEKTPOMAarHUTHBIX PE30HA-
TOpOB. lIpnMepn! s1eMeHTaPHBIX «KUPITHYH-
KOB», U3 KOTOPBIX CTPOSITCS MeTaMaTepua-
JIbI, TIPUBe/IeHbl HAa pucyHke 4. B pesysbrare
MeTaMaTepuaJ sIBJseTcst HabopoM MaKpPOCKO-
[INYECKUX JIEMEHTOB U3 9TUX «KUPIIMYUKOB»>
(11 maxke GoJiee CJIOKHBIX), KOTOPBIE YJIOKe-
HBI B IEPUOIMYECKYIO CTPYKTYPY, /i€ CBA3Y-

2 MoapoGHee 0 Heit MOKHO TPOUNTATH, HATIPH-
Mep, B cTatbe B.Py6akoBa «K otkpbITHIO 6030HA
Xurrca» («Kpanr», 2012, Ne 5-6).
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Puc. 4. 27eMeHTsl, 13 KOTOPbIX CTPOSATCA MeTama-
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Puc. 5. Ctpyktypa 13 Meramarepmarna, BKITKOYa0-
11351 KOMOUHALIIIM OTPE3KOB MPIMbIX [POBOSIOHEK
U [BOVIHBIX Pa3pe3aHHbIX KOJeL B [UIEKTPUKE

IOIUM  3JIEMEHTOM ABJISCTCA JAUIJICKTPUK.
Ojna U3 TakMX CTPYKTYD IOKa3aHa Ha puU-
cynke 5. CMbICK TepMUHA «MeTa» — 3a IIpe-
JlenaMl — B TOM, YTO 3JIEKTPOMATHUTHbBIE
CBOMCTBA TOJIydaloleics CTPYKTYPbl pajiu-
KaJbHO OTJIMYAIOTCS OT CBOHCTB OT/IEJIbHBIX
9JIEMEHTOB.

Ha pucynke 4 ynoMsinyT TepMUH «CerHe-
TO3JIEKTPUUECTBO» . ITO SIBJICHUE UMEeT aHa-
Joruio ¢ (heppoMarHeTH3MOM U3 Pasjiesa o
pasmarunuuuBanuu. llpu BospeiictBuu Ha
JKEJIE30 MAZHUMMBIM TIOJIEM JJOMEHbI OPUEH-
TUPYIOTCS BJOJIb MarHUTHOTO I0JI, U MaTe-
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pHaJ HaMarHUM4YMBaeTcs. AHAJIOTHYHO, BO3-
JICIiCTBUE 3/1EKMPUUECK020 TI0JIS Ha CETHETO-
3JIEKTPUK TaKKe MPUBOJAUT K OPHEHTAINH
JIOMEHOB CETHETO3JIEKTPHKaA, KOTOPAas COXpa-
HSIETCSI TTOCJIe CHATHS 3JIEKTPUIECKOTO TOJIS,
7 MaTepuas 3JeKTPU3YeTCs.
Vcnosb3oBaHne MeTaMaTepHaJoB TIpHMe-
HUTEJIBHO K IIpo6JeMe MaJ03aMeTHOCTH Ca-
MOJIETOB GYyPHO pa3BuBaercs, o6erias MHO-
JKECTBO ITPOPBIBOB. B yKasaHHBIX CTPYKTY-
pax aJeKTPOMarHUTHBIE BOJHBI PACIIPOCTPa-
HAIOTCS 110 HEOOBIYHBIM TPAEKTOPUSAM, 3aT-
PYAHSIONNM Kak oGHapyskeHne OGBHEKTOB,
Tak n ux csoiictBa. O/HAKO HA ITOM IIyTH
erie MHOTO 1po6JieM (HEBHMMOCTD B IIHPO-
KOM /INaIla30He YacToT, COXpPaHEHNe CBONCTB
MeTaMaTepruaJJoB B PEATbHBIX KOHCTPYKITHSIX
CaMOJIETOB TP GOJIBITION CKOPOCTH TT0JIeTa 1
ap.). Kpome toro, Bech Kopryc camoJiera
MeTaMaTepHaJTaMi He TOKPbITh. Camoier
CTIOXHO CJieIaThb TIOJTHOCTBIO HEBH/MMBIM,
0/THAKO MOYKHO JIOBOJIbHO CUJTBHO YMEHDBIIUTD
apdexTuBHYIO TIIONIA/b PACCEUBAHUS U 3aT-
PYZHUTD €ro oOGHAPYXKEHUE Pa/lapaMi.

KopoHaBupyc un 3awmtHas Macka

MpbI iepexo/iuM K OCHOBHOMY pas/ie Ty 3TOi
craTbu. [JIaBHBIA BBIBOJ W3 MPeAblIyIINX
pas/IesioB — abCoIOMHOU 3AIUTI B TEXHIKE
[IOKA He Y/IaJI0Ch CO3/1aTh, HO y/1aeTCs CUIbHO
3aMaCKUpOBaTh OOBEKT M 3aTPYJHUTH €ro
oGHapysKeHue.

B xauecTBe 0/1HOI 13 OCHOBHBIX 1 MTPOCTHIX
Mep 3allUThl OT HbIHEITHEH dMUAeMUI KOPO-
HaBUpyCa TMPEAJAraeTcs MOBCEMECTHOE HO-
nrenue Macok (Inmoc cobuiofenue AucTai-
AN, TTI0C GOJIee YaCTOe MBIThE PYK M T.J.).
[Ipum aToM cpasy oroBapmBaeTcs, 4TO MAaCKU
He zapanmupyiom ot 3apaxkenus. U Bce xe,
yyThb Tiepedpas3upysi aMEepUKAHCKYIO TIOTO-
BODKY, OTMETHM, 4TO «I06pOe CJIOBO, TOJ-
KperienHoe nudpoii, mopoil 3Byuur ybeau-
TeJIbHEEe, YeM TPOCTO J06POe CJI0BO .

EcTb 1Ba OCHOBHBIX ITyTH 3apa’keHUsT: BO3-
JIYIIHO-KaleIbHbli (IIpy Kallae 1 YnxaHun )
M KOHTaKTHBIA (IIPUKOCHOBEHMS PyKaMu K
MOBEPXHOCTSIM, COJIEPKaIMM BUPYChI). B
MIEPBOM CJIydae BUPYCHI OMAAI0T HEITOCPe/I-
CTBEHHO Ha CJU3MUCThIE HOCA, IJIa3 U PTa, BO
BTOPOM BO3MOKHO HUX KacaHue TPSI3HbIMU
«BUPYCHBIMU» pyKamu. IIpuBesneM HECKOJIb-



Ko 1udp, oTHOCAIMXCS K Bupycam. OHU He
TOYHbIE, HO MOTYT JaTh IIPEJCTaBJEHUE O
mporieccax Mpu 3apa’keHnu BUPycoM. Bymzem
BO MHOTOM OIMPATHCS HA JAHHDBIE aMEPHUKaH-
CKOTO IMMYHOJIOTA ¥ TTOTYJITPU3aTOPa HAYKN
OJpuna Bpommmka, HO ¢ TPOBEPKON ATUX
JTAHHBIX TI0 APYTUM UCTOYHUKAM. 3aMeTuM,
YTO OIIEHKU CKOPOCTH OCEIaHMS Kallesb, CO-
JlepoKaIuX BUPYChI, ObLIH TPUBEIEHDI B CTa-
the A.Cracenko «He uyuxarp: nangemud!»
(«KBants, 2020, Ne 4).

Hupexyuonnas doza, npu KOTOPOii ueso-
Bek 3a6oJieBaet, — okosi0 1000 yactuil Bupy-
ca. Jra iudpa ouenb npubausnTenbua. Ona
3aBUCUT OT COCTOSTHUSI 3[I0POBbSI U€JIOBEKA,
€ro UMMYHHOTO CcTartyca, Bodpacta u T.4. Ho
Ba)XHO OTMETHUTH, 4TO B caydyae COVID-19
MIPUBOJIAT K 3aPAsKEHUIO HEe eIMTHITYHBIE BUPY-
CBbI, a WX GOJIBIIOE KOJUIECTBO, MOJTYIEHHOE
3a KOpOTKuUii epuoj; Bpemenn. C eITMHIYHDI-
MU BUPyCaM# UMMYHHAs CHICTEMa OpPTraHu3Ma
Jaire BCero MOKET CIIPABUTHCS.

Kawenv conpoBosknaercsi BbIGPOCOM He-
CKOJIBKUX TBICSY MEJIKMX Kallesib, CO/lepKa-
IIUX BUPYCBHI, M3 KOTOPBIX T€, UTO MO6OIbIIIE,
[AJIAI0T HA 3eMJII0, & CAMble MEJIKUE 3aBUCAIOT
B Bo3ayxe. llpn uuxanuu B Bo3myX BbIIAES-
eTCsI yIKe IECSITKU TBICSY elle 60Jee MEeJTKUX
kanesb. OOIee YNCIO BUPYCOB, BbIEsIC-
Mbix (1o BpoMupKy) npu Kamie niam unxa-
HUU, OTIEHUBAETCS B COTHU MUJIIHOHOB. [Ipn
Ovixanuu, ocOGEHHO CIIOKOWHOM, Yepe3 HOC
BBIJIEJISETCS CYNIECTBEHHO MEHbIlee KOJInde-
CTBO BUPYCHBIX KalleJib, BpOMU/IK TPUBOAUT
udpy B HECKOJDBKO [€CITKOB BUPYCHBIX
yacTuil B MUHYTY. Eciu Bce aTh vacTuIiibi
[OTA/IAI0T HA HEe3apa’KeHHOTo YesoBeKa, TO
MHOEKIIMOHHAS /1032 HAKAILJIMBAETCS B Teve-
HUe TPUMEpPHO Yaca HAXOXKAEHWS BOJM3U
3apa’keHHOTO YesioBeKa. Paszosop 60JBbHOTO
VBEJUYNBAET KOJUYECTBO BBIJCTSIEMBIX Ka-
TeJTb IPUMEPHO HA TIOPSIIOK.

B mesom, wambGosiee omacHBIMU IS pac-
MIPOCTPaHEeHNsS KOPOHABUPYCA SABJISAIOTCS M-
XaHue 1 Kairesb. B aToM cirydae ncnoJsb3oBa-
HUe MacOK Kak 3a60JIEeBIIUMU, TaK U 3/10PO-
BBIMHU, MOXKET PAJUKATHHO U3MEHUTH CUTYya-
uio. Hexoropyio muiny /11 pa3MblIIeHu it
0 1oJib3e Macok jaet tabauia (puc.6), mocr-
poeHHas 1O OMyGJMKOBAHHBIM IPeBAPH-
TEJIbHBIM pe3yJbTaTaM paboThl (PUHCKIUX UC-
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Puc. 6. Puck nepenayvi KOpoHasuvpyca rnpu mc-
10771b30BaHMN Macok

cnenoBareneii. Kak cuaenyer u3 tabuauiibi,
MacKa 3a/IepKUBAET KAIlIM, COJepIKaliue
BUPYCBI, ¥ MO3BOJIIET CYIIECTBEHHO CHU3UTD
OTIACHOCTD 3apakeHusi. IPPEKTUBHOCTD UC-
[0JIb30BAHMS MACOK BO3PACTaeT, ecJu UX
HOCAT KaK 3apa’KeHHbBIN, Tak ¥ 3/I0POBBII
yesioBek. Ere syume mokasartesn B ciyvae,
KOT/Ia JTIOJM B MacKaxX HAXOATCS Ha PACcCTo-
AHUU APYT OT apyra (puck GJIHM30K K HYJIIO
npu paccrosaun Gosee 1,5-2 ).

OTMeTHM BKHYIO OCOOEHHOCTb KaPTUHOK
U3 TalJMIbI: HA 3/[0POBOM YeJIOBEKE KPOME
MacKHU ecTb ellle ¥ OYKu. Beab ciusucrbre
rJ1a3 SIBJISIOTCS OJIHUM U3 BAKHBIX KAHAJTIOB
NPOHUKHOBEHUS BUpYca. XysKe TOT0: BUPYC,
NOMAB B TJIa3a, OYEHb [[0JITO COXPAHSIETCS.
ITO MOJATBEPIKIAETCS U JAHHBIMU KUTANCKUX
VUEHBIX: IT0 UX OIIEHKaM JIIO/IN, PETYJSPHO
HOCSIIINE OYKH, B IIATh Pa3 peke 3apaskaroTcst
KOPOHABUPYCOM.

Tak 4uTo rapaHTuM, Kak W B MPEABLIYIIHX
CIydasx, HeT, HO «3(PPeKTUBHYIO ITJIOMAIb
3apa’KeHUs» IPH HUCIOJb30BAHUN MAacOK B
JIFOJTHBIX MECTaX BCe XKe MOKHO CHJIbHO YMEHb-
MIUTD.



paTyanLIve Nyt
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B.[TPOTACOB

YIpasras KaxasiM 1LArom,
[ToBesin MeHs, rorHam
DaHTacT4eckuM 3Mr3arom
[lo HeBegoMOow Criviparu.

M.LLlepbakoB. Annnnyns

Feope3snyeckne nMHUN

[Touemy camousier us MockBbl B MoHpeaJsib
setut uepe3 I'penmananio? MockBa Haxo-
quTces Ha 56-if muporte, MoHpeasb — Ha 43-11,
a Bea I'pernmananst — cesepree 60-ii. [logemy
caMoJIeT TyJa 3ajeren? A mOoToMy, YTO Map-
MIPYT CTAPaIOTCS MPOJIOKUTD 10 Kparyaiiiie-
My TYTH 110 IOBEPXHOCTH 3eMJin. A OH, Kak
3TO HU CTPAHHO, MTPOXOAUT Yepe3 I'peHsan-
auio. Hacto aTO POTUBOPEYMT Halllell reo-
rpaduyeckoit naTyunuu. Kparvaiinmii mythb
u3 Exarepunbypra B Jloc-AH/Keec n BoBce
npoxouT yepe3 CeBepHBIN TOJIOC.

Kparuaitimnii myTb 10 3a1aHHON TOBEPXHO-
CTHU UJET BAOJDb zeodesuueckoll aunuu. Camo
CJIOBO «Teofie3MuecKasi» MPONCXOINT OT Ha-
VKU Teojie3nn, OYKBAJIbHO TO-TPEYECKH
vewSouolo, — «enenne seman». M ecan Ha
IJIOCKOCTH TEOJIe3NYeCKIe — 3TO MPSMbIE, TO
HaXO3K/IEHUE Te0/Ie3NYeCKIX Ha JAPYTUX I10-
BEPXHOCTSIX TOPOW BecbMa CJIOXKHO. Besu-
vaiimmii maremaruk Jleonaps ditnep (1707—
1783) B 1732 romy BbIBE 001LIEE yPAaBHEHUS
reoziesnueckux Junuii. [lossxke onun npeo6pa-
3UJIMCh B ypaBHeHus IJiiepa—Jlarpanxa u
CTaJIM TJIaBHbIM HHCTPYMEHTOM HE TOJIbKO
MIPU MTOCTPOEHUT TE€O/IE3MUECKUX HA TTOBEPX-
HOCTSIX, HO M B IPYTHUX 9KCTPEMATHHBIX 3a/1a-
yax. [JIaBHBIM MPUJIOSKEHNEM TEOIe3NIECKITX
B TO Bpems Obina Kaprorpadus (orcioga u
HasBaHue). PaccTosnue Mex/y ABYyMs Iy HK-
TaMW Ha KapTe HYXKHO BCeTJa U3MEpATb 110
reo/Ie3NYeCcKOil, IpUYeM JIeJIaTh ATO C y4eTOM

DOT: https://doi.org/10.4213/kvant20201102

peabeda MectHocTH. IloTOM reosesnyeckue
CTaJIN IPUMEHSTD JIJII TIOCTPOEHUST BHYTPEH-
HEll reoMeTpUH ITPOU3BOJIbHOM TOBEPXHOCTH,
T/le 3a PacCTOSTHUE MeXX/y TOYKaMu ecTe-
CTBEHHO OpaTh KpaTdaillliee pacCTOSIHUE TI0
noBepxHoctu. Cuieryer, OJHAKO, OTJIMYATh
reojieandeckre JUHAN OT KpaTJyanimx!

Yro Takoe <«reoaesmnueckas»? [eodesu-
4eCKOU MHA NOBEPXMHOCINU HA3bIBACMCS JIU-
HUst, JIOKAJILHO KPAMUATULAst 8 KAKOIOU C80-
etl mouke.

IDTO 3HAYUT, 4YTO JUIA J000i Touku M,
JiesKaleil Ha JITHUK, BEpHO CJe/yloniee: Ka-
KUe HU B34Tb Ha JUHUU Touku A u B, jocra-
TOUHO O6siu3Kue K M, jiyra reojie3ndeckoit AB
SIBJIIETCST KPATYAUIITIM Ty TeM 10 TTIOBEPXHOC-
™ Mexxy A u B. Maremaruk cpopmyupyer
JIOKaJIbHO-KpaTJaiiliiee CBOHCTBO Tak: 0./
T00bLX 08YX MOUEK, NEHKAUUX 6 HEKOTOPOTL
oxpecmuocmu mouku M, dyea zeodesuuec-
KOU AGASAeMCS KPAMUATUWUM NYMeM N0 NOo-
BEPXHOCINU MEKOY HUMU. 3AMETUM, YTO KPaT-
YAt My Th MEX/LY JTIOOBIMU ABYMS TOUKA-
MU ABJISETCA Teo1e3n4ecKoil JnHueil, Ho 06-
paTHOe BepHO He Bcerjia. KpacHast iuHMUS Ha
pucynke 1 — reojie3nueckasi, XoTs Kpardaii-
mui myth u3 Touku A B TOouky C 10 3TOM
JIMHUW He TPOXOJUT — ecTb Kopoue. Ho ams

Puc. 1. [eogesmyeckas — /IOKasIbHO KPparyauvLlas
JIMHUA



KPATYAUIMUE NYTU U TUHNOTE3A NYAHKAPE 9

TOYeK, OJIU3KUX K M,
Bce OyJeT XOpOoMIo:
KpaTtyaumuii 1myTh
6yeT TPOXOJUTD II0
reojieanyeckoii  (kak
MeXIy ToukamMu A u
B mna pucynke 1).
Hampuwmep, nse 65m3-
Puc. 2. [eonesnqeckve  kue Touku Ha cdepe
Ha cgepe COEIMHAIOTCS  JIBYMSI
Jtyramu GOJIbIIOrO Kpyra — JAJUHHON CUHEl u
KOpoTKoil kKpachoii (puc.2). Koporkas — ato
kparvaiimuii myth u3 A B B 1o cdepe. Ho u
KOPOTKast, U [JIMHHAST — 06e — SIBJSIOTCS
reo/1e3NYeCKIMI.
leonesnueckne HyKHBI HE TOJBKO /LIS Ha-
XOK/IEHUST KpAaTYalmX myTeil Ha MOBEPXHO-
cTsX. VIMEHHO 9TUM JIMHUSIM, COTJIACHO TTPIH-
Uy HAaUMEHBIEero JAeicTBUuS [aMuIbToHA,
COOTBETCTBYET JIBUKEHIE JTI0OO0H MeXaHmdec-
KOii cucteMbl B (Pa30BOM IIPOCTPAHCTBE.
Jliobass wacrtuiia, BBIHYKIEHHAs [IBUTATbCS
[0 TIOBEPXHOCTHU, TIPU ITOM HE IMOBEPIKEH-
Hast HUKAKUM CUJIAM, JIBIKETCS BJIOJIb Teo/ie-
3M4YecKoii. B Teopunm oTHOCUTENBHOCTH JBU-
JKEHUE TaK3Ke MIPOUCXO/IUT 10 Te0Ie3MYeCKOLt
IIPOCTpPaHCTBa-BpeMeHN. Taxoe ke mpeicTas-
JIEHUe UMeeT TeopHs KaTNOPOBOUYHBIX MOJIEH.
Bce reomesmueckue Ha TIOCKOCTH — TIPSi-
mbie. Ha GOKOBOII MOBEpXHOCTH IUJIMH/IPA
WJIN KOHYCa Te0/Ie3MYeCKUe MTOCTPOUTD OUYEHD
MIPOCTO — € TIOMONIBIO PAa3BEPTKU Ha TLIOC-
KocTh. l'eosiesnvyeckne — POBHO Te JIMHUM,
KOTOPbIE «PACIIPSMJISIOTCS> [IPH Pa3BepTKe

TN
v

B B
A A/
)

Puc. 3. [eonesnveckmne Ha UMITMHAPE 1 H3 KOHYyce

(puc.3). ¥V cdepbl, yBbl, HIKAKOH KYCOK Ha
IJIOCKOCTD He pa3BopaunBaercst. Ho reosiesu-
YyecKhe HaliTh JIerko. DTo — AYrH 6O0bUUX
KpYyeos, T.e. OKPY’KHOCTEH, TOJTYJIafoNNXCs
B cedeHnN cepbl TITOCKOCTSIMU, TTPOXO/IS-
My yepes 1nentp. (Byabre BHUMATEIBHBI:
6OJIBIION KPYT — 3TO HE KPYT, a OKPYK-
HOCTD!)

DaxkT. Bee zeodesuueckue na cihpepe — dyeu
bovbuux KpYyz08.

JlokasbiBaeTcst 3TO Tak Ke, KaK W st
MPSIMBIX Ha TIockocTr. CHavasa HaJlo I0Ka-
3aTh HEPABEHCTBO TPEYTOJbHUKA /1JisT Chephl.
Paccmorpum mipousBosibHbIN  cpepuueckuit
TPEYTOJbHUK, CTOPOHBI KOTOPOTO — JIyTHU
60JbIIUX KPyroB. IIOCKOJIbKY AJuHa JIyTh
6OJILIIIOTO  KpyTa MPOMOPIMOHAIbHA YTy
MEXKIy PpaanycaMu-BeKTOpaMu, OyleM Me-
PUTH JUIUHBI AT B rpajaycax. Urak:

HepasenctBo tpeyroJbHuka Ha cdepe.
Ecau ece cmoponul chepuneckozo mpeyzo.iv-
nuxa memnvuwe 180°, mo 015 Hezo0 6bINOANEHO
Hepasencmeo mpeyzoibHuKd.

JlokazaTb 3TO MOXKHO TaK ke, KaK 00bITHOE
HEPABEHCTBO TPEYTOJIbHIKA Ha IIJIOCKOCTH, —
C TIOMOIIBIO TPOEKIMKU OJHON M3 BEPIINH
TPEYTOJbHUKA Ha TJIOCKOCTH, COAEPIKAILYIO
MIPOTUBOIOJIOKHYI0 cTOpoHy. Tereps, ¢ mo-
MOIIBIO HEPABEHCTBA TPEYTOJbHUKA, I0KaA-
3bIBaeM, 4To Jrobast ToMaHast Ha chepe Kopo-
4e YT, COeNHSIONIeH KOHIIbI JoMaHo#. To
JKe, KOHeYHO, BEPHO U J1Jisd J1I000ii KPUBOIi Ha
cepe. A 3Hauut, ayra OOJIBIIOTO KpyTa
(MeHbIIast U3 JABYX JIyT) sIBJSAETCS Kpardaii-
UM ITyTeM MEeX/y ee KOHI[AMHU.

3aMeTuM, 4TO Jyramu OOJIBIIMX KPYTOB
SIBJISTIOTCST HA cepe He TOJbKO KpaTdauliie
MyTH, HO U BCe Teojie3ndeckue JuHuu. Jlo-
Oble JIBe TOUKH Ha chepe, KpoMe InaMeTpalib-
HO TIPOTHBOIIOJIOKHBIX, COEAWHSIOT POBHO
JIBE Teo/Ie3nIecKuX. A Bcsl OOJIBITAST OKPYIK-
HOCTDb — 3aMKHYyTas reojieandeckasi. ViMeHHo
€ 3aMKHYTBIMU T€O/I€3MYECKUMI HAM W MPEJI-
CTOUT UMETDH JIEJIO.

Tpwn reopesnyeckue lNyaHkape.
Korga owubaloTcs reHuun

3aMKHyTble HecaMOIIePeceKaIoNIHecs Teo-
Je3mdecKue IPeCTaBIIAIOT A1 NCCae0BaTe-
Jieit ocoObIit nHTEpec. VM cooTBeTCTBYeT me-
PHOIMYECKOE JIBIDKEHNE MEXAHNYECKOil chc-
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TeMbl. ECTb y 3aMKHYTBIX reo/le3UYeCKUX U
MHOT'OYHCJIEHHbIE TEOMETPIYECKIE TIPUJIOKE-
Hus. Mbl Becerzia 6yieM NCKaTh TOJIBKO Teo/ie-
3ndeckue 6e3 camoriepeceyeHuil, n 6yaeM B
GOJIBIITMHCTBE CJIyYaeB OIYCKATh ITO [IJIMH-
HOE CJIOBO «HECAMOIIEPECEKAIOTIASICS> .

IToBepxHOCTD GymeM BCeTAa MPEAIOJIaraTh

oTrpaHnYeHHol u BbInyKJoi. [locaeanee 03-
HAYAET, YTO OTPAHUIEH-
HOE €10 MHOKECTBO BbI-
MYKJIO: BMECTe C JI0ObI-
MH JBYMSI CBOUMHU TOY-
KaMU OHO COJIEPIKUT U
BECh OTPE30K MEXK/IY
wnmu (puc.4). g Boi-
Prc. 4. Bblnyknas o~ ygipix MOBEPXHOCTEI
BEPXHOCTE reo/Ie3MYecKyI0 MOKHO
MPECTaBUTh HATJISIHO: 3TO HATSHYTOE Ha
MOBEPXHOCTh TOHKOE PE3UHOBOE KOJIEUKO,
KOTOPOE He CII0JI3a€T.

Kpowme BoimyKoCcTH OBIBAET U €IIE O/HO
[IPe/IIoJIoKeHne — TJIaKOCTh. MareMaTuk
CKaXKeT, YTO ypaBHeHue, 3a/aioliee oBepX-
HOCTb, UMEET BTOPYIO HEIPEPBIBHYIO ITPOU3-
Boznyio. [l Hac 6yJieT JOCTaTOYHO TaKOTroO
OIUCAHUSI: TTOBEPXHOCTb HE UMEET MUKOB U
BoicTymoB. OHA B caMOM JleJie <TJIaJKasy,
oxXoskast Ha MOpcKyo Tauabky. [llap n asmnm-
conj — TJIaJIKue TIOBEPXHOCTH, & MHOTOTPAH-
Huk — Her. [lJg Tragkux TOBEpXHOCTEN
BEPEH MPHUHIIUI «JOKAJTbHON €AMHCTBEHHOC-
TU» Ie0/le3U4eCcKOll.

daxkrt. /[ee O6auskue mouku Ha 2140K0uU
NOBEPXHOCTIU MOKHO COCOUHUM eOUHCMEEH-
HOU 2e00e3uueckotl aunuetl.

3aMeTuM: He TOJbKO KpaTdailias JUHUS
JIOKAJIBHO €JIMHCTBEHHA, HO U Te0/Ie3nYecKast
Toske (B ATOM ci1ydae, OHa, KOHEYHO, 1 Oy1eT
Kparyaiiuieii). «/[Be GIU3KHE TOUKH» — 9TO
3HAYWT, YTO CYNIECTBYET TAKOE YHCJIO ¥, YTO
MEKIY JIOOBIME ABYMST TOUKAMHU Ha PACCTO-
STHUH He 00JIee ¥ €CTh POBHO O/[HA I'e0/Ie31dec-
Kasi. ITOT (haKT COCIYIKUT HAM XOPOIIYIO
ca1y>k0y U TIOMOMKET B JIOKA3aTeJbCTBAX.

B 1905 rony Benmkuii ppaHity3ckuii MmaTe-
matuk Aupu [Tyankape (1854—1912) Bbiasu-
HYJI THIIOTE3y O TOM, 4TO Ha JI060il TJIag1Koi
BBIITYKJIOI MOBEPXHOCTH €CTh KAK MUHUMYM
TPU 3aMKHYTble reojie3ndeckue. [louemy nmen-
Ho Tpu, a He Gosbie? IloTomy urto Ha
AJITUTICON/IE, Y KOTOPOTO JITMHBI BCEX OCeit
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PAa3JINYHbBI, TAKUX T'e0/Ie3MYECKUX TPU — ITO
TPH €T0 «9KBATOPA», T.€. TPU CEUEHUS DJLITHII-
comnjla KOOPJMHATHBIMU TIOcKOocTsiMu. Ha-
noMauM (XOTs yMTaTe/N b, KOHEYHO, 5TO 3Ha-
€T), 4TO BJJIMICOUZ — 9TO Iap, CXKAThId B
TPEX MEPIEHINKYISIPHBIX HATTPaBIeHUSX. Ero
MOJKHO 33/1aTh YpaBHEHUEM

¥ x? x?

—+—=+==<1

a b '
rae a, b, ¢ — noJyoxkutebHble Yncaa. Ecian
y=2z=0, 10 x=0 wm x = —a. Takum o6pa-
30M, ocb OX mepeceKkaer 3JUJINTICOW TIO
OTPE3KY [IJIMHBI 2d — 3TO OCbh JJJIUTICOUJIA.
Bcero y ammuniconsia Tpu oc, UX TOJOBHU-
HBI — TIOJIyOCH, JIJTHHBI IOJYOCel — 910 @, b 1
c¢. Ilonmyocu mepecekaioT TOBEPXHOCTD B I10-
JIocaxX, a KOOPJAWHATHBIE IJIOCKOCTH — TIO
9KBaTOPaM.

JkBaTopsl — 3TO reojae3uyeckne. Kax-
Oblil IKEAMOP INAUNCOUOA SIBASLETNCS 3AMK-
HYMOTL 2200€3Uueckoll.

B camom jnienie, Bo3bMeEM Ha 9KBATOpE JIBE
6smskue Toukn M u N. Ecnau kparvaiimmit
MyTh MEXK/Iy HUMU M0 TIOBEPXHOCTHU 3JIJTUTICO-
nja He coBIazaetr ¢ ayroii MN akBatopa, TO
OTPa3NM ATOT MYTh OTHOCUTEJBHO TJIOCKOCTI
akBaropa. Ilosryunm Apyroii myTh, TOXKe KpaT-
qalmmii. TO IPOTUBOPEYUT €IMHCTBEHHOCTH.

Wrak, pasHoocubiii asmumncons (y KOTopo-
IO JITMHBI TIOJYOCEH Pa3jInyHbl) UMEET TPH
3aMKHYTbIE T€0/Ie3MYeCKUe — JUHUU 9KBATO-
poB. Ilyankape MNpeanosoxKua, u4to Jobdoe
IJTQJIKOE BBIMYKJIOE TeJo OYIIeT «He XYKe»
AJITUIICOM/IA U TOXKe Gy/IeT UMETh He MeHbIIe
TpeX 3aMKHYTBIX Teojle3ndeckux. MoKeT n
6oJIbIlie — MIap uMeer X 6GECKOHEYHO MHOTO.
Ho tpu — o6si3atenpro! Cam ke Ilyankape
JTOKa3aJ CBOIO THUIOTE3y, MpaBia B OYEHD
YACTHOM CJIy4ae — JIJIsi aHAJIUTHYECKUX TI0-
BEPXHOCTEH, OMM3KUX K BJIUICOUAY. A B
o61reM Bu/ie aTa 1npobJemMa JI0Jro 0cTaBaiach
HepeINIeHHOl. 3aHUMAaJNCh €10 MHOTHE BUJI-
Hble ydYeHble. KpymHeiimuili MaTteMaTHUK
XX Beka [laBug Tunb6epr (1862—1943) nu-
caJi 06 97011 3a71aue B cBoell kuure «Harua-
Has TEOMETPUSI» , CO3/IAaHHOI B COABTOPCTBE C
C.9.Kon-®occenom. Eio zanmmasica oauna
n3 ocHoBateJsieil o6muieit TomnoJsoruun [laBes
Camymmosnu Ypoicon (1898-1924). B
1930 romy rumoresa Ilyankape, HakoHeTI,
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ObLiIa JJ0KazaHa. JTo CJesajn COBETCKUEe Ma-
tematuku Jlazapp AponoBuu JliocTepHUK
(1899-1981) u Jles Tenpuxosuy [THUpesb-
man (1905-1938), mpuuem /I8 5TOrO OHU
pazpaboTajn HOBYIO TEOPHIO TOTIOJIOTHYEC-
KUX METO/IOB B BapMAIIMOHHBIX 3amadax. Hy
a ropaszo nosxe, B 1992 rogy, amepukanc-
kue marematuku J[>x.Dpsukc u B.Banrepr
JIOKA3aJi, 4TO Ha CaMoOM Jiejie Ha Jo6oii
TJIa/IKON BBIITYKJION ITOBEPXHOCTHU CYIIECTBY-
eT He TpH, a 6ECKOHEYHO MHOTO 3aMKHYTBIX
reo/Ie3NYEeCKUX.

Cror, cron! Kak 6eckorneyno MHOro? Mbl
JKe 3HaeM, 4To Ha aJjumticousie ux tpu! Her,
TyT 4TO-TO He Tak. OTkpbiBaeM «Harusz-
HyI0 TeoMeTpuio» ['mab6epra n Kou-Docce-
Ha, unraeM: «Tak MOKHO MOKa3aTh, 4TO Ha
TPEXOCHOM 3JLTUTICOUIEC €IUHCTBEHHBIMU
3aMKHYTBIMU T'e0/Ie3MUeCKIMU JUHUSMA (€3
caMoTiepeceveHnii ABASIOTCS Te TPU JLJIHII-
ca, KOTOpPbBIE MOJY4YaloTCSs B IepecedeHnn
3TOW TMOBEPXHOCTU C TPeMs IJIOCKOCTSIMU
CUMMETPUN .

3HaunT, «MOXHO TOKa3aTb». Ho aBTOpBI
He TUNIyT, Kak uMeHHo. He crasm jm onu
s)keprBamMu camoo6Mana, kak II.MDepma, Ko-
TOPOMY «HE XBATHUJIO MECTa» HA TOJIIX KHUTH
JUTS JIOKa3aTeJbCcTBA cBoelt Besmmkoit Teope-
MbI? Benb cormacuo Teopeme Dpankca-ban-
repra, Teo/Ie3ndecKuX GECKOHEYHO MHOTO Ha
2100010 TJAIKOW BBIMYKJIOH TOBEPXHOCTH,
3HAYUT, U HA AJITTUIICOU/IE TOXKE.

Boixoaut, T'nab6ept nu Kou-Doccen orim-
6anuch? U Ilyanxape, He CTaBUBIIMI O[]
COMHEHUE, YTO Ha PAa3HOOCHOM 3JLIUIICOUJIE
ux posHo tpu? U Ypoicon, u JliocrepHuk, u
[IIuupenbman — Bce onu ommbanuch? /lal
Bosee Toro, Bce oHu mpouIm MUMO 3JI€MEH-
TApHOTO TIPUMeEpPa «UYETBEPTO» Treojie3ndec-
Koi1 Ha asnticonsie. [Ipumep atoT nmosiBUIICS
B 1982 ronxy B kHure B.Kumurembepra
«Riemannian geometrys, a ToTOM e1ie MHO-
TOKPATHO TepeoTKpbIBaics. !

YeTrBepTas reoie3nyeckasi Ha JLIUICOU-
ne. [Ipmmep aTOT HACTOBKO HATISIHBIA W
3aMeyvaresibHbIil, YTO €ro MOKHO pa3buparb

! Hanpumep, ero B 2004 rojly HEe3aBUCHMO
npuayman poccutickuii matemaruk C.C.AnmcoB,
KOTOPBIN 1 coo0muu ero aropy. Jluib 3Haun-
TEJIbHO TI033Ke Mbl Y3HAJHU, YTO TaKOIl JKe IpuMep
coziepskutcs B kuure Kimnren6epra.

Ha ypoKax B IiKoJie. Bce Buzesn, kak mepe-
BSI3bIBAIOT KOPOOKM C KOH(ETaMU: MyCKaoT
9acTb JIEHTBl BHU3Y, TI0 IHY KOPOOKH, 3aTeM
BeIyT HaBepX, MO KPBIINIKE, 3aTeM OISTh
CTYCKAIOT BHU3 U 3aTEM OMSATh HaBepX. [loury-
qaeTcs JINHUS U3 4e-
TBIPEX YacTell — /iBe
MPOTUBOMOJOKHBIE
wacru BHU3Y u jaBe | \ 1-
nasepxy (puc. 5). A £ ==
Ternepb HaJ0 cenarb Puc 5 [lepesazoyHas
TO )Ke, HO He Ha Npsi- /1eH1a
MOYTOJIbHOI KOpoOKe, a Ha Kpyroii. Ceituac
MBI TIOCTPOUM 3Ty JINHHUIO HA HJLIUTICOU/IE.
BosbMeM a1mumnconsi, y KOTOporo OfiHa OCh
CIJIBHO MEHbINe ABYX Apyrux. Iloutn mioc-
kiit. O603HAYNM KOHITBI JITHHHBIX MTOJTyOCEei
(B mopsiaxe caenosanusa) A, B, C, D. Coexn-
HuM A n B xparuaiiiieit muane, uaymei mo
MOBEPXHOCTH 3JINIICOnAA. Tak Kak aJJINI-
COUJI TOYTH TIJIOCKUH, 3Ta TMHUS OyeT 6113~
Ka K 0Tpe3Kky AB u y:X TOuHO He OyJeT uaru
[0 9KBATOPY, MOTOMY YTO [IJIMHA IyTU 9KBa-
topa 6oJbiie otpeska AB. Temnepb nmposegem
Takywo ke ayry AD no apyroii (mukueii)
cropone ajumunconja. Vuade rosopsi, mayra
AD mepexonut B 1yry AB mpu moBopoTe Ha
180° orHocuTesmbHo ocu AC. [lanee myctum
Takyto xe ayry DC 1o BepxXHell CTOpOHE 1
3akoHYNM yroit CB ¢ HWXHEH CTOPOHBI.
MbI TIOJIYYUIN 3aMKHYTYTIO JTTHUIO, COCTO-
ANy10 M3 uyerbipex pasHbix ayr (puc.6).
OxaspiBaeTcs, oHa Oy/IeT Te0/Ie3n9eCcKOi.

D
Puc. 6. «HerBeprasa» reoqesm4eckas Ha 3J1/1M1-
conge

Teopema 1. I[locmpoennas samxuymas
aunuss ABCD seasiemcs 2eode3uueckoii na
NOBEPXHOCTNU INAUNCOUDA.

Hoxa3zareabctBo. B kax/10il BHyTpeHHEN
TOuKe Ayru AB JUMHUS ABJSETCS JIOKAJIbHO-
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Kparyvaiiieii. Eciu HeT, IpocTo 3aMeHUM ee
MaJIeHbKHIl KycoueK Ha 6ojiee KOPOTKHI U
moJsryynM 6oJiee KOPOTKUil myTh u3 A B B, 4T0O
HEBO3MO’KHO. Tak e — ¢ TpeMs ApyruMu
ayramu. TakuM o6pasoM, BO BHYTPEHHUX
TOYKaX JIyT Bce Xoportro. [Ipo6rema Bo3HNKA-
eT Ha KoHuax ayr. ITouemy, ckaskeM, B TOUKe
A Hama JWHUS JOKAJbHO KpaTdantmias?
Bosbmem pspom ¢ A nBe Toukn M u N Ha
pasubix ayrax. Ilouemy nyts MN BaoJb
JINHUW SIBJISICTCA KPATYANUIITIM Ha 3JIJTUIICOM-
ne? VI3 mocTpoeHus aToro He cJie/lyer.
[Ipennonoxum, uro ayra AM jumHHee
nyru AN. Torja BosbMeM Ha IPOIOJIKEHUN
ayru AN 3a touky N Touky M’, 1U1s1 KOTOPO
ayra AM’ pasua gyre AM (puc.7,a). cno,

a) w 6) 4,

uro M u M’ nepexojsaT Apyr B Apyra npu
nosopore Ha 180° ornocurenbuo ocu AC.
Eciu nyru AM u AN paBHbI, TO IPOCTO
o6osnaunM M’ = N. Tenepb HPEANOIOKIM
obparHoe: ecTb 6oJiee KOPOTKHIl IIyTb Ha
[IOBEPXHOCTH 3JIJIUIICOU/IA MEXK/y TOYKaMu
M u N. [lo6aBus x stomy nmytu ayry NM’,
nosrydaeM 6oJiee KOPOTKUN MyTh MO TTOBEPX-
HocTh Meskay M u M’. 3HaunT, Kpardaiinmii
myTh Mexay M u M’ He coBmajgaer ¢ ayroi
Hameit auaun MM’. CpenaeM 1moBOPOT Ha
180° ornocuresnbto ocu AC. Touku M u M’
MTOMEHSIIOTCS MecTaMM, a KpaTdalinnii myTb
MEK/Iy HUMU JI0JDKEH 1epeiTul B ce6s — Be/lb
oH efmHCcTBeHHDII! O603HaunM uepe3 P cepe-
JIMHY HTOTO KpaTdaiimero mytu (paccTosHust
MepsoTcss BAouab 1ytu). Ilosopor na 180°
otHOcuTebHO ocu AC OCTaBJISAET 9Ty TOUKY
Ha Mmecre. Ho rtorma ona jexxkur Ha ocu
Bpamennsg — npsamoit AC. A TTOCKOJIbKY OHa
HaXO/INTCS Ha TOBEPXHOCTH AJIUTICOUIA, OHA
coBmajaet mbo ¢ A, mbo ¢ C. lo touxkn C
CJIMILIKOM JajleKo, KpaTyailiuil myTh Ty/ja He
daxoaut. 3Hauut, P=A. Urak, cepeamna
Kparyaiitero nmytu u3 M B M’ HaxojuTcs B
touke A (puc.7,6). 3nauur, Kparuaiimmii
nyTb u3 A B M ujier no nameit muann. Muayve,
[IOCTABUM ero BMecto ayru AM u teM caMbIM
YMEHDIINM JJIUHY 1yTu AB, 4TO HEBO3MOK-
HO. 3HAYUT, U KpaTyaiimuii nyte us3 M B M’
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UAET 110 Halllei JIMHUMW, YTO IIPOTUBOPEYUT
IIPEeIIOJIOKEHNTO. Tenepb BCe /IOKa3aHO.

Hy Bot, a o6elmiasiu coBceM ajieMeHTaPHbIIT
mpuMep... A OH OTpe6OBaJ JTOBOJLHO TOH-
Koro paccyskaenus. [la, Ho aTo — /1 10Ka-
3aTesbCTBA. A IOCTpPOEHHe 3TOro IpuMepa
JelicTBuTe IbHO Ouenb 1pocro. Eciu yuurennb
MJIQJIIINX KJACCOB JacT pebsaTaM 10100HbII
[JIOCKUH 2JIJIUIICOM/L U TOIPOCUT HATSIHYTb
Ha HEro Pe3nHOBOE KOJIEYKO HHaye, 4eM
B/I0JIb OJHOIO U3 TPEX 9KBATOPOB, OHU He-
COMHEHHO CIpaBATCA. 3aleluTb IeTJeil
CBEpXy, ILIpoJeTb BHU3Y, 3aTeM — Jpyroi
netJieil ceepxy. Tem yauBuTebHee, YTO MHO-
rue JecATUJeTHs HUKTO He JOJyMaJics /0
aToro npumepa. M HUKTO, BKJIIOYas KPyIIHel-
murx MateMaTnkoB XX Beka — Ilyankape n
I'mnb6epTa, HE MOMYCTHJI MBICAH, UTO Ha
3JLIATICON/IE MOXKeT OBITh YeTBEPTast Te0/Ie3H-
yeckas. Uyzeca caydaiorcs!

Ha camoM jgesie 3170 — He eIMHCTBEHHBII
[IpUMep <«HeIPaBUIbHOI» Teo/ie3udecKoil Ha
anmmnconse. Ectb eme. B ympaskaeHnn 5 Mbl
IpejJlaraeM BaM UX IIOCTPOUTb. A Hac XKIYT
MHOIOI'paHHUKH!

YnpaxHeHuns

1. IloBepxHocTb TOpbI HUMeeT (OpMy KOHYCa,
PasBePTKOIl KOTOPOTO SABJSETCS TPETh KPyTa pajny-
cal kM. /IBa cesleHmst HAXO/SATCS Y MOTHOMKUS TOPBDI,
C TIPOTUBOIIOJIOKHBIX CTOPOH OCHOBaHUs. YeMy paB-
Ha JUIMHA CaMOTO KOPOTKOTO IIyTH MEX/Ty HHUMH?

2. 13 oiHOTO U3 CesIeHnit 13 TIPEIbIAYIIe 3a/1aun
BBIIIEJT Iy THUK, JKEJAIONNil 0GONUTH rOpY 1 BEPHYThb-
csi B cenenne. KakoBa [JIHA €aMOro KOPOTKOTO
Mapmipyta? Byger sm aTOT MapmipyT 3aMKHYTOI
reoj1e3n4eCcKoii?

3. Ha mnpsmMoM KpyroBoM IMJIMH/JPE €CTb [BE
OYEBH/IHBIE 3AMKHYTBIE Te0/Ie3MIecKre: «1mosic» (OK-
PY/KHOCTD, HapaJijieibHas OCHOBAHHIO) U <«PyuKa»
(IPAMOYTOIBHYK, COAEPIKAIINI ABa MAPAJLIETbHBIX
quamerpa). A MOryT ObiTb Apyrue?

4. Oo6pa3sylomas KoHyca B/[BOe OOJIbIIE PAJITyca
ocHOBaHHA. IlocTpoiite 3aMKHYTYIO Te0Je3M4ecKyIo
Ha ero nosepxHocTu. UeMy paBHa ee [JIHA, €CJU
pasnyc OCHOBaHUS paBeH 17?

5. Pacemorpum asmmncous, y KOTOPOro OjHa
MOJIyOCh MaJIeHbKas, a /iBe ApyTHue paBHbI. IlocTpoii-
Te HAa HEM HECKOJbKO HOBBIX THIIOB 3aMKHYTHIX
reo/[e3MYeCKuX.

YVkazanue. I'eogesmdeckyio n3 TeopeMbl 1 MOXKHO
HA3BaTb <«YETbIPEXYTOJbHOII», MOCKOJbKY OHa CO-
CTOWT M3 YeTbIpeX yacteil. [locTpoiite «IrecTnyrosn-
HYIO», «BOCBMUYTOJIbHYIO» U TOMY TOJO0HbIE Teo/Ie-
3UYECKIeE.

(lpononxenue creqyer)
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3a4a4M
Mo MaTeMaTuke 1N Pusnke

3r0T pasaen BeserTcs y Hac U3 HOMepa B HOMEP ¢ MOMEHTA OCHOBAHMSA XypHana. [Tybnvkyemsie B
HeM 3a[ayn HeCTaHAapTHbl, HO AN UX PELUeHUs He TPebyerca 3HaHuV, BbIXOZALUMX 33 paMKu
LUKO/IbHOW Tiporpammsl. Hanborsee TpyaHbie 3a4a4u OTMeYaroTcs 38e3404Kk0u. [Tocne ghopmynupoBku
3a4a4m Mbl 06bIYHO YKa3bIBAEM, KTO HaM ee MPeasIoxusl. PasyMeercs, He Bce 3Ty 3a4a41 y6ukyrorcs
Briepsble.

PewieHns 3aa4 1o mMaremMarTvike U @usnke 13 3Toro Homepa ceqyeT OTrpPas/siTe 10 1EKTPOH=
HbIM agpecam: math@kvant.ras.ru v phys@kvant.ras.ru cooTBETCTBEHHO WJ/IN 110 MTOYTOBOMY aAPecy:
119296 MockBa, JleHnHckmii npocriekt, 64-A, «KBaHT».

YcnoBusa Kaxgovi opurvHanbHod 3afayuv, npeanaraemMoii As nybnvkauynu, BMmecte ¢ Bawim

PeLLeH1eM 3TOH 3aAa4Yu MPUCLIIANTE 10 TEM XKe aapecam.
3anayn M2630-M2632, M2633a npeanaranuce Ha XLII TypHupe roponos.

ABrop 3aga4y $2633-®2640 - A.Bnacos.
3apaum M2626-M2633, ©2633-d2640

M2626. Ha MeXTaJaKTHIECKYIO OJIMITHALY
ChexXanochb GECKOHEYHOE KOJIMYECTBO ydacT-
HIKOB, KOTOPBIX 3aPETHCTPUPOBAIH TI0]] HO-
mepamu 1, 2, 3, Oxkaszanoch, 4TO TIpU
KoM n = 1, 2, ... y4aCTHUK C HOMEPOM 7
uMeeT He MeHee 72 JIpy3eil cpejin OCTaBIINXCS
yuacTHukoB (pysk6a B3anmHa). Kmeercs
TOCTHHUIIA JUUISI TTPOKMBAHUS YYACTHUKOB C
6ECKOHEYHBIM KOJIWYECTBOM JBYXMECTHBIX
HOMepoB. JloKaxkuTe, 4TO YIACTHUKOB MOJK-
HO paccemTh B JABYXMECTHbIe HOMepa Tak,
9TOOBI B KaXXJOM HOMepe OKaszajach Tapa
Zipy3eii.

B.bpazun, 11. Koxeenuxos

M2627. [lana Geckoneunas apudmernyec-
Kasl mporpeccus. PaccMmarpuBaioTest mpons-
BeICHIST Tap ee WwieHOB. JloKaskuTe, UTO
IIPOM3BE/ICHNUS B KAKUX-TO JBYX PA3JIITIHBIX
mapax oTamvarorcs: He 6oJiee ueM Ha 1.
A.Ky3neuos

M2628%. Nmeercsa N BHelIHE OUHAKOBbBIX
YaleyHbIX BECOB. MI3BECTHO, YTO POBHO OJTHI
13 HUX UCTIOPYEHHBbIE — OHU MOKA3BIBAIOT UTO
YTO/IHO, ¥ NX BEC OTJIUYAETCS OT BEca OCTab-
HbBIX, KOTOPbIE BECST OJMHAKOBO U BCET/a
TTOKA3bIBAIOT BEPHBIN pe3yabTar. 3a OJHO
B3BEIIMBAHNE MOKHO TOJOKUTH HECKOJDKO
BECOB HA KaXKAYIO M3 Yalll KAKUX-TO JAPYTUX
BecoB. IIpu kakom mambosbiieM N 3a Tpu
B3BENIMBAHUS MOXKHO IapaHTHPOBAHHO Haii-
TH UCHOpPYEHHbIE BECHI?

A.Tpubanro, O.Manxuna

M2629%. Ha pucynke 1 B 1ieHTpe 306paykeH
NPOU3BOJIBHBIA (3esenbrit) TpeyroapHuk. Ha
€T0 CTOPOHAX BO BHEITHIOIO CTOPOHY ITOCTPO-
nian Gesible KBazpartbl. HekoTopble u3 mx
BEPIIUH COCJMHUIN OTPE3KaMy, Ha HUX CHO-
Ba IIOCTPOUJIM BO BHEIIHIOO CTOPOHY OeJibie
KBaJpaTbl U T.. B mpoMexyTkax Mexmy
KBajipaTaMu 06pa30BAINCh TPEYTOJIbHUKH 1
YeTbIPeXyTOJbHUKN, KOTOPbIe OKPAcHJu B
passmuHble 1Bera. JJokaxxure, 4To

a) BCe OKpAlICHHbIE YETHIPEXYTOJbHUKHU SIB-
JISIIOTCS TpaleluaMu;

6) TLIOMAAN BCEX MHOTOYTOJTBHUKOB OJHOTO
M TOTO K€ T[BETAa PaBHDI;

B) OTHONIEHUST OCHOBAHUI O/IHOIIBETHBIX TPa-
Tenuii paBHbI;

r) ecsm Sy =1 — MJI0IMALb HCXOHOTO TPEY-
TOJIbHUKA, a S; — ILJIOMIA/Ib I[BETHOTO MHOTO-
yroJibHUKA B i-M cJioe, 108 =1, S, =5, a 11

Puc. 1
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n > 3 BBINOJIHSETCS PaBEHCTBO S, =3, | —
- Sn—2-
D. Hunroe

M2630. HasoBeM mnapy pasjM4YHbIX HaTy-
PAJIbHBIX YUCEJ YJAQ4HOM, ecau X cpefHee
apudmeTnueckoe U cpejHee TeoMeTpuyec-
KOe — HaTypaJibHble 4ucJa. BepHo Jin, 4To
JULS KQOOKJI0M y1auHOl Tapbl HailfeTcs apyrag
yauHast mapa ¢ TeM JKe CPEJHUM apudMeTH-
YEeCKUM?

b. @penxun

M2631. BoimykJiblit yeTbipexyroabuuk ABCD
06J1a/1aeT TaKUM CBOMCTBOM: HU U3 KaKUX
TPeX ero CTOPOH HeJNb3sI CJOKUTD TPEYTOJIb-
HuK. JloKaskure, 4TO a) OJIMH U3 YIJIOB 5TOTO
YeThIpEXyroJbHuKa He Gojpre 60°; 6) oxun
U3 YIJIOB ATOTO YETHIPEXYTOJbHIUKA HE MEHb-
me 120°.

M. Tudun

M2632. Tlers u Bacsa o ouepeju uinyT Ha
Jiocke pobu Buja 1/n, rie n — HatypasbHoe.
Haunnaer Ilera. IleTs 3a X0/ numieT ToJIbKO
ofHy apo6b, a Bacsa 3a mepBbIil X0 — OJHY,
3a BTOPO# X0/ — /IBe, U TaK KaK/bIM CJIE/y-
IOIUM XOJIOM Ha OJIHY JIpoOb GoJibiiie. Bacs
XO0ueT, 4TOOBI MOCJe KAKOTO-TO XO0/la CyMMa
Bcex Jpobeil Ha JocKke Oblja HATYpPAJIbHBIM
yucaom. Cmosxer s Ilers momemarb emy?
A.Apxanues

M2633. 3a kaxabpIM U3 R KPYTJBIX CTOJIOB
CUJIUT 110 7 =2 rHoMoB. Kakablil apyskut
TOJIBKO CO CBOUMHY COCE/ISIMU TIO CTOJTY CJIeBa
u cipaBa. /lo6pbriii BOIIEGHIK X0UYeT pacca-
JIUTh BCEX THOMOB 34 OJWH KPYIJIbII CTOJI
TaK, 4TOObI KasK/ble /IBa COCETHUX THOMA
IpYKUIU Mesky coboii. OH uMeeT BO3MOJK-
HOCTb TIOJIPY3KUTH MEX/y OO0l kn map ruo-
MoB (THOMBI B mape MOryT ObiTb Kak OT
OJIHOTO CTOJIA, TaK U OT Pa3HbIX), HO MOCJe
9TOTO 3JI0l BOJIIEGHUK TOCCOPUT MEXKILY
co60if n map THOMOB W3 3TUX kn map. Boisc-
HUTE, TIPH KaKUX 7 JOOPBIi BOJIIEOHUK
MOJKET JOOUTBCS KeTaeMoro, Kak Obl HU
JIefiCTBOBAJT 37101 BOIIIEOHNK, ecam a) k = 2;
6*) k> 2 — mannoe HATypaJbHOE YHCIIO.
M. Ceamaoscxui

®2633*%. MartematnuecKuii MasiTHUK yC-
TAHOBJIEH HA BPAIAIONIENCS FOPU3OHTAJb-
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Hoit tmardopme
(puc.2). Iloxsec
MasiITHUKA BBITIOJI-
HEH U3 TOHKOTO W
OUYEeHb JIETKOTO
CTEPKHS IJIUHON
[, mramerp mrapu-
Ka HAMHOTO MEHb-
1i1e JIJTMHBI TO/IBe-
Puc. 2 ca, a ero macca
paBua m. Touka 1o1Beca HAXOUTCST HA BEP-
THUKAJbHOI OCH BpallleHus IIaTdhOpMbl 1
BBITIOJTHEHA B BUJIe IUJIMHPUYECKOTO IIap-
unupa. Orpezennre nepuo]; Majbix Koseba-
HUIl MasgTHUKA B ITMPOKOM HHTEpBAJe yIJo-
BBIX CKOpOCTell BpamieHnst miaTgopMbl, a
TaK)Ke BEPXHIOIO IPAHUILy WHTEPBAJIA MAJBIX
YIJIOBBIX CKOPOCTEH.

M2634. Tonkoe yrpyroe KoJIbIO yAep>KUBa-
10T Ha TIOBEPXHOCTU YCEUYEHHOTO KOHYCa TaK,
KaK 2To TOKa3aHo Ha pucyHke 3. B Hemedop-

R
] —
Puc. 3

MHPOBAHHOM COCTOSIHUN BHYTPEHHUN PaiuyC
KOJIbIIA paBeH MajioMy Pajnycy KOHyca.
Kombio ocBoboskpator. Onpenennte BpeMs
COCKaJIb3bIBaHMS KOJIbIIA ¢ KOoHyca. Macca
KOJIbIIA 72, KOA(DMUIIUEHT YIPYTOCTH €/IMHI-
IIbI JIMHBI KOJIBIIA R, YrOJI TIPU BEpIIUHE
KOHyca O, Koa(OUIMEHT TPEHUS MEXTY TT0-
BEPXHOCTSIME KOJIbIla W KOHyca W <tgo.
I'paBuranueii npeHeGpeyb.

®2635. nmHaprudecKuii 6ak COAEPIKUT JKIJI-
koctb u ras (puc.4). B HeKOTOpbI MOMeHT
0  BpeMeHHW KpaH, 3aKpbl-
BaIOINIT CTMBHOE OTBEP-

~~~~~ Xy  crhe B gHE 6aKa, OTKPbHI-
BaeTcsd U CKaThId ras

p «BBIJABANBAET> JKHU/]I-
KocTb 13 Oaxa. Takoil
MPOIECC BO3MOJKEH BO

nx, MHOTHX IDaKTHYECKHX
s CUTYyaIUsIX: OT MPOJLYB-
K1 GaIaCTHBIX €MKOC-
Tell Ha MOABOAHBIX JIOJI-

STy

Puc. 4
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Kax /10 c6poca pe3epBHOTO TOILINBA HA CaMO-
JietaxX. 3a KaKoe BPeMsI [TPOM30ii/IeT 0CBOOOXK-
neHne 6aka oT skuaroctn? Kak mameHHTCS
9TO BpeMs, €C/JU HadaJbHOE JlaBJeHUE Ta3a
yBeJMunTh B 4 paza? CuntaiiTe N3BeCTHBIMA
cjlefyionne BeJIMIUHbL: O = S/s — OTHOIIe-
HHUe Tomageil cedeHnst 6aka M CIMBHOTO
OTBEepPCTUd, P, — Hada/lbHOe JaBJ/leHue rasa,
X, — HadaJbHas BBICOTA Ta30BOTO CTOJOA,
n — BEPTUKAJIbHDII pa3Mep 6aKa B eIUHUIIAX
Xy, P — IJIOTHOCTD XKujakroctu. Pacumpenne
raza cuutaiite M130TePMUYECKUM, a BHEIIHEEe
JlaBjieHye IIpUMUTe PaBHbIM HYJIIO. Baskoc-
TBIO JKH/IKOCTH U IDaBUTaluell IpeHe6peub,
6aK 3aKperieH.

M2636*. Yuyenuk, KOTOPbIN yCIIENIHO TIepe-
nres B 11 kyace, JietoM Ha /1aue pa3BJieKascs
caenyiomum o6pazom. OH 13 60JIbINOM 6OUKN
U JPYTUX MOJAPYYHBIX MATEPUATIOB H3rOTO-
BUJI HeOGbIUHBIN TepMomerp. Cxema aToro
mpocToro mao6pere-
HUS TIPEICTaBIeHA Ha
pucyHke 5. B repme-
TUYHOI OOYKe HaXO-
nutest Boga. Boicora
cTOJIGUKA BOJIbI B TIPO-
3payHoii TpyOKe 3a-
BUCHUT OT TeMIlepaTy- Puc. 5

pot. Otipesienite 4yBCTBUTENBHOCTD TAKOrO
TEPMOMETPA B /INATIA30HE JIETHUX U OCEHHUX
temreparyp 10—40 rpaaycos Lenabcus. BuyT-
peHHuil AraMeTp TpyOKN 3HAUNTENBbHO MEHb-
e BHYTpeHHero amaMerpa 6ouku. Ilpu pe-
MIIEHNN 3a/1a91 BaM He 000NTHCH 6e3 TaOTHIIbI
3aBUCUMOCTH JAaBJIEHIS HACHIIEHHBIX MTAPOB
BOJIbI OT TEMIIEPATYPHI:

t,°C 0 10 |20 |30 |40 |50

p, MM pr.cT.|4,58|9,21{17,54|31,82|55,32(92,5

@2637. Ha pucynke 6 mokazana cxema mpo-
creiilero TeriooOMeHHNKA. B Terionsosu-
pOBaHHOM G6aKe HAXOMUTCSl TEIIOHOCHTEJD
IIpH BBICOKOIT Temmeparype. Uepes 6ak mpoxo-
JWIT JUTMHHAS U TOHKas TpyOKa-3MeeBUK, Clie-
JIaHHAS M3 METAJJIa C BBICOKOH TETIIONPOBO/I-
HOCThIO. OTpefiesnTe KOHEUHYIO TeMIepaTy-
Py HEPBOHAYATBHO XOJIOAHOM sKuaKocTH (Ha-
[IUTKA), MPOTEKIIEN Yepe3 3MeeBHK TEMI006-
MeHHHUKa. B paGouem pexume CKOPOCTH 11PO-
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TEKAHUST 1 Maccy JKH/I-
KOCTH B 3MEEBUKE CUU-
Taiite MaJbIMu. V3Be-
CTHBI CJIeyIolue Be-
smannbr: M, Ty — mac-
ca W HavyaJIbHasd TEM-
neparypa TelJIOHOCHU-
T, M, ty — COOTBET-
CTBEHHO Macca W Ha-
YyasibHasT TeMIIepaTypa
HarpeBaeMoy >KUIKO-
ctu (marmmrka). Term-
JIOEMKOCTH KUIKOCTEN
cuuraiite pasHbiMu, MC 6

MOTEPSIMU  TeTlJIa MOKHO TpeHeGpeub. Kak
MU3MEHUTCS PE3YJIbTAT, €CJAU «IIOMEHSITh MeC-
TaMW» KUJKOCTH — HATPEBAEMYIO JKUIKOCTH
HauTh B GaK, a yepe3 3MEeBUK IPOJIUBATDH
TEILJIOHOCUTEJID ?

:J—W M@

®2638. N3 matepuajia ¢ yJIeJIbHBIM COMPO-
THBJICHUEM P U3TOTOBJIEHA TOHKOCTEHHAS ce-
pa pammycom A (puc.7). Tommmna CTEHOK

Puc. 7

cepor d =PA, B < 1. Heboupime obaacti
110J110coB cepbl (KOHTaKTHbIE 061aCTH ) M3r0-
TOBJIEHBI M3 CBEPXIPOBOJHUKA, UX TPUOJII-
JKEHHO MOJKHO CYUTATh JAUCKAMHU Pajuyca 7.
Omnpeienure  cONPOTUBJIEHHE CHEPBI MEKITY
KOHTAKTHBIMU o0stactsiMu. Kakum craner ato
COIIPOTUBJIEHNE, €CJI BCE TeOMETPHYECKHE
pasmepbl cepbl YBETUYUTb B 7 Pa3?

®2639. Metammmyeckuil cTep:KeHb MOJBE-
II€H TOPU30HTAIBHO Ha ABYX TTapaJIIeIbHbIX
antsax (puc.8). Takasg KOHCTPYKIMS Tpe/-
cTaBJisier cOO0U TPABUTAIMOHHBIN MASTHUK,
KOTOPBIIl ¥MMeeT TpPHU CTelleHu CBOGOJbI U
COOTBETCTBEHHO MOJKET COBEPINATH TPU Pas-
HBIX COOCTBEHHBIX KoJieGanuii. OueBuUIHO,
YTO TEPUO/] MAJbIX KOJeGaHUNl OPTOrOHATb-
Hoit Mozl (cTepsKeHb IIPH TaKOM KoJieGaHuu
CMEIIAETCS TI0IIEPEK OCU CUMMETPUI) OIIPE/IE-

astercst popmyaioit T = 2m4/l/ g . Kak usmenur-
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Cs1 [IepUO/1 3TO¥ MOJIbI,
ecJIi MasTHUK [TOMe-
CTUTb B BEPTUKAJIb-
HOE MarHUTHOE 110JI€,
HUTHU C/IeJIaThb IIPOBO-
JALIUMUE U K TOYKaM
KpemJeHusT HUTeH

m HOJKJ/IIOYUTb KaTyll-
pac. 8 Ky WHIYKTHBHOCTH?
[lnvnHa cTep:kd U HUTeW OJMHAKOBA U PaBHA
[, Macca crepsKHS M, UHAYKIIUS MAarHUTHOTO
1ot B, uuyKtuBHOCTD Katymku L. Corpo-
TUBJICHUS CTEPIKHS, HUTEN U IIPOBO/IA KATYIII-
KU MaJibl.

®2640. Ha smcre Oymaru HauepueH Kpyr
pasuycom r. CBepxy Ha JIMCT KJIAJIYT CTEK-
JISHHYIO TI0J1ycbepy, cOBMelias ee IHEeHTP C
I[CHTPOM HapUCOBAHHOTO Ha Oymare Kpyra
(puc.9). Hosycdepa sBasieTcs TOJICTOl JIMH-

Puc. 9

3oii. IIpu paccmarpuBanuu cBepxy mso6pa-
JKEHIEe KPyra B ATOI JIMH3€e KaXKeTCsl YBeJIN-
yerubiM. Onpesesnnre KoappuilueHT yBeam-
yeHns u3o6paskeHuss kpyra. Ilokasaresnnb
npeJioMJieHnst crekaa n = 3/2. Paguyc Hapu-
COBAHHOTO KpyTa 3HAYNTEJBHO MEHbBIIE pa-
Jmyca moJsrycgepsl.

PeweHuns 3apay M2614-M2616,
®2621-d2624

M2614. B mabauye nxn paspeuiaemcs ne-
PECABAsMY MECMAM CMPOKU, d MAKKe
nepecmasisimy Mecmamu cmoabuyvl. B nexo-
mopvix k Kaemxax madauypl paccmasasiom
3gezdouxu. Ilpu xkaxom nauborvwenm k ece-
20a MOKHO 006umvcsi mozo, umobOwvl &ce
36€300UKU CMALU HAXOOUMDBCS NO OOHY CNO-
pony om zaaenoi Ouazonaiu (npu smom na
CAMOUL 2A6MHOU OUAZOHANU 36e300UCK MOXKE
He 00JIKHO Ovimb)?

OtBert: n —1.

2020/Nel1-12

Eciu nanavasbHO 7 3Be3/104€K PacCTaBJICHbI
TaK, 4TO B KaX/OH CTPOKE HAXO[UTCA II0
OJTHOH 3Be3/104Ke, TO 3TO YCJIOBHE COXPAHUTCS
B TIpoIlecce BBITTOJTHEeHN onepanuii. Eci 661
IIPW ATOM BCE 3BE3I0YKH OKA3AJINCH 10 OJHY
CTOPOHY OT TJIABHOI TMATOHAJN, TO 00pa3oBa-
Jlach OBl TycTast CTPOKA — MPOTHBOPEYHE.
[Tokaskem Terepb MHIAYKINEH 110 72, YTO €CJN
B TabJIHIIEe 72 X N paccTaByieHo n — 1 3Be3/104eK,
TO YKA3aHHBIMU OTIE€PAIUSIMU MOXKHO JOOUTH-
cs1 TOro, 4yTOOBI OHM OKA3aJMCh HAJ TJIABHOI
JINArOHAJIbIO, BBIXO/IAIIEH U3 JIEBOTO HUXKHE-
ro yrya. IlepecraBum cTpoku Tak, 4yTOObBI
KOJIIYECTBA 3Be3/I04€K B CTPOKAX He yObIBa-
JIM CHU3Y BBepX (B YaCTHOCTH, HUIKHSIS CTPO-
ka — mycrast). [ToodepesHo paccMaTpuBaeM
CTpOKM, HaunHas cHusy. llepen paccmorpe-
HUEM k-1 CHU3Y CTPOKH cuuWTaeM, 4to Rk —1
nepBbIX (HIDKHNX) CTPOK W 7y, CAMBIX
JIEBBIX CTOJIOIOB yiKe 3adUKCHPOBAHDI
(my =0), npu srom Bce 3Be3aoukn k—1
HIDKHUX CTPOK HAXOJSATCS B 9TUX CTOJNOLAX U
B KQXKJIOM M3 3TUX CTOJIOIIOB €CThb XOTSA Obl
OJlHA 3BE3/I04Ka, KOTOpasg KpoMe TOro HaXo-
JINTCST B OJTHOI U3 1epBbiX R —1 ctpok. Pac-
cMarpuBas R-10 CTPOKY, IMOCMOTPUM Ha BCe
3BE3/I0YKM B Heil, KOTOpbIe PaCIOJOXKEHbI
mpasee M,_4-TO CTOJIONA, U CIBUHEM COOTBET-
CTBYIOTIIE CTOJIOIBI BIEBO BCJIE[ 3 My_q-M,
TaK 9TOOBI OHM 3aHSJIN MecTa ¢ my,_q + 1 10 m,.
CnenaB takoi mpoxo/ ot 1-if 0 n-if CTPOK™H,
MOJIYYNM HY’KHYIO TIEPeCTaHOBKY CTOJIOIOB.
[leiicTBuTEe/IBHO, ecin ObI KaKasi-TO 3Be3/104-
Ka B HEKOTOPO#l k-fl CTPOKe OKasajach IO
JIPYTYIO CTOPOHY OT TJIABHOM MaroHasu, aTo
03HavaJsIo Obl, 4TO My, = R, CJle/0BATEJIbHO, B
nepBbIX R CTpOKAaxX He MeHee k 3Be3/I0UeEK.
Tak Kak B KaXJI0I U3 CTPOK BbIIIE R-if €CTh
XOTs1 GBI O/IHA 3BE3/I0YKA, TO BCETO B TAGJIHIIE
He MeHee 7 3Be3/l0YeK — IIPOTHBOpeYue.

I1. Kosxeenuxos

M2615. Pemenue 310 3a/1a4U CM. B CTaThe
Yan Kyanr Xionra «O6 opTOIEHTPUYECKUX
YyeTBepKaX, CBSI3aHHBIX C TPEYTOJbHUKOM> .

M2616. Joxaxume, umo ecau p = 5> — npo-
cmoe uuc0, Mo YUCI0
(=11

A Y
(=0 (=D,
1 2 p—1
oeaumcs na p3.
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Crpyunupyem B cymme k-e u (p — k)-e cuara-
emble:

({52

( _1)! i P P
ﬁ (k +(p-k) )

Toma, PpacKJjia/ibiBad 110 6I/IHOMy, nmeem
R +(p—k)Y =k’ =k’ +p-R"p+

-1
GO o

2
MEHAET CYMMY CJlara€MbIX, 3aBE€OMO [€Jisd-

., I/Ie TpoeTouyue 3a-

[IIXCS HA p3 . CaetoBaresibHo, kP + ( p- k)p =

=p° kP! (mod p3). Takum o6pasoMm, A

pelieHus 3a/1a4u JIOCTATOYHO JIOKA3aTh JIe/TH-

P
(p_1)! ‘kp—1

k(p—k) ’
p-1

B3gTOl 0 R =1, 2, v

MOCTb Ha p CyYMMbI 91CEJI

[anee 3aaqy MOKHO elle YIPOCTUTD, HC-
nonbayst cpasuenns k’'=1(modp) u

a’=a(modp) nns a= KOTOpbIE

—7
k(p-k)
BeprI B CI/UIy MaJIon TeOpeMBI qDepMa.
HaKOHeH, JOKaXeM, 4TO CyMMa

2 (p-1)!
kzﬂk(p_k)

neaurcsa ua p. llpeo6pasys ciaraemoe
(-0t 1=t (p-1)
k(p=k) Pk p-k
3a/lavy K U3BECTHOMY (baKTy O A€JIMMOCTH Ha
—1)! —1)! —1)!
(-t (- (p-1
1 2 p-1
T.€. CYMMbI HpOI/ISBeﬂeHI/Iﬁ quceJs n3 MHOKe-

, CBOJIIM

p* cymmbl

)

crBa{l, 2,, p — 1}, B3aTHIX B KOSIMUECTBE P — 2.
JlokazaTesbcTBO TOCaeHETO (PaKTa MOXKHO
Haiitn B cTtaTbe «CuMMeTpuuecKue MHOTO-
YJIeHbI 1 eTUMOCTDb Ha P°» B « KBanTes No5—
6 3a 2015 rog. 3amava pernena.

CXO0XXUMU MeTOJlaMU MOJKHO JI0Ka3aTh CJie-
[yioliiee yTBepsK/eHue, 0600Imaiolee Halry
3aj1a4y.

Iycts p 25 — mpocroe uncio, ke {1, 2, ...
.oy p—2}. M3 muoxecrsa {1,2,...,p—1}
BO3bMEM BCE R-3JIeMEHTHBIE I0JMHOKECTBA,
B KayK/IOM MOJIMHOKECTBE TIEPEMHOKUM YHC-
Jla, Kaskaoe TPOM3BEICHNE BO3BEAEM B CTe-
TIeHb ), a MOTyYeHHbIE PE3YIbTATHI TPOCYM-
mupyeM. Torga morydeHHass CyMMa JeJUTCS
Ha pz, a TIpM HEYeTHOM R > 3 — maske Ha p3.

U. Batinwmeiin

®2621. Ympom 21 napma ¢ Mockee diuna
menu e0uKy 8blcomotl 8 1 memp 6 Hexomo-
Pl MOMEHM 8peMeHU 6 MPU pa3d O0buLe ee
BbICOMBL, U IMO OMHOUEHUE YMEHDULACTCS.
CKoMvKO epeMmenu npowno ¢ MOMeHmd 60C-
xoda Connya? Kaxosa ckopocmv uzmenenus
OunbL menu?

leorpacduueckas mmpora Mocksbl @ = 56°.
[lara 21 MapTa — 310 /IeHb BECEHHETO PABHO-
JICHCTBUSI, KOT/A AJTUTETbHOCTD TPeObIBAHNUS
CoJHITa HAJT TOPU30HTOM PaBHA JJIUTENbHO-
CTH TIpeOBbIBaHMS MO/ TOPU3OHTOM. M3 Teo-

Bocmox

MeTpHu cucteMbl (CM. PUCYHOK) ONpejensieM
YTOJT BOCXOJK/I€HISI COJTHITA Ha/l TOPH3OHTOM:
sin & = sin oL cos @

1 COOTHOIIEHNE BbICOTHI €JIOUYKH M €€ TCHU:

. 2
1- o

h_ (5= '(sm cos ) .

[ sin oL cos @

Ortciofia, B COOTBETCTBUH C JAHHBIMU 33/1a4H,
HoJIyqaeM

. 2
3=,[1—(51noc005(p) sino = 1

sin oLcos @ MCoscp'

ByaeM cunrarh, 4TO ABUYKEHKE COJIHIA IIPO-
UCXOMT C MOCTOSIHHOI YTJIOBOI CKOPOCTHIO
o =m/12. Torxa

o= WAt = £At = arcsin
12

1
V10 cos ¢
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12 . 1
At = —arcsin ——— =
s V10 cos @
= 2arcsin— =
T V10 cos 56°

=~ 2,296 u = 2 4y 18 MuH.

Bot cTo/IbKO BpeMEHU MPOIII0 ¢ MOMEHTA
Bocxojta CoJHiLa.

CkopocTh M3MeHeHUsl JIJIMHbI TEHW OIIpejie-
JIsieM ¢ TIOMOIIBIO TTPOU3BO/IHO:

dl hw cos o
—_— v = =
dt COSQ g2 (x\/1 — (sin otcos (p)2

= —%h%\/mcosz ¢—1=-2,1cm/mun.

A.Buaacos

M2622. Bodumenwv 1ezx06020 Ad6mMoMOOUNS
maccoti M = 1000 xz 6 danvnel noe3oke no
npamou (us Mockev ¢ Benzopod) eosne
KU10Mempoeozo cmoaba c ommemxoi 100 km
YCMAHOBULL HA CUEUUKE NYMU 3HAUEHUe
000,0 xnm. IIpoesixas mumo cmoaba ¢ om-
memxou 200 xkm, on yeudes, 4mo cuemuux
nymu noxazazn 101,0 km. Booume.iv ocmano-
UL MAWURY, NOOKAUAL 6Ce KOJeCd Om
p=1,1 amm do noaoxennvix p,=2 ammu
npodoaxua nymo. Bozne cmonba c ommem-
koti 300 xm cuemuux nymu nNOKA3AL
201,0 xm. Booumenv yoos1emeopeHto X MolK-
HYJ U noexa ddavuie, He OCMAHABIUBASICD.
Kaxoe Oduamemp wroaec ezo agmomobuns,
ecau wupuna nokpviwex d=17,5 cm? Ha-
ZpyKenvL 6ce Koeca 00UHAKOBO.

CueTunk IIyTH, KOHEYHO K€, BbIYNCJISAECT ITYTh,
YMHOKAsi 9ucjI0 000POTOB Baja, COEJNHEH-
HOTO HIECTEPEHKAMH C BELYIIHMH KOJIECAMH,
Ha orpeieIeHHbIN KoaddumenT, mojo0pan-
HBII Tak, 4TOOBI TPU HOPMaIbHOM (ITPaBUIb-
HOM) JaBJeHUU BO3/lyXa B KoOJlecaX aBTOMO-
ouisa IOJy4aJioOCh 1 TIpaBUJIbHOE 3Ha4Y€HUE
poiijieHHoOro paccrosinusi. Ecim paccrositie
OT och KoJieca 10 joporu paBuHo H, TO
YIJIOBasi CKOPOCTb BpAIEHUs] KoJieca Ipu
CKOPOCTH [IBMIKEHUSI aBTOMOOUJISI © PaBHA
o/H. YMHOXUB yTrJIOBYIO CKOPOCTH Bpalile-
HUST KOJTeca Ha BPEMsI JABIIKEHUS, MOTydaeM
CBSI3b MEXK/Y 4YHCJIOM 060pOTOB Kosiec N u
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JUIMHOI 1poiiieHHoro mytu L:

2nN = £
H

[Iatno xoHtakTa KoJeca ¢ JOpPOroit omnpeje-
JITeTCSI He TOJIbKO Maccoil aBToMo6miast M u
[MIUPUHOW TIOKPBIIEK d, HO U [AaBJIEHHEM
BO3/lyXa p B KoJlecaxX U »KeCTKOCTbIO MaTepy-
aja 1okpbiulek. Bygem cuurarb, 4TO 9Ta
JKECTKOCTD MaJia, TOT/Ia TPOJI0JIbHBIN pa3Mep
MATHA KOHTAKTa X Haili/leM U3 PaBEHCTBA

Mg =4pdx, nim x = w

4dpd

PaccrostHue ot ocu KoJeca 10 TTIOBEPXHOCTH
JIOPOTH CBSA3AHO C €ro AnamMeTpoM D u pasme-
POM IITHA KOHTAKTa X cOoTHOIeHneM (reo-
MeTpus)

OTCIOLIB. CJIEAYET CBA3b MEJK/y TEM PACCTOA-
HHEM, KOTOpoe aBTOMOOWIb IpoexaJi, n 4nuc-
JIOM 060p0TOB KoJIec:

L L

N: = =
2nH £V

L

Mg ’
4pdD

nD, [1—

ITocko/bKy nocJ/ie u3MEHEHNS AaBJICHIA BO3-
ayxa B kojaecax oT lLlarm=11p, o
2 aTM = 2p, CYCTYHK CTaJ IOKA3bIBATh IPa-
BUJIbHOE PACCTOSHUE, TO TI0JydYaeM

N, ~ 101, N, ~ 100,

=1,01> = 1,02.
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[anee mocse npeo6pa3oBanuii HAXOAUM

Wrak, gumamerp KoOJieC paBeH IIPUMEPHO
0,78 m.

A.Kosnesuu

®2623. B 6ode 21y60%020 03epa na 2iydune
h=10 m na monxoi numke yoepxueaemcs
6030YWHBIL UWAPUK C MOHKOU HEPACSAKU-
MOT naacmuxosotl 060.10uxol. Paduyc wa-
puxka R =10 cm. Humxa peemcs. Ouenume:
a) nauanvroe yckopenue wapuxda; 6) cko-
pocmu, KOmopyio on npuodpemem, npub.iu-
KASICH K NOBEPXHOCIU 6000.

PaBHoBecue mapuka, MpUBSI3aHHOTO HUTKOW
K JIHy cocya, 00yCJOBJIEHO /IeHiCTBUEM CHJT
HATSDKEHUS HUTH U APXWMEIOBOU CHUJIBI, a
CUJION TsKecTH 060JOYKU U BO3/yXa, HAXO-
JAIIerocs BHYTPH IIapHKa, MOKHO, ecTe-
CTBEHHO, NpeHebpeub. BeawmunHa cuabl Ap-

xuMmesa paBHa pVg= Mg, rae p — ILIOT-

HOCTB, V = (4/3)751‘%3 — o6beM 1 M — macca
BO/IbI, BHITECHEHHOI IAPUKOM, § — YCKOpe-
Hue ¢cB0OOIHOrO najiennst. Kak TogbpKo Hauu-
HaeTcs Apuxkenue mapuka (cpasy 1mocJie pas-
pblBa HUTH), TPUXOAUT B JBMKEHHE BOJA,
HaXO/ISAIIASICS PSJIOM € MapukoM. 1 ymeHb-
IeHne MOTEHIIMAIbHON SHEPIUH CUCTEMbI
«BOJIa + IApUK» B TI0JIE TSIKECTH TTPUBOIUT
K POCTY KUHETHYECKOW dHEPTUH YacTel 3Ton
CUCTEMBI — a MMEHHO BOJIbI. JTY 3HEPTUIO
npuoGpeTaeT Tak Ha3blBaeMas IIPUCOeIUHEH-
Hasi Macca BOJIbI, KOTOpas B CJIydYae Iiapa,
Haxojduerocss B 60abmoM (B CpaBHEHUU C
pasMepaMu 1apa) o0beMe 0JJHOPOAHOIL cpe-
nbl, pasaa pV /2 = M/2.

(Kcratu, s JIpyrux (hopM TeJsl IpUcoe/in-
HeHHas Macca ObiBaeT ¥ 6OJIbIlle YKa3aHHON
BEJIMYMHBI, ¥ MeHbIlle 3TOi BeamunHbl. OHa
TaKyKe MOJKET 3aBUCETh OT HAlPaBJIEHUsI, B
KOTOPOM HauWHaeTcs JBWXeHue teja. Ha-
MpuMep, /ISt TIOCKOTO JINCKA € PAJycoM R
U ¢ TPaKTWYECKH HYJIEBBIM OOBEMOM TpU

«KBAHTA »

JIBIDKEHUW B HAIPABJIEHUM OCU CHUMMETPUN
JMCKA IIPUCOEMHEHHAss Macca IIPOIIOPIIUO-
HaTbHa PR?, a B HAIpaBICHIN, TICPIICH/IKY-
JISPHOM OCH CHMMETPHH, 3Ta Macca MpaKTH-
YeCKH paBHa HYJIIO.)
[Tocre o6pbIBa HUTH CKOPOCTDH JIBWKEHUS
HapacTaeT, HO CHadaJa oHa Maja. [loatomy
BHavaJse MOKHO TpeHe6peydb CUIaMI TPEHUS
U CYMTATh, YTO MEXAHUYECKAs SHEPIHs CO-
xpansiercsa. OTco/la caeayer
2 2
(M/2)o” _ MgAh = Mg 2.
2 2a
Torpa A1 HAYATBHOTO YCKOPEHUS BO3LYIII-
HOTO TapuKa MmoJaydaeM
a=2g.
[Tpu oTBeTE HA BTOPOIi BOIIPOC HYYKHO YUECTD,
YTO CKOPOCTHb JABIKEHWS YyKe [IOCTATOYHO
BeJUKA W CHJIAMH TpEHHs IpeHe6peraTb

HeJsb3d. ByzsieM TroBopuTh 0 BA3KOM TPEHUH.
NsBectHO, uTO BoJa MMeeT K03(DUIMEHT
Bsiskoctu N = 1072 kr/(M - ¢), 1 B 3aBUCHMOC-
TH OT CKOPOCTH /IBIDKEHMS IIApHKa B BOJIE
MeXaHN3M JIeHICTBHA CUJIBI TPEHUS TAKOB, YTO
IIPY MaJIbIX CKOPOCTSIX CHJIa TPEHUS IIPOHOP-
IIIIOHAJIbHA CKOPOCTH JIBIDKEHHS, & €CJIN CKO-
pocTb 60JIbIIIE HEKOTOPOT BEJIMYMHDI, TO CHJIa
TPEHUST TPOTOPITOHATIbHA KBAJPaTy CKOPO-
cru aBmxenus. [lepexom ot 0HOro MexaHu3-
Ma TPEHUS K J[PYTOMYy XapaKTepU3yeTcsl Tak

. pod
Ha3bIBa€MbIM YU CJIOM PeI/IHOJIb[[C'd Re =),

n
rjie p — TUIOTHOCTh BOJBI, U — CKOPOCTB

JIBIDKEHUsT Mapuka u d — ero guamerp. B
HarnreM cayyae Re 60Jibliie HECKOJbKIX COTEH
(>10%).

CHavajia BBIYHCJIUM CKOPOCTH JBUXKEHUS
TUIIOTETHYECKOTO MIapuKa Ge3 yUeTa CII Tpe-
Hus. Yckopenme paBHO a = 20 M/ 2 TIpOTi-
JIEHHBIN TTyTh paBeH =10 M, M0aTOMy CKO-
pocTh paBHa o =~2ha =20 m/c. Ywucao

Peiinonbica aas mapuka ¢ pajgnycom
R=0,1 M, aBuxymierocs B BOJIe C TaKoOi
CKOPOCTBIO, TIO TOPSI/IKY BEJUYUHBI PAaBHO
10%. D10 BO MHOrO pas mpesbimaer 107,
MIO3TOMY PEAJN3YeTCsI BTOPOi MEXAHU3M Tpe-
HUSI, T.€. [IPHU MO/IbEME IapUKa CKOPOCTh €r0
JIBUKEHUST YCIIEeT YCTAHOBHUTLCS U CyMMa
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BCEX CHJI, JEHUCTBYIOIIMX Ha Hero, Oyaer
paBHa Hys0. OTcio/1a MoyyaeM

%nRSpg = kpv’nR?.

Koaddurment k 3asucut ot Hhopmbl ABMKY-
merocs Tena, A mapa on pasen 0,2. Coe-
JIOBATEJbHO, CKOPOCTD TTO/beMa HAIIero Ma-
puka OyzieT paBHa

v= f@ = 2,6 M/c.
3k

A uncrno PeftHonbaca 6yaer pasao 2,6 - 10,
T.e. ocTaHercst MHOTO GoJibe 10°.

Ecmu cumraTh, 9TO B TMpolecce pa3roHa y
mapuka ObLIO YCKOPEHWE CpeaHee MEXIY
HAaYaJbHBIM U HYyJEM, TO YCTaHOBJEHHUE Xa-
paKTepa JBUKEHUS IMIapUKa MPOU30U/IET Ha
MyTH, PABHOM

2

I=—2% _~0,3w,

2(af2)
Y10 MHOrO Menbie =10 M.
C.IIapuxoe

M2624. Cymounwiti «x00» memnepamypovl
6030yxa nemom na evicome 2 m (cmandap-
muas 6vicOma 0151 MEMeOPOLO2UUCCKUX U3-
mepenuit) cocmasasem ¢ Caxape 30°. Max-
cumanvnas memnepamypa +40 °C. Ilozoda
yemotuuueast, neb6o 6ezobaaunoe. Ouenume
MOAUWURY CA0L 6030YXd HA NOGEPXHOCTIU
NYCMbIHU, BOBJLEKACMO20 6 KOHBEKUUID 6
meuenue cymox. CoaHeunas NOCMOSsHHAS
pasna 1370 Bm/ x>,

OT cpenneit abCOJIOTHON TeMIEPATYPBI
283+ 313

2
HOYDBIO OTKJIOHSIETCS B TY MU JIPYTYIO CTOPO-
Hy Bcero Ha 15°. B OTHOCHTETbHBIX BEJIUYH-
Hax ato Bcero 1/20, T.e. mpuMepHO SY%.
Ternoo6MeH Bo3jyXa ¢ HOBEPXHOCTHIO T10Y-
BbI M C KOCMOCOM OCYIIIECTBJISICTCS PA3HBIMU
MeXaHu3MaMu Ternonepenayn. IIporpesaert-
cs BO3/lyX OT TMOYBBI 32 CYET KOHBEKINH, a
OCTBIBAeT 3a CUeT W3JIYIEeHHUS, KOTOpoe M
YXOANT B KOCMOC W TIaJaeT Ha TOuBy. llpm

K =300 K Temmeparypa aHeM u
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HOPMAaJIbHOM /IaBJIEHUU T1OPSI/IKA 10° Ila HaJT
KaX/IbIM KBAJIPATHBIM METPOM ITOBEPXHOCTU
HaXOJUTCS BO3/yX Maccoi 10% kr.

[Tpumem i paccMOTPEHUST TaKy10 MO/IEJb,
B KOTOPO¥ TMOTJIONIEHNE TEIJIa BO3AYXOM U
OCTBIBaHWE BO3/IyXa MPOUCXOJSAT 10 OYepe-
au. 3a JHEBHOE BpeMs, T.e. IMPUMEPHO 3a
8 dJacoB, pu cpeHell MONTHOCTH TTalatone-
ro usayuenns 10° Br u ambeno 40% ma
nosepxuaoctu (mecok B Caxape) IOTJIONIIAET-
csl IIPUMEPHO

0=0,6-8-3600 c-10° Br =17,3 M /[

TEIJIOBOH SHEPIUM Ha KBaJPaTHbIA MeTp
nosepxnoctu. Haiigem maccy Bosmyxa m,
KOTOPasl B IPOLECCE C MOCTOSHHBIM JaBJIe-
HueM Harpeercs Ha 30 TpagycoB, IIOJIYYUB
TaKoe KOJMYECTBO TEIIOThI. Bo3ayx Haj
Caxapoii (co6cTBEHHO, KaK 1 Be3/e) COCTO-
UT B OCHOBHOM M3 a30Ta M KHCJIOPOJa
(IByXaTOMHBIX MOJIEKYJI) CO CpeaHeii Mo-
asgpuoii Maccoit M = 0,029 kr/moun. Terro-
eMKOCTDb OJIHOTO MOJIS BO3/lyXa B IpoIlecce
C IOCTOAHHBIM JaBJeHUEM paBHa
C, =7/2R =29 Jlx/(momb - K). Torna

Cp %AT =Q,um= QMT =~ 580 Kr.
p

Koneuno, Ha caMoM jiesie BO3/yX B IIporiecce
HarpeBa IEePeMeNTNBACTCS 3a CUeT KOHBEK-
o, n CpeZ[HI/Iﬁ CyTO‘IHbeI XO0[4 TEMIIEPATypPhbl
BO3JyXa ¢ BbIcOTOHl yMmenbuiaercd. Onnako
JUUIST OTIEHKH TI0 IOPSIIKY BEJTMIIHBI 3TO MO3K-
HO He yuuThiBaThb. Ecsm 6bI atMocdepa co-
CTOAJIa U3 BO3/1yXa IIOCTOSTHHOM IIJIOTHOCTH,
TO ee BbICOTA PABHAJIACH Obl IPUMEPHO 8 KM.
B urore orienka TOJIIMHBI CJI0S BO3/yXa 2, B
KOTOPOM CYTOUYHBIN TEeMIEPaTYPHBIH X0/
nmeet nopsagok 30 TpaxycoB, TaKoOBa:

580 xr

4
Y KT

h =8 kM =~ 460 M.

C. ITycmoimnnoiii
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06
OPTOLIEHTPUYECKMX
YeTBepKaX, CBA3aHHbIX
C TPEYIrONIbHMKOM

YAH KYAHI XtIOHIr

B sroil cTaTbe pacckas3biBaeTCs 0 HEKOTO-
pom obo6mennn 3agaun M2553. B niporiecce
PacCysK/JIeHHil Mbl TaKXKe MOJyYUM pelleHue
3azaun M2615.

PaccMoTpuM 11pousBOJIbHBIN TPEYTOJbHUK
ABC. Ilyctb BMcanHas B HETO OKPYXKHOCTb
nmeet 1eHTp I 1 Kacaercs ctopor BC, CA n
AB B Toukax A, By n C; COOTBETCTBEHHO.

B szagaue M2553 uepes K u L Oblin
0603HAYEHBI IIEHTPBI OKPY>KHOCTEN, BIINCAH-
HbIX B uerblpexyronbunku ABIC, u BAIC,
COOTBETCTBEHHO, a 4vepe3 H — ocHOBaHmWe
BBICOTHI, omyTeHHo# n3 Toukn C. Toukn P n
Q ompenessaanch Kak TOYKa IepecedeHust
6uccextpucel yraa AHC c¢ AC; m Touka
nepecevenus 6uccexrpucel yriaa BHC ¢ B,C,
COOTBETCTBEHHO. Y TBEPKIEHUE 3a/laull CO-
cTosiJio B ToM, uto uerBepka K, L, P, Q —
OPTOIIEHTPHYECKAS.

Pemenne 3agaun M2553 6bLI0 NIPpUBEIEHO
B ctatbe A.3aciaBckoro «O6 o1HOI OpTO-
IIEHTPUYECKOiT ueTBepke» B « KBanTe» Ne7 3a
2019 rox. Tam ke TOKa3bIBAJINCH HEKOTOPBIE
JIpyTHe CBOWCTBA 3TON KOHCTPYKINHU. B uac-
THOCTH, OBLJIO TOKa3aHo, 4TO mpsiMmas PQ
npoxoaut 4yepes C, Touka D mnepeceyeHust
KO u PL nexwut na AB, npu atom CD —
o61ast KacaresbHas K OKPYXKHOCTSIM, BIIH-
CaHHBIM B 4eTblpexyroiabHukun ABIC; n
BA{IC,. ABTOp 06HApY>KUJI 0606IIEHUST ITUX
(hbakToB, KOTOPBIE MOXKHO C(POPMYJIUPOBATD B
BH/IE TEOPEMDI.

Teopema. [Tycmov D — npouseosvras mou-
ka na cmopone AB mpeyeorvnuxa ABC, a K
u L — uenmpol oxpysxnocmetl, 6NUCAHHBIX 6
mpeyzorvruxu ACD u BCD coomeemcmeen-
no (puc.1). IHycmv P=LDNAC,

DOI: https://doi.org/10.4213/kvant20201103
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Puc. 1

O = KDN BC,. Tozoa npsmas PQ npoxo-
dum uepes C, a uemesepxa mouex K, L, P,
Q — opmouenmpuuecxas.

[Tockouabky npsimpie DKQ u DLP — Guc-
CEKTPHUCHI CMEXXHBIX YIJIOB, OHM TIEPIEHIM-
KYJIAPHBI, T.€. OJ{HA U3 HY>KHbBIX HepereH/im-
KyJisspHocteii ycranosaena: QK 1L PL. Huxe
Mbl fokaxkeMm, uyto CP 1 KL. Ilockosabky,
a"ajornyno, CQ L KL, aTo 3aBepuInT JJOKa-
3aTeJbCTBO TEOPEMBI, TaK KaK OTCIo/a OyaeT
cJenoBath u TO, uTo Touku C, P, Q jexar Ha
OJTHOH TIPSIMOI, 1 eTife O/THA TTePIeHNKY JISTP-
noctb PQ L KL.

Bsenem rouky M nepeceuenus CK ¢ B|C,.
B xavecTBe BCIIOMOTATEIBHOTO YTBEPIKACHUS
GyzieT BbICTymaTh 3amaua M2615.

M2615. B mpeyzonvruxe ABC enucannasi
oxpyknocms kacaemcs cmopon CA u AB e
mouxax By u C; coomeemcmeenno (puc.2).
Ha cmopone AB evibpana npou3goivhas

C
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mouxa D. Touxa L — uenmp enucamuotl
oxpyxkHocmu mpeyzoaviuka BCD. Iycmo
buccexmpuca yeaa ACD nepecexaem nps-
myio BCy 6 mouxe M. [oxaxume, umo
ZCML =90°,

Paccmorpum pucynox 3, Ha KOTOPOM Bce
0603HAUYEHNST COTJIACOBAHBI C HAINMM TIpe-
JIBIYIIAME 0003HAUYEHUSAMU, TTOCKOJIbKY CK —

Puc. 3

6uccexrpuca yria ACD. YTBep:KaeHue 3a/1a-
gy M2615 MOKHO Terepb nepedopMyIupo-
Bath cJeayomumM o6pasom: Touka M JIeKUT
Ha OKPY>KHOCTH  , TOCTpoeHHoil Ha KL kak
Ha JInaMeTpe.

Acno, yro D nexur Ha 0. Kpome Toro, 1o
usBectHol 3aave Ilapeirnna (cM., Hanpu-
mep, http://zadachi.mccme.ru/2012/
task10602) na o sesxkut u C; (orMeTn™, 41O
3TO YTBEP:K/ICHUE TaKkKe CJIeAyeT M3 3aJaun
M2007 B ciryuae BBIPOK/CHHOTO OIIUCAHHOTO
YETHIPEXYTOJNbHIKA).

Touka M nesxxut na oxpyxuoctu (KCD),
T.€. HA OKPYJKHOCTU @, TIOCKOJIbKY

ZBAC

ZAKD = 90° + = Z/B,C,B.

Tem campiM, ZKLM = 90° kak yroJi, onupa-
omuiics Ha auamerp. 3agada M2615 pere-
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Ha.

3aMeTuM, 4YTO B BBIPOXK/JEHHOM CcJydae,
korpa D = L = B, 3ajaya M2615 npesparia-
eTcs B 3ajauy 255 u3 3anavnnka WM.d.I11a-
poiruHa «eomerpust, 9—11 kracenr: OT yue6-
HOIT 3amaun K TBOpueckoi» (M.: [Ipoda,
1996).

Amnanorngao Touke M BBeeM B pacCMOTpe-
nue touky N nepeceuenusa CL ¢ A,Cy, ona
Takke JekurT Ha . Ilycts CD Bropuuno
nepecekaer ® B Touke J. 13 paBeHCTBA YTIIOB
CDK un KDA cnenyer pasenctso ayr KC; u
KJ oxpy:xHOCTH ®, TAKUM 06pa3oM, Touka J
cuMMeTpuyHa Touke C; oTHOcuTebHO KL .

B kaudecTBe OTCTYILJIEHUS 3aMeTHUM, 4YTO
M3BECTHBI JIpyTue olucaHus Toyku J: ara
TOUKA JIEKUT Ha BTOpoil (momMumo AB) o6ueit
BHEIIHEH KacaTeJbHON K OKPYXKHOCTSIM, BIIM-
cannbpiM B Tpeyroibuuku ACD u BCD, a
takxke J — Touka Ha CD Takast, 4TO
CJ =CB, = CA; (cMm., Hampumep, 3amady
http://zadachi.mccme.ru/2012/task4278,
KoTopad Tnpejaraaach Ha TypHUpe TOPOIOB
B 1994 roxy).

[lanee J0Ka3aTeqbCTBO TEOPEMBI MOXKHO
3aBEpUIUTb KOPOTKO, IPUMEHUB TEOPEeMYy
[Tackansa x mecrepke Touek NLLDJC; c
KpatHoii Toukoil L (Bce HasBaHHbIE TOYKM
Jgexkar Ha o). IlosydaeM, 4TO TOYKH
C=NLNDJ, P=LDNC/N nexar Ha oji-
HOM TIpsIMOIT ¢ GECKOHEYHO y/IaJIeHHOW TOU-
koit nepeceuenus C;J ¢ kacareJbHoil K o,
MPOBE/ICHHON B Touke L. VIHbIMH cJioBaMH,
CP || CyJ. Tem cambIM, Hy>KHAd IepleHM-
KysigpHoctb CP L K[ ycTaHOBJIeHa, NOCKOJIb-
Ky CiJ L KL.
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Huxxe npurBefeHbl HeKOTOpble LIYTOY-
Hble 33341 1 BOMPOChl 13 3aMedaTesb-
Hown kHurn B.B.MpomnssonoBa «3agayn
Ha BblpocT». Kak Bayecnas BukrtopoBumy
HaMyTCTBYET YUTATeNd K Pa3MblILLNEHNIO
Hafd, HAMW, OTBeT OyaeT cYUTaTbCa npa-
BUIIbHbIM TOrAa, KOr4a OH OCTPOYMEH.

1. Ha pucyHke m3obpakeHa KoLLKa,
KoTopas BbIrMsAblBaeT M3-3a 3abopa.
Onpenennte NPUMEPHYIO LNHY KOLWKM.
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2. B netckom cagy BoCnmMTaTeNbHMLA
Knaget nepen pebeHKoM NUCT Dymaruy,
Ha KOTOPOM HapWCOBAHO HECKOJIbKO
KPY>KOYKOB.

— CKONbKO 3[eCb KPY>XOYKOB? — Crpa-
LWNBaeT OHa.

— CeMb, — oTBeYaeT pebeHoK.

— [lpaBunbHO! — roBopwWT BOCMUTA-
TeflbHMUA. 3aTeM OHa KfageT 3TOT JNCT

nepen Oopyrum pebeHKoM 1 3agaeT ToT
e BOmnpoc.

— MaTb, — oTBeYaeT pebeHok.

— [NpaBunbHO! — BHOBb rOBOPWT BOC-
nuTaTenbHULA.

CKOJNbKO e KPY>XO4YKOB HapMCOBaHO
Ha Oymare?

3 . 9 He 3Han, Kakoe CroBO OKaH4MBa-
eTcs Ha Tpu «e». OKasanock, «AJIMHHO-
Wweee»! B oTMecTKy A npwuayman CBOW
BOMPOC AN NpuaTens: «A BOT Tbl CKaXW,
Kakoe CyLlecTBUTeIbHOE OKaH4YMBaeTCs
Ha Tpu “e”».

4. Choenas x1Tpoe NMLo, MateMaTmk
CKasan AeBaTuUIeTHeMY Manbuuky: «Ha-
30BM camoe Oonbluoe 4Yucno». Jnuo
MaTeMaTuKa BbITAHYOCh, KOrga OH YyC-
Nblllan oOTBeT, — OH CaM He Mor Obl
Ha3BaTb DOosnbluee 4ymncno. Kakoe 4unco
Ha3Bal Manbyuk?

Unnoctpaumm .1 puyykoBov
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Broporo Hos6ps
2020 roma cxoHuAJ-
css Huxkomait Xpuc-
toBuy Posos, Mmare-
MAaTHUK, IIeJ]aror, YJeH
penkoJieruu « Kpan-
Ta» C CaMoro IepBo-
ro HOMepa Hallero
JKypHasa, O4YeHb WH-
TepeCHbIH 1 XOPOIINT
Yes0BeK.

Muorne Bexu ero
CyIb0bI, TIO-BUANMO-
My, 6e3B03BpPaTHO
VILJIN BMECTE C HUM.
Ou poauiics B ceMbe
60JIrapCKOro  PeBo-
Jolnuonepa, KOTO-

dakyaprer MI'Y —
dakyabTer megaro-
ruyeckoro o6paso-
BaHNS, B CO3JaHUH
KOTOPOTO caM Ipu-
HuUMaJg 6oJblIoe
yuacTtue, u Kade-
py o6pa3soBareJib-
HBIX TEeXHOJIOTHUH.
3agaua dakyabTe-
Ta — OOYYUTb HAy4-
HBIX CHENUaJINCTOB
CJIOXHOMY ¥ TOHKO-
My WCKYCCTBY TIpe-
MO/IaBAHUS.
Hasepnoe, kax-
JbIii aGUTypHUEHT
3HAET [0 KpaiiHei

PbIil BBIHYK/IEH OBLI
amurpuposarb B Co-
Berckuii Coio3. ¥
Huxkousas Xpucrouua 6bls1a Bosrapust, po-
JINHA ero OTIIa, ¥ HaIlla CTPaHa, B KOTOPOIii OH
POJIUJICS W TJie TPOKUJI BCIO CBOIO JKU3Hb.
Ho, mMoxeT OBITH, MCTUHHON O6ETOBAHHOI
demueit s Hukosas Xpucrosuua PosoBa
OblJIa CTPaHa €ro MEYTAHU, B KOTOPOIT JTIO/IH,
pactpu 1Mo3albiB, COEAMHSIOTCS B €UHYIO
cembio. Ero mpodeccueii, nenom, KoTopomy
OH TIOCBSITUJI CBOIO KU3Hb, CTAJI0O MaTeMAaTH-
YEeCKOEe MPOCBETUTEIBCTBO B CAMOM IITUPOKOM
CMBICJIE ATOTO CJIOBA.

Huxkousait XpuctoBud OKOHUYUT MeXMaT
MTIY, 6bl1 aKTUBHBIM YYaCTHUKOM CIeTice-
MHHapa 110 Teopuu AnuddepeHInaIbHbIX ypaB-
Hennit, oprann3oBa"Horo JI. C. IloHTparnHbM,
W MaTeMaTHYecKOHW CIelnaan3anneii cBoei
BBIOpaJ OOBIKHOBEHHBIE (D hepeHITnaIbHbIe
ypaBHeHus. Ero rnepy mpuHAAIEKUT MHOYXKe-
CTBO HAy4HBIX paboT — cTaTeil, MoHOTrpadwmii,
yueOHbIX TocobOuii. Cpenn KHUT, HANUCAH-
ubix Hukosraem XpucroBuyeMm BMecTe C JIpy-
TUMHU aBTOPAMU, €CTb, MEXK/y IPOYUM, U
«DpaHIly3cKO-PyCCKUit MaTeMaTHYecKuii cJ1o-
Bapb».

[lpyroit — He Menee, a BO3MOXXHO, u 60Jee
3HAUMMOI, YeM Hay4yHas, Obuia i H.X. Po-
30Ba Tejarorndeckasi paora. O6pasoBanue
¢ ero mpobJjeMaMH, KaK CTapbIMH, TaK W
HOBBIMU, BCerjia puBJekaso BuumManune Hu-
KoJsiasi XpUCTOBHYA, OH MHOTO PabOTAJ B 3TOI
ob6nactu, a B 1997 roay BO3TJIaBUJ HOBBIN

Hukonan Xpucrtosmy Po3os
(20.02.1938 — 02.11.2020)

Mepe OJIHYy KHUTY
Huxonas Xpucro-
puva (HanmcaHHyIo
B coastopcrie ¢ I'. B. [lopodeesbiv 1 M. K. TTo-
TanosbiM) — 910 «Ilocobue Mo maremaruke
JUIST TIOCTYTAIONINX B BY3bI» , BIIEPBbIE M3/[aH-
Hoe B 60-X Tromax MpOIIIOTro BeKa M BbIAEP-
JKaBIIIeE C TeX TT0P MHOKECTBO n3aanmii (eaBa
JIM He KaXKJblil TO).

Huxoumaii XpucroBud — aBTOp MHOTUX CTa-
Teil 0 cojlepKaHuy IIKOJbHOW MaTeMaTUKU 1
ee Ipero/laBaHuu, OH CO/IEHCTBOBAJ CTAHOB-
sernto B3MIII (BeecorosHoii 3a04H0ii Mare-
MaTHuecKoii mkoJbl pu MI'Y), paGoran B
METOIMYECKON KOMUCCHUH 110 MaTeMaTHKe Ipu
oprromuteTte Bcecoro3Hoit oMmmMInaIbl, Bo3-
TJIABJISAJ CEKITUIO cpeaHell mKoJabl MOCKOBC-
KOTO MaTreMaTH4ecKoro o01iecTBa, ObLT uje-
HOM PeJIKOJITeTny XypHaia «MaremaTnka B
IMKOJIe» , PYKOBOJIT Tabopatopueil MaTeMa-
Tueckoro o6pasosanuss B MUPOCe (Moc-
KOBCKUII MHCTHUTYT Pa3BUTHS 06pa3oBaTesh-
HBIX CHCTeM), ObLI OJIHUM U3 TeX, G1arogapst
KOMY B Hallly CTpaHy IpHIILJIA OJUMIINA/A
«Kenrypy».

B :xypnasie «KBaut» ony0mKoBaHO HEMa-
go crareii H.X.Po3oBa, B ToM uncie 0630p-
HbIe TT0ZI00PKT MaTepuasioB «YuraTenn coBe-
TyIoT». B 3TuX 0630pax aKTUBHbBIE YNTATEIN
«KBanTa» Haxoauam cjioBa ON0OPEHUS WH
MOJIZICP’KKU CBOMX TIEPBBIX MaTEMATHUECKUX
MCCJIeTOBAHNN.

Mpbr ouenb Jio6usan Hukonas XpucroBuya
PozoBa, n HaM 6yJeT €ro He XBaTaTb.



NPAKTUKYM ABUTYPHUEHTA 25

epTex B
reoMeTpryecKom
3aa4e

r.JOPO®EEB, H.PO30B

A POJIb UEPTEXA B PEHIEHUUN

TeOMeTPIYECKON 3a7aun TMOCTyTAIoTINe
CMOTPAT T0-pasnHoMy. OHE AyMaloT, YTo 4ep-
Te’K BOOOIE He HY)KEH, U BbIIOJHSIIOT €ro
MOTUePKHYTO HebOpeskHo. /lpyrue, Haobopor,
CUNTAIOT CaM YepTeX JIOCTATOYHBIM apryMeH-
TOM B PacCYXXJICHUAX ¥ Ja’ke He HaXOIAT
HY3KHBIM KaK-J1160 060CHOBBIBATD TO, UTO «BH/I-
HO u3 uepreska». OO6e 3T KpaiiHue TOYKH
3PEHUsT HEITPABUJIbHDI.

Pasymeercs, HUKaKoil yepTesk, Jaske caMblil
AKKYPaTHBII, He MOXKeT 3aMEHHUTD JIOTHYeCKOTO
JIOKA3aTeJbCTBA, a SBJSETCS JUIMIb MJLIIOCTPa-
mueil x paccyxzaenusam. Jlo6oit reoMeTpudec-
KUH (paKT, KOTOPBIH MBI «yBUJEIN» HA YepTe-
JKe, HeOOXO0/IUMO CTPOTO 060CHOBATH — TOJIBKO
TOT/Ia MOKHO YTBEPIK/JATh, YTO 3TOT (aKT Jeii-
CTBUTEJIPHO MMEeT MeCTO, a He IOoJydeH W3
BepHoro (1iu, 4to TOPaso onacHee, HEBEPHO-
ro) pUCYHKa.

B TO ke BpeMsa HArJIAHBIN YepTeXX — XOPO-
MM TIOMONHUK TIPU  PENIEHUN 3a/laun: OH
MOKeT I0/ICKa3aTh H/el0 HeoOXOIMMbIX pac-
CY>K/IeHUIT 1 BbIYHUCJIEHNIT, HATOJKHYTb Ha MBIC/Tb
MICTI0JIb30BATh HEKOTOPYIO TEOPEMY TN TIPU/Y-
MaTh y/Ja4HOe [OTOJTHUTETbHOE ITOCTPOEHHE.
Hepnapom matematiku BooGIie 4acTo nproeraiot
K TEOMETPUYECKIM HJLIIOCTPAIINSIM, YTOOBI CJle-
JIaThb WJIeN JI0Ka3aresbcTBa 6GoJiee TIOHATHBIMU.

O/1HAKO MOMOYD PENIUTD 3a/1a4y MOXKET TOJTb-
KO dYepTesk, TPaBUJIBHO OTPAXKAIOMUN CyIIIe-
CTBEHHbIE TEOMETPUYECKIE OCOOEHHOCTH KOH-
durypammn, o KoTopoii uaeT pedb B yCJIOBHH.
VIMeHHO 03TOMY K YepTexKy CJIe/lyeT OTHOCUTD-
Cs1 OYE€Hb BHUMATEJbHO.

Yacro mocrymaomnue orpaHIInBaIOTCS TIep-
BbIM 0OJiee W/ MeHee YaqHO BBbIOJHEHHBIM
PHCYHKOM, He WHTEPECysICh, HACKOIBKO TOYHO
C/ICJTAHHDBIN YEPTEXK OTBEYAeT YCJIOBHIO 3a/1a4H.

Ony6aukoBano B «KBante» Ne6 3a 1976 ro/.

Mexay TeM, BO MHOTUX 33Ja4aX IPOBECTH
HOJTHOE PEIIEHHUE 10 OJHOMY YepTeKY B IIPUH-
IHIIe HEBO3MOXKHO, TIOCKOJIBKY YCJIOBHE 33/1a41
JIOTTYCKAET CYIIECTBOBAHIE TEOMETPUIECKH Pa3-
JUIHBIX KOH(Duryparmit. Kpome Toro, Ttakast
MPUBSIBAHHOCTD K OJHOMY <«CJIy4aiHOMY> dep-
TEXKY IPUBOIUT U K MHON HETPUSITHOCTH: B XOJI€
PEIIeHNs 33/1a41 MOJKET OGHAPYKUTBCS ITPOTH-
BOpeYHe MEK/Y MOJIYYaIOMUMUCS Pe3yIbTara-
MU ¥ HCXOTHBIM YepPTEKOM, KOTOPOE OGBITHO
CTaBUT TIOCTYTAIONMX B Tymuk. OpHAKO Tpn
MPABUILHOM TIOHUMAHUHT POJTHA Y4EPTERA B ITOM
HET HIUYETO CTPAITHOTO — CJIE/Iy€eT TIPOCTO OTKAa-
3aTbCsl OT TIEPBOHAYATIBHOTO M306PAKEHUS] 1
c/leslaTb HOBBIN YEPTEK, COOTBETCTBYIONIMI
TOSBUBIIIENCST TEOMETPIUIECKON uH(bOpMAIn
(KOHEYHO, TPU YCJIOBUM, YTO IIPOBEICHHbBIE
PACCY/KIEHUS 1 BBIYUCJIEHUS TTPABUIHHDI).

[Ipu mocTpoeHny yepreska ObIBAET TOJE3HO
JleJIaTh He MPHUMEPHDIN ACKHU3, MAIONIMN JIHIIb
of1iee MpeACTaBJICHUE O TCOMETPUYECKOM KOH-
uryparmn, a CTPEMHUTBHCS TMOCJTEIOBATETHHO
KOHCTPYHPOBATH YEPTEX, OMUPASCH HA TAHHDIE
3aaun u obimune reomerprdeckue (axtor. [Tpn
TAKOM TIOJIXOJIE JIETUYe <«YBHUIETb> T€ WIEH,
KOTOPbIE MOKHO NPUMEHHUTb B PEIICHIUH.

3agaua 1 (MIY, -1 nousosenenus, 1974).
B mpeyzonvnuxke ABC yzon B pasen 90°
AB = 4. Ha cmopone BC e3ama mouxa D max,
umo BD = 1. Oxpyxnocmo paduyca \/3/ 2 npo-
xodum uepes mouxu B u D u kacaemcs é mouxe
B oxpysxnocmu, onucannoii oxkoaio mpeyzoy-
nuxa ABC. Hatidume niow,ado mpeyzoivnuxa
ABC.

[Tpeskze Bcero mocTponM TpeyroabHuK ABC
¢ mpambM yraoM B (puc.1). [l moctpoerus
OKPYSKHOCTH, OIHCAHHOW OKOJIO 3TOTO Tpey-
FOJIbHUKA, BBISICHUM CHAyYasa, e HAXOIUTCS
ee eHtp O u dYemy paBeH ee pajauyc. Kax
M3BECTHO, TIEHTP OKPYIKHOCTH, OTMMHCAHHON OKO-
JIO TIPSIMOYTOJIBHOTO TPEYTOJbHUKA, JIEKHUT B

Puc. 1
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cepeinHe THUIIOTEHY3bl, a €e paJuyC paBeH
TTOJTOBIHE THTIOTEHY3bI. JTO TaeT BO3SMOXXHOCTD
TIOCTPOUTD OMHICAHHYIO OKPY>KHOCTD.

3alimeMcs Teniepb MOCTPOEHUEM [JIPYTOH OK-
pyskHoctu. OT™MeTuB Ha cropoHe BC Touky D,
Mbl MOJKEM YTBEPK/IaTh, YTO IIEHTP 3TOH OK-
PY>KHOCTH JIESKUT Ha TIEPIIEHANKYISIpe, TIPOBe-
JeHHoM uvepes cepeauny K orpeska BD. U3
YCJIOBUS KacaHHUS OKPYSKHOCTEH 3akJIiouaeM,
YTO IEHTP PacCMaTpUBAEMOIl OKPYXKHOCTHU Jie-
SKUT Ha pa/inyce OMMCAHHOI OKPY)KHOCTH, M1PO-
BE/IEHHOM B TOUYKY KacaHus, T.e. B TOUKy B.
Wuaue roBops, HeHTP S OKPY>KHOCTH, O KOTO-
pOIi M/IeT peub B YCJIOBUH, €CTh TOYKA Tepece-
yenusa npsamoit SK u meanannt BO.

ITocTpoenne dyeprexka 3akonvyeHo. B xoje
3TOTO MOCTPOEHMS MbI YCTAHOBUJIM /IBA (PaKTa,
Ha KOTOPBIX ¥ OCHOBBIBAETCS pellleHne 3a/[aun:
BO-TIEPBBIX, IEHTP S JekuT Ha crtopoHe BO
pasHoGeipenHoro TpeyroJibiika BOC; Bo-BTO-
PBIX, NMEPHEHANKYIAP, OMYNIECHHDBIH U3 I[eHTpa
S Ha xarer BC, NpPOXOIUT 4Yepe3 cepeuHy
orpeska BD.

Ternepp mpoBeseM HeoOXOANMbIE BbIUHCIIE-
Hug. V3 npsMOyrosibHOro tpeyrosbHuka BSK
mo Tteopeme IIndaropa nmaxommm SK=1, a
toraa ctg ZSBK =1/2. Ho ZACB = ZOBC, u
noatomy BC = ABctg ZACB =2. Cunenosa-
TeJIbHO, T17I011a/1b TpeyroJbHuka ABC paBHa 4.

Wrak, 3asa4a MOJHOCTBIO pellleHa, W HJei0
peleHns: Mbl HOJIy4YnJIn 6J1arojiapst mocJie/[0Ba-
TeJTBHOMY KOHCTPYHMpOBaHMIo depTexa. Opana-
KO, KaK 9TO HU YIUBUTEJIbHO Ha TIEPBBIH B3I,
yepTesk, M300pakeHHblil Ha pucyHKe 1, moJjHo-
CTBIO YCJIOBHIO 3a/la4ll He COOTBETCTBYeT. B
caMoM JieJsie, TIPOBE/IeHHbIE BbIUICJICHUS TTOKa-
3piBator, uto BC =2, a AC = 2/«/3 CuenoBa-
tesbHo, BO = \/5 =2S8B, t.e. BO — nuamerp
OKPY’KHOCTH C I[EHTPOM .S, KOTOpas, TaKuM
o6pasom, rpoxoauT yepes Touky O. [Ipyrumu
CJIOBaMH, TOJHOCTBIO COOTBETCTBYET JIaHHBIM
3a/1a4M PUCYHOK 2.

A

Puc. 2
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B ueM ke IpuuKMHA HETIOJTHOTO COOTBETCTBISI
pucynka 1 panubiM 3ajgaun? /leso B TOM, 4TO
[IPOBE/IEHHOE KOHCTPYUPOBAHUE YePTEKA Kaca-
JIOCh TOJIBKO €r0 TEOMETPUYECKON CTOPOHBI, HO
HEe YYHUTBIBAJO BCEX KOHKPETHBIX YHCJOBbBIX
JIAaHHBIX. BoJiee TOTO, MbI HE MOTJIM UX YY€CTb,
MOCKOJIbKY BCE YHCJIOBbIE Pa3Mepbl KOHMUTY-
paIu, a CJe0BaTeIbHO, U €€ TEOMETPUYECKH
TOYHBIN BUJI, YIA€TCSI YCTAHOBUTD TOJIBKO I10C-
Jie COOTBETCTBYIONIUX BBIYUCIICHUI.

Tem He MeHee, U3JIOKEHHOE BbIIIE PElieHue
SIBJISIETCST ICYEPIIBIBAIOIIIM, XOTSI, KaK MBI Te-
nepb yOeunch, OCHOBBIBAJIOCHh HA HETOUHOM
yepreske. ITO OOBSICHSIETCS MPOCTO: B HAIIUX
PACCYSK/JICHUSX HUTJIE HE MCIOJb30BATIOCH B3a-
UMHOE pacrioyioxkerne Touku O U OKPY3KHOCTH
C IEHTPOM .S, BBISICHEHHE UX B3aUMHOTO PACIIO-
JIOSKEHUST TIPU JJTAHHOM CIIoco6e peleHust 3a,/1a-
ui He 003aTeJIbHO.

[TomobHast cutyanus SBJSETCS B TEOMETPH-
ueckoll 3a1aue TunuyHoi. [TpakTuecku HUKOT-
J1a, IPUCTYTIas K PEIICHUIO, Mbl HE B COCTOSTHUN
MOCTPOUTD YePTEIK, aOCOJIOTHO TOYHO 0TOOPA-
JKaoMuil BCio crelnnduKy KOHUryparmm,
MHOTHeE ee 0COGEHHOCTH BCKPBIBAIOTCS TOJIBKO B
xojie paccyxkaenuit. [ToatoMmy BaykHO TIpesk/e
BCETO BBISABIATD TEOMETPHUYECKHE CBOWCTBA,
CYIIIeCTBEHHBIC B JAHHOI 3a/1a4ye. DTO TpeOyeT
0c000TO BHUMAHUS W OCTOPOSKHOCTH, TTOCKOJIb-
Ky C TIepBOTO B3IJIS/Ia /aJIeKO He BCerja odve-
BU/IHO, KaK¥e NMEHHO OCOOEHHOCTH KOH(UTY-
paI OKa)KYTCS CYIIECTBEHHBIMU M B KaKOI
Mepe JIONyCTHMO HECOOTBETCTBHE MEXIY JaH-
HOIl KOHUTYpaIueil 1 4epTesrKoM.

PasymeeTcs, ecam B TIporiecce pelieHus BbI-
SICHSIETCS, UTO YEepPTEK SIBHO HE COOTBETCTBYET
JAHHBIM 33/[a4M, ero cJeIyeT 3aMeHWTh Ha
npaBusbHbIi. Hanpumep, B caenytonieii 3aia-
4e Ja’ke pa3BUTOE TeOMETPIUECKoe BooOpake-
HUE He MOKET MOMOYb CPa3y BBITIOJHUTH Yep-
TEK, TOYHO OTPAKAIOIINI CYIeCTBEHHBIE OCO-
6EHHOCTH KOH(UTYPAITHH.

3agaua 2 (MI'Y, mexmar, 1972). B mpey-
zoavnol nupamude SABC 6okosoe pebpo SC
pasno pebpy AB u HAKIOHEHO K NIOCKOCU
ocnoganust ABC nod yeaom 60°. Hszsecmmno,
umo eepuunvt A, B, C u cepedunvt 60Kx06v1x
pebep nupamudvl pacnosoxensv Ha cepe pa-
duyca 1. [loxkaxume, 4mo yenmp yxasannou
chepor aexum na pebpe AB, u naudume
8bICOMY NUPAMUODL.
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B

Puc. 3

Jlns peltienust 3aauu ceJaeM TPAIUITHOH-
ublii yepresx nupamuabl SABC (puc.3), nocr-
pouM ee BoicoTy SH 1 niposesieM orpe3ok HC.
Tak kax no ycjaosuio 3agaun LSCH = 60°, To

u3 tpeyroipanka CHS naxomum SH = a«/§/2,
HC =a/2, tne ueped a o6o3HaveHa [IMHA
pebpa SC.

ITo ycnosuio Bepriunbl A, B, C u cepeluHbI
A, By, C; cooTBeTCTBYIONMX OOKOBBIX peGep
JexxaT Ha ool cdepe. OTciofa, B 9aCTHOCTH,
caenxyet, 4To yepe3 Touku A, A, B, By mpoxo-
JIUT OKPY3KHOCTH — CeueHue 3Toil cdepbl T110C-
xocTblo Tpanun SAB. Tax xax AB || AB, T0
yeTbIpexyroabnuk AA;B/B — Tparenus, u npu-
TOM paBHOOOYHAs, TTOCKOJBbKY OHA BITMCAHA B
OKpY>KHOCTB. IloaTomy

AA; = BB, = 1SA = 1SB.
2 2

AHaJIOTHYHDbIE PACCYK/IEHUS JIJisi YeTbIpex-
yronbHuka BB;C|C nokasblBaloT, 4TO MUpaMU-
na SABC wumeer pasHble OGOKOBble pebOpa:
SA=SB=SC=AB=a. Orciofa BHUIHO, YTO
TpeyrombHnk ASB — paBHOCTOPOHHHI, a MO-
atomy anodema SM aToii 60KOBOI TpaHN paBHA
a3/2, r.e. SM =SH.

Takum 06pa3oM, BbICOTA TUPAMU/IBI COBIIA/IA-
eT ¢ armodemoii 6okoBoii Tpannt ASB. Ho Torma
touka H coBnagaer ¢ M, a rpanu ASB u ABC
B3AMMHO [epreH/ Ky asapibl. [loaromy n306-
pakeHHas Ha PHCYHKe 3 KapTHHA Ha CaMOM JieJie
HE COOTBETCTBYET YCJOBHUIO 33/1a4l, BEPHBIM
6y/IeT PUCYHOK 4.

[lanbreiimiee perie- S
HHUe He IPe/CTaBIsgeT
Tpyaa. [Ipoexmmm na A,
mmockoctb ABC (em. C
puc.4) paBHBIX Ha-
kaonupix SA, SB,SC - 4
paBubl: HA=HB = H B
= HC = a/2, cnenosa- puc 4

ABUTYPHUEHTA 27

TeJbHO, TouKa H — TIEHTP OKPY’KHOCTH, OTIH-
caHHOIl okos0 TpeyroapuHnka ABC, a motoMmy
1eHTp cdepbl JeKUT Ha TEepIeHInKyJsIpe K
IJIOCKOCTU OCHOBAHUSI, BOCCTABJIEHHOM U3 TOY-
ku H, 1.e. na Bpicore SH nupamuzabt (nim Ha ee
npogoskernu). Ientp atoii cpepbl paBHOYAa-
Jet, Hapumep, or Touek A u A;. Ilockoabky
HA, = a/2 xak cpefHsist JIMHUS TPEYTOJbHUKA
ASB, to HA; = HA, tak 4urto Touka H, mexa-
niasi Ha pe6pe AB, Kak pa3 u sBJSIeTCS [IEHTPOM
cepol. Ho paauyc atoii cdepbl 0 yCIOBUIO
pasen 1, HA=a/2 =1, a=2u SH = /3.

WHorga camo ycsoBue 3aJa4i YMbIILICHHO
6b1BaeT c(HOPMYIUPOBAHO HECKOIBKO HEOTIPE-
JIJIEHHO — TaK, 4TO OHO SIBHO JIOTTYCKAEeT Te0-
METPUUYECKN CYIECTBEHHO PA3JHUYHbIE YepTe-
JKH, U HETTOCPE/ICTBEHHO MO NCXO/IHDBIM JaHHBIM
He SICHO, Kakas HMEHHO u3 KOHDUryparmit
numMeercs B Buy. B rakom carydae Hajto n3o6pa-
3UTh HA HECKOJIBKIX UEPTEKAX BCE BO3MOKHO-
CTH, OTBEYAIOIINe YCIOBUIO 3aa4M, a 3aTeM,
UCCIEAYS KAl 4epTeX, HAWTH HCTHHHYIO
FeOMETPHYECKYIO KOH(MUTYPAIIHIO.

3amaua 3 (MTY, -t nousosegenus, 1975).
B pasnoGounoi mpaneyuu aexam ose oKkpyx-
nocmu. Odna u3 nux, paduyca 1, enucana 6
mpaneyuio, a 6Mopas Kacaemcs 08Yx cmopou
mpaneyuu u nepeotl oxpyxnocmu. Paccmos-
Hue om gepuuivL Yyzid, 00PA306AHH0Z0 O8YMS.
CMOPOHAMU MPaAneyull, KACAoUWUMUCS 6MO-
potl OKpyKHOCIU, 00 MOUKU KACAHUSL OKPY K-
Hocmei edgoe Goavuwe duamempa 6mopol OK-
pysxnocmu. Hatidume naowads mpaneyuu.

HemocpecTBEHHO W3 yCJOBUS 3ajadd HE
SICHO, B KaKOH M3 YIJIOB Tpalleluu — B TYIOi
UJIM B OCTPBI — BIMCAHA BTOPasi OKPY’KHOCTb.
[ToaToMy MBI JOJKHBI pacCMOTPETh 06a BapH-
anTta (pUC.5) U MOIBITATHCS BBIACHUTD, KAKON
13 HUX COTJIACYETCST ¢ KOHKPETHBIMHU YHCIOBbI-
MU COOTHOTIIEHUSIMI, 3a[AHHBIMU B YCJOBHUM.

B

Puc. 5



28 KBAHT

[Tyctb O — 11eHTp OKPY>KHOCTH, BIIMCAHHOH B
tpanenuio ABCD, O;, O, — IeHTPbl BTOPOIl
okpyskuoctu (1Ba Bapuantal), P, Py, M,, M,,
Ny, N,
OKPY>KHOCTH 0603HaUNM 4epes 7;, #,. V13 mojo-
6ust TpeyroibankoB OM,C u O;N,C B nieppom
ciaydae u OM,D u O,N,D Bo BTOpoM uMeeM

OM, _OC OM, _ OD
ON, OC’ O,N, O,D’

a nockoapky OC = OP, + PC =1+4#, OD =
=OP, + P,D =1+ 4r,, To B 060uX caydasx
1 1+4r

r 3r
orkyma » =1/2. Tlo teopeme Iludaropa u3
TpeyroabiukoB OM,C u OM,D cooTBeTCTBEH-
HO I0JIyYaeM Terepb, 4To

— TOuUKHU KacaHus. Pazauycbl BTOpOil

M,C =22, M,D = 2/2.

Utak, ecsi Bropasi OKPY’KHOCTb BITHCAHA B
TyHOI‘/JI yroJ Tparennun, To MEHbIIEE OCHOBaHNE
Tpaneru pasmsiercss 4+/2; ecan ke BTOpas
OKPY’KHOCTb BITMCAHA B OCTPBIN yroJ Tpare-
1, 10 GoJibllee OCHOBAHKE TPAIEIMH PABHO
442 Mexty TeM, ecimi B paBHOGOUHYIO Tpalle-
I[IUIO C OCHOBAHUSIME ¢ 1 b, T/ie a < b, Biiicana
OKPYIKHOCTB J{HaMeTpa d, TO BBITIOJIHSIETCS He-
paBeHCTBO a < d < b — 310 caeyer, HapUMep,
U3 JIETKO JIOKA3BIBAEMOTO 1 BECHMA TT0JIE3HOTO
coornomennsi d = ab. [ToaTomy B Hameil 3a-
Jlaye MeHbIllee OCHOBaHHWE Tpalelnuun [JOJIXKHO
6bITh MEHBIIE 2, TAK YTO OKPY’KHOCTD C IIE€HT-
poM Oy yCJIOBHUIO 3a/[a4ll HE YIOBJETBOPSIET, 1
cJle[lyeT paccMaTpuBaTh JIHIIb OKPYKHOCTD C
neurpom O,. Temepp yyke JIETKO HANHTH ILJIO-
ma/p S tpanerun. Iloab3ysich cooTHOMIEHITEM
MEX/JAYy OCHOBAHUAMU Tpaleliun U JuaMeTpoOM
BINCAHHON B Hee OKpyxkHOCTH d =+ab, MbI
HOJTy9aeM PaBEHCTBO

2=+AD-BC =+42BC,
otkyzna BC = \/5/2 u
S = %(AD +BC)-2=92/2.
B paso6pannoii 3ajjaue BO3MOKHOCTD CyIIle-
CTBOBaHUA /[ABYX INPUHIUTIMAJIBHO Pa3JINYHbIX

reoMeTpuvecKuX KoHdurypaimii 6o11a coBep-
meHHo oyeBuiHa. OJIHAKO He BCer/ia aTo Tak, u

2020/Nel1-12

HY>KHO 00J1a/IaTh XOPOIINM T€OMETPUYECKUM
BOOOpa)KEHHEM U IIPOSIBIATD JOCTATOYHYIO OC-
MOTPUTEJIBHOCTD, YTOOBI ITPH BBITIOJTHEHUN Yep-
TeXKa «yBH/ETb» BCe KOH(UTYpalln, KOTOPbIe
CJIeZlyeT PacCMOTPETb B PEIICHHH.
3agaua 4 (MIY, reorpaduu. ¢-r, 1968).
Buicoma npamoi npusmvl pasua 1, ee ocnosa-
HUeM CAyxum pomb co cmoporot 2 u ocmpuim
yeaon 30°. Yepes cmopony ocrnosanus nposge-
dena cexyujas NAOCKOCMb, HAKAOHEHHAS K
naockocmu ochosanus nod yziom ¢ 60°. Haii-
Jume naowadv ceuenus.
D, C,

A,

Puc. 6

Ha sksamene MHOTHe 1octynaloluiue, BbIIoJI-
HUB PHCYHOK 6, Jajm MpUMEpHO CJeAyloliee
«petnrernes» atoi 3agaun: «Ilycts MN — nnHnA
repeceyeHms CeKyieit ma0CKOCTH ¢ C ILIOCKO-
crbio rpanyt DCC,Dy; onycTUB HepIeHAUKY TP
MK Ha AB, 110 TeopeMe 0 TpeX NepIeH/IuKY JIsi-
pax mnoayuyum, uyro KD 1 AB. llostomy
/MKD — nuHelHbIl yros AByIpaHHOIO yrJja
MEK/y IJIOCKOCTBIO ¢ U TIJIOCKOCTHIO OCHOBA-

Husi, Tak uro LZMKD =60°. Torma MK =

= KD = ADsin 30 =2. Ho MK — BbIcoTa
cos 60° cos 60°

napaJutesorpamma AMN B, 110J1y4eHHOTO B ce-

YeHHH, a CJIeJOBATEJbHO, MCKOMasl ILJIOIIA/lb
S =AB-MK = 4».

B aroMm paccykieHun ecTb CyIleCTBEHHBII
npo6esi; 4epTex, Ha KOTOPOM OHO OCHOBAaHO,
BBITIOJTHEH TIPW HESBHOM MPETION0KEHIH, YTO
IIJIOCKOCTb O TlepeceKkaeT MPAMOYTOJbHUK
DCCD,. Mexty TeM 1pH 3aIaHHbIX YHUCJIOBBIX
JIAaHHBIX 9TO BOBCE He OYEeBU/HO, 60Jiee TOro —
HEBEPHO: B JICHCTBUTEJBHOCTH TIJIOCKOCTD O
«BBIXOZIUT> W3 JJAHHOW TPU3MbI 4Yepe3 BepX-
HIOIO TPaHb, a TouKa M JIeKUT Ha MPOIOJIKe-
Hun pe6pa DD;. B camoM jiesie, Haiijis Tak e,
Kkak ¥ Bbline, uto MK =2 (3aMeTuM, 4to 3TO
BBIYHCJIEHNE HE 3aBUCUT OT IIOJIOKEHHS TOUKU
M wua npsivoit DD,), us tpeyronbauka MKD



NPAKTHUKYM

M, 5 N
o/ C1
A
1 B1
) C
A K B
Puc. 7

MBI IIOJIYYUM, 4YTO MD=«/§, Tak 4to MD

6ospire DDy. CueoBatesibHO, pedb B 3ajade
uaeT o KOHPUTYpaInu, YKa3aHHOH Ha PUCYH-
Ke 7, ¥ UCKaTh HAJIO TIIOMIA b MTapaJLieorpaM-
Ma AQPB, ane AMNB. [lanbHeiilee pelenne
3a/1auyil He BbI3BIBAET IIPUHIUITHAIBHBIX 3a-
TPYJAHEHUI, U MbI PEIOCTABJISIEM 9TO YHUTATe-
JIIM; MCKoMas ILIoma/ b S = 4/ \/§ .

Eme Gosbiee BHuManue TpebyeTcss mpu
peleHny 33j1a4, B KOTOPBIX T€OMETPUYecKast
KOH(pUTrypanus 3ajaercss He 4YHCJIOBBIMHU, a
OYKBEHHBIMU JIAHHBIMHU, T.e. B CBOEro poja
reoOMeTPUYECKUX 3ajavyax c rapaMerpamu. B
aTux 3afavax (Tak e, Kak u B anreGpamde-
CKMX 32/[a4aX C TapaMeTpaMu) 1 crnoco6 perre-
HUST M TIOJTy4aeMblil OTBET MOTYT CYIIECTBEHHO
3aBHCETb OT COOTHOIICHWI MEX/y MapaMmeTpa-
MM, OIPEIESIONUMI KOH(PHUTYPAIHIO.

[Tyctb, Hanpumep, B pasoGpaHHON TOJBKO
YTO 3a/[aue CeKyIas JI0CKOCTD POBe/IeHa MO/
YIJIOM @ K IJIOCKOCTH OCHOBAaHMSI, a BCE OC-
TaJbHbIE YNCJIOBBIE JIAHHBIE — T€ K€ CaMble.
Torga B pemeHnu ciemyer paccMOTPeTb TPH
cayvas:

1) touka M nesxur Ha pe6pe DDy;

2) touka M cosmazgaer ¢ Dy;

3) Touka M JIekuT Ha MPOAOJIKEHUN pebpa
DD,.

Kaxoit nMeHHO 13 YKa3aHHbIX CJIydaeB NMeeT
MeCTO, 3aBUCUT OT BEJIMYNHBI yTJIa ¢, 1 Olpejie-
JIUTH ATO MOKHO, MCXO/IsI U3 CPABHEHUST OTPe3-
koB MD u D;D. He3aBucumMo oT pacnoJioxe-
nug Touku M wna mpamoit DDj, dcno, 4TO
MD = KDtgo =tg@. Iloatomy yKa3aHHbIE
CJIydan OTPeIesIsIOTCST YCIOBUAMN:

1) tgp<t;

2) tgo =1;

3) tgo>1.

Takum ob6pasoM, eciau @ < 45°, TO uMeeT
Mecto TepBbiii cayyail (cM. puc.6), u Torma
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S =2/cos¢. Ecom ¢ >45°, To umeer Mecto
Tperuit cayyail (em. puc.7), torma S = 2/sin @.
Yro ske KacaeTcs caydas ¢ = 45°, TO ero HyKHO
661710 OBl PACCMOTPETDb HA CIEIUAIBbHOM YepTe-
ke, Ho dakrtuvyeckn MOXXHO HCIOJIb30BATH W
110601 M3 UMEIOIIMXCI — TaK JOBOJBHO 4acTO
OBbIBaeT TIPU PACCMOTPEHNH «KpPaHUX» 3Haye-
HUIT; B 9TOM ciydae S = 22,
OKOHYaTEeJbHBIN OTBET 3aNCHIBAETCS B BUE

2/cos@, ecam @ < 45°

S =122,

2/sin@, ecam @ > 45°.

ecam @ = 45°,

MoskHO, pasymeeTcs, BKJIIOYUTb BTOPOW CJIIy-
vaii B 1060 U3 IBYX JIPYTUX U 3aIIUCATh OTBET
6oJiee KOMITAKTHO.

C aHasIoTHYHON cutyalmeil Mbl BCTpedaeMcst
u B caenymonieit 3agade. [IpaBaa, okoHYaTE -
HBIIT OTBET B HEH OT BuAa KOHQUTYpaInu He
3aBUCHT U OJJMHAKOB /IJII BCEX 3HAUCHMWIT mMapa-
MeTpa, OIHAKO MPOMEKYTOUHBIE BBIYNCICHUS
MIPOBOJIATCS TTO-PA3HOMY [IJIST PA3JUUYHBIX KOH-
durypanmii. EcrecTBenno, 4ro pelieHue, B
KOTOPOM PacCMOTPEHBbI He BCE TeOMETPHYECKIH
pa3JIUYHbIE CIyYar, HE MOKET CUUTATbCS TOJI-
HOIIEHHBIM, XOTS (POPMAJbHO TOJIyYaeTcs mpa-
BUJIBHBIN OTBET.

3agaua 5 (MTY, mexmar, 1970). I[l1ap padu-
yca r kacaemcs naockocmu P 6 mouxe A.
IIpsimas | o6pasyem ¢ naockocmoio P yzon @,
nepecexaem 3my nJjockocme ¢ mouke C u
Kacaemcs wapa ¢ mouxe B. Haidume oauny
ompesxa AB, ecau AC =2r.

M3o6pasum KoHGUTypaImio, 0 KOTOPO uaeT
peub B ycaosun (puc.8). M3 Touxku B omycrum
nepreHuKyaap BB Ha nmiockocts P u mpose-
Jgem orpe3ok CB;; scno, uto ZBCB) = ¢. Jla-
gee, OA =0OB =r,a CB = CA = 27 110 CBOIiCTBY
KacaTeJIbHBIX K Tapy, TPOBEIECHHBIX U3 OHOM
TOUKH.

Puc. 8
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Wckomblii orpe3ok AB sBJsieTcsl TMIIOTEHY-
300 IIPSMOYTOJIbHOTO TPpeyroJibHiuKa BB A, Karer
BB, KoTOPOTO OTIpe/iesIsIeTcs U3 IPSIMOYTOJIbHO-
ro tpeyrombanka CBB: BB, = 2rsin @. Octaet-
csa Haiitn katet AB,. IIpampie OA n BB;, eprien-
JVKYJSpHbIE K TUIOCKOCTH P, JeskaT B OfHOH
miockoctH. I[TpoBeaem B Heit mpsamyio ON || AB;;
toria AONDB, — IpsAMOYTOJbHUK U, CJE0Ba-
teabno, AB; = ON, NB; = OA =r. Tax kax

NB = BB, — NB; =2rsin@ —r,
TOo U3 TpeyrosbHuka ONB
ON? = OB? - NB? = 4* sing(1—sing),

a u3 TpeyrojbHuka BBA

AB =\JAB? + BB? = JON? + BB = 2r\[sing.

He cnenyer, ognako, aymaTb, 4TO 3ajiadya
petieHa. B camoMm ziesie, ipu BBIYUCJIECHUU OT-
pe3ka NB Mbl CyIIeCTBEHHO MCIIOJIb30BAJIN TOT
axr, uro Toukn B, N m B; pacrnososkeHbl
UMEHHO TaK, KaK 3TO M300Pa’keHO Ha PUCYH-
ke 8. Ho 3 ycioBug 3a7aum BoBce He CJe/yeT,
4yTO Touka N Jexxur Mexay B u Bj; Touka B
MOJKeT JiexkaTb Mexky Toukamu N u B, Touku
N u B moryT gaxe coBliazarb. TosbKo paccMOT-
PEB BCE 9TH CJIydan, Mbl MOYKEM YTBEPIK/ATh, 4TO
TIPOBEJIN UCUEPITBIBAIONIEE PeNIeHne 3a/aun.

2020/Nel1-12
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Ecsm touka B siexxur mexxay N u By (puc.9), to
NB = NB, - BB, =r - 2rsing,

a fajpHeiinee Berancaenne orpe3kos ON u AB
IIPOBOJIMTCS TOYHO TaK >Ke, KaK W BbIIIE; B
pesyJibTare Mbl IIPUXO/NM K TOH ke dopmy.Jie
st orpeska AB. Ecan, nakosnert, Touku N u B
COBIIQAIOT, TO $ICHO, 4To BB =ON =7, n
AB =r2. B arom cJly4ae B TPEYTOJbHUKE
CB,B xater BB, = r coCTaBJseT TOJOBUHY THU-
noreny3bl CB =2y, a moromy ¢ =30° T.e.
AB = 2r,/sin@.

Taxkum 06pasoM, paBeHCTBO AB = 2r,[sin @
CIIPABE/JINBO TIPH JIOOBIX BO3MOXKHBIX 3HaUe-
HUAX .

Perrenne atoil 3aaunm MOXKHO TTPOBECTH U C
MIOMOIIBIO PACCY’KJCHWI, He 3aBUCAINX OT
KOHKPETHOT'O pacrosioxkenus Touek B, Bju N —
nonpo6yiiTe c/IeaThb 3TO CAMOCTOSITETIbHO.

KOHKYPC UMMEHU A.II.CABHHA

Mb1 npogo/mkaem o4epeSHON KOHKYPC 10 PELLEHNIO MAaTeEMAaTUYECKnX 3a4a4. 3aAaHus paccym-
TaHbl B OCHOBHOM HAa y4aluxcs HaYymHas ¢ 8-9 knaccos, a bosee MAagLwuM LIKO/TbHUKAM
coBeTyeM rornpoboBatb cBou cuilbl B KOHKYpPCe XXypHana «KBaHTuk» (cm. cadt kvantik.com).

Bbicbinavite pelieHnss 3agad, ¢ KOTOPbIMU CIIPABUTECh, 3JIEKTPOHHOM IMOYTOU 110 aapecy:
savin.contest@gmail.com uan obbr4HoOV noyrou no agpecy: 119296 MockBa, JIeHUHCKUY Mpo-
criekt, 64-A, «KBaHT» (c nometkou «KoHkypc umern A.l1.CaBuHa»). Kpome nmeru v gpammiumn
YKa)kute ropoa, WKOJy U KJ1acc, B KOTOPOM Bbl y4YUTECh, a TakKe 06paTHbIVi MOYTOBbIN afpec.

M1 npuseTcrByeM yyacrtve B KOHKYpCe He TOJ/IbKO OTAe/IbHbIX LUKOIbHUKOB, HO M KOMaH (B
TaKkoMm cydae rpuUcbIIaeTcs Of4HA pabora co CrIMCKOM y4acTHUKOB). Y4acTBOBaTb MOXXHO,
HaymHas ¢ /moboro Typa. [lobegurenes xayT AUMIOMbl XKXYpPHana «KBaHT» u rpu3sbl.

3agaHns, peLieHns u pesysbTatbl My6KyoTcs Ha caiTe sites.google.com/viewy/savin-contest

Xenaem ycriexa!

9. MOJKHO Jiut 3aIMCaTh B KJK/IOU BEPIIIIHE
Ky0a HaTypaJbHOE YUCJIO TakK, YTOOBI Bce 8
quceJr 6bIJII/I pa3jn4dHbl, HO IIPOU3BE/ICHUE
YICeJT B BEPITMHAX KAXK/I0U IPaHu OBLIO OJTHO
U TO XKe?

M. Egdoxumos

10. a) Ha kjeTyaToM JIMCTE HApUCOBAJIM
4eTbIPEeXyTOJbHUK C BEpIIMHAMU B y3Jax
cerku (puc.1). Jlokaxkure, 4TO y HErO OJAMH
13 YIJIOB B /iBa pasa GoJibllie JAPyroro.

6) Hapucyiite Ha KJIeT4aTOM JIHCTE BBITYK-
JIbIii Y4EeThIPEXYTOJbHUK C BepHIMHAMH B y3-



KOHKYPC UMUMEHHU

A.I.CABHUHA

JIaX CETKH, Y KOTOPOI'o O/InH

N3 yIJIOB B 4Y€TbIpE pasa

6OJIbIIIE IPYTOTO.

M. EgOoxumos \

11. J/lan TpeyroJbHUK \

ABC. Ha nyuax AB n AC

OTMETUJIH COOTBETCTBEHHO
Touku Ap 1 Ae Tak, 4ro
AAp = AA- = BC. Ilyctp A; — niepeceuenne
npambix BC u AgA-. AHanoruuno onpejens-
1o1cd Toukn By n C. JIokaskuTe, 4To npsmble
AA,, BBy, CC, nepecekaioTcs B OJJHOI TOUKeE.

M. Tumoxumn

Puc. 7

12. EcTb n 1aMIiouex u 27 BbIKJIIOYATEICH.
Kaxgag mamMmouka IMOJAKJIIOYEHA K CBOUM
JIBYM BBIKJTIOUATeJIIM; OHA TOPUT B TOM H
TOJIBKO B TOM CJy4ae, Korja 00a ee BBIKJIIO-
yareJst BKJII0YeHbl. B HauaibHbIN MOMEHT BCe
BBIKJTIOUATENN BBIKJIIOYeHBbI. HemsBecTHO,
KaKue BBIKJIOUaTeIN IOAKII0YEHbl K KaKUM
JIaMTTOUKaM. 3a OJTHY TOTIBITKY MOKHO OJTHO-
BPEMEHHO BKJIIOYUTD JTIOO0€ KOJIMYECTBO BBIK-
JiovaTesieil 1 yBUeThb, Kakue JaMIOYKH MTPH
aTOM OyayT roperb. CyIecTByeT JH aJro-
pUTM, TIO3BOJISIONIUN YCTAaHOBUTDL, KaKue
BBIKJTIOUATETN TIPUHA/JIEKAT KAKIM JIaMTIOU-
KaM:

a) caesaB He 6osee 2n — 1 MOIIBITOK;

6) cienas He 6osee 1+ 1 TOnbITOK?

B.Pacmopeyes

13. Ksantuk u HoyTuk urpaior B Takyio
urpy. Hoytuk nuxryer KBantuky mudpsr ot
1 10 9 B TOM nopsijike, B KOTOPOM 3aX0YeT
(kaxayro o ogHoMy pasy). KBaHTuk 3arm-
CbIBaeT WX Ha Jucte GyMaru, mpuyeM Kask-
nyio nudpy, HauMHAS CO BTOPOIi, MUIIET
Ju6o cneBa, JuOO CcIpaBa OT BceX paHee
nanucanubix nudp. B pesyabrare Ha snucre
o6pasyeTcs eBATH3HAYHOE YNCI0. KBaHTHK
X0YeT, 9TOOBI OHO OBIJIO KaK MOYKHO OO0JIbIIIE,
a Hoytuk — 4T06BI OHO 6BLTO Kak MOXKHO
Menble. Kakoe 4ncyio nosydntces, ecan o6a
OyZlyT UTpaTh HAMIYYITIM 00Pa30OM?

. Axynuy

L
A \/B

Puc. 2

14. Jlanbl nBa npamoyrosbiuka ABCD u
DEFG, npuiyeM Touka E JeXXUT HA OTpe3Ke
AD, Touka G siexxkut Ha otpedke CD, a Touka
F — 1eHTp BHUCAHHOW OKDPY>KHOCTH Tpey-
ronmpunka ABC (puc.2). Bo ckombko pas
mwroma/b npsamoyroabauka ABCD 6osblie
mromam npsMoyroabauka DEFG?

A.Andpeesa, M.Ilanos

15. [lng Kakux HaTypaJbHBIX 1 HaO0P
qucesa 1, 2, ..., n MOXHO pa30uUTb Ha JiBe
IPYNIbI TaK, YTOOBI TPOU3BE/EHUE YHCEJ
OJTHOW TPYIIBI OBITO PABHO CyMMe YHCEJ
JIDYTOH TPYyMIIbI?

B.Jleuxo

16. Kaprounblii 1ryJiep tacyer KOJOMy U3
N xaprt, wncao N yetHo. /lemaeT oH 3TO
«rpoJiucThiBanreMy . CHavaja OJHUM Jieli-
CTBUEM OH Pas/iesIsieT KOOy Ha /IBE PABHbBIE
CTOIKM — BEPXHSIS YACTh CTAHOBUTCS TIEPBOI
CTOTIKOW, HIKHSS BTOPOH. 3aTeM KJIAJeT UX
PSIJIOM ¥ OJTHOBPEMEHHO <«ITPOJINCTHIBAET> UX
o0e Tak, YTO CTOIKH COEUHSIOTCS CJIeyT0-
M 06pa3oM: BHU3 JIOMKUTCS HUKHSS KapTa
MEPBON CTOTKU, HA Hee JIOKUTCS HUMKHSIS
KapTa BTOPOU CTOIKY, Ha Hee — BTOPast CHU3Y
KapTa IepBoii CTOTIKH, HA Hee — BTOPasi CHU3Y
KapTa BTOPOI CTOTIKM U Tak jajee. Hampu-
Mep, JJS KOJIOJIbl U3 8 KapT M3 KOJIOJIbI
(12345678), rae 1 0603Ha4YaET HUKHIO Kap-
Ty, noJayuaercst Koaoza (51627384). 1lynep
X04er, YTOOBI 110CJIe HECKOJIBKIX TaKUX Jeii-
CTBUI KapThl B KOJIOJIE JIEXKATH TaK Ke, KaK
cuHavana. J[lokaskurte, 4YTO [T ITOTO €My
JIOCTATOYHO cjiesiaTh He 6oJsiee N JIeHCTBHIA.

E.Baxaes
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KAJEHJAOCKOI «KBAHTA»

..MOXeTe Bbl yKA3aTh, A€ HAXOAUTCH KOHYMK
NIETALLEL CTPESbI?

3eHOH Dnencknn

[lovemy ecmm kK AEpeBy MPUIOXUTL TOMOP,
OOPEMEHEHHBIV TAXESIBIM [PY30M, TO AEPEBO by-
AET [10BPEX[EHO HE3HAYUTEIbHO, HO e Mog-
HATb TOMop 6€3 rpy3a v yaapUTs 1o 4EPEBY, TO
OHO packosnercsi?

ApuctoTtenb

30/7,[76’/(% 340aBOMYy CMbICTTy, Cv/id 4aB/IeHVA Ha
LHO cocy/ja He 3aBUCUT OT ero CpO,DMb/, a 3aBncnit

JIMLLIB OT BbICOTBI CTO/IOA XUAKOCTH, €€ M/I0THOCTY
v riowanm 4Ha.

[Mapapokc lMackang

.[loka fumK He OTKPbLIT, KOT BHYTPU ALUMKA
r1PebLIBAET B CYrEPo3nLmI ABYX COCTOSHUM, T.€.
HU KUB, HI MEPTB.

Mapagokc LpéamHrepa

..B QU3MIKE 113pafoKC — BCEro SINLLb 1YTaHNLA B
HaLem coOCTBEHHOM TOHMMAHM.,

Puyapn ®erHmaH
Korga cvegaror 6yb/vk, Kyaa AEBAETCA AblPKA?
®onbknop

A Taxk 1 XOPOIIO 3HAKOMbBI B

(hU3m4eckme

Ucropus dusukn m3o6miyer mapajokca-
mu! Mnorga HeXuTppiMu, TpeGYIONIUMIE JIUTITH
60J1e€ BHUMATEJIHHOTO B3TJISI[[A U TIPUBJIEYe-
HUS y’Ke U3BECTHBIX 3HAHWIT, 4TOObI paspe-
HIUTh KaKyIIUecs MPOTUBOpPeYnsi. A TOpoit
rIy6GOKMMH, 3aTPAruBAIONINMKU OCHOBBI CY-
MIECTBYIONINX TEOPHH W BEAYNINMH K WX
epecMOoTpy. Pa3MBIIIIIEHIIST Ha/l TapaloKca-
M 3aHUMAJIN YMBI BBIIAIOMINXCST YICHBIX, a
UX aHAJIN3 CBITPAJ BASKHYTO POJTb B Pa3BUTHH
COBpPEMEHHOH (PU3NKH.

OpHako U B mpefiesax IIKOJBHOTO Kypca
Hall/IeTCsT HEMAJIO 3a/1a4, HOCSIIUX TTapaioK-
CaJIbHBII XapakKTep 1 Bpo/ie Obl PACXOISIINX-
cs CO 3/ApaBbIM cMbICOM. VX pelrenue,
HAJ/IeeMCsI, MO3BOJIUT BBIUTH 32 PAMKU IPH-
BBIUHBIX, CTAHJAPTHBIX IO/XO/OB, PACIIH-
PUT TIpeJCTaBJeHNs 0 (PU3MUECKIX SBJIECHH-
X, a TaKXKe MPeoCTePEsKeT OT HEKOTOPHIX,
6bIBaeT OOMIHBIX, OMMUGOK. BoopyskumMcs ma-
Pa/IoKCATHHOI TTOTOBOPKOH «HEBEPOSITHO, HO
¢akt» — n cmeso Brepen!

Bonpocbl 1 3apgaun

1. B 3aKkpBbITOM paBHOMEPHO ABILKYIIEMCS
BaroHe B IEHTPE TT0JIa JIEKUT MU, a HaJl HUIM
Y TIOTOJIKA BUCUT JIETKUI Pe3NHOBBIH MIaPHK,
HAJyThI BogopogoM. Kak OyayT ABUTATHCS
MSAY M TIAPUK, €CJH BaroH PE3KO 3aTOPMO-
3uT? CONPOTUBJICHUEM BO3/yXa U TPEHUEM
MsYa O TI0JI MOKHO TpeHe6peyb.

NapagoKcbl &

2. A xax 6b1 Ha Borpoc Apucroress (cM.
snurpad) OTBETUIU Bbl?

3.06py4, pacKpy4eHHDII B BEPTUKAJIbHOMN
IIJIOCKOCTU ¥ IIOCJAHHbBIH 110 I0Jy PyKOH’
TUMHACTKM, Yepe3 HECKOJbKO CEeKyH/I caM
BO3Bpalaercst K Heii. UeM 910 06bACHUTD?

4. Mllapuk maccoii m, cBI3aHHBII HUTHIO C
HETIOBUKHOMN OCbIO, IBUKETCS 10 OKPYIKHO-
CTH €O CcKOpocTblo ©. Ero kunernueckas
9HEprHsl PaBHA MV / 2 n nocroguna. OnHako
B CHCTEME OTCYeTa, JIBUKYIIEHCS B IJIOCKO-
CTH BpallleHUs MMapuKa cO CKOPOCTHIO U, €r0
KUHeTHYecKasi sHeprusi uamengercs ot 0 1o
2mo?. Corulacyercs i1 9T0 € 3aKOHOM COXPa-
HEHUST SHEPTUN ?

5. Ha monere nauepyeHa MeJioM IpsiMas
Jqunus. Pa3Be He /JOJKHA UCKPUBJISATHCS 3Ta
JINHWS, €CJIM MOHETY HarpeTh?

6. Ecsin kaniHyTh BOJIY Ha TOPU30HTAIbHYIO
pacKaJIeHHYIO ILJIUTY, TO KaleJsbKa J0JIro
JIeP>KUTCS, OYTH He ucnapssach. Ecam cie-
JIaTb 9TO MpH cJab0 HaKaJeHHOHN TJINTE, TO
KaleJbKa IIOYTH MIHOBEHHO C IIUIEHUEM
ucnapurcd. Kak uCTOJKOBaTb pasHully B
TAKOM <IIOBECHUU» KaIleJbKU?

7. OTKPBIB [1BEPIly XOJOAMIBHUKA B JKap-
KHUH /IeHb, MbI YYBCTBYeM IIOTOK YCTpeMJIeH-
HOrO B KOMHATY OXJaXJeHHOIo BO3LyXa.
MO3KHO JI TAKUM TIyTEM CO3/IaBaTh MPOXJIa-
[y B KOMHaTe?

AN ((B)?




8. Mennasg Tpy6a ¢ BHEIIHUM JHAMETPOM
1 cM caykuT mpoBOAHUKOM mapa. Urto6br
YMEHDBIIUTD TEIJIOBbIE 1IOTEPH, €€ MOKPBLIN
CJIOEM TETLJIOU30JISTIN TOJIIHON 5 MM. Of1-
HaKO TOTEPHW TIOCJTE AHTOTO HE TOJBKO He
YMeHbIIUINCDh, HO Jaxe Bo3poc/u. ITouemy?

9. PasHoCTDb MOTEHITNATIOB MEXKIY OOKJIAI-
KaM# 3apssKEHHOTO ILJIOCKOTO BO3/YIITHOTO
KOHJIEHCATOPa IIPSAMO ITPONOPIIMOHAIbHA Pac-
CTOSHMIO MEX/ly HUMM. PasjaBuras riactu-
HbI, MBI BpO/ie Obl MOXKEM HEOTPAHUYEHHO
YBEJUYUBATD 3Ty PA3HOCTD IoTeHIanoB. Her
JIN 3/1eCb [IPOTUBOPEYMS?

10. K moJio>XuTesIbHO 3apssKeHHOMY IIapy
A 1oiHECI METAJJIMYECKUN TT0JI0KUTETbHO
3apsKEHHBIN 1map B, KOTOPBIF cTas MpuTs-
ruBatbesa K mapy A. Kak ke Tak, Beab
O/THOMMEHHO 3apSKEHHDIE TeJla TOJIKHBI OT-
TaJKuBaTbCA!?

11. C nomoIbio MaJeHbKOT0 OCKOJIKA 3€ep-
KaJia Ha cTeHe HAOII01aI0T COTHEYHbBIN «3ali-
YHUK», IIPUYEM ero Kpyrias ¢opma moyemy-
TO He 3aBUCUT OT (POPMbI OCKOJIKA. B KakoM
cJIyyae 3TO IPOUCXOJHT?

12. Cnuykoil MOKHO 3aKpBITh OT TIJa3a
KaKoe-HUOYb CJIOBO KHIKHOTO Tekcra. Of-
HAKO eCJIU JIepKaTh CIMYKY B 1—2 caHTHMET-
pax OT IJ1a3a, To TeKCT Oy /IeT BUIEH «CKBO3b»
crmiky. Yem aTo 06bsiCHSIETCS?

MukpoonbIT

BosbmuTe cTakaH, 10 TOJTOBUHBI 3aMTOTHEH-
HBI BOJION, W HAKPONTE €To JUCTOM GyMarm.
[TnotHO puskMuUTE GyMary pyKoii u nepesep-
HUTE CTaKaH BBEPX JHOM. Y GeJMBIINCH, YTO
Gymara pPacriojio’keHa TOPU30HTAJNbHO, ybe-
pute pyky. Boma He BbummBaerca! Urto 3a
rnapajiokc?

JTio6GonbITHO, YTO...

...II0 TJ1aBHOH amopuu (mmo-rpedecku — 3at-
pyzHeHue) 3eHOHA IPOTUB JIBUKEHUST, JIETS-
IIYIO CTPEJy HeJb3s1 OTJUYUTD OT TTOKOSIIIET-
cs1. BoiiiTi 13 37010 «6€3BbIX0/IHOTO II0JIOKE-
HUS» yJaJjoch auib B cepeaune XVII Beka ¢
BBesieHneM [ToliTeHCcOM TIOHSITUST CKOPOCTH.

...MIPOBO33PEHUYECKOI OCHOBOH /[pEBHETPE-
YeCcKNX YYeHBbIX, MPUBOAMNIEH K TapaoK-
caM, OBLT OTKa3 OT KaKuX ObI TO HU OBLIO
TEKYIIUX TIPOIECCOB, SAKOObI HEIOCTYITHBIX
JUIST HAYYHOTO aHaJIn3a, U OTpaHuyYeHue O/l-

HUMMN JIMIIIb 3aCTbIBIHIMMH «COCTOAHUAMM» .

...3HAMEHUTBII TuApocTaTuyecKuil napa-
JIOKC, BOIIE/IIIIH B ITKOJIbHbBIE YIeOHUKH 1O/
nMeHeM 3akoHa Ilackasis, 3HAYWTETHbHO pa-
Hee 6bLT OTKPBIT CuMonoM CTeBWHOM, KCTa-
TH TOBOPS, BOCCTAHOBUBIIMM PE3YJIbTAThI,
MOJTy4eHHbBIE elle APXUMEIOM.

...B COOTBETCTBUU C YCTAHOBJIEHHBIM B 1905
TO/Iy 3aKOHOM, 3HAYNTEIbHAS YaCTh 3HEPTUN
B CIIEKTPE TEIJIOBOTO N3TYYCHUS IIPUXOIUTCS
Ha ero KOPOTKOBOJIHOBYIO (yibTpaduosero-
BYI0) 00JIaCTh, YTO TIPOTHBOPEYHUT DKCIIEPU-
MeHTy. Takoe HecoBHajieHUE ITOIYYUJIO Ha-
3BaHMe yIbTPadr0JeTOBON KaTacTPOQbI HIN
napajsiokca Panesa — [lxunca.

...HPIOTOHOBA TEOPUS TATOTEHNS OKA3aJ1ach
HETTPUMEHMMOH K TOSIBUBITTElcs B Hadaie X X
BeKa HOBOU Mojesau BcesmeHHOl, TPUBOAS K
IPABUTAIIMOHHOMY MaPaJ0KCy, COTJIACHO KO-
TOpOoMYy B Ji000# Touke BcemeHHON 0JIKHA
JieiicTBOBaTh 6ECKOHEYHO GOJIbIIAS CUJIA.

...TIPOILJIBIH BEK TOJApHJ HOBbIE, MOHAYA-
JIy KasaBlIMecS apaJloKcaJbHbIMU, (usu-
YyecKue Mpe/CTaBACHUS: 3JIEKTPUYecKoe u
MarHuTHOE I10JI4 He CYIIeCTBYIOT OT/Ie/IbHO, &
JUIST pasHBIX Haburofatesell OHO W TO K€
110JI€ MOXKET IPOSIBJIATHCS UM KaK MarHuT-
HOe, MJN KaK 3JeKTpU4YecKoe, MWW KaK WX
CMeCh B CaMbBIX PA3HBIX MPOMOPIIHSX.

...pacxoxxjienue B Bo3pacte OJU3HEIOB,
O/IMH W3 KOTOPBIX OCTaeTcs Ha 3emJie, a
JIPYTOIl COBEPIIAET KOCMHYECKOE ITyTerie-
CTBUE, — TOXKaJYH, caMblil U3BECTHbIN Mapa-
JIOKC B TEOPUU OTHOCHTEJTHHOCTH.

...B KoHIle XX BeKa aKTUBHO 0OCYKIAJICS
TaK Ha3bIBaeMblil KBAaHTOBbLII adpdekT 3eHo-
Ha. Ero ocHoBHOE 1apajijokcaabHOe yTBEPIK-
JleH1e 3aKJ/II04aJ10Ch B TOM, YTO HEIIPEPbIBHOE
HaGJTI0/IEHIE 3a TTPOIECCOM PAJIMOAKTUBHOTO
pacmajia Jeaer caM pacraji HeBO3MOKHBIM.

Yrto yutaTtb B «KBaHTe» 0 pusnyecknx
napapokcax
(ny6rvkaumm nocneqHux ser)
1. «O posm mapajiokcoB B Pa3BUTHN HAYKN» —
2016, npusoxkenue Ne2, c.165;
2. «Ha tom ctoum!» — 2018, Ne5, ¢.26;
3. «OTHOCUTENBHOCTD BUJKEHUSI B 3ajavax
gauHamukuy — 2019, Ne4, c.40;
4. «ITapamoxce BaBusnosa» — 2020, Nel, c. 59.

Mamepuan nodzomosun A.Jleonosuy
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OU3UYECKUN ®AKYJIbBTATUB

Kanng 0oxas

P.KOPKUH

AITAYA TIPO [IBMKEHUE KAILJIN

JIOK]IS yoKe paccMaTpuBasach B «KBanres
(1982, Ne4, ¢.31 u 2019, Ne12, ¢.26; aBrop
ny6smkanuii — A.CTaceHKo), HO HECKOJIbKO B
JIPYTOM acmekTe. A WMEHHO, (opMyJHMpOBKa
ObLIa CJIEAYIONIEN:

ITycmo 6 obaaxe uz MuxKpoxaneivb 00nd u3
HUX CMALd nadam, Noziouds Ha c60eM nymu
ecmpeunvie kanau. Kaxoe 3axon deusxenus
naoaiowell Kanau co epemenem?

[Ipenmomaranoch, 4TO ABIKEHNE KAl yc-
TaHOBUJIOCD, HO OHO HACTOJIBKO ME/ITIEHHOE, YTO
COIPOTUBJICHUEM BO3/lyXa MOKHO IIPEHEeOPEYb.
WNamenenne opMbl Kalllm W ee pacraj Ha
60Jiee MeJIKHE TIPU COYAaPEHIH MCKJII0YAJIICh.
WHpIMu cToBaM¥, YTOYHSJIACH TOCTAHOBKA 3a-
Jladn O Karlie, majfaioniell 1 pacTyIeli B HeTo -
BIJKHOM TyMaHe, paHee OITyOJMKOBAHHOH B
Kypce Teopernyeckoit pusnku A.3ommepdein-
na («Mexannka»). VI IpuBOAMIOCH KPaCHBOE
U TIPOCTOE peIeHwe, Aafoniee OTBET: Karlis
JBUKETCST CO CPEJHUM yCKOpeHueM ¢/7 .

OnHako TOCTaHOBKA 3a7auil O [IBIKCHUN
Karm 6e3 ydera CuJIbl COIIPOTUBJIEHHS BO3/1yXa
He TI03BOJISIET MCCJIE0BATh J[MHAMUKY Peajib-
Holl karn. Iloatomy
KaKeTcs WHTEPECHDBIM
paccMoTpeTh 3aJady o
JIBIDKEHUT KATLIH C y9e-
TOM CHJIBI COTIPOTUBJIE-
HUS BO3/lyXa U IOTJIO-
LIEHUS Ha Ty TH J{BUKeE-
Am HUS BCTPEYHBIX KaTleIb

(puc.1). Ao mosBosuT

OTBETUTb Ha CJIEIyTO-

IITIIe BOTIPOCHI: KAaKOBa

KOHIIEHTPAIIUS BCTPey-

HBIX KareJab B BO3JY-

m + Am, Xe; KaKue THUIIMYHbIe

v+ Ay pasMepbl IMETOT KaTLTH

- JIOK/IST; C KAaKUMH MaK-

Puc. 1. [jprxerne Kar-  cuMaJibHbIMU  CKOPOC-

Jiv € riorjiolyeHrnemM  tgmm oHM MajaloT Ha
BCTPeYHbIX Karieslb ITOBEPXHOCTb 3eMJIH.

DOI: https://doi.org/10.4213/kvant20201104

YpaBHuenue JBMKEHUS KallJId MOXKHO 3allu-
caTh B BUjIe

mAv = mgAt — F,At — oAm. )

[TepBoe ciiaraemMoe B TIPABOW YaCTH COOTBET-
CTBYeT YCKODEHHUIO KAl B MOJIe TSKECTH,
BTOPOE YUUTBIBAET COMPOTHBJIEHUE BO3AYXa, &
TPEThe — TOTEPH UMITYJIbCA 3a CUET CIUSHISI CO
BCTpeuHbIME KarisiMu. CHia COMPOTHBJICHUS
BO3/lyXa, BOOOGIE TOBOPs, COCTOUT U3 JIBYX
KOMITOHEHT: JI0O0BOE COTIPOTUBJIEHHE U BSI3KOE
tpenue. Tounbie GOPMYJIbI BBITJSIAAT CJE/LYI0-
mmM 06pa3oM: )
F=C pozv nr?,
F, = 6mro,

XOTS 110 HOPS/IKY BEJIMYHHDI 9TH 06¢ KOMIIOHEH-
Thl MOTYT OBITb OIl€EHEHbI M3 COOGPa’KeHMi
pasmepHocTH. 3zech C — aspOoAMHAMUYECKUT
KkoadunmeHT J1060BOT0 CONPOTUBJIEHUS, P U
N — IUIOTHOCTb ¥ BSI3KOCTb BO3JyXa. Aapoju-
HamMmueckui koaddunuent C 3aBUCHT OT Teo-
METPUH TeJsla, CKOPOCTH JBIDKEHHS, a TakKe
IIapaMeTpPOB BO3JyXa M, BOOOIIEe TOBOpPS, He
sBJisiercst KoHcranToil. Ho s kanam cdepu-
4ecKoil (pOpPMBI B /IIalIa30HE MAJIbIX CKOPOCTeH
6yaeM mcrorb3oBath 3Hadenne C mopsaka 0,5.

[TozcTaB/sas BBIPA’KEHUS CUJ COIPOTHBJIE-
Hust B opmyay (1), momyunm

mAv = mgAt — vAm —

2

- CpTOvnﬂAt — 6mnroAt. (2)
OHAaKO 3TO ypaBHEHHUE CJUIITKOM T'POMO3/IKOE
g ananmsa. [laBaiite cHauasia U3y4yuM rajie-
HUE OAWHOKOW Kamum. /[ aToro ormyctum
cJlaraeMoe, CBSI3aHHOE CO BCTPEUHBIMH KallJisi-
mu. W3 YpaBHEHUA IIOHATHO, 4YTO, Ha4daB IIa-
JlaTh, KaIlJisi PasTOHUTCS 0 HEKOTOPOI Ipe-
JIeJIBHOM CKOPOCTH, TIPU KOTOPOIi CUJIA TSIXKECTH
6y/ieT ypaBHOBEIIEHA JIBYMSI CUJIAMU COTIPOTUB-
JeHusi. PeleHne ypaBHEHHS OTHOCHUTEJIBHO
CKOPOCTHU JIA€eT:

2
bn |, 8pgr _ 6n (3)
Cpyr 3Cpy Cpyr

Pesybrat oto6paken Ha pucynke 2. Murepec-
HO, 4TO TaKoe yIIPOIIEHHOE PACCMOTPEHHE /1aeT
3aBHCHMOCTb MaKCHMaJIbHOI CKOPOCTH KallJIH
IJIOTHOCTBIO P OT €e pa3MepoB, OJU3KYIO K
Ha0JII0/1aeMbIM 3HaueHUAM. Tak, Kammm pamy-



OU3UYECKHUIN DOAKYJIBTATHUB

—C yuemom eA3rocmu
— bes yuema e6a3Kocmu

C
—_ =
P

Cxopocmv, M/
®

2 3 4 )

o Ft
—_

Paduyc xanau, Mm

Puc. 2. 3aBUCMOCTb PELRETbHOM CKOPOCTY Karl-
JIM OT ee paauyca

com 0,3, 1 1 3 MM B JIeICTBUTEJIBHOCTH UMEIOT
MaKcHMaJbHble ckopoctn 2,5, 6,5 u 10 m/c
coorBeTcTBeHHO (CM., Hampumep, KHUTY:
b.Ixx.Meiicon. dusnka obaakos. — ['mapome-
teousaar, 1961), a na rpaduxre 10 3, 6,5 n
11 M/c. 3ameruM, uTO Ge3 yuera BSIBKOTO Tpe-
HUST 3HAYEHHSI CKOPOCTEH HECKOJIbKO 3aBblllle-
HbBI JIMIIb JIJIsT Kalleab pajnycoM MeHee 1 MM.

[TonsiTHO, UTO CKOPOCTHU JIEHICTBUTEBHO JI0JI-
JKHBI OBITH BBIIIE /L1 KPYIHDIX KalleJb — CHJIA
TSIPKECTH PACTET € PAJNYCOM ObICTPEE, YeM CHIIbI
conporusJenusi. [loyemy >xe B TakoM ciydae
3Ta 3aBUCHMOCTb HE PACIPOCTPAHSETCS W HA
6oJiee KpymHbie Karin? OTBET COCTOUT B TOM,
4TO Hallle npub/IsKeHne He paboTaer, KOTaa
neperna/] 1IaBJeHnii 13-3a CONPOTUBJICHNS BO3-
JyXa COTIOCTABUM C /IaBJCHUEM MOBEPXHOCTHO-
ro Hatskenus: Cpyo” /2 ~ 20/r, rae 6 — K0ad-
(unmenT noBepxXHOCTHOTO HATSLKeHus. Bsskoe
TPEHHE 3/IeCh OIYIIEHO, TOCKOJbKY 1TpH (OJIb-
HINX CKOPOCTSIX JI0OOBOE COTIPOTHBJIEHHE JIOMU-
Hupyer. OTciofia MOXXHO HAalTH COOTHOIIEHUE
MEK/y KPUTHUECKUMH 3HAYEHUSMU Pajnyca u
CKOPOCTH KarlJIu:

2y~ 4—6. (4)
P

[l Kamesib ¢ paguycoM 5 MM KpPUTHYECKAs
ckopoctb pasaa 10 m/c. Takum o6pasom, 6oJsee
KPYITHBIE KaIlJT €CJI M BOBHUKHYT, TO, Pa3or-
HaBIINCh 70 KPUTHYECKOH CKOPOCTH, OYAyT
cHavasia 1epOPMUPOBAHBI, UYTO YBEJIUMYUT UX
COIIPOTHUBJICHUE, a 3aTeM Pa30PBaHbI HA MHOKE-
CTBO MEJIKUX KaleJb, KOTOpPbIE 3aMeJISTCS,
COTJIACHO KPWBOH HAa PUCYHKE 2.

Wrtak, MBI HE TOJBKO BBISICHUJIN [NATIA30HBI

CKOPOCTE KaleJb I0K/s1, HO M y3HAJIN MaKCH-
MaJIbHBII pajinyC KaleJb.

Pacemorpum temepb ypasuenue (2) ¢ yuetom
CJIMSTHUST KAILJIM €O BCTpeuHbiMu. Kak Mbl yoxe
3aMeTUJIM BBIIle, yPaBHEHHE TI'POMO3JIKO JUJIs
aHaM3a M XOTeJoCh Obl ero ympocTutb. K
CUACTBIO, /7SI IOCTATOYHO OOJIBIINX Karesb 1
He OYeHb MaJ/blX CKOPOCTeil CHUJIOH BSI3KOrO
TPEeHUs MOKHO TpeHeGpeub. [lelicTBUTENBHO,
pPaccMOTPHUM KarlIo pajnycom 7= 0,5 MM npu
CKOpOCTU JIBMIKeHUsT v ~ 3 M/c. Mcnoabays
3HAYEHNsI IJIOTHOCTH U BS3KOCTU BO3/yXa!
Po =1,2 Kr/M3 un=2-107Ila-c, umeem

F~42-10°H>F ~57-107 H.

Takum 00pasoM, /Il KaueCTBEHHBIX OIEHOK
MaKCHMAJbHBIX CKOPOCTEH MOXKHO PaccMoT-
PeTb TOJIbKO CHJIy JIOGOBOTO CONPOTUBJICHUS.

BbruncsinM nsMeHeHne Macchl KallJid 3a cueT
causiHusl. Macca BCTPEYHBIX KarmeJb, co6paH-
Has 3a BpeMda Af, paBHa

Am = apmr’oAt, (5)

rge o — o0beMHas KOHLEHTpAlusd Kalelb B
BO3/IyXe, T.e. 06beM BOJSHBIX KalleJb Ha e/-
HHITY 06beMa BO3/lyXa. 3/1eCh Mbl IIPE/III0JIOKH-
JM, 4YTO BCe KallJW, BCTpedaeMble IO IyTH
JBIDKEHUS, Oy Ly T IOTJIOMATHCSA. DTO He COBCEM
BEPHO, TaK KaK He YYNTHIBAIOTCS OTCKOKM Ka-
Heb, HO JUISI KAYeCTBEHHOIO PACCMOTPEHUS
sToro gocratoyHo. Cumrast Kanam mapoo6pas-
HBIMI, U3 32aKOHA COXPAHEHIs MacChl HAXO/NM
M3MeHeHIe pajiyca:

4ntr’Ar = mrlaAx.

Buano, 4To pajuyc pacreT JMHEHHO ¢ TPOi/IeH-
HBIM TiyTeM. [IpwHWMasg paamyc Kamim B Ha-
YJaJbHBI MOMEHT 3a 7, TTOTydaeM

r=n+ ox (6)
4
C yuerom ypasuenuii (2), (5) u (6) nepenu-
meM auddepeHInaibHOe ypaBHEHHE [JIsT CKO-
pocT:
2
dv=ga’1§—§ OL+% v—dt
4 2p |y +ox/4
VIHTEpEeCHO, UTO BKJIAJIbI CIATAEMbBIX, COOTBET-
CTBYIOIIUX CJAUSHUIO KareJb U CUJIE COTPOTUB-
JIEHUSI BO3/YXa, UMEIOT UEHTUYHbIe (POPMBL.
VMHOKHUM ypaBHEHHE HAa ©, BBeAEM HOBYIO
[EPEMEHHYIO i = 02/ (2¢g) n npousBeem 3amemy
dx =wvdt. Torna BeIpaskeHUE HECKOJIBKO YIIPO-
CTUTCS:
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=Y

x+b
3/iech BBeIeHDI TTapaMeTpbl a = 6 + 3Cp, / (pat)
u b =4ry/o. dus toro 4toGbl u36aBUTHCS OT
3HaMeHaTeJisl, WIIEeM pelleHue B BU/E
y=2z(x+b). IloacraBus 2TO BBIpAXKEHHE B
ypaBHEHHE, TTOJyYNM

Z(x+b)+z=1-az.
Orcrofia HaXo/ UM

dz _ dx
1-(1+a)z x+b

TeMm, KTO yMeeT WHTEIrpPHpPOBATb, HECIOKHO
YBU/IETH, UTO U CJIEBA U CIIPaBa MPU WHTETPUPO-
BAHUU TIOJYYAeTCsl HATYyPaJbHbIN Jorapudm.
BobrumcsnB aKCIOHEHTDI JIEBOW M MPaBoil vac-
Tell, TTOJyYrM OTBeT AT DYHKIUU 2:

1 A

rae A — KOHCTaHTa UHTErpUPOBAHUS.
Pemenne pug y sanuueMm B Buje

_x+b A
a+l (x+ b)a
[Tosrarasg HavambHYIO CKOPOCTD KAl PaBHOM
nymo (i y (0) = 0), BbIYMCIUM KOHCTAHTY A:

a+1
b A b
a+1

a+1 bp*’

Temepb BoIpasKeHUe 7S 0° BBITISIAT CACTYIO-

M 06pa3oM:

2 87 (1+ ox/(4%)) y
70.+ 3Cpy /p

1
(1 + o/ (4n ))HBCPO/(ap)

Jra obmas dopmyJia conepKuT B cebe He-
CKOJIbKO MHTEPECHDIX NPEJEJbHDBIX CJIYYaeB.

1. ConpoTuBJIeHHE BO3/lyXa I KOHIIEHTPAIHS
BCTPEYHBIX KalleJb IpeHeGpexumMo Masibl (1o-
noxum C — 0, oo — 0). Torga ypasuenne (7)
YTIPOIIAETCST:

x| 1—

v? = 2gx.

ITO OOBIYHBIN 3aKOH MMaJeHUd KallJli B I10JIe
TSKECTH B OTCYTCTBHUE COTIPOTUBJICHUS BO3[Y-
Xa, 4ero M CJIEJ0BAJIO OKHUIAATD.

2. CormpoTuBjeHIE BO3AyXa TaKXKe OTCYT-

2020/Nel1-12

creyer (C=0), HO KOHLEHTPAIMS BCTPEUHBIX
Kalle/ib JI0CTaTouHO BbicoKast (paguyc Haimei
KallJii CYIIECTBEHHO YBEJIUYUBAETCS, HO
o > 4ry/x). Torga
7

T.e. KallIsd MajaeT ¢ yCKopeHueM ¢/7, 4To
COTJIacyercsi ¢ OTBETOM B BBINICYHNOMSIHYTBIX
Matepranax «KpaHTa».

3. CompotuBiieHe BO3/AyXa MPUCYTCTBYET,
Ho Her Berpeunbix Kameab (C=0,5, o — 0).
ITOT cJIydail COOTBETCTBYET JIBUMKEHUIO OJ[HO-
KOII KaIlJii B [0JIe TSPKECTU € yYeTOM COITPOTUB-
Jiennst Bosayxa. C oMoIpio HEKOTOPhIX aJare6-
pamdecknx tpeo6pasosanuii popmyaa (7) mo-
JKeT OBITh Teperrcana B BUje

o = 8pgny (1 _ 6*3(50095/(49’0)). (8)
3Cpy
IKCIOHEHIINAIbHOE BEIPAJKEHNE B CKOOKe CTpe-
MHUTCSI K HYJIO C YBeJUYeHHEM IIPONJeHHOTO0
MyTH, M CKOPOCTb KAaIlJIM CTaGUJIU3UPYETCSI.
WHuTepecHo, 4TO BECh PA3rOH Y OJAMHOKOI Karl-
JIM 3aHUMAeT BCEro HECKOJbKO METPOB WJIH
necsttkoB MeTpoB: L ~ 4pry /(3Cpy) = 11 ™ st
Karau paamycom 0,5 MM. ACUMITOTHYECKHU
dopmyna (8) crpemurcsa ¢ dopmyae (3), ecam
MOJIO’KUTD B Hell BI3KOCTh PAaBHOI HYJIIO.
J1151 KOJIMYeCTBEHHOTO aHAT3a HaM HeJI0CTa-
eT 3HaHWiI o mapamerpe 0. KonieHTpanus
BCTPEYHBIX KaIleJIb OMPe/IeIAeTCS KOJTTIeCTBOM
CKOH/IEHCHPOBAHHOTO BO/ITHOTO TTapa. Konzen-
carust B 06J1aKe IPOMCXO/IUT 32 CUET TepeMeliie-
HUSI TETJIBIX BO3/LYIITHBIX Macc B 00J1acTh GoJiee
HU3KKUX TeMmiieparyp. Bapuaimn temneparypsr
Ha MHTEPECYIomuX Hac BbicoTax (10 HECKOJIb-
KHX KHJIOMETPOB) cocTabisaior 10—20 rpaaycos
npu camoii temneparype nopsiiaka —20 °C. B
TaKOM CJTydae MJI0THOCTD Karesb — TaK Ha3bIBa-
eMasi BOJIHOCTb — €CTb Pa3HMIA TJIOTHOCTEl
HACBINEHHBIX TTAPOB BOJIbI, KOTOPas KosebJer-
cs B IMUPOKHUX TIPEesiax OT COTBIX JOJel 10
3—4 r/ M”. TIOCKOJIBKY BOIHOCTD, HJIH MACCOBOE
BO/IOCO/IEpIKaHTEe, W CBA3aHA ¢ 0OBEMHBIM BO-
JIOCOJIEPYKAHUEM COOTHOIIEHUEM @ = 0P, TO O
n3Mensiercss ot 107 70 3mavenuii mopsiKa
(3-4)- 107, MoskHO 3aMeTHTD, UTO IIPH PeasTh-
HoM Koaddunmenrte conporusierus C ~ 0,5
BKJIAJ] CJMSIHMS KalleJb B 3HaMeHaTe b (hopMy-
vt (7) nesnauntenen: 7o = 3-107 <« Cp,/p =



OU3UYECKHUIN DOAKYJIBTATHUB

=~ 6-107* gaske 1719 OYEHDb BBICOKUX 3HAUCHMUIL
BogHOCTH o6maka (o ~ 4 - 10_6).

O/IHAKO YUeT CJMSHUS KaTleJIb JaeT WHTEPeC-
HpIit apdeKT 1Mo Kpaiineil Mepe [T BBICOKUX
snavennii 0x/(47), T.e. IPH BBICOKMX 3HAYEHH-
ax sommoctn (o ~ 4-107%), na KPYITHBIX 00-
nmakoB (4 km). B atom caywae dpopmyma (7)
VIPOLIAETCS JI0 BBIPAKEHUS

R )
7+ 3Cpy/(0p)

Mpbl CHOBa TMOJIyYHJIN PABHOYCKOPEHHOE [IBH-
JKeHMe, HeCMOTPSI Ha cuJTy TpeHus! Dusnmueckn
3TO BO3MOXKHO 6J1arojiapsi CHJIbHOMY YBeJnye-
HUIO pajuyca KallJu 10 XOJy JBUXEHUS
(oH [(41y) ~ 4). Cuna conpoTHBIeHus: pacTer
ITPOINOPINOHATBHO BTOPO#l CTeleHu, a CHJja
TSKECTU — TpeTbhell cTelleHu pajiyca, KOTOPbIil
caM 1o cebe pacTeT €O BPEMEHEM, II03BOJIAA
Karie JIBUTaTbCst ¢ HEGOJIBIINM YCKOPEHUEM.
Yckopenne ipn 9TOM HE 3aBHCUT OT Pa3MEPOB
kanu u cocrasiger npumepno 0,002¢g. [loc-
TUTHYB 3€MJIM, PaJNyC Kalljll YBEJIUYUTCS HA
oH/4 =4 MM, a ee ckopocTb cocTaBut 13 m/c.
O/1HaKO, 3TOT OTBET HECKOJIbKO 3aBbIIIEH JasKe
JUIST HavasibHOTO pajanyca 0,5 MM, Tak Kak 1pH
MIOJIHOM pajuyce 4,5 MM HAUMHasi CO CKOPOCTH
10,2 m/c xanust Tepsier cepuIHOCTD COTJIACHO
dopmyne(4).

Ho MOkHO 33/1aThCST BOTIPOCOM O MaKCHMAJTh-
HOW CKOPOCTH KAIlJIu MEHbBIIEro pasMepa B
cJrydae BBICOKOW BOAHOCTH. BO3MOKHO, Takue
KaIlJIu CMOTYT TIPE0JI0JIETh 6apbep, YKa3aHHbIiH
B hopmyuie (3)? OTBeT OTpUIATEIEH: PABHOYC-
KOPEHHOE JIBIXKEHNUS B 00J1aKe BBICOKOI BOJIHO-
cru (9) Jmuib cooTBeTCTBYET GOsee MIaBHOMY
pasrony, Hexenn coriacHo (8). KoneuHbie
CKOPOCTH BCE PAaBHO OrpaHUYeHb! (popMyraMu
(3) Broth mo 3navenuii ckopoctu (4). Jleii-
CTBUTEJIBHO, IpaBas YacTb dopmysl (9) Mo-
JKeT ObITh TIepernucana Tak:

2gx _ 2g (oux/4) _
7+3Cpg/(ap)  7a/4+3Cpy/(4p)
2gr _ 8pgr

" 7a/4+3Cp,/(4p)  3Cpy’

Hamocneox jaBaiiTe OIfeHUM KOHIIEHTpa-
IIWIO Karesab B 06JaKe M cpelHee PACCTOSHIE
Mexay Kammamu. Ilockoabky koaddurment

o <4-107° a TurmanmEbe pasmepsl kanemb B
o0J1aKe OIEHUBAJIUCD BbIIIE B JIECSATHIE U COTbIE
JIOJIT MUJITUMETPOB, TO KOHIIEHTPAIHS Karesb
nosyuaercst mopsizika 10107 na kyGiaeckumit
MeTp, a PACCTOSTHNE MEXK/1Y KallJISIMU COCTaBJIS-
€T CAaHTHUMETPBI.

Crout 3aMeTuThb, 4TO (PU3MKA KATLIU OIS
UHTEPECHA 1 MHOTOTPAHHA U HE UCYEPITBIBACTCS
OIMCAHHBIMHU BbIIIIE SIBJIEHUSAMU. 3/1€Ch HE ObLIH
paccmotpenbl, HapuMmep, addeKrTbl pocTa Ka-
TeJib 13 3aPO/IbIIIEN, BIUSHUE 3apsi/ia Ha CJIU-
SIHME Kallesib IPU NaJleHnn, BO3MOYKHOE HCIia-
peHune Karim 10 XO/1y JABMKEHUs UM 3aMep3a-
Hue ¢ 00pa30BaHieM KPUCTAJIINKOB JIbJIa U TaK
JlaJiee.
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MATEMATUYECKHUN KPYXOK

[1Be 3a0a4m
O MOKPbITNN
0OCKW yronkamm

A.KAHYHHUKOB

IHA U3 PACIIPOCTPAHEHHDBIX

KPY’KKOBBIX T€M — 3aMOIIECHUS, Pa3pe3a-
HUs, packpacku. TunuyHas 3ajaya Ha ATy TeMy
dopmysmmpyercss Tak: «MOXHO JH JJAaHHYIO
urypy, cocrosuiyio u3 KJieTok, pazpesarb Ha
dburypku gannoro suzga?» (cM., HampuMmep,
[1]). B ar0ii cTaThe MBI pelIMM JBE CXOXKHUE
UCCJIEIOBATENBCKIE 33U O TIOKPBITHH TPSi-
MOYTOJIbHOM JIOCKU YTOJIKAMU.

3apava 1. Jocku xaxux pazmepoe mxn
MOKHO paspe3amv Ha Yz0JKU U3 mpex Kjle-
moK?

OUeBH/HO, YTO YHCIO KJIETOK MmN OJKHO
OBITb KPATHO 3, a 3HAYWUT, M WJIU N KPATHO 3.
PaccmoTpuM 6JM3KYyI0 3a/a4y, B KOTOPOIl 9TO
OrpaHHYeHHUEe CHUMACTCSI.

3amaua 2. Jocku xaxux pasmeposé mxn
MOKHO NOKPLIMb Y2OJKAMU U3 MPEX KAEMOK
pasnomepno 6 neckoavko caoee? (Kaxdas
KACMKA NOKPLIBAECs OOHUM U TWeM JKe UUC-
JIOM Y20JK08. )

B orBete K aTOI 33j1a4€ m U 1 y3Ke MOTYT ObITh
He KpatHbl 3 (B 9TOM cJ1ydae YrcJio cjioes Oyaer
kpartno 3). MHrepecHoe penenne safadn 2 A
JIOCKM 5 X 7 aBTOp yBU[ET B KHIDKKe [2], Korma
ObLIT MKOJIBHUKOM. JloTagiaThCst 10 9TOTO perire-
HUS BeCbMa He TPOCTO.

PeweHune 3apaum 1

byaem cuurarb, yro m kpatHo 3. Haunem co
cayyasg m=3. llpu n=2 mosydaeM TIpSIMOY-
TOJIbHUK 3 X 2, KOTOPBIM paspesaercd Ha JBa
yrosika. Vccaemyem obrmuit caydaii 1ocku 3 X n
pu 1> 1. Ee JeByI0 BepXHIOIO KJIETKY MOKHO

Puc. 1

DOI: https://doi.org/10.4213/kvant20201105

HOKPBITH YIOJKOM BYMst criocobamu (puc.1) —
B 000HX CJIy4asX OJHO3HAYHO CTABUTCS elle
OJIMH YTOJIOK CHU3Y U 3THU /IBa YTOJIKa 06pasyIoT
npsamMoyroabHuk 3x 2. K ocrasmeiica pocke
3x(n—2) npumensem To xke paccykaeHue n
MOJIy4aeM, 4To

JIOCKa 3X n pazpe3aercs
Ha yroJiku < n yetHo. (1)

Hanee BosbMeM m=06. locku 6x2 u 6x3
MOJKHO pa3pe3arb Ha 6JIOKH 3 X 2, a 3HAUHUT — U
Ha yroaxu (puc.2). Orcioga ACHO, 4TO

IOCKa 6 X n pa3pesaeTcs
Ha yroaku npu mobom n> 1. (2)

Puc. 2

[elicTBUTENbHO, 1P YETHOM 72 TaKas JOCKa
paspesaercd Ha JIOCKU 6X2, a NPpU HEYETHOM
n — Ha oHy A0CKy 6% 31 (n — 3)/2 JTIOCOK 6 X 2.

Ocrajioch uccieoBaTh JOCKU C HEYETHBIMU
m, n> 3, rjae m kpatHo 3. Haumenbiine 3Have-
Hust: m=9 u n=>5. Ha paspesanue gocku 9 X 5
MOXET yHTH MHOTO HeyJauyHBIX MOIBITOK. B
pellIeHnn TOMOJKeT pacKpackKa JOCKHU, TTOKa3aH-
Hasg Ha pUcyHKe 3. SIcHO, 4TO KasK/blil YTOJIOK
MOKPBIBAET He 6oJiee YeM OJ[HY 3€JIEHYIO KJIeT-
Ky. C Ipyroii CTOPOHDBI, 3€JeHbIX KJIEeTOK 15 —
CTOJIBKO K€, CKOJIBKO JIOJDKHO OBbITh YTOJIKOB.
3HaYUT, B KAK/JOM YTOJIKE JOJZKHO ObITh MO
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3esieHoit kireTke. OJTHO N3 pa3pe3aHuii mokasa-
Ho Ha pucynke 4. OTciofa cjaegyeT, 4To

mo6asg MoCKa m X 1 ¢ HeUeTHBIMU
m,n >3, T/le m KpaTHo 3,
paspesaercs Ha yroaku. (3)

JleficTBUTENIBHO, JOCTATOYHO OTIMJIUTD OT
TaKOM TOCKU JOCKY 9 X 1 U OCTATOK pa3pe3arhb
Ha pockn 6 x n (Beakoe HeyeTHoe m > 3, Kpar-
Hoe 3, mpeacrasaserca B Buge 9+ 6+ ... +6).
Ilocku 6 x n paspesatorcst B cuay (2), a gocka
9 X n pazbuBaercst B COOTBETCTBHM € Pa30HeHn-
eM n=5+2+...+2; 1ocku 9 x 2 pazpe3aiorcs
Ha TpH 6J10Ka 3 X 2, a I0CKY 9 X 5 MBI TOJIBKO YTO
paspesasn.

Pemenne 3asaun 1 3axkJi04eHO B yTBEpIK/ie-
nuax (1)—(3). CdopmymupyeM ero B Buje
TEOPEMBI.

Teopema 1. Jockxa mXxn paspezaemcs na
Y20KU 8 CACOYIOWUX CAYUASX U MOJLKO 8 HUX!

1) mn kpamno 6 u m, n>1;

2) mn Kpammo 3, mu n Heuemmnwl u 60.1pue 3.

PeweHune 3apaum 2

IIpesk/ie BCEro OTMETHM, YTO JI060e MOKPbI-
THE OJIHUM CJIOEM MOKHO HACJauBaTh MHOTO-
kpatHO (CTOJIBKO pas, CKOJMBKO Hy:kHO). [la-
Jee, TOMUMO GJI0Ka 2 X 3 y HAC TIOSIBJISIETCS eme
60K 2x2: Takoil KBaJPATHK TMOKPHIBAETCSI
YeTBIPHMS yroJxkaMu B Tpu cios (puc. 5).

= rrrrrr x3

Puc. 5

Ipsimoyrobaukamu 2X 3 1 2X 2 MOXKHO TIO-
KPBITh JTIIOGYTO TIOJIOCKY 2 X 1, a TOT/1a 1 JIIOOY IO
nocky 2k xn. Nrak,

Jnocka mx n, rae mn detno (m, n>1),
PaBHOMEPHO MOKpbIBaeTcsl yronkamu. (4)

Ocranoch uccae0BaTh AOCKN € HEYCTHBIMU
m u n. Kak u B 3asaue 1, HauHeM co ciaydvas
m=3. OTO NepBbIil HEeTpPUBHUAJIbHBIN cuyyail,
KOT'/Ia JIOKa3aTh HEBO3MOXKHOCTD IMOKPBITUS HE
tak mpocro. Ilyctb n = 2k — 1. Bocnosb3yemcst
yoKe 3HAKOMOH HaM pacKpacKoil Ha pucyHke 6
1 PacCTaBUM B 3eJIeHble KJIETKU 4YHCJIO 2, a B
6espble uymncyao —1. CymMma Bcex 4umcesl paBHA

2.2k — (3 (2k-1)- 2k) =3. Ilpeanonoxum,
4TO IOCKY 3 X (2k — 1) y/1a10Ch HOKPDITH YTOJIKA-
mu B N cioeB. PacemorpuM cymMmy S 4mcest BO
Bcex yroskax. C oaHO# CTOPOHDBI, OHA paBHA
cyMMe umcesl Bo Bcex cuosix, T. e. 3N. C
JIPYTOIii, B KQXK/JOM yTOJIKE CyMMa 4nceJ paBHA
60 =3, 160 0, BO BCIKOM CJIy4ae HeroJIoXKu-
tesibHa. Takum o6pasom, S = 3N < 0 — npoTu-
BOpeune. MBI TOKa3asi, 9To

NocKu 3 (2k — 1) nenbas
PaBHOMEPHO MOKPBITH yroakamu. (5)

ITOT TPIOK € XUTPOYMHOM PACCTAHOBKOI Uncest
MIPON3BEJ HA MEHS CUJIbHOE BIIeYaTJIeHIe, KOT-
Jla s1 BIepBble, OY/y4d MIKOJbHUKOM, yBHJIE
pelenre 9Toi 3a4a4u VIS JOCKU D X 7 B KHUK-
Ke [2]. S peurn mocMOTpeTh, Ha KaKKe TOCKH
(2k —1)x (21 - 1) o6GoGuaercst 310 paccysk/ie-
Hue. 3eJIeHbIX KJETOK Ha TAKOM JI0CKe POBHO kI,
MO3TOMY CyMMa YHCeJ /I TaKOW TOCKW PaBHA

S =2kl-(2k-1)(20 -1)+kl =
=—kl+2k+2] -1,

YTO MOYTH BCET/Ia OTPUIATEIBHO: MPOU3BE/Ie-
nue kRl umeer «6osbIInil Bec», yeM 2k + 2] —1.
ITO HE YAUBUTENBHO: 3€JI€HbIe KJIETKH COCTaB-
JILIOT IPUMEPHO YeTBePTh Ha GOJIBIION JOCKe:
Ha KaXKIyI0 [BOIKY MPUXOANUTCS TPU MUHYC
eIMHAIIBI. BBIACHNM, Koraa Bee ke S MoJI0KHI-
tesibHO. Hac wHTEpecyioT He CJUIIKOM Y3Khe
Jocku: k, [ > 2, uHave OJIMH U3 Pa3MEPOB JIOCKH
paBeH 3 — Takue JOCKH Mbl yske uzyunian (cM.
(5)). Ilpu k > [ = 3 umeem

S>06e (k-2)(-2)<3 e (ke

©(3,3), (4 3).
Taxkum o6pasom,

JIOCKM 53X 5 1 5X 7 HeJIb3d
PaBHOMEPHO MOKPBITH yroakamu. (6)

OrmeruM, 4YTO AJ9 JOCKH 5X9 cymma S
oKa3biBaeTcs paBHOH (, MO3TOMY B KaKIOM
yTroJKe cyMMa JoJbKHa paBHATheA 0, T.e. B
Ka)K/IOM YTOJIKE JI0JKHA ObITh 3eJIeHast KJIeTKA.
Tak OHO U ecTb — MBI yKe 3aMOIIAJH JJOCKY d X 9
B oaun cyoi (cm. puc. 4). Tenepb J1erko 10-
KPBITb JOCKY 5 X (9 + 2t ): OT/1eIbHO ITOKPhIBaEM
NOCKY 5X9 u t mocok 5x2 (u ypaBHUBaeM
yucso caoes). Mrak,

JIOCKH 3 X 71 PABHOMEPHO TTOKPBIBAIOTCS
yrosikaMu npu Jjo6om xedernom n> 9. (7)

K soBogam (5) u (6) MoxHo mpuiiti, wc-
MOJIb3YST TOJBKO PACKPACKY C 3€JEHBIME KJIeT-
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KaMH, He paccTaBJigs yncia. PaccMoTpum, K
npumepy, Jocky Sx7. Ilyctb ee MOKHO IO-
KpbITh yroakamu B N cioeB. Torma uuncio
3€eJICHBIX KJIEeTOK BO BceX CJogX paBHO 12N, a
YHUCJIO YTOJIKOB PaBHO 35N/3. Ho B kaxxgom
yrojike — He 6ojee OHOHM 3€JeHOI KJIETKH,
3HAYNT, YTOJKOB He O6OJbINe, YeM 3eJICHBIX
kJseTok (110 BceM ciosim), T.e. 12N < 35N/3 —
MPOTUBOpEYNE. JTO PelieHne paccKkasana mpe-
noziaBatesib Magsoro mexmata Mapuna Mouva-
HOBA.

Oco60ro BHIMaHUS 3aCTy>KUBAET T0cKa 7 X 7.
Ecam MBI Hay4YmMcs MOKPBIBATD ee, TO

CMOYKEM TOKPbITh
BooGIIEe BCe He paccMOTpEeHHbIe
panee gockn (7 +2p)x (7 +2t). (8)

[locTaTouHO MOKA3aTh, YTO, BBIPE3aB JIOOYIO
KJIETKY [JOCKM 7 X7, MBI CMOJKEM IIOKDBITH
OCTaBHIYIOCS YacTh YTOJKaMHU B OJWH cJoi. B
caMOM Jiesie, HAJOXKUB JPYT Ha Jpyra Bce 49
TaKUX MOKPBITHH, MbI TOKPOEM I0CKY 7 X 7 B 48
cyioeB! KoneuHo, mpumepbl TIOKPBITUI JIOCTa-
TOYHO MMPUBECTH He /171 49 KJIETOK, a BCEero s
10 — onm ormeueHnl Ha pucynke 7, jio6as

Puc. 7
JIpyTasi KJeTKa MepPeBOIUTCS B OJIHY M3 OTMe-
YEHHDBIX [TOBOPOTOM WJIH OTPASKEHUEM [OCKH.
Kaxxgag nz 10 kieTok, OTMEYEHHbIX HA PUCYH-
Ke 7, IomajaeT B OJMH U3 KBaApaToB 2 X2,
BBIJIETEHHBIX KpacHbIM. [1ocie BbIpe3anust KJeT-
KU TaKOil KBaJ[paT caM CTAHOBUTCS YTOJIKOM, a
KaK pa3pesaTrhb OCTABIIYIOCS 9acTh TOCKH, TIOKA-
3aHO HA COOTBETCTBYIOIIEM U3 PUCYHKOB 8,d-6.

Cymmupysa yrepskaenus (4)—(8), moayua-
eM CJIeyIONLyIo TeopeMy.

Teopema 2. [locka mxn pasnomepno no-
KPOLBAEMCS Y2ONKAMU 8 CAEOYIOUUX CAYUASIX U
MOIBKO 6 HUX:

1) mn wemmo u mn > 1;

2) m, n newemmvL u Goavue 3, Kpome JoCOK
S5x5ud5x7.
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a)

6)

o [ |_ ,,,,,, »
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Dum3mkKo-
MaTeMaTunyecKas

NIYIZENE
«DU3TEXY

MATEMATUKA
11 knacc
BapuaHT 1

1 (3 Ganna). Haiignre KOAMYeCTBO BOCHMU-
BHAYHBIX YUCEJ, TPOU3BEEHNE TP KasKI0TO
13 KOTOpbIX paBHO 3375. OtBer HEOOXOIMMO
[PE/ICTABUTDH B BUJIE 1[EJIOTO YHCJIA.

2 (5 Gaanos). Pemure ypasHenue

cos11x — cos 3x —sin 11z + sin 3x = v/2 cos14x.

3 (5 Gasos). Pemure cucreMy ypaBHeHuMit

5 lgx
(y_J =yl
X

x? = 2xy —4x - 3y* +12y = 0.

4 (5 6asnos). Cdepa ¢ nenrpom O Brucana
B TPEXTPAHHBIN YTOJI ¢ BEPIIMHON S 1 KacaeTcs
ero rpaneil B Toukax K, L, M (Bce miockue
YIJIbl TPEXTPAHHOIO yTJIa pas/nunbl). Haiiau-
te yroq KSO u mJom@aib cedyeHus: JaHHOTO
TpeXIpaHHOro yrja mjaockoctblo KLM, ecau
U3BECTHO, YTO ILJIOMIA (U CEYeHU TPEXTPAHHOTO
yIJa TIJIOCKOCTSIME, KacalolmMmucs cdepsl n
TIePIICH/INKY IAPHBIMI TIPAMoit SO, paBubl 1 1 4.

5 (5 6annos). Haiigure Bce 3HayeHus napa-
MeTpa d, TIpU KOTOPBIX CHCTeMa

ly —3-x|+|y -3+ =6,

(i =4) + (ol -3) =«
UMeeT POBHO /[BA PeNIeHus.

6 (6 GasoB). a) JIBe OKPY’KHOCTH OJHMHAKO-
BOTO pajiyca S epecekaiorcst B Toukax A u B.
Ha mepBoii okpy:xHOCTH BbI6paHa Touka C, a
Ha BTopoii — Touka D. Okazajoch, 4To TOuKa B
gexut Ha orpeske CD, a ZCAD =90°. Ha
neprieH Ky Iape Kk CD, TIpoXofdmeM depes
TOuKy B, BbiOpana touka F tak, uto BF = BD
(Touxn A u F paciiooKeHpl 10 pasHble CTOPOHDI
or npamoit CD). Haiizure amuny orpeska CF.

6) IlycTh [IOMOJHUTEILHO H3BECTHO, YTO
BC = 6. Haiigure mtormaas tpeyronbanka ACF.

7 (6 Gamnmos). Hailiznure KoswmdecTBO Tap
LeJIBIX uuced (X; ¥), YAOBJIETBOPSIOUUX CUCTe-
Me HepaBeHCTB

y>2"+3.2%
y<70+(2% -1)x.

OtBer po/uKeH GbITh MPECTaBJIeH B BUJE aJl-
re6panyeckoii cymMmbl He 0oJiee J[ByX cJarae-
MbIX.

BapuaHTt 2

1 (3 6amna). Momnery noaGpacbisaior 90 pas
(BepoATHOCTH BbIIAJEHMs OpJa U PElIKd B
KaskI0M OpocKe oinHakoBb). IlycTh p — Bepo-
STHOCTD TOTO, YTO OPEJI BbIIAJET He MEHbIIe 55
pas, a ¢ — BEPOSITHOCTD TOTO, YTO OPEJT BbITAJIET
MenbIe 35 pa3. Haligute p—¢q .

2 (5 6anmos). Pemure ypaBHenue

cos8x sin 8x «/5

cos3x +sin3x  cos3x —sin 3x

3 (5 6anmos). Pemnre HepaBeHCTBO

g7flogsx _qq.gVtlomr 4 o lons < 48

4 (5 Gamnmos). a) Cdepa ¢ uenrpom O
Kacaercst 60KOBbIX pebep SA, SB, SC nupamu-
161 SABC B toukax K, L, M coOTBETCTBEHHO,
a Takke Kacaercst ee ocHoBanust ABC. Uepes
TOUKy cpepbr, GJMKANIIYIO K TOUKe S, TIpOBe-
JleHa TLIOCKOCTh, Kacaiorasicsi cdepnl. [lmo-
mab ceyeHns nupamuibl SABC 3Tol 1I0CKO-

cThIO paBHa 5, ZKSO = arccosg. Haiigure

IJIOTA/Ib TpeyrosibHuka KLM.

6) IlycTb [ONOJHUTEIbHO W3BECTHO, YTO
SO =36, a mmockoctu KLM n ABC mapaJ-
seqnbHbl. Haiigure o6bem nupamuist SABC.

5 (6 6annos). Haiijure Bce 3HaueHus mapa-
MeTpa @, TIPU KOTOPBIX CHUCTeMa

y=|x—«/2|+«/2—2,
2 2
(el =4)" + (vl =3)" = 25
UMeeT POBHO TPU PENIEHUS.
6 (5 6aoB). a) [[Be mapaJiieibHbIE MPSAMbIE
I, u I, KacawTcs OKPYIKHOCTH M ¢ TieHTpoM O,

B Toukax A u B coorBeTcTBeHHO. OKPY>KHOCTD
, ¢ enrpoM O, Kacaercs IpsAMOoii [j B Touke D,
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nepecekaeT IpsMyIo [, B Toukax B u E, a takke
BTOPHYHO TIepeceKaeT OKPY>KHOCTD M B Touke C
(ipu 9TOM TOUKA Oy JIEKUT MEXK/TY TIPAMBIMHE [
u 1,). V3BeCTHO, YTO OTHOIIEHHE ILIONIA/LH
yetplpexyroabnnka BO,CO, k miolaan Tpey-
rosbunka O,BE pasno 2. Haliaure otnomenne
pasinyCcoB OKPY’KHOCTEH )y M .

6) Haiiure TH pajmychbl, ecJu JOTOJHH-
TEJIbHO U3BECTHO, uTo BD = 2.

7 (6 Gannos). Haiigure KoJIMuecTBO map
1esIbIX urcest (X;y ), yA0BIETBOPSIONINX CHCTe-
Me HepaBeHCTB

¥ =90+ x — 607,
y < logg x.

OrtBer j10/13keH ObITD ITPEJICTABJIEH B BUJIE aarel-
pamdecKoil cyMMbI He 6oJiee TPeX CJIaracMbIX.

U36paHHbIe 3a0a4m 415 10 knacca

1. /[lanma reomerpuueckas IIporpeccus
by, by,...,b3000, BCE UIIEHBI KOTOPOU TIOJIOXKHU-
TeJbHBI, a UX cyMMa paBHa S. V3BecTHO, uTO
€cJIN BCe ee 4JIeHbl C HOMEPAMH, KPaTHbIMU 3
(1.€ by, bg, ..., bgygp), yBEmunTDH B 50 pas, cymma
S yBesmunted B 10 pa3. A kak uaMmenurcs S,
€CJIN BCE ee YJIEHDI, CTOSIIINE Ha YeTHBIX MecTaxX
(1.€. by,by,...,bsp0), yBEMUUTD B 2 pasa?

2. ITo Bosie BOKPYT MOTIJIaBKA TPOTHUB YaCOBOH
CTPEJIKH TI0 JIBYM OKPY)KHOCTSM CKOJIB3SIT BO-
JloMepKa 1 JKyK-lsaByHell. Ha moBepxuocTH
BO/IbI BBE/IEHA IPSMOYTOJIbHAST CHCTEMa KOOp-
JMHAT, B KOTOPOH moriaBok (o6muil 1eHTp
okpy:kHocteit) Haxomutca B touke A(0;0).
CKopocTb BOJIOMEDKH B JiBa pa3a GOJIbIIe CKO-
pocTH KykKa. B HavalbHBIII MOMEHT BpeMEHH
BOJIOMEPKA M JKYK HaXO/ATCS B TOUKaX
M, (—2; —2«/7) n N, (5; 5«/7) COOTBETCTBEHHO.
Ornpesenure KOOPJMHATBI BCEX IOJIOXKEHUH
JKYKa, IIPU KOTOPBIX PACCTOSIHUE MEX/ly Hace-
KOMbIMI Oy/IeT KpaTdaiimM.

3. a) [IBe OKPYKHOCTU OJMHAKOBOTO Pajnyca
13 nepecekatorcs B Toukax A u B. Ha nepsoii
OKpYsKHOCTH BbiGpaHa Touka C, a Ha BTOPOiil —
Touka D. Oxasanocb, 4TO TOUKa B JeXUT Ha
orpeske CD, a ZCAD = 90°. Ha neprieHanKy-
agape k CD, mnpoxojsiieM uepe3 TOuky B,
BbIOpana Touka F tak, uro BF = BD (touxku A
u F pacrioio;Kenbl 10 OIHY CTOPOHY OT TIPSIMOii
CD). Haiizure pmuny orpeska CF.

6) IlycTh [OMOJHUTEIBHO H3BECTHO, YTO
BC=10. Hafigure miomaab TpeyroJbHUKA
ACF.
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4. Pemure HEpaBeHCTBO
(\/x3 1 2x-58+ 5)|x3 ~7x% +13x - 3] <0,

5. Pemnre ypaBuenune

Sa% + 1% +8x —6x* |x + 4/ +16 = 0.

PU3NKA

9 knacc

BapuaHT 1
1. Kopabib A u toprena B B HEKOTOPBIi
MOMEHT BpPEMEHHM HaXOJATCS Ha PaCCTOSHUM
=1 xm apyr or apyra (puc.1).
Ckopoctb kopa6iist v; = 10 M/c, yro
i o =60°. CrkopocTp TOpIEIDI
liﬁ A v, =10 M/c. Yrox  Takos, 4TO TOP-
I
)

AI Yy
o

2 meja MOMAJEeT B IIeJb.
B 1) Haiigure sinf.
Puc. 1 2) Uepes kaxoe Bpems T paccTos-
HUE MEXIy KopabJjeM ¥ TOpIenoil
cocrasut s=770 m?

2. [Inockwuii CKIOH TOPBI 06pa3yeT € TOPU30H-
toM yroz o = 30°. VI3 MuHOMETa, PACITIONIOKEH-
HOTO Ha CKJIOHE, IPOU3BOJISAT BBICTPEN IO/
TaKUM YTJIOM () K TIOBEPXHOCTH CKJIOHA, YTO
npogoKUTENbHOCTh (10 BpeMeHu) moJera
MuHBI HarboJibliasg. MuHa ajaeTr Ha CKJIOH Ha
paccrosgauu s = 0,8 KM OT TOUKHM cTapra.

1) Tlog KakuM yrjioM ¢ K [OBEPXHOCTH
CKJIOHA NTPOM3BE/IEH BBICTPEJI?

2) Haiiaure Besuunny 0y Ha4aJIbHOI CKOPO-
CTH MUHBI. ,

Yckopenne cso6oanHoro najgenus g = 10 M/ .
ConpoTuBJIeHNEe BO3/yXa MPeHEOPEKIIMO MAJIO.

3. Buus 1o 1mepoxoBatoil HaKJIOHHOMW IJIOC-
KOCTH paBHO3aMe/[JIeHHO J[BIKeTcst Opycok. B
TOT MOMEHT, KOTJa CKOPOCTb OpycKa paBHa
v, =1M/c, Ha 6PyCcOK MaJaeT IJIACTUINHOBBIN
MIapuK U IPUJINTAET K HeMy, a 6PYCOK OCTaHaB-
JuBaetcs. [|BmKeHme mapuka 10 CoyJapeHus —
cBoG6O/IHOE Tiajiente ¢ BbicoTbl 1 =0,8 M ¢ Hy-
JIEBOW HAYaJbHOU CKOPOCTDBIO.

1) Haiigute cKopocTb v, MIapuKa Mepes co-
ylapeHueM.

2) Haiigure Besmunny a yckopenus Gpycka
mepe]; CoyJapeHneM.

Maccol 6pycKa u mapuKa OJIHHAKOBBI. Y CKO-
peHune cBOOOHOTO TIaeHUst g =10 M/cz. Co-
MPOTUBJICHNE BO3/yXa TPEHEOPEKIMO MAaJio.
Boictppie mporiecchl TOpMOXKEHUST 6pycKa U
nmedopManun MIACTUIMHA 3aKAaHUYMBAIOTCS OJI-
HOBpPEMEHHO. B aTux mporieccax aeiicTBue CuJ
TSDKECTH CUMTAlTE TPEeHeOPEKMMO MaJIbIM.
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4. JIBa CBUHITOBBIX IIAPUKA OJIMHAKOBOI Mac-
Cbl, JleTsiue co ckopocTsMu v = 60 M/c n
v, =80 M/c, caumaiorcsi B pesysbrare abco-
JIIOTHO HEYTpyToro yaapa. CKOpoCTH MapuKoB
mepe/] CJIWMaHueM B3aUMHO TIepPIeHINKYJISP-
HBI.

1) C Kakoil Mo BeMYUHE CKOPOCTHIO U JBU-
JKYTCSI CJUMIINECS TAPUKU?

2) Ha ckoubko (At, °C) noBbicuTes: TeMiepa-
Typa HIapUKOB?

YaenbHas  TEmJOEMKOCTb  CBUHIIA
¢ =130 [ix/(kr - °C). TemmepaTypbl MapuKoB
nepe/| CAUMaHIeM OJMHAKOBBI.

5. UerbIpe pe3ncTopa coeJInHeHbl, KaK MoKa-
3aHO Ha pucyhke 2. ColpoTUBJICHNS PE3UCTO-
poB: R =3r, R, =
=R;=2r, R, =4r.
Ha Bxom AB cxeMbl
MO/Ial0T HamMpsKe- T
HHE U=38 B,

r=10 Owm. Puc. 2
1) Haligure 5KBUBAJIE€HTHOE CONPOTUBJIEHUE
R, p nenm.

2) Kaxkoii cunbt I TOoK Oyaer Teub vepes
PE3UCTOP CONPOTUBJICHIEM R;?

BapwuaHT 2

1. OgHopoaHoe Koseco paanycom R =0,5 M
KaruTcsi 6e3 TPOCKAJb3bIBAHMS T10 TOPH30H-
TaJbHOI MoBepxXHOCTH 1 3a Bpemsa T =1,57 ¢
cosepinaet ojiut 060pot. Toukn A u B jieskar Ha
o6ojie KoJieca, AB — nuamerp KoJieca.

1) C Kakoil CKOPOCTBIO T, ABIKETCS OCh
KoJeca?

2) C Kakoii CKOPOCTBIO V4 IBUKETCS TOUKA A
Ha 060/ie KoJieca, ecii TOYKa B JBIXKETCS €O
CKOPOCTBIO vp = 2 M/c?

Bce ckopoctu usmepenbl B J1aGopaTOpHO
cucreme orcueta. Ocb KoJieca JIBUKETCS] PABHO-
MepHO.

2. M4, oTOUTHIN TEHHUCHCTOM HA BBICOTE
h=0,5 M, HOAHUMAETCS HA MAKCUMAJbHYIO
BbicoTy H =3 M ¥ 32 ocTaBIlleecst BpeMsI 1oJieTa
HePEMEIAETCs 10 TOPU30HTAMN HA $ =12 M.

1) Uepes Kakoe Bpems T 1mocse yaapa Msd
MOJIHUMETCS HA MaKCUMAJbHYIO BBICOTY?

2) Haliure HAYaIbHYIO CKOPOCTD Ty MSIYA.

Yckopenue cso6o/noro nasenus g = 10 m/c?.
Cuty CONpOTHBJIEHUS BO3/yXa CUUTaiite Ipe-
HEOPEKUMO MaJION.

3. Urol6br cryckaTh GPYCOK PaAaBHOMEPHO 110
HAKJIOHHOM IIJIOCKOCTH € yTJI0M Hak/IoHa o = 30°
K TOPHUBOHTY, CJe/lyeT TPUJIOXKHUTb cuuy K,
HAIPaBJEHHYIO BBEPX BJIOJIb HAKJIOHHOM T1J10C-

KOCTH, a 4TOObI PABHOMEPHO BTACKUBATH OPY-
COK BBEpX, CJeAyeT MPUIOKUTD TAaKylo JKe T10
HAIIPABJICHUIO CULy [,

1) Haiizure koo pumenT W TPEHUS CKOJIb-
JKeHnst 6pycKa 1o MJIOCKOCTH, ecan F, = 2.

2) Kakxyo 10 BeJIMInHE vy CKOPOCTD, HAIIPaB-
JIEHHYIO BBEPX B/IOJIb HAKJIOHHOH IJIOCKOCTH,
caeayer coobmuTb OPyCKy, 4TOObI OH OCTAHO-
BuJCS Ha paccrosaun s= 1,35 M OT TOUKH
crapra?

Yckopenwe cBO6GOTHOTO TIAJIeHUsT g=10 M/ ¢

4. [IBe maiiGpl, CKOPOCTH KOTOPBIX 0 = 2 M/C
1 v, = 3 M/c, ABWKYTCS HABCTPEUY APYT APYTY
0 TJIAJIKON TOPU3OHTAIBHON TLIOCKOCTH U UC-
HBITBIBAIOT aGCOTIOTHO YIIPYTHil IEHTPATbHBII
yaap. Maccpr maii6 my = 0,3 krum,=0,2 xr.

1) Haiiaure Makcumanbhyio suepruio E je-
popmarm maiié B mporecce coyapeHus.

2) Yepes kakoe Bpemst T’ 1ocjie coyapeHust
paccrostHue Mesk/y maiibamu Oy[er paBHO
L=2 wm?

5. DJIEKTPUYECKAS TIETTh COCTOUT U3 U/IEaJb-
HOTO MCTOYHMKA TTOCTOSTHHOTO HANPSKEHUS U
uerpipex pesuctopos (puc.3). Ecau K kiem-
MaM A ¥ B HOJAKJIOYUTb HJeaJbHblil BOJIbT-
MeTp, TO OH TIOKaXXeT o 0
nanpsoxenne U =4 B.
Ecan BoabTMETpP 3aMme-
HUTD W/IeaIbHbIM aMIep-
METPOM, OH TIOKa)KeT
cuny toka I =30 MA.

1) Haiijmre nanpsoke-  p - 5
nue U, ncrounuka.

2) Kaxkag mormocTs P Gyzier paccenBaTbecs B
I[eNn TIPU MTO/IKJII0UYEHHOM BOJIbTMETpE?

10 knacc
BapunaHT 1

1. Kamenb 6pocaior ¢ BBIIIKKA CO CKOPOCTHIO
v, =8 M/c o yriom o = 60° k ropuzonty. B
noJjiete KaMeHb Bce BpeMsi NPuOJIKaucs K
TOPU30HTAJIbHOI MTOBEPXHOCTH 3€MJIN U yHaJl
Ha Hee CO CKOPOCTHIO 2, 37.

1) Haiignre BEPTUKAIBHYIO KOMIIOHEHTY CKO-
POCTH KaMHSI 1IPH MAJIEHUN HA 3eM.TIO.

2) Haiigure BpeMs moJeTa KaMHsl.

3) Haiigure ropusoHTagIbHOE CMEIIEHHIE KaM-
HS 32 BpeMsl T0JIeTa.

Yckopenne €BOGOIHOTO Ma/leHUS IPHUHSATDH
paBHbIM g = 10 M/ ¢?. Conporusienue Bosayxa
He YYUTbIBATD.

2. YesoBeky, ynmpaiomemMycs B sIUK HOTa-
MM, Ha/I0 TEPe/BUHYTb SIMK M3 COCTOSHUS
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Puc 4

TIOKOST 110 TOPU30HTAIBHOMY TI0JTy Ha PacCTosi-
Hue s k crede (puc.4). Macebl yenoBeka u
SIUKa paBHbI m U M =5m COOTBETCTBEHHO.
HarsHyTble yacTn KaHaTta, HE COINPUKACAIONIH-
ecs ¢ 6JIOKOM, TOPU3OHTAIbHBI. Maccamu Kana-
ta, OJOKa M TpPeHneM B OCH GJOKA MOKHO
npene6peub. Koadduiment Ttpenus Mexkmy
SIITAKOM 1 TI0JIOM M.

1) C kaxoii cuIioii sIuK ¢ YeJOBEKOM J[aBsT
Ha TI0JT TIPU JIBUKEHNH SIIIITKA?

2) C Kakoil MUHHMAaJbHON MOCTOSHHON CH-
Joit Fy Ha/lo TSHYTb 4YesJOBEKY KaHaT, YTOOBI
OCYIIECTBUTD 33/[yMaHHOE?

3) Kakoil CKOPOCTH JOCTUTHET SANUK, €CJIM
YeJIOBEK OCYIIECTBUT 33 yMaHHOE, TIPUIO0KHB
nocrosiutyto cuany F (F > F)) K kaHary?

3. OgHOpOHBIN ITap Maccoit m M painycoM
R naxouTcs Ha IJ1aJIKOH TTOBEPXHOCTH KJINHA,

HaKJIOHEHHOM IO/ yTJIOM

lg o k ropusonry (puc.5).

ITap yaepsxuBaercs HU-

ThIO JJTMHON L, nipuBg-

3aHHOII K BEPTUKAJIBbHOI

ocH, TpoXo/idTIei Yepes

Puc. 5 BepimHy Kanna. Hutb
TapaJsiiesbHa MOBEPXHOCTH KJIMHA.

1) Haiiqure CIJIy HATSDKEHUA HUTH, €CJIn
cucTeMa TTOKONUTCS.

2) Haiigure CIJIy HATSDKEHUA HUTH, €CJIn
cHCTeMa BpallaeTcs ¢ yTJOBOH CKOPOCTHIO
BOKPYT BEPTUKAJIbHOI OCH, IIPOXOJAIIEeH uepes
BEepPIINHY KJWHA, a Iap He OTPBIBAECTCS OT
KJIITHA.

4. TpyOKka, n30rHyTast MO/ TPSIMBIM YTJIOM,
pacroJio’)keHa B BEPTUKAJIBHOH TJIOCKOCTH M
3alMoHEHAa MacJaoM
(puc.6). Yron o = 45°,
IIpu paBHOYCKOpEHHOM
JIBIDKEHUN TPYOKM B TO-
PH30HTAJBLHOM HaIlpaB-
Puc 6 JIEHIW yPOBHU MacJja B

KoJieHaxX TpyOKH ycra-
HABJIMBAIOTCS HA BBICOTAX /y =8 cMuhy =12 cMm.

1) Haiizure yckopenue a TpyOKH.

2) C kakoll MakKCMMalbHOH CKOpPOCTBIO 0
Oy/IeT IBUTAThCST KUKOCTD OTHOCUTENIBHO TPYO6-
KH TI0CJI€ TOTO, KaK TPyOKa BHE3AITHO CTaHEeT
JIBATATBCS PaBHOMEPHO (YCKOpEHHe <«ucues-
Her» )?
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Yckopenne cBo60HOro najieHus g = 10 M/ 2
[leiicTBue cuJI TpeHUs TPEHEOPEKUMO MAJIO.

3. B nmmHgpudyeckom cocyie o/ MopITHeM
HaXO/IUTCS HACBIIIEHHDIH BOJISTHOM TIap TIPK TeM-
neparype 95 °C u gaBiennn p =8,5- 10" Ia.
B Mei1leHHOM M30TEpPMUYECKOM ITPOIECCe YMEHD-
meHust o6beMa Tmap HauMHAeT KOHIeHCHPOBATh-
¢, TIpeBpaIasch B BOAY.

1) Haiigure oTHOLIEHME ILJIOTHOCTH Hapa K
IJIOTHOCTU BOJIbI B YCJIOBUSIX OIIBITA.

2) Haiizure otHONIEHNE OGBEMA Tapa K 00be-
MY BOJIBI K MOMEHTY, KOT/J]a 06beM Mapa YMeHb-
muTed B Y = 4,7 pasa.

[TnoTHOCTD W MOJApHAS Macca BOJBI
p=1r/cm® 1 M =18 /Mo,

BapuaHT 2

1. Masnbunk GpocaeT CTAJIbHON MIAPUK C
BBIIIKK CO CKOPOCTBIO ¥y = 10 M/c mox yriaom
o =30° k ropusonty. B monere mapuk Bce
BpeMs MPUOJIIBKAJICS K TOPU30HTATBHON MOBEPX-
HOCTH 3€MJIM 1 YIIaJI Ha Hee CO CKOPOCTBIO 27).

1) Haiiiure BepTUKAIBHYIO KOMIIOHEHTY CKO-
POCTH IMapuKa IIPU MaJeHNN Ha 3eMJIIO.

2) Haiigure BpeMsa moJieTa mapuka.

3) C kakoii BbICOTbI GbLI OPOIIEH IHAPUK?

Yckopenne cBOGOTHOTO TIA/IEHUS TIPUHSATD
paBHbIM g =10 M/ ¢?. ConporuBienne Bo3ayxa
HE YYUTbIBATD.

2. Ha mpoTHBOIIOIOKHBIX KOHIAX TEJEKKH
Maccoit M, Haxojgnieiicd Ha TJIaJKON Tropu-
30HTAJIbHOI MMOBEPXHOCTH, CTOAT [[BA YUEHUKA
O/IMHAKOBOM Macchl m Kaxk/Ablii. [{1nHa Tesesx-
kn L. Bravarne cucrema HemogsmkHa. OamH
yueHHK Opocaer Msi, a Apyroii sosut. Macca
Ms4a 7. B mporiecce mosieta ropu3oHTa bHAS
COCTABJIAIONIAS CKOPOCTH MS4Ya OTHOCUTEIBHO
MTOBEPXHOCTH, Ha KOTOPOH HAXOIUTCS TEJIeXK-
Ka, paBHA v.

1) Haiizure CKOPOCTb ©; TEJNEKKU MOCJE
6pocKa.

2) Haiigure npojo/kuTepHocts T mosera
MsYa.

3) Haiigure CKOpPOCTb vy TEJIEKKH TOCJE
TOTO, KaK BTOPO yYEHWK TIOIIMaeT Msu.

Cury compoTHBJICHHS BO3/IyXa CYUTalTe Ipe-
HeOPERUMO MaJION.

3. OHOPOAHDII TITap Maccoil m HaXOANTCS Ha
TJTaJIKOM TIOBEPXHOCTH KJIMTHA, HAKJIOHEHHOH MO
yraoMm o K ropusonry (puc.7). Hlap yuepxu-
BaeTCsA TOPU30HTAJIBHO HATIHYTOH HUTHIO [IJTH-
HOH L, NpUBSI3aHHON K BEpIIMHE KJWHA.

1) Haiigure cuiy HaTSKEHUS HUTH, €CJIH
cucTeMa MOKOUTCH.
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2) Haiigure cuily HaTsOKEHUs HUTH, €CJIH
CHCTEMa BpAIAeTCsl ¢ YIJIOBOH CKOPOCTBIO
BOKPYT BEePTHKAIbHOI OCH, TPOXOAIIEH uepe3
BEPIIMHY KJIHMHA.

NP
lg

a
‘ —0

)

Puc. 7 Puc. 8

4. Tonkas Tl-ob6pasnas TpyO6Ka C TOPH30OH-
TaJbHBIM KOJIEHOM, 3aKPBITBIM C O/THOTO KOHIIA,
1 BEPTUKAJbHBIM KOJIeHOM BbicoTol H = 40 MM,
OTKPBITBIM B armMocdepy, 3aloJHeHa I0JHO-
ctbio pryThio (puc.8). Ecim tpy6ky nsurars (B
[JIOCKOCTH PUCYHKA) € YCKOPEHHEM, He GOJib-
MM HEKOTOPOTO d,, TO PTYTb U3 TPYOKH He
BBLINBACTCS.

1) Haiiznre gaBieHue p; BHYTPH TPYOKH B
TOouKe A, HaAXOJAIIEHCS OT BEPTUKAJIBHOTO KO-
JieHa Ha paccTostHuy 1/3 ITMHBI TOPU30HTAIb-
HOTO KOJIEHA, eCcJI TPYyOKa JIBUXKETCS C YCKOpe-
HUEM d.

2) Haiigure naBieHue py B Touke A, ecau
Tpy6OKa aBusKeTcs ¢ yekopenueM 0,6a.

3) Haiigure gaBienne pg BOJIU3H 3aKPHITOrO
KOHI[a TPYOKH, €CJIN OHA BHXKETCS C YCKOPEHNU-
em 0,8a.

Armocdepnoe faBienne p, =740 MM pr. cT.
JlaBJieHNeM HACBIIEHHDBIX 11APOB PTYTH B YCJIO-
BUAX OIBbITa TIpeHe6peub. OTBETHI [1aTb B
MM PT. CT.

5. Ilopenp et 06beM TOPH30HTAILHOTO
repMeTUYHOrO IIJINH/PA HA /IBE PABHbIE YaCTH,
B KaX/JOH M3 KOTOPBIX HAXOJATCA BOJa U
BofaHoN map mnpu Temneparype T =373 K.
Macca BO/ibI B K@XK/I0# 4acTn B 5 pa3 MeHblIIe
Maccol napa. IlopireHb HaxoUTCS HA PAcCTOsI-
umn L =0,6 M oT TOpIOB, IJIONA/Ib HONepey-
Horo ceuenns mopums S = 20 cm?. Macca M

MOPUIHA TaKoBa, 4TO % =0,01p,, TmE Py —

HOpMaJibHOe arMocdepHoe JaBJieHue.

1) Haiigure Maccy m BOAbl B KaXK/IOH 4acTu
B HavyaJIbHOM COCTOSIHUM.

2) Inamuap crasar Ha auo. Haiiaure BepTn-
KaJbHOE IMepeMelleHre /2 MOPIIHsS K MOMEHTY
YCTAHOBJIEHUSI PABHOBECHOTO COCTOSIHUS.

Temmeparypa B IUJIMHIPE TOIEPIKIBACTCS
ocTOsTHHOI. TpeHue cuntaiite npeHe6GpesKuMo
MasbiM. MoJigpHasg Macca BOJSIHOTO Tapa

M =18 r/Moub, yHHBepcaJbHasl razoBasi MO-
crosunas R = 8,31 [lx/(momn - K). O6bem
BOJ[b HAMIOTO MeHblle 06beMa Tapa.

17 knacc
BapuaHT 1

1. Mydry M aBHUTAIOT CO CKOPOCTHIO
v =68 cM/c IO TOPM3OHTATBPHON HAIIPABJISIIO-
meit AB (puc.9). Kosbuo K maccoit m=0,1 kr

Puc. 9

MOXKET JBHUTATbcsi 6e3 TPeHus MO IIPOBOJIOKE
CD B Buje AYTU OKPYXHOCTH PaJUyCOM
R=1,9 M. Kospito u mydra cBS3aHBI JIeTKOI
HUTBIO JInHOM [ = SR/3. CucreMa HAXOUTCSI B
OJ/THOI TOPU3OHTAJIbHON TI0cKOCTH. B Hekoro-
pblii MOMEHT HHUTbH COCTaBJsET yroa o
(cosa =15/17) ¢ HampaBJeHUEM JBUKEHUS
Myt 1 yroa B (cosP = 4/5) ¢ Hanpas/eHneM
JIBIDKEHUS KOJIbIIA.

1) HaiiiuTe CKOPOCTb KOJIbIA B 3TOT MOMEHT.

2) Haiimure cKOPOCTh KOJIbIIa OTHOCUTENBHO
MY(TbI B 3TOT MOMEHT.

3) Haiigure cuiy HATSOKEHHS HUTH B 9TOT
MOMEHT.

2. TensoBasg MammHa pabOTaeT 1O IHKJIY,
COCTOSIIIIEMY U3 M30XOPbI, N306apbl U yIacTKa
HpsMOH TPOMOPINO- P
HAJIBHON 3aBUCHMOCTH 2 3
JIaBJIeHUsT p oT o6beMa
V (puc.10). PaGouee Be-

IECTBO — OJTHOATOMHBII .
U/ieaJIbHBIN ras. -

1) Haiizure oraome- 0 %
HUE MOJISIDHBIX Terio- Puc 10
eMKOCTelf Ha TeX yJacTKax ITIKJIA, T/e TTPOMC-
XO/IUJIO TIOBBIIIEHNE TEMIIEPATyPbI Ta3a.

2) Haiigure B n306apHOM IIPOIIECCe OTHOIIE-
HUe KOJMYECTBA TEIJIOTDI, TOJTyY€HHOTO ra3oM,
K paboTe rasa.

3) Haiisure mpeaenbHo BO3ZMOKHOE MAaKCH-
MasibHOe 3HaueHwe KIIJ] takoro numkomia.

3. OGkyagku KomjieHcaTopa — KPYyTrJible Me-
TaJITIYECKUe CEeTKH TIIOMAAbIo S, paccTosHue
Meskay oOkmaakamu d (d < JS). U3 Toukw,
HAXO/ISAIIENCsT MEK/Y 0OKIaIKaMU Ha OCU CHM-
Merpun Ha paccrostaun 0,25d 0T MONOKUTEb-
HO 3apsKEHHON 06KJIAIKI, CTapTyeT C HYJIeBOil
HAYaJbHOW CKOPOCTBIO MOJIOKUTETHHO 3apsi-
JKEHHAs YacTHIla u yepe3 BpeMs T  BbLIeTaeT u3
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KOH/IEHCATOpa IE€EPIIEHANKYJIAPHO 06K]Ia,[IKaM.

Y nenbHbIN 3apsiji 4acTUIbI izy. Cucrema

HaXOoUTCS B BaKyyMe.

1) Haiiziure CKOpOCTD 0 YaCTHIIBI [IPH BBLIETE
13 KOHJIeHcaTopa.

2) Haiiaure Beamunny Q sapsiia 00KIaI0K
KOH/IeHCaTopa.

3) C xaxoif ckopocTbio vy GyAeT ABUraThCst
gacTuia Ha GECKOHEYHO GOJIBIIOM PACCTOSTHUM
OT KOHJIeHcaTopa?

[Tpu 1BMKEHNY YACTHIIbI JIEKTPHYECKOE TT0J1e,
CO3/IaHHOE 3apsiIaMi KOH/IEHCATOPa, CYUTATh
HEM3MEHHDBIM, a 3JIEKTPUYECKOE II0JIe BHYTPH
KOH/IeHCATOPa BOJIN3M OCH CUMMETPHN CYUTATh
OJTHOPOJTHBIM.

4. B menm, cxema KOTOPOHW TOKazaHa Ha
pucyske 11,a, kaou pazomkuyT, I/1C ugeasn-
HOTO MCTOUHNKA ¢ =9 B, KoH/ieHcaTop eMKoc-

a) 6)

N .

| -
I 0 U, U,

Puc. 17
Tpi0 C =40 MKD 3apsKed 10 HANPIKEHUS
U;=35 B, MHAYKTUBHOCTb M/I€aJbHOIl KaTyIIKK
L =0,1 Tu. BoabpT-ammnepHas XapaKTepUCTHKA
JMojia jlaHa Ha pucyHke 11,6, moporoBoe Ha-
npspkenne quoga Uy=1 B. Kimou 3ambIkalor.

1) Haligure cKOpOCTb BO3pacTaHus TOKA cpa-
3y TocJe 3aMBIKaHWs KJII0Ua.

2) Haiiaure MaKCHMATIBHBII TOK TTOCJIE 3aMbI-
KaHUs KJ0Ya.

3) Haligure ycraHoBHBILIEeCs HalpsiKeHUE
U, Ha KOH/IeHCaToPe TT0C/Ie 3aMbIKaHUS KJIoUa.

5. Omnrnueckasi cucTeMa COCTOUT U3 TOHKOU
JITH3DI ¢ (DOKYCHBIM PACCTOSIHUEM [, TITIOCKOTO
3epkajia ¥ HeGOJIbIIOrO dKpaHa I, PacroJio-
JKEHHOT'O TaK, 4TO CBET OT UCTOYHUKA S MOXKET
MIOTIACTh HA JIMH3Y TOJBKO ITOCJIe OTPASKEHNUS OT
sepkasa (puc.12). 3epkasio pacion0KeHo nep-
[EeH/IMKYJISIPHO IJIaBHOI onrtnyeckoii ocu OO,
JnH3bI. VIcTOYHNK S HAaXOANTCS Ha PACCTOSHIN

s 1F

9(.5

(0]

Puc. 12

2020/Nel1-12

3F/4 or ocu OO, u na paccrosuun F/2 or
IJIOCKOCT! JMH3bI. JIMH3a 1 NCTOYHUK Hero/I-
BIDKHDI, a 3€PKaJ0 JIBIDKETCS CO CKOPOCTDBIO O
B0 ocu OO;. B HeKoTOPLIII MOMEHT 3epKaJIo
0Ka3aJIOCh HA PACCTOSHUU [ OT JIMH3BI.

1) Ha KakoM paccTosIHUU OT TLJIOCKOCTHU JIMH-
3bl Habmozareab A CMOKET yBHJETb B 3TOT
MOMEHT N300pa’keHre NCTOYHHUKA B CHCTeMe?

2) Tlox kakum yriaom o, k ocu OO, IBUKETCS
nso6paxkenue B 5toT Moment? (Haiiaure snaue-
HUe J060# TPUTOHOMETPUYECKON (PYHKIUH
yrJia.)

3) Haiigure cKOpPOCTh M300PaKEHUS] B 9TOT
MOMEHT.

BapunaHT 2

1. Illapuk ToaBelleH B TOJie TSKECTH Ha
JIETKOH YTIPYTOI IPY’KIHE C HEN3BECTHOM YKeCT-
kocTbio. [Ilapuk mogHUMAIOT BBEPX JI0 MOJIOKe-
HUS, KOT[a TIpy:KWHA He aeopMUpOBaHa, 1
ormyckaioT. [Ipu paspHedineM ABMKEHUN Ia-
pPUKa B/IOJTb BEPTUKAJTHM B HEKOTOPbIE MOMEHTBI
BpEMEHN CHJIBI, AEHCTBYIOMNE Ha IIAPUK CO
CTOPOHBI MPYKUHBI, OTJUYAIOTCS B 2 pasa, a
MOJLyJIN YCKOPEHUH PaBHBI.

1) Haligure MOy Ib YCKOPEHUS B HTH MOMEH-
TBI.

2) HaiianTe OTHONIEHHE KMHETHYECKUX SHEP-
TUH MapuKa B 9TH MOMEHTBI.

3) Haiizute OTHOIIEHHE MAKCUMAIBHOMN SHEP-
ruu feopMaluu Mpy>KUHbBI K MAKCUMATbHOI
KUHETHYECKOH SHEpPruy MapuKa.

2. VeanbHbIil OJHOATOMHBIN a3 U3 COCTOS-
Hus 1 ¢ TeMmepatypoii 7; pacmmpsercs B Ipo-
mecce 1—2 TmpsAMOI TIpo- J)
MOPIIMOHAJIBHON 3aBUCH- P
MOCTH [IaBJIEHUST P OT

o6bema V (puc.13) . B ¥ 3
nporecce /—2 naBieHue y
yBeqnunBaercs B k=2 |/ -7 i4

pasa. 3aTeM Tas pacmm- (- ' v

PSETCSA B UBOTEPMUYECKOM  p,, - 73
npoiriecce 2—3, CKUMaeT-
s B TIporiecce 3—4 psiMOit TPOTIOPITHOHATHHOI
3aBUCHMOCTH JIaBJE€HUS OT 06beMa 1 CKUMAeT-
cs B n3otepMudeckoM mporiecce 4—1. O6BbeMbl
rasa B COCTOSIHMAX 2 U 4 paBHBI.

1) Haiigute TeMneparypy rasa B IpoILecce
2-3.

2) Haiiaure oTHOIIEHNE [1aBJIEHUI B COCTOSI-
HusX 1 u 3.

3) Haiizure MOJAPHYIO TEIJIOEMKOCTD Tasa B
nporecce 1—2.
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Puc. 14

3. B ssexrpuueckoii nenn (puc.14) Bee sJe-
MEHTBI W/IeaJIbHbIe, KOHAEHCATOP HE 3apsKeH.
Bemnuuner ¢, R, C ussectusl, r = R. Kmiou K
Ha HEKOTOPOE BPEMsI 3aMbIKAIOT, a 3aTeM Pa3-
MBIKAIOT, KOIZla CKOPOCTb POCTa 9HEPIUU KOH-
JIeHcaTOpa MaKCHMaJIbHa.

1) Haiizure TOK, TeKymuii uepes KOHzeHca-
TOP, Cpasdy MocJie 3aMbIKaHUsl KJI0Ya.

2) Haiigure ToK, TeKymuii 4epes KOHIEHCA-
TOP, Cpasdy TOCJe PasMbIKaHUs KJI0YA.

3) Kakoe KOJIMYeCTBO TEILIOThI BBIAEIUTCS B
LENU TI0CJ/Ie Pa3MbIKAHUS KJIi04a?

4. B 1emm WCIOMB3yeTCss MOCTOBAsl CXeMa
(puc.15,a). DJC wumealbHOro HMCTOYHHUKA

=~
>

Puc. 15

£=10 B,R,=12 OM, R3=8 Om, R =2 Om.
BousbT-aMriepHast XapaKTepuCTHKA [II0/1a TOKa-
3aHa Ha puCyHKe 15,6, TOPOTOBOE HATIPSKEHHE
mnoga Uy=1 B.

1) Haiigure TOK 4epes pe3ucTop COnpoTHBIE-
nueM R; npu pasoMkHyTOM Kjiodye K.

2) Tlpu Kakux 3HAYEHUsIX R, TOK MOTedYer
Yyepes MO/ IPH 3aMKHYTOM KJioye K?

3) IIpu KakoM 3HaYeHUn R; MOIIHOCTD TEILIO-
BbIX MHOTepb Ha Jjauojge OyJaeT paBHA
Py=1,25 Br?

l §>Ao1

5. Omnruyeckast cUCTEMa COCTOUT U3 TOHKOIT
pacceuBaoleil JMH3bI ¢ POKYCHBIM PacCTOs-
HueMm —F (F > 0), mI0CKOTO 3epKajia u HeGoIb-
IIOTO AKpaHa I, PacIoJIOKEHHOTO TaK, YTO CBET
OT MCTOYHMKA S MOXKeT IIONacTb Ha JIMH3Y
TOJIBKO TIOCJIE OTpakeHus oT sepkasa (puc.16).
3epKaJio pacHoI0KeHO HePIeHIUKYJISPHO IJIaB-
Holl ontuyeckoit ocu ymu3sbl OO;. Uctounuk S
Haxozures Ha paccrosunn 3F/4 ot ocu OO, n
Ha paccrosinun F/2 ot mwiockoctu Jimu3sl. JIuH-
3a ¥ MCTOUHUK HENO/[BIKHDI, & 3epKaJjo /IBU-
JKeTcs €O cKopocThio v BAoab ocu OO;. B
HEKOTOPbII MOMEHT 3epKaJio OKa3aJoch Ha pac-
cTostHUM F OT JIMH3bI.

1) Ha KakoM paccTOsIHUU OT TIOCKOCTH JIMH-
3bl Habmozareab A CMOKET YBHJETb B 3TOT
MOMEHT N300pa’keHHe NCTOYHHKA B cHUCTeMe?

2) Tlox kakuM yraioM o k oct OO, IBHKETCS
uso6paskenue B 5toT Moment? (Haiiure 3naue-
HUe J060ii TPUTOHOMETPUYECKON (PYHKIMH
yria.)

3) Haiigure cKopocTh U306pasKeHUsST B 9TOT
MOMEHT.

Puc. 16

Hyb6ukauuio no mamemamuxe noOzZOMOGULU
H.Azaxanos, H.Bozdanos, U.I1yxos,
A.Tonosxo, C.Iopodeykuii, B./Jybuncxasi,
0. Kysvmenrxo, E.Moauanos,
O.IHoodruncxuii, /1.Tepéuwun;

no ¢gusuxe — J.Kordynos, B.Ilauc,
B.Yckos, B.Husunées,

A.Illeponos, FO.FOpves
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NHOOPMANUA

—
MOTHU

:)
aoyHas Pu3nKo-TexHuyeckas
wkona npu MOTU

3aovyHas (QPU3WKO-TEXHUYECKAsS MIKOJTa
(3DTII) MocKoBCKOTO (DUBUKO-TEXHUYECKO-
ro uxcTutyTa (HAlMOHAIBHOIO UCCIE0BATEb-
ckoro yuusepentera) (MDOTU) nposoaut Ha-
60op B 8—11 kuaccor yuamuxcst 7—10 kiaaccoB
o61eo0pasoBarebHbIX  yupeskaenuii (Ko,
JIMIEEB, TUMHASHH 1 T. I1.), PACIIOJIOKEHHDIX Ha
teppuropun Poccuiickoit Denepannu.

3OTHI pa6otaer B cdepe TpoPHUIBLHOTO
JlotoHuTeIbHOTO o6paszoBanust gereit ¢ 1966
rojia. 3a MpOoIIe/Ine TOAbI MKOJY OKOHUUJIN
6osiee 100 ThICSY yyaImUXCs; TPAKTIHYECKU BCE
ee BBIMMYCKHUKH IOCTYMAOT B BEAYIIUE BY3bI
cTpaHbl, a Kax /bl Bropoil crynent MOTU —
ee ObIBINNIT yUeHUK.

Hayuno-MeToaimaeckoe pyKOBOICTBO MIKOJION
ocyiectssier MOCKOBCKMIT PUBUKO-TEXHIYEC-
KUN UHCTUTYT.

OG6yueHue B TIKOJE BEJETCS IO YeTbIpeM
mpesMeTaM HayYHO-TeXHWYECKON HaIpaBJ/IeH-
HOCTH — PU3WKe, MaTeMaTHKe, NH(OpMaTHKe 1
xumuu. B 8 kiacce ndydaiorces TOIbKO pusmka
u MareMaTuka. B 9—11 kyaccax K aTuM npezime-
TaM J06aBJISIOTCS MaTeMaTHYeCKUe OCHOBBI
undopmatukn 1 UKT (undopmaruka) u xu-
MHUsS. Ydammecs MOTYT II0 CBOEMYy BbIGODY
n3y4aTb OJIH, 1BA, TP NJIHN YeThIPe TIpeiMeTa.

KosmuectBo 3amannit B ToA 1O KJjaccaM 1
fpeaMeTaM TPEJCTABICHO B TaOIHIIE:

®usuka | Mare- | Undop- | Xumust
MaTHKa | MaTHKa
8 kaacc ) 6
9 kmacc 6 7 4 4
10 xmace 6 7 4 4
11 xuace 6 8 B) 4

3a/laHnsI COCTABJISIOT OIBITHBIE MPENojaBa-
Tes Kapeap obmieit (PUSUKY, BbICIIEH MaTeMa-
tuky n genapramenta xumun MAOTU, a takxke
Boinyckunku M®OTU u apyrue cnemuaancrol,
nmerorie 6OJIbIION OMbIT PaGOTbI € O/laPEHHbI-

MU IIKOJbHUKAMU. 3aJaHus COAepKaT Teope-
THYEeCKUH MaTepuasi, pa3bop XapaKTepHBIX
TIPUMEPOB W 33/1a4 TI0 COOTBETCTBYIOTIEH TeMe 1
10—12 KOHTPOJBHBIX BOTIPOCOB W 3a/a4 [
CaMOCTOSITETBHOTO pelleHusl. JTO U MPOCThIe
3aaun, n 6osee croxuble. [IpuMeps! 3amanuit
MOJKHO TIocMoTpeTh Ha caiite 3MTIII.

[lerp HamIeldl MKOJBI — TOMOYD yYaIIAMCS
8—11 xyraccoB 0611e06pa3oBaTENbHBIX YIPEK-
JICHWIi, WHTEPEeCcyIOMmuMcs TIpeMeTaMn Hayd-
HO-TEXHWYECKOW HAIlPaBJEHHOCTH, YTITyOUTD 1
CUCTEMATH3MPOBATh CBOM 3HAHMS 110 3TUM ITIpe/I-
MeTaM, a TakKe CIoco6CTBOBATD MX Mpodeccu-
OHAJIBHOMY CaMOOTIPE/ICTIEHHIO.

[Tporpammbr 3DTIII sBastoTCS TPODUIBHBI-
MU JIOTOJTHUTEIBHBIMHI  06TIEePa3BIUBAIOIINMI
MporpaMMaMy M €IMHBI JJI9 BCEX OT/CJCHUN.

Ha6op B 8, 9, 10 m 11 wmaccer na 2021/22
y4e6HBIH TO/] TIPOBOJNTCS HA 3a09HOE, OYHOE 1
OYHO-320YHOE OT/IEJICHNUS.

[Tornag mporpamMMa o6y4YeHWS paccYWTaHa
Ha 4 Toga — ¢ 8-ro mo 11-f K1acchl BRJIIOYNTED-
HO, HO Ha4yaTh OOydYeHHe MOXKHO C J060ro u3
YKa3aHHBIX KJACCOB.

Coryacuo nonoxerno o 3OTHI yuammuiica
MOKeT 00y4aTbCsi MOJIbKO HA 00HOM omoee-
nuu 3OTIII.

Yyamnmecs BcexX OT/EJIEHUH, YCIIENIHO CITpa-
BuBIIMecs ¢ nporpammoit 3MTIII, mo okonva-
aun 11 Kjacca TOMy4aroT CBHUAETENBCTBO C
UTOTOBBIMU OIeHKaMM 10 n3yvaBmuMcs B 11-M
kJacce npeameram. ITpu nocrynienun B MOTU
cBujieTeibetBO 06 okonyanun 3MDTIIL  Gyxer
VUUTBIBATHCSA B TIEPBYIO OUepe/b B PAHKIPOBA-
HUW TIPU TIPOYNX PABHBIX YCJIOBUSAX.

Ydyenukam Bcex OTAeTeHIH 6y IeT Ipe/IosKe-
HO yYacTBOBaTh B (PU3WKO-MaTeMaTHUECKOI
ommmrnazie « OU3TEX — 20225, koTopas mpo-
BoauTca Ha 6aze MMDTU u B psizme ropoaos
Poccun B peBpaJie nim Havase MapTa, B IPYTUX
OUYHBIX U 3a04yHbIX osmuMiuagax MADOTU u ero
JakyIbTeTOB.

[lns yyammxces 1 pyKoBoauTesel pakyabTa-
TUBHBIX TIPyIil paboTtaer online-jekropuii 1o
Jusnke, MaTeMaTHKe W XIMUHU IO TIPOTpPaMMe
3OTII. Jleknuu 4YUTAIOT TpemojgaBaTesn
M®OTU (kak TpaBUIO, aBTOPbI 3a/aHMIl).
[MoapoGiee 06 HTUX MEPONPUSATHIX MOXKHO
npountaTh Ha caiite 3MTIII.

Obyuenue ¢ 3DTII becnaamnoe.

Jl1s1 ygamuxcs, TPOKIBATONIIX 3a Tpe/esa-
mu Poccuiickoit Depepaliun, BO3MOKHO TOJIb-
KO TITaTHOe OoOy4YeHne Ha 3a0YHOM WJIM OYHO-
320YHOM OT/IEJICHWH.
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3AOYHOE OTAEJEHME (unousudyarv-
noe 3aounoe obyuenue)

Tenedon: (495) 408-51-45,

e-mail: zftsh@mail . mipt.ru

[Tpuem Ha 3209HOE OT/IEJIEHUE TIPOBOIUTCS HA
KOHKYPCHOIT OCHOBE T10 Pe3yJIbTaTaM BBITIOJIHE-
HUST BCTYTIUTEJNBHOTO 3a/IaHUsT TI0 BBIOPAHHBIM
JUUIST M3YUYeHUsl TIPe/IMETaM.

IITkosbHUKY, IIOCTyHAIOLIME HA 3a04HOE OT-
JIeJIEHIE, BBITIOJIHSIOT BCTYIIUTEIbHOE 3a/[aHue
Ha caiite https://zftsh.online B dopmare on-
JIAIH-OJTUMITHA/TBI .

Oaumnuada cmapmyem 22.03.2021 6 9.00 u
saxonuumces 28.03.2021 6 21.00 (epems moc-
Koeckoe).

Ha BbIniosiHeHne 3a/1aHnil TI0 KaXK/IOMY TIpe/i-
MeTy jlaetcst 4 daca.

Perntenvie npuemuoii komuccuu Oyjer coob-
tero 1o 1 mong 2021 rosa mo yKa3aHHOMY TTPH
perucTpaIum apecy aJeKTPOHHOMI TouThl. Tax-
JKe B JIMYHOM AKKAyHTe TOSBUTCSI CIIPAaBKa O
3auncyaenun B 3MOTIIL.

IIpu perucrpaimu Ha https://zftsh.online He-
00XO/IUMO TIPUKPETTUTH XOPOIIO YUTAEMYIO KO-
MUIO CIIPABKU U3 TIKOJIbI.

Bunumanuio wxoavnuxos, yxe o6yua-
owuxcs na saounom omoeaenuu 3D TII

Ecau mkonbhuk yske obyuaercs 8 SOTIUI u
X04ueT I06aBUTh HA CJIEYIOINIIT TO/L ellle pe/l-
Mer, HeoOxoauMo ¢ 22.03.21 no 28.03.21 BbI-
noJiHuTh Ha caiire https://zftsh.online Berynu-
TeJBHOE 3a/[aHNe TI0 HTOMY TIpeaMeTy. Boimo-
HUTH BCTYMUTEIbHOE 33/[aHIe HYXKHO U3 CBOETO
yoKe UMeIoTIerocst akkaynra. Ewe pas pezucm-
puposamucs ne Haodo.

Perietivie preMHON KOMUCCHU B TAKUX CJIy-
4asiX He BBICBLTIAETCSI, a CIIPABKA O A0GABJIEHUN
Ipe/IMeTa U 3a/IaHKsI 110 HEMY CTaHOBSITCS /1OC-
TYIHBIMUA YYEHUKY B JIMYHOM aKKAyHTE B HIOJIE
B CJIyUae MOJIOKUTETBHOTO PEIEHUsT TPUEMHOI
KOMUCCHUH.

O6yuenue na naameopne zftsh.online

Yuenuk B reuerue y4eGHOTO TOJA B COOTBET-
CTBUH C TPOTPAMMON TOTyYaeT B IUTHOM KaGu-
Here Ha cafite https://zftsh.online gocrym x
3/IaHISIM TI0 U3YYAeMbIM MpeMeTaM. Y YeHUK
BBITIOJIHSIET HA caiiTe 3a/aHusl € TOMOIIBIO
BCTPOEHHOTO PEIAKTOPA WJIH MyTeM MPUKPEII-
JIEHWST CKaH-Komuit mam ¢ortorpaduii pador,
BBITIOJTHEHHBIX B TETPAIH.

Pa6oTbl 10 MCTEYEHUH CPOKA BBIMOJIHEHHS
MIPOBEPSIIOT Ha caiiTe 3aKPeIIeHHbIe 32 YYCHU-
koM nipenogaBaresn 3MOTII. Kak tonbko pa-

60Ta IIPOBEpeHa, YUeHUK BHUT CBOIO PaboTy ¢
peHeHSHeﬁ 1N aBTOPCKUMM pPEHNIECHUAMN KOHT-
POJIbHON YacTh 3aJ[aHusl.

OYHO-3A0YHOE OTAEJEHUE (o6y-
uenue 6 (PaKyILbMaAMuUGHoLX ZPYNnax)

Tenedon: (498) 744-63-51,

e-mail: fakultativ@mipt.ru

DaxybTaTHBHBIE TPYIIIBI MOTYT OBITH Opra-
HU30BaHBI B JI060M 0611e06pa3oBaTeIbHOM
VUPEKJEHUN 08YMsl, MpeMsi UNU UeMbIPLMSL
npenodasamensmu — (PU3NKH, MATEMATHKH,
nH(GOPMATUKN U XUMWHU, B OT/IEJIbHBIX CJIydastxX
pasperaercst o6ydeHue Mo OJHOMY Ipe/IMETY.
PykoBogurtesn akysabraTnBa NPUHUMAOT B
HEro y4alxcs, yCHelrHO BbIIOJHUBIINX BCTY-
nurenbroe 3aganne 3MTIIT (paGoTel mpoBeps-
10oTca pykoBoanTesayu rpynn u B 3OTII e
BBICBLIAIOTCS) .

Bemynumenvtoe 3adanue 015 04HO-3A0UHO-
20 omdenenus 6ydem pasmeweno na caime
school.mipt.ru 29 mapma u 6ydem docmynmno
do 30 mas.

Ipynmna (He MeHee 7 YesOBEK) NPUHUMAETCS
B 3DTUI no 3asiBjiennio fupexropa Ha OIanke
o6meo6pasoBareabHoro yupeskaenus (o6paserr
MOXHO TtocMoTpeTb Ha caiite 3MTIII B pasnese
«OTJCJICHNST» —> <«OYHO-3a04HOE» —> <IIO-
crymieHne» ). B 3agBieHIn I0KHBI GBITH YKa-
sanpl @.M.0. pykoBogutesneit haxyabTaTHB-
HO¥ TPYTIIBI TIO TIPeMeTaM U MOUMEHHBIH aJ-
asurtHbIi crncok obyuaromuxcs (D. . O. B
aJ1(haBUTHOM TIOPSI/IKE TTOJTHOCTDIO € YKa3aHueM
KJIacca, 68 KOmopulil NOCMynarm yuauuecs, u
NTOTOBBIX OIEHOK 3a BCTYNHTEJbHOE 3a/[aHue
110 BIOPAHHBIM TIpe/IMeTaM, adpec, meaepon u
e-mail wxoavt).

3asiBjieHre MOYKHO BbICJIaTh OOBIYHON IOY-
TOH, BJIOXKUB KOHBEPT /LIS OTBETA O IIpueMe B
3®THUI ¢ o6paTHBIM aPECOM OTHOTO U3 PYKO-
Boautesieil Ha aapec 3DTII (¢ nomerkoi
«DaKy.IbTaTUB» ), UJIK BbICIATh B OTCKAHUPO-
panHOM Buje (C TOANMUCAME U TIEYaThIO) Ha
e-mail: fakultativ@mipt.ru do 1 urons 2021
200a.

Pa6ora pykoBogureneil (hakyJIbTaTHBOB MO-
JKET OIIAYMBAThCS 00111e00Pa30BATENbHBIM Y-
pek/IeHNeM KaK PYKOBOJCTBO MPOMUIHHBIMI
(pakyIbTATUBHBIMY 3AHATHSIMHU IO TIPEJIOCTAB-
geann 3MTIIT cooTBETCTBYIONNX CBEIEHUIA.

PykoBosuresn, paboTatoime ¢ y4armmmMmucs,
6ysyT B TedeHme y4eGHOTO TOJA: IOJydaTb
yueGHO-MeToandecKre Marepuanbl (mporpam-
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Mbl 10 dusnKe, MareMaTHKe, XUMUH W WH-
opmaruke, 3amaHusg O TeMaM [POTpaMM,
pelieHuns 3a/JaHuil ¢ KPaTKUMK PEKOMEH/aIlusi-
MU TI0 OIleHKE paGoT yuammxcs); MPUT/IallaTh-
Cs1 Ha KyPCbI TIOBBIIIEHIS] KBATN(MUKAIITH YI1-
teseii dpusuku u maremaruku (kpk.mipt.ru),
npoBojiMbie Ha Gaze MMTU. PaGorbl yua-
HIUXCS TIPOBEPSIIOT U OIIEHUBAIOT PYKOBO/UTE-
mu dakyabrarusibix rpynn (8 3OTII ue
BbIcbLIatoTCs ), a B 3MTIII BoichLIat0TCS BE1O-
MOCTH C HUTOTOBBIMH OIEHKAMU TIO KAXKIOMY
3ajanuio u urorosas segomocts (11 kaace) sa
roa, o6paser, — Ha caiite 3MDTII. (IToxpo6-
Hee — B pasjene «Pexomenganun».)

OYHOE OTAEJIEHUE (3aounoce o6yue-
HUe ¢ NOCeULeHUCM OUHBLX KOHCYLbIMAUUTL)

Tenedon: (925) 755-55-80,

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

[lns yyamnxess MockBbl 1 MOCKOBCKOIT 06-
gactu 1o iporpamme 3D TII paboraioT Beuep-
HUe KOHCYJIbTalimoHuble MyHKTbl. HaGop B Hux
[IPOBOJIUTCST B CEHTSIOpE B JIBA ATala!

« 3A0UHBII 3Tall — TeCTHPOBaHHE Ha caiiTe
http://zftsh.online,

« OYHBII 9TAIl — YCTHDbIE HK3AMEHDI.

2020/Nel1-12

Bouee nozpobuas nudopmanus o Habope Ha
o4HOe oT/lesieHne Oy/leT pa3Meliena Ha caitax
3®DTHI B asrycte 2021 roxa.

3aHATHSL C YYalIUMUCS OYHOTO OT/EJIEHHS
mpoBoadTcs B yue6HbIX Koprmycax MDTU B
ropozax Joaronpyanbiii 1 JKykoBckuii.

KOHTAKTbDI 3DTII

[Toutoswrit anpec: MuctutyTekuii mep., a. 9,
r. [lonrompyanbrii, MockoBckas 06JacTb,
141700, 3DTII.

Tenedonbl: (495) 408-51-45 — 3aounoe oT/1e-
Jienue,

(498) 744-63-51 — ouHO-3204HOE OT/ECICHUE,

(498) 744-65-83 u (925) 755-55-80 — ounoe
OT/IeJIeHHE.

E-mail: zftsh@mail.mipt.ru — 3aousoe or/e-
JIeH1e,

fakultativ@mipt.ru — ouno-3aouHoe otese-
Hue.

Web: www.school.mipt.ru

https://zftsh.online

BK: https://vk.com/club1032617

Ounoe oraenenue npu MAJIT MOTU B
KyxkoBckom

E-mail: vftsh@mail.ru

BK: https://vk.com/vftshfalt

OTBETbHbI, YKA3AHUA, PEIHNIEHUA

«KBaHT» Ang Mnagwmx LUKONbHUKOB

SALAYN
(cm. «Keanms No10)

1. HyxHo creperb ofHy 4epTy y HUQPbI YeTbIpe,
4TOGBI OCTAJICS 3HAK <«+».

2. Her.

ITyctp nocsieioBatesbhble uncaa —atonu n+1, a
coce/iHue YeTHble yncaa —sromu m+2 (m>0).
Ecrm m>n, 1o m(m+2)>n(n+1). Ecan xe
m<n, 10 m+2<n+1u m(m+2)<n(n+1).
3. 8.

Kaskapiit w3 24 KBaJgpaToB IPUMBIKAET POBHO K
onHOIl BepinHe Ky6uka. K kaxioii Bepiinte KyOu-
Ka TIPUMBIKAIOT TPU KBAJPaTa, ¥ OHU JOJIKHBI ObITH
TPeX pPasHbIX I[BETOB. 3HAYNT, CHHHUX KBa/PaTOB
CTOJIDKO K€, CKOJIbKO BepIInH, T.e. 8.

4. Bocriob3yeMcs cJie/[yoInM OUeBUIHBIM YTBEPK-
nenneM. Mimeercsa K kaprouek. VM3BecTHO, UTO Kakue
6b1 M "3 HUX HU B3SITb, CPEIN HUX OKaXKeTCs He
Menee N oco6bix. B atom cayuae cpean K KapToyek
nmeercst e Menee K — M + N 0co0bIX.

C‘H/ITHH, YTO 0COObBIE KapTO4YKH — KpaCHbI€, B IIPUJIO-
JKeHNN K YCJIOBUIO 3aJa4il UMEEM!:

K|M| N|K-M+N
100| 50 | 30 80
80 | 20 | 10 70
700151 3 68

C‘{I/IT&H, 4TO 0COObBIE KapTO4YKMN — CUHUE, B IIPUJIOKE-
HUUM K YCJIOBHUIO 3a/la4N UMEEM!:

K|M|N|K-M+N
100 | 80 | 20 40
40 [ 10 | 2 32

Wtak, B Koso/ie Haxo/sATcst 68 KpacHbIX U 32 cuHue
KapTOUYKH.

SALAYN
(cem. «Keanwms Not1-12)

1. Kak BuiHO 13 pucyHka 1, juriHa KoMKy IPUMEPHO
pasna 0,5 m.
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Puc. 1

2. Ha oamoii ctopoHe JIHCTa CeMb KPY’KOUKOB, Ha
JIpyroit — nsath. Bcero nBeHajarh KPysKOUKOB.

3. Ocrpué.

4. «Tpuanarp nepBoey, — OTBETUJI MAJIBYUK, UMES B
BUJIY YUCJIO MeCSIIa.

KoHkypc umeHun A.M.CaBUHa

(cm. «Keanm» Ne9)
1. 1/10.
Oo6o3naunM 1eHTp Hamrero 10-yrospHuka yepes O
(puc.2). Otpeskn CD n AO napaniebupl. 3HAYWT,
tpeyrojbiuku ACD u OCD uMeioT oAuHaKOBYIO
IJIOMIA/Ib: Y HUX PABHBI I H
BBICOTBI, OIYIEHHbIE HA
obuiee ocHosanue CD. Js G
Becp 10-yromsHEK cocTo-
UT U3 paBHOOEPEHHDBIX O
TPEYTOJbHUKOB C BEPIITH-
Hoit B O 1 OCHOBAHUSIMU
Ha cropoHax 10-yroib- B E
Huka. Takux TpeyroJib-
ko 10, m TIOmMAab C D
Ka)KI0TO paBHa mioma- FHAC 2
mm OCD.
2. IlycTp TOPM3OHTAJBHBIE pas3pesbl JETAT BEpTH-
KaJbHYI0 CTOPOHY HA ¢ dYacreil, MJIUHBI KOTOPBIX
X{,Xy,..., X, coorBerctBeHHO. [To npuniuny Jupux-
Jie, cpenn @ + 1 uncen

0,2, Xy + Xy, Xy + Xy + X3, .., X+ 2y +...+ Xg

HallIyTcs [Ba, MMEIOMNX OJIMHAKOBBIN OCTATOK TIPH
jnesennn Ha @. Torja uX pasHOCTh JEJUTCS Ha d W
paBHA CyMMe JUTHH X; + ... + X'; KAKIX-TO IOCJIe/[0Ba-
TeJIbHBIX YacTell BepTUKAJbHON cTopoHbl. OHU 3aK-
JIIOUEHDI MEK/TY JIBYMSI TOPU30HTAIbHBIMU TTIPSIMBIMI
(paspesamu uau croporamn). Tenepb o6patumcs K
BepTHKaJbHBIM paspe3aM. Ilycrtp onn gendar ropu-
30HTAJIBHYIO CTOpOHY Ha b uacreil. AHAJOrHYHO,
HalIyTCs IBe BePTUKAIbHbIE IPsAMbIe (pa3pesbl nin
CTOPOHBI), PACCTOSTHUE MEXKTY KOTOPBIMU JICJUTCS
na b. Torga mromazap IpsSIMOYTrOJbHIKA, OTPAHTYeH-
HOTO YeThIPhMS HalifieHHbIME TpssMbivMu (mapoii To-
PMBOHTAJIBHBIX M TIapOii BEPTUKAJIBHBIX), OyAeT Je-
qurbes Ha ab. Ho N = ab.

3. 1.

Cam kBagpar 10 x10 Touno 6L nojgcuntan Baceii,
tak 4yro orer ne Mmenee 1. IIpu aToM BO3MOKHA
CUTyaIlusi, KOT[a HUKaKWe [APyrue KBaJparbl He
MOJICYUTAHbI — HAIIpEMep, KaK Ha PUCYHKE 3.

Puc. 3

4. Ipogsum AB 1 AD 1o niepecevenus ¢ [ B TOUKax
P u Q coorsercrBenno. IIposenem orpesku PD u
OB. Ilpsamas, npoxoadias yepe3 TOUKy X nepece-
venust n Touky A, 6yaer neprenaukysipaa [. /loka-
skeM o10. (Toraa nepeceuenue atoii npsmoii ¢ [ Gy et
ncKkoMoil Toukoit T.) JIis 2TOro TOKa)KeM, uTO
orpesku AT, PD w QB mnepeceKkaioTcs B OJHON
TOYKe.

Ilepsoe pewenue. 1lycrb AB=BC=CD=DA=1,
PB = x (puc.4). Uto6bI BOCIIOIB30BATHCS TEOPEMOIL

P
\
\
\
\
X \\
\
\\ i
By 1\ \C
AN \\ T
SN
1 NN
\\ 1\\\
\ ~\
A 1 D 1x O
Puc. 4

Uesnbl, BbIpazum ortHouenusi PB:BA, AD :DQ,
QT : TP 4epe3 x n JIOKa)XeM, 9TO UX MPOU3Be/IEHUE
pasHO 1.

1) Bo-nepsbix, PB: BA =x.

2) Us nonobus PBC u CDQ nonyuaem AD : DQ =
=CD:DQ= PB:BC=x.

3) Takoe »ke OTHOIIEHHE KATETOB X U B IIOAO0OHBIX UM
tpeyroabuukax ATQ u PTA. Torpa AT :TQ=x,
PT : TA = x. Ilepemuoskast 9T paBeHCTBA, TOJIYINM
PT:TQ=x% Wrak, Tperbe OTHOLICHHE PABIO

1
QT :TP=—.
X

1
Tpu MCKOMBIX OTHOLIEHUS PABHBL X, X U —5 U JAIOT
X

B npoussesenun 1. 3uauur, 1o rteopeme Yesbl,
orpesku AT, PD w QB mnepeceKkaioTcs B OJHON
TOUKe.
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Puc. 5

Bmopoe pewenue (puciaia y4acTHUIIA KOHKypPCa
Mapus [lpenuesa). Tax kak ZATC = 90°, To TouKka
T nexxut Ha OKPY:KHOCTH ¢ auamerpoM AC, T.e. Ha
OIMCaHHON OKpyskHOCTH KBajpata ABCD (puc.5).
Ha atoit oxkpysknoctu xopabl AB u AD crarusaior
KOHIIBI JIyT, PABHBIX Y€TBEPTU OKPY>KHOCTU. 3HAUNT,
srucantbie yriivl ATB u ATD pasubt (110 45°).
Nrax, AT — BbIcOTa Tpeyroabuuka APQ u or
OCHOBAHHS BBICOTBI IIOJI PAaBHBIMH yIJIaMH K Hell
nposeienbl orpesku TB u TD. Torpa, o teopeme
Baanme (Blanchet), orpeskn AT, PD n QB nepe-
CEeKaIoTCsl B OJHOII TOUKe.
Teopema Baanme. Ha
cmoponax ABuAC mpe-
yeonvnuxka ABC omnme-
muau mouku K u L
coomeemcmeenno
(puc.6). Ompesxu BL
u CK nepecexaiomcs
na evicome AH mozda u
Puc. 6 moavko mozod, Kozoa
ZAHK = ZAHL.
[okasareanctBo. [IpoBesem wepes Touky A Tps-
Myio, napamiensiyio BC (puc.7). Ilycts mpsvbie
HK n HL nepecekaior ee B Toukax X u Y cOOTBeT-
CTBEHHO.
Ortpeskn AH, BL, CK niepecekaioTcst B OJIHOI TOYKe
TOTJIA U TOJIbKO TOT/IA, KOT/IA JIJisi HUX B TPEYTOJIbHI-
ke ABC BbInosHAETCS ycJaoBHe TeopeMbl YeBbl, T.e.
. BK AL CH
MIPOM3Be/IeHNE OTHONIEHNI — - — - —— paBHoO 1.
KA LC HB
IIpeoGpasyem ato mpou3sBeeHne, UCTIONb3Ys TTO/0-

6ue 3eJIeHBIX TPEYTOJBHUKOB MEK/IY c060il 1 PO30-

X A Y

L
K \5\//
// \\\\\
B H C
Puc. 7
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BBIX — MEXIY COOOI:
BK AL CH _BH AY CH _AY
KA LC HB XA HC HB XA
AY
HecoxkHO 1MOHATH, 4TO ﬂ=1 TOTJIa ¥ TOJIBKO

torja, korna LZAHX = ZAHY .

Kanenpockon «KBaHTa»
Bonpocor u 3adauu

1. Msu Gyzer ABUTAThCS C TIPEsKHEH CKOPOCTBIO K
nepejHeil crenke Barona. Ha mapuk ke Oyzer
JlelicTBOBaTh cuya, 06yCJIOBIEHHAS PA3HOCTBIO JIaB-
JIEHWH YITOTHSION[ETOCsT TPU TOPMOXKEHIN BO3/TyXa.
Ira cuia coOONMUT MIAPHKY ¢ Oojiee JIETKUM, 4eM
BO3/LyX, BOJIOPOJIOM HAIIpaBJICHHOE K 33/HEil CTEHKe
ycKkopeHne, 6obllee YCKOPEHNS BaroHa, M MIAPHK
OTKJIOHUTCSI HA3a/l.

2. HaxomnueHHast NpH TIOJTOTOBKE yJapa 3HEpPIus
TOTIOpa PacXOo/yeTcs 3a OYeHb MaJioe BPeMsI, 3HAUNT,
MOII[HOCTDb ¥ CHJIA, Pa3BUBaeMble IIpH yjape, OYayT
Besmku. Taxoke geficTBue TONMOpa yCHIMBAETCsS Ma-
JIOH TIIIOIA/IbIo, MO KOTOPOH pacTpefessieTcss TpH
yjape cuia, — cosjaercst 60JIbIIoe JJaBJIeHNe.

3. O6pyd 3aKpyueH TaK, 4TO JIBIKETCSI C IIPOCKAJIb-
3biBanneM. Cnia TPeHNs CKOJMbKEHNS CHavYaIa Top-
MO3uT 00pyd, 3areM YCKOpsieT ero B 06paTHOM
HallpaBJICHUH, I0KA IPOCKATb3bIBAHUE HE IIpeKpa-
THTCS, W TIOCTEAHWH Y4YacTOK IyTH Hasajg o6pyd
IIPOXO/IUT MOYTH PABHOMEPHO.

4. B aBuxymeiics cucTeMe OTCUeTa CUJIA HATSKEHUS
HHUTH coBepiiaeT pa6oTy, NMPHUBOJANIYI0O K H3MEHe-
HUI0 KUHETUYECKOW »Heprum Imapuka. Tak uTo c
3aKOHOM COXPAHEHHs SHEPTHU BCE B NOPSIJIKE.

5. Ilpn HarpeBaHUM MOHETBI
YTOJI, TI0J{ KOTOPBIM BH/IHA IIPSsi-
Mast AB, e nuzmensiercs (puc.8).
Bcee nmneitable pa3mepbl MOHe-
Tl IPONOPIHOHAIBHO BbIpac-
TyT, Tpeyroapiuk A’OB" Gyner
nogo6er TpeyroiabHuky AOB,
3HAUUT, HPSIMasi C/[BHHETCS I1a-
paJlJIesIbHO caMoil cebe.

6. Ha cusibHO packajieHHOM 1111~
Te KalleJIbKa OT/ieJieHa OT Hee CJI0eM IIJIOXO IIPOBO/Is-
mero Temsio BojsHoro mapa. Ilpm ciabom Hakase
KareJbKa BOZBI MPHUJIETaeT K IJINTe BILUIOTHYIO.

7. Jlep>ka siBepILy OTKPBITOIT, MbI BBIHYK/[aeM JIBUTa-
TeJIb XOJIOANIbHIKA TIOHIDKATD TEMIIEPATY Py BO3/Y-
Xa He TOJBKO B €ro KaMepe, HO 1 BO Bcell KOMHaTe.
Ho mpu atom oto6pannoe TeIio B Hee ke u Oyjaer
BO3BpaIaTbcs. B UTOre XOJM0ANIbHUK MPEBPATUTCS
B HarpeBaTeJbHbIH Tpuéop.

8. [loGaByienne TEMJIOU3OMSAINN YIBOUIO TLIONIA/IH
MOBEPXHOCTH, ¢ KOTOPOIl TIPOMCXO/UT TeIJIoBOe 13-
aydenne. V ecam MaTepman M30JHPYIONIETO CJIOS
006J1a/1aeT He OYeHb MAJIOI TeIlJIOIPOBOJAHOCTBIO, TO
HOTepU JIeHICTBUTEIBHO MOTYT BO3DPAaCTH.
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9. ¥VBbI, npu GOJIBIINX 3a30Pax MEXK/IY O0OKJIaJKAMU
KOH/IEHCATOPA 3JIEKTPUYECKOE T0JIe TepecTaeT ObiTh
O/THOPOIHBIM U PA3HOCTh MOTEHIIAJIOB YK€ He 3aBU-
CHUT JIMHEITHO OT PACCTOSIHUSI MEXK/IY HUMH.

10. Ecom 3apsn mapa B paseH HyJ0, TO OH Gyzer
IPUTATHBATBCA K Imapy A, T.e. Ha Hero Oyzer neii-
CTBOBATb HAIPaBJIEHHAS BJIEBO PABHOAENUCTBYIOIIAS
cunta (puc.9). Coobmenue mapy B oueHb HeGOIbIIO-

E%

Puc. 9

IO MOJIOKUTEbHOTO 3apsi/la MAJIO0 M3MEHUT BeJIHIH-
HY 9TOiT CUJIBI, 1 OHA TO-TIpesKHeMy Oy/IeT HalpasJie-
Ha BJIEBO.

11. B cuyvae MasibIX pa3MepoB OCKOJIKOB Ha CTEHE
o6pasyertcst kpyrioe nzooOpaxenne Coumna. Korga
e UX pasMepnl Tpe-

B30Ii/1yT pa3Mepbl n306- C>
paxkeHus, oHO TPUoO- S

perer ¢dopMmy camux
OCKOJIKOB.

12. Ecsin ciimuka S na-
XxoauTcs BOJM3U CTPO-
ki K, TO HU OJIUH BbI-
XOJANUN W3 CTPOKU
Jayd He nonagaer B raa3 uesnoseka (puc.10). Bo
BTOPOM CJIy4ae HEKOTOPbIE JIy Ui MOTYT IPONTH BHYTPb
riasa.

MukpoonsiTt

Hasknmas magonpio Ha 6ymary, BbI mporubaere ee, i
4acTb BO3/(yXa N3 CTAKaHa BbITeCHsIeTCsl. B mepesep-
HYTOM IOJIOKEHUU BOJIA OIyCKaeTcst, U Oymara moj
JIEACTBUEM CHJIbI TSIZKECTH BOJIBI CTAHOBHUTCS TLJIOC-
Koit. O6beM BO3/lyXa B CTaKkaHe YBeJINYHBAETCS, W
JIaBJICHUE B HEM CTAHOBUTCS MEHDbIIIE aTMOC(EPHOTO.
[ToaToMy BHelIHee aBJCHUE U HE JA€T BOJE BBLIN-
BaTbCsl M3 CTaKaHa.

dusnko-maremaTnyeckas onMmMnuaga
«®Pusrex»

MATEMATUKA
11 knacc
Bapuanr 1

1. 1680.

BBugy Toro, uro 3375 = 3? -53, MCKOMbBIE YHCJIa
MOTYT COCTOSITH 13 caeaytonmx mdp: (a) Tpu Tpoii-
KM, TPU TATepKH M aBe eauuuibl i (6) Tpoiika,
JIEBATKA, TPU IATEPKHM U TPH €JUHULIbI. Bbrumc/um
KOJIMYECTBO BAPHAHTOB B KK/IOM CJIydae.

(a) Cnavanma BBIOMpaEeM TPH MeCTa M3 BOCBMH JIJIST

8!
PACIIOJIOKEHUS TPOEK (Cg =351 croco6oB), 3a-

TEM — TPU MeCTa U3 TIATH OCTABIINXCA IJIA Pa3Mellie-

: 5!
mus marepox (C3 = ——— cnoco6os). Haxoner, oc-

3121
TaBIIUecs MecTa 3aHuMaoT eguHuIpl. [lo mpasmty
. !
niponssezieHns Boxonut Cy - C3 = % = 560 cro-
c060B. T
(6) Paccysk/iast aHATOTHMYHO, HAXOIUM, Y4TO KOJIMYE-
!

CTBO CTIOCOGOB B 3TOM CJIydae PaBHO % =1120.
OxonuatesibHO TTosTydaeM 560 + 1120 = 1680 croco-
60B.
2 X = TE+TEk x—£+@ x—%.}.ﬁ

CTo28 7 2 37 4411
ke Z.

JlanHOe ypaBHEHHE PABHOCUJIBHO CJIE/[YIONEMY:
—-2sin4xsin7x — 2sin4x cos7x =
=2 cosl4x & -2sindx (sin7x + cos7x) =
= \/§(cos2 7x —sin? 7x) =
[cos 7x +sin7x =0,
o
cos7x —sin7x = —/2sin4x
tg7x =~1,
sin[7x - %j =sin4x <

7x = -2 nk,
4
T
o 7x—Z:4x+21tk,

7x—§:n—4x+2nk, ke Z.

Orciofia ToTydaeM OTBeT.
9-V17 17 -1
22

JlorapudmMupyem TmepBoe ypaBHeHHE CHCTEMBI IIO
ocuoBanuio 10:

3. (22), (9;3),

5
lg y? JAga=1gy® - 1g(xy).

I10 ypaBHeHue Ha 06JACTH JONYCTUMbIX 3HAUEHMH
PaBHOCUJIBHO CJIEYIOLIEMY:

(Glgy—lgx)lgx =2lgy(lgx+1gy) &
olg?x-3lgylgr+21g?y=0 =
o (lgx-lgy)(lgx-21gy)=0 =
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x=y,
2
@(x—y)(x—y)=0<:)[ ,
x =y
3anucpiBaeM BTOpPOe ypaBHeHHe B BHJE
2% =2x(y+2)+12y —3y> =0 n pemaem ero kax
KBa/[PATHOE OTHOCUTEJIBHO [EPEMEHHON X'

%z(y+2)2—(12y—3y2):4y2—8y+4:
:(Zy—2)2ﬁx:y+2i(2y—2).

3naunt, x =3y W x =4 —y. [lanee BO3MOKHBI
4yeTbIpe CJyyas:

=y, :O’
a) {x Y o {x
x =3y y=0.
Touka (0;0) me ymosrersopsier O/J13.
X =y, x =2,
6) Y =
x=4-y y=2.
{x =0,
=y =0,
- {x Yy R Yy

x =3y x =9,
y=3.

Touka (0;0) ue ynosnersopsier OJ13.

=42 x=4-y,
Nt o , Y e
x=4-y Yy +y-4=0

([ 9-Vi7
X = s
2
x:4—y’ y:¥7
o “1+17 ©
y=—"" 9+17
2 X = ,
2
-7
Yy 7

He ynosJserBopser O/13.

[9+Jﬁ —1—\/WJ
Touka T,T

OO0beanHssa pe3yJIbTaThl, TOJIyYaeM OTBeT.
4. ZKSO = arcsinl, > = E

3 9
OGosHaynM TOUYKM Tiepecedenust npsmoir SO co
cepoit yepes P u Q, 4ToOBI TOuKa P Jexkanta Ha
orpeske SO, a Q — Bue Hero. PaccMoTpuM ceuenue
TpexrpaHHoro yria u cdepbl mrockoctbio SKO
(puc.1). Ilycrp pamuyc cdepnr pasen 7. Tpeyron-
nuk OKS u anamoruusble TpeyroibHuku OLS u
OMS npamoyroabubie (yrabr ipn sepimanax K, L,
M TipsiMble, TaKk KakK KacaTeJbHbIC TePIEeHANKYISAp-
HBI PaIycaM, IPOBEJACHHBIM B TOUKY KACAHUs). TH
TPeyroJIbHUKK PaBHbI 110 KateTy 1 runotenyse (OK =
=OL =OM =r,50 — o6mmas), ciefoBarebho, ZKSO =

2020/Nel1-12

F
Puc. 77

= /LSO = /MSO; nyctb ZKSO = o, SO =x. BoI-
coTbl, onyuennble n3 touek K, L, M na runorenysy
SO, paBHbl, a UX OCHOBAHUS — OJHA U Ta XK€ TOYKA
H, nexamas B 1miockoctn KLM; HaszoBeM 3Ty
IJI0CKOCTD T. IlycTh B 1 Y — KacaresbHbIE MJIOCKOCTH
K cepe, npoxozsiiye yepes Touku Pu Q, a Eu F —
TOYKH TIepeceyeHns 3TuX IJI0CKocTel ¢ nmpamoit SK.
[To ycsoBuio mromaan cedeHuil TpEXTpaHHOro yrja
STUMHU IIJIOCKOCTAMU PaBHbI COOTBETCTBEHHO S = 1 1
Sy =4.Tak xak SH L HKu SH | HL, 071 1 SH.
Torga cedenns TpexXrpaHHOro yria MJIOCKOCTSMH T,
B 1 Y — mogo6HbIe TPEYTOJBHUKH, TLIIOCKOCTH KOTO-
PBIX mapasienbubl (Bce OHM MepHeHuKYIAPHDI
SO).

Ecnu X — niomazib TpeyroJibHIKA, MOJYYatonierocst
B CEUEHUH TPEXI'PAHHOIO yrJa miaockoctbio KLM, To

u3 nomobusi mumeeM X :.S;:.S, = KH?: EP*: FQ*.
CunenosarenbHo, EP:FQ = JSj : \/572 Torpna

\/ST:\/S_=SP:SQ=(x—r):(x+r),
o ¥9 S g r S S
NOENS , 7 Sy +S 3

na ZKSO = arcsing

OTKY/a

Tax xak ZOKH = ZKSO =oa, 10 OH =rsina,

SH =50-0H = —rsino, SP=SO-r=

sin o
= 'r —7r. 3naunt, :8;=KH*: EP* = SH? : SP* =
S1n oL

2 2
=(_1 —sinocj :(_1 —1) :(1+sinoc)2:§y
sin o sin o 9

16
OTKysla £ = —.,
9
5. ae {1;25}.
PaccMoTpuM mepBoe ypaBHEeHHE CHCTeMBI 1 1300pa-
3MM MHOJKECTBO €ro PEIIeHUN Ha KOOPIUHATHOI
mockoctu (puc.12). [l packpbiTus Moyeii Haii-
JleM MHO’KeCTBAa TOYEK, B KOTOPBIX BBIPASKEHUS TIO]
MOIyJISIMU  O6palAlOTcsT B HOJIb. ITO MHPSIMbIE
y—3-x=0uy—-3+x=0. OHu Jgenar miIockocTb
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YA
— T~ — [
N
C A L
/ \
4
4
9
\ & /
8N =6 =4 D=2 Y 244 3
7 g
| ~ = < — \
N 4 N
0 T -4 T 1
\ 7
\i ~ 7
TOK
< P Y c

Puc. 12

Ha 4 yacTu, M B KXKJOI M3 HTUX yacTeil 3HAKU
BBIPKEHUH MO/ MOJYJIAMH TOCTOSTHHBI. UTOOBI NX
OTIPE/IEJINTD, MOKHO BBIOPATH B KAXK/OW U3 YeTbIPeX
yacTell 10 TOUKe U HAlTH 3HAKU BbIPAXKEHUI B 9TUX
TouKaxX. BospMeM 06J1acTb, PACIONIOKEHHYIO CHU3Y
ot o0enx NpsIMbIX. B Heil jeXuT, HanpuMep, TOUYKa
(0; —10). [ToncranoBKOIT HECTOKHO yOEMUTHCS, YTO
B 3TOil TOUKe 00a BbIpXKEHNs y —3—x U y —3+ &
oTpHIaTeNbHbI. TakuM 06pa3oM, ypaBHEHNE TTPUHI-
maer Bup —(y-3-x)-(y-3+x)=6, orkyna
y=0. C ydyetoM paccMaTpuBaeMbIX OTpaHMYeHHi
MIOJIXO/IUT OTPE3OK ¢ KOHIAaMu B Toukax A(3;0) u
D (-3;0). AHaJIOrHYHO pPaccMaTpPUBAEM OCTAJIBHBIE
TPH CJIy4as U B UTOTE IOJydaeM T'PaHUIbI KBaJpaTa
K ¢ Bepmmnamn B touxax A(3;0), B(3;6), C(=3;6)
i D(-3;0). Ota durypa He HMeET IepecedeHHs C
TOJTYTIIOCKOCTBIO ¢y < (), T03TOMY MOKHO CUUTATh,
4yro y > (. C y4eToM yKa3aHHOTO 3aMeYaHus BTOpPOe

2
YpaBHEHHE MOJKHO 3alucaTb B BH/E (|x|—4) +

+(y - 3)2 = a (omycTUB MOAYJb y TE€pPEMEeHHON ¥).
O0603HaYUM MHOKECTBO TOYEK, OIPEIEIAEMbIX 3TUM
ypasuenuem, gepes @ (a) . Ecim a < 0, y ypasnenus
et pemenuii. IIpu ¢ = 0 ono 3agaer aBe Touxu (4;3)
u (—4;3). ITockosbky 06e OHH He TPUHAJIEKAT
kBazipaTy K, cucrema He nMeeT peleHuii, 1 3HaueHne
a =0 He ynosJserBopser ycaosuio 3agauu. Ilepeii-
neM k caydaio a > 0. IIlpu x >0 ypaBHeHue 1pu-

HUMaeT BU/L (x - 4)2 + (y — 3)2 = @, U MBI IIOJIy4aeM
OKPY’KHOCTb Pajinyca Ja ¢ nenTpoM B touke (4;3)
(nm ee wactp, JexKaIyo B IOJTYIVIOCKOCTH X = 0,
€CJIM BCSL OHA B 9TOI MOJTYIIOCKOCTH HE TIOMENIAeTCsT).
TTockosibKy ypaBHEHHE WHBAPUAHTHO OTHOCHTEIBHO
3aMeHbl & Ha (—x), MHOXeCTBO @ (@) CHMMETPITIHO
orsocurenpHo ocu Oy. Takum o6pasom, @ (a) ecrb
COBOKYTIHOCTD MOJIyYeHHOH BbIle OKpyKHOCTH (MTH

ee 4acTn) M OKPYKHOCTH, TMOJydalolleiicss n3 yxke
MIOCTPOEHHON OTPasKEHHEM OTHOCHUTETbHO ocn Oy.
Ecmn 0 <a <1, rpaduk (jx]- 4)2 +(y- 3)2 =a ue
nepecekaer kBagpar K, m cucrema ypaBHeHuit He
nmeer perrennit. Ecom a =1, cucrema ypaBHeHuit
nMeer aBa pemrenns — toukn X (3;3) m Y (=3; 3).

Ecan ae (1;10], ayra okpysmnoctu (x— 4)2 +

2
+(y-3)" =a, x =0 nepecekaer 0Tpesok AB IBax-
Jbl — 9TH JBE TOUKH, a TaKyKe UM CHMMETPHUHbBIE
otHocutebHO oc Oy, 06pasylorT 4 pas/aHYHbIX

pemrenis cicrembr. Ecm a € (10; 25), gyra okpyskio-

cTu (x — 4)2 +(y- 3)2 =a, x 20 nepecexkaer oTpes-
ku DA n CB B ABYX TOYKAaX C IOJOKHUTENbHOH
abcrnccoil. AHAJIOTUYHO, 9T IBE TOYKH, & TAKXKE UM
CHUMMeTPUYHbIe OTHOCUTEIbHO ocu Oy, 06pasyor 4
Pa3IMYHbBIX pertenHus cucreMbl. Ecim a = 25, cucre-
Ma ypasHenuii nmeer aBa perennst — toukn (0; 0) u
(0;6). Hakomer, ecr a>25, Ayra OKPYXKHOCTH
(x - 4)2 +(y - 3)2 =a, x >0 He mepecekaer CTopo-
Hbl kBagpara K, u cucrema ypaBHeHUi He HMMeer
pemrenuii. Takum o6pasoM, cucreMa ypaBHEHHI IMe-
€T POBHO /IBa PelIeHNs TOJbKO mpu ¢ =1 u a=25.
6. a) CF =10; 6) Sycr = 49.

a) Ilyctb R=5 — paanychl JaHHBIX B YCJOBUH
okpyskHocreit, ZBAD = o (puc.13). Torna ZBAC =

b .
=—-0, U 1o TeopeMe cuuycos BD =2Rsina,

BC = 2Rsin g—oc]:ZRcosoc. 3uawur, CF2
= BC? + BF? = BC? + BD? = 4R? cos® o + 4R sin” o =

= 4R?, orkyna CF =2R=10.

6) Yrant ADC u ACD Bnimcanbl B paBHbBIE OKPY3KHO-
CTH, ONMPAIOTCST Ha OAHY U Ty JKe Xopay AB u o6a
apasioress octpeiMu (AACD — TPAMOYTOJbHbBIN),

03TOMY OHH paBHbl. 3Haunut, LADC = LZACD = %

Ho, o ycnoBuio, tpeyroibuuk DBF — takyxe npsmo-

YrOoJIbHBIN U paBHOGenpeHHbIil. CliefoBaTeNbHO,
f1 T

4ZBDF = 7 Torma ZADF = 3 3unaunr, DF || AC,

u noroMmy BbicoTa Tpeyroabuuka ACF, npoBe/ieHHas

13 BepmIMHBI F, paBHa NepHeHAUKYJaspy DA k
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npsiMoit AC. Urak, Sy op = % -AC-DA = % -AC? Tlo

A

teopeMme cuaycoB AC = 2Rsin[g +o, BC=2Rcosa,
J

OTKY/1a COS 0L = g Torma AC=2-5-—=-(sina+cosa) =

2
=7+/2. 3uaunr, Sacr =49.

7. 61-2% 4+ 2144.

Iyers f(x)=2"+3-2%, g(x)=70+(2% -1)x. B
ciry Toro uro f(x) Bemykmga BHH3, a g(x) —
ymmeitnas, rpadukn Gynkuuii f(x) u g(x) moryr
nMeTh He 6Gojee ABYX OOIMX ToueK. KoopuHaThr
o0enx ToueKk Jerko Tmono6parts. J[leficTBuTesbHO,
[(6)=2°+3-27 =64+6-2 =70+ (2% ~1).6 =

=g(6) m f(70)=2""+3.2% =20.20%46.2% =
=70 +(2% ~1)-70 = g (70).

Ha mpomesxyTke 6 < x <70 tpaduk f(x) mesxur
ke rpaduka g (x). oaroMy crcreMa HMeeT 1eo-
YHCJICHHbIE PELIEHUsS TOJIBKO TIPH LeJbIX X € [7; 69]
(Tak Kak TepBoe HEPABEHCTBO CHCTEMbI CTPOTOE,
TOYKHU TiepeceyeHnst TpaduKoB He ABIAIOTCS pere-
HUSIMU CHCTEMBbI).

3amertnm, uto Ha otpeske [7; 69] rpadukn dynkmii
f (x) m g (x) mesxar Boime ocu Ox. Iostomy nekoMoe
KOJIMYECTBO IIETOYMCAEHHBIX TOYEK MBI MOJIYYIHM,
€c M3 KOJIMYecTBa S; I1eJOUNCIEHHBIX TOYEK C
HEOTPHUIATEJIbHBIMI  OPJMHATAMU, JIEKAIUX TI0]]
rpadukoM g (x) Ha orpeske [7; 69], BprureM Koumde-
CTBO S [EIOUNCIEHHBIX TOYEK ¢ HEOTPUIIATETbHBIMU
op/MHATAMH, JeXanmx mox rpadukom f(x) Ha
orpeske . [Ipu 9TOM MBI yuTeM, UTO MIEPBOE HEPABEH-
CTBO CHCTEMBI CTPOTO€E, a BTOPOE — HET.

Haiiziem S;. Tak kak Ha orpeske Jyexxar69 —7 +1 =63
IeJIOYHCJIEHHBIE TOYKH, TO

Sy =70-63+(25" ~1)(7+8+...+69) =
=70-63+ (2 ~1)-38-63=32-63+2%.38.63 =
=2016 + 2% .1197.
Haiigem S, . Vmeem:
Sy =(27+3-29)+ (28 +3.29) 4.+ (2% +3.27) =
=27 428409 43.25.63=270-2"4+3.2%.63=
=27.2% 128 +189.2% =221.2% —128.
HckoMoe KoJm4ecTBO PpaBHO
i =Sy =2016+2% - 1197 — (2212 - 128) =
= 2144 +61-2%,
Bapuanr 2

1

1. 290

35
C‘JO .

B cumy Toro 4ro BbIaZeHus OpJa U PelIKUd PaBHO-
BO3MOJKHDI, BEPOATHOCTD 110J1y4uTh 90 0OpJIoB paBHa

2020/Nel1-12

BeposgraocTn nostyuntb 90 pemek (r.e. 0 opsoB);
BEPOSATHOCTD HOJIY4IUTH 89 OPJIOB pPaBHA BEPOSTHOCTH
nosnyuntb 89 pemrex (T.e. OJHOrO OpJa) U T.U.
O603HaYNM BEPOSITHOCTH TOTO, YTO BBINAJIO POBHO k
opJioB, 4epe3 p,. Torma p = pss + psg+ ...+ Pog,
q=py+p;+...+ P, a B CUTYy CKA3aHHOTO BBIIIE,
q = Poo + Psg * ...+ Psg. SHAUNT, p —q = pss.

[TocunraeM BEpOSITHOCTH TOTO, YTO OPEJ BBINAIAET
posHO 55 pa3 mpu 90 6pockax. Eciam 0603HaUNTH
BBITIA/IEHUE OPJIa HYJIEM, & BbINaJIeHIe PEITKU eINHI-
1eif, TO Kayk/Iyto 1mocJie1oBaTebHOCTDb 13 90 6pOCcKOB
MOYKHO OXapaKTepH30BaTh II0CJIE[0BATENBHOCTHIO
mudp u3 Hyaeil u eguHur. BepoATHOCTb MOJIy4UTb

. 1
J1I06yI0 13 TaKuX I[0CJAeJ0BaTCJIbHOCTEU paBHa 90
2

Hac yctposit Bce Te 10c/ie10BaTeNbHOCTH COOBITHIA,
KOTOpbIE COJEpKaT POBHO 35 exunuil. Vx xoumde-
ctBo pasno Cyy (BbiGupaemM us umemomnmxcst 90
MO3UIMI 35 MO3UIMI /I €QWHUI], II0CJIEe Yero
OCTAJIbHBIE MO3ULMU 3AlOJHSAIOTCS HyJsMu). 3Ha-
YHUT, BEPOSITHOCTD TIOJNYUYNTb XOTS ObI OJHY TaKyio

MIOCJIE/I0BATETHHOCTD PaBHA 2% . ng . DTO U €CTb Pss.
n 2nk
=+ —
44 11
3. xe (1, 3] U{4l°g34}.
3aMerum, YTO

xw/log;, 3 _ (310g3 x )\/108’,[ 3 _ leloggx.logY 3 _ 3Jlog3x

2. x ,k#21p+4, ke Z, pe Z.

3Ha‘II/IT, HEPAaBEHCTBO MOJKHO II€penucatb B BUIE
3/log, : 2 /logs x log; x
33108 _ (1. 330087 4 40 3V198 7 < 48, (Ormernm,

YTO TIPH ITOM HU3MEHUJIACh O6JIACTbh JIOIYCTUMBIX
3HAYEHUIl: UCcYe3/I0 orpaHudyeHne x # 1, KOTopoe He-
06x0MO GyZIeT yuecTb B gasbHeiimenm.) O6o3HaumM

t= 3‘/@. Torma nonyuaem t° — 11t + 40t — 48 < 0,
WM, PACKJIA/bIBast JIEBYIO 4acTb HAa MHOXKUTEJH,
(t-3)(t-4) <0,
te (—oo; 3]U{4}.

B03Bpama$10b K nepeMeHHoﬁ X, HaXo/[uM, 4TO

OTKY/a cienyer, q4To

Vs <3 | flogyx <1,
(=1 =
gfos s _ 4| flogs x = logs 4

x = 4984,

0<logzx <1, 1<x<3
, &
logs x = logs 4

Bpime 6bL10 HOJTyuYeHo, 4TO X # 1, 1103TOMY OKOH-

yaTeNbHbIl pesyaprar Takos: x € (1, 3]U {41°g34}.
1372

4. a) Sgip =9,8; 6) Vaupe = 5
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Puc. 74
592 +1)
S. ae {1;16; .

2

CM. pucyHok 14. Pemenne aHaJOTHYHO DEIIEHUIO
3ajaun 5 BapuaHra 1.

R, 3 2 3
6.2) "2 =25 6) R = |5, Ry = [>.
a)R1 3 O Ri=y3 Ry

a) Ilycte Ry, Ry — pasmychl OKPY:KHOCTEH ), O,
coorsercrBenno, ZO;BO, = a, a npsambie DO, u I,
nepecexaiores B Touke P (puc.15). Toraa us ycaosus
xacammsa ZO,BE = g —0,a ZBOP = g - ZO,BE =
= o. Tpeyrompauku BO,O, 1 CO;0, paBHbI 110 TpeM
CTOpPOHAM, SBolCOQ = 2501302 =

:2-%-301-302 -sino = R Ry sinat.

II03TOMY

I[Tnomann
tpeyroiibiuka  BO,E paBHa % O,P-BE =

1 . .
:Echoscx-2R251noc:R2251n0ccoscx. 3Hayur,

L A
R1
O,
R,
L, %
B
Puc. 15

S R 1

BO,CO,

—2 = 1 -9 te =R = R,cosa. [lance,
Spo,e Rycosa 2

AB =DP, otkyna 2R, = R, + R, cos o, ciieioBaresip-
Ho, 2R, = R, +1R1, u % = §
6) U3 1psIMOyTOJIBHOTO TﬁeyFOJIbHHKa ABD nouay4a-

eM BD?=AB*+ AD? t.e. BD®=4R?+BP’ =
=4R? + (Rysina)’ = 4R? + R? — (2R, - R,)’ = 4RR,.

2
Wrak, B3 u 4RR, = 2% = 4. Orciona Ry = \/:,
R 2 3

3

7. 1o 7 g, 456
2 10 5

U36parHbie 3gaa4m 419 10 knacca

1. YBemuuurcs B %1 pas.

O60o3HaYnM 3HAMEHATeNb TeOMETPHIECKOIl Iporpec-
cun depes ¢. Tax Kak Bce ee YJIeHbI MOJTOKNTETbHBI,
q>0. Eciu g =1, 10 S = 30000, a ipu yBesinyennu
YJIEHOB C HOMepaMu, KpaTHbiMU 3, B 50 pa3 mosrydum
CyMMY
S 528
S+49(b3+bg+...+byge0) = S+49- = =——.
3+ s 3000 3 3

ITO IPOTUBOPEUYNT YCJIOBUIO, CJIel0BATeNIbHO, ¢ # 1,
3HAUNUT, CyMMa IIEPBbIX 7 YJIEHOB IIPOIPECCUT MOKET

_n
GpiTb TIocunTaHa 10 opmyae S, = b 11_q

1 qsooo -q
1-q
Ilpu yBesmuuennn wieHoB bg,bg,...03000 B 50 pas

yacrHocty, S = b

nosnydaeM CyMMy S+49(by+bg+...+ b)) =

( 3 )1 000 23000
(g )
=S+ — L =S Ao T

21“73 (1-q)(1+q+4’)
=S+i52, xotopas pashHa 10S. Orciona
1+g+q

494* 5 3 3
——=9, 40¢° -9 =0, g== wm g=-—.
1+q+q2 9 9 1 5 a 8
Ham moaXoanT MHOJTOKUTeNTbHOEe 3HAueHme ¢, T.e.

_3
q S

Ecmm YBEJIMYNUTDH BCE YJICHDI ITPOTrpeCCum ¢ Y€THBIMU
HOMEpaMu B/BO€, I0OJIydaeM

511500
1-(e)
S+(by+by+...+byyp) =S+ by R
—-q
3000
=5+b1qL=S+LS =25.3Haqm,
(1-g)(1+q) 1+q 8

11

cymma S Bo3pacrer B g Pas.
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( i
[52(ﬁ—1; 3(1“/_)}
[ (1447): (7 )]

OG603HAYUM TOYKHU, B KOTOPBIX HAXOJASTCS BOJIOMEP-
ka i xyK, M (o) u N (B) coorBercrsento, rae oL u 3 —
YTJIBI, KOTOPBIE 06Pa3yloT Pa/nyChl-BEKTOPHI TOYEK
M n N ¢ 1oJIOKUTETbHBIM HaTpaBIenneM ocu aOc-

mce. 3aMeTuM, 4To yroa Mexay AMy n AN, paBen

n n
T, U TIPU BTOM —T0 < Ol < —5 0<By < o ae o, By —

YTJIbI, COOTBETCTBYIOIINE HAYAIbHBIM PACTIOIOKEHI-
SIM HACEKOMBbIX.

PaccrosiHe Mexxay BOJZOMEPKOW M KYKOM Oyjer
HaMMEHBIINM TOT/Ia, KOT/J[a YIOJI MeXIy BEeKTOpaMu

AM u AN pasen nymo. Tlockoabky [AMo| = 442 n
|[ANy|=10v2 — aro pamuycpr oxpyxuocreii u

|AN,| = §|AM0|, TO yTJI0Bas CKOPOCTh BOIOMEPKH B

5 pasa 6oJIbllle yIIOBOH CKOPOCTH SKYyKA.
IIycTh K MOMEHTY COBIIQ/IEHHS HAIIPABJIEHUN BEKTO-

poB AM u AN yx npoxsunyics Ha yros o. Toraa

oa+50=PF+w+2mn, rae n=0,1,... CiregoBaresb-

B-a mn w mn

L= = =0,1,.
HO, O y 5 rRi rae n =0,

Pazsmunbix Touek Gyzer yerbipe (pn 7 =0, 1,2, 3).
I n =0 nomydaem B, =, + % Koopaunarsr 110-
JIOKeHMS KyKa Haligem 1o ¢opmyJaam
Xy = 1082 cosBy, yy =108/2sinf,. Mcnombsys ko-
1082 242

ITo cdopmymam xocumnyca n

opanHarsl ToUKH Ny, HAX0AUM cos 3, =

Ny _ V7
1042 242

CUHYCa CyMMbl yIJIOB IIOJIy4YaeM

u sinf, =

T T
cos Py = cosfy -cosz—smﬁo ~st =

22 V4 V2 1-47

4 2 4 2 4 7

. . T LW
sin Py = sinf ~COSZ+COSBO ~51nZ =

2020/Nel1-12

=10\/§~¥= > (1-47),

ND
=10+/2 - 1+\/_ > 1+7
= 5( + 7).

OcrayibHbIE TOUKHI TI0JIy4aloTCsA IIOBOPOTOM TOYKHN N1

3n
5

Orcoa

b4
BOKDYT Hadasla KOOPJUHAT Ha YIJIbl Ex T,

3. CF =26, Syycr =119.

4. 2+4/3.

[lepBblit MHOKUTEIb B JIEBOH 4acTH IOJIOXKUTEJIEH
Ipu JIIOOBIX JIONMYCTHMBIX 3HAueHHAX X. Tak Kak
BTOPOIl MHOXKHUTEIb BCerjla HeOTpPHIaTeseH, Hepa-
sencrso na O[3 (r.e. mpu yenosun x° + 2x — 58 = 0)
PaBHOCHUJIBHO YPaBHEHUIO 22 =722 +13x -3 =0.
OHIM U3 TIeJIBIX KOPHEHl ypaBHEeHUS IBJIsgeTcsI X = 3
(Hec10KHO HANTH TOAGOPOM Cpen aesureneil cBo-
GOAHOr0 4JeHa ypaBHeHMS). BbImosmnuBs gesnenue
JIEBOI YACTH Ha MHOTOUJIEH X — 3, PACKJIA/IbIBAEM ee

Ha MHOkuTenu: (X — 3)(x2 —4x + 1) =0. Orciona
x=31/IJII/Ix=2i\/§.

IMozcTaBisieM TOJTyYeHHbIE 3HAYEHUSI X B HEPaBEH-
ctBo &% + 21 — 58 > 0 A7 IpOBEpKH:
x=3=27+6-5820 — HesepHo;
x=243= (243) +2(243)-5820

= 17\/§ —28 >0 — BepHoO;

x=2-35(2-3) +2(2-3)-5820

& —174/3 - 28 2 0 — nemepro.

CJIe[IOBaTe]II)HO, MOAXOMAT TOJBKO X = 2 + \/§

d. —é; 1 1im.
5 2

YpaBHeHue MOKHO TlepenucaTh B Buae 5Sx? +
+(x+4Y =627 |x + 4] = 0, mm |x + 4 — 622 + 4] +
+ 5x% = 0. UTo6bI pas/ioskuTh JIEBYIO YACTH Ha MHOIKH-
TeJIM, OTMETHM, YTO OHA IPEJCTaBJIseT cO60 KBaJ-
PATHBIH TPEXUJIEH OTHOCHTENBHO y = |x + 4| ¢ jc-
KPUMHHAHTOM, DAaBHBIM (Gx ) —4-5x" =16x%. 3na-

6x2 + 42

YUT, KOPHU Yy, PABHbBI , T.e. Y =522 W

v =x%, a
(\x+4\—5x2)(\x+4\—x2)=0.

[Ipoussezienne paBHO HYJIIO TOT/Ia U TOJBKO TOT/IA,
KOI'/la OJIMH U3 MHOXKHTeJeil paBeH HyJio. Orciona

noaydaemMm
117

ypaBHeHUE IIpuHUMaeT BuU/

22 =x+4,

2

22 =—x—4, -x-4=0, 4

. SX=—-7,

Sx2+x+4:0, 5% —x—4=0 5
56 —x-4=0 x=1



OTBETDI,

DOUSNKA
9 knacc

Bapmuanr 1

1. 1) Ycnosue Berpeun: vy sin o = v, sinf, orkyma

3

sinf3 =Asina =2 < 0,43, cosp =0,9.
U2
2) T:I_—S:10 c.
0y cos 0L+ vy cos 3
. T= 2vosm(p’TmaX:2 an(sz
g cos o g Ccos o 2
2) s =0,5¢gsino-T2,,,
[ =1gcosot T, =coso- |—L> =77 M/c.
0 2 max 2sin o

3. 1) vy, =2gh =4 m/c.

2) Ilo teopeMe 06 M3MEHEHHH HMILYJIbCA CHCTEMBI,
m (o) + vy sina) = umo, coso.. Yckopenne Gpycka

nepes CoyJapenneM paBHo g = g (Wcoso - sin o) =
2
=g =25wu/c
02
1) B mporecce CIMIAHUS HMMILYJIbC CHCTEMBI
COXPAHAETCs:
md; + md, =2md, 0 =0,5(3, +73,),

v =0,5J0 + 03 =50 m/c.

2) 3akon COXdeIeIII/Iﬂ SHepruy Ipu CJAUIIAHUU:

—+0Q, wm Q=— (U1+Z)2) B

2 2
mop | moy _ 2mv
2 2

m
TEILIOBOM Hporecce Q = Z(q + 05 ) = 2mcAt, oTKy-

na At =é(012 +v§) =9,6 °C.

5. 1) Cormacuo cxeme, RAB:§7+3;’:?7:
=38 Om.

2) B 1emnb BTekaer TOK 1y = L = ig Mcxombrit
: U R,z 197r
ToK paged [ = =1, =——=0,2 A.
5 19 »
BapuaHT 2

2nR

1. 1) gy ==——=2wn/c.
T

2) Ilpu kavyenun Ge3 TPOCKATb3BIBAHIS OTHOCUTEb-
Hast CKOPOCTD JII000iT TOUKI 000/1a PaBHA TI0 BEJHY-
He CKOPOCTH OCH KoJjeca B JIaGOPaTOpPHOIl cucreme
orcuera. V3 3aKoHa CJIOKEHHA CKOPOCTEH cJeryer
0y =0,5(04 +Tp), B paccmarpuBaemoil 3agade
= = 2_ 2
04 L 0p, TornmA 403 = 0124 +012;, vy =+4vy —ovp =
= 3,46 M/c.
2(H-h)

g

2.1)T= =0,7c,

YKA3AHNA,

PEIMEHMUA 59
s 2H - -
2) [ —; T= 7, on =\/2g(H—h),z)0 :\/Uéx +U(§y =

= H - - | =17 .
q + 1 M/C

3. 1) Ilpu aBuxenunm OpycKa BHU3
mgsina = F + Wwmgcoso, TPH JBIDKEHNN OpycKa
BBepx F, =mgsino +umgcosa.. Orcioga W=
_h-oh —tga ﬁ = 0,19.

F2 + I 9
2) Ycxopenue 6pycKa MpPH CKOJbKEHHH BBEPX 110
HAKJIOHHOIi [JIOCKOCTH paBHO @ = ¢ (sin o + pcosa) =

:%g. Havasnpuass cxopocTh paBHa v, =+2as =

= /2-§gs ~ 4,2Mm/c.

4. 1) Tlepen coymapenueM MMITYJIbC CHCTEMbI HyJle-
BOIi, cJIeIoBaTeIbHO, B MOMEHT, KOr/ia jiehopMariust
MaKcHMaJibHasg, Mmaii6bpl mokosarcs. Torjga

ml, myey
2
2) OrHocuTebHAsA CKOPOCTDb /10 1 110CJIe a6CoII0THO
YIPpyroro CTOJIKHOBEHUA OJAWNHAKOBaA II0 BEJUYUHE,
L
O+ 0y
5. 1) Uy =3U =12 B.
2) Ilpn BKJIIOYEHHOM aMIIEPMETPE CONPOTHBJIEHUE

E = =1,5 Ix.

caegoBaresibio, T = =0,4c.

4 3U,
e §R, TOK 4Ye€pe3 MCTOYHHUK ZE, TOK 4epes

Yo
ammepmerp [ = iR [Ipu BKJIOUEHHOM BOJBTMETPE

3 ;
COIIPOTUBJIEHUE LIETIN 5 R, BO BCeU 1€l paccenBaeT-

2

=8UI = 0,96 Br.

¢S MOIIHOCTDL P =

)

10 knacc

Bapmuanr 1
1.1) (2,500)2 =2 +( cosoc)z, v, =
(2,52}0)2 —(vy cosoc)2 = 036 = 86 m/c = 19,6 /.

. Uy — U Sin o
2) v, =yysino+gt, t =L 0"~ =

:”—"[JE—?]:LSC.

g

2
3) szocosa-t=$[£—£J=5,1M,
2g 2

2. 1) N=(M+m)g =6myg.
2) 2F, = uN, Ky = 3umg.

3) QZM, v =+/2as = 25(£—ug).
M+m 3m
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3. 1) F, =mgsino..

2) Ycxopenue a = o (L + R)cos . YpasHenue BTo-

poro 3akona HpioTOHa B TIPOEKINSIX HA HATIPABJICHHE

untu I, —-mgsino.=macosa. Ortcopa F, =

= m(gsinoc +o® (L + R)cos” oc).

4. 1) PaccrostHue 110 TOPUBOHTANM MEK/LY BEPXHUMU

yposusamu L = Iy + h,, Ilo BTopomy 3axony Hpiotora
by — ;

paL = pg(hy —y). Orciona a = -2 Iy g -9_9 M/CZ,

Iy + Iy 5

2) TocJie «iCYe3HOBEHUS» YCKOPEHHs Gy /Iy T IPOKC-

XOUTH KOMEGAHUsT MacJaa OKOJIO PABHOBECHOTO TO-

goskerust. I[lyctb 6 — Macca eAMHUIIBI UTHHBI MacJIa

B TpyGKe. Macca Beero macma m =2 (I +hy)o.
MaxcnMaibias KHHETHYECKAs. SHEPIUsl [PH IPO-

1.5
XOMKJIEHUN TIOJIOKEHNsT paBHOBecus FE, = gmv.

3meHeHnne noreHuuaJbHON sHepruun Macia AE, =

hy, — hy —h
= Gz—hlx/igx, rjpe x = % — paccrostHme
(110 BBICOTE) HaYaJbHBIX YPOBHEi Macsia OT paBHO-

BECHOTO TIOJIOJKeHUs ypoBHeil. [To 3akoHy coxpaHe-
Husg sHeprun E, = AE . VI3 3an1caHHbIX ypaBHEHUI

HAXO[UM © = } g%~O2M/L
2

anT pu — Mp z5.10_4

2) Ilycrp V' — Hauasbhbli o6beM mapa. CKOHJIEH-
VvV _ y-1

cupyercst o6vem V, =V — — = —V. Macca BozipI
Y Y

m, = Vp,. O6beM Bozmbl V, = ™y Oxkomvarenbio

noJryqaemMm Vi = _1_pRT = 540.

V. y-1Mp
BapuaHT 2

1. 1) o, = (200)2 — (2 cosoc)2 =513 m/c ~ 18 m/c.

2) t:w:ﬁ(\/ﬁq)zwc,

LY 29
3) H =39 15y
29
2.1)mv:M+2mv,v:M.
i@ = ( R v
L(M+2
)T = L _ (M +2m) '
vy +o; vy (M +2m+my)
3)ov,=0

3. 1) Fcosoo—mgsina =0, F; =mgtga.
2) Fycoso.—mgsino =macosa, a=w (L+R),

R sino, ), =m| gtgo+ o’'L
= Si , Iy = .
L+R : g 1-sina

2020/Nel1-12

4. AtmocdepHoe naBienne py = pgH,, Hy=740 mm.

[Tycte L — pymna ropusonrtaabHoro kojena. Ilo

BTOpOMY 3aKkoHy HblOTOHA ISl JKUAKOCTH B TOpH-

30HTATBHOM Kouewe (py +pgH)S = pLSa,. Torma
Hy+H

a4y =—-—9.

2 2
1) py = pgH,, 1S = §DLS“0, Hy = §(H0 +H) p =
=pgH,; = 520 MM pT. CT.

1
2) (po +pgH)S —p,S =§pLSA0,GaO, P2 = pgH,,
H, =0,8(Hy+H), p, =pgH, = 624 Mm pr. CT.
3) (py+pgH)S —p3S =pLS-0,8ay, p3=pgHs,

H;=0,2(Hy+H), p; = pgH; =156 mMm pr. CT..

SmRT MpyLS

5. 1) poLS = ,m=——C"=014r
Po SRT

2) Tlap BHU3Y 4aCTUYHO CKOHJICHCUPYETCS, a BBEPXY

BCST BO/Ia MCITAPUTCS U TIAP CTAHET HEHACHIIEHHBIM

(sT0 moxaTBepkaeTcs pacuetom). B cocrosHun

6mRT
Vo

pasnosecus 0,99p, (L +h)S = ITopuensb
CMECTUTCSI BHU3 HA

6 —L- L~%L 0,12 M =12 cM.

5. 0,99
11 knacc
Bapuanr 1
1.1)v1cos[3:z)cos0c,v1=vﬂzﬁv—75CM/c
cosp 68
. . cosasinf . 7
2 = + =0 ———— ol=—ov=
) v, =g sinf+osin v[ p j &
=77 cv/c.

3) Jlis xosblia B JaGOPaTopHOI cucTeMe OTcuera
2
Fcos(90°—B)—N=m, OTHOCHUTEJbHO MY(TbI
F- N51n[3—Tv2. Orcoa HaXOoUM F=

15’"(0 of)=1,5-107 H.
16 R
2 GG _32R_3
Cy C, 52R 5
2)% vC, (T; Tz) vC, (T; - T,) _G 5
Ay py(V3-V) VR(l. ) R 2
3) p=aV, Vy=kVy, A=o(ps—p)(Va-Vi)=
1 2 3
=0V (k=1); Oy =v- S R(T =Ty +ps (V3 =V1) =
1 A k-1
=—oV (k=1)(5k+3)n= =
FR (e k3 = - o

1 8
=_|1- = oo 0,2.
5( ETn SJ pu R N=MNpax =0,
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3. 1)§d: O+U1 T, [ :y.
4 2 2T
2 3a-ly 4298 _99Q _ Q ,_3uSd
42 mo meyS €S 2 yT?
3) TIycth cKOPOCTH Ha GECKOHEHOCTH H B CEPe/IHe
3

p
KOH/IeHCATOpa PaBHBI 0y U Uy. Torga o = 2a~Zd,

1 _V3, _3d

2
vy =2a 4d,vz—3 =T
4. Tloxa mmox orkpoir, €+ (-LI')-U=U,, U -
HanpspKeHne Ha KOHJIEHCATOPE.

1) Cpagy mocre sambikamns & + (—LI) - Uy = U,

Ll VS

L
2D Mpu I =1, I'=0-6+0-U=U,, U=¢-U,
qg=C (é? - UO), CorylacHO 3aKOHY COXPaHEHHs 9Hep-

run, EAG= UOAq+%L12 +(%CU2 —%CU%],

C
quc(é:_UO)_CUﬂ Imaxz(é_UO_U1)\/%:
=0,06 A.

3) Tlo 3akomy coxpanenus aneprmu € (CU, — CU, ) =,
=U, (CU,-CU)+0+ %CUZZ —%CUE], U, =

=2(6-U,)-U, =11B.

3. 1) Uzo6paxenne B 3epKajIe MOTyYaeTest Ha PacCTo-

3
aann d = EF ot JnH3bL. 306paskeHne B cucremMe —

Ha paccrodgnun [ = dd_FF = 3F OT JIMH3bI.
3F/4 3
2) tgo=——=—.
)8 F 4

f

3) [Monepeunoe yBeanyenue auH3bl I = rh 2. ITycto

u — cKopocTb uzobpaskenus B cucreme. CKOPOCTb
nzobpaxkeHns B 3epkaje paBHa 2v. Torga

2

UCOSOL = 20F2, u= 2or =100.
cos o
BapuaHT 2

1. 1) Vimeem rapmMoHnyecKue KOMCGAHMs ¢ AMILIUTY-
noit A. Ilyctb X — OTKJIOHEHHE OT IOJIOKEHUs
paBHOBecHs B HCKOMble MOMEHTBHI, y = 2. Torma

YR(A-x)=k(A+x), mg=kA, mg—k(A-x)=ma.
y—1 1

Orciojla a =——qg=—g.
v+17 737
2) B uCKOMbIE MOMEHTBI CKOPOCTH OJMHAKOBBI.
IToatomy Ea _ 1.
Enl 0,5k(24Y k
3)0(,: nmax _ (2), maxzwA 0)2=_
EK max 0) va m

max

Otcroma o = 4.

2. 1) p—2=£:k» pVo =VRT,, pV; =VRT;, n
oV
T, = KTy = 4T;.
\% V-
2) pVy = psVa, piVi = piVa, B_22 B__3 4
ViV
Py,
P3

3 1 1
D VGl =) =v- S R(ET) | ks i |-

=v-SR(T, =)+ 2VR(T, = T;), 1 Cpy = 2R

3. I, (0)====.

V(0= =

2 P=Ucle =Ug(I;—1g), 6 =Ug + I;r,Up = IR;
R(R+7) , RE

_—IR

P= + — 1. MakcuMasbHas MOIIl-
r r
g
>Th 6 Ip=1j=— T
HoCcTb Gyner mpu Ip =1, 2(R+7) OK uepe3
KOHAEHCATOD Cpady MOCJe Dpa3MbIKaHUs
I.=] =—95 - °
€T 2(R ) 4R
»o=tcuz=tevt=Lery = Lee
2O T TR 32
4. 1) B srom cayuae I = 6 _ 1A
R; + Ry

2) Ilycts A n B — touxu coenunenus Ry ¢ Ry u Rs ¢
R, coorserctsenno. [lnoa Gyser OTKPBIT MpU 3aM-
KHYTOM KJIOYE, €CJM HPH Pa3OMKHYTOM KJIOYE
04 =05 >Up, 1.e. U3 =U; > U,

é

Nnmeem 6 R; -
R +R,

Rs + Ry

R > Uy, R; <28 Om.

3) Tok uepes auoj I, = g—D =1,25 A. /l1g HUsKHETO
0

koutypa I3Rs + (I3 +1p)Ry =6, I3 =0,75 A, Jlas

npaBoro Bepxuero koutypa (I3+Ip)R,—

—(I, = Ip)Ry + U,y =0, L=2A

JAna mapyxuoro komnrypa LR+ (I} —Ip)R, =¢,
R, =3 Om.

5. 1) Uso6paskenue B 3epKaJie oJIydaeTcst Ha paccTosi-

3
Hun d = 3 F or nunH3bl. 306paxkenue B cucTeMe — Ha

dF 3
paccrostun |f| = = — F OT JIMH3bI; OHO MHUMOE.
d+F 5
2) tg =St 3
F 4 | f| 5
3) Ionepeunoe ysesmuenne I = i = 5 CkopocThb

n3obpaxkenuss B 3epkajie 20v. Jlas ckopoctun u

n300paKeHus B CHCTEME wcosa = 202 Orciona

2% 2

u = ==-0.
coso. S
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Ne skypuana
Mamaru I'.JI.Kotkuna >

IHamatu H.X.Po3oBa 11-12
Crarbu o maremarvke
Teomerpryeckiie BepOSTHOCTH.

H.B.Bacunves 8
Eme pa3 o rpaduke cunyca. E.baxaes 4
Wrper [xona Kouses. B. Kaenyvin B)
Kax Boriitn u3 neca? A.3acaasckuil,

B.IIpomacos 9
Kaumeitmockomnt. 9. Bunbepe 6
Kparuaiimue mytu u runoresa Ilyankape.

B.IIpomacoe 11-12
Kpussie gpaxona. H.Bacuuves,

B.I'ymenmaxep 1
O cTuxXOTBOPHBIX pasMmepax. /. Dyxc 2

OOG6MaH4YuBas MPOCTOTA IPOCTBIX YHUCEI.
M.Kopones 3

OxpyxHnoctn Kapueiinsa, nin Kak permath
KBa/IpaTHbIE YPaBHEHUSI [UPKYJIEM 1

nmumedikoit. K. Kuon 7
Uucnossie ¢ppusel. E.Cuupnos B
UyBCTBUTEIbHOCTD OYJIEBBIX (DYHKIIHH.

A.Pasbopos 10

IBOJIOLMOHHbIE IIPOIIECChI U OGbIKHOBEHHbIE
muddepennnanbHble ypaBHeHNU.
B.ApHoavo 1

Crareu o gpusuke

Apxumen n acrpodusuxa. C./eopanuinos,
B.Conoeves 9
«Bupyc», «macka» — rae rapantus?
A.Muneee 11-12
Boruncsienust 6e3 Borauciennii. A.Muzoan 1
Wcrounnkn anexrpuuectBa. JI. Awkunasu 4
Kanennapo n acrponomus. JI. bearonyxos — 2
KocMmuueckue syun n mccje/[oBaHue KOCMOCA.

A.Ypoicon 7
Hacoc g nanmBanus Bojbl U a/ieMeHTapHas
dusuxa. C.Ilapnosckuii 8
06 ovo. A.Bapaamos 6
ITouemy noxXo Kpuyarb MpPOTUB BeTpa?
I'.Komxun B
IIarpaecsaT BocbMast rpaHb GPHUIIIMAHTA.
H./ly6posunckas B
Pazmnunble xanengapu. Crapblii 1 HOBDII
ctuau. JI. benonyxoe 3
Pacckas o kBanre. . Cmopodunckuii 1
Dusuxa, reomerpusa u kpacora. A.Bapaamos,
/K. Buanen, A.Puzamonmu 10

Hawmn nHTepsbio

Becena ¢ Angpeem HukosaeBnuem
Kousmoroposbim 1

25
24

11
10

29

43

Ne sxypuana
U3 nucropun Haykm

Hayunbrii BkJag Mexmara B 1mo6ery B
Benmkoit OTteuecTBeHHON BOliHe 6

Maremaruyeckmii mup

Bauecnas Buxroposuu [Tpoussosion 9
K 80-neruro Hukosast Bopucosuua
Bacninbesa 8

Maremarnyeckasi «apXxeoJlorusi»: 3ajadyn
[1E€PBOIl COBETCKOM OJIMMITHA/IbI
IMKOJBHUKOB 10 Maremaruke. /[.Domun 7

3apaqyHnk «KBaHTa»
3azaun M2590—M2633,
D2597-D2640 1—11-12

W36pannble 3agaun o MateMarnke n ¢usnke 1
Pemennsa 3agau M2578—M2616,

D2585-D2624 1-11-12
BurepanbHble PaBHOBEHKOCTH.

. Kywnup 6
Boxpyr mpaBHILHOTO IIATUYTOJbHUKA.

A. Janusapxodixkaes 5
VCTOYHHK € «OTPHUIATENbHBIMY BHYTPEHHUM

conporusienueM. A.3urvbepman 1
Moyenu, KOTOpbIE MbI BHIGHPAEM.

A.Bunvbepman 2

OO0 OpTOIEHTPNYECKNX UYeTBEPKAX, CBSI3AHHBIX
¢ TpeyronbHuKoM. Yan Kyane Xiwone 11-12
[lectp nepnenauxyasipos. K. Kuon 9

«KBaHT» [/19 MAAALWUX LUKOJIBHUKOB

3amaun 1—11-12
W36pannble 3agadumn 1

CraTbu MO MaTeMaTHKeE

O6xon MHOTOyTOJIBHUKA. E.Bakaes 8
[Tpumepsr u xoutpupumepsl. A. Kanynnuxoe 4
[Ipo ymuoxenune. A.Casun 1
UTo He Tak C 1epecTaHOBKOI YuCeJ.
K.Koxaco 6

Crarpm mo pusmke
Kak ognaskabr sKak-3BoHaph TOJOBOM

caoman Gouaps.... A.Bysdun, C.Kpomos 1
Kiosera ¢ Bopoit B oesfe. C./leopanunos 8
JleBast, mpaBasi — T/Jie CTOPOHA?

C. sopsinunos 3
Korkypc umenn A.fl.CaBnHa
3ajgaun 1—-4, 9—11-12
WNs6pannblie 3amaun 1

Uroru koukypca 2019/20 yue6noro rona 6
Kanevigockon «KBaHTa»
MaTteMaTHKa

Kax mpoBepHnTh 4ncI0 Ha MPOCTOTY ? 10
Kaueiiockon cdopmyt aist 1 5

C.

14

18

15

16

38

25

37

40

24

21
25

46

27
23
47

10

50
36

26

53
28

32

<«



HAIIEYATAHO B 2020 TOoAY

No sxypuana
Ddusuka
Bekropor B ¢usike 4
Cor03 (HDUBNKN W MaTeMaTHKH 3
Dusnka Ha sg3bike DYHKIMIT 1 TpaduKOB 7
Dusnyeckue MapagoKCbl 11-12
DKCTPeMyMBbl B (pU3NKe 8

Likona B «KBaHTe»

MaTtTeMaTHKa
Mypaseii na xomcepsHoii 6anke. M. Axyauu 2
PaGora Haj omuOkamu. B.JKypasies,

I1.Camoson S
Pasnosesmkocts ot IIpousBosiosa.
A.Baunkos 9

Ddusuka
Bypunanos oces, niau Hemuoro

o 6udypxanun. A.Cmacenxo 2
3a Kakoe BpeMs CJIUBAIOTCS Karljin?

A.Bapaamos 1
Jlynubrii Topmos. JI.Acaamaszoe 1
He yuxare: nangemus! A.Cmacenxo 4
O6 oxnom cruxorBopernu A.C.IIymxuna.

A. Kuxoun 1
TTouemy o6skuraer nap? JI. Awrkunasu 9
DJIEKTPOIMHAMUYECKII BOIOMET.

C.Manamanos 6

Dusnqecknii QpakynbTaTus

[lpimmTe Ha 310poBbe! A. Munees 4
Kamna poxnas. P.Kopxun 11-12
[Tapamokc Basusosa. B. @abpukanm 1

Mapanoke Tomun Bryakuua. C./Jeopsnunos 3
IIponana sneprus. «Kosapuass»

MarepuajbHas Touka. A.Bracoe 7
Teuenue Bompr. Vicropus, koropoit 250 et.

A.Yepryn 3
TpamcienienTHble YpaBHEHNST B 33/a4ax

no ¢usuke. 5. Myxyues 8

Maremartuqecknii KpyxoKk
Boxpyr touku na meauaue. /. IIpokonenxo,

/. Illgeyos 2
Bommeonukn /Isxona Konsea. K.Knon 8
[lBe 3a/1a4n O MOKPBITHH JIOCKU YTOJKAMU.

A.Kanynnuxoe 11-12
K nongruio [eiicTBUTEIbHOIO YKC/Ia.

S.Bunbepe 7
Kaxk garen Crodgres go0bIBal ONUIKNA.

K.Koxaco 6
HemnpepbiBHOCTD [UCKpeTHAST 1 OObIYHAS.

A.Ononpuenxo 2
O6 ykiazke GJIMHOB, KOTJET M areJbCHHOB.

C. Adopuuenxo 4
IIpbDKKY B HPABUJIBHOM MHOTOYTOJIBHUKE.

E.Baxaes 3

<«
<«
<«
<«
<«

31

46

29

29
55
57
28

54
33

30

29
34
59
41
34
26

34

42
41

38

38

31

38

38

34

Ne sxypuana
Yucna xapmaga. A.Toanvizo 10
Jlaboparopus «KsaHTa»

Bosmbr B Mesikoit tapeske (murepdepenis).

A.Kocoypoe 2
3arapounnie mapol. C.Hosukos 8
Ha6monenns naz tymanom. A.Bopoeoil 1
Hawm HabnogeHus

Kax nepeso cracaer ot poxnis. E.Iyposuu 1
Csoenpasublii Bosruok. M. Cmapuwos 7

lMpakTukym abutypueHTa
MaTtemaTuxka
Uepresk B reoMeTpUuecKoil 3ajaue.

I'./lopoghees, H.Po3o0s 11-12
dusuka
ITonpoGyem penmts nhade. M.Bondapos 10
Dusnveckne ananorun. C.Koszen 2
Onumnuagsl
Bcepoccuiickasg onumnuaaa 1no dusuke
nvenn /. K.Maxkcpesia b
EBporeiickasi MaTeMaTu4ecKkasi OJUMIIHAA
JUI IeByLICK 4

3akmounrtesabhbiit aTan XLV Beepoccuniickoit
OJIUMITUA/IBI TITKOJBHUKOB 110 MaTeMatuke 7
Saxsmountesnpubiit stan LIII Beepoccuiickoit

OJIUMITHA/IBI TITKOJIBHIKOB 10 (PU3UKe 7
LXI Mesxaynapoanast MmaTeMaTHuyeckast
OJIMMIINA/[A 10
XII Mexaynapognasg omummraza Romanian
Master of Mathematics 6
XXVI Mesxaynapoanas OIuMIInaza
«Tyitmaana». dusnka 2
LXXXIII MockoBckasi MaTeMaTHYeCKast
OJIMMITHA/1Q 4
MocKOBCKast OJIUMITHAA MIKOJbHUKOB
o dusuke 2020 roga 4
Mynununanbubiii atan LIV Beepoccuiickoi
OJIUMITHA/IBI TITKOJIBHUKOB 10 (PU3NKe 2

Peruonanpubiil atann XLVI Beepoccuiickoit
OJINMIINA/IbI HIKOJBHUKOB 110 MaTeMaTuke 3
Pernonanpnbiit atan LIV Bcepoccniickoi

OJIMMITNA/IbI MIKOJIBHUKOB 110 (PU3HKe 3
XLI Typuup ropozsos. 3ajauu BeCEHHETO
Typa 4
SK3ameHaLNOHHbIe MaTepuass!
EI'D no ¢usnke 9

WuctutyT xpuntorpacdun, cBA3N
n nHpopmarukn Axazgemun PCBH Poccnn 10
MOCKOBCKHIT TOCYZIapCTBEHHDbIN TeXHUYECKUIT
yuusepcuter nmenn H.D.Baymana 8
MoOCKOBCKHIT roCcy/lapCTBEHHbIN YHUBEPCUTET
umenn M.B.JIomonocoBa. dusuka 7

c.
34

34
44
62

12
41

24

26
47

49

56

40

43

39

36

55

45

47

52

48

50

43

36

41

55

>4




64 KBAHT

No sxypuara  c.

HarmuonaabHblil 1CCe[0BATEIbCKUN

yausepcuter «MUIT» 7 49
HoBocubupckuil rocymapcTBeHHbII

YHUBEPCHUTET 10 46
Ommmvmuaza «JIomonocos». MDusuka 6 38
Cankr-IleTep6yprekuit moMTEXHIYECKUN

yuusepcuter Ilerpa Besmkoro 8 48
Dusnko-MateMaTU4ecKas OJUMIIHATA

«Dusrex» 11-12 41
Urgopmayns
[Jlun ¢usnknu B [lyGue 6 33
3aouHas (U3NKO-TEXHIYECKas IMIKOJIA

npu MDOTU 11-12 48
3aounag mkoaa CYHIL HI'Y 7 44
K 50-metuio «KBanTa» 1 2
Ouepeanoii HaGop B B3MIII 3 41

Ham nmwyr

Eme pas o MmypaBbe Ha IuiuHiape.

A.3acnascxuil 6 34
Kax Boirssaaur rpaduk cunyca? Il.1lanos 3 38
Hewmuoro o mxoJbHOI KHHEMaTHKE 2 28
ITapanrenorpaMm 3amMedaTeTbHBIX TOUYEK.

K.Kosepenxo 7 42

«KBaHT» ynbibaercs

Ksant, xotoporii noctpons Mcaak. A.Casun 1 3-a

c.00.1.
3 3anucHoil KHUKKU 9K3aMeHaTopa 2 51
W3 xuurn «MareMaTuku ToXXe HIyTST» S 39
BHUMaHMIO Hawmx Yurarenesn 1-11-12
Konnekymns romnoBosiomok
Bamsnerpi-6parbst 9 2-a

c.00.1.
Bymasxubie 3Be3/10uKkn 2 <«
Bymaskublit Bostuox 3 «
TonoBosomka Kongest S «
HecrangapTiible TeTpaMuio 6 <«
[Tapannenenumesn coma 7 <«
CTabuabHOCTD 8 «
Cy66oTnuk B XaHoe 4 <«
Tanrpam+Iludarop 11-12 <«
IITaxmarHble «KyOUKH COMas 10 <«
LlaxmarHas cTpaHndka
Tox yemnnona 2 3-a

c.06J1
JloMunanus 10 «

He 3a6wbIBaii 1po onmosuiuio 9
T110/1b1 MAIIMHHOTO TTPOCBEIEHST >
[l1o1b1 MaIIMHHOTO TPOCBEIEeH -2 6 «
Tloib1 MAIIMHHOTO TIPOCBETEHM-3 7
TToapem Jstajipu 8
TIpasanuk BecHbI 3

2020/Nel11-12

Ne sxypuanra  c.
[IpepBanublit TypHUp 4 <«
Cymnepdunan 11-12 <«

lporynku ¢ ¢pusmkon
AJMa3Hasi HAaKOBAJIbHS S 4-s
c.06J1.
K Bompocy o 6udypxarm 2 <«
Kasxercst, noskank cobupaercs. .. 1 «
Kaxk teuer Bosa? 3 «
KoponaBupyc u «porarasg» MHHa 11-12 <«
Kro xpyue? 9 «
Kypunoe sitio xax dpusnuecknii mpu6op 6 <«
Jlerko i BaM JIBIIIIUTCA ? 4 <«
Taiinpl yraepona 10 «
Tosbko s UrpynKa 7 <«
IKCTpeMaIbHbIE PENIEHsT B MIPHUPO/IE 8 «

RBAHT

HOMEP IMOATOTOBUJH

E.B.Bakaes, E.M.Enudanos,
A.10.Kotoea, C.J1.Ky3Heuos,
B.A.Tuxomupoga, A.U.YepHoyuaH

HOMEP O®OPMU.JIHU

A.H.N'puwykosa, M.K.Kawwun,
A.E.Nauxsepusa, M.H.CymHuna

XYAOXKECTBEHHBI
PEJAKTOP

E.B.Mopo3oBa

KOMIIBIOTEPHAA TPYIIIIA
M.H.Fpnuyk, E.A.Mutuenko

XypHan «KBaHT» 3aperucrpmpoBaH
B Komurere P® no neuarm.
Per. ce-Bo MU NedC77-54256

Tupax: 1-i 3aBop 900 3k3. 3akas Ne 203296

Appec pepakuum:
119296 Mockea, JleHuHckuii npocnexr, 64-A,
«KBaHT»
Ten.: +7 916 168-64-74
E-mail: math@kvant.ras.ru, phys@kvant.ras.ru

OtneuaraHo
B COOTBETCTEMM C NPEAOCTABNIEHHbIMMU
Mmarepuanamm
B 000 «MpunHTt-Xayc» r. Hmxuuit Hosropog,
yn. UutepHauyuonanbHas, 8. 100, kopn. 8
Ten.: (831) 216-40-40



IMAXMATHAA CTPAHHYKA

'Cynap:hlﬂ.n

B o amonn MR
poceHiCEHM AEMITENAM HAXNAT
DRI PETKAR 18 e
BPeseEl BOGMOAIOCTE NOHMLIN-
daTh @ Wrpoil  Beayogx  rpoc
cxefleTepon i WEOCHYEC KHE [Hax-
mate. B Mockme cocmoraca coy-
mepdpiang sesnnoaEata Poccin,
e aATEIeM KoTopeen cTaa He
Henosmaanmi (7.5 ouxos na 11).
Bropoe mecro sansa Ceprei Ka-
paxin £7Y, a tperse — Bawmsmp
Mregocecn (6,5). Croasko xe o4-
ko niatpa Jlavnws fJybos, od-
HAKG N0 JOR0IHNTEABILM K-
ENTEAAM DETILWCH 30 weprodl npn-
aepo, Hpn amom eay yvansncs n
SPEOM CTILAC ORI Th VY fep-
DMK ISP, W OIHY B3 3TN
apTiil Mb paEiepes ceroE,

O.OyGos = CKapaxHH
Mockea, 2020

f.ed e 2. @F1 Beb 3. Lcd
Kl 4.c3 86 5. di ed 6. bdl?
Peakan ana wrpe rpoccMeicTes
PeOi OOETWTED OMIRNTE KAACCN-
seokii Mo, G LbE T, e Sed
8. Ad5! Mpakrvseckn wa aedboi
apyrodl o Geaa sepHae o
mr &,..d5, swpasmnsas wrpy.
8...8c3 9. ®e3 de 10, Agd> Bed
11.0-0 b6 12. Lhd 0-0 13, Bel
Wel 14, &b3 a57 [epeas cepees-
i GiEnie, W IpRETINECK cpa-
ay dharaasaan. OcodciBocms Ta-
KILX TMERMELIEN 1 T, T Y WrpKi-
mero fea gelornoil noaroroske
otk Mo iecos. Cpaboraa
EAvMEA Ha mecrom xoay. Heod-
soutinsn Ohio 14, 805, 15. &06]
{oemsiomgaa nooe hd ana wona)
ok 16, ook 8p6 17, Bd3d5 18, ed
b,
18, Sl (19, Leb pe rommes
nz-an 19, 804 0. Bl fe21. Ae7
Wb, 1 feapse soeprveT depan! )
19...fg 20. Bef W77 [ponrpu-
naeT cpeey. Emanicriseniina e
MCPHMY JAEIKSLICH B e
B obAmnAs Gea nemen -

I WEe
Ad A
@ 26024

A BG
AW D
A A

A8
E 8 O |

20, B! 21, BeT+ Wcd 22, B+
#hE 230 Be7+ X6 2. Bed EdG
25.Be3. 2. Ae3 whE 22, Bed
WIS 23. Bel Eg8 24. figh Egh
25, de #e2 26, fed! Uepnie -
wocTemy conaadn. Oiie moryT
A safipars memky wa (2w
WAOTE, M0k Gease DETHmny-
KT KOHA 1 pepacnym  aaasm,
26... 472+ 27. &hi &b6 28, h3
®h7 29. Bel a3 30. &h2 g5
3. @di wed 32, G5 9%b4 33, Bel
g6 34, Hgi+ 215 35, Bp8 LT
36. fLcT ®h2 37. Heli+ Wed
38. BdB, » suay novepn depos
IR0 MilTEL SCPHNE CRLIHCE.

He fSesommfiosnye, 1| oueih
APKEYEY BAPTIR (1P SpHTe-
Aand Humurn Buroron 1 Agpedt
Ecunenio,

HEBwroron = AEcwneHko
Maocxan, 2020

1. ed 3 2, @3 46 3. &e5 d6
4. @03 4ed 5. 4d3 d5 6. el
wel 7.0-0 8dé (o ciwisdee,
seay WG, OCHOAREY  BOMOCDET
MCPHMM EHILN PRIMCHATE Ge-
Aonoasnons cwial B, Sdi Ed8
9, Bel+ £e7 10, c3 0-0 11, fc2
ch 12, dd Af5 13. A4 A2
14, Bc2 ¥ab 15, &bd} ¥cT
16, hdl Twimranmi a0 conpe-
SCHHLIY NIAXMAT [PAIEM, IOEMOH-
Akt fnr e IO R MY D=
uMynecTey B pasparimn,. 16...g6
17. h5 &5 18, @el 246 19, &403
6 20, hg!? Boomoeno, 3. @d3
€ AAbBeilnns HepeBRoM Ko
w3 aydme, 0 9Ta HCPTHER
BAMETHO DMHBAACT [OANILAKE,

20...fe 21. gh+ #®gT? Crpan-
N X0, WLIEAG, CRALNRE ¢
npocyeTos,  Boasmnmcre maxs
MaTHETOR B ool i Ha
DUTOMATE CHPATAAN Gid KOPOAA B
vrog, 22, Bedl BugnmMo, sephsie
HA OPCAMAYIEM XOIY e VU,
TG ACHIEY MAGKHD REATE HMEREC
Najecil, COXPpARAA Acrie gary-
pai aan amasn, 22, 8e6 23, Heb
Afd 24, g3 ®d7 35. Hael Ad6
26. gd Be7 27, Bd2 ®hE 28, Ghi
BT 29, @igh Eg7 30. Bf6 ¥h7
. gd? K sromy moscimy o
COMIEPIAED LTI 1 CATHO-
T, 10 (e, CROPeE BEETD, HETTYTS-
ek Gpame caonn BaedR ImaxE,
sord noeae 31, Bd6 8 pd+ 32, 21
HX HOpMUIIG HET ORAEMLY VTPOL.
.. Ed8 32, Bied Wl Inyma
IOCBETHHMEL X000 NCTIibe G-
SR EEARMOACTCTIE MY, 1
BeAbie WINT Ha wepTey dpepan.
33, g EFB 3. Bd6 (34, 57 Ai4)
Wgd+ 35 011 #di+ 36 Sg2
Ef6 37. Bf6 &h3.

A A 7 1
i aa
i W
A u
8 8

A8

A

38. Bd6! Beanie qhurypad sy
CRODGPUINAIPONANLL, 970 OIpeme-
JHET ATHOBDE paBcHCTES. M Todw
AT MATE, KOpELTH NG E-
Acy viiTe wa ansuo b, no TaM cay
OVAET COIANATE YITHKIB APy ras
naaen. 38...%hE 39. Bh3 Egl+
40. Dh2 Wri+ 41. 2hi Wgd
42, Bh2 #rd1+ {sepusc ne MoryT
VEJMMINTICA OT NOETOPCIHA Xo=
Aok 42, WeB AT, @I58 44. Qo7
W7 45 Bh7+) 43, g2 Wi+,

A, Papeenoe
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KopoHaBupyc 1 «poraTtas» MuHa

Y10 1x O0LEeAMHSIET 1M K3k OT HX 3aLLIMTATLCR?
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