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Konnekungd ro1oBos1I0MOK

l[eHTanpo

lMeHTaapOH — 3TO MHOFOrPaHHUK C
NATbI0 FPaHsMK, NOKa3aHHbIN Ha
pucyHke cnpasa. Ha doTorpa-
UM MOXXHO NOCMOTPETL Ha HEro C
pasHbIX CTOPOH. Paamep 1 oopma
rpaHen nogobpaHbl cneymnarnbsHO,
OnvHbl - pebep  ykasaHbl  Ha
Bblkponke crieea. ObpaTute BHU-
MaHWe, YTO MpU CKINenke neHTta-
OpOHa MO 3TON BbLIKPOWMKE 3aru-
6aTb rpaHy MO MyHKTUPHbLIM K-
HUSIM MOXHO AByms crnocobamu:
Ha cebsa n ot cebs. ATn aBa cno-
coba [alwT 3epkKanbHO-CUMMeE-
TPUYHbIE BapuaHTbl NEHTAAPOHA.
Uem e npumevateneH neHTagpoH? OkasbiBaeTCsi, OH CryxXwu

«yHVBEpCanbHbIM KUPNUYMKOM» AN Napanienos3apoBs — BblMyKIbIX MHO-
rorpaHHWKoB, obragarolWmx TakMm 3amedaTteflbHbIM  CBOMCTBOM:
KonMaMKW napannenosgpa, KoTopble mnornyyalTcs Apyr u3 apyra
napannenbHbIM NEPEHOCOM, MOXHO 3aMOCTUTb BCE TPEXMEPHOE MNpo-
CTpaHCTBO (nogpobHee o0 napannenosgpax cm. ctateto H.4onbunuHa).
OTO 3HAUYMT, YTO M3 MEHTaAPOHOB MOXHO COCTaBMTb Mapannenosagp
KaXkgoro u3 cyLecTBYOLWMUX TUMOB. OTO CBOMCTBO HE Tak @aBHO OTKPbIX
maTtemaTtukm XéHy CoH (Hyunwoo Seong) n xxuH Akuama (Jin Akiyama).

Hanpumep, 4tobbl cnoxmntb Ky6, Heobxoanm Habop u3 12 NneHTagpo-
HOB (MO 6 LUTYK KaXgoro M3 BapuMaHTOB OpueHTauun). ATo HenpocTas
npocTpaHcTBEHHas ronosonomka! [Ona apyrux napannenoagpos
notpebyetcsa Gonblle NeHTagpoHOB (MOXHO NMOO CKNenTb UX Bce M3
Oymaru no npuBegeHHON BbIKpoKKe, b0 3akasaTb HAbOP NNACTUKOBbLIX
NeHTagpoOHOB B WHTEPHETE — B HUX BCTPOEHbl MarHWTbl, MO3TOMY
cknagpiBaTb byaet yaobHee).

E.EnudaHos

Jaba
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[leTp JleoHngoBm4Y Kanuua

(K 125-neTnio co gHA poXxxaeHus)

JI1.BEJIONYXOB

JIHAK/bBI B 1921 TO/LY /IBA MOJIO/1bIX

yeJIOBEKa, IMOKJOHHUKU JKUBOIUCHU
b.M.Kycronuesa, 3aiiim B MaCTEPCKYIO 9TO-
'O TIETPOTPAICKOTO XY TO’KHUKA U TIOMPOCHIN
€ro HapucoBarb uX mapubiii moprper. A Ky-
CTO/IMEB KaK Pa3 B 9TO BPEMsI IIPOCIABUICS
HopTpeTaMu M3BeCTHBIX Jozeil (ocobenno
noprperom M. W Mlansnuna). Onu ckasam,
YTO MOKa UX HUKTO He 3HAET, HO BCS M3BECT-
HOCTb Y HUX BHepen. XyIOKHUKY OHU T0-
HPABUJINCDH CBOEH YBEPEHHOCTHIO B Gyaylieit
M3BECTHOCTH, W OH COTJIACHJICS.

Uepes HECKOJIBKO JIECATKOB JIET 3TU MOJIO-
JIble JIIOJIN JIEMCTBUTEJBHO CTAJIM BCEMUPHO
U3BECTHBIMU Yy4eHbIMU, Jaypeatamu Hobe-
JIEBCKOH ITPEeMUU: OJINH 110 (PU3HKe, APYTOi 110
xumun. Tor, KOTOpbIil ¢ TpyOKoii, 31O 27-
neruuit [lerp Jleonnposnu Kanmma, apyroii
— 25-neranit Huxousait Hukomnaesuu Ce-
MEHOB.

DOI: https://doi.org/10.4213/kvant20190101

ITerp Jleonuaosuy Kannma (1894—1984) —
BesuKUi (pusuk n nmxenep. B ¢usuke on
IIpesK/ie BCero — aKcrepuMenTtarop. Ero pa-
60TbI TI0 (DU3UKE U TEXHUKE CBEPXCUJIBHBIX
MaTrHUTHBIX TIOJIEH, TI0 (PU3UKe W TEXHIKE
HU3KUX TEMIIEpPaTyp, IO CBEPXTEKYYECTH
JKUJIKOTO TeJIUSI, TI0 3JIEKTPOHHUKE GOJBIINX
MOIIHOCTeN W (DU3NKe BBICOKOTEMIIEPATYP-
HOM TITa3Mbl — 3TO KJIACCHKa COBPEMEHHOTO
¢usmaeckoro srcnepuMenTa. Bo MHOTOM aTi
AKCIIEPUMEHTBI  CIIOCOOCTBOBA  PA3BUTUIO
KBAaHTOBOU (PU3MKHU B €€ KOHKPETHDBIX ITPUMe-
HEHUSIX.

[lleeBpom wumHKenepHbix wujeit Kanuirbt
6BLJIO YCOBEPIIIEHCTBOBAHUE aIa6aTUIeCKO-
ro MeTo/la MOJIyYeHUsI CBEPXHU3KUX TeMIle-
paTyp C TpelBapUTEJbHBIM CJKaTHeM Tas3a
TYpOUHON, WCTOYHUKOM SHEPTHH KOTOPOI
ObLya oTHUMaeMast y rasa reryiora. Koaddu-
IINEHT TIOJIe3HOTO [EHCTBUS XOJIOAMJIbHOI
MamHbl Kammmpsl — Typ6oneranzepa —
6bL1 HeoGbruaitno BeicokuM (Bore 80%),
YTO MO3BOJIUJIO 3aMETHO YEMEBUTD MPO-
M3BOJICTBO TaK HEOOXOIMMOTO eMY SKH/IKO-
ro reus. Ho okasanoch He MeHee Bax-
HBIM U IIpUMeHeHue TypOoIeTaH1ePOB st
MOJIYYeHUST KUJIKOTO a30Ta U, OCOOEHHO,
JKUJIKOTO KHCJIOPO/IA.

He menblryio u3BecTHOCTD, 4yeM B (hU3H-
ke, Kammia 3acoryskus cBoeit o61iecTBeH-
HOU TO3WIIMell, OCHOBAaHHOH HA >KU3HEH-
HOM wnocodun. dupexkrop Wucruryra
dusmuecknx pob6srem ¢ 1990 o 2017 rop,
yuennk Kammmpr n Jlangay, axageMuk
A.@®.Arznpees Tak mmmer o HeMm: «Ha
Jo10 Kanuirsl BbITTAI0 MHOTO CTPaJlaHuit
u muoro noben. Kak B nayunom, Tak u B
yesioBevuecKoM 1tate. [1pu Beeii riry6okoit
unausuayaabaoctu [lerpa Jleonngosuya,
a MOKeT ObITb IMEHHO BCJIE/ICTBHE TOTO,
ero cyzpb6a MHOTOKPATHO BOCIIPOU3BOIUT
KapTUHY BPEMEHU> .
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[laxxe KpaTKo TPYAHO paccKas3arb O KU3HU
u cyap6e I1.JI.Kanuupl. Ero orerr Jleonus
[TerpoBuu Kamnuna mpousoues 13 MoJbCKO-
MOJIJIaBCKOTO HIJIAXEeTCKOro poja Karmmii-
Mucaesckux. On 3akonuni Hukosaesckyio
BOEHHO-UHIKEHEPHYIO aKa/eMUIo U CTasl BO-
€HHO-MOPCKUM UH>KEHEPOM, CTPOUTEJIEM 110P-
TOBBIX COOPYKEHWIT, OJHUM U3 CO3/aTeseit
ykpenieanii KpoHIITaZcKOro BOeHHO-MOpC-
KOTO TOpTa, UMeJ YUH TeHepas-Maiiopa WH-
JKeHepHOTO Kopiyca. ¥YMmep o B 1920 romy.
Marp Kanuier Osbra Meponumosna Cre6-
HUIKasA, JI04b BOEHHOTO KapTorpada, rias-
HOTO reojiesnucra KaBkasa, OKOHYMJIA 3HAME-
Hutble keHckue BecrysxeBckue kypebl. Ona
cTaJsa CIeluaJnCcToOM 110 JIeTCKOH JIuTeparype
n $oIbKIOPY, TpenoaBata B JIeHmHTpac-
KOM IIeJlalOTMYeCKOM UHCTUTYTe HMeHU
A.U.Tepuiena. ¥Ymepsaa ona B 1937 rony.

Besmaresknbie nerctBO M oTpouectBo Ka-
UMbl ObITM  YKPAIIeHbl JIETHUMU ITyTerne-
crBusmMu o EBpone ¢ maTepblo nin otiioM. B
18 ser, 3axonunB Kponnirajckoe peajbHOE
yunsuie, Kanuia nocrymnaer Ha aJeKTpoMe-
xannveckuii ¢axyabrer IleTrep6yprckoro
MOJIUTEXHUYECKOTO MHCTUTYTA, CO3/IaHHbIH 1
pykoBoaumbiii pusnkom A.D.Nodde. On
BCKOpE IIPUBJIEK TAJTAHTJIUBOIO BTOPOKYPC-
HUKa K Hay4IHOIl paboTe B (pusmyeckoii 1a6o-
paropuu.

WurepecHo, 4To cBOU IEpBbIe JIeTHUE Ka-
HuKyael B 1913 roxy Kammma mpoBogut c
6parom Jleonugom, crynerToM-Teorpadom,
Ha pycckom Cesepe, Ha CoJlOBKax # Ha
no6epeskbe KoIbCKOro MoyocTpoBa, coOH-
pag atHorpaduyeckue Marepuasbl. [logsis-
eTcs TlepBast JKypHasIbHast paboTa — HAYIHO-
nomyJistpHast cratbs «Poi6uii skups. Ho yoke
BO BTODPble KAHUKYJIBI €r0 HHTepecyeT He
aTHOrpadusi, a NHKEHEPHbIE BOIIPOCHI CTPO-
uTesbcTBa Kopabseit. VI oH MpoBOAMT 3TH
kanukyJpl B Illorsanauu, >kuBeT B ceMbe
MIpeIIPUHIMATE/II-KOPaOIecTPOnuTeNss M 110
npumepy Ilerpa Besmkoro ocBauBaer paGo-
ume podeccnn Kopabema.

W3-3a pasbirpasiieiics MUPOBOII BOWHBI OH
cMor BepHyTbesti B Poccuio tosibko B 1915
rO/ly ¥ HEMEJIJIEHHO 3aYHCJIIIICS JOOPOBOIH-
1eM — modepoM 1 MEXaHUKOM B CAHUTAPHbBII
dbponroBoit orpsg. K yuebHOMy romy oH
BO3Bparaercss Ha yde6y Ha TpeTumil Kypc

uHctutyTa. B aT0 Bpems on 3nakomurcs ¢ 18-
setneit Hapexxioit Kupuiiosnoii YepHocBu-
TOBOI, /0YEePDIO KPYITHOTO TIOJUTHKA, YJI€HA
K maptuu xasietoB, paccrpesissaaoro 3 1918
roay. OHa cTaHOBUTCS ero HeBecTol. [leByi-
ka sxmBeT B lllanxae, B ceMbe cBoero 6para,
corpyaanka Pyccko-Asnarckoro 6GaHka, u
VUUTCS B LIaHXallCKoil pycckoil ruMHasuu.
Jletom 1916 roma Kanuma exer B lanxait u
1pusBo3ut Hesecry B Poccuio. B umenun orua
HEBECTBI COCTOSLIACH CBAIbOA.

B 270 ke Bpems my6JIMKYIOTCS /IBE TIEPBbIE
Hay4HbIe pAa6OTHI MOJIOJIOTO CTY/IEHTA, OJTHA —
TeOpeTHYecKas, [pyras — 9KCIePUMEHTAb-
Hasl. JKCIIePUMEHTATbHAs OCOOGEHHO WHTe-
pecHa. B weii Kammiia m3naraer co3/anubiii
UM METOJ M3TOTOBJIEHUSI OUeHb TOHKHUX Me-
TAJIIMIeCKNX HUTel. MetoJ 3akIovancs B
cTpeble BBepX M3 yCTPOHCTBA, TIOX0XKET0 Ha
MaJbUUIIECKYIO0 POTaTKy, KYCOUYKOM 3aTBEp-
JIEBAIOIIETO PACIIJIABJIECHHOTO METAJIA, KOTO-
pblil TI0 Mepe MoJeTa W IpeBpaIajics B
3aCTBIBIIYIO TOHYANIIYIO, HO TPOYHYIO HUTD.

Boraro cob6brtuamu g Kanuist sero 1917
rojla — NpaKkTHKa B pauoTeserpadHOM OT/ie-
JieHun 3aBojia-KouiepHa «Cumenc u l'anbe-
Ke» U poxkaenue coina Meponuma. Ere most-
TOopa ToAa y4ebbl W Hay4yHOIl paboThl, U
Kammiia — mH)KeHep-a2JIeKTPUK, IMpernoiaBa-
Tesb [loMTeXHNIecKoro NHCTUTYTa U HAyd-
HBIH coTpyAHNK (DU3NKO-TEXHMYECKOTO MH-
cruryta (B maGoparopun A. M. Modde).

Hactynaer suma 1919-20 rona. B teuenne
Mecsina snugeMus rpurnmna («ucrnankas ) yHo-
CUT OTIA, CbIHA U JKEHY C HOBOPOXK/IECHHOMN
noueppio. Criacenue oT ymapa cyabObl —
TOJIBKO B HAY4HOIl pa6oTe W HEXHOU olleKe
marepu. He ocrasisior u gpysps. C cambim
6sm3kuM npyrom, Hukonaem Hukosaesnuem
CemenoBbiM, Kammia paccuntbiBaeT B3anMo-
JIeficTBIe aTOMOB C CHJIBHO HEOTHODPOIHBIM
MaTHUTHBIM TOJIEM 1 06CY>K/1aeT Het0 AKCIe-
PHUMEHTAJIBHON YCTAHOBKH /11T H3YUCHUS 9TOTO
B3anmoyeiictsus. Ho my6amkanus aToil pa-
60TBI He cocTosimach — B Poccun etrie He GbLTO
cBoero (hU3MUECKOTOo KypHaJIa, a 100paThCs
J10 €BPOIEHCKUX HAYYHDIX KYPHAJIOB He IIpe/I-
CTaBJIAIOCH BO3MOKHBIM. [locTaButh peasn-
HBIIl 9KCIIEPUMEHT OBLIO HEBO3MOKHO M3-32
OTCyTCTBUST He06X0IUMOT0 060pyIoBanus. B
1922 romy anaJoruunyto paGoTy BBITOJTHSIOT
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nemerkue dusuku O.Illltepn u B.Tepiax u
my6IMKYIOT CBOM Pe3yJbTaTbl, ChITPABIINE
BJKHYIO POJIb B CTAHOBJEHMM KBaHTOBOI
aromuoi ¢usuku. B 1943 rogy Hltepn cran
HOOGEJIEBCKUM JIaypeaToM «3a ...M3MepeHne
MarHUTHOTO MOMEHTa TPOTOHA», a pasies
«omnpiTel [ITepHa m Tepiaxa» BKJOYEH BO
BCE COBpPEMEHHbBIE y4eOHbIC MPOTPAMMDBI BY-
30BCKUX KYPCOB (PU3HKH.

Urob6bt criactu Kamuiry ot passuBaioiieiicst
nenpeccun, A.MD.Modde BraOUaeT ero B
cocTas komuccun Poccuiickoii akaieMun HayK,
HanpaBJsgeMoit, 1o npeanoxkenuio B.1.JTe-
HUHA, B cTpaHbl 3anaanoil EBpomnbl s
BOCCTAQHOBJIEHVSI HAYYHDBIX CBsI3€il, Mprobpe-
TeHNsT TMPUOOPOB ¥ HAYYHOH JUTEPATYypBI.
Bot kak BbICOKO 1EeHUIO (PyHIaMEHTAIBHYTO
HayKy ¥ TOHUMAJO ee HeOOGXOIUMOCTh TOT-
JIaTiiHee PYKOBO/ICTBO CTPAHbI, Pa3pyIIeHHON
PEBOIONIUAME U TPaKIaHCKON BonHOM. [le-
pen orbesom Kanuibl U ObLT HANUCAH TOT
caMblIil TapHbIi OPTPeT JBYX /py3eil.

[Tpu mocemennu Kem6pumkckoit mabopa-
topun 27-netunii nwxenep 11.J1. Kanura 06-
paraercs K ee pyKOBOJUTENIO, 3HAMEHUTOMY
usuky 3.Pesepdopay, ¢ npocb6oii B3sTH

SpHect Pesepgops

2019/Nel

ero Ha cTa;kupoBKy. ToT, ecTecTBEHHO, OTKA-
3bIBA€T, MOTUBUPYSI 3TO OTCYTCTBHEM CBO-
6O/THBIX BAKAHCHII 1 OTTACHOCTBIO prcKa 6paTh
Ha paboTy K ce6e HEM3BECTHOTO YEJIOBEKA, /1A
ente n n3 Coserckoit Poccun. Torga Kannia
3aaet Pesepdopy Borpoc: «A Kakoii mpo-
IIEHT OMMUOKY BBI JIOMYCKAETE B CBOUX IKCIIE-
puMenTtax?» Pesepdopa He moHmMaer, K
4yeMy aTOT BOTIpoc, HO otBevaet: «Hy, oObru-
HO, Tpu-yerbipe mpoienrtas. A Kamuia B
orBet: «Y Bac 30 coTpy/IHUKOB, IyCcTb Oy/eT
31, arto u Gymer Tpu mpoieHta. Mokere
PUCKHYTB» . OIlleIOMIEHHbIH OCTPOYMUEM U
HaxoaunBoctbio Kammuier, Pesepdopn 6eper
ero Kk ce6e HA CTAKMPOBKY U HUKOT/IA TOTOM
06 3TOM He TOXKaJeeT.

¥Y:xe uepes aBa rofa Kammia cosmaer mM-
MyJIbCHBIN T€HEPaToOp s TOJyYeHUsT Mar-
HUTHBIX TIoJieil. Dusnyeckasi cyTb 310l pado-
TBI TPOCTA — 3aPSKEHHBIH OOJIBITIM 3aPSI/IOM
AKKyMYJISATOD paspspKaeTcst depes3 MasleHb-
kuii coseronn. Cuia TOKa B COJIEHOU/IE TIPU
9TOM [IOCTHUTAeT [IECSATKOB TBICSIY aMmiiep, a
POXKJaeMOoe UM MAarHUTHOE I0Jie — JeCSTKOB
TecJa, 4TO B JIECATb THICSY pa3 GoJiblle
MHIYKIIUY MaTHUTHOTO 1oJist 3emun. Paspsif
6bLT UMITYJIbCHBIM, [IJIMJICSI COTBIE JIOJIU Ce-
KYH/IBI, ¥ COJICHOW/] He YCIIeBAJ HaTrPeThCs 10
paspynraotieii remmeparypbl. Ho 3a ato Bpe-
MST MOKHO OBLIO yCTieTh 3apMKCUpoOBaTh BCe,
YTO MMPOMCXO/IUT € 3aPSIKEHHBIME YaCTUIIAMK
B MarHWTHOM ToJie. JII0GOTBITHO, YTO 3TO
6bLn anb(ha-gacTUIn, T.€. AIpa ATOMOB Te-
Jiusi. A depes HecKOJIbKO JieT Karnmia naunma-
€T OTIBITHI UMEHHO C JKU/IKUM TeJIUEM, OIBITHI,
KOTOPbIE €r0 MPOCIABUIIN.

Kamnura cranosutcst fokropom Kem6pu k-
CKOTO YHHBepcHTeTa, 3amectuteseM O.Pe-
3epdopaa. Coznaer B Kem6pujske dusuuec-
KWl CeMUHAp, IOJIYYUBIIUI BIIOCJEICTBUN
HazBaHue <«kJay6 Kammuibr», rae B HedOp-
MaJIbHOI 06CTaHOBKE 06CY K AatoTcst mpoolJie-
MBI He TOJIbKO pusuku. Mesxkny nemom Kamm-
1[a CTAaHOBUTCS UYEMIHMOHOM TII0 TIaxMaTaMm
rpadcra KeMGpumximmp.

Kamuia 6picTpo 1pocaBuics cpenn yde-
ubix KeMOpu/ska cBOeii 9KCIEHTPUYHOCTBIO.
Nmenno ou npuxyman Pesepdopay npossu-
1ie «Kpokoaua». OHO BCKOpE CTAJIO MIUPOKO
[PUMEHSIEMBbIM ¥, [O-BUAUMOMY, MOHPaBH-
Joch camomy tipoo6pasy. Korma B 1933 romy
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OBLJIO 3aKOHYEHO CTPOUTENBCTBO MOHIOBC-
Koit sa6oparopun ajst Kamwmiel, To 1pu ee
TOPYKECTBEHHOM OTKDPBITHU BBISICHUJIOCH, YTO
COJIN/IHBII BXO/THON KJIIOW MPEICTABJIAT CO-
601t HUTYPY KPOKOMIIA, OTKPBIBAIOIIETO 3a-
MOK, a B BeCcTn610J1e 1TabopaTOpPHH BCEX BCTPe-
yaJ 6apesibed, Ha KOTOPOM ObLI H300paKeH
KpoKoaWI. Pesepdopa mpoMordan, a mouTn
BCe MTPUCYTCTBOBABIITIE O0OPUJIN TOI00HY IO
BOJIBHOCTH, ocoberno Hubse Bop.

Bot eme omna uyepTa 3KCIEHTPUYHOCTH
Kanuipr. OrpoMHBIM y/IOBOJIBCTBUEM  J1JIST
Hero 6blL1a GellleHast e3/1a Ha MOIITHOM aBTOMO-
6uste. Ero Hopmoit 6b1a ckopocTb 60 MuJib B
gac (okosto 110 kM ,/4), Torza Kak paspe-
IIeHHbIH MakcuMyM Obln 40 Muab B yac.
Korga ogHaskIp! EepemyraHHbIi Maccaskup,
CBANIEHHNK 1 ucTopuk CHMIICOH, o6paTn.a
BHIUMaHNe Kammibl Ha MOKa3aHus CIIHAOMET-
pa, OH OTBETHJI, YTO ITO CIIEIUAIBHO TIepeie-
JIAHHDBII /171 Hero MpuOOp M YTO OH MOKA3bI-
BaeT He aHTJIMHCKIE MUJIU, a PYCCKUE KUJIO-
METpBbI. A 1iepe/] OTTaCHBIM TOBOPOTOM ITPUTO-
BapuBasi: «Mosurech, CUMICOH, MOJIUTECH
6ory!»

Wckpennsisi apy:x6a csspizana [1.J1.Ka-
nuity ¢ H.H.CemeHnoBbIM e1rie co cryenyec-
KUX BpeMeH. [lo MPEeKJIOHHBIX JIeT OHW U B
MICbMaxX, W B JKUBOM OOTICHNN Ha3BIBAJIN
npyr apyra «llerbka» n «Kombkay. [Tocre
orpesga Kamnier B KeMOpnsk oHN He BHe-
JINCh HeCKOJbKO JeT. B 1926 roxy CemenoB
komaHaupyetcst B Aarsmio n Mpannmo. B
Kem6pu ke on Bcrpeuaercsi ¢ gpyrom «Ilerp-
KOU» U 3HAKOMUT ero Co CBOell KeHoil. A B
[Tapmke skena CemenoBa 3nakomut Kamwiry
€O CBOCH T'MMHA3WYeCKOl TOAPYroil AHHOM
AnexceeBHo#l KpbLioBo#, 104€pbIo0 KPYITHO-
r0 yYeHOro, MaTeMaTHKa U KopabJiecTpouTe-
ag A.H.KpbuioBa. I'paskanckas BoitHa pas-
pyIIMJIa ero CeMblo — TOTHOJIM [Ba CBIHA
(nennkuHCKue 0UIEpPb), a KEHa ¢ 10YEPbI0
AMUTPUPOBAIN Bo DpaHNuio.

B cBom 23 roga AuHa ycresa MHOTO Tiepe-
JKUTh W TOocKoBasia B Ilapmike mo cBoeit
poO/Iiiiie 1 OKPY’KaBIllell ee ¢ JeTcTBA 06CTa-
HOBKE PYCCKOH Hay4yHOU Ky/bTypbl. ¥ Hee
0KAa3aJI0Ch MHOTO OOIIEro € MOJIOJBIM PYyC-
ckuM pusukom. B 1927 roxy Ilerp Kanuia n
Anna KpblioBa coenHWIN cBOU CYIAbOBI.
OHM TPOKUIN BMeCTH 57 JieT. AHHa Aslekce-

AHHa AnekceesHa v [letp Jleormngosmy (llapux,
1927 1)

eBHA He TOJbKO cyMesna cozaaTbh Karmie
MIPOYHO OGECTIeYeHHbIIT CEMENHbBINH «ThLIY>, HO
n ObLIa TJIABHOI €ro MOPAJbHOI OMopoii BO
BCEX HEB3TO/IaX, BO BCEX HECTIPABEAINBOCTSIX
JKU3HI.

B Kem6puke poxaaercs nx cbin Cepreit
(1928-2012), Toxe GpusuK, HO TTONYUUBITHIL
OOJTBITYT0 M3BECTHOCTD KaK TMOTYJISIPU3ATOD
HayKHU, co3jiarejb u B Tedenue noutu 40 jert
6GecCMEHHbII Be/lynii 3HAMEHUTON Hay4YHO-
nomyaspHoil tesnenepenayn «OveBugHOE —
HeBeposTHOe». Cerojiis B MockBe HapsiIy ¢
yuieil Akagemuka Kamuipl ecTb U yJmia
Ceprest Kanutipr.

Uepes Tpu To/a POKIAETCS BTOPOU CBHIH
Angpeit (1931-2011), reorpad, uccnenoa-
Tesb TocaeaHero B XX Beke KPYIMHOTO Teo-
rpaIeckoro OTKPBITHS — CYIIECTBOBAHM
OTPOMHOTO TIO/IJIETHOTO 03epa B AHTApKTH/IE,
MHUITATOP CO3J[AHWSI W TEPBBIH JUPEKTOD
TuxookeaHCKOTo MHCTUTYTa reorpacun Jlamnb-
HeBocTouHOTO HayuHoro neutpa AH CCCP.

Hayunble unrepecst Kanuibr Bce 6oJibiie
COCPEJI0TAYNBAIOTCS HA TIOJYYEHUH JKUIKOTO
reJiisl U U3y4eHuu ero cpoiictB. Ero mmike-
HEpHBII TaJaHT W YMeHUe IPUBJIEKAIOT BHU-
MaHW€e MHOTHX NPOMBIIIJIEHHBIX (PUPM — ero
MPUTJIAIIATOT [IJIS KOHCYJIbTAINIT, B TOM UHC-
Jie 1 B BOECHHO-TIDOMBINIJIEHHBIE OpPTaHM3a-
. KoHCyIbTaImy meipo OIJIaunBaioTCs.
Kanuma cranoButcs MarepuaibHO obectie-
YeHHBIM YeioBeKoM. C 0/THOM M3 TaKuX KOH-
CyJIbTallNii CBSI3aH 3HAMEHUTDI, HEeT, He aHeK-
JIOT, a pacckas o peajbHoM cobbituu. [lpu
OTOBOPEHHOI1 OIlJIaTe 3a KOHCYJbTAIMIO B
ThicSTYy (pyHTOB crepsauHroB Kammia ocmat-
pUBAeT HEIOHITHO 110 KaKOoW MpUYNHEe Hepa-
6otatomuii arperat. OH 3HAKOMUTCS C YepTe-
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JKaMi, BHUMATEJbHO HCCJEAYET BCE Y3Jbl
arperara m BJPYI HaHOCHUT CUJIbHBIN yJap B
O/IVH 13 Y3JI0B MaIuHbl. MamnHa 3apaboTa-
Jla 1 TIPOJ0JIKAIa MCOpaBHO paboraTb. 3a-
Ka34qmKy 3adBuJn: «3a 9To ke maatutb 1000
¢ynToB?> Kammma oteetma: «3a ymgap —
oamH ¢yHT, a 999 GyHTOB 3a TO, YTO HYKHO
6bLTO 3HATD, KY/Ja YAApUTD>.

N Bapyr Bce usmenusocb. B oxun us
€XEeTO/HbIX TIPUE3/I0B Ha JIETHWH OTAbIX U
yteHue Jekinuit B Mockse, Jlenwnrpaae u
Xapbkose B 1934 rozy ero 3arpanndtas Busa
AHHYJIUPYETCS U OH JIMIIACTCS MEXK/yHApO/I-
Horo nacrnopra. MopMaabHON IPUYUHON 3TO-
TO CTAJHM €T0 KOHCYIbTAINN «6yP5KyasHbIM»
¢gupmaM, B TOM uyucje 1 BOCHHO-TIPOMBIIII-
seHHbIM. JKeHa yesaeT K OCTaBIIUMCS B
Kem6pu ke ¢ 6abynikoit coiHoBbsiM. A Ka-
MUTA 3aHUMAET HEMPUMUPUMYIO TIO3UITHIO U
3aIBJISIET, UTO €CJIM eMy He 06ecredar To 5Ke
camoe HaydHoe 060pyIOBaHUE, KOTOPOE OH
opranmn3oBaJ B KeMOpuke, To OH OCTaBJISET
(¢pusury u uger paboTaTb pPsSOBBIM WHIKCHE-
POM B GHOJIOTUYECKUIT MHCTUTYT K BEJTUKOMY
N.I1.11aBsOBY.

Pesepdop B36elen aTUM TTOCTYIIKOM CO-
BETCKOT'O IIPABUTEJIbCTBA U MHUIUUPYET OCY-
JUTeJIbHYI0 KaMIlaHuIo B 11pecce. IIpaBuren-
ctBo CCCP cTpycusio u usjjaeT 1ocTaHoBIIe-
HUe 0 co3/lannu JJsi Kanuirer crennajbHoro
WHCTUTYTA U 3aKyliKe B AHT/INN y Pesepdop-
J1a 060Py/I0BaHNS KeMOPUKCKON J1abopaTo-
pun. Pesepdopa mnaer Kammile HaBcTpeuy,
COTJIACHBIICH HA MPOJAKY 000PY/IOBAHUS,
TaK CKas3aThb, 10 ce6eCTOMMOCTH, U KPOMeE
TOro HarpasJigeT B MOCKBY IBYX HHXKEHEPOB
JUISL €TO HAJIAJIKU.

B Mockse Ha BoiGpannom Karnurieit mecre
— Ha Bopo6beBbIX ropax, Ha BBICOKOM Gepery
MoOCKBBI-pEKH — CTPOUTCS HOBDBIH aKaJieMu-
yecknit MHCTHTYT (usmueckmx mpobeM ¢
HEOOXOMMBIMHE CJTYKOAMU U KOTTE/IZKEM JIJIsT
Kamuier n ero cembn. Kammia cranoButcs
JINPEKTOPOM CBOETO MHCTUTYTa HA HEOOBIY-
HBIX YCJOBUSX MOJHON CAMOCTOSTEIbHOCTH B
BOIIPOCAX YIIPaBJEHUS UHCTUTYTOM. B Hem
BHAUaJIe YMCJANJIOCh BCEro JHUIb 15 HAyYHBIX
COTPYAHUKOB, 3aTo Gosbiie 100 uH:keHEepoB
U TEXHUKOB M TOJbKO 3 COTPYAHUKA s
ylpaBJjeHus. B mHcTUTyTe HeT oTzAesa Kal-
poB, Kammia caMm 3HaAKOMHUTCSH € KaXK/bIM
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HOBBIM COTPY/THUKOM — OT BEYIIUX YUEHBIX
[0 IBOpHUKa. Harpumep, yBOJIbHIECT TPOUX
JIBODHUKOB-6€3/I€JIbHIKOB 1 3aMeHSIeT WX
OJTHVIM, HO 32 TPOWHYIO OIIary, 6Jaro Tak
Ha3biBaeMast (DMHAHCOBAs JAMCIUTIINHA €ro
He KacaeTrcs. [1aBHOTO GyXTajarepa y HEro
HET, OH CaM BeJIaeT paciipeieIeHueM CPE/ICTB,
ecTh TOJBKO cyeToBOA-Kaccup. Ha mosmk-
HOCTD CBOETO TIOMOIIHIKA OH HaX0oAuT OJIbry
AnexcanjipoBny CTelnkyoo, COTPYAHUILY
H.K.Kpynckoii, BX0XyI0 BO Bce BJIACTHBIE
KaOUHETbl M K TOMY JKe HMMEBIIYI0 MY>KeM
BU/IHOTO TTapTUiiHOTO AedaTend. [losrue rojbl
oHa ocBoboxkaana Kammiry oT Bcex XJIOMOT-
HBIX JIeJI, CBSA3AHHDBIX C PA3JNYHBIMM <HH-
CTAHIMAME .

A.®.NModde nemaer Kammre <«Iapckmii»
MOJIAPOK, OT/IAB OJIHOTO W3 JIBYX OpaTbeB-
CTeKJIOyBOB [1eTynKoOBbIX, HEOOBIYAITHBIX
yMeJIbIieB 110 paboTe co crekyaoM (a B aKcie-
PUMEHTaX C JKUJIKUM TeJieM 3TO ObLIOo, OX,
Kak HeoOX0MMO). [JTaBHBIM SKCIIEPUMEHTA-
topoM y Kanuipl cranoBurcs AjeKcanap
WNocudosuu Ilanpuukos, Gyaymuit akaje-
muk (1979), rpuskabl naypeat [ocyrapeTBen-
upix (Cramuuckux) npemnii CCCP, aBrop
MHOTMX 39KCIIEPUMEHTAIbHBIX OTKPbITHI, B
KOTOPBIX IIPOSBJISAINCH KBAHTOBAS CYIIIHOCTD
SIBJICHWH CBEPXTEKYYECTH, CBEPXITPOBOIIMO-
cT¥, (GOHOHHOTO Ta3a B KPUCTAJIAX, 0COOEH-
HOCTH TIOJIYTIPOBOTHIKOB ¥ MHOTOE IpyTOe. A
ITerp Jleonunosuu Kamnuua, pykosoauTesb U
MMOCTAHOBIIUK 3TUX pPalOT, CTAJT HE TOJHKO
KJIACCUKOM €CTeCTBO3HAHUS, HO U YYEHDIM,
HaXO/AIUMCS Ha Tlepe/lHeM Kpae COBPEMEH-
Hoit pusuku. /Ly TEOPETHYECKOTO OCMbICIH-
BAaHUS CBOMX 9KCIIEPUMEHTAJIBHBIX JJOCTIKE-
Huil Kanuiia mpurmianaer u eaer 3aBe/yro-
M TEOPETHYECKUM OTAEJOM HHCTUTYTA
MOJIOJIOTO, HO YK€ CTaBIIero eBpoleiicKn
n3BecTHbIM (pusnka-reopernka JIba /laBbI-
nosrua Jlangay (1908—1968), Oymymiero
saypeara HobGeeBcKoil IpeMun «3a THOHEP-
CKIW€e TeOPUHN KOHJEHCUPOBAHHBIX CPEJ] U 0CO-
6EHHO SKUKOTO TeJNsI>.

Baxknyio posib cbirpaj opraHu30BaHHbIN
Kanmnieii exxeHesieibHbIN ceMuHAp 110 (Hhusu-
Ke, TOJIyYnBIINi HeopUIMaIbHOE UM <Ka-
nuiHuK». Ha cemuHape o6cy:kaaauch He
TOJIBKO PA0OTBI MHCTUTYTA, HO U BCE BaXKHEH-
IIe HOBBIE HAy4YHbIe pa6OThI Mo (pU3MKe KaK



NETP MJEOHUAOBHUY KANUIA

Jles [laBbigoBuy JlaHaay

B Haleii cTpaHe, Tak u 3a py6exxom. Cemu-
Hap Bcerja Besql caM Kammma um Bea ero
HEOObIYATHO OpPraHW30BAaHHO — OCHOBHOM
JIOKJIAJT U BBICTYILJIEHUST OBLIN CTPOTO OTpa-
HUYEHBI BO BPEMEHHU U TIPEPBIBAJIICH <«HA
MOJIYCJIOBE» B CIy4Yae HAPYIICHUS PeTJIaMeH-
ta. [IpeacenaresnbcrByonuii cBOMMU BOIIPO-
camMu 060CTPSIT CaMyIO CYIIHOCTD 06CY KIae-
Moit 1po6JieMbl. U B TO 3Ke BpeMs «KJIuMar»
ATUX CEMUHAPOB ObLI HEM3MEHHO 6JIarorpu-
STHDI, yBa)KUTEIbHBIN. V1 HUKOT]a HA cCeMU-
Hapax He 6bL10 nceBaoGUI0coPCcKux 06Cy K-
Jlenuii npo6JeM (pU3NKN Wi aMOUIINO3HBIX
BBICTYTIJICHHH ¢ HATTQKaMU Ha KoJuIer. BoI-
SICHSLTACh TOJIBKO TOATBEPSK/IaeMast SKCIIepH-
MEHTOM Hay4yHas WCTHHA.

B 30-e rogpr Kamuiia npesx/ie Bcero sakan-
yuBaeT cBOM PaGoThl MO TypOOAETaHIEPY,
KOTOPbIE IIPEJOIPEIENTIN PA3BUTHE BO BCEM
MEpE COBPEMEHHBIX YCTAHOBOK Pas/iesieHIst
BO3/IyXa Ha a30T, KUCJIOPO/l, APTOH U TeJIHii.
JKuakuit Kicgopo/| cTan ofHUM U3 BasKHEIl-
IIUX CTPATErnYeCKUX MaTEPHAIOB B BOEHHbBIE
roabl. Benap cramb sl TaHKOBOI GpOHU C
J06aBKaMU TYTOIIaBKUX MeTasioB (BoJibgd-
pama u JIp.) MOKHO ObLIO MOJYYUTH TOJBKO
C WCTIOJTb30BAHMEM B MapTEHOBCKUX IeYax
KIICJIOPOJTHOTO JYThsI, TMO3BOJISIONIETO JOC-
THYb GOJiee BBICOKOIT TEMIIEPATYPhI TLIABJIE-
Hus Takoii crasu. M on npusaraer GoJiblinie
yCuausi sl BHEJPEHUs] CBOEro JeTHia B
[IPOMBIILJIEHHOCTD — HAILIOCH MHOTO ITPOTHB-
HUKOB U3 CPeJ/lbl HAYYHbIX YMHOBHUKOB, JKe-
JIAIONIX BHE/JPSTH CBOU COOCTBEHHbIE M3006-
perenns U 6ecuecTHO MCKaXKaBIIUX dDdek-
THBHOCTD Typ6oaeTanaepa. Ho dakr ycmenr-

HOTO NpUMeHeHus: TypOo/IeTaHIePOB BO BCEM
MIEpEe TOBJIUSI HA PYKOBOJICTBO CTPAHBI, U B
1941 roxy Kamnuma B uncJie mepBbiX yUeHBIX
cranoButcs JaypearoM CTaJInHCKON TIpeMun
MIEPBOIi CTETIEHN 3a CBOIT TypOOJieTan/ep, a B
1943 rony HazHavaeTcst HaYaJIbHUKOM « [ TaB-
KHCJI0poAay — [JIaBHOTO yIIpaBIeHUS KUCJIO0-
poauoii npombitiernnoct ipu CHK CCCP,
Ha JIOJDKHOCTD BbIIIe HAPKOMOBCKOIL. B 1945
roay o ctranourcs I'epoem Cormasmicruyaec-
koro Tpyna. Ho ata nnxxenepnas n opraiu-
3aIMOHHAS JIeATeIbHOCTD ObLaa [t Kanuib
B 3HAYMTEJIbHOW CTEIleHN BBIHYKJIEHHOU B
CBSI3U € cOOBITHAMU TexX JjieT. Kanuia moxu-
MaJ, 4TO B TPSAyIIell BOITHE PpeIIalonryio
poJIb 6YAYT UTPATh TAHKOBBIE CPAYKEHUSI.

OcHOBHBIE Hay4HBIe HWHTEpechl Kammibr
OBLTH COCPEZIOTOYCHBI B [JPYToil 06JacTH.
Nnmes ¢ momormpio cBoero Typ6ojeTaHiepa
HEOOXOAMMOE KOJTMYECTBO KUIKOTO TEJIUS,
OH pa3BepHyJ palOThl MO W3YYEHWIO €ro
cBoiicts. B 1937 rony 6b110 caemnano dyma-
MeHTaJIbHOE OTKPbITHE. B upe3Bbruaiino nssi-
HBIX JKCIIEPUMEHTaX, M3y4yas IPOTeKaHNe
JKUJIKOTO TeJins yepe3 y3Kkue mienn, Kanunia
YCTaHOBUJI, YTO MPHU TeMIepartype HUNKE
2,19 K ucuesaet ero Bsizkocthb. [Ipoucxoaut
dazosbiii epexoz (Broporo poga) resms-1 B
resnii-11, oGuagatomuii psIoM HEOOBITHBIX
CBOMCTB ¥ TIPEXKIe BCETO OTCYTCTBUEM BSI3KO-
CTH, T.e. CBepXTeKyuecTbio. CKAauKOM MeHsI-
I0TCS TETIJIOEMKOCTD W PSJT APYTUX TETLJIOBBIX
XapPaKTEPUCTUK TeJaus. ITH HKCIEPUMEHTDHI
ObLITI He TPOCTO UBSIIHBIMU, OHU ObLIN OY€Hb
TPYJAHBIMU. [OCTATOYHO OTMETUTH, YTO Ha
MEePBbIX MTOPaX TOJBKO /IBA YeJOBEKA MOTJN
HEepPeJUTh CBEPXTEKYUU SKUJIKUN Tequil 13
JIbIOAPOBCKOTO cocy/la B MPOGUPKY — caMm
Kamuma w ero rJaBHbBIN 9KCIIEPHMEHTATOP
[Hanbuukos, npuuem y IllarpHukoBa aTO
MOJIYYaIoCh JasKe JIydIlle.

Kammnrie 6b1710 sIcHO, 9TO 06bSICHEHNE TAKUX
CTPAHHBIX CBOWCTB TeJIH JIEXKHT 3a Ipejesa-
MU KJACCUYECKUX TPE/CTaBICHUN O Bere-
ctBe. U gelicTBUTEIbHO, TIepBast TEOPUS CBEPX-
tekydecrn Obl1a cozana JI. [{.Jlanay B 1941
rojly Kak KBAaHTOBO-MEXaHUYECKAs TEOPUS.
Ha ocnoBe skcnepumentoB Kamuibl u Teo-
pun Jlaumay poamiach (puanKa KBAHTOBBIX
JKUIKOCTEN KaK MaKpPOCKOIUYECKOe IPOsIB-
JIeHIe KBAaHTOBOTO TOBEIEHWS YAaCTHII.
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B 1945 rony rpsinyna «atoMHas spar. B
aprycre atoro roga CIIIA oroMcTuIn AmnoHc-
KOMY HapoJIy 3a Hala/leHue SIMOHCKON aBra-
1uu (6e3 00bsABIEHNs BOMHDI) HAa aMEPUKAH-
CKYyI0O BOEHHO-MOpCKyIo 6a3y Ha [aBaiisix B
nexaobpe 1941 roga. Ho MecTb Gblta CAUIIKOM
HeasteksatHoil. Torma norn6so 2403 yesose-
Ka u 6prio paneno 1178. A B Xupocume u
Haracaxn mout MrHOBEHHO TIOTHOIN OOJIb-
e 100000 gesosek, u emte 200000 B Teuenue
HECKOJbKUX JIET YMUPAJU BCJACACTBUE Jyde-
Boro mopaxkenus. Kpome mpenm oTmineHus,
3Ta aKIUs HOCUJIA OYEBU/IHBIN XapaKTep yc-
tpamenuss CCCP. CoserckuMm husukam cra-
JIO SCHO, 4TO B BOIPOCE HUCIOJIb30BAHUS
SJIEPHON DHEPruM OHU CUJBHO OTCTAJM OT
3apy6esKHBIX YUEHDBIX.

B 1946 romy Obln co3maH crenuaiabHbBII
TFocynapcTBeHHbIH KOMUTET — 6€3 Ha3BAHMS,
a mpocto Nel — moja HavaabCTBOBAHWEM
JI.II.Bepun. [lepBoravaIbHO B HETO BXO/TATH
ToJIbKO B ¢usnka — Kanuma n Kypuaros.
Ho, B orsmmune ot Kypuatosa, Kanuiie ve 6Lt
JIOBEPEH BBICTINHI TOCY/1apCTBEHHBIN CEKPeT —
MOJTyYeHUe Halllell Pa3Be/IKOH MoAPOOHBIX (u,
rJIaBHOE, JOCTOBEPHBIX) CBEAEHUIT HE TOJIBKO
MPUHITUITHATBHBIX CXEM SIIEPHBIX 60MO, HO 1
yeprexxeil ee OCHOBHBIX y370B. Huuero ne
3Has 06 aroMm, Kamnuna, JBMKUMbBIH MAaTpUO-
TUYECKUMU YyBCTBAMHU, pa3pabaTbIBAeT pac-
CUMTAHHbBIN Ha /IBa r0/1a TPOEKT Pa3BepThIBA-
HUST BceX paboT, HeOOXOJAUMBIX, IO €ro MHe-
HUIO, JIJIS CO3IaHU si/IepHOTO Opyskus. Karmm-
112 YAMBJISIETCS, TIOYEMY €TO TTPOEKT Jake He
obcyxaercsa. OH He MOI03PEBAELT TOTO, YTO
Crama n Bepust TBep/10 pennm 10BepuThes
JIAaHHDBIM Pa3Be/IKM U CKOITUPOBATH aMEPUKaH-
ckyio 6oM6y. A KypuaroBy sicHO, 4TO 3TO
CMOXKET 3HAYUTENbHO YCKOPUTD CO3/IaHue
COBETCKOM 60MObBI, M, caMoe TJIaBHOE, eMy
MOHSITHO, YTO MOCJe aTOMHBIX GOMOApANpO-
BOK HMKAaKOTO cexpera yxxe HeT. KoHCTpyK-
U OT/IEJIbHBIX Y3JI0B 60MOBI YK€ He UMEIOT
MPUHIUTTNAIBHOTO 3HAYeHNs. [J1aBHas Tpy -
HOCTb COCTOMT B HapaboTKe HeoOXOUMOTO
KOJIMYECTBA SIZIEPHOTO «TOILJIMBA» — M30TOIA
ypaHa-235 ¥ MJIyTOHUS.

B mannbix passegkn KypuaroB ycmorpen
CBEJICHUS O TUTAHTCKUX 3aBO/IaX, COOPY KEH-
HbIX Juig otux nejeil 8 CIIIA, u monss, 4ro
3T0 U €CTb OCHOBHOE II0JIe [eATeIbHOCTU
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lFocynapcrBennoro xomurera. Ho Kamura o
Macirabax aTuxX paboT He JI0ra/[bIBaeTcs, OH
JlyMaeT o cosfanuu Gpusuku 60MObI. Y si3B-
JICHHBIIl TeM, YTO PYKOBOJWTETb KOMUTETA
Bepusi B ¢usnke HUUEro He MOHWMAET, OH
numrer CTajJuHy MHUCbMO O ero 6e3rpaMOTHO-
CTH, CpaBHUBasE Bepuio ¢ AUPUIKEPOM, KOTO-
PBIi TBITaeTCS PYKOBOJIUTD OPKECTPOM, JTayKe
He 3Has HOTHOM rpaMoThl. CTaynH moKa3biBa-
eT mucbMo bepuu, u ToT, B3GEIIEeHHbBIN, 00e-
[[aeT CTepeTb BEJUKOro (DU3nKa <«B Jarep-
HYIO IbLTb» . CTasuH ke ropoput bepuu, uto
cuuMetr Kanuily B HakasaHue co BceX IOCTOB,
HO TPOTaTh ero He HaJIO.

W na gpyroit nenp Kanmia — yske He ujieH
[ocymapcTBeHHOTO KOMUTETA, HE HAYATbHUK
«I'naBrucnaoposay, e qupexrop Mucturyra
Pusnvecknx mpobaem. OH — IPOCTO aKaje-
Muk 1 mpodeccop MI'Y. ¥V Hero orbupaior
00OpYMOBAHHDII UM TI0 CBOEMY BKYyCY KOT-
TEPK BO /IBOPE WHCTUTYTA, MOCKOJDBKY JIJIST
[IPOXO0/Ia BO JIBOP HYKeH CIENIPOIYCK, KOTO-
pbiil y Hero norpocty 3abupaior. Ho Cranun
OCTaBJISIET €My aKaJ[eMUYecKylo Jadyy B I0-
cenke Hukosnmua ropa Henojaneky ot 3BeHu-
ropoja. IIpesuzsent Akazemun nayk CCCP
C.M.BaBuios xenaer Bce, uto Moxker. OH
obecrieunBaeT JJAUHbIi capaii, KOTOPBIif BCKO-
pe 1po3Basi «nu360ii Pu3mIecKux mpobiemMs
HECKOJIbKUMHU CTaHKaMW, MaTepuajaMu, pa-
60YNME U UHXKEHEPOM.

B «u36e» paGoTa ¢ JKUAKUM rejiieM, KOHed-
HO, 6bly1a HeBO3MOsKHa. U Karuiia repekJio-
YaeTcsl Ha COBCEM [[PYTHe JieJla — CO3/aHie
MOIIIHBIX CBEPXBBICOKOYACTOTHBIX TEHEPATO-
POB UMITYJIbCHOTO U HEITPEPBIBHOTO JIEUCTBUS
U U3yYeHNe CBOWCTB IJIa3Mbl, TTOJTyYaloIeii-
cs UpH JEHCTBUM TaKUX TeHepaTopoB Ha
rasoBbIil Pa3psijl, B YACTHOCTU Ha M3y4YeHUe
IPUPO/IbI IIAPOBOI MOJHUHU, KOTOPYIO OH
CMOT TIOJIYYUTD B JTaGOPATOPHBIX YCJIOBUSX.
leneparopsr Kamuiipr jiersim B OCHOBY yCT-
POICTB, OKa3aBIINXCS COBEPIIEHHO HEOGXO-
JIMMBIMU B COBPEMEHHBIX Pa6G0Tax 10 OBJIa/Ie-
HUIO TEPMOSI/IEPHON sHeprueil B TOKaMaKax.

st ocymiectienus atux paboT okasa-
JIOCH Kpaliie BaKHbiM TO, uro Kamuiia 6bL1
VIUBUTEJNbHO «PYKACTBIM» (DU3MKOM-IKCIIE-
pumentatopom. Henapom erie Pesepdopa
HA3BaJ ero MacTePOM «30JI0Tble pyKuy». Ka-
mUIa yMeJs JejaThb BCe — TMasdTh CXEMBI,



NETP MJEOHUAOBHUY KANUIA

paboraTh Ha CTAHKAX, BBILYBATb CTEKJISTHHbIE
COCY/ZIbl, COOPYXKAaTb CJOXKHBbIE YCTAaHOBKHU.
OH 06y4Yns pyKOJIeNUI0 CBOUX CHIHOBEH, 1
OHM Ha cyxoryTHoit HukosmHoit rope n ma-
JIIOCEHbKO} TaM MocKBe-peke c/esanu mpe-
KPacHYyIO MOPCKYIO SIXTY U COBepLIaIl Ha Hell
[I0TOM UHTEpEeCHble IIyTellecTBUS.

K Kamuue na Hukomuny ropy npuesaior
[Ipy3bs W KOJIIerd, paboTaer, XOTb W He
pEryJISipHO, CTABIINI HEJIETATbHBIM «KAITUTII-
HUK»>. bBiecTsiie mpoo/KaeTcs ero neaaro-
ruyeckad JesTeJbHOCTb Ha (DU3UKO-TEXHU-
yeckoM (axyabrere MIY.

Ho B 1950 roamy, mpuzapaBmuch K Iryc-
TAIIHOMY IIOBOJY, €r0 OTCTPAHSIOT OT PYKO-
BozcTBa Kadenpoit Ha ¢dusTexe W UTEHUS
TaMm Jekiuii. A qupexktopcTBoBaTh B MHCTH-
TyTe (QU3MUECKUX MPOGJIEM COTJIANTIACTCS
omH u3 cnojaBmwkHUKOB U.B.KypuaTosa,
Oyaymmii npesusienT Axagemnn Hayk CCCP
A.Il. Anexcannpos, kotopomy Rammma tak
U He TPOCTHUJI €T0 COTJIacus Ha 3TOT MOCT.
Brpouem, AnekcaH/poB COXpaHMJ BCe Ha-
[IPaBJICHUS] UCCJIEJOBAHUIN, KOTOPBIMH PYy-
koBoaua Kanwia, u B oco6eHHOCTH Teope-
TU4YecKuil otaesi, Bosraasiagembrit JI. /1. /Ian-
nay. Tak nIpoxoauT BoceMb JeT.

Kax mo MaHOBeHMIO BOJIIIE6HON MATOUKH,
BCce U3MEHUJOoCh mocse cMepru CranuHa u
najgenus Bepuu. Kanuniia BHOBb CTaHOBUTCS
qupektopoM MHcTHTYTA (U3WYECKUX TIPO-
6J1eM U TJIaBHBIM PEIaKTOPOM CaMOTO aBTO-
PUTETHOTO HAYYHOTO JKypHata — «sKypHasa
9KCHEePUMEHTATbHON U TeopeTHdecKoi (husm-
ku»>. Hapsany ¢ U.E. Tammom, Tosibko 6osiee
pesko, OH B AKageMun Hayk Oopercs 3a
BoccranoBienne B CCCP 6uosorndeckoit
HayKH, Pa3pylIEHHON IICEBJOHAYYHON Jes-
tesbHOCTBIO T. /1. JIbICEHKO U ero Toce0Ba-
TeJsiei.

Boso6HoBIsI€TCS TOTHOTIEHHAS paboTa «Ka-
[UIIHUKA», KOTOPbI CTAHOBUTCS HE TOJILKO
IEHTPOM (pU3MIEeCKOIl HAyKU, HO U KYJbTYP-
HBIM TIeHTPOM MOCKBBI, KOT/Ia Ha €ro 3ace/ia-
HUSX Hay4yHas TeMa 3aMEHSETCS BBICTYILIE-
HUSMU apTUCTOB, mucaTeselt, moatoB. M Ha
TaKe <«KAlUIIHUKI» CTPEMUJIACH IOTACTDh
«Bcst MockBay. B aTux ciydasgx npuxo/u-
JIOCh OPraHU30BbIBATb PAIMOTPAHCJIAINIO U3
3aJ1a 3ace/laHuil 110 BceM MOMEIEeHUsIM 3/1a-
HUSI — OHM OBLIN 3aMOJTHEHBI TOCTSIMHU.

B 1974 rony B 1HM CBOErO BOCBMU/IECATH-
getust Kanuia cranourest 1Bask/ibl ['epoem
Conmamicruyeckoro Tpyna. A B 1978 rony
€ro, HAaKOHeIl, HACTUTJIA JaBHO 3aCJIy KeHHAs
HobGeneBckas mpemust «3a 6a30Bble UCCIE0-
BaHUS W OTKPBITHS B 06JIACTH HU3KUX TEMIIE-
paTyp».

XapakrepHo, 4TO, HeOObIUAIHO HIEAPbIN B
skusHM, Kamuia He oTgajJ HU KOIEHKH U3
MOJIy4eHHON TIpeMuu rocy/apcrBy. Kamnia
so6us Poccnio, oH HUKOT/1a HE COTJIalliaics
MOKMHYTb €e, HECMOTPSI HA HEOJHOKPATHbIE
MPe/IJIOKEHUsT MHOTMX HAyYHBIX MHPOBBIX
1eHTpoB. Ho OH aKTHBHO He JTIOGU POCCHIi-
CKMe TIPABUTEJbCTBA: HU CTAJUHCKOE, HU
XPYIIEBCKOe, HI O6peskHeBcKoe. OH HUKAK He
MOT TIPUMUPUTHCS, HATPUMED, C TEM, YTO JIJIS
MOJTyYE€HUST KAKUX-JTHO0 MY CTSITHBIX MaTePH-
AJIOB WJTH JleTasiell Hy>KHO OOMBaTh MOPOTH, a,
IJIABHOE, TEPSTb MECSIIbI, TOTJA KaKk «B AH-
TJIMW y MEHS Ha 3TO YILIO Obl JBa JHSI», KaKk
OH TIWIIET B OJIHOM W3 ITHCEM IPABUTEIb-
CTBEHHDIM JlesiTessiM. Tak, B 310Xy CTAaHOBJIE-
HUS cBoero mHerutyta Kanuia o6parusicst B
OJINH U3 HAPKOMATOB C MPOCh60iT 06 UHCTPY-
MeHTaX U U3MEepUTENbHBIX IMpubopax. Emy
MPEJIOKIIN ODOPMUTD 3asBKY <«Ha Oy/Iy-
A TOIY ...

Kama we moBepsin Tesnedony, Bo-Tiep-
BBIX, W3-32 BO3MOYKHOTO IPOCJYITHBAHUS
OpraHaM#, a BO-BTOPBIX, W3-3a TPYAHOCTH
000CHOBAHNS CBOEH TO3WINN BCJIEICTBUE
BBIHYSK/IEHHON KPATKOCTH TOT/IANTHUX TeJsie-
donnpix pasroBopos (0CO6EHHO, 1O KpeM-
JIEBCKON  «Bepryike»). OH TpeanounTan
HnUCbMeHHble 00bsCHEHU. PykoBomuTessim

COBETCKOTI'O roCcyZlapCTBa OH HallMCaJI CBbINIE

[1J1Kaniya y gockm
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[1J1Kana 3a paboym cronom

300 (1) nucem, n3 mux 50 — M.B.Cramumy.
Wuorpa 6pimi 1 otBethl. B apxuBe Kamnigbt
XPaHWUTCH Takoe MICchbMO: «ToB. Rammial Bee
Bamm mmcpma mosryuns. B mucbMax MHOTO
MOYYUTEIHbHOTO — yMalo KaK-HUOY/Ib BCTpe-
tuthed ¢ Bamu u nobecenosarb 06 atoMm. Uto
xacaerca kuuru JI.I'ymunesckoro «Pycckue
WHJKEHepbl», TO OHA OYeHb WHTEpPecHa W
6yzeT u3sana B ckopom Bpemenu. V. CrasuH.
6 aripesig 46 T.». Bl 1 OTBETHI JIEHCTBUEM.

[T.JI.Kanuiia HeOTHOKPATHO BCTYTAJCS B
30-e ro/ibl 32 apeCTOBAHHBIX MJIN TIO/IBEPTAB-
muxcst TpasJe y4denbix. [lo kpaitHeil mepe B
TpexX cJayvasx TmucbMa Kamwibl oKaszainuch
A Hux cracenueM. B 1936 roany Buesanno
MpEKpaTUIach Pa3BEepHYBINAsCS B Ipecce
KaMIIaHWUs TPABJIM BbIJAIONIErOCsS MaTeMaTu-
ka akagemuka H.H.J/Iy3una. ApectoBaHHOro
(usura-reopetura B.A.Doka ocBoboanIN
yepe3 HeCKOJIbKO Hell. TpyzaHee Bcero oka-
3a7ach 6opbOa Kamuibl 3a 0cBOOOXIeHUE
JI.I.Jlanaay. On 6bLT apecToBaH 3a y4acTue
B TpYIIle, PACIPOCTPaHSBIIENH JNCTOBKHU C
AHTUCOBETCKUM cojiepxkanuneM. M xoTs ero
ydJacTye B 9TOM Ipytie ObLIO JHUITh (DOPMaTh-
HBIM, Ha YPOBHE PAa3roBOPOB, OH ObLI 0OBU-
HEH B MIMMOHaXe B 1osb3y l'epmanuu. Tpe-
O6ys OT HETO TOATBEPIK/ICHUS TaKOTO Uy[0-
BUIITHOTO 0OBUHeHU, Jlanay ObLT ToABepr-
HyT 0c000 U3OIIPEHHON MbITKE rooa0M. M3
COCE/IHETO CAHATOPUS MPUHOCUIH CTOJIOBYIO
JIOKKY HeOObIYallHO BKYCHOW e€/bl, U 3TO
6bLTIO0 Bce 3a IleJblil JeHb. Emy rposmia
CMepTb, HO OH YIIOPHO He /laBajl HUKAKUX
JIOKHBIX TToKasaumii. B 3ammry Jlangay Ka-

2019/Nel

MUIIA HATUCAT HECKOJBKO [IECSITKOB ITHCEM,
pydvaJsicst «3a ero MpuMepHOe MOBe/IeHIe» M,
HaKoHell, rmoexast B Kpemub u 3asBu., 4ro,
ecqn Jlanmay He ocBOGOAT, OH MPEKpAIIaeT
3aHnMatbcd Haykoi. Ha apyroit nenp Jlan-
Jlay ObLIT 0OCBOGOSK/IEH.

B 1970-e roapl, Korma pasropesiach TpaBJIst
akagemuka A.Jl[.CaxapoBa, Kamuma O6bii
€IMHCTBEHHBIM, KTO OTKPBITO BOCCTAJ TPO-
TiB uckaovyenus CaxapoBa u3 AxajgeMun
Hayk. Ha zacenanuu Ilpesuanyma AkagemMmun
C ydyacTHeM NapTUITHOTO HAYaJbCTBA OH Ha-
IIeJ1 Hy>KHbIE CJI0BA: « AHAJIOTHYHBII T1030D-
HbII UHITH/IEHT y3Ke 6b11. B 1933 rony damm-
CTBI MCKJTIOYHJIN W3 GEPJIMHCKON aKajeMun
AnpGepra ditamTeiinas. Habepmoe, mocie
9TOTO BBICTYIJIEHUST MHOTHM aKaJ[eMHKaM
cTasio B TuyOWHE YN HEJOBKO 3a CBOE
HETPOTHUBJICHUE HAYAIBCTBEHHOMY HAJKUMY.
Ha gave Kamuiibl HEOAHOKPATHO OLIBATH T
cam CaxapoB, n CoOJIKCHUIIBIH, U MHOTHC
JIPyTUe MPeCTABUTENN KYJIbTYDbI, JesTeb-
HOCTb KOTOPBIX He 0/{00PsIach BJIACTHIO.

Boo6ie, rymanutapubie nntepechl Karmm-
1pl 6plM OyeHb mUPOKUMU. OH XOPOIIO
3HAJ eBPOIEICKIe TAMSTHUKU KYJbTYPBI.
Bepuysimucs B Poccuio, oH TOJBKO TIOCTE
BOITHBI CMOT HAiTH BPEMSI AT 9KCKYPCHUU TIO
«30JI0TOMY KOJIBITY », KaK BIIOCJIE/ICTBYH CTa-
JIN Ha3bIBaTh TaKWe Moe3iku. Ero compoBosk-
JIAJIN ICKYCCTBOBE/IBI, U OH TIPOIIE] ¢ HUMH
OCHOBATEJbHBII KypC MCTOPWH JPEBHEPYC-
CKOH KyJbTYpbl. B Te Tombl Bce TaMATHUKN
crapunbl Bragumupa, Cyspang m apyrux
rOPOJIOB, a OCOGEHHO BeJMKast 1epKoBb 11o-
kpoBa Ha Hepusn, 6puu B 3amycrenun. [lo-
TPSICEHHBIN KPacoToil IpeBHUX XpamoB, Ka-
nuia o6paiaeTcs B MPaBUTEIbCTBO He TIPO-
cTo ¢ mucbMoM. CBoe o6paliieHre OH Ha3BaJ
«MemMopaHIyM 0 TaMATHUKAX cTapuHbl Bia-
JIMMUPCKOI 0071acThy» . ITO OBLIO TTOAPOOHOE
OTIMCaHNe 3aMyCTeHUsI, B KOTOPOM HaXOIH-
JINCH TIAMSTHUKH KYJbTYPBI, ¥ B TO K€ BPEMSI
JleTaTbHas MPOrpaMMa TOTO, 4TO HEOOXO/ -
MO CZIeJIaTD JIJIST BOCCTAHOBJIEHUS U COXPaHe-
HUS 3TUX HAMSTHUKOB.

Bectp o npucyskaenun HoGesnesckoit mpe-
MuK 3actaja Kanuiy B akajeMuyeckoM caHa-
TOPHU B Y 3KOM, HAa OKpanHe MOCKBbI, T/ie OH
OTIBIXAJ BMecTe C skeHoii. HasnereBurum ue-
pes yac KOPPECTOH/IeHTaM Ha BOIIPOC O TOM,
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KaKue CBOU JIOCTIKEHUSI OH CUUTaeT Hanbo-
Jiee 3HauMTeNbHBIMEU, Kamuia ckasaj, 4To
JUIST y4eHOro Bcerja HamboJiee BaXKHA Ta
pa6ora, KOTOPOIl OH 3aHUMAETCS B JTAHHbII
MOMEHT. «Y MeHs Takas paéoTa OTHOCUTCS K
TEpMOSIIEPHOMY CHHTe3y», — 100aBUT OH. U
B cBoeil HobGesieBcKoil JIeKInu OH, JOMYyCTUB
BOJIbHOCTD, TPOJOJIKII 9Ty TeMy. Bompexn
ycraBy Hob6eneBckoro (onma, Jexius He
6bLIa mocBsiiena paboraM, OTMeYEHHBIM
npemueit. Ona HazbiBasach «Ilmaszma u tep-
Mosi/iepHast peakiusi». Kamnia ckasas, 4To
CBEPXHU3KUMU TEMIIEPATYPAMU OH 3aHUMAJI-
Cs1 OYeHDb JIABHO, B [THM HAYYHON MOJIO/IOCTH.
A ceiiuac, Ha060pOT, €r0 BOJHYIOT CBEPXBBI-
COKIIE TeMTIepaTypbl, KOTOPble HEO6XOIUMbI
JUUIST MHUITAWPOBAHUS M IOJ/IEP’KUBAHUS TEP-
MOSIJICPHOI peaxIy M30TOTOB BOJOPOA.
Kpaitnoctu comkaymcn. («Les extremes se
touchents», — mpuBes on 3Hamenuroe dpan-
1y3cKkoe Beipaskernne.) Tem Gosiee, 4To KU/
Kuii resinii, 3a paGoThbI C KOTOPBIM HIPUCY K-
Ha Harpajia, Hy>XeH M B 3TOM Jeje s
OXJIAXK/IeHUsT OOMOTOK CBEPXCHJIbHBIX Mar-
HUTOB, yIEP’KUBAIOIINX PACKATEHHYIO T1J1a3-
My. U OH 3aKOHYMJI JIEKITUIO CJIOBAMU: «XO-
POIIIO M3BECTHO, YTO B JAHHOE BPeMs YIIPaB-
JisieMast TepMOosi/iepHasT PEeaKIUsT TPeICTaBIs-
eT 60JTbITION MPAKTHIEeCKNIT HHTepec, TakK KaKk
3TOT mpoiiecc Mor 6bl HanboJsiee 3PHEKTHBHO
pentuth mpobjeMy TI06aJbHOTO HEpreTH-
YECKOTO KPU3HCA, CBA3AHHOTO € UCTOMIEHUEM
3aMACOB MCKOIIAEMOTO CBhIPbS, MCIOJIb3yeMO-
O Terepb KaK MCTOYHUK aHepruny . Ceronnd,
uepe3 40 ¢ JUITHUM JIeT, 3TU TIPOPOUYECKIE
CJIOBA MPETBOPSIIOTCS B KU3HD MUPOBBIM Ha-
YVUHBIM COOOIIECTBOM ¥ IIPABUTENbCTBAMU
BeJIyIINX CTPAH MUPA, B TOM uncJie u Poccuu.

OueHb BaXKHOIT 6bLIA MeIarOTHYECKAsT JIesI-
teabrocTh Kanuiel. B 1945 romy on 6bLa
OJTHUIM 13 TJIABHBIX MHUIIHATOPOB CO3/aHWS
IS TIOITOTOBKHM (PM3WKOB BY3a HOBOTO THTIA,
rze o6ydeHne BeJoch ObI He TOJBKO B CTEHAX
y4eOHOTO 3aBe/IeHMs, a O0JIbIIEH YacThio — B
JIab0PaTOPUSAX HAYYHO-MCCJIETOBATETHCKAX
WHCTUTYTOB, T/I€ MPETOABATEISAME IOJIKHbBI
ObITh Bejylne ydenole. M takoil By3 Obla
coszan. Buavase 10 Obla cekpeTHblii (aToM-
HO-PaKeTHbIIT) (PUMKO-TeXHUUECKUH (paKyIb-
ter MI'Y, a B 1951 rony ou cran dusuko-
TeXHUYECKUM HWHCTUTYTOM, 3HAMEHHUTBIM

®usrexom. Kammita Bosriasus ram kadenpy
of6mieil u sKclnepuMeHTadbHOH ¢dusuku. B
mepBble TOJbl JEKIUU [0 ITOMY IIPEIMETY
yutaau no ouepeau cam Karmmna u Jlanzgay.
Teoperux Jlangay uamiaran TeopeTHdyecKue
OCHOBBI OY€peHOI TeMbl, a Ha CJelyTolleit
Jexiu Kanmia pacckasbiBanz 06 aKcIiepu-
MEHTAJIbHBIX U NCTOPUYECKUX OCHOBAX ATOTO
pazzesa Gu3NKA. ITO ObLIO TOTPSICAIOIIE
nHTepecHo. CTYZEHTHI MOoCse MpeIblIyIero
3aHSATHUS CTPEMIJIAB HECJUCDH MO0 KOPU0paM
dusrexa, 4TOOBI yCIETh 3aHATH MeCTa TO-
6JIMKe K 3aMedaTeIbHBIM JIEKTOPAM.

B knure «I1.JI.Kanuna. dkcnepument. Te-
opus. [Tpaktuka» (M.: Hayka, 1974) co6pa-
HbI CTAaTbM ¥ BBICTYIIeHus1 Kamuirpl mo ca-
MBIM PasHbIM TemMaM. KHura 1mo3BoJIsieT mo-
HSTb HeOObIuaiHbIii ap Karuiibl pacckasbi-
BaTb O CaMBIX CJOXKHBIX MpobJjeMax HayKn
JioxoqunBo 1 nHTepecHo. Ero cora, C.I1.Ka-
MIUTIA, TIOJTYYNJI OT OTI[A YacTh 3TOTO Jlapa 1 Ha
Dustexe MPUHAT dcTadeTy TPENoAaBAHUSI
¢usukn, craB npodeccopoMm Kadeapbl 06-
mell PU3NKY U ee 3aBeIyTOIINM.

3HaMeHUTbIN aHrauiickuit ¢usux Ilomb
[upax 6bu1 Gosbiium apyrom Kamuipr. On
HeoTHOKpaTHO Tpues:xan B Coerckuii Coo3
VBUJIETBCS C HUM U C IPYTUM CBOUM JIPYTOM,
WN.E.TammoM. B cBoii ocseanuii npues B
1973 rony upak uacto 6biBas y Karuibl Ha
nade (M1.E.Tamma yske ne cramo). M xoraa
Kamuma pacckasan ouepeHyio UCTOPHUIO U3
cBoell JKU3HM, a PACCKa3uYNK OH OBLT 3aMeva-
TeJbHBIN, /lMpax He yaepskajcs oT aMOIHO-
HaspHOTO: «Ranumna! Kakas sameuarespHast
JKW3HD, 5 3aBUAYI0 Bam».

[leticTBUTETbHO, KU3HD Kamuisr — apkuit
npuMep Ge33aBETHOrO CJAYKEHUS HayKe U
GeccTparius mepe/T JNIOM HEBEKeCTBA 1 BJia-
crHoctu. [laxke B camble MpauHble BpeMeHa
COBETCKOro m3oJsiuonnsmMa Kamuia Beerga
OTCTAMBaJ IPHUHIUIIBI WHTEPHAIIMOHAIN3MA
B Hayke. «Sl TBep/0 Bepio B WHTEPHAIINO-
HAJBHOCTb HAYKU W BEPIO B TO, UTO HACTOSI-
mas HayKa JO0/UKHA OBITh BHE BCSKUX TOJIH-
TUYECKUX CTpacTeil u 60pbObI, Kak ObI ee Ty/1a
HW CTPEMUJIACH BOBJIeUb» (13 mmebMa MoJio-
ToBy o1 7 Mast 1935 1.).

Cxonuasicsa Ilerp Jleonupouu Kamuia ot
nHdapkra 8 anpesns 1984 rona, HeMHOTO He
JIOSKMB /IO CBOETO JIEBIHOCTOJIETHUS.
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H.4O0JIBUTTUH

OTOM CTATBE MbI ITOCTAPAEMCY

ornucatb o61ire KOHTYPbl TeOMETPUH YU-
cesq — Hayku, koropoit I'eopruit Meonocwe-
BUY ITOCBSITUJI CaMble ITy6GOKIe CBOU PAGOTHI.
OpmHa 3 HUX — O IJIOTHEHIIUX YITaKOBKaX
IIAPOB B MHOTOMEPHBIX IIPOCTPAHCTBAX —
MTOSIBUJTACH HA TIOCTIEHEM TOY SKU3HU. [[py-
rasg — TI0 TEOpPHH TMapaJIeJo3apoB — OblIa
oIy 6JITKOBAHA y3Ke TIOCMEPTHO.

[Tepenecemcs B 1904 rox, xorja B >KUBO-
MICHOM HeMeIKoM Topojie lefiennbepre co-
crosiyics Tpetnit MeskyHapoIHbII KOHTpecc
MaTeMaTuKoB. Ha 3ToT KOHTpecc mpurJiacu-
JIA BBICTYIIUTD ¢ foK1aoM u l'eoprusa @eono-
cbeBrua Boponoro u 'enprxa MUHKOBCKOTO
(1864—1909), oaHOrO U3 KPYIMHEHIIMX reo-
metpoB XIX Beka. «IIpurmameHHbit J0K-
JaZl> Ha MEXKIYHAPOJIHOM KOHI'DECce — 3TO
OYeHb TPECTIKHOE MPEJIOXKEHNE, KOTOPOTO
YIOCTAMBAIOTCST MATEMATHUKM, JTOOUBIINECS
BBIIAIONINXCS PE3YJIbTATOB.

MunkoBckuii 3a 8 jyier 0 atoro, B 1896
ToJ1y,, OIyOJIMKOBAJ 3HAMEHUTYT0 padoTy «I'eo-
metpus uncen» ( mo-nemenkn «Geometrie
der Zahlen»), B KOTOPOIl 3aJI0/KHJI OCHOBBI
HOBOII 06JIaCTH MaTeMATUKH — TeOMeTpUun
yuces. OCHOBHAA ujiesl 3TOM HAyKu, HAX0/I4-
IIeliCs HA CTbIKE TeOMETPUU U TEOPUU THCET,
COCTOUT B TOM, YTO B TEOPUH YHUCE]T €CThb
HEMaJIO 33/1a4, KOTOPble MOXKHO TiepedopMy-
JIUPOBATh HA TEOMETPUYECKOM SI3bIKE, TT0CTIe
Yero 3a/1avya CTAaHOBUTCS 60JIee MPO3PAYHOI 1
TTOSIBJISIETCST BO3MOJKHOCTD TPUMEHSTH T€Oo-
MeTpHIUecKie MeTobl Ay ee pemmerns. Ca-
Masl M3BECTHas, TOXKAIYH, TeoMeTpuIecKast
TeopeMa, KOTopasi IOMOTaeT peniaTh 3a1aun
10 TEOPUU YHCeJ, — 3TO TeopeMa MUHKOBC-
KOI0 O LIEHTPAJIbHO-CUMMETPUYHOM BbIIIYK-
aom tesie (purype).
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PaccMOTpUM Ha TIJIOCKOCTH TIPSIMOYTOJIb-
HYIO CHCTeMy KOOPAMHAT (X, ) M MHOXe-
CTBO BCEX IEJIBIX TOYEK, T.e. TOUEK, y KOTO-
PbIX 06e KOOpJAMHATbI — Ie/Ible YHCIa. ITO
MHOKECTBO HA3bIBAETCS KGAOPAMHOU peuem-
xot (puc.1).

o o o o o

o o o o o

Puc. 1

[anee, burypa § Ha3bIBAETCS 8uINYKIOU,
ecau JIIs1 JToObIX JBYX Touek A u B uz §
COE/INHAIONINI X OTPE30K [AB] [EJUKOM
npuHaanexur cdurype. Durypa § wumeer
yenmp cummempuu, t.e. rakyio rouxy O € &,
€c JIJIS BCSIKON Toukn X € § cuMMeTpuy-
Hast eii orHOCHTenmbHO O Touka X' TakKe
mpuHAAIEKUT (urype §. dDurypa ¢ meHT-
POM CHMMETPUHU HA3BIBACTCS UCHMPAIbHO-
CUMMEMPUYHOU.

Hanpumep, Kpyr sIBJIsIETCS BBIITYKJION 11€H-
TPaJbHO-CUMMETPUYHOI (Urypoii, a Tpey-
FOJIBHUK — BBIIYKJIOW, HO He IEHTPATbHO-
CUMMETPUYHOW. 3HaMeHuTas TeopeMa MuH-
KOBCKOTO YTBEDJK/IAET:

Hycmov yenmp cummempuu O pacnonosxen
6 mouke pewemxu. Tozda ecau niowads
pueypor s(F) =4 = 2%, mo enympu unu na
zpanuye puzypul codepxumcs xoms 6ot 00HA
napa cummempuunvlx omuocumenvrno O
mouex peuemxu, omauynvix om mouxu O.



I.®. BOPOHOMA MU TEOMETPUA YUCE.JI

Teopema MUHKOBCKOTO BepHa s JTIO00M
Pa3MEPHOCTH, B TOM YHCJIe U [/ KyOmuecKoit
pEeNIeTKN B TPEXMEPHOM ITpocTpaHcTBe. Tob-
KO B 3TOM CJIy4yae pPeYb UJET O BBITYKJOM
IEHTPATBHO-CUMMETPUYHOM Tesie §, 00beM
kotoporo v (¥)>8 =23

Boponoit 1 MuUHKOBCKHIT BCTPETUINCH U
GecesioBaii BO BpeMs KoHrpecca. bopuc
Hukonaesuu /lesioHe cJibIIa OT 0TI, KOTO-
PBIi TOKe GBI IIPUTJIATIIECH HAa 9TOT KOHTPECC,
yt0 MUHKOBCKHI OTHeccs K Boponomy u ero
paboTaM ¢ OTPOMHBIM WHTEPECOM 1 BeTNJaii-
M yBaKCHHUEM.

leomerpust umcen mo ayxy Obuia GJan3Ka
Boponomy Bcerza: BcnoMmHuM cyioBa [lesone
0 TOM, YTO BOPOHOIT MbIC/IIJI FEOMETPUYECKH.
B 1908 romy mo oxonuyanum paGoTbl HaJ
MEMYapoM TI0 TeOPHH TMapaJLiesosipos Bo-
poOHOIl THMcas, 4To paboTaTh HAJ HUM OH
HavaJs Jer 3a 12 g0 Toro, T.e. B TO BpeMms,
Korsa MUHKOBCKIE paboTan HaJl cBoeit «['eo-
mMeTpueil uncen». Ho mosnoctbio Teopruii
DeotocheBUY TIEPEKJIIOUIICS HA TEOMETPUIO
yuces jqutb mocae 1904 romga.

MonoxwuTtenbHble KBagpaTU4Hblie (OpMbi

Bopomnoii co3man BaXKHbBI METO/] B TEOMET-
pun 4duces — TeoOMETPHUIo IMOJIOKUTEIbHBIX
KBAQIPATHYHBIX (DOPM U IIPUMEHUT €€ K pellie-
HUIO IBYX TPYAHEHIINX Tpo6eM: mpo6ieMbl
HaXOXKIEHWS TIIOTHEHIIeH YHIaKOBKU TIPO-
CTPAHCTBA PABHBIMU IapaMu U MPOo6JeMbl
OTBICKAHWS TIAPAJIJIEN03POB B MPOCTPaH-
CTBaX TPOM3BOJIbHON PasMepHOCTH. 37eCh
YMECTHO CKa3aTb, YTO 3TH MPOOGJEMbI B MHO-
TOMEPHBIX TTPOCTPAHCTBAX UMEIOT HE TOJHKO
YUCTO MaTeMaTUYeCKUN MHTEPEC, HO M BaK-
Hble IPUIOKEHNA, HAIIPUMEP B TECOPUU KON~
POBaHMUS.

Ceiiuac MbI IocTapaeMcsi 00bSICHUTD CBS3b
MEK/Y MOJOKUTENbHBIMI KBA[PATUYHBIMU
opMamu 1 yIIakoBKaMHU IMIAPOB HA TIPUMepe
IJIOCKOCTH. B ciydae IByX M3MepeHMil Mbl
UMeeM JIeJI0 ¢ KBaJPATHUYHBIME (DOPMaMU OT
JIBYX TIePEMEHHBIX U YIIAKOBKAMHU TIJIOCKOCTU
PaBHBIMH KpyTaMmu.

Hanomunm, kBagpatnunas popma f (x, y)
OT [BYX MEPEMEHHDbIX — 3TO OI[HOPO,I[HbII;,I
MHOTOYJICH 2-1 CTEIICHU BHUIa

f(x, y)=ax2+2bxy+cy2. 1)

Ksaaparnunast ¢popma f (x, y) HasbiBaercs
NOLOKUMETLHO ONPeOeeHHOl WA TIPOCTO
nonoxumenvrotl, ecm f(x, y) >0 angBeex
(x,y)#(0,0). Hanpumep, dopma x° + y°
OYEBU/IHO SIBJISIETCS MOJIOXKUTENBHON, B TO
Bpemst Kak GopMa x° + 2xy + y> He sBIsIeT-
sl TIOJIOSKUTENBHOI. 3aMeTHM, 4YTO MOc/Ie-
nuag dopma [ = (x+ y)z, HECMOTPS Ha TO,
4TO HUKOT/IA HE TIPHHUMAET OTPUIIATebHbBIX
3HAYeHUIl, He SABJAETCS IMOJOKUTETbHOM,
OTOMY 4TO OGpaIaeTcss B HOJIb B TOYKAX
(x, y) upm ycaosun x = —y.

Mo koadduimentam dopmbr [ (x, y) =
= ax? + 2bxy + cy? MOXHO OIpPEIeNNTD, T0-
JIOKWTEIbHAsT OHa Wi HeT. Kak 1o cienmarb
B OOIIEM CJIydae 7 TIePEMEHHBIX, U3JIaraeTcst
B YHUBEPCHUTETCKOM Kypce aire6pol. Ho B
cJlydae JIByX MepeMEHHBIX MOJKHO 0GOHTHCDH
1 <IIKOJIbHBIMI» CPeICTBaMu. JloKaxeM, 4To
dopma f(x, y) = ax* + 2bxy +cy® — nono-
sKumeaonas, ecau a >0 u ac— b:>0.

JLJ1st IOKa3aTeIbeTBa PACCMOTPUM CHavYala
Bee mapsl (v, y) ¢ y =0, .e. mapnr (¥, 0),
rae x #0. Tak xak a>0, 1o f(x,0)=
= ax’® >0 ans mo6oro x #0 . [Tycrp Temepnb

X
y # 0. Torna, o603HaunB t = —, uMeeM

Y
flx,y)=9 (at2 +2bt + c). (2)

Comuoxurenp at’ +2bt+c B (2) omnoro
3HaKa IIPH BCEX f, TaK KaK 9TOT KBaJPaTHbIN
TpexuJieH He uMeeT KopHeil (B cuJIy Toro, 4to
JCKpUMHHAHT b? — ac orpuuatesen). ot
TPEXUJIeH TI0JIOKUTEJIEH, MOCKOJIbKY CTap-
it kKoapdurment a > 0 .

Vuopakuenue. [[okaxkure 06paTHOE yTBEPIK/Ie-
uue: ecau dopma [ (x, y) = ax® + 2bxy + y*
nosokuTenbHast, To @ > 0 u ac —b” > 0.

MonoxuntenbHble GOpMbl U pPaccTOAHUSA

KioueBast mest TeOMETPUN TTOJIOKUTEb-
HBIX KBaJpatnvHbix ¢Gopm, kpatko [TKO,
cocronut B TOM, uto 3HaucHue [IKD f(x, y)
ecTh KBaJpaT JUIMHbI BeKTopa OA WM, 4TO
TO JKe caMoe, ecTb KBaJpPaT PACCTOSHUS OT
Havasa O 1o Toukm A ¢ KOOpAMHATAMU

(2, 9).
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Paccmorpum 71s1 TipuMepa JiBe KOHKpPET-
ubie [IKOD:

2 2
filx,y)=x"+y" n
2 2

L, y)=x"+xy+y”.
Cymma kpazpatos f,(x,y)=x>+y* ectp
[TK® u 3apaer kBajpar paccrostaust |OA| ot
nadana O =(0,0) mo toukn A=(x,y) B
NPAMOYTOJIBHOI  cucTeMe KoopauHat. Yto
Kacaercss GOpMBI fy = &2 + xy + 4>, TO ee
TI0JIOKMTETBHOCTD CJIELyeT U3 TOTO, UTO IS
ee KoadureHToB 06a HepaBeHcTBa d = 1> ()

u ac-b* = 1_Z =—>0 BBIIOJIHAOTCH.

Xorst 510 M He oueBuaHO, popma fo (X, y)
Takxke 3ajzaerT paccrosuue |OA|, HO TOIBKO
ecJm KoopauHathl (X, ¥) Toukn A pacemar-
PHUBAIOTCST OTHOCUTEJBHO JIPYTroif, BoOOIIE
rOBOPSI HE HPSIMOYTOJIbHOI, CHCTEMbI KOOP-
JINHAT, IPUCTIOCOOIEHHOI K JaHHOI hopMe.

ITpousBoIbHAS CHCTEMA KOOPAWHAT Ha TLIOC-
KOCTH 3a/[aeTCsl YIOPSII0YEHHOH mapoil BeK-
TOPOB {51, 52}, NCXOIAININX U3 OJ{HOU TOYKN
(mavasma O) ¥ He JTe)Kamux Ha OJHOI TPAMO
(puc.2). Takyio mapy BEKTOPOB YacTO HA3bI-
BAIOT pPenepom.

A
A, A
% ¢
O
Puc. 2

Bekropnr € 1 €, onpejesndror ABe NpsMble
Oe¢; u Oe, . Uepes Touky A Ha ILI0CKOCTU
MIpoBe/ieM TIPAMYIO, KOTOpas TapaJsiesbHa
BTOpOii ipsimoii Oe, . OHa TepeceKaeT mpsi-
myio Oe; B HekoTopoit Touke A;. Tak kak
BekTOpbl OA; M & KolIMHeapHbI, T.e. Jie-
JKaT Ha OJHOW TPSIMOM, TO /IJIg HUX HMeeM
OA{ = x - , Tie X — BIIOJIHE OIPE/IeIEHHOE
YUCJI0, HA3bIBAEMOE KOOPOUHAMOU TOYKYN Ay
Ha mpsmoii. IIposenem uepes A mnpsamyio,
napaJesbHyio nepBoit npsamoit Oe;. Ona
nepecekaet npsimyio Oe, B Touke A, . TouHo
TaK e, KaK 1 B IepBoM ciryuae, OAy = y- &, ,
a YUCJIO Y SIBJISIETCS KOOP/IMHATON TOUKN A,
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Ha npsamoii Oe, . YopsoueHHas napa 4u-
cex (x, y) u ectb Koopdunamuvt Bexkropa OA
(MM KOOpAMHATBI €ro KoHIa — Touku A)
oTHOCUTEIBHO pernepa {é, &, }.

Jlanee, dopme f(x, y)=ax® +2bx +y°
coroctaguM penep {é;, &} Takoii, 4to

el =a, & =c, é-6=b.(3)
HanomuumM, uTto € - €, 03Hauaer cKajasgpHoe
npousBejeHne [JIBYX BEKTODOB, T.e.
|é1] -|é,| - cos £é€, . Takum oGpasom, 1o dop-
Me [(x,y) samaercst perep, y KOTOPOro
3a/IaHbI JVIMHBI €0 BEKTOPOB U YTOJ MEK/LY
HuMu. TeM caMbIM pernep 3a/aH OJHO3HAUHO
C TOYHOCTBIO 10 /IBUYKEHMUSI.

B wactnoctn, dopme fi(x, y)= x> +y°
COOTBETCTBYET perep, 3aafoNiuii IPsIMO-
YTOJIbHYIO CUCTEMY KOOPJMHAT. A perep, co-
oTBeTcTBYyIomTHIT hopMe f, (¥, y) = & +xy +
+ %, COCTONT U3 eMHUYHBIX BEKTOPOB & 1
é, ¢ yraom 60° Mexay HUMH, Tak Kak

L . 1
(é,-€,)=coszéé,=b= >

BaxkHo, 4TO B cuCTeMe KOOP/MHAT perepa,
sagannoro B (3), KBajpaT AIMHBI OTpe3Ka
OA pasen sHauennio dopwmol [ (x, y), rae
(x, y) — KoopauHATBI TOUKU A:

f(xy)=|0A". 4
[elicTBUTE/IBHO, MBI IMEEM
|0A] = OA-OA =

= (xé, +yé,)- (xé +yé,) =

_ . 2(5 .3 S 205 o\ _

= x°(6-6)+2xy(é -€)+y (6,-6)=

2 2
= ax® +2bxy + y* .
[Ipu BbiBojIe paBercTBa (4) MbI BOCIIOIb30-
BJIUCh TPEMsI M3BECTHBIMU M3 IIKOJbHOM
MIPOrPaMMbI CBOWCTBAMHU CKAJIIPHOTO MTPOU3-
BeJIeHUsI BEKTOPOB: CBOHCTBAMY PaCIIpe/Ie,-
TE€JIbHOCTH, IIEPECTAHOBOYHOCTU M BbIHECE-

HUSL TIOCTOSTHHOTO MHOKHUTEIS.

PeweTKkn

B teopun umces MBI IMeeM JIeJI0 C PelleHN-
SIMU YPaBHEHWI B TIEJIBIX YHCJIaX. B ¢Bg3m ¢
3TUM IS JAHHOTO periepa PacCMOTPHUM Ha
IIJIOCKOCTH MHOXXECTBO A BCeX TOUeK, o6e
KOOPAMHATHI KOTOPBIX OTHOCHUTEJIBHO 3TOTO
periepa — IeJble YHCJaa. IJTO MHOXKECTBO
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HasbiBaercst (IIPOM3BOJIBHON)  pewemxoil.
KpazmpatHast pemieTka SIBJISIETCSI YaCTHBIM
CJIy4aeM MPOU3BOJBHOM PEIIeTKH.

Hrak, 1o KaxkJ0il IOJO0KUTEJbHON KBajl-
paTnyHoii (hopMe MOKHO TIOCTPOUTH Periep,
110 KOTOPOMY, B CBOIO OY€pe/lb, OJHO3HAYHO
CTPOUTCS PelieTKa:

f(x.y)—>{é, &} > A
Hanpuwmep, a1 dpopmbr f; = x4+ yZ petet-
Ka A, TOCTpOEHAa HA eJMHUYHOM KBaJpare
(em. puc.1). Tlonywaomascs aas (GopMbi
f, = x> + xy + y* pemerka A, NOCTpPOEHa,
KaK MHOT/Ia TOBOPSAT, Ha MPABUJIBHOM TPEY-
TOJIbHUKE.

YT06bI JTy4Ilie TPEJCTAaBUTD PEIIETKY , HY K-
HO B3SITD MTAPAJLJIEJIOTPAMM, TIOCTPOCHHBIH Ha
BekTOpax pemnepa (puc.3), Tak Ha3bIBAEMBII

Puc. 3

OCHOBHOT APAJLTIETIOTPAMM PEIIETKU, U Pac-
CMOTpeTh pas3GueHue IMIOCKOCTH Ha OCHOB-
HbIE TTAPAJIJIETOTPAMMBI. Y 3JIbI MOIYYeHHO
[apaJlIeIOrPAMMHON CETKU U €CTh PEIIETKA.

OTMETHM, 4TO COOTBETCTBHE MEXK/IY Pere-
paMu ¥ pelieTKaMK OJIHO3HAYHO TOJIbKO B
OJIHY CTOPOHY: Ka)KJIOMYy DeIepy COOTBET-
cTByeT eauMHCTBeHHasi pemietka A . OGpart-
HOE HEBEPHO: B JIaHHOI pemieTke A MOKHO
BBIGPATh GECKOHEYHO MHOT'O IPYTUX PElepoB
TaKUX, YTO MOCTPOCHHAsI HA HUX peIleTKa
comazgaer ¢ A (puc.4). Ocnosnuie mapaie-
JIOTPaMMbl, T.€. MOCTPOCHHBIE Ha perepax
JIAaHHOW peIIeTKu, KaK HeTPY/IHO BU/ETD,

Puc. 4

UMEIOT OJIMHAKOBYIO ILIONIAJb S, MpUYEM
s =ac-b*.B YACTHOCTH, JIJIsI KBA/[PATHOM
pemetku Ay s = 1, a puaa pemerku A, ,
[IOCTPOEHHON Ha IIPABUIbHOM TPEYTOJIbHUKE,
s=4/3 /2 .

[TomuepkHeM, 4To TeopeMa MUHKOBCKOTO O
BBITIYKJIOW TIEHTPAThbHO-CUMMETPUYHONU (hH-
rype § crpaBe[iBa JJs JIOOOH penieTK,
HEe TOJBKO KBaaparHoii. IIpm 3TOM HY:KHO
TOJIBKO 110TPe6OBATh, YTOOI IJIOMIA/b (PUry-
pol s(F)=4s, rae s — maomaab OCHOBHOTO
napaJiiesiorpaMMa JJaHHON PeleTKH.

YnakoBKa MMOCKOCTU Kpyramu

Jlust nonosxkurenstoit popmet f (¥, y) on-
PE/IeTuM ee apughMemuteckui. MUHUMYM 11,
kak minf (x, y) no Bcem ueanm (X, y)#
#(0,0).

PaccMOTPUM TeNepb TEOPETUKO-YNCIO0BYIO
sagady: oas dannou IIKD f(x,y) nyxno
Haimu ee apuhMemunecKui MuNUMyM m; u
gce yenvle peuenus YpasHeHus

f(x,y)=my. (5)

[TepeBenem oty 3aj1a4y HAa reOMETPUYECKHI
a3bik. 1o ¢opme [ maxogum penep (3) u
pemerky As . Torga apudmernyeckuii MuHI-
MyM m; paBeH KBajpary paccrosauus ot O 10
6nmkariiieil Touku pemrerku. Llesbie perte-
Hus ypaBHerus (5) — 9T0 KOOPAUHATBI TOUEK
peteTku, Ommskaimux K O.

Ecom B kaxayio TouKy pemerkn A, mome-
CTUTDb HEHTP KPYTa, PAaJIyc KOTOPOTO paBeH
MOJIOBHHE PACCTOSTHUST JI0 OJimskaiiteii Tou-

1
KHu, T.e. 5 mf, TO HEKOTOpbIE coOce/iHrne

Kpyr# OYyT KacatbCsi, HO HUKAKHUe KPYT'H He
O6ynyT mepexpbiBaThcs. CHCTEMBI MMOMAPHO
HeIIePEeKPBIBAIOIINXCS KPYTOB HA3bIBAIOTCS
ynaxoskamu. Tax Kak B JaHHOM CJIydae
IEHTPBI KPYTroB 06pasyIloT pelieTKy, Takas
yIaKoBKa Ha3biBaeTcs pernieryaToit. [Ipuyem

pajuyc Kpyros 7; = %,/mf — MaKCHMaJIbHO

BO3MOXKHBIN JIJIT TAaHHOW PENIeTKH, TaK Kak
J060e yBeJIMYeHne Pajinyca BeJAeT K TOMY,
YTO COCEHNE KPYTH HAYHYT MEPEKPBIBATHCS.

KakoBa f01s1 TIJIOCKOCTH, TTOKPBITOH KPY-
TaMu pajmyca rf? ITa [0, NN, KaK TOBO-
PAT, NIOMHOCTD Sf pereTyaTol yrmakoBKH,
paBHA OTHOIIEHWIO TJIOMAAN Kpyra K ILJIO-
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ma/jn Sf OCHOBHOTO ITapaJijiejiorpaMMma pe-
IHeTKM:

wrf
8 =—. (6)
S
B wactHOCTH, ecJii TIEHTPBI KPYTOB 00Pa3yioT
T

KBaJpaTHYIO penietky A, To & ="

=0,7853... B cuyuae mpaBUJIbHON TpEy-
TOJIBHON penieTku A, TJIOTHOCTH YITAKOBKU
Gouipiiie: O, = n/(2\/§) =0,9068...
Herpyano mokasaTh Mpu HOMOIIH YHCTO
reOMEeTPUYECKUX CPEJCTB, YTO CPEe/U PelIeT-
YATBIX YITAKOBOK ILJIOCKOCTH KPYTaMu ILIOT-
HEWIast yIMaKOBKa JOCTUTAETCS UMEHHO Ha
[IPABUJIBHON TPEYTOJIbHON pereTKe A .

MnoTHeNwe ynakoBKU MPOCTPAHCTBA
wapamu

MpbI noJlonIM K HavaJsly JOporu, Beayleit
K O/THOM M3 IIEHTPAJbHBIX 33/1a4 BCeil reoMeT-
pUHU YKCes: KaK HallTH caMylo IJIOTHYIO pe-
HIETYATYIO YIIAKOBKY MHOIOMEPHOIO IIpO-
CTPAHCTBA paBHbIMM Ilapamu. KcraTtu, ara
3a/1ava, M3BECTHAs /I TJIOCKOCTH W TIPO-
cTpaHCTBa elie co BpeMeH /lpesHeil ['perti,
SIBJISIETCST aKTyaJdbHOH M JIsT GOJBIINX pas-
MEpHOCTel 3-3a ee CBSI3U C 33J[auaMy KOJI-
POBaHUS.

Haunnas ¢ pa6oror Besmkoro K.d.Taycca
BILJIOTH /IO HAIIEr0 BPEMEHU ILJIOTHEHIIe
pelerTyarbie YIAKOBKU GbLIN HANJEHDI TOJIb-
Ko /7151 pasmeprocteit d <8 u d = 24.

K cosxanennio, MeToibl HaX03K/1€HUS [1J10T-
HeHINX YyIAKOBOK B IPOCTPAHCTBAX MaJIbIX
pa3MepHOCTell TmepectalT «paboTaTby s
60JIBIINX pa3MepHocTeil. VHTyWIHs, BbIpa-
60TaHHAs B TPEXMEPHOM IIPOCTPAHCTBE, OKa-
3bIBAETCST GECCUIBHOI 1O OTHOTIEHUIO K ATOM
3ajiave 71T TPOCTPAHCTB GOJBIINX pas3Mep-
HocTeil. VckpeHHe yaWBJISIET, HACKOJIbBKO
CUJIHbHO MAKCUMATbHAS TIJIOTHOCTD YIAKOBKU
MIPOCTPAHCTBA MAPOB YObIBAET B 3aBUCUMOC-
TH OT Pa3MEpPHOCTH TPOCTpaHcTBa. Tak, Ha
IJIOCKOCTH MaKCHUMaJibHas IJIOTHOCTDb yIia-
koBku KpyroB pasuHa 0,9069... B tpexmep-
HOM IIPOCTPAHCTBE MaKCUMaJIbHas [IJIOTHOCTDb
ynaxkoBku 1mapoB pasHa 0,7404..., B 8-mep-
HoMm — 0,2536... B 24-MepHOM 1IpOCTpaHCTBE
MaKCHMaJIbHAS MJIOTHOCTD YIAKOBKU — TOJIb-
ko 0,0019...! /Ipyrumu caoBamu, HUKaKas
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VIIAKOBKa 24-MepHBIX [IAPOB HE MOKET 3aHH-
Matb gaxke 0,2% mpocrpancTsal

PaboTta BopoHoro o6 ynakoBkax LUapoB

Boponomy ynanoch co3gaTb MeTO/l HaXOXK-
JIeHus TJIOTHednell penieTyaToil yrnakoBKH
d-MepHOTO TIPOCTPAHCTBA PABHBIMU IIIAPAMU
JUIs1 110607 pasMepHOCTH.

g sroro Boponoii paccMoTpes KOHYC
[IK®, cocrosamuii u3 Touek, IpeicTaBJIsio-
MIUX TIOJIOKUTETbHBIE KBaJpaTHdHble (Hop-
MbI OT d TIepeMeHHBbIX. Pa3MepHOCTb 3TOTO
KOHyCa paBHA 4YHCIy KO3(DPUINEHTOB
d(d+1) .

— B KBaJIpatu4Hoii ¢popme.

Cpemn ¢opm konyca Boponoii Bbizeans
cosepniennbie (opmbi. Coepiiennasg ¢Gop-
mMa — 310 IIK®, umeromas cTojIb MHOTO
apudmMeTnieckuX MUHUMYMOB, UTO ee K0a(-
dunmentsl 3aa0tcs KoopauHatamu (X, )
ATHX MUHUMYMOB OZIHO3HAUHO (¢ TOYHOCTBIO
JI0 OGIIEr0 MHOKUTEJIS) .

Hanpumep, dopma  fi(x, y) = 2> + y°
uMeeT JIBe Tapbl apudMeTHIECKUX MUHUMY-
MoB *(1,0) u £(0,1) u He sBaseTca cosep-
mennoii. Dopma f, (x, y) = &° + xy + y* uve-
eT TpU 1apbl apudMeTHyecKuX MUHUMYMOB
+(1,0), £(0,1) u +(-1,1). Ilo atum Tpem
napam dopma f, (x, ) onpeaensiercs oaHo-
3HauHO (C TOYHOCTBIO JI0 OOILIETO MHOKUTE-
as1), 1.e. dopma f,(x, y) saBaserca cosep-
MIECHHOT.

Boponoii noayuusa a8 coBeplIeHHBIX
¢opm Tpu pesyibrata. Bo-mepBbIX, OH [10-
kasas, yto ¢dopma, oTBevaloliasg IJIOTHelH-
el yrakoBKe, sBJseTcs coBeplieHHoi. Bo-
BTOPBIX, OH YCTaHOBWJI, YTO COBEPIIECHHBIX
¢dopM OT [JaHHOrO 4YuCJa IIePEMEHHBIX —
KoHeuHoe yucJyo. Y camoe rjaBHoe, B-Tpe-
TbUX, BOpPOHON NpEeIOKII METOJ HaXO0XK-
JIEHUST BCEX COBEPIIEHHBIX (opM. ITOT Me-
TOJl OTIMPAeTCsd Ha TaKk Ha3bIBAeMbI COBEp-
IIIEHHBIN TIOJN3/P, BECbMa CJOXKHBIH MHOTO-
MEpPHBbI MHOTOTPaHHUK, BBe/leHHBbII Bopo-
ubiM. B mpunmune, naitinsg merogom Bopo-
HOTO Bce coBepleHHbie (hOPMbI, MOKHO BbI-
YHICJAUTD IJIOTHOCTU [IJII KOHEYHOTO YHCJIA
COOTBETCTBYIOIIMX YIIAKOBOK M BBIJIEJHTD TE,
KOTOPbIE OTBEYAIOT MaKCHMaJbHOMY 3Ha-
YEHHUIO.
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Xorst npuMeHeHne Metojia BopoHOro st
GOJIBIINX PA3MEPHOCTEH CBSI3AHO C OTPOMHBI-
M BbIYMCJIEHUSIMU, KOTOPBIE TPY/IHO Peaiu-
30BaTb /[a’Ke HA COBPEMEHHBIX BBIYHUCIUTE -
HBIX MallnHax, MeTo/ Boponoro 6bu1 1 ocra-
eTCsl e[IMHCTBEHHBIM METO/IOM PEIeHus 9TON
3a/1aul, KOTOPDIN FOANTCS [IJIsl TPOCTPAHCTB
J060# pa3MepHOCTH.

Mapannenosapbi

[Mocreaamii memyap BopoHoro, Kak GbLIO
CKa3aHO, TIOCBSIIEH TEOPUH TapPaJIIeT03]-
poB. Ilapannes030p — 310 BBITYKJIbII MHOTO-
IPAHHUK, KOMUSMHU KOTOPOTO, TTPUKJIAIbIBA-
€MbIMU /JIpPYT K APYry IO HEJIbIM TpaHAM,
MOJKHO 3AaMOJHHUTH [IPOCTPAHCTBO 6€3 IIpo-
IIyCKOB ¥ TIOMAapHbBIX IePEKPBITHIL; IPU 3TOM
[Pe/I0JIAraeTcsi, 4YTO Mapasiesodpbl He
TOJIBKO KOHTPYSHTHBI, HO ¥ IapaJsijiebHbI
JIPYT IPYTY, T.€. MOJYYaroTcs APYT U3 ApyTra
MapasyieTbHBIMI TIePEHOCAMM.

B cuty mapasieTbHOCTH MHOTOTPAHHUKOB
JIPYT [IPYTY W UX TIPUJIETaHWUS TIO IIeJbIM
TPaHsAM, KaK/Ias TPaHb Mapasiiesodipa uMe-
€T PaBHYIO U TAPAJJIEIbHYIO €if TTPOTHBOIIO-
JIoHYI0 rpab. OTciofa I Ha3BaHUe Mapa-
JIeTT03/Ip, T.€. MapajIeJJoTPaHHUK, KOTOpPOe
nan UM Beqawkuil kpucramiorpad Esrpad
Crenanosuu @eznopos (1857-1919). Meno-
POB HayvaJl U3ydaTh mapasienodapsl B 1885
rojly M3-3a UX 3HAYUMOCTH B KPHCTAJLIOTPaA-
¢un. eficTBuTesbHO, pazéreHne MpocTpaH-
CTBA Ha TAPAJIJIET03/PbI XOPOIIO MOJETIPY-
€T CTPYKTYPY KPHCTAJIa, KOTOpas, KakK n3-
BECTHO, TTEPHOINUECKAS B TPEX N3MEPEHUSX.

JIByMepHbBIIl aHAJOT MapasienospoB Ha-
3BIBAIOT napaiienozonom. llapanaenoron —
3TO BBITYKJIbI MHOTOYTOJBHUK, TAPaJIIeb-
HBIMH KOTIHSAME KOTOPOTO MOKHO 3aMOCTHUTD
IJIOCKOCTD, IIpUJarasd UX Jpyr K JApyry Io
1es1bIM cTropoHaM. IlosToMy napasiesoron —
9TO MHOTOYTOJIbHUK C YETHBIM YHCJOM CTO-
POH, Y KOTOPOTO Ka)K/[asi CTOPOHA MMeeT
PaBHYIO W MapajuleIbHyTo Tapy.

[Tapasenoron, Kak JIeTKO TTOKa3aTh, SIBJISI-
eTcsl ITeHTPaJbHO-CUMMETPUYHBIM MHOTO-
YTOJIBHUKOM € 4eThIpbMsi cTopoHamu (T.e.
[apaJLIeIorpaMMOM) UJIH € IIECThIO CTOPO-
Hamu. Jlerko BuzeTh, 4To BepHO 1 06paTHOE:
JO60H TIEHTPATBHO-CUMMETPUYHBINT MHOTO-
YTOJIbHUK OTHOTO N3 3TUX ABYX TUIIOB (‘IETI)I-

PEXYTOJNBHUK MM MECTUYTOTbHUK) ABJISET-
Cs1 TIapaJIJIeIOrOHOM.

Bce THIIBI TpEXMEPHBIX MAPAJIeI09/IPOB, a
UX 0Ka3aJI0Ch MATh, 6bLIN Haiiners Deropo-
BbIM (puc.5; em. Takxe «Kaneiimockon «Kpan-
ta»). Ha pucynke 5 durypa I — xy6, II —
nrecTuyroJibHas mpusma, 111 — pombooexa-
anp, IV — BeitanayTHIN nomexasap, V — yce-
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yeHHbI OKTasap. Ha camom nene, TouHee
6b1J10 GbI TOBOPUTD 3/IECH HE O TISITH MapaJiie-
JIO3/IpaxX, a O MATH KOMOWMHATOPHBIX THUIAX
napaJienosnpos. Kak mokasamu poccuiic-
kue marematukn A.J[. Anekcangpos (1912—
1999) u B.A.Benkos (1900—1964), xax/blit
TAT TIOMMMO YKa3aHHOTO MapaJsiesod/pa
COJIEPKUT MHOTOTPAHHUKH, YCTPOEHHBIE TOY-
HO TaK ke, KaK W YKa3aHHbII MTPeICTaBUTE b,
Yy KOTOPBIX, MOJYEePKHEM, BCe T'DaHU IIEHT-
PaJIbHO-CUMMETPUYHbI.

JTO O3HAYaeT, HAIpHUMeEp, YTOo B TUO |
mOMHUMO Ky6a BXO/IST TAKXKe U BCe IapaJiie-
Jgenunenbl. A B tun Il BXoasT Bce NpU3MbI €
[EHTPAJIbHO-CUMMETPUYHBIMU  [IECTUYTOJIb-
HBIMU OCHOBAaHUSIMU U GOKOBBIMHU T'DaHSIMMU-
napaJesorpaMMaMi.

Puc. 5
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[Ipu BbIBOZIE BCEX MATH THIIOB TapaJsijie-
J1091poB DeoPOB Mpeoara, YTo mapas-
Je0a[p — 06s3aTeNbHO IEeHTPAIbHO-CUM-
MeTpu4HbIil. HecMoTpst Ha uMeBIecs apry-
MEHTBI B [T0JIb3Y 9TOTO IMIPETIONIOKEHHS, CTPO-
roro jokasarejbcrBa y DemopoBa He GbLIO.
B orsmume ot AByXMepHOTO caydasi, JoKasa-
TEJbCTBO IEHTPAJBHON CUMMETPUIHOCTU
TPEXMEPHOTO TTAPAJLIET0IAPA HE TAK ITPOCTO.

I'.Munkosckuii mocsie pa6orsr DegopoBa
0 MAapaJsienodipax 3auHTEPeCcOBAJICS ITUM
KJIaCCOM MHOTOI'DAHHUKOB, MPUYEM IIPOU3-
BOJIbHOI pasMmepHocTu. [lombiTka g0Ka3aTh
LEHTPATbHYIO CUMMETPUYHOCTD HapPaJLIeso-
aipa mpuBeja MHHKOBCKOTO K OTKDBITHIO
OJTHOI W3 CaMbIX TPEKPACHBIX TEOPEM B Te-
OpHUH BBIMYKJIBIX MHOTOTPDAHHUKOB — TEOpe-
MBI O CyIIECTBOBAHUY ¥ €ANHCTBEHHOCTU BbI-
MyKJOr0 MHOTOTPAaHHWKA C JaHHBIMH Ha-
MpaBJIEHUSIME TPaHell u uX mromansMu. M3
3TOM CJIOXKHO JJOKa3bIBaeMoil TeopeMbl MuH-
KOBCKUI JIEFKO BBIBEJ CJIEYIOIIne TepBble
JIBA CBOWCTBA MapaJIeaod/[pOB, K KOTOPHIM
nosxe Obio poGasieno tperve (B.H. de-
JIOHE):

1) naparnenoadp — uenmparvro-cummem-
PUUNDITL MHO202DAHHUK

2) 6ce epanu napariesod0pa — ueHmpaiv-
HO-CUMMEMPUUNDIE MHO20Y20TbHUKU;

3) npoexyus naparnenosdpa 600ab a1060-
20 €20 pebpa na NepneHoUKYIIPHYIO K HeMy
NAOCKOCM® ecmy AUOO NAPAAIET0ZDAMM,
AUOO UEHMPATLHO-CUMMEMPUUHBLTL WECTNU-
Y20IHUK.

IIpuyem Bce Tpu CBOICTBA BEPHBI [
napaJsiienosipos Jioboii paszmeproctu. Pa-
3yMeeTcs, [T apaJiiesiod[poB pa3MepHOC-
™ d >4 cBoiicTBa 2) U 3) JO/KHDBI ObITh
oTpesakTupoBanbl. Tak, B ycJa0BUM 2) J10JIK-
HO OBITb: «BCe TpaHu pasmepHocT d — 1 —
[EHTPAJbHO-CUMMETPUYHBIE MHOTOTPAHHU-
KHM»; a B yCJOBHU 3) Pedb JOJKHA UATH O
MIPOEKIINH TIapaJlJIesIod/ipa B/0JIb JI060H ero
(d —2)-MepHOIl TpaHH Ha IEPIEHINKYISP-
HYyI0 K Hel IJIOCKOCTb.

3HaunuTtenabHo mo3xe, B 19534 romy,
b.A.BeHkoB sokasaJji, 4TO 3TH TPU YCJIOBUS
SIBJISIIOTCST HE TOJIBKO HEOOXOAUMBIMU, HO U
JIOCTaTOYHBIMU: JTIO60I1 BBIMYKJIbI MHOTO-
IPAHHUK, YIOBJETBOPSIONIUIT yCIOBUIM
1)=3), ABJIgeTCA MapaJLIeI03APOM.

2019/Nel

Mapanneno>ppbl BopoHoro

Kak ycrpoenbl Inapasienodjipbl B Ipo-
CTPAHCTBaX MPON3BOJIbHON pagMepHocTH? Kak
HalTH BCe MapaJljieIod/Ipbl, TOUHEE BCE KOM-
OUHATOPHBIE THUIIBI MAPAJLIET0/IPOB?

NmenHo atoit mpobieMe ObLI TOCBSIIEH
nocsaennnit memyap Boponoro. B nem I'eop-
ruit Meo10CheBUY MOCTPOUT TEOPUIO TTapaJ-
JIEJIO3/IPOB 0COO0TO BHUJIA, HA3BIBAEMDBIX Te-
nepb napaJienosapamMu BopoHoro.

[lycts A — mpoussosibHas pererka (puc.
6,a). Obaacmwvio Boponoezo nannoit Toukn A
B penieTke A Ha3blBaeTCs MHOMKECTBO Vy

a) 6)

. AN
S e
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Avivivavaa VAl

Puc. 6

Bcex Touek X MJIOCKOCTH, KOTOPbIe HAXO/IST-
csa or Toukn A€ A He pgajibiie, 4eM OT
OCTaJIbHBIX TOYEK B permeTku A:

|XA| < |XB| nnsascex Be A, B#A.

Jlyist Toro uTO6BI TOCTPOUTH 061acTh BopoHo-
TO, B TMPUHIUIE HYKHO COEJMHUTDH JTAHHYIO
TOuKy A ¢ Kax 1011 TOukoil B € A unpoBecTu
CPEIMHHBIN MEPIEHNKY ISP K 0TpesKy [AB].
CpennHHBIN TEpHeHANKYIAP JeJUT TII0C-
KOCTh Ha [[B€ MOJyTIOCKOCcTH. Iloytroc-
KOCTB, COZIepIKaIast TOUKy A, COCTOUT U3 Tex
To4YeK X TIJTOCKOCTH, KOTOPBIE PACIIOJIOKEHDI
K A 6mmxe, ueM Kk B. Ta 4yacTh IJIOCKOCTH,
KOTOpas TPHUHA/JIEKUT BCEM TAKUM TIOJIY-
ockocTsiM (Tepecevene oy I0CKoCTei ),
u ectb o6aactb Bopownoro s toukn A.
CoruiacHo otmpe/iesienuio, obaactb Bopono-
ro ecTb rnepeceyenne GECKOHEUHOrO YHCJIA
MOJIYTLIIOCKOCTEH. B /1eiicTBUTeIbHOCTH JKe B
noctpoeHnu o6gacti BopoHOro ydacTBYyIOT
JIMITb KOHEYHOE YUCJIO CPEIMHHBIX IePIeH-
JINKYJITPOB, COOTBETCTBYIONIUX OTHOCHTETh-
HO 6sm3kUM K A Toukam B u3 A. [Ipyrumun
ciaoBamu, o6saactb Bopororo V), ecTb BBI-
MYKJIBIIl MHOTOYTOJIbHUK, 0OPA30BAHHBIIL He-
CKOJIbKIMU CPEMHHBIMU MEPIEeH/IUKYIIPa-
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mu. Ecsin moctpouts Tenepb o6sactb Bopo-
Horo Vp /g KaxJoi Touku B perieTkn A,
TO OYEBH/IHO [IOJIYYUM PaBHbIE U [TapaJljieb-
HbIe JIPYT APYrYy MHOTOYTOJbHUKHU, KOTOPbIE
3aTIOTHSIOT TIJIOCKOCTh 6e3 TIPOITYyCKOB M Tie-
pexpsitnii (prc.6,6).

Taxnm 06pa3oM, COTJIACHO OTIPEIEJICHNUIO,
o6acth BOpoHOTrO TOUYKM [JisT pemieTku Ha
TJIOCKOCTH €CTh Trapajuiesoron. CoBepliieH-
HO AHAJIOTUYHO, [IJIS PElIeTKH B MPOCTPaH-
cTBe 06J1acTh BOpPOHOTO €CTb TpeXMepHbIit
MHOTOTPAHHUK — IapaJijiesiod/lp, Ha3bIBae-
MBIl B Hallle BpeMsl napaiies030pom Bopo-
HO20.

Hano ckasatp, uto ujes obaactu Boponoro
JUISL IUCKPETHBIX MHOXKECTB BOCXO/IUT K Bpe-
menam Jlekapra (1596-1650). B XIX Beke
KOHIIeMIIo 061acTit BopoHOTO B AByMEpHOM
cJlydyae aKTUBHO MCIIOJIb30BaJl 3HAMEHUTBIN
HeMelKnil MateMatuk /[upuxie u Ha TPOTS-
JKeHUN 6oJiee BeKa 3T 06JIacTH Ha3bIBAINCDH
obnactsamu [lupuxae. Ho cambre riy6okue
pe3yabTaThl 06 ATUX 00JIACTSX, IPUYEM [
[IPOU3BOJIBHOI Pa3MepHOCTH, GbLIN MOJTyYe-
ubl ['.D.BoponbiM, 1 B HACTOSIIEE BPEMS 3TH
006J1aCTH HA3BIBAIOT B €TI0 YeCTb.

HeBo3MoxxHO B paMKax CTaTbU OIUCATb
TEOPHIO MapaJlJIeI03/1pOB, OoCTpoeHHyIo Bo-
poubiM. CkaskeM, 4TO OHa, B 4YaCTHOCTH,
COJIEP>KUT METOJl HaXOXK/JECHUS BCeX THUIIOB
napaJiiesiosipoB Boponoro jist mo6oit pas-
MepHocTH. Kak cooTHocuTCS pelneHne aToi
6oJiee Y3KOH 3a/lauil K 3ajiaue HaXOXK/CHS
TUIIOB BCEX MapaJlJIeI03pOB BOOOIIE?

[lesio B TOM, YTO He KaXK/IbIil TApaJIIes 03/[p
saBJigeTcs napaJuenospom BopoHoro. Tak,
cpeiu TapasiesyorpaMMOB TOJIBKO ITPSIMO-
YTOJIbHUKH SIBJIsTIOTCs obJactsiMu Boponoro
(puc.7,a). TleHTPaTbHO-CUMMETPUYHBIN TITe-
CTHYTOJIBHUK sIBJIsIeTCsT 06y1acTbio BopoHoro
TOr/la U TOJIbKO TOrJa, KOr/la OH BIIMCAH B
okpyskroctb (puc.7,6). Tem He Menee, /st

a) ! 6)

dBIN
L/

Puc. 7

npocTpaHcTs pasmepuoctn d = 2, 3 u 4
Hal/IeHbl BCe TUIIBI MapaJiieaosapoB. Yucao
THUIIOB JIJISI TUX Pa3MEPHOCTEN paBHO 2, 5 U
52 COOTBETCTBEHHO, IMPUYEM YCTAHOBJEHO,
YTO Ka)KJABIH W3 9TUX THUIIOB MOKET ObITh
peanm3oBaH Kak o6sactb BopoHoro.

lFeopruit MeoocheBUY TPEATIONOKII, YTO
3TO BEPHO [IJIS TTAPAJLIEI03POB J060I pas-
MepHOCTHU d, T.e. JI0OO0I TTapaJIIeodap pas-
MepHOCTU d YCTPOEH TaK e, KaK HEKOTOPbII
napaJuiesnosap Bopownoro.

[ Tex, KTo 3HAKOM ¢ moHATHeM ad-
¢unHOrO TIPEO6PA30BAHYIS, YTOUHUM CMBICJI
runoTe3bl BopoHOTo: /17151 BCSIKOTO MapaJiie-
Jo3/ipa cyiectByeT addunHoe mpeobpaso-
BaHUE, KOTOPOE TEPEBOJUT ITOT MapaJiie-
JIO3/IP B HEKOTOPBIN TapaJiesnodp Bopo-
HOTO.

Ecou rumoresa moaTBEpAMTCS, TO METO
Boponoro, mpu TOMONM KOTOPOTO MOXKHO
MEPEYNCIUTh BCE THIIBI TTaPaJIJIe 0 [POB
Boponoro, pelaer Tak:ke BOIIPOC U O Tiepe-
YUCJEHUN TUIIOB BCEX MapaJiiesios[pOB BO-
oo6me. Ecam ke runoreza Bopornoro HeBep-
Ha, To oOIas 1mpobJemMa OIUCAHUST BCEX Ta-
PAJLIIETI03/IPOB OCTAETCST OTKPBITOM.

ITOi TUTIOTE3€e TIOCBSIIEHA 3HAYNTENbHAS
yacTb Memyapa Bopomnoro. B uwacrhocTtH, B
HeM Boponoit fokasas runoresy /sl OUYeHb
BAJKHOTO KJIACCa TapaJsIesod/[poB, TaK Ha3bl-
BAaEeMbIX MPUMHUTHBHBIX.

OpHako, HECMOTPST Ha YCHJIUS MHOTHX
MaTeMaTUKOB, TTPOGJEMa OCTAETCS HEPEIeH-
HOIi Ha TIPOTSKEHUN BeKa JIJIs1 BCeX pa3Mmep-
HOCTel d > 5. 3arajiouHoe Ha TIePBbII B3TJIST
ynomuHanue B «Kasneiizockomne «Kpanras o
«ne meHee 110244» tunax naTUMEpPHBIX Ta-
PaJLIIEI03/IPOB 03HAYAET, UTO, C OJIHOM CTOPO-
Hbl, Halizienn! Bce 110244 tuna naTuMepHbIX
napaJiesnosipos Boponoro. A ¢ fpyroii cro-
POHBI, BCEX TUIIOB MOKET ObITh U GOJIbIIeE,
TaK Kak He W3BECTHO, €CTh JIU elle KakKue-
Ju6o TATHUMEPHBIE TapaJIeJo3Phl WHOTO
CTPOCHUS.

Ha nytu pemenusi mpobsembl Boponoit
MPEJIJIOKU  COBEPHIEHHO 3aMedyaTeJbHYI0
KOHCTPYKIIMIO — TaK Ha3bIBAEMbIH <«IIObEM
jquarpamMmbl BopoHoro Ha mapa6oJion/is.

Ilyetp ¥ — mUCKpeTHOE MHOKECTBO TOUYEK
Ha TIJIOCKOCTH (x, y) U HaM HYKHO ITOCTPO-
UTh «Juarpammy Boponoros», T.e. ceTKy u3
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o6.1acreii BOPOHOTO OTHOCHUTENIBHO 9TUX TO-
gek. Paccmorpum dyukmuio z(x, y) =
=22+ 4%

Ee rpadukom Gy/ieT NOBEPXHOCTD — Mapa-
GOJION/I BpAIEHHsI, KOTOPBIl MOJTydaeTcst
BpaleHueM mapaloJbl BOKPYT CBOEH OCH.
«IToganmem» Kaxayio Touky X u3 A Ha
mapabosionsi. [IpoBeseM B KaX/0# <«MOIHS-
TOl» Touke X' TIOCKOCTD, KACATEIbHYIO K
napa6osony. Kacare/bHbie MI0CKOCTH Bbi-
pe3aloT MHOTOTPAHHMK, ONMCAHHBII OKOJIO
napa6osonga (puc.8). Boponoil samerw,
UTO €CJIM CIIPOEKTUPOBATH ATOT MHOTOTPAH-
HUK Ha IUIOCKOCTb, TO MPOEKIMU TpaHeii
coBraaior ¢ obaactsamu Boponoro. Tem ca-
MbIM, 3ajlaua MOCTPOEeHHUsT AuarpaMmbl Bopo-
HOTO [IJIs JIAaHHOTO MHOKECTBA CBOJAWTCS K
[OCTPOEHUIO BBIMYKJIOTO0 MHOTOIPaHHUKA.
ITOT MOAXO/I HIUPOKO UCIIOIb3YETCSI B COBPE-

2019/Nel

Puc. 9

— Kax/10i obaact Boponoro V, coorser-
CTBYyeT BeplnHa paséuenus /lesone, KoTo-
pas aBsercs 1MeHTpoM A artoil o6sacTu;

— pebpy e quarpaMmMbl Boponoro, paszgeis-
fomemy obsactu V, um Vp, COOTBETCTBYeET
pebpo AB B pazbuenuu [lenone;

— BeplIuHe v B uarpamMmme Boponoro coot-
BeTCTBYeT Aveiika /lesioHe, BepUIMHBI KOTO-
poii cyTb TeHTPBI obJacTeir Boponoro, cxo-
JUIINAXCS B 0.

Puc. 8

MEHHON BBIYUCIUTENbHONW TeOMETPUI U KOM-
MBIOTEPHOI rpaduke.

3ameTnM, uTo Auarpamma Bopororo TecHo
CBSI3aHA C JIPYTOI BayKHOMN CETKOI — pa3bue-
nuem Jenone (puc.9). Hamomuum, 4T0 pas-
Ouenue /leloHe IJIOCKOCTU TaK:Ke OJHO3HAY-
HO 3ajjaeTcss MHOecTBOM X (cM. cTarbio
«Mmuororpannsbiit /lesone» B «KBante» Net,
2322010 1.). Mesxay nuarpammoii Bopono-
ro n pasbuenueM /[leoHe MMeETCsI COOTBET-
CTBUE OYAILHOCTIUL:

PucyHok A.KyqepuHeHko

3axJrio4ast ouepK 00 OTHOM 3 CaMbIX KPYTI-
HBIX MaTEMATHKOB, KOr/a-n60 paboTaBIInX
B TEOPUU YHUCEJI, TOTIEPKHEM, UTO TJIyOOKUE
ngen I'eoprus @eogocbeBnua Boponoro ne
TOJIBKO OKa3bIBAIOT BJIUSIHUE HA COBPEMEH-
HYIO TEOPHUIO YUCEN, HO U UTPAIOT GOJIBIIYIO
POJIb BO MHOTUX HAYKaX U TPUJIOKEHUSIX.



SANJAYHUK «KBAHTA»

3a0a4u
Mo MatemMaTmke 1 Qu3rkKe

10T pasnen Begerca y Hac U3 HOMepPa B HOMEP ¢ MOMEHTa OCHOBaHUS XYy pHana. llybnvkyembie B
HeM 334ayYv HeCTaH[AapTHbI, HO AJIS UX PEeLUeHUs He TPebyercs 3HaHuM, BbIXOASLMX 3a pPaMKu
LUKOJIbHOV POrpamMmbl. Hamnbosnee TpyaHble 3a4a41 oTMeYaroTcs 38e3404kou. lloce gpopmynnposiu
3a4a4n Mbl 06bIYHO YKa3bIBaeM, KTO HAM €€ IPERNIOXU. PazyMeeTcs, He BCe 3T 3aAa4u rybmkyoTcs
BriepBble.

Pewennss 3agay rno marematvke U pusnke U3 3Toro HoOMepa JieqyeT OTrpPaB/isiTb 10 3/1eKTPOH-
HbIM agpecam: math@kvant.ras.ru v phys@kvant.ras.ru cooTBETCTBEHHO WJ/IN 110 MTOYTOBOMY aApPecy:
119296 MockBa, JleHnHckmi npocriekt, 64-A, «KBaHT».

YcnoBus Kaxxpodi opurvHanbHou 3agayqu, npesiaraeMod 4nis nybnavkauyny, BMecte ¢ Bawwwim
peLueHuemM 3Tov 3a8a4yu MpUCbIIauTe 1o TeM XXe aapecam.

3agava M2543 npegnaranace Ha XXIl Kybke namsaru A.H.Konmoroposa, 3agava M2545 - Ha
XIV MexgyHaponHovi XXayTeIKOBCKOVI O/TUMITNAAE.

3apaun M2542-M2545, ®2549-d2552

M2542. Kysneunk HaunHaeT JBUKEHUE B
JIeBOiT BepxHell KieTke kBajpara 10 x10. On
MOJKET TMPBITaTh HAa OJIHY KJETKY BHU3 WJIN
BrpaBo. Kpome TOro, Ky3HEUMK MOMKET W3
KJIETKW HUXKHEH CTPOKW TepesieTeTb B HEKO-
TOPYIO KJETKY BepXHell CTPOKH, a U3 KJIETKN
KpaifHero mpaBoro cToJ0Ia TepeseTeTh B
HEKOTOPYIO KJIETKY KPAITHero JieBOro croJib6-
na. /lokaxkure, 4TO Ky3HEUNKY MOHAOOUTCS
He MeHee 9 TiepesieToB, YTOObI OOBIBATD Ha
KasK/JON KJETKe KBajpara XOTsi Obl 110 OJIHO-
My pasy.
H.Bnacosa
M2543. B gecarnunon 3anucu uncea A nu B
mo 2019 mudp. B uncae A posHo 12 nudp
OTJIMYHBI OT HYJIS: MIITh CAMBIX JIEBBIX U CEMb
caMbIX TIpaBbIX. B uncse B poBHo 14 nudp
OTJINYHBI OT HYJISI: TATb CaMbIX JIEBBIX WU
JIEBATH CaMbIX TpaBbiX. [lokaxure, uTo B
JIECATUYHON 3ammucu HaumOoJIbIIero oO6IIero
nemurenst A u B He 6onee 14 nudp.
JI.Camotinos

M2544. Tlyctp

P(x)=x"+ax"" +ax"? +.. . +a, x+a,

— MHOTOYJIEH CTEIIEHH 17, IMEIOIHNii 12 KOpHei,
aexkamux Ha unrepsaste (0;1). lokaxure,
4TO JUIA Kaskaoro kR = 1, 2, ..., n BBIITOJHEHO

HEpPaBeHCTBO
(1) (ay + apyy +...+a,)> 0.

H.Cagpasu (Hpan)

M2545. Ha croponax AB, BC u CA Tpe-

yrosbanKa ABC cOOTBETCTBEHHO B34ThI TOU-

ku N, K n L Ttax, yto AL = BK, a CN —
6uccekrpuca yraa ACB (puc.1). Orpeskn

o=

A
Puc. 1

Z4
Sy

AK u BL niepecexaiorcst B Touke P. O603Ha-
yuM uepe3 [ 1 J eHTPbI BIUCAHHBIX OKPYXK-
Hocreil TpeyroabHukoB APL u BPK coorset-
crenno. Ilycrb Q — Touka IepecedeHus
npsambix CN u 1. [lokaxxute, uyto IP = JQ.

M. Kynzoxun

®2549. Pakera Hey/jauyHO CTAPTOBAJIA C I10-
BepxHocTH JIyHbI. Omna aBUrajgach ¢ IOCTO-
SHHBIM ycKopeHueMm a = 10 M/ c? CTPOTO Bep-
TuKaJgbHo B Teuenue t = 200 ¢, a 3arem
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JBUTaTesqn Tepecraan paborarb. Ha kaxoe
MaKCUMAaJIbHOE PACCTOSTHUE S OT MOBEPXHOC-
i Jlynubr ynamures pakera? Pammyc Jlynbr
Ry = 2,5 TbIC.KM, yCcKOpeHHE CBOGOIHOTO
majeHnss BOAW3W ToOBepXHOCTH JIyHBI
gn =16 M/ .

A.Mopos

®2550. He momxaTast o1HOpPOIHAS TIPYIKU-
Ha uMeer juuny L, KOTopas MHoro 6oJibiie
nuamerpa D ee ButkoB. [{uamerp D, B cBOIO
ovepe/ib, MHOTO GOJIbIIE TUAMETPA ITPOBOJIO-
KI, U3 KOTOPOU c/leJlaHa IIPy»KUHa. JTa Ipy-
JKIHA UMEET 5KeCTKOCTh Ha pacTsbkenue (niu
ckarue) k. OfHAKO PacTATHBATHCS TaKast
[IpY>KMHA HE MOXKET, TaK KaK BHYTpb Hee
ToMelieHa HepacTspkuMas THOKas HUTh, a
BOT M3ru0aThCst MOXKET. [Ipy:KuHy H30THY N
Tak, 4TO ee KOHIIEBbIe BUTKU COMPHUKOCHY-
JINCD, T.e. MPYKUHY CBEPHYJHU B KOJBIIO.
Kakyio pa6oTy NpHUIILIOCH COBEPIIUTD JIJist
3TOTO0?

H.To0

®2551. Koadpdunument tpenust maiibbl 0
MJIOCKYIO TIOBEPXHOCTD PaBeH U . Ty MOBEPX-
HOCTD PACIIOJIOKIIIN TaK, YTO OHAa 06pas3yer ¢
TOPU3OHTATDBIO YTOJ O, JAJS KOTOPOTO
tga = u, uzakpenusu. [aii6y, macca KoTo-
poit m, TOJIKHYJU TaK, 4TO BCE €€ TOYKHU
npro6pesin OJMHAKOBYIO HAYAJIbHYIO CKO-
POCTb ¥, HANPABJICHHYIO B/IOJIb HAKJIOHHOI
MTOBEPXHOCTH, TIPUYEM YTOJT @, MEXIy Ha-
IIPaBJIEHIEM HAYAJIbHON CKOPOCTHU ¥ HATIPAB-
JIEHWEM HAMCKOPEHIIIero CIycka 1Mo MoBepX-
HOCTH Takoi, uro cos @, = —0,5. B tor mMo-
MEHT, KOT/Ia YTOJI @ MEXAY HalpaBJIeHIEM
CKOPOCTH JBWKCHUS TMANObI 1 HATIPaBJICHU-
€M HaMCKOPEHIITero CIycKa CTaj TaKuM, 4TO
cos @, = +0,5, maiiba okasanach Ha TOM K€
TOPU30HTAIBHOM yPOBHE, YTO ¥ B MOMEHT
crapra. Kakoe xosimuectBo TernioTsr Q Bbi/ie-
JINJIOCH 3a CYeT TPEeHUsT MeXy Maitboil u
[MOBEPXHOCTBIO K aTOMy MoMeHTYy? KakoBa
JUTMHA L TyTH, KOTOPBIH K 3TOMY MOMEHTY
nporia maiibéa? Kakoit 6yjier ycranoBUBIIA-
scst uepe3 60JIbIIoe BpeMsl CKOPOCTDb O JBH-
SKEHUST MIaiiObI?

C.Hezypouka

®2552. Ctpys Bobl ¢ 06bEMHBIM PACX0IOM
B (M3/C) najiaeT Ha MJIOCKYIO TIOBEPXHOCTD
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nepreHuKysipHo eii. Ilepen compukocHo-
BEHHEM C MOBEPXHOCTBIO BOJIA JIBUXKETCS CO
CKOPOCTBIO 0. Y POBEHD BOJIbI HAa IIOBEPXHOC-
TH Ha GOJIBIIIOM PACCTOSIHUU OT MECTa Iajie-
Hust cTpyu paBeH H. Bomy MOKHO cumTaTh
MaJIoBsA3Koi. Kak 3aBucut paauyc yriayo6Je-
HUST R Ha MOBEPXHOCTU BOBI OT YKA3aAHHBIX
B YCJIOBUY 3a/1aum ntapameTpoB? [Ipn kakom
COOTHOTIIECHWH MEXK/y TapamMeTpamMu yriay0-
JeHne He BosHuKaer? Ha dotorpacdun

T, T = T T

Puc. 2

(puc.2), naiigennoii B unrepuere (http:/ /
staff.civil.uq.edu.au /h.chanson /pictures /
eviergrnd.jpg) , NpUBEEH NPUMEP TAKOrO
STBJTCHTISI.

I1. Aneapcruii

PeweHunsa 3apauy M2530-M2533,
®2537-d2540

M2530. Pemrenue 97101 3ama4n CM. B cTaTbe
«BbicoTbl TpeyroabHUKa U O6PATHBII X0 .

M2531. ITycmv k — namypaivnoe uucio u
I=dy<d <..<d, =4k — ece noroxu-
meavHvle deaumenu uucaa 4k. Joxaxume,
umo wuaudemcsa i€ {l,...,m} maxoe, umo

di_di—1 :2

[IpennosoxuM IPOTUBHOE — HYXKHOTO I He
Hanwtochk. Torma ecom d u d + 2 — penmurenu
uncna 4k, tou d + 1 — Toxxe. 3aMeTuM, 4TO
eciiM @ — JeJMTeNb yKcaa 4k, IpudyeM a He
JIeJINTCA Ha 4, TO 2a — TOXKe JIeJIUTE]Ib YUCIa
4k.

[Tosib3ysich yKa3aHHBIMU CBOICTBAMME, HAYAB
c mapor (1, 2), GyaeMm HaXoauTh y umcaa 4k
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HOBbIE Tapbl Aesmureneii Buga (a, a +1), aus
KOTOPBIX @ ¥ @ + 1 He KpaTHbLI 4.

Iyctb (@, a +1) — mapa gesuresneii uncia 4k,
HU OJIMH U3 KOTOPBIX He geautcs Ha 4. Torga
yucaa 2a m 2a + 2 — TakiKe JIeJUTeN Yucya
4k, asHaunt, u 2a + 1 — geaurens. O6a uncia
2a v 2a + 2 He MOTYT JIe/IUTbCS Ha 4, 109TOMY
B ofiHOIl 3 map (24, 2a +1), (2a +1, 2a +2)
o6a uucsa — geurenn uucaa 4k, He Jesi-
ecs Ha 4.

K HoBoii mape MOXHO NPUMEHUTH ITO Pac-
CyKJeHue cHoBa ¥ T.A. TakuM o6pasoM,
HayaB ¢ mapbl (1,2), Mbl MOMy4nM Mapbl
(2,3), (56), (10,11),... TIpu mepexone k
HOBOII ITape CyMMa YuceJl B TIape YBeJIHYIBa-
eTcsI, TI03TOMY ToJyYaeM 6eCKOHeTHOe MHO-
JKeCTBO JieqnTeieit unca 4k. IlporuBopeune.

H. Mumpogpanos

M2532. Ana u Maxcum uzparom 6 uepy Ha
xaemuamoii docke 100x100. Cuauanra Ans
3anoansem KaAemKu 0OCKU YeAbIMU YUCIAMU
om 1 do 10000 max, umo xaxooe 4ucio
scmpeuaemcsi ho 00nomy pasy. 3amem Max-
cum cmasum GuuiKy Ha 00HYy U3 KJAEMOK
€aMoz0 16020 CMOAOUA NO CEOEMY GLIOOPY.
[anee on 3a neckoavko x0006 nepedsuzaem
Guwry 6 camvii npasvii cmoabey. 3a ooun
X00 oM MOKem nepedsunymv QuuKYy u3
KJAeMKU 8 106 Y10 COCEOHION € Hell NO GePuLiL-
He uau CMopoHe. 3d KaKOY0 NOCEUEHHYIO
kaemxy (exmouas usnavarvnyro) Makcum
naamum Ane maxoe yucio MOHEmM, Komopoe
HANUCano na 3moi kaemxe. Maxcum xouem
3anaamums KaxK MOXHO MeHvue, AHs xe
XOUE NOAYUUMD KAK MOKHO Ooavuue. CKOLb-
Ko moHem 3aniamum Makcum, ecau Kax-
Ovlil u3 nux 6yodem Oeticmeosams HAULYY-
wum s cebs 06pazom?

Otser: 500000.

[Iycte AHS 3amogHWUT TAaGIMIly Tak, Kak
MOKa3aHO Ha pUCyHKe. B so6oM MapiipyTte
(umky oT JIeBOro 70 MPAaBOTO Kpas TOCKU
Jtst Kaokoro 1esioro 1< n <50 B cronbimax
2n — 1 u 2n pomxHbl OBITH ABE KJIETKU,
coce/HIe 110 CTOPOHe uiin Bepiuie. Herpy-
HO BUJ/IETD, YTO CyMMa YHCEJ B TAKUX KJIETKAX
ne menpme 200 (27 —1). Tostomy Makcum

nookeH sammatuth He Menee 200 (1+ 3+
+5+...+ 99) = 500000 momer.

«KBAHTA»

11 200| 201 | 400 | ... |9800(9801({10000
2 1199 202|399 | ... |9799|9802(9999
3 | 198 203 | 398 | ... |9798]|9803(9998
4 | 197 | 204 | 397 | ... [9797|9804|9997
98 | 103 | 298 | 303 | ... |9703] 9898|9903
99 | 102 | 299 | 302 | ... |9702]9899|9902
100 | 101 | 300 | 301 | ... |9701{9900{9901

Temepp JoKaxkeM, 4TO TIpH JIOOOH paccra-
HOBKe MakcuM MOKeT BbIOpaThb MapuipyT
«crouMocThio» He Gosee S00000 moner. Pa-
300beM JJOCKY Ha 50 TOPU30HTATBHBIX MTPSIMO-
yroabuukoB 2x 100 . Torza B kakoM-TO 1ps-
moyroJbauke 1 cymma paccraBjieHHBIX 4u-
1+2+...+10000 _

ceJl He IIPEBOCXOAUT

=1000100. Ilokpacum B kaxaom u3z 100
cTosi61oB npsimoyrosabHuka I Ty u3 aByx
KJIETOK, B KOTOPOI HAaXO/IUTCS MEHbIIIEe YIC-
jo. Ilyerp mMapmipyt dumkn 6yaer mpoxo-
JIITD TI0 TIOKPAIIEHHBIM KJIETKaM, 0003HAYIM
3a S CTOMMOCTbB TaKOTO MapuIpyTa. B kaskmom
cToJI6TIE TIPSIMOyTOIbHIKA ] urcsio B HETOK-
palIeHHo KJeTKe 60JIbIlle YHcJaa B MOKpa-
nieHHoW KJyeTke x0T Ob1 Ha 1. IloaTomy
CyMMa 4mceJ BO BCeX HETTOKPATIECHHBIX KJIET-
Kax TpaMmoyrosbHuka I1 He MeHblle veMm
S + 100. Torma ob6masi cymma uucea B
npsmoyrosbHuke 11 He Menee 25 + 100 u He
6osiee 1000100, otkyzma S < 500000 .
Tem cambIM, UCKOMDbIIT MapIIpyT Haii/leH.
A. Menvuwurxos, JI. I abanoe

M2533". Jan mempasdp. Iycmo a u b —
OMUNBL 08YX NPOMUBONOJIOKHLLX pebep
mempasaopa, a o. u B — seruuunvl 08Yyzpam-
HLLX Y2106 npu Imux pebpax; ¢ u d — 0aunwl
pebep 6 Opyeoi nape npomMuUEONOLOKHHLY
pebep, a Y u & — eeauuunvi 08Y2panbLx
Y206 npu smux pebpax. Jloxaxume, umo
a+b =c+dmozda u moavko mozda, xozoa
a+P=y+9.
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Iepsbiii cnoco6. Cravasa — jiBa 3aMeyaHus.
I. IlenTp cdepnbl, Kacaomeiicss CTOPOH TLJIOC-
KOT'O yTJia, JIEXKUT B IJIOCKOCTH, IIPOXO0/id1eil
yepe3 GUCCEKTPHUCY YIJIa MeprIeH/IuKYIIPHO
ero miaockoctu (puc.1).

II. Ientp cdepsl, Kacaiomuieiicst pebep k, [, m
tpexrpannoro yraa (k, [, m — my4n), nexur
Ha TaKOM JIyde ) ¢ Ha4a/JOM B BEpIINHE YIJIa
(puc.2), uro mmockoctu (kp), (Ip), (mp)

Puc. 2

JIeIAT ABYTpaHHbIe YTJbL @, W, o Tpex-
rpaHHOTO yTJia HA YacTu X, Y; Y, Z; Z, X
(x+y=9, y+z=y, z+x =0, T.e.
-Y+o +yY -0
MR O B )
2 2
oty +o )
5 .
[Toxkaskem, 49TO AT TeTpasapa Kakaoe W3
YTBEPKIEHUHT

z

1) a+b=c+d
nu
(2) o+PB=7y+3

PAaBHOCHJIBHO CJIEIYIOMIEMY :

2019/Nel

(3) cymecrByer cdepa, Kacaromasics: 4eTbl-
pex pebep TeTpas/pa UnH a, b, ¢, d.
Tem campiM Gy/leT JIOKA3aHO, YTO YCJIOBHS
(1) u (2) axBUBaJIeHTHBI. B I0Ka3aTe bcTBaxX
6y/IeM UCIIOJIb30BATh CJeaytolie 0603Hade-
Hus: ABCD — pnaHHbBIN TeTpas/ip; ABYTPaH-
Hble yribl npu pebpax AB = a, CD = b,
BC=c¢,AD=d, AC = e paBunl o, B, v, §,
€ cooTBeTCcTBeHHO; P, Q, R, S — TOuKM Kaca-
uus cepnl ¢ pebpamu AB, BC, CD, AD.
3) = (1) : ecau cywecmsyem cpepa, mo
a+b=c+d. IlockonbKy OTPE3KHU Kacatesb-
HBIX, IPOBE/IEHHBIX K cepe 13 OHON TOUKH,
pasubl (puc.3), o BP = BQ, CO = CR,
DR = DS, AS = AP. 3unauur,
a+b=AB+ CD =AP + BP + CR +
+DR=AS+BQ+ CO+ DS =
=AD + BC=c¢ +d.

(1) = (3):ecmua+b=c+d, mocywecmsy-
em cgepa. Ecim a = ¢, to b = d. B Takom
cayuae tpeyroabaukn ABC n ADC pasHO-
6enpennbie (puc.4). Ecoim M — cepeauna
AC, 1o mirockocts BMD coep:ut Guccex-
tpucbl BM u DM yraos ABC u ADC n
HepHeHINKYIsIPHA UX II0cKocTsM. [1nockue

Puc. 3

yrabl BAD nu BCD cuMMeTpu4Hbl OTHOCH-
TEJIbHO ILJIOCKOCTH BMD, 3HAauuT, MHOKE-
CTBa TOYCK, PABHOY/IAJIEHHBIX OT CTOPOH 3TUX
YIJIOB, IlepeceKkaloT IJ10cKocTb BMD 1o oj-

a

Puc. 4
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HOIT 1 TOH ke TipsiMoit. JI1o6ast Touka HEKOTO-
pOro OTpe3Ka 3TO MPSIMOIl MOKET ObITh
IIEHTPOM HY>KHOI1 cephl.

[IpoBenem mocTpoenne s ciaydas a > C.
Ecin a > ¢, 10 b < d. Ha nyue BA otyioxxum
orpe3ok BK = ¢, a Ha 1yye DA — oTpe3ox
DL = b (puc.5). Ilockonpky a + b =c¢ + d,

D

Puc. 5

nmeeM AK =a —c¢=d — b =AL. 3nauur,
tpeyroabnuku CBK, KAL, LDC paBuoGej-
peHHbIE, a IJIOCKOCTH, TepPIeHANKYISIPHbIE
miockoctsiM yraos CBA, BAD u ADC n
cofiepkariue uX OUCCEKTPUCHI, IMPOXOJAT
Yyepes cepe/InHbI CTOPOH Tpeyrosbanka CKL
MePIEeHUKYJIAPHO 9TUM cTopoHaM. OHU 1ie-
PECeKaroTCst 110 TPsIMOil [, mepreHnKy.Isip-
Hoii mtockocty TpeyrosnbHuka CKL u 1poxo-
nsreii yepes 1eHTp O ero onMcanHon OKPY K-
noctu. Kaskmast rouka rnpsimoit [ paBHoy nasie-
Ha OT PSIMBIX, cojiepskaiiux pebpa AB, BC,
CD, DA rerpasnpa.

BoiGepeM npoun3BobHYIO TOUKY P Ha 0oTpes-
ke BK takyio, uto AP <d. Ilyctp O’ — Touka
nepecevyeHus: IpsMoii [ 1 MJIOCKOCTH, TIPOXO-
ndieit yepes P niepnieniukysnsapuo AB. Cde-
pa c ueurpom O’ u paguycom O'P kacaercs
pebpa AB B touke P. Kak BuiHO U3 110CTpO-
enns, mpsMbix BC, CD n AD oHa KOCHETCS
B TakuxX Toukax Q, R m S, uto BQ = BP,
CR =CQ, AS = AP; 3T TOYKHN OKaXXyTCs HA
caMuxX pebpax, a He Ha WX MPOJOJIKEHUSX
(mposeppTe!).

Cuydaii @ < ¢ paccMaTpUBaeTCS aHAJOTUYHO.
3) = (2): ecau cywecmeyem cehepa, mo
o+ P =v+93. Onycrum u3 earpa O cdepbl
neprerukyasipplt OO;, OO0, , OO;, OO,
narpauu ABC, BCD, ADC, ABD Terpasjipa
(puc.6). ITo Teopeme 0 Tpex TePIeH/NKY JIs-
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pax OP L AB, O,Q L BC, 0,0 L BC,
O,RLCD, O3RLCD, O381AD,
O,S LAD, O,P 1 AB ; 3uauur,

o = ZOPO, + ZOPO,
y = 2000, + 000,
B = ZORO, + ZORO,,

W3 paseHctB tpeyroabHukoB AOO,P =

= AOO1Q, AOOzQ = AOOzR, AOOgR =

=A0O;S , AOO,S = AOO,P nomnyyaem

o+p=

= Z0OPO, + LOPO, + ZORO; + ZORO, =

= Z0Q0; + LOSO; + LOSO5 + LOQO, =
=y+9.

2Q)=3): ecru a+B=y+8, mo cyuwe-
cmeyem cpepa. Pacemorpum iy AT — MHO-
JKeCTBO IeHTPOB cdep, Kacaioumxcs pebep
AB, AC, AD TpexrpaHHoOro yrJja ¢ BepHUInHon
A, 1 nydy CU — MHOKeCTBO LIEHTPOB cep,
kacatonuxcst pebep CA, CB, CD Ttpexrpan-
noro yria ¢ sepmunoin C (puc.7). Ilaoc-
koctb ATC mresuT ABYTPaAHHbIN YTOJ TETPad/I-
pa ¢ pe6pom AC Ha dvacTu e-B+y
e+P-v

——— . Ilmockoctp AUC sesit ero ke Ha

2 era-8 e—o+9d
4acTu 5 u 5 . Tlockombky

o+p=y+9, mmockoctu ATC u AUC coBna-

nator. CrneoBarenbho, myun AT k CU nexar
B OJTHOII TIJTOCKOCTH U, CTAJIO OBITh, TIepeceKa-
1oTcst B HeKoTopoil Touke W (IIOCKOJBKY
yrapt TAC n UCA ocTpble Kak yIJbl B
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COOTBETCTBYIONIUX MPSIMOYTOJIBHBIX TPEYTOJIb-
HUKaX), PaBHOYAAJEHHOH OT mpsMbix AB,
AD, AC, BC, CD. Ilpoexnun Touku W Ha
rpanu ABC n ADC — 11eHTPbl UX BIIMCAHHBIX
okpyskHocreii. CienoBaTesbHo, ipoekiu W
Ha npsimble AB, BC, CD, AD coBmajiaior ¢
TOYKAMU KaCaHUs BIUCAHHBIX OKPY KHOCTEN
TpeyroJabHuKkoB ABC u ADC co cTopoHamH,
a 3HAYWUT, JIeXKaT IMEHHO Ha pe6pax TeTpasi-
pa, a He Ha UX MPOJIOJIKEHUIX.
3ajiaya TMOJHOCTHIO pPeleHa.
3aMeTnM, 4TO MOTTYTHO MBI JIOKA3aJH CJIe/y-
foTIee YTBEPIKICHNE: eCau cyuecmayem ce-
pa, Kacawowasics 6cex 36eHves 3AMKHYMOU
UeTNBIPEXIGEHHOU JIOMAHOU, O CYULLCNEY-
em 6ecKoHeuno MHOZ0 MAKux cgep.
Bropoii cnoco6. Bocrosbsyemest caenyio-
My aByMs TeopeMamu (MX JI0Kasatelib-
CTBA MOXXHO HaiiTM B MH(MOPMAIMOHHO-
MIOUCKOBOH cucreMe «3a/ladydl 1Mo TeoMeT-
pun» P.K.Topauma, cm. http:/ /zadachi.
meeme.ru, 3azauu 7999 u 8091).
Teopema cunycoB /sl TeTpasapa. JHaue-
ab
HUe ————— He 3a6UCUM 0M 8bI60PA NAPbL
sin asin B
NPOMUBONOTOKHBLL pebep DanH0zo mempa-
aopa.
Teopema bpermneiinepa aas terpaszapa.
3nauenue a® +b* + 2abctgoctgp ne sasu-
cum om 6vl00pd NAPvL NPOMUBONOJIOHKHBLX
pebep dannozo mempasopa.
O6o3Haunm

a’ +b? +2abctgoctgP =
=c?+d*+2cdctgyctgd =X,

ab  cd
sinosinf3  sinysind

2019 /Nel
Torma
X -2Y cos(a+p) =
2 s 2ab.coso.ccosB B
sin osin B

2ab (coso.cosP —sinasinf)

sin asin B
=a®+b* +2ab = (a+b) .

Ananoruuno, X —2Y cos(y+8)=(c+ d)2 :
Urax, st 06010 Terpasipa

X —2Y cos(o+PB) = (a+bY,
X -2Ycos(y+9d)= (c+d)2.

ITockosbky Y # 0, U3 3TUX PABEHCTB BU/HO,
uto a + b = ¢ + d Torja u ToJIbKO TOra, KOrjaa
a+P=y+9.

A.3acaaecxuil, I'.Mep3on, M.Ilanos

®2537. /lsa odunakoswvix 6pycka cyenienol
JKEeCMKOU HegeCOMOU WMaH2z0U U OBUKYMCS
no 271a0Kol 20pU3OHMANBHOL NOBEPXHOCINU
cmona (puc.1). B nexomopuiii momenm 6pyc-
KU HAUUHAIOM 66e3KAMb HA WEPOXO8AMDbLl

m m v
[+ > u
Puc. 1

yuacmox cmoaa. Hatidume xoapdpuyuernm
mpenust W OPYcKos 0 Wepoxo8amyio nosepx-
HOCMY, eCAU OHU 8 HAUALe OBUKEHUS UMEU
CKOPOCY U, @ NOCJIE NPOXOKOCHUS WePOXO-
6aMO20 YUACmMKd CMOJA OBUNKYMCSL CO CKO-
pocmoio u. Jlauna kaxdozo o6pycka l, wman-
2U S, Wepoxoeamozo yuacmxa cmoaa I + s.

9Hep1‘1/151 CHUCTEMDbI 6p}7CKOB J10 Ha'vaJia 3ae3/1a
Ha HIepOXOBaTbIﬁ Y4aCTOK CTOJIa paBHa

2
mo
E =222
2
a TIocJie ¢be3ga Ha TJIAJKYIO 9aCTb CTOJA —
2
mu
E, =27
2
3menenue 9HEPIrun paBHO
AE = ATp )

rae A, — paboTa CnJIbl TPEHHUsI U JBHKe-
HUU OPYCKOB IO TEPOXOBATON TOBEPXHOCTH.
[Iporiecc nBuskeHUs 6GPYCKOB MOKHO Pa3OUTh
Ha T1ATh 9Tanos: 1) Bbe3/ nepBoro 6pycka Ha
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IIePOXOBAThIIi yYaCTOK, 2) ABUKEHHUE [EPBO-
ro 6pycKa 110 [epox0oBaToil TOBEPXHOCTH 6e3
BTOPOro, 3) Bbe3/] BTOPOro OPycKa M ChE3Jl
1epBoro, 4) ABMKEHHE BTOPOro GpycKa Io
MIEPOXO0BATOI TOBEPXHOCTH (€3 TepPBOTro, S5)
cbes/1 Broporo 6pycka. ['paduk 3aBucuMoctn
CUJIbI TPEHUSA OT IIYTH, HpOfI[IeHHOl"O nepe-
Hell cTeHKOI TiepBoro GpycKa, TPe/CcTaBIeH
Ha pucyHke 2. PaGota cuJsbl TpeHUsS paBHA

A
F.,

umg

[ I+s 2l+s 21+2s 3l+2s «x

Puc. 2
IJIOMA/ 110/] rpaMKOM, B3SATOH CO 3HAKOM
MUHYC:

Ay = 2umg(l+s).
B cOOTBETCTBUM ¢ 3aKOHOM U3MEHEHUSI SHEP-
TUH, TOJYYUM
"= o* —u?
2g(l+s) "

A.Heamnos

®2538. 3unmoti nomewenue omaniusaemcs
C NOMOWDBIO HaAZpesameis, KOMOPbill HaA C60-
ell nosepxHocmu noddepKusaem noCmMosH-
Hyto memnepamypy t; =70 °C. Ipu mem-
nepamype 6030yxa Ha yauye t, =—-30°C
YCMAHOBUBWLAACS MeMnepamypd 6 nome-
wenuu pasua t; =10 °C. Kaxas memnepa-
mypa 6030yxa Ycmamosumcs 6 nomeuie-
HUU, eCAU 6 PASHBIX Y2AdX MO0 NoMeue-
HUs pasmecmumov 06d MAKUX Hdzpesame-
aa? Cuumaiime, 4mo MOWMHOCMb Menaione-
pedauu nponopyuoNaIbia PA3ZHOCIU MeM-
nepamyp.

B ycranoBuBIiemcst pexxumMe MOIIHOCTD MO/
BOJIMMOTO TETLJIA OT OJTHOTO HATPEBATEJIS PaB-
Ha MOIHOCTH TEIJIOBBIX TIOTEPb B OKPYsKat0-
YO CPEy:

Bty —t3)=v(t3-1ty),

rae B u ¥ — K0aDHUIHEHTH TPOTOPIINO-
HAJbHOCTH. AHAJOTMYHOE PABEHCTBO 3aIl-
mIeM JI7Is1 IByX HarpeBareseii:

2B(t1 _té) :Y(tal‘ _tz),

«KBAHTA»

rjic t3 — HOBas yCTaHOBUBIIASICS TeMIepaTy-
pa B nomemtennu. Torza s ¢ mosaydaem

2ty —ty (t +t3)
4t -2

’

= 27,1°C.
A.Hesanoe

®2539. Ha 3axpennennyio nenposoosuyio
MOHKY10 sKeCmKY10 cnuuy daunoil L nacasxe-
HA MANeHvKas OYCUHKA, UMEIOWAst MACCY M
u anexmpuueckuil 3apsid Q. B HauanrvHwlil
MOMEHM OYCUHKA HAXOOUMCSL 6 UeHmpe CNiL-
Ubl U OMHOCUMETLHO CNULBL UMEEN HYIeBY10
cxopocmy. Koapuyuenm mpenus: mexoy
cnuyeti u 6ycunxoi pagen L < 1. ITepnenou-
KYASAPHO CRUUE PACNONIONKEHd OUeHb ONUMN-
nas (noaybeckoneunas) menpogodsuyas
UMb, HAUUNAIOWAACS HA OOHOM U3 KOHYOB
CRUUDL U PABGHOMEPHO 3APSAKEHHAS C Junell-
Hotl naomuocmwio 3apsda Y . Kaxoii 6ydem
CKOpOCMY OYCUHKU 6 MOm MOMEHM, K0z0d
OHA NOKUHem Cnuuy?

Bravasie pemmM BCIIOMOTATEIbHYIO 3a/1ady.
IlycThb 2/1€KTpUYECKUE 3apsijbl PAaBHOMEPHO
pacipesieienbl 0 JIMHHOMY TOHKOMY H30-
JupoBaHHoMy crepykiio AB (puc.1). Tloka-

At

Puc. 1
JKeM, 9TO B TPOU3BOJIbHON Touke C 371eKTPH-
YecKoe I10J1e CTepskHs E  HAIpaBJIeHo 110
6uccexrpuce yraa ACB.

BosbMeM Ha cTepikHE MaJIeHbKMil y4aCTOK
MN pmnoit Al (puc.2). Ero sapsaa pasen
Ag =vAl, tne Y — JuHeNHAas IJOTHOCTDb
3apsna crepyxus AB. JTOT y4acTok cosjmaer
B Touke C — cuuraeM, yto MC = NC =r —
HapsKEHHOCTD

kRAq kYAl

) )

OTtpesoxk MN u3 Touku C BUIEH O]l MATbIM
YIJIOM
_ DN MNcosa  MN h Alh

r r ror 72

AE =

Ao

A
BoipasuB u3 mocienneit GhopMyJIbl 2 u
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C
Ao
o
i’ h
D
o
AM Al N H B
Puc. 2
nojictaBuB B popmyary g AE , momydum
AE = kyAo _
h

Bupum, uro AE nponiopiimonaabio Ac.. Ecin
Mbl u3 Touku C 1npoBejieM GHCCEKTPUCY YTIJIa
ACB (cM. puc.1), To B 06€ CTOPOHbBI OT Hee
MOKHO BBIJICJIUTD OJMHAKOBOE KOJMYECTBO
aJieMeHTapHbIX yIyoB Ao. Torpa pesyJibTi-
pylolliasg HallpPSXKEeHHOCTb 3JEKTPUYECKOr0
noJist crepxkust AB 6yZieT paBHa BEKTOPHOI
CyMMe 3JIeMEHTApHBIX HANPSIKEHHOCTEH OT
YYaCTKOB, BUJIUMBIX IO/ YTJIOM Ao, U 6yaer
HarpaBJieHa BJ0Jb OuccekTpucht yria ACB.
Tenepnb mepeiizeMm K ocHOBHOH 3ajave. Tak
KaK HUTb MOJyOGeCcKOHeYHast, TO B KaX/0u
TOYKE HA CIIUTIE BEKTOP HAIPSIKEHHOCTH HJIEK-
TPIYECKOr0 10151 E, CO3IAHHOr0 3aps/laMit
HUTH, Oy/JeT HAlpaBJeH MOJ yriaoM 45° K
criie. MpICJIEHHO ITPUCTABUM K Halllel HUTH
HEJIOCTAIONIYIO YacTh, T.e. cJeaeM ee 6ecKo-
HeyHoil. Torga Bropas 4actb HUTH OyZeT

cosjlaBaTh 9JEKTPUYECKOe

nosne FE,, To>ke HallpaBJeH-

E, Ey  woe mox yraom 45° k crimne
(puc.3), a Moy UX CyM-
MbI OyJIeT paBeH
Puc. 3

E =2E,.

C npyroil cTOpOHBI, CyMMAapHYIO HalIpsDKeH-
HOCTD HOJISI MOSKHO HAHTH € IIOMOIIBIO Teope-
MbI [aycca:

2ky

R

rae R — paccrosiine oT GyCHHKH [0 KOHIA
CITUIIBI, OT KOTOPOTO HAYMHAETCS 3aPSIKEeH-
Hag HUTH. Takum o6pasom,

_E 2ky
"2 R
Cuny F, neiictByioryio Ha 6yCUHKY CO CTO-
POHDBI JIEKTPUYECKOTO 110JIA, CO3/IaHHOTO 3a-

)

2019/Nel

pd/iaMu HUTH, MOKHO PAa3JIOXKUTh Ha JIBe
COCTaBJISTIONINE: BJIOJIb CIUIIBI W TTE€PIEH/IH-
KyJasipHO eii. OHU OJIMHAKOBBI 110 BeJIMYNHE U
kyQ
R (%)
COCTABJIAIONIAS ATON CHUJIbI KOMIIEHCUPYETCS
HOPMaJIbHOH peakiineii ciiuiibl. IToatomy cym-
Ma CIJI, JeUCTBYIONNX HA OYCUHKY, HATIPAB-
JIeHAa BJIOJTb CIIMIIbI U PaBHA TI0 BeJUYHMHE

paBHbI kaxkjad. Ilorepeunas Kk cruie

kyQ

N{7(1 — ). Pa6ora aToif cu/IbI HA MyTH OT
cepe/IMHbI CIIUIBI /10 ee KoHia (ee Mbl Haiiem
MHTErPUPOBAHNEM) MPUBEAET K U3MEHEHUIO

KIHETUYIEeCKOH sHepTuu OyCUHKU:
L 2

I kY—Q(1—u)dR =kyO(1-p)-In2 = m<.
S R 2
/2

Crie1oBaTeIbHO, CKOPOCTh OYCHHKH B MO-
MEHT TIOKHIAHUS CTIUIBI OyeT paBHa

2kyQ(1-p)-1n2

B.I'pebens

®2540. [TepnerouxyaapHo onmuyweckoii ocu
MONKOU COOUparowel JUH3bl PACNOL0KeHd
monxas narouxa oaunoi l. Ilarouxa naxo-
oumcs 3a poxycom Aun3vl Ha paccmosnuu d
om ee yenmpa. Ipu smon yeeruuenue ou-
nol narouxu pasno I'y. 3amem nanouxy
PAcnoadzaiom 00ib 0CU AUHIbL MAK, UMO €e
UEHMP JeHum Ha OCU JUHIbL HA PACCMOSHUU
a om Hee, npuueM NAIOUKA YCIUKOM HAXO-
dumcsi 3a ¢hoxycom aunzvl. Haiioume yeenu-
uenue 'y Oaunvl narouxu 6 3mom cayuae.

MdopmyJia TOHKOHN JTUH3BI IMeeT BU/T

11 1
—t—=—
d f F
HOHepe‘IHOE yBeJM4YeHneE JIMH3bI paBHO
fof__F_
d d-F
Orcrofa 17151 POKYCHOTO PACCTOSHHS JIMH3bI
MOy YUM
__dry
1+1,
Tenepn 3amuiiem (GopMyJTy TOHKOW JIMH3BI
I KayK0ro KOHIa IMaJIOYKU Ipu ee I1po-
JI0JIbHOM PACIIOJIOJKEHUN

1 1 1 1 1 1

===, —t—=—.
d+£ f1 F d_l f2 F
2 2
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Torpa miamna n306paskeHus MagI0YKu 6yIeT

, [F?

i i

«KBAHTA>»
a NCKOMOE€ TIPOJI0JbHOE YBeIII/I‘{eHI/Ie 6y11eT
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A.Heanos

BbICOTbI TpeyrosbHuKa
M oGpaTHbIN xoA

[T KoxeBHnkoB

Kax n3BecTHo, KOHCTPYKIINS «OCTPOYTOJIb-
HbIIl TPEYTOJbHUK U ero BbicoTbl» (pruc.1)

Puc. 1

o6J1a/iaeT MHOTMMH 3aMedyaTe/IbHbIMI CBOII-
crBamu. Bemomuum Hekotopbie u3 Hux. MTak,
IIyCTb B OCTPOYTOJIbHOM TpeyrosbHuke ABC
nposeJenbl Boicotsl A4, BB;, CC, u H —
Touka ux nepecedenus.! Torja BbIIOJIHEHD!
cJIeytone CBONCTBA.

(1a) Touku B, C, By, C, nexar Ha oHoOi
OKPY>KHOCTH.

AmnanornvHble CBOHCTBA, KOHEYHO, BEPHbI
g yerBepok Touek C, A, Cy, Ay uA, B, Ay,

1B aroii ke KOHCTPYKITNHN A — TOuKa Tiepeceye-
HUS BBICOT TYHOYTOJbHOTO TpeyrosbHuka BCH,
T.e. MOXKHO CcKasarb, 4To 31ecb A, B, C, H —
OPMOUCHMPUUECKASL Y€TBEPKA «PABHONPABHBIX >
TOYEK.

DOT: https://doi.org/10.4213/kvant20190103

B,. Hasosem atn cBoiictea (1b) u (1c)
COOTBETCTBEHHO.

(2a) Touku A, H, B, C, Jnexar Ha oiHoii
OKPY/KHOCTH.?

AHAJIOTMYHO, YTBEPIK/IEHNS O YeTBepKax B,
H, C{,AiuC, H, A, B, nazosem (2b) u (2¢).

Yupaxknenne 1. [lokaxkure TmepeyncieHHbIe
CBOICTBA JI7TSI KOHCTPYKITHH «OCTPOYTOJIbHBII Tpe-
YTOJIBHUK U €r0 BBICOTBI».

A Tenepb «pa3BepHeM» IIOCTAHOBKY 3a/ia-
yu. [IpencraBum cebe, 4To 3apaHee Hen3Bec-
tHO, uT0 AA;, BB;, CC, — BbIcOTbl. Takum
o6pasoMm, laHo Juib 10, uto ABC — octpo-
YTOJIbHBIN TPEYrOIbHUK, B KOTOPOM Ha CTO-
porax BC, CA, AB B3sTbl COOTBETCTBEHHO
Toukun Ay, By, C; Ttak, uto orpe3ku AA,
BB, CC, nepecekalorcs B 0iHOH Touke H.
VHTepecHO yCTAaHOBUTD CBSI3W MEXKIY Tiepe-
YICJCHHBIMU CBOIICTBAMM, a TaKKe TOHSITD,
KaKne W3 3TUX YCJIOBUI OCTATOYHO HAJO-
JKUTb, YTOOBI TOYHO MOKHO OBLIO YTBEPIK-
pgarb, uro AA;, BB, u CC, — BbICOTBL.

Yupaxkunenus

2. Tlepedopmympyiite csoiictea (1a) ((1b),
(1¢)), (2a) ((2b), (2¢)) B TepMuHAX Pa3/IUYHBIX
paBeHCTB yrioB. Hampumep, mokaxure, 4To

(1a) & ZBB,C = Z/BC,C,

(2a) & ZBC,C = ZABH .

3. Mokaxure, uro ycaosue (2a) 9KBUBAIEHTHO
CJICYIONIEMY: TOYKA, CHUMMETpHYHasi Touke H
OTHOCHUTEJBbHO TIpsAMOoit BC, JeXNT Ha ONMCAaHHON
OKpy>kHOCTH TpeyroabHuka ABC.

4. Tlepedopmyaupyiite cpoiictea (1a), (2a)
B TEPMUHAX PABEHCTB MPOU3BEACHUN JJIMH OT-
PEe3KOB cekymmx. Hampumep aokaskure, uTo

(1a) & HB-HB, = HC - HC,,
(2a) < CA-CB, =CC, -CH .

2 Oxpysnoctn (AHB,C,) u (BCB,C,) «pas-
HOIIPABHBI> C TOYKM 3PEHUS OPTOLNECHTPUYECKON
yetBepku Touek A, B, C, H.
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Vreepskaenue. Bunoanenue 106vix 06yx
us wecmu ceoticme (1a), (1b), (1¢c), (2a),
(2b), (2¢) 6yoem zapanmposamv, umo AA;,
BB, CC, — svicomuL. (B uacmmocmu, 6vi-
noanenue moOvix 08YX U3 WeCmu YKa3am-
HOLX CBOUICME GJeUem GbINOJHEHUE OCNAS-
wuxcs uemolpex. )

[oxa3zareabcTBo. /lokasars yTBepskieHne
MOJKHO PasHbIMH CIIOCOGAMH, MBI ITPEJIO-
KM OJIMH M3 HUX, & YNTATeb MOKET IPUJLY-
MaTb CBOH IIyTb.

Pacemorpum napy ganubix cBoiicts. C Tou-
HOCTBIO 710 TilepeoGo3Hauerus Touek A, B, C
UMEIOTCS CIe/Iy olHe 4 TPUHIUTTNATBHO Pa3-
JIMYHBIX cTydasa. A uMeHHo,

1 cayuaii: Beimoanenst (1b) u (1c),

2 cayyaii: Beimossensl (2b) u (2¢),

3 cayuyaii: BeimosHenst (2b) u (1¢),

4 coyyvaii: BoimosHennl (1a) u (2a).

Pas6epem cuepsa 4 caywaii (puc.2). Us
yeaosust (la) caemyer, uro ZBB(C =
=/BC\C, orkyna ZABH = /ZAC/H . Ho
u3 ycaosus (2a) BbpITekaer, UTO
ZAB/H + ZACH =180°, otkyna LABH =
= ZACH =90°, 1.e. BB; u CC, — BbICOTDL.

A

Puc. 2

3 C Toukm 3pemms cuMMeTpHH 06O3HAYECHHMIT
OpTOIEHTpUYEeCKOl ueTBepku caydan 1, 2 u 3
QHAJIOTHYHBL. B Kask0oM U3 9TuX ciaydaes paxTu-
4ecKH JJaHo, 4yTo Ay — Touka MuKeJs 11 4eTBep-
ku npambix AB, AC, HB, HC.

2019/Nel

[TockoJbKy BBICOTBI MEPECEKAIOTCS] B OJIHOI
Touke, AA; — TOXe BbICOTA.

Crenem xakabiii u3 cayvae 1, 2, 3 kK
caydaro 4.

Pacemorpum 1 cayuait (puc.3). U3 ycmo-
suit  (1b) m  (1c¢) caemyer, uro

A

Puc. 3

ZACC = ZAAC = ZAAB, = ZABB, . Tlo-
ayuentoe pasencrso LACH = ZABH o03-
Havaet, 4yrto Touku B, Ay, H, C, nexar Ha
OJIHO# OKPY’KHOCTH, T.€. BBIIIOJHEHO YCJO-
sue (2b). Tenepb Mbl UMeeM mapy ycJaoBuii
(1b) u (2b), t.e. cayuail, aHAJOTMYHDIHA
caydaro 4.

Paccmorpum 2 cayuait (puc.4). U3 yeao-
suit (2b) u (2¢) caenyer, uro ZAB,C =
= ZAHC = ZABC,. Ilosy4eHHOE paBEHCTBO

ZAB,C = ZA/BA o31a4aeT, 4To BbIIIOJIHEHO
ycsosue (1¢). Terepb Mbl HMeeM Hapy ycJio-
suit (1¢) u (2¢), r.e. cayyaii, ananorudHbIi
caydarno 4.

Pacemorpum 3 caywait (puc.5). U3 yeao-
suii (2b) u (1¢) caepyer, uro LABC =
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Puc. 5 Te---T

= LABA = ZAHC. IlosyuyeHHoe paBeHCTBO
ZAB,C = ZA;HC o3HavaeT, 4TO BBITIOJIHE-
Ho ycaosue (2¢). Tenepb MbI nMeeM mnapy
yeaosuii (1¢) u (2¢), T1.e. cayyaii, anamorny-
HBIN caydaio 4.

Harmre yTBep:xenne JoKa3aHo.

Yupaxxuenust

5. a) Beisemure (2a) menocpeacrsenno us (2b)
u (2¢).

6) Tpoiika ycosuii (2a), (2b), (2¢) osnauaer,
yro LABB = ZBC,C = ZCA{A = ¢ . BoiBeure
HEMoCPeJCTBEHHO M3 9THX paBeHCTB, uto AA;,
BBy, CC, — BBICOTHI.

Vrxazanue. l1peanonoxxuM npoTuBHOE, CKazkeM
¢ < 90°. ITpoBesist BbICOTBI, IOKaxuTe, yto AA; ,
BB;, CC; mHe MOryT TepeceKkaTtbcsi B OJHOI
TOYKE.

6. Boisenure us yesosuit (1b) u (1¢) ycmosue
(1a) (a rakxe uz (2b) u (2¢) ycnosue (1a)),
UCTIOJIb3YST YIIpasKHEHUE 4.

[lasee paccMOTpUM COOTHOLIEHUE

(3a) AB-CC, =CA- BB,
(n anamornunbie coorHomenust (3b) u (3¢)).

Ouno sbmoaneno, ecau CC, u BBy —
BBICOTBI, TOCKOJIBbKY KasK/[0€ M3 IBYX ITPON3-
Be/IEHNI PAaBHO Y/IBOEHHOW TIJIOMIAAN TPEY-
rosbuuka. [Janee, ecau C; — 1pousBo/ibHas
TOYKa Ha NpsiMoit AB, TO y/jBoeHHas ILJIO-
manap TpeyrosbHuka ABC paBHa
25 = AB-CC; -sin ZCCB. AHaJloTH4YHO,
25 = CA - BB, -sin «BB,C. Taknm o6pasom,
ycaosue (3a) H5KBUBAJEHTHO PaBEHCTBY
sin ZCCB =sin ZBB,C. 9T0 paBeHCTBO
CHHYCOB, B CBOIO OuYepeab, O3HAYaeT, UYTO
su6o yraet CC\B n BB,C paBHBI, 1160 OHI
B cymMMme cocrtaBagioT 180°. Ycmaosue
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ZCCB = ZBB,C 3KBUBAJECHTHO TOMY, YTO
touku C, B, C;, B jsexxaT Ha OIHO} OKPYK-
Hocr, T.e. ycaosuio (1a). Yeaosue xe

ZCC,B + £BB,C = 180°
& ZACH + ZAB,H =180°

SKBUBAJIEHTHO ycJaoBuio (2a).

[Tocie mpoBesieHHOI pabOTHI MBI TOTOBbI
MOJIYYUTh KOPOTKOe pemenue 3agaun M2530.

3agaua M2530. B ocmpoyzoavrnom mpey-
eonvnuxe na cmopornax BC, CA, AB e3amuwl
mouku Ay, By, C; coomeemcmeenno max,
umo ompesku A4y, BB, CC, nepecexarom-
ca 6 o00unoi mouxke. Hasecmmno, umo
BC-AA; =CA-BBy, = AB-CC,. [Joxaxu-
me, umo AA;, BB;, CC, — amo gvicomwi
MmpeyzovHUKd.

Pemenue. [lo ycioBuio 3aiaun HaM IaHbI
paBeHCTBa BC-AA, = CA- BB, u
BC-AA; = AB-CCy, t.e. ycaosus (3c) u
(3b). 3 (3¢) caenyer (1¢) nm (2¢); anano-
ruuno, us (3b) caexyer (1b) wmam (2b).
Wroro, BbImonHensl asa u3 ycaosuii (1b),
(2b), (1¢), (2¢). OcTaeTcs BOCHOIb30BATHCS
JIOKA3aHHBIM YTBEPIKICHUEM.

B 3aksouenne oTMETHM, YTO B KOHCTPYK-
U <OCTPOYTOJHHBIN TPEYTOJBbHUK U €ro
BbICOTBI> (a BeAb €CTh MHOTO JAPYTUX He
MeHee MHTEPECHBIX CIOJKETOB!) MOYKHO pac-
CMOTPETD JIPyTHE CBOWCTBA M BHOBDL CTABUTD
«0OpaTHYIO 3a/1a4y»: BBIACHSTD, CJEIYeT JIH
u3 3THX CcBOHCTB, uto AA{, BB, CC
BBICOTBI. B HEKOTODBIX CJIydasgx Takoil «06-
PaTHBIN X0/1» TTPUBOJIUT K CO/IEP>KATeTbHBIM
3ajlavyaM.

Yupaxknenue 7. B ocTpoyroJsbHOM TPeyTroJib-
nuke ABC na croponax BC, CA, AB B3STbI TOUKI
A;, By, C{ COOTBETCTBEHHO TaK, YTO OTPE3KU
AA;, BB, CC; nepecekaioTcst B OJHON TOUKE.
OHpE[[eJII/IM ycJjioBusA:

(4a) £BA,C, = LCA,B, , unaue rosopsi, BC —
BHelHsisE OuccekTpuca yria BiAC,;

(5a) ZLAAC, = ZAAB,, 1.e. A{A — Guccekr-
puca yraa BAC; .

(Amanornuno ¢opmysmpyiorcss yeaosus (4b)
u (4c), (5b) m (5¢).)

a) I[OKa}KI/ITe, YTO €CJIM BbIIIOJIHEHDI yCI[OBI/Iﬂ
(4a), (4b), (4¢), To AA;, BBy, CC, — 310
BbICOTBI TPEYTOJIbHUKA.

6) (Typuup ropomos, 2006 r.) [okaxute, 4TO
ecam BbimosHenbr yeaosus (5a), (5b), (5¢), o
AA;, BB, CC,; — 3T0 BbICOTbI TPEYIOJIbHUKA.
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3aMoLLeHnda napanfienosgpamm

HecJuosxkHOo MoKaszaTh, 4T0 KOMHAME JIO60TO
TPEYTOJbHUKA U JIIOOOTO YeThIPEXYTOJTHHUKA
(asKke HEeBBIITYKJIOTO) MOXKHO 3aMOCTUTD ILJIOC-
KOCTb (CM. BepXHUI psj pucyHkoB). Ciox-
Hee T0Ka3aTb, YTO HU OJHUM BBIMYKJbIM
MHOTOYTOJIBHUKOM C CEMbIO M 0o0Jiee CTOPO-
HAMHU HeJb3sl 3aMOCTUTH IJIOCKOCTb U YTO
TOJIBKO TPHU CeMeHCTBAa BBINMYKJDBIX MIECTH-
YTOJBHUKOB JIONYCKAIOT TaKoe 3aMOIIeHNe.
CaMblIil CJOXKHBIN cay4ail — MATUYTOJIbHUKH.
K koniry XX Beka 6bl710 HalifieHo 14 cemelicTB
BBITTYKJIBIX TATHYTOJHHUKOB, 3aMOIIAIONINX
MJIOCKOCTD, elle 0/HO, 15-e ceMelicTBO oOHa-
pyxxero B 2015 romy (cMm. <«Kameiigockon
«KBanra» Ned 3a 2017 r.); a jokaszaresib-
CTBa, 4TO 3TO BCE CEMEICTBA, /IO CUX MTOP HET.
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J1s11 MHOTUX BBIITYKJIbIX MHOTOYTOJIbHUKOB,
KOTOPBIMU MOKHO 3aMOCTHUTD TIJIOCKOCTD, He-
06X01MMO, YTOGBI HEKOTOPbBIE UX KOIUHU ObLIH
MMOBEPHYTHI WJIM OTPa’KeHbl OTHOCUTETHHO
HekoTopol mpsiMoit. VckioyeHuamMu sBJsi-
I0TCST TTapaJIIeJIOTPaMMbI U TIEHTPAJIbHO-CUM-
METPUYHbIE MIECTUYTOJTbHUKHN; WMHU MOXKHO
3aMOCTUTH TIJIOCKOCTb, HWCIIOJb3YsI TOJbBKO
napaJijielbHble MepeHochl (CM. HUXKHUN P
PUCYHKOB).

B npounsBosbHOIT pasMepHOCTH BBITYKJIbIH
MHOTOTPAHHWK, KOMHUSMH KOTOPOTO MOKHO
3AMI0JTHUTh BCE IIPOCTPAHCTBO, WCIOJb3YS
TOJIBKO TapaJijieJbHble MepeHOChl, Ha3bIBa-
ercst napanienoddpom. Takum o6pasoM, cy-

N

‘L vyﬁ

IIIECTBYET BCETO [JBa CEeMeiCTBa /IBYMEPHBIX
TapaJsIes09/IpoB — MapasiaeJorPaMMbl U TleH-
TPAJIbHO-CUMMETPUYHDIE [IIECTUYTOJbHIKU. B
TPEXMEPHOM IIPOCTPAHCTBE IT1APAJLIENT0dPbI
6bLn KaaccuduimpoBanbl E. DeropoBbiM B
1885 rony. CyImecTByeT IATh ceMeiiCTB Tpex-
MEpHBIX TApPAJIJIEeN0dIPOB C PA3HBIMU KOM-
6unatopubiMu Tunamu. Haunbosee «mpaBuiib-
HbIe» TIPE/ICTABUTEIN ceMeficTB — Ky6, Tpa-
BUJIbHASL IIIECTUYTOJIbHAS MPH3Ma C paB-
HBIMH peOpamMut, poMOOJI0/ICKAd/IP, YIJNHEH-
HBIHT poM60I0/IeKad/Ip, YCEUEHHBIN OKTAas/Ip
(cM. pucyHKH cipaBa). Bee ocrampHbIe TOTY-
yaiorcd 3 HUX addUHHBIME TTpeobpas3oBa-
HUSIMH, & TAK)Ke ONEPAIUSIMU <y JIHEHIT>
TapaJsyIebHBIX pebep.
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C pocToM pa3MEepHOCTH YUCJO CEMEHCTB
pacrer odveHb ObicTpo. Eciu B 4eTbIpex-
MEPHOM TIPOCTPAHCTBE POBHO 52 ceMelCcTBa
MapaJsIesos/IpoB, To B 6ojee BBICOKUX pas-
MEPHOCTSX Jla’Ke TOYHOE MX KOJMYECTBO
HEM3BeCTHO. VI3BECTHO JMIb, YTO B MATH-
MEPHOM IPOCTPAHCTBE CYIIECTBYET He MeHee
110 244 pa3amuHBIX CeMENCTB MapaJliesio-
37IpOB, a B HIECTMMEPHOM — HE MeHee TI0JIy-
MUJLTHAP/IA.

CrpaBa u3006pa’keHbI TaKyKe Pa3BepTKH
BCEX TISTH TPEXMEPHBIX MapaJsiiesiod[POB.
CMmoskere i1 BbI cOOpaTh COOTBETCTBYIOIIHE
3aMOIIEHUSA I KaXK/0ro U3 HUX?

Mamepuan nodzomosun A. Iapbep

PucyHkn M. [laHoBa
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[IpaBuibHas LWECTUYrONbHAS PU3MA
C paBHbIMU pebpami
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BENERTY

1 . Buncnosom npumepe ABB + 9 =T[E
oykebl A, b, B, I, I n E obo3HavatoT
LecTb pa3HbIx Lndp. Kakas undpa obo-
3Ha4eHa Oyksown [?

HAraxaHos

2. PacctaBbTe MO Kpyry 6 HeHyneBbix
umdp (He 0bA3aTeNbHO PA3NUYHbIX) TaK,
4TOObI KaXkaas U3 HIUX paBHsNachb nocse-
OHeV umdpe CyMMbl CBOMX coCelemn.
O.lMognunckuu

DT 33fa4M npefHa3HaveHbl Mpexpae BCero
yyalmmcs 6—8 Knaccos.

OTW 33jayn npegnaranncb Ha MyHUUMNaNb-
Hom 3Tane XLV Bcepoccumnckon onmmnuvagsbl
LLKOSIbHUKOB MO MaTemaTthke B MoCKOBCKOW 0D-
nactu.

e

3 . /13 kneT4yaToro npssMoyronbHrka 6 x5
BbIpe3asin B LLeHTPpe NPSAMOYronbHMK 2 X1,
KaK MoOKa3aHo Ha pucyHke. MOXHO nu
NONyYmMBLLYIOCA PUrypy pa3pesaTb Ha 6
TPeyroNbHUKOB?

O.[Toanncku

4. Bacs Bbinucan Ha gocky 999 npows-
BegoeHun: 1-2, 2-3, 3-4, ..., 999.1000.

BepHO nui, 4TO CyMMa Kakmx-TO ABYX U3
3TUX Npow3BedeHnn pasHa 200007
HAraxaros

Unnoctpaumm .1 puyiLykoBov
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OOPbIHA U Ky4a KaMHEW

B.KJIETIL|bIH

A MATEMATNYECKOM KPVYJKKE YUl-
TeJIb TOJIBKO YTO 3aKOHUYUJI 3allMChIBATH
yCJIOBHE 3a/Iaun:

Ecmov xyua uz 1001 kamus. Kaxowvi pas,
K0z0a 6ozamuvipv /[06pvlis eum Kyuy Kam-
Hell Ha 06e, uapb NAAMUM eMY CMOJbLKO
MOHEm, KAK080 npouzeedenue KOoJUUeCms
Kammeti ¢ deyx noayuusuwuxca kyuwax. Kax
donsxen deiicmeosamo  [[oOpvins, umobu
NOAYUUMD KAK MOKHO OONbLUUE?

F)— &
(X )

KauMHu .

%(_J

Mn MOHEI

1 cpasy yueHUKHU 3aCHOPUIIN.

— SlcHo, 4TO MEPBBIM JIEJIOM HY>KHO TI0/Ie-
JIUTb Ky4y TOUTH Tonoam: Toraa /lo6pbras
cpagy moayunt ax 500:501 moner. [Torom
MEHbIIINE KY4H MO/IeJIUM ellle TT00JIaM U T.J1.
A HaM Hy>kHO OyIeT Becb 3TOT 3apabOTOK
cs103kuTh. TobKO BOT Kak? — ckaszaJja yKend.

— A KTo Te6e CKa3aJ, YTo 3TOT MyTh CAMBIi
BBITO/IHBIN? [lapy pas copser Kyt a TOTOM
Oyner oH y TebGst, CKaskeM, JIeCITHMOHETHBIE
KYUKHI TOMOJIaM JIeJTUTD, TT0 25 MOHeT 3a pa3
noiydasg. Ay mens JloOpbIHS 1O OZHOMY
Kamiuio 6partb O6yzer. Thicsiua MOHeT Ha mep-
BOM X0y, 999 na Bropom, 998 Ha TperbeM...
Twuie ezenib — qasbiie 6yelib! — OTBeTHT eit
OCHOBaTeJbHbIT MUKa.

— DTO UTO JKe, HAM celfuac Hy>KHO OyIeT Bce
9TO CKJIAJBIBATD, YTOOBI cpaBHUTH? — Ilepc-
[IEKTUBA BbIYUCJIATb CYMMY TBICSYM CJlarae-
MBIX sKeHIo gBHO He o6pajoBaa.

— He Topommmrech, — BMenaacs yanTe b, —
Ber emmie He «BxkmsMCh> B 3aga4y. He cremmn-

DOI: https://doi.org/10.4213/kvant20190104

Te OTBeYaTh MMEHHO Ha 3aJaHHbBIA BOIIPOC,
nornpooyiite ee <«IMOKPYTUTb» U TIO9KCIIEPH-
MEHTHUPOBATb, TIONMUTE, YTO TPOUCXO/IUT.

— IloakcniepuMeHTHPYETh TYT, KOT/Ia KasK-
JIBI pa3 ThICAYY YHMCEJ CKJIQIbIBATh HAM0, —
He coryacuiach sKens.

— IIpaBubHo. [TosaTomy nu1st Havasta n3me-
HUTe 33jauy. Umeao 1001 commkoM 6071b-
110€, BO3BMUTE YNCJIO TTOMEHbBINE U pa3bepu-
Techb ¢ HUM. A TaM, IJIS/INIIb, 1 Ha UCXO/IHbII
BOIIPOC OTBETHUTE.

— Opun — 3ameyarespbHoe uyucsao! Oanu
KaMeHb B Kyde, JeJaTb HUYEro He HAJO,
kpacotal IIpaBna, u 3apaGorarb y /lo6pbinn
He BBIHJIET, — OTKJIMKHYJICS HA 3TO TPEJJIO-
keane Muka.

— JIBa xamus mpuHecyT /lo6pBIHE OIHY
MOHETY, TyT 6€3 BapUaHTOB. A ecJiu UX TpH,
TO 2 + 1 = 3 MOHETBI, — IOAXBATHIA dcTadeTy
oGpajioBaBiiasicsa yKens.

@ ... O MOHET
KaueHs

@
><g

1 MoHema

KauHs @
—@

KaMHS ‘. > 3 MoHemb

— Ilyctp Temepp kamueil uerbipe. Ecun
JloGpbIHS TIOJIeJIUT UX MOTI0JIaM, a ITOTOM
KYYKH OILSITH [TOII0JIaM, KaK ThI IIPEIJIAraeliib,
To 3apabotaer 2-2+1-1+1-1=4+1+1=6
MOHET, — TIPOAOLKUI MHUKA.

— A ecau GyJeT OTTACKUBATb 110 OJHOMY
KaMHIO, KaK Tpejaraenb Tol, T0 3 + 2 + 1 =
=6. Onarb 6 moner! — yauBuiach sKens.

— A pyrux BapuanTtoB Het. CMOTpUM Ha 5
KaMHel?

— Cmorpum! Ecsm ux nojemmrb Kak 5 =
= 2 + 3, To lo6pbias 3apabotaer 2-3 =6
MOHET TIEPBBIM XO/IOM, a TIOTOM OJTHY MOHETY
3a Ky4Ky U3 2 KaMHEl 1 TPU MOHETBI 38 KYUKY
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u3 tpex. Urtoro 6 + 3 + 1 = 10 moner. Ay
Te6s?

T 16 =10 wone

— Bepem ofiiH KaMeHb U CBOJUM 33Ja4y K
npepiayieit. [loxydaercs 4 MoneTb cpasy u
6 nmorom. Ntoro 4 + 6 = 10. Onarp 10! —
Hacran wepen n Muxkn yauBuTHCS.

H+6= 10 MOHEem

— Omnarb coBrajienue... A moboe coBriajie-
HUE MO03pUTETbHO. W TOKHO OBITH HCCIe-
nosano! — moaxsaruia sKems. — A He MOsKeT
JIN TaK CTaTbCs, YTO WMTOTOBBIN pe3yJbTar
BOOOTIE HE 3aBUCHUT OT JeiicTBuil J{o6pbian?
Hy, ecam ToBKO OH HE TIOJIEHUTCS U pa3be-
peT Bce 10 KOoHIa?

— IIpoBepum juis 6 kamueii! — noaepxast
Muxa. — IlepsbiM xomoM [l06pbIHSI MOKET
mogeuth ux Kak 1 + 5, 2 + 4 wiu 3 + 3.
Kyuka u3 2 kamueli npuHocut emy 1 MoHeTy,
u3 3 — TpHu, U3 4 — MeCTb, a U3 5 — JECSTh.
[TocMoTpUM-TIOCMOTPUM:

<,
@\@ (DHEOED

3-2+3+3=
=15 WHOoHe

1-5+0+10= _
=15 yonei  2:Ht1+6=

=15 woHem

— Takux coBnajienuii He 6bIBAET, Mbl ObLIN
npasbl! — o6pasoBasach JKens. — Ocranoch

2019/Nel

3TO JIOKa3aThb. [jie-To 51 911 unca Bujena: 1
MoHera, 3, 6, 10, 15...

— Jla 31O 3Ke TpeyroJibHble YHCJA: BE/b
ecu Jlo6poinst Oyzer paboTaTh Tak, Kak s
CKa3aJj, HayaB C Ky4YKH W3 7 KaMHel, OH
3apaboTaer CyMMYy ITOCJIe/[OBATEIBHDIX YNCE
(n=-D)+(n-2)+...+2+1,

— MbI roTOBBI C(HOPMYIMPOBATH THIIOTE-
3y, — obpainasicb K yuntesio, sKens B3sia
Ha ceb6s posib KamuTana. — VTorosblit pe-
3yJIbTAT HE 3aBUCUT OT jeiicTBuil Jlo6pbIHu:
KOT/Ja KyJa W3 7 KaMHell OyJeT MOJHOCTHIO
paso6pana, oH moayunt 1+2+..+(n—1)
MOHET.

— Otranuno! — o6pajloBajCcs yYUTETb. —
Bor BBI U1 pazo6pasich ¢ TeM, 4TO B 3ajaue
npoucxoaut. Ocraercs fokaszath. CMoxxeTe?

— Hy, aT0 y:ke Hecs03KHO, — TOIXBATHJI
Muka. — Cravaja cob6epeM TpeyroJbHOe
qrIcJio B 6oJiee aKKypaTHBIH BIJI: 3Ta CyMMa

paBHa M [Toromy utO ecau ee ynBo-
5

UTb, TO MOHETBI MOKHO BBLIOKUTD B TIPSMO-
yrompuuk n(n—1):

“n ( w- 1)
MOHEI

— A Temepb MOCMOTPUM, — TIPOIOJKII OH.
— Ecam cuavaia mouer n = a + b u Jlo6pbrast
JIEJTAT WX Ha KYYKU U3 d 1 b MOHET, TO TIePBbIM
XOJIOM OH 3apaboTaeTr ab MOHET, a [OTOM elile

a(a—1) b(b-1)
2

13 TepBoit 1 ———2% W3 BTOPOH

2
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Kyuek. Becero

a(a—1)+b(b—1)=
2

ab +

=2ab+a2+b2—a—b
2
(a+bY —(a+b) n’-n _n(n-1)

2 2 2

— Ypa! — obpanoBasicsas Muka.

— Dopmyabl, GopMyJIBL... A HOUYeMy Bce
JKe TaK XOPOIIO COBMAJIO, YTO OT JAeUCTBUI
[lo6pbinu Huvero He 3aBucut? Her i aromy
KaKOr0-TO XOPOIIero oObsICHEHUS? — 3a/y-
masnach sKensa. — Beab...

— CoBnaieHust TI0/I03pUTeNbHbI! — TIO/IXBa-
T Muka. — MoeT, oJyudnuTcst 3T0 06bsic-
HUTh Kak-TO TeoMmeTpmyeckn? Benb Ttpey-
TOJBHOE YHUCJIO — 3TO KOT/a CKJAIBIBAIOT
MOHETBI TPEYTOJBbHUKOM; MBI y)Ke WX TaK
CKJTQ/IBIBAJIN, BBIYHCJISASA, YeMYy TPEYTOJbHOE
YUCJIO PABHO.

— Ho B TakoM TpeyroJbHUKe MOXHO HalTh
JIBa MEHDIITNX, COOTBETCTBYIONIUX JBYM IIO-
JIydarommMmcsl Kydyam u3 4 u b moner! A
OCTaHeTCs KaK pa3 MPsSMOYTOJbHUK, 1 OyIeT
TaM Kak pa3 ab moner! — o6pajgoBasach
Kens.

— Xopol1110, 3TO MBI YIIPOCTUJIN PACCYXK/e-
nue, oboiigsich 6e3 dopmya. W nomyuanan
KpacHBOE JI0KA3aTeJbCTBO, TIOUeMy (hopMyJia
paboTaer; HO XOTEJH-TO MbI OObSICHEHUSI,
rnouemMy pesyJabTar ot AeiictBuit /loOpbiHn
OKasaJjics He 3aBUCSIIUM, — He CIIEHINJI PaJlo-
BaThcsa MwuKa.

— Ter npas. [laBaii etie mogyMaeM — 4TO Mbl
BOOOTIE O TPEYTOJbHBIX YNCIAX 3HAEM? — He
Tepsiia sHTy3nasMa sKens.

— JTO elle KoJU4YecTBO map. B cmbice,
CKOJIBKIMHU CITOCO6aMU MOKHO BBIOPATh JBa
13 n KaMHel, — oTBeTnJ MuKa.

— Komuectso map... Hy xoneuno! Cmot-
pH, KOJUYECTBO Tap u3 a + b KamHeil — 310
KOJIMYECTBO TIap M3 d KaMHel TLTI0C KOJInde-
CTBO T1ap U3 b KaMHel TLTI0C KOJIMYeCTBO T1ap,
B KOTODPBIX OJINH KaMeHb W3 NepBOil Ky4H,
BTOPO#l M3 BTOPOii. ITO TONKIECTBO MbI U
HaImca u, — azapTHo 3aroBopusia sKewns. —
Bor te6e u o6bacuenue! [laBail cBsKeM
BEPEBOYKON KaXKIYIO MMapy KaMHEH B MCXOJI-
Hoii Kyde. U 1mycTb BepeBOUKU PBYTCH, KOI/la
KaMHH OKa3bIBAIOTCS B Pa3HbIX Kyuax. Tormaa
[loOpbing, mens Kydy Ha JBe, 3apabaTbiBaeT
KaK pa3 CTOJIbKO MOHET, CKOJIbKO BEPEBOYEK
on pazopsaJ. Ho B KomIle, Korja y Hac n Ky4
[0 OJHOMY KaMHIO, BCe BEPEBOUKH OYIyT
pa3opBaHbl. 3HAYUT, OH 3apaboTas CTOJHKO
MOHET, CKOJIbKO MCXOJHO OBbLIO BEpEBOYEK.
Kak 6b1 on Hu geiicrsoBad!

— Mosoaipt! — MOABITOXUI YUUTETh. —
Tosbko He 3a0y/IbTe BEPHYTHCS K UCXOHOMN
3ajlaue U JaTh HA Hee OTBET.

— Jlerko! — moaxBaTmt Muka. — 3apabora-
et [lo6peias 500 -1001 = 500500 moner, Kak
OBbI OH HU JIeHCTBOBAJ, UMD ObI HE OCTAHAB-
JIUBAJICS, TIOKa BCE KyYKW HE CTAHYT TI0
OJIHOMY KaMHIO.

— W eme pa3z — mosominml! A Terepb K
cJeyloneil 3amave. ..

MocnecnoBue

ABtop mucxonnoi 3amaun — A.C.MepKypbes.
Omna 6bL1a nipeqoxena B 1986 roay na Jlenunur-
paJIcKoil MareMaTHYecKoil o/uMmIuaze, a Takxe
ponia B «3amaunnk «Keanta» (M1001). Ipea-
JlaraeM JIJIs1 CaMOCTOSITE/IbHOTO PellleHust Ou3Kue
K Hell 3ajaun.

1 (M.UsmecTbeB). VMeeTcs Tpu Kydnm KaM-
Heil. Cusnud Tackaer Mo OJHOMY KaMHIO U3 Ky4H
B Kyuy. 3a Kax/oe lepeTacKuBaHUe OH II0JIyva-
eT oT 3eBca KOJUYECTBO MOHET, paBHOE Pa3Ho-
CTU YUCJIa KaMHeil B Kyuye, B KOTOPYIO OH KJajeT
KaMeHb, 1 4nCja KaMHel B Kyde, U3 KOTOPOil oH
Geper KameHb (caM MepeTacKUBAeMbI KaMeHb
[pHu 35TOM He yuuTbiBaercs). Ecau ykasaHHas
pasHocTb orpunaresbia, To Cusud BosBpaulaer
3escy coorserctByonyo cymmy. (Ecam Cusud
He MOXKET PACILIATUTHCS, TO BeJHKOAYLIHbIH 3eBc
1103BOJIIeT eMy CcOBepllaTb IlepeTacKuBaHue
B J0ar.) B HEKOTOPbBIH MOMEHT 0Ka3aJoch,
YTO BCe KaMHH JIeXKaT B TeX ’Ke Kydax, B KOTO-
PBIX JIeXKaJau IepBOHAYa bHO. KakoB Han6oJIb-
muii cymmapubiii 3apa6orox Cusmuda Ha ITOT
MOMEHT?
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2 (E.Topckuii). Ha gocke Hanmucasbl 10 BO3pa-
CTaHUMIO /[Ba HATypasibHbIX yucaa x u y (x <y).
ITerst 3anmchiBaeT Ha GyMaskKe X2, a 3aTeM 3aMe-
HSET YKCJIa Ha OCKE 9UCTaMI X U i — X, 3aTTICHIBAST
ux 1o Bozpactaunio. C HOBBIMU YHCTAME HA JIOCKE
OH TIPOJIEJIBIBAET Ty JK€ Olepaluio u T.J., MOoKa
OJIHO U3 YKCeJ Ha JIOCKe He craHer HyjaeM. UYemy
6yJeT B 9TOT MOMEHT paBHa CyMMa YHCET Ha
Oymaxkke?

3 (E.Topckuii, C. [lopuuenko). Ha gocke namnu-
caHbl HATypaJbHbIe YHCIA X, y ¥ z. [lers mumer
Ha GyMakKKy MpOM3BEIEHNe ABYX M3 HAX, a Ha
JIOCKe yMeHbIIaeT TpeTbe yncyo Ha 1. C HOBbIME

2019/Nel

TPeMsI YNCIaMU Ha JOCKE OH JIeJAeT TY JKe orepa-
LU0 U T.J., II0Ka OJHO M3 YUCEJ Ha JO0CKe He
craner HyJjeM. UeMy B 9TOT MOMEHT paBHA CyMMa
yycesa Ha OyMaskke?

Hoockaska ® 3amadam 2 u 3. mpuayMaiite
reoMeTPUYECKYIO MHTEPIIPETAIMIO TTO/ICYeTA.

Pexomen/iyem /sl TaJbHENITIETO N3YUYEH s CTa-
thi0 E.BakaeBa «Mapunku, 1eBoYKH, TabJINIIbI,
rpadot...» («Ksanr» Ne3 3a 2015 r.), B KoTopoii
TaKKe OOCYXK/AeTCs TeOMETPUYECKUil MojaXo K
noJ06HBIM  KOMOUHATOPHBIM 3agayam. ([Ipum.

ped.)

KOHKYPC UMMEHU A.II.CABUHA

Mbi npogomkaem o4epeqHoOVi KOHKYPC 10 PELIEHUIO MaTeMaTn4eckux 3aaay. OHN paccynTarbl B
nepByto ovepeab Ha yHalynxcs 7-9 K/1accoB, HO Mbl by1eM pasbl yHacTuIo LUKO/IbHUKOB BCEX BO3PACTOB.
KoHKypc npoBoanNTcss COBMECTHO € XKYpPHanom «KBaHTUK?.

Bbicbinanite pelieHuss 3afa4d, C KOTOPbIMU CIIPaBUTECh, S/IEKTPOHHOV [M0YTOM 110 aApecy:
savin.contest@gmail.com nnau obbiyHOV royToui o agpecy: 119296 MockBa, JIeHUHCKUN POCIIEKT,
64-A, «KBaHT» (c nomerkos «KoHKypc umenn A.[l.CaBuHa»). Kpome nmeHu v gpamunmm ykaxmre
ropoa, WKoy U KN1acc, B KOTOPOM Bbl yYUTECh, A TakKe obpaTHbIii MOYTOBbIV aapec.

Mbi npuseTcTByem y4acTve B KOHKYPCe He TOJIbKO OTAE/bHbIX LKO/IbHUKOB, HO 1 KOMaHp (B TaKoMm
a1yyqae npuUcbIIaeTcs oAHa pabora co CricKoM y4acTHUKOB). Y4acTBOBATb MOXHO, Ha4Y1Has ¢ J1to6oro
Typa. [obeautenei XAYT ANMNIIOMbI XYPHaNa «KBaHT» v MpuU3bl. 3aAaHus, PELUEHUS U pe3ysibTaTsl
ny6nvkyoTcs Ha calite sites.google.com/view/savin-contest

Xenaem ycrexa!

17. Ectb 5 Kaproyek ¢ unucjaamu 3, 4, 5, 6,
7. CKOJIBKO M3 HUX MOKHO CJIOKUTbH IIATU-
3HAYHBIX 4mces, geaammxcsa Ha 55? (Kap-
TOUKY «6»> HeJb3s TEepPeBOPAYMBATD U WC-
[10J1b30BaTh Kak «9».)

11. Kosxesnuxos

18. Ilerst u Baca kynuum o KOHCTPYKTOPY
«Cob6epu TeTpasp». B koHCcTpyKTOpE 4 Tpe-
yroJbHIKa — Oy/yie rpanu Terpasapa. [lo
nopore Ilerst moTepsisi OAUH TPEYTOJHHUK.
3aMeTuB 9TO JIOMa, OH IOOEKAT € OCTaTKaMU
cBOeTO KOHCTpyKTOpa K Bace. CpaBhuBas
JleTasIi, OHW OOHAPYIKUJIU, YTO CPEIU YeTbI-
pex BacumbIX TPeyroJbHUKOB €CTb TPH Ta-
Kux ke, Kak y Ileru. «Otanuno, Tenepp s
3HAI0, KAaKOW TPEYrOJIbHUK s TOTepsiils —
BockukHyJ Ilers. «BoT Tosbko mouemy
I[eHbl KOHCTPYKTOPOB OTJIMYAIOTCI ?» — 3a/Iy-
MaJcst OH. A MOTJIO JIT 6BITD TaK, YTO y pe6sT
KOHCTPYKTOPBI OTJINYAJIICH OJTHIM TPEYTOJTh-
HUKOM, HO M3 KaK/I0TO KOHCTPYKTOPA MOKHO
6bL710 cOOpaTh CBOW TETPas/p?

J. Emenvanos

19. a) Haiigyrcs sm 100 pasmudHbIX HATY-
PATbHBIX YWCEJ, CpefHee apu(pMeTHIecKoe
JIIOOBIX HECKOJIBKHUX M3 KOTOPBIX — HATYPaJIb-
Hoe? 6) A ecium 06aBUTH YCJIOBHE, YTO
Jio0ble JIBa YMC/Ia U3 9TUX CTa JJOJKHDI ObITh
B3aMMHO TIPOCTBI?

11. Koxeenuxos

20. /[lan kueryatsiii kBazpar 100x100.
Hexortopbie ero KJIeTKM MOKHO B3aKPBITh.
Bynem rosoputh, uro fomuHOmKN 1X 2 pac-
HOJIOKEHBI B HEM pd3peueHHbim o6pasoMm,
€CJIM KasK/1ast 3aHUMAET POBHO JIBE HE3aKPBI-
Thle KJIETKU U HUKaKUe /Be JOMUHOIIKUA He
UMeIoT 06IIero oTpeska rpanutibl (HO y JoMu-
HOTIIEK MOTYT ObITh 061ue Bepiiibl). Kakoe
HaUMEHbIIIee KOJNYECTBO KJIETOK MOYKHO 3aK-
pbiTb, uTOOBL: a) 2; 6) 100 jgoMuHOIIEK
HeJTb3st ObLIO PACIOJOKUTH Pa3peIeHHbIM
o6pasom?

E.bakaes
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locnoanH
Benuvkinm
KOCKHYC

A.CTACEHKO

Y10 3Ha4ynT, B cyLyHocty, «gqymats»? Korga
... B BOOBPAXEHIM BCI/IbIBAIOT KAPTHHbI-BOC-
TTOMUHAHWS, TO 3TO ELLe HE 3HAYNUT «qYMaThb .
Korza 3mv KapTuHbl CTAHOBATCA B PSf, KaX-
AbIV Y71eH KOTOPOro rpobyXAaeT ieqyo-
MY, TO U 3TO ELUe HE eCTb MbILL/ICHNE. HO
KOria OfpeneseHHas KaptviHa BCTPeqaercs
BO MHOIMX Takux Paaax, To OHa, B CLJ1y CBOEro
[TOBTOPEHMS, HAYUHAET CIIYXKUTb YIIOPSA0YM-
BaOLLMM 3/1EMEHTOM.

ADHWTeNH. OU3MKa 1 peanbHOCTb

KAK—TO OJIMH JIOTAJIJINBbBIM YUEHUK,
TOPOIIACHh Ha 3aHATHUA, 3aME€THUJI, YTO aBTO-
MoGUIH y GOP/IIopa TIPOE3sKeil YacTu CTOST MO/
yFJIOM O TI0 OTHOIIEHHUIO K HeH.IEXO,ZIHOMy
nepexoxy (puc.1). «3, 6par, coo6pasu

L cosa

Puc. 1. ABToMobusv y 06044HbBI CTaBAT Tak, YT00b/
«KOCWMHYC anbGha» rMoMOor IPOe3Xars APy IrviM

IIKOJIbHUK, — 3TO HE CJAYYaiHO: IPOEKINs
MPOIOJIBHOTO TaGapuTa aBTOMOOWJISI HA Tellie-
XOJIHDBIII HepexoJ COAEP>KUT COS0L, YTO IPH
o > (0 mo3BOIAET cenaTh MPOE3XKYI0 YacTh
mmpe (dem pu o = 0)». VI TyT OH BCHOMHUT,
rze eite BcTpevyan Kocunyec.

Hampumep, 4to a6CcOMOTHO YIPYTHI TapUK
Maccoil m, [IBUTABIIUIICS CO CKOPOCTBIO 0,
OTCKOYMB OT CTEHKH, COOOIAeT eil MMITyJIbC

DOI: https://doi.org/10.4213/kvant20190105

p =2mocoso. (puc.2,a). Nnu — urto pabora
cuibl F na nepemernennn [ pasna A = Flcosa
(puc.2,6), otkya scuo, uro npu o = 90° cuia
He coBepiraer paGoThbl.

A ecau B 3JIEKTPUYECKOM KOHTYPE MEsKLy
HanpspkenueM U Ha Harpyske u TOKOM [ ecTb
capur 1o daze o (M3-3a MHAYKTHBHOCTH 1,/
WM €MKOCTH), TO Ha HATPy3Ke BbIIEIACTCS
momuocte W = Ul cosa (puc.2,6).

a) 6) F
o
p = 2mocosa [
A = Flcosa
Ul cosa

Puc. 2. Euge o «kocuHyce anbgar. a) Mmnysisc,
1071y YEHHBIN CTEHKOM 1M aOCOMIOTHO YIpYroM
yAape Wapyika, yMEeHbLLIGeTCs C POCTOM Yi/ia o
(c ymeHbieHrem coso. ). 6) Pabora cubl Ha
repemeLermy Tem 6osbiue, Yem O0/bLIe COS .
B) DazoBas auarpamma 1eKTPM4eckoro KOHTy-
pa: B, Y — pazbl HarnpaxeHs v Toka Ha Harpys3-
K&, O — C4BUI a3 Mexay HUMU

A xorga JlorayimBbiii YUeHUK efleT a Tpam-
Bae co ckopocThio v (cucrema koopaunar K ),
a Xyauran Ha ymune (cucrema K, ) cBerutr
¢ oHapUKOM MO/ YTJIOM ¢, OTHOCUTEJIBHO PEJIb-
COB, TO TIEPBBII M3 HUX BOCIPUMET CBET C

YacTOTON

1 vCcosa

V1=V0—,

rae v, — 4acrora cBera ()OHApUKA, ¢ — CKO-
pOCTb CBeTa.

Cpemu 6e3paGOTHBIX CHUJT YHCJIUTCS 1 IIEHTPO-
CTpeMuTeIbHAsE CHUJA, JeliCTBYIONast, Halpu-
Mep, Ha JIETKUI CIYTHUK, BPAIIAIONINICs BOK-
PYT IJIAHETHI TI0 OKPYKHOCTH, W PaBHAs CUJIE
nputspkenusi. «Ho, moayman [loraanusbrii
Yuenuk, — muanetsl BOKpyT CoJiHita BpamaioT-
cs He 00513aTeIbHO 110 OKPYXKHOCTSIM». Bejb
eme Besmkuit Kenmep (1571-1630) ycrano-
BUJI, 4YTO HX Op61/ITbI — JJIJIMIICbhI, KOTOpbIC
OTHOCSTCSI K TaK Ha3bIBAEMbIM KOHUYECKUM
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Puc. 3. O koHn4geckmux ceqdermsx. a) KoHyc, pacce-
YeHHBIV MI0CKOCTBIO RR, NepreHanKyIspHoN ero
oCH, [3eT OKPYXHOCTL paauycom R. CedeHue
KOHY/Ca HaKITOHHOM K ero OCU 11/10CKOCTbi0 AP naer
2mnc. 6) YpaBHeHue okpyXHOCTU — GakTnvec-
kv Teopema [lnugaropa A/A TPEYrosibHUKE CO
cropoHamu X, y, R, F — cuna taroreHms (oHa xe
LEHTPOCTPEMUTENIbHAS), ACUICTBYIOLAs Ha CITYT-
HUK Maccovi 1m CO CTOPOHbI [PaBUTHPYIOLLEN
maccel M. B) Snmurnic, B @okyce f koroporo
HAaXoAqUTCA LeHTP rpasutaLmm maccor M

ceuennsiv (puc.3,a). CpoiicTBa smmnca ObLm
U3BECTHBI €llle B JAPEBHOCTH, HO TPOIILIO IISIT-
HA/IIaTh CTOJIETUI, TIPEXK/IE YeM YEIOBEUYECTBO
OTKa3a/10Ch OT GECIIOIEe3HbIX ITOIBITOK UCIIOJIb-
30BaTh JIJIs1 ONMCAHKS ABUKCHUS TLIAHET Harpo-
Moskzienus srmimkiaoB [ltonemes (11 B.).

Bce 3naior, uTo ypaBHeHUe OKPYKHOCTH Pa-
JIycoM R B JIeKapTOBBIX KOOPMHATAX BbITJISI-

JIAT COBCEM TIPOCTO:
2
Y -1

2 2 2 X
+y“ =R, wm | — | +
rry R) | R

2019/Nel

M@axTHueckn 3To TeopeMa Iludaropa: cymma
KBa/JIPaTOB KAaTeTOB X M Yy paBHA KBajpaTy
runorenysol R (puc.3,6).

B oT/mume oT OKPY’KHOCTH, Y 3JLIHICA YiKe
JIBa XapaKTepHbIX pazMepa — 60JIbIas 1 Masas
noayocu a u b (puc.3,6). Ilostomy B eKapTo-
BBIX KOOD/MHATAX YPABHEHHUE 3JL/IMIICA OT/IHYA-
€TCsl OT yPaBHEHUs] OKPYKHOCTH:

x 2 2
_J + gj =1.
a b

Ectb 1 pusngeckoe oTImdme: MOy b NMITY.Tb-
ca TIaHeThl M0 Ha KPYroBol opOuTe — 1MOCTO-
SHHAs BEJIMYMHA, TaK JK€, KaK U MOMEHT WM-
myJbca MmoR; a Ha 2JTMIOTHYECKOH opOuTe
COXPAHSIETCST TOJNBKO MOMEHT WMITYJIbCA, UTO
COCTaBJIIET CyTh BTOPOTO 3aKoHa Kermepa.
Komeuno, B Te BpeMeHa TakuX CJI0B B (husnke
He 6bLIO0, TI03TOMY 3aKOH ObLT c(HOPMYTHPOBAH
KaK COXpaHeHWe TJIONIA/N, 3aMeTaeMoil pajiu-
YCOM-BEKTOPOM TIJIAHETBI B PABHBIE TPOMESKYT-
KU BPEMEHT.

Hauasio exapToBoit cucTeMbI KOOP/IMHAT Pac-
nosoxkeno B enrpe aamunca (x =0, y =0). Ho
(pusnUecKn BaKHBIM sBJIsETCS ero (POoKyc
(x = f, y = 0), B KOTOPOM PaCIIOJOKEHO
MaCCHBHOE TPaBUTHPYIOIee Teao Maccoii M,
uHarmpumep CoJTHIlEe, BOKPYT KOTOPOTO U Bpalia-
0TCS JIETKHe Tanetsl. [loatomy Jydiie mepeti-
TH K JIPYTOil CHCTEMe KOOPIMHAT, TaK Ha3bIBa-
€MOIi MTOJISIPHOM, B KOTOPOH MOJOXKEHUEe TOUey-
HOIT Macchl M OTPE/IEJISIETCS €€ PACCTOSTHUEM 7
OT TPABUTUPYIOIIETO TeJa U YIJIOM O, OTCUHU-
THIBAEMBIM OT Ocu X. Temepb ypaBHeHe 0pOu-
THI MIJIAHETBI 3ATUIETCST B BUJIE

b2

r = ——m—m—ma™
a(l+ecosar)’
c a’ - b?
3/1ech € =—=——— — O9KCIEHTPUCUTET
a a
asntca. QUeBUIHO, YTO B CJIyUae OKPYIKHOCTH
a=b=R,c=0,e=0, rak uro » = R. Touka
P (o =0, 7=a- c), 6imwkaiiiag K 1eHTPY
rpaBHUTAINH, HasbIBaeTcs mepurenneM (nepu —
6JIN3KO, BCIIOMHUM TIEPUCKOIT; 2€/1Utl — COJIH-
ue), a naubosee yaanennas touka A (o =1,
7 = a + ¢) naswviaerca adennem. (ITockosbKy
r U3MEHSIETCS] BO BPEMEHH, CHUJIa TATOTEHUS
nepecraer GbITh 6e3paGoTHOIA. )

TyT yMeCTHO BCTIOMHUTD, UTO JJIsT CITYTHUKOB
3emMunt, B TOM 4mcJie 11 JIYHBI, HCTIOTb3yeTcs
tepmun nepuzeii (Tes — 3emuns), a aus Bepuiu-
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HbI 4ero-u60 JOCTUTHYTOrO — anozetl (Harmpu-
Mep, anoreil CJIaBbI).

Ho 4to Mbl BujiuM B 3HaMeHaTeJsIe ypaBHeH s
Oop6UTHI TJIAHETDbI, 3aMUCAHHOTO B HOJISIPHOM
cucteMe koopauHat? Hair 3Hakomblii Kocunyc!

N 10 eme He Bce. IToyemy Ha akBaTOpe
JKapKo, a Ha TI0JII0cax 3eMJIn X0JI0/1Ho? Boiste-
JINM JIBE MaJIble OJIMHAKOBbIE IIONA/IKN Y 9KBa-
topa (0. = 0) m B Gosee BBICOKMX IMIMPOTaX

N
gscosa
— s
. o
qs
5
S

Puc. 4. Ha oqmnHakoBble rmiioLanky Ha noBepXHO-
CTV CQepbI MPUXoasaTCs HEOAUHAKOBbBIE, B 33BU-
CUMOCTU OT COS O, [TOTOKM SHEPIM

(oo > 0). U3 pucyHKa 4 BHJIHO, Y4TO Ha HUX
MOMAJIAIOT PASHBIE TOTOKM SHEPTHH OT CBETHIA.
W onATh-TaKK: BCE 3aBUCHT OT KOCHHYCA yTJIa
MEIK/Y BEKTOPOM IIOTHOCTH TIOTOKA SHEPTUH

- { JIBS } . ~
qlla==5 1 BHyTpeHHeii HopMabio 7i
M°-C

K TLIOMIAJKE.

A nouemy 3uMa 1 JIETO CMEHSIIOT IPYT Apyra?
slcHo, 4TO 9TO CBA3aHO C YIJIOM () HaKJOHA OCU
3eMJI1 110 OTHOLIEHUIO K HOPMaJIU K ILJIOCKOCTH
op6utsr (puc.5). B pesyibrate Ha BblmeneH-
HYI0 HAMM IUIOIIA/JIKY HA LIMPOTE ¢, 3UMOU B
moaiedb HOpujaeTrT MTMJIOTHOCTb OSHEPpruu
G, cos(ct+ @), a JIeTOM — ILJIOTHOCTD SHEPIUM

M
©
f

S S
P — nepuresnii A — adennii

Puc. 5. Bcrencrsime Hak/oHa ocu 3emiv K raocko-
ctv opbutsl (yron © ) 3umoui (crnesa) v nerom
(cnpaBa) cesepHoe nonylapmue nosy4aer pas-
Hbl€ 110TOKM 3Heprim oT CONHLA, PACIIONOXEHHO-
ro B Qokyce f amamnm4eckor opbutsl 3emim

«KBAHTE »

q, cos(o— @) (3mech 3 — 3uma, 1 — aero). Ho
BeJib BTOPOil KocuHyc 6oJibliie TIepBoro!

[Mosryuaercst, 4T0 3UMOIT Y HAC XOJIOHO U3-32
HaKJIOHA OCH. A ecyii GbI MbI TIPH 3TOM ObLIH
MaKCHMAJIbHO yaenbl oT CoJHia, TO ObLI0 Gbl
eme HemHoro xogoxnee. Ho Tyt Ilpupona
CJIeTKa MOpajioBajia: B 9TO BpeMst Mbl OJIIKe K
ceeruity. U 910 cripaBe/l/IMBO: B HAIIEM TIOJIY-
HIApUH U [JIOMA/b CYIIN 1 HAceJieHne GOJIbIIIe.

Haiinem orHouenue 3HaueHHII MaKCHUMaJlb-
HOM TIJIOTHOCTH MTOTOKA dHepTrun CoJTHITA 3UMO
U JIETOM, HAIlpUMep, Ha mupore o = 57°. Yu-
TeM, 4To @ = 23°, a IKCIIEHTPHUCUTET OPOUTHI
3eman e = 0,017. OtHolIeHNE IIJIOTHOCTEN
MOTOKOB dHEPruu B mepuresnnu u adennu 06-
paTHO TPONOPIHOHAIBHO KBAJPATy PACCTOSI-
HUN OT UCTOYHUKA CBETA!

(a+c)2 _(1+da) =[1+e)2 o
a-c 1-c/a 1-e T
a OTHOIIEHHE KOCUHYCOB PABHO
_cos(57°+23°) 0174 _
cos(57°-23°) 0,83

B pesyJbrare mosyaum

COS OLp

0,21.
COs 0Ly

9P~ 0,21-1,07 = 0,224 .
qda

Kerarn, Kentep B 1604 tomy chopmy.ipo-
BaJl U 3aKOH 0OGPATHO MPOHNOPIMOHAIBHOI 3a-
BUCHMOCTH M€Ky OCBEIIEHHOCTbIO M KBajipa-
TOM PACCTOSTHUS JI0 MICTOUHHMKA CBETA, KOTOPbIii
MbI TOJIBKO YTO HCIOJIb30BAJIH.

Urak, craBa Benukomy Kocunycy! M6o or
HEro 3aBHCUT, B YACTHOCTHU, KOTO Mbl BCTPETHM,
BbIH/I U3 nasatku, — Gesoro MejiBe/sl CPen
JIJISTHBIX TOPOCOB WJIM TIOIYTast Ha MaJbMe.

Koneuno, Teopusi samunTuyeckKux opouT He
coBceM Touna: 1 Macca CosiHIa He GECKOHEYHO
BeJIMKa, U TJTAHEThI BJUSIOT IPYT Ha apyra. Ho
4TOOBI BO BCEM HTOM Pa3o0paThCsi, HA/IO TTOCTY-
muth B MI'Y nmm na ®U3TEX, vero Bam un
JKEJTaeM.
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aKOHb|

OTPAXEHUS U

NnpenoMneHms
CBETa

A.HEPHOYLAH

PUTTAIEHUN JIYUA CBETA HA 3EPKAJIb-
HYIO TIOBEPXHOCTD TPOUCXOUT €T0 OTpa-
JKEHNe, T.e. BO3HUKAET OTPasKeHHbI myu. [Lmoc-
KOCTb, IIPOXOASNLYIO Yepes Iafalomuii Jyd u
HOPMaJIb K MOBEPXHOCTH B TOUKE €r0 TajeHus,
Ha3BIBAIOT MA0CKOCIN®IO NAOEHUS, YTOJ MEKIY
MaIaloNIAM JIy4IOM U HOPMAJIbBIO — y210M ndde-
HUS, @ YTOJT MEKIY HOPMAJbIO M OTPasKEHHBIM
JYIOM — y210M Ompd-
i JKenusi. 3axkow ompa-
| JKeHUS YTBEPIKIAET, 9TO
! a) OTPasKeHHDIH Jyy4
| JIEKAT B TIOCKOCTH
najenus u 6) yroJ or-
PaKEHUsT Y PaBEH YTy
nagenus o (puc.1).

JIyum, OTpasKeHHbIE OT ILJIOCKOIO 3epKaJa,
06pasyIoT MHUMOE U306paxenue Jo6oro To-
YEYHOTO MCTOYHWKA, PACTIONOKEHHOE TI0 APY-
TyI0 CTOPOHY 3epKa-
na (B 3asepkabe)
CHUMMETPHYHO HC-
tounnky (puc.2,a).
Nso6paskenne hop-
MUPYETCS BCEMU OT-
pasKEeHHBIMH JIyda-
MU, 2 HE y3KUM ITy-
koM (B oTimumne oT
ceprueckoro sep-
KaJa, IPeJOMJISIO-
el 1oBepxHOCTH,
JIMH3BI).

Bomnpoc. Moxer
JI TLJIOCKOE 3€pKa-
710 cPopMUpoOBaTh
5 Nl aelficTBuTEIbHOE

mc. 2 \ n306pakenie?

oLy

7,
Puc. 1

a) Hcm.
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OrtBer. [la, MOXKeT, ecsin Ha 3epKaJIo ajaer
exopanuiics mydok Jyueii (prc.2,6), uaymmx
He HENOCPEeJICTBEHHO OT MCTOYHUKA, & TOCJe
IPOXOJK/IEHUsT UMU coOupalotieit nn3bl. [lara-
1ole Jayyn o6pasyloT sl 3epKajia MHUMbBLI
ucmounux, n306pakeHre KOToporo Gy/er Jei-
CTBUTEJIbHBIM.

Ecusin masienne cBeta MpOUCXO/UT U3 CPEJIbI C

TToKa3aTeJeM TPeJOMJICHNS 7y Ha TPAHWILY CO
cpefiolt, WMeIoIel Mo-
Ka3aTeJib IIpeJOMJICHUA
n, , To 06pa3yIoTCs JiBa
Jyda: OTpPa’keHHBbIH,
BO3BpalaoIuicsa B
MepByIo Cpey, U Ipe-
JIOMJIEHHBII, PacIpoct-
pansronuiics BO BTOPOit
cpege (puc.3). Orpa-
JKEHHBII JIyd 110/[4NHSI-
eTcs 3aKOHy OTpake- p,- 3
HUS: Y = 04 . SAKOH npe-
JIOMJeHUS YTBEPIKIAET, YTO a) IPEJOMJICHHbII
JIy4 TaKyKe JIEKUT B IJIOCKOCTU T1aJeHUSA U 6)
YTOJI TIPEJOMJICHUST 0Ly (yTOJI MEKY MPEeaoM-
JICHHBIM JIy9OM M HOPMAJIbl0) MOJKET GbITh
Haiiien n3 3akona CHeuryca

sino,

sinoy  ny
OTMeTuM, 4TO TPH HCHOJb30BAHUU OMHOCU-
MeAbH020 NOKA3AMENS. NPESOMLeHUs., PABHOTO
OTHOIIIEHUIO GOJIBIIErO TTOKA3ATe s TIPEeIOMIIe-
HUA K MEHBIIIEMY, IEPEXO0/] U3 OIITUYECKU MEHEE
IJIOTHOU Cpe/ibl B ONTHYECKU GOJiee MJIOTHYIO
(1 < n, ) SKBUBAJICHTEH TIEPEXO/IY U3 BAKyyMa
(n=1) B cpesty ¢ OTHOCUTEILHBIM [IOKA3aTeaeM

n
IPEJOMICHUS. 1 = —= = Ry, .

m
sino, 1
sinoy n’

a Tlepexo/1 n3 onTHdeckn 6oJiee MIOTHON Cpe/ibl
B ONITUYECKU MeHee IIOTHY0 ( 72 > 7, ) — BBIXO-
Jly Jy4da U3 CPeJibl ¢ OTHOCUTEbHBIM TIOKa3aTe-
JIeM IIPeJIOMJICHHS 7 = L 7y B BaKyyM:
)
sincl,
sin oy
3aj1ayn Ha 3aKOHBI OTPAKEHUS M IIpeJIoMJIe-
HUsT, BbIOpAHHDbIE HAMU I pa3bopa, MOKHO
YCJIOBHO Pa3/IeJIUTh HA TPU IPYIIIIbL: 3a/[a4dl HA
olpejieieHne Xo/a Jydeil ¢ MCIOJb30BaHHEM
reOMETPUU M TPUTOHOMETPHH, 33/a4i HA IIpe-
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JIETTbHBIN yTOJI TIOJTHOTO OTPAKEHUST W 33/a4n
Ha HaXOXK/eHue n300PasKeHHil.

Haunem ¢ 3a/1a4 Ha 3aKOH OTPasKeHMUs.

3anava 1. [100 kaxum yzaom (6 epadycax) k
zopu3onmy caedyem pPAacnoioXums ni0CKoe
3eprazio, umobovl oceemumv OHO GEPIMUKANLHO-
20 KOI00UA OMPAXKEHHLIMU O 3EPKANA COJL-
HeUNLIMU  AYUaAMU, NAOAIOUUMU MO0  Y2JOM
o = 30° x zopusonmy?

Pemenne. Urto6b! HaliTH pacnoJioxKeHue 3ep-
KaJsa, yslo6HO HauaTh C MMOCTPOEHMsT HOPMAJIN.
Yros Mexay NaJalonMMU M OTPasKEHHBIMU
gydamu paser 90°+ o, a HOpMAJb TPOXO/UT
1o Guccexkrpuce srtoro yrua. Ciie/joBaTesbHO,
YTOJI MEXK/y HOPMAJIbl0 U BEPTUKAJIBIO PaBEH
45° + 0/2 = 60°. Taxoii ke yroa 6yaer MexIy
3€PKAJOM 1 TOPU30HTAJIbI0 (YroJ mosrydaercs
U3 NPEAbIAYIIEro moBoporoM Ha 90°).

3agaya 2. [Ipu nosopome niocxozo seprana
Ha HeKOMOPuLIl Y201 80KPY2 OCU, NPOX00AuULell
uepe3 mouKy nadenHus iyua nepnerouKyiapHo
nAOCKOCMU, 8 KOMOPOU Jlexdam nadaruwuil u
OMPAXKEHHDIT TYUUL, Y20l MeKOY NAOAUWUM U
ompazennoin ayuamu yeeauuuics na 40°.
Ha xaxoti yzon (6 epadycax) 6vi10 nosepuymo
3eprano?

Pemenne. 3pech Omsith yA0OGHO OTTAJKU-
BaTbCs OT HaNpaBJjeHus HopMaJu. Ecim 3epka-
JIO TIOBEPHYJIOCh Ha YTOJI O, TO HOPMaJIb TaKXKe
MOBEPHYJIach Ha yroa o. Tak Kak majaonmii
JIy4d HE MEHSIET CBOETO PACIIOJIOKEHUS, TO YOI
majieHns u3MeHnTces Ha to. Ha crosbko ke
MU3MEHUTCS M YrOJ OTPAKEHUs. 3HAYHUT, YroJ
MEXK/Y MaJaloNIM M OTPAKEHHBIM JIydyaMu
nsmenmicst Ha B =x20. ITo ycaosuio P = 40°
(Ha CTOJIBKO TIOBEPHYJICS OTPA’KEHHDBIH JIyd).
Cuenosaresnpro, o = 20°.

3anaua 3. Yenosex cmoum neped niockum
3epKaIoM, YKPEnieHHuiM Hd 6epPMUKAIbHOU
cmene. Kaxosa donxna 6oimo Munumaionas
svicoma (6 cm) 3eprana, umobvl uesi08eK MO2
sudemn cebs 6 noanwiil pocm? Pocm uenosexa
180 cm.

Pemenne. YesoBek [0/KeH BUETH CBOIO
BEPXHIOI0 TOYKY ¥ CBOIO HIIKHIOI TOYKy. Ha
pucyHKe 4,d 4esioBeK YIIPOILIEHHO Ipe/CTaB-
JIEH BEPTUKAJIbHBIM OTPE3KOM C TJazoM. JIyu,
WY OT BepXHel TOUKH YesioBeKa 1 1orma/ia-
0N B TJ1a3, JO/DKEH OTPA3UThCS OT 3epKajia
B TOuKe A, Jieskaliieii nocepeinie Mex/y Bepx-
Hell TOYKON M ry1a30M. AHAJOTHYHO, JIyd, WLy-
MUA OT HUKHEH TOYKU 4YeJIOBeKa U I10Iajalo-
muil B 1J1a3, JIOJUKEH OTPa3uThes B TOuke B,

a) 6)

S, 4

Puc. 4

Jieckalieil mocepeuue Mesx/ly HUKHEl TOUKOil
n raazom. UrtoGbl desoBek Bujes celsi 1esu-
KOM, 3epKaJIo JOKHO TPOCTUpaThes oT A 10 B,
T.€. UMETb BEPTUKAJIbHYIO JUINHY, PaBHYIO 1IO-
JIOBUHE POCTA 4eJIOBEKA. 3HAYUT, MUHUMAJIb-
Hag BbIcoTa 3epkayia 90 cM.

ITOT pe3yJIbTaT CTAHOBUTCA elfe Gojiee Ha-
TJISIIHBIM, €CJIH MCIOJIb30BATh TIOHATHE U300-
paxxenns. ['y1a3 uesoBeka 10KeH BUETD Yepe3
3epKaJio n306paskeHre YeJ0BeKa, PACIIOI0KeH-
HOE 32 3epKAJOM CHMMETPUYHO YeJOBEKY
(puc.4,6). V3 moctpoeHust BUJHO, 9TO BEPTH-
KaJbHBIN PasMep 3ePKAJIbHOTO «OKOIIKa» IS
Pa3TJIAABIBAHNS M300paKeHNS TOKEH ObITh
paBeH MOJOBUHE POCTA YeJTOBEKA.

3apnaua 4. /[ea niockux sepkaza pacnoiaza-
tomes nod yeaom Opye Kk Opyey u Mexoy HuMu
noMeujaemcs. MOUCUHBLUL UCMOUHUK CEemd.
Paccmosimue om amozo ucmounuxa 0o 001020
sepxana Iy = 3 cm, do dpyzozo I, = 8 cm.
Paccmosimue mexdy nepsvimu u300paxenus-
mu 6 3epxarax L = 14 cm. Hatidume yzon o
(6 zpadycax) mexdy sepraramu.

Pemenne. Ctpoum nzo6paskeHne B KaXX/10M
sepkasie (puc.5). TpeyroibHUK, 06Gpa3oBaH-

Ucm.

Puc. 5

HBbI MCTOYHUKOM U JIByMsI U300PasKEHUSIMHU,
umeer croponnt 2/, 2l, w L. Haiinem yron
U3 TeOPEMbI KOCHHYCOB!

12 = (2L ) +(2,) = 2(24) (2L cosB
OTKYy/J1a
cosp=0,5, B=60°.
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Z[]IH yrila MEKAY 3€pKaJaMu 110JydaeM
o =180°— B = 120°.

Ternepb — HECKOJIBKO 3a/1a4 Ha 3aKOH IIPEJIOM-
JIeHUSL.

3anava 5 (ETD). Ha pucynxe 6 dan x00
AYUd, NOAYUEHHDIT NPU UCCACOOBAHUU NPO-
X0KOEHUs. IyUud uepe3 NAOCKONAPALLCLHYIO
naacmuny. Yemy pasen noxasamenv npeiom-
JleHUSL MAMePUdid NAACTIUHbL N HA OCHOGE
amux dannvlx?

D A

Puc. 6 Puc. 7

Pemenue. 3amuuieM 3aKOH PEJOMJICHUSI
(puc.7):
sin o

sin B -
Bbipa3um cuHyCbI yIJIOB U3 PUCYHKA:
. AD . CE
sino, = —, sinfp = — .
AB BC

W3 pucynka Buano, uro AB = BC. CienoBa-
TEJIbHO,
AD 3
nN=—=—=
CE 2
3agava 6. Coanue cocmasnsem ¢ 20pu3oH-
mom yezon §, cumnyc xomopozo 0,6. ILlecm
svicomott H = 170 cm 66um 6 ono 6odoema
2ny6unot h =80 cm. Haiioume dauny L menu
0m 3M02z0 wecma na one 6000eMd, ecau NoKd-
3amenv npesomienus 600v. n=4/3.
Pemenne. Yron najgenus ayueit o = 90° -
(puc.8). Ilpu sTom coso =sind = 0,6, sina =

1,5

oA
S

Puc. 8 L

2019 /Nel

=0,8. Yros nmpenomsieHns 3 HaiizieM 13 3aKOHA

TIPEJIOMJICHHUS :
sin o

sinf3 = =0,6, cosp=0,8.

n
Temnepb MOKHO BBIUKC/IUTD JJIMHY TE€HU, KOTO-
past OTIpe/IesIIETCST XOOM JTyda, Kacakolerocst

BepxXHell TOUKU 1Iecra:
L=L+1L,=(H-h)tgo+htgp =180 cm.

3amava 7. JIyu ceema nadaem na npospau-
HY10 nadcmunky mojuunoi d = 2 cm nod
yeaom o, cunyc komopozo 0,8. Ha cxoavro
MUTLIUMEMPOE CMECTRUMCSL LYY NPU NPOXOK-
denuu naacmunxu? Ilokasamenv npenomie-
Hus eewecmed naacmunku n =43 .

Pemenue. Ilocre BbIXOMAa W3 MIACTHHKN B
touke B (puc.9) nyu moiiger mapasienbHo

CBOEMY Ha4aJIbHOMY HallpaBJIEHUIO. CMCIIIGHI/I-
€M JIyda €CTECTBEHHO CYUTATb PACCTOAHHE X
MEXAYy JIMHUER T1a/1aI0IIeTo Jyda 1 JIMHUER
IpomreAmero Jyda. Yroua IpeJIoOMJIEHNA Hai-
JIEM 13 3aKOHa IIPEJIOMJICHUA:

sinf = sma_ 0,6.

Paccrosgane x MexxIy JiydaMu MOKHO HAUTH 13
Tpeyrosbhuka ABE:
x = ABsin(a —B).
Ho AB = d/cosp, caenoBaresnpHo,
dsin (o — )
X=————2=
cosp
d (sino.cosP — cososin )
= =7 MM.
cosf
K rtakomy ske pe3yJibTaTy MOKHO TIPUITH
uyepe3 Tpeyroyabunk BCE:

x = BCcosa,
rie BC=CD-BD =dtga—-dtgp.

Oco6oe MecTo B TeMe «ITpeJIOMJIEHNE CBETA»
3aHNMAIOT 3a/la4M Ha MCIIOJIb30BaHUE npeaefzb—



NPAKTUKYM ABUTYPHUEHTA

1020 yeaa. OOGBMHO €ro Ha3bIBAIOT IMPE/IE]b-
HBIM YTJIOM TOJHOTO (BHYTpPEeHHero) orpaske-
HUs. SIBJIEHTE TIOJHOTO OTPaKEHUST MOJKET Ha-
6/mojaTbes A JIydeil, IafaloluX U3 Cpeabl
¢ GOJIBIINM TIOKa3aTeseM Ipe/IOMIeHNs Ha Ipa-
HUIy CO CpeJoii ¢ MEHBIIUM IOKa3aTeseM.
OnHako TIpeeJIbHbI YTOT BOZHUKAET M IS
o6parroro xoga Jayueii (puc.10). B srom

Puc. 10
ciyyae

Jlio6oMy mapaiomeMy Jydy COOTBETCTBYET
npeJsioMJIeHHbli Jiyd, npuueM 0 <o, <o
rie

npeju ?

1

Tpe = )
N4

sin o

T.e. BCE BOIIEIINE BO BTOPYIO CPeLy JydH
JIeSKAT BHYTPU KOHYCa € YTJIOM TI0JyPacTBOPa
Clipes -

[Tpu 11ajienny CBETOBBIX JIyUeil n3 cpejibl 2 Ha

rpanuny co cpenoit 1 (puc.11)
sin oy = ny;sin o, .

HpeJIOMJIGHHblﬁ JIy4d CYHIECTBYET TOJIbKO IIpU
a

Puc. 11

sinoy <1/ny, T.e. mpu Oy S 0y, (yd a
pasesisieTcss Ha OTPAyKEHHBIH U IIPETOMJIEH-
ubiit). Ilpum O, > Olypey  MTPOMUCXOJUT TIOJTHOE
oTpaskeHue, Kak or 3epkasa (s Jyda b
CYIIECTBYET TOJIbKO OTPAsKEHHbINH JIy4).

3agaua 8. Ha due cocyda c xxudkocmvio ¢
noxaszamenem npeaomienus n = 5/3 nomewen
moueunvlii ucmounux ceemd. Kaxozo mumnu-
manvrozo paduyca R (6 cm) donxen Goimo
HeNpoO3PaAuUHvLil OUCK, NAABAIOUUT HA NOBEPX-
Hocmu  oKudKocmu, umobvl, 215805 Ceepxy,
Hev3s GblI0 Yyeudemv Imom ucmounux? Bolr-
coma caos kuoxocmu h = 12 cm.

Pemenne. SdcHo, 4To /18 AMCKA MUHUMAJIb-
HOTO pasMepa ero HeHTP J0JIKEH paciiojiaraTh-
€S HaJL NICTOYHNUKOM R
(puc.12). Jluck
JIOJIKEH  Tperpa-

JWATH TyTh JIydaM, h
Ta/TAfOTIIM TTO/] yT-

JIaMI, MEHbUINMHU

Qppey - JLyunm, ma- o
narolue 1oz 60Jb-
MUMH  yTJaMu,
[OJIHOCTBIO OTPa-
3arcs. [lomyyaem

R=ltga

TIpe

Puc. 12
npenu’

Te sin o =0,8.

mpea pex

= 1 =0,6, cosa

n
Takum o6pasom, R =9 cm.

3anava 9. B cmex.ie ¢ nokasameiem npeiom-
AeHUs Ny 1,5 umeemcsa cpepuuecxkas no-
aocmv paduycom R = 9 cm, 3anoanennas
60001 ¢ noKasameiem npejomMieHus ny = 4/3 .
Ha nonocmv nadaiom napairenvnvie ayuu
ceema. Onpedesume paduyc (6 cm) c6emoeozo
nYyuKda, Komopwvlii NPOHUKAEM 6 NOJIOCMb.

Pemenue. Yron najennst Ha cepuueckyio
MOBEPXHOCTD pasjieJia — 3TO YroJl Mex /Iy 1a/ia-
IOIIIM JIYYOM 1 TIPOJIOJIKEHNEeM pajinyca, 1po-
BE/IEHHOTO B TOUKY
nagenus (puc.13).
Ecmm yron mnape-
HuU 6OJIbIIE Oy
TO JIy4 HE TPOHU-
KaeT B II0JIOCTD,
MPOUCXO/UT TIOJI- \‘
HOE OTpaskeHHue.

Jlyu, nagaonmii Ha A nj
IIOBEPXHOCTb Pa3- S

Jlesia moj  yrjaoM

Qpypes s TPOXOJUT — Puc. 13
OT OCH IyyKa Ha
paccToTHIN
. R R
r = Rsinoy,, =—= =8 cM.
ny  mny
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3agaya 10. Ha niiockyio nogepxuocmoy noay-
wapa paduycom R =10 cm, u320mos.ieniozo u3
npo3PAUHOZ0 MAMEPUANd C NOKA3AMEeM Npe-
aomnenus n = 1,35, nadaem ayu napaiiesvro
ocu noaywapa. Ilpu xaxom MunuMaroHom
pAccmosHuY Om ayua 00 ueHmpd noLYyuapd on
soLldem HAPYKY CMPOZO 8 0OPAMHOM HANPAG-
aenuu 6e3 nomepu UHMEHCUGHOCU?

Pemenne. Bo-niepsbix, 3ameruM, 4TO JIy4
BCe BpeMsl, BILIOTb /10 BbIXOJA HApyXKy, OCTa-
eTcsl B IIJIOCKOCTH, TIPOBE/IEHHOI Yepes na/iao-
Uit JIy4 W HeHTp noJyiapa. Bo-Bropbix, ec-
Ji JIyd ucnbitas N oTpaskeHUil OT BBIILYKJION
[MOBEPXHOCTH TOJIYIITAPA U BbIINIEJ HAPYIKY T1a-
paJIIeIbHO HAYAIbHOMY HAIlPABJIEHUIO, TO €ro
TPAEKTOPUSI BHYTPH I10-
JIyliapa IpejiCTaBJIsieT
co6oii TI0JIOBUHY TIpa-
BUJIBHOTO 2N-yTOJIbHU-
ka (puc.14; 3pecp N =
=3). D10 CTaHOBHUTCS
OYEBU/IHBIM, €CJIN MbIC-
JIEHHO TIPEJICTaBUTD,
YTO TIOCJIEe BBIXO/Ia OH
MOMa/laeT B APYyToOi Ta-
KoM ke moJymiap. B aToM BTOpoM moyriape
OH TIPOJIEJIbIBAET TAKOIl JKe MyTbh M BO3BpAlla-
eTcsl K TIePBOMY TI0JIyIIapy B HAYAJIbHON TOUKE
BX0oJia. BMecre /iBe TpaekTopun 06pasyIoT 1pa-
BUJIbHDBIN 2N-YTOJIbHUK.

PaccrostHie oT 1IeHTpa /10 TOUYKH BXO/1a PAaBHO
BBICOTE TIPABUIBHOTO 2N-yroJibHUKA, BIUCAH-
HOTO B OKPYJKHOCTb: h = Rsinoy , rjie oy —
YTOJI TIaJIeHus1 JIyda Ha cepudyecKyio NoBepx-
HOCTD, PaBHbBII

T T

O{‘N - .
2 2N
Yron najgenus Bozpacraer ¢ poctom N. Hajno
HaliTh MUHHMaJbHOe N, TpU KOTOPOM JIydyl
WCIIBITBIBAIOT MOJTHOE oTpaskenue. [Ipu 3amaH-
HOM N TIOJIHOE OTpa’keHWe TPOUCXOUT TIPH

Oy > Clypey , T.€.
1
n>ny=——.
SIN Oy
Jlnsa aByx oTpaskeHuit
1
=42 =141,

27 Sin (m/4)
JUISL TPEX OTPaKeHMit

et 2B s
’ sin(m/3) 3 '

2019 /Nel

u T./1. B Hamem ciydae mokazaresib mpesiomie-
HUSI MEHbIe 7,, HO OoJibllie n3. 3HAYMNT,
MUHUMAJbHOE PACCTOSTHUE COOTBETCTBYET TPEM
MOJIHBIM OTPAYKEHUSIM U PaBHO

h=Rsinoy = Rsing =8,7 cm.

3amava 11. [lupoxuii nenpospaunviii cocyo
dosepxy Hanoamen KuoKocmvio ¢ noKdasame-
aem npeaomaenuss n = 1,25. Ilosepxnocmo
JKUOKOCIU  3AKPLIAU TOHKOU HeNpo3PaAuHOU
NAACMUHOU, 6 KOMOPOU UMEEMCS OMEepCmue
paduycom R =2 cm. Onpedenume duamemp d
(6 ci) ceemnozo namua na one cocyoa, ecau om
0CBeUACTNCSL PACCESHHBIM CBEMOM 00AAUH0Z0
neba, udyuwun co ecex nanpasaenui. Torugu-
na caos Kuokocmu h =6 cm.

Pemenne. 113 Kaxkg0ff TOYKU OTBEPCTUS
BHYTPDb JKUJKOCTH PACHPOCTPAHSIETCS KOHYC
JIydeil ¢ oM IoIypacTBopa Oy, (puc.15).

2R

<
<

v

Puc. 15

Kpa;l IIATHa Ha JIHE OIpeAesA0TCA JyYaMn OT
Kpa€eB OTBEPCTHA. HOJIy‘IaeM

d =2R +2htg oy,
. 1
e SinOly,., = o= 0,8, cOSOye, =0,6.
Oxonyaresnbto, d = 20 cm.

3agaua 12 (ETD). Ha nosepxnocmu 600uL
naasaem nadyenou niom wupunoi Iy =4 m
u daunoi I, = 6 m. Hebo samsmuymo cniout-
HOLM 00AUHBIM NOKPOBOM, NOJHOCINDIO PACCe-
usarwum coaneunviii ceem. Onpedeume eny-
Ouny menu nod naomom. Iaybunol nozpyxe-
HUsL NAOMA U pAcceusanuem ceema 6000
npenedpeus. Ioxazamenv nperomienus 600vl
OMHOCUMENLHO 6030YXAd NPUHIMD PAGHLIM
n=4/3.

Pemenne. OT KakaA0H TOYKH CBOOOMHOI
MOBEPXHOCTH BOJbI BHU3 UJET KOHYC CBeTa C
YTJIOM TIOJyPACTBOPA Olypey . 101 IpensaTcTBu-
eM IMUPUHON [; MaKkcuMasbHas TJayOHHA TEHN



Puc. 16

pasua (puc.16)
I}
By = éctg Cypests
a 110/l NIPENATCTBUEM UPUHOH [, —
l
hy = Ezctg iper -

He ocermennbMu Hu ¢ 0HON cToponb (10J1-
Hasg TeHb) OyAYT TOUKM Ha MAKCHIMaJbHON
ray6une fy. (O6GnacTs TOJHONW TeHH uMeeT
dopmy TepeBepHYTON YETBIPEXCKATHOH KpPbI-
1M, KOHEK KOTOPON HAXOUTCS Ha raryGuHe fy .)
[l71s1 TIpejieTbHOTO yTila UMeeM

1

SN Oy ey = o= 0,75, cosa

=0,66.

npes
[Tosmyuaem
/
= %ctgocnpel1 =176 M.

3agaua 13. [Ipasunvnas mpeyzonvruas npu-
3MA U3 NPO3PAUN020 MAMEPUALA C NOKA3AME-
JIeM NPESOMACHUS N AeHKUM HA CMOJE HA 00HOU
u3 ceoux zpamei. Ha oonoti uz deyx ocmas-
wuxcs epameil cudum nayk, a no opyeoi
noazem myxa. Illpu xaxux n nayx e ysuoum
MYxXY?

Penrenne. Jlyun oT MyXu BXOJAT B IIPU3MY B
BUJIE KOHYyCa C YIJIOM NOJyPacTBOPa Oy,
(puc.17). Kpalinuit BepxHumii Jyu magaer Ha
coceiHIo0 Tpanb (re CUauT TayK) Mo YoM
B =180°—-120° = 0;pe, (yron Mexmay AByMst

Puc. 17

HopMaJsiaMu pased 120°). Ecim f§ > Olypeg s TO

HU OJINH JIy4 HE BBIIIET M3 TPAHU C MAayKOM.

ITonyuaem
60° — o

o
Tpex Z anpe,u ) O(‘npea S 30 )

sinaHPEHSO,S, 1SO,S, n=2.
n

Cuaemtyiommasi 3ajiaya JIeMOHCTPHUPYET, YTO
n3o0pakeHne MoskeT (hOPMUPOBATHCS TITOCKON
TIPEJIOMJISTIONIEN TTOBEPXHOCTHIO.

3amava 14. Taybuna eodoema h = 2 m.
Onpedenume Kaxywyocs eiyouny sodoend,
ecau ez0 OHO PaccMampusdaom, CKAOHUGUUCD
Ha0 60001 U 221505 6epMUKANLHO 6HU3. T1oKa-
3amenv npeaomienus 600v. n=4/3. Vel
cuumamo maivimu, m.e. tgo =sino = o .

Pemenne. l1306paskeHne NCTOYHUKA JICSKUT

B TOUKE IIePECEUCHUs IIPEJIOMJICHHBIX Jydeil.
Y6eaumcst B TOM, 4TO BCE TIPETOMJIEHHDBIE JTyUH,
COCTABJISTIONIME MaJIble YTJIbl C BEPTHKAJIDIO,
nepeceKaTcs B 0/lHO# Touke. OxnH U3 Jyyeit
OT HCTOYHUKA H/IET BEPTHKATLHO BBEPX U BBIXO-
JUT U3 BOJBL HE IIpe-
JIOMJSIICh. J3HAYuT, A
n306pasKeHne JIEKHUT Ha
aToil BepTukaiau. Pac- Yy
CMOTPHUM JIy4, HCILy- i
MEHHBIH NCTOYHUKOM

II0J; MPOU3BOJbHBIM I/Iaoép.ql
MaJIbIM YIJIOM O K Bep- /
tukasm (puc.18). Yroa /
npejioMyieHust 3 CBsI- ,/
3aH C YIJIOM IaJeHus o

Ol 3aKOHOM IIpeJIOMJIE-

sin 3
HUS — =n, U, ¢
sin o
Y4eTOM MaJIOCTH yTJIOB,
Hcm.
B=no. Bwpasum [0

VIJIbl YEPE3 MAJIOE PAC-  Pyc 18
CTOSTHUE Y MEK/Y Bep-

THKAJIbIO W TOYKOW BBIXO/A JIyda M depe3 pac-
CTOSIHUS X U ]

Y Y
o == = =
h B=
[Tonyuaem
A
x h’ n

Touka mepecedeHmst MPEJOMJIEHHBIX Jyueil c
BEPTHUKAJIBIO JEHCTBUTEJBHO HE 3aBHUCUT OT
yrjaa o, T.e. JY4d, WAYIHIHE TI0Ji MaJbIMH
yraamu, (QopMHUPYIOT MHHMOe H306pakeHue
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npeaMera Ha TiyOuHe

X = ﬁ =150 cm™.
n
OrMeTnM, uTo 60JIee YHUBEPCATbHBIH Xapak-
Tep uMeer He (POpMyJia U PACCTOSTHUS OT
n306paskeHHs /10 TIOBEPXHOCTH, a (DOPMYJIa JIJIs
CMEITEeHNsT MCTOYHMKA B HAMPABJICHNH XO/a
JIy4eit, T.e. JIJI1 PACCTOSIHUSL MEK/Y UCTOYHU-

h
KOM ¥ 1u306pa’keHreM, KOTopoe paBHO /i — — .
n

Nso6paskenne popMupyeTcs He TOTBKO MI0C-
KOI OTpa’kaiolieil MOBEepXHOCTBIO M IIJIOCKOI
TIPEJIOMJISIONIEN TOBEPXHOCTHIO, HO U cdepu-
YeCKUMHM 1oBepXHoCTsIMU. V306pakenus B Ta-
KHX CHCTEMaX MOKHO CTPOUTD U PACCYUTBIBATD,
He OINPasich Ha O6IIYI0 TEOPHIO cPepUIecKuX
3epKaJ 1 TOBEPXHOCTEH, KOTOPYTO B GOJIBITINH-
CTBe IIKOJ He MPOXOoJAT. 19 HaXOoXKAeHus
n306paskeHmst Ha/l0 JIeiCTBOBATD IIPUMEPHO TaK
JKe, KaK B cJydae IJIOCKOH TpesoMJSIoNIei
MOBEPXHOCTH. Bce Masible yriibl OTCUNTHIBAIOT-
Cs1 OT OCH — JIy4a, IPOXOJISIIEro 4epe3 NCTou-
HUK U 1eHTp wmapa (9ToT Jiyd BBIXOAUT W3
cucteMbl 6e3 M3MEHEHWs HampaBienus). [lmsa
ITPOM3BOJIBHOTO UCITYIIEHHOTO HCTOYHUKOM JIy4a
CTPOUTCST BBIXOJSAIIMI JIyd U PACCUUTHIBACTCS
cBsi3b Meskay Tpemst (a He aBymMst!) yruamu:
MKy OCblo U wucmyiieHHbiM aydoM (o),
MEK/Iy OCBIO M TIPOBEIEHHBIM B TOUKY OTpaske-
HUS W ipesioMyienust pagaumycom (Y ) u Mex Iy
ocbio n Bexomammm Jydom (B ). Orcioga
TIOJIyHAIOT CBSI3b MEXK/Ly MOJIOKEHNEeM NCTOYHNU-
Ka U T0JI0KeHNeM M306pakeHusl.

3apava 15. Hcemounux naxooumcs psoom ¢
3epKanbHbIM Wapom paduycon R = 15 cu na
paccmosmuu | = 2R om Oauxaiwei K Hemy
mouxu wapa. Ha xaxom paccmosmuu I om
Mot mouxu Haxooumcs uzobpaxenue? Y eiol
CUUMAMb MATLIMU.

Pemenne. Ilyckaem Ha 3epKajo JIyd II0[
[IPOM3BOJIbHBIM MaJIbIM YIJIOM ¢, K ocu (puc.19).

Puc. 19
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IIpoBoanM 13 TIeHTpa B TOYKY MaeHUS PAIIyC,
KOTOPBIN  SIBJIIETCST HOPMAJIBIO, YTOJT MEXKIY
ATUM PAJIYCOM U 0CbIo 0603HauaeM Y . CTpoum
OTPa’KEHHBIN JIyd U MPOJOJIKAEM €ro JI0 mepe-
CeyeHusi ¢ OCbI0 — ATOT yroJ oGosHavaem f
(3aech HaxoauTes n3o0paskerue). Yroa naje-
HUS PaBeH OL+Y, yTOJ MEXKIY OTPa’KeHHBIM
JIy4OM W HOpPMaJIbIo Takxke paBeH o + Y. IIpo-
Be/ B TOUKE Ma/IeHUS JTUHUIO, TTapAJLJICTbHYIO
ocd, BUJIUM, 4YTO YroJl [3 paBeH cyMMe yrja
OTpasKeHus O+ Y ¥ yrjia HAaKJIOHA HOPMAJHU Y :

B=o+2y.
IMoacraBass ciofa, ¢ y4eToM MaJOCTH YIJIOB,
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3agaua 16. Axsapuym uz mouxozo cmex.ia
umeem gopmy wapa paduycom R = 3 .
Axsapuym 3anoanuiu 000U U 3ANYCMUNU
myoa marenvkyio pwvlbKy. B kaxoid-mo mo-
Menm puilOKa 0KA3AAACH MeXK0Y 21d3dMU HA-
bmooames u UeHmMpPoM wapd na PaccmosTHUU
a=1 mom yenwmpa. Ha cxoavko canmumem-
PO6  KaXyweecs noaoxenue pulbku OGydem
Oausxe peanvhozo? Iloxasamenv npeiomaenus
6006l n=4[3. Yenv cuumamo maroimu.
Pemenne. ITyckaem ot ucrounnka (puiGKin)
B CTOPOHY HA0JIIO[ATe IS JIyY 10/ MAJIBIM YIJIOM
o k ocu (puc.20). TIpoBoANM B TOUKY TIajIeHUsT

, otkyga I'=0,4R=6cMm.

Puc. 20

3TOrO JIyya Ha IIOBEPXHOCTb PAJNyC, KOTOPbIii
SIBJISIETCS] HOPMAJIbIO; YTOJI MEXK/y HOPMAJIbIO 1
ocbio o6o3HavaeM Y. U3 tpeyroaphuka (o —
BHEIIHUI yroJ) BUIHO, YTO YroJl IIaJeHus
paBen o — Y. V3 sakoHa IpesioMJIeHUS, C
y4eTOM MAaJIOCTU YTJIOB, CJIEAYyeT, YTO YTOJI
npesomiennst pased n(o—y). Ipomoskaem
MIPEJIOMJIEHHDIH JIy4 /10 IlepeceyeHusi ¢ 0Cbio —
3mech HaxoauTcs wusobpaskenue. IIposens B



NPAKTUKYM ABUTYPHUEHTA

TOYKE IIpEJIOMJICHUA JIMHUIO, IlapaJlieJIbHYIO
ocH, HOJy4YuM, 4YTO YTOJ MEKAY IIPEJOMJICH-
HbBIM JIy4YOM U OCbIO PaB€H

B=n(a—vy)+y.
[ToacTaBass ciofa, ¢ Y4eTOM MAaJOCTH YIJIOB,
h
o= -, = —, =—,
;oPEE YR

rnel =R —a=2wMu I’ — paccrosHusi oT
HNCTOYHUKA M N306paskeHMsl /10 TOUKH Tlepecede-
HUSI OCH C [TOBEPXHOCTDIO T1apa, MoJydaeM

1 n n-1
FTTTR
OTKYy/Ia HAXONM
" =1,8 M,

T.€. KaxKylleecs MoJioxenue ppioku Oyaer 6Jin-
ke peasbHOro Ha 20 CM.

W Ha siecept — 3a/1a4a Ipo CUCTEMY C IIJIABHO
MEHSIONNMCST TT0Ka3aTejaeM MpeJoMJICHNUS.
Hanb6osiee m3BecTHOE TIPOSIBIEHNE TAaKUX CHC-
TEM — MUP&XXH B IIyCTbIHE NI HAaJ PAcKaJeH-
HBIM Ha COJIHIIE 1Iocce. Y MOBEPXHOCTH BO3/LYX
ropsueii, MokasaTeJib IMPeJOMJIEHHUsS MEeHbIIe,
YTO MOJKET IIPUBOJIUTD K OTPAKEHUIO CKOJIb35I-
MUX JIy4ell 1 K 3pUTEeJbHOMY OIILYIIeHNIO 3ep-
KanbHol (MM BOAHON) MOBEPXHOCTH.

3agava 17. Jlyu ceema, pacnpocmparsio-
wulicss 8 npo3paunoll cpede ¢ noxasamesieM
npeaomienus ny = 2, nadaem noo yeiom o
(sin ay 0,9) na cmexasunyo naAcmuny
moawgunou d = 10 mm. Iloxazamenv npesome-
HUSA NAACTMUNDL TUHETHO MeHAemcs om 1y =2,5
na Oauxued nosepxnocmu 00 ny 1,5 na
danvneti. Ha xaxyio eaybuny ayu nponuxmem
6 naacmuny?

Pemenne. Pazob6beM 1acTuHy € IepeMeH-
HBIM [TOKA3aTesIeM IPETOMJIEHIS HA MHOTO I1JT0C-
KMX TOHKHX CJIOEB C MOKasaTeJeM IpeJsoMJIe-
HUA 7; B i-M cJloe. 3aKOH IIPEJIOMJICHUS MOYKHO
3anmucaTb B BHIE

nysin oy = nysin oy .

HpI/I nepexo/ie Jjy4da OT CJoA K CJIOKO 6yLI€T
BBITIOJTHATHBCA PaBEHCTBO

ni Sin O{‘i = no Sin (XO .

C yMenblieHneM n yroJs o 6y/ieT yBeJnInBaTh-
cs1. MakcumaspHasg riryOnHa NPOHUKHOBEHUS
Jiyda COOTBEeTCTBYeT o = 90°:

. o .
Nyin SIN90™ = m sin oy .

[Tonyuaem n
6une 7 MM.

=1,8, 9TO COOTBETCTBYET TJIy-

min

Yupaxuenus

1. Ilnockoe 3epKajio ABWKETCS 1O HAIPABJIEHUIO
K TOYEYHOMY HCTOYHUKY CBETA CO CKOPOCTHIO
10 cm/c. C kakoil ckopoctbio (B cM/C) ABUXKET-
cs1 n3o6paskenne? HarmpasieHre CKOPOCTH TEPIEH-
JIIKYJISIPHO TIOCKOCTH 3€PKaJia.

2. CKoJIbKO M306paKeHUIl TIOTYYUTCS OT TIpe/iMe-
Ta B /IByX IUIOCKUX 3€pKajaX, ITOCTaBJICHHBIX O[]
yraom 60° sapyr x apyry? A nox yriaom 120°7?

3. Jlyu cBeta majzaerT Ha IJIOCKOE 3€PKAJO MOJ
yraoMm, curyc xotoporo 0,75. Ha ckosbko MuILIH-
METPOB CMECTUTCSI OTPAsKEHHDII JIyU, eC/Ii Ha 3epKa-
JIO TIOJIOKUTH TIPO3PAYHYIO TLIACTUHY TOJIIUHOM
2 cM ¢ ToKasareseM Tpesiomienus 4,/ 3?

4. Ilpu nepexo/ie yya cBeTa U3 MEPBOI CPeIbl BO
BTOPYIO YTOJI TIPEJIOMJICHUST 45° , a TIpU Nepexo/ie 13
MepBOii cpesibl B TPETbIO yroa mpesomienns 30°
(mrpu Tom ke yrue nagenus). Haiigure npeeabHbrit
yrosi (B rpajaycax) MOJHOTO BHYTPEHHErO OTpasKe-
HUS IS JIyda, WAYIIETO W3 TPeThbell cpeabl BO
BTOPYIO.

5. Ha Bepxueii rpanu mpo3pavHoro Ky6uka CHIuT
mayk, a 1mo 60K0BOiI rpaHm noJseT myxa. IIpu kakom
HAMMEHDIIIEM [OKa3aTesie MPEJOMICHUsT MaTepuasa
KyOuKa IMayk He YBUIUT MyXy?

6. IloBerl, HBIPHYBIINIT ¢ OTKPBITBIMU TJIa3aMH,
paccMaTpuBaeT M3-10J1 BO/IbI CBETSIIUIICS TIPe/MET,
HaXOAAIMIICA HaJl ero roJI0BOI Ha BbICOTE 75 CM HaJl
MOBEPXHOCTBIO BO/bI. KakoBa Oyzer BujnMas BbICO-
ta (B cM) mpeaMera HaJ TMOBEPXHOCTBIO BObI?
[TokaszaTenp Tpesomiaenust Boabl 4,/3. YTJbl cuu-
TaTh MaJIbIMH.

7. Ha nue cocyza ¢ BOz0ii JIESKUT IJIOCKOE 3€PKAJIO.
Tommunua cnos Bogwr 16 cm. Ha paccrosuum 20 cm
OT MOBEPXHOCTH BOJIbI HAXOAMUTCS TOYEUHBIN MCTOY-
HuK ceera. Ha kakom paccrosanm (B €M) 0T 3epKasia
HAXO/AUTCS ero m3obpaxkenue, o6pazyeMoe JydaMi,
BbITIEANIUMUA 06paTHO U3 BOjbI? [lokasaTesp mpe-
JIOMJIEHUS BOJIBI 4 /3. YTJIbl CYNTATH MaJIbIMU.

8. Ha noBepXHOCTb CTEKJISHHOTO Iapa pajinycoM
5 CM HaHecJU YepHoe TATHBIIKO. [IaTHBIKO pas-
IJISIIBIBAIOT € IMAMETPATIBHO TPOTHBOIOJIOKHOI CTO-
ponbl mapa. Ha kakom paccroguun (B cMm) oT
GJIMsKaIIel TIOBEPXHOCTH CTEKJIA OKAYKETCST ero BU-
numoe rosioskenne? [TokazaTesb pesioMIeHus CTek-
ma1,5.

9. Caersmascst TouKa HaXOAUTCS HA PACCTOSHUN
6 cM oT cobupaiolieii JTUH3bI ¢ (POKYCHBIM PACCTOSI-
nueM 5 cM. Ha kakoe paccrosuue (B cM) cMecTHTCS
n300pasKEHNE TOYKU, €CJIM MEXIy Hell 1 JIMH30i
MOCTABUTH CTEKJISTHHYIO TJIOCKONAPAJIIENbHYIO TIIa-
ctuny? [lnactmHa ycraHOBJIEHA TEpPHEHAUKYJISPHO
OTITHYECKON OCH JIMH3bBI, TOJIUHA IJIACTUHBI 4,5 CM,
MOKa3aTeJb TpeoMIeHnst cTekaa 1,5.
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XL TypHUp ropoaos

3A0AYN OCEHHEIO TYPA (2018 ropl)

ba3oBbI BapuaHT
8—9 knaccel

1. (4! Oxpyxnoctb, MpOXoasAIas vepe3
BEPIIMHY B NpsMOTo yrja u cepe/inHy TumoTe-
HY3bl INPAMOYTOJbHOrO TpeyrosbHuka ABC,
nepeceKkaeT KaTeTbl 9TOTO TPEYTOJIbHUKA B TOU-
kax M u N. Oxasamocp, yto AC = 2MN.
[Hokaxure, uto M u N — cepeluHbl KaTeTOB
tpeyronbuuka ABC.

M. Egdoxumos

2. (4) Haiizute Bce HaTypasbHBIE 7, YIOB-
JieTBOpstoNe ycgaosuio: uncaa 1, 2, 3, ..., 2n
MOXKHO pa30HTb Ha I1apbl Tak, YTO €CJU CJIO-
SKUTh 4HCJa B KaK/IOW Iape M pe3yJbTaThl
MIEPEMHOKNTD, TO MOJYYUTCS KBaJpaT HaTy-
PATbHOTO YUCJIA.

Dosvraop

3. Kueruarblii 1npsAMOYroJbHUK PpasMepa
7 x 14 paspesasiy 110 JIUHUSIM CETKU Ha KBaJpa-
Tbl 2X 2 U YTOJKHU U3 TPEX KJIETOK. Morjo jn
KBaJIPATOB IIOJIyYHThCH:
a) (1) CTONBKO K€, CKOJBKO YIOJKOB;
6) (3) Goable, YeM yroJaKoB?
M. Egdoxumos

4. (5) Y Hactu ecTb ISTb OAMHAKOBBIX C
BHUJLy MOHET, CPE/IM KOTOPBIX TPU HACTOSIIINE —
OHU BECSAT OJMHAKOBO — U JiB€ (DaJIbIIUBLIE:
OJIHA TsIyKeJiee HACTOSIIIEH, a Bropasi Ha CTOJIBKO
JKe Jlerde HacTOsIEel. IKCIepT 1o mpochie
Hacti cmemaer Ha [BYXYAIIedHBIX Becax 0e3
TUPb TPU B3BEIIUBAHISI, KOTOPbIE OHA YKAXKET,
nocJie yero coo6mut Hacte pesynbratsl. Mo-
sker i Hacrtg BbIGparh B3BeIIMBAHUS Tak,
qro6bI TI0 WX pe3yJIbTaTaM TapaHTHPOBAHHO
ornpesiesuTh 00e (HATBITHBbIE MOHETBI U yKa-
3aTbh, Kakad M3 HUX Oojiee TAKenasd, a Kakad
6oJiee JierKas?

P.2Kenooapos

! B cko6kax mocsie HOMepa 3ajaum yKasamo
4iCa0 GANIOB, IPUCYKAABIINXCA 34 €€ MOJHOE
peutenue. VITOr MOABOAMIICS IO TPEM 3a/1a4aM, 110
KOTOPBIM JIOCTUTHYTBI HAWJIYYIIHE PEe3yJbTaTbl
(6asLBl 32 TTYHKTBI OHOM 3a1a4l CyMMUPYIOTCS) .

5. (5) HasoBeM JeBATU3HAUHOE YUCJIO KPd-
cusviM, ecam Bee ero nudpbl pa3anyubl. Joka-
JKUTE, YTO CyTIecTByeT 1o Kpaifaeit mepe 1000
KPACHUBBIX YHCEJI, KAKI0E U3 KOTOPBIX JIeJIUTCS
Ha 37.

M. Esdoxumos

10—11 knaccel

1. (3) MoxHO M BHYTPU HPABUJIBHOTO
HATUYTOJIbHUKA PA3MECTUTh OTPE30K, KOTOPBIi
U3 BCEX BEPIIMH BU/EH TI0JI OJHUM U TEM Ke
yraom? (Y10M, 1101 KOTOPbIM BH/EH U3 TOYKH
A orpesok XY, HasbiBaercss yroi XAY.)

E.Baxkaes, C./lsopanunos

2. (4) Cm. samauy 2 aig 8-9 kiaccos.

3. (5) B mapamnenorpamme ABCD yroa A
octphriii. Ha ctopone AB oTMeueHa TaKkas TOUKa
N, auto CN = AB. Oka3ajochb, 4YTO OIMMCAHHAI
OKPY’KHOCTb TpeyrosbHuka CBN kacaetcs
npamoit AD. [Tokaskute, 4TO OHA KacaeTcs ee B
Touke D.

M. Eedokumos

4. (5) HasoBeM JeBATU3HAUHOE YUCJIO KPd-
cusviM, ecan Bee ero nndpbl pazandubl. Joka-
JKHTE, YTO CyTIEecTBYyeT 10 Kpaitaeii Mmepe 2018
KPACHUBBIX YHCEJI, KAKI0E U3 KOTOPBIX JIeJIUTCS
na 37.

M. Egdoxumos

3. (5) Cm. sanauy M2538 «3anaunuka «Kpan-
Ta».

CNnoXXHbIN BapuaHT
8—9 knacce/

1. (5) B rtpeyroaphuuke ABC touka M —
cepeauna cropoubl BC, Touka E — npousBoJib-
Hag Touka BHyTpH ctoponbl AC. V3BecTHo, uTO
BE > 2AM . Hokaxnte, 9to Tpeyrorbuuk ABC
TYTIOYTOJIbHBIH.

H.Cedpsxsan

2. (6) Cm. samauy M2534 «3azaunuka «Kpan-
Ta».

3. (8) Cm. samauy M2535 «3azaunuka « Kpan-
Tar.

4. (8) Jlocka 7 x 7 mu6o mycras, 6o Ha Heil
JIKUT «II0 KJeTKaM» HeBUJAUMbII Kopa6Jb



2x 2. Paspemiaercs pacrosiokKuTb B HEKOTO-
PBIX KJIETKaX JOCKW TIO JETEKTOpPY, a MOTOM
OTHOBPEMEHHO WX BKJIOYUTH. BKIIOUEHHBII
JIETEKTOP CHUTHATM3UPYET, €CJAU ero KJeTKa
3aHsiTa Kopabyem. Kakoro HauMeHbIero uucJuaa
JIETEKTOPOB XBATUT, YTOODI MO MX TTOKA3AHUSM
TapaHTHPOBAHHO OTIPE/IEUTD, €CTD JIN Ha IOCKe
KopalJib, W eCcJau Ja, TO KaKue KJIEeTKH OH
3aHIMAaeT?

P.2Kenoodapos

3. (8) PaBnoGokas tpanenus ABCD c ocno-
Bannsamu AD n BC Bnmcana B OKPYXKHOCTD C
nentpoM O. Ilpamasg BO mepeceKkaeT OTpPe3oK
AD B touke E. Ilyctb O; u O, — 1LeHTpbI
OKPY>KHOCTEH, OMUCAHHBIX OKOJIO TPEYTOJTbHU-
koB ABE n DBE coorBercTBeHHO. [loKaskuTe,
uyto toukn O;, O,, O, C jexar Ha OJHONI
OKPY>KHOCTH.

A.3acnascxuil

6. a) (7) Cm. 3amauy M2539, a «3agaunuka
«KBanra».

6) (3) Cm. samauy M2539, 6 «3agaunuka
«KBanra».

7. B BUPTyaJibHOM KOMITBIOTEPHOM TOCY/Iap-
CTBe He MeHee /[BYX ropo/ioB. HekoTopble mapbi
TOPOJIOB COE/IMHEHDI OPOTOM, MTPUYEM U3 JIIO-
60ro TOpoIa MOKHO J06PATHCS IO IOPOTaM JI0
mo6oro apyroro (31ech u ganee mepexoauTb ¢
JIOPOTHU Ha JIOPOTY Pa3pelaeTcst TOJIbKO B TOPO-
nax). Ecau npu 5TOM HEBO3MOMKHO, HadaB
JIBIDKEHHUE M3 KAKOTO-TO TOPOJa U He MPOXO/is
JIBaK/Ibl 110 OJIHOI U TOI1 3Ke Jopore, BePHYThCs
B 9TOT TOPOJI, TOCYJAPCTBO HA3bIBAETCS NPO-
CMbLM, UHAYE — CAOKHBIM.

Iletss u Bacs urpatot B takyto urpy. B Havase
urpsl [leTst ykasbiBaeT Ha Kakoil gopore Ha-
[paBJieHre, B KOTOPOM TI0 Hell MOJKHO JIBUTaTh-
cs1, ¥ TIOMEIAeT B OJIUH M3 TOPOJIOB TYPHUCTA.
[anee 3a xoxn Ilera mepemenaer Typucra Io
JIOpOre B Pa3pelieHHOM HallPaBJIeHUN B COCe/l-
Huii ropoji, a Bacst B oTBer MeHsieT HarpanJie-
HUe OJIHOI U3 JIOPOT, BXOJSIIEN Ul BbIXO/Is-
neil U3 ropoja, Kyjga monajg Typuct. Bacs
no6e/inT, ecau B Kakoii-to mMoment Ilerst ne
CMOJKET cziesath Xo/. [lokaskure, 4To:

a) (5) B mpocrom rocyzpaperse Ilers Moxer
urpaTh Tak, 4ToGbl HE MPOUIPaTh, Kak Obl HU
urpas Bacs;

6) (7) B caokHOM TOCyapeTBe Bacs mMoxker
rapanTupoBatb ceGe 1mobe/y, Kak Obl HU UTPaJ
Ilers.

M. Tuoun

10—11 knaccer

1. (5) Cm. zamauy M2534 «3anaunnka «Ksan-
Tar.

2. (7) B ocTpoyro/ibHOM HEpaBHOGEIPEHHOM
tpeyrosbanke ABC ¢ 1IleHTPOM OIMCAHHOI OK-
pyskHoctu O npose/iennl Bbicotol AH, u BH, .
Touku X u Y cummerpuunbt Toukam H, u H),
oTHOCUTEJbHO cepeint ctopod BC u CA coot-
BercTBeHHO. /lokaskute, yro npsimast CO pesdr
oTpe3ok XY moroJiaMm.

Dosvraop

3. a) (6) Cm. sagauy M2539, a «3agaunuka
«KBanra».

6) (2) Cm. samauy M2539, 6 «3amaunnka
«KBanra».

4. (8) Cm. samauy M2536 «3anaunuka «Kpan-
Tar.

3. (8) Tpu Mearanbl TPEyroJbHUKA Pa3/Ie/In-
JIFL €TO YTJIbI Ha TIEeCTh YTJIOB, CPEIN KOTOPBIX
poBHo k Gousbire 30°. KakoBo HamboJiblee
BO3MOJKHOe 3Hauenne k?

H.Cedpaxsn

6. (9) Cm. samauy M2537 «3anaunuka «Kpan-
Tar.

7. Pokdennep u Mapxc urpaior B Takyio
urpy. Vmeercst n > 1 ropo/1os, BO BCeX O/IHO U
TO ke umcao xureseil. CHavama y KasK/0ro
JKUTEISS €CTb POBHO ojHa MoHera (MOHeTbI
oauHakoBbl). 3a xoja Pokdesiep BbiGupaer
10 OJHOMY JKHTEJIO U3 KaX/IOro ropoja, a
Mapkce rnepepacipe/iesisieT MeK/Jy HUMH HX
JICHbI'M TIPOM3BOJIbHBIM 06PAa30M C e/INHCTBEH-
HBIM YCJIOBHEM, 4TOOBI pacIpe/iesieHne He 0c-
TAJI0Ch TAKUM, KAKUM TOJBKO 4TO ObLI0. POK-
demep BBIUTPAET, €CJaU B KAKOH-TO MOMEHT B
Ka)K/JIOM ropojie Oy/ieT X0Tsi Obl O/INH YeJIOBEK
6e3 nener. lokaxure, uto Poxdesnep moxer
JIeiiCTBOBATh TaK, 4TOObI BCEr/la BbIMTPHIBATD,
Kak Obl HU uWrpag Mapkc, eciu B KaXIOM
ropojie:

a) (10) posHO 27 kuUTeEH;

6) (4) posno 2n — 1 xureeii.

I'. ITozyoun

Hy6auxayuio nodzomosuiu
C.Aopuuenxo, JI.Mednuxos, A.Ceménos




NHOOPMANIUA

3aoyHas PpU3NKO-TexXHMUYecKas LIKona
npu MOTU

L
Pt

3aounas pusuko-rexuuueckas mkoaa (3MTIID)
MOCKOBCKOTO (PU3UKO-TEXHIYECKOTO HHCTHTYTA
(rocymapcersennoro yuusepeutera) (MOTHN)
nposoauT Habop B 8—11 kuacen! yyamuxes 7—10
KJAcCcOB 006I11e06pa30BaTENbHBIX YUPEsKIEH T
(1KoJI, JIIeeB, THMHASHI ¥ T.11.), PACTIOJIOKEH-
HbIX Ha Tepputopuu Poccuiickoit Degepariii.

3®OTHI patoraer B chepe npoduabHOro Jo-
MOJIHUTEJLHOTO 06pa3oBanus jereil ¢ 1966 roja.
3a mpotie/iime rojibl Koy okoHunsm Gosee 100
TBICSTY YUAIIIXCST; IPAKTUYECKH BCE ee BbIITy CKHU-
KU MOCTYTIAIOT B BEyIIHEe BY3bI CTPAHBI, & KaxkK-
nbiit Bropoit crynent MMTU — ee 6biBinuii ydve-
HUK.

Hayuno-MeToAMUeCKOE PYKOBOACTBO IIKOJIOI
ocyuectBiasger MOCKOBCKUIT  (PU3MKO-TEXHUYEC-
KUl MHCTUTYT.

OO6yuenne B 1IKOJIE BEJETCS IO YEThIPEM MPe/I-
MeTaM HAyYHO-TEXHHUYECKOH HAlPaBJICHHOCTU —
Gusuxe, mamemamuxe, unpopmamure u XUMUU.

B 8 kuacce usyuarorcst ToJibKO (pU3NKa U Mate-
matnka. B 9—11 kyaccax X aTHM mpeaMeTam
no6aBrsioTest « MaremaTudeckie oCHOBbI MHQOP-
matnku u UKT» (undopmatnka) u xumus. Yda-
HIMEeCsT MOTYT IO CBOEMY BbIGOPY U3yuaTb OJINH,
J(Ba, TPH WJIM YETBIPE MPEAMETa.

Kosmuectso 3azanuii B roj 1o KjaaccaM U 10
TIpe/IMeTaM MPECTABIEHO B TaOUIe:

8 KJtacc 9 KJstacc

b | m| | M| u|x
5|16 | 67| 4|4

3a/laHus COCTABJISAIOT OIBITHBIE TIPEIIO/IaBaTe 1
kadenp obreit UMK ¥ BBICIIEH MaTeMATHKK
M®TU, a raxske sbirycknuku MAOTU u gpyrue
CIIEIUAUCTDI, UMetole GOJIBIION OIbIT PaboOTh
C OJIJaPEHHBIMHU IIKOJbHUKAMU. 3aJaHUs COJep-
SKAT TeOPETHUYECKUIT MaTepuas, pa3bop Xxapakrep-

HBIX TIPUMEPOB M 3a/l1a4 MO COOTBETCTBYIONICH
Teme 1 8—12 KOHTPOJIbHBIX BOTIPOCOB U 33/1a4 JIJIsT
CaMOCTOATEJNbHOTO pellieHnst. JTO 1 MPOCTbIe 3a-
naun, u GoJee cuoxkuble. IIpumepsl 3aganunit
MOYKHO TIocMOTpeTh Ha catite 3DTIII.

[lesb Hateii mMKOJbI — TTOMOYD yyamumMcs 8—11
KJaccoB 0611e06pa3oBaTebHbIX YUPEKIEHUH,
MHTEPECYIONMMCS IIPEAMETAMI HayYHO-TeXHIYeC-
KOIl HAIPaBJEHHOCTH, YIJIyOUTb U CHCTeMaTH3U-
pOBATh CBOM 3HAHUS 110 3TUM IIPE/IMETaM, a TaKKe
CIIocoOCTBOBATD MX TPOQECCHOHATBHOMY CaMO-
OTIPE/ICJICHUIO.

[Tporpammbr SDOTIIT gBasoTes npodUIbHBIMU
JIOTIOJTHUTEIbHBIMU 001ePa3BUBAIOIINMY TIPOTPaM-
MaM{ U €JIMHbI /IS BCeX OT/EJICHUIA.

Ha6op B 8, 9, 10 u 11 xuaccor ma 2019 ,/20
yUeGHBIN TO/ MPOBOANTCS Ha 3aounoe (OoHTaiin),
OYHOE M OYHO-3A04YHOE OT/IEJICHUS.

[Tonras nporpamma o6ydeHns paccunTaHa Ha 4
roga — ¢ 8-ro o 11-if Kjacc BKJIIOYATEIbHO, HO
HavaTb 06yYEHUE MOKHO € JII060TO U3 YKA3aHHBIX
KJIACCOB.

Coraacuo nosoxenuto o 3MTHI yyammiics
MOJKET 06YJaTbCsl MOAbKO HA 0OHOM OMOeseHUU
3OTHI.

Yuamuecs Bcex OT/ie/IeHnH, YCIIeITHO CIIPaBUB-
mecs ¢ nporpammoit 3MTIII, o okonuanun 11
KJacca mosryyaror CBHIETENIbCTBO 06 OKOHYAHIH
HIKOJIBI ¢ UTOTOBBIMU OLEHKAMHU 110 N3Y4aBIITIMCS
B 11-M kusacce npeameram. CBUIETENBCTBO y4H-
ThIBaeTcs 1pu nocryiiennn B MAOTU B coorBet-
ctBum ¢ npasuiaamu npuema B MAOTU u [Topsz-
KOM y4eTa MHMBU/YaJbHBIX JOCTUKEHUI TOCTY-
naoomux (https: / /pk.mipt.ru/bachelor /
2019_ID /).

Yuennkam Bcex OT/eJIeHuiT OyIeT MPeIosKeHO
y4acTBOBaTh B (PU3NKO-MATEMATUYECKOI OJIMMIIN-
ane «ODUI3TEX-2020», kotopasi IpOBOUTCS HA
6aze MDTU u B psaje roposos Poceun B pespadie
MM Havyaje Mapra, B JPYIUX OYHBIX U 3a04HBIX
ommmmuagax MADOTU u ero daxyabreTos.

s yyammxcss 1 pyKoBojuTtesein dakyibra-
THBHBIX TPy paGotaer online-iexmopuil 10
¢usuke, mMaremMaTuke M XMMHUHU 10 IIPOTpPaMMe
3OTIII. Jlexmuu unratot npenogasaresn MOTU
(kax mpaBuio, aBTopbl 3aganuil). Ilogpobuee 06
ATUX MEPOIPUATHUAX MOXKHO [IPOYUTATH Ha caiite
3OTHI.

Ob6yuenue ¢ 3DTII 6ecniamnoe.

Jlns ydammxcs, TpoKUBAIONINX 34 TIPe/ieJIaMu
Poccuiickoii Denepaiinit, BO3MOKHO TOJDBKO I1JIAT-
Hoe oOyueHne Ha 320YHOM, OHJIAH M OYHO-3204-
HOM OT/ICJICHUSIX.

3aounoe otaenenue (unducudyaivioe 3aou-
noe obyuenue)
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Tea. / daxc: (495) 408-51-45,
e-mail: zftsh@mail . mipt.ru

[Tpuem Ha 3a04YHOE OT/eJIEHHE TIPOBOJUTCS HA
KOHKYPCHOI OCHOBE II0 pe3yJ/IbTaTaM BbIIOJIHE-
HUA BCTYUTEJbHDIX 3a/:[aH1/1f/’1 110 BbIépaHHI)IM JIA
U3YUYEHUS TIPEJIMETAM.

3OTIII nocTeneHHo 1MepexouT Ha padoTy Ha
onsaitn-ttargopme. Iloatomy:

wroAbHUKY, nocmynalowue ¢ 8 u 9 Kadaccol
320YHOTO OT/IEJIEHUsI, BBITOJIHSIOT BCTYIHTEb-
Hoe 3ajanme Ha cafire https: / /zftsh.online /;

wroavhury, nocmynawuwue 6 10 u 11 xaaccol
3a04YHOr'0 OT/jAesIeHuA, BCTYIIUTEJAbHOE 3a/laHne
BBITIOJIHSIOT B TeTpa/iu, 0(OPMJISIOT B COOTBET-
CTBHUM C HalllUMUN TpeéOBaHI/IHMI/I (CM. HI/I)KG) n
BoicbLIaloT [louroit Pocenn e nozduee 1 mapma
2019 zo00a.

O0yuenue na miargopme zftsh.online

Y4eHnuk B TeueHne y4eOGHOTO TOAAa B COOTBET-
CTBUU C TPOTPAMMON MOJYIAET B IHIHOM KaGHHe-
Te Ha caiite https:/ /zftsh.online,/ mocrym
3a/aHUSAM [0 U3y4aeMbIM Ipe/MeTaM. YUeHUK
BBITIOJTHSET Ha caliTe 3aJaHMsT C TIOMOIIBIO BCTPO-
€HHOTO PEIAKTOPAa WM IyTeM MPUKPETLICHNUST
dororpaduit paGoT, BBITOTHEHHBIX B TETPA/IH.

Pa6oTbl 110 MCTeUeHNN CPOKA BBITIOJTHEHNUST TIPO-
BepsIIOT Ha cafiTe 3aKperJieHHbIE 3a YICHUKOM
npenogasaren 3MTII. Kak tosibko padora mpo-
BepeHa, YYeHUK BUIUT CBOIO paGoTy ¢ perensueit
N ABTOPCKUMU DPeNIeHUSIMU KOHTPOJIbHOM YacTH
3a/IaHUS.

Kak npoxoaur o6yuenne aust 10 u 11 knaccos

B Teyenme yueGHOrO rojla B COOTBETCTBUU C
nporpammoit 3MTIIT yuenuk nosydaer (Geper B
JudHoM KabuuHere wHa cafite http://
www.school.mipt.ru/) mo xaxnoii teme 3ana-
HUS 110 M3Y4aeMbIM IIpe/IMeTaM. BbINoJHSgeT ux,
0OPMJISIET B IIKOJIBHOM TETPAJM U BBICHLJIACT B
3OTIHI ITouroit Poccun. IlpoBepenubie paGoThI
BMeECTEe C aBTOPCKUMU PEUIeHISIMU 3THX 3a/IaHuil
BbICBLTaIOTCsT o6parno tax:ke [lourtoit Poccun.

OO6yuenne B 060X CJIYYassX HPOBOIUTCS TIO
OJHHUM W TeM >Ke IIporpaMMaM W 3a/[aHHsM, BbI-
IYCKHUKH IIOJIy4aloT OAuHaKoBble CBujeTesb-
cTBa 06 OKOHYAHUH, PAGOTHI YUYAITIXCS TTPOBEPSI-
10T CTY/IeHTBI, acIUPaHTbI ¥ BoltyckHUKH MDTI.
Or/mrire TOJBKO B criocobe OTHPABKH 3a/[aHUI.

IIpasuia opopmIeHHs BCTYNUTEIBHOTO 3a/1a-
Hug aad nocrynaiomux B 10 u 11 xiaccst

BerynuTesbHble 3a1aHKs 110 BBIGPAHHBIM MPE/I-
MeTaM YYEHUK BBITIOJTHSIET CAaMOCTOSITETbHO 6 00-
HOU TIKOJBHOHM TeTpajyl Ha PYCCKOM $3bIKe, CO-
XpaHsist TOT JKe TOPSIIOK 3a/iay, YTO U B 3a/[aHUN.
Terpa/ib Hy’KHO BBICJAThb B KOHBEPTE NPOCMOU

Oandepoavio WM MPOCTbIM IcbMoM. Ha srutie-
BYIO CTOPOHY TeTpaJyl HaKJeiite 3anosmenuvlil
6aanx (ero TaksKe MOYKHO 3aII0JHUTD B JIEKTPOH-
HoM Buze Ha caiite 3MOTII, a 3atem pacmeda-
TaTh):

JINe
Ne samau[ 1|2 |3|4|5(6]7|8]9]...[17|2
D
M
n
X

(tabmuma 3amomHsercs Metomucetom 3MTII)

1. Pecniy6amka, Kpaii, 06/1acTb
2. DaMuust, UMs, OTYECTBO

3. Knacc, B KOTOPOM yunTech

4. Ecom BoI yoxe yunrech B 3MTIII,

HaIUIINITe CBON JIMYHBIN HOMEP

5. IlpenmeTsi, 10 KOTOPBIM BBITIOJTHEHbBI 3a/1a-
nus (OTMeTbTe raJouKaMu)

o ¢usuka g MaTeMaTHKa

o uHOpMATUKA O XUMHUS

6. Homep u / mi Ha3BaHue MIKOJIbI

7. Bun mkosbt (o6blunag, Jauieil, TUMHA3M,
HeHTp 00pa3oBaHUs U T.I1.)

8. @. U. O. yuureneit

o (usuxe

110 MaTeMaTHKe

o undopmarnke

10 XUMUU

9. MoapoGHbIil gomaimHuil aapec (¢ ykazaHuem
unziexca), reaedoH, e-mail

10. Vwms, oruectBo u Ne rtesepoHa OHOTO U3
poanTeseit

Ha xoHKypC exerofHo npuxout 6ojee 5 Tbl-
cs9 BCTYHHTETbHBIX pador. [loxanyiicra, o6pa-
TUTEC BHUMaHWEC Ha IIPAaBUJBHOCTDb 3allOJITHEHUA
6sankal Bynbre akkypatHbi!

Ha enympeni010 CTOPOHY OOJIOXKKH TETPaan
HakJeliTe CIpaBKy W3 IIKOJLI, B KOTOPOIl y4m-
Tech, € YKa3aHUeM KJacca.

Ans nonyuenus omeema Ha BCTYIHUTEJbHOE
3aJaHue M JUIA OTIPABKU BaM IEPBLIX 3a/laHMUil
00513ameap o BIOXKUTE B TETPA/b [[BA OJINHAKO-
BbIX KOHBepTa pasmepoM 160 x 230 mm. Ha xax-
JIbIii KOHBEPT HaKJeiTe Mapku Ha cymmy 50 pyo6.
Ha xomBepTax 4eTKO HAIMIINTE CBOI JOMAITHUIT
azipec.

TeTpaZIb C BBIIIOJTHEHHBIMU 3a/laHUAMU BbICHI-
naiire Ha agpec 3OTII ne nozdnee 1 mapma 2019




54 KBAHT

200a. TIpoBepeHible BCTYIHUTENbHbIE PAGOTHI 06-
PATHO HE BbICHLIAIOTCS.

Bcee npucaanubie B 3MTII paboTsl peructpu-
pytorcst. MHopMaImo o nogydeHnn paboT MOXK-
Ho yBuzeTh Ha caiite 3T B paszene «Berynu-
TeJIbHbIe 3aJaHusgy. Pelenue 1mpueMHoOil KOMHC-
cuu Oyjer Bbicaano B uiosie 2019 roza.

BHUMaHMIO NIKOJIBHUKOB, y3Ke 00YyYalouuxcst
Ha 3a0yHoM otaesennn 3DTIIL

Ecsm mxospHUK yske obydaercs B 3OTII u
XO0UeT 106aBUTH Ha CJIEAYIONHHN TO/T eTIie TPE/IMET,
HeoOX0/IMMO BbINIOJIHUTE U Tipuciaath B 3OTIHI
BCTYTHTEJNbHOE 3a/IaHue 10 aToMy npeamery. Ha
61aHKe 00513aTeJIbHO YKAXKUTE CBOMW JIMUHBIN HO-
Mep.

Yuamumcst, obydaiomumcs Ha 1miargopme
zftsh.online, aa mo6asienus mpeamera He06X0-
JTMO BBITIOJTHUTD BCTYIUTEIBHOE 3a/aHue TI0 9TO-
My mpeaMery Ha caiire https: / /zftsh.online /

Perrerne npueMHOIl KOMUCCHH B TAKUX CJIyda-
SIX He BBICBLIAETCS, & JONOJTHUTEIbHBIN TIpeIMeT
CTaHOBUTCS TOCTYTIHBIM YUAINIEMYCS B JIMYHOM
KaOWHETe B CJIyYae MOJIOKUTENBHOTO PEITeHMUsT
MIPUEMHON KOMUCCHUH.

Ouno-3aounoe oraenenue (obyuenue 6 pa-
KYAbIMAMUGHBIX 2PYNNAx)

Ten.: (498) 744-63-51,

e-mail: fakultativ@mipt.ru

DaxkyibTaTUBHBIE TPYIIIIHI MOTYT ObITH OPraHu-
30BaHbI B JIIOOGOM 00111€00Pa30BaTEJIbHOM YUPEiK-
JeHUW 08YMsL, MPeMsL UIU YeMblPbMsL NPenodasa-
meaamu — GU3NKH, MATEMATHKH, THPOPMATHKI 1
XUMHH, B OT/IEIbHBIX CJIyYasiX paspemnraercst o0y-
JeHHe 110 OJHOMY IpeaMery. PykoBoaurenn da-
KyJIbTATHBA MPUHUMAIOT B HEro y4alluxcs, yc-
MENTHO BBINOJHUBIINX BCTYIMHUTEJbHOE 3aJaHue
3OTIII.

Tpynma (He MeHee 7 4ENOBEK) TIPUHUMACTCS B
SODTII mo 3asgBieHuio AUpPeKTOpa Ha OJIaHKe
o6uieo6pasoBaresibHoro  yupeskaennst (oGpasery
MOXKHO IIOCMOTPETb B pasfieJie <«OYHO-3a09HOEe
oraenenne» caiita 3MTII), B KOTOPOM JTOJIKHBI
ObITb yKa3aHbl (GaMUIMU, UMEHA, OTYECTBA PYKO-
BoauTe el (PaKkyIbTATUBHOI TPYTIIBI 110 TIpeiMe-
TaM U IOMMEHHBIN aJ(paBUTHBIN CIHCOK 06ydaio-
mnxcsa (O.M.0. B andaBuTHOM MOPSAKE TOTHO-
CTBIO C YKa3aHHEM KJacca mexKyuezo yueGHozo
200d W UTOTOBBIX OIIEHOK 32 BCTYITHTEIBHOE 3a/1a-
HUE 10 BBIOPAHHBIM MPEAMETaM), ddpec, mee-
¢on, paxc u e-mail wronv.

3asiBjieHre MOYKHO BBICJATh OOBIYHON TIOUTOI,
BJIOKMB KOHBEPT /it oTBeTa o ipreme B 3MTII
¢ 06paTHBIM aJPECOM OJHOTO M3 PYKOBOJUTEJEH
Ha azpec 3DTII (¢ momeTkoi «DaKyabTaTHB> ),

2019/Nel

WK BBICJATh B OTCKaHUPOBaHHOM Buje (¢ mojmu-
caMu 1 1eyarbio) Ha e-mail: fakultativ@mipt.ru
00 25 mas 2019 z00a na agpec 3MTIII (¢ momer-
Kol «MaKyabraTnBs» ).

Terpaan ¢ paGoTaMu y4anmxcsi MTPOBEPSIIOTCS
yunreassmMu GU3NKK, MATEMATHKH, THPOPMATHKH
u xumuu, 6 3DTII ne svicvLraromes.

Pa6ota pykoBoanteseit pakyJIbTaTHBOB MOXKET
OIJIaYMBaThCsl 00111e06PAa30BATENIbHBIM YUpesK/ie-
HUEM KaK PYKOBOJCTBO MPOMUIbHBIMU (DaKyib-
TATUBHBIMU 3aHATHSIMHU 10 IPEIOCTABICHUH
3DTIII cooTBeTCTBYIONIX CBeIEHMII.

PykoBoauTesn, paboOTAIONe C YYAINUMUCH,
Oy/lyT B TedeHre y4eGHOro rojia MoJyvarh y4eGHo-
MeToinyeckue Marepuasbl (IIporpaMMbl 1o (husu-
Ke, MareMaThke, XUMUU U WH(GOPMATHKE, 33/1a-
HIUSI [0 TeMaM IPOTPaMM, pelleHus 3aJaHuii ¢
KPAaTKUMU DPEKOMEHJIAIUSIMU TI0 OlleHKe pPaboT
YUAIUXCs1); TPUTIAIIATHCA HA KypPCbl MOBbIIIE-
HUs KBauuKanum yaureseil Gusmkn u MaTeMa-
Tuku, 1npoBoauMblie Ha 6aze MOTU. Pabors
YUAIUXCs POBEPSIOT U OIIEHUBAIOT PYKOBO/IUTE-
an QakympratuBHbiX rpymm, a B 3OTII mvm
BBICBLJIAIOTCS] BEIOMOCTH C UTOTOBBIMU OIEHKAMU
[0 KQXKOMY 3aJIaHUIO M UTOTOBas BeaoMocTsb (11
Kzacc) 3a ro, oOpasel ectb Ha caiite 3MTIII.

Ounoe otaeaenue (3aounoe o0yuenue ¢ noce-
WeHueM OUHBIX KOHCYIbMAUULL)

Tean.: (925) 755-55-80,

e-mail: zftsh@mail.mipt.ru

[lns yyamuxcess MockBbl 1 MOCKOBCKOI 06-
gactu o iporpamme 3MDTIIT paboraioT Beuep-
HHUe KOHCYJIbTallnoHHble TyHKTbl. HaGop B HuX
TIPOBO/INTCS B CEHTSAOpE B /[BA dTAma:

« 3A0UYHBII 9Tall — TECTUPOBaHUE Ha caiiTe
http: / /zftsh.online /,

« OYHBII 3TAll — YCTHBIC 9K3aMCHBI.

Bomee moppobuas nudopmanms o Habope Ha
OuHOE OT/IeIene pasMeniaercs Ha caiite SO T
B Hauaje CeHTsAOpsi. 3aHsATHS C YYalluMUCS
OYHOTO OT/IEJICHUSI TPOBOJSTCS B yueGHDBIX KOP-
nycax MMOTU B ropopax Joaronpy/Hbiii u
JKyKoBckmii.

Konrakter 3OTIII

[Toutossrit agpec: WucturyTtcknit mep., 1.9,
r. loaronpyaustit, MockoBckast o6m1actb, 141700,
3DTIII

Texn. /daxc: (495) 408-51-45 — 3a0uHoe oT/1€E-
nerane, (498) 744-63-51 — 04HO-3209HOE OT/EJIE-
nue, (498) 744-65-83 u (925) 755-55-80 — ounoe
OT/IeJICHIE.

E-mail: zftsh@mail.mipt.ru — 3aounoe u ouroe
ormenennst, fakultativ@mipt.ru — oumo-3aounoe
OT/IeJIeHNeE.
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Caiit: www.school.mipt.ru
BK: https: //vk.com /club1032617

Ounoe oraesenne npu DOAJT MDOTU B
KykoBckom

E-mail: vftsh@mail.ru

BK: https: / /vk.com /vftshfalt

Y30TII

[l mxobHUKOB Y KpanHbl padotaet Y 3D TIII
npu G@THHI[ HAH Yxpaunst (o6yuenue nat-
Hoe). JKemaomum mocTynuTh Tyaa Cieyer Bbi-
cpliath paGoter 1o azapecy: 03680, Ykpauna, r.
Kues, 6-p Bepnasackoro, a. 36, TCII, Y3DTIII.

Ten.: 8(10-38-044) 424-30-25, 8(10-38-044)
422-95-64

E-mail: ftesch@imp.kiev.ua

Caiit Y3®DTII: www.mfti.in.ua

Huske IPUBO/STCS BCTYIUTEIbHbIE 3aaHNUST T10
(usuke, mMaremartnke, MH(MOPMATHKE W XUMUH.
Homepa 3aj1au, 06s13aTe/IbHbIX /IS BBIIOJTHEHUS
(A1 MOCTYILIEHUS HA 3204HOE M OYHO-3204HOE
OT/IeJIeHHs1), U MAKCUMAJIbHBIE GAJJIbI IIPUBOIAT-
csa B Tabunie (HOMepa KJIAcCOB yKa3aHbl Ha
texymmii 2018 /19 yueGHbiit roa):

Homepa 3azau

BUHY TMYTH — CO CKOPOCTbIO 05 =100 KM/u.
Haiinure cpefHiol0 CKOPOCTb aBTOMOOHIIA.

2. U-o6pasnast TpyOKa ¢ BEPTHKAJbHO pac-
HOJIO’KEHIBIMU KOJICHAMU YaCTHYHO 3aIloJIHe-
Ha PryTblo. B mpaBoe KOJIEHO JOJMIU CJIOM
macqa Beicotoit H; = 10 cm. Kaxoii BbICOTBI
cJIoil BOAbI Hal0 JOJUTb B JeBoe KOJIEHO,
4TOGbI PTYTh B 06GOUX KOJIEHAX PACIOJIOXKU-
JIaCh Ha OJ{HOM TOPU30HTaIbHOM ypoBHe? [110T-
Hocth Macaa Py =0,9 r/ CM3, IJIOTHOCTDH BO/IBI

Py =1 r/ eM? | JKuaKocTH He mepeMenmBaioTes
1 13 TPyOKH He BBLINBAIOTCS.

3. Bbicoko B ropax B TOPHOM O3epe Ha
ray6une H = 3 M 1OJIHOE JIaBJIeHIe PaBHO p =
=100 xlla. Yemy paBHo atmocepHoe jaBiie-
Hue BO/m3u oszepa? llpunsars ¢g =10 M/ c?,

IJIOTHOCTD BObI P = 1 r/ em®
4. OpHopojaHast 6anka AJUHON [ M Maccoii
my =200 Kr JeXUT TOPU3OHTATIBHO, OMUPASICH
KOHIIaMK Ha JiBe onopbl. K 6asike Ha paccros-
o [/3 OT JIeBOrO KOHI[A TOBENIEH TI'Py3
Maccoit m, = 300 kr. C kakoii cujoil 6ayka
JleficTBYeT Ha JIEBYIO OIopy?
5. lTapuk Bucut Ha nutu. Ilocse morpy-

JKCHHUS IIapuKa IOJHOCTBIO B BOAY CHJIA
HATSDKEHUST HUTH yMeHbimmiach ua 13%.

Haiinute mioTHOCTb MaTepHasa IIapuKa.

IInotHoCcTh BOMIBI Pp=1T o .
6. B kamopumerpe comepxutcs my =
=200 t BozpI mpu; Temmepatype t; = 20 °C.

B Boay 6pocuin my, =30 T MOKPOTO cHera.
B kajopuMmeTpe yCTaHOBUJIACH TEMIIEPATy-

pa 6 =10 °C. Hafizure Maccy BoJbl B CHe-
re. YjgejsbHas TeEIJOEMKOCTb BOJbI

¢ =4200 [Ix/(xr-K). Vaenpras tenmora
maaBJaenus apaa A = 335 kK/Kr .

7. Tpu pesucropa conporuBjeHuUsIMU R,

SR un 6R coeauHeHbl IOCJAE0BATEIbHO U
BKJIIOYEHBI B ceTh HanpstkenneM U. Y ieannb-

HBII BOJIbTMETP, HO}ICOGZII/IHCHHBIﬁ K pesuc-
TOPY conpoTuBjeHueM R, mnokaspiBaer V =

=2 B. Haiinure nanpstxenne U.
8. B nycTyio cTeKkIsSHHYIO0 OYTBLIKY Mac-

7 knacc| 8 kaace| 9 kaace | 10 kiace
Dusnka 1-5 4-8 9-13 13-17
Maremaruka 1-5 3-8 |4,5,7-11 8—14
MNudopmaruka 1-5 6—-10 9,11-14
Xumust 1-7 | 5,8-13 |3,8,10,11,

13,14,15

MakcumabHbie GaJIbI

7 knacc| 8 kaace| 9 kmace | 10 kiace
Dusnka 25 25 25 25
Matremaruka 14 20 26 28
MNudopmarnka 5 10 14
Xumus 35 35 41

coit m; =600 ruBmectumoctbio V =0,8 1
HaIuBalOT M, = 450 I BOJAbI U OIyCKAIOT B

BCTyI'II/ITeHbeIe 3aaHnd

OPU3NKA
1. ABTOMOOWJIb €XaJl MIeCTYIO YacTb IIyTH CO
CKOPOCTBIO 0y = 40 KM/4, Tperb TyTH — €O
CKOPOCTBIO ¥y = 60 KM/U, a OCTaBIITYIOCS MOJIO-

BeJpo ¢ BOJOH. ByTblaka crasa IaBath,
MOYTH TTOTHOCTBIO TTOTPY3UBIINCD B Boy. Hait-
JuTe ILUIOTHOCTb CcTekJsa. II1oTHOCTL BOABI

p=1r/em’.
9. CragpHoii mapuk OpoiieH ¢ 6GaJTKoHa
BepTUKaJbHO BBepX. Uepes Bpems ¢ = 1 ¢

IIapuK [AOCTUT BerHeﬁ TOYKHN TPAECKTOPHUU.
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Uepes Bpemst £, = 3 ¢ OT Havyasjga JABIKCHUS
MapuK ymaJ Ha 3eMHyo TMOBepXHOCTh. Ha
KaKOH BBICOTE OT 3eMHOI MOBEPXHOCTH HAXO-
qutcst Gankon? ConpoTuBJieHue BO3AyXa He
yunutbBath. IIpuaars g =10 M/ .

10. AsromMo6ub Maccoit m = 1500 kr, aBu-
rasichb C MOCTOSTHHOI CKOPOCTBIO Ha MOIbEME C
YIJIOM HaKJIOHA MOBEPXHOCTU OPOTH K TOPH-
sonty o (sina =1/20), passupaer cuy Taru
F = 1000 H. Hafinute cnay compoTHBJCHUS
JIBIDKEHUIO.

11. CrnyTHuK 3eMJu JABUXKETCS 110 KPYTOBOI
opbure pamuycom 2R, tae R = 6400 kM —
pamuyc 3emuu. Haiiaure nepuoza obpaiieHus
cnytiuka (¢ munymax).

12. Bpycox, ABUTABIIHICS O TOPU30OHTATD-
HOW TIOBEPXHOCTH CTOJIA CO CKOPOCTBIO ¥,
CTAJIKUBAETCSI C HETIOABIKHBIM GPYCKOM BTPOE
MeHblIIeil Macchl. Y 1ap yIupyruii, Bce CKopocTu
HaIpaBJIeHbI B/I0JIb O/lHOU mipsiMoii. Koaddu-
IINEHTBI TPEHUS GPYCKOB O CTOJI OJMTHAKOBBI 1
paBubl U . Ha kakoe paccrosgame pasbemyTcs
OPYCKH TIOCJI€ CTOJIKHOBEHS?

13. I'pysbl MmaccamMu m 1 2m CBSI3aHbI JETKON
HUTDBIO, TIEPEKUHYTOI Yepe3 GJIOK, YKDEIJIeH-
Hblii Ha 6pycke (cM. pucyHok). Bepxmsas ropu-
30HTaJIbHAS MOBEPXHOCTDb 6pycka riaakas. Ko-

2m

aduIenT TpeHust Mex/1y BEPTUKAJIBHON MO-
BepXHOCTBIO Gpycka u tpy3om W =1/3. C ka-
KUM MUHUMAJbHBIM YCKOPEHUEM, HAIPaBJIeH-
HBIM TOPU30HTAJbHO, HAIO [BUTATH OPYCOK,
yTO6BI TPY3 MAaccoil 7 TOIHUMAJICS BBEPX?
Tpenuem B ocu 6J10Ka TIpeHeOPEUb.

14. B mmimHApe TOA TOPITHEM JaBJIeHNE
BO3/yXa yMeHbimaoch Ha 30%, a TeMreparypa
(no mkane Keabsuna) yseanumaach Ha 40%.
Ha ckoabKo MpOIEHTOB W KaK M3MEHUJIACh
IJIOTHOCTb BO3/lyXa B IUJUH/PE?

15. VeaibHbIN OJHOATOMHBIN ra3 B KOJIUe-
CTBE V MOJIb HATPEBAIOT OT TemIieparypol 1] /10
Temileparypol 1, B Ipolecce, B KOTOPOM /1aB-
JIEHHE ra3a PacTeT MPOMOPIUOHAIBHO €ro 00be-
Mmy. Kakoe Koim4ecTBO TEIIOThI TTOJTYYHII ra3?

16. B nByx 6uimkaiiinnx BepImnHaxX KBajpara
HaxoATcs Touednble 3apsaabl Q u 2Q. Iloren-
[HaJl 9JEKTPOCTATUIECKOTO IOJSI B OJIIKaii-
meil K 3apgmy Q BeplIMHe KBaJpaTa paBeH

2019/Nel

¢, = 410 B. Haiigute noreHuuasn mnosns B
4yeTBepTOIl BeplllnHe KBajpaTa.

17. Tpu pesucropa conpotuBiaenusaMn R, 2R
u 3R coenMHEHbI IOCJAEA0BATEIbHO U IIOAKJIIO-
YeHbI K HCTOYHUKY C BHYTPEHHNUM COIIPOTHBJIE-
HHEeM HaMHOro Menbiie R. VgeanbHbIil BOJIBT-
METp, TO/ICOeINHEHHBII K PEe3WCTOPY COIpO-
tusJieaneM R, mokaseiBaer V =2 B. Haiigure
I/1C ucrounnka.

MATEMATUKA

1 (3 6asna). Ilena ToBapa noausaach Ha 5%,
MOCJIe Y€ro 3apIuiaTy MOJAHUMAJIN JIBAXK/IbL:
cHavasa Ha 8%, a sareM eme Ha 12%. Ha
CKOJIBKO TIPOIEHTOB GOJIbINE TOBAPA CTAJIO MOXK-
HO KYIUTD 110CJIe U3MEHEHUsT 1[eHbI U TTOBbIIIIe-
HUS 3apIIaThI?

2 (2 6.). Otpesok AP — Guccekrpuca Tpe-
yronbHuka ABC. Ha ctopone AB atoro Tpe-
yroJibHUKa B3sita Touka F takas, uto AF : FB =
=119 : 256 u CF 1L AP . Haiignre AC, ecan
AB = 3000.

3(3 6.). IBa BeTOCUIIEANCTA ABIKYTCS KasK-
JIBII IO CBOEI KPYTOBOI TPAcCe € MOCTOSTHHBIMU
CKOpoOCTSIMH. VI3BeCTHO, 4YTO PAJMyC Tpacchl
MIepBOTO BeJIocHIIeIncTa B 4 pasa 6oJibliie pajin-
yca Tpaccel BToporo. IIpm stom mepsblii Be-
JocumennucT 3a 15 MHUHYT TpoesxkaeT Ha 2
KusoMerpa 6oJiblile BTOPOTO, HO COBEPINAET B 3
pasza Mesblie o6oporoB. Haiinure ckopoctu
BEJIOCHIIE/IICTOB.

.). COKpaTtute ApoOb 9x2+3x+1

5 (3 6.). B camy pactyr S6J0HU, TPyLIIN U
cauBbl. V3BeCTHO, UTO KOJIMIECTBO I0JI0HD B 6
pa3 GoJibllle KOJIMYECTBA I'PYI, a KOJUYECTBO
CJIMB KPATHO KoJmmdecTBy Tpyir. Ecan kosmye-
CTBO CJIUB YBEJIMYUTH B 7 pa3, TO OHO MPEB30Ii-
JIeT KoymmdecTBo si6y10Hb Ha 33. CKOJIBKO BCETO
JIePEBbEB B 9TOM (PPYKTOBOM CaIy?

6 (3 6.). Ilepumerp mapa/esorpaMmMa pa-
Ben 360, a ero octpolit yroa pasen 60°. Haiinn-
Te CTOPOHbI MAPAJIJIETIOTPAMMA, €CJIH H3BECTHO,
YTO €r0 MEHbIIasl AUATOHAJb JIEJIUT €rO YIJIbl B
oTHomeHun 3 : 1.

7 (3 6.). Yupocture BbIpaskeHne

1 { 1 J1+2y
-
4y 2y | J1+2y - 1-2y

1-2y

+\/ —4y2 +2y -1 ,

ecau u3BecTHo, 4to y > 0.
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8 (5 6.). Tpoe cTyAeHTOB COGUPAIOTCS BMECTe
KYIHUTBD /IBAa OJIMHAKOBBIX HOYTOYKA, HO, CJIOKUB
BMeCTe BCe HUMEIOINMecs] Yy HHUX JIEHbIH, OHU
OOHAPYKUJIM, YTO y HUX HE XBATAeT JasKe Ha
o/H HOYTOyK. Ecui Gbl y T1€pBOroO CTy/EHTa
6bLT0 B /1Ba pa3a GOJIbIIE JIEHET, TO Ha MOKYTIKY
HOyTOYKOB MM 6bI He XBatuyo 34000 pyb6.ieii.
Ecin 6b1 y Tperbero cryzenta ObLIO BTPOe
60JIblIIe JIEHET, TO MOCJIE TIOKYTIKH JIByX HOYTOY-
KoB y HuX 6b1 ocrasoch 6000 py6.eit. CkoabKO
CTOUT OJITH HOYTOYK, €CJIM U3BECTHO, UTO TIeHA
U KOJIMYECTBO JIEHET Y KaXKJOTO M3 CTYAEHTOB
ecTb 1IeJI0e YHCJIO ThIcSY pyOJieil, mpuyeM y
Broporo cryenta na 9000 py6.ieii GoJibiiie, yem
y TepBOTO?

9 (4 6.). Pemmre cucteMy ypaBHeHUi

\/5x—2y +\/5x+2y = 34,

V2527 — 4y? = 273.

10 (4 6.). Oaun u3 yrios nmapaJjienorpaMma
paBeH 45°, a PacCTOSTHUS OT TOUKH Tepecede-
HUSI €TO JMaroHaseil 0 KaKuX-TO JBYX €r0o
cTopoH paBubl 8 1 12. HaiiuTe momniaib aToro
napaJuieJorpaMma.

11 (4 6.). Haiigure Bce 3HaUeHUS HapaMeTpa
a Takwe, 4TO HEPaBEHCTBO

x*+ax-3
2— <
X +x+2
BBITIOJIHEHO TTPH BCEX 3HAYEHUSIX X.

12 (4 6.). Pewure ypasHenue
cos x + cos® x + cos® x +sin® x —

—sinx+sinx=0.

13 (4 6.). B okpyxnocts pagnyca ~290
BINCAH 9eThIpeXyroabHnK ABCD, y KOTOporo
£D =90°,AB : BC=17: 1. Haiigure mepumMeTp
yeTbIipexyroyibiuka ABCD, ecau ero 110mma/ib
pasHa 320.

14 (3 6.). Pemure HepaBeHCTBO

2
9x —12x—1—321.
|3x+2|—7

-4 < 2

MHOPOPMATUKA

1 (1 6ann). Csera, 3una, Tang u Tansa
pucoBasu 1Berbl. OjHa pucoBaja KPaCHBIM
KapaH/aIlioM, Tpoe APYTUX — CHHUMHU. lansd u
3uHa prcoBaJIM KapaHaliaMyi Pa3Horo 1BeTa,
3una n Tang — Toxe. /[Boe U3 HUX PUCOBAJIN
BACHUJIbKH, & IPYTHE — KOJOKOJbYNKA. KTO 9TO
HapucoBaJ, ecau 3uHa u TaHsa pucosaau oau-
HaKOBBIE TIBETHI, a 3WHA PUCOBAJIA BaCUJEK?
OtBer Ha/10 060CHOBATD.

2 (1 6.). Jlna xoaupoBaHMSI COOGIIEHUI
PEIEeHO HCMOJIb30BaTh IIOC/IEI0BATETHHOCTH
Pa3HOIl JIMHDBI, COCTOSIIINE M3 3HAKOB «+» U
«—». CKOJIbKO pa3JIMyHbIX COOOIIEHUIT MOKHO
3aKO0/IUPOBATH, MCHOJIb3YsI B KAXK/IOM M3 HUX He
MeHee 3 u He 6osee 7 3Haxkos? OTBeT HaJO0
060CHOBATD.

3 (1 6.). CkosbKo 3anuceil B HUKeECAEAYIO-
nieM parMenTte 9K3aMeHAINOHHON BEJOMOCTH
YJIOBJIETBOPSIOT YCJIOBHUIO

«Mecro <=4 1 (B>4 NJIN M3>12)»?

Mecro | Komanga | B |H |[II| O |[M3|MII
1 Boernr 513 |11]18] 9 5
2 Asamrapg | 6 [0 | 2 |18 13| 7
3 Onymka | 5|1 |4 |[16] 13| 7
4 3Bes3ga 316015 5| 2
5 XHUMUK 313 |3(12]14| 17
6 [Tupar 3124|1113 7

4 (16.). B cembe uerBepo zgereit, um 5, 8, 13
n 15 ser. [lereii 3oByT Anst, bopsi, Bepa u I'ass.
CKOJIbBKO JIeT KaXKJIoMy peGeHKy, ecJiu OjiHa
JIeBOYKA XOAWT B JETCKUI cajn, AHS crapiie
Bopu n cymma et Aum n Bepor pesmntes na 37
OrtBer Ha/10 060CHOBATD.

5 (1 6.). Yraxure uepes 3alATyIO B HOPSA/IKE
BO3paCTaHusi BCE OCHOBAHUSI CHCTEM CUHUCJE-
HUSI, B KOTOPBIX 3aITHCh YHCJIA 24 OKAaHUNBACTCS
Ha 3. OTBer Hamo 060CHOBATD.

6 (16.). Kakoe HauMeHbIIee YNCI0 CUMBOJIOB
JTOJDKHO OBITH B asihaBute, 4TOOBI IIPU TIOMOIIN
BCEBO3MOXKHDBIX TPEXOYKBEHHDBIX CJIOB, COCTOSI-
HIUX U3 CHMBOJIOB JIAHHOTO aadaBUTa, MOKHO
6BLJIO TIepe/IaTh He MeHee 9 pa3ImyHbIX coobiie-
Huii? OTBeT HaJ0 060CHOBATD.

7 (2 6.). ABTOMAT TIOJIy4aeT Ha BXOJI IISITH-
3Ha4yHOe JlecaTuunoe vucao. [lo nonyuennomy
YHCJY CTPOUTCSI HOBOE JIECSATUYHOE YHCJIO TI0
CJIEIYTOIIM TIPABUJIAM.

1) Bblumcisiores iBa 4nc/ia — cyMMa epBoi,
TpeTbeill W TATON IUdP W cyMMa BTOPOH U
yeTBepToil NUdp 33/]AHHOTO YUCJIA.

2) IlosyueHHble aBa YMCJIA 3AMUCHIBAIOTCS
JIPYT 32 IPYTOM B TIOPsIIKe HeBospacTanus (6e3
paszenuresei).

IHpumep. Hcxoonoe uucno: 15177. Hopas-
psaodnvie cymmol: 9, 12. Pesyavmam: 129.

Orpesiesinte, Kakue U3 MPUBEIEHHBIX HIKE
YICEJ MOTYT IOJIYYUThCS B PE3yJbTaTe PaGOThI
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aBTOMara:
40 1440 140 1420 2014 1921 4014 214 2119.

[TpuBesnTe BOBMOKHbIE IPUMEPDI TAKUX IISITH-
3HAYHDBIX YHCEJI.

8 (26.). OnpenenuTe 3HAYCHUS LETOUNCTEH-
HBIX MEPEMEHHBIX a U b Tocje BbITOJTHEHUs
(parmenTta mporpamMmbi:

a:=2468;

b:=(a mod 1000)*10;

a:=a div 1000+b
{div u mod — omepamnuu, BbIUKCISIONIE pe-
3yJIbTAT JIEJIEHUs HAIEJ0 MEPBOTO apryMeHTa
Ha BTOPOH U OCTATOK OT JIeJIEHUST COOTBETCTBEH-
HO}.

9 (2 6.). Ucnoanurenb YepTesKHUK HEpeMe-
IaeTCsT HA KOOPJUHATHOI TJIOCKOCTH, OCTaB-
Jisis cJie/l B Bujie JIMHUU. UepTeXHUK MOKET
BBIIOJHAT KoMaHny Cmectutses ua (a,b)
(rae a, b — menble 4ncaa), HEepPeMENIAIONLYIO
YepreKHUKA U3 TOYKH ¢ KoopauHatamu (x, y)
B TOUKY ¢ KoopauHatamu (X +a, y +b). Eciu
qucaa d, b oJIoKuTeIbHble, 3HaYeHe COOTBET-
CTBYIOIIEN KOOP/MHATDHI YBEJMYUBAETCS, €CJn
OTPHUIATEJBHbIE — YMEHbIIIAETCS.

YepTekHUKY ObLI IaH JIJisl UCIIOJTHEHUSI CJie-
JIYIOIIUET alrOpUT™:

IloBTOpH 4 pas3sa.

Cmecrtutbcs Ha (—2, —4). CmectuThCs Ha
(3, 3). Cmecrurnca nHa (1, —2).

Konen
Kakyio koMaH/ly HaJ[0 BBIIOJHUTH UepTeskHu-
Ky, 4TOObI BEPHYTHCSI B UCXO/HYIO TOUKY, U3
KOTOPOIi OH HavaJl JABMKeHUe?

10 (3 6.). Ha Bx0a mporpamMme I0JaeTcs
10CJIe/IOBATEbHOCTD HATYPAJbHBIX UHCEJ.
[Ipusnak KoHIla BBoJa — HOJb. Hamummre
MPOrpaMMmy, KOTOpasik HAXOJIUT CyMMY YHCEJ,
KOTOpbIe JlesITcst Ha 7 u nocJeanss nndpa
KOTOpbIX paBHa 3. Uucia He TPEBOCXOIST
10000. MaccuBbI He UCTIOJb30BATh.

11 (2 6.). Kakue n3 nepedyncaeHHbIX HIDKE
CJIOB Y/IOBJIETBOPSIOT YCJIOBHIO

(— nocaennss OyKBa corjiacHas — InepBast
6yKkBa riacHast) & Tperbs GyKBa COTJIacHas?

OrtBeT Ha/10 060CHOBATD.

Wumiok, Komika, Ko3es, KOObLIa, KOPOBA,
o6e3bsHa, CJIOH, cobaka.

12 (2 6.). CxoJbKO 3Hayamux HyJaed B
JIBONYHON 3aIlUCU MIECTHA/I[ATEPUIHOTO YUCTIa
C2B1,3A; ? Houp Ha3bIBaeTcsl 3HAYAINM,
ecJil yJlaJieHne ero u3 3alicu YHucjaa BeJleT K
U3MEHEHWIO 3HavyeHus1 uncia. llpusenure pe-
HIeHNe 3a/1a4u.

2019/Nel

13 (4 6.). Hanmmure Ha A3bIKE TPOrpaMMHU-
poBanmus Ilackamb wam B Buae GJOK-CXEMBI
ATOPUTM, TIO3BOJISIONINIT BBIUMCIUTD CYyMMY
BCEX JleuTeNell BBEJEHHOTO HATyPaJbHOrO
qpcIa.

14 (4 6.). Hanuure Ha A3bIKe IPOrpaMMHU-
poBanus ITackanp nan C smbo B Buge OJIOK-
CXEMBI aJITOPUTM, OTPENENSIONHI KOJMIECTBO
Pa3JIMYHBIX KOpHeW B 00OOIIEHHOM KBaJpar-
HOM ypaBHenun. Ha BXOJ aJroputMy 1mogaior-
¢ kKoo uumenTor a, b, ¢, Ha BbIXOAE HYKHO
BBIBECTH KOJIMYECTBO PA3JIUYHBIX KOPHEIi.

XNMUNA
1 (3 6anna). a) (1 6.) Kaxue maceot 25%-ro

1 5%-TO PAacTBOPOB CyJbhaTa MarHUs HYKHO
cMerath, 9To6br moayanThb 40 T 20%-T0 pacTBo-
pa?

6) (2 6.) fdBagercsa M IPUTOTOBJIEHHbIN
pactBop HaceimenHbiM npu 20 °C ecim pa-
crBopumMocth cygbdara maruus 1mpu 20 °C
cocrasasger 35,1 r ma 100 r Bompr? OTBer
MO/JITBEP/IUTE PACUETAMH.

2 (5 6.). Tas, monyueHHBI MPU MOJTHOM
TepMuyeckoM pasioxkenun 31,6 r mepmanra-
HaTa Kajus, CMENaJd C Ta30M, MOJyYeHHOM
nipu B3ammozeiicteuu 13 T rimaka u 50 T pacTBo-
pa cepHoii KUCJOTBI C MACCOBOH JIOJICH KUCIOTbI
19,6%. Cmech B3opBasu. Onpeennre, Kakoii
raz okasajcs B u30ObITKEe, U PaCCUMTANTE €ro
o6beM B Tiepecyere Ha H.Y.

3 (10 6.). [lanbI BemecTBa: pacTBOP TUAPO-
KCH/Ia KaJns, OKCUJ ATIOMITHUS, COJITHAS KIIC-
Jota, KapOoOHAT HATPUS KPUCTAJJINYECKUII,
YIJIEKUCJIBIN Ta3, Boga. Hamumure ypaBHeH s
He MeHee JIECSITH BO3MOXKHBIX PEaKIUil MEK/Ly
HUMH.

4 (4 6.). OcymiecTBuTe LEIOYKY IIPeBpalie-
HUI:

+NaOH A +NaOH

B—

Cr, (SO4 )3

FHSO; A +H,SO

Cr, (SO4 )3

S (4 6.). Cvemamn 140 r 20%-ro pacTBOpa
rugpokcuga wHarpus u 294 v 10%-ro pacrtBo-
pa oprodocdoproit kucsaorbl. Boruucianre mac-
COBBIE JIOJTM BEIIECTB B PACTBOPE TIOCJE PEeaK-
1Un.

6 (4 6.). IIMHK MOJHOCTBIO PACTBOPUIN B
KOHIIEHTPHPOBAHHOM DACTBOpPE THAPOKCHIA
kasmst. O6Gpa3oBaBHINIiCs TPO3PAYHBIN PACTBOP
BBIIAPUJIN, a 3aTeM IpoKaauau. Tep/plit oc-
TATOK PACTBOPUJIU B HEOOXOMMOM KOJMYECTBE
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coustHOl KuesoThl. K o6pasoBasiieMycst mpo-
3pavHOMy PaCTBOPY A0GABUIN Cyab(puUI Ha-
Tpus 1 HabsoAau 00pasoBaHue 6eJ0ro oca-
Ka. Hamummre ypaBHEeHUSI YeTbIPEX OIUCAH-
HbBIX PEaKITHil.

7 (5 6.). Ilpu cropanun 8,1 r Meraina
noayunaoch 15,3 r okeuza. Onpejennre, Ka-
KO MeTaJiJ1 cropeJi, ecjid ero Crerneib OKUCJie-
HUS B OKCHJIe paBHA +3.

8 (106.). a) (1 6.) Hanumure 91eKTPOHHYIO
koHdurypanuio atoMoB docdopa 1 KayibIus.

6) (2 6.) Onpezgennure uxX BHICIIYIO U HUBILYIO
crerieHn okucenust. Hamummure GopMyJibl ux
BBICIINX OKCHIOB, OIPEJENTE WX XapaKTep
(KucoTHBIE, OCHOBHDBIE, aM(OTEPHBIE).

B) (2 6.) Kakue ruipoKCH/IbI COOTBETCTBYIOT
JIaHHBIM OoKcujiaM? KakoB ux xapakrep?

r) (1 6.) Ilepeuncanre OCHOBHbIE AJLIOTPOI-
Hble MoguduKamu docdopa.

1) (4 6.) Hanuuure He MeHee 4YeTbIpex
PeaKnnil B3aMMOIEICTBUS MeXK/Iy BBICIIIMI
rugporcugamMu docdopa 1 KasbIusl.

9 (4 6.). Hanumure ypaBHEHUS Peakiuii B
HOJHOI MOJIEKYJISIPHOI (hopMe, KOTOPbIE COOT-
BETCTBYIOT CJICJYIONIUM COKDAIIEHHBIM HOH-
HBIM yPaBHEHWUSM:

a) NH} + OH™ — NH;T +H,0,

6) HS” +H" - H,ST,

B) HS" +OH™ — $*” + H,0,

r) HSO; + BaOH" — BaSO,{ +H,0 .

10 (7 6.). OcyuiecTBHTE LENOUKY TIPEBpalie-

CSI TIPU 3TOM 0CaJI0K 06paboTasH TopsTYeii KOH-
LIEHTPUPOBAHHOIl a30THOW KucJjoroii. Bbije-
JIUBIIMNCS GypbIil Ta3 MPOMYCTUJIN Yepe3 pa-
cTBOp Tuapoxcuaa OGapus. [Ipu B3ammogeit-
CTBUM OJHOI U3 06pa30BaBIIUXCS COJIEH ¢
BOJIHBIM PACTBOPOM I€PMaHTraHara Kajus 06-
pasoBaJicst 6ypblii ocasok. Hammmmre ypaswe-
HUS YETBIPEX OMUCAHHDBIX PEAKITNIi.

12 (4 6.). Xnopun ¢ocdopa (V) maccoit
4,17 T TOJHOCTBIO INPOPEATUPOBAI C BOJOM.
Kakoii MuUHIMAaTbHBINA 00BEM PAaCTBOPA THIPO-
Keuza Kaaust ¢ maccoBoit godteit 10% (rotHo-
ctbio 1,07 T,/MJ1) HEOOXOMM /LIS TIOJTHOM Hell-
TPATM3AIIN TTOJTYyIeHHOTO pacTBopa?

13 (2 6.). Huxe npuBeieHa cxeMa peakifum:

NO, (r) = N,O, (k) + Q..

[Ipeo6pasyiite ee B ypaBHeHHE 06paTHMON pe-
axumm, paccraBbTe Koadurmentsl. Onpese-
JIUTE, B KAKYIO CTOPOHY CMECTUTCSI PAaBHOBECHE
IpHU: a) TOBBIIEHUH TEMIEPATypbl, ) MOHU-
JKEHUU [1aBJICHU.

14 (3 6.). B opranuyeckoMm coejuHEeHUN
MaccoBas 10JIs KUCJI0poa cocrasiser 23,53%,
Boziopoga — 5,88%. Ompenennte MOJEKYJISP-
HYI0 M CTPYKTYPHYIO (DOPMYJIBI COETMHEHNS,
€CJIM U3BECTHO, YTO IPH €r0 IEeJOYHOM IHAPO-
ause ob6pasyiores aBe cou. Hanummre ypas-
HEHME PeaKIiu JaHHOTO COeMHEHHUS C BOAHBIM
PacTBOPOM TI'MAPOKCH/IA HATPHSI.

15 (5 6.). OcyuiecTBuTE LENOYKY TIPEBpalie-

HHUil: Hii:
KOH,,,.. t°
Fe <_—P FGC]Z—P A —> Fe(OH)3 CHj—CHCI—CHZCl cnp
\ l Cir,, 600 °C KMnO,+H,SO,
B «— KFeO, —A » B >
11 (4 6.). Okcun ceppr (IV) npomycruiu Na,CO4 NaOH, crtas, t°
yepes3 pacTBOp cepoBoiopoia. O6pa3oBaBIInii- —»C > D >
( - )
BHUMAHWIO YATATEJIEN

HaCTHOCTM — B MHTEpPHeTe.

.
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OTBETHI,
KOHKYPC UMEHM A.N.CABUHA

(cm. «Keanm» Noil 3a 2018 2.)

9. 11 munyT.

Bormmmenm Bce manusapomer: 00:00, 01:10, 02:20,
03:30, 04:40, 05:50, 10:01, 11:11, 12:21, 13:31,
14:41, 15:51, 20:02, 21:12, 22:22, 23:32. Jlumb
nocae aByX m3 Hux — 03:50 m 15:31 — xzmartpb
cJIe/IyIolero najauHapoMa Hamo 6osee 4 vacos. B
obonx ciayudasx — 4 4 11 muH.

10. Ecam umciao n, He Menblnee 12, WerHoe, TO
yucjao n — 4 dYeTHoe W cocTtaBHOoe. Torna
n=4+(n-4). Ecm xe n neuernoe, T0 n — 9
detHOe 1 He Menbine 4. Omars xe, n=9+ (n-9).
11. Omneparus Py npe/craBisier co60il OTpakeHue
TPEYTOJbHUKA OTHOCUTEbHO OUCCEKTPHUCHI yria X.
BuiccekTpuchl BceX YIJIOB TPEYTOJBHUKA IepeceKa-
OTCST B OJHOI TOYKe, o6o3HauuM ee [. 3HA4uT,
Touka [ TIpU BBIIOJIHEHUU ONEPALUil OCTAeTCsS Ha
OJTHOM U TOM K€ MeCTe.

Ilyctp msnauvaabHo Bepmmubl A, B, C uayr 1mo
yacoBoil crpeake (apyroit cayuail aHajsoruueH) u
LA =0, LB =0, £C =y. PaccMoTpuM TI€pBYIO OTre-
pario Py, ITycth Bepumna B mieperniia B BEPIITHY
B’. Torpa ecim AL — Guccektpuca yria A, 10

ZBIL = ZIAB+ 21BA = 2B (pue.1). Tax ax

» B
\‘B'
A C
Puc. 7

AL — ocb cummerpun Touek B u B’, 1o ZBIB =

=2/BIL = o + 3. Takum o6pasom, npu mepBoii ore-
pamuu Toyka B TOBepHyJachb BOKpPYT [ Ha yToJ
o+ . IIpu Bropoit omepaunuu, t.e. Py, Touka B
ocraercsi Ha Mecre. Tak, mocjie TEpBBIX JBYX
orepannii TPEyroJbHUK ABAK/JBI MEPEBEPHYJICST U
MO3TOMY CTaJI JIEXKATh TOIl Ke CTOPOHOU BBEPX, UTO
¥ cHavajia; Touka I ocrajgach Ha Mecre; Touyka B
MOBEPHYJIACh HAa YroJ O +[3 M0 9acoBoil cTpeske
BOKPYI' TOYKH [, a 3HAYUT, U BECb TPEYTOJbHHUK
[IOBEPHYJICS Ha TaKoil yroJs BOKpYyT /.

AHaJIOTHYHO paccMaTpHUBACTCS U CJeylolas ITapa
onepauuii P- u P, — BeJb BeplnHa A Tak >ke uaer
nocae C mpu 06Xojie 10 4acoBOil cTpesike, Kak B
nocae A. 3HaUWUT, 3a 3Ty Mapy ONEpPaIil TPEYTrob-

YKA3AHNA, PEIIEHUA

HUK IOBEpHETCS BOKPYr I Ha yron y+o. U 3a
TPETHIO MAPY OlEepaluil AHATOTHYHO — TPEYTOJbHUK
MOBEPHETCST Ha yroar [+ Y.

B coBokymHOCTH 3a 3 3THX Iapbl ONepaIyii Tpey-
roapHuK nosepuercs Ha 2 (o + B +v) = 360° mo ua-
COBOII cTpeJsike BOKPYT I, T.e. c/iesaeT o/IMH HOJHBIN
000pOT U CTaHeT JIeXKaTb TaK JKe, KaK CHadasa.

12. Ilycts A(n) — KOIMYECTBO 3AMOTHCHUI TIPAMO-
yroapuuka 2Xn (n > 1), yI0BIETBOPSIONNX YCJIO-
Buo. ITokaxkeM, kax cBsisausl A(n) u A(n-1).
Bce Bo3MOKHbBIE 3aTI0THEHUS TIPSIMOYTOIBHIKA 2 X 17
pa3bmUBaIOTCS HA /[BE TPYIIIBI: A) xorma «2» CTOUT
Hag «1» m B) korma «2» crour cmpaBa oT «1»
(puc.2).

A)2 B)k

Puc. 2

ITocuntaem, CKOJIBKO €CTb 3allOJHEHUH Tuma A.
[Tocae Toro xak mocTaBJeHDI epBble UQPDI, OCTa-
JIOCH 3ATIOJHUTD IPSMOYTOJIbHUK 2X (7 —1), Haum-
Has OO0 C JIEBOTO HUMKHErO ero yria, jau6o ¢
JIEBOTO BepxXHero. /[y Kajk/ioro U3 9TUX BapUaHTOB
ectb o A(n—1) cmoco6oB 3T0 cIeJaTh, T.€. CIO-
cobos tuma A Bcero 2A(n—-1).

[Tepexonum k 3anonnenusm tnna b. [Tycts mag «1»
croutr <«k». Torma ocrasoch 3amoOJHHUTb IPSIMO-
yroapuuk 2X (n—1) uncaamu ot 2 10 21, Kpome k,
HauMHAasl C JIEBOTO HIDKHETO €T0 yTJa, a 3TO aHaJo-
THYHO pacCTaHoBKe duces oT 1 g0 2(n—1) B TakoM
JKe MPSIMOYTOJIbHUKE, TOKE HAYMHAS C JIEBOTO HIDK-
Hero yria. IIo9TOMy KOJIMYECTBO TakUX CIIOCOGOB
paBHO A(n - 1) I KaKA0ro R. A BO3MOYKHBIX
BapuaHToB k Beero (21 —2), Tak Kak k MOXeT GbITh
06bIM OT 3 710 2n. 3Haunt, croco6os tuna b Bcero
(2n-2)A(n-1).

CkJapiBasi KosimuectBa crnoco6oB A u b, noaydum
Am)=24(n-1)+2n-2)A(n-1)=2nA(n-1).
Torza, Bbipaxkast ouepegnoe A(n) depes mpeabiLy-
1iee, TMOJYYaeM IENOYKY:

A()=1,
A(2)=4,
A(3)=6-4,
A(4)=8-6-4,

A(n)=2n-(n-2)-(2n—4)-...-4=2""n!.
JNOBPbIHA U KYYA KAMHENA

1. 0.
Bynem naspiBaTh KaMHM U3 O/HOW Ky4M 3HAKOMbI-
MU, M3 PasHbIX — He3HaKoMbIMU. Toraa 10Xoj

CI/ISI/I(ba 3a O/JIHO IIepeTaCKMBaHWE€ PaBEH HN3MEHE-



OTBETbl, YKA3AHUA, PEINMEHUA 61

HUIO KOJIMYECTBA Map 3HAKOMBIX KaMHeil. Tak kak B
KOHEYHBIII MOMEHT BCe KaMHU OKa3aJuChb B MCXO/I-
HBIX KydYax, TO o6llee M3MEHEeHNe KOJINYecTBa 3Ha-
KOMCTB PaBHO HYJIO, a 3Hauut, u noxojx Cusnda
paBeH HYJIIO.

2. xy.

ITape a, b uncen Ha OCKe TIOCTABUM B COOTBETCTBUE
npsaMoyroibHuK @ X b. Torma 3a ofmHy omepanuio
MBI OTpe3aeM OT TIPSAMOyToJabHuKa KBaapar (co cro-
POHOI1, paBHOIl MeHbllell CTOPOHE MPSIMOYTOJIbHU-
Ka), a Ha GyMaykKy 3amiCbIBaeM ILIOIIA/Ib OTPe3aH-
HOTO KBajpara. Tak Mbl [elicTByeM, MOKa He OTpe-
JKeM Bce, T.e. Ha OyMaskke Gy[eT 3amucaHa ILIo-
a/1b PSIMOYTOJIbHUKA.

3. xyz.

AHAJIOTUYHO TIpEJbIAYIIeil 3ajaue, Mbl OTPE3aeM
CJIOM OT KUpIUYa XX YXZ, MOKa HE HCYepHaeM
BECh €ro 06beM.

3AKOHbI OTPAXEHUSA
M NPEJIOMJIEHUA CBETA

1. v, =20cM/c.

2. [lng yraa 60° Gynmer S5 nzoOpaskeHuit, st yria
120° Gyner 2 wim 3 unsobpaxenust. Ykasauue.
Ecsmm ncrounnk gexut Ha 6uccexTpuce yria 120°,
TO THepBoe M300pakeHue B JTOO0OM M3 3€PKaJ HAX0-
JIITCST HA TIPOJIOJIKEHHUN J[PYTOTO 3epKaja, JIy4n BO
BTOpOE 3epKaJ0 He MOMaayT. Eciam >Xe HCTOYHMK
JIEKUT He Ha GUCCEKTPHCEe, TO JIy4YH, OTPa’KeHHbIe
0T GJIMIKHETO 3epPKasia, CMOTYT OTOM OTPA3UTHCS OT
JIATbHETO, a JIyYH, OTPakKeHHBbIE OT JIaTbHEro 3epKa-
Ja, Ha GJIMKHee 3epPKaJio oToM He nonajgaor (n306-
pasKeHHe B JAJbHEM 3€PKAJIE JICKUT 1103au OJIIK-

Hero).

3.0 =12 MM Ao Oy =45° . 5. gy, =2
6. H=100cm. 7.[1=28 cm. 8. x =20 cm.
9. x =75 cm.

XLTYPHUPTOPOAOB
3ALOAYM OCEHHETO TYPA (2018 rOA)
ba3oBbI BapraHT

8—9 knaccehl

1. Ilycte M nmexxur Ha AB, a N — Ha BC u myctp K
— cepeanna AC (puc.3). Tak kak yron B npsmoii,
To MN — puamerp gannoit okpyxuoctu. Ilockosb-

B

Puc. 3

Ky BK:%AC:MN, To BK — TOXE amaMerp.

Torpa yrast BMK n BNK npsimbie, otkyna KM un

KN — cpepnue jmunun tpeyroabauka ABC.
2. Bece n > 1.
Tak kak 1 + 2 He kBajgpar, To n = 1 He MOAXOINT.
[Tyctp n > 1. Pazo6beM ganHble YNCIA HA YeTBEPKH
MOAPS/L WAYIINX U, eCIN HY>KHO, IIECTEPKY TTEPBBIX
yrces. V3 kaxoil yeTBepku o6pasyem
(a+(a+3))((a+1)+(a+2)=(2a+3),

a U3 1eCTepPKu —

(1+5)(2+4)(3+6)=18.
3. a) Moruo.
[Tyctp B mpsiMoyrosibHUKe 7 CcTpoK U 14 cTONGIOB.
Paso6bemM ero Ha TOJIOCKH M3 JBYX CTOJOGIOB, a
KaXIyIo TOJOCKYy — KakK II0Ka3aHO Ha
pUCYHKe 4.
6) He morio.
BoicraBias durypkn, 6yzneM caeIuTh 3a
YETHOCTBIO KOJMYECTBA IMOKPBITBIX KJie-
TOK B KaxgoMm croJbie. Ksamparpr He
MEHSIOT 3Ty 4YeTHOCTb, a YTOJOK MEHSeT
YETHOCTb TOJIBKO OJHOro croJbia. CHa-
yaJia BCe CTOJIOLDBI ObLIM YEeTHBIMU, a J0JI-
JKHBI cTaTh HedeTHbIMU. Cire/joBaTesbHO, pac. 4
norpebyercs xorst 6b1 14 yronkos. Torma kBaapa-
108 He 6osbute (7-14-3-14):4 = 14.
4. Moxer.
Hacrs otnmact axcrepty 4eTbipe MOHETBI U TOMPO-
CHT B3BECUTb BCe TpHU pa3OHeHHs WX Ha Tapbl.
[Tyctp kakmasd w3 3THX MOHET IOJTYYHT METKY —
CKOJIbKO pa3 oHa OblJa Ha I[epeBeCHBIIEH dvalie.
Jl1s1 KayKI0ro BHA OCTABIIEHCS MOHETBI 3aIlMIIeM
na6op Metok: Hacrosgmas — 2110, nerkag — 3111,
Tskesag — 2220. Buano, uTo Bee aTH ciydanm pas-
JIMYAIOTCSI M B KAK/IOM W3 HUX ONPEIEJSeTCS BUJL
06enx (aapIMNBBIX MOHET.
5. Cum. pemtenne 3amaun 4 aas 10—11 Kiaaccos.

10—11 kaaccel

1. Henbas.

[TpeamnonoxxuM, 4To yAaaoch Tak Pa3MeCTUTb OTpe-
3ok XY. Ilo kakyio-to cropony or npsmoit XY
OKQ)XyTCS TPU BEpIINHBI MATUYTOJIbHUKA — IIyCTb
ato A, B u C. Torga touku A, B, C, X, Y nexar
Ha oHoil okpyskHocT. OHA COBIAJET C OKPYHKHOC-
TBIO, ONUCAHHON OKOJIO IIPABUJIBHOTO HMATHYTOJIbHI-
Ka, MOCKOJIbKY MMeeT ¢ Helf TpH pas3imduHble o6Iine
rtouku. CurenoBaresibHo, Toukn X u Y Jexar He
BHYTpH nATuyrosbHuka. [IpotuBopeune.

3. Ilyctp okpyskHOCTD Kacaercs mnpsiMoit AD B
touke T (puc.5). Tak kax BC || AD, 1o BT = CT.
W3 pasencrBa Buucanubix yriaoB NBT u NCT
roJtydyaeM paBeHCTBO TpeyrojabHukoB ABT u NCT.
[Moatomy £LTAB = ZTNC = LTBC = ZTCB . 3na-



62 KBAHT

T
A N B
Puc. 5

yut, ABCT — mapannenorpamm, T.e. T cOBIaJaeT ¢
D.

4. 3aMeTuM, 4YTO BCAKOE JIeBATH3HAYHOE 4ucsao M
pPaBHO CyMMe

10°4+10°B+C =999 - (10014 + B) + (A + B+ C),
rne A, B, C — uncya, 06pa3oBaHHbIE TPEMS TIEPBBI-
MU, TPeMs CJEIYIONUMI U TPEMS MOCTeTHUMHI -
pamu uncaa M. Pazob6bem nudpot ot 1 10 9 Ha Tpu
Tpoiikn ¢ cymmoii 15 B kaxpgoil. Ecaim mMbl Ha
mepBble Mecta B unciaax A, B, C mnocraBuMm Tpu
undpbl U3 OJHOII TPOIKM, HA BTOPble — U3 JIPYTOii,
Ha TpeTbu — u3 ocrasmeiicsa, To cymma A + B + C
Oyzer paBHa 15-111=45-37 . Tak kax u 999 ne-
guress Ha 37, TO KpacuBoe uucjgo M 1pu Takoii
paccranoBke mudp Oyaer xkpatHo 37. Ilockoabky
Tpu 1UMPHI O TPEM MecTaM MOXHO PacCTaBUTH
[IECTBIO CIIOCOOAMU ¥ HA3HAYUTH TPU TPOUKU HA
TepBble, BTOPBIC M TPETbU MECTa TOKE MOKHO IIec-
TbIO croco6aMu, Bcero Mpl mosyunm 6-6-6-6 =
= 1296 xpacuBbIX uuces, KpaTHbIX 37.

B xawectBe Tpoitknm 1mudp € pPaBHBIMH CyMMaMH
MOKHO B3SITb CTPOKM Marm4ecKoro KBaJpara Ha
pucynke 6. CToa6Ibl 3TOTO

8 1 6 KBajipaTta jaior eme 1296 kpa-
CUBBIX unces, KpaTtHbx 37 (uro-
3 5 7 ro moJydaercsa 2592 uucia).

3ameuanue. Beero cymectByer

4 9 9 89712 KpacuBbBIX UwMCeJ, KpaT-
HbIX 37, U3 HuUX 34416 uucen
Puc 6 kparHb! 111.

CIIOXHBIV BapUaHT
8—9 knaccel

1. [Iyctb X — cepeauna orpeska EC (puc.7). Torna
MX = BE/2> MA. Ecoiu MX > MC, orpesok AC
JIEKUT B Kpyre ¢ 1eHTpoM M n pagnycom MX u X
He MOJKET JieXKaTh Ha TPAHMIIE 9TOTO Kpyra. 3HAUNUT,
MC > MX. Torga A 71eXuT BHYTPU KpyTa C IEHT-

B M C

Puc. 7

2019/Nel

pom M u gunamerpom BC, orkyzaa yroa A — Tymoil.
4. 16 nerekTOpOB.

Ouenxa. B KaxnoM IPIMOYTOJbHUKE 2X 3 TOJIK-
HO ObITH XOTsSI OBl /[Ba JleTeKTopa. /leiicTBUTEIbHO,
[IPSMOYTOJIbHUK COCTOUT U3 TPeX JOMHUHOLIEK 1X 2,
1 ecn KopabJIb [EJINKOM JIEKUT B HEM, TO 3aHUMa-
€T CPEe/IHIO0 JJOMUHOIIKY U OJHY U3 KpaitHux. Oamnx
JIETEKTOP B KpaiiHeil [OMUHOIIKE HE OIIpPE/IeJInT,
ecTb I Kopal/b Ha ABYX APYTUX JOMHHONIKAX, a
OJINH JIETEKTOP B CPE/IHEil IOMUHOIIIKE, eCJi cpabo-
TaeT, He MO3BOJIUT I10-
HATb, KaKyIO U3 Kpaii-
HUX JIOMUHOIIEK 3aHU-
Maet KopabJib. B kBas-
pare 7x7 mnomemaer-
cs1 8 IPsIMOYTOJIbHUKOB
2x3 (puc.8), nosro-
My BCETO [IE€TEKTOPOB
He MeHee 16.
IHpumep. Ha pucynke
9 CUHUM IIBETOM OTMe-
yeHbl 16 J1€TEKTOpPOB.

Puc. 8

Besikmii kopabuib 1iepe-

CEKaeT pOBHO OJWH CH-

HUW KBajgipar 2X2 TO
OJIHOI KJIeTKE, 110 JIBYM

CoCeIHNM HJIN 110 BCEM

4yeTbipeM, 4YTO OJJHO-

3HAYHO OIIpe/ieJidAeT 10~

JIOJKEHUNE Kopa6]151 njin
€ro OTCyTCTBUE.

5. Herpyano mnomsTh,
yTo AD — Goublmee oc-
HOBaHMe, TPeyroJbHUK AEB oCTpOyro/ibHblil, TOY-
xu B, Cu O, jexar 10 OJHy CTOPOHY OT HPSIMOii
00, (puc. 10). Hpampie OO;, 0,0, u OO0, -

Puc. 9

A E D
Puc. 10

cepeinHHbIe TIEePIEeHANKYIApbl Kk AB, BE u BD
cootBercTBeHHO. [lycth K — cepennna AB (torma K
JexuT Ha mpsiMoit OO, ).

Tak xak ZBO,0, = ZBAD = ZBOO, (nonosuna
LIEHTPAIbHOTO yTJIa paBHA BIIMCAHHOMY [T Tpe-
yroabuukos BAE u BAD), TO 4eTbIPeXyroJbHUK
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OOBO, sBnucannsii. [Tockorbky ZKO,B =
= /ZAEB = ZCBE = ZCBO = ZBCO, 10 ueTblpex-
yrompauk OO,BC Bumcanssbiii. [Toatomy Toukn O,
O,, B, C, O, 7nexar Ha OJHOU OKPY>KHOCTH.

7. Paccmorpum rpad, BepimHaMu KOTOPOTO SIBJISI-
0TCS TOpo/ia, a pe6paMi — JIOPOTH.

a) Yciosue osnauaer, uto rpad — aepeso. [Ipuse-
neM Bo3MOxxHyIo crpareruio Ileru. Cmauamna Ilers
BBIOMPAET TPOU3BOJIbHYIO0 BepmnHy A. OT Kaskmoit
BEPIIMHbBI CYIIECTBYeT POBHO oauH myTh (6e3 to-
BTOpsIomuxcs pedep) B A. Bee pe6pa Ha sToM 11y TH
OH OPHEHTHPYET B CTOPOHY A.

IlepBoiM xomom Ilerss craBuT Typucra B J0OYIO
BEPIINHY, COCEHIO ¢ A, ¥ MepeMeliaeT TypucTa B
A. Bce opueHTHpOBaHHbIE IIyTH BEIYT K TYPHCTY.
Bacs pasBopaumBaer ogHo pebpo. Typuct uzger 1mo
HeMy. SICHO, 4TO BCe TyTH CHOBA BEIYT K TYPHUCTY.
Bacs cHOBa pasBopaumBaeT 0fHO pe6po U T.A. — Yy
Iletn Bcerma ectb X0/, TaK YTO OH HE TIPOUTPAET.
6) Tlo ycnosuio rpad CBA3EH M COAEPIKUT IWKII.
[lokaskeM WHIYKIIHEH IO KOJIUYECTBY BEPIIUH, YTO
Bacs moxer oGecnieunthb cebe mobemy st JI0OOit
M3HAUAIbHOI PacCTaHOBKM Hanpasennii (axe ecom
nepeji TEPBBIM XO/0M Bacum Bce gopornm BemyT u3
ropoja, rje ceffuac Typucr).

Basa — npocroii muka (MK1 6e3 MOBTOPSIONINXCS
BepmuH u pe6Gep). IlycTb B TpPoOCTOM IHUKJIE
AjA,y ... A, KaK-TO pacCTaBJEHbI CTPEJIKH Ha peb-
pax u Typuct cMor noiitn u3 A; B A, . Bacs Oyzner
pa3BOpavYMBaTh CTpeJKH Tepeq HUM. [loatomy Ty-
PHUCT HEe CMOXKET UATH B 0OpaTHYt0 cTOpoHy. Jlomyc-
THM, Typuct cmor goutu 10 A;. Torma mepen Hum
Pa3BOPAYMBAIOT CTPEJKY, U eMy Heky/a uaru. [lers
MIpOUTpa.

Ilaz undyxuyuu. Tpad He SBASIETCS TPOCTHIM THUK-
JioM. Boibepem B HeM 1k C MUHUMAJIBHOM JIJIITHDI
(aHa nuKIa — KoJamuecTBo peGep B Hem). SIcHO,
yt0 C — TPOCTOIT 1 He COMEPKUT pebep, COeTUHSIO-
MIUX <«HE COCEJHME» BEPIIMHBI B muKJe. [loatomy
ectp BepumHbl BHe C. BpiGepem u3 Hux Bepmmny V'
¢ MakcuMasbHbiM paccrostaueM 10 C. O6Go3Hauum
rpadp 6e3 V GykBoit G. fcHo, uro G CBSI3eH U
COMIEPIKUT TIUKJI.

Ilo nmpeanonoxennio nugaykiuu, B G eCTb BBIUT-
pBINIHAS cTpaTerus Ajs Bacu mpm mo6oii opueHTa-
mun pebep. Buyrpu G Bacs Gyner ciemoBathb eii.
Tax kak B G Ilets mpourpbiBaeT, TyPUCT BBIHYKICH
6ynet xorga-to noiitn B V. Torma Bacsa passeprer
aTy cTpeJiky. Typuct BoiiizieT 13 V 1 cHOBa OKasKeT-
ca B G. Y Bacu ondrh ecTb BBIUTPLINIHAS CTPATET U
B G, KOTOpOIl OH 1 Gy/eT cjaeoBaTh. TypucT cCHOBa
Oy/IeT BBIHYKJEH 3ailTh B V/, YMEHDIIUB KOJIYe-
CTBO cTpesiok, uaymux u3 G B V. B KoHile KOHIIOB
onn konvarcs, n Ilers nmpourpaer B G, eciu oH He
MIPOUTPAJ paHbIIe.

10—11 knaaccel

2. 3amerum (puc.11), uro CX : CY = BH,, : AH, =
=cosLB:cosZA . Kpome Ttoro, sinZOCX =

B

A H,
Puc. 11

=cosZA, sin ZOCY = cos ZB . Orcona
ZX:ZY =Scyx i Sczy =
=CXsinZOCX : CYsin£Z0OCY =1:1,

4TO U TPe6GOBATIOCD.
5. k=3.

Ouenxa. Ilyctb nan tpeyroabHuk ABC ¢ Me/uaHa-
v AX, BY, CZ. O6a yrna BAX u BCZ ne MoryT
6b1Tp  Gouibiiie 30°: wnaue toukm A u C Jiexar
BHYTPHU OKPY>KHOCTH € XopJioit ZX u [uamerpoMm, B
JBa pasa 6ouipiiuM ZX, HO 1ipu atoM AC = 2ZX,
T.e. OTPE30K, PAaBHBIH JUAMETPY, JEXUT CTPOTO
BHYTPH OKPY’KHOCTH
— TIpOTUBOpEYHE.
AHAJIOTUYHO, B KaK- 9 p
JI0il U3 JIBYX JIPYTHX
nap MaKCUMyM OJIMH
yroJ 6ospiie 30°. 2
Hpumep. Paccmor- 4

PHM IPSIMOYTOJIbHbII 3 3

TPEYroJibHuK ¢ Kare- Puc 12

tamu 4 u 6 (puc.12).

Nnmeem tg30°<tgoa<tgPf<tgy, mnockomabky
1 2 3 3

—<=<—-<—.

V3 3 42

7. Ilyctp k — xosmuecTBO sKuTeJseil B ropoje. By-

JeM u306paskath CUTyaluio B urpe Tabjuiei ¢ n

crpokamMn U R croibuamn: B i-il CTpoKe OyayT

HepeunceHbl 61aroCOCTOSHUA @yy,...,d;, BCEX KU-

Tesieil i-ro ropojia B mopsizike HeyGbiBanusi. Ilycrtb

S; — cymMa "mcesn B j-M cToabue.

a) Cmpamezus Poxgernepa. Ecm S; =S,y , BbiG-

paTb BceX JKUTeseil u3 j-ro cTosomna.

[peanonoxnm, aro S; =S;,4; Torma a; =a; 44

npu Beex i. Ilocme MapkcoBa mepepacipesiesieHust

yncaa Syy,..., S, He ymenbuiarcs. C apyroit cropo-

HBI, Y OJIHOTO M3 BBIGPAHHBIX skuteneii (Irycth on B

i-M ropojie) 6J1arocoCcTosHuE CTaHeT GOJIbIIe YeM
@j; . DTO 3HAYMT, YTO OJHA U3 cyMM Sy, 1pu R > j +1

yBeqmmuntes (Ta, B KOTOPYIO TIOMAJI0 HOBOE YHCJIO).

IMoaromy TocaemoBareabHOCTd  S), Sp_y,..., Sy Jek-
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cukorpadHyecKn yBEJIUUUTCSA. ITO HE MOXKET IPO-
noskarbest Geckonedno noaro (n6o maGopos us k
ynces ¢ PUKCHPOBAHHOI CyMMOI KOHEUHOE KOJInye-
CTBO), TaK YTO B HEKOTOPBIII MOMEHT BCE YHCJa
Sy, Sy OKXYTCST Pa3INYHBIMA.

Tycrs S; 21. Torga S; =1 1upu Beex i, OTKyza

nk:S1+...+Sk21+2+...+k:%k(k+1),

r.e. k<2n—1. IIporuBopeuue.

3uauut, S; =0, u Pokdenrep mobesm.

6) Ilyctb k=2n— 1. [IpuMensst CTPATErnIo U3 Ty HKTA
a), Poxdemnep au6o Bbiurpaer, au6o ao6bercs
cocrosinust S; =1 npu Beex i =1, ..., k. Tlokaxem,
KaK eMy BBIMTPATh, HAYMHASI C TAKOH MO3UIINH.
CkaskeM, 4TO Wrpa HaXOAUTCS B i-U cumyauuu
(1<i<n+1), ecin (BO3BMOKHO, MOCJIE TIEPEHyMe-
paIuu CTPOK) BBITIOJTHEHBI CJEAYIONHE YCAOBUS:
D) npuj=1,2, ...,i— 1B j-M croabue croar j
€JINHUI] B BEPXHUX KJETKAX, a OCTAJbHbIC YUCJIA —
HYJIN;

2) B i-M croJibiie HIDKHUE 7 + 1 — i 3JeMEeHTOB —
HYJIH.

ITokaskeM, 4TO B paccMaTpPUBAaeMbIil MOMEHT WTpa
HAXO/JUTCS B i-ii cUTyaluu npu Hekotopom i. [lepe-
CTaBUM CTPOKH TaK, 4TOOBI KOJMYECTBA HYJIEH B HUX
He yGObIBaIn cBepXy BHHU3. IlycTh mpu HEKOTOPOM
1<n B i-M cros0lie He CTOUT i €AMHUIl; BbIGEpeM
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HauMeHbliee Takoe . Torga (U3 ycJaoBus Ha HyJU B
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un, Poxdesnep MoxeT yMEHbUIINTb HOMEP CHUTya-
I[N OTHUM X07ioM. Tak OH pPaHO WJM TO3/IHO J106b-
ercst 1-if cuTyaiym, T.e. CBOETO BBIUTPBIIIA.
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IMMAXMATHAAd CTPAHUUYKA

MVICTeP
100

Kuraiickuit rpoccmeiicrep [Jun
Jluxsus B 2017-2018 rogax mpo-
Ben 100 mapruil B Kiaccudeckue
MmaxXMaTel TOAPsAA 6e3 Iopaske-
HUI, TTOJIyYUB 32 3TO YBAKUTE b~
HOe mposBume «Mucrep 100» n
[ePEKPHIB JocTinKeHne Muxanna
Tasist, 4bst cepus HacuATHIBaA 95
urp. Beero 11 mapruit He xBaTHIO
KHTAUCKOMY I'DOCCMENCTEPY ISt
TOrO0, 4To6BI MOOKTH peropx Cep-
res TussikoBa 2004—2005 rozxos.
Opgnaxo, B oT/aue oT Hero, Jun
JImkaub cMoT mpoliTH 6e3 mopa-
JKeHWN COPEBHOBAHISI CaMOTO BBI-
COKOTO YPOBHSI, TaKHe Kak TypHUD
TPETEHAEHTOB ¥ IMAXMaTHAsI OJTiM-
muaaa, Ha KOTopoil c6opHasi Ku-
Tas CTAJIa YeMINOHOM . JIVIITb BAOX-
HOBeHHas urpa ¢panuysa M.Ba-
nbe-Jlarpasa cMor/ia mpepBaTh 3Ty
TPaH/JMO3HYIO CepHIo MoGes.

M.Bawbe-Jlarpas — AuH JINXK3Hb

LLleHbX3Hb, 2018

1.e4e52. Af3 Ac63. Lc4
af6 4. d3 L¢5 5. 0-0 0-0 6.
Beld67.c3a58. £g3h69.
L h4g510. £ g3 & a711. Qa3
Ah7 12. 4d2 gi?! Caumkom
PUCKOBaHHBII [IJIaH, CBSA3aHHBIN C
HACTYTIJIEHWEM TIETeK Ha KOpO-
JieBCKOM (J1anTe, HaiexKHee GbLIO
12...24.13. @b5 L b6 14. £ b3
a4 15. & c2! OTKas oT mpHUHATHSA
JKEPTBBI TIEIIKH — BEPHOE pellie-
HHue, mHade nociae 15. & a4 h5!
16. h4 gh yepHbIe pasBuBaM OLaC-
Hyio ununuartusy. 15...h3 16. h4
d5 17. d4 de 18. de X a5 19. ¢4
e3 20. fe Ab4 21. a3 A d3.
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22, b4l?. JKeprBys: KauecTBO,
6eJIble COXPAHSIOT IEIEYHbIA KOH-
TPOJIb HAJ 1eHTPAJIBHBIMU TIOJIS-
MM, a HX JIeTKHe (PUTYPHI 3HAYH-
TEJIbHO CHJIBHEE, YeM Y YEPHBIX.
22...ab 23. 2 b3 Ael 24. el
E a6 25. ¢5 4L a7 26. ¥ b1 £5 27.
ef?! Herounocrs. I1o orieHke KOM-
mpioTepa, mocae 27. & b3 L e6
28. ¥ ¢2 y 6esbIX NOAABISIOMA
mosunusi. BmpoueMm, W Xon B
TAPTUHU HE BBIYCKAET OPEUMYIIIe-
ctBO. 27... Af628. Qa7 ¥ a729.
ad4 we7 30. L4 We531. £ b3+
g7 32. Le6 2a4 33. ®d3 Eab
34. Lc8 c8 35. a6 Wd4 36.
Wf1 Wed. Ilocme TaKTHUECKHX
OCJIOXKHEHWIT MaTepUAaJbHbIN 6a-
JIAHC ypaBHsuics, HO burypsr Ge-
JIBIX 3HAYHTEJBHO aKTuBHee. 37.
Bdl ¢d 38. BEd6 We7 39. Hai
217 40. S e5 Aed4l. Bh6 Wh4
42, ¥fi+ te7 43. Bh7+ %e6
44, &.¢7. Tlomb3ysach PaCKPHITHIM
MOJIOXKEHHEM YEPHOTO KOPOJI,
6esible BBIMTPBIBAIOT KaveCTBO
(rposur {7 X) H cJie/JoM IIAPTHIO.
44... B cT 45. B c7 Ad646. BcS
b6 47. Bc6 g3 48. ®f3 Wh2+
49. ©2f1 W hi+ 50. Re2 Whi
31. ®hS Wa2+ 52, ©2f3 #@d7
53. Bb6 Wf2+ 54. kg4 We2+
55. 2h4 Wg2 56. ®h7+ %c8
57. Mg8+ td7 58. Ed6+. Bui-
Hrphm Gesbix.

Brio 6bI HecmpaBemaMBO TIO
OTHOIIEHUIO K KATAHCKOMY IPOC-
cMelicTepy He OIyGINKOBATh [IPU-
Mep €ro MOGEHOTO TBOPUECTBA.
M1 yiKe TIPEICTABIISITH €T0 3aMe-
yaTesIbHYI0 IapTuio nporus bBaii
II3unpum, HacTOALIEe YKpaLIeHue
maxmataoro 2017 roga («Ksaurs
Ne1 3a 2018 r.). Bor maprus, B
KOTOPOIi 61ar04aps UHTEPECHOMY
MaHeBPY B HCIIAHCKON HapTHu ObLI
TTOBEPKEH POCCUICKII rpocCcMeii-
crep J.laapkues.

3.UHapkues — [AvH JIxksHb

Manbma-ge-Manbopka, 2017

1.eded>2. 2f3 2c63. &b5ab
4. Bak Af65.0-0 £ e76. Bel
b57. £b30-08.a4b49.d4sdé
10. de 2 e511. Qe5 de 12. ¥f3
Lc513. h3 &b7. 14. ad2.
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14... #h81? Yepibie yBomaT Ko-
pOJii W3-TIOA CBSI3KH, MOATOTAB-
JmBas A e4 ¢ gaspredmmm £5. 15,
g3 We7 16. #h4?! C Buny
6e306uHbIH 1 JIOTHYHBLH X071 Ge-
JIBIX, OCBOGOXK/IAIONMIA KOHS OT
HEOOXOVMOCTH 3alHUIATh Tel-
Ky e4, HaTaJKuBaeTCsl HA HEOXKU-
nanuerii oreet: 16...g3! KeprBys
TIEIIKY, YePHbIE PA3BUBAIOT CHUIIb-
Hyl araky. 17. ¥ g5 Eg8 18.
s £g719. 213?! Cunbree 19.
afl Eag8 20. g3 hS5, oxxako u B
9TOM CJIy4ae MPEHMYIIECTBO Ha
cTopoHe depHBIX. 19... Eag8 20.
Lg5 Ae4! CoxpymurenbHbLi
yaap, KOTOPbIH MPUBOIUT Yep-
HBIX K mobene. Mepssa Oparh
HeJIb3s1 U3-3a MaTa B jBa xoza: 21.
He7 Eg2 22, 2h1 Af2X, ocraub-
HbIe TIPOJI0JKEHHUS TAKIKe He CIa-
cator. 21. h4 A g5 22. hg Eg5 23.
Qgd Eg5 24, ¥h3 W6 25. He3
Bg2+ 26. ¥g2 Lg2 27. g2
&e3 28. fe ¢5. B pesymbrate
KOMGHMHAIIMM YepPHBIE TIOJYYHJIN
BBIUTDAHHBIN SHAMIIHIL «(ep3b
TIPOTHB JAJbU U CJIOHA», B KOTO-
poM mu3-3a pasposHeHHocTH Gu-
TYD ¥ OTKPBITOTO TIOJIOKEHHS KO-
POJIS MAHCHI HA criaceHne GesTbrx
MuHuMaibhbl, 29. Scd Wgb+
30. ©2f3 W5+ 31. g3 We4 32.
b3 We3+ 33. g2 Wd2+ 34.
©2h1 5 35. Bgl Wh6+ 36. g2
g7 37. Bd1 Wgi+ 38. ©f2
wfi+ 39. Re2 Wh2+ 40. R2e3
f4+ 41, Red W2+ 42, Bd3 26
43. La6 Wg2+ 44, Bf3 te6.
3ammuTeI OT JBOHHON yrpossr Wg6X
u We2+ ¢ BHIUTPBILIEM JIAJbH HET,
T02TOMY GeJibie CAAMUuCH.

A.Pycanoe
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TYEro, KOFAA B OTTENEAb
ET CHEF, OH TAET HA PYKAX,
A HA LUYGE OCTAETCA?»
(A.H.ToacTon)
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